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Purification and Characterization of Aryl Acylamidase from Pseudomonas sp. Hwang, In-Gyun'
and Won-Gi Bang*. 'Deparfment of Food, Korea Food and Drug Administration, Seoul 122-
704, Korea, Department of Agricultural Chemistry, Korea University, Seoul 136-701, Korea -
Aryl acylamidase [EC 3.5.1.13] present in an acetaminophen-assimilating Pseudomonas sp. has been pu-
rified to a homogeneity using series of ammonium sulfate fractionation, DEAE-Sephacel anion exchange,
Phenyl-Sepharose CL-4B hydrophobic, and Sephadex G-100 gel-permeation chromatography. The molec-
ular weight, which was estimated by gel-permeation filtration and sodium dodecyl sulfate polyacylamide
gel electrophoresis, was about 57 kDa and 56 kDa, respectively, indicating that this enzyme is a monom-
eric protein. The optimum pH was 10.5 and the optimum temperature was 40C. After incubation of the
enzyme at 50C for 30 min, residual activity of the enzyme was 34% compared to its original activity.
The Km values for acetaminophen and 4'-npitroactanilide were 0.10 mM and 0.11 mM, respectively.
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Aryl acylamidase(Aryl-acylamide amidohydrolase
[EC 3.5.1.13]+= N-acyl €=} W35 aminefF(anilide)
E 7FEa8ked carboxylic acid anion®} anilined 3
ke Baelt), o] Aas oty AR v EF o}
ol 4] A-Fo WA o] F[26], & £2[7-9, 20, 22],
AlE22[6, 18] ¥ 2F22][10] SolA ds]] St
w2 Eofl 9)e1x19] aryl acylamidaseel] #3F A7 F
Z¥Al Wko 2 v oizlct A, ofrx] AlxA)Q
HE 9 ole} A H aryl acylamidasedl] W& A2 A
EcfFollxe] o]l & AxAES] Ealle) BaE Aol
[21, 24, 29, 32], A 2+ acylanilide EF5 =3
gk N-acyl 43} amine7F2] ko] ARg-3uA} 3=
TFoltH 15, 27]. AcetanilideS L s4Y 2 ALY
© 2 0)83}= Pseudomonas striata®) Z3o)F-2 2E]
aryl acylamidase® ZF23191.2v9[19], Pseudomonas
acidovorans AE1°. 2 2€] acetanilide 7Fr&-8] E45
wejste] YAt 2 B4 BAS ST, 2], =
gH Gram %3¢l Corynebacterium pseudodiphther-
iticum NCIB 10803[1212} Rhodococcus sp.[23]91 %
aryl acylamidase®] &4Jo] R 1=¢lc}. Acylanilides
a3t Baeza o4& 4 Sl Ps. fluorescence
ATCC 390045 EfellA Eelstsion, o] FF25E
aryl acylamidaseE #2]sle] 7 B dis)] A3l T}
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0.05~0.15%(w/v) EF3h= wiR|dlA] wfekste] aryl
acylamidases 443kt 14]. #Zol=, acetamino-
phen fd3gt Bt4d U x| oz o] g3t 4 gl
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9] FrEEAZA acetanilide 0.15%(w/v)E E&3}=
tryptone soy brothellAl wjeFgre24 aryl acylamidase
£ AAkstaat shodct
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o] A AFH3 Eoko 2 HE F2]¥) acetamino-
phen 2343 Algelo)t, 4 38 WX 0.1%(w/v)
acetaminophen® #--3H= Vaughan $[30]2] #Am)A]
E oz Wigsle] ARSSlATt 4 AME 418 viRlE
acetaminophen Al 0.1%(w/v)2] acetanilideS 33}
= HAwiE ARgElginh AEEEY) ek 2
1%(w/v) tryptone, 0.5%(w/v) yeast extract = 1%(w/
v) NaCl& %3k Luria-Bertani(LB) wix]& A}&-3}
god, A &4 x2S 0.1%(w/v) acetanilides
3= 1%(w/v) tryptone brothE A3t}
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Aryl acylamidase®] #Ao] & FF& EFo=ZH
B EEslr] e, 43 gad 2 oux|des
0.1%(w/v) acetaminophens i3l #5 ¥4 3
2 wiRell Eof detl-S slsba 30ColA 3UZE A
Bl 2+(200 rpm/min)¥ ¥, streak-plate“df.i Eiga=
T4 B2t 218 #5EF 0.1%(w/v) acetanilide
£ e 3 wix)ol HFIE F, 30Tl 2447 A
guleket o TAE FEste], 25 mM  Tris-Cl(pH
7.5) 243 5 mlo) derste] sonicationdte] TH4fdE v}
& AEE sl £E A é— QL& & aryl acylamidase
Aol =3 AF 1258 13 "1%6}“‘4 AME I
TE Zoﬂxi Ak AI (50T, 30 min)e] & E4E AY
= #FE 3&E A¥sle, Bergey's Mannual of Sys-
tematic Bacteriology(8th Ed.)[28]¢l 2)&) EA st}

b dlo ;

Aryl acylamidase &4~ 40| &

Aryl acylamidase®] &4 34 &AL 7|1-U R aceta-
minophen$ A8} Hammond 5[16]3} Best 5-{4]
2] discontinuous methodell wtel &A-& A ekglon,
Z}7] ©}& 7)& 4l 4'-nitroacetanilide[13], acetanilide
[171, phenacetin[2] ¥ acetamide[31]ell o &4 &
AL Zyzke) F Rl S AEsl S 2T
9] aryl acylamidase EA8AS Falslr] $3le 7]
2124 10 mM*2] acetaminophen®} 1 mM$| ascorbic
acid, 25 mM Tris-Cl &34 (pH 8.6)°2 F4% uks-
E3toY 25 mlell 284 25 ©H9E 7)sled 30T 2
FollA] 3A1ZF vREAIZl F wbgfe] AXF p-am-
inophenol% Gotelli $[1112] ®#Hel| we} high per-
formance liquid chromatography(HPLC)Z #4138}
A o2 s

Aryl acylamidase E4 &4 1 =$]= 30TlA 18
Zqte]] 7] 1 pmole?] acetaminophen® 7HE-3lsl=
Aho ofo B AHodlgon, a42 H|EALS 1 mge
izl § 4 ZA4 2 DR Ak

chulzle. g2 A 2 hovine serum albuming A}
435t 280 nmollA FHEE EH sl It F
2, Bradford[5]9] Coomassie brilliant method& A%
8led 595 nmell Ao} F-3 =5 EA5te] Ak

Aryl acylamidase®| ZXl

Aryl acylamidase®] ZE AHA WA= 4C2 cold
chamberel| A} 35153},

X&SAM0] XM AFA 6gS 50 mM glucose} 10
mM EDTAZE -F3l= 25 mM Tris-Cl(pH 8.0)2] lysis
buffer 50 mloll 4Telx =sF F lysozyme(58,000
unit/mg) 40 pg/mlS 73] 30Ce] A=r|olA 305

7k &7kt S5 1583 9AE(8,000x )% F
AEAe Hate] zaselo 2 ALgsHIn),

Ammonium sulfate 28 =A dojxl FF 4L YL
4°c ol 4] (NH),SO.Z 25~65%% E3HA|A A5 o

d-S 30 ml®} 25 mM Tris-HCI buffer(pH 7.5)¢l &%
f‘& FUT LYo 6AI7F Bt 23] FAI
o, A" 5592 12,000xgolA 1587 A& 8}
o AL #Hskdch

DEAE-Sephacel anion exchange chromatography <1
o]zl EA4 9L 1 mM2] mercaptoethanol®} 0.2 mM<)
EDTAZ &#38h= 10 mM Tris-HCI(pH 7.5) $tEH o
2 3335 130 ml DEAE-Sephacel(fast flow) 2% (3.0
% 18.5 cm)ell loadingdled F2HA)7] & SFfo 2 25
3] A3 o 800 mlZ 0~0.5 M7HA] 8] KCIZ gra-
dientE Ze] 30 m/hrd] $EEE2 £233. 85
= 10070 #3F Aol ole 10708 £33 (13.0 ml/E
#)-S 2o} Amicon UF 8010(AmiconAl, ¥I5H) 22 &
% 4 =23

Hydrophobic interaction chromatography <ozl &
A8 30%(v/v) isopropanolZ A& ¥ t}A] S/
2 AAF ohe, 100 mM Tris-Cl(pH 7.5) $doF
3% 15 ml®] Phenyl-Sepharose CL-4B 3 (2.0x
5.0 cm)ell 200 mM Tris-HCI buffer(pH 7.5) % 1:11=
3)A413)e] loadingdted &2HA17 o2, 10 bed volume®]
o gh3Ao 2 AAsl, 600 mlE 100~5mM Tris-
HCI buffer(pH 7.5)¢] gradient® Zo] 45 £53}
“E}(%’EE 10 ml/hr). 429 757 #3835 FAo]

¥ (0.0 ml/#¥)E Eeo} Amicon UF 8010
(Amlcon/‘]-, o % 1 gl

First gel-permeation chromatography 4-& T3
4985 0.1 M KCI# 1mM mercaptoethanol-2- 3-53h=
25 mM Tris-Cl &2 2 3% 255 ml®] Sephadex
G-100 B3 (1.9x90 cm)°ll loadingdte] FFAIF2H,
4% 45+ 5ml/hrolddeh. £59 #8434 ml/EE)
Z &Ao] & #3-5 ¥ol Amicon UF 8010(Amicon
Al )22 F5 2t

Second gel-permeation chromatography <22 %=
4SS T3k ub o7 255 ml9] Sephadex G-100
A2 (1.9%x90 cm)9l| loadingsle] EFAF oA, &5 &
E¥E 5ml/hrolget. 59 B36.0 ml/2H)S A

o] & R & wol w5 ¥ &gsle] AA st

Aryl acylamidase®| 2AI= =&

Native aryl acylamidase®} #x}k& A 3l7] $13)
o] Andrews[3]2] ¥l w2} Sephadex G-100 ZH7 ol
2]%} gel-permeation chromatography2 sl on,
aryl acylamidase®] subunit®] #3}2 Neville[25]¢]
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wWiof v} SDS-PAGEe] o3 2A4skdct 8% &
& AL hovine serum albumin(66 kDa), egg albu-
min(45 kDa), glyceraldehyde-3-phosphate dehy-

drogenase(36 kDa), carbonic anhydrase(29 kDa)el%it}.
Zx g o3

Aryl acylamidase 244t 7#2=0| 22| 2! MH

Aryl acylamidaseE A4+ 4 e FFE ESCE
FE Belh] st frdd 2ad 2 °1]L‘]7<] ] © 2.4
acetaminophene A 7}sled wliofst A3}, = AE 13049
& SHESFOZVE iEdison, wjofde
acetaminophen®] 7}&s] Z= A= p-amino-
phenol2 Q13 o] 2 wAw)A]7} A1g ZH o2 W
sstsint. ol F eaEE #FEF A4S S0 AdA
o2 wE JdFES s A3t =8 2 14
g 4o 2 acetaminophen WAl ZHE anilidef<l
acetanilideE 0.1%(w/v) &-#3h= HA Fim=] Al
A 18A17E wiefate] Ago] & o F TS AR
A akgict. %X}i Ay 55 oA sde
o2 s & 474 FFEY AS A= E aryl
acylamidase®] B1&A 3} 30 CellA ] Al AL vl w3}
sitt. 2 A3} Table 19] Ao} Zo] A5 HL-033,
H| &A= HL-057°] <3}3ict. 221} aryl acylamid-
ase™ AMHAH o2 ARRE7] AsiA = B AAA E A
ah, B8] A AAE Aok &t oleba] vkt A
Z2HE] g 2E4ANE 30CA 1242 E9F X8t
X AEHAE AT EedF7E AAkske aryl
acylamidase®] derdAlS Algskdc). 2 A o +
Fofl Hlsh AH52r} tha w2 HL-0267-2 747} 97.84
%] ArEFAS vretdle] ol AT ALE A=

Table 1. Cell growth and enzyme activity and thermal sta-
bility of aryl acylamidase of microorganisms isolated from
soils

ecific activit sidual
Strains Cell growth > (U/mg) ’ P::tivity
(0.D., 600 nm) . 2

0 hr 12h  Tatio” (%)
HL-026 0.396 0.693 0.678 97.84
HL-033 0.506 0.847 0.049 5.78
HL-035 0.432 1.125 0.033 2.93
HL-037 0.456 0.841 0.188 22.35
HL-054 0.478 0.820 0.103 12.56
HL-055 0.468 0.948 0.072 7.56
HL-057 0.462 1.246 0.240 19.26

1. The isolates were cultivated for 18 hrs at 30C in the basal
medium containing 0.1%(w/v) of acetanilide.

2. Residual activities were assayed after the treatment for 12 hrs
at 30C.

o, HL-0265-% #EH o2 A3}, Bergey's Man-
nual of Systematlc Bacteriology(8th. Edition)[28]el
213 Pseudomonas sp.2 -5 A3 (Table 2).

BAIMIZEO]
H5|

Aryl acylamidase®] #Ado] £ Pseudomonas sp.
HL-0269] FAE s&3t7] #3l =424 0.1%
(w/v)®] acetanilide® 3= 1%(w/v) tryptone
brothell AHEg F- 30ClA Akt Azke] A
ol w2 A2 A8 2 aryl acylamidase] EA4EA
o] W3} FAsc}. Fig. 13 o] @A) A5 vl
oF A 14A17E Foll AR|7]l| ==2Ebgiet. wbd aryl
acylamidase®| 42 A4 FA7] AAHE f 257
Alzbste] dla $A17] F719l 10412 $oll EAdo] 23
=4l 1.03 U/mI(¥] &4 2.41 U/mg protein)ell =23}
o, 2% Az} 7Rl wela o] Ag o=

A Ol aryl acylamidase &40 ZAIX

Table 2. Physiological and biochemical characteristics of the
strain HL-026 isolated from soils

Characteristics HL-026

Morphological characteristics
Motility +
Shape rod
Gram test -
Assimilation of carbon compounds
D-Glucose +
D-Mannose +
L-Sorbose
D-Melibiose +
Lactose -
Sucrose +
D-Fructose -
L-Arabinose -
D-Ribose +
D-Arabinose +
Citric acid +
Succinic acid +
D-Gluconate +
Mannitol +
Acetic acid +

Physiological characteristics
Oxidase +
Catalase +
Oxygen requirement aerobe
Reduction of nitrates to nitrite -
Methyl red test -
Starch hydrolysis -+
Gelatin hydrolysis -
Indole production +
Glucose acidification -
Urease test

+ positive; - negative.
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Fig. 1. Growth and aryl acylamidase production of Pseudo-
monas sp. HL-026. Pseudomonas sp. HL-026 was cultivated
at 30T in 1%(w/v) tryptone broth containing 0.1% (w/v)
acetanilide.
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Fig. 2. Second gel-permeation chromatography of aryl acyl-
amidase on Sephadex G-100 column.

Enzyme solution (3.0 ml) was applied on top of a column (1.9X
90 cm) of Sephadex G-100 which had been equilibrated with 25
mM Tris-Cl buffer (pH 7.5), containing 0.1 M KCI and 1 mM 2-
mercaptoethanol. The enzyme was eluted with the same buffer
at a flow rate was 5 ml per hr and fractions of 6.0 ml were col-
lected. O—O, Protein conc. (0.D., 280 nm); @@, Activity.

aryl acylamidase®] &4de] gl wjeFA 7t 1047 F
ol ZAE st -80T BB HA ARLBIAT

Aryl acylamidase®| ZA|
oA 6 g2 2YE] AL FLNE ANE Y b o

S 70 -

: 60 - ~—— Purified aryl
2 50 acylamidase,
S 4wr 56,000
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Fig. 3. Estimation of subunit molecular size of the purified
aryl acylamidase by SDS-polyacrylamide gel electrophoresis.
Electrophoresis was performed on 10% polyacrylamide gel in
the presence of SDS.

The standard proteins used were the following :

1. Albumin, bovine serum, 66,000

2. Albumin, egg, 45,000

3. Glyceraldehyde-3-phosphate dehydrogenase, 36,000

4. Carbonic anhydrase, 29,000

H3t vl 7o) AA|3I 2™, Sephadex G-100 column
Aol x] 9] 82 pattern< Fig. 29} Zr}. o] wl7}x]2] )
At A & 17.73%2 ZahN| vlsted 17.44u) A
AE g40E A8 5 9k Ao IS AA Fig.
3¢9} o] = band®] &4 AL & T ULk A
Al HAe] A= Table 37 2o, A HAa} 82
11.24%93 2w, a4 0ol Hsto] 57.374] A AH 138.27
U/mg®] specific activityZ XY+ E4E A}

Aryl acylamidase®| 2XI2 & subunit T4

Z A aryl acylamidase®] subunit®] #2542 Fig. 3¢l
A12} 7o) 56 kDa o & E<1=]%] 2, Sephadex G-100(1.9
X 90 cm) column® ©]-8-8+] native aryl acylamidase
EAERS ST A7 57 kDao2 FHsIcH(Fig. 4).
w2l SDS-PAGE A9 #2123} native EA40] BA}e
o] A9 FUZ AR Rol £ 4= Y subunit® 7
AR 542 SdEldc) o)z A= Ps. fluorescens
ATCC39004[13]9] 52.5 kDaRth= 25 & sxgoH,
Ps. acidovorans AE1(119] 57.5 kDav= f-ARE =2 $ick

SAEN0 OlXl= pHOl S dubdoez  aryl
acylamidaset®= d@Ae]A oA FAJo] & Fo 7 g
A it 13, 24, 30]. & Ad o= $A 04 pH 11.57}
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Table 3. Purification of aryl acylamidase from Pseudomonas sp. HL-026

Sample Volume Total protein Total activity Yield Specific activity Purification

P (ml) (mg) L) (%) (Ulmg) (fold)
Crude extract 95.0 657.86 1586.30 100 241 1
Ammonium sulfate 61.5 472.42 1274.62 83.35 2.70 1.12
DEAE-Sephacel 39.7 139.27 689.94 43.49 4.95 2.05
Phenyl-Sepharose 7.4 6.69 281.24 17.73 42.04 17.44
First Sephadex G-100 2.7 2.14 201.44 12.70 94.13 39.66
Second Sephadex G-100 2.0 1.29 178.37 11.24 138.27 57.37

Six grams of wet weight cells were used for the purification.
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Fig. 4. Estimation of the molecular weight of purified aryl
acylamidase by Sephadex G-100 gel filtration. The column
(1.9X 90 cm) was equilibrated with 25 mM Tris-Cl buffer at
pH 7.5

The standard proteins used were the following :

1. Albumin, bovine serum, 66,000

2. Carbonic anhydrase, 29,000

3. Cytochrome C, 12,400

] pHell wa} 247 722 100 mM$9] phosphate, Tris-
Cl, borate buffers AR2-3te] &4 HkS-of u]x]& pHY
gskg s en, 1 AHE Fig. 59 ehlisich
HL-0262} aryl acylamidases FA4l4 dzdeidoz
Z5E a0 Aol F7hekel e, pH 10.5904
o] A& el A7l RS} A3 Vet

SA 840 OIXl= BIS 20| P&k & Ay A=
Fao A v 9 X9 WS AT
Fig. 6|4 B wle} o] A W] £xv 257}
F7VETF 718k 40T o2& FHel =il e
v, 40T o] Fll= F438] st

SAO| HOMENM 1540 o AAE FARR] HE

o] FUE F= SF-EAHA 30, 40, 50, 60C2] =

Pseudomonas sp. HL-026.

The activity was measured with acetaminophen as the substrate
at different pHs. The pHs were adjusted with 100 mM po-
tassium phosphate for pH 6~8, 100 mM Tris-Cl for pH 7.5~10,
and 100 mM sodium borate/NaOH for pH 10~11.5.

ZollAf 147 F<k A=sbaa dAE)sF B4 A
o PIX|& J3S FFsgIc). 11 AT Fig. 79 2] &
A 60ColA] 1021l $H3] E&8A413E9.2H, 50T
A 308 Foll oF 34%Y x.2] FAdvte] P9k, 40T
ol A= viA oA ste] 1417k F1ke] Aoz o 75
% H =] FAo] Fol 9lsdrt.

=S4 840 0IXl= 250I2C] g8t 542844 7
AE TE FEol 25 JFS FAlsl7] $iste] uks-o
Yol o3af7kx] 271 S50 1 mMA Hrlsle] &4
Aol mlxje S T} vlwsigich. 54 A
< Ag’, Cd*, Hg”'oll 2JsljA k48] Aali=a, 15}l
Zn™, Pb*, Fe**ell oJsixx A=), o9} 22 A}
+ Hammond $[131¢] Ao} U x| 315t

Kinetic studies
Pseudomonas sp. HL-026914 =<=#2]& aryl acyl-
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Fig. 6. Effect of temperature on the activity of aryl acylamid-
ase activity from Pseudomonas sp. HL-026.

The activity was measured with acetaminophen as the substrate
at the indicated temperature.
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Fig. 7. Thermal inactivation of aryl acylamidase from Pseu-
domonas sp. HL-026.

The thermal inactivation of the enzyme was investigated at the
following temperature : 30C(0O), 40C(®), 50C(M), and 60T
(¥). The enzyme activity was measured in the presence of
acetaminophen as the substrate.

amidase] «J217}A] anilide$ 712 ol HIgt SolAo] =
At=lodel. Zb anilidefell W@ 712 (Km)S
Lineweaver-Burk plot2%€] &332, 7+ 7]
thgt Eo]A-& Table 49 Yl Acetaminophen
o] t3t Km2 0.10 mM=Z Yeld2v, 4 -nitroacetani-
lide, acetanilide, phenacetinoll & Km-2 Z+z} 0.11
mM, 16.81 mM, 14.68 mME ‘}e}r} acetaminophen¥}

Table 4. Kinetic parameters of aryl acylamidase from Pseu-
domonas sp. HL-026

Vmax

Substrate Km (mM) (umole/mg/min) Vmae/ KM
x 10°
Acetaminophen 0.10 144 1.40
4'-Nitroacetanilide 0.11 162 1.53
Aceanilide 16.81 1161 0.07
Phenacetin 14.68 2879 0.20

4'-nitroacetanilideel] &t 23l o] F2 7o E e}
wte}. Vaughan S5[30]0 wl=2 dukziog gJalyog
A ol 4] acetaminophend] F83F 35+ 014 3mM
Alolgdoem g HL-0269 aryl acylamidase®] Kmzk
0.10 mM-2 acetaminophen®] At Atgo2 ARL-3}
7] 53 Aoz Azt

w3t Table 42] A2} Ze] V,../KmE 747}
71A e &l F-3k1S o] 4'-nitroacetanilide’} 7F =
gkom, acetaminophens th& F 7] o} v]&) =l-§- =4
vebdc}. wlebA] 4'-nitroacetanilide®} acetaminophen-
aryl acylamidaseol| oisll =§-- A 7122 2A4-3h=
A &4 sk

2 <%

Acetaminophen X3 Pseudomonas sp.oll S dh=
aryl acylamidase[EC 3.5.1.13]% ammonium sulfate
fractionation, DEAE-Sephacel anion exchange chro-
matography, Phenyl-Sepharose CL-4B hydrophobic
interaction chroamtography ¥ Sephadex G-100 gel-
permeation chromatographys &3 <5 A=A}
AAFH F4E SDS-PAGE AollA x-S A% 2
3} 56 kDa, Sephadex G-100 gel-permeation chroam-
tography® A% A3} 57 kDao|% 2, wep =
& subunit® FAE Aotk AAE &e] Ho &
AL 913 pHe &%+ 72 pH 10.59F 40Tt
50CelA 3082k HelA] 34%] AEFAAE ehisth
Acetaminophen3} 4'-nitroacetanilidec] ¥ Kmzt=
22y 0.10 mM=} 0.11 mM o] $ich

ZAel =2

o] =82 FFAstAte] AAAHEHA (961-0605-
041-2)°l] 2]8)jA] o] Feizl Zolu], x| el FHAL=R T}
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