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KBHTE nmpC EREWREE Ic BREXHR

K B

*

N

(AL STEE PR R Y =, dEni)

BRI HET KBTS (B col) BEgA PA2 HEILEFWAHEBR 2. PA2 BRER
BOSNE EFFAE A B 20 E- coli K-12 RIRAFR nmpC(PHREE™ EFWISMERAR NowC,
EEAE 2 SR RiEE IR BT A WK B ST AR K-12 R ampC(P)
SRS BERY qsr GRIAATHE MR TT B4, REFEBFONH RBATMEE o ROEAEE
ko BTBMBFEREATE R, BTAFERERABRIG DNA SH—B 1,300 &
A EORE ARSI, SXPEL RN DNA 4. FERHR DNA B -Ha53H I ERN
IS PA2 DNA HAR, 6 AFFINALATEXE DNA ZHo EEH DNA o, RERAF
Py B gk o s e 5 NmpC REEH 2 FRAMAISMEER 7 E. colf K-
12 R EE L, EE mmoC AT 1250580, 9 BEATMEEKGER RSO E. B, TTL0
B ampC HEETRBHMEGKZIT, LF B Eg kN @ B5. EFERAK-12 5K
L, THRABANELE B T XTMERNRE.

@S MEAEESEER R REGE RS

E. coli K-12 BREIINER =R EEE
B, 4B OmpF.OmpC #l OmpAM, A
T OmpF Hl OmpC py%E 45 ke o] 3%
WEE RN EE/EE AR K E o
XEHHEEHRT NopA, NmpB R
NmpC, ZE#EEDHNA nmpdnmpB po|
nmpC, NmpA K1 NmpB #%% #ys LUK
A, NmpC WSHEHMHX IR,

Schnaitman % AP R Sid — Bh7E 4L
Mgl ge. M K-12 BRERH A R
PA B EHZE, HAELR —FFER
3, [l OmpF ®I OmpC = EATR
e XFFEOEAZRAETAORE2, HE
Bk PA 2 89 lc (lysogenic conversion) Xt
H4m™, OmpC Z PA2KEMAEK, HOMK
2RE XM, BRI TPAZ AN
HUAEE, Rk QSR X, legydullE &
RAMAEAF N 4 kb,

WEMEEHF 2/ NmpC #HITHR
EERENRESN, XAXRAMERNS

PARE ML, BEK 2 WRMES NmpC
B R XERY, XFEHEONERR
W H RN EEARLTR, Le FA
124 PA2 WREREES E. coli HRE
EEAEE e ZEHY,

H—EHBEHRN L g’ MEEEEE
¥om A SEEEEAME, HH OSRE
Hig—E ADNA ¥ E. coli DNA B,
iXBr E.coli DNA E5E®RE IDNA |
EAE, FABAHEA, EHNFHERAAT
#E, HATIAMIXE DNA RFET ¢ R
BEETEBETR, BIEFE E.coli K-12 YR
BRI T = ERBRRTHE B AL,

BEL ADNA A 5—FF F |
¥ 2235, Anilionis™ BBl F'152 HrH B
AT iR gsr’y FLS2 BRI —B E. coli

AXTF 19858 A1 HIEL
H T TAERIEETE Departinent of Molecular Bi-
ology, University of Edioburgh, Edioburgh,

UK. SHf.
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DNA (4T purE ZJ5, &T gal 25",
Rl gsr’ GRIGETHE AR AT T E.coli K-12
EEER 12217 2802, X5 nmpC
BIbr = (12 29 IEF I,
AT RERT T HE L
gsr’ GRIGRTMEBAR R THA 1o RH; 2. 10
AEANEBME E. coli [§ nmpC FH; 3.

EH nmpC FE— BB E. coli HARER
FH.
2 i
(—) WARAEEE
R 1§ 20

®1 MK SIERER

Table 1 Origin and characters of Bacterial Strains

Bk BFREH *XERESEZTR
Strain Relevant features Source or reference
C600 K-12 Appleyardt®3
AB1157 K-i2, Su* Lowtm
C600(PAZ) Lysogenic tor PA2 Changt'
Cs00(A) Lysogeaic for A Changt*®?
C600{Ap4) Lysogenic for Ap4 This work
C600[ Agsr' (PF)] Lysogenic for A gsr'(P+) This work
C600( Aqsr’) Lysogenic for Agsr’ This work
P1700 Wild type outer membrane proteins Pugsley and Schaaitmant®
5384 nmpC{Pt) of CS327 As above
%2 BEEHEYREE
Origin and characters of bacteriophage strains
oy g 324 *FRE G L
Strain Relevant teatures Source or reference
A cI857Sam7 Goldberg and Howel™3
Ac clear N. Murray
Aimm 4 Fmm N. Muray
NMI166 Aass=cl857supF M. Murray
NM698 AA(RIL1-RI2)cI857ninQami3Sam7 N. Murray
NM22 ANaemINam53 N. Murray
Ap4 b2imm* p4 Fiandtt'4
Agsr' (P+) qsr’ recombinant from CS384 This work
Agsrf qsr' recombinant from P1708 This work
PA2 Wide type Schpaitman'??
NMs30? hib2imm*iclear M. Murray
NM548 h82imm*’clear N. Murray
(=) A% HCl, 5 mM EDTA, 2mM 337 B ,pH7.8), &
1. BERAKRMEGR: A Schnaitman FA FiRY 3 RGX 15 BOHBFERRE, RN Bk
A ARRRE B R g T # 1 404e 4,000 r/min BL.L 5 S5l EREE

2. HENHBEEESTERST: HmEEE
FEMNBHAERKER,F 104,000/ min B0 10 4
o, BIFREYT 5ml S o (10 mM Lrise

Be HX b FE#,20,000 xg B0 1 /NET, BRI R
1T 0.5% Sarkosyl thy, HEBLEREFE—X,
B0 (20,000 xg) L/NE, REAMNEER, B
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¥ Tris ZE¥g R (10mMTrs, pH 7.8), TH#ME
EHhOA Leammii ZE5hig'?, B#HKE 20 5
S, #H4T SDS WAIREEBE (79%—20%) &
Bz L i A o

3. HERENEHA: RE Dais FADT
MBI RERER K.

$. EEST supF BER: HBUEEEM4 NM 1166 3§
R G MM LB i3 M, ¥ 30THERT
o WPk DNA W#E wpf RSHEEEES,
FkE . MBI OLREHERESR Aclkar
(10° pfu) FOLBHZZEMG, B 30°CHEIF 24 NI,
e b WAL P B, TRREERNE| LB SR M,
HEMZETAN NM 1166 HIEFE

1§ NM 1166 BRREENE LBERMAD, &
24K 24 e BRMMB T EEHEE AT
AMER A NM 22 5 LB BRI, B NM 22 SR
RIBE LA supF [

5. O qo” BRI FREEEK NM 698
BEFBRA P 1700 Fn CS384supF BRI, B2
e mEn. PhEesAeEPIE AN E6 EIE R,
HEAT EE 3R R0 B R BT i 2 B RE BT PL700 EY,
CS384 (supF~) Hi¥kiy BBL HERHIrh, 083
¥R 10°—10° pfa, TERRBEBAMIED N ¢ BEE
Mgk, BRI TIEELRER DNA,
B5 A EHEEERRERENF EENES X
EAME R

b &

(=) Ap4 ty lc BH

WEEEE 1p 4 B 15 g0 BREGATHE B
REARYT, KA 11 %HH OSR %
HEg A E BT Pri ADNA(84% —
95% ) — BB 9 20% 1 ) DNA(p4X)
Bir, Hix 204 MPA2K) DNA AT
FRRESH, RAPA2Z 5 p4 KH—i
4R, Jo BERATX—HE MR RRA
(B 1), XiRAF gor BIMBEAEGE I &
H, RERE®ERRE e ZRBPORA
1.5% 2 b — DB EERIRL REN 2.7% 2,
KB DNA BT ip4, Bar&N Ve (I

k3
! S W ey 6 py A~ J
7 Py S i N
—
b4 ]
| 7L 3 1 1 ! L te o
0 30 40 50 &0 T 20 % 100

Unit{d)
Bl SFERE PAZ/Ap, BRpIK, L &
B U 0EE

Fig. 1 The heteroduplex PA2/1p4, indicated
are the positions of the p4 region, gene I¢ and lle
# Insertion), HREMBEERMR R
_‘ﬁj IS F]‘;‘ﬂ!o

ATRIIp4 e BEETRFRIK, F
T 4 NBEFRE. 4 ERNAN K
fha, ar fr AASEEE, AHETELRFAVA K
BRAS E. coli Ak RARSE, BR
B REENTL 2R/, B 1p4 DNA 5 E.
coli HBIBRBERIM EER T HEY, T &k
Tp4lX5E E. coli efafhREE S, #
EHEmseE RS, RIRME BB DA R
HskEHE, BEEX—FIR, RIDHEE
T Ceoo(apt) HBFE, BEATGENT:
3 1p4 B C600 Ja, SWEK 162imm™C
B 82imm"C —REERZIERL D, 5B
FEEE SRR RBERE, "TRBIEE
FREEM pt HRENAE, FENER
B4 Ap4 RUTE BT,

AXBRER TR FERT C600
() By le REREAERE: (1) PA2ZIKH
T IR e RER,PA2 it T OmpC
MR BANE L IER e ]k, KiEMEQ
& 2 B AMEASNE, OmpC R M/, PA2
B TR, SR FA C600(2p4) T C600
S PAZHEMIEEREER (BH2), (2)
BREAE/IBER, F SDS BINKEL
BB sk AT Y BT, 4R, C600(2p4) H0
C 600 FSMNE X EE QW AERER, 17
FREBER 2 (& 3),

PG, WEE e RF 0 E
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27 &

2000

T

C600(PA2)

T

1000

L

[=:]
S 3
(==
L]

C600(2 p4)

pfu/mix 107
e
=

200F

100} - .
[/ 10 20. 30
A B Al T ime{min)

B2z PA2Ff C600 F1 C600(Ap4) RYMFH
XA Co00(PAZ),

Fig, 2 The adsorbtion of PA2 to C600 and
C600(Ap4)
C600¢ as control,

AW, R T — AR R EENLEHL X
EHREL,
(Z) EE nmpC WEARIIEE
Anilionis AW RH F 152 #HH
gsr' BINEEEIR, F152 ##19 E. coli DNA
FURM perE B gal®, FIE Pugsley 71
Schnaitman®” BUEIR, EE ampC K LA
F E. coli HEER 12 350k, X5 g5
AR EANMNBERET, EE ampC
RATE R g5 BRIGRTREREERRY Ic A, 7
# NmpC B ampC (P*) ZEAEHET ik &
LT Uy JTIUESXHEN, H 2 BERE
SSHM nmpC(P*) 2357k CS 384 K HH

40

CH0001 pd)

HRURHSE P 1700 B g5’ BRIGETIE
B p4 0T ARG IR W R SR

EWMEAREG, BWEREEHD o,
T X P A B AR R A R, P

TR R IR AR RS AR T e 3
H &k,
1. B ¥ CS384 J% P 1700 Y p4 F¥r:

sk E#: CS384 K P 1700 th p4 Fr i AGE
HRY NM 698, Hikd: >4 AA(RI1—RI2)
.l 857 ninQ738 7,

BEMBRE p 4 TR LEN,

W4k DNA BRENT
ofs &
HWRETFEF E T swpF HFE. B
P1700 1 CS384 R4 supF, NM 698 TRk
EXWAE L RS, 5 g5 BT
iy p4 X3 43 AR ER IR T LT R B
WEBER 2 5 p4 RAEHITFERN 10799,
58— OoR s ERREMRERERHE
o NM698 £ OFS HEEH A Ak
2 ERE RN R ERFBDE 1078, K
B AR L 412N 0R ek
EREBEOR, JFOR A0S KK
NM 698 gt FEEEHETRBh S F &
BRY s BIMKERIR KA d EA MBI,
HERAERBE T ATAEHLSFHHE
IR, FEHAR. HERW
NMs698 Rk, BFEI4H P1700 F1 CS 384
KA BBL FEIRMAEEse, PRt iug

CeiPAZ)

B3 EINE AN SDS RPTREBiERE Ik RO T8 Aot BIRBNASNRE B IO E R 2
Fig, 3 SDS-polyacrylamide gel of outer membrane proteins, protein 2 is absent in
7 isolates of Ap4 lysogens
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¥, FANEAMBEAR ST Z—, ¥
P ERITTRERERR D ZEREFRILRETE By
BrEHAWEEA, R5P 17005 CS384 7=
), P 1700 f1 CS 384 R&H supF, A
T fE NM 698 e i, BRI supF 513
ERAER LR NM1166 55
supF , 3F Bk /DEEE AR ane WA ERR
P1700 F CS 384, iz supF frmishs
XA MEROREELZEEH, X
A EERIRTS supFo

Wi BRI E, RBHH & T B
NM698 4355 P 1700 K01 CS 384 f= L H
IR, HEFERERE P1700 FENE

SRR BRI By 00 Agsr’, B nmpC(PT) 2R

A R P WO EE A B B AR A 4 Y g (PY)
BRENESHTEH, BT g £ le ZH
ZEM 1.5% 2 bB—MREXD 2.7% 4 8
DNA §HALISN, igsr” FO Agsr’ (PT) Y
DNA sz&fER(E 4)

2. BEEER Agsr’ (PT) B le ZE N R
B Agsr'(P*) F0 agsr’ WOIEIRER M K
HE—MEER C 600 BEHEIE, B
MEEEOIMEE A ET SDS RN G B
i B JKe Rk 3 HT » B C600[ 2gsr (PT)] 7

T S K 2 Mk R HE AR

©

G i« o
| 7
i

B4 RFERE Agy /A’ (%)

NmpC, C 600 (Agsr’) NI =HX MEE
BIE(E 5). o

ME 5 &, C600 [Ager’ (P Y
NmpC f#yEth C600 (PA2) WEB K 2
/>, OmpF 1 OmpC WEH R K C600

- (PA2) BIHEE TR, A, EEFERK

FET, AR BHEERAEFE, E. coi
B9 OmpF Tk OmpC /EE, igsr’ T
Ager’(PY) V8 IR EEHY OmpF EA5H OmpC
HMEREL, ®EIMEHEEHRPERSERK
BrB R IR BB SRR A KU, A E R

R R AR (RE— R RS, B

2gsr’ R Aqsr’ (P*) WM IREEHRE K
&, B 7E 30°CHE 5 HBETE 37°CHEFF)o
Lugtenberg e Nk R On‘ipF p 5 OmpC
BEZWEERERNIEE, ERESRNE
Ko C600[Agsr'(P*)] ) NmpC P=R{K
AEESEFABREMRT X, WHEWE C600
(2gs") #0 C600{2gsr'(P*)] #EEHAVER
BB F%, BIME S5 X — s

B 6 R7E 34°C K 36°C B FAE EE
C600(Agsr’) F1 C600[ igsr’ (P IFMNEEH
R SDS R IFRER S R LIk & e Rit
EL7F 34°CEY 36°CH 3:H) C600[ Agsr’'(P*)]

#9 NmpC g9ERELLTE 30°CRESRAYT R T

B TERAJFS Lic Z5b> Agsr’ Fi Aqer'(PY) B DNA L FEF.
Fig. 4 The heteroduplex Agsy’ /Agsr' (PF)

The two DNA molecules are homologous except the insercion Ile,
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CS¥a CH00 (4 gsr ) C600l1gsr (P*)] C600(PA2)

EC w1 ]

E 5 ABED SDS RAMBMEE Ak, Agr'(PY) WRREAEESD NmpC
Fig. 5 SDS-pelyacrylamide gel of outer membrane proteins, Protein NmpC
is present in lysogens of Agsr'(PF)

Agsr” i Agsr (p'} ] Cigsr | Aesr e
[ 34 r 3°C T
- NmpC

‘ -.—--v()mpF
T 0OmpC

F TN OmpA

6 SNEEE SDS WA B RE Rk
Agsr'(P*) WIRBETE 34°CR 36°CE KN H NmpC HIRHEFH
Fig. 6 SDS-polyacrylamide gel of outer membrane proteins
Protein NmpC in Agsr'(Pt) lysogens was mcreased when grown at 34°C and 36"0

Co0PAD  CS384 CBOOAsr (F*)] - CH00(1 47 ) €600 C600(IS )
[ 3°C| 3 °C| | ‘ sic] src |

E7 SERED SDS REBREEREK
FE 30CHEIN > PA2 BRANEARZ KD, C600 §9 OmpF 5 OmpC A3tk (B TiF
HARYIRBESh > T BRI 30°CHE IR  MEBNEK 15 g Ie ZR).
Fig. 7 SDS-polyacrylamide gel of outer membrane proteins
The amount of protein 2 produced by PA2 lysogen grown at 30°C was reduced, The
ratio of protein OmpF to OmpC in C600 was increased at 30%C (Cells were grown at
30°C except where indicated. The phage 15 also contains Ic gene),

#n, HE OpmF 1 OmpC AYLLERE 8. SRR 30°CH{H C 600 (PA2)

HiRERMINTZR S T B, _ MBS 2 b 37°CEEMBERE R, £
ATHE-FELRENIIMNEEER]  37°CHKM C600 ) OmpF 1 OmpC |y

BYB M, ¥ C600 &2 C 600 (PA2) B 30°C  LL{EBBMM(E 7).

B, H S 37 CRANXERIIMNEEAL
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¥t w

Pl FSZOR3ERHE, E. ecoli K-12 fJ nmpC
SRR R EIAR e EH, Rigk
EMEEEERT, XTERGEES
f—B 3B A DNA Ue B4l DHIERHK
BA Tle J2—Fii 25 ¥ T ET 3% BE RO 3 A P Ao M
DLEEEARGER, %S WERNEL
BARRM AR, TREMAKEN, B
TTRT LU 5 28 2 R, 3 mELRI

BE ampC GETRME W B 1
RO iR, SR BT R RERY
B L ENA IS A T —B DNA, B
TEHERET R ER BN, BERE
AT R E R EE T, Y
B R e O fe BB I B O 4 R, T
EikpaET Bk 4 DNA 3 4 8 3
4y Bk EA, P A ROV SR, FIR LS
QI BRI R, X B I
AT L3 — Rl B RO 2 R 3 B — P
B o I X o 3, M B 2 ) AT DL
HE, TRESARNMESZET EL.

# F XM
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THE CORRELATION BETWEEN THE E. COLI GENE
nmpC AND THE BACTERIOPHAGE GENE LC

Zhang Yanhui

(Deparimenz of Microbiology, Beijing Medical Untve: gity, Beijing)

Gene Ic was first found in the lambdoid
phage PA2. It codes for a protein, named pro-
tein 2, which appears on the outer membrane
of the bacterium after the phage PA2 DNA
has integrated into the cell chromosome. Mu-
tants of E. coli K-12 strain, called nmpC(P*),
produce 4 new outer membrane protein NmpGC,
which is closely related structurally and im-
munologically to protein 2. Lambda phages
with substitutions from the gsr* defective pro-
phage of a wild type end a mutant ampC
(P*) E. coli K-12 strain were generated. The
substitution from the two strains were homo-
logous except that there was an extra piece of
DNA which was about 1,300 base pairs in
length in the one from the wild type strain.
This insertion was on a part of the substituted
DNA which was also homologous with a re-

gion in the phage PA2 genome which contains
the gene Ie. The phage without the insertion
in the substitution enables its lysegen to pro-
duce an extra outer membrane protein which
is very similar to protein NmpC and also to
protein 2, which is the product of /¢ gene.
The nmpC gene has been mapped at 12 min on
the E. coli chromosome and the gsr” defective
prophage is known to lie nearby. It could be
concluded that in fact the #mpC gene lies wi-
thin the gs7° defective prophage, and that in
wild type strains the expression of this gene
is prevented by the insertion.

Key words

Outer membrane protein; Gene expres-
sion; Bacteriophage; Lysogen
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