Early diagnosis of poisoning due to
agricultural chemicals In the silkworm
(Bombyx mori) larvae
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1
dichlorvos, acephate
phenthoate pyrazophos -
homogenizer dichlorvos,

phenthoate pyrazophos - 30 g
acetone 100 ml , , , dichloromethane

2 partitioning Tlorisil silica gel column
chromatography - acephate 20 g
ethyl acetate 100 ml , sodium
sulfate , florisil column
chromatography - gas chromatograph (HP 5890
series , Hewlett Packard, U.S.A.) , detector NPD
(Nitrogen phosphorus detector) FPD (Flame photometric detector)

, colum Ultra-1 (Cross-linked methyl siloxane, 25 m L.x
0.32 mm 1.D.x 0.17  film thickness, Hewlett Packard), HP-1 (Methyl
silicone gun, 5 m L.x 0.53 mm 1.D.x 2.65 Tilm thickness, Hewlett
Packard) SE-30 (Fused silica capillary column, 30 m L.x 0.25 mm
1.D.x 0.25 Tilm thickness, Supelco) -

@ 2 9N
2

dichlorvos acephate,



pyrethroid deltamethrin
cypermethrin -

Dichlorvos acephate

deltamethrin  cypermethrin - 2049
acetone 100 ml , ,
acetone 20 ml (H3PO4:NH4CI :H20=20:10:780, v/w/v) 10
50 ml 30 Celite 545
- dichloromethane 2  partitioning Tflorisil
column chromatography - gas chromatograph
(HP 5890 series , Hewlett Packard, U.S.A.) , dichlorvos
acephate NPD (Nitrogen phosphorus detector) FPD  (Flame

photometric detector) , deltarethrin  cypermethrin ECD (Electron
capture  detector) , column Ultra-1
(Cross-linked methyl siloxane, 25 m L.x 0.32 mm 1.D.x 0.17  film
thickness, Hewlett Packard), HP-1 (Methyl silicone gum, 5 m L.x 0.53
mm 1.D.x 2.65 film thickness, Hewlett Packard) SE-30 (Fused
silica capillary colunn, 30 m L.x0.25 mm [1.D.x 0.25 Film
thickness, Supelco) -

(© R 9
3 1 2
dichlorvos acephate
alachlor simazine -
Dichlorvos acephate
simazine dichlorvos - Alachlor
20 g acetone 100 ml

acetone 20 ml (H3PO4 :NHACI -H20=20:10:780,



\74174) B¢ 50 ml 30 Celite 545

- n-hexane 2  partitioning silica
gel colunmn chromatography -
©) peak
phenthoate phenthoate
retention time No. 6 phenthoate
1.90 ppm colum oven
peak - Column HP-1 (Methyl

silicone gun, 5 m L.x 0.53 mm 1.D.x 2.65 Tfilm thickness, Hewlett
Packard) Ultra-1 (Cross-linked methyl siloxane, 25 m L.x 0.32 mm

1.D.x 0.17 Film thickness, Hewlett Packard) , oven
150 60 retention time
. peak GCMSD (HP 5890 A Series

Gas Chromatograph equipped with HP 5972 Series Mass Selective
Detector, Hewlett Packard) -

®
(.05, 0.1, 0.5, 1.0
ppm) , .
5. C D
-3 ethyl alcohol
0.1ml , 20 »
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Summary

- In order to develope the method to diagnose insecticide
intoxication of silkworm exactly in early stage, Seoul national
university and chungbuk national university have carried out the

research . summary of this research results is like the following

1 . Because esterases iIn silkworm hemolymph and ganglia, and
acetylesterase In head tissue are specifically inhibited by
organophosp-

hate insecticides and carbamate iInsecticides, silkworm intoxicatin
by organophosphates and carbamates used in silkworm rearing farm can
be exactly diagnosed with the inhibitory condition of esterase and
AChE.

Campared to esterase in ganglia and AChE iIn head tissue, esterase in
hemolymph is most sensitive to organophosphate insecticides and
carbamates insecticides and easy to prepare the sample, therefore it
is most effective method to diagnose the silkworm intoxication with

extraction of esterase in hemolymph

2 . In order to detect whether insecticide is left in mulbery leaves
or not, method using the newly hatched silkworm larvae is applied to
all insecticide including pynethroids and easy to use, therfore it is
most effective biological assay that can be used in agricultural
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extension center, sericulture oooperative association and etc.

3 . We examine the electromyogram change caused by insecticide,
muscule strength and muscle amplitude 1is sharply reduced by
pyrethroids as well as organophosphate insecticides and carbamate
insecticides, therefore insecticide intoxication of silkworm can be
exactly diagnosed with examination of silkworm electromyogram. but
intoxication silkworm can not be distinguished fron non-feeding and
diseased silkworm by examination of electromyogram, which has to be

examined more closely

4 _ AChE 1is partially purified with gel filteration using the
sepharos-6B and ion-exchange chromatography system using
DEAE-cellulose, specific activity of AChE purified partially increase

from 1.3 to 7.6

- In order to evaluate the safety of mulberry leaves for
sericultural purpose to the contamination by pesticide residues, the
analyses of dichlorvos, acephate, phenthoate, pyrazophos,
deltamethrin, cypermethrin, alachlor, and simazine were done for 24
samples collected in spring and fall over three consecutive years
(1996, 1997, and 1998), each, from 8 provinces across the country, by
selecting three representative farmhouses iIn each province. In the
spring samples of 1996, the residual amounts of dichlorvos, acephate,
and phenthoate were 0.018 0.032, 0.013 0.072, and 0.051 ppm,

respectively, whereas pyrazophos was not detected, and the detection
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frequencies were 29, 58, and 4%, respectively. In the fall samples, on
the other hand, those of the above pesticides were 0.012 0.048, 0.02
0 0.156, and 0.018 0.050 ppm, respectively, and pyrazophos was not
detected either and the detection frequencies were 42, 17, and 8%,
respectively. While in the spring samples of 1997, the residual
amounts of dichlorvos, acephate, and cypermethrin were 0.014 0.064,
0.033 0.061, and 0.019 0.068 ppm, respectively, deltarethrin was not
detected. The detection frequencies were 75, 13, and 8%, respectively.
In the fall samples, on the other hand, those of the above pesticides
were 0.013 0.062, 0.015, and 0.009 0.013 ppm, respectively, and
deltamethrin was not detected either. The detection frequencies were
83, 4, and 17%, respectively. In the spring samples of 1998, the
residual amounts of dichlorvos, acephate, and simazine were 0.011
0.014, 0.012, and 0.018 0.053 ppm, respectively, and alachlor was not
detected. The detection frequencies were 17, 4, and 13%, respectively.
In the fall sanples, those of the above pesticides were 0.014 0.016,
0.010 0.034, and 0.018 ppm, respectively, and alachlor was not
detected either. The detection frequencies were 8, 21, and 4%,
respectively. Almost all of the samples tumed out to be non-toxic to
silkworms, except that one sample (No. 10, spring 1997) contaminated
by a high concentration of cypermethrin (0.068 ppm) was judged to do
harm to silkworms. In the GC analyses, the selection of columns, the
change in column temperature, and the use of MSD made the separation
and identification of the vague chemicals possible.
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1.
( 123x 124) -
2.
-dichlorvos(50%), phenthonate(40%)
= primicarb(25%), methomyl (45%)
- fenvalerate(5%), cypermethrin(5%)
3.
= dichlorvos 0.001, 0.005, 0.01 (%), phenthonate 0.01, 0.05,
0.1 (%)
> primicarb 0.01, 0.05, 0.1 (%), methanyl 0.001, 0.005,
0.01 (%)

:  fenvalerate 0.001, 0.005, 0.1 W,
cypermethrin 0.001, 0.005 (%)

10 , 5 48
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5. Polyacrylamide gel electrophoresis (PAGE)

7.5%
Polyacrylamide gel(gel size ; 8x 1lcm) 2mA/wel
2 (Hofer scientific Instruments, 1994),

gel esterase -

6. Isoelectricfocusing(IEF)
5% polyacrylamide
gel pH3.5-10.0 IEF (Bio-Rad

instruction manual, 1993), gel esterase band

7. Esterase band
gel 0.1% a-naphthyl acetate

(0.0%g a-naphthyl acetate 5ml , 0.IM sodium
phosphate buffer, pH6.8 50mi )] 3
7 30 - 0.5% fast blue BB salt

10 esterase band -

8. Esterase

Esterase prakaran (1995) 405nm
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Fig. 1. PAGE analysis of hemolymph esterases in silkworm larvae
treated with organophosphates, Band I, II, IIl : Esterase Major bands.
(A) Treatment with dichlorvos ; a ¢ control, b : 0.001%, c : 0.005%, d

0.01%, (B) Treatment with phenthonate ; e: control, f : .0.001%, g :

0.005%, h : 0.01%.

7HtHlo] EA|Q] primicarb} methomyl S 5% 54A]Z7ta} Srojlof] SEME N
glg oo WYX esterase band52] HA7|9EH patternS Fig. 20 ¥
AstGIEL. roflo] primicarb, methonyl Heldt Aol |7|AAE A
T B TS BFBoz, oo VU Zxst: 3709]  esterase
major band;é- FolA 714 ol FE7} whE Major band I gTho] &= g},

AN L2, esterasest Z|HolU AA ol iyt Sojyozuy

aliesterase, acetylcholinesterase, aromatic esterasel] 37]2 25312

olth. Eguchi %&.,(1967a)& 4%F2 7]2AL A}g3}3, pH indicatory o]
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band I-& acetylcholinesteraseo] <3tAut acetylcholinest:er'ase.‘l] 42

& 7}Ad, major band II, NI aliesteraseo] &3t= Ao FFHCTE

]q—l
4-11
e e

Fig. 2. PAGE analysis of haemolymph esterases in silkworm larvae
treated with carbamate. Band I, II, Il : Esterase major bands. (A)
Treatment with pirimicarb : a : control, b : 0.01% c : 0.05% d :
0.1%, (B) Treatment with methomyl : e : control, f :0.001%, g

0.005%, h : 0.01%.
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5% 54A|ZR] fe=ojoll fenvalerate, cypermethring HEWE A a|gt Yo
9] Y= esterase major band52] M7|9EH patterng Fig. 30] RN |
StAATh Fig. 304 B uie} Zo|, MgAZo|=EAE A role) HY
ol EA3H= 3708]  esterase major band 52 87]Q1AL} Fulm o] Ex)
& A2 ZA3e el Azt delues e 32 4 Aok

ole} o], IULZO|EAo] 2l ol Vel Ezjste 3749
esterase major band&ofl QlolA A& A&7} LEILIA] = AL §7)¢0A
U FhebeolEAe]  Agriatate de],  ddARoExt 23
acetylcholinesteraseE A3|3Ix] ¢fx1 A AAL A7 FEulbo) 283}y

w0l 2ta gzt

Fig.3. PAGE analysis of haemolymph esterases in silkworm larvae
treated with pyrethroids, Band I, II, Ill | esterase Major bands. (A)

Treatment with fenvalerarte : a: control, b : 0.001%, c : 0,005%, d :
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0.01%, (B) Treatment with cypermethrin ; e - control, ¥ : 0.001%, g :
0-005%-

- IEF (Isocelectric focussing)

1EF ,
PAGE 3 esterase major band -
3 major band pl major band a ,B .,y
1D Fig-4 5 4 dichlorvos ,
pH4.0 - pHB.O IEF
esterases band . Fig. 4 3
esterase major band , pl esterase major
band o (pl 4.84) dichlorvos .
2) Fig. 5 ,
dichlorvos 3 esterase major band
pl esterase major band o - ,
esterase major band « acetylchol inesterase
esterase , PAGE

esterase major band 1 .
K)) Fig. 6 , PAGE

major band -

- 32 -



4—(
.--4-/3
‘log

a b c d

Fig. 4. IEF analysis of haemolymph esterases in silkworm larvae
treated with dichlorvos. Band @, B, 7y : Esterase major bands. a :

control, b : 0,001%, c ; 0.005%, d : 0.01%.

Fig. 5. IEF analysis of haemolymph esterases in silkworm larvae

treated with methomyl. Band @, B, y : Esterase major bands, a :
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control, b : 0.001%, c : 0.005%, d : 0.01%,

- 5
= 3
- o

Fig. 6. IEF analysis of haemolymph  esterases in silkworm larvae
treated with fenvalerate, Band a, B, 7 i Esterase major bands. a :
control, b : 0.001%, c : 0.005%, d : 0.01%,

t}. Esterase ¥4 2 &3

AzAo] o3t ool WUZo| & esteraseBP AHPES A7) 4
Bl 53 48A12H rollold dREE 25t AEA £AE AT F
esterase?] ¥4 ZBY AHE Fig.7 o EASHAC

1) Fig. 7614 BE ujel o], {7124 4FA dichlorvosS AN 7
9] esterased] ¥ tixg 100(431 4. 70)0) u]3}, 0.001%olA 39,
0.005%0] A 25, 0.01%0]A 1524 I esterase B dichlorvos®] 7}
ko] wlgste] FAsHA ZAstaTh

2) Jlupwlo]| EAQl methomyl & E7I% 7A22] esterase@A S thze
100431 £470)0) H]3l, 0.001%clA 93, 0.005%0fA 86, 0.01%0A 79202 X
. esterase ¥4 methomyl®] A7takel wsistel LtstAl Zastalc.

3) 3w, y|gAZo|=AQ fenvalerateE 2718t A 9-2] esteraseBP 2
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100(431+ 4.70) 0.001% 99, 0.005% 99, 0.01%

98 , esterase fenvalerate

> esterase

in vivo (Fig-1 -6 ) , in vitro (Fig-

.~ 500
=
S = 400
% £ 300
& €
SE
82200 |
T3
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-
]

0

] 0.001 0.005 0.01
COncentration of insecticide solution (%9

Fig. 7. Effect of some iInsecticides on esterase activity in
haemolymph of the silkworm. = -= ; dichlorvos, -+ ; methomyl, < --

; fenvalerate

esterase >
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AChE , AChE

acetylchalinesterase(AChE) (Cgita et
al., 1965 ; Kim et al., 1997 ; Wipawan et al., 1995).
» detection ,
AChE biosensor
(Francais et al., 1998).
sumithiaon
esterase (Watanabe et al.,

1967), AChE
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1.
(
123x 124) & -
2.
zdichlorvos(50%), > primicarb(25%), methamyl
=0, = fenvalerate(5%)
3.

acetane »
: dichlorves ; 0.001, 0.005, 0.01 (%)
> primicarb ; 0.01, 0.05, 0.1 (%), methomyl ; 0.001,
0.005 0.01 (%)
: fenvalerate ; 0.01, 0.05, 0.1 (%)

5 48 microsyringe

10 topical application , 6 -
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5. AChE

0.1g 0, G.5, 1.0, 1.5% Triton X-100 5

Sodium  phosphate  buffer  (pH7.0) homogenizing -
hamogenizing 10,0009 10 ,

AChE -
6.
1.0% Triton X-100 buffer solution(C-1IM

Sadium phosphate, pH7.4) homogenizing , 10,000g 20
Davis(1964) 7.5% Paolyacrylaride gel

, gel  buffer C.1% Triton X-100 -

7. genenral esterase AChE band

gel 0.1% a-naphthyl acetate (0.0=g a
-naphthyl acetate 5ml , 0.1IM sodium phasphate
buffer(pH6.8) 50l )] 37
30 - 0.5% fast blue BB salt 10

esterase band -
AChE band  Karnovsky et al. (1964) -
gel 25rg  Acetyltioncholine 1iodide, 32.5m1 O0.IM

Phosphate buffer, pHE6.0, 5ml 30mM CuSC4 5ml
, 30 1 incubation -
AChE
5 48 , 0.1g

Sml 1% Triton X-100, 0.1IM sodium phosphate(pH7-4)
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hamogenizing , 10,00Cg

Ellman (1961)

acetylthiocholine iodide 10

AChE

405nm

30 »

, head extract 30 ,
, 0.1M sodium phosphate(pH7.4) 950
10 ,
- 37 10

0.01M 5,5"-dithio-bis(2-nitrobenzoic acid) 100

- AChE
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1. AChE
- AChE PAGE
AChE synaptic plasma membrane
» » detergent

dissociation sclubilization

. , synaptic plasma
membrane AChE  sclubilization , hon-ionic detergent
Triton X-100 , AChE activity -

Fig. 1 0.5% Triton X-100 Triton X-100
1.8 , 1.0% Triton X-100
2.4 - 1.5%
1.0% - , Triton X-100
1.0% , hamogenizing

, phosphate buffer 1.C% Triton X-100 -
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0.025 |
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0015 |
001 |
0.005 | I
0 0.5 1 15

ACHE activity (A/min

0

Concentration of Triton X100 (%

Fig. 1. Solubilization of AChE in silkworm larval head tissue. AChE

activity was expressed as absorbance change per minute at 405nm, Mean

valuexSE, n=10

U, Y-ole] mz] oA AChE band®] A&
ojle] mjE|zAo] EA3l= esterase ul AChE®] Polyacrylamide gel

elect}*ophoresis(PAGE) B AZNE Fig. 200 HA3Hch
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Fig. 2. PAGE analysis of esterase and acetylchalinesterase in larval
head tissue of silkworm. A : esterase electrophorogram, B : AChE

electraphorogram. Arrow denotes AChE band.

Fig. 2 5-6 esterase band

1 AChE band - a - R-naphthyl

acetate esterase . . . , ,
, (Eguchi et al., 1967) (ycshitake et al. 1965)

head tissue -
Cavid .(1987) Tabacco horrmarm  larval brain 1 AChE band
, Ogita - (1965) house fly tissue
extract 1 AChE band
1 AChE band -

- AChE
3 5 48 topical application , 6
, AChE Fig.
3 - dichlorvas  phenthonate( )]
’ 5
AChE , 0.01%
AChE - , primicarb
methamy 1 )] dichlarvas
AChE -
, fenvalerate  cypermethrin( D)

AChE
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Fig. 3 Effect of some insecticides on AChE inhibition in the larval

head tissue of silkworm,

(AZ Treatment with dichlorvos : a: control, b: 0.001%, c: 0.05% d:
0.01% (B) Treatment with pirimicarb : e: control f: 0.01%, g: 0.05%,
h: 0.1% (C) Treatment with Fenvalerate : i: control, j: 0.001%, k.

0.05%, 1: 0.01%,

2. Aol & AChERS) AP E 2A}
5% 4821217 ‘rolo) melE At TaAUS AZY ¥, 4A gAL
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, AChE Fig. 4 ]
dichlorves AChE 100(15.5+ 0.28)
, 0.001% 100, 0.01% 92, 0.1% 43
, AChE dichlorvos , 0.1%
- methamyl AChE
100(15.5+ 0.25) , 0.001% 100, C.01%
91, 0.1% 54 , dichlorves -
fenvalerate AChE
100(15.5+ 0.28) , 0.001% 100, 0.01% 100,

0.1% 100 AChE fenvalerate

AChE
Fig. 3 PACE )
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Fig. 4 Effect of some insecticiedes on AChE activity iIn head tissue of
the silkworm. = -« ; dichlorvos, « -+ ; methomyl, -+ - ; fenvalerate.

AChE activity was express as absorbance change per minute at 405nm. A
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; absorbance. Mean valuex SE, n=5

AChE ,

esterase
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1.
( 123x  1249) )
2.
-dichlorvos, phenthonate
= primicarb, methoryl
= fenvalerate, cypermethrin
3.
5 3 10 topical application
2-3 10 -
10 Iml  sodium phasphate buffer(pH 7.0) hamogenizing
, 10,000g , .
4. PACE esterase band
, Cavis (1964)
7.5% gel - gel 0.1% a
-naphthyl acetate (0.05g a-naphthyl acetate 5ml
, 0.1M sodium phosphate buffer(pH6.8) 5aml
)] 37 30 - 0.5%
fast blue BB salt 10 esterase band
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Fig. 1. PAGE analysis of ganglion esterases in silkworm larvae treated
with organophosphates. (A) Treatment with dichlorvos ; a : control, b
: 0.001%, c : 0.005%, d : 0.01%, (B) Treatment with phenthonate : e:
control, f : 0.001%, g : 0.005%, h : 0.01%.

t}. Fjusjo] B4 Ar&A|Ql pirimicarbt methomyl & At olle] 1734
o] 9= esterase?] A3|elE Fig. 2l FA|steic). Fig. 2014 Hi& uvf

o} 7¥o], ole) AAAe| & esteraser, 71U AFAE A B
o9l zre Ao, AEA FEo) ulel FolHo= A 3= ot

Fig. 2. PAGE analysis of ganglion esterases in silkworm larvae treated
with carbamates. (A) Treatment with pirimicarb : a control, b :
0.01%, c : 0.05%, d : 0.1%, (B) Treatment with methomyl : e : control,

f :0.001%, g : 0.005% h : 0.01%.




gt W, WHYARO|=AQ fenvalerate} cypermethring A a|§t iojg]
UB ol Sli= esterased] AsIAENS Fig. 3] EAsto). Fig. 3oA 1
= Higt Zol, ‘rolle] MAMo] g esterase AEA Nelojx EIsin
A3 A7t BEE=A kgt

Fig. 3. PAGE analysis of gang1i9n esterases in silkworm larvae treated
with pyrethroids. (A) Treatment with fenvalerarte : a: control, b :
0.001%, c : 0.005%, d : 0.01%, (B) Treatment with cypermethrin | e :
contr6l, f : 0.001%, g : 0.005%.
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1
1976
1, 2, 3) 2) .
3.
4)
5).
dichlorvos, acephate phenthcate 3, captan
pyrazophos 2 , ethoprophos  endosulfan 2

alachlaor, sirazine, pendimethalin, paraquat dichloride 4

- 6) dichlorvas  phenthoate,

fenitrothion fenthion
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dichlorvos, acephate, phenthoate
pyrazophos
pyrethroid
deltarethrin cypernmethrin alachlar sinazine

- 8

dichlorvas, acephate, phenthoate pyrazophaos

pyrethraid deltanethrin  cypermethrin,

alachlor simazine

@ ) 3
3 (1996, 1997, 1998) G 6 ) (@ 10 )2
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) N.1 3¢ ), No.4 6 ), No.7 9
(¢ ), No.120 12 ( ), No. 13 15 ( ), No. 16 18 (), No.
19 21 ( ) No.22 24(C ) )

3.
o1 ("96)

1) Dichlorveos, phenthoate  pyrazophos

30 g acetane 100 ml 10
20 ml -
100 ml , 800 ml,
dichloramethane 100 ml 2 c.1 ml 2%
diethylene glycal/acetane 2 ml
- flarisil

calumn chramataography - 5 g florisil
n-hexane slurry glass column (30 cm L. x
2 cm 1.C.) sodium sulfate 1g
n-hexane -dichlorarethane (8:2, v/v) 15 ml

n-hexane-acetanitrile-dichloromethane
(48.5:1.5:50, v/v/v) 50ml phenthoate, dichlorvos
pyrazophos 30 mi
n-hexane-acetonitrile-dichloramethane (45:5:50, v/v/v)
pyrazophos - c.1 ml 2% diethylene
glycal/acetane 2 ml
- acetone 3 ml

GC-NPD -

2) Acephate
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20 g acetone 100 ml 10
10 mlI  1-butanol

- silica gel colurn chromatography -

3 g silica gel  n-hexane slurry
glass calumn (30 cm L. x 2 cm I.C.) sodium
sulfate 1 ¢ n-hexane-dichlaramethane (8:2, v/v) 10
mi
n-hexane-acetanitrile-dichlororethane (45:5:50, w/v/v) 20 ml
acetone 10 nl acetone 30 ml
acephate - 2 ml
- acetane 4 ml
GC-NPD -
.2 97

1) Dichlorvos

30 g acetane 120 ml 10
- 20 ml acetane 20 ml
(10 nl sonicatiaon, 10 wml )]
(H3PC4-NH4ACI-H20:20-10-78C, v/w/v) 10 50 ml - 30
Celite 545 - 1¢
separatory funrel 100 ml, 50
ml, methylene chloride 100 rl (50+50) -
2% diethylene glycol/acetone 0.2 ml 1 ml
- silica gel cclumn chraratography - Silicagel 5¢g

acetone: n-hexane(3:7, Vv/v)

acetane 6 mI(3+3) calumn acetone:
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n-hexane(3:7, w/v) 13 nl dichlorveos - 2%

diethylene glycal/acetone 0.2 ml 1ml

2) Acephate

20 g ethyl acetate 100 ml 10
- sodium sulfate 30 g 10
- florisil
calumn chramatography - Florisil 3 g ethyl acetate
ethyl acetate 10 ml calumn
ethyl acetate 80 ml
acetone 30 ml - acetone 120 ml  acephate
3) Deltamethrin  Cypermethrin
20 g acetane 100 ml 10
- 20 ml acetone 20 ml
(H3FC4-NHACI- H20:20-10-780, w/w/v) 10 50 ml
- 30 Celite 545 partition
- 1¢ separatory funnel 100 nl,
50 ml methylene chloride 100 mI(50+50)
- florisil  column chromatography -
Florisil 5 ¢ n-hexane 7 ml
n-hexane: methylene chloride (8:2,v/v) column
40 ml - n-hexane:

methylene chloride: acetonitrile(49.65:50:0.35, w/w/v) 100 wml

deltamrethrin cypermethrin -
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.3 C98)

1) Dichlorvos  Simazine

20 g acetone 100 ml 20 -
50 ml  acetone - 10 i
acetane 20 ml (H3PC4-NH4ACI-H20:20-10-780, v/w/v) 50 ml
30 Celite 545 - 500 ml
50 ml, 150 ml methylene
chloride 50 ml 2 methylene
chlaride
methylene chloride 50 ml
- 40 acetane GC-NFD
2) Acephate
20 g ethyl acetate 100 ml 10
- sodium sulfate 30 g 10
florisil calurn chromatography - mini calumn
(B ml1.D., 665mmlL.) 1g TFlorisil acetone 5 ml
prewashing acetone 10 (5+5) ml column

ethyl acetate 30 ml

acetone 10 nl acetone 70 ml

acetone 2 ml

3) Alachlor
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GC/NPC 1



20 g acetane 100 ml 20 -

50 ml  acetone 10 ml
acetane 15 ml (H3PC4-NHACI-H20:-20-10-780, w/w/Vv)
10 40 ml 30 Celite 545
- 500 ml 50 nl,
1C0 ml n-hexane 50 ml 2
n-hexane

n-hexane 50 ml

- n-hexane 40 -
Silica gel 1 g mini-column (33 mm 1.D., 65 mm L.) 5
ml  n-hexane n-hexane 5 ml(3+2)
calumn 2 ml/min

- Acetone:n-hexane(1:99) 7 ml
acetane:n-hexane(5:95) 13 ml  alachlor -
4.

1 -

Table 1. CLC conditions far the analyses of save pesticide residues in
mulberry leaves

- Dichlorvos, phenthoate, and pyrazophos

Column SE-30 (30 m L.x 0.25 mm 1.D.x 0.25 Tilm thickness)
or HP-1 (G m L.x 0.53 mm 1.D.x 2.65 Tilm thickness)

Cetectar Nitrogen phospharus detector

Temperature Cven : Initial 100 for 0.1 min, 15 /min to 170
maintained for 5 min or initial 130 for 1 min,

5 /min, 140 for O.1min, and 20 /min to 270
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maintained for 5 min.
Injectar: 220 , Detector : 250

Injection volure 1

- Acephate
Callumn SE-30 (30 m L.x 0.25 mm 1.D.x 0.25 Tilm thickness)
or HP-1 (6 m L. x 0.53 mm 1.D. x 2.65 film
thickness)
Cetectar Nitrogen phosphorus detector or Flave photovetric

detectar (S-mode)
Temperature Oven :

NPD : Initial 110 for 0.1 min, 20 /min to 250
maintained for 5 min. or initial 70 for 2 min,
10 /rin to 270 maintained for 5 min.

FPD : Initial 170 for 0.5 min, 20 /min to 250

maintained for 5 min.
Injector : 220 or 230
Detector - 270 (NPC) or 260 (FPC)

Injection volume 1

- Deltamethrin and cypermethrin

Column HP-1 (6 m L. x 053 mm I.C. x 2.65 film

thickness)
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Cetectar Electron capture detector
Temperature Colurn : Initial 200 for 1 min, 10 /min to 280
maintained for 1 min
Injector - 280 , Detector : 300

Injection volure 1

- Simazine
Callumn SE-30 (30 m L.x 0.25 mm 1.D.x 0.25 Tilm thickness)
Detectar Nitrogen phospharus detector
Temperature Cven : Initial 160 for 1 min, 5 /min to 250

maintained for 1 min
Injector - 250
Detector : 280

Injection volure 1

- Alachlor
Column HP-5 (Crosslinked 5% phenyl methyl siloxane),
30m L.x 0.32mm 1.C.x 0.25u m film thickness
Cetectar Electron capture detector

Temperature Column - 180 for 1min, 10 /rin to 200 maintained
for 7min
Injectar : 200
Cetectar - 300

Injection volume 1
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(0.5, 0.1, 0.5,

1.0 ppm) , -
6. peak
phenthoate phenthcate
retention time No. 6 phenthoate
1.90 ppm colurn  aven
peak - Column HP-1 (Vethyl

silicone gur, 5 m L.x 0.53 mm 1.D.x 2.65 film thickness, Hewlett

Packard) Ultra-1 (Cross-linked methyl siloxane, 25 m L.x 0.32 mm
1.D.x 0.17  film thickness, Hewlett Packard) , aven
150 60 retention time
- peak GC/VMSD (HP 5890 A Series

Gas Chraomatograph equipped with HP 5972 Series Mass Selective
Detector, Hewlett Packard) -
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1.
2 92
103% - deltarethrin
partition 2, florisil 10
g 0.05 ppm 0.25 ppm 81% 8%
partition 1 , Tlorisil 509

g 92% -

Table 2. Recovery by the analytical methods used

Reccvery (reant SCe), %) at different concentrations (gpm)

Chemical
.05 .10 0.25 1.00

Dichlorvos 93.3+ 4.0 95.1+ 8.2
Acephate 100.3+ 4.0 94.9+ 4.2
Phenthoate 99.4+ 0.8 96.4+ 2.1
Pyrazophos 91.8+ 1.5 91.5+ 2.0
Deltarethrin g7.0+ 3.8 91.5+ 5.4

Cypermethrin G2.7+ 6.6 81.8+ 5.4

Simazine 92.3+ 2.9 96.3+ 2.9

Alachlor 102.6+ 4.2 98.3+ 4.3

a)Standard deviation.
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4, 5 6 .

dichlorvas 1996 , 1997 , 1998 29, 75
17%, 42, 88 8% ,
0.018 0.032, (C.014 0.Coc4 0.011 0.014 ppm,
0.012 (0.048 , 0.013 0.062 0.014 0.016 ppm - 6)
3 5 dichlorveos (maximum
residue limits) 0.11  0.15 ppm -

0.032, 0.064, 0.014, 0.048, 0.062 0.016
ppm 3 0.11 ppr
29, 58, 13, 44, 56 M

dichlorvos -
acephate
58, 13 4% 17, 4 21%
’ 0.C1C0 0.156 ppr
. Phenthcate 1996 , 4 8%
, 0.018 0.051 ppm ) 6)
3 5 phenthoate
(raximum residue linits) 0.-30 0.50 ppm ,
1/6 1/10
phenthoate
- Pyrazophas
pyrethroid
deltamethrin cypermethrin 1997
8 1™ ,
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0.019 (0.068 0.008 0.013 ppm - No. 10

0.068 ppr . 789
A
C . ) B C ., ) c C . )
cypermethrin 0.07, 0.05 0.16 ppm 5).
cypermethrin (0.068 ppm)
alachlor (0.010 mg/kg)
, Simazine 1998 13 4%
0.018 (0.053 0.018 ppm , Simazine
EPA 7 4 5000 mg/kg
bady weight , WHO ‘ “
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Table 3. Pesticide residues (ppm)a) in mulberry leaves analyzed over

three cansecutive years (1996 1998)
1996
Sample  Location - Chemical
N Brovi Dichlorvos Acephate Phenthoate Pyrazaphas
0. (Pravince) Seasan

Spring Fall Spring Fall Spring Fall Spring Fall

1 0.024 (0.048 <0.010 <0.010 <C.010 <0.010 <(C.010 <0.010
2 Kangwon 0.018 (0.020 <0.010 <0.010 <C.010 <0.010 <(C.010 <0.010
3 <0.010 <0.010 <C.010 <0.010 <(0.010 <0.010 <0.010 <0.010
4 <0.010 0.017 0.022 <0.010 <0.010 0.050 <0.010 <0.010
5 Kyungki  <0.010 (0.030 <C.010 0.041 <C.010 <0.010 <C.010 <0.C10
6 0.022 <0.010 0.023 <0.010 <C.010 <0.010 <(C.010 <0.010
7 <0.010 <0.010 0.017 <0.010 <0.010 <0.010 <0.010 <0.010
8 Chungbuk <0.010 C.014 0.014 <0.010 <C.010 <0.010 <C.010 <0.C10
9 <0.010 <0.010 <C.010 <0.010 <(0.010 <0.010 <C.010 <0.010
10 0.032 (0.012 <0.010 <0.010 <C.010 <0.010 <(C.010 <0.010
11 Chungnam  0.028 <0.010 0.025 <0.010 0.051 (0.018 <C.010 <0.C10
12 0.019 <0.010 0.017 0.156 <C.010 <0.010 <(C.010 <0.010
13 <0.010 <0.010 <C.010 <0.010 <(0.010 <0.010 <C.010 <0.010
14 Chunbuk  <0.010 <0.010 0.020 <0.010 <(0.010 <0.010 <(C.010 <0.010
15 <0.010 0.013 <C.010 <0.010 <(0.010 <0.010 <C.010 <0.010
16 <0.010 <0.010 0.026 <0.010 <(0.010 <0.010 <C.010 <0.C10
17 Chunnam  <0.010 0.022 <C.010 <0.010 <(0.010 <0.010 <(C.010 <0.010
18 <0.010 <0.010 0.015 <0.010 <(0.010 <0.010 <0.010 <0.010
19 <0.010 0.018 (0.018 <0.010 <(0.010 <0.010 <C.010 <0.C10
20 Kyungbuk  <0.010 <0.010 0.072 <0.010 <0.010 <0.010 <0.010 <0.C10
21 <0.010 <0.010 (0.023 (.020 <0.010 <0.010 <C.010 <0.010
22 0.019 (0.015 <0.010 <0.010 <C.010 <0.010 <(C.010 <0.010
23 Kyungnam <0.010 <0.010 0.013 (0.035 <(0.010 <0.010 <C.010 <0.C10
24 <0.010 <0.010 0.041 <0.010 <0.010 <0.010 <0.010 <0.010

a)Figures represent mean of duplication.



Table 3. Continued

1997
Sample  Location - Chemical - -
B Dichlorvos Acephate Celtamethrin Cypermethrin
No. (Pravince) Season
Spring Fall Spring Fall Spring Fall Spring Fall

1 0.016 (C.040 0.044 <0.010 <C.015 <0.008 <C.015 <0.008
2 Kangwon 0.014 (C.036 <0.022 <0.010 <C.015 <0.008 <C.015 <0.008

3 0.018 (C.026 0.033 <0.010 <C.015 <0.008 <C.015 (0.009
4 0.045 (C.013 0.061 <0.010 <C.015 <0.008 <C.015 <0.008
5 Kyungki 0.035 (0.022 <0.022 (0.015 <0.015 <0.008 <C.015 <0.008
6 <0.013 <0.010 <C.022 <0.010 <C0.015 <0.008 <C0.015 <0.C08
7 <0.013 (0.040 <C.022 <0.010 <C0.015 <0.008 0.019 <0.C08

8 Chungbuk  0.031 (0.042 <C.022 <0.010 <0.015 <0.008 <0.015 0.009
9 0.023 (0.028 <0.022 <0.010 <C.015 <0.008 <C.015 <0.008
10 0.022 (0.062 <0.022 <0.010 <C.015 <0.008 0.068 <0.008
11 Chungnam  0.017 0.035 <(0.022 <0.010 <0.015 <0.008 <(0.015 <0.008

12 0.020 (C.025 <0.022 <0.010 <C.015 <0.008 <C.015 (0.009
13 <0.013 <0.010 <C.022 <0.010 <C0.015 <0.008 <C0.015 <0.C08
14 Chunbuk 0.019 (0.047 <0.022 <0.010 <C.015 <0.008 <C.015 <0.008
15 0.046 (0.036 <0.022 <0.010 <C.015 <0.008 <C.015 <0.008
16 0.015 (0.035 <0.022 <0.010 <C.015 <0.008 <C.015 <0.008
17 Chunnam  <0.013 (0.022 <0.022 <0.010 <(0.015 <0.008 <0.015 <0.0C8
18 <0.013 (0.046 <C.022 <0.010 <C0.015 <0.008 <C0.015 <0.C08
19 0.016 (C.018 <0.022 <0.010 <C.015 <0.008 <C.015 <0.008
20 Kyungbuk  0.023 (0.034 <0.022 <0.010 <C.015 <0.008 <C.015 <0.008
21 0.038 (0.029 <0.022 <0.010 <C.015 <0.008 <C.015 <0.008

22 0.032 (0.024 <0.022 <0.010 <C.015 <0.008 <C.015 0.013
23 Kyungnam <0.013 <0.010 <C.022 <0.010 <C.015 <0.008 <(C.015 <0.008
24 0.064 (0.034 <0.022 <0.010 <C.015 <0.008 <C.015 <0.008




Table 3. Continued

1998
_ Chemical
Sample  Location

P _ Dichlorvos Acephate Simazine Alachlor
No. (Pravince) Season

Spring Fall Spring Fall Spring Fall Spring Fall
1 <0.010 <0.010 <0.010 0.016 <C.010 (C.018 <C.010 <0.010
2 Kangnon  <0.010 <C0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
3 <0.010 <0.010 <0.010 <0.010 0.020 <0.010 <C.010 <0.010
4 <0.010 <0.010 <0.010 <0.010 0.018 <0.010 <C.010 <0.010
5 Kyungki <0.010 <0.010 <0.010 <0.010 <C.010 <0.010 <C.010 <0.010
6 <0.010 <0.010 <0.010 <0.010 <C.010 <0.010 <C.010 <0.010
7 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <C.010 <0.010
8 Chungbuk  <0.010 0.016 (.012 (.012 <0.010 <0.010 <C.010 <0.010
9 <0.010 <Q.010 <0.010 <0.010 <C.010 <0.010 <(C.010 <@.010
10 <0.010 <0.010 <0.010 <0.010 0.053 <0.010 <C.010 <0.010
11 Chungnam  <0.010 <C.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
12 <0.010 <0.010 <0.010 <0.010 <C.010 <0.010 <C.010 <0.010
13 <0.010 0.014 <0.010 <0.010 <C.010 <0.010 <(0.010 <0.010
14 Churbuk  <0.010 <0.010 <0.C10 (C.034 <0.010 <0.010 <0.010 <0.010
15 <0.010 <0.010 <0.010 (0.010 <0.010 <0.010 <0.010 <0.010
16 0.014 <C.010 <0.010 <0.010 <C0.010 <0.010 <0.010 <0.010
17 Chunnam 0.011 <C.010 <0.010 <0.010 <C0.010 <0.010 <0.010 <0.010
18 <0.010 <(0.010 <0.010 <0.010 <0.010 <0.010 <C.010 <0.010
19 <0.010 <(0.010 <0.010 <0.010 <0.010 <0.010 <C.010 <0.010
20 Kyungbuk ~ 0.013 <0.010 <0.010 (.014 <0.010 <0.010 <C0.010 <0.010
21 <0.010 <(0.010 <0.010 <0.010 <0.010 <0.010 <C.010 <0.010
22 0.011 <C.010 <0.010 <0.010 <C0.010 <0.010 <0.010 <0.010
23 Kyungnam  <0.010 <C.010 <0.010 <0.010 <C.010 <0.010 <C0.010 <0.010
24 <0.010 <(0.010 <0.010 <0.010 <0.010 <0.010 <C.010 <0.010




Table 4. The detection frequencies and the residual amounts (*96)

Detection frequencye)

Range of residues

Cherical ¢0) (ppm)
Spring Fall Spring Fall
Dichlorveos 29 42 0.018 0.032 0.012 0.048
Acephate 58 17 0.013 0.072 0.020 0.156
Phenthoate 4 13 0.051 0.018 0.050
Pyrazophos 0 0 NCL) NCL)

a)Na. of samples detected/No. of samples analyzedx 100.

b)Not detected.

Table 5. The detection frequencies and the residual amounts (*97)

Detection frequencye)

Range of residues

Cherrical ¢0) (ppm)
Spring Fall Spring Fall
Dichlorvos 75 88 0.014 0.064 (0.013 0.062
Acephate 13 4 0.033 0.061 0.015
Deltarethrin 0 0 NCL) NCL)
Cypermethrin 8 17 0.019 0.068 (0.009 0.013

a)No. of samples detected/No. of samples analyzedx 100.

b)Not detected.
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Table 6. The detection frequencies and the residual amounts (*98)

Detection frequencye) Range of residues
Cherical €0 (Ppm)
Spring Fall Spring Fall
Dichlorvos 17 8 0.011 0.014 0.015 0.016
Acephate 4 21 0.010 0.013 0.010 0.034
Simazine 13 4 0.018 0.053 0.018
Alachlor 0 0 NCE) NCE)

a)Na. of samples detected/No. of samples analyzedx 100.

b)Not detected.

3. peak ( )]
phenthoate 1.90 ppm
2)
peak  phenthoate column  oven
phenthoate C 1).
1 HP-1 column aven 150
phenthoate chramatogram (a) chromatogram
(o)) - phenthoate
retention time (6.425 nin) retention time (6.420 min)
- calurn  Ultra-1  oven
60 retention time 17
phenthoate standard peak (c d). Phenthoate
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Fig. 1. Chromatograms of the phenthoate standard and the sample at the
different oven terperatures iIn the different columns. (@) The
phenthoste standard at the initial oven temperature of 150 iIn the
HF-1 column, (b) The sample at the initial oven temperature of 150

in the HP-1 calumn, (c) The phenthoate standard at the initial oven
temperature of 60 in the Ultra 1 column, and (d) The mixture of the
phenthoate standard and the sample at the initial oven temperature of

60 i1n the Ultra 1 column.

4
dichlorvos, acephate,
phenthoate pyrazophcs,
pyrethroid deltarethrin  cypermethrin,
alachlor simazine 3
- 1996 dichlorvos, acephate
phenthoate 0.018 0.032, 0.013 0.072, 0.051 ppm
, pyrazophos , 29, 58 4%
- dichlarvas, acephate, phenthoate
0.012 0.048, 0.020 0.156, 0.018 0.050 ppm ,
pyrazophos , 42, 17 8%
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- 1997 dichlorvas, acephate

cypermethrin 0.014 0.064, 0.033 0.0e1, 0.019
0.068 ppr , deltamethrin ,
75, 13 8% - dichlorvas, acephate,
cypernmethrin 0.013 0.062, 0.015, 0.008 0.013
ppm , deltarethrin , a8, 4
17% . 1998 dichlorvos, acephate
simazine 0.011 0.014, 0.012, 0.018 0.053 ppn
, alachlar , 17, 4 13%
- dichlorvos, acephate, simazine
0.014 0.016, 0.010 0.034, 0.018 ppm , alachlor
, 8,21 4% -Cypermethrin
(0.068 ppm) (No. 10, 1997 )
- phenthoate
GC column
5
1. (1994) )
36(2):180 181.
2. (1994) )
36(2):168 175.
3. (1994) ;
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36(2):176 179.

4. (1962)

2:83 8s.
5. (1993)
6- ’ ’
7. (1998)
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270 273.
(1984)

, p- 20.

3(1):16 21.



1 ,
5 5 (dichlorvos), (methomryl),
(cypermethrin) acetaon
topical application ,
1. (muscle power)
Fig-1 -
Fig.1 , 3
, , dichlorvos

methomyl cypermethrin -

Fig.2 - Fig.2 , 3
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Fig. 1. Effect of pesticides on muscle power. Pesticide solutions
(0.05 pesticide in 1nl acetone) are treated at 10 per silkworm by
topical application method. mean value + SE, n=10. ( * ; p 0.05, **
P C.01 vs Contral)
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Fig. 2. Effect of pesticides on muscle power. pesticide solutions are
treated as described in Fig 11. closed circle ; dichlorvas, closed
square ; methamyl, cpen circle ; cypermethrin.

Mean value = SE, n=10.

2. (amplitude)
Fig. 3 -
Fig. 3 » 3
’ methomyl

dichlaorvos cypermethrin -
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Fig. 3. Effect of pesticides on muscle arplitude. pesticide solution

are treated by fig 11. Mean value = SE, n=10.

*5p 0.05, * - p 0.01 vs cantral)
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Fig. 4. Effect of pesticides on muscle amplitude. Pesticide solutions
are treated as described in Fig 11. closed circle ; dichlorvos, claosed
square ; methamyl, cpen circle ; cypermethrin.

Mean value = SE, n=10
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4 acetylchalin

—esterase (AChE)

( , B)
1.
Acetylcholinesterase(AChE) , chalinergic synapse
, acetylchaline(ACh) chaline acetic
acid - post-synaptic membrane
ACh
, ACh chaline ,

(Eldefrawi, 1985).
, AChE target
AChE , ACh
, ACh
(C*brien, 1978). AChE ,
bicsensor
(Fennauh et al., 1997 ; Francais et al., 1998).
AChE » ’
, electric fish , ,
, X
(Rosenberry et al., 1984 ; Lee et al., 1982 ; Sussman et al.,
1991).
AChE
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AChE

(Brestkin et al., 1985 ; Zhu et al., 1999).

(RumpfF et al., 1997 ; Zhu et al., 1990).

» AChE
(Watanabe, 1978),
AChE - »
AChE .
2.
( 123x  124) ,
0.1g ml 1.0% Triton X-100 0.IM sodium
phosphate buffer(pH 7.0) homogenizing , 10,000g 1
, AChE

- Sepharcse 6B chramatography
0.IM sodium phosphate buffer(pH 7.0) (C.5%

Sepharcse 6B caolumn
5ml calurn

) equilibration -

Triton X-100
C0.1IM sadium phosphate buffer(pH 7.0)

1.0% Triton X-100
flow rate 0.3rl/mim

. Fractiaon Il , AChE

fraction , DEAE-cellulose chramatography
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. DEAE-cellulose chramatography

CEAE-cellulose column  0.1IM sodium phosphate buffer(pH 7.0) (0.5%

Triton X-100 ) equilibration - buffer
, NaCl oM 1.0M linear . Flow rate
0.3ml/min , faction 5ml -
Lowry (1951) , BSA (bovine

serum albumine) .

3.
- AChE
AChE , 1g 1% Triton X-100
0.0IM sodium phasphate buffer(pH 7.0) 5l homogenizing ,

10,000%x g 1
- 157.6 unit specific
activity 1.30 -

Sepharase 6B chramataography ,
Fig. 4 - Sepharose 6B chraratography
buffer 0.5% Triton X-100 ,
AChE -
Fig. 4 fraction No. 25 30 AChE
, fraction 62.4unit,
specific activity 5.2 39.5%
Sepharcse 6B chramatagraphy , AChE fraction
Na. 27-37 major peak ,
fraction No. 25-30 -, AChE activity
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Sepharcse 6B chramatography ,
DEAE-cellulose chraratography , Fig. 5
- DEAE-cellullcse chraratography  Sepharcose 6B chraratography

Triton X-100 buffer ,
gradient maker QM 1.0M NaCl
, AChE  NaCl c.2m 0.3m , major peak
, , 12_6unit,
specific activity 7.6 crude extract 8.0%
- -20 , AChE

Table 1 , DEAE- cellulose
chromatography Sepharase 6B chramatography AChE

crude extract

, Specific activity 1.3 7.6
AChE
» , Sepharcse 6B
chromataography
- Sepharose Sephadex
chromatography AChE peak Fig. 4
peak - (Guilbault et al., 1970 ; Huang et

al., 1973 ; Lee et al., 1974 ; Breskin et al., 1984)
AChE , affinity column

» calumn s
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AChE
(Cnagey et al., 1987 ; Zhu et al., 1993 ).

AChE affinity column
B 5 20
-
L] 5
=15 —
= L | E
= 44 o
= E
5 =
— 4 - =]
z 08
o 4 [=4
= s
-]
w 24 L] =
5 os 2
1 108 2
% i K 5
y g
1 { - [=]
e - Q
0 L T Y T T Y T ' T ) T ) 0.0
0 0 40 60 80 100 120 140

Fraction Mumber

Fig. 3. Sepharose 6B chromatography of AChE in
Silkworm larval head tissue. Column(l.7x 35cm) was
equilibrated with 0.01M sodium phosphate buffer, pH7.0,
containing 0.5% Triton X-100. Flow rate was 0.3ml per
min. 4ml fractions were collected at 4 . One unit of
AChE is defined as that amount which will catalyze the of
1y M of acetylthiocholine per min at 25 and pH 7.5.
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Fig. 4. DEAE-cellulose chromatography of AChE in
silkworm larval head tissue. The column(1.5x 25cm) was
equilibrated with 0.01M sodium phosphate buffer, pH 7.0,
containing 1% Triton X-100. Elution was with the same
buffer, which contained a linear gradient of NaCl from OM
to 1IM. Flow rate was 0.3ml per min. and 5ml fractions
were collected.
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Table 1. Summary of purification procedure for AChE from head tissue

of silkworm
T otal T otal ) Total - ) Specific
b g | ‘e Protein activity Activity Yield vt
rocedure  volume rotein activi
P (mg/ml) _ unitiml) (%) HIY
(ml) (mg) (unit¥) (unit/mg)
Crude
5 120.5 24.1 157.6 31.52 100 1.3
extract
Sepharose
24 12.09 0.5 62.4 2.6 39.5 5.2
6B
DEAE-
30 1.65 0.055 12.6 042 8.0 7.6
cellulose

* One unit of AChE is defined as that arount which will catalyze the

of 1y M of acetylthiocholine per min at 25 and pH 8.0.

. AChE
(Fig- 5).
Fig. 5 (a) ,
, (b) esterase . Fig- 5
1-2 , 1 esterase band
(Fig. 2 (),
5-6 esterase 1 esterase
band , esterase AChE
, AChE 5-6 esterase
, AChE - , esterase
AChE »
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AChE

@ ®

Fig. 5. PAGE analysis of partially purified AChE from silkworr. (@)

Silver staining of protein band (b) Staining of esterase band.
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Sepharcse 6B column  DEAE-cellulose caollumn
» 7.6
1.3 -
, 1-2 band

, esterase band 1
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