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B B IFF] MRRAREB I ZNMEHRARRZI —, BREKRREERA TIRIAR L EHTEREF
(human immunodeficiency virus, HIV)#9 45 #&Fa . B AR EHR R L RAMKE LHAMY, MAEZE
i 25 B AR89 B I, SRIAAF R AR MR R kR 69 E A R 4 LB & I ks A & F (Neisseria
gonorrhoeae, NG) ik 2 i Z B 5+ #) B (peptidyl-prolyl isomerase, PPlase) & @ & & & 45 My Ao kA%, 4R 3T
HAE A G Ao T4 B ¥ 500 ) L0 ik VAR A W15 & F 3 A7 PPlase & & 69K . KM
ZWE. RETT AN, R KM, LA T. B @ftk1s%; A pET32a(+)k#iH##E PPlase
FOHRERERAGFhiLEE, A TAR G R ERHFE NG 2H LR LR
BALB/c " R, MR & fn i, H1& NG 2@ iu/R, o7 v 4 e it 3R B 34 % J& 2R W X35 (enzyme
linked immunosorbent assay, ELISA)#= 18] 4% %, /& 5% £ iX 32480 & 20 PPlase & @ i #uih 5 NG 4 48
Jok B R e, [£R] AMEEFoMERI T, PPlase & @ L&A o #5£(39.34%).

FALI) Ak (30.51%) A= 3L 45(20.59%) A £; BEAL )ALk S A B @ kis. 9 Mmied
T B @RS A 18 NS T RS @ik i, BERBARLR%EFEIT PPlase
WERAHRE LA, AL ETHAEZE TR BALB/c &= A SNk, 2@k e
ELISA iXIaFe A 3 2 A R AR S REANZZAFF S L9 hFikies NG SMEATD AL
A, [44# ] PPlase @Ak A —FoMR &G, AR RIFH RIR A IR R, HPrik5 = £ 0
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Prokaryotic expression and potential as a candidate vaccine of
peptidyl-prolyl isomerase from Neisseria gonorrhoeae

HU Xin'?, XIE Xiaoting"?, LI Xiaonan®’, ZHAO Juanjuan'?, LI Ziyue"?, CHEN Jiaqi'?,
ZHANG Li'"?, ZHANG Lei

1 Yunnan Provincial Key Laboratory for Zoonosis Control and Prevention, Institute of Pathogens and Vectors, Dali
University, Dali 671000, Yunnan, China
2 Laboratory of Pathogenic Biology, School of Basic Medical Sciences, Dali University, Dali 671000, Yunnan, China
3 Dali First People’s Hospital, Dali 671000, Yunnan, China
Abstract: [Background] Gonorrhoea is one of the major sexually transmitted diseases in
China, and the infection with Neisseria gonorrhoeae (NG) can promote the transmission and
infection of HIV. The incidence of gonorrhoea in China is on the rise, and the emergence of
multidrug resistant strains makes it an urgent need to develop protective vaccines for preventing
the spread and infection of gonorrhea. [Objective] To unveil the advanced structure and
epitopes of peptidyl-prolyl isomerase (PPlase) of NG, and explore the potential of PPlase as a
vaccine and a molecular diagnostic target. [Methods] Bioinformatics tools were employed to
analyze the polarity, hydrophilicity, flexibility, surface accessibility, secondary and tertiary
structures, and T and B cell epitopes of PPlase. The prokaryotic expression system of PPlase
was constructed with pET32a(+), and the recombinant protein was purified. The BALB/c mice
were immunized with the purified recombinant protein and the NG cells disrupted by
ultrasound, respectively, and the sera were then harvested. The surface antigens of NG whole
cells were prepared. The binding of serum antibody induced by PPlase to the surface antigens of
NG whole cells was examined by the enzyme-linked immunosorbent assay (ELISA) and indirect
immunofluorescence assay, respectively. [Results] The secondary structure of PPlase was
mainly composed of a helix (39.34%), random coil (30.51%), and extended strand (20.59%).
The epitope analysis revealed 5 B cell dominant epitopes, 9 cytotoxic T lymphocyte dominant
epitopes, and 18 helper T cell dominant epitopes. The recombinant PPlase protein was
expressed and purified by the prokaryotic expression system. The purified recombinant protein
can stimulate BALB/c mice to produce high-titer antibodies, and the serum antibody induced by
the recombinant PPIase protein can bind to the NG surface antigen. [Conclusion] PPlase as an
outer membrane protein demonstrates good immunogenicity and immunoreactivity, and the
specific antibody induced by this protein can bind to the surface antigen of NG. Therefore,
PPIase has the potential as a candidate vaccine against NG.
Keywords: Neisseria gonorrhoeae; peptidyl-prolyl isomerase; antigenic epitope analysis;
prokaryotic expression; candidate vaccine
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W %5 %5 7 (Neisseria gonorrheae, NG)
MFRAIRERTR , G A T A R, o AT D%
DEUREE . S RAERMIILT IR . 7ERZY 10%-25%
AREIRIT L, NG o A e by e
M7 & 715 4R (pelvic inflammatory disease, PID)
IfRZEAAE, PID B3 Al fE2s th B RN (30 7k
ANEGBURE,, WMEPEAIEA . MR i .
BRSO IRANZN T ARG A DA
LfhTh, 2Bk 15-49 21 AHEREHEE 8 700 1
BB s g B D H AT oS A A B
S ETHER, 1EHF P AE AP IR E
P, KA, NG GRS UE HIV (4%
JRYLP) | [ 2 E 2 NG #bkrg e, #Fk NG
PRI R B IR R AL RE OB VIR K

7 NG Witk FA1090 ' NG1225 H K 4 iy
LR AN BN PPlase 5% 5 I 4 it J e vk
14 5% [K T (macrophage infectivity potentiator,
MIP) . 7E NG I fii & % %5 %5 B (Neisseria
meningitidis, NM)HJFT A7 H R H#A MIP 1Y%
ik, HEERIT I BEORST , & — Pl 7E S g
RHMEEA, JFHA PPlase 7& M. Xt
NM-MIP 2 [ 58 &, NM-MIP I i Sk H
AEXTARTFE NM BRI 38 SRR RGPS, i
NG-PPlase 1 e i BT 5 1 AR WLARIE , (X
1., NG-PPlase {1 Ao 569 B Ho i i v 7 (B A52
— I

ABIF S 38 3k A AR DA 40 B I A SR 1Y
PPlase £ 145 KB RFR AL, M E T2 RIE R
gt, KLk EAH E A BALB/e /ML, K
AR 3 A R U RE 7, ISR T
K5 NG MR, 5350 PR S yse i
156 (enzyme linked immunosorbent assay, ELISA)
FNIR]HE S 98 Y656 (indirect. immunofluorescence
assay, IFARINELHEH PPlase 753 L A0F R
PEBUARE S 5 NG SMEERHSS G, LRI
PPlase 1F R 1 Al o2 Wil S T FEAN (B

R

1.1 R
L1.1 S

9 H 6-8 JH JoHFE 7R 5 /A (specific pathogen
free, SPF)ZulfElE BALB/c /)N EUW H A R 73K 78
SORIIR S WA R A, shiEe 55 KR
S S P B HE(2023-PZ-197)
112 FERXFFNR

NG Wtk FA1090, EEEMOEH.C; 1L
2RO, U AR A A R A
al; BR#EIENYIEE BamH I, Xho I, Fermentas
/3] ; PfuDNA polymerase, Life Technology 7%
Fl; Ni-NTA BUiENE, Invitrogen A Fl; —HI(E
Ll 1gG), Jackson Immuno Research /3 H]; =
P IgG-FITC Hidk, w4 YHRARA
Al /NEURE His B8k, ZREAH; Kig
FF# Rosetta(DE3). pET32a(+)/5uk: Fil/ s Bl
NG Z e EHUAR B A S0 = SR AR 5 o fb2i &
UG, GE 28w MR AN, B2
VIR BRA ] 5 2K MR, BRI IR
YN8
1.2 &
1.2.1 IR BRSSO

F| F ProtParam tool {4434t PPlase & [1HY
FRALNE BT, PONDR #AF 53 i He N ZE Y TGy X 5,
NPC@SOPMA k{473 M H: — 454, SMART
TE 2 B 43 B 45 #4938, Expasy T H iy
SWISS-MODEL 43 #r =4 4544 .
122 MERMSH

1) B 4TI R A7 3 #r

13 1 ExPasy-ProtScale 3 itk . 2K
PE. ERIERRE AT S, IF45A ABCpred #X
fxF B LRI TP o

2) T 4Rt R A A

W] SYFPEITHI B FAELR /A 2 s T
R 4l (cytotoxic T lymphocyte, CTL)ZA Fl
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HEPE T #REL4N ) (helper T cell, Th)#E {7, CTL
Fl Th FArATIERR RN L4308 9 VF1 15 4>
RAIEMRIRIHL
1.23 ERRERGHHERERIE, 4L
t ¥

LI NG brifERE FA1090 AYJE[NZ4H DNA Jyki
#, PCR 434 PPlase Mg ifvE XL, 5]
Y58 (5'-ACAAGGCCATGGCTGATATCGG
ATCCAAAGCAGATGCAAAAGCCAATAAAGA
AAAAGGC-3Y), Mgk (5-CAGTGGT
GGTGGTGGTGGTGCTCGAGTTAGTTCACTT
TTTTGATATCCACCTGATCCGG-3"), PCR JZ )i

A Z (50 pL): 10xPfu Buffer 5 pL, Pfu DNA
Polymerase (5 U/uL) 1 pL, dNTP Mix (10 mmol/L
each) 1 pL, . TU#514(10 pmol/L)4% 1 pL,
DNA #%4% (20-50 ng/uL) 1 pL, RNase-free ddH,O
40 pL. PCR JZIi %44 : 95 °C 5 min; 95°C 155,
55°C 15 s, 72 °C 1 min, 3£ 25 MEH; 72 °C
10 min, PCR ¥ 34 W) 28 1%3h I HHEE IS H 1k 48
E . KJH BamH IHI Xho IXUE§YIHEF PCR 914 HYy
H i35 R %35 pET32a(H) ki, FHebibZ Ak
AT Rosetta(DE3)&AZ A4 il , PR PCR i
T 1 P i 2 TR TR R L 2 D) A Y 2
EWE, HTEAMNESRIR B EARL
5 FHF 37 °C. 180—220 r/min 553 & ODgop N
0.6, A IPTG 55 ELHKE 0.5 mmol/L, 30 °C
PSR 1SR 3 h, 8 000 r/min 5.0 3 min YA
W5, TR 200 WS (1A 3s, BFSs,
SVBTTE] 10 min)@FRERA, SR Ni-NTA #2487
AL, 43 DAAS [R) v BE DR e o, X 4
HIVEI B EST SDS-PAGE #aili 4l , Kralifl
FEHEMSL SDS-PAGE J5 HLEEEI E R
i — 38 £ M (polyvinylidene fluoride, PVDF)Ji,
3/ INERIEYE NG 2 se TR R His R4 b g
Ye—40, FHR 1gG 1N Z#HiiEfT Western
blotting i A0 52 Kz M

124 MERAORERGBEIEFR IgG nFx
N E9ME

¥ BALB/c /INRBENL A 3 4, B4 3 H/h
S, K4l fb ) PPlase BZH R [T 50 pg HE B
PFEFNRAIFAL, 7 2 I3 BALB/c /N, BEHK
ez (IR 2 ] o BH X BE 25 A1 H 4 X6 B 2 43531l 4
AR R 1 NG R A PBS, Rk f5
1 JEGR R ML . FAAR 7 2407 1 NG 2 HilR
9 96 FLEEFRAT, “RFH ELISA [a]3229%: 00 % /)N B
BRI 1gG HUARLH, P/N E(FFMFL Agso E/
BT BESL Agso fH)>2.1 S PP
12,5 PPlase MBS NG SMERBELE AR
ok

1) 24ifEdils ELISA 55

NG 2Pt 5 d FH 75% Bkl &, H
PBS Vi T NG W&, Pk 2 IWeEBME, A
T TR SRR LR 75%, FEiREE 30 min,
FH PBS B3¢ 2 IRFFE 240, T NG WEE
1.0x10" CFU/mL, #FfLfin 100 pL #4451 NG
SR, 37 cCuMEw A, AR
I 2% " (phosphate Tween buffer, PBST)¥E 4
3 K, A1 ELISA [a]#:3500 € Mg ik 5 NG 241
R PR A 45 A RE T -

2) IFA 5%

# NG 45 fE B BE FA1090 A ¥ B E =
1.0x10° CFU/mL, HX 10 pL B2 04 A5 343k A
b, ZMEZEERM 20 uL ik PPlase B4
S MG VE R —$0(1:100), FHYEXTHBAIA NG
PR RS, BMEX B A %% PBS
M E I3 .37 °CH% & 2 h Jii i PBS 1% 31k,
FFYR 3 min, FHIIA 1:500 FfAY 1gG-FITC %5t
FRCHEHUR T HT 20 pL, 37 °CI¥F 1 h 5
PBS Y% 5 ¥k, BR 3 min. i 90% 1 i3t
RGBTt BB IEPiA S NG ik
T E IR R 25 A F 1 o
1.2.6 SitESHH

POARZL AN DL —logio Fon, &4 BRI H
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X+SD FR, ] SPSS Geit2 i i v ity i vy
FEAS t K o A 4% L B0 2 TRl R e 22 T
P<0.05 BEHE S RA G+ X,

2 EREM

21 BUMRAMEHWSTHER
ZEATA 272 M RAHRRIRE , o 18 i€ (alpha
helix, Hh) (5 39.34% . JCAR I il (random coil, Cc)
i 30.51% . 4 {1 5% (extended strand, Ee) (i
20.59%. B 1 (beta turn, Tt)5 9.56% (K 1A);
N 3 27-72 aa XIS A7 76 % 22 00 T 7 1 X B
(¥l 1B). SMART {443 A 45 SR o iZ & A&
1 ME 5 K(1-26 aa). 14~ N ¥ FK506 454
#E [1(FK506 binding protein, FKBP)Zk 43k (55
35-155 aa)fll 1 4~ C ¥l FKBP 54356
160250 aa) (& 1C). PPlase & [ /% A = 2k 4544
Oy BT A R PR B (4540 FL A Y, T B W)

VR BRAKEER, Wi 2 NEA N OSRAY ol A a2
WELHE 1 M = () 1 i K A R 45— R T B —
TG R A A B8 2 ] A T R A 2548 (1] 1D).
22 MBERMPIHER

22.1 B HEMIERMSER
% ExPasy-ProtScale 70#7, BI{E 15 DLtk

PERSR A IR B AL AR5 2127, 63-81, 89-103,
114-145,156—179,209-217 F1 263268 kB (
2A), BIE 0 LA I35 Kk 55 1) K B A0 45 26
20-37 . 39-46., 61-81 . 87-103 ., 110-146 .
153-179.183-191.209-217.226-239 F1250-268
RREL(E 2B), BR{H 0.44 DL 2Rk 4y il Bk B
255 29-34, 41-52, 59-77. 89-101. 125-134,
139-196 . 199208 . 210—240 F1 250—268 kB (1
2C), BME 6.5 DAL vl B s () Ik B2 26
20-36 . 38—47. 117-134. 137-150. 157-166
1 184-192 KBt (& 2D).

" B 35—-155aa 160-250 aa
‘” {1 b o iR o e ‘i" 1-26 aa Pfam Pfam
- FKeP N FKBP_C
50 100 150 200 250 - B
Hh Ee Cc It 0 100 200
C 0. D
08+ 5
o 2
Jos I
205 ~
2 04l 2
g o
02F
0.0 ' . '
0 50 100 150 200 250

VL-XT Residue number

1 PPlase ERMLEHST  A: NPS@SOPMA Tl — 25 45#4. B: PONDR 43 #7 JC)¥ X4 C: SMART

Figure 1

SAATEEMIRA . D: SWISS-MODEL 43 #1811 = 2 4514

Structure analysis of PPlase protein. A: Prediction of secondary structure via NPS@SOPMA. B:

Analysis of disorder residues via PONDR. C: Analysis domain composition via SMART. D: Analysis of protein

tertiary structure via SWISS-MODEL.
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2.0
1.5

Hphob. /Hopp & Woods -
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gL 8 S

Score

—05H | W | ; Ly ‘lﬂ
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w15
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D

8.0
T3 [
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FKVE. C: Bk D: SRiH AT Rtk

Figure 2 Results of PPlase protein analysis by Expasy-ProtScale online tool. A: Polarity. B: Hydrophilic. C:

Flexibility. D: Surface accessibility.

# ABCpred UM< (2 DS
ExPasy-ProtScale 73 # 45 REFG 0, KBk
PE R . ZERME AR TH AT S MR BT LA
B 4iffiRNiA 5 DMIKE, srnilaE 113-128,
149-164, 158—173. 209-217 Fil 228243 fkEt.
2.2.2 T HREIMIRE RS ER

TEXBR PPlase K H{5 S HKAY 26 2 ILAR IR
HIS, XFHA Y 246 4 LR TR 5L SYFPEITHI
B 53 CTL A1 Th 7, % CTL %
MERERKEN 9 MaE Mk, WA
246 NEFEBRTRFLAY PPlase 5 AT HR40 H £k
PRy CTL 2474 236 4>, F% SYFPEITHI A4 #r
ng, HAGFENRMEZD N 80%, Hrid
O3B HT 2% B AR U F SR AL, (]38 AT HE T
WEAER Th £f7. G50 LM 9 MERAEMILE
CTL A1 (F 2)F1 18 MEH Th FAL(EE 3).

2.3 E*Z%it?:?%ﬂ’ﬂ'@ﬁ& L3RiE
ML EML
jﬂTﬁﬁﬁEQHEEE’JTF@%%L 1E vl
PPlase JEMNAT, LR T 4l N nfs 5 Ak
LTy KB L, ks T B A PPlase i
X B PR A, X 121-272 {7 A LR
FRIEM I AG BE D AT T v b . 2RI IR R K L Uk
YSE, FEZY 456 bp AbH BT A Tk Ak (1R
3A), MFEERIE, KB PPlase JF I RIK RS

1 ABCpred FHii#h B HRMKER

Table 1 Results of ABCpred analysis of dominant
B cell epitopes

B, itk

Rank Sequence

Start position Score

1 KIGPNATLVFDVKLVK 236 0.92
2 YREQGAGEKIGPNAT 228 0.89
3 SGLQYKITKQGEGKQP 149 0.89
4 QAKAVEKHKADAKANK 113 0.87
5 QGEGKQPTKDDIVTVE 158 0.85
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72 SYFPEITHI 7% CTL RAIMLEER #& 3 SYFPEITHI Z#{t¥ Th RAMWEER
Table 2  Results of SYFPEITHI analysis of Table 3 Results of SYFPEITHI analysis of
dominant CTL epitopes dominant Th epitopes
Phenotype Position  Sequence Score HLA phenotype Position Sequence Score
classification HLA- 78 MKFLQEQQAKAVEKH 31
HLA-A*02:01 173 VIPGWTEGV 24 DRB1*01:01 197 NLAYREQGAGEKIGP 27
213 ATLVFDVKL 23 75 EVMMKFLQEQQAKAV 26
214 TLVFDVKLV 22 HLA- 27 SYAMGVDIGRSLKQM 28
HLA-A*03:01 59 AVYDGKEIK 30 DRB1*03:01 181 VRLLKEGGEATFYIP 28
215 LVFDVKLVK 29 212 NATLVFDVKLVKIGA 28
31 GVDIGRSLK 27 HLA- 77 MMKFLQEQQAKAVEK 28
HLA-B*07:02 230 APAKQPDQV 20 DRB1*04:01 74 QEVMMKFLQEQQAKA 26
135 QPTKDDIVT 18 50 LKVFTDAMQAVYDGK 22
207 EKIGPNATL 17 HLA- 113 KDGVKTTASGLQYKI 24

WHERT) . 2 IPTG HSRAFEAE 35,  DRBITOT0L 170 LSQVIPGWTEGVRLL 24
’ 50 LKVFTDAMQAVYDGK 22

W2k 34 kDa W14 . pET32a(+)2sfik  DRBI*11:01 215 LVFDVKLVKIGAPEN 22
e N e ~ 83  EQQAKAVEKHKADAK 21
A 18 kDa AR G R AR, T HAREH 29 AMGVDIGRSLKQMKE 24
M52 16 kDa, P H BEH]E & 4400 DRBI*15:01 47 EIDLKVFTDAMQAVY 24
() 431 5 U Al 2 R/ INVEAE o X B ZH AR 74 QEVMMKFLQEQQAKA 24
A B
bp Ml 1 2 kDa M2 3 4 5 6 7 8 9 10

5000 70 — . o o
3000 55 — W -
2000 40 — ‘.Fﬁ
&

1500 -
1000 ,
750 g5} -
500 .

35— S . |
250

25 — I

3 PPlase BERRERGHWHEREIFSRIL, GUFMEEER A EAHTNETIHRIKZR. B:
SDS-PAGE %5€. C: Western blotting 5. M1: DNA Zr Fibnif; 1: 25k pET32a(+); 2: m4 kL
pET32a-PPlase %4 BamH I fil Xho I XU EEY]; M2, M3: A FRbrdE; 3. BWEERUIE; 4. Wik EW; 5:
FRSMT B 6: 40 mmol/L BRIBPEME; 7: 500 mmol/L BKMEVEME; 8: —Hikh NG Zriledifk; 9:
—4UN His bR TEREDUA: 10: —HU R PBS 1 MLIEHUA

Figure 3 Results of construction of construction of prokaryotic expression system of PPlase and its induced
expression, purification and identification. A: Electrophoresis results of recombinant plasmid digestion. B:
Results of SDS-PAGE identification. C: Results of Western blotting identification. M1: DNA Marker; 1:
Plasmid pET32a(+); 2: pET32a-PPlase digested by BamH I, Xho I; M2, M3: Protein marker; 3: Bacteriolytic
precipitation; 4: Bacteriolytic supernatant; 5: Effluent after column installation; 6: 40 mmol/L imidazole elution;

7: 500 mmol/L imidazole elution; 8: Primary antibody-NG polyclonal antibody; 9: Primary antibody-His
labeled monoclonal antibody; 10: Primary antibody-PBS serum antibody.
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KRR A2 Bk et fraife, 1 500 mmol/L
K A 355 158 AT DA 381 2 87 vy 1) E 2H 48 1 (BT 3B).
Western blotting £5 i/~ , B4 PPlase figE
NG Z k&P & Efr PG, 7629 34 kDa
AR BL T R SR SR U RGA T B R
B I S (B 3C).
24 PpREEFEMFBF IgG FAMN A
#ER

# 2] PPlase & [193% BALB/c /U ATl
BRI RGN I 1gG Bk, Sk

NG 2 TH 5T K BH X R A g, 2Rt
22 L (P>0.05) (3 4).

2.5 PPlase ;EMFE5 NG IMERELEE
LRI EEES

2.5.1 £HREHE ELISA iR38 A9+ N &5 R

PPlase f% MLiE AT LA ML S NG 441
PR S, 5% NG PR
X HRAH M AR L, 2257 G5 L (P>0.05)

A

20 um |

4 IFA iRIEHN PPlase RIBMES NG £HRAMEREANER

(& 5).
2.5.2 IFA KIGHEMAILER

PPlase 5t 2H £ 1 A1 BH P X BE 2 4 338 1L 375 3
Refr e ZE S 7E NG R, 78 NG K hal
FITC 96155 (# 4),

® 4 PPlase ER % & /R IMERAEFRM
( X +SD, —lOgl())

Table 4 Serum antibody titer of PPlase protein
(X£SD, —logyo)

Groups Antibody titer ( X £SD, —log;o)
PPlase immune serum 3.70+0.62
Positive control group 4.41+0.00

#£5 LMEIHE ELISA RIS ML R (X £SD,

—logo)

Table 5 Results of whole cell antigen ELISA
(X+SD, ~log1o)

Groups Antibody titer ( X =SD, —log;()
PPlase immune serum 3.10+0.14

Positive control group 3.60+0.14

2() pm

A:. —HUNEHE PPlase

WL, B: —Pi8 NG ZFEIUEIN LM, C: —Pih PBS S ILiF

Figure 4

IFA results of PPlase immune serum binding to NG whole cell surface antigen. A: Primary

antibody-serum of recombinant protein PPlase. B: Primary antibody-serum of NG whole bacterial protein. C:

Primary antibody-serum of PBS.
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