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Role of Lipopolysaccharide in Wheat Germ Agglutinin-
Mediated Agglutination of Neisseria meningitidis and

Neisseria gonorrhoeae
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Wheat germ agglutinin, having specificity for N-acetyl glucosamine, agglutin-
ated known nonencapsulated Neisseria meningitidis strains, but failed to agglu-
tinate encapsulated strains of all serogroups tested. Presence of a capsule, there-
fore, blocked wheat germ agglutinin agglutination of N. meningitidis strains. In
contrast, Neisseria gonorrhoeae strains were strongly agglutinated, providing
additional evidence for nonencapsulation of N. gonorrhoeae. Purified lipopoly-
saccharide from a single N. meningitidis strain specifically blocked wheat germ
agglutinin agglutination of all N. meningitidis and N. gonorrhoeae strains tested.
Thus, in absence of capsular polysaccharide wheat germ agglutinin agglutinates
Neisseria strains through interaction with lipopolysaccharide in the outer mem-
brane. Of 34 nongroupable throat N. meningitidis isolates, 10 failed to agglutinate
in wheat germ agglutinin, suggesting that at least some nongroupable N. menin-
gitidis strains may possess capsule-like materials.

Approximately 50% of Neisseria meningitidis
isolates recovered from carriers are not sero-
groupable (2, 6). The nongroupable strains have
been divided into those that are saline-agglutin-
able, those that do not agglutinate in either
saline or group-specific antisera, and those that
agglutinate in multiple-grouping sera (4). When
examined by the antiserum agar method for
serogroup identification, strains representing
each of these agglutination patterns remained
nongroupable (3). Most of the nongroupable
strains presumably lack a capsular polysaccha-
ride.

It has not been possible to subdivide Neisseria
gonorrhoeae into serogroups comparable to
those of N. meningitidis. Although six antigen-
ically different lipopolysaccharide (LPS)-de-
rived acidic polysaccharides have been isolated
from different strains of N. gonorrhoeae (1),
there are no reports of true capsular polysaccha-
rides from this organism.

Schaefer et al. (13) reported that wheat germ
agglutinin (WGA) could specifically identify iso-
lates of N. gonorrhoeae recovered from the gen-
ital-urinary tract. WGA is specific for N-acetyl
glucosamine, and this compound specifically
blocks the WGA-mediated agglutination of gon-
ococcal strains (13). Both gonococcal and men-
ingococcal LPS contain large amounts of N-ace-
tyl glucosamine (8, 15). The present study shows
that N. meningitidis and N. gonorrhoeae strains
were agglutinated by WGA through binding of
WGA to LPS and that the agglutination was

blocked by the presence of a capsule. Nongroup-
able throat isolates of N. meningitidis were ex-
amined for agglutination in WGA and most, but
not all, agglutinated and were, therefore, pre-
sumably nonencapsulated.

MATERIALS AND METHODS
Strains and growth conditions. Meningococcal

strains used in these studies with M-prefixes were
prototype strains (5), those with CL-prefixes were
recovered from healthy carriers (2), and those with
BB-prefixes were submitted to our laboratory for iden-
tification. The strains were grown overnight on brain
heart infusion agar (Difco Laboratories, Detroit,
Mich.) containing 1% normal horse serum. Nonencap-
sulated variants were selected from parent strains as
naturally occurring mutants by use of antiserum agar
(3). The gonococcal control strains used were 2686 and
two isolates received from the reference collection of
King Holmes, Seattle, Wash.

Agglutination and inhibition of agglutination.
The agglutination procedure was that of Schaefer et
al. (13) using WGA from Tritcum vulgaris (Sigma
Chemical Co., St. Louis, Mo.) at a concentration of 62
fig/ml. N-acetyl glucosamine (Sigma) at 10 mg/ml in
0.05 M phosphate-buffered saline, (PBS; pH 7.4) was
used to specifically inhibit the agglutination reaction.
The quantitative inhibition test was performed in U-
well microtitration plates using protein-free LPS, as
determined by amino acid analysis. The LPS was
prepared by detergent solubilization from outer mem-
brane material from a known nonencapsulated strain
(M986-NCV-1) and from strain M981 (7). The LPS
was then dissolved in distilled water and diluted in
twofold serial dilutions from 2,500 to 10 dg/ml. Twenty
microliters of each LPS dilution was combined with
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20 pl of 62-ug/ml WGA in PBS followed immediately
with 20 pl of organisms in PBS. The plates were tapped
gently to mix the contents and read with the aid of a

dissecting microscope as soon as maximal agglutina-
tion had occurred in the controls (2 to 4 min). The
concentration of LPS causing ca. 50% inhibition was

determined.
Three WGA-agglutinable meningococcal strains

were treated with Clostridium perfringens neuramin-
idase (Sigma). Approximately 5 x 109 organisms in 1
ml of 0.10 M sodium acetate buffer (pH 5.5) in 0.05 M
NaCI were treated with 0.5 U of neuraminidase for 60
min at 37°C, pelleted, and suspended in 1 ml of PBS.

RESULTS
In a preliminary experiment to confirm that

encapsulated strains ofN. meningitidis were not
agglutinated by WGA, 24 serogroupable isolates
were examined (Table 1). None of the encapsu-

lated organisms was agglutinated by the lectin.
The assumption was made that nonencapsu-

lated N. meningitidis strains have N-acetyl glu-
cosamine groups exposed on their surface and
would, therefore, be agglutinated by the WGA.
This was tested by comparing the reactivity of
six encapsulated parent strains with their non-

encapsulated variants (Table 2). All six of the
nonencapsulated variants were strongly agglu-
tinated by the WGA. Thus, presence of a cap-

sular polysaccharide blocked WGA-mediated
agglutination.

It has been assumed that most nongroupable
N. meningitidis isolates are not serogroupable
due to absence of a capsular polysaccharide. We,
therefore, examined 34 randomly selected non-

groupable throat isolates recovered from healthy
carriers (2) for agglutinability by WGA (Table
1). A total of 17 strains were agglutinated by
WGA, and an additional 7 strains, some ofwhich
appeared to aggregate to a greater extent in the

TABLE 1. Comparison ofgroupable and
nongroupable meningococcal strains for

agglutination by WGA
WGA ag- PBS ag-

No. of glutinated glutin-
Serogroup strains (no. of ated" (no.

strains) of strains)

B 8 0 0
C 4 0 0
X 3 0 0
Y 3 0 0
W135 3 0 O

29E 3 0 0
Nongroupable 34 17 7
Gonococci 3 3 0

a Those strains which autoagglutinated in PBS were

not counted among the strains that were agglutinated
by WGA.

TABLE 2. Reactivity of WGA with known
nonencapsulated meningococcal strains

Agglutination of strain'
Serogroup

Strain of parent Parent Variant
strain

WGA PBS WGA PBS

S-4185 A - - 3+ -

M136 B - - 3+ -

M981 B - - 4+ -

M986 B - - 4+ -
BB-119 B - - 4+ -

BB-92 Y - - 4+ -

a The extent of agglutination graded from - (nega-
tive) to 4+ (very strong).

presence of WGA, agglutinated in PBS. None of
the six noncapsular variants were saline agglu-
tinable (Table 2), yet 20% of the nongroupable
throat isolates were saline agglutinable. Ten of
the nongroupable strains (29%) failed to agglu-
tinate in the WGA. These strains were reexam-
ined by antiserum agar for reactivity with A, B,
C, Y, W135, and 29E sera, and by slide aggluti-
nation for reactivity with X and Z sera. Ail 10
strains remained nongroupable. LPS was pre-
pared from 8 of these 10 strains, examined for
glucosamine content, and found to contain the
expected amounts of glucosamine (data not
shown).
The specificity of the WGA agglutination was

examined for six of the WGA-positive strains.
The only meningococcal cell surface component
known to contain glucosamine is the LPS (12).
Ail meningococcal LPSs thus far examined con-
tain 10 to 15% glucosamine by weight (C. M.
Tsai and C. E. Frasch, unpublished data). Highly
purified LPS from two different N. meningitidis
strains at 5 mg/ml completely blocked WGA-
mediated agglutination of both meningococcal
and gonococcal strains. As expected, 10 mg of N-
acetyl glucosamine per mi also blocked the ag-
glutination. The minimum amount of LPS re-
quired for 50% inhibition of agglutination was
determined (Table 3). A mean of 23 ,ig of LPS
per ml was required for 50% inhibition of the six
meningococcal strains. The meningococcal LPS
at a concentration of 78 ,g/ml also blocked
agglutination of gonococcal strain 2686. When a
similar titration was done with N-acetyl gluco-
samine, more of the sugar was required for
equivalent inhibition. Neuraminidase treatment
did not abolish the agglutination of these men-
ingococcal strains by WGA, thus providing ad-
ditional evidence for the specificity of the ob-
served agglutination.
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TABLE 3. Inhibition of WGA agglutination of
meningococcal strains by M986 LPS

Amt of LPS
Agglutination *qe for

Strain without inhib- r50%irenhbir
itor' 0 nii

tion (/lg)
M981-NCV-1 2+ 10
MI36 NCV-3 4+ 10
CL-32 4+ 20
C1-318 3+ 20
CL-321 4+ 39
CL-328 2+ 39
2686' 4+ 78

The extent of agglutination graded from - (nega-
tive) to 4+ (very strong).
hStrain 2686 is a laboratory strain of N. gonor-

rhoeae.

DISCUSSION
The specific neisserial component through

which WGA interacts to effect agglutination is
most likely the LPS. Analysis of the outer mem-
branes of various meningococcal strains indi-
cates that the LPS is the only membrane com-
ponent thus far found to contain glucosamine
(14). There are eight reported LPS immuno-
types in N. meningitidis (16) and six in N. gon-
orrhoeae (1), all of which contain glucosamine,
almost certainly in the N-acetyl form (Tsai and
Frasch, unpublished data). The LPS of patho-
genic Neisseria, like that of Enterobacteriaceae
species, contains both a lipid A region and a
polysaccharide region. The polysaccharide re-
gions of N. meningitidis and N. gonorrhoeae are
devoid of the long O-polysaccharide chains char-
acteristic of smooth LPS (12) and are composed
of four sugars: glucose, galactose, glucosamine,
and heptose (8). Recent studies in our laboratory
indicate that the polysaccharide regions of ail
meningococcal LPS immunotypes thus far stud-
ied contain 15 to 20% glucosamine by weight (C.
M. Tsai and C. E. Frasch, unpublished data).
However, since WGA also binds N-acetyl neu-
raminic acid, due to structural similarities be-
tween this and N-acetyl glucosamine, but with
a much lower binding constant (11), we treated
WGA agglutinable meningococcal strains with
neuraminidase and found little effect upon their
agglutination in WGA.
Encapsulated meningococcal strains were not

agglutinated by WGA. Selection of nonencap-
sulated variants of these strains rendered them
agglutinable by WGA. By analogy, antibody di-
rected against the major outer membrane pro-
tein of serotype 2 will not agglutinate an encap-
sulated serotype 2 organism, but readily agglu-
tinates nonencapsulated type 2 strains (unpub-
lished data).
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The failure to identify capsular polysaccha-
rides on N. gonorrhoeae, as well as the failure
to observe capsules by an electron microscopy
India ink technique, (10) strongly suggests that
N. gonorrhoeae does not have a capsule. The
finding that 164 of 165 gonococcal strains tested
were strongly agglutinated by WGA (13), when
interpreted in light of the present results, pro-
vides additional evidence that most N. gonor-
rhoeae strains are nonencapsulated.
Having determined that encapsulated strains

of N. meningitidis were not agglutinated by
WGA, including three group X strains whose
capsule consists of a polymer of N-acetyl gluco-
samine-phosphate (3), we examined 34 ran-
domly selected nonserogroupable throat iso-
lates. Unexpectedly, 10 of the isolates failed to
agglutinate in the WGA. Two possible reasons
for absence of agglutination are: (i) the strains
have small amounts of capsular polysaccharide
insufficient for strain identification, but suffi-
cient to block WGA agglutination or, (ii) the
strains have as yet unidentified capsular poly-
saccharide(s). Recent experiments in our labo-
ratory indicate that group B meningococcal car-
rier strains have significantly less capsular pol-
ysaccharide than do group B disease isolates (D.
E. Craven, M. S. Peppler, C. E. Frasch, L. F.
Mocca, P. P. McGrath, and G. Washington, J.
Infect. Dis., in press), suggesting that some car-
rier strains may produce small amounts of cap-
sular polysaccharide. If there are as yet uniden-
tified meningococcal serogroup polysaccharides,
the use ofWGA to screen nongroupable isolates
will enable rapid selection of candidate strains.

Schaeffer et al. have recommended that
WGA-mediated agglutination be used for iden-
tification of N. gonorrhoeae from presumptive
gonorrhea patients (13). Our results indicate that
WGA is suitable primarily for identification of
N. gonorrhoeae from the urethra and vaginal or
cervical cultures of heterosexual individuals. N.
meningitidis is not an uncommon venereal dis-
ease isolate from homosexual populations (9).
Thus, isolates of N. gonorrhoeae from pharyn-
geal sites and those from homosexual men may
be confused with nongroupable N. meningitidis
if one relies on the lectin technique for strain
identification.

LITERATURE CITED

1. Apicella, M. A., and N. C. Gagliardi. 1979. Antigenic
heterogeneity of the non-serogroup antigen structure of
Neisseria gonorrhoeae lipopolysaccharides. Infect. Im-
mun. 26:870-874.

2. Craven, D. C., C. E. Frasch, L. F. Mocca, F. B. Rose,
and R. Gonzalez. 1979. Rapid serogroup identification
of Neisseria meningitidis by using antiserum agar:
prevalence of serotypes in a disease-free military pop-
ulation. J. Clin. Microbiol. 10:302-307.



NONENCAPSULATED MENINGOCOCCI AND GONOCOCCI 501

3. Craven, D. C., C. E. Frasch, J. B. Robbins, and H. A.
Feldman. 1978. Serogroup identification of Neisseria
meningitidis. Comparison of an antiserum agar method
with bacterial slide agglutination. J. Clin. Microbiol. 7:
410-414.

4. Feldman, H. A. 1970. Neisseria infections other than
gonococcal, p. 135-153. In H. L. Bodily, E. L. Updyke,
and J. 0. Mason (ed.), Diagnostic procedures for bac-
terial, mycotic and parasitic infections, 5th ed. Ameri-
can Public Health Association, Inc., New York.

5. Frasch, C. E., and S. S. Chapman. 1972. Classification
of Neisseria meningitidis group B into distinct sero-
types. I. Serological typing by a microbactericidal
method. Infect. Immun. 5:98-102.

6. Gold, R., I. Goldschneider, M. L. Lepow, T. F. Draper,
and M. RandoILf. 1978. Carriage of Neisseria menin-
gitidis and Neisseria lactamica in infants and children.
J. Infect. Dis. 137:112-121.

7. Hoff, G. E., and C. E. Frasch. 1979. Outer membrane
antigens of Neisseria meningitidis group B serotype 2
studied by crossed immunoelectrophoresis. Infect. Im-
mun. 25:849-856.

8. Jennings, H. S., G. B. Hawes, and G. A. Adams. 1973.
The chemical composition and serological reactions of
lipopolysaccharides from serogroups A, B, X and Y
Neisseria meningitidis. Can. J. Biochem. 51:1347-1354.

9. Judson, F. N., J. M. Ehret, and T. C. Eickhoff. 1978.
Anogenital infection with Neisseria meningitidis in
homosexual men. J. Infect. Dis. 137:458-463.

10. Melly, M. A., Z. A. McGee, R. G. Horn, F. Morris, and
A. D. Glick. An electron microscopic India ink tech-
nique for demonstrating capsules on microorganisms:
studies with Streptococcus pneumoniae, Staphylococ-
cus aureus, and Neisseria gonorrhoeae. J. Infect. Dis.
140:605-609.

11. Monsigny, M., A. C. Roche, C. Sene, R. Maget-Dana,
and F. Delmontte. 1980. Sugar-lectin interactions.
How does wheat germ agglutinin bind sialoglycoconju-
gates? Eur. J. Biochem. 104:147-153.

12. Perry, M. B., R. B. Diena, and F. E. Ashton. 1977.
Lipopolysaccharides of Neisseria gonorrhoeae, p. 285-
301. In R. B. Roberts (ed), The gonococcus. John Wiley
& Sons, New York.

13. Schaefer, R. L., K. F. Keller, and R. J. Doyle. 1979.
Lectins in diagnostic microbiology: use of wheat germ
agglutinin for laboratory identification of Neisseria
gonorrhoeae. J. Clin. Microbiol. 10:669-672.

14. Tsai, C. M., and C. E. Frasch. 1980. Chemical analysis
of major outer membrane proteins of Neisseria men-
ingitidis: comparison of serotypes 2 and 11. J. Bacteriol.
141:169-176.

15. Wiseman, G. M., and J. D. Caird. 1979. Composition of
the lipopolysaccharide of Neisseria gonorrhoeae. In-
fect. Immun. 16:550-556.

16. Zollinger, W. D., and R. E. Mandrell. 1977. Outer
membrane protein and lipopolysaccharide serotyping of
Neisseria meningitidis by inhibition of a solid-phase
radioimmunoassay. Infect. Immun. 18:424-433.

VOL. 12, 1980


