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~ Studies to evaluate the effects on aryisulfatase activity of 21 trace elements showed 
'&at all elements inhibited the activity of this enzyme in soils. Results showed that the 
relative effectiveness of trace elements in inhibition of arylsulfat.ase activity depends on 

I!IOil. 'When the trace elements were compared by using 25 pmole/g soil, the average 
ibilbitic>n of arylsulfatase in the four soils studied showed that Ag(l), Hg(Il), B(III), 

, and Mo(V!) were the most effective inhibitors (average inhibition>50 percent) 
that Fe(ll) WRE the least effective (average inhibition <10 percent). Other trace 

len:.en•ts that inhibited arylsulfatase in soils were: Cu(l), Cd(U) , Sn(~i) , Zn(Il), Cu(H), 
Mn(Il), Ni(ll), Pb(II), Co(Il) , Cr(III), Al(ill), Fe(ill) , As(IU), Se(JV), Ti(JV), 

·.~'l AB(V) , and W(VI) . Among these elements, Cu(II) ami. Fe(III ) were more effective than 
Cu(l) and Fe(ll) , respectively. But As(V) was somewhat less effective than Ac;(1II) . 

.. ,. Generally, the inhibitory effect of the trace elements studied decreased when the 
'-:~1 -:.a.mmt Of trace element added per gram of soil decreased b)• 10-fold (from 25 pmoles 

_: ·~:· to 2.5 pmoles) . The inhibition by MoO/-, WO/-, ABO/-, and PO.,_ showed competitive 
~Y;>~cs. Related anions, such as No~-. No3-, cr, so/-, did not inhibit arylsulfatase 
.;a-· .£11 littivitv in soils. : 
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INTRODUCTION 

:2!_-· 
· · . · (arylsulfate sulfohydrolases, 

· "i:t:~l) are the enzymes that catalyze the 
of an arylsulfate anion by fission of 

l:ll'l.\"..1r~ ...... (Spencer 1958). The reaction (R· 
- R-OH + H+ + SO/-) is irre· 

and there is no evidence that an:v sul
'f·.:;,~r other than water can be utilized. 
: ~- that any metal ion is required for their 
catalytic function. These enz)·mes have been 
,detected in plants, animals, and microorganisms 
<Nicholls and Roy 1971). The presence in soils 
and ma.rine sediments of arvlsulfatase activitv 

.:~},as been reported (Tab~tabai and Bremn~r 
:~b; Cooper 1972; Chandramohan, Deven
.clh.i, and Natarajan 1974) . Arvl.sulfatase is be· 
~ responsible for S cycfuag in soils. The 
lllll:ret!lted role of this enzyme in S mineraliz.atwn 

derived from studies showing that, on 
about 50 percent of the total S in 

tO H.S by HI and is convened to 

. so.'- with hot alkali (Freney 1961; 

Paper Number J-9191 of the Iowa ~

Home Economics Experiment Station, 
2082., 

Tabatabai and Bremner 1972a; Neptune, Taba
tabai, and Hanway 1975). These findings indi· 
cated. that this fraction of S in surface soils is 
present in the form of ester sulfates (organic 
suHates) and suggested that sulfatase& may play 
an important role in the processes whereby or
ganic soil S is mineralized and made available 
for plant. growth. 

Recent concenlS about environmental pollu
tion of soils b:v heavy metals and other trace 
elements2 have led several research centers to 
evaluate the toxic eflects of t race elements on 
the biochemical processes in soils because sev
eral of these elements are added to soils as 
fertilizers, as impurities in fertilizers, or as com· 
ponents of municipal and industrial wastes (Ber· 
row and Webber 1972). l n addition, several of 
these elements (e.g., Pb and V) are present in 
fuel oils and gasoline and are emitted into the 
atmosphere upon burning and deposited on soils, 
especially near urban areas (Lagerwerff 1972; 
Tyler 1974, 1976) . 

1 The term trace element is Wled here to refer to 
elementa that are, when present in sufficient concen
tntiona, toxic to living system&. 
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Although extensive researeh baa been done on 
the chem.istey of tnce elementa in soils and on 
the toxicity of the various elementa to biological 
systems (Chaney 1973), little infonnation is 
available about the relative effecta of tnce ele
ments on the biochemical processes in soils. To 
our knowledge no studies have been conducted 
on the effects of trace elements on the enzymatic 
processes responsible for S cycling in soils. Be
cause of this lack of information, this ~tudy was 
conducted to evaluate the relative effects of 
equimolar concentrations of trace elements on 
arylsulfatase activity in soils. An additional ob
jective was to determine the mode of inhibition 
of this enzyme by several anions. 

MATERIALS AND METHODS 

The soils used (Bee Table 1) were surface soils 
C0-15 em) selected to obtain a range in pH (6.2-
7.6), organic matter content (2.73-4..70 percent 
organic C), texture (26-34 peJ"cent clay, 34-45 
percent silt, and 21--39 percent sand), and aryl
sulfatase activity ( 77- ~90 }.Lg of p-nitrophenoi 
released/g soil/h). Before use, each soil was air 
dried and crushed to paM a 2-mm 3Cl'een. The 
methods used for determination of pH, organic 
C, total N, total S, and texture were those re
ported by Tabatabai and Bremner (1972a). The 
analyses for organic C, total N,:and totalS were 
performed on 3Ubsamples that had been ground 
to p888 .a 100-mesh sieve. The other analy!M!S 

were performed on the coarser, <2mm, soil sam
ples. 

The trace elements IJ.Sed. were Fisher certified 
reagent-grade chemicals. Of these, Ag(I), Cd(II), 
Zn(ll), Cu(II), Co(ll), Fe(II>, Ti(IV), and V(V) 
were added as the sulfate; Cu(ij, Hg(ll), Sn(II), 
Ba(ll), Mn(ll), Ni(II), Cr(lll), Al(ill), and 
Fe(ill) were added as the chloride; Pb(II) was 
added as the nitrate; and As(ill), B(III), Se(IV), 
As(V), Mo(Vl), and W(Vl) were added as 
N~. Na:zB.O,, H~ Na2H.As0., Hz.MoO., 
and Na2WO., respectively. 

ln te8tinc the ·effects of tnce e.les:Dee~ 

arylsu.lfatase activity. 1 110il in a .,.,.. ..... ., 
meyer flask waa treated with 1 ml of 
containing either 2.5 or 25 J.UDOle of 
ment. This eolution was added dropwise to. 
ten the whole soilaample. After a 30-min 
ibration, arytsulfatase activity was 
the method of Tabatabai and Bremner ( 
This method involves colorimetric delter.IDil 
tion of the p-nitrophenol released by 
fatase when soil is incubated with 0.25 ml 
ene, 4 ml 0.5 M acetate buffer, pH 5.8, (w~ 

3 ml of this buffer because the soil sample 
treated with l ml of trace-element solution),- ~. 
1 m.1 of 5 mM buffered pota..~ium p-nitropbe_,r .
;;ulfate solution at 3i°C for l h. The results iii ·· 
ar;lsulfatase activity with trace-element-treate!t't;' 
soils w~re com~ with thOBe obtained ~41 
g of soil treated W1t h 1 m1 of water. P ercentage 
inhibition of arylsulfatase activity by ea~ 
element was calculated from (1 -
where A is arylBulfatase activity of 
soil, and B is arylsulfata.se activity of traACIH!W>. 

ment-amended aoil. 
[n the study of determination of the 

inhibition of aryJsulfatase by Moo.l-, 
As0.3

- , and Po.~-. the 1 g soil was treated 
l ml of solution containing 25 }-Uilole of 
element as described, but the enzyme 
sayed by adding 1 ml of buffered 5, 6.55, 
or 40 mM potaMium ~aitrophenyl , ......... u .. -

tion (1, 1.33, 2, 4, or 8 mM on soil solution 
The results obtained were plotted in the 
the Lineweaver-Burk plot; plotting 1/ V 
1/ S. All resulta reported are averages of 
cate determinatioDII calculated on an 
basis, moisture bein« determined from 
weight after dry:ing at l96°C for 24 h. 

R.I:SlJLTS AND DISCUS8lON 

Table 2 shows that the effects of 
menta on arylsulfatase activity differed 
erably among the four soihl studied; 

TABLE 1 

Proputiu of 60W UMd 

Subgroup 
IIH ~C. Tot;,~ N. Total S. t. Clay,!. Sand, t. 

Nicollet cl Aquic Hapludoll 6.2 2.73 0.226 0.0.'33 29 34 n 
Harp6 cl Typic Calciaquoll 1.6 3.24 0.274 0.047 30 31 142 

J 

Webster 1 Typic Haplaquoll 6.5 2.91 0.247 0.033 26 39 150 ;~4.i Okoboji 1 CumuJic Hapi~tquoll 7.0 5.32 0.418 0.068 34 21 190 

• MicrcJcrama o( p-nitropbenol released per gram o( soil per hour. 
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TABLE 2 
Effects of trace elements un arylsulfatase acti!Jity in soils 

Tille<' eiement Pen:entagt> inhibition of ary lsulfat.aM> actJVity in soil specif1ed" 

Dement OUdatiofl state Nicollet Harp< Webster Okoboji Average 

.;f:. AI 94 99{80) 97(53) 95 96 
.. ,f ' · Cu 17 7(0) 18(01 3 1f 
~W· · HI n 96 97(34) 97(39) 86 94 u"'iit; l, 

Cd '>~ 

~ ' 23('7) 55( 51 42 37 I' .. 60 11(9) 4!)(6) 32 37 ;·' *' - ~ 20 36(111 33(10) 17 'n 
i-' }>A 0. 22 26(191 32(6) 17 24 

: ' Ba 24 20(13) 14(81 13 18 i u. 20 12(10) 4(21 10 12 
; Na 26 2(01 17(3) 4 12 
. l'b 10 4{01 19(91 11 ll 

! 

"''"''i 0. 10 14(111 10(9) 8 11 
·'!! Pe 2 2(1) 6(.) 10 s 
~ .. . • t_- .... m 7(j 65C8) 72(81) 60 67 
~~;; Cl- 5( 35(18} 43(20) 32 4] 
A~- - ld 43 42(7) 34(8) 24 36 ···:··:· .... 

•, : .. rfi~ Pe 59 8(3) 45(8) 23 34 
+ As. 17 17(9) 15(5) 18 17 

~%- :e IV 87 88(32) 90(76) 85 88 
32 26{14) 42(21) 26 32 

n 33 9(3) 31(~ 10 2) 

Jv. v 2 13(6) 17(50 ~ 10 I 

• VJ 63 60(26) 79(-40) 14 54 
:;:,~ :'ll 23 25(2) 38(}4) 14 ·'2f> 

::f.~ · 
LSD \P < 0.05) ~~;···· ... :u 2.9{2.4 ) 3.7(2.0) 3.0 

m;.~,. (P< 0.01) 4.6 3.8(3.3) (.9{2.7) 4.0 
•...., •e t 

• Twenty-five ~ole trace elernent/ g soil. Figures in parentheses ind.icatR percentagt inhibition of arylsulfatase 

""UBioc 2.5 pmole trace element/' .00. 

. B(JII\ , V(JV) , and Mo(VI) were, how· 
; ... the most effective (average inhibition > 50 

·~~t) inhibitors of this enzyme in soil. The 
'"'fierage inhibition observed with the four soils 
,.by tilling 25 p.moles of trace element/ g soil/h .. "{'( 
;tarltad from 54 percent with Mo to 96 percent 
with At,. Also, Cu (Ill and Fe nii) were stronger 

'~~iikllrs than were Cu(I) and Fe(Il) , respec
But As{V) was somt-what less effective 

. The inhibition by Cu and Fe is 
~JICJillu1t because Cu (!) and Fe(ll) are readily 

Cu(Il) and Feiiiil in soils under 
'-'><=on,ClltiOl'li8. Reduction of the amount of 

added per gram of Mil by 10-fold 
IS:ifUDOlles to 2.5 ~oles) decreased mark

of inhibition of arylsulfataae by 
lleiDeJllta (Table 2) . Other elements that 

· :arylsulfataae in aoils were: Cu(Il), 
Ba(Il), Mn(ll) , Ni(ll), Pb(ll), 

Al(lli), Se(IVI, Ti(IV), and 
CDoe elements studied. only Fe (II) 

inhibited this enzyme in soils by < 10 percent 
when added at 25 f.&IDOles/ g soil. 

The pH values of the trace element solutions 
varied considerably. They ranged from 2.1 for 
the Sn(ll) solution to 9.6 for the As(III) and 
B(III) solutioru, T ests indicated, however, that, 
with uge of 0.5 M acetate buffer (pH 5.8), the 
pH of the soil-buffer mixture ranged from 5. 7 
with Webster and Nicollet soils to 5.9 with Harps 
and Okoboji soils. The deviation in pH values 
resulting from addition of trace elements in the 
presence of ace:;ar.e buffer did not exceed ± u.l 
pH unit . 

Metal ions may inhibit enzyme reactions by 
complexing the substrate, by combining with the 
protein-active groups of the enzymes, or by re
acting with the enzyme-substrate compleL The 
mode of inhibition is dependent on the type of 
substrate used. To our k.nowledce. no informa
tion is available on the inhibition of arylsulfataae 
in aoila by metal iona. The information available 

,. 
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about inhibition of other enzymes by metal ions, 
however, indicates that the inhibition is non
competitive in nature. Metal ions are assumed 
to inactivate enzymes by reacting with -SH 
groups, a reaction analogous to the formation of 
a metal sulfide (Shaw and Raval 1961). Sulthy
dral groups in enzymes may serve as integral 
p~.s of the catalytically active sites or as groups 
involved in maintaining the correct structural 
relationship of the enzyme protein. 

Experiments with 25 ~oles of NaCl dlld 
K~SO./g soil indicated that the K +, Na+. cr. 
and SO.~- associated with the trace elements 
.studied did not have any effect on aryl'iulfatase 
activity in soils. Related anions, such as NO-~

and N01 -. were not inhibitory. Orthophosphate 
added as (KH2P04) at 25 ,umoles/g soil, however, 
inhibited this enzyme in soils. Because of the 
similarity in the ionic structure of MoO.~- , 
wo.~-. AsO.:r. and PO.' .... , we studied the mode 
of inhibition of a:ry.lsulfatase by these anions by 
determining the effect of substrate concentra
tion on the initial velocity of the enzyme .reaction 
in soils in the presence and absence of the anions 
indicated. The results obtained are plotted in a 
double reciprocal plot in Figs. 1 and 2. The 
results reported indicate t.hat all four of these 
anions are competitive inhibitf>rs of ary.lsulfatase 
in soils. The results reported .111 Figs. 1 and 2 also 
explain the variation in K.,. values reported for 

(' 

• NICOllET SOil 

'50 

us 
Flo. l. Lineweaver-Burk plota of arylsulfatase in 

Nicollet soil in the presence and absence of selected 
anions (25 ;.unole/g soil) . Sand V are expressed in mM 
and mg of p-nitrophenol released/ g soil/ h at :n ne. 
respectively. With the anions added in parentheses, 
the treatments were: • (none); • (MoO.'- ); 0 (PO."- ); 
.& (WO.'- ); 2. (Aso. '- 1. 

WEISllll son 

'50 

!IV 

-Q.25 11.125 11.25 11.'50 Q./5 liiJ 
us 

FIG. 2. Lineweaver-Bip'k plots of arylsulfat- a 
Webster soil in the presence and absence of ~~ 
anions (25 ;.unole/ g soil). Sand V are expressed !n rn.tf 
and mg of p-nitrophenol released/ g soil/ n at 31?~ , 

respectively. With the anion added in paren~-~._. t 
treatmenta were: • (none); • (Mo0.1

- ); 0 (~ :· -- ~' 
(WO/- ); t> (AsO. ,_). · · :) 

TABLE 3 .. ~ .. , ... 
Effecu of M~kcted anioM on. K,. vaiuea of 

arylsulfataae in. suils 

Anion added" 

NoDe 
MoO.'
WO/ -
AsO.'·-
PO."-

K~v&u~(~~~~ 
in 30il specified 

Nicollet 

2.63 
11.11 
3.85 
2.86 
-4.35 

Webaer ·· 

J.J:a; """ i 
20.00 .. ";::· 

5.d8 

3.86 . "'· 
-l76 - 0.:~< 

• Twenty-five !UDQie/giOil. .;~ 

a:rylsulfatase in soils (Tabatabai and Bt ;;;: 
l.'f71) and explain the observed ~ ia* 
tivity of this enzyme when Canadian 30iil! oiilf' 
incubated under aerobic conditions for v·· 
times (Kowalenko and Lowe 1975). The ,-"~ 
tioa'Of the K,. values of arylsulfatase in ·,,.····~ ·.· ' 
clearly partly due to the variation in conceniJii~i 
tioo of the soluble native orthophospha~~ 
!Oils. which show competitive kinetics ~
spect to the substrate, potassium p-nitropl,!iil{' 
sulfate, for ary.lsulfatase in soils; competitiY&W.'; 
hibitors alter the K,.. constants but not the V.i.;Jf 
The apparent K,.. constants of arylsulfatue ill 
the presence of inhibitors are larger than the ~ 
constant in the absence of inhibitors (Table ~~; 

The inhibition of arylsulfatase by orthopho6~ · 
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-ilhate ions is of particular importance because 
this enzyme has been implicated in hydrolysis of 
IIOil organic sulfates and because, besides its 
.,ddition to soils as a fertilizer, orthophosphate 
.ir the end product of P mineralization in soils. 
):towaienko and Lowe (1975) reported that aryl
~ activity decreased markedly in four 
'~n soils incubated at 30°C for 28 weeks 
.~ that tbe greatest rates of decrease were 
;~with the first week of incubation. For 
~ they reported that Prest soil, which 
'bad. the highest initial activity, dropped from 

• ·• 9 pg p-nitrophenol released/g soil/h dur
-~ first .f weeks of incubation. This observed 
~ in arylsulfe.tase activity, the general 
flj-at:relationship between arylsulfatase activ
.,...., S mineralization, and the slow release of 
~ 804 t- during incubation of soils (Ko
Wii.tmko and Lowe 1975; Tabatabai and Brem
her l972b) an: perhaps due to inhibition of this 
eaeyme by soluble native orthophosphate in 

~ 
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