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The structural gene for the porin of Haemophilus influenzae type b, designated outer membrane protein P2,
was cloned, and the DNA sequence was determined. An oligonucleotide probe generated by reverse translation
of N-terminal amino acid sequence data from the purified protein was used to screen genomic DNA. The probe
detected a single EcoRI fragment of -1,700 base pairs which was cloned to Xgtll and then into M13 and
partially sequenced. The derived amino acid sequence indicated that we had cloned the N-terminal portion of
the P2 gene. An overlapping - 1,600-base-pair PvuII genomic fragment was cloned into M13, and the sequence
of the remainder of the P2 gene was determined. The gene for P2 was then reconstructed under the control of
the T7 promoter and expressed in Escherichia coli. The N-terminal sequence of the purified protein
corresponds to residues 21 through 34 of the derived amino acid sequence. Thus, the protein is synthesized with
a 20-amino-acid leader peptide. The Mr of the processed protein is 37,782, in good agreement with the estimate
of 37,000 from sodium dodecyl sulfate-polyacrylamide gel electrophoresis.

Haemophilus influenzae type b is a major cause of bacte-
rial meningitis and other invasive infections in children
under the age of 4 years in the United States. We previously
purified and characterized the P2 protein (designated b/c by
Loeb and Smith [19]) from several H. influenzae type b
strains (25). Antibody directed against this protein has
protective activity in the infant rat bacteremic model (25).
Vachon and co-workers independently purified this protein
and demonstrated that it had porin activity in liposomes and
in planar lipid bilayer membranes (34, 35). The molecular
size limit for oligosaccharides was estimated to be approxi-
mately 1,400. To further characterize this outer membrane
protein, we cloned, expressed, and sequenced the structural
gene for P2. Recently, Hansen and co-workers also reported
the cloning of the P2 gene from another Haemophilus type b
strain; they cloned a -10-kilobase-pair (kbp) PstI fragment
on a shuttle vector and were able to express the P2 gene in
an Rd Haemophilus strain (14a). Determination of the pri-
mary sequence and expression of the P2 gene is an important
step in the characterization of this porin and in determining
the role of this protein in the pathogenesis of and immunity
to Haemophilus disease.

(This work was presented in part at the 28th Interscience
Conference on Antimicrobial Agents and Chemotherapy,
Los Angeles, Calif., 23 to 26 October 1988.)

MATERIALS AND METHODS
Bacterial strains, plasmids, and phages. H. influenzae type

b MinnA was chosen for study (1). Haemophilus type b
strains are clonally diverse, as analyzed by outer membrane
protein profiles (3) and by alloenzyme analysis (27, 28).
Strain MinnA has the outer membrane protein subtype 1H
and the electrophoretic type 1; thus, this strain is repre-
sentative of the most prevalent type b clone seen in the
United States (2, 28).
M13mpl8, M13mpl9, EcoRI-digested and phosphatase-

treated pBR322, and Escherichia coli JM101 were obtained
from New England BioLabs, Inc. (Beverly, Mass.). Agtll

* Corresponding author.

arms were obtained from Stratagene (La Jolla, Calif.) along
with E. coli LE392 and Y1088. pT7-7 and mGPI.-2 (an M13
derivative containing the phage T7 RNA polymerase gene)
were the kind gifts of Stanley Tabor (32). pGD103 was the
kind gift of Bruce Green (9).
DNA hybridization. Chromosomal DNA of H. influenzae

type b MinnA was prepared by a modification of the method
of Marmur (22). Restriction analyses were performed on
0.7% agarose gels. Enzymes were purchased from Bethesda
Research Laboratories, Inc. (Gaithersburg, Md.), or New
England BioLabs, the incubations were carried out as rec-
ommended by the vendors. Southern hybridization and
lambda plaque hybridization were performed on nitrocellu-
lose as described by Maniatis et al. (21). M13 plaque
hybridization was performed by the method of Zoller and
Smith (37). Oligonucleotides were synthesized on an Applied
Biosystems model 380B DNA synthesizer. Probes were end
labeled with [_y-32P]ATP (New England Nuclear Corp., Bos-
ton, Mass.) by using T4 polynucleotide kinase (New England
BioLabs). Hybridization was performed overnight at 42°C,
and blots were washed three times at room temperature in
2x SSC (lx SSC is 0.15 M NaCl plus 0.015 M sodium
citrate)-0.1% sodium dodecyl sulfate (SDS), dried, and
autoradiographed.

Molecular cloning. EcoRI digests of chromosomal DNA
were prepared and fractionated on sucrose gradients as
described by Clark-Curtiss et al. (8). Fractions containing
DNA fragments 1 to 2 kbp in size were pooled, and a partial
library was generated by ligation into Xgtll arms. Ligation
mixtures were packed in vitro with Packagene (Promega,
Madison, Wis.) and plate amplified in E. coli Y1088. Plaques
were screened by hybridization with the 32P-labeled oligo-
nucleotide. A single positive clone was further characterized
and contained the N-terminal portion of the P2 gene (see
below). The remainder of the gene was isolated on a PvuII
fragment of -1,600 base pairs (bp). To clone this fragment,
we isolated PvuII genomic fragments of 1 to 2 kbp by
preparative agarose gel electrophoresis by using the DEAE
paper technique (21) and cloned them directly into SmaI-
treated M13mpl8. To prepare plasmid constructs containing
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the P2 gene, we prepared the replicative form of recombi-
nant M13 phages by the alkaline-SDS method (30) and
isolated restriction fragments. Oligonucleotide-directed site-
specific mutagenesis was performed by the method of
Kunkel (16) with strains and reagents from Bio-Rad Labo-
ratories (Richmond, Calif.). Other DNA methodologies were
as described by Maniatis et al. (21) or Silhavy et al. (30).
DNA sequence analysis. DNA sequence analysis was per-

formed by the dideoxy method with the US Biochemicals
Sequenase kit as suggested by the manufacturer except that
the reaction was performed at 42°C. [35S]dATP was pur-
chased from New England Nuclear. Data were analyzed
with Compugene software (4) on a Digital VAX 8530 com-
puter. 20-mer oligonucleotide primers were generated as
necessary to complete the sequence.

Analytical techniques. P2 was purified as described previ-
ously (25). Tryptic peptides were generated and separated on
a C18 Vydac column (4.6 mm by 25 cm, no. 218TP54; The
Separations Group, Hesperia, Calif.) with an acetonitrile-
H20 gradient prepared in 0.1% trifluoroacetic acid (15, 24).
Separations were performed on a Waters system (Millipore
Corp., Itasca, Ill.) and monitored by measuring the A214. A
well-isolated peptide and the amino terminus of the purified
protein were sequenced by automated Edman degradation at
the Protein Chemistry Facility of Washington University
(14).
Western blot (immunoblot) analysis was performed to

determine whether the P2 gene was correctly reconstructed
and expressed in E. coli. Strain JM101(pRSM478) was grown
to an A6. of 0.6 in L broth containing 50 jig of ampicillin per
ml and infected with mGP1-2, an M13 phage containing T7
RNA polymerase under the control of the lac promoter, at a
multiplicity of infection of -10. Isopropyl-p-D-thiogalacto-
pyranoside was added to 1 mM. One hour later, cells were
harvested, and crude extracts were prepared by sonication
and compared with extracts prepared from uninfected
strains JM101(pRSM478) and JM101(pT7-7), the strain con-
taining the cloning vector. The protein concentrations of the
extracts were determined by the bicinchoninic acid method
(31) (BCA protein assay kit; Pierce Chemical Co., Rockford,
Ill.) in accordance with the manufacturer's instructions.
SDS-polyacrylamide gel electrophoresis was performed on
11% modified Laemmli gels as described by Lugtenberg et
al. (20). Western blot conditions were as described previ-
ously (24). Nitrocellulose was probed sequentially with
polyclonal rabbit anti-P2 antiserum (25) and alkaline phos-
phatase-conjugated goat antirabbit second antibody (Bio-
Rad).

RESULTS

Outer membrane protein P2 was purified from strain
MinnA as described previously (25), and the N-terminal
sequence was determined by sequential Edman degradation.
This sequence was reverse translated (Fig. 1). The nucleic
acid sequence possibilities were numerous, and we had no
codon usage data. Therefore, we synthesized a 23-mer
oligonucleotide probe containing three inosines (29, 33) with
a redundancy of 32. Genomic digests of MinnA DNA were
prepared and analyzed by Southern hybridization. A single
EcoRI fragment of -1.7 kbp and a single PstI fragment of
-10 kbp were observed (Fig. 2). Genomic DNA was di-
gested to completion with EcoRI, and fragments of approx-
imately 1 to 2 kbp were isolated by sucrose gradient centrif-
ugation. A library of these fragments was generated in Xgtll,
and plaques were screened by hybridization. A single posi-

10 20 30 40
AlaValValTyrAsnAsnGluGlyThrAsnValGluLeuGly

5' GCTGTTGTTTATAATAATGAAGGTACTAATGTTGAATTAGGT
C C C C C C G C C C C G G C
A A A A A A CTT A
G G G G G G C G

A
G

PROBE- 5' AATGAAGGIACIAATGTIGAATT
C G c GC

FIG. 1. N-terminal amino acid sequence of P2, possible nucleo-
tide sequences derived by reverse translation, and the oligonucleo-
tide probe used to isolate the P2 gene.

tive clone containing the 1,700-bp fragment was isolated. We
were unable to subclone this fragment into pBR322 or
pGD103, a low-copy-number plasmid vector (9). We were,
however, able to clone this fragment directly into M13mpl8.
We used the mixed oligonucleotide as a sequencing primer
and partially sequenced the EcoRI fragment. A 20-mer
oligonucleotide complementary to the newly determined
sequence was prepared. This oligonucleotide probe was
used to screen our M13mpl8 clones, and we isolated clones
which hybridized to this oligonucleotide. These clones were
partially sequenced with this oligonucleotide as a sequencing
primer. We thus were able to sequence the DNA coding for
the N-terminal portion of the protein and confirmed that we
had cloned the 5' portion of the P2 gene. The sequence of the
remainder of the portion of the EcoRI fragment containing

kb

23.1 -

9.4-
6.6-

4.4-

2.3-
2.0-

1 2 3 4
FIG. 2. Southern hybridization. Chromosomal DNA from H.

influenzae type b MinnA (1 [Lg) was digested to completion with
various restriction enzymes, electrophoresed on a 0.7% agarose gel,
transferred to nitrocellulose, and probed with the 32P-labeled mixed-
oligonucleotide probe. Lanes: 1, EcoRI digest; 2, PstI digest; 3,
PstI-PvuIl double digest; 4, PvuII digest. The positions of A HindIIl
size markers are shown in kilobase pairs (kb).
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FIG. 3. Sequencing strategy for the P2 gene. The EcoRI and PvuII fragments were cloned into M13 in both directions and sequenced by
the dideoxy method with M13 primers and 20-mer oligonucleotide primers as indicated by the arrows. The coding region for the P2 gene is
boxed; the open box represents the mature protein, and the solid box represents the signal peptide.

the N-terminal portion of the P2 gene was then completed
(Fig. 3).
To clone the remainder of the P2 gene, we required a

convenient overlapping genomic fragment containing se-
quences 3' to those determined in the EcoRI fragment.
Sequence analysis indicated that a PvuII site was located
near the N terminus of the P2 gene. We therefore analyzed
genomic DNA cut with PvuII and DNA cut with both PvuII
and PstI by Southern hybridization (Fig. 2). A PvuII frag-
ment of -1.6 kbp was observed. We estimated the P2
protein to have a molecular weight of 37,000 by SDS-
polyacrylamide gel electrophoresis (25). A protein of this
size would be coded for by a DNA fragment of approxi-
mately 1 kbp; we therefore concluded that the remainder of
the P2 gene would be obtained by cloning this PvuII frag-
ment. Genomic DNA was digested with PvuII, and 1- to
2-kbp fragments were isolated by preparative agarose gel
electrophoresis with DEAE paper. The fragments were
cloned into M13mp18, digested with SmaI, and screened by
hybridization. One clone was saved for direct sequencing.
To determine the sequence of the complementary strand, we
isolated the replicative intermediate from an independent
clone, digested it with KpnI and HindIII, and cloned it into
M13mpl9 digested with the same enzymes. The KpnI and
HindIll sites were present in the M13 multiple cloning site
but not in the insert. Thus, independent clones containing
both strands were isolated. The sequence of the remainder of
the P2 gene was then determined by sequencing these clones
(Fig. 3). Throughout the open reading frame, the sequence
was determined in both directions (Fig. 3).
The nucleotide sequence encompassing the P2 gene and

the derived amino acid sequence are shown in Fig. 4. A
single open reading frame spans nucleotides 234 through
1316. Multiple termination codons are present in all three
reading frames downstream from nucleotide 1316. The cal-
culated molecular weight of the translated protein is 39,683.
The N-terminal sequence of the purified protein corresponds
to residues 21 to 34. Thus, the protein contains a 20-amino-
acid signal peptide. The processed protein has a molecular
weight of 37,782, which agrees well with the estimate of
37,000 determined by SDS-polyacrylamide gel electrophore-
sis. A purified tryptic peptide was also sequenced; this
peptide corresponds to translated nucleotides 1056 through
1121. The derived amino acid composition of the P2 protein
was compared with the previously published composition
determined for the protein purified from the same Haemoph-
ilus strain. These comparative data were in good agreement
(Table 1) (25).
Our inability to subclone the EcoRI fragment into plasmid

vectors suggested that expression of the porin gene was
toxic in E. coli. We therefore separated the P2 gene from its

promoter and expressed the gene under the control of the T7
promoter. No convenient restriction site was available be-
tween the ATG start and the putative upstream promoter.
Therefore, the M13 phage containing the 1,700-bp EcoRI
fragment (designated mP2A, Fig. 5) was subjected to oligo-
nucleotide-directed mutagenesis. An NdeI site was created
at nucleotides 231 to 236. Clones containing this NdeI site
were identified and confirmed by DNA sequence analysis. A
replicative form was isolated from one clone (designated
mP2A1). The double-stranded intermediate was treated se-
quentially with EcoRI and NdeI. The fragment of -600 bp
containing the N-terminal portion of the P2 gene was cloned
into pT7-7 cut with the same restriction enzymes; ligation
mixtures were transformed into E. coli LE392, and ampicil-
lin-resistant clones were isolated. Plasmids were isolated
and characterized by restriction analysis; the plasmid desig-
nated pRSM432 had the predicted restriction pattern and
was retained. The portion of the P2 gene 3' to the EcoRI site
was isolated as an EcoRI-PstI fragment from the replicative
form of an M13 clone containing the PvuII fragment (desig-
nated mP2B). This fragment was ligated into EcoRI-PstI-
treated pRSM432 and transformed into E. coli JM101. Plas-
mids were prepared from several ampicillin-resistant strains,
and those containing the complete P2 gene were identified by
restriction analysis. Expression of the P2 gene was analyzed
in several strains which contained plasmids with the correct
restriction pattern. As the genetic construction was designed
to place the P2 gene under the control of the T7 promoter,
we infected these strains with an M13 phage containing the
T7 RNA polymerase gene. During infection, the T7 RNA
polymerase was synthesized and transcripts were produced
downstream from the T7 promoter. Extracts were prepared
from cells after 1 h of infection and analyzed for P2 protein
by Western blotting. The full-sized P2 protein was produced
in these constructs. Western blot analysis of JM101
(pRSM478) is shown in Fig. 6. Surprisingly, P2 protein was
detectable in the absence of T7 RNA polymerase, indicating
some E. coli promoter activity upstream of the P2 gene.
Western blots of extracts of JM101(pT7-7) were negative
(data not shown), indicating that the observed activity was
not due to a cross-reactive E. coli protein. DNA sequence
analysis of the 5' portion of pRSM478 confirmed that the
genetic construction was correct. The sequence has been
submitted to GenBank/EMBL; the accession number is
J03359.

DISCUSSION

Outer membrane antigens of H. influenzae type b are
possible components of future vaccines (13). Both protein
and lipooligosaccharide epitopes have been demonstrated on
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10 20 30 40 50 60 70
TTTTTCGATACCTAAAMTATTTATAGGTAATACTTAAACCTAAAACAGAATAAAAAATMTCAAATTCA

80 90 100 110 120 130 140
TTAAAAAATGTGATCTCGATCAGATTTCAAGAAAATTAAAATTTTGGAGTATTGACATCAAAATTTTTTT

150 160 170 180 190 200 210
GTAAAGATGCAGACCGTCCATTCTGGCGATTGGACAATTCTATTGGAGAAAAGTTCAATCATAGA4GTA

220 230 240 250 260 270 2bC
AACAACCATAAGGAATACAAATTATGAAAAAAACACTTGCAGCATTAATCGTTGGTGCATTCGCAGCTTC

-ietLysLysThrLeuAlaAlaLeuIleValGlyAlaPheAlaAlaSe

290 300 310 320 330 340 350
AGCAGCAAACGCAGCTGTTGTTTATAACAACGAAGGGACTAACGTAGAATTAGGTGGTCGTTTAAGCATT
rAlaAlaAsnAlaAlaValValTyrAsnAsnGluGlyThrAsnValGluLeuGlyGlyArgLeuSerIle

PvuII

360 370 380 390 400 410 420
ATCGCAGAACAAAGTAATAGCACTGTAGATAATCAAAAACAGCAACACGGTGCATTACGCAATCAAGGTT
IleAlaGluGlnSerAsnSerThrValAspAsnGlnLysGlnGlnHisGlyAlaLeuArgAsnGlnGlyS

430 440 450 460 470 480 490
CACGTTTCCACATTAAAGCAACTCATAACTTCGGTGATGGTTTCTATGCACAAGGTTATTTAGAAACTCG
erArgPheHisIleLysAlaThrHisAsnPheGlyAspGlyPheTyrAlaGlnGlyTyrLeuGluThrAr

500 510 520 530 540 550 560
TTTTGTTACAAAAGCCTCTGAAAACGGTTCAGATAACTTCGGTGATATTACAAGCAAATATGCTTATGTT
gPheValThrLysAlaSerGluAsnGlySerAspAsnPheGlyAspIleThrSerLysTyrAlaTyrVal

570 580 590 600 610 620 630
ACTTTAGGAAATAAAGCATTCGGTGAAGTAAAACTTGGTCGTGCGAAAACTATTGCTGATGGCATAACAA
ThrLeuGlyAsnLysAlaPheGlyGluValLysLeuGlyArgAlaLysThrIleAlaAspGlyIleThrS

640 650 660 670 680 690 700
GTGCAGAAGATAAAGAATATGGCGTTCTCAACAATAGTGACTATATTCCTACTAGTGGTAATACCGTTGG
erAlaGluAspLysGluTyrGlyValLeuAsnAsnSerAspTyrIleProThrSerGlyAsnThrValGl

710 720 730 740 750 760 770
CTATACTTTTAAAGGTATTGATGGTTTAGTATTAGGCGCTAATTATTTATTAGCACAAAAGCGTGAGGGT
yTyrThrPheLysGlyIleAspGlyLeuValLeuGlyAlaAsnTyrLeuLeuAlaGlnLysArgGluGly

FIG. 4. Complete nucleotide and derived amino acid sequences
of the P2 gene and DNA sequences 5' and 3' to the coding region.
Sequences of interest are underlined. The putative ribosome-binding
site corresponds to nucleotides 220 to 224. A single open reading
frame is present (nucleotides 234 to 1316). The N-terminal sequence
of the purified protein and the sequence of a tryptic peptide are
underlined. A putative transcriptional terminator is also underlined
(nucleotides 1349 to 1372). The PvuII and EcoRI sites and an
internal XbaI site are indicated.

780 790 800 810 820 830 840
GCAAAAGGTGAAAATAAGCGGCCTAATGATAAGGCTGGTGAAGTACGTATAGGTGAAATCAATAATGGAA
AlaLysGlyGluAsnLysArgProAsnAspLysAlaGlyGluValArgIleGlyGluIleAsnAsnGlyI

Eco

850 860 870 880 890 900 910
TTCAAGTTGGTGCAAAATATGATGCAAACGACATCGTTGCAAAAATTGCTTATGGTAGAACTAACTACAA
leGlnValGlyAlaLysTyrAspAlaAsnAspIleValAlaLysIleAlaTyrGlyArgThrAsnTyrLy
RI

920 930 940 950 960 970 980
ATATAACGAATCTGACGAGCATAAACAGCAATTAAATGGTGTATTAGCAACTTTAGGCTATCGTTTTAGT
sTyrAsnGluSerAspGluHisLysGlnGlnLeuAsnGlyValLeuAlaThrLeuGlyTyrArgPheSer

990 1000 1010 1020 1030 1040 1050
GATTTAGGCTTATTAGTGTCTCTAGATAGTGGCTATGCAAAAACTAAAAACTATAAAATTAAACACGAAA
AspLeuGlyLeuLeuValSerLeuAspSerGlyTyrAlaLysThrLysAsnTyrLysIleLysHisGluL

XbaI

1060 1070 1080 1090 1100 1110 1120
AACGCTATTTCGTATCTCCAGGTTTCCAATATGAATTAATGGAAGATACTAATGTCTATGGCAACTTCAA
ysArgTyrPheValSerProGlyPheGlnTyrGluLeuMetGluAspThrAsnValTyrGlyAsnPheLy

1130 1140 1150 1160 1170 1180 1190
ATATGAACGCACTTCTGTAGATCAAGGTGAAAAAACACGTGAACAAGCAGTATTATTCGGTGTAGATCAT
sTyrGluArgThrSerValAspGlnGlyGluLysThrArgGluGlnAlaValLeuPheGlyValAspHis

1200 1210 1220 1230 1240 1250 1260
AAACTTCACAAACAACTATTAACCTATATTGAAGGTGCTTACGCTAGAACTAGAACAACTGAGACAGGTA
LysLeuHisLysGlnLeuLeuThrTyrIleGluGlyAlaTyrAlaArgThrArgThrThrGluThrGlyL

1270 1280 1290 1300 1310 1320 1330
AAGGCGTAAAAACTGAAAAAGAAAAATCAGTGGGTGTAGGTTTACGCGTTTACTTCTAATCATTTGTTAG
ysGlyValLysThrGluLysGluLysSerValGlyValGlyLeuArgValTyrPhe

1340 1350 1360 1370 1380 1390 1400
AAATACATTATTAAAAGCAAGGCGAATCGAAAGATTCGCTTTTTTTGCTCAAAATCAAGTTAAAAAATGA

1410 1420 1430 1440 1450 1460 1470
TTAAGTTAAAAGTGTATAAATATTTAGGCTATTTTATAAGTAACAAAATATTAATAAAAAATCTGTGACA

1480 1490 1500 1510 1520 1530 1540
TATATCACAGATTTTTAAATCAATTAACTATTTAAGTGTTTACTATTAATTCTCTTTCCACTTTCCGTTT

1550 1560 1570 1580 1590 1600 1610
ACTACTGTGCCGATTACTTGGTAATTTGGCGTAAACACGGCTAAGTTTGCTATCTTACCTTTTTCTACCG

1620 1630 1640 1650 1660 1670 1680
AACCTAAACGATCATCTATACCAATTGCTCGTGCAGGATAAAGGTTACTCATTCTAATGGCTTCCGCAAA

1690 1700 1710 1720 1730 1740 1750
GAGGAATTTCAACATATTCTACCGCATTTTTAATAGATTCCATCATTGTGATTGATGCCCCTGCAATTGT

1760 1770 1780 1790 1800 1810 1820
GCCATTTGCATCATAGCAACGCCCTTCTTTGATATAAATTGTTTTTCCTACAAAGGTAAAACTTTCTAGT

1830 1840 1850 1860 1870 1880 1890
TCTGGCGGTGCGCCTGCAGGGG

PstI
PvuII/SmaI

the surfaces of intact cells, and antibodies against certain
outer membrane proteins and lipooligosaccharide epitopes
have been shown to be protective in an infant rat bacteremic
model. We have demonstrated that an antibody directed
against the P2 protein is protective in an infant rat bacte-
remic model (25). Recently, Murphy and Bartos (26) isolated
a monoclonal antibody directed against the P2 protein of a
nontypeable Haemophilus isolate. This antibody recognizes
a surface-exposed epitope and has in vitro bactericidal
activity.
Vachon and co-workers (34, 35) demonstrated that the P2

protein has porin activity both in liposome preparations and
in planar lipid bilayer membranes. Liposomes containing P2
were permeable to oligosaccharides, and an estimate of the
Mr exclusion limit of approximately 1,400 was determined.
Bums and co-workers (6) demonstrated that certain chlor-
amphenicol-resistant strains lack a major protein with an Mr
of approximately 40,000, possibly P2. Presumably, the resis-
tance of these strains to chloramphenicol was due to changes
in outer membrane permeability.
To further characterize the protein, we attempted to

isolate the structural gene for P2. We were unable to detect
clones expressing P2 in our XEMBL3 libraries, libraries

which contained the genes for outer membrane proteins P1
(24) and P6 (M. B. Nelson, M. A. Apicella, J. P. Molleston,
R. S. Munson, Jr., and T. F. Murphy, Program Abstr. Annu.
Meet. Am. Soc. Microbiol. 1988, D69, p. 82). We therefore
concluded that the expression of the P2 gene was toxic and
that the clones of interest were deleted from the library. We
reasoned that it should be possible to isolate portions of the
gene by screening a library of small DNA fragments with an
oligonucleotide probe. A mixed-oligonucleotide probe which
corresponded to the reverse-translated N-terminal sequence
was prepared. We isolated an EcoRI fragment containing the
N-terminal portion of the P2 gene in Xgtll and cloned the
remainder of the P2 gene as a PvuII fragment. The gene was
then reconstructed and expressed in the T7 expression
vector pT7-7. Similar strategies were used by Carbonetti and
Sparling (7) and by Gotschlich et al. (12) for the cloning of
the porin genes from Neisseria gonorrhoeae. Carbonetti and
Sparling also expressed the gonococcal porin gene in a T7
expression system.
The sequences 5' and 3' to the coding region were ana-

lyzed. Surprisingly, the portion of the sequence 5' to the
coding region contains no strong consensus promoter se-
quence (23) and no open reading frame. A putative ribo-
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TABLE 1. Comparison of the amino acid composition of the P2
protein with the derived composition of the P2 protein

from DNA sequence data

Data from:

Residue Derived amino acidsequence Acid hydrolysate
(mol%)'

No. Mol%

Ala 24 7.0 7.7
Arg 16 4.7 4.7
Asn 25 7.3
Asp 17 5.0
Asx 12.6
Cys 0 0 NDC
Gln 14 4.1
Glu 24 7.0
Glx 11.7
Gly 40 11.7 12.2
His 7 2.0 2.1
Ile 15 4.4 5.9
Leu 24 7.0 8.4
Lys 30 8.8 8.8
Met 1 0.3 0.1
Phe 13 3.8 3.1
Pro 3 0.9 0.6
Ser 17 5.0 5.2
Thr 24 7.0 6.9
Trp 0 0 ND
Tyr 23 6.7 4.5
Val 24 7.0 5.3

a Data are for purified P2 from strain MinnA (25).
b Sum of values for Asn and Asp.
c ND, Not determined.
d Sum of values for Gln and Glu.

94k- _
67k- e*"-f

144k-

1 2 3 4 5
FIG. 6. Western blot analysis of JM101(pRSM478). Lanes 1 and

2 contain india ink-stained molecular weight markers (lane 1) and a
detergent-insoluble fraction enriched in outer membrane proteins
from H. influenzae type b MinnA (5 p.g) (lane 2). Lanes 3 to 5
contain 20 jig of sonicate from the following strains and were
developed immunologically with anti-P2 antiserum: H. influenzae
type b MinnA (lane 3), JM101(pRSM478), uninduced (lane 4), and
JM101(pRSM478), induced for 1 h by infection with mGP1-2 (lane
5). k, Kilodaltons.

some-binding site, AAGG, is located 9 bases upstream from
the translational start site (11). Several potential factor-
independent transcriptional terminators were identified
downstream from the translational termination site. The
strongest transcriptional terminator, as determined by the

lactamase)

ColE1
origin BgIJI

mP2AI - mP2A

EcoRI EcoRI EcoRI EcoRI

*/ Nd PvuII PvuII

FIG. 5. Reconstruction of the P2 gene. The M13 phage containing the -1,700-bp EcoRI fragment (mP2A) was subjected to oligonucle-
otide-directed mutagenesis to create an NdeI site at codons 231 to 236. This phage was designated mP2A1. A replicative form of mP2A1 was
isolated, and the fragment of -600 bp containing the N-terminal portion of the P2 gene (hatched bars) was cloned into pT7-7 to create
pRSM432. The -1-kbp EcoRI-PstI fragment containing the 3' portion of the P2 gene (solid bars) and approximately 500 bp 3' to the gene (open
bars) was obtained from the replicative form of mP2B, the M13 phage containing the PvuIl fragment, and cloned into pRSM432 to create
pRSM478. Vector sequences are shown as lines. The position of the P2 gene and the direction of transcription from the T7410 promoter are
shown by arrows.

INFECT. IMMUN.

.4;.'..-

43k-
410,

30k XI
ob

_MI ..... _



OUTER MEMBRANE PROTEIN P2 OF H. INFLUENZAE TYPE b 93

algorithm of Brendel et al. (5), was localized to two regions
of overlapping diad symmetry spanning bases 1349 through
1372. Three other potential terminators were localized be-
tween bases 1400 and 1600.
The derived amino acid sequence of the protein was

determined. The N-terminal sequence was determined
chemically'and corresponds to amino acid residues 21 to 34.
The 20-amino-acid signal peptide shares many structural
features with other procaryotic signal peptides (36). Lysine
is present as the second and third amino acids. The posi-
tively charged, hydrophilic N terminus is followed by a
stretch of hydrophobic residues. Alanine is present at resi-
dues 18 and 20 (positions -1 and -3 of the mature protein).
Alanine is also present at positions -1 and -3 of the H.
influenzae type b outer membrane protein P1 signal peptide
(24) and is a common feature of many procaryotic signal
peptides (36). The derived amino acid composition of the
protein is in good agreement with data obtained from acid
hydrolysates of the purified protein. The P2 protein contains
one methionine, consistent with the previously observed two
cyanogen bromide peptides (25). The protein is also notable
for the absence of cysteine and tryptophan.
The sequence was compared with the available sequences

in the National Biomedical Research Foundation library
Protein Sequence Database (Release 14, Protein Identifica-
tion Resource, 1987) by using FASTP software (18). The
sequence was also compared with the two published gono-
coccal porin sequences by using the algorithm of Lipman
and Pearson (18). The overall homology between P2 and
other porn proteins was low, 20% or less. No transmem-
brane domains were apparent when the sequence was ana-
lyzed by the hydropathy method of Kyte and Doolittle (17)
or by the method of Engelman et al. (10). However, struc-
tural features similar to those seen in the E. coli OmpF porin
were discernible by comparison of the Kyte-Doolittle plots.
The cloned P2 gene will be used to map the surface-

exposed epitopes of the protein. Current studies are also
directed toward overexpression and purification of the
recombinant antigen for immunogenicity and functional
studies.
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