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WE: [ 869] & Bombyx mori =& & 374 B F (BmIAP) % £ R & ¥ R I — /A & G 374
BF (IAP) . AFFR 5 EKRIER R BmIAP & & £ R & mIe W 69 fE45 48, Ak — F #F 5 BmlAP &£
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Abstract; [ Aim] Bombyx mori inhibitor of apoptosis protein ( BmIAP) has been found in the silkworm,
B. mori, and characterized as a protein of the IAP (inhibitor of apoptosis protein) family. This study
aims to verify its function as a suppressor of apoptosis in B. mori cells, so as to further study the roles of
BmIAP in cell apoptosis. [ Methods] The transient expression vector named PIZ/V5-BmIAP-dsRed was
transfected in the BmN-SWU1 cells of B. mori by liposome, and the mRNA and protein expression levels
of BmIAP gene were evaluated by real-time quantitative PCR and Western blot analysis, respectively.
The BmN-SWU1 cells were induced by 150 ng/mL actinomycin D for 12, 18 and 24 h, and the
relationship between BmIAP protein and cell apoptosis was assayed by immunofluorescence and real-time
quantitative PCR methods. [ Results] The PIZ/V5-BmIAP-dsRed vector effectively expressed BmIAP
fusion protein of about 60 kD, and the mRNA expression level of BmIAP was up-regulated 45-fold in
BmN-SWUL cells of B. mori. After BmIAP was transiently expressed for 72 h using PIZ/V5-BmlIAP-
dsRed vector in the BmN-SWUI1 cells, BmIAP significantly inhibited the apoptosis in the BmN-SWU1
cells at 12 h after induction by actinomycin D. [ Conclusion] BmIAP can inhibit apoptosis in B. mori
cells and is one of the inhibitor of apoptosis proteins in B. mori.
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transient expression

122 3 # K F (inhibitor of apoptosis
proteins, TAPs) J&— 2 5 B DR ¥ 14 P 514 e 40 i O
TR 505, T 2@ W] Caspase 1 P A2 5
TiA% P ¥ NF-kB S5 1410 1 48 12 94 1 (apoptosis ) (¥
T B e, 2010; Simone and Domagoj, 2012)
BRI T GERRAR N S B A 2 N A R AR
- 5 N PR AR AR e PEVE L TE S ) &
H o B 20 A FHE BT BR BT a8 bk 5 B AR
( Thornberry and Lazebnik, 1998 ;
Domagoj, 2012; RIF4E, 2014) , FEIEH YA,
IAP % 55 Caspase 45 G 1M Caspases {14 , {8 I
T- Caspase LA AE 36 1 09 B8 )5 T2 X A7 7€ ( Silke and
Meier, 2013 ) , {H7E /MR 4 LA =3k TAPs Ji oy i
9o 2 M T 200 6 00 P O B 0, AR U TR 4 S
5596 240 R TS 245 %85 DD AR DG, TAPs A, 2 8 Ay i 988 422 1)
TRYT B R 2 TR A A AR VA AR IR A
2010; Simone and Domagoj, 2012) ,

TAPs [ JZAFAE T 6 VA0 T TR | [ HORTIH 21,
S, H Z= /D& — BIR (baculovirus inhibitory
repeat) 25115, B 4%[F] Caspases 255G FF 4] B ATHY
15 M ( Thornberry and Lazebnik, 1998; Simone and
Domagoj, 2012) , TIAP % H 58 5 15 1L 1Y Caspase
it TAP 454 3L (TAP binding motif, IBMs) 254, 1))
il Caspase3/7/9 1) Ak T3 14 T BH Vel 240 Jfd 9 1= i A2
( Thornberry and Lazebnik, 1998 ;
Domagoj, 2012) , JHZHE & D (actinomycin D, Act
D) J&—F DNA i f551:77], 5 DNA Z545, 34 40 i
RNA FIEE H B A . REHFFERY], Act D & —
P 20755 AN 08 T i 55 00, 7 B A i v gl
| R S 1 A0 MO T T T A TR
(Lindell, 1976 ; Kumarswamy and Chandna, 2010) ,
A 5T 8 3 AE K B Bombyx mori 4| I H I I 3 3K
BmIAP & H, WK E R D B X &g,
WH5E BmIAP FEPR 2SR R IE S BT T DB

FA W H R Ao iy SRR 0 AR ), 25
P 22 7 W AR ) Bl ] s 2 I B — AR AE )
L gt AR Y B Rk AT B (Xia et al., 2014)
AWFFER Z A BmIAP FE R AT 1 Bk 258 5 5T
ToREWTIE, O MRS A BmlIAP K& PRI 52 7 40 i 4
TP A PREALR LA M HAE R R 2 R B S R v )
PENE B8 LA

Simone and

Simone and

1 HR5H %

L1 ##
1.1.1 ks 4 530 . PIZ/V5-BmlAP-dsRed %5
KH 5 481l 1 4 i () 48 1L, 2014) , PIZ/VS-
dsRed 1A i A< 52 30 % R A7 5 58 2 IR JiG 40 i &R
BmN-SWU1 (Pan et al., 2010) F 27°CEF:46 P &
A 10% B iR M3 (PAA) 1 TC-100 B Hu 4 15 5%
H (Invitrogen; Carlsbad, CA, USA ) ( Summers and
Smith, 1987) 5%,
L1.2 F2RAH: M R D (A4262, Sigma) ;
Caspase 14|71 ( G5961 , Promega) ; %l Anti-PFP $
A ( ab62341, Abcam ); JI§ & & ( 0409705001,
Roche ) ; 76 5E # PCR ] & (RRO37A) , Ity B K i%
FAE W s ) R Al kL 4 B R & ( QIAGEN,
12145 ) 5 411 ffg ¥ T--Hoechst33258 ¢ 1 it 7 &
(€0003) ,PMSF(STS06) , A it A AL Wy bR iC - 9T
i 1eG, ¥ B 8 = KA A Fl; &E 1 Marker
(DM201, =345 ) 5 200 i 195 5% 00 R0 240 Jid 355 57 Al 255 1
A2 [ Corning 23 7] HoAR UGN A 1A= TA
W TR AT PR 7] o
1.2 BB RIZRAEREREAR

Y% 4 BmN-SWUL 41 Jfd 75 20 i 35 77 A= 4 2]
—ERE (90% ) J5 , # 4 H A% T8O 24 fLIRIE 55
Yo (N€Fr, Fisher 22 w)) M4 5% F- b o PIZ/VS-
BmIAP-dsRed F1 PIZ/V5-dsRed #8 4fi Jfi 7 4% 800 ng
52 pL feBARAE TP A R 4 i s IR b i R 30
min, 55t BmN-SWUL Zi i) X e 5 )5 48 h A1 72 h
) BmN-SWUL 4 Jf] 9 17 2¢Ot 2 f %5 ( BXSI,
Olympus ) W% ( Sy E1L1, 2014)
1.3 qRT-PCR #&ill BnIAP & E i ffRkik

TP PCR Kl DL A Actin 4 NS
H W, €75~ SW22934-F F1 SW22934-R;
BmIAP (GenBank % 52 AY155274. 1) 5 &84
QRT-PCR-IAP-F #I qRT-PCR-IAP-R, ¥~ % % /]\
180 bp( 35 1) ; AL YL PIZ/V5-BmIAP-dsRed Fil PIZ/
V5-dsRed #4150k 48 172 h J5 i) BmN-SWU1 4
JL 43 S BB B RNA, 5% 34 cDNA, LN 2
FEDURT BmIAP FER € 5051 W) k4T QRT-PCR A5l 73
Br A BEPRMEB A A 27 B A A IR 2R (15 )



20 B 2] Acta Entomologica Sinica 60 %

x1 FHARAASIY

Table 1 Primers used in this study

3144 SIIFA (5" -3) 314
Primer name Primer sequence Use of primers
QRT-PCR-IAP-F CCCAGTGTCCCTTTGTAC
QRT-PCR-IAP -R ATCTCGGCCAGTCCTTG SE S e PCR
SW22934-F TTCGTACTGGCTCTTCTCGT Real-time PCR
SW22934-R CAAAGTTGATAGCAATTCCCT

ddH,0 4.5 pL;SYBR 7.5 pL; I FiiE5| 94 1 ul;
¢DNA 1 pL;iEf7F2%:95%C 30 $;95°C 5 s, 60°C30
s, 40 fAE I, AR ES IR G 4210 (2014) 317,
1.4 BRBTRIEF=YH) Western blot 44

B4y 5 %% Y4 PIZ/V5-BmIAP-dsRed #i1 PIZ/V5-
dsRed 48 F172 h J5 1) BmN-SWU1 4 32 HU 40 i
MM, 4 SDS-PAGE MK 5% 2 PVDF JiE I, 35} 14]
J5 ,—¥3T Anti-RFP 4 B3 (1:5 000, v/v) %5 , 8t
Tubulin 8.47,37°C 2 h, F 28 HRP #ric E30 R 1eG
ZHL(1:5000, v/v)EE 1 h fb2E ROGBEERAED
TR = R S E Ui A 61 7, 55 (i ECL kit
(8 G T Western blot 43#7 (F 481l 2014)
1.5 WZ&EZDiFSS BmIAP RiX4FHE

% 4z BmN-SWUL 2 i 75 240 it 355 5% 0 A= < 2]
— BB (90% ) J5, 1 150 ng/mL (12 & D
(Sigma) PR A AP T, RIBF LA H R D %
fie % DMSO ( C6164, Sigma) i & 4 ¥k BF K
20 wmol/L Caspase il ] 7| Z-VAD-FMK ( G5961,
Promega ) ZbBRAH M 28 1 % B (IR ACER 46, 20085 Yi
et al., 2014 ) , 73 500 5 5 )5 /9 12,18 F1 24 h 11y
BmN-SWU1 4l i1 qRT-PCR, 5347 BmIAP 3 [H 35
IRFHAE
1.6 FE{IeERHEyeE

FAEK R A7 BmN-SWUL 2 L4 T 5 € F i
24 FL MBS T MR, 4% B e PIZ/V5-BmlIAP-dsRed
F1 PIZ/V5-dsRed 72 h J& , W J: 40 035 37 3, 4% 5 48
111(2014) 47 Hoechst33258 Y@, il . & 7 I 7€
TE B 0B IR AR I3 AT s BmIAP J IR 1k i
FiRJG 4 150 ng/mL £k E % D 55 12, 18 fi 24
h ) BmN-SWU1 4i s #£ 17 Hoechst e, i 17 9¢ )
51445 (OLYMPUS, BX51) Wig%, 3:4% Yi Z:(2014)
X} Hoechst33258 Juta i 4L, BEHLLEH 3 S HLEF , 42
P25 BmIAP BRif IR X R W R D iR EK
7z BmN-SWUT 2 Jfd 8 - 152 1l
1.7 HHESH

PIZZH BmIAP B H #E X A BmN-SWUL 41 fifg

(I8 R UE B 92 % 5 D TR R B 3R 58 SOk i
% D A FRSHEIL B 227
P53 ( Livak and Schmittgen, 2001) , FREEHE A
GraphPad Prism 5, /EE 5304 o

2 #R

2.1 BmIAP EHEZEZ BmN-SWU1 40 i dh i1 5
A Ri%

A 4l i ki PIZ/V5-BmIAP-dsRed F1 PIZ/V5-
dsRed L 5% 78 BmN-SWU1 4fiffu’E 4L 48 h f5 , 7E5¢
6P BE T L %8 FE YL B 2H i R PIZ/V5-dsRed Al
PIZ/V5-BmIAP-dsRed 1) %% & BmN-SWU1 41 Jiig, #F
RETESR AU R LS B3R M & Se 4L ue ), 3R
B BmIAP 1] 5 dsRed 7E % % BmN-SWU1 i ifd o i
GHRBE(ET),

2.2 ZEZE BmN-SWUI1 44 i i BmIAP mRNA
EARESH

Ay ATE PIZ/V5-BmIAP-dsRed #i1 PIZ/V5-dsRed
RS Yy 58 78 BmN-SWUL 21 48 h #172 h J5, i
4T qRT-PCR #ll Western blot 434 ZZ #x BmIAP mRNA
RO o i 2 1) R IR FRAE, 45 R RV, fE R &
BmN-SWUI1 #fififi ' PIZ/V5-BmIAP-dsRed #§ {4 B i}
#3548 h #172 h J§ BmnIAP mRNA #ik/K Lt PIZ/
V5-dsRed X REA1 2 25 0 (43 50K > 27 £ 1 > 45
f5) CEL 2:A) o 43 0% ik Bf 3R 38 dsRed 25 [ (48
h) ,BmIAP ZE [ 48 h F1 72 h f % % BmN-SWU1 4
JHH2 BN it G B 34T Western blot 4347, 45 R 3%
B, 45— 45249 25 kD 1 dsRed & [ 4547 .2 60 kD [
dsRed-BmIAP Fili & 85 1 454 SR T 60 kD E4EF-E
BN (E2: B),

2.3 WZ&EZED FF5KE BnlAP mRNA {5k
IEHFE

N &= D ¥5-5 5 42 BmN-SWUL 2 Jifd 4
T2, 435S 12, 18 F124 h J51% BmN-SWUI 24
JH Ko X6t Bt 2 441 Jfd BmIAP 5 R 1) 2% 38 R AiE i#E 17 gRT -
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F15% White light dsRed

50 pm

50" wm

F15% White light BmIAP-deRed
: C; "i;\_‘)- \ B¥a= .
3 j ¢ £
Yo £y
%7' ~_S0pm

1 906 B AL S A BN-SWUL 20 g B %15 BmIAP

Fig. 1

Observation of transiently expressed BmIAP in BmN-SWUI cells of Bombyx mori under fluorescent microscope

Z 4% BmN-SWU1 40 g v 43 1% ¢ PIZ/V5-dsRed JFoki( A 1 B) 1 PIZ/V5-BmIAP-dsRed JFUhz(C F1 D)48 h J5 , 566 B WAL MR 2 3%
dsRed (A F11 B) 1 BmIAP-dsRed (C 1 D) A BmN-SWUIL 405 ; A 1 C G F, B #1 D &t G 8 B, B. mori BmN-SWUI cells were
transfected with plasmids PIZ/V5-dsRed (A and B) and PIZ/V5-BmIAP-dsRed (C and D), and the transiently expressed PIZ/V5-dsRed ( A
and B) or PIZ/V5-BmIAP-dsRed (C and D) in BmN-SWUI cells was observed at 48 h post transfection under fluorescent microscope. Cells ( A

and C) were detected with white light, while the cells (B and D) with green light by fluorescent microscopy.

A
50r
T 40 R
< XXX
Hs
%7 30r
X
1 S 2
K E of X
= o (X
Bz %
= 10}
=
0

48 72

H:YLI5}A] Time post transfection (h)

B
Anti-RFP

KD dsRed TAP48h IAP72h

60 —

40—

25—

——

Anti-tubulin |-

K2 BmIAP 7E5¢ % BmN-SWUI 41 s Pl is 2 5
Fig. 2 Transient expression of BmIAP in BmN-SWUI cells of Bombyx mori
A B Fik 48 h #1772 h J5, qRT-PCR 3 BmIAP mRNA 33k BmIAP mRNA expression analysis using qRT-PCR at 48 h and 72 h post
expression; B: FHTLR RFP y5 BN G I 5 ik 2 35 A9 BmIAP & 5 Expression of BmIAP analyzed by immunoblotting using anti-RFP mAb. %
PR FIRN 3 WEE LI G175 57 ; Tubulin &5 H PV NS, Statistical differences are determined by Student’ s t-test based on three

independent experiments. Anti-tubulin was used as a loading control.

PCR 73#r 245 Co ( A AC) {7 5, 0 BIRA KR8
AR 1, S5 RERB MR E R D 75 T4 &2 BmN-
SWUL 412 )5 , BmIAP B[R ) RIBBAE /TG
12, 18 F1 24 h BETIH(E 3),
2.4 MBERTERIE BmIAP ZE R A& ActD F S B
BmN-SWU1 ZHfE T
PIZ/V5-BmIAP-dsRed 5§ PIZ/V5-dsRed J5i % 5%

%t BmN-SWU1 4iififd 72 h J5 , 23 51 150 ng/mL Jiltk
W D55 BmN-SWUl 481 12,18 124 h J5,
Hoechst33258 4L 4, i H] 2 0% i 1 B 48 15 0T 70 Br
BmIAP [BEI 35 1 BmN-SWUL 41 g i 1~ 40 it 4% %k

o SEHZEH] BmIAP BRI 23k 19 BmN-SWUL 41 ity
E’:‘éﬂflﬂﬁﬁﬁ} s 1E B, BEA 3235 dsRed 5 19 BmN-
SWUL 4l ¥4 & A= i i, 52 B S8 i 0 T /A 12

Caspase 1 {i| 5] Z-VAD-FMK 4t ¥ 2] BmN-SWU1 2§
ML IR, W 4 (A) B, Geit kW], ik
LZEEDIFES 12, 18 F124 h i}, BmIAP B} 3 ik
E‘J BmN-SWUL 2 it 5 T- 40 Mo A% %% H #4/ F dsRed

,,\Elﬂﬁﬁt%%l? D% 12 h i 2253 8 % (0. 01 <
P<0.05),iE5 18 h fi24d h i ZRAEE (P>
0.05), 40 4(B) firzi.

3 e

HAZFRIB M E A B A KB K B G )
TR0, AR AL R AL Bt 2R AL 1
ééﬁ?ﬁﬁu&ﬁlﬂmﬁ’% RN AU (251
55 IRESF LR WIS MR X 5 K AR B ALY R R
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K3 qRT-PCR /3T R D 5% 5 BmlIAP FiK4HE
Fig. 3 mRNA expression analysis of BmIAP gene
post exposure to actinomycin D
I . XFHEZH (7 20 wmol/L Caspase i 5] Z-VAD-FMK A DMSO
#) Control group (DMSO solution containing 20 pmol/L Z-VAD-
FMK, the Caspase inhibitor) ; I, I, IV: iZE £ D 40liE S
12,18 F124 h AYAL B2 Treatment groups at 12, 18 and 24 h after
induction by actinomycin D, respectively. 7E 150 ng/mL JLZEHZE D
755 5 4 BmN-SWU1 40fifg 12,18 F1 24 h Ji5, b ] qRT-PCR 4347
BmIAP Fik, B FoR 3 WHE K LIV E + bR, M
Student ¢ 56 P47 25 57 @ E M43, qRT-PCR analysis was used to
analyze the expression of BmIAP at 12, 18 and 24 h after the BmN-
SWUIL cells were exposed to 150 ng/mL actinomycin D. Data are
mean + SE. Statistical differences are determined by Student’ s i-test

based on three independent experiments.

A Act D
dsRed + + +
Z-VAD-FMK - - +
TIAP - +

Hoechst33258 White light

dsRed

50 pm

i
50 pwm

(Sun et al., 2006; Mena and Kamen, 2011), 7E4%
WFFEHh, FeATTH A Y A% R IR K PIZ/VS-BmIAP-
dsRed & OplE2 Hg5& 5, LAORUE P4 AR H Y 5
RITEZ A b iR AR 1k, Horh BmIAP mRNA fy%
ik R4S L, RS E A 1 mg/L, SEEREERER
B, P1Z/V5-BmIAP-dsRed 2/ 0] ] T B FEA K &
BmlIAP & H , N Z & BmlAP HE7ER &AM 920
REMFTE B 1 FEA

JEKE R D & —Fh DNA i 4753057, © uEWI7E
2Pt 1) 200 i 2% v i o 20 T R A 5 A M O 1
AR Ry —F A5 S 08 T Ak 22 75 0], piE o 3k
1,150 ng/mL Act D BEY5-S 4< 42 40 i i = ( Honig
and Rabinovitz, 1965; Perry and Kelley, 1970;
Lindell, 1976 ; Kumarswamy and Chandna, 2010 ),
TAPs ZJ6 1 53 RE 78 2 e 700 7L 3 ) v o S ot 410
Caspase F{i5 1, BmIAP 3 68 47 5 M 3 4100 1 0y 7L 3
PI#Y Caspase-9 1 14 1 DA g Hom] BEMI i 5K 4 4 12 1%
2R ts Caspase( Huang et al., 2001; Kim et al.,
2004 ; Portt et al., 2011) . ARWFFH, fER B
WEIT ik TAP 2519 72 h 19 5 7 40 i B I =5 410 i) 7k
LWAR DiFFRAMMEMAT, K] BmlAP BRI RIAT]

P>0.05

100 - 8 dsRed
E BmiAP
10.01<P<0.05

P>0.05

D T4 3(%)

Apoptotic cell rate

18 h 24 h
175515 A] Time post induction

Kl 4 BmlIAP Il LZE R D iS5 95 & BmN-SWUL 2 JH -
Fig. 4 Anti-apoptosis of BmIAP in BmN-SWU1 cells of Bombyx mori induced by actinomycin D
A 150 ng/mL JEZL 3 D AL3E BmN-SWUL 4iiJifg 12 h J5 i ] Hoechst 33258 YL 4 i 2 (W5 €2 ) A U 4H M 9 1=, L 6 6 k57 BmlAP 2R 1
FER M A0 A%, 1 4 €0 5 Sk 40 I 8 7R XF B Mock (dsRed ) il BmIAP fiil Z-VAD-FMK J5 (¥) Hoechst 33258 YL 4llfl#% Apoptosis was
detected by Hoechst 33258 staining ( blue) at 12 h post exposure to 150 ng/mL actinomycin D. Apoptotic nuclei are indicated by red arrows, and
controls (mock, dsRed) and BmIAP + Z-VAD-FMK are indicated by white and green arrows, respectively. B: I T-40 I & 70 805 i o0 B
Percentage of apoptosis cells. 34 & 3 R H & LK A48 + FrifEiR, H Student ¢ U 56 #4725 7 8 E % /2 H7. Data are mean + SE.

Statistical differences were determined by Student’ s ¢-test based on three independent experiments.

BEREAR B4 1 PIVEPE Caspase 1% M T ik 2k 1 2
D iESH AT,

A 5T R W, 78 K A 40 M v 9F i) 3 35 Hycu-
IAP3 R 5 &AL N PR MR A 4 Caspase BmDronc,
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FH] Hycu-TAP3 10 T FH 2 38 2o [ A 9 5P 1Y)
BmDronc il T # 4G Caspase 1 P4 ( Kamita et al.,
1993) o X TR &R 1755 19 2K &8 BmN-SWUT 41 ffg
P AR, BmIAP mRNA 3k /K722 F il 10 £%
L E, 1 BmICE-2 F11 BmDrone %54 ] 1= % A 1
mRNA LR/ 22 B SEF g pEET ., A
MR, B 5 BmlAP 8 H K &AM P2
7 A 38 o B I A 95 PE R 4 Caspase, BmDrone FI
BmlICE-2 T i 240 M 08 T A5 2 — 2D WH5E . I 4ER
WF5E R B, HE L8 TAPs Ji 01 57 8 20k 5 M & AR 4 1)
FHSC , TAPs W iR IR IR ST IR TERE s . AWF5Eh
BmIAP B 5 A 4 M A IR I 2235, & 5 52 M K
A AALE R AR R B A R — R
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