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: An‘alngs @f A’TP bearmg a sulfu.; atom on Pathez
‘ ﬁle ~- or the a-phosphate group (fig. 1) have
~recently been syn‘thes;zed and ested for bio. @gmai
: "a;chvﬂy in various enzyme system& Notably. . _
-adencsing 3 —G‘»(Ji -thic ﬂnphnsphaéa} (AT Pub[l was

Deparfmen? oj P}:zmmi'cn]c gv Umyersz?yv V‘Albemz, dea:z!m Aberta, &mda

L we ﬂﬂ‘&’-e mvsst;ga‘ued ihe pﬂ“"’“ ' str
" “inhibitor funitions’ of :
L ’aﬁeny}an cw:lase, an f:nzym:a LBUBIE}T ©on tamtﬁai-aﬁ
T by Wubsitrzle DONSUMING ph@*ph@fyiy@]t activizies. =
-+ Although we feung 1liaf ATPyS serves asa ﬁLtsImte _'f
. for .adﬂn;,aie wslasm Emm Ehrllchasc B 7=11:. the-
. compound was alse degraded by other phic
- found 1o b resistant against pyrophosphatates fun- -
—:‘pubhsheﬂ] and adenosine 5 -O-{3»ihmnphi) aph:aie} S datiorn produeis th I@e&) was fovn in.%bk ibe 3de-”
:'-'(ATPfyS) agamst alk hnne phosph:amae ;[]] ? mem}y o

these: compoungs with -

hosphory lyhc: A
eNzZymes pIBSBB‘I inthey epax;atmr ATPaS (o ‘ﬂegra»_,

. f_.ﬂylaL e cycizse, and the Komeric m:mu(éz L Pﬁﬁ
7 showed f:ompmmve ml*m:m;cm ‘mth a:n appJ 11 k! )
T B,BBSmM SRR e U
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was added and cychc AMP p:oduchon was. measured
‘as descnbed earlre:r [3].1f ATPyS or unlabelled
ATP was the substrale ihe concenfration 'was 1 mM
_and workmp was as ollows Reactions were stopped

by placing tubes into a! oiling water bath for 3 min.
After aﬂdltlon of 0.2 ml H; O and mlxm;g, tubez __.{

were u:nmfuged in the cold at 2500 g for 5.imin..
The supernatani solution ‘was stored frozen unn] _
.~ ready for assay of cychic AMP conlent which was
~measured in 5-20 2 aliquots’ by the binding protein
meﬂmd of Gilman [4]. using a cyclic AMP binding
protein prepared-from beef heart muscle.
" The ATPaS [5] was synthesized ang the isomers
. separaied as described elsewhere [6]. ATFAS and
‘[PH]ATP)S were preparsd as published |1 ,’73 . Purity -
checks and degradation measorements of [PHJATPYS

‘were carried out by thin layer ion exchange c‘nomaio—

- graphy using polymine thin layer plates (PEL -

" Macherey and Nagel) and 0.75 M potassium phos— -
“phate, pH 3.5 for development (R values: ATPyS -
—0.08; ATP— 0.19). Biochemicals were purchased
from Sigma-Chemical Co., St. Louis, or Boehringer--
Mannheim, New York, and a- fBzP}ATP from Inter-

" national Chemical and Nuclear Company, !rvlne
Cahtorma

3. Results

3.1. Experiments with ATPyS . .
‘Addition of 1 mM ATPyS 1o standard assays of ~
. adenylate cyclase resulted in virtually immediate
* and effective reduction of the rale of formation of
" Tadioactive cvelic AMP by abows 80%. This effect
was dose dependent, both wn:l basaI and fluoride- '
_ sumuiated activity (fig. 7). -
. -With cold ATP or ATP 'yS as substrates in ad enyla te
cyclase assays, "ychf' AMP formaticn, as well as its
stimulation by adrexzahn» and fluoride, could be

. slemonstrated (tabIe 1); Adenosine. and ATP&S (see
Delow) th chboth inhibit adenylate cyclase also

mhlblted cychc AMP formauon Trom- either ATP or
A'E‘P*yS as substrates (table . Chr omatographm .

: anaiysm of unlabelled Al PTS reve.ﬂed no detectable -

~_contaminztion with ATF or ADP. Thus, it is strongly
mdxca:ea ﬂrat L.ychc AMPj is-formed-directly from_

\ ATP";' ‘and not from A ['P asa contar‘&mant, : .

: -Wﬂh [3H]ATPTS as sul:*trate 1: was :"ound t}\at

_.Assay condition

L Mair;i?ljd;'_

o W oty
LATPS] .

‘Fig. 2. Appareni inhibicion of Ehrlich cell adenvlate cyelase

by ATPyS in ihe presence {#—eo— ) and absence (G—o0-0) of
10 mM MaF. [u_ B:P] ATP was 0.1 mM.

Tabie 1
- Effect of stimplants on adenviate cyciase from
Ehrlich ascites cells assayed with ATP and ATPSY
' - s substrates

pmole - mg~7 -vmin-3*

- ATP o LTPEYy
_Basal activity 3627 923
10 mM MNaF - - 2202 16 Bl1zx3
Q.2 mM Adzrenaiine 12D = 12 64 x 14

* Means. 'and standard errors f or guplicate cyclic AMP daier-
mmmons of friplicate ::},'cla:.e assays are listed.

: Tab]a Zz
" Inhibitor ef.fecis on adenylaje ¢ clase from -
Ehrlich ascites cells assayed with ATP or ATPSy

V_SGBS!.IB%E' Inhibitor* - _ prmcle-mg=? -min —1¥*
ATP . Nome 215217
‘ ATPaS 3527
L - Ade_posine _ﬁ‘_? ETi N
ATPSy - None 73z8 -
: 0 ATPaS‘ .. 3423
,_;Adenosinez - 33=z2-

¥ Cancenmra tons of mhxbmrs ana su‘bs..:mes were BL 1 "rnM

and 10 mM NaF was present inallassays. -

7= Values were coTrected fot blarks (1o enzyme). Means and o

standard errors-for duphcate <cyclic AMP det»r’rm;a tions -
- ?:'_ 01 6nphc=ne cyclaw mcu‘bunons sre l.st::d :



Vajuxhe..cs]"'nnmb'er 3

'V"the compound was degraded by Phosnhor} Jytlc - o
" enzymes present in Ehzlich cell adenylats yclase.
'The produects inciuded ADP, AMPand n icleosides.

OF hypoxantlm &,2nd 50% of ATPYS (1 =13)- weie )
hydrolyzed within 10 min, assayzd unde: Lhe same L

' CCI]C'L]HOHS as f«:u cyclase measty emenis. -

32. Expenmen ts mﬁz A T.Po:.S‘

When the i isommer mixture of ATPaS was mc‘uded
in adenylate cyciase assays, strong and immediate -
“mhibition of cyfcii_‘x:'AI!iP fprmation similar to that
pbserved with ATPAS was observed. However, no
cyclic AMP formarion was apparent in incubations

“with enzyme and ATPa8 a5 measnured by the protein
binding assay. Thi product with ATPaS a5 substrate
would be the isomzric thiophosphate analogs of cy<iic
AMP which are sizong inhibitors of cyclic AMP bin-
ding and potent activators of cardiac protein kinase

{unpublished). The sterecisomers of ATPaS (absphate -

conformations unknown) were found to be neasly
equipotent in inhibiting adenylate cyclase (90-95%
at 0.5 mM). The inhibition observed with the isomer
mixture of ATPaS appeared to be competitive,
yielding a X; value of D.035 2 0.006 mM (K,

0.033x% D.GDEF mM), as.analvsed by a \&slghwa fit 10
the rate data as outlined by Cleland [8]. Howsever,
inhibition was alsc noted 3o ozeur with adenosine-
5.0-{1-thiodiphosphate) {ADPeR) and. to a lessor
degzee. with adenosine-5’-O-thiophosphale { AMPS)
{fig. 3). It Is concedvable that kinetic data reported
here relate 10 ADPaS or 10 both, ADPod3 and ATFaS.

C.
T AMPeS
. ‘-‘-‘—ﬁg :
; —'\\n ATPaS B
0 ' - DU 3
0 | 05 - T

. mM Hu:lechde

) Fig. 3. Inhimnun of Ehrhch cell aden}laie pyciase by ATPat

{w—e—8), ADPaS fﬂ——-ﬂ——&) and A]‘JIT"S (D-\_—D) [3-3‘4' F}ATP
awas O 1 mM . .

CFEBSLETIERS .~

- 4. ,Disca's.sio'x:f T

. rate of ATPyS degradation to the sam2
o zally sesn with ATP, sngeesiing that different

] The pxesence of a -enmnal pnesphoth}oﬁ& gmup
in the ATP molecule _pnarenﬂy dcesnotimpa s

~ substrate function with adenylaic cyclase from

Fhrlich cells. Preh:;mr:;asy stndiés with Ty ZyInes fzom '
other tissues indicate: that ATPyS may serve. - :
gene:allv a8 a substrate-for adenylate cyclasel The ' =
relatively ~apid degraﬂaimn of ATP’VS by f'oniammaf

- 1ing ATPsses doas ne: & allow 1he use of this nucien- -
_tide for rontine purposes in adenylrte cyclase 33.32}5‘
‘however, With a highiy punf ied enzyme fhis pos-

' sibility zounld still be considered. In the present S“"d&j

no effort was made to characierizs the iype and -
origim of the specific enzyme{s) degrading ATPyS.
1t was.obsarved that Fluoride doesnot inhibit the
sxtent as

enzymes could be invalved. The adenyiylimidodi-
phosphate [9] which s resistant to degradation by
ATFases, thus is still a prefersble aiternate cyciase
substrate, although we found i to be less effective
than either ATP or ATPS in pra2liminacy ﬂudlbs
imvolving different adenylate cyclases, -
The inkhibitory effect of ATPoS on adenylate.
cyclase is of interest singe to dale only few inkibitczz
of the enzyme have beea found. incleding compounds
such as zdencsine, which acts noncompetitively [107,
and itz analogs 111,127}, The adencsine &, f-methylene
1riphosphate has been reporied to inhibiy Hver
adenylate cyclase eompetitively {13]. PIBSEH_L

" _findings that ATPeS, or ADPaS, act as rather potent

eompetitive inhibitors raises the hope ihat furiher
chemical modification of. ATP may lIead to 1he
development of sirong; and peﬂmp; enzY n;atluall

resistant, inhibitors of adenyiaza cvclase. These mmay

be of use in in 7tro studies of the enzyme or may be
of value as pﬁhzrmacc]ogmal agents in intzcl tissnes.
The fact that ihe diariersoisomers of ATPaS (o

their cosresponding ﬂnodzphosphates} show 31*113131’ S

- degreas of inhibitory potency indicates i.‘hﬂ‘ there
are no narrow siructural requirements at ibe - -

phfnsphaie group in IE.SPEE’[ 1o binding to adenylaic

- cyclase.
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