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Evaluation of synthetic schemes to prepare
immunogenic conjugates of Vibrio cholerae O139
capsular polysaccharide with chicken serum albumin
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Vibrio cholerae serotype 0139 is a new etiologic agent of epidemic cholera. There is no vaccine available against cholera
caused by this serotype. V. cholerae 0139 is an encapsulated bacterium, and its polysaccharide capsule is an essential
virulent factor and likely protective antigen.

This study evaluated several synthetic schemes for preparation of conjugates of V. cholerae O139 capsular poly-
saccharide (CPS) with chicken serum albumin as the carrier protein (CSA) using 1-ethyl-3(3-dimethylaminopropyl)carbo-
diimide (EDC) or 1-cyano-4-dimethylaminopyridinium tetrafluoroborate (CDAP) as activating agents. Four conjugates
described here as representative of many experiments were synthesized in 2 steps: 1) preparation of adipic acid
hydrazide derivative of CPS (CPSan) or of CSA (CSAaR), and 2) binding of CPS,4 to CSA or of CPS to CSA4. Although
all conjugates induced CPS antibodies, the conjugate prepared by EDC-mediated binding of CPS and CSA,4 (EDC:CPS-
CSAan) Was statistically significantly less immunogenic than the other three conjugates. Representative sera from mice
injected with these three conjugates contained antibodies that mediated the lysis of V. cholerae 0139 inoculum.

Evaluation of the different synthetic schemes and reaction conditions in relation to the immunogenicity of the resultant
conjugates provided the basis for the preparation of a V. cholerae 0139 conjugate vaccine with a medically useful carrier
protein such as diphtheria toxin mutant.

Keywords: Vibrio cholerae 0139, 0139 capsular polysaccharide, cholera 0139 vaccine, vibriocidal activity to serotype
0139

Abbreviations: CPS, Capsular polysaccharide; CSA, chicken serum albumin; EDC, 1-ethyl-3(3-dimethylaminopropyl)-
carbodiimide; CDAP, 1-cyano-4-dimethylaminopyridinium tetrafluoroborate; ADH, adipic acid dihydrazide; AH, adipic
acid hydrazide; CPS,y, derivative of CPS; CSA,y, AH derivative of CSA; EDC:CPS-CSA, conjugate prepared by EDC-
mediated coupling of CPS with CSA,,; CDAP:CPS-CSA A4, conjugate prepared by CDAP-mediated coupling of CPS with
CSAaH; CPSan1, AH derivative of CPS prepared by EDC-mediated activation of hydroxyl groups; EDC:CPS,H1-CSA,
conjugate prepared by EDC-mediated coupling of CPSay; with CSA; CPSah0, AH derivative of CPS prepared by CDAP-
mediated activation of carboxyl groups; EDC:CPS,H,-CSA, conjugate prepared by EDC-mediated coupling of CPS > with
CSA.

Introduction quinovosamine) within a backbone and 3 other saccharides
(two colitoses and galactose) in 2 branches [7,8]. It carries 2
negatively charged groups per repeating unit: 1) a carboxyl of
galacturonic acid; 2) a cyclic phosphate bound to C4 and C6
of galactose.

Epidemiologic and clinical studies indicate that the capsule
of ¥ cholerae 0139 is an essential virulence factor and the
antibodies to CPS are associated with immunity to this

- bacterium [3,5,6,9—11].
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Vibrio cholerae 0139, the second etiologic agent of epidemic
cholera, emerged in the early nineties [1-3]. V cholerae O139
has a capsule on its surface that is composed of polysaccharide
(CPS) [4-6]. The O139 CPS is a complex branched copolymer
of a hexasaccharide-repeating unit containing 3 saccharides
(N-acetyl-glucosamine, galactouronic acid and N-acetyl-
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serum albumin (CSA). CSA is a stable, immunogenic, and
readily-available protein useful as a model carrier protein [12].
Two sets of conjugates CPS-CSA g and CPS,u-CSA were
prepared, each by 2-step synthesis: 1. the preparation of adipic
acid hydrazide (AH) derivative of CPS (CPS 4y, and CPSapp)
[Scheme 1A and 1B] or of CSA (CSAan) [Scheme 1C], and
2. coupling CPS with CSA Ay [Scheme 2A and 2B] or CPSay;
or CPSap, with CSA [Scheme 2C]. Two activating agents
EDC [13] and CDAP [14] were used to facilitate either step.

Materials and methods
Substances

Chicken serum albumin Fraction V (CSA), rabbit CSA
antiserum, adipic acid dihydrazide (ADH), 1-ethyl-3(3-
dimethylamino-propyl) carbodiimide (EDC), 1-cyano-4-
dimethylamino-pyridinium tetrafluoroborate (CDAP), 2-[N-
morpholino]ethanesulfonic acid (MES-acid) and (2-[N-
morpholino]ethanesulfonic acid) sodium salt (MES-Na), and
agarose were from Sigma, St Louis, MO; Sephadex G-25 and

A. EDC-mediated preparation of CPSau1,
EDC

Sepharose CL-2B were from Pharmacia AB, Uppsala, Sweden,;
Bio-Gel P-10 from Bio-Rad Laboratories, Richmond, CA; BSA
standard solution, Coomassie blue protein assay reagent, tri-
ethylamine (TEA) was from Pierce, Rockford, IL; 2,4,6-
trinitrobenzenesulfonic acid (TNBS) solution were from
Fluka (Switzerland); dialysis membranes (molecular weight
cut off 6-8000) were from Spectra-Por, Laguna Hills, CA.
Deionized water was used in all experiments.

Bacteria

A heavily capsulated variant of ¥V cholerae 0139 (MDO12C),
provided by Richard A. Finkelstein [15], was used for purifi-
cation of CPS. Another V. cholerae O139 clinical isolate from
a Thai patient, SPH1168, provided by David N. Taylor (Walter
Reed Army Institute of Research, Washington, DC), was used
as a target strain in vibriocidal assay.

V. cholerae O139 capsular polysaccharide (CPS)

CPS was purified as described [16] except that the CPS was
not diafiltrated through Amicon membrane YM100. The CPS

CPS-COOH + NHzNHCO(CH2)sCONHNH; > CPS-CONHNHCO(CH2)sCONHNH;

[ADH]

B. CDAP-mediated preparation of CPSarz.

[CPSaHi]

CDAP
CPS-OH + NH2NHCO(CH2)sCONHNH; > CPS-OC(NHz)NHNHCO(CH.);CONHNH;

[ADH]

C. EDC-mediated preparation of CSAan .

[CPSan2)

EDC

CSA-COOH + NH;NHCO(CH;4CONHNH; > CSA-CONHNHCO(CH.);CONHNH,

Scheme 1. Derivatization of CPS or CSA with ADH.

[CSAaH]
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A EDC-mediated coupling of CPS with CSAan

EDC

CPS-COOH + CSAsy - CPS-CONHNHCO(CH2);CONHNH-CSA
[EDC:CPS-CSAa]

B. CDAP-mediated coupling of CPS with CSAan

CDAP

CPS-OH + CSAmp = CPS-OC(NH2)NHNHCO(CH_)sCONHNH-CSA
[CDAP:CPS-CSAaH]

C. EDC-mediated coupling of CPSan1 or CPSay2 with CSA

EDC

CPSans + CSA-COOH > CPS-NHNHCO(CH2)4CONHNHCO-CSA
[EDC:CPS,,-CSA]

or
EDC

CPSanz + CSA-COOH -> CPS-OC(NHz)NHNHCO(CH2)sCONHNHCO-CSA
[EDC:CPSaH2-CSA)

Scheme 2. Conjugation reactions.

contained <0.5% protein, <1% nucleic acids and <5 endo-
toxin units/pg. The distribution coefficient (Kd) of CPS on
Sepharose CL-2B was 0.52.

The '*C NMR spectrum of CPS (100 mg/mL) was measured
using a Varian XL300 spectrometer by averaging 50,000 scans
with a 10-s decay between acquisition and 10-ps 90° pulse.
Prior to Fourier transformation, a 5-Hz line broadening was
applied and zero-filled to 32,000 datum points. The '*C NMR
spectrum of CPS (Figure 1) agrees with the published reports
[7.,8].

Adipic acid hydrazide (AH) derivatives of CPS

Adipic acid dihydrazide (ADH, a linker) was bound to the CPS
in the presence of EDC (CPSp1) or CDAP (CPSam).

Py

CPS 4111 [Scheme 1A4]. Concentrations of the reactants in the
reaction mixture were 20 mg/mL of CPS, 0.05M ADH, and
0.05M EDC. MES buffer (pH 5.5) was added to the CPS in
water to adjust the pH to 5.5. EDC and ADH (both in powder
form) were then added. The reaction was carried out for 2 h at
room temperature and pH 5.5-5.6 was maintained with 0.5 M
MES-acid. The pH was then brought to 7.0 with 0.1 M sodium
phosphate buffer (pH 8.0), dialyzed overnight against water,
and passed through a 1.5- by 24-cm column of Bio-gel P-10 in
water. The void volume fractions were freeze-dried and
designated as CPSpy;.

CPS 1> [Scheme [IB]. The reaction was performed at a
CDAP/CPS ratio of 3:10 (w/w) [17]. 1mL of CPS
(30 mg/mL water), pH 5.0, was mixed with 90 uL. of CDAP
in acetonitrile (100 mg/mL). After 30s, 90 uL of 0.2M TEA
was added. During the next 2 min the pH dropped from 8.1 to
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Figure 1. 3C NMR spectrum of Vibrio cholerae O139 capsular polysaccharide (CPS).
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7.2, and 1 mL of 0.8 M ADH in 0.5M NaHCO; was added.
The reaction was carried out for 2 h at room temperature and a
pH 8.3-8.6 maintained with 0.1 M HCI. The mixture was
dialyzed overnight against water and passed through a 2.5- by
40-cm column of Sephadex G-25 in water. The void volume
fractions were freeze-dried and denoted as CPSpp».

Adipic acid hydrazide (AH) derivative of CSA [Scheme 1C]

AH derivative of CSA (CSA,p) was prepared by EDC-
mediated condensation of ADH and CSA [18].
Concentrations of the reactants in the reaction mixture were
10mg CSA/mL, 02M ADH, and 0.015M EDC. ADH
(powder) was added to the CSA, the pH adjusted to 5.5 with
0.1 M MES buffer (pH 5.5), and EDC (powder) was added. The
reaction was carried out at room temperature, pH 5.5 to 5.7 for
1 h. The mixture was dialyzed overnight at 4°C against saline and
passed through a 2.5- by 40-cm column of Sephadex G-25 in
saline. The void volume fractions were pooled, concentrated by
ultrafiltration, stored at 4°C, and designated as CSA ay.

Conjugates

Two sets of conjugates CPS-CSA,y and CPS,y-CSA were
prepared using EDC [18] and CDAP [17] as the activating
agents.

EDC-mediated synthesis of CPS-CSA,y [Scheme 2A].
Concentrations of the reactants in the reaction mixture were
10mg/mL of CPS and 10mg/mL of CSAsp, and 0.02M
EDC. CPS was mixed with CSA oy, and the pH was adjusted
to 5.5 with 0.5M MES buffer (pH 5.5). The mixture was
brought to the final volume with saline, and EDC was added as
powder. The reaction was carried out at room temperature for
3 h, during which the pH rose from 5.5 to 5.7. The conjugation
was accompanied by a formation of precipitate that became
gradually heavier. The mixture was dialyzed overnight against
saline and centrifuged (7000 x g, 5min) before passing
through a 1.5- by 90-cm column of Sepharose CL-2B in
saline. Fractions were assayed for polysaccharide and protein.
The fractions 21 to 29 of Vo peak were pooled and denoted as
EDC:CPS-CSAg.

CDAP-mediated synthesis of CPS-CSA y [Scheme 2B]. CPS
was activated with CDAP and bound to CSA,y at the
CDAP/CPS ratio of 3:10 (w/w). 10mg of CPS in water
(100 mg/mL) was mixed with 30 uL. of the CDAP in aceto-
nitrile (100 mg/mL). The mixture (pH 5.2) was stirred for
30s, and 30 uL of 0.2 M TEA was added. After 2 min, 0.1 M
NaOH was added to bring the pH from 7.0 to 8.2. 10 mg of
CSA g was added, and the volume adjusted with saline to
2mL. The reaction was carried out for 3h at room tempera-
ture, and the pH of 8.0 to 8.3, maintained with 0.1 M NaOH.
The mixture was passed through a 1.5- by 90-cm column of
Sepharose CL-2B in saline. Fractions were assayed for poly-
saccharide and protein. The fractions 30 to 46 were pooled and
denoted as CDAP:CPS-CSA Ay.
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EDC-mediated synthesis of CPS,p;-CSA and CPS 4;,-CSA
[Scheme 2C]. CPS 41;-CSA. Concentrations of the reactants in
the reaction mixture were 10 mg/mL of CPSay;, 10 mg/mL
of CSA, and 0.02M EDC. CPS zy; was mixed with CSA, and
the pH was adjusted to 5.5 with 0.5M MES buffer (pH 5.5).
EDC was added as powder, and the mixture was brought to the
final volume with saline. The reaction was carried out at room
temperature for 3 h during which the pH rose from 5.5 to 5.6.
The reaction mixture was passed through a 1.5- by 90-cm
column of Sepharose CL-2B in saline. Fractions were assayed
for polysaccharide and protein. The fractions 36 to 52 were
pooled and denoted as EDC:CPSp1-CSA.

CPS 41;>-CSA. Concentrations of the reactants in the reaction
mixture were Smg/mL of CPSap,, 5mg/mL of CSA, and
0.05M EDC. The procedure was performed as described
above. Fractions were assayed for polysaccharide and protein.
The fractions 36 to 52 were pooled and denoted as EDC:CP-
S AHz-CSA.

Immunization of mice

Six-week-old Swiss albino female mice (10/group) were
injected s.c. 3 times at 2-week intervals, with 100 uL of the
immunogen in saline containing 2.5 pg of CPS as a conjugate
or polysaccharide alone. A control group of mice received
100 pL. of saline. Mice were exsanguinated 7 days after the
third injection, and sera were stored at — 20°C.

Enzyme-linked immunosorbent assay (ELISA)

Serum CPS antibodies were measured by ELISA as described
[16]. Murine hyperimmune ¥ Cholerae O139 serum, used as
the reference, was assigned a value of 1000 ELISA units/mL
(EU) for IgG and 100 EU for IgM (arbitrarily assigned upon
the observation that 1/20,000 dilution of anti-IgG and 1/100
dilution of anti-IgM gave approximately the same magnitude
of A4ps in this assay).

Results were computed with the ELISA data processing
program, based on a four-parameter logistic-log function using
a Taylor series linearization algorithm [19].

Statistics

Comparisons of the geometric mean values of anti-CPS IgG
(EU) were performed using the two-sided ¢ test or Wilcoxon
analysis.

Serum vibriocidal assay

Twelve representative sera from groups of mice injected with
the three most immunogenic conjugates, CDAP:CPS-CSA oy,
EDC:CPS o11-CSA, or EDC:CPS o15,-CSA, were examined for
vibriocidal activity using vibriocidal assay as described [16].
Vibriocidal titer of murine hyperimmune V. cholerae 0139
serum before and after absorption with CPS were also deter-
mined.
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Double-immunodiffusion assay

Double-immunodiffusion of the CPS and CPSpz with murine
hyperimmune V. cholerae O139 serum [16] or CSA and
CSA Ay with rabbit CSA antiserum was performed in 1%
agarose gel in saline.

Chemical assays

Polysaccharide concentration in the conjugates was measured
by the 3,6-dideoxyhexose assay, using CPS as the standard
[20]. Protein concentration was measured by Coomassie Blue
assay using BSA as the standard [21]. Free hydrazide groups
in AH derivatives of CPS and CSA were measured by TNBS
with ADH as the standard [22].

Limulus amebocyte lysate test

CPS was assayed for endotoxin by limulus amebocyte lysate
test [23]. The FDA Reference Standard Endotoxin (Lot EC-5)
was used as the reference for the assay.

Results
AH derivatives of CSA and of CPS (Table 1)

CSA Ay [Scheme 1C] contained ~ 9moles of AH per mole
CSA. CSAy formed a line of identity with CSA when reacted
with rabbit anti-CSA serum by double-immunodiffusion
(Figure 2A).

CPSan1, prepared by EDC-mediated reaction [Scheme 1A],
contained 0.08 moles of hydrazide per mole of CPS-repeating
unit. CPSayn, prepared by CDAP-method [Scheme 1B],
contained 0.12 moles of hydrazide per mole of CPS-repeating
unit. Both derivatives formed a line of identity with CPS when
reacted with murine hyperimmune V. cholerae O139 serum by
double immunodiffusion (Figure 2B).

Conjugates

All conjugates were characterized by gel filtration through
Sepharose CL-2B followed by analysis of their fractions for
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polysaccharide (PS) and protein (PR) [Table 2, Figure 3]. The
results were evaluated in comparison with Sepharose CL-2B
profiles of CPS and of CSA before conjugation: CPS was
eluted between the fractions 34 to 60 with the peak at Kd 0.52,
and CSA between the fractions 50 to 60 with the peak at
Kd 0.78.

EDC:CPS-CSA 41 [Scheme 2A4]. Gel filtration profile of this
conjugate, prepared by EDC-mediated binding of CPS to
CSA Ay, showed 2 peaks (Vo and Kd 0.52) that contained
both PS and PR (Figure 3A). The Vo material consisted mostly
of PR (PS/PR 0.15). The majority of PS was detected in the
second peak (Kd 0.52). Formation of this conjugate was
accompanied by the development of a protein precipitate
that accounted for about 30% of total PR. Only Vo material
was included in the final pool of the conjugate, and the yield
(by the recovery of PS) was 2.7%.

CDAP:CPS-CSA,4y [Scheme 2B]. This conjugate was
prepared from the same components as EDC:CPS-CSAay
but using CDAP as the activating agent. Gel filtration of this
conjugate (Figure 3B) showed that PS was present in fractions
30-65, similar to the elution range of CPS alone (34-60). PR
was detected within Fr 30-70, that is 20 fractions before the
elution range of CSA alone. Only fractions 30-47 of the PS
and PR overlapping region were included in the final pool of
the conjugate. The PS/PR ratio of the conjugate was 2.6, and
the yield based on the recovery of PS was 51%.

Table 1. Adipic acid hydrazide (AH) derivatives of Vibrio
cholerae 0139 capsular polysaccharide (CPS) and chicken
serum albumin (CSA).

AH/CPS AH/CSA

Derivative Method mg/mg mol/mol mg/mg mol/mol

CSAaH EDC NA NA 0.024  9.10
CPSan1 EDC 0.014  0.084 NA NA
CPSan2 CDAP  0.020  0.121 NA NA

NA: not applicable.

Figure 2. Double immunodiffusion (A) of CSA and CSAan with rabbit CSA antiserum and (B) of CPS and CPSan with murine hyperimmune

V. cholerae 0139 (representative picture of both derivatives).
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Table 2. Composition and immunogenicity of Vibrio cholerae O139 capsular polysaccharide (CPS) conjugates with chicken serum
albumin (CSA).

Conjugate Synthetic scheme PS/PR (w/w) Yield (%) Anti-CPS IgG (GM Elisa units/ mil*)
EDC:CPS-CSAaH EDC 0.15 2.70 2.612

CDAP:CPS-CSAan CDAP 2.60 50.7 52.2°

EDC:CPSan:-CSA EDC 2.21 77.4 12.9°

EDC:CPSan2-CSA EDC 1.10 54.3 15.7¢

*GM Elisa units/ml: geometric mean Elisa units.
The level of antibodies (class IgG) specific to CPS (anti-CPS IgG) induced by CPS alone was 0.19 Elisa units/ml, which was not statistically different
from 0.12 obtained in the control group of mice injected with saline; a vs b (P=0.0005); c vs d NS; b vs c or d NS; a vs c or d, P<0.03.

EDC:CPS 441;-CSA and EDC:CPS 45;>-CSA [Scheme 2C]. Gel mediated conjugation of the AH derivative of CPS with CSA,
filtration profiles of this conjugates are shown on Figure 3C but the w/w ratio of EDC/PR was 5-fold higher in the
and 3D, respectively. Both conjugates were prepared by EDC- synthesis of EDC:CPS4;1,-CSA. It should be also noted that

A 2 0.52 0.78 C 12
0.52 0.78
()
S 45| 145 ~
% . i . E
< 3
o »
B o1y 2
2 F ~
L c
(o]
% 0.5 | &
o

Polysaccharide (ABS 532 nm)
Protein (ABS sg5 nm)

0 20 40 60 80 | 0 20 40 60 80
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Figure 3. Sepharose CL-2B profiles of Vibrio cholerae O139 capsular polysaccharide (CPS) conjugates with chicken serum albumin (CSA):
(A) EDC:CPS-CSAan, (B) CDAP:CPS-CSApn, (C) EDC:CPSan:-CSA, (D) EDC:CPSaH2-CSA. Polysaccharide (solid symbol); protein
(open symbol); distribution coefficients of CPS alone (Kd 0.52) and CSA alone (Kd 0.78) are depicted.
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Table 3. Vibriocidal activity of representative sera from mice
injected 3 times with Vibrio cholerae 0139 capsular polysac-
charide (CPS) conjugates with chicken serum albumin (CSA).

Anti-CPS (EU/mL)

Vibriocidal

Conjugate 19G IgM titer*
CDAP:CPS-CSAaH 18.4 1.68 1000
73.9 1.67 2000

102.3 1.50 1000

325.0 11.53 8000

EDC:CPSan:1-CSA 14.5 2.51 2000
58.9 2.38 4000

71.9 0.91 2000

118.1 2.50 2000

EDC:CPSano-CSA 18.1 2.38 1000
62.4 2.21 2000

70.3 2.32 4000

103.5 9.92 4000

*Vibriocidal titer is defined as a reciprocal of the highest serum dilution
that caused the > 60% reduction in the number of bacteria compared
to complement control (no serum). Sera from mice injected with CPS
alone or with saline were not vibriocidal (VT <50) (not shown). Anti-
CPS IgG or IgM : antibodies specific to CPS of 1gG or IgM class.

CPSpn;1 and CPSap; had a different content of hydrazide and
were prepared by different derivatization reactions. Gel filtra-
tion of the conjugates showed that PS and PR peaks over-
lapped in the range of 36-52 (EDC:CPSsy;-CSA) and 36-60
(EDC:CPSap2-CSA). There was more PR eluted at Kd 0.78
(identical to Kd of CSA alone) in the first conjugate. Only
fractions 36-52 were included in the final pools of each
conjugate. The PS/PR (w/w) ratio and yield, by the recovery
of PS, were higher for EDC:CPS 411;-CSA than for EDC:CP-
Sam2-CSA.

Serum IgG response to CPS induced by conjugates

CPS alone elicited 0.19EU of anti-CPS IgG that was not
significantly different from the level 0.12 EU in mice injected
with saline. All conjugates induced statistically significant
levels of anti-CPS IgG ranging from 2.61 to 52.2 EU (Table 2).

EDC:CPS-CSA ,y elicited the lowest level of anti-CPS IgG
(2.61 EU) of all conjugates. In contrast, CDAP:CPS-CSAy,
composed of the same components as EDC:CPS-CSA 5y, but
prepared by CDAP-mediated synthesis, elicited the strongest
anti-CPS response (52.2 EU vs. 2.61, P=0.0005).

The last two conjugates prepared by EDC-mediated conju-
gation, EDC:CPS,y1-CSA and EDC:CPS4»-CSA, elicited
12.9EU and 15.7 EU, respectively, and the difference between
these levels was not statistically significant. Neither of these
levels was significantly different from 52.2EU elicited by
CDAP:CPS-CSAan.
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Serum vibriocidal activity to ¥ cholerae 0139

The murine hyperimmune V. cholerae O139 serum [16], raised
by multiple injections of formalin-killed bacteria (MDO12C),
had a vibriocidal titer of 16,000. Absorption of this polyvalent
serum with CPS reduced the titer by 80%.

Sera from mice injected with saline or CPS had no vibrio-
cidal activity. Sera from mice injected with the 3 most
immunogenic conjugates (CDAP:CPS-CSAsy, EDC:CP-
San1-CSA, EDC:CPSap2-CSA), were vibriocidal and their
titers ranged from 1000 to 8000. It is important to note that the
target strain in vibriocidal assay (SPH 1168) was different
clinical isolate than that used for purification of CPS
(MDO12C).

Discussion

Several synthetic schemes and different reaction conditions for
preparation of ¥V cholerae 0139 CPS conjugates with CSA
were investigated. Here we describe synthesis, physico-chemi-
cal characterization and immunogenicity of four representative
conjugates. Two of them were prepared by coupling CPS to
CSA g facilitated with either EDC or CDAP. The other two
conjugates were prepared by EDC-mediated binding of CPS Ay
to CSA.

Conjugates such as EDC:CPS-CSAsy and CDAP:CPS-
CSA Ay, although prepared from the same components but
using different activating agents, are structurally different
molecules. EDC activates carboxyls, while CDAP activates
hydroxyls for the reaction with nucleophilic groups [13,14].
In addition, the chemistry of both conjugations is complex
because the potentially activated groups (carboxyls or hydro-
xyls) are present on both CPS as well as CSA oy, and they can
react with both hydrazides and amines (¢ amine group of
lysine) on the protein. It should be pointed out that hydra-
zides are stronger nucleophilic groups than amines. Therefore,
carboxyls or hydroxyls will react preferentially with
hydrazides.

Synthesis of EDC:CPS-CSA 5y is representative of several
conjugation experiments: all were accompanied with precipi-
tation of protein, and the resultant conjugates were large in
molecular size, had low w/w PS /PR ratios (< 0.15), and were
poor immunogens. Together these findings indicate that during
EDC-mediated conjugation of CPS and CSApy the protein
became self-cross-linked, and such structural alteration of
carrier protein could explain the low immunogenicity of this
conjugate. Self-cross-linking of protein could be a direct result
of the comparatively higher reactivity of CSA-carboxyls than
CPS-carboxyls.

In contrast, no protein precipitation was observed during
EDC-meditated binding CPS,y with CSA. In this synthesis
the higher reactivity of protein-carboxyls than CPS-carboxyls
favors the binding of protein-carboxyls with hydrazides on
CPS Aoy, which results in the formation of conjugate. The lower
reactivity of CPS-carboxyls reduces the possibility for self-
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crosslinking of CPS-molecules. Both resultant conjugates,
EDC:CPSAp1-CSA  and EDC:CPSap,-CSA, had high
PS/PR ratios and were significantly better immunogens than
EDC:CPS-CSAxy

In contrast to the EDC-mediated coupling of CPS to
CSAap, the CDAP-mediated coupling of the same compo-
nents resulted in the formation of highly immunogenic conju-
gate CDAP:CPS-CSAg. It is also of interest, that although
CSAp was prepared by EDC-mediated derivatization reac-
tion, this exposure to relatively mild conditions (10 mM EDC
for 1h) had no apparent negative effect on the carrier protein
and subsequently on the immunogenicity of the resultant
conjugate.

In summary, this study demonstrated that immunogenicity
of CPS could be stimulated by conjugating CPS to CSA and
that the conjugate-elicited sera contained antibodies that
neutralized V. cholerae O139. Evaluation of different synthetic
schemes and reaction conditions in relation to immunogenic
properties of the resultant conjugates provided the basis for
selecting effective ways for synthesis of ¥ cholerae 0139 CPS
conjugates with a clinically acceptable protein carrier, such as
diphtheria toxin mutant [16].

Acknowledgements

We are grateful to Richard A. Finkelstein and David N. Taylor
for providing MDO12C and SPH1168 isolates of Vibrio
cholerae 0139, Dolores A. Bryla for performing statistical
analysis.

References

1 Albert MJ. Epidemiology & molecular biology of Vibrio cholerae
0139 Bengal. Ind J Med Res 104, 14-27 (1996).

2 Faruque SM, Ahmed KM, Siddique AK, Zaman K, Alim ARMA,
Albert MJ. Molecular analysis of toxigenic Vibrio cholerae 0139
Bengal strains isolated in Bangladesh between 1993 and 1996:
evidence for emergence of a new clone of the Bengal vibrios.
J Clin Microbiol 35, 2299-306 (1997).

3 Waldor MK, Mekalanos JJ. Emergence of a new cholera
pandemic: molecular analysis of virulence determinants in
Vibrio cholerae 0139 and development of a live vaccine proto-
type. J Infect Dis 170, 278-83 (1994).

4 Meno Y, Waldor MK, Mekalanos JJ, Amako K. Morphological
and physical characterization of the capsular layer of Vibrio
cholerae O139. Arch Microbiol 170, 339-44 (1998).

5 Waldor MK, Colwell R, Mekalanos JJ. The Vibrio cholerae 0139
serogroup antigen includes an O-antigen capsule and lipopoly-
saccharide virulence determinants. Proc Natl Acad Sci 91, 11388—
92 (1994).

6 Weintraub A, Widmalm G, Jansson P-E, Jansson M, Hultenby K,
Albert MJ. Vibrio cholerae 0139 Bengal possesses a capsular
polysaccharide which may confer increased virulence. Microb
Pathol 16, 235-41 (1994).

7 Knirel YA, Paredes L, Jansson P-E, Weintraub A, Widmalm G,
Albert MIJ. Structure of the capsular polysaccharide of Vibrio

12

13

14

15

16

17

18

19

20

21

22

Kossaczka and Szu

cholerae 0139 synonym Bengal containing D-galactose-4,5-
cyclophosphate. Fur J Biochem 232, 391-6 (1995).

Preston LM, Xu Q, Johnson JA, Joseph A, Maneval Jr DR,
Hussain K, Reddy GP, Bush CA, Morris JG. Preliminary structure
determination of the capsular polysaccharide of Vibrio cholerae
0139 Bengal A11837. J Bacteriol 177, 835-8 (1995).

Qadri F, Wenneras C, Albert MJ, Hossain J, Mannoor K, Begum YA,
Mohl G, Salam MA, Sack RB, Svennerholm AM. Comparison of
immune responses in patients infection with Vibrio cholerae 0139
and O1. Infect Immun 65, 35716 (1997).

Losonsky GE, Lim Y, Motamedi P, Comstock LE, Johnson JA,
Morris Jr JG, Tacket CO, Kaper JB, Levine MM. Vibriocidal
antibody responses in North American volunteers exposed to
wild-type or vaccine Vibrio cholerae O139: Specificity and
Relevance to Immunity. Clin Diagnos Lab Immunol 4, 264-9
(1997).

Nandy RK, Albert MJ, Ghose AC. Serum antibacterial and
antitoxin responses in clinical cholera caused by Vibrio cholerae
0139 Bengal and evaluation of their importance in protection.
Vaccine 14, 1137-42 (1996).

Seppdld I, Mékeld O. Antigenicity of dextran-protein conjugates.
J Immunol 143, 1259-64 (1989).

Hermanson GT. Bioconjugate techniques. Academic Press, San
Diego (1996).

Shafer DE, Toll B, Schuman RF, Nelson BL, Mond JJ, Lees A.
Activation of soluble polysaccharides with 1-cyano-4-dimethyl-
aminopyridinium tetrafluoroborate (CDAP) for use in protein-
polysaccharide conjugate vaccines and immunological reagents.
II. Selective crosslinking of proteins to CDAP-activated polysac-
charides. Vaccine 18, 1273-81 (2000).

Finkelstein RA, Boesman-Finkelstein M, Sengupta DK, Page WJ,
Stanley CM, Phillips TE. Colonial opacity variations among the
choleragenic vibrios. Microbiology 143, 23-34 (1997).
Kossaczka Z, Shiloach J, Johnson V, Taylor DN, Finkelstein RA,
Robbins JB, Szu SC. Vibrio cholerae 0139 conjugate vaccines:
Synthesis and immunogenicity in mice of the V. cholerae 0139
capsular polysaccharide conjugates with recombinant diphtheria
toxin mutant. Infect Immun 68, 503743 (2000).

Konadu E, Shiloach J, Bryla DA, Robbins JB, Szu SC. Synthesis,
characterization and immunological properties in mice of conju-
gates composed of detoxified lipopolysaccharide of Salmonella
paratyphi A bound to tetanus toxoid, with emphasis on the role of
O-acetyls. Infect Immun 64, 2709—-15 (1996).

Kossaczka Z, Bystricky S, Bryla DA, Shiloach J, Robbins JB, Szu
SC. Synthesis and immunological properties of Vi and Di-O-
acetyl pectin protein conjugates with adipic acid dihydrazide as
the linker. Infect Immun 65, 2088-93 (1997).

Plikaytis BD, Holder PF, Carlone GM. Program ELISA for
Windows. User’s Manual 12, Version 1.00. Center for Disease
Control, Atlanta, GA (1996).

Keleti G, Lederer W. 3,6-dideoxyhexoses. In Handbook of
Micromethods for the Biological Sciences, pp 57-58. New
York, Cincinnati, Atlanta, Dallas, San Francisco, London,
Toronto, Melbourne: Van Nostrand Rheinhold Company
(1974).

Bradford MM. A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of
protein-dye binding. Anal Biochem 72, 248-54 (1976).

Inman JK, Dintzis HM. The derivatization of cross-linked poly-
acylamide beads. Controlled induction of functional groups for the



Evaluation of synthetic schemes 433

purpose of special biochemical absorbents. Biochem 4, 4074-80
(1969).

23 U.S. Department of Health and Human Services, Public Health
service, Food and Drug Administration Guideline on validation of
the limulus amebocyte lysate test as an end-product endotoxin test

for human and animal parenteral drugs, Biological Products and
Medical Devices (1987).

Received 13 June 2000, revised and accepted 20 September 2000



