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Siumimiary. A deamlinlase specific for 4-aminopyrinmidine nucleosi(les has been found
in rye grass. Lolimn perennle. TI'he pH optimiium., temperature stability. Km valtues and
specificity ws'as determined.

A new and more accurate method for following the course of deamination is reported.
This metho(d depends on the shift in maximumii absorbance wavelength of the mixtuire conl-
taiing the 4-an-inopvriiridine nutcleoside and( its (leaminated pro(duct.

Enzymiiatic deamination of naturally occurring 4-

aminopyrimiiidine nucleosides has been reported in a

wide variety of organisms. Detailed studies of suich
enzymes have been made with preparations from
mouse kidney (5), Tetrahymena pyriformiis (13) and
Eschericlhia coli (3). In the higher planits this
enizyme has been reported in the growing anthers of
Liliutnt lon gifloriumii (8), and a brief abstract has ap-

peared indicatinig the presence of this enzyme in bar-
ley seed (9). This report describes distribution and
properties of a 4-aminopyrimidine nucleoside de-
aminase present in rye grass, Loliumz perenulc. A

comparable deaminase for the purine nucleosides, the
purine and pyrimidine bases and their corresponding
nucleotides was not found.

An improved method for following the course of
deamination is also described.

Materials and Methods

Growth Conditions. Rye grass seeds were germi-
nated for 6 to 7 days at room temperature on gauze

stretched over petri dishes filled with distilled water.
This technique afforded a simple means of separating
the blades and roots.

Enizymec Extractiont. Preparations were made

from blades, roots, seeds or whole seedlinigs. TI'he
material was homogeinized in a \Varinig blendor with
0.6 M Tris-maleate buffer (pH 7.6) containiing 0.01 Mf
EDTA. All operations for the preparation of the
enzvme were carried otut at 50. The homogenate was

1 Supported by National Institutes of Health Grant
RG8089 and National Science Foundation Grant G21893.

According to the Chemical Abstracts numbering
system.

3 The following abbreviations have been used: CR:
cytidine; CdR: 2'-deoxy-cytidine; MCdR: 5-methyl-2'-
deoxycytidine; UR: uridine; UdR: 2'-deoxvuridine; and
TdR: 2'-deoxythymidine.

filtere(d through iauze and(l the filtrate centrifuged at
17,000 X g for 1 hour. Lipid material remaining
on the surface after centrifugation was removed by

I straining through glass wool. When (NH4)2SO0
I fractions were collected, the suspensions were kept at
i pH 7.6 by the addition of small amiounts of solid Tris.

The protein fractions were dissolved in a small
amiiounlt of the Tris-maleate buffer and dialvzed
against 5 liters of distilled water for 15 hours. The

I enzymiiatic activity of these preparations was stable
for several weeks when stored at -100.

Proteini Determinationi. Protein was determined
l)v the method of Lowry et al. (10).

A mmonoia Determiiinationt. Ammonia was deter-
mined colorimetrically after micro-diffusion (4) from
incubationimixtures using Nessler's reagent prepared
by the method of Bock and Benedict (7).

Cliromnatography. All paper chromatograms were
dleveloped by the descending method using WVhatman
No. 1 paper.

Deamhinase Assay. The usual reaction mixture
consisted of 6.11 umoles of the appropriate substrate,
0.14 mmole of Tris-maleate buffer (pH 8.0) and 20
ntg of protein, in a final volme of 1.60 ml. When a
nucleotide was utilized as the substrate, NaF to a
finial concenltratioin of 0.1 M twas included in the re-
actioil mixture to inhibit a potent phosphatase presenit
in the extract. After incubation at 300 for zero to
40 minutes, a 0.2 ml aliquot was removed anid added
to an equal volume of cold 10 % (v/v) perchloric acid
to terminate the reaction and precipitate the protein.
After centrifugation a 0.2 mnl aliquot of the superna-
tant fraction was added to 4.8 ml of 0.1 Mf HCl an(d
its UV spectruimi recorded by meains of a Cary Model
14- spectrophotometer.

The percent (leaminatioin vas determined by com-
paring the shift in the recorded UV wavelength
maximum (X max) of the perchloric acid supernatant
against a standard curve (fig 1). The latter was ob-
tained by mixing known concentrations of the 4-
aminopyrimidine nucleoside and its deaminated prod-
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Fi(;. 1. Standard curves representing shift of the ab-
sorption 1)eak in m,u of mixtures of 4-aniiiopyrimidine
nucleoside and its deaminated product.

nICt, e.g. a giv,en tube migiht conltaini 10 imole lpercent
cytidine and 90 miiole percent tiri(lilie. Vach tube
\voulld therefore represent a specific percentage of
deamination. \Vheni the X imiax of the 4-amiinopyri-
mi(lilie iiutcleoside wvas colnpared to the X max of its
deaminiatedl product, a (lifference of 17 m11,A was 01)-

tailmed between cyti(line and uridine sinlce the X max

of cvtidine is 279.5 m,u al(d of uridine is 262.5 mi at
p)H 1. 'l'e same differenice wxas obtained for deoxy-
cytidine and(I deoxvtnridinie. In the case of 5-methyl-
(leoxvti(lilie and thf midilne, the differenice in UV
Imlaxiimiumii1 was 19 mM. Thlerefore, the shift in the
recor(led X miiax was use(d as a measure of the percent
(leamiinationi that occurre(l. This mlethod hias ani ad-
vantage over ilmeasurinig the decrease in absorbance
at some partictular wavelength (12) because in the

latter miietho(d small transfering errors results in a

chlanige of absorbance henice anl error in (leternliining
the percen)t deaminationl. When the A max method
described above is uitilized, the volunme of solution tused
does not affect the wvavelength at which the maximum
absorption occurs so there is less chance of error in
(letermininlg the percent (leanliniationi.

Alaterials. All substrates were purchased from

the California Corporation for Biochemical Research.
Rye grass seedl was obtained from local commiiiiercial
sotirces.

Results

Activitv Distributtion. T'he highest (leamiinlase ac-

tivity- was found in the 25 to 55 % saturated
(N114)2S°4 fraction!. No activity was founld be-
low 25 % saturationi. The 55 to 85 % fraction was

only one-fifth as active as the 25 to 55i % fraction.
On the basis of the amiiounlt of deaminationi per mg

of protein, the root extract was 5 times as active
as the blades and 9 times as active as the seeds.

Substrate Specificity. The enzyme preparation
from the whole seedlings, roots and blades, was spe-

cific for deamination of the 4-aminopyrimidine nu-

cleosi(les, cytidinie. deoxycytidinie aiind 5-methylde-
oxycytidine. No deaminiase activity was observed
When the following pyrimidine bases or nucleotides
were tested: cytosine, 5-methylcytosine, cytidinee-5-P,
cvti(liine -2'(3')-P. 2'-deoxycytidine-5'-1P and .5-

ietlhvl-2'deoxvcvti(line- 5'-P. Aklso, no (leamiinationl
occurredl with aly p)urine stubstrate teste(l. I'hese
inicltuded adenine. gtianinle, adeniosine, guanosine, 2'

(leoxyadenosiine, 2'-deoxyguanosine, adenosine-S'-P,
adenosine-2' (3' ) -P, 2'-deoxvadenosine-5}'-P, gaintios-
ine-S'-P alnd 2'-deoxyguanosine-. '-P.

,Stoichiomctrv at1(1 Reactiol I'roducts. Paper
chromiiatography of the incubated miiixture, after ad-
dition of perchloric aci(l to precipitate proteins an(d
nleutralization with KOH to remove the excess per-
chlioric acid, indicated that onie of the reaction prod-
nicts was the deaminlated nucleoside of the corres-

poncling 4-aminopyrimidine nlticleoside (table 1).

ralie 1. RN,. Values Dem1onzstrating t(le Presence
of t(le [eamuinated ANuclcoside

Nuic'eoside

CR
IUR

Reaction p)rodluct
G(IR
U(Rll

Reaction iproduct
MICdlR
TUR

Reaction product

n-Butanol:
water

(86: 14)

0.08
0.16

0.19
0.30
0.30
0.23
0.42
0.44

u-Butanol: wvater:
formic acid

(77: 13: 10)

0.06
0.16
0.17
0.19
0.36
0.33
0.25
0.46
0.49

Table II. Stoichiioneitry of Pyrimuidinc Nicleoside
Deamuiinase Rcactiont

Substrate

CR
CR
CdR
CdR

M1 CdR
\I (dR

Tim.e

of inicubation

70
100
70

100
70
100

/,moles
deaminated
substrate

(UVx method)

5.4
6.7
5.5
5.4

.5)

6).5

Atmoles NH.,
formed
(micro-

diffusion)

5.6
6.3
4.2

5.6
5.3
6.8

'T'he j-toles of amnmoniia release(d were equtal to the

uAmoles of (leamiinlated product forme(d as (leterminie(l
by- the shift ini max (table 11).

I)epeiden-e ot I)eamninatiomi oni pH. h'l'e enzyme

has a broad activity peak from pl117-10 tising 'Tris-
maleate or phosphate buffer (fig 2).

Hcat Stabilitity. The enzyme preparation ex-

hibited a high degree of stability. Heating up to
700 for 20 minutes caused practically no loss in de-
aminase acti-vity (fig 3).
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Dependlence of 4-aminopyrimidine tiucleo-

DctLcrinlinatioii of Ku,i, I"ffcc-t of I,ii-ynic' Co1ccit-
tration. A graphic determiniatioll of Km of the re-

actioni with CR. CdR an(l AMCdR was mliade. The
Km values were 2.6 X 10-3 \ . 2.6 X 10-3 'i anid 3.0
X 10-3 M, respectivelv for the 3 nutcleoside substrates.
using the 25 % to 55 % amllmoonium sulfate fractioni
obtained from the root proteins (fig 4). These de-
terminationis were niade as described in the deamiinase
assay. The deaminiation of the 4-aminopyrimiidine
nucleosi(le was linear for at least 30 minlutes.

Discussion

The degree of purification of the enzymic prep-

aration from rye grass does not permit any definite
conclusions as to whether one or more deaminases are

present in the extract. Howvever, the similarity in

the rates of deamination anid Km values of CR. CdR
and MCdR suggests that onily 1 enzyme is present.
A similar pyrimidine nucleoside deaminase has been
reported in the higher plants. barley (9) and Lilium
(8) but no miientioni was mlade of the presence or ab-
sence of pyrimedine or purine niucleotide or free base
deaminiases. It 0vould be of interest to examine other
higher plants to determine if the pyrinmidine nucleos-
ide deaminase is ubiquitous to the higher planit kilng-
dom with the exclusion of deaminases for purine
nucleosides, purine alnd pyrimidine nucleotides or the
free pyrimidine and purine bases.
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FIG. 3. Heat stability of 4-aminopyriniidine nucleo-

side deaminase (see text).
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FIG. 4. Determinatioin of Km, effect of enzyme con-

centration. Velocity (v) represents the ,umoles of de-
aminated product formed in 20 minutes. S is the substrate
concentration X 103 (_I).
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At present nio biological funictioni can be as-

signied to the 4-aminopyrimidine dleainaiiiise. Holta
ai(l Stern (8) could filnd Ino effect of this enzymie on1
DNA synthesis. However, the corresponidinig lyri-

iimidine nucleotide deaminiases ( 11 ) exert control o-er
the relative amounts of the l)yrimilidne (leoxynticleo-
ti(les nieeded for DNA formiiationi. It is also of initer-
est that sea urchini eggs, which conitain the pyrimi(line
ntcleotide deamiiinase, show little phlosphatase acti\vitx
(11). whereas rye grass with its pyrimidine niticleo-
si(le deamiiniase conitains active phosphatase. \Whether
this deaminiase acts as a salvage reactioni or exerts a

more profoulnd effect oJn the conitrol of lnucleic aci(l
metabolismn remains to be investigate(l.
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