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Abstract

 

Human uncoupling protein 3 (

 

UCP3

 

) is a mitochondrial
transmembrane carrier that uncouples oxidative ATP phos-
phorylation. With the capacity to participate in thermogen-
esis and energy balance, 

 

UCP3

 

 is an important obesity can-
didate gene. A missense polymorphism in exon 3 (V102I)
was identified in an obese and diabetic proband. A mutation
introducing a stop codon in exon 4 (R143X) and a terminal
polymorphism in the splice donor junction of exon 6 were
also identified in a compound heterozygote that was mor-
bidly obese and diabetic. Allele frequencies of the exon 3
and exon 6 splice junction polymorphisms were determined
and found to be similar in Gullah-speaking African Ameri-
cans and the Mende tribe of Sierra Leone, but absent in
Caucasians. Moreover, in exon 6–splice donor heterozy-
gotes, basal fat oxidation rates were reduced by 50%, and
the respiratory quotient was markedly increased compared
with wild-type individuals, implicating a role for 

 

UCP3

 

 in
metabolic fuel partitioning. (

 

J. Clin. Invest.

 

 1998. 102:1345–

 

1351.) Key words: 
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Introduction

 

Human uncoupling protein 3 (

 

UCP3

 

)

 

1

 

 is a recently identified
gene that encodes a mitochondrial transmembrane carrier pro-
tein and shows high amino acid similarities with the other two
human uncoupling proteins, 

 

UCP1

 

 and 

 

UCP2

 

 (57% and 73%,
respectively) (1–3). 

 

UCP1

 

 plays an important thermogenic
role in brown adipose tissue by virtue of its capacity to uncou-
ple mitochondrial respiration from oxidative phosphorylation
in a regulated manner (4). The 

 

UCP1

 

 gene has been mapped
to chromosome 4q31 and is comprised of six coding exons (5).
The two new members of this family, 

 

UCP2

 

 and 

 

UCP3

 

, have

also been shown to function as mitochondrial uncouplers (2,
6). Unlike 

 

UCP1

 

, 

 

UCP2

 

 is widely expressed (6), whereas

 

UCP3

 

 is predominantly expressed in skeletal muscle (1, 7), a
major tissue contributing to non-shivering thermogenesis in
humans (3). 

 

UCP2

 

 and 

 

UCP3

 

 have been localized within 150
kb of each other on chromosome 11q13 (2, 7). Both 

 

UCP2

 

 and

 

UCP3

 

 genes consist of six coding exons (7, 8), with each exon
encoding a putative transmembrane spanning region and at
least one upstream non-coding exon. 

 

UCP3

 

 encodes two forms
of transcripts: the full-length message designated 

 

UCP3

 

L

 

 and

 

UCP3

 

S

 

, which truncates before the sixth coding exon via use of
an alternative polyadenylation site (7).

As an uncoupler of oxidative phosphorylation, 

 

UCP3

 

 has
the potential to play an important role in energy balance and
determination of body weight. Accordingly, 

 

UCP3

 

 has been
shown to be regulated by thyroid hormone, 

 

b

 

3

 

-adrenergic ago-
nists, leptin, and fat feeding in rodents (2, 9, 10). In the mouse,
brown adipose tissue appears to be an important regulator of
high fat diet–induced obesity, possibly mediated by 

 

UCP1

 

 and

 

UCP2

 

 (11). In humans, significant linkage has been reported
between markers at the 

 

UCP2

 

/

 

UCP3

 

 gene locus with resting
metabolic rate (D11S911, 

 

P

 

 

 

5

 

 0.000002) (12). This region is
syntenic to a region of mouse chromosome 7 that has been
linked to hyperinsulinemia and obesity (6). Thus, 

 

UCP3

 

 is a
new compelling candidate gene for human obesity. To date,
the only reported genetic defects directly associated with hu-
man obesity have been congenital leptin deficiency (13, 14)
caused by a frameshift mutation in two related children (15),
another leptin missense mutation associated with hypogo-
nadism (16), and mutations found in the human prohormone
convertase-1 gene (17). In this study, 

 

UCP3

 

 was examined as a
candidate gene for obesity/diabetes and its coding exons were
investigated for possible presence of mutations/polymor-
phisms that could contribute to the development of obesity
and/or diabetes.

 

Methods

 

Subjects and clinical characteristics.

 

The study was approved by the
Institutional Review Boards at the Medical University of South Caro-
lina and the University of Sierra Leone, and all participating individu-
als gave informed consent. Type 2 Diabetes Mellitus status was estab-
lished according to the National Diabetes Data Group (18) or by
measuring glycosylated hemoglobin levels (19). Body Mass Index
(BMI) is the body weight (kg) divided by height (m

 

2

 

). Respiratory
calorimetry, energy expenditure, resting metabolic rate, percent body
fat, cholesterol levels, fat oxidation, and lean body mass were mea-
sured as previously described (20). Statistical analyses were performed
using Statistica for Windows, version 5.1 (Statsoft, Inc., Tulsa, OK).

 

Amplification of genomic DNA and sequence determination.

 

For

 

UCP3

 

 gene sequence determination, genomic DNA was isolated from
peripheral blood using a standardized DNA isolation kit (Gentra Sys-
tems, Minneapolis, MN). DNA was also isolated from filter-dot-blotted
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blood drops also using a standardized DNA isolation kit (Gentra Sys-
tems). In Sierra Leone, DNA was isolated from 3 ml of peripheral blood
collected locally from volunteers of the Mende tribe residing in the Dis-
trict of Kenema. The polymerase chain reaction (PCR) was employed to
generate sequencing templates comprising the entire coding region of
the 

 

UCP3

 

 gene. PCR and sequencing primers were designed, as previ-
ously described (8), using the 

 

UCP3

 

 cDNA sequence with GenBank Ac-
cession number U84763. A 6.5 kb PCR product was generated by long
PCR (Boehringer Mannheim, Indianapolis, IN) using the following
primer pair: 

 

94f

 

: 5

 

9

 

-AGCAGCCTCTCTCCTTGGACCTC-3

 

9

 

 and

 

1161r

 

: 5

 

9

 

-GATGCACCGTTTTCTTCCAT-3

 

9

 

. The following primers
were used to obtain bidirectional DNA sequences: exon 2: 

 

94f

 

 and

 

UCP3e2r

 

: 5

 

9

 

-TGTCAGGGTTCTGAGGAAGG-3

 

9

 

; exon 3: 

 

UCP3e3f

 

:
5

 

9

 

-TGACCAGCATGGTTGTTCTA-3

 

9

 

 and 

 

UCP3e3r

 

: 5

 

9

 

-CCTGGT-
CTGCCTCTGAGTCT-3

 

9

 

; exon 4: 

 

UCP3e4f

 

: 5

 

9

 

-ATGAGGAGGCT-
CTGAGTGGA-3

 

9

 

 and 

 

UCP3e4r

 

: 5

 

9

 

-TCAGAATCACTGGAACA-
CGC-3

 

9

 

; exon 5: 

 

UCP3e5f

 

: 5

 

9

 

-GCACTATGGCCCCAAAACT-3

 

9

 

 and

 

UCP3e5r

 

: 5

 

9

 

-CTTTCCTGCTTGTCACCACA-3

 

9

 

; exon 6: 

 

UCP3e6f

 

:
5

 

9

 

-GGGCACTGTGAGAGATATGGA-3

 

9

 

 and 

 

UCP3e6r

 

: 5

 

9

 

-CAG-
CTGACCCACGGTAG-3

 

9

 

; exon 7: 

 

UCP3e7f

 

: 5

 

9

 

-AAAGGATTC-
AGAAAATGCTTGTG-3

 

9

 

 and 

 

1161r.

 

DNA sequence determinations were performed using an ABI 373
automated sequencer (Perkin Elmer, Foster City, CA). Mutations
and polymorphisms were confirmed by manual sequencing using a
standardized commercial kit (Perkin Elmer, Foster City, CA). All se-
quence assembly and manipulations were conducted using the Gene-
Works software (IntelliGenetics Inc., Mountain View, CA) and the
Baylor College BCM Search Launcher at: http://gc.bcm.tmc.edu:
8088/search_launcher/launcher.html.

 

Mutation screening: amplification and restriction digest of exons 3,
4, and 6.

 

The following primers were used to amplify genomic DNA
and generate a 376 bp PCR product containing the V102I polymor-
phism: 

 

UCP3e3fb

 

: 5

 

9

 

-CCAGCAGGGTTCCTGTGC-3

 

9

 

 and 

 

UCP3e3r.
Taq

 

 DNA polymerase was purchased from GIBCO-BRL (Gaithers-
burg, MD) or QIAGEN (Santa Clarita, CA) and PCR conditions
were set as prescribed by the manufacturers (at 1.5 mM MgCl

 

2

 

). Re-
action samples (15 

 

m

 

l each) were denatured for 3 min at 95

 

8

 

C and
PCR was performed for 35 cycles, each cycle consisting of three seg-
ments; 95

 

8

 

C for 30 s, 55

 

8

 

C for 45 s, and 72

 

8

 

C for 60 s. An additional
extension period of 5 min at 72

 

8

 

C was applied upon completion of the
35 cycles. All PCR reactions were performed in a 9600 thermal cycler
(Perkin Elmer). To determine the V102I polymorphism, the above
PCR products were directly digested with 

 

Tth111 I

 

 restriction endo-
nuclease, as prescribed by the manufacturer (New England Biolabs,
Beverly, MA), in 20-

 

m

 

l volumes, for 2 h at 65

 

8

 

C. Digested PCR prod-
ucts were loaded on to 4% agarose gels and visualized with ethidium
bromide (0.5 

 

m

 

l/ml) under UV light. Restriction digestion of the 376-bp
PCR product with 

 

Tth111 I

 

 results in the following fragments: 

 

G

 

/

 

G

 

homozygotes, 249, 81, and 46 bp; and 

 

A

 

/

 

A

 

 homozygotes, 295 and 81
bp. To detect the R143X mutation, exon four was amplified with
primers 

 

UCP3e4f

 

 and 

 

UCP3e4r

 

, and the 436 bp PCR product was di-
gested with 

 

Ava II

 

 enzyme at 37

 

8

 

C for 2 h, resulting in the following
fragments: 

 

C

 

/

 

C

 

 homozygotes, 202, 184, and 50 bp; and 

 

T

 

/

 

T

 

 homo-
zygotes, 386 and 50 bp. To detect the exon 6–splice donor–stop poly-
morphism, exon 6 and flanking intronic sequences were amplified
with primers 

 

UCP3e6f

 

 and 

 

UCP3e6r.

 

 The resultant 396-bp PCR
product was digested with 

 

Fok I

 

 enzyme at 37

 

8

 

C for 2 h and examined
in 4% agarose gels. The splice junction polymorphism introduces a re-
striction site for 

 

Fok I

 

, resulting into two fragments of 316 and 80 bp.

 

Results

 

To determine whether 

 

UCP3

 

 mutations could contribute to
human obesity, the nucleotide sequence of all six coding exons
was determined in 40 sequentially recruited subjects, compris-
ing 20 severely obese and diabetic African Americans, 10 dia-
betic and/or obese Caucasians, and 10 controls (lean and non-

diabetic). For sequence analyses, a 6.5-kb fragment containing
all six coding exons of the gene was generated by long
PCR. Bidirectional sequences from each exon were aligned
and compared with the coding regions and splice junctions
of the 

 

UCP3

 

 gene (GenBank Accession numbers: U84763,
AF011449, and AF012202). This approach revealed one muta-
tion and two polymorphisms in two probands with severe obe-
sity and diabetes; Fig. 1 delineates the mode of transmission in
nuclear families. All mutations detected were confirmed by
manual sequencing (Fig. 2). A G304A polymorphism in exon 3
was first identified in the heterozygous mother with severe
obesity and diabetes, and resulted in a conservative amino acid
substitution of a valine by an isoleucine at residue 102 (V102I)
in the first cytosol-orientated extramembranous loop (Fig. 3).
Family members were recruited, and sequence determination
in the three overweight children (BMIs of 44.7, 29.2, and 26.1)
showed that they were homozygous for the V102I polymor-
phism (Fig. 1 

 

A

 

, individuals 3, 4, and 5). The fourth child was a
9-yr-old male with a BMI of 18.5 and was heterozygous for the
V102I polymorphism. No paternal sample was available, but it
is likely that the father was at least heterozygous for the V102I
polymorphism.

The V102I polymorphism in exon 3 was amplified from ge-
nomic DNA in 128 Caucasian Americans but was not detected

Figure 1. Pedigrees with mutations in the UCP3 gene. Interrupted 
lines designate individuals that were not available for study. Status 
for body mass index (BMI) in Kg/m2, Type 2 Diabetes Mellitus 
(DM), and age are indicated. (A) Pedigree with the V102I polymor-
phism. The filled circles and square represent homozygosity. Individ-
uals 3–6 were not diabetic. The proband is indicated by an arrow. (B) 
Pedigree with the R143X and exon 6–splice-donor mutation and 
polymorphism, respectively. The compound heterozygous proband is 
indicated by a double arrow. The diabetes status of individuals 2, 4, 
and 5 is not known.
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in any individual in this population. However, examination in
280 African Americans revealed that 4% of the individuals
were homozygous and 28% heterozygous for the polymor-
phism (Table I). The V102I polymorphism was also assessed in
a cohort of 180 members of the Mende tribe from Sierra Le-
one. 3% of the population was found to be homozygous for
A/A, and 21% of the population was G/A heterozygous (Table
I). A x2 test of homogeneity (x2 5 3.1577, n 5 2, P 5 0.1871)
indicated that the genotype distribution and allele frequencies
(Table I) were similar in the African American and Mende
populations.

In a different proband, a heterozygous missense mutation
(C427T) was identified in exon 4 of UCP3 (Fig. 2 B), resulting
in introduction of a premature stop codon at residue 143
(R143X) in the third, matrix-orientated, loop (Fig. 3). In addi-

tion, a heterozygous polymorphism (guanine to adenine) was
identified in the same patient at the splice donor site of exon 6
(Ggt-Gat), resulting in loss of the splice junction and prema-
ture termination of the protein product (Fig. 2 C) in the sixth,
matrix-orientated, loop (Fig. 3). Coincidentally, any putative
protein resulting from this mutation would be identical to that
encoded by the short transcript of UCP3 mRNA (UCP3S).

Pedigree analysis (Fig. 1 B) and DNA sequence determina-
tion of family members showed that the R143X mutation was
transmitted to the compound heterozygous proband from the
grandmother, through the mother, in typical Mendelian fash-
ion. The heterozygous polymorphism at the exon 6–splice do-
nor junction (Ggt-Gat) was not detected in the maternal lin-
eage and must have been transmitted from the father (paternal
DNA was not available for analyses) or, less likely, may have

Figure 2. DNA sequence and mutation screening 
in the UCP3 gene. Wild-type sequences are shown 
on the left and mutant sequences are shown on the 
right in each panel. Two arrows pointing in oppo-
site directions show the position of each mutation 
and the corresponding wild-type nucleotide. The 
genotype is shown italicized underneath each se-
quencing gel. (A) Heterozygous polymorphism, 
V102I, in exon 3, resulting in V102I amino acid 
substitution. (B) Heterozygous mutation, R143X, 
in exon 4, introducing a premature stop codon at 
residue 143. (C) Heterozygous polymorphism, 
Ggt-Gat, at the splice-donor site of exon 6, result-
ing in loss of the splice junction and truncation of 
the protein product at the first tga stop codon of 
the adjacent intron. Sequencing was performed 
with the reverse primer, and the sequence is read 
in the antisense form.
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arisen spontaneously. Muscle tissue was not available for
mRNA and protein isolation. An additional cohort of 168 indi-
viduals comprising both African Americans and Caucasians
was examined for the presence of the two nucleotide changes.
The R143X mutation was not detected in any other individual
in either racial group. The exon 6–splice donor–stop mutation,
however, was detected in African-American subjects but not
in Caucasians. DNA samples from Gullah African Americans

and the Mende tribe showed an identical allele frequency (G,
90% and A, 10%) (Table I). No homozygous subjects for the
polymorphism (a/a) were detected in 287 Gullah African
Americans, and only three homozygotes were identified in 192
subjects of the Mende tribe (Table I). Haplotype analysis of
the two polymorphisms (V102I, and exon 6–splice Ggt-Gat)
was performed and showed that the two genotypes were inde-
pendent (P 5 0.521).

To examine for a potential direct role of the two polymor-
phisms on obesity and type 2 diabetes, related quantitative
traits were assessed as a function of genotype. Among unre-
lated individuals, heterozygotes for the exon 6–splice donor
mutation were found to have a 50% reduction in fat oxidation
adjusted for lean body mass (P 5 0.0188) and a marked eleva-
tion in the nonprotein respiratory quotient (P 5 0.0079),
compared with wild-type subjects (Table II). No significant dif-
ferences were found between heterozygotes and wild-type in-
dividuals for BMI, percentage of body fat, and resting energy
expenditure adjusted for lean body mass (Table II). The same
type of analyses were performed for the V102I polymor-
phisms, but no significant differences were identified between
heterozygotes and wild-type individuals for any of the afore-
mentioned quantitative traits. The African-American popula-
tion studied has a high prevalence of obesity; therefore, the
possibility that this could mask a potential effect of UCP3 mu-
tations on BMI was also examined. To explore this possibility,
genotype frequencies for the exon 6–splice donor polymor-
phism (g/g versus g/a) were compared in severely obese (BMI 5
38, n 5 71) and lean (BMI 5 26, n 5 49) subgroups. The fre-
quency of the g/a genotype was nearly twice as high (P 5 0.04)
in obese (30%) compared with lean (16%) individuals.

Discussion

A mutation (R143X) and two missense polymorphisms
(V102I, Ggt-Gat at the exon 6–splice donor) in the UCP3 gene
were identified in two severely obese probands. The V102I
polymorphism was detected in a 20-yr-old homozygous female
with BMI of 44.7. The R143X mutation and the exon 6–splice
polymorphism were detected in a 16-yr-old compound hetero-
zygous proband with a BMI of 51.8. Pedigree analysis showed
that these genic variants were transmitted in a typical Mende-
lian fashion, although they were not consistently associated
with obesity in other family members. For example, only one

Figure 3. Schematic representation of the UCP3 gene and protein 
product depicting the relative position of the mutations. (A) UCP3 
gene structure and organization indicating the positions of the muta-
tion and polymorphisms in exons 3–6. TGAS and TGAL are the cor-
responding stop codons for UCP3S and UCP3L. (B) Putative topology 
of the UCP3 protein in the inner mitochondrial membrane (based on 
hydrophobicity analyses and available data for UCP1) (21) and posi-
tion of the mutation and polymorphisms. The six transmembrane do-
mains are numbered (1–6).

Table I. Genotype and Allele Frequencies

V102I* Exon 6–splice donor*

G/G G/A A/A
Allele

frequency g/g g/a a/a
Allele

frequency

Gullah 68% 28% 4% G: 82% 80% 20% g: 90%
(191)1 (78) (11) A: 18% (230) (57) (0) a: 10%

Mende 76% 21% 3% G: 87% 82% 16% 1% g: 90%
(137) (38) (5) A: 13% (158) (31) (3) a: 10%

Genotype and allele frequencies for the V102I and exon 6–splice donor-stop polymorphisms in the UCP3 gene of Gullah-Speaking African Ameri-
cans and in the Mende Tribe of Sierra Leone. *Genotype frequencies conform to Hardy-Weinberg equilibrium (P 5 NS); 1Sample sizes are shown in
parenthesis.
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of the three homozygous family members was severely obese
(BMI 5 44.7). Even so, BMI increased as a function of age
in this family; in the homozygous siblings, BMI was 26.1 in
the 11-yr-old son, 29.2 in the 14-yr-old daughter, and 44.7 in
the 20-yr-old daughter. In the other pedigree, the R143X mu-
tation was associated with obesity (BMI 5 31.1) in only one of
three heterozygous family members. However, morbid obe-
sity (BMI 5 51.8) was observed in the R143X/exon 6–splice
compound heterozygous proband. Thus, homozygosity or
compound heterozygosity may be required for predictable de-
velopment of obesity, probably in conjunction with chronic en-
vironmental/dietary pressures. To date, only one other mis-
sense mutation (G84S) has been reported in the human UCP3
gene, present in one lean, nondiabetic, Danish Caucasian in a
cohort of 380 young healthy subjects (21).

Upon examination of African-American and Caucasian
populations, we found the two polymorphisms exclusively in
African Americans with allele frequencies of 18% (V102I) and
10% (exon 6–splice). When obesity- and Type 2 Diabetes–
related quantitative traits were assessed, heterozygotes for the
exon 6–splice donor polymorphism were found to have only
50% the capability to oxidize fat (P 5 0.0188) and had signifi-
cantly elevated respiratory quotients (P 5 0.0079) under basal
conditions. The heterozygous exon 6–splice polymorphism was
not associated with BMI or percentage of body fat. However,
because the respiratory quotient represents a more proximal
function of UCP3 in the mitochondria, the impact of the poly-
morphism became evident even in the heterozygous state. An
emerging view of UCP3 function is that the transporter shut-
tles anionic free fatty acids (FFA) out of mitochondria, where
protons are added to them and then they return to the mito-
chondrial matrix as neutral FFAs (22–24). This action could al-
ter the distribution of fatty acids between the mitochondrial
matrix and cytosol and, thus, affect availability of fatty acids

for oxidation. It is noteworthy that the African-American pop-
ulation studied here has an overall high prevalence of obesity.
These high levels of obesity, however, could be masking the
potential effect of UCP3 polymorphisms or mutations on BMI.
To explore this possibility, the two genotype frequencies (g/g
versus g/a) in the African-American cohort were compared
among severely obese (upper quartile) and lean subgroups
(lower quartile). The g/a genotype was found to be nearly
twice as frequent in obese versus lean individuals (P 5 0.04).
Therefore, the data presented here also establish a relation-
ship between the exon 6–splice polymorphism with the devel-
opment of severe obesity in African Americans. The V102I
heterozygous polymorphism was also examined for possible
relationships with the aforementioned traits as well as geno-
type frequencies in obese versus lean individuals, but no signif-
icant correlations were found.

An effect of the UCP3 exon 6–splice donor polymorphism
to reduce fat oxidation would predictably promote fat storage
and provide a mechanism by which UCP3 mutations could
predispose to obesity. Indeed, increased respiratory quotient
(RQ) and low fat oxidation have previously been shown to be
risk factors for future weight gain and the development of obe-
sity (25, 26). Elevation of circulating FFA in rats induced a sig-
nificant increase in skeletal muscle UCP3 expression analo-
gous to increased UCP3 expression observed during fasting
(27). Such induction of UCP3 may enhance utilization of FFAs
as fuel or help maintain the mitochondrial proton gradient
necessary for oxidative ATP phosphorylation during fasting
(27). Carriers of the exon 6–splice donor polymorphism had
significantly reduced basal fat oxidation and elevated RQ, sug-
gesting a predilection toward carbohydrate oxidation and stor-
age of fat. This alteration implicates, for the first time, a role
for UCP3 in macronutrient fuel partitioning. However, more
rigorous structure–function analyses are necessary to deter-
mine the impact of gene variation on UCP3 function and to
delineate the role of UCP3 in human metabolism.

Emphasis should be placed on the fact that the two poly-
morphisms (V102I and exon 6–splice) were not detected in
Caucasian Americans. It should also be pointed out that simi-
lar genotype and allele frequencies were observed in the Gul-
lah-speaking African Americans that live off the coast of
South Carolina (28, 29) and in the Mende tribe of Sierra Leone
(Table II). The Gullah population is characterized by a high
incidence of obesity and Type 2 Diabetes (30) and relative ge-
netic homogeneity, with Caucasian admixture estimated at
less than 5% (28). Cultural, historical, and linguistic records
link Gullah-speaking African Americans with rice-cultivating
tribes on the west coast of Africa, including the Mende tribe in
Sierra Leone, in which the estimated prevalence of Type 2 Dia-
betes is , 4%. It appears that both UCP3 polymorphisms
arose on the African continent and genotype frequencies have
remained undisturbed in the two related populations. Recent
experiments have shown that mRNA levels for both UCP2
and UCP3 in obese and lean individuals increase 2.5-fold
during fasting, suggesting a role for the two genes in metabolic
adaptation to fasting (31). Therefore, this polymorphism con-
ceivably could have arisen in the Mende tribe (or elsewhere in
sub-Saharan Africa) to alter UCP3 function in a manner that
promotes fat storage during food abundance and increases sur-
vivability during famine. This “thrifty” mechanism, however,
may adversely lead to progressive obesity and diabetes in such
a highly adapted population when members are chronically ex-

Table II. Effects of the Exon 6–Splice Donor–stop 
Polymorphism on Quantitative Traits Relevant to Body Weight 
and Type 2 Diabetes in the Gullah
African-American Population

Exon 6–splice donor

Mean6SEM Mean6SEM DF P value

g/g g/a

BMI 33.160.7 34.161.0 175 0.4975
% B. FAT 29.860.8 31.561.4 144 0.3130
FGLU 146.3611.5 126.4622.9 52 0.5018
RQ 0.83660.01 0.90560.03 23 0.0164*
NPRQ 0.84160.01 0.93360.05 23 0.0079**
FATOX/LBM 1.260.09 0.660.25 23 0.0188*
REE/LBM 28.360.5 30.163.0 23 0.7299

Analyses of the exon 6–splice donor polymorphism with various obe-
sity- and Type 2 Diabetes-related phenotypic measurements. SEM, stan-
dard error of the mean; DF, degrees of freedom (DF, N1 1 N2 2 2);
BMI, body mass index (kg/m2); % B. FAT, percentage of body fat;
FGLU, fasting glucose (mg/dl); RQ, respiratory quotient; NPRQ, non-
protein RQ; FATOX/LBM, fat oxidation adjusted for lean body mass
(g/kg/24 h); REE/LBM, resting energy expenditure adjusted for lean
body mass (kcal/kg/24 h)]; *Significant values (P , 0.05) by Student’s t
test; **Significant value (P , 0.005) by Student’s t test.
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posed to a high fat diet, as is the case for the Gullah African
Americans.

Based on the putative topology of UCP3, the missense
amino acid substitutions were located in the third, matrix-
orientated, extramembranous loop (R143X); the first, cytosol-
orientated, loop (V102I); and the sixth, matrix-orientated, loop
(Ggt-Gat, exon 6–splice donor–stop) (1, 32, 33). The R143X
mutation and exon 6–splice junction polymorphism introduce
premature termination codons and, predictably, would have a
profound impact on protein function. The V102I polymorphism
in exon 3 also has the potential to affect the secondary structure
of the protein. Based on hydrophobicity and the segment singlet
and pair preferences for the a helix or b strand (34), the V102I
polymorphism abolishes a predicted b-strand segment and in-
troduces a new a helix. Moreover, the valine residue in the
V102I polymorphism and the arginine residue in the R143X
mutation may have significant functional properties, given that
they are completely conserved in all uncoupling proteins de-
scribed to date, in all species, including the plant UCPs (align-
ments not shown). The exon 6–splice polymorphism results in
loss of the sixth transmembrane domain and the potential
purine nucleotide binding domain (PNBD) at the C terminus of
the protein. Binding of purines to PNBD is known to control
coupling efficiency of UCP1 and to induce conformational
changes (1). Such loss of the PNBD and conformational shape
in UCP3 could perhaps influence the functional role of UCP3
to regulate lipids as fuel substrates and affect the requirement
of skeletal muscle tissue for lipids during food deprivation (35).

In summary, a mutation (R143X) and the two poly-
morphisms (V102I, exon 6-splice donor) were detected in indi-
viduals with early-onset severe obesity and Type 2 Diabetes.
Furthermore, subjects heterozygous for the exon 6–splice
donor–stop polymorphism had markedly reduced fat oxida-
tion and a high respiratory quotient, implicating a role for
UCP3 in fuel partitioning in African Americans. Severely
obese individuals exhibited a significantly higher frequency of
this polymorphism, consistent with observations that low fat
oxidation/high RQ are risk factors for the development of obe-
sity. The detection of multiple polymorphisms in African-
American patients indicates that UCP3 potentially constitutes
an important obesity/diabetes gene in this racial group.
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