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Abstract

The mammalian complement system comprises more than 30 serum and cell
surface proteins, and plays a pivotal role in innate immunity. The third complement
component (C3) plays the central role in the mammalian complement system both in the
activation and effecter pathways. C3 belongs to the thioester-containing protein (TEP)
family; the other members of this family are the nonspecific protease inhibitor alpha-2
macroglobulin (A2M), the glycosylphosphatidylinositol (GPI)-anchored protein CD109,
and insect TEP (iTEP), shown to be orthologous to CD109. Evolutionary studies thus
far performed have indicated that the evolutionary origin of the complement system can
be traced back to the common ancestor of the eumetazoa, and the gene duplications and
the subsequent functional diversification of TEP family genes seems to have been
completed by the emergence of this common ancestor, because the genes for C3, A2M
and iTEP/CD109 were identified from sea anemones, Cnidaria. In addition to C3, factor
B (FB), mannan-binding lectin-associated serine protease (MASP) have been identified
from sea anemone, indicating that the primitive complement system composed of at
least three components, C3, FB, and MASP, was present in the eumetazoa common
ancestor. These complement and TEP genes were identified from all deuterostome
species analyzed thus far. On the other hand, some protostomes have lost certain
complement and TEP genes, suggesting that these genes were lost multiple times
independently in some protostome lineages. In the arthropod, the C3 and FB gene have
been reported from horseshoe crab and tick species, and C3 gene has been reported
from a spider, although water flea and several insect genomes deciphered to date lacked
all complement gene.

To elucidate the evolution of C3 and other TEP genes in the arthropod, TEP
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cDNAs were isolated from a sea spider, Ammothea sp. (Chelicerata), a centipede,
Scolopendra subspinipes (Myriapoda) and sea lice, Pseudocaligus fugu, Caligus sp. and
Pandaridae gen. et sp. (Crustacea) by reverse transcription polymerase chain reaction
(RT-PCR) amplification using universal degenerate primers specific for the thioester
region. In addition, to elucidate the evolutionary history of the complement system in
the arthropod, de novo transcriptome analysis was performed with Ammothea sp. and a
spider, Hasarius adansoni (Chelicerata), S. subspinipes and two millipedes, Niponia
nodulosa and Epanerchodus sp. (Myriapoda), a sea firefly, Vargula sp. (Crustacea), and
P. fugu and Caligus sp. Complement genes were identified based on their characteristic
domain structures. As a result of these two approaches, the complement C3 and FB
genes, but not other complement genes were identified from Ammothea sp., H. adansoni,
and S. subsupinipes. In contrast, no complement genes were identified from N. nodulosa,
Epanerchodus sp. and Vargula sp. Interestingly, three sea lice species P. fugu, Caligus
sp., and Pandaridae gen. et sp. possessed C3 showing a closer similarity to fish C3 than
to arthropod C3. No additional complement components identifiable by their
characteristic domain structures were found from any of these species by RNA-seq.
These results together with genome sequence information for the water flea and
several species of the insect suggest that the common ancestor of the arthropod
possessed a simple complement system comprising C3 and FB, resembling the
alternative pathway of the mammalian complement system. It was lost at least twice
independently during the evolution of the arthropod in the millipede lineage and in the
common ancestor of crustacean and Hexapoda. In addition, sea lice species may have

secondary obtained the C3 gene by horizontal gene transfer from their host fish species.



General Introduction

All metazoans seem to possess the immune system to detect and eliminate
non-self cells and molecules potentially harmful to the host such as pathogenic bacteria
or viruses. The mammalian immune system is divided into two parts, which are the
innate immunity and adaptive immunity. Innate immunity is a non-specific immune
system which responds immediately upon infection assumed by the complement system,
phagocytes, antimicrobial peptides, and so on. The innate immune cells, such as
macrophages, dendritic cells, and neutrophils, express pattern recognition receptors
(PRRs) on their surface (Medzhitov 2007). Innate immune responses are induced by the
binding of PRRs to the foreign molecules that have a common structural motif or
pattern in microorganisms called as pathogen-associated molecular patterns (PAMPs)
(Janeway Jr. and Medzhitov 2002). The innate immune system is found in almost all
organisms and is main immune system in plants, fungi, invertebrates, and primitive
multicellular organisms (Buchmann 2014). On the other hand, the adaptive immune
system, found only in vertebrates (Kasahara et al. 2004; Herrin and Cooper 2010), is
antigen-specific immune system. The T and B lymphocytes playing the central role in
the jawed vertebrate adaptive immunity express a huge repertoire of binding specificity
generated by somatic gene rearrangement (Tonegawa 1983; Davis 1990). Unlike innate
immunity, the adaptive immunity provides long-lasting protection after first response to
a specific antigen, and leads to an enhanced response to subsequent encounters with
same antigen (Kalia et al. 2006).

The mammalian complement system comprises more than 30 serum and cell
surface proteins, and plays a pivotal role in innate immunity (Volanakis 1998). The
activation of central component C3 by the C3 convertase induces almost all
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physiologically functions of the complement system including opsonic activity. Upon
proteolytic activation of C3, the thioester bond is exposed to the molecular surface and
bind to the pathogen or other target molecules. Evolutionary studies thus far performed
have indicated that the evolutionary origin of the complement system can be traced back
to the common ancestor of the eumetazoa, because the genes for the central component
C3, factor B (FB)—the serine protease responsible for C3 activation—and
mannan-binding lectin-associated serine protease (MASP)—possibly involved in FB
activation—were identified from sea anemones, cnidaria (Kimura et al. 2009; Putnam et
al. 2007), whereas no complement gene is present in the genomes of the sponge,
Amphimedon queenslandica (Srivastava et al. 2010), or the choanoflagellate, Monosiga
brevicollis (King et al. 2008). Although the C3 gene has been identified from all
deuterostome species analyzed thus far (Nonaka 2014), earlier genomic analyses
showed its absence from the genomes of a nematoda, Caenorhabditis elegans (C.
elegans Sequencing Consortium 1998), a water flea, Daphnia pulex (Colbourne et al.
2011) and a fruit fly, Drosophila melanogaster (Adams et al. 2000) indicating that this
gene has been lost at least in some lineages of protostomes. On the other hand, the C3
gene has been reported from several other protostome species, such as the clam
(Prado-Alvarez et al. 2009), the squid (Castillo et al. 2009), horseshoe crabs (Ariki et al.
2008; Zhu et al. 2005) and ticks (Buresova et al. 2011; Urbanova et al. 2015), and FB
has also been reported from the clam (Prado-Alvarez et al. 2009) and horseshoe crab
(Tagawa et al. 2012; Zhu et al. 2005) (Fig. 1).

C3 belongs to the thioester-containing protein (TEP) family; the other members
of this family are the nonspecific protease inhibitor alpha-2 macroglobulin (A2M)

(Dodds and Law 1998) and the glycosylphosphatidylinositol (GPI)-anchored protein



CD109 (Lin et al. 2002) whose function is still poorly understood. In addition, insect
TEP (iTEP) (Blandin and Levashina 2004) has been reported from the fruit fly and
mosquito. These species lack C3 and A2M, and certain iTEPs show opsonic activity
similar to C3 (Levashina et al. 2001), suggesting that insects compensate for the loss of
the complement system by expanding the functions of iTEPs. Later, iTEP was shown to
be orthologous to CD109 by extensive phylogenetic analysis (Sekiguchi et al. 2012).
Because C3, A2M and iTEP/CDI109 genes have been identified in Cnidarian sea
anemones (Fujito et al. 2010; Kimura et al. 2009; Putnam et al. 2007), the gene
duplications that generated them, and the subsequent functional diversification seem to
have been completed before divergence of the Cnidaria from the Bilateria (Fig.1).
Whereas a set of C3, A2M and iTEP/CDI109 genes have been identified from all
deutrostome, the A2M gene has not been identified in some insect genomes sequenced
thus far (Adams et al. 2000; Holt et al. 2002; International Aphid Genomics Consortium
2010), indicating that not only C3 but also A2M has been lost in some protostome
lineages. To elucidate evolution of the complement and TEP genes in protostome, |
focused on the biggest phylum Arthropoda. The phylum Arthropoda is estimated to
contain 5—-10 million extant species (Ddegaard 2000), which are classified into four
subphyla, the Chelicerata, Myriapoda, Crustacea, and Hexapoda. Recent molecular
phylogenetic studies strongly suggest that the Crustacea subphylum is actually
paraphyletic, forming a clade, the Pancrustacea, together with the Hexapoda (Regier et
al. 2010, Fig. 2).

In my Master thesis, I analyzed the C3 and TEP genes of a jumping spider,
Hasarius adansoni, and a millipede, Niponia nodulosa, using RT-PCR and exhaustive

cloning method, and reported that C3, A2M and iTEP/CD109 were present in H.



adansoni, whereas only A2M and iTEP/CD109 were present in N. nodulosa (Sekiguchi
et al. 2012, Fig. 2). This result suggested that C3 gene has been lost not only in the
crustacean and insect lineages but also in the millipede lineage. Here, to elucidate more
detail of the evolution of complement and TEP genes in the arthropods, I selected
species which belong to evolutionally important lineage in the arthropod, and performed

exhaustive analysis of the complement and TEP genes using RT-PCR and RNA-seq.



Chapter 1
Evolution of the TEP genes in the arthropod revealed by molecular

cloning



Abstract

The TEP gene family, composed of the C3, A2M and iTEP/CD109 subfamilies,
has an ancient evolutionary origin, predating the divergence of Cnidaria and Bilateria.
Whereas the iTEP/CD109 subfamily has been retained by all Protostomes and
Deuterostomes analyzed thus far, the C3 and A2M subfamilies have been lost in some
Protostome lineages. In the arthropod, the C3 subfamily members have been reported
from horseshoe crab, spider and tick species, although several insect genomes
deciphered to date lacked the C3 subfamily genes. To elucidate the evolution of these
genes in the arthropod, TEP ¢cDNAs were isolated from a sea spider, Ammothea sp.
(Chelicerata), a centipede, Scolopendra subspinipes (Myriapoda) and sea lice,
Pseudocaligus fugu, Caligus sp., and Pandaridae gen. et sp. (Crustacea) by reverse
transcription polymerase chain reaction (RT-PCR) amplification using universal
degenerate primers specific for the thioester region. Four different TEP genes were
identified from Ammothea sp., S. subspinipes, and P. fugu, and two different TEP genes
were from Caligus sp. and Pandaridae gen. et sp.. BLAST search and phylogenetic
analysis using the deduced amino acid sequence of these TEPs indicated that all species
possess C3 and A2M gene, and iTEP/CD109 gene was identified from S. subspinipes.
Interestingly, C3s possessed by sea lice showed a closer similarity to teleost C3 than to
other arthropod C3. These results indicated that the C3 gene was lost in the Diplopoda
in Myriapoda and common ancestor of Pancrustacea or Altocrustacea , and sea lice

species secondarily gained the C3 gene from teleost.



Introduction

The TEP members possess the unique intrachain thioester bond, which was
originally found in the human serum protease inhibitor, A2M and the central component
of the complement system, C3 (Dodds and Law 1998). The thioester bond is present in
the inside of native TEP molecules. Upon proteolytic activation of TEP, the thioester
bond is exposed to the molecular surface and forms a covalent bond with the molecules
of pathogen or other targets. In addition to human A2M and C3, many genes of the
eumetazoa have been shown to contain the thioester-encoding region, defining the TEP
family. Seven members of this family are encoded in the human genome: C3, C4, CS,
A2M (Dodds and Law 1998), pregnancy zone protein (PZP) (Sottrup-Jensen et al.
1984), the C3 and PZP-like A2M domain-containing 8 (CPAMDS) (Li et al. 2004) and
CD109 (Lin et al. 2002). Although CD109 is a GPI-anchored membrane protein, all
other TEPs are secreted proteins. In addition, insect TEP (iTEP), shown to be
orthologous to CD109 by later phylogenetic analysis, have been reported from several
insect species. Phylogenetic analysis of many TEP family genes from various
eumetazoa indicated the presence of three subfamilies, C3, A2M and iTEP/CD109. The
C3 subfamily comprises C3, C4, C5, the A2M subfamily comprises A2M, PZP and
CPAMDS, and the iTEP/CDI109 subfamily comprises iTEP/CD109 (Sekiguchi et al.
2012). Three-dimensional structural analysis of human C3 revealed the presence of an
unpredicted macroglobulin (MG) domain, which repeats eight times and constitutes the
core of the TEP family proteins (Janssen et al. 2005). In addition to these eight MG
domains, a CUB domain (Clr, Cls, uEGF and bone morphogenetic protein domain)
holding the TED (thioester domain) in the middle is inserted between the seventh and
eighth MG domains (Janssen et al. 2005). Moreover, specific domains are present in
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each of the TEP members, such as ANA and C345C domains in C3 and the bait domain
in A2M.

In the arthropod, molecular analyses of TEPs have been performed in several
species; horseshoe crabs (Ariki et al. 2008; Iwaki et al. 1996; Zhu et al. 2005);
(Chelicerata), a crayfish (Wu et al. 2012) (Crustacea), a water flea (Colbourne et al.
2011) (Crustacea), and some insects (Adams et al. 2000; Holt et al. 2002; International
Aphid Genomics Consortium et al. 2010) (Fig. 2). On the other hand, no information on
TEPs was available in Pycnogonida at the root of Chelicerata, Chilopoda (Myriapoda)
and Maxillopoda (Crustacea) thus far.

In this chapter, to elucidate the evolution of the TEP genes in the arthropod, I
performed exhaustive analysis of the TEP genes of a sea spider, Ammothea sp.
(Pycnogonida), a centipede, Scolopendra subspinipes (Chilopoda) and sea lice,
Pseudocaligus fugu, Caligus sp., and Pandaridac gen. et sp. (Maxillopoda) using

RT-PCR and molecular cloning.
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Materials and Methods

Animal collection and isolation of RNA

A sea spider, Ammothea sp. (abbreviated below to Amsp), and a sea lice,
Pseudocaligus fugu (Psfu) were collected at the Misaki Marine Biological Station of the
University of Tokyo in Kanagawa, Japan. The sea lice, Caligus sp. (Casp) and
Pandaridae gen. et sp. (Pasp) were collected at Yokohama Kaihin Park in Kanagawa
and the Shimoda Marine Research Center of the University of Tsukuba in Shizuoka,
Japan, respectively. A centipede, Scolopendra subspinipes (Scsu) was collected in
Tokyo, Japan. In the following, the abbreviations shown above in parentheses based on
the species names are used as a prefix for each protein name. Total RNA was isolated
from the whole body of each animal using ISOGEN (NIPPON GENE Co. Ltd., Tokyo,
Japan), except for S. subspinipes with its large body, where approximately 10 ug of the
gut from several segments was used for RNA extraction.
RT-PCR and cloning

cDNA synthesis from total RNA was performed at 42°C for 1.5 h using

ReverTra Ace (Toyobo Corp., Osaka, Japan). The sea spider, centipede, and sea
liceTEP ¢cDNAs were amplified with the degenerate primers designed based on the
amino acid sequences of the thioester site conserved among the TEP proteins of various
species. Two sense and four antisense degenerate primers were designed to cover all
possible nucleotide sequences for the PSGCGEQ(I/T)NM and
(T/V)(W/F)LTA(F/Y)VVKYV amino acid sequences at and near the thioester site,
respectively. The sense primers were

5’-CCCTCGGGNTGYGGNGARCARAAYATG-3’ and
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5’-CCCTCGGGTTGYGGNGARCARANNATG-3’ (where N, R and Y represent a mix
of G, A, T and C, a mix of G and A, or a mix of T and C, respectively). The antisense
primers were 5’-CTTGACCACRAANGCNGTNAGCCANGT-3’,
5’-CTTGACCACRAANGCNGTNAGCCANAC-3’,
5’-GACCTTGACCACRTANGCNGTNARCCA-3’, and
5’-GACCTTGACCACRAANGCNGTNAGRAA-3’, (where W and represents a mix of
A and T). All combination of sense and antisense primers were tested for each species.

PCR amplification was performed as follows: 94°C for 5 min and 40 cycles of 94°C for
30 sec, 54°C for 30 sec and 72°C for 1 min, followed by final extension at 72°C for 5

min. RT-PCR products were about 200 base pairs (bp) long, as expected. Amplified
DNA was gel-purified and cloned into the pGEM-T easy vector (Promega, Madison,
WI, USA).

Rapid amplification of cDNA ends (RACE)

5’ and 3° RACE was performed using the SMART RACE cDNA amplification
kit (Clontech, Palo Alto, CA, USA) following the manufacture’s protocol with the
following modifications. RACE primers were designed based on the nucleotide
sequences obtained by the RT-PCR analyses of each animal. After treatment of cDNA

at 95°C for 5 min, Taq polymerase was added at 70°C. The reaction mixture was
incubated at 60°C for 1 min, then at 72°C for 10 min, and was mixed with the gene
specific primer. After 35 or 40 cycles of 94°C for 40 sec, annealing temperature for 1
min and 72°C for 2~3 min, final extension was performed at 72°C for 5 min.

Nucleotide sequences of all RACE products were determined by direct sequencing

without cloning after treatment with exonuclease I and antarctic phosphatase (New
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England Biolabs Japan Inc, Tokyo, Japan).
Genomic PCR for amplification of PsfuC3 gene

To analyze structure of the C3 gene of P. fugu, the sense and the antisense
primers were designed based on cDNA sequence of PsfuC3 corresponding with exon 24
and 25 of human C3 gene, respectively. The sense primer was
5>-CTTGATATTTGGGCCATACAG-3> and the antisense  primer  was
5’-GATAGCGGCCACCTATTTGG-3’. Genomic PCR was performed with the

following condition: 94°C for 3 min and 35 cycles of 94°C for 30 sec, 55°C for 30 sec
and 72°C for 5 min, followed by final extension at 72°C for 7 min.

DNA sequence analysis of the TEP genes

DNA sequences were determined using the BigDye Terminator Cycle
Sequencing kit version3.1 (Applied Biosystems, Foster City, CA, USA) and an ABI
3100 DNA sequencer (Applied Biosystems).
Phylogenetic analysis of the TEP family genes

BLAST searches were performed on the blast network service at NCBI
(http://www.ncbi.nlm.nih.gov). The amino acid sequences of the TEP genes deduced by
this study were aligned with those of various vertebrate and invertebrate species, using
ClustalX (Thompson et al. 1997), with some corrections made by eyes using MEGA6
(Tamura et al. 2013). Evolutionary analyses were conducted in MEGA6. A
phylogenetic tree was inferred by the maximum likelihood (ML) method (Goldman et al.

2000) with complete deletion of gaps.
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Results

Cloning, characterization and RACE-PCR of the Ammothea sp. TEP genes

As a result of cloning and sequencing analysis of TEP ¢cDNA fragments, four
different TEPs were identified from Ammothea sp.. Upon BLASTX search, one of them
showed the closest similarity to horseshoe crab C3 (Zhu et al. 2005) and the other three
to amphioxus A2M (Putnum et al. 2008). Therefore, I named these four TEPs as
AmspC3, AmspA2M-1, AmspA2M-2, and AmspA2M-3 (Table 1). Out of 93 clones
encoding the TEP genes obtained by the RT-PCR, 10 were AmspC3, 59 were
AmspA2M-1, 14 were AmspA2M-2, and 10 were AmspA2M-3. To obtain the entire
coding sequences for AmspC3, AmspA2M-1, AmspA2M-2, and AmspA2M-3, 5’- and
3’- RACE were performed. Only one primer was used for each 3° RACE of four
Ammothea sp. TEP genes, since the entire coding sequence at the 3’ side was obtained
by the first cycle of 3> RACE. In contrast, 5° RACE was repeated multiple times for
each spider TEP gene. In total, 4, 3, and 4 primers were used for 5° RACE for AmspC3,
AmspA2M-1, and AmspA2M-2, respectively (Supplementary Fig. S1). Since 5 RACE
did not work well, the only partial C-terminal side sequence was obtained for
AmspA2M-3 (Supplementary Fig. S1). Sequence informations obtained by the
RT-PCR and RACE analyses were connected to elucidate the entire coding sequences,
and integrity of the connected sequences was confirmed by RT-PCR using primers
designed at the 5° and 3’ ends of the connected sequences. The deduced entire amino
acid sequences of AmspC3, AmspA2M-1, and AmspA2M-2 consisted of 1725 residues,
1527 residues, and 1614 residues, respectively. The partial amino acid sequence of

AmspA2M-3 consisted of 465 residues.
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Cloning, characterization and RACE-PCR of the S. subspinipes TEP genes

As a result of cloning and sequencing analysis of TEP ¢cDNA fragments, four
different TEPs were identified from S. subspinipes. Upon BLASTX searching, one of
them showed the closest similarity to horseshoe crab C3 (Zhu et al. 2005), another one
to amphioxus A2M (Putnum et al. 2008) and the other two to mosquito and bee
1ITEP/CD109 (Werren et al. 2010), respectively. Therefore, I named these four TEPs as
ScsuC3, ScsuA2M, ScsuiTEP/CD109-1, and ScsuiTEP/CD109-2, respectively (Table 1).
Out of 267 clones encoding the TEP genes obtained by the RT-PCR, 249 were ScsuC3,
7 were ScsuA2M, 5 were ScsuiTEP/CD109-1, and 6 were ScsuiTEP/CD109-2. To
obtain the entire coding sequences for ScsuC3, ScsuA2M, ScsuiTEP/CD109-1 and
ScsuiTEP/CD109-2, 5’ and 3° RACE analyses were performed. Only one primer was
used for each 3° RACE of four S. subspinipes TEP genes, since the entire coding
sequence at the 3’ side was obtained by the first cycle of 3> RACE. In contrast, 5’
RACE was repeated multiple times for each S. subspinipes TEP gene. In total, 3, 6, and
5 primers were used for 5° RACE for ScsuC3, ScsuA2M, and ScsuiTEP/CD109-2,
respectively (Supplementary Fig. S2). Since 5° RACE did not work well with
ScsuiTEP/CD109-1, only the partial C-terminal side sequence was obtained for this
TEP (Supplementary Fig. S2). Nucleotide sequences obtained by the RT-PCR and
RACE analyses were connected to elucidate the entire coding sequences, and integrity
of the connected sequences was confirmed by RT-PCR using primers designed at the 5’
and 3’ ends of the connected sequences. The deduced entire amino acid sequences of
ScsuC3, ScsuA2M-1, and ScsuiTEPCD109-2 consisted of 1749 residues, 1625 residues,
and 1423 residues, respectively. The partial amino acid sequence of ScsuiTEP/CD109-2

consisted of 500 residues.
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Cloning, characterization and RACE-PCR of the P. fugu TEP genes

As a result of cloning and sequencing analysis of TEP ¢cDNA fragments, four
different TEPs were identified from P. fugu. Upon BLASTX searching, one of them
showed the closest similarity to killifish C3 and the other three to zebrafish, hydra and
copepod A2M, respectively. Therefore, I named these four TEPs as PsfuC3, PsfuA2M-1,
PsfuA2M-2 and PsfuA2M-3, respectively (Table 1). Out of 120 clones encoding the
TEP genes obtained by the RT-PCR, 1 clone was PsfuC3, 5 were PsfuA2M-1, 4 were
PsfuA2M-2, and 110 were PsfuA2M-3. To obtain the entire coding sequences for
PstuC3, PsfuA2M-1, PsfuA2M-2, and PsfuA2M-3, 5’ and 3’ RACE analyses were
performed. Only one primer was used for each 3> RACE of PsfuC3, PsfuA2M-1, and
PsfuA2M-3, since the entire coding sequence at the 3’ side was obtained by the first
cycle of 3> RACE, whereas two primers were used for 3° RACE of PsfuA2M-2. In
contrast, 5> RACE was repeated multiple times for all P. fugu TEP genes. In total, 6, 5,
3, and 6 primers were used for 5° RACE for PsfuC3, PsfuA2M-1, PsfuA2M-2, and
PsfuA2M-3, respectively (Supplementary Fig. S3). Since 5° RACE for PsfuC3 did not
work after the 4™ round, I designed the degenerate primer based on the amino acid
sequence at the upstream, IQTDK(P/T)IYTP (Supplementary Fig. S3 and Fig. S9)
which is highly conserved by various C3s, and performed RT-PCR. Following this
RT-PCR, 5" and 6" round of 5> RACE were performed. Nucleotide sequences obtained
by the RT-PCR and RACE analyses were connected to elucidate the entire coding
sequences. The deduced entire amino acid sequences of PsfuC3, PsfuA2M-I,
PsfuA2M-2, and PsfuA2M-3 consisted of 1655 residues, 1536 residues, 1341 residues,
and 1717 residues, respectively. Interestingly, the entire amino acid sequence of PsfuC3

showed approximately 70% identity with several teleost C3 including puffer fish C3,
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although it showed only 30-40% identity with the other arthropod C3 sequences
reported thus far. This result suggests that PsfuC3 was horizontally transferred from fish
to P. fugu. The relative expression level of PsfuC3 to total TEP mRNA inferred from
RT-PCR analysis was only 1/120. This level is much lower than those for AmspC3
(10/93) and ScsuC3 (249/267), and contamination of host RNA was suspected.
However, partial amino acid sequences of two C3s of the host species, Takifugu
niphobles, showed only 65-70% sequence identity with PsfuC3, excluding the
possibility that PsfuC3 mRNA was contaminated from the host.
Genomic sequence of PsfuC3

I tried to amplify a part of the PsfuC3 gene, and obtained a partial genomic
sequence of PsfuC3 including an intron (Fig. 3). This intron was inserted at the same
position and in the same phase as the corresponding introns of fish and mammals. The
presence of the intron indicated that the horizontal transfer of the C3 gene from fish to
sea lice occurred not at the RNA level but at the DNA level.
Cloning, characterization and RACE-PCR of the Caligus sp. and the Pandaridae
gen. et sp. TEP genes

To clarify whether other sea lice species also possess fish-like C3, two species of
sea lice, Caligus sp. (parasitize rabbitfish) and Pandaridae gen. et sp. (parasitize banded
houndshark), were analyzed. As a results of cloning and sequencing analysis of the TEP
cDNA fragments, two TEPs were identified from both Caligus sp. and Pandaridae gen.
et sp.. Upon the BLASTX search, one Caligus sp. TEP ¢cDNA sequence showed the
closest similarity to carp C3 (Nakao et al. 2000) and the other one to sea squirt A2M.
For Pandaridae gen. et sp., one TEP cDNA sequence showed the closest similarity to

croker C3 (Meng et al. 2012) and the other one showed the closest similarity to sea
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squirt A2M. Therefore, I named these TEPs as CaspC3, CaspA2M, PaspC3, and
PaspA2M, respectively (Table 1). Out of 68 and 72 clones encoding the Caligus sp. and
Pandaridae gen. et sp. TEP genes obtained by the RT-PCR, respectively, only one clone
each was C3. To obtain the entire coding sequences for CaspC3, CaspA2M, PaspC3,
and PaspA2M, 5’ and 3° RACE was performed. Only one primer was used for each 3’
RACE of CaspA2M, PaspC3, and PaspA2M, since the entire coding sequence at the 3’
side was obtained by the first cycle of 3° RACE. In contrast, 5> RACE was repeated
multiple times for CaspA2M, PaspC3, and PaspA2M. In total, 8 and 2 primers were
used for 5 RACE for CaspA2M and PaspA2M, respectively (Supplementary Fig. S4
and S5). Since 5 RACE for PaspC3 did not work after 3™ round, I designed the
degenerate primer based on the amino acid sequence at the upstream, FEVKEYVLP
(Supplementary Fig. S5 and Fig. S9) which is highly conserved by various TEPs, and
performed RT-PCR. Although 4" round of 5° RACE were performed following
RT-PCR, the 5° end of PaspC3 mRNA was not reached. Since both 5° and 3’ RACE did
not work well, the available nucleotide sequence information of CaspC3 was only
approximately 200bp obtained by the original RT-PCR with the degenerate primers
(Supplementary Fig. S4). The deduced partial amino acid sequence of PaspC3 consisted
of 1604 residues, and the deduced entire amino acid sequences of CaspA2M and
PaspA2M consisted of 1735 residues and 1704 residues, respectively. The amino acid
sequence of PaspC3 showed approximately 70% identity with various teleost C3 and
approximately 42% identity with C3 of the host, banded houndshark, whereas it showed
only 25-30% identity with the other arthropod C3. The amino acid sequence identity

between PsfuC3 and PaspC3 was only 67%.
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Primary structures of the arthropod TEPs

To clarify the conserved and diverged residues of TEPs, the deduced amino acid
sequences of arthropod TEPs were compared with human TEPs using ClustalX program
and GeneDoc (Supplementary Fig S9). All identified TEPs had the signal peptide region
except for PsfuA2M-2, whose signal peptide was not found by SignalP (Supplementary
Fig S1-S5). The TED domain containing the thioester site, GCGEQ, was present in all
TEPs. AmspC3, ScsuC3, PsfuC3, and PaspC3 had the functionally-important domains
and residues of C3 such as the B-a processing site, RXXR, the anaphylatoxin (ANA)
domain with its conserved six cysteine residues and the C345C domain consisting of
about 150 amino acids. A histidine residue catalyzing the cleavage of the thioester bond
was found in all these C3s. The conservations of the characteristic domains and residues
suggest that these C3s play basically the same functional role as human C3. As
described above, the expression levels of PsfuC3 and PaspC3 seem to be very low,
whereas human C3 is one of the most abundant serum protein. Therefore, it is likely that
the physiological function of PsfuC3 and PaspC3, if any, is different from that of human
C3.

A2M is characterized by the presence of the bait region highly susceptible to
proteolytic cleavage by proteases of all catalytic classes, and the cleaved A2M shows
conformational changes leading to trapping and inhibition of the attacking proteases.
Although the amino acid sequences of the bait region show poor evolutionary
conservation even among mammalian species (Sottrup-Jensen et al. 1989), the bait
region is flanked by conserved residues at both sides: by a cysteine residue at the
N-terminal side and by FPEXW at the C-terminal side. Except for PsfuA2M-1 and

PsfuA2M-2, all arthropod A2Ms possess these conserved residues, indicating the
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presence of the bait region. The presence of the bait region suggested that these A2Ms
play basically the same functional role as human A2M as a nonspecific protease
inhibitor. Although PsfuA2M-1 and PsfuA2M-2 possessed FPESW, they lacked the
cysteine residue conserved at the N-terminal side of the bait region of most A2M
(Supplementary Fig. S3 and Fig S9). Therefore, PsfuA2M-1 and PsfuA2M-2 may lack
the bait region, making it impossible to be a nonspecific protease inhibitor. In addition,
the B-a processing site was present in AmspA2M-1 and AmspA2M-2, suggesting that
these molecules have two subunits chain structure. AmspA2M-2 had 40 extra amino
acid residues compared to other A2Ms at the upstream of the B-o processing site,
although no functional motif was found in this region (Supplementary Fig S9).
Interestingly, PsftuA2M-3, CaspA2M and PaspA2M possessed the CUB domain at the
N-terminal side (Supplementary Fig. S3, S4, and S5). This domain structure was
presented in a cyclops A2M (Refseq No.: All16542), suggesting that unique domain
shuffling of A2M occurred in copepod lineage, although the function of these CUB
domains is unclear.

Arthropod iTEP/CD109s did not show a shared characteristic structure except
for the typical thioester region. Because human iTEP/CD109 is a GPI-anchored protein,
the possible presence of the GPI-anchor attachment signal sequence at the C-terminal of
ScsuiTEP/CD109-1 and ScsuiTEP/CD109-2 was analyzed using GPI-SOM
(http://gpi.unibe.ch/). The GPI-anchor attachment signal was not found in both
ScsuiTEPCD109-1 and ScsuiTEP/CD109-2, suggesting that they are secreted proteins.
Phylogenetic analysis of the arthropod TEPs

To construct a phylogenetic tree of TEPs, the deduced amino acid sequences of

arthropod TEPs were aligned with various eumetazoan TEP sequences by ClustalX
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using the MEGAG6 platform. This alignment includes the TEP sequences of a sea
anemone, arthropods shown in Fig. 2, and urochordate, cephalochordate, and vertebrate
TEPs. Since only partial amino acid sequences were elucidated for AmspA2M-3,
ScsuiTEP/CD109-1 and CaspC3, these TEPs were not included in this alignment. The
phylogenetic tree was constructed based on this alignment using the ML method
excluding any positions with gaps. As shown in Fig. 4, C3, A2M and iTEP/CD109
formed their respective clades supported by bootstrap percentages of 100%, 63%, and
99%, respectively. Although PsfuA2M-3 was located within the A2M clade clustering
with sea lice A2Ms, CaspA2M and PaspA2M, PsfuA2M-1 and PsfuA2M-2 were
located out of the A2M clade, suggesting that these PsfuA2Ms are highly diverged
molecules. As mentioned above, PsfuA2M-1 and PsfuA2M-2 seem to lack the bait
region essential for the function as a nonspecific protease inhibitor (Supplementary Fig.
S3 and Fig. S9). Upon the BLASTP search, these molecules showed a closer similarity
to A2M at the N-terminal side (70" ~300" aa residues) whereas they showed a closer
similarity to iTEP/CD109 at the C-terminal side (600" ~1400™ aa). In addition, the
central part (300" ~600™ aa) did not show any similarity to other TEPs. These results
suggest that PsfuA2M-1 and PsfuA2M-2 derived directly from the common ancestor of
A2M and i1TEP/CD109. Since PsfuA2M-1 and PsfuA2M-2 could disturb the
phylogenetic tree analysis, [ constructed another phylogenetic tree excluding
PsfuA2M-1 and PsfuA2M-2 by the ML method (Fig. 5). In this phylogenetic tree, C3,
A2M, and iTEP/CD109 clades were supported by bootstrap percentages of 100%, 82%,
and 100%, respectively.

Phylogenetic analysis of sea lice C3s

PsfuC3 and PaspC3 were located in the vertebrate C3 cluster, showing the
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closest relationship with medaka C3 (Fig. 4 and 5). To analyze the phylogenetic
relationship between these C3 and other fish C3, a phylogenetic tree including various
teleost and shark C3 was constructed using the NJ method (Saitou and Nei 1987) (Fig.
6). PsfuC3 and PaspC3 did not form the sea lice-specific cluster. Moreover, PstuC3 did
not show any close relationship to C3s of Takifugu rubripes (TaruC3-1, TaruC3-2, and
TaruC3-3) closely related to the host species T. niphobles. Also, PaspC3 did not show
any close relationship to C3s of its host, TrscC3A and TrscC3B. These results may
indicate that the horizontal transfer of the C3 gene occurred long time ago from a

common ancestor of teleost to a common ancestor of sea lice.
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Discussion

Evolution of the TEP genes in the Arthropoda

This study identified the C3 and A2M genes from five arthropod species,
Ammothea sp. (Chelicerata), S. subspinipes (Myriapoda), P. fugu, Caligus sp., and
Pandaridae gen. et sp. (Crustacea), and the iTEP/CD109 gene only from S. subspinipes.
The evolution of the TEP genes in the arthropod elucidated by this study as well as
previous reports is summarized in Fig. 7. Since all three TEP genes, C3, A2M, and
1ITEP/CD109, are present in cnidaria, vertebrates and some arthropods (Sekiguchi et al.
2012), the common ancestor of the arthropod should have possessed these three TEP
genes. However, all these three TEP genes seem to have experienced disappearance in
various lineages of the arthropod. C3 was lost at least twice independently in the
diplopod lineage and in the common ancestor of Pancrustacea or Altocrustacea. A2M
was lost at least twice in Insecta, and iTEP/CD109 was lost twice in Pycnogonida and
Maxillopoda. Although the physiological function of iTEP/CD109 is still to be clarified,
it is established that C3 and A2M play totally independent physiological roles as the
central component of the complement system and a non-specific protease inhibitor,
respectively. At the present moment, it is puzzling why all these three genes were lost
multiple times in the Arthropoda. Some iTEP/CD109 is reported to play a role as
opsonin like C3 (Levashina et al. 2001), and further elucidation of the function of
1ITEP/CD109 is expected to help understand the curious evolution of the TEP genes in
the Arthropoda.

In this study, C3s were identified from sea lice species, P. fugu, Caligus sp., and
Pandaridae gen. et sp.. This is the first report on the crustacean C3. However, sea lice
C3s showed a closer similarity to teleost C3 than to arthropod C3. In addition, genomic
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analysis of P. fugu C3 showed the presence of an intron. These results suggest that the
C3 gene was transferred horizontally from fish to sea lice at the DNA level. A similar
horizontal gene transfer from a host vertebrate to a parasite arthropod has been reported
recently in a tick species which obtained vasodilatory hormone from reptiles or
primitive mammals (Iwanaga et al. 2014). In the case of sea lice C3, three identified
sequenced did not show a close similarity to each other, although all of them showed the
closest similarity to teleost C3s. Further analyses are required to clarify whether
horizontal gene transfer occurred multiple times or it occurred long time ago and the C3

sequence diverged after sea lice speciation.
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Chapter 2:
Evolution of the complement gene in the Arthropoda

revealed by de novo transcriptome analysis
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Abstract

To elucidate the evolutionary history of the complement system in the Arthropoda,
de novo transcriptome analysis was performed with eight species among the Chelicerata,
Myriapoda, and Crustacea, and complement genes were identified based on their
characteristic domain structures. Complement C3 and factor B (FB) were identified
from a sea spider, a jumping spider, and a centipede, but not from a sea firefly, two sea
lice species, and two millipede species. Whereas C3 was identified from sea lice using
RT-PCR method, both C3 and FB were not from Pseudocaligus fugu and Caligus sp..
No additional complement components identifiable by their characteristic domain
structures were found from any of these eight species. These results together with
genome sequence information for several species of the Hexapoda suggest that the
common ancestor of the arthropod possessed a simple complement system comprising
C3 and FB, and thus resembled the alternative pathway of the mammalian complement
system. It was lost at least twice independently during the evolution of the arthropod in

the millipede lineage and in the common ancestor of crustacean and insect.
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Introduction

The mammalian complement system comprises more than 30 serum and cell
surface proteins, and plays a pivotal role in innate immunity (Volanakis et al., 1998).
Evolutionary studies thus far have indicated that the evolutionary origin of the
complement system can be traced back to the common ancestor of the Eumetazoa,
because the genes for the central component C3, factor B (FB), the serine protease
responsible for C3 activation, and mannan-binding lectin-associated serine protease
(MASP)—possibly involved in FB activation—were identified from sea anemones,
Cnidaria (Kimura et al. 2009; Putnam et al. 2007), whereas no complement gene is
present in the genomes of the sponge, Amphimedon queenslandica (Srivastava et al.
2010), or the choanoflagellate, Monosiga brevicollis (King et al. 2008). Although the C3
gene has been identified from all deuterostome species analyzed thus far (Nonaka 2014),
carlier genomic analyses showed its absence from the genomes of Drosophila
melanogaster (Adams et al. 2000) and Caenorhabditis elegans (C. elegans Sequencing
Consortium 1998), indicating that this gene has been lost in at least some lineages of
protostomes. On the other hand, the C3 gene has been reported from several other
protostome species, such as the clam (Prado-Alvarez et al. 2009), the squid (Castillo et
al. 2009), horseshoe crabs (Ariki et al. 2008; Zhu et al. 2005), the spider (Sekiguchi et al.
2012) and ticks (Buresova et al. 2011; Urbanova et al. 2014), and FB has also been
reported from the clam (Prado-Alvarez et al. 2009) and horseshoe crab (Tagawa et al.
2012; Zhu et al. 2005). However, to date, no comprehensive analysis of the complement
genes has been performed in protostome species possessing the C3 gene and it is still an
unsolved question as to whether the protostome complement system shares complement
components other than C3 and FB with deuterostomes.
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C3 belongs to the thioester-containing protein (TEP) family; the other members
of this family are the nonspecific protease inhibitor alpha-2 macroglobulin (A2M)
(Dodds and Law 1998) and the glycosylphosphatidylinositol (GPI)-anchored protein
CD109 (Lin et al. 2002) whose function is still poorly understood. In addition, insect
TEP (iTEP) (Blandin and Levashina 2004) has been reported from the fly and mosquito,
which lack C3 and A2M, and certain iTEPs show opsonic activity similar to C3
(Levashina et al. 2001), suggesting that insects compensate for the loss of the
complement system by expanding the functions of iTEPs. Later, iTEP was shown to be
orthologous to CD109 by extensive phylogenetic analysis (Sekiguchi et al. 2012).
Macroglobulin complement-related (Mcr) found from D. melanogaster shows overall
structural similarity to these TEP family members, although it lacks the thioester site
and possesses low density lipoprotein receptor class A (LDLa) domain not found in C3,
A2M or iTEP/CD109 (Stroschein-Stevenson et al. 2006). Therefore, here I treat the C3,
A2M, and iTEP/CD109 subfamilies as authentic members of the TEP family, and Mcr
as the closest relative of the TEP family. C3 and pregnancy zone protein (PZP)-like
A2M domain-containing 8 (CPAMDS) (Li et al. 2004) thus far found only from
deuterostomes are included in the A2M subfamily (Fujito et al. 2010). Because all these
three subfamily genes have been identified in Cnidarian sea anemones (Fujito et al.
2010; Kimura et al. 2009; Putnam et al. 2007), the gene duplications that generated
them, and the subsequent functional diversification seem to have been completed before
divergence of the Cnidaria from the Bilateria. The A2M gene has not been identified in
some insect genomes sequenced thus far (Adams et al. 2000; Holt et al. 2002;
International Aphid Genomics Consortium 2010), indicating that not only C3 but also

A2M has been lost in some of these lineages. In contrast, all three TEP genes have been
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reported from a spider (Sekiguchi et al. 2012) and ticks (Buresova et al. 2011; Urbanova
et al. 2014), so the evolutionary history of TEP genes in the Arthropoda is still
unresolved.

The phylum Arthropoda is estimated to contain 5-10 million extant species
(Odegaard 2000), which are classified into four subphyla, the Chelicerata, Myriapoda,
Crustacea, and Hexapoda. Recent molecular phylogenetic studies strongly suggest that
the Crustacea subphylum is actually paraphyletic, forming a clade, the Pancrustacea,
together with the Hexapoda (Regier et al. 2010). Here I performed RNA sequencing
(RNA-seq) analysis of eight species belonging to the Chelicerata, Myriapoda, and

Crustacea to elucidate the evolution of complement and TEP genes in the Arthropoda.

29



Materials and Methods

Animal collection and isolation of RNA

A sea spider, Ammothea sp. (abbreviated below to Amsp), a sea firefly, Vargula
sp. (Vasp), and a sea lice Pseudocaligus fugu (Psfu) were collected at the Misaki Marine
Biological Station of the University of Tokyo in Kanagawa, Japan. Another sea lice,
Caligus sp. (Casp) was collected at Yokohama Kaihinn Park in Kanagawa. A jumping
spider, Hasarius adansoni (Haad), a centipede, Scolopendra subspinipes (Scsu), and the
millipedes Niponia nodulosa (Nino) and Epanerchodus sp. (Epsp) were collected in
Tokyo, Japan. In the following material, the abbreviations shown above in parentheses
based on the species names are used as a prefix for each protein name. Total RNA was
isolated from the whole body of each animal using ISOGEN (NIPPON GENE Co. Ltd.,
Tokyo, Japan), except for S. subspinipes with its large body, where approximately 10 ug
of the gut from several segments was used.
Sequencing, data processing, and de novo assembly

Construction of cDNA libraries and sequencing were performed by the Beijing
Genomics Institute (BGI; Shenzhen, China). The cDNA libraries were constructed using
[Mlumina TruSeq RNA library preparation kits (Illumina Inc., San Diego, CA, USA), and
pair-end sequencing (2 x 90 bp) was performed on an Illumina HiSeq 2000 platform.
The adaptor sequences were removed from raw reads, and low quality reads (quality
value < 10 for more than 20%) were removed using filter fq (BGI internal software).
High quality reads were obtained and assembled using the Trinity program (Grabherr et

al. 2011).
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Gene annotation and estimation of expression levels

To annotate the complement and TEP genes from such massive amounts of
sequence data, I used the local Basic Local Alignment Search Tool (BLAST) program.
Local BLAST software was downloaded from the NCBI  website
(http://blast.be-md.ncbi.nlm.nih.gov/Blast.cgi). A database was constructed from the
assembled contigs of each animal, and the amino acid sequences of eumetazoan
complement component or TEP were used as queries for tBLASTN. To estimate the
expression level of the annotated genes, Bowtie (ver. 1.0.0) (Langmead et al. 2009) and
eXpress (ver. 1.5.1) (Roberts and Pachter 2013) software were used to calculate the
values of ‘fragments per kilobase of exon per million mapped fragments’ (FPKM).
Phylogenetic analysis of the complement and TEP genes

The amino acid sequences of the C3, FB, A2M, and iTEP/CD109 proteins of
various animal species occupying critical phylogenetic positions for understanding
evolution were obtained from the NCBI database (see above). These sequences were
aligned with the amino acid sequences of these proteins of the eight arthropod species
deduced in this present study wusing ClustalX (http://www.clustal.org/clustal2)
(Thompson et al. 1997). Some manual corrections of the alignments and following
evolutionary analyses were conducted in MEGAG6 (http://www.megasoftware.net)
(Tamura et al. 2013). Upon model testing, the lowest Bayesian Information Criterion
(BIC) score model was used and a phylogenetic tree was constructed using the

maximum likelihood (ML) method (Goldman et al. 2000).
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Results

Generation of raw reads and assembly of reads

The raw reads generated on the Illumina Hiseq 2000 platform were trimmed for
adaptor sequences, and low quality reads were excluded from subsequent analyses.
High quality reads were assembled using Trinity software. As shown in Table 2,
approximately 50 million high quality reads were obtained for H. adansoni, S.
subsupinipes, N. nodulosa and Caligus sp., and approximately 90 million high quality
reads were obtained for Ammothea sp., Epanerchodus sp., Vargula sp., and P. fugu,
which were assembled into 37,757 to 155,223 contigs. The mean contig length and N50
values (defined as the summed lengths of scaffolds/contigs from the longest to the
shortest, and reaching 50% of the total assembly size) are also shown in Table 2. The
values of Vargula sp. and H. adansoni were low, most probably because of the difficulty
in obtaining high quality RNA samples from these species.
TEP family

To annotate the C3, A2M, and iTEP/CD109 proteins of each species, the amino
acid sequences of arthropods and human TEP were used as queries for tBLASTN
against local BLAST databases, which consisted of the assembled contigs of each
arthropod species. The TEPs identified from each arthropod species are shown in Table
3. A2M and iTEP/CD109 were identified from all analyzed species, whereas C3 was
identified only from Ammothea sp., H. adansoni, and S. subspinipes. The deduced
protein sequences are named below as four-character prefixes representing the species
name plus protein name. When multiple isotypes were present, numbers are given as
suffixes. Thus, the six TEPs identified from Ammothea sp. have been designated
AmspC3, AmspA2M-1, AmspA2M-2, AmspA2M-3, AmspA2M-4, and
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AmspiTEP/CD109. ScsuC3 and CaspA2M were renamaed ScsuC3-1 and CaspA2M-1,
respectively. Nearly entire amino acid sequences were determined for all TEP proteins
analyzed here, except for PsfuA2M-1, PsfuA2M-2, VaspA2M-1, VaspA2M-2, and
VaspiTEP/CD109 (Supplementary Fig. S1-S8). Only partial amino acid sequences were
obtained for these TEPs of P. fugu and Vargula sp., presumably because of poor total
RNA quality. Although PsfuC3 and CaspC3 were identified by RT-PCR method, not
detected by RNA-seq. This suggests that PsfuC3 and CaspC3 showed very low
expression level. The deduced amino acid sequences of arthropod TEPs were aligned
with eumetazoan TEP sequences by ClustalX using the MEGA 6 program to examine
for conservation of the characteristic domains, motifs, and residues of those TEPs
known to have functional importance in mammals (Supplementary Fig. S9). The results
of predictions of these domains, motifs, and residues are summarized in Table 4. All
TEPs have a typical thioester sequence, GCGEQ, except for ScsuC3-2, whose thioester
site is ACGEQ. AmspC3, HaadC3-1, HaadC3-2, ScsuC3-1, and ScsuC3-2have the motif
sequences and domains of typical C3, such as the B-a cleavage site, RXXR, the
anaphylatoxin domain (ANA) with its conserved six cysteine residues and the C345C
domain consisting of about 150 amino acids, whereas ScsuC3-3 lacks the C345C
domain. A histidine residue catalyzing the cleavage of the thioester bond was found in
AmspC3, HaadC3-1, and ScsuC3-1. On the other hand, this histidine residue has been
substituted with glutamic acid, glycine, and serine in HaadC3-2, ScsuC3-2, and
ScsuC3-3, respectively. As shown by the FPKM values in Table 4, histidine-type C3s
showed significantly higher expression levels than the other C3s. A2M is characterized
by the presence of the bait region highly susceptible to proteolytic cleavage by proteases

of all catalytic classes, and the cleaved A2M shows conformational changes leading to
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trapping and inhibition of the attacking proteases. Although the amino acid sequences of
the bait region show poor evolutionary conservation even among mammalian species
(Sottrup-Jensen et al. 1989), the bait region is flanked by conserved residues at both
sides: by a cysteine residue at the N-terminal side and by FPETW at the C-terminal side.
All arthropod A2Ms where the entire coding sequences were deciphered have these
conserved residues, indicating the presence of the bait region, except for PsfuA2M-1
and PsfuA2M-2. Interestingly, PsfuA2M-3, CaspA2M-1, and CaspA2M-2 possessed
CUB domain at N-terminal side (Supplementary Fig. S9). The B-o cleavage site
indicative of the two-subunit chain structure is present in all C3s, AmspA2M-1,
AmspA2M-2, AmspA2M-4, AmspiTEP/CD109, HaadA2M-1, HaadiTEP/CD109-1,
HaadiTEP/CD109-2, NinoiTEP/CD109-1, and EpspiTEP/CD109-1. Because human
iITEP/CD109 is a GPI-anchored protein, I analyzed the presence of the GPI-anchor
attachment signal sequence at the C-terminal of each iTEP/CD109 using GPI-SOM
(http://gpi.unibe.ch/). The GPl-anchor attachment signal was found in
AmspiTEP/CD109, HaadiTEP/CD109-1, HaadiTEP/CD109-2, ScsuiTEP/CD109-3,
NinoiTEP/CD109-2, EpspiTEP/CD109-2, and VaspiTEP/CDI109. In contrast,
ScsuiTEP/CD109-1, ScsuiTEP/CD109-2, ScsuiTEP/CD109-4, NinoiTEP/CD109-1,
NinoiTEP/CD109-3, and EpspiTEP/CD109-1 did not have this attachment signal,
suggesting that they are secreted proteins. Interestingly, the possible secreted
proteins—NinoiTEP/CD109-1, NinoiTEP/CD109-3, and EpspiTEP/CD109-1—showed
high FPKM values indicating high levels of expression (Table 4).
Phylogenetic analysis of arthropod TEPs

To construct a phylogenetic tree of TEPs, the deduced amino acid sequences of

arthropod TEPs were aligned with various eumetazoan TEP sequences by ClustalX
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using the MEGAG6 program. Only complete amino acid sequences were used, and
PstuA2M-1, PstuA2M-2, VaspA2M-1, VaspA2M-2, and VaspiTEP/CD109 with partial
sequence information were not included. The phylogenetic tree was constructed by the
ML method based on a Le and Gascuel (LG) model (Le et al. 2008) excluding any
positions with gaps. As shown in Fig. 8, C3, A2M, and iTEP/CDI109 formed their
respective clades supported by bootstrap percentages of 100%, 78%, and 100%,
respectively, indicating that identification based on Blast search and domain structure
was correct. Within the C3 clade, arthropod C3s formed a clade supported by a
bootstrap percentage of 99%. In contrast, the arthropod A2M and arthropod
1ITEP/CD109s clades were supported by a bootstrap percentage of <50%. A
neighbor-joining (NJ) tree (Saitou and Nei, 1987) based on p-distances showed a
closely resembling branching pattern, and bootstrap percentages supporting the C3,
A2M, and iTEP/CDI109 clades were 99%, 94%, and 92%, respectively (Fig. 9). Two,
one, two, two, two, one, one, and one Mcrs were found from Ammothea sp., H.
adansoni, S. subspinipes, N. nodulosa, Epanerchodus sp., Vargula sp., P. fugu, and
Caligus sp., respectively. Mcr sequences of these species and those of some arthropod
species were also included in this NJ tree. Mcrs formed a well-supported clade with a
long branch indicating a remote evolutionary relationship to the TEP family. In most
cases, multiple isotypes of each species formed clusters, suggesting that gene
duplications leading to multiple isotypes occurred in each species lineage. However, at
least two lineages for iTEP/CD109 are shared by S. subspinipes, N. nodulosa, and
Epanerchodus sp. (Fig. 8 and 9).

Complement components

To annotate the complement components with characteristic domain structures
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of each arthropod species, amino acid sequences of mammalian complement
components, Cl1q, MBL, C1r/C1s/MASP, factor I (FI), FB/C2, and C6/C7/C8/C9, were
used as queries for the tBLASTN search of the assembled contigs of each arthropod
species. Two, three, and two FBs were identified from Ammothea sp., H. adansoni, and
S. subspinipes, respectively. Although individual domains composing mammalian
complement components—such as the carbohydrate recognition domain (CRD),
Cl1r/Cls, uEGF and bone morphogenetic protein (CUB), epidermal growth factor
(EGF)-like, short consensus repeat (SCR), serine protease (SP), scavenger receptor (SR),
low-density lipoprotein receptor domain class A (LDLA), von Willebrand factor type A
(VWFA), and thrombospondin type 1 repeats (TSP1)—were found in many deduced
arthropod proteins, characteristic combinations of domain structures found only in
complement components, C1q, MBL, C1r/Cls, MASP, FI, and C6/C7/C8/C9, were not
identified from these six arthropod species. Therefore, I conclude that Ammothea sp., H.
adansoni, and S. subspinipes have C3 and FB, and that N. nodulosa, Epanerchodus sp.,
and Vargula sp. have no complement component. Although C3 gene was identified from
sea lice, P. fugu, Caligus sp., by RT-PCR and comprehensive cloning approach, both C3
and FB were not from sea lice by RNA-seq.
Comparisons and phylogenetic analysis of arthropod FB sequences

Entire coding sequences of FB gene were obtained from Ammothea sp. FBs
(Supplementary Fig. S10), H. adansoni FBs (Supplementary Fig. S11) and S.
subspinipes FBs (Supplementary Fig. S12). The deduced amino acid sequences of
arthropod FBs were aligned with the human FB amino acid sequence (Supplementary
Fig. S13). AmspFB-1, HaadFB-1, and ScsuFB-1 had seven SCR domains whereas

AmspFB-2, HaadFB-3, and ScsuFB-2 had only two. H. adansoni had one more FB
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sequence with four SCR domains, HaadFB-2. Interestingly, the three residues forming
the catalytic triad of serine proteases, histidine, aspartic acid, and serine, were
substituted with serine, asparagine, and valine, respectively in HaadFB-2, and two of
them—histidine and serine—were substituted with glutamine and aspartic acid,
respectively in ScsuFB-2. Therefore, it is highly unlikely that HaadFB-2 and ScsuFB-2
possess protease activity.

To elucidate the evolutionary relationships among arthropod FBs and
eumetazoan FB and C2, an NJ tree was constructed based on p-distances (Fig. 10). The
arthropod FBs formed two clades supported by bootstrap percentages of 50% and 100%,
respectively. All FBs in clade 1 have seven SCR domains except for HaadFB-2 and
TatrFB-1, which possess four and five SCR domains, respectively. All three FBs in
clade 2 have two SCR domains and two of them, HaadFB-2 and ScsuFB-2, seem to
have lost protease activity. This phylogenetic tree suggests that the common ancestor of
the Arthropoda had two lineages of FB sequences, one with seven SCR domains and the

other with two.
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Discussion

The distribution of the complement and TEP genes in the Arthropoda revealed
by the present study and preceding studies including genome analyses in several insect
species is summarized in Fig. 11 (Adams et al. 2000; Ariki et al. 2008; Buresova et al.
2011; Colbourne et al. 2011; Honeybee Genome Sequencing Consortium 2006;
International Aphid Genomics Consortium 2010; Iwaki et al. 1996; Tribolium Genome
Sequencing Consortium et al. 2008; Wu et al. 2012; Zhu et al. 2005). Here, + indicates
the presence of any kind of evidence obtained by targeted reverse transcription
polymerase chain reaction (RT-PCR), RNA-seq, or genome analysis, whereas a —
symbol indicates failure of detection by the comprehensive methods such as RNA-seq
or genome analysis. The ? symbol indicates that no comprehensive analysis has been
performed in that species thus far, and the presence or absence of that gene is still
unclear. As shown in Fig. 11, the only complement genes present in the Arthropoda are
C3 and FB. No other complement genes with characteristic domain
structures—including MASP present in some Cnidaria (Kimura et al. 2009; Putnam et al.
2007)—were identified by the present study or by genome analyses in several arthropod
species. These results suggest that the common ancestor of the Arthropoda had a simple
complement system comprising C3, FB, and a few additional components, in which FB
most probably activates C3. At least one additional protease that activates FB
proteolytically seems to be essential. In the mammalian complement system, FB is
activated by factor D (FD) (Volanakis and Narayana 1996), and the FD cleavage site is
conserved in all the arthropod FB sequences (Supplementary Fig. S13). However,
human FD has a simple structure composed of a single serine protease domain only, and
I could not identify any FD ortholog in the Arthropoda based on domain architecture.
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Both C3 and FB have been retained by the Chelicerata and Chilopoda, whereas
they seem to have been lost twice simultaneously and independently in the diplopod
lineage and the common ancestor of the Pancrustacea (Fig. 11). Although why the
complement system is not needed in these lineages is not clear at present, it is
interesting to note that some iTEP/CDI109s of flies and mosquitoes, without the
GPI-anchor signal and therefore considered to be secreted proteins, are reported to show
opsonic activity similar to C3. In the present study, a high level of expression (>100
FPKM) of secretion-type iTEP/CD109 was also observed for Niponia nodulosa and
Epanerchodus sp. lacking C3, but not for Ammothea sp., Hasarius adansoni, and
Scolopendra subspinipes possessing C3. Therefore, it is possible that the secretary
1ITEP/CD109 of the arthropod executes opsonic activity as a proxy for C3, although
experimental evidence is still missing for millipede iTEP/CD109.

Compared with genome analysis, the RNA-seq analysis adopted in this study
leaves some ambiguity when the sought molecule is not detected. Moreover, because |
had to extract RNA from the whole bodies of most species because of their small size, |
cannot exclude the possibility that undetected transcripts were actually expressed at low
levels and/or locally. However, I still consider that an RNA-seq analysis is valid to trace
the evolutionary history of the complement system, because large amounts of C3 seem
to be essential for an opsonic role in the body’s defense system. Indeed, human C3 is
one of the most abundant proteins in serum. Therefore, even if a minute amount of C3
was present in millipede, sea firefly, and sea lice, eluding my RNA-seq analysis, it is
highly unlikely that it would play a role as a complement component.

The activation mechanism of the protostome complement system has been

extensively analyzed in the horseshoe crab (Ariki et al. 2008; Tagawa et al. 2012; Zhu et
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al. 2005). Although both C3 and FB are present in horseshoe crab, there are two C3
activation pathways, one FB independent and the other FB dependent. Gram-negative
bacteria activate the FB-independent pathway in which Factor C (FC)—originally
identified as a lipopolysaccharide (LPS)-sensitive trigger of the hemolymph coagulation
pathway—directly activates C3 (Ariki et al. 2008). On the other hand, Gram-positive
bacteria activate the FB-dependent pathway, which also requires Ca2+-dependent
lectins (Tagawa et al. 2012). Interestingly, FC-like genes were identified from
Ammothea sp., H. adansoni, and S. subspinipes, which all possess a C3 sequence (Fig.
12). All the domains of Tachypleus tridentatus (Tatr) FC were present in AmspFC-like,
although these two molecules showed some difference in the position of the SCR
domain. HaadFC-like and ScsuFC-like lacked the CLECT (C-type lectin domain), and
LCCL (Limulus factor C, Coch-5b2, and Lgll) plus CLECT domains, respectively.
Moreover, FC-like was identified from two tick species (Ixodes scapularis and Ixodes
richius) which possess C3 gene (Urbanova et al. 2014). These results indicate the
possibility that the FC-like proteins of these animals are also involved in activation of
the complement system. It is interesting to note that FC was lost in the Pancrustacea
lineage simultaneously with FB and C3 (Fig. 11). However, FC-like molecules
possessing a strikingly similar domain architecture to TatrFC were also identified from
two millipede species, N. nodulosa and Epanerchodus sp. lacking the C3 and FB genes
(Fig. 11). Therefore, FC-like proteins of these animals likely have the major
physiological role outside of the complement system.

This study was the first comprehensive search for complement components
among protostome species possessing C3. Only FB was identified, suggesting that FI

and later components were innovations in the deuterostome lineage, and that
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MASP—present in the common ancestor of the Eumetazoa—was lost by the time of
appearance of the Arthropoda. This simple complement system resembling to the
mammalian alternative pathway was lost at least twice independently during arthropod

evolution.
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General Discussion

Evolutionary scenario of the complement system

The evolutionary process of the complement system elucidated by the present
study as well as by the previous works (Nonaka and Kimura 2006; Nonaka 2014) is
schematically shown in Fig. 13. Since C3, FB and MASP have been identified from sea
anemone, the common ancestor of eumetazoa should have possessed the primitive
complement system comprising at least these three components. Conservation of the
protein domains and amino acid residues critical for basic functions of these
components between cnidaria and humans suggests that the basic activation mechanism
and physiological functions of the primitive complement system were similar to those
of the human complement system. Thus, MASP appears to be the first protease to be
activated, which in turn activates FB. Then FB activates C3 into the C3a and C3b
fragments. C3b covalently tags microbes and enhances phagocytosis, whereas C3a
induces inflammation as an anaphylatoxin. I performed the first comprehensive search
for the complement genes in protostome species which possess the complement system,
and identified only C3 and FB. Thus, MASP seems to be lost in the protostome lineage
before the emergence of the arthropod, leaving the activating protease of FB in
arthropod still to be clarified. In addition, absence of FI and C6 in protostome
strengthened the previous conclusion that these components were innovated in the
vertebrate lineage (Nonaka 2014). FI and C6 most probably endowed the vertebrate
complement system with the regulatory mechanism and the cytolytic activity,
respectively, rendering it much more sophisticated compared to that of protostomes. In
deuterostomes, the complement system is retained by all members analyzed thus far. In
contrast, the central component of the complement system, C3, has been lost at least
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three times independently in the protostome lineage (Fig. 13). Since C3 plays so pivotal
role in the complement system that loss of C3 is interpreted as loss of the complement
system itself. In addition to the recurrent loss in the protostome lineage, the complement
system was lost also in cnidarian hydra. The reason why the complement system was
lost so many times is still not clear. As discussed in Chapter 2, in some insects,
1ITEP/CD109 is reported to be multiplied and play an opsonic role like C3 (Levashina et
al. 2001). Thus, it is possible that some protostomes and cnidaria developed unique
immune mechanisms, making it unnecessary to retain the complement system.
Evolution of the TLR and PGRP gene in the Arthropoda

The complement system is one of the most ancient innate immune system
conserved by cnidaria and vertebrate. However, it was lost at least twice during
evolution of arthropods. To clarify whether a similar loss is observed in other innate
immune gene in the Arthropoda or not, I analyzed Toll-like receptor (TLR) and
peptidoglycan-recognition protein (PGRP) in eight arthropod species using the
RNA-seq data (Table 4 and 5). Toll was originally identified as a developmental gene
involved in the dorso-ventral axis formation of the fruit fly, Drosophila (Anderson et al.
1985), and later analyses revealed its function in innate immune response (Lemaitre et
al. 1996; Tauszig et al. 2000). PGRP was first identified in the moth, Bombyx mori as a
protein to bind peptidoglycan, the major structural component of the bacterial cell wall
(Yoshida et al. 1996). Both TLR and PGRP are present in various invertebrates and
vertebrates, and many of them were shown to play innate immune functions (Medzhitov
et al. 1997: Kang et al. 1998). PGRPs are classified into the long and short types
(Werner et al. 2000). As a result of BLAST search, TLR genes, characterized by the

combination of the leucine-rich repeat (LRR) and Toll/interleukin-1 receptor (TIR)
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domains, were identified from all eight species. When multiple isotypes were present,
arbitrary numbers are given as suffixes. To elucidate the relationship of the TLR genes,
the phylogenetic tree was constructed (Fig. 14). As shown in Fig. 14, the phylogenetic
tree of TLR genes consists of three clades supported by the bootstrap percentages of
68%, 99%, and 95% (Fig. 14). Clade 3 contained sea anemone TLR, human TLRs, and
some arthropod TLRs, suggesting that this is the evolutionary conserved clade. Clades 1
and 2 contained only Arthrpoda members, suggesting that they were innovated in the
arthropod lineage. Interestingly, some arthropod such as D. melanogaster without the
complement system also lack the clade 3 TLR. Unlike the TLR gene, PGRP genes
detected from only limited species. Hasarius adansoni, Niponia nodulosa, and
Epanerchodus sp. had only the short type PGRPs, and Scolopendra subspinipes
possessed both the short and long types. Ammothea sp., Vargula sp., Pseudocaligus fugu,
and Caligus sp. did not have any PGRP. In addition, PGRP was not detected by genome
analysis of a water flea, Daphnia pulex (Colbourne et al. 2011), and extensive
pull-down binding assay of a shrimp, Penaeus monodon (Udompetcharaporn et al.
2014). These results suggest that the PGRP genes have been lost in some lineage of the
arthropod. Interestingly, all arthropods without the PGRP genes are marine animals.
Udompetcharaporn et al. (2014) reported the possible substitution molecule of PGRPs
from P. monodon, and it is possible that other marine arthropods without PGRP also
possess similar substitution molecules. To analyze the phylogenetic relationship of
arthropod PGRPs, the phylogenetic tree was constructed (Fig. 15). This phylogenetic
tree indicated that almost of the arthropod PGRPs were lineage specific-evolved. In
addition, long type S. subspinipes PGRP, ScsuPGRP-2, was clustered with the fly and

the mosquito PGRP-LD, whereas the bootstrap value supported by only 33%. These
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analyses revealed that not only the complement genes, but also the TLR and PGRP
genes have been lost in several arthropod lineages. Therefore, the innate immune system
of protostome seems to have experienced much more drastic evolutionary changes than

the deuterostome counterpart.
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Figure legends

Fig. 1. Phylogenetic relationship of metazoan animals and the distribution of the
complement and TEP genes.

Phylogenetic relationship of metazoan animals is shown with choanoflagellate
as an out group based on King et al. (2008). The distribution of the complement (MASP,
FB, and C3) and TEP (C3, A2M, and iTEP/CD109) genes are shown in the right side.
The + symbol indicates the presence of the gene, and the — symbol indicates failure of
detection of the gene by the comprehensive methods. The ? symbol indicates that the
presence or absence of the gene is still to be clarified. Species in which whole genomic

analysis has been performed are shown by red underline.

Fig. 2. Phylogenetic relationship of the complement and TEP genes among
arthropods

This phylum Arthoropoda is divided into three groups: the Chelicerata (sea
spider, horseshoe crab, and spider); the Myriapoda (centipede and millipede); and the
Pancrustacea comprising the crustacean (sea firefly, sea louse, water flea and crayfish)
and the Hexapoda (aphid, beetle, honey bee, and fruit fly). The phylogenetic
relationship of arthropods was based on Regier et al. (2010). The species analyzed in
this study are shown in red bold letters. The + symbol indicates the presence of the gene,
and the — symbol indicates failure of detection of the gene by the comprehensive
methods. The ? symbol indicates that the presence or absence of the gene is still to be
clarified. Species in which whole genomic analysis has been performed are shown by

red underline.
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Fig. 3. Genomic sequence of PsfuC3 aligned with vertebrate C3

The nucleotide sequence of the PsfuC3 gene was aligned together with that of
Oryzias latipes (Orla) C3 (NC 019859), Takifugu rubripes (Taru) C3 (NC _018906),
and Homo sapiens (Hosa) C3 (NC _000019). Exons were indicated by open boxes and

sequences coding for the thioester site (GCGEQ) was indicated by dotted open box.

Fig. 4. Phylogenetic tree of TEP family

The phylogenetic tree was constructed using the amino acid sequences of the
TEP family using the maximum likelihood method based on the LG model. Gaps in the
alignment were excluded and there were 704 positions in the final dataset. Bootstrap
percentages of more than 50 with 500 replicates are given. Bootstrap values of the C3,
A2M, and iTEP/CDI109 clades are in bold. Accession numbers of the amino acid
sequences and the scientific names of animals used in this tree are; Haliplanella lineata
(Hali) C3, A2M, and CD109 (BAJ05269, BAJ05271, and BAJ05272), Euphaedusa tau
(Euta) CD109 (BAE44110), Ammothea sp. (Amsp) C3, A2M-1, and A2M-2,
(LC009021, LC009022, and LC009023), Tachypleus tridentatus (Tatr) C3 and A2M
(BAJ02276 and BAA19844), Ixodes scapularis (Ixsc) C3, A2M, and iTEP/CD109
(ISCW022535, ISCW023777, and XP_002409560), Hasarius adansoni (Haad) C3-1,
C3-2, A2M, and iTEP/CD109 (BAK64109, BAK64110, BAK64111 and BAK64112),
Scolopendra subspinipes (Scsu) C3, A2M, and iTEP/CD109-2 (LC009029, LC009032
and LC009034), Niponia nodulosa (Nino) A2M, iTEP/CD109-1, iTEP/CD109-2, and
iTEP/CD109-3 (LC009014, LC009015, LC009016, and LC009017), Paracyclopina
nana (Pana) A2M (All16542), Pseudocaligus fugu (Psfu) C3, A2M-1, A2M-2, and

A2M-3; Caligus sp. (Casp) A2M, Pandaridae gen. et sp. (Pasp) C3 and A2M, Daphnia
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pulex (Dapu) iTEP/CD109 (EFX86067), Pacifastacus leniusculus (Pale) A2M and
iTEP/CD109 (AEC50080 and AEC50085), Acyrthosiphon pisum (Acpi) iTEP/CD109
(XP_001944348), Tribolium castaneum (Trca) A2M and iTEP/CD109 (EFA07508 and
XP 972838), Apis mellifera (Apme) A2M and iTEP/CD109 (XP 392454 and
XP 001122599), Drosophila melanogaster (Drme) iTEP/CD109 (NP 523578),
Anopheles gambiae (Anga) iTEP/CD109 (XP 555086), Strongylocentrotus purpuratus
(Stpu) C3, A2M, and CPAMDS8 (NP 999868, XP 799248, and XP 785018),
Branchiostoma belcheri (Brbe) C3 and CDI109 (BAB47146 and AEG67300),
Branchiostoma floridae (Brfl) CPAMDS (XP_002586872), Ciona intestinalis (Ciin) C3,
CPAMDS, and CDI109 (NP 001027684, XP 002124325, and NP 001027688),
Lethenteron japonicum (Leja) C3 and A2M (Q00685 and BAA02762), Oryzias latipes
(Orla) C3 (NP_001098552), and Homo sapiens (Hosa) C3, C4, C5, A2M, PZP,
CPAMDS, and CDI109 (AAAS85332, POCOL4, AAA51925, P01023, CAA38255,
NP_056507, and NP_598000). Names for the amino acid sequences of Ammothea sp., S.
subspinipes, P. fugu, Caligus sp., and Pandaridae gen. et sp. TEPs are shown in bold. H.

adansoni and N. nodulosa TEPs are indicated by underline.

Fig. 5. Phylogenetic tree of TEP family excluding PsfuA2M-1 and PsfuA2M-2

The phylogenetic tree was constructed using the amino acid sequences of the
TEP family excluding PsfuA2M-1 and PsfuA2M-2 using the maximum likelihood
method based on the LG model. Gaps in the alignment were excluded and there were
736 positions in the final dataset. Bootstrap percentages of more than 50 with 500
replicates are given. Bootstrap values of the C3, A2M, and iTEP/CD109 clades are in

bold. Accession numbers of the amino acid sequences and the scientific names of
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animals used in the tree are described in the legend for Fig. 4.

Fig. 6. Phylogenetic tree using sea lice C3s and various fish C3s

The phylogenetic tree was constructed using the amino acid sequences of the
TEP family using the neighbor joining method based on p-distance. Gaps in the
alignment were excluded and there were 859 positions in the final dataset. Bootstrap
percentages of more than 50 with 1000 replicates are given. Accession numbers of the
amino acid sequences and the scientific names of animals used in the tree are;
Ammothea sp. (Amsp) C3 (LC009021), Hasarius adansoni (Haad) C3 (BAK64109),
Scolopendra subspinipes (Scsu) C3 (LC009029), Pseudocaligus fugu (Psfu) C3,
Pandaridae gen. et sp. (Pasp) C3, Triakis scyllium (Trsc) C3A and C3B, Miichthys miiuy
(Mimi) C3 (AFC89899), Epinephelus coioides (Epco) C3 (ADU33222), Anarhichas
minor (Anmi) C3 (CAC29154), Paralichthys olivaceus (Paol) C3 (BAA88901), Sparus
aurata (Spau) C3 (ADMI13620), Dicentrarchus labrax (Dila) C3 (AEJ37034),
Xiphophorus hellerii (Xihe) C3 (AEJ08067), Tetraodon nigroviridis (Teni) C3
(CAG06096), Takifugu rubripes (Taru) C3-1, C3-2, and C3-3 (XP_003978399,
XP 003972136, and XP 003971979), Oreochromis niloticus (Orni) C3
(XP_005454885), Oryzias latipes (Orla) C3 (NP_001098552), Cyprinus carpio (Cyca)
C3-H1, C3-H2, and C3-S (BAA36619, BAA36620, and BAA36621), Danio rerio
(Dare) C3 (XP_002660623), and Homo sapiens (Hosa) C3 (AAA85332). Names for the
amino acid sequences of Pseudocaligus fugu C3 and Pandaridae gen. et sp. C3 are

indicated by red open box.
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Fig. 7. Evolution of the TEP genes in the Arthropoda

The species analyzed in this study are shown in red bold letters. The + symbol
indicates the presence of the gene, and the — symbol indicates failure of detection of the
gene by the RT-PCR/cloning method. The ? symbol indicates that the presence or
absence of the gene is still to be clarified. Triangles indicate evolutionary losses of the
C3 gene. The * symbol upper the + of P. fugu C3 indicates that C3 gene was obtained
by horizontal transfer independent from the evolution of the complement gene in the
Arthropoda. Species in which whole genomic analysis has been performed are shown
by red underline. The phylogenetic relationship of arthropods was based on Regier et al.

(2010).

Fig. 8. Phylogenetic tree of TEP family including eight arthropod species

The phylogenetic tree was constructed using the amino acid sequences of the
TEP family with the addition of the genes newly identified by the RNA-seq method,
using the maximum likelihood method based on the LG model. Gaps in the alignment
were excluded and there were 714 positions in the final dataset. Bootstrap percentages
of more than 50 with 500 replicates are given. Bootstrap values of the C3, A2M, and
1ITEP/CD109 clades are shown in bold. Accession numbers of the amino acid sequences
and the scientific names of animals used in this tree are; Ammothea sp. (Amsp) A2M-3,
A2M-4, and iTEP/CD109 (LC009024, LC009025, and LC009026), Hasarius adansoni
(Haad) A2M-2 and iTEP/CD109-2 (LC009009 and LC009010), Scolopendra
subspinipes (Scsu) C3-2, C3-3, iTEP/CD109-1, iTEP/CD109-3, and iTEP/CD109-4
(LC009030 LC009031, LCO009033, LC009035, and LCO009036), Epanerchodus sp.

(Epsp) A2M, iTEP/CD109-1, and iTEP/CD109-2 (LC009018, LC009019, and

59



LC009020), Vargula sp. (Vasp) A2M-3 (LC009041), Pseudocaligus fugu (Psfu)
iTEP/CD109, and Caligus sp. (Casp) A2M-2, iTEP/CD109-1, and iTEP/CD109-2.
Others are described in the legend for Fig. 5. Ammothea sp., H. adansoni, S. subspinipes,
N. nodulosa, Epanerchodus sp., Vargula sp., P. fugu, Caligus sp., and Pandaridae gen. et

sp. TEPs are shown in bold.

Fig. 9. Phylogenetic tree of TEP family with arthropod Mcrs

The phylogenetic tree was constructed based on the amino acid sequences of the
TEP family with the addition of the Mcrs, using the Neighbor-joining method by
p-distance. All sites were used in the final dataset. Bootstrap percentages of more than
50 with 1000 replicates are given. Bootstrap values of the C3, A2M, iTEP/CD109, and
Mcr clades are in bold. Accession number of the amino acid sequences and scientific
names of animals used in this tree are; Ammothea sp. (Amsp) Mcr-1, and Mcr-2, Ixodes
scapularis (Ixsc) Mcr (XP_002410473), Hasarius adansoni (Haad) Mcr, Scolopendra
subspinipes (Scsu) Mcr-1, and Mecr-2, Niponia nodulosa (Nino) Mcr-1, and Mcr-2,
Epanerchodus sp. (Epsp) Mcr-1 and Mcr-2, Vargula sp. (Vasp) Mcr, Pseudocaligus fugu
(Psfu) Mcr, and Caligus sp. (Casp) Mcr. Others are described in the legend for Fig. 5
and 8. Ammothea sp., H. adansoni, S. subspinipes, N. nodulosa, Epanerchodus sp.,

Vargula sp., P. fugu, Caligus sp., and Pandaridae gen. et sp. TEPs are shown in bold.

Fig. 10. Phylogenetic tree of FB/C2
The phylogenetic tree was constructed based on the amino acid sequences of FB
and C2 using the NJ method according to p-distances. Data with fewer than 5%

alignment gaps were excluded and there were 510 positions in the final dataset.
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Numbers indicate the percentage bootstrap statistical support of the corresponding node
based on 1000 bootstrap replicates. Accession numbers of the amino acid sequences and
the scientific names of animals used in this tree are; Nematostella vectensis (Neve) FB
(BAH22728), Ammothea sp. (Amsp) FB-1 and FB-2 (LC009027 and LC009028),
Tachypleus tridentatus (Tatr) FB-1 and FB-2 (BAM15262 and BAM15263), Hasarius
adansoni (Haad) FB-1, FB-2, and FB-3 (LC009011, LC009012, and LC009013),
Scolopendra subspinipes (Scsu) FB-1 and FB-2 (LC009037 and LC009038), Ciona
intestinalis (Ciin) FB (NP_001027973), Lethenteron japonicum (Leja) FB (BAA02763),
Ginglymostoma cirratum (Gici) fB (AAYS55950), Cyprinus carpio (Cyca) FB
(BAA34706), Mus musculus (Mumu) C2 (NP _038512), and Homo sapiens (Hosa) FB
and C2 (AAHO04143 and NP _000054). The Ammothea sp., H. adansoni, and S.

subspinipes FBs that were newly identified in this study are shown in bold.

Fig. 11. Evolution of the complement, TEP and factor C (FC)/FC-like genes in the
Arthropoda.

The species analyzed in this study are shown in red bold. The + symbol indicates
the presence of the gene, and the — symbol indicates failure of detection of the gene by
the comprehensive methods. The ? symbol indicates that the presence or absence of the
gene 1is still to be clarified. Triangles indicate evolutionary losses of the C3 and FB
genes. The * symbol upper the + of P. fugu C3 indicates that C3 gene was obtained by
horizontal gene transfer independent from the evolution of the complement gene in
Arthropoda. Species in which whole genomic analysis has been performed are shown
by red underline. The phylogenetic relationship of arthropods was based on Regier et al.

(2010).
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Fig. 12. Domain structure of the FC-like proteins of the Arthropoda.

The FC-like proteins of Ammothea sp. (Amsp), Hasarius adansoni (Haad),
Scolopendra subspinipes (Scsu), Niponia nodulosa (Nino) and Epanerchodus sp. (Epsp)
are shown with Tachypleus tridentatus (Tatr) FC. Abbreviations of domain names are:
EGF, epidermal growth factor domain; SCR, short consensus repeats; LCCL, Limulus

factor C, Coch-5b2 and Lgll; CLECT, c-lectin domain, and SP, serine protease domain.

Fig. 13. Evolution of the complement system in metazoan animals

The evolutionary process of the complement system is schematically shown.
Vertical black and gray arrows indicate the appearance of the complement genes and
innovation of additional components, respectively. Triangles indicate evolutionary

losses of the complement genes.

Fig. 14. Phylogenetic tree of the TLR genes

The phylogenetic tree of TLR was constructed based on the amino acid
sequences of TLR using the NJ method according to p-distances. All sites were used in
the final dataset. Bootstrap percentages of more than 50 with 1000 replicates are given.
Accession numbers of the amino acid sequences and the scientific names of animals
used in this tree are; Nematostella vectensis (Neve) TLR (XP_001641546), Ammothea
sp. (Amsp) TLR-1, TLR-2, TLR-3, TLR-4, TLR-5, and TLR-6, Hasarius adansoni
(Haad)TLR-1, TLR-2, TLR-3, TLR-4, and TLR-5, Carcinoscorpius rotundicauda
(Caro) TLR (ABK88278), Ixodes scapularis (Ixsc) TLR (XP_002399580), Scolopendra
subspinipes (Scsu) TLR, Niponia nodulosa (Nino) TLR-1, TLR-2, TLR-3, TLR-4,

TLR-5, and TLR-6, Epanerchodus sp. (Epsp) TLR-1, TLR-2, TLR-3, and TLR-4,
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Vargula sp. (Vasp) TLR-1 and TLR-2, Pseudocaligus fugu (Psfu) TLR-1, TLR-2, and
TLR-3, Caligus sp. (Casp) TLR-1, TLR-2, and TLR-3, Daphnia pulex (Dapu) TLR
(EFX86424), Fenneropenaeus chinensis (Fech) TLR (ACC68670), Carcinus maenas
(Cama) TLR (CDO91661), Apis merifera (Apme) TLR (NP _001013379), Drosophila
melanogaster (Drme) Toll-1, Toll-2, Toll-3, Toll-4, Toll-5, Toll-6, Toll-7, and Toll-8
(NP 001262995, NP 476814, NP 649719, NP 523519, NP 477438, NP 524081,
NP 523797, and NP _524757), Homo sapiens (Hosa) TLR-1, TLR-2, TLR-3, TLR-4,
TLR-5, TLR-6, TLR-7, TLR-8, and TLR-9 (NP_003254, NP 003255, NP 003256,
NP 003257, NP_003259, NP 006059, NP 057646, NP 619542, and NP 059138).
Ammothea sp., H. adansoni, S. subspinipes, N. nodulosa, Epanerchodus sp., Vargula sp.,

P. fugu, and Caligus sp. TLRs were indicated by bold.

Fig. 15. Phylogenetic tree of the PGRP genes

The phylogenetic tree was constructed based on the amino acid sequences of
PGRP using the NJ method according to p-distances. All sites were used in the final
dataset. Bootstrap percentages of more than 50 with 1000 replicates are given.
Accession numbers of the amino acid sequences and the scientific names of animals
used in this tree are; Hasarius adansoni (Haad) PGRP-1, PGRP-2, PGRP-3, PGRP-4,
PGRP-5, and PGRP-6, Ixodes scapularis (Ixsc) PGRP (XP_002433689), Scolopendra
subspinipes (Scsu) PGRP-1 and PGRP-2, Niponia nodulosa (Nino) PGRP-1 and PGRP
-2, Epanerchodus sp. (Epsp) PGRP-1 and PGRP-2, Drosophila melanogaster (Drme)
PGRP-SA, PGRP-SB1, PGRP-SB2, PGRP-SCla, PGRP-SC1b, PGRP-SC2, PGRP-SD,
PGRP-LA PGRP-LB, PGRP-LC, PGRP-LD, PGRP-LE, and PGRP-LF (NP 572727,

NP 648917, NP 648916, NP 610407, CAD89168, NP 610410, NP 648145,
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NP 996026, NP_650079, NP_729468, NP _001027111, NP_573078, and NP_648299),
Anopheles gambie (Anga) PGRP-S1 PGRP-S2, PGRP-LA, PGRP-LB, PGRP-LC, and
PGRP-LD (XP 310547, ADA54999, XP 001688528, XP 003435776, XP_558599, and
XP 556195). Hasarius adansoni, Scolopendra subspinipes, Niponia nodulosa,

Epanerchodus sp. PGRP were indicated in bold.
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Table 1. Results of BLAST search against each arthropod TEP fragment

TEP type Subject” Identity Number of
(%) clones
Ammothea sp. C3 Horseshoe crab C3 [Carcinoscorpius rotundicauda] 55 10
A2M-1 Amphioxus A2M [Branchiostoma floridae] 65 59
A2M-2 Amphioxus A2M [B. floridae] 65 14
A2M-3 Amphioxus A2M [B. floridae] 62 10
Scolopendra subspinipes C3 Horseshoe crab C3 [C. rotundicauda] 50 249
A2M Amphioxus A2M [B. floridae] 58 7
iTEP/CD109-1  Mosquito iTEP/CD109 [Anopheles stephensi] 70 5
iTEP/CD109-2 Bee iTEP/CD109 [Nasonia vitripennis] 67 6
Pseudocaligus fugu C3 Fish C3 [Fundulus heteroclitus] 73 1
A2M-1 Fish A2M [Danio rerio] 42 5
A2M-2 Hydra A2M [Hydra vulgaris] 41 4
A2M-3 Copepod A2M [Paracyclopina nana] 51 110
Caligus sp. C3 Fish C3 [Cyprinus carpio] 57 1
A2M Sea squirt A2M [Botyllus schlosseri] 53 67
Pandaridae gen. et sp. C3 Fish C3 [Miichthys miiuy] 86 1
A2M Sea squirt A2M [B. schlosseri] 57 71

* Subjects shows results of BLAST search which indicated the highest score.



Table 2. Summary statistics of de novo transcriptome analysis of several arthropods

High quality reads Assembled Mean contigs N50

contigs length (bp) value (bp)
Ammothea sp. 93649672 59615 1031 2130
Hasarius adansoni 53164698 102190 635 1266
Scolopendra subspinipes ~ 53851246 155223 1434 3090
Niponia nodulosa 51298384 124129 1961 3754
Epanerchodus sp. 92190042 44365 1392 2886
Vargula sp. 93520202 112077 646 925
Pseudocaligus fugu 91200218 32553 1171 2231

Caligus sp. 54948182 64459 814 1536




Table 3. Results of BLAST search against each Arthropoda TEP obtained by RNA-seq

TEP type Length of Subject” E-value Identity
deduced (%)
amino acids

Ammothea sp. C3 1725 Horseshoe crab C3 [Carcinoscorpius rotundicauda] 0 38
A2M-1 1527 Tick A2M [Ixodes ricinus] 0 40
A2M-2 1614 Tick A2M [Ornithodoros moubata] 0 38
A2M-3 1552 Tick A2M [I. ricinus] 0 38
A2M-4 1496 Tick A2M [I. ricinus] 0 38
iTEP/CD109 1465  Tick iTEP/CD109 [Ixodes scapularis] 0 43
Hasarius adansoni C3-1 1738  Spider C3-1 [H. adansoni] 0 100
C3-2 1695 Spider C3-2 [H. adansoni] 0 100
A2M-1 1717 Spider A2M [H. adansoni] 0 100
A2M-2 1520 Tick A2M [I. ricinus] 0 37
iTEP/CD109-1 1440 Spider iTEP/CD109 [H. adansoni] 0 100
iTEP/CD109-2 1456 Spider iTEP/CD109 [Stegodyphus mimosarum] 0 76
Scolopendra subspinipes C3-1 1749  Horseshoe crab C3 [Tachypleus tridentatus] 0 37
C3-2 1755 Horseshoe crab C3 [T. tridentatus] 0 34
C3-3 1631 Amphioxus C3 [Branchiostoma belcheri] 0 34
A2M 1625 Ant A2M [Harpegnathos saltator] 0 36
iTEP/CD109-1 1447 Spider iTEP/CD109 [H. adansoni] 0 39
iTEP/CD109-2 1423 Spider iTEP/CD109 [H. adansoni] 0 39
iTEP/CD109-3 1437 Water flea iTEP/CD109 [Daphnia pulex] 0 49
iTEP/CD109-4 1430 Spider iTEP/CD109 [S. mimosarum] 0 43
Niponia nodulosa A2M 1452  Tick A2M [I. ricinus ] 0 34
iTEP/CD109-1 1437 Spider iTEP/CD109 [S. mimosarum] 0 45
iTEP/CD109-2 1457 Water flea iTEP/CD109 [D. pulex] 0 47
iTEP/CD109-3 1427 Spider iTEP/CD109 [H. adansoni] 0 35
Epanerchodus sp. A2M 1473 Tick A2M [I. ricinus] 0 34
iTEP/CD109-1 1430 Spider iTEP/CD109 [S. mimosarum] 0 45
iTEP/CD109-2 1465 Water flea iTEP/CD109 [D. pulex] 0 48
Vargula sp. A2M-1 853 Shrimp A2M [Fenneropenaeus chinensis] 3e-133 34
A2M-2 638 Horseshoe crab A2M [Limulus sp.] le-125 37
A2M-3 1542 Ant A2M [Acromyrmex echinatior] 0 32
iTEP/CD109 323 Termite iTEP/CD109 [Zootermopsis hevadensis] 9e-87 45

* Subject are results of BLAST search indicated the highest score.



Table 3 (continued)

TEP type Length of Subject” E-value Identity
deduced (%)
amino acids

Pseudocaligus fugu A2M-1 903 Flatworm A2M [Opisthorchis viverrini] 4e-51 25
A2M-2 71 Flatworm A2M [Echinococcus multilocularis] 0.65 35
A2M-3 1715 Copepod A2M [Paracyclopina nana] 0 38
iTEP/CD109 1535 Wasp iTEP/CD109 [Microplitis demolitor] 0 36
Caligus sp. A2M-1 1735 Copepod A2M [Paracyclopina nana] 0 37
A2M-2 1701 Copepod A2M [Paracyclopina nana] 0 36
iTEP/CD109-1 1539 Wasp iTEP/CD109 [Microplitis demolitor] 0 37
iTEP/CD109-2 1429 Termite iTEP/CD109 [Zootermopsis nevadensis] 0 39

* Subject shows results of BLAST search which indicated the highest
score.



Table 4. Characteristic domains, motiefs, and residues of TEPs of arthropods analyzed in this study

N-terminal B-a ANA Bait Thioester Catalytic C345C FPKM*
CUB domain cleavage domain region site histidine domain
site

Ammothea sp. C3 - RPKR + — GCGEQ H + 115.33
Hasarius adansoni C3-1 — RRKR + — GCGEQ H + 120.80
C3-2 - RWKR + - GCGEQ E + 4.64
Scolopendra subspinipes  C3 — RRKR + — GCGEQ H + 391.14
C3-2 — RKKR + — ACGEQ G + 7.37
C3-3 - RMKR + - GCGEQ S — 19.28

Pseudocaligus fugu C3 — RKKR + — GCGEQ H + —

Caligus sp. C3 n.d. n.d. n.d. n.d. n.d. n.d. n.d. —

Pandaridae gen. et sp Cc3 — RKKR + — GCGEQ H + —
Ammothea sp. A2M-1 — RSKR — + GCGEQ H — 19.09
A2M-2 - RKKR — + GCGEQ H — 89.56
A2M-3 - - — + GCGEQ H — 7.61
A2M-4 — RPSR — + GCGEQ H — 3.57
H. adansoni A2M-1 — RMPR — + GCGEQ N — 5.79
A2M-2 - - — + GCGEQ D — 57.42
S. subspinipes A2M — — — + GCGEQ H — 11.96
Niponia nodulosa A2M — — — + GCGEQ H — 90.88
Epanerchodus sp. A2M — — — + GCGEQ H — 14.34
Vargula sp. A2M-1 n.d. — — + GCGEQ S — 5.22
A2M-2 n.d. n.d. n.d n.d. GCGEQ N n.d. 1.99
A2M-3 — — — + GCGEQ H — 75.56

* Fragments per kilobase of exon per million mapped fragments



Table 4 (continued)

N-terminal B-a Bait Thioester Catalytic GPI anchor FPKM*
CUB domain cleavage region site histidine signal
site sequence
Pseudocaligus fugu A2M-1 - - — GCGEQ H - 1.49
A2M-2 — - - GCGEQ H — 1.62
A2M-3 + - + GCGEQ S — 31.34
Caligus sp. A2M-1 + - + GCGEQ S — 36.82
A2M-2 + - + GCGEQ S — 15.09
Pandaridae gen. et sp A2M + — + GCGEQ S — —
Ammothea sp. iTEP/CD109 — RRGR — GCGEQ N + 14.37
H. adansoni iTEP/CD109-1 — RRKR - GCGEQ H + 25.91
iTEP/CD109-2 — RRRR — GCGEQ H + 5.18
S. subspinipes iTEP/CD109-1 — — — GCGEQ H — 10.21
iTEP/CD109-2 — — - GCGEQ Y — 68.67
iTEP/CD109-3 — - - GCGEQ N + 4.69
iTEP/CD109-4 — — - GCGEQ H — 45.26
N. nodulosa iTEP/CD109-1 — RKKR — GCGEQ S — 383.84
iTEP/CD109-2 — — - GCGEQ H + 99.58
iTEP/CD109-3 — - - GCGEQ D — 309.18
Epanerchodus sp. iTEP/CD109-1 — RKKR — GCGEQ N — 156.65
iTEP/CD109-2 — - - GCGEQ H + 10.54
Vargula sp. iTEP/CD109 n.d. n.d. — n.d. n.d. + 1.21
P. fugu iTEP/CD109 — - — GCGEQ F + 8.13
Caligus sp. iTEP/CD109-1  — - — GCGEQ F + 3.51
iTEP/CD109-2 — - - GCGEQ F + 12.85

* Fragments per kilobase of exon per million mapped fragments



Table 5. Results of BLAST search for TLR gene

Length of Subject* Identity
deduced (%)
amino acids
Ammothea sp. TLR1 1098 Horseshoe crab TLR [Tachypleus tridentatus] 35
TLR2 990 Spider TLR [Stegodyphus mimosarum] 28
TLR3 1214 Tick TLR [Ixodes scapularis] 51
TLR4 827 Spider TLR13 [S. mimosarum] 33
TLR5 824 Butterfly TLR13 [Danaus plexippus] 29
TLR6 772 Termite TLR4 [Zootermopsis nevadensis] 29
Hasarius adansoni TLR1 1007 Spider TLR [S. mimosarum] 48
TLR2 693 Spider TLR [S. mimosarum] 30
TLR3 961 Spider TLR [S.mimosarum] 53
TLR4 942 Spider TLR [S. mimosarum] 41
TLR5 1046 Spider TLR4 [S. mimosarum] 53
Scolopendra Subspinipes  TLR 1604 Honey bee TLR [Apis dorsata] 28
Niponia nodulosa TLR1 1006 Termite TLR [Z. nevadensis] 35
TLR2 1070 Tick TLR [I. scapularis] 28
TLR3 1047 Louse TLR [Pediculus humanus corporis] 28
TLR4 1062 Louse TLR [P. humanus corporis] 30
TLR5 661 Louse TLR [P. humanus corporis] 40
TLR6 1115 Louse TLR [P. humanus corporis] 30
Epanerchodus sp. TLR1 1003 Termite TLR [Z. nevadensis] 35
TLR2 1113 Louse TLR [P. humanus corporis] 32
TLR3 1120 Tick TLR [I. scapularis] 32
TLR4 814 Termite TLR4 [Z. nevadensis] 31
Vargula sp. TLR1 869 Termite TLR [Z. nevadensis] 34
TLR2 863 Beetle TLR2 [Tribolium castaneum] 27
Pseudocaligus fugu TLR1 678 Mosquito TLR [Anopheles sinensis] 39
TLR2 1041 Acron worm TLR3 [Saccoglossus kowalevskii] 27
TLR3 1229 Planthopper TLR6 [Nilaparvata lugens] 41
Caligus sp. TLR1 833 Fruit fly Toll [Drosophila persimilis] 29
TLR2 941 Louse TLR [P. humanus corporis] 39
TLR3 873 Fruit fly Toll [Drosophila willistoni] 28

* Subject shows results of BLAST search which indicated the highest score.



Table 6. Results of BLAST search for PGRP gene

Length of Subject™* Identity
deduced (%)
amino acids
Ammothea sp. — — — —
Hasarius adansoni PGRP1 221 Spider PGRP [Stegodyphus mimosarum] 59
PGRP2 209 Spider PGRP [Nephila pilipes] 62
PGRP3 212 Spider PGRP [S. mimosarum] 64
PGRP4 198 Spider PGRP [S. mimosarum] 48
PGRP5 203 Spider PGRP [S. mimosarum] 60
PGRP6 194 Spider PGRP [S. mimosarum] 54
Scolopendra subspinipes  PGRP1 165 Spider PGRP [S. mimosarum] 51
PGRP2 296 Frog PGRP [Xenopus tropicalis] 36
Niponia nodulosa PGRP1 208 Clam PGRP S1 [Hyriopsis cumingii] 53
PGRP2 208 Tick PGRP [Ixodes scapularis] 49
Epanerchodus sp. PGRP1 207 Tick PGRP [I. scapularis] 51
PGRP2 216 Clam PGRP S1 [H. cumingii] 49

Vargula sp. — — — —
Pseudocaligus fugu — — — —

Caligus sp. — — — —

* Subject shows results of BLAST search which indicated the highest score.



Supplementary Fig. S1. Primary structure of the Ammothea sp. TEP genes

The complete nucleotide and deduced amino acid sequences of AmspC3,
AmspA2M-1, AmspA2M-2, AmspA2M-3, AmspA2M-4, and AmspiTEP/CD109 are
shown. Signal peptide region is underlined. The ANA and C345C domains, the A2M
bait region, and the thioester site (GCGEQ) are indicated by open boxes. The B-a
cleavage site (RXXR), six conserved cysteine residues in the ANA domain (CC, C, C,
CC), the conserved flanking residues of the A2M bait region (C and FPEXW), the
catalytic histidine residue, and the conserved cysteine residues in the C345C domain are
shown in bold. Putative signal peptide region for GPI-anchor attachment is double
underlined. The sequences amplified by RT-PCR using degenerate primers are indicated
by red open box. The positions of the primers used for RACE are indicated by the
arrows above the nucleotide sequence. The sequence of AmspA2M-3 obtained by 3’

RACE is

Supplementary Fig. S2. Primary structure of the Scolopendra subspinesis TEP
genes

The complete nucleotide and deduced amino acid sequences of SuscC3,
SuscC3-2,  SuscC3-3,  SuscA2M,  SusciTEP/CD109-1,  SusciTEP/CD109-2,
ScsuiTEP/CD109-3, and SusciTEP/CD109-4 are shown. Signal peptide region is
underlined. The ANA and C345C domains, the A2M bait region, and the thioester site
(GCGEQ) are indicated by open boxes. The B-a cleavage site (RXXR), six conserved
cysteine residues in the ANA domain (CC, C, C, CC), the conserved flanking residues
of the A2M bait region (C and FPEXW), the catalytic histidine residue, and the

conserved cysteine residues in the C345C domain are shown in bold. Putative signal
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peptide region for GPI-anchor attachment is double underlined. The sequence amplified
by RT-PCR using degenerate primers is indicated by red open box. The positions of the

primers used for RACE are indicated by the arrows above the nucleotide sequence.

Supplementary Fig. S3. Primary structure of the Pseudocaligus fugu TEP genes
The complete nucleotide and deduced amino acid sequences of PsfuC3,
PsfuA2M-1, PsfuA2M-2, PsfuA2M-3, and PstuiTEP/CD109 are shown. The sequence
amplified by RT-PCR using degenerate primers is indicated by red open box. Signal
peptide region is underlined. The CUB, ANA and C345C domains, the A2M bait region,
and the thioester site (GCGEQ) are indicated by open boxes. The B-o cleavage site
(RXXR), six conserved cysteine residues in the ANA domain (CC, C, C, CC), the
conserved flanking residues of the A2M bait region (C and FPEXW), the catalytic
histidine residue, and the conserved cysteine residues in C345C domain are shown in
bold. Putative signal peptide region for GPI-anchor attachment is double underlined.
The positions of the primers used for RACE are indicated by solid arrows above the
nucleotide sequence. The positions of the degenerate primer and gene specific primer
for RT-PCR are indicated by the dotted arrows above the nucleotide sequence in

PsfuC3.

Supplementary Fig. S4. Primary structure of the Caligus sp. TEP genes

The complete nucleotide and deduced amino acid sequences of CaspA2M and
CaspiTEP/CD109-1, and the partial nucleotide and deduced amino acid sequences of
CaspC3, CaspA2M-2, and CaspiTEP/CD109-2 are shown. Signal peptide region is

underlined. The CUB domain, A2M bait region, and thioester site (GCGEQ) are
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indicated by open boxes. The conserved flanking residues of the A2M bait region (C
and FPEXW) are shown in bold. The sequence amplified by RT-PCR using degenerate
primers is indicated by red open box. Putative signal peptide region for GPI-anchor
attachment is double underlined. The positions of the primers used for RACE are

indicated by the arrows above the nucleotide sequence.

Supplementary Fig. S5. Primary structure of the Pandaridae gen. et sp. TEP genes
The partial nucleotide and deduced amino acid sequences of PaspC3 and the
complete nucleotide and deduced amino acid sequences of PaspA2M are shown. The
sequence amplified by RT-PCR using degenerate primers is indicated by red open box.
Signal peptide region is underlined. The CUB domain, ANA domain, C345C domain,
A2M bait region and thioester site (GCGEQ) are indicated by open boxes. The B-a
cleavage site (RXXR), six conserved cysteine residues in the ANA domain (CC, C, C,
CC), the conserved flanking residues of the A2M bait region (C and FPEXW), the
catalytic histidine residue and the conserved cysteine residues in the C345C domain are
shown in bold. The positions of the primers used for RACE are indicated by the solid
arrows above the nucleotide sequence. The positions of the degenerate and gene specific
primers for RT-PCR are indicated by the dotted arrows above the nucleotide sequence in

PaspC3.

Supplementary Fig. S6. Primary structure of the Hasarius adnsoni TEP genes
The complete nucleotide and deduced amino acid sequences of HaadA2M-2 and
HaadiTEP/CD109-2 are shown. Signal peptide region is underlined. The A2M bait

region and the thioester site (GCGEQ) are indicated by open boxes. The B-a cleavage
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site (RXXR), the conserved flanking residues of the A2M bait region (C and FPEXW)
and the catalytic histidine residue are shown in bold. Putative signal peptide region for

GPI-anchor attachment is double underlined.

Supplementary Fig. S7. Primary structure of the Epanerchodus sp. TEP genes

The complete nucleotide and deduced amino acid sequences of EpspA2M,
EpspiTEP/CD109-1, and EpspiTEP/CD109-2 are shown. Signal peptide region is
underlined. The A2M bait region and the thioester site (GCGEQ) are indicated by open
boxes. The B-a cleavage site (RXXR), the conserved flanking residues of the A2M bait
region (C and FPEXW), and the catalytic histidine residue are shown in bold. Putative

signal peptie region for GPI-anchor attachment is double underlined.

Supplementary Fig. S8. Primary structure of the Vargula sp. TEP genes

The complete nucleotide and deduced amino acid sequences of VaspA2M-3 and
the partial nucleotide and deduced amino acid sequences of VaspA2M-1, VaspA2M-2,
and VaspiTEP/CD109 are shown. Signal peptide region is underlined. The A2M bait
region and the thioester site (GCGEQ) are indicated by open boxes. The conserved
flanking residues of the A2M bait region (C and FPEXW) are shown in bold. Putative

signal peptide region for GPI-anchor attachment is double underlined.

Supplementary Fig. S9. Multiple alignment of the TEP amino acid sequences
The deduced amino acid sequences of Ammothea sp. (Amsp) C3, A2M-1,
A2M-2, A2M-3, A2M-4 and iTEP/CD109 (LC009021, LC009022, LC009023,

LC009024, LC009025 and LC009026), Hasarius adansoni (Haad) C3-1, C3-2, A2M-1,
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A2M-2, iTEP/CD109-1 and iTEP/CD109-2 (BAK64109, BAK64110, BAK64111,
LC009009, BAK64112 and LC009010), Scolopendra subspinipes (Scsu) C3-1, C3-2,
C3-3 A2M-1, iTEP/CD109-1, iTEP/CD109-2, iTEP/CD109-3 and iTEP/CD109-4
(LC009029, LC009030, LC009031, LC009032, LC009033, LC009034, LC0O09035 and
LC009036), Niponia nodulosa (Nino) A2M, iTEP/CD109-1, iTEP/CD109-2 and
iTEP/CD109-3 (LC009014, LC009015, LC009016 and LC009017), Epanerchodus sp.
(Epsp) A2M, iTEP/CD109-1 and iTEP/CDI109-2 (LC009018, LC009019 and
LC009020), and Vargula sp. (Vasp) A2M-1, A2M-2, A2M-3 and iTEP/CD109
(LC009039, LC009040, LCO09041 and LC009042), Pseudocaligus fugu (Psfu) C3,
A2M-1, A2M-2, A2M-3 and iTEP/CD109, Caligus sp. (Casp) C3, A2M-1, A2M-2,
iTEP/CD109-1 and iTEP/CD109-2, Pandaridae gen. et sp. (Pasp) C3 and A2M were
aligned together with that of Homo sapiens (Hosa) C3, C4, C5, A2M, and iTEP/CD109
(AAAS85332, POCOL4, AAAS51925, P01023, and NP_598000). Amino acid sequences
were aligned using ClustalX and GeneDoc. Characteristic residues, domains and
boundaries of domain are indicated above or bottom the aligned sequences. The B-a
processing site (RXXR), the conserved cysteine residues in the C3 anaphylatoxin region
(ANA), the thioester site (GCGEQ), the catalytic histidine, the conserved flanking
residues of the A2M bait region, C and FPEXW, the conserved cysteine residues of

C345C domain.

Supplementary Fig. S10. Primary structure of the Ammothea sp. FB genes
The complete nucleotide and deduced amino acid sequences of AmspFB-1 and
AmspFB-2 are shown. Signal peptide region is underlined. The SCR (short consensus

repeat) domain, the von Willebrand factor type A (VWFA) domain and the serine
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protease (SP) domain are indicated by the dotted, red, and green underlines, respectively.
The factor D cleavage site, the Mg2+ binding site and the protease activate site are

shown in bold.

Supplementary Fig. S11. Primary structure of the Hasarius adansoni FB genes

The complete nucleotide and deduced amino acid sequence of HaadFB-1,
HaadFB-2 and HaadFB-3 are shown. Signal peptide region is underlined. The SCR,
vWFA and SP domains are indicated by the dotted, red and green underlines,
respectively. The factor D cleavage site, the Mg2+ binding site and the protease activate

site are shown in bold.

Supplementary Fig. S12. Primary structure of the Scolopendra subspinipes FB
genes

The complete nucleotide and deduced amino acid sequences of ScsuFB-1 and
ScsuFB-2 are shown. Signal peptide region is underlined. The SCR, vWFA,and SP
domains are indicated by the dotted, red and green underlines, respectively. The factor

D cleavage site, the Mg2+ binding site and the protease activate site are shown in bold.

Supplementary Fig. S13. Multiple alignments of FB amino acid sequences

The deduced amino acid sequences of Ammothea sp. (Amsp) FB-1 and FB-2,
Tachypleus tridentatus (Tatr) FB-1 and FB-2, Hasarius adansoni (Haad) FB-1, FB-2,
and FB-3, Scolopendra subspinipes (Scsu) FB-1 and FB-2 were aligned together with
that of Homo sapiens (Hosa) FB. The names for the characteristic domains and

boundaries of domain are indicated above the aligned sequences. Functionally important
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amino acid residues reported in human FB, such as the factor D cleavage site, the Mg2+

binding site, and the protease active site, are indicated in bold.
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TGCTAAAAACCATGTATCGATCGAAATTGCATTTTTTCTAGAATGGCGAAAAATTTGTTCTTTATTATTTGTGTTTGCATGTTGCCATGCTCCATCTTCT
M AKNTLZFZFI1 I CVCMLUPTCS1EF

CTCAGGCAGACTACTTTGTCGTGGCACCGAATATGTTCAGATTTGGTGTTCCGGAAACCGTAAGTATCAACATACACGGAATTCAAGGTTCAGTCGATGT
S QADYFVVAPNMFRZFGVPETVSITNIHGI QG S VDYV

TGAAGTTTTTCTTCAAGATTCACCCGGTCGTGGCTTTACGTTCTCCCAAAAAGTTGTCAAAGTTGAAAATGAAAAATCAAGTCAAGTTTCGGTGCTGGTG
EVFLQDSPG GRS GFTZFSAOQKVV KV ENEIKSSQV S VLYV

AAGCCCTCCGATATACCTGACGTTGTTGTGACGGATCCATCGGCCCGAATATATGTCTACCTGGTTGTGAAATGTACAAGTCCCAAGCTCACGTTTAAGA
K pPpSDI1 PDVVVTDPSARIYVYLVV KT CTSU®PIKILTTFHK

AAGAGGCTCTCGTGCTCGTTAGTCCGCACAACGGTTTTGTCTTTGTGCAAACAGACAAACCAATCTACACGCCAAGACAAGAAGTCAGGATGAGGATTAT
K EALVLVSPHNSGFVFVQTD KW®PIYTPRZIQEVRMRTI'I

TCCCTTGGATCAAGATCTAACCTACATGAAATCTCCCTTTCGGCTTCGGATTTTGAACCCACAAAATATCACCGTGAGGCGTATAGACTACGATGAAGGT
pPLDQDLTYMIKSPFRILRILNPOQNITVRRIDYDEG

AACAAGCAAGGAATCATCACCGAAATCTACAAGTTTCCGAGACAAGCCATAGTGGGCATTTGGGGCATTTCCGTCGAGCATGGTCATGAGCTTTCTACAA
NKQGT1T I1 TEIIYKFPRQAIVGIWGI11 SV EHGHETLST

CGACGTATGTTTCATTCGAAGTAAAGAAATATGTGCTCCCAACTTTCGATGTCAAAATTGTTGTTCCCGCAACGATAATGGAGGATACCGAAGAGATAAT
T TYyVv s FEVKIKYVLPTFDVI K11 VVPATIMETDTETETIWM

GGGGAAAGTTATTGCTAGGTATGTGTATGATAAACCAGTTTTTGGAGCTGTTCGTCTGCGATATGGTGTCAAGGCAGTAAACGGAGATATTTCATACCTT
G K VI ARYVYDIKZPVFGAVRILIRYGVKAVNSGH DI S YL

CCCGATGACACAAAAGTCGTAATTAAAAAGATAAGGGGCGAAGCCACGTTCTCCATACCTATGAAAATGGTGACCAACAAGTTCAAGAGCTTCCCCGAAG
P DDTJIKVV I KKI1 RGEATU FSI1IPMIKMYVTNIKFIK S F P E

GTCACAAATTCCATGTCGAGGCGACCGTTGTCGAAGGTGTTTCTGGAAAAGAGTTCATGGAAATCAGCGAAGATGCTTATTTTCAAAAAAGTCCGTACAT
G HKFHVEATVVESGVSGKEFMETILISEDAYFAQK S P Y

TATCAGCTTCAAAAAGTCTGTCAACACTTTCAAGATCGGACTCATTGTTTACATCCAGGTACTGGTTCAGTTCGCCTCAAAGGCACCGGCACCTGGAGTT
I S F KKSVNTFIKIGLI VY1l QVLVQFASIKAPAUPG GV

GATGTCGTGTTCACTGTGAAGACAGATGATGGAGTCGCTCTTGCTATAACAAATAATAAACGACGCTCCGACAATTCGGGTTACGTTGAAGTGAAGATTA
bvvFTVIKTDUDG GVALAITNNIKRRSIDNSGYVEVK:!'I

&
GTGTTCCCAATACGAAAAAACTAACTGTCGAAGTCGTCACGGATGATGTCAAGCTGAAGGCAAATCAGCAAGGAAAGGGGACATTTGTCATGCTTCCATA
S VPNT K KLTVEVVTDIDVIKILIKANIQQGIKS GTZFVMLPY

TGCATCACCAAATGAAGCTTATCTTGGAATAAAACCATTGGACGCAAGTCGAAAGCTACAGAAAGGGGTTCAGTTTGACGGTACGGTCATAGTCAATCCT
AAS PNEAYLGI KPLDASRIKILO QIKG GVQFDSGTUV 1 VNP

TGGCAACATGTCAATCGAGTCATGTTTTCTGTCATCAGCAGAGGTAAAGTTTTGGTCACTGGAAAGACTGCTACGAAAGATGGCAAGAATACTCTTGAAC
W QHVNRVMFSVISRGKV LV TGIKTATIKUDG GI KNTLE

GAACATTCACTTTTAAAGTTACCGAGCAGATGGTTCCAAGCATTCGGGTCATCGTGTTCGCAAATTACAAAGGTCATTTGATTGCCGATTCAATTTGGAT
R T FTFKVTEQMVPSI1TRV I VFANYI KU GHTLTIADT STIWM

GGACGTCGAAGACACATGTCAACATGAAATCGAAACGAGCATCACTCCACAATTTGACCTGAAACGTCCGGGTGACGAAGGAAGCATCGTTATCAAGGCG
bv EDTT COQMHETII ETS I TPQFDILIKR®PGDETGS ST VI KA

GCAAAGAAAACAACCGTTGGATTACTTTCAGTCGATAAAGCTGTTTACGTATTGCGTAACAAGGGTCTTCTGTCTGCATCTAAGGTATATAAAACAATGG
AK K TTVGLLSVDI KAVYVLRNIKG GLLSASI KVYKTHM

AAGGTTATGACATTGGATGCGGAGCTGGAGGCGGGCAAAATTCAGCGAACGTCTTGGAAAAAAGTGGCGCCATCATCTTGACCAGTTCAACCATTACGAA
EGY D11 GCGAGGG QNS SANVLEIKSGATILI I LTS STTI1HITN

&
TGAGAAACGTGATCATTTCAGCTGTAATGATCATTCAAGGCCAAAACGAGCTCTCGAAGAGCATTCAGCCAAATACACCGATGCTTTTACAAAAGCCTGC

E K RDHZ FSCNUDUHS SR R®PI KT RALEIEHSAKYTUDATFT KA III

Pp-a cleabage site
TGCATCATGGGTCAAAGACCAACGAAATTTAGCGTTTCTTGCCAAGTTAGAGCGCAGATCCTAAAAGTTCACCTGACAGAAAAGTATCCGGACAAGTTGA

| c 1 MG QRPTIKFSVScQVRAQI LKVHLTEIZKYPDKL

ANA domain
AGCTCCAAAAGCGTCATAATGGCCAGATCAGGTGCCAACGAAGCTCTTCAATTTGTCGATGATATAGATGC
N c ADAFL Scc|]SSKSVIMARSG GANEALOGQFVDUDTIDA

CAAGGAATCTCAATCAATTGTTCGGTCCTCCTTCCCTGAAAGCTGGCTGTATGTGGCAGAACATATGGGAGAATCAACGGAGAAAAAAATCGCCACCCAT
K ESQSI1 VRSSFPESWLYVAEHMMGETSTTEIZKTIKTI ATH

TTGCCGCATAGCATAACAACATGGGTATTTCAAGCGTTAAGCGTCTCACCAAACCGAGGTCTGTGTATAGCCAAACCGCAGGAAGTTATCGTTCGGCAAA
L PHSI1ITTWVFQALSVSPNRSGLT CIAKUPO QEWVI VRDQ

CGGTATTTTTGGACGTCAATATGCCATACAGCGTTGTTCGAAACGAAGAAATTGAAATCAAAGTTAACGTTTTCAACTACCTTTCGACTACCGTTCCCGT
TV FLDVNMPYSVVRNEZETIEIKVNVFNYLSTTVPYV

TACTGTTTACATGTATGGAGTCGATGGACTTTGCACCGGAGCCGAAGCCGGTAAACGAACTGATAGAAAGCTGATACGTGTGCCGAAGAATGATGCCGTC
TVyYWMYGVDS GLT CTS GAEAGI KR RTUDARIKTILTIRVPIKNUDAYV

&
TCAACCGGATTTTTCATCATCCCGTTGCGAATTGGAACT TACAAGTTAAGGTTTGTGGCATTGTCGGAAGCGAAGACGGACGTCGTCGAAAAAACTCTCC
s T G6GFF1 1 PLRIGTYIKILRFVALSEAIKTUDVVEIKTL

ATGTCCGCGCAGAAGGTTCCCAACAGTTCAAGGACAGCTCGACCGTCCTTGATCCCAGCAATTACAATGGACGCCCGGGATCAGCAATTTGGATTCAAAA
HVRAEGSQQFKDSSTVLDWPSNYNSGRPGSAIWI QK
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G E QO N M

ACCGGATGGTTATTCGTACTTTTTGGACAGCAAAAACCGCAAGCTGGTCGTATCTCTACCGATCATACCACCGGTCAATTCCATCGCAGAAACCGAAATA
pPDGY SY FLDSIKNRIKLVVSLPI1 I PPVNSITITAETE.'I

GCAACAATCAATATTATCGGTGACAGCTTTGGGCCAACGGTTAAGACGGCTTTCACAAAGAATGAGCTCGGCAAGTTCATCAACAAGCCAAGAGGATGTG

ATI NT1GDSTFGPTVIKTATFTTZKNTETLTGZKTFTINTZKTPRI[GC]
> Thioester

GCGAGCAGAATATGFTGCTTATGGCTCCGTGTCTCTACACGATGAAGTACCTTGCCGCAACTGGAAAAATTGGAGTCAATGAAGAGAAAACAGGATATGG

M Ei M AP C LY TMKYLAATTG GIKTIGVNETEIKTGY G

ATGGATCAGACTAGGTTACGAGCGCCAGTTGAACTTCAGAAGAAAAGATGGTGGCTATTCTGCCGGAGGGACACGAAAATCCAGTACﬂTGGCTGACAGCA
wW I R L G Y EROQOILNWFRIRKIDGG GYSAGGTRIKSSTIWLTA

TTTGTCATGAAATGCTTCTGTCAGGCTGATGCCTTCATAAACGTTGACGAAACCGTCGGTTGCACGGGACTTCAATGGCTGGTCAACAGCCAACAACAGG
FVMIKT CFCOQADAFINVDETVSGCTG GLOQWLVNSQOQDQ

ATGGGTCATTCGTCGACAAGCATCCAGTTTACCATCGAGAAATGACGGGCGGAATAAAAGGAAGTTTCGCCATGACAGCATTCGTTCTGATGTCGCTGAT
b 6GSFVDIKHPVY HREMTG GG GI KGSFAMTAFVLMSTLWM
Catalytic histidine
GGAATGTACGACATGCAAGATTGAAGGACTGGAAATCACTCGCCAACAGGCAATTGCCTTCTTGGAGAAAGGCATCCAGACAAAACGGCGACCTTACGAG
ECTTT CI K11 EGLEITRQQAI AFLEZKSGTI QTIKRRPYE

CTTGCTGTTGCCACTTATGCCCTGACTCTTGCCAAGAGTCCCAAGCATCAAGATGCAATTAAACTTCTCAAAGATTCATCCATCTACAATAAAAACGAAG
LAV ATYALTLAKSUPIKHO QDA AIIKULULI KD S ST YNZKNE

ACCAGCGTCAGTGGGAGAAAGGCAATGGGGCATTGAGCGTGGAAGCAACTGCTTATGGTCTTCTCACCTTGGTCTTGACCAATGACCTGCCTTACGCCAA
DQRQWEIKSGNGALSVEATAYGLULTLVLTNTDILUPYAHK

AGCGGTTGTCGGTTGGCTGAACGCCAACAGAGGCTTCGGCGGTGTATGGAAGTCCACCCAGGATACCGTGGTAGCTCTGCAAGCAATGTCTGAGTATGCC
AV V 6GWILNANRGFGSGVWIKSTOQDTVVALAOQAMSTEYA

ATAAAGTCGCGACAGCCAAAGATCGATATGGCCATCAACATCACATCAGAAACAGATCGAAACTTCCTCAAAAGCTTGAGGATCAACAACGAAAATTTTC
I K § R QPKIDMAINITTSETHDRNZFLIKSULRTINNENTF

AGGATTTGCAAACTATCGATATTAACAAGCCCGGTGGGTTGATATTCGTTGACGCTTATGGTGCTGGCATCGCCCATCTTAATCTCAGACTTCAGTACAA
QbLQTI1DINIKWPGSGLIFVDAYGAGI AHTLNTLR RTLIOQYN

TATTCCGGTTCCTCCTAACGAAACATGTGCCTTCGAACTGACCATTAAAAACGAAGAAGTTGAGGAAGATATCAAGCCTAAAGCACTGGCTGGTCTGGAG
Il PV PPNETT CAFETLTIKNETEVEET DI KPIKALAGTILE

AATGATGCCTTGGATCAGCTGCCAGAAGATTTGCAAAGAACTGTGGGTGTTCAGCAGAGAGCCGATGTTTTTGAAAATTTGGACAATTGGGAAGAGGATG
NDALUDO QLWPEDULI QRTVSGVQQRADVZFENLUDNWETETD

GGCGTGATAGAGTTGGACGCCAGAAAGAAGCATCCAAAAAAGTTCTCAAGATTGAAGTCTGTGCCAAGTTTAAAGGTCCCGAAGAAGAGACATCAATGGC
G RDRVGRQKEASI K KV LK1 EVCAKT FIKTGZPETETETSMA

CATGATAGATGTTGGAATCTTCACCGGCTACGCAGTCATCAAGGACGATCTTGAAAACCTATTAAATGAAGCCGCCTCTCCTATTCAACAATACGAGCTT
M1 DbDvVv G6G1LFTGYA AV 1 KDDULENTLILNEAASZPI QQYEIWL

TCCTCACGCGGCGTAGTATTCTATCTGGATACGATTTCTAGTAAACAAAAAACGTGCATTAAATTCCGAGCCAAGCAAACGTTTAGGGTTGGAGTTGCTC
S SR GV V FYLDTISSKOQKTT CI1IKFRAKZ QTFRV GV A

AACGAGCATCCGTCGTTGTTTATGATTATTACAAACCAGAACTGACGTGCACCGCTTTTTATGCGCCAGGTGAAACAAGTGTCATTAAAAAAAGTTTATG
QRASVVVYDYYKWPELTT CTAFYAPGETS SV I KK SLSTC

CTCTGGCAATAAGGCATGCATATGTCCAAGAGGTGGTTIGTTCAGCTTGCAAGGCATTTGACCGATGTTTTGAAGTTGTCCGGTAATATTTTCCAGAAAATG
S GNKACI CPRGGILC S Ac KA FDUDUVLKTL S GNTITFOQKWM
C345C domain
ACTCGTGAATTGCTACACCAGACCTGCAACATGCACGATTACGTTTGGGTGGCATCCGTCGTAAATATTCGTTTGGAAAACGAACTGAAATTCATCGATG
[T RELLHQTT CNMMUHTDYVWVASVVNTIRTLTENETLTZKTFTD ]

TCGAAATAGACGAAGTGATCAAGCCTGGTGTTGAAGGCGAAGCTCAGCAATTGAGGCATGGAAGCGTTCGGACGTTGATCTCATACAATCACTGCACTTG
E 1 DEV I KP GV EGEAQQLI RHGSVRTLISYNHTCTC

TCCAGATATGTTTATTGGCAAAAAGTACTTCATAATGGGTCAAGATGGTACAAAATGGGAGTTCGAAGGAGTTGCACAATACAGATATCTGTTAAACACG
[P DMF1 GKIKYFTITMGQDGTIKWETFEGVAQYT RYTLTLNT]

AATGCACGGATCTTCGAATCAAAGACAATTAGAAGTACAAGTCCAAAGTACAAATTGATGATGAAAGCCTTCAACT TGCAGAAGCGTTTCATCCGAT
N A R I F E S K T I R S T S P K Y K L M M K A F N W L O K R F I R

ACAAAAGAGGATGTGAATAGTAGAAATTCATTTCACAGGCGTATATAGTTTTTACTCGAGATGTTCAGCAATTAATTATTCAACTGATATATGATGTTTT
[ KR G c E]J|*

CTTCAATAAAAGTTTTCTTGCACAAAAAAAAAA 5333

AmspA2M-1

1
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201

301

TCAGTAGAGTGCATGGTTGCAATTATGAAAATTATTTTTCTGGCCGCGACTTGTCTCGCATTTACTTGTCTTGTAAATGCCGAAAGGGGCTACTTATTAA
MV AI'Mm K1 I FLAATTCLAFTT CLVNAERTGYTLIL

CAGTTCCCAAGGTCCTTGACTCAGGGACATCAGAACGCCTGTGCTTGACACTTACAGATGTTAAAGGACCTGGAACAGTCACTATACGCTTACTGCAAGA
T VPKVLDSGT S ERLT CLTLTUDVIKSG®PGTVTIRULILIAGQD

CAGGATAGACACCGCAATCGCCGAAAAGTCCATCACTTACCCTCGTGACGATTCATGTTTCTTTCTGGAAATTCCCAATGTCAAGACGCGCAATGCACGA
R T DTAI AEKSI1 TYPRDUDS ST CZFZFLETI®PNVIKTRNAR

ATTGAAATCAAAGGAGACTTTCAATCAGCTCGGTACAGCTTCGAATCTGAAACTACCGTTTCAATTCAATCTCGATCAACGTTAGCATTCATTCAAACCG
Il E1 K GGDFQ S ARY SFESETTVS1TQSRSTLAFI QT
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ACAAAGCTATTTACAAACCTGGCCAAAAAGTTCAATTCAGAATTCTCACTGTCAATCATTTATTGGAACCAATCTCGACCGAAATTTCGAAGGTCTATAT
DK AIlI YKPGQKVQFRI1TLTVNHLLEW®PI STETILISIKVY.I

CAACAATCCCACTGGAGTTCGCATTGCTCAATGGTTGGGCGTCAAGAACGAGAATGGTCTGATACAATTGGATATGCAGTTGTCGGATGAACCAACTTTG
NNPTS GV RIAQWILGVIKNENGLIQLDMOQLSDEZPTIL

GGCAAATGGAAAATATACGTCCAACTTCAGGGAGCGTCTAAGGTTCAAGAATTTGAAGTAGATGAATATGTTTTACCAAAGTTTGAAGTAAGCGTTACTC
G KWK 1T YVQLQGASIKVQETFEVDEYVLZPIKTFEVSVT

CTCCAAAATACCTGCTTGCCAATTCAGAAACTGCTACTTGGAAGATCTGTGCAAGGTACACTTATGGCAAAGATGTTCAAGGCACACTGACTGCTGAAAT
PP KYLLANSETATWIKTICARYTYGKDV QGTULTATEWM

GAATTACAGCGGCTATGCTTGGGAGAGACGCGGCCCACCATTATTATCATTAACAACTAAAAAGATTAATGGTTGCTATGATTGGATTGTCCATGTACGC
NY SGY AWERRGP®PLLSLTTHI KIKTINSGT CYDWTI1IVHVR

<4
GACACGAAATGGAACATGAGCTCAGTGAGTCATAAAAGCATTATCGTCAAGGCCGATGTCAAAGAATCTGGAACAGACATTGAATTCTCCAGTTCATCAA
DT KWNMSSVSHIKSI1TI1VKADVIKESSGTH D11 EF S S S S

CTACTTCTATAGGACACGATGTTATTAAAATTAATATGACGCCGAAGAATGGCGAAATATACTTCAGGCCAGGACTACCATACTTTGGAGAACTCAATGC
T TS 1 GHDV I K I NMT®PIKNGETILIYFRW®PGLUPYFGETLNA

TAAGAAGCCAGATGGTCAACCGGCATCTGATGTCCTCATCCTCATCTGCTATAGAGTATCTAACACCAAAGAATGCAGAAATTTTACCAGTGATACCAAT
K K PDGQQ®PASDVLILI1ICYRVSNTIKET CRNEFTSUDTN

GGCATTGTAAAATTCTCCATTCCGCCACAAAAACCAGAAGTTTTATCTATTTCCGTTGATGCAACAGCTCCAAATTACAAACCAGAGTACTACGACGGAA
G 1 VvVKZFSIPPQKWPEVLSITSVDATAPNYIKZPEYYDSG

ATAAATACAGATCAAAAGTTCGCCAGCCACACACTCGGAAAACTTTGCGACCGTGGTTCTCGCCAAGTGGTAGCTTCATGGACGTGAAACCTGTGCATAA
NKYRSKVRQPHTRIKTLRZPWFSUPSGSFMDVKPVHK

GGTCATTTCTTGTGATGAAGAAGTACCCTTGGATGTGATTTACACTACAAATGGAGACGATATTACTTTGAACTATCAGGTCATGGCACGTGGTAGAATC
v 1§ CDEEVPLDVIYTTNGIDU DI TLNYQVMARGRI

GTTGATTATGGGATGAAATCTTACAAATTCAGTGTGAATGATTACAAAGAAGATTCTGATGTCATACGGAATAAAACCGAAGGGTCGAGCAGAACAAAGC
v DY GMIKSYKZFSVNDYKEDSDVIRNIKTEG GSSRTHK

GAACTATCATTGCACCAGACATCGATAAAACTCCTAAATACCGACTTCCACGTCACATTGGCAAGTTCAGTCTCCCAATAAAAATCAAAGCTGAAATGGC
R T 1 I APDI DI KT®PIKYRLPRHIGI KT FSLZPI1IT KT KAEMA

GCCGATCGCTCGAGTACTTGTCTATTACACCCGGTCCGATGGCGAGGTCATCGCTGCATTTGCTACTTTGGACGTCATGCCGTGCTTCCTCAACAAAGCT
P 1T ARVLVYYTRSDSGEVI AAFATLUDVMPTZCTFTILNIKA

GCTTTGACATTCGAGAAAAAATCAATCAAACCTGGAATGTCTGCAAAGTATAAAATCGCAGCAACTGCAAAATCTTTGTGTGCCGTTGGTGTAGTCGACA
AL TFEIKIKSIT KPGMSAKYIKI AATAKS STLTCAV GV VD

AAAGTACCCATCTTTTGAAAACCAGTAATCAAATAACAGGAGATAAGGTTTTCAAGATTTTGAAGGGATTTGATTCAAACAGAAACACACGGCCAAAATT
K § THLLKTSNOQI11T TGD KV FK1TLKG GFUDSNRNTRPKF

TATCAACACGGATGAGTACTGTCGAAGCAAATCAAAAGAACCAAGACCCACATTCAATCCCTTACCTCCCTTCCCCATACTGCAGCGTCGTTCTAAACGC
I NTDEYCR S K S KEPRPTFNPLWPZPFZPILQRZ RSKTR
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CGATCACAGCCATTCTGGAGACCTCGACCTACCACAGAATATGTTGACGCATCCATGGCATTTGAGGCTTCTGGATTGACACTGTTGACAACCAATGACG
R S QP FWRWPRWPTTEYVDASMAFEASG GLTTULULTTNT D

TAAACACGAGACCCTGCAGGCACACGAGACACTATCCCGAAATATTTTTTGAGAGTGTTTCAATAAGACGTAAAAATGTTGCATTTAGTGCCACTAATGT

VNTRPUC[RHTRHYPETILIFTFESVSI1ITRRIKNVAFSATNY

Bait region
ACTTCGAGGGCAATCTGGCCCGAGACCAACGCGAAGACCAACACCGCAAGCCAGCACCGCCACAATCTGAAAGTTCGACGACTTTCAGTGATGACGATCTT

L R G QS GPRPTRRPT®PK®PAPZPUO QS SESSTTEFEFSDUDTDL

ACAGATGATGCCGTAAACGAGGCAGTCGAAGTACGTACATACTTCCCAGAAACATGGCTATGGGATCTTGAAGTCGTTGGTGATGATGGATACTTAAATA

[T DDAV NEAVEVRTY|]FPETMWLWDTLTEVVGDUDTGYLN

&
AAGAAGCAGAAATTCCACACACGATTACAGAATGGGTAGGAAGTATGTTCTGCACATCGAAGTCAAAAGGTCTTGGTATTTCAGCACCGTCTGCCATCAG
K EAEI1l PHTI1ITEWVGSMFTCTSIKSIKG GLGISAPSAIR

AGCTTTTCAACCGTTCTTCGTGTCCTATTCACTGCCATATTCCGTAATTCGAAATGAAAAAATTCCAATCACTGTTTCCGTCTTCAACTACCTATCAGAA
AAFQPFFVSY SLPYSVIRNEKIPI TVSVFNYL SE

TGTCTTCCGATCAAACTCAAATTGGAGAAGAATGATGGTTTCACTTTATTGAGCAACAGTTACACCCACTCCTTGTGCGTGTGCGGAGGCAAGCCTGCCA
cLP1 KL KLEIKNDGFTULULSNSYTHSULT CVCG GG GK P A

TTCACAACTTCAGAATTCTGCCAACTAGTCTCGGAGAAGTCAACTTAACAGTCCACAGTTTTTCATTCGACGATAAAAATTATGAAGTTTGCTCACAAGA
Il HNFR1 L PTSLGEVNLTVHSFSFDUDIKNYEVCS QD

CAAAGTGTCTTCCAAGGTCGTTGCTCGTGATGCCATAACCAAGCCATTATTGGTTGAACCTGAAGGTTTTCCACAAGTAATCACAGAGAGTCTCTTGTTC
K v SSKVV ARDAITH K®PLLVEZPESGF®POQV 1 TESILILF

TGCCCATCAGAACATGGAAATAGATTCAAGAAAGATTTTGAACTGTCACTTCCTGATGATTTAGTAGAAGGATCAGCTCGGGCATTCTTGTATGTTTCAG
c PSEHGGNRF FKI KD FELSL®PDIDLVEGSARATFLYVS

GCGATATCATGGGTCCATCTTTAAGTGGACTGGAGAATCTTGTGACGAGGCCAACA TATGATCAAGTTTGCTCCAATTATTTT

Thiocester site

GDbDI M GPSLSGLENLVTRZPT N M|I K F AP 1 1 F
» 4—

L
CGTTACGCAATATCTGGAAGGCGTGGGCAGCCTCACACCAGAAACGAAAAAGAAATCCCTTGAATTCATGAAAGTTGGATATCAAAGAGAGTTGACGTAC
vV TQVYLEGVGSLTWPETI KI KI K SLEFMMIKYVGY QREILTY

IAGACACAATGATGGTTCATACAGTGCTTTTGGTCAAAGTGATGCTGAAGGAAGCTCGTGGTTGACTGCTTTTGTGGTAAAATCATTTGCACAGGCACGCG
R HND G S Y SAFGQSDAEGSSIWLTAFVYVKSFAQAR
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3401 ATTTAATCGACATTGACGCCATTGACCTAAAGAAGAGCACTGATTGGCTACTGAGTAAGCAACAATCCGATGGATGCTTCCCGTTCATAGGAATGGTGCA 3500
bL 1 D1 DAIDLIKIKSTDWLLSKQQSDGTCZFZPFI1T GMVH

3501 CCATTCAGACATGAAGGGTGGAGTGGGCAAAAGTGTGCCAACGGCTTTGACAGCATACACTGTGATTTCCATTCTTGAATCAGAGACTCCAATTAGTCAA 3600
HSDMIKG GGV GKSVPTALTAYTWV 1S 1T LESETWPI SAQ

Catalytic histidine

3601 CAGAAACTGAACAAAGCCTTTGAATGTATTTCTCAGCAAACGGATCCAAATTCATACACTCTTGCTTTGTCTGCATACGCCTACGCCCTTGCTGGGCGTT 3700
Q K LNKAFETCI SQQTD®PNSYTLALSAYAYALASGHR

3701 CTGATATGTCCAATAAACTCATTGACAAGCTATTCTCAAGAGCAATCGTAGAAGGCACGGATGTTCACTGGGAAGCTGCTTCCAAGTCTATTAGCGTAGA 3800
s bMsSNIKIL11IDI KILFSRAI VESGTUDVHWEAASIE KIS I S VE

3801 GCTCGGTTCATACGTGATTTTAACACTGATGAAAATGGGAGGAACAGCGAACCAAGGCAAGGCTCTGGGCGTTGTCAGGTGGATTGCCCGCCAGAGAAAT 3900
L ¢6GSsSyYyvi1i L TLMIKMGS GTANO QG GI KALGVVRWI ARZ QRN

3901 TCAAATGGCGGATTTGTTTCTACTCAGGATACCGTGATAGCTCTGCAAGCTTTTGCTAAGGTTGCAGCCATTCTGAACAGGAACAAACAAGATTTAAAAG 4000
S NG GFVSTQDTVI ALQAFAKVAAIILNRNIKIQDTIL K

4001 TGACTGCCGAAGGTAATGGATTCTATAAAGAATATGCAGTCAACTCCACGAATCGCCTACTGATGCAAATGCACAAAATTGAAGAATTGCCGAACATTGT 4100
vV T AEGNGFYIKEYAVNSTNRLLMQMHI K1 EETILWPNIV

4101 TGATGTATTTGCTACTGGTGACGGATGCGGTTTAATCCAGACGACACTGAAGTACAATAAAAAGAACGTGAATGCAAGTGATGCCTTTGATCTTACCGTT 4200
bV FATSGDSGT CGLTIQTTULI KYNZ KI KNVNASUDATFUDILTV

4201 GTCGGAAACAATGATAGAAGTAATTGCAAAAAACGTGAGCTCAGGATATGTACCAGGTACAAGCTTTTAAATGAACGATCAAACATGGCCATAGTTACTG 4300
VGG NNDIRSNZCIKI KRELRICTRYKLILNERSNMAIVT

4301 TAAAGATGGTATCCGGCTACATACCTATCAAGGATAATTTGAAACAATTGAAAAACGACAGGGCGTTGAATCTTAAACGTTATGAAGTTGATGCCAATTA 4400
vV XMV S GY I P 1 KDNWLIKO QLI KNDIRALNLIKIRYEVDANY

4401 CGTGAACTTATATTTCGATTACTTGAGCAACGATCAGACCTGTTTCAAGATGAATGTCGAGAAAGAAATTGACGTCGAAGATGCCAAACCAGCAACCATT 4500
VNLYFDYLSNDO QTT CFIKMNVEIZKTETILI DV EDAIKUPAT.I

4501 ACAGTCTCCGATTACTACACTCCAGAAAAGATACTTGAGAAATCATACACATTGCCAGCTGATCAGTGCTAGAAACATCTGCCACGCCATACTGAGCCAT 4600
TV sSDYYTWPEIKI LEIKSYTLUPADIZ QT C*

4601 AGAGCTTGAGATTTTACTTCTATTCTTCATTTTATCGGATTTTTAAATTCTACATTTTGTTTTATAAATCTTTTTTTGCTATTAAAAATGTTATAACAAA 4700
4701 AAAA 4728

AmspA2M-2

1 ACAGAGGCTTTGATTTCAATTCGGAGTCAAACGTCTTGAGTTTTGTTTATATTTTTTTTTAAGTTCTTTTTTAGGCTTTTATCTCAGGTGGTTGTTTATA 100
101 TCGTATTAACCATGAAGCTTATTCTTTTGGCTGTGGCATGCCTTGCCTTTTATTCCAAAGCAAACGCCGAGCGAGGTTACCTATTTACGGCACCAAAGGT 200
M KL 1T LLAVACLAFYSIKANAERGYULUZFTAZPKV

201 ACTTGATGCAGGAACATCAGAACGTCTATGTTTGACACTCACAGATGTGAAGGGACCAGGTACAGTCACTGTAAGTTTACTGAAAGAAAAGATAGACGAA 300
L DAGTSERLTCLTLTUDVIKSG®PSGTVTVSLLIKTETK'1IDE

&
301 GTCATCGCTGAGACATCAGTCAACTTCCCTCGTGATGATATGTGTTTCTTCATTGAAATTCGAAATACCAAGTTGACCCGCGGTAACCTTAAAATTCAAG 400
vV 1| A ETSVNZFPRDIDMMTCZFZFI1 EI1 RNTIKILTRG GNLIKIQ

401 GAAAGTTTGATTCAGATGATTACAGCTTTGAATCGGAATCACCTGTTTCAATAGCCAGCCGCTCCACATTGACATATGTACAAACAGACAAAGCCGTTTA 500
G K FDSDDYSFESESUPVSI1ITASRSTLTYVQTUDIKAWVY

—
501 CAAGCCCGGACAAAAAGTTCAATTCCGGATTCTGACTGTGAATCATTTGTTGGAACCACTTCCGACTGAAATTTCTAAAGTTTACGTTCTAAACCCCAAC 600
K P G6GQ KV QFRI1TLTVNHLLEZ®PL®PTETISIKVYVLNTPN

601 GGCATCCGTGTTGCTCAGTGGCTTGGAATAAAAAATGAAAATGGGCTTATTCAATTGGACTTGCAGTTGTCTGATGAATCTGCCAGGGGCCAGTGGAAAA 700
G I RV AQWTLTGTIIKNTENGLTIOQLGDTLTG OQTLTSDTETSAR RTGSGT QWK

701 TAAATGCCCAGGTTAAAGGGTCGACAATATCCCAAGATTTTGAAGTTGATGAATATGTTTTGCCAAAGTTTGAAGTTACAATTACCCCACCAACGTTTCT 800
I NAQV K GSTI1I1 SQDFEVDEYVLPKZFEVTITPZPTFL

801 CAGCTCCAATATGGATATCGCTACTTGGAAAATATGTGCTCGCTACACTTACGGTAAAGGTGTCCAAGGCACATTGAAGGCTAAATTGGAGTATGTCACC 900
S S NMDI ATWIKICARYTYGKSGVQGTULIKAKTILEYVT

&
901 TACAGCTATGAAAGAGACAGAGATTCGTTCCCTGAAACTAACTTGGAAGTAAAGATTAATGGGTGCCATGACCTCACGGTTTATGCAAAGACTATGAAAT 1000
Yy S YERDRDSFUPETNLEVKINGCHTIDLTVYAKTWMK

1001 GGAACACAAGGAAAATGCATTATAAAAGTTTGAAATTGAACGCTGAAGTTGAGGAAGAAGGCACTGATATTAAATTTTCGAGTTCGTCATCAATGTCAAT 1100
W NTWRKM®HY K SLKLNAEVEEETGTHUDI KFS S S S SMS I

1101 TAGTCATGAGCCCTTATTTTTGAATTTCAAAAATTGGGACAGACAAAAATATTTCCATCCTGGACTTCCATACCATGGACAACTCCACGTCACGTTACCC 1200
S HEPLFLNFIKNMWD RO QKYFHZPGLUPYHGO QLHVTTLFP

1201 AATGGACAAAATGCTCCTGATGAACTCATCCAGGTGTGCTATGAAGCTATTGTAAGCTCATGTAGGAACTTCACAAGCGATAGCCATGGAATCATCAATT 1300
NG QNAPDELIQVCYEAIVSSCRNZFTSDSHGTIHI I N

1301 TCACTGTGCCTCCACAAGGAGCCGAAGCTACATATGTGAAAATCAAAGCACTTGCTCCTAATCATCCCTCTGAGTTTTATCCGAATGATAGATATGCGCA 1400
FTVPPQGAEATYVIKI KALAPNHUPSETFYPNDIR RYANQ

1401 AATAAAAATACGTCAACCATCTGCTGAAAATTCATTAACTCCATGGTATTCCCCTAGTGGAAGCTTCTTGAAGTTAAAACCTGTACTTGGCACTTCATCG 1500
I K 1 RQPSAENSLTPWYSPSGSFLIKILIKZPVLGTS S

1501 TGCAATGAAGAAGTACCTTTGGATGTGTTTTATACTACCAGTGGGGAAGACATTCAACTGCACTATCAGGTTATGTCAAGAGGCAGAATCGTGACCCACG 1600
C NEEVPLDVFYTTSSGEDTIQLHYQVMSRGRI1 V TH

1601 GCATGAAATCCTACAAATTCAATGAAAACGATTACCAAGATGACTCTTATACAATTCAAAATGAAAATGTCAATGAACGACAGAAACGTTTCTACAGTGA 1700
G MKSYKFNENDY QDD SYTIQNENVNEIRUQIKRFY SE
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AAAAGTCAACTACACCCTTCCCAAGCACATTGGAAAGTTCAGTCTTCCAATCAAAATAAGCGCACACATGTCTCCAGTAGCCAGAGTTCTCATTTATTAC
K v NY TLPIKWHI GKFSLPI1 K1 S AHMS®PVARVILIYY

ATCAGAACCGACGGTGAAGTTGTTGCCGCATCTACAAGTTTGGATGTCATGCCATGCTTTGCCAACAAGGCCTCTTTCACATTTGAGAAAGATTCTGTCA
Il R T DGEVVAASTSLDVMPCFANSIKAST FTEFEIKDSV

AACCTGGAGAGGCGGCTAAATACAAAATTTCTGCTGCACCAAAATCCTTGTGTGCCGTTGGTGTCGTCGACAAGAGTGTGCATCTTTTGAAGTCCGATAA
K P G EAAKYKISAAPIKSLTCAV GV VDIKSVHLTULIKSDN

TCAAATTACAAGCGAAAAAATTTTCAAGGTTTTGAAAAGCTTTGATACTGGCAGATACACTTACCCAACATTGATCGATGATAGCAAGTACTGTAAAGAA
Q1 T S EK I FKVLKSFDTS GHRYTY®PTLIDUDSK Y CKE

AGACTTGAAGGAAAAATTCCAACTGAATCTCCATTTGACTCAACAACCCAGCGTCCAGAGCCGATAAATCCATTTGGTTTCCAAGGCCTTAGACTCGATG
R LEGIKTIIPTES®PFDSTTA QR®PEW®PINZPFGFIQGTULRTLTD

AGCTCGTTTCATCAACCTCATCTGAGGCTCCAACAACTGAAGCTGAAGAACCTGGTTCAGAAACTACATCTGTGGCCCCAACAACTGAAGAGCCAACTTC
ELVSSTSSEAPTTEAETEWPGSETTSVAPTTETEPTS

AACAGAATTTGTAGACAAGCAGCCTGAAGGAGCACCACCTTCTGTATTTAGAAAGAAACGATCAAGCCCACCACGATTTTACAGTGACAGTTACTCATCA
T EFVDKQPEGAPZPSVFRI K KT RSSZPPRZFYSDSY S S
B-a cleabage site
AGTTATGTTGATGCATTGTTGGCTTTTGAGAGTTCTGGAGTTTTGGCCGATGTCTGACCGCAGTTTGGAATCTCGTCTATGCAGCTTTTTCCAACGACGAC
S YVDALTLAFESSGVLAMSUDRSTLTESTR RTLTCEC[SFF QRTR

ATTTGGTATATGCATCTCCTGGTTTTGGAGGAAACGGGGTTCAAAAATTTGGAATCCATGATGATGAAAAAGGCGCAGGCGTTCCTTCTGCAGCTAGCGG

[ L' vYy ASPGFGGNGVQKTFGTIHUDTUDTETKSGAGVZPSAASG
Bait region

CTTTGGTTCAGGAGGAGGAGGAGGTGTAAATGAGGCTGTTGAAGTGCGTACCTACTTCCCAGAAACATGGTTGTGGGATCTTGAAGTTGTAGGCGATGCC

F GS GGGGGVNEAVEVRTY|FPETMWLWUDTLTEVV G DA

GGATACACTGACAAAGAAGCAGAAATACCTCACACAATTACCGAATGGGTTGGAAGCATGTTCTGTACATCCAAAACTAATGGTCTCGGAATTTCATCAC
G Y T TDIKEAEIPHTITEWVGSMZFOCTSIKTNGTLGTI S S

CAACAGCAATTAAAGCTTTCCAACCATTCTTTGTGTCCTATGCTTTGCCCTATTCCGTCGTACGTAAAGAAAAAGTTCCAATCATCGTTTCTGTCTTCAA
P TAI KAFQPFFVSYALUPYSVVRIKEIKVPI1 1V SV FN

CTATCTTTCAGAATGTCTTCCAATTCAGCTCAAATTGGAAAAAAGCGATGAATTCACTCTCCTGAGCGACAGTTACACTCACAGAATGTGTGTCTGTGGA
Yy L s ECLWPI QL KULEIKSDEFTLILSDSYTHARMCVTCG

GGTCAACCTGCAACACATCGCTTCAGAATTCTGCCAACAGGCCTAGGAGAAGTCAACCTGACTGTTTACAGCCATTCATTCAACGATGCAAATAATGAAG
G QPATHRFRI1LPTSGLGEVNLTVYSHSZ FNDANNE

TTTGCTCGAAAGACAAAAAAGCATCTACACTGGAGGCTCGTGATGCTATCACCAAACCATTGTTAGTCGAGCCTGAAGGTTTCCCACAGGAGTCCACCGA
v ¢S KDKKASTILIEARDA AI T KW®PLULVEZPETGFZPQESTE

AAGCACCTTGTTTTGTCCATCCGAATATCAAAATGGATTCAAGAAATCTTTTGAGTTGATGCTTCCTGACGATTTGGTCGAAGGCTCGGCAAGGGCATTC
s TLFCPSEYQNSGF-KI KSFELWMLZ®PDTIDTULVESGSARAF

CTGTCCGTTAGCGGTGATATTATGGGTCCGTCACTGAGTGGATTAGAGAAGCTTGTGGCAAGGCCAACTGGTTGTGGTGAACAAAATAT#ATCAGGTTTG
L svs6GDI MGPSLSGLEI KLV ARUPT[G C G E OINMLIL R F
Thicester site

CTCCAAACATCTTCGTCATGCAATACCTTCAAGGTACGAGCAGTCTCACCCCAGAAATTGAAAAGAAAGCTCTTGACTTCATGAGAATTGGATATCAAAG

A P N FVMOYLQGTSSLT®PEILI E-KKALIDEFMRIGY QR
4

h |
AGAACTGAACTACAGGCATGACGATGGCTCTTACAGCGCCTTTGGTAAAAGTGATGCTGAGGGﬂAGTTCGTGGCTGACAGCATTTGTTGTGAAATCTTTT
E L NY RHDUDG S Y S A F GKSDAETGIS SWLTAFVVKSF

GCCCAAGCACGCCAGTTCATCGACATCGATCCCGTTGATTTGAAGAAGAGCACCGATTGGTTGCTGAGTAAGCAACAAGCCGATGGCTGCTTCCCATTCA
AAQ ARQF 1 DI DPVDLIKI KSTDWLULSIKIQQADTGTCTFUPF

TTGGCATGGTTCATCATCAAGACATGAAGGGTGGAGTAGGAAAAAGTGTCCCAACTGCATTGACAGCATATACTGTTATATCTCTTCTGGAAGCTGAAAC
Il GMVHHEQDMIKSG GGV GKSVPTALTAYTVI1ISLLEAET

Catalytic histidine
TCCAATCAGTCAAGACAAATTGGACAAAGCCTTTGAATGCATCTCAAAACAAACTGATCCCAATTCTTATACCATGGCCTTAACCGCCTATGCCTACGCC
P 1 S QDKWLDJIKAFETCI SKQTIDWPNSYTMALTAYAYA

CTTGCCGGGCGCTACGAGCTCGCTAACAAAATAATTGACTCCTTGTTCTCACGAGCCACCATTCAAGGCACAGATGTTTACTGGTCAACCTCTTCAAAGT
L AGRYE ELANSKIIDS SLZFSRATIQGTUDUVYWSTSSK

CTATCAGCGTTGAGCTTGGTTCTTACGTCATTCTATCACTCATGAAAATGGGAGGAGCTGCTAACCAAGCTAAAGCTCTGAGCATCGTCAGGTGGATTGC
s 1 sVELGSYVILSLMKMGSGAANO GQAKALSIHIVRWIA

TCGCCAGAGAAACGCCAATGGAGGATTTGTTTCAACGCAGGATACTGTGATAGCTCTTCAGGCTTTTGCGAAGTTTGCAGTCATCCACTCAAAGAATAAA
R QR NANGGFV STOQDTVIALOQAFAKT FAV I HSKNK

CAAGATTTAGAAGTAATTGCCGAGGGCAATAATTTTAACCAGAAGTATGCAATTAACTCAACAAATCGTTTGCTCATGCAAAAGGACAAGGTCGTAGAAT
Q bLEVI AEGNNTFNQIKYAINSTNRILILMAOQIKU DKV VE

TGCCAAATATAATTGATGTTTCTGCTGTTGGTGATGGATGTGGCTTAATTCAGACCACTTTAAAATACAACAAGGATAACGTGAATGCGAGCGATGCTTT
L PNT 1 DVSAV GDGT CGLI1DIQTTULI KYNIKUDNVNASTDA AL

GGAACTTATTATTGTTGGCAAAGCGGACAGATGGAATTGCAAACGACCTCAACTTGACATCTGTGCAAGATACAAGATTCTCGGAGAAAAGTCCAATATG
E L1 1 VGKADIRWNT CIKRPOQLDICARYIKTILGEIKSNM

GCTGTGATTAGTGTAAAGATGATCTCCGGATATATTCCAGTCAAGTCCTTGTTGGCAGATTTGAAAGATGTCCCGGAATTGAATTTGAAACGTTATGAAG
AV I SV KMI SGY 1l PVKJSLLADTLIKDVZPETLNLIKRYE

TTGATGCAAACTATGTTAACTTCTACTTTGACTACCTAAGTAATAAACAGACCTGTTTCGCACTGCATGTTGAAAAGGAAATCGATGTGGAAGATGCTAA
VD ANY VNZFYFDYLSNIKZ QTT CFALUHVYVEZKTETI DV EDAHK
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5101

GCCAGCGATTGCTTCTGTCTACGATTACTACGTTACAGAGCTGAAGTTGGAGAAATCTTATTCATTGCCTGTTGTTGACTGCAAGAAGACACCTCATGTT
P A1 ASVYDYYVTETLIKILEH KSYSL®PVVDU CIKIKTPHYV

GAACCTTTGGATGATGTACCCGGACTGGTTGAATTAACAACTGCTGCTGCTGTTGAATCAACAACAGTTGATGATGAACAATCAACAACGGTTGATGATG
EPLDDV?PGLV ELTTAAAVESTTVDUDEZ QSTTVDTSD

AACAATCAACAACGGTTGATGCCGAACAATCAACAACAGCCGGTGCTCAGGAGTAATGAGTTGTTGTAAAATTAAGTTTTCATAATTTTTTTTTAATGCC
EQSTTVDAETG QSTTAGA AT QE *

ACTTTTGCCTTTTTTTATTTTTATGGCAACATAAGCTTTTTGAACATGCAGCACGTTTCAAATGCATTCTTCGGTTATCAAAGAACTTATCGTTATTGTT
ATCATTTTTTTTTTTATCAATTAAAACCAAAAAAAAATTTTATCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 5175

AmspA2M-3

1
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GCTCTTCCGATCTGTTTGGAGAATTCTTATGACACTGGAGTACAGGAGCCTGGTCATATGATGAAGACGATGCATACTGTTTACCTGGCAGCTATATTCC
MM KTMHTVY L AATILF

TGGTATCCGTATGTCAAGTTGGCGCTGAACGGAGTTACTTGCTGACGGCACCTAAAGTACTTGATGCTGGATCTGAACGTCTGTGTTTAACACTTACAGA
LvsSsSsVCQVGAERSYULLTAPIKVLDAGSERLT CLTULTTD

CATTGAAGGACCTGGTACAGTCAATGTACGTTTGTTGCATGAAAACGACACCACACTCTCCGAGACGTCGATCACTTACCCTCGCCATGAACCTTGCTTT
Il EGP GTVNVRLILHENDTTULSETS ST TYPRHEPTCF

TTTCTGAAAATTCCCAACATCAAGTCCACAAATGCTTATATCGAGGTCAATGGGAGTTTTGAATCCGACCAGTACCACTTCGGATCGAAAACTGGCATTG
FLKITPNIKSTNAY I EVNGSZFESDI QYWHFSGSKTG I

TCATCGCTCCTCTGGCGCCGGTGACTGTCGTACAAACCGACAGAGCCGTTTACAAACCTGGACAAAAAGTTCAATTCCGGATTCTGAACGTCAACCACTT
v I APLAPV TVVQTIDIRAVYIKPGQKVQFRI1TLNVNHIL

GTTGGAGCCAGTTGCAAACGAAATAACAAAAGTCTACATCCATAATCCAAATGAAGTTCGCGTCGCCCAATGGTTGGGAATCCAGAATGAAAATGGTCTG
L EPVANEITIKVY1THNPNEVRVAQWLGTIQNENTGIL

GTGCAGCTAGATATGCAGTTGTCTGATGAGCCAACTTTGGGCCTCTGGAAGATATATGTTGAGATTCAAGGGCACAAACGGGAACAAGGTTTTGAAGTTT
v QLDMOQLSDEZPTLSGLWIKIYVEIQGHI KR REUZGQGTFEV

CCGAATACGTTTTGCCGAAGTTTGAAGTAACAGTGACTCCTCCAACTACTCTGTTTCCTGATTCAGATTCTGCAACTTGGAAGATCTGTGCAAAATACAC
S EYVvVLPKFEVTVT®PPTTLZF®PDSDSATWIKTI CAIZKYT

ATATGGCAAAGGCGTTGAAGGTGTATTGACAGCTGAAATCGAAAATACTGCCACCAAGTATTGGCGAATACCGATGAAAAGGAACTTGGAAACTAAGATT
Y G K GV EGVLTAEIENTATI KYWRIPMIEKRNILETK.I

AATGAATGCTATAACTGGACTTTAAGAAAAGAAGATTCGTTCTGGAACGGAATAGACTTGGATTTTGGAGTTATTAACGTCTCTGCTAAGGTCAAAGAAT
NECYNWTULRI KED S FWNGIDLDZFSGV I NV S AIKVKE

CTGGAACTGATATCGAATTCTCCAGTTCGTCGTCCACTAAAGTCGAACGCTGGCCTTATACAATTGAGGGCAGGTCAAATGAAGATAGGTATTACTTTAG
s 6 TD1I1EFSSSSSTKVERWPYTI1EG GRS SNETDR RYYFR

ACCTGGACTTCCATACTTTGGAGAGTTTGTTGTGAAGAAACCAGACAAAGAGCCGGCAGCTGATGTACTCATACTAGTCTGCTACGAAGTAAACAATACC
P G LPYFGEFVV K KWPD KEWPAADVLILVCYEVNNT

AAAGAATGTAGAAACTTTACAAGCGATGACAAAGGAATTATAAAATTCACAATTCCGCCACAAAAACCGGAAGTTGTAGCCATTTCCGTCGAAGCAACAC
K ECRNZFTSDDIKGI1 I KFTI1PPQK®PEVVAI SV EA AT

TTGCACTCTTCGAATCAGAGCACTATAACAATCAATCGTATCAAGAAAAACTTTATCAACCGCAACAACAAATTCCTTTGGCACCATGGTACTCGCCAAG
L ALFESTETHTYNNGO GSYOQET KLY QPQQQTIPLAPWYTSTPS

TGGTAGTTTCTTGGATGTGAAGCCTGTACTTGACATTCTTTCATGCGATACGGAAGTACCTTTGAACATCATGTATACTACTAATGGTGAAGACATCATT
G SFLDVK®PVLDI1LSCDTEVPLNIMYTTNSGTETDTI.I

TTGAATTATCAGGTCTTGTCACGTGGAAGAATCATTGATTATGGTAAGAAATCCTACAAGTTCAACATAGACGATTACAATGAAGATCATTCAGTCATAC
L NYQVLSRGRI1I I DY GK K SYKZFNIDUDYNEUDWHS SV

GAAACGAAACTGAAGATTCTGGCAAAGTTAAAAGATCCATCGATCCATCCATCAATGTGAATTACAGTCTTCCTCAGCACATCGGAAAATTCAGTCTTCC
R NETEDSGIKV KRS 1T DPS I NVNYSLPQHI GKZFS L P

AATACAAATCAAAGCCGAAATGGCCCCAATAACCAGAGTGTTTGTCTACTACATTCGGCCTGATGGCGAAGTCGTTGCTTCATATACCACTTTGAAAGTG
I Q 1 KA EMAPI1I TRVFVYYI1lRPDG GEVV ASYTTILKYV

ATGCCATGTTTCGTAAACAAAGCTTCGTTTACATTTGAAAAAAAGTCCATCAAACCAGGAGTATCTGCCAAGTACAAAATCAGAGCTTCTCCAAAGTCAT
M P CFVNIKASZ FTZFEI K K SI1IT KPGV S AKYIKIRASUPKS

TATGTGCCATTGGCGTGGTCGATAAAAGCTCCAATCTTTTGAAAACCGGTCATCAAATCACAGCGGAAAGACTTTTCGAGATCATGAAAGCGTTTGATGT
L ¢CAI GVVDIKSSNLILIKTS GHO QI TAERILFETI MKATFTDV

GAACGTGTACAACCTGCCAGTAGTGGCCAACAATCAAGCGTACTGTCAAGAGAAGTATAAAGATTCCAATAGTACTCGTCCCCCGCCAATTCGTCCTCGT
NVYNLWPVV ANNAQAYT COQE KYKDSNSTR®PZPPI RPR

ATAATTCGAACAATTATTCCTGCACCTCGACCAATTCCAATACCTCCACGACTTGTTCCACGACCAGTACCACCAAGTCAAACAGTTTTTCGTCCACAAT
I 1T R T 1 I PAPRZPI1PI1I PPRLVPRPVPPSQTVFRPNQQ

ATTCCTATTTTTGGCTGAATAGATATGATCAATCAAAGTTAAAACTTGTTGATGCATCTATGGCATTTGAGACTTCTGGACTGACATTCTTGACATCCAA
Y S Y FWULNRYDOQSKLKLVDASMAFETSSGLTT FTLTSN

TGATGTGAACACCAGGCCATGCAGCCCTGAAGATATTTATGATGGAAGGTACACATTTCCACCTCCACCTATTCGAAGACCTCAACCTGTTCGACGACCT

DV NTRU®PC[S P EDTYDGRYTTFPPPPTRIRPIQPVIRTR RTP

Bait region
AGACCTTCCCCACGGCCTATACCTGTTGCACCAGCTCGGCCTTTACCAAGACCTTTACCTGCTCCACAAGTTCGGCCTATTCCACGACCTCCACCTGTTC

[R P S PRPTPVAPARPTLUPRPTLPAPOQOQVRPTITPRTPTPTPYV
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P K v Q P I P R PP L RRPASUPUDUDGVNZEAVEVRNIVY|F?PET

C G E QIN M

GTGGCTGTGGGACCTTGAAGTTGTTGGCGATGATGGAATCACTAACAAAGAAGCAGAAATTCCACACACAATCACCGAATGGACTGGAAGCATGTTCTGC
wlLWDULEVV GDDGITNIKEAEIPHTITEWTSGSMTEFC

ACATCCAAAACCGACGGCCTTGGAATTTCACCATCTGCAGCAATCAAATCTTTCCAACCCTTTTTTGTGTCTTACACATTGCCTTATTCGGTGATACGCA
T sSKTDSGLGISPSAAIKSFQPFFVSYTLZPY SV IR

ATGAAAAAGTTCCGGTCATTGTCACTGTCTTCAACTATCTTCCAGAATGCCTTCCAATTGAGCTCAGATTGGAAGAAAGTGAAGACTTCGAATTATTGAG
NEKVPVI1IVTVFNYILWZPETCLU®PI ELRLTETESETDTFETLTL S

CAACAATACCCACAGAATGTGCGTCTGCAGCGGTCCTGCCACTCATCGTTTTAGGATCCAACCAACAGACCTCGGAAAAATAAATCTAACAGTCCACAGC
NNTHRMCVCSGPATHRFRIQPTODILGI KT1TNULTVHS

GATTCATTTGTTGATGCAACCCATGAAGTGTGCCCAGAAGATGGAGGTGCGTCAACACTCGTGGCTCGTGATGCCATCACCAAACCGCTATTGGTCGAAG
bs FVDATHEVC®PEDSGGASTLVARIDA AITI KU®PTLILVE

CTGAAGGCTTTCCACAAGAGTCAATTCAAAGCGTTCTCTTTTGTCCATCTGAACATCAAAATGGATTCAAGAAAGCGTTTGAACTGATGCTTCCGGACGA
AEGFPQESI1TQSVLFCPSEHI QNG GFIKI KAFETLMMTLUPDTD

TTTGGTACAAGGTTCTGCTCGGGCATTCCTGCATGTCACCGGCGATATTATGGGACCATCTTTGAGTGGTTTGGAGCGTCTTGTACGATTCCCAACGGGG

LvQGSARAFLUHYVTGDIMGPSLSGLERLVRFPT l!l

»
TGTGGCGAACAAAATATGFTCTTGTTCGCCCCAAATATCTTTGTCATACAATACTTACAAGGCATCGATTCTCTTACACCTGAAGTTGAAAACAAAGCCC
vV L FAPNIFVIQY L QG 11 DS LTWPEVENIZKA

Thicester site

TTGGTTTCATGAGAGCCGGATATCAAAGAGAACTGAACTACAGGCACGGCGATGGTTCTTACAGTGCTTTTGGTGAAAGCGATCCAGAAGGAfGTTCATG
L GFMRAGYQRELNVYIRHGSDGSY SAFGESDUPEGIS SW

GTTGACTGCTTTTGTGGTGAAATCGTTTGCCCAAGCACGGCATCTAATTGACATTGATCCAGTCGATCTGAAGAAGAGCGCTGATTGGCTACTGAGTAAG
L TAFVYV KSFAQARUHLIDIDWPVDLIKI K SADWTLTLSK

CAGCAAGACGATGGTTGTTTCCCATTCATTGGAATGGTTCATCATCAAGCAATGAGGGGTGGAGTCGGAAGGAATGAACCAACAGCTTTGACTGCCTACA
QQbDbDGCFPFI GMVHHEQAMRGSGVGRNEPTALTAY
Catalytic histidine
CTGTGATTGCCATTCTTGAATCAGAAACACCAATAAGTCAAGACAAACTCGACAAAGCCTTTGGATGTATTTCACGACGAACAAGCCCAGATTCGTATGC
TV I A1 LESETWPI1 SQD KILDI KAFGT CI1ISRRTSPDS YA

CCTTGCCTTGTCTGTTTATGCCTACACCCTTGCCGGACGTTACGAGATCGCCAACAAACTTCTCGATCAACTATATTCACATGCTACAACTGAAGGCGCA
L ALSVYAYTLAGRYEIANIKILULDU QLYSHATTEGA

GATGTCTACTGGGCAGCAGATTCAAAATCAATTAGTGTTGAGATCGGTTCTTACGTCATTTTGTCACTTATGAAATTGGGAGGAACTGCTAACCAGGCCA
bDvyYyWwWAADS S KZ S1T SV EI GSYVILSLMIKTILG GG GTANA~ QA

AAGCAATGCAAATCGTCAAGTGGATCACCCGCCAGAGAAACGCCAATGGTGGATTTGTTTCAACACAGGATACCGTTATAGCTCTTCAGGCATTTGCAAA
K AMQ1 VKWI1TRIQRNANGGFVSTOQDTV I ALIUGQATFASHK

GTTTGCGGTCCATCTGAACAGAAACAAGCAAGACTTAGAAGTGGCCGTTGAAGGAAATGGATTAAATGGCAAATATGCAATCAATTCTACCAATCATCTT
FAVHLNRNIKA QDTILEVA AV EGNSGLNGI KYAINSTNHIL

CTCATGCAAACGAACAAGATTGAGGAATTGCCAAATATCATTGATGTTGAGGCTGTTGGTGAAGGATGTGGTTTAATCCAGACTACTTTAAAATTCAACA
L MQ TNI KI1 EETL®PNIIDVEAVSGETSGT CSGTLTIQTTTULKFN

AAAACATCGCCAATGCAAGTGAAGTGTTTGACCTGACCGTTAAAGGCAGATTCCACAGACGGGATTGCGACAAGGACAAGCACACGATCGACATTTGTGC
K N1 ANASEVFDLTVIKSGRJFHRRDT CDI KDI KWHTT1T DI CA

AAAGTACAAGATTACAAATGAAAAATCCAACATGGCAGTCATCTCCTTGAAAATGATATCTGGTTACATTCCTGTCAAGAGAGTTTTGAACAATTTGAAA
Ky K I T NEKSNMAVI SLIKMISGY 1 PV KRV LNNITLK

TTTGACGAGGAATTGAATTTGAAACGCTACGAAATTAGCAACAACTTCGTGAACTTCTATTTCGATCACTTGAACAACGATCAGATTTGTTTCTCCATTG
FDEELNLI KR RYETISNNFVNFYFDHTLNNIDZ GQTICTFS I

ATGTTGAAAAGGAAATTGAAGTTGAAGAAACCAAGCCAGCGACAGTTTCGGTCTACGATTACTACAATTCAGAACTGAAACTGGATAAATCATACGAATT
bv EKEIEVEETIKPATVSVYDYYNSETLIKTILUDIKSYEIL

GCCTTCTACGTGCTGAGATAATATTACTGCATTGAATTTGCCGTTTGTCAATTGCAATAGTCAGCCAATCGTATAACTTTCAAATAAAAAAAAAATGCTA
P S T C *

AATGATAGTAAATTTATGGTACGTAAGCGCAAAGAGAGGTTCAAAATGGTGATTAATGCAAGACATGTTCGAGACATTCAACTTTGCTGTATTTTGTTGT
ACCAGACACCCAGAAATTACAACGCCATTTTCCTCTTATTTTGAACTGAGATACTGGAGTATTCTTCATACAATATTCGCCACACTTTGGTTAAAAAATT
AACAAATAAACATTTAAAAAAATTTTTAATAGTAATTTTTAATGCTTTAGCATAATTATCGCGCCTGCTTTAGCAATT 5078
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CATATGAGGAGGACTGACAAATTTCAGTTTCAAGTCAAGTAAGCCAGGGTGAATACAGATATTTGGTTCACCATGGTTGCCACCATGAAGCTACTTTTTG
M K L L F

TGACTTCGATTTTCATCGCCTTCTCTTTTCCTATAAATGCAGAGCGAGGTTATTTGCTAACTGCACCAAAGGAATTTCATGCAGGATCATCGGAGCGCCT
VTS 1 FI ANF SFPINAERGYLLTAPIKEFHAGS SSERIL

GTGTTTGACACTCACGGACGTCAAAGAGCGTGGCCAAGTCAGGGTACGTTTATTACAAGAAAGGAAAGATATTGCCATAGCCGAAAAATTGATCAATTAT
cLTLTDVI K ERS GQVRVRLLIOQERIKDTIAIAETZKTLTINY

CCCTCTGAAGACCCTTGCTTTCTTCTGGAAATTCCCAATACCAACTTCATCAAAGGTCGATTTGAAATCAAAGGACGGTTCGGTTCAGTTCAATACGATT
psSEDW®PCFLLETIPNTNZFI KGR FEI KGRFGSV QYD

TTGATTCAGATGATGACTACCTGGACTACAGTTTTGATTCAGATCAATACACTTTCGATTCTGAAACTAAAGTTTCCATCAAATCCAGATCAACTTTAAC
FDSDDUDYULDYSFDSDOQYTZFDSETH KWVS 1T KSRSTILT
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501 ATTCGTTCAAACCGACAAAGCAGTTTACAAGCCTGGACAAAAAGTCCAATTTAGGATTCTTACAGTTAATCATGTATTGGAGCCTGACTCAACGGAAATA 600
FVQTDIKAVYK?PGQKVQFR1TLTVNHVLEWPDSTE.'I

601 TCGAAGATTTTCATCGAAAACCCCAAAGGAATTCGTATTGCTCAATGGCTTGCAGTCAAAAATGAGAATGGCCTCATCCAATTGGATATGCAGTTATCTG 700
s K 1 FI ENPKGIRIAQWILAVIKNENSGTLTITQLDWMM~OQTL S

701 ATGAAGCTCCAAAGGGTACGTGGAAAATAAGTGCTCAAGTTCAGGGCTTAACTAAGGAGCAAAGCTTTGAAGTGGATGAATATGTTTTGCCAAAGTTTGA 800
DEAPIKSGTWIKTI SAQVQGLTIKIE® QS FEVDEYVLPKFE

801 AGTGAAAGTCGTCCCTCCAAGATTTCTACTTCCAAACATGGACTCCGCAACGTGGAAGATCTGTGCTAAGTATACATATGGCAAAAATGTTCAAGGCACG 900
vV XVVPPRZFLLPNMDSATWIEKTICAIKYTYSGKNWVQGT

901 TCGACCATAGTTATTGGATACCGAAATACTCCATTGAATGAAGGCAACATAGCACATTATCCACATGAAAAGTATGAAGTCAAGGTTGACGGATGCTACG 1000
s TI1I VvV I GYRNTWPLNEGNIAHYWPHEIKYEVKVDSGTCY

1001 AGTTGACTGTCAACAAGACTGTGATGAGATGGTATTCTGCTTTGGTGGATTCAAAGTATATTGGCGTCACTTCTAGTGTCAAAGAAGATGGAACTGGTGT 1100
ELTVNI KTVMRWYSALUVDSIKY 11 GV TS SV KEUDTGT GV

1101 TGAATTCACCGATTCATCAGTCACCCTTCTTCATGAAACGCCACTTAAAATTGACTTCGAAGCAAGGAATAACGAGAAATACTTCCGGCCAGGACTTCCA 1200
EFTDSSVTLILHET®PLI KI1IDFEARNNEI KYFRZPGTLP

1201 TACTTTGGAAAACTTGTTGTGAAGCATCCAGATAAGCAAGCAGCATTTAATGCTCTCATCTTAATCTGCCACAAGACGAAGCATCTGACGGAATGCCGAA 1300
Y F 6 KLVVKHPD K QAAFNALI1LICHI KT KHTLTETCTR

1301 ACTTCACAAGTGATATCAACGGAATGATAAAATTTACCATACCACCACAGAAACCGGAAGTTCAGTCTCTTCAAATCTCTGCATCAGCTGCGCTTTATAA 1400
NF TSDINGMIKFTI1TPPQKPEVQSLOQI SASAALYK

1401 ATCTGAGAAAGTTGGCGGCGAGCTAGGCCGACTAATCCAACAGCCGAGCGGTGAAATGACTTTGAAACCCTGGTACTCACCAACTGGTAGTTTCATGGAT 1500
S EKV G6GG6GELGRLI QQPSGEMTLI KPWYSPTGSFMD

1501 GTGAAGCCCGTACATGATGTCATCTCATGTGGTGAAGAAGTACCTTTGGAAGTGCTTTATACTACCAGTGGCGAAGACATTACTTTGCATTATGAGGTCA 1600
VXK PVHDVVISCGETEVPLEVLYTTSS GET DITILWHYEYV

1601 TGTCAAGAGGTAGAATTGTTGATTATGGAAAGAAAATGTACAAGTACAACGCAAACGATTACAAAGAAGATGCTTTCGTCGTACGAAACACCATGAACAT 1700
M SsSRGRIT VDYGKKMYKYNANDYIKEDAFVVRNTWMN.I

1701 ATCGAACGAAAAGAAAGAATTAACCAATGAAACTGTTAACTACATTCTTCCAGGAAGTATCGGAAAGTTCCACCTGCCAATAAAAATGAAAGCCGAAATG 1800
S NEKKELTNETVNY Il L PGS 1T G KFHULZPIKMMEKATEWM

1801 TCGCCAATCGCCCGAGTACTCGTCTACTACATCCGCTCCAATAGCGAAGTTATCTCTGCATTCGCCACTTTGGATGTCATGCCATGCTTTCTAAACAAAG 1900
s PI ARVLVYY Il RSNSEVISAFATLUDVMMZPTZCFTLNK

1901 TTTCGCTCAATTTTGAAAAAAATTCCATCAAACCCGGAACGCTTGCCAGGTACAAAATTTCCGCTTCTGCAAAATCTCTGTGCGCAGTTGGCGTGGTCGA 2000
VS LNFEIKNSI KPGTLARYIKI SASAKS SILTCAVGV VD

2001 CAAAAGTGTCCATCTTTTGAAATCCAGTAACCAAATTACGGTCGAAAAGATTTTCAACATTTTGAAAAGCTTCGATGCAACTAACGATAATGTACACTGC 2100
K §VHLULIKSSNOQITVE K11 FNILIKSZFDATNUDNVHTC

2101 AGAAGGTCCCGACGCCGAAGAACTCGATCTGATGCACGTATTGTACGCTCGGTTCCATTTGCTCCTCGACCATCAAGAACGGAATTTGCAGACGCACCGA 2200
R R SRRRRTRSDARIVRSVPFAPRZ®PSU RTETFATDA AP
B-a cleavage site
2201 TGTCGTTTGAGTTTTCCGGACTGACCTACTTGACCGACAATGCGGTGGGCACATTAGCGCCATGCAGAAGAATAATTCGATATAGGAAACCTGTAAACCG 2300
M SFEFSGLTYULTDNAVYGTLAPUCI RRIT T RYZ RIEKZPVNR]

Bait region

2301 2400

2401 AATGCCGGCGTCAATGAAGCTGCCGAAGTTCGTGCATACTTCCCAGAAACCTGGCTGTGGGACCTTGAAATTGTAGGCGATGGAGGATACGCAGATAAAG 2500
[NAGV NEAAEVRAY|FPETWLWDTLTETLIVYGDGSGYATDK

2501 AAGCAGAAATTCCGCACACGATCACAGAATGGGTAGGAAGCATGTTCTGCACATCAAAAGCAAAAGGACTCGGTGTTTCACCACCAGCCACGATCAAAGC 2600
EAEI PHTITEWVGSMZFTCTSKAKSGLGVSPPATI KA

2601 TTTCCAACCATTCTTCGTGTCGTATACACTGCCTTATTCCGTAATACGCAAAGAAAAAGTACCGATCGTCGTGTCCGTCTTCAACTACCTTCCAGAATGT 2700
FQPFFVSYTLW®PYSVIRIKEIKVPI VVSVFNYILUPESC

2701 CTTCCGATCCAAATTAAATTGCAGAAAAACGAAGGCTTCACGTTATTGAGCAACAACTATACTCACAGTATGTGCGTTTGCGGAGGGAAACCCGCAACCC 2800
L P1 Q1 KL QKN EGFTULILSNNYTHSMMTCVCSGG GIKPAT

2801 ATCAGTTCAGAATCCTCCCGACAAGCCTCGGCGAAGTCAACCTCACAGTTTACAGCCATTCATTCAACGACTCGAACAAAAAGATTTGCCCAGAAGACAA 2900
H Q F R 1 LPTSLGEVNLTVYSHSZFNDSNIKI KTI1ICPETDK

2901 AAATGCGTCAGCGCTCATTGCACGTGATGCCATCACCAAACCATTATTGGTCGAACCCGAAGGTTTTCCACAAGAGCTCACCGAAAGCGTCTTGTTTTGT 3000
NASALI ARDAIT KW®PLILVEW®PEGF®PQETLTESVLFSTC

3001 CCATCTGAGCATCAAAACGGATTCGAACAGGATTTTGAATTCATGCTTCCGCACGATTTGGTTGAAGGATCCGCTCGGGCGTTCTTTTCAATCACCGGTG 3100
P S EHQNGFEQDFEFML®PHTDTILVEG GSARAFZFZ ST TG

3101 ATATCATGGGACCATCATTAAGCGGCCTGGAGAGACTTGTGGCTTTGCCAATCGGATGCGGTGAGCAGAATATGATAAGATTTGCTCCCAATATCTTCGT 3200
DI MGPSTLSGLTETRTLVYVALGPI[GCGEQINMIRTFAPNTITFV
Thioester site
3201 TATGCAATATCTGCAAGGAACGAACAATGTGACGAAAGAAATTGAAAAGAAAGCTTTGAAGTTCATGAAAACTGGATATCAAAGACAATTGAACTACAGG 3300
M Q YLQGTNNVTZ KTETIET KT KALTZEKTFMKTGYQRO QLNYHR

3301 CACAGTGATGGCTCTTACAGCGCTTTCGGTGAAAATGATCCAGAAGGAAGTTCGTGGTTGACTGCCTTTGTCGTGAAATCTTTTGCTCAAGCACGTCAAT 3400
H sSDGSY SAFGENUDWPESGSSWILTAFVV KSFAQARDQQ

3401 TCATCGACATCGATCCTATTGATTTGAAGAAGAGTACCGAATGGTTGTTGAGTAAGCAGCAGGCCGACGGCTGCTTCCCATTCATTGGAATGGTTCATCA 3500
F 1 DI DWP1DULKIKSTEWLLSIKOQQADSGT CFU&PFI1 GMV HH
Catalytic histidine
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TCAGGACATGAAGGGTGGAATAGGAAAAAATGTGCCGACTGCATTGACAGCATATGTTGTAATCTCCCTTCTGGAATCTGAAACGCCCATCGGCCAAGAC
Q bMKSGGIGKNVPTALTAYVV I SLLESETU®PI1I GQD

CAGCTTGACAAAGCCTTCGAGTGCATCACAAAAGAGACCGCTCCGAGTCAATACACCGTGGCTTTAACCGCATATGCTTACACTCTTGCCGGACGTTACA
Q LDKAFETCITIKETAPSOQYTVALTAYAYTTULASGTRY

ACCTCACCGAAAAACTCCTTGACGATCTGTTTTCAAAATCCAGCACTGAAGGCCGAGGCATGTACTGGCCAACGTCTTCAAAATCCGTCAGCATTGAGCT
N L TEKULULDUDULZFSKSSTEG GRS GMYWPTSSK SV S I EL

TGGCTCTTACGTCATTCTGTCCCTGATGAAATTGGGAGGAGCTGCCAACAAAGTCAAAGCAATGGACATTGTCAGGTGGATAGCTCGTCAGAGAAACTCC
GSyYyv1iL SLMIKLGGAANIKVIKAMDTIVRWI ARIU QRNS

AATGGAGGATTCGTCTCGACACAGGATACTGTTTTAGCTCTTCAGGCCTTTGCGAAGTACTCAGTTACTCTGACGCAGAATGCACAAGATGTAGCAGTGA
NG GFV STQDTVLALQAFAKYSVTLTU QNAQDVAYV

CCGCCAAAGCTAACGGCTTTGATCATACATATGCAGTAAAATCGACCAACCGTTTACTCATGCAAACGGACAAAATTGAAGAATTGCCAAATATCGTGGA
T AKANGFDHTYA AV K STNRLLMQTUDI K 1T ETETLW®PNTIVD

TGTTCAAGCTACTGGTTCTGGATGCGGTTTAATACAGACGACATTGAAATACAATAGAAACAATGTGAATGCAAGCGAGGCATTTGAACTTTCCGCCGTC
vV Q A TGS G CGGL 1T QTTULIKYNRNNVNASEAFETLSAYV

GGAAATACTCACAAGCAGGGCTGCAAATTAAGAACGCTTGACATTTGTGCTACGTACAAGATTCCAAAGGAAAATTCAAACATGGCAGTCATCACCGTTA
G NTHIKOQG CIKULRTULDICATYIKIPIKENSNMAV I TV

AAATGATATCAGGTTACATTCCAGTCAAGGATAGCTTAGCACGCTTGAAGAAAGACAAGAAATTGAATTTGAAACGGTTCGAAGTTGATGCCAACTATGT
K M1 S G6GY I PV KDSLARTULIKI KD K KT LNLIKRFEVDANYYV

CAACTTTTATTTCGATTTCTTGGGCAACGAGAAAACCTGCTTCACGATACATCTTGAAAAAGAAATCGATGTCGAAGATGCTAAACCAGCTACGATTTCG
NF Y FDZFLGNEIKTT CZFTI HULEI KTETI DV EDAKUPATII S

GTCTTCGATTACTATATTTCAGAATTGAAGCTGGAAAAATCATACTCATTGCCTTCTGTTGCTAACTGCTTTTAATTTTCTTGAAAATGTATTTGTTATA
VFDYY I §SELKLEIKSYSLPSVANTCTF™*

ATTAAAGCGTATCTGTGCTTCTGAATTTTATTTTTGTTATAAATACGAGTATAAATGTATAAATAAATAAATCGTACTCCAAG 4683
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ACATTACGCACACACCTGTTTGTGTACTTGTGTAGGCCCGGCGTACTACTCTCATTCCATCATTACCTCTCGACTAATCTGTGTCTCCAGTGTTAAGAAC
GCTCATCGAGACGACTACAATTCTCGACCTGTCAGGAAAACTCATAAGAAGGAAAGCGTTCGATGAAGAAGAGAATCAACGATGTGAAAATGACATTGGC
M K KR 1T NDV KMTL A

AATTATCATAATATTCATCTTTTTATACCCAAGCGTCGAATCTCAAGGGTATTACACTGTTGTAGCTCCAAAGGTCTTACGGCCTGACACAAGGTACCAT
I 111 F1 FLYPSVESQGYYTVVAPIKVLRPDTRYH

ATTGGAGTATCCATATACAACACAACCTCGACCGTTCACGTCGCAGTACAACTAACGGGAAACCTCAGAGTTTCCAGCGAACTCGATGTCAGAGGTGGTG
I G v s 1 YNTTSTVHVAVQLTS GNLRYVSSETLUDVRGG

ATACAGGACTAGTCACATTCCAAATTGGAAATTGGTCAGCAGGTGTATATAAGCTCGAAGTTGTTGGCTCCCGTGGCTTGGACTTCCGCAATTCAACGGA
b T 6LV TFQI GNWSAGVYIKLIEVYVY G SRGLDFRNSTE

AATAAAATTCGTCGCTCGAAGCCTCAACGTGTTTATCCAAACAGATAAGTCGGTGTATCGATCTTCGCAAAAGGTTCAATTCAGGGCCATAATTCTCGAC
Il K F VARSLNVFIQTDIKSVYRSSQKV QFRATIL1LD

AAAAGCCTGTGGCCAAGAAGAACAGCGGTTGAAATTTACATTACTGATGCTGATGGTAATAGAGTGAAGCACTACAGAGGACTGAACGCCAGGCTAGGTT
K s LWWPRRTAVEILlY Il TDADSGNRVYIKWHYRG GLNARILSGEG

TAGTGAGTGAAGAACTGCAACTGCCCGACCAACCAGTTCTCGGTGTGTGGATAATCCACGTCGTTGCTTCCGGCCAAGAATACAAGAAATCCTTTTCGGT
LV SEELOQLPDO QPVLGVWI I HVVASG GO QEYKIKSF SV

TGCAGAGTATGTGTTGCCTGGATTCTATGTCAAGGTCAAGTTGTCGCCTTCGTTCGTCACTTACGACAACCCTCTAGTTAGGGCGACGGTTTCGGCCACA
AEY VLPGFYVKVKLSPSFVTYDNPLVRATUVSAT

TACAATTATGGAAAGCCTGTAAAGGGAACTGTGACTTTGACAGTAATTCCAAAGCATCGAACGACAAGCATTTCAGTGCGACCTTTGGATTCTTACCAAA
Y NY GKPVKGTVTLTVIPKMHRTTSI1TSVRZPLUDSYQ

CCATTTTACCGTTGAACAAAGAAGTTACGCACGAAATCAACGTCCGAAGAGTTCTGAACTTGATCACGGATAATTTGAAACGTGAGATTGAATTCATGGC
T 1 LPLNIKEVTHEINVRRVLNLITDNLI KR RETLIETFMA

AATTGTCGAAGAGGAACTTACCGGTCGCCGATACAATGGGTCAAATAGTATTTTCATCTATAATGACCCGGTCAAATTGGAACTCATCAAGACATCACAA
Il VvV E EELTS GRRYNGSNSITFI1YNDUZPVKLTETLTI KT SAQ

TCGTTCAAACCGGGTCTCGTCTACAAAGCTTTCTTGAAAGTCTCTCGTCAGGACAACACTCCTCTAAACCTTCCAAATGGAGCGCTGACGTTGAAATACG
S FKPGLVYKAFLIKVSRQDNTWPLNLWPNGATLTTLKY

CCTACAACTACAAACCGGGATCCACAAGATCTGATCGGTACAGAATTCCAACCAATGGACTAATTGAACTGAATTTCTTCCCACCACTTTCGAAAGACAC
AYNY KPGSTWRSDRYURIPTNGLI ELNZFFPWPLSIKUDT

TGTTACGATTTTCACTAAGGCTGACTTCAATGGAAAGGAATACGATCTGGCGTACGTCGACAAAGCGTACTCGCCGAGTAATACGTACATGCAGATAACG
v T 1 FTKADJFNGIKEYDILAYVDI KAYSPSNTYMOQIT

CTCAACACTCCTTTTCCACAAGTTGATCAGGAAGTGGAAGTTTTGGTCAACTGTACGTCACAACTTCCCCAATACGTCTACCAGGTCATTGCCAGAGGCA
L NTPFPQVDAQEVEVLVNTCTSAOQL®PQY VY QV I ARSGEG

ACATATTGCGAACCAGATCTGTGAGACCACCAGGAGGCAACTCCCATTCGTTTAAAGTTCAAATGACCGATAACATGGCACCGTTGGTCCGCATCGTCGT
NT1T LRTRSVRPPGGNS SHSZFIKVQMTIDNMMAPTLVR I VYV

CTATTTCACCCGTGATGATGGCGAAATTGTCGCTGATGGTCTCAGTCTGGACTTGGAAAAAATATTTGAGAATCAAATTTCTTTCACTGCTGGCCCTGGC
Y F T RDUDSGETIVADSGLSULDWLEZ KI FENO QI SFTAGUPG

Supplementary Fig. S1 (continued)
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GTTCTTCGACCAAGAGAGAAAGTGAGAATATCACTGAATACAGATCCCAACTCCATGGTGGGTTTGATGGGCATTGACCAAAGAAACTTGGTACTGGATC
VL,LRPREIKVRI SLNTIDPNSMVGLMGIDA QRNLVLTD

CGGGCAATGACATCACACAAAATGATGTCATCCGCAGCCTTGAAGGATTCGATTCCGGCAAGAAAGATTCGGATCAGCAAATGATTCTTCAGTTACCAGT
P GNDI11TOQNDVI1IRSLESGFDSGIK KDSDQQMILOQLPYV

TAGACGAGGAAGGGCTTTGTTTTATCCCGGCTCATTGTCTGCTGCTTCTGTATTTGATGACGCTGGAGTGACTGTTATGTCCAATGGCATCGTCAACTCT
R R GRALVFYPGSLSAASVFDDAGVYTVMSNGI VNS

B-a cleavage site

TTCGATCGACGAAAAAGCAAAAGTGCACCTCCTGGCGAAGGCGTCTATGACTTCAAGATCGTGCCGTTTGGTGCCGCACGGCCTCCGGACACTCCACAGC
FDRRIKSIKSAPPSGESGVYDFIKIVPFGAARUPPDTPDQ

GGCCAAGGACGCCCTTCATCAACATCGACCTTCCGCCAACTTGGCTCTGGTGGAACAGAACAGTCGGATCAGATGGATCTGCTTCGCTCGAAAGTCACGT
R PRT®PFI1NIT1TDLWPPTWILWWNRTVSGSDGSASTILTESHYV

TCCAGAAAATATGACGTCTTGGATCATCAGTGCCTTTTCGATTAGTCCAACAAATGGTTTGGCCCTTGCTCAAAATTCAGCCAAGGTGACAGTCTTTGAA
P ENMTSWI 11 SAFSI1TSPTNGLALAQNSAKVTVFE

AGATTCTTTGTCAAGTTGATACTTCCACACTCTGTGATCTTAGGCGAAACACTGTCCGTTCAGGTCGTCGTCTTCAACTACAATGATCGTCCAGCACAGG
R FFVKLI1LWPHSVI1ILGETLSVQVVVFNYNUDIRUPAIZQ

TTGAAGTGACAATGGAAAACAAAGGAGGATTTGAATTCACCACAGTAGAAGATGACCCTTCAATTCGCCGGGCGACAAGAATGAGAAAAGCAACGACGGT
vV EV TMENIKGSGFEFTTVEDU DU PSIRRATRMRIKATTV

ACCTGCTCAAGAAGGAAAGGCAACGTATTTTATGATCAAGCCAAACAGATTGGGATACATTGACATCAAAGTCTTCGCTCGTTCGTCGTTCGCTGGTGAT
P AQEGKATYFMIKPNRLGY 11T DI KV FARSSZFAGTD

GGTGCGCAAGACAAACTTCTTGTCAAACCGACAGGAGGACCTCAATATTTCAACAGACCAATTTTGATAGATCGCAGATCGGCTGGTGGCGAACCTCTAT
G AQDIKWLLVKZPTSGG®PQYFNR®PILIDIRRSAGSGTEPIL

CCGTTGATGTTGAATTGAACATTCCTCGTACTGTCATCAGAGGTTCAGAAAAAATTGAAGTGACGGCCATCGCTGATGTGATGGGACCGGTCATTGAAAA
s vbDVELNIPRTVIRSGSEIKIEVTAI ADVMGZPV 1 EN

CTTGGGCGATCTACTTCGTATTCCACGA AACAGAACATGGTCAACTTTGTTCCGAACATACTCGTCATCAATTACTTGAAAGGAAATAAC
L 6 DLLR1T1T PR|GCGEZ QNMVNZFVPNIULVINYLIKGNN
Thioester site

CGCCTTGCCAACGACATCTACTCCAAAGCCATCGGAAACATTGGAACCGGATATCTAAGAGAACTTACGTACAAGCACGATGATGGTTCTTTCAGTTCTT
R L ANDIYSIKAIGNI GTOGYLRETVLTYKHTDU DTG GSF S S

TTGGCAGGACTGATAATAGTGGCAGCACGTGGTTGACTGCTTTCGTTTTGAAGACTTTCAAACAGGCCAAGGAACATATTCCAGACATGATCGACGATGA
F GGRTDNSGSTWLTAFVLIKTZFIKA QAKTEWHTIPDMIDTDE

AGTTGTGAAAGCTGCTATGTCGTGGCTCAGCAAGCAGCTGCAATTCAATGGCACGTTTGCAGAGCCCGGAAGTGTGCTCAACAAGGAACTTCAGGGTGGA
VVKAAMSWLSKOQLQFNGTUFAEWPGSVLNIZKTETLZQG GG

GCTAAGCAAGGCTTGCCTTTGACAGCCTACGTTCTCATAGCCCTCCACGAAAATCGGGAATATTACGATTCTGTTGCCGGAGCACTGGACAGTGCCAGAC
AKQGLPLTAYVLIALMHENREYYD SV AGALUDSAR

AAGCCCAATCGAGTTTGGAACAAAACTACGCAAGCATTGACGACACTTACACGCTGGCTATCATCTCATACGCTCTACAACTAGTCAACAGCCCAAGAAG
Q AQSSLEQNYASIDDTYTLAII1®l SYALOQLVNSUPRIR

AGACGCAGCCTTCCAGCAACTTGCCAGCCGTGCAAGATTCGGAGAAGAGACAATGTATTGGTCAGCCAATGTACGAAAGCCAAACAACCCGGAAGAAGTA
DAAFQQLASRARFSGETETMYWSANVRIKWPNNPTEEV

TTCCACTTGCCTAGCAGCTCGGACATCGAAATGACTTCGTATGCCCTGATGACGTACACGTTACGAGGCGACATCTCAACGTCGTTGAGGATCATGAAGT
FHLPSSSDI EMTSYALWMTYTULRGDTI1ISTSULRIMK

GGTTGGTCGAGAGGCGGAACAGTCTTGGTGGATTCACGTCAACTCAGGATACGGTTATCGGCATTCAAGCTTTGACTATGCTCACGAACAACTTGAATAT
WLV ERRNSLG GG GFTSTOQDTVIGI QALTMLTNNTLNI

CCGAGGCAGCAACTTGGAAATAACTTACAGTTATAACGAAAACGCGGATCATAACAACACGTTTCCTATCCGCAAAAAGATCAACGTCAACGACCAGAAT
R 6GS NLEI TY SYNENADUHNNTF®PI1ITRIKI KTITNUVNDAQN

TCTCTCAACATGCAGAGCAGAACTTTGCCAGTTACAGTTAGAAAAGTGAGGATTTCGGCAGAAGGAAGAGGAATTGCCATGGTCCAGGTTTCATGGTCAT
S LNMQSRTLZ®PVTVRIKVRISAEG GRTGI AMYVYAQV S WS

TCAATCTGAAAGTCTCTGCTCCAAACCCGTCTTTCGGTCTCAATCCATTGGTCGATAAAGTCTCCACAAAGGGATATCTACAAGTCAGCTCTTGTATAAA
FNLIKVSAPNZPSZFGOGLNWPLVDI KVSTI KT GYLAOQVS S CTIN

TTACATACCGGAAGGTGAAAGCGGAATGGCTGTTATGGAGTTCTATGCGCCATCTGGATACGTTGTTGACAGAAGCTCTTTGTCGAGTATCCGACAAGAA
Yy 1 P EGESGMAVMETFYAPSG GYVVDRSSULSS 1T RAQE

TCCATCATCAAACGTGTTGAGACCTATGACGACGAAACAATGGTTGCCATCTATTTCGACAAGATTGGTAAGGAACCAGTGTGCCCGACTGTGTCCGCGT
s 1 1 KRVETYDUDETWMVAIYFDI K11 GKEWPVCPTV S A

ACAGAGTGCATAGAGTGGCGAATCAGCAGCAGAAACCAGTCGTCGTGTACGATTACTATAACAGAGCTCAAATTGCAAGAGTTTTCTATCGGTTGGCGCA
YR VHRVANIQQQKPVVVYDYYNRAQI ARVFYRILAH-H

TGTAACAAAGAAGGAAGAGATCTGCGACGGTTACGAATGCGACAAGAGCAACACCAGACGAAACGATGCGAGTGTCGACCAACGAGACAAGAATTCTTCA
vV T K KEEI CDGYETCDJ KSNTRRNDASVYVYDQRDKNS'S

GTTTCCTTAAACAGCTTTTCCAATATCCTAATCCTAACCCAAGTTTTAACTTTTTTAACATTTCAAGTACTGAAATCAATCGTTTGATTTGCAAATGTAC
vV § L NS F S N I L 1 L T Q V L T F L T F QV L K S 1V *

AAATTCGCTTTGTAAATACCTTGTTTCATATTTTATCCAAGACGTAACTTATAAGTCTGTTTGGCCTATCTGGAATCCCCTGATAAAGTACTAGCAGTCT
AATGAGCGATTTCATTATTTGACCTTGACGCCTCCATTATGACCCTTTAATGACATCATCCTTTTTTTAAAAACAATTTGGGGATTGATGTCCCTACTTG
ACATGGATATTCTCTATAAAATTATAGCCGGATTGCCAAAATATTGGCGAAT 4852
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TAGCTAGAGTTGATCAAAATGGGTTTCTTGGTCTCTCTTTCGGTGGTGGTTCTGGCCTTCAGTCAGTGTATAAATGGTTTACAATATTCGGTAACAGCCC
M GFLV SLSVVVLAFSQCINGLI QY SVTA

CAAATACATTCAGGATTGGTGTTCAAGAGACGGTAGGAGTCGCCATTACCAATTCTCCAACACCAGTTCAAGTGGAAATTTTCATCCATGATAGAACACC
P NTFRI GVQETV GV AITNSPT®PVQVETIL F 1 HDZRTP

CCAAAAGAAAGTCATCGATAGCCAGAAGTTAACACTGCAAAATGATAAACCTCAGATTACTACTCTTCTACTTCGTGCTCAAGATGTTCCAGCAGATCAA
Q KKV I DSOQIKTLTLOQNDTEKTPOQITTLLTLR RAQTDVFPATDDQ

AAAGACCAACCTCATATCTTCGTTGATCTAGCTGTTAAAGAATCAACAAACAAATTCTACAAGGAAATGACGATCCCTGTAACTAAATACTCGGGTTACG
K bQPH 11T FVDLAVKESTNIKFYKEMTILIPVTIKY S GY

TCTTCGTTCAGACAGACAAACCAATCTATTTACCTAATCAAAGAGTGCATATACGCCTATTCTATCTGGATGAAAACCTTCTTCCACTAACAGGAGACTT
VFV QTDI K®PI1YLPNI QRVHIRLZFYLDENLIULWPLTGTDL

AACACTGGAAGTTAAGAATCCCAATGGATCAAGAGTATTATACAAAGAAAATCTGCCAGCCACTCCTAGTGGCATTACAGAGGCTTCATTCAAATTTCCA
T LEVI KNPNSGS SRV LY KENLWPAT®PSGI TEASTFIKFP

TCATCTCCAGTGTTTGGGAATTGGACGGTTACAGCTTTTTATGGTTATAAAAAAGCAGCCAGAACTACAGTTCGATTTGAAGTAAAGGATTACGTTTTAC
S S PV FGNWTVTAFYSGY KIKAARTTVRFEV KDY VL

CTACATTCTCAGTAAAAATCAAATCACAAAAAGTTGTTCTAAAAACCGATAACTTGGTCAAGGTTGATATGATAGCAGAATATGTGTATGGAAAACCTGT
P TF SV K1 KSQKVVLKTDNLVIKVDMIAEYVY G KPYV

TGAAGGATTTGTTAATTATAAATTTGCAATCCGAAAACCATCTGGAAGCATACATTCAATTGGAGGACATTCAAATTTAAAACTGCGAGATGGTAAATCT
EGFVNYKZFAIRIKW®PSG S 1T HSI1IT GGHSNULIKTILRDGK S

ACAATCACTATCAGAAAGTCAGACATCGTGAAAAAACTTCAATGGTTCCCAGCTATCGATAAATCAGTTCTCATCGTTGAAGCAGAAGTAATAGAACAAG
T 1 T1RKSDI VK KLQWFWPAIDIKSVLIVEAEUVI ENQ

CAACAGGAAAAAGAGAATCAGAATATGATGACAGCACCATATTTACAACATCACCATATGTGATAGATCTTTCCAGGTCACTAAATGAATTTAAACCAGG
AT GKRESEYDDSTI FTTS®PYV I DULSRSULNETFIKPG

TGTTCCATATCAAGTGCAGGTTGATGTTCGACTTGTTAATAATCAACCTGTGAATGATAGAATACCAGTGACTGTGAATGCCCGAGCAAAGAAAGGAGGA
VPYQVQVDVRLVNNAQQPVNDW RIPVTVNARATZKIKGG

AACTTCCAAGCTTTAGGAAAGAAACCAGATCTTAGGACTGATGTCCAAGGACGTGTCATGTTTCAATTTGACACTGATGAGAATTTTGAAGAACTAGTAA
NF QAL GIKK®PDLWRTDVQGRVMFOQFDTUDENTFETETLYV

TAGAAGTTCAAACAAAAGATGAAGCTGTGGGGGATAATCAAGCAAAAACAACTCTCAGTGTTATACGTTACAATACTCCTGTTTCAAAGACTTATGTTTG
Il EV QT KD EAVGDNIQAKTTLSV I RYNTWPVSKTY VW

GATTGCTGCACCACACGAAGGAACATTATTTCAAGTTGGGAAGACATTCCAAACTCAAGTGACTGTATATCCTCAAGAAAGGCAAATGAAGCTTATGTAT
Il AAPHEGTULFQVGKTFQTOQVTVYPQERIQMIKTILWMY

ATGGTTGTTAGCCGAGGAAAGATTTTGATGATGAATGAAACAGAAACTAGAGGAGAAGCTGTAGTGAGAACAATCCAATTTCCTGTAACTGTTGACATGT
MV VvVvSsSRGKITLMMNETETRGEAVVRTI1IQFPV TVDWM

CACCCAGTTTTCGATTAATAGTTTATTTCATTAAAAATGGGAAAATTATAGCTGATTCATTGAACATTGATGTAGAAAGAACTTGCAAGTACAATAATGG
Ss PSFRLIVYFI1 KNGIKT1T 1 ADSTLNIDVEHRTT CIKYNNSG

AAAATTCTCCGTCACTGCAGACTCGTCATCAGGATTCTTTAGCCCAAACCAAGAAGTAACTTTTAAAATAACAGGAGAGCCAGATTCTGTGGTTGGAATT
K FSVTADSSSGFFSPNQEVTFI K1 TGEWPDSVVGI

GGAGCTGTAGATGAAGCGGTGTATCTCCTCAACGATAGGGATGTTCTCACTAGAGACAAAATGTTTAAAGAACTTAGCAAACATGATCTTGGTACTGGAC
GAVDEAVYLLNVDRDVLTRDIKMEFIKTETILSI KHDILGT G

CTGGAGGAGGTATTAATCCAGCAGTTGTTTTCAAGAACGCTGGCATATTGATGCTTTCAAATAATGAAATTGGAGAACATGGAAGAAAAGAAGGCATAAC

PG GGI NPAVVFKNAGILMLSNNETILIGEHSGRIKETGTIHIT
TCAACCAAAAGAACGAAGAAAACGTAGCCTTTTGGAAAAAGTTGAAGAGTATAGTGGACAGGCTGCGATAFGIIGIAAAIICGGCCAAIIIGAAGGCCCﬁ
Q P K ERRI KRS SILILEIKVEEYSGQAAI|Jcc KFGOQZFEGZP

B-a cleabage site ANA domain

A A A AAAATAAAT
S T A F L D Zc¢c cl|]ENK

TGAAATATATGGCTGCTAATCCAGGGCGTGCTAATCAAGAGGTAGAAGATGAAAAGCCTATAAATGAATTAATAGAAATGGTTGAAGCAGATACTTTGAA
L KYMAANZPG GRANO GQEVEDEIK®PINELI EMVEATDTL K

ACATATTCGACACATCTTTCCTGAAACATGGTTTTTCAATACGTTACAAATTGGTGATGGTAATGAATGCAAAGGAGAGCAAGGCCAATGTATAACGAAG
H 1 RHI1I FPETWFFNTLO QI GDOGNET CIKG GEU OQGOQTCI TK

TTTAATGCTCCACACAGTATAACAACCTGGGTAATCCAAGGCATAGCTGTTTCGAAGACAACAGGAATGTGTGTTGCTGAGCCATTGAAAATCACTGTTT
FNAPHSITTWVIQGI AV SKTTS GMCVAEU PTLIKTITYV

TCAAAAAGACATTTGTTCAGTTGAGCTTACCACCAGTAGCAATAAGAGGAGAACAGATTGAAGTGCTTGCAACTGTATTTAATTATGAACCTGAAGATTT
FKKTFVQLSL®PPVAIRGEO® QI EVLATVE FNYEWPETDIL

GGATGTTAGTGTTTACATGTTTGGGGTTGAAGGTGTCTGCATGGGAGCTGGTCCTGGTGAAAGAACGGAGATTAGAAAGCTCAAAGTGCCAGCCAATGGC
bvsSVYMFGVEGSGVCMGAGPSGERTETILIRIKILIKVPANSG

4
GCATCATCAGCCACGTTCTCTGTGATGCCTCTTGAAGTGAGCGAATACCAACTTCGTGTGGCAGCACTAAGTTATACTTCCAGTGATGCTGTCCAAAAAG
AAS S ATFSVMPLEVSEYQLRVAALSYTSSDAVOQK

TTCTCCGAGTTGTGCCAGAGGGTGCCCGTGTTGAAAAATCTATCTCCTTTACATTAGACCCAGGTGGCATTTACAGCAAGCGACCAAGAAGACAAGCAGA
V.,LRVVPEGARVEZ KJ SISFTLDZ®PSGS GI Y SKIRZPRRIOQATD
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TCATGAAGGCACAATAAAAGACGTGTATGATGAGGTGCTTCGCAAGCAGTTAATAACAGTTGATTTAGATTTACCAAATAATCATATACCTGGAACAGAA
H EGTI11KDVYDEVLRIKO QLI TVDLUDILW®PNNHILIPGTE

AAATGTTTCATCAGCGTTGTAGGTGATCCTGTTGGGCAAGCAGTGAATACTACACTTTCTGGATTAGGAGGATTTCTGAAAATGCCAACAﬁéngEngf
K ¢CFI1I SVVGDPVGEGQAVNTTLSGLGGFLKMPT

Thioester

L4
AACAAACTATﬂATTGCTTTAGGACCACTAGTTTATACAATGTCCTATTTAAAAAAAACAAAACAAATGACAGCAAATATTGAAGATACTGGCTACAAATA
E OJT M L_A L G P L V Y T M S Y L K K T K O M T A N I E D T G Y K Y

&

Al
TCTGTGGGGAGGATATTCCCTTCAGCAAAAGTATAGAAAAGCTGATGGATCCTATGCTGTGTGGGCAACTTATGCATCAAGTACTTGGTTGACGGCATTT
L wWOGGY SLQQ KYRKADGSYAVWATYAS|STWLTAF
GTGGCAAAAGTTTTTTGTCAGGCTTCAGCTTTCATTCCTATTCCTCCTGAAAATATTAATACAGCTCTGGAATGGTTGGTGAAAAGACAGCATGCTAATG
VA KV FCQASAFI1 P11 PPENINTALEWLVKIRIQHAN

GAATTTTTGCTGAAGCATATAAAGTACATCATAGAGAAATGACAGGTGGCATTCAAGGAGATGTTACACTGACGGCTTATGTTTTAATTTCACTATTGGA
G 1 FAEAYKVHHEEREMTG G GI QGDVTLTAYVLI1 S LLE
Catalytic histidine
ATGCAATAAATATGACTCTGTAACCAAAAAAACAGCAGTAAACAGAGCCATTTTATTTTTGGAGCAAAATATTCCACATCTTCAGAGGCCCTATACCATT
C NKYDSVTIKI KTAVNRAIULZFLEZ QNIPHILZOQRPYT.I

GCTATTGTTTCTTATGCTCTCGCTTTAACGAACAGTACAAAGCGTCAAGAAGCGAATCAAAAATTAAAAAATATTGCCAAATTCCATCAAGAAAGTTATA
Al VS Y ALALTNSTIKRI QEANI QI KTULI KNIAKTFHZOQESY

CCCGTTACTGGAACTGGGATGCTACAGAGTTTGGAGCAGGACCAAAACCTTGGGTTTATCAACACAAACCAGCTGCTGTTGCAGTGGAAACCACCAGCTA
T RYWNWDA ATEFGAGPIKPWVY QHIKPAAVAVETTSY

TGCTTTACTTGCACAGTTAGCCTATGATGACTTAGATTATGCTCATCCCATTGTCAACTGGTTGAATCGTCAAAGATCAGCTAGTGGATCATTCGTGTCA
A LLAQLAYDT DU LUDYAHPIVNWLNRUI QRSASGSF VS

ACTCAGGATACAGTGATGGCACTTCAAGCTTTGACTGAATACAATATTAAAGCTAATGTCCCAGCACTTGATATTATGTGCAATATTTCTAGCAGTGCAT
T QDTVWMALO QALTEYNIKANVPALTDIMCNISS S A

CTGCCCGTGTCAAAAGAACCATATTGTTGAAAAAAGATAGACCTCAAGAAATCCAAGAGATTGAGGTTCCTCCAAAAGGAAGGTTATATTTTGATGTCAC
S ARV KRTI1 LLKI KD RZPOQETII QE I EVPPKSGRILYZFUDWVT

TGGAAAAGGAATGGGAACATTGTCACTATCTATGCGTTTTAATGTAGAAAAGAATCCTGAAGACAGTTGTCATTATGATCTGACAATTACAAGCGAAGAG
G K GMGTULSLSMRZFNVEIZ KNZPEDS ST CHYDULTI1I TSEE

GCAGATGAAATTATTAAACCTGTGAATCTTAAGCCAGAATTTGCTGGAAATGATATTCTTCCTGCTGCTGTAGTTCGATCAGTATTTGATGAGAGAGTTC
ADEI1T I KPVNLIKPEFAGNDTILZPAAVVRSVFDERYV

AAAAAGAGAAATTTGGTTATGATGTTGAAGGCAAAGATGAAAATAATCCTGCAGTAGATCGTGCTGGAAAAGAAATTTACAATGTTGGAAGTCAACATGT
Q K EKF GYDVEGIKDENNPAVDIRAGIKTETILIYNVGS QHV

TATAAAAATAAACATCTGTGTTAAATATAAGGAAAAACAAAATGCTGGCATGTCAATCCTAGATGTTGGCTTGTTTACAGGTTACAAACCAATAAAAGAA
I K I N1 CVKY KEIKQNAGMSI1TLDVGLZFTGYKP 1 KE

GATTTAATTACTTTAACTATGAAAAAAGAATTAAAAGTAGGTCAGTTTGAAATTACTGACAGATCTGTCATCTTATATCTCGATGAAGTCCCTATTAATA
bL 1 TLTMIKI KELI KVGQFEII TDRSV I LY LDEVPIN

AACCAATTTGTCTGAACTTCCGAGCATCCAAAGAAATTCATGTTGGAAAAGTTCAACCAACAGCTGTTAAAATTTATAACTATTATGATCCAGACAAATC
K P 1 CLNJFRASI KEIHVGKV QPTAVIKTIT1TYNYYDPDK S

GTGTACACAATTTTATGGTCCAGACAAAGGCAGCGTGATGTTGAAAAAAATTTGTGAAGGCAAACAATGTGTTTGTGTTGAAGGAATCTGCCCATCCTGC

C TQFYGPDSIKGSVMLEKTZEKTITCESGE KT QCVCVETGTITCPs[c]

G T I K N I R E DG S F K Y FEFEV TDV L KE V 0 O E R E I Q

AGATGAGACTGTAACATTTGTTGGAAAAGCTGCATGTAATTGTCCCAAATTGACCATCGGAGAAGTTTATATGATAATGGGTGAAGATGGATTTGAATAC

D ETVTEFVGKAACNOCPKLTI1IGEVYMI1IMGETDGTEFE'Y

AAAACAGACA TGAAAAGAAATTCAAATATCTTTTTAGCAAGTATACTCGTATCTATCACT TCACTAAGAATGATTCAAGACCAAAGAGGA
K T D T G E K K F K Y L F S K Y T R 1 Y H S R S L R M I Q D Q R G

AAAAACTTCAGAAAACTTTCAACACGATTTATATGCGATTTAAGAGAGGAGAACGTTGCATTCATTAACATGCTGTAATTGTATTACAAACAAAGTATGG
[ KL Q K TFNTTYMRTFIKTRGETRTCTIHI*

GTTAATATTTTTTGTTAAATAAAGAACTTTTTTATGGAAAAAAAAAAAAAAAAAAAA 5357

ScsuC3-2

1

101

201

301

TATGATTCCAGAGTTAACTCTTTCTGAAATTTAAGCATGAAAGTTCCCTCTGACAACCTACTTTCTATATTTTTCATTGCGTTAATAGAAACTTATGCTG
M KVPSDNTLILSITFFI1ITALILI ETYA

TAGAATATGTCTCATGCATAAATATTGTTGTTTCCGCTCCCAATGTCATCCGATTTGGTGTTGAAGAAACGGTTGCTGTCAGCATATTAAACCATCCATC
VEYVSsSCINIVVSAPNVIRFSGVETETVAVS 1T LNWHPS

CCAAGTTCAAGTTGATGTATGTTTGCATGATCATCCGTTAAAAATATCAACAATATCTTGCCAAAGGATAAGTTTATATGAAGGAAAACCAAAGATTGTC
QVvVQVvVDbVvVvVCcCLHDHPLIKISTI1ISCQRI SLYEGIKPIK K1YV

AACGTAGTTTTACATCCAGAAAATATTCCTGAACAACAAAGATCGGATGCTAACTTTTTTGTCCTTCTAGTTGTTAGAGCAGTTTCTGGCGAATTTACAC
NV VL HPENIPE~ QQRSDANFFVLLVVRAVSGEFT
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AAAAACAGGCCGTGATTCCGGTGATGAAATATTCCGGTTATGTCTTTGTTCAAACTGATAAACCTCTCTATTTACCCAATCAAAAAGTACACATTCGAGT
Q K QAV I PVMKYSGYVFVQTHDI K®PLYILPNO QI KVHTI1IRYV

ATTGCGTCTAGACGAAAAATTACTTCCTAAAAATGACGTCGTTCGATTGGAAATAAAGAATCCAAAAGATATGATCGTAAGACAACAAGAACTGATGCCG
L RLDEIKLILPIKNDVVRLEIIKN®PIKIDMMIVRAQQETLMP

AATACGAAAGGCATCAGAGAAGCTGTCTTTACAATTTCACAAGTGCCCATTTTAGGGAATTGGTCAGTCAGCGTTCATTATGGTTTTAAATTTGTGGCAA
N T K GI1I REAVFTI SQVPI1LGNWSV SV HYGFIKTFVA

AAACAACTGTTCGCTTCGAAATAAAGGAATATGTATTGCCAACATATTCTGTGACGATAGATCTTCCAAAAGTTATTTTAGAAACACAAAAAGATCTTGA
K T TVRFEIKEYVLPTYSVTIDILWPIKWV I L ETAQIKDLE

AGGAAAAGTGATAGCAAAATACGTATATGGTAAACCTGTGCAAGGTTTTGTCAATTTTAAATATTCTATAAAAAATTCTGTTGGGGTTCAAATTTTAATA
G K VI AKYVYGKPVQGFVNZFIKYS 1T KNSVGV QI L I

GGCATGCGTAGAAATGTTAAGCTTTCCTCAGGAGAAATACAGTTTAAGATTCCACTTGAAAAAGAAATCAAAGCTAAAAATCTTCCTTGGTTTCCAAATA
G MRRNVIKLSSGETITI QF K1 PLEIKETIKAKNLZPWFPN

TTGAGAAAAGTAGGCTGATCATGGAAGCCGAAGCAATTGAACAAGCATCGGGAAAAAGAGAAACAACAATTGTCGACAACACTGTATTCACTACTTCTCC
Il EXK SRLI MEAEAI EQASGKRETTIVDNTVEFTTSP

TTATAAAATCAGCTTCAAAAATTCATTAAAAAGTTTCAAACCTGGATTTCCTTATCAAGTTCAAGTTGAAGTCCTTTTATTTGACAATCAACAAATACCA
Y K1 S FKNZSTLZKSTFZKPGFPYOQVQVEVLTLTFDNG QG QTITP

AAGCCTGTCACTGTTGAAATAAGTGCAACAGCCTTCAAGAAAGATTACTCTTCTAGACAAATTGGAAAAATTGCTCCTGAAGTAACTGATGAATTCGGTC
K PV TVEI SATAFIKIKDYSSRQI GK I APEVTDTEFG

GAGCTGTGTTTCAATTCGACACGGATGGAACAGACACACGAATAGTAATTACAGCGAAAACTAATGACAAAAATTATGAAGAAAAGAATCAAGCTAATCA
R AVFQFDTDSGTDTRI1VI1ITAIKTNDIKNYETEI KNI QANIDQQ

GACTTTCACTGGCTATCAATTTTCCTCTCCGTCTAACAGTTTTATTTGGCTGCAATCTCCAAAAGAAGGACTTCGTTTTAAAGTAGGAAAAACTCTTCAT
T FTGYQFSSPSNSFI WLQSPIKES GLRFIKVGKTLH

ACTACAGCAACTCTTCGATCATCTGATGCGTCTCAGAGACTTTACTACATGGTTGTTAATCGAGGAAATATTTTGGCAATGAATCAAACAGAAGCCCAGT
T TATILWRSSDASQRLYYMVVNRGNILAMNZ~OQTEANQQ

CAGCTGTGATTCGAACTTTGCATGTGCCTATTACAACCGAAATGGTTCCTAGCTTTCGCCTTGTTGTTTTTGTTATTGAAAAATATTATTTAGTGGCCGA
S AV 1 R TLHVPITTEMVZPSZFRLVYVFVI1IEJZKYYULVATD

TTCAATGCAGTTCGAAGTTGAAAGGATTTGCAAATACAACGAAGGCAAAGGGCTAATCATTGAGGCAAGCACACCGCTGGCCAGTCCTGGGGAAAATATT
Ss M Q F EVERICKYNESGIKGLI 11T EASTWPLASUPGEN/I

AACTTCAAAATTAAAGGCGAAGAAGAATCTTATGTTGGTTTATTAGGAGTTGACGAAGCCGTTTATGTCTTGAACAAACAAGATTTGCTGACAAAAGAAA
NF K I K GEEESYV G6GLLGVDEAVYVLNI KU QDILILTKE

AGATGTTCAGGGAACTAAGAAATCATGATCTTGGAAAGGGTCCTGGAGGTGGGATTTCTACTGAAGCTGTATTAAGAGATTCGGGTATCATAATATTGTC
K M FRELRNMHDULSGIKGPGGG G111 STEAVLRDSGTIT 1 1 L S

AAGTGTTTACATCGGAGAACATGGAAGGGAAGAGTCTTTAATACAAAGTCAATCGCGGAAGAAACGCAGTCTACCAGATAAAGTCAACGAATATTCTGGA
s VvVyYyl 6GEHGREESTLIQSQSRI KI KT RS SLZPDI KVNEYSG
B-a cleabage site
AAAGCTGCTATCTGTTGTCGAATGGGCCAATTCGAAGGACCACAGCATTTAAACTGCACTTCGAGGGCCACAATGATTGAAGATTCGATTGGTGAAAAAC
K AAI[]ccCRMGQFTETGPIQHTLNTCECTSRATWMIETDT ST GEK
ANA domain
ACAACTGCTCAGTAGCTTTCTTAGACTGTTGTCAACACGCTGAGGAAATAAGGAAAACATTCGGTTCAGGAGTTGGTCGTTCTTTAGATGAAGAAGATGA
[FRNec S VAFLUDTCcCCc|QHAETETIRIKTFGSG GV GRSLDTETETDE

ATCAGATCCCAATTTTGCTGATATTATGCAGGTTATCGAAACGTTTGAACAAGAAACTTTGGATAACATCCGTCGTTACTTCCCTGAGACGTGGATTTTG
s bDbPNFADIMQV I ETZFEOQETLDNIRRYFPETWTIL

GACATTTTCCAAATTACAAATTCTGAATGTAAGAGAGAAGATTTAAGTGTATGTGAGAAAACATACACAGCTCCTCATAGCATCACTACTTGGATGGTTC
blr Q1 TNSEZCKWREDLSVCEI KTYTAPHSITTWMYV

AAGGTTTTGGATTATCTCGTACCACGGGACTGTGTATAGCAGATCCCATAAGAATTCCTGTTTTTAAACCGATGTTCGTTGAACTGAATCTTCCACCAGC
Q G F GLSRTTSGLTCILAD®PIRIIPVFKPMFVETLNTLUPPA

AGCTGTCTTGGGAGAACAGATAGAAGTAGTAGCTACTGTGTTCAATTATGGACAGGAATCACTGAAAGTAACAGTGTATATGTATGGTGTAGAAGGTATT
AV L GEQI EVVATVFNYSGOQESLIKVTVYMYGVEG.!I

TGCATGGGAGCAGCAGCAGGAGAAAAGAGTCCCGTTAGACAGGTCGAAGTTTCAGCGAACAGTGCAACTTCTGTAAGTTTTCCTGTTATGCCTCTGGAAG
cC M GAAAGEIKSPVRQVEVSANSATSVSFZPVMPILE

TTAGCGAATATCCATTACGAGTGGTAGCTTTAAGTTGGAGAGCTAACGACGCAATCGAAAAGAAATTAAGAATTGTGCCAGAAGGCGTTACCAAAGACAA
VS EYPLRVV AL SWRANDAIEIKI KILRIVPEGVTKDK

ATCACTTTCTTTCTTCCTGGATCCTTCAGGGCTCATCAGAAATAAACATCGGAAACGTGAAGTAACTCCCGCAGGTGTTATTGAATACTCCACAAATAAA
s LSFFLDWPSGGLIRNIKHRIKREVTPAGV I EYSTNK

CAAAAGATGAAGATAAACCTGACGTTGCCGGAAAATTATGTTCCAGGAACAGAAGAATGTTTTGTCAGTGTTATAGGAGATTCAATGGGTTCAGTTGTGA
Q K MK I NLTLWPENYVPGTEETCFVSVI GDSMGS VYV

GCACTTCACTTAAAGGATTGGATCAGTTTTTAGTAGCCGCAGGTCCTCATGCCTGTGGAGAACAAACATTAGTGAAGTTAGCACCATTAGTATACACTAT
S TS LKGTULUDTG QT FTLVAAGPHUHI[ACGEO OQOTLVEKLAPLVYT.!

Thioester site
AAATTACTTGAAAAAGACTAAACAACTGACGTCGTCGTTTGAAAGTAAAGGATATAGTTATATATCACAGAGTTATGACCAACAGATGAAATACAGGAAA
N Y LKZKTZ KO QLTSS SFESIKT GYSYTTSQSYDOQOQMEKTYRK

GCAGACGGATCATTTTCTCTATGGACATTTACCGAATCGGGAACATGGCTAACTGCTTATGTATTAAAAGTATTTTGTCAGGCATATTCCAGTAATATTT
A DGSFSLWTFTESG GTWLTAYVLIKVFCQAY S SNII

Supplementary Fig. S2 (continued)
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TTTCGATACCTAATTATATTAGATGTGATGGCATTAAGTGGCTACTAACAAAACAATATACCAATGGGGAATTTTTTCCTTTAAGTTATAGAATATATGG
FS1PNY 1T RCDSGI KWLULTI KO QYTNGEFZFPLSYRI1YG

AGATCAAAAAATTGGTTTGACTGCTTTCGTCCTGATTACAATGCTTGAATGTGATTCCTGCTATTCGGCGGAAAAAAATCTAGCAGTGTCAAGAGCTACT
bQK I 6GLTAFVLITMLUETCDS ST CYSAEI KNLAVSR RAT

GCATATTTAAGAAGTAGACTTGATTCCATAACAAATTATTACACCATGGCTATAGTTGCATATGCCCTCGCTTTAAATAACGATGATAAAGCTAATGAAG
A Y LRSRLUDSI1ITTNYYTMAIVAYALALNNUDTUDIKANE

CAAATGAAAAACTTAAAAATATGTCATATTACAGTGAAGAAAATAATATCCGATATTGGAGCTGGAAAAAATTACATGATTCTGACTTATATAGACCATG
ANEKLIKNMMSYY SEENNIRYWSWI KU KTULMHDSDTULYRPW

GCTGTATAGAAGCAAACCTTGGAGCGGAGATATCGAAGCCACTGCCTACGCGCTTCTTACTCAATTACAACTCAATAATATCAATTACAGTCATCCTATA
LYRSKWPWSGDI1I EATAYA ALULTA QLOQLNNILEINYSHPI

GTCAACTGGTTAAATCAACATCGTTCGTATTATGGATTTTTGTCATCAACGCAGGATTCAGTTGTTACTCTACAGGCTTTGACACAATATAGTGTGAAAG
VNWLNGQHRSYYGFLSSTQDSVVTLQALTZ= QYSVK

CACGAAATCCAAAAATGGATATGCATTGTAACATTGCTAGTACTGCTTCTAGTACTGCAAGAGGAGCTTTCCACTTGACTTCGAACAATCCATTGGAACT
AARNPIKMDM®HTCNIASTASSTARG GAFHLTSNNUPTLEL

TTACGATTTGAAGATCTCCCCACAAGCTGACCTATTCGTGGAAGCTGAAGGCACTGGCTTGGCTAGTATGTCGCTTCTTATGAGATACAATGTAGCCCAA
Yy bL,K I S PQADWLVFVEAESGTS GLASMSTULLMMRPRYNVANQ

GAACCCGAAAAAACCTGTAAGTTTCATTTAAACATTACTGTAGAAGAGTACGATGACATCATTCGCCCGGTTGCTCCTACTGGAGAGCTTGAAGGGATCG
EPEKTT CIKV FHILNITVETEYDT DIIRPVAPTGTETLEG'I

ACATCATACCCGAAAACGTTACTCGATCTCTCTTTACACAAAATGAATTAAGAGACCGATTTGGAATAAGAGATGAAAATGAAGCTGCAGAAGATTCAGA
brr 1 PENVTRSLZFTAOQNELRDAREFG GI RDENTEAAETDSD

TGAGGAAAATAATGGAGAAAAAGTTCACGTCGTGGAACTGAATATTTGCATGCGTTATTTAGAAAAAGAAGGAAATAGTGGAATGTCTATATTAGATGTG
E ENNGEIKVHVVELNICMRYIULEI KESGNSG GMS 1T L DV

GGACTATTTACTGGATATTCAATGAAAATGGAAGAACTCAAAAATTTAATCCGCAGTATTGAAACATCTTTAACTCAATTTGAACAGAATGAACGATCGA
G LFTGYSMIKMETETLIKNLTIRSI1TETSLTA QZFEIQNTERS

CTGTTTTATATTTCGACGAGGTGCCAAATAAAGAAAGAATGTGCATTAGCTTACGAACATATCAGGATTTCCATGTTGGAAAAGTACAGCCTGCATCTGT
TV LYFDEVZPNIKERMTE CISLRTYQDUFHVYVGKV QP ASYV

CAAGATTTATTCCTATTATGAACCAAGCAAATCGTGCACGAAGTTTTATGCACCAAGAGACAGAAGTCCCATGCTGACTAAGATATGCGAAGGAAAACAG
K 1y syy EPSKSCTIKFYAPRDRS®PMLTIKTI CE G K Q

TGTTTTTGTGCAGAAGGCAAATGTCCGTCTTCTACGCCATTTAAGGAGATTAGAGCGAAAATTTCAGATACTGAAAGACGAAGAGCACTATTGGATATTG

C FCAEG K[cPSSTPFIKETILRAKTISDTERRRALTLD.

C345C domain

TTAACACGTTGATTTTAAATCCAACTGATTGTGTGTAATCTTCATATAATCAACTCCTTCAATAAGATTTACTTTTTATTAACTGATATTAATCATTGAG
*

AAAACGACATTCGTTGAAAGAATCGAAAAAAATTATATAAATAAAAATAAAATAAACTTCTCGTAAAAAATAATAACTTGTATTGATGAAATGTAAACCT
AAAGCTTAAATTGTACG 5517
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AAGTTAGACAGTGATGGGATTTCAAGAAGCTTCGATCGCATTCAAAGTTCCAGCTCCATAGATAATATGAAGGGACCGCTGTTGATTCTGACTTTCTTGT
M K G P L L I L T F L

TGCTGTCATCATTGGTCCAATGTAATAACAAAAATATTCAATATACTGTAGCAGCACCAAACACGTTTCGGGTTGGAGTTGCGGAGACAGTGAGTGTTGT
LLSSLVQC CNNIKNIQYTVAAPNTFRVGVAETVS VYV

TGTTACAGGTAATCGGGAACCAGTCAGAGTGGACATTTTTCTCAAAGACAATACGGCAAATAAGGGAATCATTGTCAGCCAATCTTTAACTATTTCTGAT
vV T GNREWPVRVYV DI FLKDNTANSIKTGT I IV SQSLTTI1I SD

GGGAAACCTCAAATAACAACTCTTTTACTTCGTCCAGAAGATATCCCTAAAAGCCAAAAAAATTACCGAAATATTTTTGTGTATTTAAATGTCACCGAAT
G KPQIITTLULULR®PETDIPIKSQKNYRNIFVYLNVTE

CAACAGGTAAATTCAATAAAGAAGAGCGCATTCCAGTAACTAAATATTCTGGTTACCTCTTTATCCAGACAGACAAGCCTCTGTATACATCATCTGACTC
S T 6GKFNIKEERIPVTIKYSGYLZFI1QTDIKWPLY TS S DS

AGTTCATATCCGTATAATGTATGTTGATGAAAAATTGATTCCTATAACTGAAGAGGTGAAGCTGGAAGTTAAAAATCCAAATGACACCATCGTGTATTAC
VHI1IRI MY VDEIKLIPI1TEEVKILEVIKNPNTDTIVY]Y

AAAGAAAGTCTACCATGTAAACCAAATGGCTTTACAGAAGTTGTTTTTAAACTGTCTTCTTCCCCAGTATTTGGCAATTGGTCCGTTAGTGTGTCCTACG
K ESLPCIKWPNSGTZFTEVVFKULSSSZPVFGNWSV SV SY

GATATGAAATGGCAGCAAAAACCACAGTGGGCTTTGAAGTGAAGCAATATGTATTACCAACATTTTCAGTGACAATAACACCAAGAAAATATTTTGTCTT
G YEMAAKTTVGFEVKQYVL®PTFSVTI1ITPRIKYFVL

Supplementary Fig. S2 (continued)
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AAGTACTGATGATGCAATTATAGGTGATATAAAAGCAGAATATGTTTATGGAAAAGCAGTTCAAGGAGCTGTTACATATAAATATTATATTCGACAACCA
s T bbDAII I GDI KAEYVYGKAVQGAVTYIKYY 1T RAQTP

TCCGGCATCCAAAGTCCTATTGGTAAACTTGTACATTACCCATTAAATAAAGATGGTACATCAACATACAATATTCCTAAGAGGGTAATAGATGAAAATC
s G I Q s P I GKLVHYPLNIKDG GTSTYNIPIKR RV I DEN

GAATTCCTTGGTTTCCAGCAATTGATAAATCCACAGTAATTGTTGAAGCGGAAGTAACAGAGAAAGCAACAGGGAAAAAAGAATCAGCCATTAATGATGA
R I PWFPAIDIKSTVIVEAEVTEIKATG GI KU KESATINUDTD

TACTATATTTACAACAACACCTTATATGATAAGGTTCCACAGATCTTTGAAAGAATTTAAACCTGGAGTCCCTTATCAATTACAGGTTGATGTACATCAT
T 1 FTTTWPYMIRFHRSLIKEFIKWPGVPYQLQV DV HH

ATCAACAACCGACCCTTGAAATATAAAGTCCCTGTCATAATTTCTGGTAGCGCTAAAAAATCTGGAAATGCTGTTAAAACTATTTTCACAAAAAATCTTC
I NNRPLIKYKVPV I 1 SGSAKIKS S GNAVKTIFTIKNIL

AGACAGATTTACATGGAAGAGTTATGTTTCAAGTGGATACAGAAGATGGTTTTCAAGAATTAAACATACAAGTTGAAACAGCTGATCAAGAAATAGGAAA
Q TDLHGRVYVYMFOQVDTTETDTGTFG QETLNTIOQVETADG GQETIGN

TAATCAGGCAAAAGAAAAATTTGTTGTTGTACGTTACAAAACTCCATTTCATAATTCGTACATTTGGATCAAAGTACCTGAGCATGGAAGATATTTTCAG
NQ AKEIKFVVVRY KT®PFHNSY 1 WI1I KV PEWHG GRYFDQ

GTTGACAAATCTTTTCAAACTGTAGTGACAGTATATCCAGCAGATGAGCAAACAAAACTCTTTTTCATGGTTGTGAGTCGTGGAATTATTTTGCTGATGA
vVDKSFQTVVTVYPADEQT KLFFMVVSRGI 1 LLWM

ATGAAACTGAAGCAAAAGGAAAGTATCTAGTAAGAACGATTCAGTTTCCTGTTACTGAGGATATGTCACCTAGTTTTCGTCTCATTGCTTACATTATAAA
NETEAKG GIKYLVRTIQFPVTEIDMMSZPSZFRLIAY 11K

GGACAACAAAATCATAGCGGATTCAGTGCAAATTGAAGTCGAAAGAGTTTGCAAATACAACGGTGGAAAAGGGTTCTCTATCAAAACAGATCGAAAAGCT
bDNK T 1 ADSVQIl EVERVTCIKYNG GG GIKTGTFS 1T KTDR KA

GGAATTGCCGTACCAGGAGCAGCCGTTAATTTTATAATAACTGGTGAACAAGATTCTTTTATTGGACTAAGTGCTATTGATGAAGCTCTGTACTTCCTTA
G 1 AVPGAAVNE FI1 I TGEOQDS ST FI GL SAI1DEALYFIL

ATAACAGAAGTGTATTTACAAAGGAAAAGATGTTTAGAGAAATTCAGAAATATGATTTAGGTTTTGGACCAGGAGGAGGTATTGATCCTGCTGCTGTTTT
NNRSVFTIKEIKMFRETI QK Y DLGGFG®PGGG I DPAAVF

TAAAAATGCTGGGATATTAATTCTATCCAATTCTCACATAGGACGGCATGGAAGAACTGAGGGCATTGATCATTCTCACCATCGTATGAAGCGCAGTTTA
K NAG1 L1 L SNSHI GRHGRTEGI DHSHHRMMEKT RS L

CAGAGTAAAATTGATGAGTATTTTGGGAATGCTGCTATA
Q S K 1 DEY F GNAAI

ANA domain

GAACATACAGAAGACTCAATACTAACTTTTGGAAGAAATTT
K I K ERMGEI KU FNOCSEAFLUDTU CTC|IEHTETDS ST1TLTFGRNF

TCGCTATGAAAAAGTTGAAAAGCCAGTGGAAAACCTTGTGGATGAACTCAAAGAAGACGATATAAAAAATATTCGTCGTTTTTTCCCTGAAAAGTGGTTG
R Y E KV EKWPVENLVDTETILIKTEHDH DTI1IIKNIRRTFZFPEIKWL

TTCGATACGTATCATATTGGCAACCAGAAAGATTGTAAAAATGAAAAGGATATTTGCATAGTTAGTGCAACAGCACCTGACAGCATAACAAAATGGGTGG
FDTYHI 6GNQ KD CIKNEI KD ICIVSATAPTD SII1TTZKWYV

TTCAAGCAGTCGGTATTTCAAAGAAAACAGGCATGTGCATTGCAGAACCATTAGAATTAATTGTTTTCAAATCAATGTTCGTTCAGTTGTCTTTACCAGC
vV Q AV 6GI §$S KK TGMTCI AE®PLELIVFIKSMMFVQLSLPA

TGTTGCAATGAGGGGAGAACAAATCGAAATTCTTGCTACAGTTTTTAATTATGATTCTTCTGATTTAGATGTATTTGTATATTTGTATGGAGTAGAAGGA
VAMRGE~QI EI1I LATVFNYDSSDULDVFVYLYGVEG

CTTTGCACTGGAGCAATTCCTGGAGAGAGAACAGAACCAAAAAGAATCAAAGTGCTGGGTAACAGTGCGTCCACTGTAACATTTCCTATAATGCCTTTAA
L ¢cTGAIPGERTEPIKRIIKVLGNSASTVTZ FZPI MPIL

CAGTGAGCGATTTCAATATACAAGTTTTAGCATCCGCTGGACATTTATATGATGCAGTCATAAAAGTTCTCAAAGTCGTACACGAAGGAATTCCAACCGA
TV SsSDZFNIQVLASAGHTLYUDAVI KVLKVVHETGIPTE

AAAGACCATATCATTTCCATTGGATCCAGAAGGAAAAATTAATAAAAGAAAAAAGAGAGCTATTGATCAGAGTATATCAGAAGTCTATAATGAAGTTCAG
K T 1 S F P LDWPEGI KT NI KWRIKI KR RAIDU QSI1T SEVYNEVDQ

AAGAGGCAAGAGATAACTGTTGACGTAACATTTCCACATGATCACATCAAAGGAACGGAAAAATGCTTTGTTAATTTCATTGGTGATCCTGTTGGTCAAG
K R Q E 1 TV DVTFWPHIDHIKGTE KT CFVNZEFILI GDUZPVGQ

CCGTCAATGTTACACTCTCTGGAGTTGAAGAAGAATTCCTCAAGCTTCCACAAGGA AGAACANACTATGATCAAATTAGCTCCACTTGTTTCTAC
AV NV TL S GV EZEEFULIKLWPRIQIGCGEIU QTMI KILAPLVST
icester site

AATGCATTATCTGAAAAAAACAAATCAGTTTTCAGCAACAGCAGAAAAAAAGGGCTATGATCTTATATGGAAAGGATACGATAACATGCAAAAATTTAAA
M HY L KKTN QFSATAEI K KTGYDULIWIKTGYDNWMMQOQZKFK

AAGAACGATGGATCTTATTCCATATTTACAGAAAGTCCTTCTAGTACTTGGTTGACTGCGTTTGTTATAAAAGTTTATTGCCAAGCTTCTGAGTTCATAC
K NDGSY SI1I FTESPSSTWLTAFVI1IKWVYCOQASTEF'I

AGATACCTCTTGAGAATATCGGAACTGCAGTTGAATGGTTGATTAAGCACCAGTCATCATCTGGCAAATTTTTTGATGATTACAAAGTACATTCAAATAC
QI PLENIGTAVEWLIKHAOQSSSGKFZFDDYKVHSNT

TATAGCAGGCGGTCTTAACGGAGATGTTACACTCACAGCTTATGTATTAATAGCAATGATGGAATGCAATCGGTACAACTCAGTGACTAAAAAAACAGCT
Il AGGLNGDVTLTAYVLIAMMETCNRYNSVTIKIKTA

GTTCAAAGAGCCATAACATTTCTCGAAAAAAATATTGATCATACAAGACAACCATATAATCTTGCTATTGTTGCTTATGCTCTTTCTTTGACTGAAAATA
VQRAI TFLEIKNIDHTROQPYNLAIVAYALSTULTEN

GACGACGCTATGATGTAAATGAAGATTTAAAAAATATAGCTAAATTCATATCAGGTAGTAACGTACGCTATTGGAATTGGGATTCGTTAGAATTTGGAAC
R R RYDVNEDTLI KNIAKTFI SGSNVRYWNWDSULETFGCT

Supplementary Fig. S2 (continued)
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AGGAAATGTACCATGGATTTATCAAAAGAAGGCTGATGCAGCAGCAGTAGAAACGACAAGTTATGCTTTACTTGCACAACTACAGTTTGATGAGATTGAT
G NVPWIYQ KKADAAAVETTSYALLAQLAOQZFDTETITD

TATTCTCATCCCATTGTTAATTGGTTGACCAGACAACGATCGTCTGGTGGTGCTTTTGTTTCTACACAGGATACTGTGATCACTCTGCAAGCTCTGGCAG
Y S HP I VNWILTWRAQRSSGGAFVY STOQODTV I TLAQATLA

AATATAACACAAAAACCAAAATTCCTCTTGTGGATATGCAATGCAACATTACCAGTTCTGAGACCAGTCGGTTTAAAAGGAGTATCCAACTCACTAAAGA
EYNTIKTIK 11T PLVDMAOQCNITSSETSREFI KR RSI1T QL TIKD

TAAAGCTCAAAATATTGAAGAGATTGAGGTGCCACCAAAAGGTAAACTATATGTAGATGTTGGAGGGAAAGGTATTGGTTCAATGTCTCTTTCTTTACAA
K AAQN1EEIEVPPKGKILYVDVGGKGI GSMSILSLQ

TACAATTCAGAATATACTCCGGAAACAAAATGTGAATATGATTTGATAGTCAAAACTCATGAATATAGAGATTCGTTTCAACCTCCTAACCTTGCTGAAT
Y NS EY TPET KT CEYDTVLIVKTHEYIRUDSZFOQPPNTLAE

ATGCAAACGGACCAATTCCTGATAATTTAAAAGAGGAGATTATTAACAAGAATGTTCAAGAAGTGTTTAATGAAGCAGTAAATAGGAAAAGAGATGGTAG
Y ANGP 1 PDNWLI KEZETILI I NKNVQEVFNEAVNRIKIRDG S

TCACGATGAAGAAAAGGACAATGCAAATAACCAGGAACATTTAATCAACATAAACATTTGTGTTAAATATCAAGATAAAGAAAAGGCAGGAATGTCAATT
H DEEIKDNANNO GQEMHTLTININICVIKY QDI KEIKAGMSI

TTGGAAATAGGATTTCTAACAGGTTACAGAATTGATAAAGAAGAATTGTCCAAATTAGAAAACAGACCAAAAGTAAAATGTGTTGAAACTTCAGACAGAG
L EI1 G F L TGYR1DKUETETULSI KLENRWPIKVKT CVETSDR

CTTTGATTTTATATTTGGAAGAGGTTCCCAATGATAGAACAATATGTTTAGATGTGAAATTAAGAAAATTCATAACTGTTGGATTAGTTCAGCCCACGAC
A L1l LYLEEVPNDRTICCLDVI KILRKUIFITVGLVQPTT

TGTAAAAATTTATAATTATTATAAACTAGATAAATCATGCACAACGTTCTACGGACCAGATGAGGATAGTGTTATGTTGCAAACAATTTGTGAAGGAAAG
vV K1 YNYY KLDI KSTCTTU FYGPDEDSUVMLAQTI1I CEGK

CAATGCAGATGCATGGAAGGAGCATGTCCTCCTCTTAATCCGTTCAAACATGTGTGGGAAAAGAACGAGGAGAAAGAACGTAATAAAGAATTACTACGCA
Q CRCMEGA|C PPLN®PFIKMHVWEIZKNETEI KERNIKTETLTLR

C345C domain
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ATGACGACTGAAAAGATGGCAAGAGGAACGCGGACCGACCCGAAAAAGTTTTTCCTGTTCCTCGTTTGCTTTGTATTTTGTACAAGAGCAGCTGAAGAAC
M A R G T R T D P K K F F L F L VCFV FCTRAATEE

AGGACAAAAGAGGTTTTGTATTAACAGCACCAAAACATTTACTGGCTGAAACAGTGGAACATATATGTTTATTTTTTCACAATATTAATTATGACGGAGA
Q bDKRGFVLTAPIKHLILAETVEWHTI1CLZFFHNINYDGE

AATTTGGCTTGAACTTCTGTCTGAAAATTCAACTGTCATTAGTACTTCATCACAAAAAATTTTTAAGGGAAAAGGAGAATGCATTGAAATGTTTATTCCG
I wLELWLSENSTVI STSSQKI11 FKGIKSGETCTIEMFTI1IP

AATCTATTCATCGGTAATGCAAAATTATCTGTGCGTGGGATATTCCCAACAGAAGATGGCAGTGATCCATACAACATCCATCAAACGAAATCTGTTATTA
NLFI1IT GNAKWLSVRGIFPTEDSGSDU®PYNIHAOQTIKS VI

TTAAACATTATAATTCTTTAGTTTTCATTCAAACTGATAAACCAGTTTACAAACCTGGAGAAAAAATAAGATTTCGAATTTTGCATGTGACAATGGATTT
I KHYNSLVF1 QTDIK®PVY KPGEIKTI1TRZFRI1LHVTMDL

AAAACCAATTTCAGATGAGATTCCATCAATTTGGATAGAAGATCCATCAGGAGTACGCATTTCACAGTGGCTGAATGAAAAACCTGAACTTGGTTTAATT
K P 1 SDETI PS I WI EDWPSGVRI SQWILNEIKWPETLGTLI

GATTTACAAATGTCTTTATCCACAGAACCAATTTTAGGAAAATGGAATATTAAAGCAAGTATAGGAAAATTGCGAAAAACTCAAAGTTTTGATGTAGAAG
bLQMSLSTEH®PILGIKWNIIKASI1IOGIKTILRIKTAQSZFDVE

4
AATATGTTCTTCCCAAATTTGAAGTCAAAATTTCACCACCACCATTTATACTAGCCAATCAATTAAATGCAGTATGGAATGTCTGTGCTCATTACTCATA
E'YVvLPKFEVKI SPPPFI1ILANGI GQLNAVWNVZCAHYSY

TGGTAAACCCGTTCAGGGATATGCTGTTATCAAAGCTGTACTTGGAAGCATTGAATTTCCTACAAAAACCGTTGCCCAATACGAAGGCAAGATCACAGGT
G K PVQGYAVI KAVLGS 1T EFPTIKTVAQYEGKI TG

TGTCATTCAATCATAGGAAAAATTCAACAGAAATTACGTAGCTATGGCCCATTTCAAATAGAAATCCATGCTGAAGTTACTGAACTGGGAACAAATGCAA
CHSI1TI1 G6GK1T QQKLRSYGPFQI1I EII HAEVTETLGTNA

CAATGACTGCCTTAGCTCAATCGAAAATTCATCTTGAGGCACTGATACTTGATATGTCATCGTATATGCCGTTCTATTTTAAACCTGGATTACCATTTCA
T M TALAQS K11 HLEALI11ILDMSSYMPZFYFKWPGILPFH

TGGCAAAATTAAAGTGACAACTCCTGATCATAATTCTGCATCGAACATAAGTGTTGAAATAAGTCTTGAAACTCGTACTAAGCGAGGAATTTCACAAATA
G K I KV TTWPDHNSASNI SV EIl SLETRTIKRGTITIT S QI

GTTGCTTCAGAGTCTTTCAAGTCAGATGATAATGGGATTATTTCATTTATCACAATACCACCTGTTGTCAGTGATACCGAAAACGTGATCATTAAGGCCA
VASESFKSDIDNGI 1 SFI1TI1PPVVSDTENVI I KA

AAATATTACCAGTATCATCTGATTCGGGGCCCTCTGATCATGATCATTCTTACTTTTTACCTAATCATAATTTTGGCCCTACTTCCACAATATCTGCTCC
K 1 L PV SSDSGPSDHTIDHSYFLPNHNZFGPTSTI S AP

&
AATTTGGTACTCACCGAGTGGTAGTTTTCTTCAGATTCATAGACCTGCAGATAATCTTCCTTGTAATGGGGAATATTCATTTACTGTTTTCTACAGTGAA
I wyspPSGSFULQI HRWPADNLWPTCNSGEYSFTVFY SE

CTTTCTCAAAATATTCACTTATCATATCAGGTAATTTCTCGAGGCAACATTATCTATCAATCATCAAAGCTTCAGATACTCGAAGAAAATTCTCTCAATT
L SQNITHULSYQVISRGNIITYQSSKULOQIT L EENSTILN

TCAGTAATTCATGGCATCTTCTTCCTAGCAGGAATAAATTATCATTTAATTTTTTCACCATCCCAATTCCTCTCACCCCAAAAATGACTCCCGTAAGCAG
FSNSWHULLWPSRNIKLSFNFFTI1PI1 PLTPIKMTPV SR

Supplementary Fig. S2 (continued)
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ATTGCTTGTATTTTATGTTCGAGATGATGGAGAAGTTGTAGCTGACAGTCTTAAATTTGAAATAGAAAAATGTACTGAAAATGATGTCAGTCTTAATTTT
L LV FYVRDUDSGEVVADS SLI KT FEI EKT CTENDVSLNF

GACACCCAAAGGGTAATTCCAGCTACTCATACAGAAATATCTATCAAAGCTTCTCCTTATTCATTATGTGCTGTGGGGATTGTTGATAGAGCTGTTCATT
D TQRV I PATHTETISI1IKASPYSLTCAVGI1I VDIRAVH

&4
TTTTACGAGCTAATAATCAACTGACATTAACAAAGATTTTTAATGGTTTGTCTGCCTTTGATATTACCAAGGATAGTTTACCAGAACAGAGCAAAGTGAA
FLRANNO QLTLTHI KTI1FNSGLSAFDITI KW DS SULZPEUZGQSK VK

ATATTGCCATCAACATTTTGATAGTTATCCTCTCCATCCATTTGTGGACAACAGTTTGATCAGGGTGATGGAAGTAGAATCAGGCTATGCAGATGCAGCT
Yy CHQHFDSYPLHPFVDNSTLIRVMEVESSGYADAA

ACAGCATTTGATGATACAGGAGTTATTATAATGTCTGATCTTACATTTGATACTCGACCTTGT!
T AFDDTSGV I I MSDLTFDTR®POCI[IVD VT GI M AL ART

Bait region
TTGCCATGCCAATATCACTAGAATTCCAACAACCAGGGCCACCAGGTCCACAACGGCAGAGCAGAGAGTTTTCACCACCACTTTTTGAACTTCCTGTGAT
[FAMPI1 SLEFQQPGPPGP QR QSRETFSPPLTFETLZPUVI

L

CACAAAATTGGAAATTCAGGTCAACAGAAAGTTCCATTAAAAGTTCCTCACAGTATAACACACTGGGTAGGCAATGCTTTTTGTATATCATCTTATGCAG
H K1 GNSGQQKVPLKVPHSITTHWYVGNAFT CI S SYA

GCATTGGTGTAGCATTGCCTGCACATTTGAAAGCATTTCAACCTTTTTTTATGACATACACATTGCCTTATTCTGTGAAAAGAGGAGAAACCATGAAACT
G 1 GV ALPAHLIKAFQPFFWMTYTLWPYSVKRSGETWMK KL

TCTTGTTTCATTATCTAACTATTTGCAAGAATGTTTACCAATAAAAGCTACATTACAGGAGAGCAAAGTTTTCAGCATTGCTAGTGAAACTACTTTTCAA
L v SsSLSNYULOQETCLU®PIKATLA QESI KVFSIASETTFNQ

AAAATTTGTTTATGTAAAGAGGAAACAAAAACAATCCAATTTTTGATAAGGCCAAAAAGTATTGGTAAGATGAATATTACTGTATATGCTTACACTTCAA
K 1 cL CKEETIKTIQFULIITRPKSI1TGKMNITVYAYTS

CAAAAAACATTTGTGACAGTAATACTCCTGATCCTGTGAGTAATGAACAAGCCCGGGATGCTGTAACTAAATCACTTTTAGTGGAGCCTGAAGGTTTTCC
T KN1T1T CDSNTW®PDU®PVSNEAOQARUDAVTIKSLLVEUPETGTFEFP

&

hl
AAAAGAAGATACTTGGACTTCATTAATATGTCTTAATGATTCTGAAAGTAATAATGATACTGAATTTGAGGATGTTATAAAGGAATCAGTTGTTTTGTCA
K EDTWTSL1 CLNUDSESNNUDTEFETDV I KESV VLS

ATATCAGACACACAAGTAGTACCAGGATCTGTAAGGGCTTACATAACAGTAATTGGTGATACAATGGGTCCTAGTTTACAGGGATTAGATCATTTGGTTC
I s bTQVVPGSVRAY 1 TV I GDTMGPSLQGLUDHILYV

GTTTACCAGTTﬁGIIGIGGIGAACAGrATATGFTTCTGTTTGCACCTAACATATATGTATTACATTATCTTAAGAATACAAACCAATTGACAACAGCTAT|
R LPVI[ECGE® QINM[VLEFAPNIEIYVLHYLIKNTNO OLTTAWM

Thioester sit
GGAAAATAAGATAATATCTCATTTGAAGACAGGGTACCAAAGAGAATTAACATACAGGCGTGAAGATGGATCTTTCAGTGCATTTGGTAAAAGTGACAGA
ENK T I S HLKTS GYQRELTYRIREDTG G SUZFSAFG GIK S DR

GAAGGAAGCATTTGGTTAACAGCATTTGTTGTTAAATCTTTTGCACAAGCAAGAGAATTTATTTTCATTGATGATACAATCATGGATGAAAGCATATCTT
E G|S I WLTAFVYVKSFAQAREZT FI1 F 1 DDTIMDETSI S

GGATTACAAATAAGCAAATGGAAAATGGATGTTACTCTTTTGTAGGGAAAGTGCTGCATAAAGACATGAAGGGTGGAGTAAGTGATTCTGAAAGCTCTTT
w 1 T NKQWMENGTCYSFV G KV L HKDMIKGS GV SDSE S S F
Catalytic histidine
TGCTGCTCTAACAGCCTATATCACCATAGCATTGTTGGAAGCGGGAATAGCAAATGACAGTAAACCCATTGTTAATGCATTTTTTTGTTTGAAAGCAGAA
AAALTAY 1 T 1 AL L EAGI ANU DS KW®PI VNAFZ FZ CLK AE

AAAGAACCCGATATATATACTCTTGTGTTATCTACATATGCTTCTATTCTTGCTAAAGATGAAAACTATACTTCCTTACTCATGAAACGACTGCTTGGAC
K EPDI1YTLVLSTYASILAKDTENYTSULLMIKIZRTLTILGEG

TCGGTATTTCTAAAGATAATTTATTGTTTTGGGAAAAGCAGTCTAAAAAATCTCTTGCACTTAATGTTGAAATGAGTGCATATGCATTACTTTCATTAGT
L G1 S KDNWLWLZFWEZ KA QS K KSLALNVEMSAYA ALILSILYV

TTCTTTGGGTGATCAAGAAAGTATATTGAAAGCACAGAAAGTATTTCGTTGGATTACACAACAAAGAAATTCGCATGGTGGTTTTATTTCAACACAGGAC
S L GDQE S 1T LKAQKVFRWITQQRNSHSGSEGT FTI STAOQTD

ACTGTTCTTGCATTACAAGCTCTGTCTGAGTTTGCTGGCAAATTTCAGTCTAATGAGCTTGAAATAGAAATTTCAGTCGAAGCTGGAAAACTTAATCATG
TV LALOQALSEFAGI KT FAQSNELTETIEI1l SVEAGIKTILNH

TTTTTGAAGTAAACAATGAAAATAAGCTCGTACAGCAGATTATTAAGATACCAGAAGTACCAACTGTAGTAGACTTTATTGCTCTGGGAAAAGGTTGCTC
VFEVNNENIKLVQQIlT 1 K1 PEVPTVVDFI ALGTIKGTC S

TATTTTGCAGACTGTGCTTAAATATAATGTTGAACATACAGAAGGCAGTGATGCATTTAACTTAGATATTCGTTCAGAAAATATTGGTACAACTAGTGCT
I LQ TV LKYNVEHTESGSUDAFNTLUDIRSENIGTTSA

GCTTGTAAAAGACATCGTTTAGAAATTTGTGCAAGGTATTTGCTAGAAGATGAATTTTCTAATATGATAGTAATCGAGATAAAAATGGTTTCTGGTTTTG
A CKURHRLEI CARYLULEDEFSNWMIVIEI KMV S G F

AACCTGATAAAAAATCTTTAGCTGAGTTATTAGAGAAGAAAGATATAAAACTGAAACGATGGGACACAGAAGGGGATCAACTCAACTTATATTTTGACCA
E PDKIKSLAETLIWLEI K KDI KL KRWDTEGDU QLNILYFDAQ

ATTGAATGCTCAAGAAAAATGTTTCTCAATCAGCATTACTGAAAAAGTTGAAGTTAAAGATACCAAACCAGCAATTGTTACAATTTACGATTACTATCAA
L NAQE KT CFSI1T SI1 TEIKVEV KDTI K®PATILIVTIHIYDYYNQ

CCAGAATTGTTTGTCAGGAAGAATTACAGTATCGAAGGATGTAACAAGGAAACTTTAGCTCCATTTACTGATGAAGAATTGACAGAATTAGAATCATTAA
P ELFVRIKNYSI1EG GT CNIKETLAPZFTWDTETELTETLES L

TCGTCCAAGGATTAGATGATTTTGAAAAACCATCCAGTAAAAGCAGTCAAACATCCACTGTCTCAATTCCTGGAGAAAATGGAAAACATCCAGTTGAGGA
Il v GLDDFEKZPSSKSSQTSTVS1TPGENGIKHZPVEE

Supplementary Fig. S2 (continued)
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TAGAATCTTTACTGAAATTTTCTTAAAAGCTAAGGGAGTGTAAAAGAGAAATTTCATGATAAAGGATAACAACTCAAAACCATGGTTAAACTTACCTGCT
M V K L T C

TTACCATAATTTTGCTATTTCTCACATTTTCTGGGGGAAACGGAACATCGTACTATGCAATAACAGCACCGGAAATTCTTCGACCGAATGCTCTTTATCG
F T 1 1 L LFLTUFSGGNG GTSYYAITAPETILRPNATLYR

AGTTTTCGTAACTGTTTTCGAAGTGACTGATCCAGTTATTGTCGAAGCTACTTTAAAACCTGCTTCTCATTTGATAAATGAAAATTTGACAGCTATTGCT
VFV TV FEVTDZPVIVEATILIKPASHTLINENLTATILIA

TCTATTAACAGTGGAAAAACTGAAGAAATAAATTTTCAAGTGGGCAATTGGAATCATCAATTATATCGTTTAGAGATTAAAGGATCAGGAGGAATCACTT
s 1 NS G K TEETINFQVGNWNHOQLYRULETILIKGSGSG I T

TTCGTGAAACAGCTACAGTAAAGCAGTCTTTTAAAATCTTTTCTATTTTCATTCAAACTGATAAAGGAATTTACACTCCAAGTCAAACAGTTTATTTTCG
FRETATVI KO QSFI K11 FSI1TFI1 QTDIKGI1YTW?PSOQTVYFR

TATAATTGTTACCAAACCATCGCTTCTTCCTCACAATCCGAATGGACTCGTGGTATACATAAATGATCCTGAAGCCAATAGAATTAAACAATGGACAAAT
I 1 v T KPSLLPHNPNSGLVVY Il NDPEANIRTIIKZ QWTN

GTTACATTTACTCATGGAATTTATTCTGGAAAATTTCAACTAGCCGATCAAGTTAACTTTGGCAAATGGAAAATTTCTGCTGATTTTCAGGGTCAAACGG
VTFTHGIYSGKTFOQLADTG QVYVNTFGKWEKTISADTFQGQT

AATCTGTCCACTTCACCGTAGAAGAATATGTTTTACCAAAATTTGAAGTAATTATTCAATTACCACCATTTGTCACATGGGATGATACAGATGTAACCGC
ESVHZFTVETEYVLPKZFEVII1QLUPPFVTWDUDTUDVTA

ATTTATAGAAGCAAGATATACGTATGGAAAACCTGTCAAAGGTCAGTTAACTCTTAAAGTGACAGTACCATTCTTTTGGTGGACCAGAGACAGTGAAAAG
FI1 EARYTYGKPV KGQLTLIKV TV PFFWWTRDSEK

AGGATAGCTGTATTTAACACTTCTATCGATGGAAAAGCTGAAGTGAAACTTAATATAGTCAGAGATTTACTTCTCAATCAAACGTACTCATTTACGCGAG
R I A°VF NT S1DGIKAEVI KULNIVRDIULILILNO QTYSFTHR

AAATAAAATTTCACGCAAAGGTAACCGAGGCTCTTACTGGAAAGCAAATGAATGCGACAAATGAATTGCAAATTCATCTTTCCAAATACAAATTGAATTT
E I K FHAKVTEALTSGIKA QMNATNIEWLIGQTIHTULSIKY KILNF

TTCTAATTTAAATAAATTCAAACCTGGTCTACCTTATACAGTATATCTTAATCTTGTTTTGCAAGATGGAACTCCATTCAGTGATAACGTTCACTTAATT
S NLNKFKWPGLUPYTVYLNLVLQDG GTU®PFSDNWVHTLI

ACTGTAAACTGTACTTTCCACAAAAAGGATATTTGGGATCGATTTTCAGTTTACGATCATTCAAAAAATGTAATGAATACAATGAATTTCTCAGTTCCAA
T VN CTFHI K KD I WD RZFSVYDHSIKNVMNTWMNFS VP

TAGATGGAAGAGTCAAAATTCAAATTCTTCCTCCAAAATCATCTAAGTCAATTACGTTTAAGGCAAAATTTTTGGATGTTTTTACTGTCAGCTTGGCAAG
I DG RV K 1T Q1 LPPKSSKSI1T TFKAKZFLDVZEFTVSLAR

AAGAGCTCCGATGCATCCCAATTCGGATAGATTTATTCAACTATTACCACCTTTAACAGTTCCTCAAATTGGTGAAAAAATAGAATTACTTCTCCAAAGC
R AAPMHWPNSIDRTEFIQLULUP®PLTVPQI GEI K11 ELLLQS

ACACATACTCTCGATGATCCTTTAATATTGCAGGTCATGGGTAGAGGGAAGATTTTGCTCACTAATAACACGGCTGGAAACAAAAGCAAAATACAAATCA
T HTULODUDWPLILQVMGRGI K 1T LLTNNTAGNIKSIK 1T QI

TCCGATTTACTGTAACGGAAGAAATGGCTCCTGCAGTTCATGTTATAATTTTCTCTCTGACTAACAATGGCTTAGTAATGGCTGATTCAATTCTGTTCGG
Il R F TVTEEMAPAVHV I I FSLTNNGLVMADT S 1 LFG

AGTTAAAGGATTGTTCAAAACACCAGTTTCTGTAAATGTGGTTCCAAAATCTGCAAAACCTGGAACAACAATGGAAGTGTCAGTGAAAACAAATCCCCAC
vV XL FKTWPVSVNVVPKSAKPGTTMEVSV KTNPH

GCTTTTGTAGCTTTGTCTGCTGTTGATCAAAGTGTTCTTTTATTAAACAAAGGAAACGACCTAAAAAGTAGTAGAGTGCTATCAAAATTAAGGAATATTG
AAFV AL SAVDA QSVLLILNIKS GNDILIKSS SRV L SKTLRN!II

AATCAAGCAACGCTCTGAAATTTTATGACGACCAGGAAGGTAAATTTTTAGATCCAATAACCACTTTGGAATTATTTAAGGATGCTGGACTACTGTTATT
E S SNALIKZFYDDAGQESGIK FLOD®PI TTWLELVFIKDA AGTULTILTILIL

GACTAATGGTTATCAAATGTATTCAACTCCGTTCTTTTGGAACCGTGAGAGGTTTCCAGAGAGAGAGATGCCAGTTATGCCAGGTAGGCCAGGTGTTCCA
T NGY QMY STWPZFFWNRERFPEREMPVMPGRZPGVFP

GCAATGGATAGTTTAGAAATTACAAGCCGTTTAAGTCCAGAAAATATGCCTTATGAACCACCATCTGCTCTACCCATGCCAAAAGAGCCACTGCATGTCA
A MDSLETI TS RLSPENMMPYEPZPSALZPMPIKTEWPTLHYV

GAAGTTATTTTCCCGAAACATTTTTATGGACAAATGAAACCGCCAGTAATAATGGTACAGTTCATATCAAAACGACAGTTCCTGATACAATTACTTCCTA
R S Y FPETZFLWTNETASNNGTVHI KTTVPDTITSY

TTATATTAATGCATTTGCGATGGATGATGTAAATGGAATAGGCCTAGCTGAACAACCTGCCAAGCTACAAATATTCCGTCCCTTCTTTGTCACTCTAAAC
Y Il NAFAMDUDVNSGI GLAEZGQPAKILOQI FRPFZFVTILN

CTTCCATATTCTGTTGTTCGTGGAGAAACTTTGGCTCTACAGGCTCTCGTCTTTAACTACATGACGGAGAATCTAATGGTGTGGTTGACTCTAGAAAACG
L PYSVVRGETLALAOQALVZFNYWMTENLMMVWLTTLEN

AGAACAATGAATTCGTTCTTATTAATTTAGAAAATGAAATGAATGTTGATGAAAACTCAAAATATATAGAAATCCAGGTGAAATCAGGCGAAGGAGCTTC
ENNEFVLINLENEMNVDENSIKY 11T EI1I QVKSGEG A S

Supplementary Fig. S2 (continued)
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AGAATTTCGTTGATGGTTCTGAAAGAATAGAGATTTCTGCAACAAGGGATATAATGGGAACCGCCATCAATAACATTGACCAACTTCTGAGAATGCCCTC
K NFVDGSERIEISATRTDIMGTATILINNIDO QLTULRMPS

>

TfGAIGIGGAGAGGAArATATﬂTTAAATTTTGTGCCAAACATTGTCATCATGGACTATTTCACTGCTACAAATCGATTAACTCCTCAGATTGAAGACAAA
G C G E QN M(L NF VPNT VI MDYFTATNZRILTZPOQ 1T EDK

Thiocester site

3001 |

GCCATTCGATTTATGGAATCGGGTTACCAGAGAGAATTGACTTACAAAAGAAAAGAAGGTTCCTTTAGTGCTTTTGGTGAAAACGATTCAAAAGGCkGTA
Al RFMESGY OQRELTYKRIKEG GSEFSAEFG GENDZSZKGIS
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CTTGGTTGACGGCATTTGTTGTGAAATCCTTCATTCAAGCGAAAAAGTACATATCGATAGATGAAAACGTCATTCGAGAATCTTTGATCTGGTTATCGCG
T WLTAFVVKSTFI1 QAKI KY 1S 1DENVIRESTLIWLSR

ACAAAAAAATGCAAACCATTTGTTTCCAGAAGTAGGAACGGTTTTGCATAAAGAAATGCAGGGTGGCTCTTCACACGGATTGGGTTTGACTGCTTACGTT
Q K NANHLUFPEV GTVLHIKEMQGS GSSHGTLGLTAYYV

TTATCGGCATTTTTAGAGAGCAAACTCAATGATGTTGATTCGAGTGATAGATTTCATCCACTGATAGATAATTCTATAAACATATTGGAAAACTATTTAG
L S AFLESIKLNDVDSSDRFHZPLIDNZSTITITNILENY'L

AAGAACTAAAAACAGATTATGATCTTGTTCTTGTGACTTACGTTCTTCATCTAGCCAACAGTAGTGTAAAGGATGTTGCATTCGAGAAAATGAATATGCG
EELKTDYDULVLVTYVLHLANSSVKDVAFEIZKMNMR
Catalytic histidine
TTCGAAGAAAGACGGAGACAAAATGTTCTGGACTATGTCGTCAACAAGTTCATCAGATGATAAATTAGATCCATTTTCGTACAAAAGCAAACCAAAATCA
S K KDGDIKMFWTMSSTSSSDDIKLDUPFSY K S KP K S

GTTGATATTGAAATGACATCGTACGCACTGATGACGTATTCATTAAGAAACATGATTGCTGAGGGTTTGCCTATCATGAGATGGCTTCTAAGCAAACAAA
v bl EMTSYALMTYSLIRNMIAESGLUPI MRWLIL S KQ

ATGCTAATGGTGGATTTCAATCGACTCAGGACACAGTTGTTGGCATCCAAGCTTTAGCACAAATTGCCAAAGAAATTTCTTTTAGTGATGACGATTTTCA
NANGGFQSTQDTVV GI QALAQI AKTETILI SF SDUDUDFH

TTTAGATGTAAAATTTTTTTATGAAGGAGGAGAAAAAATTATGAGTCTCACAAAAGATAATGATTTAGTTCTGTATATAGAACAAATACCAGGGAATGTT
L bV KFFYEGGGEI KTIMSLT KU DNDTULVLY 1T E- QI P GNYV

AGACAGATTGATATTCAAGCATCGGGTAGTGGATTTGGTATTTTTCAGGTGAGTTGGTCCTACAACGTTTTGACTCTTCAAGAAAATCCTCCCTTTGAAG
R QI Dbl Q ASGSGFOGIFQVSWSYNVLTTLAGQENZPZPTFE

TTGGGATTGAAATCAATAACGAAAACAATGAGCTGGCAGTGGAAGCTTGTGTCAATGCTTCTAGATATCTCTACGAATCACATGGGGAAACAAACATGGC
v 61 E1 NNENNELAVEACVNASRYULYESHGETNWMA

GGTCATGGAACTTGCTCTCCCATCTGGTTATGTGGCAGATAAAGAACATTTGCCACATGTTGATGCCAGAAAATTAATTAAACGAGTTGAAACTAAAGAC
VM ELALZPSGGYV ADI KEHTLPHVYVDARIKTILTIKRVETKD

GGAGACAGTGTTGTTGTGATTTATTTTGATAAGATTGGTGAACAGGTATGTGTAACTGCTATGGCTGAACGCAAAATCATGATTGCTGATGTGAAACCAG
G DbSVVVIYFDIKI GEQVCVTAMAERIKTIMIADVKP

CTTTGGTTCAAGTCTACGATTATTATAAACCAGAAAAACGTGGAGAAGCATTCTACAATCCACCAGCTCTTTCTAAGTGTGAGATTTGTCAAAATGAAGA
ALV QVYDYYKZPEI KRG GEAFYNZPPALSZ KTCETITCAOQNEE

ATGCAAACAGACATGTGATAGATAAAGAAATCCAAATAGGCTAAGAACTTCTATTTAGAATAAAAGTTTAATTAATAGAAAATAATTTTCATATCTCATA
c K QT CDR *

CCTAGGACGTTTAGACAAAGAAATGATTATCACACTGAAAATGTGAATTTATTAAATTAAATTTTAACAAACCATTAAATAACAGTACGT 4590
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ATAACCAATGGTTAAATTGTAAAAATTTAAATCGGCAAGATGGATAAAGTGATTTATTTTTTTCTTCTTTTTGCGTTTGCATCATCTGTAGAAAAGAACC
M D K V I Y F F L L F A F A S S V E K N

AACCATTTTACACCGTAACAGCTCCTAATACTATTCGAGCAAATACTCCCTATCAAGTGGTGGTGACTGTGGCCTATGTTAATAAACCTGTCAATGTTGT
QPFYTVTAPNTIRANTWPYQVVVTVAYVNIZ KUPVNVYV

AGTATCCTTAAATCCTGTACATGTTAATGTCACTGAGGATGAGGAACTGAGAGTTGTCGGTACACTTAATAATGGTGAAACGAAAACTTTAGAATTAAAA
vVSLNPVHVNVTEDETELRVYV GTLNNSGETIKTLETLK

ATTGGAAATTTGAACGTTCGTGCATATGAACTAATAGTACAAGGCAGTGGAGGAATCGATTTTAATCAAACAGAAAGTGTAAAAATTAATGAAAATCCAT
I G NLNVRAYELIVQGSGGIIDFNOQTESVK T NTENP

TTTCTGTTTTCATCCAAACCGATAAAGGAATTTACCAACCAGGTCAAATAGTACATTTCCGTGTGATTGCAACAAAACCTGTACTTCTTCCTTATAATCC
FSVF1QTDIKSGIYQPGQII VHFRVI AT KWPVLLUPYNFP

CGAAGACATTGAGATTTATGTAAATGATCCCAAATATAACAGAATTAAACAATGGAGAAATGTTACTTTTACTCATGGGGTTTACTCTGGTGAGTTTCAA
E DI E1 Y VNDZPIKYNRIKQWRNVTFTHGVY S G E FQ

&
CTTTCCGATCAAGTCAATTTTGGAGGCTGGATGATTAATGTGAATCATAAGGCGAATATCCTAAGAAGTACGTCTATCACAGTGGAAGAATATGTTTTGC
LS DQVNFGGWMINVNHIKANIULRSTSI TVETEYVL

CAAAATTTGAAGTGAATATTCATTTACCAAAGTTTATCATTTCGAATGATACTGATTTAACTGCCTTTGTGGATGCAAGATATACTTATGGGAAACCAGT
P KFEVNIHL®PKZ FI1 I SNDTUDULTAFVDARYTYGKPV

CAGAGGAAAACTAGTTTTAAATATAAGTGATTACTATTGTGATTGGCCGTGCTCTTACTGGAGTGTAAAACCTTTATCTCTCAACACATCGATCGACGGC
R G K LV LNIT SDYYCDWZPTCSYWSVKWPLSLNTS S 1 DG
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AAAGCTGAGTTGAATATAAATCTTAAGGACTTGGAGATACCCGAATGGTTCAGACACGGTAATCGAATAAAATTTTCAGCCACGGTCACAGATCAATTAA
K AAE LN T NLIKDULEII PEWFRHGNRIKFSATVTUDA QL

CTGGGCGACAAATGATTGGAATGAACGAACTGCGGATATTTTCTTCGAAATATAAGCTGAATTTTGAAACCCCTCCACGATTTAAGCCTGGATTAACCTT
T G6GRQMI1 GMNETLRIFSSKYKLNFETZPPRTFIKWPGTLTF

TACAACCTACCTTATCGTTCGTTTACAAGATGACACTCCGGTGGTGGATGATGAAGTTAATAAAGTAAAAGTGACGTATTCATTTGCTCACCATGGCAAA
T TY LI VRLQDUDTWPVVDDEVNIKVKV TY SFAWHHSGK

GTGCACGAAATGGATTTACCCATCTCTAAAAATGGCAAAATAAAAATAGAATTCGTTCCCCCTGAATCAGCTTCAATGATTTCATTGGAAGCGCATTATA
VHEMDTULUZPISKNG GI K1 K1 EFVPPESASMISLEAIHY

AGGATGTTAATTCATACTCAAGAATAGATAAATCCTATTCACTCAGCAATAAATACATACAAATTGTATCAAATGTAGAAAAACCCAAGATAGGTGATGA
K bVvNSY SRI1DIKSY SLSNIKY T Q11 VSNV EIKU®PI K1 G DE

&
AGTAGAATTTTTCATCTCAAGCACAAGACCCCTTGAAGATTTCTTAACAGTCGAAGTTATCGGCAGAGGCAAAATTCTCTACACTCATAATATTCCAGCA
VEFF 1 S STWRWPLEDU FLTVEVI1IGRGI KT LY THNIPA

AACGGACAAAAATTAGAAACCTTCAAATTAAAATTAACAAAGGAAATGGCTCCAGAAATTAGAGTAATAGTTCATTATGTTACTTCTTGTGGTGAGGTTA
NG Q KL ETZFIKILIKILTIKEMAPETIRV I VHYVTSUCGEV

TAGCAGAAGGTCTTAATTTGGGTGTAGAAGGCGTTTTTAAGACACTGGTGGAATTAAACGTGGATCCAAAATCTGCAAAACCAGGAGCACCGATGGAAGT
Il AEGLNLGVEGVFIKTLVETLNVDZPIKSAKUPGAPMEV

ATCAGTCAAGACAAACCCCAATGCTTTTGTTGGTTTATCAGCTGTCGATCAAAGTGTTCTCCTACTAAGGAAAGGAAACGATTTAACAACGGGAGAATTG
S VX T NP NAFVGL SAVDA QSVLLLRIKSGNDILTTGE'L

TTATCTGATCTAAGAAAATATGAAATAGGAAGTCAGTATCAATTTTACTATGGACAACGCACTCCACTGGCTTACTGTCTACCTCCTCGACCTCTATGGG
L s DLRIKYEIGSQYQFYYGQRT®PLAYT CLUZPPRUPLW

4
CTGCCACTACGTCCGAAATGTTTGAGACTTCTGGATTGTTATTATTCACAAATGGATTACTTATTCCACAAAGACAATCGTCTTACGGTTATTCTCCTCA
AAATTSEMZFETSSGLULLZFTNSGLLIPQRIQSSYGY S PH

TCAATCTTACGGAATGGAATACGATAGTTCCCTAGCTGCGCCAGAACGCGTGGGCGTTGCTCAAACTTCGTATGAACCTGCAATGCGAGTCCGGAGCTAT
Q SYGM™MEYDSSLAAPERVYVGVAQTSYEZPAMRVRSY

TTTCCAGAAACTTTCCTTTGGACAAACGCTAGTACCAATGATGATGGCTCCTTGATTATCAAGGCTACTGTGCCTGATACAATCACTTCTTATTTCATTA
FPETZ FLWTNASTNDUDSGS STULTI I KATV®PDTITSYFI

&
ATGCTTTTGCAGTTGATGATAAAACAGGAATTGGCCTTTCCGATCAGCCTGCTAAGCTACAAATATTCCGCCCTTTTTTTGTCACACTGAATCTTCCGTA
NAFAVDDI KTSGI GLSDQPAKILOQIFRPFZFVTLNLPY

CTCGGTCATCAGAGGAGAAACTTTGGGTCTGCAGGCTCTGGTCTTTAATTATATGACTGAAGATATAGAAGCAGTAGTTACTCTTGATAATGAACAGCAA
s VI RGETLSGLQALVFNYWMTETDTIHIEAVVY TLUDNEDQNRQ

GAATTCACTATTATCGATAAGGAAAACGAAATAACTGATGGCTCTGCAACAGTGAATGAAATATCAAAAACTGTAAAGGTAGCATCTGGTGATGGTGTTT
EFTI1T1DIKENEITDSGSATVNEILISKTVIKVASGT DGV

CGGTCTTATTTTATGTTAAACCTAAAAAATTAGGATATTTGAATGTCAAAGTTACGGCCAGATCAAAAACAGCGGGTGATGCAATTCTAAAAAAGCTTCT
S VvL.LFYVKZPI K KTILGYLNVIKVTARSI KTAGDA AIULIKTIKILIL

CGTAAAAGCGGAAGGAAAGACAGTGTATGAAACTCGAGGTGTTGTCGCTGATCTGCGGAAATTCACACAAATTGGAGAGGAAATTCATCTCAATTTCCCT
V XA EGKTVYETRGVV ADILRIKEFTOQI GEETIHLNTFP

TCGGATACAGTTGAAGATTCTGAACGAATTGAAGTTTCTGCAATAAGTGACATTATGGGGACAACTATAAACAATCTCCACAATCTTTTGAGAATGCCAG
s bTVvVEDSERIEVSAISDI MGTTINNLMHNILILRWMEP
»

GTGGATGTGGAGAACAAAATTT?TTACGGTTCGTTCCAAATATTGTCATCACGGATTATCTCACCAACACCAATCAATTAACTCCTGCCCTAAAGGAGAA
Gl ¢ 6 E QIN L{fL R F V P N I V I T D Y L T N T N QO L T P A L K E K

Thiocester site

GGCCATACGTTATATGGAAACCGGTTTTCAAGGACAACTTATATATAGGAGATATGACGATTCATTCAGTGGTTTCGGTAACCGAGATTCCAGTGGCAGT
A Il R YMETGEFOQGOQL I YRRYDUDSEFSGEFGNUZRUDS S G]S

ACATGGTTGACAGCATTTGTAGTAAAATCTTTCGTTCAGGCGGACAAATATATAACGATCGATCACACAATAATTCGTTCGGCTCTAAATTGGTTAGCCA
T wWULTAFVVKSFVQADI KY 1 TI1DHTI1IIRSALNWTL A

AAACTCAGTCACCAAACGGTTCATTTAGTGAAATTGGAAACGTATTTTATAAATCAATGCAGGGAGGATCCTCTCAAGATCTAGGGTTGACAGCCTATGT
K T QS PNGSFSEI GNVFYKSMOQGSGSSQDULGLTAYV

TTTATCAGCGTTTTTGGAAAGCAAGAGAAATGGTTTTAATGAAGACCAATATCTGATAGAAAACGTAATAAATACAACTGTGAGTGTGTTAGAAAGAGAT
L SAFLESIKRNGFNEDO QYULIENVINTTVSVLERTD

TTGGAGAGCATAGAATCAGACTATGATCTTGTATTCGTAACCTACGTTCTTCATTTGGCAGACAGTCCCAAGAAAGATCAGGCTTTTAACTTAATGAATG
L ESI1ESDYDLVZFVTYVLHLADS SU®PIKI KD QAFNLMN

GACGTTCGAAGACAGTTGGAGATACAAAGTATTGGACTGTACCATTACCAGAAGTTAACGAGACATATTCATATGCTTATTACTACAAACCCAGATCGGT
G RSKTVGDT KYWTVZPLUPEVNETYSYAYYY KPR SV

TGATGTTGAAATAACAGCTTATGCTTTACTGACTTATTCTTTGAGAAATATGGTCGCCGAAGGATTACCAATCATGCGATGGCTTCTAAGTAAGCGAAAC
bv EI TAYALULTYSLRNMVAETGL®PI MRWILILS KRN

GCTTATGGTGGATTCGAATCAACCCAGGACACAGTAGTTGGTATCCAAGCCTTAGCTGAATTTACAAAACATCTGTATTATAGTGATTCCAATGTACAAG
A Y GG FESTOQDTVV GI1I QALAETZFTI KHTLYY SDSNUVAQQ

CGGTATTTAGTTACGATGGAGGAGCCAATGCAATGATTCTTACAAATGAAAATGCTTTAGTTCTGCACAAAGAAAAAATTCCAAGTAAAGTTCGAGATAT
AV FSYDGGANAMILTNENALVLHIKTEZKTI1IPS KV RD.I

TGAAGTTTCGGCATCAGGAAAAGGCATCGCTGTTCTACAGGTTAGTTGGTCTTATAATGTTCTGCACACTGAGGAGCATCCTGCTTTTGAGATTACATTA
EVSASGIKSGI AVLQVSWSYNVLHTETEHPATFETINITIL

Supplementary Fig. S2 (continued)
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CAATTCGACCCTTTTACGTTTGGAATAGTAGTAGGCGCATGCACCAAATATATATACGAAGATGGAGGTCAAAGTAACATGGCTATCATGGAATTTGGTT
Q FDPZFTFGIVVGACTH KY11YEDG GSGQSNMMAIMEFG

TTCCTTCCGGTTACCTCGTAGACAAAGAACGTCTGCCTCAATTGGTCAATTCAATCAAACGTGTCGAGACTAAAAATGCAGACACTGTTCTTGTAATATA
FPSGYLVDI KERLPQLVNJS1TKRVETI KNADTVLV LY

TTTCGATAATATCGGAAATGAACAGGTTTGCGTTAAAATTGAAGGTTATCACAATATTGACGTTAAAGATTTAAAACCTGCTATGGTTCAAGTGTATGAT
FDNIGNE~ QVTCVIKI1EGYHNIDVI KHDLIKWPAMYVYVOQV YD

TATTACGAACCAGAAAAACGAGTAGAAATTTTTTACGATCTTCCGACTAAGGTTATATGTGAAACTTGCGTAACAGAGGAATGCATGCTTGCATGTTCCA
Y Y EPEKRVEI FYDLWPTJ KWV I CETT CVTETETCMTLATCS

TGAATTCCTAAAATATAGTTTTCTAGCCTTTTTTAAAAGACAGTTTGGATATTGAAATGGTTTGTTTAGTGAAGAAACGTTAAATCTTAGATGAATAAAA
M N S *

AATGTTAGTATCATTCGATAAAGAAATAAAAAATATATGTTTACAAAAAAAAAAAAAAAAAAAAAAAAAAAA 4472
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AGGAAGCCAACAGGTGAGTGAGCGCACAAATATGATCCTGGTACCGATGTTGAAGCTCTTTTCTAATTAAACCATATTTATACGGATGTAATTATTTATT
TCCATAGTCCAGAAACAATGACTTTTAACTACAGAATATTTATTGGATTAATTTTTTTTGTATTTATTTTTCAAAATGTTCTTGCAATTGGACATTATAT
M TFNYWRI1 F1 GL I FFVFI1FQNVLAIOGHYWM

GATAGTGGCTCCTAAAATTTTACGCCCGGCTTTAAATTATCATGTTAGTGTTTCTGTCCACAATGTAACACAACCTGTACGTATAGACATCACAATAGGA
I vVAPKILRPALNYHVSVSVHNVTOQ®PVRI1TDITIG

GGTATATCCGATTCTGGAGTTCTTGTATCTTTACCACAACAAGTGTTTCTAGAATCAGAAAAAAGTCAAGTTGTCAATTTTCAGATTGGCATGTGGGGAA
G 1 s DbsSsSGVLVSLPQQV FLESEIKSQVVNEFQI GMWG

TGGGAAAATATTCTATGAAAGCTATAGGTTCTGGAGGATTACAGTTTGCCAATGAAACAGATTTGTCATACGAACTTAAAAGTTACTTAGTTTTCATTCA
MGG KYSMIKAIGSGGLQFANETUDULSYELIKSYLVF1QQ

AACAGATAAAGCAATTTATAAACCTGGACAACCTGTTCGTATACGAGTTATTGTTGTCAGTCCATCATTAAGGCCTGCAGGTACTGAACCTCTTGACATG
T DbDKAIY KPGQPVRIRV I VVSPSLIRPAGTEUZPTLTDM

TACATTACTGATGGACAAGGAAATAGAATTAAACAGTGGAAACGAGCCTTTACTTCAAGAGGAGTTTTCAATGCAGAAATGCAATTGTCAAATGAACCTG
Yy 1 T bDGQ GNIRI1T KQWIKWRAFT SRS GVFNAEMM~OQLSNEP

TTTTGGGTGACTGGAATATTACAGTATTAATACAGGATCAAGTTTACAAAAAAAGCTTCACTGTTGCTGAATATGTTTTACCCTCTTTTGAAGTTCGAGT
v L GGDWNITVLI1I QDO QVYKIKSFTVAEYVLZPSFEVRYV

TGATTTACCACCATTTGTAACATTTAACGCTTCTGATATGGTAGCTACTGTTCGTGCCAAATACACTTATGGTAAACCTGTCAAAGGAAAGGTAGTATTA
bLPPFVTFNASDMYVATVRAKYTYSGKUPVKGI KV VL

ATGGTTACACCTCTTGTTCGTTCTCCAAAAATCAGAACATATTACACAGATCCACTTAGAAGAACTGCAGAGATAGATGGAAAAGTGGATATTCATTTTA
MV TPLVRSPIKIRTYYTUDWPLRRTAETI1LIDGI KVD I HF

ATCTTTTTTCTGATCTTAACCTAAAAGACGATTATCATCGCATGATCAGATTTGAAGCTATCGTTACTGAAGCAGTAACTGAACGCCGGGAAAATGCAAC
NLFSDLNLI KD DYHRMIRFEAIVTEAVTERRENAT

AAATACTATGGGAATTTTTAAATATAAACATAAAGTTGAACTCGTTAAATTATCTGAAACTTTTAAACCAGGATTAAAATTTTCAGTGATATTCAAAGTT
N T M G 1 F KY KHKV ELVI KLSETUFIKW®PGLI KT FSV I F KV

GCAACCCAAGATGATATTCCTGTAATGGATGAAATTAATCCATTGATCATAAGATATGGTTATACATATGAAGAATCTATATATGATCGTCTTGAATTGA
AT QDIDI PV MDETILINPLII®IRYGY TYETES ST YDRILTE'IL

AAATACCTAAAAATGGAACTGTTCCTTTGGATTTATATCCACCTTTTGCAGATAATGTTAATCAGATTATTATAATTGCAGAATATAAAGATGTAAAACA
K 1 P KNGTV?PLDLY®PPFADNVNOQTII1T 11 AEYKUDVKNQQ

GCAATTTCCTCCAATACGTCGAGCTGAATCTCCAAGCAATACATATATTCAAGCTGTATTAACTACTCTTCAACCAAAAGCTAATGAAGAAGTAATTATT
Q FPPIRRAESPSNTY 11T QAVLTTULAGQPIKANETEWVII

ACAGTAAATTCAACTGTACGTTTAAATACATTCAATGTTGTAGTAATGGGGAGAGGTGATATTGTTTTTGCTGAAACTGTTAATGCAGGAGGTGAGAGGT
T VNSTVRLNTZFNVVVMGRSGDTI VFAETVNASGGER

CAATTAAGGTGAAATTTTTTATTACAAGAGCAATGGCTCCCAATATTCGCTTTATTGTTTATTACACGGATTTATCTGGAGAAGTAGTAGCGGACGGTAT
s 1 KV KFFI1 TR AMAPNIRFIVYYTHDULSSGEVV ADG!I

AAGTTTTGAAGTTGAAGGAGTCTTCCAGAATTATGTAAATATTGAATCTAATTCAAAAGATGTGAAACCAAAAGACACTGTTAATTTGCAAATAAGCACT
S FEVEGVFQNYVNIESNSI KDV KWPKDTVNLZ QI ST

AATCCAAACTCATTTGTTGGTTTACTTGGAATTGATCAAAGTGTGTTGATTTTAAAAACTGGAAATGATATTTCACAGCAAGAGATTTTATATCAGTTGG
NPNSTFVGLLGIDG GQSVTLTILZEKTGNTDTISQQETITLYQL

ATGAATTTGATCCTGGAAAACAACCATATAGCAAAGAAGATTTATATTATAACTCTGTTTGGTTTCCAGGTTCTGCTACTGCCAGTGAAGTTTTCAAGGA
bEFDWPGIKA QPYSKEDLYYNSVWF&PGSATASTEVF KE

AGCTGGATTTATTACCCTTAGCAATGCCATGATTTATTCAATTTTTCCTTATCTGATGTATCGATCATTTGCTGAAACTGTTGATCAGACTTCTGATATA
AGF I T LSNAMIYSI1FPYLMYWRSZFAETVDAU QTSDI

TCTCTATTAAATGTGGATGAAAGTATTAATGCAAACCTTAGAATGCATTTTCCTGAAACTTGGCTATGGGAAAATTTAACAGCAGGACCTGATGGCAAAG
s L LNVDESINANLIRMHFPETWLWENLTAGZPTDG K

CTGTCATCACTAGAGAAGTTCCTGATACAATAACTTCTTGGATGATAACTGCTTTTTCAGTTGATATGATTACAGGCTTGGCTGTGACTGAATCGCCAAC
AV I TREVPDTITSWMITAFSVDMITS GLAVTESUPT

CAAAATTACTGTTTTTCGTCCCTTTTTTGTGTCTATGAATCTTCCATATTCTGTAATAAGAGGAGAAGCTATTGCTGTTCAAGCCATTGTTTTCAATTAT
K 1 T VFRPFFVSMNLWPYSVIRGEAIAVQAILI VFNY
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ATGAAACAAACCGTTTCTGTTACTGTTACTTTAGAAAATACCCATCAGTTTGATTTTGTAACAGTTGAAGATGAAATCAATGAAGTTTTCAATGCAAATT
MK QTVSV TVTLENTHOQFDFVTVEDTETINEVFNAN

TAAAATCAAAGAGAATTGCTGTAAAATCAGGTGAACCAGAATCGGTTTACTTTATGATCATTCCGAAAGAATTAGGATTTATTGATATCAAAATTACAGC
L KSKRIAVKSGEPESVYFMII1TPKELGTZFTI1T DI K 1T TA

TGAAACAGAAAGAGCTGGAGATGCAATGCTTAAAAAGTTGCTCGTAAAGCCTGAAGGCATACAACAAAAATTTAATAAGGCCTTCTTAGTAGATCTGCAA
ETERAGDAMLIKI KLILVK®PEG GI QQ K FNKAFULVDTLDQ

ACACCATCAGTGTTTAATGCATATGTCAATGTTGATATACCAAAGCATGTTGTTTCTGGTTCAGAAAAAATTGAAATTTCAGCTATAGCGGATGTAATGG
T PSVFNAYVNVYVDIPIKHVV S GSEZ KTI1TETILISAI ADUVM

GACCAACCATAAATAATTTTGATGATTTATTACAAATGCCTTTT TATGATGCGATTTGTTCCAAATATAGTGGTTTTGGAGTA
G P TI1TNNZFDDTULULOGQMPF Tgffgffgfféfféffﬁ M MRFV PNIVV L EY
Thioester site
CTTAAGTAATACAGAACAGTTAACAGATTCATTACGATCAAAGGCTATTCTTAATATGGAAACTGGTTATCAGCGAGAACTAGTTTATAAACGTGACGAT
L S NTEQL TDSLRSKAIULNMMETS GYQRETULUVYKIRDTD

GGATCATTTAGTGCATTTGGAAGTCGTGATGAAAATGGAAGCACTTGGTTGACTGCATTTGTTGTTAAATCATTTGGTCAAGCTTTGCCATATATCACTA
G SFSAFGSWRDENGSTWLTAFVVKSZFGOQALUZPY 1T

TTGACGAAAAAGTAATTGAAAATTCACTTAAATGGCTAGCATTACAACAAGCAGAAAATGGGTCATTCCCAGAAGTTGGCAGCATTAATAATAAAGAAAT
I DE KV I ENSLIKWLALIQQAENSGSZFZPEVGS 1T NNIKEI

ACAGGGTGGATCAAGTGATGGTATTGCTTTAACTGCTTATGTATTACTAGCTTTTTTCCAAAACAAGGGTGAAACTTCTCATGGACCTGTTGTGATGAAA
Q G666 S sSDGI ALTAYVLLAFFQNIKGETSHGPV VMK

GCATTACAGCTACTAGAAAAGGAACTTGAAGCACTAACTGACTTATATTCTATTGTTATTACTACTTATGCATTACATGTAGCAAGTAGCAATTTTAAAG
A LQLLEIKELEALTHDLYS 1TV I1ITTYALHVASSNTEK

AAGTAGCATATCAAAAATTGCAAGCAGCTGCTACTGTTAAAGGTGATTTAAGATACTGGCAGAAACCAGAACCAACTGCAGCTGGTGAAATTGAAGTGAA
EVAYQKLQAAATVIKS GDILRYWOQI KPEPTAAGETIEVK

ATCTGTGGATGTGGAAATGACTTCTTACGCTCTCATGACATACATTCTTCAAAATGATTTATCAGAAGCAATGCAAATTTTGAAGTGGTTGATAAGTGAA
s Vv>DbDVEMTSYALMTY 1T LQNDILSEAMOQTI LI KWLI SE

CGTAATTCAAATGGTGGCTTTAAATCAACACAGGACACAATGATTGCAATTCAGGCATTGGCAAAACTAGCTCAGCGTATAAGTGATCCTCAAGTGAAAA
R NS NGGTFZKSTOQDTMIATILIOQALAZKTLAG QRTISTDTPI QVK

TCACAGTAACTTTTACTTATTCAGGACAACAGAAAACATTTTCTCTTAATAGGGAAAATGCCATGATTTTACAGACAGATGAGATTCCAGCTGTAGAAAA
I T VvV TFTYSGQQKTFSLNRENAMILAOQTUDETILIPAVE K

GAATGTTAATATTTCAGCCACAGGGTATGGATTTGGAATTGTACAGGTTTCTTATCAGTATAACATCATGGTTTCAAAAGAATTCCCAGCTTTTCAAGTA
NV NITSATSGYGFGI VQV SYQYNIMYVSKETFPATFAQV

AACCCTTTGGTTGACCGCTCTTCAACAAAAAATCGTTTGCAACTGAATGTTTGTGCAGCCTATGGAGAAAAGAATGGTGTAAGTAACATGGCTGTTATGG
NP LVDIRSSTI KNRLIQLNVCAAYG GEI KNG GVSNMMAVWVM

AAGTTACACTGCCATCAGGTTACGTTATTGACAGAGATTCTCTCCCAGCTTTACATCGTGTAGATGAAGTAAAAAGAGTAGATGTCAAAGATATGGACAC
EVTLU®PSGYVIDRDSLPALHRVYVYVDEVIKWRVDVKT DWMMTDT

TGGCATTATTATTTACTTTGATAAGTTGGATAATAAACTAGTGTGCCCAACAATAAAAGCATATCGGACATTCAGAGTTGCAAAGCAACGCCAAACAGCT
G 11 1Y FDIKULUDNIKTLVCPTI KAYRTVFRVAIKU QRIQT A

GTTTATTTATATGACTATTATGATCAAGGCAAAGCAGCTCGATATTTTTACCAAACACCACAAGCTAGTTTATGTGACATTTGTGAAGGTGAAGAATGCA
vVYyLYDYYDQGIKAARY FYQTWPAOQASTLTCDI1ICEGTETETC

ACAGTTCAAAATGCAGGAAAGAAATAGAAATATCAAAAGAAAGTAACAGTAACAATGGTTGTTCAAAAGCAAGCATGCAAATCTGGACTTTATTAACAAA
NS S K CRIKEILE 1L S KESNSNNGT CSKASMOQ I W T L L TK

AATGATATTAATTTATTATTATTGCCATTAAATTGTCTTCAAGTTTTATAACTGCACAATATTACTTAATCATGAAAAAAAAATTCAGTCGTGTATATGG
M1 L 1Y Y Y CH *

ATTTATTATTTAAACTCAGGTTTATTAAGGAAAACTCTGTGCTGCTCTTTCCATTTCTTTGAAACAATTTATTTAATATGCATCAGTAAGAAAATGGCTA
TTAAATACTTGATTATTTTTTATTTACCATTTTATTTATTTAATAATAAATTTACCATTTTGTTATTTAACAACTAAAGATCAAAATATTAGGAACTAAT
T 4701
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GTTTTTTTTTTTTGATTAGAATTGACCCGCATTAACTGGCCATTCTTAACCGAGTGGTTACCTAGGCAACAGGATGTAGATGGTGTACAAATCAATTTCC

CCCCTCGGCAAATTTTGTCGTCATTAGTTCTTGGATTCTGGTTACAAAAGTGACCTCAGAAAACCGAGTTGCAGTTGAAATTCATTGACGTCACGGCTAT

TTAAATAGTCTTTTTCTGCCCTGTCGGTGCATTCGGGCTTGAGAAGTGACCCTCACTCGCTCATCTAACAACCGGCAGATGTGGCTAAGGATTCTCTCCA

TCAACAACGACCGAAGGAAAACATAAACATATCATCGCTCACATTTCATTTATTGATTCTTTTCAAAATATACTTTTAAGAATGGATAAAATCATAATCT
M D K 1 1 1

TTTCATTTATTTTGGGGAGCTTATATGCTGTGCAAGGTTTAGATCCATTATATACTGTTACTGCTCCGAAAACACTTCGTGCAAATTCACCTTACCATGT
FSFI1LGSLYAVQGLD®PLYTVTAPIKTILRANSUPYHYV

GGTGATCACAGTTCATCAAGCTCCAGAACCAGTCAATGTAGAAATTTCTTTAAAACCAACAGAAAATGTGACAGAAGAATTAAAAGAGAAAGATGTTATT
v 1 T VHQAPEPVNYVETILSLIKZPTENVTTETETILIKTEIKTDVI

AGTAATGGAGAAACAAAAAAGTTACAACTAAATGTTGGTGATTGGAATTATCCATCGTACCGTTTGAATGTACAAGGAAGTGGAGGAATTGTATTTAATA
S NGET K KULQLNVGDWNY®PSYRLNVQGSSGSGT1T V FN

AAACGGAAACAGTGAATTTCAATTCAAAGTCTTATTCAGTTTTTATTCAAACTGATAAAGCAATATATCAACCAGGGCAAATAGTACATTTTCGTGTGAT
K T ETVNZFNSIKSY SV FI1T QTDI KAIYOQPGQI1I VHFRVI

AGTGACCAATTCAACATTGCAACCAATAAGTCCTGAAACTGTTATTTACGTATCAGATTCTCAAGGCAATAGAATTAAGCAATGGATGAATGTTACTTTT
vV T NSTLOQ®PI1I SPETUVIYVSDSQGNR RIKAQWMNVTF
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GATAGAGGAGTATATTCTGGAGATCTTCAACTTTCTGATCAAGTTATACTCGGTGATTGGAGGATTTCAGTAGATACTCAAAAAGTACTTCAGACTAAAT
DR GVY SGDLQL SDOQVILGDWRI SVDTA QI KVLQTHK

ATTTTACAATCGCTGAATATGTTCTGCCGACATTTGAAGTGATCATTCATTTACCTACATTTGTCACATTTAATGAATCAGATGTAGTTGCTACTGTAGA
Y F T 1 AEYVLPTFEV I I HLPTZFVTFNESUDVVATVE

AGCCAAATATACATATGGTAAACCTGTTAAAGGAGAAGTAACACTTAATGTTACAGATTATTATTGCCAGTGGCCATGTATCAGCAGCGCAGTTAAACCA
A K Y TY GKPV KGEVTLNVTIDYYCOQWZPTCI S S AVKP

TTTGCTTTAAAATCATCTATTGATGGAAAGGCTGATATGAAACTTAATTTAGTCAAAGAGTTAAATCTTCCTGATTGGTATCGCTACGGATCTAAGCGTT
FALKJSSI1DGIKADMIEKTLNLVIKELNLZPDWYRYG S KR

TTACATTCATTGCAACAGTAACAGAAGCGCTGACAAAACGTCAACAAAATGGCACTAATGATTTAAATCTTTATTCTGATAAATACAAATTAAATTTTGA
FTFI ATV TEALTIKRQQNGTNUDTILNLYSDIKYKTULNTFD

TACCCCAGATTCTTTTAAACCTGGTCTTCTGTTCACAACTTATCTGAATGTTTTGTTACAAGATGGCACACCTATTATTGATGATGTGAATAATGTTACT
T PDSFKWPGLLFTTYULNVLLOQDSGTH®PI1 1 DDVNNWVT

ATAAATTATTTTTATTCTTGGAATGAGGCTTCTCAAACTTTGAAATTTCCTGTTCCAAAAGATGGGAAAATTAAGTTAGAATTAGTTCCTCCTGAATCTG
I NY FYSWNEASOQTLI KZF®PVPKDG G K11 KLELVPPE S

CAGAAATTATTCGGTTATCGGCATCTTTTATTGAAGCTTCTTCATATTCCACTGTTAATAGAGCTCAGTCTCTTAGTGAAAGATTTCTCCAGTTAAGCTT
AEIT I' RLSASTFI EASSYSTVNR RAQSLSERT FLZOQLSL

AATAACAGAGAATCCAAAAATTGGAGATGAAGTCGAATTACTGGTGAATGCCACAAAAAATCTGGAAGATCCATTGATCTTGGAGATTATTGGTAGAGGA
I T ENPIK 11T GDEV ELLVNATI KNILETDU®PLTILETITI1TGRSG

AAAATTCTTCATACGGAAAATATTCCTGGCAGTAAAACAAATCATCAGAAGATCAGTTTTAAATTATTGCCTGAAATGGCTCCAAAAATAAGAGTAATTG
K 1L HTENIPGS S KTNHOQIKTII SFKULLZPEMMAPIKTI RV I

TTTATTATACAACTCCGTGCGGTGAAGTTGTTGCTGATGCTATTGATTTTGGAGTAGAAGGAATTTTTAAAACTCCAGTTAAAGTGAACGTGAATCCTAA
vyyTTWPCGEVV ADAIDZFSGVESGI FKTWPVKVNVNPN

TTCTACAAAGCCAGGTTCAGAAATAGATGTTTCAGTACAAACTAATCCCAATGCATTTATTGGCTTATCTGCAATTGACCAAAGTGTGCTTTTGCTGAAA
S T KPGSEI DVSVQTNZPNAFI GLSAIDA GQSVLTLILK

AAAGGAAATGATATAACTACTAAAGAGGTCTTAACAGATTTGCAGAACTATGAAATTGGTGACAGATCTCCTTTTCAATTTGATGATTATGTTAGTCCTA
K 6 ND1I1 TTIKEVLTIDULOQNYEI GDRSUPFQFDUDYVSUP

GACATTATTCATTGCGCCCTTGGAGACCTCGTTCTTCTTCTACTTTGGAACTCTTCACGAATGTTGGATTGATATTCTTAACTAATGGACTTCTTGCAAG
R HY SLRPWRWPRSSSTLELZFTNVSGLI1FLTNSGTLTILAR

ATATCCTTATTCTGGTTACGGAGGCTTTGCTGGAGGAGCAGGTGGAATTTCATTACGACCTGCACAAGCCTTTGCCACTACAGCATTAGGATCACCACCG
Yy PY S GY G GFAGGAGGI SLRPAQAFATTALTGSU®PFP

CCACCAGCAAGGCGTCCTCCCAACTCAGGATTAGTAGAACCTTCTCGAGTCAGAACCTATTTCCCTGAAACATTCCTTTGGATAAACACCACATCCAATG
P PARRPPNSSGLVEPSRVRTYFPETIFLWINTTSN

AGGAAGGTATATTCAATATTAAAACTGCAGCACCTGATACTATTACCTCTTATTTCATTAATGCATTTGCAATTGATAATGAAAATGGTTTAGGCTTATC
EEGIFNI1KTAAPDTI1ITSYFI1I NAFAILIDNENGTLGTL S

TGATCAACCAGCTAAGTTGCAAATATTTCGTCCATTTTTTGTAACCATGAATTTACCATATTCTGTTGTTCGAGGAGAAACATTATCTCTCCAAGCATTA
bQPAKLOQII FRPFFVTMNLWPYSVVRGETTULSTLZGQAIL

GTATTCAATTACATGAAAGAAGACTTAGAAGCAGAAGTAACTCTTTCTATTGAAGATGGAAGTTTTACTTTTGTTGATTTGGAGAATGAAATAAATGATG
VFNYMKEDILEAEVTLSI1TEDG GSZ FTZFVDLENETLINTD

ATGCTAATGCTAAACAGAACTTTATAACGAAAACTGTTAAGGTAAAATCAGGAGATGGTACATCAGTGTATTTTTATATTGTGCCTAAAAAGTTGGGTCA
DANAKO QNZFI1TKTVKVKSGDSGTSVYFY 1V PKIKTILGH

CTTAGATCTCAAAATGACAGCCAAAACAAATGTTGCTGCTGATGCACTTATCCGAAAACTGCTTGTTAAGGCCGAAGGCATGCCAGTATATGTAAATAAA
L bDLKMTAKTNVAADALIRIKTILLVKAEGMPVYVNHK

GCATCGGTAGCTGATTTGCGTGAACAATCACAGTTTAATGAGAAGGTGAAGATTGAATTTCCTGAAGATTATGTCAAGGACTCTGAAAATATTGAAATTT
A SV ADLWREZQSQFNEI KV K1 EFWPEDYV KD SENTIE/I

CTGCAATAAGTGACATAATGGGAACCACTGTCAGCAATATTGATAAGCTTTTAAAAATGCCGTAT
S Al S DI M GTTVSNI1TDIKTILILIKWMPY

GEATETEEACAAEAAAACATGTTAAATTTTGTACC
(e ccE ofNMLNEFVP
Thiocester site
AAATATTGCCATAACAGATTATCTCAATGAAACAAATAAACTCACCCCAGAAATTAAAGAAAAAACTATACGATTTATGGAATCTGGATATCAACGACAA
N1T A1 T DY LNETNIKTULTWPETI KEIKTIRIFMESGY Q R Q

CTCACATACAAAAGAACTAATAACTCTTTTAGTGCGTTTGGAAATTCTGATAAAGTTGGAAGTACATGGTTGACATCATTTGTAGTTAAATCATTTATCC
L TYKRTNNSZFSAFGNSUDI KVSGSTWLTSUFVVKSFI

AAGCAAAAAAATATATTACAATTGATGAAAATGTGATCCACTCATCTCTAATGTGGTTATCTCATCAACAATTTCCAAATGGTTCATTTCCTGAAGTAGG
Q AKKY 1 T1DENVIHSSLWMWLSHOQQF®PNGSTFUZPEVG

AACTGTCTTTCACAAAGCAATGCAGGGAGGATCTTCTCAAGGATTAGGTTTAACTGCTTATGTTTTATCAGCATTTCTGGAAAGCAAAATGAGTGGTCTT
T VFHKAMOQGSGS SQGLGLTAYVLSAFULIESIKWMSGIL
Catalytic histidine

GATTCAAGTAAAGAACTGGTTGATTCTGTAATTAGTAGTAGCATAGAAATACTAGAGAAAGATTTGGATTCTATTGAGTCAGACTACGACCTTGTATTTG

bs s KELVDSVI SSSI1T EI LEKDULD ST ESDYDULVF

TGACATATGTTCTTCATTTAGCAAATAGCTCTAGCAAAGATGTTGCTTTTCAGAAAATGAATGAACGTTCAAAAACTGTTGGAGATACTAAATTTTGGAC
v T Y VL HLANSSS S KDVAFIQKMMNZERSIKTVGDTIKFWT

AATGCCATTGCCAGAAATCAATCAATCAGATCCATATGCTTATTACAACAGACCAAGATCAGTTGATGTTGAAATGACATCATATGCATTATTGACTTAC
M P LPETINOQSDUPYAYYNRWPRSVDVEMTSYALILTY
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TCATTAAGAAACATGATAGCTGAAGGGTTACCAATTATGAGATGGCTTTTAACCAAAAGAAATTCTAATGGAGGATTTGAATCAACCCAAGATACAGTAG
S LRNMI AEGLZPI MRWLILTI KR RNSNGS GT FESTAOQDTV

TTGGTATTCAAGCTTTAGCACATTATGCAAAAAAAATCTCTGCAGGTGACGGGTCAAATATGAAGGTTAAGTTTTCTTACAAAGATGGTGAAAAAGAATT
v 61 Q AL AHYAKZ KI SAGDSGSNMKYVIKFSY KD GEKEL

GGAACTTACTAAGGAAAATGCTTTAATTTTGCACAGAGAACAAATTCCTGGGAGCACTCGAGAAATTGATATCTCTGCAACAGGAAAAGGCTTAGGCATA
E LT KENALILHRE~ QI P GSTRETIDISATG G KTGTLG I

CTTCAGGTCAGTTGGTCATACAATATTTTAACTGTTCAAGAACGTCCAGCTTTTGAAATTTTAACAGATGTTACTAATGAAAATAATGAGATGACAGTGA
L QVvVsSwSsSyNI11LTVQERWPAFEIILTDVTNENNEWMMTV

AAGCTTGTACAAAATATGTTTATGAAGATGAAAATGAAAGTAACATGGCAGTCATGGAAATAGGTTTACCTTCTGGCTATGTAGCGGACAAAGAACATTT
K AACTIKY VY EDENESNMMAVMETI GLPSGY V ADIKEHL

GCCATCAATTGACGAATCAAAATCAATTAAACGAGTTGAGACAAAGGATGGTGATAGTGTCATTGTAATATACTTTGATAAGATTGGAGAAAAAGTTTGT
P sS 1 DZESIKSI1 KRV ET KDGDSV1VI1YFDIKTIGEKVC

GCAGATGCCAAGGCATATCGTAACAACAAAGTAGCTGATTTAAAACCAGCTTTAATTGAAGTTTATGATTATTATGACCTAAAAAAACGTGGAGAAAAAT
A DAKAYRNNIKVADILIKPALI EVYDYYDULIKIKRGE K

TCTACACTCCTCCATTGGTTACAGTTTGTGATCTTTGTGAGACAGATGAATGCAAACAGAAATGCAAAAAATAATTGAATAATAGTTTTTATAAAAAATT
FYTWPW®PLVTVCDLT CETH DTETCIKI QKT CK K *

TTAGACTTATTTTAAATGTTTTGTGAATATTATTATTGTAAAAATGAATTTATTGTATAA 4760

Supplementary Fig. S2 (continued)
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MRSSPLWLULASLAFTSLSSUPADG GAAMIKVMMA

CCAACTTGTTGCGGGTCGGAACCCCGGAGAAAATCTTTGTGGAATGCCAAGACTGCACAGGCGCGGAAATCCCCGTCGAAATCAAAGTCATGAACCATCC
P NLLRVGT®PEIKI FVECQDT CTG GAETI PV EILl KV MNHP

GACCAAAACTGAAACGCTGAAGAGCACACGTGTGAGGCTGAACAGTGGGAATCATTTCCAGGCGCTGGGGGAGCTCACGGTTCCCACCGCCAGCTTCAGC
T K TETULIKSTRVRLNSGNHFOQALGELTVPTASFS

d
AGGGACCCGAGTGCCAAGGAGTACGTTTACCTGGAGGCTCACTTTCCGGACCGTGTGCTGGAGAAGGTGGTGATGGTGTCCTTCCAGGCTGGCTACATCT
RDPSAZKTETYVYTLEAHTFPDT RVYLETKVYVMVYVSTFOQATGEG.Y.I
TTATTCAAACT GACAAGCCOCTAT ACACACRGGACAGCAAAGTTCAATACAGGCTTTTTGCAGTGACACCTGACATGGAGCCCGTCGAGCGAGACAACTC
F1 Q T DbKWPULYTWPDSIKVQYRLFAVTWPSGMEUZPVERDNS

&
ATCCAAAGCCGGCGCCTCTGTTGCCATCGAGATCGTGACTCCTGAGAACATCGTTTTAACACAAGATCCAGTCTCGATGATCGGCATTCACTCTGGAGAC
S K AGASVAIEILVTPENIVLTOQDWPVSMIGI HSGTD

TACACACTCGGTGACGTTGTCAGTTTTGGCGTGTGGAAGATTGTGGCAAAGTTCCAGAGCAACCCACAGCTGAGCTTCTCAGCAGAGTTTGAGGTCAAAG
Yy T L 66bV}VSFGVWIKTI1TVAKI FIQSNWPIQLSFSAETFE VK

AGTATGTGTTGCCCAGTTTTGAGGTGAAACTGACGCCTTCGAACCCCTTCTTCTACGTGGACAGTCCATCGCTCGCCGTTGACATCAGAGCAACGTACCT
EYvL?PSFEVKLT®PSNZPFFYVDSPSLAVDIRATYHL

GTTTGGTGAAGACGTGAGCGGGGTGGCCTACGTTGTGTTTGGGGTCTCGAAGGAAGACCGGAAGTATGGCCTTCCTGCCTCCCTTCAGAGAGTATCCATT
F GEDVSGVAYVVFGVSKEDRIKYGL®PASTLZGQRVS I

GGTGGAGGCACTGGACAAGCCACACTGACGAGAGAGCAGATTACACAGACCTTCAGAAATGTGGAGGAACTGGTGGGGGGTTCTATTTTTGTGACCGTCA
G 6 G66TGQATLTREOQITQTFRNVETELVGGS I FV TV

GCGTGCTTACTGACAACGGTGGAGAAATGGTCGAGGCCGAGTTCAGAAACATCCAGATAGTCAAGTCACCGTACGCAATCAACTTCAAGAAGACCCCCAA
s VvLTDNGGEMYVEAEZFRNIQI VKSPYAINZFZKIKTPK

ATTTTTCAAACCTGGAATGTCTTTCGATATTGCGGTTGAGGTGGAGAATCCAGATAAATCTCCCGCACGCGGCGTCAAGGTGGTGGTCAATCCTGGCAAT
FFKUPOGMSZFDIIAVEVENPDIKSPARGVIKVVVNUPGN

GTGGAGGGTTACACCGCCGCCAATGGCCTGGCAATGCTCACCATCAACTCTGATGCCGGGTCCAGAGAACTCGCCATCAATGCAAGGACCGACGACTCTC
VEGYTAANGLAMLTTINSDAGSURETLAINARTDD S

TTCTTACGCGAGAGAGGCAAGCTACAGAAAGAATGGTAGCTTATCCATATAAAACCACAGGCAACAATTACATCCATATAAGTGCGGATACAACAGAGCT
L LTRER QATERMYVAY®PYKTT GNNY1HTI1I SADTTE'L

GGAGAAAGGGGAAAACTTCAAAATCAACCTGAACATCCAGCGAGCGATGACAGGAAAGATGGACATCACCTACCTAATCATGAGCAGAGGTCAGCTGGTG
E K GENZFKINLNIQRAMTSGIKMDI TY LI MSRGQLV

AAAAGTGGCCGTCACACTTTAACAAACCAAGTGCTGGTTTCCCTTATCATCCCCATTACCAAAGAGATGCTACCGTCATTCCGAGTTGTGGCCTTTTACC
K S G6GRHTLTNOQQVLVSLII1I1PI1TKEMLPSFRVVATFY

ACACAAACGACAACAAAGTGGTGTCAGACTCGATTTGGGTGGATGTCAAGGATTCCTGCATGGGCACGCTGAGGCTGGAACCAGTGAGACCCGCTCCGTC
H TNDNIKVVSDSI1IWVDVKDSTCMSGTULRILEPVRPATPS

ATTTGAGCCCCGCAGGATGTTCGGTCTGAGGGTCACCGGAGACCCAGGAGCCACAGTAGGACTGGCAGCTGTTGACAAAGGCATCTTCGTCCTAAACAAC
FEPRRMFGLRVYVTS GDU®PSGATVSGLAAVDI KTGTIFVLNN
€--——-——-——=—=————-
AAGCACCGCCTCACTCAGAAAAAGATTTGGGACATTGTTGAGAAGTACGACACGGGCTGCACACCAGGTGGAGGGAAAGACAGTATGAGTGTCTTCTTTG
K HRLTOQKK 11 WDIVEIKYDTG G CTU®PSGS GG GI KD SMS V FF

ACGCAGGGCTGCTGTTTGAATCCGACACAGCCTCTGGGACTGCCTACCGACAAGAATCCAAATGTCCTACTGTGGAAAGGAGGAAACGAGCCACAAGTAG
bDAGLLUFESDTASG GTAYRAOQESIKT CPTVERR RIE KT RATSR
f-a cleabage site

AATGGATGTCATCACCAGCTTAGCGAGCGAATACGATGGTACACCTGTGAAAGAG
M DV ITSLASEYDGTU®PVKE[ccVEGGMIKTILILZPV S Y S c

P ANA domain
GAGGTCCGCAGCGAGTACATTGTGGACGACGCCCCTTGTGCCGCCGCCTTCCTGCACTGTTGCAAAGCAATGGAGACCGAGCGAGTGGAGAGACAGGAGG

[E VR SEY 1T VDDAPCAAATFTLUHTCTCI|KAMETTETRVYVETRDA QE

ACAACCTTCAACTGGCCCGGAGCGAGGAAGACGACAGTTACATTGACAGTGATGAGATTACCTCCCGATCCAATTTCCCCGAAAGTTGGCTGTGGCTGGA
bDNLQLARSEEDUDSY 11 DSDEITSRSNZFPESWLWTLD

CCAAGTCTTGCCCACCTGCCCTCAAAACACACCCAACTGTCGTTCAACGTCCTTCGAGAAAACCGTTCCCTTGCAAGATTCTATCACAACCTGGCAGTTT
QVvVLPTCPQNTWPNT CRSTS S FEIKTVPLQDS S 1T TTWAOQF

ATCGGCATCAGTCTGTCCAAAACCTATGGAATCTGCGTAGCTGAGCCATTAGAAGTGATTGTCCGCAAGGAATTTTTCATAGATCTGAGGCTGCCCTACT
I 61 s L SKTYGI11CVAEPLEVIVRIKETFZFI1DLRILUPY

CTGCTGTCAAAGGAGAACAGATAGAAGTAAAGGCCATCCTTCACAACTACAGCCCTGATATTATCACCGTGCGAGTGGAGCTGCTTGAGGAAGAAGATAT
S AV X 6GEQIl EVKAILHNYSPDI 1 TVRVEILILTETETETD.I

&
TTGCAGTTCAGCCTCAAAGCGGGGAAGGTACCGACAAGAGGTGGAAGTTGGAGAACATTCAACGCGAGCTGTACCCTTCGTTATTATTCCCATGAAGGAA
C S SASKRGRYWRQEVEVGEHSTRAVPFUV I I PMKE

GGACAGTTTAGCATCCACGTCAAAGCTGCAGTTCGAGACTCGTCGCTCAGGGATGGAATTGAGAAGAAGCTGCGAGTGGTGCCTGCAGGAGTGTTAGTCA
G QF SI HVKAAVRDSSLRDGI EI K KLRVVPAGV LYV

AGACACCAGTAGTTGTAACTCTGGACCCAATTAAAAAAGGCCAAGACGGAGTCCAAACTGAAACCATCAACAGTGCGATCCCCAAGACAGACGTCGCTCC
K T PV VYV TLUDWPIKIKGQDG GV QTETTIHINSAIPIKTUDVAP

Supplementary Fig. S3
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AAACACACCAACAAGCACACAGATCTCTATAACAGGGAAAGAAAATCTGGCGGGATTAAGCAGTGGTAACAACGCAGAGTACGCGGGGGGAACACTCATT
NT P TS TOQ1T1T S 1 TGKENLAGLSSGNNAEYAGGTTL I
»

Ld
TACCAGCCATCTACATG TCCACATGACCTTGCCCGTGATAGCGGCCACCTATTTGGACAAAACCAAGCAGTGGGAGGCTGTCG]
Y Q P SILG C G E QIJN M| HM T L PV I AATY L DI KTIKAQWE AV
Thioester site <

<
GCTTCCAGAAGCGTAACGAAGCCATCAAACACATACAGACTGGTCTAAATAATCAGCAAGCCTACGCCAAAAAAGACGGATCATTTGCTGTATGGCCC
G FQKRNEAIKHI QTS GLNNIQQQAYAKIKDUDGSFAVWP

ATATCAAAGGAGCACATGGCTAACAGCGTACGTTGCCAAGGTTTTCTCGATGGCCAACAGTCTGGTCGCCGTGCCGGGAGGGCAGATTTGCAACGCCATC
Y Q sfs Tw.wiLvTAYVAKVFSMANSILVAVPGSGQIT CNA/I

AAGTATCTGATTCTCACATCACAAAAACCTGACGGCAGGTTTGAAGAACGCGGGAGGATGTACCACACGGAGATGATTGGTGACGTGACTGGTATCGATG
Ky L 1 L TSQ KPDGRVFEERS GRMYW®H®BTIEMI GDVTGI1I D
Catalytic histidine
CAGATGTCTCCATGACAGCCTTCTGTGTCATCGCCATGCAGGAGTCAGGTCCACTATGCACAGCGTCTCTGACGAGTCTGCCAGGAAGTATTGCCAAAGC
A DV SMTAFTCVI AMQESGPLT CTASTLTSULUZPGS ST AKA

GGTTGGTTTTCTTGAACAGCGATTGCCACAAGTTGGCAACCCTTACGCCGCCGCCATAGCGTCCTATGCCCTGGCCAATGAGAACAGATTCAACCGCAAC
vV G F LEQRLWPQVGNPYAAAIASYALANENRTEFNR RN

ATCCTCTACAAGCACGTCCACCAAGGGTTGGACCACTGGCCATCGCCTCGTGGACGGGTTATTACCCTGGAGACCACAGCTTACGCTCTTCTGGCGCTGG
Il LY KHVHQGLIDHWPSPRG GRVYV I TLETTAYA ATLTLAIL

TCAGAGCCCAGTTATTTGAAGACGCCAGACCTGTTGTCAAGTGGTTGGGCAGGCAGCAGAAAGTGGGCGGAGGCTACGGCTCGACTCAGGCCACCATCAT
VRAQLFEDARZPVYV KWILGRQQKVGGGGY G STOQATIM

GGTTTACCAGGCGGTGGCAGAGTACTGGACCCACGCCCAAAAACCAGAATATAATCTGGACGTGAACCTCGGGCTTCCCGGGAGGTCAAACCCAATCAGG
VYQAVAEYWTHAQKWPEYNLUDVNLTGLUPGRSNZPTIR

ATCAATTTCAACAGGAACAACCACTACACCACTAGAACATCCAAGTTTAATGACATCAACCAGGACATCCAAGTGACGGCGAGGGGAAGAGGAGAGGCCA
I NF NRNNMHY TTRTSKZFNDINOQDIQVTARGRGE A

CACTGACTCTGGTGTCGCTGTATTACGCTCTGCCCAAAGAAAAGGAGAGTGACTGCGACAAGTTCAACGTGTCAGTGAAACTGACTGAAGAGCAGTCGCA
T LTULVSLYYALUPIKEI KESDTCDI KU FNVSV KLTETEU QS Q

AGGCGACGACTTGACATACAAGCTGACAATCAAAGTCTTGTTCAAGAGTCGCGATCGTGATGCAACAATGTCAATTCTGGACATCGGCTTGTTGACCGGC
G bDULlLTYIKLTI1KVLFKSRDRIDATMSI1TLDI GLLTG

TTTACGGTTGACACAAAAGACCTGGACCTGTTGTCCACAGGACGTGCCCGCCTTATTTCAAAGTACGAGATGAACAAAGCGCTGTCAGAAAAAGGCTCCC
F T VDT KDULUDULWLSTSGRARTLI SKYEMNIKALSEIKG S

TCATCATTTACCTGGACAAGGTCTCTCACACTCGTCCTGAGGAAATCTCATTCAGGATCCACCAGAAGTTGAAAGTCGGCGTCTTGCAACCAGCTGCCGT
L 11y L DKV SHTRW®PEEI SFRI HOQKILIKVGV LQPAAYV

GTCCGTCTATGAATATTACGAAGAAACACCCTGCGTGAAGTTCTACCACCCAGAGAGGAGAGATGGACAGTTCCTGCAGCTCTGCAGAAACAATGAGTGC
S VvVyYEYYEETW®PCVI KV FYHPERIRDSGI QFULIOQULT CRNNTESFTC

ACATGTGCTGAAGAGAACTGCAGCATGCAAAAGAAGGGCAAGATTGACAATAGTCTGCGCACAGAGAAGTCTTGTGAGACCACGCCCACCAACAAGATCG
T[c AEENGCSMOQIKIKTGI KTIDNSTLRTETZKSTC CETT®PTNIK!/I
C345C domain
ATTACATATACAAAGTGAAAGTGGAGAGTGTCACAAGCGAATTGATCACGGACGTTTACTCGATGAAGATTGAGACCGTCATCAAGGAAGGGACCACTGA
[DY T YKV KV ESVTSETLTITDVYSWMMEKTIETVTIKETGTTTQ

CGTGGCTCCGCTTGGAAAGGTGCGCTCCTACCTGAGTTACAAACAATGCAAAGAGGCGTTGGGACTGCAGACTGGCAGATCTTACCTCCTCATGGGGACG
[ VAP L GKVRSYLSYKQcKEALGLUOQTG GRS SYTILTLMGT

TCCAAAGACATACATAAAAATGGAGCAAAGTACGAGTACGTGATTGGCGAGAAGACCTGGGTGGAGTACTGGCCCACTCCAGAGGAGTGTCAGACTAGCG
[S KDT1T HKNGAKYTEYVIGEZ KTWVEYWPTUPETETCQTS

CTTTCAGGGAGGTCTGCGTCGGCATCAGCGAGATGGAGCAGCAGTACTTGTACTTTGGATGTCCGCAGAAGTGAACAGCCGCAGTGTTCTGAGGAAAGTT
[AMF REV cVGISEWMEZGQQYTLYFGTcPQK]J*

TCACAGTAGAAAATGCACAATGTTCTCAGATGTTTGTATCCAGTTTTCCAAAAGATGTGCGTGTCTTATAAGTAAAAACAATGGTGCTAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAA 5118
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TAGTTAATTATGCTAAATTCAAAGTATGTTAGCTTAACATTGCTACTCAACTTTCTGCTACTTATTAGTCCAAATGTTTTTCCACCTAGACGTTATCCTC
M L N S K Y V 8§ L T L L L N F L L L I S P NV FPPRIRYP

AAAGTTTGTTAAAAGTATACCGACCAATTAATGTTTATCCAGGCCAGAAAAATTTTTATTATGGATTTTCAAAAAATATTAATTGTGAAAGTGGAAGTGG
Q s LLKVYRZPINVYPGQKNZFYYGFSKNINTZ CESGSG

AATTAAAAGTGAAATTAAAATTACAAATGGAATAGATAATTTTCCACTTATTTTTCCAACTGATATTGAAGAAACACCAAAAAATAGAAAATTAATCGAT
I K § E1 K1 TNGIDNF®PLIFPTDI EET®PIKNRIKTLTIID

&
AAATTTGAAGTGCAACCCATAAAAGTTGGTAATTTCTGTTTTATTGCATTTGAAAAAATTTTGCCTGATGGTTTTGATTCATATTCCATAAATTTGATTC
K FEV QP11 KV GNZFTCFI1I AFEIKITLUPDSGTFDSY S 1T NTILI

AAGATAAGAAAGAATTTAGTTTTGGAAATCGAATTTTTACTAAAAATATAAAACCTTTCACATTGTTACAACTTAACAAGCCAATTTTCAGGCCTGGAGA
Q DK KEF S FGNRI1IFTI KNIKWPFTIULILAOQLNIKUPI FRPGE

AAATCTTAAAATTTGGCTCAAAGTATTTTATCCTAAAGAAATGGAATTTTTGATAAGGAACAAAAATACAAAAAAATCAAGCATGAATAAAGTGAAAGTG
N L K I WLIKVFY®PIKEMETFLIRNIKNTIKIKSSMNIK V KV

AATATTTTAGATTCTAAAGTGCGCAAAGTTGACTTTTTTGAATCTGACATGAATAATGACATGTTTGTTGAGCACAAAATCAATAGAGAAAGTTTCTTAG
NT1T L DSKVRKVDFFESIDMNNDMFVEHI KTI1ITNRESFL
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&
GACAATGGAAAATTGTAGTTTTTCTCAATGGTGTAGTGATCGAAACAAAACGTTTCAAAGTGGATCAATATCTCATGCCCACTTTGGAAGTATCTTTGAA
G QWwWIK 11T VYV FLNGVVI1ETI KRFKVDOQYLWMZPTTULEUVSLK

AAAGATTGCAGAAAAAAATATGACTGTAACGTATGAAATGTGTGCAGAAGATAACGAAAATAGGCCAATCATTGGAATAGCAAAAACTAAATTTTGTATA
K 1A EKNWMTVTYEMCAETDNENRPI I GI AKTIKFTCI

AGAAGAAGATCGATGAGTTGCAATGATAAAATATTTAAATTTCAAAATGAAAAATGCATGAAAAAAGATTTTGAAATAAATTCGAACGATTTGGACATTT
R R RSMSCNUDI KI1I1FKZFQNZEI KT CMIKI KUDT FETINSNDTLD'I

ACAGTCACTTTTTACAAGTTGATTTCATAGAAAGTGTGACTGGAATAAAACAGAGAAGAAAAGCATATTCAAATAGTGGATTTTTTGGAGATTTTGTAGT
Y S HFLQVDZFI1 ESVTSGI KQRRIKAYSNSGTFUZFGDF VYV

GAAAAAATATCAATACACATCAAACGATAAAAGTGGTGAGAGATTAAAAATTGATTTAATAACTAAATTTGCCGAAGCACCAATTTTGAGGTTAGACTTG
K K'Y QY TSNUDIKSGERULI K1 DLITIKFAEAPILRILTIDIL

AAAGAAGATTTAACTATCAAATTTAAGATAAAATCAGCAAATTACGAATTTGAAAAAAAAATCTTAAAAGGAAAAAGCGAATTGAAAATTCCTATTTCTG
K EDLTI1T KFK 1T KSANYZETFEI K KTI1TLIKSGIKSETLI KT P 1 S

AAAATTCTTTCAAAGTAATAGGAAAAAATAAATTTGATGAAATCGTATTTAATGAATATTTCAAATGCGATTGGGACAAGTTGAATTATAAATTAGAAAA
ENSFKVI1GKNI K FDEIVFNEYFIKT CDWDI KTILNYKTILEK

&
AATTGGAGGCGAATGTTCAAATGTATTCAAATTCAAACAGT TTGGAAGAAAGAAAAATATCAAAGTAATGTTGAGTTACAAGAAATATGCAATACTCGAT
Il 6 6 ECSNVFIKZFIKIOQFGRI KI KNIKVMLSYKZ KYATILlTLTD

GAAGATGAAAGTAATTTCGAAGAAAAATGCATCAATGAAGATTGTTTCAAAATTTTCGAAGATGAAATTCAGCTGGAAAACACTTTCATATTCGACAACA
EDESNZFEEIKTCINEDT CFIKI1I®TFEDETI QLENTFI1T F DN

AATTTTATGGAATCAATAGTCAAGCTTATGATAAAAGTTTTGAAGTAATTTATGACGATAAATGTTTGACAAAATATCAATTGGATTCTTCTGAATCTAA
K FY GGlI1I NS QAYDI K SZFEV 1LY DD KT CLTI KYQLDSSE S K

AGGAATAACTTTTAGTGAAAATAATGTTAAGCCTGGCCAAAGTATTGATTTGAAAATGGAACTTTCGAAAAAGCCAGATTATTGCTTGATTGCTTCGTAT
G 1 T FSENNVIKWPGOQS I DL KMETULSI K KWPDYT CLTIASY

GATAAGAATTTAGTGAATTTAGTCAAAAAAGAACAAATTGCAATTTATTTGAAAACAATCAAAGATTCATTGAAGAATTATCTGATTGGCAATTTAGGAA
DK NLVNLVIKI KEH= QI AIYULIKTI1I KD SULIKNYILT1GNILSG

TGAGTTTGATGAAAGATCTAGATTTCTTATATGAAACAGTATTAAGATCAAATCAAGCTATATATATGAAAAAAGATAATTCAGTTAAGGTTAGAAAACA
M s LMIKDULDU FLYETVLRS SN QAIYMIKZ KUDNS SV KV R KH

TTTTCCGGAAAGTTGGATATTTGAAAAGTATTCTGAGTTTCCAATTAAAATCAAAGCTCCTGATTCCATAACAAAATATCAAACAACCGGAATTTGCTTT
F PE s wlFEIKYSEZF®PIKI KAPDSITIKYQTTSGI1I CF

CAAAAAATGATTTGGGTTTCTCCGACAGACACTTCTTTAACAATTTCTCAAGATTTTTATTCATACTTGAATCTTCCTAAATATTTGATTGGTTCTGAAG
QKM I WV SPTODTSLTISQDZFY SYLNLUPIKYLT1T G S E

—
TAGCTTTAATCACAGCAACACACTACTTGAACAAAACAATGATTGGTAATGGAAAAAATTATGTGAAATTCGATTTAGAAGTGAATAAAGATGTTACAGA
VAL I T ATHYLNIKTMIGNG G KNYVKZFDULEVNI KDV TE

GGTACAAAACAATAAGGAATTCAGCTTTTGCACTAACAAAAACGATTTAAACATACACAGTGCTATTTTCTTAGAATACGCTAAGGAATTTGGAACATTA
V Q NNKEFSFCTNIKNDILNIHSAIFLEYAKETFGTL

AAAATGAGACTTAATTCTCAAATCTTTATTGATTCTGTGAAATGTGGCGGCTCGAAATCGGATGAAAAAGCTAATATTTTATATGATATTGTTGAAAAGA
K M R LNSQT1T F I DSV KT CSG GG GSIKSDEIKANILYDTIVEK

AAATTGAAGTTTTTCCATCAGGCGAGAAGACAGAAATTGTTAAAAGTGGTCTTATTTGTACTAATCAATTAAATCAAGTTATTGATTTGCCCATTGATCA
K 1 EVFPSGEIKTEIVIKSGLI1TCTNO OQQLNOQV I DLUPTI1IDAQ

AATTGTTCCAAAAAGTTTAAAAATGAGTGTCACTTTAGCCACTGATGGAACTCAAATGATTTCTGAAAACTTGAAAAACATGATAAGACAGCCTAGTGGA

I v P K SLKMSVTLA J b G TQMTI S ENLIKNMMIRIOQP S IEI

Thicester

>
ngfgéﬁéﬁféﬁrACATTGCGCTTGTAATTCCTTCAATTTCTGCTTTATCTTATTTGCAAAATGCAAACATTGTGATGGAGGAGGAAAAAAAAGAAAAGT
N ILA L VI P S 1 S AL S Y LOQOQNANIVMEEEKKEK
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4
2901 [ AAATGCTITCAACTTGGCTCACAGCTCACGTGCTTGAAACTTTCAATGAAGCATCGAAATACTTTAAAAAAGATGAAAACTTTGATTATGCAATTTTGAAA

3001

3101

3201

3301

3401

3501

3601

N A|]S TWULTAHVLETTFNEASIKYFKIKDENTFDYATITILSK

AGTAGTTTCAGATTTCTTAAAAAGGTTCTTGGTGGCAAACAATGTGTGAAAGAGAATGGACGAGTTTTGCACAGAGATATAATTTCGAATGACGAGTATG
S S FRFLIKIKVLGSGI K~ QCVKENSGRVLWHERIDI I SNDEY
Catalytic histidine
CTCGCTATGAACACTTAAATTTAATTGGCAAAATAATCACAGCTTTGAGCAGTTTGAATAAAAACAAAAATGCTCATCCTCATTTTGAGTATAACAAAAA
A RY EHULNWLI G K 1 I TALSSLNI KNI KNAHUPHTFETYNIKK

AGCAATTAAGCAAACTTTAGAGAATGTCCTCACTTGTGTAACTGAAAATTACAAAAAAGAATTTTCGAAAGAAAATATTCAAATGATGCCAGCTGTTTTG
Al K QTLENVLTT CVTENY K KEFSKENIQMMPAWVL

TTGGCTAGATGGAATTACGCTTTGAATTCACTTTCTGATCGAGACAAATCGATATTTAATCAAATTGAATTTGAAAATAAGTTAAAATCGATTGTGAAAG
L ARWNYALNSLSUDWRUDI KSITFNO QI EFENZKTILIKS 1 VK

AAATAACTTCGAATATAGCTGATGAAAAAGGAATGCAAAATGCAGAAAAAGTTGAAGTTATTTCTTTGTATTTAATGACTATTGATGATAAAGAAGTTGA
E I T S NIT ADE K GMOQNAEIKVEV I SLYLMTI1DDIKE VE

ATTGCAACTTATTTCTTGGTTGTTAAGTCAACAAAATAGCAGAGGAGGATATTATTCGTCGTGGGACACTTCGTTAGCTGTACGAGCTTTAGCTGCTAAA
L QL Isw.wL~LSQQNSRGGYYSSWDTSULAVRALAASIK

ACAGTTAATCCAATCGAACAAAGCAAATCAGTGACATTCAGCATGGATGGGGTACAGAAAAAAATGCAAATCGAGCCGAATAGCAAGACAATATTGATTG
TV NZPI EQ S K SV TFSMDG GV QK KWMOQII EPNSI KT 1T LI
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AAAATAAATTTATGAAAGAGAAAAAATCATTCGTTATCAAATGGACAACTGATTTGAAAGAAAGTAAAAATGAATGTTTAGTTGGTCGAGTGGCGGCTAT
ENKFMIKEIZ K KSFV I KWTTHWDULIKESI KNETCLVGRVAAII

TTTTTACTCAGAGAAAAGCAATAAAAAAGAAAAGGAATATTTCAAAATAAATCACAAAATTATTGAAAATGAAAAATTGAAAATGTTTAAATTGAATATC
FYSEIKSNIKIKEI KTEYFKI I NWHIKTIT 1 ENZEIKTILIKMFI KL NI

GATGTGGAACCAATCGATAGTAAAGCAAGATCTGGAATGTTATTGGTTGAAGTGAGCATTCCAAGTGGATTTAAAGTGGTTTATAATAATTTGGATAAAT
bv EPI1 DS SKARSGMLLVEVSITPSGFIKVVYNNTLTDK

TGATTGGAAAAGGAGTTGAAAGGCCAACAAGATATGAAAAGTATTTCACTGCAACTCGAATTCAATTATACTTTTGGGGATTCGGTAGTGTGAACAGGAC
L 1 G K GV ERZPTRYEIKYFTATRI QLYFWGZFG GSVNR RT

AAGATCTTTCCAACTTGAATTTGTGCAACAAGTCAAAGTTAAAGATGCAGCATTGGGAGTGATCCACGTGGAAGATTATTATTCGTCAGAGAAAAATGCA
RS FQLEFVQQV KV KDAALSGVY 1 HVEUDYYSSEIKNA

GCATCCTACTATGAAGTTCCTTTTGTGAATGAAAATAAGGAAGTTAATGCGCAAATAGTGGAAATATTGAATAATTTGAATGACAAAGCAATCGATAATT
A SYYEVPFVNENIKEVNAOQI VETI1lLNNLNIDI KA ATILIDN

TAGATGAACATTTGAACAAATTTTCGGAAGAAATTTGTGAACAAAAATTGAAGGAAGAAGTGAAAGTGGTGATTTTGAAAGATGAAAAGCAAATTGGATT
L bDEHLNIKE FSETEICEAOQI KL KETEVKVVI1ILKDTEZKZ QTIGIL

AAAATTAAGTGAAAATGATAAAATTGAAGTTGTCAAGATGCCTGCAGTGAAAAAAATGTCTAAAAAAATCATTTTTGTTGCAAATAATGGCAAAAATCAA
K L S ENDJIKTIEVVKMPAYV K KMSIKI KT I FVANNGIKNQ

TTTTATCCCATTGAAAATGAATTAGTAATGAAAAATTACTTAGAGACTTTCATGAAAAAGTCCAAAAGATGCATTGCTCTTTCGAAACTTTTTAAAAATG
F Yy P11 ENELVMIKNYILETFMIKIZ KSIKRT CIALSIKILFKN

TCATGTACTTATTGATTTGATTCATATTTT 4630
vV MY L L I *
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GAAATGAAAATTCTTTTATGTCTTCTGCTTGTTACAAGCATATGGGCAAAGCGTGCACCCATCATCATAGGTTAACAAGATACTGAAGTGTATCTTCCCC
AAACATTTATTCAAGGAATCGAACAACAAACCTACATTACACATAATACGAAAAATGGAAAAATTCCAACTTCTGTGACAATGGAACTTTATTATCAAAA
M E L Y Y Q N

TAAATTAGCTTGCAGAGTAGTACAAGAAATGAGACCATCGATGAGAAATAATCAAATTTATGAAGCTTTAATCAAACACGGCTTTTCAAGGCCATGGATT
K LACRVVQEMRPSMRNNOQIYEALIKWHGTFSRPWI

&
CAAGATAATCAATATCTCAATTTGAGAATCAAAGTATCTGGAAGAATGATATTTTATTCTAAAAAAGTAG TGCATGCTGAAAGAAGAATGATGAGCTATA
Q DNQYLNULWRIKVSGRMIFYSKIKVVHAEIRIRMMSY

TTGGACACCATAATAACATCATTTACACAAAATCGATGAATATTAAAATGAGAAAGTTGAGCAAATTAACCTTTTTCGAGTTGGACAAAAAATATTACAG
I GHHNNIIIYTIKSMNIKMRIKILSIKLTUFZFETLDIKIKY YR

ACCTGGAGAAAGCATTAAAGTTTGGATTAAACAAGTTGACCATTCTCAGTTGGTTGATTTGAAAAAAATGACTAAAAATAGTTGCTTTGGTGGAAAAGGT
P G E S 1 KV W1 KQVDHSOQLVDLIKI KMTIKNST CTFG GG GKG

GCTTCAAATATGAAATTGCCTGAATTAACATTGAACATTGAGTATCCTAATGGAATGAAATTTGAAAAGAAGAAAATTGGCAACACAAATCAAGATTTGT
AAS NMKULWPETLTILNIEYPNG GMMIKTFEIKIKI KTIGNTNU QDL

TCAAATTTGAAATTCCTAGTGAAACTTTGATGGGAAAATGGAAGGCTTATTTGGAATATGGAAAAGAAAAAAGTTATAAATATTTCGAGGTAAAATATTT
FKFEIPSETLMGI KW KAYULEYGKEIKSY KY FEVKYF

&
CACTGTTCCTCGTTACAGTGTTACACAAAAATTGATTCCTTTGTCAATGAATGAGGTGAGTGTGGAAGCTTGTGCCAAGATGAGTAATGCAAGACAATTC
T VPRYSVTOQKTULIPLSMNEVSVEACAKMMSNARIZGQF

AAAGGAACAGTGGAAATCAAATCCTGCATAAATTCCCGAAGATGTGTTACAAAGAATATTTCTTTTTCCACAACTAAATGTGTCACAGCTAAAATACATT
K 6 TV EI1l KSCI NSRRCVTIKNISFSTTI KT CVTAZKIH

TTAAAAACACATATTTCAGCAAATGGGGAGTAAACTTTAGTGCTGAATTTAAATACTTTGAATACAAAGGAGCAGAACCAATTATTAAGAAGTTAAGCTG
FKNTYFSKWSGVNFSAETFIKYFEYKGAEWPTI 1 KIKILSC

TTATTATCGATCATCAAGAATAGTTGCAAGACCTTATCAAATTATAAAATTAACTGCCTATAAAAATTTCTATGGTTTGATACATTTCAAAACCTTGAAA
Y YR S SRIVARPY Q1 I KLTAYIKNZFYGL I HFIKTL K

ATGGGTGCATACAGATTGGAATTGATCTCATCGAAAAACAAAGATTTGATTTGGAAAAGTTCATTTACTTATTCCAAAGATTTAAAAACATTTTTTGTGA
M G A Y RLETLI1I SSKNKU DI LI WIKSSFTYSKUDULIKTFFYV

AACAATTGAATGAACAGGCATATTTACACATTCACTTCAACAACAAATTAATCGAAAAACGACACATTAGTGTGAGCTCTGTAAAGTTTATGATAAACTA
K Q L NEQAYULMHTIHFNNIKILIEIKRHI SV S SV KFMINY

TGACGAATCACAAATGGAAAAATGTGTAGAAAATTTCAAAGTCAAAATTTACTCAATCCATAAGATTCATCAGTGTATGCAATTTCTAACATACAATGAA
bDESQMEIKTCVENTFIKVKITYSI1THIKIHOQCMOQFLTYNE

TTGATTACTTTGAAGCCAATGTTGGTGGCCAGCAACAGTAATATGTATTTATACACTGTGAATATCAGCTTGAAACATTTCAGACATATCCAATTGAATG
L 1 T LKPMLVASNSNMYLYTVNIHISLIKHFRHI QLN

GAACACTTCTTTTTGCTGACTTTACTTCGCAAAAAATAACCATCAAATCGCTGAACAATTGTTTGATTAGAAGTCAAACAAACTTTGGTAAAATATATTT
G TLLFADZFTSOQKI1IT TI1I1KSLNNT CLIRSOQTNZFGI K1Y F

CAACAAAAGTAAAGTTTATCCTGGCGACGCCTTAAAGTTGAATGCCAACTTTATTGAAAAACCAAAATTATGCTTCATCAACAGTTTTGACCAGAATTTG
NK SKVY P GDALI KILNANEFI EIK®PIKULTCFI NS FDUOQNL

GAAAATATGGATGTCAAACAAGTTGGCACTTTGTATTCAAAATATTTTTCGATATTAATCAATTATTCGAACAGAAGTTTGGGAATGAATTTATACAAAC
ENMDVKOQV G6GTLY SKYFSI1T LI NYSNRSLGMNILYK

CAATAATTTATTATCCCAGCTACAAAAGACCTAGACCTATGCGTAATCAAAATAGGGAAAAATTAATGGGTGATGGATTAGACAATTTAAATTTGAATCT
p1r1ryy#pPSYKRPRPMRNO OQQNREI KTLMGDTGILUDNTLNTILNTL
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2001 GGTTCAAGGAGTTATTTTGAGGGAATATTTTCCTGAATCTTGGCTTTTTAAAAGCATCAAATCTTTTCCCCTTTCAATCACTGCTCCACACACAATTACT 2100
v Q GV 1 LREYV FPESMWILIFIKZ SI1TKSFPLSIT TAPHTILT

2101 ACTTACAAAACATCAGCTGTTTGTTTCTTTGAAAAAAGCATTTGGATTTCCTCAACTTATGCTTTACTGAAGGTTCATAAAGATTATTATGTTACAGTCA 2200
T YKTSAVCFFEIKSI1TWISSTYALIULIKVHIKTDYY VTV

2201 AAGCACCAGCTTTCGTTTACATTCAAAATACCTTTGCACTTCGAGTGAATACATTCCTCAAGCAAAGTACTTTGCAAAACATTCGTGTCATATTGAAAGT 2300
K AP AFVY Il Q NT FALRVNTUFLIKW QSTULU QNIRVILKYV

2301 ATCTGTCTCTTCTTCAGATTTCCAAATTCTCGAATCAAAACAGAAAGTTTTTGATCAAAAATCAAATGAAGTGAAAGTTAATACTTTTATGTTGAAAGCT 2400
s vsSSsSDFOQILESKQKVFDQKSNEVIKVNTFML KA

2401 CTTAAATACAGCAAAGGATTGAAAGTGATTGTCTCTGCTAAGTTTTATTTAATAAATGGATTCGCTTTGAAATATGAAGATGCAGTGAAAGTGTCTATTC 2500
L K'Y SKGLI KV IVSAKZ FYLINGFALIKYEUDAVIKVS I

2501 CTTCGATTCCTAATGGAGATCGTCAAGAATTAGTTCAAACGGTGTTCTTATGCAAAGACAAACTGTATTCTGGTGTGTTAGATTTCTCGTCAATAAAATC 2600
PSsS1PNGDWR® QELVQTVFLTCKUDI KTILYSGVLDTEFSS 1 K S

2601 AATAATTCCTTCTACCATGTCAATCAAAGCTGAAGCAGCAGCTGATGATATGCAATTGACTATGTCTCATTTAAGCAGTTTGCTTCTTCAACCAATG 2700
I 1 P S TMSI1I KAEAAADIDWMQLTMSHLS SLLLQPM
> Thicester site
2701 TGCGGAGAACAGAATAT1GGAAGAGTTGGACCTTCAATTGCAGTCTTGATTTACTTGATAAATCATCAAATGGTTCATATGAAAAGTATGAAAGCAAAAG 2800
C GEOQOINIIGRV GP S I AV L I YL I NHOMVHMIKSMKATHK

&
2801 CCATCCGGTACATTCGTCTTGGATTTATTAGACAACAAAAGTACATTCACGGAAATTATTCCTACTCAGCATTTGGAGTGAGAGATAAATTTG@#AGCAC 2900
A I R Y 1 R L G F I R Q QO K Y I H G NY S Y S A F GV RUDIKEFGIS T

2901 ATGGCTCACTGCTCATGTTCTTGAATACTTTTCACTCGCCATGCAATACACAGATGTGAACAATGACGACATGCTCAACCTTATTCCAAAAATGTTGCAT 3000
wLTAHVLEYFSLAMOQYTDVNNDUIDMMLNLTILIZPIKMTLH

3001 TTCTTCAGTACTATGAAACAAACTATTGGATTTTTGGAAAAAGGTCGAGTGATTCATCGAGACTTTTATGAATTTTCTCAATCTAAAATTGATTTGTACA 3100
FFSTMIKOQTI11 GFLE KGRV I BRDZFYEFSOQSIK 1T DLY
Catalytic histidine
3101 AGAAAATCAATTTGAATGCTAAGATTTTAGATTCTTTAAATCAACTAGAGAAAGCTTTAAGCGTTTATAAGATTAAACAATTCAACAGGACCATTTCAAT 3200
K K 1 NLNAKI1LDSLNO QLEI KALSVY K11 KO QFNRTTI SWM

3201 GCTGATAAATCATTCTTTGAAAAGTTTAGCTTCTTTGCTTTCAAGTGTTAAACTGGCTTCAATGTCAACAGTTTTAACAGCTCGTATTCTTTTCGCTTTG 3300
L I NHSLKSLASLULSSVKLASMSTVLTARILTFAIL

3301 ACTCATTTGAAAACAAAAACTCTTTTCAGTAGTCAAATGACCACAAGTCTTTTTGCTGTATCGAAAAGTCAAGTTGAAATTATCGTTGGTTACAAGAAAG 3400
T HLKTI KTLFSSQMTTSILFAVSKSOQVEI1lVGY KK

3401 GAAAAATGACTGAAAATTTGTCGAAGAGTAACTCTGTGGAAGTAGTCGCTTATTTCATGATGTCAAGGCACATAATGACTCCTTTATACCACAGTTGCTA 3500
G KMTENLSIKSNSVEVVAYFMMSRHIMT®PLYHSTCY

3501 CCTTTACATGTTAAGGGCACAAAATTCTAAAGGTGGATTCATCAGTAGCACTGACACTGTTGTAGCTCTTCGGGCTTTTGCTCAATCTTTATTCAAAACC 3600
L Yym«LRAQNSIKG GSGZFI1 SSTDTVVALRAFAQSTULTFKT

3601 ATCGATAAAGATGAGATAATAAGTTTGAAAATTTTGAACAAAACAAAGGCTAAATTGTTGAAACCATCGTCAAAAGTTAATTTCGATTTGAATATCAATT 3700
I DK DET1T1T 1 S L KT LNJIKTIKAKTILILIKPSSKVNZEFDTILNTIN

3701 ATTACACTCCTCCTAGCAACAGAAAAGTTTCCTATGTTTGGGAAAAGAAGAGTTCAAGCAATAAATGCGTGATAGCTAAAGTGACAAGTGTTTTCTATGT 3800
Y Y T PPSNRIKVSYVWEZ KI K SSSNIKT CVI AKVTSVFYYV

3801 CATGTCTCCCATTTTGATTATTGAAATTTTCAGCATGAAATCAAAGATAATCAAACAGGATGATTTCAGAAAGGTTTATTCAGTTAGTTTATCTTTGAAA 3900
M s P 1L 1T 1 EI1 FSMKSK 1T 1 KQDDZFRIKWVY SV SLSLK

3901 AAAGTTATCAAAATGACTGGAATGTTGCTGATGACAATTAGAATTCCATCCGGATATACTTTCAACATGAATTATTTGACCAATCAAATGAAAAAAGGAT 4000
Kv 1l KMTGMLLMTIRIPSGYTFNMNYULTNAO QMK KG

4001 ATTTTGTGAAGAAATGTGAAGAAAACATGAAAAAAGGTTACGTCAAAGTTTATTTGTCAGCTCTGGGTGGTAAAGTGCAAAAGATCAGTGTTAATTTTGA 4100
Y F VKK CEENMIKI KS GYVKVYLSALG GG GIKVQK T SV NFE

4101 ACTTTTGCATGAATTCAAAGTGAATTCTTCTCCAAATGTTGTTGTTATTGTAGAAGATTATTACAATCCAGTCGTGAAAGGAGAAATTACAATTAAAAGT 4200
L LHEFIKVNSSPNVVVIVEDYYN®PVV KGETILITIKS

4201 AAATAAATATTATTAAAAAGTAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 4250
K *

PsfuA2M-3

1 CCGAACTTATAAATAAGGCAGACTGCCCCAAAACTTAGTTCACTACAGATGTTGGTCTCAGTGAAAACGTTCGTCTCTCTTGGAGTGCTTCTTCTTTGCG 100
M L VSVKTFVSLGVILILILTGC

101 AAGGAGTCCCTGCTCTCGGAGCACCACAGGAGCTTCTTCCTACTTCGGAGCCTCCCAAATTCGAAGTTGTTAIQ\SEA.(E_(EA.(EAQAAIQAQAQﬁﬁAIIIﬁﬁAﬁﬁﬁ.I 200
E GV PALGAPQELL®PTSEZPPI K FEVVIRGDNUHTDILEG

CUB domain
201 TGACTCTGGGATATTCAAGTCTCCAAACTTCCCTGAGCAGTATCCTGAGAACTCCAATACAACATGGAAGATCACGGTTCCCAAGGATAAAGATGTCGAG 300
D S GI F K SPNZFPEOQOYPENSNTTWIKITVPKDK DV E

301 CTAACATTTCATCTATTAAATTTAGAGAAGCATCAGTATTGTACCTGGGACTGGGTGAAGATCTACAATGCGGAGGACTATAGTGAGCTTCGCCAGCTAT 400
[L T FHLLNLEZKHQYTCTWDWVIKTYNAETDYTS STETLTR RQOQTL

401 500

501 GTCCTGGCGCCCTATCTCACAGGACTCTTCCGAAGAAGACAACTCGGGAGAGCCCAAAGAGGGATATATTTTCACTTTCCCTCAGTCCTTGACCGTCTCA 600
S WR®PI1]|]S QDS SEZEDNSGE®PIKEGY Il FTFWPOQSLTVS
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GACGAGCCATCTCACGAAGAGGCTTGTTTGGAGATTTTCAATGTGAACACCAAAGGCAAAGTATTCGTCAACGTCTTGTCATCGAATAACATTTTGAACC
bEPSHETEACLEIFNVNTIKG GIKVFVNVLSSNNTIILN

TGGAAACGGACATTTATAAGGAAATAGACTACGAACCCGGGAGTCCGGAATCTGAGAAAGTGAAATGCTTTGACATCATGTTACCTATTGACTTCTCAGA
L ETDI1 Y KE1Il DY EPGSUPESEIKVKT CFDIMLUPI1I DFSE

GAAATACGCCATCATTCAAATCAACGGAACCTTTGAGGATAACGACTATAGGATTCTGAGCTACAAGTCCGTAAAGGTACTTAAGAGCTCTGCAAACATG
K'Yy A1 1 QI1I NGTFEDNUDY RILSY KS SV KV LKZSSANWM

CTCATTCAAACAGACAAGAGCGAATATCGTCCCAAACAAAAGGTATTATTTCGTGTCATGAAGTTGGATGATAATTTGAGACCCTCCAAGAACAACGTAC
L 1 Q T DbDKJSEYRWPIKZOQIKVLFRVMIKTILUDUDNILRPSIKNNYV

TCAACAAAGTCTTCGTCAAATCACCCAGCCGACAAACCCTCGCACAGTTCATCAATCACTCTTTAGACTCCAGAGGCATTGGGCAATTTGAATTCCAACT
L NKVFVKSPSRQTLAQFI NWHSLUDS SR RGI GQFEFOQTL

GGACGAGGAACCAGAGTTGGGAAACTGGCAAATTATGGTAGAAAATGACGTAGTTGGGGGAGAGGAGGACTCTTCTGTTGAGCTAGCCTACTTCGTCGTG
bEEPELGNWOQI MV ENDVV GGETEDSSVETLAYFVYV

AACGAGGCCGTTCTTCCCAAATTTGAAGTACAAATCAATGGTCCTAAAGCCATTTTGAGTGAGGATGAAAAAGTAGACTTTGAAATTTGTGGCATTTACA
NE AV LPKZFEVQI NGP KA AIULSEHDTEIKVDTFETILITCGIY

&
CTCACGGTAGTAAAGTGAAGGGATCTGTGGAAGTCTTCTTCGAACACAAGTACACGAAGGGTTCTGCCTACTGGAGGGCTCCAATGTACTCATCTAATTT
T HGS KV KGSVEVFFEHIKYTIKSGSAYWRAPMMYSSNF

TACCAAGAAGATCGTCATAAAAGACGATGATACATGCGGAACTGTGAGCTTGAACCAAACAGAGATATCCCTTCTCTCCATTGATGGGGATCGGGATTTC
T KK 1 Vv 1 KDDIDTT CGTVSLNOQTETIDI SLULS I DGDRDF

TCCATCAACGCAAAATTAACTGAAGAAGGGACTGACATTGTTCAAGAGAGTTCTTCCAATGAAAAAGTCCTCTTTACTCGTGCGAAAATTGATTTCGGAG
s 1T NAKLTEEGTDI VQESSSNEIKVLFTRAIKTIDFG

ACAGCTCCTATGAACATATTCTTGGTGAGTATCCCTACGTCATATTTTTCAAAGTCGTTGAACACGGAACCAACCAGGCCCTGAAGGGAGAAAAGGTTGA
bSSY EH 11 LGEYPYVI FFKVVEHG GTNA QALIKGE K VE

GATTTGCTCAATTCTATGGAAGGATATAACTCAATTCACTCAATTTGTGTCTCGAAGCAACTTCTACAGTTTTGACGAGTTTCACCTCTATGATTTGGGT
I ¢ s 1 L w«kKDITQFTQFV SRSNZFYSFDEFHTLYDTLG

CAAAGGCTCATCGATATTAAGTTCCAGGAGACTTGTATCAATGAAACAACTTCAGAGGTAGATGGATCTCTCACACTCGGTATTCCACTCACGGGACTTC
QRL 11 DI KFQETT CINETTSEVDSGSLTULGTIHIPLTGIL

CGGCCAACGTTACAAAAATGAGCGTGAAGATCACTGCACTCAACTTCAAGGCCAACGAGACTACTAGAATGAAGGTATCATCCGATAAATTTGATGTAAC
P ANV TIKMSVK1TTALNZFIKANETTRMIKYV S SDKFDVT

&
TCTCACTCATTTGAGCAACGACACCATCGGAAGAGACGCCCATCGACTCACGATCCGTGAAAAGCTGATTGAGGAAAGAAAAGTAAAATTCGATTGTGAG
L THLSNUDTI1I GRDAHRTLTIRETZKTILTI1IEERIKV KFDTCE

GGTGCTTCAAACTTCACAGTCTACTTCCAGGGTAAATTGGACGAGACCGTGGACTTGAATTACGTCGTTTCCTCCGGCGGATCCTTGATTTCCTCAGGAA
GA SNZFTVYFQGKLDETVDILNYVVSSGSGSLI S SG

ACCATCAAGTCTTGGTTGACTCCAACGACACGGCGCAATACTTAGATGGACTCAAGCAATATGATGAACTAGGCTACCTCAATTCCTCTGTTCAGTCCAG
NHQVLVDSNDTAQYLDGLI KO QQYDZETLTGYULNSSVQS S

TGATGACCATGTTTTGAAATCTTATGTCATTTCCTTGACTCGCCCATTCCCAATGGAAGGAAAAGTGACCAAGAAAATTAAACTCCTAGTTTATACCCGA
bDbHVLIKSYVISLTRPFPMETGIKVTHI K I KT KILULVY TR

GACATTGAAACTGGAAAGACACTCAGTCATGTTCGAGAATATGATTCGGAGTCCTGTGCTCCCAAGCCCAAACTGGAATGGAGCCCEGCTGAAACTAATC
bl ETGKTULSHVREYDS SES ST CAPIKW®PIKILEWSUPATETN

CTGGACATTCCGTTTCTTTGAAAATAAAATACAAGCCAAAGTCCCTCTGCGCTTACAGCGTCATTGATAAGTCCGCTGATTTGATCGAAAACCCAAACAA
P GH SV SLIKI1 KYKPKSLT CAY SV I DI KSADTZLTIENPNHK

AATAACGACCGACTCGATTCAACAATTGAAGGAAAACCTGGCGAGCAAGCGCATTGTATATGATCAAGTCTTTCCCCCTGAATGCAAAGACGCCATGCAT
I T T DS1 QQ L KENLASKRIVYDOQVFZPPETCKUDAMH

TTGTTCAAAGCCATTCAAAGTATTGGCCTCTACATCATGAGTGATAAGTTGATTCAAGACCCATCATGC?ACACAGIQGIGGACICAAICAAQIIIGAIEj
L FKAIQSI GLY I MSDIKULIQDW®PSCIN.TVVDS I NFTD

Bait region
CCAATGAATCCGACTACTCATCCAAACCCGTGCCCGTGGCCTTTGTCAGTTCCCTCGGAGCAGCGTCTCCCGCAATCGAAATGGACTCTGTTAATAGGGT

|P NESDYSSKPVPVAFVSSLGAASPAIEMDSVNR RYV

ACATGGCTCTTCGACTTGGTTGACCTGGAGGACAATGAGGAAGCAGTCATTGAGAAAGAGGCACCCCATACAATTACCACTTGGGTGGCCGAGGCCTTCT
T wWlLFDULVDLEIDNEEAVI EKEAPHTI TTWVAEATF

GCTCTAATTTGGAAACCGGCCTCTCCGTTGCCGAAGTTGCTAACCTGAAAGCCTCTCAGGATTTCTTTGCTGACTTGAATGCTCCCTACGCTGCAAAACG
c S NLETS GLSVAEVANLIKASOQDT FZFADILNAPYAATZ KR

AGGGGAAGTTCTCCAAGTTAACGCCACCGTTTTTAATAAAGTGGAAGGTCCCCTTCCAATGAAGATAAGCATTGAGTCCTCTGCACACTATAAGGTTGTG
G EVLQVNATVE FNIKVEGPLZPMIKTI1ISI1TESSAHYKVYV

AATAAATCAGAAGAAATCGTTTGTGTCAACCCAGGCGGAAATATCCCTGTGGACTTTTATGTGGAGATGAATACGTTAGACGTCGTAAATGTAACGGTGA
NK SEEIVCVNPSGGNIPVDFYVEMNTTLUDVVNYVTYV

&
AGGCTGAAATTATCAAGAACGAGGACTGCGGTCTTGTTGCCGAGAATTCCATTGGTTTTACTGATGTTCTTAAAAAAGCTATCCATGTTCGTCCAGAGGG
K AAE I 1 K NEDTGCGLVAENSIGFTDVLIKI KA AI HVRPEG

ATTTCCCAAGGAAGAGGTGAAGTCTTACTTTTTATGTGGAGATCAAAAGGATACCAAGCTTGAAGATATGATCTTACCCGAGAGCAATCTCGTTGAAGAT
FPKEEV K SY FLCGDU QI KDT I KTULETDWMILUPESNTLVETD
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TCTGTTCGAGCATGGTTTGGAATCTCAGGGGACATCATGGCGCCTGCAGTTAAGAACTTGGACAATTTAGTCGCCCTTCCAACAGGATGCGGGGAGCAAA
S VR AWFGI SGDIMAPAV KNLIDNLVALUZPTIGCGE Q
Thiocester site

»
L4
CCATGQATTCGAATGGTTCCCAATATCTACTTGTTGGACTACCTCAAGTCAATTGGAAAGTCCTTGCCTCAATTGGAAGAGAAGGCCCGACGGTACATTCA
T M I RMV PN T Y LLDYULIKS S 1T GKSLPQLEEIKARRY I Q

4
AACTGGATTCGATCGTCAAAACAGAAATTTCCGTCATACAGATGGAGCTTACTCAATTTGGGGCCCTAAGGACAGCGAAGAGGATGGGFCCATGTGGCTC
T GFDRONWRNZFRMHTDGAY S I WGUPKUDSEEUDGIS MWL

ACTGCCTACGTTGTCAAGGCCTTCTCACAGGCCTCCAAGTACATTGAAGTCGATAAAAACCTCCTACAGAAATCCGTCAAGTGGATTGTCAAGCGACAGG
T AYVVKAFSQASIKY 11T EVDIKNLLIOQKS SV KWI V KRNQ

ACTCGGAAACGGGATGCTTCCACAACGAGGGCTACGCCTACTCCATCAACTCTCCAAGAGAAACCCTCACTTCTCACGTGCTCGTAACTTTATTCGAAGC
b s ETS G CFHNEG GYAYSI NSPRETWLTSHVLVTLTFEA

CAAATATACGGCAGACTTGGGTGATGCCGTGGACTCCAAGGTGATTCACAAGGCTCTTCGATGCTTAAAAGTATCGCAAAAACGGAAAGCGGATGATGAG
K'Y T ADLGDA AYVDSI KUV 1 HIKALWRT CLIKVYVSQKRKAUDDE

GAAAGTGAGGAGTCTGTTGAGGCTGAAGAATCCGAAGAGAAGGATGAGCAAAAGGACCCCAGCGAATCCCTTTACGCCCTTTCCTTAAAAACATACGCCG
E S EESVEAEZESEEIKDEQKDWPSESILYALSLIKTYA

TTCATCTTTTGGAGACGAAGGCAGACTTGAAGGAGGAAATTGCTGAAGCCTTTGAGGAGATCAAGGGTGAGGAGCTCTTCAAGGAACTGATGGAGCGATC
VHLULETA KADTULIKETETILAEAFTETEI K GEEULZFIKETLWMER S

TTCTCGAGACGACAAGGGATTCCTCAACTGGAATAGCAATAGCTCCAAATCTCGCTCCGTGGAGATGACGGCCTACAATGTGATGACGCTTCTCTTTAAC
S RDDIKG GFULNWNSNSS K SRSVEMTAYNVMTILTILFN

GACAAACGAGTGGATGCCCTAAGTGCAATCCGATGGATATCGGGCTTCAGGAATCAGATGGGAGGATTCATCTCCACACAGGATACAGTAGTGGCTCTTC
DK RVDALSAIRWI SGFRNO QMGG GTZFI STOQDTUVV AL

AGGCCATCAGCAGCTACTCTACATTGGTATTTGAGAACAATACGAGTCTGGATGTTCAATTCTTCAACGAAACATCGTTGGTTGAGGACTTTTCCATCGA
QA I SSY STULVFENNTSLDVQFFNETSULVEUDTFEFS I D

CGAGGACAACAAGCTGCTCTTCAAGAGAATCAAAATCGACTCTCTCCGTGATTTAAAAGTCAGTAGCACGGGCAAGGGATGCTATACCATTTCGACTATG
EDNIKWLILFIKRI K 1T DSLRDULIKYVSSTSGIKG G CYTI STWM

GTTCGATACAACATCAACAATGAGACGGAAGAGAACGCCAAATTTATCATTCTGGCAGAGGGAAATAGCAGCTATCTTCATATTTGCGCCAGCTATATTG
VR YNITNNETETENAKT FTI1 1 LAETGNSSYLHTICASY.I

GAGAAAAGGAAAAGACAAACATGGTTCTCTTGGAAGTGGAGCTTCTGAGTGGCTACGAAGTCGACGAAGACTCCTTGTCCAGCCTTCTGAACGAAGTGGA
G EKEIKTNWMVLLEV ELLSGYEVDEHDS SLSSLLNEWVTD

CTCCGGCGTGGAGAAGTACGAGGTGAACCAGGAGGATCGGACCTTTGTGCTCTACTTCAATGGGCTGTCTAAGGGGGAGAATCACTGTTGGGACTTGGAG
s G VEKYEVNQEUDRTFVLYJFNG GILSIKS GENHTCWDL E

CAGAAGCAAGTGAGTCAAGTTGATAACTTGAAGCCGGCTATCATCAAGATCTTCGACTACTACTCCCAGGAAGACAGCTACTCAACGACCTACATTATTT
Q K QVSsSQVDNLIKPAILI I K1 FDYYSQETDSYSTTYI./I

AATTATTCTCCACCAATGTATTCTTTGTTGTTGCTTGATTTTTTCATTACTTTTTTAATTATTCACGCTGTAGTCACTTATAATCTTTGAGACGTTCTAA
*

GGAACGTTTCCCAATCCAATCATCAGCATTTTCAAGAAATTGCATTCACGTCTACGTATTTTCCCTACAAAATACATATTTTGAAAAATATTTATTTTTT
TAAAGCGATTATATCCACAACTCAATTCAACATATTTCCAGAGTCATGCACATTCAATGATGCTAAAAAGTTATATTTCCGAATTTACCGTCCATAGTAC
ATAATATGTTTATATACGTTAAATTTGCAATAAAAATAAAGTTACTTTATCTACAAAAAAAAAAAAAAAAAAAAAAAAAAAA 5582
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TGAATTAGTTTGAAGTCGACAGTGAAATGATTCATATCCAATCCCAACTTTAAAGGTGACTGCAACCTACGTCGTCGTCTTGAAAAAGGAAGGAGTCTTT
GTATGACTACGTGTGTGTGTGTGTGAATGATGAAGATATCCAAGGTCGCATCTATATTTTTCCTGTCACTGAGTATAGCCCTCATCCAGGCCGAAAAGCC
M M K 1T S KVAST1TFZFLSLS 1T AL 1 QAEZKP

AACCTACACAATCATAGCTCCAGATGTGATCCGTCCAAACACGGATTTCCTCATTGCTGTTTCTACTCACGACATATCATCGGATCAGGATGTTCTCCTC
T Yy T 1! 1L APDVIRPNTDZ FLI AV STHTIDI S SDOQDVLIL

ACCATCAAGGGCCAGAGTGAGTCAGAGGGGAACGTGGAAATTAGCAAAGAGACCACGGTGAGACCGGACGAAACCCAAATCGTTCGAATGGTTATTGGTA
T 1 K G66GQ S ESEGNVETILI SKETTVRPDETOQI VRMVI1IG

ATCTGGGCGAGGGAAAGTATGTTCTTCATGCCAGAGGAAATAATCCAATCGCCTTTGATGAAACGCAAACGTTAAAGTACATTCATCAGGGATACTCCGT
NL GEGIKYVLHARG GNNPIAFDETA OQTULI KY 11T HQGY SV

TTTTGTTCAAACTGACAAGGCCATTTACCGGCCGGGAAATGTTGTCAAATTCCGGGTAATAGTGGTGACTCCAAAGCTTAAGCCAAGCGTCGTAGGCTCC
FVQTDI KAIYWR®PGNVYVKFRVIVVT®PIKTILIKZPSVVGS

ATCGACGTGGGCGTTTTGGATGGGAAAGGCCATTTGGTTCGCAAGTGGGATCGCGTTTTCACAAAAGGAGGTGTTTTTGCAGAGGAATTTCTTATTGATG
I DV GV LDGI K GHULVRKWDRVFTIKSGSGVFAETETFTLTI1ID

ACGATCCCGTTAGAGGAGACTGGAACATAACTGTGGACGTGAGTGGACAAAGGTTCTCCAAGTCTTTCCAGGTCGTCGAGTACGTTCTTCCTCAATTCAT
bbPVRGDWNITVDVSGQRFSKSFOQVVEYVLPAQF'I

TGTGGACATCGACATTCCAAAGTATGGTTTGTTTGATGAAGGACTCACAACGGCCAAAATAAAAGCATATTACTCTGTTGGAGTACCTGTGGAGGGCGAA
v b1 bl PKYGLFDESGLTTAIKTIKAYY SV GV PVE GE

GCCACCGTCTCCATATTTCCAAAGTATAAGTCTGGACTCCTTCAACCAATATTCATCCGCCCTGTTCGACAAGTTGTGCCCATTAAAGGGGAAGTTGATG
ATV SI1TFPKYKSGLLQPITFI1TRPVROQV VP11 KGEWVD

TAAGCTTCAACATTGCTAAGGAACTAAATATTCGGGGTGATTATTCTCGAGAAGTCGTTTTCGATGTTGAAATCAAGGAAAGTCGTACTGATCGAGTTCA
VS FNITAKELNIRGDYSREVV FDVETILl KESRTDRVAQ
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AAATAATACTGCTCTCTATCCCATGTACAGATATGACTACAAATTAGAGATGGTACGAACTGCGGATGCATACAAACCCGGAATGCCCTACACTGCCTAC
NNTALYPMYRYDY KULEMVRTADAYIKZPGMMPYTAY

ATCAAAGTCGCAAAACAGGATGACACTCCTATTGTTGATAAAAATGTTCCCATTCAGCTAAAATGGGGCTTTTCTAATGAGCCCTCCAATGAGTACAACA
Il K vV AKQDDTW®PI1 VDI KNVPI QLKWGZFSNEWPSNEYN

CAACCACCATCTACTCAGACAAAAATGGAATTGTGACCCTCGTTCTGGATACACCAAGCGTAAACGACACGGATGCAGTCGTGCTAGGCATTGAAGCCTC
T T T1YSD KNGIVTLVLDT®PSVNDTHDAVVLGI EAS

CTATAAAAACTTGACTCAATGGTTTTCTACTATTCCCAGGGCAGAATCCCGATCTGGACTCTACTTAAGATCAAATCTAGCAACTAAGAATCCCAAAGTT
Y K NL TQWFSTIPRAESRSG GLYULRSNLATIKNUPKYV

GGGGAAACCATTTCAATCGATGTCTCATCAAGTGAAAATATTGATTCTATCACCTATTTAGTGTTTGGAAGAGGAAAACTGGCACTTGGTATCACCCGAA
G ET1S 1 DbDVSSSENIDSITYLlLVFGRG GIKTILALTGTITHR

AAGCCAGTGGTACAATGGAAAATCAAATTTCATTTCGTGCTACCAGTGATATGTCCCCAGTTTGCCGAGTTATAGTGTATTACATTACGTCAATTAGCGG
K AS G6GTMENO QI S FRATSDMS®PVCRV I VYY1lTSI1ISG6

AGAAATCATTGCCGACTCCATGGACTTTGAGGTTGAAGGAATACTCACCAACTTTGTTCAAATTGCTTCAACCAAAAAAGAAACTTTTGCTTCAAGCGAT
E 1T 1 ADSMDU FEVEGILTNZFVQI ASTIKI KETFASSD

GTAACCATAAATATCAAAAGTAAACCAAACTCCTTCATTGGAATATTGGCTGTTGACAAGAGTGTTCGATCTCTCAAAGGAGGGCATGATGTGCTGTTGA
v T 1T N1 KSKWPNSZF 1T GI1 L AVDIKSVRSLIKG GG GHUDVLL

AAGAAGTCACCGATGAGCTTCGACGCTATGATACAGCAAACACACCTGATTTCTTCCCATGGTTTAAAATCATTCAACCCAAAGAAGGCTCTCTCTCCTG
K EvVv TDELWRRYDTANT®PDZFFPWFIKI1T 1 QP KESGSIL SW

GCATACAGGCTCTCTCAACTCTGAAGATACATTCAGCAAATCTGGAACCATCATTTTTACAAATGGAGAACTCGAGAAAGGCTATTTAGAGGAGGAGGAA
H TG S LNSEDTFSKSGTI11 1 FTNSGETLTEI KT GY L EEEE

TCCTCAAACGTTATTGAAAATGAAGTTCTTCGAACACGAGCAAAGAACCGCCCCTTCGGACGTCCAATCCCGAGACCCGGTGTTCCAACTTTAAACCCTG
s SNV I ENEVLRTRAKNRPFGR®PIPRZPSGVPTILNFP

ATAAAGGACCTGGATTGGAGTATGAATCAGCTACAAGACCTCCTTTGGAAGGACCCTACGCCTTTTCTCGTTTCCCTAGGCCGTTGGACAACATTCCAAA
b K GPGLEYESATRZPPLESGPYAFSRFZPRZPLDNIPK

AATATACTTGAAGAACGACTTGCCCGAAACATGGCTATTCCTCAATGCAACAACGGACTCCGATGGGAGAGCCTCCATTCCCGTTAAGGCTCCTGAAACG
Il Yy LK NDLPETWLVFLNATTDSDG GRASTI1TPVKAPTET

ACAAATACCACTTGGATTATATCCGGCTTTGCCCTTGATGATCTTCATGGAATGGGTATCACTGAGCAGTTCGGATCCCTGGAAGTGTTTCAGCCTTTTT
T NTTWI1 1 SGFALUDUDTULHGMGI11TE- QFSGSLEVFQPF

ACGTCCAAGTGGATCTTCCTCCATCCATTAAATTGGGGGAAACGCTGAGTGTACAGATGGTTGTCTATAACTACTTGAAGGAAACCATCAGTGCTACGGT
Y vVQVDbDLPPSI1 KLGETLSVQMVVYNYLI KETTISATYV

TGTACTAGAGGGAACGGAGGAAGAAATTGTTTTTGGGGAAGCAGATCCTTATTCCCTGAGGGAGGACACTCAAATTGGAAGTAGAGTTTCTCAAGAAAAA
vV .L EGTETEEI VF GEADUPYSLREDTW QI GSRV S Q E K

AGTATAAGTGTTCGTCCTGGACGAGGAACAATCGTTTCTTTCGTGATAACTCCTTTAGTTACGGGGGATATTCAATTGAGAATCAAGGCTGAAGGCAAAA
s 1 S VRPGRSGTIVSFVITPLVTSGDTIQLURTI1TKAEGK

GTGGTGACAGCAACATGGGCAAAGAAGATATTTTCAAGACACTGAGTGTGAGGTCTGAAGGTGAAGTCATCAAAAGAAACAAGGGATTTCTCCTTGACTT
S 6 bSNWMGIKETDIFKTLSVRSESGEVI1I KR RNIKGTFTULILDF

TGACAAGAGCTCAGACTTTGACAAAAATATATCGATCGACATTCCATTTAATGCAATTCCGGGCTCTGAAAAAGTATATTTATCCCTAATGGCTGATCCA
b KSSDZFDIKNISI1TDI1LPFNAIWPGSEIKVYLSLMATDFP

TTAAGCTCAGCCATGAACCATCTGGATAAATTGATAAGCTATTCGACAGGA AGAACAAAACATGATTCGTCTTCTTCCAACGTTGGCTATTTTAG
L S S AMNMHLDI KTILI SY ST iiiiaii&iiﬁiiﬁirﬁ M I R L L P TLATI L
Thioester site
AGTACATTGATAAAATGAACATTCCTGCCAACCTTCAAAGGAATAATGCAATCAAAACAATGGAACTTGGCTATCAACGAGAGCTGACCATGAGACTGCA
EY 1l DKMNIPANILU QRNNAIIKTMMETLGYQRETLTMRILAQ

AGATGGTTCTTTCTCCTTCTTTGGACAAGAAATGGAAGAAAAAGGTTCAACTTGGGTGACAAGTTTGGTCATTGGAAACTTTATAAAGGCCTCAAAATAC
b GSFSFFGQEMETEIKGSTWVTSLV I GNZFIKASKY

ATTGACATAGATCCTGACGTGATTCAATTGGGACTTGAATGGCTTGCAAATGTTCAAAATGATGAGGGTGCCTTCTCTGAAGGTGGAAACATATATTTTA
I b1 DPDVI1QLGLEWLANVAOQNDIETGAFSEG GG GNTIYF

AAGATCTACAAGAGAGCAACATTGGACTTACTGCGTTTGTTGTGAGTGCACTTGCTTCCGAAAAAGATAAACTAGATGCTAATTCGAAGAATGCACTGAA
K bLQESNIGLTAFVVSALASEI KD DI KTLDANSIKNATLN

CAGAGGAATTTCGTACCTTGCTAAGCATTGGAAGGATGAAAGCAGCAAGGCGGAGGAGAACCCTTTTATTCTGAGCATAATCACCTATGCTCTATCAAAA
R G 1 S YL AKWHWIKUDESSIKAETENWPFI1LSIT 1 TYALSHK

ACGGACCATCCAGACACCGGGGACGCATACAACGTTCTCAAATCATTTGCCAAGAGAAATGAAACAATGGGATGGGAGTGGATTGAGGCCAAAGTTCCAC
T DHPDTSGDAYNVLIKSFAKRNETMMGWEWTIEATIKVP

CGGAACTTGAAGATAATCACTGGTTTAACCAAAGCAATTCCATCAACAATCAAATAACTGCCTACTATGCCCTTGCTACCCTCAAAAACTCTCCGGAGGG
P ELEDNUHWEFN QS SNSTINNOQITAYYALATTULI KNS SPEG

GGCCTATCCTGTCATGAACTGGCTTGTTGCTCAACAAAACTCCATGGGCGGCTTTGCTTCCACTCCGGACACCTATGTTGGAATTGAAGCTCTTAAGGAA
AAY PV MNWLVAQQNSMGGFASTU®PDTYVG I E ALK E

TATGATCTAACACTCAACATCCCTCAGAGAAAGTCCAAAATCACTGTTGACTACTCCTATTTAGACAACTCTCGTTCAAGGGAAATCGATCCCGAATCCC
Yy bL TLNIPA QRIKSI K1 TVDYSYLDNSIRSURTETI DZPES

TCACAATCTCCAAAAGAATAGTTCTACCCTCAGATATCAGAAATCTCACCATGAAGGCTCAAGGAGCCGGAGCGGTGGGAGTTGTGAACGTTGAGTATTC
L T 1S KWRI1VLPSDIRNLTMIKAQGAGAYVY GV VNVEYS
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CTACAACTTGAACGTCACTGCCAGTTGGCCCTCTTTTGTTTTAAATCCCCAGCTCCTGGATCCACCAAAGGCTCAATTCATTCTTAACTCCTGCGTCAAC
Y NLNVTASWPSFVLNZPOQLULIDZPPIKAQFI LNST CVN

TTCATATTTTATAGTAACATTGAGGCCAGCAACATGGCCGTGATGGAAATTGACCTTCCAAGTGGATACACGGTAGACGCAACCTCTCTCCCCAGTCTCA
FI1 FYSNIEASNMAVWMETIIDLZPSGYTVDATSILUPSL

AGCGCTATCAAGGCGTGACTCGAGTTGAGGCCACTCAAAGAAACACTCAAGTTATCATTTACTTCAAAAATATTGGCAAGAGCGAGGTTTGCCCCACGAT
K RYQGVTRVEATA QRNTOQV I I1ILYFIKNIGKSEVCZPT.I

CCTGGGCTTCCGGACATATGGAGTCGCAAATCAACGCCCGGCTCTCATCAAGGTGTATGACTACTATGATCAATCCCGTGTGGCCCGCATGTTCTATCAA
L 6GFRTYGVA AN OQRPALIKVYDYYDOQSRVARMEFYDQ

GTAGGCCCTGATAACATATGCCATATTTGTAATGGAGAAGACTGTCCTCAAGATGGATGCCCCGAAAAAGAGGGCTACACCTTGTTTGGACCCTCATATG
v 6 PDNICHI1TCNGEDT CPAOQDSGT C®PEIKEGYTLFGZPS'Y

ATGCCAACGTGGATCCAATTCAAAACTACCCCTCATCGGCATCTTTGATTTTCTCATTAAAATTTAATTTCCTCTTAGCAGCACTTCTTCCCGCATTTAT
D ANV DZP 1 QNY P S SASL I F S LKZFNZFILLAAILILZPATF.I

CATAATCGAGACTGCTCTGAGCCCAAGATTTTAATTTTTACAATTTCTTCTTTCTACTAAACTGTTAACTCTCGTCTCCACTTACTACTACTGTAGACTA
I I ETAL S PR F *

ATACCAAATCCTCTCTTATCATGATTATTTAACTCAATTCACAATTGCATTCGTCTGATCTAACCTTCGATTCGTCAAAATATAATACATATATGTATAT
TTTTTTATCGTAATTTCCTAGTCCGATATTATATTGTGTACCTTAATAATACTATGAATAATATGTTAATTGTGACAAACGAGGGGGGAGGGGTGGGTTT
TTTAATTTAAAAAAATCATAATGATTATAAATTGCAAAG 5039
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AATAGCGAGATGGTGTTACAGGGGGATAGACACCTTTCCCTAACTGGGGGACTAGGTCTTCTGCTACTACTATCAGTGCTTCTATTACAAATATTCGGGG
M VL QGDRHLSLTGG LG L L L L L SV LLLQ I FG

CCCACGGTGCTCCGCAACAGGATACATCACCACCCCAGCCTCCATCCCCGCCTCCTCTACCCAAACACAAAGTTGTﬁCGIGGIGAGAAICAIACGGAIIﬁ
A HGAPQQDTS®PPQPZPSPPUPLUPIKHIKVYVV[IRGENUHTTD

CUB domain

GTGGAGCTGACGTTTCATCTTTTGAATTTGGAAAAGAACCAGTATTGTTCCTGGGACTGGATTAAAGTCTTCGATGCCGAGACCCACAAAGAACTTCGTC
| V E L TFHLILNLEI KNI QY CSWDWI KV FDAETHZKETLR

AACTATGTGGCTACCTGCAGCAGGATCTCATACTACAATTTAACACAAGCAGCATCATCGTGGAGTTCCGCTCGGACTCAGTGTCCCAACGAACGGGATT
|Q L ¢cG6GyYyLQQ@DULITLQFNTSSITI1VEFRSDSVS QRTG ﬂ

CCCATATGGACTCAGAAAAGGAAGAAGAGAAGAAGGAGAAAGAGAAAGGCTACATCCTCACGATTCCCCAGTCCATT
L ASWRY AT HMD S EKEZEEI K KEIKEIKGY I LT 1P Q S 1

ACGGCCTCAGAGGAGGCTGACCCAGAGGAGGCATGCCTTGAGATCTTCAACGTGGACTCCAAGGGAAAAGTCTTCATCAACGTCTTCTCCTCCGAAAATG
T ASEEADUPEEACLETI FNVDSIKGIKVF 1T NVFS S EN

TCCTGAGTAGAGACACAAACATTTATCACGTCATCGACTATGAGCCAGAGAGCTTTGAGAGGGTACAATGCTTCGATCTAACTCTCCCCTCAAACTTCTC
v L SRDTNIYHV I DY EPESFERVQCFDLTLUPSNF S

AGGACAATACGCCATTCTTCAAATCAACGGCACCTTCCAAGACGAAGAAAACTACCGGATCCTCAGCTACAAGTCCGTCAAAGTCATCCGCAGTTCTCCC
G QY A1l LQI NGTFQDZEENYRIULSYIKSVKV I RS SFP

CAGGTCCTCATTCAGACGGACAAAAAAGAATATCGCCCCAAGCAGACTGTGTTATTCCGAGTCATTAAACTGGATGAGAGTCTTAAACCCTCGAAGAGCA
Qv L1 QTD K KEYRPIKOQTVLZFRYVI1I KLDESTLI KPS K S

GGGTTTTGAACAGGATCTTTGTAAAGTCCCCCAGCCGTCAGATCCTCTCGCAGCACTTGAATGTGTCTCTGGGCTCCAGGGGCATTGGGCAATTTGAGTA
Rv LNRITI FVKSPSRQI L SQHILNVSLGS SR RGI GQFEY

&
TTTGCTTGATGAGGAACCCGAGCTTGGGAACTGGGAAATAACCGTTGAGAATGATGCTGAGAGCGAGAAAGAAGAAGCCTCCTCGGCATCTCCCGCCTTT
L LDETEWPETLGNWETI TV ENDA AESEI KTETEASSASUPATF

GTGGTAAATGAGGCCGTTTTGCCCAAGTTTGAGGTGGTGATCAAGTCCCCCGCCGTCATTCTTGGAGAGGATGAAAAGGTTGAATTTGAGATTTGTGGAA
VVNEAVLZPKZFEVVI KSPAVI1ILGETDTEIKVEFETI CG

TCTACACACATGGGAGTAAAGTGCGGGGTGAACTCGAGGTATTTTTCGATCACAGATATCGACAAGCATCCTACTGGAGGGCGCCAACATACTCTTCCAA
Il Yy T HGSKVRGELEVFFDHRYRQASYWRAPTY S SN

&
CTTTACAAAGAAAGTTCATATTAAGGATGATAACGCCTGTGGGACCGTCAGCCTCAATCGCACGGAAATATCTCTTCTCTCCAAACACAAGGAAACTCCT
F T KKVHI1 KDIDNACGTVSLNRTETILISLLSIKHIKTETP

TTCACCATTAAGGCCACACTAACCGAGGAAGGGACTGCGATCCAGCAAGAGTCCAGGTCTGAGGGAAAAGTCACTTTCACTAAAGCGGAAATTGATTTCG
F T1 KATLTEEGGTAI QQ E SRS EGKVTFTIKAETILDF

GAGACAGTGCTACAGAGCATATCCTTGGGGAATATCCCTACGTCGTGTTCCTAAGACTTGTTGAGCATGGAAGTCAGAAGCCCCTAAAGGGAGAAAAGGT
G DbDSATEMHI1I L GEYPYVVFLRLVEHG GSU QQIKUPLIKGE KV

AGAGGTCTGCTCTCGCTTATGGCGAGACCTCAACAACTTCCAAAATCTAATTTCCTCAAGCCAGTTCTATTCCTTTGATGAAGATCAGTATTATGACTTG
EVCSRLWRUDILNNFQNTILI SSSQFY SFDEUDU QY Y DL

GGTAAAAAACTGCTTAACATTAAGTTCAAGGATACATGTCTTAACCTGACGACTTCCGTGGATGACGGATCTCTCACATTGGGAATCCCCCTGAGCGGAG
G K KLLWNIKZFKDTT CLNLTTSVDUDTGSULTTWLGTIHIPLSG

TTCCACTCAATGTAACCAAGCTGGGCATTAAGGTAACGGCTCTGAGCTTCATGGCGAATGAAACAACTCGCATGGAGATGACCTCGGGCAAGTTTGATGT
VP LNV TIKLSGIKVTALSVFMANETTRMEWMTSGKF DV

4
GAGTCTTACACATTTAGACAAGGCAGAGGGAGCTGACTCCCATCGGCTCACCATTCGTGAAAAACTCGTCGAGGAAAGGAAGATTAAGTTTGACTGCGAG
S L THLUDIKAEGAD SHRLTIREI KLV EERIK K1 KFDTCE

GGGGCATCAAATTTCACAGTTTACTTCCAGGGTAAAATGGATGAAACTGTTGATTTGAACTATATTGTCTCTTCTGGAGGATCCTTGATTGCCTCTGGGA
GA SNZFTVYFQGKMDETVDILNY 11 VSSGGSLI ASSG

&
ATCATAGAGTGCTCGTTGACTCCAATGATACCATGAAATACTTGGATGGCCTTTCTCTCTACCAAGAGTTGGGACACGTCAATTCTTCATCAGAGGTCCC
NHRVLVDSNDTMMIKY LD GLSLYQELGHVNSSSEWVFP

CTCTGGCAAAAATGTTCTCAAATCTCACGTCATTTCCCTCAGCCGTCCTTTCCCATTGGAGGGAAAGGTTACGAAAATTATTAAACTTCTCATTTATACT
S GKNVLKSHV I SL SRPFZPLEGKYVTIK KT I KULLIYT

CGCGACATTGAGACCGGGGAGACTCTTAGCCACGTACGAGAATATGAGACAGAGTCCTGTGCTCCCAAACCCGTTCTGGAGTGGAGCCCAGAGGAAACAA
R DI ETGETLSHVREYETUESTCAPIKZPVLEWSUZPETET

Supplementary Fig. S4
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&
ATCCTGGAAAGGAAGTATCTCTCAAGATCAAATCAAAGCCCCAATCGCTTTGCGCCTATAGCGTCATCGATAAATCCGCTGATCTCATTGAAAATCCTAA
NP GKEV SLIKTI KSIKWPQSLCAYSV I DIKSADTILTIENTPN

CAAGATGACCTCGGAGCGGATTCAGCAGTTGAGAGAAGACCTATCTGCGAGGCGGATCCCCTATGATCAAGTATCATCCCCTTCCGAATGCATGGACGCC
K M TS ER 1T QQLREDILSARRIPYDOQVSSPSET CMDA

AAGCACTTATTCAAGGCCATGGAGAACATCGGCCTTTATATCCTCAGTGATACCCTCATTCAAGACCCATCTTGCAATACAGTCATCGACTCCGCCAACT
K HLFKAMENIGLY I L SDTTWLIQDUP S c|NTV I DS AN
Bait region
TTGACGGCCCTGAAGAGGAAGATCCCTTCAAGCCTGCTCCGGAGGCGCTCTTTGGATCCACTCAATCCGCATTTGCCCCGGGAATGAGCACCGCCAATCG

[F D6 PEEETDTPFK®PAPEALTFGSTOQSAFAPGMSTANTH

C G E QIT M

CCTGAAACCTGGTTGTTTGATCTAGTAGATCTTGAGGATGGAGAAGAGGCCGTTATAAAGAGAGAAGCTCCACACACCATCACAACTTGGATTGCAGAGG
P ETWULFDULVDLEDTGETEAVI KREAPHTI TTWI1 AE

4
CCTTTTGCTCCCATCCAGACTCTGGACTCTCCGTTGCAAGGCGTGCTTCTCTTAAGGCCTATCAAGACTTCTTTGCAGACTTGAACGCTCCTTACTCCGT
AAF CSHWPDSGLSVARRASTLIKAYQDZFFADILNAPYSYV

CAAACGAGGGGAGATTCTTCAAATCAACGCCACAGTATTTAATAAAGTAAAAAGCCCACTCCCTATGAAGTTGAGCGTAGAGGAATCACCCGAACAGGCC
K R 6 E 1 LQI NATVFNIKVKS®PL®PMIKTILS SV ETESUZPEN~QA

TATGAGATTATAGAAAAGACGCATGAAGTTGTATGTGTCAACGCGGGCGGAAACGTTCACGTGGACTTTTACATTCGAGCTAATGAGTTAGACGTCGTCA
Yy EIl1 1 E X THEVVCVNAGSGNVHVYVDZFY 1T RANEILTDWVYV

&
ACATCACAATCAAGGCCGAGATTGTGAAGGATGAGGCATGTGGCTCGGTTTCAGATGAATCCATTGGCTTTACAGATATCCTTAAAAAGGCCATTCATGT
N1 T I KAETIVKDEACGSV SDESTIT GFTDILKIKATILIHYV

TAAGCCAGAGGGTTTCCCACAGGAAGTCACCAAGTCCTATTTCCTCTGCGGGGAACAGGTAGATACTCCTCTTGAGGATATCGTTGCCCCAGAGGAGGGG
K P EGFPQEVTKSYFLCGEO QVDTW®PLETDTIVAPTETESG

CTCGTGAAGGACTCTGTTCGCTTCTGGGCGGGTCTCTCTGGAGACATAATGGCCCCAGCCGTCAAGAACTTGGACAGCCTTGTGGCCCTCCCGACGGGCT
L v KDSVRFWAGLSSGDIMAPAWVK kN L DSLV ALUPT

Thioce

L
GTGGGGAGCAAACTATGFTTCGCATGGTGCCCAATATCTACCTTCTCGACTACTTAAAATCCATTGGGAAGTCTCTTCCTGAGTTGGAGACGAAGGCCAA
Il R MV P N 1T Y L L DY L KS 1 G K S L PELETKAK

&4
GGGATACATTCAGACTGGATTTGACCGTCAAAACCGGAAGTTCCGTCATCGTGATGGGGCATACTCCATTTGGGGACCTAAGGACTCTGAGGAAGACGGC
G Y I 0 T G F DR QNIRKFRMHRDGAY S I WGP KD S EE DG

TCGATGTGGCTCACTGCCTATGTCGTCAAGGCATTTTCACAGGCCTCCAAGTACATTAAGGTAGACGAAAAGCTTCTCAAGAAGTCTGTTAAATGGATCA
S MWLTAYVVKAFSAOQASI KY 11T KVDEJZKTULILIKIKSV KW

TCAAGCGCCAGGACTTTGAGACGGGCTGTTTCCACAATGAGGGCTATGCTTACTCCGTTAATTCCCCAAGGGAGACATTGACCTCTCATGTACTGGTCAC
Il K RQDFETG G CFHNESGYAYSVNSWPRETILTSHVLVT

TCTTTTTGAAGCAAAATACACTGCTGGGCTAGGAAATGCTATTGACTCCAAGGTTTTAAACAAGGCCCTCCGATGCCTAAAGAACTCTCAAAAGGAGGAA
L FEAKYTAGLTGNAIDS S KVLNZKALRT CLIKNSOQKEE

ATCAATGAGGAAGCTAACGAGGAGGATGCTAATGCAGGAGCAAAGAATAAAACCAAGTCCTTGTATGCTCTTTCCCTCGAAACCTATGCAGTTCATCTTC
I NEEANZEEDANAGAIKNI KT K SLYALSLETYAVHTL

TGGAAACACAAGCCGAGCTCAAGAAGGAGATTGGCGACGCCTTTGATGAGATCAAGGGGGACAAGCTTTTCAAGGAGCTCTTGGAGCGATCTGAGAGAGA
L ETQAELIKI KEIGDAFDTETI KGDJ KULZFIKETULILERSERTD

CGAAAAGGGGTTCCTCCATTGGGGACCCGGCAATGATTCCTCTCTCTCAATGTCCGTTGAGATGACGGCTTATAACGTGATGAGCCTTCTCTTCAGAGAT
E K GFLHWGPGNDSSLSMSVEMTAYNVMSLLTFRTD

GAACTAACTGATGCTCTGAGTGCGATTCGATGGATGTCGACGCATCGGAATCAGAGAGGGGGCTTTGTGTCCACACAGGATACTGTTGTTGCCCTGCAGG
ELTDALSAIRWMSTHRNAQQRSGG GV FVSTAOQDTVVATLDQ

CCATTAGCCGCTATTCTTCTCTTGTGTATGAGAATGAAACCAGCCTGGATGTGAAGCTATTCAATGGAACGGGACTGTTGAAGGACTTCAAAATTGATGA
Al S RY SSLVYENETSULDVIKLZFNGTSGULILIKDTEFZK I DE

GGACAATAAACTGCTCTTCAAAAGGATGAAAGTGGATGGTCTTGTAGATCTAAAGGTCAGCAGCGAGGGCAAGGGCTGCTATGCCCTCTCCACCATGGCC
DNKLLFKRMKVDG GLVDLIKVSSEG GIKTGT CYALSTMA

CGCTACAACATCAACAACCAAACGGATGAGTCCCCCAAGTTCCAAATCCGAACGGACGGAAACAGCTCGTACCTCCACATCTGCGCCAGCTACATCGGAG
R'Y N T NNQTDESUPKZ FOQIITRTDS GNSSYULHICASYIG

ACCGTGAGCGAACCAACATGGCCCTCCTGGAAGTGGAGCTTCTCAGCGGCTACGAAGTCCTCGAGGACTCCCTGGCCCTACTCCTCAACGAAGTCGAATC
DR ERTNMALILEVETVLWLSG GYEVLEDS STULALTULTLNTEVE S

CGGAGTGGAAAAATACGAAATCATGAACGGTGACGATGATAAAGACGAGGACCGAAAATTCGTTCTCTACTTCAATGCCTTGGAGCAAGGAAGAAACGCC
G VEKYEIMNSGDT DU DI KDEDIRIKFVLYFNALE- QG GRNA

TGTTGGGACGTGGAGCTCAAGAGAGTCAACTTAGTCAAGGACCTCAAGCCCGCCATTATTAAAATCTACGACTACTATGCACAGGAAGACGCCTTCTCAA
cw?DVELI KRVNLVIKDTULIKZPAII1l K1 YDYY AQETDATFS

CGTCATATATTATTTAATACCCCTACATCAACACTTGTAAAAAAAGGGGATACTCATTTTTTTTAATTCTTAGTAACATCTTGTCAAATAGCGTTTTATA
TS Y 1 1 *

AATTCATGGAGGGGAAAAAAAGATGTGTCAATCATTGGAATTAAGATAAATGTTATCAAGTATATAAAATTAATGTCATTAGACAGTGTAGCTCATATAA

Supplementary Fig. S4 (continued)
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CaspA2M-2

GTCTCTTTGAGCATAGTGCCGTTTGTGTGTATTCCTCTACTTGGAGTCTTGGGACAAACGCCCTTTCAAGTCCCTCCTTCCGAACCAAAAGTTATAAGAG
v sLSI1IVPFVCIH1PLLGVLSGQT®PFQVPPSEUZPIKV IR
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CGTTCCGGAAGGGCAATTTGTTCAATTAACATTCCACATTTTGTTTCTTGAAAACAATCAGTTTTGCTCATGGGATTGGATCAAAATCTATGATGCCTCG
vV PEGQFV QLTFHI1ITLFLENNOQQFCSWDWTI K 1T Y DAS

TGTCTCAAAGACGTGGTTTCCTTGTCTCTTGGAAA TTTCTCCAGAAAATAAGGATGGAGAGGTTGAAAACAGACGTGAAGGTTACATGCTTACCTT
V S QRRGFL VS WKWP VIS PENZKDSGEVENRRETGYMLTL

GCCTCAGTCATTTACTGCATCTGATGAAACTACCCCTGAGGAGATGTGCCTGGAGATATTCAATGTAAGGTCTAAGGGCAAAGTTTTCATAAATGTATTT
P Q SFTASDETT®PEEMTCLTEIFNVRSIKSGIKVF I NVF

ACTTCTCAAAGTGTAATTAGTGAAGACACAGACATTTATAAAGAAATCAACTATGATCCCGAAGTCAACGGGGACAAGCTTCAATGCTTTAACATGAAAA
T S Q@ SVv 1 s EDTDI1YKETINYDU®PEVNSGDIKTULZOQCFNWMK

TACCAACAGATTTTAGAGAAAAACAAGCTATTGTCCAAATTAATGGAACTTTTGAAGATTCAGATTATCGTATTTTAAGTTATAAGGCTGTAAAAGTTTT
I P TDFREKQAI VQI NGTZFEDSDYIRI1TLSYKAVKVEF

TAAAGTCTCTGTGCAAAATCTCATTCAAACGGATAAGCATGAGTATCGTCCTAAACAATTAGTCAAATTTAGAGTGCTCTCCATGAATGGAAATTTAAAA
K'v SV QNULI QTD KHEYR®PIKZOQLVKFRVLSMNGNILK

CCATCAAAAAATAAAATGTTGGATGAAGTGTATGTCAAGTCACCAAGTCGACAAGTTCTTGCTCAATACAAAAATGTAGAATTAGATCCTCGAGGTATTC
P S KNIKMLDEVYV K SPSRQVLAQYKNVETLUDUZPR RG!I

ATCATTTTGAGTATCTTCTAGATGAAGAGCCAGAATTAGGATCCTGGGAAATTTCTGTAATAACAAATGGTGCTGATGATCTTGACTCATCAGTCGAATT
H HFEYLLDEEPELGSWETI SV I TNGADU DIULUDSSVEL

AGCATCATTCATTGTCAATGAGGCTGTTCTTCCTAAATTTGAAGTTCAAATAAATAGTCCTAAAGTTATTTTCAGTGAAAGTGAAAAAGTAAATTTTGAG
AS F I VNEAVLZPIKZFEVQINSPIKV I FSESEIZKVNFE

ATTTGTGGTATTTATACTCATGGAAGTAAAGTTAAAGGATCCGTCGAAGTCTTTTTTGAACATAAGTACAAAACGGCAAACTATTGGAGAGCACCAACTA
I ¢ G1 Y THGSKV KGSVEVFFEHZIKYIKTANYWRAPT

TTACATCAAACTTTACGAAGAAATCCATTATTTCACAAGATAATGCCTGTACGACTGTATCTATTAATAATACTGAGCTTGCGAAACTTTCCTTACAAAT
I T S NFTKIKS 1T 1 SQDNACTTVS I NNTIETLAIKTILSTLO QM

GGAAACTCCATTCCTTGTCAAAGCAAAGTTAATTGAAGAGGGCACTGATATTGTTCAAGAGGCTTCTAAACAAGAAAAAGTGATTTTTACTCATGCTGAA
ETPFLVKAKILI EESGTDI VQEASI K QEI KWV I FTHAE

TTCAATTTTGGGGATAGCTCTTCAGAGCATATCATTGGAGAATTTCCTTTCGTTATGTATTTAAAGCTTCAGGAGCATGTTACTAAAAAACCGCTAAAAG
FNFGDSSSEHI I GEFPFVMYLIKULAOQEWHVTIKIKPLK

GAGCCAATGTTGAAATATGTTCTAGATTATGGAGGGACGTCAAAGATTTCACTCAGCACATCAATTCAAGACAATTCTATTCATTCGATGAAGATGATTA
GANVEI1I CSRLWRDVIKDUTFTOQHTITNSRIQFY SFDETDTDY

CTTTGAATTGGGTAAAAAATTGATTAATATTAAATTTAAAGAAACTTGCATCAACCAAACAACATCTGAAGAAGATGGATCAATAACCTTTGGCATTCCG
FELGIK KULINIIKZFIKETT CINOQTTSETEHDGSITTZFGTIP

TTGAATGGCGTCCCAATCAATGTGACGAAATTGAGCGTTAAAGTAACTGCTTTGGATTTTGAGGCGAACCAAACAACAAGAATGAAGCTAACTCAAAATA
L NGV PI NVTIKLSVKVTALUDZFEANOQTTRMIKTILTQN

AACACGATGTAATTTTGACTCATCTTAGTAATGACACGATTGGAAAAGATGCTCATCGTCTTACAATTCGTGAAAAGCTGATCGAAGATAAAAAGGTTAA
K HDV1LTHULSNDTI GKDAHRLTIREI KL EDKK VK

ATTTGACTGTGAGGGTACATCAGAATTCACAGTTTATTTCCAAGGCCAAATGGGAAGTTCGGTTGACTTAAATTATGTTGTGTCATCTGGTGGTTCTTTG
FDCEGTSEFTVYFQGQMGSSVDLNYVVSS GG S L

ATTACTTCTGGAAACAAGTTGGTCCTAGTCGATTCTAATGATACGTCCAAGTATCTAGATGGACTTGTTCAAATGGATGGACTTGGCTATGTGAATTCTT
I T SGNKLVLVDSNDTSIKYLDSGLVQMDGTLGY VNS

CAATAGATGCAAGCAATAATGTACTCAAGTCTCATGTAATTTCTTTGAATAGACCATTTCCCAATGAAGGAAAAGTAACAAAAATGATTAATTTGCTTGT
Ss 1 DA SNNVILIKSHVI SLNRPFPNEG GIKVTIKMMINTLILYV

TTATACAAGAGATCTTGAAAGTGGGAAAACTCTTAGCTTTGTTAGAAAATACGAATCCGAATCATGTGCCGAAAAACCTAAAATTGAATGGAATCGTCAT
Y T R DLESGIKTULSFVRIKYESES ST CAEZ KWPI KT EWNTRH

GAGTCTAATCCCGGTCACAAGGTTTCTCTTAATATCAAATACCAACCAAAATCTCTTTGCGCATATAGCGTTATTGATAAATCTGCAGATTTAATAGAAA
E S NP GHIKV SLNIKYQPIKSLTCAYSUVI1IDIKSADILIIE

ACCCAAATAAGATAACTTCTGTAAAAATACAAGAAGTGAGAGAGAAATTGGCTGAAAAACGTATTGTAAGAGACGGCGTTTCATCTGATAAATGTAAAAA
NP NKIT1T TSV KIT QEVREIKILAEI KR RI VRDSGVS SDKTCKN

TGCTGAGCATTTGTTTCAGTCAATGGAGACCCTCGGGTTATTTGTTTTGAGCGACAAGTTGATTCAGGATCCTGCATG
AEHLFQSMETLGLUZFVLSDI KTULTI QDPATCINSV VD SN

Bait region
AATTTCTTCAATAATGAAGGCCAATATGGTCAATATAAGCCTACACCCATTGCATTTAGTTCAGCTGCAGCTCCTGCATCTGGCTTTAGCCAGGTAAACA
|N FFNNEG QY GQY KPTPI AFSSAAAPASG GEFSOQQVN

GACTTGAGGCTGATATTGAAGATCAAAGCCATCATAAGCAAGGGCAGGTTTTACTTTCTGTACAAGAGCAAATTGTAAAGATACGTGACTACTTTCCAGA
[RLEADTITETDTGQSHHEKT QGO QVLLSVQETG QT VK KTIRTDYVY|FZPE

Supplementary Fig. S4 (continued)
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AACATGGCTTTTTGATATCGTTGACTTAGAAAATAAAACTGAAGTTACAATAGAAAAAGAAGCTCCTCACACAATTACAACATGGGTTGCAGACGCTTAT
T wlLFDI11VDLENKTEVTIEIKEAPHTITTWVATDAY

TGTTCCAACTTAGAAAGTGGATTTTCCGTCGCAGATAGGTCAGAATTAAAAGTTACTCAAGATTTCTTTGCTGACCTAAATTCTCCATACTCTGCAAAGC
c S NLESGFSVADRSELIKVTQDUFZFADTLNSUPY S AK

GTGGAGAAATTTTGCGAGTAAATGCTACTGTGTTCAATAAAGTTGAAGGGCCTCTCCCAATGAAATTAAGTATTCAAGCATCAGAAGGTTATTCTTTAGT
R 6 E I LRV NATVZFNIKVEG GPLZPMIKTLSTI1ITQQASETGY S LV

CAACAAATCCGAAGAGATAACTTGTGTAAATTATGGTGGAAATGTCCCAGTGGATTTTTTTATTCAGCTGAATAAATTGGGTCAAGTCAACTTGACAGTC
NK SEEITCVNYGGNVPVDFZFI1TQLNIKTILG G QVNLTYV

AAGGCAGAAATTGTTAAAGATGAGTCCTGTGGAAGCATTTCAGAAGAATCTGTTGGCTATACCGATACTTTAGTTAAATCGATCAATGTTCGTCCAGAAG
K AAE I VK DESCGS1 S EESV GGYTDTULVIKSITNVRPE

GGTTCCCTAAGGAAGTTGTTAAATCTTACTTTTTATGTGGTGAGCAGAAAGACTCGCCTCTTGAAGATACGCTCTTGCCAGATGGAAATCTTGTTGATGA
G FPKEVVKSYFLCGEA QIKWDS®PLEDTTULULU®PDSGNTULVDTSD

TTCTACTCGAGCATGGTTCGGAATTTCTGGAGACATAATGGCTCCTGCGGTCAAAAACTTAGATGGACTTGTTGCTCTTCCAACT AGAACA)
S TRAWFGTI1SGDTIMAPAVI KNTLTGDTGTLVATLTPTI[c C G E Q

Thioester site
ACAATGATTAGAATGGTTCCAAATATTTATCTCTTGGATTACTTAAAATCGATTGGAAAGTCAGTACCAACTTTAGAATCAAAAGCAAAGAGATATATAC
TMI1RMVPNTIYTLTLTDTYTLTEKSTIGEKSVPTLTESTSTEKHATEKT RY.I

AGGCTGGGTATGATCGTCAAAATAGAAAATTCCGTCATAGAGATGGAGCTTACTCGATTTGGGGACCCAAAAGCAGCGAAGAAGACGGTTCTATGTGGCT
Q AGYD R QNRI KV FRMHRDSGAYSI1I WGUPIKSSEEDTGSMWL

CACAGCATATGTTGTAAAAGCATTTTCCCAAGCGTCTAAATATATTGATGTAGATTTGAAACTCTTAAAAAAATCAGTCAAATGGATATTAAAAAGACAA
T AYVVKAFSQASI KY I DVDULIKILILIKI KISV KWI L KRNQ

GATTTCGAAACTGGATGCTTCCATAATGAAGGATATGCATATTCTGTCAATTCTCCGAGAGAAACGCTTACATCCCATGTCTTAGTTACATTATTTGAAG
bFETS GC CFHNEG GYAYSVNSPRETULTSHVLVTLFE

CTAAATACACTGCAAAATTAGGAAACTCCATTGATTCCAAAGCCATTCACAAAGCTCTGAGATGTATTAAGATATCTCAAGCTCCAAAGGATTCAGCAGA
A K Y TAKULG GNS ST DS KAIHIKALURTCTIKIT S QAWPIKUDSAE

AACTAATGAATCTCCAGACGAATCAATTGAAGAGATGGACGACGCCAACAAATCCGATCAAGGTGGTGAATCCTTGTACGCTCAATCTCTTAAGACATAC
T NESPDESITEEMDUDANIKSD QGG GESTLYAQSLIKTY

GCTATTCATCTCCTTGAAACCAAGCCTGAACTAAAGAAAGAAATTGGAGAAGAATTCGAAGAGATCAAAGCAAAAAGTCTCTTCAATGAATTAAAGGAGA
Al HLLET KWPEILIKI KTEI GEEFETEIKAKZSILIZFNTETL KE

AGTCTAAGAAAGATGACAAGGGATATCTATTTTGGCAAACGAACAATTCTCTGTCAAGATCAGTTGAAATGACTGCTTATAATGTCATGACTCTTCTTTT
K S K K DDIKGYLZFWOQTNNSLSRSVEMTAYNVMTILILF

TAATGGAAAGCACAATGATGCACTGAGTGCCATTCGTTGGATTTCTGGCCATAGAAATGAAAGAGGTGGATTTATTTCTACTCAAGATACAGTTGTTGCT
NG KHNDALSAI RWI SGHRNERGG GE F1T STAQDTV VA

CTTCAGGCCATCAGTATGTACTCAACTATGGTGTATGAGAATGATACAAGTTTAAGTGTACAATTCTCGAACAAAACATCAGAAATAGATTCTTTTGATC
L QAI S MY STMVYENDTSLSVQFSNIKTSETI1N1DSFD

TTAATGAGGACAACAAGCTTTTGTTTAATAGAATTAAAATTAATGATCTTCGCAACTTAAAAGTTAGCAGTACTGGCAAGGGCTGTTACACATTTTCCAC
L NEDNI KULILFNRTIKITNDILRNLIKVSSTSGI KGO CYTFST

TATGGTTCGATACAATGTGAAGGACGAGAAGGACAAAAACGCCAAGTTTCTCATTCGTGCTGACGCCAACAAAACAGCTCTTCATATTTGTTCTAGCTAC
MV R Y NV KDEI KD KNAKT FLIRADANIKTALUHTICSSY

ATTGGTGAGAAATCGGTAACGAATATGGTTTTGCTAGAAGTAGAGCTTCTTAGCGGTTATGATATAGTCGAAAGTTCCTTGGAAGTACTATTAAATGAAG
Il G E XK SV TNMVLLEVELLSGYDI VESSLEVLILNE

TACAGTCAGGTGTTGAAAAGTATGAAGTCTTAAAGGACGAAAGAAAATTTGTTCTTTATTTTAATGGATTCAAGAAAGAAGAGAATCATTGTTGGAATTT
v Q S GV EIKYEVLIKDERIKZFVLYFNSGFIKIKETENHTCWNL

GGAAGTCAAAGAAGTCAGTCAAGTAGAAAATCTTAAACCCGCTCTCATTAAAATATTTGACTACTATTCTCAAGAGGATACTTTTACAACCACCTATAAT
EVKEV SQVENLI K®PALIK 11T FDYY SQEDTZ FTTTYN

ATCTAATAATTCTTTTCACTCACTAAGAAATGAACTTATTCATCATGCTGTAGTTATTTTATTATTATCATATGCAAGTGTTTTTATCTATGAAAAAAGA

1 *

TTACACAAATTCTGAGATTTTATGTTCATGCTACTCGTCCTTAAAAGGACTTATTTATTTTTCCAAATACTTATTTCCAAATAATTGAAATCTTGTAATT
AGTCAACAATCTAGCTTCATAATATTGATCTGACTAGACAACTTTGAAATGAGTGTTTCATTATTATATGCATTTTTGTCATCAATTAAATAAATAAAGT
CATTCGGAT 5409

CaspiTEP/CD109-1

1
101

201

301

401

TTACTTACTTACTTACAAGAGGCTCAGAGAAGAGTGAGTATTGGTGGTGGGGACCAAAAGACTGGCGAAAAAAAAGTAAAGTGTACGCCTCCACATTTCT
ATGATTTGAATTAGTTTAAAGCTGAGTGTGTGAAATGAATCAAGTTGGATCATAAGTGAATGAATAGTGATAATTATAAAAAGTTTAAAAAGAGTTTTGA
M NS DNY K KF KK S F D

CAGGATGAGGGACTTCAAGGTCATCCTCTACTTATTACCAGTGTTCTACCTCTCAGTGGGTCTCTCAGAGGCCAAGAAGCCAACGTATAGCATCATAGCC
R M RDFI KV I LYLL®PVFYLlLSVGLSEAIKIKWPTYSI1IA

CCAAATGTCATACGTCCTAATACGGACTTCCTAATTGCAGTCTCTACTCATGGCATATCCTCAGATCAGGATGTGCTTCTCACAATTAAGGGTCAGAGTG
P NV I RPNTUDZ FLIAVSTHSGI SSDOQDVLLTTI1HIKGA QS

AATCCGAAGGGAACGTTGAGATTAGCAAGGAGACCACAGTGAGACCGGATGAGACTCAGATCGTCCGGATGGTCGTGGGTAACCTTGGTGAGGGGAAGTA
ESEGNVEISKETTVRPDETOQI VRMVYV GNLGEGK'Y

Supplementary Fig. S4 (continued)
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CGCTCTACATGCCCGTGGAAACAGTCCTCTCGCCTTTGACGAGACTCAGAAGCTAAACTACATTCATCAAGGATACTCCGTCTTTGTGCAAACGGACAAG
A LHARGNSZPLAFDETA QI KILNY T HQGY SV FVQTDK

GCCATCTACAGACCCGGGAACGCCGTCAAGTTTCGAGTGATTGTTGTCACGCCAAAATTAAAACCAAGTGTTTTAGGGTCCATTGACGTGGGCGTTTTGG
Al YRPGNAVKFRVIVVTPIKLIKPSVLSGS 1T DVG VL

ACGGAAAAGGTCATTTAGTTCGTAAATGGGACCGAGTGTTCACACAAGGAGGCGTATTTGCGGAGGAGTTCCTAATCGATGATGATCCTGTGCGAGGAGA
D 6K GHLVRIKWDIRVFTAOQGS GVFAETETFULIDDUDZPVRGD

CTGGAATATTACGGTTGACGTCAGCGGTCAAAAGTTTAGCAAGTCCTTTCAAGTCGTGGAGTACGTCCTCCCACAGTTTATTGTGGACATTGATATCCCA
wW N 1T TVDVSGQKF S KSFQVVEY VLPQF 1T VDI11DIP

AAATACGGTTTATTCGACGAAGGACTCACCACAGCCAAGATTAAGGCGCATTACTCATTCGGTGTCCCTGTAGAGGGTGAAGCCACGGTCTCCATCTTCC
K'Y 6GLFDEGLTTAIKIKAHYSFGV?PVEGEATUVS I F

CAAAGTACAAGTCTGGTATCCTACAGCCTCTGTTTACCCGCCCCGTGAGGAAAGTTGTTCCCATCAAGGGCGAAGTGGACGTGAGTTTTAACATTGCCAA
P KY K SGI1LQPLFTRPVRKVVPI KGEVDVSFNIAHK

GGAGTTGAACATCCGTGATGACTACTCTCGAGAGGTCATTTTCGATGTGGAAATCAAGGAAAGCCTCACGGATCGAGTTCAAAATAACACTGCTCTCTAC
ELNITRDUDYSREVWVI FDVEIKESLTDRVQNNTATLY

CCCATGTACAGATATGACTACAAACTAGAAATGGTTCGAACTGCTGATGCCTATAAACCCGGCATGCCTTACTCTGCCTACATCAAAGTGGCGAAACAGG
PMYRYDYKLEMVRTADAYKWPGMPYSAY I KV A KQ

ACGACACCCCTATCCGCGATAAGAACATTCCCATTAAACTAAAATGGGGCTTCTCTAATGAACCCTCTGAGGACTACAACACGACAACCATCTACTCCGA
bbT®PI1RDIKNIPI KLKWSGVFSNEWPSETDYNTTTTIILY SD

CAGCAACGGCATCGTTACCCTCGCCTTGGAAACACCCACCGTAAATGATACTGAAGCCGTCGTCCTGGGTATTGAGGCTTCCTACAAGAACCTGACACAG
Ss NGI V.Tr _ LALETPTVNDTEAVVLGIEASYIKNTLTAQ

TGGTTTTCCACGATTCCCCGCGCCGAGTCAAGATCCGGGCTTTACCTACGATCTAAACTAGTGACTACGAGCCCCAAGGTGGGTGAAACAATATCCATTG
wFSTI PRAESRSGLYLRSK KLV TTSZPIKVGETTI SI

ATGTGATATCCAATGAAGGCATTGACTCCTTAACGTATTTAGTTTTTGGTAGAGGCAGACTTGCTCTTGGTGTGACACGAGGTGCAAGTGGAACAAAGGA
bvl1l1SsSNEGIDSLTYLVFGRG GRLALGVYTRSGASGT K E

AAATCAGGTATCCTTTCGTGCAACAAGTGACATGTCTCCCATCTGTCGAGTGATAGTGTACTATGTGACTCCAATCAGCGGAGAAATAATAGCAGATTCC
NQVSFRATSDMSU®PI1LCRV I VYYVT®PIL SGETII ADS

ATGGACTTTGAAGTTGAGGGTATACTTACGAACTTTGTGGAGATTTCATCAACCAAAAAAGAGACTTATGCAACGAGTGATGTGACAATTAATATTAAGA
M DFEVEGILTNZFVETILI SSTIKI KETYATSTDVTIHINIK

GCAAGCCCAATTCTTTCATCGGAATCCTGGCTGTCGATAAAAGTGTACGTTCCCTAAAGGGAGGACATGATGTTTTACTAAAAGAAGTGACGGAAGAACT
S K PNSFI1 GI L AVD K SVRSLIKSGS GHUDVLLIKEVTETE'L

TCGGCGCTATGACACAGTCAAGACGCCAAACTTTTTCCCCTGGTTTCGTATCATAAAGCCTAAAGATGGCTCCCTCTCTTGGCATACGGGCTCATTAAAC
R R YDTVKT®PNZFZFPWFRI1 I KPKWDGSULSWHTGS LN

TCTGAGGACACCTTCCTTAAATCTGGGACCCTCATTTTCACAAATGGGGAGCTTCAAAAGAGCTATACCGAGGATGACTCAACAAATGCCATAGAGACTG
S EDTZFLIKSGTULI11FTNGEILI QK SYTEDHUDS STNAIET

AGGTTCTTCGAACCCGAGCAAATAATCGGCCCTTCGGACGCCCTATTCCTAGACCCGGCGTTCCAACCTTAAACCCTGATAAGGGACCAGGGTTAGAGTA
EVLRTRANNRPFGRPIL PRPGVPTILNZPDIKGZPSGTILEY

TGAGTCCGCAACAAGACCCCCCTTGGAAGGCCCTTATGCCTTCTCTCGTTTTCCAAGACCTTTGGACAATATCCCAAAAATATATTTGAAGAACGACTTA
E S ATRWP®PLESGPYAFSRFZPRWPLDNI®PIKTI1IYLIKNUDIL

CCTGATACCTGGCTTTTCCTGAACGCAACCACAGACTCAGAGGGAAGAGCCTCCATCCCCGTTAAGGCTCCAGAAACAACCAACACGACCTGGGTCATTT
P DTWWLUFLNATTDSEG GRASI1IPVKAPETTNTTWVI

CTGGATTCGCCCTAGATGACCTCCATGGCATGGGTATCACCCAGCAATTCGGGTCCCTGGAAGTCTTCCAACCCTTTTACGTTCAAGTTGACATGCCTCC
S GFALDUDULMHGMGITOQQFGSLEVFQPFYVQVDWMPFP

CTCCATTAAGCTTGGCGAAACACTCAGCGTCCAAATGGTTGTATATAACTACCTGAAGGAAGACATCAGTGCCTCAGTCGTTCTAGAGGGTCGAGAAGAA
s 1 KL GETLSVQMVVYNYLIKEDISASVVLEGTRETE

GAATTTGTCTTTGGAGAGGCAGACCCATATTACTCAGACGAAGACTATCAGATTGGGAGCATCGTGTCTCAAGAAAAGGAGGTCGGAATCCGCCCGGGCC
EFVFGEADUPYYSDEDY QI GS1 VS QEIKEV G I RPG

GTGGAACCATCGTTTCCTTTTTACTCACCCCCCTGGTAACAGGTGATATAAGGATGAGGATTAAGGCTGAAGGAAAGAGTGGGGATAGCAATGTAGGCTA
R ¢6T1I1VSFLLT®PLVTSGDIRMRIKAEG GIKSGDSNVGY

TGAAAACATTGTAAAGGTACTCCGTGTCGAGTCTGAAGGGGAGGTTATGCGCCGAAACAAGGGTTATCTCCTGGACTTCAACGGAGGCTCCGACTTTGAT
ENIT1TV KV LRVESEG GEVMRRNIKTGYULLDITFNSGSGSUDTFTD

AAAAATATATCAATTGATATTCCCTTTAATGCTGTTCCTGGATCCGAAAAAGTATATGTGTCCATGATGGCGGATCCTCTCAGCTCAGCAATGAACCATA
K N1 S1DI1PFNAV?PGSEIKVYVSMMADUZPLSSAMMNH

TGGAGAAGCTTATACATTACCCTACG! AGAACAAAATATGATTCGCCTTGTTCCGGTGTTGTCCATATTGGAATACATTGATGAAAAGAAAAT
M E K L I HY P T iﬂiiﬂiig.iﬁ.iﬂiAﬁ M IR LV PV LS 1T LEY 1 DEKK!I
Thiocester site
AACGGCCCCTCTTCAGAGAAACACTGCAATCAAAACAATGGAACTCGGTTATCAACGGGAACTCACCATGCGATTGGACGACGGATCGTTTTCCTTTTTC
T APLQWRNTAIKTMETLSGYQRELTMRLUDUDTGSF S FF

GGGAAGGACATGGACGAAAAAGGGTCCACTTGGGTGACGGCCTTGGTCATTGGAACGTTTTTAAGGGCCTCAAAGTATATTGACATTGATCCCAATGTCT
G K DbMDEIKGSTWVTALVI GTFLIRASIKY 1 DI DZPNYV

TACAGTCCGGACTGGAATGGCTGGCAAAGGCTCAAAATGACGAAGGAGCATTCTCTGAGAGTGGAAACATTTACTTCCGTCACCTACAGGAAAGCAACAT
L QS G L EWILAKAQNDTETGAFSESGNIYFRHLUGQESNI
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TGGACTCACAGCCTTTGTTGTAGGAGCCTTGGCGTCTCAAAAGGAAATGCTAGACGCCAACTCCAAGAATGCACTTAACCGTGGAATTTCCTTCTTGGCC
G L TAFVVGALASO QKT EMLUDANSIKNALNRGTISFLA

AAACATTGGAAGGATGAAAGCAGCTCAGCGGAAGAGAATCCCTATATTTTTAGCGTAATTACGCATGCTTTGGTCAAAACAGACCATCCAGAGGCCGGAG
K HWIKDUESSSAETENPY 11T F SV I THALVIKTWDUHUPEASG

ATGCCTACAACGTCCTCAAATCCTTCGCCAAGAGAAATGAGACCAACGGATGGGAGTGGATCGAGGCTAAAATCCCTGAAGCCCAACAAGAGAATCACTG
DAY NVLIKSFAKRNETNGWEWTIEAIKTI1IPEAQAQENWHW

GTTCAACACCTCCAACTCCATAAACAATCAAATCACAGCCTACTACGCCCTTTCTACTCTCAAAATATCTCCAGATCGAATCATCCCCATCATGAACTGG
FNTSNSITNNOQITAYYALSTLI KI®ISPDRI I PI MNW

CTCATTACCCAGCAGAACTCCATGGGAGGCTTTGCCTCTACCCCAGATACCTATGCTGCAATCGAGGCCCTACACAACTACGATCTCAACCTCCCTCAGA
L1 TQQ NSMGGFASTW®PDTYAAIEALUHNYDLNTLPDQ

GACGATCCAAAATATCCGTGGATTATTCCTACCTGGACAACTCCCGCTCCAGAGAAATCGATCCCGAGTCCCTCACCATATTACAAAGAAGAGTACTCCC
R R SK 1 SVvVDyYSYLDNS SRS SREIDWPESTLTILO QRRVLP

TGCCTACATTCGAAATCTCACCGTGAAGGCAACGGGAGCCGACGCGGTGGGTGTTATTAATGTTGAATATGCCTACAATTTGAACGTGACGGCAAGCTAT
AY I R NLTVKATG GADAVGV I NVEYAYNILNVTASY

CCCTCCTTCGTTCTTAACCCACAGCTCCTAGACCCTCAAAAAAAGGCCCAATTCATTCTCAACGCCTGCGTCAATTACATATTCTACAGCGACTCCGACG
PSFVLNPOQLULUDWPQ QK KAQFI1LNACVNY 1l FY SDSTD

CCAGTAATATGGCTGTCATGGAGATCGACCTCCCCAGCGGATACACCGTGGACGCCACCTCACTCCCAAGTCTCAAGCGCTACCAGGGTGTGACCCGCGT
AAS NMAVMEI DLUZPSGYTVDATSULZPSLIKIRYQGV TRV

AGAGGCCAGCCGTCGCAACACCCGAGTCATACTCTACTTCAAACATATCGGGAAAAGTGAGGTTTGTCCCACGATCCTTGGGTTCAGGACCTTCCGAGTC
EASRRNTRVILYFKHI GKSEVC®PTI1LGFRTTFRYV

GCAAATCAACGCCCAGCTCTCATCAAGGTCTACGACTACTATGACCAATCCAAGGTGGCTAGAATGTTCTATCAAGTTGGGCCAGACAATATTTGCCATA
ANQRPALI KVYDYYDQSKVARMFYQVGPDNTITCH

TATGCACGGGAGAGGACTGTCCAGAGGACGGATGCCCAGAAGGAGAGTCTTACGATTTCTTCGGCCCTACATACAACGCCAACGTGGATCCCATCCAGGA
Il ¢ T G6GEDTCPEDSG C®PETGESYDZFFGPTYNANVIDUZPIL QD

TTTCTCAGCGGCCGCCCAAGTCCTCCCCATCTATTCTCTTACATTTGCCATCTCCTTATTTGCCATGCTAAACTACTAGACGTCGTCATTAAAATCAAGC
F S A AAQV LP I Y S LTZFAIL SLFAMILNY ™

CTCCTTTCACAAGCAGTCATTTGTTTTACAAAAATACATCCATACTAAAATGTTAATTATGTCTTGCTAATTCACTCATTAGACTAATCATATATTATTT
TTCTGAGCATTTCATTTTTAACTCCTGTTAATAACTACAAACATATATATATCATAACCTTTAATTCGTAAAAAAAATACATATTTAATTTACTAGTCTA
AATAACTTATTCTTCTTCGTTGTACCTAATTATTTTCTCTTTGTATTTGTCTAATTACTCTAGGGGGGGCATTATTATATAAGATGAAATGAGGGATTCA
AGGCTCATAAAGTGATATGAATATTTTGCAAGACTAATTATTCTATGTGATATTTATTTTATGTACATTCATAATATACCTATATCAAAATAAAA 5195
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CATGCTAGAGGGAATTTTCCTATAGCGTTTGATCATACTCAAAAGTTAATCCACATCAATCAGGGCTACTCTGTCTTTGTTCAAACGGATAAAGCAATAT
H ARGNZFPI AFDMHTOQIKT LTI HTINQGY SV FVQTDIKA'I

ACAGGCCAGGGAATGTTGTCAAATTCCGGGTTATTGTTGTTACTCCTAAACTAAAGCCAAGTGTAGTTGGATCCATTGATGTCGGAGTTTTGGATGGAAA
Y RPGNVVKFRVI1IVVT®PIKILIKW®PSVV G S 1DV GV LDGK

AGGTCATTTAGTTCGTAAATGGGATAGGGTTTTCACGACGGGTGGAGTTTTTGCTGAGGAATTTCTCATAGATGAAGACCCAGTTCGAGGGGATTGGAAC
G HLVRIKWDWRVZFTTSGSGVFAETEFLIDEUDUPVRGDWN

ATAACGGTGAATGTAAGTGGACAAAAGTTCACCAAATCCTTTCAAGTTGTAGAGTACGTTCTTCCACAATTTATCGTTGACATTGGGATTCCAAAGTATG
I T VNV S GQ KFTKSFQVVEYVLPQZFI1TVDIGI P K'Y

GTTTATTTGATGAAGGACTTACATCTGCCAAAATTAAGGCATATTATCCGTTCGGAGTCCCTGTGAAAGGGGAGGCCACTGTTTCTATATTTCCAAAATA
G LFDEGLTSAKI1IKAYYWPFGVZPVIKG GEATVS1TFUPKY

TAAATCTGGATTGCTTCAACCCATTTTTATTCGTCCAGTCAGAAAAGTCGTACCAATTAATGGCGAAGTAGATGTTAGTTTCAACATTGCCAAGGAATTA
K s 6L L QP 1T FI1RPVRIKVVPINGEVDVSFNIATIKE'L

AATATAAGAGATGATTATTCTAGAGAAGTTATTTTTGATGTTGAAATCAAAGAAAGTTTGACGGATCGAGTACAAAATAATACAGCCCTATATCCAATGT
NT1T RDDYSREV I FDVEILI KESLTDRVQNNTALYPWM

ACAAATATGATTATAAACTGGAAATGGTTCGAACTGCTGATGCGTATAAGCCTGGTATGCCTTACACTGCATACATCAAAGTTGCAAAACAAGATGATAC
Y K Yyby KLEMVRTADAY K®PGMPYTAY 1T KV AIKIQDTDT

ACCGATTAGTGATAAAAATGCGCAAATTAAATTAAAATGGGGATTTTCTAATGAACCTTCCGAGAAATACAATACAACAACTTTGTTGGCTAATAAAAAC
P 1S DKNAQI KLKWGFSNEPSEI KYNTTTTULTLANIKN

GGAATTGTAACTCTCATCTTGGATACTCCTGATGTGAATGATACAGACGCCGTAGTGTTAGGAATTGAAGCATCATATAAAGATTTAACTCAATGGTTTT
G 1rvTLI11LDTW®PDVNTDTIDAVYVLGI EASYIKDTULTAQWF

CTACCATTCCTAGGGCTCAATCAAGATCTGGACTATACTTGAGATCCAAATTGATTACGAAAAATCCCAAAGTAGGAGAGACCATCTCAGTCGAAGTTAC
s TI PRAQSRSGLYLRSIKLITIKNZPIKVYVGETI SV EVT

TTCAAGTGAAAATATTGATTCTATATCATATTTAGTCTTTGGACGGGGACAACTTGTCTTAGCCATTACTCGTAAAGCCAGTGGAACAAATGAAAATAAA
S SENIDSI SYLVFGRSGQLVLAITRIKASGTNENHK

ATATCATTCAGAGCGACAAGTGATATGTCTCCAATTTGTCGGATTATTATATACTATGTAACTTCAATCAGTGGAGAAATTATATCAGACTCAATGGACT
I S FRATSDMS®PICRIIIYYVTSI1SGETITD1 1T SDSMD

TTGAAGTTGATGGAATACTAACCAATTTTGTAAGCATCTCGTCAACTAAAAAGGTTACTTCAGCAGCAAACGACGTGACAATAAATATCAAGAGTAAACC
FEVDGILTNZFVSI1SSTIKIKVTSAANTDVTTIHINIIKSKP
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TAATTCATTTGTTGGCATTCTAGCCGTAGACAAGAGTGTGAGATCTCTCAAAGGAGGTCACGATGTTCTTTTAAAGGAAGTTACCGATGAATTAAGAAGA
NS FV GILAVD K SVRSILIKSGSGHUDVLLIKEVTDETLRR R

TATGACACTGCAAACACTCCGAATTTTTTCCCTTGGTTCAAAGTTATTAAACCCAATGAAGGTTCTTTGTCCTGGCACACAGGTTCTTTAAATTCCGAAG
Y b T ANTPNZFFPWZFIKVI1IKW®PNES GSILSWHTSGS S L NS E

ATACTTTTGTAATGTCTGGTACTATTATATTTACAAATGGAATATTAGAAAAACGTTATTCGGAGGAGTCCACAAATGTAATTGAGACAGAGGTACAGAG
b TFVMSGTTI1I1I1FTNSGILEI KR RYSEESTNVI ETEVQR

AACTTTAGCTAAAAATAGACCTTTCGGACGTCCAATTCCAAGACCTGGCGTTCCAACTTTAAATCCTGATAAGGGTCCTGGATTAGAATATGAATCAGCC
T LAKNRPFGRPI PRPGVPTLNZPDI KTGZPSGTLTEYESA

ACCAGACCTCCATTAGAAGGTCCTTATGCTTTTTCACGCTTCCCAAGGCCATTAGACAATACTCCAAAGATTTACTTAAAGAATGATTTGCCCGAAACTT
T RPPLEGPYAFSRFPRPLDNT®PIKTI1IYLIKNDILUZPET

GGCTTTTTCTTAATGCAACAACTGATTCGAATGGAAGAGCATCTATTCCAGTGAAGGCTCCCGAAAAAACAAACACAACGTGGATTATATCTGGGTTTGC
W LFLWNATTDS SNG GRASIPVKAPEIKTNTTWTI I S G F A

TTTGGATGATCTTCATGGAATGGGTATTACTGAGCAATTTGGATCTTTGGAAGTCTTTCAACCATTTTATGTCCAAGTGGATCTTCCTCCTTCAGTTAAA
L bbLHGMSGITE~QFSGSLEVFQPFYVQVDLU®PPSVK

CTAGGCGAAACTTTGAGTGTGCAAATGGTTGTGTATAATTACTTGAAGGAGAGTATTCAGGCATCAGTAACTTTAGAAGGGCGTGAAGAAGAATTTGTTT
L 6GETLSVQMVVYNYLI KTES SIQASVTILEG GRTETETEFV

TTGGTGAAGCTCAGCCGGATTTATCCAATGCTTATCCTAAAAATGAACAGATAGGCAGCCTAATATCTCAAGAAAAAGAAGTGGGTATCAAGCCTGGCAG
FGEAQPDILSNAY®PIKNEOQIGSLIT SQ EKEV G I KP GR

AGGAACCATTGTATCATTCCTCATTACTCCGCTCTTATCGGGGAATATCAGAATGCGAATAAAAGCAATAGGGAAAAGTGGTACCAGTAATGTAGGCAAT
G TI1ILVSsSFLI1I1TPLLSGNIRMRIIKAIGI K S GTSNVGN

GACAATGTTGTCAAAACTTTGACCGTCACATCAGAAGGGGAAATCATGCATAGAAATAAGGGGTATCTCCTTGACATGAGGGACGCCTCAGAGTTTAAAA
DNVVKTLTVTSES GEIMHRNIKTGYLLUDMMRDASTEFK

AAAATGTGACGATCGACATTCCGTTTAATGCAGTCCCTGGATCTGAAAATGTATTCATTTCCTTGATGGCAGATCCACTCAGTTCAACAATGAATAACTT
K NV TI1DI1PFNAV?PGSENVZFI SLMADUZPLSSTMNNL

GGAGAGATTGATTCGATATCCTAGTGGATGTGGTGAACAGAATATGATAAGACTCGTTCCAACTCTTGCTATCTTAGAGTATATTGATAAACTGGGAATA
ERLIRY®PGSI[GCGEOQNMIRLVYVPTLATILILTETYTIDTEKTLG.I
Thioester site
TCTGCCACTTATCAAAGAAATGAGGCTCTAAAAACTATGGAATTGGGATATCAACGAGAACTAACCATGAGAATGATGGATGGCTCCTTCTCATTTTTTG
S ATYQRNEALTKTMETLTGYOQRETLTMRMMDTGSTFSFF

GAAAGGGAATTGATGAAAGTGGTTCAACCTGGGTGACCGCATTGGTGATTGGAAATTTCTTAAAAGCTTCAAAATATATTGATATTGACCCTGTTGTCAT
G K G6GI1I bE S G STWVTALVI GNFLIKASIKY 1T DI DZPVVI

ACAATCTGGACTTGATTGGCTTTCAAAAATTCAAAATGAAGAAGGTGCATTCCCCGAAAAAGGCAAGACATATTTTAGTGATTTACAAGAAAATGAATTG
Q S GLDWILSK 1T QNZEEGAFPEIKS GIKTYFSDULOQENEL

GGGCTCACTGCTTTTGTTGTAAGTGCCTTGGCTTCTCAAAAAGAAGATTTAGATGCCAATTCTAAGAATGCCTTGAATAGAGGAATTTCGTTTGTTGCAA
G L TAFVVSALASO QKT EDTILUDA AN SIKNALNRGTI S F VA

AACATTGGAAGGATGTCAGTACTCAAGCTGAAGAGAATCCCTATATTATGAGTCTTGTTGCTCATGCTCTTGCTAAAACCGATCATCCTGATTCAAATGA
K HWWKDV ST QAETENZPYIT MSLV AHALAIKTUDHZPUDSND

TGCACTTAACATTCTTAAATCTGTTTCCAAAAGAAACGAGAGTATGGGTTGGGAATGGCTTGAAGCTAAGATACCTGAAGAAGTTGAAAATAACCATTGG
A LNITLIKSVSKRNESMGWEWTLTEAIKTIPETEVENNHW

TATAATCAGTCAAATTCATTGAATAATCAGATGACTGCGTACTACGCCTTGGCCACTTTAAAAGTCTCTCCAGAGAAGGCATCTCCTATCATGGCATGGC
Y NQ S NSLNNQMTAYYALATILI KVSPEIKASUPIMAW

TAGTTGCTCAAAAAAATTCTATTGGAGGGTTTGCATCAACTCCTGATACTTATATTGGTATTGAGGCCCTTAAAGAATTTGACTTAACTCTCAACATTCC
L VvV AQKNSIT 6GGFASTW®PDTY 1 GI1 EALIKEFDLTULNTILIP

AAAAAGCACTTCAAAAATAGACGTGAATTATTCTTATTTGGATAATTCTCGTAGTAGGGAAATTAATCCTGAAGCATCAACCATCTCAATAAGACGAGTC
K s Ts K I DVNYSYLDNSRSRETILINPEASTI S 1T RRYV

CTACCCTCAAACACACGCAACATAACTTTAGAAGCCAAAGGAACGAATGCTATTGGGGTCATTAACGTGGAATATGCTTATAGTTTGAATGTAACGGCAA
L PSNTRNITLEAKSGTNAIGV I NVEYAYSLNVTA

GTTGGCCTTCTTTTGTTTTGAATCCTCAGCTCCTGCCTGCTCCACCAGCACAACTGATCCTTAACTCTTGCGTTAATTACATATTTTATAGCAACAAAGA
s WPSFVLNPQLLUPAPPAQLILNSTCVNY 1l FY SNKE

GTCATCTAACATGGCTGTCATGGAGATTGATTTGCCTAGTGGCTACACAGTCGATGCGAATTCTCTACCGAGTTTGAAGCGTTATGAAGGAGTTTCCCGG
S S NMAVMEIDLWPSGYTVDANS SILWPSULI KR RYESGV SR

GTTGAATCGAGTTTACGAAATACTCGAGTGATTATTTACTTTCAAAATATTCGCAAAAGTGAGGTATGCCCAACGATTTTAGGATTCAGAACCTATGGTG
VESSLRNTRVYII1ILYFQNIRIKSEVCPTILGFRTYG

TATCTAATCAGCGACCAGCGCTCATCAAGGTCTATGATTATTATGATCAATCACGAGTTGCTAGAATGTTTTATCAAGTTCGTCCAGCTACAATTTGCGA
VS NQRPAL 1 KV YDYYDQSRVARMFYOQVRZPATII CE

AATTTGTACTGGAAATGACTGTCCAGAAGATGGTTGTGAAGACAAATCTTTTTACCCAATTTATAATCCAACTTATCATGCCAATGTGGATCCTAATAAT
I ¢ T GGNDTCPEDSGT CEDIKSFYP 1 YNUPTYHANWVUDZPNN

GAAGCGGGGGCAACTTCAAAAATGTCAGTGTCTTTATTTTTGATGGCCTCCTCATTGTGCTGTACTTTAGTCAAGATGATCTACGTCTAGTAAGCAATTA
EAGATSKMSVSLFLMASSLCCTLVKWMMIYV™*

CTTCGACTCCATTGTTTTAACCTTTAAACATTCATTGGGAAAAATCATAATCATAATTTTCAAACAGTTAAAATACATACATGTAATAAATATACCTATA
TCTATCTATCTATCTATCTAAAAATATATTTAAGAGAAAATATAAGTGAATCCATC 4456
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ACAGGAGGAGACATCCCTGTGACGGTTAAAGTAATGAATCATCCAACCAAGAACAGAGAGCTGGCAACAAAATCTGTGACCCTCACCAGTGCAAAGGACT
T 66G6GDIPVTVKVMNHPTIKNRETLATI K SV TLTSATKTD

TCCAAGCACTTGCACAAATATCGATCCCGGCCGATGGCTTCAGCAGGGATCCCAATGTGAAGCAATATGTTTACTTACAAGCTCAGTTCCCAGACCGGCT
FQALAQTISIPADGTFS SRDPNVYZ KGO QYVYLQAQTFPDTRIL

GCTGGAGAAAGTCGTCTTGGTGTCCTTCCAGTCTGGGTACATCTTCATCCAGACTGACAAGACCCTGTACACCCCTGAAAGCACAGTTCTTTTCAGGATG
L EKVVLVSFQSGY 11 F I QTDIKTULYT®PESTVLTFRWM

TTTGGAGTGACGCCTCGCATGGAACCTGTGGAGAGGGACGACAAAACTGATGCCTCTATCGCTATTGAGATTGTGACACCTGATGGCATCATTTTACCAC
F GGV TPRMEPVERUDUDI KTUDASTIAIEII V T®PDGTI 1 LP

TTGATCCAGTCTTCTTGAAATCGGGGCTGTACTCTGGAGATTACAAACTTGGTGACATTGTCAGTTTTGGAGTGTGGAAAGTGGTGGCAAAGTTCCAGAG
LDPVFLIKSGLTYSGODYTZKTLTGDTIEIVSFGVYVWE KVVATKTFLOQS
CAACCCACAGCAGACCTTTGCTGCAGAGT TTOAGGTCAAAGAAT ARGTGCTGCCCAGTTTTGAAGTGAAACTGTTGCCTGTGAGTCCCTTCTACTACGTG

NPOQOQTTFAATETFTEVEKETYVLPSTFEVEKLLPVSPEVYYVY.YV

&
GGCAGTCCGGAGCTCACCGTCAACATCAAAGCCACGTATCTGTTTGGTGAAGAGGTGGATGGTACTGCATACGTAGTATTCGGAGTTGTGGAAAACAAAC
G SPELTVNIKATYLFGEEVDS GTAYVVFGVVENK

AGAAAAGGGGATTCCAAAGTTCTCTTCAGAGAGTACCGATTAAAGATGGTAAAGGAGATGCCACACTGAAGATAGAGCACATCACAAACACGTTCCCAAA
Q K RGFQSSLQRVZPI1 KDGKGDATTULIK KT EHTIHITNTFPN

TATCAATGAGCTGGTGGGGACTAATATATATGTAGCAGTCAGCGTGTTGACGGAAAGCGGCAGTGAAATGGTGGAGGCCGAGCTGCAAAACATCCAGATT
I NE LV GTNITYV AV SV LTESG GSEMVEAETLZQNTITIOQ'I

GTCACATCGCCGTACACCATCACCTTCAAGAAAACGCCCAAGTATTACAAGCCAGGAATGTCCTTCGATGTGGCGGTGGAAGTTGTAAATCCTGATGGTA
v T s pPYTI1TFI K KTWPIKYYKPGMSZFDVAVEVVNUZPDG

CTCCTGCAGACGGAATTTCTGTGGTGATTAAACCAGGCCCGGTGAATGGGAATACCGCAGCTAACGGCATGGCAAGGCTCACCATCAACACCATGGGAGG
T PADGI SVVI KPGPVNGNTAANGMARTILTINTMGG

AAATAACAACTTACAGATCACTGCCGAGACCAATGATCCTCGGCTTTCTCCTGAAAGACAAGCAAAAGCCACCATGGTAGCTGTCCCGTACCAGACAAGC
NNNLOQIT TAETNDUWPRLSPERI QAKATMYVAVPYQTS

AGCAACAGCTACATCCACATAGGTGTGGACGCAGCCGAGCTGAAATTAGGAAACAATCTGAAAGTCAACCTCAACCTCAACAATAATGCAAATCGTGACA
S NSY I HI GVDAAEILIKILGNNLIKVNLNTLNNNANIRTD

TCACTTACCTGATCCTGAGCAGAGGCCAGCTGGTGAAATCTGGTCGATACAAGACAAGAGGCCAAGTACTGATTTCCCTGATAGTTCCCGTTACAAAAGA
I Ty L1 LSRGQLVKSGRYKTRGQVLI1ISLI VPV THKE

GATGCTGCCATCATTCCGCATCGTAGCCTACTACCACACAAATAACAACGAAGTGGTGTCCGATTCCATTTGGGTGGATGTCCAGGATGACTGCATGGGT
MmLPSFRI1IVAYYHTNNNEVWVVSDSI1TWVDVQDUDT CMG

TCGCTGAGGCTAGAACCAACAAGACCAGTTCCATCTTATGAACCTCGCAAGATGTTTGGTCTGAAGGTGATTGGAGACCCAACAGCCACAGTGGGACTGG
S LRLEPTWRWPVZPSYEPRIKMEFGLI KWV GDUZPTATVGL

TGGCAGTCGACAAAGGCGTCTACGTTCTCAACAACAAGCACCGTCTCACACAGAAGAAGGTTTGGGACATTGTGGAAAAGTACGACACGGGTTGCACACC
VAV DI KSGVYVLNNIKHRLT QK KV WDI VEIKYDTSGTCTP

AGGTGGAGGGAAGAACAGCATGAGTGTGTTCTTCGATGCTGGGCTGTTGTTTGAAACCAGCACAGCTGTGGGTACTCCCTACAGACAAGAGCTGAAATGT
G GGKNSMSVFFDAGLLZFETSTAVGTWPYROQETLIKSTC

GCAGCTCCCAGCAGGAGGAAACGAAGCACTACTATTACGGACACCATCACCAGTTTAACGAGTCGGTATAACGACACTCTGCAACGGGACTGTTGTAGGG
AAAPSRREKRSTTITDTITSLTSRYNDTLGQRD[CCc R

p-a cleavage site L __
ATGGCATGGCAGACACTCCAG CATACTCGTGTGAGCGACGAAGCGAATACATTGACGATGG tﬁA CTTGTGTCGAAGCCTTTGTGCACTGC GCrA
b GMADT®PV SY S c ERRSE Y I DDGUP S cVEAEFVHZCcc|K

ANA domain
GGAGATGGAAAAAGAGCGAGCTGAAAAAAGAGAGGAAAACCTTCAACTGGCTCGCAGTGAAGATGATGACAACAGTTACATGGACAGCAGTGAAATTGTT
EMEIKEIRAEI KREIENLO QLARSETDU DU DNSYMDSSE IV

4
TCTCGAACACAATTCCCAGAAAGTTGGTTGTGGTTGGATATCAATTTGCCTCCTTGTCCTAGAAATACCCCCAACTGTGAAACCACATCGTTTGTGAGAA
S RTQFPESWLWLDTINLWP®PCPRNTWPNTCETTSFVR

ATGTTCCTCTGCAAGATTCAATCACGACCTGGCAGTTCACTGGCATCAGTCTATCTAGAACTCTAGGGATCTGTGTTGGTGATCCATTGGAGGTCATTGT
NV PLQDSIITTTWOQFTS GI!ISLSRTLSGICVGDU®PLEWV 1LYV

CAGGAAAGAATTCTTCATTGATCTCAAACTCCCCTACTCTGCTGTCCGAGGAGAGCAGATCGAAATAAAGGCCATCCTCCACAACTACAGCCCAGATGAT
R K EFF 1 DLKLWPYSAVRGEZ QI ETKATILILUHNYSPDTD

GTCACTGTGCGTGTCGATCTGACTGAGGAGCAGCATGTGTGCAGTTCAGCCTCGAAACGTGGAAGATACCGCCAGGAAGTTAGAGTTGGGCCTGAAACCA
v T VRV DLTEEA QHVCSSASI KRG GRYIRQEVRVGPET

CACGATCTGTGCCCTTCATCATTATTCCCATGAAGGAAGGACAATATCGCATCGAGGTCAAAGCGGCTGTCAAAGATTCTTCGCTCAACGATGGCATCAT
TRSVPFI1L1 1 PMKEGQYRI1EVKAAVI KD SSLNDGTII

&
TAAGACACTGAGGGTGGTGCCAGCAGGAGTACTGGTTAAGGTTCCTCTGGTTTTACCGTTAGACCCAGCAAAACAAGGTGTTGGCGGTACACAGAAAGAA
K T LRVVPAGVLV KV PLVL®PLUDZPAKZ GQGVSGGTQKE

ATAATCAACAGTGCAATTCCTAAGAAAGATATTGCTCCAAACACACCCACGAGCACACAGATCTCTGTTTCAGGTAAAGAACAGGTATCAACACTAGTGG
I I NS A1 PKKDI APNTPTSTOQI1I SV S G KEQV S Tk L Vv

v
AGAAGGCCATCAGTGGGAACTCAATGGGCAGTCTGATAGTCCAGCCCTCAGGTTGTGGAGAGCAGACCATGATCCGAATGACCCTCCCTGTCATTGCAAC
EKAIlI S GNSMGSLI VQPS|GCGEOQTM|IL RM TLPV I AT

Thioester site
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2901 | CACATACCTGGATACGACTAACCAGTGGGAAAAAGTGGGCTTTCAGAAACGTGCCGAAGCTCTTCAACACATTAAGACTGGCTATGAGAGGATGCTCACT| 3000
T vy L DT TNOWEKVGFOQOKWRAEALOHI®IKTGYERWMILT

—
3001 |TTCCGTAAAGGCGACGGATCTTTTGCTGTGTATCCTAAACACGTGAGCFGCACCTGGCTGACAGCTTATGTTACAAAAGTGTTTGCTATGGCCCACAATC 3100
FE R K G D G S F AV Y P KH YV SIS TWILTAYVTIKVFAMAHN

3101 TGGTGGCTGTGCAAACCGACATTCTGTGCGGCGCTGTCAGGTATCTCATCCTGAAGACGCAGCAGCCCGATGGCGTATTCAGAGAAATTGGGAAGGTGTA 3200
L VvV AVvVQTDI1LCGAVRYLILIKTOQQQPDG GV FRETIGIKWVY

3201 CCATGGAGAGATGATTGGTGATATACGTGGTGGAGATTCAGATGCTTCCATGACAGCCTTCTGCGTCATTGCTATGCAAGAGGCACGTGCACTATGTGCG 3300
H GEWMIGDII RGGDSDASMTAFCVI AMAOQEARATLTCA
Catalytic histidine
3301 GCCAGCGTTAATAGTCTATCAGGTGCGGTAGACAAATCAGTGTCCTACCTGGAGAAGCGTCTGCCCGGCCTCACCAACCCATATGCTGTTGCCATGACAT 3400
ASVNSLSGAVDIKS SV SYLEIKRLWPGLTNZPYAVAMT

3401 CATACGCGCTGGCCAATGAAAAGAAACTGAACCGGGAGATCCTCTACAAGTTTGCTTCAACAGAATTCTCCCACTGGCCAACACCTAAGGGACATGTTTA 3500
S YALANEI K KLNREILYKZFASTEFSHWPTWPIKTGHVY

3501 CACCTTGGAAGCCACAGCTTATGCTCTTCTTGCACTTGTCAAGGCTAAGGCATATGAAGATGCCAAACCTATTGTAAGATGGTTTAACAGACAGCAGAAG 3600
T LEATAYALULALVKAKAYEDAKW®PI VRWFNZRIQAQK

3601 GTGGGAGGAGGTTATGGATCAACTCAGGCAACTATAATGGTGTACCAGGCTGTAGCTGAGTACTGGGCCAATGCTCAAGAACCAGAGTATGATTTGAATG 3700
vV 666 6 Y 6 STQATIMVYQAVAEYWANAQEWPTEYDTLN

3701 TGGACGTATTGTTACCAGGCAGGTCAAGGCCTGAAAAGTTCAAGTTCACCCGTGACAACCAGTATACCACAAGATCATCTAAAATCAATGACATCAATCA 3800
v bDvLLPGRSRZPEIKZFIKZFTRIDNOQYTTRSSIK 1T NDI NDQ

3801 AAATGTGACTGTGACTGCCACAGGCTCAGGAGAAGCAACATTTACAATGGTGTCGTTGTACTACGCTCTCCCTAAAGAAAAGGAAAGTGATTGTCAGAAG 3900
NV TVTATSGSGEATFTMV S LYY ALUZPIKEZKTESDTCDOQK

3901 TTTGACTTGAAAGTGGAGCTCATCCCAGACAAATTGGGGGATGATGAGAAGATATACAAACTAAAAATAAATGTTTTGTATAAGAGCCGGGAGCATGATG 4000
FDLIKVELIPDI KTILGDU DEIKTIYKULI KTINWVILYKSRTEHTD

4001 CAACAATGTCAATCCTTGATATTGGTTTGCTAACTGGCTTCACTGTTAACACAAATGACCTGGACAGGCTGGCCAAAGGACGCTCACGCATCATCTCCAA 4100
AATM S 1 LDI GLLTG G FTVNTNDILIDIARLAKGRSUR RTI1 I S K

4101 ATATGAGATGAACACAGCCCTGTCAGAGAGAGGCTCACTCATCATCTATCTGGACAAGGTTTCTCACACTCGATCAGATGAGATCACATTCAGGATTCAT 4200
Y EMNTALSERGSTLI1T 1 YLD KV SHTRSDETILTFRTIH

4201 CAGACTCTAAAAGTAGGCGTCCTACAACCAGCCGCTGTTTCTGTCTACGAATACTATGACCAAACACCATGCGTAAAGTTCTATCACCCAGAGAGAAAAG 4300
Q T LKV GVLQPAAVSVYEYYDOQTW®PTCVKUEFYHZPTERK

4301 CTGGACAGCTCCTGAGGCTCTGCAGAAATGATGAATGCACGTGTGCCGAAGAGAACTGCAGCATGCAGAAAAAAGGCAAAATTGACAATGATGAGCGCAC 4400
A G QL LRLTZCRNDTETCTI[cAEENT CSWMQKTI KTGTIKTDNTDTETRT
C345C domain
4401 GGCTAAGGCCTGTGAGACTGAAGAGAACAGCAAAATAGATTTCGTGTATAAAGTACTGCTGGAGGACTTTAAAGCTGACTTATCCACTGATATTTACGTA 4500
A K A CETETENSTIKTIDFVYIKVILLETDTFHKADTLSTTD I YV]

4501 GTGAAGATAGTGGAAGTAATCAAGGAAGGAAGTTACGACGTGGGTCCTCTGAACAAAAAGCGTGCATTCCTCAGTTATCCACACTGCAGAGAGTCTTTAG 4600
[VK T VEVI1IKEGSYDVGPLNEKIEKRAFTLSYZPHTCcCRTETSTL]

4601 ATCTGAAGACAGGCAAAACCTACCTTATCATGGGAACATCCAGAGATATTCACAGAGATGAGCAAAATAACTCATACCAGTATGTGCTCGGTGAAAGGAC 4700
[DL K TG KTY LI WMGTSU RDTIHRTDEZ QNNSYUQYVLGETRT

4701 _CTGGGTTGAGTACTGGCCCACTGAAGACGAGTGCCAACTTGATGAACACAGACCAACGTGTTTCGGTATGGAGGAGCTGGTGCAGCAGTATGCACTCTTT 4800
WV EYWPTETDECOQLDEHRPTCFGMEZELVQQYALF

4801 GGATGTCTGCAGTAGTGAACCTTTACAAGTCAAATGTTCTCTTCAAAAATAAATTGTATTCATTGTTCTTGTGTTAATTTTTCACTGAACTGAGCTGTGG 4900
[cerq-

4901 AAGTCGTGTTCGACTGCCCTAAATAAAATTCAGATGATTCTGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 4972

PaspA2M

1 GAGCGGGGATTTTCGCTATCCTAGTCTGTTCCTCCTCTCGTCGTTGATTTTGTTGGATAAAAGTGTGAGTAGTAAGTGAGTGAGTGTGTGTATATATTTA 100
101 TATACATACATACATACATATATATTGGAAAGAGAGGTTAGATAGAGGGATCATTTGATATGCGGAACTCGGTCGGGGCACTTTGGGCCTTTTGCCTATT 200
MR NSV GALWATFTCL F

201 CCAGGCGGCCTTTTCATCTTCCCCGCCTTCCATAAGCCCGGAGGTACTCGAGAAGTTCTTGGCGGGTAAﬁAAICAIACGAAICIICGAGGAICAILIIIIﬁ 300
QO AAFSSSPUWPSI1I SPEVLEIKFLAGIKINUHTNILIRTGS S S G

CUB domain
301 ATTTTCAGATCTCCCAACTTTCCTGAGGAATATCCCGCTAATTCAAACTTTACCTGGAAAATCGATGTTCCGGAAGGAGAATTCCTTCAGCTCTCTTTCC 400
| Il F RSPNVFWPEEYPANSNFTWIKI1 DVZPEGETFULQL S F

401 500

501 CCAGCAAGACCTCGTTATAATCTTCAATACAAGCAGCATTTTATTGGAGCTTCACTCCGACTCTGTTATTCACAAAACCGGCTTTTTAGCTTCGTGGAAA 600
[ @ QDL VI T FNTSSTLLETLHSDSVIHKTGFTLASWK]

601 TCCGTTACTGCTACAGAAGAAGAAAAAGAAGATTCAGAGAGTGATAAGAAAAAGGAAGGTTATATTCTCACATTCCCTCAATCCTTTACCTCTTCCAAAG 700
[S V[T ATEEETKETDSES SDT KT KT KTETGYTILTFPQSFTSSK

701 AGACCTCGGCTGAAAAGACTTGCCTTCAGATTTTCAACGTTCATACGAAGGGGAAAGTATTCATAAATGTATTTTCGTCTGAAAATATTCTGTCTGGAAA 800
ETSAEIKTTCLOQI FNVHTIKSGIKVFIT NVFSSENILSGN

801 TCCGGTTCTATATAAGGAGATAGATTATGATCCATCTGTTCAAGGAGAAAAACTACAATGTTTCGATATTGAATTGCCAACTGATTACTCAATGAAAAAA 900
pVv LY KEI11I DbYDU®PSVQGEIKLOQCFDI1I1ELWPTUDYSMEKK

Supplementary Fig. S5 (continued)
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TACGCCATCGTTAATATTAATGGTACATTTGAGGAGTCTGATTACAGTATATTAAGCTACAAGACCCTAAGAGTTCTTAAAGTCCCTGTCAAGACCCTTA
Y AL VN1 NGTFEESDY S I L SY KTULRYVLKVPVKTL

CTCAAACGGATAAGGGAGAATATCGACCGGAACAAACCGTATTATTCCGCGTTCTTAAATTGAATGGAGAATTAAAGCCATCCGAAAATCGAACAATTGA
T Q TDIKGEYRPEQTVLFRVLIKTILNSGETLIKWPSENRTIID

TGAAATTTACGTCAAGTCTCCTTTGGGGAGGACGATGGCTCAGTACAAAAATGTAACCTTGAGCCCGCAAGGACTCGGTCAATTCGAATATACTTTAGAT
E Il YVKSPLUGRTMAQYKNVTLSUPQGLGQFEYTTULTSD

AAAGAACCAGAGTTGGGACCTTGGCAAATCGTTGTTCGAGTTTTTGGAAATGACACTCACGAGCCTGTTGAAGATATCGCAATTTTTGTTGTAAATGAAG
K EPELGPWOQT11TV VRV FGNUDTHEWPVETDTIAIFVVNE

CTGTACTTCCTAAATTTCAAGTAAAAGTCGAGGCTCCAAAGGCTATTTTAGCTGAGAGCGAAGAAGTCAAATTTGAGATTTGCGGGATCTACACTCACGG
AV L PKFQVKVEAPIKAILAESEEVIKZFETICGIYTHSG

AAGTAAGGTTAAAGGAACAGTGAAGGCTCATTTCGAACACAAATACAGAGTTGGTACTTACTGGAGAGCTCCTTATAAGACCTTTAATTTAACAAAAATC
S KVKGTVKAHZFEHI KYWRVYVYGTYWRAPYI KT FNLTK.'I

GTGGAAATAAAAGATGACGACTCATGCGCCACTGTAATACTAAATTCGACTGAGCTGGGAGATTTATCTAAAAAGCCCGATGAACCATTTACTCTCACGG
vV EIl K DbDDSCATVILNSTETLSGDIULSI K K®PDEWZPFTILT

CAAACTTAACAGAACACGGAACTGACATTGTACAAAGTCATACACTTACTTCTAAAATCACATCACCCACGCAAAAATCGATTTCCAAGATAGCGCTTCC
ANLTEMHGGTDI VQ SHTLTSIKITSZPTA QKIS 1T S K 1T ATLFP

ACGCACATTGCCGGTGGATTCCCTTATGTTCTCGATTTCCGTGTTTTGGATCATTCTGATTCTCCTCTTAAAGGATCGAAAGTTAGACTATGTTCCAGAC
R T LPVDSLWMZFSIT SV FWI1I1 L1 LLULIKDRIKTILDYVPD

TTTTTTCATGATATAGAATCCTTCAGATCATTCATCCAAGATAAATACAGGAATTTATATTCCGCCGACGAAGATCAATTTTATGGACTTGGAAAGGTCC
FFHDI1ESZFRSFI QDI KYRNWLYSADEDU GQTFYGL G KV

TCGTAAAAATTTTGTTCAAAGAAACGTGCATAAATGTCACGACATCTTCAGACGATGGATCAGTCAAACTTGGAATTCCTCTAAGCGGCCTCTCTACCAA
L v K11 LFKETTCIHINVTTSSDDSGSVKLSGTIPLSGULSTN

CGTAACAAAATTAAGCCTAAAAGTAACTGCACTGGAATTCCATGCCAACGAAACTACGAGAATGAAAAATACAGAATCTAAACATGAAGTTATCTTAAGC
vV T KLSLIKVTALEFHANETTRMIKNTESIKWHEWV I L S

CATATTGGAAATGATAGCGCACTTAATGATCTTCATAGATTGGCAATTCGAGAGAGACTTATTGATGATACGAAAATTAAATTTGATTGCGAAGGAACCA
H 1 G NDSALNDILMHRLAIRERTLIIDUDTI KTIT KZFDT CEGT

CTACTTTTACCGTTTACTTCCAGGCAGAAATGGGAGACGTAGTCGATGTTAATTATGTAATATCTTCAGGAGGATCTTTGATTCATTCTGGAGTTAAACG
T TFTVYFQAEMGDVVDVNYVISSGGSLI HSG GV KR

AGTTATGGTGAATTCGAATGACACAGATAAATATTTAGAAGGGTTAATAAGCGAAGATAGTCTAGGGTACGTTAACTTAACAGATTCTCCTGCTAGTGTA
VMV NSNDTIDIKYLEGLI11 SEDSLGYVNLTU DS SUPAS SV

TTAAAAGCCTTTGTCTTATCAGTGGATCGTCCCTTTCCAAACGAACACAAAATCACTAAGCTTCTTAAAATTTTAGTATTTACTCGAGACGTAAATTCTG
L KAFVLSVDRPFPNEHI KITI KTULULIKI1I®I LV FTRDVNS

GCTCAACTCTTAGCTCTATTAGAGAATATGAAACTGAATCCTGTAATGCTAAGCCCTCACTTTCTTTCTCCCCATCTAAAACTCGACCCTCAGATCTTGT
G S TUL S S I REYETIES ST CNAKZPSLSZFSZPSKTRU®PSDILYV

TTCTTTGAGTATTGGGAGTAAACCAAACTCATTATGTGGCTACAGCGTTATTGATAAATCCGCAGATCTGGTTGAAAATCCCAATGAAATAACGAGCAAA
s LSI1 G6GSKPNSLTCGY SV I DI KSADTULVENPNETITSK

AAGTTCCAAAATATAAAGGAGGATCTGGCCAAAAAACGAATTATAACTGAGGGAATTTACGGAGATCGATGCAAAAACGCTCAATACTTGTTCCAAGCTG
K FQ N1T1T KEDULAKI KR RI I TESGIYGDRTZ CIKNAQOQYIULTFAQA

CTCAACAAATTGGTCTTTTCATATTGAGTGATACTCTTGTTCATGATCTTAAGTGTGATACTGTTGTTGATTCTAGTGGTTTTGGAAACATTAACAAGGA
A Q QI GLF 1 L SDTLVHDILTEKTC[DTVVDSSGFGNTNK D

Bait region

GAAGCCGGAGCGGGCTCAGCAAGACCCGTTCAACAAAATAAACAAGGAGATATATCTTTATCTGTACCATCTCTGGAGATCCGGGATTACTTTCCAGAAA

[EAGAGSARPV QQNZKQGDTISL SVPSLETILRTDYI|F©PE

CCTGGTTATTCGATACTGTCTTGTTCTCTTCAGAAGACAGCGAAATCGTAGTGAAGGTAAACGTACCTCATACTCTCACAACATGGGTAGCGGACGCTTT
T wlLFDTVLZFSSEDSEIVVKVNVPHTLTTWVAUDAF

&
CTGCTCTCATACGGAAGATGGTTTTGCTGTTGCGGAACGTGCAGAGTTAAAAGTATCGCAAGACTTTTTTGTAGATCTTAATGCACCCTACTCCGCCAAG
c S HTEDSGFAVAERAEILIKVSQDZFZFVDLNAPY S AHK

AGAGGTGAGATCCTCCAGATCAATGCAACGGTATTTAATAAAGTTGAAGGACCTCTTCCCATGAAAATAAGTATCCTTCCATCGGAAGGTCATTATTCCG
R 6 E I L QI NATVZFNIKVEGPLWPMIEKTI1ISI1TLPSEGHYS

TCATTAATAACTCTGATGTAAATATCTGCGTTCAAAGTAAAGGGAATGAAGTTATTGGATTTTTCGTGGAATTTCAAAAGCTTCATGAGGTCAATGTGAC
V1 NNSDVNICVQSIKGNEVI GFFVEFIQKILHEVNVT

TATTTCTGCCGAAATAGTCCAAGATTCTTCTTGCGGTGATGTTTCCGAATCCTCTATTGGTATTTCCGACTCATTAAAGAAACCAATCATTATTAAGCCC
Il S A EI VQDSSCGDVSESSIT GI SDSLKI K®PTIT 1 1 KP

GAAGGATTTCCACATGAAGAAGTGAGATCTTACTTCTTATGTGGTGAGCAAAATGATACAGTCTTGGAGGATGTGAATTTACCCGAAGATGATTTAGTCG
EGFPHEEVRSYFLCGEAOQNUDTWVLEHDVNLUZPETDTDILYV
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ATGAATCTGGGCTACGATCGACAGAATAAAAAATTCCGTCATAAAGATGGGTCTTATTCCATATGGGGTCCGTCGAACACCGAAAGTGAGGGqTCGATGT
M N L G Y D R Q N K KFRHKWDGS Y S 1 WGP S NTESEG|IS M

GGTTAACTGCCTATGTAGTCAAAGCCTTTTCTCAAGCCTCTAAATATATTGATGTCGATAAGAATCTTCTCAAAGAATCTGTGAGATGGATTTTGGAGAG
wLTAYVVKAFSOQASIKY11TDVD KNLILIKESVRWILETR

ACAACATCGCGAAACCGGGTGTTTTAGAAACGAAGGATATGCATATTCCGTCAACAGTCCAAGAGAAACCCTAACATCTCACGTTCTAATCACACTTTTC
Q HRETG G CFRNEGYAYSVNSPRETLTSHVLI1ITILFEF

GAAGCAAGATACACAGCGAATTTGTCTGAAATTATTAACTCCAAAATATTCTACAGGGCCCTCAAATGTCTGAGCGATTCTTTAAACGAAGAACCCGAAA
EARYTANLSETIINSIKI FYRALJ KT CLSDSTULNTETEPE

AACCTGAGCTCGAAGAAGAGAATAAAAAAAATAAGCAAAAATCTATTTATACACAGTCCCTTAAAACTTACGCCATACATCTAATTGAAACAAAGGAAGA
K P ELEEENIKI KNIK QK ST YTQSLKTYAIHLTI1IETKED

TTTGAAAAAGGAAATCGGAGAAAATTTTGAGGGAATCAAAGCCGATACCCTCTTCAAGAACCTATTAGACGCCTCCAAAAGAGACGACCAAAATCTTCTT
L K K E1 6GENFEGTI KADTULZ FIKNULILUDASI K RDUDIQNTLL

CATTGGAAAAATAATTCCTCAAAGTCTAGATCTGTGGAAATGACGGCCTATAATATCATGACACTGCTCTTCAATGATGAATTAATCGATGCTCTTAGTG
HWIKNNSSKSRSVEMTAYNIMTULLZFNDTETLTIDATLS

CGATTCGCTGGATATCTAAGTATCGAAACGGACGAGGAGGATTCATATCTACTCAAGACACAGTAGTAGCATTAGAAGCGATCAGTAAATATTCATCAAG
Al RW 1 SKYRNGRGSGFI1I1T STQDTVVALEAISIKY S SR

AGTCTTTGAAAACGCAACTGATCTTTCCGTGGACTTGTATAACACGACCGGTACAATTGAGTCCTTCCATATCGTCGAGGACGATAAAATTCTTTTGAGA
VFENATSDLSVDLYNTTSGTI1ESZFHI1IVEDT DI KT1ILTLR

AGAATTGACGTAGATGAAGTTAAAGATTTTAAGGTCTCGAGCGTCGGTAAAGGTTGTTATTCCTTCCAAACTAGCATCAAATACAATACCAAATCTAATG
R I DVv DEVKDZFIKVS SV GKGCYSFQTS T KYNTK SN

AAAAAGAAGAAGAAAAGTTTTTCCTTAAAGCAGAAACCAACGAAACCTTTGTTAATGTCTGCGGATCTTATAAAGGTCAATCTTCGGTTACCAACATGAT
E K EEEIKFFULKAETNETFVNVCGSY KGQS SV TNMI

TATTCTCGAAGTGGAGCTCTTGAGTGGATTCGAAGTTGTAGAGTCTTCGATAGAAATCCTCTTGAATGAAATTGACTCTGGAGTACAAAAATACGAAATT
Il L EV ELLSGFEVVESSI1TEILLNETIDSGVQKY EI

GAAGAGAAAGAAGGAAAGTTCGTATTGTATTTTGATAATATGAAAAAAGATGAGCTCAAATGTTGGGACTTCGAAGTCAAAAGAGTTAGTCCCGTCGAGA
EEKEOGI KFV LY FDNMMIKI KUDELI KT CWIDUZFEV KRV S P VE

ATCTCAAACCCGCTCTAGTTAAAATCTACGACTATTATTCCCAAGAAGATTCCTTTACTACTAGTTACACAATTTAAAAAAAAGTCTTATTATATTTCTT
N L KPALVIKIIYDYYSQEDSZFTTSYTI1*

TTTTCTTGATGCTTGATCGAAAAAAAAAAA 5330
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CCAGTCAGGAAAGAGGGAGACGCTGAAGCCCGTTGATAACAACTGATCGGAACCGGCTCTAGGAAGTCGGTATTTTTTGAAGCACATCATTGTTATTTAA
AAGGATATCAAGGCGCGGGTTTTTAAATTGGATTACATTTTAGAATGGGGATTCATTCAATAGTTTGGACTATAGTGTCTTTCCTCTACTTAATTAATGC
M G I HS 1T VWTTI11TVSFLY L I NA

AGAAACTGAATGCAAAAAAGATGGTTACATTTTTACATGTCCGAGATCTCTCAAAACAGGCGCAAGCAACCAGATGCAACTTCGTCGATATGGGGAACTG
ETECIK KDGY 11T FTCWPRSLI KT GASNOQQMOQLRRYGEIL

GATGCAGGAGAGTTTAAAATAACAGTAACATATATGAATTCTATAAATCAAAATGAGACAATTGCAACGGAACAGACATTCGACATTCCAGAAGGTGAAG
bDbAGEFI K11 TVTYMNSINAO QQNETI ATEZGQTFDI1I PE G E

CCGACACATTAATGACGGTATTTCTGGAACCTATTGAAAATTATGTTTTCAACGGCAAGGTCACAATCAATGGTACATTTGATGACTATGTCATAGGAGG
ADTLMTVFLEZPI ENYVFNSGKVTIHITNGTFDUDYV I GG

AGTCGAGAAAGTATATTTTAGTTCTTCTAGAGATGACATCGTGTTTATTCAGACGGACAAGCCATTGTATAAAGAAGGACAAACTGTGAAATTTAGAGTT
VEKVYFSSSRDDIVF1QTDIK®PLYKEG GAQTVKFRV

TTAAGAGTTGATAAGACTTTGCGACCTTCAGTAAAAGATCAAGCAAGCATATGGGTCGAGGATCCAGCAGGAACACGATTATTTCAGTGGAAAAATATTT
L RVDIKTILWRPSVKDA QASIWVEDUZPAGTRILZFOQWIKNI

CAATGGAAAGAGGCATGAAGCAATTTGAATTTCCTCTGGCTGACGAACCAGTTTTAGGTAACTGGAAAATATCAGTCTCTTTTCAAGGAGAGGTAACCAC
S M ERGMIKA QFEZFPLADEWPVLG GNWI KISV SFQGEVTT

GACTACTTTTGAAGTCAAGCAATACGTTCTTCCAACATTTGATGTAAAAATTACTTTACCATCGTTTGTATTGTCGAATGCTGAAGAAATTCCCATCACA
T TFEVKQYVLPTZFDVKI1ITLZ®PSFVLSNAETETILPIT

GTATGTGCAAAGTATACTTACGGAAAGCCTGTTAAAGGAGTTTTACGCCTGAATACTTCCCTAGAAATGTTTTCATGGGGAGATGAAAAATTTCCAACTA
v CAKY TY GKPV KSGVLIRLNTSLIEMFSWGDEIKFPT

TAGAATACGAAGGAAAGATTAATGGGTGTTTCGACTATGTAATAAATGTATCCATGGTTGAAACAGAAGATTACTACAGATACAGAAGAATACAGATTGT
Il EY EGK I NGCFDY VI NVSMVETEDYYRYRRTIQIlIV

GGCTAGTGTAGAAGAATCTGGTACAGGTATTGAAAGAAATGAGACGCAGTATGTGCAAAGGCAATATTCACCACTTTCACTCTCTTTTAACCGTGACCAA
A SV EESGTGI ERNETOQYVQRQYSPLSLSFNZRDNQ

AAACAGTTTTACAAGCCAGGCTTACCTTACAATGGAAAACTTTTCGTTAAAAATCCAGATGATACCCCAGCAGCTGACGAAGGGATACAACTATGTTACA
K Q F Y KWPGL®PYNSGI KTULFVKN®PDUDT®PAADTETGTIQLCY

CAGTCAATAAAGAAAGAGTAGTAATGGACGGGATGTGGAAAGCTACTAGGACAGTGAAATTTTGCCAGAACTACACATCGGATGACAATGGTGTCATTGA
T VNIKERVVMDOGMWIKATRTVKZFZCQNYTSUDIDNGV I E

GTTCGTTATTCCAAGACAAAACACTGATTCTATTGATATAAACGTAGAGGCTAAATCATTGAAATATGCAAAAGATAATCAAAAATCAGGAACTCATCGC
FVI1PROQNTWDJ SI1TDINVEAIKSTILIKYAKUDNAO QIKSGTHR

GAAGGCTCTCTAAACCAGCCGCAGACTAGCATGTCACTCTCACCATGGTACTCACCATCCGGGAGCTTTATTCAACTACAACAAGTTCAAGAAACACTTC
EGSLNG QPO QT SMSLSPWYSPSGSTFIOQLG QOQVOQETHL

TTTGCGGAACCAAAAATACTTTGAAAGTTCTCTTTACATCAGCGGAAGACGAGGATTATACATTTTACTATCAGGTTCTTAAACAAGGTAGAGTTGTAAA
L ¢CG6GTKNTLIKVLFTSAETDTEDYTZFYYQVLIKZ® QG GRV VK

GAAAGGATCCATAGAAAAGTCTTTTTCAACAAAAGATGATGTTGCGGACTTATATGAAGATGAGTATAAAGTTATTGATGACGTTGAAATGCAAATTGTA
K 6 S 1 EKSFSTXKDUDVADILYEDTEYKV I DDVEMZOQIV

CCACCTGTTGACCAGTCTGAAATTCCCAAGTCATCTGAACCTAAAGAAGAAGAATGTAAATCTGCAAAAGAAGCAAGATATGTACCTCCTGTCGGCGAAG
PPV DOQSEI PKS S EUPKEEIET CKSAKEARYV PPV GE

TGGATATTGATCTCGATATTGATGCTTCCTGGTCTCCAACTTTCCATTTGTTGGTGTATTATATTCGTGATGATAGAGAAACCATCGCAGATTCACAAAA
v btl1 bL DI DASWSZPTUFHILULVYY 1l RDUDURETTIAD S QK

ATTCAATGTTGAGAAATGCTTCAAAAATCAAGTGAAACTACAATTTGGAGATGACGTCAAACAGCCAGGTACTAAAACATCTATTAGAGTTACATCTTCT
FNVEIKZ CFIKNAQQVIKLAOQFGDUDVKOQ®PGTIKTSIT RV TS S

CCCAATTCTTTGTGCGGCCTTAAAGTGGTTGATAAAAGTGTAGCATTGATGAATTCTGAAGATCAACTCACTCCTGAAAAAGTTTTCAGAGCTCTAGAAT
P NSLT CGLIKVVDI KSVALWMNSEHDU GQLT®PEIKVFRATLE

CTTTGGACACTAGCATGTACTATGGAATCAATCATTGTAATGAAAAAATTCGACAACCAGGTTTGTATTCTGCATCTAGTAAATATCTGCCGCGTCCTCC
s LDTSMYYS GI1I NHTCNEIKTIRQPGLYSASSIKYLUPRUPFP

TCAACCTTGGTCATCTTCATCTTACGAGGATTCGCTTGCTGCTTTTGAAAATGCTGGATTTTTGGTAATAAGTGACTTAATTTTGTTTACTCGGCCCTGT
Q PWSSSSYEDSLAAFENAGFULVI SDLILFTRPC

Bait region
TGGCACCAGTAGCTGCTGATAAGATGGGAGAATTTTCCACCAAGTCTGTCGTAGATGTGCGAGATTATTTCCCAGAAACATGGCTATTTGACTTAAAATT

|M APV AADIKMMGETFSTIKSV VDV RDY |F P ETWL F DL K L

GACTGAAGAAGATGGCGTATACCTGGCAAAGGAAAAATTGCCACATACTATTACCGAGTGGGTAGGAAGTGCTGTATGCATCAACGATGAAGATGGTCTC
T EEDSGVYLAKEIKTL®PHTITEWVGSAVCI NUDETDGIL

GGATTATCGAACACAACAAGTATTAAAGGCTTCCAAGCTTTCTTCATCTCAATGACTCTACCTTATTCTGTAATTAGAGGAGAATCATTCTGGATTACTA
G LSNTTJ SI1 KGFQAFFI1I SMTLPY SV IRGESFWIT

TTTCTGTTTTCAGCTATGTCGAAGATCCTCTACCAATCACAGTTACTCTGGATAACCTTGAAGGATTTGAAATTGTTAGTGAATCAATAGATGGTGATAT
Il s v FSYVEDW®PLW®PI1 TV TLDNLESGFETILI VS ES1TDGTDI

CTGCGTTCAACCAGGATCTAGTAACAATCTAAAAATACAGCTTAAAGGAAAAACATTAGGCAGCAACAACATAACGGTGCATGCAGAAAGCGCATCATCT
cVvVQPGSSNNLI KIQLI KSGI KTLSGSNNITVHAESAS S
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AGTGATGTTTGTGGAAGTGACAGTATTTCAGACGCTGTTGCCAAAGATTCTATAAGAAAGCCTGTCATTGTTGAAGCCGAAGGTTGGCCAGTAGAAGAAA
s bvcCcGGSDSI SDAVAKDSI1TRIKPV I VEAETGWPVEE

TCGAAAGTGTGCTCTTTTGTCCTAAAGATGAAGAAAATGATGTTTTCAAAAAGACTTTGACATTAAACGAACCAGAAGATGTCGTACCAGATTCATCGCG
Il ESVL FCPIKDEENDVFKIKTULTULNEZPEUDVVPDS SR

AGCATATTTAGATTGTTCAGGTAATGTATTGGGTAAATGCTTAGACAACT TGGAAAATCTCGTATCATTACCAACTGGATGTGGAGAGCAGAATATGGTG
AYLDCSGNVLSGEKT CLDNLENLVSLPTIEGCGEQQINMYV
Thioester site
AAGTTTGCTCCAAACGTTGTTGCTATGAAAATGTTAATTAATACTAATCAGCTTAGTGATAAAACAAAGGATAGAAT TGTAAGGAACCTTAACACAGGGT
KFAPNVV AMEKMLINTN QLSDE KTT KDRIVRNLNTG

CCCAGCGACAGATGAAGTTCAAACATCCCGATGGTTCCTTTAGTGCGTTTGGCACAAGAGATAAACAAGGAAGTATGTTCCTCACTGCATTTGTTTTACG
S QR QMK FKHU®PDGSFSAFGTRD K~ QGSMZFLTAFVLR

CTACTTCTCTGAAGCATCACAATATATCACAATTGACAATGCCACGATTTCTGAAATGCAAAAATGGATCACATCAAAACAAAAGGATGATGGTTGTTTC
Y F S EASQY I T I DNATI SEMQOQIKWI TSKQKUDUDGC F

CCAGACGTTGGAAAGATCATCGACAGAGGCTTTCAAGGAGCCATTGAAAAAGACAAATCTGATGGCACTATAACTGCGTATGTTCTTGCTTCTCTTCGGA
P DV GK 1T 1 DRGFQGAI EKDIKSDGTITAYVLASTILTR

TATCAAATTATCAAAACCAGACAGTTCTTGATAAAGCTCTGTCCTGCCTTAGCAACAGCCAGGATTCTAGTCTGTATGCAACCTTCTTGTATGCTTATGC
I S NY QNQTVLDI KALSTCLSNSAOQDSSLYATTFLYAYA

AGAAGCTCTCTCTGATAAAAAAGATTCGGCAAAAGAACGTATCGAGTCAGCCAAAGACAGAGCTATAACAAAAGGAAAAGAGGTGTATTATCACGACGTG
E AL SDI K KD SAKERIESAKUDRAITI KSG GI KEUVY Y HDYV

AATGCGACTAAATCTCAGGATATAGAGACTTCTTCGTATGCAATTTTATCTATCTTGAACTCTGATGGATCAGCTTCAGATGCTTTGCCGATAGTCCAAT
NATKSQDIETSSY AILlLSI1TLNSDSGSASUDALUZPI1IVAQ

ATCTTACAAAAAATATGAATCCTCGAGGTGGTTTCTTCTCCACACAGGACACATGTGTAGGTTTGGAAGCTCTCGGTCAGTTTTCGGAAATGACATTCAA
Y L T KNMNWPRGS G FZFSTOQDTT CVSGLEALSGAQFSEWMTFK

AGATGAAGTCGATATTACTATCACTGCTACTGGAGATATAGAAAAGAACATTGAAATTACAGAAGACGAAAAATTGCTTGTGAAAAGATACAAAGTAAAC
bEVDI1TI1TATG G DI EIKNIEI TEUDEI KTULILV KR RY K VN

GAAGTACCATCTGAAATAAATATAGAAGCTACGGGTTCAGGATGCGCTGTCATTCAACAAATATTCAGGTACAATTCGAAGACTTCCCCTGAAAAGAGGA
EVPSEINIEATG GSGCAV I QQI FRYNSZ KTSUPEKR

GTTTCCATCTTGAGGCTCTTGGAAAATGTTCCGATGATGATTGCAAGAAAGCCACAATTTCCTTGTCTTTCAGTTATATACCAGAGGGCAAAAAGACTGG
S FHLEALSGI KT CSUDU DU DT GCIKI KA ATI1I SLSFSY 11 PEG GIKIKTGC

AATGAGTGTTTTAGAAGTAAAGATGGTAACCGGCATGTCTCCAGTAAAAGATAGTCTTGAAAAGCTCCTTGGGGATAAAAGATCAAAAGTAATGCGGTAC
M SsSVLEVKMVTSGMS®PV KD SLE KTILLSGDI KR RSIKVMRY

GATGTCGAAGATAATACTGTTGTAATGTACTTCAATCAGGTAGAAAATGAAGAGATGAATATCGCCTTTGATGTTGAGAAGGTTGTAGAAGTAGAAAATA
bv EDNTVVMYFNOQVENEIEMNIAFDVEIKVVEVEN

CTCAACCGGGCATCGTAAAGCTCTATGATTACTACAATAGGGATGTTTCCAGCAGTACCAACTATTCTTTTTGTGGAAAATCCGAGTCATGTTCGACAGA
T QPG I VKLYDYYNRDVSSSTNYSFT CGIKSES ST CSTE

GCCATAAATTTTCTTTTTTTGTCAGCGTTGAAATATAAGATTTGCGTTAATAGAGAAATTGATTTTGCAATCGAGAGACTGAATTTTTGTAAACGTGTTG
P *

GACTGGATTGGTGCTCTATCAGTATTTTTTTGTTTGTTTGTTTTTTCTCTTACAACGCACACAGATGACACCCTTAAAAAAAATATTTGTTCTTATTGGA
AATTTGTATCTCCTGAATTTTCTTGCATGAAAAATGAGTCTAATAAAAAAATATATATATTTTGTAAAAAAAAAA 4975
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ATTATGTTGAAACAAATGTTTTCAATTTAACACACTATTATGTTTTCTATTTAAATTCGCACACCCATTTTAAACGTTTACTTGTTAAACACAATGCTTC
M L

TACTTTCATCTTCCGTGTTTATTATCCTTAGCTACATTGTTTTAAAAACTTATTGTCAAAGAACCTCTCCTATATATACTGTCACTGCTCCAGCAAAATT
LLSSSVFI1T 1L SY1VLKTYCQRTS®PI1LYTVTAPATZKL

GCGACCAGATATAGTATATCATGTAAGTGTTACTCTTCATGACTCCCCTGCAGATGTGGATTTTAATGTTCAAATAATTGGCATATCAGAAGATTTGTCC
R PDIVYHVSVTLHDSWPADVDUFNWVQI1l I GI SEUDTLS

CCTGTTAATGTTGTGAAGGATGTTCACTTAGAATCAAAGCAAACGAAAGTTGTTGATTTTGAGCTTTTTGGATGGAAACCAGGTAACTATACTCTTGAAG
PV NV V KDVHLESIK~ QT KVVDFEILFGWIK®PGNYTILE

TTATTGGACAAGGTGGCCTAACTGTCAGAAATTCAACACAATTAACTTTCGAGCATAAAAGTCATTCTGTTTTTATACAAACAGACAGACCTGTATACAA
v I 6 Q 6L TV RNSTA QLTUFEHIKSHSVFI1 QTDURPV YK

GCCTGGACAAATTGTTCAATTTCGGGTTATTGTTGTTGATCCATATTTAGTTCCAAGTCCTAATGCATTATTTATTGATTTACTTGTAAAAGATGGACAT
P GGQ I VQFRVIVVDPYLVPSPNALZ FIDULILVKDGH

GGTAATAGTATTCAGGAGTGGAAGAATATTCCTACAAGAACAGGTCTTGCCTCAGCTGAATTTACTCTTGCAAATCAACCTGTGTTAGGTGAATGGGAAG
G NSI1I1 QEWIKNIPTRTSGLASAEZFTLANA GQPVLGEWE

TGCATGTTGATGTTGAAGGCCAAAAATTCAAGAAACCATTTACTGTAGCTGAATTTATTTTACCAACTTATGAAGTTGAGATCGATTTGCCAGTGTATGT
VHV DV EG QK FKIKPFTVAETFI LPTYEVETILIDTULZPVYV

TACTTATAATAAATCTGATGTAGTTGCTGTTATCAAAGCTATGCATTCATATGGTAAGCCTGTTAAAGGTGAAATTACACTGACAGTTGCTCCACGGACA
T YNIKSDVV AV I KAMHSYGKUPVKSGEI TLTVAPRT

AGATATAACAAGTTAACTGTTCGGCCTTATGAATCATTTCAGACAAAAGCTAAGATCGATGGAGTGGTTGAAATTTACTTGAATTTACTGAATGATTTGT
R'Y NK L TVRPYESFOQTI KA AIKTI1DGVVETI1DlYLNLILNTDIL

Supplementary Fig. S6 (continued)
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CGCTGAGAACTGATTTTTTTAGAAGAGAAATAGAATTTTTTGTACTTGTTGAAGAAGAAGAAACTGGCCATAAATATAACTCTACTAACACTATGTGGAT
S LRTDVFFRREIEFFVLV EEETETS GHI KYNSTNTMW.I

TTATGATAAAGAAATTAAATTAGAATTAATAAGAACCTCTGAGACATTTAAACCAGGTTTAAAATACACCGCATTTTTAAAAGTTGCCTATCAAGATGAC
Yy b K E I KL EL 1 RTSETUFIK®PGLIKYTAFILIKVAY QDD

ACTCCAGTCTCTGATAGTAGAGGCCAGTTGGAACTAAAATATGGCTACTCAGTGCGGGAAGATGAATGGAAAACAGAACTATATACAGTTCCTCGAAATG
T PV SDSRGQLELIKYGY SVREDTEWIKTETULYTVPRN

GTCTTATAAAATTGGAATTTTTACCACCTAATCAAGATGGTGTAAACTTTTTAAACATGAGGGCTGTATATCATGGCCATATATATTACTTAGATCGTAC
G LI K L EFLPPNQDGVNZFLNMRAVYWHGHTI1IYYULUDRT

TGATGCTGCTCAGTCTCCCAGCGGAAATTATATCCAGGCAATTCTTGTTACACAGAATCCAAAAGTGTTAGAAAATATTGAAATAGAAGTCAATGCAACT
DAAQSPSGNYT1TQAI LV TQNZPIKVLENIEIEVNAT

GAAGAACTTAATCACCTTGTATATAAGGTTATAGGCAGGGGAAATATTGAGATTGGTAGAACAATTCCTGTACCAAATCAAAAAGAATATCGATTTAGCT
EELNHLVYKV I GRGNIEIGRTIPVPNU QI KTEYRFS

TTAGAGCTCCAAGTTCATTAGCTCCTCAAGCTAGAGTTCTTGTTTATTATGTCAGAGCCACAAATAATGAAATTGTAGCTGATTCAGTTAGTTTTGATGT
FRAPSSLAPQARVLVYYVRATNNEIVADSVSFDYV

TGAAGGGCTCTTTAGAACATCTGTTACTGTTAGTTCAAATGTTAAAGAAGTTCAACCTGGTCGCCAAGTTAATCTTCGACTGCAAACAACTCCTAACTCT
EGLFRTSVTVSSNVIKEVQPGRQVNLRLOQTTPNS

CTTGTGGGTGTTTTGGGAGTTGATCAAGGTATTTTAAAATTGAAATCAGGAAACGACATTACTTTACCTGAGGTGATTGAGGATCTTGAAACATATGATG
L v 6GVvL GVDOQGI11LKILIKSGNUDITL®PEWV I EDLETYTD

GTGGACAACGTACTAAGTATAGACCTCCCTGGTTTCGACGCCGAAGAAGATCCCTTTCATGGCCTGGATCTAAATCTGCCGGCTTGTTATTTGAGGATTC
G 6 QRTIKYRWPPWFRIRRRRSILSWZPGSKSAGLILFED S
B-a cleavage site
TGGTTTTGTAATCATGACAAATGCTTTTCTTTTAAATACTGGAAATGAAGTATCAACAGAAAATGTTATCCGCATTGATGAAAACAGCAATAACGCTCCT
G FVIMTNAFLTLNTSGNEVSTENVIRIDENSNNATP

ATTCAGCCACCATCTGAATTACCTGAAGCTATCGTTCCTGAAGGTCGCTTAGTAATCAGGAAAATGTATCCAGAAACATGGTTATGGGTTAATACTACCA
Il QPP SELPEAIVPEGRLVIRKMY®PETWLWVNTT

CAGGGAATGATGGAGCAGCTTCTATTTCTCATGCTGTACCAGATTCCATTACTTCTTATACTATCAGTGCTTTTGCTATTCATCCTGTTGATGGTTTAGG
T 6GNDGAASI SHAVPDSI1ITTSYTI1SAFAIUHZPVDGTLG

TATTGCAACATCCAATTCTCAAATAACTACATACCGTCCTTTCTTTATTACTATGAGTTTACCATATTATGTATTAATGGGTGAAGACTTGGCAATTCAA
I AT SNSOQI TTYRPFZFI1ITMSULZPYYVLMGETDTILATINQQ

GTTGTAGTTTTTAACTATAATGATAAACCAATACAGGCTGAAATCACCATGGAAAATCGAAAAAGAGAGTTCGATTTCACTGCTGCTGGTCAAGAAAGTG
VVVFNYNDI K®PI QAEI TMENRIKREZFDFTAAGTU QE S

TGTATTCACCAGATCAAAATCAAAGAACTAAAATAGTTCATATTCCTCCATCAGATGGAGTTCCAGTCTCATTTTTGATTATACCAAAAAAAGTTGGTTA
vVYySPDQNQRTIKIVHI PPSDGVPVSFLI I PKKVGY

CATTGAGATAAGAGTATCTGCCTCTACGTCTGTCGCTGGAGATTCTTTAACAAAGCGACTTCTTGTTCAGCCTGAAGGTTCAACCCAATATTTCAATAAG
Il EI1T RV SASTSVAGD SLT KR RLILVQPEGS ST QY FNK

GCATTTTTGATCGATACACGTAATCCAAGTTCTCCTAGCAAAATGAACATTTCTACAATCATTCCTAAAAATGCCATAAGAGACTCTGGAAAAATCATTG
AAF L I DTRNWPSSPSKMNISTII1TPKNAIRUDSGTKII

TATCTGCTGCAGCTGATTTAATGGGACCAAGTATAAAAAATCTAGATAAACTTCTATATATGCCAAATGGA AGCAGAACTTAGTCACCATTGT
V S AAADLMGP®PS 1T KNULDI KL LY MPN iiiiiiiiiiﬁiiﬁ N L V T 1V
Thioester site
ACCCAGAGTTATTGCACTGGAGTACTTAGCAAGATCTAACAGATTAACTGAAAATATTAGAGCCAAAGCCATTGCAAATCTTCGCAAAGGTTACCAAAGA
PRV I AL EYLARS SNRLTENIRAKAIANLIRIKTGYOQR

CAACTGACCTATAAAAGAGATGATGGTTCTTTTAGTACATTTGGTGAAAGGGATCGTAGTGGCAGTACATGGTTAACTGCATATGCCATTAAGTCACTTT
QL TY KRDUDS GSZFSTFGERUDIRSG GSTWLTAYAIKSL

CTCAAGCCAACAAATACATTTACATTGATCCTGACATTTTAGATAAGGGAATACAATGGATCATGTCCAAGCAGAGTTCAGATGGTTCTTTTGAAGAACC
S QA NKY I'Y 1T DPDI LD KGIQWI MSIKOQSSDGSFETEP

AGGAGAGGTTCACCACAAAGCTTTACAAGGTGGTGAACATGGAGCAGCTTTAACTGCTTTTGTCTTAGTATCTCTTTATGAAGCTAAAGCACAAAATAAA
G EVHHEKALAOQG GEHG GAALTAFVLVSLYEAIKAQ QNK
Catalytic histidine
TATGGCAATGAATTGAGTCAAGCTCAAAGATATGTTGAAAGGGAATTGGCATCCAGTTCAAATCCTTATGTTGTCTCTATTCTTTGTTACACTCTTCATT
Y G NELSQAQRYVERELASSSNPYVVS I LCYTTILH

TATTAAACAGTGCTTCTAGAGATCGAGCTTTCCAGATGTTATTGGATTTAGCTGAAAGAAAAGATGATGTTGTATACTGGGATAATAAAGAGAATCAGGT
L LNSASRDRAFQMLLUDLAEWRIKDUDVVYWDNIKENAIQV

TAATACCACAGATAAGCAATCAGACTACTGGTTTTTAGCACCATCTATTGATATTGAAACAGCAGCATATGCCATTCGCACATATGCTCTTAGACTGGAT
NTTDIKQSDYWZFLAPSIDIETAAYAIRTYALRTLTD

CCATCTGGAGCATTACCTGTTCTTACTTGGCTTATTACTAAACAAAACAGAAAAGGAGGATTTTCATCTACTCAGGATACAGTAGTTGCTCTACATGCTA
P S GALPVLTWLITIKA QNRIKG GG GFSSTAOQDTVV ALUHA

TTAGTGAAATAGCTCCCTTTATTTCACCTCCTGTATCTAATATAAATGTTAAATTTATGTACCCAGATGGACAACAAGATATGCAGGTTACAAGTTCTAG
I S EIl APFI1 SPPVSNINVKFMY®PDS GQQDMAOQV TS SR

ACCATTAGATGTTCATGAAATTGAAATACCATCGGATGTTCCATATGTAGAAGTTGAAACTTCTGGTTCTGGTGTTGCTGTAGTTCAAGTCTCTTGGTCT
pPLDVHEI EIl PSDVZPYVEVETSSGSSGVAVVQV SWS

TTTAATCTGGCTGTATCTGGAGAAGCTCCACAGTTCTTTTTGAATGCTTTGTTAGATAAAACATCTACTGCAAGTTATTTACAACTGAGTATTTGTACAC
FNLAVSGEA AP QFFLNALULUDI KTSTASYLOQLS 1T CT
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ACCAAAGAGAAAGAAGGAATGATACTAGTAATATGGCTGTCATGGAAGTTGGCTTACCTTCTGGCTATGTGGCTGATGTTGATGCCTTACCTAGTGTTCT
H QRERWRNDTSNMAVMEVGLPSGYV ADVDALUPSVL

GCAAATTCCTAAGGTGAAGAGAGTTGAAACACAATTGCAAGATACTGGTGTTGTAATCTATTTTGATAGATTGGATAGAGAAGAATCATGTGTTACTGTT
Q1 PK VKRVETOQLOQDTSGVV IYFDRLIDIRETESTCVTYV

CCAGCGCATCGCATTCATAAAGTAGCTCACCAACGACGAGCTCCTGTCAAAGTGTACGATTTTTATAGTCAAGCTAAAAGTGCTCGAATGTTTTACCGCC
P AHRI1HIKVAH QRRAPVIKVYDFYSQAKS SARMEFYR

CTCATAAAACTGTACTGTGTGATATATGTGATGATGAAGATTGTGGGAATGGTTGTTTCACAGAAACAATAACAGAAGAATCAGGGTTCAAAAGTTCTGG
P HK TWVLOCDI11CDUDEDT GCGNSGT CZFTETILTEESGFK S S G

AGAAATAGTTCTTATAAAATTTTATTTGGTAGTTATAGCATCTGTTCTGATTTGCTTAGTGTAGAAATTAATATATCTAAAAAAATTAAAAATGAAATTC
E I v L I K F Y L VV I ASV L 1 C L V™*

CAGGACATTCATTTTTGCTGAATGTTAACATTTTAGATGTTCTGTTATTGACTAGGTCAATAAATTAGTTCTAAGATTATATATTTATAAAAAAATAAAT
AAATCTAATTAAAAAGTAAGTTAAATAATTAAAATATTTTACCATGTAATTATTATTTTACAATAGAATGT 4671
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AGAAACTTTTGTGTGGTAAATAAATCGCACTTTTTGTATTACAATAATTAAGAATGAAATATGTGGGATTAGCCTGGCGATTGACTCAATTCCAAAACAA
AAAAATTACAACCGGATATCAAATAAATTGAAGTTTCAATCTACAAATTGTGAAACTGGATGTATGAAATCATTTGGAAATTGGATGTACTATCGAATGA
CACCGTAATTCATACTTGGGATCAATATAAAGGTCATTTAAGGAGAAGTAGGGTAAACACTATTTTCTAGGAAAAATATCGCTTGCGTCATTAAAAGACG
CATTAGACATTTTAATCAATTGACGTTTCTCGACACTCCAATGTATAAAATGAATAATACTTTCTGATTTCGATTTTATAAGCGAGTTACTTGAAGTTTG
AATTAAGTAGCATTACTTAATTTAAAATAATTTGTTTTAAAATGAAATTATTTAAAACTTTGTGCTTTGTTTTGCATTTTCTTTCGATTGGTTTTATAGC

M KLFKTULU CFVLHFLS ST GF 1A

AAACAGTATTCGCGCTCAAGATAGTGTGGAAAATCAGAAGAAGGGTTTTATTTTAACTGCTCCTTCAATTTTTAAGACTAACGTAGACGAAAATGTTTGC
N S 1 R AQDSVENI QK KG GEFI1TLTAPSI1TFIKTNVDENVWVC

ATTTCATTTCAAGAAATTCACGGCGATGGGGAAATTCGAGTTTTTATCCAAGGTTCAACTACTAACACAACTCTGGCCATAGCCATTCAAAAAATAAAAA
Il S FQ EIlI HGDGETI RV FI1 QG STTNTTLATILIAILIQK 1K

ATGGGGCAAATGTATGTTTTTCTCTGCACGTGAAGGTCACAACGGATCTGGAAGGTGTCATCCTCGTCGATGGCTGGTTTCAAGACGAAAATTATAGATT
NGANVCFSLHVKV TTDWLES GV 1 LVDGWFAQDENYRF

TAACTCTACTGAAAAAATCATTATAAAAAAACAGCCAGAAATTACTATAATTCAATCTGATAAGCCATTATACAAACCAGGGCAAAAAGTGCTTTTTCGA
NS TEK T 1 I KK QPEITI1TI1QSDKWPLYKZPGQK VL FR

ATTTTGCGTGTTGATTCATATTTTTTACCTAGCCGCAGCAAAATAAATTCAGTTTGGATTGAAAATCCTTCTCAAGTGAGGGTGGCTCAATGGCTATCGC
Il L RVDSYFLPSRSKINSVWIENZPSOQVRVAOQWTL S

TACCTGCTTCAAATGGAATTGCCGATCTCAACTTTCAATTGTCAGTAGAACCGCAATTAGGAGTTTGGAATATATTTGTTGAAGACGAGTTTAAAAACAG
L PASNGIADILNZFOQLSVEPOQLGVWNIFVEUDTETFIKNR

GGTTAATAAAACATTTAAAGTTGAGGAATATGTATTGCCAAAATTTTCTGTTGAAATTACTTCCTCTTCCGTCCTTCTTTCCAATTTTGAAAACTATAGT
VNKTVFIKVEEYVLPKZFSVEI TSSSVLLSNFENYS

TGGAAAGTTTGCGCACATTACACTTATGGCGAGCCAGTTGCTGGAAAACTTAAAGCCACAGTTGCTTTGGAAAATGTTCGGCATTATTTTGGTATGCGGG
WKV CAHYTYGEPVAGIKTILIKATVALENVRHYFGMR

CACGTATTCTTCCAAAAAACTTTACTTTAGAAAGCGAGTTTTTCAAGTGCAAATTAATCAACATTTCAAAATCAGATATTGTTGCGGATTCAACCGGTTC
AR 1 L P KNZFTWLESEFZFIKT CKULINISKSDIVADSTG S

TATTTATGGTGATCAAATAAAACTCTATGCAGATATCATTGAACACGGAACTGATGTGATTATGAGTGCTTCTAAACTTGTATCGGTGAAAAGAACTGCT
Il Yy 6 bbQ 1l KLYADI11EHG GTDVIMSASI KLV SV KR RTA

GTGAATCTGTCTTTGAAATCGCGAGATTACTTTAAACCAGGTTTACAATACAAAGGAAAAATTCAAGCAGAATACCACGACGGAAGTCCAGCAGAAAATA
VNL SLKSRDYFIK®PGLO QY KGI KT QAEYHDGSPATEN

AAAATTTAAACATTGAATTGCAAGCTTATAATGCTGAAAACACTAAATTAGCAACCGAGATAATTAATGTAAAAACAGATCTTTTAGGAATGTCTTTTTT
K NLNT1T1T ELQAYNAENTI KLATTETILI I NV KT DULLGMS F F

CGATTTGTTTTCATTGCCTCAAAATTCGGAAAGAATTACATTGAAAGCTACAGCCACCGATTACAAAACCCAAACATCTATGGGCGAAGTGAGATATAGC
bLFSLUPQNSERITLI KATATDYJ KT QT SMSGEV R Y S

AATTTTATTCAACCTCCGTTCTATGCAACAATCAAAAGTTGGTATTCGCCGAGTAACAGCTTTGTACAAATTGACCAACAGCTCCAATCATTACAATGTA
NF 1 QPPFYATTIIKSMWYSPSNSTFVOQTIDO QO QLGOQSTLTZGQSC

ACGAGTTAAACTTAATAACTGTCAATTTTGCAAATATAAATCAATCGGAAATTATTGTTTTCTACCAGTTGATATCTCGAGGGAATATCTTAAGCCAAAA
NELNLITVNJFANINO GQSETIDII1lVFY QLT SRGNILSQN

TCAATTTCAATTAAGTTTTAATAACTTTACACAAACATATCAAATACCAATAATGGTTGAACCAAAAATGGCTCCAAAACTTCAGATTTTGGTTTATTAT
Q F QL SFNNFTQTYQII PI MV EPIKMMAPIKTULO QI L VY'Y

ATTCGCTATGATGGGGAAATTGTGAGTGATAGCGAAACAATAAACGTTAACCATTGCTACAGTAATGAGGTTAGAATGGATTTTAAAGATGAGAAAATTT
Il R YDGEIl VSDSETINVNHTCYSNEVARMDTFIKDE K I

TGCCTGGATCTTTGTCTTCTCTTTCTTTATCTGCAGAAACCGGAAGCTTATGCGCTGTTAGTGTTACAGACAAGAGCATTGAGCTACTCTCAGGTCATGT
L PGSLSSLSLSAETSGSULCAV SV TDI KIS S 1T ETLILSGHYV

GTTTGATGGACATAAGGTTTTTAGCATGATTGACGATAAACTGCCACAAATAAATAATAATAATCAATGTCCACAGAACAATCATCCACGTTATTATATA
FDGHIKVFSMIDDI KTLPQINNNNOQTCPQNNHPRYYI

TTTAATAGTGCGGTGACGAATTCGAAAGCGGCGTTTGATGATATTGGAATGCTGGTGATAACAAATTTGGAATTAAAATTACATCCGTGCAAA A
FNSAVTNSIKAAFDTUDI GMULV I TNWLEULIKTILHZPTCLKATR

A VV ARPGESROQAGRIRRGSGS SR RNIREGVLL SMASZPE

Bait region
TCCTATGGCTTCAGAAAGTGACACTAAAGTCACTCACGAAATATCAATGGTAACATCGCCAGAAATCTCTTTACCGGCTGTTGAAATAAGAGATTTTTTT
PMASESDTI KV THETISMVTS®PETI SLUPAVETIRDF |F

CCTGAAACTTGGATTTGGGAATTGCAAACAATTCAAAATAATAGTAAAGTTGTAATTGATCGAGAAATACCTCACTCAATTACTGAATGGTCAGGAAACA
P ETWIWETLOQTTIQNNSIKVVI1IDRETILIPHSI1TTEWSGN

TGTTTTGCATGTCAGAAAAGAGTGGATTAGGAGTTTCCCCAAGGACTTCGATCAAATCCTTTCAACCCTTCTTCCTTTCCTACACCATGCCGTATTCCGT
M FCMSEIKSGLGVSPRTSI KSFQPFFLSYTMMPY SV

CAAAAACGGCGAAACCATTCCAATAACTGTCTCAATATTTAATTATCTTTCGGGTTGCTTTCCGGTTGTTGTAAAGTTAGAAGAAAGTCAATTTTTTGTG
K NGETI1TP I TVSI1ITFNYLSGCZF®PVVVKILETESI OQTFFYV

ACGGATGTTAATTCAACGGAAGTCAAATTGTGTCTTTGCGGCAGTAAATCTTATTCCCTCAAATTCCTTATTCAACCTTTGAAAATTGGCAACTTAAACG
T DbDVNSTEVKLT CLT CGS KSYSLIKZ FLIQPULIKTIT GNTLN

TGACAGTCCGCGCTCATTCGATTACCGAATTTGATATCTTATTATGTGAAATCGAGAGCACTCTTCAAAACGTTGTGGCTTTTGATGCTATTACTAAATC
vV T VRAHSI TEZFDI1LLTCEIESTLAOQNVVAFDAITHKS

Supplementary Fig. S7

100
200
300
400
500

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

1700

1800

1900

2000

2100

2200

2300

2400

2500

2600

2700

2800

2900

3000

3100

3200



3201

3301

3401

3501

3601

3701

3801

3901

4001

4101

4201

4301

4401

4501

4601

4701

4801

4901

5001
5101

ACTTCTTGTAAAAGCTCCAGGTTTTCCTCAAGAAACTACTCAATCAAATTGGATCTGCACCAATGATTTTGAAAATGGCAGCAAGACCCTTGAGTACTCA
L LV KAPGFPQETTAOQSNWICTNDIFENSGS S KTILE Y S

TTAGAATTGCCTGAAGACGTCATCGAAGGTTCAGCGAGAGCTTTTATTAGTGTTACAGGAGATTTATTAGGGCCAACAATCAGCGGGTTAGATCATCTGG
L ELPEDVIEGSARAFI SV TSGDULWLSG®PTI1 S G LDHIL

TGAAAATGCCCACGGGA AGAACAAAACATGGTATTATTCGTTCCGAATATTTACGTGTTGCAATATCTTGAAGTGACGCACCAATTGACCATCAA
vV K M P T iﬁ.iﬁiiﬁ.iﬁ.iﬂiAﬁ MV L FVPNIYVLOQYLEVTHOQLTTIN
Thioester site
TATTAAATTGAAATCCATATCTTACATGGAATTAGGTTATCAACGAGAACTGAACTACAAACGAGATGACGGATCTTACAGTGCGTTTGGAAAGTCTGAT
Il KL K S1 SYWMELGYQRELNYKRDUDTGSY S AFGIK SD

GCTGAAGGAAGTATATGGCTGACTTCATTTGTGATTAAATCTTTTGCACAAACGAAATCAATTATTTATATCGACCAACACGAAATTGATGATGGAATCA
AEG S I WLTSZFVIKSFAQTHI KJ ST 1Y 1 DQHETLIDTDGI

AGTTCATTGTGAAAAACCAATTAGAAGATGGCTGCTTTAAATCAGTTGGAAGCGTTATTCATAAAGAACTTCAAGGAGGAACTGGTCACGGACAATCGTT
K F 1 VKN QULEDG G CFIKS SV G SV I HKEILZI QGG GTG GHG GU QS L
Catalytic histidine
GACTCTGTTTATATCAATTTCTTTGCTTGAAGCTGGGTTGTCGCCTTCAGGAAAAATTATTAAAAAAGCATTTAAATGCTTTGAAAACCACTCTACCATG
T LF 1 S1 S LLEAGLSUPSG KT 1 KKAFIKTZ CFENUHSTWM

AATGTTTATGAACTTTCCATGAAAGCTTACGCAGCTGCACTCGCAAACAAAACTGTTTTAGCAAAATCGATAATTAAAACATTAAAACAACTTGCAATTC
NVY EL SMKAYAAALANIKTVLAKI STIT 1T KTLIKIQLA'I

AGAAAGATAATTTGATGTATTGGAGCAACAGTGGATCTGGTTCAGACGCTCTAGATATCGAGACAACGTCTTATGTTTTGTTGGCATTGGCTACAACTGA
Q K DNLWMYWSNSSGSGSDALDIIETTSYVLLALATTTD

CTCGGGAGAAGATATGAAGATGGCCATCGATATTGTGAGATGGTTGACTAAGCAACGCAATGCCTACGGGGGTTTTAAATCAACACAGGACACGGTGTTG
S GEDMIKMMAIDI VRWILTI KU QRNAY GGZFIKSTOQDTVL

GCACTTCAGGCGTTGGTCAAATTTATTAGCCAAACGCCTAAAATAAATGCTAATTTAAGCCTTGCGCTTGAAGCAAATGATTTCACAGATGAAATGTTTG
A LQALVKZFI1T SQTWPIKINANLSTLALEANDTEFTUDEWMF

TCACTGAGGAAAATCGACTTTTGATGCAAACAAGAGACATTTCTGTTTTGCCTAATATGCTTGATGTGCAAATATCAGGAAAAGGGTGTTCCTTGATTCA
vV T EENRLLMOQTRDI SVLPNMLUDVOQI SGIKGT CSTLII1IQ

GGTTACTTTAAGATATAATATTCCAAGTGCCCAACTGTTACCGGCATTTACTTTAAACATATCTACTTCATCAAATGAAATATCGAACGATATAAATCAC
vV T LRYNIWPSAQLLPAFTULNISTSSNETISNUDTI NH

CGACAAACTATTAAAATCTGCACAAAGTATGATGGAGCAGATAACAAATCAAACATGGCTGTTGTGGAGATACAAATGATAACAGGCTTTGAAGCACTCC
R Q T 1K 1 CTIKYDGADNIKSNMAVVEI QM1 TGZFEAIL

ATTCACATTTAGAAAAATTGAAAACCTCCAATATTGATTTAAAGAGATGGGAAAGTGAAAATGACGGAACAGTGGAACTTTACTTTGATCAATTGGAAAG
H S HULEI KL KTSNIDILIKRWESENDTGTVETULYFDUGQLE S

TGAATTAAAGTGCTTTGATGTGATCGTGGAGGAGAAATTGAAAGTGCAAAATCGTAAACCAGCGTTGATCAAAGTGTACGACTACTACAAAACAGATGAG
ELKCFDWVIVEEI KL KVQNRIKWPALTI1IKWVYDYYKTDE

TCGGTATCCAAGGAATATTTTCTTGAATCTTGAACAACCTCCTTTGGTCTATTAACGCAGATTTAATTAAAATAATGAAAGAATTTCTATGGTAGTTTAA
S Vs KEYFLE S *
TCAATATTTTTTGGAATTCTTAATGCAAAACTTTGCTTTTATTTTTCATTACATTTTGTTTATACAATTTTTTTTTTGCATTTAATTTAACACTAGTTTG
TTAATTTACGTTGCCACAATTCGTTTCAGATAATAAAAAATATCAAGCGGCTAATTTAAGCTACTATAAAAAGTGATATACAGTAATTTTGATTGTGAAA
TGTACTTTTAGTTTAAAAATAGTGCTGCAAATTACTCCATTAAATTTCAATTCAAGTTAAAA 5162
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GCAGATTGACGCGCAGCTCAAGACGCAATAAAAAGTTGATGTTCTTATTTTGAAAAAGAAAGAAAGACGAAAAAAAAAAAAAAAGAAATAATAATTTTTT
TTTCTCCTAAGTGCATACAATGCGTTAGTAGGGAAACCCAATGAGTGAGTTTGTCCTGACGTCACACGCATAGGCCGGTATATATAATAATATAATTTTC
GTCTCGTCACTCAGTCGTCACTTTTCGCTCGTGATAAGGAAACGTATTGAGGTCGGTGGACGTCACCGGACCAACCACTAACATTCGCTGTACGCAATCA
TTTTGACGGCATATATCTAGTTTAGCAGCGCTCAACATTTTCAGTACTTGCGGAGAAATTGCGCGGGGAACACGATCTTCGGAGTTTCAGAGACGACTCG
GACTAATTAGGATAATTAAAATGAACACGCCGAATGGTCTGTTGGCTGTTCTTCTCTTGGGAATATGCGCTGCTACGTCTCATGCTGAAAGGACGTACAC

M NTPNGLILAVLLULSGICAATSHAERTYT

CGTGACAGCGCCGAAAAATGTTCGCGTGGGAACACCGTATCAAGTTGTCGTGTCCATCCATAACTCACCTGAGGACGTTGAAATATTTGCAAATTTGAGT
vV T APKNV RV GGTPYQVVVSITHNSZPEUDVETILFANILS

TGCAGCTCGGATGACAACTCGAAGCCGCAATTAGTCACGGGTTCAATTACAGCGCCCAACGAAATCACCAAACTGCTCACGTTACCTATACCTGATTGGT
c S sDbDDNSKPQLVTSGSI1TTAPNEIITIKTULLTULU®PI1TPDW

GGAAACCTGGCAATTGCGAACTCACTGTTACCGGAGATAAAGGAATTGTTTTTAAAAGATCGGCCAGCTTAGGTTTCAATTCCAAAACTTCGTCAGTTTT
W KPGNT CELTVTSGDIKGIVFKRSASLSGEFNSIZKTS S VEF

TATTCAGACTGATAAAGCCATTTATCAACCTGGGCAATTAGTGCAATTTCGCGTGCTTGTTGTGGATCCCAATCTTAAACCTTATGCAAGCGATGAGTTA
Il Q T DKAIYQPGQLVQFRVLVVDZPNLIKZPYASUDTE'L

ACTGTTTTTATCACGGATGCTCAAGGAAACCGAATCAAACAATGGAATAACGCAACTCTGAAATCCGGAATCTTTTCCGGTGAGTTGCAGTTATCTGATC
TV F 1 TDAQGNRIKQWNNATILIKSS G111 FSGETULUGQTLSD

AGCCTGTCCTTGGAGACTGGAGCATCAACGCCCAACTCAACGACGCGAGGGCTAACAAACAAGTTAGCGTTGCCGAATATGTTTTACCTAAATTTGAGGT
Q PV L GDWSIT NAQLNDARANIKI QVSVAEYVLPKTFEV

CACCGTTCGCCCACCAACACTGGCCATATTTAATGACACCGAATTAATTGTGGGCGTCGAAGCCAAATACACGTACGGAAAACCGGTTAAAGGCAAATTG
T VRPWPTILAIFNDTETLI VGV EAKYTYSGKUPVKG KL

GTTTTGAACACCACGGAAAGTTATTGCCGAAGTCCTTATTCCAATTATTGCGGGTCAACTCCGGTCGTAGTCCGAACCAATATTGATGGAATAGCAAATG
VL.,LNTTESYT CRSPYSNYT CGST®PVVVRTNIDTGTIAN

Supplementary Fig. S7 (continued)

3300

3400

3500

3600

3700

3800

3900

4000

4100

4200

4300

4400

4500

4600

4700

4800

4900

5000
5100

100
200
300
400
500

600

700

800

900

1000

1100

1200

1300



1301

1401

1501

1601

1701

1801

1901

2001

2101

2201

2301

2401

2501

2601

2701

2801

2901

3001

3101

3201

3301

3401

3501

3601

3701

3801

3901

4001

4101

4201

TGAAGATTCCATTATCTCAATTTAACTTTCCGGACTATTATCGCAATAGTCTGGCAAATTTGGATTTTTTGGCGGTCGTCACTGAAGATTTAACCGGAAG
v K1 PL SQFNZFZPDYYRNSILANLD FLAVVTEHDILTSGHR

AATGATGAACGCATCCGCCGCCGGAAATATTTATTCCAAAAGAGAGAAAATCGACGTTGTTCAATCGTCTAACTCTTTTAAACCCGGTCTCCCTCACACG
MMNASAAGNIYSKREI KIDVVQSSNSZFIKWPGLPHT

TACAAAATTAAACTGCAATTGCAAGATGGAACTCCCGTGACCAAGGCTGACTCTTTGTTGACTGTGAAAACCTCGAGTTCTCATGGCAAACCGGAAGTAG
Yy K 1 K LQLQDGTW®PVTIKADSTULLTVIKTSSSHGIKPEV

TTACCAATTACACAGTTCCAGCTAGCGGAATTGTTTCCGTGGAAGCGTTTCCTGATGAAGATGCAGAGTTTCTTCGTCTGAATGCTGATTACAAAGATGT
v T NYTVPASGI VSV EAFWPUDEUDAEZFLRLNADY KDYV

TTCCGGAAGTGCGTACGCGAACAAAGCCCAGTCCATAAGTAGCAAGTACCTTCAATTGAGTCTTCACAATGAAAACGAAATCGAACCTAAAGTTGGCGAC
S G S AYANIKAQS 1TSS KYLQLSLHNENETIEUZPKVGD

GTAGTTCAATTGGATGTGAATGGAACCTTTTACATTTCTCGTTTGGATTACGAAGTTGTAGCAAGAGGCAAAATTATTACTTCCGGTTCGTTAAAATTCG
vVVvVQLDVNS GTU FY1l1 SRLDYEVV ARGIKTI1 1 TSG S L KF

ACAAGGATGCCAAATCGCACTCTTTCCCGTTGAACATAACTCAGGATATGGCGCCACGAGCCCGAGTGGTGGCTTATTACGTTTCTTCTTGCGGAGAAGT
DKDAKSHSF®PLNITOQDMAPRARVYVYAYYVSSCSGTEV

TGTGGCTGACAGTTTGGATTTCACTGTTAATGGAGTTTTTCAAACACCGGTGGGTTTGCATACAAGCGAGAACAAAACAAAGCCTGGAGCTCCCATCGAA
VADSLDZFTVNSGVFQT?PV G6GLHTSENIKTIKUPGAUPIIE

GTGACAGTTGACACCTTGCCAAACTCAACTGTGGGTCTGTTGGCTATTGATCAGAGTGTTTTGCTATTGAAATCGGGCAACGACCTTAATCGGAACGAAA
v T vDTULWPNSTVGLULAIDA QSVLLILIKSG GNUDTILNRNE

TTATTAATGATTTGGGAGATTATGAAAGCGGTTGGAGACCTAGTGCTTTCGACAGGAAGAAGCGATCGATCTGGCGTCCACCTGGAGACACGGTTACTCA
Il 1 NDLGDY ESGWRWPSAFDR RI KI KT RS SI WRPPGTDTWVTAQ
B-a cleavage site
ACTGTTTGACACAGCCGGTTTGGTTTTTTTCTCCAATGGACTTTTCCAAAAGCAACCCGACTTCAACTACGGTCCATATCCCGTGCGCTTTAATAGTTTT
L FDTAGLVFFSNG GLTFO QK QPDFNYGPYPVRFNSF

GGTGGTGGAGCTGGTGCAAGTTTTGCTGAATCAGATTCGGTGCAATTTCAAGCTTCGACAGCGCCAGCCTCGTTCAGCGGCGCGGGCGCTAACAATGACA
G G GAGASFAESDSVQFQASTAPASEFSG GAGANND

AACCAAAACTACGTCAATCATTTCCTGAAACGTGGATTTGGACTATGCCAATCGCAGGTCCTGATGGAAAAGCTGTTTTAAAAACAACGGTGCCGGATAC
K P KLWRQQSFPETWIWTMPI AGPDGI KAV LI KTTVZPDT

TATCACTTCCTGGCAGTTATCCGCTTTTGCCATGGATGATGAAAATGGTTTAGGAATGGCTGATGGTCCATCAAAGGTTGAGGTGTTCCGTCCATTTTTT
I T SwQL SAFAMDUDENGLGMADSGZPSIKVEVFRPFF

GTTACTCTTAATTTGCCGTATTCGGTTGTTCGAGGAGAGTCTGTTGCTGTTCAAGCTTTAGTTTTCAATTACATGAAGGAGGATGTTGAGGCGGAAGTGA
vV TLNLWPYSVVRGESVAVQALVFNYWMMIKTETDVEATEV

CTTTGGAGAATCTGAACGACCAATTTGAATTGACCGGTTTATTGAACCGAGTGGATGTTGACCATAATGCTACCTCCGAGAAAAAGACCGTCAAAGTTAA
T LENLNDA QZFELTS GLILNRVDVDHNATSEI KK KTV K VK

AGCTGGCGATGGTTCCTCCGTTTCTTTCCTCATCACTCCCAAAGTGGTTGGGCCAATCGACCTCACCGTTTCGGCCGTTTCTTCAAAAGCCGGAGATGCC
AGDGSSVSFLITPIKVV GPI1DLTVSAV S SKAGT DA

TTGAATAAAAAGCTGCTCGTTAAGGCTGAAGGTTCTCCCCAATACTTTAACAAAGCCGTTTTAGTGGATTTACGAAACACCAGCAATTTTAAATCCCAAG
L NKKLLVKAEGSU®PAQYFNIKAVLVDLRNTSNFIKSQ

TAGAAGTCAATATCCCTCCTTTTGCAGTTAAAGATTCCGAACACGTGGAAGTATCCGCCATCGGTGACATCATGGGACCTACTGTCAATAATTTGGACAA
VEVNI1TPPFAVKDS S EHVEVSAI GGDI MGPTVNNTLDK

ATTGATTAAAATGCCTTAT, AACAAAATATGATCAATTTTGTTCCAAACATTGCCGTTTCCGACTACCTCAACACCACCAATCAATTTAGC
L1 K M P Y iﬂiiﬁiiﬂiiﬁ.iﬂiAﬁ M I NF V PNI AV SDYULNTTNAQ QTF S
Thiocester site
GATAAATTGAGAACAAAAGCCATCAAATTCATGGAAGCTGGTTACCAACGCGAATTGACTTATAAAAGACCAGACGGTTCGTTTAGCGCTTTCGGAACAA
DK LRTIKAIKFMEAGY QR ELTYKIRWPDS G SUZFSATFGT

GTGATAAGAACGGAAGTACTTGGTTAACTGCTTTTGTTGTGCGATCTTTCAAGCAAGCCAAGCCATACATCTCGGTAGATGACAACGTTATCGATGCTTC
S DKNGSTWLTAFVVRSZFIKI QAK®PY 1SV DDNV I DAS

TTTAAGATACTTAAAATCCACTCAAAAGGAAAATGGTAGCTTTGTTGAAAACGGAGAAGTGCATAACAAACGACTTCAGGGCGGCGCTGCTGGTGGTTTG
L RYLIKSTOQIKENGS SV FVENSGEVHNIKIRLIQGGSGAATGSGIL

TCGTTGACAGCTTACGTCACGTTAGCATTTTTGGAAAACTCTGATAAAACGGAATACAGCAACGTTACAAAACGCGCGGTTAAGTTTCTCGAAGATGAAG
s L TAYVTLAFILENSDI KTEYSNVTIKRAVIKTEFLEDE

TGGACACTGTGGAAGATCCATATGAACTGGCTATTGTTAGCTATGCTCTTCATAAAGCCGGAAGTCCCGCTAAGGACGCCGCGTTTCAACGTTTCCTTAA
v b TV EDZPYE ELAIVSYALHIKAGSZPAKUDAAFU QRTFILK

AAAGGCTGAAAAGAAAGGCGACAATGTGTTTTGGTCCAAACCGTTAGAGAAACCACCAACCAATAGCTCTTATTTCTATTACCCACCTCCATCTGTGGAT
K AAE KK GDNVZFWSIKWPLEIK®PPTNSSYFYYPPPS VD

ATCGAAATGACCGCCTATGCTCTACTCACTCACTTGGAAAGAAACTTGATCACCGAAGCAGTTCCAATCATGAAATGGTTGATTACCCAAAGAAACGAAA
Il EMTAYALULTHULERNLITEAVPI MKWLTI1TTOQRNE

ATGGCGGATTCTCTTCAACTCAAGATACTGTGGTTGGAATTCAATCTTTGGCTGGCATAGCTTCTCACATCACTTCACCAGATGGTGCTAAAATGGAATT
NG GFSSTOQDTVVGIQSLAGIASHITSPDG GAIKMEL

AGACTTCGAATACGACGGTCGCCACAAAAAGTTAACATTGGACAAAGGCAATGCTATGGTTCTTCAACGAGAAGAGTTGCCTTCGGAAACTCGAGAAGTT
b FEYDGRMHI K KLTULD K GNAMYVYLAOQRETETILWPSETREV

AACGTCGGAGCTGAAGGAAAAGGTTTTGGAATTGTCCAAGTCACGTGGTCTTACAATTTGGACAATAAAACTCAATCGCCAGTGTTTGAAATTTCTCCAA
NV GAEGKGFGI1I VQVTWSYNLDNIKTOQS®PVFETISFP
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AAGTCAAACAGATTGATAAAGACTCATTTGACCTCACTGTTTGCGCAATTTACGAAGACGTGGATAAAAGCAGCAATATGGCGGTCATCGAAATGAATTT
K v K QI bKDSFDLTUVCAI Y EDVD K S SNMMAV I EMNL

GCCATCTGGTTACGTAGTTGAAGGGGAATCCCTACCTCAAGTGGGTCAACACGACCGTCTGAAGAGAGTTGAAACTGTGGACGGTGGAACCAAAGTTCAA
P S GYVVEGESLZPQVGQHDRLIKRVETVDSGSGTK VQ

TTGTATTACGACGAGATGAATGATGTCGAGGTTTGTCCTCATATAACTGCCTACCGAACATTCCCAGTGGCCAATGTGAAGCCGGCCGCCGTGTCGGTCT
LYy yYyDEMNDVEVCPHITAYRTFZPVANVYVIKUPAAVSYV

ACGATTATTACGATAACGACCAACGAGCGGAAACGTTTTACAATGCTCCAAGCAGCGATTTATGCGACATTTGCACCGGAAGTGAATGCAGCTCAAAGTG
Y by YDND QWRAETU FYNAPSSDTULT CDI1I1CTS GSETCSSKSTC

CAAAAAATCTTAAATCTATTTTTTTCTGATCAAAAACTTTTTTTAGACACCCATCACACAGTTATCTTATAAAGTCTATTACTGTATTATATTGATAGTT
K K § =*

TAACATATCAGTGTTAAAAATGTGCTCGATTTATTCCAATCTTAAAACAATTGGCTTTTCGTTAATTCATTATTACACATTTCAATGGATTTTAAACGTT
TATTCCTTTTAAAAATTGTTTTTATGAGAAAAAAAATTAAAAAAATACTTAATT 4954
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M A HTFCRILLFA

TTTGGTCGCCGTTTTATTGTCGGTGACTCAGCTGTCCTCGGCCGTCGGCACGTACACGCTCGTGGGACCTAAAGTTTTAAGGCCGGGACTGAGCTATCAA
LVAVLLSVTQLSSAVGTYTLVGPIKVLRPGTLSYDQ

GTCAGCGTGTCCATTCACGACACCAGAGAGCCGGTCAAAGTCACCGTGTCCATCACCGGACAAGGTTTGGCCGGGGTCAACTATGGACAGACCACCGAAG
v s Vv s 1l HDTREZPVKV TVSI1TSGQGLAGVNYGQTTE

CCCTCATCCAATCGGGAGAAACGCAGATTTTAAAGTTTGAAATTGGTGAATGGGGTCCAGGTAGATACAATATTTCAATTTCCGGAAGTGGAGGTTTACG
A LI QS GETOQIILIKZFEI GEWGPGRYNISI1ISGSGOG LR

ATTCTCAAACACTACCGAGATCGAGTACCAGCACAAAAGTTACTCCGTTTTTATTCAGACCGATAAGGCGGTTTATCAACCGAATCAGATGGTTCATTTC
FSNTTUEI EY QHIKSY SV F 1 QTUD KA AVY QPN QMVHF

AGGGCAATTGTGGTGAACCCCATGTTGAGACCGACTGTTTCGGGAGCCATAGAAGTTTATATAACGGATGGACAGGGAAATCGAGTGAAACAATGGAGGA
RAA1l VVNPMLRPTVSGAI EVY 1 TDSG QGNRVKIQWR

GAGTTTTCACCACCAAAGGTGTGTTTTCTGGAAGTTTGCAATTGTCTGATCAACCGGTTTTGGGCAATTGGAACATTACTGTTTTCGTATCGGATCAACA
RV FTTIKS GVFSGSLQL SDQPVLGNWNITVFVSDAOQNQ

GTATACGAAATCATTTACAGTTATGGAATACGTGTTACCTACATATGAAGTGACAGTGCAACTTCCTCCCTACGCCACATTTAACGATACGTCGGTAGTT
Y T K S FTVWMEYVLPTYEVTVQLW®PPYATUZFNDTSVYV

GCCACTGTAACTGCTAGATATACGTATGGAAAACCGGTGAAGGGAGAATTGACGCTGGTTATGTCACCCAAAGTTCATTCCCCCGTTATTCAAGCATGGG
ATV TARYTYGKPVKSGETLTLVMSZPIKVHSPV I QAW

TGATTCCGCCTGTCAGAAAACTCGCCACGATTGATGGCGTTGCCGACGTTAGTTTGGATTTGAGCCACTTTCGCTTTGAAGACGATTTTCAGAGAGATAT
v I PP VRKLATI DG GVADVSLDULSHZFRIEFETDUDTFUQRDI

TCGAGTGGAAGCAATTGTAAGAGAGACTCTGACCGGACAGAGACAAAACTCTTCAGCCATCTTGTCTCTTTATAGTCATCGAGTAAAATTAGATCTGATT
RV EAI VRETLTS GQR QNS SAIULSLYSHRVKTILTDTLI

AAAACCGCCGAGACGTTCAAACCTGGCTTGAAATTCACCGCTTATTTGAAAGTGGCGTTGCAAGACGACATTCCCATACGTGACGATGTAAACAAAGTTA
K T AETZFIKWPGLIKZFTAYILIKVALOQDU DI PITRDUDVNKYV

GAGTGAAATTCGGATACAATTATAACGAATCGAGCCACGAAGTTCGGGAGTATCAGATCCCCCGCAATGGAATTATTCAGTTAGATTTTTATCCTCCGCG
RV KFGYNYNESSHEVREYQIIPRNSGTI I QLDFYPPR

ATCACCTGAAGCTAATGTTTTGATCATTTTGGCTGAATATTTGGACATTAAACAACCTTTTCCAGGAATCGAATCGTCGCTTTCCCTAAGCAATAATTAC
S PEANVLI1 I LAEYLDII KQPF®PGI ESSLSLSNNY

ATTCAAGCTTTACTATTAACAGACAATCCTAGAGTTGCGGATGAAGTTGAGGTTCAGATCAATACAACCGAAAGAATTATGAGTTTCGTTTTTCAAGTTT
Il QA LLLTIDNPRVADEVEVQI NTTERIMSZFVFAQV

ACGGTCGAGGAAATCTAGCTCTTGCGCAGACAATTCCGATGAACAATGAAAAATATGTGCGTTTCAAGTTCCGAGTCTCATCTCGAATGGCTCCTAAAGC
Y GR GNLALAQTIIPMNNEI KYVRFI KU FRVSSRMAUPIKA

CCGATTCCTGGCTTATTACGTGAGGGGAGACGGTGAGGTGGTGGCCGATTCTCTCAATTTCTACGTGGAAGGTGTTTTCCAAACTCCCGTTGCTGTGGGG
RF LAYYVRGDGEVVADSTILNZFYVESGVZFOQTU®PVAVG

GTGAGTGCCAATCGCACCGGCCCGGGCACATTGGTAGAGGTCAAAGTCAACACTAAGCCTAACGCTTTTGTGGGAATATTAGGAGTGGATCAAAAAGTTT
VS ANRTSGPGTULVEVKVNTIKPNAFVGI L GV DQ KV

TGTTATTGAAATCAGGGAACGATATAACAAGAGACGACGTTCTGAAAGAATTGGTATCATACGACGGTGGAGCGGATAAAAAATTAGATGACTTTTACGC
L LLKSGNDTI1TRDUDVLI KT ELWVSYDS GSGADI KU KTLDTDTFYA

CCGATACTATTGGTCTCCTGGTACAATCACAGCAAGCCAGGTTTTCGAGGATGCCGGAGTGGTTATTGTTACAAATGGTAACGTGTTTCAGTACTACCCC
R Yy ywsw®pPoae6TI1TASOQVFEDAGVYV I VTNSGNVFAOQYY?P?P

AGACTTCTTTACCGATCCAATATCGGTCCTGACAGTGATCTTGAATACGCTCCCGACAATTCTCTTGGCAACAGTATTTTTGTTGATTCTGACTCACCTG
R LLYRSNIGWPDSDILEYAPDNSTLSGNSITFVDSUDSUP

ACTCTATCAGATTAAGACAGCATTTCCCAGAAACTTGGCTGTGGAATAACACCGTCGCCCAACAAGATGGAGTGGCCACAATTAGCGCAACTGCACCTGA
DS 1 RLRQHFUPETWILWNNTVAQQDSGVATI SATAUPD

Supplementary Fig. S7 (continued)
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TACCATCACTTCCTGGATCGTAAGCGCTTTTGCTATTGACAGTATCACTGGTTTAGGTGTTGTTCGAGCACCGGCGAAGTTAACGATTTTCCGCCCGTTT
T 1 T sSw1VvVvSsSAFAIDSITSGLS GV VRAPAKTULTIFRPEFEF

TTCGTGTCTGTTGTTCTACCTTATTCGGTGATTCGAGACGAAGCGGTGGCCATTCAGGTGGTTGTGTTCAATTACATGGCGGAAGATGTTAAAGCAACAG
FVSVVLPYSVIRDEAVAIQVVVFNYMAETDVIKAT

TTACTCTAAAAAATCAAAAAGGACAGTTTGAGTTTGCTAATTTTGAGACGGGCGCAAACGAAGTTGTAGATAACTCGCAGCCAAAATACAAAAGAGTTCA
vV TLKNO QI K GQFEFANZFETS GANEVVDNSU QPIKYKRVAQ

AGTGAAAGCCGGAGATGGAACATCCATTTCTTTTATGATTATTCCTAAACTAATAGGTTCAATCGACATCGATGTTACGGCTCAAAGTGATCGTGCCGGC
VXK AGDGTSI11TSFWMII1IPKILIGS 1T DI DVTAQSUDIRASG

GATCGAGTTCTCAAAAAACTCCTCGTCAAGCCTGAAGGAACGCAATTGAACTTCAATAAGGCTGTTTTAGTAGATTTAAGGTCAACAAATTCATTTACAA
DRV LK KULULVK®PEGTA QLNFNIKAVLV DULRSTNSTFT

GCACCGTTAAAGTCGGAATTCCAAACTATGCAGTTGAAGGTTCAGCCCGCGTGGAGATTTCTGTAATCGGTGACATGTTAGGACCGGCCATTAACAACTT
s T VKV GIPNYAVEGSARVETILI SV I GDMLTGPATINNIL

DS LLRMEPTFI[6G CGEONMYYFVPNIVVYARYLETFUVNR
Thioester site

TTGCAGGACACTATTAAGCAAAAAATACTAAGTCATT TGGAAACCGGTTATCAACGAGAATTAACTTATAAACGCGAAGATGGCTCATTTAGTGCTTTTG

LODTIKOQEKTILSHLTETG®GYOQRETLTSYKRTETDTGSTFSATF

AGATAGCCTTTTGCGTATGCCATTTAACATGGTCTATTTTGTGCCCAATATTGTCGTTGCTCGATATTTGGAATTTGTCAACCGC

GCAAACAAGATAAAATGGGCAGTACATGGTTGACCGCATTTGTTGCCAAATCATTCCACGATGCTCGCAATTACGTTACAATCGATGAGAACGTGGTGAA
G K QDKWMGSTWILTAFVAIKSZFHDARNYVTI1TDENWVVN

CGGTGCTCTCAAATGGTTAGCGATGAAACAGGAAGGAGATGGCTCCTTCCCCGAAGTTGGTTCTGTCAGTCACAAAGCTATGCAGGGTGGTTCTGCCAAC
G ALKWILAMIKU GQESGDTGS SV FZPEVSGSV S HKAMAOQQG GG GS AN
Catalytic histidine
GGTTTAGCGTTGACCGCTTACGTTTTGATCGCTTTTTTGGAGACTGGAGCTCAACAAACGCAGGAATTTAGCAGCGTTGTAGATAAAACCCGACAAAATA
G LALTAYUVLIAFLETS GAQQTQEFS SV VDI KTRQN

TCGAGCAAGTGATGCTTACCGTGGAAGATTCTTACGCTTTGGCAATTGCCACTTATGCTTTGCATCTTGCCGGAAGCCAAGAGCGAGAAACTGCTTTCCG
Il EQVMLTVEDSYALAIATYALMHLAGSU QERETATFR

AAAACTAGATCAAAGATCAATTACCAACGATGAACAAAAGTTCTGGACTGGAGTGGTTGATAATAACGACGTGCTCGATCCTCCGGAAAATGATGAACCT
K L DQRSI1T TNDE~ QK FWTSGVVDNNDVLDU®PZPENUDEP

AAAAAATCAAAAGCGGCTGTTAGAGAAGCCAATTCTTATGACGTGGAAATGACGTCATACGCTTTGATGACTTACATTCTAAGAAATGATATCGACAATG
K K S KAAVREANSYDVEMTSYALMTY 1T LRNDT1IDN

CTCTGAAAATTGCTAAATGGTTAATTTCTCAAACAAATTCCAATGGTGGATTCACTTCTACTCAAGATACGGTGATTGGCATTCAAGCTTTGGCCAAATT
A LK1 AKWLTI1I SQTNSNGG GFTSTOQODTVIGI QAL AKL

AGCCCAACAAGTAAATTCACCACGTAGAAGCGTTGACGTTACTTTCAGTTTTAATAACTCGACTAAAACTGTTCCAATCAATAATGAAAACGCGATGATT
AAQQVNSPRRSVDVTFSFNNSTIKTVPITNNENAWMI

CTTCACAAATATTCGATTCTCGATCCCGTTGATGAAGTTCGATTCACAGCTCGAGGAAGTGGTTTTGCCATTGCTCAGGTATCGTATTCATACAACGTGA
L HKYSI1TLD®PVDEVRFTA ARG GSG GFAIAQVSYSYNYV

ATATCACTCAAGAAAAGCCTTCGTTCATCATTAACCCGTTAGTGGATAGAAATTCCAACAGAAATTTATTGGTGATCAACGCATGCACTTCATACACTCG
N 1T TQEKPSF 1T 1 NPLVDR RN SNRNLILVINACTSYTHR

AAATGGCAGCAGCAACATGGCCGTGGTCGAGGTGGACTTGCCCTCTGGTTATACGGTGGACAAGGACTCGCTTCCGGCTTTGCTGAAAATGAAGGACATT
NGSSNMAVVEVDLZPSGYTVDIKDSIL®PALTILIKMEKTD:I

AAACGAGTAGATACAAAGGCCGGAGACTCCGGTGTTGTCATCTACTTCGATAAGTTGTCGAAAGGAGAAGAAGTTTGCCCGACGGTGAAAGCCTTCAGAA
K RV DbTIKAGDSGVV I Y FDI KLSIKSGETEVCPTVKATFR

CCTTTAAAGTGGCCAAACAGAAGCCAACCGCGGTCAAAGCTTACGATTACTACGATCAGAGTCGAAGCGCTCGGTCGTTTTATCAAGCGTTACCAGCCAC
T F KV AKQKWPTAVIKAYDYYDOQSRSARSUZ FYQALUPAT

CCTTTGTGATATTTGCGATGACGACGAATGCGAAAGAGGAAGTTGCCCGAAGAATGCGGGAATGTTCGAGGATTATACGGGCAATTCCGCCGCTAGTTTT
L ¢cDb1®1cbbDUDETCERGSTC®PIKNAGMEFEEUDY TG GNSAASFE

ACATTGACTTTGATTAACGTCTTCACTTTCATCATTCCTGTGTGGCTGATATCGAATTTTAGTTGAGGTATTTACGTATTTTTTTTTACCTTTTTTTCGA
Tr L T L I NV FTF I I PV WL I §SNF S *

GAGTTAAAACATGGCTGGATCATAATCGTACAAATATTTCTTTTTTTTCAAAAATAGTTGTTTGAATTGAAAAAGATATTTTTTGAGAAAAAAACTTAAG
TCTTTTGAGATTAGTAGTTGCGTTACATACGTAATTCTAAAAATATTATTTTTTAGCAATTGTAAATTATTTTGATCGTGAACTTCTACAGCTATATACG
CACCATCAATTATTTTTCATTCAAATTATCCAACATCAACTCGCATACATTTTAACGATGGCAAAACACTTTTAAAATTGACTTCCGATTTTTAATTTGC
CATTCTATCATAAAAATTACAGCTTTAAAATATGTTTTTATTTTTAATATTATATTTTTATTAACCGATATTTCCGCTGTAAAAAACTAGCATTTGATTG
TTATTTTAAAATATAGAGTTTTAATTTACA 5030

Supplementary Fig. S7 (continued)
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GTAGTTGACGCGAGCGTCAGGCTGCTGTCCTCCAACAATCAGTTCAACAAAGACAACCTCCTCAACAGCAATCCATCACTTCATTTAAATCAAAGCAGCG
VVDASVRLILSS SNNIQQFNIKDNLILNSNZPSILHTLNZ QS S

CGCCAATACAACAGAATGATTTTGAGTATTG
AP 1 QQNUDTFTEVYCc

Bait region
GAATTCTGCAGACTCGATCACTGCGTTCGACATTGCCGGATTGACTGTTATGAGTGACTTGGATTTGGAAACGCGACTGTGTCCAGAAGGCACAACGTCA

| NS ADSITTAFDI AGLTVWMSDLDLETRLZCPETGTTS

GTTAGTGCTGTAGAAGGAAACTCTACGTCTTTTCTACCTGGAGACGGGGGATCAATTCTTGGCATCACAACAAGAATTAGACAAGATTTTCCTGAAACAT
VS AV EGNSTSZFLU®PGDS GSGSI1TLGI TTRIRO QDT FU®PET

GGdIAIIIGAGIIACAAIAIAIGGGIAAAGAACAAAIGIIICACAAGCAIGIGACGGIACCAGAIACGAIIACAGAGIGGAIIGGIICCALTTACTGCCT

wWLFELOQYMGIKEQMFHIKHYVYTVPDTITEWIGSSYCL

TTCTCCAACCAAAGGCCTTGGCATGAGTGACGAAGCCACTTTCAATTCTGTAATTTCTTTCTTCATTGATTACACTCCCCCTTACGCAGTAAAGAGAGGA
s PTKGLGMSDEATFNSVISFZFI1DYT®PPY AV KRG

GAGTCATTTGAACTTCCCGTCTACATTTACAGTTACCTCAACTGGACCTCGTCGGTATTTGTGCATCTTGAAAAAAGCACAAAAAATCTGTACCAACTGA
E S FELUPVY1lYSYLNWTSSVFVHLEZ KT ST KNTILYOQL

CCGATGGGCTTGACTTGAAGATTGCTTCTATTCCACCCAGAGGGAAAAGTGTTGTCACCTTTGAAATCACGCCAACTAAAATTGGTGAAATAGAAATTGG
T DbGLDULIKIIASIPPRGKSVVTFEITWZPTI KI1IGETIETIG

AGTCTATGCAACTGGGAATTTCATTATTTTCGATGGCAACAAAGTGAACCATTCTATCATTACTGATGCAGTAAGAAAAAAGATCTTAGTTAAACCAGAC
vVYATGNZFI 1 FDGNIKVNHSTITI1TDAVRIKI KTILVKPD

GGATTTCCTCAGGAAAATCACGACGTTCAATTGCTGTGTACAAAAGATAACGAAAAACTCGCAAAAAATCTGAATTGTTCTCCACCAAAGAACATAGTAG
G FPQENHDVQLLT CTI KUDNEI KTILAKNLNTCSZPPIKNIYV

AAGATTCAGCAAGAGCTACCTACGTTGTCACCGGTGTTTTTGGACCAATACTCGATAACCTGGATTCGTTCATTCAGCTTCCAATG! AGAACA
EDSARATYVVTSGVZFSG®PI1LDNLDSZ FI1IQLPMIGCGEQ

Thiocester site
GATTATGGCAGCAATGGTTCCCAGCCTCTATGTGCTAACGTACCTGGACAGTATTGGAGCAGCCGAACCACAGCTACGGGATAAGGCCTTCGAAACTATA
I M AAMV P S LYV LTY LD SI1I GAAEUPOQLRUDI KA ATFETI

CTATTAGGGTATCAGCAGCAACTGACTTACAAGAATCCAGATGGCTCTTACAGTATTTTCAGCGGACTACCAAACCCGAGGGGATCGATTTGGCTAACAG
L LGYQQQLTYKN®PDSGSYSI1FSGLZPNPRGS I WLT

CGTTCGTAGTGAAGTCATTCAGTCGAACAAAAACGTACATTTCGATCAACGATACAGTGATTGACAGCAGTAAGAAATTTATCCTGAAAAATCAAGATGA
AFVV KSFSRTIKTY 1T S I NDTUVI1IDSSKI KT F 1T L KNOQDE

AGATGGCTGCTTTCTGGTAGTTGGGAGAGTCTTCAGCAGCGGTTTGAGGGGTGGTGTCGAGAAAGGTGTTCCAAAGGAGACGCTGACTGCCTACATAATT
b6 CFLVVGRVFSSGLRGS GV EIKSGVZPKETTULTAYI.I

ATCGCGCTGCTGGAGGCAGGGGAAGATCCATCAAGTCAGCACATGAAGGACGCTCTACAGTGTATCAAGAAGATGCCCAAATACGCCTTTGCGCATGCTC
Il ALLEAGETDUZPSSQHMIKDALO QT CIKIKMPIKYAFAHA

TAGCTGCATACGCTTGGTTTTTGGCGTATCAAAAACACACATTGCTCTCGAAAACAAGCAATTCTTCTGAAGCACTGGAACTGAAGAAAACTGGAGAACG
L AAY AWFLAYQKHTLULSKTSNSSEALTEILIKIKTGER

TTTCCTGAACAAACTTCTTAAAACGGCGAAAAAAGAGGGGCAGAAGATGTGGTGGCAACATCCAATTAAGTACCGTGATGCGAGGGTTGAGACGGCAGGA
FLNIKWLILIKTAIKI KEG GQKMWMWAOQH®PIT KYRDARVETASG

TACGCTCTACTAGCATTTCTGACGGCAGATCCGTTTGATTTGAAGACTATCCGTCCGATTGCTCGTTATTTGATATCTCAGAGAAACATTAAGGGAGGAT
Y ALLAFLTADUWPZFDLIKTIRPIARYULI SQRNIIKGSG

TTTACACAACACAGGATACGGTAGTGGCTTTGGAAGCGCTGACTAAATATTCAATGCAAGCAGACGAAGTTCCGTTAAAGAATATTACAGTAAGATGTGC
F YT TO QDTVVALIEALTH KYSMQADTEVPLI KNITVRZCA

AGCAACTACGTCATTCTTAACTCACGTTATAAGTCCGAAAAATCGGCTGGTCACATACAAAACAGATGTTGAGCCCTTCACTGGAAACGTTGTTGTGCAA
AT TSFLTHV I SPKNRLVTYKTDVEZPFTG GNVVVAQ

GGAGAAGGATGCGTCGTTGCTCAGTGTTCGGTTAAATACAGCACACCAAAAGCAAGAAACATCAAAGGTTTCGAAGTGAATGTCACTCGAGAATGTATAG
G EGCVVAQCSVKYST®PIKARNIKS G FEVNVTRETC.I

AAGGAGGAATTAAACCAACGGTGCAACTAGACATATGTGTTAGCTACGTATTAGACGATGGAGAATCAAATATGGCAATAGTAGAAGTAAACCTGCTCTC
EGGIKPTVQLDICVSYVLDDG GESNMAIVEVNTLILS

AGGCTACTTAGACAGTCCTTACTCTCTGAACGATCTTTACAGCGGTGGCGTAGTGAGCCGATTTGAACCTGGCGAAGATACCGGCGGCACAGCCAATTTA
G YLDSPYSLNDILYSGSGVVSRZFEZPGEHDTSGGTANL

TATTTCGACAGCTTCAATAAAACGGAGACCTGCTTTTCCATCCAACAGTTTCAAATAAACAAAGTATTCAATCTGAAACCAGCATTTGTAAAAGTATATG
Y FDSFNIKTETT CFSI1TQQFQI NKVFNILIKPAFVIKWVY

ATTACTATCGACCAGAAATCACGGCAAGTGAGAGCTATTCTGCCTGTGAGGATGCCCCGTAAACTGGATGTCTTGATTGAAACACTCTTCTGGAGAAAGC
bDbYy YRPEITASESYSACET DA AP *

CGTATCTTGCTTCATCAGATTACTCTGCGAACAAAAAGTCTGCTACTCCTCCGTTGGCATTAACCTGTACAACATTGTTACATAAATTATTTCTTGTTAT

TTTTGCCGCTGTTATTGTTACATGGCAACAC 2731

Supplementary Fig. S8
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CCTGATACCATTACAGAATGGATTGGTTCTGCATACTGCATCTCACCTGTCAGCGGCTACGGAGAATCGCAACCCAACTCCATCAACGTTTTTGTTCCAT
pPDTI®ITTEWIGSAYT CI SPVSGYGESOQPNSTINVFVP

TCTTCATCGATTATTCCTTACCATATTCAATCAAACGAGGAGAAACTTTCGAGTTCAAAGTGTCCGTGTTCAGCTATGTAGACGAGGCATCACCGATTAA
FF 1 DY SLUPYSI1 KRGETUFEFIKVSVFSYVDEASZPIK

ACTTATATTAGAGCCATCTGTAGATTTTGCTGTGGATGACGAAGAATACGAGAAGGACTTGTGGTTAAATTCTAATGAACATGAAGTAGTAATATTCAAT
L 1. EPSVDFAVDU DTETEYEI KIDILWILNSNEWUHEWVV 1 FN

GTGACAGCCACAACTATCGGAAGCATAGAGCTTATCACTTATGCAATGACATCAATTGGTAATGAACCAGAATGGGGATATGGAAATTCTACTATTACAT
v T ATTI1GGS 1T ELITYAMTSI1T GNEZPEWGYGNSTIT

ACCATAGTGATGCCGTCAAGAAATCTGTGATTGTGGAGCCTGAGGGAATTTCAGAAGAGTACACTCAGTCAGAGTTCATGTGTGTTCAAGAAAGTGATAC
Y HSDAVI K KSVIVEZ®PEGI SEEYTOQSETFMCVQESDT

AACGATGGTCCGGCTGTTTGCTTGTGAAGCACCACAAAATAGTGTTGCTGATTCCTCTAGAGCTTCCTTCTCTGTGACTGGAGATCTTATGGGACCAGTA
T MVRLFACEAPAOQNSVADS SRASEFSVTSGDULMGZPYV

TTAAATAACTTGGAATCGCTTATTCGCTTCCCAACAGGATGTGGAGAACAGAACATGGCCAAGTTTGTTCCGAATATTCATGTGTTGTCCTATTTTAAAT
L NNLESGSLTIRTFPT[GECGET QNMAKTFEFVPNTIHYLSYFK
Thiocester site
CTACAAAATTCAATGACAACACCTTGAAAACAAAGTGCATAGAGCACATACGAGAAGGTTACCAAAGAGAACTGAAGTATAAGCACAGCGACGGCTCCTT
S TKFNDNTLIKTI KT CTIEHIRESGYOQRETLTEKYTZKHSDTGSF

TAGTGCGTTCGGTTCGTCCGATGCATCGGGTTCGTTGTGGTTGACGGCATTCGTTTTGAAGTCATTTGGACAAGCTCTGCCCTACATCTTTGTTGATAAG
S AFGSSDASGSLWLTAFVLIKSZFSGQALUPY Il F VDK

AAGATCATGAATAAGTCGGTTAGATGGATTAAAAGCAAACAACTTGAGAACGGATGTTTTCCGGAAGTGGGTTCTATGTTCAATCAAGGTTTACAGGGTG
K I'Mm NK SV RWI K S KQLENGCZF®PEVGSMFNUQGTLAOQG

GTTTGCAAGACAACCCTACGTTGCTTACTGCATATGTGCTGATAGCCCTCCTAGAAGCAGATCAAGATGAAGAGGAAGCCCTTCCTTGTCTCAACCCACA
G LQDNWPTLULTAYV LI ALULEADI GQDTETEEALUZPTCLNZPDQ

GCATATACCAAACACACCCTATGCTCTCGCTCTCGCCTCATATGCTTGGCTGCTCTCCTACAAAAGAGAGAAAGACGCTGGAAACTCGTCAGAAGATGGT
H 1 P NTWPYALALASYA AWLTULSYKREIKUDAGNSSEDG

ATTGAGAAACTTTTAGTTGGACAAGAACTTCTGGATAAGTTAATGCAACTAAGTCACGTTAACACAGGCATGGTGTGGTGGCAGCAACAAAACTGCAGCG
Il EXKLLV GQELLD KLMOQLSHVNTSGMVWWOQAQQNTC S

AATGTAACACAGTTGACGTAGAGACAGCAGGATATGCCATGATGGCACTGATAATAGGCTCTCCTGAAGAAATGTCAACTATCAGAGGCATAGCTCGATG
ECNTVDVETAGYAMMALI 1 GSPEEMSTIRGI ARW

GCTTGTTAAACACAGAAACCCTAACGGAGGATTCTATTCAACGCAGGATACCGTGGTTGCACTAGAAGCATTAACGAAACTAGCAATGCTGTCTGACGAA
L VKHRNPNSGSGFYSTOQDTVVALEALTI KLAMLSTDE

ATACCATTAAAACAAGTACAAGTGAAAACTCAGTTGCAACATACCTGGAACATAACTGAAGAAAACAGATTGGTAACTCACTTGAAGGAAGGCATGACAT
I PLKQVQVKTOQLQHTWNITETENRLVTHLIKEGMT

CGTTTCTGTCTGACGTCAGCATTTCTGGTGAAGGATGTGTTCTAGCACAGTGTTCGGTTCGATATAATGTACTTGAAGCCAGTGAAAGGAGCAGTGGATT
S FLsSDVSIISGESGT CVLAQCSVRYNVLEASERSSSGF

CTCACTAGAGATAAAGGGTTTACCGGCAGAGGAAAGCTGTGAAAGCAGAGAGTTACTGGTTTGTGTATCTTTCGAAGGAATTTCCAACATGGCTGTGGTC
s L EI KGLPAEEST CES SRELILVCVSFESGI SNMAWVY

GAGATGCACTTGCCTTCAGGATTTGCTCCCGTCGCAGAAAAACTCGATTATTTAATGAACGACGTGTATTTTGCATTAATGAAATGGGAGTTGGATAAGA
EMHLPSGFAPVAEI KLDYILMNIDVYZFALMIKWETLDK

ATAAACTACACTTAT 1915
N K L H L
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GTAATCGTACTAGTGAATGGCGGGAATTAAATGAAAAACCTGAATTGGGTTATATTGTTGTGCTGTATGTACCTGTTTGTGCAAGGAAGCCACGGGAAAC
MKNLNWV I LLCCMYLZFV QG SHGK

GGGGTTACATATTCGTTGCACCAAAACAGTTTCAGCGAGAGAGCAACGAGACCATGTGTATTTTGTTCAATAACTTGGAGGAAGCTGCTGCAAACATCAC
R GY I F VAPI KA QFQRESNETMCILFNNILETEAAANIT

AATCACCCTGTATGATGACAAGAATGAAACAAGTTCTACTAAAAACTTCAATATGACAGGATCTTCATCTTGGCATTGCATCAGCGACTTTCAAGTTCCT
I T LY DD KNETSSTKNFNMTGSSSWHTCI1ISDTFOQVP

GCTATTGAATCATACGGGGGTTATCTGAATCTTCGTATATCATTCCCAAGTCTTCCATTGGAGCACGCAGTTGATGAAACAAGAGAAGCCACCATTCTTT
Al ESY GGYLNLWRISFPSLUPLEHAVDETREATIIL

TTTCCAGAAACCACGGACCCACTACTTTCCTAGAAACAGATAAAGACAAGTACAAGTATGGGCAAACAGTGAAGTTTAGAATCCTCTCCCTCGACTTTGA
FSRNMHGPTTZ FLETHD KD KY KY GQ TV K FR 1T L S LDFD

CAACAAGCCCTTTACGGATACTATTCCAGAAGTATGGATAGAAGATCCAGGACTTAACCGTGTTGCTCAGTGGAAGGATGTAGCAATGAAGCATGGGCTG
NKPFTDTI1LPEVWI1EDUZPG GLNRVAQWIKUDVAMIEKHGIL

AACCAACTCAGTTATACACTCTCCAGTGATCCACCAAAGGGACACTGGACGATAAGGGTGAAGGGCATTCATGGAGAAAAAAGTATAAACTTTGAAGTTG
NQL SY TLSSDU®PWPIKSGHWTIRYVKSGIHG GEIZ KT ST NFEV

CCGAATATGTACTGCCAAAGTTTACCTTGAGCATTAAAGGGCAAAGAGATAGTAATAACATCTACGATACAGACAAGAATTACACCTGGACAATCTGTGC
A EY VLPKZFTULSI1TKOGQRDSNNIYDTHDIKNYTWT I CA

Supplementary Fig. S8 (continued)
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TAAATATACACATGGTGAGGATGTGACAGGAACTATGGACGTATCATTTACTAAGCGGTCATATAGTTGGTGGCGAAATGATCAAGAAAAGGATAAATAC
K'Yy T HGEDVTSGTMDVSFT KR RSYSWWRNUDIQE KD K'Y

GTTGCAGTCTATAACAAAACGAGGTTTTCAGGCTGTAAAGAAGTGACTTTAACAAAGGAAGAATACGGAGGTGATGGAGGTGACCGAAAACACTTTGGGT
VAV YNIKTRZFSG CIKEVTLTIKETEYGGDGSGDRKHFG

TGGAACTGAAGGCTAGCGTAGAAGAGGATGGGACTGGAGTCACAGTTAACGATTCCATCGATCACTATCATTCGGTGAATTCGGAGCTGGTGATGAATGA
L ELKASVEEDTGTG GV TVNDSITITDHYHSVNSETLVMNE

GAACGATAACCACTTTAAACCTGGACTGTTTTATAGTGGGGAGATACAATTAAGTGATTCGGAAAGGATTGGTCTCGGACAAAGAAAGTTTGAACTCTGT
NDNWMHFK®PGLFY SGEI QL SDSERI1IGLSGQRI KT FETLTC

GTGGAATATCTCAAGAAAAATTGTGCCAACTTTACCTCAGATGCTGACGGAAAGTTTCGTTATGTAATTCAACCTGTGGATGAGCACGATTTCAACAGTA
V EY L KKN CANZFTSDADGI KT FRY VI QP VDEUHTDFNS

CCAGACAATGGTTGGATATGAAGATAAAGCTGTTTAAAGAGAACGGGTCTGTTTCTCGGAGATCATACTCCAGTGTTCAAGTATGGCACTCCAATGCTTA
T RQWULUDMMIEK 1T KLFIKENG GSVSRRSY SSVQVWHSNAY

CAAGTTCATTCGGTTCTTAAAGCAGGAAGACGGCTCCAAACTCAAGTGCAACAGAACGTACCAGACCGACCTCTACTACTCACCGCCACCAGAAACAGTA
K F 1 R FLKQEDTGS KILI KT CNRTYOQTHDULYYSUPPPETYV

ACAGCTAGTATAGCGGTAATGTCTTCAGGGCGTATCGTAAGAACTACTTCGATTTTACTTAGTCCAACTGATTCAAAGGCATCCGTGCCCACCGCCGATC
TASI AVMSSGRIVRTTSILLSUPTDS S KASVZPTATD

ACGTAATATCACTAGACAATCAAACCAACATACCAGATGTACTGCACCAGACGTTTCCACTAGAGATCGGAACAGATGTCAGCGAGAAGTTCAACGTTCT
Hv 1 SLDNOQQTNIPDVLHOQTZF®PLEIGTHDVSEIKTFNVL

TGTCCATTACACCCTGCCAGATGGAGAAATAGTAGCAGCAGGGACGACATTTGAGGTTGAAACATGTCTAGAGCATGAGGTGAGACTGAAATGGAGTAAA
VHY TLUPDG GEIVAAGTTV FEVETT CLZEHEVRLIKWSK

GACAAACCGTCACCTGGTGAGGACATCAACCTCCAGATCGATGCTGCCCCTCTTTCTGTATGTGGAATCTCTGTTGTCGATAGAAGCGTTAAGCTACTCT
bKPSPGEDTINLOQIDAAPLSVCGI SVVDRSVKILIL

CTTCAAACAATCAAATCAAAAAAGAAAATCTTTTGAAAAGAAGGTCCTGGCTCCACACATATCAGTATACCTACCCACCACAACAACGAGACTGGGAATA
S S NNQI KKENLILI KR RRSWLHTYQYTY®PZPQQRIDWEY

CTGCCGAAAGAAAAACGAAGCCGAAATGGAGAAATTAGAATCCATTTCAAATAAGAATAAAAGAAGTTTATTTTGGGGCCCTTACTACGGAAGCAGTGCT
C RKKNEAEMEZ KTILESIT SNI KNI KRSILFWGPY Y G S S A

GATTCTATTACAGCCTTTGACATTGCTGGATTGATAGTGATGACGGATTTATTGCTGGAAACTCGGCCATGCCATACAGTTCACGGCCCTGCGATTCTTC
DSI1 TAFDTIAGLTIHIVMTDTLTLTLTETRPGC CHTVHG®PATIT L
Bait region

R R P VMAEV APTVEMALUDAQPVDAEYYGGGASZPGP
TTCCTGAAACGTGGCTGTTTGATCTGGAGTATATGGGGGATGCAAATTCCATCGTAAAGCAGGTT
S QK ELTRIRQDI|FPETWILFDULEYMGDANSIVKAQYV

AAGGTCCCTGACACGATCACAGAATGGGTTGGATCTGGTTACTGCCTTTCATCTTCTGAGGGGCTTGGTATTAGTGAGGAAGCTTCTTTCATCTCTTTTA
K v PDTII1TEWV G S GY CLSSSEGLTGISETEASTE FIL SF

CTCCATTTTTCATTGATTACAACCTTCCCTATTCCGTGAAGCGAGGAGAAACATTTGAACTCAAAGTATCTGTCTTTAATTATCTAGGAATCAGTGCGCC
T PFFI1I DYNLWPYSVKRGGETU FELIKVSVFNYULGTI S AP

GGTACTGCTGGAGTTGCAACAAAGTAACGATTACGATGTGGCTGATGGAGTCTACAATAAGACGGTTATGATTCCACCAAATAAAAGTCAAGTCATTACG
v L L ELQQSNDYDVADG GVYNIKTVMIPPNIKSZOQV LT

TACCTCCTGACCGCTACCAACATAGGAGATGTGAACATCACATCCTTTGCATATTTATCACCTGTAAATAGCTCGGATCCGACTTATGCTAATATCTCCT
Yy LLTATNIGDVNITSFAYULSWPVNSSDUZPTYANTIS

TTACCAGTGATGCCATAAGAAAAACATTGCTAGTGGAGCCAGAAGGGTTCCCACAAGAAGAACATCAAGTAGAATTCATGTGTGTACAAGATGGTGCGCA
F TSDAIRIKTLLVEZPESGFZPQEEHO QVEFMCVQDSGANDQQ

ACTTTCCAAACTTCTAGACTGTTCTCCTCCACCTCTGATTGTACCAGATTCTGCAAAAACTATATATTCTGTCACAGGAGATCTCATGGGACCTTTGCTC
L s K~LLODT CSU®P®P®PLI VPDSAKTILIYSVTSGHDILWMMGZ®PTL'IL

ACTAATATAGATTCGTTCATCCAATTTCCGACTGGATGTGGAGAGCAAAACATGGCAACTTTCGTTCCCAACATTCATGCGCTGACGTATTTAGACAGTA
TNI1DSFI1IQFPT[6CGEQQINMATEFVPNIHALTYLDS
lo0ester site
TGGGTGCAGCAGAGCCTGAATTGAGGGAAAAGAGCAAGAAACACATGGAAGAAGGATACCAACGTCAACTTAAATACAAGCACAGCGATGGATCGTATAG
M GAAEPETLRETKSE KT KHMETEGY QRO QLZKYTKHSDGSYS

TGCTTTTGGCGAAAGCAGTAGGACTGAGATTGGATCGATCTGGCTGACCGCGTTTGTTCTGAAATCATTCAGTCAAGCAGCGCCTTATACATTCATAGAC
AF GESSRTEIGSI1TWLTAFUVLIKSFSOQAAPYTTFTI1D

GAGAAGGTCACCAATCAAAGCAAGGAATTTATATATAAGCACCAGATGAAGGACGGATGTTTTCAGAAAGTTGGAAAAGTGTTTCATCGGGCCTTAAAAG
E KV TNAQSIKEZFI1YKHQMZKDGT CFAQKV G KV FHRATLK
Catalytic histidine
GTGGTGTCGGCCAAAGCAATGATACACGGGTTTTAACAGCATACATAATCACTGCACTACTGGAGGCTGGGGAGAAACCTGAAAGCGAGCCCATGTTGAG
G 6V G6GQ SNDTHRVLTAY1I1 TALLEAGEIKWZPESEWZPMTLR

AGCATTACAGTGCATAAAAGAAATGCCAGACCAACCATATGCTCAGGCGCTTGGCGCATACGCTTTTCTGTTAGCTAATGGAAGAACACAGTGGGAGAGT
A LQC1I1 KEMPDA QPYAQALGAYAFLLANSGRTAQWE S

TCCAACACTACAACTTTATTACAGGAGAGTTCCAACACTACAACTGTATTACAGGAGAGTTCCAACACTACAACTGTATTACAGGAGAGTTCCAACACTA
S NTTTWLLQESSNTTTVLQESSNTTTVLAQESSNT

CTACTTTATTACAGGAGGATTCTAACCCAACAATTTCACTTAATTTCCAAGAAGCCGGAGAATCTTTCCTATCACAGCTCCTACAAACAGCAAAAAAGGA
TTLLQEDSNPTISLNTFO QEA AGES STFLS< QLLG QQTATEKKE
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ATCTCAGTTACTGTGGTGGGAACAGGAAGCTGGATGCAAATACTGTCGAGACAGTAATGTTGAGATTGCTGCTTACGCTCTCATGGCTTTCCTCCTGTCT
s Q LLwWWEAGQEAGT CI KYT CRDSNVEIAAYALWMATFTLILS

GATCCTACTGGCTGGAGCAACCTTCGACCTATCGCCAGATATTTAATTTCTCAGAGGAACACTCATGGAGCATTCTATTCTACACAGGACACCGTGGTAG
bPTGWSNILRPIARYLISQRNTHGAFYSTU QDTVYV

CTCTGGAAGCTCTGACTAAGTACGCGATGCAGGCTGAACAAGTTGAACTCAAACAAGTAGCAGTAACGTGTGTGTCATGCGCAGTAACGCATACTGTAAA
A LEALTI KYAMOQAE~QVELI KA QVAVYTTCVSCAVTHTVN

TGCAGAGAACAGACTGATTACAGATCAGACAAGTGTCGGGGAGAGCTTGACTGGCAACATTGTCGTCCAAGGCCACGGCTGCGCGATTGCTCAGTGCTCC
AAENRLITDOQTSVGESLTS GNIVVQGHG GT CATI AQC S

ATCAAGTACAACATACCAGAAGCAAAACCAAGCGTAGCCTTCAACATTAAAGCATCTGGTTGGCCTTTAGATGAACCTGCTCGCTGTAGATACTCGGAGC
I K'Y N1 PEAKPSVAFNIKASG GWPLUDEPARTCR RY SE

TGCTCATATGCATCAGCTATGTGCTTGACACTGGAGAATCAAACATGGCAGTCGTGGAAATAGGCATGGCATCTGGCTACAAACCTGAATTACTATCCCT
L L1 c¢cit1syvLwLDTSGESNMAYVYYEI GMASGYKWPETLTILSTL

TGATGAGCTTCAGAACAATCTTGATATAGATTTAAAACGATACGAGGTTGAGGAGAATAAAGTAAATCTGTATTTTGATTACTTTGATCAAAATCAGAAA
DELQNNLDT1IDWLIKRYEVEENIKVNLYFDYFDA QNA~ QK

TGCTTCACAATTAGAATGGATCAAGACACAGTTGTGACCAATCCGAAACCAGCGAATGTGAAAGTATACGATTACTATCAGACGGAACTCACCACCAGCA
c F TI1I1RWMDAGQDTVVTNPIKPANVIKVYDYYQTETLTTS

CGAGTTACTCCATTTGTAATGATGCGCCTATTCCTGCACCTCCTCCACCTGGCATTTAACGATGTTGAAGATCTAATGTGAAACGTGGCCTATTAATCAC
T SYySsS I CNDAPIPAPPZPPG I *

GTGATAAATCAAGTCTGCGACTTAGCTACATATTGAAATATTTATCAAATATAAATGAGTTTCATCTTCAAAAAAA 4776
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GAAGGCGAATGGAAATACTGGAGAAGGGAAGAACCAATTGGAGACACGCTGTATAAGCCTAAATCACTCGATATCGAAATGACGTCATACGCCCTCCTGT
EGEWIKYWRRETEWPI1 GDTULYKUPKSLDI EMTSYATLIL

TGTATGTGGAAAGAGATGATACTGCAAACGCAGTGCCCAGTATGAAATGGTTGATAGCACGAAGAAATTCACAGGGAGGATTCTTTTCGACACAGGACAC
LYVvVERUDUDTANAVPSMKWLTIARRNSA QGG GFFSTOGQTDT

AGTTGTGGGAATCCAAGCTCTGGCGACTTTAGCTACGGTTTTGGGATCAGGAGTTACGGATTTGAATGTTGAGT TTGAATATGAAACAGGAATCAAAAAC
vVvG6GIlI QALATLATVLGS GV TDILNVETFEYETGT1T KN

GCTAAAATAGACCAAGAAAATGTGGTTATGCTTCAGACATTTGAGCTTCCAAGTAACACTTCCAATGTTACAATCCGAGCATCAGGAAGAGGCGTGGGTT
AK I DQENVVMLQTFELZPSNTSNVTIRASGIRGVG

TGGTGCAGGTATCATGGTCTTACAATGTTCAAGTGTCAGCTGCTAACCCTGCGTTTACGTTGGATCCTCAGGTTTCTCGTGTTTCTACAAAGAATTATTT
LvQVsSWwSsSYNVQVSAANPAFTULDWPAOQVSRV STIKNY.L

GAGAGTCAGCGTGTGCACGGGATATCATTACAAAGGCGACACCAATATGGCAGTGATGGATGTATCCTTACCTAGTGGCTATACGGTTGACGAAGATGCA
RvsSv CTGYHYKGDTNMMAVWMDVSLZPSGY TVDETDA

ATTCTTTCTTTATATCGATACAGCTCCAACATAAAAAGAGTAGAGGAACGAGATGGAAAGACCGGCATAGTTATATACTTTGACAAGCTGAATAACACTG
Il L SLYRYSSNIKRVEERUDGIKTTGTI1 VI YFDIKTILNNT

AAGTTTGTCCTACTGTAAATGCGCATCGTACTTATCCCGTAGCAGACCAAAAGCCAGCTCCGATAGTAGTGTATGACTACTACGAAAAAACACGAGAAGC
EV CPTVNAHRTY®PVADA QI KPAPI VVYDYYEIZKTREA

CCGAAGGTTCTACTCGGCATTAACAGCTGATGTATGTGAAGTGTGCGATGGAAAGGATTGCGAGAAGTACAAATGCAAAGGCACCCCTGGCTACAATGAG
R R F YSALTADJVTCEVTCDSGI KU DT CEZ KYI KT CIKTGTPGYNE

AGGACGGGAGGAGCATCGTCGCTTGTCCTTTGCTGGTTCCTCATCACTGCTGCCTTGCTCCTTCATTTGTAATGGCATTGCATTAACGAGAATGTATAGC
R T GG A S S L VL CWF L I T AAL L L H L *

GATTCTGATTATGATTTCACTTTTTTCAAATTTGTGTTTCCAAATATTTCGCAAGTAATAGTCGAGGAAAAATTAAACCTTCTAAAATTTATAAGTAGGA
ATTGTATTAACTAATTCCATATTAAATCTCTTTTTCTC 1138
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————— WLKDSLSRTTNIQGINLLFSSRRGHL-FLQTDQP I YNPGQRVRYRVFALD---QKMRPSTDT-----ITVMVENSHGLR------VRKKEVYMPSSIFQDDFV IPDISEPGTWK I SARFSDG-LESNSSTQFEVKKY--VLPNFE :
————————————— KHFSKSKRMP I TYDNGFL-FIHTDKPVYTPDQSVKVRVYSLN---DDLKPAKRET-----VLTFIDPEGS-----EVDMVEEIDHIGI I SFPDFK IPSNPRYGMWT IKAKYKED-FSTTGTAYFEVKEY--VLPHFS :
————— NFQLDRYSFE--SETAVSITSRSTLA-FIQTDKAVYKPGQKVQFRILTVN-=-HLLEP IS----TEISKVY INNPTGV----RIAQWLGVKNEN-GL 1 QLDMQLSDEPTLGKWK IYVQLQG---ASKV-QEFEVDEY--VLPKFE :
————— KFDSDDYSFE--SESPVSIASRSTLT-YVQTDKAVYKPGQKVQFRILTVN---HLLEPLP----TEISKVYVLNPNG I ----RVAQWLG I KNEN-GL 1QLDLQLSDESARGQWK INAQVKG---ST1S-QDFEVDEY--VLPKFE :
————— SFESDQYHFG--SKTGIVIAPLAPVT-VVQTDRAVYKPGQKVQFRILNVN---HLLEPVA----NEITKVY IHNPNEV----RVAQWLG IQNEN-GLVQLDMQLSDEPTLGLWK1YVE1QG---HKRE-QGFEVSEY--VLPKFE :
DYLDYSFDSDQYTFD--SETKVSIKSRSTLT-FVQTDKAVYKPGQKVQFRILTVN---HVLEPDS----TEISKIFIENPKGI----RIAQWLAVKNEN-GL IQLDMQLSDEAPKGTWKISAQVQG---LTKE-QSFEVDEY--VLPKFE :
————— SFSSDYHIEA--SQNIHIRHNT-ILT-FIQTDKPLYKPGQT IRFRVLPMD---NQLKPLDA---NTMGD IWIEDPSG I ----RVAQWNHEQFTE-G IKQFELPLSGEPPLGTWN IHAF INQ---VTTS-QTFIVKKY--VLPKFD :

————— TFDDYVIGG---VEKVYFSSSRDD IV-FIQTDKPLYKEGQTVKFRVLRVD---KTLRPSV----KDQAS IWEDPAGT ----RLFQWKN I SMER-GMKQFEFPLADEPVLGNWK I SVSFQG---EVTT-TTFEVKQY--VLPTFD :
-—-—-1FPTEDGSDPYNIHQTKSV I IKHYNSLV-FIQTDKPVYKPGEKIRFRILHVT---MDLKP1S----DEIPSIWIEDPSGV----RISQWLNEKPEL-GL IDLQMSLSTEP ILGKWNIKAS1G----KLRKTQSFDVEEY--VLPKFE :
—-—-SFENSD----YTFSGSKPVE IKQVKDAT-F IQTDKAVYKPGQKVQFRILRLT---SKYLSSA----TKIKTVWIENPFQL----RLFQWVSPQSRS-GL IDLNFQLSEEPQLGEWH I FAEYET---GDKVNQKFKVEEY--VLPKFS :
——-WFQDEN----YRFNSTEKI I IKKQPEIT- 1 I1QSDKPLYKPGQKVLFRILRVD---SYFLPSR----SKINSVWIENPSQV----RVAQWLSLPASN-GIADLNFQLSVEPQLGVWN I FVEDEF---KNRVNKTFKVEEY--VLPKFS :

———————————— KKEFSFGNRIFTKNIKPFT-LLQLNKP IFRPGENLKIWLKVFYP---KEMEFL IRNKN-----TKKSSMNKVKVN I LDSKVRKVDFFESDMNNDMFVEHK INRE-SFLGQWKIVVFLNG---VVIETKRF--KVDQYL :
~RMMSY IGHHNN I IYTKSMN IKMRKLS-KLT-FFELDKKYYRPGES IKVWIKQVDHSQLVDLKKMTKNSCFGGKGASNMKLPELTLN IEYPNGMKFEKKK IGNTNQDLFKFE IPSE-TLMGKWKAYLEYGK----EKSYKYF--EVKYFT :
—----NGTFEDND-YRILSYKSVKVLKSS-ANML IQTDKSEYRPKQKVLFRVMKLD~-~--DNLRPSKN---NVLNKVFVKSPSRQ----TLAQF INHSLDSRG I GQFEFQLDEEPELGNWQ IMVENDVVGGEEDSSVELAYFVVEAVLPKFE :
----NGTFQDEENYRILSYKSVKVIRSS-PQVLIQTDKKEYRPKQTVLFRVIKLD---ESLKPSKS---RVLNRIFVKSPSRQ----1LSQHLNVSLGSRGIGQFEYLLDEEPELGNWE I TVENDAESEKEEASSASPAFVVEAVLPKFE :
----NGTFEDSD-YRILSYKAVKVFKVS-VQNL IQTDKHEYRPKQLVKFRVLSMN---GNLKPSKN---KMLDEVYVKSPSRQ----VLAQYKNVELDPRGIHHFEYLLDEEPELGSWE ISV ITNG-ADDLDSSVELASFIVEAVLPKFE :
----NGTFEESD-YSILSYKTLRVLKVP-VKTLTQTDKGEYRPEQTVLFRVLKLN---GELKPSEN---RTIDEIYVKSPLGR----TMAQYKNVTLSPQGLGQFEYTLDKEPELGPWQIVVRVFG-NDTHEPVEDIAIFVVEAVLPKFQ :
-—-—--LTVQVKGPTQEFKKRTTVMVKNEDSLV-FVQTDKS 1 YKPGQTVKFRVVSMD---ENFHPLN----ELIPLVY I1QDPKGN----RIAQWQSFQLEG-GLKQFSFPLSSEPFQGSYKVVVQKKSGGR---TEHPFTVEEF--VLPKFE :
—————————— SRGLDFRNSTEIKFVARSLNV-FIQTDKSVYRSSQKVQFRAI ILD---KSLWPRRTA-----VEI'Y I TDADGN----RVKHYRGLNA-RLGLVSEELQLPDQPVLGVWI IHVVASG----QEYKKSFSVAEY--VLPGFY :
—————————— EGGMTFRNQTILTYEHKSYSV-FIQTDKAIYKPGQLVQFRVLVVT-~--PHLLPSVTG----AINIFITDASGN----RIKQWNRLFT-TKGISSGELLLSEQPVLGDWT INVDVLG----QMFKKSFTVAEY--VLPNFE :
—————————— QGGLTVRNSTQLTFEHKSHSV-FIQTDRPVYKPGQIVQFRVIVVD---PYLVPSPNAL---F IDLLVKDGHGN----SIQEWKN IPT-RTGLASAEFTLANQPVLGEWEVHVDVEG----QKFKKPFTVAEF--ILPTYE :
—————————— SGGITFRETATVKQSFKIFSI-FIQTDKGIYTPSQTVYFRIIVTK---PSLLPHNPN----GLVVY INDPEAN----RIKQWTNVTF-THG1'YSGKFQLADQVNFGKWK I SADFQG----QTESVHFTVEEY--VLPKFE :
—————————— SGGIDFNQTESVKINENPFSV-FIQTDKG I YQPGQ IVHFRVIATK---PVLLPYNPE----DIEI'YVNDPKYN----RIKQWRNVTF-THGVYSGEFQLSDQVNFGGWMINVNHKAN---ILRSTSITVEEY--VLPKFE :
—————————— SGGLQFANETDLSYELKSYLV-FIQTDKAIYKPGQPVRIRVIVVS---PSLRPAGTE----PLDMY I TDGQGN----RIKQWKRAFT-SRGVFNAEMQLSNEPVLGDWN I TVL IQD----QVYKKSFTVAEY--VLPSFE :
—————————— SGGIVFNKTETVNFNSKSYSV-FIQTDKAIYQPGQIVHFRVIVTN---STLQP ISP-----ETVIYVSDSQGN----RIKQWMNVTF-DRGVYSGDLQLSDQV I LGDWRISVDTQK----VLQTKYFTIAEY--VLPTFE :
—————————— DKG IVFKRSASLGFNSKTSSV-FIQTDKATYQPGQLVQFRVLVVD---PNLRPSQTD----DLNVF ITDAQGN----RIKQWNKAQL-KSGIFSGELQLSDQPVLGDWV INAQANG----SSATKAVTVEEY--VLPKFE :
—————————— SGGLTFENTTEIEYQHKSYSV-FIQTDKAIYQPNQIVHFRAIVVN---PMLRPTVSG----AIEVFITDGQGN----RVKQWRRVFT-SKGVFSGELKLSDQPVLGNWN I TVFVSD----QQYTKSFIVMEY--VLPTYE :
—————————— STSLSFNRTLSLNFNSKQFSL-ILQTDKG I YQAGQTVNFRLFCFN---ADLLPYPNQ----TVEIYVTDAAGN----RIQQWNVPIP-TSGIYANSFPLSTQPVLGTWS INANSGD----QQDSAQILISQY--VLPRFQ :
—————————— DKG IVFKRSASLGFNSKTSSV-FIQTDKAIYQPGQLVQFRVLVVD---PNLKPYASD----ELTVFITDAQGN----RIKQWNNATL-KSGIFSGELQLSDQPVLGDWS INAQLND----ARANKQVSVAEY--VLPKFE :
—————————— SGGLRFSNTTEIEYQHKSYSV-FIQTDKAVYQPNQMVHFRAIVVN---PMLRPTVSG----AIEVY I TDGQGN----RVKQWRRVFT-TKGVFSGSLQLSDQPVLGNWN I TVFVSD----QQYTKSFTVMEY--VLPTYE :

—————————— NNPIAFDETQTLKY IHQGYSV-FVQTDKAIYRPGNVVKFRVIVVT---PKLKPSVVG----SIDVGVLDGKGH-~---LVRKWDRVFT-KGGVFAEEFL IDDDPVRGDWN I TVDVSG----QRFSKSFQVVEY--VLPQFI
—————————— NSPLAFDETQKLNY ITHQGYSV-FVQTDKATYRPGNAVKFRVIVVT---PKLKPSVLG----SI1DVGVLDGKGH----LVRKWDRVFT-QGGVFAEEFL IDDDPVRGDWN I TVDVSG----QKFSKSFQVVEY--VLPQF1
—————————— NFPIAFDHTQKL IHINQGYSV-FVQTDKAIYRPGNVVKFRVIVVT---PKLKPSVVG----SIDVGVLDGKGH-~---LVRKWDRVFT-TGGVFAEEFL IDEDPVRGDWN I TVNVSG----QKFTKSFQVVEY--VLPQFI

—————————— QDEILFSNSTRLSFETKRISV-FIQTDKALYKPKQEVKFRIVTLF---SDFKPYKTS---~=LNIL IKDPKSN----L1QQWLSQQS-DLGV I SKTFQLSSHP ILGDWS I1QVQV-ND---QTYYQSFQVSEY--VLPKFE :
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VKIVVPA----TIMEDTEE IMGKVIARYVYDKPVFGAVRLRYGVKAVNG-DISYLPDDTKVVIKKIRGEATFS IPM--KMVTNKFKSFPEG----=====—-— HKFHVEATVVEGVSGKEFME I SEDAYFQKSPY I ISFKKS--VNTFKI :
VELKVPD----VVLPKDET IQIEVKANYVYGKKVKG IVTFRLGVKGDHSPDAVFFAV I TPKELDDGSYVLRIKTDD--LRRHKD IGWFPEIE--—————--- GSHLVVEATVADAATGNKETT IDSKGRFSKTPFL ISFKRC--LKDFKP  :
IQLETPE----11LPKDEEISIKVSARYVYGKKVKGMVSFRLG IKKPTDSETKFVAI IGSRELTDGFYNLRLNVQE--LLEKSNIESFAEIQ-————————~— NSHLIVEALVTDIATGNEEEVVDSKCRFTDTPFSISFKRS--LEDFRP :
VKIKSQK----VVLKTDNLVKVDMIAEYVYGKPVEGFVNYKFATRKPSGS IHS IGGHSNLKLR-DGKSTITIR-KS--DIVK-KLQWFPAID-----—---- KSVLIVEAEVIEQATGKRESEYDDSTIFTTSPYVIDLSRS--LNEFKP :
VT IDLPK----VILETQKDLEGKV IAKYVYGKPVQGFVNFKYS IKNSVGVQIL IGMRRNVKLS-SGE IQFKIPLEK--EIKAKNLPWFPNIE--—————--- KSRLIMEAEATEQASGKRETT IVDNTVFTTSPYKISFKNS--LKSFKP :
VTITPRK---YFVLSTDDAI IGD IKAEYVYGKAVQGAVTYKYY IRQPSG IQSP IGKLVHYPLNKDGTSTYNIP-KR--VIDENRIPWFPAID--——-———-- KSTVIVEAEVTEKATGKKESAINDDTIFTTTPYMIRFHRS--LKEFKP :
VKLTPS--NPFFYVDSPS-LAVD IRATYLFGEDVSGVAYVVFGVSKEDRK--YGLPASLQRVS--1GGGTGQATLT--REQITQTFRN-=====——- VEELVGGS IFVTVSVLTDNGGEMVEAEFRNIQIVKSPYAINFKKTP--KFFKP :
VKLLPV--SPFYYVGSPE-LTVNIKATYLFGEEVDGTAYVVFGVVENKQK--RGFQSSLQRVP--1KDGKGDATLK--IEHITNTFPN---————-- INELVGTNIYVAVSVLTESGSEMVEAELQONIQIVTSPYTITFKKTP--KYYKP :
VIVEPTE--KFYY1YNEKGLEVT ITARFLYGKKVEGTAFVIFGIQ-DGEQRISLPESLKRIPIEDGSGEVVLSRKV--LLDGVQNLRAEDLV-======——- GKSLYVSATVILHSGSDMVQAERSGIPIVTSPYQIHFTKT--PKYFKP :
VKITPGKPY ILTVPGHLDEMQLD IQARY 1'YGKPVQGVAYVRFGLLDEDGKKTFFRGLESQTKLVNGQSH I SLSKAE--FQDALEKLNMG—-==---- ITDLQGLRLYVAAAI IESPGGEMEEAELTSWYFVSSPFSLDLSKT--KRHLVP :
VSIEPEYN--FIGYKNFKNFEITIKARYFYNKVVTEADVY I TFGIREDLK--DDQKEMMQTAMQNTMLINGIAQVT--FDSETAVKELSYYS----- LEDLNNKYLY IAVTVIESTGGFSEEAEIPGIKYVLSPYKLNLVATP--LFLKP :
VSVTP-P---KYLLANSETATWKICARYTYGKDVQGTLTAEMNYSGYAW-~——--~ E--KR--GPPLSSLTTKKIN--GCYDWIVHVR---DAKWNMSSVS-YKS 1 1VKADVKESGTDIEFSSSSTTSIGHDVLKINM-TPKNGEIYFRP :
VTITP-P---TFLSSNMDIATWKICARYTYGKGVQGTLKAKLEY-VTYS-—-—-—- Y--ERDRDSFPETNLEVKIN--GCHDLTVYAK---TMKWNTRKMH-YKSLKLNAEVEEEGTD IKFSSSSSMS I SHEPLFLNF-KNWDRQKYFHP  :
VTVTP-P---TTLFPDSDSATWKICAKYTYGKGVEGVLTAEIENTATKY - —————- W--R----IPMKRNLETKIN--ECYNWTLRKE---DSFWNGIDLD-FGVINVSAKVKESGTD IEFSSSSSTKVERWPYT IEG-RSNEDRYYFRP :
VKVVP-P---RFLLPNMDSATWKICAKYTYGKNVQGTSTIVIGYRNTPL------- N--EGNIAHYPHEKYEVKVD--GCYELTVNKT---VMRWYSALVD-SKY IGVTSSVKEDGTGVEFTDSSVTLLHETPLKIDF-EARNNEKYFRP :
VS IKP-P---AVIMADAQT IPIEVCAKYTYGKYVEGSLKAKVTYKKLWT == ———-- FM-YRDQRT IPSVEHQAELP--GCHTFQVNTD---DLLMQTEEFG-GKELEIFAEVTENVTGIVRNATTSFE I SHQKVFLEFLRDN---DYYKP :
VKITL-P---SFVLSNAEEIPITVCAKYTYGKPVKGVLRLNTSLEMFS-========—-- WGDEKFPTIEYEGKIN--GCFDYVINVS---MVET-EDYYR-YRRIQIVASVEESGTGIERNETQYVQRQYSPLSLSFNRDQ--KQFYKP :
VKISP-P---PFILANQLNAVWNVCAHYSYGKPVQGYAVIKAVLG-——=======—— SIEFPTK--TVAQYEGKIT--GCHS I IGKIQ---QKLRSYG----PFQIEIHAEVTELGTNATMTALAQSKIHLEAL ILDMSSYMP--FYFKP :
VQITP-P-—-AVILSNFKLFTWKVCAYYTYGEPVVGKIKANITG--——==—————————- FPNS--NQIQVEDEFR--ECRTMNVSVE---QLNLNNGRIPRNVIVKFYAEITEYGTGVTMHDFKQVPVKTNPL ILSLDAKQ----YYKP :
VEI1S-S---SVILSNFENYSWKVCAHYTYGEPVAGKLKARVAMENVRH-———--- HYRRMPRNPPKNFTLESEFF--KCKL INISKS---DIVADSTGS1YGDQIKLYADI IEHGTDV IMSASKLVSVKRTAVNLSLKSRD----YFKP :
LSIKGQR-DSNNIYDTDKNYTWT ICAKYTHGEDVTGTMDVSFTKRSY - —————— SWWRNDQEKDKYVAVYNKTRFS--GCKEVTLTKE----EYGGDGGDRKHFGLELKASVEEDGTGVTVNDS IDHYHSVNSELVMNENDN----HFKP :
MPTLEVSLKKIAEKNMTVTYEMCAEDNENRP I IGIAKTKFCIRRRSMS === === === === ———— CNDKIFKFQNEK-CMKKDFEINS - === =====——————— NDLD I'YSHFLQVDF IESVTG IKQR---RKAYSNSGFFGDFVVKKYQ :
VPRYSVTQKL IPLSMNEVSVEACAKMSNARQFKGTVEIKSCINSRR-—====——=—————————— CVTKNISFSTTK-CVTAKIHFKN-=—=———=—————— TYFSKWGVNFSAEFKYFEYKGAEP I IKKLSCYYRSSRIVARPYQIIKL :
VQING-P---KAILSEDEKVDFEICG I YTHGSKVKGSVEVFFEHKYTK-——--- GSAYWRAPMYSSNFTKKIVIKDDDTCGTVSLNQT——--— EISLLSIDGDRDFSINAKLTEEGTDIVQESSSNEKVLFTRAKIDFGDSS--YEHILG :
VVIKS-P---AVILGEDEKVEFEICGIYTHGSKVRGELEVFFDHRYRQ------~ ASYWRAPTYSSNFTKKVHIKDDNACGTVSLNRT-=--— EISLLSKHKETPFTIKATLTEEGTAIQQESRSEGKVTFTKAEIDFGDSA--TEHILG :
VQINS-P---KVIFSESEKVNFEICG I YTHGSKVKGSVEVFFEHKYKT ————--- ANYWRAPT ITSNFTKKS I ISQDNACTTVSINNT—---- ELAKLSLQMETPFLVKAKL IEEGTDIVQEASKQEKVIFTHAEFNFGDSS--SEHIIG :
VKVEA-P---KAILAESEEVKFEICG I YTHGSKVKGTVKAHFEHKYRV - ————-- GTYWRAPYKTFNLTKIVEIKDDDSCATVILNST----- ELGDLSKKPDEPFTLTANLTEHGTDIVQSHTLTSKI-TSP-TQKSISKIA-LPRTLP :
VQVTV-P---KITITILEEEMNVSVCGLYTYGKPVPGHVTVSICRKYSD-----, ASDCHGEDSQAFCEKFSGQLNSH--GCFYQQVKTKV--FQLKR---KEYEMKLHTEAQIQEEGTVVELTGRQSSEITRT ITKLSFVKVDS---HFRQ :
VKVKLSP---SFVTYDNPLVRATVSATYNYGKPVKGTVTLTVIP---KHR-TTSISVRPLDSYQT ILPLNKEVTHE--INVRRVLNLIT—==——————— DNLKREIEFMAIVEEELTGRRYNGSNSIFIYNDPVKLEL IKT---SQSFKP :
VQVSLP----PYITYSKPEFVATVNAKYTYGKNVKGRVKL IVKP---SLR-YGYLANE-NKPVVTEAEIDGSIDIP--VNVVRDLGLKE---—-——-—— DTLTLEIDVIAEVEEYLTKRKYNASSVIKVYDKE IKIDVVKS---AESFKP :
VEIDLP----VYVTYNKSDVVAV IKAMHSYGKPVKGE I TLTVAP---RTR-YNKLTVRPYESFQTKAKIDGVVEIY~--LNLLNDLSLRT-=======-— DFFRREIEFFVLVEEEETGHKYNSTNTMWIYDKEIKLEL IRT---SETFKP :
VIIQLP----PFVTWDDTDVTAF IEARYTYGKPVKGQLTLKVTV---PFFWWTRD--SEKRIAVFNTS IDGKAEVK--LNIVRDLLLNQT-==----- YSFTR-EIKFHAKVTEALTGKQMNATNELQIHLSKYKLN-FSN---LNKFKP :
VNIHLP--—-KFI ISNDTDLTAFVDARYTYGKPVRGKLVLNISD---YYCDWPCSY-WSVKPLSLNTS IDGKAELN--IN-LKDLEIPEW--—----- FRHGN-RIKFSATVTDQLTGRQMIGMNELR IFSSKYKLN-FET---PPRFKP :
VRVDLP----PFVTFNASDMVATVRAKYTYGKPVKGKVVLMVTP---LVR-SPKIRTYYTDPLRRTAEIDGKVD IH--FNLFSDLNLKD-=======-— DYHR-MIRFEAIVTEAVTERRENATNTMG I FKYKHKVELVKL---SETFKP :
VI IHLP----TFVTFNESDVVATVEAKYTYGKPVKGEVTLNVTD---YYCQWPCIS-SAVKPFALKSS I DGKADMK--LNLVKELNLPDW=-=—----- YRYGSKRFTFIATVTEALTKRQONGTNDLNLYSDKYKLN-FDT---PDSFKP :
VTVRPP----ALAIFNDSE I IVGVDAKYTYGKPVKGKVMVNVTE---AYCRSPFSSYCGSTPVVVRTNIDGTANVK--I1P-1SQFNFPDY - ——————— YKNSQASLDFLAVVTEDLTGRTMNASAQG I I'YSLREKIDIVQS---SNSFKP :
VTVQLP----SYATFNDTSVIATVTARYTYGKPVKGELTLVMSP---KVH-SPVLQAWL IPPVRKLAMIDGIADVP--LDVS-EFRFED--====---— DYQR-DIRVEAIVREALTGQRQNASAILTLHRHRVKLEL IKT---AETFKP :
VTVQPP--—-SYITSTTSDFPVT ISAKYTYGEPV IGTFLLNLTANGCYY INNQYNKCIYPTPYVVTGSLTGGTATV--TVKLSALNLGN--==—--—- LLKQGTSINVLGVVTEAGTQIPQNTTVPLQLYTYATQLLATGA---N-TFKP :
VTVRPP----TLAIFNDTEL IVGVEAKYTYGKPVKGKLVLNTTE---SYCRSPYSNYCGSTPVVVRTNIDGIANVK--IP-LSQFNFPDY -—————-— YRNSLANLDFLAVVTEDLTGRMMNASAAGN I YSKREKIDVVQS---SNSFKP :
VTVQLP----PYATFNDTSVVATVTARYTYGKPVKGELTLVMSP---KVH-SPVIQAWV IPPVRKLAT IDGVADVS--LDLS-HFRFED---===---~ DFQR-DIRVEAIVRETLTGQRQNSSAILSLYSHRVKLDL IKT---AETFKP :

VDIDIP----KYGLFDEGLTTAKIKAYYSVGVPVEGEATVSIFP---KYK-SGLLQP IFIRPVRQVVPIKGEVDVS--FNIAKELNIRG--

VDIDIP----KYGLFDEGLTTAKIKAHYSFGVPVEGEATVSIFP---KYK-SGILQPLFTRPVRKVVPIKGEVDVS--FNIAKELNIRD-=-=====--— DYSR-EVIFDVEIKESLTDRVONNTALYPMYRYDYKLEMVRT---ADAYKP :
VDIGIP----KYGLFDEGLTSAKIKAYYPFGVPVKGEATVS IFP---KYK-SGLLQPIFIRPVRKVVP INGEVDVS--FNIAKELNIRD--=——————— DYSR-EVIFDVEIKESLTDRVQNNTALYPMYKYDYKLEMVRT---ADAYKP :
VTLQTP----LYCSMNSKHLNGT ITAKYTYGKPVKGDVTLTFLP-----——-~ LSFWGKKKN I TKTFKINGSANFS--FNDEEMKNVMDSSNGLSEYLDLSSPGPVEILTTVTESVTGISRNVSTNVFFKQHDY I lEFFDY---TTVLKP :

S9 (continued)

---DYSR-EVVFDVEIKESRTDRVQNNTALYPMYRYDYKLEMVRT---ADAYKP :
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B-a cleavage site / ANA domain
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VLPYSVIRDEAVAIQVVVFN-YMAEDVKATVTLKNQKGQFEFANFETGANEVV-—---— DNSQPKYKRVQVKAGDGTSISFMIIPKLIGSIDIDVTAQS-———=======———— = —— DRAGDRVLKKLLVKPEGTQLNFNKAV =
DLPPSIKLGETLSVQMVVYN-YLKET ISATVVLEGTEEEIVFGEADPYSL---REDTQIGSRVSQEKSISVRPGRGTIVSFVITPLVTGDIQLRIKAEGKSGDSN-========—————— - —— MGKED IFKTLSVRSEGEV IKRNKGF  :
DMPPSIKLGETLSVQMVVYN-YLKED I SASVVLEGREEEFVFGEADPYYS---DEDYQIGSIVSQEKEVGIRPGRGTIVSFLLTPLVTGD IRMRIKAEGKSGDSN-========——————————— VGYENIVKVLRVESEGEVMRRNKGY :
DLPPSVKLGETLSVQMVVYN-YLKES IQASVTLEGREEEFVFGEAQPDLSNAYPKNEQIGSL ISQEKEVGIKPGRGT IVSFLITPLLSGNIRMRIKAIGKSGTSN-==———=————————————- VGNDNVVKTLTVTSEGE IMHRNKGY  :
NLPYSVIRGEEFALEITIFN-YLKDATEVKV I IEKS-DKFDILMTSNEINATGHQ-----~ QT----- LLVPSEDGATVLFPIRPTHLGEIPITVTALS-========—————m e —— PTASDAVTQMILVKAEGIEKSYSQSI :

S9 (continued)

934
941
943
944
959
950
937
885
944
946
942
1002
1032
1026
969
931
989
969
940
936
310
158
948
854
788

: 1156

1175
1141
1155
918
858
863
871
887
868
856
875
883
862
880
880
866
921
936
822
864



AmspC3
HaadC3-1
HaadC3-2
ScsuC3-1
ScsuC3-2
ScsuC3-3

PsfuC3

CaspC3

PaspC3

HosaC3

HosaC4

HosaC5

AmspA2M-1
AmspA2M-2
AmspA2M-3
AmspA2M-4
HaadA2M-1
HaadA2M-2
ScsuA2M

NinoA2M

EpspA2M
VaspA2M-1
VaspA2M-2
VaspA2M-3
PsfuA2M-1
PsfuA2M-2
PsfuA2M-3
CaspA2M-1
CaspA2M-2
PaspA2M

HosaA2M
AmspiTEP/CD109
HaadiTEP/CD109-1
Haadi TEP/CD109-2
ScsuiTEP/CD109-1
ScsuiTEP/CD109-2
ScsuiTEP/CD109-3
ScsuiTEP/CD109-4
NinoiTEP/CD109-1
NinoiTEP/CD109-2
Ninoi TEP/CD109-3
Epspi TEP/CD109-1
EpspiTEP/CD109-2
VaspiTEP/CD109
Psfui TEP/CD109
CaspiTEP/CD109-1
CaspiTEP/CD109-2
Hosai TEP/CD109
Supplementary Fig.

VLDPSNYNGRPGSAIWIQKP-DGYSYFLDSKNRKLVVSLPI1--PPVNSIAETEIATINI IGDSFGPTVKTAFTKNELGKF INKPRGCGEQ-NMMLMAPCLYTMKYLAATGKI---GVN--EE-KTGYGWIRLGYERQLN-FRRKDGGYS :
KLDPTNQQRRQKRHIETEL--YSDHIDPTQNLQVTAVKLS----APEGFVPGTASCS I TALGDMYGPAVQTS INNPDA--LFQKPRGCGEQ-NMMYLAPTLYALRYLKVTGKL---TAA--AE-ESGYEFIRHGYGNQLA-FRKEDGSYA :
ALDPTNLQKRKKRSIEDSY--1SDHIDPTQNTQATTVKLDFC--LPEDFVPGTESCAISAIGDVFGPAVQTATENPEG--LVQLPYGCGEQ-NMKWLAPTLYAMKYLKVTGKL---TPH--IE-EKGYQYMREGYNNQLN-YKKGNGAYA :
TLDPGG1'YSKRPRRQADHEGT IKDVYDEVLRKQL ITVDLD----LPNNHIPGTEKCFI1SVVGDPVGQAVNTTLSGLGG--FLKMPTGCGEQ-TMIALGPLVYTMSYLKKTKQM---TAN--1E-DTGYKYLWGGYSLQQK-YRKADGSYA :
FLDPSGL IRNKHRKREVTP---AGV IEYSTNKQKMKINLT----LPENYVPGTEECFVSVIGDSMGSVVSTSLKGLDQFLVAAGPHACGEQ-TLVKLAPLVYT INYLKKTKQL---TSS--FE-SKGYSY I1SQSYDQQMK-YRKADGSFS :
PLDPEGK INKRKKRAIDQS--ISEVYNEVQKRQE I TVDVT----FPHDHIKGTEKCFVNF IGDPVGQAVNVTLSGVEEE-FLKLPQGCGEQ-TMIKLAPLVSTMHYLKKTNQF---SAT--AE-KKGYDL IWKGYDNMQK-FKKNDGSYS :
—————— TSTQISITGKENLAGLSSGNNAEYAG---G--TLI1YQPSGCGEQ-NMIHMTLPVIAATYLDKTKQW---EAVGFQKRNEATKHIQTGLNNQQA-YAKKDGSFA :

TLDPIKKGQDGVQT—=======—~

PLDPAKQGVGGTQK-=======——
RTLDPERLGREGVQKEDIP
ELNPLDHRG-=====————————

TLDPRGIYG-———m—m e e -

LFCP-SEHG-----—-——-——-—-——-NRFKKDFELSLPD-—-————— DLVEGSARAFLYVSGD IMG-
LFCP-SEYQ-----—-————-————-NGFKKSFELMLPD-—-——-—— DLVEGSARAFLSVSGD IMG-
LFCP-SEHQ-----—--———-——-—--NGFKKAFELMLPD--—————— DLVQGSARAFLHVTGD IMG-
LFCP-SEHQ-----—---—-——————-NGFEQDFEFMLPH-—-——-—— DLVEGSARAFFSITGD IMG-
FICP-ENTN--———————————————GSFATEIPLLLPD-————-—— DVIMDSARAYMT ITGDVMG-
LFCPKDEEN--=-—-—=———————————DVFKKTLTLNEPE--—————— DVVPDSSRAYLDCSGNVLG-
LICLNDSES-----======—————- NNDTEFEDVIKESVVLSISDTQVVPGSVRAYITVIGDTMG-
WICVKDN-----—-——-———————————STTFEHTLELS-—----- DDV IKGSERAHVSVTGDLMG-
WICTNDFE---------=------—--NGSKTLEYSLELP------- EDVIEGSARAFISVTGDLLG-
LLCTKDNEK-========———————— LAKNLNCSPPK-N-======-- IVEDSARATYVVTG-VFG-
FMCVQESDTT---------—----—-MVRLFACEAPQNS - - - —————— VADSS-RASFSVTGDLMG-
FMCVQDGAQ-------=-=======—-LSKLLDCSPPP---=————=-- L1VPDSAKT1YSVTGDLMG-
N-——————————————————————QVIDLPIDQ-——————————— 1VPKSLKMSVTLATDGTQ-
FLCKDK----------——-—-——-LYSGVLDFSSIKSl--— - —————— 1PSTMS IKAEAAADDMQL -
FLCGDQKDTK-----====———————————| EDMILPESN-----——- LVEDSVRAWFGISGD IMA-
FLCGEQVDTP-------==—==—=———————- EDIVAPEEG-------- LVKDSVRFWAGLSGD IMA-
FLCGEQKDSP---------—-——-——————LEDTLLPDGN-----—-- LVDDSTRAWFG ISGD IMA-
FLCGEQNDTV-----===————————————| EDVNLPEDD-------- LVDGSVRARFS1SGD IMA-
LLCPSG----—————=——————————GEVSEELSLKLPP-——————— NVVEESARASVSVLGDILG-
LIDRRS--------—-——-—-—-AGGEPLSVDVELNIPRT--——-—-- VIRGSEKIEVTAIADVMG-
LVDLRD-----========—=——-PSSKKIDQTVKINVPGD-------~ AVPGSTSVMLSAIGDLLG-
LIDTRN----==-==————————-PSSP-SKMNIST I IPKN---=---~ AITRDSGKI 1VSAAADLMG-
LADLR-—=———————————— -~ _KQSQFQDK 1 Q I LMPKN- - == ———— FVDGSERIEISATRDIMG-
VADLR---————————————————KFTQIGEE IHLNFPSD-——————— TVEDSERIEVSAISDIMG-
LVDLQ=—————m e _TPSVFNAYVNVD I PKH— - —— VVSGSEKIEISAIADVMG-
VADLR-—————————————————_EQSQFNEKVK | EFPED-—-——-—— YVKDSENIEISAISDIMG-
LVDLR--—————————————————NSSNFKEDVE INIPPF-——————— AVKDSEHVEVSAIGD IMG-
LIDLR=———m—m e e e e - ~SSNSETTNVKVD I PNY = - - AVPGSGRVEVGI IGDILG-
LVDLR-======————————————NTSTFSTTITIDVPTT-——————— AVPGSTFIQFSGQGN IMA-
LVDLR--—————————————————NTSNFKSQVEVN I PPF-— - ————— AVKDSEHVEVSAIGD IMG-
LVDLR———————m— e~ _STNSFTSTVKVG I PNY—— - —— AVEGSARVE ISV 1GDMLG-
LLDFD=—m—— e ———-AIPGSEKVYLSLMADPLS-
LLDFN--——=——————————————GGSDFDKNISIDIPFN-—————=—— AVPGSEKVYVSMMADPLS-
LLDMR-==—==—————————————DASEFKKNVT IDIPFN--—————— AVPGSENVF I SLMADPLS-
LLDLTDN--=======————————RLQSTLKTLSFSFPPN-——————— TVTGSERVQITAIGDVLG-

S9 (continued)

Thioester site

—————————————————————————— IMNGMTMAL IATYYLDTTDQ--WDKVGVERRHEAVDHIKTGY IKQLAFQQEWDGSFI

—————— TSTQISVSGKEQVSTLVEKAISGNSMG-~----SLIVQPSGCGEQSTMIRMTLPVIATTYLDTTNQW---EKVGFQKRAEALQHIKTGYERMLT-FRKGDGSFA :
LSDQVPDTESETRILLQGTPVAQVMTEDAVDAERLKHL IVTPSGCGEQ-NMIGMTPTVIAVHYLDETEQW---EKFGLEKRQGALEL IKKGYTQQLA-FRQPSSAFA :
———————— DFNSYVRVTASDPLDTLG--SEGALSPGGVASLLRLPRGCGEQ-TMIYLAPTLAASRYLDKTEQW---STLPPETKDHAVDL IQKGYMRIQQ-FRKADGSYA :
——————— LVPKTEIKRILSVKGLLVGEILSAVLSQEGINILTHLPKGSAEA-ELMSVVPVFYVFHYLETGNHWN IFHSDPL IEKQKLKKKLKEGMLS IMS-YRNADYSYS :

PSLSGLEN----- LVTRPTGCGEQ-NMIKFAP I IFVTQYLQGVGSL---TPE--TK-KKSLEFMKVGYQREL-TYRHNDGSYS :
PSLSGLEK----- LVARPTGCGEQ-NMIRFAPNIFVMQYLQGTSSL---TPE--1E-KKALDFMRIGYQREL-NYRHDDGSYS :
PSLSGLER----- LVRFPTGCGEQ-NMVLFAPNIFVIQYLQGIDSL---TPE--VE-NKALGFMRAGYQREL-NYRHGDGSYS :
PSLSGLER----- LVALPI1GCGEQ-NMIRFAPNIFVMQYLQGTNNV---TKE--1E-KKALKFMKTGYQRQL-NYRHSDGSYS :
PSIKGLKK-==-- LVSLPFGCGEQ-NMVLFVPNIFVLDYLTSTEKL---TDD--1K-EECLHNMKTGYQREL-QYKHSDGSYS :
KCLDNLEN----- LVSLPTGCGEQ-NMVKFAPNVVAMKML INTNQL ---SDK--TK-DRIVRNLNTGSQRQM-KFKHPDGSFS :
PSLQGLDH----- LVRLPVGCGEQ-NMVLFAPNTYVLHYLKNTNQL---TTA--ME-NKI1 ISHLKTGYQREL-TYRREDGSFS :
PTISGLDH----- LVRLPTGCGEQ-NMVLFVPNIYVLHYLNASLQL---TSD--1K-SKAISNMEKGYQREL-NYKRKDGSYS :
PTISGLDH----- LVKMPTGCGEQ-NMVLFVPNIYVLQYLEVTHQL---TIN--1K-LKSISYMELGYQREL-NYKRDDGSYS :
PILDNLDS----- FI1QLPMGCGEQ- IMAAMVPSLYVLTYLDSI1GAA---EPQ--LR-DKAFETILLGYQQQL-TYKNPDGSYS :
PVLNNLES----- LIRFPTGCGEQ-NMAKFVPNIHVLSYFKSTKFN---DNT--LK-TKCIEHIREGYQREL-KYKHSDGSFS :
PLLTNIDS----- FIQFPTGCGEQ-NMATFVPNIHALTYLDSMGAA---EPE--LR-EKSKKHMEEGYQRQL-KYKHSDGSYS :

MISENLKN=-=--- MIRQPSGCGEQ-NIALVIPSISALSYLQNAN IV-MEEEKKEKLKLKATKFILQGYVRQL-KYQHKNMGFS :
TMSH-LSS----- LLLQPMGCGEQ-NIGRVGPSIAVLIYL INHQMV--HMKS---MKAKAIRY IRLGF IRQQ-KY IHGNYSYS :
PAVKNLDN-=--- LVALPTGCGEQ-TMIRMVPNIYLLDYLKSIGKS---LPQ--LE-EKARRY IQTGFDRQNRNFRHTDGAYS :
PAVKNLDS----- LVALPTGCGEQ-TMIRMVPNIYLLDYLKSIGKS---LPE--LE-TKAKGY IQTGFDRQNRKFRHRDGAYS :

PAVKNLDG----- LVALPTGCGEQ-TMIRMVPNIYLLDYLKSIGKS---VPT--LE-SKAKRY IQAGYDRQNRKFRHRDGAYS :
PAVKNLGR----- LVSLPTGCGEQ-TMIRMVPNIYLLDYLKSVGKN---LPE--LE-TKALKHMNLGYDRQNKKFRHKDGSYS :
SAMQNTQN----- LLQMPYGCGEQ-NMVLFAPNIYVLDYLNETQQL---TPE--VK-SKAIGYLNTGYQRQL-NYKHYDGSYS :
PVIENLGD----- LLRIPRGCGEQ-NMVNFVPNILVINYLKGNNRL---AND--1Y-SKAIGNIGTGYLREL-TYKHDDGSFS :
PTVNNLDK----- LLRMPQGCGEQ-NMLNFVPNIV ISKYLKRVNRL---TPA--1E-KRSLHFMESGYQREL-TYRRNDGSFS :
PSIKNLDK-=--- LLYMPNGCGEQ-NLVTIVPRVIALEYLARSNRL---TEN--1R-AKATANLRKGYQRQL-TYKRDDGSFS :
TAINNIDQ----- LLRMPSGCGEQ-NMLNFVPNIVIMDYFTATNRL---TPQ--1E-DKAIRFMESGYQREL-TYKRKEGSFS :
TTINNLHN----- LLRMPGGCGEQ-NLLRFVPNIVIADYLTNTNQL---TPA--LK-EKAIRYKETGFQGQL-1YRRYDDSFS :
PTINNFDD----- LLQMPFGCGEQ-NMMRFVPNIVVLEYLSNTEQL---TDS--LR-SKAILNMETGYQREL-VYKRDDGSFS :
TTVSNIDK----- LLKMPYGCGEQ-NMLNFVPNIAITDYLNETNKL---TPE--1K-EKTIRFMESGYQRQL-TYKRTNNSFS :
PTVNNLDK----- LIKMPYGCGEQ-NMVNFVPNIAVADYLNTTNQF---TDK--LK-NKAIKYMEAGYQREL-TYKRSDGSFS :
PAINNLDS----- LLRMPFGCGEQ-NMVYFVPNIVIGRYLEYVNRL---QDS--1K-QKILTHLETGYQREL-TYKREDGSFS :
PVIANLNG----- LIQLPTGCGEQ-NMVNFVPDIVVYNFLKNIDLL---TDD--1K-NKFINYLIIGYQTEL-TYKHYDGSFS :
PTVNNLDK----- LIKMPYGCGEQ-NMINFVPNIAVSDYLNTTNQF---SDK--LR-TKAIKFMEAGYQREL-TYKRPDGSFS :
PAINNLDS----- LLRMPFGCGEQ-NMVYFVPNIVVARYLEFVNRL---QDT--1K-QKILSHLETGYQREL-TYKREDGSFS :
SAMNHLDK-----L1SYSTGCGEQ-NMIRLLPTLAILEY IDKMN-1---P-AN-LQRNNAIKTMELGYQREL-TMRLQDGSFS

SAMNHMEK - ---- LIHYPTGCGEQ-NMIRLVPVLSILEY IDEKK-1---T-AP-LQRNTAIKTMELGYQREL-TMRLDDGSFS :
STMNNLER----- LIRYPSGCGEQ-NMIRLVPTLAILEY IDKLG-1---S-AT-YQRNEALKTMELGYQREL-TMRMMDGSFS :
PSINGLAS----- LIRMPYGCGEQ-NMINFAPNIY ILDYLTKKKQL---TDN--LK-EKALSFMRQGYQREL-LYQREDGSFS :

1073
1075
1079
1080
1094
1085
1061
55
1009
1067
1067
1067
1112
1142
1136
1079
1041
1100
1088
1048
1047
418
268
1057
957
896
1265
1284
1250
1264
1026
969
974
981
996
977
965
984
992
971
989
989
975

: 1030

1045
931
975



AmspC3

HaadC3-1
HaadC3-2
ScsuC3-1
ScsuC3-2
ScsuC3-3

PsfuC3

CaspC3

PaspC3

HosaC3

HosaC4

HosaC5

AmspA2M-1
AmspA2M-2
AmspA2M-3
AmspA2M-4
HaadA2M-1
HaadA2M-2
ScsuA2M

NinoA2M

EpspA2M
VaspA2M-1
VaspA2M-2
VaspA2M-3
PsfuA2M-1
PsfuA2M-2
PsfuA2M-3
CaspA2M-1
CaspA2M-2
PaspA2M

HosaA2M
AmspiTEP/CD109
Haadi TEP/CD109-1
HaadiTEP/CD109-2
ScsuiTEP/CD109-1
ScsuiTEP/CD109-2
ScsuiTEP/CD109-3
ScsuiTEP/CD109-4
NinoiTEP/CD109-1
Ninoi TEP/CD109-2
Ninoi TEP/CD109-3
EpspiTEP/CD109-1
Epspi TEP/CD109-2
VaspiTEP/CD109
Psfui TEP/CD109
CaspiTEP/CD109-1
CaspiTEP/CD109-2
Hosai TEP/CD109

Supplementary FiQ.

TR = RP LR QTGS T — o :
VYP- -~ ~KHVSSTWLTAYVTKVFAMAHN-LV-AVQTD I -LCGAVRYL I LKTQQPDGVFRE I GKVYHGEM I GD IRGG--DSDASMTAFCV I AMQEARAL CAASVNSLSGA

Catalytic histidine
AGG----TRKSSTWLTAFVMKCFCQAD----AF INVDETVGCTGLQWLVNSQQQDGSFVDKHPVYHREMTGG I KG-
AYQ----SKPTSTWLTAFV IKVFCQAT-~-~--EL IH1DDDVVCSGVKWL IKNQERDGSYVEKHPMYHVDMMGGVQG-
AFK----DRAENTWLTAFVMKVFCQAT--~-~EL 1Y IDEKD I CSGVEWL INNQQMDGSY I ENYPLYEPKLMVGMHN-
VWA----TYASSTWLTAFVAKVFCQAS----AF I P I PPEN INTALEWLVKRQHANG I FAEAYKVHHREMTGG 1 QG-
LWT----FTESGTWLTAYVLKVFCQAYSSN--IFSIPNY IRCDG I KWLLTKQYTNGEFFPLSYRIYGDQKIG---~
IFT----ESPSSTWLTAFVIKVYCQAS----EFIQIPLENIGTAVEWL I KHQSSSGKFFDDYKVHSNT IAGGLNG-
VWP----KYQSSTWLTAYVAKVFSMANS-LV-AVPGGQ- ICNAIKYL ILTSQKPDGRFEERGRMYHTEM I GDVTG I --DADVSMTAFCV I AMQESGPLCTASLTSLPGS

AFV----KRAPSTWLTAYVVKVFSLAVN-LI--AIDSQVLCGAVKWL I LEKQKPDGVFQEDAPYV IHQEMIGGLRN-NNEKDMALTAFVL ISLQEAKD ICEEQVNSLPGS

AWL----SRGSSTWLTAFVLKVLSLAQEQVG---GSPEKLQETSNWLLSQQ-QADGSFQDLSPV IHRSMQGGLVG--NDETVALTAFVT I ALHHGLAVFQDEGAEPLKQRVEAS - I SKASSFLGEKASAGLLG

VWK----GGSASTWLTAFALRVLGQVNKYVE---QNQNSICNSLLWLVENYQLDNGSFKENSQYQP IKLQGTLP--

AFG--QSDAEGSSWLTAFVVKSFAQARNL ID-~--1DAIDLKKSTDWLLSKQ-QSDGCFPF IGMVHHSDMKG---GVGKSVPTALTAYT---VISILESETP ISQQKLNK

AFG--KSDAEGSSWLTAFVVKSFAQARQF I D~~~ IDPVDLKKSTDWLLSKQ-QADGCFPF I GMVHHQDMKG---GVGKSVPTALTAYT---VISLLEAETP I SQDKLDK
AFG--ESDPEGSSWLTAFVVKSFAQARHL ID---1DPVDLKKSADWLLSKQ-QDDGCFPF IGMVHHQAMRG---GVGRNEPTALTAYT---VIAILESETP I SQDKLDK

AFG--ENDPEGSSWLTAFVVKSFAQARQF ID-~--1DP IDLKKSTEWLLSKQ-QADGCFPF IGMVHHQDMKG---GIGKNVPTALTAYV---VISLLESETP 1GQDQLDK

AFG--ASDKEGSLWLTAFVLRSFGQARRFMN---VDENDLSATRSWILKKQ-FENGCF IPSGTVLNKEMKGGL-SSSEQSLAPLTAYV---LISLLESDMEKHDTLVVK
AFG--TRDKQGSMFLTAFVLRYFSEASQY I T---IDNAT I SEMQKW I TSKQ-KDDGCFPDVGK I IDRGFQG-A-IEKDKSDGT ITAYV---LASLRISNYQNQTVLDK-
AFG--KSDREGS IWLTAFVVKSFAQAREF IF---1DDT IMDES ISWITNKQ-MENGCYSFVGKVLHKDMKGGV-SDSESSFAALTAY I T---1ALLEAGIANDSKPIVN

AFG--NSDMEGS IWLTAFVVKSFAQAKSF 1Y---VNSEELNEG IQY ILRNQ-LKNGCFKSTGRLLHKNMQGGV-AKSNASSQALTLY 1 1 ---IALLETGYDPSSDVIKR
AFG--KSDAEGSIWLTSFVIKSFAQTKS11Y---1DQHEIDDG IKF IVKNQ-LEDGCFKSVGSV IHKELQGGT-GHG----QSLTLFIS---ISLLEAGLSPSGK1 IKK
IFSG-LPNPRGS IWLTAFVVKSFSRTKTY 1S---INDTVIDSSKKF I LKNQ-DEDGCFLVVGRVFSSGLRGGVEK-GVPKET-LTAY 1 1 ---1ALLEAGEDPSSQHMKD
AFG--SSDASGSLWLTAFVLKSFGQALPY I F---VDKKIMNKSVRWIKSKQ-LENGCFPEVGSMFNQGLQGG----LQDNPTLLTAYVL---1ALLEA-DQ-DEEE---
AFGESSRTEIGSIWLTAFVLKSFSQAAPYTF---1DEKVTNQSKEF 1 YKHQ-MKDGCFQKVGKVFHRALKGGV--GQSNDTRVLTAY I I ---TALLEAGEKPESEPMLR

AFG--ESDGNASTWLTAHVLETFNEASKYFKKDENFDYAILKSSFRFLKKVLGGKQCVKENGRVLHRDI1S---~-~
AFG--VRDKFGSTWLTAHVLEYFSLAMQYTDVNNDDMLNL IPKMLHFFSTMKQT IGFL-EKGRV IHRDFYE----—
IWGPKDSEEDGSMWLTAYVVKAFSQASKY I E---VDKNLLQKSVKWIVKRQDSETGCFHNEGYAYSINSPRETLTSHVLVTLFEAKYTA----DLGDAVDSKV---1HK

IWGPKDSEEDGSMWLTAYVVKAFSQASKY I K---VDEKLLKKSVKW I IKRQDFETGCFHNEGYAYSVNSPRETLTSHVLVTLFEAKYTA----GLGNAIDSKV---LNK

IWGPKSSEEDGSMWLTAYVVKAFSQASKY ID---VDLKLLKKSVKWILKRQDFETGCFHNEGYAYSVNSPRETLTSHVLVTLFEAKYTA----KLGNS IDSKA---1HK
IWGPSNTESEGSMWLTAYVVKAFSQASKY ID---VDKNLLKESVRWILERQHRETGCFRNEGYAYSVNSPRETLTSHVLITLFEARYTA----NLSEIINSKI---FYR
TFGERYGRNQGNTWLTAFVLKTFAQARAY IF---I1DEAHITQAL IWLSQRQ-KDNGCFRSSGSLLNNAIKG-----
SFG--RTDNSGSTWLTAFVLKTFKQAKEH I PDM-IDDEVVKAAMSWLSKQL-QFNGTFAEPGSVLNKELQG-----
AFG--NSDKNGSTWLTAFVVRSFHQAKEFME---1DED IMSNSLEWLAKQQ-RADGSFGEPGEVHHKAMQG----~—
TFG--ERDRSGSTWLTAYAITKSLSQANKY 1Y---1DPDILDKGIQWIMSKQ-SSDGSFEEPGEVHHKALQG---~--
AFG--ENDSKGSTWLTAFVVKSF 1QAKKY 1S---I1DENVIRESL IWLSRQK-NANHLFPEVGTVLHKEMQG-----
GFG--NRDSSGSTWLTAFVVKSFVQADKY I T---IDHT I IRSALNWLAKTQ-SPNGSFSE IGNVFYKSMQG----~
AFG--SRDENGSTWLTAFVVKSFGQALPY IT---1DEKVIENSLKWLALQQ-AENGSFPEVGS INNKEIQG-----
AFG--NSDKVGSTWLTSFVVKSF IQAKKY I T---IDENVIHSSLMWLSHQQ-FPNGSFPEVGTVFHKAMQG-----
AFG--NSDKNGSTWLTAFVVRSFKQAKPY IS---VDDNV IDASLKFLQSSQ-AENGSFPENGEVHSKRLQG----~
AFG--KQDKMGSTWLTAFVAKSFHQARSY I T---1DDNV IANALKWLASKQ-QGDGSFPEVGTVSHKAMQG-----
AFG--NSDPSGSTWLTAFVVKSFAMAQT I I T-—-IDPNVIQAAKTFLVSTQ-QTDGSFAEVGKILDNIQGG-----
AFG--TSDKNGSTWLTAFVVRSFKQAKPY 1S---VDDNV IDASLRYLKSTQ-KENGSFVENGEVHNKRLQG----~
AFG--KQDKMGSTWLTAFVAKSFHDARNYVT---IDENVVNGALKWLAMKQ-EGDGSFPEVGSVSHKAMQG--~---

FFG-QEMEEKGSTWVTSLV IGNFIKASKY ID---1DPDV IQLGLEWLANVQ-NDEGAFSEGGN I YFKDLQESN I --GLTA-FVVSALASEKDKLDA
FFG-KDMDEKGSTWVTALVIGTFLRASKY ID---1DPNVLQSGLEWLAKAQ-NDEGAFSESGN1YFRHLQESNI--GLTA-FVVGALASQKEMLDA
FFG-KGIDESGSTWVTALV IGNFLKASKY ID---1DPVVIQSGLDWLSK1Q-NEEGAFPEKGKTYFSDLQENEL--GLTA-FVVSALASQKEDLDA

AFG--NYDPSGSTWLSAFVLRCFLEADPY I1D---I1DQNVLHRTYTWLKGHQ-KSNGEFWDPGRV IHSELQG----~-
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1306
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AmspA2M-3
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Epspi TEP/CD109-2
VaspiTEP/CD109
Psfui TEP/CD109
CaspiTEP/CD109-1
CaspiTEP/CD109-2
Hosai TEP/CD109

————————— RGVVFYLDT I SSKQK--TCIKFRAKQTFRVGV-AQRASVVVYDYYKPELTCTAFYAPGETSV IKKSL-CSGN-----KACICPRGGCSACKAFDDVLKLSGN IFQKMTRELLHQTCNM----HDYVWVASVV-NIRLENEL :
————————— RGVVFYLQKVP IAGD--YCFSFHVVRQY IVGN-TQTSVIKVYDYYNPDATCTKFYSPGSNSPMLRT I -CEGG-~-----1CECAEGGCPPNNPFSE I SSMS---TAQRREELKT IFCEN----YDYVWKGKLNGRLQKDGGF :
————————— RGVIFYLTKVPSTVK--YCFHFRVLREY IVGN-TQMSY IKVYDYYNPDATCTKSYRP ISNSPVIRT I -CEGG------1CQCAEGGCPPRTPFADLEGMQ---VSERRNLLKVKFCED----FDYVWKGELH-Y IRKEGGF :
————————— RSVILYLDEVP INKP--1CLNFRASKE IHVGK-VQPTAVKIYNYYDPDKSCTQFYGPDKGSVMLKK I -CEGK------QCVCVEG I CPSCFPFQD IRN IAN--D IDRRMELLNAVCDR---KTDYFWNGT IK-NIREDGSF :
————————— RSTVLYFDEVPNKER--MCISLRTYQDFHVGK-VQPASVKIYSYYEPSKSCTKFYAPRD--RSPMLTK I -CEGK----QCFCAEGKCPSSTPFKE IRAKIS--DTERRRALLD IACHK-----SQHF IWNVTLE-KITYEN :
————————— RALILYLEEVPNDRT--ICLDVKLRKFITVGL-VQPTTVKIYNYYKLDKSCTTFYGPDEDSVMLQT I -CEGK-~-~-~---QCRCMEGACPPLNPFKHVWEKNE--EKERNKELLR I I CDDKKTKDNFVWLGILK-S---—---

LS-—--- EKGSL I 1YLDKVSHTRP--EEISFRIHQKLKVGV-LQPAAVSVYEYY-EETPCVKFYHPERRDGQFLQL-CRNN-=-—-— ECTCAEENCSMQKKGKIDNSLR-=======—=—~ TEKSCETTPTNKIDY 1YKVKVESVTSELIT

LS----- ERGSLI1YLDKVSHTRS--DEITFRIHQTLKVGV-LQPAAVSVYEYY-DQTPCVKFYHPERKAGQLLRL-CRND-----~- ECTCAEENCSMQKKGKIDNDER--========~ TAKACETEENSKIDFVYKVLLEDFKADLST :
FS——=—- DRNTL I 1YLDKVSHSED--DCLAFKVHQYFNVEL-1QPGAVKVYAYYNLEESCTRFYHPEKEDGKLNKL-CRDE------ LCRCAEENCFIQKS--DDKVTLE-==—=—-~ ERLDKACEPG---VDYVYKTRLV-KVQLSNDF :
—————————— HVLLYFDSVPTSR---ECVGFEAVQEVPVGL-VQPASATLYDYYNPERRCSVFYGAPSKSRLLATL-CSAE------VCQCAEGKCPRQRRALERGLQDEDGY ------RMKFACYYPRVEYGFQVKVLREDSRAAFRLF :
—————————— HVILQLNSIPSSD--FLCVRFRIFELFEVGF-LSPATFTVYEYHRPDKQCTMFYSTSNIK1Q--KV-CEGA------ACKCVEADCGQMQEELDLTISAET--------RKQTACKPEIAYAYKVSITSITVENVFVKYK :

/ C345C domain

------- TGGTANLYFDSFNKTE---TCFS 1QQFQINKVFN-LKPAFVKVYDYYRPE I TASESYSA- = === CEDAP — - = — e e
-------- KK LHL = = = = e
------- EENKVNLYFDYFDQNQ---KCFT IRMDQDTVVTN-PKPANVKVYDYYQTELTTSTSYS I === =CNDAP I PAPPPPG | - - m o o oo
-------- ATR- 1QLYFWGFGSVNRTRSFQLEFVQ-QVKVKDAALGV IHVEDYYSSEKNAASYYEVPFVNE - - - — - - = — = ————~-NKEVNAQ I VE I LNNLNDKA I DNLDEHLNKFSEE I CEQKLKEEVKVV I LKDEKQ 1 GLKLSEND
------- YVKVYLSALGGKVQK 1S-~VNFELLHEF-KVNSS—~PNVVV IVEDYYNPVYVKGE 1T EKSK = == m — m e e
Q--———- EDRTFVLYFNGLSKGE--NHCWDLEQKQVSQVDN-LKPA T EKIFDYYSQEDSY STTY Il — o m oo oo o
NGDDDKDEDRKFVLYFNALEQGR-~NACWDVELKRVNLVKD-LKPAT IKEYDYYAQEDAFSTSY Il - o o o o e
K- e DERKFVLYFNGFKKEE -~NHCWNLEVKEVSQVEN-LKPAL EKIFDYYSQEDTFTTTYN I — - o oo e e
E--mmmo KEGKFVLYFDNMKKDE - ~LKCWDFEVKRVSPVEN-LKPALVK 1YDYYSQEDSFTTSY Tl - o m - m oo oo o oo
------- SSNHVL 1 YLDKVSNQT---LSLFFTVLQDVPVRD-LKPAIVKVYDYYETDEFA T AEYNAP - - - CSKDLGNA~ = = = m o e
------- DETMVAI YFDK I GKE---PVCPTVSAYRVHRVAN-QQQKPVVVYDYYNRAQ I ARVFYR-~LAHVTKKEE I C-DGYEC-DKSNTRRN- - -~ -~ -~DASVDQRDKNSSVSLNSFSNI L ILTQVLTFLTFQVLKS V-~~~ ——-
------- GDTNVVIYFDR I DGN---EMCVNVPAFRNHKVAN-QKPVPVKVYDYYDLAKSARMFY - - ~EPRVVDVCSLC-ESTDC-PDTCNKVPG- - - —— == ——~—VSSSS IAMYSVAL I TFAT IAVSFFKS I H-— === ===
------- QDTGVVIYFDRLDRE ---ESCVTVPAHR IHKVAH-QRRAPVKVYDFYSQAKSARMFY - - —RPHKTVLCD I C-DDEDC-GNGCFTET -~ —— -~ ITEESGFKSSGE IVL IKFYLVV IASVL I CLV—— == — = — o mo—

——————— GDSGVV I YFDKLSKGE--EVCPTVKAFRTFKVAK-QKPTAVKAYDYYDQSRSARSFY---QALPATLCD I C-DDDECERGSCPKN-~-~-~----AGMFEDYTGNSAASFTLTLINVFTFIIPVWLISNFS--————————————-
——————— GKTGIVIYFDKLNNT---EVCPTVNAHRTYPVAD-QKPAP IVVYDYYEKTREARRFY ---SALTADVCEVC-DGKDCEKYKCKGT-----PGYNERTGGASSLVLCWFLITAALLLHL
QRN=————- TQVIIYFKNIGKS---EVCPTILGFRTYGVAN-QRPAL IKVYDYYDQSRVARMFY---QVGPDN I CHICNGED-CPQDGCPEKEGYTLFGPSYDANVDP IQNYPSSAS--LIFSLK
NTR-=====—- VILYFKHIGKS---EVCPTILGFRTFRVAN-QRPAL IKVYDYYDQSKVARMFY---QVGPDNICHICTGED-CPEDGCPEGESYDFFGPTYNANVDP IQDFSAAAQV---LP1YSLTFAISLFAMLNY - == == ——————
NTR-——————- VITYFQNIRKS---EVCPTILGFRTYGVSN-QRPAL IKVYDYYDQSRVARMFY ---QVRPAT ICEICTGND-CPEDGCEDKSFYP I YNPTYHANVDPNNEAGATSKMSVSLFLMASSLCCTLVKMIYV == —————————

. DHGKLNLYLDSVNETQ---FCVNIPAVRNFKVSN-TQDASVS I1VDYYEPRRQAVRSYNSEVKLSS--CDLCSDVQGC-R-PCEDGASGSHHHSSV I FIFCFKLLYFMELWL — = — == === - ——m e m e
Supplementary Fig. S9 (continued)

/ ITEP/CD109 GPl anchor signal sequence

: 1530
: 1539
T 1429
: 1445

1615
1632
1585
1639
1642

: 1631
: 1548

1496
1558
1643
1578

: 1527
: 1614
: 1552
: 1496
: 1539
: 1520
: 1587
: 1473
: 1463

853
638

: 1542
: 1470
1 1341
1713
1733
: 1699
1702
: 1474
1 1465
: 1440
: 1456
1 1447
: 1423
© 1437
: 1430
: 1437
: 1457
1 1427
: 1430
: 1465

323
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AmspA2M-4
HaadA2M-1
HaadA2M-2
ScsuA2M

NinoA2M

EpspA2M
VaspA2M-1
VaspA2M-2
VaspA2M-3
PsfuA2M-1
PsfuA2M-2
PsfuA2M-3
CaspA2M-1
CaspA2M-2
PaspA2M

HosaA2M
AmspiTEP/CD109
HaadiTEP/CD109-1
Haadi TEP/CD109-2
ScsuiTEP/CD109-1
ScsuiTEP/CD109-2
ScsuiTEP/CD109-3
ScsuiTEP/CD109-4
NinoiTEP/CD109-1
NinoiTEP/CD109-2
Ninoi TEP/CD109-3
Epspi TEP/CD109-1
EpspiTEP/CD109-2
VaspiTEP/CD109
Psfui TEP/CD109
CaspiTEP/CD109-1 :
CaspiTEP/CD109-2 :
Hosai TEP/CD109 H

KFIDVEIDEVIKPGVEGEAQQLRHGSVRTLISYNHCTCPDMF I GKKYF IMGQDGTKWEFE—GVAQYRYLLNTNAR I FESKT IR--STSPKYKLMMKAFNWLQKRFIRYK---RGCE-==========——— === © 1725
LNISFTIADVIKAGIE--KAEDIVDETRTLLARDNCPTANLFPGVTYL ILGKDGQNYMNE-NGETWYRYLLDKTSV IHMWTS----AKEAKNKNLQRDLNSVTKALKEN----GCEL-=======—=———=— == : 1738
FNISFIVNEVIKAGIE--RKDI IESDIRTLLARDNCLAAALRYGTTYLILGKDGEGYMNE-HGHIWYRYVLDQTS1 1QQWASYLGDLKDAGSKLLQRDLNQVTKILKED-===-GCDM======== === = —mm e e e e e e : 1695
KYFEFEVTDVLKEGVQ--QEREIQDETVTFVGKAACNCPKLTIGEVYMIMGEDGFEYKTD-TGEKKFKYLFSKYTRIYHSRSLR-MIQDQRGQKLQKTFNTI'YMRFKR---GERCIH-======—— === : 1749
SFKLFHVNVFHVMKAG IQSNKEVEGETV IFHGRNECRYPEMTEGNSY IVMGTDGYPVTTE-DGE IKFKYMFDRHSRI'YHSRSLR-D IADTKGRNLQKTFNSLYNRFV I =—RKEGCDN === === === == = —— e e e : 1755
DVYSMKIETVIKEGTT--DVAPLGKVRSYLSY-KQCKEALGLQTGRSYLLMGTSKD IHKN---GAKYEYVIGEKTWVEYWPTPE-ECQTSAFREVCVGISEMEQQ----YLYFGCPQK-=====———————— e : 1655
DIYVVKIVEVIKEGSY--DVGPLNKKRAFLSY-PHCRESLDLKTGKTYLIMGTSRD IHRDE-QNNSYQYVLGERTWVEYWPTED-ECQLDEHRPTCFGMEELVQQ----YALFGCLQ-=============— === —— : 1604
DEY IMAIEQT IKSGSD---EVQVGQQRTF ISP~ 1KCREALKLEEKKHYLMWGLSSDFWGEK---PNLSY I IGKDTWVEHWPEED-ECQDEENQKQCQDLGAFTES----MVVFGCPN=- === === === === — e e e e : 1663
ETKITQVLHFTKDVKAAANQMRNFLVR—-—---- ASCRLRLEPGKEYL IMGLDGATYDLEGHPQYLLDSNSWIEEMP———--- SERLCRSTRQRAACAQLNDFLQE----YGTQGCQV-====—=— === mm e t 1744
ATLLDIYKTGEAVAEKDSEITFIKK-====--- VTCTNAELVKGRQYL IMGKEALQIKYNFSFRY 1'YPLDSLTWIEYWP---RDTTCS------ SCQAFLANLDEFAEDIFLNGC—===== === e e e e e e e e : 1676
EVLETSNSIDQREGNISQISTFVDVDHDLDFPDGLEG-----~ NMPVSVLPPPDFVQPDCPVCSDSFPSNFSAVYCNSAFALKVMKRENNMKTVK I 1QDVSFY IDSPKAIKKFGELEYEEECTCTELAEDGKILFIVGSPLSLWNSNGKK - 1683
FKNFKSVEWELDFPDG IDGPPPHHHPTPNDLNNGENT T == == == == == = — o o e e e e e e e e e e e e e e e e e e e : 1625

Supplementary Fig. S9 (continued)
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AmspFB-1

1
101
201
301
401
501

601

701

801

901

1001

1101

1201

1301

1401

1501

1601

1701

1801

1901

2001

2101

2201

2301

2401

2501

2601

2701

2801

2901

3001

3101

GAGCCGAACACGCTAGCACTTCCCTCTCCTCGATACCTTAGGTGATTACGATACCTTCTTGTTAAAGTGGCCATTACATAGCAAGTACTGAAGCTCAAAG
AAAGTGTATGTCGAACCAGCTACATCATTTAGTATTCTCATCAGAATTAAAAAAAAATCGCAATTCAGAAATTGGTTTTGAAATGAAATCAATTTTTACG
CGGTATAAACTCGTTCGATAAAAAATATTTACGCAGCTCGACGGAAATTTCCCAAATCGCGATGAGTTCCGAGAATTTGGTTCGTACTTCCTCCTCCCCT
TACCACTCTTGAATAGGAAAAGGAAGAAAAAAATTGTTTATCCTATTCGATCGTAATAACCTCTTGAGCTTAATCTCGACTTATCTGGAAGCAAACATTA
AAATTCGCATTAATGTTTTTGGAGCAGGTAATTTTGTAAGTATTTTCCGTGTTGTCTTCTCCTATTTATGACGCCTTTGTCACACATTTATAGAATTCAC
AGCAAGTGTTTTCCTATTTGAGTCAGTTTCCAGGAAGTCAAAGCAAGGAACTGGCAACCTTTTTATTACGATCACTCTTGGATGTGAAGCGATGGACAGC

M D S

ATGTTCAGAATATGTCTGAAATTGTTTCTTTTATGTTTTGTCGTTAATTCCGCTTCTTCTGATTGCCATGGGAATTCGCATGCTTTGAAGCTCTATAATG
M FRITCLIKTILZFLLCFVVNSASSU D C_H. 6. NS HA_L_K_L_Y_N

GAAAGTTTCGAGTCAACAAACTAGTTTCCTACGGAAAAAACAAGGTGGTTGTCGCCATGTGCAATAAAGGGTATGATCTGTTTGGTGATAGGATTCTAAT
G_K_F_. R VM NK_ L_V_S_ Y 6. KNKV_V_V A MCNK G Y D_ L F 6 D R_L_L_I1

GCCTGAAACGTAACAAACGGTGGCGCGGAACTCCCCCAAAATGCATATCTAAAAAGAAATGTCCGGAACTTGGCGATGTTGCCAACGGTCGGAGGACTCC
C_L_K_R_N.K RWR_G_T_P_ P K C 1L S KKK C_P E L1 6D V_AN_G_R_ R T P

AACGACACAATACCAGAATGCAAACCGCAAAATGCTTGCAAACTGCCGACTCAAGATGAAATACCTCATTCTCGGATGCTCTCGGATGTTCCTGGAGCTA

- ND T L P ECKPOQNACKILPIODELPRH S R MLS DV B GA
SCR4

AGTACGTGCTCGCTGATGAATTTGTCACCATGGTATGCGAAAAAGGGTTTCGCATTGAAGGGATGAACTTTTTACAGTGTCTTCAAGGTGGAACTTGGGA

K_Y_V_L_A_D E F V T M_V_ C E K G F R_IL_E_G_M N F _L_Q_C_L_O0_G_ G _T__W_D

AGCCATGGCACGACATTAAACTACTTCTGCAACGAAACGTACAGAATGGTTGGTTCCAGCTGGATCGAATGCGTTGATCATGAATTCGAAGGTTTAGCAT
SH_ G I T LN Y RE C N E T Y RMV G S S W I FECVDHEFESLA
GGTCCAACAAGCCTCCAAAATGTTTCCCTATTAGATGTTCAGATCATGAAGCCCCTGATAACGGAGTGATATTGTCCAATGGGCCGTATTATGTTGGTGA
LS N KPP K GCE P TR CS. D H EARDN GV I LS N GBI Y V60D
CGTTGTTTCATACTCCTGTTACGAAGGTTACAAACTTGTTGGTTCAAAGAATCGTACTTGCAAGGATACCGGAACTTGGAGCGGGGCTCTTGCAACTTGT
S ML S Y S.CY E G K LV .G S KNRITCKDI G T WS G ALATC
GATTCAGAAAATACCGTGTGTCCGAATCCCGGCGTACCGATAAACGGCATGAAAAGTGGTAACCGATATGATGCAGGCGATGTAGTTGTCTTTTCGTGCA
L2.S ENTV CRNPGEVPLNGWM K SE NRIYDAGDVMVESISC
AACCAACCTACTTTCTTTTCGGCAATGCAACCAGAATTTGTCAGAGTAATGGCTATTGGTCTGGCACTGAAGTTTTCTGCCGCGGTACGAACGAGTTTGA
K P JT Y R L EG N AT RILCQI N G Y WS G TENVECLRGTNETFTD

CGATATTACTCATATAAGCAACAAACTTCTGACGAGGTTCGACATGCTTAAACTCATCAGCAAAAAGTCCTATACAAATTCCGACGCCACCAACAACACG
DI TH1 SNIKWLILTRZFDWMLI KTI LTI SKIKSYTNSDATNNT

CAAAGCAACTCGTCTGCTCAAGGCAGAACTTTGAATATCAACAATCCCGGTGGATTGAATTTGATATTTATTTTTGATTCGTCTGGAAGTGTTGGAAAAC
Q S NS SAQGHRTLNINNPGSGILNTIL I F 1 FDS S G S V G K
Factor D cleavage site VWFA  Mg?* binding sites
GTGGATTCGAAACGGCCAAGAAATTTGCCTCTACGCTCGTCCAACATATTGGTGTTGGGGCAAACGGAGTTCGTGTCGCGGCTATGACTTTCAGCTCCGA
R_ G F E T A K K F A S T L V o H I 6V G A NGV RV A AMTF S S D

CGTCACGGTCAATTTCTACACCAGGGAGTTCCTAACGACCGAGGAGGTGGTTGAACAGATTGGACTCATTCAGTATAATCCCGGTGACACGGCAACGAAT
v T VvV N F Y T R E F L T T E E V V E O 1 G L 1 O Y NP G D T A T N
Mg?* binding site
CCAGCATTGATTACGGCTACAACAGAAGTCATACCTGAAGCTGCACGAGCCAGACCGTTGAGCTCATCAGCCGTTTTCCTCATAACGGACGGCCGCGCTA
P A L I T A TTEV I P EAARARUPILSSSAVEFL 1 TDGRA
Mg2* binding site
ACGTTGGAGGACGACCAAAAGAAGCAGCAGATAGGCTAATTCAGGAATTTGATGTTGAGATTTACGCGATCGGAGTTGGAAGCAACATTCTTGAGGATGA
N V G G R P K E A A D R L I O FEF DV E I Y A I G V G S N I L E D E

GTTGGCCAGCATTGCCTATTCGAAAGATGGTGATACCGACCGGCATTATATGAAGGTTGAAAGTTTTGCCAAGATGAACGAGATGCTCCAACTTCTCATC
L A S I A Y S K D G D T DR H Y M KV E S F A KMNEML O L L 1

AATGGAACCATTGACTATTCTGCTTGTGGTTTGCTTCAAAGGCGGAAAAATACTGAAAAGAAAGAACTTGGCGTAGAAAAAGCTGAACCAGGAGCTAGAA
N G T 1 D Y S A C G L L QRRIKNTEI K KTELSGVEIKAEUPG GATR

ACAAACGAAGTCTCCGGATAAGAATCGTTGGAGGCGAAACAGTAACCAAGCATTGGCCATGGATGGTGGGACTTTACTATGGATCACCACTACTTGGCCA
N KR SLRI1TR 1LV GGE TV T KHWPWMVGL Y Y G S P L L GH
SP
CAAGAGTTTGCAATGTGGCGGTTCGCTGATTGCTCCCAATTGGATTCTAACAGCCGCTCATTGTATCAAACTTCAAATAAGTGATGATAAAATCGTCACT
K S L 0O C G G S L I AP N W I L T AAHTC I KL O I S DDIK L VT
Protease activate site
TACACAACCAGAAACGTACGCATTCATCTAGGAATCACGAATATCAAAAATCCGGACAATAATAACTTGATCATTGCAACACCCCAAGAATTTGTACTGC
Y TTRNVR I HLG I TNITKNZPIDNNNILIL I ATPOQOEFV L

ATCCACAATATGATCCCGCGACAATAAATAACGACGTTGCATTAATCAGGCTTCAAGAACCAGTCACATACAACCCATTCATCAGACCCGTCTGCCTACC
H P Q Y D P A T I N ND V A L I R L QO E P V T Y NUPF I RP V C L P
Protease activate site

Supplementary Fig. S10
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3201

3301

3401

3501

3601

3701

CCCAGCACTGGATAAACTGCCGAAAAACAGCTTGCTATATAAAACTGGAGAAACAGCTATTGTGACTGGTTGGGGTCACACTAAAGAGCGAAAAAAACAC
P A L D K L P K N S L L Y K TG E T A I V T G W G H T K E R K K H

GAATCACTCGGCCCGGATGACCTCAAGCAATCTGCAATTCTGAAGAAGTTGTCTGTGCCGATACAAGAAGGAAAAGTTTGCAATGATAGTATTCAAGGAG
E S L G P D D L K O S A 1 L K K L S Vv P 1 0 E G K V CND S 1 0 G

AATTTCGCAAGGGAATTTACACTGACAGCATGCTGTGTGCTGGAATGGGAAAGAAAGGACAAGATGCATGTGCGACAGATAGCGGCGGTCCTCTGCATCA
E_ F R K G I Y T D S ML CAGMG KK G ODATCATD S G G P L H O

Protease activate site
GCGTCTGGAGGATTCAGAAGGTGATGGCACTTACTACACCCAAATCGGCATCGTTAGTTGGGGTTATGGATGTGCTTTAGAGGGCGAATATGGATTCTAT
R L EDSEGDSGTYYTO11 G 1 V SWSGY GCALEGEYGFY

ACAAGACTCACGAAGTTCATTCCTTGGATCGAGGGCGTAACCAACGTTAAATTTTCCAATTGATGATGATTGAAATCAATGATGGACAATTTATTTTTAT
T R L T K F 1 P W I E GV TNVKFSN*

TTTTTTTTTTGTAATTTTATGTTTTATGCATCGTTTTGTCAATAAAATTTGAAATATTGGAAAATCCAATGGAAAAAAA 3779

AmspFB-2
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1101
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1301

1401

1501

1601

1701

1801

1901

2001

CTTAGAGCGCCTTCCGTCATGCGACCTTACGGAAATATTTCCTTGTTGAATTCATTTTTCATTTGTTTGCTTCAATTTCTACATTCTACAGAAGGAAAAT
LRAPSVMRPYGNISLLNSFZFICLULOQFLWHSTEGK

GCCCACCTCTTCTGGGCTCAAGAGTTGAGAATGGACATATCAAGGCTTGGTCTTCGAGAAAACTGCAAGTTATTTGCGATCGAAGCTACATCGTGCATGG
c. PP L L G S RN ENOHLKAW S S RKALQV L C D R . S LV H.G

CGCTTCGACTTTGTTTTGCAATGGCAGAAGTTGGACCGGGAAAGGCAAACTTCCTCAATGCTCTTTGCGAAGCAGGTTTTGCCAGTCAGCTGGAAACTTG
AR T LEC NG RSMWIT G K G KL PQCSLRSRFEFCLCO S AGNL
AAAAATGGGCGAAAGATTGGAACGATGCAGCATATCGGTGCCGTCGTCCGCTATTCGTGCAATCCTGGCTACACGTTGGTTGGATCGACGT TGCAAGAAT
KNG R K LG T .M O H I GAV VR YSCNPRGY T LV S S T L. QE

GCAAGGCAAGCAGACGCTGGATACCTGCCAAACCACAATGCAAAAGTCCTTCTGAATTGCTACAGGAAACATCAAAGAGGTTCAATAAACAATTTGTCCA
C_K A_SRRW_L P AKPOGCK SPSETLTLTG QETS SE KT RTFNEKTZ GQTEUWVQ
AAGGTTAGCTGTGGACAACAGCACTTTTTCAAGTGGAAGTCGAGTTCTTGGACCAGAAGTTAACAAGATTGGACTGGACCTGGCCTTTCTCATCGACAGA
RLAVDNSTTFSSGSRVYLGPTETVNIEKTIGLDILATFTL1 DR
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Factor D cleavage site VWFA Mg2* binding site

TCCAGCAGCATCGATCCTGTCGATTTCAAGATTGGTATCAACTTCCTCAAGGAGCTGGTAGATGAATTTGGAGTGAAAAATGGGGATAACAAATTGAAAG
s s s 1+ b P V D F K I G I N F L KE L V D EF G V KNG DN K L K
Mg?* binding sites
GTGGTACCAGAATAGCGGTGATAACATTCGGGGACAAAGCTGAGATTGTCTTCAACTTTGACGATGCAAGAATCTCGTCTCCGGAAGTAGCCAAACGAAA
6 6 T R I AV 1 TF GDKAE 1 VFNVEFUDDATIRIL S S P E VA KR K

ACTCGACATGATCCAGGCCAAGGGCGGAAGTACAAATTTGAACGGTGCTCTGGACAAAGTGATCATTCGAGTTAAACCCAGAAGAGAAGTGAAAAGGGCT
L D M 1 O A K G G S T N L NG A L D K V I I RV KPRREV KR A
Mg2* binding site
TTGTTCATCATGTCTGATGGCAAGCCAAATACTGCAACCAGAAGTACCCCTGAAAACGCGGCACGTCATCTCAAGACAAGATCACTCAATTACGAAATCT
L F 1 M S D G K P NTATIRSTPENAARMHHILIKTRSLNYEI
Mg?* binding site
TCACCGTTGGAATCGGACGAGCAGTAAACATGACTCTCTTGCGCCACATGGCCTCGGATCCAAAGATCAACCACAACTTCTACTTCGACAAGTTCTCTGA
E T Vv 6 I G R AV N M T L L R HMASDP K I NHNUF Y F DK F S D

CTTCGAGCGGATCTTGTGGCTCATCAAGAACAAAGCAACTCCAGCACCACCGCCGGGTTTCGACAAATGTGGGTACATACCTCCAGGAAGTTATAGATGG
F E R I L W L I KN KATP AP PP GFDJ KT CGY Tl PPG S Y R W
SP
CCATGGTTGGTTTCTGTTTGGAGTGAAATTCCCGTTGAAGATAGATTCACATTGAAGCAATGCACCGGGACGATAATCTGCCGGAAATGGATTCTTACTT
P W L VvV S Vv WS E I PV EDRF T L K OC TG T I I CR KW I L T

CTGCGCATTGCTTGCATTATTCTGATCGAAGAGACTACAAACCAGTATCCAAGGTTTTCGTGACCGTGGGTCAAAAAGATATTCTCAAGTGGAGTGACAG

S A H C L HY SDRRUDY KPPV S KV F VTV G 0 KD 1 L KW S D S

Protease activate site

CAGTGAGAATTTCATTGCTTCCAGAATTATAATACACGAACGTTACAACAACGAGACCTTGGAGAATGACATTGCCCTGATTGAACTCAATGATGTGACT
S ENF I ASR L I I HERYNNETILENDTI AL 1 E L NUDWVT

Protease activate site
GCTCTTGGCGATAAAGTCAAGATAGCCTGTCTTCCACGACCAGAAATTCAATTGTCAAGACGATCATCGCAGAACAGTTTTACTGCTGGATGGGGCAGCA
A L G D KV K 1 A C L PRPE 1 O L SRR S S QNS F TAGWG_S

CGAACGACAAAAATTACGACAGTGCTCCAGTGAAGAGTGCATTCTTCTCCCTCAATGAAGTTGCCCTCACATTGGTGCCGGACAGAGACTGCGCAAGAAG
T N D K N Y D S A P V K S A F F S L NE V A L T L V P DRD CATRR

AGCTAAATCACTGCAATGCCGTCAGCCTTCAGCTTCCCATTTCTGTGCTGAAACAAGCAATGACTTGATCAAAGCCTGTTCAACCGGTTCCGGAAGTCCA
A K S L OQCR QP S ASHUFTCAETSNUDIL I KACSTG S G S P
Protease activate site

GTTATCATGTCGGACAGCAGCAGTTACGACAACTACGAGCGTTTGCGTGTCGTTGGCATTTCATCGTCCCATTGCCAGTGTGGCAAACAACGCGGTTATC
v I M S D S S S Y D NYER LRV YV G 1l S S S HCOZCGKOURG'Y

ACATGTTCACCAGAGTTCACGATTACATCAAGTGGATTGCATCCAGAACAGATTTCTGCATAGCTGAGCATATCTAAATAGAAAAGGGTGTATAGTGAGT
H M F T R V H D Y I KW 1 ASRTWDU FTCI1I AEWUHTI1I *

GTTGTGTAATAAAGCAAATTGTAATCAAA 2029
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HaadFB-1

1 CTCTGTGTTTATGTAAAATCCTTGTAGTTTCTATGAAGGATAAACTCAATGATATTTTGATCAGATGTATATCAATTTTGCTATCTTTTACCACTCGACC 100
101 TATTGACCGGTAAATCCCCGAACTTCCGCTGCTGAATTCTGGAGAAGGAACCAACCAACTGATGCTTCTCAGCATGACATCACTTGATTATGAGGAAATT 200
201 TGATAAAACAAAATTCGCCAAAGATCATTACATCAGCGACTGCTGCTTGTTTGGAAGAGAAACTAGATTATAAACGGTTTTTGCATATGACATAATGCAG 300

M_Q

301 AAAAATCCAACATTATGCAGCTGTTTTAAAGTAATCATAAGTGTGATTCTTTTTAACTTCATTACATGTGATTGTCCATATCCCAAAAGGGAACTTCCTA 400
K NP TLCSCFKVI1 SV I LFNFIITCDOC P Y P KR_E_L_P

401 ATGGTCGTTTTGTGTATCAGCAGTTAAAAGATATAAATGAAACTTCTGCTAAAGAGCTGTATATCTTACGTTTTAAATGCTACGCTGGATACCAAAGGAT 500
NG RFV Y QO O L KUD I NETSAKTETLVY1LLRFIKTCYAGY QR I]

501 AGGACCCAGATACATACAGTGTTTAGATGATGAATGGTCGGATGTAGTACCAACATGTGCAAAAATGCAATGCTCAGATCCTCCTGATGTTGACAAGGCT 600
—_G_P_R. Y. _L_Q C_L D D E W S DV V P I CAKMGQC S D.PPD_V D KA

601 GAGTTTAAACTCCATTCTGGTGTAGATAAATTCCCAACTATAGGCGCATCTGTTACATATTCATGTAAAATAGGTTATGAATTGAAGAACACAAGTGCTT 700
E_E K _ L H S GVDKEPIT I_GA SV T Y_.S. C K LG VY E_L_KLN_ T S _A

701 CAACATTACATTGTGAATTGGACCCTGGGGCAAGCAAGGCAATCTGGAAAGGAGAAATCCCTTTTTGCAAAGAAAAAGAATCTTGTCCGGATCCCGGTGT 800

801 CTCAAAACATGGTTTTCGGGTAGGAAGCTGCTGTTTTTCAGGAGACATCTTACAATTTTCTTGCAACGAAGATTATGAATTAGTTGGCCAAAAAGAAGTA 900
K HGLF ROV G S CCE S 6 D L L Q E_S_C N E D Y E_ LV .G O KEL

901 CAATGTCTTAGATCCGGTAGTTGGTCATCAGGGCGTCCACTTTGTAAGCCTTTAAGCGATTACTGTCAATTACCTCCCTCAATACCACATGGGATAGTTA 1000
Q- C_ LR S 6. S WS S_GR.PE LI CKPLSDYCO L PPS_ LB H_G IV

1001 GTGGTGAAAAAGAAGGAGACTATTTTATACCGTATGATGAGGCGGAAGTCGTTTGTGAGCCCGGATATAAACATGTAGGTCCAACCCAGTTTGTAATGTG 1100
S.G_E_K.E. 6D Y E_ LB YD EAFRVVCEPSY KAV G P I O FMMC

1101 TGAAGAAGAAGGAGAATGGGAAGATGAATTTGGAGAATGTACAGAAATAATTTGTGATTTACCTAAACAACTTGTAAACGGAACGATACCCGAGATGCTG 1200
"""""""""""""""""""""" SCR T TTTTTTTTETETT

1201 ACAACGAATCTTACCAGCTTTCCTTACGGCTTCGAGATTACATACTTTTGTGACGATGGATTTCGACTTGTTGGAGGAGACAGTTGGAGAACATGCAGCA 1300
LT N L T S PR Y G E_E XM T Y R CDRDD. G E_ R L M GG D_S_W_.R T CS

1301 AAAAAGGCTGGTCTGGAAAAACACCATATTGTGAAGCTATACAATGCCCTGATCCTGGTTTGCCCGAAAATGGATTCAGAACAGGAGACAATTTTGAAGT 1400
KK G W S 6K TR YCE AT QCRD.P.G I P ENGE R I G D N_L_E_V

1401 TGGTGCTAAAGTTCGTTTTAAATGTTTTACTGGGTATTATCTCTTGGGATCCTTTGAGCGATACTGCAAACCCAACGGACAATGGAGTGGAGAGCTCTCA 1500

1501 CGCTGTGACACACCAAGTAACTATTGTCCAAATCCCGGAATTCCTGTCAAAGGTTATAAGAACATCTCAAGTTACGAAATGGGAGACAAAGTGGGTTTCC 1600
Rc..T P SNY C P NP G LRV K. G Y KNLS S_Y_ENM O P KV.G_E
1601 ATTGTCAACCAGGATATGTTCAGATAGGATCAGAAGTTAGAGAATGTTTGCCTAACAGAACTTGGTCAGGAACTGAAACCACATGTTTGGGTCCCTATGA 1700
A QP G YV QLGS ELYV R ECLRNR I WS GETETIIC LGP YD
1701 CTATGACAACAGTGCCCAAGTAAGAGATGTTTTGAGAGCTAAACTTGCAGAGAAAGCTGAGGAACAAGAGAGAGAAACCCAAAGGTATAGAGAAGCTCTA 1800
Y DNSAQVRDVLRAKLAETKAETEQ QERTETA QRYREHA AL

1801 TATGCATCTTGGCATAATAATTCGGGTCCAGTTGGACGAATACTGGACATCAATTTCCCTGGAAGACTCATTTTGTATTTTGCCTTTGATGTCTCAGGTA 1900
Y ASWHNNSGPV GRITLDINF®PGR L1 L Y FAFDV S G
Factor D cleavage site VWFA Mg?* binding sites
1901 GTGTAGGACAACATAATTTCGATAAAAGTATCGAATTTGCCAAAGCCATCGTGAAGAGAGTTGGTATTTCAGAAGCTGGAGCGCGTGCTGGTGCTCTTAT 2000
s v 6 0o H NF D K S I EF A KA1 VKRV G 1 S E AGARATGAL 1

2001 CTTCGGTTCAAAATCTGAAAATATGTTTTTACCGCTATCTTATACTACTACAGAAGAAGTACTTGATGCTCTTGATAAAATAAATTATACAGGTGGAGGA 2100
F G S K S E N M F L P L S Y T T T E E V L D A L D K 1 N Y T G G G

2101 ACAGCTGCCAGTTCTGCTTTGAGCTTAATCAGACAAGAAAATATTCCTTTAATCGATGGTGTTCTTGGAAAAAAGAATATAAAATCCATAATTTTCATAC 2200
T A A S S A L S L I R O E N ¥ P L I DGV L G K KN K S 1 1 F 1
Mg?* binding site
2201 TTACTGATGGTAAGGCGAATATGGGAGGAAGTCCAGAAGTAGAGGCCGATCTTCTGAAAAAAGCAGGAGTAGAAATATACTGTATTGGAATCACAGGAAG 2300
L T D G K A N M G G S P E V E A D L L K KA G V E I Y C I G I T G S
Mg2* binding site
2301 TATTGAAAAGGAATCCTTGTATAAAATAGCTTCTACATCTAAAGACTCAAATGGGGAACATCCAAACGTTTTTATTCTTCAGAATTACGCAACGATGTCT 2400
I E K E S L Y K 1 A S T S K D S NG E H P NV F 1 L O NY A T MS

2401 TGGCTTGTTCAGGAGATTACAAATGGGACAGTGGATTATGCTCAGTGTGGATTAGGAATGGAAAATGTTGGAAACGAAGCTGCCCGAGGTAGAATTTTAA 2500
w L v o E I T N G T V D Y A O C G L GMENVGNEAARGR_L_L
SP
2501 ATGGAAAAAAAAGTATGGAGCCATGGCCATGGATGGCAGCTTTATACATGCCTCATGACAAATTAAATCCCCTTGATACAGAACTCCAGTGTGGCGGTTC 2600
N G K K S M E P W P WM A AL Y M P HD KL NP L D TE L O C G G S

2601 CATAATAAATAATTATTTCATTCTAACAGCTGCTCACTGCATGTACCACCGTGAAGGGAAGAAAAGAAGCAAAAAAGACATCATCGTCAAGTTAGGTTTG 2700

I I N NY F I L TAAHTCMYHRETGIKIKR RSKIKUDI1L 1 VKL G L
Protease activate site
2701 ACAGATGTAAAGAATGAAACATACGTACAAGAATCTGAAGTGAGCGAAATGTTCATTCATCCTGATTATCGGCCTGCAGGTTCATATGATTATGATATTG 2800
T DV KNE T Y V OESEVSEMFI1LHPDY RPAG S Y D Y D1

Protease activate site

2801 CTCTTCTTCTGTTGGACAAGCCTATCGAGTACAATCCATTTGTCAGACCAATTTGCCTTCCTCCTACAGAGCTACCAGAGAATACTCCTTTGTACAGTTC 2900
A L L L LD KZPILEYNZPFVRPI1ILCL®PPTELPENT®PLY S'S

2901 AGATGAATTTGGCTGGGCAACTGGATGGGGACACGAAGGCGTGGTGTCTGCAGCCGTAAACGAACGTCTGAAGTCAAGCCAAATTCTTAAAGAACTTCTG 3000
b E F G W A T G W G H E G V VS A AV NE R L K S S 0 I L K E L L

Supplementary Fig. S11
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3101

3201

3301

3401

CTTCCTATTCAGTCCAAGCAAAGATGCACCCAAAGCCTATTGGACAATAAAGTTGCTACTGATCATTTTACAGACCGTATGTTTTGTGCTGGAGACGGAA
L P 1 O S K ORC T O S L L DNKV A TDMHF TDRMUFT CAGDG

AAAGGGGAAACGATACCTGTAAAGGTGACAGTGGTGGTCCTTTAATGCAGTCACAGCTGAATTCTGAAGGTTACCTCTTTTGGACTCAAGTAGGCATCGT
K R G N D T C K G D S G G P L MO S O L NS E G Y L FWT OV G I V
Protease activate site
AAGCTGGGGTATTGGATGTGGCAAAGAAAACACTTACGGATACTATACGCATGTGCAAAAGTTTCGATCATGGATAGATTCAACTATTGAAGCAGCGATG
S W G I _ G C G K ENTVY G VY Y THVOKFRSW 1L DSTIEAAMWMW

GCAGCAATACAATAAAACAATAAAGTCTGTTTAATGAAAAACTCAGATATCAAATCACTATTTTTAATATTGGAATTCCTTGATTCATGAGATATTGCTC
A A1 Q *

GATGCATAATACCATACATCTAAGTGAATAATTCATGAAAATAACTTTAATGAATTCAACAATATATGAACATAATTTATTTTTTTAAAGTAGATTAGGA
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CACGAGATGTTTCTTGATTTGGAGATTAAGGGAGAGAGTGCAAAGTTTCCTTCATCAGTGCTAAAGCAAAAATGAAAATGAAATTCATGTAAAGATGCTT
AAAATGAAATAATAATAATGAAACGTAGAAAATTATGTTTGTGGCTGCAGTTCTTTCTGGGACATTTTATGCTGGAATTTACATATTGCGCTCCAAACAT
M KRRKILT CLWLQFFLGHEFMLEEFTYTCAPNII

CTACTGTGAATCACCACCTTTCATTCCACACGGTACAGTGTCAGGAATTGAGAGTACAGGCAATTACTTACCGTATGATGAGGTTGAAATCCAGTGTGAT
Y CE S P P I RH G IV S G I ES TGN Y L P YD ENV_E IO D
CCTGGTTACAAGTATAGTGGAACAACCGAATTTATTTTATGTGAAGAGGACGGAAAATGGGAAGAAGATTTTGGAGCATGTGTAGAGATATTTTGTGATC

LY K Y. s G L T EE ML CEED G KW EEFEDFRGACN.E LI FCD
CACCGGAACCGCCTGCTAATGGAACTATACCTGAATTGCTGAATTCTAATCTCACATTATTTCCATTCAATTTTGGCATCACATACGAGTGCATACAAGG
PP E P P ANG T I P E L L NS N LT L FPRENEGCI T Y ECLOG

GTACCTGAACATGGCGATCGAGAAGGAAACAGTTTTCAAGTTGGATCCAAAGTTCGCTTCAGGTGCTTTACTGGGTATAATTTGTTGGGATCTTTTGAAA
V_P_E_H. G DO R FEF G N_S_EF_O V.G S KV R_E_R C F TG Y N_L_L_G_S__F _E

SCR4
GAATGGAGCGAGTTACGATATTGGTGACAAAGTGAGCTACCGTTGTCAGCCAGGATACATTTTATTAGGATCAGAGGTTAGAGAATGTTTATCGAACAAA
- NeAs Y D I 6 D KV S YR COP G Y L L L G S EVRECLSNK

ACTTGGTCAGGGACTGAAGCAAAATGTATGGCCCCTTATGACTTTGATAATTATGCGCAAATGACTGAAATGCTGAAGTTCAAAGTGACTGAAAAATTTG
T _W S G T_EAKCMAPYDTFDNYA AQMTTEMTLTKTFTIKVTEKF

ATGATGGAAACAGAGAACAGAAACAGTCTCATGAAGCAGAGATTTCGACTTTTGCAACTCTAATATTGGGTGATAAAATTGAGCCAGATTATCAGATGAT
DDGNP RETGQIKG QSHEATETILSTTFATLTILGDTKTIETPDYGQMM

GCAACATGGTTTGATGAACAAGCATGCTTTTCAGAAACCTTCAGAGGACATTGATTCTATATCTTCATTTAGAACGATAGATGTCAACAACCAACGGAGA
Q HGLMNIKMHAFOQIKWPSEDTIDSI1T S SFRTI1IDVNNZ QRR R
Factor D cleavage site
TTAATTCTCCATTTCGCTTTTGATGTTTCTGGGAGTGTTGGATCGTATTATTTACGGAAAAGCATTGAATTTGCTAAAGCAATTGTAAGGAAGATTGGAA
L 1 L H F A F DV S G S V 6 S Y Y L R K S I EF A KA1 V RK I G
VWFA Mg?* binding sites
TTTCAAGAGATGGATCCCGTGCTTCAGCTGTAGTTTTCAGTTCAAAAGCTGAAACTGTATTCTATCCCATGCAAATTGAAACTGAAGAAGAAGTATTAAA
Il S R DG S RASAVVF S S KAETVFYPMO 1 ETEEEV LK

GTATTTAGACAATATAACATTTACCGGTGGTGGAACATCAGCCTCCTCTGCTTTTGCTCTGATAAAAGAAAATATTGAATTAGAAGAAGAATCATATTAT
Yy L D N I T F T G G G T S A S S A F A L 1 K E N I E I E E E S Y Y
Mg?* binding site
TTTGATAGAAATAATAAAGAAGATGTTGTGTTTTTTATTACAGATGGAAAAATAAACATGGGTGGAAATCCAGAAATGGAAGCTAAAATCTTAAAAGAAC
F D R NNKEDV V FF I T DG K I NMGGNU®PEMEAIKI L K E
Mg?* binding site
GAAATATAGATATATATTGCATTGGAATCACAGGTGACCCTAGGCTAGAAACTTTGTATAAAATTGCATCAACATCAAAATATGGAAATGTGGAACGTTC
R N 1 D I Y C 1 G 1 T G D P R L E T L Y K I A S T S K Y G NV E R S

GAACGTTTTTATTCTTCAAAACTATGCAACACTATCTCATCTCATTCAAGAGATAACAAATGGAACACTTGATTTCTCTGAATGTGGACTTGGTTTAGAG
N V F 1 L O N Y A T L S H L 1 O E I T N G T L D F S E C G L G L E

AATATAGATGTTGGAAATCAAGAAGTAACTCAAAATGAAGAAAACAGAAATGATCCATGGCCGTGGATGGCAGCTCTATTTTTCCTAATATCCAAAGATA
N1 DV GNQEV T QO NEENIRNDUPWZPWMAATLFF L I S KD
SP
CTTATCAAATACAATGTGGTGGTACCATTATAAAGGAAAATTTTATTTTGACTGCAGCTCATTGTATGTTTCGTAAAGACAAAAGGCGACAGATACTGCA
T vy o1 o c GG G T 1 I K E NF 1 L T AAHTCMFRKDKRIRO 1 L H
Protease activate site
TCTCAGGCCGAAAGAAGAAATTATAGTAAAAATAGGATTGTTTAGTTTAAATGACGAATCAAAGGTTCAAGAATTCGGAGTCCAGAGGATTTTTATTCAT
L RPKEE 11T 1L VK1 GL F SLNUDZESIKVQEFGVOQOR 1L F I H

GAAAAATATGACCCAGGGAATTATTCGGTACAGTTGTATGACTATGACATTGCTATACTGGAACTGGATGGATCAATTGTATATGATCGACGTATCAGGC
E K YD P G NY SV OLYDVYOD L A I L EL DG S 1 VYDIRRILR
Protease activate site
CTATATGTCTGCCACCCAGAGATCTGGCGGAAAACAGTCATCTGTACAGTTTTAAGGAATTTGGCTGGGCAGGAGGTTGGGGTCACAATGGTGTACTGAT
P 1 C L PP RDILAENSUHLYSFKEFGWAGGMWGHNGUWV L1

TCCGTATAATCCATATAGTCTGAGTATGCAACTTAATAACAGTCCAAACTTGAAACAGCTACGGATTCCTATCCAGTCCAATGAGCGATGTTCTAAAAGT
P Y N P Y S L S M O L NN S P N L K O L R I P I 0 S NE R C S K S
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2401

2501

2601

2701

TTAGAAAAGAAACTCGATCCAACATTTTTCACAGATCGCATGTTTTGTGCTGGCACCGGAGAAACTGGAGTTGACACTTGCCTTGGTGACAGCGGCGGTC
L E K K L D P T FFTDRMEFT CAGTGE TGV DT CL GD S G G
Protease activate
CCCTCATGCAATCACAGATGAATTCGGAAGGCTTTCTTTACTGGACTCAAGTTGGCATCGTAAGCTGGGGAATAGGTTGTGGAATGGAAGACATGTACGG
p L M O S O M NS E G F L Y W T OV G 1 VS WG I 6 C G MEDMY G

ATTCTATACACACGTGCAAAAATTAAGATCATGGATAGATGAAATAATATACACTCAATAGTGAAAACTCTAAAGACTTGCACATTATTTGCTTTTTTTT
F Y T H V O K L R S W I D E I I Y T Q *

TTTTTATAATTTCAGTGGATTTGATAAAGGAATATAATTACACATTTCATTAATTTTCCAGTTATGTATATTTTTTTTCTTTTAGACACCTATTTTTAAG
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TCTAACAAGACTTCCTTCGCAGTAAATAATTGCGGAAAGGCAGGAAGTCGATATTTTTTCATCAGATTCACGCAAGACTTTACGGACAAAATTATGTATT
MY

GGTGCCATTCCACAATGTTTACCTTCATTGTATGCCTAACACCTTTACTTGTTACATCCGTTTTGTCAGCTAAATCGAAAACATGTTCACCTTACCCCCA
WCHSTWMEFTEFILILV CLT®PLLVTSVLSAKSI KT C_S_P_Y_P_H

TGCTTTCGTGGTAACTGGACGTCATCTAAAGCACCAAGGTGCCTCAGGATACAGGGACAATGCGATGAACCTCCTGTAGTGAAACATTCTCTTAGATATG
SCERLGN W T S S KLALER.CLLR 1 Q G Q CRLELE_ PV M KA S_LR.Y

GAGACGAAAGACATGTGGGTGCTAAAGTAAGCTACGTCTGTAAGGATGGATTTACTTTACTGGGCCATTCGCAACTCGTTTGCTCACGGAATGGTCGCTG
G.D_ERH MV GAK Y S Y VN CKDR G E T L 1L GH S Q. LV LS RNGRUW
GAATAAACGCGCGCCAACTTGTATGGATGAGTCTGAACCTCTTCAAACTGTAGCTGAGAGACTTAAAAACAGCTTTGTAACGGAACTTGCATATCATTCC
_NKRAP_I_CM.DESETPLI QTVAERTLTIKNSTFVTETLAYHS
TCTGGTACACCTGAAGGACGGCTGTTAGACAGATCTTCTTTGTTGTTGGGGCTGGAGCTGTATCTGCTAATAGACAGATCAAGCAGCATCGACCCTGTTC
s 6 TPEGWRLILDARSSLLLGLE L Y L L 1 DRSS S 1 D PV
Factor D cleavage site VWFA Mg?* binding sites
ACCTTGAAGACGCCAAGAATTTTGTCAAATTTTTGCTAAGAAGATTTGGAGTCAACAACAAACCCAATAATAATAATGGAACTCGGGCATCGGTCCTTGC
H L E D A K N F V K F L L R R F G V NNK P NNNNGTRA S V L A

CTTTGGGACAGAAGTGCAGATAGTTTTCAATATTGATGATACAAATATATCCAATCCACGGATAGCTGCTGCAGCAGTTGACGACATTCACCCTAATGGA
F G T E VvV O 1 VvV F N 1 D D T N I S N P R I A A A A V D D 1 H P NG

GGGGGTACTAACATGGAAGGCGCCCTTACAAAAGTACTAATAGACTTCCAGAAGCTGCGTAAAAGGGCGAAGCGAGCCCTCTTTTTGATGACAGATGGTG
G G T N M E G A L T K V L I D F O K L R KRAIKIRATILFLMTDG

2500
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2800
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Mg?* binding site Mg?* binding site

AACCAAACATCGCAAACCCTGAAATTACGCCTCAGGATATAGCTCAACAATTAAAGAAATCTCCTAATGATTTCGAAATTTTTACAGTCGGTATCGGGAA
E P N I A N P E 1 T P O D I A O O L K K S P ND F E 1 F T V G 1 G K

AGGTATTAAGATGAACCTTCTGAACGAACTGGCCAGCGAACCGCCTCTAAGCCACGTATTTATTTTGGAAAATTATCCTGATTTAAATGAAGTCATGAAA
G 1 K M N L L N E L A S E P P L S H V F I L E N Y P D L N E V M K

ATCATTGAAGACAGCAAACCACCTCCACCACCCATCAGTAAAGACCAATGTGGTTATAACGTCTCTAAAGAAAATCGGCCTTGGTTAGCGACACTTTACA
Il 1 E D S K P P P P P 1 S K D O C G Y NV S K_ENRPW L AT L Y
SP
TTGGAGGTGCTCCGTTTAAGATGTGCAGTGGTGTGTTGATATGTAACCAGTGGGTACTAACTGCAGCTTCGTGCCTTCAGGATGCTCAGAGTCGAGTTGA
Il G G A P F KM C S G V L I CNO WV L TAAJ ST CLODAU O SRV D

CATGAAAGATGTCTTTGTTGTACTTGGAGAACGGCACTTGTTGAAAGCTGAGCAAGGACAGACCAACTTTTACGTTACTGACGTACAGATCCATCAAAAT
M K D V F V V L G E R H L L KA E 0 G O T N F Y V T D V 0 I H O N

TATAACCCAAAACAAAACAGCATTGAAAATAACTTGGCTGTTCTCAAGCTTAATTTGCCTGCTTCGAGATACAGACCGGCTTGTCTACCACCAACAGACC
Y N P K O N S I E NN L A V L K L NL P A S R Y RPACL P P T D

GAGCGATACCTCTACATTTGAATCTGAAGATCAACGCATCCATAACAGGTTGGGGTCGAACTTCAGCATCTAAAATGACATATGCAACGGCAAATGATAT
R_A 1 P L H L N L K I NAS I T G WG R T S A S KM T Y A T AND I

AGCATTTGATATGTCATCCTCATCTGTCTCGTTGTCCGAAGAACGGGAGTGTCCTATACGAAGAAGAGTCACAACGCCACTTTGTGCTGGACAAGGATCA
A F DM S S S S Vv S L S E E R E C P I R R RV T T P L CA G O G S

AAGACGTGTTTTGCTTTGGTTGGTTCTCCGCTTATGGCAGAAGATTCTTCGACAGGTTTCCAGCACATACTCGGAATATTAGTAGATCGCAGACATTGTT
KT C F A L V G S P L M A E D S S T G F O H 1 L G I L V DR R H C

CAAAAAAAGGACAAAATCAATACATCGAACTCACAAGGCATATAGGTTGGATAAATCAAGCGACTTCCAACTGTCAGTTAAAGCACTGGGGTGTTGCCAA
S K K G O N O Y I E L T R H I G W I NQATSNTZ COQLIKHWGVAHK

ATAAAAGATATCAAATTCAGCACTAGAACACGGGATAAAGAAGCAAGAAGTGTCGGTTATTTACTGATCCTGATATTGTTAACAATACAGACAATGAATA
*>
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AAAGGAACTTTCAATTTGGAAAAATTGCGCACAAGAATTTATGCTTTATAAAGCGAACCATAGTTGAAATCATCCTCATTTGGTAAAAGGATAATACTCG

TCGAGATTTAATCTTTCTTAATGTCATGAAAAGAAATATTGTGCCCAGTTAAATTTGAAGTCTCAAATACAAAGATTTAAAATTTGTTTTTCTTTGATTT

TTTCTTTGATTTTCTTGTCCATGAAATGGAGAATTTTATGAGAAAACTTGTTGCAGTCGGATTTGTAATTATAATTTCAGCGTTACAAGTGAATAGTGAT
M ENFMRKLVAVGFV I 1 I S AL QVNSTD

TGTCCTAGACGAAGAACACTTGGGAATGTGATTGTAATTTATCCACCTAATGTTCCACGAACCGGACAACTACCTGAAAACACGATGATTTCTTTTAAAT
CPRRRTLGNVIVIYPPNVPRTSGQLWPENTMI S F K

GTAAACCTGGATACCAATATGTACAAGGGGATAAAACAGTAAGGTGTTTACATGGTCGTTGGGTCGCAAATGGTAAAACAGCTAATACATTTATTTGTGA
C KPGYQYVQGD KTVRZCLHGRWVANGSGI KTANTFI1CE

AATTAAAGACTGTCCTGCAGTTAACATTGAAAATGGCACAACAGAAGTCATTAACGGTATTCAGATTAAATATTCTTGCAACAGAGGGTTTAAGCTAAAA

I KD e P AV NLENGTI T EV LNG I O 1 KY¥ 8 CNR G F KL K

GGATTTGCAAATAGTCAGTGCCGACTAAATAAACAAGGAAATTATTATGTCGTACATACGCCAACATGTGAAGCCCTTGCTGAATGTGAAAATCCCAAAG
G R ANS_QC RL N K QG N Y Y VM MA LR I_CLE A_L_AECENE_K

ACAGTGGAGTTGAATATGAAGGAAAATGTTGTTACGCTGATGACCGTATAAAACTTTCTTGCAGTACAGGTTATAGAT TAGAAGGCACTGCAGAAATTAT
D_s_ 6 VM E Y E G K. C C Y ADDRI K LS CS TG Y RLEGTAELL
TTGTCTATCAACTGGCAATTGGTCCTCTTATTTTCCTATTTGTAAATGGATTCAAAAGTGTGAAGATCCTGGAAATTCATCTTTCAGCATTCGGAATGGT
L LS TGN WV S S L R RL.C KW 1T QK CEDE.S.N.S S L S_L.R.N.G

AAAGATGGAGCGGACCAAAACCTAGATGCAAACCTAAAGGAGCAGTTGTATGCCCAGATATCCCGTTAAAAAAAAACAACT TAAGATTTGAAGATATAAT

ERW .S 6P KRRCECKPKGAV YV CRDIPLKKNNLRFEDLLL
AACCGAGAAAAAGGATGTTTATGTCGCTTGGGACGAATTATATTTACAGTGTAAAGACGGATACACAACGAATGACACCTTGAGTTTATTTTGTCAGGAA
el E KK DY Y YN AW D F L Y L O C K. D G T TN D T L o L K _C_Q_E

GATGGGCAGTGGGATGAAAAAGTTCCAATTTGCATTCCTGAAAATCCTTGCTTACGTCCACCTATACCAGATAATGGACAAATCGATGAATTGATTGATA
LR2.c.Q. W D E KM R L CIPENPCLREPPILPDODNGOILIDE L LD

TAATAAATGGGAAAACGGAATTACAAATTGCACATTGATCGAATGTAGTGATCCAGGAATACCTGATGGTGCTCAAAGATATGGTGATGATTTTCATTTG
SNKMEN G I T N C T L E QDB G P G AQR. Y. G D D L H._L
SCR6
GGAAGTTCTGTTACCTACAAATGCATAGGGAATTTAAATCTTCTTGGCTCAGAAGTAAGAACATGTGAACAAACAAGACGATGGAGTGGTCAAACAACAG
G S.Y T Y K G L e N LN L LGS ENVRICFEQITRRW. S 6.0 T T
TATGTGACGCAGGAGATACACATTGTCCCGATCCAGGAATACCTTTACACTCAAGTAGAAAAATTGAAGGAT TTAATCACGGAGACAAAATAATTTACTC
Yy.c.DAGDTHLCCRDEGI P LH S S R.KIEGRENH G D K 1L X3
ATGTGAGCCAGAAAGTCAAATGATCGGAAATTCTACTAGAATTTGTCTTGAAGATGGCACTTGGTCCGAGGAAGAAGTTATATGTTTAGGTTCAAATGAA
- ERES.QM I G NS TRILIC L EDGT W S EEE NV LCLGSNE
TATCCTGATATGGAAGTTGTTGCAAAAGCTCTCTCAAAAACTATGGTTCAAATTTCAAGACAATCAGCTTATAGCAAACCAGTTTTTGGACGCAGTACGA
YPDMEVVAKALSIKTMYQI SRQSAYSKTPVFGRT ST
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Factor D cleavage site

TTTCTTCTGATCATGCAACTGGTGTTACTATATTCTTCTTGCTGGATGCTTCTGGGAGTATTACTAAAACAGAATTTAAAAAATCTAAAGAACTCGCTAT
Il S SDHATGV T 1 FF L L DASG S 1 T K TEF KK SKEL A1

VWFA Mg?* binding sites
ACATGTAGTTCGTCAGATAGGAATATCTACACATAAAGGAGGAGTACGAATAAGTGTTATAAATTTTAGCCAAAACGTTGAGACAGTTGTAACATGGGCT
H V VR O I 6 1 S T H K 6 6 V R I S V I NF S O NV E TV V T W A

GTTGAATCAGTCGAACAAGCTATAACTCGGATTGACAGTATTGAAAAACGAAAAGACGAAGGTACCAACATTGCTAAAGCCTTGAATCATCTAGCTAATG
v E S V E O A 1 T R 1 D S 1 E K R K D E G T N 1 A K A L N H L A N
Mg?* binding site
AAGTAGCAAGTACTAAAGAAAATGACTTGGTTCGAGATAACAAAAATATAGCATTTATTATATCTGATGGAAATGCTAATGAAGGAGGAAAACCGGAAAA
E V A S T K E N D L V R D NKNTATF 1 1 S DGNANZETGTGKPE K
Mg?* binding site
GGAGGCAAAACTACTTAAGAAATTTGGAGTTAAAATGTTTGCTATTGCAGTTGGGAAAAAAAGAGATAGAGTTATTTTGAAAATCATTACAAATGACGAA
E A K L L K K F G V K M F A I AV G K KRD RV 1 L K I I T NDE

AATAACATATTTGAATTTGATTCCTATCAAAAACTCTTCGATGTCATCTCACGTACTATAGGAAACCAAACAAATTTCCAACTGTGTGGAATTAATCAGC
N N I F E F D S Y O K L F D V I S R T I G N O TNF OL C G 1 N Q

CAAACCTAATTAAAAGAAATAAAATTAACCTTAATAAAAATCGGAGGAAACGTTTTATTGACGGTATTGGACGAATTGTTGGCGGGCAAGAAGCCGAATA
P NL T KRNI KTNLNIKNRRIKREFIDGI GR_L VG G O E A E Y

SP
TTCGTGGCCGTGGATGGCTGCCTTATATCTTAAGAACAAAAATAACAAGTGGGAGTTTAAATGTGGAGGTTCTATCATTCATAGTGATTGGATTTTAACA
s w P WMAAL Y L KNKNNIKWEFK CG G S I I HS D W I L T

GCAGCTCACTGCTTTTTTGTAGTTGATGGTTTTCTAGATATAGATGAAGAAAAATCTGAAGAAATTCAGAGTGCAAAATGGAAGGCTTCTGTAGGTAGGC
A A HCFFVVDGF L D I DDE E K SEE 1 0O S A KWK ASV G R
Protease activate site
TTAATATTTCGGATGAAAATTCGGGACTTTTTTACAAGATAAGCACTATAAAAATACATCAGGAATATGATTCAAAATCTTATGGAAATGATATTGCCCT
L N1 S DENSGLFY K11 ST 1 K 1HQEYDSKJ SYGNWDTI1IAL
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Protease activate site

TTTGAAAGTGGACAAATCTATTGTATTTGACATCTATACGAGTCCTATTTGTCTTCCTCCTTCAATGAATGACATACCTGAAAAGAGTGAAATGTACTCA
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AGCAAATCCGAAGCATATGTTGTTGGCTGGGGTAATACAGAAGTTGCAGATCTTAGTTCCTCACAGAAGCAGAAAAACAGTGATATATTACTACAGCTAA
S K S E A Y V V G W G N T E V A D L S S S O K O K N S D I L L 0O L

AGCTACCTTTACATGATGATAAAATTTGTAAACAGAAAGTTAACTTTAAAGCATCTCAAGCAGGGAAAGAAATAACACATTACTTGACGCCATCTCCTAA
K_L P L H D D K I C K O K V NF KA S O A G K E 1 T H Y L T P S P N

TTCACTATGTGCTGGTACGGGAGAAGGCAAACAAGATGCTTGTCAAGGAGATAGTGGAGGACCTCTTATGCAACTTATTCACAGCAACAGTAGTTCAAAT
s L C A G T G E G K ODACOGD S G G P L M O L I H S NS S S N

Protease activate site
ATTATGAAACGATGGTTTGAAATAGGAATTGTCAGCTGGGGAATTGGTTGTGGATTAGAAGGATATTATGGATATTATACTCATGTGTCTAAATTGAAAC
I M K R W F E I G I VS W G I G C G L E G Y Y G Y Y T H V S K L K

AATGGATCTTAAACGAAACGAATTCAGAGTTTGAAATTGTTGCTTTAAATGTTTGAGATTTCAAATTAACTAAATTCATTTTTTTCTTGAAAGCATGAAA

o wW I L NETNSEFETIVALNWV™>*

ATTCAAAACAAGTAATTAAAGAAATTATTAATTTTAATACGTTATCACTTATAAGAACTAGTGAAATTAATGAGACATATTTAAAACTAATATAAATTTT
AGGTAAATCTGTTTTTCAAAGTATAACTTTAAATTAATGTTTTATCTGAAGTTTTTCATAAACATTAAAAATAGAATTTTAAAAATGTGGAATTTTATCA
ACAAC 3705
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GTAAACTGTATTTAAGATGCTTTCTTTTTGCAGTTAGATTCTTATTGCAATACGAAAAACTCAATCTTAATCATGATTAACAGAGTGGTTTTTATATTTC
M I’ NR V V F I F

TCTTTTATTTCTATCCTTTGAAATGTTTTGCAAGAATTTGCCCACCTTTGCCGATTCTAGATCATGGAAAATATGTACGAATCTCTGAAGGAAAAGTTCG
L FYFYPLKCFARI CP_P_L_P I 1 D HG_ K_Y_ V_R IS _E_G_K_V_R

AGTAGAGTGTCATCCTTCTTATGAATACAACAATGCATTTGATATTTCAAGACAAACTCAGATAATAACATGTTATAAATCAGGGCAGTGGGATGATCCA
M ECH PSS Y ELY NNAEDI S RQIT QLI T C Y KS G QW D D.P

AAGCCAAATTGCTCAAAGAAACATCAGCACTGTCTTCCTCCCAGTGACATTGATCATGGGTTCTTAGTCGGAGATCCTCCTTATCCTCCTGGAAGTGAAG
K BN.CLS K KHQH G LELE.S D LD H G E LY. 6. D Y B.BE_G6_S_F

TATATTATCGTTGTAATGAAGGTTACAAAATTGTTGGACCCAGTAAATTGATTTGTAAATATCCTCAATATTTCTGGAATGATAATCCTCCGGAATGTAT
VoY Y R GCNE_G_Y_ K IV GP S K L I_C KYP QY E_WND NZPPEC_L
AAAAATTAAACCACCACTGCAAGTTGTAGCAGAAAATATAGGGGACAATTTGGTCGACAAATTGACTAAATTAGATGTCGGACGTGTCATACATGGCGAT
K 1 K PPLQVVAENIGDNLVDI KTLTZ KTLUDVSGRV 1 HGTD
Factor D cleavage site
GTTGAATATCTTGGCCTAGATTTATTCCTTGCATTTGATAAATCTAATAGCATTTCTCCACAGCAATTTTTAGAAGGAATTAAATTCGCAAAATTTTTGA
V EY L_ G L D L F L A F DK S NS 1 S P QO OQF L E G 1 KF A K F L
VWFA Mg?* binding sites
TTAAACAGTTTAACGTGTCAAATAGTGATCAAAAGAAAGTTGGGGGAACTCGGCTGGCAGTATACACATTTGGTAATGATGCTAAAGAGGAAATAAATCT
l_ K O F N V S N S D O K K V G 6 T R L A V Y T F G N D A K E E 1 N L

AACAGATACGACCATCACAAGTACAAAAGCTGCTATTAACAAACTAGATCTTATCAGATGTAGTAAATTTTGTGATGGTGCTACAAACATGGCTGATGCT
r o Tt 1T 1 T S T K A A 1 N K L D L I R C S K F CD G A T NMAD A

Mg?* binding site
TTGAAGAAAATTGGACACATAGCGCCTAAGCAGACTCGCAAAGAGGCAAAAAAAGTGCTTTTCATGACATCAGATGGAGTACCTACAGCAGATCCTAAGT
L K K I 6 H I A P K O TR KE A KKV L FMT S DG V P T AD P K

Mg2* binding site
CAAAGGATGTAACTTATTATACAAACAATTTAAAAAAATTGGGATTTGAAATCTATACTGTTGGAATAGGCCAAGATATAGATGAACAGCTGTTGAAAGA
s K D VvV T Y Y T NN L K K L G F E 1 Y T V G 1 G O D 1 D E O L L K D

TTTGTCTTCAACTCCAATTGAAGAACATATGTTTTTATTGGAAAAATTCAAAGATTTCGCTGAAATTATGGATCTTATTCGGAATGGAACAACTGAACCA
L s s T P + E E H M F L L E K F KD F A E I M D L I R NG T T E P

CCTCCGCCATTGCCAGAACAGTGCGGCTATATCGCAGAAAATTTTTACAAAACAAGAAATTTAGAAACTGGCTTGGCCAAATTAGGCAACTGGCCTTGGT
p p P L P E O C G Y I AENZFYKTRNWLETG_L A KL G NWZP W
SP
TAGCAGCTATTATAGTGAAGGATTACACTTCTGGTGGTTCGAGATTTGCATGCAGTGGCATCCTTATATGTGAAGAATGGGTATTAACTACAGCACAGTG
L A A 1 1 VvV KD Y T S G G S R F A C S G 1 L I CE E WV L T T A OC

TGTGACTGATGATCTCAATATTCAGTATGAACCAGAGAATGTATATGTTGTTGTCGGAGAAGATAATTTCGAGAAACTTAACGATAAAGAGCAGTTGTTT
v T D D L N 1 O Y E P E N V Y V V V G E D N F E K L N D K E O L F

TATGCTGTGAAAATAATACGTCACCCAAACTTTATACACAACAAAACAAAGGTTCGGAATGATATTGCGTTGATCCAGTTAAATACAAAAGCTGAAATTA
Y A Vv K I I R H P N F 1 HNKTKV RNUD1 A L I O L NTK A E 1

Protease activate site
ATGATTACGTTCGTACAGCGTGCATTTTACAGTTTGATTTCGATCATTCCTCTAAACCAGGAGAAGTAGGATACATGATTGGTTGGTTGATATCAAGTGA
N D Y V R TAC I L O F D FDH S S KUPGEV G Y M I G WL I S S E

AGAACAAGTTCGCATTCCACAAGAACCAGTAAAAGTATTTCAAGCTGAACAAGTGGAAATGAAAGTAAACGGACTTGATAATTGTGAGATTATAAAACCA
E O V R 1 P O E P V KV F OAE OV EMK VNG L DNCE I 1 KP

CCTCAGTATTTATGTGATGACTCAATCATAAATGCACATGGAAGGTATGAATCTGATAAAACCTGCAGTGGTTATGACAAAGGAAGTCCCTTCTTAATGA
P O Y L C D D S 1 I N A H G R Y E S D K T C S G Y D K G S P F L M

GTCAGGGTAAGAGGATGGCTGCTGTGGGTCTGGCTTCCCATGTCAAGGGTTGCACACTTCAGAGCAAAACAGGGTTTTTTACCCGCATCAGTTCTTACTA
S 0 G K RMAAV G L A S HV K G C T L O S K TG F F TR 1 S S Y Y

CGACTGGATTCGTGAAAATAGTGAATTTTGTTCTGATAATCATCAATAAGATTTAAATCAATTTAAGCTTGATCTTCCTTTTTTTATTTCAAACAAACTA

b W1 R ENJSEFTCSDNUHOQ™*

TTTTTGTGAATAATTCAGATATATGAGATTGCAATTAAAGTATGAATAAATTAAATAAGAAAAAAAAA 2168

Supplementary Fig. S12 (continued)
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/ SCR

MDSMFRICLKLFLLCFVVNSASSD CHGNSHALKLYNGKFRVNKLVSYGK  :
MTELATCI 1 ILVSAVGPFLDLAHG CKFQNAP INGKWEFENPGDAGKKHF  :
MQKNPTLCSCFKVIISVILFNFITCD CPYPKRELPNGRFVYQQLKDINETS :

MENFMRKLVAVGFV I I ISALQVNSDCPRRRTLGNV IVIYPPNVPRTGQLPENTMISFKCKPGYQYVQGDKTVRCLHGRWVANGKTANTF ICEIKDCPAVNIENGTTEVINGIQIKYSCNR :

MTLIYCLYTIFILVVVGSF IDLVQSAEVTKK
MKRRKLCLWLQFFLGHFMLEFTYCAPNIY
—---LRAPSVMRPYGN I SLLNSFFICLLQFLHSTEGK:
MYWCHSTMFTFIVCLTPLLVTSVLSAKSKT
MINRVVFIFLFYFYPLKCFARI

/ / SCR / / SCR
NKVVVAMCNKGYDLFGDRILICDGTNWIVRRGKTKPTCREKKCPEPPAIENGFVYYRKGQ IARRGG-----~ TRVFYKCLDGFQISSSRPSLFCLKRNKRWRGTPPKC I SKKKCPELGDV  :
PPFYVLSYVCDKGYVQRSTKPYLMCKNGKWDGD I PK-CDRMLCSKPL INNGFFE IKNGNEGFVE----~-~ GTTVNFKCHRGHRLVGKSLLMCTFRGSEMRWNGNFPKCKERRKCKNPGVS  :
AKELY ILRFKCYAGYQRIGPRY IQCLDDEWSDVVPT-CAKMQCSDPPDVDKAEFKLHSGVDKFPT IGASVTYSCKIGYELKNTSASTLHCELDPGASKAIWKGE IPFCKEKESCPDPGVS  :
GFKLKGFANSQCRLNKQGN—--====—--- YYVVHTPTC-————— === ——— EALAECENPKDSGVEYEGKCCYADDRIKLSCSTGYRLEGTAEI ICLSTGNWSSYFP ICKWIQKCEDPGNS  :

CKDPGIS :
/ / SCR

ANGRRTPSNFEEGSVVQYECNQDSTMIGPSV---1KCRSDATWNDT I PECKPQNA--CKLPTQDE I PHSRMLSDVPGAKY -VLADEFVTMVCEKG-FRIEGMNFLQCLQGGTWDSDFAKC :
PDGKRWGKCCYAGNSLTFSCNDGFDLVGSSR--~-ILCIRNGSWTSPRPLCKPRNATTCPFPL-D IPKVVMKPWKQGDYY---LPDDELESYCDTGYRLLSGSEYLYCKENGQWDSQFPVC :
KHGFRVGSCCFSGD I LQFSCNEDYELVGQKE---VQCLRSGSWSSGRPLCKPLSDY-CQLPP-SI1PHGIVSGEKEGDYF---1PYDEAEVVCEPGYKHVGPTQFVMCEEEGEWEDEFGEC :
SFSIRNGSCCEIGDILTYTCEEGYELVDPEAGNWMTCLPEERWSGPKPRCKPKGAVVCPD I P-LKKNNLRFED I I TEKKDVYVAWDELYLQCKDG-YTTNDTLSLFCQEDGQWDEKVPIC :
PDGERKGHCCFTGNKL I FSCKKGFDLVGNPL ---LQCLPSGVWTSPRPLCKPKNAI I CPFPP-EIPKVTKTAWKSGDYY --~-LPGDEVEMYCETSYRLLSGSEYLYCEENGEWDSQFPVC :
CESPP-FIPHGTVSGIESTGNY---LPYDEVEIQCDPGYKYSGTTEF I LCEEDGKWEEDFGAC :

/ / SCR / / SCR
SVVHGCPPAYP IANGG I IESLKVGVN-VSHGTTLNYFCNETYRMVG-SSWIECVDHEFEGLAWSNKPPKCFP IRCSDHEAPDNG-V ILSNGPYYVGDVVSYSCYEGYKL--VGSKNRTCK :
GVT-SCRVPQHLEDGRIVETEYTNLTDVSDGFNLNF ICDQNYRL 1G-SSWVKCTY---~-~ LGWSSNFPKCQL ITCPDPGIPENG-QRKGSGPFNIGDRVTFSCFSDYTI--LGSEERICL :
TEI-1CDLPKQLVNGTIPEMLTTNLTSFPYGFEITYFCDDGFRLVGGDSWRTCSK~~-~~-~ KGWSGKTPYCEAIQCPDPGLPENG-FRTGDN-FEVGAKVRFKCFTGYYL--LGSFERYCK :
IPENPCLRPP IPDNGQIDEL IDNDQLYLPIGFEINILCKENHE IKSGHYGSRCLGD-~--~NKWENG I TNCTL IECSDPG IPDGA--QRYGDDFHLGSSVTYKCIGNLNL--LGSEVRTCE :
GVT-ECKVPEGLENGKISERQDTNLTLVPENFELNFICNQNYRLIG-SSWIKCTY---~-- LGWSSALPTCQL I TCPDPGVPENG-LRKGAGPFNIGDRV IFSCFPQYKI--1GSEERICL :
VEI-FCDPPEPPANGT IPELLNSNLTLFPFNFGITYECIQGYRLFGGDSWRFCNK----~ NGWSGKTPHCKE IRCPDPGVPEHG-DREGNS-FQVGSKVRFRCFTGYNL--LGSFERFCM :

/ / SCR /

DTGTW-SGALATCDSENTVCPNPGVP INGMKSGN-RYDAGDVVVFSCKPTYFLFGNATR ICQSNGYWSGT-EVFCRGTNEFDD I THISNKLLTRFDMLKL I SKKSYTNSDATNNTQSNSS -
GNGRW-SGRLASCDHQRYYCPDPGVPVNGFKSGN-SYNLGDTVQFSCKAGHSA I GSSNRTCQANHKWSGE-QQFCLEPYFSDRP I DMMMRVTQLLEEKEEEQE--~-~~--~ ELFANLPSS :
PNGQW-SGELSRCDTPSNYCPNPG IPVKGYKNIS-SYEMGDKVGFHCQPGYVQIGSEVRECLPNRTWSGT-ETTCLGPYDYDNSAQVRDVLRAKLAEKAEEQERETQRYREALYAS---~ :
QTRRW-SGQTTVCDAGDTHCPDPG I PLHSSRK1E-GFNHGDK I 1 YSCEPESQMIGNSTRICLEDGTWSEE-EV I CLGSNEYPDMEVVAKALSKTMVQ I SRQSAYSKP - === === ———~ M
GNGRW-SGLLSSCNHPNYYCPDPGVPVGGIKSGS-SYDLRDT INFFCKPGYSF IGSANRTCQMNHTWSGE-QVFCLEPYYSDSPTDALTRLNNVLDEKESEQKP ISKISLWHIFKTSSNN -
PNGQW-TGELARCDDPGNYCPNPGTP IDGFKNGA-SYD IGDKVSYRCQPGY I LLGSEVRECLSNKTWSGT-EAKCMAPYDFDNYAQMTEMLKFKVTEKFDDGNREQKQSHEAEISTFATL. -
GRSWTGKGKLPQCSLRSRFCQSAGNLKNGRK IGT-MQHIGAVVRYSCNPGYTLVGSTLQECKASRRWIPA-KPQCKSP--SELLQETSKRFNKQFVQRLAVDNSTFS—=————=—=—-—~ X
RGNWT-SSKAPRCLR IQGQCDEPPVVKHSLRYGD-ERHVGAKVSYVCKDGFTLLGHSQLVCSRNGRWNKR-APTCMD--ESEPLQTVAERLKNSFVTELAYHSSGTP -~ ————==——-— H

KSGQW-DDPKPNCSKKHQHCLPPSD I DHGFLVGDPPYPPGSEVYYRCNEGYK 1VGPSKL ICKYPQYFWNDNPPEC I K-~ IKPPLQVVAEN IGDNLVDKLTKLDVG--~

/ VWFA
AQGRTLNINNPGGLN-L IFIFDSSGSVGKRGFETAKKFASTLVQHIGVGAN-~—--— GVRVAAMTFSS--DVTVNFYTREFLTTEEV :
D RGRMIDLNFPGRLV-1YFVFDASGSVGEKYFYSAIKFAKALVKRMGVKEQ- GTRFGAVSFSS--TVSNSFLPQDYKTVEEV :

WHNNSGPVGRILD INFPGRL I -LYFAFDVSGSVGQHNFDKS I EFAKAIVKRVG I SEA-
VFGRSTISSDHATGVT IFFLLDASGS I TKTEFKKSKELAITHVVRQIGISTHK

GPGEQQKRKIVLDPSGSM-NITYLVLDGSDS IGASNFTGAKKCLVNLIEKVASYGV------ KPRYGLVTYATYPKIWVKVSEADSSNADWV =
factor D MG2+ binding
cleavage site sites
VEQIGL----1QYNPGDTATNPAL I TATTEV I PEAARA---RPLSSSAVFL I TDGRANVG--GRPKEAADRLIQ--—-—-————-— EFDVEI'YAIGVGSNILEDELASIAYSKDGD--TD :
HSALDK----FNFTEGGTAISLALDYVKTQMIPLSKQT-FQDQAMKSI I FLFTDGKANMR--GDPKQVAKELRE-~ -EAHAEIYCIALTGDYD IGELKDMASSVKE---~-~
LDALDK----INYTGGGTAASSALSL IRQENIPLIDGV-LGKKNIKSI IFILTDGKANMG--GSP-EVEADLLK-=====—==—-— KAGVEIYCIGITGSIEKESLYKIASTSKDSNGEH :
IDSIEK------ RKDEGTN IAKALNHLANEVASTKEND--LVRDNKN IAF I ISDGNANEG--GKPEKEAKLLKKFG-========——-- VKMFATAVG-KKRDRVILKIITNDENN---- =

LNGLDQ--~--FDFTEGGTAISSALDFVKTQMIPLSKHT-FADRPMKT I I FLLTDGKANMR--GDPKQVAKELKA--~-~

LKYLDN----1TFTGGGTSASSAFAL IKEN I ELEEESYYFDRNNKEDVVFF I TDGK I NMG--GNP-EMEAK I LK-- —ERNIDIYCIGITGDPRLETLYKIASTSKYGNVER :
KRKLDM----1QAKGGSTNLNGALDKV I IRVKPRREVKR-------~ ALFIMSDGKPNTATRSTPENAARHLKTR-—-——-——--— SLNYEIFTVGIGRAVNMTLLRHMASDPKIN---- :
: AAAVDD----1HPNGGGTNMEGALTKVL I DFQKLRKRA--~-—-~-- KRALFLMTDGEPNIA--NPEITPQDIAQQLKKS-------- PNDFEIFTVGIGKGIKMNLLNELASEPPLS---- :
INKLDL IR-CSKFCDGATNMADALKKIGHIAPKQTRKEA------ KKVLFMTSDGVPTAD--PKSKDVTYYTNNLK--=——————- KLGFEIYTVGIGQDIDEQLLKDLSSTPIEE---- :
o TKQLNEINYEDHKLKSGTNTKKALQAVYSMMSWPDDVPPEGWNRTRHV I ILMTDGLHNMG--GDPITVIDEIRDLLY IGKDRKNPREDYLDVYVFGVGPLVNQVNINALASKKDNE---- =
MG2* binding MG2* binding
site site
/ / SP
RHYMKVESFAKMNEMLQLLINGTIDYS----- ACGLLQRRKNTEKKELGVEKAEPGARNKRSLRIRIVGGETVTKHWPWMVGLYYG--SPLLGHKSLQCGGSL IAPNWILTAAHCIKLQI :
-HVY ILKNYETFDWLVNAVINGTVDYS-----VCGYGMDDVLEEMNK AGEQRADKPWPWMAAVYYQ----RENFEKLGCGGS IVNKEW I LTAAHCFVLKN
PNVFILQNYATMSWLVQEITNGTVDYA-----QCGLGMENVGNEAARG-—-—-————————————— RILNGKKSMEPWPWMAALYMPHDKLNPLDTELQCGGS I INNYFILTAAHCMYHRE :
—— IFEFDSYQKLFDV ISRT IGNQTNFQ-----LCG INQPNL IKRNK INLNKNRRKRF 1 DG I G---R I VGGQEAEY SWPWMAALYLKNKN---NKWEFKCGGS I IHSDW I LTAAHCFFVVD :
—HVY ILKDYETLDWLVNAVVNGT IDYS----- 1CGYGMDEVVEEVNK: PGGTRAEKPWPWMAAVYYR----LKENERFRCGGS I VDREW I LTAAHCVQNKD
SNVFILQNYATLSHLIQEITNGTLDFS----- ECGLGLENID-VGNQEVT—--—————————————— QNEENRNDPWPWMAALFF---L1SKDTYQIQCGGT I IKENF I LTAAHCMFRKD
-HNFYFDKFSDFERILWL IKNKATPAP----— PPGFDKCGY IPP GSYRWPWLVSVWSE IPVED-RFTLKQCTGT I ICRKWILTSAHCLHYSD
-HVFILENYPDLNEVMK I IEDSKPPPPP I SKDQCGYNVSK ENRPWLATLYIG------ GAPFKMCSGVL ICNQWVLTAASCLQDAQ :
-HMFLLEKFKDFAE IMDL IRNGTTEPPPPLPEQCGY IAENFYKTRNLETG LAKLGNWPWLAAT IVKDYTS--GGSRFACSGILICEEWVLTTAQCVTDDL
: QHVFKVKDMENLEDVFYQMIDESQSLS----- LCGMVWEHRKGT DYHKQPWQAK I SV IRPS----KGHESCMGAVVSEYFVLTAAHCFT-VD

protease

active site

Supplementary Fig. S13

CPPLLGSR---VENGHIKAWSSRKLQV ICDRSY IV--HGASTLFCN :
CS-PY-PHVS-LDHGD IHRIGRQKYSFKCNNGYFL--TSSSTVRCF :
CPPLPILDHGKYVRISEGKVRVECHPSYEYNNAFDISRQTQIITCY :
H CSLEGVEIKGGSFRLLQEGQALEYVCPSGFYPYPVQTRTCRSTGSWSTLK---TQDQKTVRKAECRAITHCPRPHDFENGEYWPRSPYYNVSDE I SFHCYDGYTL--RGSANRTCQ :

--GARAGAL IFGS--KSENMFLPLSYTTTEEV :
-GGVRISVINFSQNVETVVTWAVESVEQAITR :
NFGMSTNKVSKMLANKAFEMSSRR IFQMSPRIEPRRRR IDLNFPGRLV-1YFVFDASGS I GRKYFNSA IKFAKGLVTRMGVKEF -----~ GTRFGAVSFSS--TVSASFLPQDYTTEEEV :
ILGDKIEPDYQMMQHGLMNKHAFQKPSED IDS I SSFRT IDVNNQRRL I -LHFAFDVSGSVGSYYLRKS IEFAKAIVRKIGISRD-~-~-~-~ GSRASAVVFSS--KAETVFYPMQIETEEEV :
SGSRVLGPEVNKIGLDLAFL IDRSSS IDPVDFK IGINFLKELVDEFGVKNGDNKLKGGTRIAVITFGDKAE IVFNFDDARISSPEVA -
EGRLLDRSSLLLGLELYLLIDRSSS IDPVHLEDAKNFVKFLLRRFGVNNKPNN-NNGTRASVLAFGTEVQIVFNIDDTNISNPRIA :
RVIHGDVEYLGLDLFLAFDKSNS I SPQQFLEG IKFAKFL IKQFNVSNSDQKKVGGTRLAVYTFGNDAKEE INLTDTTITSTKAA :

~DVKAETYSIALTGDYD INKLREVASSKKD-~-~~-~ B
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SDDKIVT----~ YTTRNVRIHLGITNIKNPDNNNL I IATPQEFVLHPQYDP-~~-~ ATINNDVAL IRLQEPVTYNPF IRPVCLPPALDKLPKNSLLYKTGETAIVTGWGHTKERKKHESL -

- DDPKKVE----YLVPANVTVKLGLLNVRN--SSDLKEFEVTDIRLHEKFN----~ YTTYDHDIALLKLGRP ITYERFIRPVCLPP--AVIPENSTLYQAGQSAFVTGWGHDKRVE----L :
GKK====m e RSKKD I I'VKLGLTDVKN--ETYVQESEVSEMF IHPDYRPAGS--~--YDYDIALLLLDKP IEYNPFVRPICLPP--TELPENTPLYSSDEFGWATGWGHEGVVS----A :
GFLD IDEEKSEE IQSAKWKASVGRLN I SDENSGLFYKISTIKIHQEYDSKS-~~--~--~ YGNDIALLKVDKS IVFD1YTSP ICLPPSMND I PEKSEMYSSKSEAYVVGWGNTEVADLSSSQ :
PQRKKNQ---~-NLVPAD I I VKLGVLNVLN--SSDLEEFEVAE IHRNENYN----- FTTYDHD IALLKLDRPVTYKPFVRP ICLPP--FNVPENS ILYKPGQSAFATGWGYDQRVA----1 :

KRRQILH----LRPKEE I IVKIGLFSLND--ESKVQEFGVQRIFIHEKYDPGNYSVQLYDYDIAILELDGSIVYDRRIRP ICLPP--RDLAENSHLYSFKEFGWAGGWGHNGVLIPYNPY :

RRDYKP---—-—-- VSKVFVTVGQKD I LK-WSDSSENFIASRI I IHERYNNET----- LENDIALIELNDVTALGDKVKIACLPR----- PEIQLSRRSSQNSFTAGWGSTNDK----- N
SRVD--- —-MKDVFVVLGERHLLKAEQGQTN-FYVTDVQIHQNYNPKQ---NSITENNLAVLKLN--LPASRY-RPACLPP---TDRAIPLHLNLKINAS I TGWGRTSAS------ :
NIQYE-—--—-—-—- PENVYVVVGEDNFEKLNDKEQLFYAVK I IRHPNF IHNK---TKVRND IAL IQLNTKAE INDYVRTACILQ----- FDFDHSSKPGEVGYMIGWL ISSEEQVR--- :
. DKE-====-—eeeee HSIKVSVGGEK-~---RDLEIEVVLFHPNYNINGKKEAG- IPEFYDYDVAL IKLKNKLKYGQTIRPICLP---CTEGTTRALRLP-PTTTCQQQKEELLP-AQDIK :
protease
active site
GPDDLKQS----------, AILKKLSVP IQEGKVCNDS- 1QGEFRKG I Y TDSMLCAGMGKK--GQDACATDSGGPLHQRLEDSEG--DGTYYTQIGIVSWGYG---CA-——-—-——
GHEGVLKG---=----- IDHLKQIRLPIQNHETCLKS-LEKTKKE--MTDFMICAGDSEG-- 1 VDTCKGDSGGPMAQSLVDDA---EMNYWVQVGIVSWGIG---CK----—--—
AVNERLKS-----—---- SQILKELLLPIQSKQRCTQSLLDNKVATDHFTDRMFCAGDGKR--GNDTCKGDSGGPLMQSQLNSE---GYLFWTQVGIVSWGIG---CG-------~
KQKNSDIL-- -LQLKLPLHDDK ICKQKVNFKASQAGKE ITHYLTPSPNSLCAGTGEGK--QDACQGDSGGPLMQL IHSNSSSNIMKRWFEIGIVSWGIG---CG-
DEIVPFKR-- —-VDQLKQIHLP IQSRETCVQS-LENTKDP--MTDVMICAGDGRG--VADTCQGDSGGPLAQSLLDES---GMNYWIQVG I I SWGRG---CK-
SLSMQLNN----—-——- SPNLKQLRIPIQSNERCSKS-LEKKLDPTFFTDRMFCAGTGET--GVDTCLGDSGGPLMQSQMNSE---GFLYWTQVGIVSWGIG---CG--—-—-—-
YDSAPVKS--—-————-—, AFFSLNEVALTLVPDRDCARRAKSLQCRQPSASHFCAETSNDL-- 1 KACSTGSGSPV IMSDSSSYDN----— YERLRVVGISSSHCQCG--------

-KMTYATAND I AFDMSSSSVSLSEERECP IRRRVTTPLCAGQGSK----~ TCFALVGSPLMAEDSSTG--
——————————————— 1PQEPVKVFQAEQVEMKVNGLDNCE I IKPPQYLCDDS I INAHGRYE-SDKTCSGYDKGSPFLMSQGKR-

--FQHILGILVDRRHCS-
MAAVGLASHVKG---CT-==--—---

- ALFVSEEEKKLTRKEVY IKNGDK-KGSCERDAQYAPGYDKVKD I SEVVTPRFLCTGGVSPYADPNTCRGDSGGPL IVHKRSR-===—--- FIQVGVISWGVVD-VCKNQKRQKQVPAHAR :

protease
active site

/
GFYTRLTKFIPWIEGVTNVKFSN-=----- : 1023
GFYTHVAKLRPWIDKVLNS -— 972
GYYTHVQKFRSWIDSTIEAAMAAIQ---- - 1006

GYYTHVSKLKQWILNETNSEFEIVALNV- - 1076

GFYTHVAKLRPWIDKVMNS--~ : 889
GFYTHVQKLRSWIDELNIYTQ-~ -- I 847
HMFTRVHDY IKWIASRTDFCIAEHI---- - 658
NQYIELTRHIGWINQATSNCQLKHWGVAK : 636
GFFTRISSYYDWIRENSEFCSDNHQ---- - 658
- DFHINLFQVLPWLKEKLQD---EDLGFL- : 764

Supplementary Fig. S13 (continued)
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