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ABSTRACT Objective: To investigate the hepatic transcriptomic changes and the effects on metabolism of smc5 gene knockout
zebrafish. Methods: The smc5 knockout zebrafish model was constructed by CRISPR/Cas9 technology and total RNA of the liver from
wildtype and smc5” zebrafish was extracted for RNA sequencing, and gene expression profile of smc5” zebrafish was established. To
better understand the differential expressed genes (DEGs) in the smc5”, DEGs were subjected to the Kyoto encyclopedia of genes
(KEGG). qRT-PCR analysis was used to validated a set of genes. Results: The smc5 knockout lines of zebrafish carrying 2 base deletion
were successfully constructed, which is expected to cause a frame shift. Further bioinformatic analysis revealed that p53 related pathways
are significantly enriched among the genes upregulated. The downregulated DEGs were mainly enriched in glycolysis/gluconeogenesis,
fatty acid degradation and metabolism, pyruvate metabolism. qRT-PCR results also validated that a set of genes of metabolism was
downregulated. Conclusions: smc5 deficiency affects hepatic metabolism in zebrafish. The results of this study lay a foundation for fur-
ther research on the potential mechanism of SMC5 gene in the regulation of glucose and lipid metabolism.
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Table 1 Primers used for qRT-PCR

Gene Forward primer (5'-3") Reverse primer (5'-3")
zebrafish
smc5 AGTCCAGTATCGTGTGTGCCAT CCTCTTTGACACCCTCTCTTCAC
efla CCCCTGGACACAGAGACTTCATC ATACCAGCCTCAAACTCACCGAC
aldob GTGGCTCCTGGAAAAGGCAT GAAGGTCGCGAAAGCTACGG
pgamla CGCTCCTATGACATTCCACCA AGCACGTGCAATAGTGTCCTT
mel ATGTTACACGCAACCCCCAT ACCCGCAAAACTTGCACATC
tpilb ACTGAATAGCGCCAAGCTCAA TGAAAGCTCCCTTTGCAACC
acaal TGTGGGACTCAAGCCCTCTT TGGTACGGACTCTGGAAAGC
acsbg2 AGAGCCTCCTTCAGTCCTGT TGTGTGCTCTGTTCGGCTTT
acads CTGGACTGCTGGACAAAGAGC AGCCAGACAATAGGCCAGATA
1dhbb CGTGGTGGAGGACAAACTGA ACCACGATACGAGAGTTCGC
eno3 GGAGACAAAACGCGCTACCT GCTCCAGCATGAACTTGTCG
acadl AACACGACCTGTTCAGGCAA GTTCTCCAGCCTTCTCCCAAA
acadm GCATGGGAGCTGGGTCTAAT GAGAGTTCGCCTCAATGGCT
acatl GTCCTACAGCACACGACCAT CCCAGTTTGGTGGCTGGTAA
echsl TAGCAGCGACAAGGCAATCC ATTCAGGGCCTTTGGTCTGT
cptla GCTCTTCGGCAAGTCTATCTC AACACCAGCACGAACCC
cptlb TCATGGGCTGACTCTCCTATC CAATGTCCCTCTGCTGTGTATC
cpt2 TCTAAATACCACGGGCAACTC GTGCCATTCCTTTCGAATTAGC
cact GACGGCTCCAGAAGGTAAAT GGCGTTGAAGCCCTTATAGA
crata GCTATTCAGCTTGCCTACTACA CGAATGTAGTCTGTTCGTCCTC
Ascllb GCTGCCATCACCACATACT GGATAGAGCGACGTGCATATT
A B
== Exoné — Exon9 10 mm
= R =
el Founder(F0) wT
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& 1 CRISPR-Cas9 M S D& sme5 ARG REE

Fig.l Schematic diagram of zebrafish smc5 knockout by CRISPR-Cas9

Note: Figure A is the sanger sequencing results of zebrafish mutation alleles. Black arrow indicate the deletion position, The PAM site is shown in red box,

the sgRNA site is shown in red lines. Figure B is the screening process of smc5” zebrafish.
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Fig. 2 Principal component analysis (PCA) plot of wildtype and smc5™
RNA-seq datasets
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Fig. 4 KEGG enrichment analysis of wildtype and smc5” RNA-seq datasets
Note: The KEGG enrichment analysis from the significantly upregulated
(Red) genes and
downregulated (Blue) (FDR <1)
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Fig. 3 Volcano plot of wildtype and smc5- RNA-seq datasets

Note: Red shows upregulated genes and blue shows downregulated genes.
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Fig. 5 Validation of RNA-seq data using qRT-PCR
Note: The log2 fold change values from the RNA-seq analysis are compared with those obtained by qRT-PCR determined by 2 * ©T.
Blue shows RNA-seq datas and red shows qRT-PCR datas.

FI %1755 DNA 51475 . pS3 3G 40 0 e SRR Foge 2, LA Je 4%
Flvh 2273 243 e b e ATy B S R I3 s 7R SMCS/6
DIRERERT Al AEIE 1155 DNA B8 2 50, ¥ PS3 i1z,
NS M 20 A ) S SRR 10 FRATIRIAE A LT PR P 3= 2 4R
TEACHIARSCIE . smeS™ BE Eh AT i DR A QI A5 A DG Bk
PRIFIRT R, UnBEIERR /OB S AR A vh i SR -1,6- Wi G
1b(fbplb) . EE 4l b(aldob) BHR HIM AR S LA 1a(pgamla),
LN EEE (aldh), MEEERE 3 (eno3) . BERRPIMERHMEE 1b
(tpilb) 45 ; N AR AR i 28 Hh ) LR i %0 (1dhbb ) | £ AT Tl
A 51U 1(acssl) SERFREE 1(mel )55, IR MR ACHIEAE T Y
AeH K BENR ARG A JBLK G 2(hacd2) K BENR i R HG A %
He il (acsbg ) R HTIEE A /K-S BERLEE 1 (echs1)4F | 2 BEAHE
A PEIEFERSRE 1 (acaal ), JRITTTHR B A MLk AR (¥ A BRI TBE 4% 72
ik 1(cptl) | A BRIGTRESS B2l 2 (cpt2) IR G IA) B4 102 il (cact) |
PR LA A FeF2RE a(crata) 55, smeS K& PR BRGS0 BE 2
TGS -

Z5 FTIR, R smeS BYBE DA pS3 AH CIE B AL A
FIRATE S BRI N R QARG RE I IR TR . X —45
BEUIGAE T 2 B 4RIE 19 SMC5/6 & 4K i 4 43 3 11 3k R 58
Ao AU R AP RAL, T HARPE— W T smeS 3
M GE £ T IEACIE . ASBFSEE ORI T smeS S DR R BR A JRE 5
FRRL, T smeS RSN BE D A0 I RS2 , H 7R HTEREA R
At A FE R, 2B 05T SMCS B (K iy 4 BT e K HAE
BB AR 2 b A T EA L] S SRRl

& # 3L #k(References )
[1] Hassler M, Shaltiel 1A, Haering CH. Towards a Unified Model of SMC

Complex Function[J]. Curr Biol, 2018, 28(21): R1266-r81
[2] Behlke-Steinert S, Touat-Todeschini L, Skoufias DA, et al. SMC5 and

MMS21 are required for chromosome cohesion and mitotic progres-

sion[J]. Cell Cycle, 2009, 8(14): 2211-8
[3] Duan X, Sarangi P, Liu X, et al. Structural and functional insights into

the roles of the Mms21 subunit of the Smc5/6 complex[J]. Mol Cell,

2009, 35(5): 657-668
[4] Serrano D, Cordero G, Kawamura R, et al. The Smc5/6 Core Complex

Is a Structure-Specific DNA Binding and Compacting Machine [J].

Mol Cell, 2020, 80(6): 1025-38.e5
[5] Varejao N, Ibars E, Lascorz J, et al. DNA activates the Nse2/Mms21

SUMO E3 ligase in the Smc5/6 complex [J]. Embo j, 2018, 37(12):
€98306

[6] Kim DH, Harris B, Wang F, et al. Mms21 SUMO Ligase Activity Pro-
motes Nucleolar Function in Saccharomyces cerevisiae [J]. Genetics,
2016, 204(2): 645-658

[7] Simpson-Lavy KIJ, Bronstein A, Kupiec M, et al. Cross-Talk between
Carbon Metabolism and the DNA Damage Response in S. cerevisiae
[J]. Cell Rep, 2015, 12(11): 1865-1875

[8] Ju L, Wing J, Taylor E, et al. SMC6 is an essential gene in mice, but a
hypomorphic mutant in the ATPase domain has a mild phenotype
with a range of subtle abnormalities[J]. DNA Repair (Amst), 2013, 12
(5): 356-366

[9] Jacome A, Gutierrez-Martinez P, Schiavoni F, et al. NSMCE2 sup-
presses cancer and aging in mice independently of its SUMO ligase
activity[J]. Embo j, 2015, 34(21): 2604-2619

[10] Howe DG, Bradford YM, Eagle A, et al. The Zebrafish Model Organ-
ism Database: new support for human disease models, mutation de-
tails, gene expression phenotypes and searching [J]. Nucleic Acids
Res, 2017, 45(D1): D758-d68

[11] Seth A, Stemple DL, Barroso I. The emerging use of zebrafish to
model metabolic disease[J]. Dis Model Mech, 2013, 6(5): 1080-1088

[12] Bai X, Jia J, Kang Q, et al. Integrated Metabolomics and Lipidomics
Analysis Reveal Remodeling of Lipid Metabolism and Amino Acid
Metabolism in Glucagon Receptor-Deficient Zebrafish [J]. Front Cell
Dev Biol, 2020, 8: 605979

[13] Nath AK, Ma J, Chen ZZ, et al. Genetic deletion of gpr27 alters acyl-
carnitine metabolism, insulin sensitivity, and glucose homeostasis in
zebrafish[J]. FASEB J, 2020, 34(1): 1546-1557

[14] Sun F, Fang Y, Zhang MM, et al. Genetic Manipulation on Zebrafish
duox Recapitulate the Clinical Manifestations of Congenital Hypothy-
roidism[J]. Endocrinology, 2021, 162(8): bqab101

[15] Schlegel A, Gut P. Metabolic insights from zebrafish genetics, physi-
ology, and chemical biology [J]. Cell Mol Life Sci, 2015, 72 (12):
2249-2260

[16] Santoro MM. Zebrafish as a model to explore cell metabolism [J].
Trends Endocrinol Metab, 2014, 25(10): 546-554

[17] Jeppsson K, Kanno T, Shirahige K, et al. The maintenance of chro-
mosome structure: positioning and functioning of SMC complexes[J].

Nat Rev Mol Cell Biol, 2014, 15(9): 601-614



. 4406 -

PUREYESHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol22 NO.23 DEC.2022

[18] Diaz M, Pecinka A. Scaffolding for Repair: Understanding Molecular
Functions of the SMC5/6 Complex[J]. Genes (Basel), 2018, 9(1): 36

[19] Martin CA, Murray JE, Carroll P, et al. Mutations in genes encoding
condensin complex proteins cause microcephaly through decatenation
failure at mitosis[J]. Genes Dev, 2016, 30(19): 2158-2172

[20] Hirano T, Nishiyama T, Shirahige K. Hot debate in hot springs: Re-
port on the second international meeting on SMC proteins [J]. Genes
Cells, 2017,22(11): 934-938

[21] Alt A, Dang HQ, Wells OS, et al. Specialized interfaces of Smc5/6
control hinge stability and DNA association [J]. Nat Commun, 2017,
8: 14011

[22] Aragsn L. The Smc5/6 Complex: New and Old Functions of the
Enigmatic Long-Distance Relative [J]. Annu Rev Genet, 2018, 52:
89-107

[23] PengJ, Feng W. Incision of damaged DNA in the presence of an im-
paired Smc5/6 complex imperils genome stability [J]. Nucleic Acids
Res, 2016, 44(21): 10216-10229

[24] Atkins A, Xu MJ, Li M, Rogers NP, et al. SMC5/6 is required for
replication fork stability and faithful chromosome segregation during
neurogenesis[J]. Elife, 2020, 9: e61171

[25] Payne F, Colnaghi R, Rocha N, et al. Hypomorphism in human NSM-
CE2 linked to primordial dwarfism and insulin resistance [J]. J Clin

Invest, 2014, 124(9): 4028-4038

[26] Benegiamo G, Mure LS, Erikson G, et al. The RNA-Binding Protein
NONO Coordinates Hepatic Adaptation to Feeding [J]. Cell Metab,
2018, 27(2): 404-18.¢7

[27] Papazyan R, Sun Z, Kim YH, et al. Physiological Suppression of
Lipotoxic Liver Damage by Complementary Actions of HDAC3 and
SCAP/SREBP[J]. Cell Metab, 2016, 24(6): 863-874

[28] Wang L, Scott I, Zhu L, et al. GCN5L1 modulates cross-talk between
mitochondria and cell signaling to regulate FoxO1 stability and gluco-
neogenesis[J]. Nat Commun, 2017, 8(1): 523

[29] Karanth S, Adams JD, Serrano MLA, et al. A Hepatocyte FOXN3-a
Cell Glucagon Axis Regulates Fasting Glucose[J]. Cell Rep, 2018, 24
(2): 312-319

[30] Mata-Torres G, Andrade-Cetto A, Espinoza-Hernandez FA, et al.
Hepatic Glucose Output Inhibition by Mexican Plants Used in the
Treatment of Type 2 Diabetes[J]. Front Pharmacol, 2020, 11: 215

[31] Chen SJ, Wu X, Wadas B, et al. An N-end rule pathway that recog-
nizes proline and destroys gluconeogenic enzymes [J]. Science, 2017,
355(6323): eaal3655

[32] Venegas AB, Natsume T, Kanemaki M, et al. Inducible Degradation
of the Human SMC5/6 Complex Reveals an Essential Role Only dur-
ing Interphase[J]. Cell Rep, 2020, 31(3): 107533

(EHEsE 4444 TT)

[23] BkFams R, AR, FiF K. ST KRG IAFe o ik 7564 BF 70k R
[J] B &R 5 4 52 &, 2015, 36(6): 527-530, 535

[24] K&, F 5, IR Z, F. X FEH CIERG N0 A RIEFL A
iMkEf“ v B & 5T 47 k15 Ze &, 2021, 36(24): 2214-2216,
2221

[25] Shanker A, Upadhyay P, Rangasamy V, et al. Impact of frailty in car-
diac surgical patients-Assessment, burden, and recommendations [J].
Ann Card Anaesth, 2021, 24(2): 133-139

[26] Pisano C, Polisano D, Balistreri CR, et al. Role of Cachexia and
Fragility in the Patient Candidate for Cardiac Surgery [J]. Nutrients,
2021, 13(2): 517

[27] BB, EHHF, A, F. R CBFRALFEFANTRB LK
JEiNn Ty B AT 04 X & [J]. P AR 2 &, 2021, 41(5): 542-545
[28] Emmert DA, Arcario MJ, Maranhao B, et al. Frailty and cardiac

surgery: to operate or not?[J]. Curr Opin Anaesthesiol, 2022, 35(1):
53-59

[29] Abdullahi YS, Athanasopoulos LV, Casula RP, et al. Systematic review
on the predictive ability of frailty assessment measures in cardiac
surgery[J]. Interact Cardiovasc Thorac Surg, 2017, 24(4): 619-624

[30] Li Z, Ding X. The incremental predictive value of frailty measures in
elderly patients undergoing cardiac surgery: A systematic review [J].
Clin Cardiol, 2018, 41(8): 1103-1110



