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A rainbow trout uncoupling protein 3 (UCP3) ¢cDNA clone, encoding a 310 amino acid protein, was cloned and
sequenced from a liver cDNA library. Two different splice variants designated UCP3-v1 and UCP3-v2, were iden-
tified through liver cDNA library screening using rainbow trout UCP3 ¢cDNA clone as a probe. UCP3-v1 has 3
insertions in the UCP3 cDNA: the first insertion (133 bp), the second (141 bp), and the third (370 bp) were located
126 bp, 334 bp and 532 bp downstream from the start codon, respectively. UCP3-v2 contained a single insertion,
identical in sequence and location to the second insertion of UCP3-v1. UCP3, a mitochondrial protein, functions
to modulate the efficiency of oxidative phosphorylation. UCP3 has been detected from heart, testis, spinal cord,
eye, retina, colon, muscle, brown adipose tissue and white adipose tissue in mammalian animals. Human and
rodent UCP3s are highly expressed in skeletal muscle and brown adipose tissue, while they show weak expression
of UCP3 in heart and white adipose tissue . In contrast to mammalian studies, RT-PCR and Southern blot analysis
of the rainbow trout demonstrated that UCP3 is strongly expressed in liver and heart. UCP3, UCP3-v1, and UCP3-
v2 all contain an Ava III short interspersed element (SINE), located in the 3’ untraslated region (UTR). PCR using
primers from the Ava III SINE and the UCP3 3’ UTR region indicates that the UCP3 cDNA is structurally con-

served among salmonids and that these primers may be useful for salmonid species genotyping.
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Introduction

Over the past 30 years, there has been extensive research
into the mechanism of non-shivering thermogenesis and
importance of brown adipose tissue (BAT) in thermal regula-
tion of infants (for review see Nicholls, 2001). This work led
to the identification of uncoupling protein 1 (UCP!) in the BAT,
a mitochondrial carrier protein with the ability to increase
heat production by altering the proton permeability of the
inner mitochondrial membrane (for review see Villarroya et
al., 2001). Subsequently, two other members of the UCP fam-
ily have been identified, UCP2 and UCP3. UCP2, classified
according to the amino acid sequence homology to UCP1, is
expressed in a variety of tissues and is thought to serve a sim-
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ilar function to UCPI, but its true function is yet to be fully
elucidated (for review see Ricquier and Bouillaud, 2000). An
additional UCP (UCP3), identified by the 57% aa homology
to UCPI, has been found to be primarily expressed in skele-
tal muscle with lower expression in BAT and cardiac muscle.
(Fleury et al., 1997). In addition to the proton shunting abil-
ity, recent studies have indicated a significantly different role
for UCP3 in the regulation of fatty acid metabolism. During
periods of starvation, i.e. a shift in the muscle to primarily
lipid catabolism, UCP3 expression is upregulated in the mus-
cle, with the fast glycolytic muscle showing the greatest
response (Hildebrandt and Neufer, 2000). In the mouse, the
connection between UCP3 and fatty acid metabolism is fur-
ther reflected in the mapping of markers of obesity and
hyperinsulemia in close proximity to the UCP3 gene locus on
chromosome 7 (Fleury et al., 1997).
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Two alternatively spliced forms of the UCP3 gene have been
identified in human skeletal muscle. The long transcript
(UCP3.) includes a small portion of the 6" exon and a 7" exon,
while the short transcript (UCP3s) only the 1% 6 exons (Solanes
et al., 1997). Based on the cDNA sequences of the two variants,
human UCP3 is represented by proteins of 312 aa (UCP3.) and
275 aa (UCP3;s) found on the inner mitochondrial membrane
(Solanes et al., 1997). However, researches on the mouse and
human indicate that the long transcript is alone translated into an
active protein (for review see Harper et al., 2001).

Short interspersed repetitive elements (SINEs) are non-
viral retrotransposons incorporated into the genome of a wide
variety of organisms (Singer, 1982). SINEs are commonly
referred to as tRNA pseudogenes, because of their homology
to tRNA sequences (Okada, 1991). In salmonid fish, three
classes of SINE elements have been discovered: Smal fam-
ily, Hpal family and FokI family. An additional group, the
Hpal-related Avalll family, is common to many salmonid
species (Kido et al., 1994). By sequence and quantity, SINE
elements are used as phylogenetic markers (Murata et al.,
1996), and the identification of a common SINE element in
the transcribed portion of a particular gene may indicate the
evolutionary conserved gene.

In a preliminary experiment, we determined the identity of
gene transcripts containing the Hpal-Related Avalll SINE
element in the rainbow trout. From this work, we isolated a
partial sequence of the rainbow trout UCP3. It is the first dis-
covery of UCP3 ¢cDNA from aquatic animals. The availabil-
ity of full length of UCP3 from rainbow trout should provide
molecular resources for production of recombinant UCP3 for
application in rainbow trout. As a cold water fish, rainbow
trout may have unique system of thermogenesis, different
from warm-blooded terrestrial mammals. With potential for
metabolic regulatory role for UCP3 in the rainbow trout, we
looked at the pattern of gene expression of UCP3 in tissues
of the trout to know whether the function of UCP3 in a rain-
bow trout is different from the mammalian UCP3s. In this
communication, we report the full length UCP3 sequence of
the rainbow trout, its tissue distribution, identity of any splice
variants and conservation of the Avalll SINE element of the
3’ UTR of the UCP3 gene in other salmonid species.

Material and Methods

Genes expressing Avalll SINE
A liver ¢cDNA library, prepared in A ZapIl vectors, was
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kindly provided by Dr. Joe Brunelli of Washington State Uni-
versity. During routine EST screening of this library, a clone
(RTI#12) was isolated containing a putative Avalll SINE. A
single PCR primer from RTI#12 clone was designed using
GeneTools 1.0 (BioTools Inc., Canada) within the SINE element.
The primer sequence was 5’-TTAACCCAACCCCTCTGAATCA-
GAG-3’, which was purchased from Gibco BRL (now Invit-
rogen Corp., USA). Using the Avalll primer and either the
T7 or T3 promoter primers (Promega, USA), PCR screening
of the excised cDNA library was performed as follows. 24 ul
of a PCR cocktail containing 2.5 pl of 10x Tag buffer (1.5
mM MgCl final concentration), 0.5 pl dNTPs (final concen-
tration 0.2 mM each), 1 pl of Avalll primer (4 ng/ml final
concentration) and 5 pl T3 or T7 primer (4 ng/ml final con-
centration), 0.5 pl (2.5 Units) of 7ag DNA Polymerase (Dis-
play Systems Biotech., USA) and 14.5 pl of nuclease free
water was added to 1 pl excised liver cDNA library phagemid -
(10 ng/ul). The PCR commenced with one cycle consisting
of denaturing (94°C) for 4 min, annealing (55°C) for 1 min,
and extension (72°C) for 1 min. The first cycle was followed
by 30 cycles consisting of 1 min intervals of denaturing at

Fig. 1. Determination of amplicon size from the PCR screening of
liver cDNA library with the RTI#12 Primer (see Material and Meth-
ods) and either T3 (lane 1) or T7 (lane 2) promoter primer. 1-kb
molecular size marker was used and indicated as the letter M. Prod-
ucts were separated on 1% agarose gel and stained with ethidium
bromide.
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94°C followed by annealing at 55°C and extension at 72°C.
These cycles were followed by a final 10 min extension step
(72°C). The products were separated by gel electrophoresis
(1% agarose) and stained with ethidium bromide to deter-
mine the sizes of the amplicons (see Fig. 1). The PCR prod-
ucts were subjected to TA cloning (pCR 4 Vector, Invitrogen
Corp., USA), and plasmid insert size was determined by
EcoRI restriction digestion and gel electrophoresis analysis.
Plasmids containing unique amplicons were sequenced using
the Big Dye Terminator method (PE Biosystems Co., USA)
on an automated ABI 310 DNA sequencer (PE Biosystems
Co., USA). The identity of each insert was determined by
searching the GenBank Database with NCBI Blast program.

Liver cDNA library screening for UCP3

The UCP3 c¢DNA was found in the rainbow trout liver
expressed sequence tag analysis. Because this gene had not
been characterized, we used hybridization-based cDNA library
screening to isolate the full-length expressed sequence. Briefly,
plaque DNA from the cDNA library was fixed to nylon
membranes to allow hybridization with **P-labeled probe.
Following the pre-hybridization wash, the membranes were
hybridized overnight at 42°C. Three washes of each mem-
brane were used to remove unbound probe, these consisted of
2x SSC with 0.1% SDS at room temperature, 0.5x SSC with
0.1% SDS at 55°C, and 0.1x SSC with 0.1% SDS at 65°C.
Following the washes, the membranes were exposed for at
least 3 hrs to Bio-Max film (Eastman Kodak Co., USA) at
80°C. Probe DNA was generated from the plasmid DNA iso-
lated in the preliminary experiment. Following EcoRI restric-
tion digestion of the plasmid DNA, the insert fragment
(~1400 bp) was gel purified using the Freeze N Squeeze col-
umn method (Bio-Rad, USA). This fragment was labeled
with *P using Amersham dCTP Ready-To-Go Labeling beads
according to the manufacturers protocol (Amersham Bio-
sciences, USA). Approximately, 3.0x10° plaques were screened.
Fifteen positive plaques, which had been subject to second
and third rounds of screening, were isolated for sequence
analysis.

Once the individual positive plaques were isolated, the
phagemid vector (pBluescript) was excised using the ExAs-
sist Helper Phage following Stratagenes protocol (Stratagene,
USA). The resulting plasmid was sequenced from both for-
ward and reverse directions, using the T7 and T3 promoter
primers and the Big Dye Terminator Reaction (see above). A
contig of the two sequences was constructed for each clone
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using GeneTools 1.0 (BioTools, Canada). For clones not show-
ing overlapping sequences, primer walking was performed to
determine the full-length sequence.

Tissue distribution of UCP3

In combination with Southern blot analysis, reverse tran-
scription-polymerase chain reaction (RT-PCR) was used to
determine the tissue distribution of the UCP3 in the rainbow
trout. Total RNA was isolated from adult (~2 yr old) mixed-
sex rainbow trout following the TRI-Reagent (Molecular
Research Center Inc., USA) modification of the guanidine
isothiocyanate/phenol-chloroform method as described by
Chomczynski and Sacchi (1987). The quantity of RNA was
estimated by measuring the absorbance at 260 nm on a Shi-
madzu Spectrophotometer (Shimadzu Corp., USA). The quality
of the RNA was assessed by formaldehyde agarose gel elec-
trophoresis with the visualization of the 28S and 18S rRNA
bands. RNA was isolated from brain, heart, liver, kidney,
spleen, skeletal muscle, pituitary, stomach, intestines, eye,
skin and adipose tissue. All RNA samples were stored at
80°C. Reverse transcription was performed with 2 pg of total
RNA, 2 ug of oligo-dT primers and murine maloney leuke-
mia virus reverse transcriptase (MMLV-RT), as previously
described (Kocamis et al., 2002). Tag polymerase (Display
Systems, USA) and gene specific primers were used for gene
product amplification with the reaction setup as described
above. A touchdown reaction was run with an initial anneal-
ing temperature of 68°C, reducing by 1°C for 10 cycles and
then an additional 25 cycles with an annealing temperature at
58°C. The products were separated by 1% agarose gel elec-
trophoresis containing 200 ng/ml ethidium bromide and visu-
alized and photographed with the FlouroChem Imaging System
(Alpha-Innotech Corp., USA). The identity of the products
was verified by Southern blot analysis.

Conservation of the UCP3 Ava III SINE

Using Bio-Rads AquaPure Genomic DNA Isolation Kit
(Bio-Rad, USA), genomic DNA samples were isolated from
rainbow trout (kamloop, red band, cutthroat and steelhead
strains), brook trout, brown trout, Artic char, Atlantic salmon
and Pacific salmon. These samples were subjected to PCR
amplification for the Avalll SINE located in the 3° UTR of
the rainbow trout UCP3 gene. The PCR reaction was set up,
as described above, using 1 ul of genomic DNA (50 ng/ul) as
the template. The PCR reaction consisted of 35 cycles with
an annealing temperature of 60°C and primers specific to the
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SINE element in 3° UTR of UCP3. The sense primer (5’-
GGGGACCTCTAGCCATTC-3’) and antisense primer (5°-
TCAACTGAAATGTGTCCTCCGC-3") were designed to amplify
a 201-bp product of UCP3 3’ UTR including the Avalll SINE.
The products were separated by 1% agarose gel electrophore-
sis containing 200 ng/ml ethidium bromide and visualized
and photographed with the FlouroChem Imaging System
(Alpha-Innotech Corp., USA). The identity of the products
was verified by Southern blot analysis. The probe used for
the Southern analysis was a sub-clone from the 3° UTR of
the rainbow trout UCP3 cDNA labeled using the Ready-to-
go labeling beads (Amersham Biosciences, USA) as previ-
ously described.

Results and Discussion

As repetitive sequences constitute a substantial portion of
the eukaryotic genomes, understanding the organization of
genes in relation to repetitive sequences is critical for genom-
ics research. Genes containing Ava III SINE were isolated
through EST and PCR screening of the rainbow trout liver
cDNA library (Table 1). The 28S ribosomal RNA (RTI#12)
represents the original Avalll SINE identified through the
analysis of rainbow trout liver EST screening. To find addi-
tional cDNAs containing Avalll SINE, we performed PCR
screening of the excised liver cDNA library using the Avalll
primer from RTI#12 clone and either the T7 or T3 promoter
primers (see Fig. 1). PCR screening and cloning subse-
quently led to the identification of two additional unique
sequences containing an Avalll SINE (see Table 1). These
genes may be located in identifiable regions of the genomic
DNA linked to evolutionary or phenotypic changes in salmo-
nids (Murata et al., 1996). To investigate this possibility
further, we felt the potential role of UCP3 in metabolic reg-
ulation would make it an excellent candidate for association
with phenotypic changes. However, the identification of a
novel gene product (unknown in Table 1) containing a phy-
logenic marker could represent a more useful marker spe-
cific to salmonids, a hypothesis that is currently being

Table 1. Genes containing the Avalll SINE element identified by
expressed sequence tag and PCR screening of liver cDNA library,
and length of the SINE element found in each transcript

Clone ID Gene identity SINE location SINE length
RTI#12 28s Ribosomal RNA 25bp
Ava#6 Uncoupling protein 3 3’ UTR 111 bp
Avai#34 Unknown 3’ UTR 231 bp
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investigated in our laboratory. However, the role of UCP3 as
a potential metabolic regulator in animal leads us to further
investigate this previously unreported uncoupling protein
from a cold water fish.

Using a cloned partial sequence isolated by PCR screening
of the liver cDNA library, we identified 15 clones that
hybridized specifically to the UCP3 probe. Thirteen of the 15
clones were found to contain the identical 1685 bp sequence
(see Fig. 2) in which the longest open reading frame encodes
for a 310-aa polypeptide with 69% aa homology to porcine
(GenBank Accession No. AAD33396) and canine (GenBank
Accession No. Q9N2I9) UCP3s. The rainbow trout UCP3
cDNA (Fig. 2) is transcribed as a 1685 bp mRNA consisting
of a 101-bp 5° UTR, a 930-bp open reading frame, and a 654-bp
3’ UTR. We have identified the Avalll SINE as a 111-bp
sequence located in the 3° UTR. The two additional clones
(UCP3vl and UCP3v2) were identified as potential splice
variants of the UCP3 gene. UCP3v1 contained three inser-
tions, while UCP3v2 only one, which was identical to the
second insertion in UCP3v1 in location of the sequence (see
Fig. 2). The first insertion was found 126-bp downstream
from the translation start codon, and was identified as 133-bp
in length. The second insertion was 134-bp in length and was
located 334-bp downstream from the start codon, not includ-
ing the first insert. The final inserted sequence was 370-bp
long and was found 533-bp from the start codon. Following
the GT-AG sequence located at the ends of each insertion,
we can conclude that these are the result of splice variations
in the UCP3 gene. Considering the open reading frame of the
UCP3 c¢DNA, each variant would result in the translation of a
truncated form of the protein. This may support a similar sit-
uation as in human, in which a truncated form of UCP3
(UCP3s), results from the splice variation; it is suggested to
be a non-functional form of the protein (Solanes et al., 1997).

The similarity in the amino acid sequence with the mam-
malian homologues (swine and dog) suggests a similar struc-
ture for the UCP3 identified in the present study. Based on
the homology, we suggest, that the protein in the rainbow
trout would have a conserved function. The next point was to
determine the tissue distribution of UCP3 in the rainbow
trout tissues. We performed reverse transcription-polymerase
chain reaction to confirm gene expression pattern of UCP3 in
tissues of rainbow trout. The magnitude of gene expression
of UCP3 was normalized by measuring the level of b-actin
messenger RNA. We found that UCP3 was expressed in a
wide variety of tissues scanned (Fig. 3). This was somewhat
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ggctccctgggactgtagtttgggctcrrargtcrfgcagtaaaccaatagctagtcaaacggattttaatcca 74
caggattaataacaattaccagggaccA.'CGTGG: AATGAAGCCCTCCGATACACCCCCTACCCTGEGGGTGAR 148

MV ¢GMKUPSDTU PUPTTULGV K 16
GCTGCTGAGTGCTGGCTCAGCGGCCTGCATCGCTGACCTGGTCACCTTTCCCCTGGATACAGCCAAAGTCAGAC 222

LLSAGSAACTIADTULUVTT FU&PTLTUDT A K V R 40
TCCAGGTAATGGTTCACTGTCCACCTCCAGCCCTGAAGACTTGAGTCTGACCTCCTGTAACTCTGAATTTTACT 296
L Q 42
GGCACCTCCTGTAACACTGATTCTTGTGGGGACCTCCGTTAACACTGACACTTGTGAACCCCAGATTCAGGGAG 370

I Q G 45
AGAAGGTGGCGTCGGAAGCTACCAAGGGCATCCGCTACAGGGGGGTGTTTGGGACAATCAAGTACCATGATCCG 444
E K VASEA ATIZ K GTIU RY YU RUGVYVT FU GTTITZ K.Y H D P 70
GACGGAGGGGCCAGGTCGCTTGATAACGGTCTGGTGGCGGGCTTACAGAGACAGATGTGCTTTGCCTCCATCAG 518
D GGAR S LDNGTILVAGTILUG QT RTUOMTCGCTFRA S I R 95
GATCGGCTTCTATGACAACGTCAAAAACTTCTACTCTGGCGGCGCAGACAGTAAATTAGGATAACAGTTATTCA 592

I G FYDNUVI KNV F Y S G GAD 111
TCGGAGATAATAATCTGTGATGTTACATATTTTGTACCAAGAGAAGAAGCATCATATAGTACCTCAATCATCAT 666
CCTTTCAGTACTTAACAAACCCTCTGCCCCTGTCCTATCCCAGCTGCAAATATTGGTATCCGTATCTTGGCCGG 740

T A N I G I R I L A G 122
CTGCACCACAGGGGCCATGGCTGTGTCTTTCGCCCAGCCCACGGACGTGGTGAAGGTCCGCTTCCAGGCTCAGG 814

¢ T TG AMA UV S FA QP TUDV V KV R F Q A 146
TCAACCTGACCGGGGTGGCTCGTCGCTACACGGGCACCATGCAGGCCTACAAACACATTTTCAACCACGAGGGC 888
VNLTG GV ART RTYTGTMU QA ATYZ KT HTITFNH E G 171
ATCCGCGGGCTCTGGAAAGGTTAGTTAGTACAACCCTGGGCCCATCGGTTAATTGCAGGTACACCAATCTCCAT 962

I R G L W K 177
TGGTTGTGTTGCTGCTAGCTTTGAGCCCCATTGATTGTGTTTGTCCGTAGTGGAACTGTTTGCATAGAAAAGAC 1036
CAAAGATTGTTGTCTATGTCACTGTCATTCAATGTCAGGGATGTACAGATATTGATTGGAGCAGATACTGCAAA 1110
GTTGATGATCCCATAGGACAGAACTTGAGTGCACCTGAAAATAAAGCTTAGCTTTGCAGGTTGTTGTTGAGTTT 1184
TCTTGGGCCTTTTACTAATGATAGACTAGTGGTTTAATTCTGGTATAACTATTGGGGTTATCAACCAACCGACG 1258
TGCTTCTTGTTCACTCCAGGCTGTCTACCCAACATCACTAGGAACGCTCTGGTCAACTGCACAGAGCTTGTGAC 1332
G ¢ L P NI T RDNA ATLUVNT CTTETLUV T 196
CTATGACCTCATCAAGGAGGCCATTCTTAGGCACAACCTGTTGTCAGATAACCTCCCGTGTCATTTTGCTTCTG 1406

Y DL I KEATIULU RUHNILTILSTUDNUNTULTU PT CTUH F A S 220
CGTTCGGCGCCGGCTTCGTTACCACCTGCATTGCCTCTCCGGTGGACGTGGTGAAGACACGATACATGAACTCT 1480
A'F GA GF VTTOCTIASUP VDV V KTTZ RUYM N 8 245
CCGCCGGGCCAGTATAAGAGTGCCATCAACTGTGCCTGGACCATGGCCACCAAAGAGGGACCCACGECCTTOTA 1554

P P G QY K S A I NCAWTMA AT KTETGT PTA AT FY 270
CAAAGGATTTGTGCCCTCATTTCTAAGGCTGGGCTCATGGAACGTTGTGATGTTTGTGTCGTTTGAGCAGCTCA 1628

K G F VPSS F LRUILGSWNUVV VMTEFUVS F E Q L 294
AGAGAGTCATGATGGTAGGAAAGCAGAAGATGGAGGACAAAAGTTAActtcattcctatgtgcaaagagccctt 1702
K R VM MV G K Q KMETUDIK § =+ 310
tgcaatgatgacaagcgcacaaaccctagccatattgagttggacccacaatgtagtgtagactacaggaacac 1776
tatggaccacgattcataacgttaagattcctatgtgttcgactgtcagcatgttgtatgaataatgaggaatc 1850
ctttgttaaaaaaggagttgtgaaagtgcatttgaagtgcatctaccttggagaacagttttattttctctatt 1924
atttattttgacctatacttctcctacggtctcaaaccagtccatggggacctctagccattctctatagtgta 1998
tttagcacacctgccaaatgtgaactaatcagcaagetget ttactttaaatcagatgtactagggttaggat 2072
aca-a-tactctao-aacoacta-a-ttaaggcagccccctccgcaacgctctgatttagaggo-ttg--ttaa 2146
atgcggaggacacatttcagttgaacgcattcagttgtgcaactgacta-gtctccccctttctcttaattccc 2220
cccccaaaacttttaattagttatagtttaataattagtatttagatggaggtaatttgcaatatattgaactt 2294
aataaatatactttgtttgtaaaaaaaaaaaaaaa 2329

Fig. 2. cDNA sequence of rainbow trout UCP3 with the translated 309 aa peptide sequence. Nucleotide sequences are numbered on the top,
far right, and the amino acid sequence on the bottom, far right. The coding region is in uppercase letters and the noncoding region in low-
ercase letters. The deduced amino acid sequences are indicated below the nucleotide sequence in the one-letter amino acid code. The first
amino acid in the mature peptide is underlined. The stop codon is indicated by a bold asterisk. Three insertions included in UCP3vl and
UCP3v2 are in uppercase letters and underlined. The Avalll SINE is highlighted.

unexpected, as previous reports showed that UCP3 expres-
sion was limited to skeletal muscle and BAT, with signifi-
cantly weak expression in the cardiac muscle (for review see
Fleury et al., 1997). In the present study, a strong expression
was recorded in the liver followed by the gastro-intestinal
organs (stomach and intestines), which suggest a significantly
different role for the UCP3 in metabolic regulation of the
rainbow trout. In tuna and lamnid sharks, a heat exchange
system surrounding the viscera has been suggested to play a

key role in maintenance of elevated organ temperature by
increasing the digestive capabilities of the fish (for review
see Carey et al., 1971). Similarly, we can suggest a similar
role for the expression of UCP3 in the visceral organs of the
rainbow trout, a hypothesis which could be tested by compar-
ing the expression of the gene in trout reared at different tem-
peratures.

A final consideration was the conservation of the Avalll
SINE element found in the 3’ UTR of the rainbow trout UCP3



-38_

S.H.Kim et al.

Co

971bp

830bp

Fig. 3. UCP3 gene expression pattern in tissues from rainbow trout. This shows both the electrophoresis of PCR products (A), b-actin control
(B) and the Southern blot analysis (C). UCP3 (830 bp) and UCP3v2 (971 bp) were the only transcripts detected in the tissues, with highest
expression of UCP3 in the liver and the heart. UCP3v1 ( 1473 bp) transcript was not detected in the tissues screened. Tissues screened: B-
brain, H-heart, L-liver, K-kidney, M-skeletal muscle, P-pituitary, St-stomach, I-intestines, E-eye, Sk-skin, Ft-fat tissue, Co-control plasmid.

Fig. 4. Conservation of the Avalll SINE element in the 3 UTR of the UCP3 transcripts among rainbow trout strains and other Salmonid
species as determined by gel electrophoresis of PCR products (A) and Southern blot analysis (B). In addition to the expected 201 bp band,
178 bp product common to all of the samples screened, and 400 bp band were identified in a few samples. Samples: Lanes 1-6 rainbow
trout kamloop, Lane 7 rainbow trout red band, Lanes 8-9 rainbow trout cutthroat, Lane 10 rainbow trout steelhead, Lanes 11-12 brook trout,
Lanes 13 brown trout, Lanes 14-16 artic char, Lanes 17-20 atlantic salmon, Lanes 21-24 pacific salmon. )

gene. Using PCR of salmonids genomic DNA and Southern
blot analysis of the PCR products with probe containing both
Avalll SINE sequences and 3’ UTR of the rainbow trout
UCP3 gene, we demonstrated the presence of the Avalll
SINE in a number of salmonid species (Fig. 4). However, this
investigation revealed two interesting results. Firstly, a
178-bp fragment was common to all the salmonid species,
besides the expected 201-bp fragment detected in all rain-
bow trout strains and Pacific salmon (see Fig. 4). The South-
ern blot data indicated that this fragment shares close
homology to the 201-bp fragment, and thus may indicate the
presence of a closely related gene in all salmonid species.
Based on the high homology and close localization on chro-
mosome 11, Solanes et al. (1997) suggested that UCP3 resulted
from a duplication event of UCP2. Although we have not
specifically determined either the location of the gene or the
identity of the sequence around the 178-bp band, this may
indicate a similar event occurred in the salmonids. More-
over, we found a 400-bp amplicon associated with the lack of
the 201-bp band including the 178-bp band discussed above
in the brook trout, brown trout, Artic char and Atlantic
salmon. This raises the interesting possibility that there is an
alteration in the 3° UTR of the UCP3 in these saimonid spe-

cies. Though it is beyond the scope of the present study, this
change may result in a significant alteration in metabolic effi-
ciency.

In the present study, we have identified the SINE elements
present in the transcribed regions of the gene. However, this
has also resulted in the identification of the UCP3 cDNA in
the rainbow trout, and two splice variants. Based on the tis-
sue distribution, we have projected that this protein may have
a role to play in the base maintenance of core body temper-
ature. Variations in the sequence and copy number of the
Avalll SINE in the salmonid species have allowed their use
as a marker of genetic variation. Therefore, the relationship
between this potential metabolic regulator and the phyloge-
netic marker may prove useful as a genetic marker of body
partitioning or other marketable traits.
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