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ZE  Sirtuins (SIRT)E —% NADK# M £ % 2B B Kok, 255 £ MERETAEEE,
WHEENERBE T AR EFEEZER ., XAAREHAEWELF T ERA 232 Y & (Danio rerio)
SRT REHEEN LR G, ZEEWH, EXR)TF . ZadFmRFEMR ., EhER, 4
G ZREMRRGEHRNMKR, AR RENEAEAL TR AR LT, EREF, 3D & 34
SRT A FH A TG A H 8 A4k, FrlKETF—, &K H IRT6 (140 265 bp), & % % SIRT4
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SRT2. SRT3.2 #1 SIRT4 5 4 # (Carassius auratus), & #(Oryziaslatipes) A A 4 x %, EHE
¥ W (PP TN & 3., SIRT Z& & 5 ¥ & ZIR(ESR)., X k& # F HF F K (FOX0s), #ikEE
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2000; Landry et al, 2000; Zhao et al, 2004), SIRT % j%
T AETIREEYMEEAEY T, B8aR 5 2k,

* U AR A 8 5 BA AR M P2y B AR AR 2R 5 H (CARS-48) % Bl . %55, Email: 2770213943@qq.com
@O WBEEE . B2, FI##%, Email: agchen@shou.edu.cn
Wk H #9: 2024-05-29, Wig ki H #: 2024-06-18



%31

WREN P SIRT B R G0 M S AR AN ) 5 77 I S A 2 05 13

SIRT1~SIRT3 4 [ 2%, SIRT4 Jy 11 2%, SIRTS J M2,
SIRT6 F11 SIRT7 IV, U 2 HAFTE Ty 40 08 21 40
By SIRT & [ FK % (Frye, 2000; Greiss et al, 2009), A
[FA= Y01 SIRT B PR EOR o3 A AN AR [R] 491 G R 37 15
R 4 AR, 284 (Bombyx mori)fT 5 4~ 1%
WL, PETE ¥ (Apis melliferayfs 6 NF LG, T
A A 7 DFER G (Frye, 2000; Greiss et al,
2009; HRICIESE, 2023), MFEREE M2 Hh SRT A 8 4~
F WG 5L (Pereira et al, 2011; Opazo et al, 2023), Bi
SIRT1~SIRT7 4, iffff SIRT3.2,

McBurney %£(2003)F5¢ & B, Sir2o 7E/)N Bl(Mus
musculus)4= 78 #5 B H s RS, I HE A Sir2a
RN BB R R LR B AR TR R A, [,
SIRT 7 ZFH Jy e Z 2]z X d. HAr, SRT
FEA A Y OB E A E L op b 3Rk, iz
SHEEWREET, WRE 2R . ReE R,
SRR i | R AR AR S DL S R A
%/~ J7H(Ma et al, 2018; Cinco et al, 2016; Xu et al,
2019a. b; Zhang et al, 2016), SIRT 1% i bt 76 B
ANEUE 23 d NI A RISEA B EEER, K
1, SIRT1. SIRT4 fil SIRT6 ik &b 5 K50 in
WEREIL, SRTS RAREREEEREREM, H
% 53 G i 2 28 4k (Kong et al, 2020)., SIRT S5 EL 8
J& P AE BE I i (Danio rerio) B 8 40 41 g B K A
(Pereira et al, 2011), (HA R HAEN I ERK EZ T HE N
ARG M AR IRIE

AsEis ARG B kst 5 SIRT
RN 8 AW bt e i e v . RS54 . 28R 7
G GO = REER VLS R G ARARE, JFR L
PG 1 PCR H ARG BE D fi SIRT i A K G AE IR i
KEAFE AR RIEME, BEN IRT EHFFKETE
B fa ik B R DI RERT T RS

1 HR5HE
11 ¥E5& SIRT EERKREBEEMR SRS

M Pereira 5 (2011)IAFFT LS, X8 fa 8 4
SIRT 2 N #E 17 £ W 5 B % 70 #r . M NCBI
(https://www.ncbi.nlm.nih.gov/) ZC 4 2 o T 485 & 4
3 K 4 7 3 FN i B SC A4 (GCF_000002035.6), fifi
TBtools (Chen et al, 2020)1J #ifk SIRT & [K ¢ % 78 Y2
ik ERALE | FE S FOR ST S5 B, SRRl
J MEME(http://meme-suite.org/index.html) il , {d
H] Jalview(Waterhouse et al, 2009)%} B & ffi SIRT 25
FIRASLWR 7 #1172 EIFFI X . i SOPMA

(https://npsa-prabi.ibep.fr/cgi-bin/npsa_automat.pl?page

=npsa%20 sopma.html)/#18 H _HhEHy, = s
i | SWISS-MODEL (https://swissmodel.expasy.org/)
e

12 35fa SIRT EFEFKKREL MRS R
FE i
fi ] ExPASy (http://web.expasy.org/protparam/) fiil
T BE T fis SIRT SR A4 [ (WAL 5 , i 5 Cell-PLoc 2.0
(http://www.csbio.sjtu.edu.cn/bioinf/Cell-PLoc-2/) il il
SIRT HE& A B4 0240 i 7 17

1.3 SIRTERFRKZRZEXZEHH

Pk 18 Pyl i) SIRT &K [ 2 FE 1R )T 51 T4
REREW, BERT IR AT NCBI G E G 1),
{4l MEGA 11.0(Tamura et al, 202 1)%cf4: i il 4B 42
(Saitou et al, 1987)F4)#H R Gt & B M . K H iTOL (https:
//itol.embl.de/)fELk T. BLXf R 4 & B W kA7 51k

14 ¥IDf SIRT EERKEBBEMZKSH

i STRING %# %€ (https://string-db.org/) 53 Mt
BEthff SIRT 2 & F1AH B AR T M 4 (PPD), fiff H]
Cytoscape 3.10.1 X PPI i1 7437 #13&{k(Shannon et al,
2003),

15 HRAXE

SCUS BT AR BE S fa [ SRR OK R R G b R
B, KR (28.0£0.5) °C, SEHEE I 14 h BHR - 10h
FEHEOEIA , B R B 3% 1) g LB 2 IR, B JR]— BT
JE IR . PRI BE T fa, BT K A URRER, B
AT K IR EALRR , BT 60% Leibovitz-15 557+
(Gibco)H', 4 8~10 A<M\ ALY BI /N O b H IR BHEE 7
ATES, R ACEE T H B BRI ORI R D AN B AR
FRAEA[R] & B B S 01 o ELA , K B9 36 40 SR ) 2 A 4
(PG, <0.15 mm); BPE & AFIHPY, ~0.25 mm); b
B R ERM(EV, ~0.35 mm); BN LAE MY,
~0.45 mm); FEOERKARAIFG, ~0.65 mm); M
ZI(GVBD, >0.65 mm)(Wang et al, 2004), K435
PIE 6 AN B (n=3, Y F R E B OS50
NG, B T80 CUKAR AT RNA $EHL,
16 EHKHEEE PCR

ffi[f] AG RNAex Pro RNA $2HUR7# & LR )
RO R & & AT HA BRI 8 RNA il i 2 6o
i NanoDrop 1000 #:{ll RNA ¥k 54 B, J58 3
JE R B s L KA RNA i . B 1 pg B RNA Ryt



14 woool B gt R 9 46 5
X1 RGEAXEWEEPERDN SRT SEBFT
Tab.1 SIRT amino acid sequences used in phylogenetic tree construction
P Wyl GenBank {%‘%7':7 P Wyl GenBank Z%E%%
Gene Species GenBank accession Gene Specics GenBank accession
No. No.

SRT1 Danio rerio XP_001334440.4 SIRT1 Homo sapiens NP_036370.2
SIRT1 Mus musculus NP_062786.1 SIRT1 Sus scrofa NP _001139222.1
SIRT1 Ailuropoda melanoleuca  XP_034518489.1 SIRT1 Oreochromis niloticus XP_005473903.1
SIRT1 Oryzias latipes XP_004077552.1 SIRT1 Oncorhynchus mykiss XP_021462709.2
SIRT1 Larimichthys crocea TMS04897.1 SIRT1 Monopterus albus XP_020457563.1
SRT1 Paralichthys olivaceus XP_019949929.1 SIRT1 Electrophorus electricus XP_026851348.2
SIRT1 Tachysurus fulvidraco XP_027021653.2 SIRT1 Xiphophorus hellerii XP_032409560.1
SIRT1 I ctalurus punctatus XP 017317361.1 SIRT2 Danio rerio NP_955890.1
SIRT2 Homo sapiens NP_036369.2 SIRT2 Mus musculus NP _071877.3
SIRT2 Sus scrofa ACP18880.1 SIRT2 Ailuropoda melanoleuca XP_002927438.3
SIRT2 Oreochromis niloticus XP_003449312.1 SIRT2 Oryzias latipes XP_023817244.1
SIRT2 Larimichthys crocea UFQ91282.1 SIRT2 I ctalurus punctatus XP_017351444.1
SIRT2 Paralichthys olivaceus XP_019950822.1 SIRT2 Monopterus albus XP_020443356.1
SIRT2 Oncorhynchus mykiss XP 021443327.2 SIRT2 Carassius auratus XP 026138652.1
SIRT2 Tachysurus fulvidraco XP _027017961.1 SIRT2 Electrophorus electricus XP _026877503.1
SIRT3 Danio rerio NP_001073643.1 SIRT3 Homo sapiens NP_001357239.1
SIRT3 Mus musculus AAH25878.1 SIRT3 Sus scrofa ACK38354.1
SIRT3 Ailuropoda melanoleuca  XP_034501791.1 SIRT3 Oreochromis niloticus XP_005457428.1
SIRT3 Oryzias latipes XP_023807517.1 SIRT3 I ctalurus punctatus XP_017333446.1
SIRT3 Lates calcarifer XP 018548213.1 SIRT3 Larimichthys crocea XP 019123585.1
SIRT3 Monopterus albus XP_020475558.1 SIRT3 Carassius auratus XP_026124003.1
SIRT3 Xiphophorus hellerii XP_032417667.1 SIRT3 Electrophorus electricus XP_035383201.1
SIRT3 Tachysurus fulvidraco XP_027008855.2 SIRT3.2 Danio rerio NP_001038173.1
SIRT3.2 Oryzias latipes XP_004069760.1 SIRT3.2 Carassius auratus XP_026143105.1
SIRT3.2 Electrophorus electricus ~ XP_026885647.2 SIRT3.2 Oreochromis niloticus XP_005470975.1
SIRT3.2 Paralichthys olivaceus XP 019934239.1 SIRT3.2 Larimichthys crocea XP 019129197.1
SIRT3.2 Oncorhynchus mykiss XP 021429870.2 SIRT3.2 I ctalurus punctatus XP 017321896.1
SIRT3.2 Lates calcarifer XP_050929405.1 SIRT4 Danio rerio NP_001005988.1
SRT4 Homo sapiens NP _001372662.1 SRT4 Mus musculus XP_036021467.1
SIRT4 Sus scrofa ABY65334.1 SIRT4 Ailuropoda melanoleuca XP_019648358.1
SIRT4 Oreochromis niloticus XP_025763051.1 SIRT4 Oryzias latipes XP_004086174.1
SRT4 Ictalurus punctatus XP 017335733.1 SIRT4 Lates calcarifer XP _018541287.1
SIRT4 Paralichthys olivaceus XP 019964043.1 SIRT4 Oncorhynchus mykiss XP _021424526.1
SIRT4 Sparus aurata AHX56276.1 SIRT4 Carassius auratus XP 026116541.1
SIRT4 Electrophorus electricus ~ XP_026863638.2 SIRT4 Larimichthys crocea XP_027134801.1
SIRT5 Danio rerio NP_001002605.1 SIRT5 Homo sapiens NP_001363732.1
SIRTS Mus musculus XP_006517014.1 SIRTS Sus scrofa ABY65335.1
SIRT5 Ailuropoda melanoleuca  XP_034516196.1 SIRT5 Ictalurus punctatus NP_001187449.1
SIRT5 Oreochromis niloticus XP_005462095.1 SIRT5 Oryzias latipes XP_004068175.1
SRT5 Larimichthys crocea KAE8290866.1 SIRT5 Monopterus albus XP_020457630.1
SIRT5 Carassius auratus XP_026147105.1 SIRT5 Electrophorus electricus XP_026883727.2
SIRT5 Paralichthys olivaceus XP_019958140.1 SIRT5 Oncorhynchus mykiss XP_036824882.1
SIRTS Tachysurus fulvidraco XP_047657850.1 SIRT6 Danio rerio NP_001002071.1
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S P GenBank i:-f%% A W GenBank %:-\ﬁ%%
Gene Species GenBank accession Gene Species GenBank accession
number number

SRT6 Homo sapiens CAG33481.1 SIRT6 Mus musculus NP _001365873.1
SIRT6 Sus scrofa ADZ44547.1 SIRT6 Ailuropoda melanoleuca NP_001401780.1
SIRT6 Oreochromis niloticus XP_003438026.1 SIRT6 Oryzias latipes XP_004079352.1
SIRT6 Larimichthys crocea XP 010742523.2 SIRT6 I ctalurus punctatus XP _017351821.1
SIRT6 Carassius auratus XP_026107325.1 SIRT6 Paralichthys olivaceus XP_019955800.1
SRT6 Monopterus albus XP_020471906.1 SIRT6 Oncorhynchus mykiss XP_021444620.2
SIRT6 Electrophorus electricus ~ XP_026887213.2 SIRT6 Tachysurus fulvidraco XP_027006580.2
SIRT7 Danio rerio XP_001336438.3 SIRT7 Homo sapiens NP_057622.1
SIRT7 Mus musculus AAP83960.1 SIRT7 Sus scrofa ABY65337.1
SIRT7 Oryzias latipes XP 023815574.1 SIRT7 Larimichthys crocea XP 019115743.1
SIRT7 Ictalurus punctatus XP_017333401.1 SIRT7 Monopterus albus XP_020451984.1
SIRT7 Paralichthys olivaceus XP_019939225.1 SIRT7 Carassius auratus XP_026053535.1
SIRT7 Electrophorus electricus ~ XP_026866433.2 SIRT7 Sparus aurata QKG31878.1
SIRT7 Oreochromis niloticus XP_003455858.1 SIRT7 Oncorhynchus mykiss XP_036804000.1
SIRT7 Tachysurus fulvidraco XP_047659051.1

®2 AT gPCRMEIMFET
Tab.2 Sequence of primers used for gPCR

5|¥) 4 FR Primer name GenBank ID JF#%1 Sequence (5'~3")
B-actin BC045846.1 F GAGGCTCCCCTGAACCCCAAAG
R ACCAGAGTCCATCACGATACCA
SIRT1 XM _001334404.6 F CAGCTCTGCTACAATTCATCGCGTC
R AATCTCTGTAGAGTCCAGCGCGTGTG
SIRT2 NM _199596.1 F TTCACTACACTCTGGCCTGC
R CATAAGAGCCGTCCCCCAAG
SIRT3 NM_001080174.1 F CATTAAATGTGGTGGAACAAGAGGCCTG
R TGTGGTGAACTGACTCCTCGTGCTGAGC
SIRT3.2 NM_001044708.1 F CGGCAGGCTGATGAAGCTTGGTCG
R TAGCTTGCTTGGCTTCCTCTGCAGG
SIRT4 NM_001005988.1 F CAGGTCTGTAGATGCTGTTGTC
R TCCGGCACCGCTTATTACAA
SIRTS NM_001002605.1 F CCACGGTAGTCTGTTTAAAACCCGCTG
R AGTGATATTTGAAGCGTTGGGTAGCAGG
SIRT6 NM_001002071.1 F GGACTGGGAGGACTCTCTGCCCGAC
R GCCCGGCCCACTCCGGAACG
SIRT7 XM _001336402.6 F GCATTTTGGAGAACGTGGCACTTTGG
R

GTTTAGCCATGCTGAAGATGGGGTCC

B, #%HR Evo M-MLV Sz %% il ) & CORH ) i W1 45
AT #3548 cDNA, {fif] Primer-blast 2 {f &1t
51913 2), LA B-actin HHS M, S SYBR Green
Premix Pro Taq HS qPCR {5 & CERM m)vi i 45, fif
F ABI 7500 Real Time PCR A iHf73Cmt o e E &
PCR (qPCR)/3HT, i 272473 (Livak et al, 2001)it

LBE LA AN R A A AT B 9 SIRT 36k AL 530 B A XS
Tk, 45RO BE R E 22 (MeantSD) KRR o

1.7 HiEsSH

i SPSS 26.0 X £ 47 B K 25 7 22 50 HT (one-

way ANOVA), RH LSD kit frZ & ek, P<0.05 3%
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NEA B EMEE R i GraphPad Prism 9 414224,

2 HRE5HH

21 HWOf SIRTEEREHLEEESH

BE i SIRT FEP S0 8 AN b3 73 ) o2 T 5 o £t
2.6.7, 13,15, 18,20 Jz 22 Sk (& 1),

22 WOt SIRT RrEEEHEST

L EER) M s (B 2), SIRT SR bt ik K 4%
M2 ARK, PR A Z SIRT6 (140 265 bp), i
KIS SIRT4 (7 101 bp), SIRT2 B £ 140 8 74k
(174, SRT4 WAME B (5 ). WA, FHEBR

Yl X /D )& SRT4 34N, I £ HJ& SRT2 (14 1),
HAR SIRT2 Fil SIRT6 [ 5'UTR 43 1E 2 AN+ I,
HK I BT 3UTR,

23 L& SIRT EERKEERF IS

AR LR LB, B SIRT N F KR
FIERRFHIALEAL N 20.29% (K 3), AT S 4E
TERF A PR SFIT I, 140 GAGxSx . xxPxxR , PxxxH
QNxDxL . xxHGxx Fll GxSxxx. i iz il 15 2 & & £
SIRT # F R 10 D (K 4), 40 T 3l — 23 32 HY
55 2 [R5 L AR P AR [A] 1Y motif B, 1745 43 32
ZIE P R AFAE 22 50 10 4> motif H1, motif 2.

=
= . _ _ _
SIRT?2 SIRTS
S
SIRT3.2 o
o H )2 C © o 8
a O o E
&)
- SIRT4 -~ SIRT7
LS
b SIRT6 SIRT1
. = SIRT3
8
-8
K1 SIRT Z5 5L A 7R B 5 £ G (R 1) 70 A
Fig.1 Distribution of SIRT family genes in chromosome of D. rerio
SIRTI UTR
(17 902 bp) l\’}\’/l‘ll\"+"l!lnll‘/l 0 Exon
~ .~ Intron
SIRT2 A AR B Mk A B
(22 258 bp) e '
SIRT3 ;
(39 254 bp) Ial\,’l..\x'l\’l\/lh_““~~~-4“‘_
SIRT3.2 . B AR .
S e AL AR AR
SIRT4
e N
SIRTS
SR o SRR BB
SIRT6
(140265bp) T=meo - b AL A B
SIRT7
(12 033 bp) |‘\fl‘.l‘.l‘.l‘\’l‘\’."l‘,k’l

Bl 2 B fn SIRT S0 R 45
Fig.2 Structure of SIRT family genes in D. rerio
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SIRT1/1- 7l0 MADGENKRAESAEPDEPLPKKPRLLELSBDSEHSATABADTED EKPARMDESQQA L SHINNNNNTHEPT EPGQPADPEPEI SELTDEGVHPNGFT SPDLLRDDDDCSSRASSSDWTPQPQ I GSYRFIQQH IMRGTDPRA | LKDLLPETVLPP

SIRT2/I379 e e e emeee e et ee e e ee e MSEEVSKRVEEEAD- - - - - - -~ -~ TPGLEGQSDDSSDEGDASED- - - - - - === - - - TEMDFLRSLFSRTLGL- - - - SPGDKVLDEL- - ==~ -vssvuronnnnnnnnn
snrn/nm MLYLNTFLPSVCRR- - - - - GEAENL LWRGLTTTQNL SRTKLVHQKT L SHFPHAQKGBAA FLSQF | YCRAAF | KCGGT RGL FGGGRDNVHAG-

N B e R MSKARL SRDRRAA SVGV SRVTHSSMMSPQDCERSRAPD- - - - - - - PGLLDELSLMSVSEQQASATRKESSKPAL SSPSGRSV SRl

SIRT4/1-310 --MLIESCRYLPPPVAVGRCASTIQAGVQQFVPASGSFDSS:

SIRTS/1-305 - -MIVRQLWC SRGST SH- - - - LCAAVRLNWESPKMTRPSS.

e MSVNYAAGLSPYADKGIC- - - - - - - -- L [N g ettt ittt AL AL AL LA L L L EERE R
SIRTT/1-405  + « = o wm e emee s ee e e e MDVRIINSGV SARA ERKEQEKAK | | QEKQRQTMKT I SK | LAKCESEWT EEERSMLQAHQDTVQEL SRRANRRHL LKRKQEEV FDDAENL- - - ==« s s s ssemnnonnnnn

Sl'RTl/17I0 DLDDMTLWQI | INI SEPPKRKKRKD INTLEDVVRLLN- R KI'LVL.GAEV MFD | DYFRRDPR- - - PFFKFA 1¥P- GQFdPSPC HFISM
SIRT2/1-3 NIIIGMVGAGI PGTGL IFQIDYFKKHFE- - PFFALA| LYP GQFKPTV FIKM-
S[RT‘J/IJS7 - RIVVI‘AGABI PGSGL IFEINYFHHNPN- - - PEFALA] L --GNIQIPNL F IR
SIRT3.2/1-373 - PGTGL VENIDYFSDNPH- - - PEFSLA] - - GHHRPNYV FIH
SIRT4/1-310 - - ALEQLQAFI S- - EGVGL - FVRSEKSROH AHNVVGWFGFSS IQP N
SIRTS/1-305 - --DLTAFR ElFA PG- GFWRK! FSRDPSLVWE HlR MR SKM-PNPA LAIAECEARLBQ
SIRT6/1-354 - KV.TLAQWI R- - PN- GVWTME: - - EDARP SL ALLQ- -MQRTGHLKYLI
SIRT7/1-405 KTKVKQLAEAVQ- - GAG I AASIP PN- GVWT QLI - - SQABPTL ITWM- - - - LHKMKMVQHV V.

, 'GAGxSx! ! xxPxaR ! 'PxxxH!
SIRT1/1-710  VAGI - - QK/I 1'QC HKVDCEA - IREDIFNQVVPH PDIVFF --NLPEFF-.RAMKQ KDEVBLLIVI LKV- - - RPVALIP
SIRT2/1-379 VAGLEGEDL LEA| FlTSH VSFL| SMD! KNQI FSEEIPK] VEPDIVFFGE- - SLPSRF- FT. KADFPQCDLLI I LQV. - - QPFASLV
SIRT3/1-357 MAGIPPKMLVEAHGT FATATCT- - RDD|IMAGTVPK PDIVFFGE- - ELPQHE- FTYL- TBFP IABLL IV LEV. - - EPFASLA
SIRT3.2/1-373 LEGIPDDKLVEA| FATAA - VTF - - - AKQAIMNGSVP | IPNVVFFGE- - DLFEKI- FQHA- EDFPKADLLM I LKVhLI EPFASLI
SIRT4/1-310 KAG- - QQRL L RVVEL- - DBGELTLR- - - - - AELGKRFTALNFGWEATACAVAPDGDVFLEEEOVLNFHVPA PEV.FF - - VWKRNT- VHFVHNKLA ESDAVLV. LQ\II IRFL
SIRTS/1-305  RAG- - SKHVYIEI HGSLFKT RCM - KEARIPVELLPRCER PHVVWFGE- - TLDSDI- LTAVERELEKCBLCLY ' - YRRV
SIRT6/1-354 RSGFPRDRL LHGNMFVE E--KB------rvceeeeann - - - MGVMGLKPTGRY] -GKLI.SILDVIE - SLPDRD- LNRADEASRRA LAL. Ll - iGDLP
SIRT7/1-405 RSGLPRHALSELHGNMF | EVED- - SC- - - -~ - - - - - - - - RTALHRHGTGRSCPH- - - - - - - - - AELHDTIVHFGERGT L EQPLNWKIGAA EAAQRAI LiLoL LKV|I.KKV CLWCM

xxHGxx | ! GxSxxx !
SIRT1/1-710  SSTPHDVP@V- LINREPLPHLNFDVELLGDCDV IVNELCHRLNGDFQQLCYNSSRLSEITEKPAAPEHTENT SADHSHADAEH | ENT SADH S IIEN.SADRDDAKHTENTPTDHADAEHTKNYSADHANAEHTENTSAGHVNAEH
SIRT2/1-379 SRV SNRCPHL- L1 KITGQ SEFGMGL FSFEEGMD FDS- - - - = = = = = = - = == == === s = mmemmme oo KA
SIRT3/1-357 GAVRGSVPHL- L1 Y - R
SIRT3.2/1-373 NTVKSTVPHL- LLNRDAVGP FERR- - PLHR
SIRT41-310  LAASERKLP I ALVNIGATR- - - - ADHIL
SIRTS/1-305 PQVA SRGVPVAE jR- - - - ATQRFKYHFEGPCG
SIRT6/1-354. LL.KRTGG LVIVNLQPTK- - HDK.AHLRI GYVD
SIRT7/1-405 NRPA SKRPELYIVNL! O e I e KDNLATLKIHGKCD
SIRTI/1-710 | EHMSKDHANPKDDQSSLSVNEEELASPAAETHALDSTE| SAHT ERSKEADAVNTDDAACVKDEENTDRIRV EMRRRCWRSR I CQSP | SKRLGASQY LFQARNRYV FHGAEVY SE8EDESSSSCGSESDGSFQHEDSEV EENGAAMTDKE
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Fig.3 Multiple alignments of the amino acid sequences of SIRT protein family from D. rerio
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Fig.4 Protein motifs analysis and conserved domain analysis of SIRT protein family in D. rerio
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A: Conserved motifs; B: Conserved domain; C: Conserved motif sequence

motif 3 Fl motif 5 7£ A W BE S £t SIRT & &R 17 51
I, R E AR B R B RS
PRSEVE . RSP R B oR, SIRT1-7 &Y
G Sir2 it (E 4),
2.4 SIRT & B XK & IE /L M 5 F0 7 28 R 7E 4 73

Yo B Ty SIRT 25 A 3 Ak Jo K SV 248 it 7 47 T
B/R(EE 3), SIRTI 4 FRimik, mfd 710 &
2, SIRTS 4rF Wi/, i 305 NREIERR .
N 4.88~9.60, HIYANEAKMHEHA. B SIRT3 4,

HA WA ESHEH, SIRTL. SIRT4. SIRTS il SIRT7
SE T4 B 5T /40 A%, SIRT3.2 5E v T 40 )% , SIRT6
ENL TN, SIRT2 EN THIMIE 4L, SIRT3 Efi
TR,

25 SIRT EAFRE_REHRFI=FEHRTN

?F'Jﬁﬁ SOPMA Wi %t B Zhf SIRT ZJ% 8 1~ H

) RS IEAT 9T (GR 4) o A4S SRR W] SIRT %

B RS AR, o R AN IR D) 4 2 B 1 o
SER ) 5B Y
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* 3 PS5 & SIRT EAE %R N4 A E L
Tab.3 Physicochemical properties and subcellular localization of SIRT protein family in D. rerio

EE AR oy F I S HL KA E ARE TR R4} hEL v
Protein Numbef of amino Molecular Isoel§ctric Average.o.f In§tability Subgellu}ar
acid/aa weight/u point hydropathicity index localization
SIRT1 710 79 477.51 4.88 -0.779 50.83 211 o/ 40 e A%
SIRT2 379 42 314.97 4.96 -0.373 47.13 A0 T/ 20 i 4
SIRT3 357 40 146.32 8.34 -0.179 36.94 i NG ES R RN
SIRT3.2 373 41 052.81 7.17 -0.266 52.51 21 i 5
SIRT4 310 34 098.86 8.63 -0.117 45.59 AN AN A
SIRT5 305 33 928.93 8.71 -0.306 54.28 21 /20 M A
SIRT6 354 39 685.03 6.29 —0.612 42.16 i A%
SIRT7 405 45 806.69 9.60 -0.621 57.83 211 5/ 40 L A
FIF SWISS-MODEL 7£ & [ v Tt = 2% 25 #4) 11 R,

G5 RRWI(E 5), SIRT KIS EA SRR 45t
Rossmann #5251, hi [CEI 45 5 R, Bk SIRT1 ),
HoAth SIRT ZEJ5 A % = 4548 90% LA b i SE /R v T
B IX, il SWISS-MODEL 4% ) = 2 45 H #5i 751
R4t

* 4 BSA& SIRT EAXKEKN ZREHTN
Tab.4 Prediction analysis of secondary structure of SIRT
protein family in D. rerio

% IJ:_I O-3R ‘}E U= 1 It
Wi pUE EMEM i
Protein Alpha Beta Random  Extended
helix/% turn/% coil/% strand/%
SIRTI 34.79 4.08 52.25 8.87
SIRT2 43.27 6.33 39.58 10.82
SIRT3 35.85 6.72 42.02 15.41
SIRT3.2 34.32 5.36 49.60 10.72
SIRT4 36.13 8.06 38.39 17.42
SIRTS 31.80 5.57 45.57 17.05
SIRT6 30.51 9.04 45.76 14.69
SIRT7 37.53 5.93 44.20 12.35

26 SIRTEREFREKRZAXBMLEZMES

ARG E AR LA 6), 128 SIRT Kk
ARG R 3 KAy, SB— KA EE 3 A/ ML,
Ho, SIRT1 1 SIRT2 73531 5l — 52, SIRT3 1 SIRT3.2
Rh—3; HKHr L ATE SRT4 F1 SIRTS, —# 4>
IR N —35 56 = LA SIRT6 Fl SIRT7, —
FAr o —37 . B fa 8 A~ SIRT & IR R 4
%, fESfbm b, 5HAMMF LR S, 5
Ot SRT1 5T (Oncorhynchus mykiss)SIRT1 7£ i
R BRGE, A S0 1 3 5 4x fi(Carassius
auratus) 1 & % (Electrophor us electricus) SIRT #fk ¢

P WHE SIRT IR FERHIL R, EHEE
fi1 1 75 ¢ (Oryzias latipes) 5 B & £ i7F 47 49 Fl 7] 1 28
P, G5 NIR, TR SIS M2 EA 4 5%
Bi(SIRT1, SIRT2. SIRT3.2 fil SIRT4) H.A3 3Lk, i
x40 FIBE T fa 2 ] [ SIRT6 41, Hifth 52 i b ¥ B AT
Lk, BE Dt SIRT4 Al SIRTS 43 %5 4t i 2 43k
PR LM (E 7)),

27 EEHHBREERMKTNLER

i STRING ##s E# 4 SIRT £& 11 PPI 45,
FH SIRT &5 1 Z 05 N Z [H) 25 BAT B i A BLAE A
SIRT3.2 5 SIRT1. SIRT4. SIRTS. SIRT6 fF7EH i
AT AR . eAh, SIRT A K5 M R Z Ik
(ESR1). X k&3 N T K (FOXO0s), Pk EN
FK I (HSPs) . 8 E LY E AL K % (SODs) . i k)
B NER (PPARY) . LRI XCH H(MFNT, MFN2,
OPA1. TFAM). Mg sl K+ (P53)5 Z a1 344 A0 B
YEHIE AR (A 8),

28 SIRT ZEARKAEARIPERFREPRES T

RS OB & Bk b, SIRT SR Z%
JT A AR IR A & B I A &R (B 9). SIRTL
1 SIRT2 7 PG 1. PV WIf1 BV SRR AR, 7E
MV i 5 &8 11(P<0.05), BiJ5 7 FG 5l GVBD
Wb, Hodb, SIRTLAE MV Wk 25 T HAb&
i (P<0.05), SIRT3 #1 SIRT4 7£ PG 1. PV ], EV
B MV 58 83N, 78 FG 1 W 2534 in(P<0.05),
Wi J57E GVBD Wi/, H, SIRT37E FG Wkikit
I 2 2 A 4% B 1 (P<0.05) . IRT3.2. SIRT5., SIRT6
Al SRT7 2B ZEWTE W FREES, #E GVBD
Wigeik e, Hih, SIRT3.27E GVBD B & m T H



553 WREG: B SIRT HEN G T B AR A ) 5 77 I I A 3 05

19

. 180° —~—3
11 - R
o N re ‘
: ‘ ¥ 0 4
SIRTI - g% .l..
o 10 80° 0° 180°

180° 0° 180°
)

\"-,1 180°ﬁ
9 v olag b

_1 ]
80°/

80° 0°  180° 80° 0° 180°

¢

SIRT3 /"’é§§§§%3 v 0|8y Y
o

18500 00 180°
)

180° T
yo0° .‘.' 8

1807805 00 180°
()

y 0°

¢
180°

SIRT3.2 . %2

~180° 35 07 180°

¢

K5 BEShfh SIRT & K = 24 H i
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Fig.7 Collinearity analysis between species of D. rerio, C. auratus, and O. latipes

HSPDI1 £SP90AA1.1

T N

~

¢"/
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Fig.8 The network of protein interacted with SIRT protein

HLF (P<0.05); SIRT5 76 MV #1. FG #if1 GVBD
W E ST PG W PV W(P<0.05); EV . FG
1 GVBD ] SIRT6 ()3 ik & i & & T PG A1 PV )
(P<0.05); GVBD ] SIRT7 fyFK A& B HHT PG I
il FG #(P<0.05).

3 it
31 WOf& SIRT EERKERZSHLIHT
SIRT B R KT 2 A- 4 T IL-F WG W b (Frye,

2000, 1999), {HIEAFYIFh HZ RS A HBEA
22 5 o 19 A0 JEUA% A ) A R ZF FLFF T (Baci s subtili's)
A LA, BRIEERETA 4 B, A2 7 Bl (Frye,
1999). 7ERHFEfaZi, JEBEHEE(Gymnocypris eckloni)
(AR BRSE, 2024)F14: 3k 8 (Sparus aurata) (Simo-
Mirabet et al, 2017)# &K BLA 7 i, i 7E 5 & 1fi (Pereira
et al, 2011)M14 % (Callorhinchus milii) (Opazo et al,
2023)h ¥k iR A SIRT3.2, JetaikEn KB, B
i SIRT JEH GG I TR A e otk b izl
FYrh, SRT ERAFRERGH AR DR 4 Do
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AFR/NE 08 22 5 13 (P<0.05)

Different lowercase letters indicate significant difference (P<0.05).

%, SIRT1,. SIRT2 il SIRT3 2}y Class I , SIRT4 4 Class
I, SIRT5 & Classlll, SIRT6 Fll SIRT7 2}y ClassIV
(Sharma et al, 2013), SHFL s H AR, B DM
SIRT4.SIRT6 Fll SIRT7 4y [A]— 3% , SIRTS Ul oy — 3,

X5 R SR SIRT 3 PR 58 0 Ak A 20 A ]
(RABRAE, 2024), BLAl, 5% % SRT3.2 (Opazo et al,
2023)AH R A4 2 , BEE, 1 SIRT3.2 55 SIRT3 )& T [F]—
3, )BT Class T o RS AT T4 R A,

BEthfh SIRT SENZEG S &g ior, 55—
A SRR B e, VR RE BT A 4 RN T B
VAT Fh B LR P A, A BBE T 0 5 & A T
s HLAT B &2 () IL LR L R X, i — 2 R RH 3 T f8 SIRT
FENZ RS & RITEMET S 1ok, Lot
K IBE i SIRTA Al SIRTS 4351 5 4 £ 2 N6 B A
Fe2ltk, e b R P SIRTA FI SIRTS Al RE A&/
s A F . AR EENE, Kabiljo %(2019)
75 31 [ I 658 (Nothobranchius furzeri)th & #1, SIRTS

HA 2 15 R AR K (SIRT5a fil SIRTSb), UL 45 5%
FW, SRT RHZEHEA S EREM, fEiFfbd
AT e fEREE &2 H sl A Fi 0, SR AR e AR ik
KBS REE RN EZEYGE, JFH SRT HH
FWE I AR B s rh g A SR (AT 1 — 25 R 5T

32 ¥O& SIRT EERKREHFINBEFFE

TEMFLBI Y b, SIRTL () 35 R 45 4ol o R e KA
R SIRT4 5% SIRT5(Moniot et al, 2012)., fifi
2k, 43k SIRT6 31K £ i (Simo-Mirabet et al,
2017) FEARWFFEH , BE D 1 SIRT4 £ [H 54, 1] SIRT6
FEHK A 140 265 bp, HAEFIFoliK . 5HAMY)
FlFHRL, B 5 fa SIRT1 34 PR /7 1 fiw K, SIRTS e o
FIEIR T B L X T 45 B, Bt fa SIRT S57E5E
R (AR RS, 2024) , PH 78 I R SCIESE, 2023).,
KA (FRUEAE, 2014) PRSP A 3o AL, #REA
SIRT FKjkHY Sir2 5% Sir2 #8 ZK MR TF L5k, Sir2 45
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FIR AR AZ O R 2 AR/ TR B S5 A S 2 B, K
25 ¥ 38 H Rossmann $1& 41 A%, 21442 NAD fil NADP
455 WO RRIESS R /N ZE R IR B 1 A R A 1
FUL AR SR , KN 2 ARS8 2 (R iU 2455 R
NAD {45437 5 (Finnin et al, 2001; Michishita et al,
2005; Bruzzone et al, 2013), AWF5EH, B 5 SIRT
EARRGS W EA R BN 2 A4, Bk, BfF
NAD K PR AL BTG . DL LA g SR, 565
i SIRT ZEEAS BT 5 HAT HLG G B AR I S50 B8,
R G5 W 7 22 18]y 4 25 4 B A dd 22 Sk I e A1)
RENS LS G N A B ) & AN [R] P TG 4, R AT (AN
[F AR P2 T fe .

HELBIY T, SIRT 2 T . 4
Jif 5 R 2R K7 1R (Jin et al, 2007, Guan et al, 2011; 2574
4, 2022), BEHfh SIRT 8 [ 520 0 240 1t Ao Tl 45
REIE BB (LA BRSE, 2024)FEACH R, SIRTI
SIRT4 . SIRTS5 F SIRT7 % {7 T4 i 51/ 40 ffl #% , SIRT6
SENL TN, SIRT3.2 B T4IMI)%, SIRT2 Al
FENL TN 4L, SIRT3 Al REE N TLokith, AR
V20 SE v 25 BT 2 SIRT 76/ [5) 40 i 2% vh 4 1 %5
AWM, PP Hr i R, BELf SIRT &0 fE
5 ESR1. FOXOs. HSPs, SODs, PPARy. P53 L}
RRAM EHE I (MFNT, MFN2, OPA1 I TFAM)A
MEAEH, WUl SIRT Al GES 5 1# 5 MR il
IR =D PSS TR LT A=

3.3 WMOfa SIRT EEFRKENEARAE X SRR
RIEDH

AR R, FERSMEEFRRE, WM SIRT A4
FREERE , 2 FEUDN R (Riepsamen et al, 2015)F1%%
(Zhang et al, 2015) 19 U B4 M Bl 24 570 o T AEAR
AR, S SIRT 800 77 (22 7 B RE 3 52 5/
fl(Liu et al, 2013). 4-(Khan et al, 2017)F1%%(Li et al,
2016)AY UIBEAN MO o, A SIRT X i 5 40 R B 41
Mo % & BA R AR D MR 27
AP SIRT JERRIA I T 00, BRI R
Hy R A HAT 22 5% . Hrp, SRTL#l SR2 £ MV
W Rk i e, R LT BES 500 ¥ & AR i B ; SIRT3
Ml SIRT4 7E FG iR A H i m, #6825
SRR M ;1 SIRT3.2. SIRTS. SIRT6 fll SIRT7
¥I7E GVBD WISRIAMER memr, HEDH AT BB AE B2
RAFEEAEA, W A, & W ) 22 B i
Hgsm /N FUIR ELBUR 40 i SIRTL A%k, $20 TE Bk
R ZIR(LHCGR) . KEBEA KA IH & A
(AR FIZ5 B L 1 mRNA 7K, {2 T 22042 (P4)

)43 (Morita et al, 2012), ftlk SIRT2(Zhang et al,
2014), SIRT6(Han et al, 2017)F1 SIRT7(Vazquez €t al,
2019) ¥ 2 30 o- 18 H (a-tubulin) FIH H H Y &
P A KT v, 2 T (5 A5 B 200 i D 5 24 5 L B
WEEZM., A, SIRT %A e 2 7 15 o 4%
£ DL B B s G L AR IR AR A ORI B A
W St BRI DI K B (5 IREAE, 2019; IRTE44E,
2022), LI EWFREE AR, SIRT G0 R IR 1%
GRit R B ot B R VAR R AR W2 DiRe , i A A
BT BRI IR A Fr it — L RS .

4 g

Zi ERTIR , AT Us A WA R D7 I X B
it SIRT JENZWHEAT TR @I ERL . FEN L7
Br . EHERRFP 9 AT . BEARYEU AT | 040 A o2 7t
W RGESAL I . PP 28 F0 LK BRI A R &
WHP R IR T . SRR, BES M 8 4> SIRT Kk
JE R B FE D S A TN SRR P S A7 e 25 57, (HAERALA
Sir2 fREFEFIER, B A AL REHEL TR,
AN R 2 1) SIRT e PG5 i 63 vl BE A7 52 1) e il
B FESIRT L BE 5 0 I AN ] e B I 44 3Rk
I HEBA R FEHAL, AR Ok 7 i
P KA H B ] o ASBIFFE n] gt — 20 B DI RERIT 5T Je
I T A T IR E MR IR 2%
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Analysis of the SIRT Gene Family of Danio rerio and Its Expression
at Different Developmental Stages of Follicles

PENG Jiabao'?, WANG Ziyan'?, YANG Zhigang'?*, CHEN Aqin'*"
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Agriculture and Rural Affairs, Shanghai Ocean University, Shanghai 201306, China)

Abstract SIRT family is a NAD" dependent class III deacetylase family, which is involved in the
modification of histone or non-histone proteins. In addition to having deacetylase, some members of the
SIRT family also have ADP-ribosylase and other activities, which play an important role in the regulation
of energy metabolism and oxidative stress resistance. The SIRT family exists widely in prokaryotes and
cukaryotes and is mainly divided into five classes. SIRT1-SIRT3 is class 1, SIRT4 is class II, SIRTS is
class III, SIRT6 and SIRT7 are class IV, and class U exists only in the SIRT family from archaea to
bacteria. The number and distribution of SRT genes vary among different organisms. All members of the
SRT family have been shown to be expressed in mammalian ovaries and are widely involved in the
regulation of ovarian development, including meiosis regulation, energy metabolism, mitochondrial
quality control, maintenance of redox homeostasis, and hormone secretion. In this study, bioinformatics
methods were used to systematically analyze the chromosome distribution, gene structure, amino acid
sequence, protein motifs and conserved domains, physical and chemical properties, subcellular
localization, secondary and tertiary structures, phylogenetic relationships, and protein interaction
networks of zebrafish SRT family genes and to explore their expression changes at different
developmental stages of follicles. The results showed that eight SRT genes were distributed on eight
chromosomes of Zebrafish, the sequence length was different [the longest was SIRT6 (140,265 bp) and
the shortest was SRT4 (7,101bp)], and the coding regions ranged from 3 to 14. The amino acid sequence
similarity of zebrafish SIRT protein was low, and the 10 most conserved motifs were predicted. The
adjacent homologous genes in the same branch had nearly the same motif composition, with the number
of motifs varying among branches. Among the 10 motifs, motif 2, motif 3, and motif 5 were found in all
zebrafish SIRT amino acid sequences, indicating that these protein motifs are highly conserved during
development. Conserved domain analysis showed that all SIRT1-7 proteins contained the Sir2 domain.
Analysis of physical and chemical properties of proteins showed that SIRT1 had the highest molecular
weight, encoding 710 amino acids, whereas SIRTS had the lowest molecular weight, encoding 305 amino
acids. The isoelectric points ranged from 4.88 to 9.60, and all of them were hydrophilic proteins. Except
SIRT3, the rest were unstable proteins. Subcellular localization prediction showed that SIRT1, SIRT4,
SIRTS, and SIRT7 were located in the cytoplasm/nucleus, SIRT3.2 in the cytoplasm, SIRT6 in the nucleus,
SIRT2 in the cytoskeleton, and SIRT3 in mitochondria. Secondary structure analysis showed that the SIRT
family proteins had similar secondary structure, and a-helix and random curling were the main
components of the protein secondary structure. The tertiary structure prediction showed that the SIRT
protein family had zinc finger and Rossmann fold structures. Phylogenetic analysis showed that the fish
SIRT family could be divided into three branches. The first branch consisted of three subbranches, in
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which SIRT1 and SIRT2 were isolated and SIRT3 and SIRT3.2 were clustered into one branch. The
second largest branch consisted of SIRT4 and SIRTS, which were clustered separately into one branch.
The third branch consisted of SIRT6 and SIRT7, each of which is a separate branch. The eight SIRT
proteins of Zebrafish had low homology and were distributed far in the evolutionary tree. Compared with
other species, zebrafish SIRT1 is closely related to rainbow trout SIRT1, whereas other family members
are closely related to goldfish and electric eel SIRT. Furthermore, four family members (SRT1, SRT2,
SRT3.2, and SRT4) showed collinearity between blue killifish and zebrafish, while the other family
members except SRT6 showed collinearity between goldfish and zebrafish. In addition, zebrafish SRT4
and SRT5 showed collinearity with two genes of goldfish. PPI prediction showed that SIRT proteins
interact with ESR1, FOXOs, SOD, HSPs, etc. Real-time fluorescence quantitative PCR analysis showed
that SRT1 and SRT2 were mainly expressed at the midvitellogenic (MV) stage during follicular
development. SRT3 and SRT4 were mainly expressed at the full-grown immature (FG) stage. SRT3.2,
SRT5, SRT6, and SRT7 were mainly expressed at the germinal vesicle breakdown (GVBD) stage. In
summary, this study used bioinformatics methods for the first time to analyze chromosome localization,
gene structure, amino acid sequences, physical and chemical properties, subcellular localization prediction,
phylogenetic characteristics, PPI network prediction, and follicle expression at different developmental
stages of zebrafish SRT gene family. The results showed that the gene structure and amino acid sequences
of eight members of the Zebrafish SRT family were different, but all had a Sir2 conserved domain and
similar protein structure. Phylogenetic analysis suggested that there may be replication or fusion events
among S RT gene family members in different species. IRT is expressed in zebrafish follicles at different
developmental stages with different expression patterns, suggesting that the SIRT plays an important role
in the regulation of follicle development, providing a reference for further functional studies as well as the
study of the complex molecular regulatory network of fish follicle development.
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