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SUMMARY

5’-Nucleotidase (EC 3.1.3.5) has beens purified 26-fold from rsst heart and obtstitied sub-
stanstially free of nonspecific phosphatase activity. The pH optiniuni for the emizynse �

7.6; at this pH, 7 m�r �‘slg� and! 2 mM Ca++ caused 40% inhibitioms of 5’-nucleotidase sic-
tivity, and 0.17-0.69 mi�n �sIg++ was ssithout effect ots activity. The mmuclcoside triphosphates

ATP, UTP, CTP, GTP, and ITP inhibited 5’-isucleotidase in a nsoniconipetitis’e inamitier

with respect to adenosirse 5’-momsophosphate. The AMP analogues adenosimme 5’-phosphmoro-

thioate (A’s1PS) arsd 2-chloroadenosine 5’-moisophosphate (2-chIoro-A�\ IP), which are

vasodilators, and 2-methylthioadenosine 5’-monopimosphate (2-mnetisyithio-A\ IP), iviuich lists
no vasodilatory properties, is-crc all substrates of 5’-nucleotidase, with Michaehis commstammts
similar to that of AMP. The maximum velocities of hydrolysis of AMPS, 2-chmloro-AMP,
and 2-methylthio-AMP is-crc 36 (4, 79 %, and 116 ‘4, respectively, of the maximum velocity
for AMP. The rates of hydrolysis of these analogimes by 5’-mmucleotidssse are conmsidereol in
relation to their vasodilatory effects.

I NTRODUCTION

Adenosine 5’-momsopimosphate amid its aria-
logues 2-chloroadensosinse 5’-monsophsosphate

amid adensosine 5’-phosphorothioate are vaso-

dilators (1),� is’hile time related ammalogue 2-

methylthioademsosimmc 5’-nsomsophiosphate hias

no discernible vasodilatory properties (2).

The ratio of potemicies of AMP, AMPS,4 arid

2-chsloro-AMP as vasodepressors in time rat

is 1 :0.8�:7, respectively (1). The vasodi!a-

tory effect of AMP is brief, timat of AMPS
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F. iNlichal mimic! F. Pemmglis, ummpublished oh-

servations.

The abbreviatiomss imsed mire: AMPS, adenosine
5’-phosphorothioate; 2-chioro-AMP and 2-methyl-

t hio-AMP, the 5’-nnomsophosphates of 2-chloro-
midenosine anmd 2-nmmetimylt hioademiosimse.

lasts lonmger, amid the depressiots of blood
pressure caused by 2-chloro-AMP is of eveti

greater durations. The rates of imydrolysis in

i_lieU of A\IP, A\IPS, 2-chmloro-_�\I P. and
2-nsethivltimio-A\1P to their 1)stremit miucleo-
sides, ademsosimme, 2-chiloroadeniosimie, muti(! 2-
nsetimylthmioademsosimse, isiiicim sill huts-c vaso-

dilator properties (1, 2), may be pertimietit to

both time yasodilatory 1)otemscY ats(i durmttionm

of actions of these nucleotides.

This paper reports time 26-fold pmmrificmutioms

from rat heart o)f 5’-nuclcotidase (EC 3.1.3.5)

substamitially free from nonspecific plios-

phatrLse activity, studies of the substrate

specificity of time emszyme for the vasodtlatory

miucleotide analogues, and studies of the

general properties of the enzyme, particularly

the nsature of the imihmibitiomi by the nucleoside

triphmoSpimates ATP, GTP, ITP, UTP. amid

CT!tm.
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5’- Nucleotidase ins beets partially purified

froni a nsuniber Hf mammalian sources, in-

eluding humati amid rat liver (3, 4), bovimme
pituitary glamsd (5) , calf intestinal mucosa
(6), amid shed) braiti (7), titi(l a 12-fold

I)ulrifications of time enzyme from rat heart

acetotse pois(Ier uris beers reported (8).

MATERIALS AXI) METHODS

Materials

2-Chloro-AMP (1) amsdl 2-msietimvlthio-Ai\IP
(2) were symsthesized its this institute, amid

AMPS (9) is-sis a gift from Professor ?sI. H.

Atkimssoms. :\.\1l�, (�\lP, amid nmuclcoside tn-
piiospimates were Sigma products, ami(! I�\lP
is-as obtaimscd from Pierce Biochemicais. Calf

intestinal ademmositse dcaniimmase ss�sts obtained

from Sigma Cimemical Conspammy ; the specific

activity at I)H 7.6 tImid! :�o#{176}is-as 270 uniits

(niicromoles of ademmosimic deamimiated per
minute) per milligram of proteins. Wimatmans
cellulose I)hosl)hsate arid DEAE-cehlulose DE

22 is-crc used atit! isere cycled before use
accordimig to imsstructiomms gisemi by the mamsu-

facturer. Sephadex 0-200 is-as obtaimied from
Pharmacia. All reagemits sstmd buffers is-crc

analytical grade.

Enzyme Assays

1 . \Vhemm mmommspecific phsosphmatr�se is-as

presemmt, time assay niixtumre contained 2 ,.�-

nsolcs of substrate, 30 /.mnioles of Tris-HC1

(pH 7.6), amid etszyme in a total volume of

1 .2 nil. After 10 miii of incubations at 30#{176},the
neactiomi is’a.s stopped by time addition of 1 nil
of 10 % trichloracetic acid. Precipitated pro-
teims is-as removed by cenitnifugation, and 1
ml of the supernmatammt fluid is-as used to

estimate insorgammic pimosphmatc as described by

Martimi and Doty (10). Phetsyl phosphate

ivas the substrate for miomispecific pimospha-

tase, arid time pimospimate released by 5’-
nucleotidase was obtained from time differ-
cmice betw’ecmi total phosphate liberated from
AMP and timat from PisensYl phosphate.
Blank values were obtaimmed by adding tn-
chloracetic acid prior to time emizyme. Assays

is-crc carried out in duplicate or triplicate. In
kimmetic studies witim time purified enzyme, the
reactions is-as stopped by the direct addition
of the acid anmnmonium molybdate reagent to

the assay mixture.

2. \Vhmen time etizynie preparations is-as free

from detectable nsonspccific l)imosphsstase, 5’-

miucleotidase isas measured by coupling time

reactioms ivithi excess ademmosimme deaminase

amid foliowimmg time change mi optical density
resultimig from the conversions of adensosimme to

itmosinme (11). Time assay mixture mi a 1-cm
light-path cuvette constairsed the emizyme

(0.05-AILS ml its 0.01 rim Tris-HCI, pH 7.6),

0.24 /2nmole of AMP, 0.27 unit of ademsosinse
(leamimmsl.se, ammd 129 j�mmoles of Tnis-HCI

buffer, pH 7.6, its a fimial volume of 2.9 ml.
Time reactions was initiated by time addition
of 5’-mmucleotidase, arid the absorbamice

cima.mige sit 265 m� is-as measured usimsg a
Gilford model 220 absorbance indicator
attached to a Ummicsim monochromator arid a
Vaniami G2000 recorder. Time cuvette corn-

partmemst is-as thermostated sit 30#{176}.The
absorbamice chstnge per minmute ssas cons-

vented to micromoles of AMP hydrolyzed

l)CF mimsute by time followinsg relationssiiip:

. #{163}4X2.9

�inioles/mirs = S 1

ivhmere 2.9 is the volume of the assay mixture

amid 8.1 is derived from the difference ins the
extirsction coefficients of adensosimse arid mo-
sine at 265 rn�.i (11). Assays for kinetic
studies is-crc carried out irs triplicate.

Unit of Activity

Otie unit of 5’-nucleotidase activity is-as

defined as the amounst of enzyme needed to

dephosphonylate 1 m�mole of AMP per
minute under time above assay conditions.

Time colorimetnic assay and time .spectno-
photometric assay gave similar results.

Protein A ssay

Protein is-as determined colorimetnically

by the metisod of Lowry et al. (12), using

bovimie serum albumin as standard. The
relative proteins comscenmtratiomi of column
eluates is-as estimated by measuring the
optical density at 280 m�.

Puriji cation of 5’ -Nucleotidase

Hats were killed by a blow on the head,

amid time hearts is-crc excised, minced finely
with scissors, is-ashed w-ith cold distilled

water, ammd frozems. All steps in the punifica-
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enzyme, associated ivith colored material,

tions procedure is-crc carried out at 0-4#{176},amsd

all buffers used commtaimicd 1 mit 2-mercapto-
etisanol.

Step I. Fourteens grams of frozen hearts
ss-ere homogenized mm 2 volumes of distilled

svater at speed I ins a Sorvail Omnsimixer for
45 sec. The homogenate ssas diluted to 100

ml with distilled water arid cemstnifuged at
:34,000 X rj for 1 tsr. Time supernmatammt fluid

sva.s discarded, and the precipitate is-its resins-
pended in 50 ml of aqueous 3 % sodium de-

oxycholate by gentle hand hmomogeniization
ins a Potter-Elvehjem isomogemiizer. The sums-
pensions is-as stirred for 30 mimm and thiems

cemitnifuged at 34,000 x � for 1 hr. The
precipitate was discarded, amid tise super-

natant fraction (60 ml) w-a.s used directly its
step II.

Step II. Acetomme nit - 300 to -40#{176} is-as
added dropss-ise to time stirred enzyme solu-
tioni to give a final acetomme cotsccmmtratioms of
15 % (v/v). Stirring was comstimmued for 10
mm ; precipitated proteimi is.as alloiscd to
flocculate for a further 10 mini ansd is-as thieni
removed by centrifuging at 10,000 X q and

- 6#{176}for 20 mini. Time precipitate ivas dis-
carded, and the superniatant fractions (60 ml)
was dialyzed immediately agaimmst 0.01 M

phosphate buffer, pH 6.6.

Step III. Cellulose phosphate (4.5 g)
equilibrated in 30 ml of 0.01 �i �)hosphate

buffer, pH 6.6, is-as added! to the enzyme
solutions. The suspension ss’as stirred for 30

mini mmd centrifuged at 10,000 X q for 10
miii. Time superniatant fluid is-as dccamited,
and time cellulose pimosphstte ssas resuspemsded
in 30 ml of time same buffer. Time suspemmsion
was stirred ansd ccmmtnifuged as before, ammd

the supernsatanst fractions is-em-c combined
and dialyzed against 0.01 ii Tris-HC1 buffer,
pH 7.9.

Step IV. A slurry of DEAE-cclhnlose DE
22 (6.0 g) equilibrated ins 0.01 ii rfl.iSHCl

buffer, pH 7.9, wa.s added is-itii stirrinmg to
the enzyme solutions from step III ummtil no
more 5’-nucleotidase activity m’enmai tied ins

solutions. The DEAE-cellulosc was timers

poured into a colimmnm, is-aslsed is-itim time same
buffer, and thems eluted sviths 100 ml of buffer
followed by 100 ml of buffer commtainsimmg 0.1
M KC1 and 300 ml of buffem conitainitig 0.4

.it KCI; 10-mi frstctiomms is-crc collected. The

is-as elutedi by 0.4 in NC! (1”ig. 1). Time active
fractions were combimsed! amid dialyzed agaimist

0.01 it �L(3’-(!iniethmv! glutarate buffer, 1)H
6.2.

Step V. Time emmzynie soiutiots is-as applied

to si column of 3.0 g of carboxymethmyl-

cellulose (1 g/20 mg of emizymime proteins)

ishsicim is-as equilibrated its time sanie buffer.

Time enzyme was eluted ivith buffer as a
simsgie l)m’oteits peak; 10 nil fractiotms is-ore

collected!, amid suctive frsictions is-crc coni-

bimmed amid dialyzed against 0.01 in Tris-HC1
buffer, j)H 7.6, for kitsetic studies.

Time purthcsttioms procedimm�e Sili(l elinmitmation
of mionsspecific Pimosi)hsatast’ activity is suns-
niarized ins ‘Fable 1.

RESULTS

General P1-o/)erties of Rat liea,t 5’-

Nucleot idase

Tue purified! emmzvmc had a specific activity
of 1 10 units/mg of proteiti, amid was stable ins
0.01 M Tnis-HC1, pH 7.6, at 40 for 3 ‘weeks.
When the emizyme was filtered tiirougis a
Sepimadex (4-200 columns it is-as eiuted mm a

Fru. 1. Eiution pattern for 5’-nucleotidasc front

DEAE-ceiiu lose

Time emizynie (156 nmg of proteimi contaimiimmg 5200

immmits), in 0.1 ii Tris-IlCl buffer, p11 7.9, ivmus a(1-
sorbed to 6.0 g of I )EAE-cellulose. Active Proteimm

wmts eluited with buffer contmiinimmg 0.4 ii KC1. Re-
covery of enzyme units was 7W%�. 1;mmzyme act ivity

wmss assayed by the spectroplmotomimetric mmmethmod as

described ins ii ATERIALS A NI) it ETHODS.



Fraction
Specific Purifi-
activity cation

Vield

15,200

6,500

1,400

15,500
11,800

7,610

-fold

1 .9

4.0

76

49

units/nzg
4.2

8.0

16.9

65.8

110.0

7.9 34

15.5 26

26.2 24
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TABLE 1

Pu rificat ion of 5’-nu cleot idase fruits rat heart

Total units’

Volume Protein Nonspecific 5’-Nu-

phosphatase cleotidase

I lonmogemmmit C

1 )ei ixvchol mite supermimst amit

Acet omme supermmat alit

Cell iml OSC piiosl)lmmlt C simper-

mastanmt

I )EAE-cell unlose climate

CM-cell milose el mmmste

ml ing

100 3, 65()

60 1,480
55 451

87 156 5,200

120 60 -�‘ 3,950

110 33 -J’ 3,�30

Omme mmmiii is the amount of enzvnse activity which hydrolyzes 1 m�imole of substrate pe� minute.

No nonspecific phosphmitase activity could be detected. The lower limit of the assay was 1 nm�hmo1e

of phosplmmite formed per nmimiute, so that the mmommspecific phosphatase activity of these fractions was less

thmims 5’4 of time 5’-mmucleotidase activity.

shsimp peak followinsg time void volumiie, amid
DO itmcrt’tise ins specific activity was obtained.

1�.!i(��t (5f 1�’iizyiiie Con ceo ti-at ion

With AMI� as substrate mi tue spectro-

pimotometric assay, time dependence of reac-

tiotm ISItO Oti enzyme comscenstration is-as linear
up to 340 ;.tg of proteins. Its the colorimetric
mtsssi:t�� time miTlaximiiutm1 anioumit of purified 5’-

miucleotidase used! was 34 .ig of proteins, and

witim A\IP, Dilltm, (1\IP, 2-chmloro-AMP, 2-
miietimylthiio-Ai\IP, amid Ai’slPS sis substrsites

time ielsttiotishmip of rate to enzynme comicen-
tm-mitiomm iVas limiessr ill) to timis limit.

I�1Tect of j)II and iIetal Ions on Actitity

3’-Nucleotidase eximibited a sharp optimum
at pH 7.6 ivitlm AMP as substrate (Fig. 2).

At� this pH the presersce of 170-690 j.ssi

:\lg�� had iso effect ots enzyme activity, but

at imigimer \IgM levels imilsibitions ishicim

showed! sigmoidal depeimdenmce on \Ig� cois-

cemitm’atiois was observed (Fig. 3), anidl 7 m�si
�\lg� caused a 40 #{182}4fall ins activity. The

commcemitrationms of i\IgAMP and unicorn-

plexedl AMP were calcUlate(l as fumictiosss of
time Mg±± concenitratiors, amid! showed that at

10.3 m� Mg� 33 #{182}4of time total AMP ivas

presemit its the uncomiiplexed form.5 A plot of
reactions velocity ssgaimmst free AMP is-as also

signioidal, iisdicatimsg tiiat time inlmibition ivas

miot due simply to depletion of AI\IP by

(‘mmlculat ed by I )r. \V. ,J. O’Sulhivamm.

conmi)lexatioms with \ fg++ amid suggesting

that i\IgAMP may be sims imihibitor or a very

poor substrate.
Song amid Bodammsky (13) found that time

5’-msucleotidase of n-at liver plsisrna membrane
had optimal activity ins time absenmce of Mg�

at pH 7.5, amid exhibited a second optimtmm

at 1)H 9.1-9.3 ins tue presenice of Mg�.

Similam behavior of time rat heart enzyme
could explain time difference in the pH opti-
mum found ins timis work amid that of 9.5

reportedi by Baer et al. (8), whose studies

is-crc carried out its time presence of Mg�.

Lois- concenmtrationms of \ Ig� activated both

the rat liver amid rat heart cmszvmcs (13, 8),

is-hue the enzyme 1)urified from simeep brains

and that presenmt imm nit imeamt imomogenate

is-crc unaffected by \lg� (7, 14). The
variations its the t’ffects of \fg++ onm 5’-

isucleotidase reported by differemst immvestiga-
tors may be due td) Mg�-inmduced shifts in

the 1)H optima of the reactionms. Similarly,

time sigmoidai dependenmcc of time inhibition of

5’-nucleotidase activity on Mg� comicentra-

tioms reported here nmay be related to change
in time pH optimum ivith immcreasimsg Mg++

concentrations as well as to possible inhibition

by MgAMP. Calcium iomms inhibited rat
imeart 3’-nucleotidstsc more strongly thans

?�1g�, but ins a typical hyperbolic manner

(Fig. 3), and 2 mm Ca� caused 40 % inhibi-

tions of activity. Time stnikimig diffcremmce in

the plots of emszyme activity ivitim respect to
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AMP

AMP

IMP

(iMP
2-Chloro-AMP

2-)�Lethvltlmio-AMP

AMPS

.� X Jo: ?;Z/3flZoles/

mom/mg

1.65 ± 0.l� lth.4 ± 1.8i

1 .45 ± 0. (8� 10:3.9 ± 1 .0
1.23 ±0.(�i 56.4 ±0.8

1.17 ± 0.08 3:3.6 ± 0.5

1 .25 ± 0.07 82.3 ± 1 .0

2.01 ± 0.11 120.8 ± 2.0

1.14±0.10 37.8±0.8
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#{176}These parameters were obtained by the spec-

rophot unmet nc assay -

7 8 9

pH

FIG. 2. Effect of ph on 5’-nucleotidase actipit!,

The spectropimotonmetric a.ssay was missed with

48 �iM A�%IP and the appropriate buffer. Each missay

containmed 36 imnmits of 5’-mmucleot idmise, and the

initial velocity, V, is expressed as miammomoles of

AMP hydrolyzed per minute per 36 units of en-

zyme. �, 0.05 in potassium ithosphate buffer; #{149},
0.05 in Tris-HC1 buffer. At phi 7.6 V was the sanme

its each buffer.

1\Ig++ arid CrL�� cd)nmcetitrsitionis (l”ig. 3)

indicates that the cationis inmhibit by different

nmechmansisms.

Substrate Spec�ficity

The resi�onse of 5’-miucleotidase activity

to A)�1P comscetmtratioms is-as hmypcnbolic, an(l

a double-reciprocal plot of time immitial velocity
data obtained using the spectrophotometnic
assay gave a Km of 1.65 X 10� mm anid a

I max of 106 fli�.Lflioles I lydlrolyzcd/mini/mg
of protein. Sinmilsir K,. amid V12X values for
A�\Il� were obtainied wlsenm rates is-crc
measured usimsg time colonimetnic assay.

AMPS, 2-chsloro-A\ I P, 2-methmyltimio-A\ I P,
IMP, arid GMP were substrsitcs, amid all
shoss-ed a hyperbolic depensdemscc of reactions

velocity ons substrsute concentration. Accmm-

rate K� amid V� values withm stanidamd
errors were computed for time six substrsites

by Wi!kinsoms’s is-eighmted isonilinesin regression
method (15). Comparisons of thiese parmunmi-

eters (Table 2) shois-s thsit the differemit sub-
strates imave similar affinities for time enzyme,

but timat time enmzynmc-substrate complex is

brokems doss-ms at d!ifferemit rates, del)etmdi tmg

both oti time msature of time sisbstituensts otm the

F’n,. 3. U/eel of miicignexiu?ii cincl (atrium lOBS on

‘5 ‘-flucliCot i(lase Uetitit!/

React ion velocity was nmeasmnred by the spec-

rophot onmet rn assmsy mis described itt M s-rn�mtnmm�s

AND METJtODS, usinmg 55 �M AMP amid 220 �g of

enzynie Proteimm mm eacim assay. Onme lmumndred per

cemmt mictivity was 6.1 mMmoles of AMP lmvdrolyzed

per mimnumte per 220 �g of protein.

T.smii.m< 2

Kinetic constants of substrates of rat heart

5’ -fl iuleot ida-se

1;nzymmie activity was mmssayed by nmemisuremenmt

of the relemmse of imiorgammic phosphmste a_s described

ummmder it ATER! At.S iND it ETttI)I)S. Assmsys cont ni tied

34 �g of enizynie prot em amid wet-c (10mw III dupli-

cate. With AMP as substrate, activity wmis also

assayed by the sped rophsmt onmiet ne nimet hod mis

described in the legemid to Fig. 4. Parmmmimeters were

calculated by Wilkinsomi’s weighted tmonlinmear re-

gressiomi nmietlmod (15).

Substrate K,.
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10 5

1ItAMP x 1O’M)

Fna. 4. Inhibition of 5’-nucleotidase by nucleoside tripho.sphates

Time recipro(-als of time mmii imil velocity with respect to the reciprocal of AMP concentration were

plotted ins time mibsemice amid itt the presenm�e of ATP, (1TP, ITP, UTP, and CTP. Velocity (1) is expressed
as nmammonmoles of AMP hydrolyzed per tnimminte per 120 �g of protein. The spectrophotonmetric assay as

described in SmATERnAL5 AND itEm’IIOm)S wmts mnsed. Assays contained 120 �g of enzyme l)rOteimm, and were

performed in triplicate.

pinrimme riisg mimic! on time msature of time acidic
niioietv. Thins \1\IPS amid (\IP mine imydiro-
lyzed at 36 #{182}; ansd 32 #{182}4,respectively, L\IP

at 54 #{182}4,501(1 2-cimloro-A�\lP at 79 � of time

rate of AMP. 2-Methvlthio-AMP, ins con-

trast, is hydrolyzed more rapidly thans AMP.

Murray am! Atkimisots (9) foumsd thmat time
5’- tmucleotidase of (‘rotalus adaman teas liv-
droivzed AM PS to adenositie at only 1 .9 %
of time rate of AMP, indicatimmg that time
smmake vetiom emmzyme differs sigmmificantiy in

its active site requiremensts fnoni the miiam-
niahian heart etizvnme.

Iii liii) it101!. by Nucleoside 7’i-l/)/iospliates

Rat hiestnt 5’- nucleotidase was strommgly

itsimibited by ATP arid TJTP; (‘TP, GTP, and
ITP also imihiibitedl, but less stronmgly. In each
case time itsimibitioni ivas of time mixed corn-

petitive-noncompetitive type (Fig. 4) . In-
isibitionm constamits is-crc obtained from replots

amid are summarized in Table 3. Inhibition
of mammalian 5’-nucleotidases by miucleoside

tripisosphates has been reported. Baer ci a!.

(8) found that ATP ins time presenmce of Mg�

is-as a competitive imsimibitor of partially

purified! rat heart 5’-nucleotidase, ivith a
K of 1.83 X 10_6 mn, arid that GTP amid
ITP were also inhibitors. Time simeep brain
enmzynse ivas foumid by Ipata (7) to be in-

hibited by ATP, UTP, amid CTP, but not

GTP, amid time inhibitions curves obtairsed
is-itlm imscreasinmg coiscemstrations of ATP,

UTP, arid CTP is-crc sigmmsoidal. Ins constrast,
imshibition of the rat heart enzyme by ins-

creasiimg conicemstrations of ATP, UTP, CTP,

GTP, and ITP was msonicooperative (Fig. 5).
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TABLE 3

Inhibition constants for nucleoside tripho.sphate

inhibitors of 5’-nucleotidasse

Inhibitor constants were obtained from slope

against inhibitor concentration replots of the data

shown in Fig. 4. Details of the assays are giveim mi
the hegend to Fig. 4.

Nucleoside triphosphate K1

M X 106

Adenosine 5’-triphosphate 1.60

Guanosine 5’-triphosphate 34.5

Inosine 5’-triphosphate 41.0

Cytidine 5’-triphosphate 14.0

Uridine 5’-triphosphate 12.3

DISCUSSION

Both AMP and A1\IPS are hydrolyzed by
5’-nucleotidase to produce adenosine, a vaso-
dilator which is about equipotent with AMP
and, like AI\IP, has a transient effect (1).
Adenosine is rapidly removed from the cir-
culation by uptake by tissues amid erytimro-
cytes and by deamination to inosine (16, 17).
The lower rate of dephosphorylation of
A\IPS compared to AMP suggests that the
greater duration of action of AMPS in vivo

may be related to its slosver hydrolysis to

adenosine by 5’-nucleotidase. 2-Chioro-
AMP, which is 6-7 times as potent as AMP

(1), is hydrolyzed by 5’-nucleotidase at 80%

of the AMP rate to give 2-chloroadensosine,
an extremely potent and long-lasting vaso-
dilator. 2-Methylthio-A\IP, svhicls is is-itim-

out measurable vasodilator properties, is
hydrolyzed at a greater rate than AMP to
give 2-methylthioadenosine, a weak but
long-lasting vasodilator. The ratio of vaso-
dilator potencies of adenosine; 2-chloro-

adenosine, and 2-methylthioadenosine in the
rat is 1:8:0.1, respectively (1, 2). Thus there
is a correlation between the vasodilator

potencies and duration of action of AMP,
AMPS, 2-chloro-AMP, and 2-methylthio-
AMP and the potencies arid duration of
action of the nucleosides produced from
them by hydrolysis by 5’-nucleotidase.

It is not known whether AMP acts

directly as a vasodilator in vivo or acts after
hydrolysis to adenosine, as suggested by

Jacob and Berne (18). Baer and Drummorsd

(19) simowed that � ott a single perfusion
through time isolated rat heart was converted

substantially to adenosinme, insdicating that

5’-niucleotida.se is present irs time svalls of the
coronmary vessels. The histochemicai studies
of Bajusz arid .Jntsmins on time rat imesirt (20)
located 5’-nsucleotidase activity ins time ivalls
of time coronmary vessels. Thus, during pas-
sage through time cardiovascular system,

A1\IP amid its vasoactive amialogues may be
readily hydrolyzed to time paremmt niucleosides
by 5’-nuc!eotidase ins the coromiary vessels,
but whether plasma pimosphatases also play a
role ins the imydrohvsis of AMP amid tise AMP

analogues ‘in vwo remainss to be determimsed.
Time inhibitions of the rat heart 5’-nucleo-

tidase by botim purine arid pyrimidine tn-
phosphates indicates timat time requirements

of time emmzyme binding site, or sites, for the
tripimosphates are somess-hat mionspecific.
Like the sheep brain enzyme (7), the heart
enzyme is poiverfully inhibited by ATP,
is-hicim has a K of 1.6 X 106 mi. However, time
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FnG. 5. Effect of varying concentrations of ATP

#{149}), UTP (0), GTP (U), CTP (0), and ITP (V)
on the reaction velocity of 5’-nucleotidase

The spectrophotometnic nmethod of assay as

described in MATERI.SLS AND METHODS was used

with 55�im AMP; each a.ssay containmed 120 �g of

enzymne protein, which in the absensce of nucleoside

triphosphate hydrolyzed 9.3 mMmoles of AMP

per mimiunte.
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tiV() emizymes (liffem immthmeiF response to (�FP,

sshsich is ant itsimibitor of time heart emizyme

withs a K� of 3.46 X l0� .mr but does niot

affect timt� activity of time bn’msini �)‘-mmucleoti-
dase (7). Burger amid IA)wenmst.eins (21) sisoised
thmstt time two l)mttii\sstis fun’ A’SIP breakdossrs

its t�hie rat heart are regulated! by ATP arid

( �‘fP. Thsev (lemonstrated thirst ATP stin’su-

Itited time forniat.ioti of 11\IP from A,\IP atsd

itihibited time (lephiosphorviatioti of A\IP,

amid! timat GTP reversed the activations of
adetiviate (leatimitittse by A’TP amid also ins-

imibited time fornmatiomi of adctsosinme frons

Ai’�l P. This dlual comitrol regulates _\J\IP
nietstbolisnm accordlimsg to time requirenmenmts of
time nmiyocardium for time instermediates of time

tWo l)mtthisVa�’5; i.e., for L\IP, w-imichs is needed

for guaniosinme tiucleotidle symsthmesis, amid for
ttdeniositme, ssimose release by time mimyocardiunn

regulates corot nary blood flow (22).
,Ar1I�1) levels mi rat iieam’t. min.e nornmallv high,

4 /.Lnmoles/g of tissue, an(l fall .stmbstmtmstially

otily on proloniged iscimenmimi (23). Ai�P � suds

51, posverfmml intl iibit �r of �)‘-nsuc1eotidase timstt,
(�V(�t5 sulloivitig for its conscenitrationt isithmini

certmtims cellular conil)ant.msmensts, msornmal cons(hi-

tiotis ivotnld sti)Pean to be imsimibitory for time

enzy misc, prevensti t mg time fortmsation of adlenso-

sitme frons AM P. However, 60 #{182}�of time 5’-

miucleotidase muctivity of rat, heart isomoge-
nmmtte is found iii time nmemimbramse-derived

microsomal fractions togethmer is-iths 30-40 �
of time \[g++ssct,isrsstetl ATPase activitv.e

Hydrolysis of ATP by Mg�-ATPase mi time

vicitmil v of �‘-tmtncieotidstse mnav cause a local-

ize(l fall in time ATP level, so timat adenmosimme

cant be produced fromim AMP by �‘-msuclcoti-

dmtse ats(l release(l to regtmlmtte eonommstrv blood
floss’.

.�(K NOW nEtaat ENI’

The aunt imors wisim to t hamik I )r. W. J. O’Sinll ivamn

of t he I )epant mmmcmii of Medicine, 1,mtiversit y of

6 ‘sI. 11. �I:tg;nime amid S. Steggmtli mnmipmmhlished

oi)setvat norms.

Sydnsey, for imis calculat totis of \IgA�\IP concentra-

tiomms.
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