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An Insect Life during Dry Season
— Glassy Trehalose Acts as Water Replacement —
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Anhydrobiosis is an extremely dehydrated state in which organisms show no detectable
metabolism with the ability to revive upon immersion into water. Larvae of an African chironomid,
Polypedilum vanderplanki, are the largest multicellular animal capable of anhydrobiosis. Recently
we have successfully clarified the physicochemical mechanism of their anhydrobiosis. When
larvae of P. vanderplanki fell into an anhydrobiotic state, they accumulated endogenously non-
reducing disaccharide, «,o-trehalose, as high as 25 % of their dry body mass, which was found
to be uniformly distributed throughout the dehydrated body by Fourier transform infrared (FT-
IR) microscopic mapping image. Differential scanning calorimetry measurements indicated that
the anhydrobiotic larvae were in a glassy state up to ca. 65 C. Changing from the glassy to
rubbery state by either heating or allowing slight moisture uptake led to their very poor
survival ability. FT-IR spectra showed that the cellular membrane of the anhydrobiotic larvae
remained in the liquid-crystalline state throughout formation of hydrogen bonds between its
phospholipids and the endogenous trehalose. Taken these findings together we concluded that
trehalose plays important roles in biological glass formation as the water replacement, although
other compounds would be also involved in these phenomena.
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Fig.1 Schematic representation of «,a-trehalose
molecular structure. Two glucose molecules are
linked by a,a-1,1-glycosidic bond.
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Fig.2 FT-IR spectra of anhydrous glassy trehalose

(bottom), a slowly dehydrated larva (middle), and
a quickly dehydrated larva (top), respectively. The
arrow denoted by a in the middle spectrum
indicates the peak at 992 cm ! characteristic of
o,o-trehalose. The arrow with denotation of b
indicates the spectral region, 3800-3000 cm 1,
of O-H and N-H stretching vibration bands.
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Fig.3 (a) Optical, and (b) FT-IR imaging data for a

slow sample.
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Fig.4 DSC thermograms of slow and quick samples,
respectively, measured at a heating rate of 5 C
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Fig.5 Dependence of the recovery rates upon

rehydration after exposure to high temperatures
for the slow and quick samples, respectively.
Open circles and triangles show recovery data
of samples subjected to the heat treatments for
5 min. and | hour, respectively.
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Table 1 Effects of humidity on the water and trehalose contents, recovery rate, and physicochemical properties of

slowly dehydrated larvae.

Condition Water % Trehalose % Recovery rate T, (onset) T, (mid point) T, (end)
by mass  per larval dry weight % T T c
Control (RH 5 %) 3 27 91 62 65 71
5 days treatment
RH 38 % 7 24 90 24 35 45
RH 60 % 10 24 93 19 32 43
RH 93 % 31 24 50 nd © nd nd
RH 98 % 36 28 0 nd nd nd
15 days treatment
RH 38 % 7 24 90 23 31 42
RH 60 % 11 28 78 14 28 43

a) Slowly dehydrated larvae, referred to as the slow sample in the text, were kept in dry states as such.
b) When slowly dehydrated larvae were incubated for 15 days at RH 93 % or RH 98 %, they were spoiled.

¢) Not detected.
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Fig.6 Temperature dependence of the maximal peak
position between 3800 and 3000 cm ~! for slow
and quick samples, respectively.
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Fig.8 Schematic representation of biological cellular
membrane and protein embedded in there. The
left hand represents the ordinary state of
metabolic working, whereas the right hand does
the desiccated state with no metabolic activity,
where the membrane and protein are protected
by encapsulation with glassy trehalose as the

water replacement.
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