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[Abstract] Objective:To obtain the cDNA encoding Ancylostoma-secreted protein 2 of Ancylostoma duodenale (mAd-ASP-2)and
construct the expression system of mAd-ASP-2 in F.coli. Methods: The ¢cDNA encoding of the mature Ancylostoma-secreted protein 2
of Ancylostoma duodenale(mAd-ASP-2)was cloned by RT-PCR. The mAd-ASP-2 was inserted into the pET-22b(+)vector to construct
prokaryotic expression plasmid pET-22b-mAd-ASP-2. An optimized codon mAd-ASP-2 gene,designated mAd-ASP-2* jwas designed
and synthesized based on optimization of synonymous codon bias of E. coli, without modification of amino acid sequence,and inserted
into pET-22b (+)to construct prokaryotic expression plasmid pET-22b-mAd-ASP-2*. The two expression plasmids were transformed
into E. coli Rosetta-gami-2(DE3 )cells. Results;SDS-PAGE analysis showed that the expected recombinant mAd-ASP-2 fusion protein
was expressed in E. coli Rosetta-gami-2 (DE3)cells induced by isopropyl-[ 3-thiogalactopyranoside (IPTG) ,and the mAd-ASP-2* with
the optimized codon was more highly expressed than the original mAd-ASP-2 in the soluble fraction of E. coli cell lysates. The
recombinant mAd-ASP-2 * fusion protein was purified using His Trap HP affinity column. Western blot analysis showed that the
recombinant mAd-ASP-2* protein was combined with mouse anti-His-Tag. So the expressed protein was definitely confirmed to be the
target protein. Conclusion:The expression system of mAd-ASP-2 in E. coli was constructed successfully,which provided a
fundamental basis for further studies on subunit vaccine for prevention of hookworm infections.
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(Promega 2\ F] , £ [ ) s JEUAZ 2R 38 TR pET-22b(+),
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A7

TRIzol (Invitrogen 23 H], H[E);Taq DNA &
fitf RT-PCR i7]& RNA PCR Kit (AMV)Ver 3.0, T4-
DNA JE30 | BRI P VIR R 11 BT o (R
HEFAEY TN, BEREERE DNA [FISORFE |
DNA Zr it . BRPT 6-His-Tag Prik SRR EH ik
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R E TSR 1 B o i (b B RARAE AR
HABRAF]) ;1 ml His Trap HP TEAE (GE AH], 36
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12 Fik
121 +=3m4 & Ad-ASP-2 & & 84 £ 12 B
HHT
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NCBI 3 55 _F 43 55 5 T 51 0407 & AR SF D Rtk
TELA R T,

1.2.2 mAd-ASP-2 sk a A H e L%

+ ZF8 W E 1 S RNA $2HUZ 8 TRIzol (Invit-
rogen) /7%, M4 GenBank FTYSEAY ASP-2 LA 7
51 (AY288088) FlIAE W {5 B 2243 , AT e 1R &
T 1 X5 T 7R mAd-ASP-2 SR 3£ 4 (69
bp-668 bp), ETFWEHIGIA Neo I 5 Xho | Y]
B 44K - ASP-2F :5'-CACCATGGCTATGAGAT-
GCGGAAATA ATG-3' (RIZ#B 5> N Neo 1 B L
A); ASP-2R:5'-TCCTCGAGCTGCACGATG CAAA-
GCGCCTC-3" (RIZH 50 Xho 1 FYVINL 15, 519134
AR T AR TR (i) A BRA /& 8, 17 51005
H 7S TaKaRa A FEI5EK, H3#E TaKaRa RNA PCR Kit
3.0 YA A K cDNA 25 —8E, FELAA I cDNA 2
— 4% AR , ASP-2F F1 ASP-2R N 5[4 ,PCR ¥ 1%
mAd-ASP-2 FEH B, RN 55 Ah :94°CAEPE 5 min
Ja B ATEIR G SECH 94°C 30 5,56 °C 30 s,72°C
30 s, EIECH 40, PEIRAE 72°CHEMH 5 min, HLTKSE
JEHHE P KON IE B S YR RN B B,
RT-PCR J” ¥ 2 Byt B 0 45E e v vk IRl I ik J5 5
pGEM-T-Easy #4% , ¥4 & i fE 48K pGEM-mAd-ASP-
2, WAL RIHITE DHSo, I8 45 T35 100 mg/L
RNHHERM LB BARE SR L 37CH FRd i, Bk
B , A pGEM-T-Easy Il ¢ 51 ¥ 7E4TH#i74 PCR
Y5 e Hh PR RS HEA TN (IR0 g A
RA R HE] ), KD IE 8 09 58 B sk ik oy 24
pGEM-mAd-ASP-2,

123 + =34 & Ad-ASP-2 & H % A -F At Fo
AR
H2 & GenScript rare codon analysis tool (http://

www.genscript.com/cgi-bin/tools/rare_codon_analy sis)
R BRI = BT, TEABUR AR5
FLAitll b, XF GenBank BT WSK fY Ad-ASP-2 (69-665
bp ) B RS T HEAT AL O T 7 AL 5 A 5k
Fr BOE BE R AL SR IR AR T B 57 RN 3" g 73
AGIA Neo 1 5 Xho 1 75, FHZFEr i & Witk
IR A FROA R R4 T 23 & BT AR pUCST 32
AT A4 pUC- Ad-ASP-27
124 mAd-ASP-2 4 B 25 8 F- R AL AT J& P AP R AR
BB L R

43 5% pGEM-mAd-ASP-2 il pUC-Ad-ASP-2 [
KM Neo 1 5 Xho 1 XD 5 [FIFEREDI Y J5iA% 3R
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KRR pET-22b(+)7E 16°C F FH T4-DNA FEHE % 12
R, BRI DHS«, HE4 A5 T4 100 mg/L &
TEHHZR (ampicillin, Amp) A LB FEAREEFHE -,
37TCHEFRII, BRECBA , $ IR 2 STk i T ) 4
I i U R A R AR B EIN T, I I A
B T 41 5 R 4 ) A 4% S8 pET-22b-mAd-ASP-2 Fl
pET-22b-mAd-ASP-2* , W4 1 8 1 F 41 ok i Ak
KB Rosetta-gami-2 (DE3) , BEHU 7% , LA ASP-
2F 1 ASP-2R M504, FIFH 1.2.1 H PCR S &1
MITTSE
125 E20 mAd-ASP-2 #9355 Kk

W 34 e 1 ) 2 R TRAR S Rl 2
A 100 mg/L Amp B LB 5353k rp 37°CIHALid e,
T4 1:100 B2 50 ml & Amp AU EE LB AE:
FREE T 37°CHREIREESRE 2 D(600 nm) {HAE 0.6~0.8,
8 IR R 2 4, — 1 A 0.1 mmol/L IPTG 3
THAESFIR, — I ERIAB TR IR, 30°Cakeits
F% R AR TE] (2 4.6 h), 2051 B 1 ml A i
T 1.5 ml B0, TEIHES 000 g #.0 5 min i
FEFR TR T 50 mmol/L PBS(pH7.4)h RIS KIS
AT i) 4°C, 12 000 g B5.0> 10 min, W8E
3, T 100°CHn#AAEYE 5 min, 47T SDS-PAGE 43
B,
1.2.6 mAd-ASP-2 & 4% § ) 4t F= Western blot
SHF

¥ iR AL pET-22b-mAd-ASP-2 * i 20 % A
PRZE PTG 535 W TRAAR L5 A 5 ml, FIH His-
Trap HP ZEFIEAifb L&, 700 50,100,150,
200 mmol/L AWK SE BRI TUEI , B e F i A 2
) H 894 F17E4T SDS-PAGE 4347, 1 7 S A0k i vk
B B aif s B mAd-ASP-2 T4 & (14 SDS-
PAGE HLIKJG#E RANFRA AR |-, MR 4E R K
BT EER T, ZREA 2 h, FMARPL 6-His-
Tag(—$10) 52 N, — 414 HRP fRic i 1L BT R
1gG (IgG-HRP) , 5% J5 1] HRP-DAB JiE ¥ i 23 51 &
A FAVEMT ) H AR Mk

2 & B
2.1 Ad-ASP-2 155 Bk etk 55 T 5E 357

1 25 50 75
Query seq.
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Superfamilies

FIF SignalP4.0 Server X #5452 i) &5 7 5
ERIWR, KIS 1~70 aa WHHEH 1 M55
JIK,AE 18~19 aa AR5 IRAUWT R (1&T 1) , 7E NCBI
W3l B3 Ad-ASP-2 BEAT PR ~F I RESIE R 70 A 4 2R
®W, ZEARA DAY R IEEE A
(Sterol carrier protein type,SCP) %444 GEIEL (SCP-
like extracellular protein domain) (& 2) , iX Fh &5 #4135
FBAEAE S Y% 5 5% 2 1 (Pathogenesis-related
protein) {1,

SignalP-4.0 prediction(euk networks) :Sequence
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Figure 1 Signal prediction of Ad-ASP-2

2.2 mAd-ASP-2 A&t E & K B 6 LS RRAL R A
RN M E

R4 GenBank T UL 5% 19 ASP-1 F& [ J¥ %1
(AF077402),Ad-ASP-1 B #EE 3 F F B R/
600 bp, RT-PCR § ¥4 Z5 R UF L3R4S T WU AR/
Wi (F3). 4 PCR BN 1) #0 50 B % AR pGEM-T-
Easy £ ## ## pGEM-T- mAd-ASP-2, % Neo | 5
Xho 1 B4 5200 Fr B 5 WA R A 7 BroR/h—
B, IR e R AR T (8] 4) , TP R R
B, T SERE RIS mAd-ASP-2 5 GenBank /A7 %k
HF515E 43, ¥ Neo 1 5 Xho 1 AU 153 Y
ASP-2 Fr Bt 5 5 [RIFE R U ) JFA% Fe ik 2 ik pET-22b
(+) EHAHE RIS C Imfl & T 6-His-Tag #Y mAd-
ASP-1 J§l% 3635884 pET-22b-mAd-ASP-1,% Neo |
5 Xho 1 BFVI%E B W1 5IE A A% e ik ARG EE )
(K 5), MFFEERBIEH mAd-ASP-2 ffi AN B 1T
T EHE AR IR A, B IER R AR 5L K
FFE Rosetta-gami-2(DE3) , 75 PCR Y45 528 BH A
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, . |

| SCP superfamily

Bl 2 Ad-ASP-2 fR5FIIRERL ST
Figure 2 Conserved domain analysis of Ad-ASP-2
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19 600
bp 7500
5000
230 2 000
1 000 1 000
2 000 750
500
1 000
750 600 bp 250 250
500
550 100
100 M1:DL 15 000 43-F4FRifE; M:DL 2 000 43 HkArifi;1: pET-

M:DL 2 000 4> FHEhnifE; 1. Ad-ASP-2 RT-PCR #1724y,
# 3 RT-PCR "1 Ad-ASP-2
Figure 3 RT-PCR Amplication of Ad-ASP-2

bp M 1

2 000

1 000
750

500

250

100

M:DL 15 000 A5 1; pGEM-T-Ad-ASP-2 XA (Neo 1 /
Xho 1) 4£5E .
K4 pGEM-T-Ad-ASP-2 Fof R iARRED) % &
Figure 4 Digesting analysis of cloning vectors with Neo [ and
Xho 1

2.3 mAd-ASP-2 kB 2 2T #9 HEAL
TEARZ IR P 5 i AR I GenSeript
rare codon analysis tool (http://www.genscript.com/
cgi-bin/tools/ rare_codon_analysis) FIAR AT B 1
T T AU 1 GC & i (A 50%)
Xf mAd-ASP-2 BN HEAT I T 04, RIS R ILAL T
Gt 4 Ad-ASP-2" | ALALHTJE AL 51 He X
B 7 AL S BB 0515 IA Neo 145 Xho 147
MBI T IR RBEAIA M BT
DAL 2 g st e A= PR BR A R T 4
P& O pUCST SERERIAR T, 444 0 pUC-Ad-

22b-Ad-ASP-2 XUEGYI (Neo T /Xho 1 ) %5E .
K5 pET-22b-Ad-ASP-2 RIS &

Figure 5 Digesting analysis of pET22b-Ad-ASP-2 vector with
Neco 1 and Xho |
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Figure 6  Identification of positive clone of prokaryotic

expression strain by colony PCR

ASP-2*
24 FETFHA mAd-ASP-2 K B RAE AR BAKE
M

14 pUC-Ad-ASP-2*FIH Neo 1 5 Xho 1 AUV
FRENH) Ad-ASP-2" | Bt 5 [FIRE B DI 9 S A% 3R ik A4
pET-22b (+) & A R 15 C WMl T 6-His-Tag
1) mAd-ASP-2 JFA% Fik #8544 pET-22b- Ad-ASP-2"
28 Neo 1 5 Xho 1 B VIS W0 UE B IR A% 2R 3R 8
PR ) (& 8), P45 AR Ad-ASP-2 "4 A
A7 TR SEHE SR A, K TR %) B 4H BTk
AL KIHFT I Rosetta-gami-2(DE3) | [# 7% PCR A9%%
R RINTER] T 54 pET-22b-Ad-ASP-2" 14 )i
Bk TR (B 9),
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Figure 7 Comparison of codon optimization of mAd-ASP-2 gene(The optimized bases are indicated by shading)

bp M 1 2 Ml bp

15 000
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250
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250

M1 :DL 15 000 43 F1A4RiE; M:DL 2 000 4> F-EFrifE; 1. pUC-
Ad-ASP-2 " XWHF Y] (Neo 1/Xho T ) %5 ;2. pET-22b- Ad-ASP-2 * B
YI(Neo 1 /Xho 1 ) %5E
%1 8 pUC-Ad-ASP-2*Fll pET-22b-Ad-ASP-2 * £ R ) 45 2
Figure 8 Digesting analysis of pET22b-Ad-ASP-2* vector with
Neco 1 and Xho |

2.5 mAd-ASP-2 A B F AT HALH G 095 F Rk
¥ PCR il FHPE A FELH B 22 0.1 mmol/L IPTG
W RIA  HAFIE AR (0,2.4.6 h) R HA R
AT B, 705 15 54T SDS-PAGE il %
PR, S5 FI . mAd-ASP-2 FIHIEL N %1 PRIk 5

2 000

1 000
750
500
200
100

M:DL2000 73T bR ; 1~4: FAPETERE
K19 Ad-ASP-2° JFRRIKHR IR PCR %3
Figure 9  Identification of positive clone of prokaryotic

expression strain by colony PCR

1) Ad-ASP-2 80T ATE R AT i AT i e U 3R
KT 34 000 W E R, HEEFRILE
Ad-ASP-2* {5551 i Feikat (K 10) .
2.6 F40 mAd-ASP-2 % Western blot 547

FIF HisTrap HP SEAE4ifb T E A, HiE T
T FHFE 200 mmol /L BRI B i T RERS 1% 50 4f
raifk ok (B 11), Kalifb)s 1) Ad-ASP-2 FHA &
4T SDS-PAGE HLIK 5 HLFE 8 B A R 41 4 R I
I, DEE B His-Tag I—41, ILEHT R [eG-HRP Ny
—¥i,HRP-DAB & {4,i/E4T Western blot 7347, 4%
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M 1 2 8 7 6 5 M
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66 200 M S — - 66200
-

45 000 W .1 W 45000

<

35 000 W athe 35 000
-oea -.-.

25 000 - ". ' ‘ ! 55000

- =3
18 400 - e — 0

M. 5 F I Marker; 1. ¥4k pET-22b-Ad-ASP-2 8 21 & A& 15 8 75 248 175 ; 2~4 . 744k pET-22b-Ad-ASP-2 A 5T 2 4.6 h 75 24
335 84k pET-22b-Ad-ASP-2 " T4 T R IEF A U7 11 ; 6~8 . 544k pET-22b-Ad-ASP-2 T 1S 2 4.6 h WA ZUR 175,
¥ 10 SDS-PAGE Z3#r Ad-ASP-2 BYifs 3Kk
Figure 10 SDS-PAGE analysis of expression of the Ad-ASP-1 protein and purified Ad-ASP-1 protein

M 1

RIS =

CABFITRIN ASP-2 J2 A i s )48 HUE T 1
PR ST F ARIEAHIESEAE NCBI 3l 3 FXT mAd-
ASP-1 FHATIRSFINRERUE R4 R0 iz B A
AN EAZLEYIRIFADCEE 145 H 18 SCP-like extra-
cellular protein domain (& 1), Fltt, #ME 5 mAd-
ASP-2 JEAER 11 PR G i 1 91 oy 1% EL AT S 1Y) S
Tk, 2565 mAd-ASP-2 RSG5 AKTEL 0T,
AHFFEN+ —H8 M H 13 HrekE T ASP-2 BUEAE
M ;43 FEE 11 Marker; 1: Ad-ASP-2 *£Gfl B 1 (200 mmol /L KIS ) IR GRS 5, FFE H pET RFEbFTRL, K

116 000

66 200

45 000

35 000

25 000

18 400

K 11 Ad-ASP-1 4lifbE 1 SDS-PAGE 7-#r &@%ﬁﬂ’ﬂﬁ%lgﬁ %‘Zﬂﬁﬁl\ﬂﬁﬁlﬁﬁﬂiéﬂiﬂﬁm%
Figure 11  SDS-PAGE analysis of the purified Ad-ASP-2 * iiﬂ(xlzm],jﬂT%lﬁJﬁgﬂ mAd-ASP-2 %‘%ﬁ%,jgﬁ 7%
protein AR HE GenScript rare codon analysis tool (http://

www.genscript.com/cgi-bin/tools/rare_codon_analysis)
F AT B8 1) 22 0% TE AN UL BB IR 51 1)
fith b, BEA% GC i, AL Ad-ASP-2 JE[H % A5 T 45201
o, R TOUCRT IR 5 Ad-ASP-2 FEN YR
A OB R SAS Ad-ASP-2 A E A, il
HAEm R B A 7255

T mAd-ASP-2 J2 5 & PR MR /- H
BT AR mAd-ASP-2 (IS MR AT PE RS A
WFFEE T & A J8 JBUE AR HIR I pel B 455 Ik EY
JURL pET-22b (+ ) VBN A% B HAE 55 k5 H 1Y
HEE ARG AT LMERE A8 AN SO 2
e, T LE A mAd-ASP-2 BRI,
AT EE AN EE 1 5 i) Al v A A 0 1 R, AR
e T AR S BT 3 S vk i) A B 9728 K

110 000

60 000

45 000

29 000

18 000

M: B 2R 11 Marker; 1: Ad-ASP-2 S {LZRF
12 Ad-ASP-1 4L 1 Western blot S34r
Figure 12 Western blot analysis of the purified Ad-ASP-2 *

protein
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FFA H K Rosetta-gami-2 (DE3), WHAF]THZ mAd-
ASP-2 ZHiSERIE . AR RS R IN G KRR
BT 20 mAd-ASP-2 2 KA 7E T 2400 i L
I A, BEHIZ R Rl e o 0 A o (52 =2
ISR P 7 T N BRI IR 2 [8] B 4544343 ) o
ARSLER A T SEFZEHT, Hlid Western blot 285,
AT T AR H RN XA
PRAP P v B AR
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