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A TR NS EERRENBIESEHIENNXR
nEY XAE KM

(bR Z R ERHRR 150D

RBRTIREY TGS IR G L g B (Monascus rubiginosus Sato) By M & BTE R
(EC3.2.1.3) (%M, R ILL N-{R BT (NBS) R LR R, TR AR
B M T 2 B R R Y R R A (R, RUGERMREN T HRARELEEN, i)

A TENE S AT,

ZELL NBS 4T SRR, ThBWERENENRAS T E 1 E RRERH,
E, BEEL R A R pH R (3.5, 4.0 F14 .5) AT sM REMEETMARRRERATE: £
MR N, 75 FRRRE pH Ff EREN AFEREER. B, 4T mol ERMBRERRL
245 4.5mol ffy NBS, E, M{XFF 3.3mol NBS, [l = AHWIUHHALE, hiE LR EEAR
BE, b RBEENE, WE ME ESAER LEE -2, XSREELER NN

ZRM R B,

M- EEBRERALN, AR LS, LeEMBENREURIRLE,TERE

Soik NBS PFrEfb.

S eT T (Monascus rubiginosus Sa-
) FAERERE (FC3.2.1.3) RE%
BHE B R EERF A S FRE M E,
BT T B siL B AV B, St
BB TEMNENSERED, 2REY R
Fufp SRS B, 5 T
—HBRRENNERFE, XHTTED
B BRI RS D Rk, A0
N-EL{L SRR e (LR8I FR NBS) X1 g
EHEBAMEIER, REBRNEERIN
¥E ok BT A BRI 2L A, Eo 7O E, fREE—EROH
RES, AR RELS R,

i S i e~
(=) B
i 0 4 T SR IR A py4r ih B R AL
&, 8515 /120, 000 A0y AR P B Y 0y AS3.978
B SRl AS 3.3491,
(=) =ERAAMNE

DEAE—Q{%% DE11 2§ Whatman &
QAE-Sephadex, Sephadex G-25 J§ Pharmacia |

Foih, TlistkiEsy, NBS, PMA RJknUfL T
I.: WSCCD, NEM, DINB, NMAI, PMSF ¥ E.
Merck [ P2, PCMB 2§ Light | =&, [ NBS
A AAESER 0N ERERBRER
— iR,

S A K FEEL A Unicam SP700C %1, 72
RV e 43 FeBE T 20 L B BURT =4,

(=) Bnigs

BRI ROL B RN, ERBERR
PR mEGE, BB EREGE R
(H5EAMFE 300—500mg) MBNFAER 0.08M
pH3 .0 BAEG4Enii EHFeY DEAE-ST 4% DELL £
(1.8x45cm) |, ARSI 750m X TFIR
0.12M pHS5.0 BEERENhHE 750ml X EIR, #4T
BEEERRRL, FES/DN 20—25ml, @B
#,.8 ml -, REREARSEHERT
HRER B EREE, HBE F, B HH—HD
i, RGN RBABEITGIENTRAE
fho

(W) BEEHMEFE

ERNEERY 2% o HE ek 0.5l 0.5M

F 3T 1980 £ 8 A 27 HUYH,
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pH4.5 FEEERIENREY 0. 1!, KEHKE O.1ml (MARY
BEOREHE 10— FEA, MAE
1.0ml, 7E50°C KFdi R A7 10 5p4d, A 104
SRR L,B 0. 1ml F RiER Somogyi-Nelson
HEUIFE 520am P FHGE, WEE A BUR, DLE/)
BfAERE 1me WEROESR %) E7 B4

(A) HEANEIMRESNNE

B ONBS M EEHERE BIR Spandet
FEABERE, 2rmel HEE pH3.5 SimM
WIEEERErRih, ERIETEEMA NBS KE
B, IR E KB LR ER, AR 1.omt, BUR
in NBS pUESMEYRT B LZE 30°C KB 30 5, R
FIAE 280am FPRT, #B 1.0em WERE
E.# T ARTHERLNasRREAN:

AAXT. 31 XMW XV
W X 3500

HEa AEEATEAPHE NB ZiH 6
HEREN, ar HMFERBEKE 2800m BHRK
B5 NBS S{LEMIESHEEHRRERTAREE
EE, WAHBHRERREH), .31 % Witker
B, 5,500 HEEAEE 280om MIEATRER
B ML TRM 55,000,

() HERHFX

EORMER Lowry 7577, HiRERwE
¥ Davis £, BEIRE N 7%, AESHRREE
R250 Hfh, SDS BERXALPkE Weber 3™, BE
RE 10%,

B B f1 3t B
(=) EaRsgEgsRNEEID

i

FAE—HHRF, HEARDSTH
SEEEMEEART A EBHE R ZH
FTEARERTNDENTE. RN
TAERMESRWE LB HRLHE
B EREBE DR, B 0.1mg &,
B HNBB 7 0.1M EEEth, H&H#E
50mM pH4.5 FIEEEE M, 30°C KB
304y 8, B 0.lml BIEREXEH(EIRM
BRI BRIE P2 100%), &RFITE
1, M#E 1MERTLIREH: BRAR

#iA5 PCMB, NEM, DTNB [} PMA
EXMEIREHEOMEER, XERE
BWERT Takao~iEHrlG A", BE4-H
HHEEBEY RTE e S0NEh
ETHEEN, BENTOHMBERAER
BEBRNE A RAESNEN. BEEHN
WSCCD, BEBZREBNH NAT g
BRIEHES PMSF ZE RATR LI &4 T
EHREHBHEW, QEERREETH
lmM HNBB & 50% [ ¥0 %], NBS #
0.1mM REERSIEE E; A1 E, &8EE LD

x1 FRNMLESEHNM E E ®EHHKHR
Table 1 FEffect nf Protein Modification
Reagents on Glucoamylase Activity

b1 25 ﬁ%%g ol chgvﬁ?g%)

E, E,
Mo S 100 100
PCMB 0.1 117 102
NEM 1.0 115 125
DTNB 1.0 105 100
PMA 1.0 85 &5
wSCcCcD 1.0 95 101
NAY 1.0 83 84
PMSF 1.0 102 100
HNBE 1.0 50 47
NBS 1.0 ¢ ¢
NBS 0.1 0 0
NES 0.01 8 10

* PCMB: P-Chloromercuribezoic acid.
NEM: N-Ethylmaleimide.
DTNB: 2, 2'-Dinitro-3, 5‘-dithiodibenzoic

acid.

PMA- Phenyl mercuric acetate.
WSCCD+ Water soluble N—cyclohexyl-N’'~[8~
(N-methylmerpholinio)-ethyl]—carbodiimide—
P-toiuo suifonate.
NAI: N-Acetylimidazole.
PMSF: Phenylmethanesulfanyl fluoride.
HNBB: 2-Hydroxy 5-nitrobenzyl bromide.
NBS: N-Bromosuccinimide,
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22 %

ik, WikEE% 0.01mM K, —ER0EIE
EHAEN 8% K 10%, 5 TRE NBS
EALREA TN ELERE LS
BaEronr s, 10 R TRER (R THOW
NBS 7 50mM pH3.5 EEEEZEIEH, PA
AN NBS RoEs#H %7 R, 7E 30°C {RiR 30
4yah, ¥ Weber B975B:3E4T SDS B
P ERIE 1, R NBS BEFEE
WMk SRR 3, BRIE R E
Fammn i NBS SULHER, ®HA
SN TOH BN EENRNED
B+ BB, '

B & NBS E{LiFe SDS BEBR
Fig. 1 SDS-PAGE patterns of
NBS-oxidized glucoamylase

E; %} /8 E; control
. % NBS Z{L/5K E; NBS-oxidized E;
F, %4/ E, control
. 3 NBS Z/{tER E, NBS-oxidized E,

(=) EHEEH NBS ffbiRip

AW e

113 :
A THEEEBRET SN EB
B, B TR NBS H Lk ey EExt
BERPER, B 0.1lmg BE 50mM
pH45 ESERZMPI T, MARERENR
el ET N, 395, MA
NBS KB, EHR&KEEX 0.01mM,
FEBAKFEER 1.oml, DIRIM NBS ME

EMARRERDEE—INE, REE
30°C {RiE 30 4y %h, EX 0.1ml REIREEHE
BEENERE D, D& BHERH REE
WG4 100% , BRIE 2, RHEE
TR~ VE FIBE R B N 8m, Sk
WER B PRRE % 1.0% B, E; M E,
BB E S5 B125 70% M 50%. 4T B
BRI AR 2EEM NBS X6 8RN
FAi, BRMA 0lmM BFEEE 50mM
pH4.5 BEEAENRIET, EEARRREER
(0.1, 05 f10.7%) HFEF, H 0.1mM B
NBS 7£ 30°C {RiR 10 %, IR mEssy
BEBRERANE, WE 280nm RYRE
B, 3% Spande YN M o FROEREGT
ERENeaERE o AR LR 2. B
2 BEHALEMEE, 597 36% AR
B NBS FAL, JEW H AR NBS X6
HENE.

100~

e E,
50/~ Eq

[
L O

HHFE N Relutive activity (%)

T ST UK SN AT SN A SO T |

0.5 1.0
T R IR EE
Soluble starch (%) -
B2 FREENREYEEDNEPER

Fig. 2 Protection of enzyme activity from
NBS inactivation by different concentration
substrate

REBENEBE I BRIAD R R
. BEGRRACABRBRETELT
RS AR ERE, YBTRDFRE
TR Rl R A Mt , BHIET NBS X & & #
BYSE [k, MR I M B E DR R E R
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Xt iRy, RMES MR BNOHEHE
ST R o F R R E A T RIS &30

firo

¥ EFRRMEBHET NBS Heaupouft
Table 2 Oxidation of L-tryptophan
with NBS at Different Concentra-
tions of Soluble Starch

soli%blfitar(cf)g%) H%fiil&iiéé %?(%)
o 36
0.1 41
0.5 36
0.7 36

(=) £FE pH %4 THE NBS &y
- 414

RN N Mk, NBS gt
FwEABEQRTHEERRE, CK
EEAFETANOEBRBEN NBS ¥
£ pH HEMMR K, RIOVETE
AEE pH E T Es# NBS E(LAEN B
2omol BT S0mM EEREEEM kb, pH 4
2134 3.5, 4.0 F1 4.5, MARE RN NBS,
BREERTDY Loml, 7£ 30°C £# 30 55,
B 0lml HEEMEHENED. SR
E 3, BEXE; B NBS E{LEEMERE
Frid pH B HEMAE oH EERMKTIMA;
E, W& pH BEREENEE, &
EERRERR B, £k pH WM ASKKI
5# NBS ik, E, W& LR oH H
B S g NBS Hik, —EHRREE—
EER. A TH —FIEXERARIGRA
BTRENEM,

() ERETRRFETERE NBSH
|t

WREBE (M) ER AR AR
BRER, EEELETHTFRBHEAR
FHick, MNFERNEROEEBRES
NBS FrE{t™, RIAILBTREXMGEH

160
~
w®
‘g 50
&
R L
He
®
&=
0 P S N T
NBS/Ba( 35 Fib)
mol NBS/mol enzyme
100F
~
TOW
B oF
z 1
S
£ T
& 50
£
=
e
oy
&
0

NBS /(R FH)

mol NBS/mol enzyme
Pl3 ZARH oH A NBS MkFHEE

Fig. 3 Selective oxidation of glucoamylase
with NBS at different pH values

MEMURAEREFET, E; M E, #
NBS H AL A5 o B 2omo! B, B A pHA.0
EER MR B R RER T, BMA
AFEEH) NBS K# i, maRTEKE 1.0ml,
R B BREIKEE % 8M, DA NBS 1y
BR 0% I/, 30°C R EZ 30 435/, XK
KEHT 96 /A, B 0.1ml FIEMMED,
RIA 4,

| | E, £ 8M EE% (PH‘LG) EE—F:
S EM®R, XAGEN 96 MR E
RER, SHBEERBE HN0% £
A RBEX B, B TESLRER
TETREEE NBS Hibmike, RUEEH
8M RRFET, WERKH E S NBS
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mol NBS/mol enzyme

FHRIES Relative activity (%)

NBS /85 (354 FEL)
mol NBS/mol enzyme
M4 B NBS B {LM M EENRR

Fig. 4 Effect of 8M urea on the oxidation
of glucoamylase by NBS

136 i = = 174 22 B
100
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R E 50
HO 4
= R
b 1
¥
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)] -
NBS/B( AT H) o

NBS/Bg(3E 5 THL)

mol NBS/mo! enzyme

5 FRMARES NBS MEMEL
Fig. 3 Oxidation of enzyme at different
molar ratios of NBS to glucoamylase

HibkE, E WAZ R EEmR, X-—
#FHRE LR AR pH EHXESH NBS EF
b LR R R —F 0,

() CARNAELERBINXR

ARA®RS T (NBS/E) B9 NBS #t
T ERBESN, RGN EESE D, B
BES SR A EER AN B 2omal &
f£ S0mM pH3.5 BEERZEMuE D, MAARE -
# NBS AZE#,EHR 1.0ml, 30°C £
&30 38, B 0.lml ¥ EMEREE A,
H4&NE 280nm FSRIEEE, # Spande J5

£3 RENSEARNLEEAXR

Table 3 Correlation between Enzyme Activity and the Extent of Tryptophan Oxidation

NBS mol far s Ak EE mol ﬂﬂ: lmol BEBREEDA
& mol (%) K mol BS ¥ mol %
mol NBS/mol Rclatiz;a)ctivity mal Trp oxd. mol NBS add.
enzyme ° mol enzyme mol Trp oxd.
E, F. E, E, E, E,

0 100 100 —_ —

2 23 34 8.5 4.8

4 6 13 0.8 1.1

6 4 6 1.3 1.4

8 0 2 1.7 2.4

10 0 2.2 3.1 4.54 3.34
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EHEwEchasRREN, 4R0LE
3, b NBS HEMIMMEESRBIAE, BR
STEhN—EEBRR AL, X
#90% RIBRTE Nk, ZE lmol BghE
- EEEBILTETN NBS mol M
E; 3% 45, E, 4 3.3, TEHRKAS NBS/Es
R FHRAERT, MIEHATEAS NBS
HRAREBSXAMES Brr. ¥E 5 1H
MEREKSEMNVEBERYTESEE
WEE FTEAY NBS mol B, ¥£ E; 39 4.5, E,
2 3.6, 5% 3 KBRS, &34
RERAH -8R AERAE T L
®omAEZagEmitek NBS .

XFEINEEHRSHENEEBRERENR
S8k NBS B (L A0S T H a8 o Hayash;
S R INEREETNAEBRRES
NBS L RA LR, BOELEES
—ABEARMEE X BB GEHA
TixMhEBREANhELABHAEERY
Trp 62,5 A& Trp 635 ERRIEFEREE
BFEETRERBRESENES A (B
BEADE X, 5 X o™ Bk
MR RIS A IRArA Trp 62, 63 F0 108
B RER,

Okada %“"#IEHE AT H B o JEH
Mg{E pH6, 0°C PO TLEL NBS 4B —
ShENSE 2 kiE, 48 lmol BFEE 6mol
NBS, & 4347 15 MEARBRERNE —
M E o

Sugiura AP BIER BV EARM
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Bh, BRI 24 AEEME L P PER
fto BEIEHME 0%, HBEHBER
PR, EARET NBS SAMGEE
BESaRABNENFEIX R, Spande
s, -BREAREFREEET,
£ pH3—4 BHE/L Imod HEMEE

2.5—35mol NBS, LA REN, F%E
FMBAT S E/L, WATTE NBS E
PLEIE¥E, MRRZEDHPHEER
HERE LS TFHagsniit
E, BEH% LM NBS, il E;, hAFES
HRRE THEEEENRK, X3—A5L
7’ E; mEERELE pH THMFER
REENEME—Y, BH-ESEAE
BEFE—EER. AIMEEZEHEY N
FERREA pH3.6 B, E; ME METRE
|4 56°C, {8 E; EENLEHELTNL
B, AR e T, FEEE
HERANAEBRRLEZR DX MEIER
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RELATION BETWEEN MODIFICATION OF TRYPTOPHAN
RESIDUES AND THE ACTIVITY OF GLUCOAMYLASE
FROM MONASCUS RUBIGINOSUS SATO

Yang Shoujun Ge Suguno Zhang Shuzheng

(Tnstitute of Microbiology, Academia Sinica, Beijing)

The effects of some protein modifica-
tion reagents on the activity of glucoamy-
lase from Monascus rubiginosus Sato have
been studied. The facts that selective
oxidation with N-bromosuccinimide (NBS)
strongly inactivated the enzyme and the
substrates such as soluble starch or mal-
tose could protect the enzyme from NBS
inactivation, suggested that tryptophan
residue may be located at the binding site
of the enzyme.

The reactivity of the two molecular
forms E, and E, toward NBS were dif-
ferent. Oxidation of E, at various pH
(3.5, 40, 45), and in the presence or

absence of 8 M urea resulted in different
degree of inaetivation, while the inactiva-
tion of E, remained the same under the
above conditions. Oxidation of 1mol of
Trp in E; required 4.5 mol of NBS, while
in BE, only 3.3mol. These facts indicated
that the essential tryptophan residue in
B, is less exposed than in E,, and there
is conformation difference between E, and

E.

About 90‘% enzyme activity was lost
when only omne tryptophan residue was
oxidized. The tryptophan residue seems

to be essential for the aectivity of
glucoamylase.
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