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k%4 Zaw Lin Naing Ei Thinzar Soe $ %
(PR BEAE Y PR AP IF TR, RE L35 A ) e 5 S 28, BT 100193)

WE . A A4 & Helicoverpa armigera 4 2 B4 % @ Bs37 %) 7 (serine protease inhibitor, serpin) #9
7’?‘1’4&& Foak 4t #) A PCRELAK 2 EAR4 & 6 serpin AL B 45 A A 415 B 5 30 F0m) 2L 25 My 5t it
A7 R it b o 7, R R 5 B % k€ % PCR (real time quantitative PCR, RT-qPCR ) # K Y42 serpin #&
E]E?F%é/\i FREFNEABE PR L FTRACrylAc/E R AL T T, LR AW, LHKF
serpin-a .serpin-b .serpin-c .serpin-e Y9 N A#4% % serpin 3 B , 2K A 1 119~1 254 bp, % 74 373~418 A~
R, o — K AR RN P SIRARTEMR, L5 428K Spodoptera litura . 3 ¥ 5 73,
S. firugiperda % %38 B 2 & serpin 89 Bl /B2 4K %) . serpin-a#= serpin-e LR %k 484 k6 Kk F R
1 , serpin-b = serpin-c 5 R £ R R AR AR L TR & serpin-a £ F Ao BRI T R A FRE,
serpin-b 123k . ¥ W Ao £ R P KA B R 5, serpin-c £ kR E IR B R Z, serpin-e £ T A dn ik € ‘:F é"J
REBRFGH T HMLL, B4 RBTIKIRE CrylAc )z, T W 84 serpin-b F= serpin-e #9 & ik
F¥g o, M R E serpin KR AR RRE A F WA R F T AR ER R G9AER , P serpm-b
Fa serpin-e 7T 42 5 5 A4 & 4F Cryl Ac %9 fif it 42
KR AR R ZRBRE GBI H A ; £iLE; CrylAc
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Abstract: To clarify the species and expression characteristics of serine protease inhibitor (serpin) in
the cotton bollworm Helicoverpa armigera, serpin genes in H. armigera were cloned by using PCR
method, and their structure and phylogenesis were predicted and analyzed with bioinformatics. Real-
time quantitative polymerase chain reaction (RT-gPCR) was used to compare the relative expression lev-
els of serpin genes in the different stages and different tissues, and the changes in the expression level
of serpins in the larvae fed with CrylAc were also compared. The results showed that the full-length se-
quences of four serpin genes (serpin-a, serpin-b, serpin-c, serpin-e¢) were 1 119-1 254 bp, encoding
373-418 amino acids. All four serpin genes contained reactive center loop domains, with a high homol-
ogy with those of Lepidoptera, such as Spodoptera litura and S. frugiperda. The highest expression lev-
els of serpin-a and serpin-e occurred in the 4th-instar larvae, and the highest expression of serpin-b and

serpin-c was observed during the adult and pupal stages. The highest expression of serpin-a was in midgut
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and the Malpighian tube. The expression of serpin-b was the highest in head, midgut and cuticle. The

highest relative expression level of serpin-c was in head, and the expression of serpin-e in midgut and

hemolymph was significantly higher than that in other tissues. The expression levels of serpin-b and ser-

pin-e in the midgut of H. armigera were significantly up-regulated after its larvae were fed with low

concentrations of CrylAc. The results indicated that different serpin genes might play different roles in

different developmental stages and tissues in H. armigera, and serpin-b and serpin-e might be involve

in the toxicity of CrylAc to H. armigera.
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24 Z iR 55 FH i (serine protease, SP) /& —JS H %
MR UK R X 5, e 2 5 Z R AR S #2  ang
b A5 5 5 S AT B2 (Veillard et al., 2016) .
22 5 R B TG DL 22 2R R T PR rhuss , LA AL 254 35
FH 2H 2018 | 22 24 TR AR 4 24 TR 3 > 2 B IR B H 40 1k
(Jiang et al.,2000) . <3 BEEDI7 25 (1A [R] 22 20 R £
P it = A Ay T B 1 R e 3L 8 5 L R R
il 0 it i 7L 2 1 T e H B ol b f T I AL
ity , REAS/K i W A 1 T, Oy B R IR E SR ot
(Srinivasan et al., 2006) , [F]if 2 5 B d i) 2 Fp 4= #
KN, Gnist je kB KL T B A AF (Herrero et
al.,2005 ; Broehan et al.,2007) .

24 1R & H B 0 ] 77 (serine proteases inhibi-
tor, serpin) {4y B 2 11 il | BR35E 2L 2R 1 A5 2 P R
1 il s A A I 5, 34 p3r&E (A, B, C) Fl
7~9 4> o BRTiE , H 2 B 10 BR (reactive center loop,
RCL) 2 pHr& A5 CZIH iy 17 D& LR A i) 2%
i DX, T DA S AR AR R S 2 S T O AT 43
SLRIBEN G AW, e X H bR 8 1 e
AR 355 1 118 S B 4544 (Trving et al.,2000) . serpin
JZ 5346 T ah ) AEY A AE P (Rawlings et al.,
2004 ;Law et al.,2006) , £ % 4x Bombyx mori MHE K
gk Manduca sexta V.M FKUE Ostrinia furnacalis Fl
F % Al B R shrp , HZh e SR 32 3] 2 06
1, B ESE serpin 1] 2 5 B A1 738 11 16 Al 900088 2
25 FE AR (Choo et al., 2012; Ge et al., 2013) . 41
Zou & Jiang(2005) fil An & Kanost(2010) #F 55 & #4
TR R serpin-5 Fl serpin-6 18 33 181779 104k B4 AP 7y
AT %) 35 PSR 42 LA 9% 2V 5 Yuan et al. (2017)
NS B SR ARAE F 238 2 serpin-5 1l serpin-9
DR 00 ] P AR A T %) T ME AT R 45 o e, Prabu
et al.(2020) HAEFK serpin-3 1E I EKIE Cryl Ah$T
P i 5 i A b e 0K A T R
s 7 M 5 DK ML T 4o i 1 90 P S e T R
1M H Cry1 Ah 8 3 23 10 2 5 I T R4 0PE &
FRIGIE R o

I 4 FMUAT B (Bacillus thuringiensis , Bt) 7=
AR AR PO B R E S0 H RS H A
FHEARER R BEE, Cry EH 2R R ZE
Y9 — 2& (Schnepf et al., 1998; Canton et al., 2011;
Chakroun et al.,2016) , Bt % HU 55 Rl B fU/EY 2
#E vz T (A2 B YA (Lu et al., 2012 ; Carriére
etal.,2015), A BtRAZE)G,JFHEZMTHL
H S B 1A HUACR AN 58 2K i sl o B K fi
P22 BA Bt 1 5% HUT5 P (Walters et al., 2008 ; Melo
etal.,2016) . CAMFFRIIE NS, MR R T HZS
5535 Ak Bt 1 19 25 11 i L JR55E L AR 1 il A R IR A 22
A IR BTG R A R 23 5 B #E ) BRI, Bk
741 (Wedi et al., 2018 ; Xiao & Wu,2019) , ifi H.J
U Bt 5 235 serpin B 3238 519 b 484k, 40
INFEWK Plutella xylostella W& Bt J& , serpin-5 Fl ser-
pin-7 FER IR H I R, serpin-18 B2 IR N B35
P& (Li et al., 2018) ; &l S 1% 1k Spodoptera exigua %
Vip3Aa ZbF 5 , H: serpin 3K #23k [ (Bel et al.,
2013) ; = A2 LM ik Choristoneura fumiferana FVH &
KK B CrylAb Ji , Hoserpin F:H . 2% 7 (van
Munster et al., 2007) . H#EM serpin FE K 7] G838 1 I
P R RS 2S5 B R AR .

FERLIN BT HUM [ 1997 4 LICRAETR 2 Fh
R, ARG T ARES A AT TR I
SELUEU , 1 DGE #1 RNA-seq T AR A4 4%
W serpin JE N, FeREAS B H K I E T3 741
FZ5 K6 3 B, I SE B 26 5% % & PCR (real time
quantitative PCR, RT-qPCR) 73 17 serpin TEH 45 A
[ & & BB gl ik, L2 Cryl Ac i i
Qb B SRR B I serpin 223k ARAL , LIS A it
— AR serpin JERTEARES HOX Bt = A frbkad f
AIVE I 9E 25 BB JEA

1 HR57FE

1.1 ##
MR L - 96S BUBHR S HUT 1996 472k A 1T /e
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BH S BRI, 48 96S. 4 HAEZE N LI Hl Y
N TR 3% i 5 109% Kl 7K kb 7878 7 (FL i Aff
£5,1999) , 1] PRI [A] AR A2 fiuiok AT Bt 2 1 B
o SR AN (2621)°C DEFEBI 16 L:8 D,
AHXTREE (75+10) %

Ri g3k . LB [W{RRE 73k . Sl 10 g B8 A
10 g J#ERES g JfE 15 g, HEE F/KES 21000 mL,
FEAERKEG, BEERR M ESSCLELAMA
100 mg/mL 2~/ B Ht 4= & 100 puL . 20 pg/mL
X-Gal 200 pL F124 mg/mL IPTG 100 pL {214y , % 11
FEE S PA T 4 CAEFE

M BtAE ) 20 S AU : CrylAc 1, b
SGE VR A MR R R . RNA $2 ) TRIZol”
B, 52 [ Invitrogen 2\ A 5 5 9 G AL 2 ZLBE 1
(isopropyl thiogalactoside, IPTG) . X-gal. FastKing
gDNA Dispelling RT SuperMix i 7] £ . SuperReal
PreMix Plus (SYBR Green) i | & , KR A= LBl 4
(db50) A BRZS 7] 5 AxyPrep DNA SR RIS &
Axygen 7y ] ; pEASY-Blunt Simple ¥ [ 2% 1K |
Trans1-T1/EZ &40, 204 (L) AV H AR A KR
o8l HAb R 348 [ = 2 46 . NanoDrop 1000
28 4 43 96 )% BE 31, Thermo Fisher ( I i ) 23 7] ;
DHP120 B & 5% 5246 , LU A sh Ak SCie AU ER T 5
CHB-100 B8 i 4 J& 7 . 19 H (BT BHECA BR 2
) ; Bio-Rad Y BE IE iR R 48 , 55 A SR A ] ; ABI-
7500Fast 7 652 it PCRAY, 2 [# ABI AT
1.2 Ak
1.2.1 X kHFDKE

T UK /N — 31 96S FUB AR 428 HL 5 i 4y e At
30 3k, BT UK EA#HDFEEUT I, BT 0.7% NaCliF
WRPE N &Y, AIEARR T K5, W EGE RS
T =80 CUKFERAT , T serpin FER vi i . WAL
ARSI 50 3 2840 50 3k 34 25 3k 4%
2253k SR A R 10 3k Vi 5 Sk L 5 5k, -80°C
PRAFE o RIS BORR 4% 1 4 0841 1030 K il ) Sk
Rz il s JE ks SIS R bk e AR
RO ARG IRAAE T80 CUKF & . B
FESR 3R Y52, T serpin FERZGR 00T

¥ 4 ng/g CrylAc U8 FHR A BN TR H 1]
I 96S UL R 4 W4 H 2 h )i, BT UK B
M, ARG B T -80°CIRAF o LAIEH A T hakk
TSR BIARES A X IR, B Ab P 303k 3 IR .
1.2.2 ¥ RNA 6942 LB cDNA % — 44 89 6%,

FH TRIzol® it 7] £ HX & RNA, Jf # T Nano-

Drop1000 28 4143566 BE 1T AG I EL RNA e B, JF
FH 1.5% BEREEGERE UK AT BT e #a il . #% BH Fast-
King gDNA Dispelling RT SuperMix i 7| £ 5t H] 45
B cDNA S —4 , 718 T =20 CLRAF R I
123 ARLE

AR A A% HO A SR ZH 8080 (Wed et al., 2018) 73
5 2] 4 4~ serpin 5: A, F| H} NCBI-Primer-BLAST
st PCR A SPEL 1M (3R 1) Db cDNA
BEHR , 4T PCR W , 25 pL PCR J ¥ 142 % : cDNA
FEH 1 uL ., 2xSuper Pfx MasterMix 12.5 uL. | T ijif
5191451 uL .ddH,0 9.5 pL. S £5 14 : 98 C T AE
2 min; 98°CZEME 10 555°CIR K 30 5572 CHEAH 40 s
35AMEFR 3 72 °CHEAEAH S min, PCR“HIH 1.5% Bl
WHHLDKASIN , A TR RDSCRnZti Ak , K [ ™ 142
#| pEASY-Blunt Simple 52 fE#k A I, % {k. % Trans1-
T1RSZASANMI, T 37 CTEE A IPTG Al X-gal YH: 7
It FHESR PRIE B vk, 26 2 HP BN A RN T
1.2.4 B3\ 547 B & it AL 22

| DNAMAN A4 X serpin KoL EAT 731 L
Xt 5 3 H ge2000 B A4-Ke 4 DNA 751 1% 1 2 ik
Ii? ; ExPaSy (http://web. expasy.org/compute_pi) . Sig-
nalP 4.1 Server (http://www. cbs. dtu. dk/services/Sig-
nalP/) .NCBI CDD (Conserved Domain Database ) I
SWISS MODEL (https://swissmodel. expasy. org/) 73
S T30 serpin 85 14010 FNAF LS 55 K R
SPPEZE A N = 25 4544 ; FI NCBI-Blast (https:/blast.
ncbi. nlm. nih. gov/Blast. cgi) 7F £ 1 2% 15 2| A £ 1
serpin [F] Ji &5 (A , fff /1 MEGA 5.1 %K {4 2 #% %
(neighbor-joining, NJ) ¥4 #t 2 4t & & #/ , Bootstrap
REAE A 1000
1.2.5 RT-qPCR

HTF serpin FE N ¥ 51, H Beacon Designer 8 %11
RT-qPCR ¢ 52 1514, N2 JE DA% BE AR B 11 S1S
JE K RPS15 (GenBank % 5% %5 : XM_021326200.1) ,
G I AT Y BRI (R 1) o LUAIRIIE I |
ANELHL AR AL B cDNA AR, #1FH ABI 7500
RIS DE'EE ek PCRAXY 4. WA ZR 2 20 Lz cD-
NAH 1 pL, 2xSuperReal PreMix Plus 10 L, 1F 2
M 514145 0.6 uL, 50xROX Reference Dye* 0.4 pL,
RNase-free ddH,0 7.4 uL. JZ ) 251FZ B8 SuperReal
PreMix Plus (SYBR Green) i 7 & i B 45 # 17 .
95°C AL 15 min; 95°CAE 1 10 55 60°C i J/4E i
32 5340 NMIEIN, SR 2729 43 HT serpin F& R B9 A X
¢k (Livak & Schmittgen,2001) .
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Table 1 Primers used in this study

5% Primer name

59174 Primer sequence(5'-3")

5% FH3%& Application

Serpin-a-F ATGTTTAAAGTAGTGGCAGTGG LR v
Serpin-a-R TTATTTCTTAGGGTCTCTG Clone
Serpin-b-F ATGCAGTTCATAGTGTTTTTAGTGAG
Serpin-b-R TCAGTACAGAGATGGCGT
Serpin-c-F ATGGTCGAGATCACAATGAGGGTC
Serpin-c-R TCAATATACAGTAGGTTTAG
Serpin-e-F ATGGATTCCAAGGCTCTTTC
Serpin-e-R TCAGCCGCGATAGACGCCCATG
Serpin-a-qPCR-F CTTCTCGCCTATACATCA
Serpin-a-qPCR-R CGTCTTCAGGTAGTAAGT
Serpin-b-qPCR-F CCAAGCCAGAGTAATAGAAT
Serpin-b-qPCR-R CGAGGAATGAAGCAATCT
Serpin-c-qPCR-F ATCGTCATACTGCCATAC SRS B
Serpin-c-qPCR-R TCATCTTGTAGCCTCTTG RT-gPCR
Serpin-e-qPCR-F CCATTCCACATTACCGTAA
Serpin-e-qPCR-R GTCACTGCTATCACCATAC
RPS15-F CTGAGGTCGATGAAACTCTC
RPS15-R CTCCATGAGTTGCTCATTG
1.3 #HEST 45~57 kD, 55 HL oA 4~7(522) o % serpin-e 25 17,

FI ] SPSS Statistics 21 # X HA B B e #1707
ZE03HT, ANTRIRE A AN R 2 27 ) ek 2 1) LR FH
K2 J7 25781 (ANOVA) , 3 Tukey 1647 25 57 1
FER S ; Cryl Ac 72 R AL FEFT IS 0 335 1 LU ¢«
KB EAT 04T o

2 ERESH

2.1 Serpin ERREMEYIEEFEDN

ARG IARAT TR B 44 serpins L, 73 5]
1l %4 A serpin-a . serpin-b . serpin-c . serpin-e (Gen-
Bank %5554 MT066041~MT066044 ) , FLFF i 5] 132
HEA K439k 12391 254 .1 203 F1 1 119 bp, 4341
Zifh 413,418,401 F1 373 D SERR , WOl 7315

oAk serpin 25 1 N Ui 540 55 16~21 D2 SE MR ALY
HS TS TSR ) 4 Fh serpin 25 FH = ZEL5
FEERR 5 B BA RSP RCL A5 (E 1) .
2.2 Serpin #H LB Hr
J751) Ll X 45 5 s A 8 5 At e B R i
serpin Z8 &R 741 —EUPE ik 80% LU I, 41> serpins
O3 )@ AR SZ , Horp serpin-a il serpin-e 2 h— 7,
serpin-b 5 serpin-c FEAL N [A]—F 3 (& 2) o A48
serpin-a 5 B HU ST MK Ky BUR 8k Trichoplusia ni ser-
pin fY L% R ERAT 5 serpin-b SRR Mk A SR I8
TR Ml 5 72 34K serpin A4 5 2% G FR e dfT 5 serpin-c 54
Ay ARIE serpin (1Y 55 2% & R AL 5 serpin-e 5 AL
Rk, b DT I serpin SEZE R R .

2 1842 H serpin 7 FIFNEEHFE

Table 2 Sequences and structural characteristics of serpins in Helicoverpa armigera

R T Ty X5

S ﬁﬁﬁllﬂlﬂ[ ?J\UJJJ\?; s . 1;.77}11(. . RCL [X 2 .

Open reading frame/ Molecular weight/ S Signal peptide/  Reactive center loop domain/
Gene name Isoelectric point
bp kD (aa) (aa)

serpin-a 1239 56.06 4.98 1-17 360-388

serpin-b 1254 56.56 4.99 1-16 370-392

serpin-c 1203 50.53 6.06 1-21 350-375

serpin-e 1119 46.27 5.20 No 322-352

2.3 Serpin I ZE X B

44> serpins FERTEMES AN K B BUAA 3=
K, HESRE . Hh serpin-a 18 4 15 4 g 3R
ki e TEHAD A B I Y ik i 22 s i 2 (]
3-A) . serpin-b TEL L A4 5 ik it W1 A, 3l

WA 3 i (K 3-B) o serpin-c 765 63k 1 e
fen, HUOE: 5 W8 &) U A AU (18] 3-C) o serpin-e
TE 4 W 4 HU) rh 3Rk i demy , OO 3 84 Al 1
RRBIINFRSREZE2ZER AR E(E3-D),
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P R (8 ] CDD FU A 7 ) RCL AR SF A5 FA 5
The white regions indicate the potential RCL domains predicted through CDD.
E1 TS24 058 H serpin BB = 44514

Fig. 1 The predicted 3D structures of four serpins in Helicoverpa armigera

2.4 Serpin YHA T

44~ serpins TEARES HAS AL LU AR AT 23k, oy,
serpin-a 75 H iz A1 B2 RS () e A 1 W 2 v T HAth
HAL(E 4-A) s serpin-b 18 (G LR h i«
KB (K 4-B) sserpin-c 1EL MR R A 2 & &
T HA L 2, R 2 Mk B (K] 4-C) 5 serpin-e 7E 1ML
WL AR e, ORI (K1 4-D) .
2.5 CrylAciESH serpin RIFETL

H 4 pg/g CrylAc ZbFEARES R 484 2 h )5,
5% serpin-a ik g T AN, HAl 34 serpins JE[F
FIR AT TR . 50 AR L IR & CrylAc
AbFR2 h 5, serpin-b Fll serpin-e F) ik 5 4 i & T4
(El5),
3 itit

Serpin HAG —AM T 22 BKEE C 5% 7 L3R
RCL, {7 7EREH ML AR 1 B0 i L R AR L P1, 5
P1 R KL AH % 1) Z LR FR 3L P17, P1~P1’ Z [H] /Y
JIREEE B K A & #54 H (Irving et al., 2000) . A<
5% SWISS-MODEL 4 ] i} serpin £ 4 = 4 25 #4
Jei o X I 4 £ ST 5 AA Sk A T A6, T DA DU
RCL v T serpin ) 2% &% [X 45, BLAST 45 % i /R A

#& H serpin 5 HAB M H B A serpin 1 [F] 5 1 =y 18
80% LA I, 5 RISk G A Ry BRI serpin S
SRR . PRI, HEDAR S HL 1Y serpin K55 F] BB
HOMIAMZR A F R ik S 555 H R A serpin 11
DRl , BIFETH AL | foe SO 45y TS 25 E 24
(ZEFEPESE,2013;Li et al.,2018),

RIS G5 R0 WoR AR L4 serpins F
R 22 7 8K, serpin-a Fl serpin-e 4L R —~F
32, serpin-b M serpin-c AL 55— WL, 449 ser-
pins TERRES A & B B Bedb A 23k 18 serpin-a 1
serpin-e 7F 4 1y ) U 1) 23K 5 B =5, serpin-b TE 1%,
Wik B i, serpin-c TESI A Rk i fe i o 1
H., serpin FERRES HURN R 4l 4 b 1 ek A7 7E 8.
FH2ES serpin-a 1E P B A E R AR A B E
FHAML L, serpin-b 1Ek | 5 A M 3R i RiA
HE, serpin-c bR E i, serpin-e el
R P A . XA BLG e A R HOh t 4R
iE, 41 Zhao et al.(2012) 5% & K 4 serpin-15 TEHH
WK s AR serpin-6 18 S W 4 H Sk rh 22K K
THe K, 43 #r AT e KA bl B AR S AH ¢, 111 H. ser-
pin-6 TEFR J i Sk V8 AT RES S T 3R KGRI
PE(EE R5,2013) 0 AREAEE(2017) X AREE L 34
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serpins K& R AT 2H R IR M7, K BH serpin-6 13k
TR IR KB B, serpin-5 1F 32 2 T 2R IK KB
serpin-10 TE T i h Rk KV . BRI, HEDAS [A]

serpin BRI TE B HUR A & & HI AR [R) 2H 2L b 3Rk
i AN A AT e S LI RE R S AT O, AT serpin I
RITE B A KR B b B b B AN A e

| Msserpin-2X1 (XP 030028029.1)

Bmaserpin-2 (NP 001037021.1)
— Pxserpin-3/4 (KP193286.1)

L Vtserpin-2X3 (XP 026484579.1)
Haserpin-e (QKG82053.1)

Slserpin-2X7 (XP 022820046.1)

Msserpin88Ea (XP 030028041.1)
r— Bmaseripin88Ea (XP 028038756.1)

L Bmserpin-6X1 (XP 012547703.1)
| Gmserpin88Ea (XP 026764036.1)

{ Ofserpin88Ea (XP 028165758.1)
Csserpin-003 (AEW46892.1)

Tnserpin88Ea (XP 026726055.1)

Haserpin-a (QKG82050.1)
4‘—: Sfserpin88Ea (XP 035430200.1)
Slserpin88Ea (XP 022824161.1)

| Csserpin-006 (AFQ01142.1)

{ Haserpin-c (QKG82052.1)
Bmserpin-5 (NP 001037205.1)

Prserpin77Ba (XP 022129421.1)

Tnserpin77Ba (XP 026735645.1)
Haserpin-b (QKG82051.1)

Sfserpin77Ba (XP 035454597.1)
Slserpin77Ba (XP 022837409.1)

Gmserpin77Ba (XP 026748577.1)
Msserpin77Ba (XP 030023162.1)
Bmaserpin77Ba (XP 028039640.1)
Bmserpin-4 (NP 001037090.1)

Ha: Fi48HL; SI: RIS Mk ; St FEHb BT A0k s Px: MR XU ; Ve FRSSZIIRIE; Ms: MR KUk ; Bma: B4y ; Bm: K4,
Cs: —AbIE; Of: W FEKE; Gm: KESEE; Tn. ¥rgndllk; Pr. 32K, Ha: Helicoverpa armigera; Sl: Spodoptera litura;

St: S. frugiperda; Px: Papilio xuthus; Vt: Vanessa tameamea; Ms: Manduca sexta; Bma: Bombyx mandarina; Bm: B. mori; Cs:

Chilo suppressalis; Of: Ostrinia furnacalis; Gm: Galleria mellonella; Tn: Trichoplusia ni; Pr: Pieris rapae.

B2 ET serpin RERRF 51K ML EEMERE RN EA S5 B B R i R LR

Fig. 2 Phylogenetic tree of serpin from Helicoverpa armigera and other Lepidoptera insects based on the amino acid sequences

by using neighbor-joining method

O B IESE, B IR Bt 5 &5 H serpin
FEPR R IB W 0 E AR, /N Bt ser-
pin-5 Fl serpin-7 B K 3k L, serpin-18 W 2 3
8 (Li et al., 2018) ; Vip3Aa &b P FHSE R M ) , serpin
LR B35 (Bel et al., 2013) 5 2542 35 - 1 10 2
KK HUE CrylAb J& , Hserpin F&H I P8 2 3k (van
Munster et al.,2007) . A< B UEST , # 48 RS
CrylAc J& 1 17 serpin-b Fil serpin-e 1 3¢ 3% & #1 i
L. TR g i B e | TR AR 1
5 Bt S HUE PR EAEAROC, MO 878 Rk i
B PR B 235 I B2 ) AR, Bt 2F (Wi et
al.,2018; Xiao & Wu,2019) , serpin 3 J2 il 2 1 fiff .
iR 5 3L 2 1 T e A A8 A L R, PR HE DU serpin
PR AT e 2 R v i AR RS M T2 5 By
ARG R HREUEEA R — 29T

W58 K W serpin 75 B UK 422 s 45 S g 3k
Pt BEAE A, AR T Beauveria  F8 A% R
Z 1AK% B Bombyx mori nucleopolyhedrovirus 1
T BRI Micrococcus Iuteus %55 JR U4 W0 4= G A
[R] BF (0] 22 5 | R AR serpin-15 F ik AR FEE R
PR I8 CQIFRIR , 2015) 5 SRR Il 27 B AT 1 Bacil-
lus bombyseptieus 1755 R A 1) serpin FIZFRIL 51
FAINGPE NG SN (BRI, 2010 ) 5 R4S B9l 1 o
FRIRIRGRE )5 , serpin-5 Fl serpin-9 FE R [ #1323k , 18
I 410 ] P A A R D 9 P R R A AT A A SR A B Y
(Yuan et al.,2017) . Bel et al.(2013) ] FH 56 [ 43
Mk B drp R 2R 3K 1) serpin 2 [R5 955 JEAK B
T AR A o RIS DG 1% 5 DA [T, LS R PR v
25 R e RO, 8 R B4, R IR IA 1Y
serpin JE [R5 i 8 (A, ARIEHAH CIE A W] U, 4 n]



986

MY % P o R 483

AE B AR G . ASBIF 52 45 2R o FH IRk BE 1)
Cryl Ac Kb BERR 48 U5 serpin-b 1l serpin-e 1) F2 15 &
A 6B

4 -

FXIFILE Relative expression level

a

AR L, R, HED serpin-b Fl serpin-e F& K 7]
REZS SRS BT I R N, A et — 2 50HIE

R B B # Developmental stage

A: serpin-a; B: serpin-b; C: serpin-c; D: serpin-e. 1~5: 1=-5{3%hH; P Wifi; M: KT,
A: serpin-a; B: serpin-b; C: serpin-c; D: serpin-e. 1~5: 1st=5th instar larvae; P: pupa; M: moth.
B3 Serpin EEERLAARBLFHRHEPNRIEE
Fig. 3 Relative expression levels of serpin genes during different developmental stages of Helicoverpa armigera
[ rh s A B B RR R DR . AR/ NE SRR IR 28 Tukey KGR TE P<0.05 /KF-25 5% B 3% . Data are mean+SE. Different

lowercase letters indicate significant difference at P<0.05 level by Tukey test.

80 4

60 4

40

20

0

150 -

100 -

FXTRIXE Relative expression level

50 4

A 3-

bc b
o d d d d
H FG MG HG MT PM FB HE C
C 300 7
a

H FG MG HG MT PM FB HE C

B
a ab

H FG MG HG MT PM FB HE C
D a

H FG MG HG MT PM FB HE C

ZHZR Tissue
A serpin-a; B: serpin-b; C: serpin-c; D: serpin-e, H: 3k; FG: filfi; MG: 1llf; HG: 5l ; MT: G4 ; PM:
FEI iR ; FB: IR HE: IUKE ; C: 2% . A: serpin-a; B: serpin-b; C: serpin-c; D: serpin-e. H: Head; FG: foregut;
MG: midgut; HG: hindgut; MT: malpighian tube; PM: peritrophic membrane; FB: fat body; HE: hemolymph; C: cuticle.
El 4 Serpin EEERERARARPHRIEE
Fig. 4 Relative expression levels of serpin genes in Helicoverpa armigera during different stages
P B R R AR DR . AN/ NG TR R IR 28 Tukey VAR B AE P<0.05 7K-F- 22 5 3% . Data are mean+SE. Different

lowercase letters indicate significant difference at P<0.05 level by Tukey test.



544 TRAZUT A « AR HL PO 22 2 R 11 R 70 R DR 9 e P 5 2k B 987

0.5 i

0.0 0
CK  CrylAc CK

AN RIEE
Relative expression level

A: serpin-a; B: serpin-b; C: serpin-c; D: serpin-e.

CrylAc

25, C ns 25,D *
2.0 2.0
1.5 1.5
1.0 1.0
0.5 0.5
0.0
CK CrylAc CK  CrylAc

5 CrylAcbIE3H 84S B 7 serpin BRI RiZ 2RI
Fig. 5 The effect of CrylAc on relative expression levels of serpins in Helicoverpa armigera
P B - R DR . * RN & R TR ITE P<0.05 /K F-22 5+ B3 . ns#FORTCIR#E 225+, Data are mean+SE. * indi-

cates significant difference at P<0.05 level by ¢ test. ns indicates no significant difference.

& % 3L Bk (References)

An CJ, Kanost MR. 2010. Manduca sexta serpin-5 regulates propheno-
loxidase activation and the toll signaling pathway by inhibiting he-
molymph proteinase HP6. Insect Biochemistry and Molecular Bi-
ology, 40(9): 683-689

Bel Y, Agata KJ, Costa J, Herrero S, Escriche B, Luis JFJ. 2013. Com-
prehensive analysis of gene expression profiles of the beet army-
worm Spodoptera exigua larvae challenged with Bacillus thuringi-
ensis Vip3Aa toxin. PLoS ONE, 8(12): 81927

Broehan G, Zimoch L, Wessels A, Ertas B, Merzendorfer H. 2007. A
chymotrypsin-like serine protease interacts with the chitin syn-
thase from the midgut of the tobacco hornworm. Journal of Exper-
imental Biology, 210(Pt20): 3636-3643

Canton PE, Zanicthe Reyes EZ, Ruiz de Escudero I, Bravo A, Soberén
M. 2011. Binding of Bacillus thuringiensis subsp. israelensis
Cry4Ba to CytlAa has an important role in synergism. Peptides,
32(3): 595-600

Carriere Y, Crickmore N, Tabashnik BE. 2015. Optimizing pyramided
transgenic Bt crops for sustainable pest management. Nature Bio-
technology, 33: 161-168

Chakroun M, Ferrando NB, Bel Y, Escriche B, Ferré J. 2016. Bacterial
vegetative insecticidal proteins (Vip) from entomopathogenic bac-
teria. Microbiology and Molecular Biology Reviews, 80(2): 329—
350

Choo YM, Lee KS, Yoon HJ, Qiu 'Y, Wan H, Sohn MR, Sohn HD, Jin
BR. 2012. Antifibrinolytic role of a bee venom serine protease in-
hibitor that acts as a plasmin inhibitor. PLoS ONE, 7(2): €32269

Ge ZY, Wan PJ, Cheng XF, Zhang Y, Li GQ, Han ZJ, Bell jb. 2013.
Cloning and characterization of serpin-like genes from the striped
rice stem borer, Chilo suppressalis. Genome, 56(6): 359-366

Herrero S, Combes E, van Oers MM, Vlak JM, de Maagd RA, Bee-
kwilder J. 2005. Identification and recombinant expression of a
novel chymotrypsin from Spodoptera exigua. Insect Biochemistry
and Molecular Biology, 35(10): 10731082

Huang LL. 2010. A genome-wide analysis of the silkworm host re-
sponses to Bacillus bombyseptieus (Bb) and other pathogens. Ph.
D thesis. Chongging: Xinan University (in Chinese) [ #% 5 Hf .

2010. 7 (A= 4 PR G it ZF AT T8 (Bacillus bombyseptieus) 3
1755 Z A (Bombyx mori) & FE R 413 F RN AW . 20018
SC.E PR PER A

Irving JA, Pike RN, Lesk AM, Whisstock JC. 2000. Phylogeny of the
serpin superfamily: implications of patterns of amino acid conser-
vation for structure and function. Genome Research, 10(12):
1845-1864

Jiang HB, Michael R Kanost. 2000. The clip-domain family of serine
proteinases in arthropods. Insect Biochemistry and Molecular Bi-
ology, 30(2): 95-105

Law RHP, Zhang QW, McGowan S, Buckle AM, Silverman GA, Wong
W, Rosado CJ, Langendorf CG, Pike RN, Bird PI, et al. 2006. An
overview of the serpin superfamily. Genome Biology, 7(5): 216

Li GS, Wang YY, Wang MH, Xu KZ, Chen YH, Shen WD, Xu JX.
2013. Preparation of polyclonal antibody and tissues expression
analysis of Bombyx mori serine protease inhibitor 5. Science of
Sericulture, 39(2): 261-265 (in Chinese) [ E i, £ Z =, T
B RTTIE, R4, Ve T, VPRERR . 2013, AR A4 A TR 1
I 5 1 2 e UM 25 M LRI AT . b B, 39(2):
261-265]

Li SZ, Xu XX, Shakeel M, Xu J, Zheng ZH, Zheng JL, Yu XQ, Zhao
Q, Jin FL. 2018. Bacillus thuringiensis suppresses the humoral im-
mune system to overcome defense mechanism of Plutella xylostel-
la. Frontiers in Physiology, 9: 1478

Liang GM, Tan WJ, Guo YY. 1999. An improvement in the technique
of artificial raring cotton bollworm. Plant Protection, 25(2):15-17
(in Chinese) [, TH4ERE, #8770, 1999. N TARFRMiss 4
ARIEE . FPIRYT, 25(2): 15-17]

Liu DR. 2015. Functional study and analysis of Bmserpin-15 in domes-
tic silkworm, Bombyx mori. Master thesis. Hefei: Anhui Agricul-
tural University (in Chinese) [XI#%:4% . 2015. X% Bmserpin-15
DIREVHR 504 . BUE AR S G 2Rl R4

Livak KJ, Schmittgen TD. 2001. Analysis of relative gene expression
data using real-time quantitative PCR and the 27227 method.
Methods, 25(4): 402-408

Lu Yh, Wu Km, Jiang YY, Guo YY, Desneux N. 2012. Widespread
adoption of Bt cotton and insecticide decrease promotes biocon-

trol services. Nature, 487: 362-365



988 i 7/ A 1 4845

Melo AL, Soccol VT, Soccol CR. 2016. Bacillus thuringiensis: mecha-
nism of action, resistance, and new applications: a review. Critical
Reviews in Biotechnology, 36(2): 317-326

Prabu S, Jing DP, Shabbir MZ, Yuan WN, Wang ZY, He KL. 2020.
Contribution of phenoloxidase activation mechanism to Bt insecti-
cidal protein resistance in Asian corn borer. International Journal
of Biological Macromolecules, 153: 88-99

Rawlings ND, Tolle DP, Barrett AJ. 2004. Evolutionary families of pep-
tidase inhibitors. Biochemical Journal, 378(3): 705-716

Schnepf E, Crickmore N, van Rie J, Lereclus D, Baum J, Feitelson J,
Zeigler DR, Dean DH. 1998. Bacillus thuringiensis and its pesti-
cidal crystal proteins. Microbiology and Molecular Biology Re-
views, 62(3): 775-806

Srinivasan A, Giri AP, Gupta VS. 2006. Structural and functional diver-
sities in lepidopteran serine proteases. Cellular & Molecular Biolo-
gy Letters, 11(1): 132-154

van Munster M, Préfontaine G, Meunier L, Elias M, Mazza A, Brous-
seau R, Masson L. 2007. Altered gene expression in Choristoneu-
ra fumiferana and Manduca sexta in response to sublethal intoxi-
cation by Bacillus thuringiensis CrylAb toxin. Insect Molecular
Biology, 16(1): 25-35

Veillard F, Troxler L, Reichhart JM. 2016. Drosophila melanogaster
clip-domain serine proteases: structure, function and regulation.
Biochimie, 122: 255-269

Walters FS, Stacy CM, Lee MK, Palekar N, Chen JS. 2008. An engi-
neered chymotrypsin/cathepsin G site in domain I renders Bacillus
thuringiensis Cry3A active against western corn rootworm larvae.
Applied and Environmental Microbiology, 74(2): 367-374

Wang YY, He JM, Li GS, Wang MH, Shen WD, Xu YX. 2013. An anal-

ysis on specific expression of Bombyx mori serine protease inhibi-

tor gene Bmserpin-6. Science of Sericulture, 39(2): 257-260 (in
Chinese) [+ 2 =, i, 4= [k, £ WL, b D18, 5.
2013. FA® 225 FR & 1 REIN ) B K Bmserpin-6 1HF 5V R A
S . FELRE, 39(2): 257-260]

Wei JZ, Yang S, Chen L, Liu XG, Du MF, An SH, Liang GM. 2018.
Transcriptomic responses to different CrylAc selection stresses in
Helicoverpa armigera. Frontiers in Physiology, 9: 1653

Xiao YT, Wu KM. 2019. Recent progress on the interaction between in-
sects and Bacillus thuringiensis crops. Philosophical Transactions
of the Royal Society of London. Series B, Biological Sciences.
374(1767): 20180316

Yuan CF, Xing LS, Wang ML, Wang X, Yin M, Wang Q, Hu ZH, Zou
Z. 2017. Inhibition of melanization by serpin-5 and serpin-9 pro-
motes baculovirus infection in cotton bollworm Helicoverpa armi-
gera. PLoS Pathogens, 13(9): 1006645

Zhao P, Dong ZM, Duan J, Wang GH, Wang LY, Li YS, Xiang ZH, Xia
QY. 2012. Genome-wide identification and immune response anal-
ysis of serine protease inhibitor genes in the silkworm, Bombyx
mori. PLoS ONE, 7(2): 31168

Zhu XT, Liu JJ, Sun JJ, Li JG. 2017. Cloning and expression analysis
of serine protease inhibitor encoding genes from Helicoverpa ar-
migera. Genomics and Applied Biology, 36(4): 207-215 (in Chi-
nese) [ AR, XIGRLH, PMEIE, ZE4kNI . 2017, #i4s 22 AR K
LTI T 500 B R 094 e 2 B R A3 BT . BRI 2 2 5 T A= 92,
36(4): 207-215]

Zou Z, Jiang HB. 2005. Manduca sexta serpin-6 regulates immune ser-
ine proteinases PAP-3 and HP8: cDNA cloning, protein expres-
sion, inhibition kinetics, and function elucidation. Journal of Bio-

logical Chemistry, 280(14): 14341-13348

(B T 5t)



