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BRE2H ASP1 EREFIEMX N ERER
BFRIESEFE LG

BB Mt akmEIL Y, AL WKEET L EBEA Y, AMAE L2

(1. PN KEBEER, LHERRHMEERR S5 NS BRGZEDREAE O, FM
225009; 2. YLARBBIHERNL P, M 225300)

WE: ATHRALNFRESE R LR EFNAMXHE A 1 (Activation-associated secreted
protein 1, ASP1) &R &M & #rh, FHLIEFEWRKX PR-1 %8535 55 X% EE&E ZIK
(Elastin-like polypeptide, ELP). ELK16 B Rk & His fr & dtfraksd Rk, AMEHEIR,

Ok k AR F A EATHATRR A& kil ¥ ELP 5 M kK EmmE (Infectious bursal
disease virus, IBDV) VP2 R K Bt fTaksd Rk, A& AWK ELP /86 5 AR 474 ak
A PR-1 & R, MR FIZ)EARE K F fiF, B ELISA %0 VP2 45 1gG. 1gG1
Fo 19G2c 7 B, MIXF &AM %% ) R & 89 IFN-y. TNF-a. IL-6. IL-10 /K& . 2R 2T,

ELP-PR1, ELK-PR1, His-PR1 #= ELP-VP2 & & 6 A Z 4 K MATH FHRFEAREA, %
&G KT 90%; =AP4R4 ak4 PR-1 ¥ A8 3 5% %% /s A9 R 45 77 19G. 1gG1 #= 19G2
K22, FEE RIS B F A IFN-y. TNF-a. IL-6 3 IL-10 /e /¥, £ =4 PR-1 8246 & a ¥,

ELP-PR1 44 5|iE % 7%, ELK-PRL 51~ ® A KAAEFM Y,
FipiE: AR FRAE,LEZEA L PRAIAEFFEER,; REIFS GRS, E7FHLE

FUSION EXPRESSION AND ACTIVITY COMPARISON OF ADJUVANT
FUNCTIONAL REGION OF ONCHOCERCA VOLVULUS ASP1 PROTEIN
WITH DIFFERENT PURIFICATION TAGS
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Abstract: To investigate the influence of fusion tags on the adjuvant activity of Onchocerca
volvulus activation associated secreted protein-1 (ASP-1), the PR-1 functional domain of ASP-1
was expressed as an elastin-like polypeptide (ELP), self-aggregating peptide ELK16 or His-tagged
protein and purified by inverse transition cycling, centrifugation and washing or nickel affinity
chromatography. The VP2 segment of infectious bursal disease virus was used as an ELP fusion
protein and used to immunize mice after cleavage of ELP tag. The VP2-specific IgG, 1gG1 and
IgG2c were detected using indirect ELISA, and concentrations of IFN-y, TNF-a, IL-6 and 1L-10
were detected ELISA kit. The results showed that ELP-PR1, ELK-PR1, His-PR1 and ELP-VP2
fusion proteins were correctly expressed in recombinant E. coli and purified to more than 90%
purity. All of three PR-1 fusion proteins could enhance the VP2-specific 1gG, 1gG1 and 1gG2c
responses, and IFN-y, TNF-a, IL-6 and/or IL-10 production. Among the three PR-1 fusion
proteins, ELP-PR1 showed the strongest humoral and cellular adjuvant effects, followed by

ELK-PR1 and His-PR1.

Keywords: Onchocerca volvulus activation associated secreted protein-1; PR-1 domain; Fusion

expression; Adjuvant activity comparison
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LR BER , ARPUARLERE I K s KA S U= AR, RO BN, (PR YE R
I (R o X A Gt S P V) — MR A I SR AV S e B I, R b 1) 75 2 ) e 175 5 4 T
GIEE LB B T e BV o

# e #2 L (Onchocerca volvulus, Ov) 55 = 1 4) % 1 AH 5% 734 2 H (Activation-associated
secreted protein 1, ASP-1) HA 1R FEM Gl e iE 123, ¥ EL Ov-ASP-1 HIEE . A

S BRIAHIEE (Human immunodeficiency virus, HIV) B¢ SARS bR 75 55 26 V. 8407 2% 1 i3k



TE R, S5 R BN AMUBE LT Th1/Th2 FiikRi%:, T H AR5 Thl fife
20 S e L . s A Ov-ASP-1 551G B I 7 I 1 e e /N B, ML BE 30
SRAIIE AR, L REINHRAE X A Ry Bl # Ov-ASP-1 ff) PR-1 1713 14 X 15 Gy 2
H ZRIF SR BRI PR . HIV SUR R RBE /N, ABERIBUR R S pu i~ 42, Mo HogE
RS AE y THRFA 1L-6 S0 1O, SR X 8 2 K B R IA 1) Ov-ASP-1
NATEECRR, AMUFTERAT B NE R AR, 1 HL 5 U e ot SR A= Hratife,
AR 8 F G e )4 32 1 R A«

|

Zi 2R 1 Z ik (Elastin-like polypeptide, ELP) JE R4 A it 5 (3 Uk E E FE 51 (i
VPGXG) HHMZIKESY, AAREBURK AR, R TR T AT EIR
A, R TARRE T RERRE, BUbHR A & AR R R AR R E R A8, Fi4h,
ELPIEA — & 1 G e Ve i E AP, ELK16%% [ 2R IR RETE 20 B P S0B 1k o 18 20 SR8 B 1 RESR
Yy, HmhEE A B L TREREA, A eR SR E ST, A 7 Ov-ASP-1
e )3 P X PR-173 53] S ELP . ELK16 M Hishr 25 E 47 Bl & R IX, 5 4% G bk 72 IR 28 0 75
(Infectious bursal disease virus, IBDV) HH VP25 H#ATahY) ik, BERZE RN
BN PR-1 598 1 S35 1 FEI 2R, A | BDV BT 2R I B4 88 1 A7 SR A T L Al

1 MR FE=*

1.1 ¥R  ELK16 3 R JKFELPRL & %1k 44 pET-P16PIOHIpET-EL P Hy 74 S50 = 1y 1 A1 £
175 HishrZ s A aifb il f & T RO 2 AR RS0 # (Tobacco etch virus, TEV)
B AR PE AL A B A S5 == ) 4 RPMI 164041 g 355 77 0% T £ EGE A 7] 4HBA+
ELISAR I &I T 20 S A2 A | SPFZEBalb/e/)s SR T3 K2 B B2 2 v ol

1.2 EHBAME TR AL JAVA Codon Adaption Tool, ¥ IBDV VP2 %:[H B2
ALK AT 52 85 1751, 551N TEV EABVIALA, Foh A TAM A
E . A R Sall #1 Xhol VP2 Zfidh 7 414 A\ pET-ELP 4k, H4H# 4y 44 4 ELP-VP2,
W L TAEY N = 45 i) ASP-1 PR-1 66 X 1% AL 7 471 43 51l 4#i N pET-P16P. pET-ELP Al

PET-30a A4 Sall/Notl 7 51, 3R1FHHH B A4 )y ELK-PRL. ELP-PR1 Al His-PR1.

1.3 BEHEARZE il EMHF R ELP-VP2, ELK-PR1. ELP-PR1 f1 His-PR1 #4k BL21

(DE3) K #4000, 37 CHRFGH K. 4% 1 2 100 LLfl#FF 500 mL £ ER



(50 pg/mL) 2xYT B33, 37CHRH R FESE ODgo=0.6, IIALIKE AN 0.2 mmol/L IPTG,
37 CiES#iA6h. 4°C. 40009 &0 10 min WEER A, F 1/10 (RFN B R4 @i sk PBS
&, JH INBIO & 40 B A i e 3 ¥k (1300 Pa) , 4 °C. 12000 g 50> 10 min YidE Li% .
IR E J 0.5% 5B 2.4 WKz (Polyethylenimine, PEIEZA), 4 °C. 14000 g &5t 10 min Y&
SRl FIEH T EHAE A,

14 EHEAAN ELP @A &H A MBI CRRIRE BT, itk ELP-VP2 & 8 A1
AR E R 26 °C, EALENIKE Y 1.5 mol/L; 4tk ELP-PRL & & A ARSI 26 C,
J1 0.4 mol/L BREREE A 1 mol/L JRE#EAT . ¥ H 10 min J5, =i 12000 g 0> 5 min, JiiE
WA PBS &, VKI% 30 min, 4 °C. 12000 g 250> 10 min ZBRANEMEE E, DR
HE 1 JAHEER . ELK-PRL il 8 A a0 SOk Raa MO AT, 5 R B VRAE 4 C
12000 g 50> 10 min, YTHEE AP 1 (50 mmol/L Tris-HCI, 50 mmol/L NaCl, 2 mol/L
JRZ, 1% Triton X-100, 1 mmol/L EDTA, 3 mmol/L DTT, pH 8.0) &5.0ei% 2 Ik (4 C . 1000 g
B0 10 min) o, FRFHYES 2 (50 mmol/L Tris-HCI, 50 mmol/L NaCl, 0.5% Triton X-100, pH
7.2) BSOUEEE 3K, A 1% Triton X-114 fhig LFRNE R, PBS B0 UK 2 IRJE 4
His-PR1 filt & 25 (A iK% IR BN T2 His R8sk [ 44k il s & it i kAT

15 ELP #R%500B%  ELP-VP2 il & IR 2 VI Bk d SOl i M UEA T, ive il & 2 1 S FE T
A TEV B AN 4 CHE, 1% 130 ug b5 TEV & FIEES MEEIRIR S, 30 CHi¥
H6h; 4°C. 12000 g #5.0» 10 min, KEREEHEHEIEEMAE, LIHBINA 2 mol/L SUALANTE

26 CHEAT FRUCHARIERA, B0 kR ELP EEEVUIE, B0 LiEHErx PBS BT 1 1k,

1.6 /NRAE ¥ 20 6 JHEe Balb/c /NEBENLS A 5 4L, FE2H 4 K, 435108 VP2, VP2+IFA
(R4 RAEF]) « VP2+ ELP-PR1. VP2+ELK-PR1 fll VP2+His-PR1 %4, HujZigiz

BRSPS, BrsE HEN 20 pg/ A, B =5 PR-1 fl& 8 BERIKEZAHIE], His-PR1

&N 10 ng/ R, ELP-PR1 &4 26.6 ng/ A, ELK-PR1 &N 124 pg/ R, Ef)a 2 &N

SRAUE 1K T SRR HE R R AK L7y B IS, -80 CUR 7% .

17 S /NRIURRI S/ RIS VP2 K557 196G 19G1 1 IgG2c [ A% ELISA £l
BPPE AL VP2 EAE A (5SpgmL) , 4 CHYHEER, PBST (4 0.1% Tween-20
PBS, pH7.4) ¥tk 3 k: BB 5%/ fiEFL 6 ) PBST, 37 Caff] 1h; PBST ¥tk 3
W, BAURDIMNES: 2 588 (A 12100 P46 e/ RIMLTE, 37 CHEA Lhs PBST ¥k



B3 U, IMAEEbR 3R 19G. 1gG1 5 19G2c, 37 ‘CHEA] 1 h; PBST ¥tk 3 ¥k, #FLINA
100 pL Wik, =iEEEE M 20 min, JIA 50 uL £ bR &l k. Pl AfLIEE, e

BATEHR I € £ 4L ODaso B, #4 P/N >2.1 FINFEM:, PIN < 1.5 FIYFH 1.

1.8 HBZ/NRABEE TN VIR fE 28 KRN/ 5 Mk, % FE 40 R 74801 ELISA {7
BB PRI E S /N UL A IFN-y. TNF-a. 1L-6 A1 IL-10 W, SREM% 3 REE, it

FPBME R ARER (SD)

2 iR

2.1 BH VP2 BARES4ML K ELP-VP2 4 # kL BL21 (DE3) Kip#ifE, 0.2
mmol/L IPTG f£ 37 ‘Ci%-3 6 h.SDS-PAGE 7 #T 7= 1A ) ELP-VP2 il & & H OV T 66.6
kDa, Zid 2 YAHAEH A4 IRl & B 402 95%; H TEV & F VS It i DI kR ELP
PRAE,  FRICHARIEIA R B2 VP2 B EH A TIUYIRY 13 kDa, 4% 4 95% (K& 1),

KDa M 1 2 3 4 5 6

70— <-ELP-VP2
50—

40—

30—

25— s 4= \/P2

B 1 ELP-VP2BEEERIA. b 5HETIR

Fig.1 Expression, purification and tag cleavage of ELP-VP2 fusion protein

M: EEBRTERE: 1. REFEAR: 2. IPTCHESEARN: 3. RMEHAFSOLRE: 4. RWEHA

WEOULIE; 5: gifbmA&EA; 6: YIBk ELP % F M ELM VP2 B

M: Protein marker; 1: Recombinant E. coli without induction; 2: IPTG-induced recombinant E. coli; 3: Supernatant
of centrifuged bacterial lysate; 4: Pellet of centrifuged bacterial lysate; 5: Purified fusion protein; 6: Recombinant

VP2 protein after ELP tag cleavage



22PR-1MAEBMRIEEHML 4 His-PRL. ELK-PRL fll ELP-PR1 fili & 3R Ik AT
1k BL21 (DE3) KMAfE, F 0.2 mmol/L IPTG 7£ 37 Ci%'S 6 h, SDS-PAGE H#TEnik
ff His-PR1. ELK-PR1. ELP-PR1 @l 8 705 8 TUI 23, 28 160 kDa (& 2). Hrr,

His-PR1 il & 8 A N ANEE LR IA SR IR, R PRSI T TR SR AR 44k : ELK-PR1 fl& 8 H
EVE LR IR, BT O VR, ELP-PRL @4 R N TVAER L, FIAHAS R 3R 4l

o (F 1,

#* 1 =% PR-1 i EBMNALIgR

Table 1 Purification performance of three PR-1 fusion proteins

Protein Expression (mg/L) Purity (%) Recovery (%) Yield (mg/L) Time (h)
His-PR1 138 95 81.2 112.0 21.0
ELK16-PR1 130 90 58.5 76.0 5.8
ELP-PR1 105 93 52.9 555 25

2.3 BE/NRIAKERA YIRS EE LR 4 F, M5 ASEIRAL/N BRI 43 5 1
T, DLEY VP2 A ONRIPTE, FIA#E ELISA KT RE: 7 1% 19G. 1gG1 Al 1IgG2¢. 7
IG5 7 K, His-PRL 741 19G KFHL VP2 Sl i IR 22 7 % (P<0.05), IFA.

ELK-PR1 Hl ELP+PR1 1 71|20 2 5: 4% 5. % (P<0.01), M ELP+PR1 #2740 5 19G 7KF ¢ 5 s
His-PR1 A1 IFA {71411 19G1 /K15 VP2 G i A Z= 7 A 8%, ELP-PRL EMIAH %R 5
%, ELK-PRL {74 2 M s 4 MEFILL 19G2¢ K F5 VP2 Hjs xof HE A 22 S A 4 25
Horp ELP-PRY #5554 () 19G2¢ /K V- feimr . TEWI G55 28 R, 4 MEFIAR R 19G /K F5

VP2 Yo 3 o W2 2 S 4 2%, Horp ELP-PRI 74 5 19G 7K T #¢ /5 His-PR1 {7411 19G1
K5 VP2 G A 72 5 o 3%, HoAth 3 AMAEFRIZHZ il i s 4 MAEFIZAR 19G2e /K15

VP2 ot B4 75 bl T2, Hod ELP-PR1 #5740 19G2¢ /K Ffe i
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M: Protein marker;

3 4 5 KDa M 1 2 3 4 5
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2 EAPR1IBEAERARERLL

Fig.2 Expression and purification of thee PR-1 fusion proteins

<ELK-PR1

1: Recombinant E. coli before induction; 2: IPTG-induced recombinant E. coli; 3:

Supernatant of centrifuged bacterial lysate; 4: Pellet of centrifuged bacterial lysate; 5: Purified fusion protein
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Fig. 3 Detection of VVP2-specific antibody response in mice on day 7 after immunization
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Fig. 4 Detection of VP2-specific antibody response in mice on day 28 after immunization

2.4 INBRIUEMEER TR eV 55 28 RIS B M35 , FI ELISA 37 G Al 40 i R 74
5 VP2 G 4Ix AR EL, ELP-PRL AEFI4LIY IFN-y /K T2 b B 3%, Hidth 3 MEFIH Z A S
Z (B5A) ; 5 VP2 st BAIAIEL, ELK-PRL Y5411 1L-6 /K T2 578 %, ELP-PR1 /57
72 ROR 2 ELK-PR1 A His-PRL #7141 22 5 AN 2 2 (18] 5B ) 5 VP2 e IR ZHAH B, ELP-PR1
G IL-10 KV ZE R, Hih 3 MM EREE (B 50 ; 5 VP2 Guisxt AU,
IFA Y4 TNF-o KF2ZEFA R, HAh 3 MEFIHZERKEZ (BI5D) .
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Fig 5 Detection of cytokines in immunized mouse serum
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AR RIS TR S I B B BT A A A AR A, E SR R, SIS A A
BC G5 o B e R PR A5 A 8 2 72 700 T RIS ¥ L ) A R e R (BN REAT R
YT i S . Toll FEAZ4A (Toll-like receptor, TLR) 5452011 51 52 4 (Pattern recognition receptor,
PRR) A DL T R 4 S A0 B MM R PR A0 R 577 A, (2 S R AR A G B 7 2 vh R 45 B
ZAER], Rt TLR BCAR AR B AT SRR S e 70, Ov-ASP-1 /& TLR2 A1 TLR4 )
B fds, FAIRSRI S et FE v, MRS A TAZ D BOR A G-1 (PR-1) 44300,
HH KA R FIL 1 PR-1 AN G135 B (VRN 2 R 4 SR 45 B R e e e RIVE T, iR
5 YA G e ), (E T RS AR AL, AN & AL, T ELAE ARG 1 4%
SHE £ B AR A 32 B BR A o ELP S AR 4% A 307 R 19 B 52 9 B 22 R A8, A SR e JELAIR
PR A ARZSPELF SR A, O AR B A G TR AT T R o SN B2, ELP
HA I SRR TSR AR, G o A m] ) R A AR IR AL, ISR DU A JE
HHEAAAREE, AP S, ELP-PRL & &AL T LIZE 2.5 h 58k, 4iftkE



(4l ik 93%, SELREAZNT4i His-PR1 flé 25 AR (95%) i, (HALE SN
S LRI B DAL W A . R AL His-PRL A 8 A [ e A = B ey
ELP-PR1 Gl &5 H, EFHMEE ST MERAMENTAE, 117 HA G FE R ik 21h. ELK16
S5 E R KRR 2 TR AL R MR IR A, DR Rl R A T TR R B0 e v Al B0 1,
RAEAMT TP A3 2 — DI .

ST BRIE T IBDV AR, HRE i AR, B DAKE AR RS 5 e i
BFF C AR G e ARG RS R, B A G s AHE XS BXS I AN BEORIE DL 1BDV BRIEHTIAAEAE  SPF
ARG CRIESZBR . ks st IR R 2% 5 2 3] 1BDV 15 %41 3 B0UR50 KM . N
IBDV 5 &y, SPF/NRACRIETE, R AL 23] IBDV 55, K, &
WL 5K —Fh PR-1 filA B H 5 1BDV B4 VP2 HLEZEAT /N R i, DUEX HE4 VP2
PUR IR G2 SR S H BT 7 G e Ve AR BEAT R B VR A

VIR 7R, 34 PR-1LAEFIZH VP2 KE 5 1gG 1 BEEL VP2 Sl b IR 5 B & 1,
Horpr ELP-PRL ¥R 40T idr 3%, ELK-PR1 VERIZHS IFA #esf|41AH 2, His-PR1 257 2H4¢
o {EWI%SG 28 K, 34 PR-1 741 VP2 $¢ 5% 19G Wi — 5Tt m, Bk
B JRAEAL . BRPT B Ry 1 19GL W EEANFIRE BE T4k, 3 4> PR-1VEFI4LH) 19G2¢ 7K-F A &
FE T, B PIEH] Ov-ASP-1 PR-1 Z5 KSR AMY RE VS T 1T 1) Th1/Th2 %, JERERE G e
%I Thl fif%. £ 3 MREEIRZES, ELP MUy K (55kDa), ik REFEAR AT ORTRL
PEGERY, TIRERS ELP-PRL VEFINE MEEGR IR FFTTE. His b2 5 TR/ (0.5kDa), N
PR-1 43 FHBH/N (16kDa), His-PRIL Gt i ML MK 7T R FE R Aot P e B oK

R TR HE Thl A1 Th2 KA T, Bi& ARG 7 24045 1IL-6. IFN-y I
TNF-o, FEZ5MMepTy, ARG 7 £ 24 1IL-4 A1 IL-10, FEZS 54K
S, 7E 34 PR-1AEFIZLH, ELP-PR1 XF IL-6+ IL-10. IFN-y A1 TNF-o U720 g 2]
FrEE R E Y s, ATRR S H A B e Ve RE A 6. ELK-PRL XJ IL-6. IL-10 Al
TNF-a 224 IR F 4%, 1 His-PR1 X 1L-10 A1 TNF-o 7245 ROV E 58« IX BURF 7T
SERAMGIER] PR-1 BERI Thl A Th2 A bl 574z, 1 AR A A Bl S FR28xt PR-1 I3
7 A B AR B B b 2R TR

S5 30l
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