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Fig. 1. Effect of reaction pH on relative activity of papain.
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Table 1. Relationship between each substrate and
reaction initial velocity of papain.

Substrate | Reaction initial velocity

Casein ) o 3.08x107¢ M-tyr/mgeEemin

BAEE 94.2x 1078 M-BA/mge+Eemin

BTEE } 143%10-8 M-BT/mg+E+min .
BAPA | 11910 M-PNA/mgeEemin

BAEE : N-a-Benzoyl-L-arginine ethyl estel hydrochloride.
BTEE : N-Benzoyl-L-tyrosine ethyl ester.
BAPA : N-a-Benzoyl-DL-arginin-p-nitroanilide hydrochroride.

BAEE & BTEE OR S#:8E Ok & 312 BAEE>BTEE ©& 0 ¢ OS5 bIx, 994
YRBBOKRERTI /BRI, HEET I/ BOAVEF VIO R FAEERER
Lo &b hns. BAEE & BAPA % it 5 & BAEE>BAPA ¢ & 0 KIS¥IEE
DHEMNBIX, 774 YIZT7 I FEAGIDI IR FAUREZHRLRST WL & iibh s k.
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HE2HE L., RCEEROBREZHEET S 10o0FHD L5 pKe, pKes iz kb 3
= fER Dixon 7 o v MB35 3888 % L. Michaelis'® M. Dixon!® K. J.Laidler?®,
NP, BORIGEEREBECENRD.
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Fig. 2. Dixon Plot21>. (Enzyme : glucoamilase, 25°C)
7= & 2% logV/Km~pH 07 1 » FieownwT, HYKe il XEL0S BOE
2IEMREL LTEFWTETHEA 1 0EZEE S %, Kee>H>Ke: oK cz il 0, Kex>
Hcrfisl— 10E#EE52%. chbDERY guideline L IFUNh OB TRL Th
%. FBE5 guide line @335 0 pH Rz L hic/R Lz pKe,, pKe: ¥ 5%, £
OHBILFDORAEL D log2 KAWL = Ak 5. FERkKk logV~pH g ® guide line
D721t pKes;, pKes, #5%2%. &3 % pKe & pKes & »%E L WHA X pKm~pH
7a .y MIEHEKRR S5 pKe & pKes & REL L A WEAXPKM O 7 e o b 4ET
guide line 12, K0 X 5 BRI % . T b 023 51% pKe, pKes t#fji3 3. pKe &
pKes & Ot AER R, ZOMBEORILEET D 100FRLD LD, T
b, i). pKe=pKes e HiEc OREERDOKFEA A ¥ OFHER, RENBRCEATSC
LI > TEBINAVWCEY, W2 EREEBEL OBEART OMBREOKFEA
* vOBECERLENWC EEZEKL, cOMEEREEL OKGEAEL Tt &
ZHEEIRS.
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EINBT e REEKEAA VERNREELZENED) BERL, WERBOKES A
VIR L ARTEREREE ORAR L > TWB T L RHEIRS.

ERtc L pKex<pKes, (bbb Ke;>Kes,) RREEA OKFE A 4+ ¥ OREESRRE
REEAT BRI THHIINS & (RENREEADFRMELLEIRS L)
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Vo7Fay 2B IRAKY LD,
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Table 2. pK values of ionization of some groups present in proteins.19>

Group pK (25°C)
Carboxyl (a) 3.0— 3.2
Carboxyl (aspartyl) 3.0— 4.7
Carboxyl (glutamyl) ca. 4.4
Phenolic hydroxy (tyrosin) 9.8—10.4
Salphydryl 8.3— 8.6
Imidazolium (histidine) 5.6—~ 7.0
Ammonium (a) 7.6— 8.4
Ammonium (a, cystine) 6.5— 8.5
Ammonium (e, lysine) 9.4—10.6
Guanidium (arginine) 11,6—12,6

3. R2EAEPCREHINSEL ORME KN pK HOME% 5% L, Dixon
7ay babEbRE K HE RT3 B - CHEOERERES S -, Bk
OM#HE b Lic, £E BAPA, »¥ 4 v icBit+ 5,94 v Km, Vmax % k% Dixon
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Table 3. Rerationship between pH and kinetics constant.

Kmx10% VX108 v v
pH r M-PNA Y, X105 log.."— log V pKm
M [egegemin) ¥ Km ‘
3.5 . 1.59 0.189 |  0.119 —5.925  —8.724 2.799
4.0 1,32 0.417 0.317 —5.500 —8.380 2.881
4.5 2,00 1.000 & 0,500 —5.301  —8,000 2.699
5.0 2,08 1,493 0.717 —5.145 —7.826 2,681
5.5 . 3.33 3.333 | 1.000 ~5.000  —7.477 2,477 |
6.0 (Cit) | 5.88 6.667 1,133 —4,946 —17.176 2,231 |
6.0 (Phos.) ‘ 4.44 4,349 | 0.979 —5.009  —7.362 2.352 |
6.5 4T 4,000 ! 0.960 —5.018 —17.398 2,380 |
7.0 . 3.51 3.226 | 0.919 —5.037 —7.491 2.455
7.5 . 2.63 2777 1.055 —4,977 —17.556 2.580
8.0 | 3,08 2,410 | 0.783 —5,106 —17.618 2,512
8.5 (Phos) = 3.57 2,439 \ 0.683 —5.666 —7.613 2,447
8.5 (Ammo.)i 2.63 1818 | 0.691 5,16l ~7.740 | 2.580 |
‘ | 0.606  —5.216 | —7.839  2.623 |

9.0 ;

2,38 1.449

i

Buffer; Cit.: Citrate, Phos. : Phosphate, Ammo.: Ammonum.
Substrate : BAPA.

30}

=§:z.a- 4

Q_26 F (o] o/o/o
24}
224

b
-

o
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Fig. 3. Dixon Plot: Effect of pHon Km, V and V/Km. Enzyme : Papain, Substrate : BAPA.
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Fa .y b, BLIWNK, Rk & pK xR/,

a). ¥HBAPA

0.6mg @,¥/¥4 & FN35°C, 305rfEER G I # T, Lineweaver-Burk 7o v + X
b Km, Vmax #HML7%. K& pH 123.5~6.0 (0.05sM 7 = v B#EEK), 6.0~8.5
(0.1IM VY v BRIBEEHK), 8.5~9.0 (0.IM7T v & = THEEHK) LE/LX w1,

RERUCREEREE (1, Y%, Y5, Y4, Y%, W) X103 (M) &ELI R, TORREY
K3WRT. coOERX 0, Dixon 7o v FRAERLK 3R LEZ. © @ Dixon 7v v +
ic. guide line #5| &, 035X v pKe,, pKe,, pKes;, pKes, k. Br(n)R,
BXEZHWTRHEU pK iz kD3 =, pH~V/Km 0B HE% K 4 1c, pH~V 0l H% X
5/ RL7%. Dixon 7o v kX O47), QKic X b kD> pKe;, pKe,, pKes;, pKes; ®

°
L L
TN
.S
E3}
5[
= £
o2}
-— t
= ?
>1 o |
(
Rl
e S N A N
pH
Fig. 4. Effect of pH on V/Km. Enzyme: Fig. 5. Effect of pH on V. Enzyme:
Papain, Substrate : BAPA. Papain, Substrate : BAPA.

ExRACELD . ULOERTHDON pKe iR R 2 OEE Hik L TIEHEEE (A),

Table 4. Ionization constants of papain active ionizing group.

. from from

Ionizing group Dixon plot (n, ®
pKel 4,45 4,51
pKe2 8.78 8.29
pKesl 4.72 i 5.00
pKes2 8.70 | 7.84

Substrate : BAPA.

(B) ofiEHEL . Tihbb,
EMAREER (A) - TANRGFEFUVBERBZIVEI VBBOAVEF VR
{?ﬁfﬂi’fﬁ—%ﬁ% (B) «eee VRAFAVDARANLT E N VE
LEZ BN, v ODAREE BAPA esid 5 iEM B E», SH Hi kot COOH #¢
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HDHEVIFERIIMD L DUFFEHEP I E » THEHRXLNTWARERE—HL 2.

b). #EHES

BB A€4 2 Hn0.2mgossc 4 v Hv35°C, 5 77 IEERKIG S 8 T Linewea-
ver-Burk o v X b Km, Vmax® B H U7, 56 pH 126.0~8.5 (0.1M V v ER#R %
%) 8.5~10.5 (0.1IM7 v & =T#EiK) L& (3. BMELHOREB PR (1,
Yo, Y, Ve, Y) <1074 (M) L A (L X Rk BB LS TR LA, D&% &ic Dixon 7

Table 5. Rerationship between pH and kinetics constant.

| Kmx 104 V x 108 v v
pH | r M—tyr S--x 102 log .- log V pKm

- (gl KT fm
6.0 | 108 625 | 58  —1.236  —5.214 3,969
6.5 125 | 758 | 6.06 —1.217 —5.121 | 3.903
7.0 . 1.14 7,25 6.38 —1.195 —5.140 3.945
7.5 © o147 | 9.09 6.18 —1.209  —5.041 | 3,833
8.0 0.758 | 5.26 6.94 = —1,158 —5.279 4,120
8.5 (Phos.) 0.758 5.26 6.94  —1.158 = —5.279 4,120
8.5 (AJnrno)i 0.769 5.52 7.18 | —1.144 | —5,258 4,114
9.0 0.730  4.88 6.68  —1.175 = —5.312 4.137
9.5 0.641 4.8 7.5 | —1.125  —5.318 . 4,193
10.0 0.746 5.24 7.02 | —1.154 | —5.281 | 4,127
10.5 o o0.714 4, 6.34 1,198 | —5.344 | 4,146

53
o _ i |

hate, Ammo.: Ammonum.
Substrate : Casein.

Buffer; Phos.: Phosp

oy b &2ER L, BAPA 04 & FEktic LT pKes,, pKes; &Ko7 (inis pKei, pKe:
TN TR BER 7). X He(7),8) 2 5 4 pKes), pKes, Z#k» ([§ U < pKey,
pKe: 11T REE) Tz 6iIcE LDk,

Table 6. lonization constants of papain active ionizing group.

from from

lonizing group Dixon plot @,
pKesl i 5.92 r 5.75

pKes2 8.83 9,25

Substrate : Casein.

c = CiEbivik pKes,, pKes, Offi3% 2 ® pK i & HAICIZ T &0 A3 pKey
& pKes;, pKe; & pKes: QXTI & Bz OTHEVEAEIE (A), (B) oz LUF
DXHHETE L. Tihbb

{%T&kf@@%ﬁ% (A) --eoee EXFYVDAILY )T L
TEM s (B) - YR FA VDA LT E R U
EEBEIBLND.
Pl ks sreses v o BAPA 38X 004 € 4 v Ickld BIETEMEHEIR KO X 5 s - T
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DT bbbtz
I E'H BAPA ----.. ANZEFRFYNE, ALRFVILE

& R
fi e et | mEAE A e An7ERFYE, 138V aH)t

4. INNNA U DORIGHEEBOHTE
WA Y ORIGBECONTIE, FXE+3E-F0 Lk &b TRV, Th
ETHRINCAMBECHT BHRLRED O T 5L, /%1 » ORIEHHEKO L 7

2 BWs OB 7 1 4 2T H B HT—E LT\ 5.
+isbb E+S E ~ES. K ES/+P, ke _EiP, -ccEREZ SR

WWHE, ES 3REE—HAMAK, ES 7 YLK, PLR 2 F v EEOBARBEDT
WA =T, P REEO N VR YBEBBSTHD. EAREE I % ER I SH
#e COOH &' €50, 7774 794 bhICERF VU REATZDD L5 o &
B, BhroTng. UEOC e2BE LT, METHAFEEMEEE X0 DT oty
Y DI JEHAERN 6 KR L .

I) Substrate : BAPA

E+S‘k"’ES————»-g erﬁ: O% HQ(E&O

Cys—- Asp(Glu) Cys —— Asp(Glu)

k{RGDH k{ﬂx
R

R
Y éH
O~C-OH Q5 :
r H O ks <~ 1:Q ,0
é},. Qgé S ?f

Cys——AspGl)  Cys——Asp(Gi)

II) Substrate : Casein .
R H R g
k 0=Cc-X _C O-C—X.
E+Se=ES— M, 07 \)\H o | SHNTD

H
£ gl ey
Cys——His Cys His
kef-RCOOH qﬂx

QR A R %H H

H /é\ :gu 75\
S---—HN:+ NH < $7 N e
| ] Bedy

Cys——His Cys——His

Fig. 6. Estimation of reaction mechanism of papain.
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Reaction Mechanism of Papain

-Estimation of its Mechanism from Kinetics Constant-

Seiichiro KAWABE

Abstract

Active-ionizing group and reaction mechanism of papain were investigated by
using the following four substrates; Casein, N-a-Benzoyl-DL-arginin-p-nitroanilide
hydrochloride (BAPA), N-@-Benzoyl-L-arginin ethyl ester hydrochloride (BAEE), and
N-Benzoyl-L-tyrosine ethyl ester (BTEE).

The specificity of papain for various substrates was investigated on the basis of
the reaction initial velocity and the kinetics constants were determined by reaction pH
values. And then pK values were determined by using Dixon plot. From these
results, in case BAPA and Casein were used, active-ionizing groups and reaction
mechanism of papain were estimated as follows :

A). Active-ionizing group of papain ;

BAPA : Sulphydryl, Carboxyl.
Casein : Sulphydryl, Imidazole.

B). Reaction mechanism of papain ; refer to Fig. 6.



