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Enhanced epitope immunoreactivity of the dominant epitope
of Toxoplasma gondii fused at the “N terminus” of HPV16L1
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Abstract: For improving epitope immunogenicity and achieving the co-immunization, late protein 1 (L1) of HPV type 16
(HPV16L1) was selected as the vector to carry the dominant epitope of Toxoplasma gondii because of the shared common
population between Toxoplasma gondii and human papillomavirus (HPV). RSepitope-HPV16L1 (RSepitope fused at the
“N-terminus” of HPV16L1) and HPV16L1-RSepitope (RSepitope fused at the “C-terminus” of HPV16L1) chimeras were
constructed. After transfection of COS-7 cells with the recombinants, Western blot, RT-PCR, and immunofluorescence
experiments confirmed that RSepitope-HPV16L1 could successfully express the corresponding mRNA and protein of
RSepitope and HPV16L1, but the HPV16L1-RSepitope construct could not. A “prime-boost” immunization program was
applied in mice to further evaluate the immune response elicited by the constructs, and the RSepitope-HPV16L1 immunization
group produced the most significantly increased humoral and cellular immune responses (the highest RSepitope-specific 1gG
antibody level and the highest IFN-y production, respectively), in which both elevated Th1 and Th2 immune responses were
obtained. Moreover, the advantage of HPVV16L1 as an epitope carrier was remarkable for RSepitope-HPV16L1, which induced
a more prominent immunological response than RSepitope alone (without fusion with HPV16L1). Our research indicated that
the N-terminus of HPV16L1 could be a better insertion site for enhancing target epitope immunogenicity, and our study offers
a design for epitope vaccine of reasonable combination.

Keywords: Toxoplasma gondii, HPV16L1, fusion, immunological effect
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Table 1 Immunization programme

Immunization (2 week intervals, n=5)

Groups

1st 2nd 3rd
Group 1 pcDNA3.1/RSepitope pcDNAS3.1/RSepitope RSepitope protein
Group 2 pcDNA3.1/RSepitope-HPV16L1 pcDNAS3.1/RSepitope-HPV16L1 RSepitope protein
Group 3 pcDNA3.1/HPV16L 1-RSepitope pcDNA3.1/HPV16L1-RSepitope RSepitope protein
Group 4 RSepitope protein RSepitope protein RSepitope protein
Group 5 pcDNA3.1 pcDNA3.1 pcDNA3.1
Group 6 PBS PBS PBS

DNA s R LS, FlEhER 100 pg/ i
BARPER R NS, AR RS o/, &
IS8 RIB RS RE R (CRA) IREE1TE 1 I
BE, SEEATEIBRMAER (IFA) REFITHE 2.
W MPE ., WEIFIRIIEE 0. 2. 4. 6 JH 4l B
Jk BRI 43 85 13 , E RSepitope HFPEHUIA R
19G A KA IAT 2 19GL Ml 19G2a., )i 1 IR
L N D A N == L B R 1 )
B, ELISPOT 50 &l IFN-y B4 i ie .
1.2.4 ELISA WlEHiik
HiE BLIM G H RSepitope 45 S PEHi 4 K SF- 2%

ELISA J5¥:05E . ¥ 10 pg/mL () RSeiptope 17
(100 pL) fn A% 96 FLAEFbR s i H 4 CHi
B, S%MBIET kY 37 CEHMA 1 hg, A
100 UL/FL 1 @ 100 % B9 45 4 fe i il v F 37 COiE
H 2h, PRI BIINA 100 uL/fL 1 : 3 000 i &
f) HRP-FRic PR 190G, PR 19G1 LA
P 19G2a F 37 CHEE 2 h, YEIK)E, AR
LR7K ¢ (OPD, Sigma) Ailid%A k& (H.0,), T
37 C#tE A 10 min 5, FHEEAYL (Bio-Tek
ELX800, USA) 492 nm &bl s S ik i . &
M BEE 3 AL
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AR, BRI E 3RS
1.2.5 ELISPOT )& IFN-y
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1.2.6 ST
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PRy RSepitope HE2H HA%Z 1A BTk pcDNA3.1/
RSepitope. pcDNA3.1/RSepitope-HPV16L1, LK
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. cjb@im.ac.cn

PAK]




294

ISSN 1000-3061 CN 11-1998/Q A4 T #2244t Chin J Biotech

R 2 EXZWHFHMILH RSepitope EEFF
Table 2 RSepitope gene sequence before and after eukaryotic codon optimization

GenBank Accession
Type No

Wild type MG712798

Sequence

CGCCTGCGCCCGGGCCAGCCGCGCCTGTTICCGGTGGATGAAGTGCCGAGCGATIGTG
GAAACCAACCC
GGGCGGCGGCCTGCCGGATACCGAAAGCGCGCCGCTGGGCGGCACCGAATGGATTTT
TAAACGCTGCCG
CAACATIGAACTGAGCGAACCGGTGAAATTTCTGGGCGGCGGCACCCTGAGCAGCCT
GATICCGGAAGCG
GAAGATAGCTGGTGGACCGGCGATAGCGCGAGCCTGGATACCGCGGGCATTAAACTG
AGGCTGAGGCCCGGCCAGCCCAGGCTGTTCCCCGTGGACGAGGTGCCCAGCGACGTG
GAGACCAACCC
CGGCGGCGGCCTGCCCGACACCGAGAGCGCCCCCCTGGGCGGCACCGAGTGGATCTT
CAAGAGGTGCAG
GAACATCGAGCTGAGCGAGCCCGTGAAGTTCCTGGGCGGCGGCACCCTGAGCAGCCT
GATCCCCGAGGCC
GAGGACAGCTGGTGGACCGGCGACAGCGCCAGCCTGGACACCGCCGGCATCAAGCTG

Codon
optimized

MG712799

Note: the corresponding changed bases in the sequences between the wild type and optimized type marked by underline.
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mRNA. HWEMH . RT-PCR ZER R, i
pcDNA3.1/RSepitope-HPV16L1 Jii ki it 4 Jifd 46
1500 | RSepitope K Bf (282 bp, & 2 3kiE 1) I
282 HPV16L1 £ [H A B (1 500 bp, & 2 JkiE 6); Tfii
Yt pcDNA3.1/HPV16L1-RSepitope ik it 4 fifl
K A% RSepitope Al HPV16L1 JEK A Bt (2
VkiB 3 F1 8); # Yk pcDNA3.1/RSepitope JFi ki i) 4H
A REAG: I 2] RSepitope A BE (K 2 7kiE 2),
KA E] HPVI6LL JEH B (& 2 ikiE 7).
Western blotting £5 5 /5. # %% pcDNA3.1/
RSepitope-HPV16L1 2 5 fr (Y 240 MU 2 i, 3%
Al EE I ] RSepitope (10 kDa) I HPV16L1
(65 kDa) H#ir#EH; 4 pcDNA3.1/HPV16L1-

M 1 2 3 4

1 PCRETEHRNER

Fig. 1 Plasmid identification by PCR. M: DNA marker;
1: PCR control without template; 2: PCR amplification of
RSepitope from pcDNAS3.1; 3. PCR amplification of
HPV16L1 from pcDNA3.1; 4, 7: pcDNA3.1/RSepitope-
HPV16L1; 5, 8: pcDNA3.1/HPV16L1-RSepitope; 6, 9:
pcDNA3.1/RSepitope. The right side represent the
RSepitope gene (282 bp) and the HPV16L1 gene (1 500 bp).

HPV16L1 3 [H , Jii ki pcDNAS3.1/RSepitope-

HPV16L1 #1 pcDNA3.1/HPV16L1-RSepitope 7]~
B —~ 1500 bp 9 H L BB (& 1, kA 7
1 8). #5143 #7 .75 RSepitope #l HPV16L1 Fifl &
PRAE L E (I P 45 SRt )
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RSepitope i 41 Ji 4 1) 241 JfL 24 i W , 4 RSepitope
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HPVI6L1

RSepitope

2 RT-PCR £7E B#FEEH mRNA

Fig. 2 Identification of target mMRNA by RT-PCR. M:
DNA marker; 1-2: RSepitope gene fragment (282 bp)
amplified from the transfected cells with pcDNA3.1/
RSepitope-HPV16L1, with pcDNA3.1/RSepitope by
RSepitope-specific  primers, respectively; 3-4: no
RSepitope gene fragment was amplified from the
transfected cells with pcDNA3.1/HPV16L1-RSepitope,
with  pcDNA3.1 by RSepitope-specific  primers,
respectively; 5, 10: PCR control without template (no
cDNA); 6: HPV16L1 gene fragment (1 500 bp) amplified
from pcDNA3.1/RSepitope-HPV16L1 by HPV16L1-
specific primers; 7-9: no HPV16L1 gene fragment was
amplified from the transfected cells with pcDNA3.1/
RSepitope, with pcDNA3.1/HPV16L1-RSepitope, or with
pcDNA3.1 by HPV16L 1-specific primers, respectively.

FITC

pcDNA3.1/RSepitope-HPV16L1 -- :
I O

RSepitope immune serum

4 HGRAENBIREBRIE
Fig. 4

% : 010-64807509
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Fig. 3 Identification of target proteins in cell lysate by
Western blotting.

RPED L L R BN . Y« pcDNA3.L/
RSepitope-HPV16L1 41 Jiu ki i) COS-7 2 34 Af
Kl 2 RSepitope 1 HPV16L1 3Lk (455
INER ) #5Y: pcDNA3.1/RSepitope 14 fifl
{LHEA N 3] RSepitope AYFIE (BREIEIE); Hiye
pcDNA3.1/HPV16L1-RSepitope & 41 JFi ki 4 2 Jifd ,
1. RSepitope Fl HPV16L1 (3%, Yk Bons
Byoh, SR ILE 4,

Merge FITC Merge

HPV16L1 monoclonal antibody

Identification of target proteins by immunofluorescence.
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Kl 2-4 SR 4553 H] . RSepitope fill 5 7¢
HPV16L1“N" i i fill &5 14 (RSepitope-HPV16L1)
FEANM N AT DLIE R e 5k, SR 5 8RR
333K ; RSepitope fill &7 HPV16L1“C ¥ 1) fil
44 (HPV16L1-RSepitope) 7E 4 Jfl PN AS g IF 3
BESERN B

2.3  GyE I RSepitope 5 F 14 HK 19G 7k T

B 1L 3% H RSepitope 85 P A Ak sk o &
BRI OC R, TS 6 JRHUIAR ™ Az ik )0 (E
JtL Group 2 (RSepitope-HPV16L1 Fili4 14 DNA %)
S B nsR R E4H) F1 Group 4 (RSepitope & 14
FEXTRRAH) B E A&, 4310 2.706+0.193 Al
2.547+0.069, MmN A2 FARA BEG I E L
(P>0.05), fHAyI i A2, 2RI AARE
St L (P<0.05). Group 3 (HPV16L1-RSepitope
Gk DNA Has Fnss s ) (Kh
7N A I, IR P B R R — Ik
RSepitope £ 5@ r . Feul T2 4 JEA
%5 6 J&, Group 2 Hit{A 19G /£t B2 = T Group 1
(RSepitope JEfil 514 DNA B 525 FIIN R S e 41)
Z5 HA BERIT2FE L (P<0.05),#2/8 HPV16L1
VE R A BRI DL AN, AT B 5 20 1 B e
JE %, pcDNA/RSepitope-HPV16L1 Fik/K -2
=1 F pcDNA/RSepitope 1 Ji £E0F5E 40 #7, WLIE] 5A.

Group 2 1 Group 4 (¥ RyHiikd: Mok V4 5
4) I, T4 6 s EhiAsty, 4R
e MIEFBEZE 1010 240 BF, 540 RE %4610 3]
HIPLAKE235  0.788£0.147 Fil 0.5750.174; #s
FEZ 120 480 I, Group 2 i #HLIAM =
0.370+0.039, [A M Hf R ix AL BT iRz 1 1 10 240
(Kl 5B). SEEGZ5 R UFSE: RSepitope-HPV16L1 Fl
AR DNA G028 T LA 11058 562 1 7 28 B
AR B FRO R S T A LA

2.4 RSepitope $FF AT 2K
221 G IS KBTI 219G 1 19G2a i
FERIERNZER], R BN Group 1 (AERLA14)
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m pcDNA3.1/RSepitope (group 1)
pcDNA3.1/RSepitope-HPV16L1 (group 2)
A pcDNA3.I/HPV16L1-RSepitope (group 3)
3.5 B RSepitope protein (group 4) ok
3.0r apcDNA3. 1 (group 5) i
[ 8PBS (group 6)

1 (week)
B 35 - RSepitope protein (group 2)
3.0 -=pcDNA3.1/RSepitope-HPV16L1 (group 4)
2.5 3
32.0 '
Q
1.5
e 1.0
0.5
0.0@@@@@@@(\? =
SR T o A = A T N
NN N N Y s O
~ ~' ~ ~ (\,
NN
Dilution

5 ELISA il RSepitope %55 4 19G R EMMH
Fig. 5 Detection of RSepitope-specific IgG antibody
production and titer by ELISA. (A) The production of
RSepitope-specific 1gG antibody over the immunization
schedule. Comparison between corresponding groups, *:
P<0.05; **: P>0.05. (B) The titer of RSepitope-specific
IgG antibody. The groups of pcDNAB3.1/RSepitope-
HPV16L and RSepitope protein with the highest antibody
level on week 6 were used for evaluation of the antibody
titer. The antibody titer marked by the red arrow is
1:10 240 (when the serum diluted to 1:20 480, almost no
RSepitope-specific IgG antibody can be detected).

1 Group 2 (Ri514A) ) RSepitope 4 FEiiA 2
IgG1 F1 1gG2a /A=K, ZR BB ESRITFE XL
(P>0.05), UiHH“PHIX DNA G 7 LR P s Gy
B ZRERAES Thl BT U S Th2 R
NI (R : [R5 S A R RT A0 I G 28 S 1), T
Group 2 HLMAE2 P A KW 25 F Group 1, R
TR AT HPVI6LL iR #43508% . Group 3 1
Group 4 19 1gGL J= AR & & F 1gG2a, 254
HA WER T FE L (P<0.05), H/RE M FGiEs
S Th2 Hayse e i A (F2 BRI %)

Group 3 /A= YALIKF- 19G1 i1 1gG2a i
R ¥ 155 — K RSepitope &5 1 /in5s S frsl, WLIE 6,
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QQ < & Y
Q N \\Q‘ {.l{@ Q
IR S
Q"‘Q QC‘Q Groups

6 ELISA #30| RSepitope 45 F M HIARTE 25 1gG1 #n
1gG2a

Fig. 6 Detection of RSepitope-specific IgG1 and IgG2a
antibody subclasses by ELISA. Note: comparison
between corresponding groups. *: P<0.05; **: P>0.05.

25 GERMAMEP IFN-y FFEKFE

RSepitope EfiH B — 4 T AMMIRA K S %
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Fig. 7 Detection of IFN-y production in splenocytes from immunized mice by ELISPOT. (A) The production of IFN-y
was detected by ELISPOT after co-incubation of splenocytes and T cell epitope peptide (n=3). (B) Quantification of
IFN-y production in each group. The production of IFN-y is expressed by the number of spots (in 10° cells) on the
enzyme plate. The number of spots is determined by the spot imaging analyzer. Group 2 compared with each group.

*: P<0.05.
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