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5 Bh i Pepsin
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Crystalline Whale Pepsin
II. Solubility curve, elementary composition, opt. pH and stability.
Tsuneyuki SAT10 and Ydshié ISHIHARA -

Absiract.

" ‘Some properties were observed of crystalline whale pepsin the preparaton of which was
fully described in the previous paper'?. “The results obtained are summarized as follows:
1). By determination of its solubility curve, it was proved thdt-crystalline-whale pepsin was
homogeneous, '
" 2). The elementary composition of crystalline whale pepsin -is lower:in phosphorus and
higher in sulfur content than swine pepsin.
3). Opt. pH in digestion of ed&stm, casein, hemoglobin and heat—coagulated egg white was
‘estimated. Opt. pH in proteinase action (disappearande of substtate) is near-1:8 forswire Pepsin
and 3.0 for whale pepsin. Opt. pH.in yleld of. peptldm is near 1.8 for swine pepsin and 1.4-3.0
for whale pepsin,
Thus, similarly to fish pepsm, whale” pepsm is active over 2 wide pH range in yield of peptide
and very inferior to0 swine pepsin in proteinase actnon for heat—coagulated egg white.

4). Pepsin dissolved in solution at 87° C.-is inost stable a‘t pH 2.2-5.0 for whale and at pH
4.0-5.0 for swine,. ‘
Decreasing the hydrogen ion congentration below pH 5.0 causes in the cases of both whale and
swine pepsin a very rapid i increase in the rate of destruction of the enzymes. .
Increasing the hydrogen jon concentration above the stable pH range results in a slow increase
for swine and a very rapid increase for whale pepsin in the rate of decomposition of the proteins.
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12T B IR pepsin 12T AEA YT,

= B o3
Hp U Fk
5 pepsin : BFEYL DEESE (Balaenoptera borearis Luss.) D% pepsin % 3 IS U ESIKBINI -
— b D,

B% pepsin ¢ Worthington Chemical Sales Co., New Jersey, U. S. A. 8> 3 o 3 B2,
& (PUY fepx, = 0.22~0.23.

Edestin P OBRSEL Y Bailey#R® (o & ) AR A-$5H edestin % 1 [HfRS

Casein . Merck H casein >(acc. to Hammarsten)o

Hemoglobin : Anson B2OZH5D T4 » 8 « S0 -FEmug & » FWL -0
VIR IERIIGE ¢ Northrop®sL ¥l Tﬁom #f: pHA.8 0.08m acetate buffer-0.2sat. MgSOs
R (o R38R pepsin OFNCZEFRE L b 0, 500mg HEE 4ml. (G LA RISMmO B LITERE
W TZOXHDERDRTRET2° COSHERERL, EHOERY micro-Kieldahl % TEE, 2% 4|
RUTHIRE—E & 2 D W E RO THE, %‘;@4’%&1 22°C 205l L, 30°C 2057 HE
22°C24R5 R D F‘ﬁﬂiﬁ’ﬁf‘ﬁ? Lo
Z# pH Al @ activity BISEICIIE A ORM L Y HEOMKHEE (proteinase FERD & FtERmE
(proteinase YEMJIC & Y &R L7z “primary products” (2B I ZREISEHSD 2D ORIED 2 HiErHE L
2o
a) proteinase YEFRIE—HLRICEROLBHI ZMA, B L B2 HETH 205, HEAE
NaCl,3», MgSO:%, sulfosalicylic -acid®®, trichloracetic acid'» (LI FTCAL M) A REaNT
V5, ZITHTCAZfvEE LT Buchs'® (1953) & Kleinmann® (1980) 1452 TROBFCL
THIE LTzo 0.2% ﬁﬁ_ﬁ}éﬂﬁﬁ%@ﬁz sml = HCl-citrate buffer 5ml %% C pH %5 pepsin
UM (19 stock solution % EHEBL THEFD, 85°C 1 FERIMLEE S 2-0ml 18 T0.5%
Gummi arabicum ¥ 2.0ml, RERO TCA ¥ (BAEEI0%DEAI120%, BIRIEE3 %DOBEA
1k 6% TCA) ZMATHT 2B % HIR L IE L AoH ISR 5 RHMERORBE ¥ 100% & L AEHN
RETHRE LT 5o BEEIIENIN L TREFHRROICKE L INEEHA O REEEORIE T il
Eo
b BSHEREE RO ¢ Anson® #IHED TRHERD TCAMAED Folin % HIE,
pH I : Beckmann pH-meter (H-IIAY) & Esi#d (GU-2%Y) pH-meter % HEHo
HRENE : HCl ZU Mc Ilvaine o citrate-phosphate buffer % 385 & L7245 pH 122 % pepsin
FRTR % 37CC2mS N BARDERIE activity % Anson @ Hb-method?® Tl
& mg ‘
ERERRUER
I. BRE iR
EHEOMEHEI IS LD
FE b 300 < b 2D 288
L LoOFETH— ZEIEHE
L ; LI b i EEEI . B
GLOE G ST T e oy
BERL TR, ZZiEh

Fig. 1. Solubility curve of whale pepsin in .2-saturated ‘
MgSO4 0.08 M pH 4.8 acetate buffer at 22° C ) nrorEitRy G111 £
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19562 AR ¢ BEAER Pepsin (2D

DF—ME L T 3o BIFICIIIE pepsin (2 LERRETIL V/hE 275 0.2 sat.~-MgSO: % v o
' : om. 5% % M ® :
3 BIFERE U o R — L OBRIKEIIC BB A Fsicm &, FiICBSEN ¥ 170 (150volt 0.1mA ¥ T
BRI L b 02U 1o BEEDIR « WSS pepsin® JEHMEL & RT3 B 1F0MW<L Th

Table 1. Elementary composition of various crystalline pepsin

Pepsin . N c | m | s | p | am

Swine 15.15 52.3 6.66 0.88 0.058 0.40
(0.9437)  (0.09%D)

Salmon®" 15.2 51.9 6.48 1.58 0.031 | 0:08

Whale 15.89 | 51.8 6.24 253 | 0.011 | 0.23

"Bo ZUTX 5 LEX pepsin (38 pepsin (BLIL S SRS < PAED RY LOBA T —ERIZL TV Bo.
methionine * cystine %& S 7 I VROZEH S LD LFA B0 PERDY ,‘@i%ﬁﬁ@méib (Pkpepsin
2 PHLOMTFICRTHE [ - I HBERT O L —HR 7 ¢ 7 BROfCHER 1 A+ v OFHEO R & HER
&N Tv> 25—t pepsin Tl pH3.2MFICRTHIL I [+ 1 HEICHT ) 28 « BKif pepsin ORIHH
BABEDLNATERD 2 bDLHEL S0 ‘ '

m. = & pH \ s

B pH HEFOTFELWEO—DOTh 205H LTH UV LA 50 pepsin {238 T % Sdrensent)
(1909), Northrop” (1921) #*IR@HZBOTEEIZ X VRIE SN T 2 2 BEBURES T ITIR pepsin i 3h
TEH oH »EAOAES» LBIEESh, Merten ef al.'® (1952) KU Buchs'® (1951) —JRi 2 optima D
FEEd b LT cathepsin FF 2 IR 50123 L Heinrich'™ (1953), Tolckmitt' (1954) iz Taylor et
al'® (1955) Sz %758 URBRAMIC & ) HIZT 334C pepsin ASKOME K ) & LEAREOHD &
v 3, )

Z DM TIE RSN proteinase EFiOEM pHS.0 %777 85 pepsin 134 pepsin & Hic pepsing>
“catégory” IZB L&D %@@tﬁ%m@ pepéin LURABDIDLEZ B HIt HiS« HCN 08
WHZ3, BRHATICR TI AR s BASEL 7L BSMRER 7 $ 7 B3IK pepsin & BT 20
SEKBIET) - RS - A Y BRI LTV Bo

ZZICATH 4SS pH 88 L TR, BEOEHE pH 1ZEH AU buffer DR « fERIRFRTLL
RS L VSR Y RTHER LN TV AHFTH 205, RT activity MIEMC & 3R
A&V o Rona et al. 4 (1930) 13 Z D EICB UL L EEE L TIIOHEDORE Y B L TEEORY
B REROBEL ST UL AL ALY RLU TV 50 reptide S{BIR ¥ b vwB i 3 “dis
aggregation” &, @ “primary products” % ZK¥NIAHRL T peptide SEHEI%Y 54 A & ¥ XAT
~EHDEELDo COR/MNIEAD (19540) b amylase ISR TASTOHRERIO EE L NITFO I
HEEMOERE T3 Ca OEEE Y RICT 3L FRL TV 5o -

e EE LU TBED pepsin OFE pH (BT AXMABE T 2 &, RE—BELEMozRHE pH 1
Sehrensen Bl Fr UTL.8~2.0TH 31kt L, S~ AW, § MV, §D, i~ 2D, @0, ¥ 225
2 220 T80 B pepsin 13 pH3.0 L &N TV 20 (MEVonkD(1927) D4t Y 7 9 2(Acanthias
vaulgaris) 123 L T pH2.2~2.3 L FKICHU LB 51 T3 HHEYITH 580 pepsin HEEE»
R ¥+ 288 pepsin & DA TIME 2 2BIRZ RT3 FBE 2B T 243, edestin « caséin
hemoglobin + ZEFEBIEISZN 3T 2 proteinase FEFH (FEREMAKE) & Anson B2 L 3 HEERBEOHIE
(TCA—&E peptide Z:pRBE) 12 & 2 ZH pH #R~BK » §5iF pepsin (ZHECR—SHO FTHE L 720
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A. Proteinase fEFOZEH pH
~—HRiZi3 20% TCA %%%rmzm_mrﬁ%m 102 & TCA HBMEERTOBEIE L HIET 5
#, T I Tid Anson @ Hb-method &33tb3 5 BICRAHEEE 3 % © TCA HRMDHFIRGFOREER
Fiox$¥ 5 proteinase {Ef % b JReBIEEL oo
i) Edestln P B 2K-a,b
% pepsin /i 3/&010/TCA?LE&EE&?@@%L # L CE#E pH3.0 %,Tﬂjtb, F& pepsin 12
ISR G T DB T 2 proteinase fEHIY 1.8 T, MABSTOEBENT ¥ TEYNRE T AHL,
1.8~8.0 & ‘broad curve’ ¥5 X %o {HL, HBET s VERERE YR 3 & pH1.8 ISR TESIIBVE R
Fo activity (31§ pepsin ZREITo
ii.) Casein : 2 3 X-a,b
edestin’ DA & A IC, BE pepsin 13 3 5 TCA S » 102 TCA BRI TAH L TR—D
ZH 1.8 2R T O L THL pepsin 13B%FICX L ‘Droad cutve’ ¥ 52 B0 ZOPRHEMT I VRO
B3 pH3.0 ISR TE 125> BIH proteinase fEfHo¢ ‘broad curve’ %4 % 585 T b FK pepsin /3 1.8 8%
pepsin 13 3.0 [SRT=KEIHED peptidase {EHIATH 5o ZIBET 5HMITAMIHMSo activity 138K
pepsin O 30% % %o ‘ - .
* {ii.) Hemoglobin : % 4 M-a,b _
3 2 TCAHRE « 102 TCAMIMETEEE 17 U CBR pepsin (3%5# pH1.8~2.0, #X pepsin i3 3.0
FHEA B4, T pepsin jtu edestin, casein DS k U'bfﬁﬁ?ﬁiﬂib'cv V3D F R %o activity 1t 3% TCA
LW hemoglobin k?fb’mirﬂﬁ%‘ﬁﬂ,l‘ﬂ”a b 10/TCA mﬁ hemoglobm “Cbi jSmz%éo o
- iv.) PABEESNE : 5 ’ ) '
QESBE&J‘J‘T % #5 pepsin © protemase {’ﬁﬂibi&ib TR < & pepsin (BT o PRI cPU PN,
FE—D D % FIv>THE pepsin. ﬂi 50°C'1 R TOREIBIOWEALSE T 535 48K pepsin 'C&ilOﬂ#FaﬁHEb'C
b—SIALD 3 > BT & T RROIEIRERIT o BROS~THEDRE B 5HI L T THALSET T 518 5o
RUED, “RESIIIERY activity KTRO Folin HEMORE TIIKD & E ¥R To W, Eo
‘stepwise’ ﬁk?‘lb ‘one by one’ Call or none) ﬂkﬁ:ﬂ,{@ﬁ}ﬁﬂ;‘&ﬁ:ﬁéo ZDBAER pepsin H/MER
BT 1.8 IcEH pH 3T WHHE SN B0 ZIi3 Zein TRTHBHENIET, ZETRIEEMCHLT
Y385 pepsin (IR FiE S IS ) HOEH pH #/ET 1.8 K.gﬁ:'j_éo '
B. Rt (Folin HEq) zﬂljﬁ!_ki 3%# pH
CZuiEELT protema°e YRk 3 . ‘primary products’ @ _JYE’JWVJEJE PH T® %0 ZOMBEIC
¥ BEHIE pepsin (3TH @EEHL}‘T LC%#1.0~3.0 @ ‘broad curve’ é:é—z_ protemase{"ﬁﬂi@ﬂ#@&
7 peak ¥RELVo lﬁJ—TCAs/mﬁr protemase{‘ﬁﬁﬁ@zﬁ pH3.0 (A % peak #° Folin Bl
ETHRbIhEVDIL, B pepsin @ proteinase I ps 8 2 ‘disaggregation’ 23T —#§ tyrosme %ip ‘mask’
ghick > WBB & Ty 20133 LK. pepsin D13 ‘dxsaggregatxon’ & ‘masked tyrosine” T 3
ﬂm%ﬁfﬁﬂiﬁﬁlzﬁ'bf’ﬁ‘bném lﬁiﬂﬂﬁeﬂi (BERVE & FsERmENE) 1 & 5%58 pH BB
T35 *b@&.%x.éo [;)pa2) Rona %‘“%Z%lﬁlﬂﬂﬁ?‘fki 6#*}%@,%1’1/ LEIFEE AW AR Lf%o.
i) Ed&stm D me X ) ) . ‘ :
FK pepsin 13758 pH1.8 %Y DI L pepsin i 1.5~3.0 D ‘broad curve’ ¥ 4% % %5 activity i3
B0 58 2095 K0
5] Caseln BTN ] .. S
_ K pepsin (3 FH pH1.8 Th 6@05“1‘1/ pepsin-_‘u 1.5~3.0 TR 7o activity BOFHI0% Ko
iif.) Hemoglobm +#B 8 -a,h :
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Digestion in Percent

"a. Turbidometric method, ppted with

3% (fmal conc.) TCA

1.0 2.0 3.0 4.0 pH

%

60 F -

5 |

0}

30 }

20}

10 _‘A b. Turbidometric method, ppted with

10% (final conc.) TCA

A "

1.0 2.0 3.0 4.0 pH

Fig. 2. Digestion of edestin with whale or swine pepsin
at various pH, 35°C, 60 min. '

Curve W : whale pepsin =~ Curve S : swine pepsin

Digestion in Percent
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60 |
40} te,
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N
o - w
2 ¢
a. Turbidometric method, ppted with 8
39% (final conc.) TCA
1.0 2.0 3.0 4.0 pH
%
60 b
40_+
2 }
. b, Turbidometric method, ppted with
109 (final conc.) TCA
2 A A i

1.0 2.0 3.0 4.0 pH
Fig. 3. Digestion of casein with whale or swine pepsin
at various pH, 35°C, 60 min.
Curve W : whale pepsin Curve S ! swine pepsin
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60
40 | w
2070 a Turbidometric method, ppted with.
g 3% (final conc.) TCA
8 8
o
Ay : N L N
R=
=]
g %,
I
20
o
m 3
40

20 [ b Turbidometric method, ppted with °
10% (final conc.) TCA

1.0 2.0 3.0 4.0 pH
Fig. 4. Digestion of hemoglobin with whale or swine
pepsin at various pH, 35°C, 60 min.
Curve W ; whale pepsin ~ Curve S : swine pepsin

%
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g 601
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o Pe ,
4.’ .. T -9
.t' w
1.0 2.0 ~ 3.0 . 4.0 pH

Fig. 5. Digestion of coagulated egg-white with whale or
swine pepsin at various pH, 50°C E
Activity according to the Japanese pharmacopoeial assay

Curve W : whale pepsin

Curve S : swine pepsin
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19561 R AR ¢ BSHLSX Pepsin (2)

@ 0.8
& L0 -y --0Q
o 3 N Ay
e %
© 0.6
8  {
A ]

[ w
=1 5
X
&
g 0.4}
2
5 L
E

0.2}F s

1.0 2.0 3.0 4.0 pH
Fig. 6. Dependence of initial rate of digestion of edestin

on pH
Estimation of peptide formation (Anson’s Folin—color method??”)
at 35°C, 10 min.
Curve W : whale pepsin Curve S : swine pepsin

0.8 ¢
a
g
= 0.6}
E
D
g
2 0.4t
X
3]
k=
w0
g
=
o 0.2
53]
g

1.0 2.0 3.0 4.0 pH
Fig. 7. Dependence of initial rate of digestion of casein
on pH

Estimation of peptide formation (Anson’s Folin—color method2?))
at 35°C, 10 min.
Curve W : whale pepsin Curve S : swine pepsin
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mEq.. tyrosine x 10° in §ml. digests

habhabl il 7 Somid 4

—ea
2.0} e,

[=]

a. Colorimetry in 3% (final conc.)
TCA-soluble filtrate

S
1.0 2.0 3.0 4.0 pH
b. Colorimetry in 10% (final conc.)
TCA sohtle filtrate
2.0
1.0}
eV
1.0 2.0 3.0 40 pH,

Fig. 8. Dependence of initial rate of digestion of bovine
. Hb on pH -
Estimation of peptide formation CAnson’s Folin—color method)
at 35°C, 10 min.

mEq. tyrosinéxlo’ in 2ml. digests

)
3.0}
2.0}
O ...
. .
: 1-0 P . w
S
1.0 2.0 3.0 4.0 pH

Fig. 9. Digestion (acc. to the Japanese Pharmacopeial

‘assay) of coagulated egg-white with whale or swme pepsm

at various pH, 50°C, 60 min.
Colorimetry in 325 TCA-soluble filtrate (.Ansons Folin-
color method)

Curve W : whale pepsin -~ Curve S : swine pepsin
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19567 W~ A 540X Pepsin (2D

Proteinase YEFHOZH pH MIBOBA L FHRICLT 3% & 10% @ TCA IBEOEDEB Y Rt L1155,
Blimd 4% Folin BB & AW EEORICEM ORI b iy, (edestin » casein DA D

RU BB E LA D100 HILIREAD TCABES 8% RU 102 DN OHATH DT pepsin 13
0.6~3.4, HX pepsin l3ATFIZHAT 1.8 I T 1.6 »FE pH %7570 1 pepsin F{BEE & D & 7B

bt GBI HERT 2D %R 5, activity FFIL S o

73 pepsin @A bemoglobin (=543 AUSBIDOTEEAES S 2 b D EE X THE L # K> T B pepsin 125
2RER TR UIzo B hemoglobin 13 L CldfKICE 2 activity %557 4 « fifl » &R hemoglobin (234

T B TLEEIEE 2 RO TH 5o N pH HIBE  WE L2452 « 8 » > hemoglobin o R -fAF D

R Shicror,

Table 2. Digestive power of whale and swine pepsin for various hemoglobin
Activities were estimated by Anson’s Hb method? .,

Pepsin | Beef Hb Herring Hb ! Whale Hb
mEq. tyrosine I Ratio ‘ mEg. tyrosine } Ratio | MEQ. tyrosine Ratio
in 6ml. digests in 6ml. digests | in 6ml. digests
Swine 2.20x10-3 1 100% 1.87x10-3 85% ’ 2.21x10-% 10025
Whale 2.19x10-3 | 100 1.52x10-3 1 70 2.61x10-3 ’ 120

iv) BEIE - FoX
IR pepsin (3BBBKC pH1.6 12 peak %R DIz LER pepsin 13 0.6~3.6 DREITEL Lo activity it

Bof50%0

LLE proteinase {Ef] (E/EBL/VE) I3edestin « casein « hemoglobin F&(ZfF pepsin 226D Ti3i B WM pH
1.6~1.8(2xF L (1022 TCA Pt edestin 122 Tl 1.8~3.0), #5 pepsin (2R TIL 8.0 (10%TCA il
PE casein (23 L Tid 1.8~3.0) TH™ pH3.0~4.0 IR 3 MRBECSEICE L VAT H 20 BESEIZNT
%% pepsin @ proteinase YEFIME® T% 5 & I EH pH1.6 ~BIFT 2 FIREREN 20 HL, ZOBE
DOFRED pH 12 & BEIE/PTH B0

ZIZH L ‘primary products’ @ KPISREE Y ET BERT, IR vepsin i3 | & F#KEH pH1.8 To Y,
50 pepsin (3 1.4~3.0 X BE L ‘broad curve’ % & % peak %R E v o 23 &E pepsin® 3 [FEI- L T Notris
& Elam P EABRIIL TV 37 TH 505, F « 850 pepsin BB & B &N 20 ZI1H pepsin DEEGH
B OB TH 59 & P8 2 THIRER o pH1.8 KU 3.0 12 2 » 86 pepsin O R EEEED
SRR T $ JBCR TIIROBEICHE 2,

. 8B N % opH

ABHOBMEs I B FINEERIC X 5303 van Herwerden,™ Ringer'® 12 & b, EEICHR T b [
CEEOC LY EN TV 3 TH 305 BHNEEO pH (1443 L b pepsin OFE pH 13— L %evo
ZIZEETIE Vonk'™ (1927) H#EAMEEWNCEE TEMICIIE LT 345, ¥ 79 228 pH 2.3~8.5 ¥ KL T%#
@ pepsin® T pHIZEER L TV 2D A THI—RRIC pepsin 0= pH & VB 1B o EE LD BET 300
A CEFs)IlD SArs pH 5.0, 1188 (F#JIHERIE) LTtz iz pH 6.8 ¥ RRA L1, 0
BRICEPIEIROREEIC L BIR L, —BRICTHEAIIERE FR L, SIS i E S b DL &N T
V3o SIEIC 6 BIDHE RBOBENE Y T2l 084 » 2 LR OB TORE B 3RITTo i
TRULIA S BETIEEE 2 B pepsin TEAWIRE Th 305, HBRSWBIIE3IBEOF BB 2E L) 510
DTH DY, H2BF—BREEVETES A BFZICRERE TS 1 Bihcive BHERR
DELH LD HH T ORHE 6.2 T B2 H) ICBEET o XRnOMEFETICLY T pHO LR
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Table 3. pH of contents of whale stomach (Fin-whales, caught at the coast of
Akkeshi, Hokkaido, in 1952, Oct.) ‘

A. Relation between grade of freshness and pH in 2nd chamber of whale stomach

*Grade of freshness | pH in 2nd stomach
Fin-whale (44 feet, 8) - ‘ 0% 5.0
4 (48 feet, 2) 80 5.2-5.4

4 (42 feet, 2D | 60 5.8-6.2

* cf. Previous report!’
B. pH of gastric contents in various chambers of the same fin~whale

Stomach pH Contents in stomach
1st Chamber 6.4 undigested squids
2nd 7 5.0 half-digested squids
3rd 7 5.25.4 black-reddish mushy digests
4th 4 5.2-5.4 V4 V4

Table 4. Stabilities of crystlline whale and swine pepsin at different pH values,
37°C 24 hours. Activities were estimated by Anson’s Hb method-*'.

. . H
Pepsin Folin color p
s ﬁltm\ 06 | 1.0 | 1.4 | 22| 2.6 | 3.0 | 4.0
Swine P. Measured (OD) 0.255 | 0.278 ) 0.322 | 0.330| 0.333 | 0.347 | 0.410
(control Corrected (OD) 0.185 | 0.208 ! 0.252 | 0.260 | 0.263 | 0.277 | 0.340
0.345)
Remaining activity 24 53.3 60.3 73.0 75.3 76.2 80.3 98.8
Whale P. Measured (OD] : 0.070 | 0.070 | 0.250 | 0.409 | 0.407 | 0.409 | 0.406
(control Corrected (OD) 0 0 0.180 | 0.339 | 0.337 | 0.339 | 0.336
0.340 ;
) Remaining activity % 0 0 52.9 99.7 9.1 99.7 98.8

5.0 | 5.2 \ 5.4 | 5.6 | 6.0

0.413 | 0.389 | 0.219 | 0.109 | 0.070

0.343 | 0.319 | 0.149 | 0.039 0

99.4 92.5 43.1 11.3 0

0.405 | 0.368 | 0.190 | 0.091| 0.070

0.335 | 0.298 ( 0.120! 0.021 0

98.5 | 87.6 35.3 6.1 0

RO TEFRI pH5.0 £ Y AL VERE AL 5 0 & bR b h. 3 058 E pepsin ©FH pH 83.075
3 1.6~3.0 LB L THn Y OE TR T o B Vonk (3BT BA pH & % ¢ pepsin ©EH pH
L OBERS b2 D group G TV 3208, 2z 0E 2gtoup ICBUABA LB 7F7v 20 D
BEETREIIRENT £ 0 e VEC pH B NB 3D TH S D & b E L b S R pepsin 4341 2%



1956) R « AR ¢ E5SuEX Pepsin (2)

e BIHED T2 OEH pH B R E N 2HOBH LN TV B30T, 51 ROSBIEA RBIT I OBRED
BV pH T 4 MMM S BT T 25D TH S 90
V. pH LZEE

Pepsin @ pH L Z25EE & OBIFRIIFKIZEE T Northrop® 36 - FIIR3, IR T Norris ef al 8 2381221
Tv> B0 K pepsin LI EEHLEH pH 1.8 i icxt U pH 5.0 RS —FLET, 20T L H Y it SHIC
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