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F1E F &
1.1. T EHA UZEIK XC chemokine receptor 1 (XCR1)EHSEH A

> XC chemokine ligand 1 (XCL1)

TEANA T 7 ) TR OEEERHb, EMHELAE LT, U oSk OHERORIE
DOFIENEE S LT (Allen etal., 2007). 7 EHA > 7 7 2 U —{170-100 7 X / FRFEFED D
RHEUNTETHY, VATAVEEERLET LT R BESIET—T7 5 CCHT T
7IV—= CXCHT 773V —CXsCH T 773V —CHTT77IV—D420HEEN
% (Allen et al., 2007). C 7 77 IV —IC@TH7ENA & LT ATIE XCLL 28
(Kelner et al., 1994), &  Tid XCL1 (Muller et al., 1995; Yoshida et al., 1995) & XCL2 (Yoshida
et al., 1996)73 %1 5 41 CU 5. XCL1 & lymphotactin (Ltn), activation-induced, T cell-derived and
chemokine-related cytokine (ATAC), single C motif-1 (SCM-1)& L IEENL 5. B F XCL1 &
XCL2 D7 X /S a i35 &, v 7 F AT F RERWZ 935D 5 6 7% H & 8
PRI B D 2 PO B E72 0 @\ FEREME A FEo(Yoshida et al., 1996). C 477 7 2 U —LI4+
DTENAANT2ERDTANT 4 FREGERFELTHDLDIZH LT, CH T 77 I —i3%
DHIHLO 1 AREXRILLTED (Kelner et al., 1994; Muller et al., 1995; Yoshida et al., 1995;
Yoshida et al., 1996), J&ECHIRE OBREEIZIG U TUEDD 7 E T A TITH B IVR O EGEZE
{LEATH Z L DSHeD D BTV 5 (Fox et al., 2014; Kuloglu et al., 2002). XCL1 [ Z/KIE - EHh i
FEDZRMECITBE O Eh A v L REOMEE % & 5 (X 1-1 /) (Kuloglu et al., 2001). Z#uiZ
RUT, @i - RERE OSSR TIE 2 BIKE 72 VBA NT  ROBZNG 72D XCLL K78 O
W% & %5 (4 1-1 47) (Tuinstra et al., 2008). FiF D&% Ltn10 Y, #£F ORI Ltnd0 Y &
IX41(Tuinstra et al., 2008), XCL2 T & [AAR O E L3 BILE S 115 (Fox et al., 2014).

XCL1 X CD8* T Hifi, CD4* T Mg, NK #Hfia, $6E ERGHIE 5 W S u5 (Lei and
Takahama, 2012). XCR1 (% XCL1 3 L Ut XCL2 DME—DZ IR T % (Yoshida et al., 1998).
XCRLIFEIZ 17 a—=2 7 SN2 Y%W), A—7 7 VS RIKTH 722 L5 GPRS L4t
I7 &4 7- (Heiber et al., 1995). XCL1 3 X T8 XCL2 1% Ltn10 FL oA D & & XCR1 D7 S = A
Fe LTHREL, Lind0 BIOMEED & X 7Y a3 7 7' ) UAEGIEME % £ (Fox et al.,
2014; Tuinstra et al., 2008).

~ 7 ATIEXCRLIL Y &7 SRR A AR IZ F U T HIZ CD8at/CD103 R AL I FEHL L
TU 2% (Dorner et al., 2009; Lei et al., 2011). & s XCR1 %~ 7 A CD8a*/CD103*ff R AfAE & {2
7~ RBA O CD141 BRIz 3B L T 5 (X 1-2) (Bachem et al., 2010). ~ 7 A
CD8a*/CD103*# kAl & & ~ CD141* BRKHIAIE XCLL (2 & - T#%51 S 415 (Bachem et al.,
2010; Dorner et al., 2009). ~ 7 A CD8a*/CD103*ff kAl & & k CD141* #RfRAIfRI TR 7 1
AT VR T — 3 UEER FFo(Bachem et al., 2010; den Haan et al., 2000). i & OHfE DO LR



FERISMIRE D 7 0T T Y — L DOSRFEY & B HGE A BB T EEIRMHC) 2 7 A 1
T CD4* TR L, Ml NLBIERICL > TIRVIAEhT Y Y=L VY
— N TR ST ER E MHC 7 7 A 11 Z#E T CD8* TMlICiE R T2 Z Lz X v iThh
L, FRCHLT, Z7aAxAF LB rF—a TRy Y=o VY — L THfREN
T2FEW) % MHC 7 7 A 12t C CD8* T AMlIRIC R~ 5 2 & TG ENE T Hfa~o 21k -
W95 % 5359 % (Shen and Rock, 2006). 7 1 A F L ¥ T —3 g 7 A L AT X DGR
FEBH 6 D S EIGVEICEE L B 2 515, XCL1I—XCR1 ¥ 7 /L% CD8* T i
Ja s E1E M B % 5 2 % (Dorner et al., 2009). CD8a*/CD103* stk #il il o> HLs HI¥L F ¢
CD8* T #ffniZ XCL1 &43id 5. +5 &, CD8* T MIZIEHEFE L IFN-yD Sy WEE 245 T, il
EEEMEA RS 5.

CD141 IR MR 22 T U 7o MRS TR E OB EIX T A VAR A DT 7 F L DRI D72
235 Al REMEN & 5 (Radford and Caminschi, 2013). FC%HZ, A EIETEO BB 2 /EME LI A
CAEREDORK & 72 ) XCLLI—XCR1 OBH- O A[REMEDNE 2 H 115 (Lei and Takahama,
2012). Z D7=%, XCR1 % i L CHURUME S 4 HlH © & 2 nlRetkn & bV , XCRLIZAIFE Z — 5
v MZ22 0155, JLXCRLPUAZERIT 5 2 & 23T Huid, CD1AL BRI IR N 72 LR o
WRER T & LCHWD Z L TRERMICIEG EIGTEAFE 5 2 &0, URESELE LTH
W5 Z & T CDLAL RN MR O Rl U AR HIEE 2 B9~ 5 2 & 3 AlREIC 7 5.

12. A0 EERIBEEE

PURITERRE RICBIT D FEREFTH Y, FRRORG A B S&FI 4 R -7, B Ml
DHEASH, FURERBWBFMETRAT 5. ZOMER, FUROEEESM A REE LSS
HFTEME, MR K 2RO BREZRET 247 Y = 1k, FURRBAIIICHURD EH
RIS R A 555 L CHER IR FL % BH T MR 48125 < complement-dependent cytotoxicity
(CDC)iE M, HURRBAMMPN ST 5 FF 2 7 /L% T — % O MG EIE I X 0 s~
L i < antibody-dependent cell cytotoxicity (ADCC)iEM: & W o 72 E&IC L 0 | By idl S h
% (Burton, 2002).

PURITHEHE LEHO 2 FSED &7 2 X7 I X 0 Mk S, A SHIE AT 8RB & 7 o fE I &
PR 5 BRI 23 1T B AL 5 (1M 1-3).

AIEGEIUIHURAE G & U CHRET 5. ZERFUR~ORE G ERRICT D L AL L
T, V(D)) A X K 2R F O, @EEORMAER L Vo TBEN ML TE
0, k72T X BEELS & T 2 L 23T X % (Tonegawa, 1983). FIZFEOH TH, K
A A EKT DO O EE framework region (FR) & HLJR K & #E 2 £F o fH K
complementarity-determining region (CDR)IZ/3 1T % Z & 28 T& 5. CDR & 842 3 > SfFfE
UASHIBZE BNV U W2 eV BTV 5. £7-, CDR3 1T V(D)) fHAH#a 2 12 L 0 Zkk
PEN AL SN D & C & 5 (Tonegawa, 1983). V(D)J #lAf 2 Tlx, H 8 TI3d ik Lo v,



D, D3 DDEInFEZ AL MEND 1 OT DBERFESIDNEIR 4 3 D DB F RS
BAT5H. LEOEBAIEIVID 2 oOBIEFE T A2 MEEND 1 OFT Ol FESIINEIR S
2 DOBELTESINFEET D, KT AL NOMAEDERSHEMELERTT L EBIZ, &
BAESN DOFEGEAL COEEFRSN DD L EIZL Y S R HLEMENEEND. HE{D CDR3
ED B A M EIFEREOHEETHY, LD CDRIIIVEIZ AL FEIET AL RO
BEMLCTH B,

H 880> i BRIk 1T 1gA, IgD, IgE, 1gG, IgM O 5 Fi¥H0D 7 T ANFAET 5. (& fElk D 1
IBA DB ZNZE D I TANEDDL L b "7 TARL v F LS, ZNEND T T AT
Ko THEIISEHECR A0 TR0, AREZZRIIITI 2N TE D, £z, 7%
VTCHUERE S5 E CHL RAA L CH2 RAA DU v B —EL THIlr S, Al % &
oMl A Fab Wrf & RS

PURIEASIFG R D & ORGP WS Z VX7 B Th 50, FuIC x5 @0
BIAME & SWEZEMZ RO Z LD, FUROREL, FUREIG ORI, B ThREER X
TR~ DR L o Tm 2 LIRS TE -,

13, EMREE VAV EERRZERAVHREDOHREE

PUAZERA 212H72 0, HFURZTHR LAE T OLERDH D,

FV AXTF REFURE T H5E, (LFERICEVESICHRAFRTE S, LiL, it
BT 2o F—T 13 RE L EHRICE ENLH IR oND. HiEL—E h—T7 L
L CikT 2RI RO E DR EICT T D B2 6NN, X T EO—HO
I LTA Y ST F REHHEE LTHWE L XX o\ EekerElkdT 559
IR Z 15D 2 L IXR#ECH 5 (Hino et al., 2013).

WiEZ T =7 L LTRMT 2R L FRT 2 ITIZTIE LW T +— /b R &R OHUR O
BNROEND, WY T EERRER T RV EE AR ST D56, IRV
IS S AR A R BT 2 it 5 2 L S ATRECTd 5 (Katzen et al., 2005). HEH0fN &7 >
NIEERRITMEORE)EANT Y RN T B e AR S50, Uy RO E X v
RIBE LW TR RA, RETEERCIEE & W o mBUKMERE 2k T 20, BRbiE
TeARRE % HI 3 2 B LA o Al, MiEEE2 AT 2MEEEZIRNT D ENELTH D,
IR BLR & EE_E W E B E TITT 5 2 L A T& 5 (1K 1-4) (Katzen et al., 2005). ZiL 5D
WEOWINZ L0 & X7 B O 2 le B ORESLE % D & ™7 B OB EMREDT |
DHIAEN, BEEWEF 7 EZITX 00 LT HLREEDRNE X7 B OFE N AT EEIC 72
HEBEZLND., XoT, MiEERENT DIUEEGDIZDICARRER X 37 B &Pk
ELTHET S, LW RIS L CAEIRT Ta—F b, i, %o X R E
EHURELTHWD Z &, #—7 v NUAOHURDRGRE LB O T ClEASND D%
BOTZEIZORNRY, FUKR 7 ) —= v T 5NRIT D



1.4. GPCR DEERBITICE T HIMADHEES K UVEMBRAE /Y

BEERRDH R

XCRLZIZUDETHTENA VZRKRT 7 IV —I1L G ¥ o\ E A 5K (GPCR)
T77IV =DV TAAILETDHE /N7 E T 5 (Heiber etal., 1995). GPCR 7 7 I U —{% 7
RIEE®Y X7 ThHY, B hTIiL800 fIELL FAF(ET 5 (Fredriksson et al., 2003). Lifi &
TSR D 30%LL 23 GPCR %2 % — 7% v k& LT % (Wise et al., 2002). D 7=, GPCR
W2t 2 AN OERBEF ORI X ONLIRHEIE Z b &I L2 38R OB~ O = 4 e
TOWEERNT RO HNTE T2, LA L, GPCR 7 7 X U —0 X #kk S AT 13 s s &
SNTE Bl e LTE, UA Y FIEMFLET TH - THIEEM & ATEMER O FEHRIFRIC
B IEENRLETH5H Z & (Kofuku et al., 2012), BNZEMEMRNZ &, BUKMEREIK DD 72
SNFERENTOD TRy X 7 2L THZ ERFETFoNS.

K24 2 FEBLR N DR - HEEMAT S 72 fef] D GPCR 13 2007 £ DB 7 KLV V5%
R Cd % (Rasmussen et al., 2007). DAREHE A 2 5 BLA 3k 0O GPCR O b 23 3281 L T & 7.
FOBRITELEMNED ERBMEE I, Uy RERML THEEZLZIH LoD, ik
& DEA RO L (Rasmussen et al., 2007), T4 U >/ F— A(T4L) (Cherezov et al., 2007)°7 48 &
k7 & A bse 2 FR(BRIL) (Liuetal., 2012) & W\ o 72 TE IR & L /87 ' & ORbA, BE OB
EME R F OE A (Warne et al., 2008) & Wo7z2 A T MEITTOHRER, JEEA Y 7 =
— ALV IR REE F ORI 21T 5 J71EDE A (Cherezov et al., 2007)i2 L 0 FEH I T
=Tz

TENACZBFERT 7 IV —D b X iSRS S ef e LT, v FlkD
CXCR4 (Qin et al., 2015; Wu et al., 2010) & CCRS5 (Tan et al., 2013), human herpesvirus 8 H 3
US28 (Burg et al., 2015)43& % . CXCR4 & CCR5 L & HIZIHEEEDOH DV Ho N OBEER
DOREEDMEA S, REMHALOREE TH - 72(Qin et al., 2015; Tan et al., 2013; Wu et al., 2010).
US28 1ZU A VAN E M HBE A2 BV il b S § T TE 72 & X 541 (Murphy, 2001),
THH 1) 72 7 F n iGN & B> (Casarosa et al., 2001). US28 & fHEEMEZ > reh A
U K CXsCLL & DBEGIROMEED R S 7203, TEHERE L COMIERNRE AR LT
VN2 (Burg et al., 2015). 2D X DI, TEIA UZFEROEE TN O SN TS
DD, EDIEHALA 7 = R BEAG3 TR ST,

IHET, fidbaE BRI L L7z GPCR OFUTIZE BMEEIHAR N oND ZL3%
Mol ZUTx LT, BVZEARRROFR & B MR EROMMEITIRI L IZE VR
V. BRI ELR O R SIL, ZRKROERN G REFHBLE TIZ2 » HREREDORMAET S
ZEThD. KT, BEOREREZMAG DY TLREE XD HETITEZROIEMESE
LEEDOREZAMRV E AT LERH Y, ZRARHPFHELTLED. 207D, HZEHR
ZHLAE DY DA ITIE, KIGE (Serrano-Vega et al., 2008) % 7= 1% HEK293 il 38 Bl %



(Hirozane et al., 2014) % W TR Z8 BAR O TR, TEMEHERER, ZROBE 2V KL, D
fERED LICRBHIRBHEARATO I A NT 7 NOERZRINT 5 2 & CHEEMT 5281
SNTEZ, ZNOOFREHK LT, WY X7 BEERITREEBLE Ta BRH TITZ
DR, RN L WS =7y M L TRARMSZFZRICHETE L8N AMTH D &
EZDHILD.

GPCR Hifk L DB EERE L THEEMRIrSNZFlE LT, B 7 FLF U U ZRKE
(Rasmussen et al., 2011a; Rasmussen et al., 2007; Rasmussen et al., 2011b; Ring et al., 2013) & 75
J Y Ao ZARAE(HInO et al., 2012), M2 LA B Y T EF L3 U U BIR(Kruse et al.,
2013), US28 (Burg et al., 2015), pu-A4 &4+ R K (Huang et al., 2015) 3% T H41 5. B2 7 K
VI URBIRDBRAIOE L 7T 7 v Poa SE AR DB Fab B & OB EIATH Y (Hino
etal., 2012; Rasmussen et al., 2007), (E2>OF] Tl Y + ~ H KD nanobody & MEIEIL 5 HTiA A H
WH LTV 5 (Burg et al., 2015; Huang et al., 2015; Kruse et al., 2013; Rasmussen et al., 2011a;
Rasmussen et al., 2011b; Ring et al., 2013). B, 7 KL+ U 25K « 7 KL+ U > « nanobody
BEKRDOEEIIARDT A= b LZFEROBEERDOHEE T W LR IREIEMRL OMET
fift Bl L 7= 3EE 03 & 5 7= O (Ring et al., 2013), Huik & DA MRILIC K HTEMER GPCR @ X #iif
iR EIT I IAE ThH EEZ 2 b ND.

Z 2T, MRS LRy R BLIR & VT XCRL ZF88L L, #EIRO X Sk i it
LRG0 2 LT, X B s O Sk 2 1F 5 2 L 2 B89, GPCR [FAIZE X —
Ty hELTHEREBETZ 7 I —Th D72, Bl 72 IS MR B it o B8 1381 2E0F 78
ICREREREFO. KR, XCR1 OIEMAHIET 20 FLEWITBEM S TR,
T RRE COMIE L BT TE UL, 1EEZ ST 21K FILEMOREI OO T A R
ELTHHTODEEZOND. £, TEIA VZBREROTEEAL A B =X AiE+551250
HENTELT, WHEHFRIIZDA D =X LOHAOFHND LD,
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7N GEERA AL H AGEFR L

ADC antibody-drug conjugate PUREYE AR

ADCC antibody-dependent cell cytotoxicity PR AP E AR RS TG

BLAST Basic Local Alignment Search Tool

BR bacteriorhodpsin

BRIL apocytochrome bss, mutant TRV N7 8 A bsep 28 BAK

CBB Coomassie Brilliant Blue

CCR CC chemokine receptor

CD clustar of differentiation

CcDC complement-dependent cytotoxicity MR AR S T T

cDNA complementary deoxyribonucleic acid FE%iH DNA

CDR complementarity-determining region FEAH MR E R IR

CHS cholesteryl hemisuccinate

CXCR CXC chemokine receptor

DDM n-dodecyl B-D-maltoside

DM1 a derivative of maytansinoid

DTT dithiothreitol

ELISA enzyme-linked immunosorbent assay

Fab fragment antigen binding LR & fE

FACS fluorescence activated cell sorting

FITC fluorescein isothiocyanate

FR framework region 7 L— AU — 7 G

FSEC fluorescence size-exclusion column T IVAEA T D
chromatography ra~< 777 40—

Fv fragment variable ]2 A

GPCR G protein-coupled receptor G ¥ /X7 B IR AR

HEK?293 il human embryonic kidney 293 cells =N SR ) )

HEPES 4-(2—hydroxyethyl)—l::izeraz|neethanesulfonlc

HRP horse radish peroxidase

HSQC heteronuclear single quantum coherence

H 4 heavy chain Y
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7N JEFEA AL H AGEZ D

Ig immunoglobulin w7y

KSHV Kaposi’s sarcoma-associated herpesvirus 7R RIREE
AL AT A JL A

Ltn lymphotactin

L £4 light chain HEEH

MAG monoacylglycerol

MHC major histocompatibility complex F R B T EA R

MMAE monomethy! auristatin E

M. mazei Methanosarcina mazei

MRNA messenger RNA {riE RNA

NMR nuclear magnetic resonance A e

ORF open reading frame

PAGE polyacrylamide gel electrophoresis w77 /I‘/\? s T

AR

PBS phosphate buffered saline U Pk AR B A K

PBST PBS with 0.05% (v/v) Tween 20

PCR polymerase chain reaction WY AT =BG

PDB Protein Data Bank

PEG polyethylene glycol

PyIRS pyrrolysyl-tRNA synthetase v'r U 2L tRNA &kl E

RACE rapid amplification of cDNA ends

RF-1 release factor 1

RMSD root mean square deviation W TR Rm

RNA ribonucleic acid U AL

SDS sodium dodecy! sulfate RT L VEiEET B Y D A

TEV tobacco etch virus

Tris Tris (hydroxymethyl) aminomethane

tRNA transfer RNA 5% RNA

TyrRS tyrosyl-tRNA synthetase F 1 L tRNA A klER

T4L T4 lysozyme T4V V' F— A

vMIP viral macrophage inflammatory protein

XCL XC chemokine ligand

XCR XC chemokine receptor
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7T BoOERR

KERT 2

1 CFERR 3 KRR FEFEFR AL H AGEZ AL
A Ala alanine 7T =
C Cys cysteine VATA
D Asp aspartic acid T ANT X R
E Glu glutamic acid TNE I VR
F Phe phenylalanine Tz VT T =
G Gly glycine A
H His histidine ERXRFTV
I lle isoleucine A VaA v
K Lys lysine Vv

L Leu leucine aA
M Met methionine AFF =
N Asn asparagine T ARG X
P Pro proline ZA=AVg
Q Gln glutamine TNE I

R Arg arginine TIFX=

S Ser serine vl

T Thr threonine AV A=
Y, Val valine VNG

W Trp tryptophan [N N e
Y Tyr tyrosine Fua
0 Pyl pyrrolysine ol ) I
u Sec selenocysteine BL ) UVARTA

HRART I/

BiFR R XL OV ELIN O M

TOHATTED =, L.

48




RPN

Adams, G.P., and Weiner, L.M. (2005). Monoclonal antibody therapy of cancer. Nat Biotechnol 23,
1147-1157.

Adams, P.D., Afonine, P.V., Bunkoczi, G., Chen, V.B., Davis, I.W., Echols, N., Headd, J.J., Hung, L.W.,,
Kapral, G.J., Grosse-Kunstleve, R.W., et al. (2010). PHENIX: a comprehensive Python-based
system for macromolecular structure solution. Acta Crystallogr D Biol Crystallogr 66, 213-221.

Allen, SJ., Crown, S.E., and Handel, T.M. (2007). Chemokine: receptor structure, interactions, and
antagonism. Annu Rev Immunol 25, 787-820.

Altschul, S.F.,, Gish, W., Miller, W., Myers, E.W., and Lipman, D.J. (1990). Basic local alignment search
tool. J Mol Biol 215, 403-410.

Axup, J.Y., Bajjuri, K.M., Ritland, M., Hutchins, B.M., Kim, C.H., Kazane, S.A., Halder, R., Forsyth, J.S.,
Santidrian, A.F., Stafin, K., et al. (2012). Synthesis of site-specific antibody-drug conjugates
using unnatural amino acids. Proc Natl Acad Sci U S A 109, 16101-16106.

Bachem, A., Guittler, S., Hartung, E., Ebstein, F., Schaefer, M., Tannert, A., Salama, A., Movassaghi, K.,
Opitz, C., Mages, H.W., et al. (2010). Superior antigen cross-presentation and XCR1 expression
define human CD11c*CD141* cells as homologues of mouse CD8* dendritic cells. J Exp Med
207, 1273-1281.

Basu, D., Castellano, J.M., Thomas, N., and Mishra, R.K. (2013). Cell-free protein synthesis and
purification of human dopamine D2 receptor long isoform. Biotechnol Prog 29, 601-608.

Blight, S.K., Larue, R.C., Mahapatra, A., Longstaff, D.G., Chang, E., Zhao, G., Kang, P.T., Green-Church,
K.B., Chan, M.K., and Krzycki, J.A. (2004). Direct charging of tRNAcua with pyrrolysine in
vitro and in vivo. Nature 431, 333-335.

Burg, J.S., Ingram, J.R., Venkatakrishnan, A.J., Jude, K.M., Dukkipati, A., Feinberg, E.N., Angelini, A.,
Waghray, D., Dror, R.O., Ploegh, H.L., and Garcia, K.C. (2015). Structural basis for chemokine
recognition and activation of a viral G protein-coupled receptor. Science 347, 1113-1117.

Burton, D.R. (2002). Antibodies, viruses and vaccines. Nat Rev Immunol 2, 706-713.

Casarosa, P., Bakker, R.A., Verzijl, D., Navis, M., Timmerman, H., Leurs, R., and Smit, M.J. (2001).
Constitutive signaling of the human cytomegalovirus-encoded chemokine receptor US28. J Biol
Chem 276, 1133-1137.

Chen, V.B., Arendall, W.B., 3rd, Headd, J.J., Keedy, D.A., Immormino, R.M., Kapral, G.J., Murray, L.W.,,
Richardson, J.S., and Richardson, D.C. (2010). MolProbity: all-atom structure validation for
macromolecular crystallography. Acta Crystallogr D Biol Crystallogr 66, 12-21.

Cherezov, V., Rosenbaum, D.M., Hanson, M.A., Rasmussen, S.G., Thian, F.S., Kobilka, T.S., Choi, H.J.,
Kuhn, P., Weis, W.1., Kobilka, B.K., and Stevens, R.C. (2007). High-resolution crystal structure

49



of an engineered human Bz-adrenergic G protein-coupled receptor. Science 318, 1258-1265.

Corin, K., Baaske, P., Ravel, D.B., Song, J., Brown, E., Wang, X., Geissler, S., Wienken, C.J.,
Jerabek-Willemsen, M., Duhr, S., et al. (2011). A robust and rapid method of producing soluble,
stable, and functional G-protein coupled receptors. PLoS One 6, e23036.

Day, P.W., Rasmussen, S.G., Parnot, C., Fung, J.J., Masood, A., Kobilka, T.S., Yao, X.J., Choi, H.J., Weis,
W.I., Rohrer, D.K., and Kobilka, B.K. (2007). A monoclonal antibody for G protein-coupled
receptor crystallography. Nat Methods 4, 927-929.

den Haan, J.M., Lehar, S.M., and Bevan, M.J. (2000). CD8" but not CD8" dendritic cells cross-prime
cytotoxic T cells in vivo. J Exp Med 192, 1685-1696.

Dore, A.S., Robertson, N., Errey, J.C., Ng, I., Hollenstein, K., Tehan, B., Hurrell, E., Bennett, K.,
Congreve, M., Magnani, F., et al. (2011). Structure of the adenosine A,a receptor in complex
with ZM241385 and the xanthines XAC and caffeine. Structure 19, 1283-1293.

Dorner, B.G., Dorner, M.B., Zhou, X., Opitz, C., Mora, A., Guttler, S., Hutloff, A., Mages, H.W., Ranke,
K., Schaefer, M., et al. (2009). Selective expression of the chemokine receptor XCR1 on
cross-presenting dendritic cells determines cooperation with CD8" T cells. Immunity 31,
823-833.

Egloff, P., Deluigi, M., Heine, P., Balada, S., and Pluckthun, A. (2015). A cleavable ligand column for the
rapid isolation of large quantities of homogeneous and functional neurotensin receptor 1 variants
from E. coli. Protein Expr Purif 108, 106-114.

Egloff, P., Hillenbrand, M., Klenk, C., Batyuk, A., Heine, P., Balada, S., Schlinkmann, K.M., Scott, D.J.,
Schutz, M., and Pluckthun, A. (2014). Structure of signaling-competent neurotensin receptor 1
obtained by directed evolution in Escherichia coli. Proc Natl Acad Sci U S A 111, E655-662.

Emsley, P., Lohkamp, B., Scott, W.G., and Cowtan, K. (2010). Features and development of Coot. Acta
Crystallogr D Biol Crystallogr 66, 486-501.

Evans, P.R., and Murshudov, G.N. (2013). How good are my data and what is the resolution? Acta
Crystallogr D Biol Crystallogr 69, 1204-1214.

Fossum, E., Grodeland, G., Terhorst, D., Tveita, A.A., Vikse, E., Mjaaland, S., Henri, S., Malissen, B.,
and Bogen, B. (2015). Vaccine molecules targeting Xcrl on cross-presenting DCs induce
protective CD8* T-cell responses against influenza virus. Eur J Immunol 45, 624-635.

Fox, J.C., Nakayama, T., Tyler, R.C., Sander, T.L., Yoshie, O., and Volkman, B.F. (2014). Structural and
agonist properties of XCL2, the other member of the C-chemokine subfamily. Cytokine 71,
302-311.

Francisco, J.A., Cerveny, C.G., Meyer, D.L., Mixan, B.J., Klussman, K., Chace, D.F., Rejniak, S.X.,
Gordon, K.A., DeBlanc, R., Toki, B.E., et al. (2003). cAC10-vcMMAE, an
anti-CD30-monomethyl auristatin E conjugate with potent and selective antitumor activity.
Blood 102, 1458-1465.

50



Fredriksson, R., Lagerstrom, M.C., Lundin, L.G., and Schioth, H.B. (2003). The G-protein-coupled
receptors in the human genome form five main families. Phylogenetic analysis, paralogon
groups, and fingerprints. Mol Pharmacol 63, 1256-1272.

Geyer, H., Hartung, E., Mages, H.W., Weise, C., Beluzic, R., Vugrek, O., Jonjic, S., Kroczek, R.A., and
\Voigt, S. (2014). Cytomegalovirus expresses the chemokine homologue vXCL1 capable of
attracting XCR1* CD4 dendritic cells. J Virol 88, 292-302.

Ghosh, E., Kumari, P., Jaiman, D., and Shukla, A.K. (2015). Methodological advances: the unsung heroes
of the GPCR structural revolution. Nat Rev Mol Cell Biol 16, 69-81.

Golinelli-Pimpaneau, B., Goncalves, O., Dintinger, T., Blanchard, D., Knossow, M., and Tellier, C. (2000).
Structural evidence for a programmed general base in the active site of a catalytic antibody. Proc
Natl Acad Sci U S A 97, 9892-9895.

Hamblett, K.J., Senter, P.D., Chace, D.F., Sun, M.M., Lenox, J., Cerveny, C.G., Kissler, K.M., Bernhardt,
S.X., Kopcha, A.K., Zabinski, R.F., et al. (2004). Effects of drug loading on the antitumor
activity of a monoclonal antibody drug conjugate. Clin Cancer Res 10, 7063-7070.

Hanson, M.A., Cherezov, V., Griffith, M.T., Roth, C.B., Jaakola, V.P., Chien, E.Y., Velasquez, J., Kuhn, P.,
and Stevens, R.C. (2008). A specific cholesterol binding site is established by the 2.8 A structure
of the human B,-adrenergic receptor. Structure 16, 897-905.

Hartung, E., Becker, M., Bachem, A., Reeg, N., Jakel, A., Hutloff, A., Weber, H., Weise, C., Giesecke, C.,
Henn, V., et al. (2015). Induction of Potent CD8 T Cell Cytotoxicity by Specific Targeting of
Antigen to Cross-Presenting Dendritic Cells In Vivo via Murine or Human XCRZ1. J Immunol
194, 1069-1079.

Heiber, M., Docherty, J.M., Shah, G., Nguyen, T., Cheng, R., Heng, H.H., Marchese, A., Tsui, L.C., Shi,
X., George, S.R., and et al. (1995). Isolation of three novel human genes encoding G
protein-coupled receptors. DNA Cell Biol 14, 25-35.

Herring, S., Ambrogelly, A., Polycarpo, C.R., and Soll, D. (2007). Recognition of pyrrolysine tRNA by
the Desulfitobacterium hafniense pyrrolysyl-tRNA synthetase. Nucleic Acids Res 35,
1270-1278.

Hino, T., Arakawa, T., lwanari, H., Yurugi-Kobayashi, T., lkeda-Suno, C., Nakada-Nakura, Y.,
Kusano-Arai, O., Weyand, S., Shimamura, T., Nomura, N., et al. (2012). G-protein-coupled
receptor inactivation by an allosteric inverse-agonist antibody. Nature 482, 237-240.

Hino, T., lwata, S., and Murata, T. (2013). Generation of functional antibodies for mammalian membrane
protein crystallography. Curr Opin Struct Biol 23, 563-568.

Hirozane, Y., Motoyaji, T., Maru, T., Okada, K., and Tarui, N. (2014). Generating thermostabilized
agonist-bound GPR40/FFAR1 using virus-like particles and a label-free binding assay. Mol
Membr Biol 31, 168-175.

Hofer, T., Skeffington, L.R., Chapman, C.M., and Rader, C. (2009). Molecularly defined antibody

51



conjugation through a selenocysteine interface. Biochemistry 48, 12047-12057.

Huang, W., Manglik, A., Venkatakrishnan, A.J., Laeremans, T., Feinberg, E.N., Sanborn, A.L., Kato, H.E.,
Livingston, K.E., Thorsen, T.S., Kling, R.C., et al. (2015). Structural insights into u-opioid
receptor activation. Nature 524, 315-321.

Hutchins, B.M., Kazane, S.A., Staflin, K., Forsyth, J.S., Felding-Habermann, B., Schultz, P.G., and
Smider, V.V. (2011). Site-specific coupling and sterically controlled formation of multimeric
antibody Fab fragments with unnatural amino acids. J Mol Biol 406, 595-603.

Ishihara, G., Goto, M., Saeki, M., Ito, K., Hori, T., Kigawa, T., Shirouzu, M., and Yokoyama, S. (2005).
Expression of G protein coupled receptors in a cell-free translational system using detergents and
thioredoxin-fusion vectors. Protein Expr Purif 41, 27-37.

Jiang, Y., Lee, A., Chen, J., Ruta, V., Cadene, M., Chait, B.T., and MacKinnon, R. (2003). X-ray structure
of a voltage-dependent K* channel. Nature 423, 33-41.

Junge, F., Luh, L.M., Proverbio, D., Schafer, B., Abele, R., Beyermann, M., Dotsch, V., and Bernhard, F.
(2010). Modulation of G-protein coupled receptor sample quality by modified cell-free
expression protocols: a case study of the human endothelin A receptor. J Struct Biol 172, 94-106.

Junutula, J.R., Bhakta, S., Raab, H., Ervin, K.E., Eigenbrot, C., Vandlen, R., Scheller, R.H., and Lowman,
H.B. (2008a). Rapid identification of reactive cysteine residues for site-specific labeling of
antibody-Fabs. J Immunol Methods 332, 41-52.

Junutula, J.R., Raab, H., Clark, S., Bhakta, S., Leipold, D.D., Weir, S., Chen, Y., Simpson, M., Tsai, S.P,,
Dennis, M.S., et al. (2008b). Site-specific conjugation of a cytotoxic drug to an antibody
improves the therapeutic index. Nat Biotechnol 26, 925-932.

Kabat, E.A., Wu, T. T., Perry, H. M., Gottesman, K. S., Foeller, C. (1991). Sequences of Proteins of
Immunological Interest, Fifth edn (NIH Publication).

Kabsch, W. (2010). XDS. Acta Crystallogr D Biol Crystallogr 66, 125-132.

Kabsch, W., and Sander, C. (1983). Dictionary of protein secondary structure: pattern recognition of
hydrogen-bonded and geometrical features. Biopolymers 22, 2577-2637.

Katzen, F., Chang, G., and Kudlicki, W. (2005). The past, present and future of cell-free protein synthesis.
Trends Biotechnol 23, 150-156.

Kelner, G.S., Kennedy, J., Bacon, K.B., Kleyensteuber, S., Largaespada, D.A., Jenkins, N.A., Copeland,
N.G., Bazan, J.F., Moore, K.W., Schall, T.J., and et al. (1994). Lymphotactin: a cytokine that
represents a new class of chemokine. Science 266, 1395-1399.

Klammt, C., Perrin, M.H., Maslennikov, I., Renault, L., Krupa, M., Kwiatkowski, W., Stahlberg, H., Vale,
W., and Choe, S. (2011). Polymer-based cell-free expression of ligand-binding family B
G-protein coupled receptors without detergents. Protein Sci 20, 1030-1041.

Klammt, C., Schwarz, D., Eifler, N., Engel, A., Piehler, J., Haase, W., Hahn, S., Dotsch, V., and Bernhard,

F. (2007a). Cell-free production of G protein-coupled receptors for functional and structural

52



studies. J Struct Biol 158, 482-493.

Klammt, C., Srivastava, A., Eifler, N., Junge, F., Beyermann, M., Schwarz, D., Michel, H., Doetsch, V.,
and Bernhard, F. (2007b). Functional analysis of cell-free-produced human endothelin B receptor
reveals transmembrane segment 1 as an essential area for ET-1 binding and homodimer
formation. FEBS J 274, 3257-3269.

Kofuku, Y., Ueda, T., Okude, J., Shiraishi, Y., Kondo, K., Maeda, M., Tsujishita, H., and Shimada, I.
(2012). Efficacy of the B.-adrenergic receptor is determined by conformational equilibrium in
the transmembrane region. Nat Commun 3, 1045.

Krissinel, E. (2012). Enhanced fold recognition using efficient short fragment clustering. Journal of
Molecular Biochemistry 1, 76-85.

Kruse, A.C., Ring, A.M., Manglik, A., Hu, J., Hu, K., Eitel, K., Hubner, H., Pardon, E., Valant, C., Sexton,
P.M., et al. (2013). Activation and allosteric modulation of a muscarinic acetylcholine receptor.
Nature 504, 101-106.

Kuloglu, E.S., McCaslin, D.R., Kitabwalla, M., Pauza, C.D., Markley, J.L., and Volkman, B.F. (2001).
Monomeric solution structure of the prototypical 'C' chemokine lymphotactin. Biochemistry 40,
12486-12496.

Kuloglu, E.S., McCaslin, D.R., Markley, J.L., and Volkman, B.F. (2002). Structural rearrangement of
human lymphotactin, a C chemokine, under physiological solution conditions. J Biol Chem 277,
17863-17870.

Larson, R.A., Sievers, E.L., Stadtmauer, E.A., Lowenberg, B., Estey, E.H., Dombret, H., Theobald, M.,
\oliotis, D., Bennett, J.M., Richie, M., et al. (2005). Final report of the efficacy and safety of
gemtuzumab ozogamicin (Mylotarg) in patients with CD33-positive acute myeloid leukemia in
first recurrence. Cancer 104, 1442-1452.

Lebon, G., Bennett, K., Jazayeri, A., and Tate, C.G. (2011a). Thermostabilisation of an agonist-bound
conformation of the human adenosine Az receptor. J Mol Biol 409, 298-310.

Lebon, G., Warne, T., Edwards, P.C., Bennett, K., Langmead, C.J., Leslie, A.G., and Tate, C.G. (2011b).
Agonist-bound adenosine Aya receptor structures reveal common features of GPCR activation.
Nature 474, 521-525.

Lei, Y., Ripen, A.M., Ishimaru, N., Ohigashi, I., Nagasawa, T., Jeker, L.T., Bosl, M.R., Hollander, G.A.,
Hayashi, Y., Malefyt Rde, W., et al. (2011). Aire-dependent production of XCL1 mediates
medullary accumulation of thymic dendritic cells and contributes to regulatory T cell
development. J Exp Med 208, 383-394.

Lei, Y., and Takahama, Y. (2012). XCL1 and XCR1 in the immune system. Microbes Infect 14, 262-267.

Lewis Phillips, G.D., Li, G., Dugger, D.L., Crocker, L.M., Parsons, K.L., Mai, E., Blattler, W.A., Lambert,
J.M., Chari, RV, Lutz, RJ., et al. (2008). Targeting HER2-positive breast cancer with
trastuzumab-DM1, an antibody-cytotoxic drug conjugate. Cancer research 68, 9280-9290.

53



Liu, W,, Chun, E., Thompson, A.A., Chubukov, P., Xu, F., Katritch, V., Han, G.W.,, Roth, C.B., Heitman,
L.H., AP, 1.J., et al. (2012). Structural basis for allosteric regulation of GPCRs by sodium ions.
Science 337, 232-236.

Luttichau, H.R., Johnsen, A.H., Jurlander, J., Rosenkilde, M.M., and Schwartz, T.W. (2007). Kaposi
sarcoma-associated herpes virus targets the lymphotactin receptor with both a broad spectrum
antagonist vCCL2 and a highly selective and potent agonist vCCL3. J Biol Chem 282,
17794-17805.

McCoy, A.J., Grosse-Kunstleve, R.W., Adams, P.D., Winn, M.D., Storoni, L.C., and Read, R.J. (2007).
Phaser crystallographic software. Journal of applied crystallography 40, 658-674.

Misquitta, L.V., Misquitta, Y., Cherezov, V., Slattery, O., Mohan, J.M., Hart, D., Zhalnina, M., Cramer,
W.A., and Caffrey, M. (2004). Membrane protein crystallization in lipidic mesophases with
tailored bilayers. Structure 12, 2113-2124.

Mukai, T., Hayashi, A., Iraha, F., Sato, A., Ohtake, K., Yokoyama, S., and Sakamoto, K. (2010). Codon
reassignment in the Escherichia coli genetic code. Nucleic Acids Res 38, 8188-8195.

Mukai, T., Hoshi, H., Ohtake, K., Takahashi, M., Yamaguchi, A., Hayashi, A., Yokoyama, S., and
Sakamoto, K. (2015). Highly reproductive Escherichia coli cells with no specific assignment to
the UAG codon. Scientific reports 5, 9699.

Mukai, T., Yanagisawa, T., Ohtake, K., Wakamori, M., Adachi, J., Hino, N., Sato, A., Kobayashi, T.,
Hayashi, A., Shirouzu, M., et al. (2011). Genetic-code evolution for protein synthesis with
non-natural amino acids. Biochem Biophys Res Commun 411, 757-761.

Muller, S., Dorner, B., Korthauer, U., Mages, H.W., D'Apuzzo, M., Senger, G., and Kroczek, R.A. (1995).
Cloning of ATAC, an activation-induced, chemokine-related molecule exclusively expressed in
CD8" T lymphocytes. Eur J Immunol 25, 1744-1748.

Murphy, P.M. (2001). Viral exploitation and subversion of the immune system through chemokine
mimicry. Nature immunology 2, 116-122.

Otwinowski, Z., and Minor, W. (1997). Processing of X-ray diffraction data collected in oscillation mode.
Methods in Enzymology 276, 307-326.

Panowski, S., Bhakta, S., Raab, H., Polakis, P., and Junutula, J.R. (2014). Site-specific antibody drug
conjugates for cancer therapy. MAbs 6, 34-45.

Park, S.H., Das, B.B., Casagrande, F., Tian, Y., Nothnagel, H.J., Chu, M., Kiefer, H., Maier, K., De
Angelis, A.A., Marassi, F.M., and Opella, S.J. (2012). Structure of the chemokine receptor
CXCR1 in phospholipid bilayers. Nature 491, 779-783.

Polycarpo, C., Ambrogelly, A., Berube, A., Winbush, S.M., McCloskey, J.A., Crain, P.F., Wood, J.L., and
Soll, D. (2004). An aminoacyl-tRNA synthetase that specifically activates pyrrolysine. Proc Natl
Acad Sci U S A 101, 12450-12454.

Proverbio, D., Roos, C., Beyermann, M., Orban, E., Dotsch, V., and Bernhard, F. (2013). Functional

54



properties of cell-free expressed human endothelin A and endothelin B receptors in artificial
membrane environments. Biochim Biophys Acta 1828, 2182-2192.

Qin, L., Kufareva, I., Holden, L.G., Wang, C., Zheng, Y., Zhao, C., Fenalti, G., Wu, H., Han, G.\W.,
Cherezov, V., et al. (2015). Crystal structure of the chemokine receptor CXCR4 in complex with
a viral chemokine. Science 347, 1117-1122.

Qiu, H., and Caffrey, M. (1998). Lyotropic and thermotropic phase behavior of hydrated
monoacylglycerols: Structure characterization of monovaccenin. Biophys J 74, A374-A374.

Radford, K.J., and Caminschi, I. (2013). New generation of dendritic cell vaccines. Hum Vaccin
Immunother 9, 259-264.

Rasmussen, S.G., Choi, H.J., Fung, J.J., Pardon, E., Casarosa, P., Chae, P.S., Devree, B.T., Rosenbaum,
D.M., Thian, F.S., Kobilka, T.S., et al. (2011a). Structure of a nanobody-stabilized active state of
the 32 adrenoceptor. Nature 469, 175-180.

Rasmussen, S.G., Choi, H.J., Rosenbaum, D.M., Kobilka, T.S., Thian, F.S., Edwards, P.C., Burghammer,
M., Ratnala, V.R., Sanishvili, R., Fischetti, R.F., et al. (2007). Crystal structure of the human (3,
adrenergic G-protein-coupled receptor. Nature 450, 383-387.

Rasmussen, S.G., DeVree, B.T., Zou, Y., Kruse, A.C., Chung, K.Y., Kobilka, T.S., Thian, F.S., Chae, P.S.,
Pardon, E., Calinski, D., et al. (2011b). Crystal structure of the B, adrenergic receptor-Gs protein
complex. Nature 477, 549-555.

Ring, A.M., Manglik, A., Kruse, A.C., Enos, M.D., Weis, W.1., Garcia, K.C., and Kobilka, B.K. (2013).
Adrenaline-activated structure of B2-adrenoceptor stabilized by an engineered nanobody. Nature
502, 575-579.

Roth, C.B., Hanson, M.A., and Stevens, R.C. (2008). Stabilization of the human -adrenergic receptor
TM4-TM3-TM5 helix interface by mutagenesis of Glul2234!, a critical residue in GPCR
structure. J Mol Biol 376, 1305-1319.

Ryden, S.M., and Isaksson, L.A. (1984). A temperature-sensitive mutant of Escherichia coli that shows
enhanced misreading of UAG/A and increased efficiency for some tRNA nonsense suppressors.
Mol Gen Genet 193, 38-45.

Sansuk, K., Balog, C.1., van der Does, A.M., Booth, R., de Grip, W.J., Deelder, A.M., Bakker, R.A., Leurs,
R., and Hensbergen, P.J. (2008). GPCR proteomics: mass spectrometric and functional analysis
of histamine H; receptor after baculovirus-driven and in vitro cell free expression. J Proteome
Res 7, 621-629.

Schrodinger, L. (2014). The PyMOL Molecular Graphics System, Version 1.7 Schrodinger, LLC.

Serrano-Vega, M.J., Magnani, F., Shibata, Y., and Tate, C.G. (2008). Conformational thermostabilization
of the Bl-adrenergic receptor in a detergent-resistant form. Proc Natl Acad Sci U S A 105,
877-882.

Shen, L., and Rock, K.L. (2006). Priming of T cells by exogenous antigen cross-presented on MHC class

55



I molecules. Curr Opin Immunol 18, 85-91.

Shibata, Y., Gvozdenovic-Jeremic, J., Love, J., Kloss, B., White, J.F., Grisshammer, R., and Tate, C.G.
(2013). Optimising the combination of thermostabilising mutations in the neurotensin receptor
for structure determination. Biochim Biophys Acta 1828, 1293-1301.

Shimamura, T., Shiroishi, M., Weyand, S., Tsujimoto, H., Winter, G., Katritch, V., Abagyan, R., Cherezov,
V., Liu, W., Han, G.W.,, et al. (2011). Structure of the human histamine H; receptor complex with
doxepin. Nature 475, 65-70.

Srinivasan, G., James, C.M., and Krzycki, J.A. (2002). Pyrrolysine encoded by UAG in Archaea:
charging of a UAG-decoding specialized tRNA. Science 296, 1459-1462.

Su, H.P,, Golden, J.W., Gittis, A.G., Hooper, J.W., and Garboczi, D.N. (2007). Structural basis for the
binding of the neutralizing antibody, 7D11, to the poxvirus L1 protein. Virology 368, 331-341.

Tan, Q., Zhu, Y., Li, J., Chen, Z., Han, G.W., Kufareva, I., Li, T., Ma, L., Fenalti, G., Li, J., et al. (2013).
Structure of the CCR5 chemokine receptor-HIV entry inhibitor maraviroc complex. Science 341,
1387-1390.

Tanabe, H., Fujii, Y., Okada-lwabu, M., lwabu, M., Nakamura, Y., Hosaka, T., Motoyama, K., lkeda, M.,
Wakiyama, M., Terada, T., et al. (2015a). Crystal structures of the human adiponectin receptors.
Nature 520, 312-316.

Tanabe, H., Motoyama, K., lkeda, M., Wakiyama, M., Terada, T., Ohsawa, N., Hosaka, T., Hato, M., Fujii,
Y., Nakamura, Y., et al. (2015b). Expression, purification, crystallization, and preliminary X-ray
crystallographic studies of the human adiponectin receptors, AdipoR1 and AdipoR2. Journal of
structural and functional genomics 16, 11-23.

Tian, F.,, Lu, Y., Manibusan, A., Sellers, A., Tran, H., Sun, Y., Phuong, T., Barnett, R., Hehli, B., Song, F.,
et al. (2014). A general approach to site-specific antibody drug conjugates. Proc Natl Acad Sci U
SA 111, 1766-1771.

Toleikis, L., Broders, O., and Dubel, S. (2004). Cloning single-chain antibody fragments (scFv) from
hybridoma cells. Methods Mol Med 94, 447-458.

Tonegawa, S. (1983). Somatic generation of antibody diversity. Nature 302, 575-581.

Tuinstra, R.L., Peterson, F.C., Elgin, E.S., Pelzek, A.J., and Volkman, B.F. (2007). An engineered second
disulfide bond restricts lymphotactin/XCL1 to a chemokine-like conformation with XCR1
agonist activity. Biochemistry 46, 2564-2573.

Tuinstra, R.L., Peterson, F.C., Kutlesa, S., Elgin, E.S., Kron, M.A., and Volkman, B.F. (2008).
Interconversion between two unrelated protein folds in the lymphotactin native state. Proc Natl
Acad Sci U S A 105, 5057-5062.

Wang, L., Amphlett, G., Blattler, W.A., Lambert, J.M., and Zhang, W. (2005). Structural characterization
of the maytansinoid-monoclonal antibody immunoconjugate, huN901-DM1, by mass
spectrometry. Protein Sci 14, 2436-2446.

56



Wang, X., Corin, K., Baaske, P., Wienken, C.J., Jerabek-Willemsen, M., Duhr, S., Braun, D., and Zhang,
S. (2011). Peptide surfactants for cell-free production of functional G protein-coupled receptors.
Proc Natl Acad Sci U S A 108, 9049-9054.

Warne, T., Moukhametzianov, R., Baker, J.G., Nehme, R., Edwards, P.C., Leslie, A.G., Schertler, G.F,,
and Tate, C.G. (2011). The structural basis for agonist and partial agonist action on a
Bi-adrenergic receptor. Nature 469, 241-244.

Warne, T., Serrano-Vega, M.J., Baker, J.G., Moukhametzianov, R., Edwards, P.C., Henderson, R., Leslie,
A.G., Tate, C.G., and Schertler, G.F. (2008). Structure of a Pi-adrenergic G-protein-coupled
receptor. Nature 454, 486-491.

White, J.F., Noinaj, N., Shibata, Y., Love, J., Kloss, B., Xu, F., Gvozdenovic-Jeremic, J., Shah, P,
Shiloach, J., Tate, C.G., and Grisshammer, R. (2012). Structure of the agonist-bound neurotensin
receptor. Nature 490, 508-513.

Winn, M.D., Ballard, C.C., Cowtan, K.D., Dodson, E.J., Emsley, P., Evans, P.R., Keegan, R.M., Krissinel,
E.B., Leslie, A.G.,, McCoy, A., et al. (2011). Overview of the CCP4 suite and current
developments. Acta Crystallogr D Biol Crystallogr 67, 235-242.

Wise, A., Gearing, K., and Rees, S. (2002). Target validation of G-protein coupled receptors. Drug Discov
Today 7, 235-246.

Wu, B., Chien, E.Y., Mol, C.D., Fenalti, G., Liu, W., Katritch, V., Abagyan, R., Brooun, A., Wells, P., Bi,
F.C., et al. (2010). Structures of the CXCR4 chemokine GPCR with small-molecule and cyclic
peptide antagonists. Science 330, 1066-1071.

Yanagisawa, T., Ishii, R., Fukunaga, R., Kobayashi, T., Sakamoto, K., and Yokoyama, S. (2008).
Multistep  engineering  of  pyrrolysyl-tRNA  synthetase to  genetically  encode
Ne-(0-azidobenzyloxycarbonyl) lysine for site-specific protein modification. Chem Biol 15,
1187-1197.

Yang, J.P., Cirico, T., Katzen, F., Peterson, T.C., and Kudlicki, W. (2011). Cell-free synthesis of a
functional G protein-coupled receptor complexed with nanometer scale bilayer discs. BMC
Biotechnol 11, 57.

Yoshida, T., Imai, T., Kakizaki, M., Nishimura, M., Takagi, S., and Yoshie, O. (1998). Identification of
single C motif-1/lymphotactin receptor XCR1. J Biol Chem 273, 16551-16554.

Yoshida, T., Imai, T., Kakizaki, M., Nishimura, M., and Yoshie, O. (1995). Molecular cloning of a novel C
or y type chemokine, SCM-1. FEBS Lett 360, 155-159.

Yoshida, T., Imai, T., Takagi, S., Nishimura, M., Ishikawa, 1., Yaoi, T., and Yoshie, O. (1996). Structure
and expression of two highly related genes encoding SCM-1/human lymphotactin. FEBS Lett
395, 82-88.

Zhang, Y., and Gladyshev, V.N. (2007). High content of proteins containing 21st and 22nd amino acids,

selenocysteine and pyrrolysine, in a symbiotic deltaproteobacterium of gutless worm Olavius

57



algarvensis. Nucleic Acids Res 35, 4952-4963.

Zimmerman, E.S., Heibeck, T.H., Gill, A., Li, X., Murray, C.J., Madlansacay, M.R., Tran, C., Uter, N.T.,
Yin, G., Rivers, P.J., et al. (2014). Production of site-specific antibody-drug conjugates using
optimized non-natural amino acids in a cell-free expression system. Bioconjug Chem 25,
351-361.

58



HEE

ARG EZATT DI2H T2 0, FHEHE OURE & Z LA RGN - U E . B e
MRS L AT TR ORI L2 BT BICIIANI DT DI iR E 2 A TR S Y,
WIEEHED TR T2 727 RN AZTHE & L7z, BYLEMIETT 7 A 7 A = R
Bt Az se & o # — S G A M O AR ERT FHME, RnE 3RO
RIS A U OB A THE £ Lz, BYLEGET 7 A 7 A = AT g s v
X — A A FE P ORIKB I LIS E @ X v 87 B ORD ] J O ST
DEICZ L OfRECHEZ2 LCTHES E L. SIERREERERRFZORIE —# L2
PUED A ) —=r 7, XCR1 OFMLE, Fifi~7 7 RXE L IBOREEICE L T2
VE L. Rl 7 XF 2 EIBIT OV TIT B PR JE AT R LA S A2 9 0 98 28 0 U 7 ke
TIC b BMEEIC A F Uiz, BB 7 A 7 A = AT v ¥ — o Bl 5L
WREBICIIFERAZ ) —= o P IR 7 a—=0 ZIZBLTT RS AZTEXE L
7o X BREHT T — & OREIZ OV TIERR R, miI5LBIJEE, SPring-8 D & — A7 A
VAL T DI R DBMEFEITR Y F Uiz, BYURLEIIET T A T YA o A g o~
— O HERCFIEE, bl FEE LIS E2 L CHEE E L, BRI 7 A
T A = AEA AR X — O RPEE LI BLR 7 T A I ROERIZB W TR RS
2720 £ U7z, BYL AR SR pTi I AR 7 JE =2 o <7 B 1213 XCLL oFREiEIC
BILCT RS ZA&TEE F LT, BRI A B R ONR 2 B I3 IERRT 2
FeE N2 L C g2 THE £ L. BUEREE KO RFER T 11213 XCL1 © HSQC A
A7 MVERGE L CIEE E Le, M LIRSLER K EOSOEE R, FKF0 25w
BHESRIIIPUR R 7 U —= 0 712815 FACS #1T7-> CIHL £ & blg, RERICBITS
XCR1 D&ENCBI L C ZHIRIAE X £ Lic. BULFPMIEITOFEE I V—T T ¢ L7 X —|2i%
PURDRIEL L UONA 7V F—<DER, BYL AT O HRFIE2 =y M) —F —ITiX
PUEOFRZ1T- CIHE £ Lz, BWEERRKFOFBEELESIRICITE b CO4HHR M
DYt 24T > CTIHE F Uiz, WRHAMIEEO LR T8, BIER R T K EBE - R 5
FHEFEEICERE L TR 0 £ mER(IEIR) & B 1A%, B LOFZERT o LA 14k, <7 H &L
e, BRKRERPBRE R RH A E WAL B S O BRI IL ORISR T 2 F5
TRk 2 IR A K-> CTIHE E Lz, £ ORI E =M P E O )7 4, BAL SR SE T
TA TV A = AFMESE Y F — DR, O TRAMEES L 72 IR R AR FE = O #
B, Z#EOH 2 I BEAETED L OETHZ THE £ Lz, BLEDF 21200 b IEET
7=LET.

HERRICIERE T 21, BUL PR O RFFeA Y —F - 7V v of M Z 0 #5%
B CHZCHEEMRICITHIATL Z ENTE L L. Kk, AiFm, Bim Ttz TEE
STEME, FIRISODHBEG - L £

59



RS

FraF R LUV LN OMEES TOTIUT FIED T2, FERH.

60




FFFFH R L OV FELIN D%

E=rliray
FUD#

TOTATTFEDT=D, L.

61




FFFFH R L OV FELIN D%

E=rliray
FUD#

TOTATTFEDT=D, L.

62




FFFFH R L OV FELIN D%

E=rliray
FUD#

TOTATTFEDT=D, L.

63




283 K 313K

1-1: XCL1 DI {FEiE L BELEL

XCL1 [ 283 K ICTHEHMLGTEAA U EDOEEPDB ID: 138)% & 5(F). TNITRLT,
BI3K TIEXCLLEADRY— 5% % 2 EAHEEPDB ID:2IP) % & 5(F L IRB).
HMTCIIRELEEF & S8 PDB ID: 1381 ) 9-68(5F) & PDB ID: 2JP1 O 8-52(F L Ik fa)
#xrLT-.

. TEHAXCLL
PR
g iz
TENAVREE

XCR1 (GPCR)

EbcD141+ 5K HRRE

1-2: XCR1 ) CD141*#t kA o) Hs B
XCR1 & CD141*#HRMRICRIRL TH Y, XCLLZRHLFEMILT E. SO TFILIZ&Y
CD141*#HK#ifE & XCLL DBEDF WIS~ ElEESHE 5.

64



1-3: A DEXE

DAUE  FEEEHF

. l'_\ /&g@nﬂ[{'@

) \ %fﬂ&;@
BURHE LeROv  ISE
TSRZR

o0 o .| EHM®

o RNA_\:‘I:U r*o—t BNDE

~ By

R
mMRNA ° ¢

S
\FUm ] s

1-4: EMEE VN BERROERR
EHfASY NN BEERRETHEBENERVCHRENTE UNVEEZEHTHRTHY,
REREZ VNV BEORELIZHFEET IRFERRISHMTES.

65



FFFFH R L OV FELIN D%

E=rliray
FUD#

TOTATTFEDT=D, L.

66




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

67




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

68




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 7230, FRAA.

69




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

70




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

71




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 7230, FRAA.

72




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

73




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

74




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

75




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

76




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

77




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 7230, FRAA.

78




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

79




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

80




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

81




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

82




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

83




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

84




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

85




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 7230, FRAA.

86




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

87




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

88




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 7230, FRAA.

89




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

90




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

91




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

92




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

93




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

94




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 7230, FRAA.

95




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

96




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

97




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

98




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

99




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 7230, FRAA.

100




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

101




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

102




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

103




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

104




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

105




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 7230, FRAA.

106




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

107




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

108




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

109




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

110




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

111




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

112




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

113




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

114




BERFFR A5 O 5 AR AN OMERE S COTIFT TAED 720, FRAAM.

115




FraF B3 KOV AELIN D%

= oYiriy
A ~F

TOFATTFEDT-D, FHNH.

116




