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Abstract

Melanin-concentrating hormone (MCH) is known to be involved in the regulation of feeding and energy balance in mammals. However, the role of MCH in
feeding by fish remains largely unknown. In this study, two transcript variants of pro-melanin-concentrating hormone (pmch) named pmcha and pmchb were
cloned from Siberian sturgeon (Acipenser baerii). PMCHa encoded a protein of 179 amino acids, and PMCHDb encoded a protein of 158 amino acid, both of which
showed low identity (nearly 18%—-27%) when compared with those of mammals, birds and teleost fish species. Both PMCHa and PMCHD contained a conserved
MCH-related mature peptide located in the C-terminal region. Quantitative real-time polymerase chain reaction analysis showed that although pmcha was highly
expressed in the hypothalamus, both pmcha and pmchb were highly expressed in the liver and cerebellum. Feeding promoted the mRNA expression of pmcha and
pmchb in the hypothalamus at +1 h after feeding, and fasting for 1 d inhibited hypothalamic expression of pmcha and pmchb, suggesting that pmcha and pmchb
might act as anorexigenic genes in feeding control. In addition, feeding inhibited the expression of pmcha and pmchb at +1 h after feeding but increased their
expression levels at +3 h, and fasting for 10 d inhibited the mRNA expression of pmcha and pmchb in the liver, suggesting that pmcha and pmchb might play
important roles in regulating energy metabolism in the liver. Taken together, pmcha and pmchb might participate in inhibiting food intake and energy
metabolism in juvenile Siberian sturgeon. These findings provide molecular insights into the feeding regulation of Siberian sturgeon and may inform the

development of optimized feeding strategies in sturgeon aquaculture.
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Introduction

Feeding is the way that fish acquire nutrients from the environment
which are essential for growth, development, and reproduction. The
regulation of appetite in fish is governed by a sophisticated network
of interacting hormones that integrate signals originating from both
the central nervous system and peripheral tissues(2]. In the intricate
hormonal cascade that modulates appetite in fish, neurohormones
secreted by the brain, particularly the hypothalamic area, certain
peptides such as neuropeptide Y (NPY)B4, ghrelin®l, and orexinl®!
function as orexigenic factors in fish. Others function as anorexigenic
factors, such as cocaine and amphetamine-regulated transcript (CART),
cholecystokinin (CCK)], and leptin[8]. These appetite-related peptides
are synthesized and secreted by feeding-related centers within the
brain or peripheral tissues such as the liver, stomach, and intestine,
thereby modulating food intake in fish.

Melanin-concentrating hormone (MCH), a 17-amino-acid cyclic
peptide, encoded by the pro-melanin-concentrating hormone (pmch)
gene, was originally identified in chum salmon (Oncorhynchus keta)
and was found to be involved in the change of skin colorl®l. To date,
pmch has been identified in several mammals such as humans!9],
ratsl'], cattlel'?], and pigsl"’], as well as avian species such as
chickens['4l. In fish, several studies have only identified one type of

pmch gene in species such as ya-fish (Schizothorax prenanti)l!3], com-
mon carp (Cyprinus carpio)l'?], and Atlantic cod (Gadus morhua)!'7),
but more studies have identified two or more variants of pmch genes
in species such as starry flounder (Platichthys stellatus)!'8] and winter
flounder (Pseudopleuronectes americanus)!']. In mammals, it has been
reported that MCH can act as orexigenic factor in appetite regulation.
For example, the mRNA expression of pmch in the brain was inhibited
by fasting in rodents[?°]. Intracerebroventricular (icv) injection of MCH
peptide promoted food intake of rats!2ll. However, the role of pmch
in appetite regulation in fish is controversial among species. Fasting
promoted the expression of pmch in the hypothalamus of Schizotho-
rax prenanti, starry flounder, and winter flounder, suggesting the orex-
igenic function of pmch. However, fasting inhibited the expression
of pmch in the hypothalamus of common carp (Cyprinus carpio) and
goldfish (Carassius auratus), and ICV injection of MCH inhibited food
intake, suggesting the anorexigenic role of pmch!?2l. Further studies are
required to explore the appetite regulation function of pmch in differ-
ent fish species.

Siberian sturgeon (Acipenser baerii), a primitive nonteleost member
of the ray-finned fish lineage, is extensively cultivated globally, primar-
ily for its caviar and as a source of meat>?]. The genetic and functional
characterization of pmch in Siberian sturgeon remains poorly under-
stood. In this research, we cloned the Siberian sturgeon pmch cDNA
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sequence, providing a foundational information for further investiga-
tion into its biological functions. We examined the expression profile
of pmch genes in the brain and peripheral tissues. Furthermore, the
expression patterns of pmch under different feeding statuses, includ-
ing feeding, fasting, and refeeding, were detected to investigate the
potential involvement of pmch in appetite regulation within Siberian
sturgeon.

Materials and methods

Animals

All Siberian sturgeon juveniles were obtained from Runzhao Fish-
eries (Sichuan, China). Fish were kept at indoor tanks (120 L) at the
Sichuan Agricultural University farm supplied with a continuous flow
of fresh water (20.4 + 1.2 °C). Fish were provided with commercial
sinking aquafeed (containing 42% protein, 6% fat, and 16% as; Unif,
Zhongshan, China) at a rate of 3% of body weight once a day at 14:00,
and kept under a 12-h light-12-h dark cycle for two weeks. For cloning
and tissue distribution experiments, six fish (214.20 + 29.54 g) were
anesthetized with MS-222 (0.01%) and then their tissues were quickly
sampled and frozen in liquid nitrogen. All animal handling proce-
dures were approved by the Animal Care and Use Committee of
Sichuan Agricultural University, and followed the guidelines on animal
experiments of Sichuan Agricultural University.

RNA isolation and cDNA synthesis

Total RNA was isolated from tissues using an RNA extraction kit
(Foregene, Chengdu, China) according to the manufacturer's protocol.
The quality of the RNA was detected with 1% agarose gel after elec-
trophoresis. Nanodrop 2000 was used to detect the concentration
(A260/A280 > 1.8) and purity (A260/A230 > 1.8) of RNA. For this, 1 pug
of RNA was reverse-transcribed into cDNA with the PrimeScript RT
reagent kit containing gDNA Eraser (Takara, Dalian, China).

Molecular cloning and sequence analysis

The cloning primers of pmcha and pmchb (Table 1) were designed
according to the unpublished hypothalamus transcriptome of Siberian
sturgeon. Polymerase chain reaction (PCR) amplification was con-
ducted as follows: 95 °C for 5 min; 95 °C for 30 s, 56 °C for 30 s, and
72 °C for 1 min (39 cycles); and 72 °C for 5 min. The PCR product was
purified with the DNA purification kit (Tiangen, China) and inserted
into the pMD19-T vector. The ligation products were transformed into

Table 1. Primer sequences of the clone and those used for quantitative real-time
PCR (qRT-PCR).

Escherichia coli DH5a cells (TTANGEN, Beijing, China). Positive
clones were selected and subjected to sequencing by Sangon (Shanghai,
China). DNAMAN was used to analyze the nucleotide and deduced
protein sequences. ORF Finder was used to analyze the open reading
frames (ORFs). The SignalP 4.1 server was used to predict the pres-
ence of signal peptide domains. ClustalW was conducted to align
the multiple sequences of PMCH amino acids (aa) (www.ebi.ac.uk/
clustalw). Mega 7.0 software was used to construct the neighbor-join-
ing phylogenetic tree.

Periprandial experiment

To investigate the periprandial changes in the mRNA expression of
pmcha and pmchb, seven groups of juvenile sturgeons (71.86 + 20.44 g,
n =9 per group) were fed at the scheduled time (14:00, 0 h) for two
weeks. Tissues samples including the hypothalamus and liver were
sampled at various time points, namely 3 and 1 h prior to the sched-
uled feeding time (-3 h, -1 h), at the commencement of feeding time
(0 h), and 1 and 3 h after feeding (+1 h, +3 h). In addition, two groups
of unfed fish were sampled at 1 and 3 h after the feeding time as a
control for the fed groups.

Fasting and refeeding experiment

In the fasting experiments, five groups of juvenile Siberian sturgeon
(75.62 + 15.42 g, n = 9 per group) were acclimated for two weeks and
fed once daily at 14:00. Two groups of fish were fed every day; the
other three groups of fish were fasted during the experiment. Six fish
per group were sampled from the feeding and fasted groups on Day 1
and Day 10, and six fish in the refed group were sampled at 1 h after
refeeding on Day 10. The hypothalamus and liver of Siberian sturgeon
were sampled and then stored at —80 °C until RNA isolation.

Real-time quantitative PCR analysis

The quantitative PCR primers (Table 1) were based on the sequence
of pmchl and pmch2 through cloning. Total RNA (1 pg) was reverse-
transcribed into cDNA by using the Prime Script RT reagent Kit
(TaKaRa, Dalian, China) as described above. The CFX Real Time PCR
Detection System (Bio-Rad, USA) was used to conduct real-time quan-
titative PCR (qQRT-PCR). The reaction volume was 10 pL, including
Taq SYBR Green qPCR Mix (5 pL, Innovagene, China), sterile distilled
water (3.2 puL), 0.4 pL of each primer, and cDNA (1 uL). The reaction
mixture without a template (cDNA) was used as a negative control.
The qRT-PCR procedures included initial denaturation at 95 °C for
3 min, 40 cycles of denaturation at 95 °C for 15 s, and annealing at
the appropriate temperature (pmcha, 52 °C; pmchb, 53°C) for 30 s. The
target genes were normalized to the houskeeping genes (geometric
average of the Ct value of f-actin and ef-1a), for with the expression
levels are stable. The data were analyzed using the relative Ct
method(?4],

Statistical analysis

The data are shown as the mean * standard error of the mean
(SEM). SPSS 23 statistical software was used to conduct the statistical
analyses (IBM Inc, USA). Student's ¢-tests were used to compare differ-
ences between two groups in the periprandial experiments and fast-
ing experiment. One-way analysis of variance (ANOVA) followed by
Tukey's honestly significant difference (HSD) test was conducted to
compare the differences among different time points in the peripran-
dial experiment. Here, p < 0.05 was considered to be a significant
difference.

Primer name Sequence (5'-3") Usage
pmcha-f GATCGGTTTCTACAAGAACTGC Clone
pmcha-r GCTTTGTTCATTGGAGGACTG
pmchb-f GATAGTTTTTACAAGAACCTCAA
pmchb-r CGTAACACACAGGTGAATAAC
pmcha-qf AACAGACACCTGCCTTAC qRT-PCR
pmcha-qr TCCCAGCATACATCTTAGC
pmchb-qf CTTCCTTATTTCTGCCAACTCG
pmchb-qr TAGACTCTTCCCAGCATACATC
p-actin-qf GTTGGTATGGGACAGAAGGACA
[f-actin-qr CCAGTTGGTAACAATGCCGT
ef-la-qf AACCTTCAACACCCCAGCC
ef-la-qr CACCAGAGTCCATCACAATACC
2
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Results

Identification of pmcha and pmchb from Siberian
sturgeon

This study cloned two transcript of pmch genes, namely pmcha and
pmchb, in Siberian sturgeon. One fragment of 604 bp, namely pmcha
(PQ768526), containing an ORF of 540 bp encoding 179 aa, and
another cDNA fragment of pmchb (PQ768527) containing an ORF
of 474 bp encoding 158 aa, were obtained by qRT-PCR. The amino
acids of PMCHa (Fig. 1a) and PMCHb (Fig. 1b) of Siberian sturgeon
contained a signal peptide at the N-terminus (27 aa), and a MCH
gene-related peptide (MGRP; 12 aa, DSGRDDSKIPVG) and a mature
peptide, namely MCH (19 aa, DFDMLRCMLGRVYRPCWQV) at the
C-terminus.

The amino acid sequence of the PMCHa and PMCHD prepropep-
tides of Siberian sturgeon showed low identity when compared with
PMCH sequences from mammals, birds, reptiles and other teleost
fishes, as shown in Fig. 2 (18%-27%). Siberian sturgeons' pmcha
amino acids showed high identity with other PMCH sequences of
other sturgeons, such as Acipenser ruthenus (XP_033880593.1, 96%;
XP_058882986.1, 76%) and Polyodon spathula (XP_041109963.1, 77%;
XP_041113265.1, 84%), as well as PMCHD from Siberian sturgeon
(77%). Siberian sturgeons' PMCHDb displayed relative low identity with
those of other sturgeons (61%-77%). The phylogenetic tree showed
that PMCHa and PMCHD from Siberian sturgeon were included in a
clade consisting of Acipenseriformes but separated from other teleost
fishes (Fig. 3).

Tissue distribution of pmcha and pmchb mRNA in
Siberian sturgeon

Both pmcha and pmchb mRNA were widely distributed in different
brain regions and peripheral tissues in juvenile Siberian sturgeon. The
mRNA of pmcha was highly expressed in the liver, cerebellum, and
hypothalamus (Fig. 4a). In addition, pmchb mRNA was highly
expressed in the liver and cerebellum of Siberian sturgeon (Fig. 4b).

? ATGGCCAGAAAGAGCATCTCAACTTACTCTGTTCTCTTTGCTTTAGCATTTCTTTCAGAG
1 MARIKS STISTYSVLTFALATFTLSE
61 TCCTTAATAGCTTCAGTGGCAAGATCTCTAAACAAGATAGAAGAAACTAGAATGTTAAAT
21 SLIASVARSLUNEKTIEETR RMLN
121 GATTTCTTCAGCCCAAGTAAAGCACACCTGGATGCAGAGGGGTTGGACAAGTCAGGCGAG
41 DFFSPSKAHTLTUDAETGLTDTE KT SSGE
181 GCTTTCTCATCAAAGTATTCTCTTCTGGAAGGAACCATGATGGATGAAGGCGGCAGCTCA
61 AFSSEKYSLLEGTMMDETGT GS S
241 AAAATCATAGTCTTCACAGATTTAGGTGTCAAGAAGAATGCTAAAGATCTCCAGGACTTC
81 KIIVFTDLG GV EKEKNAIKTDLA QTDTF
301 CTTATTTCTGCAAACTCGAAACTCTTCAGCCCTGCATTGTCTGTAGATCTGTCTAACAGA
101 LI SANSIZKLTFSPALZSVYDLSNTR
361 CACCTGCCTTACTTCACTGTCAGAGAAGCAGAGGCACCCCAGTCAGAAAGCCAAAGCACT
121 HLPYFTVREAEAPIGQSET SSQST
421 GCAACAGAGGAACGCAGAGATTCTGGAAGGGATGATTCTAAAATTCCAGTAGGCAAAAGA
141 A TEEIRRDSGRDDSETIPVYGKTR
481 GACTTTGACATGCTAAGATGTATGCTGGGAAGAGTCTACCGACCGTGCTGGCAGGTCTAG
161 D FDMLRCMLG GRVYRPTCWQV %

Periprandial changes of pmcha and pmchb in
Siberian sturgeon

Hypothalamic pmcha mRNA in the fed fish was increased in rela-
tive to that in unfed fish at +1 h after feeding but was not changed
at +3 h after feeding (Fig. 5a). The expression of pmchb in the
hypothalamus of the fed fish was promoted at +1 h after feeding and
+3 h after feeding when compared with the unfed fish (p < 0.001,
p <0.01, Fig. 5b). Compared with the unfed groups, the mRNA expres-
sions of pmcha and pmchb in the liver of Siberian sturgeon was inhib-
ited at +1 h after feeding time (p < 0.001, p < 0.01) but increased at
+3 h after feeding time (p < 0.001, p < 0.01) (Fig. 5¢, d).

Fasting changes in the mRNA expression of pmcha
and pmchb in Siberian sturgeon

After fasting for one day, the mRNA expression levels of both
pmcha and pmchb in the hypothalamus were significantly inhibited
when compared with the fed fish (p < 0.001, Fig. 6a; p < 0.01, Fig. 6b).
The inhibitory effect was observed in the mRNA expressions of pmchb
in the hypothalamus after 10 days of fasting relative to the fed groups
(p < 0.05, Fig. 6b). Refeeding after 10 days of fasting increased the
mRNA expression of pmcha and pmchb in the hypothalamus of
Siberian sturgeon (p < 0.01, Fig. 6a; p < 0.05, Fig. 6b). There were no
significant differences in the mRNA expression levels of pmcha and
pmchb in the liver between fed fish and fasted fish on the first day.
However, fasting for 10 days significantly reduced the mRNA expres-
sion of pmcha and pmchb in the liver of Siberian sturgeon (p < 0.001,
Fig. 6¢; p < 0.05, Fig. 6d).

Discussion

The present investigation marks the initial cloning of two transcript
variants of pmch cDNA sequences, pmcha and pmchb, from the
Siberian sturgeon, thereby expanding our understanding of the pmch
gene repertoire in fish. The variability in the number of pmch genes
across different fish species is intriguing, with a single pmch sequence
identified in ya-fish!'*) and common carp('®l, and two pmch genes

? ATGGTCAGAATGAATCTCTCAACTTACTCTGTTCTCTTTGCTTTAGCATTTCTTTCTGAG
1 MVRMNLS STYSVLFALATFLSE

61 TCCTTAACAGCTTCAGTGGCAAGATCTCTAAACAAGATGGAAGACACTAAAATGCTAAAT
21 S LTASVYARSLUNIKMETDTTI EKMLTN

121 GATTTCTTCAGCCCAAGTAAAGCACACCTGGATGCAGAGGGGCTGGACAAGTCAGAAATC
41 DFFSPSEKAHLUDAEGLTDTZEKST STEH!II

181 ATAGTCTTCACAGATTTAGCTGTCAAGAAGAATGCTGAAGATCTCCAGGACTTCCTTATT
61 I vVvF TDLAVEKZ KDNAETDLA QDTFTLI

241 TCTGCCAACTCGAAACTCTTCAGCCCTGCATTGTCTGTGGATCTGTCTACCAGACACCTG
81 S ANSKLTFSPALSVDLSTTR RHL

301 CCTTACTTCACCGTCAGAGAAGCAGAGGCACCCCAGCCAGAAAGCCAAAGCACTGCAACA
101 PYFTVREAEAPGQPEZSIQSTAT

361 GAGGAACGCAGAGATTCTGGAAGGGATGATTCTAAAATTCCAGTAGGCAGAAGAGACTTT
121 EERRDSGRDDSEKTI®PVYGRRIVDE

421 GACATGCTAAGATGTATGCTGGGAAGAGTCTATCGACCATGCTGGCAGGTCTAG

141 DMLRCMLGRVYVYRPCWQgV *

Fig. 1 Nucleotides and deduced amino acid sequences of pmcha and pmchb from Siberian sturgeon. The grey highlight indicates the signal peptide domains of
pmcha and pmchb. The horizontal line represents the mature peptide region of MCH. The wavy line represents the MGRP region in PMCHa and PMCHDb.
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NP_002665.2_PMCH Homo_sapiens
NP_001231369.1 PMCH Sus_scrofa
NP_084247.1_ PMCH Mus musculus
NP_001182724.1_PMCH Gallus_gallus

MARMNLSSYILILTESLFSCQGILL.
MARMSFSSYILILTESLLSQGVLL.
MAKMTLSSYMLMLAFSLFSQGILL.

. .MYISSYMLILSL..FSQGFLI.

.SASKSIRNLED.DMVENTFRLGKGFCKEDTAERSVIAPS..... LEQYRNDESS
-SASKSIRNLED . CMVFKTLRLGRAFQKEDSAERSLVVPES..... LECYKNDESS....
.SASKSIRNLED.DIVENTFRMGKAFCREDTAERSVVAPS..... LECYKNDESG. ...
.SVSKSLCEAEDEDMLLTAFNLGKTLRNGDGTEKRGAMPL. .... LKRYKRIEES.....

FMNEEEN 79
. . FMNDEEN 9
. .FMNDDDN 79
. .FLDEDDD 74

XP 035197890.1 PMC"I_Oxyura jamaicensis . .MCISSYMLILSLSLESQGFLL. .SVSKSLCRVEDEDMLLTTESLGKTLCNGDRAGRKRGAIFL. ... .LKHYRAEES..... . .FLDEEDD 76
XP 066447518.1 PMCH Eleutherodactylus_cogui MVRMISLGYPLIISLSILSQGFLF..SLSKSIRKRAEN.CVLLDTIALRRALRNGDTIYRSSTNP...... QDQYPMBEG. e e cscoeosscns EVE 73
XP_002936876.2 PML'i | Xenopus_tropicalis MVRMITLGYPLLISLSILSQGFLI..AVSKSIRRAENDCLLLDTITLRRAFRNGDTLERPIGDP...... NNCYKTDGGN ILNEEEE 79
PQ7€8526_PMCHa Aclpe'\s:x bareii % MARKSISTYSVLFALAFLSESLIA..SVARSLNEIEETRMLNDFESPSKAHLDAEGLDKSGEAFSSKYSLLEGTMMDEGGSSKIIVFTDLGVRRNA 94

PQ768527_PMCHb_Acipenser bareii % MVRMNLSTYSVLFALAFLSESLTA. . SVARSLNEMEDTKMLNDFESPSKAHLDAEGLDKS. ... .cvvvenecnnnnannns EIIVFTDLAVEKENA 72
XP_| 033880593. 1_PMCH isoform X1 Acipenser_ruthenus MARKSISTYSVLFALAFLSESLIA..SVARSLNEIEETRMLNDFFSPSKAHLDAEGLDKSGEAFS.KYSLLEGTMMDEGGSSKIIVFTDLGVKRNA 93
XP 058882986.1_ PML‘i J.s‘oform X2 _Acipenser_YUTRENUS  ...cteesetserecasresnassssoressasansnns MLNDFFSPSKAHLDAEGLDKSGEAFS.RYSLLEGTMMDEGGSSKIIVFTDLGVKENA 56
XP 041109963.1_ “PMCH_ Pol,odcm spathula MARMSISTYSVLFALAFLSESLTA..SLARSLNEIEDTRMLNDFESPSKAHLDAEGLDKS. .. cvveeeecnannannnnns EIIVFTDLGVKENA 72
Xe \/41113265 1_PMCH Polyodon spathula -MNVSTYSVLFALAFLSESLIA..SVARSLSEIEDTRMLNDFFSPSKTHLDAEGLDRSDEAFS.KYPLLEGTTMDEDGS . KIIVFTDLGVKKNA 89
KF564795.1_F! Schizothorax prenanti - .MKLEVGTFLITVALLSECYFR. . TAAIPMTRTEDME PGLOGLSESLEENSLRSAP. . . v ccveeeccesncncnonsssnnssannnsasnns 53
AHB333€7. l PMCH1 Platichthys_stellatus - .MRCSCVSIVFAAALIFKCYVL. .SGALPMGEAEDGSLECETFASTENGFSDADLAGE. . . cceveverencnannnssennsssannsannss 55
AHB33368. l_PML'I”_Platlchth, s_stellatus . .MISVSSVVFTLVLESELNSPLVIVASPTTEGEDGVIECDGLSSFLGDEPMMECAMVPPVYR .GSLMLD €7
XP_018919672.1 PMCHl1 Cyprinus_carpio . .MKLSVGTVLISVALLSECCFR. . TAAIPMTRAEDTEPDLOGLSDSLEENALRSTP . . v cvvenerennncsnncnssennssannssanans 53
XP_018948604.1 PMCH2 Cyprinus_carpio . .MIMASSYMVIFALAILVELTTRT. TTALPKVEMBGEHTDCDRPVSTEGEDYVTEMGPGRLTFR. .o v vvvvveerecennaesss.. . KCPMIE €8
XP_026088647.1 PMCH2 Carassius_auratus . .MASSYIFFFALALLVELTT..... ALPKVEMBEGPIYCDRLVSIVGEDDSSEMGPGCLTFK -RHPIIE 62
XP_‘DZ€O§'530§' 1_PMCH1 Carassius_auratus - .MKLSVGTVLISVALISECYFK. . TAAIPMTRARDTEPDLOGLSDSLEENALRSAP. . ..o cvveecrennccnsancsanccsaannsannns 53
AC035933.1_P H1 _Danio_rerio - -MRKIEAGTVLITVALIGECYFK. . TAAIPMTRSRE IEPDLOGSESESLEENSLRSTP. ... ccvveececcocncnancsennnsancnannnns 53
ACO035934. l PMCH2 Da‘u.o rerio . .MASSYITIFALALEVELTTR. . SMALPKFEMBEEHTDCERMVSVTIGEDDISELGPGOLPFR. . v v vvverecnnesnnansnnns RHPIIE €5
Consensus MCH
NP_002665.2_PMCH_Homo_sapiens KVSK. .NTGSKHNFLN.HGLPLNLAIK. .PYLALKGSVAFPAENGVCNTESTCERREIGDEENSAKFPIGRR 165
NP_ODlZSl:&éQ 1_PMCH_Sus_scrofa KNSK. .NAGSKHNFLN.HGLPLNLAIK. .PYLALKGSVAFPAENEVONTESTCERREIGDEENSAKFPIGRR 165
NP_084247. PMU‘! HJS rrascale KNSK. .NTGSKCQNLVT.HGLPLSLAVK. . PYLALKGSVAFPAENGVCNAESTCERREIGDEENSAKFPIGRR| 1€5
NP Oull°2729 PMC‘{ Gallus _gallus RELKFFDTDSRHDFSN.HGVPISVGRKCLPYLALKGAIAFPADTEICNIESVCE . RETVEEENSAKFPIGRR 163
XP 035197890. PML“I | Oxyura_jamaicensis RNPKFFGTGSRDLFLN.HAMPINVGRKCLPYLALKGAMAFPADTEIQCNIESICE .RETADEENSARFPIGRR 165
XP_06€447518.1 PMCH Eleutherodactylus_cogqui RSIK..SAGSENTYFSPHVLPLNVGGKEIPESTLK.SLSRTSEYGDENVELTHERRDIGEEENAAKFPIGRR| 16l
XP_002936876.2_PMCH_Xenopus_tropicalis RNMK. .TIDSQCCNYLSHDGLPLNIGIKCMPYLAFR.NSLHHSENEDCNAESACERRDIGDEENAAKFFVGRR 167
9075854c_PMu{a_Aclpcnsex_baze11 * KDLCDFLISANSKLFS.PALSVDLSNRHLPYFTVREAEAPQSESC. . . STATEERRDSGRID . . SKIPVGKR)| 179
PQ768527_PMCHb_Acipenser_bareii * EDLCDFLISANSKLFS.PALSVDLSTRHLPYFTVREAEAPCPESC. . . STATEERRDSGRID. . SKIPVGRR) 157
XP_033880593.1_PMCH_isoform X1 Acipenser_ruthenus KDLCDFLISANSKLFS.PALSVDLSNRHLPYFTVREAEAPCSESQC. . . STATEERRDSGRDD . . SKIPVGKR! 178
XP 058882986. 2 % PML‘i J.soform X2 Aclpe'\sez ruthenus KDLQDFLISANSKLFS.PALSVDLSNRHLPYFTVREAEAPCSESC. . .STATEERRDSGRDD . . SKIPVGKR| 141
XP_041109963.1 PMCH Polyodon_spathula KDLCDFLTSANSKLFS.PVLSVDHSPRCLPYFTVRKAEAPQSESQ. . . STETEERRDSGRID . . SKIPVGRR)| 157
XP_041113265. l_PML,H_Poljodo'x_spac‘mla KDLLEFLISTNSKLFS.PALSVDHSPRHLPYFTVREAEAPCSESQ. . . STATEXRRDSGRDD . . SKISVGRR| 174
KF564795.1_ Schizothorax prenanti = ....... GNSRIIVVADSNPLRTLTS..... LNRGLPHLSL..... PESLLSTERRDVGTDLS.PSIAIIKR|. . 124
AHB333&7 _Platichthys stellatus «+..EKLSGPRVIVVADPSVWRDLRV. ... .LHNGLSLYKR..... RADLSDCAACHKDASQG.VNIPILRR|. . cee 129
AHB33368.1 PMCH2 Platichthys stellatus NSIRDEEGNPRIFILSDMRCRGHGTRG. ...LNSGLTRSLP........ LLADHRMSRAPAEYSFRMDRRDT) GSSNAN| 150
XP_ 018919672.1 _PMCH1 Cyprinus carpio = ....ens GNSRIILVADSNLLRTLTS..... LNKGVPHLSL..... PESLLSTERRDVGPDLS. 124
XP_\J 948604. l_PML"lZ_Lyprl’:ﬂs_CaIplO GRLVDEDGTRKRIFILADTGIKGSLGRE. .TNLAFSRTFPVLPPSGMDHALDGFNTRDERRSTD. 156
Xp_02 647.1_PMCH2 Carassius_auratus GRLVDEDGTERIFILADTGIKGSLGKE. .ANLAFSRTFTV. . PRGTDHALDGFNMRDERRSID. 148
XP 026098309. l_PMC'L Carassius_auratus = .....e. GNSRIIVVADSNLLRTLTS..... LNRGVPHLSL..... TESLLSTERRDVGPDLS. 124
AC035933. 1. B _Danio_rerio = ..ieeee. GGSRIIVVADSNLLRTLTS..... LNRGVPHLNA..... PESLLSTERREVGSDLS. 124
ACO35934.1_PMCH2 Da'u.o rerio GRLVDEDGTRRIFILADTGIKG. .GRE. .GNLAFSRTFSELLPHGLEHALDGFSTMDECRNVE . DVIEVGRRE| 151
Consensus ICm grvyrpcw

Fig. 2 The alignment of the deduced amino acid sequences of Siberian sturgeon pmch and other vertebrates. Black represents an amino acid consistency level

of 100, pink represents 70, and blue represents 50.

in species such as zebrafish®] and starry flounder!'®]. Notably, the
proteins PMCHa and PMCHb encoded by pmcha and pmchb in
Siberian sturgeon diverged from those of other teleosts, which may
reflect the unique evolutionary position of sturgeons. Indeed, the pale-
ontological record indicates that sturgeon fossils date back to the
Triassic period, underscoring their ancient lineagel26l. The teleost
lineage, from which sturgeons diverged, experienced a pivotal whole-
genome duplication event 320-350 million years agol?”], followed by
additional whole-genome duplications in other fish lineages, such as
cyprinids, 5.6-11.3 million years agol28l. These evolutionary events
likely contribute to the distinctive genetic makeup of Siberian stur-
geon pmch genes when compared with other fish species. Further-
more, the conservation of the Siberian sturgeon's mature MCH
peptide at the C-terminal in mammals and birds suggests that this
region may be pivotal to its physiological functions.

Until now, little has been known about the distribution of pmch
genes in fish species. The result of this study showed that pmcha was
highly expressed in the hypothalamus of Siberian sturgeon, which is
consistent with those in mammals such as humans!'! and rats(!], as
well as chickens!'¥]. In addition, this finding is in accordance with
reports in several teleosts. For example, pmch was highly expressed in
the hypothalamus of ya-fish!'5] and common carp!'®l, and MCH2-ir
cell bodies were localized in the lateral tuberal nucleus (NLT) of the
hypothalamus of zebrafish[2’l. As well as the hypothalamus, pmcha
and/or pmchb mRNA was highly expressed in other regions of brain,
such as in the midbrain of ya-fish[!%], the optic tectum/thalamus of
winter flounder"]. Interestingly, both pmcha and pmchb were highly
expressed in the cerebellum of Siberian sturgeon. The cerebellum is an
important structure that is involved in motor control and cognitive
and emotional functions in fish[2>3%]. This suggests that the high

expression of pmch in the Siberian sturgeon cerebellum may be related
to its role in adapting to environmental changes and behavioral regula-
tion. Notably, pmcha and pmchb were highly expressed in the liver of
Siberian sturgeon, a finding not previously observed in other teleosts.
It could be postulated that pmcha and pmchb might play important
roles in the regulation of energy metabolism in Siberian sturgeon. The
distinct expression patterns of pmcha and pmchb suggest potential
functional divergence between the two gene variants. Although pmcha
shows high expression in the hypothalamus, pmchb does not, indicat-
ing that pmcha may be the primary isoform involved in central
appetite regulation. In contrast, both isoforms are highly expressed in
the liver and cerebellum, suggesting overlapping functions in periph-
eral energy metabolism and behavioral regulation. This functional
divergence may have arisen from gene duplication events during
evolution, allowing for subfunctionalization of the two pmch paralogs
in sturgeon. Previous studies have reported that pmchl and pmch2
were highly expressed in the pituitary of starry flounder('®], winter
flounder™®], and goldfish*!l. Although this study did not detect the
expression of pmcha and pmchb mRNA in the pituitary of Siberian
sturgeon, a previous study observed that MCH immunoreactivity
fibers were not abundant in the hypophysis of the Acipenseriform
starry sturgeon (Acipenser stellatus)®2l. The results indicate that the
tissue expression of pmch genes varies among species, and pmcha and
pmchb might play crucial roles in the behavioral regulation and energy
metabolism of Siberian sturgeon. Given that the mature MCH peptides
encoded by pmcha and pmchb were 100% identical in Siberian stur-
geon, their physiological functions were expected to be largely redun-
dant at the protein level. However, in other teleosts, such as zebrafish,
the two MCH paralogs have been shown to exhibit distinct tissue-
specific expression patterns with little or no overlap[?’], suggesting

Wu et al. 2026, Journal of Applied Ichthyology 2026: e002


https://doi.org/10.48130/jai-0026-0004
https://doi.org/10.48130/jai-0026-0004
https://doi.org/10.48130/jai-0026-0004
https://doi.org/10.48130/jai-0026-0004
https://doi.org/10.48130/jai-0026-0004

https://doi.org/10.48130/jai-0026-0004

Journal of
Applied Ichthyology

NP 002665.2 PMCH Homo sapiens
NP 001231369.1 PMCH Sus scrofa

L NP 084247.1 PMCH Mus musculus

NP 001182724.1 PMCH Gallus gallus
P 035197890.1 PMCH Oxyura jamaicensis

XP 066447518.1 PMCH Eleutherodactylus coqui
XP 002936876.2 PMCH Xenopus tropicalis
XP 041113265.1 PMCH Polyodon spathula
XP 041109963.1 PMCH Polyodon spathula
PQ768527 PMCHb Acipenser bareii ¥
PQ768526 PMCHa Acipenser bareii >k
3 XP 033880593.1 PMCH isoform X1 Acipenser ruthenus
XP 058882986.1 PMCH isoform X2 Acipenser ruthenus

AHB33368.1 PMCH2 Platichthys stellatus
ACO35934.1 PMCH2 Danio rerio

XP 018948604.1 PMCH2 Cyprinus carpio

XP 026088647.1 PMCH2 Carassius auratus

AHB33367.1 PMCH1 Platichthys stellatus

KF564795.1 PMCH Schizothorax prenanti

94
pr————{
0.10 9 _E
0|
] [
98 X
4 —
2 93
100
95
99
i~
e —— AC035933.1 PMCH1 Danio rerio
99
40 XP 018919672.1 PMCH1 Cyprinus carpio

66 XP 026098309.1 PMCH1 Carassius auratus

Fig. 3 The phylogenetic analysis of pmch amino acid sequences. MEGA 7.0 was used to construct the neighbor-joining phylogenetic tree and the confidence

level of each branch was calculated by bootstrapping repeated 1,000 times.
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Fig. 4 Tissue distribution of (a) pmcha and (b) pmchb in Siberian sturgeon (n =
letters indicate significant differences. p < 0.05 represents statistically significant.

regulatory subfunctionalization following gene duplication. The differ-
ential hypothalamic expression of pmcha and pmchb observed in
this study supports this notion, implying that the two paralogs
may have evolved distinct regulatory mechanisms while retaining
identical coding sequences for the mature peptide. This regulatory
divergence may confer a selective advantage by allowing fine-tuned,
context-dependent control of MCH signaling in different tissues and

(on

N

o

S
1

Relative mMRNA expression of pmchb

6). The mRNA expression of target genes was normalized to f-actin. Different

physiological states, as has been proposed for other duplicated
neuropeptide genes in vertebrates(*334l,

Many studies have indicated that expression levels of appetite
factors could be affected by feeding status!*>l. Since pmcha and pmchb
mRNA was highly expressed in the hypothalamus and liver of juvenile
Siberian sturgeon, which are important sites involved in feeding regu-
lation and energy metabolism, these tissues were chosen for
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Fig. 5 Preprandial and postprandial changes in the mRNA expression of pmcha and pmchb in (a), (b) the hypothalamus and (c), (d) liver. The mRNA
expression of target genes was normalized to f-actin and ef-la. n= 9 fish per group. One-way ANOVA followed by Tukey's HSD test was conducted to
compare the difference among different time points in the periprandial experiment. The asterisk represents significant differences between unfed fish and fed
fish at the same time point (Student's f-test). * means p < 0.05, ** means p < 0.01, *** means p < 0.001 in the comparison between the fed and unfed groups at

the same time point.

periprandial and fasting experiments to explore the possible role of
pmch in appetite regulation. In this study, mRNA expression of pmcha
in the hypothalamus of Siberian sturgeon was promoted at 1 h after
feeding, and mRNA expression of pmchb was promoted at 1 h and 3 h
after feeding. The result suggests that pmcha and pmchb might have an
anorexigenic effect in Siberian sturgeon, which is similar to the find-
ings in common carpl'®], but inconsistent with mammals and other
fishes. In common carp, the level of pmchl mRNA in the hypothala-
mus was increased at 1 h and 3 h after feeding('®. However, mRNA
expression of pmch in the hypothalamus of S. prenanti decreased at 1 h
and 3 h after feeding!!l. These results suggest that in Siberian stur-
geon, pmcha and pmchb might act as short-term satiety indicators in
the hypothalamus.

To further explore the role of pmch on long-term appetite regula-
tion in Siberian sturgeon, fasting and refeeding experiments were
conducted. In this study, fasting for 10 days inhibited mRNA expres-
sion of mRNA expression but did not significantly affected mRNA
expression of pmcha in the hypothalamus of Siberian sturgeon. This
result suggests that pmcha may undergo adaptive tolerance during
chronic energy deficiency, whereas pmchb might serve as a more

persistent sensor of long-term fasting in Siberian sturgeon. Similar
observations were reported in common carp!!®l and goldfish[*¢]. Fast-
ing for 3-7 days inhibited pmch expression in the hypothalamus of
common carp, and refeeding promoted its expression('®l. In goldfish,
fasting inhibited MCH-like immunoreactivity in the dorsal part of the
nucleus recessus lateralis (NRLd) region of the hypothalamus*?], and
an icv injection of mature MCH peptide decreased food intakel22].
These results suggest that pmchb in the hypothalamus might exert an
anorexigenic role during long-term starvation in Siberian sturgeon.
However, the stimulatory effect of fasting on pmch expression in the
hypothalamus was observed in mice, chickens!!¥], and several fish
species such as starry flounder!'®! and Atlantic cod!’”l. In addition,
another study in winter flounder showed that fasting did not affect
mRNA expression of pmchl and pmch2 in the hypothalamus['?l. These
observations suggest that fasting might induce the change of pmch
expression in the hypothalamus in a species-related manner. Further-
more, refeeding after 10 days of fasting induced a increase in the
expression of both pmcha and pmchb above fed levels, suggesting an
emergency anorexigenic brake to prevent overconsumption after star-
vation. These findings suggest distinct temporal roles for pmcha
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Fig. 6 Effect of fasting and refeeding on mRNA expression levels of pmcha and pmchb in the hypothalamus and liver of juvenile Siberian sturgeon. The mRNA
expression levels were normalized to f-actin and ef-Ia. n = 9 fish per group; one-way ANOVA followed by Tukey's HSD test was conducted to compare the
difference among fed, fasted and refed groups. * represents significant differences between the fed group and the fasted group (Student's ¢-test), * means
P <0.05,** means p < 0.01, *** means p < 0.001. Different letters indicate significant differences among the fed group, fasted group, and refed group.

(short-term) and pmchb (long-term) in hypothalamic appetite regula-
tion. The liver is the main organ for lipid storage, and starvation lead
to a decrease in lipid content in the liver of sturgeons®7]. It is notewor-
thy that fasting for 10 days inhibited mRNA expression of pmcha and
pmchb in the liver. This result suggest that pmcha and pmchb might be
involved in the regulation of lipid metabolism in the liver of juvenile
Siberian sturgeon during starvation periods. Although little is known
about the function of pmch genes in the liver of fish, a previous study
revealed that icv injection of MCH triggered lipid accumulation and
lipid uptake in the liver of rats®]. These results suggest that pmcha
and pmchb might be involved in the regulation of appetite and also
participate in the regulation of lipid metabolism in the liver of juvenile
Siberian sturgeon during starvation periods.

Conclusions

This study successfully cloned two transcript isoforms of the pmch
gene from Siberian sturgeon, namely pmcha and pmchb, encoding
proteins of 179 and 158 aa, respecively. Our study revealed that the
mature MCH peptide encoded by Siberian sturgeon pmcha and pmchb

showed high identity with mammals' MCH, but low identity with other
teleost fish species’' MCH. The pmcha and pmchb mRNA were highly
expressed in the liver and cerebellum, and pmcha was also highly
expressed in the hypothalamus of Siberian sturgeon, indicating poten-
tial functional divergence between the two paralogs. The expression
patterns of pmcha and pmchb in the hypothalamus and liver in response
to feeding and fasting suggest their potential roles as anorexigenic
factors in appetite regulation. These findings provide important insights
into the regulatory mechanisms of feeding control and energy home-
ostasis in Siberian sturgeon. Furthermore, the results have practical
implications for sturgeon aquaculture. For example, the anorexigenic
role of pmcha and pmchb suggests that feeding strategies avoiding
prolonged fasting could prevent the downregulation of these satiety
signals, potentially improving feed efficiency. Further studies are needed
to investigate the role of mature MCH peptides and MGRP peptide for
feeding and energy metabolism in aquaculture of Siberian sturgeon.
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