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The Impact of col-93 on Locomotion and Aging in Caenorhabditis elegans
through Regulation of the Heat Shock Factor-1 Signaling Pathway

YANG Su, JIANG Yuwei, DOU Xiaobin, CHEN Buyang*
(School of Life Sciences, Zhejiang Chinese Medical University, Hangzhou 310053, China)

Abstract This study investigates the impact of COL-93 encoding gene on the aging process of Cae-
norhabditis elegans. The age-associated significantly differentially expressed gene col-93 was identified from pub-
lic databases. The col-93p::HIS-24::mCherry (strain SD1391) nematode line was used to detect the spatial expres-
sion pattern and expression levels of col-93. Subsequent co/-93 gene silencing was performed for lifespan assays,
acute heat stress tests, fecundity assays and progeny lifespan assays. qRT-PCR analyses were to quantify expression
levels of key genes in the HSF-1, IIS (insulin/IGF-1 signaling), and mTOR signaling pathways. The results demon-
strated that col-93 was predominantly expressed in the cuticle of C. elegans. Knocking down col-93 shortened lifes-
pan and reduced thermotolerance and motility, but did not affect the amounts of eggs laid or the lifespan of their
offspring. Furthermore, col-93 knockdown decreased the expression of genes in the HSF-1 pathway-related genes
(hsf-1, hsp-70) and increased the expression of genes in the IIS pathway-related genes (daf-16, ctl-1, sod-3). The re-
sults showed that col-93 expression was significantly decreased in senescent nematodes, and col-93 modulated their
motility and lifespan by regulatingthe HSF-1 signaling pathway.
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1 #MRI5EE
L1 #R5i5

By A TSR AT U N2 &R« col-93p::His-
24::mcherry4k L SD1391, Kg# & (Escherichia coli,
E. coli) OPS50J) [ 3 [E 28 H {78+ 0> (Caenorhabditis
Genetics Center, CGC); 5-9 K ¥ g (FUAR) B lE#r
FEERR . FALES . TR B AL R FERH A R
W AR E B T AEY) TR AR AR ;
BERR A I B i s KA R R A IR
Al BERRE AN B BRI RL T AR R A R
A ] RIS B LR BHEAE A BR A\ 5 TRIzol
RFE H 3£ [ Invitrogen/s 7 ; QuantiTect Reverse
Transcription KitJ H £ [E QIAGEN /A #]; TB Green™
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/~#l; SYBR GreenPro TagHS qPCR Kith) H i Fd %
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1.2 UE5EF

IR & 4G - TR TR IR IR . BV R
(Rig—1EREAAER AR A D), X B (SZX16,
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HIRAR]), #H4/K RS (Mii-Q Integral, {2 [E Mipore
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HUEE TR (2 RS R DA TR A 7)o
1.3 XEHEE
1.3.1 % XA i i 64 B 6 2 A KR IR 2
(nematode growth medium, NGM)IECH] : FREL1.5 g
NaCl. 8.5 gBiflg#¥r (agar). 1.25 gi& H [k (peptone),
BN 500 mL ddH,OF 1 LI, 2 S4BTl
M, 2121 °CE R 277K H30 min. fFIGFRERA AR
65 °CJ5, IA12.5 mL 1 mol/L KPO4. 0.5 mL 1 mol/L
MgSO,. 0.5 mL 1 mol/L CaCL,#10.5 mL 5 mg/mL/JJH[#]
B (AT oK G ), TRATJE 18N 60 mm4H B 15 77 L
o NGM R Z iR JBCE 1R )G, 1K A B OPS0,
FRRATRR IR T, 37 CCREFRARRE IR AR, HX
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LBE; 7L FREL25 ¢ LB, A1 000 mL ddH,O
T1 LA, BB AEFIR O, 2121 °Cra k280K
K130 min.

MOZE MR IFIECH1: 2 IFREL3.0 g KH.POss 6.0 g
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K, A EIMAT mL MgSOy.

Bleach 24 : &=EL1 mL 5 mol/L NaOH, JiI A
5 mL ddH,0, 4 mL 4%(w/V)IR S FENIRA), I
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132 A& Rep3EiRAfeR I BHLALRER
FEE KT E OPSOINGM AR _E, 7 E F-20 °CH;
FRFEREFR48 ho (I MOZIHIRNEENGMEE IR 28
H HBR, #F2421.5 mL EPE 1, =3 T, 1 500 r/min
B0 2 minfg B8 EiE. M3 mL BleachZ AR -
AW R SRR S N A S A DT TE HL R AE IR
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et AR A 22
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A OEZ A B SO — IR SR . B E ik
HU10~2046 45 .

1.3.5 M EE LmaFPEET
NGME; FRHEAE 20 CCHE PR FHEL B LR
BILAR A Rk R FE B IRA L4440H1 col-93
RNAi(WO05B2.5) KT i 1) K 77 5, >R et
10045, FABHTIRER . T20 CCREFERMETFR 1R
Ja, FEEFRAAE3T CCEEFRAA TR B h, BB R
WG IR S, HREE TR AR
PLE . B G ¥ 3G 72 B8R 20 °CHE IR A B 77
. 12 WGtk AR, S 24 R
R 2% s S0, 22 bl I 2400 AT e A $E B B B R 2k
HHE BT

1.3.6 FEBEMNE EE SRR E N (2 A
WAL JE BT NGME; FRIETE 20 °CHEE TR H A 2R
HUR R 3 LA 1) (1) 75 N B 28 Husss 752 9 FH MOZg i
e 2RI R AT B, 4 A 25 mmol/LIY & %
AR TR AT PRIV, P LA 7 381 2% 1) 35 1 B 4%
PR b, RAREEMB M RER R . A
Imagel A Fi vt H e im )z .

137 KRS0 EFE REERE R R
WAL G BT NGMEF FRIEAE 20 °CH R MR H B 4k
HUR R B LAY HA ) JE 25 AH AT i 2k R B0 4 22 0 3L
HRHPINGMEE TR, AR IR LN E 1552k
A, BB S~10FAT, B2 BT aa 7 Be i 24 Kl
NEVR, BT OR T4, BERR24 hR o8, TR 2
HUEER F RS SR LA, etk dURl SR A4 H P2 B
ORGP S, IRl £k

138 BiEEFEER  WERMRRIG I R (LR REAF
WAL G E T NGMEG FRIEAE 20 °CHE MR H B 4k
HUR B LAR ), I F MOZE b 2 3R 1 K i
B, K520 2 28 H1 43 5 22600 mmol/Li%) NaCli i
FZETAKH, 85 minid R HIIESPRE, Gt
S ZI 5 R 2R B I B0 OO SR 28 i Sk #E Bh M B
s — i 22 53— LA BRI 90° (1 28 HURR AR BR 2
), LG8 180 min, il 4k HIHERZR 1AL HT 26
1.3.9 qRT-PCR  FHMOZE MK 21300 2% 160 i) 34
(2% B RE IS B2 21,5 mL EP rh, FHMOZE ik i vk
2 1 3R LA L BRAE AT KA R . N 1 mL TRIzol
TRFRIAIT R Bk, {41 40T BEAURF R 90 s, 4R LR .
¥ ORI HURE S RIE#ER2 2 5 — A~ 1.5 mL EP
B, Z M TRIzoliA 71 Ui B FE AT 2 HRNABRHL, 28
J5i i H QuantiTect Reverse Transcription Kit} RNA
S5 38 cDNA . R #E GenBank U #E &+ 1 £ K
%1, {8 FHPrimer Premier 5.08KF %1 FPCREIY. 514
FHINFE 1, WSEEF A cde-42. cDNAFESIEE TB
Green™ Premix Ex Taq™(Tli RNaseH Plus)¥ 14, %
Y15 5 #J H LightCycler®480(Roche /A &) A& 1 3% ,
P45 5 1930 CHA, SRAH 2 YT SR X R R 3R
kg, BTN R, BAOEFIRELLR.
1.3.10 col-93p::HIS-24:mCherry % XU Kk
E I H (L6 A AP AL G B T NGMEE 7R 345 20 °C
WELT R 9% B R 4 HUR JE 21 L4 ) 1) SD1391(col-
93p::HIS-24::mCherry) 2k L W55 755 By, H &%
ABR R , 75 58 6 RAREE T L8R 48 i (1 2R o
EHRSE, FFARICTE, FImagel BT H I R K
JEAE AT /4T -

1.3.11 Zé&-Faxt&Ea4r  Malphafold ¥ J#
(https://alphafold.ebi.ac.uk/)H T 75 NN B AT £ HL)
HSF-1F1COL-93 =4t [145#4(UniProt ID: Q9U348
I GSEFTS). it HDOCK M %} (http://hdock.phys.
hust.edu.cn/)¥ HSF-141 COL-93 117 2 H — 5 A X %
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Table 1 Primer sequences for qRT-PCR

I 44 P ER 3 5(5—3) SRS AIl(5—3)

Gene name Forward primer sequence (5'—3") Reverse primer sequence (5'—3")

cde-42 TGG AGA TGG AGC TGT CGG TA GCT CGC CAC CGATCATTACT

col-93 CGG CTGTTACCTTCTCGGTT CAC GGA TGT GGT TCA CCT CA

col-103 AAG GAG GAT CTT CCC GAC CA GTT CCT GGG GTT CCATCG TT

col-159 CGA CCC CGC AAT GAA CAATC GAC TGG ACC GGG AAG TCA AG

hsf-1 AGC GGC AGAAGC TCA GATTT CCT CCA CAG TTC TTG CCG AT

lgg-1 CCA GAC CGT ATT CCA GTG ATT GTT GA TCG TGA TGG TCC TGG TAG AGT TGT
hsp-70 CAT CAAATC CCC GCG CAATT CGAAGT GCC TTT TCA ACC GG

hsb-1 GCC GTG GGA CCC AAT TAG AA GAA TAA CGG TGC AAT CGG CC

daf-16 GGT GGA GTT CAG ATT AAG CAG GAG TC CAG GCA GTG GAG ATG AGT TGG ATG
daf-2 CGG TTG TTG TTC GTG TTC GGC TAT TCG TCT CAC TCG CAT CGT GTC TC
sir-2.1 ACG ATT CAG AAG TTG CGG TCA CA TGG AGT GGC ACC ATC ATC AAG AAG
ctl-1 CTT CTC CTA CAC GGA CAC GCATTAC CCT TCA CAT CAT CAC GAG TAC GGT ATC
sod-3 TCA ATG GTG GTG GAC ACA TCA ATC AT CAG AGC CTT GAA CCG CAA TAG TGA
let-363 CAG CAG CCT CAA CAA CCG AAG AA GAA GAC CGA CGA GTG AAC CAA GTG
gst-4 CTCTTG CTG AGC CAATCC GTATCAT AGA CAT TGA CTG ACC GAATTG TTC TCC

B, B AN FE R . ANFE R T R4S
PE LR A EAE I FE B 7E 0.5 nm DA R L FR IR I .
I FHPymol FR A4 %) 8 [ = 4E S5 /g AT TlAb B, 241
AN Z A B I 2 R R A
14 BEZITSESH
K H Prism GraphPad 7.0 {43547 1 &l & A= 4

AT EERAS [F R B Pk F () S it g3
TNREWNFIR : Risshfe )y s,
?%iiﬁzpiﬁﬁ%ﬁﬁ t-test7r AT, LLT-2ME AR iR R

7N; 2R e B K LogRank and Gehan-Breslow-
Wilcoxon test7#T. P<0.05F/RNZERFREFGR T
o

R
2.1 BREZEHCOL-93. COL-103. COL-159%
BEREAEREZ B L RNRIZKFERER

HRHE O A (5 S R ), R DLAE 75 TN B AT 28
B RSB R B AL (B 2ot il R
WA R NSRRI ) T, &hEzid R
SURF AN E . 7E DL B R LA B col-
93, col-103. col-1591 3K /K-FLEF5 AN FE AT 2k HL K
TR R AW PR . BRAT mRNAKT EL A
T 2R ORI F5 N BEAF 26 B col-93 col-103. col-
159 RIE R, ERELLIR = H I REE TR, K
1 col-93[ARALIR L i K, col-159Z5 AL MEFE £t/ , FI

SCHR A AR R B — B (B 1) FElSR col- 93 Ji Je 4
S
22 RIEZEBRBEREC-IIEFIE
ARERIE

IR T A HALE R col-93 B B AL, FoAl
FER R N mMEE 7 3RA9IK 1 SD1391(col-
93p::HIS-24::mCherry) i H 28 H, H 450K B col-931E
TR MR R R A e s, B Xt 45], £k
B F A HIk (K 2A), fEREZL DT | col-93()
KPR TR, HEEEF T LI, HREHBMK
S R UVA T N S Y =2 R VN
YREL(EI2B). Gt R I DO R R I E 7%
F(E20).
2.3 E{Kcol-93MiRLL HIRE, EIRHIEENEEN
FOIUIA N B RE

RNV N2ZR B col-933-4T BTG, 143 Wl 5E
TR GG, BERSE. B3R, PN
A1 PRI R AR FARE S S L TR bR, SR 7 col-
93X B U RZ R o FRATT 43 I AE 2 U 2 R AN 12%
B HIERE BV E col-93 RNAIK) K BT B 1 1% 97 3
b, RITEWWAELL R R EE 2R, MK col-931)
27 (BI3A). 2SR IR, R B (E4R)
col-9 3R RN HE ZH I T 2 35 22 e, TMAE L M B
(ZBIR) col-93mUIRLH B nig, K mKcol-931%
134% H fEHE 2= B AR, niE a2 (KI3B).

ST A
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Bl REIMEREmEaftikticol-93. col-103, col-159 mRNAZILE)
Fig.1 Expression of col-93, col-103, and col-159 mRNA in Caenorhabditis elegans at different stages
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A: fluorescence distribution of SD1391 (col-93p::HIS-24::mCherry) strain; B: morphology and transcriptional distribution of the col-93 gene in nema-
todes of the young and aged SD1391 (col-93p::HIS-24::mCherry) strains; C: bar plots of fluorescence intensity statistics for young and aged nematodes.
*P<0.05.
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Fig.2 Transcription of col-93 in Caenorhabditis elegans at different stages
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A: nematodes were subjected to col-93 RNAI at young and senescent stages, and lifespan experiments were performed; B: comparison of lipofuscin

content in col-93 RNAi nematodes at young and aged stages. ns: P>0.05; *P<0.05.
B3 #iRcol-93x T EM B2k R EZ HIFZAD
Fig.3 Effects of col-93 knockdown on aging in Caenorhabditis elegans at different stages
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Fig.4 The effects of col-93 knockdown on motility, thermotolerance, and reproductive capacity in Caenorhabditis elegans
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The expression of Asf-1, hsp-70, hsb-1, daf-16, daf-2, ctl-1, set-2, sod-3, Igg-1, let-363, sir2.1 in nematodes was detected by qRT-PCR. *P<0.05,
**P<0.01, ***P<0.001, ****P<0.000 1.
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Fig.5 The effect of col-93 knockdown on the expression levels of lifespan related genes
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Table 2 Summary of scores for the top ten models
)
ﬁgg i Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10
ode
Docking score -256.56 -255.65 —253.58 -251.79 —245.74 —240.84 -236.55 —236.49 —229.63 —227.28
Confidence score ~ 0.893 9 0.8922 0.8881 0.884 5 0.8716 0.860 2 0.849 5 0.849 4 0.8310 0.824 3
Ligand rmsd (A) 122.35 117.59 118.73 106.21 86.91 126.29 76.69 105.79 101.18 77.59
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