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SUDETR BRI At fo R

Giw K4H

wRE EFR &SR

ChE®FRMEART RN, £

WAER (Mucor pusillus) BYEBASITE, CM-4F483 . DEAE-Scphadex A-
25 F0 Scpharose 2B REREYTIRAN)S ARG HLTEFD 296 HE R 39290/ mz, B FR#Y 17.9%,
SN ERw N E AT B AR K E)—, B FR X 11800 H/R .
i mAEHN Ko f% 0.019mmel /L, EGMEE G0 pHe3, MBMNEEEARTNSE
BUHTTHE. HOAEENRY: RER AR, 08B S ERUARE SHRNEE
TR, REEBRNKRLEZRHSLELR, B — ol R E8E O,

XA BRI TECRUNERRANER

BHABR TEBEEMMNXER, S50
BABEINNATNENERE, HEN
TERFBRNEME 23R/ MERER, &
HRNBOZEAEBRESRE, RE48
FLEROR BR R ET AR,

T RAES D REARK
T RNE, ERAEFRHERY, BER
FEEERER AFTRRERSEMRA, H
B, HF L TFRAEPEF BB =92—0)
ERERAHRAEY, BEF L L
AR A =k, BEREES (Mucor mi-
echei), W/NEE (Mucor pusillus)FE
i (Endothia parasizica) BB Eo

RO EB R HEE — g8
AN EEER, SRR T @i,
BRRRERK, AXERNARMSAL
FHEE o

e A~

(=) {E%3M

PCME % Hopkin & Williams 2R =5,,
DTNB 2§ Merck A FP%, DEP 3 Aldrich 0y

Al ha N-Al 24 Serva AT, CMC %
Whatman 2 F[F=4L, Koshland {70, EPNP X%

Sigms AFSER, 7, T"8E% Carl Roth A FPE
L

(=) B BB ERYS

RAEZHRSY,

(=) SRR

A TEEERY D, Bt HhBE
#L B A, AN AT RS L.

() RN . FOXKRRNTLENNESE
ME

BAM,EOKBREEIEE R Arinat 5750
HilE, FHEREBEEREERFE S N
o

AT 1988 £E 2 A 15 B ®,
AXRAMNES 5E:

PCMB; P-chloromercuribenzeic acid
A -ERAEHEE S

DTNB; 2, 2-Danitro-5, 5-dithio-di-
benzoic acid TR HEHE K MEL;

Koshland if{3; 2-B8-5-fLHE;

DEF; Diethyl pyroecarbonate —7,%
ERE,

N-AI;N-Acetylimidazole N-7Z REBKRY ;

DNM;:Diazoacetyl-norleucine Methyl
Ester R A-CE% MR

EPNP:1,2-Epoxy-3-(P-nitrophenoxy)
propane 1,2-SAS-3-(MMEREEIAS:

CMC: 1-Cyclohexyl-3-(2-moepholi-
nyl-i-ethyl) carbediimide metho-p-to-
fuencsulivnate
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() ZRRNEHRLME

Af-mELakneis SHERE, Ba
Bl Lowrry™ J BT

GR) BHATFRIEZRSEARESRK

AT EMESEMR Lacmmlit HH, TR AR
#H I E T R ER T,

(&) RET

mlAnEHeaR e R EERE )T
EUTER R LT

(M) ML FEBE

PCMB DTNE, N-AlL, DEP, CMC, Koshland
AR 2 R R B (B £ 1 LA 2 L AT R
-

EPNP SEAMERI SR Tang" U5 H. IR
3ml fik (1mg/ml pHe,6 0.1mol/L FRREREN
), A 15me BBk EPNP (RHREA
In EPNP), EEBT RS ﬁﬁ—&h‘lﬁl:ﬁl
H 1000) AYAE TG,

DNM LEEmfEf 5B Raagopalas!®™l 75
o 1wl ERIIHMBE (1mg/ml), JAA topl

0.1mol/L Z,He%, l0pi 4mol/L ZMB W ¥

{(pH5.0), ERRKE 10min, HFIMASHIE
g9 DNM Hggyy 1opl, KB 15mis =ti)

o
£k *

(=) EBahskit

350m) 3 EGHE ZE 0°C (B4 Blsinash,
BB RIEHA 4°C BEfT )& 1: 1(V/V)
ANCE RETE, SRR, EEE
B 1:0.5(V/ V) MAZ R B EE &, B
AT BAOE pH3S5 01lmol/L 728
B R, B, 28, EERINA
E A vH3S5 0 tmol/L ZERZEMPHEE BT
7 CM-#F45 % & (2 X 45cm)o  FH 350ml
ARG, FFH 200m) B3R
5 200ml oH54 0 lmol/L ZMZRrfig e
PR M R DM S ORI
BT S.

¥ LRSS AR A A 0.02

mol /L §Y pHS3.4 ZELErE 37 # i 1y
DEAE-Sephadex A-25 #£ {1 X 38cm),
A 100m] S5 B rh i Bt , /- F 150mi 3
R ITH I 150m] & 0.8mol /L TAHM
SEEE MR B E R, WEE DG
Mo BT mblRgE, mEE
0.02mol/L pH5 4 B ERIEEIT,

¥k EEEEE - Sepharese 2B & (1 X
38¢m), A 250ml 0.02mol/L ZEBZE M
(pH5.4) B, 4o B 5 HIERS

2aiftGs, BULEES 11 E2(E
D, TEAKEEEFEERA TR, Miff
sSEAgh B B/ B A KA E K
KRB, BANLNBERLEFIEERR
o

(=) BaBEEE
BRI PN M B R S R . bk BR— A X
(& 1),

HH G E TR B R R
T8 AE 100—1000 2x[[], REFHERZE
TREAT, ERENAE —FITERE 2),
B 3 SEaR R R A A BT IR E T B,

(Z) WL R

LI Ko E; BAULESH Km
&4 0,019mmol /L ([ 3), Kok

LS a, BEERRAKRMES
B RERE K, D B AN RATE, i
BEERIE R ) oHA4 20

SEBAMSHE, ANE-BEANSE
AL 5.15%,

4. B FRBAE: F SDS &kl
Bz T8 A 41800 (& 4),

5. BNEARER: BEHESERE
SuT 110°C 7Kf 24h, RIG7 Beckman
121MB S E M A 5043 87 (0 b e AR (5

o

EPERERREREAREY 4
B, B EMEN SRR IEE
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1 WIAEREARHAL
Table 1 Purification of reanet from Mucor pusillus
mEH | G pmn | o JEE | EHAR lrpsemizn
Total unit| Recovery Total activit Proteolytic Cellulase
§Ra B Step (u) (%)  |protein{mg) (u/mgg activity{OD) activity(u)
Crude enzyme 1069817 100 3612 296 1410.5 1750
TES I
Ethanal Fractionation 700730 65.5 624 1123 208.4 9.4
CM-FHEREW
CM-cellulose Chrotaa- 432495 40.4 338.6 1277 200.6 1.8
tography :
DEAE-Sephadex
A-25 Chromatography 414058 38.7 181.4 2283 135.5 0.0
Sepharose 2B
Chromatography J 192000 17.9 56 3429 38.2 0.0

Bl
Electrophoresis pattern ot
purified rennet

siERRI R AR
Fig. 1

R, USEBEREEHNHS TE
#53% 40000, 35 e R AN 5 T &
AR A,

6. TIFERBAME: EFHRIREA. 7.8
mg/ml, 52 Hitachi 282 AT B0,
BN EARCY 3.28 (B 5), kA
HER— P, R #%%ﬁ%i’g* H{Jo

W2 AN AR
immunodiffusion pattern of
purified rennet

Fig. 2

(M) ERavibiEem

JUFp b s iR A BeRY 1 B0 &
3, BMEER.AZER . FEABR.AEBAmE
HEHAEETLR,

BENETEBIETIKEERA T
Fizid3 (CMC) XtEsfE L& 4, BAIRME
FArEHE 4 1mol /L 3 (pH7.5)% 30°C,
4b 3 5h, BITEME BEE DERAE,X
Y CMC 5FBRERREERTUE
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Table 2 Amino acid composition of the envyme

o oR % ® 4 & B OE O
Amino acid Number of Residues Amino Acid Number of Residues
Asp 52 Ile 17
Thr 28 Leuw 23
Ser 32 Tyr 17
Glu 29 Phe 26
Pro 18 Lys 16
Gly 45 His 4
Als 23 Arg 7
Val 28 Cys
Met 8 Trp
i 0
ki
1 g
~ 6
£,
Fal
E 4
3
s-
2
0.2 0.4 06 0.8 1.0
1, n _ : N Rm
-40 - o) 9 49 5G .
1/5tm moi/L) E4 SDS gz kAl Fh
. Fig 4 Determintation of moleculer weight
M3 BABYMOZLZEALN Lineweaver-Burk R of rennet by polyacrylamide gel

Fig. 3 Lineweaver-Burk plot of
rennet for heamoglobin

electrophoresis

»3 —EZHENSENNESEASBRIRNED
Table 3 The effecty of some reagents for modification of protein
side-chains on renner activity
X w i3

= 7 Final concentration {mal/L} BT H
Reagents Reagents Enzyme Residual activity (9%)

® 3l
N-Al $x 10 2.5% 197 95.8
Koshland B 18- i 2.5% 10~ 92.3
reagent
DEP 6x10-? 4.8% 10" 95.0
PCMB 2% 10} 2.0% 10~ 99.6
DTNB 1.2x107* 2.0 10" 94.6
CMcC 2107 5.0%107 6.5
cMcC 4% 1077 5.0 10°" 4,2
Glyoxal 2%10™* 5.0%x 10" 96.3
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#4 CMC MRANEIOKS
Table 4 The effects of CMC on rennet activity

BE
Concentration (m mel/L)

& & N
Residual activity (%)

® 7 - i L. REBRLEAE L
R o En om Without hydroxylamine] With hydroxylamine
cageat nryme treatment treatment
2%107? 5.0 10" 6.5 9.9
4x10°* 5.0x107 4.2 7.5

Es SEAmSTERLAR
Fig. 5 Analytic ultracentrifuge
Pattern ot rennet

BAEN Residud activity(%)

0 oz s 045 1.0
DNM %107 moV/ L

6 DNM wsmzs
Fig 6 Modification of rennet by DNM
B, BN EEERERRBIRE,
DNM 5 EPNP % EgAY# 1% R 25!

I=%
I=3

55475 JiResidus} actvityt#)

T S TR TR TR TR VP
RS A Timel)

& 7 EPNP XEH B
Fig. 7 Modification of rennet by EPNP

RE 6 A 7,
Wt W

BE LRSS R0 EPNP K
Rif B4 THU RN EPNP hif g
HP R R, BhRiEkE, £E
& REMER, EPNP B A EER
iR, LRIFH, BIEHHRERE—4
SFHOEERES, B—PEEARE
#2%MY DNM EBHBEFEET, hil
REEEELBAE, REER, LR
FEsFEE A AR Y DNM B4, X
i BB E DA AR A B S R
MR R AR A E R E S B LR
B, s ALY X A R B B R &
BB LR — MR, ABTTRx—%
W EE A AR, MEM BB S

-EPNP., DNM R &R it &gk, =
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PLithr, BEHE—-FEBHNRLEHRER
M, EESTFTHEAMBEAVE ERESH
EOSRELEE, MRXLBRARES S
A8 1k 7E F,

RAEHEEHBNLTFEF RN
30000—40000, X4 SR BSh, LR FEAZ
RERR M B H B T 8 O 60009, i
HNEHE DN 2 T =& 52 50000—
58:008%, PUNEEBAWN Y TE A4
41800, X5 Juhyun" SRR EFZ 5
FLEG 4T TR 30000 HEKE], XihzE 5]
T ERRES R —EHTARE
HEET, AEELABHER. By TIPS
HERS; B—RUEFEEN. RITH
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PURIFICATION AND PROPERTIES OF MILK CLOTTING
ENZYME FROM MUCOR PUSILLUS

Qian Shijun Zhang Chunging

Jiao Qinghua

Tian Kairong  Meng Guangzhen

(Instituze of Microbiology, Academia Sinica, Beljing)

The purification of the milk clotting en-
zyme from Mucor pusillus was achieved by
precipitation with ethanol, column chroma-
tographs on CM-cellulose, DEAE-Sephadex
A-25 and Sepharose 2B. The specific activity
of the enzyme was enhanced from 296 1o 3429
(u/mg), and about 17.9% of the activity was
recovered. The purity of the enzyme was
judged to be homogeneous by polyacrylamide
gel electrophoresis and immunodiffusion ana-
lysis. The molecular weight, Michaelis cons-
tant for hemoglobin, isoelectic point and se-
dimentation coefficient were 41800 dalton,

0.019 mmol/L. pH4.3 and 3.25 respectively.
Amino acid composition and suger content
of the enzyme were also determined. The re-
sults of chemical modification showed that
tyrosine, histidine, sulthydryl group, wypto-
phane and arginine had no relation to the en-
zyme activity at all, but carboxyl groups of
aspartic acid were essential for the enzyme

activity.
Key words

Rennet; Cheese; Mucor pusillus; Puiifi-
cation and properties
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