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Tree Weta Lipophorin -Biochemical Analysis-
Y. Gotoh, M. Iwasaki, M. Ochiai & C. Katagiri
Institute of Low Temperature Science, Hokkaido University, Sapporo, JAPAN

Introduction

Tree weta, Hemideina femorata, an endemic orthopteran in
New Zealand, overwinters in every life stage; egg, larva, and
adult. The end of last year, we started the biochemistry of
weta. To understand the relationship of lipids and tolerance to
low temperature, we purified lipophorin, a major lipoprotein,
from weta haemolymph.

Here we show the characterization of tree weta lipophorin.

Tree weta (adult male)

Insects
We used three kind of insects other than weta; silkworm because we have some
data about its lipophorin, and cricket, which is orthopteran insect as weta is. The
other is cockroach, which is close related to orthopteran. The used insects were
reared in our laboratory.

The insects used in the experiments

name order born in food temp stage
weta Hemideina femorata | Orthoptera | New Zealand | carrot, artificial diet 14 °C adult
silkworm Bombyx mori Lepidoptera lab artificial diet 25°C larva
cricket Gryllus biaculatus | Orthoptera lab carrot, artificial diet 25°C adult
cockroach | Periplaneta americana| _Blattaria lab carrot, artificial diet 25°C adult
Tolerance to low temperature
Around subzero temperature, there R to hindleg pinching at -1%C
was remarkable difference among Insect stage sex 5 min 10 min 15 min 30 min 60 min
th . ts i inchi test. In th Tree weta Adult  Male  + + + + +
ree msec sAm pmeching Aes - NN icina femorata Adult Female  + + + + +
test, we pinched a hindleg by Adit Male * 44
. Adult Female + + + * *
tweezers. When insects have o v o+ o+ s
activities, they try to escape from the Cricket Adt Male * -
pinching stimulation. We confirmed Gwlus bimaculatus  Adult Female  + -
.1e Adult  Male -
that only weta has an ability to move Adult Female + -
at -1°C more than one hour although ~ Cockroach  Adut male  + -
subtropical insects (crickets and ereesereens Adut Femae -
P Aduit  Male  + -
cockroaches) stopped to move Adult_Female _+ -
within few minutes. + : Avoidance of pinching stimulation
o Tree weta Cricket Cockroach ~ No response
C 0 _Homideina fomorata Gryllus bimaculatus __Periplaneta americana
5 O
o '@ CbOO On the other hand, we checked
10 o 0O Ooo () temperature at which tree wetas, crickets,
OO and cockroaches started freezing. There
-15 £ was no big difference among them. Tree
wetas started freezing a little earlier than
20 crickets. Eggs of tree wetas started
2 o8 Ego Egobatch| freezing at various temperature, and
@ didn’t have remarkable tolerance to
30 o freezing too.
35

O Starting temperature of freezing
Comparison of freezing temperature

Insect lipophorin ;.
Lipophorin is known as a ®
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Lipophorin, reusable shuttle

hydrocarbons

‘ apoLp-l, diacylglycerol (DAG) ‘ Lipophorin is composed of two

apoLp-l, phospholipids |  apolipoproteins; apolipophorins

(apoLp) -I and -II.

Lipophorin has lower density than other proteins
because it contains a lot of lipids, and is detected as
yellowish protein because it contains carotenoid. Some
insects have another apolipoprotein; apoLp-III, which
attaches to the surface of lipophorin to transfer more
diacylglycerol as fuel during long distance flight.

Three-layer model of the
structural organization for
lipophorin.

apoLlp-l + apobp-II @) )
+ O
O mmmp
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o
Lipophorin =/
[high-density lipophorin ;] apoLp-ll [ low-density Iipophorin;]
HDLp DLp

Lipopherin purification from the weta

We have already established the purification
procedures of lipophorin from the silkworm.
Firstly we tried to purify lipophorin from the weta
according to the silkworm one.

Steps
Haemolymph collection from adult weta

Haemocyte removal with centrifugation

KBr density gradient ultracentrifugation = 7/ lipophorin
at 72,000 rpm for 2 hr at 4 °C [A] 3 b "
| 70 ety o
Fractionation into 100 uL each ; H
from top to bottom e 008 NG
§on | [B] Ass o s S8
Measurement of weight and absorbance é{ﬁ@ $

450 nm (A,s,) of each fraction [B] e MUELE &

1 2 4 5 6 7 8 9 §17 ,51) \QQ
Dialysis against =L i SEe
lipophorin, FPLC condition D] L
10 mM phosphate buffer / 0.15 M NaCl J Column : Superose 12 T |
Buffer : 10 mM phosphate buffer = ¢4 wapoLp-l
; * (PH6.5)/0.15MNaCl o7 4
Concentration [D-] g ‘ Flowrate :0.5mL7min “ & —apolp-Il
" s Fraction size : 0.5 mL/ fracti 662
Gel permeation chromatography [C] § } DZ;;“’;}S"* . zaor:m ection 5
: !
e==>Weta lipophorin could be £ | / \]\ .
. ; . e \ \ o o
partially purified by the same & \ |
steps for silkworm lipophorin. [C] a/\;]\/\\ 215
0 4 8 12 16 20 24 28 32 36 40 (min) (k):-

Comparison of weta haemolymph with other insects
&

€ ¢ ¢ not. Silkworm apoLp-III is a heat stable protein at 100°C

apolp-l - for 30 min. Therefore the samples were subjected to the
U e = same heat condition and applied to SDS-PAGE.
ss28epoLo Il SDS-PAGE showed there was no protein band from
450 the heated weta haemolymph.
stone il There was no protein band
= == ApoLp-III was not detected in weta haemolymph.
2(1)5 apoLp-IIl

Western blot analysis
Weta haemolymph was also subjected to western &+ < =
blot analysis with silkworm lipophorin (apoLp-I
and II) and apoLp-IIl polyclonal antibodies,
separately. We used rabbit serum diluted to =
1/2000 with buffer (pH 7.4 10 mM Tris-HClI, 0.05
% Tween 20, 0.5 % skim milk).

====>> Western blot analysis of weta showed

—_—
no-cross reaction with silkworm antibodies. SDS-PAGE lipophorin antibodies apoLp-Ill antibodies

Lipid cempesition of weta lipepherin

Sample preparation

Lipids extracted by CHCI; : MeOH = 2 : 1 were applied Iéi)g:,icﬁon
to TLC (Thin layer chromatography) and Iatroscan Gl MoOH = 21
25mL

gnqusis. On.TLC plates, the lipids were detected by B on (tracon
iodine (I,), Dittmer reagent and charred. got m.
[A] Hydrocarbons (developed with n-hexane) Filtration

, Weta has only saturated hydrocarbons. Evaporation

[B] Neutral Iipids (n-hexane : diethyl ether = 3 : 2)

e )charred Lo

TLC or latroscan analysis

™ cholesterol
HDAG
hydrocarbons

. L 60%
ChA e ~ .
g 0% = The dominant neutral
;e | ol P % = lipid is hyd bons.
gnee o i .i - Y ipid is hydrocarbons
. - e The dominant

cricket  cockroach
The composition of the neutral lipids

silkworm weta
phospholipid is

phosphatidylcholine.

C] Ph holipid: : : =65:25: 7

[C] Phospholipids (CHcl, : MeOH : water = 65 253}

Dittmer reagent

$0s L2008
128WCC,a4 | 125WGG,34

S= silkworm, W= weta,
C,= cricket, C,= cockroach, I,
1:hydrocarbons, e
2:triacylglycerol, 80%
3:diacylglycerol (DAG) and
cholesterol acetate (ChA),
4:free cholesterol, ’
5:phosphatidylinositol,
6:sphingomyelin (SM),
7:phosphatidylcholine (PC) ,
8:phosphatidylethanolamine (PE) !
56SWC78
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0%

0% X ¥
silkworm  weta  cricket cockroach

56SWC,78 The composition of the phospholipids

Summary Tree weta could move on ice more than one hour, although
they started freezing from -3 to -5°C as well as other insects. We started
biochemistry of the weta lipophorin. Weta lipophorin could be partially purified
by the same methods for silkworm lipophorin. ApoLp-lll was not detected in
weta haemolymph. In weta lipophorin, hydrocarbons are dominant among
neutral lipids, and phosphatidylcholine among phospholipids.



