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Summary In order to investigate peptide mimics of carbohydrate blood group A antigen, a phage
display 12-mer peptide library was screened with a monoclonal antibody against blood group A anti-
gen, NaM87-1F6. The antibody-binding properties of the selected phage peptides were evaluated by
phage ELISA and phage capture assay. The peptides were co-expressed as glutathione S-transferase
(GST) fusion proteins. RBC agglutination inhibition assay was performed to assess the natural blood
group A antigen-mimicking ability of the fusion proteins. The results showed that seven phage clones
selected bound to NaM87-1F6 specifically, among which, 6 clones bore the same peptide sequence,
EYWYCGMNRTGC and another harbored a different one QIWYERTLPFTF. The two peptides were
successfully expressed at the N terminal of GST protein. Both of the fusion proteins inhibited the
RBC agglutination mediated by anti-A serum in a concentration-dependent manner. These results
suggested that the fusion proteins based on the selected peptides could mimic the blood group A an-
tigen and might be used as anti-A antibody-adsorbing materials when immunoabsorption was applied
in ABO incompatible transplantation.
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To overcome the ABO-incompatible rejection, re-
moval of the anti-A/B natural antibody is very important.
Rituximab, an anti-CD20 antibody, was used before op-
eration to inhibit the appearance of antibody against B
cells'. As to the existent anti-A/B antibodies, plas-
mapheresis is an efficient way to reduce it, but other
beneficial antibodies could also be diminished at the
same time. Recently, specific immunoabsorption was
applied instead of non-specific plasmapjeresisi®>). This
method can remove the circulating A/B antigen-specific
antibodies and let the other antibodies perform their
natural functions. Synthetic carbohydrate A/B antigens
were used to specifically absorb the corresponding anti-
bodies in these studies. However, the large-scale synthe-
ses of carbohydrate antigens are difficult and expensive.
Attachment of these carbohydrate antigens to various
matrices is also complex. A possible alternative to the
use of carbohydrate would be the development of protein
or peptide mimics that could bind to the specific anti-
bodies®’!. In this study, we attempted to select peptide
mimics of the blood group A antigen from a phage dis-
play random peptide library. These selected peptides
may have potential to be used as anti-A antibody ad-
sorbing materials when immunoabsorption was applied
in ABO incompatible transplantation.
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1 MATERIALS AND METHODS

1.1 Biopanning

NaM87-1F6 (BD Co., USA), an anti-A monoclonal
antibody (mAb), was coated on the immunosorbent
plates (Greiner Bio One, Shanghai, China) and used as a
target to screen the Ph.D.-12 phage library (New Eng-
land Biolabs, USA) according to the instruction. The
panning processes were carried out three times. The
stringency of selection was gradually increased each
round by decreasing the coated antibody from 10 pug to
7.5 ng and then to 5 pg, raising the concentration of
Tween-20 in washing buffer from 0.1% to 0.5%, short-
ening the incubation time from 1 h to 30 min. The
blockade buffer was converted from BSA to gelatin and
then to BSA in the three rounds of panning. Phage titer-
ing was carried out according to the instruction manual.
1.2 Assay of the Positive Phage Clones

Phage ELISA was performed. Briefly, each phage
clone or eluted phage pool (1X10" TU/well) in TBS
was coated on wells of a 96-well immunosorbent plate
and blocked with 5% BSA in TBS. The anti-A antibody
was added to each coated well (100 ng/well), and the
plates were incubated for 2 h at room temperature. Un-
bound antibody was removed by washing with TBST
(0.5% [v/v] Tween-20), and bound antibody was de-
tected with biotin-labeled anti-mouse IgG antibody,
avidin-labeled horseradish peroxidase and tetramethyl-
benzidine (TMB) substrate (Zhongshan Golden Bridge,
Beijing, China). The absorbance (4 value) at 450 mn was
measured by a microplate reader. The wells coated with
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the phage from unselected phage library were used as
control. The assay was performed in triplicate.

Phage capture assay was carried out as described
previously™, except that each microplate well was
coated with 10 ng of anti-A antibody. Individual input
phage (1x10* TU/well) was used to bind anti-A antibody
and TBST containing 0.5% (v/v) Tween-20 was used as
washing buffer. The eluted phage was titered. The BSA-
coated wells were used as control.

1.3 Sequencing of Phage DNA

The single strand DNA of selected phage clones
was extracted according to the phage library kit manual.
DNA sequences encoding the displayed peptides of se-
lected phage clones were determined. The primer
5'-CCCTCATAGTTAGCGTAACG-3" was used to se-
quence the DNA sequences encoding the displayed pep-
tides.

1.4 Phage ELISA in the Presence of Peptide-GST Fu-
sion Protein

The peptide-GST fusion proteins containing the se-
lected peptides were constructed as described previ-
ously”. The GST ¢cDNA was amplified by PCR with the
vector, pGEX-5X-1 (GE Healthcare, USA), as a template
and inserted into vector pET28b (Novagen, USA). The
resulting plasmid pET28b-GST was used to express the
GST fusion protein attached with a hexahistidine tag at
the C terminus.

About 1X10'" TU particles of each phage clone
were coated on the microplate wells. BSA (5%) in TBS
was used to block the wells. The anti-A antibody was
pre-incubated with increasing concentrations of pep-
tide-GST fusion protein for 1 h at 37°C, and then added
to the microplate wells. In the control, GST protein in-
stead of peptide-GST fusion protein was used. The plate
was developed as the “phage ELISA” method described
above.

1.5 RBC Agglutination Inhibition Assay

Human blood for in vitro studies was obtained from
healthy donors from Union Hospital, Tongji Medical
College, Huazhong University of Science and Technol-
ogy, Wuhan, China. The fresh human group A RBCs
were washed three times and suspended in PBS at a
concentration of 1%. An agglutination reaction system
including 4 pL of heat-inactivated anti-A sera, 20 pL 1%
RBCs, and dilutions of each peptide-GST fusion protein
with PBS was added to a 40 uL volume. The reaction
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lasted for 1 h at 37°C. Agglutination was assessed by
microscopic examination. The Eppendorf tubes were
flicked several times gently, and then about 10 pL of the
mixture was pipetted onto a glass slide and examined at
X200. In the GST control groups, GST protein instead
of peptide-GST fusion protein was use while in the other
control system, the group B RBCs instead of that of
group A RBCs and human anti-B sera instead of human
anti-A sera were used.

2 RESULTS

2.1 Selection of Positive Phage Clones

The ELISA showed anti-A antibody-binding prop-
erty of the elution from the three rounds of panning in-
creased gradually (fig.1). Thirty-two phage clones were
randomly chosen from the elution of the third round
panning. The phage clones were amplified and immobi-
lized to determine the anti-A antibody-binding ability by
phage ELISA. Most of the chosen phage clones could
bind to anti-A antibody well (fig.2). To further confirm
the specific binding between the phage clones and the
anti-A antibody, phage capture assay was carried out.
Among the 11 phage clones having strong signal in
ELISA, seven phage clones (C5, C17, C22, C23, C26,
C27, and C31) bound to anti-A antibody and the other
four clones did not (data not shown).
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Fig. 1 Binding of anti-A antibody to the eluted phage pools
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Fig. 2 Binding of anti-A antibody to each selected phage clone

2.2 The Peptides Displayed on The Positive Phage
Clones
The ssDNA of the seven phage clones was ex-

tracted and the DNA encoding the peptides was se-
quenced. Among the 7 phage clones, 6 displayed the
same amino acid sequence (EYWYCGMNRTGC), and
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the other phage clone displayed a different one
(QIWYERTLPFTF).

2.3 Mimicking Ability of Peptide-GST Fusion Pro-
teins

In order to facilitate the construction of the natural
conformation, the selected peptides were expressed at the
N terminus of the GST protein. The continual amino
acids, GGGS, were introduced into the site between the
expressed peptide and GST protein as a linker.

The competitive phage ELISA was carried out to
test the ability of the peptide-GST fusion proteins to
mimic the peptides displayed on the phages. When
anti-A antibody was allowed to bind to the C5
phage-coated wells in the presence of increasing concen-
trations of each peptide-GST fusion protein, a
dose-dependent decrease in binding was observed (fig.
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3A). The two fusion proteins could also inhibit the bind-
ing between anti-A antibody and C17 phage (fig. 3B).
The GST control protein could not inhibit the binding.
2.4 Inhibition of Agglutination with Peptide-GST Fu-
sion Proteins

To further assess the natural blood group A anti-
gen-mimicking ability of the fusion proteins, RBC ag-
glutination assay was performed. Both of the two fusion
proteins could inhibit the agglutination of group A RBCs
induced by serum from group B donor (fig. 4). The inhi-
bition was not observed when serum from group A donor
and blood group B RBCs were used to perform aggluti-
nation assay (Data not shown). In another control, GST
protein could not inhibit the agglutinations of group A
RBCs either.

—_
= (o)) [ole] [l
o < (=] (=}
T T T

3o
(=}

0 1 1 1 1 L J
0 00002 00020.02 02 2 20
Protein concentration (tmol/L)

A value (450 nm)% of control

Fig. 3 Inhibition of phage binding by peptide-GST fusion protein
Anti-A antibody was incubated in phage-coated wells in the presence of different concentration of either EYWYCGMNRTGC-GST
fusion protein (¢) or QIWYERTLPFTF-GST fusion protein (A). GST protein (m) was used as negative control. The assay was per-
formed in triplicate. Percent inhibition was calculated as the decrease in the absorbance (4) at 450 nm compared with controls (no
fusion protein). A: Wells coated with C5 phage clone; B: Wells coated with C17 phage clone
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Fig. 4 Inhibition of agglutination by peptide-GST fusion protein
Sera from group B donors were incubated with group A RBCs in the presence of indicated concentration of EY-
WYCGMNRTGC-GST fusion protein (A), QIWYERTLPFTF-GST fusion protein (B) and GST protein (as control, C). Results were
representative of three independent experiments
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3 DISCUSSION

In this study, we described the identification of two
peptides that mimic the blood group A antigenic epitope
using a phage random dodecapeptide library. The similar
library has been used to identify the peptides mimicking
peptide or non-peptide ligands!'*'*. As carbohydrate
antigens are complex and not convenient to manipulate,
many studies focused on the peptide mimics instead of
carbohydrate antigens!'*"*.

The selected peptides in this study showed several
antigenic characteristics of carbohydrates. In the selected
EYWYCGMNRTGC peptide, CG and GC presented at
the middle and the C terminal respectively. As double
cysteines may form a bridge!'” and the little residue,
glycine, can reduce the stereospecific blockade, the
combination of CG and GC may make positive contribu-
tions to constraining a motif mimicking the conforma-
tional blood group A antigenic epitope. Several studies
on peptide mimotope of carbohydrate antigen suggested
aromatic amino acids were critical in modulating binding
B899 Tn our selected peptides, the aromatic amino acids
(YWY) were also intensively presented beside the mid-
dle cysteine in EYWYCGMNRTGC peptide. As to
QIWYERTLPFTF peptide, the three continual amino
acids, FTF, may also facilitate the binding between the
peptide and the anti-A antibody, possibly because of hy-
drogen bonding with the hydroxyl group of threonine
residues (which mimic sugar hydroxyl) and hydrophobic
interaction with carbons on the aromatic side chain of
phenylalanine residues (which mimic sugar carbons)™.
The proline may be also important for the formation of
the antigenic mimic, since its cyclically bonded structure
fixes its conformational degree of freedom.

As expected, the peptide-GST proteins could inhibit
the binding between the corresponding phage clones and
the antibody. The peptide-GST proteins could also in-
hibit their mutual binding and the GST control can not
do this, indicating that the two peptides mimic the same
(or overlapped) epitope (fig. 3). Both of the two pep-
tide-GST proteins blocked the agglutination in a concen-
tration-dependent manner. Compared with millimole
concentratins of peptide mimics needed to inhibit the
RBC agglutination in a similar study®”, only micromole
concentrations of fusion proteins in this study could in-
hibit the agglutination. It is probably that the short pep-
tides are too unstable to reveal natural mimic function,
while peptide-GST fusion protein can overcome this to
some extent. As blood group A antigen is similar to B
antigen, the agglutination of group B RBCs induced by
anti-B antibody was performed as control to demonstrate
that the peptide-GST proteins were specifically binding
to the anti-A antibody. Both of the peptide-GST proteins
did not inhibit the agglutination. These data suggested
that the two peptide-GST proteins could mimic the blood
group A antigen and bind to the anti-A antibody specifi-
cally.

In conclusion, the fusion proteins based on the two
peptides identified in this study can mimic the epitope of
blood group A antigen. The efforts to determine the
anti-A antibody-absorbing activity of these peptide fu-
sion protein attached to a matrix are in progress. The

peptides and the peptide-GST fusion form may serve as a
clue to develop additional materials used in blocking or
removing anti-A antibody during ABO-incompatible
transplantation.
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