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WE. AoadEm ECHR (RMR) | ARBEHE™ I8 (NST) | SOk A e Rl . I8 D5 A8 RGO . 48 @
MYl (BAT) KifR GTPZ5-GREST . T Ml fe HUR IR R B R (TRH) Ffe ' E IR B B (CRH)

AR bR, BV B Ik SR B RO A R 25 R, TR (22°C) DORMR (8D:6L) 4, k3R
A RMR, NST ., JFHEFN BAT LR 400 (52 C SALEGTS J1 DL & BAT 4ERifR GTP 45 & Ak 13 B F iR K
JEME (16D:8L) M idhdy, WitkE . BAT Him |, FFAIMIITI , BAT o - BEMR H IS (L BTG 0 %A B WA 1k
SECIRAIE BT G TRH /KF 8 3/ FROGIBAL, MM =P iREER (T,) KFRIRE (T,) ®E.
Ty /T, LA K BAT 5 T, — 57 i a9 76 PE A W1 8 28k . JEOGIRAE 2 BT i CRH /K 7 3 7 T X REA, i 1
% H S5 i T B BB AR AR 25 R R SO BB 51 S 1k 1 Rk BT AN, 3 R A OE 40 A R C AL
IR BAT ff i BRI JEDOGIR AT RE SIS R M TRH A1 CRH, (HE1¥A EEE SR,
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Short photoperiod induces the thermogenesis in Daurian ground squirrels
HUANG Chenxi, LIN Lin, LI Qingfen
( Ministry of Education Key Laboratory for Biodiversity Sciences and Ecological Engineering, Beijing Normal University, Beijing, 100875 ,

China)

Abstract: Thermogenesis and thermoregulation induced by short photoperiod were investigated in Daurian ground squirrels
( Spermophilus dauricus) by measuring resting metabolic rate ( RMR ), nonshivering thermogenesis ( NST) , activity of cy—
tochrome C oxidase (CCO) of liver and brown adipose tissues ( BAT ), BAT mitochondrial GTP-binding capacity, and hy-
pothalamic thyrotropin—releasing hormone (TRH ) and corticotrophin—releasing hormone ( CRH) levels in squirrels. The re-
sults showed that the RMR, NST, CCO activity, and BAT mitochondrial GTP-binding capacity were markedly increased by
exposure to short photoperiod (8D:16L, SP) and constant ambient temperature (22 +2°C ) relative to those for long pho—
toperiod (16D: 8L, 22 +2°C, LP), while body weight and BAT mass, hepatic mitochondrial respiration, and BAT a-glyc-
erophosphate oxidase activity were not significantly changed. The short photoperiod induced higher hypothalamic TRH and
CRH levels than did the LP. However, the serum concentration of triiodothyronine (T, ) , thyroxine (T, ), the ratio of T,
and T,, the activity of T,5’ -deiodinase in BAT, and the adrenal corticosterone level showed no significantly change. The
results suggest that the short photoperiod may induce an increased thermogenesis in Daurian ground squirrel’ s through acti—
vating CCO and enhancing uncoupling—protein levels in BAT, and simultaneously activating hypothalamic TRH and CRH
that do not directly induce an increased hermogenesis but may be a potential factor.

Key words: Daurian ground squirrel (Spermophilus dauricus); Short photoperiod; Thermogenesis

MR Y R | AR AR R K
V-2 5 7 A G 4R bR 1 3R B I I A R R A
b, 3 M 2 IR A AR T 41 21 ( Brown adipose
tissue, BAT) 2= 45 P A8 L JLH B & ( Milner et
al. , 1989; Turner et al. , 1989) , TE—4FUZERS

HEEMB . ERAARR¥RESEHITHE (39970124)
EEEN . BRI (1962 -), %,

Wfm BEI . 2005 -12-07; f&E BEHI . 2006 - 04 - 04

SRS, S N S5 W AR A A 2 AR

fee AR fl e ] T PR GRS S P AR e I T R B
BT e RS, G S AT T B
MAC Wt ( Bartness et al. , 2002; Barrett et al. ,
2005 ; Bowers et al. , 2005) , B 0% /N 3L 39
() 3 ik A8 1 7= $4FN AE B = #4( Nonshivering

)
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thermogenesis, NST) ( Himms-Hagen, 1990; Haim
et al. , 1999; T IR %, 1999; Zhao and Wang,
2005) . {H B x5 5O BG5S 7 00 UM B A A
J& 2 Sk, ARG BN W Y B S ( Clethriono—
mys glareolus, Clethrionomys rutilu) (Feist and Feist,
1986; Heldmaier et al. , 1989) F=#, {HEY k%
BoHE BB W an ks e H B Microtus  ochrogaster
(Wunder 1985) . ¥ /5 Dip domy ordi (G t-
tinge and R lph, 198 ). & E [l Phod pus
sungorus ( Wiesinger et al. , 1989) . AE I H| & i Aco-
mys cahirinus ( Haim and Zisapel, 1999) . /& 5 %
Ochotona curzoniae ( £ EBAEZE | 1999) . K N7
Meriones unguiculatus (Li and Wang, 2005) %5 )=
W, BOCIES I A FET E R (Held-
maier et al. , 1981) , W1Fk Z= 55 6 B8 v & 15 A G H
S (Lasiopodomys brandtii) & NPEF=#$8n (2K
SFAE, 1995), HAER FMAEM AN B (E%E
85, 1995) , OGRS 007 Bk A7 B o0 A 1Y 22
Sk, 0 A 3 AE A () b DX Y [) — A P A ——
Fo i Wi B ( Apodemus mystacinus) B FPEE, XF
JE ORI R TR AR TR AT NST H 5 ( Spiegel
and Haim, 2004 ) ,

MR R, N B R ER i, R
Frfioi - FE & - HOR PR ( hypothalamic—pituitary-thy—
roid, HPT) B#s , T i {2 IR IR R B R
( Thyrotropin—releasing hormone, TRH) 43 F1 & A,
Baom . i 2 AR HOR R 3 & (throidstumulating hor—
mone) VBT . MK R BAT 4009 T, 7K - F+
PR B, KB HPT B2 5 ALk
P T (Arancibia et al. , 1996; Joseph-Bravo et
al. , 1998; B, 2002) , @k 2 5 s K
N i - 4R - 5 RS (hypothalamic-pituita—
ry-adrenal, HPA) | {H2 1% 288 5 HPA fli £ K
SE] BEPK & 1E % ( Bhatnagar et al. , 1995), HPA
B R N B W IO T R R A Y, B B R ) o
BAT ¥ GTP 254, # BAT v (¥ #4211 — i 1)
Bt F ( Uncoupling protein, UCP) fY 3L K 5% 3K,
{5 BAT 34 Az S UK A1 — 5 i 1Y B2 Bl (Strack et
al. , 1995) . RIGHEE S & WA - 2 b X 1l
FIRA WS 5T HET A W HGE

KR B (Spermophilus dauricus) J&3& EJL
T5 o Az B — A A ) A IR I LB Y, TR R
Ve Yt b, sh e 4G B S, BAT
UCP JE N FEAH S L8 (Liu er al. , 20015 XI|/NA

4520015 SRS, 1997); 16 A R HESAY IUZ
Afph, HomoE Bz A (K IRE S,
1996) ., {H Uk 45 J 3 PR 7 B8 5 5% 3k 1 7K B R
() ERIAC I = B A BAT () NST, b RiEHRE, ACE
FEBRTT DG UR B AR S T8 /R B BRI =44 L
J HPT i F1 HPA Bhfe &= 50075,

1 ARAR 7 %

1.1 L5shY

ik G R R AW A RO X, A e s,
BT R b R R T A RO AN E RO 22 +
2°C WY R SR B v, MR DU bR o BUIRDRE . B 13, K
HEC, W3R 3 A, T9 HETYMEsEER,

W o 3 HFATCH IS . RO 4 &
¢ (8L: 16D, 10: 00 ~18: 00 #4535, = iH 22 =
2°C); ROGM3 d A (FMFREDG 4 A, Kb
W4 A4 (16L:8D, 6. 00 ~22. 00 4556, 1HiE
22 £2°C) . W3 d AN T R 2ork s G R g K
S N oI = gl 7 11

YIS B0 &5 R AT w2 4% 4L sh 4 b ARt
% (Rest metabolic rate, RMR) A NST. 9ifk 25
5, Wisiabseshyy, RAEMWE . SEBH S T
Fefii, A EI B BAT, FFOE, & bR 4, ik
AWET, RIGH ] -70°C VKA P ARAE
1.2 RMR A1 NST il &

FEIKIE 25°C 0. 5°CH, R A 3 X AR W
IFI #5300 % RMR ( E B4, 1999), RMR il &
gl e, Wiz, TaiE sk MiESg AT E L
BRZ 0.7 mg/kg (38 1 105256 W 2 A9 70 &), P
FE0.5 hN e KFESA s AFE A NST,

1.3 T, =5 I A0l 3% 1 000

BAT 2020 1 il £ A1 % 00 2 2 Ay B 4%
(2003a) fHHMTE,

1.4 BAT £ki{k GTP 454 &

S B (Liu et al , 1997) 45 BAT
FyLRRiAA . 765420 mM Mops (pH 6.7) . 0.61 mM
EDTA. 20 mM Na, SO, , W& FL K150 wl ) 2 B
ZETIMAZ) 0.3 ~0.5 mgZk ki 1A 1 )5 7 B %
A1, PRI minJ5, SRA SRR 0 B0 UL, A2
GTP %54 (Liu et al. , 2001),

1.5 g T, T, m e

i F B R BE A T AR R Y TS L T T R
ELG R 2, i RS — D, LR 2ENT
5% .
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K F

26 %

1.6 B bR K o e 5 N

B BRI A2 ml 10% B8 &R K, B,
B ml EWERAIAS ml & H ke, FEL, VIS
NaOH W VLS, BREWZE, MABRKR - LB R
& (V/V =75/25), Fluorrnax — 2 %3¢ 66 3% AU A
W kI K 470 nm, BEBOEIE K H560 nm,
FAAR VR Bz S5 I T A o il 2, TR S R T
(B4, 2003a),
1.7 FHE TRH AR E bR R B R RO R
( Corticotropin-releasing hormone, CRH) % & M &

B -70C RF0 T EM, AT ml 0.1 M¥%
HCL B F R, B0, B LS A0, 4 mliy 4§
By, -80CHRVREZ TH:., MEnt, FH#kiR%E i
B, TRH FAb st dbdr A9 £ R A8 58 B TRH 5
TPEE 2 & CRH ML, S % E K%l
PR BB R, B S I, WISEE b, TRH
FCRH FEDUAE & X2 56 B8 A9 50) 1 0 ik, R
WS AE ML ARG 17T X & (Du and You,
1992) .
1.8 LR NI 5 40 i (5 R C A1 Bl S
E

OB B A BAT 2H 20, 223 55 .0 B R AR ZhE
R, EE R - WA (P ER R B
AR 5T T A ) I A ok AR R AR R EE A
30C, B A2 ml, DIBEFIRR NIEY, InA
0.5 pM ADP, FHAA M — 3 A A 5 Ze ok A4
Mot 2 C EALEETETE (Sudin et al. |, 1987), o -
TR H i 5 AL B 35 PE D % ¥ BB Steffen Al Roberts
(1977) W5k,

R T ELRARPE AR Ffii TRH 5 CRF &
B, MWELRAREA R T EREA, % Lowry K
Folin-phenol J7 & &, LA INLWE H & M FRE
1.9 Hdl ot

K SPSS10. 0 Se it 8- g8 i b A i .
I HE X 3K 1 IR R E A6 BAT B AY R IR LA M
XF RMR F1 NST #5200 ] 746 55 77 1%, e 1] One-
way ANOVA K fe/N i 3 22 80 (LSD) #1754k
P25 SE 00 A W) 22 5 LU 3, SCRE s A (E « bRt
W (X %SE) F/Rn, P<0.05 2% B%E. N THE
REXEFIE I, SEEG LN RRT W
fTREIE (Hart, 1971)

2 X
2.1 JEEHRR IS /R B U AT AR 4 i

2011 EDBHRXTIR SR R AR RN BAT 56 (5210

G IE 4 B4 5 KoL 4 J8 41 sh ¥ a9 1R B e I
fERiARE, Witk 4 HJE, W4 sh IR sE ¥ A 28 1k,
BHm EZF AR E (F =372, d =12, P =
0.163), AL 4 H 5K 4 4 2 19 BAT
FHREFADE (F=0.91, d =12, P=0.248)
(1),

R1 EAXABMELGRARGEM BATEE MW
Table 1 The effect of short photoperiod on weight of body

and BAT in ground squirrels

Kot 4 84l
(LP-4 weeks)

ot 4 A
(SP-4 weeks)

S 16 A A
Initial body weight (g)

S8 5 R
Final body weight (g)

201 +£12.7 (8) 206 £12.7 (8)

192 +10.2 (7) 221 £16.7 (7)

BAT T 1.73 + 0.22 (7) 2.13 = 0.24 (7)

BAT/1AHE (%)

BAT /Body weight (%) 088 #0079 (7)

0.95 £0.050 (7)

LP. KOG, S, ROGM,; 5 BB FNEALE, TEF,
LP . Long photoperiod; SP: Short photoperiod ; The sample sizes are

shown in parentheses. The following tables are the same.

2.1.2  FDEHXTIR SR E B RMR F1NST (1520
BOCHE 4 AR RMR B 3 KT K64
;Y (F=7.111, df =10, P =0.049), W4 Y
) NST 2579k % % (F=7.848, df =10, P =
0.04), JEEEME = HE J1 (NST - RMR) .45 BH
BER (F=6.59,df=10, P=0.033) (K1),

mKEHE 4 [ LP-4 weeks
D4E6HE 4 JA SP-4 weeks
87 *

#E% Oxygen consumption (m10,/g*” h)
w
*

RMR NST NST-RMR

BT SOt BTk 57K 8 R RMR R NST B9 520
# FROE IR 4 JA 4L A L 42 P <0. 05
Fig.1 The effects of short photoperiod on RMR and NST in ground squirrels
# P <0.05 compared with LP 4 weeks

2.2 RDEIEXT A LR B AR MK REREA QI 52 0
2.2.1 JEGRER I 5 /R B AE 40 K T fig 11T
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FIGCHRAL, RS i € 3% C AU A0 I T
KFKIEHWA (F=7.389, df =17, P=0.006),
HorP RDGIR 4 J5 20 B B O 5 M LG DG B3 d Y

mi34.7% , R EBE (P=0.009) (F2), 1
JHF 248 L 2 A A4 I R A D R A A IR v, e
BEES (F=3.251,df=17, P=0.069) (%2)

x2 EARNEERERFARRMETRMALEER C ALBESN (ng 0/min- mg protein) HIF I

Table 2 The effects of short photoperiod on the respiration of mitochondria and the activity of the cytochrome C

oxidase (ng O/min+ mg protein) in liver in ground squirrel

K64 JHd
LP-4 weeks

BOG3 dH
SP-3 days

MG 4 A
SP-4 weeks

i R C EALFFIE ) Activity of the cytochrome C oxidase
IRZ 4 'EI The state-4 respiration
JRZS 3 PEIE The state-3 respiration

121 £25.17 (6)
32.0+3.52 (6)
89.2 +6.67 (6)

135 +4. 64 (6)
37.0 £3.04 (6)
94.3 £7.79 (6)

208 +15.05 % (6)
37.1+1.79 (6)
113 £6.29 (6)

* 5RO 3 d 4l P <0.05; * P <0.05 compared with SP -3 d

2.2.2  FDGRENTIA SR B BAT BTG 1 052
FGIRZH k5 R B BAT 410 (0% C A AL BETE

PEX 2 m TROLMA (F=7.843, df =17, P=

0.005) , PIA™HEO B2 [B] B35 1 v A B i A8 fk (P

=0.802) (F3); M IEIHAE R BAT LAk o -
BEERH AL EES S T, - 5 LR IS 1 5 KO R
HAMLBA BEEZR (F=0.501, d =17, P=
0.616; F=1.627, df =17, P=0.229) (%3),

K3 EABWMZEERERBATHEE R C ELE, « -HBRHHELEBR T, S5 RUEEFANIE
Table 3 The effect of short photoperiod on the activity of cytochrome C oxidase (CCO), a-glycerophosphate oxidase (a+GO)

and T,5’ -deiodinase in BAT in ground squirrel

K6 4 A4
LP-4 weeks

BOG3 dH
SP-3 days

G 4 A
SP-4 weeks

i 2% C AL S5 CCO (ng O/min- mg protein)
o - R H i E AL BT /) o - PGO (ng O/min+ mg protein)
T, -5 BiALEGIE J) T,5° - deiodinase (fmol T;/mg protein/hr)

165 £23.10 (6)
119 £15.42 (6)
28.9+2. 11 (6)

358 £39.07 % (6) 344 £48.68% (6)
140 £28.37 (6) 148 +17.28 (6)
36.5+4.21 (6) 36.4+3.58 (6)

* HROE M4 B P <0.05; P <0.05 compared with Lp-4 weeks.

2.2.3  FDOGREX ISR # R BAT 2Rk GTP 254
fE 11 19 5

i# 3 Schatchard 2387 7) A4S 3] 35 5 /R 5 5L 2 k7
K5 CTP 45A MR MM E WA (KD) LUK A4
PR R KM GTP 256 (Bmax), 45 REW,

KD 7EA A R W 94 i 3k 55 K 8 B ik A o 542
b (F=2.562,df=16, P=0.113), Bmax 7
M3 d A & LJ (F =815, df =16, P =
0.004), {HZEIE4 MK ICH Z [ %A B AR
b (P=0.094) (%4).

R4 EBRER BATHEHE CTP && 8D

Table 4 GTP-binding to BAT mitochondria in ground squirrel

K64 A
LP-4 weeks

BOG3 d 4
SP-3 days

G 4 R4l
SP-4 weeks

i K454 % 50 Bmax (nmol/mg Protein)
fift B3 B KD (uM)

0.54 0. 114 (6)
1.11 £0. 106 (6)

0.79 +0.079 (5)
1.63+£0.244 (5)

1.07 0. 0802 * (6)
1.40 £0.139 (6)

* HRGI4 AL P<0.05; # P <0.05 compared with LP-4 weeks

2.3 FDGIT A B /R B BRN B - R - FORR
Bl 61 5% e

FOEIRA A I8 5 /R BT il TRH 5 i 2 2%
M TROEMA (F=10.48, df=17, P=0.001),
BAEDCHPIHRE 2253 A EE (P=0.405) (K5),

mOCRARRIME S T, TIRELD L T,/T, 5K
AR, BAREES (F=0.39, df=17, P=
0.962; F=0.657, df=17, P =0.533; F =0.218,
df=17, P=0.807) (%5).

2.4 FDOCHXS A G/RBREUT L - AR - B FAR
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%

¥ i 26 &

il ) 52 )

FOCHR AL BT i CRH & s B 8
TG4 (F=8.578, df=17, P=0.024, %%
M3 d, P=0.014, B4 H, P=0.015), 1Mk

JETRMAERZM L SRRAWNEER (P=
0.969) (F5). FOL ML KR /R#E G AR KR
B & MR IR LA R ER (F =
1.354, df=17, P=0.707) (#£5),

x5 BAERMNESGRERTEMPKKREME LRBHEENZ MW

Table 5 The effect of short photoperiod on hormonal levels in hypothalamus—thyroid-axis and -adrenal-axis in ground squirrel

K64 A
LP-4 weeks

BOG3 d 4
SP3 days

MOt 4 A
SP-4 weeks

T/ TRH (ng/mg protein)

Concentration of TRH in hypothalamus

Il T; (ng/ml) Concentration of serum Tj
1§ T, (ng/ml) Concentration of serum T,
Mg T,/T, (%) Serum T,/T,

T E M CRH (ng/mg protein)

Concentration of CRF in hypothalamus

B I MRz R B (ng/mg tissue)

Concentration of corticosterone in adrenal gland

2.27+0.171 (6)

2.19+0.140 (6)
41.5+2.75 (6)
4.95+0.684 (6)

2.36 +0.383 (6)

56.4+7.12 (6)

2.55 £0.320 (6) 3.68 £0.168 * (6)

2.26 +0. 179 (6)
42.5+3.93 (6)
5.14 +0.707 (6)

2.23 +0.232 (6)
46.2 £2.22 (6)
5.67 £0.966 (6)

3.52+0.668 ° (6) 3.49+£0.495 % (6)

48.6 £5.68 (6) 52.4£6.69 (6)

* HROE M4 A A P <0.05; * P <0.05 compared with Lp4 weeks.

3 itk
3.1 6 A X PR A FE

O R IR S /N 3L B B 0 35 A R T
HEMMEM, AR, SERERST -1MEKR
FEE, NIRRT R TRED & TR K (5K
BAE, 1996), KL, 7ERKZEAS [ 6 91,
ik 5 R BURE S 9L RTAH AR i, BAR A
JEHRYIE R RED AL I8 B /R B Bl BAT H &t i & & T
KL, RETIHRELRSY B LT L B (Hol-
tore et al. , 1985 ; Heldmaier and Lynch 1986) , {HE.
A PIGER BAT & kiR 5 CGTP 45 468 19 .42
=, IR B E B KD AR K, ELRRS GTP (1)
FEM AR -SRI T, BAT &Rk GTP 45
AN UCP YRS iN (Huang and Klin-
genberg, 1995) ., iX & B AU FE X BE 15 T 5 W
BAT 1 UCP ¥ J& 34 m, 5 88 BU™ #4088 01 89 m
(Liu et al. , 1998) , T1fiJ'% B8 [FRE 0] 34005 18 5 /R B
B BAT 1 UCP, 3408 B Pk 7= #4 e

OGR4 A 5K B R A RMR, NST . JiFJIE
5 BAT M4 (A% C & LB G ¥ MR & T Kok
W2, AN K ST 21 41 i 7K ST 1 4 18] A I 35 22 5
F IRk 2R IR BB 8 TG 38 /R B R B I, 5
R 5 1 E & IR B 3k 5 /R B R #0AE b — B
(KB, 1997), [FAFFRATES], HOLE3 d 4
#RUFIES BAT B4 % C Sk fETE 71 i &
ThiE, BAT o UCP ¥ B E R, R A SR E

FRO Bk 2 G FRAR BB, 7E St A IR R R
#% 7 HhE

FOER YL T BFIE 5 BAT F4i it £ ¢ Aik
fitg 35 A AL REFANTR] L 3 d JE Ot B 55 M9 B BAT
MMt C F AL BT PR AR &, IS AR YE R
TESL/KF by (B BE B9 40 B 8 2 C 41k i 76 1 Bl
O R H RO A A T 2% 08 B, TR A AR 2R T
BAT 4l il % C A ALEE I PE . ML E H BAT &k
L3y IR ¥ R 2 o REOR S I = I ) E AR E, FE
L B O S VE e A 7R S DR N 8 i I W Rl Vil e
H, RLTE A AR B = 4048 {36 B NST
Ft RMR 3 K &85

XA IR I8 B R B R TR IR YL 5, BAT
oo — B R H A A S M W TR R X IR A
(CRIEZAE, 1996) . MGGk 5 /R B fL BAT
o — W R H i A LB TE MEWE & R B ARk, R
RO R 51 B BRUIR D5 AR K T AR Ak, i i B
JE R G A R E RSN T, K R E Rl o -
Wl R T ety A AL Bl T 1k 5 IR A BIR Bl ) A TG BRUAH (]
AR T #0s , AR suw i Hah =g, Jigs
AR AR RRL” (ZEERIFAE, 1995)

K G R v U IR LR (AR S 3 0PI SRS 4 0
WAL KA RRIERT 5.7% Al
15.6% , (H&EARMB BFEER EIELIRMMA
LR 8 RARR IR T, RS T I8 SR 8 BUF
MR Rr AR 2 3, 4 PP W 4R (KIS A
1997) , F MG RT3 5RO IE = #6811
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P TR T A R C EALBEIS PE A

Mz, mGMIAES RMR A NST B & Hw,
B LR BAT M40 iR C A ks ) Lot
P& BAT B9 UCP L9, 1 g 7 A 0% 38 3% /0 JH e
FEIRE D P PR R, W E— B R IR I, X
Al BE 5 I8 B R A TE M FE R B A B B A MR
HX, WTHEERREMHEZE, SCRIAEMLEX
I A8 45 55 | e JHE A P e et A Rl i 3 o3 A2 Ak
3.2 FOGHERGE SR R

SRR . RE . QAR B AT R R
RO, A FLEh Y etk e ko HORBR IR
R — P EE PR F (Branco et al. , 1999)
PR, HPT e /N L2l 4 i v 3k ol 1 S 22
WEEAE A (Jansky, 1995; 4% BH 5%, 2002) ., & 5
IR AR MGIRCR S R I T, . T, ¥R 8 m 142 1k
BEEGHMEL RS YL A6 R (Mesocricetus au-
ratus) MARAZHRATE YD BUAHRL (Kopecky et al.
1986; Liu et al. , 1998), T. — 5 Mt fill iff =5 8 3405 o
SR B AL (Liv et al. , 1998) . 35 2/R
W AIRM, HF K TRH & & &g T, . T
R ERE (RS, 2003), SKNPRAE
FEIT T B i - FP IR DAY RO AL (B WA
2002) , FE LR E R T i R R %R OKF
MIREAFAE AL, ZIREBHZH IS, A F
T8 B & MR BE P BAT AU # (R 4
2003) . ISR, IR 4 BRIk S R
FRUF B TRH % i 0 2 & T KO IR fi O 2 5
3 d 4L, HENJE G R ATREE S T i TRH & A3
Jn, = TRH - A0, BT Ot A Es 5 R B
ST T . TR EE A K To/T, 5K 6 I8 4 3h 1) M
Fo, BEEARmM, kAL, HivEEEKk s
JR# B TRH 43 W v] BB 4E ¢ )5 A KF, 1T i
TRH SEAN, BWE TRH SR, x5 mmif
FEI A WAH S SCHRIRGE , ARG L3R S8 4 S M
W, Ot R T RS T A B R RN B AR
TRH, ¥4I T shPigfEny=iee )1, REREHR
HRREAL, TRH BP AT R & B, 38 4 8 4R [ i s
FORAR , EEOGER P T, A1 BAT 40 B PN 5 380 T, 7K
SEREIN, FR A M A, LUK B 3 N A B Y
Ak

HPA HliJ2 20 ¥ 1 38 2 7 B o B2 0 Kl 24 58
W) ) % BRI B, e R RS, SR
G o B2 T 3 28 KT 3, A5 L4k R LR oy 7
s, HPA Hhixf BAT /= # iy 1 2 & 420, H L

AR Ao A, S8 KR K % 55 % 5 CRH,
RERE SIS BAT P2 #Hm, anRVIBk BAT (4 #h 4,
XFYERITE R (LeFeuvre et al. , 1987) ; il i =
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