
Much of the 25 years since Köhler and Milstein first
described the preparation of monoclonal antibodies (mAbs)
has been spent trying to develop mAbs for treating human
diseases and as research tools in biological and clinical 
studies.1) To produce specific antibodies in animals, it is cru-
cial to prepare immunogens with high immunogenicity. It has
been reported that the immunogenicities of carbohydrates 
including polysaccharides and oligosaccharides are very
weak, but animals will produce specific antibodies for carbo-
hydrates immunized with proteoglycans, or artificial imm-
unogens of carbohydrate–carrier conjugates.2—9) Numerous
methods for coupling carbohydrates to carriers have been 
reported, and protein is generally used as a carrier.10—17)

Marine polysaccharide (MPS), an anti-Alzheimer’s disease
drug candidate, is currently undergoing preclinical evalua-
tion. The preparation of mAbs specific for MPS is both 
biologically and clinically available. MPS bearing man-
nuronic acid blocks is an acidic polysaccharide extracted
from marine brown algae and has an average molecular
weight of about 8000 Da. MPS or even brown algae alone
could not induce specific antibodies in Balb/c mice. In order
to obtain mAbs of MPS, MPS–BSA conjugates were 
prepared as artificial immunogens by two coupling methods, 
periodate oxidation and reductive amination, with which 
we would search for an artificial immunogen with high 
immunogenicity. Balb/c mice were then immunized with
these two conjugates named MPS–BSAp and MPS–BSAr 
respectively. Antisera from mice were tested by enzyme-
linked-immunosorbent assay (ELISA) to evaluate immuno-
genicities of the two conjugates and specificities of the anti-
bodies. In the present study, we attempted to determine
which method for conjugating MPS to BSA was more effec-
tive for inducing high titer antibodies that could react only
with native MPS.

MATERIALS AND METHODS

Materials MPS was provided by Marine Drug and Food
Institute, Ocean University of China (Qingdao, China).
Balb/c mice were obtained from Animal Center of Shang-
dong University, China. Bovine serum albumin (BSA), oval-
bumin (OVA), gelatin, horseradish peroxidase (HRP) conju-
gated goat anti-mouse IgG (H�L), sodium periodate
(NaIO4), sodium cyanoborohydride (NaBH3CN), and
3,3�,5,5�-tetramethylbenzidine (TMB) were purchased from
Sigma (St. Louis, MO, U.S.A.). Flat-bottomed polystyrene
microplates were purchased from Costar (NY, U.S.A.).
ELISA reader (Rainbow) was purchased from Tecan
(Durham, Austria). Immunowash (1575) was purchased from
Bio-Rad (Hercules, CA, U.S.A.).

Preparation of MPS–BSAp by Periodate Oxidation
There are vicinal hydroxyl groups on the sugar unit of MPS,
which can be changed into aldehyde groups by periodate 
oxidation. The aldehyde groups can be subsequently coupled
to amino groups of BSA in the presence of NaBH3CN. Five
hundred micrograms of MPS dissolved in 12 ml of 0.02 M

sodium acetate, pH 4.0, was added to 12 ml 0.1 M fresh
NaIO4 solution. After agitation for 30 min at room tempera-
ture, 3 ml of 3% ethylene glycol was added and the mixture
was agitated for another 30 min. At the same time, 100 mg of
BSA was dissolved in 20 ml of 0.5 M sodium carbonate buffer
(pH 9.6) and subsequently reacted with the former reaction
solution overnight at 4 °C. Then, 20 ml of NaBH3CN
(500 mg) was added and incubation was continued overnight
at 4 °C. Finally, the reaction mixture was dialyzed against
distilled water (6 changes over 24 h) and applied to a column
of sephadex G-100 equilibrated with 0.2 M ammonium bicar-
bonate. The column was eluted with 0.02 M sodium phos-
phate buffer, pH 7.0 (PBS). The elution was monitored at
280 nm for BSA, and determined by phenol–sulfuric acid 
reaction for MPS. Fractions positive for both protein and
sugar, namely MPS–BSAp, were pooled, dialyzed exten-
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sively against distilled water and lyophilized. Quantitative
protein (based on A280 and a BSA standard curve) and 
carbohydrate (determined by phenol–sulfuric acid reaction)
analysis showed that the conjugate contained carbohydrate
and BSA in approximate a 4 : 1 molar ratio.

Preparation of MPS–BSAr by Reductive Amination
Method The reducing terminus of MPS has a reactive
aldehyde through which MPS can be coupled by reductive
amination to amino groups in BSA. Briefly, 500 mg of MPS
and 100 mg of BSA were dissolved in 20 ml of 0.2 M potas-
sium phosphate buffer, pH 8.0. After addition of 500 mg of
NaBH3CN, the reaction mixture was left at 37 °C for 3 d. The
mixture was then applied to a column of sephadex G-100
equilibrated and washed with deionized water. The elution
was monitored at 280 nm for BSA, and determined by phe-
nol–sulfuric acid reaction for carbohydrate. Fractions posi-
tive for both protein and sugar, namely MPS–BSAr, were
pooled and lyophilized. Quantitative protein (based on A280
and a BSA standard curve) and carbohydrate (determined by
phenol–sulfuric acid reaction) analysis showed that the 
conjugate contained carbohydrate and BSA in approximate a
2 : 1 molar ratio. MPS–OVA conjugate was prepared using
the same method.

Generation of Antibodies Antibodies against MPS
were obtained following traditional methods. Briefly, female
Balb/c mice aged 6—8 weeks were immunized with
MPS–BSAp and MPS–BSAr conjugates respectively. A vol-
ume of 0.25 ml of 800 mg/ml of conjugate solution mixed
with 0.25 ml of complete Freund’s adjuvant was given subcu-
taneously on day 1. On day 12, 0.25 ml conjugate solution
mixed with 0.25 ml of incomplete Freund’s adjuvant was
given subcutaneously. Then on days 20 and 28, 0.25 ml of
conjugate solution was given intraperitoneally. One week
later, mice sera were collected and detected by ELISA. The
spleens from mice with high titer antisera were chosen to
prepare hybridomas. The fusion and cloning procedures were
performed according to an established protocol.18)

Indirect ELISA to Detect Antibodies against MPS
The single steps of the assay procedure were performed ac-
cording to general ELISA tests.19,20) The special conditions
are briefly as follows: microtiter plates were coated with
100 m l/well conjugate solution or MPS solution at a concen-
tration of 100 mg/ml in 0.05 M sodium bicarbonate buffer, pH
8.5, overnight at 4 °C. After washing three times with a
washing buffer (PBS containing 0.05% Tween-20), the plates
were blocked by incubation with 1% gelatin in PBS, for 2 h
at 37 °C. Next, the plates were washed three times with
washing buffer.

To neutralize BSA antibody, mice sera were diluted 1/100
in PBS containing 1% BSA followed by incubation for
30 min at 37 °C, and then centrifuged for 5 min at 3000 rpm.
The supernatants diluted in 2-fold were added to microtiter
plates (50 m l/well) in triplicate and incubated for 1 h at 37 °C.
Sera from normal mice prepared in the same way were used
as negative controls. The plates were incubated for another
1 h at 37 °C with HRP conjugated goat anti-mouse IgG anti-
body diluted 1/10000 in PBS containing 0.05% Tween-20
and 1% BSA (50 m l/well). Each incubation step was termi-
nated by washing the microtiter plates with washing buffer as
previously described. Finally, 0.05% of the HRP substrate
TMB solution was added (100 m l/well). The reaction was

stopped with 0.5 M H2SO4 (100 m l/well) after a 15 min incu-
bation at 37 °C. The absorbance values were recorded at
450 nm on an ELISA reader. The positive titer was defined as
the dilution that gave an optical density of 2.1 times negative
control.

Competitive ELISA MPS was added to the microtiter
plates pre-coated with MPS–BSA conjugates in 10-fold PBS
dilutions from 100 mg/well (50 m l/well), and the supernatants
of mice sera diluted 1/100 in PBS containing 1% BSA were
added simultaneously. The microtiter plates were incubated
for 1 h. Sera from normal mice diluted 1/100 were used as
negative controls. The plates were incubated for another 1 h
at 37 °C with HRP conjugated secondary antibodies diluted
1/10000 in PBS containing 0.05% Tween-20 and 1% BSA
(50 m l/well). Each incubation step was terminated by wash-
ing the microtiter plates with washing buffer as previously
described. Finally, 0.05% of the HRP substrate TMB solution
was added (100 m l/well). The reaction was stopped with
0.5 M H2SO4 (100 m l/well) after 15 min incubation at 37 °C.
The absorbance values were recorded at 450 nm on an
ELISA reader. The competition between the antigen prepara-
tions in solution and the bound antigen was seen as a reduc-
tion in absorbance compared to that obtained in the absence
of antigen in solution.

RESULTS

Detection of Antibodies Induced by MPS–BSAp with
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Fig. 1. ELISA of Sera Samples from Mice Immunized with MPS–BSAp

(A) Indirect ELISA using microplates coated with MPS–BSAp. A 50-m l volume of
normal mice sera diluted 1/100 was used as negative control (N.C.). A 50-m l volume of
sera samples was 2-fold diluted starting from 1/100. (B) Competitive ELISA of MPS,
MPS–BSAp using microplates coated with MPS–BSAp. A 50-m l volume of MPS or
MPS–BSAp conjugate solutions diluted in 10-fold starting from 100 mg/well was added
to the plates. A 50-m l volume of sera samples diluted 1/100 was subsequently added to
the plates. Absorbance values were converted into inhibition (%) values using the equa-
tion inhibition (%)�[1�(A�An)/(Ao�An)]�100, where A represents values in the
presence of inhibitor, while Ao is the absorbance obtained without inhibitor, and An is
the absorbance of negative control.



Indirect and Competitive ELISA Using microplates
coated with MPS, detection of sera from mice immunized
with MPS–BSAp was negative (data not shown). While
using microplates coated with MPS–BSAp, the dilutions of
sera were up to 1/800 (Fig. 1A). Two factors might be re-
sponsible for the improved dilutions with MPS–BSAp as an
immobilizing antigen. Firstly, the sensitivity was enhanced
for higher immobilization efficiency because direct adsorp-
tion of low molecular weight polysaccharide on the surface
of polyethylene microplates might be inefficient. Secondly,
there were antibodies not against MPS but rather for perio-
date-modified MPS.

To confirm the specificity of antibodies produced by mice
immunized with MPS–BSAp, the competitive ELISAs of
MPS and MPS–BSAp conjugate were performed. As shown
in Fig. 1B, at the concentration of 100 mg/well, MPS in solu-
tion still could not compete with the bound antigen, while the
inhibition of MPS–BSAp was above 30%. There was a sig-
nificant difference between the inhibition profiles of these
two inhibitors, and only MPS–BSAp exerted competitive in-
hibition. The results demonstrated that there existed antibod-
ies only specific for MPS–BSAp, but not for native MPS in
sera in accordance with the results from indirect ELISA,
which might be attributed to the changes in epitopes of MPS
during the coupling procedures by periodate oxidation.
Moreover, the 30% inhibiton of MPS–BSAp even at the con-
centration of 100 mg/well might be due to the low affinity of
antibodies or high titer antibodies in sera.

A very common technique for improving the immobiliza-
tion of small molecules is to prepare conjugates with carrier
proteins.15,21—23) With an MPS–carrier conjugate as a coating
antigen, the background of ELISA could be lowered leading
to an improvement in the sensitivity. MPS–BSA conjugates
were going to be used as coating antigens in our experiments.

In order to reduce the background absorbance values, BSA
was generally added to sera samples.20,24) Here, MPS–BSA
conjugates were used as immunogens and coating antigens at
the same time, following which BSA was added to neutralize
anti-BSA antibodies in sera samples to avoid nonspecific ab-
sorption that would induce false positive effects. A series of
concentrations of BSA were added to sera samples. The in-
fluence on ELISA absorbance values is shown in Fig. 2. One
percent BSA was sufficient for neutralizing BSA antibodies
in sera. When detecting antibodies induced by MPS–BSAr in
the same method, a similar conclusion was obtained (data not
shown). Therefore in our experiments, 1.0% BSA was added
to sera to neutralize anti-BSA antibodies. This experiment
suggested to us that a carbohydrate–protein conjugate can be
used as immunogen and coating antigen at the same time by
adding protein to react with anti-protein antibodies in sera to
avoid non-specific reaction when detecting sera by ELISA.
This is a convenient and time-saving means in which only a
carbohydrate-conjugate need be prepared.

Detection of Antibodies Induced by MPS–BSAr with
Indirect and Competitive ELISA Using microplates 
absorbed directly with MPS, the dilution of sera from mice 
immunized with MPS–BSAr was to 1/200 (Fig. 3A). Mean-
while as shown in Fig. 3B, the titer was above 1/800 when
using microplates coated with MPS–BSAr. Compared to
1/200 of MPS-coated microplates, the sensitivity was 
remarkably augmented. These experiments illustrated that

there were antibodies against MPS in sera from mice immu-
nized with MPS–BSAr. In addition, MPS directly absorbed
to polyethylene microplates was inefficient for ELISA.
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Fig. 2. Effects on ELISA Absorbance Values of Various Concentrations of
BSA in Sera Samples

A 50-m l volume of normal mice sera diluted 1/100 was used as negative control
(N.C.). Sera samples diluted 1/100 with different concentrations of BSA were incu-
bated for 30 min at 37 °C and centrifuged for 5 min at 3000 rpm. A 50-m l volume of the
supernatants was added to plates coated with MPS–BSAp. Absorbance values were
converted into inhibition (%) values as described above.

Fig. 3. ELISA of Sera Samples from Mice Immunized with MPS–BSAr

(A) Indirect ELISA of sera samples using microplates coated with MPS. (B) Indirect
ELISA of sera samples using microplates coated with MPS–BSAr. A 50-m l volume of
normal mice sera diluted 1/100 was used as negative control (N.C.). A 50-m l volume of
sera samples was 2-fold diluted starting from 1/100. (C) Competitive ELISA of MPS,
MPS–BSAr using microplates coated with MPS–BSAr. A 50-m l volume of MPS or
MPS–BSAr conjugate solution diluted in 10-fold starting from 100 mg/well was added
to the plates. A 50-m l volume of sera samples diluted 1/100 was subsequently added to
the plates. Absorbance values were converted into inhibition (%) values as described
above.



MPS and MPS–BSAr conjugates were used as inhibitors
in competitive ELISAs to further confirm the existence of
antibodies specific for MPS (Fig. 3C). Both MPS and
MPS–BSAr competitively inhibited the binding of antibodies
to MPS–BSAr conjugate coated on the plates. At the concen-
tration of 100 mg/well, the inhibition of MPS was about 60%,
while the inhibition of MPS–BSAr was above 90%. Though
MPS–BSAr exerted higher inhibitions (%) at the same con-
centrations, these two inhibitors had markedly similar inhibi-
tion profiles, from which the existence of antibodies for MPS
could be deduced. Meantime, the higher inhibition of
MPS–BSAr made the existence of antibodies for MPS–BSAr
possible.

Indirect ELISA to Detect Antibodies with Plates Pre-
coated with MPS–OVA In order to further confirm the re-
sults and to determine whether there existed antibodies
against MPS–BSAr conjugate, MPS–OVA conjugate was
used as the coating antigen in indirect ELISA to detect sera
sample from mice immunized with MPS–BSAr. MPS–OVA
conjugate was prepared also by reductive amination, but was
reacted for 4 d. Calculated as described above, the molar
ratio of MPS to OVA in MPS–OVA conjugate was 7 : 1. Fig-
ure 4 shows that the ratio of absorbance values of sera sam-
ples diluted 1/800 to normal mice sera was far higher than
2.1. This result ensured that the antibodies were specific for
MPS, not for MPS–BSAr, and also indicated that a higher
sensitivity would get with a higher molar ratio of MPS to
protein conjugate as coating antigen. The advantage will be
useful in hybridoma technology for the screening of mAbs.

Detection of Hybridoma Cell Culture Supernatants
An MPS–BSAr-immunized mouse was chosen to prepare 
hybridomas against MPS. NS-1 myeloma cells were mixed
with spleen cells from immunized mice at a ratio of 1 to 5.
The fusion and cloning procedures were performed as 
described previously.18) As shown in Fig. 5, supernatants 
diluted 10-fold were still positive. Supernatants were also
used in competitive ELISA of MPS, and indirect ELISA
using microplates coated with BSA or OVA. It has been 
observed that free MPS competed with MPS coated on
plates, and there were no cross-reactivities between super-
natants and BSA or OVA (data not shown). The results
proved that there were mAbs specific for MPS in super-
natants, and that a cloning cell line secreting mAbs against
MPS was established.

DISCUSSION

Initially, we intended to prepare mAb aganist MPS for 
biological and clinical applications, but low molecular
weight polysaccharide MPS is a hapten that could not 
directly induce antibodies generation in animals, so Balb/c
mice were immunized with two artificial immunogens,
MPS–BSAp and MPS–BSAr. Sera samples from Balb/c
mice were evaluated by ELISA. The results revealed that
mice immunized with MPS–BSAr generated high titer anti-
bodies against MPS only. Of note, mice immunized with
MPS–BSAp generated antibodies against MPS–BSAp conju-
gate, not specific for MPS.

The reason why mice immunized with MPS–BSAp gener-
ated antibodies against MPS–BSAp conjugate rather than
MPS per se might be explained by the fact that vicinal 
hydroxyl groups on the sugar unit of MPS were converted
non-preferentially into aldehyde groups which were coupled
to amino groups of BSA at random. During this process,
BSA or polysaccharide might induce conformational
changes, particularly responsible for the new epitopes forma-
tion in conjugate, which resulted in some differences in the
epitopes of MPS–BSAp conjugate and MPS. Paloletti et al.
suggested that the process of coupling capsular polysaccha-
ride to protein by periodate oxidation might alter the confor-
mation of polysaccharide.25) Our experiments revealed this
possibility was likely. Moreover, others had reported that 
animals immunized with heparin–protein conjugates produ-
ced antibodies for modified heparin, not for native 
heparin.11,16)

Therefore, in some cases, the efficiency of the coupling 
reaction has been increased by the introduction of functional
groups at specific or random sites on carbohydrate. Such
modifications of the carbohydrate, however, may alter the
structure of the carbohydrate sufficiently to affect epitope 
expression, in which case the carbohydrate–protein conjugate
may not elicit antibodies reactive with the native antigen.
Therefore, an important prerequisite for the use of conjugates
is that the antigen–antibody interaction remains sterically 
uninfluenced by the covalent attachment of the antigen to the
carrier molecule. Thus, when carbohydrates are coupled to
proteins to prepare conjugates used as immunogens, coupling
method induced no alteration in determinants is the key 
requirement for generating specific antibodies against carbo-
hydrates.
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Fig. 4. Indirect ELISA of Sera Samples from Mice Immunized with
MPS–BSAr Using Microplates Coated with MPS–OVA

A 50-m l volume of normal mice sera diluted 1/100 was used as negative control
(N.C.). A 50-m l volume of sera samples was 2-fold diluted starting from 1/100.

Fig. 5. Indirect ELISA of Hybridoma Cells Culture Supernatants Using
Microplates Coated with MPS–OVA

A 50-m l volume of NS-1 myeloma cells culture supernatants was used as negative
control (N.C.). A 50-m l volume of sera samples before fusion diluted 1/200 was used as
positive control (P.C.). A 50-m l volume of hybridoma cells culture supernatants diluted
10-fold in PBS containing 2% BSA was added to the plates.



In contrast, MPS–BSAr was preferentially coupled
through a hemi-acetal group in reductive terminus of MPS
and amino groups of BSA. MPS with only reductive termi-
nus coupling to BSA was free from BSA, which influenced
the epitopes of MPS to the least extent so there was no
change in the specificity of mAb. The results obtained in our
experiments support the possibility that the method of reduc-
tive amination may be more suitable for coupling low molec-
ular weight polysaccharides such as MPS to carrier proteins
as preference to preparing specific mAb.

A high serum titer mouse immunized with MPS–BSAr
was chosen to prepare mAb specific for MPS. A hybridoma
cell line which secreted mAb recognizing MPS selectively
and sensitively, with no cross reactivities with mucopolysac-
charides such as heparin, heparan sulfate etc. (data not
shown), was established. The potential interests of this mon-
oclonal MPS antibody may be widely used in biological and
clinical studies in the near future.
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