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SUMMARY

The ability of several analogues of adenosine cyclic :3’ , 5’-phosphate to activate 1lhos-

phorylase b kinase was investigated. Tubencidin :3’ , 5’-cyclic pilospiiate was slightly more
active than cyclic 3’ , �)‘-A\IP. Compounds thlat involve structural alteration of the phos-
phiate moiety, such as adenosine 3’ , 5’-cyciic phosphorotilioate and two isomenic cyclic

pilosphonate compounds, were either extremely weak activators or inactive. Adcuiine 9-$-
n-xylofuirattosyl 3’, 5’-cyclic phospilate and N#{176},2’-O-dibuitynyi cyclic 3’, 5’-AMP, structuires

wiucil imivolve modification of the sugar moiety, were also) relatively itiactive. Tile studies

poitit to a remarkable specificity, especially with regard to tile intactmiess of tile phlosphlate

moiety.
Of tile compounds tested, only cyclic 3’, 5’-AMP and tubercidin :3’ ,5’-cyclic Ililosphate

were effective substrates for cyclic 3’ , 3’-nucleotide phosphodiesterase. A marked require-
fllemit for the uiimodified pilospilate group is apparent for interaction with this enzyme,
whereas there is less specificity with regard to the base moiety.

INTROI)UCTI ON

Adenositie 3’ , 5’-cyclic pilospilate is recog-
nized as an importailt intracellular messenger

and mediator of hormone action (1, 2). At

least some of its actions can be explained
through a regulatory action on a number of
enzymes (1, :3). One of the more thoroughly

studied emizymes in this regard is phiosphoryl-
ase b kimiase, time enzyme that catalyzes the
conversion of phosphonylase b to phosphoryl-

ase a. Krebs vi al. (4) have shown that the
ATP-depcndetut activation of this enzyme

in vitro is facilitated by cyclic :3’ , 5’-AMP at
concentrations of the order of i0� ii. This

reaction is utilized as a precise and sensitive
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assay of the cyclic nucleotide in biological
materials (5, 6). Clarification of tile actions
of cyclic 3’,5’-AMP has been assisted by the

availability of several aulalogucs, particularly

those differitig in the base moiety (7, 5), and
certain N-and 0-substituted derivatives such

as N#{176},2’-O-dibutynyl cyclic :3’,S’-AMP (9,
10). Recently several analogues whicll in-

volve modification of tue pilosphate moiety

have become available, namely, adenosine

:3’ , 5’-cvclic phosphorotinoate and two iso-

menic cyclic phosphonate derivatives. Au#{236}-

other compound, adeninc xylofuranosyl
:3’ ,5’-cyclic 1)ilOslliiate, invollves modifica-

tion of the sugar moiety. Tile present report
is concerned with tile ability of these com-

pounds and certain other analogues to fa-
cilitate tile ATP-dependent activation of

phospilorylase b kimiasc. Tlleir ability t(I act
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tively.

as substrates oi iiihjbitors of cyclic 3’ , 3’-
nucleotide l)iiospilo(Iiesterase is also cx-

amined.

MATERIALS ANI) METHODS

Tubercidin :�‘ , 5’-cyciic phosphate (i 1) and
tubencidi mi 5’-phosph ate were obtaitied from

Dr. Arthur II. Hanze, the LTpjoiln Company,

Kalamazoo, .‘�1ichigaui. Adenosine 3’ , 5’-cyclic

piiospiloroltilioatc \VI15 provided by Dr. F.
Ecksteiui, M ax-Plamick I nstitut f#{252}rexperi-
meulteile \Iediziti, Gottiuigcn, Germany. Ade-
Iuiule 9-�3-D-xvlofuranos\-l :3’ , 5’-cyclic 1)1105-
phiate u-as obtained thunouighi the courtesy

of Dr. Harry B. Wood, Jr., Cancer Chemo-
therapy National Service Cemiten, Bethesda,

1\ Iarv land. Ti ie cvcl ic pilospiloliate corn-

pounds, tue 3’-cvchic ester of 9-[5’-dcoxy-
5’ - dihydroxvphosphinvlmcthvl - - 1) -

ribofurauto.�yl} adenine (compound I), alld

tile 5’-cvchic ester of 9-[3’-deoxy-3’-dihyd!nox-

ypilospiuinylnietllyl - - 1) - nibofuranosyl] -

adcninc (compouuld II),i as well as adellosiule

5’-deoxy-S’-mcthylenephospiionic acid, were

gifts from Dr. J. C. Moffatt, Syntex In-

stitute of Molecular Biology, Palo Alto,

Califorulia. The struictural similarities be-
twecut these conlpoulul(is aild cyclic 3’, 5’-
A\IP are apparent from Fig. 1. Other
cyclic nucleotides and tubencidin (7-(!caza-
adenosimic) were obtained! from commercial
sources.

Paper chromatography was effected by

the descending techluliqule on \\ilatman No.
1 on 3M\I paper. Tile solvent systems utsed

w’eu’e: 2-propanol-ammonia-w-ater (7: 1 :2 by

volume) (solvent I) amid! 1 M ammollium

acetate-95� ctiianoi (15:33 by volume)
(solvent II).

Phospilorylase b kinase w�as prepared (30

S fraction) from rabbit skeletal muscle by
the procedure of Krebs et al. (4). Cyclic
3’ , 5’-nucieotide phosphodiesterase was pre-

pared from rabbit brain by a modification
of the procedure used previously (12). The
cerebral cortices from tu-o rabbits u-crc
homogenized in 10 volumes of 0.25 ur sucrose
in a Potter-Elvchjenl homogenizer. The

1 Compounds I and II will be referred to in the

text as the 5’-niethylene cyclic phosphonate and
the 3’-methylene cyclic phosphonate, respec-
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phosphi nylmethyl -� -D -

ribofuranosyt]-adenine

FiG. 1. .tnalogues of cyclic 3’,5’-�1MP

The st ruct oral differences fromn cyclic 3’, 5’-
AMP are showti in boldi lettering.

homogenate was adjusted to 1)11 7.0 till(!

centrifuged for 1 hr at 35,000 X g. The

supernatant solution was set aside, and tue

residue u-as homogenized in 2 volumes of

sucrose containing 1 % sodiutni deoxycholate.
After 1 hr at 4#{176},the preparation was centni-

fugec! as before. Tue combiuled supernatant
fluids were brought to 30 � saturation with

amnioniuni sulfate at pH 7.0. After centrifut-
gation at 38,000 X g for 20 mitt, tue precipitate
was suspended in 15 nil of 1 mM imidazole
containing 1 mui MgSO4, pH 7.0. The Opales-

cent solution was centrifuged at 100,000 X q

for 90 miii, and the recovered supertiatant

fluid u-as dialyzed against :3 liters of the
above buffer. Tile j)rotein content was 5.6
mg/mi. The preparation catalyzed tile hy-

drolysis of 0.087 .imole of cyclic :3’ , 5’-AMP

per milligram per minute in the test tube
assay described below.

A ctivatwn of’ phosp/m orylase kin ase. \ leas-
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urcnlcIlts of tue activation of h)ilospiiorYiase

kimiase were comiduicted esscmitialiv as de-
scribed by Posmier vi a!. (5) for the assay of
cyclic 3’ , 5’-AMi�, except that the activation
reaetioil \V�t5 carried! out at 4#{176}for 30 ruin (13).
Soiutiolls of tile compounds to be analyzed

wete fllade ill) in 25 mut I)ottLssium 1)1105-

1)llate, pH 7.5, and 0.1-mi alioluo)ts were

addled to) tile activation assay. Each com-

pouui(l u-as tested at 6-10 concentratiouis in
the mamige over whiciu it was active, timId each

assay �vas conducted coincidentally with cv-
die 3’, 5’-A\IP coticentratiotis rangimig from

1 to 20 X 10� ur. A cotitroi tube contained
ATI’ and \lg� butt no cyclic miucleoltide. In

this way tue activation abo)vc that produced

by ATP alotic was readily (letermiuied. Fol-
lowing 30 miii (if imicuibatioui at 4#{176},the reac-

tiomu was terminated by dilutiuig a 0.1-mi au-

quot of each tube 15- or 30-fold with icc-col(l
15 mur neutral cvsteine. A 0.2-mi aliqutot (If

this dilute solutiom#{236} was then assayed for phos-

pilorylase kinase at pH 6.8 accordimig to Pos-
ncr ci a!. (5), except that the substrate was

10,000 Cd)ni utiits (If piiosphoryli�se (contaitied

in 0.1 ml).

Cyclic 3’ ,�‘-n ucleol idIC p/105J)/! 01-lies/erase
measurenuenis. Each cyclic nuclcotide (1.3

,�moles) was added to tuibes containing Tris-

HUh, pH 7.5 (30 �molcs), magnesium acetate
(0.2 j.inlole), auid w-ater, tile final volume
being 0.2 ml. Braimi extract (11.2-564 �g of

protein) was added, amid the tubes were inert-
bated at :30#{176}.Tubes containing tile cyclic
nucleotide atid buiffcr, but no enzyme, served
as controls. At the appropriate interval (20
flhiIi ion cyclic 3’, 5’-AMP and tuibercidin
:3’ ,5’-cvciic phosphate, 120 mitt iii all other
cases) tile ncactiomi \V’Is stdlppcdl by the addi-

tio)n of glacial acetic acid! (20 j�l), and the

tubes were placed imi ice. An ahid1uot (25 ,.�l)
of each was subjected to paper chromatog-
raphi� imi solyemit I. When dibuitvrvl cyclic
:3’ , 5’-A\IP was tested, the chromatograrns

were developed itt solvent II. Unreacted
substrate spots were cut out auid eluted

with water t(I a fimial voiutlle of 1.5 nil. Ti
absorbance of the elutates was d!ctermincd

at 255 tll/.�, amu(l tue quatitity of sutbstratc
hydrolyzed was calculated using a molecular
extimietiomu for each compound equivalemit

to that of cyclic :3’ ,5’-A\I P, i.e., 14,650
ui-i cm_i at 255 mll/2 amid pH 7.0 (7). In soti�c

cases, (licstcrase activity was fllcasUncd by

a spectrophotonietnic method (12) in w-hich

hydrolysis is coupled to the deamination of
the nucleotidc produict witi i adenylic dcami-
Ilase.

RESULTS

Act ira/ion of pitos/)/uorylaSe kin ase. A typ-

ical activation of 1)l1051)iloi’YlttsC kinase by

}uG. 2. .4.ctivation (if p/uosphorylase b kinase by

cyclic 3’,5’-AMP

The act ivat iomu react lomu was carriedi out as

follows. To tubes imi ati ice-water hat h were added
0.1 ml of 0.125 M Tris-0.125 ii /3-gicerophosphate

buffer, ph 6.8; 0.1 ml of a solution of 18 nut ATP

and 60 mit mnaguiesiumn acetate (1)11 7.0) ; 0.1 nil of

cyclic 3’,5’-AMP (or other auialogue) iuu 25 nw
potassiuum PiiosPIOtte, p11 7.5, at t he appropriate

concemut rat iomi; amid 0.1 ml of IJ�O. A comit rol tube

cont ai mued t he ATP-niagmiesi uim acet ate solut iomu,

but tio d’vclic muucleot ide. The react ion was started

by the additnumu of 0.1 mitl of phosphorylase b

kimuase soluut iomu [30 5 fract iomu, 25,000 ummuits/ml

(13)1. The t uuhes were incuul)ated for 30 mimu at 40�

A 0.1 -miii ahiquot of each t imbue was diluitedi with 2.9

mill of cold, neuut ral 15 mM cvsteiuie (which effec-

ivelv t ermimuat ed time act uvat iuuui) , amid a 0.2-mob

aliqumot of this diluite soluit ioui was assayed imnw-

diatelv for �hosphorylase kitiase ut 1)11 6.8 by the

procedumue of Posmier et (Ii. (S , except t lint t lie

subsi rate was 10,000 Con ummuits of phosphorylase

(13) . luiuurgamuic phosphate released was miieasuured

iii a Klet t colorimneter, amid t lie readings ate plot ted

agaimist the cdumu(’emut rat iou of cvciic 3’,S’-AMP in

the act ivat iou react iou
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TABLE 1

Effect of cyclic 3’,5’-A31P analogues on the activa-

tion of phosphorylase kinase

Comiditions are described in the text. Except for

cyclic 3’,5’-AMP, each value is the meami of two

separate determimuatiomis. The value for cyclic

3’,S’-AMP was arbitrarily taken as 100. The rela-

tive activity of each compoumid is expressed as a
pereemutage of that value.

Compound

Concentra-
tion for half-

maximal
activation

B X 1(1’

Cyclic 3’,S’-AMP

Tubercidi mi 3’, 5’-cvclic

phosphate
Ademiosimie 3’, 5’-cyclic

PhosPhiorothiotit e
.&demiiuie xvlofummamiosyl

3’, 5’-cyclic l)hiosl)li:it e

Comiipouumud I

Comupoumud II

N6,2’-O-Dihutyryl cyclic

3’,S’-AMP

Cyclic 3’,S’-UMP

Cyclic 3’,5’-CMP

No act ivat iou was (letect able at 6 X 10� it.

“ No tldt ivat iOu was (letccl able at 4 >< 1O� it

(see the text).
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cyclic :3’,S’-AMP is shown in Fig. 2. From

10 such dieterminations, the mean concentra-
tion foi half-maximal activation was found

to be 7.3 X 10� ur. Thus is iii agreement \Vitll

the apparent K�1 for the cyclic nucleotide

(7 X 10s ur) recently established by DeLange
ci a!. (14). Tile effectiveness of the various

cyclic nucieotides in activating the enzyme
is show-n in Table 1. Tubercidin :3’, 5’-cyclic
pilosphate proved to be slightly more active

than cyclic �3’ , 5’-AMP. The other coml)Ouflds

tested i�-ene strikingly less effective; con-

centrations for ii alf -maximal activation

ranged from 6 X 106 ut for compound I (tile

5’-metiiylene cyclic piiospilonate) to 2 X 10�
ur for adenosine 3’ , 5’-cvclic phosphoro-

thioate. Adcnine xvlofuranosyl 3’ , 5’-cvclic
phosphate produced mio activation at con-

centrations as high as 6 X 10� ur, and corn-

pound II (the :3’-methyiemie cyclic pilos-
phoiiatc) was inactive at concentrations as
high as 4 X 10� ui Larger amounts were not

T.�iur�m: 2

Action of cyclic 3’, 5’-nuucleotide pluosphodiesterase

on analogues

Except for cyclic 3’,S’-AMP amid tumbercidin

3’, 5’-cyclic pluoslhate, all compoummuds were imicu-

hated with the diest erase (564 �ig of proteimi) for
120 mimi at 30#{176}(see the text).

Compound Velocity Relative rate

Cyclic 3’,S’-AMP
Tuhercidimi 3’,S’-cvclic

phosphate
Ademiosimie 3’,5’-cvclic

l)hiosl)horot hioat e
Adeutine xylofuranosyl

j.umoles/muzg/
20 ,uzi,i

3’,s’-cvclic phosphate 0.066

Compoimmid I 0.071

Compoumid II 0
.‘V6,2’-O-l)ibutvrvl cy(lic

3’,5’-AMP 0
Cyclic 3’,S’-CMP 0

available for testiiig, but if these latter two

compounds possess any activity, it would be

less than 0.01 � o�f thiat (If cyclic :3’,S’-AMP.

Because the latter conipoutids failed to
activate the enzyme, they were tested as

possible inhibitors of cyclic 3’ , 5’-AMP. When

1)neseuit in the activation reaction at 1 X 10�
ur, each caused! no inhibitioti of the activa-
tirni produced by 12 X 10� ur cyclic 3’ , 5’-

RI- AMP.
activity Hydrolysis by cyclic 3’ , 5’-nucleotide di-

esierase. Tue ability of the several analogues

to act as suibstrate for the diestenase is shown

in Table 2. Tuberciditi :3’ , �)‘-cyclic piios-

.3 100 pliate was hydrolyzc(l alillOst �3 times more

rapi(lly titan cyclic :3’,S’-AMP. Of the ne-

133 maiiiing conlj)oundls, only comlljlound I (the
2000 0 :�o 3’illethiylctie cyclic phosphonate) amid aoie-

nine XylOfttiaIiOs\l .3’ , ;)‘-cvclic lliiosPiiate

ND” <0.01 were hivdrolvzed at measurable rates. The
600 1 .22 product of hmydrolvsis of tuhercidimi :3’ , 5’-
Ni)” <0.01 cyclic pliosphiate migrateol identically with

authentic tubercidin 5’-piuospiiate Ott chro-
tOO 1 � uuatographuv in solvent I and on electroi-
S�0 0.S� iiiioresis at pH 7.5 (3000 V). A secomid,
taO 0th minor ultravioiet-absorbimig spot was also

evidetit, which ulliguated with authentic tum-

bercidimi oti chiromllatolgraphv amid, like au-

thiemutic tubeicidimi, failed to migrate ott high-
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voltage electrophioresis at pH 7.5. This sug-

gests tilat the pniniary pnoolutct , t ubcrcidi Ii

5’-phosph ate, was depilospilonyl ated pre-

sumablv by a phu:)spilatase 01. 5’-uiutcleotidase

ptcsciit itt the braimi preparatiomi. The optical

cyclic nucleotide plR)spho)diesterase assay

( 12) coupled to ademiylic dcaniimiase could
Ilot be used! for tubercidin �3’ , 5’-cychic piu)s-

phiatc, because the pI(I(luct, tubercidimi 5’-

phlosl)hiatc, was uiot deamiuiated by the hat-
ten enzyme. The produict of the enzymatic
ilv(Ir(Ilysis of co)nlpoutuld I (the 5’-nlethiylcmlc
cyclic phospiloiiate) was idlentifiedi as tue

6’-pilosphionate, i.e., a(lenosimle 5’-dcoixy-S’-

methivlemiephi(Is�)hiomiic acid, by viutue of co-
chromatography ivith the authiemitic corn-

poutid in s(Ihvetlt I and by ideuttical mobility
on ehectropiiorcsis at pH 7.5. Moreover, the

product ut ndcnwent deami natiomi witil ade-
nylie (leamllinase to the correspomiding itlosi ne

derivative, as shiown by the ultraviolet ab-

sorption spectrum. In sepamate cxpeninlctlts,
it was determined tiiat authentic adeuiosine

5’-deoxv-S’-metilvlemlephlosphlonic acid \VtlS

deaminated by adcuivlic d!camiulasc at 26 1-�

of the rate of 5’-AMP. Imi fact, the hydrolysis
of the 5’-mctiiylcnc cyclic phosphmomlate by
thic diestenase could readily be fdlhlowed

spectrophotometnicaily by coupling with ade-
nylic deaminase amid followimig the decrease in

absonbance at 265 m�. The hydrolysis of
adeninc xvlofutnanosyl :3’ , 5’-cyclic piiosphate,

surprisingly, could not be followed in the

siiectropiiotometric assay, because the P�o(I-
uct (presumably tue 5’-phiosphate) was riot
a substrate for adcmiylic deaminase.

Because adenosimic 3’ , 5’-cvclie phoisphoro-

thioate andi coflij)ound II (the 3’-methylene

cyclic phlOspllollatc) were ilO)t attacked! by
the diesterase, the possibility was considered
thlat they might act to inhibit the enzyme.
When tested in the spectrophiotornetmic assay
(cyclic 3’, 5’-AMP concentration, 1.35 x

10� ut), the cyclic phosphorothioatc pro-

duced no imlinbitio)mi at 2 X 10� it. This

would imidicate that this comllpoulld is ticitilel
a substrate iion an inhibitor of the enzvnle.

Similar observations have been made by Ban
amid Eckstein �2 Compound! II (the 3’ -methyl-
cute cyclic phosj)ilonate) was tested as an in-

2 H. P. Biir amid F. Ecksteimi, persomial corn-

mnuimiicatiomis.

iuibitoi o)f tIme (liestcuasc in tue sj)ectroll)hloto-

mnctnic assay, using a cyclic :3’ ,

concemitnatiout of 1 X 10� ut. Umidem these con-
(litid)I15 thie :3’-nictiiyleuic cyclic phospilo)miate

j)ro)duced tl(I nicasumable iuiiiibitiomi at 1 X
10� ur, butt wheui present at 2 X 10� ur (the

fllaxinlunl that coul(l be added in the optical

assay ) it caused! 20 � inhibition. Itt amn)thier

cxj)enimcmit, the conipoutmid was teste(i for

itliiibitioti iti tue staildardi test tribe assay

at a couiccntratu)ui of 7.5 n’iii (eo1uivalcmit to
that of cyclic :3’ ,5’_AMP). Simice bothi cyclic
conipo)uiIi(ls nuigrtttc(! identically in 5( )lvents

I timid! II, umireactedi sutbstratc could miot be
used for thie (letcrnlimiatio)Il of reaction mates.

Imistead the Prd�lrtct (5’-A’uI F) �vtis cited
Iilidl dictermiuledi oj)tica!ly. Under these cout-
(litiomis tue :3’-meth�leuie cyclic phiosjihiomiate

produced :30 C� inhlibition. It migilt be con-
eluded! that this coimpoutuid is a weak imi-

hibiton of tue dicstcrase.

m)1S(’UssIox

\Vc have shown previoushy (15, fuom

studies on hieart phiospilorylase kimiase, thiat a

variety of nibonucleoside and (!coxv iibonu-
clcoside :3’ ;)‘-cyclic phioisjihiatcs oit her titan

cyclic 3’ , 5’-A\ P were unable to activate

tue enzyme except at comicentrations above

1 X 10� ut These and! the presemit data

j)oint to a striking specilicity oif the activa-

tiomi reactiomi for cyclic :3’ , 5’-AMP, amid to

tile probability that the base, the sugar

moiety, amid! the phosphate diestcn groutji all
influtence binding. Tue activity of tubercidin

:3’ , 5’-cychic 1)hlosPilatc indicates thiat tue N7

positioii of the nimig probably (loes not par-
ticipate in binding. That the imiteguity of the
nibofuramiosvl moiety must rcmaiii umialtered

is apparent from tue fact that the deoxy-
adletlOsimle :3’, 5’-cyclic phosphate (la) aild

adenine xvlofunanosyl �3’ , 5’-cyclic phlosphiate

are inactive. The latter conipouind, itt par-
ticular, is ami extremely close analogue of

cyclic :3’, 5’-AMP. However, the 3’-hydmoxyl

above the plaIle of tue nimig allows for tile

fonmitatiomi of an umistrained phosphate diester
linkage, itt contrast to the highl!y stuaimied

grouping itt cyclic :3’, 5’-AMP. Displaceurient

of the pilosPilate moiety above tile platte of
the ribofuranosyl ring could greatly affect

binding. The very low activity of the
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5’-nietilvlene cyclic phlospiionate atid tile

complete lack of activity of the 3’-metiiylcne

cyclic l)hlospiioltate and of adenosine �3’ , 5’-
cyclic l)iiosl)itototiiioate, as well as tile failutre

of the latter two comj)ounds to act as in-

hibitors of thie activati(Itl, iuidicate a stmik-
ing selectivity for the unmodified p1ios-

j)hatc group.
DeLatige ci a!. (14) have reported that

although cyclic :3’ , 5’-AMI� niankedlv tic-

tivated l)hiosl)hlon�’lase b kimiase, uto biuidimig

of thie cyclic miucleotide to the enzyme coutld

be demonstrated. More recently Walsh, Pen-

kitis, amId! I’�rebs (16) have described a 1)toteitl

kinase that catalyzes the AT P-dependent

phiosphorviation arid! activation of pii(I5-

phorylase kinase. Thlis Proteiml kinase has an

absolutte requirement for cyclic 3’ , 5’-AMP.
Walsh ci a!. suggested that activatiomi of

i)hosphorylase kinase by tile cyclic nuicleotide
is due to tile presence of protein kinase. The

protein kinase also catalyzed the cyclic
3’ , 5’-A\ IP-dependent phospiiorylatiomt of

casein and protamine, so that a more direct

method of examining the specificity of bind-

ing may now- be available. By the use of this
enzyme alld analogues of cyclic :3’ , 5’-AMP,
it will undoubtedly be possible to gaiml a

precise understanding of the mechanism

whereby cyclic 3’, 5’-AMP activates phios-

phorylase kinase.

The present data provide some further

information on tile specificity of the cyclic

3’ , 5’-nucleotide phosphodiesterase. Previous
studies (S, 13, 17) have revealed that, with

the exception of cytidine :3’ ,5’-cclic phios-

phate, various ribonucleoside and deoxynibo-

nucleoside :3’ , 5’-cyclic phosphates arc hy-

drolyzed at significant rates. Tilis would
indicate a low degree of specificity with

regard to the base moiety. The rapid rate

of hydrolysis of tubercidin :3’ , 5’-cvchic phos-

pliate is in accord with this. The present
studies indicate a much more striking require-

ment for an unmodified phiospiiate group.
Titus adenosine 3’ , 5’-cychic phosphorothtioate

arid the :3’-methiyleiie cyclic phosplionate
analogue ate neither substrates nor effective

inhibitors, which would ittdicatc a very low

degree of binding. In addition, the 5’-metht-

vlene cyclic phosphonate is a poor substrate,

as is adelline xy!ofuramiosvl :3’ ,5’-cyclic 1)110s.

pitate. Althoughi itt the latter comiipottnd the

i)hlosPhlrtte gnoutp is imltact, its planar posi-
tion is altered.

Tue low activity of N#{176}2’-O-dibutyrvl

cyclic �3’ , 5’-A\IP in tue kinase activation

assay is of interest, since the cOnij)O)utlld is

wi(!ely used! in intact cellular iIrcl)aratiouis

and is knoiwn to activate l)htosPhlor�’lase in
dog liver slices (10), to imicrease blood glut-
cose (iS), amid to pm’omd)te h�)olysis in rat

cj)idydimal fat pads (6) . Postermiak, Suthen-
lamid!, tOld! Heniomi (15) have ncj)(Irtcd tilat alt

esterase presctlt in dog liver effectively re-
moves tile acyl group in the 2’-O position. It
does miot scent cmitirelv clear whether this

conipoumtd itself is active itt intact prepata-
tions or whethier it is comivented to cyclic

3’ , 5’-AMP or to tile N6-acvl derivative. The

conipoumid is iiot hy(!nolyzcc! by tue brain
diestenase or by tue enzyme from hieart

(IS). The brain preparation utsed here is
still relatively cnutde, but mio alteratiomi of tite

dibutvnvl derivative was tioted. It wortld be

of mtercst to know whethier tins compound

is catabohized diffeuentlv itt various tissues.
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