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Abstract

Tree shrew (Tupaia belangeri) is a small mammal in Oriental endemic with special evolution status,
and it has been widely used in biomedicine as experimental animal. In this paper, we used T. belan-
geri as the research object, thermogenesis and energy metabolism were measured in system of T.
belangeri from individual, organization and molecular levels. The following results were obtained:
for the first time to support the “island origin” hypothesis that T. belangeri diffused from south to
north from the physiological ecology angle, and temperature is the major factor which limited T. be-
langeri continued northward diffusion; thermal characteristics and energy metabolism in T. belan-
geri with seasonal and diurnal variation; temperature and photoperiod had significant effects on its
thermal characteristics and energy metabolism. Research results provide a theoretical basis of phy-
siological ecological adaptation model and countermeasures for Oriental small mammals.
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HE

IR RN R SRR /N L3,  BAERERIE AL, MRS B B RANERIIY .
AR SCAH G i (Tupaia belangeri) AFFFERT S, MAME. AL K orF /K5 H G o5 7= HAFIE &
BEREHT T RGN T. BRUTERE: BRMNEEEASZAR R TR BRE R8N « 55
RYE” R, EERMRG ALY BNEERER; PAMNMREREELBRERBEAEY
PR BTN, BEALRBNZAHELRERE RS EERH. HARABREARET/NUEIIIY
A B AR AT MR S N SRR AR T B AR

K ia
REEF PAWNE, PRAFE, RRENRR

1. 51§

YIRE AT AN LR A AR — N EE N, BRSNS R e R AR AR
FE . ISR R RTAT B s A7 B AR AR S 7 T #E EERm[1] [2]. 20 thad
80 AEAXX 46 (2L I 7 4. 2H (brown adipose tissue, BAT) I 723t 1 SR T ML O ERAR, Trier 32 T &
Vs ARG [3] o AR I R B FE P98 2 O E 70, W A B R 1 LR BRI 0 #E ) 1 — AN )k e [4]
Speakman ZE[S] AR H T HABUR RIS, YONMETURZREERASM ZERGIF R, MEKEAD 1
(uncoupling proteinl, UCPL)& 7y #fi T 4R fA P i I 11— i BH B8 1 8k B2 1 S = #ER 1 [6], r T &N 32
KD, UCPL 7= 1 Hpie S E I [7]. 3 R 2R A IR 40 b i) . FEERE R D . 7 T8
N 16 KD [ AR ER, EaRE AN KB TAME. %7 mE EE2ER4].

rh 2 B4 i (Tupaia belangeri) J& 125§ H (Scadentia) ¥ i £l (Tupaiidae), & 204 T B LA A B
REFRFE N ALY, HEBENAS A T 50 DU R S5, JFHREN .
DU )11 75 g 30 B AR TT AR AR B 20 A7 R AL BR (8] W bR T AT Rk A AL A7, DRIMAE AR P s 2 e
2R R

2. FEWRAR

AHEFEALE 1990 LK, — E#AT P i i B AL FA S AT L, AR TP IR R AVRRAE AR A
07 AR — R B TORRR -

21 FHEWL
PR A BN AEA —ABcd, 2R PR PR B PR RE R AR T R T R R R AR
2 i KNI RE T i K, BIIRE RN RIBR B 20 AR “HMA RS k. SN E
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FLnip . et lg i gl AR ThREE BRI, ANBER G LIEFE R, ki sz 2R &l; 56 =F
LSRR 17 B : YA S REBURIA B K, T B 1k St B, sE RS2 B RHI[5] [9].

WSR2 D e TR, SRR IR R, (LRSS R BN AR 2 R AL IR
i, PN BRI 2 B A B SRAF RT R SR S IS FAE B s, DRI, P AT S,
HRIZE A AR L AT BT A MBS B A BB R 10] . SR AN SR bt (BT S ) — Ry st e e
AITHARE, TSR AR B A X AN B PR A& R i i S AR FE R 11, THATENE R
BIRAAREERC TR, (RG] T VLIRS A[11] [12]. WHIERITEASE R E RS
A LAHSE BT E SRR RE RN RS LA SR SGHE R 13] o

AR, Y, RE LIRS AT Z UK, RGN T AR 5 TR Y b 41 B 7E 221 SR8 o
fIrEEEe 7. Be B AU DA ROV ATE B T R B TR A R AE AR IR I, FESE IR . 35 BMR A1 NST.
BN THAREFI R AR BERAT & ZE IR B AR A B B, AR 3 A B B CAAE R ] M,
B T T A K R R R RE R TR SR I IN[14]; MR, BAT BEASE. LRAEAEE
KAtz C BB o-BER H AL BRI, A EERTESE, HENMEEE S M
AR EBE  fr i, RRAE AT B RAREAER C AIEE. a-BERH i LB IE P DL A 2R R I
WA 3. W& 4 %, XEFWHLREER, Fik, iR H8Ee A TR BR8], Bon
HE R AT SR IR R 3R 15]

w2 R (R AR AR B 2 S AL A L X NS S Eh R ], AR ERE R TE S, Rl
RE-5 HP A AR R 3 A XA DG, AR ) 43 A T 5 v R e S AR AT A B S B B s SR X, 5 e
FEMXAHLL, A2 RRMHEEESS, EMERELSE, SYRENARE S X 7R, Kk, vTLu#
YRR IE I AE = THFE, X PR FRA TR ER TEFEMRE 2 —, F i Z=k = 180
WA R S BUA R AR >, AT RER G, AR TRRRERTEFE, X —45 R 5 MEUR RS 16] T
(28 AR — 20, AP R Ay T RS, T 52 RE DA I 2, O TARFRARIRLE E ,  Hh 4 b i
N BMR SRIEINF=#, I RETE SRR = B A . PR K R R AT
Ak, AFREFWEM, Rl N, X — RS BRI — B, AR E RGN
R NEIG IR, 10 2N Sk (5 159 1 i 75 g 48 n 52 B PRI [17]

22. B EZEK

PRI H AR SRIEF AN TH, PRI, JA0 7 AR SORIE T LR S sh A B A # e
[18] [19]. &H TR — AR R R a0 M, 75 H 158 TG sl PR 40 5 A 1A B &R [20] [21], B,
4 04 Bl (Mesocricetus auratus) AR A8 EH 70% KI5 3G shPEIAR [ 22] . 2 8 it 50 R Bl sh ik
RANEENERI R, KIVESIMERmAAR[23], #lan, ampEn AR T ram, HRBIK, RIHHE
M H AT, AR A A RN RIS, 0 A R AR 0 H AR T R S LR s S
B, MG ERNE RIESPERCD A K [24]. RAIMED BMR A NST tRIUH H 532, ek
B 5o X DR BRI AR A AR FD Y, FERRERIR U A 2R BK, MR B AR
BN, YL GIRED BMR FINST [ H 15828 b -5 PR 530 16 H R k[ 24]

2.3. ERAEE X P aANREIHE 2 R IR R

IR A AR R R BN R BEAR . P AR 0t AR I N g A AT EL A v TR
BRI A AR DG IR IR 2tk B A BT BRI S RE U N0 (5 3R C AU AL 1 S 25 19
[25]; FOCIERRIEE CAEMAL B EAMBRARA R, dhARE 4 /L. MREAEER C AL, o
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B H il AP S T 5'- ML TPt 05 1 52255 v [ 26] o ARIR ARG HEAL A MY To RGN T IREEAZ.
AR R AR IR A C R N AR, IR KO IR N A AR, SARERZAT AR — 2 [27]-[29]. FEOLHER
Porb A RS AL AU R R N, S AR T (301 M i B R [S11SE M ST A R — 2

24. ARBENBEEMENARBERERD 1. IFERIENRN

AHTFEAL H &P R P S B E 1 AR AE(S £ 1) Ce B# 0dy 7d. 14d, 21d. 28d
I, WEAENTHABAT) PRFEEER 1 (UCPL)II&&E. SRR, LR RERNHAER, A
(A E e (IR Dy 4 A S R R B T SN & %y, BAT SRR S B AT UCPL (14 &l 2 38 m i 3,
Horfr UCPL 19 i 7E 28 d I A B 2 2 7K1, Looxs REZEL 19 i T 55.9% . 18 A ¥4 2% 52 e 175 5 v A il UCPL
FIETENN, AT At o A A A [32] o

2R Rl ) 007759 2 KT R R ' LR ) (R S i (2 2 B IR, SR R R E ARG, AR E
WA NG MR LT MR ESR B E AR, R 7@ MR, W] BEAE AR Z AR A0 A F A
X B FKT 5 ZAKCT 28 IR, BHILE AR R R, 58 3 AENE L R (10 18 1 AR s 2R 10
gy s AR E IR R T HORARER T3 AOIE AN, ARG 98 7= #Ee 77, i i KOs O HLRg i A K,
BB FEARR S, £ @R BigEs 1P MG N [25] . ¥ ik 1R o BT LR R 5 1 2 B AR IR Y
S LG BB RSN ZL O A AR AR B S Rt B A VA DI R T 0 ST S 2 R, (R LR S
FIEHAT; S HRLRARRPRE IV FPIRRE DY 25 108, ERHEI N E S AR R C ALl
P L 74 2% 5 N [ P S KT SR I [33]

25 REERSHAMAERR

VESS ANEPERE RS, P A R B B A, A R AR P A B R N, R R
IS T) U SEA G N R 2 s VRS AR R AR T AN g T A R, (HH RAR S R R
BEIN. SRR A (R C SALBEE VRSN B CIRITHRN o-BERR T h AL EEA T, 5-fhLillg
PEREIE R, M8 TR EE BT, TOIREEZERER. 48RRN, RAREREERS S 1 AR
JSZEE = B S [34]

2 AR R R AR R R, SRR RO s AR R K SR B B2 IR AR, A
P DX JEARYE R AR ARE B7KT s 28R SR KAE MR TR R 3 A . 45 1 R0 A (1 LA A i) 2R
BRI, SR AR e A REACU . AR T R AR KT T BT Ay AN FLED P O ARFAE R
I, SR H B T M0 AT g S A B RS R [35]

2.6. WRIEIE

H RGOS T I AR R IR 5 20 A, IRAEADSR A TG, EEAAAE A, B & 05 & Y5 R Ul A
KR YRR 18 [36] . ANFILAE 2250 H 40 B B4 Bl (Anathana ellioti) . HFZE A §i . 21 4% §ij(Dendrogale murina)
FNZE A i (Ptilocercus lowii) 73 A RFAIE , BIRAT 3 SCRE RS R ER T 28 55 I B JHG B e B, BUD B85 065 2 AR 5
B Eik LR R AN, H AT O ZRE[37]. ENEE[38] [39] ELIEMTIH[40] (Jacobs, 1980) 1 H [ [41]%5 K 1)
e 4t J2E A e ] g S ) 2 [42] Hh R I T LA R A A e o EARTE R, S e E TR
BT 4 R B e (B )5 4 2 A% ) Prodendrogale) 128 A B AT S [41], AR ILA Y, FF35A 45 e gm i
IRATEE s 2 i S AE F 1] T 30 i tHE 2 25 rR AE AE R R I P AR SR [43], ok KB eI e 4R A1 1 SCHE

TR R R IR T R, B4 NSTmax S A YIAk A 4k i i 2R 44 7= 3 i sk i A8t a3, Rz 54k
J7 /NN A S-SR E], AE A IR R NST £V & B # i 1) B3R 1B B RIS, I LT B P B kv T e
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U7 Ly 351 A b 2 R E ot b S A SR B TR IR L DX P v L R, T T L A AR B AR
BT i A FUE R S OUE TR X L R, (EAHE TS R EI NGRS, NST 7R IE B = # ok
(17 L 2B PR A, DR A AT AR T BB AR IE RS BIIAE R 0 A X, R E R Al dbd i, @ AR B AR RS
3 THI A B 5 5 R Y 2 T A it T — MK [29]

S REFRAT SR IR B (N AR ST R I, PR A B ) H R  4k 48 e b  BO SR R R [29]s HH AR R R B
HOAS ) -6 77 280 /N R FLBN IR 72 BRI . AT RO B A AR X, B iR, AR 7R
YL T, AR E G N, FERAE RIS AT G gl AR SR, MR A RS
HEREAMIE, UCP 1 380 FE AR I
3. fIRRE

KNI FL B P e R AR U R AR S T T v B R A S I T R R 2 Ik e —, R R A
T HG R BV AR A o AR A T AT [ SR B IROE B AU [44] o SR A A7 R URT [ AL e &, IF HoR R4k
I RE B 1% T B B RIS RFAEAE[9] [45] AR AN ERE 461558 7T, 1 FLd A i 2R B AR S5 A0 RE G AR
AR HE R AR [47] (K 1).

VSR, KT REWT AL I ST 7 oSt i , e rp o B L (Y A I8 BAT 4 TE B
PEPERSVEALE], AT SO T ad R 2 6T BAT A O HL D RE IR Q3 R IR S8 1 {8 Je e aF
NAR N ARARAFTE B DI REN BAT 4HA[48]-[501, F H APRFISZEE /NN (1) BAT 45 WAT 41 tHIE
H[51] [52], AREE[A9]FEVI L5345 HE M R B o 7 SER = /N AR A RAESE T IX— %R [54].
52T BAT 4 /3 A ALY 3= BEONAILIRPE S IR [55]. AR AT FCRE EAR S Y Fr . AR &1 S R A ]
IHPEARCSR AL TR R [56] [57]. HAT N BAT 4HHa IR PE AT IR 3= ZAHE M 2184214 2), B PRDM16
FEHIEREHR 7 (BMPT)I&E.

ik >

B

Figure 1. Schematic diagram to show energy flows in an animal and the potential points at which such energy flows may be
constrained and thus control the level of the sustained energy intake. A—Central limitation hypothesis; B—Peripheral limi-
tation hypothesis; C—Heat dissipation limit theory; D—Metabolic end products discharge limits; E—Affect food intake
through adjustment mechanism of compensation in the brain. Blue arrows in figure indicated energy flow direction, red tri-
angle indicated potential limit position.
[E 1. BeRTENERREN AR AT REPR B BE S RBNAVEBLL, IXLEPRBIFRALIMR AT e S PRFIFFEUTN K FHIFRL; A
“hR” BREIERYL; B—IMNARFIFRYL; C—ABKRSIRE; D—REE~IHE RS ; E—& T a4k
FETHNFIZMERE. EhEREAERTREREE, L& =AKERRHERGIFRML9]
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Figure 2. Mesenchymal stem cells differentiate into fat cells and muscle cells
2. |8 B4R 531X AR AR B 4R B Fn AN 40 A [ 58]

“NeMT B AREE®R” (lipostatic theory)fi % “4AMii{5 5" (adiposity signal)ii & k€ I AL e 2 a4k
FFLAK, S (Leptin) R IR BRI AR L. (HA&, Leptin FIBUR 8. R0 fRIIThEEIEA —E 5T
BRI K RENEH M Leptin AV SR BIAE— B R, (HiE, AUAEHEGE £ H
WGBS Leptin ZKFHGIIAHER R IO A — € R ADH EROG 8, XM RIRZ N Leptin #5371,
BN RIELENUARE RS YR R K [4]. Leptin #kPTF ZRI I, Flunayis S e
JE, BRSOV B R T R AR A 3 S SR, 51 e L B A () B AR BN P 1 2 AR A 5]

A I P AR R R AR A DA R T AL S LR A IR (A SRR 7L, AT 58 =0 A2 A R AT IR AN
WHse, Wit

Bt

JERHHE 5% brRH A 1F T 0000 H (2014DFR31040); - FURHE SC# 101 H (2014BAI01B00);  [H 5% 44
Fp2 54 10 H (N0.31360096; N0.31260097): 2 B 44 M. FH ZE Al AfF 7t 11X = s 751 H (No. 2013FA014) i) 3 HF .
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