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| dentification and expression pattern of cathepsin family in
silkworm (Bombyx mori)
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Abstract:
changes happen including the dissociation of old tissues and remodeling of new tissues. It has been reported that cathepsins

Silkworm is a holometabolous insect of Lepidoptera. During metamorphosis, significant morphological

are involved in these processes. Cathepsin is a kind of intracellular proteinase that exists in many species. It includes some
subfamilies like cathepsin B, H and L. The studies on cathepsin are useful for clarifying the details of silkworm
metamorphosis process. In total, 13 cathepsins were identified by screening the silkworm genome database. The basic
information and the expression patterns about these genes were analyzed. Interestingly, an ovary-specific cathepsin L gene
(Gene ID: BGIBMGA004622) was investigated by the data of silkworm microarray and real-time quantitative PCR (qPCR).
The full-length cDNA is 1 209 bp, encoding a protein with 402 amino acids. Sequences alignment revealed that it has a high
sequence similarity with cathepsin L of other species, and it is highly conserved in the active-site of the enzyme. The
phylogenetic analysis showed that ovary-specific cathepsin L is clustered with other lepidopterous insects. Furthermore,
this gene was cloned and prokaryotic expressed. Recombinant protein was present in inclusion body. Importantly, the gPCR
result showed that the expression level of this gene is increasing during the early stage of pupal development and reaches
the highest value at the 3™ day of pupal stage, which suggests that this gene may be involved in the process of development
of the ovary and oocyte.

Keywords: silkworm, cathepsin, metamorphosis, expression pattern, ovary
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*1 AMRETASIY
Tablel Primersused in thisstudy

Primer name

@D 4622-F

Primer sequence (5'-3")

TCCTTGGATGGGTTTGTG

2 4622-R TCTCGTGGTGCGTAGATG

® 3186-F TTCGTACTGGCTCTTCTCGT

@ 3186-R CAAAGTTGATAGCAATTTCCCT

6 4622-XhoI-F CCGCTCGAGGTGAACATTACC
GAAAATAC

© 4622-Xbal-R TGCTCTAGATTATTACAGTTCC
ACATAGGTT

Underlined letters indicate restriction enzyme digestion
sites.

PR T B T IR IR S R A W
ERf G R SR KIS, JRER IR, FRR
P AL A Transetta (DE3) FEfEH, PRI R
TR SR 1F ODgoo 3581 0.6 J5 , iINA 0.1 mmol/L
IPTG 7E 16 ‘CARLEEEFE 20 h. I FAE A RS (X
X 5 3% 58 LR R FF T R AT e, I 03 i) g
D5 B FPIRENEST SDS-PAGE #6:ll o

2 ERE2H

21 REHEATABRERRAEZRNEE
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)15 Mk, LR 2 MO SpiiE R
F A SUR AR R L ], AR E] 13
AHLVE AR (£ 2), W &I F
R B, 13 ASEH BT g g b A S Fich
Cathepsin L Z8%, 3 "}y Cathepsin O, H: A4 4
Fli 5@ Cathepsin B, K. Fo X% S 3L 45
G R I AT, BRT RSN
BGIBMGAO005131 HA £/~ & 1Y Cystatin 45
S, HA IS Y A LSV B OR ST I 2548 3
Inhibitor 129 F1/5%, Peptidase C1. 4wt5E {55
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RERLMFRIXEN

PN R PCR 5 R, TER A4l 5 1R
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Table2 Basicinformation of the cathepsin family

Gene ID Gene location Strand Domain Signal Relative molecular Proteinase
peptide mass (kDa) type
BGIBMGAO005131 nscaf2823: A Cystatin No 206.8 5.74 Cathepsin F
1951 268-1 963 838 Inhibitor_I29
Peptidase Cl
BGIBMGAO011342 nscaf3026: + Inhibitor 129 Yes 38.1 5.90 Cathepsin L
2500 218-2 510 152 Peptidase_C1
BGIBMGAO009139 nscaf2937. — Inhibitor 129 No 55.3 6.02 Cathepsin L
327 740-343 618 Peptidase_C1
BGIBMGAO009184 nscaf2938. 3 Peptidase Cl1 No 77.6 6.37 Cathepsin L
354 195-371 013
BGIBMGA009230 nscaf2943. - Peptidase Cl1 No 22.9 4.95 Cathepsin O
1775 657-1 778 622
BGIBMGAO004622 nscaf2801 : A Inhibitor 129 No 27.8 9.66 Cathepsin L
19 789-28 288 L3RR
BGIBMGAO007061 nscaf2865: e Peptidase Cl1 Yes 37.6 6.00 Cathepsin B
826 993-828 006 Peptidase_Cl1
BGIBMGAO009146 nscaf2937. e Peptidase Cl1 No 28.4 4.84 Cathepsin K
476 541-478 797
BGIBMGAO004421 nscaf2795. - Peptidase C1 No 27.2 5.53 Cathepsin B
591 126-602 053
BGIBMGAO007066 nscaf2865 : i Inhibitor 129 No 25.9 7.67 Cathepsin O
1161 265-1 162 530
BGIBMGAO006893 nscaf2860: - Peptidase Cl1 No 27.6 4.59 Cathepsin L
3 057 768-3 061 906
BGIBMGA009229 nscaf2943. - Inhibitor 129 Yes 20.9 9.32 Cathepsin O
1 788 2421 788 906
BGIBMGAO009231 nscaf2943: — Inhibitor 129 No 23.9 9.12 Cathepsin O

1767 933—1 773 061

Peptidase Cl1

2.4 BGIBMGA004622 £ [K7E@HA K HLE
ZRTHIRIARN
RT-PCR %5 /R, 78 4 44

BGIBMGA004622 1 7£ P Hi 45 ¢ 5 ik (&
3A), X HHAEL B S IBEE 3 KU LI F IR
2B X A 05 1 e i AN (] % 7 ) A B S
T AR R i R B, X IR R s R AE AL
WRHTEA IR B — AN B BT, B

Ui 3 d ik F AR (E, BESZEREAR . E] T S5 d
Ja, FRIKESCHFT ETL, AR 6 d ik #] 55Ah—
AUEEAE, S R IK BT PR, 0 8 d B g
AAZRIE (K 3B).

2.5 BGIBMGA004622 5 H h4nfhiiZ EFF
FILE 3 5 R GHL 2
Wl BGIBMGA004622 i (R 4 hidh i) 2R 1

A IR Y5 5 HAB Y A ) Cathepsin L 2 FEMR
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BGIBMGAO006893 | |
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Fig. 1 Expression patterns of the cathepsin family genes. A/MSG: anterior and middle part of silk gland; PSG:
posterior part of silk gland.
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Fig. 3  Expression pattern of BGIBMAGA004622 in

2 BGIBMGA004622 £ F7E 41 H A& LR LA B Rk various pupal tissues and ovaries. (A) 1: head; 2:
E integument; 3: hemocyte; 4: fatbody; 5: crop; 6: ovary; 7:

) ) ) testis. (B) P1 to P9 represents the ovaries from the 1st day
Fig. 2 Expression pattern of BGIBMAGAQ04622 in of pupae to the 9th day of pupae, respectively; M: ovaries

larval tissues. from moths.
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B R b A Transetta (DE3) Ak, #E47
PR IKIEHN , SDS-PAGE 45 iR, H4E
F AR T A T v thoR i %38 (B 6B,
34 YKIB), T b A R ) A
#ik (B 6B, 1-2Kif), TR ILM BT
% pCold-SUMO #ifk iF i SUMO HBh¥sts
s, HAOaTEA N 17 kDa, Hin EIRATARE
NCBI f i3 i) BGIBMGA004622 X ()4 K
SBETF 5 9 BT 4545 0 4 5 26 11 R BEE 4 F i 24
4 44 kDa, R ILEG & 325> F M 61 kDa,
HRAM IR S R —B

3 Wi
RN HEE B H AR, HA

MR —H %R, MiER AR AL E 2
i o S TON ke e 2 ) 5 R IR e S 1S

FIWFFE P02 AR B s X R A e DR A B
HEFT O 16 , L4538 13 A4t 41 2L g Y S [

ML EABL, F. O, B, K AP VEE.

T S il A H R TR 2 B RN R R T AR AR R 22
Ao W XZRIGRAER R 5 135 3 RA
MRIBEAX AT, EMHRAIEABSA
A, MR TR KA 5 A 4k
HRRERE EE T E Rk, #ak R,
PR BRI E R T LAR Ry 4 25, B— RIS
A B MER R R IBA, X LORRRR (1) R AR
At AT W5 LI RE R AL 1A W AR H
Hrh 45 BGIBMGAO11342 13 [H i 9 9 4
WRE DR E AR (BCP) ", [HHAE
wphREER R, B 2REAAKEER,
JE RS 22 £ E A (Fibroinase) 22, J54k
HIF 5% 2% H X i 22 165 28 11 A KA R BY . B
Wz Ah, G A 5 A DL 2 B

G LR MEME S AT AR, fEREE B

0 & B M ORI A A, RS HIE S
FIYIRE FER & R A AN AL . FEVF 2 s,
U 8L U (R — EAS B2 M e T A B
9% Oksjoki ZEFEXT /NP LA T0F 5 v R BH,
NRE R P Z AR AN, HILRK
@%Tﬁlﬁﬁfﬁﬁﬁﬁﬁﬁo I FH S5 78 L A A8 K

o TR A AL 288 P A7 /N BN LA AN [
ﬁﬁ, FKOHAEDRE WA IR, A8EN
i L F2A7E T/ s AR gn g, i) T
RES /NN S T =k ST
K, HEEAMX TR AT
T AT 5 BRI FEBE S R b g
ARG KB, BR B Al IRk Bl it 54
YR M AY PR A — 2520

KAL) BN FAL T2 5 0 bk B min

LA, BEEZMIE. B4l 3 i, PP
INEIE R — S RAEIR i . 2 4 1B, IR
INEIER, TR, SRR EN,

cjb@im.ac.cn



17

e

3)

6

ISSN 1000-3061

CN 11-1998/Q Chin J Biotech December 25,2015 Vol.31

No.12

Bombyx mori

Tityus serrtlatus

ACpostichopus Japonicas
rassostrea gigas

Hydra vulgaris

Longidorus elongates

Plautia stali

Danio rerio

Canis lupus familiaris

Danaus plexippus

Chilo SL;{) ressalis

Drosaphila persimilis

Bombyx mori

Tityus serrtlatus

épostichopus Japonicas
rassostrea gigas

Hydra vulgaris

Longidorus elongates

Plautia stali

Danio rerio

Canis lupus familiaris

Danaus plexippus

Chilo suppressalis

Drosaphila persimilis

Bombyx mori

Tityus serrtlatus

épostichopus Jjaponicas
rassostrea gigas

Hydra vulgaris

Longidorus elongates

Plautia stali

Danio rerio

Canis lupus familiaris

Danaus plexippus

Chilo szzp ressalis

Drosaphila persimilis

Bombyx mori

Tityus serrtlatus

épostichopus Japonicas
rassostrea gigas

Hydra vulgaris

Longidorus elongates

Plautia stali

Danio rerio

Canis lupus familiaris

Danaus plexippus

Chilo szzopressalis

Drosaphila persimilis

Bombyx mori

Tityus serrtlatus

élpostichopus Jjaponicas
rassostrea gigas

Hydra vulgaris

Longidorus elongates

Plautia stali

Danio rerio

Canis lupus familiaris

Danaus plexippus

Chilo szzypressalis

Drosaphila persimilis

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

MMLIVLLLQISLVNCVNITENTLKIKSLIMKYKNNRVHRSPMTSLDGFVQDALMFFDRTERFKDVLNVY : 69

———————————————————————————————————————————————————————————————— MIRIT : 5
——————————————————————————————————————————————————————————————— MGAPAG : 6
————————————————————————————————————————— MTSLP--------LFKKTARTRDYLSPF : 2(
--------------------------------------------------------- RPPRS------- : §
—————————————————————————————————————————————————————— MAKILFLYG------ : 0
NYSECVGDEGLMEKHVLKGHLIHEH-——=====—==—————————m e LPRRH
~MOREAVFAILVALAVAS-PFNKE -~ - === —=—==—————————————— LDRH
~MLKSAVFEACVAGALCFTITDKG-============—=—=——————————— FDDT
--MNVLWIVSVLAVARGATVQTGNVQWFDLEAAQKHPEQLHI LKAKAGINYQPYEQA|
~-MKVFCALLLLGVTLAYTTER===========—=————— PVKDES
LLLHSIFLLGFVNSEQISQIQEHPRNNLLIN-——=====—==—=——————— HPYYPV]
-—-MKVFLVAAACLTLVYIAEAAS-——————————————————oomm E
-MMFGSLLFAVCCSAALAHFNKN-—=—=== === === - LDOH
SFMKWLVGELPECSYAVAQVHKDP -~ ——————————— o TLDHH
NESGVQRSREKCKYRKDY IVRVPEN———————————————mmmm oo LLDVH[
-=SGLYARVSWCRQLERSRVRT —— == === === == === i
~~FSTLSNLNANYLENESTLDTNN-——========= == === EBEQEIKT NN

Cathepsin propeptide inhibitor domain
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Cla proteinase domain

Bombyx mori 2 AT VERNA TGV P e LM - SENEDDP F@ vV ST : 373
Tityus serrtlatus 5 : 304
Apostichopus japonicas : 302

rassostrea gigas : 330
Hydra vulgaris : 294
Longidorus elongates : 326
Plautia stali : 300
Danio rerio : 300
Canis lupus familiaris : 309
Danaus plexippus : 325
Chilo suppressalis \ LN MLV GY| : 396
Drosaphila persimilis VBTN’ G1Y| vaTs i it : 306
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Fig. 4 Sequence alignment of BGIBMGA004622 with other species’ cathepsin L. Bombyx mori (NP_001091806.1);
Danaus plexippus (EHJ67628.1); Chilo suppressalis (AFQ01140.1); Drosaphila persimilis (XP_002014338.1); Tityus
serrtlatus (CDJ26735.1); Apostichopus japonicas (ABW98676.1); Crassostrea gigas (EKC36430.1); Hydra vulgaris
(AA065603.1); Longidorus elongates (AAY45871.1); Plautia stali (BAF94151.1); Danio rerio (NP_001017661.1);
Canis lupus familiaris (NP_001002938.2); “ A” represents the active-site of cathepsin L.

—n':Apostichopus Japonicas ABW98676.1
18 Tityus serrulatus CDJ26735.1
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40
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100 —':Bombyx mori NP_001091806.1 =
54

Danaus plexippus EHI6728.1

88

5 BGIBMGA004622 5t MFhALAERE L ARG K
Fig. 5 Cladogram analysis of BGIBMGAO004622 with other species’ cathepsin L. Black arrow indicates
BGIBMGA004622.
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Fig. 6 Cloning and prokaryotic expression of BGIBMGAQ004622. (A) M: DNA marker; 1: BGIBMGA004622
fragment; 2: double digestion (Xba I and Xho I) product of pCold-SUMO-4622; 3: pCold-SUMO vector. (B) M:
protein marker; 1: supernatant (control); 2: supernatant (IPTG induced); 3: precipitation (control); 4: precipitation
(IPTG induced). Arrow indicates the recombinant protein.
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