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Abstract--An aryl acylamidase (aryl-acylamine amidohydrolase, E.C. 3.5.1.a) which hydrolyzes the herbicide pro- 
panil (3’,4’-dichloropropionanilide), was isolated from dandelion roots and partially purified and characterized. 
Specificity tests on the enzyme revealed that it could hydrolyze various chlorine ring-substituted propionanilides 
and 3,4-dichloroanilide alkyl compounds. The partially purified enzyme was inhibited by several sulfhydryl re- 
agents and metal ions. The pH optimum was broad, between 7.4 and 7.8. The apparent activation energy, deter- 
mined from an Arrhenius plot, was 9.0 kcalimol(37700 Jjmol) for the hydrolysis of 3’,4’-dichloropropionanilide. 
The apparent K, was 1.7 x 10-j M with propanil as substrate. 

INTRODUCTION 

Propanil(3’,4’-dichloropropionanilide) is used as a 
post-emergence herbicide to control barnyard- 
grass and several broadleaf weeds in rice fields [l- 
31. This compound has also been used post-emer- 
gence on tomatoes [4]. Microorganisms [s7] and 
mammalian liver tissue [S] have enzymes which 
can degrade propanil by hydrolysis of the amide 
bond in the molecule. Early investigations of the 
metabolism of this herbicide in plants showed that 
rice seedlings could rapidly transform propanil to 
3,4-dichloroaniline and propionic acid [9, lo]. An 
aryl acylamidase that could metabolize propanil in 
this manner was isolated from rice seedlings and 
partially purified and characterized [ 111. Other 
aryl acylamidases which hydrolyze propanil have 
been reported to occur in various weeds [ 12, 131 
and in several agronomic and horticultural 
plants [14]. A tulip aryl acylamidase that can hy- 
drolyze propanil has also been partially purified 
and characterized [15]. In this paper the partial 
purification and properties of an aryl acylamidase 
from dandelion roots are reported. 
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RESULTS AND DISCUSSION 

_Efect of gravitational fields 

Crude root homogenates were centrifuged for 
2 hr at 30000,70000 and 150000 g and after centri- 
fugation the supernatant lost 0, 3, and 22% of the 
total activity respectively. It therefore appears that 
the dandelion root enzyme may be associated at 
least in part with cell membrane fragments. The 
aryl acylamidase preparation from tulip which 
hydrolyzes propanil showed no activity loss from 
the supernatant when centrifuged at 150000g for 
90 min. In contrast, the rice aryl acylamidase [ 1 l] 
lost 80% of the activity from the supernatant when 
centrifuged at 150000 g for 2 hr. Several plants 
have been shown to contain both soluble and par- 
ticulate aryl acylamidases [ 123. An aryl acylami- 

dase from rat liver that hydrolyzed propanil is a 
particulate enzyme [S]. A tulip enzyme that hydro- 
lyzes propanil does not appear to be associated 
with particulate material [ 151. 

Isolation and partial purijication of enzyme 

The isolation and partial purification of the 
dandelion root aryl acylamidase was achieved by 
extraction of root tissue with buffer, ammonium 
sulfate precipitation, and Sephadex GlOO gel 
filtration (see Experimental). The crude enzyme 
preparation had ca 360 enzyme units for 10 g fr wt. 
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This is about lo”,, of the total amount of enzyme 
units present in tulip bulbs [ 151. The purification 
steps yielded an enzyme purification of about X- 
fold with 89Y,, recovery. This partially purified 
enzyme was used in all of the characterization 
studies reported here. Aryl acylamidase activity 
with propanil as substrate is also present in dande- 
lion leaves [I 31. 

The pH optimum of the partially purified dan- 
delion aryl acylamidase was very broad, between 
7.4 and 7.X with 70 and 84j$ of maximum activity 
(pH 7.5) at pH 6-2 and 8.X respectively. High 
enzyme activity was also observed over a wide 
range of pH values above the pH optimum. The 
pH optima were very similar for the rice [ 1 l] and 
tulip [IS:] aryl acylamidases. Both of these 
enyymcs showed high activity over a broad range 
of pHs. Aryl acylamidases from chicken [16] and 
rat kidney [ 171 also possess similar pH optima. 

The partially purified enzyme was exposed to 
various temperatures for 5 min prior to assay at 
35-. It was no‘ted that the enzyme retained high 
activity only up to a 5 min exposure at about 45’. 
The enzyme was inactivated SO”,,, on heating for 

5 min at 4648’. A 5 min exposure at 68 totally in- 
activated the enzyme. The tulip aryl acylamidase 
had a higher temperature stability [ 151. 

The optimum temperature for assay with 3’,4’- 
dichloropropionanilide as substrate was 35“. There 
was essentially no hydrolysis of propanil at assay 
temp. above 50 From an Arrhenius plot, an 
apparent activation energy of 9.0 kcal,;mol 
(37700 J,‘mol) was determined for the hydrolysis of 
propanil. The apparent activation energy for the 
tulip aryl acylamidase was IO.3 kcal!mol [ 151. 

The effects of several metal ions and sulfhydryl 
reagents on the partially purified dandelion 
enzyme are shown in Table 1. Propanil was used 
as substrate. Copper (II) and mercury (II) ions 
were highly inhibitory to the enzyme activity, 
while cobalt (11) gave only 15”$ inhibition. Cate- 
chol showed the greatest inhibition of the organic 

compounds tested; 73”,,. p-Chloromercuribenzoic 
acid and p-benzoquinone gave 61°,1 and 50”, inhi- 
bition, respectively. The sulfhydryl reagents, n- 

iodosobenzoic acid. :V-ethylmaleimide and iodo- 
acetic acid showed low inhibition. These latter three 
compounds showed significant inhibition of the 

The complete reaction mixture contained I SO kcmol phos- 
phate buffer. pH 7.5, 0.X /lmol substrate. 250 p,g Sephadex GlOO 
enqme and de-ionized H,O to a total WI of 3 ml. The Inhibi- 
tars were incubated with the enzyme. buffer and water l’or 
10 tnln prior to substrate addition. The reaction was incubawd 
at 35 ‘, 1 hr. and then assayed according to the standard pro- 
cedure. 
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Table 2. Substrate specificity of Taraxacum ojicinale enzyme on various chlorine ring-substituted propionanilides 

Substrate 
Hydrolysis product 

(nmol) 

Relative 
activity 

(%) 

3’,4’-Dichloropropionanilide 19.2 100 
4’Chloropropionanilide IO.4 54 
3’-Chloropropionanilide 9.8 51 
2’,4’-Dichloropropionanilide 9.4 49 
2’Chloropropionanilide 7.1 37 - 
2’,3’-Dichloropropionanilide 2.7 14 
2’.6’-Dichloropropionanilide 0.0 0 

The complete reaction mixture contained 150 pmol phosphate buffer, pH 7.5, 0.8 pmol substituted anilide, 250 pg Sephadex 
GlOO enzyme and de-ionized H,O to a total vol of 3 ml. The mixture was incubated at 35”, 4 hr, and then assayed to determine 

the extent of hydrolysis. 

rice enzyme [l l] but only low inhibition of the 
activity of the tulip aryl acylamidase [ 151. Rat kid- 
ney, rat liver and chicken kidney aryl acylamidases 
have been shown to be strongly inhibited by 
several sulfhydryl reagents [ 15, 173. 

Substrate specijkity 

Substrate specificity tests on the dandelion root 
aryl acylamidase were made with a variety of 
chlorine ring-substituted and 3,4-dichloroanilide 
alkyl analogs of propanil (Tables 2 and 3). The 
enzyme had a broad substrate specificity on mono- 
and di-chlorosubstituted propionanilides. The 
highest activity was exhibited with propanil as 
substrate (Table 2). The substrate specificity of the 
enzyme on several 3,4-dichloropropionanilides in- 
dicated a high substrate preference for propanil 
when compared to the other compounds tested 
(Table 3). The rice [ 1 l] and tulip [15] aryl acyla- 
midases also showed a broad substrate specificity 
when tested with these compounds. 

The dandelion enzyme did not hydrolyze amide 
bonds of fenuron, (3-phenyl-l,l-dimethylurea); 
monuron, (3-(4-chlorophenyl)-l,l-dimethylurea); 

CIPC, (isopropyl N-(3-chlorophenyl) carbamate) 
and IPC, (N-isopropyl phenylcarbamate). An 
enzyme from a soil microorganism was able to 
catalyze the hydrolysis of propanil and the two 
carbamates, IPC and CIPC [6]. The substrate 
specificity of the dandelion aryl acylamidase was 
somewhat different from that of the tulip 
enzyme [ 151 in that the former showed only mini- 
mal hydrolytic activity on 2’-nitroacetanilide [ 181. 

Kinetic studies 

Using the Fortran program of Cleland [19,20] 
the apparent K, was 1.7 x 10d4 M with propanil 
as substrate. The apparent K, of the rice [l l] and 
tulip [15] enzymes with propanil as substrate are 
2.93 x lo- 3 M and 2.5 x lo- 3 M, respectively. 

EXPERIMENTAL 

Plant material. Common dandelion seeds (Taraxacum ofi- 
&ale Weber) were germinated in large pots containing a soil- 
vermiculite mixture and grown under greenhouse conditions 
for 8-10 months, Half-strength Hoagfand’s nutrient soln was 
added periodically. The roots were used as the source of 
enzyme. 

Table 3. Substrate specificity of Taraxacum ojicinale enzyme on several 3,4-dichloroanilide alkyl analogs 

Relative 
Hydrolysis product activity 

Substrate (nmol) (%) 

3’,4’-Dichloropropionanilide 19.2 100 

3,4-Dichloroacetanilide 9.4 49 

3’,4’-Dichlorobutryanilide 7.1 37 

3’,4’-Dichlorovaleranilide 2.3 12 

3’,4’-Dichloro-2-methacrylanilide I.5 8 

The complete reaction mixture contained 150 pmol phosphate buffer, pH 7.5, 0.8 pmol substituted anilide, 250 pg Sephadex 
GlOO enzyme and de-ionized H,O to a total vol of 3 ml. The mixture was incubated at 35 , ’ 4 hr, and then assayed to determine 

the extent of hydrolysis. 
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E.xtrucrioll cd purifications ofcry ac~latnidasr. Mature roots 
were washed with H20 and blotted between filter papers. For 
each 10 g (fr. wt) 100 ml of 0.05 M phosphate butfer. pH 7.5 and 
10mM thiogl!collate was added. The roots and bufler wcrc 
homogenized In an electric blender for 2 min at high speed. Thl, 
homogenate was tiltcred through 2 laqers of cheesecloth and the 
filtrate was centrifuged at 3OOOOg for 20 min. The supernatant 
(crude homogenate) contained a total of 360 enrymc units with 
a sp. act. of ‘7.4. The protein fraction pi-ecipltating at 65”, 
[NH,J,SO, saturation contained the bulk of the enlyme act]- 
\]I!. The precipitated protein was collected hq centritugation at 
lOOOO~/ for IOmin and the protein pellet was rcdisholvcd in 
phosphate buffer and placed on a Scphadex G 100 gel filtration 
column for further purification. Eluate from the column wai 
monitored at 3X0 nm and fractions were collected. The active 
argl acylamidase fractions were pooled and used in the charac- 
terization tests. Purification. on the average. M~S about S-fold 
over the crude homopenatc (sp. act. 19.2). The > lelcl U;IS ;thou~ 
89” <> 

.Ivji ~~c~hr~r~~th.w trcfrrity. The standard enq me reaction mix- 
ture contained OX Ifrnol substrate. I50 /m7ol K phosphate 
bulrer. pH 7.5, enzyme, and deionized H-0 in a total vol 
of 3 ml. The reaction was started by the addition of the cnlqmc 
The reaction mixture was incubated at 35 for 4hr unless 
otherwise stated. The reaction was tcrmmated h) the 
addition of 7 ml of an acid mixture consisting of 8 vol., M 
HC‘I and I WI. HOAc. Controls were prepared by adding 
the enqmc to the reaction mixture after 2 ml of the acid 
mixture had been added. The standard enzyme assays with pro- 
panil and the assays with propanil analogs were based on the 
formation of chloroaniline or aniline. The aniline produced 
from crvgrnatic hqdrolqsis mas mcasurcd colot-imctricallq b> a 
modified Bratton~ Marshall reaction [ 15. 211. The chloroan- 
lines uxd as standard products were purilied b! recrystalli/a- 
tion. sublimation or preparative TLC before use. The assal 
with ?‘-nitroacetanilide as substrate is described elsewhere [ 181. 
An enzyme unit is described here as the amount of enryme 
required to hydrolyte 1 nmol of acyl anilide per hr under the 
asaa! conditions. Sp. act. is defined as the numher of cnr)mc 
units per mg protein. Protein concn was determined by the 
method of Lnurq c’t LII. 122 1 with bovine strum albumin as the 
standard protein. 

Rcuyems. Ring-substituted and alkyl-substituted anllldes 
used as substrates were synthesized by the Huffman and Allen 
procedure [13]. High purity pesticides were obtained as fol- 
lows: propaml from Rohm and Haas Company, Philadelphia. 
Pcnnsqlvania; monuron and fenuron from E. I. duPont de 
Nemours. Wilmington, Delaware; CIPC and IPC from Pitts- 
burgh Plate Glass Cornpan). Pittsburgh. Pennrylvanla. 

!yote. This work was prcscnted in part at the 165th National 
Meeting of the American Chemical Socictj. Pesticide Che- 
mistry Division. Dallas, Texas. April 107.3. 

Ac/~,ro~~l~‘~~l,,rle,lts -The author wishes to thank Geor@e Graf 
for advice and suggestions and t. D. Handel for tcchmcal as- 
sistance during a portion of this work. 
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