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KL98 nalA

Hfr; gyrA :
Hfr; thr-300 recAS6 srl-300::Tnl0 relAl ilv-318 spoTl thi-1 rpsE2300

JC10240
Bacteriophages
Tula Receptor; OmpF and lipopolysaccharide 38
Tulb Receptor; OmpC and lipopolysaccharide 38
Plkc Used for generalized transduction Our laboratory stock
Previously described
plasmids
pACYC184 Cm" Tc* 56
15 pKEN403 Ap" Km' K. Nakamura
pLF4 Ap"; vector: pBR322; cloned genes: ompF asnS 21
pLFl11 Ap"; vector: pBR322: cloned gene: 5'-terminal half of ompF 2|

S A
T - e -
Table 1-1
Bacteria, bacteriophages, and plasmids
Strain Relevant properties” Reference/source
E. coli K-12

MC4100 F~; AlacU169 araD139 rpsL relA thiA fibB 50
MH70 MC4100 malQ7 16
MH118 MH70 ompC::Mu cts18 16
MH760 MC4100 ompR472 (ompR2) 51
SM131 F~; AlacUI69 rpsL relA thiA fibB malQ7 ompF14 K. Inokuchi
SM1000 gvrA ompC transductant of SM131; donor: YO170 This study
SM1001 sri::Tnl0 conjugant of SM1000; donor: JC10240 This study
SM1002 malQ* transductant of SM1001: donor: HO201 ompF This study
SM1003 malQ* envZ transductant of SM1001; donor: HO201 ompF This study
SM1004 malQ* ompR472 transductant of SM1001; donor: MH760 This study
SM1005 srl* recA conjugant of SM1002; donor: KL16-99 Nal® This study
SM1006 sri* recA conjugant of SM1003; donor: KL16-99 Nal" This study
SM1007 srl* recA conjugant of SM1004; donor: KL16-99 Nal” This study
CE1036 F~s thi lacY galK mil xyl ara rpsL supE ompC T6" ' 40

' CE1036 thyA thyA mutant of CE1036 This study
CE1036 recA recA thyA* conjugant of CE1036 thyA; donor: KL16-99 Nal This study
HO201 F~; thi rel rpsL mal \* 52
HO201 ompF* ompF14 envZ derivative of HO201; spontaneous Tula-resistant mutant 53
HO2201 ompC ompC derivative of HO201; spontaneous Tulb-resistant mutant 53
YO160* F~; thi rel rpsL ompC envZ $(ompC-lacZ) 53
YO160 thyA thyA mutant of YO160 This study
YOI160 recA recA thyA* conjugant of YO160 thyA; donor: KL16-99 Nal” This study
YO170 gvrA conjugant of HO201 ompC; donor: KL98 nalA This study
KL16-99 Nal* Hfr; thi recA Nal’ 54

B. Lugtenberg

¢ Cm, Chloramphenicol; Tc, tetracycline; Ap, ampicillin; Km, kanamycin.
. These strains were reported to be envZ*

e
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Plasmids constructed in this study
. Selection
— a Amt (kb) of foreign Length
Plasmid Cloned genc(s) DNA (source) Vector DNA mﬂil;;rs (kilobase pairs)

pMANO002 ompC ([Cp-C)) 2.7 (MH70) pACYC184 Cm" Tulb® 6.6
pMANO003 {Cp-F) 1.1 (pMANO002) pLF4 Ap" Tula® 9.1
pMANO04 [Fp-C] 3.0 (pLF4) pMANO002 Cm" Tulb® 7.6
pMANO006 ompC 2.7 (PMANO002) pKEN403 Ap" Tulb* 7.2

0. pMANO007 ompF (|Fp-F}) 5.9 (pLF4) pKEN403 Ap" Tula® 10.4
pMANO008 ompC ompF 2.7 (pMANO002) pMANO007 Ap" Tulb® 13.1
pMANO009 (Cp-F] 6.4 (pPMANQO11) pKEN403 Ap" Tula® 10.9
pMANO10 [Fp-C] 1.4 (pLF4); pKEN403 Ap’ Tulb® 7.0

1.1 (PMANOO2)

pMANOI11 [Cp-F] [Fp-C] 5.6 (PMANO003); pKEN403 Ap" Tula® 14.2

4.1 (pPMANOO4)

% [Cp-F] represents a chimera gene that includes the ompC promoter region, the coding region for the signal peptide and NH,-terminal 11-
amino-acid residues of the OmpC protein, and the coding region of the OmpF protein devoid of the NH,-terminal 11-amino-acid residues. [Fp-
Cl represents a chimera gene in which opposite domains of the ompF gene and the ompC gene were included. The ompC and ompF genes can

be expressed as [Cp-C] and [Fp-F]}, respectively.
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Table 2—|

Bacteria, bacteriophages, and plasmids

Slml;‘ﬂg:}ﬁe' or Relevant properties Rcr:;ﬁ?;: or
5 E. coli K-12
) MC4100 F~ AlacU169 araD rpsL relA 50
thi fibB
MH760 recA  F~ AlacU169 araD rpsL relA 63
thi ibB ompR472 gvrA recA
B HO201 F~ thi rel rpsL mal X" 52
HO201 ompC  ompC derivative of HO201 53
YOI160 recA  F~ thi rel rpsL ompC envZ 41
DompC-lacZ) recA
CE1036 recA F~ thi lacY galK mil xvi ara 47
rpsL supE ompC T6' recA
SM3001 MC4100 AmicF1 This study
SM3002 AmicF |1 transductant of This study
HO201: donor, SM3001
Bacteriophages
Tulb Receptor; OmpC and 38
lipopolysaccharide
Plke Used for generalized " Our laboratory
10 transduction stock
N Plasmids
pPMANO002 Cm'"; vector, pACYC184: a7

cloned gene, ompC micF
pMANO006 Ap"; vector, pKEN403; cloned 47
1 gene, ompC micF )
pMANOOS Same as pMANOQO6 except for  This study
direction of the cloned

fragment
pSY343 Km’ 64
pEL3 Ap'; temperature-sensitive 65
replicon
pKM004 Ap"; vector, pBR322; cloned 48

gene, Ipp promoter-

controlled lacZ-lacY operon
Plasmid 111 Ap": vector, pKM00S: cloned 49

gene, micF

pKEN403 Ap" Km"; replication origin K. Nakamura
derived from pSC101
PACYC184  Cm" Tc' 56

- pBR322 Ap* Te é6
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Table 3 -1

Bacteria, bacteriophages, and plasmids

Reference or

Strain Relevant properties” source
E. coli K-12
MC4100 F~, AlacU169 araD rpsL relA 50
i thi flbB
MH1461 MC4100 envZI1 17
MH760 MC4100 ompR2 gvrA recAl 63
recA
MH19 MC4100 malQ pyrD 17
MH19 aroB molQ* aroB transductant of This study
MH]19; donor; AB2847 mal*
SG480A76 MC4100 A(malT-ompB) 73
AT142 MC4100 AenvZ T. Mizuno®
AB2847 aroB tsx supE
mal*
Y0160 F~. thi rel rpsL ompC 47
envZ160 SompC-lacZ)
JM83 ara Alac pro rpsL thi $80d 74-
AlacZ15 .
Bacteriophage
Tula Receptors, OmpF and 38
lipopolysaccharide
Tulb Receptors, OmpC and 38
lipopolysaccharide
P1 kc Used for generalized Our
transduction laboratory
stock
Previously
described
plasmid
pBR322 ApF Tc" 66
pKENA403 Ap" Km’ 75
pMF21 Kmr 76
pUC19 Ap’ 77
pAT224 Ap"; vector, pBR322; cloned 20
genes, ompR and emZ
pAT2004 ApS; vector, pIN-111; cloned T. Mizuno®
gene, envZ
pMANO043 Ap" 7/

¢ Ap, Ampicillin; Tc. tetracycline: Km, kanamycin.
¥ Construction and characterization will be published elsewhere.
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Table 4 - |

Bacteria, bacteriophages and plasmids

Strain

Relevant properties

Reference/source

A. E. coli K12

MC4100 F~; AlaclU169 araD rpsL relA thi flbB Casadaban (1976)

MH 461 MC4100envZ11 Hall & Silhavy (1981a)
SM6001 MHI1461lompR7T Matsuyama et al. (1986)
SM6501 rpsL* rpsE aroE transductant of SM6001; donor, AB312 Sm® spe arok This study

SM6502 rpsL rpsE™* transductant of SM6501; donor, SM6001 This study

SM7010 aroE* rpod77 transductant of SM6502; donor, SM7002 This study

SM7013 rpsE arok transduetant of MC4100; donor, AB312 Sm* spc arok This study

SM7014 rpsL* rpsEY aroE* rpoA77 transductant of SM7013; donor, AB2847 This study

MH19aro3 MCH100aroB3 pyrD Matsuyama et al. (1986)
AB2847 F~:aroB8 tsx mald (rpoA77) Pittard & Wallace (1966)
AB284Tmal* AB284Tmal A Nara et al. (1984)
SM7000 malA* aroB* transductant of AB2847: donor, MC4100 This study

SM7001 mald”* aroB* envZ11 transductant of AB2847: donor, MH1461 This study

SM7002 malA* aroB* envZ11 ompR77 transductant of AB2847; donor, SM6001 This study

SM7003 rpsL rpod* transductant of SM7002; donor, SM6001 This study

SM7011 rpsL rpod* transductant of SM7000; donor, M('4100 This study

SM7012 rpsL rpoA* transductant of SM7001; donor, MH1461 This study

W4626Phe F=: purk phed trp lac-85 gal-2 mald mtl xyl-2 ara rpsl. Miyoshi & Yamagata (1976)
SM6503 mald™* aroB transductant of W4626Phe; donor; AB2847mal* This study

SM7004 aroB3* transductant of SM6503; donor, MC4100 This study

SM7005 aroB* envZ 11 transductant of SM6503; donor, MH1461 This study

SM7006 aroB* envZ11 ompR77 transductant of SM6503; donor, SM6001 This study

HO201 F~: thi rel rpsL malA Yamamoto et al. (1977)

AB3128m® spc arok
B. Bacteriophages

Hfr; thr lew rpsk arok

Yamagata (unpublished)

Tula Receptor; OmpF and lipopolysaccharide Datta et al. (1977)

Tulb Receptor; OmpC and lipopolysaccharide Datta ef al. (1977)

Plke Used for generalized transduction Laboratory stock

Afus? Specialized transducing bacteriophage A carrying the sfr operon-arok gene Jaskunas ef al.-(1977)
region

Aspel Specialized transducing bacteriophage 4 carrying the spc operon-aro® Jaskunas et al. (1977)
gene region

Aspe2 Specialized transducing bacteriophage A carrying the spc operon-arol Jaskunas et al. (1977)

C. Plasmids

gene region

pMF21 Km’ Manis & Kline (1977)

pMANO43 Apf Nara ef al. (1986)

pKEN403 Ap" Km" Matsuyama & Mizushima (1985)
pINIII-Al Ap' Masui et al. (1984)

Km, kanamycin; Ap, ampicillin.
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Table 4--2

Effect of the rpoATT mutation on the synthesis of the LamB protein and alkaline

phosphatase
Genotype
Alkaline
Strain enrz omplR rpod LamB proteint phosphatase]
SM7011 + | + + 100 821
SM7012 envZ11 + + 0 83
SM7003 envZ11 ompR77 + 22 76
SM7002 enrZ11 ompR77 rpoA7TT 6 200
SM7000 + + rpoA7T7 88 802
MC$100 + + + 100 661
MH1461 enrZ11 + + Clo 117
SM6001 envZl1 ompRT7 + 92 333
SM7010 envZ11 ompR77 rpoATT 0 152
SM7014 + + rpoATT 109 508

T Cells were grown at 30°C' in M9 minimal medium containing 29 (w/v) glycerol, 0-19, (w/v)
(asamino acids and 0-29; (w/v) maltose. Quter-membrane fractions were analyzed on polyacrylamide
gels. The gels were then scanned with a Toyo digital densitorol DMU-33C, and the relative amounts of
the LamB protein were determined. The amounts were normalized for the total amounts of the major
outer-membrane proteins; OmpA, OmpF and OmpC.

1 The alkaline phosphatase assay was carried out as described (Brickman & Beckwith, 1975).
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(A)
F
Sall OMP"  eglrsal  Pvul
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(B)
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Pstl Bgll pwull
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PMANG10 I

Cloned ompF and ompC genes used for chimera gene
construction (A) and strategy for nucleotide sequencing of chimera
genes (B). (A) Solid and open bars represent the signal peptide
region and mature protein region, respectively. The line below the
ompF gene represents the DNA fragment used for hybridization
experiments for the ompC gene cloning. (B) Bars indicate the Bglll
junction regions of the chimera genes. Solid and open bars represent
regions derived from the ompF and ompC genes, respectively.
Arrows indicate nucleotide fragments used for sequencing; @ indi-
cates the position of the **P-labeled 5’ end. Broken regions of the
arrows indicate that the sequences of these regions were not
determined.
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(H,Sx SHL

(S,B)s (82,B)s

($1,B) ($,B)

(Et,H)L pMAN

007
(E,H)1 &F"

pKENAD3

pKEN403 (Hi,H2)s (B.H2)s

(E1,B)s (H1,H2)s (W)

J
. '
pMAN
\A - 008
E
)

Construction of plasmids. [ and = represent {Cp] and [-C] regions of the ompC gene ([Cp-C)), respectively. ML and s
represent [Fp] and [-F]. respectively. Detailed information is given in the footnote to Table 2. Thin lines represent cloned chromosomal DNA
regions; thick lines represent DNA fragments from pBR322, pACYC184, and pKEN403. Restriction endonucleases used are shown in
parentheses by the following abbreviations: H, Hindlll; B, Bglll; S, Sall; and E, EcoRI. Cleavage sites are also shown on plasmids. When
one enzyme cleaves more than one site of a plasmid, they are distinguished with suffixes, e.g., S, and S». S and L outside the parentheses rep-
resent smaller and larger fragments, respectively, formed as a result of an endonuclease digestion. For example. (S,, B)_ in the middle of this
figure indicates the larger fragment formed after digestion with Sall and Balll of pMANO002. DNA fragments thus formed were ligated, and
usually transformed into YO160 recA. Transformants were selected for the markers shown in Table 2. Although YO160 recA was envZ (see
Table 1), it did not prevent the selection. Antibiotic resistance genes are also indicated.

1
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(A) ompB* '
pMANOOS pMANOO7 pMANOOS pMANOOS pMANO10 pMANO11

I L] T LB | 1+ L 3
Sucrose(%) 0 20 0 20 0 20 [+] 20 ] 20 0 20

3 i ‘2 03 4 ’5 8 7 i 8’ 9 } 10 1
OmpF (Omp) — E -é &
OmpA —~ o i i T :

(8) ompR2

1

1 2 3 4 5 1 10 1 12
it o S -.
orororer) - o .c.‘d.

() envZ ; w0 S

mw’a’::*' seZS eSS

Expression of ompF. ompC and chimera genes. SM1005 (A), SM1007 (empR2) (B), and SM1006 (¢nvZ) (C) were transformed with
the indicated plasmids and grown in the presence of the indicated concentrations of sucmse Plasmids and the concentrations of sucrose used
in (B) and (C) were the same as those for (A). Triton X-100-insoluble fractions (25
polyacrylamide gel. The positions of OmpC, OmpF, OmpA. and chimera proteins are indicated. The data for pMANO09 are not shown in (C)

because the transformant could not be obtained.

ng of protein) were prepared and analyzed on
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73 08
pMANOOS N
y 7.2kb
-
(S.PL_—
_//
)
pSY343 Bal31
9.5kb S1
BamH| Linker

Q)
S1
BamHI Linker
B
PMANO23 s (B1,S)s ~—__ |(B.Pv)s
95kb 8 ‘{

S

(B1.B2)s

pMANO33
8.2kb

Construction of plasmid pMAN036. c1, Chromosomal DNA of the micF-ompC region. The short and long arrows in the open
boxes indicate the coding region and the direction of transcription of micF and ompC, respectively; broken arrow represents the
nonfunctioning ompC gene, the upstream region of which has been deleted. > and #, Coding region and direction of transcription of
lacZ-lacY and Km", respectively; ——, vector plasmid DNA; @, temperature-sensitive replicon. The restriction endonucleases used are
shown in parentheses (abbreviations: B, BamHI; Bg, Bglll; H, HindIll; P, PstI; Pv, Pvull; S, Sall). Cleavage sites are shown. When one
enzyme cleaves at more than one site in a plasmid, the sites are distinguished with numbers, e.g., B, and B,. S and L outside parentheses
denote small and large fragments, respectively, formed as a result of digestion with the endonuclease. All plasmids were transferred into strain
YO160 recA, except for pMAN032, pMANO35, and pMANO036, which were transferred into strain MH760 recA. Antibiotic resistance genes
and plasmid sizes are also indicated.
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Replacement of the micF-ompC region of the chromo-
some with the micF-deleted corresponding region in pMANO36.
Strain MC4100, a Alac strain, was transformed with pMANO036 (Fig.
1) and incubated at 42°C on lactose-MacConkey plates containing
kanamycin. Plasmid integration into the chromosome by homolo-
gous recombination takes place at either region A or region B (a).
Transformants having the plasmid in the chromosome are Km"
Lac*. In the case of recombination at region A, subsequent plasmid
segregation from the chromosome by homologous recombination
takes place at either of the regions indicated by dotted lines in (b).
This results in one of the chromosomal structures shown in (¢). The
segregated plasmids are lost in the cells because of the inability to
replicate autonomously at 42°C. Recombination for plasmid segre-
gation at region A gives the same chromosomal structure as that of
an untransformed cell, whereas recombination at region B results in
replacement of the micF gene with the Km" gene. This micF deletion
mutant is detected as a white colony (Lac™) on a lactose-Mac-
Conkey plate containing kanamycin. When recombination for
plasmid integration takes place at region B (a), the subsequent
process is principally the same. The symbols used are described in
the legend to Fig. 1.
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.
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. Southern blot analyses of the micF chromosomal dele-
tion. A mixture of pMANO002 and pMANO33 (lanes 1) and chromo-
somal DNA from strains MC4100 (lanes 2) and SM3001 (lanes 3) was
digested with HindIIl and analyzed as described in the text. The
2.7-kb fragment containing the micF-ompC region from pMAN002
(A) and the 120-bp fragment containing a larger part of the micF
gene (Fig. 4) (B) were used as probes. The HindIIl fragments of
bacteriophage A DNA were used for standardization of the base
length.,
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Fig. -4

A . e 8 s & -
[ |—— ¢y p———— > |
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B
AGCACAGAATAATGAAAAGTGTGTAAAGAAGGGT AAAAANAACCGAATGCGAGGCATCCOGTTGAAATAGGGGTARACAGACATTCAGAAATGAATGACG

oo oo o0 00 000 eoe® ©

TCGTGTCTTATTACTTTTCACACATTTICTTCCCATTTTTTITIGOCTTACGCTCCGTAGGCCAACTTTATCCCCATTTGTCTGTAAGTCTTTACTTACTGL

GTAATAAATAAAGTTAATGATGATAGCGGGAGT T/\TTCTI\GTTGCG/\GT G/\AGGTTTTGTTTTGACATTCAGTFCTGTCAAATACTTAAGAATAAGTTAT

CATTATTTATTTCAATTACTACTATCGCCCTCAATAAG/\TCAI\CGCTCACTTCCAAAACAAAACTGTAAGTCACGACAGTTTATGAATTCTTAn TCAATA

TGATTTTAACCTTGAATTATTATTGCTTGATGTTAGGTGCTTATTTQGCCATTCCGCAATAATCTTAAAAAGTTCCCTTGCATTTACATTTTGAAALATC

ACTAAAATTGGAACTTAATAATAACGAACTACAATCCACGAATARAGCGGTAAGGCGTTATTAGAATTTTTCAAGGGAACGT/ AATGTAARACTTTGTAG
P8 -35

n,éi!"J on r—i-cx11:(:

TATAGCGATAAATGAAACATCY Tl\l\I‘AGTTTT/\GTI\TCATATTCGTGTTG ATTATTCTuCATTTTTGGGGAGAATGGACTTGCCGACTGATTAATGA\:G

ATATCGCTATTTACTTTGTAGAATTTTCAAAATCATAGTATAAGCACAACCTAATAAGACGTAAAAACCCCTCTTACCTGAACGGCTGACTAATTACTCC

DNA sequence analysis of the chromosomal micF deletion. (A) Strategy for nucleotide sequencing. The micF-ompC region on the
mutant chromosome which was cloned into pMANO042 is shown. The symbols and abbreviations used are described in the legend to Fig. 1.
Hc, Hincll. Small arrows outside the box indicate fragments used for sequencing, with the position of the 3?P-labeled 5’ end indicated (®).
The broken region of an arrow indicates that the sequence of that region was not determined. (B) Nucleotide sequence around the micF-ompC
region. The nucleotide sequences determined are underlined. The micF region that was deleted and replaced by the Km" gene-carrying
fragment is boxed. Dots between the two strands indicate sequences complementary to ompF mRNA. Arrows, Transcriptional initiation sites
for micF and ompC . Pribnow boxes (PB) and —35 regions for the micF and ompC promoters are also indicated . A heavy line above
the sequences indicates the 120-bp fragment used as a probe for the hybridization analysis (Fig. 3). This fragment was kindly prepared by T.
Mizuno. The broken line indicates that the exact location of the terminus was not determined.

ST ————— RS [ - : g
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sucrose®% 20 0 20

. Expression of ompF and ompC in the micF deletion
mutant. Strains HO201 (wild-type) and SM3002 (AmicFI) were
grown with the indicated concentrations (wt/vol) of sucrose. Triton
X-100-insoluble fractions (25 wg of protein) were prepared from cell
envelopes and analyzed on polyacrylamide gels. The positions of
OmpC, OmpF, and OmpA are indicated.
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Construction of micF gene-carrying plasmids pMANO55
and pMANO56. In plasmid 111 , the micF-carrying CX28 frag-
ment (300 bp [=3) is inserted between the Xbal sites (X). The arrow
in the box represents micF. The 1.0-kb Pst¢I-HindllI fragment from
plasmid III was ligated with the 3.6-kb PstI-HindlII vector fragment
from pBR322 or the 3.8-kb Pstl-Hindlll vector fragment from
pKEN403 to construct pMANOS5S and pMANOS6, respectively. The
structures of the two plasmids thus constructed were confirmed by
DNA restriction analysis. See the legend to Fig. 1 for other
abbreviations.
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Effect of the copy number of micF on expression of
ompk. Strains MC4100(pMANOSS) (lanes 1), MC4100(pMANO56)
(lanes 2), and MC4100 (lanes 3) were grown in (A) medium A and (B)
medium A supplemented with 8% (wt/vol) sucrose. Triton X-100-
insoluble fractions (25 pg of protein) were prepared from cell
envelopes and analyzed on polyacrylamide gels. The positions of
OmpC, OmpF, and OmpA are indicated.
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Symbols: @, MC4100 (wild type): O, SM3001 (AmicF).

Pulse-labeling experiment. MC4100 (A) and SM3001 (B)
were cultured at 37°C. At the logarithmic growth phase, sucrose was
added to a final concentration of 15% (wt/vol), and then cells were
labeled for 1 min at the indicated times with 10 wCi of
[**S|methionine. As a control, cells were labeled before the addition
of sucrose. OQuter membrane protein fractions were prepared from
the labeled cells and analyzed on urea-SDS-polyacrylamide gels.
The gels were then processed for fluorography. (C) MC4100 (lanes 1
and 2) and SM3001 (lanes 3 and 4) which had been cultured with the
indicated concentrations of sucrose (wt/vol) were pulse-labeled with
[**S]methionine and then analyzed for outer membrane proteins as
described for panels A and B. The arrowheads indicate the position
of the OmpF protein. (D) The fluorograms shown in panels A and B
were subjected to densitometric scanning to quantitate the amounts
of the OmpF protein synthesized in 1 min at the indicated times.
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Fig. 31
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Construction of plasmids carrying the ompB region with various mutations. Symbols: s and my ompR and envZ genes derived
from SM6001, respectively; =\ and 7 , ompR and envZ genes derived from wild-type cells; £ and &7 . ompR and envZ genes derived
from YO160; —, , ana - ~-, chromosomal DNA derived from SM6001, the ompB* wild-type strain, and YO160, respectively; ..,
a DNA fragment from pMANO43. H, HindlIl; B, BamHI; Bg, Bglll; Hp. Hpal; S, Sall; X, Xhol; A, Aval; N, NspV. Restriction sites are shown
on plasmids. S and L outside the parentheses denote the smaller and larger fragments, respectively, formed on endonuclease digestion.
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Expression of ompF and ompC in the envZ suppressor
(sez) mutant. Strains MC4100 (wild type), MHI1461 (envZll), and
SM6001 (envZ11 sez) were grown with the indicated concentrations
(wt/vol) of sucrose. Outer membrane protein fractions (25 pg of
protein) were prepared from cell envelopes and analyzed on poly-
acrylamide gels. The positions of OmpC, OmpF, and OmpA are
indicated.
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Fig. 3-3

A
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Restriction map around the ompB region cloned into
PMF21. (A) The coding regions for the ompR and envZ genes are
indicated by arrows. Fragment A is a 3.1-kb BamHI-Bglll fragment
which contains the entire ompR gene, the coding region for the
NH,-terminal portion of the EnvZ protein, and an unknown region
located upstream from the ompB promoter. Fragment B is a 1.4-kb
Bglll-Hpal fragment which contains the coding region for the EnvZ
protein devoid of the NH,-terminal portion. Fragment C is a 1.2-kb
Aval-Bglll fragment carrying the entire ompR gene and the coding
region for the NH,-terminal portion of the EnvZ protein. (B) The
ompB region cloned into pMANI101, pMAN102, pMAN103,
PMANI104, pMAN099, and pMANI100 is indicated. The Hpual site
has been changed to a BamHI site in all of these plasmids (cf. Fig.
1). mmm and =33, Fragments derived from the sez mutant (SM6001)
and the wild-type strain, respectively.




Fig. 3-4

PMANIOI  pMANIOZ  pMANIO3  pMANIO4 pMANDSS  pMANIOD  ATH42
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Expression of the ompF and ompC genes in SG480A76,
a AempB strain harboring the indicated plasmids. The gene con-
structions for individual plasmids are shown in Fig. 3. These strains
were grown with the indicated concentrations (wt/vol) of sucrose.
and then the outer membrane proteins were analyzed on polyacryl-
amide gels. Lanes 13 and 14 contained the proteins from AT142, a
AenvZ strain. The positions of OmpC, OmpF, and OmpA are
indicated.
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Av&l Bg‘lﬂ H&a[
ompR envZ
Leu~ Gln Thr > Arg
(T2 4) (C707-6)
L 2 L 4
SM6001 I[lﬁ 239“? 247 45‘0
Thr > Arg
(CT074G)
MH1461 c o * )
1 2391 247 450
Leu-Gln
(T107l +A)
L J
YOIGO 1 2391 35 ’ 450

Summary of the base alterations and amino acid changes
in the ompB regions of SM6001, MH1461, and YO160. Alterations in
the nucleotide sequences and those in the deduced amino acid
sequences are shown. The positions of the bases are shown as
suffixed numbers, which were taken from the published nucleotide
sequence for the ompB operon . The positions of amino acid
residues in the OmpR and EnvZ portions are numbered from the
respective NH, termini.
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Expression of the LamB protein in MC4100, MH1461.
and SM6001. MC4100 (wild type), MH1461 (envZ1]). and SM6001
(emvZ1l ompR77) were grown in M9 in the presence of 0.2% maltose
(and 0.2% glycerol), and then the outer membrane proteins (25 pg)
were analyzed on polyacrylamide gels. The positions of LamB.,
OmpC, OmpF, and OmpA are indicated.
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Fig. 4-1
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Effect of the szr mutation on expression of
the ompF and emp(' genes regulated by the envZI]
ompR77 allele. SMT004 (envZ™ ompR™), SMT005 (envZ11
ompR*) and SM7006 (envZ11 ompR77) were constructed
by transduction using SM6503 as the recipient and
MC4100, MHI1461 and SM6001. respectively, as the
donors. SM7000 (envZ* ompR* szr), SMT001 (envZ11
ompR* szr) and SM7002 (envZI1l ompR77 szr) were
constructed similarly using AB2847 as the recipient.
SM7003  (envZI11 ompR77 szr™) was constructed by
transduction using SM7002 as the recipient and SM6001
as the donor (see the text). Cells were grown with the
indicated concentrations (w/v) of sucrose. Outer-
membrane protein fractions (25 pg of protein) were
analyzed on polyacrylamide gels. The positions of Omp(C,
OmpF and OmpA are indicated.
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Chromosomal mapping of the szr mutation.
The numbers represent the P1 cotransduction frequencies
as percentages between the indicated markers. The
selected and unselected markers are indicated by the
arrow tails and the arrow heads, respectively. Lines A,
SM7002 (aroE™ rpsL* envZI1l ompR77 szr) and SM6502
(aroE rpsL envZ11 ompR77 szr™) were used as the donor
and recipient, respectively. Lines B, SM6502 and SM7002
were used as the donor and recipient, respectively. In
each case, at least 200 transductants were purified and
scored.
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Construction of plasmids carrying various
lengths of DNA in the spc operon-arok gene region.
denotes the ribosomal protein operons and the
directions of transeription. The position of the promoter
is indicated by W . denotes truncated ribosomal
protein operons devoid of the promoter. ——— c———
and denote DNA fragments derived from the
chromosome, vector plasmid and bacteriophage 4,
respectively. The restriction sites are shown on the
plasmids: B, BamHI; S, Smal; H, HindIII; N, Nrul.
When one enzyme cleaves more than one site of a
plasmid. the sites are distinguished with suffixes, e.g. B,
and B,. S and L outside square brackets denote the
smaller and larger fragments, respectively, formed on
endonuclease digestion. kb, 10 base-pairs.
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J—//—{ secy psM rpsD w rpoA /-Lﬂ‘-L Complementation
PMANI45  ~//f— a7 +
PMANI60 ~/F o/ —_
PMANIES —/ - —
pMANI70Q — +
PMAN215 *—f -+
PMAN225 oo +

lpp® lac?

Plasmids carryving different portions of the DNA around the o operon. Genetic restriction maps around the «
operon (Cerretti ef al.. 1983: Meek & Hayvward. 1984; Bedwell et al., 1985) are shown. B, BamHI: 8. Smal; H. HindI1I;
N. Nrul. The lines under the map represent DNA fragments cloned on the indicated plasmids. The X indicates the
position of insertion of the HindIIT linker. The lipoprotein promoter (Ipp®) and the lactose promoter-operator (lac?) in
pPMAN225 were derived from pINTIT-AL The results of complementation tests as to the szr mutation are also shown. +

and — indicate, respectively, that the respective plasmids did or did not complement the szr mutation.
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Expression of the ompF and ompC' genes in
SM7002 harboring the indicated plasmids. These strains
were grown in medium A, and then the outer-membrane
proteins were analyzed on polyacrylamide gels. The
outer-membrane protein profiles of SM7002 (envZ11
ompR77 rpoA77) and SM7003 (envZ11 ompR7T rpoA™)
are presented as a control.
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Fig. 4 -6

M2
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-35

Proposed arrangement of molecules around
the ompF promoter. The subunit structure of RNA
polymerase was according to the model . proposed by
Meisenberger et al. (1981). The ¢ subunit is not shown.
The direction of transeription (—) and the —35 region
(—35) are indicated. ZZzZZ denotes the cytoplasmic
membrane.
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