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(1. PArMOl KF A MR ETE S & AR =E, B 650224;
2. VER MO KA VG R L b BRI AR T S R A=, B 650224 )

i E [BM] wEMESERMEY Sleroderma guani BEEHLEEIMLEFIT ( Antithrombin I11)
SOAT-1I1, FIRAGE TR R B A B RE R e Semtt . [ 736 ] FIA 4% PCR HiAR Vil SgAT- /1PN
i )52 HE ( Open reading frame, ORF ) JF31, i FHAE M5 B2k o0 i HEL IR R B 5 R 4 AE , aad qPCR
AR AR AR AL PRI, RAZAE pCznl XIHMITRZRE, [ER] FiEHR
SOAT-/IBEH ) ORF, K 1338 bp, Zifd 446 NI, HA s 1-19 & 3tim b {E Tk, Bt T& 49.49
ku, ZEHLN 6.23, LS A TR, SgAT-TI5 Il AT-TITELA 5 O & LR — 3k (>64% ), C AR
HA serpin HAFRGME NG, A MR E AR ERENLE . RERE TRV,
SgAT—HI'%H?:L HH AR R AT-IIEZ S R BGT, H 5 AT-IIER N —32 . qPCR S Hr&B, SgAT-11/
SENE A B 38 . SDS-PAGE HLIKAIN & B, ALIh#ih SeAT-INEAE 1, A ks sl malifg i) E
HEM . [ e ] Uk 3 SAT-IIBEH ,, HARSWAS B bRk, difbi8 8] SgAT-IEAE N, Hik—%
W ST TR (R 0 A PRI RE 2S5 T 2l
XA HWIRMMIEYE; DUEEIMAEIL; LR ERE; TR, FUEEIR

Cloning and expression of the venom antithrombin III genein
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Abstract [Objectives] The aim of this study was to clone and express the venom antithrombin Il gene of Scleroderma
guani (SgAT-//]) and thereby provide a basis for characterizing the physiological function of this gene. [Methods] ~ The open
reading frame (ORF) sequence of the SgAT-/// gene was cloned by reverse transcription PCR technology and its sequence
structure analyzed with bioinformatic software. The gene expression profiles of SgAT-III in different developmental stages and
tissues of female adults were detected with qPCR. The gene was expressed using the prokaryotic vector pCznl. [Results]
The ORF of the SJAT-/// gene was successfully cloned and found to be 1 338 bp in length, encoding 446 amino acids with a
signal peptide comprised of amino acids 1-20, a predicted molecular weight of 49.49 ku and an isoelectric point (pI) of 6.23.
The results of multiple sequence alignment revealed that SgAT-III shares high amino acid identity (>64%) with SgAT-Ills of
other members of the Formicidae. Its C-terminal sequence has a typical, reactive, center loop region of the serpin protein

family, and contains an active cleavage site that can be recognized by target protease. Phylogenetic analysis indicates that
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SgAT-III is closely related to AT-IlIs of other hymenopteran insects, particularly those of ants. qPCR analysis revealed that the

SgAT-//l gene was abundantly expressed in the venom apparatus. SDS-PAGE electrophoresis detection revealed that the

recombinant SgAT-III was successfully expressed, and that high-purity recombinant SgAT-1II was obtained. [Conclusion]

The SgAT-III gene was successfully cloned and found to be abundantly expressed in the venom apparatus. Obtaining this

purified, recombinant protein lays a foundation for further investigation of the physiological function of SgAT-III.

Key words Scleroderma guani; antithrombin [II; gene cloning; expression profile; prokaryotic expression

22 5 R A8 11 T o 39038 0k A A T AE AR
Z: 5T 2 B A BUK A ORIV, A4
R 2L 20 (%) 88 ML 32 75 R 1 e sl 0 1) SR I 25 L K
R, K AEF% (Meekins et al., 2017;
Sachetto and Mackman, 2019 ). ¥ %E IfiL i 11

( Antithrombin I11, AT-I1) 3 J& T 22 2 B2 & 1
FHIFIEY serpin ZKE , 5 H 22 5 1R 5 (R ]
e F IR T 5 L BA 30%72 47 i —e: , Hoyr
FHEAE 50 ku 247, N %A serpin YRR Z 4
B, CRmEA 3 B-ITE, 891 o-RHEL:
1A LR ((Reactive center loop, RCL )
X RS =25 ( Gettins, 2002 ), LA BFSE
K, BEHENY AT-TIS HE serpin 1] B91EH
JRFAR A, DAASAT 0 3 8 PERLTR A AR 2 5
[ NS DS B e S & 2 3 JrA A SR E
FE P E AR B PSRN A A AR

( Huntington et al., 2000; Huntington, 2013 ),
T AT-TIDCH A e B A AR, BN
HhafE N AT-TI R H: [R)IE ) B VR AL R TR
SEAFSY , R I HCSE A 9 R I Gk S A e I
fitg S 58 1ML R 115 & 4% 4/E FH ( Koh and Kini, 2009;
Huntington, 2014 ), @1, Wiliah¥y ( &L, &, b,
. AR HURIRIE ) MEW Y AT-TIRE 5 &¢I
Pity K B8 000 PR - E AR, AT RG340 R L S0 4 1
BEE ( Sachetto and Mackman, 2019 ).

AT-IIE R Sh e M B 2T, S5 R S5
s AT-IRY REEAR S . G, PRSI g
Bothrops jararaca & AT-IIIFI A\ Homo sapiens
AT-TTZZ ] () 28 5518 = B — 3K ( de Morais et al.,
2009 ). WA, BADIERY, SiPEER AT
55 HEshY) AT-IR A PRI REARML, HA Prsti
rfg (n, ¥ %7 ¢ 3k 48 Protobothrops
flavoviridis FI P4 HL 25U i 25 AT-TITRES 1 1.
BIE ), HREAHRAIEM (Kini, 2011;

Morais-Zani €t al., 2015), 2 TR AT-IIAYE
N FHIE, BRI E XTI R T R,
I EB AR T TR 1Y AT-IIHF & AP ke 25 4 0t
A (Kini, 2011),

JE R AT-TIIEAA 84 r v A E, (BH

BiA XS AT B 5T & B4 h fE g
( Slagboom et al., 2017; Khan et al., 2018 ),
B A5 e KA #E s WSt pitoe & 81
HWEFE W TP AAAE = ) AT-TTI( Danneels et al.,

2015), HEHBFFWEPEER N AT-IIS IR
() AT-TH R R PE48 R (de Oliveira et al., 2015),
AT g AR AL o AT 2 SR R
AT-TIIABFET &, BRAE & A s & S,
VCA A AT-TIAF7E T AUBREH3E 53 i %% Hyposoter
didymator %4 [X i il # Scleroder ma guani & i
T FRAE , (E R DL G b 5 PR ) 3R SR RR AR LA S,
Tfie )7 1w i AF5E ( Dorémus et al., 2013; Zhu,
2016 ).

AET M, ARRSCUUIRA | /NGB 2T
L4y o FE A Ah A A e A5 I i R 0 Sy A
FEXG, TERTHIREGY A2 5 IR & AT-1111Y
BEli B (Zhu, 2016), A5 R HERAWIGEIZ TR
AT-TEER ( SQAT-777) WiTiRe, SekbE T SgAT-111
LR AL ) 3EHE ( Open reading frame, ORF )
FEA, G 1 AR ME B HROAS [R] 20 21 b i 3R AR
fE, WHZ BRI AT TR ERIA, alife T HE
HEH,

1 #MR5AHE
11 gt miE

H# ' Tenebrio molitor ShS2i 2 2H 244
FIFREE , A FH 22 B0 AR T 22 ( Zhu et al
2013 ). I WAL B B B0 B A R 77 21 2248 1R
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Jib i e, FHESZS 209004 2 7K 1Y e IR AR BR A Ay i e
B (Zhuetal., 2013 ),

1.2 RNA BJIREUE cDNA &R

BCPIME 1-5 d AR TR B e e e | Tl A TIG
RNase MBS T, IMARA)E & T oK Lo
J5i, H Trizol {57 (Invitrogen ) $iHUHE A HL
RNA, R EEREAUHT 1 %35 i Wi iEE i H ik R
IS RNA RS MSE RS, B S pg & RNA,
| RevertAid First Strand ¢cDNA Synthesis Kit

( Thermo Scientific ) % ki &, & MMH
VLB B 5 cDNA itz JF T - 20 CLRAF# I,

1.3 SQAT-IEERRERNF

T S 5 I A U e B e R A A o
20 P ARAS Y SQAT-ZIBEA 741 ( Zhua, 2016 ),
Bt PCR IE A 514 ( 5'-ATGAATTCAATA-
GCACTCTTCGTGGCCCT-3'Fl 5'-TTATACATA-
TTCCTGTACAGAGAGACCT-3' ) §"#H ORF
JF%]. PCR JWAKZ A 25 uL: cDNA 1 pL, IF
I 5144% 1 uL, dNTP Mixture 12.5 uL, #4lisK
9.5 uL. PCR W04 H: 94 CHiZEM: 3 min;
94 °CAEM: 30,65 °CiR K 305,72 °CHEfH 1 min
30's, 35 MEHR; 72 °C 10 min, PCR F=¥)14 1%
B HEE e L VKR U 5, SRS M A R R (LT )
A BRAA FHEA T

1.4 SgAT-IIFEBE 514547

{fi/f] DNASTAR7.1 ( Burland, 2000 ) X}l
FPARAHHY SoAT-ZIE R P 5 kAT 43 #r - 51 [
Fe X% 2 % ] BlastP ( https:/blast.ncbi.nlm.nih.
gov/Blast.cgi ), B F 4381 H ProtParam k{4
(https://web.expasy.org/protparam/), ¥ 1) Lt X}
K H ClustalX1.83 ( Thompson et al., 1997 ), %%
Fep 38 PN F Smart server ( http://smart.embl-
heidelberg.de/ ), {55 AK 0l H SignalP 4.0
( http://www.cbs.dtu.dk/services/SignalP-4.1/ ),
AL W H O MegaX P Y B K AR B
( Maximum Likelihood, ML ) ( Bootstrap 1% & 4
1 000 X #E 4 ) (Kumar et al., 2018), F4]—2%
252 iR A 1BS1.03 237 (Livetal., 2015),

15 SgAT-IIFE E KRB AES 7

3 O A T i R e g AN TR 2 2 ( 3k
H L HER . REREER AT E RIS E ) A
a T 1.5 mL BLOE T, IMARERINES,
JIMA Trizol (Invitrogen ) IXFES), F - 80 °C
TRAES T, AL 3 MEY)FEE . S
1.2 7B HUAS B i AL RNA, [ ] DNAase %
FRILIAZ DNA J5 , 5 BAHBLRY cDNA Bk, AR
Y e REARAT Y SOAT-ZIEH ORF 741, #1351
¥ (5'-ACCACAAAGGGTCAAATCCA-3'Fl 5'-
AATCTGCTCTGCCAGAAACC-3"), Lk 18SRNA
FERE RN SN, SRS 98 & PCR
( Real time fluorescence quantitative PCR
qPCR )X SgAT- 7/ FEAN R & B Hr B FIME i A
[ ZH R Y FRARFAEHEAT /08T . qPCR VAR FR
4. Bestar® qPCR mastermix #¢ ¢ ik 7 &
( DBIR Bioscience, Germany ) 10 uL, 1/ [#5]
¥ (10 umol'L ™) 4 1 uL, ¢cDNA 1 puL, ddH,0,
8 uL. qPCR S MFEFH: 95 °CHUEME 2 min,
95 °C 10s, 58 °C 31s, 72 °C 30, 40 M,

1.6 SoAT-IIFEEREZEERIE

iz ] PAS ( PCR-based accurate synthesis ) J7
WA S AT Ndel Al Xoal B 51 SQAT- /115
PR, 2800 P S5 0k 0 IE A RNV s, R LB 42 3
FIRBUK pCznl , FAb KIHAT I 7EFE R #k DHS0,
W% PCR 7 Bk Rk B g s, H
Jokr £ B SR HUTORE, I3 ARG iA
Mk BL21 ( DE3) Bz 8400, 7R
i o 4 5 UF TF A 1) 2 328 TR AR A1 VR RN 2 R TR R e
HE 1@ 100 £/ F 30 mL LB ( Lysogeny broth ) %
FWP, 37 °C 220 rmin ' YRR E W
ODyop 17 0.6, IMALIRIEH 0.5 mmol- L™ 1574
H -B-D- i 1R 2F L B ( Isopropyl-beta-D-
thiogalactopyranoside, IPTG ), 5 F155% 4 h,
H 1 mL 555797, 10000 ¢ EIRZ.0 2 min, Fb%
IR, WEBREh 2% b ( Phosphate-buffered saline,
PBS) H AWK, B0, S5, FHINA PBS
BULTESD, WA BEEREE G, BCEE. A
Ni-IDA-Sepharose CL-6B 2% FlJZ A %) H 40 3%
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ISP T aifL, sifbE A& A 7E PBS BT
G, A PBS A7 H i o X IRTS I B L
. DIETME AU LAE M ESR, FIH
12% SDS-PAGE ( Sodium dodecyl sulphate
polyacrylamide gel electrophoresis ) HEL KA, 2%
frse i R-250 Je it e, Wi aams,
X EEE AT R4 HT

1.7 HESW

qPCR ¥R A 27T Jrigesn#r ( Livak and
Schmittgen, 2001 ), F|J] SPSS 17.0 A
Fisher’s least significant difference ( LSD ) ¥£ /4T
ANTRIRE b SQAT- ZID TR ARG e 0k 1 22 7 Wl 35
P ( P<0.05 ). >k H GraphPad Prism 8 #K {4

1 19 48
S

AeAT-1I
CcAT-
TIAT-TI
CfAT-II
HsAT-II
SgAT-TI
HIAT-II
Amserpin5
MqAT-I
AcAT-II
FaAT-1I

-_Yﬁ'iﬁ'i'i— .I

( GraphPad Software Inc. ) 1EK,

2 HREHH

2.1 SoAT-IIMEEKTEEMF SIS

o REIRTS SgAT-ZIBE A ORF F3l, £
1338 bp, 4ifi 446 NI, g TN
49.9 ku, FHLS 5.61, S RTIELE R Ew,
SgAT-IZEE FFFH N st &Ko 19 MR
({55 KT8 . SMART Tl 45 58 W, SgAT-111
RILRITINNE 48-437 N EILFRIRILZ B A
1 > serpin ZXIGEFFA WIIRSFEA A (B 1: A),
FI FH BlastP [R]J8 H X 77 4E NCBI H 48 R 45 5%
R, SgAT-MS5KH VI Temnothorax

TEVVVATATIFSFRISSRPSEPATFNANHPE I
TMTAILT NSSRPTEPAIFNANHPEV
TRVVNVATATIFTFINSSRPTEPATIFNANHPEV

NSSRPTEPAIFNANHPEV
NSSRPTEPAVENANRPEV
NSGRPLOPAIFDANHPETI
NSGRPLQPAVENANHPEL
NSGRPLVPTVFNANHPEV
NSGRPLVPTVENANHPEV

B 1 SoAT-II EEHBHNEERFFEMTH
Fig. 1 Amino acid sequence structure analysis of the SgAT-ZI gene
A. SgAT-TIE IR 754548 ; B. B AT-III RCL X Z /751 X, A. Amino acid sequence structure of the SgAT-1IT;
B. Multiple sequences alignment of the RCL of insect’s AT-IIIs.
IR E T MA LB F. SP: {H5AK; Serpin: LR IEHM B L5, RCL: KRN0
HR: £BEIX; CR: fRAFHEE. MNRY P1ARSEDUROARIC, HAL RSP AR IE LUA BT OARIC . Ae: ZURTIEL;

Ac: WA Am: FORAIEE; Ce: YHIETLG

Cf: HhP Bk 5N ; Fa. LW, Hl. WA,

Hs: BERAEML; Mq, PUSAEM; Sg. G, T1, KAEIMRL,

The initiation and termination codon were indicated by triangles. SP: Signal peptide; Serpin: Domain of the serine proteinase
inhibitor; RCL: Reactive center loop; HR, Hinge region; CR, Conserved residues. The predicted P1 residues were marked in
black, and other conserved amino acid residues were marked in gray. Ae: Acromyrmex echinatior; Ac: Apis cerana; Am: A.
mellifer; Am: Apis mellifera; Cc: Cyphomyrmex costatus; Cf: Camponotus floridanus; Fa: Fopius arisanus;Hl: Habropoda
laboriosa; Hs: Harpegnathos saltator; Mq: Melipona quadrifasciata; Sg: Scleroderma guani; T1: Temnothorax |ongispinosus.
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Acromyrmex echinatior YR TR (KYN37890.1)

Atta colombica BHE HL T HTH B (KYM77557.1)
Trachymyrmex septentrionalis 7545 PIH B (KYN37890.1)
Trachymyrmex zeteki B} FCHUREBY (KYQ54008.1)
Trachymyrmex cornetzi F}ECHUBER (KYN14444.1)
Cyphomyrmex costatus PE I B (KYN04757.1)
Temnothorax longispinosus KF I (TGZ56616.1)
Camponotus floridanus 1% B35 5 8 (EFN72133.1)

100 Bactrocera latifrons BFSLIE (JAI26037.1)
L Ceratitis capitata #1H #4588 (CAD6991407.1)

Culex quinquefasciatus BHEFEIL (XP_001842142.1)

Zeugodacus cucurbitae JNSZH8 (JAD10178.1)
Zootermopsis nevadensis i HM (KDR16770.1)

94 Zootermopsis nevadensis PR F I (KDR16030.1)

Bactrocera dorsalis #1%/NS2E (JAC43033.1)

94
Harpegnathos saltator BKEEIEI (EFN87822.1)
100 Scleroderma guani & [ BB i
41 Apis cerana FAEEE % (PBC25947.1)
Habropoda laboriosa ¥R (KOC65464.1)
63] Melipona quadrifasciata (KOX78111.1)
o1 47 Dufourea novaeangliae (KZC05196.1)
76
[
0.50 '

B2 RBHRATIIZZXER
Fig. 2 Phylogenetic tree of AT-Illsin insects

longispinosus i1 b J7 4 ) it i Trachymyrmex
septentrionali AT-IIIHY 25/ T 91— BhE R =
35N 68.09%F1 64.91% ., 22 FF5) H X 45 526 1,
SeAT-III S HERH AT-IIHHMEL, C S FSF
RCL [X, RCL X H [P B oo 2 LR 07 A5
} Arg(R), P17E. P16E . P15G, P14T, P12-P9A
R BCEE XA RSP A SRR RS (B 1: B), &
GEE AL e SR R, SgAT-TITANG A AT-TIT
RRH—3Z (K 2),

2.2 SgAT-/IFEEMFIERAES T
TR HOR TR 2 U, SQAT- 1115 R e 3

EThEERSE, HREERES TR WK

PRERAK TP R (F=17.464, df=3, P<0.05)

(K 3).

2.3 SyAT-IIFEERFR#ZRE

P2 AE SN SgAT-/IHEF ORF JF 314
AZF| pCznl JFZZEAM T b KIGFF 55 5%
ik, M N SERRE Xk = gk 4k .

20 a

15+~

ab
10
5_
ab b
0 [ ==
H T

A \%
#H4H Tissue

B 3 SoAT-IlIl EREARRELFRFRIEE
Fig. 3 Expression levels of SgAT-1IT
genein different tissues

H: %; T: Mi; A: B (KBREBIRAE );
V. BERAYE
B AP EEbR S, AL B R R P REROR
AN TRV ZH e 18 DR AR X 8 i AP A 3 2 S
(P<0.05, LSD % ),
H: Head; T: Thorax; A: Abdomen without venom
apparatus; V: Venom apparatus.
Data in the figure are mean + SD. Histograms with
different letters indicate significant difference gene

expression levels among different tissues
(P<0.05, LSD test).

AHXTRIK
Relative expression level
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SDS-PAGE HiLyk il 255 iR, ALY SgAT-I1I
filG B A R T ik, AR IR
KAEET B, SgAT-IIE A& M4 T2
50 ku, 5o FREAMAMSF, Haifksam
SgAT-IEAFE 2R (E 4).

kn M 1 2 3 4 5
116.0

66.2

45.0 -. d ey
22 M

35.0

25.0

e
18.4 -

14.4

B4 SAT-NIEAEHBFEZRIEL
Fig. 4 Prokaryotic expression of SgAT-III
recombinant protein

M: fRfEE A 1. RFEFRIBWEN;

2: BRERENEH; 3: BEEREMIIREH;
4: PRRIAM EWEEN; 5. difbEN.

M: Protein marker; 1: Protein of uninduction; 2: Protein

after induction; 3: Precipitate protein after induction;
4: Supernatant protein after induction; 5: Purified protein.

3 itig

TEFTIA e B0 AT-TTTA A5 [ i i e 7 48 v -
AT EERE 1 (Zhu, 2016), SRAT¥HE5E PCR
FE I RS T SgAT-ZIBEH ORF 741, &
BT, SgAT-ILEA F5FHY serpin
ZEMIY, J& serpin BBE A A ( Kumar et al.,
2013 ), AWM FERY, CHGENTFER AT
VS IVE R B B WAL e o i BB 11, HE N
ui LA {5 5 ¥ 5] (de Graaf et al., 2010 ),
SignalP F 25 B /R, SgAT-TITAY N St A7 e (5
SIS, RINZFERE AW E I w
RIFF) T2, SgAT-TIA & FEL R 751 Hh B
PRSFIY) serpin Z5938, /& serpin 8 ZK G AL 7
(Kumar et al., 2013 ), 55 serpin #HfEl, SgAT-III

A 22 52 R 25 1 I 00 1) 50 e 5 i 2 A Y T
RCL X, H7& A REH bR A mgR 0 s R
RO Plo ABFSEIESE, P1 A B Y 2 SE PR Tk 5L
e 22 TR AE BRI R e vk, P B A
A Arg (R) B Lys (K ) 5% 22 2R 5 1 B
il 700 AT LA o] g LA S (Lin et al.,
2017; Yangetal., 2017 ), SgAT-III[ P1 {3 & &
R REL, FeBH W] 68 HLAT 40 il it 2L 2R 1 g 1)
fE. REKBWEERKN, SgAT-IIS U3 LK
HoAb i H B o AT-IIER A —37, # AT-I1I7E
i H R b B AR S AR, AT
Z I iz B AR AR BT R

HIA AR B AT 4 SRIE S, SgAT-TITY &
PR it e vy o = FE RE VR AR 1 2853 ( Zhu, 2016 ),
Siz85 RV G, LR SRR BT 45 R R
SQAT- 777 R A A8 T Ji e 2 0 0 B v i 3R
{E7E BV A B TP v R 3R B R ML (A A5 e 22 IR
AW . 57 SgAT-IITIFFE 45 AN [A] , Dorémus
25 (2013 ) 5T S B RUBE RS i e 2 AT-ITT
TR, XEW ATIEIEFEREN, HEhE
TEAFERER A A fE 2R, H, REC
A Z P AR A R, AR
AT-TTE R 359 25 1 20 4376 R A i i e R 0L
38 S 40 0 2 A ) HC A AR B P B B ( Poirié
etal., 2014; Zhu, 2016), #EILIAH AT-IIIA
A AR FE R AR B . DA, R
W BB ARIE T AT % i F EH RN
gy, AR A IR b ORR 0% SRR Tl i AR
Chrysidoidea, 5H &%} Formicoidea HATRIT
FGKFR, HENM Stz m HA —LiH
WIS S P (Peters et al., 2017 ), Mk, 4%
A R B A Rk g s O, FE R
H, AT-TIE R 850 2R WA 6 A R A0 A TR AL
MG, AU BEH H B A > A, T
AT BB AE SR @ T % B ) Ichneumonoidea . 4
/N LB} Chalcidoidea, 81§ 2B} Cynipoidea 55
(e Ay AR e i IR S, PR SRR Tl e B R
R . H0E SBL Vespoidea | Wk B BB}
Pompiloidea 452 itk b il T B B
BT, T SR DL s
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TR

AWFFEAAL AT 2 145 [ iR 4% SgAT-117
FER P Y], 1 H AR R A% R R Ak pCznl
XFHBEAT T RIE . RBWH SDS-PAGE HiIK
SRR, WAL W E A RAE A R A
T B, RN IZEAEBIGE. WH, 507
FRIB R, sifbiF B0 SgAT-11HE 4H & 1 2l
o —H K, AT-IAEFRIREIF S A IR,
HEZEDTHEHREIY . 8t AT-IE R 2R E
HEAE BRI RERESET &, 32 5 R W i 75 W
AT-TTE AP ML R I iE, W= H e
W AT-TA TN HEMESY ( Morais-Zani et al., 2015 ),
AR SgAT-TIE 20 & AR, A I il 48
FEF PR DL R 58 A BT BE 2S5 T A
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