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KR TR RAT (af) T AR, HE S HER wis RO e A EEREN
FEESB, o RATHIBERAT (lao) RETHERAT (n) WFTHETEENLENH
FEN, HEEE TEIETEES L D-EABREES, AR RIE, PNFC S5
FEHFTES. .- ¥ASHMOEESHERENEN RERAFLARE, ~t BIUTER
AR RIAT ETLBHRATHEL, LR ATANGRSE «f BRTRERTFLER
PR, ENUHBT- RS ROERBEERES (<AMP-CAP) AR REhE 5,
Wo.4% FEENANEECRESFREN, EBRAKVTRERS I 1/2—1/3, L
SRR R W EIDE AR RS, BREFIRCEE(y )R ARV B ZAEED (<1p)
ooy REEFEEIRRROES F AWA BITF REREE M 9% M2.5%, cya SRR BRECHEEX
raf YT FHAMIIE T H cAMP B2E,{E cya T crp IR EERNE MIE MG, T HiX
FHIURIAR % cAMP G, EEEZT MK cAMP iRy cAMP-CAP & &Y LT SEHE B
IR EIE 2 LR . IR REABIR AN T SRR EREX ral B4
T#EMHAEE R

¥RE WTHENT; - FIABEEHREERY

KBITEEHRS « EART B
A R T, T RERNET
RN F (mel) FOfrF DI MO -TRER
YT (raf)o EEZIEEMEHR rafl BY
Fafr FEREREFHAETEER k—
ABH=4EER A, B. D ARPBIRE
TR, rafA 2H4aRd o PR TR
ER L £ SIRIBEGST A AR AT,
B ER I T (lac) ., EFBERRIAT (gal)
B SRR T (ara) EE R EIEY
CERERGR, BHEX ral 2 THH
F5Hl, €A RN ARERE,

A HERANEASRLL LS
—EREMREY, NTHHABREN
HE RS AAEFERAKERN, B oraf
B TFHE S RAEEE D NG S RiBE
TTTHR,

M R fn F

(—) =3

L BRIk . RS AE B AW B 4
Blifg Schmin, Beckwith ¥ Mooi {fil (3 1),
Fikr PRSD2-1 AFF4: RUHfr PRSD2 [OfERES
Hykzedr, PRU6I3 |y biR[TAr i Sall-EcoRl
BESEE PACYCI84 BHIFHEE, HEE CAB404
AR M TR ZEE K,

2 A A W HE RS o DL F T (PNPG),
[REEE EIE B-D- I BT (ONPG), BNE 4-
D-G R ALEEE (IPTG) [{E SICMA BT,
FLEE, YR, SR E Fluka; cAMP R
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Table 1 Characteristics of the strains and plasmids used in this study

R/ R 3 ¥  Ix
Strain/plasmid Characterss Origin
B R
Strain
G7 F'y Kyabt, Raf¥, LTH, ST+ Mo oi
M1a00 F~, Lae-96{itzty™), Schmirt
mcl—4, metA, strf
D021 M 1900( PRSD2) Schmitt
D§25-91 Raf, MI1900(PRSDI-1) Schmitt
RN107 M1900(PRUG13)
CAS8000 HirH, thi Beckwith
CAB306 HfrH, thi, Acya Beckwith
C AB445 HirH, thi, Acya, Beckwith
crp43, rpsi
CAR4DSA HirH, thi, Acya, crpl4 Beckwith
Plasmid
PRED? RaffH,8 Schmict
pR3Dz-1 Raf</H,S Schmite
pRU&E13 RafA, Amp’ Schmitt

B HEMA pH 7.5 & 3Smmol/L BiE N
G.lmol/L RERGEEMEN, RN 0.27m] g
Edgrhyg, 15p! 20mmol PNPG, 15ul Fgix, Ml
A, AR BETmA 1 % 5,2 #1% sDs,
®iE 10 B4, LLo.45ml Na2,CO,{0.2mal) &}
RELo 37°C APk =E 1umol WREFEY
BUREBE 0 1 P EETREANL,

2. EFRAME: BR LBT Hrgiktiad Mo R
wsded, Ll 1% IR TIEFiEER, #5
ODyer 4 0.2—0.3 [FHEFEZEFRE,

3.« FHERT I GE RN MBIAE
BEE OD,,, = 0.1 &, T A% S92, H % 15min
BURE, WL 255pe/m]l R EE IR, E
0D NBEFE. HHF 6 ik, LIEGIERT OD.e fEE
RUAE (120,99 EXNEENFHTZHE,
HEdREEVHEEM, LEERL/ODw £
o

g % i ®

(=) a- XA WERRES
AREFEEMEHDH o I8 T 5

E—-MESR, ERTERAFNEES

X2 FRAFEKRF a-EAMETHEZRA
AT DRI (B £ /OD, )
Table 2 The specific activity of a-
galactosidase at different expression
ieveis and catabolite repression(unit/

ODyo0)
i —H & +H
Strain -Glu +Glu(0.456)
Dozl 7.3 40.0
DS525-%1 946.7 442.0
EN107 $332.3 2150.7
BRIEEEERL, ME2AREEH,
MBI ZE A RR DS259] RUNSLEFELL SR Al

D102t 5 129.7 &, & o-LF| T
HH rafA ) DNA FESEE RN
PACYC 184 EH, SHAETRNIOESE
BN 107 WMk Frldi—% {2 & 4.6 43,
Barton ZMESEWIE R, HiBMKFER
EEESBELRESHENRET L B o
FAHEETRRESHEYE 1.7 12, '

L. ERY: F&3hFs DRI
e dpeh, (U BRI T AR FEA,
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Table 3 The «-galactosidase induction
by raffinose and structurally related

sugars*
- |
Sugar Differential rate
TR (unit{OD,40)
% 541
Inducer
A =
Melibiose 33.544.6
#1355
Raffinase t.344.8
e
Galactose 2.9:41.0
1% S
Noa-inducer
FlLE 0.1+0.3
Lactose
e ~0.440.1
Malrose
RG] —0.640.1
Glucose
#Em —-0.24+0.0
Mannose
Feik 6.240.5
Fructose
R DAY 0.04+0.2
Arabinose
«-PNPG —0,450.6
-ONPG —0.240.6
B-1P1G —0.64+0.4

* EAEHEE G7 £4 lmmol Z &M LBT #&
FEDFER Omin, RE 23 k. «-PNPG:
TIHEEL o-D-LFFE; 3-ONPG i
A F-RRME; g-IPTG:; BHRE #-D-H
AL

The wild type strain G7 was induced by
lmmol sugar for 3Umin in LBl medium,
2—3 durlicated ro triplicated.

a-PNPG: p-nurophenyl-a-D-galactopyrano.
side; @-ONPG: o-nitrophenyl g8-D-galact
opyranoside;3-1PTG: [sopropyl-g-D-thiog-

alactopyranoside.

HoE - @maeflRE, MrEkE-
o FEMPRENTREE, MESEH
HERF. 5% BT AR
BRI M ERRN PNPG EiF
S48 A, b MTERYTAERAN
FORE THERATY B EERY
UG HEF N, R ERA T AT E 8

FRaRARBILENE BRE S,
2. B SERE S (EFC): BifkEK
AENHRERAERRS ZR, o ¥ H
HHRESEREDAEEES (B1), &
BRIV OEE T B7ER 2 & KK
o REFEFHNERIESBARYIAME
BB N, B EG 55 FRE, R TE — BRI
BEREREALEES, £ANEE M
JE » 3T R A BRGE B S AR KR, X A
VLG BRI, KT SRR U AR
bA, HENBERRPEISE, EHik

o
o
P
= =
E = ¢ NV k!
—
b= B 1]
=
= g 2 /—i-4
— * x
HOE o
' R W
£ 0 JO = L
53 3 =
= %
1.2 2 T
= ¢
R
Nt
'8.0’_%!1%
Hos
L =
0.8 oo
= o
2 =z
o 40 = 3
] g <
(=]
0.4¢ i
‘0
o
=%
{0 1)

2 4 5 210
[ Time(h)

1 a-YAHEREESHRENS
i AR RS R
Eifk D102L #TF LBT B, &M 1h
HeREFEAMA 0. 4% % B $30min, K — X
KESHBYLE; o—o: HkEKRY;
A—a: FESHHKE; C—0: EHERE
Bt 48 R
Fig. | The relationship between enzyme-
formation capacity of «-galactosidase and
the physiolgical state of the cells

The strain D1021 was grown in LBT me-
divm and aliquot was withdraw every 60
min with 0.4%% melibiose induction for 30
min. X —X: Specific activity without in-
duction; ®@-—@: Growth curve, A—dh:
enzyme activity without ipduction,O0—0:
Differential rate with inductior
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Table 4 The effect of anaeroboiosis on a-galactosidase induction*

HEFESRME w o B Ik ® &
Growth condition Shaking Without shaking Shaking
e PAMBEMGTIEM 177.9 59.9 132.3
Increase of x-galacrosidase activity
SR I 0.454 0.084 0.401
increase of bacterial mass
Differential rate 386 717 343

* ek D2l FEMTEAS 0 4% T8 LBY B3 |MFHF 30min, 51k 30min, BIRHRESE 30min,

MR 10min BB,

The strain D1021 cultured overnight was inoculated into BT medium containing 0.49 raffinose
according to the scheme of shaking —»srill culture-»shaking, 30min for each. Aliguot was with-

draw every every il0min.
ARG A TR DHET
o X—EHRSLIESFBERMNTH 8
YL B R S AR IR EE B
AR, 5RO E S B IR T g4 BT
B LR B A EET, BT E
Blas R R R 4815 SR AR ) 5 g £ HR
AR R ENE R,

LIESSHEHNS: i Burstein i
E™, RN NaN, FEBEE T HiR
W o RRBEETE R TR I
BefEh R4 FHREE NAD MEiEs—,
RAVRI I8 T RS T RN oL F 5
HEEAT NAD {RigasE™", H/-BdE
RIRZEIBEAGER Gk 4), fH 10
mmol/L NaN. PI=]{ #5175 F LR J7H
#97% (FBHARTIL ), KEMEINER
f A AL PR, NIt
AR LL E DhiE . BA R RIKE,
HAMNM A ENE S BEmE
WG AR B, R R R
NAD fiEAYIER.

(=) RifEEDE

LR AISIALR A AN B EmA
PRI H % SRR R R ER 2E, #HiKk
TEE 1/2 (BN AN B2 BIER, X—
RRWRIEG NN MR ESRE Itk E B

BOOl

300F

-2 L 1R
g-galactosidase(u/mi)

G.1 0.2 0.3 0.4 0.5 0.6

© ODsog
B2 fRURESEMODUST «-LARTRER
SR

B BNI107 IEse T REME M9+ @it
EEdE e M, a—a: 0.49% {3 00O,

T +0.4% HEE+Smmol cAMP;
®—®:0.4% ) +0.49% AT,

Fig. 2 The eff¢ct of catabolite repression

on the e-galactosidase forming

The stain BN107 was grow in M9 + thymine
with different carbon sources,

& — &z 0.4% Glycerol; 0—0:0.,4% Glycnrol

4+ 0.49% Glucose + 5m maol cAMP: e —e:
0.4% Glcerel + 0.495 Glucose,

LRI B B IR (R R K e IXFRTEH

& U S 20D R PR R IR 200 A
MET MTHEBUTEEEE B,
BREPABRIEK RN > o= 5
FE LR RMEIELBNIIL 24€ (8 2),
0.4 %R FEMEME T 1/2 £4 (& 1),
X—A&A MG A 8% 1—5 mmol cAMP ik
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(A 2)0 ERHMEZER, (4) cya T crp WikMEtk

2. cAMP-CAP Eifi#®: BRTCRI—
BB R T AT R T 2RI R R A H
HIPLR, HFIEZ cAMP F1 CAP # ™,
RIS VAEREEE (cya) GREEERBIE
R h®EE (crp) BFAT LI IR
B R AT R THE = o A
WEEBNEE BN R cAMP Ein, M
FSHLIBEH: (1) H{ cya R (CA
8306).MM.A cAMP R AT 4E F K S BE T
FA(CA8000),ifd cya. crp MERFAEIN A3Z
cAMP i (CA8443), 1HH oL FHEHE
B AR cAMP-CAP & &HFE(2)
0.4 %W EBLE TR LE 1/2
—1/3, BWERFRT, & cya 8l erp W
Erigit LR R OB AR 25%,, R
Eikk CA 8000 E cya sRPAZEH#E CA 8306
MR B 7T #E 1--5mmol [ cAMP Et
A, (3) Fufb iR By Hl AN
FELLIEASZ cAMP 0 (CA8404), {HE

HIEE R AEEAE cAMP BERNEEE
Wil (CA8445), FEHH EREM N brER
FE{E cAMP T M cAMP-CAP EH#5
a0 % N e g TN

BRI PE R W DR 20 N BHIAOH
UETz—, EXHAEREILEE SR
2 5% R o AU AR M D A BRI N cAMP
ACERRESN, R RN R S kT &
E"9 déh, rho BFH, KL EHRH
e M iE A F (CMF)™ ZH=jsE7E#
s b — e Mo

TR FHFFISITRRE, &
YTFHEAHAY “CAP-box”c {HM.E
RERAEEREY, T ERY-FHELEEE
£ R M RILL cAMP-CAP 2grh4
HIEE, T CAP fyE AL A7 DNA
FEF, M ik — T 9,

3, R e R A E BT Kline™ T
YERB . B LEE RN Taw,w

#5 cAMP 3 a-AMETHBLEHH
Table 5 The effect of cyclic AMP on the specific activity of e-galactosidase (u/OD g )*

= + Wi T B LR H 3 2t IR

Strain +Glu +Glu, cAMP Control +cAMP
CABU00{pRUG13) 174.1 251.8% 488.4 476.1%
CA8306(pRUE13) 12.8 203.2° 14.1 371.9®
CAB445(pRUG13) 5.7 6.1 12.0 12.6*
CAB4C4(pRUGLI) 465 .4 479.0* 387.2 —

¥ LBT Hogedhizss, S0 A 0.49 R&if, Immol(a)s Smmol (b) cAMP,
Growth in LBT with/without 0.4 glucese and | mmol {a) or 5 mmol (b} cAMP.

;6 GRELSHT a-LAWTFBMEIRR*(u/0D:m)

Table 6 [he effect of indole derivatives on the specific activity of
a-galactosidase®
% <) + IR + BB A TR TR TR
Control +cAMP +HAA +PA +HBA
15.9 133.2 11.% 5.6 17.9

* i CAS306 (PRUSLY) ZEM7T ImmolcAMP i Smmol BIBLET 44549 M9 + ISR RETERY IS 75 36501 45 70

40 min,

The strain CA %305 {pRU613) was grow in M9 -+thymine minimium medium with | 1wmo] cAMP

orf 5 mmol indole derivetives for 40 min.
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DIBUER cAMP i BRI P R 493 F00 ] 03X
—B RN RN EEYEER T (MGR),
RMEIIEGIEZE. Bl 7 5 R B Lk
THENLTRERARIELH THERY T
HEMAEYEE (R 6)o BER—EE
B, FERY-FREMGE K ERES
Bk G AR Wl U 8 b & 4 B AR
cAMP fER PR RG], HIciAgH
FEHRAIE7E T AR EAL s TS Bl &
Ao {ERERFHEEBHNF EMFRAEADER
WM R, IR AMALARRE SRR,
4. RFEME): ¥ Brigicee REF, K
BT E f— AN B R TR k]
BARHBE R E (0.5—0.75mol) &), ME
HKRLAE. RITVBRETH#ENTE
EAEER, REEEE ERE i,

2 % X M
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REGULATION IN THE EXPRESSION OF »~-GALACTOSIDASE
GENE IN RAF OPERON IN ESCHERICHIA COLI

Su Tizhi Qi Shan

Yun Wenhui

Xiu ling

(Beijing Institure of Nuirional Resources, Beijing)

The a-galactosidase, coded for by the
first structural gene rafA in the plasmid de-
termined.raf operon was an inducible enzyme,
In contrast to lac or mel operon, raf operon
has more strict structural specificity for in-
ducers. The enzyme can be induced by me-
iibiose and raffinose, or weakly by D-galac-
tose, but not by structurally related sugars
such as lactose, PNPG ctc.. The ¢-galacosi-
dase forming capacity as function of growth
curve reached a single peak at the end of the
logarithmic phase of the growth. The strue-
ture and regulation of raf opcron is similar
to those of lac operen. The repressorinor-
mediated negative control plavs a major role
in the regulation of raf operon, and cAMP-
CAP mediated positive comirol 15 also 1n-
volved in the regulation.

When 0.4% glucose was added into the
medium with other carbon sources, the ex-
pression of the enzyme was repressed by 2—
3 fold.

Transient catsbolite repression las

been observed neither in inducible nor con-
stitutive g-galactosidase expression. Based on
a-galacosidase assay, ir mutant strains
CAB306(cva) and CAB445 (cya, crp) the ex-
pression level of raf operon was only 9%
and 2.5% of that in wild -ype strain respec-
tively. The glucose effect or the repression in
¢ya mutant can be abolished by 1—5 mmaol
cAMP.

pression In cya and ery

The constitutive g-galacotsidase ex-
double
(CABHM5Y remains repressible by glucose, bui
irreversible by cAMP, suggesiing cAMP-CAP

complex is not the exclusive mediator of

murant

the catablite repression. No evidence showed
any significant effect on raf operon by etther
indole derivatives or low concentration of
urea as previous works reported in some other

operons related to carbon source metabolism.
Key words

Raf operon; g-galactosidase; Gene regula-

tion
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