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Pseudomonas rhodesiae

u - sy
Bhrhem ofzicyst lySstat

Pseudomonas rhodesiae H57} AJ713]3= parathion hydrolased (NH,),SO, 37, DEAE-Toyopearl 650M ion
exchange chromatography, Sephadex gel filtration] 4] 2 A A 8} A 7}, ¢] F3F7} A A 8+ parathion hydrolase
= F F79 5490, o] & 47 OPH 1,3 OPH LE W™ 3l¢ k. OPH I, 3 OPH I, 9] # A pHe}l &5+ 2
z} pH7.2, 30°C#} pH7.6, 37°Co) %} OPHII—Q] parathionS 71383l 843} Y X)&= 4°C~30°Cell A
3.01 kealmol ©] $1 2 Kmg}h-& 69.2 uMo| 1ok 4ba, OPH L,9) &4 3hollv) 2] & 4°C~37°Col A 4.07 keal/mol o]
%127 Km3}t-2 150.9 uMe] ¢ v} OPHI 2 1 mM$] Mg, Cu®*, Ca™, Ni**el] 9] s A E 484 o] A A 3= %2

Y OPH L= A8 d ¥t Aoz ddgch
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7121 Al (organophosphates) 2FEA] Q1 parathion (0,0-diethyl-
O-p-nitrophenyl phosphorothioate), malathion (O,0-dimethyl-S- (1,2-
dicarbethoxyethyl)dithiophosphate), fenitrothion (O,O-dimethyl-O-
p-nitro-m-tolyl phosphorothioate) paraoxon (O,0-diethyl O-p-nitro-
phenyl phosphate)®Z} 818} 7] &-All(chemical warfare agents)?]
soman (O-1,2,2-trimethylpropyl methylphosphonofluoridate), sarin(O-
isopropyl methylphosphonofluoridate), tabun (ethyl N,N-dimethyl-

phosphor amidocyanidate) 223  diisopropylfluorophosphate
(DFP) 52 A7l A vl §=3F9 choline esterase® ¥+ o]t

=

phosphatase, lipase, trypsin 5 TSt E4ES AAIFTHE, 19).
T QAo 49 f7190A= BH cholinesteraseE 2A817 )%=
SFA| T cholinergic activityE YER 7% $Hc}

At oz [UUA FEEHEL AFAEY AlY= =
(synaptic cleft) St 2 FEFE3}] acetylcholinesterase (AChE)2]
ARl AT serine 27|19} vHZFGH o2 AFsm T A
AChE®] o}H&E ¥ (acetylcholine) 78] 7)1%-S 4271k
(4,9,19). o] A} FF47% D DAY APH2 =59 of
AEEdo] AeatA F2F o] AEAR choline effects VERH
ok et o]E fF71QA SEES ofe] Zi osiA Tl
3 "ok, 13, 15).

#7114 3}3hE-(organophosphate compoundyS #-3JA]71+= W)
FAQ &A= organophosphorus acid hydrolase (OPH; EC
3.1.8.1)$} organophosphorus acid (OPA) anhydrolase (OPA; EC
3.1.8‘2)7]’ At} oPHE phosphotriesterase?)r %ﬂ%t‘“, o] EA=
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paraoxon, DFP, soman, sarin, tabun & TFSE -5-7191A) 35HE
=L 53] Al 4 AWK, 5,6). ©] A= Pseudomonas diminuta
MGS®} Flavobacterium sp. strain (ATCC 27551)0 23X 8 Ea]¥
FAF(7,14,16), OPHE ¥5 33k opd 302 EF B A
A6, F AR AR (OPA)
anhydrolase, ™ OPAA-2T Alteromonas sp. strain JD6.52 -
B Hx= dAHNEG), ©] E4% OPHS} vZIRAE thekst
79 F7IRIAE &8l A2 5 92, OPHET} soman 23}
F3o] B & ¥hH, paraoxon E35E-L Hojzoky BHEA 9l
T, 5,6). Alteromonas undida(3)2} Alteromonas haloplanktis C
(ATCC 23821)(12)2 58] LHE Al HA 542 OPAAE AE
AR AAe 7T 9low, 9el proline 717} carboxyl T
@0l AAE dipeptide, 5 X-Pro®] FH = ZAehE 71-#3let
= 845 717 prolidaseZ EeA $kth. 28 H &2 prolidase
7} X-Pro®] FE|= AL 71R3iE #ivtk olu{E} DFPE HIZ
3 GAE 217328A 9] PF 2= VIEdlshe 715E 71
I Qlukal B aElo] prolidase® OPAAZ} B2 glon kx|
22 GALY ZAEA] P-FERe] 7AW 28A 2 54
837 A7) wiEol prolidases G-A|E2F&A9] 4 AS
A2 AHE-317] 913 B2 A7 JED ok

parathion® A7 £ AFHeX £ Pseudomonas
rhodesice H57} =43 3&3Ado] wta &ado] 48
parathiong- 71&& ©|-8& S| AAIS= parathion hydrolaseZ
A3l 1 BHRAE AASHHT

organophosphorus  acid

A
<)

e %
=
[LLon
B Aol A B3t parathion ¥-3FF2 P rhodesiae HS
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2 A3l AHgtgiThel).

CHH X} 2t
A4 @ld 35 2L Bradford2)H S AT Bio-

rad protein assay kit (BIO-RAD, Canada) W9 dye £9&
DW.E 1142 3A3 g smoll A8 100 piE Hr7ksked 733}
Al R & Spectronic Genesys 5 (Milton Roy, USA) #3434
ZAE o] &5} protein assay kit®] AREAEA S F7|H AX
d 595mmollA FREE SAAT old AlEE FISA &
2 §HS t2TE ARG e willd F5= BSA (bovin

serum albuminyg ©|&-3 548 AAJst AkEstiant

i

53

Parathion hydrolase €42 Walter®} Kamns(22)%] ®WHo =
A5t} parathion 10 mgS 1 ml2] methanol®] =o}1, 0.1
Triton X-1000] H7F8 50 mM Tris-HCI (pH 8.5) Y5eliol] 17}
3] parathion?] HF TEE 172uM0]| HEE A 77
fdoz ARG a4 B4 AR 02midl f9 V1A
B 28 ml& F7Iste] 30°Coll A 123 ¥R&-A171 &, Spectronic
Genesys 5 (Milton Roy, USA) &3 =AE 0|83 405 nmol|
A FBEE 430 ol AEE HUIekA 2 89 v
272 ARSIt

FASAL parathionS 185 1 umol®] p-nitrophenol (pNP)
£ Adshed Bosle 840 S 1 wittE FikElg e,
405 nmol| 4] pNP (pH8.5)2] molar extinction coefficient= 16,500
M-lemo]T}.

&~ 3y

Fol

1\

0
(SR}

&4 HA

P. rhodesiae H5¢] AA8= hydrolase®] £2]E €3] LB uj =]
3Ll & widet &, Mg AE 4°CollA] 6,000 g2 108 DA
Eegle JEAe AAS S gAE FH3AT o] #AE 20
mM potassium phosphate buffer2 3% MAst T &&=
100 mlZ @ A7l £, ILolA 302 g4 3 402 F= By
oz 7837 3dE 5 WHE (output watts 14W; Vibra-Cell,
Sonics and Material Inc., USA)St= 23 EHFE 4°CoA
10,000 x g2 2087 Y4l T]ste] 2RANS AT Z2a 4
& 20%-35%9] FAAAL geCol A
10,000 x g= 20%-7F 94EE)% § 20 mM potassium phosphate
(pH 7.2) 58 gmioll =] 4°Coll 4] 24417 Spectrum Nedical
Industries, Inc., MWCO: 12-14,000 (VWR Scientific, USA) 543
oS o] g3t FAeATh oA fojzl EANLE 20mM
potassium phosphate (pH7.2) &58N o= H33lE DEAE-
toyopearl 650MS. 2 FZE column (2.5%20cm)e] F&&
0.5 m/minZ 3te] 1,200% 53 600 mie] $FNE FTe{FHA
oA 823 & Al 04 M-07M NaCl-potassium
phosphate (pH 7.2)%59-& Eolam AL 85319 &3
H AE= 280 nmollA 352 A3} hydrolase 48 0]
g8 EF Fopd TZ AFRA F 2ml9] 20 mM

ammonium sulfate =

i
e
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potassium phosphate (pH 7.2) €5l ThAl =9 & [ mi& 20
mM potassium phosphate (pH 7.2)¢%F&do 7 Has 3
Sephadex G-200 (Pharmacia, USA)2.E 7% column (1X
90 cmyoll FUBFATE. o} FE2 025 m/minE 800E 3t F
200 mle] $EAE ESFUA, 2t ot hydrolase 448 &
et

DFPO 2 FE|9] Fo]29] W&-E DeFrank(4) Hoskin(8)4H
< o] 83ty &4 50mM NaCl, 50 mM Bis-Tris propane
(pH 7.2), 3mM DFP, | mM MnCl, + 4H,02] ¥F-3-8-<¥ 2.5 mie]l
2510 BAE s 25°Col A e EFEEA Fols
= SAHAHFE ol&3led 102 D= 108370 SHsHTE o)
GAE Whgofol] A 183t Hrketed whEAlZITL 15 DFP
£ A71elaL, AAE AIeA B2 S 2R ARSI
ot Fole #E#e] EFHIE NaF,E 200ml magnesium
acetate (pH 4.5) $EqollA] 107 - 10702 3|45l Fol%

|

AAE f4el #HA 2+ 20mM potassium phosphate (pH
72) SEdell BAE K & g LEE 10°C~70°CE
HAshA 7 B4 B4 SASIET 849 H3 pHE pHol
whe} ZAZte] k5ol = glycine-HCl (pH 2.2~3.5), sodium acetate
(pH 3.5~55), Tris-malate (pH 5.5~6.5), potassium phosphate (pH
7.0~9.0), glycine-NaOH (pH 9.5~12.0)914 845 4°C, 24417t
B NEEAIZ T 54848 S43e pHoll e G488
ZA} SHT) & A4S 20 mM pottasium phosphate (pH 7.2)%+
ZMo)A 0.4 mMT} | mM2] CaCl, - 2H,0, CoCl, - 6H,0, CsCl,,
CuCl, - 2H,0, FeCl, + 61,0, MeCl, - 6H,0, MnCl, - 4H,0, NiCl, -
6H,0, ZnCl, + TH,09] T40]23} g 37°CollA 1417F F<t Hl
% & 172 uM9] parathionS H7}8t3 Golgles 84 A4S =
Aot} Foleo Ut G5 ZARIYL, Km3te parathion
FEE 10uMOA 172uM7}A] WHEFAA  7FHA] parathion
hydrolase 84 %% &4 ¥, Lineweaver-Burk plotg 218 2
B35t

@o o
Parathion hydrolase2| 2 H|

P. rhodesiae H5 57} SH|Sl= parathion hydrolaseZ 73|
3171 f18ted LB ¥iA] 310X 244131 st F AlZE 88}
3, 2302 st e 2HAAE 20~35%2] ammonium
sulfate2 FAAIA G FEES /A0 Od % F 948
A& 243 A3}, parathion hydrolase EAEAL F 44545
unit® ZA ZEAN Hls| 1984 FF HUOH I5g
21%9L RIS THTable 1).

¥ ammonium sulfae® A & BEAMF ZFANS DEAE-
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Table 1. Purification of parathion hydrolase from P. rhodesiae H5

Pseudomonas rhodesiae H57} AAV8}= Parathion Hydrolase®] 54

201

Fraction Total protein (mg) Total activity(U*)  Specific activity (U/mg) Yield (%) Fold
OPHI/OPHI, OPHI1/OPHI, OPHI,/OPHI, OPHI,/OPHI, OPHI,/OPHI,
Crude extract 818° 21212 259 100.0 1
(NH,),SO, precipitate 86.9 4454 51.2 21 1.98
DEAE-Toyopearl 650M 8.82/5.66 575/333 65.3/58.9 2.7/1.57 2.52/2.28
Sephadex G-200 0.249/0.0535 197/30.3 789/566 0.93/0.14 30.46/21.86

#One unit of enzyme activity was defined as the amount which produced 1 M p-nitrophenol per min at 30°C.

®Single values represent a mixture of OPH I, and OPH I,

toyopearl 650M column®A] 0-1 M NaCl gradient I3 0.2 8&
&} parathion hydrolase 8% Tl A &S ZAgE 47} (Fig.
1), 271¢] parathion hydrolase #&¢] #Z&= o, 22+ OPH 1,34
OPH L= %W3lal 7zt 28-& o} chzokyt A8 33t
A3}, OPH 1,9 E4EA4L 5758 it 2E AN vlg] 2.52
B &= 2.71%2] 358S Vel on, OPH 1,9 S484
2 3333 unit2 RGN HIE) 2280 FHHAIL 1.57%2] 3
FES Vel

I3 Sephadex G-20001A1 gel filtrations 4=3J3F A3, OPH
% OPH L2 7} E484d0] 3046019} 2186012 555301,
S-8-8 242t 0.93%7} 0.14%2.8 Vet o= Mulbry[1717}
X313} Flavobacterium sp.2] parathion hydrolase “d#] A1l 478
vl T3}, Strain B-19] 3114 T%F Hue @A Jgo}
Strain SC2 2.2809] SR uh= E4 vehd Axjolr),

a2t 2 eiAelA A" el ES 129 SDS-polyacrylamide

4 OPHL, — + OPHJ,

o

gel® A7|953 A7} gel filiration®F AAg il ds 2 7))
o] whild W=zt golgle] o] Frhe] AARYL
parathion hydrolase”} o} F-& AHAE §490-8 & 4 Ach

Parathion hydrolase2| S

BB A" £ &4, OPH 1,9 OPH L9 #3 pH (Fig. 2)
= ZAF 3 4% OPH 9] 334 pHE pH 72 R A RG=
oF ae| ol Fa BAo] BHlwd 3 Aoz velyrt
J2y OPH L9 #3 pHE pH 7622 OPH [ FAKH oF
) Ado] Hzlo|A|gk, OPH 1= pH 6.0%E] pH 9.07}A] &4
248 A sh=d ¥sl OPH L= pH 4.0%E pH 9.071#)]
v R Wl ZAgAo] FAFH o OPH 120} E4pH
H7E He AL glg 4= oIt}

A

—_
= B = - B« B
o O o o O
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Fig. 1. Purification of parathion hydrolase from P. rhodesiae HS.
Harvested cells were suspended in 100 ml of buffer A (20 mM
Potassium phosphate, pH 7.2) and disrupted with sonicator (output
watts 14-W; Vibra-Cell, Sonics and Material Inc.). The supernatant
was subjected to 20-35% ammonium sulfate precipitation and
dialyzed against buffer A. The enzyme solution was applied to a
DEAE-Toyopearl 650M column(2.5 by 20 ¢cm) and eluted with a
(dotted line) 0.4 M to 0.7 M NaCl gradient at a flow rate of 2 ml/min
for 1,200 min. Twenty ml fractions were collected, and the enzyme
activity (closed rhombus) and A 280 (solid line) of each reaction were
determined. Active peaks were eluted from a DEAE-Toyopearl
column at 0.45 and 0.5 M NaCl.
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Fig. 2. Effect of pH on the activity of parathion hydrolase. The
activity was measured at various pH values, and presented as a
percentage of the maximum activity, taken as 100%. Used buffers
(final concentration, 20 mM) were sodium acetate (pH 4.0 to 5.0);
Tris-malate (pH 6.0); potassium phosphate (pH 7.0 to 7.6); Tris-HCl
(pH 8.0 to 8.5); and glycine-NaOH (pH 9.0 to 12).
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Fig. 3. Effect of temperature on the activity of parathion hydrotase.
The enzyme was incubated with a mixture containing 20 mM
potassium phosphate (pH 7.2), and 172 uM parathion at various
temperatures for 1 hr, and p-nitrophenol formed was measured. The
obtained at 30°C was taken as 100% (OPH 1,). The obtained at 37°C
was taken as 100% (OPH L,).

A OPHI, B.OPHI,

T A HY 228 ZAISE A¥Fig. 3), OPH L= 5°C
o] ¥ 2roME 0% 8= B3-S FASIHT 30°CelA A
2 A YER AL 40°C0] ol BABA o] FA3] st H)
a3 g HeolX EAhBAE FAHE BIEl, OPH L= 37
ColA Hdl B4 8448 JERAAT BAEAHS A9 30°C-
40°C Afololl Mg frAlEo] F& SEHHE Ztu US-S I}
Ao} o)3& A= Flavobacterium sp.(17)9014 A 25 %
/4 257} 40°CQ] parathion hydrolase$h= thE Z3}o|c},

slehkg-o] Yojul= o] P 3 Hadhe] oAl 843} o
YAlE o] go] 3¥ ¥k &t =8]7] e ¥kgslr)7} of
Heh & A3o)A AR a0 E493) oUAE A 4
%}, parathion hydrolase”} parathiong 7}=23|d wj<] OPH 1,
F49 EA3) dlYR]= 4-30°C HLolA 3.01 keal/mol ©]%1L.
o, 37°Co)}e] %o M 147 keal/mole] B3} oA ghE-
veh) HR1H oz a4 AletlS ERIsigit vHH, OPH
L, 9 43} AUAE 4-37°C Bl A 4.07 keal/mol ©]}oH,
40°Co1 3] €EolME 9.76 keal/mole] B3} o RZkE viE}
Y o] 2% oM E ¥hEEly] o3 AR AHITH
(Fig. 4).

i AA" F &l 27 CaCl, - 2H,0, CoCl, + 6H,0,
CsCl,, CuCl, - 2H,0, FeCl, - 6H,0, MgCl, - 6H,0, MnCl, - 4H,0),
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Fig. 4. Arrhenius plot of temperature dependence. The logarithm of
the specific activity (V) (in micromoles per milligram per minute) was
plotted against the reciprocal of absolute temperature (T). The values
shown are activation energy calculated from the linear part of the plot.

A.OPHI, B.OPHI,

NiCl, - 6H,0, ZnCl, - 7TH,05-9] Tttt <ol 257 vhg AlA
olg Ao i FEEES] A aFE ZAL £ AN (Table
2), 04mMe] FEZ Mg¥, Cu**9} Fe*S 2|8t 7% OPH |,
< 72t oF 62%, 39%, 69%2 ELBYE A3l OPH L=
46%, 36%, 64%2] T8-S A3 OPH I,°] OPH LKt} oF
ZFANE € e AR et 23y 04mMe] FER
A2lgt U x] F40]22 OPH I, BT} OPH I, ©] &% A3
g 9 whe o® EEIt & 2 F458 ImME W71R

Table 2. Effects of metal ions on parathion hydrolase (OPH I, and
OPHI)

Remaining activity(%)

Metals OPH], OPHI,
04mM  1mM  04mM  1mM

No addition 100 100 100 100
CaCl,2H,0 61.5 0 63.6 455
CoClL,-6H,0 53.9 15.4 72.7 18.2
CsCl, 38.5 7.7 455 455
CuCl2H,0 385 0 36.4 273
FeCl,-6H,0 69.2 53.8 63.6 9.1
MgCl,-6H,0 61.5 0 455 36.4
MnCl,4H,0 23.1 231 455 27.3
NiCl,-6H,0 46.2 0 54.5 273
ZnCl,-7H,0 46.2 15.4 63.6 273
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Fig. 5. Lineweaver-Burk plot of partial purified parathion hydrolase.
A.OPHI B.OPHL,

FroAe Feit OPH I, ©] 56%2] A3iE Rtel OPH L9 91
% AETE B84 A FAUS ¥ YA BE F&L
OPH L] AslE ¥ we zlog Yeidth 53] 1mMe] ca®,
Cu™, Mg, Ni**& 2|8 7ol OPH 1,9 a484e 94
3] A4AE Y OPH L= 242} 46%, 27%, 36%, 21%2) Fi
Aol ot sl o= yelyrh mebA ol Ferol9)
gt B4 AIE Serdar(19)9] =FolA ¥ 02mM
3 1 mM2] Co*ellA] parathion hydrolase2] E4Jo] 6ujjs} 20m)
Z7Vshs ARehe 2R Cad Mgl o) &40 AsfE
v P vl

Lineweaver-Burk 2§ ©]-8-3}4] parathion hydrolase®] K_ %k
< Yol E3} OPH 1,2 692pME YEM B, OPH L
1509 uM JEhY OPH 1,9 74 31%=7} OPH LET} H&
< & & ANTHEFg 5). 1 B A-AA ZALE OPH 1,9
K, 2 Mulbry[17]0)] <l8iM 8Y87 Flavobacterium sp., strain
SC 9 K, %< 91 uM= 106 uMETF A3}4Jo] A3 Strain
B-19} 25pM Rrhks Z3pde) v Ao T3 OPH LE
7128 3e] olg T} AAdshe AaRT BF whe g7
o] El=|Act.

Fol2e Uas
DFPCE FE Foj&9 WEg £33 Ax DFPY F ol&
o} At HFEL 100 Fof) 1598 mg/lol L, 9% 43}

Pseudomonas rhodesiae HS7} AAVE= Parathion Hydrolase®] 54 203

2} 16.17 mg/LelRlth. 183 DEAE-Toyopearl 650M3} sephadex
G-200& A OPH 1,9 AR F o9 #&Ee 77
25.65 mg/L7} 38.76 mg/Lol AT, BPA DEAE Toyopear! 650M2}
sephadex G-200-5 A2 OPH Lo A&+ 24.51 mg/L3 40.62
mg/Le] Fol&o]l BEEIJt ©] parathion 350l Ue
Flavobacterium sp. ATCC 275518} Pseudomonas diminuta MG
7} DEPE Ballale A7) vls=gr Ayjelch16). 18ut Alreromonas
haloolanktis C7} H-#5h= 58.7 mg/Loll ¥IsiE DFP ¥ &
Ao] wre Auolti(10). whetr DFP 28 848 vlwd 243
4% OPH 1,7} OPH L= Th8 52:9& &) & Itk

ol ol F G7IA SRS BAA7le E28 giF
WAE)7) 918k 7)xaTe 843tus) 5] Y8l AxE B A
FoAA, P rhodesiae H52] parathion hydrolase®] &4J©] Serdar
QO Douglas(18)%-8) EEoIM Rug A 2o} Hojuxe &
A5k 2279 parathion hydrolase G545 FU3E Ajlxtol 2 3
o tisiME 7 817l Ao] §lof, o1Eel gl 7149l
A-F7F FYEE parathion hydrolase E4o] & URE 713HE
et & glozjzt Az

Ha

fE8
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ABSTRACT : Characteristics of Parathion Hydrolase by Pseudomonas rhodesiae HS
Nam Kyung Yun and Kyeong Ryang Park* (Department of Microbiology, Hannam

University, Daejeon 306-791, Korea)

The parathion hydrolase (OPH) produced by Pseudomonas rhodesiae H5 was purified by ammonium sulfate
precipitation, DEAE-Toyopearl 650M ion exchange chromatography and Sephadex gel filtration chromatography.
Parathion hydrolase from crude extracts of P. rhodesiae HS has two components designated as OPH I, and OPH
L. Optimum pH and temperature of OPH I, and OPH I, were pH 7.2 and 30°C, and pH 7.6 and 37°C, respec-
tively. The activation energy of OPH I, for the hydrolysis of parathion was 3.01 kcal/mol in the temperature
range of 4°C to 30°C, and Michaelis constant (K, ) for parathion was 69.2 UM. The activation energy of OPH I,
for the hydrolysis of parathion was 4.07 kcal/mol in the temperature range of 4°C to 37°C, and Michaelis con-
stant for parathion was 150.9 uM. Furthermore OPH I, was completely inhibited by 1 mM Ca**, Cu*, Mg**,
Ni**, but OPH 1, was less inhibited than OPH I, by the metals used in this study.



