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KFBGHE B-D- FL M E BB AYE A 32 %
RELERHEh D FER
RET AEN EBY

(L kFEME KR 030006)

MY AAHATERAEETRES HRE BT E D LI MTREC 3.2.1.23)
i Lac Z @ 537 {f Glu #8-T GAA 75/ GAC(Asp) .CAA(GIn) .GTC(Val) K,
BREHRERNMILISHET ERME. BIRR DLW HT R, /£ T ONPG Wi,
R kel 4 B2K 0. 13% (Asp-537).0. 0006 % (GIn-537),0. 0035 % (Val-537) .HE {11
K. 3 LHBHE. RLRRXAMRERREER KYALY IPTG B— T 8H TR MEH,
6t ARS8 2- M - 2- K- R FLOE A L-B00 H X R T 9 M A 1E R TR LR AR
WA WIS E AN T BD-EAMIFMN Glu-461 RER. HIEPHRRBERNNENDTFRXA
M. RTRURERBE. UEERREG-537 REEEMRAELE R L HER.
%@ KEBHE DRI EMN, 0 RE, NFER

EARIRATREELFORENSNEEFRZ —. ASUREHEARTEERY
KB IEARKYRALESHHLIE ), B Lac Z XHERBN KBITHE B-D-LAEHE
B (EC 3.2.1.23) 1 1023 WERBREAHR . ZN TR Lac ZEFECHEEIIATH
iy pIP101 Fis b BD- LA M H R R AR P RES ., ZREM AR 20
THRER, YEEHERAL. B3 D- AR TR SR EENR KERETRNME, L
HRESUERY AN — A RA,

BD-EABMEBYEMNREFRCEERN, B0 T Tyr-503 REE BRI TIE
AU, T Glu-461 MEE AR E LA PRI . Glu-461 ELIEF BB E
FERX, HER LN PEY, R ERXTHZC. BIE Gelber HUMHR Glu-537 BER
Glu-461 FEMHYLERE. HT EEHBE Glu-537 (I, RINAERE S REHK
AR ¥ Lac Z EEH ' GAA(Glu 537 i GAC(Asp) \GAA (GIn)fI GTC(VaD B . %
B ko (ONPG)IE i T KSR N8, 43 51 KSR WEAY 0. 13% (Asp-537).,0. 0006 % (Gln-537) I
0.0035% (Val-537), LR EERF,Glu-537 HIhEH T Glu-461 A%, A HEHE
Y MEERIER TR & T REFENER R EEY.

1 HEFsE

1.1 ERHENE
E.coli TG2.E. coli Y1091 .E. coli RZ1032,E. coli XL1-Blue ,Helper Phage P24 ¥

o ATRASEFS.ONPG BREMEAW PNPG HRIER AW, IPTC FRERALEART.X- -
gal 5 -M-4--3-B(0R-PE A ke MERHEENH.BSA SERAES.
AXF 19924 9 H 19 HigHl,
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Calgary K% Dr. Huber SEIRFE R4,

R LB REREM, 2R LB 372 100pg/ml Amp, 37C,220r/
min, 18—20 /pEf,

2030 B bk S %« B ik LB 3% 3% 5 4 100pg/ml Amp,50ug/ml IPTG, 50 ug/ml X-
gal,37°C,18—20 /JpRt,
12 N

Bluescript (pBSK* ) By T Stratagene 23] , i pIP101 g Dr. Huber IR E R, K
Ry H#MH E. coli TG2, M BBIERERFHT . FORSR N VISR I TH
TEEERERE 3k , BT % DNA Fr Bt H Geneclean A & 41k .
1.3 M5 N

FR ¥ Py 18§ Cla 1.Sac I f Pst 1 %3 § Pharmacia B, Boehringer Manheim 4%
.l B RN KM Bio-Rad LK E . DNA J§i 7 #I € | US Biochemical Corp i 7| &,
FHERRERET . (S*)-ATP 4 Du-Pout NEN 7= &, B8 T BRIF §1 By Calgary K¥ DNA &
REGR. HRERFM B Y Sigma BRL sH MR AF,
14 XERWNEGRSHEL

Y5 &4 558 Lac Z 2 pIP101 FUR A FR#¥E I V18§ Cla 170 Sac | HBHBHEY
Glu-537 B4 1- 1kb B (pIP101 SC 1. 1), [E 8% Bluescript i th i Cla I f1 Sac I
PR AR T A Bk T, e ok A B AL B B pBSK T Ky B 5 pIP101 SC1. 1 /B T,
BN TR EHFR pBSK'SC 4. 0, R EABMFEILA E. coli RZ1032 H
Helper phage fl R #F 8 Bl ss-Uricil-DNA, LI& 537 RASHMN 23 BEAEE TR
GATCCTTTGCCAA(GAC,GTC)TACGCCCACG WS HITE MRS, RESHRR
HUANERERFIEFETH LM E. coli XL1-Blue &, TG2 ¥, SLR K G/ LK 7% , 86T
BT RIS I, R R EFR M E DNA F  BERFLM S, BT pBSKTRE RS
Lac Z FFIHBE G ST, RS B-D-H A8, B, pBSK*SC1. 1 FH Cla 1 f0
Sac 1 BEVIHE S A 2259 1. 1kb B EED pIP101 K H B L, 34 A E. coli Y1091 B8k
N. EREWHE, T3H Amp f LB EHETIER .
1.5 SRt maft

A NN 4 B L E A B Cupples FU H #ET. RSB EHERG &L, EERS
BERR 8 7> BB I 3E .DEAE-BioGel A 2 &7 fl EPLC Superose 12, B§4li ff 4 Phast-Gel
SDS-PAGE § & i Wik o5%M b, EORKEM EH 280om HE KX ZH N
2.09cm ™. mg i+ H,
1.6 BRFEHMNE

B WAk Z# 0. 2mol/L,pH 7. 0 TES ZEM# 100ul, &4 10mmol/L ) ONPG 100pl
& 20mmol /L. PNPG 100pl, — & B R B , IR K 2B 1ml, RBER MR ER
SBART 25CHRE 3—5 480, MABRIRS), LM E 420nm MR H I, REE
$7E 420nm,pH7. 0,25 CHI BT LA 5 71N 2. 65(oNPYHI 7. 2(pNP), — I BETE S HL{L
(WE X HFERERMET HT. 0,25C), § 4 8B 1. Opmol oNP 2 1. Oumol pNP ff
WE. MOHIENN o/meg BH.
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1.7 BHHESMBRBAER

AMERE &G TREES ARSI RTRG I ¥ SR EELER, M2 KR
W YER Gin-537 BRI Val-537 gAY, 1) 5B R E  #h i BSA (1. 0 mg/mb) EL &K B )R
BGEN 1—6 /MD TSI A AT . Fif 31 1S3 Huber 1 Gane JAFEYY,

2 4R

2.1 JEAISEITAYARE
FRAEBHREAFLRETDNARESHTEHRTEMREE. HIESE

Stratagene #l Bio-Rad WA G EF EEEN FE. FEAMHSFHEA. . BEFEN
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T4 Ligase

Amp-
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M1 KEF® D AMTRENEA R T AR

Fig. 1 The strategy of site-directed mutagenesis on Lac Z gene coding f-D-galactosidase in E, coli
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2.2 SR ESFR
KBHE BFD-LABTRE RN, BB SR FEQ. )2, 8k 5%
Bk, :

M2 AR SDS-PAGE B
Fig. 2 SDS-PAGE electrophoresis of purified mutated
B-D-galactosidase
TR E X ¥ Pharmacia 22 &} Phastsystem BIKRA .

The experimental conditions were used according to the
instruction of Phastsystem electrophoresis supplied by Pharmacia
LKB Biotechnology Corp.

WX IRW Native enzyme; D;Asp-537(E-Asp-537)
Q:Gln-537(E-Gin-537); V.Val-537(E-Val-537).

2 & FPLC 4li{kJ5 498§ . Phast-Gel SDS-PAGE #Bf , 3325 BE 0 KRB 09 - B R 40
. B4 FRA-FRAME R H R AR EENS T .
2.3 EFXTHHI¥EN

X1IFETRABA=SPREENELN N FSR. RTBN k. EAHBNTRR
M. &L oNPG NIEY , MR K 0. 13% (Asp-537).0. 0006 % (Gln-537)Fl 0. 0035 % (Val-
537). LA pNPG X4, H1M % 0. 12%.,0. 004 % 1 0. 002% . (HE {1189 K. AL F K. B
Asp-537 MY Ka 82X, HERERM LI L oNPG R £ pNPG N  HHELIL.
2.4 AERYIESN '

AFE1FIE 3ET RS EWALY IPTC B XA R KRR MmEH , m

®1 XARRY LD-EANMTFRORHEER

Table 1 The kinetic properties of native and mutated-D-galactosidase

HIFESN KRN xE W

Mutated enzymes .

Kinetic parameters Native enzyme Asp-537 Gln-537 Val-537

ko (ONPG,371) 480. 000 0. 630 0. 003 0.017
Km{(ONPG, mmol/L) 0.120 0. 420 0. 142 0.120
kest/Km (mol/L,s~1) : 4000. 00 1. 500 0. 021 0. 140
ke (PNPG,s ™) 120. 000 0.120 0. 0004 0.0019
K-(PNPG;mmol/L)  0.03 0. 370 0. 050 0. 076
Kat/Ka(mol/L,s71) 3080. 00 0. 320 0. 008 0.025
K:(IPTG ,mmol/L) 0.110 0. 304 0.120 0. 056
Ki(NH:—Gal ,mmol/L) 1. 350 0.610 0.412 0.674
Ki(L-Ribose ,mmol/L) 0.210 0. 502 0.510 0.436
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WAETRY 2-BE-2-FE- I HE P ERFDM - (EH TR EmeEmn),
Xt SRR R R AT A .
2.5 Aitnnkw

BERR—DRERF, TRE— DA BN, B TREREHOBILIEE. 8K
R AR, HMGH B EHN Y Asp-537>>GIn-537>Val-537, i BRIE R E—1
Bie 7 B LR BE 41 5 24 Asp-537 100mmol /L. Gln-537 200mmol /L F1 Val-537 400mmol/
L.
2.6 PHRENN

EFBTFET AD-LAMTRTEEEAETRL. HrwXpTFIESFEY,
R PRI R 54k . % 2 JLAA, B M S0 R A i R AE B /N T K R A TR AL 1R
. R E Sk EN, Asp-537 BRI LBER/D, X T AL fE R E A 2%,

X2 FRMENKPREE B-D-LAMTREENES
Table 2 The effect of methano! on the enzymatic activity

of the native and mutated B-D-galactosicase

A B-D-galactosidase *
Methanol (mmol/1.) Native Asp-537 Gln-537 Val-537
0 100 100 100 100
200 132 104 126 120
400 168 ’ 110 138 137
600 178 123 148 143
»MERKPRANENT,

The amounts of enzymes in the reaction systems (1. 0 ml)are as follows ; Native 0. 03pg; Asp-537 70ug; GIn-537
150pgs Val-537 150pg.

2.7 REMPMAREY _

4 R T REMYBBEN., Glu-537 R ENUEHEBERTAED. HRBS
Y5 KRB >E-Asp-537>E-GIn-537>E-Val-537, RS RES, BEHRS TR
TR, AMSECARE SR Val KB Glo 5, 3IA T ~ P EXMBIAR, PH%E%&
K.EMBFBEE.

3 1Tt

Gebler FBOERE" 2% 2,4- RS -2- B8 H-2-5-B-D- R 46 W A D- LA
NS, 2- R -2- B D- L AWM A F Glu-537 BE. HH, M ITA N Glu-537
] Y-COOH 7£ B-D- R A M H A AL 3 B PR R MM A . & 118 DNA EHRmBHA,
A Asp.Gln fl Val 8% 3-D-F A BHEH Glu-537 REMLE XY . A XRMML, X
TWARLENBERE, B K. HRERS L FR—KF. B8 Glu-537 RE A&
KW EMNE S BF Glu-461 SRR A H LR, EIH AT LIA N Glu-461 BE T

© RERZEMEMHRITPTIEEHRIEE http://journals. im. ac. cn



3M BETH . KBS AD- LA MR 0L R R BT WH 3 A EH R 211

RIS 6 A X T Glu-537 B LU EM 5 Y P ES S W TE R . 1R R Glu-537 7
ERGMNLEER HH RSSO,

=
=3
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BRiEHhEIHNE
log Percent activity remaining

0 L] 10 20 30
25 fi itk i 1] Timee(min)

V/[8] or V(]

B4 BERRBES

Fig. 4 The thermal stability of mutated §-D-galactosidase

B3 Val-537 BRI M A W E 0. 02mmol/L,pH7. 0 .52 CHAR

Fig. 3 Holstee plots of the inhibition of GEEACE: - - 8: VK L ik bd. 1P
Val-537 B-D-galactosidase The enzymes were incubated at 52°C in 0. 02 mmol/L,

AEMPFEET T, pH7.0 TES Buffer. Then an amount of enzyme

was taken to measure its activity at different time.

1. Native enzyme O0.50mg/ml; 2.Asp-537 enzyme
0. 45mg/L; 3. Gln-537 enzyme 0. 48mg/L, 4. Val-537
enzyme 0. 43mg/L.

The concentration of inhibitors is as follows,
1. No any inhibitors; 2. 0. 85 mmol/L

2-NH;-galactose; 3. 0.63 mmol/L

L-Ribose; 4. 0.13 mmol/L TPTG.

Glu-537 BEMH RSB REE S K, W Glu-537 49 -COOH R— AT REBEH,
ERUE— M EEECLTHRER. B Asp BR22/5,8-COOH HRE RLERE 4
fABHAE, BHEEANAREBEE 7. Gln B8F Glu, (BB L THEARE, T
Val i FREX WA WS i — e s [l B, B G JE —E A /M F Asp BRI, =
A RAEBH ki /Ka B Asp-537>>Val-537>>GlIn-537, X T 57 0] , Val BB K MR K
ONPG RARFEKIER 1. MAREHEFARERNYHBHRTERAERATL, Bt
EATARE. ,

MR S AR R, A BRGNS R
BAUDE MR RRM . EDTA %15 %0 Glu-537 #f§ Y-COOH W fER Mg+ BLfiAy .
AL B R RS L AR ISR R T Glu-461 TR . FRNWRRERE N L E R
RS,

G PR Glu-537 RER BD- L ABEMMYLBER > - EHELIBPEM/—F
WERE, EHhIERYSESER.

Bl A4S TEEMEX Calgary X% 4 4L E Dr. Huber 9200 % 47, 15 1 30l .
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SITE-DIRECTED MUTAGENESIS OF LAC Z GENE IN
ESCHERICHIA COLI AND THE KINETIC PROPERTIES
OF THE MUTATED ENZYMES

Chu Xining Bai Yuming Yuan Jingming
(Department of Biology,Shanzi University,Taiyuan 030006)

Abstract Glutamic acid at position of 537 of B-D-galactosidase coded by Lac Z gene was
substituted with Aspartic acid, Glutamine and Valine using synthetic oligonucleotide
probes. Compared to native enzyme, the k., values for substrate ONPG were 0. 13%,
0.0006% and 0.0035% for Asp-537, GIn-537 and Val-537 mutated enzymes
respectively. The K, values were of the same order of magnitude, either native or
mutated enzymes. The substrate analog, IPTG was a strong inhibitor of each of the
substituted enzymes,as in the case of native enzyme. The transition state analogs, 2-
NH,-galactose and L-ribose were almost the same effects for the mutated enzymes as for
the normal enzyme. The nucleophili, Azide,did not activate the mutated enzymes as in
the case of Glu-461 substituted in B-D-galactosidase. The effect of methanol on the
mutated enzymes was less than on native enzyme. The order of the thermal stability was
native enzyme > Asp-537 >>Gln-537 > Val-537 enzymes. Overall, the evidence strongly
supports the suggestion that Glu-537 is an essential residue of f-D-galactosidase.

Key words  Escherchia coli, P-D-galactosidase, Site-directed mutagenesis, Kinetic

properties
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