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Abstract; Animals require energy to support requirements for maintenances life activity. The animal
derives energy by partial or complete oxidation of carbohydrates, fats and proteins ingested. Even in
non-productive states, animals need energy for sustaining the body, keeping a stable body tempera-
ture, and for maintaining muscular activity. Located in the inner membrane of mitochondria, uncoup-
ling proteins (UCPs) form a family of mitochondrial anion transporters affect energy metabolism and
their activity increase basal metabolic rate because UCPs can act as leaks in mitochondrial inner mem-
branes allowing protons to leak into the matrix thus dissipating the proton gradient during electron trans-
port chain, uncoupling respiration from ATP production and allowing the dissipating of heat!' ). Up to
now, there have been identified five UCPs ( UCP1,UCP2,UCP3,UCP4 and UCP5)family members in
inner membrane of mitochondria including in human, mammals, birds, fish, fungi and even in plants.

Key words: uncoupling proteins; energy metabolism; basal metabolic rate; oxidative phosphorylation

B G0 AE B AR SV N o R CRE RS MR B B WERR R (ATP) X R AE AL
SR B RE R R AR AR, B AT, UPUARTS ZOHFERE R, ATP BB /K

W H B, 2006 - 03 —22
* BeAWH . mrgARHET R4 H ¥ B (2003C0048M ) 5 =R S E 3 SR I N SL 00 S L 4
YEZ A XA (1973 - ) 2 WIEERA A AT 2k, BB E S & 72097, x o« MINEH



o 4 1] X1

I, 5 « AR IR SR F 5 s ) e A Qs 505

fif A B W IR IR ET (ADP) FNJCAILBE, JF B g
HEHLARI T E AL BEIR AR T 0 J5E R A 15t i
WIS TR (NADH ) L J5 Y 3 3 I s — 4%
HR (FADH2 ) 38 5 5 U AP I 5% 114 |, % B AR BB
FRBYE L ATP BIPET . AR TG & AR AILHIAR B3t
2 Tb 2238 1% B 15 ( Chemismotic hypothesis) . H
HL 1L AL B RE B T8 HY B PR 4
KLARSNE B —FP HL A2 B (H* ) BREE, B+ %
T TR AR N E Y ATP & B I 21 4R AA | ]
I, Az ATP SR, B2 52 I 4 A 1k A
AR (ATP (95 BUAR D IE) | AT A A8 A0 P 0 B (1)
HL 136, X0 T P IR B B o st T T R 2, X
PG i 2 0 i e 42 AR YR IE ,
Fittis TN AE T ML 25% ~ 40% FERBR S
FIHBE- . st sl 4 o 3 b3 7 sh 4y i 2k
T AW E: | W) L [ SR R I

i — 0 BRI ST 5 st e IR & 3, — Tl oM i 1
557 ( Uncoupling agents ) B4 i f B, FA& 18 (A A&
J8ATP, EAUELRA RIS T Ik H B 1
FRERLA NI, A BT BB BE VA 2R | 1A% 3 7 A= Y g
AT e —3 s st s . 20 4 70 ~
90 AFAR, LR RIS [ YRR = K e R RAE LRk N
) — L2 1 B T8 1 A IR0 ) A, BAPR h fi
I & 1 (Uncoupling Proteins, UCPs) ,UCPs 1Ry it
3 T SR ERCAR AT IS T 1) H BB BVRRAIR 12k
REARRSE A7 25 ApH ™, DT 3 IO 12 7= # - BHL 1k
ATP (B, XA T Sh 4 ae it
T (S U T SRR ) . KA 25%
ATP I RE SR H T B35t T B SR T A AL A
LB CEET UCPs X RER RS
VERIM L L3R U S

1 BEREFEEHR

1.1 R R Y [ N A M5 i e

TLAE 1961 ~ 1964 4F, AAT8 K BUmG 4 2h 49y 14
N g i 2121 ( Brown adipose tissue, BAT) X} 7€
P IRHR SR 5 I R AR A X 4R R
AEEAE, i AT IR T /N U (IR
iR N B T — 250 F 10 32 kD 192
REARMAE BT, HAR A B RER 15 S, A R E
EIHFGER TR KA 32 kD IR AL
My, 34 cDNA ek " Sl pric 4R &9

A BAT N, KB BAT 114 28 b7 1A 4 A7 AE — 138
VARG 5 5 AL, P Mg s P e S AL 1R b A B
YEFD, B A =441 | fF58IE S B 5 L
LT LML PR — B0 B 5T, 2% 8 1 T LA i B
I 4 A A R AL AR B A T B, (3 BAT P e
PAENZRE (I 2T R = A i, T DL X A AR S 3 1
FRARABBCEH 1(UCPL) M

FLEURY & 3 7E N L ik rh & 30— Fh 25
H, S5 EAIENTA4U0 UCPL A 59% By R IEE
A4 UCP2, UCP2 7EFTfA gUh ik, A3
UCP2 5 BUAN & BLRY UCP2 ELA 95% 1y [l Pk .
UCP1 Hi1 UCP2 #BA 3 ARG 18 B (B i A
MR RREE A0, RIEFEM T AR 11 S5
RN ERB S 7 S ek b, UCP2 6T Ay IR 9 R 5
oM, R UCP2 nBE S HEIR A o) FEfE
PRl E R IR UCP2 1 UCP3 263k FE AR IS 5 .
UCP2 7Efg AR 81 T 2 /R, E 2951
g N RO EAE Y H AR FE R U UCPs KEAY
H—HH—UCP3 E#i &P, UCP3 EHEF LD
BUURAR D414, UCP3 5 UCP2 A 72% TR IR
PELST S UCP3 ATBES 5 iR R Ao (BT T
RS Higr R RGER D,

Sy — Tl ELAG A A IR T 1V 14 B 1 R i P 2 B
PRz A UCP4, 5 HE UCPs 1Y R IEM: R A 30% 42
AU BRI UCP Bk vk, Wi 4 DM
UCP5 ( Drosophila melanogaster UCPS) , SHZ.8h%)
1) UCPs A AHF A AE BT e, DM UCP5S HA fif 2507
WA AL B R AL AR e A ThAE ™ ME% P DL EL
T UCPs B2 g & B, LALOT ™ 45 1 K v e %]
LAY UCP, FRZ N StUCP ( Solanum tuberosum
UCP ), StUCP 0] g5 18 I #1458 1 v A 5%,
FUFGIT (Arabidopsis thaliana) F1 [ UCP (AtUCP) [F]
TEAAR Pl 7ol >, i, UCP1 Al UCP2 3 [A
T 7K R A B 8 BE Y (GenBank 43255 43 i A
AB049997, AB049998) . | H i 1k, UCPs 7EFEHY)
T E BT REE AN TS A, UCPs RKIG J&— 28T
LRI )77 Rk AT . R
J¥ 4 [R5 AL (R AR B s At 2 DA ) ) 4L
SRR, e R EE =AY, R
HJB TARRPAR AR RINE A AFE TR JRAED)
Yy A LA AR AR, R 1 2
UCPs 1Y) = BURFAE ek 5 [ I
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Tab. 1

The characteristics, distribution and identity of UCPs in human, animals and plants

fRRIRE 53 ¥/ Da HHM/ n FAERL 5 UCPL AR/ % 5 UCP2 MM/ % 45 H 8

ucp Molecular masses Amino Acids distribution with UCP1 with UCP2 PI
mUCP 33117 306 BAT 100 56 9.3
rUCP1 33080 306 BAT — 57 9.2
hUCP1 32873 306 BAT — 57 9.3
mUCP2 33342 308 All tissues 59 100 9.8
rUCP2 33245 308 All tissues 57 — 9.7
hUCP2 33098 308 All tissues 59 — 9.7
mUCP3 33779 307 Sk. m. ,BAT 54 73 9.6
rUCP3 33 884 307 Sk. m. ,BAT 54 72 9.6
hUCP3 34 084 311 Sk. m. 57 72 9.3
StUCP 32327 305 All organs 41 43 9.4
AtUCP 32531 305 All organs 41 46 9.6

MUCP, X UCP;rUCP,/Nil UCP;hUCP, A UCP; BAT, # A ig i ZH 4 ; All tissues, T 4021 ;Sk. m. |

A 2B StUCP, B4 2 UCP; AtUCP, 14+ UCP;

1.2 fREERE AR BN 5 450

24 01k AEFFL BRI T AR 5 i
B¢ 4 it . UCPL, UCP2, UCP3, BMCP1/UCP4 Fi
UCP5, UCPs fIL[RIFRAE S A SR A 3 4
100 M IERRA KA EL )T 5, H A ik B
A 6 MEEMELEFIR, A SR Sk R R R
SR, ANELKEFARY UCPs &K 451 £ 3% i
RiE, A 1) UC P1 EF LKA 918 MR, %
6 MM T, gt 306 BRI K EURTA
() UCP1 435 % 1 F 8,19 Fl 4 5 Yo fa A2 -31
K UCP2 BFRER T 11 S otk (11 q13), 4
K 8.7 kb, /3 F 4 33 098 D, 4t 308 4% R,
H8 MR T MNETFHM, F2 A HNET
WS — AT R A AR L 5 i 1Y P AN BTN
B, 75k 6 AT A UCP2 1 —AN 5
i, TEN UCP2 SEMH i 140 bp &bA — 5 A4 it
AR T, AT B3R UCP2 MG SRR Y . A
UCP3 3£ R4 % 7 A~4h e+, UcP2 Al UCP3 3
SIS R FE I A T ok 1 /R
FIUA UCP2 4357 UCP3 B F il 7,8 kb 4, 4351l
EN T YR 11ql3 ﬂ,ﬁ? DI1sql1 g8 D11sql6
Z 08 PRCAFF S 2 A4 3 7 1~ 35 R AT e U
TR — R R Bl R — S R A R P4 2 3y
UCP(avUCP) FE R By 23 5 N &+, KA &
GT-AG BRI N 1, avUCP FE PR 114 5 44 /)N L
(/) UCP2 3 [H 25 #y — 3>, UCP4 #i br 35 78
6pll.2 - q12 I, 5 Marker SHGC - 34952 #H

HHEHL; All organs,

j&[”] .

2 UCPs 5= i5

2.1 UCPs K HARBEAE
TN L SR T N PN Y I N ES Y AN
AR A i { X B () UCPS (2 %82 UCP1, UCP2,
UCP3) HA P sE AR AAE T, e T TR0 16 sh n
TERY R, UCP2/UCP3 i E AR AL
R E A G, UCP2 78 % UM IE 40 i b 1E % %
ik (EJEAEE Z B (Leptin) $1 = AU ob/ob & [A
R B AT AL 8008 BA 3 3Rk ueP2 1A
PRI IR SR AR 1 it e I 5 i 25 4 s . UCP2
LR A BB RS &, B T LR R A Rl
ATP [ HIRECR AL, = 38 m, UCP2 2[R i
pXUL JFURL 5 A NLAHA S 4 5 F A7 Bifi %5 UCP2
FHRBINMIFEAL, 4 UCP2 #4 S Bk, & R
UCP2 ELA AL FHR LAY IG5 il ucP2
A Ay S5 308 T IR A4 AT R 5 T B P o B
AT SR 8 335 50, BEL 1E ATP A3 i, 8 1E 2 LA i
RERYTE 20 10, B A A 40 e S AR S 0 77 28 ATP 1Y
ROR 1A F TR e AR BRSSPy 4
AEER TR REY PEARE, fE LR R R S A
I UCPs K mRNA K3k, AH 5793 1Y N\ Figg Al
B b, A H Y 85 B9 UCPs 25 ] mRNA kP
TERF A 19 B (Rats ) 7 AN R Y 9 UCP3
(R IH | BF 9 B 45 30 s 1% BV A S Bk, &
ITIEFERY B LEXT BRAE S N 50% , 1560 B2 (1%
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A5 A UCP3 S B A LR B H TR B2 &
N B2 RAFSE |, ©448 UCPs RS
—ANBE A B HEE B AR SE RS uep2, uee3
o 5T RE R R AU BRI K A
1301k UCPs 76 BAT B {6 VE A A 38
R,

Hypothalamus

CS(,\‘UM

svmpathetic nerve

Food

Brown fat cell

El 1 BAT{HAERYF=HRIER: HZLHEY
BIRIFET, UCPSRIE D R FiBE IR A E AL TR

R RYR FARE (H , AT REFR 5D,
PRIEATPERL, 1RiERE S LUREERIL R &L,
PE{RLRAR EIL R P ATPRY S
(4% I'1 Nedergaard & Cannon,1992.Dolloo,1999)

Fig. 1 Schematic diagram illustrating how brown adipose
tissue generates heat. When activated by cold or diet,
the uncoupling protein in brown fat cells protons(H")
to pass through the inner mitochondrial membranes .
thereby abolishing the proton gradient needed to drive
ATP synthesis FFA, free fatty acid. Adapted from
Nederaard & Cannon

2.2 UCPS Z5JRima iy

—BERFSE R W] UCPs 75 58 AL RE AR I 2 {2
PERR IR 1 AL UCPs —J7 THIE R i 107 R B
B FS A AE SR RR B B 1 g Lok A
R AL A 5T o AT 4 AR 5 — T it
ST fifp 8 I P 2 R TR 1 S AL, uCPl
VEN NG IR B 7618 3844 A5 AN RE B I Sk A
I TR BT B 1~ th LR AR N e 18 B Lok A S, g s
PRI FAEL R A i 5 1Y 455 T HR E A
LORLIA IRl AR T RN 107 R B B -, b R AR
LR DY S 0 e 2 A6 BE T B, IE R LT, A
NADH A4 LB IR b i 42 ] A2 5 3 A ATP 731,
Bl P/O L3Ny 3, A7 AE UCPL I, th T A 1E
IR R R e SRR A R R R AN 2
SERYF S AN HLEE P/O HE AR RS 0, ADP
ANBELE AL ATP, S5 5R I BE R A o v I X

TH%E, 1997 4F ENERBACK 25" (14 /] B e () 6 2
F1(UCPL) JE PRl i Bl B0 3iE 55 T UCP 1Y 25 480 Ak
PR AL X B T AE, 4878 T UCP ZEAR P BERC 5
WA HLEE LR RS R T it LA RS 372
FAT K

NS 5 Y ESE, UCP3 mRNA Rk 5
MBS NR IR (NEFA ) ¥R A IEAHC, L3¢ NE-
FA W& B A8 0 28 P A B 107 1R A8k R 42 55, TR Ik
UCP3 5l Ak m Pt e ©  — et oy £
UCP2 F1 UCP3 X} Ag W me A5 beoxs fig s A a7 ]
TRk SR ] ) Hi 3 45 L AT RE S s 1
v, FOBLEH B0 25 S F1 UCPs SR A o6, 28
BRI UCPL Al UCP3 2 mRNA 78 BUAY (A g
L2 23k | T 3G B 285 8% L ucp2
A1 UCP3 2 [ mRNA 235 LK H NEFA R
NS R A R, R B AR UCP2
F1UCP3 £ mRNA 78 @RI Rk, [\
W MK o NEFA ¥R BT B & o -3 2R
TR W R 17 #a ik mT DA 98 4 B2 UCP2 mRNA
Tk BEIMHUARRERE , B (EACRERY &AM s e
R HR A IV il R 1 5 ] AT U P 4124 /Y UCP1
F1UCP3mRNA K35, 3% fin & 8% LD S 05 20 2409
UCP2 mRNA kIl ey 84k
2.3 UCPs 5& &gt

ST & & A Pl 2k 3, UCPs 3 PR & — A 1A i
R B POl 2 5 A P 3 AT TE sl S 80U+
WIE IS WML = B TS hn T 3h i i LAk
oI, BN T sh i e RS e T 2 |

RAIMBAUL "' Al i[RI A TR L T8 (39 AN
) R fREC R I EE R (AR avUCP) Y ¢cDNA 3C
[, W5 B avUCP (U FRIRTES B NLEL, 8 ad 4
BTN TR] i 27 (DB Al 35 3 s 1) G AR AR AR ) 1Y
RS FUANG) 25 (R B = R b 3 ) R avUCP (1)
L mRNA k7K, 45 5 8 1 B S AL 3R A
Al A1 mRNA ek il A 0% R XS 11
1.3 i fIRIR(4°C) TS /Y avUCP JE ) mRNA 3
RAEH(25°C ) 1 3.6 £i5; JiF g 1 bH 2R Ak B AL S
avUCP JEH ) mRNA FiKEXT ALY 2.6 1, X,
/INFE T ) avUCP 3 [ 2 5 MUK P= 301 %)
FPO L XS BEWTE 48 h, B ALAY avUCP 3£ mR-
NA ik 260% ; 2415 5198 B K i}, avUCP FE[H
mRNA AR Z M, avUCP £ mRNA 33k
S H = A g RS R R BT
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MHEF 15 0 AZEUMKR, EFHEILH avUCP
ARES SRR . HAREE (& & B E R
avUCP [ mRNA 3Rk, (R EE 1 H AR hn-& 45 L
1Y) avUCP P mRNA K3k, [R]mf & 2L AE & 1 A H
RORRRL

2000 4F- DAMON M "' Fih i) [/ A T e e 1 %
AR IRIR R 11 2 RO AR IR AL 11 3 BE1Rl cDNA I i
PR IR A 0 M1 (RT - PCR 7= &0 E = 0HT)
WFSE S X SE I A 1 B R T e 2 S e At
R, SRR s AR A e
g K ULAY UCP2 AT UCP3 2E K mRNA 1Y
FRPY ) EREATE LRI o R AR AR
IR ZH AT (R AL AR B R R Al A 1 2% 2 b 5
FrEEE HRAR, BELT HARTE S AL B
YEH (diet-induced thermogenesis, DIT) , M 134 i
TG e e T 2, Rl R B H H AR
fF¥E 1 UCP2 1 UCP3 &K mRNA 14635 g 35 4
It g UCPL 1 UCP2 L2 el , T 54
JE B E 4 UCPL 21 mRNA ik, 45 £ 1
UCPs AT RES SHUATERVER " . 419 UCP2 fil
UCP3 B4l el > (EXF 4= RIS R 4 /0

L5 LRk UCP HLA i (I 16 M | BB PR (IR 2 hr
PRI, B ATP A 5%, =34, 2 50 K I
TR B A1 5 5 e s A AR R OC R B DT W]
i, UCP 5 Ak 1 38 B T i S84k R AE R, &
P s ET- A R B A VIR, UCPs
FHAERE AL A RRER LA, 28 T2
W E T, {0 UCPs XA E R sk A
] A B B AR BEMLER | LA SAE 38 0l 28 55 R A
R T EIRAMFIE
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