EALE S 2
20224 9H

ok ok R o R

Journal of Huazhong Agricultural University

Vol.41 No.5
Sep. 2022,223~231

s BT 2 A RS2 B G 75 T R AP L A A IE S [T ] AR b Al K224z, 2022, 41(5) : 223-231.

DOI:10.13300/j.cnki.hnlkxb.2022.05.027

E EIR U B AR T T RAFT £ BB AU 52

2 e A 4 — 2y
iR WAy, ER RS, R 5
P REKRFREEHNFERFR/FERERFHETRELERT/
REMmIT LSRR EEEEEE, KR 430070

HES
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(37 CORERY I T Az 2 X6 $ONE 0T B A U2k 1) 7 iy B8 BRIk PRI Ak 3R 1 4087 358 7 i L B A [ 7
TOPEEE R B A LR i 5 BGR T S0 A 56 I B9 mRNA Fak . 45 WoR A7 T I 4H (CK) |, 30.60.120
pg/mL 19 GE b 32H 43 31) b 35 4 4 BF A YR e AR 07 38754 16.96 06 . 18.73 %6 . 14.44 06, Wik 25 58 F N i o o
(1h.2h.3h)E BB RIS . GE A 5 (19 85 25 78 2% ek 2007 35075 iy 1) 408 K AR 181 45 AR 5 J2 i (heat shock re-
sponse, HSR) (%6 5 [ F hsf~1. GE 0 T T2 BRIk (20 °C) N BF A= B2k st HSR A8 SC FE (R hsf~1  hsp-90 FiI
hsp-16.2 B mRNA 3k KF DL K HSP-16.2 B8R (AR5 KF o MEAM , 70 AS ) B2 B B0 3 (S PR 380 R S A
WO RS, GE X 7 24 A2k dUfR P92 5 HSR A 56 3 A9 mRNA Rk K FE A N EM . AT 5 iR
(20 °C) , 87 3R B B A T 28 1 D=1 hsp-16.2 . hsp-70 Rl hsp-90 53 1, i GE AL 35 .35 F 8 s 40 1L T %
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3000 Z R R R G, T2 T2 I K LU K
£ 5 0 A W R R A AL R g Ak,
FE T2k A BLAT X Ah AR AR AU H BB A4 1R PR
F6 £ BRSBTS B ORI S A AR
HSRZ LA P 22 A FA0 00 28 DR L, L A
EHAL s B ST . $UKTE [ F 1 (heat shock factor
1,HSF-1/HSF1) &2 5 HSR A% O 5% 5 K7, HAE
2k dUBTRL Bl BT AT TR R HSF-L
AT S YL S 3 T i K 52 8 1 (heat shock
proteins, HSPs) Ay HR# & 1k . HSPs 1 2 70 5 FE45
A DL O B AR O R A B, AR 2 A AR O R
PR TR A B R AL AR X N R K
e,

PR, AR 55 2R FH 75 0 Bl T 2 OB 7Y, DA 2248
BV HSR A9 £ B R 57 O ML Ry 225 A0 38 A A
FABL , 5 FEE— 20 O A 2248 B 27 i #3684 it
—E MBS .

1 MRE5ER=E
1.1 RO F R IEHE &

(OB #EHUY) (ginger extract, GE) Il F 74
LR AR B A A F] 7S O XASB-
SJ200825, 47 H K 202048 H 25 H .

— KGR . — K GRS . EDTA LK
BB ER WK UK A S AR LKA R EE . K&
TR+ K A BEIR A 4 AL B A
WERR S B0 oK EARES LK G EREE L A AL
YRR TC 7K T IR P2 98 06 A MRk 1 46 26 4
ARy R ER RER N SR AN AR B 24
MR RAE R AR REFIR FEZR AT HD
HWrse i RS A E, R AR A R A
] ; - HIE AR (dimethyl sulfoxide , DMSO) , | i
YRR BR S B 5 M RNA SR BURH) &, b
a3 A B A IR AL 5 cDNA S S &
qPCR i ] £ SYBR® Premix Ex Taq™, H A& Ta-
KaRa Bio #k &4t 5 IE S 514, U SR A W BB
AHIRAF

B A AU £ Bk &R N2 I CL2070 [ (dwls70)
hspl16.2: : GFP 1WA | 56 [ W] J& 75 35 K2 75 T BT 4k
1t AL 2% th O (Caenorhabditis Genetics Center,
CGC) . KW A IR OP50 (E. coli OP50) #il
PS3551[ hsf~1 (sy441) 1 ] M VE g BE R R 22 RS-
FZE

12 GEHEZHZ=SE.R
HEENE

DEME SRIE . SRS kR
ek, 435 B B 250 pl A [a] o v B (2.4.6..8
10,1214 .16 pg/mL) 7 2= 25 1 I W sl A B AN [
FERRE VA (7 T DMSO) T 5 mL &4,
ATCK EBEERBZE , LITCK S RE R 2 O R T
280 nm AN E WO REEE . ZEBRER & R T o L
FLREEHR MM F402.003,

2) M S RIGE . SRR EEY .
B 100 pl AN [A] Jo £ e & (0, 75,125, 175,250, 325,
375.450 pg/mL) B TR I R Bl AN [l %
BRI (T DMSO) T 2 mL B0 KK
HIA 150 pl. il B 4li 7K L 250 pl. 98 % 4 Ak J5 5 2
PRI 375 pll 5% R R A R 4liK 1125 pl., 4%
5], #HE 60 min, T 765 nm A0 E WO

3) e i A o R A R N - — & Ak AR
PN o B 400 pL A ) S5 VR BE (0,40, 80,
160.,240.320.400.480.560 pg/mL ) (7% T AR W
SR B A5 B A i VR (75 T DMSO) T 2 mL
B R, A 80 pl 5% NaNO,, ¥ 4] J5 ## & 6
min, FFATA 80 L. 10% i AICLy, #2&5) )5 ##t & 6 min,
JA 0.8 mL 10% NaOH %W , i 640 pL. 50% £ B,
PEA) T E 15 min, T 510 nm AR &2 WO {HE .

4) B EIE . SRR E-RERE S
B A TR ik B (0,20,40,80, 100,120, 160, 200
pg/mlL ) 4 7 0 s o A TR SR AN [ A% B8 P R
W (T DMSO) A 5 mL B0 %, I A 4l
K620 KBy VBRI MR 1:1: 1:5IR 53450, 1%
HIERE 20 min, T 490 nm A E WG RE(E .

5)BEAGRENE . RH%E DML,
43 K AS [) 5 H k BE (0,10,20,40,60, 100, 140,
180 pg/mL ) Ay 4= I3 2 bR VA W SR AN )
BEIRE AT (5T DMSO) A 5 mL B804, 3-m
A% D VW AR 1: 5 1R A 444), F 595 nm
AT 5 WO FE AR
1.3 FHWEITFLREF

TR0 T FH 2k AL AR AT 28 i A DA B 2% v il
HIEE 25 3 (AL ] , 2 %5 WormBook (http://www.
wormbook.org/)

D) i it FH AR bk &R A% A0 % I Bk 3R DA
B A Ko 2k R 2k AR KR 3R 3 (nematode growth
medium, NGM) [# {44 i ) S 88 B 3R E. co-

SSEMEHEEE
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i OP50 HT I NGM Al , 1 20 “ClE IR 5 IR 57

2) I T & bk R R 2D Ak . frd i 177 B0
1, MO 22 sk (pH="7.4) w3k 3] 2 mL 55045 i If:
B0 (20°C,12 000 r/min, 1 min) . B5.0J5 38 B,
FH MO 28 w0 DEIF B0 & BT ISR 3R, I
Ja TREE B3R AL mL 24, T 8075 2 ik
SEA SR IS B0 (20 °C, 12 000 r/min, 1 min) , B0 5
Fr bW, MO BIEUE 3R . e LIRS ODES RS, 57
B BSOS B R B IURAT E. coli OP50 1
NGM #z H1, FF T 20 ‘CREFRAf o MR bk 3R Py 2
SRIEFEA A A K I Y 4 A 71
1.4 FHWEITERRTHFE G RIZFEE 7KK

17 20 Ak 2 L4 i 30 9 B A= A &)y e 43 51 O
(0.1% DMSO EXf B ) .30, 60,120,240 360 F1 480
pg/mL GE fE & A 6 mg/mL K% i E. coli OP50
S-Complete RS FRFE A6 o FERLHLES 5K 8
WAk B B2 R RS BT 5 A MO 22 i Y 96
FUA XA T A A B TR R 37 °CL BERE
2 WXt HAF TG R A TiO sk, HEIA L AT (Y4l
XoF SR AN B BRI SN, WUHE BT ) o

X B fE TN T 1.2.3 h (87 A4 RIZE A ifb A5
B PRSI . LRI EE TR 45 245 07 205 ROV O
AR — 3. FERLHES 5K K AL B RO LR RS
FH S A MO 2 b Y 96 FLAR X HEF T B0 38
A BRIEAE BN 301,23 hs 20 B sk S vk AT
WEE, TFAR A [ 32 AR50 ABC =25, BAR
JE A BHRL R AR M TR Z I ZE 3 C K8k

H7E 27 ) 58 A 2k SR O I T Sk R R R
1B EAT A C Z s,
1.5 #MhEZEHHSP-16.2 RiIZEMEIXIE
¥R A e 2 LT 5 I Bk & CL2070
(HSP-16.2: : GFP) & B 54 88 2 & 41 6 mg/mL K1
i) E. coli OP50 i) S-Complete ¥ 4 55 35 3 v | 9 73
SRR N 000.1% DMSO FEXTIR ) (30,
60 #1120 pg/mL GE #EATALBE, T 20 ‘CIEF 3 d. Uk
L, H MO R SR B TR L
50 mmol/L & B ACGHIRRIE o A1) B 2t 3 xF
RS A P 2 R (REALIER 30 ) sF AT 4A 4 . @ it
ImageJ (Image] Software , Bethesda, MD,USA) i1
CL2070 £k B+ HSP-16.2 [ 2 (4 V- 34 98 65 B, LUK
TE AN ] 24 4 b A AR A
1.6 HSRMEXEE mRNA RiZ=NEIXE
VR E LA A P A B2 U e 2 5
6 mg/mL K4 E. coli OP50 ) S-Complete ¥ 143
FeFed, 1 60 ug/mL A GE &b 3, F 20 CHEH 3 d.
W AR B FH MO BEAT BRI, Bl HEAT RN . B ES
RN P B R R AE 37 C R A 15 min, BT
20 “CYK & 30 min; R HA N K5 - 4 28 e AE 37 °C
TH#EF 60 min, BT 20 “CP& & 30 min, B f5 #E 17 0F
B RNA $2 B S PR actin-1 7 R P9 98 1 X
R, SR ] 2728 418 mRNA 2 35 7K ¥ B AH % 725 4k
i A OCEE R 1 51 9 )Y 81 2 % qPrimerDB-qPCR
Primer Database (https://biodb. swu. edu. en/qprim-
erdb/) .

K1 FEWETZLBHSREXERBSIHWET

Table 1 Primer sequences of genes related to heat shock response in Caenorhabditis elegans

P Gene 1E 1514 (5'-3") Forward primer JZ 15145 (5'-3") Reverse primer
actin-1 CCAGGAATTGCTGATCGTATGCAGAA TGGAGAGGGAAGCGAGGATAGA
hsf-1 CCGCAACAAGACTATTCGGG TGGTGGATGAGGTGGAAGTC
hsp-16.2 CTGCAGAATCTCTCCATCTGAGTC AGATTCGAAGCAACTGCACC
hsp-70 AAAATCCCATCCCCAAACCTAT GGAGTTGGAACTGATACGTGAT
hsp-90 TGTCCGAACGGAAA GTCGACCTTCCATGCG

R e 0 EEENE

2k B A A7 il 26 F GraphPad Prism 8 1 & 31 H
SPSS 47 logrank 7347 , R ] ANOVA BEAT i 2% 1%
G3H, P<<0.05F/n HAT W22 7. i A i k17
SKHE AL, 4 75 A il 4 1 A5 DA 7 2411 = Fp i
227 3R, Hoa il 06 8Os DLV 408 £ s I 227
E NS

21 GEdRZEHZ. A . EEM. AEMEER
=1

Gl

ME GE R8s R Ry R SRS E Ay
0 R BRI S IT R AR 264300 Y=0.031X+
0.0652 (R*=0.998 8) . Y=0.0023X—0.0262 (R*=
0.996 5) . Y=0.0055X+0.0071 (R*=0.998 1) . Y=
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0.0052X-0.1147 (R?*=0.982 1) , Y=0.0016X+0.4293
(R*=0.989 9), MRHFRHEML 1S, GE 2B E
S (112.16£0.53) mg/g, Bl & &k (74. 03+
6.82) mg/g (LI EFERTT) , S B & 5tk (23.45+
0.77) mg/g (LA T3F) , B &k (83.3249.00)
mg/g (LL# & M), B A& & R (9.31+0.17)
mg /g(LhA= I3 A& ) o
22 GERAEBETHABLHANBEGRIE
SR FHEY A 2R i N2 PR R IFAG AN [A] vk B GE Tikk
PR AL AR A A5 RN T A IR 2 R M L
F CK 4, ik & (30,60, 120 pg/mL) GE g1 & 3
FE K 28 HUR N B 77 Ay (P<<0.05) , & 7 i GE Ab Hii 2
(240,360,480 pg/mL) 7EFN LR K2k U 75 a4 K
T 7.00% .8.67% .4.10% (P>0.05) . Jg ik 5 7

1()0__| CK

30 pg/mlL
60 wg/mL
120 w g/mL
240 w g/mL
360 p g/mL
480 w g/mL

FEEEEEE

n
=]
T

A% )% Survival rate

N2 —
37 °C

0 5 10 15 20 25
I5}[E] /h Time

I R B 8 4 2 U HR N I8 77 A 1 30,60, 120
pg/mL. W3 2 s, 2 7E 30.60.120 pg/mL GE &b
PRI ML T CKZH19(10.730.45) h, 2k Ui 24 755
fir x50 B o #) (12.55420.53) | (12.74+0.59) .
(12.2840.60) h, A= 7 % 43 5l & & T 16.96% .
18.73% ,14.44% (P<C0.05) , % ] GE 1] LA #E K 75 il
BaAT2k dt A, 45 S MLAART A o

e P A A28 s 3P Al GE b33 S5 98 3 b9 )
(32 BIPRAS Wl 1 B 7, Bl ORI ] A RE
2 s i shae ) N R AL CK AL, U7 3 h
30,60 pg/mL 254 ab FHZH 28 ) P S R Bl (A 2z
) I HRAR R o (U2 120 pg/ml GE AbFR4L
LR AR /N A s i aish R B F s . 5 1
AR P A S 4 R — B, A T 120 pg/mL
2, 30 F160 pg/ml Ab B 2% iz SRS B AE

150F o R A = REB =ikEc
Motion A Motion B Motion C
EAUNG A5 2/ S53/N i
First hour Second hour Third hour

—_
=
(=]

n
=]

)

iz BR S HE %% Motion status rate

iz
S

215 Group

#P<0.05, *P<0.01 &/~ 5 CK 4 i 22 5 W 3 o 3% . *P<<0.05 and **P<<0.01 indicated a significant or extremely significant differ-

ence compared to the CK group.

E1 GE{ER T# B 4 Bl i Kaplan-Meier £ 77 B £ B (A FIZE SRS Z L E (B)
Fig. 1 Kaplan-Meier survival curve (A) and movement state changes (B) of wild-type
worms under heat stress with treatment of GE

R2 GEERTHMETFERLHMNED
Table 2 Heat-stress lifespan of wild-type worms with treatment of GE
215 Kot FHir/h AR/ % P{H
Group Amount Lifespan Percentage change P value
CK 105 10.7340.45a - —

30 pg/mL 108 12.5540.53b 16.96 0.004
60 pg/mL 87 12.744-0.59b 18.73 0.006
120 pg/mL 89 12.284-0.60b 14.44 0.021
240 pg/mlL 110 11.484+0.44a 7.00 0.416
360 pg/mL 90 11.6640.59ab 8.67 0.067
480 pg/ml. 99 11.1740.49a 4.10 0.413

T A R Rl R R R 4 W AEAE B 25 5%, P<<0.05. Note: Different letters indicated significant differences between groups , P<<0.05.
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2.3 GE&IET hsf-1 BEE Lk RITHRIMR HF

K hsf-1 BRI BRI AR 2 PS3551 HEAT N 38 774
R, 25 Rk 2. % 3 PR, 78 GE TG, £ULEEH]
hsf-1 5272 A RN B A (P>>0.05) BYIEH, X3k
W GE SEK: 75 T BaoF T2 A B0 385 Aol Ay -1

100
P 80—‘\;;§
E
=
-
o6 - K
@ — 30 pg/ml
I
£ 4 —= 60 pg/mlL
& —— 120 pg/ml
R, 3 P>0.05 E\:
PS3551(hsf1) 37 C
0 1 1 1 1 1
2 4 6 3 10
Hsf [E]/h Time

P>0.0537R 5 CKH WTE #2557 . P>>0.05 indicated no sig-
nificant difference compared with the CK group.
2 GE{ERT#BhE hsf -1 HEFRK LR
Y Kaplan-Meier 4 77 B 2 &
Fig. 2 Kaplan-Meier survival curve of hsf -1 mutants
under heat stress with treatment of GE

24 GEEATHABLHHSREXERM
mRNA LK HSP-16.2 EE K%

YA U2 U7 GE AR FR ), R T (20 “C)HSR
FHOCEE A ) mRNA ik b it i 3A iR . GE ¥
hsf-1 ) mRNA ik Ei# 1.634%(P<<0.05). 14,
Z LA B ANR TR 1 hsp-16.2 LA S H A A
753 H R W hsp-90 19 mRNA #7051 8% B 2
3.07.2.14 1% (P<<0.05) , hsp70 BAT R H#aH (1.47
) HERRBE,

F| FHER (056 6 8 M bRic HSP-16.2 iY4% 3k R Bk %
CL2070, A H 23K 7KF- 73 B GE X HSP-16.2 1Y i
TYER 25 R E 3B .3C fin, 60,120 pg/mL GE &b
P43 5] fifi £ B HSP-16.2 () 3235 & 8 3% 2 8 1,32,
154 4% (P<<0.05) . 45 R KW GEREIEHEH A T 2k
M HSP-16.2 &3k, FITE— & B A B Tk
e, 28 LAk, GE B3 BT hsf-1 . hsp-
90 1 hsp-16.2 1) mRNA ik it UL L HSP-16.2 £ 1

Ik, (il BAT IR 1 AN HOIR ST 2 Ui N AR S
T 71

%3 GE{EATHENME hsf 1 BERKERNER
Table 3 Heat-stress lifespan of ksf -I mutants with treatment of GE

415 Kkt Z5fir/h AR/ % Py
Group Amount Lifespan Percentage change P value
CK 108 5.37%0.23a — —
30 pg/mL 112 5.45+0.23a 1.49 0.342
60 pg/mlL 125 5.46+£0.22a 1.68 0.358
120 pg/mL 123 5.55:£0.22a 3.35 0.777

T A AR Rl R R R 1 R TG e 3 25 5, P>>0.05, Note: The same letter indicated no significant differences between groups , P~>0.05.

25 GERAETHABMLHAEREMMHHSR
fEXEEH mRNA RiX

SRR AR AU 26 il 22 T GE Ab BRSO 6] #4057 3
PRI HSRILPH ik A8tk i . 4 A & GE X%
Y (37 °C, 15 min) T (93§ 5K F 5 CK 4l
A E , B B Asf-1 . hsp-16.2. hsp-70 F1 hsp-90 1Y
mRNA 355 5% FIH(P<<0.05) , HLIAKR A B 4E L
il e 9 2, MZE GEAE R, R s AH DG BE PR iy 2
TRIKOFAH L TR 40 I 25 AR (P<<0.05) o Bifi 5 #4
97 35BS A] B 4E K (37 °C, 60 min) , AH b T CK 41, #4
JO7 38 A PR T A 56 3 [ mRNA 2 3k K S FEAK , Bl
R HSRAR K2 FE gl (HAE GE/EHIT , Bk
b PR TR OC FE DA bE TR B 2 HL AT b

hsf-1 T g5 hsp-16.2 % L8 (WK 4B) . 455
R, GE 9T F0O6 A [6) 72 B2 PN 19 HSR AR ¢
BE A mRNA K35 #8 B A I 5 VE R A HAE — 5
JEWE B H AT (CK4L) 1Y mRNA K-, T 4 R
T LN HSR AR G PR K- i BROE L itk oy
GE J2 38 2 14 97 HSR AH G JE PR 2% 35 i 44 5 £k A i
Pk

3 3 i
LR AR T e R PR IE A 2t B S A S
N7, A PR LR B A A AR AT 2 32 2 52 i i

PR AT RV, T U AR R, B S B
AR WHIERIL, F 2 YA R B B 5R



228 4 gl K2 2 R HALE

4r . CK
rhkk 60 pg/mL GE

P
mRNA #%f3
mRNA relative expression

hsf-I  hsp-16.2  hsp-70
HEH Gene
30 pg/mL 2.0 C1.2070 (hsp-16.2:GFP)
-
£ 15p ns

¥s

C X3 10
1 L
B RE
60 p g/ml 120 p.g/ml R&
[ i

P 4 \ Z 03F
=
L5}
a1

0.0

CK 30 pg/mL 60 pg/mL 120 wg/mL
25 Group
#x P<0.01, #00x P<0.000 1, F/R 5 CKA g2 5 i 3 .+ P<<0.01,##++ P<C0.000 1 indicated extremely significant difference com-

pared to the CK group.
El3 GEERTE&EL%H hsf-1.hsp-16.2.hsp-70F1 hsp-90 mRNA RiZEH T (A).
HSP-16.2 EARIEK K E (B) R HSP-16.2 ZEARIEEMNENK(C)
Fig.3 Changes of hsf-1, hsp-16.2, hsp-70 and hsp-90 mRNA expression levels (A),HSP-16.2 protein expression
fluorescence images (B) and HSP-16.2 protein expression changes in nematodes with treatment of GE (C)

. CK CK

7 8 Heal-stress AN Heal-slress
T +60 W g/mL GE HH PO H+60 p g/ml. GE

g ; : 4
g Heal-siress+60 w g/mL GE 5 Heat-stress+60 wg/mlL GE
X & i &
s N
g #® g
= o = v
A&z B =2
* = = =
< E =g
= Zz
E = S e
] £

HH Gene
#6P<0.01, ##xP<20.000 1 K7~ CK 2H 5 HN B AL LA 228 S b ik 25, 5555 P<<0.000 1 37K GE Ab S 5 B0 R A 40 LA 2% S il
B3, **xP<0.01,**+P<0.000 1 indicated extremely significant difference between the CK group and the heat-stress group, #£#% P<0.000

1 indicated extremely significant difference between GE treatment group and the heat-stress group.
E4 GEERTEEHREMNE (A) MIFEREME(B) BF4RIL H hsf-1.hsp-16.2.
hsp-70%1 hsp-90 mRNA Fix 2 T4k
Fig.4 Changes of hsf-1,hhsp-16.2, hsp-70 and hsp-90 mRNA expression in wild-type worms
under transient heat stress (A) and persistent heat stress (B) with supplement of GE

HUPRT PR PRI, BRI & T BiRe A R e P ARWRE A 55 W BT 26 L, I GE 3895 HSR
MRS BRI E N . CAIRERW, A RREm ARG S Ra (37 C) M R . £715
$ i BONLICT A XS B PR AL RE ), 4R R AL B SROEAITSE T N BT R U B 1 e AR SR AT



53

Tl 45 AR SSPR IV A 75 T BouRT 4 SO B8 1 F 5 229

&I 30.60.120 pg/mL GE #RAE % i 2% 4 K BF A= 7Y
& PO I A, oA L 60 pg/mL i — 7 2R SR
e I 18.73 %0 o o 771 4 19 A 0 T 14 AN AT )
YLAE KR B BT PER 92 b A ) =3
I e R AT RE A BRI AL . AR B R, 24K
KSR 4R B AT DL RE R RO 3 A Ay 10%0~
20%, U B A0 22 5 B O 9 Sk 22 0
Pyt e) G T B U O L B S A
T 14.31%.10.00% .10.70% . ., GE %K £k i i
I 74 1) RE T Ak T R A KT

75 W B FFR L rh 2 5 08 OR300 £ 5
BB EZERER BERKET-RBEEUKL
JB& B AR Tl B, o B S 2R Sl A S B
B RS EE S HSF-1E S 516
TRV A U e SR TR RS =1 5 R ) 2kt L
W A E . WA T HSF-145 DDL-1/2 L&
HSB-1JE s il 52 4 9 LA il HSF-1 A3 4, #40
WRETHESREFSEKEL AT ZE S
HSF-1f# 25, HSF-1 9305 J5 2 5 HSR, AT 4 5 AL
PR PR BRI AE /11 . T & L GE X 46 77
iy 19 2 K AR hsf~1, IF HLREDS 1 E % & T (20 °C)
HSR A ¢ 2 A mRNA R 3A7KF- . b, A il Fr
hsf-1 hsp-16.2 VI K hsf-70 1 21K HB REAE AT 1 2k HL 75
i, AEFF S AR AR DL O/ D S E AR
A S R T A T 4R R,
ELA X w8 T R 3 (37 °C) £k MU A TR 7 FH )
W,

E A W58 3R I AL P B9 102 28 PR AP B A
AT AL TR KO, PR I B 1) A0 AR K LT DA 2
R NERAS BRI E JG i R I AR I 2 B KT .
S BT B A T AR R ML S )R BT B HR B, i
RS 1) FAORE A A N R AP LT 15, A T 3 ML
MRS I S A AN [ B SRR B 25 0 2k
HUAY HSR AH 56 3 PR 36 38 0 18 55 AS [R] i i 42 e
Pyt CERGUSA3 P ) 7 P SR A % (33 °C,
15 min) , HSR M S 3L K _E 3, 1fii & # 1$ Hdy 7 ' 7E
BRI [A] P 38 (35 °CL 3 h) , HSR AH & KL K R 3 .
FEF I A IRIE T AN B R B GE X HAae i
ZAEH . FEARRE T, GE i 1508 4 i 440 3%
HSRAHSCHEEH Feik N, X vl BB i TR T hsf~1.
hsp-16.2 e hsp-90 555 _E P& 280 T WA b, (i 15
B 1) 2 AR 3 A G SR BT A 18 KO 4

R EI B S UV I SD KB BV 5w R 56 3 K
AR AT R B — 20T B AR ST [ Y SiE K, GE Tl
AbBER 75 1 BeUkT 28 e HSR AR G JE R 2 ik BiE, AR
SEIRLE FaR RS R AE AR R T A N T R A
N O DL R )R] S B 22 L MR T 33 C
35 °C, 37 “CXF T2k HUR AR v o Yk , AN ] 9 B2 T 2 U xsf
HSRASEHE N RIS mF 22 57 . SR T,
2R ML P AR S SR At () B R A ATL i e g 1 25, Bt
TR T ) 1 S K, HLAR R S B IR B 3K, HSR 2k
R, B AN 8 GE {2 F HERE DR N e SKCE AR 45 .
25 bR, GE 18 5 1815 HSR ZE fif it & FE T4
P, S5 LA () T A

ARWFFER FHER BTN T GE BT #: | 91 [l
SRR 7L I IR AR IR IE T G R B PR P LA
Jo Sl E— 0 € GE Hhad 1 8 HSR & 4% i 44
PEVE A9 80855 , LA K GE RS 305 K ALK 35
P S B SR B SRR R SR BN R | R LA R
JiE 1 RCZH AR BB R
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Study on alleviating thermal stress of Caenorhabditis
elegans by ginger extract

XU Tingting, TAO Mingfang, L.I Rong, XU Xiaoyun, WU Ting

College of Food Science and Technology ,Huazhong Agricultural University/
Key Laboratory of Environment Correlative Dietology ,Ministry of Education/Hubei Key
Laboratory of Fruit & Vegetable Processing & Quality Control, Wuhan 430070, China

Abstract To explore the effect and mechanism of ginger extract (GE) on high temperature stress , an
acute heat stress (37 ‘C) model of Caenorhabditis elegans was established. The lifespan and movement sta-
tus of wild-type nematodes, the lifespan of mutants under acute heat stress and the mRNA expression of
genes related to heat shock response (HSR) in wild-type nematodes under different degree of heat stress af-
ter GE treatment were measured. The results showed that compared with the control group (CK) , 30, 60
and 120 pg/ml. GE treatment significantly prolonged the heat-stress lifespan of wild-type nematodes by
16.96% , 18.73% and 14.44 % , respectively, and significantly improved the movement status of worms at
1st, 2nd, and 3rd hour under heat stress. GE-mediated extension of heat-stress lifespan in wild-type nema-
todes depended on the transcription factor hsf-I, which regulated the heat shock response. GE intervention
significantly up-regulated the mRNA expression of the HSR-related genes, Asf-1, hsp-90, hsp-16.2 , and the
protein expression of HSP-16.2 in wild-type nematodes at 20 ‘C.Besides, GE had a regulatory effect on the
expression levels of HSR-related genes in wild-type nematodes with different degrees of heat stress (tran-
sient heat stress, continuous heat stress ) .Compared with normal temperature (20 ‘C) , transient heat stress
significantly up-regulated the expression of Asf-1, hsp-16.2, hsp-70 and hsp-90 in nematodes, while GE treat-
ment significantly down-regulated the expression of HSR-related genes.Compared with normal temperature
(20 °C) , continuous heat-stress down-regulated the expression of HSR-related genes in nematodes, and GE
treatment significantly up-regulated the expression of hsp-16.2 and the expression of Asf-1 and hsp-90
showed an up-regulation trend , indicating that GE treatment reversed the effect of heat stress on the mRNA
expression of HSR-related genes to a certain extent. According to the results above, ginger extract could al-
leviate heat stress in C. elegans by regulating HSR.

Keywords ginger extract; thermal tolerance; heat shock response; Caenorhabditis elegans; heat

stress
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