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Earth has experienced cooling and warming cycles, and organisms exposed to these
climate changes either were exterminated or adapted to survive. The genetic variants that
confer heat- or cold-resistance to organisms must be selected during the period of extreme
climate change, with these mutant populations then spreading over geographic regions
that the ancestral population would never have been able to inhabit. The present
divergence of wildlife may in part result from such adaptive changes in the genome.

Drosophila melanogaster, a useful model organism in genetics, has its origin in tropical
Africa, and has established its status as a cosmopolitan by acquisition of cold resistance in
evolution. In this study we searched for the genes that confer tolerance to chronic cold
exposure, and found that the suppression of energy metabolism, especially of mitochondrial
oxidative phosphorylation, conferred a significant increase in cold tolerance. Caloric
restriction also significantly enhanced the cold tolerance. We discuss possible mechanisms
underlying the effect of energy metabolism on cold tolerance.

SR ERR
(EAHAL @ 1)
ELHERR I PERE 2 & &t
2010 “FBE 1, 700, 000 0 1,700, 000
2011 4B 1,000, 000 300, 000 1, 300, 000
FHE
FE
FRE

S
or

il 2,700, 000 300, 000 3, 000, 000




WFIEo 8« RS

FARE DR - flH - SRR - RETAEY (BRNES - KBRS
F—U—F ARRIE, Bl Yavyarnz mxrd—{G, I har U7, Bk

U iRfe, w ) —HilR

1. AFZEBHAE 4 FI D 5

RIRIEZATREIC 5 Z ik, =¥ —1{K
BHENEL, FaOIEE, N TAIR, O - R
TR, IREMBAEAE (23 T D S 7 R R H Al
BHRA~DOHEEHRL Z MDD, TNE THHE
\Zle o ThkA R AEN LIRS 72 ST
Ftz, LaL, KIRMMEEZFHET 268072 F
BEIERTERE I TV,

—Ji. < OEREBY—HOMILIARC S
L, BRI EoREEENC X D
RIESFMOEAE WRT D72DICKIRE T
NI EX:7// 0 gl 2 N [ RS VRN O I O WA )
WX BIREY) & MR, BCC E TIRIEME T
L CHhAEMRERIIREIND, XIRMEE
DI BIBEYE G E LT, MR
RO ST, IENEEIREIESCA 42 F v %
IHERE, TR —FEARE CTHDHI bay
KU THEIZOWTEZLZ S OMFER 72 ST
WD, AR TESEICBID D H 172 A 1=
AMIREFARBHSN TR, £72, BEx 7
BBV TIRIEEREE T & D WITAIRERC
FEINDIEGT - X0 BENRE L H
EINTW5, LnL, fllx OR-MEIR
PRI BT 7e & E 2 B LT
5D D% FEBRATHREE L= BIIENTH Y |
Wy OBAS TR A E 3 5 Z &
(2 X0 ARIRE 2SS B S = Bl AR 72

2. WHEDHBY

KHFFETIL, v a v¥a RO FEE
FITIEEBRE L C, REEE ST ORERE 2 40
il U 72385 B B R A E R - b5 2 &
&0 BRI I B 2 B s T
HEMBBENICRIET 2 EE2HE -OBEME
T 5, IBIT, YiLBs 1 PEY OBEREMAT
ORI FF O T HEEZ B o223 5
ZEEREENET D,

3. WFED kL
(1) GAL4-UAS 3 A F 1% B384 - D F R,
piltiiil}

GAL4 =% — KT » 7EE, 1993 4F
Wy auya yUnRTIZBW B I
ETHY ., 7 L BT ET DR 21 7
TN IR EFRIA LT, BRESE R 1
GAL4 BB IV L HETH D, 7/ L LkD
B & TR0 GALA Bin T2 &Tra A N T
7 FBRAIAE T GALA R T A N— Rk
MEFAE S, & RFIZIBVT GALS 235
B3 AR OV CREM 72 fIEAT 3 72 S
T35, GALL =P T o 7 E UAS

VAT LEMAEDEDZEIZEY . GAL4
K7 N—%if & GAL4 #55 K - D FEFkALSI T
¥ % UAS(upstream activator sequence)® T it
EBEOBEFERELZa AT 2 B
B IIA AT UASHERBAG 1R &2 T &
T F1ERICE N T, GAL4 DFELT 5 FF
TE DR CIERER F 2 BBFHFET L 2 &
WAfge L 720 (K1), AWFFETIE, £7. &
SEBESFET CAB L TWA T a v U
U TR 7 UAS-RNA TS % FLAIA
ATZ RNA FUSRHEEEZ IV FrE s D
FEEANHENC £ 0 ARIRAES S 4 fR RIS & B
T ORREIToT,

<[ 1. GAL4-UAS > A F L2 L B EETD
FEHL>

GAL4-F54 /38— UAS-RHBIEF

ot xR

~EEIGA —  ~UAS ~GEED—

BHEEFORR

%ﬂ GALAS /Y HI £ HEERA

(2) ARIRmPERER

Wbtz 4 B B O 3 waiHlosh mz2 e L.
FLWEHIC 1 HEE®%. 50 L 1 fEE LT
Y— LB L. 2°C24 BB %, 25CICRE
L 72t DIf~D o3t Z f5 R B R 2 R D
Do

4. WFICR R
(D ¥ ayva g =% v ARGR
STl R D HEST.

INE CITITOh TR IARIRMm MBS T
HIFFED % < 1E, EITA R ORIR M 2 #1532
TAHEDONRLZLNWN, g uya gy
R KD BIREICH T AN SN &
DEEENTWDZ EnD, ShhoFnizK
MRITHE O FEAN R ORENL Z2 AT - 70, EFRHIED
FEHEL L TIE, R~ EAEFTED20EMNS
EVHETDHZENAHRETHDIN, TOHE
TIEME « BEEA~DREDOEEZHFT 5 2
LI B, IKIBERBOBEOS R OIREE
EIERT D Z LT X0 ARSHIE O HE & T
itz iz Lz,




RIBEFICOWTE, vavya oo
ARIRZTRE U, IR ERE T DRZ0KSE T
TORIRMTETIZZ < KR ETORRER]
TR DMMEICER LT EE D T,
—IZ, YavYauxghhld 9~10CT
BRENIEE Y . —17~—20C TIERIE A EHRET 5.
Z M, 2 C~10COIRERIC IR O
24 FRRFRFENRTE L 72 BROMRREA BIZ LT, 17
{£1% 5 HH® 3 inghhiz 2°C TR 2 & |
FIEETOHRITHEEEIE L TWDH, §f
ACBIERT 2 LRI OIERNBIZER T S H
REBEINRWEERNREL T\, 22
T, KIBRFZEDO%, BH OfFRBIRE 25 CIZE
L7z DOIRBEBICHOW T 28> THIZ L
ToAER IRROMEER L T D EEDIZE AL
IR b 225, FEER L TV R WMERIT 7
=) —NFXHX—FToiEHlic LY B
(AL, MERDSEREE LIEICE > TV D, &
T AL B 4% DRI DA BR % FE AR (T ARS8 2 )
LG a i~ b2 /I LA T
DAEFRORRBRMEIBEI NN &
MO WSO LA IR EA R ERD D Z
LIz Lz, IRER X OMRRIEH O EFRA~D
WG LR Z R 2 1R T,

<[ 2. (2) 35 K ORISR (b) DA

D>

(a)

100

80 /ki(’/‘
60

g

40
#

20

0 1 L 1 L 1 L 1

-4 -2 0 2 4 6 8 10 12
RECC)
(b)

100

80

60

/]
;

40

EFE(%)

20

EREEER (h)

(2) ARIEMHER EE R T DM R
FEOBES, 2°CT 24 BEEIRE% D4
FROEHIZL Y | KEMEO R 7 ) —=
T AT oT, £ ESLEGEAFERT TR
LTWhyrauyaguyu XTiELETFD
UAS-RNA TE 81 & fLAGA AU 72 RNA TR

WEED 9 HEFEM % 7R 7200 200 B A2
WTC, T2 F 2 RITANN—F% L DRZBLHED
F1 E{RIZOWTHRFTT LTz, £ ORER, k%
NHERLAY Y R BICE D = L X —
A B 2 —E O E AR T DR BN HII X
0. BEERMRIRMESTHEEIND Z NS
MEpot-, K3 ZED—HlaErnd, 77
F—2 1,6 VAR ATyZ—F, o=
e i 7K SE % 32 DR BLENHNIC & 0 A 72 KR
MHEOFENRD 5D, —FH, Fhraih
CAXHZ—¥, AT A FKFEESZTIE
BRIEWVIRRD LTV,

<[X] 3. RNA TR 682 O ARIRmEE S
T ORRFE>
1007

807

60 7

(%)

40

7

207

’ CS 10611R1  10748R1 14077R2 1444R2
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10611R1 | CG10611 | fructose—1,6-bisphosphatase
10748R1 | CG10748 | malate dehydrogenase
14077R2 | CG14077 | cytochrome c oxidase subunitVla
1444R2 CG1444 | steroid dehydrogenase
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stock# CG#
11972 | CG7010 | pyurvate dehydrogenase(PDH)
14513 | CG7010 | pyruvate dehydrogenase(PDH)
15084 | CG8808 | pyruvate dehydrogenase kinase(PDK)

coding gene

18044 | CG12151 | pyruvate dehydrogenase phosphatase(PDP)
19342 | CG5889 malate dehydrogenase
12966 | CG5216 | sirtuin
14640 | CG7951 | sima
loe | CG17299 | SNF4Agamma subunit
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