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The Effect of Parasitization by Encarsia sophia on the Content of Trehalose, the Activity of
Trehalase and Expression of Heat Shock Protein Genes of Bemisia tabaci Nymph

WANG Yingying"?, WANG Su’’, ZHANG Fan?, LI Fei'"
(1. College of Plant Protection, Nanjing Agricultural University, Nanjing 210095, China; 2. Institute of Plant and Environment
Protection, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China)

Abstract: Changes of trehalose and trehalase activity and expression levels of three heat shock protein genes in
Bemisia tabaci were measured at 6, 12, 24, 48 and 72 h after parasitization by Encarsia sophia. Contents of
trehalose peaked at 24 h and then decreased, while trehalase activity was low until 24 h after parasitization and then
increased. Parasitization induced high expression of Asp90 gene but suppressed expression of hsp70 gene.
Expression level of Asp20 gene increased in the early stage after parasitization and was then reduced. The three
genes were differentially expressed starting at 12 h after parasitization. This study indicates the involvement of
trehalose and heat shock protein in parasitoid-host immunity interaction.
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PER SIE. BUK. TR, WS EINE SRR R, DRI 5 A0 0 7E N
LN, HOE A SRR ARG S, BRI B, AR AT A
BT, B TIK, DS 5 s IR R ik, 2 0urs RIS 70 shah, IR A SIRAE
VAP R ARVEK R 4055 i ke 25 5 B4 >0,

RS (trehalose) [ VZAFAE TGS, S, dlp. HiE. BebE. BARILeE#Esi, B
SRR, U B e e R, S8 AT K A RS
Hh BT (0 B A g SR AT T R A e R TE . BUKSER AR, R T R IR R
H—HE, 7EANE I B TR R, R 2 T SRS iR, DRI, el AN 2 R HL i
B, ARG R A AP B AT

AN AR SE IS B, P AR XA AR i S AT e T R B AR RS A S N 2, T R A 2 R
LR T BARMEA AN A, [ 20 tHhEt 70 4EAR,  NATTEMITAR DA 25 A W N AR SR AT i st > ),
UTEEAE, 2R AR AR (3 L IR S AT (I 9 L 3 i 1Y A S DL FE AR R
Bemisia tabaci Gennadius N FU0 %, W57 | HARS A5 38 W /NE Encarsia sophia (Girault & Dodd)
TN BUG, T AR EORE S R RO AR A DL A 3 MR R PR R R SR K. R TR ST
B AT AT EN R IR ERAS, T 8 2 AR R LB R, ik P
() B BRI AN 2 AL g 4 25 EARBHLEI B8 T 4.

1 #MR5ERZE
1.1 ik HiE

B FE H IT FH (R E  SER 8 g R /)N g 34 DAy A T AR 2 e R ) DR A B R P T IR = N B
FhEE. FIH mtDNA COT &R 5 41PN e MRy A Q Bafh . 25 EARMONRRIE CIRBRT 49) , FFILKH 4
FEMERON BHIZERTE a4 +80 HZ M, 45.0 cmX50.0 cmX50.0 cm) W, HE%E 4 Fkkide, [
I 42 N 300 XPRERY B HUHEAT % M0 mAT UK B B 3 W, 10 S8 NN 50 Sk v i LT )N e A
8 SHEPE v B B e, BERE 1 OJE, 1) 3R HUE P AN SR B SR E A AR AR . AR,
Wy ml A HUBE A A 35 32 L 27 A e B 28 SUVE AR I B KA 27 B RGP AR (2541 °C, A
S 60%~70%, J6JEW] 16L:8D, JEMHREE 800 Lx 4cfF N9 2. MRk mURIL 35 Bk /Mg 24 1] 55 5
LR
1.2 RE BN A WG AT

I — KA R kAL (3L 30 k), B PN 10 XPEA mL, FHACRE b, 24 h R R .
R BT R B 4 3 WK 4 AT (26 "C 20 15d) & o K20 Jk mUET SRR AL I 3 ) -
W—F5BY T, NSRRI IR I o AR IR IE AR C0 e, JRREE . RSN B2 R
By EAT Bk, PRUEREACT AT 50 Sko BRI R MR Bl AN N IR IR /N, (R B AR AR
ARBEEETE, PRI (ARSI LN BN 60 SKERENACHE (M MEMEASTT 24 h, DL 5%04 % K b E J7
PR MR B R /N, 2 SRR T A RS AR AR AN 2 A WLl w2k, I P A R kg
P 100%, 1 h JoBisRsE. 00T 64 12 24, 48, 72 h o, T WA T PR AT 1 1l i 1 25 A i ok
AT P, ARSI I, ) R, AR o R, DBk Se s S B, RN IR Al
PRI 140 Sko KBRS T A B LR 40 SKHERY B H 120 'C FAYR 1 min, ARJGHCT 3N B, R
R B OISR, CENR BRI AR AL, BT 1.5 mL B0 W IR A B IGIE KA (DW—-86L626,
B KRR A IR AR iR, FH T o S L Ol P A v I I 2 . AR 100 Skl T
1.5 mL B0 W, RFA-80 CF&M, JHTFLmr7teE® PCR (ECO™, F[E ILLumina 23 w)) % 3

Tty SR 11 AOATIR 0K o FEAT RIIN TR) A, OB TR A it P R e A (R MO s R DA ot T S8k
LR B, AL AN AR 40+ 100 SKHFATECRE, BRI TR B 3 AN

1.3 HEMEEEES=NNE
TR B E 2 Ge P2 07 W RSN SeE o K AT AT 40 SRRy mUET 0 B0 A P &
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100 uL 20 mmol/L BFFRZZM W (PBS) , 74 WEEE . FA& I 200 uL PBS ZE i, BEATANMumi: G s
WA MR EHL UP-250, T B0 AR A AR 27D 20 s, 4 'CF, 1000 r/min &0 10 min (PR ES
OHL 5424 R, 18[H Eppendorf A7) o HU 150 uL B3, #5M. #0150 uL &1, 4 CK 12000 r/min
20 10 mine HY 60 uL L&, 97 'C F N 10 min, LA EHEME . SIH S0 uL bis e, HI LA @ 8
CERE e, % e o Qe ], s s aarE 4 o 3 60 pL E3GHHE 30 uL, FFRAIA 30 uL

1% MR IR KW, 97 C R W 10 min J&, YK 5 mine FEIIA 30 pL 30%KOH /K¥¥, 97 ‘C N 10 min
G, UK#F S mine PN 4 RAARE B AR IRA W (2 mg E/1 mL 80%ARIR) , 97 ‘CJx WV 10 min /5,
UKHY 5 min. JEFFR{Y (Versa Max, 3%[E MoLecuLar Devices A &) il 620 nm FHJ OD {H. Li—R5IA
A (0. 0.02. 0.04. 0.06. 0.08. 0.10 mg/mL) I EERARAER I EARMEMZE, 620 nm FIUE OD {H.
1.4 M0N0 BV SRR I V5 M 1 xE

HEHORERE VE RO I 52 2 1 Tatun 2P BRI INSGE . # BB BUR A 150 uL 3w 4 CF
20000 r/min #L» 20 min. B 30 pL, HISRIHE SR 53 E3EW 50 uL, HIRINEEH O7ER D .
] 30 uL EIEW PN 118.5 uL PBS, 1.5 uL SR HEM 5 )5 37 'C Y. 60 min, £ 100 ‘C3&W 5 min,
L E N e VK#F 5 min J&, 4 “CF 12000 r/min &0 5~10 min. B 50 uL 3, JIA 100 uL Glucose
oxidase/peroxidase reagent (3 [H Sigma A #]) , T 37 ‘CF &M 30 min. F 1A 100 uL 12 mol/L it R 7K %
Wi, 540 nm FI%E OD . LA—RFIAFEIKE (0. 0.02. 0.04. 0.06. 0.08 mg/mL) 2 BEbRAE M I/
FrUEriZE, 540 nm FllE OD {H. & AR 7700 1.3,
1.5 HHEAERESEBRE hsp20. hsp70 F0 hsp90 FEE RYRIE

FTF H NCBI H R I A0k B hsp20 (8L 1 20, heat shock protein 20) (Accession: HM013708.1),
hsp70 (FAFEEL A 70, heat shock protein70)  (Accession: HM013709.1) Fl hsp90 (S ELH 90, heat shock
protein 90) (Accession: HM013710.1) FEKF41, FIH] PrimerQuest Bit & 514, FHARHE MY T p—actin
R B NS 5190 hsp90-F: 5—-CTTGGGAACAATCGCCAAATC-3'"; hsp90-R: 5-CGACAAGGAAAGCT
GAGTAGAA-3'; hsp70-F: 5~TGGTCCTCACCAAGATGAAAG-3'"; hsp70-R: 5'-CCTCTGTGAGTCGTTG
AAGTAG-3'; hsp20-F: 5—~CAACCTTGATGTTCAGCAGTTC-3'; hsp20-R: 5—~GTCTTGCCTCTCCTCATG
TTTA-3'; f—actin—F: 5'-TCAGGGTGTAATGGTCGGTA-3'"; f—actin—R: 5'-TGATGATACCGTGCTCGATG
G—3'o WU 75 2 Jo AN ) BN ) R DRy ST O A N0 52, DUAH ) & IS A4 A= PR JEDRy s A o)
KH qRT-PCR 52 3 P s A 3E R A RIA & . K Trizol (Invitrogen 237D VAN BTA FEMIEAT &
RNA $2H0, 1% M B NERE AR KA I RNA (R4 B IF T 706 6T (DS-11 Spectrophotometer, 3
DeNovix 24 7 DMl RNA [IHSE B 1 pg S RNA A, FIIF S AR 71 6 (PrimeSeript™ 1st Strand
cDNA Synthesis Kit, 4% TaKaRa A #]) A4 —%E cDNA. M cDNA HHL 2 pL A {E PCR AR . FAn
A SYBR Premix Ex Tag 11 ( HA TaKaRa A7) 10 uL, ROX Reference Dye 0.4 uL, ddH,O 6.8 pL, |- Fif
S04 0.4 uL, K 20 uL (B NAA R . 78 ECO™ BT 9%5% ¢ B PCR, JFAARERE N 95 CHIAE 30 s,
95 ‘CAMES5s, 60 CiBKk 34s, 40 MEH, 95 C 15s, 60 C 1 min, 95 C 15s.
1.6 HEZIT5 D

FIH SPSS 17.0 for Windows X &0 56 I AF EAR AT Ge 1T 400, SRAFPIME S bRitES o 0 AN [ i [] Ak B
B) ) 22 S EA T B 227 22087 (One—Way ANOVA) Al Duncan £ LK (P<<0.05) o XAl a] %54
255 05 R 2L PN T b 1 22 S R SN I 1) 72 7 35T independent—samples t—test (P<<0.05) . B Z IR
IEEHEL 1, R one-sample t—test X [A]— I 8] 25 2B 21 A 3 FhHIER (1L R RIE B 5 N S 2L RE S
2 AT BE T (P<0.05) .

2 ZFRESH

21 FEMNEMEKRGEEZENE
ARy B e R /Mg R AR S, BRATAES 6 hy JLARIN TR) IR T SR L L 1 2
5t (t6=1.141, P>0.05; £,=6.968, P<<0.05: £4=10.085, P<<0.05; t;5=-5.560, P<<0.05: t;,=-5.866,
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P<<0.05; JTH df=4) o (EFAJGHIANRIN ] £UP, b i eI s s R ARG 6~
24 h, WFEES REANKITE S, JEE 24 h BB, ARl B R S TR Z2E )T 24 h R
T RITURBHIAR, 76 72 h IEBERARAE, 39 () b R 20 i i b 5 8 S R T . 3 ARG 72 h, R G
FRE B USR] S 2 AR B TR ZE R (F=43.018, P<<0.05, df=4, 10D . %455t Wk o g
JNBE B AR SR T AR Y IR KT . 2B S 24 h N, WEEERE LR IR IR 24 h T, ARG
WS BE BB o, TR S AWK, RESRE R A A EAE (B D .

[ B %L Parasitized
[ %Iz Non-parasitized

IR i Trehalose content (mg/g)
(3%

6 12 24 48 72

7B R 7 I 7] Development time of E. sophia (h)

TEe BUEFIE S ARED . b “r” FORAL PR X A ()RRl S i 2 R A B M KE (P<<0.05) o M RN RERORTEAL B AN
R IF] AR R ) FR T B B 2 RS B B MK (P<<0.05) » Rl

Note: Data were mean=+ SE. The “*” above bars indicated the significant difference of the content of trehalose between the treatment group and the control

group (P<<0.05). Different letters above bars indicated significant difference of the content of trehalose among different treatment times in treatment

groups (P<<0.05). The same for the following figures.
1 #HRERGEFEFEMEARRNERESETL

Fig.1 Changes of trehalose content in the B. tabaci nymph parasitized by E. sophia

2.2 FHEFIEREA ARG EERIE R E2 0

JOR Y v T SR N B 2R S 12 48 FIL 72 h, AR PN IR B I O 95 1 0 R LA A T 2
MAEZ 4G 6 h F1 24 h WM B EMZER ((¢=1.124, P>0.05; £,,=-3.855, P<<0.05; t»y=1.356, P>
0.05; t3=3.431, P<<0.05; #7,=3.670, P<<0.05; Jifi df=4) . MIEEMIKT-E, W5HE05EE 035 M L0
AR E THm e . 5 A 24 h IR, M5 OB #HEsR, 746 72 h ik 3 mf, H5SHAL
4 I TR) 2 T AR B AR (F=7.037, P<<0.05, df=4, 10) . #H4)5 6. 24. 48 f1 72 h,
IS A (1) 95 T A v TR R, TR AT AR S 12 h DI AR T R g R S S AR L, A
MG, (EFFASG 6+ 24 h, G RN O S SR S S8 i TR IR, T LA 3 AN I ) 5T R B A S ) 25
o AAE &5 R DA AR 5l & mE A AR & X — 45 KUl BV B N g T AR R T
SR B B I R (2D
2.3 FHEMEME 3 MAREREERIENZN

B3 ATLLA Y, i B N 25 A SR B hsp90 KB BRI, HAEFAG 24, 48, 72h, 5
KR, WA EEFEESR (,6=1.677, P<0.05; t;,=8.669, P<0.05; 1,,=12.916, P<<0.05; 144=30.518,
P<0.05; ;,b=16.350, P<<0.05; Jifi df=2) . BEEZFERRIMAER, Asp90 HIAHXRIA = HORES, 75
72 h A E] 4.04 5. TASG 48 A1 72 h, hsp90 WIFeik 5 HA I ] SOAH LU I 3 M i, MifE%42)5 24 h
WITE B 25 (F=163.395, P>0.05, df=4,10) . 5 hsp90 ANFEIIIIE, Weikss Bl NMgs 4G, M
Wra\ hsp70 RIS EMRAC TR, HAEFAES 24, 48, 72 h WHEBENZER (4,=1.330, P<0.05; t,
=-4.387, P<0.05; t,4=-6.220, P<<0.05; t;3=-12.001, P<<0.05; t;,=-9.441, P<<0.05; Fif5 df=2) .



553 3 TRURUEE P B /NG 2 A R A SR R T AR T R (K5 301

27/E Parasitized
F 757k Non-parasitized

25'.
O

R B
Trehalose activity (umol/mg protein'min™")

6 12 24 48

27708 K 75 I8 7] Development time of E. sophia (h)

B2 #HRERDLSMEFSEFEMEKRIEREIREEEL
Fig. 2 Changes of trehalase activity in the B. tabaci nymph parasitized by E. sophia

Xk LA 25 AR I AT AR AN TR B Asp70 IRIE . WIEAIKTE, hsp70 HIZRIEKE RIAKT Bt
P PR ST 24 h F1 48 h RPN EAT s, SHTHASE R SO LT B R AERE)S 72 h, hsp70
fisE B E TR, HETRE (F=28.905 P<0.05, df=4,10) (K4) . 5Ky, FEkHE
PSR T Asp20 SEid HIE, JEAREIE. 4G 6~24 h N, hsp20 (IS EAWTTFE, 75 24 h ik S5k
{8, HA5 AR R A2 (AP W 2 R 24 h SRR TP AR BB BRI, 7F 72 h B ILEARAE, %5 0T
[fi 4 NI A) SR B 2R (F=44.706, P<<0.05, df=4,10) . S5XIHMLL, hsp20 & EEAHE
i 24, 48, 72 h WHBEMER (4,=-0.066, P<<0.05; t;,=19.467, P<<0.05; £,,=5.989, P<<0.05; tss
=-6.848, P<0.05; t,=-16.706, P<<0.05; FIf5 df=2) , W% B M sgm T hsp20 (K 1EH £k,
DA At 45 AR B, v v JRUIF /N e (1) 2 A k25 0 T A T esp 90 hsp70 R hsp20 161K, B 0] Rg
VES— PP ORI P T 2 5 000 B\ PR N, 171 2 A 0 E R by SO AR 56 2 3 (R B 48 s S B4 T T, DALtk
SEPGE ARIEE IR AR PR LR A R R IE A T g 5 A% F IR . ThAEDL A
VE F I R) 554 0K

277k Parasitized
A7/l Non-parasitized

rm
O

hsp90 AN Rk
Relative expression level of hsp90

c
d
*
| h
| ﬂ
0
6 12 24 48

27708 K 75 I8 7] Development time of E. sophia (h)

72

B3 #HxERE/NMETEREMEKRA hspo BFRIEKT
Fig.3 mRNA expression levels of sp90 in the B. tabaci nymph parasitized by E. sophia



302 HOE R BT e R 31 %

18 B 77’k Parasitized
16 O % Non-parasitized
X 14f
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S 7L a
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K2 Lof * .
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0~ o
25
<o 06 c
2 04t
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0.0

6 12 24 48 72

2 W% K 71 1N A] Development time of E. sophia (h)

4 PIREBENETEREHEIKA hsp70 BYFRIZKF
Fig. 4 mRNA expression levels of sp70 in the B. tabaci nymph parasitized by E. sophia

O M %k Parasitized
O &%’k Non-parasitized a

o [

hsp20 X Fik R
Relative expression level of asp20

12 24 48 72

27 £ R & I 1A] Development time of E. sophia (h)

5 HRERENMEFEEEMNEMKRA hsp20 BRIEKT
Fig. 5 mRNA expression levels of sp20 in the B. tabaci nymph parasitized by E. sophia

3 i

TSRS AR AR & 1 F 2B, BAR MR S84 T ORAP A s Pk, B S R R
EEE U, PR 2 TR, e B R BRI, A A S SR B e 45
HSP90. HSP70 A1 HSP20 737l & +#id 1 3 NSRS L. Herb, HSP9O A1 HSP70 72/ EW A b L
W, IR R 2 o AT IR S EL R AT e AR A AT EETS F 3Rk A LLACR
R EYF b IR LIRS, WD T ARHATCER (1 R Sh B AN A R 2> A9 R IR R I B A PR B
EFF TGS I RILZE 5, B AL S0 A T RIS X YRR ) Jo o B AR e 27 A 2 3 B Uk Rt v () EOSON: BA&
WAERITER

M TGS RR M BT A Z7 AR DU T 37 R AR IR I B R I ) DL A 3 R 1 SRR
KIEIKAN-o Pl vm BUF/ING 2T A I, MRy AR PN e W 2 B S T o PRI, T s il P 3 P 2 U R A
bR B, K i I R 0 R B0 4 T 8. Dahlman A1 Vinson!"! % LT ) 74 2 i
Microplitis croceipes Cresson [¥725 A 1] 35 i HEeF 72 e 4y H I 99K B2 o B i B /A S, T 82 40 S 2 TRIE B e #A 6
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H Dendrolimus tabulaeformis #¢45 [ A8 % Beauveria brongniartii (Sacc.) J&H% Ji5 Lk b i e b5 i 0 3%
FEAC, Ui B a7 AR =77 = HAENLRIM R etk 5 22 etk o BRI, A AR ig Bk = hpiss . T fd A
TR IR T R KT 25 L e FRAR A T RO, FEARF ST, 25 M mE R S R A ST 24 h ik
B d5 RAA, HED AT RE S WSS I T R IR AP D e, AT Re e a7 AR B SR Tt R4 R 24 h )5,
U R O T AR AN FRAIS, Wl i 5 AN IR T s DTSR O R R B AR O A AR e
JE KT A0 E S o R NI R I 240 48 b, FHRHEST, 27 AR B UTAI T 4t 25 2 A A A T R
P, WP R TR, AR BRI E AR A S KB H .

3 PR SRR BT AR 5 T R R IR ZE e 3Rk . b, hsp90 R IE & 5 A5 AR I TR BOE LE,
hsp70 T 25 AL TR L, hsp20 (935 M BLSGTH w5 PR i34 . 1445 15 Shim!"™ I Zhu
SR8, TSR R R . (HAREREME, TR EVEE PR, X 3 Fhiis f it
DI IEAE 25 A4 12 h TSR B 22 S 308, 15 Zhu S 5 SRR — 30, TRATRIL, 3 FhHBER (36 8 H L
72 AT I AT AR IS 8] 5 bl S b s B L AAH /], X Ui W 27 AR I BRAE K B 21 12 h Il e R 2 B
B, ST R A 7 A USROS, AN R R R TR B AR R — AN S . SRR
hsp90 5 P IE, M hsp70 F1 hsp20 HAWHIIE, HATEBABAFRR, X g5 REER A1
MR H DR K, 8 PR . AWTTENTEER BRI 25 T 5 Eg 55 EHARRR, I
Wy BA 28 T =B Ae X — HAR R D BTy s ) f €. SR, AKHFUIF B P E— 2D 5 J5b Pl i [
TEH K B AR AR O R AT S 5 B AR Ak, DRI A 48 7= Vbl 7 27 A2 08 55 37 E HLAERLAI AR FH I
WA S . IbAh, REIRZOIEESCRBEE A2 S T8 B R RN, (HIEIEDFRA R #EE AR
AR — i R rh BARAE R 7 N 2R D, 07 A feidt— 2.
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