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Cloning of 3-Hydroxyacyl-CoA Dehyrogenase Gene and Its Differential
Expression in Silkworms infected with Bombyx mori Cytoplasmic
Polyhedrosis Virus
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Abstract Silkworm (Bombyx mori) cytoplasmic polyhedrosis virus (BmCPV) is a main viral pathogen for silkworm and
always causes severe damage to commercial sericultural production. In our previous study, a differentially expressed gene,
Bm3HAD, was identified in the midgut of silkworm larvae infected with BmCPV by using microarray analysis. In this study,
the full-length ¢cDNA of Bm3HAD gene was cloned and analyzed with rapid amplification of complementary DNA ends
(RACE). This gene is 1 168 bp and has a 83 bp 5’-untranslated region (5’-UTR), a 930 bp open reading frame (ORF) and a 155 bp
3’-UTR. Gene structure analysis indicates that this gene has five exons and four introns. RT-PCR analysis revealed that
Bm3HAD was expressed in all the tissues tested, including midgut, hemocyte, fat body, silk gland and gonad. Real-time
quantitative PCR detection revealed that relative expression of Bm3HAD in the midgut of infected silkworm was up-regulated
in the early stage of infection, but gradually decreased as the infection progressed and then became down-regulated. The
results are informative for exploring the molecular mechanism involved in the infection of silkworm with BmCPV.
Keywords Silkworm (Bombyx mori); Cytoplasmic polyhedrosis virus; 3-hydroxyacyl-coa dehyrogenase protein;
Differential expression
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3-FR MR Ml A N Ul A — R AL IL g, 2 8
Z 5L RN IR A A FE o X Rl A 2 ki A NI
RIS =20, R 3-FRmE -4l A NG R e 72 21
AH N ) 3- i i I Co AR 2K o 3-F2 e A g A i S0 18l
TERAA =D R AMTP) I —H4y, HAPh &
POE 2 I A 7K 5 Tl RN i I3 % P (Carpenter et al., 1992;
Uchida et al., 1992), 4 R4 HH I 107 12 RO AR B 1
F 5 3-F Il I A S 0] 73 A K 3 - Y I i g A
S TR 3-FR I T A M SR B 3 - A A
B 124 0k, WFFCEC IR AR & 3- 32 e iy
AW SRS VR B o ACHE3 -0 IR A il A G Sl 110 3
LSR5 7 T R 5 VA N ¥ 1 s 5 574 N s
TG PE PR EGE 2K, i, GI8SAIEIAFIG528C
LN 5878 (st et al., 1997). SR1, 4 BE3-FEBEH
Vit ATt S P 1 S 0 S Schad Bk PR ) %A% (Eaton
etal., 2003). ZIGKHITTTRN], 3-F2 W4T N AN
TP 2 32 25 25U MU E (den Boer et al., 2002).

F A U Z A0 4893 55 (Bombyx mori cytoplasmic
polyhedrosis virus, BmCPV) J& I Ji 9K 9 5 %l
(Reoviridae), HIERIZ1H 10 17 dsRNA 41, R
AL dsRNA HLUKIE,  H A8 2 M 00 7
IYRC12 ADNHUKAE, K2 MR T, 1%
TREEE KA EER RN R —, W IRAILAT R
ERIN& 54 2k (Ikeda et al., 2001; Qanungo et al.,
2002). HHT, AKEEX BmCPV B AL SR
FARER Do LR ARG A 2 A M40 BEAH OC
P SE R RTHE, IR B A #5505 A I B 1)
IR, 052 Y 22 A A R 87 48 % A 2 (1)
REAEBNE .

A% 525 5 R HIHE RS 1 (gene chip)EAR M5
K BmCPV FHCHE R, AWl 2 7 3-F2 1Al g
A AR AL R IE T (Wu et al,, 2011). A
WF9T D T 5K A 1) 3-FR AT A It Sl £ 1 i DT 1)
2K cDNA, ¥HAx4 4 Bm3HAD, J3if 1 XN 45
), 18 ¢ 62 5 PCR J7 AR T %36 A AF 1E
F4x & BmCPV & KA g 4l 23 i) 22 etk 3R
1, HIRAEFUREE AR KX 26 BmCPV &G W %
W E B8 T A

1 R 54504
1.1 Bm3HAD ¥ 545 3735 70 f&

45 X # Bm3HAD 31K EST 41, LAG i 26
—4f cDNA M, NWH RACE J5ik, w3tz
FER EST JF9110 5° 3R 3°5% RACE 724, 1% )l5

BRSER AT I 25 5, DU &5 SRk B A H P41
HE 1A F1E 1B Al EH, Bm3HAD 5%t 3 4id"
MR R, 5S¥HABZ4 250~500 bp, 3’44
B34 1000 bp.

1.2 Bm3HAD £ (K755 &5 # Hr
1.2.1 Bm3HAD # K 4K cDNA FF|4#

FIH RACE HiAREEIR1G Bm3HAD A, 145
R4k cDNA 24 1 168 bp, a5 83 bp 1 5°FEY
PEXHIT 155 bp 1 3> AERHIEIX, FHRUIHE 930 bp, %
fih 310 MR IER(E 2). GenBank %35 HQ833817.

1.2.2 Bm3HAD ZE R £ H#t
1] Blastn (NCBI, http://www.ncbi.ntm.gov/blastn) {5 7,

M 1 M 2
2 000 bp 2000 bp
1 000 bp 1 000 bp
750 bp 750 bp
500 bp 500 bp
250 bp 250 bp
100 bp 100 bp
A B

Kl 1 Bm3HAD FEDAIIK) 37 S 5 HE DA 573 ) PCR 4 45 5%
7:: M: DNA Marker; 1: 5347 #4774

Figure 1 Amplification result of the 5° end of Bm3HAD

Note: M: DNA Marker; 1: 5” end product

BE3RAT 1 K A Bm3HAD F:[H 4K cDNA 741 55
AL R AU FE AT o, RIS T FIL T8 55
4 BABH01027674.1 X IR FHIN . M4 L
MR, MXFHI PRI T 12 794~19 585 bp )7
IR B, X Bm3HAD FERIFAT 45/ #r . 45 R3R
BRI S AMNET, 4 NAE T, B SAET
JER, KBE368bp, 3 4ME T/, 83 bp,
WE 3. SNEFHNE PRI E“GT-AG 8
PIRN . Ah RN SR E AR 1.

1.2.3 EAR—REM T

KH] ProtParam {4 www.expasy.ch/tools/protparam.
html)X} Bm3HAD &R Gitis (1) (1 AT — 45 i)
TR, 45 R B 5K A Bm3HAD KR 4ifis 310 Mk
iR, om0k 33.6 KD, AN 9.0, ARE
Ry 2134, oRZEAN—MEEEA. X
A Bm3HAD HEPA 9 ich 1) 2 (ot 2 SE R 2 1, AHXT
B2 IR AEE Lys (32 4, 10.3%). Val (29 /4,
9.4%)- Ala (26 1, 8.4%)F1 Gly (26 1, 8.4%), it
PRAL SR 2 P o
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% 1 Bm3HAD F:R 42 5
Table 1 Characteristics of exons in Bm3HAD

AT AN YLFAE Bm3HAD cDNA 1 & (bp) AN TR R AR FE A4 E (bp) A2 F K (bp)
Exon The position of the exon in the cDNA of The position of the exon in the Exon size (bp)
Bm3HAD (bp) BABH01027674.1 (bp)
1 6~200 12 794~12 988 195
2 201~476 13263~13 538 276
3 477~559 15336~15 417 83
4 560~775 18 080~18 295 216
5 776~1 143 19 218~19 585 368
% 2 4% Bm3HAD 45 [ (¥ 2 LR 41 Ak
Table 2 Amino acid components of Bm3HAD protein from silkworm
HIEMR HoE EE1(%) HIEMR HoE LE (%)
Amino acid Number Ratio (%) Amino acid Number Ratio (%)
Ala (A) 26 8.4 Arg (R) 9 29
Asn (N) 14 4.5 Asp (D) 16 52
Cys (C) 3 1.0 Gln (Q) 9 29
Glu (E) 18 5.8 Gly (G) 26 8.4
His (H) 4 1.3 Ile () 17 5.5
Leu (L) 25 8.1 Lys (K) 32 10.3
Met (M) 10 32 Phe (F) 12 39
Pro (P) 11 35 Ser (S) 23 7.4
Thr (T) 15 4.8 Trp (W) 2 0.6
Tyr (Y) 8 2.6 Val (V) 29 9.4
Pyl (O) 0 0.0 Sec (U) 0 0.0
. 1.4 Bm3HAD 2 F £ BmCPV B R X &+
1.2.4 FAMFFIFVELE LT ‘
MREER

A5 K AL Bm3HADHE 2 5B 751, ZNCBI
LifBlastp #AFLH AT, SRAGAN[FRN 1 [
G o ZK A Bm3HAD % it (1) 28 55 1R 7 41 5 4 i
(Tribolium castaneum) 3HAD (XP_973042.1)H71%
AL, 5 B 5 57 (Aeyrthosiphon pisum) (1] A
3HADF F1(NP_001155916.1 FIBAH70529.1) [ #H 1Ll
P34 J66%. FIHIMEGA 3.1 T JLFRI R B
SHADW R GRS, W4T .

1.3 Bm3HAD ERFFENF AR FRE 5

M5t 7 PCR J7 ik I, Bm3HAD
WAER BRI W TeWiiA. 2208 KB Rk
HAE Rk, (HRIEKEAR, 7 gin i
Ris g, EMkE R RIEE R, &
BmCPV &4t 48 h J5, ISR ERMKLALFE
P 2 ARk, AR MR AR I vk 2 2 PR
WRIE, MAEH M 22 BRI A B R 12 3 DR 2 4
TiRE, WK S.

F AT AL 92 5 PCR 45 H KM, 7 fil
RExt AR b i 44, Bm3HAD FER K5 /K%
WiEE . MAE BmCPV Y igZl4, Bm3HAD
FEIAE YL G 24 h ERIEKCE 230 BiRass, SRG
BTG, IKYL)S 48 h B 2L Rk, Ky
J& 72 hAZIERIFRIE AR R R A B Jei
ZHRNELEFHMALMREKRFEEST
BmCPV B gl 2 318 K1, Cr A5 5K
24.69+0.04 1 22.79+0.19, 1F % 74 iz 5L A )
FISKE BmCPV B4l i 8.2 f%(K 6)-
218

i £ #1 R90 B (cytoplasmic polyhedrosis virus,
CPV) & M7 9% 2 BH(Reoviridae) » 578 M £ f 44
993 B (BmCPV) & Y K 75 b iy b e 414 JF e Ak i
I ) 200 i P T, Tl S R ) LR
FEDRIZH 10 17 BEOXUEE RNA 4141 i (Watanabe et
al., 2002; Sun et al., 1982). T B HAHRJEY 1) %
RERLE], HATRFFCECN )2 RN 12 B HOGH 4 1
K FLB ) 9% 5 N 25 o A K B R GH7 23 8K e (1)
BN R Lo LRI RIS W E S R . AR
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ACATGGGAATTAAGTTITACACTGTTAATAT I TTTITATAATTTATTCTATTTTATAAGC

61  CTAACTTATAAATAGATTCGAAMATGRTGCAGTTTAAAGTTATCGTAAGARATTTTTCAA
1 M M Q F KV IV RNTF S
121 GTTCCTCTGCAATGCAAAGTGCTATCAAGAATGTAACGGTTATTGGAGGTGGTCTAATGE
3 8§ § s AMOQSAI KNUVTUVIGGOGL M
181  GCTCCGGCATAGCCCAGGTATCTGCCCAAGCAGGACAGRATGTTACCCTGGTTGACGTCA
33 685 6 I A QV S AQAGS QNVYTTLV DV
241 GCAATGATGCTTTGGCTAAAGCCAAGAAGAGCATTGGCACARACCTCAGCAGGGTCGCAR
53 S N D ALAKSAZEKEKSETILIGTNTLSRV A
301 AGAAGATGTACAAAGATAACCCCCAAGAAGGAGAGAAATTTGTGAATGACTCACYAGGAR
77 K K MY KDNEPOQEGET KTFUVNDSXG
361 GGATTAATACTGCAACTGATGCAGCAGAGGCTTCCAAATCTGCTGATCTGGTTGTIGAGS
93 R I N T A T D A A E A S K S A DLV V E
421 CTATTGTTGAAAATATTGAAGTGAAGCATAAATTGTTTAAGCAGCTTGATGGCGTAGCTC
113 2 I vV ENTEVEKHEKTLTFZEKTOQLTDG GV A
481  CAAGTCACACTATTTTCGCATCAAACACGTCTTCTCTATCTATAAATGAAATTGCATCCG
133 P S HT I F ASNTS S L S I NETIAS
541 TCGTAAARAGGAAAGACAAATTTGGTGGTCTTCATTTCTICAATCCGGTCCCAGTGATGE
153 VvV KR KDZKTFGGLHTFTFWNEPUVEP VM
601  GTTTGCTAGAGGTCGTCAAAGGCAGTGAGACATCGGAAGCTACATACARAACTATGATGE
173 R L LEVYV V KGSETSEATTYERKTMM
661  AGTGGGGAAAGTCGGTCGGCARGACCTGTATCACTTIGCAAGGACACCCCTGGTTTCGTTG
1939 EW G K S V 6 KToCITGCEKTDTTEPGTFV
721  TGAATAGACTGTTGGTGCCTTACATATGTGAAGCCATTAGGTTGTACGAAAGAGGAGATG
23 V N R L LV P Y I CEATIRTLTYETRGHD
781  CATCAGCTCGAGACATTGATATAGCAATGAAGCTCGGCGCTGGCTACCCCATGGETCCAC
223 A S AR DI DI AMETLGA ATGTYP MGEP
841  TAGAACTGGCCGACTATGTTGGCTTAGACACARACAAGTTTATCTTGGATGGCTGGCACA
3 L E L A DY V 6L DTWNZE KTFEFTITLTDGWH
901  AGAAGTTTCCGGATCAGCAACTCCTCAAACCTGTACCCTTGCTAGAAARAGCTTGTIGCTG
273 K K F P D Q QL LKPVPLTLETE KTLVA
961  AAGGARAARTTAGGTGTGAAGACTGGGGAAGGTITCTACARATACGAAARGAANTANTATT

293 E G KL GV KTGETGTFVYRKYEZ KK

1021  ATTAAGCATARACAAACAACATTAGACTTAAGACATATACACTGTGTTTTTAGTTATATT
1081  TTATATTCAGAAATCAATATAATATCAAARATTTTAATAGAATAAATTATATTTCAAGTT
1141  TTAAAAGAARAARARARARAAAARABAL

Kl 3 Bm3HAD FER 4K cDNA J#31 KU S5 ER) 75

Figure 3 Full-length cDNA sequence of Bm3HAD gene and its deduced amino acid sequence
TE: IR S(AATAAA) T MRIZRRT, JEAH S T 2B T HERRTE
Note: Polyadenylation signal (AATAAA) is underlined; Start codon and stop codon are boxed

WFIEI H IR AR R BmCPV &S5 4 11 5 1L
PR -

AHIFEH ] RACE B, 725 & T i se e sk
A 3-FRBNE A BB (Bm3HAD)FED, 1%k
[A4=K: cDNA 741 4 1 168 bp, H:H ORF 2 930 bp,
i 310 ML E AT, 4> N 33.6 kD;
ZHEER 5 AN TR A AN ST A R A
5 B A Xz A W AT o Hr, R T
NADB-Rossmann superfamily A1 3HAD superfamily.
M, Bz iy 44 Bm3HAD (Bombyx mori
3-hydroxyacyl-coA dehyrogenase, Bm3HAD). ¥)F [F]
PR S MW, Bm3HAD 50 e i andfim 3-52 1k
Hilg A ARG AL RV R, U A

A RVE T . RGN T R, Bm3HAD 5
Ak 3-FRmEAIRE A DEREXP_973042.1) 5%k —
0, UL Bm3HAD 5450 i 3- 5214t A M A 2
AR T RE. 96 E i PCR 455K W, Bm3HAD
PERSYYIR 75 24 h R LRI, SR BEE 1 1
g, HRIEACFEHFG, R NRRIA,
RIKGLST 72 h, XFERAEEG A g R A R
HEEER R RIA AL, HERIAREEK 8.2
o RIERI RIS S a5 ARSI =R AT
(P30 Bm3HAD 3N BmCPV JE& 42 i
Hh )RR KT B T B AR )3 S I B T A,
RIE BB AR A N R RIE, g FE 2
JWr 21 2R 12 DR ) T A ST AE R R PR IS ) B PN 50 52
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LW a3 . Bm3HAD F:N7E BmCPV i
Al RIA AKX AR, W78 Bm3HAD HEA
Al g5 BmCPV Y K AT K

JIG 05 P A ML T B (1) e PR, IR IR PR AS [
KIEMBEE AL, B M KEERIR . T EEARIR
FEHENG IR « MNRNTRRAS e P N LA T 75 ZE 1 g
W, S FEWUAS AL RIRAIE. 3-FRBHEE A
It S A A D R S A i R — PP B,
P 3-FRMEIL- AT A BRIEERE BIAH N IR 3-1 i
Mk CoA I EHIVEH, Hrhfebfine sk, =
Z 2 BT R R = A e s AL AR . T EE R AT
RN, 3-FRMEAT G A Wi 2 —E D) REVE S 1 (TFP)
()55, —HED)REVE TR 1 (TFP) 13 73 AL 25 T 3L
3-FRWEAINE A WS S Ik B = (Carpenter et al.,
1992). A, KHE 3-F2MEAAE A BEERE ) GI85A
JE RN J 5 3-FE A A B EURE 1Y) Schad JE K 58 4%
S IR BEVE SR 1 (TFP) MV B A7 1 5848 S350 3-8 1k
A A I SRS P B = (1ist et al., 1994; Molven et
al., 2004). 1990 F 3-J2ELAlEE A B S Mot = Jy 1 1)
WFGTHEHRIE 5 (Wanders et al., 1990), 3-F2EEHiEG A
It S0 il ol = AP 0 A 40 2 R R AN B4 AT T K
o TR, 3-FRMEAHRG A SN = G RS
BONTZ o L 3-FRBERINE A AR Z & FEUIK
AHERE A IR SRS 22 () RE o H2, RHL 332
A A BB IR B2, 33k Ahi g A i
ST O E Y R SR ThREMANTE 2, FR e
TEXR X BmCPV G (1825 s N i A FH A 4 4
JEIRNHEF

ASCE RIRIE T A K A b v B IR AR 1 —
A 3B A RS BEIE R (Bm3HAD) . Hid, %
FERHE R AR N DR ANGE R . HEr, Wizt
PRIRE— (1 2k 2ok A T R 5 45 0k e 3-FR kAl A
It Xl 1 S A TR, R I AT SR IR A
E B DR R 2 0A 7= W) B AT 3-FR IR i A 0t S 1)
TR 3-RTRAG A AN S —RA I, 75
LR AT TR A RE T, ZEE A A (e R4
AERT, i Bk ws e iafe b Re s = A4 UK
A BmCPV JKYL)S, FEEN RBhLEE 30,
Bm3HAD Rk L s, BEE S kR,
HRIBIKPEHA, IRNiRRA T R 2 24 5,
B J5 Bm3HAD FRXiGTERIN W& T s, 2K

1 2 3 4 5
s —Hi i —l——:
L_BEILTER = R — NET
Exon URT Intron

Kl 3 F#& Bm3HAD K 45875 & B
Figure 3 Gene structure of Bm3HAD

NPO01155916.1 Acyrthosiphon pisum
BAH70529.1 Acyrthosiphon pisum
XP973042.1 Tribolium castaneum
HQ833817 Bombyx mori
ACO012050.1 Lepeophtheirus salmonis
XP002426718.1 Pediculus humanus corporis
AB026640.1 Haliotis discus discus
XPOO1848352.1 Culex quinguefasciatus
XP001566993.1 Aedes aegypti

K 4 LA E Bt SHAD [RIUEFP A1 I SR Gt AL
Figure 4 Phylogenetic tree of 3HAD homologous sequences

from several insects

FACH M, RAE—RAVEFARIEZNL ., LT
Bm3HAD Y55 % Z5%) BmCPV J& YL N 25 [ N A K (11T
REIEH £ T4 Ja it — 5T .

IMMETIE
3.1 MR R R

PO A Al P50 b o RO R e 1 5K A
PR IR ORAE TR OB . BmCPV 2 M4 BV (K
J b 1x107 /mUL) FH e AR Bt A T 5K 2
T3 BT R AT o

F 257 Trizol Reagent I F Invitrogen /A ),
PrimeScript'™ RT reagent kit. SYBR premix Ex
Tag™ kit W TaKaRa /27, SMART™ RACE
cDNA Amplification Kit. Advantage 2 PCR Kit 4 5
Clontech /7], pGEM-T Easy 44 H Promega 7~
], UNIQ-10 #£3{ DNA RIS A& A Lk
WIRAWRAR .

3.2 BmCPV Ji&H:ph

F AT P50 {EARUERLE FE IR A AF T 1 3R &8 Tl
Az . #4200 3k P50 KAk 2 4% 100 3k, —4H
28 LSRR BmCPV 12018541, o — itk
BKAE A 2 . s BmCPV 22 44 B 17 9 K
IKFRRE 2 RIS 1x10%mL, U2 AR R
100 uL S5 ATLE K /NZ) 15 em® (3 em X 5 cm) 1) 5
M b, K 40 T URATE RN S MRS 4 5
Wik s, FRREMTERESIAIEE N, Jraaskd
N 4<10°MRED Mk, XA S Wil Lk
PRIFVREARB K B K 1 S
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33 XTBHABE MRS

o3BT B BmCPV Ji5 24 h, 48 h fil 72 h, %
&Y BmCPV 4 FU0 A K A 4 Aok g, o
SRR . MR, ARBE AR DL R 22 )R
I IBR ELRE S 7 B N B3E & 11 Trizol 1, e 42
D) FH A #E ER 7K (RN Ase-free /K BCHl)TEE0E, &40
B KR Jr O B B T KR, RS TRN-T0°C UK
FIRAEASH -

34 FEREHALRE B RNA X

% M Trizol WG A28, 735 FH Trizol
ANFEIUE Y BmCPV Z1URDG] IR A 5K A 1 A
MR 22l NI R B h I A 23 RNA. ﬁﬁ/\ﬁ'ﬁ
CBETHRSI 5 A AL . RNA R BE R4,

JE TRN-T0CIR-AE4
35 ¥ W5k
HE 4 A Sz 56 = 3k 8 B B S 5 O 1k 3R AR

i) Bm3HAD JE[N EST J¢ %) 4 itk , #H
Primer Premier 5.0 X ¥% il H ) % Xl PCR
R k519 . 5 RACE 51#¥41h 5°-AGCCCA
TTAGACCACCTCCAATAACC-3’, 3> RACE 5%
J¥51 24 5-CTCAGCAGGGTCGCAAAGAA GATGTA-3 .
Wi PCR IEMSIMIFH A 5-AGGT
GGTCTAATGGGCTCCG-3’, & I 5] #+5
H 5°-GGTTTGTGCCAATGCTCTTC-3’; W & i
B-actin 3R IE W 519 7 51 5 5°-AATGGC
TCCGGTATGTGC-3’ , & I 51 % J¥ %1 K
5-TTGCTCTGTGCCTCGTCT-3".

3.6 Bn3HAD R 1 5’4 5 3% RACE ##8 &
Py i

#18 SMART™ RACE ¢cDNA Amplification kit
WA VIS, L,L 1 pg K212 RNA KB
Je#isk ¢cDNA B—%%. M Tricine-EDTA 224 i F%
A ) cDNA Hi—#E, %8 SMART™ RACE
Advantage cDNA PCR X &L U6 13, 9744 Bm3HAD
FERI) 5735 3541 o

5% RACE R NAKZR (25 pl): 5% cDNA FAi
1.25 pL, dANTP Mix 0.5 pL, 50xAdvantage 2
polymerase Mix 0.5 pL, 5°%i4F#E514) 0.5 pL,
10xadvantage 2 PCR Buffer 2.5 uL, PCR-Grade water
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Figure 5 Relative expression analysis of Bm3HAD in different tissues
and its differential expression in BmCPV-infected silkworm.
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