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Wendy Anne Woodruff
CLONING AND CHARACTERIZATION OF THE oprF GENE FOR PROTEIN F FROM Pseudomonas
aeruginosa

P. aeruginosa H103 P. aeruginosa PAO1

(a) B. Screening the gene bank

The pLAFR1 cosmid gene bank of P. aeruginosa PAOL DNA in E£. coli HB101 was plated for
single colonies and screened for the production of protein F antigen. Of approximately
three thousand five hundred colonies screened, five reacted with monoclonal antibodies
specific for protein F. One of these five colonies was arbitrarily selected for
characterization and further manipulations. The plasmid in this £. colfi HB101 clone was
designated pHN4.

HB101 P. aeruginosa PAOL pLAFR1
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HB101 pHN4

(b) C. Characterization of the cloned gene product

Outer membranes were isolated from £. cofi HB101 (pHN4) and JF733 (pHN4), a
porin-deficient strain of £. coli. SDS-PAGE profiles of these outer membranes are shown
in Figures 2 and 3, lanes 4 and 7. In each profile, a protein, having the same molecular
weight as native protein F (Fig. 2, lane 1; Fig. 3, lanes 2 & 5), was present and it was not
found in outer membrane profiles of £. coli strains pHN4 (Fig. 2, lane 3 and Fig. 3, lanes 3
& 6). In E. coli JF733, the plasmid-encoded protein was the predominant outer membrane

protein.

HB101 pHN4 JF733  pHN4

pHN4

JF733

(c) This new protein band was identified as protein F by its interaction with the
protein F-specific monoclonal antibodies MA4-4 and MA5-8 (Fig. 4 A & B, lanes 5 and Fig. 6 A

& B, lanes 2). In each Western blot, a single major protein band reacted with antibody. A
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faint reaction occurred with a slightly higher molecular weight protein in the E£. coli
(pHN4) lanes with both MA4-4 and MA5-8. This phenomenon is often observed in outer
membrane preparations from AP. aeruginosa and is presumed to be the result of partial heat
modification (Hancock & Carey, 1979). |In £. coli HB101 (pHN4), (Fig. 4 B, lane 5), a lower
molecular weight band was observed which interacted with only MA4-4. This band was
presumably a proteolytic breakdown product of protein F.

MA4-4 MA5-8

pHN4 MA4-4 MA5-8
P. aeruginosa
Hancock & Carey, 1979 HB101

pHN4 MA4-4

(d) The effect of 2-mercaptoethanol on the cloned oprF gene product was also examined.
In both £. coli HB101 (pHN4) and £. coli JF733 (pHN4), the protein F band increased its
apparent molecular weight after heating in 2-mercaptoethanol. This phenomenon was
difficult to observe in £. coli HB101 (pHN4) because the 2-mercaptoethanol modified band
comigrated with OmpA and was obscured. In £. coli JF733 (pHN4) the effect of
2-mercaptoethanol on protein F was easily observed (Fig. 3, lanes 4 & 7) and was identical
to the shift in molecular weight observed for protein F in P. aeruginosa (Fig. 3, lanes 2 &
5).
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(h) Figure 2. SDS-PAGE profiles of outer membrane preparations of £. coli containing
oprF clones. Lane 1, P. aeruginosa H103; lane 2, £. coli HB101 (pHN4); lane 3, E. coli
HB101; lane 4, E. coli HB101 (pWw4); lane 5, E. coli HB101 (pWw5). Molecular weight
markers, in thousands (K), are indicated on the right. The position of protein F (F) and
the truncated protein F gene product (T) are indicated on the left. The positions of OmpF,
OmpC, and OmpA in the £. coli strains are indicated.

P. aeruginosa H103
HB101 pHN4 HB101 HB101 pww4

HB101 pWws >

(i) Figure 3. SDS-PAGE profiles of outer membrane preparations of £. coli and A.
aeruginosa showing the 2-mercaptoethanol modifiability of protein F. Samples in lanes 2,
3 and 4 were treated with 5% 2-mercaptoethanol before leading onto the gel. Lanes 2 and 5,
P. aeruginosa H103; lanes 3 and 6, £. coli JF733; lanes 4 and 7, £. coli JF733 (pHN4). The
2-mercaptoethanol modified (F") and unmodified (F) forms of protein F are indicated.

P. aeruginosa

P. aeruginosa H103

JF733 JF733  pHN4
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(J) Figure 4. Western immunoblots of outer membrane proteins of A. aeruginosa H103 and
E. coli strains containing the truncated ogprF encoding plasmids. The proteins in panel A
were reacted with MA5-8; the proteins in panel B were reacted with MA4-4. Lanes 1, P.
aeruginosa H103; lanes 2, £. coli HB101 (pCP13); lanes 3, £. coli HB101 (pWw4); lanes 4, E.

coli HB101 (pWW5); lanes 5, £. coli HB101 (pHN4). The position of protein F is indicated

(F) and that of the truncated gene product is labelled T. P. aeruginosa H103
MA5-8 MA4-4
P. aeruginosa H103 HB101 pCP13
HB101 pWw4 HB101 pWw5 HB101 pHN4
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Construction and Characterization of Pseudomonas aeruginosa Protein
F-Deficient Mutants after In Vitro and In Vivo Insertion Mutagenesis of the

Cloned Gene
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Benz Hancock(3)

(e) P. aeruginosa PAOL

JF733  pHN4

P. aeruginosa

Q)

3. Benz, R., and R. E. W. Hancock. 1981. Properties of the large ion-permeable pores from

protein F of Pseudomonas aeruginosa in lipid bilayer membranes. Biochim. Biophys Acta 646:

298-308.

Benz Hancock

Woodruff

(a) These data, for protein F purified from AP. aeruginosa H103 and E. coli JF733
(pWW2200), are shown in Figure 16. For both preparations, predominantly small channels

were observed at similar frequencies. PA. aeruginosa HB103 JF733  pWw2200

(b)
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(f) Brinkman et al. (8) report the most frequent OprF channel conductance of 0.36 nS.
This is very close to the amplitude of fluctuations between the low and intermediate levels

of the single channel substates found in the present study. Brinkman (8)
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(d) It should be noted that since the oprF gene apparently constitutes a single gene
transcriptional unit (5), the effects observed in this study were related to the presence

or absence of protein F rather than ....
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Triton X-100

R. E. W. Hancock

(b) (Hancock et al., 1979; Benz & Hancock, 1981). Such contamination was less likely

in later preparations due to a change in purification methodology and the isolation of

cloned protein F from £. coli (Woodruff et al., 1986). Hancock Benz
Hancock
Woodruff
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Lam Production and Characterization of Monoclonal Antibodies against

Serotype Strains of Pseudomonas aeruginosa

P. aeruginosa
PAO1
ATCC33354
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Makoto Kageyama Isolation and

Characterization of Major Outer Membrane Proteins of Pseudomonas aeruginosa

Strain PAO with Special Reference to Peptidoglycan-Associated Protein
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() MA5-8 P. aeruginosa

( ) Outer membrane samples are: lane 1, serotype 17; lane 2, serotype 16; lane 3,
serotype 15; lane 4, serotype 14; lane 5, serotype 13; lane 6, serotype 12; lane 7,
serotype 11; lane 8, serotype 10; lane 9, purified protein F; lane 10, serotype 9; lane 11,
serotype 8; lane 12, serotype 7; lane 13, serotype 6; lane 14, serotype 5; lane 15,
serotype 4; lane 16, serotype 3; lane 17, serotype 2; lane 18, serotype 1; lane 19,

wild-type H103.

H103
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The oprF gene was mapped in several P. aeruginosa strains .... Comparisons of ...
wild-type strain H103 (the source of the cloned gene) with 17 type strains of the
International Antigen Typing Scheme revealed extensive conservation of the restriction

map within 1 kb of the gprF gene; only a single strain, the serotype 12 type strain, had an

altered map for Apnl.... P. aeruginosa
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Kpnl
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1) A. M. Maxam, W. Gilbert, Proc. Natl. Acad. Sci. U.S.A., 74, 560 (1977).
2) A. M. Maxam, W. Gilbert, ““Methods in Enzymology””, ed. by L. Grossman, K. Moldave,
Academic Press, New York, Vol. 65, p.499 (1980).

3) F. Sanger, S. Micklen, A. R. Coulson, Proc. Natl. Acad. Sci. U.S.A., 74, 5463 (1977).

5) J. Messing, ““Methods in Enzymology””, ed. by R. Wu, L. Grossman, K. Moldave, Academic
Press, New York, Vol. 101, p. 20 (1983).
() Molec. gen. Genet.
UIT Henning Cloned Structural
Gene (ompA) for an Integral Outer Membrane Protein of Escherichia coli K-12

Localization on Hybrid Plasmid pTU100 and Expression of a Fragment of the Gene

K-12

pTU100 EcoRl

pSC101

pTU102 ompA mutant...in pTU100 pTU102 pTUL00

pTU102
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pTU201 EcoRl fragment with ompA 31 from pTU102 cloned in pBR325 pTU201 pBR325

pTU102 Ecarl
pTU201
For DNA-sequencing endonuclease fragments were ... further processed as described

by Maxam and Gilbert (1977).

Maxam Gilbert

Isolation and Sequencing of Restriction Endonuclease Fragments from pTU201

pTU201 DNA was subjected to BasHl digestion. pTU201

pTU201 Ba|

57

In the 500 bp fragment the DNA sequence was determined .. ..

Maxam, A. M., Gilbert, W.: A new method for sequencing DNA. Proc. Natl. Acad. Sci.
USA 74, 560-564 (1977)
() Nucleic Acids Research
E. Bremer Nucleotide
sequence of the gene ompA coding the outer membrane protein Il of Escherichia
coli K-12
K-12
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...subfragments were ... sequenced using the chemical degradative methods of Maxam

and Gilbert (17). Maxam Gilbert an

Maxam, A. M. and Gilbert, W. (1977) Proc. Natl. Acad. Sci. U.S.A. 74, 560-564

() FEBS LETTERS
Shoji Mizushima AMINO
ACID SEQUENCE OF THE SIGNAL PEPTIDE OF OmpF, A MAJOR OUTER MEMBRANE PROTEIN OF
ESCHERICHIA coOLI

2.4. DNA sequencing
All sequencing methods were according to [13].

13

[13] Maxam, A. M. and Gilbert, W. (1980) Methods Enzymol. 65, 499-560.

() Nucleic Acids Research
Stewart T. Cole
The nucleotide sequence coding for major outer membrane protein OmpA of

Shigella dysenteriae
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Shigella

Enterobacteriaceae

DNA Sequence Analysis
The DNA sequencing procedure of Maxam and Gilbert (25) was employed but with the
modifications of Smith and Calvo .... Maxam Gilbert
(25) Smith Calvo

The composite DNA sequence obtained is presented in Fig. 3.

25. Maxam, A. M. and Gilbert, W. (1980) in Methods in Enzymology, Colowick, S. P. and

Kaplan, N. 0. Eds., Vol. 65, pp. 497-560, Academic Press, New York.

()
K-12

4)

K-12

Q)

31
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Al DNA sequencing methods were according to Maxam and Gilbert (23).

Maxam Gilbert(23)

The nucleotide sequence of 1807 bp covering the entire region shown in Fig. 2 was

determined (Fig. 3).

Figure 3. The 1807 base pairs DNA sequence encompassing the ompF gene.

23. Maxam, A. M. and Gilbert, W. (1980) in Methods Enzymol., Grossman, L and Moldave,

K. Eds., Vol 65, pp. 499-560, Academic Press Inc., New York.

) Mol Gen Genet
G. Braun DNA sequence analysis of
the Serratia marcescens ompA gene: Implications for the organisation of an

enterobacterial outer membrane protein

Serratia Enterobacteriaceae

DNA technigques. ... Sequence analysis was performed either by the method of Maxam
and Gilbert (1980) or by using the dideoxy chain-termination reactions (Sanger et al.
1977) with the shot-gun cloning approach of Sanger et al. (1980).

Maxam Gilbert Sanger

Sanger
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To try and understand the biological properties of the S. marcescens OmpA protein we

determined the nucleotide sequence of its gene ....

Maxam AM, Gilbert W (1980) Sequencing end labelled DNA with base-specific chemical
cleavages. In: Colowick SP, Kaplan NO (eds) Methods in Enzymology, vol 65. Academic Press,
New York, pp 497-560

Sanger F, Nicklen S, Coulson AR (1977) DNA sequencing with chain terminating
inhibitors. Proc Natl Acad Sci USA 74: 5463-5467
Sanger F, Coulson AR, Barrell BG, Smith AJH, Roe BA (1980) Cloning in single stranded

bacteriophage as an aid to rapid DNA sequencing. J Mol Biol 143: 161-178

) JOURNAL OF BACTERIOLOGY
Richard S. Stephens
Sequence Analysis of the Major Outer Membrane Protein Gene from

Chlamydia trachomatis Serovar L.

Bacteria

DNA sequencing. ... the M13 clones were sequenced by the dideoxy method as

- 144 -



previously described (16, 23). M13

(16 23)

16. Messing, J. 1983. New M13 vectors for cloning. Methods Enzymol. 101: 20-78.

Sanger, F. S., S. Nicklen, and A. R Coulson. 1977. DNA sequencing with

chain-terminating inhibitors. Proc. Natl. Acad. Sci. USA 74: 5463-5467.
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P. aeruginosa ATCC33354
P. aeruginosa

PAO1

P. aeruginosa PAOl

( ) Bacterial strains and growth conditions. A. aeruginosa serotype 12 (...; ATCC

33359) was a clinical isolate .... A. aeruginosa serotype 6 was obtained from the American
Type Culture Collection, Rockville, Md. (ATCC 33354). P. aeruginosa
ATCC33359 P. aeruginosa
Maryland Rockville the American Type Culture Collection
ATCC33354

( ) Isolation of A. aeruginosa porin F clones. Since the original ATCC strain A.
aeruginosa serotype 6 became available to us during these studies, it was decided to carry
out all the DNA work on this strain rather than on the clinical isolate. P. aeruginosa

P. aeruginosa ATCC
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1
gccacccaag ttgtgeggtg attgttggac aactaactga ccatcaagat ggggatttaa 60
cgg atg aaa ctg aag aac acc tta ggc gtt gtc atc ggc tcg ctg gtt 108
Met Lys Leu Lys Asn Thr Leu Gly Val val Ile Gly Ser Leu Val
1 5 10 15
gcc get teg gea atg aac gec tte gec cag gge cag aac tcg gta gag 156
Ala Ala Ser Ala Met Asn Ala Phe Ala GIn Gly GIn Asn Ser Val Glu
20 25 30
atc gaa gcc ttc ggc aag cgc tac ttc acc gac agc gtt cgc aac atg 204
Ile Glu Ala Phe Gly Lys Arg Tyr Phe Thr Asp Ser Val Arg Asn Met
35 40 45
aag aac gct gac ctg tac ggc ggc tcg atc ggc tac ttc ctg acc gac 252
Lys Asn Ala Asp Leu Tyr Gly Gly Ser Ile Gly Tyr Phe Leu Thr Asp
50 55 60
gac gtc gag ctg gct ctg tcc tac ggt gag tac cac gat gtt cgt ggc 300
Asp Val Glu Leu Ala Leu Ser Tyr Gly Glu Tyr His Asp Val Arg Gly
65 70 75
acc tac gaa acc ggc aac aag aag gtc cat ggc aac ctg acc tcc ctg 348
Thr Tyr Glu Thr Gly Asn Lys Lys Val His Gly Asn Leu Thr Ser Leu
80 85 90 95
gac gcc atc tac cac ttc ggt acc ccg ggc gta ggt ctg cgt ccg tac 396
Asp Ala Ile Tyr His Phe Gly Thr Pro Gly Val Gly Leu Arg Pro Tyr
100 105 110
gtg tcg gct ggt ctg get cac cag aac atc acc aac atc aac agc gac =~ 444

Val Ser Ala Gly Leu Ala His GIn Asn 1le Thr Asn Ile Asn Ser Asp
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115 120 125
agc caa ggc cgt cag cag atg acc atg gcc aac atc ggc gct ggt ctg
Ser GIn Gly Arg GIn GIn Met Thr Met Ala Asn Ile Gly Ala Gly Leu

130 135 140
aag tac tac ttc acc gag aac ttc ttc gcc aag gecc age ctc gac ggc
Lys Tyr Tyr Phe Thr Glu Asn Phe Phe Ala Lys Ala Ser Leu Asp Gly
145 150 155

cag tac ggc ctg gag aag cgt gac aac ggt cac cag ggt gag tgg atg
GIn Tyr Gly Leu Glu Lys Arg Asp Asn Gly His GIn Gly Glu Trp Met
160 165 170

gct ggc ctg ggc gte gge tte aac ttc ggt ggt tcg aaa gec get ccg
Ala Gly Leu Gly Val Gly Phe Asn Phe Gly Gly Ser Lys Ala Ala Pro

180 185 190

gct ccg gaa ccg gtt gee gac gtt tge teec gac tec gac aac gac ggc
Ala Pro Glu Pro Val Ala Asp Val Cys Ser Asp Ser Asp Asn Asp Gly
195 200 205
gtc tgc gac aac gtc gac aag tgc ccg gac acc ccg gec aac gtc acc
Val Cys Asp Asn Val Asp Lys Cys Pro Asp Thr Pro Ala Asn Val Thr
210 215 220
gtt gac gcc aac ggc tgc ccg get gte gee gaa gte gta cge gta cag
Val Asp Ala Asn Gly Cys Pro Ala Val Ala Glu Val val Arg Vval GIn
225 230 235

ctg gac gtg aag ttc gac ttc gac aag tcc aag gtc aaa gag aac agc
Leu Asp Val Lys Phe Asp Phe Asp Lys Ser Lys Val Lys Glu Asn Ser
240 245 250

tac gct gac atc aag aac ctg gcc gac ttc atg aag cag tac ccg tcc
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Tyr Ala Asp Ile Lys Asn Leu Ala Asp Phe Met Lys GIn Tyr Pro Ser

260 265 270
act tcc acc acc gtt gaa ggt cat acc gac tcc gtc ggt acc gac gct 924
Thr Ser Thr Thr Val Glu Gly His Thr Asp Ser Val Gly Thr Asp Ala

275 280 285
tac aac cag aag ctg tcc gag cgt cgt gcc aac gecc gtt cgt gac gta 972
Tyr Asn GIn Lys Leu Ser Glu Arg Arg Ala Asn Ala Val Arg Asp Val
290 295 300
ctg gtc aac gag tac ggt gtg gaa ggt ggt cgc gtg aac gct gtc ggt 1020
Leu Val Asn Glu Tyr Gly Val Glu Gly Gly Arg Val Asn Ala Val Gly
305 310 315

tac ggc gag tcc cge ccg gtt gece gac aac gec acc gct gaa ggc cgc - 1068
Tyr Gly Glu Ser Arg Pro Val Ala Asp Asn Ala Thr Ala Glu Gly Arg
320 325 330 335
gct atc aac cgt cgc gtt gaa gcc gaa gta gaa gcc gaa gcc aag 1113
Ala lle Asn Arg Arg Val Glu Ala Glu Val Glu Ala Glu Ala Lys

340 345 350
taatcggctg agccttcaaa gaaaaaccgg cccaggcecgg gtttttettt gectggaaaa 1173
agaccgctcg tcaggcgctc agggaaaccg gttgcgacac gatgccgegg gecacttege 1233

cgatctgggt cgacctgcag 1253
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