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7iThiis final progress report gives the details of sti~~ies into the
development of a gonococcal scrogrouping system based on a f a m il y  of acidic
polvsaccharides isolated from gonococcal phenol water extract by DEAE chroma—
tography . Initially, t~~ antigenically distinct populations of gonococci
were identified and designated Gc1 and 
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During the course of this st~ 1y,

t~o additional serogroup antigens designated Gc3 and Gc4 have been identified
and isolated . All serogroup antigens share comion core structures which are
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~~ dentifiable imunoloqically. An 1-1AI system has been developed which can be
- used to detect the presence of these serogroup antigens on clincally isolated
gonococci . Organ isms are prepared for analysis by production of an extract
which is standardized by their nucleic acid content. One hundred and sixty—
three clinically isolated gonococci were studied in this UAT , ‘~ ‘r~~ r’,d i~~~zcn
populations have been identified. )proxlmately 16. 5~. oL Lix. •;~~ . :ucci did
not type for any of the four ser antigens or any combinations of them.
The majority of strains typed for 

. 2 group; with 40 .5% of the strains
in that category . The next larges~c oup~was Cc4 and contained 16.6% of the
strains. Antigen isolation studies ye derronstrated the reliability of these
HAl systems. During the course of cr —reactivity studies it was found that
similar antigens can be isolated from oup B rneningococci. A method of
isolation of these antigens using DEAE chromatbgraphy has been developed .
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This final progress report gives the details of studies into the
developi~ nt of a gonococcal serogrouping system based on a family of acidic
polysaccharides isolated fran gonooDccal phenol water extract by DEPIE
chranatography. Initally , t~~ antigenically distinct populations of gonococci
were identified and designated Gc1 and Gc2 . During the course of this study ,
t~~ additional serogroup antigens designated Gc3 and Cc4 have , been identified
and isolated. All serogroup antigens share ommon core structures which are
identifiable irrniunologically. An HAl system has been developed which can be
used to detect the presence of these serogroup antigens on clinically isolated
gonococci. Organisn~s are prepared for analysis by production of an extract
which is standardized by their nucleic acid content . One hundred and sixty-
three clinically isolated gonococci were studied in this HAl system and seven
populations have been identi fied . P~pproxiinately 16.5% of the gonococci did
not type for any of the four serogroup antigens or any carbinations of them.
The majority of strains typed for the Gc2 group; with 40.5% of the strains
in that category. The next largest group was Gc4 and contained 16.6% of the
strains. Antigen isolation studies have denonstrated the reliability of
these HAl systems. During the course of cross-reactivity studies it was
found that similar antigens can be isolated from group B rreningococci. A
method of isolation of these antigens using DEI\E chromatography has been
developed. -
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Michael A. Apicella Gonococcal Subgroups Progress Report

Introduction: This progress report outlines the work performed
under the auspices of USJMRDC contract no. DAMD-17-C-4130 from
July 1, 1974 to Gotober 31, 1975. There were three major technical
objectives in this contract. They can be sinniiarized as follows :
1) The establishment of a gonococcal serotyping system based on
two population soecific polysaccharides isolated from the cell wall
of the gonococcus and designated Cc1 and Gc2 antigens. 2) The
screening of a population of clinically isolated gonococci by sero-
typing to determine the prevalance of these specific determinants
and the identification of new population specific (Cc ) antigens
from strains which failed to type , and 3) studies of the irmiuno-
chemical and physicochemical nature of these Cc antigens.

In this report , work perforrred in all three areas will be
covered with the major emphasis on objectives 1 and 2. During
the course of inrnunochemical studies with these antigens, investiga-
tions into the relationship between these antigens and other microbial
species were performed. These studies indicated that similar antigens
exist in Group B meningococci . Initial experiments to define this
relationship will also be presented.

Final Progress Report:

A. Preliminary Studies: The studies consist of work which was in
progress at the beginning of the contract period and which continued
through the early phases of the contract. These investigations
were directed at standardizing the method of isolation of the Cc1
and Cc2 polysaccharides, denonstrating the irrviunochemical and physico-
chemical characteristics of these antigens and preliminary studies
into the chemical nature of these preparations. An outline of these
studies is given below.

The (“C antigens of the gonococcus initially were isolated from
DFAE by batch methodologies. This was replaced by use of continuous
gradients over DFJ\E-52 columns. The following is a s~m~ ary of these
isolation studies subsequent to the irm’runochemical and physicochemical
studies on the (“cci and Cc2 antigens.

Gonococcal phenol-water extract for the isolation of subgroup
antigen was prepared from approximately 50 grams wet weight of
organi~ ns. Prior to chromatography, 500 nq-ns of lyophili zed phenol-
water extract were dissolved in 20 ml of 0.025 N NaOH at 37C for 16
hours. The resultant suspension was titrated to p1! 7 with 0. 025N
HC1 and the sediment renoved by centrifuqation at 50,000 x g for
30 minutes. The supernate was rerroved, saved and the precipitate
retreated with NaOh as described above. Prior to DFAE chromatography ,
the t~~ supernates were canbined , dialyzed against distilled water
and lyophilized. Ion exchange chromatography to isolate subgroup
antigen f ran alkaline digested phenol-water extract was performed with
DEAI-52 cellulose equilibrated in 0.002M K2HPO4-1< H2P04 pH 6.5 in a

—2-

— ~~ .. - 
-- ~~~~~~~~~~~~~~ ~~~~~~~~~~ 

— 
~~— -~~ -~-—- — ..: - —~~ ~~~~ . 1



_ _ _ _ _ _ _ _ _ _  -.

Michael A. Apicella Gonococcal Subgroups Progress Report

10 x 2 an glass column . A gradient of increasing nolarity was
established in a varigrad mixer (Buchler) with 50 ml of 0.002M ,
0. 02M , and 0. 2M K2HPO-K 112P04 pH6.5 in the first 3 chambers and
1. OM NaC1 in the fourth and 2. OM NaCl in the fifth chamber . The
co1~~ri was washed with 50 ml iN NaOH at the termination of the
gradient. The sample was 25 mgm lyophilized extract in 5 ml
starting buffer. Elution vol~.mes were five milliliters and the
column flow rate was 20 mi/hr .

Figure 1 shows the elution pattern obtained in the isolation
of the population specific antigen f ran a Cc1 organism. LTrnunologic
detection of the antigen was accomplished by innunodif fusion with
an antiserum made specific for the Cc1 determinant by absorption
with Cc2 organisms . Antigens eluted between a conductance of 3.38 x
l0~ to 6.99 x l0~ with the peak at a conductance of 5.03 x l0~ K.
(~ emical studies showed that antigen elution corresponded to the
major carbohydrate peak (493 nm ) as measured by phenol-sulfuric acid
assay . Analysis of the eluate tubes by Folin-Lc~ry and 280 nm
absorption was negative. Studies with Cc2 antigens resulted in an
identical elution pattern and the same yield of antigen.

Figure 1
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Figure 1. DFJ’.E chromatography of Cc1 antigen 1160. The black bar
indicates the tubes containing a precipitin line with thi s absorbed
antiserum.
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Electrofocus ing in acrylamide gel indicated that the isolated
antigens from both populations migrated identically and contained
a single component which stained only for car bohydrate with alcian
blue . Unfixed gels , sect ioned into 2.5 n~n slices, were eluted into
PBS anc1 studied in Intnunodif fusion systems using the respective
absorbed antiserum . Antigen was identified in these eluate s in the
same region as the carbohydrate staining band . Analysis of the pH
gradient of a simultaneousl~’ electro focused gel was performed by
slicing as described above and eluted into CO2 - free glass dis-
tilled water . The antigen localized in the pH 4 - 4.5 region of
the gel. Ixrrnunochemical studies indicated that the preparations
after DEAE conthined a single component. Figure 2 shows the results
of irtinunodiffusion analysis with representative Cc1 and Cc2 antigens .
The antisera were made to whole organisms and uniformly gave several
lines with the alkaline digested pheno l-extract prior to DEPJ~ chromato-
gr aphy . kfter anti gen isolation , only a single precipitin line could
be detected . These studies derronstrated that the isolated antigens
contained a camon core stru cture in addition to the population
specific determinant (s) and that both were an integral part of a
single rrol ecular species . Using the same antisera and antigens ,
a single precipitin line which migrated anodally , was denonstrated
after irmiunoelectrophoresis. The inrnunoelectrophoretic patterns
produced by Cc1 and Cc2 antigens were identi cal .

Figure 2
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Figure 2. Inrnunodiffusion analysis showing the immunologically distinct
populations utilizing the antigens isolated by DEAE and antisera made to
whole Cc1 and Cc2 organisms. ~41s A , B , and C contain individual Cc1
antigens while D , F , and F conta in individual Cc2 antigens. All antigen
concentrations are 1 mgrtVml PBS . Well 1 contains a Cc1 antiserum and well
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Irmiunization of animals with isolated antigens in Freurids
Mjuvant indicated they were less immunogenic than the determinants
present on the whole organism, 1-bwever , precipitating and hemag—
glutinating antibody could be detected in these antisera . Inrruno-
diff usion studies denonstrated a single precipitin line With
specificity for the irrrmtunizing preparation or members of its
population alone. Similarly HA studies indicated that the antibody
produced was population specific but at antibody titers that were
sixteen-fold less than antibody produced against these determinants
on whole organisms.

The antigenic integrity of isolated Cc1 and Cc2 antigens after
various enzymatic and oxiclative treatment was measured. Antigen
preparations were treated with trypsin , glucose oxidase , qalactose
oxidase , neuraminidase , ~-qalactosidase , and lysozyme . !‘bne of
these enzymes had any effect on the antigenicity of the core or
population specific determinants in inmuncxlif fusion or HAl studies.
Treathi~nt of antigens with s~xiium metaperiodate resulted in complete
loss of antigenicity.

Figure 3
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Figure 3. Elution profile of electrofocus.thg of Cc1 antigen 1160.
The black bar indicates the eluate tubes positive for the population
specific precipitin line. 
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Electrofocus thg studies in 0-50% glycerol gradients (figure 3)
indicated that the Cc antigens were haiogeneous in charge , eluting
at a p1 of 4.22 and 4.24 respectively. Irmiunologic studies after

• electro focusing denonstrated the presenc e of both core and population
specific determinants in the same peak . Chemical ana lysis of theV 
column eluat es wer e negative for prote in while a single carbohydrate
peak eluted which coincided with antigen elut ion . Ana lysis of the
coluim elua tes with unabsorbed whole organism antisera failed to
reveal any other constituents in the sanpies appli ed to the columns .

The sediiren tation coefficient of a Cc2 antigen was determined
in the analytical ultracentrifuqe and the S° 20 ~ 

was lO .08s.  The
antigen sedirrented as a single peak . Ccznparat ive studies in 10-40%
sucrose density gradients indicated that Cc1 and Cc2 antigens had.
identica l sedimentation char acteristics and sedir renta tion coefficients
of approximate ly lOs when the foniiula of Martin and Ames was applied
using the lO .08s Cc2 antigen as the standard .

Molecular sieve chromatography of these antigens also indicated
that they were homogeneous in size (Figure 4 ) .  Antigen eluted from
P-200 as a single peak With Kay of 0.18 . Increasing the ionic
strength of the elut ing buffer to 0. 5M NaC 1 had no effect on the
elution pattern . Iniiiunologic and chemical analysis of the column
elutes failed to reveal any other constituents in the isolated
antigen preparations .

Figure 4
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Figure 4. The elution profile of antigen 1291, a Gc2 antigen, using P-200
chromatography. Void volurre indicated by arrow. The black bar indicates
the tubes in which antigen was identified by irrrnunodiffusion analysis.
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Spectral analysis of Gc1 and Cc2 antigens at concentrations
up to 100 ugn~/ml failed to demonstrate any absorp tion peaks over
the range from 200 to 700 nm. This w~uld indicate that contamination
of these preparations by either peptides, nucleic acids or proteins
if present , is rnin LIral.

Biochemical analyses had been performed on representative Cc1
and Cc2 antigens. These studies indicated that these antigens were
acidic polysaccharide s which were essentially free of protein and
were polymers consisting of hexoses and hexosamines .

B. Development of a gonococca l typing system with Cc anti gens:
The first priority of this stud y was the develop rent of a system
by which gonococci could be typed using Cc antigens . Three differen t
systems were evaluated . These were fluorescent ant.i±x~~y (FA) ,
count er-irmiunoelectro phoresis (CEP) , and hemagglutination inhibition
(HAl). All systems demonstrated applicability as potential typing
techniques and useful information was gained from each . HAl was the
method eventually chosen to be used to serotype a large population
of gonococci for the following reasons : 1) Our laboratory had
considerable previous experience with the technique , 2) it was the
most efficient system as regards the consumption of reagents , parti-
cularly antisera , 3) the specificity of the system was insured by
the use of erythrocytes coated wit)i purified Cc antigens and 4)
the results obtained were semi-quantitative and this has aided in
the selection of strains for antigen isolation which produce large
amounts of polysaccharide.

During the course of the serotyping experi~~ints , t~o additional
Cc antigens, Cc3 and Cc4, were identified . Discussion of the develop-
ment of the serotyping system will include these t~o antigens as well
as the original Cc1 and Cc2 antigens. In a later section of this
report , the imrriunochemical and physicoche mnical pro perties of the Cc3and Cc4 antigens will be discussed .
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HAl Serogroup ing: In order to incorporate qonococcal strains
into the HAl systems for the serogroup analysis, an alkaline extract
was produced from each strain. Three chocolate plates were heavily
streaked with qonococci. After overnight growth at 35C under 5%
C02, the organisms weie harvested and suspended in 2 ml of 0.]. NaOH
at 37°C. When the solution became opalescant (about 4 hours), the V

extract was titrated to pH 7 with 0.1 N HC1. Pronase was then added
to a final concentration of 10 ~Jgm/m1 and the extract digested for
1 hour at 37C. The pronase was destroyed by placing the extract in
a boiling water bath for five minutes . After cooling under tap water ,
the extracts were concentrated by precipitation with twe volurres of
cold acetone . The precipitate was collected by centrifugatic~ at
1500 x g, dried in a stream of air, and reconsitiuted in 0 .5  ~i of
PBS. Any undissolved precipitate was removed by centrifugation in a
Serofuge , for five minutes. The extracts were standardized and
frozen at —70C until studied. V

To insure that the final extract preparations conta ined uniform
concentrations of gonococci , the wet weight of the organisms used
in each was determined and the final vollVme adjusted to 400 m9m
gonococcal per ml. Initially, this was done by ~~iqhing the organisms .
Subsequent studies denonstrated that an optical density of 25 units
at a wavelencht of 260 nm corresponded to this concentration of
gonococci. Figure 5 shows an absorption spectra in the ultraviolet
range of~typical qonecoccal extract. T’l1 extracts were standardized
in this manner prior to testing. To accomplish this standardization,
50 lambda of extract was diluted to 2.5 ml in PBS. The optical density
at 260 nm was determined in 1 cm quart z cuvettes in a Hatachi 190
spectorphotorreter. The final extract volim~ was determined by the
following formula :

O.D.  260 nm
Final Voluire = 

________________________V x 0 .45  ml

0.50

The O.D. 260 nm represents the optical density of the 1:50
extract dilutions and the 0.45 ml represents the volume of the
extracts after fifty lan da is removed for standardization . The
constant 0.50 represents the optical density of a 1:50 dilution of
400 Ir~ /ml of organisms.

• - ~ V • .~~~~~~•
_____  ____  ____  — ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~



Michae l 7 • 7\picella Gonococcal Subgr oups Progress Report

• Figure 5

l . O_

O.D. 0. 5 -  
/ 

\
•
\ •
/

1 /

I
_ _ _ _  _ _ _ _

I l —f— ’

350 300 250

~~~~~~~~~~~~~~ flIT\

Figure 5. Spectral analysis of qonococcal extract from Cc1 strain
1342. Absorption iraxima occur in the 260 nm range corresponding to
nucleic acid absorption and below 220 nm . The 260 nm wavelength was
chosen for extract calibration.
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Table 1

Sensitivity and specificity of the four ser~~TOUP HAl

S~. V V~te-
V
~

V
~5 using serogrOup antigens .

Ii-thjbitor ConCe tiT it iO~~

ugrrv’rril

SeroqrOUp Antiqefl
1342 1291 4505 1108

I (Cc1) (Gz~~) (Cc3
) (~c4 )

16 >1000 >1000 >1000
1

Cc >1000 4 >1000 >1000
2

Cc >1000 >1000 8 -~l000
3

Cc >1000 >1000 > 1000 1
4

These extracts were incorporated into four HAl systems which
were specific for the respective serogroup systems. These HAl
systems employed sheep erythrocytes coated with Cc antigens. The
antisera used as agglutinators were made to whole gon000cci and
absorbed to make them specific for the respective seroqroups.
Table 2 demonstrates the specificity and sensitivity of these HAl
systems using purified antigens.
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Figure 6
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Figure 6. Microtiter HAl plate using strain extracts in Ccl system.
Serial dilutions are dipicted across horizontal axis. Nell C-A contains
an agglutinating control and Nell C-B , a non-agglutinating control .
Rows A , B , and C conta in extracts from prototyp e strains 1342 (Cc1)
1291 (Cc2) , and 4505 (Cc 3 ) .  Well D , E , and F contain extracts from
strains 256, 352 and 1123. Inhibition is seen in row A to a titer
of 1:8, row D 1:4 and row E to 1:16.

The incorporation of extracts into these HAl systems did not
effect the specificity of the systems . Figure 6 shows a photograph
of a typical HAl microtit er plate demonstrating a study using
extracts fr om standard strains for three serogroups and unknown
strains. As can be seen , the only standard strain which inhibited
(inhibition is manifest by the falling button ) was the Cc1 strain
1352 at a titer of 1:8.

C. Serogroup testing of clinically isolated go~~cocca1 strains.

E~tracts were prepared by the method just described to 163
consecutively isolated gonococcal strains and incorporated into the
serogroup HAl systems. Table 2 gives the serogroup distribution of
these strains.

- ~~~~~~~ ~~~~~~~~~ 
~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _
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Table 2

Serogroup distribution of 163 gonococci by HAl analysis

Group No.

Cc1 11 6.7

Cc.) 66 40 .5

• Cc
3 12 7.4

Cc
4 27 16.6

Cc1 3  13 8.0

Cc2 4  5 3.1

• 
Cc1~~ 2 1.2

27 16.5

Total 163 . 100

NC = Nongroupable

Seven serologic catagories of strains were identified. Seventy-
one percent (116/163) of all strains typed for only one seroqroup
of which 57 percent (66/116) typed for the Cc2 serogroup. Figure 7
shows the titer distribution of the 116 strains in these four sero-
groups . The n~~1ian titer for Cc1 was 1:8, for Cc2 was 1:8, for Cc3
was 1:16 arid Cc4 was 1:16. Nine strains had titers greater than
1:128. The highest titer was 1:2048 and occurred in 3 strains in the
Cc4 system. I~~nty strains typed for more than one serogroup . In
order to confirm that this mixed pattern was not due to strains
containing organisms of twe different serogroup populations , they
were replated and 10 individual colonies isolated from each parent
strain . These colonies were used to produce extracts which were
studied in the serogrouping systems . For each of the twenty strains , S

all colonial isolates demonstrated the sane serogrouping pattern as
the parent strain and typed for t~~ serogroups.
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Michael A. Apicella Gonococcal Subgroups Progress Report

In order to confirm the reliability of the serogrouping systems,
antigens and antisera were made to strains from each serogroup and
compared in a series of imnunologic studies with the standard reagents

• (antisera and antigen) of their own serogroup. A total of sixteen
strains were studied, four in each serogroup . To test the reliability
of low titers, only strains with HAl titers of 1:16 or less were
selected. Figure 7 shows the results of a typical imnunodiffusion
study of the four antigens isolated from the strains selected from
the Cc2 serogroup. These are compared to the Cc2 antigen 1291. The
antiserum was made to strain 755. As can be seen a single line of
indentity is present between the four antigens and the standard .
When the Cc2 antiserum 1291C is used , an identical pattern is obtained.

Figure 8
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Figure 8. Irrniunodiffusion analysis of serogroup antigen isolated from
Cc2 strains 755 , 877 , 1194 , and 6398 in wells B, C , D and E. Well A
contains Cc2 antigen 1291 the serogroup standard . All antigen concen-
trations are 500 JgnV~1. The center well contains antiserum preduced
to strain 755.
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All sixteen antigens were used as inhibitors in the standard
HAl systems. Table 3 shows the results of this study. Inhibition
occurred only in the hczrologous systems. The range of inhibition was
from 64 ~.ign~ ml to 4 pgny~~l. Studies were also instituted to develop
serogroup HAl systems with these antigen s and their antisera . One
pair was chosen fran each serogroup. Ten extracts which had been
typed with the standard HAl systems were selected and used as
inhibitors in these systems. The results were ca~pared with those
obtained in the standard serogroup system. The new HAT systems were
inhibited only by the sane extracts which inhibited their own
seroqroup HAT .

At present , 27 strains could not be classified with these
serolo gic methods. Twelve of these strains have been studied by
production of antisera and attempts at serogroup antigen isolation .
These antisera did not produce antibodies in precipitin or hernag-
glutinat ion systems to the four known serogroups. Using these
antisera , new serogroup antigens have not been identified on these
strains.

D. Cc anti gens identified dur ing this study, their physico-
chemical and in,itunochemical properties.

As mentioned previously, two additional population specific
antigens have been identified during the course of this study .
These have been designated Cc3 and Cc4. The Cc3 antigen was
isolated from a strain which failed to produce Cc1 or Cc2 antigens
based on imnunodif fusion analysis. The Cc4 antigen was isolated from
a strain which failed to type in the Cc1, Cc2 , and Cc3 HAT systems.

Figure 9 and 10 demonstrate a series of inrunodif fusion studies
which show the specificity of the different serogr oup systems
including the Cc3 and Cc4 antigens. The antisera used in these
experirrents were made to whole organi sms representative of the
respective serogroups . This antisera was then absorbed with purified
Cc antigen from another serogroup to remove the core specificity .
These same absorbed antisera and antigens were the reagents used to
construct the serogroup specific HAT systems for the detection of
the respective Cc antigens in the gonococcal strain extracts.

Physicocher nical studi es with the Cc3 and Cc4 antigens indicated V

that they have prop erties identical to the 
~~~ 

and Cc2 antigens.
Isoelectric focusing in a 0 - 50% glycerol gradient using pH 3 - 6
anpholine buffers indicated that the p1 of the Cc3 and Cc4 antigens
are 4.20 and 4.26 respect ively . ~oth core and seroqroup specificity
were present on the anti gens isolated from the Cc anti gen peaks after
electrofocusing and no other sample components were identified in the
eluate from these coltm~~s.
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The nr)lecullVar size of the Cc3 and Cc4 antigens is similar to that
previously descr ibed for the Cc1 and Cc2 polysaccharides. They elute
from P-200 with a Kay of 0.15 . 1~nzymatic and oxidative studies of
these new serogroup antigens indicated that their antigen icity is
resistant to destruction by proteolytic enzymes , but c~ ipletely re-
noved by treathent with sodium metaperiodate. Studies are now
underway to determine the effect of glycolytic enzymes such as
mixed glycosidase on these anti gens.

Chemical studies are in progress on the Cc antigens . Amino acid
analysis of all of the four seroqroup prototype antigens has been
cxxrpleted using a Beckman l2OC amino acid analyzer after 24 and 48
hours of hydrolysis at 110 in 6N HC1. Amino acids accounted for
between 0.78% (Cc4) to 0.27% (Cc1) of the applied antigen samples.
Nitrogen analysis indicated that the Cc1 and Cc2 antigens contained
approximately 2.0% nitrogen. Colorirretric analysis of the Cc1, Cc2 ,
Cc3, and Cc4 , antigens for sialic acids, hexuronic acids , pentoses,
heptose s , and deoxypentoses were negative. The following chemical
studies were perforrred only on the Cc1 and Cc2 antigens.

Using the an throne method, aoproxi mately 25% of the Cc1 and
20% of the Cc2 anLigen s could be accoun ted for as hexoses , respectively .
‘lb detennine the hexosamine content, multiple hydrolysis conditions
were studied. Optimal hydrolysis occurred at 8 hours in 2N HC1 at
100 C in vacua. Under these conditions, 15% of the dry weight of the
Cc1 and 20% of the Cc2 antigen s could be accounted for as hexosamines
by Elson-~4orqan analysis. Table 4 shows the results of ion exchang e
and gas chro matographic analysis of these antigen s for the ir carbo-
hydrate components.

Table 4

Carbohydrate Ana lysis
Gonococcal Serogroup Antigens -

m~~/100 mgm antigen

Cc1 
Gc2

strain 1342 strain 1291

glucose 11.4 8.9
gcd~ ctose 12.3 9.5
glucosamine 6.6  11.4

~ i 1acto samine 3 . 3  none present
glucosamine—6—P04 4.5 5.2
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Ion exchange chromatography with the amino acid analyzer for
amino sugars has been done on hydrolysate s of both types of subgroup
antigen , and a major difference has been identified . Both Cc1 and
Cc2 antigens have been found to contain galactosarnine . Another peak
is also present in the chromatogram of antigens of this subgroup and
it has been tentatively identified as galactosamine-6-phosphate . We
arc now atte npt ing to confirm this by the preparation of authentic
standards. Gas liquid chromato graph y for hexoses indicate s that both
subgroup antigens contain glucose and galactose in equim lar concen-
trations. The quantitative release of hexoses after hy:I rolysis has
always been grea ter from the Cc2 antigen s while the release of
hexosamines has always been greater from the Cc1 antigens . Repetition
of these hydrolysis exper iirents under precise auantitative conditions
are now underway to define these differences exactly . We are now
able to account chemically for approximately 40% of the Cc1 antigen
and 35% of the Cc2 antigen . A wide range of hydrolysis conditions
have been studied and additiona l studies are planned . Finally, the
relatively low yield of hexosam ines in antigens which based on
their nitr ogen content should consist primarily of amino sugars has
prcxrpted us to search for unusual amino acid sugar derivatives such
as amino-hexuronjc acid derivatives and to look for the more acid
labile hexosamines such as 4-amino-4 deoxy glucose . More complete
chemical analysis of the Cc3 and Cc4 antigens are now in progress.

E. Cross-reactivi ty Studies: Identification of a non-capsular
cell-wall nolysaccharide from group B meningococci similar to the
Cc anti gen of the gonococcus: During the course of investigations
into cross-reactivity of the Cc antigens with othe r microbial
species the following experiments were per formed . Antisera , to a
wide range of microbial species or microbial anti gens were studied
in iimiunodiffusion systems against the Cc antigens or in passive
her nagglutination systems (HA ) to cell coated with the four Cc
seroqro up antigens . Table 5 demonstrates the results obtained in
these studies. As can be seen , among 31 antisera tested , cross-
reacting antibody was denonstrated only in antiseri~~ made to severa l
strains of group B meningococci. The following preliminary studies
have been performed in an attempt to elucidate this relationship
between group B meningococci and the Cc antigens of the cpnococcus .

Ten group B strains which had been isolated from patients
with serious CNS infections or sepsis were selected , grown on
cI~~co late plates and alkaline extracts made to them by the method
described for gonococci. These xreningococcal extracts
were then incorporated into the four Cc seroqrouping systems as
inhibitors. Four of the group B extracts inhibited the Cc2
serogrouping system at dilutions of 1:4 , 1:8 , 1:8 , and 1:32 ,
respectively. No inhibition was seen with any of the ten extracts V

in the three other gonococcal serogrouping systems. To determine
the nature of the cross reacting determinant (s) , isolation of
the responsible antigen Cs) was under taken by the methcx3 used
for the CC antigens. DEAE chromatography was done on the alkaline
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Tal’1e 5

Results of ininunodi f fusion and passive hemagglutination studies

with antisera to other bacterial species.

Precipi tin
Antisert~ Source line HA

V E. coli OB poly A Difco - -

E. coli OB poly B - -

Shigella poly C-2 - -

A “ -

“ A—i —

~ B -

~ C -

C—l — —

T I TI 
11) — —

Kiebsiella type 1 - —

2 II 
—

II II 3 II 
—

II II 4 II 
—

II II 5 II 
—

II ~ 6 —

E. coil OK poly C - -

Salnonella 0 poly A -

Salmonella Vi —

Heirophilus ~O1y II 
- - 

V

Brucella nellitinois — —
II 

~~~~ 
II 

— —

Bruce ila poly AMS - -

Listeria 0 - - -
Yersinia tularensis — -
Herellea Vaginocula - -

Pneurrococcal poly Statens - -

N. mening. A (~~n - -

N. mening . B Cc2 Cc2
N. rrening . C - -
N. Flava II - -
N. sicca ‘I 

- -
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treated phenol-water extract of group B neningococca l strain B- 1 7 ,
and Cc2 antisera 1291C was used to detect the antigen in eluate
tul?es. The antigen eluted at an ionic strength of between 3.4  x
10’1K to 3 x 104K which is identical to the Cc antigens. Imnuno-
diffusion studies comparing B-47 with the standard antigen for the
Cc seroqroup in which it typed indicated they were identical. Such
an imninodiffusion study can be seen in figure 11. Like the Cc
antigens , this neningococcal antigen is a macron olecule of sub-
stantial size. Figure 12 shows the elution of this antigen over
a Sepharose 4B column. The antigen again was detected with 1291 C
antisera and eluted just after the void voli~ r~ of this column . The
Cc antigens eluted from this column in a similar region . Electro-
focusing studies have been completed in a 0-50% qlycero l gradient
and reveal that neningococcal antigen from strain B-47 has a p1 of
4.19.  Previous studies with gonococca l Cc antigens indicate that they
have isoelective points in the range of 4.20 to 4 . 2 6 .  T~~ of the
remaining three group B rreningococcal strains which inhibited
the gonococcal Cc2 serogroup have been studied by antigen isolation
and in the saire studies as described above . All yield antigen
identical to the Cc2 standard 1291 and all had similar elution
characteristics in DEAE , Sepharose 4B , and isoelectric focusing.

Chemical and ira nuno logic studies have indicated that these
• anti gens are unrelated to the group B capsular polysacch aride .

They are not detected by CDC group B antiser um in iimiunodiffusion
or hemagglutination systems and their ability to inhibit the Cc2
HAl system is not altered by neura ininidase treat ni~nt. (The group
B polysaccha ride has been described as being neura minidase sus-
ceptibile.) Chemical analysis of these antigens indicated that they
are polysacchar ides containing less than 1% prote ~n based on amino
acid analysis. Specific chemical definition of these antigens is
not yet available , but the sutdies are in progress.

In addition to studies described above of the four neningo-
coccal polysaccharides which inhibited the Cc2 systems, antiqen
isolation and antisera production has been accomplished on four
group B rre ningococca l strain s which failed to inh ibit any of the
gonococcal Cc serogroup ing HAl systems . In this group of four
strains, t~o different polysaccharide are ininunologically distinct
from each other and the anti gens isolated from the rreningococci
which inhibited the Cc2 system. These antigen s have been produced
by the methods described above for Cc anti gens and were detected
by antisera made to the parent group B stra in. Figure 13 shows
an ininunodif fusion plate recently completed with these antigens
and absorbed antisera . Three specific ininunodiffusion systems
have been established . A single line is present only between

V homologous antigens and antisera .
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Figure 11

~~

~ur-~ 11. Ininunodiffusion study comparing Cc2 antigen 1291 (well A)
~~~~ t~~ ~mt i jen from strain B—47 (well B) .  Well 1 contains antiserum
12 ~ 1 C .

This would indicate that there are at least 3 group B rreningo-
coccal sei -ot~~x�s based on this non-capsul ar cell wall polysaccharide
system. Studies are now in pr ogress to establish HAl systems to
these serotype antigen s in a fashion similar to the gonococcal HAl
systems .

Thus , our studies with gonococcal serogrouping have indicated
that similar and in sare instances identical , antigens exist in the
cell wall of group B neningococci . At least 3 different antigenic
populations of these polysacch aride s have been identified in group
B rren ingococci .

—21—

/ T

V - V ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - V __-V_~~i___~_ V V - V - V~~~~~~~~~



______________ 
--V ~~~~~~~~~~~~~

-V -V~~~~ -

.• ~Tj

LV -

~1 ~~~
~-ti CD Ni
Nt~ U)

~~
. (-I-

H O

~-~ • ct

~ J Q

0
-V

I I V V V V_ V _ I

I~3
I I ,

— -_J
0 -

I ’ , - o

CD

-~ -~~~~ I Ni

CA~~ J1

I ’M -
~

~~~Ni 1

VV~

~Q U)
~~‘ N i O  Ni

1< H

• — 22—

• I 
V

~~~. V - ~~~-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ 

V 

~~L .  • V V V ±t~~~~ ~~~~~



-~~ ~~~~~~~~~~~~ ~~~-~~~~~ - -

Figure 13

(A

Fiq~irr’ j3 — Iirriuncxliffusion study comparing 3 di~ ier~ nt qrouD 13
non-capsular polysaccharide serotype antigens and absorherl antiser a
made to Cc2 strain 1291 (Well 1) ,  B—13 (Well 2 ) ,  and B—5l (We ll 3)
Well A contains antigen 13-47 , Well B contains V1nt i~~~, n  B-13 and Well C
contains antigen 13-51.
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