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Expression and characterization of juvenile hormone binding
protein Bmtol genein silkwor m, Bombyx mori

Shibao He, Yaru Yin, Xi Zheng, Dongdong Guo, Jia Xin, and Yong Zhu

College of Biotechnology, Southwest University, Chongging 400715, China

Abstract: The head of the silkworm is a nerve center and a sense organ, contains antennaes and sensory hair, feels the
outside signal, and responds to the external signal delivered to the brain. Juvenile hormone is mainly synthesized and secreted
by corpora allata, and it needs to be played with the aid of the hormone binding protein, because the juvenile hormone binding
protein is the carrier of juvenile hormone transport and plays a functional in vivo, they have an extremely important function in
insects. The objective of this study is to screened and identify a novel BmTOL proteins that it has a conserved structure of the
juvenile hormone binding protein family by SilkDB and NCBI database. Its coding gene number is BGIBMGA003404
(GenBank Accession No. KY681053). We also expressed the recombinant protein using the prokaryotic expression system,
and then successfully purified the recombinant protein by Ni-NTA chromatography column to generate the polyclonal
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antibodies. The expression patterns analysis in various tissues showed that both in transcriptional and protein levels Bmtol was
higher expressed in head. Furthermore, the expression level of Bmtol gene was higher in newly exuviated silkworm, and
expression level of Bmtol gene was lower from at 3 days 5th instar to 7 days pupa, began to increase after the moth.
Immunohistochemistry showed that BmTOL protein was localized in the cortex, antennaes and brain of the head, It may be
related to the information transmission of the head, and provides an important source of information for the growth and

development of silkworm.
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W HARARL . 7E4F v TO F1 Takeout-like (TOL) #B
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filiffi h ¢35 . Bohbot 1 Vogt fE3% K i Aedes
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490 o A 25 FC MR I to/JHBP IR 51 1T LA 4k 4
KM IH 895, RISz 2] H FE SRR
LI PR 45 . Bohbot 25V 15 B AP i fh £y F 2 BR
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P AU F LG R TOL 25 A B0 40 T4l
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MRS A S 22 fh 0 A5 B RN 5 % 3 d A4 41
PEATEM, B F-80 CHELT .

BOE % 4= K B IG5 i 48 90 3k, FiHL >
B3 4L, EF 1 A MR AE AT Ak 35 A ff S
W52 20 RS AR 0.1 mo/L JHA 130 10 37 fif 5%
M, BRI E LIk, HEL0R 3d, HALKIE
SRR 5 3 4% B & 0.1 mg/L TN i
ORI B R, B ANAE 1R, HEEE
AbFE 3d, oA IEE SRR SRS 7SS 5 KIF
WREURE, FH 4%0 22 5 F S EA 7 8152

BL21 (DE3) ExA 4 Bt &X&A
] ; pMD19-T vector 5@ B AR \M-MLV S 5% ST |
Taq DNA A& . BRHIMENVIEG . T4 DNA &4
Mt 55 B TaKaRa /v ; pET28a KA A H A5k
=475 IPTG, Ampicilline, X-Gal . Kanamycin
WHAETAY TR (i) BOARAE; Ni-NTA
SRR LA G 0 F R e W am A ) B
i A Invitrogen 2wl BEEEM . R A
OXOID A vl; HA (PR4E) W H Sigma 23] ;
A AR AR BH 70035 O [ A B
1.2 Bmtol EEZEEEE

M SilkDB 1 NCBI Hi3kHU Z 7 Bmtol 3 K fry
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AR B, R AR RS S SRR = 8]
KR, BRI IR N A R IA B, vt
Bmtol Kt A ) Fe ik 18 Bl A7 TN . W) B 3G 2
NCBI $#i e E 1T 7E 2k BLAST 3 R85 — 4
5 R HAR AL R B 5, R A
HR B AN T % S R A G 8], R AR E
B WO gas X g1, 5IE s LE 1,
PLK3E 5 % 3d A1) RNA it , Fl Ff M-MLV
J i A L cDNA 56 — 4558, JFHNSRE
BmActin3 #EATAIN , S AR : 95 CHIAZR M 4 min;
94 CA:% 355, 55 Cikk 30s, 72 ‘CLEfH 40s,
FNE 30 M ; HHAE 72 ‘CHATALEM 10 min,
FH 1% By R W B e R DRCRT DN , 28 Y €8 5 WL AR B A
W R S ARSI T DL cDNA R , #E4T PCR
Py, N FEF . 95 CHIASE: 4 ming 94 “CARYE
45s, 55 CiE & 30s, 72 ‘C#Efif 50s, J)ii 30 4
AR FRAE 72 CHEATZAEf 10 min, F 1%09 35
BB BRE I PR DRI, 8 €2 J R R I 4R 4 7 52 e
B B o R B35 pMD19-T #iik b, HAk 7
DH50 KAFFFE b, 3 7R PCR i it BH 4 v b
PR, 35 R AR R A T B
1.3 Bmtol £ H AYLH LA F0 AT B RIKHFIE S 7
PR R R v 160 C & it 4-6 h Bif
P i P VR R A IR A, 43305 B % 3 d Y
TR 25 ZHL VRIS A 0 5 F U 1) oA sk e A F

F1 AWHRETASIY
Tablel Primersused in thisstudy

L, IFERA T IS B R, Ll R R R TR
TR, R LS AR . IR Trizol a5
(TaKaRa) I # 45 HAUMA A A RNA,
FEFIH M-MLV [ 5% 5%, 5 cDNA 55—k .
FIHE LRS54, UKE S5 3 d4ls
LB B IS cDNA Al , 4T PCR Y™
BRI, RN RRFE . 95 CHIAEME 4 ming 94 ‘CAF
71 35s, 55°CiE:k 30s, 72 ‘CHEfHi40s, S 301
PEFR; FAE 72 CHFATALEN 10 min, FH 1% 3K
P W BRE S L KRN, 8 % 2 i RS2 A ks A2 i
SEHG T XA Y CDNA FEAR 3 A 4R AE 34T
KV AEFF: 95 CHIASME: 4 min; 94 CAE4: 45 s,
55 ‘CiB:k 30s, 72 CHEfH 50's, [ 30 M ;
FEAE 72 CHEATZSEM 10 min, I 1% 35 HiEE
JEEHL KA, X PCR 4738 7 W3k 4T 1%B As At 5t
JEHLTK, EB JLfmiigg .
14 Bmtol EEHIEZFTIE. BRI R ITIKRTI &
X BMTOL J7 41 #4715 5 BRI 43 B & 2R
PEASAH —BESITS], BA B, 8ot
A5 S BRI BT FE AR IE T, Wk 1. DK
# R 5% 3d %A cDNA Witz , #4T PCR "
1, PGSR 1.2, XF PCR 1A 74 S A i,
TElEF] pMD19-T #idk | (w44 pMD19-Bmiol), %%
1b 3] DH5a K IAFFIE H, 382 B PCR i 3 FH
PETERETR, 3% AL I T P 50 iE .+ pET28a

Gene name Primers sequences (5'-3') Using
Bmtol F: CTGTTTACTACAAGGGAACACG Cloning
R: TTCATTCGCCTTTAAACATTTT
Bmtol- BamH 1 F: CGGGATCCAAGAAACAGATCCCCGGCTACATAC Prokaryotic expression
Bmtol- Xho I R: CCGCTCGAGTTAAGGTTTGGGCAGTAGTTCGTTG
BmActin3 F: AACACCCCGTCCTGCTCACTG Reference

R: GGGCGAGACGTGTGATTTCCT

Note: the underlined is the restriction site.
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ORI 5 pMD19-Bmtol 2 4H Ji ki BamH T Al
Xho T BR il 14 9 VI R4 T XU, I [mDOSUBg-B) 7
Yy, f9@ pET28a-Bmtol HH £ik#ik, #Hib=
BL21 (DE3) &z iirh, Jf- 4100 P ik . [
4% AL pET28a JiuhifE ly JFAX KIB X IR,
4] JFiki pET28a-Bmtol 1% # {4k pET28a #4 kY%
KWETE IPTG &¥RE R 0.4 mmol/L (4 28 CHAil
37 C&AMH:FR, bR 2 h Be—kke, WAEHE A,
Fl PBS # &, 4 12% SDS-PAGE #&:ill . [F] i 3%}
HAEARR IPTG LMk LR 254 M5 8 h, Zr#rik
F IR OUFDN B AT Al s, e
i PR RIB AL, e SRR R R
28 °C. IPTG4¥J¥ Jy 0.4mmol/L. S 8h, If
BEA R, FIH NIi-NTA SEMZEHEfrEA
mALifl, RS EHE R, Jf
X E AR AT IE ST IR AR, Rk B KPR
AW AR A BR S Bl T 22 sl BT AR I 45 o

1.5 Western blotting 4 A % & 2 4£.

TER A PR 50 3 d sk, # i,
REWIR . Hliz . 22B% . HIRAE . ks . KSR
PSR AE LAY, WFES IS M R FH B 1 2405 R A 1
BUREEE I, JE)1 Bradford 340 & M B . ¥
SR T SDS-PAGE 4347, LA a-tubulin Sy N 2,
HOHE B e BE A B AR . FREAT IR . — 41
humEE . BEMBCLI, BIRMT .

1) SEWEZE SRR, BUH PYDF BRIE (9 1A sk
B TE S IE ) @1 E, A TBST WiEEE, =
WA, SEPEY 3 hal 4 CHEilH AT
Wi 2) —PiiEE . ¥ PVDF M B R B
A —HiF B (a-tubulin HTfAH 1 : 10 000, —
P 1:20000) 1, 37 CHFH 1h e 4 CHEE it
%, F TBST ¥ 34 ¥k, 10-15 min/ik; 3) —
U : BmTOL Ehife, WS RFEHR, Wik
Fefslh 1230000, 37 CHFE 1h e, Fl TBST Uk
i 34 Y%, 15 min/Yk; 4) ECL W{5. # ECL &
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R A R B WRFRSELLB] (10 1) RAT, Rk
S, B HLH B B ECL S (5380 A %)) PVDF
b, FFORE R R 55 A PYDF i, R
8 3-5 min; 5) B BEASEE)E, FEERL
BUGAL A TR AR B, BEORTA] 30-50' s, M4
HRAEE Ao

TEHL 5 1% 3 d KA LR LU 4% (WIV) £
RHE 4 CHEE 24 h, RIGHEATHK, FAAEGQ
R A A S T R W RS A Ad
B, RIS TR A, SR

1) MiEEAbE. THZET (10-15 min)— HZEI
(10-15 min)—100%Ei45 I (5 min)—100%iF 45 11
(5 min)—95%FHE I (3 min)—95%K5 11 (3 min)
—90%iTiKE (2 min)—80%iKs (2 min)—70%i i
(2 min)—ddH,0 (10 min);

2) Kifi: H 3wk F/KIEFH 10% H0,
FIRNARAIE T 10-15 min, TR AN ALY
R, F PBS W BPE 5 minx3 1K ;

3) PulsEL: 0.01 pL FrERRZEMMK (pH 0.6)
i [F) 25— B A K T 8 o 10 min, - 9] ]
Uk BE T DU, R BT A8 S IR R Ok B A RO
(68-70 C) J&, PR TAFFE: 40 min, HUHK
B, MR 10 min, B 128 i 2
AL, H PBSIH W MIYE 5 minx3 1K ;

A) TR P E BAE B R E RELIBT ), = TR
10-15 min, LARH T A IR B 1 ol 1 Tl ) 0 . T
PBS % i %k 5 minx3 ¥K ;

5) iAW, 37 CTHEE 20-30 min & 4 C
T, BEZREIE, J10E;

6) WIN—¥i (1:2 000) #adHsl, Ikt
R ETRET, 37 CIlRFHIE 2-3h 3 4 CHlK,
WHBGH RIS 1 h, BIEXTER4HRE i PBS
Gr o . FH PBS I MPYE 5 minx3 1K ;

7) N APARIC I P 19G, fE 37 CilAFHE
H 30-60 min. JH PBS¥H 0F¥E 5 minx3 K ;
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8) Ji% i BCIP/INBT & iR, EihE
8 3-30 min, 7E U T S W EaAE L, 28K
ks

9) MWi/KiEM : 70%W5HE (2 min)—80%i A%
(2 min) —90%ikE (2 min)—95%iis [ (5 min)
—95% 45 11 (3 min)—100%7E K5 1 (5 min)
—100% K5 1T (5 min)—» —HZ 1 (15 min)— .
2T (15 min);

10) R M VR CE R, 7R BB T W
IF IR

2 BREMT

21 RERMNHEELESEH Bmtol A TIE
5%%F

LK 5t 3 d RAERLHLUH cDNA M
#, F Bmtol JEH (597X} Bmtol &K £ PCR
P38, F 1900 B B 58 e i kA 5 43 Br PCR

RPN R B RN, LUK A R BRI Al
(F 1), FEXFizFERE PCR i T HE B, 3%
FEReAL, Pk b FRvE e R AT I, B e i R
BRI
bp
2000
1 000
750
500
250

100

1 Bmtol & [FH#) PCR ¥ 1&
Fig. 1 PCR amplification of Bmtol gene. M: DL2000
DNA marker; 1, 2: PCR amplification of Bmtol gene.
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22 RERMPZELEESER Bmtol EEBIFF
SR

X Bmtol HEPR AT A B NCBI B Fitil
FEHIFEA—F, 1538 cDNA FHIKE N 810 bp
(GenBank %315 : KY681053), H:H ORF 2y 759 bp,
W 6 MNET, 5 MNE T, mISMEIERIT
Gl 252 AN E IR, B PLZE T A4 1-23 &0tk
% A1 {5 K . F I protparam 2 X 12 5L 8 4t i iy
EHPEATI 8T, HBRS 4RO 27.72 kDa,
SEHLECR 6.16,

23 RERUNHZRLESEHEBMTOL ZFFIEExT
M NCBI $#is i AR R R, R, R
WE L SERAR G AR L BEAURERE | AR RUR
LY TO MZIERRITY], FX Lo 5 5K A
BmTOL & #1772 741 L, 76 Luxt 5 ax s
AU AU S 34.54%, KA BmTOL & & —Fh
JHBP & 11, J& TO/JHBP KM — &, %4 1
PR BE, 7E N 3 & A PINRSF Y Cys 5k, X
Wi~ CysskiS 5 WML, EHT N K
ol BRE R R — D, 2 TO B AE A RiAn
i hr (B 2).
2.4 Bmtol £ F HY4H LR F0 B RIKHFAE 2 47
FIF] RT-PCR X% % 5 #% 3 d #4141 Bmtol
FER R TR, R FE A A
ik, HIRAER L ARG LAWK m, mHAD
HARRIXEARREA (B 3). [[EF, X Bmtol
HE IR A& I 1 R A TS 4T RT-PCR A6l , &
M EBAEA AR R R IR ER R, N5k
3d #{kif 7 d Bmtol JEH Rk m AT AL, 24k
g5 O aR HE (B 4),

25 Bmtol EEMEZFIE. EEGAKRIE
#l &

R T IZE AP TIRANG, BRADGIEGES
FR X IR e e, IR BN P IRE . MESHE
% H W R By A% R A Ak, A BL21 (DE3)
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Aa_to.seq . ... NKVWSGTVAVLLNAALATTY. . AAQFPAGYTL LFERI GATFAKHAA. [§l PAIDL 60
Bm an-0921.seq  .......... IVALNFI FLFGLI VFG. . DAAFVDTLGK| KSLI NNALNEI SSTi€l PELDI 55
Bm e96h-0303.seq  ......... NLVLCFLFACAFVASD. . ATDLAKFI TP| LKSSAQKAVPFLAA. €l ADLGI 55
Ep to.seq MLLTKYVLVHTWAI WLSCLHLTKADQEVQAVGKI LS IVKRAFNELRPFFKR PELGV 69
Bm an-0128seq ... ... NMLTFLCLFALVLGV. . KSASAPFI TP| FVASAQAAVPI VAA PDLGI 53
Bm_brp-1649seq  ....... .. NMHKFVALFLI ATVI PL. . KTNANI FGGK LLRSFNNLVDYLKG. GAPE NGI 58
Bm_tol.seq ....NM SVONFLLPSFLVLCVVGSGQSKKQI PGYI QI QKSI EALKPKLAE. (€l PELDV 65
Ha_to.seq .... NASLHTFLTSSFVFFCVI NGG. LFKEI PSYI QV KKSI EALRPQI ST. (€@l PELDV 64
Bm_an-0147seq ... .. MYQI LLLFCVI YPSNGAI El SKHLKV | VEAVRDGI EKNAT. @l EELDI 58
Bm_brP-2095seq ..., IVNLI ALFLFAAHVFNTNADDAYLPPYI EA | KEQI EKSLPEFTK. @ PELDV 61
Bm_wdS3-0639.seq  ........ VKRKVCAFFAFSSVVSI . . FGALPD. VQK LKTSAQL VWWPQLTD. (€L PDLGS 55
Pa toseq L., MWKFLI FLSVVYFVKCDEKSFI NFGGFV| LRDALNTYI PQLAT. @VPEYGY 60
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Dm_takeoutseq ~  ......... NFAI AFAVVLCLLVSV. . DAKFPEDPKP| | NKLCNTLFSENSAEEDPGL NL 56
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Consensus C C g
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Fig. 3 RT-PCR analysis of Bmtol gene in various tissues of 3 day in 5th instar silkworm larvae. 1: head; 2: epidermis;
3: fat body; 4: midgut; 5: silk gland; 6: malpighian tube; 7: hemolymph; 8: testis; 9: ovary.
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Fig. 4 The expression profile of Bmtol gene during whole larvae development. 1: hatching; 2: day-2 1st instar; 3: 1st
instar pre-molting; 4: day-1 2nd instar; 5: day-2 2nd instar; 6: 2nd instar pre-molting; 7: day-1 3th instar; 8: day-2 3th
instar; 9: 3th instar pre-molting; 10: day-1 4th instar; 11: day-2 4th instar; 12: 4th instar pre-molting; 13: day-1 5th instar;
14: day-3 5th instar; 15: day-5 5th instar; 16: day-7 5th instar; 17: prepupa; 18: day-1 pupa; 19: day-3 pupa; 20: day-5
pupa; 21: day-7 pupa; 22: moth.
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Fig. 5 The aim protein expression induced at different
concentrations of IPTG at 28 ‘C. M: protein marker; 1:
pPET28(a) vector induced; 2—7: recombination expression
bacterium respectively induced for 0, 0.2, 0.4, 0.6, 0.8
and 1.0 mmol/L.
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Fig. 6 The aim protein expression induced at different
concentrations of IPTG at 37 ‘C. M: protein marker; 1:
pPET28(a) vector induced; 2—7: recombination expression
bacterium respectively induced for 0, 0.2, 0.4, 0.6, 0.8 and
1.0 mmol/L.
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Fig. 7 Purified proteins detected by SDS-PAGE. M:
protein marker; 1. pET28(a) vector induced; 2: outflow
liquid; 3: 10 mmol/L; 4: 50 mmol/L; 5: 100 mmol/L; 6:
200 mmol/L; 7: 250 mmol/L; 8: 300 mmol/L.
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Fig. 8 Western blotting analysis of recombinant
proteins. 1,3: purified protein of concentrated; 2,4:
purified protein of non-concentrated; 5: supernatant
protein; 6: pET28(a) vector.
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Fig. 9 Western blotting analysis of BmTOL expression
in various tissues of the silkworm larvae. 1: head; 2:
epidermis; 3. fat body; 4: midgut; 5: silk gland; 6:
mal pighian tube; 7: hemolymph; 8: testis; 9: ovary.
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Immunohistochemistry results of BmTOL in silkworm head. The red arrow: BmTOL. Red arrow are the
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