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Test of Degradation of Soman and Sarin Gas by
Organophosphorus Acid Anhydrolase and Applicability of the
Enzyme to the Development of Nerve Agent Decontaminant
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ABSTRACT

A gene expressing organophosphorus acid (OPA) anhydrolases have been cloned from Alteromonas
haloplanktis strain and expressed in bacterial strain BL21. Crude extract was prepared from the
transformed bacterial strain BL21 and used in testing its degrading capability of real nerve gas, soman
and sarin. Within 1 minute after the start of the reaction, nearly 65% of the soman added to the
reactant(3mM) was degraded by adding 1 mg of the crude extract enzyme(20.0 Unit mg' crude
protein). In 6 minutes, the reaction reached at its steady state, which indicates that soman was
completely degraded by that time. In the case of sarin, the degradation efficiency was observed to be
about 0.7 times of that of soman. If the specific activity of OPAA is enhanced by both increased
expression efficiency and purification, OPAA seems to be applied for the development of decon-
taminant of skin, especially of eye.
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317] 913} DS2 A =A(2% NaOH, 28% ethylene glycol
monoethylether, 70% diethylenctriamine)S A}8-5}1 QITk
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R WA FAE organophosphorus acid hydrolase(OPH),
W+ phosphotriesterase} E-2)=H], o] S4+ Pseudo-
monas dimimita MG$} Favobacterium sp. strain (ATCC
2755) o2 2E BRI o] T F5HY 2y
olZHE IAY i paraoxoﬁ, DFP, soman, sarin,
tabn F-& LT YoH, F3% ErieHE B4
& 2z a2 e Ho®

T WA S4%F organophosphorus acid (OPA) anhy-
drolase, Y™ OPAA-22} £, o] HAE Altero-
monas sp. strain JD6.5ZHE] BAFYE? o] Faw
OPH®} w714 2 paraoxon, DFP, soman, sarin, tabun-g-
o] 2ajAld < $ith 221t OPAA-2+&= OPHET}
soman F3f5o| o & ¥HH, OPH= OPAA-2 Hr}
paraoxon E8i'52o] t} 2> 199613, ERDECA]
T A7 23E B3] HEgolZ R o] EAE )
2 2=3la, BUgee) G484 okdALsE 9%
T 8L 3 A3} o Rl AR Ak

A5 FA4E Alteromonas undina®l™ Alteromonas
haloplanktis C 25E1" 445 OPA anhydrolase 18,
o)F HAE AR 4ZE 73 9loH, DFP ¥
sarin(GB), soman(GD), 12]1. GF7}A| 3913k £
S 7ML 9k Bk ohe), 549 EX(activity) =
W3- ol AN w85 8 AW
o} P11 Ajteromoas haloplanktis C (ATCC 23821)
ZRE] 47A" OPAA F4E Y poline 27)7}
carboxyl-terminal Zo)) $JX|3F dipeptide, Z X-Pro<]
peptide bondE- 7E3ldke E4S 71K prolidaseZ &
24 gk 2898 A2 prolidese7} X-Pro] peptide 2
& 7IR3E et o2} DFPE HIEsiA GAE
ABRLA ] PF ART 715830E 5 SlE 715 7F
A2 lvar B ars]o] prolidases U, F7IR171E3)
& organophosphorus acid anhydrolase : OPAA)EME
£2)31 Qltk guko 2 GAGY] ZEAS P-F Ao
JiEsEE AEAle EEL AR wEl
polidaset= G-AGZHEA) ASA=M 382 7FeA
o] SlojA} AAAEA] A7l B dPde] Ha ik

B J7E0)A= OPAA -34S  Alteromonas halop-
lanktis C Blej2jo}l2HE] Z21g3le] plasmid DNA,
pBlue OPAAE 27} Az 3 v 9ot a8lz o]
plasmid DNAE o}-83le] ©ldS ddAzl &, A}
A73AgAQ) DFPY) BasEe  Zsnt’” 3
ATolME FUT OPAA EAEA AZHEAQ soman
2 sarino]] Tt 2352E 27531 FARMEAI] DFP
Telse ) vlEsiHon, olF EUE o] f49] A7
A AZAZAL 8 7FeAdel tiske] E-4515th
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2.1 OPAA &40 wd

OPAA E4 5L 98ke] pBlue OPAA plasmid
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(33 1) pBlue OPAA plasmid DNA

DNAE o83}t 1d 1).

pBlue OPAA plasmid DNAE 2 A7E o)A 73l
OPAA 8 plasmid DNAZ4] BL21 d}ejlojolA] wh
& a8 v ¢ mon, L OPAA 349 =17] %
7123 DFP #3580 2449 vl Aok

pBlue OPAAY: pBluescript SK(-)o OPAA &7}
E AFFA)Z]  recombinant plasmid DNAZA],
promoter, structural gene, ~12] 3 flanking regiong ¥
Fr3to] F 1,354 bpe) B OPAA 3z HAS 7}
A1 lem, o] & strucural gene?] Aol 1,320 bp
BA 40 Y olulxgte s TAH Aotk EF
pBluescriptSK(-) plasmid DNA vector+ LacZ promoter
9 selection markerZ A] ampicilin resistant gene-g 7}
A3 ok OPAA £4 9 2HE 9J3to] pBlue
OPAA plasmid DNAZ4 BL21 HHEgjols 2
& AA 281 o] FAAFE BL21ME|Eote R
B OPAAS WdA)7]7] Y3l 1 mM IPIGE
& 37C, LB x| A 18-24 AJ7HE<t wjokailth
AR H) 2| = LB medium ©]TH10g tryptone, Sg yeast
extract 10g NaCl).

2.2 OPAA 29| &

wjoket ulglglolE YAREIE o) Rl AHAZ
3(Soval, 5,000rpm, 10%), HEAFE-E-A(S0mM (NHy),
C0; @H 75), 01mM MnClL, 10mM¢] A-mercap-
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toethano) © 2 2 X1z ATk vE|2]o} pellet 13 (wet
cell) 3ml9] FEgAoZ A% &, dd E83<
o g wEols 94 33 whEsle sd ¥
(freezefthaw, French pressure, % sonication), A%
71& o]8-3}i(Sorval, 12,000rpm, 203) TR B
o} 840 ZRE crude extractE FE3FAT

OPAA F24:9| activity= F3-809] F5(aqueous
supematant)of| 4] LAE AT

2.3 OPAA F40| X2 2olts2] X (assay)

OPAA FA9] 7148s AL Fhd sty
DFP, GB(sarin) % GD (soman)°] 733l 29 W&
5o YQE F o9 FEE F o|&sk SARF
< o]gsld 245Uk

OPAA + 2874 — 71rEe|E + F

AssayE A3+ 7} whg-g-o02 3mMO] Z-2-A|(DEP,
sarin I+ soman : S0mM stock solution in isopropanol)
S} 1mg®] crude enzyme H3FL g1, AMSE &
Z8000 AM buffer(S0mM (NHi),CO:pH 7.5), 0.1mM
MnCl,, 10mM 4-mercaptoethanol), 3mMe] DFP, sarin,
soman(in isopropanol)©] .

HH3-go) HF &L 10mlo|n, wh3-2 37T
A, stiring bar2 FEYHA AAFAA AAETH
A3 0} 2471 ¥, Orion 4} ATl
Fole $E 2% BjE pmolth F o9} 54
2], 19ppme ImM F o] & Fxof it & o
Fo| A AHE3 crude enzyme®] F A E-F E(activity)
1UnitS £9 1L0pmoled] Fol2o] Edse oz
(1Unit=1.0pmole F~ - min") |01, specific activity
T 84 Img 7 EEe Fold FE2A U
mg") Ak



3. Znt ¥ ¥
3.1 OPAA0|| 2[gt DFP2| 73l

W OPAA FAd oJ3le] DFP &&jA] A4
T F 0|29 $5& A7t Wsle] e} A3t
E1¥ 182

Hhg-g-olo]l DFP FT+ 3mMo|d, Img?| crude
enzymeS AMESIATE WS- AT oF 68 F, ¥hSo
e £23a, ojde] F o]29 Fre o
58.5ppm o]t} o] ke W89 ote] 3mM DFP7} &
F EE of yeEl= F )& 559 g3 ¥X
it

(£ 1) DFP Zafoll 2 F 0|2 ST

AlITHZ) control DFP
10 3.39 412
20 4.03 13.5
30 4.59 22.7
60 493 34.9
90 5.18 40.7
120 5.33 44.8
150 5.66 48.7
180 5.83 51.5
210 5.92 53.1
240 5.96 55.2
270 6.03 56.7
300 6.05 57.3
330 6.1 58.2
360 6.12 58.5
390 6.17 58.7
420 6.19
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(2% 2) DFP =afoll thE F 0|2 =&
&, o §hEAIZ 6% F &9 ¢Fo] EE DFP7} &
3] AU Sr3ich WA IE $9 F o]
FEE 349ppmo|3ith o] WRAIR 1Euel AA
DFP %2l 60%7} Zall=AS-S ArletH, 34.9ppme
1,837 uMo| #2318, o= 184umole F -min -
mg” protein, =, 184 Umg 'protein ©]ch

3.2 OPAAO &8t soman?| 725l

HEE OPAA E4 2 soman B84 AREEF o
29 % HA] AJ7te] wsle] w2t SHIATHE 2
9 13 3),

uhg-goll 20| soman FE 3mMo]H, 1mg] crude
enzymeS AHESIITE ¥hg A3 DFP 239} miziz)
A& ok 6 F ¥hEo] Y TEFaL, ojufo
F o]29 FE+ o 598ppm rthsomand] E%7}
3mM g, F o]29] A3 ppm k2 o|EHO=E 57
ppmof}, &0l AME-E soman®] FE7F & 3.1mM
AE Q% 3. o] gk FA] ¥he-8- QFe] somano] E
T 242 i Ye= F ol $=9 i3 X3k
GO, WHGAIZ oF 61 & g QFe] EE somano)
HA3] FHASE it ¥hEAIF 18 T F
oL EEE 39.0ppm o], o) HHAIR 120
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(& 2) Soman &sflof] & F 0|2 sZ(ppm)

3.3 OPAAO] oIt saring| 723l

sarin®] FHETE F o] T& AFE 0|83}
AZte] wslel] wet S ATHE 3 ¢ 19 4).

sarin®] EF&E 4 G|, DFP % somand] Z4
Ao} FU3 25 NA AA ST wheAIE 1R A
% & BE F ol F%& 19.7ppmo| Atk

AIZHZ) control Soman
10 1.21 15
20 1.89 25.3
30 2.11 32
60 3.82 39
90 5.01 43.8
120 5.93 47.3
150 6.82 50.2
180 7.56 52.9
210 8.26 54.9
240 8.99 56.5
270 9.65 57.8
300 10.3 58.8
330 104 59.7
360 10.5 59.8
390 10.8 59.8
420

S —O— control

F—ion{ppm)

—— Soman
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Time(sec)

(23] 3) Soman =3fol e F 0|2 SZ(ppm)

A soman?] 65%7} U= Jv]3tH, DFP &
&R o MECKY 4). A 1R F9
2= soman 9 %S FHISPA 2,052 Mo 3 F3}
B, o] 205pumole F -min” - mg” protein, Z, 20.5
Umg 'protein o]tk
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(E 3) sarin 23| & F 0|2 SZ(ppm)

AIZH %) control Sarin
10 1.02 2.1
20 1.26 5.93
30 1.48 10.2
60 1.94 19.7
90 2.29 26.3
120 2.52 31
150 2.72 35
180 2.88 37.8
210 3.04 40.4
240 3.12 42.4
270 3.27 44
300 3.38 45.1
330 3.46 46.1
360 3.56 47
390 3.65 475
420 3.74 48.1

(32l 4) sarin =8lol| 2 F ol SZ(ppm)




3.4 DFP, soman ¥ sarin®| H|@

719) S0} Bh0] o] ST 2NN D,
somn % serin®] $siEEE wws) BThY 5)

DFPS} somane] 7%, ¥hgAlE 68 %, §hg-gl
Fo) RE 7)7o] Bajslo] Babaelel olzgiAe
sarin& 78 £5}}, 2, DFP 3 somano] sarin 1T}
B4 mas) Bk MeAR 13 50 Be) 1
£2 1T 1), omnO ZHE HaE F olesrt
Wppm, 17|31 DFPEEE] HajE F 0|25 349
ppm [T}, DFP M} somane] 7] Bt of
=g 2L gujan.

F—ion{ppm)
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(22! 5) DFP, soman ¥ sarin2| 2aid|w
3.6 OPAA 49| X=X S8 7}

B d7Lef| 4] Alteromonas haloplanktis 2 2 E] &Y
3 F2AApBlue OPAA)E RE ©Z& LHAA
DFPS] ¥3)%58-S Z4% A7} crude extract9] specific
activity7} 20 Umgol} 3450tk 22y} Tu-Chen Cheng
Elo|A]  Alteromonas sp. strain JD6SEFE] 243}
FRAAZHE HAAA FE3 crude extract(OPAA-2)
9] specific activity 9J4] 15U/mg o] EE"® zeu}
FAR xS B3t 53 gude ddas

=9 M8 A7} AP OPAA-29] specific activity S
1820Umg7H &8 & Ach®

uioF pBlue OPAAY] L EES Foln BAE
OPAA F49] specific activty7} 1,800Ufmg A=7} €
ohd, o] FAe Tu-Chen Cheng FollA] 7Hket OPAA-2
o} A ARZEA N 2AE FRASZA Ao &
0] 75 Ssitk

¢ & E9 200mm HAHEE GD B8 4¥& A,
AYQYUSEE 128gm’ oJch(GD © Ite] A¥w
A, 85X90n’, 1% S, 98k, 1)1 191%
o AFARS 1’2 FAT A 19 F) 0 dEE
£ oF 255 GD/HE A = ok 2ds OPAAY]
specific activity7} 1,800U/mg ¥ 7%, &4 lmg 02
A WAL 182 ol EajAd 4= T somand]
oke ok 033g GD ot} 18| g HA|E F 7-8mg
o7 odd 14e 283 ASAZ £ ddke A
o] otk et AARE AxE AeAVt 37 F
ol WEA Fito] HER ofF HatA QEHE A¢
E Adstn A4 19 LGFEE o219 0.001H)
Ax vl B2 &g Aoz didct &3 ¢t
LEHNUE S M3 AZAE Foll AHE 571 9
t} 222 ok 3EjZ OPAA © OPAA2 EAE
AZAZ AR & §380] Qlo] AZERE
E £ 9% Ao gudt

4 4 &

B AFe EAAEA M A% 72 IFEA
crude OPAA extractS AHE-3le] A2F44]9] soman &
sarin®] 7HES] B4 S8 RIS crude extract
<] specific activity gto] RA|TF AZFE FH] &
HESE 30l BAE AAT AY, oo 299
ARZAEAE Asshed $-80] 2 F AL FxY
OPAA specific activity & 9-& & Jtka Fo=Th
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Agshed HiEdE A0R wdtso], 35 OPAAY
ZEA £/ (degrading activity)o] T w2 A}
9 85 3% 849 U Ha(expression efficiency)e]
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