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Efficacy of pcDNA-Alpl1 DNA vaccine against

Streptococcus agalactiae in Nile tilapia (Oreochromis niloticus)
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Abstract

Streptococcosis caused by Streptococcus agalactiae and S. iniae is one of the most important bacterial diseases in
Nile tilapia. To prevent Streptococcus infection, various forms of vaccine including inactivated bacterial vaccines and
DNA vaccines have been developed. In this study, a plasmid containing the alpha-like proteinl (alpl) gene was
constructed. Samples of 120 Nile tilapia ( Oreochromis niloticus) from a provincial fish farm in Thailand were divided
into four equal groups: 1) the control, injected with phosphate-buffered saline (PBS), 2) injected with pcDNA3.1 (+), 3)
injected with pcDNA-Alp1 and 4) injected with inactivated Streptococcus vaccine. At four weeks after vaccination, the
fish were challenged with 108 CFU/mL S. agalactiae using intraperitoneal injection. The relative percent survival (RPS)
rates for pcDNA3.1 (+), pcDNA-Alpl and inactivated S. agalactiae vaccine were 26.6%, 51.4% and 46.6%, respectively.
Notably, the efficacy of pcDNA-Alpl was equivalent to the inactivated S. agalactiae vaccine. The results demonstrated
that pcDNA-Alp1 vaccine could provide protection to tilapia against S. agalactiae infection.

Keywords: DNA vaccine, Nile tilapia, streptococcosis, S. agalactiae

Unterdisciplinary Graduate Program in Genetic Engineering, The Graduate School, Kasetsart University, Bangkok 10900,
Thailand

2Department of Veterinary Microbiology and Immunology, Faculty of Veterinary Medicine, Kasetsart University, Bangkok 10900,
Thailand

3Department of Biochemistry, Faculty of Science, Kasetsart University, Bangkok 10900, Thailand

“Department of Aquaculture, Faculty of Fisheries, Kasetsart University, Bangkok 10900, Thailand

S5Laboratory of Genome Science, Graduate School of Marine Science and Technology, Tokyo University of Marine Science and
Technology, Minato, Tokyo 108-8477, Japan

*Correspondence: foetwsp@ku.ac.th

Thai | Vet Med. 2018. 48(2): 279-288.



280

Introduction

Nile tilapia (O. niloticus) is one of the
important cultured fish species in Thailand and
Southeast Asia. The tilapia intensive culture system
and fish rearing in public reservoirs such as rivers and
dams make this species more susceptible to various
infectious diseases. Among the different viruses,
parasites and bacterial infections, S. agalactiae is one of
the most important bacterial diseases that affect tilapia
culture in Thailand ( Suanyuk et al., 2008; Rodkhum
et al,, 2011; Kayansamruaj et al., 2014; Suwannasang
et al., 2014). In Thailand, the serotypes Ia and III of S.
agalactine have been isolated from infected tilapia
(Kayansamruaj et al., 2014; Suwannasang et al., 2014;
Kannika et al., 2017).

While antibiotics have been used for the
control of bacterial infection in fish farms, their usage
has been limited due to growing concerns of antibiotic
resistance (Heppell and Davis, 2000). As such,
alternative strategies, including vaccines and
biosecurity  using  disinfectants, have  been
implemented to control bacterial diseases in fish
aquaculture (Mon-on et al., 2018). Vaccines have been
investigated to combat fish bacterial diseases and most
of the available fish vaccines are either live-attenuated
or inactivated vaccines. For example, a live-attenuated
viral vaccine against infectious salmon anemia virus
and bacterial vaccines against Aeromonas salmonicida
and Vibrio anguillarum have been proven as tools to
reduce the economic impact of these pathogens in the
salmon industry (Toranzo et al., 2005). An inactivated
S. agalactiae has been reported in tilapia. In the past
decade, DNA and subunit vaccines have gained special
interest in aquaculture due to progress in molecular
technologies and genetic engineering (Heppell and
Davis, 2000; Gillund et al., 2008; Kurath, 2008; Tonheim
et al., 2008).

The aim of this study was to develop a DNA
vaccine containing the alpl gene of S. agalactiae. The
efficacy of pcDNA-Alpl was evaluated following S.
agalactiae infection in Nile tilapia.

Materials and Methods

Amnimals: Samples of 150 Nile tilapia (O. niloticus; 6515
g) were acquired from a local fish farm in Ang-thong
province, Thailand. The fish were maintained in a
laboratory for 2 weeks in fiberglass tanks at a water
temperature of 28-30°C. The fish were fed twice daily
(total of 2% bodyweight) on commercial feed. Five
tilapia were randomly selected for bacterial isolation
on tryptic soy agar (TSA) plate to screen for S. agalactiae
infection. The animal use protocol was approved by
the Kasetsart University Animal Use Committee under
permit number ACKU02759.

In silico bioinformatics analysis: The Nile tilapia
alpl nucleotide sequence was amplified from a DNA
sample isolated from S. agalactiae (serotype Ia)-infected
fish in Thailand. The polymerase chain reaction (PCR)
product was submitted for sequencing and aligned
with S. agalactiae 515 (serotype Ia) alpha-like proteinl
in the GenBank database (accession number:
AY345596.1). To compare amino acid sequence, the
alpl nucleotide sequence was translated by Translator
online server (http://www .fr33.net/translator.php), and
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then aligned with S. agalactiae alpha-like proteinl
(GenBank accession number: AAR08144.1) using the
protein alignment program (http:/web.expasy.org/
sim/). Additionally, the antigenic epitopes and
predicted domain structures were analyzed using
Kolaskar and Tongaonkar (Kolaskar and Tongaonkar,
1990)  (http://imed.med.ucm.es/Tools/antigenic.html)
and the InterPro software package (https://www.ebi.
ac.uk/interpro), respectively.

Construction of pcDNA-Alp1: To produce DNA
vaccine, the S. agalactiae alpha-like proteinl gene (alp1)
was amplified using specific primers consisting of the
forward primer alp-F: 5’- GGATCCATGTTTAGAAG
GTCTAAA-3" and the reverse primer alp-R: 5’-
CTCGAGCTATGGTTTTGGTGTCACAT-3’. The PCR
condition was initial denaturation at 95°C for 5 min,
followed by 40 cycles of denaturation at 95°C for 30 s,
annealing at 58°C for 30 s, extension at 72°C for 1 min
and final extension at 72°C for 10 min. The PCR product
(approximate size of 1,000 bp) was examined on 1%
agarose gel and further purified using a nucleic
extraction kit (GeneJet™, Fermentas, Loughborough,
UK). The PCR product was then ligated into plasmid
vector pcDNA3.1 (+) (Invitrogen, Carlsbad, CA, USA)
using T4 DNA ligase (Promega, Madison, WI, USA).
This plasmid was later called pcDNA-Alpl and was
transformed into the Escherichia coli strain DH5a. To
collect pcDNA-Alpl for DNA vaccine preparation,
plasmid was isolated from the E. coli strain DH5a using
a GeneJet™ plasmid miniprep kit (ThermoFisher,
Waltham, MA, USA).

Vaccination and challenge study: Subsamples of
120 fish (average 65+15 g) were equally divided into
four groups: 1) control group, 2) pcDNA3.1 (+), 3)
pcDNA-Alpl and 4) inactivated S. agalactine vaccine.
The control fish were intramuscularly injected with 0.1
ml PBS (pH 74). The fish in group 2 were
intramuscularly injected with 0.1 mL of 100 pg/mL of
plasmid pcDNA3.1 (+). The fish in group 3 were
intramuscularly injected with 0.1 ml of 100 pg/mL of
pcDNA-Alpl. The fish in group 4 were
intraperitoneally injected with 0.05 ml inactivated S.
agalactize vaccine (AquaVac® Strep Sal: Merck,
Boxmeer, the Netherlands). The efficacy of the DNA
vaccines was demonstrated by challenging with the S.
agalactize serotype III KU-VETO01 isolated from
moribund Nile tilapia from Ubon-Ratchathani
province in 2015. This bacterium was cultured on
tryptic soy broth (TSB, Difco Laboratories, Sparks, MD,
USA) at 30°C for 24 hr with gentle shaking at 225 rpm.
After 24 hr, the bacterial suspension was centrifuged at
3,000xg at 25°C for 15 min. Subsequently, the pellets
were washed twice in 0.85% sterile saline solution and
adjusted to a concentration equal to OD 0.6 (A= 600
nm) using spectrophotometry (BlueStar Series UV/Vis
spectrometer, LabTech, Inc, Hopkinton, MA, USA).
The bacterial suspension was ten-fold serially diluted
and spread on TSA to determine bacterial count. The
OD 0.6 was equal to 108 CFU/ml S. agalactiae which is
the LD50 dose according to the previous experiment
conducted in our laboratory. At 28 days post
vaccination, all fish were challenged using an
intraperitoneal injection of 0.1 ml bacterial suspension.
The mortality rate was recorded daily until 28 days
post challenge. Dead and moribund fish were removed
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twice daily and were processed on TSA plates for S.
agalactiae isolation from the brain, anterior kidney and
blood.

Statistical analysis: The Kaplan-Meier log rank test
was used to analyze survival. Statistical differences
were tested as significant at P<0.05 level using
Duncan’s new multiple range test.

Results

The alpha-like proteinl (alpl) was amplified
from S. agalactiae isolated from the infected fish. The
amplified product was cloned into pcDNA3.1 (+) and
then transformed into E. coli. To examine whether or
not alpl was inserted into pcDNA3.1 (+), plasmid
pcDNA-Alpl was digested with the enzymes BamHI
and Xhol. An approximate sequence size of 927 bp was
detected on agarose gel (Fig. 1). The analysis of
nucleotide sequencing indicated that the pcDNA-Alp1
sequence contained 927 bp (GenBank accession
number: KX685456) with 79% sequence similarity to
alp1 of human-isolated S. agalactiae (GenBank accession
number: AY345596.1) and 98% similarity to the
hypothetical protein of S. agalactiae isolated from fish
(GenBank accession number: CP011325.1)
(Supplemental Fig. 1). In addition, the results showed
that the pcDNA-Alpl amino acid sequence shared
73.8% similarity with the site of the Gram-positive
signal peptide at position 13-43, N-terminus site at
position 41-234 and antigenic site for antibody
recognition at position 240-300 (Supplemental Fig. 2).

Both full lengths of pcDNA-Alpl and Alpl
from human-isolated S. agalactiae (GenBank accession
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number: AAR08144) were examined (Supplemental
Table 1); the results revealed that both pcDNA-Alpl
and human S. agalactiae Alpl contained 15 epitopes.
However, the human S. agalactine Alpl had three
additional epitopes at the C terminal sequence.

The efficacy of pcDNA-Alpl was
demonstrated in S. Agalactiae-challenged fish. At 3
days post challenge, clinical signs were observed of
Streptococcus  infection  including  anorexia,
exophthalmia, corneal opacity and multiple abscesses
on the skin and base of the caudal fin (Figs. 2A, 2B, 2C).
Severe clinical signs were observed in the control and
pcDNA3.1 (+) groups. The Gram-positive cocci with
bacterial morphology similar to S. agalactine were
isolated from the anterior kidney of all infected
challenged fish (Figs. 2D, 2E). Regarding the efficacy of
the DNA vaccine, at two days post challenge, mortality
was observed in PBS, pcDNA3.1 (+), and pcDNA-Alp1,
whereas mortality in the fish vaccinated with
inactivated S. agalactiae vaccine commenced at five
days post challenge (Fig. 3). The cumulative mortality
continued until 6 to 11 days post challenge and
remained steady until the end of the experiment. The
relative percentage survival (RPS) rates for pcDNA3.1
(+), pcDNA-Alpl and inactivated S. agalactiae vaccine
were 26.6%, 51.4% and 46.6%, respectively. The
statistical analysis of RPS rate in the four experimental
groups revealed that both pcDNA-Alpl and
commercial inactivated vaccines showed higher
percentage of survival than the control group (p<0.05),
but insignificant difference in the percentage of
survival from the pcDNA3.1 (+) group.

Figure1l Construction of pcDNA-Alpl. The sequence
(927 bp) of alp1 of S. agalactiae was cloned into
pcDNA3.1 (+). The insert of pcDNA-Alpl was
confirmed using restriction enzymes BamHI
and Xhol digestion. M = DNA marker, lane 1
= negative control, lane 2 = pcDNA3.1 (+) and
lane 3 = pcDNA-Alp1.
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Figure2  Clinical signs and re-isolation of S. agalactiae in challenged tilapia. Multiple abscesses (arrow) and dark skin in
challenge fish (A). Unilateral exophthalmos and corneal opacity (B, C). Small pinpoint colony of S. agalactiae isolated from
moribund fish (D). Gram staining of bacteria isolated from challenged fish showing Gram-positive cocci (E).
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Figure3  Survival rate of Nile tilapia post challenged with virulent S. agalactiae. The survival rate was daily recorded until 28

days post challenge. The fish (30 fish/group) were divided into four groups: PBS, pcDNA3.1 (+), pcDNA-Alpl and
inactivated S. agalactiae vaccine. All fish were challenged with 108 CFU/ml of S. agalactiae serotype IIL
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Discussion

Over the last decade, research into DNA
vaccines has resulted in some being commercialized
against various bacterial and viral diseases in
aquaculture. The concept of a DNA vaccine is based on
the administration of the plasmid inserted with one or
more of the pathogen’s genes. The advantages of DNA
vaccine are diverse immunological responses through
activation of humoral and cellular immunity, ease of
storage, and economical feasibility of production
(Heppell and Davis, 2000; Lorenzen et al.,, 2002;
Gillund et al., 2008; Kurath, 2008; Tonheim et al., 2008).
The efficacy of DNA vaccines has been determined in
many fish models such as the Sial0 protein of S. iniae
in Turbot (Scophthalmus maximus) and Japanese
flounder (Paralichthys olivaceus) (Sun et al., 2010; Sun et
al, 2012). The DNA vaccines containing the
glycoprotein of viral hemorrhagic septicemia virus
(VHSV) and infectious haematopoietic necrosis virus
(IHNV) were evaluated in rainbow trout (Oncorrhyncus
mykiss) (Lorenzen et al., 2002). Interestingly, the
relative percentage of survival reached 86% in rainbow
trout receiving the IHNV DNA vaccine after injection
challenge (Garver etal., 2005).

The surface protein antigens are some of the
candidates for good immunological response in the
design of an effective DNA vaccine. Suggested
candidate antigens for S. agalactiae include the surface
proteins, CP, R4/Rib, and the alpha-like proteins
(Alps), Alpl and Alp2 (Kvam et al., 2011). Indeed, the
alpha-like proteins are a family of highly repetitive
surface proteins of S. agalactine which can elicit
appropriate protective immunity (Lindahl et al., 2005;
Maeland et al., 2004). Analysis of the nucleotide and
deduced amino acid sequences of Alp from different
GBS serotypes revealed that the Alp was conserved
among the isolates (Lachenauer et al., 2000). The
current study developed a DNA vaccine against S.
agalactiae for Nile tilapia. The surface protein Alp1 of S.
agalactine was cloned into plasmid pcDNA3.1 (+),
which contained CMV enhancer promoter, BGH
polyadenylation signal and transcription termination
sequence for enhanced mRNA stability, SV40 origin for
replication and used as a DNA vaccine. Alpl is one of
the surface proteins found in S. agalactiae serotypes la
and serotype III (Creti et al., 2004). From the sequence
analysis, pcDNA-Alp1 contained the signal peptides at
amino acid sequence position 13-43, which resembles
the first 41 amino acid sequences of human S. agalactiae
(Michel et al., 1992). Signal peptides have been used for
protein transport outside of bacterial cells (von Heijne
and Abrahmsen, 1989; Michel et al., 1992). The
antigenic epitope prediction of pcDNA-Alp1 revealed
that the pcDNA-Alpl contained 15 antigenic epitopes
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while human S. agalactiae Alpl contained 18 antigenic
epitopes. Indeed, five epitopes, KFGAASVLIGISFLG,
ELEKLLVLSVPD, TTVPQGTPVSD, ITDLVKI and
GSKGVPTVVG, contained hydrophilic and electrically
charged amino acids that have been shown to be highly
immunogenic in mice and humans (ATASSI, 1984;
Kolaskar and Tongaonkar, 1990; Rubinstein et al.,
2008).

In this study, the RPS in pcDNA-Alpl-
vaccinated fish was 26.6%, while the fish receiving the
commercial inactivated vaccine and pcDNA3.1 (+)
showed RPS rates of 51.4% and 46.6%, respectively.
The appearance of clinical signs and the re-isolation of
Gram-positive cocci bacteria confirmed that all
challenged fish were susceptible to S. agalactiae
infection (Suanyuk et al.,, 2008; Suwannasang et al.,
2014). Although the immunological responses were not
investigated in the current study, both cellular and
humoral immunity could be responsible for the
improved survival in both inactivated commercial
vaccine and pcDNA-Alpl-vaccinated fish. The
activation of cells in the immune system and antibody
production were reported in response to DNA
vaccination (Gillund et al., 2008; Tonheim et al., 2008).
In turbot, elevated antibody production was recorded
in fish that received S. iniae pSialO vaccine (Sun et al.,
2010). Moreover, activation of the cellular immune
responses (including elevated interleukin 1-beta (IL-
1pB), interleukin 6 (IL-6) and IFN-gamma production)
was demonstrated in DNA-vaccinated fish (Heppell
and Davis, 2000; Kato et al., 2015). It is interesting to
note that the fish receiving pcDNA3.1 (+) alone had a
higher survival rate than the control group. As the
plasmid backbone contains CpG motifs, which could
be recognized by the host innate pattern recognition
receptor, such recognition may be responsible for the
increased survival in pcDNA3.1 (+) alone (Heppell and
Davis, 2000; Kojima et al., 2002; Tonheim et al., 2008;
Kato et al., 2015).

Recommended benefits of DNA vaccine
include the potential of implementation of multiple
antigens in a single vaccine, no reversion to virulence
and easy production once the prototype is developed
(Kurath, 2008; Tonheim et al., 2008). Although some
concerns regarding the use of DNA vaccine include
plasmid persistence and potential integration of
foreign DNA into the host genome, there is no report
of these issues in the current DNA vaccines. The
present study showed that pcDNA-Alpl improved the
survival rate against Streptococcal infection in Nile
tilapia. The application of this vaccine to protect S.
agalactiae could be an alternative strategy to reduce the
potentially  substantial economic  impact of
streptococcosis and to reduce improper antibiotic
usage in tilapia farming.
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Supplemental Table1l Antigenic epitope prediction of pcDNA-Alpl. The antigenic epitopes were analyzed using Kolaskar and
Tongaonkar?. Antigenic epitopes of tilapia pcDNA-Alp1 (A), and human S. agalactiae (AAR08144.1) (B).

pcDNA-Alp1 (A)

n Start Position Sequence End Position
1 25 KFGAASVLIGFSFLGG 40
2 50 EESIVAASTIPGS 62
3 79 AYIDLYDVKLGKIDPLQLIVLEQ 101
4 103 FTAKYVFR 110
5 115 YYGDVSQL 122
6 139 GLPHVKT 145
7 148 QIDIVSVALTI 158
8 185 RTEVLTG 191
9 210 DSKIVEV 216
10 218 ELEKLLVLSVPD 229
11 240 TTVPQGTPVSD 250
12 253 ITDLVKI 259
13 262 GSKGVPTVVG 271
14 280 GDHKVTVEVTY 290
15 296 DTVEVTVH 303

AAR08144.1 (B)

n Start Position Sequence End Position
1 25 KFGAASVLIGISFLG 39
2 49 STDTVFAAEVISGS 62
3 64 ATLNSALVKN 73
4 79 AYIDIYD 85
5 92 DPLNLIVLTP 101
6 116 IFTSVNQ 122
7 149 QIDIVSLVTTV 159
8 186 RKDVLSKIEVIK 197
9 211 DNKIVEV 217
10 219 ELEKLLVLPVPD 230
11 241 TTVPQGTPVSD 251
12 254 ITDLVKI 260
13 263 GSKGVPTVVG 272
14 281 GDHKVTVDVTY 291
15 297 DTVEVTVHVTPKPVPD 312
16 323 TTVPQGTPVSD 333
17 336 ITDLVKI 342

=
®

345 GSKGVPTVVG 354
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AY345596.1 ATGTTTAGAAGGTCTAAAAATAACAGTTATGATACTTCACAGACGAAACAACGGTTTTCA
PCDNA-Alp ATGTTTAGAAGGTCTAAAAATAACAGTTATGATACTTCACAGACGARACAACGGTTTTCA
LRSS S S S e R R R R R RS SRR RS R
AY345596.1 ATTAAGRAGTTCAAGTTTGGTGCAGCTTCTGTACTAATTGGTATTAGTTTTTTAGGAGGT
PCDNA-ALp ATTAAGRAGTTCAAGTTTGGTGCAGCTTCTGTACTAATTGGTCTTAGTTTTTTGGGTGGG
Fhhkhhhkhkdhhkhhkhhhdhhdrhhdrhhhhhddrhdbdhdhdbhhdhhdht Fhhddkhhhhkdx **x Xk
AY345596.1 TTTACTCAAGGGCAATTTAATATTTCTACAGATACTGTGTTTGCAGCTGAGGTGATTTCA
PCDNA-Alp GTTACACAAGGTAATCTTAATATTTTTGAAGAGTCAATAGTTGCTGCATCTACAATTCCA
dkkk kkokok ok * *hkdkdkohokdkk * % ¥ % * * *Kkkk  kok dk ke hok
AY345596.1 GGAAGTGCTGCTACATTARATTCCGCTTTAGTARAAAATCTATC TGGTGGARAAGCGTAT
PCDNA-Alp GGGAGTGCAGCGACCTTAAATACAAGCATCACTARAAATATACAARACGGAAATGCTTAC
*h hhkrkkk Kkhk Kk Frxrkhkhkhk & * EE R *hkkkk KAk Kk
AY345596.1 ATAGATATATATGATGTTAAAAATGGAAAARTAGATCCTTTARACTTARTTGTTTTARCC
PCDNA-Alp ATAGATTTATATGATGTAAAGTTAGGTAARATAGATCCATTACAATTAATTGTTTTAGAA
khkhhkhkhk Fhkhkhhrhhkddh *k Kk Ak hkhhAhhhhhhk kAh Kk AAkAhkhhkAhkhhAk
AY345596.1 CCTTCTAATTATTCAGCARACTATTATATAAAACAAGGTGGAAGGATTTTCACGAGTGTT
PCDNA-Alp CAA-——GGTTTTACAGCARAGTATGTTTTTAGACAAGGTACTARATACTATGGGGATGTT
* *k ok kkkkhkdhk kK * ok ok kkkkkk Kk * * * * k& Kk
AY345596.1 AATCAACTTCAAACACCAGGTACAGCTACTATTACGTACAACATCCTTGATGAAAATGGA
PCDNA-Alp TCTCAGTTGCAGAGTACAGGAAGGECTAGTCTTACCTATAATATATTTGGTGARGATGGA
EE 2 * kk ok dokoddk ok dkdkdk ok dkokdk kk kk kok ko deokodkk ok ok ok ok
AY345596.1 AATCCTTATACTAAAAGTGATGGTCAAATAGATATTGTAAGTCTTGTAACAACAGTATAT
PCDNA-ALp CTACCACATGTAAAGACTGATGGACAAATTGATATAGTTAGTGTTGCTTTAACTATTTAT
* * * dk Kk kkdkohkkk kkdkkk Kkkkk kk kkk khkk F kK *  kok ok
AY345596.1 GATACTACAGAATTAAGGAATAATATCAACAAAGTAATTGARAATGCAAATGATCCTARA
PCDNA-Alp GATTCAACAACCTTGAGGGATAAGATTGAAGAAGTTAGAACGAATGCARACGATCCTARG
*hkk ok kkk *k Kkkk Fhkkk kK * *hkkk K khkhkkdhhkh Hhhhkkhkkkk
AY345596.1 TGGAGCGATGATAGTCGARAAGATGTACTGAGCAAGATAGAAGT TATAAARAATGATATT
PCDNA-ALp TGGACGGAAGAAAGTCGTACTGAGGTTTTAACAGGATTAGATACAATTAAGACAGATATT
* Kk ok Kk *k kk kkkhkk Kk *k  kKk * K * ko k *k kk Kk * Kk ok ok ok
AY345596.1 GATAATAATCCAAAAACTCAATCTGATATTGATAATAAAATTGT TGAGGTTAATGAATTA
PCDNA-Alp GATAATAATCCTAAGACGCAAACAGATATTGATAGTAAAATTGT TGAGGTTAATGAATTA

kkkkkkhkkkkk k% hk khkk k kkkkkkhhkkk kkkkkrkhkkkhkhkhhxkhkkkkdkx

AY3455%6.1 GAGAAATTGTTAGTATTACCAGTACCGGATAAAGATAARATATGATCCAACAGGAGGGGAA
pcDNA-Alp GAGAAATTGTTAGTATTGTCAGTACCGGATAAAGATAAATATGATCCAACAGGAGGGGAA

khkkhkkhkkhkkkkkk kK k dokkhhkhhkhkhkhkhhhhdhhhhhkhhrhkhdkhhhkrhxkkxhk

AY345596.1 ACAACAGTACCCCAAGGGACACCAGTTTCAGATAAAGARATCACAGACTTAGTTAAGATT
pcDNA-Alp ACAACAGTACCCCAAGGGACACCAGTTTCAGATAAAGARATCACAGACTTAGTTAAGATT

khhhhkhhhhkkhhhkhhrhhhhh bk hhkhhhkhhhhhhhhhkhhdkhkhh kb hkrhhkkkkk*x

AY3455%6.1 CCAGATGGCTCAARAGGGGTTCCGACAGTTGTTGGTGATCGTCCAGATACTAACGTTCCT
pcDNA-Alp CCAGATGGCTCAARAGGGGTTCCGACAGTTGTTGGTGAACGTCCAGATACTAACGTTCCT

Ak khhkhhkhkkkhkkkkhkhh ko khhhkhkhkhhk ko hhhh hhhhkkrh ok h ko khhk kkk*
AY3455%96.1 GGAGATCATAAAGTAACGGTTGATGTAACTTATCCAGATGGAACARAGGATACAGTAGAA
pcDNA-Alp GGAGATCATAARAGTAACGGTAGAAGTAACGTATCCAGATGGAACARAGGATACAGTAGRAA

Khkhkhkrhhkhhkdhhhhkhhdrhdd *h Fhhddx FhhrddAarhhrhhbhrdrrarrrrhbbbrhdx

AY345596.1 GTAACGGTTCATGTGACACCAARACCAGTACCGGATARAGATARATATGATCCAACAGGA
pcDNA-Alp GTAACGGTTCATGTGACACCAAAACCATAG-———————————————————————
EEE RS SRR SRR R EEE RS EEEE RS SR

AY345596.1 GGGGRARCAACAGTACCCCAAGGGACACCAGTTTCAGATARAGARATCACAGACTTAGTT
pcDNA-Alp oo
AY345596.1 RAAGATTCCAGATGGCTCARAAGGGGTTCCGACAGTTGTTGGTGATCGTCCAGATACTAAC
pcDNA-Alp oo
AY345596.1 GTTCCTGGAGATCATAAAGTAACGGTTGATGTAACTTATCCAGATGGARCARAGGATACA
pcDNA-Alp ——— oo
AY345596.1 GTAGAAGTAACGGTTCATGTGACACCAARACCATAG

PcDNA-Alp ——mm—mmmomm oo

Supplemental Figure 1 Nucleotide sequence alignment. The nucleotide sequences of pcDNA-Alpl (GenBank accession

number: KX685456) and alp1 gene from human S. agalactiae (GenBank accession number: AY345596.1)
were compared.
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pcODNA-Alpl  MFRRSKNNSYDTSQTKQRESIKKFKFGAASVLIGLSFLGGVTQGNLNIFEESIVAASTIP 60

AAROS114.1  MFRESKNNSYDTSQTKQRESIKKFKFGAASVLIGISFLGGFTQGQFNISTDTVFAREVLS 60
E i i e e e e e H TEEXE K . *t*: :‘X* HE * & .. * .

pcONA-Alpl  GSAARTLNTSITKNIQNGNAYIDLYDVKLGKIDPLQLIVLEQG-FTAKYVFRQGTKYYGDV 119

AAR08114.1  GSAATLNSALVKNVSGGKAYIDIYDVENGKIDPLNLIVLTPSNYSANYYIKQGGRIFTSV 120
‘.\'1‘***1{1‘:::-**:.‘*:***t:t‘k‘k* **Tttt:**** . ::*:‘k ::‘.\'1‘ H H .‘.\'

PcODNA-Alpl  SQLOSTGRASLTYNIFGEDGLPHVKTDGQIDIVSVALTIYDSTTLRDKIEEVRTNANDPK 179

AAR0S114.1  NQLQTEGTATITYNILDENGNPYTKSDGQIDIVSLVTTVYDTTELRNNINKVIENANDPK 180
‘*t‘k:“k ‘k::ttkt:“k:‘k X:_‘k:‘k‘k*‘ktttt:. t:xx:x ‘k‘k::t::‘k E e

pcODNA-Alpl  WTEESRTEVLTGLDTIKTDIDNNPKTQTDIDSKIVEVNELEKLLVLSVPDKDKYDPTGGE 239
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Supplemental Figure 2 Amino acid sequence alignment between translated pcDNA-Alpl and alpha-like proteinl from

human S. agalactiae. The translated amino acid sequences of pcDNA-Alpl and alpha-like proteinl
from human S. agalactine (GenBank accession number: AAR(08144.1) were aligned. Symbols: (*) identical
amino acid, (:) conservative substitution and (.) semi-conservative substitution. The signal peptides are
located at amino acid position 13-43, the N-terminal of protein at position 41-234, and the antigenic

epitope at position 240-300.
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