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Lipid is one of the major components in organisms; that is, triacylglycerols and phospholipids

are known as an energy source and the major constituent of the membrane, respectively. Their

transition between liquid and solid occurs often under the biological environments. Insects are

ectotherm of tropical origin. They, however, flourish everywhere on the earth except ocean.

We have investigated how they can survive during the cold winter. Insects sometimes avoid

and sometimes utilise the thermal transition of the lipids above and hydrocarbons that cover the

body surface against dehydration.
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Fig.1 The distribution ranges of the experimental

species in Japan. ON; Onuma, KM; Kametoku.
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Table 1 Reproductive conditions of females and
percentages of unsaturated fatty acids in

triacylglycerols.

Reproductive conditions (R,D)* and

Species unsaturated fatty acids in triacylglycerols

LD*/ % SD* / % Outdoor / %

The montium species subgroup

D. subauraria d 59 69 71
¢ R 62 D 70 D 71
D. biauraria J 56 71 nd*
£ R 65 D 72 nd
D. triauraria ON & 59 71 71
£ R 65 D 72 D 72
D. triauraria KM 3 52 53 65
$ R 55 R 57 66
D. rufa d 61 63 69
% R 58 R 63 D 69
The takahashii species subgroup
D. lutescens d 49 47 65
$ R 47 R 49 D 65
D. takahashii J 40 43 48
% R 40 R 39 R 49

* R, reproducing; D, diapausing; LD, long-daylength; SD, short-
daylength; nd, not determined.
** Females had small ovaries, probably due to retardation of

the ovarian development at low temperature in late autumn.
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Fig.2 DSC heating curves for TGs extracted from
female flies. a-d, D. subauraria; d and e, D.
biauraria,; f-h, ON strain of D. triauraria; i-k,
KM strain of D. triauraria; 1-n, D. rufa; o and
p, D. lutescens; q and r, D. takahashii. Dotted,
dashed and solid curves indicate the curves of
TGs from flies reared under long-, short-daylength
and outdoors, respectively. The program rate was

set at 1 'C min 1!,
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Fig.3 Direct observation of crystallization of triacylglycerol in a Drosophila fly body by small- and wide-angle X-

ray scattering. Arrowheads indicate the Bragg diffraction peaks from TG crystallized in fat cells in the fly

body. The temperature at which each pattern was recorded is indicated on the right side of each pattern.
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EMEDERE X DRy GHRFRECHEEMED 1/10 2w L
1/3, BEEWACTH 1/3 2L 2/3) S &0, montiumFi
HRECIE, TGo DAEBLEFEBRIYICE & 2 DAL L T
WhEEZOLND, LIzDS>TC, M) T VT)a—)
TR A RO 1113 2 ORI O Afa AR O E &

Ko TR E 53, “ERARORLR L5 THEA
EDX A BRIEERTHEAETINICE > TRELSEETS

(Table 2), {RARERE LCTIRFE UABAETHH->TH
TG H % T4, 2, KM TINTY) o= L5}
TIZTELLT _EHATFARALLIRD 51T 5 2 & T,
BFESE T T ENTELDOTH b,

ChYTIVT ) e u— VRO PR L BEE) — F
FEOMBL A 28 2 MUSTAGFIE D HTE %)

ZITH ), EROABFEDSF U D. triauraria
KM A& D. lutescens D M) 7 v 7)) 0 — UIRAER
IZOWTH TR A BTz 72 & 720 KM A TG
#9%<T@ﬁ%wmﬁ i CTH 5 (Table 2), 5 TG
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Table 2 Triacylglycerol classes in terms of the number of double bonds in the fatty acids chains. Triacylglycerols were
classified into saturated (TGo), unsaturated with one (TG;), two (TGy), three (TGs), and more than three
(TG >3) double bonds. Expected % of TGo were caluculated on the basis of fatty acid compositions in Tabel 1.

Species Expected % % of TG classes Species Expected % % of TG classes
and rearing of TGo TGy TGy TG: TG; TG»s3 and rearing of TGo TGy TG TG> TG; TGz
conditions % conditions %
D. subauraria D. rufa
LD* 6.9 1.7 346 474 15.1 1.2 LD d 5.8 3.5 343 46.1 156 0.5
% 5.5 1.7 286 49.2 194 1.1 % 73 39 355 428 159 2.0
SD* d 3 0.6 19.8 54.8 243 0.6 SD d 4.9 1.6 30.4 47.7 18.7 1.6
£ 26 07 193 54.0 253 0.5 £ 52 20 31.0 472 182 1.6
Outdoor d 25 07 173 540 275 0.6 Outdoor d 3.0 1.3 244 485 24.1 1.7
% 25 04 17.1 541 279 05 % 2.9 1.9 234 478 256 1.3
D. biauraria D. lutescens
LD J 8.8 1.8 399 447 124 13 LD d 132 172 409 284 11.0 2.4
% 4.3 1.1 250 485 233 22 $ 151 187 347 305 126 3.5
SD d 2.6 04 182 484 31.0 2.1 SD d 147 123 461 315 79 22
£ 22 02 163 49.1 325 1.9 $ 133 128 415 315 97 45
D. triauraria ON Outdoor J 6.5 6.0 343 36.6 20.6 2.5
LD d 7.0 1.6 358 454 148 23 % 53 6.6 32.1 348 205 6.0
% 42 1.1 255 479 219 37 D. takahashii
SD d 25 05 194 513 278 1.1 LD d 215 272 419 237 63 0.9
% 23 05 182 49.3 31.0 1.1 $ 212 250 38.9 263 8.5 1.4
Outdoor d 24 05 177 533 278 0.7 SD J 18.8 227 41.8 246 9.8 1.1
£ 23 04 175 528 294 05 $ 23.0 236 420 21.1 119 1.3
D. triauraria KM Outdoor d 159 19.1 383 30.1 1I.1 1.5
LD d 114 33 462 38.6 10.1 1.9 $ 13.6 16.1 375 32.8 118 1.8
% 9.2 3.0 39.7 417 134 22
SD d 105 2.7 458 40.1 99 1.5
¥ 8.0 34 365 429 146 25
Outdoor d 44 1.5 30.0 49.0 18.0 1.5
¥ 40 1.2 268 50.8 203 09
* LD, long-daylength; SD, short-daylength.
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DSC heating curves for TG,-stereo-isomer mixtures (A) and phase diagram of OOS/OSO mixtures (B). sn-

1,2-dioleoyl-3-stearoylglycerol (OOS) and sn-1,3-dioleoyl-2-stearoylglycerol (OSO) are mixed. The program

rate was set at 1 C min—!. Symbols in the left panel indicate the series of the transition peaks and correspond

to those in the phase diagram.
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* L
D. subaurana @ o %

Cold- and heat-tolerance in males. @: under a
short daylength (10 h light: 14 h dark) at 15C,
@®: under a long daylength (15 h light: 9 h dark)
at 15C, O: under continuous light at 23 TC.
Symbols indicate half lethal temperature (LTso),

Fig.5

and horizontal lines indicate LT,s and LT7s.
Females did not so much differ from males in
cold- and heat-tolerance.
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Table 3 The percentage of unsaturated fatty acids (%UFA) and the number of double bonds (NDB) in the phospholipids
10 h light-14 h dark at 15, long daylength; 15 h light-9 h dark at 157,

of males.

short daylength;

N ORI 2RI L 72 RO

continuous light at 23 °C. The same results were obtained with females. nd, not determined.

short daylength

long daylength

continuous light

Species
%UFA (%) NDB %UFA (%) NDB %UFA (%) NDB
D. subauraria 86.3 111.6 84.8 122.4 83.6 121.5
D. biauraria 84.8 116.2 84.4 119.6 nd nd
D. triauraria ON 85.4 119.4 86.0 124.7 78.0 120.1
D. triauraria KM 84.5 123.2 85.2 123.3 80.2 125.1
D. rufa 87.9 133.0 84.8 128.9 76.9 123.5
D. lutescens 84.8 131.7 86.8 133.3 81.4 139.9
D. takahashii 85.4 139.3 86.2 131.5 82.8 141.4
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Fig.6 Relationships between LTso of flies and compositions of the fatty acids of their phospholipids in terms of the
g p P y phosp p

number of the double bonds (A) and relationships between LTso of flies and the carbon chain length of their
phospholipid fatty acids (B). In the left panel, (a) saturated fatty acids, (b) monoenoic acid, (c¢) dienoic acid,

(d) trienoic acid. In the right panel, (a) C16-FA, (b) C18-FA. @: under a short daylength (10 h light:

14 h

dark) at 15C, @®: under a long daylength (15 h light: 9 h dark) at 15°C, O: under continuous light at 23 C.

7: Kendall's rank correlation.
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Fig.7 DSC profiles for cuticular hydrocarbons of D.
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