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Summary

Kwanok, Fujisaka #5, Paldal, and Suwon #82 as japonica type and IR-262 and CP-slo
as indica type of rice seeds were selected for this experiment among varieties grown in
Korea. Activities of crude enzymes extracted from germinating seeds of these varieties on
malathion and p-nitrophenyl acetate as substrates, esterase zymograms with I1-naphthyl
acetate as substrate, and some observations are summarized as follows:

1. Activities per unit volume of crude enzyme preparations on malathion were in the
order of Kwanok>IR-262> Fujisaka #5> CP-slo>Paldal>Suwon #82.

2. Esterase zymograms on agar-gel electrophoretograms exhibited three to four bands
two electrodes with little difference among varieties, nevertheless showing a wide and
strongly-colored band toward cathode. Suwon #82 has a somewhat different pattern from
others.

3. Enzyme activities per milligram protein with p-nitrophenyl acetate as substrate were
in the order of CP-slo>IR-262>>Paldal”>Kwanok>Suwon #82>Fujisaka #5, indicating
that activities of indica type are much stronger than those of japonica type, but not in
agreement with results with malathion.

4. Malathion did not much inhibit the esterase activity at the concentration of 0.2PPM
on electrophoretograms.

5. It is supposed that there is a complex esterase system hydrolyzing malathion and

p-nitrophenyl acetate in germinating rice seeds.
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T2 54%F (@) 949 J4d FAE3dE &
4 (ester hydrolases proper)s} (b) 43 =# %&
7144 Fz2 AL&FHE
hydrolases) 2 w8 3tgio).
Aldridge ¢}  Augustinsson 4% 3 7] g} Bl
23le Aol QL& ester hydrolases proper =
carboxyl esteraseg} aryl esterase®] 2 W
718 58 239 esterasec] X # &5t}
Carboxyl esterase (carboxylic-ester hydrolases,

F 4 (lipase-type ester

aliesterases, B-esterases)= W& Hol4-¢ 74 =n
ooz AwE 4 WFE esterd s sa
choline esters = J}FE3 3tA] Eafo Wi fe
F71A Ao} ellml st A vt physostigmine (PI=5)0]
= ALRE ARG A& G4 AA Hel4d)
w2} acetyl-, propionyl-, butyryl-ester hydrolase
2 gHetzlg.

Aryl esterases(aryl-ester hydrolase, A-esterase)
= uHgkE esters A E8) 8 vk wER W F ester
t ASES SARAZ A3 4AAA
physostigmines] A 4ol gt} o] R & diethyl®
p-nitrophenyl phosphate (paraoxon)$}  di-iso-
propyl ¥ fluorophosphate(DFP) &} 78 7] 1A
ANAE AeEe A Ed AHE A g
o}

Bergmann® 5o 93H o]l 4%+ p-chloromerc
uribenzoate(PCMB)o| & Atz 39 aryl
esterase® A3 3= F x4 PCMB 93tq &
4L # aryl esterases} FAF8HA § T E C-
ester hydrolase® A FE FFENA <3uct &
o

Choline esterases= ester hydrolases proper2 %
=] Aul 107°M 9] physostigmine o] 9 A &) &
wed.

A £ esterase & o]o] Fd EFIA Y
Jansen3- 12,180} 22 acetyl esterases(acetic ester
hydrolase) e}z 7|35l 45 & DFPo 93
o Asfslzz  JoosteF o 23w
esterases#t = ¥H84+ Atz g

B} &3 Jooste§ 9L A5G Fe o] FE v
A R AA Y B4 st 20 F, H, SF
4= 2§ esterase system -2 IR Z UohE FA
% o3 carboxyl-esterases &} aryl-esterases’} &
A wdz g

o] &1 wgt DFP(PI=3)¢] o3t #43lH
3 PCMBd 93 A& =4 ¢gonl 2-naphthyl

phenoxy acetates] 5o] A& 7+ phenoxy-esterase

acetyl-B-

7t %9 ojPuFd EAEE 22 A} Schw
%l F, wk# A (potato
tuber), citrus albedo ¢} flavedo ¥ W& ¢ o] 39
oA Zof 4] esterased WATZ olELE AR
o] & F(species)ol v} mE FYF WA= oE
strain o]} mE: 7e AE oFPx Aol FEZ
QAo Az dz2oE AL #Adged oE F
29 349} FARA 2o o0

Frankel5&® welZe] &5 123%F9 $24
oz H¥ starch gel electrophoresise] 9 3le] 67
9] esterase ¥4 ¢ zZt= bandE ¥ 4.

AAE dF9 ester 3FEY FI1AA FAA
AEHolx vl E# s} wE malathiond 7] A
2 HF%z oA A8FY Hd F2ANL A
zAWA A eEd & sz AP
4 el

O’Brien @ 2 Metcalf S 9.2 malathiono] 54
29 z& %4 carboxy esterase, phosphatase®
demethylation §49 &g o} B A2
EZ AA&Pger Tomizawa T2 S$¥Bz JTAH
malathion-g ® (Norin #1)of Ax3ls 154 F
XA A thiophosphoric acid 8 dicarboxylic acid
of malathiono] 8 A} 54 o] vtz Radlx
At

=% Rowlands®%:¥ & A 359 S549 e
A8 malathion®] 3l = 0 esterased] &3
malathion®] in vitro @ in vivod] 43 9 74
oo et Bzt ot

a3 otA 7HA] ¥ esterased] @AdlelE AT
zdusl glerz B AdAE Szt o
249 HEFFA japonica types] &3} A
FA A7 5%, 2D +4 8239 4F%F 5 indica
typeo] 4] IR-262, CP-slog] 2E%-2 A A sto o &
o] wolFdA 9 25 49-¢ wHE°] malathion ¥
p-nitropheyl acetateo] # & J}E3 A& ¥l
7 23} 5 agar-gel electrophoresisE 3 3}¢] esterase
zymogram-2 333 B esterase o] Fslo] o7t
9 2AE S5 ool 2z HE vl

artz5®® 2 green bean,

I. gz 3 U4y
MR
(1) Malathion 7438 4d
O FAEE
a) 4 (Kwanok)
b) FA A7t 535 (Funjisaka #5)
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<) IR-262

d) CP-slo

e) ¥4 8235 (Suwon #82)
f) &2 (Paldal)

@A o

Ethanol : CaOE 7}8] water bath $Jo) A} 3hrs.
A%, 298F FHAA AE

CCl; : Conc. H2SO4, NaOH soln. (1%)= =
E AT F CaClz Z4 FTHAA AL,

H—KOH——Ethanol soln. : KOH 2.8gr & 47
ethano] 100m! Hrejl &3 A1 7).

2% Bismuth nitrate soln : Bi(NO3); 2gr& 1:4
AA4EA 100mo] 28 A7,

Triton X-100 : 3&RA FTH A Hok,

A ALO;¥Y : A3t 24 Alumina 200 gré& &
F4 400ml o A=A 7 5 cone. HCI 5ml & 7}
stz A mabebwEAl 247 wAg. A&
glassfilter 2 3¢l o3tz methyl orange indic
ator 2 A4l glelAd A FHRFE AHsx
A Me-OH 300mi= A 3 &% 130°Cell 4 4hrs A
232 AL A F 1A% HAF

1,000ppm Malathion 4] :
layer plate ol 4 A A3 malathion & Me-OH o
ol TritonX—100¢ 342 A&ste] 2A
9+t

® A&7

Coleman Universal Spectrophotometer

Silica gel thin-

Beckman DU-2 Spectrophotometer
(2) Esterase A&
p-Nitrophenyl acetate® : p-nitrophenol 3.5 grs}
acetic anhydride 5ecc & pyridine &) 3}le] water
bath koA 2.5hrs Eot #-Fa= 4 wleAz &
23} Na,COss 4 %4 fpsted AFE A et A
%3 A7 % Buchner funnel 2 38t A=A 7
¥ Me-OHz 23 AAANA AL

a-Naphthyl acetate® : 4719} FAS Sz
a-naphthol 2.4gr} acetic anhydride 4cc® pyri
dine o] Fol A w3474 FAsz 94 Me-OH
2 28 AAAHG
(M.P.:45°C, £ : 44.8%)

Naphthanil diazo blue B (Fast Blue B salt) :
Merck 3 A4l & F9) &

Agar gel : Difco agar3 Erogor%s ®2o] ww o=
A A 8% .

Gel buffer : Tris-HCl (pH7.5) Buffer 49
Chamber buffer : 0. 3M—Boric acid—NaOH Buffer

(pH 8-6) 19}

g o4

(1) Malathion9] 7}

1) 2549 24 (crude enzyme preparation)

A7 FA FEL A4 5HHE B AATE o
A 2444 7t petri dish $le] 3 incubator 1
of A kol A 25°C el A 57 Fo] 2ol 2~3
em 8 A& AgE AL 9.

o] AREE A oA ¥ F7&
¥ 10gr A& F 3] nd ERolde] HE3
WEAAF wedFzd A Y447 0.2M-phoph
ate buffer (pH 7.0) 452" 100m/E fndle] Waring
blendor o 4 3min 7} vl stz JELA Eal7]
(3°C)el Al 12,000rpm L. & 30min 7+ 4 £ 8}
25gd A5de 23549 (crude enzyme) &2
Abgetg o), StlleTe] oty Hek ERT &
&g dFA oz AAH Y FLHRA FeEA =2
F AR

2) Malathion # =k

Malathion #5-2¢] ©) 414 g4 el Norris® o) u}

2
')

ot oy

2

e VT s 244 8] i i xme} ¢
A3z §ol % Yamauchi“?e] w2 A}-&5}e]
T & malathion & BE A 95t Atz
F& 57 A9 malathion e 4] Moz Hag
FE Fatstoet

g 2 24 vl 248 1,000ppm-malat
hion A4 1ml, &5 4% 10ml, TritonX—100 0. 1m,
i*f’i! S5miE A H AP el o] o 62.5ppmit-
A& mbER o] A S 37°Coll 4] 60min7Zt incubation

A7 % 5min7k w4

dio] Yol mad EHe %
A A7+
g5 o AE EA AR Az 448 10%-T
CA 10ml ¢t $]o]4 A== CCL 25mi & dof A

#3lA 20sec.zk AdFE CCl &L £esw mal
athion®] EFAE LS AT o)m 2 10%-TCA

FEA 2 dx CCL &&= w228 malathion
ol #iligch. old YAEHE ol AT £s
ok st & = F ¥ A7 A
FozA 943 EHAZh

o] CCL &¢& FA EhdFo &2 Sl A A
A Et-OH 10ml, %—KOH—Ethanol solution 2m!
2 o] 20°~25°Coll 4 10min.7} ¥} & F FHG
50ml, 2% Bismuth nitrate soln. Iml & Jnsto 20
sec. 5 AEIA ARTF FHIAL ALO &
a8 1gryd FA A7 column & F4 AA EEE
& A Astx Beckman DU-2 Spectrophotometer 2

r«{n:
2
i3 mlm
—{n
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s}d 327.5mp) A FHEE &A 3 Standard
curve o] &3] u] £3]% malathion & & F3} g .

3) EEFA

Standard malathion 0.1068gr & 100ml ¢ mess
flask o] A &3] 338z, ethanol & ALH A EF
oz §f. ol 44 10mlE 3 100mle] mess
flaske] 274 ethanol 2 FE&elHA 3t oA &
malathime] T&&d o2 8314, (0.1068mg/
ml)

2449 10mlS separatay funnel(250mDd] 3
33, CCl, 25ml, 254 50ml, 2% Bi(NOs); &
9 1ml, Y-KOH ¢4 2ml & <342 mdF 20
B A28 AgeF CCLEE Ao R 327.
Smpd A BXEE HIES HEE dimethyl dithio
phosphoric acide] 3 &2 = 39+t

%o 249 2.5ml, 5ml, 7.5ml, 10mlE £&
% separatory funnel(250ml)e] # 3t ethanol&
AL A 24%S 10mlz et
= oj71o N-Ethanol # KOH ¢4 2ml & sl
HAF EEe] 20~25°ColA 287 UATFE o
o] ZF4 50ml, CCly 25ml, 2% ¥ Bismuth
494 1ml& £4=2 Mz 20 sec.7t AFE F
CCly ¢ #Astd R 327.5mpdl A9 BRES
2243 130 Blank test®] % wiAl Z dimethyl
dithio phosphoric acide] 9% FH#=% T3tz &
A &%9 Z dimethyl dithio phosphoric acid
& BXEaRe o 2es ¢ dimethyl dithio
phosphoric acide] 9§ BEEE WA BET4E
e Ev(=® 113 2+

ad
as
@t

ok

Absorbance

33

e3

o1

(2]

o5 a6 o7 o3 o4 .0 4
Malathion (Milligram)

el 2 a3 as

Fig. 1. Standard curve of malathion determination

D DA g: 2549 0.2mle] FFF 0.3ml
A& b8t Lowry5 479 wie] o3l AAH

bovine serum albumin & $F 0 2 3}« Coleman

Universal Spectrophotometer 2. =}% 500mgs]] A 3
% srglet.

(2) Esterase A8

a) Agar-gel plate A2 : w5 LA F
gel buffer (20mD)e] A A #A Difco agar 0.2gr& =
o 1% $d o2 ulEF pipette £ 2ml 4§ 3X1
in. @n7 slide glasso] FL3HA delz=ewd
% lmm A9 platest A}, o] AL 20 min. F
o Alegs gou 28 A7 FFERN A
71 =4 streakingd A #&d EtA ol

b) Electrophoresis: $1ol 4 A& plate & A9
Zothe) Wz 712 SmmA 2 1mmA £ slit
2 gl=3 o]9}7e z7]e] Whatman No. 3 MM
filter paperd] AR & T4 AQFE shit Foll 44
Az EAL vinylz g Fig UAsZ A&
o W75 chamber o)A 6°C ol8t% {A 3t
w4 oF 220 voltse] 4] 40mA = 90min.7k A=

¢) Esterase ] g4 2 2A : 0430 Z{5 100
ml, 0.2M phosphate buffer (pH 7.0) 10ml, a-
naphthyl-acetate stock solution (1% in 50%
acetone) 1ml, Triton X-100 0.5ml, naphthanil
diazo blue B 100mg & £33 ¢ petri dishd]
Yz A9 5% plated @7} 37°Col A 40min. 7
incubation &% $Er4z ZFEd ARz G4
Me-OH : Acetic  acid : ZF4(50 : 10 : 50)-8-% <]
27b vl A& 2AAZ

d) Clearing of Gels®?: xct A=aA 37 4
o] 448 glycerin & ovenuo] A 70~80°C &
7} stz plated ol 7)o] 20~30 sec.zZt RTF Ak
A& A9

e) ExY 74 AEH TLGL (NH).S0,
2 g A 2A8 52429 2340 F 3,000r.p.m
oz QAR AEAE AAGE AL &
7+9) 0.05M-phosphate buffer (pH 7.0) & -] 4]
WA el n@sA Ag-e g

(3) p-Nitrophenyl acetated] 7}4~%3

1A 24 50% acetoned] 35 100#M-p-nitro
phenyl acetate 2ml 9} &4 3mlE A" g
3 37°Col A 40min.7t incubation A 71 %F #lZ
Bazel ol madl 8¢ AN AFA 2
g 490mpol 4 FHEE 5433 blank 2
p-nitrophenyl acetate soln. 2ml$} E4d FEA
o A}-&% 0.2M-phosphate buffer (pH 7.0) 3ml
E Hed B4 oz Py

(4) Malathiond]] 23k A8 4§

Triton X-100¢ $3Al2 ALg3sts  0.02M-
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phosphate buffer (pH 7.0)<] ¢l 0.2ppm mala
thion emulsione] 7)< 538 plate® 37°Col A} 30
min.7} incubation &3 $] o] A 8} 7o] naphthanil
diazo blue B salt 3¢ o] w7} 37°C o) 4] 40min.
7} incubation A]# malathion o] 2] 3l esterase 9

A3 E A& .

44

I. 2% 2 1ns
(1) Malathion®] -3}
i-”ri,'x] o 9 3}o] £38]% malathion®] =& 3

13 g

Table 1. Comparison of malathion decomposed
by crude enzymes of rice plant varieties

A

pin

l’d'

o Malathion decompose
Varieties athion decomposed

__(mg/6ml crude enzyme)
1) Kwanok 0.52
2) Fujisaka #5 0.49
3) IR-262 0.50
4) CP-slo 0.48
5) Suwon #82 0.43
6) Paldal 0.46
) Contml 0 39

* Control T’ao»“ 5'111

=24 ez AR

- Bmin Z} hOxlmg ol

3

Rl alathion -]

h milligram ¢ m
}jud "S‘ B 291} 711/}

ey
:

Kwanok Fujisaka #5

IR-262

Table 2. Comparison of malathion dccomposed

in terms of milligram protein among

varieties
Varieties Eidir%tf;;/rg?] gggiﬁgfs%d
e (mg/mg protein)

1) Kwanok 2.625 0.198
2) Fujisaka #5 3.25 0.151
3) IR-262 2.875 0.174
4) CP-slo 2.75 0.175
5) Suwon #82 2.45 0.176
6) Paldal 2.25 0.204

E 1A BE wlek o] 254N Smle A 3
malathion®] %-3] gFo] &0} 0.52 milligram & 2
b 7/1-0—5; Rop el H e A wke] shga
g B49m 4 8257 0.43 milligrame 27}
AL AL A4 7“’,] g gejol AFAdzm B
F9& Zelvh. =g control et 2F @& AZ
Fa9 F4-g e F ol

(2) Electrophoresise] 93l isoenzyme®] 2]

Agar-gel electrophoresis® 83 Aste [272]

ol 4 Wiz wpob 3l

(7.3 2]oll A 1= up e} zbe] 28, TR-262, CP-slo,
Sero] Al = anode 2 271
9] band 24wt 95, A 5 EAAE
B7t ¢lel 3709 bandst vtea F£4 823 % B

shrel ek
.

cathode 0 2 7]

CP-slo

Paldal

Suwon #82

Fig. 2. Electrophoretic patterns obtained with the micro agar-gel method
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TAHE AL (—)For F3 A% band>}
B2 Aol 49 825 % 99 malathion &
AFANAE 7td Agel Fez v o Bo} band
BE band A8} deumioA e
e L

(8) Malathione] 93 Esterased] 23

0.2ppm §X9] malathion £9o) ¢ ol 4 A 7]
%% plate & pre-incubation dF oA Y9 =
9 B o2 esterase & A 23929 2] 3] = o)

iso enzyme o] 2+

A3 gt olZlez nol A%¥E9 malathion
of Hal A& AdHo]l 9lo] malathiong 7}-£8)
Stedoz A7EY o7)d = Joostest Moreland
497} gh3lule}zke] E-g esterase system o] &
stel et F&4 .

(4) p-Nitrophenyl acetates] # & ZA 24

W3S ester 71 A 24 100xM-p-nitrophenyl ace-
tate & /‘]-»Q—U]- AN zF 2R WS FY A

F By % 39 2o

Table 3. Enzyme act1v1ty w1th b mtropnenyl acetate as substrate

Varieties ! Absorbancc(at 490m,z)
1) Kwanok 0.22
2) Fujisaka #5 0.19
3) IR-262 0.286
4) CP-slo 0.29
5) Suwon #82 0.18
6) Paldal 0.19

Absorbance/mg protein

£ 394 indica typeo] %3 CP-slo 9 IR-262
7} japonica typed] FE% mt} W aE esterd] o
T Z4ol AL 4 dout Myers®eo] o shnj
FEE ester BT esteraseo] o] o] g 7
2 2 malathiong Hd8E a9 wl= o33
AL &EA .

dFell o] & FFF A A4 F4o] 743 CP-slo
of W3l 2= 2 Ao wWE pnitrophenyl
acetatee] ®f 3t #A& w =7 33} o},

r}oru

Absorbance

a3

3]

[ 30 45 L {min)

Fig. 8. Activity of esterase in reaction to various
temperature. sample: CP-slo

1.575 0.139
1.95 0.101
1.725 0.165
1.65 0.175
1.47 0.122
1.35 0.141
7.2 o

Seved A A= zydE A
Zo]| A japonica typel. ® #-&, Ex Az 5%,

49 8239 4%%7} indica typeo & IR-262
CP slod] 2 &% & AA3te] esterd 9l F71UA 4
234 malathions} #} %% ester 4] p-nitrophenyl
acetatedl] o] 3t esterase®] A& v L X agar-
gel electrophoresisel]l 9 3l4 a-naphthy] acetate 2
7] A 2 3}o] esterase o] zymogram & #3343 ul &
293 24 oS3 2.

1. 2549 (crude enzyme)2] malathion 7} -
8l 58 2addAd ekl 3 L3l 2 malathion
milligram2. g ] 31%]-‘"4 #8 >IR-262> FA A7}
53 >CP-slo>2a>49 8259 =0 &8 8o 7}
F &4ol ZAtn F=, F4 82357 A4 Fetet

2. Esterase zymogram& ®w F3F7bo] dl &gl

o} 3~4/19 band’} FFo2 2Fo]n cathode
2 24 F3 A% bandsb 9T 54 825% B2
%3 o7t o patternS B9l

3. p-Nitrophenyl acetate® 7|2 &) = milli
gram S¥]A 3o F3 2 F4& vmste CP-slo
S>IR-262>FR>AE>FY 825 >FAAL 5E
9 22 indica type] FFol A F4o] A3t
1} malathion 799 dX A= =

4. 0.2ppm A =2 malathiono 2 Hﬁ]«] esterase
=4z A 4 gy
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5. ot W Z A ¢ malathions} p-nitroph
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