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B A L, B, B A ST, 1988—1999 4 BEER T A [ A} 5 B b i 40 2 4 5 AT S0
2000—2007 47 5t 38 F o [E AL 42 BE b 78 & A BL 52 A 50 B8 A M b 55 40 i AR W A B 5 BT 2007
EARBBTRFREEGAEGHERYE . 200058/ £ B S5 X & TEHMNE AR T
R BAF R fn KB 545 F & i A O AR A R BCR R A IR A (L O AR R
GG ) o EBAF LT A R SE AL B R B, B AT X B AR D BURY R A
1k, FRAFAR % 22 35 L W Y 3 Re A B, IR A B 1A o b LA v R HEAT SR BR N T T LA Al 5 s
SR R 2 A R T R R R BB R R TAZ G M B e B Ak . EFF AR E KKK
L A B 10 &I, R R F AR 200 0, RAF AL A 10 45,
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[(HE] Br BrHEEFEAESERE (H1linker histone gene, hilll) MEEZINEE, UREBREREGHN
DFNE. Fix USHRFERAEREY, KERNATIMERR. hiF(gk229) =TROZRAMLIRITRER
KL ERGESRARKREE. BRUREEREAER, RAENREZRFEESRTIIER, BIRMSLR. GEH
PSRN E S E Cro RS TN hil-1(gk229) RERAIIEY, BRI ES PCRIR AR GENEE
ZRH—THRE LN BEEGAXBENESERIERLER. &R SHERN2LHRBL, RNATFINEMNERE
AR hil1(gk229) REREZREGHEEFRHERE (P<0.001), MhiH2BHEIREEEREGER (P<0.05). 5%
HERIN2ZHRBEL, hiF1(ghk229) REEREZRWHENNEMENNMZ B EREME (P<0.001, P<0.05), MTE
SENMZRENTES (P-005). HH, HELTHFEEN2E&R, hil-l(gk229) RERLBRNASEEERE (P<
0.001), F=OP4EaET (P<0.001), BF-IIRERBEELZMN (P>0.05), % eat-2(ad465) REMRLRITE hil-l RNATF
WEE, hinFRETEAREN eat-2(ad465) REFEZRNE® (P>0.05), BRFEFEEN2ZLR, hil-1(gk229)
RERELRP daF6 RIXKFEBEETIE (P<0001), HTHER mtH M ctl1 FixtB TR (P<0.05,
P<0.001). 5 daf2(e1370) =3{KHBLL, daf2(e1370); hil-1(gk229) WMEZRELHNEDTHEEEWL (P-0.05);
M5 daf16(mu 86) RIFRIALL, daf16(mu86); hil-1(gk229) WMERLEHENEGBEELEE (P<0.001). SIIEAE
1Btt, EERRMFEFRNA TN BERREREERETHEERFE (P<0.001), &ie hiNERREBEFHFREHR
SZan, B ELBRGREDMENEINOTSZHERR. il EETE TR EREESERBRFEMETERNE
i, BZERFEEXREMBE.
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[ABSTRACT]
molecular mechanism for regulating the lifespan in Caenorhabditis elegans (C. elegans). Methods C.

Objective To reveal the physiological function of H1 linker histone gene (hil-) and its

elegans was used as a model organism and hiF1 gene was knock-down, knock-out and over-expressed via
RNA interference technology, hiF1(gk229) mutants backcross purification and microinjection technology.
Then the survival and oviposition of C. elegans were observed. Physiological tests including heat shock
test, paraquat stress test and heavy metal Cr®* stress test were conducted to evaluate the stress resistance
of hiF1 mutants. After constructing a dual mutant nematode, real-time fluorescence quantitative PCR
(RT-gPCR) was used to further identify the signaling pathways and target sites associated with hil1 gene
regulatory lifespan. Results Compared with wild-type N2 worms, the lifespan of C. elegans of RNA
interference and hil-1(gk229) mutants were significantly shortened (P<0.001), while overexpression of hil-1in
the whole body increased lifespan (P<0.05). The tolerance of hil-1(gk229) mutants to heat stress and
oxidative stress was significantly decreased (P<0.001, P<0.05), but the tolerance to heavy metals was not
different compared to wild-type N2 worms (P>0.05). In addition, the developmental cycle of hil-1(gk229)
mutants was shortened and the time of oviposition was advanced (P<0.001), but there was no significant
change in total number of oviposition (P>0.05). After feeding hil- RNA interference bacteria to eat-2
(ad465) mutants, the down-regulation of hil-l expression did not affect the lifespan of eat-2(ad465)
mutants (P>0.05). Compared with wild-type N2 worms, the expression level of daf-16 in hil-1(gk229) mutants
was significantly down-regulated (P<0.001), and the expressions of downstream genes, mt/-1 and ct/-1,
were also down-regulated (P<0.05, P<0.001). Compared with daf-2(e1370) mutants, the lifespan of daf-2
(e1370); hil-1(gk229) mutants did not shortened (P>0.05). Compared with daf-16(mu86) mutants, the lifespan
of daf-16(mu86); hil-1(gk229) mutants was significantly shortened (P<0.001). The knockdown of hil-1 via RNA
interference technology, specifically in epidermis and intestine, was sufficient for lifespan reduction (P<
0.001). Conclusion The deletion of hil-1 gene significantly shortened the lifespan of C. elegans and
decreased the tolerance to heat and oxidative stress. The hil-1 gene regulates the lifespan of C. elegans via
dietary restriction pathway and acts mostly in epidermis and intestine.

[Key words] Caenorhabditis elegans; H1 linker histone gene (hil-1); Aging; Lifespan; Dietary restriction
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TE B RREE F I L ) SR G5 A R AL P
THRERSEIR, RAZEAE. BEIROE . /OB A
ZIRfTHBREMEENGRER V., B5EANE
Ao E, SREMRENAKERZE EIF, MY
E SR, thHmNEE AR = B
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FEZER R, M, RRWENARR, ML
WERNS], ST TERRR, ERERSESR
HERE .

AT, EEEEESMEAEY IR,
SRS/ B R IA SRS S s A 73 B
Hrh, BHRREATZRE (Caenorhabditis elegans, C.elegans)
EREM T HE A —MEAEY, R D5
BREN R ZHMEY, B 60% ~80% HIFE 5 A

REAFNR o R ERAERAT 1 mm, AR R AR
HER AR, FEIE R B 7R 550 T T DARRARE [F] (R Y
FEAAFE, HERH E2]205%, HAFLEH, 12
20 CHYSEIRZME N, NZRINEBEIERMNTE3d, &
AN 3 ~4 8o — MR R AR Ze R —AE AT DA BP
#1300, 1974, RIEEFNIALHONRAEY iR
TS REM I LI, 2 REREMEmE
AR RS R AR E Je ORI, AR IR 2R
BRAERKAT 1ESER. HHERZEERKE
BREE S B, I E X EE S Mg bR
{R5F [6—9]0

H1 &R F4HSEE (HI linker histone, H1) 2—33&
Z 51 B A%/ NME G 6 5 W 4579 B DNA &5 &
e, BanmiILsh A 1R HLIER MY, Ak
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H1.0 H1 194 MEIERRFRE A AL, Hrh o8 N G &
23EREL, TP I 5 97 kL, HEBERIRES AL
G 74D EREE . BRIRESHEE H1 P EE M TR 5
/A ERIDNA Z5 & B Xk 1, H1 2 5 R EERIXR
W, BEFEARHLOFEAN HI I AAHEL, 55 {2l
S5 7R ERFERAHNE] U AR FE R E
AT 2R R REACL A r - [] — A AN [ 2 ] P AL
FEET H1 AYEfBI AL, HIOEAZE. BIEE. /M.
EEWFLA PR RARSFI 1, IR R TEE
TRUHINERYL, B hil-1 ~6 1 his—24 F: K 4wA

AT BRI N T i 72 e & i AR Hp A D BRE IR ) 3R
KA, EEEELSR (10 ) 5445 (2H
1) AT T ERERIAS R AT, RIS S R R Y
K, hil-1 BRI B, HENHEATGESS TA& R A
(TS . BT BRI HAE R hil-1 FEE AT EE IS
R, AR E IR HRNA FHEEAR. RABRLE
REAZ LU TR I TR R AR, TR T hil-1 5
RIFRIA R B X & AFan A2, TRt PR
52 SEHORT hil-1(gh229) ZAF AR B HLH R T IEMNY, PA
H T R hil-1 B[R B hEE K 5 AR,

1 ¥H5REE

11 ZRRR EHRRER

B A RIS AT R Bristol (N2), DAKRAEFHZR
hil-1 (gk229) . daf-2 (e1370) . daf-16 (mu86) . eat—2
(ad465) FIZHZREFER Z NR350, TU3311, NR222 7/
VP303 # B 3% E B 8 75 3K K 5 2 B L o
(Caenorhabditis Genetics Center, CGC). {EFBAEML
02T, B hil-1(gh229) AT 5 BF AR N2 28 H[A] 32
61K, BZIREBAGH hil-1 ERREZ MR £ Ik
WA, SEaGrh 2t B BN PR IEIE 2 b B A K i 4
A 0PSO (JWH CGC)o HT115 RS2 A E PRI H RAR
AR (dbsD) BIRAH] . JFKL 14440, pPD95_75
F0Pmyo—3: :mCherry: :unc—54 3'UTR ¥ I T Addgene
HdaE, WEIEHEEREVRRERAHF .
12 RS INEE

FE 2R H iF (tryptone, 72 [F Oxoid A F], LP0042),
i BB ¥ (Agar Powder, 3£ Sangon Bitec NE=1I
A505255) , SN EAEILEEE (isopropyl B-D-
thiogalactoside, IPTG) ( = Sangon Bitec o E
A600168), 5-@mEERE (5—ﬂuor0—2'—deoxyuridine,
FUDR) (GEH Sangon Bitec NE], A600080), REESEI

#I| & PrimeScript™ RT reagent Kit with gDNA Eraser ([
ZKTaKaRaAH], RRO47A), SEINZEEE & PCR A&
TB Green® Premix Fx TaqTM I (Tli RNaseH Plus) (H
7N Takara A @], RR820A), NaCl. CaCly. MgSOs 1
KH.PO FA] (REEZEAFRAF), Sl
TRIzol (FRAREAMEHE (Jbmt) BIRAF), 48fLE57%
M (EE Axygen AF]) . HEMMETFRF (HZA Sanyo A
&), MIR254) , ARG M AL (HZK Olympus A &l |
S761) , PCR 1 (f& [ Eppendorf /2 & , Eppendorf
Mastercycler pro) o
1.3 ZHRLELIESE
131 &% H 4% K15 F E (C elegans growth
medium,NGM) B9 %l

PREX3 g NaCl\ 2.5 gfREEEIAR. 17 g BillERY, VAT
970 mL ddH.0 H1, KEJSIREIZR 60 ‘CLAL, HRIKAA
1 mL 5 mg/mLAEEEE. 1 mL 1 mol/L. CaCly 1 mL 1 mol/L
MgS04F125 mL 1 mol/L. KHoPOs, TCEVRASHMR, =i
7. 2 dEIR LiESEH R KIGRAE 0P50,
EIRE 2 d, BRI NGM B 7L ([, —MfEE
., DABSAETS %), Al T2z,
132 ZHERSURIER

PREL8 ~ 10 £ E 1B 2 ~3IFE20 CTIER
TAFER IR HA R L, FeR% R IRA Hfif OP50 B Y 60 mm
NGM 55775, KB 1 ho WERRIE LR RINE,
KRk REER N7, SRS BIINIRIL S BN AR
S—HMFEPE R, AT &R 2 R SL 50 /i 3
TR A,
1.3.3 5 RNAFHLR

Ve B hil-1 3£ [ DNA £ %1 (hil-1 1E [ 5] 9
N 5'-GGACTAGTATGACCACTTCGCTCATC-3"; J% [f]
50 %1 % % 5'-GGGAAGCTTACAATAGCTCTTT-
CTGGTT-3"), DA L4440 RN B 2R EREAR hil-1 B
RIEG RNA THUBRL, 55 AHT1S RS2 S ER (X2—
Ffi RNase Il BRFEESK AR A AR, ATRAA IPTG 5 53R
EMEERNA, T RNAFHE), &7 Y&k H &
AR R 5 FE R, R E RS AT (100 mg/mL
Amp 2 12.5 mg/mL Tet) [ LB FREH, 37 C#2
IREEFRIIR o IR R hil-1 RNA FHREFELLT ¢ 100 Y
R LR RN 2 LB AR RS 2 B rh, AR R RIREN
50 mg/mL ) Amp, 37 CHRREEFFEUINI 5 R 55038
S T 8 TR VRS L 15 Aoonn (BN 1 2545 S 11155
F2, TMAZIREE N 1 mmol/LEIPTG, #%— & P
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TRINZE S 1 mmol/L IPTG B NGM K577 5 |, T4
iEgE, EE AT ARIN2, ear—2(add65) A5 |
YH AR S RNA T2k (NR350. TU3311. NR222
FIVP303) MEEIXFRNA FHANE, 15 nl R R
B[R hil-1 FHK A RNA FHZEH . SL80 R DAL A 14440
23 JRORL A 2 HUOR AT R ZH
134 ERUESIENBERIAESR

LLpPD95_75 RN &, 4% Pdpy-30: 1 GFP: !
T2A: hil-1 SRR SFRL (Hr T2A Jgi6 2 5 4:) )
FH A B KM dpy-30 2K 1Y 5 30 TR BN 4 R e
HERE GFP (A& IEE ) FEAREER hil-1 H5
o Bt FOKFRLS Pmyo-3: imCherry: unc—54 3'UTR
JEkL (FHF mCherry ML GARIC, AIVEN EAES
PHPER TR R Arid) RS, e & REIRE 351N
100 ng/mL #1150 ng/mL AVESTR . FHEAUESTARHE S
JRREE SRR AR AR (RN E N JLENEY)
(2 AR e . TEET DAY 2 s EUES 5%, 3 dJSTE
OB P BER LN A R& R, 7
FF[35 mm NGM A I s 726, B HERRERE
FREAE 50% A b, WA Rk & @ B, aiih
hil-1 OF 28
135 R EMEWNRTREHR

hil—1(gh229) 2375 R 2% H 5 7 A 7 N2 #R A fE HL 32
B, K75 hil-1(gk229) BKEHR, F-5EFA7Y N2 (AR
FIRZE R T 2 R A2, s H 2R LRI PCR VA
U g AL 5 1 S Al AL Y hil-1 (gh229) B PR 2R A% (1 i
HERARZR o {8 daf-16(mu86 ) Ik [F] 4 2% s AN B A=
RIN2 FE R T35 HE, 158 daf~16(mu86) kR, S5
5 hil-1(gk229) BERRE R R 2 OASHL, J8 I B H 2ot
FL[RZH PCRIESEE R Bt f Al G e A (R 44, 3R 75
daf-16 (mu86) ; hil-1 (gh229) WEAL R H o {HH daf-2
(e1370) Mfekfe [F] A2 HRANEF A AT N2 A R T2 BL, 15
F| daf-2(e1370) IR, SRFGFES hil-1(gk229) HERFE[H]
R R AL, I 2R AL R4 PCR AR ik %
E H R L e B A PRI AE R AR, 3RS daf~2(e1370) ;
hil-1(gk229) WIRAFHRER R 10,
1.4 MBRIFHEE
141 HHREBNE

B RNA TR, T RIRZL R hil-1(gh229) R
ARG HUFIEF A A N2 2R HAE 20 'C R IEH AR, HREG=
PUEA B % 30 450 R BN 1E R R IRE HifE OPS0 1
100 mm NGM 5557580, AilE 2 h WLBEE1] 200 ~ 300 T H

IS, KRR TR Ak . RN E B B HE.
B2 Pk R IRA OP50 B H & 12.5 mg/mL FUDR [
60 mm NGM 85725, D RE7RE: FJRUE 35 54l
B A AR A PR R R Al 2R FR LR, WIS KA
Eah L, NWHEEE BT, kg RE, &
MR E I N EE, YAk RE NS —
K (Dayl), PARJG—SZeHRIET R SLiGZk s '),
2 AR RS T BAEE SR, P2 R AETE
2%,
142 AMZLK
hil-1(gk229) 5875 2% HFTEF A= N2 2% HFE 20 °C
TIEEFEFE, BRERE - ROFSMERERE
OPS50 [ 11 60 mm NGM B2 725, N ESFRELH0E 30
ek, BMEREL 3 MR, BEEERLES
FREEUN 35 CRE AR RS 7E, B3 hidREHRIUTE
CRITFIE SR . LRHBET IbRvE & CONESN. SRGIE
Sa g iRAsh 1,
143 BEMMNHXE
hil—1(gk229) 53 (A 2% HURMEF AR AU N2 28 HUTE 20 °C
TNIEEmRFE, B EE - REFEDP LRI T
90 WL M9 L&k i 48 FLEE 7R FLH . BFL30 %62k,
FFPZHES 3L, BFLIIA 30 wL 200 mmol/LAYH
EEALTAE (ZRMRFE R 50 mmol/L) , XTHRZLANA 30 wL
MO ZE . HLHET 20 CARELREFE, B 12hid%
RHBET B AIEE S R . &R AR RS
SRR S SR Y,
144 EEJECr N ¥
hil-1(ghk229) 575 2% HUFTEF A= N2 2% HFE 20 °C
TEERFE, KRS —REFED L RPAI T
270 pL M9 Z2IiR i 48 FLEEFR R FLH . L3055 4k,
BMEREZ 3L, BFLIIA 30 pL 100 mmol/L f
KoCroO7 78R (2R 10 mmol/L) , XTREZHANA 30 pl
MO B, #SHHLRHUE T 20 CAREEREFE, 12 hidR
RHFETE R AITEE SR . SRS T AR I RE N
SESCRAST IS SHAARSN 1Y,
145 ZHERKKFIPRLT
hil-1(ghk229) 574 PR 2% RIS A= 0 N2 2% P 20 °C
TIEFEWEFE, 0 R&RNINA B BRI N — oy
FORTE], WSS L4 BARIARRL . AETE YA JeAZon,
EHAK, B 14 BFEB L RPREIRTE 0PS5O0 1F 1 60
mm NGM 5725, B ENE S & BMZ&H
BEINEREIRICF S . BE24 DB RPRER
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RS TR A OPS0 1# ) 60 mm NGM K575, id
SEIFOREEFEE IR BGR . R INgs
146 LHXNTEEPCRIENEHEXSESIEIR
MBS EERIX

{6 FH TRIzol 5 N BF A=Y N2 2t DA K hil-1 (gk229)
SRAF R R BUS RNA, B 1 pg #555A cDNA, RV
FASEIN RS E & PCR AR hil-1 DA K g 55 25 (5 5 8 8 AH
KB daf-16 B FHRUEL R mil—1 F ctl-1 B mRNA 7K,
Plact-4 ERNZ. 5IFFINEE 1. PCR RNARFR
5 PowerUp™ SYBR® Green Master Mix (2x) 10 pL, IF
IA 5% (10 wmol/L) % 0.8 wL, ROX Reference Dye
(50x) 0.4 pL, cDNA KR 2 pl, ddH.0 6 pL. PCR
RREZAER 50 °C 2 min, 95 °C2min; 95°C15s, 60 °C
I min, 40 MER. ISMEIZRRNZEME: 95°C 155, 60 C
1 min, 95 °C 155, G524 H AR K HAH
X FRIKE

%1 PCR3|#F5I

Table1 Prime sequences for PCR
2H 513

Gene Sequences of primers
Forward: 5'-AATGGAACCGGAAGCAGCAA-3’

ik Reverse: 5'-TCCGCGAGTCTGTTCAATGT-3’
Forward: 5’- GCTCCCTTCACTCGACACTT-3’
daf16 Reverse: 5’ - TTCGATTGAGTTCGGGGACG-3’
Forward: 5'- GCTTGCAAGTGTGACTGCAA-3’
i Reverse: 5'- TTGATGGGTCTTGTCTCCGC-3’
Forward: 5’- TACCGAGGAGGGTAACTGGG-3’
ot Reverse: 5’ - AGTCTGTGGATTGCGCTTCA-3’
2014 Forward: 5’- GCCACCGCTGCCTCCTCATC-3’

Reverse: 5'- CCGGCAGACTCCATACCCAAGAAG-3’

15 HELEBMRETZESR

LR PELE 3R, BIRED3IDPITRME,
SEICHEUPEEI A X £ 5 /IR o {# F GraphPad Prism version
10T EIR M R G ER . R a AR R A
log-rank (Mantel-Cox) 255 7347, P<0.05FRRZFE
BEHER

2 &R

21 hinBESS5REZES®

B SEHIF RNA FHERR, 48P A A N2 2% U £
hil-1 RNA FHLE R, 45RERERGFmIAE4E, 5
WA ER, 5255k 14440 W FEZHAHEL . RNA F#i

2 R B T 23.53% (P<0.001, E1A),

N i — P EGAIE hil—1 BE PRI B0 2 B i B 520
FIA hil-1(gk229) 23 A ARUGIE T hil-1 RNA FHE 955
o L5 TR hil-1(gk229 ) S35 (K 2% ta (1) S 1) 75 iy
B 18d, HARIN2ZRKFEEEFEMmZ22d, hi-1
(gh229) AR - ¥ e fHEL T B AR B N2 Z L I
F#i% (P<0.001, E1B),

BN, R BARER I FRE R 7715 hil-1 4
BMEiERIRG, hil-1 OF Z RS B afH e T B 2R
RIN2 A ATIER (P<0.05, E1C), XUEss R,
hil-1 B[R 2 5iFn &t o, LA amSLini 24 %
T AR 2,

2.2 hiFMRESHEZHEMNFIEMZeEDEE

X hil-1(gk229) Z877 PR 2% HUFTET A2 Y N2 2% 73 1)
HAT T 35 CIAMY AZ SL9e . B ML AN E B R
Cr* ROsEss, DA eI Z#80E 7. Sk IFE
EBEENNRENER ., SRIER, f£35 CHRET,
hil-1(gk229) 4% PR AH Bt BF A2 B N2 2% UG #A U )
FROTIR 52 BE 7712 & P& (P<0.001, KE2A),

78 i 50 mmol/L A FAELLER 12 hivf, BFAHI N2
LR TEE R T0% , 1T hil—1(gh229 ) AT RER Hi
TEEBRLINA5%, 20 hil-1(gk229) AR AHEL T 87 4=
AU N2 2 RO S AL TR i 52 B4 (P<0.05, [B]2B)
{HAE 10 mmol/L KoCro0- 4 R, hil-1(gk229) ZZAF AAH
FEFHAERM N RN ESENMZ OHLEEES
(P>0.05, E2C),

IXEELE IR, hil-1 B S B ER BRE IR
ST 52 RE S IR
2.3 hilBREZWEBRPNERNER

SEAIIFRR I, hil-1(gh229) SRR RIER T
R, LT B AR N2 £ R Ak R A N AR
il LAMARS, hil-1(gk229) 28R ELETAE Y N2 28 A
R ER, HEAEBS RGN, s
N2 Ze AR TE B R AR LI BE (B Rk R R
RHTCIHEZES (K3A),

it 1 hil-1(gh229) Z3AF PRFEF A Y N2 2% B A B
KB BRI NE WO, &I hil-1(gk229)
GRS R B Z 65 h, HiSF AR N2 45t
R ERAZ 69 h (B 3B), R hil-1 RAE S
SHEREBERBESE (P<0.001), HIFREMEK
H AR,

[FRF, MLAHAFGR, &R 24 h Sttt hil-1(gk229)
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A B C
150 —— WT-L4440 150 150
- — N2 — N2
2 = W=t R 2 - hi-1(gk229) 2 -~ Whole body hil-1 OE
[ © [
2 2 2
e 2 e
=] 3 =]
(7] ("] ")
t 'q:'; t
e e ¢

0
v

40 10 20 30 40
Ageld Age d Ageld

E A, BEREN2ZRIRE hiF RNATFH (RNAI) BREFHLZ [SWYERE (IREL4440) 18EL, P<0.001]; B, AR N2Z& RS hi

(gk229) REMFLERNEFHLE (SN2&HAL, P<0.001); C, BEEN2EZRShiNEGMHERELR (hiF1 OF) MEFME (5N2%

HRIELL, P<0.05),

Note : A, Survival curves of wild-type N2 worms fed hil-1 RNA interference (RNAI) bacteria [compared with control group (fed L4440), P<

0.001]; B, Survival curves of wild-type N2 worms and hil-1(gk229) mutants (compared with N2, P<0.001); C, Survival curves between wild-

type N2 nematode and hil-1 systemic overexpression worms (compared with N2 nematode, P<0.05).

El1 hil&5%REmREE

Figure 1 hil-1is involved in regulation of the lifespan in C. elegans

A 35°C B 50 mmol/L paraquat c 10 mmol/L K,Cr,0,
100 — N2 100 — N2 100 = &
& -=- hiF1(gk229) & -~ hi-1(gk229) & - hi-1(gk229)
3 3 3
2 2 2
4 4 4
3 3 3
& 50 o sof & 5ot
€ c ~ e
8 S ) g
c e by
b 10 20 30 10 20 30 40 v 10 20 30 40 50

Treatment time/h Treatment time/h Treatment time/h

F A, BERIN2ZRS hil1(gk229) /TR HM 20 CHBZE 35 CIREBFRINEFHLZ, P<0.001; B, BFERIN2L& RS hi-1(ghk229) REE(R
E50 mmol/L EEMWIEHREFME, P<0.05; C, BFERN2&RS hi-1(gk229) RERTE10 mmol/L K.CrO, MBI EFIL, P>
0.050

Note : A, Survival curves of wild-type N2 worms and hil-1(gk229) mutant worms transferred from 20 °C to 35 °C, P<0.001; B, Survival
curves of wild-type N2 worms and hil-1(gk229) mutant worms exposed to 50 mmol/L paraquat, "P<0.05; C, Survival curves of wild-type N2
worms and hil-1(gk229) mutant worms exposed to 10 mmol/L K,Cr,O,, P>0.05.

2 hilF BREFR T LR AREDNEMENRIMZ 1t

Figure 2 The deletion of hil-1 reduces the tolerance to heat shock and oxidative stress of C. elegans
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F#E5% (P>0.05, E3D),

DL S5 SR FREA hil-1 Bk 2= S8k HUK B BA 4
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DA R A LRSS S EVEe G, &
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FELR FRIEEL AD S AN R 2R3E 200, hil-1(gk229) & —
Pt ear—2 FL R A A To RS ISR MR Y, T84+
AN TEIEEMY, ST EAT-2 2 H B8RRI & 1L,
hil-1(gk229) SEAFARMEEAHIR RE KT IEH 28, @it
TR EREIR ERHEIRER, BRI EREE R,
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hil-1(gk229) i':,-?g%:“ E 66
N2 hil-1(gk229) v 24 48 72 96 120 144 hil-1(gk229)

Time from eggs/h

F: A DRERARBEEShT72h WNESMETURIER N2 LRI Mil-1(gk229) RE|ARLR (MAEEI00X); B, BEEN2LRS hil
(gk229) RN LR NI A BRI T E—MOPFrAATIE, SES105RER, TP<0.001; C, HEREN2ERS hil(ghk229) RERMNINEBE T
B12hFHERE, SANROTFI0EER; D, FEBN2ELRS hi-(ghk229) BERFEHF=NLE, FEYADFI0RER, P-0.05.
Note: A, Observing the morphology of eggs of wild-type N2 worms and hil-1(gk229) mutant worms at 65 h and 72 h of development under
microscope, with magnification of 100X; B, The duration of wild-type N2 worms and hil-1(gk229) mutant worms from egg to the laying of the
first egg, n =10 in each group, " P<0.001; C, The average number of eggs production every 12 h from egg development in wild-type N2 worms
and hil-1(gk229) mutant worms, n > 10 in each group; D, The total number of eggs in wild-type N2 worms and hil-1(gk229) mutant worms.
n>10in each group, "P>0.05.

El3 hiMREZMEREE
Figure 3 The deletion of hil-1 affects the development of C. elegans
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Note: Survival cu!’ves of ?at—Z (ad465) n?utants fed hil-l RNA mil-1Fctl-1 A R 22T (P<0.05, P<0.001, [
interference (RNAI) bacteria. Compared with control group (fed . o
Cant) oo 5C), SKHRR hil-| ATRETS dof 16 LR B o B
B4 hiF BEE RN eat-2(ada65) RTAER TR ABE T daf=16 AT hil-1 B RRAL 2 daf~16
Figure 4 The knockdown of hil-1 has no significant effect (mu86) ; hil-1(gk229) , MK INTE hil-1 R )5, daf~

on the lifespan of eat-2(ad465) 16 (mu86) AR R i Hamit— 4578 (P<0.001,
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WM, G550 5R0E, SXTRAMEL, ENLR#HET HENEREENFmEREIER . AN hil-1
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iE: A, daf-2(e1370) R {RF] daf2(e1370); hil1(gk229) WRBARERNEFHL, P-005; B, TFERN2LLRH hi-1(gk229) REAKRER
thdaf16 IFIXE (5N2#8tk, "P<0.001); C, FFABI N2L& HH hil-l(gk229) (R e ek daf16 T SEE R mt/- F ct- NZEIX (5 N248
kb, "P<0.05, "'P<0.001); D, daf16 (mu86)3SZ{AH daf-16(mu86) ; hil-1(gk229) WS TRt RN ETFRI%E, P<0.001,

Note: A, Survival curves of daf-2(e1370) mutant worms and daf-2(e1370); hil-1(gk229) mutant worms , P>0.05; B, Analysis of the expression
levels of daf-16 gene in wild-type N2 worms and hil-1(gk229) mutant worms (Compared with wild-type N2 worms, ""P<0.001); C, Analysis of
the expression levels of daf-16 target genes mtl-1 and ct/-1 in wild-type N2 and hil-1(gk229) mutant worms (compared with wild-type N2
worms “P<0.05,""P<0.001); D, Survival curves of daf-16(mu86) mutant worms and daf-16 (mu86); hil-1(gk229) mutant worms, P<0.001.

ES5 hinAR2HKkBEDSRESBRBIEERE®

Figure 5 hil-1is not completely dependent on insulin signaling pathway to regulate lifespan of C. elegans
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Note: A-D, Survival curves of worms with tissue-specific knockdown of hil-1in muscle (A), neuron(B), hypodermis(C) and intestine (D),
respectively. Lifespan is shortened only in hypodermis-specific RNA interference (RNAI) or intestine-specific RNAi worms.

El6 hi-{ERFEREMFERIREZRED

Figure 6 hil-1 actsin the hypodermis or intestine to regulate lifespan
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®2 HBREGHLEHHIESHF

Table 2 Analysis of experimental data of lifespan in C.

elegans
ESER S Ry E FEm
C. elegans strains Number Mean lifespan /d

N2 94 22+0.23
hil1(gk229) 95 18+0.67"
Whole body hil-1 OE 101 22+0.22"
daf-2(e1370) 101 47+0.46
daf-2(e1370);hil-1(gk229) 97 47+0.57
daf-16(mu86) 98 15+0.24
daf16(mu86); hil-1(gk229) 82 14:0.26444
N2-14440 85 17:0.23
N2-hil-1 RNAI 95 13£0.60%44
eat-2(ad465)-L4440 91 26+0.41
eat-2(ad465)-hil-1 RNAI 103 26:0.42
NR350-L4440 90 16+0.56
NR350-hiF1 RNAi 95 16£0.57
TU3311-L4440 101 13+0.28
TU3311-hik1 RNAI 105 13+0.33
NR222-L4440 105 22+0.27
NR222-hil-1 RNAi 91 17:0.34%%
VP303-L4440 91 18+0.62
VP303-hil-1 RNAI 96 13+0.44P°0°
AMJ345-14440 99 15+0.21
AMJ345-hil-1 RNAI 99 15+0.23%

E: SN2& =R, "P<0.05, TP<0.001; 5daf16 (mu86) =R
L, 444p<0.001; 5 N2-L4440 & R 4ELL, 2424P<0.001; 5
NR222-1L4440 £ H#8LL, **2P<0.001; 5 VP303-L4440 f8tL, Pbp<
0.001; 5AMJI345-L4440, “P<0.01.

Note: Compared with wild-type N2 worms, "P<0.05, ~"P<0.001;
Compared with daf16 (mu86) mutant worms, 444pP<0.001;
Compared with N2-L4440 worms, ““%P<0.001; Compared with
NR222-14440 worms, ***P<0.001; Compared with VP303-L4440
worms, ®°°P<0.001; Compared with AMJ345-L4440 worms, ©P<0.01.
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