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ABSTRACT

The chemical and immunochemical properties of lipopolysaccharides (LPS)
isolated from pyocin 103-sensitive and -resistant Neisseria gonorrheae were investi-
gated. Marked differences were found in immunochemical behavior of LPS from
pyocin-sensitive gonococcal strain JW31 and its isogenic pyocin-resistant variant
JW31R. JW31 LPS readily precipitated wheat-germ agglutinin, soybean lectin, and
rabbit anti-Streptococcus faecalis or horse anti-type 14 pneumococcal antibody. In
contrast, JW31R LPS precipitated only soybean lectin. The combining-site specifj-
city of anti-S. faecalis cross-precipitated by JW31 LPS, or type 14 pneumococcal
capsular polysaccharide, was examined by hapten inhibition, and lactose found to
be the most potent inhibitor. Horse anti-pneumococcal type 14 antibodies, cross-
precipitated by JW31 LPS and streptococcal lactose polymer, exhibited
heterogeneity with respect to combining site specificity. Gel filtration of LPS-de-
rived core oligosaccharide showed both strain JW31 and JW31 R to possess R-type
lipopolysaccharide with cores having a M, ~1800. JW3IR LPS contains more
galactose but less hexosamine than JW31 LPS.. Both JW31 and JW3IR core
oligosaccharides possess D-glucosamine and D-galactosamine, probably N-acety-
lated, as the only nonreducing end-groups, and (1—4)-linked D-glucose residues.
Chemical data support immunochemical findings which indicate that lactose units
occur as a structural feature of JW31 gonococcal LPS.

INTRODUCTION

Pseudomonas aeruginosa strain PA103 produces a bacteriocin (pyocin 103)
capable of inhibiting the growth of Neisseria gonorrhoeae'. Electron microscopic
studies' show that pyocin 103 interacts directly with the cell surface of sensitive
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strains of N. gonorrhoeae. whereas microorganisms resistant to the inhibitory ac-
tion of pyocin show no pyocin—cell surface interaction.

Pyocin-sensitive N. gonorrhoeae strains and their matched. isogenic pyocin-
resistant variants have been shown to differ in their ability to be agglutinated by
lectins®. In particular. pyocin-sensitive strains were agglutinated by the 2-
acetamido-2-deoxy-D-glucose-specific lectin, wheat-germ agglutinin (WGA)™.
whereas their isogenic pyocin-resistant variants failed to agglutinate”. In addition,
a lipopolysaccharide (LPS) purified from the pyocin-sensitive gonococcal strain
JW31 was shown to function as a receptor for pvocin, whereas LPS purified from
its isogenic-resistant variant strain JW31R showed no pyocin-receptor activity”,
The nature of structural alteration(s} responsible for the loss of pyocin-receptor ac-
tivity by JW31R LPS was not established. Since JW31R organisms were not
agglutinated by WGA and quantitative lectin-binding experiments showed strain
JW3IR to possess fewer WGA-binding sites, it was suggested that LPS changes as-
sociated with pyocin resistance may involve a loss of structure. or an alteration at-
fecting 2-acetamido-2-deoxy-D-ghucose residues”.

In the present study. the chemical and immunochemical properties of a
lipopolysaccharide isolated from pyocin-sensitive strain JW31 and its pyocin-resis-
tant variant JW31R were examined by use of lectins and antisera raised to polysac-
charide antigens of known structure.

EXPERIMENTAL

Materials and methods. — Neisseria gonorrhoeae strains JW31 and JW3IR
were grown in liquid GCP medium” and the lipopolysaccharides isolated by hot-
phenol extraction as previously described”. Cultures of pyocin 103-resistant strain
JW31R gonococci, used to isolate JW31R LPS, were grown in the continuous pre-
sence of excess pyoacin 103 to eliminate pyocin-sensitive revertants. Lipid-free
oligosaccharides were isolated from purified LPS by acetic acid hvdrolysis as de-
scribed by Perry et al.”.

Lactose polymer from S. faecalis strain N was provided by Dr. J. H. Pazur®.
Pneumococcal type 14 capsular polysaccharide was isolated from cell-free, culture
supernate essentially as described by How’ for type I polysaccharide. The final
product was treated with ribonuclease and deoxyribonuclease (3 mg each), emul-
sified with I-trichloro-2-trifluoroethane. centrifuged, and precipitated from the
separated water-layer by adding Y5% ethanol (3 vol.)

Analytical methods. — 3-Deoxy-2-ketooctonic acid (KDO) was estimated by
the method of Karkhanis ef al.¥, and heptose by the method of Wright and Re-
bers®. D-glycero-L-manno-Heptose was provided by Dr. P. A. Rebers and D-gly-
cero-D-gluco-heptose was purchased from Sigma Chemical Co. The specific extine-
tion coefficient (Aap, - ug™' of heptose - ml.) for D-glvcero-t -manno-heptose
(0.0052), was lower than that for D-glvcero-D-gluco-heptose (0.0088). The differ-
ence in absorbance at 505 nm and 545 nm was determined for each test sample. and
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the heptose content estimated by use of the extinction coefficient for D-glycero-1-
manno-heptose standards assayed in the same experiment.

Hexosamine, D-glucose, and D-galactose content of LPS and lipid-free
oligosaccharides was estimated on samples hydrolyzed with M hydrochloric acid for
8 h at 100° in sealed glass tubes, unless otherwise stated. Following hydrolysis, the
tubes were cooled, opened. and dried under reduced pressure in the presence of
phosphorus pentaoxide and potassium hydroxide.

Total hexosamine content was estimated by a modification of the procedure
described by Levvy and McAllen'. Lipid-free oligosaccharide (150 ug), LPS (200
pg). or hexosamine standard solutions (2060 ug) were hydrolyzed, and then quan-
titatively transfered to clean test tubes (final volume 0.6 mL). A stock solution of
p-dimethylaminobenzaldehyde reagent was prepared as described by Reissig ef
al.''. Molar extinction coefficients obtained for 2-acetamido-2-deoxy-D-glucose
under these conditions ranged from 20 700 to 20 900 Abs.sgs pm - mol ™! - L71, in
excellent agreement with values reported by Reissig et al.’'. The molar extinction
coefficient of 2-acetamido-2-deoxy-D-galactose was only 31% of that of 2-
acetamido-2-deoxy-D-glucose. The total hexosamine content of unknowns was esti-
mated from the Abs.sgs ,m Obtained from samples by use of an extinction
coefficient for 2-acetamido-2-deoxy-D-glucose standards assayed in the same ex-
periment.

Hydrolyzates of LPS, or lipid-free oligosaccharides, (200-300 ug) were re-
constituted in water and analyzed for D-glucose and D-galactose content with gluco-
se/fructose and lactose/galactose Enzymological Assay Kits (Boehringer Mann-
heim). Phosphorus was estimated by the method of Ames'~.

Gel filtration. — Ascending gel filtration through Sephadex G-25 (Pharmacia
Fine Chemicals, fine grade) was done in a column (1.5 X 58.2 cm) equilibrated with
10mM ammonium acetate buffer, pH 6.8, at 4° and a flow rate of 11.4 mL/h (6.5 crn/
h). Fractions (1.0 mL) were collected automatically (LKB, Ultrorac 7000}, and a
sample of each fraction was analyzed for total hexose content by the phenol-sul-
furic acid method!®. The column (2.5 x80.7 cm) of Bio-Gel P-6 (200400 mesh,
Bio-Rad Laboratories) used for gel filtration was equilibrated with 50mM am-
monium acetate buffer, pH 7.0, at 4°, and the flow rate set at 18.4 mL/h (3.75 co/
h). Fractions (1.66 mL) were collected and an aliquot of each fraction was analyzed
for total hexose content by the phenol-sulfuric acid method'®. Columns of
Sephadex G-25 and Bio-Gel P-6 were calibrated for molecular-weight estimation
with the isomaltodextrin series of oligosaccharides described by Martineau ez al.'*.

Methylation analysis. — Each lipid-free oligosaccharide from the LPS sam-
ples of gonococcal strains JW31 and JW31R was exhaustively methylated with
methyl sulfinyl carbanion reagent prepared by the method of Hakomori'”. The per-
methylated oligosaccharide was hydrolyzed, reduced, and acetylated, and the al-
ditol acetate derivatives of O-methyl-substituted monosaccharides were examined
by gas-liquid chromatography as described by Perry et al.’.

Lectins. — Wheat-germ lectin (WGA) was purified by affinity chromatog-
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raphy as described by Marchesi'®. Soybean (Glycine mav.) lectin was purchased
fromn E-Y Laboratories. Precipitation of WGA (30 ug) by strain JW31 and
JW31R gonococcal LPS was done at (°in 4 total volume of 0.25 ml.. Total nitrogen
content in washed precipitates was estimated by the ninhydrin method'’

Quantitative precipitation. — Anti-Streptococcus fuecalls strain N vaccine
(serum RS31-6C) was raised in female New Zealand White rabbits Horse anti-S.
prewmoniae type 14 capsular polysaccharide serum (blecding 10, 5/25/39) was ob-
tained from the New York State Department of Health. Quantitative precipitation
assay was performed at 0° 1n a total volume of (.4 mL as described by Kabat and
Mayer'®. Total nitrogen content in washed antigen-antibody precipitates was esti-
mated by the ninhydrin assay'”. Sugars used for hapten inhibition were of the high-
est quality available from either Sigma Chemical Co or Ptanstiehl Laboratories.
N-Acetyllactosamine was provided by Dr. Victor Ginsburg, additional samples
were purchased from Sigma Chemical Co. Sugars assayed for inhibitory ability by
quantitative hapten-inhibition of precipitation were delivered from analytical stock
solutions prepared in .85 saline solution. Tubes containing mhibitor and anti-
sera were incubated for 60 min at 23° before adding the antigen and adjusting the
final volume to 0.4 mL.. The total content of nitrogen (g N) precipitated was de-
termined by the ninhydrin assay'”. The percent inhibition was calculated from the
pg N content precipitated in tubes containing test sugars. as compared with the uyg
N content precipitated in uninhibited-control tubes.

RESULTS
The interaction of wheat-germ agglutinin (WGA) with isolated. purified,

gonococcal LPS samples from strains JW31 and JW31R was examined by quantita-
tive precipitation (Fig. 1). The addition of 150 ug of JW31 LPS. precipitated 2.7 ug
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Fig. 1. Quantitative precipitation ot WGA by gonococcal hipopolysaccharide from strains JW31 and

JW31R Various amounts of JW31 LPS () or JW31R LPS (@) were added to WGA (30 ug) and the
final volume of cach reaction mixture was adjusted to 0 25 ml
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TABLEI

COMPONENTS OF GONOCOCCAL LIPOPOLYSACCHARIDES?

Component JW3l1 JW3IR
LPS LF-oligosaccharide’ LPS LF-oligosaccharide®
KDO 6.7+0.2 11.7+02 6.4+ 0.1 11.1+0.1
(1.2 £ 0.05)¢ (1.3+0.05)¢
Heptose 7.0 14.5 6.9 146
Phosphate 84+1.0 94+04 9.3+04 8.3+04
2.1 x0.1) (2.4+0 1)
D-Glucose? 75205  11.8+05 63105 11.8+05
D-Galactose® 105+£05 167205 124205  209+05
Hexosamine* 11.1+0.1 9.0+0.1 9.3+0.1 57+0.1
(13.3 £ 0.3)8 (12.2 £ 0.2)¢

“Values are expressed as ug/100 ug of dry weight + standard deviation unless stated otherwise. bLF-
Oligosaccharide, lipid-free oligosaccharide, isolated following mild acetic acid hydrolysis. “KDO,
3-deoxy-2'-ketooctonic acid. Analysis on the major oligosaccharide peak eluted from Sephadex G-25
(Fig. 2). ‘Samples were hydrolyzed for 8 h at 100° with M hydrochloric acid. /D-Glucose and D-galactose
values are expressed as ug/100 ug of dry weight * the maximum range between duplicate samples.
8Samples were hydrolyzed for 18 h at 100° with M hydrochlornic acid

of nitrogen, whereas the addition of up to 250 pg of JIW31R LPS precipitated only
0.1-0.3 ug of nitrogen (Fig. 1). Precipitation of WGA by JW31 LPS was com-
pletely inhibited by addition of 1.0 mmol of N.N’-diacetylchitobiose. In contrast to
the results with WGA,, both LPS preparations were found to precipitate soybean
lectin.

In the composition of JW31 LPS, JW31R LPS, and their lipid A-free
oligosaccharides, the constituents listed in Table I account for 53.1 of JW31 LPS,
53.5 of JW31R LPS, 73.1 of JW31 LF-, and 72.4% of JW31R LF-oligosaccharide
dry weight. The lipid A content of JW31 and JW31R LPS was estimated from the
dry weight of water-insoluble material recovered by centrifugation following dilute
acetic acid hydrolysis of LPS. The lipid A content estimated in this way was 46.3
for JW31 LPS and 44.7% for JW31R LPS. After correcting for hexosamine con-
tribution to the weight of lipid A, the constituents reported in Table I, combined
with estimates of lipid A content, account for 94.9 and 91.7%, respectively, of the
total dry weight for JW31 and JW31R LPS preparations. This is in good agreement
with gonococcal LPS composition reported by others®'® 72!,

To separate free 3-deoxy-2-ketooctonic and phosphoric acid from lipid-free
oligosaccharide, mild-acid hydrolyzates were fractionated by Sephadex G-25 gel
filtration (Fig. 2). Both JW31 and JW31R lipid-free hydrolyzates gave 2 peaks that
were recovered and assayed for 3-deoxy-2-ketooctonate and phosphate groups
(Table I). The major oligosaccharide peak (Fig. 2. peak I). isolated from JW31
LPS hydrolyzate, contained only 10.3% of the total 3-deoxy-2-ketooctonate and
22.3% of the total phosphate groups present in the whole, unfractionated, mild-
acid hydrolyzate. Isolated JW31R LF-oligosaccharide contained 11.7% of the total
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3-deoxy-2-ketooctonate and 28.9¢¢ of the total phosphate groups present in the un-
fractionated hydrolyvzate, Peak Il was not recovered quantitatively for either JW3l1
of JW3IR LF-oligosaccharide but did contain both 3-deoxy-2-ketooctonate and
phosphate groups. Within experimental error. no difterence was found 1n the pro-
portions of 3-deoxy-2-ketooctonate. heptose. phosphate. or D-glucuse residues
between JW31 and JW3IR LPS. or between their unfractionated. lipid-free
oligosaccharides. However, by weight. intact JW3IR lipopolysaccharide contained
1.9 more D-galactose than JW31 LPS. Similarly. lipid A-free JW31R LF-
ohgosaccharide contained 4.27 more D-galactose than hpid A-free JW3IL LF-
oligosaccharide. In addmion, JW3IR LPS and its lipid-free ohgosaccharide ap-
peared to contain 1-3¢¢ less hexosamine (Table 1),

The matenal of the major oligosaccharide peak (Fig. 2, peak T) of JW31 and
JW31R LF-oligosacchandes, eluted from Sephadex G-23. was permethylated. acid
hydrolvzed. and reduced with borohydride. G.l.¢. of the alditol acetate deriva-
tives™ (sce Fig 3) indicated the presence of 2-acetamido-2-deoxy-3.4,6-tri-()-
methyl-D-glucase (R, 12.92 min) and 3. d.6-tri-O-methyl-D-galactose (R, 14.70
min). Comparison of the arca under the curves of these two tri-Q-methyl deriva-
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Fig. 3. Isothermal g.l.c. at 200°, on an OV-17 column, of the alditol acetates of the permethylated de-
rivatives of JW31 (—) and JW3IR (- - - - - - ) lipid-free oligosaccharides after permethylation, acid
hydrolysis, and reduction.

tives suggests that JW31 and JW31R LF-oligosaccharides contain equimolar
amounts of D-glucosamine and D-galactosamine as terminal, nonreducing residues.
The O-methyl derivatives corresponding to regions A and B in Fig. 3 were not
identified, but the position of region A suggests the presence of an O-methylated
neutral sugar derivative from JW31R LF-oligosaccharide not present in JW31 LF-
oligosaccharide. An improved resolution of the O-methylated neutral sugar deriva-
tives obtained from JW31R LF-oligosaccharide showed a unique peak (R, 11.17
min) not present for JW31 LF-oligosaccharide (peak C. Fig. 4). The identity of this
peak C could not be established, but one O-methyl derivative found in both JW31
and JW31R LF-oligosaccharides was identified as 2,3,6-tri-O-methyl-D-glucose on
the basis of its retention time (11.68 min).

Only trace amounts of 2,3,4,6-tetra-O-methyl-D-glucose or 2.3,4,6-tetra-O-
methyl-D-galactose were identified from either JW31 or JW31R LF-oligosac-
charide, and attempts to identify other peaks were unsuccessful. The retention
times of these peaks did not correspond to that of 2,3.4- 2,4,6- or 3,4,6-tri-O-
methyl-D-glucose; or 2,3,4-tri-O-methyl-D-galactose.

The molecular weights of lipid-free oligosaccharides isolated from both JW31
and JW31R LPS were estimated by gel filtration to be 1700 with Sephadex G-25
and between 1800 and 2300 with Bio-Gel P-6. As lipopolysaccharides having high
molecular-weight O-side chains are eluted in the void volume of Sephadex G-25
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volume 1n each tube was adjusted to 1 4 ml N, Homologous lactose polymer. B type 14 polysac-
charide. O, JW31 LPS. and @. IW3IR LPS

and no high-molecular-weight oligosaccharide was found in the void volume for
either JW31 or JW31R lipid-free oligosaccharide (Fig. 2). both JW31 and JW31R
possess rough-type LPS, devoid of O-side chains.

Streptococcus faecalis strain N contains an immunogenic, type-specific. cell-
wall diheteroglycan composed of D-glucopyranosyl and D-galactopyranosyl re-
sidues (lactose polymer). which possesses lactose units as immunodominant
groups. Rabbits hyperimmunized with S. feecalis strain N vaccine produce large
amounts of anti-lactose antibody of restricted heterogeneity’=". The ability of
gonococcal LPS from strains JW31 and JW31R. and type 14 pneumococcal capsu-
lar polysaccharide to precipitate antibody from anti-S. faecalis serum (RS1-6C) was
examined by quantitative precipitation (Fig. 5). JW31 LPS precipitated 4.9 pg of
nitrogen (g N). representing 86%¢ of the total nitrogen content precipitable by
homologous, lactose-polymer antigen. In contrast, JW31R LPS failed to precipi-
tate the anti-lactose polymer antibody. Type 14 polysaccharide. on a weight basis.
was Jess effective than JW31 LPS in precipitating the anti-lactose polvmer: how-
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Fig. 6. (A) Quantitative hapten-inhibition of anti-S. faecalis precipitation by JW31 LPS. Various
amounts of sugars assayed for inhibitory ability were added to 20 uL of serum, incubated for 1 h at 23°,
and then 80 ug of JW31 LPS were added and the volume was adjusted to (.4 mL. Inhibitors: ©, lactose:
@, N-acetyllactosamine; M, 2-acetamido-2-deoxy-D-galactose; (0, methyl B-D-galactopyranoside; 0,
methyl a-D-galactopyranoside; ©, methyl a-D-glucopyranoside; @, methyl 8-D-glucopyranoside; and
@, 2-acetamido-2-deoxy-D-glucose. (B) Quantitative hapten inhibition of anti-S. faecalis precipitation
by pneumococcal type 14 capsular polysaccharide (200 ug) under the same conditions as in A. Symbols
asm A.

ever, at equivalence, type 14 polysaccharide also removed 86% of the total ni-
trogen content precipitable by the homologous, lactose-polymer antigen. The abil-
ity of JW31 LPS and type 14 polysaccharide to each precipitate the same fraction
of antibody was shown by absorption experimenté. Absorption of anti-S. faecalis
serum with JW31 LPS removed all the antibody precipitable by type 14 polysac-
charide. Similarly, absorption with type 14 polysaccharide abolished the reactivity
with JW31 LPS. The combining-site specificity of antibodies cross-precipitated by
JW31 LPS and type 14 polysaccharide was examined by quantitative hapten-inhibi-
tion (Fig. 6 and Table II). Fifteen sugars were assayed for their ability to inhibit
anti-S. faecalis (RS1-6C) precipitation by JW31 LPS. Of the sugars tested, lactose
was the best inhibitor, requiring only 4 nmol to give a 50% inhibition of precipita-
tion (Fig. 6A). On a molar basis, lactose was 150 times more effective than 2-
acetamido-2-deoxy-4-O-B-D-galactosyl-D-glucose (N-acetyllactosamine). 2-Acet-
amido-2-deoxy-D-galactose and methyl 8-D-galactopyranoside also gave a 50% in-
hibition of precipitation by JW31 LPS, but were, respectively, 350 and 600 times
less effective than lactose. Table II summarizes the results of sugars assayed but
found to be poor inhibitors of JW31 LPS precipitation. Lactose was also the best
inhibitor of anti-S. faecalis precipitation by type 14 polysaccharide, requiring only
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TABIF I

HAPTE N INHIBITION OF ANTIEACTOSE ANTIBODY PRECHITATION BY JW 31 (7S
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Fig 7 Quantitative precipitation of horse 633 anti-type 14 preumocogceal seium N arous amounts of
antigen were added to 20-p L. volumes of anti-tvpe 14 serum. and the final solume in cach tube was ad-
Justed to O 4 mlL- N Homologous type 14 polvsacchande, N, lactose polvimer, it iWATTPS

17 nmol for a 507 inhibition (Fig. 6B). T he highest amount of N-acetvilactosamine
tested (2.0 umol) gave only a 407 inhibition of precipitation. 180 times the
amount of lactose required to give a comparable inhibition. Methy! g-D-galac-
topyranoside and 2-acetamido-2-deoxy-D-galactose were indistingunshable from
each other in their molar inhibitory potency. and were S00 times less ettective than
lactose. JW31 LPS and lactose polymer were both examined for their alnbity to pre-
cipitate antibody from type 14 horse anti-pneumococcal serum (Fig 7) Absorption
of anti-type 4 serum with homologous type 14 polysaccharide antigen temoved all
the antibody precipitable by either JW31 LPS or lactose polymer. indrcating that
the antibodies cross-precipitated by JW31 LPS and lactose polymer were tvpe 14
capsular-polysaccharide spectfic Gonococcal LPS from strain JW3{ maximally
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Fig. 8. (A) Quantitative hapten-inhibition of anti-type 14 precipitation by JW31 LPS. Various amounts
of the sugar to be tested were added to 20 pL of serum, incubated for 1 h at 23°, and then 74 ug of W31
LPS were added and the volume in each tube was adjusted to 0.4 mL. Inhibitors used:©, lactose; @,
N-acetyllactosamine: M, 2-acetamido-2-deoxy-D-galactose; B, methyl B-D-galactopyranoside; NI,
methyl a-D-galactopyranoside; ©, methyl a-D-glucopyranoside; 3, methyl B-D-glucopyranoswde; and
@ 2-acetamido-2-deoxy-D-glucose (B} Quantitative hapten mhibition of anti-pneumococcal type 14
(60 pL of serum per reaction) precipitation by lactose polymer (10 ug) under the same conditions as in
A, Symbolvasin A.

precipitated 4.9 ug N from horse 635 anti-type 14 serum, representing 34.4% of the
total type 14 specific antibody, whereas lactose polymer precipitated only 1.9 ug N,
representing 13.29% of the type 14 specific antibody (Fig. 7). JW3IR LPS failed to
precipitate anti-type 14 antibody. The difference in the ug N precipitated from
horse anti-type 14 serum by JW31 LPS and lactose polymer suggests that these
antigens removed different populations of equine antibody. To establish this, anti-
type 14 serum was absorbed with lactose polymer and the amount of JW31 LPS
precipitable-antibody nitrogen content remaining in absorbed serum estimated.
JW31 LPS precipitated only 57.9% as much nitrogen from lactose polymer ab-
sorbed anti-type 14 serum as from unabsorbed serum. The reciprocal absorption
was also done. After absorption of horse 635 anti-type 14 serum with JW31 LPS,
lactose polymer precipitated only 45.4% as much nitrogen as it did from unab-
sorbed anti-type 14 serum. Therefore, on the basis of cross-reactivity, these anti-
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gens define four separate populations of tvpe 14 capsular polysaccharide-specific
antibody in horse 635 anti-serum. One population is exclusively reactive with
homologous type 14 capsular polysaccharide; another population reacts with a de-
terminant common (o JW3! LPS. streptococcal lactose polymer. and type t4 cap-
sular polysaccharide; and two other fractions of antibody are umquely cross-reac-
tive with either JW31 LPS or lactose polymer but not both antigens. Ot eight sugars
assayed for their ability to mhibit anti-tvpe 14 precipitation by JW31 LPS (Fig.
8A). N-acetyllactosamine was the best inhibitor, requiring only 0 37 umol for a
50% inhibition. Lactose was found to be 2.7 times less effective as an inhibitor than
N-acetyllactosamine. Methyl - and B-D-galactopyranoside were comparable 1n
molar inhibitory ability, but less effective than N-acetyllactosamine (Fig. 8A) At
the concentrations tested, none of the sugars gave a 10077 inhibition of JW31 LPS
precipitation. Hapten inhibition of anti-type 14 preaipitation by lactose polymer
gave qualitatively and quantitatively different results trom those obtamed with
JW31 LPS (Fig. 8B). Lactose and N-acetyllactosamine were equally eticetive (0.27
umol each) at the 50 level ot inhibition. At higher hapten concentrations, how-
ever. lactose appeared to surpass N-acetyllactosamine in mofar inhibitory potency.
giving a 10097 inhibition when ~ S pmol were added (Fig. 8B

DISCUSSION

The lipopolysaccharides isolated from pyocin 103-sensitive gonococcal strain
JW31 and its isogenic pyocin-resistant variant JW31R are known to differ in their
ability to function as a receptor for pyocin® 103, antigenic specificity”*. and mobility
in NaDodSO,—polyacrylamide gel electrophoresis™. In the present study. the
chemical and immunochemical properties of purified LPS samples isolated from
gonococcal strains JW31 and JW31TR were investigated. and marked ditferences
found in their immunochemical behavior. Whereuas wheat-germ agglutimm. rabbit
antibodies to a streptococcal lactose polymer, and horse antibodies to pneumocaoc-
cal type 14 capsular polysacchande were readily precipitated by JW31 LPS (Figs
1.5, and 7), the hpopolysaccharide from pyocin-resistant strain JW2 IR showed lit-
tle or no reactivity with these reagents.

Although markedly different in  immunochemical reactivity,  these
lipopolysaccharides exhibit only small differences in overall chemical composition
{Table I). In addition. 2-acetamido-2-deoxy-D-glucose and -D-galuctose were the
only sugars shown by methylation analysis to occupy terminal, nonreducing posi-
tions in both JW31 und JW3IR LPS (Fig. 3). That terminal. nonreducing 2-
acetamido-2-deoxy-D-galactose restdues are a structura! feature common to both
gonococcal antigens is supported by the finding that both preparations of LPS pre-
cipitate soybean lectin. Another structural unit identified 10 both gonococeal
lipopolysaccharides by methylation analysis were the (1 —4)-linked D-glucosyl re-
sidues (Fig. 4), which provides chemical support for the immunochenieal data indi-
cating that lactosyl units are a structural feature of JW31R L PS.
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The presence of lactosyl residues as a part of JW31 LPS structure was infer-
red from the ability of this LPS to precipitate lactose-specific antibody from §.
faecalis antiserum (Fig. 5). An immunochemical specificity involving lactose is sup-
ported by hapten inhibition data (Fig. 6A) which show lactose to be the best in-
hibitor of the JW31 LPS cross-reaction. The conclusion that lactose, rather than 8-
linked D-galactose units, play an immunodominant role in mediating this cross
reaction is evident from hapten-inhibition data (Fig. 6A). Since, on a molar basis,
methyl B-D-galactopyranoside and N-acetyllactosamine are, respectively, 600 and
150 times less effective than lactose at inhibiting precipitation, the 4-O-substituted
D-glucosyl residue must contribute significantly to the interaction with antibody-
combining sites.

Antisera raised in response to S. faecalis vaccine and a synthetic lactosyl con-
jugate have been shown by Bundle® to agglutinate red cells coated with gonococ-
cal LPS. Fractionation of antisera from a lactose-immunoadsorbent by sequential
elution with D-galactose and lactose yielded “anti-D-galactose” and “anti-lactose”
fractions. Although only a small fraction of the total agglutinating activity of whole
antiserum was recovered, agglutinating activity of anti-streptococcal sera was con-
fined only to the “anti-D-galactose” fraction. Data obtained in the present study by
hapten inhibition of LPS cross-precipitation from unfractionated serum and data
obtained by Bundle® from passive hemagglutination by fractionated antibody are
in agreement in that both studies demonstrate the participation of B-linked D-
galactopyranosyl residues in cross-reaction. Whether the failure of isolated “anti-
lactose™ fractions to hemagglutinate may be attributable to strain differences in the
gonococcal LPS antigens employed, differences in antisera, or a low recovery of
the total “anti-lactose™ present in whole serum is not clear.

By absorption experiments, pneumococcal type 14 capsular polysaccharide,
which also cross-precipitates anti-S. faecalis antibody (Fig. 5), was found to remove
the same population of anti-lactose antibodies as did JW31 LPS. Hapten-inhibition
analysis confirmed that the combining site specificity of the antibody precipitated
by type 14 capsular polysaccharide was the same as that of the antibody precipi-
tated by gonococcal LPS.

From recent structural studies?®, pneumococcal type 14 capsular polysac-
charide is known to possess terminal S-D-galactopyranosyl, 6-O-substituted 2-
acetamido-2-deoxy-4-O-B-D-galactopyranosyl-D-glucopyranosyl, and 3-O-substi-
tuted 4-O-B-D-galactopyranosyl-D-glucopyranosyl residues as structural compo-
nents. It appears unlikely that B-D-galactopyranosyl end-groups and 6-O-substi-
tuted 2-acetamido-2-deoxy-4-O-B-D-galactopyranosyl-D-glucopyranosyl residues
contribute significantly to cross-precipitation by type 14 polysaccharide. Since
methyl B-D-galactopyranoside and N-acetyllactosamine show only 1/200 and
1/500th the molar inhibitory ability of lactose (Fig. 6B), recurrent, internal 3-O-
substituted 4-0-B-D-galactopyranosyl-D-glucopyranosyl residues are the most
likely feature of type 14 capsular polysaccharide structure to mediate anti-lactose
cross-precipitation.
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From an earlier study of cross-reactions with blood-group substances™’, type
14 anti-pneumococcal horse serum (H635) is known to exhibit a heterogenenty with
respect to antibody combining-site specificity. In the present study, gonococceal
JW31 LPS and streptococcal lactose polymer were found to cross-react with horse
anti-14 (Fig. 7) and to precipitate separate. distinet tractions ot antibody. The con-
clusion that these antigens cross-react with separate populations of cquine anti-
body, which difter somewhat in combining-site specificity. 1 indicated by a com-
parison of the hapten inhibition data given m Figs 8A and B. Whereas lactose and
N-acetyllactosamine are equally effective at the 50% level i hibiting precipita-
tion by streptococcal lactose polymer, V-acetyllactosamine was 2 7 times more cf-
fective than lactose in inhibiting precipitation by JW31 LPS. Whether V-acetyvllac-
tosamine. in addition to lactose units, also occur as structural moieties of gonococ-
cal hpopolysaccharide is not known. The limited number ot appropriate haptens
tested precludes any definitive elucidation of combining-site spectficity and identifi-
cation of gonococcal LPS structure mediating anti-type 14 cross-reaction.

The ability of pyocin-sensitive and -resistant gonococcal lipopolysaccharides
to precipitate WGA was also mvestigated. The WG A-combming site ivcomplemen-
tary to a sequence of three g-D-{1--d)-linked 2-acetumido- 2-deoxs- p-ulucose re-
sidues®. The lectin has also been shown 1o bind terminal, nosreducing g-linked 2-
acetamido-2-deoxy-D-glhicosvl, or mternal g-(1- 41 or L (- Hr-substtuted 2-
acetamido-2-deoxy-D-glucosyl residues® ' The marked contrast i the abibty of
isolated, purified JIW3[ and JW3IR 1LPS to precipitate WGA (Fig. 13 16 consistent
with the lectin agglutination”™ and binding properties of these stramns reported by
Connelly etal.’.

The chemical composition of the gonococcal lipopelysaccharides used in this
study agrees with the compositions reported by others™ "7 Perry ¢t al.” previ-
ously showed the occurrence. in N. gonorrhocae strain GCO( 1) LPS. of terminal,
nonreducing and of internal (l-=6)-linked 2-acetamido-2-deoxy-D-glucose  re-
sidues. The presence of these residues in terminal, nonreducing positions in JW3l
and JW3IR LPS is consistent with the observation of Perry er a/ * Whether peak
B of Fig 3 represents an mternal amino sugar not found m JW31TR lipopolysac-
charide is not yet known. Analysis of O-methyl neutral sugars by g.l.e showed the
presence of a component unique to JW31R LPS (Fig. 4. peak €} 'The presence of
a new. unidentificd sugar in the LPS from a pyocin-resistant strain has also been re-
ported recently by Guymon ef al.””,

The spectificity of a monclonal antibody (3F11), obtained by fusion of spleen
cells from mice immunized with heat-killed gonococcal «train 4505, was mvesti-
gated by Apicella er al. ™. Based upon complete inhibation of ELISA hy D-galac-
tosamine and partial mhibition by lactose. a specificity directed against ()-(2-
acetamido-2-deoxy-b-galactosyl)-»O-g-D-galactopyranosyl-( - -4 )-D-glucopyrano-
se units was inferred for the combining site of monoclonal antibods 3F* 1. LPS-de-
rived polysaccharide produced by alkali digestion of JW31 LPS was recently re-
ported by Morse and Apicella’' to react with monoclonal antibody 2Fi1. whereas
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a polysaccharide derived from JW31R LPS failed to react. On the basis of the
specificity assigned to monoclonal antibody 3F11, it was proposed that gonococcal
strain JW31R LPS lacks an O-(2-acetamido-2-deoxy-D-galactosyl)— O-B-D-galac-
topyranosyl-(1—4)-D-glucopyranose unit*'. However, the compositions obtained
for JW31 and JW31R LPS in the present study (Table I), which show an increase
in the total D-galactose content of JW31R LPS, do not support the conclusion that
JW31R LPS is deficient in this trisaccharide unit.

The structural basis for the marked differences in immunochemical behavior
of JW31 and JW31R LPS is not understood at present. Terminal, nonreducing 2-
acetamido-2-deoxy-D-glucosyl groups were shown to occur in JW3IR lipid-free
oligosaccharide by g.1.c. analysis (Fig. 3). This finding rules out the absence of ter-
minal 2-acetamido-2-deoxy-D-glucosyl groups as the basis for the failure of JTW31R
LPS to precipitate WGA. Since JW31R LPS does not acquire reactivity with WGA
after treatment with aqueous acetic anhydride, a failure of the variant strain to N-
acetylate 2-acetamido-2-deoxy-D-glucosyl residues may also be excluded as a possi-
ble explanation. Further chemical studies are required in order to elucidate the alt-
eration(s) in gonococcal lipopolysaccharide fine-structure responsible for the ob-
served differences in pyocin 103-receptor activity?, precipitation of anti-streptococ-
cal lactose polymer and anti-pneumococcal type 14 antibody, as well as changes in
WGA reactivity. A substitution on or adjacent to an antibody- or lectin-binding
site which obstructs interaction, or changes in the anomeric configuration of car-
bohydrate linkages from S to a could bring about the failure of JW31R LPS to
react with these reagents.
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