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SERREERSEM . 55 12 REF, XTHRZ LT 40 s 302 oAb sl i st T i e, T B e R A A 1
AU BmN 4R WA i B, JF BB ANIE A e %, AAAZEWT ] W, R, BmCyt ¢ SRR
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e Ry A S Pl AR P S, — EE A
Eoar P& YN ALGIE S Sl N SN 8PS
F AR YA HAE Ay o oA 92 v (%) W — 4G T X 42 17
PREAL, WS A A R BRI L S S
15 0 AR — BRI,

VE MR B AN 2 AL e i AR, i i
fRdefd EAMIS, REEE 5T A T 1E 40 A BE
HARGEAWEI N AT, SR —E L
XFE F MG IR S A T R A TR Y, A A
THIE T R A SRR S BT WPRGE, 3 Fb
D o R R W - DRl A G I 1 { D el
Encephalitozoon cuniculi , ¥ & i 98 3 1 1 H
Encephalitozoon hellem 1 7 W 4¢ 1 i + &
Encephalitozoon intestinalis)JE& 4 | I 2845 & 40 iy
Je& , AL AP 2 DR A B F B 3 (caspase-3)idi 1L
DI R L ps3 B 5 AAKAPERT, Skl 1E
EA L AT b, FLA TG A S 48 et
5 s n] 2 AR 22 L 4 R &K (Staurosporine ) 175 T 1Y
NEWEA AT LB, Scanlon ZPIHE, 78
YU A T B (Brachiola algerae) &Ml )E , 1f
TETEARASME R P T HI A+ Bel-2 52T
K Bax &R IR & RILIEN 1.14, BERFEBUSAE
T ARl e Bel-2 B0 Bax BYRIEEK
i 1E F AT,

2001 4-HF5E TAREH MK A4 BmN
v B AR AT R A 8 T2 8 A ] R F (Bombyx  mori
inhibitor of apoptosis protein, BmIAP-1), F/& ¥t
BmIAP-1 fE#5 A M H th Bax i A9 A0 -1,
UCHARTSE R, S8t 1 O Ikl H B R D
(Actinomycin D, ActD)i5 39 BmN ZHEHIJHT-5),
4 i A T 2 40 B FE Y P4 BB T (Programmed  cell
death, PCD)H)—Ff, LA EIH T, il — &
GP T ARG B0 . eIk AR5 T B0 i 7E

FEASMA T R AR AR . R T RRS S
e E A TR GERHAN SIS T  TE PR R IR
AL SO0 BHL i — SE A0 T 2K B s S 1 J
FHN B IWFEL I, SR RS HAT
AR AEN A DR ol A= D O B A TR 7 A L) A ST RE
SR, BT R AR g S e A A
HRRZRMPFMIRE D . AT B RS 5
FRT-NRFEFAMT, R A i 1 duUs e
Xt BmN AR TR, FRl %t E it PCR
TP EWE I S e ot BUE LS5 BmN 41 i A G
IAPs FEIN WSS FRIBHFIE . A Bl AR ST, fiE
P2 TR A g T AR e Xt g AN TRy
SN, I NIRRT R ARG 2 —E /Y
Hehi o

1 Apu &

11 FEEEGFRGER
TC-100 T#3 14 A 3£ [E AppliChem /3 H] ; Gibco
54- 135 5 TRIzol® Reagent ) [ 35 [F Invitrogen
/N F) 3 PrimeScript™ RT reagent Kit with gDNA
Eraser (Perfect Real Time)J #% 51857 & 5 SYBR®
Premix Ex Taq™ II (Tli RNaseH Plus)2¢ i il
REW A FAEY TROGE)ARA W FEAERR
F5: IX71 88 B8 #4455 (H A OLYMPUS); B#J¥ PCR
{X(3H BIO-RAD); StepOne Plus #¢)%5E & PCR
X (EEE ABD; MR HE.OHL(TER Sigma); W
JEAE SN A WOEAZ IR 8 H 3 Hr X (32 [ Thermo
Fisher Scientific),

1.2 WS

1.2.1 Bk FEMA T B CQ1(Nosema bombycis
CQ1, H[EEEMAEYEM RS H .0 CVCC
No. 102059)H P4 g K22 JR 4 2082 B I ph A< 52
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WERAST %
1.2.2  ZHfEbk . Z A0S0 BmN H =R A A0
Flog Bt e 2B W IT I A I HE W = IR AT
1.3 BmN iR

BmN #iiffi H TC-100 B35 3L (AU E : 22.09 g/L)
% 10% (V/V) Gibeo R4 I3 , TAALIE 3746 27 °C
B, 2-3 d ¥R 1K, 5-6.d 5.
1.4 BmN Zi/fa /R LS00

Z BESCHR [0 10 K A Al Rtk A T alifh . 2k
U5 1 2 i de - UM A BT S 40 3% 97 3L, 48 h
JEWEE, A% A A 0 A D TR TS e O
ik v i, T A ge e, B
3.0x10° M alifb i K A& A 7 HAF 0.2 mol/L
() KOH ¥ % I AL # 40 min J5 , 5000 r/min %.0>
1 min, 3% F3%, FI 200 uL 4HAEH R E RIS, o
RUIA 25 em® 405 7B SR A, 27 °C
fEIRIE IR . R U BmN 40 1. 3. 5.
7. 10 5 12 dJ5, 7EfEE B AT USRI IR
FCEAN . [RIEE, DA /KAL) BmN 40 i
X A2 BRURAE R BmN 41 R 17 T80 °C AL

VKAE, P TFIG2L s RNA FIHEEL,

1.5 RERTEZEAWHET 14Ps BERHRERS
Zigi

FARWiEE TAP T & ¥ 91 454 55 (Baculoviral
inhibitors of apoptosis repeat, BIR) & 1= [ 1)1 il
PRl 1) B B 20 B T . 3R K A DR A B8 I
(http://silkworm.genomics.org.cn/)-5 & F i 5 5L
P& % Pfam (http://pfam.xfam.org/)HfS HE &P T
F o 5 Ecds . IR AE NCBI 24 %
(https://www.ncbi.nlm.nih.gov/) " 47 L XF 43 #7 .
) TE L 45 /B #4F SMART (http://smart.
embl-heidelberg.de/) i1 T 45 ¥4Ik 73 AT SN .
1.6 FEER PCR YIRS AR

BEXT F IR AT A 5K A A T2 A
IAPs FEH DL R F A a 2 C FEH ¥4 (GenBank
No. XM_004931724), | Primer Premier 5.0 % {4
BOTREFET Y, Wk 1 s, URENShEN
(Actin3, GenBank No. U49854.1){f Ky N ZFH %
51 ASF/A3R G50 i AR T AW TR (L)
JBe Oy A RS W)

1. WHEEE PCREIZFFASI

Table 1.

The used primers of real-time qRT-PCR

Primer names Primers (5'—3’) Genes Product sizes/bp
BmIAPI-F TCCTCGTGTGAGTCTTCAACGA BmIAP-1 227
BmIAPI-R GCACAGCACACTTCGTCGCC

BmIAP2-F CCCCAATACAGTCACCACCAGA BmIAP-2 276
BmIAP2-R CGTCACAGTAGAAACAGCGAACC

BmSurvivinl-F ATGGACCTCCTAAATCCGTATCTG BmSurvivin-1 201
BmSurvivinl-R TGGTATGCTTCGGGTGCTATCT

BmSurvivin2-F GTAACGTGCGAAATATGGCAGA BmSurvivin-2 173
BmSurvivin2-R GAGTTGTACAAATGCGCACTGA

BmCyt cF TCATACTCCGATGCCAATA BmCytochrome ¢ 152
BmCyt cR TAGGCAATAAGGTCAGCAC

A3F CCGTATGCAAAAGGAAATCA Actin3 126
A3R TTGGAAGGTAGAGAGGGAGG
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1.7 BmN Ziffi.5 RNA RIS RS

B 1.4 H1-80 °C BRI VKA PR A7 75 T BmN
ZHf, HIHE TRIzol® Reagent izt 7] &rid B 45 Hi2 Bt
RNA, ZRIFHYE RNA FXOEHR RSN W
TR EE T4 BT ARG RNA #F S MR B (ng/u L) Fhli
£ (OD16o/ OD1go) o Fi PrimeScript™ RT reagent Kit
with gDNA Eraser [ %% 507 & H ) gDNA Eraser
TALAb PR 5 BRI 4] DNA H9T5 5%, B RNA
S s cDNA, 3R451) cDNA # T-20 °C % .
1.8 ZObRE R PCR K5 $dE 4T

DAL RFRAS cDNA AR, R SYBR®
Green J7 AT 6 E B PCR Kl .20 uL Jz 44
ZH4: 2xSYBR® Premix Ex Taqll 10 uL, FFi##5]
110 pmol/L)%% 0.4 uL, ROX Reference Dye 0.4 uL,

FiBé ) cDNA f5itl 2.0 uL, FHJCH RNA free H,0
(A)

1. REMMBFHEL BmN AR LR (<400 f5)
Observation of the BmN cells infected by Nosema bombycis (x400). A: The BmN cells infected by

Figure 1.

FMEZE 20 pLo SN ZEAF : 95°C FiZEE 5 min; 95°C
AEPE 158, 68°CiR K 30s, H: 40 MEH. PG5
FI 2788 BT 459 31 i 45 SR AN 204 T AR S iy
Br, JELL SPSS #4401t 25 7 W R A i g o
' AAC, = (Cimiaps or Bmcyt ¢ — Cuacrins)im — (Cgmiaps or
BmCyte — Cutcrins)sits T Cgmiarsy Cimmeytes Cuerin 73
G R AR I BmIAPs . BmCyt ¢, WE K
Actin3 TESZI G RE B PCR ML RE 4 4/ C,
. RWikE 3 ~HEE.

2 ERFpH

2.1 ZREWHMFHBRYEST BmN 41EH#H
SR, KA AT HUKYE BmN 4
MIEIRT 5d (1d.3d 5 5 d)FAHMeIR SR W 5 AR

/f ’ éﬁ%ﬂ@ l'Ao %@%5%7%, BI‘IlN éEHE@

N 3d ""

Nosema bombycis at 1 d, 3 d and 5 d post-inoculation, and the normal BmN cells at 1 d, 3 d and 5 d; B: The BmN
cells infected by Nosema bombycis at 7 d, 10 d and 12 d post-inoculation, and the normal BmN cells at 7 d, 10 d
and 12 d. The infected BmN cells by Nosema bombycis indicated by the red box. Scale =20 um.
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AR ZE] T —EFRERZm . WK 1-B Pk,

FESR 7 KAIEF AU B0 T iR e g, HL
B AN M B AR, X — R AR 10 KAy
NI HULFEE, PG BmN 4P i 5 A T
L BRI (E 1-B 40 5 HEFTR). 25 12 K
i, X6 BE AL R LT i A 40 o B0 235 961 o 40 i AE
TR (B 2-A, LLEFTRITR), MR A

(A) Control

[ 2.
Figure 2.

filF AU BmN 40 A DL Zs i B, I B R4
MOEATERE, AfaEmmT (& 1-B 5K 2-B). [F
PRSI T A T B — K AL 3 C(Bombyx
mori Cytochrome ¢, BmCyt c)R:HF Yk g2k
(E 3), EBBREGEH 7 K, BmN 4HHIHER K
A HRUE 2R R i 238 LT — B TRl il
AR, FEXTFRIB 3 AR XS B 0.5 £5 . 0.6 fif

(B) Nosema bombycis infected

REMBFHBLERE 12 d 3 BmN A8 % 0H(x200 2)

The influence of Nosema bombycis on the BmN cells after 12 d post-inoculation. A: The normal BmN

cells at 12 d; B: The BmN cells infected by Nosema bombycis at 12 d post-inoculation. The red arrows indicate the

apoptotic BmN cells. Scale=20 pm.
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The relative expression
level of BmCyt ¢
(N8}

1 3 5 7 10 12

BmN AR RERAFREREMEEER C EERBXNERKFEHTLER
The relative expression level of BmCyt ¢ in the BmN cells infected by Nosema bombycis. A: Single

histogram; B: Double histogram. The data were analyzed using Student's t test. P-values are 0.0522, 0.3262, 0.4103,
0.6591, 0.001 and 0.0001, at 1; 3, 5, 7, 10 and 12 d post-inoculation, respectively. * P<0.05, **P<0.01.
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0.7f%. 1415, 04155 0351 d.3d.5d. 7d.
10d 5 12.d), W&l 3-A FiR. Rl 56
10 R5% 12 X (& 3-B), L5 BmCyt ¢ HEHH)
Pk EERRAN(P<0.01), S5 — R, K&
et HUge nl LU 75 32 BmN ZHHEAY I T2,
22 ZFERFATEAWHIEF I4Ps BRERPKRE R
S (b iy
221 EFEEE. NZEKaERAEEZESEAR
FIEEIRIE PG RS 4 DR R T-EAIH A
FHIDCHEE (R 2), H eI P FI1E NCBI
o EF T BLASTp HuXt, HUXTH 4 DR AET
=& FNHIR 7 14Ps 3 H gt (i E LR F 51
GenBank %55 WK 2 R
222 G5 FIH SMART #A\45Hrd
#W]: BmIAP-1 &4 2 MR EE IAP T )75
ZERIH-BIR A1 1 4> RING #5458 ; BmIAP-2 1%
A 3 4 BIR Z5H3M 1 4~ RING FHE45H;
BmSurvivin-1 %4 1 > BIR Z5MF1 1 Mz RKiE
$2 W B2 i 4L 45 4y 3 (Ubiquitin-conjugating enzyme
E2, catalytic domain, UBCc); [fi BmSurvivin-2
L&A 14 BIR Z5438(/& 4).
2.3 ZFEMMTHBRYEST BmN FRFT-EAN
M F 14Ps HHFK KR

FI 9652 e PCR X 5K A% (i 418 MU e
BmN )5 BmIAP-1. BmIAP-2. BmSurvivin-1

5 BmSurvivin-2 FER B SEAR L G LT T 5
SrRT(E 5), W EEA AT R LR 3 s K 5-A
AILVE W, BmIAP-1 FERATER A il USG5
1, 5. 7. 105 12 d 5 FiAka%, HAAXRRE
AT RN RRLLA) 1.7 5. L1 A5, 1.6 fi5. 1.4
55 21 4%, HIE 5-C \TLUEH, BmSurvivin-1 &
PR 7E R A it USRS SR /AT 4 BRI (L d.
3d. 5d 5 7d), HERKFEZENTHE L e
LJEM10d 5 12 d REAFE S, JLHE
RYLJE I 12 d, AR FRIEACE 43 0 2 % B Y
42 %, K 5-B fl 4-C W[LLEH, BmIAP-2 5
BmSurvivin-2 FER ) F RGO , 76K 2B} a] B
AT R IPIRE . HEAE BmSurvivin-2 3K, 5 1d
AOXTRRAIAR LY, R IR ACE— BHAE TR AR
(1d, 3d, 5d. 7d. 10d 5 12d), 435l 1d %}
HRZH AN I 0.6 1, 0.6 £, 0.4 £, 0.5 %
0.6 545 0.9 ff. SVAIMH, 4 MEREMT-EAM
Tl Pl R e Gl A Uk i & BmN 4, -
FEH R A B S, K WAL b 5E
TR AFTAT R, EOREEER B SRR
RACPARAE—E W gt s FLUOR R i dtl +
G FAME R RTIIBT B, A 3 5 1E A
TEE SR IR G R, — i i 2 o
TR E WA AFAEIREE, — Jr i e i 2 A 0
TRXATHUR AR AR . SR, SRR IRACE
P S i BAR I T 5 i — 25 R0

x2. REATEBMFET I4Ps BERNERER
Table 2. The search results of Bombyx mori inhibitor of apoptosis proteins.
Name SilkDB ID GenBank No. Gene length/bp  Protein length/aa  The numbers of BIR domain
BmIAP-1 BGIBMGAO011524 XP_012551315 1041 386 2
BmIAP-2 BGIBMGAO011523 NP_001189458 1686 561 3
BmSurvivin-1 BGIBMGA005071 NP_001243911 12711 4236 1
BmSurvivin-2 BGIBMGA003946 ADM32525.1 411 136 1

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



1894 Feng Zhu et al. | Acta Microbiologica Sinica, 2017, 57(12)

BmIAP-1 @ @ @n Rind— 386 aa

BmIAP-2 561 aa
BmSurvivin-1 —@ @— 4236 aa
BmSurvivin-2 @ 136 aa

4. RERACEANFIEFEUREE
Figure 4. Schematic diagram of Bombyx mori inhibitor of apoptosis proteins.

S == Control ®) 25 @m Control
8 mm Nosema bombycis infected 8 20 mm Nosema bombycis infected
g o AN
&3 &35t
o2 4 58"
o X 4l
.% E * E S1.0H
ER I 52 b
— (5 _ $—
v — o =05r
2 =
0 a 0 L
1 3 5 7 10 12 1 3 5 7 10 12
t/d t/d
C _ D _
(:) 251 == Control O s = Cvontrol o
S3 50| ™ Nosema bombycis infected * b5 N mm Nosema bombycis infected
52 2= %
25 st =10
[
2210 2a ok
g5 5%05
= D —
5 2 0.5 5%
e 25
& =
0 0
1 3 5 7 10 12 1 3 5 7 10 12
t/d t/d

E 5. BmNZHREREMBFARREEH AT EF 14Ps EEBEERKEHTUFR
Figure 5. The relative expression level of I4Ps genes in the BmN cells infected by Nosema bombycis. A: The
relative expression level of BmIAP-1 in the N. bombycis infected BmN cells and control; B: The relative expression
level of BmIAP-2 in the N. bombycis infected BmN cells and control; C: The relative expression level of
BmSurvivin-1 in the N. bombycis infected BmN cells and control; D: The relative expression level of BmSurvivin-2
in the N. bombycis infected BmN cells and control. Vertical bars represent the mean+SE (n=3). The data were
analyzed using Student's ¢ test, *P<0.05, **P<0.01.

®3. REBATCEEMFIET I4Ps EREMREETUNEREZES/PE

Table 3. Analysis on significant difference of the relative expression of Bombyx mori inhibitor of apoptosis proteins.

t/d BmIAPI BmIAP2 BmSurvivin-1 BmSurvivin-2
1 0.0246 0.8759 0.2663 0.0190
3 0.2536 0.0089 0.5284 0.3416
5 0.7420 0.5824 0.0923 0.0023
7 0.0345 0.4517 0.6981 0.1184
10 0.3067 0.0508 0.2658 0.5580
12 0.0008 0.1361 0.0065 0.0299
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o S A D IR SS , AT LR sh sl
i FAML T AL 0 A, #EA R T A SHETE
FAVA N AL, I 00 e 18 3 00 S R
AR T AR TE E AN B AEE o B Ay
—RLEMPN T ERERZAEY), XHE E A0
WA o B, R T fR AT U5 s E 40
(531 R4 ML FRALE], XHER A 58 30R 99 14
RIRHLER . A T R e el #E DL R OWHR S
PR B 45 BT I BRI oy R R B . AT
I A0 A P W 9O E B PCR U7k, W12
R T R EMAT R RE BmN 4T
DL R T2 (30 T TAPs OS2I o A 5T 525
G5B, BICALATIN AP T KR (A0 ActD | 284k
LM E)IE TR T, KR 7 &g BmN
20 E0 T e 4 L T R AR R i s vk . A
WFFE R, ZEZ RV T A R, ST
S, SiER, KaeroIim
BmCyt ¢ TER AT HURGL 5 H R BRI
— B THANERES o Rl e R E A 10 K'Y
512 K, BmCyt c FE Y FRIE & 05 M AL
(P<0.01), HHICAT VL, A sl + ] 0 1 =40
fifl BmN WIE & AP T, S H SETE B0 )
AR RN T A R BE . He % PLR A DNA
ladder. JiaXAMMIAR LI ROS il ik iik i 2 4
e+ BB AE— e BT FRH IR ActD 53
BmN 2L T %

2 A A T 22 A i A ) AR B R i
o EEMAE, 5 R URA T TR A
FH R AN L G2 P A SR, T i i A e
T 3 HE SR AR R T A 1 E AR R P 2. TAPs S
VLA KRB — R AN BN T ol e, 7RV

YRR A, SRR . LAY . TiEL
gt B IAP AT, A5 E A TR
PR, DIRE b AT B K A 5 A A i R A T S
AIE . S BEER R, FATERK IR A H
LR F 4 A4 AP FHT-EE M N 5 (BmIAP-1,
BmIAP-2, BmSurvivin-1 55 BmSurvivin-2), X—
ZEL5 2 B AAR S HRE A — 2 AR R, K
A gl BB AEIG SR e E PR TR bufy R
ik, PR IR T 3L apaf-1. cyt c OB SN
JEf PCR MRS SR BN, FK A+ duUgeds
BmN 4iffl)5, K& TEAMEIN T BmlaP-1
F1 BmSurvivin-1 FEHRAERGLFHI(10 d 5 12d)5FR
KA ETHES, UHERGER 12d, RikE
BE FFP<0.01), 1l BmIAP-2 Fl BmSurvivin-2
JE R B 5 W R o B ) B R ik T R . DB
BmIAP-1 Fi1 BmSurvivin-1 25 [ 0] BE1E K & il L
- U] BmN 40 69 oo A e BT —EAE
HATHEERBE IR . Ah, o LUE A
PR AP A #E—E S5 40 L JE T il i
o flan, —&Rs AP FE A IRe-54n i 1k
A,

i bk, MM AN T R S A
T, AWM UG BmN 415 AT 5200 7g 3240
FRLER) TE AR T A A o el B s R A R AR
13 A DFEPT-E PG T 14Ps FH . 9O6E
it PCR &5 R0k B TE R & il 7 1Y BmN
e, BmIAP-1 H BmSurvivin-1 2 [ 7] BE7E
YRR T AR R —E AR

2 % W

[1] del Aguila C, Izquierdo F, Granja AG, Hurtado C, Fenoy S,
Fresno M, Revilla Y. Encephalitozoon microsporidia
modulates p53-mediated apoptosis in infected cells.
International Journal for Parasitology, 2006, 36(8): 869-876.

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



1896

Feng Zhu et al. | Acta Microbiologica Sinica, 2017, 57(12)

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

Didier ES, Sokolova YY, Alvarez X, Bowers LC.
Encephalitozoon  cuniculi  (Microsporidia)  suppresses
apoptosis in human macrophages. The Journal of

Immunology, 2009, 182: 133. 112.

Scanlon M, Leitch GJ, Shaw AP, Moura H, Visvesvara GS.
Susceptibility to  apoptosis is reduced in  the
Microsporidia-infected host cell. The Journal of Eukaryotic
Microbiology, 1999, 46(5): 34S-358S.

Huang Q, Deveraux QL, Maeda S, Stennicke HR, Hammock
BD, Reed JC. Cloning and characterization of an inhibitor of
apoptosis protein (IAP) from Bombyx mori. Biochimica et
Biophysica Acta, 2001, 1499(3): 191-198.

He XY, Fu Z, Li MQ, Liu H, Cai SF, Man N, Lu XM. Nosema
bombycis (Microsporidia) suppresses apoptosis in BmN cells
(Bombyx mori). Acta Biochimica et Biophysica Sinica, 2015,
47(9): 696-702.

Zhu F, Shen ZY, Guo XJ, Xu XF, Tao HP, Tang XD, Xu L. A
new isolate of Nosema sp. (Microsporidia, Nosematidae) from
Phyllobrotica armata Baly (Coleoptera, Chrysomelidae) from
China. Journal of Invertebrate Pathology, 2011, 106(2):
339-342.

Ma ZG, Li CF, Pan GQ, Li ZH, Han B, Xu JS, Lan XQ, Chen
J, Yang DL, Chen QM, Sang Q, Ji XC, Li T, Long MX, Zhou
ZY. Genome-wide transcriptional response of silkworm
(Bombyx mori) to infection by the microsporidian Nosema
bombycis. PloS One, 2013, 8(12): e84137.

Livak KlJ,
expression data using real-time quantitative PCR and the
2(-delta delta C(T)) Method. Methods, 2001, 25(4): 402—408.
Li Y, Chen DH, Yang SX, Zhou SZ, Liu GL. Ultrastructural

Schmittgen TD. Analysis of relative gene

actamicro@im.ac.cn

[10]

[11]

[12]

[13]

[14]

[15]

[16]

morphological changes of human hepatoma cells after
exposure to Panshengan. Journal of Chinese Electron
Microscopy Society, 2004, 23(3): 201-204. (in Chinese)

B, RIEE, R, FIRE, XERE. BELx A F
95 200 MO R A A S TR . L T R B R, 2004, 23(3):
201-204.

Du A, Zhang S, Miao J, Zhao B. Safrole oxide induces
apoptosis in A549 human lung cancer cells. Experimental
Lung Research, 2004, 30(6): 419-429.

Ono K, Kim SO, Han J. Susceptibility of lysosomes to rupture
is a determinant for plasma membrane disruption in tumor
necrosis factor alpha-induced cell death. Molecular and
Cellular Biology, 2003, 23(2): 665-676.

Clem RJ, Miller LK. Control of programmed cell death by the
baculovirus genes p35 and iap. Molecular and Cellular
Biology, 1994, 14(8): 5212-5222.

Ikeda M, Yamada H, Ito H, Kobayashi M. Baculovirus IAP1
induces caspase-dependent apoptosis in insect cells. The
Journal of General Virology, 2011, 92(Pt 11): 2654-2663.
Katsuma S, Kawaoka S, Mita K, Shimada T. Genome-wide
survey for baculoviral host homologs using the Bombyx
genome sequence. Insect Biochemistry and Molecular
Biology, 2008, 38(12): 1080-1086.

Zhang JY, Pan MH, Sun ZY, Huang SJ, Yu ZS, Liu D, Zhao
DH, Lu C. The genomic underpinnings of apoptosis in the
silkworm, Bombyx mori. BMC Genomics, 2010, 11: 611.
O'Riordan MX, Bauler LD, Scott FL, Duckett CS. Inhibitor of
apoptosis proteins in eukaryotic evolution and development: a
model of thematic conservation. Developmental Cell, 2008,
15(4): 497-508.



RIESE | AR, 2017, 57(12) 1897

Effect of Nosema bombycis on apoptosis of BmN cells and
expression level of BmIAPs

Feng Zhu, Shengyan Xiao, Yonghong Zhang, Yulan Shao, Fenfen Tang, Shiliang Chen,
Xingrong Bai"

Institute of Sericulture and Apiculture, Yunnan Academy of Agricultural Sciences, Mengzi 661101, Yunnan Province, China

Abstract: [Objective] To study the effect of Nosema bombycis on the apoptosis of BmN cells and the expression
level of BmIAPs under the condition without external apoptosis-inducing factor. [Methods] We observed the
change of BmN cells at different times by using microscope after inoculation with N. bombycis. The relative
expression level of BmCyt ¢ in the N. bombycis infected BmN cells was detected by using real-time PCR. We
searched databases of silkworm genome and Pfam finding information of Bombyx mori inhibitor of apoptosis
proteins (BmIAPs). Real-time PCR was used to demonstrate the relative expression level of BmIAPs in N. bombycis
infected BmN cells. [Results] Compared with the normal BmN cells, BmN cells infected by N. bombycis had no
obviously change at 5 d post-inoculation. The growth of BmN cells was influenced by N. bombycis at 7 d
post-inoculation. The vacuolization and apoptosis were found in most BmN cells at 12 d. However, the
phenomenon was not found in N. bombycis infected BmN cells. Moreover, the relative expression level of BmCyt ¢
was suppressed in N. bombycis infected BmN cells at most of the time, except for 7 d. The expression of BmCyt ¢
was lowest compared with control groups (P<0.01) at 10 d and 12 d post-inoculation. Through searching the
databases, we obtained four BmIAPs, including BmIAP-1, BmIAP-2, BmSurvivin-1 and BmSurvivin-2. The results
of real-time PCR indicated that the relative expression level of BmIAP-1 and BmSurvivin-1 had up-regulating
tendency at 10 d and 12d post-inoculation, especially at 12 d post-inoculation. But, BmIAP-2 and BmSurvivin-2 had
down-regulated expression at most times. [Conclusion] Under the condition without external apoptosis-inducing
factor, growth and apoptosis of BmN cells can be influenced by N. bombycis. According to the results of real-time
PCR, we speculated that BmIAP-1 and BmSurvivin-1 may play a certain role in regulating the apoptosis of BmN
cells infected by N. bombycis.
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