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Summary-High molecular weight, linear polyacrylamide (PAM) with anionic charge is added to agri-
cultural soils as an anti-erosion additive. Research indicates that soil microorganisms are able to utilize
PAM as a source of N and that inorganic N pools are altered in some PAM-treated soils. The potential
role of hydrolytic amidase activity in the microbial utilization of PAM for N was investigated. Intra-
cellular and extracellular amidase activity was measured over time in enrichment cultures which used
PAM as sole N source. Enzyme activity increased concomitant with cell growth and N removal from
PAM. Cell growth, N removal and amidase production were dependent upon readily-available C in the
medium. Amidase activity and substrate specificity were determined for PAM-utilizing enrichment cul-
tures exposed to various N sources. Polyacrylamide-specific amidase activity appears to be inducible,
and not constitutive, based on the lack of amidase activity in cultures supplied with only ammonium
nitrate for N versus substantial activity when PAM was added as an amendment with or without am-
monium nitrate. Cultures amended with propionamide exhibited amidase activity largely specific for
this small amide substrate, while cultures supplied with PAM as sole N source exhibited amidase ac-
tivity specific for formamide, propionamide and PAM. Amidase activity and substrate specificity were
determined for PAM-treated and untreated agricultural field soils. Polyacrylamide-specific amidase ac-

.I tivity was higher in PAM-treated soil (14.86:t 14.0 Jig NH4+ released g-1 soil) than in untreated soil
, (1.02:t 2.3 Jig NH: released g-1 soil); activity specific for low molecular weight amides was slightly
1 elevated or unchanged in PAM-treated soil as compared with untreated soil. (!;:) 1998 Published by

Elsevier Science Ltd. All rights reserved

INTRODUCTION additive, relatively little is known about microbial

High molecular weight, linear polyacrylamide biotransformation of the.poly~er or the effect.s of
I (PAM) is added to agricultural soils as an anti-ero- PAM treatment on the microbial ecology of agncul-

sion additive in irrigation water. The type of PAM tural soils. There ~re repor~s citing in.creased growth
found to be most effective in reducing erosion has a response of aerobic bacteria grown In the presence
very high molecular weight (I to 2 x 107 MW) and of PAM (Nadler and Steinberger, 1993) and

; a linear (non-crosslinked), anionic configuration. It increased microbial biomass in soil treated with
., is a copolymer made up of approximately 82 mol% PAM (Steinberger et al., 1993), but the causes of
.I acrylamide subunits and 18 mol% acrylate subunits these effects are not known.
I (Lentz et al., 1992). The resulting polymer consists Experiments have demonstrated that bacterial
'" of .repeating ethylene. unit~ in the .backbone, w.ith enrichment cul~ures derived from agricultural .so.il

amide and carboxylic acid substltuents as side are able to gain N benefit from PAM when It IS

chains. The amount of N present in amide linkages provided as the sole N source and that amidase
in this form of PAM is approximately 164 g N kg-1 enzyme activity can be detected in PAM-utilizing

1 PAM. Given the effectiveness of the polymer at enrichment cultures (Kay-Shoemake et al., 1998). In
j reducing erosion, which has been documented to addition, some PAM-treated agricultural field soils

exceed 94% (Lentz et al., 1992), and the magnitude exhibited elevated bacterial counts and inorganic N
of the effects of soil erosion on agricultural fields, concentrations, compared to untreated soils (Kay-
wide-spread application of I to 10 kg ha-l y-1 is Shoemake et al., 1998). These observations could
expected. . . .. . result from the activity of indigenous soil bacteria

Although considerable information IS available capable of accessing N from PAM via amidase ac-
regarding the use of PAM as an anti-erosion soil tivity.

Amidase (acrylamide amidohydrolase, EC
.Author for correspondence. 3.5.1.4) catalyzes hydrolysis of the C-N portion of

1647

~



1648 Jeanine L. Kay-Shoemake et a/.

the amide bond of ami des, resulting in the pro- (1994) reported that certain Pseudomonas sp. were
i", duct ion of ammonia and carboxylic acid (Fig. 1). able to utilize a type of PAM as a N source and
; ;; This group of enzymes has been demonstrated in that transient amidase activity was associated with

animals, plants, fungi, and bacteria. Extracellular growth of those cultures. However, the PAM uti-
amidase active in the soil matrix has been described lized in these experiments was not the type used as

, in detail by Frankenberger and Tabatabai (1980a,b, an anti-erosion additive (lower MW and different
..{ !' 1981a,b, 1985). Soil enzyme activity, in general, is charge configuration). These observations led to our

",1 considered to originate from secreted extracellular investigation of the potential role of amidase in the
I enzyme or enzyme released upon cell lysis and im- microbial biotransformation of PAM.

mobilized in active form on soil particles (Skujins, Identifying and characterizing the mechanism by
1976). which soil bacteria can access N from PAM is a

Hydrolytic amidase activity specific for small critical step toward understanding the potential en-
amides has been demonstrated in a variety of soils vironmental effects of repeated PAM application to
(Frankenberger and Tabatabai, 1980a), as well as in agricultural soil systems. Our specific objectives
many common soil bacteria and fungi (Kelly and were to (1) assess amidase production by PAM-uti-
Clarke, 1962; Thalenfeld and Grosswicz, 1976; lizing cultures and determine if amidase production
Friedrich and Mitrenga, 1981; Nawaz et al., 1994). correlates with cell growth and PAM degradation,
The mechanism by which soil bacteria degrade (2) characterize enzyme activity and substrate speci-
acrylamide, one of the monomeric constituents of ficity for intracellular and extracellular amidase pro-
PAM, also involves an amidase enzyme (Shanker et duced in PAM enrichment cultures, and (3)
al., 1990). In addition, Abdelmagid and Tabatabai determine whether PAM application to field soils
(1982) reported that acrylamide-treated soils exhib- alters soil amidase activity or the substrate speci-

.., ited elevated amounts of inorganic N due to release ficity. We are unaware of previous comprehensive
of N from acrylamide. A similar increase in inor- examinations of the microbial biotransformation of

, : ganic N pools has been reported for some PAM- this agrochemical. The approach we describe pro-
..;~t treated agricultural soils (Kay-Shoemake et al., vides substantial evidence regarding the microbiolo-
" 1 1998). Amidase activity has also been implicated in gical fate of PAM in soil, even in the absence of

), 1" the degradation of amide-containing pesticides in usable techniques for intact PAM extraction from
, culture and soil (Bollag and Liu, 1990). Grula et al. soil.
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MATERIALS AND METHODS able to utilize PAM as a sole source of N were

maintained on mineral salts medium supplemented
, Site description and soil sampling with 0.05% mannitol, 0.05% acetate and 0.05%

i The PAM study site consists of a 2 ha area PAM.
t divided into discrete experimental plots. The soil is

~ Portneuf silt loam (coarse-silty, mixed, mesic, Culture amidase determination

~ Durixerollic Calciorthid), with a pH of approxi- Amidase activity was measured in a 2-month old

r mately 7.8, and a 2 to 8% CaCO3 equivalent in the enrichment culture able to use PAM for N.

t A horizon. Two PAM experimental fields, identified Subcultures were grown in 25 ml of mineral salts

; as "assimilation" and "long-term", had been estab- medium supplemented with either NH4NO3
, Ii shed at the time of our field sampling. Furrows in (0.024%), propionamide (0.04%) or PAM (0.05%)

each plot were assigned treatments in random order as N source and 0.05% mannitol + 0.05% acetate

with three replicate furrows for each treatment. for C. These concentrations yielded a final C-to-N

Furrows in the "assimilation" study plot were ratio of approximately 6:1. Cultures were inocu-

91 cm apart and 114 m long, and treatment con- lated, incubated and analyzed for amidase activity

i" sisted of a one time application of PAM of as described by Kay-Shoemake et al. (1998), except

1120 kg ha-1 (1000 Ib acre-I) at the beginning of the culture supernatants and cell free extracts were

growing season, followed by PAM application assayed separately. Protein determinations for the

(10 mg I-I; 22.61 min-l) during each irrigation enzyme preparations were conducted using the

throughout the growing season; there were paired method described by Lowry et al. (1951). All assays

non-treated control furrows. This field was planted were done in triplicate.

to mixed cover including potatoes, sugar beets,

corn, and beans and will be referred to hereafter as Amidase production and activity during culture

the mixed-cover field. grol1,th

f The "long-term" study plot has been previously Inoculum for amidase production experiments
described (Kay-Shoemake et al., 1998) and will?e was obtained by centrifuging 10 ml of a 24 h PAM-

referred to hereafte.r as the bean field, based on ~ts utilizing enrichment culture at 8000 g for 10 min at

planted cover. During 1.995-1996 we collected solis 4°C, discarding the supernatant and washing the

from. these fiel~s to use In laboratory assays. cells once in 10 ml of 75 mM phosphate buffer to

Soli (approxImately 100 g) was collected from the remove any residual extracellular amidase. The

u~per 3 cm of each sampled furrow bottom~ ~t a enrichment culture used had been growing for ap-

~Ista~ce of 0.5 m, 1.0 m and 1.5 m from the Irnga- proximately 4 months. The washed cells were resus-

tl~n Inl~t. Samples from each furrow were com- pended in buffer (1 ml) and added to 100 ml of

blned, sIeved ~4 mm), and stored ~or no more than fresh, supplemented mineral salts medium identical

I week at 4 C. Three composIte samples. were to that on which the enrichment had been estab-

obtained for each treatment .and crop cover. Field lished. The culture was incubated as described

soi~ samples were a~alyzed directly and also served above, and culture growth was monitored every

as Inoculum for enrichment cultures. 24 h by absorbance at 520 nm using a Bacharach

Ch . l Coleman model 35 spectrophotometer. After 72 h,
emlca s when C apparently became limiting, 0.5.ml of 10% ~

The polyacrylamide (PAM) preparation used in mannitol solution +0.5 ml 10% acetate solution ,
enrichment cultures, E-4103, was provided by Cytec was added to the culture. C

Industries, Stamford CT. The polymer has a mol- Periodically, aliquots (15 ml) were removed from

) ecular weight of 1-2 x 107, with 18 mol% anionic the culture and centrifuged to separate cells from

charge, and is free of contaminant N. All other supernatant. Protein content and intracellular and

}: chemicals used were of at least reagent grade qual- extracellular amidase activity were determined as

ity. described above using PAM as amide substrate. In

addition, separate supernatant samples were ana-

Enrichment cultures Iyzed periodically to estimate N removal from PAM

Soil samples (1.0 g) from PAM-treated furrows and the amount of free NH: -N contained in the

were inoculated into 25 ml of a mineral salts med- medium. At each sampling time an aliquot (3 ml) of

ium (Kay-Shoemake et al., 1998). Polyacrylamide cell-free supernatant was acidified to pH 5.5, placed

; was provided as the sole source of N to give a final on ice, and analyzed for free NH: -N via ion chro-

.( concentration of 0.05% in the medium. The med- matography to determine the amount of free

;i ium was supplemented to contain 0.05% acetate NH: -N in the supernatant. To determine the

,f and 0.05% mannitol for carbon, yielding a C-to-N amount of N remaining on the PAM in the med-

ratio of 6:1. ium, a supernatant subsample (1.5 ml) was hydro-

Enrichment cultures were generated as described Iyzed by adding 0.5 ml 12 N HCI and incubating at

by Kay-Shoemake et al. (1998). Enrichment cultures 100°C for 30 min (Challis and Challis, 1970). The
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preparation was cooled to room temperature, neu- 0.0008 Carbon Addition .10
tralized with 6 N NaOH, and filtered (0.45 ~m). '"?
Ammonium-N was determined using Nessler's re- .~ 0.0008 .08 i:

=> ~

agent and absorbance at 440 nm. The concentration ~ .08 i
of NH: -N measured after hydrolysis was used to ~ 0.0004 .04 ~

calculate the N remaining within the PAM polymer W 0.0002 ~
by subtracting the free NH: -N quantified in the .02 (3

medium prior to hydrolysis. The PAM-N concen- 0.0000 00
. d . h . d. II 0 24 48 72 96 120

tratlons measure m t e supernatant peno Ica y 0030 010h h h . b d f . B Carbon Addition .
t roug out t e experIment were su tracte rom ,I. . . . ~ -

. .. 0.025 , . - . ~the value measured at zero time to give estimates of:f ~. . . . ~. . . 0.08 <"'
cumulative N removal from PAM. Uninoculated ~ 0.020 .08 i
culture medium, incubated and analyzed for NH: - t 0.015 ~
Nand PAM-N as described above, provided an In 0.010 .04 !

b. . I E.a 10tiC contro . 0005 .02 ~. u
S .1 .d 0 000 0001 ami ase assay . 0 24 48 72 96 120'

Soil amidase activity in PAM-treated and ~20 0.10 '"?
untreated soils was determined using a modification ~ 15 - 0.08 i:
of the method described by Frankenberger and j i. 0.08 :e

T~batabai (1980a). Soil s~mples (5.0~) were. treated }10 +: 004 ~
with 0.2 ml toluene and Incubated with amide sub- E i . !
strate (formamide at 50 mM or PAM at 0.05%) in ~ 5 0.02 ~

Tris (hydroxymethyl) aminomethane (THAM) buf- ~ 0 0.00:1""
fer (100 mM, pH 8.5). Incubations were conducted 0 24 48 72 96 120 ,:
for 2 h when using formamide as the substrate and nine (hours)

for 24 h when testing for PAM-specific activity. Fig. 2. Culture growth, amidase production, and PAM
Following incubation, 50 mM KCI in deionized H2O degradation over time for a soil-derived enrichment cuI.
was added to yield a total soil slurry volume of ture. (a) In.tracell~lar (e) and extracellular (8) amidase in
50 mi. The slurries were agitated on a rotary shaker enzyme Units during culture .growth (6). (b) ~n.tracell~lar

. . . (e) and extracellular (8) amIdase specIfic actIvity during
for 30 mm and allowed to settle for an additional culture growth (6). (c) Removal of N from PAM (0) and
15 min. Supernatant was collected, filtered through residual, free NH: -N (T) during culture growth (6)
0.45 ~m filter and placed on ice. The extracts were
diluted in deionized water and analyzed via ion
chromat~g~aphy for NH: -N rel~ased due. to ami- production and cell growth increased at 72 h follow-
da.se activIty. Con~rol preparations ~onslsted of ing the addition of 3.42 mmol of C in the form of
soil + buffer were Incubated as descrIbed above; mannitol + acetate to the culture.
each. test ~mide w~s added follo:"".ing incub.ation Specific activities determined over time for intra-
and Immediately pn~r to KCI ad~ltlon to estimate cellular and extracellular forms of PAM-specific
the .am~unt of NH4 -N ~resent I.n the test prep- amidase exhibited distinct patterns (Fig. 2b).
aratlon Independent of amidase action. Specific activity of the intracellular amidase fraction

Ion chromatography was low and relatively constant, while the extra-
! ., .. cellular enzyme specific activity varied over time.

I~) . Ammonium was quantlfie.d usIng a Dlonex 100 The extracellular enzyme activity increased during
" :, r Ion chromatograph, as d.escn?e~ by K~y-Shoema~e the period of logarithmic cell growth, followed by a

\. et al. <!1998). The detection limit of this method IS plateau period prior to the culture reaching station-
10 ~g I . ary phase. Intracellular amidase specific activity

~~';:; remained relatively constant after C addition,
,~~ ,-; I RESULTS whereas the activity of the extracellular fraction

I increased.
; Amidase production and N removal during enrich- Cumulative removal of N from PAM, determined
I ment culture growth for the same batch culture (Fig. 2c), increased con-

I Enrichment cultures, which utilized PAM as the comitant to cell growth, levelled off somewhat
sole N source, produced intracellular and extracellu- during stationary phase, and increased again after
lar amidase during batch incubation (Fig. 2). the addition of supplemental C. To assess the possi-
Production of intracellular and extracellular ami- bility that cells were surviving on contaminant

, dase specific for PAM (Fig. 2a) increased with cul- NH: , this compound was quantified in free form in
f ture density initially, then growth and amidase the medium throughout the experiment; approxi-

production levels plateaued. PAM-specific amidase mately 1.0 mg NH4+-N I-I was detected initially as

'~o.,.,,'.'c:",,~' """".",~""""".,... .-
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t a contaminant in the culture medium. Table 2. Soil amidase activity toward vari~us amide substrates in
Concentrations of free NH: -N declined to non- PAM-treated and untreated soil samples.

detectable within approximately 48 h and showed NH: -N released (l1g g-1 soil dry weight)

no subsequent increase during the duration of the Soil treatment Formamide PAM
experiment. The batch culture experiment was

d " . (d h ) d .k Mixed cover ploti repeate In ItS entIrety ata not sown, an stn - Untreated 218.0::1:7.6 36.7::1:11.1

t ingly similar results were obtained. PAM 161.3::1: 15.1 146.6:!: 24.8.

... Bean plot
t Amidase activity and substrate specificity Untreated 89.3::1: 10.1 10.2::1: 2.3

PAM 135.7::1:6.1. 148.6::1: 14.0.
No intracellular or extracellular amidase activity Mixed cover plot (7 ,c'!'i;~

was detected in ~nrich~e~t cultures provided with months post harvest) ~iJ
NH NO an easIly assImIlated N source (Table I) Untreated ND 6.47:!: 1.26 j
E ~h 3, .d d . h . .d . PAM ND 28.87:!: 1.95.

nnc ments provl e wIt proplonaml e as an N
source produced both intracellular and extracellular 'Significantly different from untreated soil (P = 0.05) as deter-

. . .. . mined by the student's I-test; ND = Not determined
amIdase forms. The Intracellular amIdase exhIbIted
marginal activity specific for PAM. No extracellular
amidase specific for PAM was detected.

Enrichment cultures grown with PAM for N field hov:~v.er, PA~-treated and ~ntreated soil.ami-
exhibited both intracellular and extracellular ami- dase actIvItIes specIfic fo~ formamlde were no. dlffer-
dase activity capable of hydrolyzing all amide sub- ent (P = 0.05). ComparIsons between the dIfferent
strates tested. Other than marginal activity detected s~bstrates ~or a given ~oil were not po~sible d~e to
in the propionamide-amended culture, only the dlffer.ences In the duratIon of the.assay incubatIon.
PAM-supplied enrichment exhibited substantial Soils collected from the mIxed-cover. field 7
amidase activity specific for PAM. When the culture ~onths aft~r harvest and tilling still e~hibited. sig-
was grown on PAM, extracellular activity specific rnfi.c~ntly hlghe~ am~unts of PAM-specIfic arrn~ase
for the smaller amides was an order of magnitude actIvIty than dId soils collected at the same tIme
greater than the intracellular activity. For PAM- from untreated areas.

specific amidase activity, however, similar amounts
were detected in these two fractions. ~

.. ~I~hough no intracel~ular o~ extracellular amidase DISCUSSION I':'~~I actIvIty was detected In enrIchment cultures pro- W Ii II bl. h d . h I .,C~.d d .th NH NO . h t It e success u y esta IS e ennc ment cu tures -f VI e WI 4 3, ennc men cu ures grown . . ,. c:
with PAM and NH NO roduced the PAM- that utIlized. ~AM as sole N source. U~der these c

! .fi .d (d t 4 t 3h P ) growth condItIons, the cultures produced Intracellu- ':-:,

Specl c amI ase a a no sown. I d II I .d h. h h'b ' d .
ar an extrace u ar amI ase w IC ex I Ite ac- c",, .~

.. . . tivity specific for PAM. Nitrogen was removed ~~
Soil amIdase actIvIty from the PAM polymer concomitant to amidase c;;;

Amidase activity assays of field soils (Table 2) production, even in the absence of trace inorganic :
.: detected PAM-specific amidase activity in both N. Abiotic controls indicated that NH4+ was not c.:;
I PAM-treated and untreated soils. PAM-specific spontaneously released from PAM undel' these in-

amidase activity of the PAM-treated furrow soils cubation conditions. Amidase production, N
, was 4 to 15 times higher than that of untreated fur- removal, and growth under these conditionsf row soils. Similarly, formamide-specific amidase ac- appeared to be C limited in these cultures. This was
! tivity in bean field soil was higher in PAM-treated not unexpected since we had reported that soil
! soils than in untreated soils. In the mixed-co..er enrichment cultures similar to these were unable to

Table]. Intracellular and extracellular amidase activity of PAM utilizing bacterial enrichment
provided with different N sources

Amidase specific activity for given amide (units mg-1 protein)

N source/amide in Formamide Propionamide PAM
growth medium

Intracellular
NH.NO3 0 0 0

1 Propionamide 0 0.479 + 0.007 0.005::1: 0.001
I PAM 0.075::1: 0.024 0.099 f: 0.007 0.268::1: 0.034

Extracellular
NH.NO3 0 0 0
Propionamide 0 0.332 ::I: 0.024 0

j PAM 0.744:!: 0.224 0.720:!: 0.061 0.244::1: 0.022

~-~
"".~ ~~ ~~-~"~-~, "~~"-'" ,- c~, 'r~,"".~~...,.
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utilize PAM for C (Kay-Shoemake et ai" 1998), Microbial amidase production is generally
Polyacrylamide-specific amidase activity was also induced by the presence of an amide, although in
detected in field soils, and soils with a history of some systems certain amides inhibit enzyme pro-
PAM treatment exhibited significantly higher ac- duction (Clarke, 1980), In Pseudomonas aerugino.~a
tivity. This is the first report of an amidase, in cul- the induction of amidase production is under posi-
ture or in soil, capable of attacking a polymer in tive control by a regulatory protein (Clarke, 1980),
this size range (1-2 x 107 MW). An additional control mechanism identified in some

Amidase activity has been identified in numerous species is that of catabolite repression in the pre-
genera of bacteria, including Rhodococcus (Nawaz sence of glucose and succinate (Clarke, 1980),
et al., 1994), Bacillus (Thalenfeld and Grosswicz, Constitutive production of amidase was reported
1976), Mycobacterium (Draper, 1967), for a Rhodococcus sp. (Nawaz et ai" 1994), Bacillu.\
Brevibacterium (Maestracci et al., 1984), Alcaligenes subtilis and Thermophilus aquaticus (Clarke, 1980),
(Friedrich and Mitrenga, 1981), and Pseudomonas Polyacrylamide-specific amidase activity was not
(Kelly and Clarke, 1962; Clarke, 1970; Ciskanik et observed when cultures were supplied with an easily
al., 1995). In addition, amidase activity has been assimilated N source, NH4NO3, in the absence of
demonstrated in several fungi, including Aspergillus PAM, The trace amounts of PAM-specific activity
(Hynes and Pateman, 1970) and Fusarium (Reichel detected in p~opionamide-N s~~plied cultures may
et al., 1991). Some of these organisms exhibit ami- ha~e been residual fr~m the onglnal PAM-amen~ed
dase activity with relatively limited substrate speci- ennchment: ~ubstantlal amo~nts of PA,M-spe~lfic
ficity, while others appear to produce amidase enzyme activity were detect~d In the proplonamlde-
enzyme able to hydrolyze a comparatively broad Nand NH4NO3-N supplied cultures only when
range of substrates. Furthermore, some of these PAM ~as also su~plied. This indicates that the
gener' when grown with a single amide substrate enzyme IS not constitutively produced and that syn-
aceta~ide, have been found to produce a singl~ thelsis is controlled by induction in this microbial

' d h ' l h d cu ture,
ami ase, w I e ot ers appear to pro uce numerous " ,
, (CI k 1980) M f th SignIficantly higher amounts of PAM-specific
Isoenzymes ar e, ,any 0 ese genera, '" ,

, , ,amidase activity In PAM-treated soils versus
are common In soils, and because the ennchment d ' I I ' d ' h h '

, "untreate SOl s a so In Icate t at t e enzyme IS
cultures y,'e used consisted of a bactenal consortium, d 'bl ' h ' I '

H h I, , ' " , In UCI e In t e SOl enVironment, owever, t e ce-
aenved from soli, It IS possible that some of the I I h ' l" ' d ' '

I th" u ar mec arnsm lor In uctlon remains unc ear; e
amldases reported In the literature were represented, I b ' b bl I i h Intact po ymer su strate IS pro a y too arge \ap-

ere, proximately 0,2 I!m) to enter the cell and act as a

Our data suggest that cells grown on PAM d ' t ' d It b ' d t ' fi d t b I'

t" uec In ucer, may e an urn en I e me a 0 Ie
rapidly produce a Intracellular and extracellular th t ' d d t ' F th th.. .. a In uces enzyme pro uc Ion. ur ermore, e
PA~-speclfic amidase that utlllze~ th,e ?olymer measurable, albeit low, amounts of PAM-specific
amide, N; that the extr~cellular fraction IS lI~ely re- activity observed in soils with no PAM exposure
spons~ble for N extraction; and that product!on. ~nd history raise questions regarding constitutive pro-
secretion o,f the enzyme ,depends on C,a~allab!lIty, duction of the enzyme under field conditions. It is
The following support this co~cept: (1) It IS ~nllkely possible that certain soil organisms capable of pro-
that the huge PAM molec,ule IS transported Into the ducing the enzyme constitutively may not have been
cell; (2) cells produce~ Intra~ellular and rele~sed represented or functional in the laboratory enrich-
extracellular PAM-specific amidase enzyme rapidly ments. It is also possible that thiS amidase, like
upon transfer into fresh medium; (3) while intra- many inducible enzymes, was produced in low
cellular activity remained fairly constant during all amounts even in the absence of inducer, and gene
phases of batch culture growth, amounts of extra- expression was stimulated in the presence of the
cellular activity varied according to culture age and appropriate inducer (Lewin, 1994),

growth, increasing during exponential growth (pre- An issue related to the enzyme control mechan-
sumably prior to exhaustion of available C in the ism is the question of whether the activity measured
medium); and 4) extracellular activity, together with in our study resulted from a single PAM-specific
cell growth and N removal from PAM, was stimu- amidase, a generic high MW amide inclusive ami-
lated by further addition of available C. dase, or a suite of amidase isozymes, When we pro-

It appears that cells enriched for growth on PAM vided PAM as an N-source, both PAM-specific
for N maintain a low amount of intracellular ami- activity and amidase activity specific for low MW
dase and can alter production and secretion of the ami des was exhibited, in both enrichment cultures
enzyme, depending on C availability. Microbial and soils, Amidases that demonstrate broad sub-
uptake of NHI -N released from PAM is quite strate specificities have been reported (Draper,
rapid, After initial depletion of contaminant NH4+- 1967; Maestracci et al,. 1984), although the enzyme
N in the culture medium, NH4+-N remained un- preparations used were either crude or only par-
detectable for the duration of the batch experiment, tially purified, consequently could represent a suite
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, of amidase enzymes. There is also a report of mul- Bollag J, M, and Liu S. y, (1990) Biological transform-

'I '1 ti Ie amidase isozymes, each with a limited sub- atio~ processes of pesticides. In Pesticid~s in the Soilp , , , EnvIronment: Process. Impacts and Modelmg, ea. H, H.
strate specIficIty, produced sImultaneously by Cheng, pp. 169-211, Soil Science Society of America,

~ ",' Aspergillus nidu/ans when induced by a single small Madison,
, ~, amide (Hynes and Pateman, 1970). It is not clear Challis B. C, and Challis J, A. (1970) Reactions of the car-

I from our data whether the observed amidase ac- boxamide group. In Chemistry of Amides, ed, J,
tivity on multiple amides was due to the presence of Zabicky, pp, 731-857, Interscience Publishers, London.

1 ' 1 .d ' ' 1 ' d Ciskanik L., Wilczek J, and Fallon R. D. (1995)

mu tIp e amI ase Isoenzymes or a sing e amI ase P ' fi t ' d h t ' t ' f t ' I t '

url ca Ion an c arac enza Ion 0 an enan lose ec Ivewith broad specificity. amidase from Pseudomonas chlororaphis B23, Applied
It is evident from the soil amidase assays that el- and Environmental Microbiology 61,998-1003,

evated PAM-specific amidase activity in response to Clarke P. H. (1970) The aliphatic amidases of
PAM treatment is not a transient phenomenon, Pseudomonas aeruginosa, Advances in Microbial
Exposure of soil microbial communities to PAM Physiology 4, 179-222, '" , ,

" Clarke p, H, (1980) The utilization of amldes by mlcroor-
result~d In the produ~tlon, ~elease ~n~ long-term ganisms, In Microorganisms and Nitrogen Sources, ed. J,

retentIon of PAM-specIfic amIdase actIvIty, W, Payne, pp, 537-562, J, Wiley, Cpichester,
The effects of long-term PAM application to agri- Draper p, (1967) The aliphatic acylamide amidohydrolase

! cultural soils are not well understood, The N added of Mycobacterium smegmatis: its inducible nature and
to agricultural soils via long-term PAM treatment relation to acyl transfer to hydroxylamine, Journal of

b b . 1 h d General Microbiolog}' 46, 111-123.
does not appear to e su stantla w en compare F k be W T J d T b b ' M A (1980 )f N dd d ' fi .1'. N ran en rger . , r, an a ata al " a
to the amount 0 a e vIa ertllzatlon or 2 Amidase activity in soils I, Method of assay, Soil

fixation in an agricultural setting. The amount ofN Science Society of America Journal 44, 282-287,

contained in the PAM added to the soils when Frankenberger W. T, Jr. and Tabatabai M. A. (1980b)
applied according to the "best standard practice" of Amidase activity in soils II, Kinetic parameters, Soil
10 mg 1-1 in the initial irrigation front (0.2-1.7 kg Science Society of America Journal 44, 532-536,
N h -I -I ) ' f t ' f th N dded to the 1' 1 Frankenberger W, T, Jr, and Tabatabai M. A. (198Ia)a y , IS a rac Ion 0 e a so ' d '" ' I III S b' l ' d d ' ' b ., '" . ,Ami ase activity m SOl s ,ta I Ity an Istn utlon,
vIa fertilization per season (In the fields examIned Soil Science Society of America Journal 45, 333-338.

here, 30 kg N ha-1 y-I). The relatively small amount Frankenberger W, T, Jr, and Tabatabai M, A, (198Ib)

of N added to agricultural soil via PAM-treatment Amidase activity in soils IV, Effects of trace elements

may result in slight shifts in microbial communities and pesticides, Soil Science Society of America Journal
i and inorganic N concentrations, as reported by 45, 1120-1124, ,
. K Sh k / (1998) H th 11 Frankenberger W, T. Jr, and Tabatabal M, A. (1985)

ay- oema e et a. . owever, e overa Characteristics of an amidase isolated from a soil bac-

effect of PAM application appears to be small in terium. Soil Biology and Biochemistry 17, 303-308,
agricultural soils, especially when considering the Friedrich C, and Mitrenga G. (1981) Utilization of ali.
wide range of chemical additives commonly applied phatic amides and formation of two different amidases
to such soils. The relatively low effect observed is by Alcaligenes eutrophus. Journal of General

, k bl h .d ' h Microbiology 125, 367-374,particularly remar a e w en consl enng t at
G I M M H M d S II G (1994), d 1 ' d r h. h d ru a . " uang . an ewe,

mlxe -cove~1 p ot r~celve, a .ar . Ig er ose Interactions of certain polyacrylamides with soil bac-

(1100 kg ha ) than IS tYPIcally applied (1-10 k- teria, Soil Science 158, 291-300,

gha-1 y-I), Hynes M, and Pateman J, (1970) The use of ami des ast The effects that elevated soil amidase activity nitrogen s?urcc:s by Aspergi//us nidulans. Journal of
I might have on other agricultural additives, particu- General MicrobIology 63, 317-324,

1 I .d -J. ., fi t . l . d t ' . d ' Kay-Shoemake, J. L" Watwood, M, E., Lentz, R, D. and

ar y amI e cuntammg er Ilzers an pes ICI es, IS S ' k R E (1998) P I I ' d . ' t. .. . , , oJ a, . . 0 yacry ami e as an organIc rn ro-
i bel~g I?vestlgated. AddItional researc~ I~ needed to gen source for soil microorganisms with potential
i clarIfy Issues related to substrate speCIficity, number impact on inorganic soil nitrogen in agricultural soil,
1. of isozymes produced and regulation mechanisms Soil Biology & Biochemistry 30, 1045-1052,
i
l of PAM-specific amidase activity, Kelly M, and Clarke p, (1962) An inducible amidase pro-

duced by a strain of Pseudomonas aerugenosa, Journal

. of General Microbiology 27,305-316,
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