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FIG. 1. Autoradiogram of an immunoelectrophoretic transfer of reduced and alkylated gonococcal OMs and OMP-MCs focused using
narrow-range ampholines (pH 7 to 9). All lanes were developed with a 1:20,000 dilution of anti-2686 OMP-MC serum. The pH gradient was
determined after elution of slices of the focused gel not containing sample.

contained both 3H and 14C labels. Single-label controls
counted under dual-label conditions showed that this coinci-
dence was not due to spillover during counting.

Within each run, the ratio of 3H to 14C was essentially
constant (Table 2); however, variation from this ratio was
observed for occasional peaks (e.g., the peak around frac-
tion 80). This variation may have resulted from the gain or
loss of a peptide component from the test strain relative to
strain 2686. In addition, subtle variations within peaks were
observed in which the migration of the 3H component was
slightly offset from that of the 14C component. Such occa-
sional lack of absolute comigration of peptides could result
from minor differences in peptide amino acid composition,

TABLE 1. Incorporation of L-[4,5-3H]lysine into OMP-MC

dpma incorporated into: OMP-MC as % of:
Strain

Envelopes' OM OMP-MC Envelopes OM
2686 31.34 7.97 0.81 2.6 10.1
8038 40.98 7.51 0.79 1.9 10.4
8035 42.94 NDc 1.59 3.7
7502 77.40 ND 1.80 2.3
1342 65.47 ND 1.93 2.9
1291 52.62 ND 2.03 3.8
a Values are dpm x 106 incorporated into material precipitable in

10% TCA.
b Envelopes are inner plus outer membranes.
c ND, Not determined.

differences that were insufficient to allow separation into
discrete peaks under the chromatographic conditions used.
However, in no instance was a discrete peak observed that
contained only one radiolabel; this observation reinforces
the existence of a high degree of homology of peptide
structure among OMP-MCs from diverse strains.

Dansylation. Preliminary experiments done with a set of 20
stock amino acids and with proteins of known amino termini
verified the utility of the dansylation procedure and estab-
lished the best chromatographic conditions. Less than 0.5
nmol of an individual DNS-amino acid spotted on a poly-
amide sheet was easily detectable. The expected DNS-
amino acid was observed for each of the test proteins:
chymotrypsinogen A (cysteine), avidin (alanine), and lyso-
zyme (lysine).

Identical dansylation and chromatographic procedures
were performed on freshly isolated, reduced, and alkylated
OMP-MC of the six test strains. Each analysis of the purified
OMP-MC samples yielded DNS-glycine as the sole amino-
terminal amino acid; e-DNS-lysine was also observed due to
labeling of internal lysine residues. A non-protein-containing
sample processed in the same manner yielded no labeled
amino acids, even when 10 times more sample volume was
loaded onto the polyamide sheet than for the protein-
containing samples.
Amino acid sequencing. The amino-terminal amino acid

sequences of OMP-MC from strains 2686 and 1342 are
presented in Fig. 3. Determination of the entire first 20
amino acids from strain 1342 was hindered for technical

2.95

-6.60

e -726

-7.52

pH
-7.75

-8.07

-8.40

-8.60

-8.80

...... 4-

IiWoll "O'A"
-W m;:-41- .:1,

INFECT. IMMUN.

.0. .: ::.:

 on O
ctober 31, 2020 by guest

http://iai.asm
.org/

D
ow

nloaded from
 



STRUCTURAL CONSERVATION OF OMP-MC 843

x

a-
j

Z<T
IF

3-

26 t0 ION 120 160 III 220

FIG. 2. Tryptic peptide maps of L-[4,5-3H]lysine-labeled OMP-MC from strains (A) 7502, (B) 1291, (C) 1342, and (D) 8035; each 3H-labeled
protein was codigested and cochromatographed with L-[U-14C]lysine-labeled OMP-MC from strain 2686. Chromatography conditions are

described in the text.

reasons. Several points can be made from these data. First,
the identity of the amino-terminal residue was confirmed as
glycine. Second, the presence of a single sequence indicates
that (i) all 76-kd subunits comprising the native complex are
identical or (ii) if nonidentical subunits are present, only one
molecular form possesses a free (unblocked) amino termi-
nus, making it available for sequencing. Third, no differ-
ences in amino acid sequence among the nine comparable
positions were observed between the proteins isolated from
strains 2686 and 1342; this reinforces the homology of
peptide structure observed by tryptic peptide mapping.
Computer-assisted analysis of the sequence of the first 18
amino acids of OMP-MC from strain 2686 was performed by
P. Davidson, Department of Biology, Indiana University,
Bloomington. Comparison of this sequence with 1,993 se-

quences (containing 330,893 residues) in the Protein Se-
quence Database from the Atlas of Protein Sequence and
Structure indicated that no protein exhibited homology at
more than 7 of the 18 positions (less than 39% homology). Of
the nine proteins that shared seven homologous residues,
none was a bacterial membrane protein and none of the
homologous regions were at or near the amino termini.
These data suggest that OMP-MC is unrelated to previously
sequenced proteins.

DISCUSSION
The outer membrane of N. gonorrhoeae contains relative-

ly few protein species, with two or three accounting for
greater than 75% of the total protein mass (23). These

proteins, whose location in the OM favors their interaction
with host cells and soluble components, have been shown to
be immunoreactive. Serological examinations have demon-
strated that degrees of heterogeneity exist among these
proteins isolated from diverse strains. Similarly, biochemical
analyses have shown marked degrees of diversity of peptide
profiles of these various proteins.
As the most abundant OM protein species, PI of the

gonococcus is a non-heat-modifiable, deoxycholate-insolu-
ble protein (8, 26) that varies in app. mol. wt. among strains
(17, 32). At least three distinct species of PI have been
demonstrated based on protease sensitivity, SDS-polyacryl-
amide gel electrophoresis migration, and two-dimensional
peptide mapping (1, 3, 29). Pll is a family of heat-modifiable
proteins of varying app. mol. wt. associated with the opacity

TABLE 2. Ratio of 3H to 14C dpm for representative major
tryptic peptide peaks resolved by HPLC

Ratio' for peak at approx. fraction no.:
Strain

15 66 72 80 90 130 146 176

7502 34 30 37 57 28 35 40 38
1291 41 43 39 69 49 43 38 42
1342 25 34 29 53 26 28 32 28
8035 41 32 42 86 42 46 44 46

a Ratio =

SUM Of 3H dpm within peak for OMP-MC of the indicated strain
SUM Of 14C dpm within peak for OMP-MC of strain 2686
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Position 1 10 15 20

2686 OMP-MC GLY ASN ILE THR ASP ILE LYS VAL SER ASP LEU PRO ASN LYS GLN LYS ILE VAL LYS

1342 OMP-MC GLY ASN ILE ASP ILE LYS VAL SER LEU

FIG. 3. Amino-terminal amino acid sequence of OMP-MC from strains 2686 and 1342. A blank indicates that no PTH amino acid was
identified at that position.

properties of gonococci (9, 26, 28); multiple species of PII
may exist in a particular gonococcal strain (17, 18, 32).
Despite the appearance of some apparently common pep-
tides, considerable differences in peptide profiles exist
among PIls of different strains and among multiple Plls
present in a single strain (9, 30). PIII is an apparently
conserved protein that exists in the OM as a heteropolymer
with PI (20, 22). PIII is a non-heat-modifiable protein found
in all strains that exhibits an increase in app. mol. wt. after
treatment with reducing agents (3, 20, 31). Strikingly similar
peptide maps are observed upon examination of Plll from
diverse strains (2, 12, 13). The identification of OMP-MC as
a major protein component of the gonococcal OM (23)
prompted investigations into the extent of structural conser-
vation and subunit composition of this protein complex.
IEF is a technique that provides a sensitive means for

comparing proteins based on structural and compositional
differences. For example, Terhorst et al. (33) were able to
differentiate two ribosomal proteins that differed solely on
the basis of the presence or absence of an acetyl moiety on
the alpha amino group of the amino terminal serine. Serolo-
gical detection of the 76-kd subunit of OMP-MC after
focusing revealed a pattern of restricted heterogeneity at a pl
of 7.6; this isoelectric point was common to OMP-MC from
all strains examined and independent of the degree of purity
of the applied samples. The restricted pattern indicates that
all of the subunits of OMP-MC share the same pl; thus, if
OMP-MC exists as a heteropolymer of two (or more) differ-
ent forms of the 76-kd subunit, each form must be similar
enough in composition to share pl. Furthermore, the consist-
ency of focusing behavior of OMP-MC from each of the test
strains indicates that strain-to-strain differences in composi-
tion (if any) must be minimal.
Analyses of peptides generated by tryptic digestion of

OMP-MC indicated that all strains tested displayed remark-
ably similar peptide profiles. The use of a dual intrinsic
radiolabel design allowed OMP-MC from each of the test
strains to be compared to a common internal standard. Such
a design overcomes problems associated with differences in
degrees of digestion and variations in chromatographic con-
ditions that may occur when proteins are examined individ-
ually. For example, extrinsic labeling with oxidative iodin-
ation methods could result in different proteins being labeled
at different positions and to different degrees (e.g., mono-
versus diiodotyrosine), leading to variations in peptide chro-
matographic behavior. Biosynthetic labeling with L-lysine
ensured that each lysine-containing peptide would be labeled
to the same degree and, since trypsin cleaves on the carbox-
yl side of lysine residues, each tryptic peptide should contain
only one labeled residue. Despite the high resolving power of
reverse-phase HPLC, all OMP-MC peptide peaks contained
both 3H and 14C radiolabels in approximately constant ratios
within each run. This finding indicates that tryptic cleavage
sites are conserved in OMP-MC and that any differences in
tryptic peptide compositions are of insufficient magnitude to
preclude coelution of homologous peptides.

Amino-terminal analyses, both by DNS-Cl and amino acid

sequencing, indicated that OMP-MC from all strains tested
shared common features. Glycine was determined to be the
terminal amino acid of OMP-MC from each strain. Despite
the ubiquity of glycine as a potential environmental contami-
nant, the absence of DNS-glycine upon analyses of proteins
with known amino termini and sham controls validated the
results for OMP-MC. The identity of the amino terminus of
OMP-MC was confirmed for two strains by amino acid
sequencing. The presence of a single amino-terminal amino
acid and a single amino acid sequence complements the
conclusion drawn from IEF that the 800-kd complex is a
homopolymer formed of 10 to 12 identical 76-kd subunits.
Furthermore, these data strengthen the conclusion that
OMP-MC is structurally conserved among diverse strains of
gonococci. Where comparisons could be made, no difference
in amino acid sequence was observed for OMP-MC from
strains 2686 and 1342. Although these results are indicative
of conservation of structure, extension of sequence analyses
at the protein and/or nucleic acid level is necessary to
determine the precise degree of homology.
Of the gonococcal OM proteins examined to date, only

PIII exhibits structural conservation comparable to that
observed for OMP-MC. Peptide maps generated from Plll
labeled either in solution or on the surface of intact cells
demonstrated a high degree of structural conservation (12,
13). In contrast, both PI and Pll demonstrated marked
variability of peptide maps in strain-to-strain comparisons
(9, 12, 13, 29, 32, 34); this variability was most evident when
the proteins were labeled on the surface of intact organisms,
suggesting that the exposed portions of these proteins are the
repositories of the unique structural moieties (9, 13). This
conclusion is further supported by serological studies. PI can
be segregated into nonoverlapping serogroups (1, 4, 11, 20);
a similar pattern may hold true for PII (W. J. Newhall V,
L. B. Mail, C. E. Wilde III, and R. B. Jones, manuscript in
preparation). Although PII may be antigenically conserved
(20), its serological independence may be overshadowed by
its close physical association with PI (20, 22).
The structural characterization of OMP-MC reveals

marked conservation of peptide structure; this result com-
plements recent serological investigations which demon-
strated a high degree of cross-reactivity among OMP-MC
from diverse strains of gonococci (Hansen and Wilde, in
preparation). OMP-MC is a major, surface-exposed compo-
nent of the outer membrane of N. gonorrhoeae; the degree
of structural and serological conservation shown by this
complex is uncommon among gonococcal OM antigens and
suggests a possible role for OMP-MC in immunoprophy-
laxis.
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