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Fig. 1 Cation exchange chromatography of crude enzyme.

The crude enzyme after salting out was applied to a TSKgel SP-5PW column. Fractions (6
ml) were collected with a flow rate of 2 ml/min. A gradient elution was started at the point
indicated by the arrow. A and B denote protease I and I fractions respectively. Symbols ;
absorbance at 280 nm (---), yeast-lytic activity (s), protease activity (0), B-1,3-glucanase

activity (O ).
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Fig.2 Gel filtration of proteases.

Gel filtration chromatography of protease I (A) and protease 11 (B).

Each protease fraction from the cation exchange chromatography was applied to a TSKgel

G3000SW column. Fractions (8 ml) were collected with a flow rate of 2 ml/min. A column

volume (217 ml) was indicated by the arrow. Symbols : absorbance at 280 nm (— ), yeast-

Iytic activity (e), protease activity (0).
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Fig. 3 Purification of -1,3-glucanase

A. Anion exchange chromatography. The unadsorbed fraction from the cation exchange
chromatography was applied to a SynChropak AX300 column equiribrated with buffer D.
Fractions (4 ml) were collected with a flow rate of 2 ml/min. A gradient elution was started
from fraction number one.

B. Gel filtration chromatography. Active fractions from the anion exchange chromatography
were applied to a TSKgel G3000SW column. Fractions (4 ml) were collected with a flow
rate of 2 ml/min.

Symbols ; absorbance at 280 nm (—), B-1,3-glucanase activity (e).
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TABLE I Purification of yeast-lytic proteases

(A) Yeast-lytic activity

Total Total Specific
Step protein activity activity  Purification Recovery
(mg) (units) (units/mg) (fold) (%)
Culture supernatant 996.8 8520 8.5 il 100
Salting out 100.9 4920 48.8 S S57.%
Protease I
TSKgel SP-5PW 3.18 194 61.0 7.1 2.28
TSKgel G3000SW 0.179 44.0 246 28.8 0.52
Protease I1
TSKgel SP-5PW 5.36 128 239 2.8 1.50
TSKgel G3000SW 0.079 23.0 291 34.1 0.27
(B) Protease activity
Total Total Specific
Step protein activity activity  Purification Recovery
(mg) (units) (units/mg) (fold) (%)
Culture supernatant 996.8 273 0.274 1 100
Salting out 100.9 752 0.745 27 27.6
Protease I
TSKgel SP-5PW 3.18 13:3 4.19 15.3 4.89
TSKgel G3000SW 0.179 1.65 9:21 33.6 0.61
Protease II
TSKgel SP-5PW 5.36 17.7 3.30 12.0 6.50
TSKgel G3000SW 0.079 1.56 19.7 D 0.57




TABLE I Purification of B-1,3-glucanase

Total Total Specific
Step protein activity activity  Purification Recovery

(mg) (units) (units/mg) (fold) (%)
Culture supernatant 996.8 756 0.76 I 100
Salting out 100.9 745 7.39 9.7 98.5
TSKgel SP-5PW 585 456 7.79 103 60.3
SynChropak AX300 3.06 128 420 554 17.0
TSKgel G3000SW 1.36 71.3 56.8 74.8 10.2

Fig.4 Polyacrylamide gel electrophoresis of purified enzymes.

A, protease I (13 pg). B, protease II (10 pg). C, b-1,3-glucanase (11 pg)



TABLE III  Synergistic effects of protease and -1,3-glucanase

Enzyme added (ug) Relative amount of yeast cells (%)

Protease I Protease Il B-1,3-glucanase A660° Total cell.” Viable cell®
0 0 0 100 100 100

0 0 S 98 100 100

5 0 0 52 100 2

5 0 1 0

0 5 0 40 93 0

0 5 5 10 2 0

a: turbidity of yeast suspension after enzyme treatment, b : apparent cell number under a

microscopic observation, ¢ : viable cell number as colony-forming unit

(4) BERFERREMICHT 527077 —€ & £-1,3-glucanase DIHEIER
W7 077 — I3 HMTREEAREE L R 25, BEROBRIITESE
Tl hhorz, F72. KB B-13-glucanase T BT I3 BEBHAMRIE M % 1
Ehholze LL, WMEEZEHT S LEBERIIEEICHER SN/, Table
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AR A M b ELId kv, —F. 2EHOTu T T —+¥
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Fig. 5 Estimation of molecular weight by SDS polyacrylamide gel electrophoresis.
Molecular weight of purified enzyme was estimated as follows by the method of Laemmli:
protease 1 (35,000), protease II (33,000), B-1,3-glucanase (82,000). Molecular weight
standards (0) were phosphorylase b (94,000), bovine serum albumin (67,000), ovalbumin
(43,000), carbonic anhydrase (30,000), soybean trypsin inhibitor (20,100), and a-lactalbumin
(14,400).
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Fig. 6 Effects of pH on enzymatic activities.

A. protease I as yeast-lytic activity, B. protease I as protease activity, C. protease Il as yeast-

Iytic activity, D. protease II as protease activity, D. B-1,3-

measured by the standard assay method described in the text.

glucanase.

Each activity was

The buffer system used was a

mixture of 0.1 M phosphoric acid, 0.1 M acetic acid, and 0.1 M boric acid whose pH was

adjusted with NaOH.
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Fig. 7 Thermal stability of enzymes.

Each enzyme was incubated at the indicated temperature for 15 min. Remaining activity was
measured by the standard assay method.

A. protease I; yeast-lytic activity(o), protease activity(e)

B. protease II; yeast-lytic activity(o), protease activity(e)

C. B-1,3-glucanase(o)
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TaTT—EDI A Tegd b0, FHEOMEH % H\ Tprotease
1% Uprotease D BERFARIEME R S 70 7 7 — BIEMIC A § A [HEM R
ZF~_7z, Table IVIZ/R L7z & 9 12, 5 mM®diisopropylfluorophosphate

(DFP) &(fphenylmethylsulfonymuoride (PMSE) 27057 —¥iEHE
BERAEROM 2 22 ICHE L2, & Lix, H#protease IR U
protease IDBERFIEFRIEUAERIC 7O T 7 —FIL L2 DTHEHT L %

myeRiE. TheO7OT T/ 7a7T7—ETHAEC LD
ALTW3,

TABLE IV Effects of inhibitors on protease

Residual activity (%)

Inhibitor Concn. Yeast-lytic activity Protease activity
(mM) Protease | Protease 11 Protease 1 Protease I1
None 100 100 100 100
DFP* 5 0 0 0 0
PMSF® ) 0 0 0 0
1AA° 3 98 97 94 94
EDTA* 5 100 100 100 98

a : diisopropylfluoro phosphate, b : phenylmethylsulfonyl fluoride, c : iodoacetamide, d
: ethylenediaminetetraacetic acid



Fig. 8 Scanning electron microscopy of enzyme-treated yeast cells.

A, untreated yeast cell, B, protease I and B—1,3-glucanase for 18 h,

C, protease I for 80 min. D, p—1.3-glucanase for 80min,

E, protease for 18 h, F, B—1,3-glucanase for 18 h

-25.-
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Fig. 9 Models for yeast cell wall structure.
A : a model presented by Zlotnik et. al. (13)
B : a model presented by Obata er. al. (14)
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L7z ENFhOMEBFIZOVT., 7

(7) RPINERBREMDSEDRFEICS ZHE

1 mlD R #E12120.1 M Tris-HCI buffer, pH 8.0, 0.8 M &-Ffi HUE4 |
RER mgOB AR UBENE TN S, 30T, 1L S &7z
. 2mIDKZEMZ T, REEESZ PO % 5% L 51 D660 nm
OEHEHPEL . FHOHK L L7




3 &/R

(1) NK&®E7 3 /EES
RPIDEDRLZ 7O T T7—ETHED0E A0, T, TON
Ko7 X/ BESEHREL., ot

#4, Fig.lZ/R L7z & 9 12, RPUZI Lysobacter enzymogenes? « -lytic
His27{$ & THIF
WA DB Z EADA o7z, L. enzymogenes? « -lytic protease X St. griseus
ODprotease AR UBIX, £V ¥ 7077 —E¥DHTL )T - FED
V7Y UEOTa T T —ED—HTHA I ENVHMSNTWVASY, RPION
AU FLF1 (2 (3 subtilisin BPN' & UNCarlsberg” & AP D & % #3513 72 0o
oo TNHLOKRIZ, RPN 7YY - FEN) T VBOTETT
—ETHBEZLERLTNS

) Fags 7Lkl 20

proteaseX>¥Streptomyces griseus?® protease A & U'BY & §¥F(Z

1 5 10 15 30 35
RPI RDYWGGDALS|G| TLAFPVY AVEGKGH I
olP (10S INNASLCSVIGIFSVTRGAT GTVNATAR
SGPA M I TTGGSRCSL|GIFNVSVNGV TNISASWS
SGPB M I YSSTGRCSL|GIFNVRSGST TDGATTWW

Fig. 1. N-terminal amino acid sequence of Rarobacter protease I (RPI) compared with
L. enzymogenes o-lytic protease (0-LP) and S. griseus protease A (SGPA) and protease
B (SGPB).

Identical amino acids are boxed. Amino acids of Rarobacter protease 1 are numbered above
the sequences. Numbers in the parentheses before the sequences are the residue numbers of
the most N-terminal sides of the other proteases shown in the figure. The asterisk denotes the

active-site His residue. Blanks indicate unidentified amino acids in the sequence.

(2) 7I /BRI AT NVIHT 2458 H

RPIDEEIFEUZ AL T L LT, 5., KH7 I/ Bo/5=
PR 722 VI AT VIS T HHEREEFRI, THIETBTFT7—ED
TR LT, PIVA FORRME R 2 Z L1245, 4553 Table
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HWARL72EIIC, RPIET SV DI ATV EBEHICHBRL 2o D
Eds TA 22, 23 HL"Mt@H’mwﬁH mLlie 7z=0
TI= PO T Ty v, FR LB EPOEEET R /IBODZ AT
IBEAERBR L d oz, &9 LEPIREERERMEO 7T T 7 —
KIEHE VRSNV, 5 X5 —ER «-lytic protease ¥ [ 7 2
BREREZFOZ LML TV B89,

TABLE I Esterase activity of RPI with benzyloxycarbonyl amino acid p-nitrophenyl
esters as substrates.

One milliliter of reaction mixture contained 0.1 M Tris-HCI buffer (pH 7), 25% acetonitrile,
0.1 mM substrate and 5 pg of enzyme.

Amino acid Relative activity (%)
Ala 100
Gly 3
Ile 0
Leu 43
Phe -
Pro 0
Trp 2
Tyr 4
Val 10

(3) RPIDI SR 4% —+H &M

IRT 7 —EEED O REERREEEE, =725 —EDLh &HM
LTW/znT, =7 A5 —ERRENZEE TdH 5 “Succinyl Ala-Ala-Ala
p-nitroanilide(Suc-Ala-Ala-Ala-pNA) 2 UfSuc-Ala-Pro-Ala-pNA % |\ T Z D
6% #ET L 720 Table IIZ7R L7z & 9 (. RPLESuc-Ala-Pro-Ala-pNA 2

EbOTHRENTH )., O ZKeat/KmT3.48 s' mM*1 &\ 9 B W E
TR 720 T OfEilX, Bacillus sp. alkaline elastase "D 1.4 s' mM*' & 1) &
o725 —Ji. Suc-Ala-Ala-Ala-pNA (Zxf§ % Kcat/Kmid0.13 s' mM' T
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@& V) . Bacillus sp. alkaline elastase 2.5 s' mM* & V) & {722~ 72, RPIIZ
Suc-Ala-Ala-pNA & U'Suc-Ala-pNAZ 5ME L 2 2o 72 DT, T OFEE IS
L EB4DDHTHA M BB LDEEZ LND, RPIBERICTS
AT 27 B ERANRIRIL M DY) B & ATEPEE S LT L BN D -

72 (data not shown),

TABLE II  Kinetic parameters of RPIfor succinyl peptide p-nitroanilide as substrates.
One milliliter reaction mixture contained 0.1 M Tris-HCI buffer (pH8), 10%
dimethylsulfoxide, substrate and 1 pg of enzyme.

Substrate Km* Kcat* Kcat/Km
(mM) (s (s'mM")

Suc-Ala-Ala-Ala-pNA 20.2 2.7 0.13

Suc-Ala-Pro-Ala-pNA S 19.8 3.48

“The correlation coefficient of the linear regression to calculate enzymatic parameters was
more than 0.99.

(4) Bb1 >R > BSHDOMARE/NE— >

IO RELRTF P 24058 M LRS00, Bfb1 21 VB
SORPIC & 53 % #at L7z S RIEY & BRI ICERILL T, 207
I BRHLR R AT L, BR{EA Y R Y BEHO T I/ BRELY & BB L T,
EDBEGDRTF FEGPHREN TV SO0 EHEE L7z, Fig2lim L
72EHic, b1 EBEBICE 2EORTF FSEL, 73 BOHrokk
ESFig31R L2120 T F F E[FE S L7z, RPULIGDO T
X, 13 & A EVall8-cysteic acid19(cyal9) DX 7 F FEE D A% 453 ff L
Phel-Vall8 % UFCyal9-Ala30D R 7F K& AL 5 Z &b o727, 5l &
X RBE BT 5 2 LI L > THBDOVall2-Glul3, Alal4-Leul5, Leuls-
Tyrl6 b SRS NIED B A, ZNEDRTF FEEG ORI 8 BT
LRETIR D o7, Cyald-Ala30N R 7T Fid S HEEHTLEL FME
Nirhotz, BbA ¥ A1) ¥ ABIEIFE U &M TIRRPIC X - TE L 4R
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Fig. 2. Elution profiles of hydrolysate of oxidized insulin B-chain on reverse phase
chromatography.

RPI and oxidized insulin B-chain (1:100, by weight) were incubated at 30 °C in 50 mM Tris-
HCI buffer (pH 8.0). After 0, 1and 8 h, the reaction was stopped, and the hydrolysate was
fractionated by HPLC. Numbered peaks in the figure were collected and analyzed as
described in EXPERIMENTAL PROCEDURES.
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Fig.3 Cleavage sites in oxidized insulin B-chain by RPI compared with L. enzymogenes
a-lytic protease (a-LP) and pancreatic elastase (EL). Larger arrows indicate major
cleavage sites , and smaller arrows minor ones. Numbers of peptide fragments within the

arrows correspond to the numbers in Fig. 2. C indicates cysteic acid.
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(5) RPIOEBMAIICX T 2 WE
RPIDEZHFEMIIT I Ay — ¥ Eh & 4k
BHOWMATELL TWAE I LA 5,
LHBTEBNE) DEBRE L7z, Table MIISRL7Z X 12
¥, B-1,3-glucanase DRMOA H (D 5§, B
3&#ot;:®:£&ﬁwﬁWM Y TH A b OSFREDS DK
HEOMEERY DS LRREL TV, TTAY—HEILLB LT
TYOGRICEL TS, BEINEUROREETHE LT AF Y ITAE T
HIEDWLETHLLEINTWVEY, ZZITRPISFE L & ) ICAEREDE
BTHhAMBAEINT BT 74 =274 — %2> T0H00E) h ek
A L7ze #EFRIETable IVIS/R L7z & B0, BEHBEWCRIN L Z2RPUL A
LEFICZIZEAERP I NNV L2056, RPUXIT E A EFEREMITL
EEINIDDLEZOLND, —F, RPULITZT AT T LW
L. TF3AY—FRIFAFVICEIBRETS D00, BRICIIRAE L%
Motz TNLOFRIE, RPIDVEEEMIEEZRT 201213, BEEEC
WETHLDPUETHILILEREL TS,

TABLE II1  Effect of elastase on lysis of yeast.

The yeast-lytic activity of RPI and pancreatic elastase with or without B-1,3-glucanase was
measured by the standard assay method. The lytic activity is represented by the decrease in
turbidity of the reaction mixture at 660 nm.

Protease (ng) B-1,3-glucanase (ug) Lytic activity (%)
RPI 0 0 0

0 5 3

5 0 48

5 5 87
Elastase 5 0 3

2 i
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TABLE IV Adsorption of Rarobacter protease I (RPI) to yeast cells or elastin.

Enzyme was incubated with yeast cells or elastin at 25 °C for 3 min.

After centrifugation, protease activity of the supernatant was assayed with Suc-Ala-Pro-Ala-
pNA as substrate.

Enzyme Addition Residual activity (%)
RPI None 100

Yeast 1

Elastin 45
Elastase None 100

Yeast 110

Elastin 18

(6) RPI®mannose-agaroselli$37 74 =7 1 —

BEEES. cerevisiaeDEBIZ~ >V F U ¥ V2 TBBbOIATWAZ & %
EZBHBEL, RPIEYVF VI VNGB ICT 74 =714 —%FoTWwWhE
W) ZLRITFICEROND, £ZTET, RPUIT ¥/ — AREERED
%\ E ) H % mannose-agarose 7 7 A & IV THGET L 72, AR I3Fig4ic
RL72 &9 12, RPIFSEA ICmannose-agarose 7 7 A IR L. 58 0 H|
GTHH7T77var2iciF3el rar 7 —EEREIRE S Hh-o
72o LT, W& EN7ZRPIIZ1I M « -D-methylmannoside, D-mannose,
D-glucose|Z & » T &Nz, THE DHEILC-3. C-ADKERIED SLAREL
AR L THbo BIULHRIZIOBU ETHo7zo —T,. C3, C-A4DKEESE
DN AKRBLE A B 72 % D-fucose, D-galactose, L-rhamnoselZ & > Tld, 71
F7—EBERRBH EN o7, TNHLDFEEIE, RPIFL 7 F Uik
D Y4 R 72 /51 Tmannose-agarose [ZFE S L TWAH T LA RL TS
D-glucose (= & A& HI D784 — ¥ 7 « -D-methylmannoside & U°D-mannose (2
k_T7u—F&aZ b, RPIEY Y/ —ARES ‘//cygrf;),g =
Wz %, Pancreatic elastaselZmannose-agarose 77 7 A (ZIE 4 FEA L

7* - 7z(data not shown)o
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Fig.4 Mannose-agarose chromatography of Rarobacter proteaseI.

Rarobacter protease I was loaded onto a column containing 1 ml of D-mannose-agarose.

The column was washed four times with 1 ml of 50 mM Tris-HCI buffer (pH 8.0) and eluted

with the same buffer containing 1 M various monosaccharides after the fractions indicated by

the arrows.

MM, a-methylmannoside,

Man, D-mannose, Glu, D-glucose, Fuc, L-

fucose, Gal, D-galactose, Rha, L-rhamnose
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MEMRIGZED 5N %P o7z, Suc-Ala-Pro-Ala-pNAZ flV 7z 707 7 —
CHERE N L DOBEOHFFEIZL > TP 2 4172 % - 7z (data not shown)
CNLDOFREDNPSL, BEBOBRICIIRPIV Y > /) — AR HETE

BERBICHEETHIILIULETHLI LFbhorz

TABLE V  Inhibition of yeast lysis by monosaccharide.

Reaction mixture (1 ml) containing 0.1 M Tris-HCl buffer (pH 8.0), 0.8 M monosaccharide,
yeast cells and enzymes was incubated at 30 °C for one hour. After addition of 2 ml of water
to disrupt osmotic sensitive cells, the turbidity of the yeast suspension was measured at 660

nm. Lytic activity is represented by the decrease in turbidity.

Relative lytic activity (%)

Monosaccharide RPI RPI + B-1,3-glucanase
o-D-methylmannoside 24 38
D-mannose 16 36
D-glucose 13 28
L-fucose 61 94
D-galactose 69 95

L-rhamnose 54 95
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PRP211IEANIN—T 7 =V ZERSEGE, FAOH MO 1 AHDNA
RERT D, YT VADEDDWASWA LT T u— i3, HIEEEE
LB EFNICHLIAr—2 3>, $721%, exonuclease ITI &
mung bean nuclease|Z & ZEFEH 7Y — 2 3 Y IC ko TR L 72, 1 &
$DNAIZMI3KO7ZANM/S—T7 7 — T L LTHWTHE L 729, ¥EtR
FlogE i, BRAMICIZY A 74 F VENCETE, B = -
754 <—%HVWTDNAHB) > —% »H— (Applied Biosystems 370A)
IEEa2TCiTo7



4) BBET X3 FOER
pTVIISND B —HF & b ¥ ¥ — ¥l
LREEWIEACT, RPERETEEH S, X7 5 —MOBKBIT F

(EFOTOE—F—RUY KV —

Y THHATGOEKLICRPINHE 2 I F A5 X HITT A 72012, primer
repairiE # V729, &4 ) TX 27 L 4 F F5-AAGTGTAAGAAGCCCA
GCGCG-3'% ') Bk L 7z#%. pRP2112>HFREL L7 1 KEDNAL 7 =—
VERTz, 7V IBEERHVT T I M Y —DMERIEZTT> 721
mung bean nuclease T 1 A8{#85 & 43 L 72, 4 L7z 2 KAB{DNA%Z Nrul T
LTINS FB R Z(ED . Neol kU827 L/ w7 B CALER L T
K& VERB L72pTVIIBNIZ T A 7 — 2 a ¥ L7z. AR TR HEIM109
rREER L., S5O N REEREE, G54 T2 LA F F5-AAA
CAGACCATGAAGTGTAAGAAGC-3% 7O — 7k Lzau=—nA 71
F A= a3 PSRN == e, B 2a e vicD

WTik, 84 TX 27 L+ F FSTGTGGAATTGTGAGCGG-3'% 77 A
v — ¢ LTEERFNEFEEL T, X7 —HDATGE 1 > ¥ — MO
AAGHIE LA FHEEINTWVAENE ) hEmEZ LT,

(5) BAEERAZRICL S CRIRBEREAEERHDER
Eckstein 50D HHETHEI T 7 A I FpTV-RPIUITyrd04 % 3110 F > (2
LZHER (TAGHHTAA) %A L7z, pTV-RPIAD S FE L 72 1 A8
DNALZER%# &L A1) TX 7 L4 F F5-ACGACCTCCTAAGTTCAGGG
7 =— &/, AmershamDRFEF v MMIBEMF o 70 b aviz
o TRILZEAT = 720 KIGHIMI09% IEPEY TG L 26, 3=
Ty 7Lz 7 T AI FORIBRBEER A 25 2 L2k > T, B8k
DERZIRATE, BRIFRIZOWTIE, ZRFSEA SN TV AT OERE




Bl = GEA ) TX 7 L} F F5-AACTACGGCAACGGCCACA-3'%

13— LTEERFIZREL, ERISBEASATNE T L

R+

- 2

F
Y s

) KEBE CTRE L ZRPIOFHER

M7 T A I FpTV-RPI% O KM HIMI09D — 455 R ORI HE WL %
100 pg/ml ampicillin 2 U°1 mM isopropylthiogalactoside % & 3% nutrient
broth (Nissui)(Z3% 888 L, 30C C24BsfssE L7z, 707 7 — ¥IdHifk
DERCENLD S, Bl SNz, BihoREER 707
—BIIEAMITE 2B TR HEIC L > THE L 72, MiHICZOME
"R D & BRI Ow N EE & 0% DR G THAT L, 4 U727k

ZHD /2%, 20 mM sodium acetate buffer, pH 5.0, 10% glycerol |2 #fi# L |
[7) CRRAHE CHEMT L 720 B U 72k % 30 Chrv 722, TSKgel SP-5PW
FaA & 25 7 A CToHlELTz, WAk L72y 282 BiE, 04505 MD
WkF M) AOERE Y SV FTHER L, EHEODH5HES (0.1
D502 MDIELF M) T AREE) I2DoWTIE, LTHh 5, TSKgel
G3000SWD 7 )V 53871 7 A |27 F, 0.1 M sodium phosphate buffer, pH 7.0,
10% glycerol THEH L 720 & D57 BES M TRPIIZ2007 5300 mlDiFHEE T
BHIN D, BEINLEEES ., RS . EH¥$5FT20CT
BREF L7, BMEBZONAREYZ, BB Fx o aRicks 7074
¥ ¥ —/% % — (Shimadzu PSQ-2) %MW THEL 7

(7) BEREEDORE
RPIO/RY 707 7 —EifMiE, RPUIFFRAYZILE TH % Suc-Ala-
Pro-Ala-pNAZ FIWT, S 3 ISR L7 75'2Jif“iﬂf115;’ L7z, BERRAMHEME
I3, Saccharomyces cerevisiae IFO2043% #H & LT, 28w ITR L2 Hik
Tl L7z, BRfbA ¥ AU Y B# DS

J\f'%‘l-/‘: 7 — 2 f#HT K Umannose-




agarose 7 O 75 7 4 —I3, E£3ZEITRLEF
(8) RPIRUZEERPIDA L/ 70Oy MEM
PIRPHLADTERIZ L F OFkIZ L THT > 72 R. faccitabidus YLM-50D 5%
AL 5 AEEL L 72200 pgDRPI% Freund's complete adjuvant & {4 LT
FFITES L7z, 208, 4 [E]I2H7 - T100 pgP»RPI% Freund's
incomplete adjuvant & {4 L 72 @ Zbooster & L TiE4f L 72, HIRPHLE
D fili % HERR L7, MiFZEHEPE D ICHRIL ., FEHFROLHEEZRL
72812, pTVLISN % £f o 72 KM HIM109 Dl H L CHRIPURIE% W17 -
| T2o AL 70y MMftd 2 % 22387 B iZLaemlin® J % TSDS-PAGE %
[ 17> TH 5, 25 mM Tris, 192 mM glycine, 20% methanol, 0.05% SDS % & &+
Bl E W C= b o — RAE~NBRKEBYICTO Y 74 ¥ T %
12729, 78y M, 1%FMIET V7 I >~ %5 &TBS (10 mM Tris-
HCI, pH 8.0, 150 mM NaCl) T304 710 v ¥ > 7 %47 - 7:#%, TBST
(0.05% Tween 20% & #:TBS) T 2 0 0 f5IZ#A R L 7-HIRPILIML{ T304
1 YFa~R—}FL7%, 70y PHORPIDRIBIE TV HY) 7R 774

H17 4 FIgGHifk (ProtoBlot, Promega) % iV TH1- 72
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(1) RPI&fEFHI7O—=>%
TICHRESINTWABRPIY ¥ /37 O

X/ BRECHI A 56
RPIBIZFOT v F LV AL —BITHF VTR VLAF F T u—7%
EBRFFEIRLBIER L7, o 7a— 7%/ L TR. faecitabidus
YLM-50%"/ ADNADHH U @i k{7 o728 2 A, 70— 7219 kbD
BamHIKT - R U°1.7 kbD Pstiliff i L 58 NA T A4 X Lfze T T
. ZDI9kbDBamHIKiH # 7 H O —AF VP LM L TTFIAIF
X2 ¥ —pUC118i> ZHh, KWz EER LK, L7 —-7
ZHGTITS—NA TN T L BT g PE L s T AGN == T %
Torze ZDRER, 1HEHEORY T4 72 00— YpRPI11 %72 (Fig.1)
Z OpRP111 D AR DALY % FB53 B9 R L 7285 R . RPION K
7 3 BEESICHIET AEPISFAEL TW2DT, ELWwro— 8
BBENTWAEZ EFHEREN, LrL, ZOWH ICIZRPIO C Kk
HAARIFTTWEI L b bh>72DT, pRP11100.8 kb Pstl/BamHINT F
% 70—7& LT, R faecitabidus’7” / 1 ®1.7 kb Pslff i % pUC118iZ 7
O—=>7L, pRPI21& L7:(Fig.l)o TSN 5B X (T, pRPI2IDHFHA
WiH RAIRRDOA Y TR 2 LA F FENA TYFAL XL, 72, pRPIILL
SNATYFALXL72DT, FigllTRL7: X5 IZ, pRP111LpRPI21IE
0.8 kb Pstl/BamHILZS 7> TEH L TWb L EZ b/, £ T, pRPI2ID
1.7 kb PsaliffFr &, pRP111ZPUTIHILL72db D% FA4 r—2 352
LitkoT, EERORPIBEF2ELEEX LN T T A I FpRP201
#VER L7z pRP201% FEO KB HEIMI09I3 4B % & D LBER K TR
BEEIRET 2 L) TONTEEE TSI L2 5, RPEEETFEABEE O
FTHODLTRICRALTVWE D EZEX bRz, L L, Bhicid”
075 7 —EiEEEERIRE S e o7




pRP111

pRP121 _—— |

pRP201

FIG. 1 Construction of plasmids and sequencing strategy.

The plasmids pRP111 and pRP121 contained 1.9 kb BamHI and 1.7 kb Pst1 fragment,
respectively, of R. faecitabidus chromosomal DNA. The two plasmids were digested with
Pstl and ligated, resulting in the pRP201, as described in the text. The large arrow
represents the open reading frame of the RPI gene. The small arrows denote the extent and
direction of the regions sequenced. The restriction enzymes used in these maps are BamHI
(B), Sall (S), Pvul (Pv), Pstl (P) and Nrul (N).

(2) RPLE=FDIEEES
pRP201® i CRPLE{E 1% & A T\ 52 kb®D Pvul/PsIEh 43 IS DWW T & A
FAEVHEICEY, FglliR LA NI TIV—1C8o T, 2RO A
FIZ DWW TR % g Lz, e LRERFIR N2 bHfie &
NB7 3 EEES %Fig2llR L7ce CORFICIIS25DT I /B H 7%
5157580+ -7 ) —F1 7 7L —24 (ORF) DFEL, FDrh
JAE (FEEEFE S 634752 5732) IZRPION KD 7 I/ BRELH & 524512
- B ECHI DAL L 72 (Fig 2848350 5) o & DORFTIXGTGA BAG 2
YL LTHEDRTEYY, CORKIT Yook Bz Ry — A
WA L ZZ b N AHEY] (AAGG, EHEFF-1255-9) WHFLEL
~, T CCHMAT F¥ & L2GTGUSMZ b5ERTD 7 L — A D4 ) GTG




361
121

451
161

541
191

6:
n

2

7.
24

N

811
n

1261
421

1351
451

1441
81

1531
511

1621

1711

1801

1891

CGATCGGTCAGTCAGTGTGGACTGTCCGAGTCCGGAAAGGTTCATCCC

GTGAAGTGTAAGAAGCCCAGCGCGCTGTTCAGTGCGCTCGCCCTCGTCEGTGCCCTCAGTGCCGCAAGCGTTCTCGETGCCGCCAGCACE
MK B KBS A LB AL K V6 A L TEA NS Y L6 A K& A

AACAGTGCCTCACCAGTGGCCGCCGCTACAGTCCAGGCATCAAGCGGTTCCGCCAAGACATCCGTAGCTGCCACCTCAAAGTCGCAGGAC
N8 ANSEEEVEA KRR YAN AS SIGE A K TSV A AT S K S0 D

GGCGATGTCCTGGCGGCGATAGTGCGAGATCTCAAGATCACGAAGACACAGGCGAAGAAACGCATCAAGC TCGAAGAGAAGGCGCGCCAA
6D VEEATARI WV RDERL TFK T AKX RYT E'EEEX ARG

CTCGAACCGCGCCTGCAGAAGAAACTCGGCAAGAAATTCGCCGGCCTCTGGATCTCGAAGAACGGCAAGAAGATCGTCGTTGGCGTGACC
L E RRRLQeRdt R AG L 1) S N G T Y VeV T

ACGAAGAAGGCCGCCAAGGTGGTCAAGAAAGCGGGCGCGACGCCCAAGATCGTCAAGTCGAACCTGACCACGCTGAAGAAGCGCGCCACG
T EEAT ALK SV IR AR e AN B YK ST T LK K RTALT

AAGATCTCGAAAAACGCACCCTCGGACATCAAGAATGTCAATTCCTGGTGGGTCGATCCCGCGACCAACAAGGTGGTCATCGAGGCCAGG
KISKNAPSDI IKNVNSWHWNYDPATNKYNMIEAMR

TCGAAGAAGGCCGCAAAGGCTGCCGCCACGGCCGCAGGCCTTACCGCAGGCACGTATGAGATCACGGTCAGCGACGACGTCATCGTGCCC
SieKagK h AT KA A TTLAT ARG, L Thehe 6 T B 10 TR A8 DDy o VR

GTCCGTGACTACTGGG6066CGATECACTGTCGEGATGCACGCTCGCGTTCCCGETCTACGGCGETTTCCTGACGGCCGGECACTECGCE
VIR DY WGG6DALSGIC[TLAFPVYGGFLTALGH|CHA

GTTGAGGGCAAGGGGCACATCCTGAAGACGGAGATGACCGGCGGCCAGATCGGAACGGTCGAAGCCTCTCAGTTCGGCGACGGCATTGAC

[V EGHKleH | Lk TENTSCEQ | 6T VEASGEFESDGI!D

GCCGCGTGGGCCAAGAACTACGGCGATTGGAATGGACGCGGCCGCGTCACGCACTGGAACGGTGECGGCGGCGTCGACATCAAGGGCTCG
AAWAKNYGDWNGRGRYTHWNGGGGVDIKGS

AACGAGGCGGCCGTCGGGGCGCATATGTGCAAGT CGGGACGCACGACGAAGTGGACCTGCGGTTACCTGCTGCGCAAGGACGTGAGCGTC
N EA AV G SR NSGMES ST ERRNT T (K. Wi, § SG YWl Al 1Bs KRV S BV

AAACTACGGCAACGGCCACATCGTGACGTTGAATGAGACCTCGGCTTGCGCGCTCGGTGGCGATTCTGGEGGCCCGTACGTGTGGAACGAT
NYENHEETYITLENETSYC AL BSUFEELTY VND

CAGGC! GTCCGGATCCAACATGGACACGAACAACTGCCGCTCGTTCTATCAGCCCGTGAACACGGTGCTGAACAAGTGG
X066 1HTSEBSNUDTNNCRSFYAQPYNTNVYLNKW

AAACTGTCGCTCGTGACCTCGACCGACGTGACGACCTCCTACGTTCAGGGCTACCAGAACAACTGCATCGACGTGCCGAACTCGGACTTC
A S LYTET D AT T EXLNDEY QR NG LN PFNREDF

ACCGACGGCAAGCAGTTGCAGGTCTGGAACTGCAACGGAACCAACGCGCAGAAGGTGTCCTTCCACCCCGACGGGACCCTGCGCATCAAT
TDS KL EWWHNTHEET RAACKY-SEHPED ET LRI N

GGCAAGTGCCTCGATGCCCGCTGEGCCTGGACGCACAACGGGACCGAGGTCCAGCTCATGAACTGCAACGGCCACATCGCCCAGAAGTTC
GXKELDARUNANTHNGTEVOLUENCNGH!I AQKEF

ACGCTTAATGGTGCGGGCGATCTCGTCAACGTACACGCCAACAAGTGCGTTGACGTGAAGGACTGGGGCGGCCAGGGAGGCAAACTACAA
TLNGAGDLVNVHANKCVDVKDWGGOQGGKLDO

CTGTGGGAGTGCAGCGGAGGAGCCAACCAGAAATGGTGGCGTAGGTAACCACCTCCCCTGACGGTGGGACTAGCCGCCGAGCATCGACCA
LNECSGGEANOCKNNRR B

CCCGAGCCGGGGTGCTGATCGGACACCTGTGCCGATCAGCACCCCGGCTCGCTGCTATGGCGTGGGTTGAGGGGCGEGECGCGGATTCTG

>

GCAGCATCCAGGACCGCTGGGGTGGCATCGCGGCACGGCAACGAGGACGATGGCTCACCTCGAAGGCGCCGCGCGAATATCCGATTGATG

AGTAGCATGGTCGAATGCGATCAATCGTGAGGGGCGTTGCCTGGGCGTTGATTCTTGGCGGTATCGTCGGTCAATTGTGGGGACCGGACG

ACCTGACGTTCGTCCCCCATCTGCTGATCGGCATCGCGCTGGTGTTCGCAGCGGCGAACCGCCGGCGTCGCGAGGAAACGGACTACACCG

-58 -



1981 CCGTCATGCTGCAG

FIG.2 Nucleotide sequence and deduced amino acid sequence of the RPI gene.
The nucleotide sequence of 2042 bp Pvul/Pstl fragment is shown with the corresponding
amino acid sequence. The sequences are numbered from the N-terminal of the prepro-

enzyme. The boxed amino acids were identified by the N-terminal sequencing of the native

RPI from R. faecitabidus. The arrows indicate a inverted repeat in the 3' flanking region.

BT B (EEFES105,202, 355,379, 523) . S5 DGTGICIEfR
BT DX BYTFIVEFIDBHENTWEREWDT, Gy 37 Thsb
RPIDBIGET K & L TIIEL TR W EFE R 72, ORFD3’ fIlICiZ4085E 2
3 0HEEDGE 72 IZCE V) FEHICGCERDFHV20HILF DA > 7
—F 4y FUE— 2210 FUTAADTHICFELTB Y (EEFEFS
162372°51671) « THDAT AN —THiEE L > TEHEEEIEICIEZ6W
TWHBTLLEZLNBY

ORFOGCEEIF62.0%TH ). T OfEIZHRE TV AR. faecitabidus
DT ) ADGCEE (65.78°566.1%) " FPL TWB, ORFHDKZ I F
YOPTOERENMBIZLAGCERL BT L., F1HEHETIE
549%. 4 2¥aHTI3478%. FE3EHTIIBARL Lo TV, 1,
BB L HRTEIEEDGCEREI EHLOHTH VA, Z #LiZMuto and
Osawa? 2 & > THBEN TV A LI IZ, ¥/ ADGCERDEHVHIET
-EHICBOOLNTWEIHRTH S

(3) RPIFIEEAD 7 X / BRECSI

RPLE(EFPDORFIE5257 3 /B b%h->TBY, ZO7 3/ BEEY|»
SEME L 724 F&1355.651 Tdh - 72, Zhid, SDS-PAGETEM L 72RPI
D5Fi (35000) ICHRTHE D KED oz, 73/ BREHION K

T NI I RECRRO LN T TS IVES L EZ D

B4




YO HFAE L 72
I/BRPEEL (Lys24,5) . FRUCHVTEE

Thbb, BB P OBERICIEEICHEL:T

DT I DS

Twz (FiCAla12A 5 Ala22) . BHAFIRPION 3

3/ EEECH &
Y573 BENIZAR21205TH S DT, MetlH5Val2l1 £ TO
2117 2 /BRIE, i) vy FarT7—EiIc—&NIcRShE9TL T
OEFIThHEEEZz NS, 7L 7O/ E LTI, 21173 JBEE W
IDEDEYRVIZ) THDH, KPARIRPUIAHY T S Arg21272* 5 Arg525
FTOI4T I VEBENPO LD Y YNV EDOSTEII338S5ERH I, E
HEEIZIZE Lo, CHOZELLRPICIE, H5HEDLY) ¥ TuT
T—BICHET DT LPMEN TV A C Kl 71 FFIIEAF7E L

C EOTRR S L, E e /uﬁwumﬁfﬁ@" I/ BRIIVaTH Y, &
NERPIPF LT I VBOVEDOTH A0 L2 EZ DL, 7ORE &K
w7 I BOBOTOLY 7k, ot vy Tur T —ETHbR
TWA L) IZW, RPIBHTiToTWwAZ EdbE2LND

(4) D& N7BEDOT I /BEIOAEOS —

Ya L/ HI 2 & thoE S NRPID 7 3 / BEALY % National Biological
Research Foundation/Protein Identification Resource (NBRF/PIR) /% UfProtein/
Peptide Sequence Data Base (PRF/SEQDB)IZ 55k L TH 5 7 3 / By 7
—IN—RLAFEOAT—H—F %7072, TOFKR, RPIONKmfll &
HEEDH 25 > /37K, CERHEHRAEDD B ¥ 37 EOTjEH
HBETAZ L bh ol

¥4, RPIONEK#MEIL, Fig3loRLzX )12, oty > 7as
7 —+Td A, Lysobacter enzymogenes « -lytic protease® } UF Streptomyces
griseus protease AR U'BP &R ET T —HdH 572, Fig3lamLizd )iz,
7L 7 ORPIDArg2127> 58er39712 07251867 X /EED %) H38.1%D T

3/ BEAS a -lytic protease £ [A] —TdH o7z, & ) DI, «-lytic protease D ik




RP1  (212) RDYWGGDALSGCTLAFPV——YGGFLTAGHCAVEGKGH |LKTEMTGGQIGTVE
* ®® ** ***gx- * L
ALP (6) GIEYSI NNASLCSVGFSVTRGATKGFVTAGHC-—GTVNA-TAR| GGAVVGTFA

RPI ASQFGDG | BAAWAKNYGDWNGRGRVTHWNGGGGVD | KGSNEAAVGAHMCKSGRT
* * * ¥ oxx HE KR KRR BOERRE KRR
ALP ARVF-PGNBRAWVSLTSAQTLLPRVA—NGSSFVTVRGSTEAAVGAAVCRSGRT
RPI TKWTCGYLLRKDVSVNYGNGH | VTLNETSACAL GGDSGGAYV-WNDOAQG | TSG
* *% * K KK ¥ * *% xxdex HHHE HK
ALP TGYQCGT | TAKNVTANYAEGAVRGL TQGNACMGRGDSGGSW | TSAGRAQGVMSG
RPI SNMDT—-NNC——————RSFYQPVNTVLNKWKLSLVTS (397)
* FHH * * FAHHK
ALP GNVQSNGNNCG | PASORSSLFERLQP |LSQYGLSLVTG (198)

FIG.3.  Sequence comparison of the mature enzymes of RPI with Lysobacter
enzymogenes o-lytic protease.

Asterisks between sequences indicate identical amino acids. The amino acid numbering
relative to the N-terminal amino acid is presented in the parentheses. Rarobacter. protease I
(RPI), L. enzymogenes o-lytic protease (ALP). The putative catalytic amino acid residues
(His, Asp and Ser) are shadowed.

PEFLEHER L TWA T I/ FRFRHAE (His238, Asp270, Ser352, RPID T
) BT TIR) OMERY, 3EHOY AN T 1 FESGEHE L TY

36D AT A 5 (Cys223,239, 310, 320, 346,376) (3 & fRAFES

hTtwi, Thbo7a77—EiE—REEELS M) 7Y VikokY)
Y777 —ETHAEI ENDIo>TVREYDT, RPIH —RKHEENICIX
M) FYVEDE) Y TOTT—ETHELE V) T ENTEL, o-lytic
protease(IRPI& A EFFRUPHMUL TEH T LE2EZ L L, COMED
AT DY — IZEBREV,



GLC (422) GTGALRIGSTLELDVPWADPTDTNQVQLATESG-NAAQQW-TRGTDGTVRALGK

L3R R * * ** T
RP1  (401) TTSYVQGYQNNC | DVPNSDFTDGKQLQVIWNCNG-TNAQKV-SFHPDGTLRINGK
* * *x *  * * * ¥ * ¥ L

RCB  (313) IVRIVG-RNGLEVDVRDGRFHNGNA | OLWPCKSNTDANQLWTLKRDNT IRSNGK

GLC CLDVARSGTADGTAVW | Y-TCNGTGAQKWTYDSATKAL RNPQSGKCLDAQGGAP
Fxx * KX X FRE  RXR K K K K *% *
RPI CLDARWAWTHNGTEVQLM-NENGH | AGKFTLNGAG-DLVNVHANKEVDVKDWGG
e L *x
RCB CLTT-YGYSP-GVYV-MI YDCNTAATDATRAQ | WDNGT | INPRSSLVLAATS-G
GLC LRDGOKVQLWTENQTEAQRWTL  (548)
* K XXX ¥ * *
RPI —QGGKLOLWECSGGANOKWWRR (525)
* *
RCB NSGTTLTV-QTN | YAVSQGW (434)

FIG.4.  Sequence comparisons of the C-terminal region of RPI with Oerskovia
xanthineolytica B—1,3-glucanase and ricin B-chain.

Asterisks between sequences indicate identical amino acids. The amino acid numbering
relative to the N-terminal amino acid is presented in the parentheses. 0. xanthineolytica p-
1,3-glucanase (GLC) Rarobacter protease I (RPI), ricin B-chain (RCB). Conserved

cystein residues are shadowed.

D X2, RPIDCHNHAERS &, Oerskovia xanthineolytica ® £ -1,3-
glucanase®® C KImfllEh 5 R O, b~ F-oMfaskL 7 F > Tho )
T ¥ B89 N A l#h 5 & MFEEA S o 720 Figallm L7z & 12, -
l,}glucanasellHLf!i\ 7L 7 HRPIDCys4127%> 5 Arg525(2 7 5114

I BOEGTAH2%DT I /BES—HL T, 72, VT VB
12k LCld, Cys41272 5Asnd73D627 3/ BEDHIT37.1%25—H L TW»
720 LD, COFERIHELET L6HDOT AT A4 > OfIE (Cysdl2,




431,453,472,496,514) R I BREESA TV, ThHEDYRATA YD

9 Hbafl (Cys412-431,453-472) 13V L Y BETI AN 7 4 FEEE®TRK
LTWAILEFMLENTVEDTY, TAHEDY AT A VIFRPUIBWT
bSSHEETER L TV T, MAMEOMEICEE 2 EEE R L TwD
WEEMEA D Ho RPIICT Y/ — ARBTERDHDH T L2 ER D &, RPID
CERmMBFICLIF L EDFETT—DH5B T DG I
—X&mhau%ibfw CLERETHIDTH

(5) KBBE TORPIBIZFDHER

syu—= 7 L. RIZEFERBEATRERSELI LIX, § V30K
DR L BEEDBR A RARD-OIZE b THEME HIETH 5, RPI
BIEZFIE, ThEHEOTOE— 9 —2flio 2B EICIRBHETIZLEAL
BB L hdolz. £ C. KBEDOR-HF7 2 b ¥y —EOTOE—F—
KO RV — AREEERL% IV CRPIZ SR & €72, RPLE(E D20
F > 25Nl 4 + ¥ CODNAKTH % EER IR L7z CER L,
BN 4 —pTV118NDNcolH 1 b % FFERMICL2dDID% ERA
72, THIZEoT, B-FF7 2 b ¥ —EDRIET F Y OEBZICRPIDS2
IR BE)ICRo7 (Figs) o fEBLAHBH 7T A I FpTV-RPI
TABHEIMIOOZ T E R L, A U 72T oA % . IPTG% il 2 7255 b
THEETH L, FHPicTor 7 - EEESFEI NS, —F., IPTG%
WML R WAL, Bihic7 77 —EEREERB I Z Do 72

1 KRR DR R PTG & U R HICS%BR L, 30°C, 2 4 B
BT 3 L., Edho o757 —¥iF] ’HiOO%Ounll/ml ZlLf. CD
fliid, HERPIOHIEMD HFEHET 5 ERPI2 mg/u:ﬁi W42, IPTGT
RPIDFHHZFHFE L 2 KIFH OMFIZIE L %2 ) | BEREEMTRER T
& A& - 72,6




RPI

lac  promotor SD
‘[AACAAWCACACAGGAAACAGACCATGAAG TGTAAGAASS

Amp

FIG.5.  Construction of the expression vector, pTV-RPIL.

The RPI gene was expressed under the control of B-galactosidase promotor. The DNA
fragment from the second codon to Nrul site of the RPI gene was synthesized by the primer
repair method and ligated into the Ncol site in the expression vector pTVI18N. RPlis

translated from ATG using the promoter and ribosome-binding site of lacZ.




FIG. 6. SDS-PAGE and immunoblot analyses of RPI heterologously expressed in E. coli.
Proteins were electrophoresed in gradient (10 to 20%) SDS-PAGE and stained with
Coomassie Brilliant Blue R-250 (A), or blotted onto nitorocellulose membrane and immuno-
stained with a antiserum againt the native RPIL.

Lane 1, culture broth of E. coli haboring pTV-RPI. Lane 2, the purified RPI from culture
broth of E. coli haboring pTV-RPL.  Lane 3, the native RPI prepared from R. faecitabidus.

Lane M, marker proteins for mlecular weight. The numbers refer to molecular wegiht.

) KBB&E TRE L 1-RPIDET
KIGHE CHRE S S MIRRIRPIZ EERGIE IR L2 HIECTHEL, £
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FIG. 7 Elution profiles of hydrolysates of oxidized insulin B-chain with RPI on reverse
phase chromatography.

Enzyme and oxidized insulin B-chain (1 : 500) were incubated at 30°C for one hour in 50 mM
Tris-HCI buffer (pH8.0). The resultant hydrolysate was analyzed by HPLC equipped with a
reverse phase column (uBondasphere C18 100A, Waters). Peptide were eluted with a linear
gradient of 5 to 50% acetonitrile in 0.1% trifluoroacetic acid at 1.0 ml/ml of flow rate. A, the
control without enzyme; B, the hydrolysate with the native RPI; C, the hydrolysate with the

heterologously expressed RPLin E. coli.
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FIG. 8 Structure of the wild type and mutant RPL
A, the domain structure of the wild type and mutant RPI are schematically illustrated. The
wild type RPI consists of a pre-pro region (1 - 211), a protease domain (212 - 397) and a
mannose-binding domain (MBD, 398 - 525). The catalytic amino acid is thought to be
Ser352. The mutant RPI lose almost all of the putative mannose-binding domain by the
intoroduction of a stop codon at the posotion of Tyr403 by the site-directed mutagenesis.

B, a 20 pl of aliquote of culture broth from the wild type (lane 1) and mutant RPI (lane 2)
was loaded onto a 10% SDS-PAGE and immunodetected as in Fig. 6.
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FIG.9. Characterization of the wild type and mutant RPI.

Enzyme solution (1 ml) was loaded onto a column containing 1 ml of D-mannose-agarose .
The column was washed four times with 1 ml of 50 mM Tris-HCI buffer (pH 8.0) and eluted
five times with 1 ml of the same buffer containing | M a-D-methylmannoside after the
fraction indicated by the arrow. A and B, Protease activity of each fraction was measured
using Suc-Ala-Pro-Ala-pNA as a substrate. C and D, an aliquotes of each fraction was
electrophresed on a 10% SDS-PAGE and immunodetected as in Fig. 6. A, C;the wild type
RPI, B,D:the mutant RPI
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FIG. 10. Yeast lytic acti
Yeast-lytic activities of the wild type and mutant RPI were assayed as described previously.

ty of the wild-type and mutant RPI.

The enzyme and viable yeast cells were incubated in 50 mM Tris-HCI, pH 8.0, 0.6 M sorbitol
at 30 °C for one hour. After the addition of water to disrupt osmotic sensitive cells, the
absorbance at 660 nm was measured as a indicator of cell lysis. The amount of enzyme
added was shown in the protease activity.

Symbols ; the wild type RPI(0), the mutant RPI (e).
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