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SUMMARY

The pine needle gall midge of Thecodiplosis japonensis is a serious forest pest and
overwinters as a 3rd instar larva at soil surface in Korea. The time necessary for killing 50% of
larvae at -15°C is 160 min. During overwintering period, I japonensis larvae accumulate
relatively high content of trehalose as the main cryoprotectant. In this paper, the proteinaceous
cryoprotectants were identified. Two thermal hysteresis proteins (THP-1S and 2S) were
purified from overwintering larvae by ethanol fractionation, trichloroacetic acid precipitation,
ion-exchange chromatography (DEAE-Sephadex A-25) and gel permeation chromatography
(Sephadex G-100). Their molecular weights are 34.9 and 37.8 kD respectively. T. japonensis
THPs cannct be stained by periodic acid-Schiffs’ reagent, suggesting no carbohydrate in them.
The thermal hysteresis activity of THP-2 at the concentration of 50 mg/ml is 11.02+0.08°C
(meantSD, n=10), perhaps the highest active insect THP. It is the first report of purified 7.
Jjaponensis THPs in Diptera,
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INTRODUCTION
Antifreeze proteins (AFPs), first found and characterized in polar marine fishes, are also
known as thermal hysteresis proteins (THPs). These proteins cause a non-colligative
depression of the freezing point below that of the melting point, which is termed thermal
hysteresis (2, 5). AFPs have also been found in organisms as diverse as spiders, centipedes,
mites, plants, fungi and bacteria (8, 12, 26). Up to now, five basic categories of fish AFPs have
been elucidated (3, 15, 16, 17, 28). However, much less is known about the biology and
biochemistry of similar AFPs found in certain insects. Until now, THPs have been purified and
partially characterized only from three kinds of insects — the common yellow mealworm
larvae of the Tenebrionid beetle, Tenebrio molitor, and overwintering freeze-avoiding larvae
of the Pyrochroid beetle, Dendroides canadensis, and the spruce budworm Choristoneura

Sfumiferana (11, 15, 16, 17, 27).
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The pine needie gall midge, Thecodiplosis japonensis Uchida ef Inouye, overwinters as a 3rd
instar mature larva in the litter layer or at the soil surface. No larvae survive below their
supercooling points and overwintering larvae adopt a freeze aveiding strategy for survival at
subzero temperature ¢18). During the overwintering seasen, the larvae accumulate a relatively
high content of trehalose and make ecological and physiological adapiations to the subzero
temperatures (18, 19, 20).

Ir: this study, two kinds of THPs were purified from the overwintering larvae of T. japonensis
and some properties of them were studied.

MATERIALS AND METHODS

Insects and chemicals

3rd instar mature larvae of T, japonensis were removed from gall-formed pine shaots in the
winter of 1998, Galls were quickly opened and the larvae were removed, frozen in liquid Ny
and then stored at -70°C until use. All bicchemicals were purchased from Sipma Chemical
Company, USA. DEAE-Sephadex A-25, Sephadex G-100 and HiTrap desalting column were
from Amersham Pharmacia Biotech AB, Sweden. Spectra/Por Dialysis Tubing was from
Spectrum Laboratories Inc., USA. Electrophoresis materials were purchased from Sigma
Chemicat Company or Bio-Rad Laboratories, USA. Protein molecular weight standards were
from Bio-Rad Laboratories.

Purification of THP(s) from overwintering larvae
All steps were carried out on ice or a1l 4°C unless otherwise stated.

Step 1: 50% ethanol fractionation

Frozen larvae (approx. 12.8 g) were homogenized in 60 ml of 50% ethanol by the
homogenizer model ULTRA-TURRAX T 25 (Janke & Kunkel, German) at 13500 rpm for 1.5
min. The suspension was centrifuged in a Sorvall RC 285 Cenirifuge (Dupont Ca, USA) with
an $5-34 rotor at 18000 rpm for 30 min. The supernatant was withdrawn from the bottom,
with care being taken not to disturb the floating layer of fat and debris. The supernatant was
concentrated by freeze-drying, then dissolved in double distilled water. The dissolved solution
was dialyzed against double distilled water by using Spectra/Por dialysis tubing with a
molecular weight cut-off of 1000. The dialyzed supetnatant was then concentrated by freeze-

drying.

Step 2: 20% trichloroacetic ucid precipitation

The freeze-dried material was dissolved in 20 ml double distilled water and mixed with an
equal volume of 4°C cold 20% trichloroacetic acid and kept at 4°C for 20 min. After
centrifugation at 4°C in a Sorvall RC 288 Centrifuge (Dupont Co. USA) with a 55-34 rotor at
(2000 rpm for 20 min, the acid-soluble material was dialyzed in double distilled water with
Spectra/Por dialysis tubing with a molecular weight cut-off of 1008, and then lyophilized.
After dissolved in 0.05 M Tris-HC] buffer (pH 8.0) contzining 0.} M NaCl, the non-diaiyzable
material was analyzed by ton-exchange chromatography.

Step 3. DEAE-Sephadex A-25 ion-exchange chromatography

The acid-soluble and non-dialyzable solution was chromatographed on a DEAE-Sephadex
column (2.6 » 40 em), equilibrated in 0.05 M Tris-HCL, pH 8.0. The column was eluted with a
linear gradient of 0.1-0.4 M NaCl in 0,05 M Tris-HCI, pH 8.0, at the flow rate of 18 mlh.
Fraction volume was 4.5 miftube. The eluant was monitored at 230 nm (THPs generally
contain few of no aromatic amino acids} and 280 nm (general protein absorbance). Fractions
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