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Studies on Crystalline Whale Pepsin

V. Relation between denaturation and activity

Yoshio ISHIHARA

Abstract

1. Effect of urea or guanidine on the activity of whale pepsin.
As demonstrated in Tab. 1, a marked loss of enzymic activity is noticed if whale pepsin is
"exposed to urea or guanidine. After being stored in 5.0 x urea at 40°C. for 10 hours, tbe pro-
teolytic activity was reduced to 4025 of its initial value; whereas when stored in 8.0 m urea for
5 hours or 3.0 m guanidine for 20 hours complete inactivation resulted. .
It may be concluded that, unlike ribonuclease, whale pepsin does not retain activity after
treatment with urea or guanidine. Moreover, the rate of inactivation of whale pepsin by the
denaturants is much higher tham that of swine pepsin.
2. Digestion of denatured proteins with whale pepsin. i
As shown in Figs. 1 ~ 3, the ability of whale pepsin to digest urea~denatured hemoglobin
or heat-coagulated fish meat is much inferior to that of swine pepsin; however, the ability to
digest raw {ish meat of the former is much superior to that of the latter. The proteolytic activity
of whale pepsin on denatured proteins was reduced to 30-50% of its value for raw materials.
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RISRY T8 pepsin @ pH L ZEHE & OBSRICHEE THIEEUIK pepsin & 13 pH OUEERY 070 Y BT 5
BWARRUIS, Z I 2 BBy U OM LBEONE L VE pepsin MR % R L , R *
77 = F VBRI B REE S ETRE 5%, KL ER RO T 2 IHORER b L TIMES O
A o JREEEMRC & ATH{ERE~ OB 2 L B Tdh 5 43, 1 pepsiny Fﬁ]—%#—ﬂhﬁ?ﬁbﬁ pepsin®
RESMEEREN T 2 THLRED K7 5 ¥ Bod 120

JERIfL protease 1 ‘denatured’ form % B < Bib+ 2 FIEHION, B pepsmi;xﬁjéﬁpepsm [FI&RLC “native’
form %R T 280, KFEPHRCRATI N S BEEM: « RN L WIE ¥ Bic§ 5884 denaturase {i
FASEHCI K EVDTHB I ?

BEEHFE
i Pepsin ) .
BT O#EE (Balaenoptera borealis Luss.) O%%fh: pepsin 3 [HH S,
BK Pepsin

Worthington Chemical Sales Co., New Jersey, U.S.A. ﬂ@ 3 O 3 HEE,
Activity HE
BITERFEI#E Anson ¥k 1ZHEL HE{kHe > TCA BEE @ Folin {Eé*ﬂ:ﬁ%go
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i ok K E & 8 (VIIL, 8

Pepsin DJRF# « 77 = F v P8

3.0~8.0M FHTIZEII 7 7 = F v 54 D pH4.4 O acetate buffer |- pepsin % JHF (B&IEHE0.3%) 40°C
2B — BB activity HIIE (Z5E13 hemoglobin),

HEHER

4> hemoglobin AR # > JRFASPEALTE » activity HISEI33EIC Ansongk® (¥4,

FAHLIR « 17 OFE ¥ AR TR 3 b O 28120 %X 20ml. %714 HCl © pH W\EHE pepsin
13 0.1% ‘stock solution’ 1.0ml. #M85°C 604 fii4{L4s Anson @ hemoglobin FEREIC AR L TCAZRERI:
BTHELA THEER, BEHE100°C 104BMEM: & V5551, PHIRE (3 81 5 FEI4% RS 7Bl pH-meter
12 &2,

, FERAFE Ry IC W B

I. BX pepsin OFR®E WICHP=F vt

FR pepsin 123h4 5 RFEAME OB Tid Steinhardt® (1938) 4% 3 °COETET Ti31.0~6.0x DEEI
RTISAEMz DD activity MERFS W AEYBH T3 25, —F Perlman® (1956) 12k 5 L, 8.0v B2
T37°C 245 TR activity BK, 25°C Ti340% ¥ BBET 5 DAL 2B R, HEBWSEHTCIE» 2D
TRETHIEYRATV 3, :

QUK. #70% pepsin DRFR Y T = F v AP & B activity ~OREE A—4 T THEEL -8R, 5
1FRIRTIS P activity DIEFTsEL, Z 0K ribonuclease® & (3BHIGCRERE % BUCT 5, 1 pepsin
HURRE V7T =2FVIC L 2 BBOFBKTH 555, [N bR pepsin OFHBIEOEEA % ¢, BRI
3.0m 6OBFHIT138Y 30228%, 5.0m 60K Tid = ¢ Mk, 8.0m TiISBFHITIRA L WA T 2 1cR 5, 77 =
# T3 3.0m 2085RI TEUCHERL TU ¥ 5 HBR pepsin i 608511 T & 2047 7o

Table 1. Dependence of pepsin activity, on time of exposure to urea or
guanidine at 40°C

Relative specific proteolytic activity

Conc. of denaturants used Fr.
o‘s’s/m]m!zo_fsofeL
Swine pepsin || 1005 98 | 9% | o1 | 88 | 87 | 84 | 8o

3.0m
Whale pepsin 4 95 90 88 83 80 75 68

Swine pepsin 7 86 74 64 60 43 32 18

Urea 5.0M {
Whale pepsin 7 69 58 48 37 25 15 0

Swine pepsin 14 50 13 0
8.0M
Whale pepsin 4 30 2 0 ’ )

Guanidine 200 Swine pepsin r 92 88 83 80 64 60 20
-HCl Whalepepsin| # | 80 | 64 | 46 | 25 | 0

ZHICBEL T Haurowitz ef al.5 (1944), Steinhardt® (1938), Burk ef al.'’ (1930) %1 hemoglobin
Il
IRFZeM: « 7 v N Y BebE R T B BIBIOREIC & Y BT AR TV 5588 pepsin 2 pepsin kY 3
N HZEHRIOMER 2320 Sy REEE AT AR Bbh 2,

0. ERBEWOEMELER pepsin BIEREL OBK

—234—



1957) ABE : 5T Pepsin

—Hi~ pepsin,®® trypsin,!» papain’® (Z UIEHIEUVER RT) 20D protease 1ML b KIVER &
Y YBRUEBROFSAEEKR L SN, T IUIEEED inhibiter OBYC & 3 BROEA 2 BT, ZMEEEs
& Y EEEE S F O ‘unfolding or uncoiling’ 23770 NILE » BERITSr T OBEMFIBENIE A 45 7 OEE & %4
b, $£DT ‘native’ form S FME N 24 A b —HERENTHLIMT 2D EENS, ZHUCERT
Christensen® (1952) 13 ovalbumin %5 pepsin 12 & ¥ X < HRE N 2 45 trypsin T3S ENKV-OIZRL,
B-lactoglobin 143¥1Z trypsin TR S 115 4% pepsin i12iid T H 4B E B (BEHRIIRL SR
BICES) #iRL, ovalbumin i24%v~ pH T B-lactoglobin 137y pH TN E NEM S NOT VB L ) I
ZHBAL T3,

AL H b C OBMREBROMBIC LV, XEA—BHCHL THELEOERICL Y tOBRE YR L,
#2413 Hanrowitz1 (1945) i3 trypsin ¢~ Dv~C ovalbumin » serumglobulin 13#K, fibrinogen » myosin &%
2D 285 B, BK pepsin (2 DV Tid Christensen® (1955) 7% egg albumin DEZEVEDIG A I TETR
ALRE—2 % b, THOREEM G ARSI R T 502 4 2BWES OF o LA L 5B R,
BHOFHRC L 2ZE LR L NI OMEOBMESBRE N3,

C ZUCH - BRI pepsin 12 DWW THE—EE ¥ BG4 T CHMERBR Y 73y BEEE 0% : & pepsin T(LE
LOBEREBIERL 12,

a. JREAM: hemoglobin

Hemoglobin i edesin & & 36 “9AERIC & AZBMEHBEA T pepsin OFERIBLTIL 4IRS 1 5 ARSI 78
SO THHH, Anson WRORFEMEMEC & V5 1 BURTINE K X A ARE 2 pepsin ORI b N1t
0%, BK pepsin 1o R TI3IBRMRRIOTHEE T L, K3Hc pH 3~4 OB{LEE LA T opt. pH!11.80°5 3~
3.5 BH), HoRFEMIZL YL
BEn LR (M50% ) slbhs o
3.0f , WXL, 8 pepsin TIEEERMEMN O
{LBEFEL:L T ‘parrow curve’ WA
A, FK pepsin & 133 RFEZEHIC &
W FMEBEDIRT (W50% B1) »side
bid, ZOWE, HIGRHICRE

g

""!

& 50

© BT SBCHHREF O RFE I L
3 5 B LERL R bk,

x 35°C 103 TRl DT LADEE DRIE 22 5
'§ LT, LU TEENOE AR
510t Ik ABEOBIICERTA0L
g #EXb

g b. BAZspfapy

AV R AFPUCHE T L B i
€5 5H ORI s nENE 2

1 2 3 4 5 BHCE3RICHETING Th o
pH 7S 5 A gt 3

Fig. 1 Hydrolysis of hemoglobin at various pH )f ¥ ADHE, B pepsin 3D

for 10 min., 35°C FHRIB52 (LA H opt. pH 2~3
Curve a: swine pepsin on native Hb, @ ‘broad curve’ &£z BOICHL
Curve bl swine pepsin on urea-denatured Hb, FK pepsin T34 2 5554801094
Curve c¢: whale pepsin on native Hb, o -
Curve d: whale pepsin on urea-denatured Hb. HLBER T opt. pH 1.5~2.0% 7R 7o

BB 5 5 DIoXF L T pepsin 11
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b KX Kk E ® B (VIII, 3

HY%5 S (HL pH3 LI ETIIH
#3) el Tidpepsink
HE,ICTHLBEAR THRC pH2~4
IR BEDPKE
4 IROEETAT R EIINE
DIRFEDEE « BERE OMNIZRTD
. BV R 5 516 pepsindtiZ B(LBEET
&P REEFEOHE Y R~ T, Hib
fi5i pepsin 13RO F 3% 50% KT
opt. pH2~3 @ ‘broad curve’ %5
ABHDICHL, B pepsin T34 - Bk
Bk FREEOMLEE (17 l’o
L&k yVEMNLED) T opt. pH
1.8~2.0%5R T, I DA bEEEE
% b DIZxL Tl pepsin 13 JK
pepsini2%:% & ({HUpH3LL ETI3
FEE2) ERIcR L TIEIELICE S

2.0

1.0}

mEq, tyrosine x 10% in 1.0 ml. TCA filtrate

1 2 4 5 MEhE R
——— pH — - pepsinl 3B OB

Fig. 2 Hydrolysis of sardine meat at various pH Blic & 0 BEEE T+ 248D 5
: for 60 min., 35°C ) -
Curve a: swine pepsin on native meat TV 5.HI%, < Young (1899),

Curve b: swine pepsin on heat-coagulated meat Decket (1887) 4537 BiEER 5

-

Curve c: whale pepsin on native squivd meat

Curve d: whale pepsin on heat-coagulated meat pike & pepsinic & Y BE THILL B

VWEEAPRLTWAORIBRH ELT

Hammarsten®) | Znative fibrin % pike B pepsin 2@ 01 2HHET % b, EZEMR 5 fibrin R EEIINEN I
HTHLLU#E-¥ 210, Bodansky & Rose'™ (318 4 (& H pepsin s gelatine % i LT 3 b REINS
BHRLEEE, BEE < AR 13 + ¥ 08 pepsin 1258 T A ¥ & AAIERENC £ DL CBEUB 1B
B CHEICH B protease 13 3 D EL L) RL, AR dIEEEEEOF LB 2TH T 3,

#i5 pepsin b BUROIALC &b RAH pepsia FHMEGHE & 0 IBLBEET T IR ORK pepsin i3 ‘native’
form < ‘denatured’ form 7 3{Z3L Do

Lindersttém—-Lang!"> ¢ schema N=D i hydrolysis products
X V3 2% L pepsin (3 pepsin [FBE ‘native’ protein 12353 % denaturase fEFI A B ~L,
Christensen (1952)%? (1955)' 12 & % L BEVHOBSEKBOE 1 BT ‘native’ 57 F 0 ‘uncoiling’ I1245% 3
9, ZH3EL % ‘denatured’ form LITETRS (IR coiling-up arrangement HfERHCET AR RRN
peptide bonds DFELL & /D) bORAIFHRMBRL TV 548, fiil pepsin DIFE, FFRIM: « BESME 113
RLRRO denaturase FEFI S TONI D TH S o By ‘native’ form OFICEBHEML T EE
PETBLDTHS I ?

B 3]
1. JRFELNC 7 7 = Fv 2l persin activity (oxb3 2 B8 IK pepsin £ Y KT, BRICNTIE 3.0

—236—



19571

mEq. tyrosine X 10% in 1.0m). TCA filtrate

W W0 N, e N

[ e [
ﬂmm»yaka‘v—-lo

2.0

1.0

AF : ¥Edh#F Pepsin

[/ 3

1 2 3 4
e DH
Fig. 3 Hydrolysis of squid meat at various pH
. for 60 min., 35°C

Curve a: swine pepsin on native meat

Curve b: swine pepsin on heat-coagulated meat

Curve c: whale pepsin on native meat

Curve d: whale pepsin on heat-coagulated meat

m 60BEITHIB0%58H, 5.0m 60BFHT

£ F, 8.0M TiX 108EH] THELL
TLE Do 7T =FVICRTIE3.0x
208508 T activity £ ¢ BT A Dicxt
UBK pepsin /3 60FHT & 1 20222375
To .

2. FEEBOZEW: & # pepsin Bk
B & OBIfRIE, bemoglobin 1ZRATIE
FRFEEM L W EERS L 2 Y HD
RERRERNC AT B activity £ { 2k
T 318, O pepsin Tk
hemoglobin DRFEAPEIZL © HLE
#9502538 4 L H o opt. pH 3.0~3.5~
BB, AL T mEER -
X Y EILEER 30~50% BV L AR
pepsin [F#F ‘native’ form OFE{LBEX
73 % FH o (HBOIK pepsin Tix
‘native’ form =< ‘denatured’ form),

AZERRITIC Y ) SRR Y AR RETEIZ B BB OB YR T,

X [
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