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Flagellin-rPAc vaccine inhibits biofilm formation but not proliferation of S. mutans
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ABSTRACT
As the main etiologic bacterium of dental caries, Streptococcus mutans (S. mutans) has been considered as
the primary object of vaccine research. We previously constructed a recombinant flagellin-rPAc fusion
protein (KF-rPAc) that consists of an alanine-rich region to proline-rich region fragment of PAc (rPAc) from
S. mutans and flagellin KF from E.coli K12 strain. Intranasal (i.n) immunization of KF-rPAc could induce high
level of rPAc-specific antibody responses and offer robust protection against dental caries. In caries
development, biofilm formation was considered as the necessary process involved. As PAc possesses
other activities besides affecting adherence of S. mutans to salivary glycoproteins, we wondered whether
rPAc-specific antibody responses induced by KF-rPAc could inhibit biofilm formation. Hence, in the
present study, a simple and convenient in vitro biofilm model of S. mutans was constructed without saliva
pre-coated. Both serum and saliva from KF-rPAc immunized rats significantly inhibited biofilm formation.
Moreover, with the presence of serum or saliva, the biofilm formation is negatively correlated with the
level of rPAc-specific antibody, and positively correlated with caries scores in rat. Moreover, in immunized
mice, the level of rPAc-specific antibody also negatively correlated with the biofilm formation. Unlike
ampicillin, serum of KF-rPAc immunized mice only inhibited biofilm formation but not proliferation. All
together, we discovered that besides the well known blocking adherence of S. mutans to salivary
glycoproteins by rPAc-specific antibody, flagellin-rPAc vaccine could also protects tooth from caries by
inhibiting biofilm structure formation in between bacteria.

KEYWORDS
biofilm; dental caries;
flagellin; mucosal; PAc;
Streptococcus mutans;
vaccine

Introduction

Streptococcus mutans (S. mutans) has been demonstrated as the
primary etiologic bacterium of human dental caries.1,2 The den-
tal lesion of caries is usually resulted from localized dissolution
and destruction of teeth by colonized S. mutans after cariogenic
biofilm formation on tooth surfaces.2 PAc is a cell surface fibril-
lar protein of S. mutans, playing an important role in the initial
adherence of S. mutans to tooth surface.3,4 To inhibit biofilm
associated dental caries, PAc has long been utilized as a most
effective immunogen in many forms such as protein, recombi-
nant or synthetic peptide,5,6 protein-carbohydrate conjugate,7

DNA-based active vaccines,8 or DNA vaccine adjuvanted with
recombinant flagellin protein.9

TLR5 agonist flagellin could act as the mucosal adjuvant in
vaccines against pathogens.10-12 We previously demonstrated
that a recombinant fusion protein (KF-rPAc) consisting of fla-
gellin and alanine-rich region (A-region) to proline-rich region
(P-region) fragment of PAc as anti-caries mucosal vaccine
enhanced rPAc-specific antibody response and conferred better
protection than other anti-caries vaccines.13 Furthermore, KF-
rPAc could also inhibit the progression of established caries.14

Although the caries inhibition effect of our vaccine candidate
KF-rPAc was solidly demonstrated, and the rPAc-specific anti-
body response showed negative correlation with caries lesions,
how the antibody response might inhibit the development of
dental caries was still unknown.

A-P regions of PAc are important in the adherence and col-
onization of S. mutans.15,16 Thus, antibody directed to the
intact PAc or to its salivary-binding domain is presumed to be
able to block adherence of S. mutans to saliva-coated tooth sur-
face.17 PAc shows multifunctional activities, such as binding to
soluble extracellular matrix glycoproteins and host cell recep-
tors, interacting with salivary glycoproteins, coaggregating with
other bacteria.18 Therefore, we wondered whether the antibody
response induced by KF-rPAc could inhibit biofilm formation
besides the adherence of S. mutans to salivary glycoproteins.

Without saliva coating, PAc could not be involved in the
adhesion to hydroxyapatite beads.19 Thus, in present study, a
simple and convenient in vitro biofilm model of S. mutans
without pre-coated with saliva was constructed and utilized to
test whether the KF-rPAc induced immunity by intranasal
(i.n.) immunization might interfere with biofilm formation of
S. mutans. Furthermore, the characteristics of KF-rPAc induced
immunity in inhibiting biofilm formation of S. mutans were
also analyzed and compared with that of ampicillin.

Results

KF-rPAc induced humoral immunity in S.mutans challenged
rats inhibits biofilm formation of S.mutans in vitro

The intranasal (i.n) immunization in rats was repeated as
described previously.13 Briefly, after bacterial challenge, we
immunized the rats with PBS, 3.5 mg KF, 5 mg rPAc, 3.5 mg KF
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C 5 mg rPAc, and 8.5 mg KF-rPAc 3 times at 4 weeks interval.
Antibody titers of serum and saliva, and the degree of caries
lesions in enamel (E), slight dentinal (Ds) and moderate den-
tinal (Dm) were as similar as previously reported.13 Signifi-
cantly elevated level of serum rPAc-specific IgG (Fig. 1A),
serum rPAc-specific IgA (data not shown) and salivary rPAc-
specific IgA antibodies (Fig. 1B) were induced by fusion protein
KF-rPAc. E, Ds and Dm in rats immunized with KF-rPAc were
all significant fewer than in rats immunized with PBS, KF alone
and rPAc alone (data not shown). Significant fewer total caries
score (E C Ds C Dm)—were observed in the rats immunized
with fusion protein KF-rPAc than in the rats immunized with
PBS, KF alone, rPAc alone, and KF C rPAc (Fig. 1C). Besides
rPAc-specific antibody response, serum KF-specific IgG
(Fig. 1D) and salivary KF-specific IgA antibodies (Fig. 1E) were
also induced by KF, KFCrPAc and KF-rPAc.

A simple and convenient in vitro biofilm model of S. mutans
was constructed as described in Materials and Methods to test
whether the KF-rPAc induced immunity might interfere with
biofilm formation of S. mutans. Sera from KF-rPAc or
KFCrPAc immunized rats inhibited biofilm formation signifi-
cantly, but sera from either rPAc alone, or KF alone immunized
rats did not (Fig. 2A). Sera and saliva of KF-rPAc immunized
rats inhibited biofilm formation more significantly than that of
KFCrPAc or rPAc alone (Fig. 2A and B). Thus, in S. mutans
challenged rats, humoral immunity induced by KF-rPAc could
inhibit biofilm formation of S. mutans efficiently.

Biofilm formation negatively correlated with rPAc-specific
antibody titer in rats, and positively correlated with dental
caries score

The inhibition of biofilm formation could not be due to the KF-
specific antibody response, as KF group induced comparable

level KF specific antibody response as KF-rPAc group, but
showed no interference with biofilm formation. The correlation
analysis results showed that biofilm formation negatively
correlated with both rPAc-specific titers of rat serum IgG (r D
¡0.9730) (Fig. 2C) and salivary IgA (r D ¡0.8704) (Fig. 2D).
In S.mutans challenged rats, serum rPAc-specific IgG titer if
higher than 256, could offer protection in inhibiting biofilm
formation (Fig. 2C); at the same time, salivary rPAc-specific
IgA titer if higher than 32, could offer protection in inhibiting
biofilm formation (Fig. 2D).

On the other hand, associations of the caries lesion with the
biofilm formation were also tested by correlation analysis.
Results showed that caries score in rat positively correlated
with biofilm formation tested with both rat sera (r D 0.8701)
(Fig. 2E) and rat saliva (r D 0.9334) (Fig. 2F). These results sug-
gested that the inhibition of biofilm formation by rPAc-specific
antibody response likely confer protection against dental caries.

KF-rPAc induced rPAc-specific antibody response in mice
can also effectively inhibit biofilm formation

As rats have been challenged by S.mutans, there was a concern
that humoral response against other antigens of S.mutans may
also be induced and contribute to inhibiting biofilm formation.
Mouse model without challenge was adopted, to exclude the
disturbance of antibody response against other antigens of S.
mutans. We further tested KF-rPAc induced humoral immu-
nity in mice for its inhibitive effect on biofilm formation of S.
mutans. KF-rPAc induced the highest antibody responses in
serum IgG (Fig. 3A) and IgA (Fig. 3B) and saliva IgA (Fig. 3C)
with antibody titers of 8 £ 106, 2 £ 103, and 1 £ 28 respectively
among the 5 groups. KF C rPAc induced the second highest
serum rPAc-specific IgG and IgA and saliva rPAc-specific IgA,

Figure 1. Antibody responses and protection against dental caries in S. mutans challenged rat after immunization. Rats were challenged with S. mutans and then immu-
nized with PBS, 3.5 mg KF, 5 mg rPAc, 3.5 mg KF plus 5 mg rPAc, 8.5 mg KF-rPAc at 4 weeks interval. (A and B), rPAc-specific serum IgG and salivary IgA at 2 weeks after
the second boost. (C), Total caries score 4 weeks after the second boost. (D and E), KF-specific serum IgG and salivary IgA at 2 weeks after the second boost. (�, p <0.05;
��, p < 0.01; ���, p < 0.001)
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but rPAc alone group induced only marginal antibody
responses compared to the KF alone or PBS (Fig. 3).

Accordingly, sera of KF-rPAc group showed the highest inhi-
bition on biofilm formation of S. mutans. KFCrPAc group also
displayed significant inhibition on biofilm formation but signifi-
cantly less efficient than KF-rPAc. Even rPAc alone showed sig-
nificant inhibition effect compared to that of KF or PBS group
though much less efficient than that of KF-rPAc or KFCrPAc
(p < 0.001) (Fig. 4A). In parallel, saliva of KF-rPAc immunized
group also showed the highest efficiency in inhibiting biofilm for-
mation, which is significant higher than both the rPAc immu-
nized group (p < 0.001) and KFCrPAc group (p < 0.01)
(Fig. 4B). Strong inverse correlations showed between biofilm
formation with both mouse serum rPAc-specific IgG
(r D ¡0.9587) (Fig. 4C) and salivary rPAc-specific IgA
(r D ¡0.8852) (Fig. 4D), which further supported that rPAc-spe-
cific antibodies inhibit biofilm formation. In vaccinated mice,

serum rPAc-specific IgG titer if higher than 256, could offer pro-
tection in inhibiting biofilm formation (Fig. 4C); at the same
time, salivary rPAc-specific IgA titer if higher than 64, could
offer protection in inhibiting biofilm formation (Fig. 4D).

To visualize the effects of KF-rPAc on inhibiting biofilm for-
mation, S. mutans were incubated into a round cover glass in
the presence of the sera from immunized mice and visualized
by confocal microscopy. Compared with the sera from PBS
immunized mice, sera from KF-rPAc immunized mice signifi-
cantly decreased the number of bacteria aggregated in the bio-
film and reduced the thickness of biofilm (Data not shown).

KF-rPAc induced humoral immunity does not alter
proliferation of S. mutans

Biofilm formation is a rather complex process with multiple
steps, correlated with not only bacteria cell-cell adhesion but

Figure 2. Biofilm formation inhibition of immunized rats’ serum or saliva and its correlation with rPAc-specific antibody and total caries scores. 100 ml BHI diluted rat
serum or saliva were mixed with 100 ml BHI diluted S. mutans and incubated for 16 h. The biofilm formation was quantified by measuring the extracted crystal violet
stained to plate adherent bacteria and derivatives at 570 nm. The inhibitory effects of 20-fold diluted rat serums (A) and 5-fold diluted saliva (B) form immunized rats
that challenged with S. mutans were shown. Data are represented as mean § SE for 6 samples of one representative experiment that repeated 3 times (�, p < 0.05; ��,
p < 0.01; ���, p < 0.001). (C and D), Correlation between biofilm formation and rPAc-specific rat serum IgG or saliva IgA. (E and F), Correlation between caries scores and
biofilm formation with the presence of rat serum or saliva. Data are analyzed by Graphpad Prism 5. Dotted lines represent the 95% confidence intervals. The correlation
coefficients (r) and p values are also shown.
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also bacteria proliferation.20 We wondered whether KF-rPAc
induced humoral immunity inhibited biofilm formation by
either inhibition of cell-cell adhesion, or bacteria proliferation,
or both. Thus, during biofilm formation, bacteria growth
affected by sera from KF-rPAc immunized mice was tested and
compared with ampicillin.

Ampicillin suppressed both biofilm formation and bacteria
growth readily in our experiment system likely through retard-
ing growth of bacteria or direct kill of bacteria as previously
demonstrated.21 When the concentration of ampicillin was
2 mg/ml, both S. mutans proliferation and biofilm formation
were completely inhibited (Fig. 5A and B). When the concen-
tration of ampicillin was 1 mg/ml, both S. mutans proliferation
and biofilm formation were partially inhibited. But 16 h to 24 h
post bacteria inoculation both biofilm formation and S. mutans
propagation were similar as that without 1 mg/ml ampicillin.
When the concentration of ampicillin reduced to 0.1 mg/ml,

neither S. mutans propagation nor biofilm formation was
affected.

Both sera of PBS immunized mice and serum of KF-
rPAc immunized mice slightly promoted the propagation of
S. mutans (Fig. 5C). Sera of PBS immunized mice also
slightly promoted biofilm formation, but sera of KF-rPAc
immunized mice significantly inhibited biofilm formation
(Fig. 5D). These results showed that KF-rPAc induced
humoral immunity inhibits biofilm formation likely by inhi-
bition of cell-cell adhesion but not proliferation of S.
mutans provided the function of PAc.

Discussion

Biofilm formation is considered as a necessary process involved
in caries development, thus draws more and more attentions in
anti-caries medicine exploration.22,23 We have found that i.n.

Figure 3. Immune responses to different vaccine candidates in mice. Mice were intranasally immunized immunized with different vaccine candidates at 4 weeks interval.
Serum and saliva samples collected at 2 weeks after the second boost were detected by ELISA for rPAc-specific antibody titer. Serum rPAc-specific IgG (A), serum rPAc-
specific IgA (B) and salivary rPAc-specific IgA (C) of mice immunized with different vaccine candidates. Data are represented as mean § SE for 6 samples of one represen-
tative experiment that repeated 3 times (�, p < 0.05; ��, p < 0.01; ���, p < 0.001).

Figure 4. The inhibitory of mice serum or saliva on S. mutans biofilm formation and the correlation with rPAc-specific antibody. 100 ml BHI diluted mice serum or saliva
were mixed with 100 ml BHI diluted S. mutans and incubated for 16 h. The biofilm formation was quantified by measuring the extracted crystal violet stained to plate
adherent bacteria and derivatives at 570 nm. (A and B), Inhibitory effects of 20-fold diluted rat serums and 5-fold diluted saliva form immunized mice. Data are repre-
sented as mean § SE for 6 samples of one representative experiment that repeated 3 times (���, p <0.001). (C and D), Correlation between biofilm formation and serum
rPAc-specific IgG or saliva rPAc-specific IgA. Data are analyzed by Graphpad Prism 5. Dotted lines represent the 95% confidence intervals. The correlation coefficients (r)
and p values are also shown.
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immunization of flagellin-rPAc fusion protein significantly
reduced the incidence of dental caries in rat model.13,14

Adhesion is the initial step in the biofilm formation of S.
mutans.24,25 Several studies suggested that, through binding
with salivary glycoproteins, PAc is involved in the adherence of
S.mutans to saliva-coated hydroxyapatite (sHA).26,27 But little
study aimed the effect of PAc in other steps of biofilm forma-
tion besides adherence. As PAc has multifunctional activities,18

we wondered whether KF-rPAc induced antibody response
could inhibit biofilm formation besides the adherence of S.
mutans to salivary glycoproteins. Without saliva coating, PAc
could not be involved in the adhesion to hydroxyapatite
beads.19 Thus in present study, a simple and convenient in vitro
biofilm model of S. mutans without pre-coated with saliva was
constructed.

Here we found that sera and saliva of KF-rPAc immunized
rats display significant higher efficiency in inhibiting biofilm
formation. Correlation analysis in the rat challenge experiment
showed the higher rPAc-specific IgG or IgA was induced, the
lower biofilm formation achieved; meanwhile the lower caries
lesion (caries score) detected. Similar results were obtained in
the mouse experiments, in which higher rPAc-specific antibody
response was induced, the higher inhibition of biofilm forma-
tion detected. This significant inverse correlation between bio-
film formation and rPAc-specific antibody response in mice
further supported rPAc-specific antibody is a specific inhibitor
to biofilm formation of S. mutans. Antibodies against PAc
might be able to interfere with multiple aspects regarding PAc-
mediated binding and adhesion between bacteria. Moreover,
this result also suggested that the mouse immunization model
and the in vitro biofilm model of S. mutans might be integrated
for early screening of caries vaccine candidate before rat chal-
lenge and efficacy test. PAc specific antibody could block
adherence of S. mutans to salivary proteins on tooth surface.
Because teeth or chemical composition was not adopted in

this ex vivo model, this blocking effect of PAc specific
antibody could not be reflected for screening of caries vaccine
candidate.

Taking advantage of the mouse model for most vaccine
study, we tried a simple bacteria growth curve assay for detec-
tion of mouse anti-sera or anti-saliva for their inhibitory effects
on both bacteria proliferation and biofilm formation by com-
parison with ampicillin. The results showed that in a different
way from antibiotics, KF-rPAc induced humoral immunity
inhibits biofilm formation but not alters proliferation of
S. mutans.

Salivary immunoglobulin A (IgA) has long been considered
as a prominent factor for host defense against S. mutans in pre-
vention of dental caries through inhibition of bacterial infec-
tion.28 Our study showed that the titer of rPAc-specific salivary
IgA induced by i.n. immunization negatively correlated with
both biofilm formation ability of S. mutans and severity of car-
ies lesion in challenged rats. Overall, besides blocking adher-
ence of S. mutans to saliva-coated tooth surface,17 KF-rPAc
induced rPAc specific humoral immunity can inhibit biofilm
structure formation in between bacteria, finally protecting
tooth from caries. Our data highlighted the importance of pre-
ventive vaccination because PAc-specific antibodies work effec-
tively to inhibit the biofilm formation; thus our next step will
be to further optimize PAc-based vaccine for its preventive
effect.

Material and methods

Bacteria and animals

Streptococcus mutans Ingbritt (School of stomatology, Wuhan
University, China) was used in this study. The strain was grown
in Brain and Heart Infusion (BHI) medium in a 5% CO2 anaer-
obic atmosphere at 37�C.

Figure 5. Different inhibitiory effect of antibiotics and KF-rPAc immunized serum in S. mutans proliferation and biofilm formation. 100 ml BHI diluted S. mutans were
mixed with 100 ml 20-fold BHI diluted mice serum, 5-fold BHI diluted mice saliva, BHI diluted ampicillin or BHI alone and incubated into the wells of 96-well cell culture
cluster. For bacteria proliferation quantification, the media in the well were re-suspended with pipette, assessed by measuring the absorbance of suspension at 600 nm.
The biofilm formation was quantified by measuring the extracted crystal violet stained to plate adherent bacteria and derivatives at 570 nm. (A and B), Effects of Ampicil-
lin on S. mutans proliferation and biofilm formation. (C and D), Effects of KF-rPAc minimized mice serum on S. mutans proliferation and biofilm formation. Data are repre-
sented as mean § SE for triplicates of one representative experiment.
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Female BALB/c mice at 6–8 weeks of age were obtained
from Beijing Laboratory Animal Research Center. Female 18-
day-old weanling Wistar rats were purchased from Hubei CDC
(Wuhan, China). Animals were kept in the Animal Center of
Wuhan Institute of Virology (WIV), Chinese Academy of Sci-
ences, under SPF condition. Animal studies were performed
according to Regulations for the Administration of Affairs
Concerning Experimental Animals in China (1988), the Guide-
line for Animal Care and Use, WIV, Chinese Academy of Sci-
ences. The protocols were reviewed and approved by the
Laboratory Animal Care and Use Committee of WIV, Chinese
Academy of Sciences. The investigation complied with
ARRIVE guidelines for preclinical animal studies.

The construction and purification of anti-caries vaccine
candidates

Anti-caries vaccines of flagellin and rPAc fusion protein were
constructed and purified as previously described.13 Briefly, the
fliC gene from E. coli K12 strain MG1655 and the A-P frag-
ment, from amino acid residues 219 to 905 of PAc protein
encoded by pac gene of S. mutans MT8148 were amplified by
PCR, respectively. And then the fragments were cloned into
pET28a plasmid vector (Invitrogen) to construct the expression
plasmids of pET28a-KF, pET28a-rPAc and pET28a-KF-rPAc.
The recombinant flagellin KF, rPAc) and fusion protein KF-
rPAc were prepared and purified by affinity chromatography
on a Ni-NTA column (Qiagen).

Mouse immunization

Thirty mice were randomly divided into 5 groups (6 per
group), and i.n. immunized with PBS, 0.7 mg KF, 1 mg rPAc,
0.7 mg KF plus 1 mg rPAc, 1.7 mg KF-rPAc in a 10 ml aliquot.
The immune procedure included primed on day 1, and boosted
twice on day 29 and 57. Serum and saliva were collected on day
71 as previously described 29 and analyzed.

Rat immunization and caries model

Rat caries model was performed as previously described.9

Briefly, rats were fed with a cariogenic diet, Keyes 2000, and
then were challenged with 2 £ 109 CFU of S. mutans Ingbritt
on day 24–26. After challenge, the rats were grouped (6 per
group) and i.n. immunized on day 28 with PBS, 3.5 mg KF,
5 mg rPAc, 3.5 mg KF plus 5 mg rPAc, 8.5 mg KF-rPAc in a
10 ml aliquot, and boosted on day 56 and 84. Serum and saliva
were collected on day 98 and analyzed. On day 112, rats were
sacrificed; the mandibles were removed, cleaned and stained
with murexide. The teeth were hemisectioned and observed by
a stereomicroscope (Zeiss, German), caries level were scored by
Keyes method.30

Antibody analysis

Antibody titers in serum and saliva were determined by ELISA
as previously described.13,31-33 Briefly, polystyrene 96-well
microplates (Greiner, Germany) were coated with 100 ml rPAc
or KF (5 mg/ml) at 37�C for 3 h, and then blocked with PBS

containing 1% bovine serum albumin (BSA) overnight at 4�C.
Serial dilutions of serum or saliva samples were added in each
well and incubated at 37�C for 2 h. After 6washes with PBS
containing 0.5% Tween-20 (PBST), the plates were incubated
with 100 ml of alkaline phosphatase-conjugated goat anti-
mouse/rat heavy chain IgG or IgA at 37�C for 1 h. After 6
washes of PBST, 100 ml phosphate substrate (p-nitrophenyl-
phosphate) was added into each well for color development.
Endpoint titers were expressed as the reciprocal of the last dilu-
tion giving an optical density at 405 nm of 0.1 greater than that
of control after 30 min of incubation.

Biofilm assay

Biofilm assays in 96-well microtitre plates were carried out as
described with minor modifications.34,35 Briefly, overnight cul-
tures of S. mutans were inoculated into pre-warmed BHI
medium and grew to an optical density at 600 nm of about 0.5.
The cultures were diluted 1:100 in fresh BHI, and then 100 ml
the cell suspension with 100 ml 20-fold BHI diluted serum or
5-fold BHI diluted saliva were incubated into the wells of a 96-
well cell culture cluster (Corning, USA). Plates were incubated
at 37�C in a 5% CO2 aerobic atmosphere for 16 h. For bacteria
proliferation quantification, the media in the well were re-sus-
pended with pipette, assessed by measuring the absorbance of
suspension at 600 nm by using Microplate Spectrophotometer
(Bio tek, USA). Media and unattached bacterial cells were
gently poured out from the wells after lightly oscillation on a
horizonal shaker, and then the plates were blotted on paper
and air dried, adherent bacteria and derivatives were fixed with
Bouin’s fixative for 2 h, after 2 times gently wash with PBS to
remove the Bouin’s fixative, the biofilm on the bottom was
stained with 100 ml 0.1% crystal violet for 15 min at room tem-
perature. After two rinses with PBS, the bound dye was
extracted from the stained cells by using 200 ml ethanol : ace-
tone (4 : 1, v : v), and the plates were set on a horizonal shaker
to allow full release of the dye. Biofilm formation was then
quantified by measuring the absorbance of the solution at
570 nm with Microplate Spectrophotometer.

Statistics

All data analysis was performed with 1-way analysis of variance
(ANOVA) if not stated. When the p value was significant at the
5% level, further pairwise comparisons were made between the
experimental group and control conditions using the Bonfer-
roni multiple-comparison test. Statistical analysis was carried
out with GraphPad Instat Software, version 5.0 (GraphPad
Software, La Jolla, CA, USA). Data are represented as mean §
standard error (SE) for individual sample of one representative
experiment. Statistical significance is indicated by � (P < 0.05),
�� (P < 0.01), and ��� (P < 0.001). A P value less than 0.05 was
considered to be statistically significant.

Abbreviations

KF E.coli K12 strain-derived flagellin
rPAc alanine-rich region toproline-rich region fragmentofPAc
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