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INGERESRTA IcHsp104 5 IcHsp78 B 5 b K 7£ A~ [E) BB & 15
T By FRAEFE

FREE F4FE T4 Rrw
AR BRIERT WA M 350013

# E. [Fx]) e RI8saria cateinannulata)#—F 20 A A, % F R T hiatk
A& T ZR AR AR, [B 6] BIR L& G 8K G M & @ B(Heat Shock Protein Casein
Lytic Proteinase, Hspl00/Clp)2—% ATP 4R # A Hspl00 K% & &, LIEiZE 4k Hspl00/ClpB Kk
49 2 ANXAER R IcHspl04 5 IcHsp78, 3K & izt A B 2 3 T8 B) i o B iR B a8 T 6948 A [ ik ]
3L AT B RAF 09 45 R AKIE R, R A M BLAST 7 ik %t B4k A R 36 Hsp 100 K3k 2 B BE4T 947 T ik .
i if RT-PCR # AR, 2t R4 AR R 58 Hsp100 35 B #9 % 74 X (Open Reading Frame, ORF)#AT A% A I HE
BT AEME EF SR, *TIREARTL Hspl00 KRB 6 ZAB M. SR, Fied ikt
ZREMBAT M., BEREREABREAE AR, RAKALLE PCR (Real-Time Quantitative
PCR, RT-qPCR)# A, xt#kiFeg i Batirkiisam, [£ 2] &5k 2 43R4 £36 Hspl00/ClpB
B Hspl04 5 Hsp78, ¥ 24 % 4 IcHspl04 5 IcHsp78, 2 N B 571 %55 923 4~F= 805 A~ RILER,
5T 245 A4 103.199 kD #= 88.805 kD; 2 MNA R ¥ 5k R7E . B H BARER 3 Mmitey &%
X BRI, 12 2 AN R Z 08 69 B RS 2 AR % i & G 3 h B e AAA-ATPase Kk % 4,
ZREML o kA E. FI, ZHRBLEAKRE, 2 NAB G EREH R LR, FFREA I E 4
MK FPAMEE, MAHEMELETERTIRRA, 2R REZNMAIES, KKRELHA 2 NEE
ERZEH LA, GRAL2ANRRGEZTHZE 4], (48] 445 RT IcHspl04 5 IcHsp78
KA ARSI BEAB L P AR FENGER, A5 5 AR RIO 3T RS 8 A ML BT R
RAET b,
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Molecular cloning, expression detection of IcHspl104 and IcHsp78
genes under different stress conditions in Isaria cateinannulata
LI Liangde LI Jinyu WANG Dingfeng”

Tea Research Institute, Fujian Academy of Agricultural Sciences, Fuzhou, Fujian 350013, China

WU Guangyuan”

Abstract: [Background] Isaria cateinannularis is an important entomogenous fungus, and its biocontrol
efficiency in the field is affected by the stress of many environmental factors. [Objective] Hsp100/ClpB is
a class of ATP-dependent Hsp100 family protein, to clone two crucial Hsp100/ClpB (heat shock protein,
casein lytic proteinase B) family genes IcHspl04 and IcHsp78 from Isaria cateinannulata, and to explore
its role in response to different temperatures and concentrations salt stress. [Methods] The Hsp/00 family
genes were analyzed and screened by BLAST method using transcriptomic database obtained in early
stage. RT-PCR technologies were used to verify the open reading frame (ORF) sequence of Isaria
cateinannulata Hsp100 genes. The amino acid structure, phylogenetic tree, functional domain and tertiary
structure of Isaria cateinannulata Hspl00 genes were analyzed by molecular bioinformatics analysis
software. The expression of Isaria cateinannulata Hspl00 genes were detected by RT-qPCR technology
after the fungus were treated with different temperature and salt concentration. [Results] A pair of
Hsp100/ClpB genes Hspl04 and Hsp78 were screened and named IcHsp104 and IcHsp78, which encoded
923 and 805 amino acids, and their molecular weights were 103.199 kD and 88.805 kD, respectively. The
relationship of both genes were close to Isaria spp., Beauveria spp. and Cordyceps spp., but it showed
lower similarity between the two genes. The proteins encoded by the two genes were classic
AAA"-ATPase family proteins, and the tertiary structure was mainly by alpha helix. In addition, after the
treatment of high and low temperature, the expression levels of both genes were up-regulated, and
increased more significantly with the extension of treatment time. Additionally, the effect of high
temperature stress was significantly stronger than the low temperature stress. Then, in terms of the
treatment of different concentrations of sodium chloride, the expression levels of both genes were
up-regulated in the low concentration stress, while they were inhibited in the high concentration stress.
[Conclusion] The IcHspl104 and IcHsp78 genes from Isaria cateinannulata play an important role in the
response to external temperature and salt stress, those findings provide a theoretical basis for the further
mechanism studies on Isaria cateinannulata responding to environmental stress.

Keywords: Isaria cateinannulata, heat shock protein, bioinformatics, temperature stress, salt stress

hEERMZ S, HTZERSR . Rk
1 B U PR SR I R 52 ), 255 Bl /e -
(Empoasca flavescens). 2R (Ectropis oblique)Fil
KNSR W (Myllocerinus aurolineatus)% % H &
A PR Y A A R T
me, BHAS TIREZ MR R, T, B
2% (Neonicotinoids) . IR HL 44 fig 2% (Pyrethroids) Fl
A H R TiG 25 (Carbamates ) 35 5% HLUF & Bl V6 4% bl 3
RO H WAL, SRR 2 M AL AR AR 2 R BUS
LA T B2 P (Resistance) . 5 14 58 IR
(Resurgence) 14 24 5% £ (Residue) %5 “3R” (] il ,

[ T A iRl S S = P N e A E S 54
it B K JR 1 B

B O D EC TR O B R A AR W Rz
T AME BB EYBIG . B0, P5EHE A
(Isaria cateinannulata), 5|4 A F 5, K8
THAME, 2—FfEYELENSE AR
P o 3 3 XoF R U D TR I I R AR S AR Y
TR, IEERE R cateinannulata) e 45 Il
I RIUE /RS DO P 1 iy o= S E (| PR > 3ty o U
(E. flavescens). Z5A&M 4k (Homona coffearia)FZ
/NG ik (Adoxophyes honmai) 55 ELA A% 5% 1Y B0
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PEESY G HAlE L, ANk (Plutella xylostella) .
WIAZBENL (Resseliella odai) . Bk¥F(Myzus persicae)
Sl FLA B B R I R L AR, TR TR R
SYAME A, SRR R . K PHZEAM R A
HH )5k B A 25 R BE R R, 04 B4 aln) 4 4t
S0 3 T FE bR 2 A% s T

PR TE B H (Heat Shock Protein, Hsp), MK
PR T, A WAz B A0 B 5 W an I AR N R
AR —REA . %E A AT TR A
Y5 EZAEY T, TEER AN R IR P E ik
VEL TN, T7E 1962 4F, Ritossal” 75 27 #4
WAL PP S (Drosophila melanogaster) W Jif 28
21 (Salivary Gland Tissue)if T IR A B EH, =
JETERSFN Yt R TIZE AR AETE. &I Hsp
RN, AT Hsp H2E K50 Hsp
(KF 80 kD). "H4rF Hsp (30-70 kD)FI/NT
Hsp (15-50 kD)= KFE", talks Hsp dEAT40
4y, 1% Hspl00 . Hsp90 . Hsp70 . Hsp40 .
Hsp20 Al Hspl0o MY, pif AWFFE4s R %W, Hsp
ATE SRS TR A S, FSEMRE. T
M. owER . mpHAE . YU, B KO aE SR
A B A5 B 45 1 T e RE AR B By 1k 28 1 BT R B
AR Y F LA

AR Hsp FOVEFHBLTRITE = 55 S A P A derp
CAFRAS IWRTR A, (BAE A B T D
1B o H P R AT % bl e Biih v A5
WA, AR ARTE PR 52 B 28 bl fe . IR
W FE K Joih 38 S AN R 2R AR5 o B B 2 1
6 1V ff 25 [ i (Heat Shock Protein Casein Lytic
Proteinase, Hsp100/Clp)/&—3& ATP {K#§i % Hsp100
F 5 AE 1(ATPase Associated with a Variety of Cellular
Activities, AAA"-ATPase), HH ClpB (Casein Lytic
Proteinase B)J/2& Hsp100/Clp & [ Z % (f1 7% Hsp100/
ClpA-D)WHEZ— 51, ZEEF LW Hsplo4 5
Hsp78iX 2 MHEA R, HASFIHAIRE, WA
SACHIL ) DR 338 05 ol a7 ) R 1 Ak SR Y

ST, ACHIFST AT 010 A5 0 5% i 4 $ 0 12
T 2 MEAHYEKRN Hsplo0/ClpB £:[H
(IcHsp104 5 IcHsp78), *t3R1%%) Hsp100/ClpB F
PRLEA T B AL 30 UE 5 A= WA B2 e A, DRI 1 72
AN TR B RV B2 P8 1) 3k KK, DU 5 22
PREIZ TR PR 1) 390 53 1 3 AL 2R R T A A s AT 1 e
T P U S

1 RS
1.1 #r#d
1.1.1 i EkRERRE

(i NS 7 N DN 7 Sl W S R S L
(Homona coffearia)ffif@ i, HHkiEF T pH 7.2
1Y Sh 4% A A ME IR (Potato Dextrose Agar, PDA)
R IR, JET 4 °C WA RBIRF .
PDA H373E(g/L): S5 200.0, #Z0E 20.0, B
i 20.0,

112 FERlFFLR

MORNA 2B 7 & Eastep™ Total RNA
Extraction Kit, & RNA RFXH & GoScript™
Reverse Transcription System . DNA # % [ 14 451
4 DNA Gel Extraction Kit, ZEz= KAV ARG
Firs 9t w PCR 7| £& TagMan Real-Time
PCR Master Mixes FZ¢:Ye% SYBR® Green,
Thermo Fisher Scientific /A F]; &6 & T I/
R TEEAT A ANTPs (4% 2.5 mmol/L) ., Tag DNA
R4 A DNA Marker 2000 45, TaKaRa /A 5 ; %%
AT A pUCT]-T, £ T A TR IR A
R .

PCR 1%, Eppendorf A F]; #E TAIER, M
FAL R AR AR BERSIR R SE, Invitorgen 23
Hl; D6 & PCR 1Y, Bio-Rad /A Al Hil T2
e, ARV B B S A BR A ]

1.2 7%

BUBAEILT 4 °C VAR TRRR , B o bR T 4%
M PDA BHE R FREE, T 22.5 °C fHilR IR
PSR 21 d A, B 2R AR R,
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FHl Eastep'™ Total RNA Extraction Kit $2Hl RNA ]
THM PCR vef; [EHy, 2050 T4 °C)FE
I(45 °C)ZAET, WrB 10, 20 F140 min J5, HUkE
TR Ua A s 754h, 16 PDA B
ANaCl, Z3 e il sk B4 0.5 mol/L A1 1.0 mol/L
B EL, AR T AR SR A O [R) Eh Uk B i 1
FRH, F22.5 CHEERFEM TR 2145, W
FEFF AR a0 A I . DL EYA . SRR af ik
W AARK BRI REO5RMEK, S48
WER 3 K.

1.2.1 5 RNA $2BUK cDNA 2RI &

2 I Eastep ™ Total RNA Extraction Kit [ #:4E
PR, B R VR AR AR 50 mg, SE
TR AR, EMELRT, B EREER
HUEL RNA (Total RNA), FFUEA TR LYK,
Fr#EH RNA [5e%E. 2R, M GoScript'™
Reverse Transcription System AJER/EA TR, B
) RNAVENEER , K% PCR Y34 FITis 2211 cDNA
B .

1.2.2 IREEHETRTA Hspl00/ClpB £ [F By (&

R 4 i M AR A5 09 IR BE B SR L IcHspl04 5
IcHsp78 W EH P4, 43 i& it T Hspl04-F1/
Hspl04-R1 F Hsp78-F1/Hsp78-R1 % 2 X514
(£ 1o R RT-PCR HAR, DIHiHRIG 0 A 6EHE
WA cDNA N#EAMR, XT IcHspl04 5 IcHsp78 3&H
12w X (Open Reading Frame, ORF)F 4 E4 T,
FEIGUE . RT-PCR NiAZ : cDNA it 0.5 pg,
1E. 5810 umol/L)4& 1.0 uL, Taqg RETHE
(2.5 U/uL) 0.5 L, Tag Buffer (% 15 mmol/L MgCl,)
5 uL, ddH,0 #MFE 10.0 pL. Wi &fF: 95 °C
3 min; 95 °C 30's, 59.5°C 30 s, 72 °C 1 min,
334MEER; 72 °C 10 min, YWCHCH RO, Hakik
pUCH-T #17i%4%EH, R KATH DHSo &2
SAMMIEATEAL, B3R5 A TIT .

1.2.3 INEEMETRTE Hspl00/ClpB EEMEMIER
FoH
IcHsp104 5 IcHsp78 iX 2 A~FEIK 4mtis 2 Ay

gy BeSEHL A o 7al R R BE K
PS5 ProtParam 43T M v (http://web.expasy.org/
protparam/) 73 Hr 45 2] 5 i i 8 (A9 PR ST 2 B R
Multalin 5.4.1 3} (http://multalin.toulouse.inra.fr/
multalin/multalin.html) FE X584 5 4B 25 14109 D g
ZE#y3a i Smart W ) (http://smart.embl-heidelberg.
de/)srtria 2l ; PPt ny RG L i NCBI T
WAL LYIF, FA MEGA 6.0 #fF, RAAEE
(Neighbor-Joining Method , NJ Method) , Jf X
Bootstrap {ELi/F17 1 000 YR E & [ JEAS 50 EAR IR 5
fcJ5, Hi Swiss Model [ % (http://www.swissmodel.
expasy.org/ )V H At 8 [ AT = REEH T .
1.2.4 INBEMETRTA Hspl00/ClpB FF By FRIiE M)

WYaE RS IcHspl04 5 IcHsp78 F:H ¥
5, 43R%it T Hspl04-F2/Hspl04-R2 Fl Hsp78-F2/
Hsp78-R2 iX 2 X9 9. [N, SEHOrE
PEAHL GAPDH NS SN, #&it—XF GAPDH-F/
GAPDH-R ANZ51¥), RT7tE i RT-qPCR &
RER© (3 1),

W IS T 8 A0 BRI RAR Y 9 ZHAE L (IR
W E L ERAL 3 FPALEE, 10, 20, 40 min JE
3 BT ERE, Bt 9 dikRS), KAKCORRMRE
AT AR R 3 AN OV REZ . fIRERA .
mihd, Rt 3 HAEEIEITIR AL RS, S
Eastep' " Total RNA Extraction Kit [ #:4F A5 B L
& RNA, HS 86T RT-qgPCR ) cDNA &
M. RT-qPCR PIAZR: 6564k SYBR® Green
10.0 uL, Tag B4 WF2.5 U/uL) 0.5 uL, cDNA
Hr 0.5 ug, 1E. KRIA5I4(10 pmol/L)45 1.0 uL, *%b
ddH,O % 20.0 uL. Wig&4: 95 °C 30 s5 95 °C
5s, 59.5°C30s, 72°C30s, 32 58, /A,
KA Cr (HE RN E B2, W
IcHsp104 5 IcHsp78 TEA[RIRRE K R Wie T iy &
ke

¥ 0. 0.5 F1 1.0 mol/L ¥ NaCl 4b¥ 21 d J7
MITR PR, kT AR 2 AR . AR
il s ol (1) 3% mEM i,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1956 (G ESTE Microbiol. China

x1 AXRREREEMASY

Table 1 Primers used in cloning and quantifying in this study

FE[H Genes H i Purposes 5|#) 4% Fx Primers name 5| ¥ 41 Primers sequence (5'—3")
IcHspl04 ORF K Bt Hspl04-F1 AACCCCTGTTTGATCTGTACAGA
Cloning of ORF fragment Hspl04-R1 AATTGTGCAGCGTACAGGCCAA
6 E R PCR Hsp104-F2 TGTGCGGAGTCGGGTGA
RT-qPCR Hsp104-R2 GGCCGCCGATCTCAAGTA
IcHsp78 ORF F B mifi Hsp78-F1 AACCCCTGTTTGATCTGTACAGA
Cloning of ORF fragment Hsp78-R1 TAATTGTGCAGCGTACAGGCCAA
PN E R PCR Hsp78-F2 GGAATCGCCGAGCTAACG
RT-qPCR Hsp78-R2 TGAGGAGCGACTGAAGAAGGT
GAPDH NS5 GAPDH-F GAGCATGTAGGCAGCGTAGTCG
Internal primer GAPDH-R GGTTGGCATCAACGGTTTCG

0.1 mol/L pH 7.4 WYBERRZE IR VE 3 X, BIK
10 min. (2) FH 30%. 50%. 70%. 90%F1 100%M
CEEZELK , B 10 ming 100%H) &
BEMiK 2 W, ZJE FHES IR IE SR & e i 4
ke, ILE 2 ), FK 15 min, (3) HAGTE
1, RH COp I A s TR T 2 h, AR SRS T
Fean e b, RIS BB A TR
1.3 BUEFRIT5 9

AR EE(9 )R dD)iha b, &
IR H R 3 I kiR E s, F Microsoft
Excel 2010 #fFH, SRAPEIEEARHER (Mean+SE)
HEATHIE ;. 500 SPSS 13.0 %4, X 44 i %
FAXR & FC PR 2R 5 22 1725 (One-Way ANOVA)iEFT

22 5 0 (P<0.05)
2 ZERE545M

2.1 IREERETRTA Hspl00/ClpB EE B =&

T 3T S AR A Y B A A S B
et 2 4~ Hspl00/ClpB RGHN, HHAZ N
IcHsp104 1 IcHsp78. #ili%it Hspl04-F1/R1 5
Hsp78-F1/R1 X 2 X5 |#)(3K 1), KM RT-PCR wif&
FeAR, %t IcHspl104 T IcHsp78 FEDH ()35 A it X,
ORF HHATHRAERAIE, 433545 T 2 817 bp 52 464 bp
) ORF 2% (Bl 1), ZaMN 55, IcHspl04
M IcHsp78 £ ORF K EE4> 51k 2 772 bp H
2 418 bp; H—EMKIL, IcHspl04 Fl IcHsp78

I3 ks 923 Al 805 2R . I dmtt & 1
4y -4t (Molecular Weight)Z3 5 103.199 kD #i
88.805 kD, FHif % Hi /5 (Theoretical pl)4y 5l 4
5.57 Ml 6.41, 43rF 3 (Molecular Formula)43 5l 4
C4493H7362N131401403S30 1 C3002He303N112901198S 16 »

JEF- 5L %% (Total Number of Atoms)Z3%i-k 14 602 4~
12 638 A, F-¥JEi K4 (Grand Average of
Hydropathicity, GRAVY)43-5!°4—0.450 #1-0.312,

A B

bp bp M 2 bp

2817 2 464
2000

1 000—
75

1 IRGEHETRTA IcHsp104 70 IcHsp78 £ E /I ORF ¥ 1%
Figure 1 Amplification of IcHspl104 and IcHsp78 ORF
genes from Isaria cateniannulata

7 : M: DL2000 DNA Marker; 1: IcHspl04 %X A PCR § 1%
TRl 20 IcHsp78 3EHY PCR 93774

Note: M: DL2000 DNA Marker; 1: Amplification products of the
IcHsp104 gene; 2: Amplification products of the /cHsp78 gene
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2.2 IREEMEIRTE Hspl00/ClpB BEEBIEYIER
431
22,1 REHUMSN

W NCBI HCXS IR, J0 B ok B Tk 2 i
(Thermothelomyces heterothallicus) . 1 i &
(Aspergillus  clavatus) . F¥ #i & % (Penicillium
arizonense) . %8 [R4C)Z w5 W (Daldinia childiae)
e M o, 4 W 98 (Isaria  fumosorosea) . Wi M
(Cordyceps militaris) . 3R #) [1 18 W (Beauveria
bassiana), KIRFEHLH (Verticillium dahliae), 3 b
& JH W4 (Colletotrichum  higginsianum) . H J]
(Fusarium oxysporum). K& (Trichoderma gamsii)
11 Y TeHsp104 FERARIPES i i) HAL Y R Sk

99

99
99

97
99 31

99

99 99

76
99

99

99

99 99

97
99 99

91
99

A, PAAHEH AR AL fumosorosea), BRTE &
W (B. bassiana). Wi W E(C. militaris). T3z H
(Geosmithia morbida). IR EWNE B (Purpureocillium
lilacinum) . ¥ [ KB (Trichoderma reesei). 4=
W W (Gaeumannomyces graminis) . ¥ & K
(Pyricularia grisea) . W& 7 JH 6 (Colletotrichum
U= O T 2 (Thermus
thermophilus) . ¥KE5CH (Chaetomium globosum) .

BN A H (Didymella exigua)3t 12 4~ 5 e
WA IcHsp78 FERIABIPESS 0y oAb Al 5L

He X E LA 741 A% MEGA 6.0 B, 37453
WEERE AL IcHsp104 (K 2 M rhek”fii gi) 5
IcHsp78 (K1 2 #f e A SO RGEFH R HIE 2

Isaria cateniannulata (XM_008273045.1) A
Isaria fumosorosea (XM _018844030.1)
Beauveria bassiana (XM_008596672.1)
Cordyceps militaris (XM_006671036.1)
Geosmithia morbida (XM_035468046.1)
Purpureocillium lilacinum (XM_018320735.1)
Trichoderma reesei (XM_006962436.1)
Gaeumannomyces graminis (XM_009228160.1)
Pyricularia grisea (XM _031124942.1)
Colletotrichum gloeosporioides (XM_008092311.1)
Thermus thermophilus (XM_003658595.1)
Chaetomium globosum (XM_001220866.1)
Didymella exigua (XM_033589169.1)
Thermothelomyces heterothallicus (XM_003663294.1)
Aspergillus clavatus (XM_001268737.1)
Penicillium arizonense (XM_022632123.1)
Daldinia childiae (XM_033577895.1)

Isaria cateniannulata (XM_008470520.1) %
Isaria fumosorosea (XM_018850280.1)
Cordyceps militaris (XM_006672649.1)
Beauveria bassiana (XM _008597380.1)
Verticillium dahliae (XM _028641451.1)
Colletotrichum higginsianum (XM_018297285.1)
Fusarium oxysporum (XM_031203704.1)
Trichoderma gamsii (XM_024549851.1)

gloeosporioides) .

B2 IEHERMEET IcHspl04 5 IcHsp78 EEF58Y9 & St L it
Figure 2 Phylogenetic tree of Isaria cateniannulata based on IcHsp104 and IcHsp78 genes sequence

T 0 SR SRR R R AR SRR O 2R, B ORISR %56 ZBE , A1 I 5 A 7 9 ZE A 9 NCBIL %R 5 . A < [cHsp785

% : IcHspl04

Note: The number of nodes on the branch represents the relationship between different species, the higher of the number represents the
closer to relationship, the parenthesis on the right represent the NCBI accession number of the gene. A: IcHsp78; % : IcHsp104
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SRl L, IR O IcHspl104 F1 IcHsp78 Y45
U o 4 ) A (I fumosorosea) . ER A B H
(B. bassiana) . iR IE(C. militaris) 3 YR SE 2
KEEIT 7o, AEEREAIL IcHspl104 5 57 IR
Y2PERE(T. heterothallicus) . # JIJH(F. oxysporum)
AR (T. gamsii) NSRSk RiE, TMEERE R
i IcHsp78 SWEBMGINGE (T, thermophilus). ¥RE
SCH(C. globosum)FNEHZE S FF R (D. exigua)>%
GO R IIL

222 [EBRELIRMESH

T o B TR 7 4 EEXT D s B X T BB A A
IcHsp104 5 IcHsp78 & MRITEME, 4R BN,
2 NEFARESERIFIIENERAR, S0 55% /24K 3),
FH] Hspl00/ClpB ZXJ5E & [ 7E A GERE R A LR
PR
223 IgeEMEa i

W Smart 434 Xk X FREERE A IcHsp104
Y IcHsp78 HHHAT T IhReLS M, 4R E
N, 2R A L ATP RS HSP100 K%
#E 1 (AAA"-ATPase) . H: o, IcHsplo4 HY
AAA"-ATPase 45 M3 0 T 4% 8 1 N i (1
216-361 fiy C 3mhy 627-771 HLri(& 4A),
IcHsp78 75 1 A AAA -ATPase 4% 1) 3 37 T 4 5 5
N 3 121-266 i fi5 C 3 520-660 i
M(El 4B).

i —2 A &I, IcHspl04 & 1LER N i
1% —~ Clp (Casein Lytic Proteinase, & H¥%
fifk ) L REZS A Bk (Pfam, Clp_N), AT EHAY
110-161 A2 PR — B KA EE X, BA
— AN WU iS5 4 1 (Coiled Coil Region), T M
[ 429-518 i i (K 4A hEr@EER 7)) Rk C st
& —~ ClIpB (Casein Lytic Proteinase B, & F %
fitE E B)UIRES M (ClpB_D2-small), i T
1% 798—889 i o UM, 43T IcHsp78 2111k
M, ZEELE N s A Clp ThReZhithik, A
HE S — N RIRBES B, N TEAW

332-414 i ; RIS —4 ClpB ThRESS s,
BT Y 698—787 i 5. 4B).
2.2.4 Z=REEHIERL

FIH Swiss Model 7E £k ¥ il XF I8 5 45 o 0
IcHsp104 5 IcHsp78 £ [k T = L5 “3D 14,
RGN, FREERE A IcHsp104 (8] 5A)Y IcHsp78
(#l SBYE I B o BIELS IR/ DL B IrE st
HRL; 75, IeHspl04 Y IcHsp78 £ H“3D 45#4
# QMEAN (Qualitative Model Energy Analysis, %X
(LR —4-0, #IEUT 0 Fm A5 A1 o i iy ) 4331
F—-0.82 H-1.46, Ll K GMQE (Global Model
Quality Estimation, #{{EEFEh 0-1, BT 1%
7N AR AT A BB )43 51 R 0.72 5 0.68, B “3D”
BT
2.3 INBEREIRTE Hspl00/ClpB EEHETRYIFR
yo gl
23.1 APBMBALE

A3 IR FARIR (0 °C). W IR (22.5 °CO)FI & iR
(45.0 °CMETRIREERE R AL, WM IR IcHspl04 5
IcHsp78 FEIAEVR e N i Fak 5 0L, M 6 W]
DIEH, SXIACHFIRA)MEL, IcHspl04 5
IcHsp78 H AN E S TR IR B0 2 i 2 PR ihE
T, 2 NMEEMEREYSEIES B, mHEEE
AbPEET R RE R, 2 IR RBE BT
=, AEiEMHaT 2 MRENRESREERT
R IR 3 Kb BRLH (ED 6)

AT kB, 5 R 4225 O M H,
IcHsp104 JERTEV SHUHE S T , 47 10 min
Sl EFET 1.83 fi5F0 33.65 fi5, AL 20 min
Iy ETET 2.47 £5F0 59.01 /%, 4LFE 40 min 43
B ETET 23.53 f5F1 130.35 f5(E 6A). [RIFE
o, 5HIR41(22.5 °C)MEL, IcHsp78 FEHTEW
A AT, A 10 min 209 ETF T 3.53 4%
1 48.35 %, ALPHE 20 min 435 BT T 2.91 5 A0
72.16 5, AbH 40 min %) EFFT 33.07 50
139.17 £% (/& 6B).
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Figure 4 Functional domains of IcHsp104 and IcHsp78 proteins from Isaria cateniannulata

Bl 5 IREHETRTE IcHspl04 5 IcHsp78 MIE R =R EH

Figure 5 Tertiary structure of IcHsp104 and IcHsp78 protein from Isaria cateniannulata
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6 ARIBEMIEBR IcHspl04 5 IcHsp78 WIHE RiXE

Figure 6 Relative expression levels of IcHsp104 and IcHsp78 genes after different temperature treated

W A: IcHspl04 TEANRIEREE WA )5 AT K S B IcHsp78 TEANRIRE WA G AT 2k . 5821 GAPDH A2, L
TR AL LZH Ay X R, S SR T B AR R (0 T B AT 400, FE R [R) B A A W] B (] b 3 2H 22 ) (9 ek AP AE M 22 =
(P<0.05), BB EL 3K

Note: A: Relative expression levels of IcHspl04 gene after different temperature treated; B: Relative expression levels of IcHsp78 gene
after different temperature treated. GAPDH was used as the internal reference, and the group treated with normal temperature was used

as the control group. Data were analyzed by means of mean=SE in triplicate, different letters on the column represented significant
differences among the same time treatment groups (P<0.05), and the experiment was repeated for three times in each group
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232 #HpmBE

A3 HRA 0. 0.5 1 1.0 mol/L ¥ JE 1Y NaCl 4b
PIERGERR A 21 d J5, WLIERRA A KIES. |
K7 ATLIE H, KA NaCl AbFH A T AR O B ) A K
HEJG, TRARFEEIE A T BRI, Ry AR AL 7
TN g, Jf R RSNEY HUE TA); ARTE
0.5 mol/L ¥ JiF NaCl b H Y P Ak A 4K 55 T X REZH
AR T, AURFRAER T NN Je(E 7B);
4 NaCl YA F] 1.0 mol/L ZbFRI, bk K%
FNFEAE, LA BRI (& 70),

TR b, 380 5 5 L 0 U X AN ] 4
PR M PRAR M T 2 — 2B gs, 255K . R
NaCl Ab3 9 B kO B A LBl A7, TEAR KA
B, A TRz (& 7D) (FiS4k); £ 0.5 mol/L
W NaClAFR A B Rt o] DB A 1 S i 22, (A
F/NTXTRE (B 7E) (#i5hb); £ 1.0 mol/L WAL
NaCl ZbFRATBAR H BB DL 22 K redk 20+ (& 7F).

#0, 0.5 F1 1.0 mol/L ¥ JE MY NaCl &b B4

B 7 AEIRE NaCl bIBIRERZERTE 21 d FERIEKRES

BEofAf 21 d J5, Zr UG Y 3 ZHRE NG, A IR
BEMRIR A IcHsp104 5 IcHsp78 FLINAE NaCl iff
B REEN . N KR, IcHsplo4 5
IcHsp78 JER 2L FE NaCl (0.5 mol/L)ib ),
2 AR RIE R BT T 195.73%F1 401.60%;
SR Z W E NaCl (1.0 mol/L)AbFRSE, 2 AMEEK
MIZEA R TR T 64.34%F1 59.33% (I8 8), LA
EERRI, B WAL IcHspl104 5 IcHsp78 3
R 2 I B R P38 J5 R R 2 205 5 I, &
eV B R B )5 A 2 B R R
3 WikE4R

Hsp100/Clp J ZAF1E T = 55 shAH ¥ A L T
i, E—2K ATP IKHiRI(AAAT-ATPase) K i &
F1, H ClpB J& Clp KGR E L — 51, EEGE
il Hspl04 5 Hsp78 X 2 DML A . ABF5T i
TEARAG 0 AR A A SR B P, T O e
T IXX} IcHsp104 5 IcHsp78 3K . K] ProtParam

B0

15 kV %6 000 2 m

Figure 7 Growth morphology of Isaria cateniannulata after treated with different concentrations of NaCl for 21 d
TE: A: X4 B: 0.5 mol/L NaCl4b#E; C: 1.0 mol/L NaCl 4b¥fl; D: XFHRAIFIREEEIE; E: 0.5 mol/L NaCl A4 s

B F: 1.0 mol/L NaCl ZbFR 44 5% &l

Note: A: Control group; B: Treatment with 0.5 mol/L NaCl; C: Treatment with 1.0 mol/L NaCl; D: Scanning electron microscopy graph
of control group; E: Scanning electron microscopy graph of 0.5 mol/L NaCl treatment group; F: Scanning electron microscopy graph of

1.0 mol/L NaCl treatment group
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| ®IcHsp78

Relative expression level

CK 0.5 1.0
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E 8 AREIREZMMBR IcHspl04 5 IcHsp78 HItEXS
REE

Figure 8 Relative expression levels of IcHspl04 and
IcHsp78 genes after different concentration of salt treated
TH: A: IcHspl04 TEAIRIVRBEH WHA 5 R A XS ik 45 B

IcHsp78 TEA R BEER I IA J5 B AR X ik 4k . 138 ) GAPDH
NS, AR NaCl (9b3R2H Xt B, B R FI P 67
WESR B EAT A0 AT, AL AN TR] <7 B A QAR [F) 56 IR A [a] v
Ab VR 22 [8) i) Fe ik BAATE B 22 5 (P<0.05), TR SCIG R
3

Note: A: Relative expression levels of IcHspl04 gene after
different concentration of salt treated; B: Relative expression

levels of IcHsp78 gene after different concentration of salt treated.

GAPDH was used as the internal reference, and the group
without NaCl treatment was used as the control group. Data were
analyzed by means of mean+SE in triplicate, different letters on
the column represented significant differences among different
concentration treatment groups in same gene (P<0.05), and the
experiment was repeated for 3 times in each group

SRR, IcHspl04 Y5 IcHsp78 FER 43 5 4 i
923 MF1 805 N EERR , X5 NCBI %5 ) i i 2
(C. militaris) F1ER 90 [ 18 7 (B. bassiana) 5¢ 4 —
2, 7E BRI B (Saccharomyces cerevisiae) H
Hspl104 Y5 Hsp78 Wi 124 518 7 41 [A] I 4%
%, ALH 65%, WM& RSN 44%1,
AWFFELE R IcHspl104 5 IcHsp78 75 1 B9 44T 1
R 55%AEAT, STERRE EELE(S. cerevisiae)H i
T EEA AT -

FLAE 1991 4F, Parselt 25 USV7E P pg B% £k
(S. cerevisiae) P IR &I Hspl04 J&—J5 5 E RS
IE N T24RME)5 A Hspl00/ClpB F K & 11,
I HAZEE (I 7E N A C 854 —14> AAA™-ATPase

e, [FAF, 76 1993 4F, Leonhardt Z51'%% ¥
TE KT (Escherichia coli) Hsp78 &&—2Ki T
LR RS R A AT Hspl00/ClpB 211, JF5
Hspl04 #HLl, HA 21 AAAT-ATPase IRES,, iX
SERF ST AE R B IS e s Y . A A R R 2T
FHES:, IR 2 MEAMEE R o BEH
M, ARG Smart Fl Swiss Model W58 %
P, IcHspl04 5 IcHsp78 FHHH o $2HE4 R,
H IcHspl04 &4 2 1~ AAA™-ATPase. 2 > Clp I
e, 1M IcHsp78 &4 2 1~ AAA'-ATPase 1 1
Clp IREHL, BFSC4 RIS bk 7E B i b
(S. cerevisiae) I KIHFFHE(E. coli) BT, 25
b, AR TEESASH) IcHspl04 5 IcHsp78 N
2 A2 ML FREE R AL Hsp100/ClpB ZIGHEA

Al W oRCA 1 Ay ik el i Dt TR 7 ) U
Fifr, b2 el 22 b 3 H BLAT B i A U T, SR T AE
it e 2 vh ) 52 B ) 4 Z2 A 5 e o 4 g
2 LSV 8 7 3 [ 2% el 4 498 A 1 1 R o sl
5, AR R pH HC MRS T 4.73; 5
T 7 A VO T R T el - 41 e e R e
S AN iUR5 AFRTR TR NP 1 i e N R 7
FRE L AASIE Z R R L IR R R SR A A
TR R 2520, DL R R 2 i PR A
SRR 2% Bl LR R RS . PR, ASBIFSEIE ER
TS TRk B K e B AR Ry b 3 TR, A
IcHsp104 5 IcHsp78 FEiR I

AN [a] i B2 b B OBR BE AR RS 45 2R B oOR
IcHspl104 5 IcHsp78 WFIR¥epiks BJb, m
HBEE MR E ETHBR 2, [H S R AL 4 5
FORTARRAL A X — IR A R S e H A Py
e 18 (0 245 R A L, 7E B B T (drabidopsis
thaliana)¥ , AtHsp100 FE5% T JLFREIASE],
{H 28 iR a0 b PRS2k B ) AT (R IR b
10 BENS IS S L4k (Volvariella volvacea) Hspl00 3&[H
(Y _E IR R IR B NaCl b BEFRGE B o 7 25
WRBIR, IcHspl04 5 IcHsp78 TEARMEEER AT
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FARPE T, T e B AR Wl R SRR A2 B .
Hpif, HEHE Hspl00/ClpB 5 ERhME MfF5Y A
WARIE , ALY R, 41K & (Soybean) )
Hsp100/ClpB J R ] i 25 W JBE 1 35 0 1 1 52 35
IR B a0 AT S JE R s W AT (Ruditapes
philippinarum) Hspl00/ClpB 3 iy g5 36k, A
o, BEMEWRI IcHsp104 5 IcHsp78 TEANIH]
W EE S ER v BE 38 F I RIB S R S iR 45
AL

ZE L riR, AU SRR IF I UE T AR SR A
Hspl00/ClpB F iy 2 NI, IcHspl0o4 5
IcHsp78 3X 2 MR BRI S 5 T B Redh
BN 0 A 1 1= W i 2 2 e 5 Al N P N 1§ 2790
J DA TR HR T 30 455 308 2o A v WAR A 2 4 0 Oy o S
YER, Ja ATyt — 20 Bk . ABFIEXT 5 2%
T BRCTRL I X A58 A8 B BL BT 5 B R S PR el i
AL T HLS LA
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