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Characterization and immunofluorescence localization
analysis of carboxypeptidase A in molt fluid of silkworm

ZHANG Yuhao, CHENG Yuejing, YANG Lingzhen, WANG Qinglang, GONG Jing,
HOU Yong"

Integrative Science Center of Germplasm Creation in Western China (Chongqing) Science City, Southwest
University, Chongqing 400715, China

Abstract: Molting is an important physiological phenomenon of many metamorphosis insects,
during which the old and new epidermis are separated by enzymes present in the molting fluid.
Various proteomic studies have discovered the presence of Bombyx mori carboxypeptidase A
(Bm-CPA) in the molting fluid of silkworm, but its function remains unclear. In order to better
understand the role of Bm-CPA in the molting process of silkworm, Bm-CPA was analyzed by
bioinformatics analysis, real-time fluorescence quantitative PCR, antibody preparation,
immunofluorescence staining, and expression in Pichia pastoris. The results showed that
Bm-CPA had a conserved M14 zinc carboxypeptidase domain and glycosylation site. Its
expression was regulated by ecdysone 20E, and large expression was observed in the epidermis
of the upper cluster stage. Immunofluorescence staining showed that Bm-CPA was enriched in
the epidermis during the molting stage, and the inhibitor of Bm-CPA led to the larval death due
to the inability to molt. We also successfully obtained a large number of recombinant Bm-CPA
proteins by Pichia pastoris expression in vitro. These results may facilitate further
understanding the molting development process of silkworm.

Keywords: Bombyx mori; carboxypeptidase A; immunofluorescence localization; Pichia
pastoris expression
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FRM, FRdEAERETENE. EHAERK
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NREEYBOER,  T R A B A KB,
N ER A B AN A 2 Rl AU A2 A, iR
RSB RA R I B R 2 —. BR
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FEHIFI S5 BB A f o B e
Kigh . AW kiR, XERZAREARSYS
TR ARG REARD O FEAR A 35 1 R T
rhYEBL T BN, RERS R IH R KL TR
JRAUS, R AR R W R AL S e A R R

KAWL RO A 12 B 5 LT B SC A

35 Filt 22 G BR AR AT L 15 R IR AN 38 Fh 2 1 D
70 38 ek Yo 3 2 il ) 3R PR R TR B A
WG Bt B P2 E OS5 TR ERK
H LT BT REfR o o a5 T —Fh S s
ROFR KT A (carboxypeptidase A, CPA), #iFxHl
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Bm-CPA (Bombyx mori-carboxypeptidase A).

CA MR R, R AR Y R AR AR 1
R REAREENEN. AR ALR K
B, FESME R IKEE D A5 A B BCR I B K
B e RGP g 744 R A 5 7
% (20-hydroxyecdysone, 20E)i% T )5, B R
JOR TR 110 2 S /K- S 3t s FE Y s p
POIR R I3 AH G Y #% 5% [ Lm-HR39, H¥H
85%Wt 7 S+ . W R BB, IEITR K
igx; FARE TR R ERNETAE
HEME

KA LN h— LU 3] 48 SRR FEIA
fWE 34 N4 JERIKEFBmMMCP1-BmMCP34)Fl
14 A2 3 W2 12 Ik (BmSCP1-BmSCP14)!"*! | i
Xof T 50 R U 5 B g IR 1Y Bm-CPA i6
RA W B A SCVE AT, i T AR IR I e
AR R RSB, RIS R R
it v 26 Bz B A A O,

A PR 2 iy 09 R A W e e P A AR
R 22 B R K 1 p37k AT T 407, I HAERA
H BB K i Z A 3R B2 v & CPAP3 BUZE A4 5 1Y)
RREEAM, XFREEALSEESEILTHE,
FER B W R i R A . A T R AHE T
KAWL TR, 58 G AW T 3R B ) R
MU, ABFsEiE S 0 Bm-CPA 1) FIHHE |
I FE R RAE, FERT Bm-CPA BEATHLMAH 4
B E I N MRS LA R R S0, HIRR
Bm-CPA [Iifig. WFoEfd B R IR 2
KRB RBEE kTSR —EmS%

AR

1.1 ##
1.1.1 SRR

ARSI R T B K A i R R (DaZao)
PR P8 Pl R 2 I 58 SUCA BT S e A ) A F 5 o
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OFRME ., TRFRIRE N 25 °C, 1BJE 70%+3%, fifi
JH I % i fif 5 IR
1.1.2 R FIFEH

SIS P FHH2 HU RNA 24 5 Trizol I H 9E 784
ARG BRA W R M-MLV 150 &
W B s EZ AR A RA R K &
PCR * /1] SYBR qPCR SuperMix i 7| &4 H 75
M3 R B 1 BRHEE e A A1 BR A Wl 5 PCR R
fl DNA B4 WM 2xPrimeSTAR® Max DNA
Polymerase 1 H 5 H EAYHEARGRAE]; I
S &R FH Gel Extraction Kit ) H Omega
ANFEl EEROARIEW B Axygen AF];
afi opr $E U G W B QIAGEN Al 2141
FIEEHCRH RIPA AW, A 1k B ok
Bradford 1 & . HE 445,108 & . PBS 22 i |
4% PR, MRS E R DAPI J+f
W, Cy3 Byl EPiRbiikym | HigE =
RAED ARG RN\ AL VR H
SAKURA Aw]; fRehifE . JLT B RH
FITC #7ic (1) WGA Y I H B e A w40
K97 K Gibeo ™ Grace 3% 37 i . Western blotting
(WB) B 2 (43 Wy 5 28 B0 R /R B A R A
Al; EDIALRAKEE A #0HIFRI(CPA inhibitor)l H
MedChemexpress 23 1) ; B fZ %R 20E . 1R 7
2. FIEEVARWALETAY TRE(EE)
A A PR T ; T4 DNA MG, BRIV
NI EcoR T, Not I F1 Pme T ¥4 A 41 324 4=
WHAR AR W s K% AT (Escherichia
coli) BL21(DE3)#l Trans1-T1 J&&=% 75 40 1 44 i
H BRI A4 A A 25 f 1Y BmE 4R
(RENHET M) pET28a ik, Be R bk &
IRER pPICZo A BFAE RIBERERE X-33 B A
SR s FTHEIA BN TAER AT
AW TR B A RA R S8R ikl 45 i
& I 5 A A F 58
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1.2 FHiE
1.2.1 Bm-CPA HIEMIERZESM

7 SilkDB 3.0 %4 &  (https://silkdb.
bioinfotoolkits.net/) 4% Bm-CPA HJH XK F 4115
B M TEL My SMART X} Bm-CPA FZ51:
I 15 & JF 47 T (http://smart.embl-heidelberg.
de/). {5 S ki@ it SignalP 5.0 7EZk i)
(http://www.cbs.dtu.dk/services/SignalP/) . #| F
A BioXM 48 Bm-CPA HY &5 Hi 5 S5 H1 /0 7
i KNI BEA TR DG P 40 Fo A . e a i
i 57 5 FH Expasy FEZR M3 [¥) Prosite #E47 Tl
(https://prosite.expasy.org/).

1 H# Bm-CPA 741 5 HoAth 4 v 22 ik
it} A BOAIRIYE, £E NCBI B % b (http://www.
ncbi.nlm.nih.gov/protein/) T A £4 HL (Helicoverpa
armigera) & ik il A (Ha-CPA) . J& ¥ (Culex
quinquefasciatus) & Jikfilf A (Cq-CPA). AT
(Pediculus humanus corporis)}& fikfiff A (Phc-CPA)
FA(H. sapiens) & Jikii; A (Hsa-CPA)JF41], a4k
F ClustalX Fl GENEDOC #4722 81 HL X434 o
1.2.2 4HZ RNA IREU R RIZFFES

18 1 Primer 5.0 #0415 11 Bm-CPAZE G iE B
5191, ¥ EcoR T, Not T R4 Py UIEE 5 Y
TSNS 514 sw22934 (K 1),

IS A B e e R e A2, i 3 I
SINFIRIH A —R, 4 IR RERR 24 h UM —IR,
5 0% IR K IBOR 10, MRS 5 K. R,
IR R 5 3 K. LIRS 1 RME&RD
W, ol sk R s, SIRE .
BOORE L 2R JEN . BEERARIIA,
BRI A% 5 3k, B 3 W, fdi ] Trizol
PAREC RNA JFi 55 58 cDNA #4798 & &
PCR 0158, RWARFFICE A : 95 °CHIAENE 30 s;
95 °C7EE 3 s, 60 °CHEff 30's, 40 NMEFR; J
INEY L€ =5 €/ s

&: 010-64807509

A RAARISIY

Primers used in this study

Primer name Primer sequence (5'—3")

Bm-CPA-D-F  GTAAATCAGACAACAAAGCCGT
Bm-CPA-D-R  GATAAAGTAAGTGACGGTTGCG
sw22934-F TTCGTACTGGCTCTTCTCGT
sw22934-R CAAAGTTGATAGCAATTCCCT
Bm-CPA-F CCGGAATTCTCACCTCTGATCAATG

AACT

Bm-CPA-R ATTTGCGGCCGCTTCCTTGATAACT

TGGCTAG

The underline is the restriction enzyme site.

1.2.3 Bm-CPA RZFTiEHAE R &k

DI cDNA M, {53451 Pxt
Bm-CPA iF479 34, JWVFETH: 98 °CHiAE M
2 min; 98 °C75PE 10s, 58 °CiBk 155, 72 °C
JEMR 40s, 32 AMEH; 72 CCALE 3 min,
W= AT 1% B NE WA IR Lk, Vi e
W H B 557 . B B B9 557 A1 pET28a A Sk
Y], Aifb a5l T4 DNA & HEHg
%S, Ytk B S g Mh 8 i R
PCR i BE P BRI T I, K- 003 365 E 1 B
FIBRFRSRIUTORL, 4% i pET28a-Bm-CPA.

¥ 35158 pET28a-Bm-CPA Jii ki 5 4k K
FFE(E. coli) BL21(DE3)EZ A4, PhBCaE
TERERITE S RIBBUER) 2YT RigRkrh it rhs
7%, 37 °C. 230 v/min $53% 5 h, WM& ODg=0.7
w3 -B-D- B AR Atk W 2R L OB A
(isopropyl-B-D-thiogalactoside, IPTG) % £ ¥ J&
91 mmol/L iS55 5 h, #2558k pET28a/E N
XA, IR SR 8 B TR AR T 500 L &5 G 52 b
(20 mmol/L Tris-HCI, 150 mmol/L NaCl, pH
7.0)HE AT H R T AR A R, R RO RE S R T
4°C. 12 000xg B5.0> 15 min, WdE F3%, UTiEMd
FHAF R A5G 98 PR il o A B B R i
IMAEE 1 5% EAEGE M 100 °CHNEA S min, #F47
12% SDS-PAGE M HL UK AN, A 235 o 5 1 FH

B<: cjb@im.ac.cn
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L AT

X KA R IR AL R AR R T Ak, A PR
FRR K EIAESRFE, 8500xg. 4 °CULHE 15 min,
A 100 mL 456 MR ER WK, & Epkir
L 1.5x10° Pa R, AW 3 MG,
14 000xg. 4 °CE.0» 20 min JGliiiE, H&HE
8 mol/L JREMLEA R MM, Bit)h
FIVETR L 14 000xg.4 °CES.L> 20 min, FETIIE,
B EI ARG 0.45 pm JEIE, MER A TELAE
4lifl

PA 0.8 mL/min [ EEMHA 18 FHEEMHAE, 2
BUEFEA 20, 50, 100, 200, 500, 1000 mmol/L
K M (14 25 5 % PR T 0 B R, WO R I VR
Il & E A FE M EST SDS-PAGE % I HE Uk K6
W K5 B R SRR A LA RN R
14 kDa By iENTARFATENT AR, 26 2RI &TF
B A2 ) 08 AT R 2 S B ) i 4
1.24 Bm-CPA BI5& A ERLE Western blotting
iy

BB R ME 28 4 W5 HIR I 6 h Fl 18 h AR HZ ,
FH PBS W PEfE A T AR 3, R VR D) R L
PR 8 um HEAT VIR AERE S X 0
1 mL AR EEA 10%FE107E+1% BSA 1Y
1xPBS)£H41 2 h, 435I Bm-CPA — U (Fi i Fs
LB 1:2 000)FI4ET 2R 9O YL K} (sulfo-cyanine
3, Cy3)Amic i 1 23 fe —H0I (PT AR F B L i)
1:1 000)HEATIFE , 7E MG 54 T F 5 o S5 e
D¢ K BiE (fluorescein 5-isothiocyanate, FITC)px
10 [ /N2 IR 2F B 4E K (wheat germ agglutinin,
WGA) P g Xt LT B2 T e o, Hms A
1/3 4',6- — Jpk Bk -2- 2% Jk m5] W (47,6-diamidino-2-
phenylindole, DAPD) Y (2.3 (1Y) PBS ¥ i i1 7 41 il
gt B B R TEDOE B T AR .

Western blotting i ll £5 2H 21 & 14 i vh
Bm-CPA f 55 00, X H2 UM 2 11 FE o
Bradford i #| &l @ W E, LIGESL 20 ng 47

http://journals.im.ac.cn/cjben

REHK, HIKTERUS AT, A SA
5%BLNE Wk Y TBST % 2 h, K5 1 rhiik
WE. —bi. ZPURWI R EA 1% BRI
) TBST ¥, —HiiEml %A Bm-CPA LZ
TR, FiBE 1:8 000 FLBIHEITRERE, —Hip
T WESURBUA, PUATERELL B R 1:6 000, §iF
B 70N R AR I 2 P A TR AE IS
1.2.5 Bm-CPA EiZRIEHKMER AWK

WA E TR 1.2.3, BP ARG
Bm-CPA F B 5l £ 38 8K pPICZa A #4758
MU 5 4, PRERCR TS 1T, A4S BH
PR AR o (R R i ok 4 B3R ) B AT TR
B, XHEBYFCREH Pme T MEFT AR 1
tb, BEHRESHCN 1500 V, 25 pF, 200 Q i
IR 8 ms WO HL B Ak, TRATTE & A TR
RPUTERY YPDS A L, 29 °CiEtE;FE 3 d.
P IBCERL TRV I 7 R A5 BH A 20 TR A

W ARAT 04 B A1 i 2 R R 4 R TR S A R
AR BMGY KIS, 29 °C. 250 r/min
B3R & ODgoo=5, W H% 2 BMMY 5 5 8%
FRIEPIEAT 72 h FFERIE FEFENE
8 500xg. 4 °CHLH 15 min, B FIEWHEITEA
PR SRR, BB Kk B RS AT R
B2 HL K A
1.2.6 HRAKEE A FI7 3 RERIEZ M

MR AR R PR, fRESIBRE TR
RN 2R R RS, TRURTEST CPA A,
WE ARG ER Q. 5. 10 mmol/L)
PEATAL R SR ARL AR 10 L, ARG 24 h
JE PRI FANAE 1 YR o ot BT S AR TRl (AR vk i
A — F B5 VAR (dimethyl sulfoxide, DMSO)AT -
HIl 2 AW B2 1 22 5 B 1 5% 2 A 0 It Rz 5
HHARGC SR, B S 15 3 RINERER, Kb
IFE W . CPA IR, 25 °CIFHE 12h, HHE
SERUG FH PBS S iR T UE,  BEJS A TR
YR, HHABANRGAL (hematoxylin-eosin, HE)%Y
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A S T R
1.2.7 i%ﬁz%ﬁui BmE AR FE MK

WIEHARKRETH BmE 4 1y3%5 5%
FEFW A S, BRI 5 mL B fif Grace 5557
BCEAME ML AER), BERITEFIE R
YRR . TER TR 6 LA SRR, B
o0 B R R A FL 500 L RO RHINA, FERE SR
FREESE. ShE, AN 2 g MR MR
(20-hydroxyecdysone, 20B )% i Fl L& 413 250
Yl (juvenile hormone, JHA)E K, 1E R FALFE
4, (A R AR B 9 DMSO 3 A1 %o iR
4, WinEBmEMMT, FHINEE, FHh
7% 24 h Je AR .

AR ZE SR 5 RIGKESHNES 5 ng
4858 B2 R Q0B W AR AR 25 1Y) THA
VW, A R BR MR BE (¥ DMSO A g % B 28
Gt 24 h JEPRICGR K A ETTE B PCR %u
Western blotting £l Bm-CPA fit) 3% ik & .

2 BZRE5OM

2.1 Bm-CPA FHIEE S
7t SilkDB %48 /7 H T 2% Bm-CPA A ¢

YIEE, JF54%i5 5 BGIBMGA008910, J¥4)
4K 1 440 bp, Wt 479 DEIERR, T EHF
J5 B9 % H 4> T i (molecular weight, Mw) iy
54 kDa, ZEH 5 (isoelectric point, pI)k 5.75.
A 3 FH 56 A 2 I il 118 235 40 43 A AL i 00, 25
REH Bm-CPA & H 1 AN TTMAMM I IIE
S AK(Met 1-Ser 20), 1 A~FR R BEHRL S IR 245 #4 ok
(Trp 94-Glu 164)H1 1 /u\’fieiﬁﬂi(@&éimiﬁﬂyr
187-Glu 464), X} Bm-CPA {7 S5 KLk
W, LN E Bm-CPA HA 1 /\?’éﬁﬁ%ﬁﬁﬂﬁﬂcﬁ
B3 N BB AB IO 05 DL K 5 AT AE (1
PRALAL FL (BT 1)

&: 010-64807509

ATGGGATCCAAGAGGCAAACGGTCGTGTTGTTCTTGGOGGCCCTAACCGTCGTTCTCAGCTCACCTCTGATCAAT
| MGSKRQTVVLFLAALTVVLS'SPL]N

76 GAACTACAGCCCGGAGAAGAATGGCCACAACGCAATTCGGTAAGACAACCGGTAGCTGATGACCAAACAGAACAG
26 ELQPGEEWPQRNSVRQPVADDO QTERQQ

151 ACACTGACAGAGGACTTCTCAACTGACGATCCGGCCCCAGCCGCAGTTGTTGAAGATGCARTAATAGTAGCGAAA
S| FENERTNEl v rSEENE] P A P A AV VEDATIIVAEK

226 ACAATTGAACGCGATCATGAGCCGAAAAAAATTGATTACTCOGGTTCACAAGTGTGGCAAGTTTCCACTACAAAA
76 T I ERDHMHETPEKZEKTIDYSGSQVWQVSTTEHK

301 TCTGGAGCTCGTCAAGTAATCGRAAGACTTCGACGAAGAAACCTGATTTCTACATGGGGOGGGAATCAGTCTTCT
101 SGARQVIGRLRRRNLISTYGCGN oSS
o
376 GIGGACATCCTTATCAAACCGAATGTCGTAGAAAATATTACACGTGTTTTCAARAGAGAGAGCATAGACTACAAC
126 B 1 L 1 K P NVVENITRVFEKRESIDEYN
)
451 GTCGTGATAGAAGATTTACAAAAGAGGATCAATGAGGAAAATCCGOCGCTAGATAACGATGAAATTGAACTGCAA
151 ¥ VIEDLQKRINEENPPLDNDETIELRQ

526 GACAGACGAGGTCACCGAATGACATGGAAACAGTATCACAGATTAGAAGACATTTACGGCTTTATGGATTACTTG
176 DRRGHRMTWEKQYHRLEDIYGFMDYL
601 GCAAMACCTATCCTTCTATCATCAGTGTGAAATCAATAGGAARATCATTTGAAGGTCGAGATCTTAAGATACTC
200 ARKTYPSTTSVESTIGKSFEGRDLETLL
676 COCATATCAAACGGTAAATCAGACAACAAAGCCGTGTTCATOGACCGOGGTATCCACGCTCGTGAATGGATAAGT
226 R I SN GKSDNEKAVFIDGGTIHAREVYTIS

751 (CCCGCAACCGTCACTTACTTTATCTACCAGTTTGCTGAGTATTTCGATGTGGAATCTGACGATATTAAGGGCATC
251 PAT YT Y FIYQEAEYFDYVESDDIKGL
826  GACTGGTATTTCATGCCGGTCGTGAATCCAGATGGATACGAGTATACACATACCGTGGATCGTCTTTGGAGGAAG
276 D N Y FM PV VNPDGYEYTHTVDRLJYE REK
001 AACAGAAAGCCTGGTTACCGTGCTTGCAC GATCTCAACAGAAACTTTGGACATCATTGGGGAGGCAAA
301 NRKPGYRA cl;ﬁu ]

976 GGCGCATCAAACAGTCCGTGCAGTGAAATATATOGTGGAAGTAATGCCTTTTCAGAACCAGAAACGTTAGCTTTA
326 6 AsNsPcsEITYRGSNAFSNENEEETL AL
1 051 TCTGAATTTATAAAATCAAGCGCGGCTAACTTCTCOGCATATGTTACATACCATAGCTATGGTCAATACATGCTT
351 SEFLKSSAANFSAYVIYHSYGQYML
1 126 TATCCATGGGGATATGATAATGCAGTGCCTCCAGACTACAAGGATTTAGATAATCTTGGAAAAAAGATGGCAGAG
376 Y P WGYDNAYPPDYJ KDLTDNLGEKTEKHMAE

1 2001 GCAATCTCAAAGACCGGTGGTTCTCAATATCAAGTCGGTTCATCTAGTGGTCTCCTTTACCCTGCAGCAGGTGGC
401 A I SKTGGSQYQVGESSSGELLYPAAGE

| 276 TCAGATGACTGGGCGAAATCACAAGGAATCAAATACTCTTACACTATTGAACT TAGTGACACAGGACGTTATGGT
426 S DDWAKSQGIKYSYTTIELSDTGRYG

1 351 TTTGTTCTACCTACATCGTTCATTGTACCCGTTGCTAAGGAAAATTTAGCTGGCTTGAGGGTTCTTGCTAGCCAA
451 F YV LPTSFIVPVAEKENLAGLRYLASH® Q

1426 GTTATCAAGGAATAA
476 VI K E *

1 Bm-CPAFFISH  BRETHEARG T
IX. E%‘%%FBE&%?&%@E@Q{%% i ALy JR.
o R B R IR 2 P . ULk R 45
DB, A DX B A B BRI AL . — AR
FIRD 2 T ) g Ao @Eﬁi@mﬂ’ﬂ%ﬂ??ﬁ!ﬂ
N TR B AL A5,

Figure 1 Analysis of Bm-CPA sequence. The black
box represents the signal peptide. The black
underline represents the domain of carboxypeptidase
activating peptide. The broken line of black is the
zinc carboxypeptidase domain. The double line is the
zinc ion binding region. The gray area is the predicted
phosphorylation site. The triangle represents the

predicted amination sites. The black dots indicate the
predicted N-type glycosylation sites.
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T WA T f# Bm-CPA HIFSEHIE, @
A ClustalX X Bm-CPA 5 A5 [R] P i1 ¥4 ik
fity A FPHNHATORSF RGBT, S5 R R AR
FRKEE A 5L, B2 T 59%, AW
RAKEE A SHMALMEER T 39%, H
Bm-CPA 75 5 F& I 1 25 #a) 3 EL AT 55 8 B9 17 <F
PE, LR A5G KBRS, i
TEAE 5 K (Met]1—Ser20) L K 32 Ik il 35 7% ok &5 4
B(Trp94-Glul64){ 544 AR KA A A%
BE AR, 5 A S JE R A B A A
JEEAR . FEWE AR A7 A5 (Asn360) LA K B 2 1k 17
J(Ser343) AT B ORI, T AEWE SRR AL
R (Asn122; Asnl137) Lk K A 78 7 19 B iR b Nof
FOWGRSE AR (B 2)0

2.2 Bm-CPA R#ERiE4 L

BT 3E— A5 Bm-CPA iy S BE, 1Ay
5 ek AR % Bm-CPA #H 17 H 40 35, ¥
PG Bm-CPA i BLl i SRV % 42 2
pET28a # fk, EAHM XL H KL N
pET28a-Bm-CPA .

HLHL pET28a-Bm-CPA 40 ki sk & K
AT IR A% 22 ik bk BL2 1(DE3)H, Xl ) 1E
P TN S SRR, 5 EOR: fE
37 °Cif5 5 5 h il 16 °CIIRIR 15 5 20 h S5 1F T,
S5 20 175 T DUVE I B R o B I L T R 2 30
UHEL H— 2524 55 kDa K/NRIEE A 447 (A 3A
ik Fi7R), 5 Bm-CPA fil& His #R%E 5 19K/
AL, H 37 CiREREREERT 16 °C,

Bm.CPA : MGSKRQTVVLFEAALTVVLSSPLI NELQP GEEW QRNS R - VADDQTEQTLTEDFSTDDP AP AAVVEDAI | VAKTI ERDHEP KKI S (@1 102
HaCPA : MGSLMKTVVL- LCVI $SVLCTPFI NKLQP GQEWP TRS S \JKQEYHOQF DEI ENGTI SDTVAT- - - EVAAQEHKAP ENNKPKVKEDDVERI DS 100
PUGCEA: & sosmmiminsnisissmrerss e ool oo e i M5 QDDTSSS TTET\KE®- - - - - - - - ELVKTDNSTI- - - - - - - NLENG- - - - === - - VNEEEKL S 55
CqCPA : - MKI FKI SAPI EVPLVLVEN- - VVSGEAI VEKDGS DALVDg- - - - - - - - - - EVPEQI AE- - - - = - - - VHEQGGS ARQEAAKEEP VPV 83
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Figure 2 Multiple sequence alignment of Bm-CPA. The dots indicate N-type glycosylation sites. The wire
frame shows the zinc ion binding region of Bm-CPA. The triangle is the predicted phosphorylation site.
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Figure 3 Prokaryotic expression, purification and antibody preparation of Bm-CPA. A: Expression of
Bm-CPA at different temperature. Induced at 37 °C (lane 1—4) or 16 °C (lane 5—8); The supernatant of the
control group (1&5) and the experimental group (2&6); The precipitation of the control group (3&7) and the
experimental group (4&8). B: Purification of Bm-CPA by NTA column. C: Bm-CPA after dialysis in
100 mmol/L NaCl and 20 mmol/L Tris-HCI. D: Antibody detection of Bm-CPA.
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Figure 4 Analysis of tissue expression of Bm-CPA. A: Transcriptional analysis of Bm-CPA in tissues at day
3 of the 5™ instar. B: Transcriptional analysis of Bm-CPA in different tissues at day 1 of wandering stage. C:
Transcriptional analysis of Bm-CPA in epidermis at different developmental stages. Nh: Newly-hatched
silkworm; 1"=5™: The 1™ to 5™ instar silkworm; W: Wandering stage; PP: Prepupal stage; P: Pupal stage; 0 d:
Just molting silkworm hasn’t been eating; 1 d,2d,3d, 5d, 7 d: Dayl, 2, 3, 5, 7; M: Molting stage.
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Figure 5 Effect of hormone treatment on the expression of Bm-CPA. 20E: 20-hydroxyecdysone; JH:

Juvenile hormone; DMSO: Dimethyl sulfoxide; Control: Dimethyl ketone; ns: No significant difference
(Student’s t-test, **: P<0.01; ***: P<0.001).
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Chitin Bm-CPA
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Figure 6 Immunofluorescence localization of Bm-CPA in epidermis. FITC labeled shows green
fluorescence: Chitin; DAPI staining shows blue fluorescence: Nucleus; Cy3 labeled shows red fluorescence:
Bm-CPA protein; Merge: Superposition of fluorescent; C: Epidermis; OC: Old epidermis; NC: New
epidermis; 4th M: The 4th instar of molt.
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Figure 7 Effect of treating with different concentrations of CPA inhibitor at wandering stage on pupation
molting.
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Figure 8 The epidermis was incubated and stained in vitro. A: Epidermis untreated. B: Epidermis incubated
with molting fluid. C: Epidermis incubated with molting fluid and CPA inhibitor.
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Figure 9 Bm-CPA expressed in Pichia pastorisin large quantities and purified by Ni-NTA.
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