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SUMMA RI-

BAR, HANSPETER: On the kinetics and temperatur(’ depemmidemmice of adrenaline-ade’n-

ylate cyclase imiteractions. Mol. Pharimiacol. 10, 597-604 (1974).

Adrenaline and beta adre’nergic blocking drugs were’ shown to interact rapidly and re’ve’rsiblv

with catecholamine-sensitive adenylate cyclases freim Ehrlich ascite’s ce’lls, rat live’r,and rat.

fat cell ghosts within the temperature range of 13-37#{176}. Hates of binding amid dissociation of

both adrenaline and beta-blocking drugs are faster than the time re’solut ion of the methods

(1-2 mini). Arrhenius Plt)tS for the enzyme from Ehrlich (bells showed inflection temperature’s

(about 24#{176})for basal and adrenaline-stimulated activities, emiergies of activation (E5) being

about 10 kcal/mole lower above this temperature. Differences in .E� between basal amid

adrenaline-stimulated activities � not apparent. Fluoride-stimulated activity did mint

show a clear inflection point. Unstimulated enzyme frcm rat brain cortex showed ami imiflec-

tion temperature at about. 24#{176},similar to that for Ehrlich cell cyclase, and no inflection was

seen for fluoride-stimulated activity. The activaticni constant of adrenaline feir Ehrlich cell

adenylate cyclase was 4-6-fold lower at 13#{176}eomparc’d tei 37#{176}.This would not explain tli(m

inflection in Arrhenius j)lots, however, since the latter were’ obtained at maximally stimu-

lating concentratiomis of adrenaline.

INTRODUCTION

Horm )mTle-sensit ive adenylate, cyclase (EC

4.6.1.1) represemits a fascinating enzyme

system comprising aspects of a pharmaco-

logical receptor, i.e., high selectivity or

specificity of interactiomi with an e’xtra-

cellular signal (first messenger) and subse-

quent generation of an intercellular re-

sponse by way of synthesis of cyclic AMP

from ATP. Consequently the action of hor-

mones upon adenylatem cyclases from several

tissuems has been the subject of inte’nsive’ re-

search. Since emuzyme activity and its stimu-
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lation by hormeine’s cami be’ me’asured in vitro

in tissue’ heimogemiates or suitable membrane

fractiomis, it should! be possible evcmntuallv to

juurify and isolate receptors f(ir pe’ptidt’

hormones cir biogenic aminue’s. A major step

in this direction has been the’ deve’lopment

of hormone binding studies using radioactive’

isotope-labelo’d he rmomid’s and ade’nuylate

cyclase-containing particles. Such studie’s

should alleiw e’valuation of kinuetic and

thermodynamic parameters of receptor-

horm me interactic )n amid the correlatie )n of

such data with those obtainable’ from dirc’ct

measureme’nts of heirmonie action on ade’-

nylate (yclase in vitro, as we’ll as �mn the’ whole

tissue or cirgan.
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it is thus mu’cessary to study in gre’ate’st

l)ussible’ detail the’ stiniulatory e’ffect of
In immuicmnes upon ademnylatem cy(’lase activity

in vitro in order to establish a basis for corre-

laticimis between this effect amid h(mrmone

hindinug characteristics. Use’ful e’xpe’rinic’mits

lIlaV include’ studi(’s of the’ dc’pelude’Iidy of

hiurmuional stimuiulatiomi omi factc�rs such as

tenuiperature’, l)H, amid ic)1i5, as well as meas-

ur’nuue’nit of kinetic l)araluuete’rs and, in turn,

thi(’iI� dle’l)e’midlemic(’ t)Ii thic’se factors. As l)art
cif such a �)r0jt’(t, thit’ l)reselit work deals

with an att(’nipt tm Iui(’asurc’ temperature

( ‘fleets on a(le’nVlate cvclase a(tiVity iii the

P�’sen��’ amid abst’nice � if adremialine and on
tli(’ tinie’ cc�urse of beta a(lremmiergi(m drug

aeti(mn. i\. Portiemni emf the’se’ re’sults has beemi

prese’mited elsewhere’ (1).

.\IETHOI)5 �Nl) \IATE1tIALS

Ademivlatc eyelase fmonu. Ehirliehi ascites

cells was prepare(l as described previously

(2). Rat liver (‘liZvflit’ was obtained from

livers �mf mie’wbemmn amiimuials (3), amid fat ce’ll

ghosts were’ prepared as dle’s(ribed by Rod-

bt’lI (4). Ad’miylate eyclase front rat brain

c(mrl(’X was obtaine’d imi the form of muuitro-

(llOmi(lmial pellets (20,000 X y) frcmm ho-

nioge’niiitc’s of 1 g of tissU(’ imi S volumes of

20 mui�i Tris-HCI--l hIM MgCI2 (pH 7.5).
Adc’mmylat e� evclase’ assays cc imitaimied, mi a

total volume of 0.05 muil, tlue hmlhmwing: 40

DiM ‘FrisH(l (pH 5), 5 m.’m MgCI2, 0.1

n�g’nuul of (mleatimi(m l)ll msl)liokimlase, 10 iit�i

s(i(hitlmui (r(’Rtiiu(’ �)hi05phih1t(�, I l11\l stmdiinm

(‘thvit’mie’bis (oxyethvlemienitrilo) tc’traacetate,

0.6 muuii (aCl2, 0.5 nuu cyclic AMP, and 0.1

mM [a-32PIATP (600,000 (j)mTI). Radioactive

cyclic AMP was sc’pamat eel from ATP by

elm (mate mgra�)hy (in � miet hylemiimimue-im-

pr ‘gnate(l cellulose’ t tim-layer plot es as

described elsewlie’m(’ (5, 6). \Vhien cyclic

A \IP tormation was nut’asurc’cl as a function

of Iimuic’, tomtal assay volumes were increased!

to 0.1 ni 0.2 ml, and 2 3-�l aliquots were

rem(iV(’(l at suitable tinut’ intervals amid

applied directly tcm thin-layer plates to

�vhieli elironiat cmgraphic carriers, including

cyclic Ai\ I P ami(l ATP, had been applies!.

Temuiperat tires wc’n’ t( miii I( )ll(’dl iii circulating

water baths wit Ii nue’reurv euiutaet titer-

nut mniueters amid! muie’asur(’d with a pre’cision

nie’reUr\’ thiermuuunueter.

Since adenylate cyclase’ activity fcmllowing

thawing of enzyme pre’l)arations does not

n’main conistant (2), small batches of 0.1 ml

wert’ kept frozen under liquid nitrogen. For

each series of incubations (triplicates) at a

given tempe’rattire mu the presence and ab-

senice of stimulants, a single batch of enzyme
was thawed, and aliqucits were added to in-

cubation vials immediatc’ly to start the

reactions.

Al 1 bioeln ‘mi(als, i micluding adremialine

bit artrate , were purchased from Sigma

Chemical Company or Boehringer/i’slann-

heinu. Tue beta adrenc’rgic blocking drug

1 - (3-methylphenoxy) - 3 -is(mprc)pylamini( ipro-

pranitil-2 (No 592) was a gift from Boeh-
ringo’r-Sohmi -I mig(’l1i( m ; and �)ropranolol,
from I mperial (1hc’muuical I ndust ries , IA cl.

RESULTS

Initial experinienits showed that full stimu-

latiomi of catecht.mlamine-sensitive ad’nylate

cyclases, obtaine’d from various tissues,

c)ccurred whether or not adrenaline was

mixt’d with the enzymes bc’fore tmr after the

addition of substrate ATP. This conclusion

was re’ached because the rat(’ of cyclic AMP

production remained limiear from the start of
incubation. Such experimemits, lit mwever,

provided nem (‘videncc’ whc’thc’r interaction of
adrenaline with ademiylate (yclase and stimu-

lation of enzyme activity were readily

reversible. When various beta blocking drugs

were added to assays at intervals follcmwing

the start of ineubations in the presence of

adre’naline, virtually immediate re(luctiomi of

the rate of cyclic A\IP productiemmi 1(1 basal

levels could be seen. This effect is demon-

strated in Fig. 1 with enzyme front Ehrlich

ascites (ells. Identical results were embtained

with cvclasc’ preparations from rat liver and

rat fat cell ghosts, als m involving adremualine

as the stimulant, anti either l)roplamiol(ml cir
K#{246}592 as the beta bloicking agent.

The reversibility of the blockade’ P�( duced

by beta blocking drugs was not directly in-

�‘t’stigated. However, prior incubation of

Ehrlich cyclase at 0-4#{176}with various ccmncen-

trationus of propranulcml had mio effect cm

subsequent stimulation of enzyme activity

at 37#{176}by (loses of adrenaline (0.01-0.1 imm)

sufficient to overcome propranolol imihibit ion.

Presuming that essemutially all receptor sites



+ ft

had been occupied by the beta blocking pranemlc)l (Fig. 2), and it appc’ars agaimi that

drug during prior incubation in the cold, this effect was rapid, simicc’ rat’s mf cyclic

this observation indicates reversibility (if A?dP formation se’e’me(l csse’ntiallv linear

propranolol binding amid blocking action as following additi(mn mf thiS hltmckimug (Irug.

well. In adenylate cyclase assays containing However, the limits tmf accuracy in this tyl)e

maximally effective, doses of adrc’naline, of assay obviously tbm mint permit detection mr

partial blockade c)f stimulatiomi of activity emlinuinaticmn of a pcmssiblc’ latency c)f acticimi,

could be obtained w-ith low doses of pr�m- or (if a curvature in the rate’ of cyclic A\IP

productitimi, withimi 1-2 miii (ir le’ss fmhlo��ing
2 0 .. addition if l)rt)l)ran(ml(ml.

At tempe’rature’s as ltm�v as 1 5#{176},wiwre
c’mizyme a(tivity timI(l in mrmuit me effects em(mul(l

still be’ clearly de’monustrate’d, bothi the’
stimulating effe’ct emf a(lre’mualine’ tlj)Oil 1�hrliehi

ascites ademiviate’ (\‘(lase’ amid t he’ bleckimig

a(ticmn emf propran(mlol were’ virtually mime-

;) diate i.i�)oni additioni of tue drugs, as tiie’y

we’re \Vli(’Ii tIll’ imuciibatitmmi tc’nipe’rature \vas

37#{176}(1”ig. 1).

0 5

The above e’xperini(’muts indieate’d that the’

actitmn cmf adre’naline as we’ll as of the’ beta

ble.mcking drugs (which have no stimulatemry

+Ad’enohne

ac’tioni of their own hut Wiui(h are’ ce)misidere’(l

tcm act as (Ompetitive inhibitors cmfcatc’chola-

rcubato� �

mines) is readily n’ve’rsible’ and occurs too

rapidly to allow muie’asurc’me’nt cmf the rate (if

FIG. 1. Cyclic AMP formmeation by ademoylate

cyclase fromn Ehrlich tumor cells at 37#{176}imm the ab-

semmce (A) and presemmce (S) of 0.1 m.i� adrenaline

association of adrenaline’ by the preso’mit

teChnlclu(’ (if nionit tiring the rate’ of (mychmc

AI’iIP l)rodudtiomI.

At the arrows (i.e., at 5 muuin) either 0.5 mn� The’ effects tmf te’nul)(’rature’ on aclenvlate

K#{228}592 (0) or 0.1 DiM adrenaline (�) was added

to parallel incubaticmns. Volume chamuges due to

removal of aliquots for chromuuatography amid addi-
.

tmon of ho 592 or adrenaline were in the range of

5-8#{176}�. Basal activity was about 10 pmoles/nig of

cyclase activity were’ nue’asurt’cl in niore de’-

tail. Enizvmuie from Ehrlich ascitc’s cells was
. -
incubated at temperatures betwe’e’n 1;) amid

37#{176}in the’ absc’mice’ amid j)rcs(’nce emf 10 nu�i

protein per minute. soditinui flue mri(l(’ emr 0. 1 nu.u adre’mialimie as

10.5L 4,

0

a �V?M F1’

5 �0 5

In�jb)tiQt ( in
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(0

0

FIG. 2. EJJet-t of proj�r� )iOlc)l (Propr. ) on (ulrenaline (A Ireli .) -st mm la led Elm rlich ccli ode!, yl(lt( cycla.se

.�A.t the t imne indicated by the arrosv (7 niinu ) I)roI)rmt1I�1 1 was :Rltlc’(l at t he ((trident rat ions indical ed

volume changes being about 5� . cA\LP, 3’,S’-cyclic .k�ilP.



Addition
V

V

,�

kcal/mnole

23#{176} 6 10

24#{176}6 16

33#{176} 10 14

23#{176} 11 28

26#{176} 6 20
27#{176} 11 17

25#{176} 6 15

27#{176} 4 12

28#{176} 13 18

24#{176} 1.6 8

13 13

24#{176} 2.8 8

13 13

9

/1�10�
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stimulant. When the logarithms of rates were

plotted against thie reciprocals of the abso-

lute temperatures (Arrhenius plots), charac-

teristic imiflection points were seen in the

mid-20#{176} range with both basal and adrena-

line-stimulated enzym(’, while inflection was

less evident in the presence of sodium

fluoride (Fig. 3). Temperatures of inflection

imi Arrhenius plots from three experimemits,

including the one mi Fig. 3, are summarized

in the last two columns of Table 1. In both

thie presence and absence of adrenaline the

temperatures of inflection were within the

range of 23-27#{176}. Although inflection points

were not clearly evident upon visual inspec-

tion of Arrhenius plots of fluoride-stimulated

enzyme, values for these and for apparent

activation energies obtained by mathemati-

cal analysis are included in Table 1.
In addition tem the procedure of Bogartz

(7) referred to in Table 1, rate’ data were also

subjected to tests cif signuificance (if regression

as outlined by Sokal amid Rohlf (8). In gen-

eral, points of straight-line segments could be

fitted by linear regressions, but in some

experiments (and particularly in the low

temperature region) strict analysis indicated

thinit experimental points (‘t)uld not be fitt(’d

by straight lines. Since’ this findimig was nitit

FIG. 3. Arrhenins plots for basal (5), adrenaline-

.stini ida/ed (0), and fluoride-stimn ulated (A) adenyl-

ate cqciase from Ehriich cells

1)ata are from experinuemut 2 in Table 1. The
adrenaline ctmncemit rat ion was 0.1 DiM, and that of

sodium flemoride was l() huM. Rates are expressed

as picomoles per muuilligranu of proteimi per muuinute.

TABLE 1

Inflection temperatures and energies of act ivation

front Arrhenius plots

The data points in the Arrhenius plots were

fitted by two-line segments (linear regressions) by

the method of Bogartz (7), which minimizes the
sum of squared deviations from the regressions

fitted to all possible two-line combinations and

thus arrives at a “best” separation. Subsequently

slopes and intersections of the optimal two-line

segments yielded the apparenut activation energies

and inflect ion temperatures, respectively.

Ehrlich cell emuzynue

(expt. 1)

No addition
Adrenal inue

Fluoride
Ehrlich cell emizyme

(expt. 2)

No addition
.&drenali nie
Fltmoride

Ehrlich cell enzyme

(expt. 3)

No additicat
Adrenalimie

Fluoride
Rat brain ccmrtex (expt. 4)

No addition

Fluoride

Rat brain cortex (expt. 5)
No addition

Fluoride

inflection
temperature

Above Below

consiste’nit, arid since low te’mperature rate

data were subject to higher experimental

errors, more intensive amid precise measure-

ments should be performed to see whether or

not the segments in Arrhenius plots of

Ehrlich cell adenylate cyclase below and

abov’ inflectiemn temperatures are linear or

not. This present unc(’rtainty does not,

however, affect the existc’nce of inflections

in the I)10t5.

Limited studies were also performed with

an adenylate cyclase (if higher specific ac-

tivity obtained from rat brain cortex. Meas-
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FIG. 4. Arrhemmius plot for basal (5) amid fluoride-

stimulated (0) adenylate cyciase from rat braimi

The sodium fluoride concentration was 10 IBM.

Rates are expressed as picomoles per milligram

of protein per minute.

urements were carried (mt in the absence amid

presence of 10 m�i fluoride. It appeared that
an inflection in Arrhenius plots around 24#{176}

was present with basal but not with fluoride-

stimulated enzyme (Fig. 4). In addition, 110

stimulatory effect of fluoride was obtained

at or below the temperature of inflection;
thus progressive stimulation of activity by

fluoride above this temperature was ob-
served. Data for inflection temperatures

and energies of activation from two experi-

ments with rat brain enzyme are listed in
Table 1. The slopes of straight-line regression

segments above and below 23#{176}in Arrhenius

plots of fluoride-stimulated enzyme were not

significantly different, confirming the ab-

sence of an inflection temperature in this

range.

In the above studies with enzyme from

Ehrlich cells, constant amounts of adrenaline

(0.1 mM) were included in all measurements
of stimulated enzyme activity, and it became
necessary to assure that this concentration

provided optimal stimulation throughout
the temperature range studied. Dose-re-
sponse curves were therefore determined at

different temperatures. Results obtained at

37#{176}and 15#{176}(Fig. 5) show that in both cases

maximal cyclase stimulation could be

achieved at concentrations above 0.01 m�u

I I I I I I

d-�

S

.

370

1 I I

i�-�

Fm G. 5. Dose-respon se curves for ardre nalimie with

Ehrlich cell adenylate cyclase at 15#{176}and 37#{176}

adrc’naline. With sodium flucmride as the’

stimulant, dose-response curves at 1 5#{176},23#{176},

and 37#{176}we’re virtually identical; i.e., maxi-

mal stimulation occurred at 8-10 m�i, and

half-maximal stimulation at 2-3 m�m.

From a series of dose-response curves at

different temperatures the concent rat ions of

adrenaline producing half-maximal stimula -

tion (Ka) \\�(�(m determined graphically from

l)lots suchi as showmi in Fig. 5. Data from
three series of experiments (Table 2) indicate
that Ka values tcnd to (le’crc’ase with lower

temperat tire, imidicat ing a stronger binding

of adrenaline to its re’ce’ptor site.

All measurements of cyclase’ activity were’

carried cmut at a substrate comucentratiemn of

0.1 m�n ATP, which is close to the Km imf

Ehrlich (emil ademiylate cyelase’ (2). I)iseem-

tinuities mi Arrhenius plots could be relatc’d

to changes of initial velocities or changes in

Km as a functiomi of temperature. Although

Km measurements of adenylate cyclases are

subject to) large errors, particularly at the

low reaction ratc’s obtained at low tempera-

ture, attempts were made to determimie

these values at different temperatures.

Results obtained in two series of expc’ri-



K0

37#{176}

30#{176}

25#{176}
20#{176}

15#{176}

1

0.6

0.3
0.5

-

0 0�

V

V

0
V

37#{176}
32#{176}

28#{176}

22#{176}

19#{176}
18#{176}

15#{176}

0.10 ± 0.03

0.39 ± 0.15
0.13 ± 0.05

0.08 ± 0.03
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T.�BLE 2

Adrenaline K0 values at different temperatures for

Ehrlich cell adenylate cyciase

Tern-

1)erature - - � -
Expt. 1 Expt. 2 Expt. 3

mi X J0�

1 2

0.5 2

0.3 0.5

0.4 0.5

0.2 0.5

T,�mmm�m.�3

Effect of temperature on rate parammieters of Ehrlich

cell adenylate cyciase

Six differemut stlbstrate concentrations, between

0.02 and 2 nun, were used in each rate curve, and

results were processed by t he comuiputer program

ITYPER by W. W. Cleland (9), which makes a

weighted fit to the reciprocal form of the rate
equation v V,xS(km + S)1. Stanudard errors
of Km estimates are listed; st.anudard errors for

hoax were below � Two different, enzyme

preparations were used for experiments 1 anud 2.

�

- I�xjit. I Expt. 2 -

nz.mi pmn ales/mug

protein!
mum

0.13 ± 0.02 20 43

0.33 ± 0.06 47

31
0.34 ± 0.10 14 23

9

0.25 ± 0.06 21

0.19 ± 0.09 0.42 ± 0.09 9 16

ni(’mits, imive)lving diffe’re’mit batches cmf en-

zyme, are listed in Table 3. As exi)ected,

errors for K01 value’s are’ large amid results of

individual experiments are’ variable. How-
ever, it seems thiere is mio major chamuge in

Km in the mid-20#{176} ramige. On thie basis of the

prese’mit data it is thus likely that discomi-

tinuities mi Arrhemiius j�lots in Fig. 3 were due

to (liamige’s in initial veiemcities (prtmportiemnal

to V,imax) and not to changes in the K0, or the

affinity of the substrate for the emizyme.

DISdUSSION

The l)resemit studies shi(iW that adrenaline
stimulation of ad’nylate cyclase in vitro

is a rapid process, the time course of which

cannot be measured by monitoring the

progress of the catalytic reaction under

physiologically relevant temperature condi-

tio)fl5. The effects of beta adrenergic blocking

drugs also involve rapid kinetic steps.

Adrenaline action is readily reversible

within the 13-37#{176}temperature range studied,

and reversal of beta blocking drug action

likewise seems to) be a fast process. Although

only a limited number of enzyme systems

have beeni used in this work and systematic

data have been obtained only with (‘nzyme

from Ehrlich tumor cells, it seems reasonable

to assume that the findings with respect to

the rate and reversibility of beta adrenergic

drug action are representative of other

adrenaline-senisitive ademiylate cyclases as

well.

The time course of beta adrenergic drug

interaction with adenylate cyclase-related

reee’ptc.ir sit(’s is of considerable relevance to

binding studic’s involving suitable membrane

preparations (containing adenylate cyclase)

and radioactive catecholamines. Thus one

would expect only equilibrium techniques to

yield meanimigful data, while others, in-

volving precipitation and washing of mem-

branes, would bear the risk of disturbing

the bimidimig equilibrium aiid of leading to

extensive dissociation of radic maet ive hor-

mone� from the receptor. However, it is

peissible that at te’mperatures bekmw 15#{176}the
dissociation cif thic’ drug-receptor complex is

sufficiemutly slow tem allciw, for e’xample,

washinug of membranes retained on flltc’rs.

Schramm et at. (10) studied [3Hjadrenaline

binding activity imi membranes froni turkey
eryt hirocytes, using an equilibrium precipita-

tion method that did not r(’quire any wash-

mug steps. In this system complete binding

equilibrium was obtained at 37#{176}withuni 1

mm or less, which is compatible with the

rate of adrenaline-cyclase’ interaction ob-

served in the present study. On the tither

hand, Mariiie’tti ci at. (11) found a latency of
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several minutes for the detection of any

binding of radioactive adrenaline to a liver
membrane preparation. This finding would

indicate that the binding observed was
unrelated to adenylate cyclase, and the

trichioracetic acid precipitation procedure

used by those authors makes it even more

doubtful that they were dealing with the

cyclase-related beta receptor in their studies.

Lefkowitz and Haber (12) measured [NH]-
noradrenahine binding to cardiac micro-

somes. The incubations were carried out at

37#{176}over 2 hr, and the resulting complex

appeared to be stable to a washing pro-

cedure on Millipore filters (not detailed).

The slow establishment of complete binding

appears incompatible with the conclusions

reached in the present study; how-ever, close

inspection of their data indicates that a

more rapidly occurring binding component

might have been present. Subsequently

Lefkowitz et a!. (13) reported that a deter-

gent-solubilized “receptor” fraction showed

a more rapid establishment of binding

equilibrium with {3H}noradrenaline over a

10-mm period, but this still appears slow in

relation to the time course of adenylate

cyclase activation observed in the present

study and presumed to be similar in the case

of heart membranes. Rapid dissociation of

[3H]noradrenaline from the binding complex,

however, has been demonstrated (14).

In a further study on turkey erythrocyte

membranes, Bilezikian and Aurbach (15)

reported that isopropylnoradrenahine bind-
ing became maximal after a 10-mm incuba-

tion period at 37#{176}.This contrasts w-ith

parallel adenylate cyclase measurements in

the absence and presence of catecholamine

carried out within a 10-mm incubation

period. Clearly a general discrepancy (‘xists

between the time course of catecholamine

binding and the stimulation of adenylate
cyclase in the systems referred to above,

begging more detailed studies.

The molecular basis of discontinuities in

Arrhenius plots cannot be deduced from the

studies carried out so far. Dixon and Webb

(16) enumerated several theoretical possi-

bilities. In addition to considering a possible

transition (conformational change) of the

enizyme itself, one should, in the case of

membrane-bounid adenylate cyclase, als)

expect that a phase or structural change of
the membrane, of which the enzyme is an

integral part, could affect rate parameters

and the energy of activation of the over-all

process. Such a possibility has also beeni

considered by Keirns ci al. (17) in a study on

the temperature dependence of adeniylate

cyclase from liver. Small changes iii pH as a

function of temperature would nemt be cx-

pected to influence activity appreciably,

since the pH optimum of the Ehrhich cell

enzyme is sufficiently broad (2).

The observationi that adrenaline does miot

seem to affect the slopes of the straight-line

segments in Arrhenius plots further indicates

that both transition temperature and activa-

tion energies for the cvclase reactiomi are

determined by the catalytic unit. Stimula-

tion by adrenaline themi is probably expressed
only on the level of the rate-himitinig step of

catalysis.

In a study of adenylate ovelase from frog
bladder epithelium, Bockaert et a!. (IS)

found that in the presence of oxytocimi or

fluoride the activation (‘nergy for thic’ eyelase

reaction was approximately doubled. The

authors interl)reted this finding to mean

that a high-activation-energy step is in-

volved for stimulation of the c’muzvme by

fluoride or oxytocin. However, only kinetic

analysis of the coupling step between the

hormone receptor and adenylate cyclase at

different temperatures will yield infi mrmation

on the activation energy for hormonal stimu-

lation. These me�urements would he very

difficult, indeed, both techniically as well as

with respect to the problem of attributing

kinetic data to molecular events. Bewkaert

et al. (18) did not observe a discontinuity in

Arrhenius plOts with adenylate cvclase from

frog bladder e’pithehum, with or without

stimulants. it is conceivable that there are

differences in this respect betweemi muiam-

mahian and nonmammahian enzymes, or

between those stimulated by peptide huor-

monies arid adrenaline.

Following completion of the j)resent stu(ly,

Kreiner ci a!. (19) and Keirns et a!. (17) re-

ported on temperature effects on basal amid

hormone-stimulated rat liver adenylat e
cyclase and tmbserved that iii the pr’�’muce (if
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glucagon or adrenaline a discontinuity in

Arrhenius plots around 32#{176}occurred, with an

increase in activation energies from about 10

keal/mole below 32#{176}to 17 kcal/mole above

that temperature. This change was absent
in basal cyclase as well as in the presence of

fluoride, propranolol, or prostaglandin E1.

Those authors did not extend their studies
to temperatures below 20#{176},and it is con-

ceivable that a further discontinuity,

analogous to the one reported here, w-as

missed near or below 20#{176}.Conversc’ly,

presemit studies with Ehrlich cell enzyme’

have not focused on the 30-40#{176}interval, and

a discontinuity with an increase in activation

emiergy may likewise have been missed. In

view of the differences in the temperature

dependenuee of basal arid stimulated adenyl-
ate cyclases evident from the l)resent work

and that by Bockaert et a!. (18) and Kreiner

et a!. (17, 19), it seems appropriate to) cautiomi

agaimist generalizing data obtained in one’

enzyme system only.

It is intere’sting that mu the presence of

fluoride ion the inflection point in Arrhenius

plots of Ehrhich adenylate cyclase is uncer-

tam or that, at least, differences in activation
energies above and below such an inflection

poimit are smaller than in the case of basal
or adrenaline-stimulated enzyme. With

flue iride-stimulated adenylate cyclase from

rat braimi the absence of a discontinuity mi
the Arrhenius plot is more clearly indicated.

Omie’ is tempted to interpret the observations

that activation by se)dium fluoride is ob-

served only above 24#{176}in.thue latter system,
amid that mio discontinuity in the Arrhenius

plot exists, to mean that the agent sta-
bilizes a “low-tempc’rature form” of the

eiizvmuie.
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