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ABSTRACT

The mechanism by which physiological stimuli increase cyclic
, ,

GMP tormation in platelets or in other cells is unknown.
--~....~
Agents :that

.. ,

.
promote the formation of cyclic GMP in intact cells have in generai not

been found to stimulate the activity of guanylate cyclase [GTP pyrophos­

phate-lyase (cyclizing), EC 4.6.l.2.J in broken. cell preparat~ons.

Therefore, possible mechani,s~s jor the activation and controi of guanyl-

ate cyclase activity in platelets were inveatigated in ~his thesis.

It was found that over 90% of the total guanylate cyclase acti-

vity is present in supernatant fractions of hypotonically lysed platelets ..
Platetet particulate fractions contained no guanylate cyclase activity

that could not be accounted for "by contaminating soluble enzyme, suggest-
.

ing that physiological aggregatinz agents may increase cyclic GMP levels

~n intact plat~ets t~rough the effects of intermediary factors. Because

, of the possiplity that soluble as well as particulate factors may be involv­

ed in th~ control o~enzyme activity, whole pla~elet lysate was used in

studies of the properties and activation of guanylate cyclase.
09

• •Under optimal ionic conditions (4.0 mM-MnCI 2). the specific acti-
t,

vity of gu~nylate cyclase .i"n fresh platelet ly.sates ~as about lQ, nUlol of..
-~yclic GMP form~d/20 min per mg of protein .at 30°C, which is higher, than

that of any other mammalian cells or tissues studied. Activity was 15% of
I

fiJ· ""
optimum wtth 1~0 mM~gCl2 and negligible with 4.0 mM-CaCl2' Synergism

o /

between MnCl2 and MgC12 or CaCl2 waS obseived when [MnCI2] 2 [GTPJ; under

_9 ':' ."~ 0 0 ,.-- ..e

I
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activity on average, by 40, 87 ~nd 165%, respectively.

iv

more physiological ionic condition~ (Mg2+ present), micromolar concentra­

tions of ~a2+ stimulated enzyme activity by about 50%.

Lower than optimal specific activities were obtained in assays
;

containing large vOltes of platelet lysate, owing to the pr~sence of

;~hibitory fac~rs t.at could be removed by ulttafiltration. Adenine
I

o

nucleotides and glutathione accounted for less than 50% of the inhibitory

activity. The combined effects of inhibitory facto~s and of suboptimal

ionic conditions are likely to lower the guanylate cyclase activity in

intact platelets to almost negligible values in the absence of activating

factors.

Dithiothreitol (5.0 rnM) and N-ethylmaleimide (0.1 rnM) inhibited
,

the activity of platelet lysate by about 70 and 50%, respectively. Pre-

~o '
incubation of lysate 'for 60 min at 37 C increased guanylate cyclase acti-

vity on average by 225%. This effe~t could be blocked with dithiothreit01

or N-ethylmaleimide, but dithiothreitol co~ld not fully reverse activation

once it had occurred. Oxidants such as 4,4'-dithiodipyridine (0.04·rnM),

diamide (0.4 rnM) and tert-butylhydroperoxide (1.0 rnM) increased enzyme

Neither diamide
~

• • 1
nor tert-butylhydroperoxide had an effect on enzyme that had ~een preincu-

bated or treated with N-ethylmaleimide. ~

Sodium azide (10.0 mM)rincreased guanylate cyclase activity by an

average of 335%; this effect ~a~ both time- and temperature-dependent.

Activation by sodium azide was not pre~bY dithiothreitol. Sodium

nitroprusside (1.0 roM) increased enzyme activity by about 1000%; this

effect could be blocked by preincubation or by tert-butylhydroperoxide,

but not by either dithiothreito1 or N-ethy1ma1eimide.
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Lubrol! PX (1.0%, w/~) incr;a~ed 'i~anYl/~~ <yclase activity op •

by 256i; whereas Triton X-~OO w~s mU~h ~~~s effec~iv~o' Addition
I " r" •

" ..

eo

..

...

o..

. o.

..

. Oleate and arachadonate caused marked stimulation
" . ..

\ b 0 • 0: • • "'J ~

preinc'ubat¥ lysate, but inhibited enzyme" activity' ' / .
., 0 • (,

PX~treated '~ysateo With the exception of

.
through the effects of wintermediary factors.

!in Lubrql arachidonate, aggrega- (
• '. It , • &.' 4)

ting a~ents that increase the conc~ntratibn of.cyclic GMP in pla~elets did
til • ;1

! •
not inprease the .guartylate cyclase activity of whole platelet lysate,

thereiy-supporting the view't~at t'pese~ag.entso~crea~cycli"C~Gffi' le.W;lS;- ,.:,.'"

I
In con'trast ~o enz~e ~ct~vat~d by F.eincube·t:ron "" t.e:rt~~U;YPny1r?-::';~. :••:,~. ~ ~

,,/ • I

peroxide, Lubrol PX or fatty acids, activation by sodium azide or by S,tliUm
. + ..

nitroprusside resulted in a marked incrElase ...in the."".e~fe;:Ci~e'ne~~,0:. M~ '. '."as. '. :"':""

sole bivalent cationo

'of Lubrol PX 10 preincubated-, tert-butYlhYdr/beroxide-,,~~diumoaZid~- oor.

t> sodium ni~roPfusside-treated lysate resurted ct:.n ~a~pJ:o-ximately '~e 'sam"e

I'.level of actJ"ity 'as oboeeved; when added :0 .~treat~ lysate••Although

neither dithfothreitol nor N-ethylmaleimide' could prevent activation by
I "" • I

I .Lubrol PX, 4ctivitY wa.s 'mark.e~ry in~ibiter _

Ar/achidona.te (1. 0 roM) }ncreased/ .guanyleft e cyclase activity on
, • • 0 .; •

average bYI 245% and oleate (1. 0 roM) by /206%; whereas palmitate was all\lost
/ '\ ....
I "

f.nactiveo-; Pretreatment of lysate with inqomethacin d~:i.d not inhibit this' "

I •

effect ofr' ar'achido'nat'~'o

of guany~ate cyclase in

!
!

!

/
!

\
Th~ findings described in this thesis suggesto~hat~th~ in .~~eTO

' ...
•modulation of platelet guanylate cycla2e activity may be a function of the

... _.' ...-:.

redox state of ~ulfhydryl groups on the enzyme !tself and/~r.~n a~ ~§~oc~a~:
" .

At present, it 1S not known whether any of' the'

. .
inbact platelets or have a physiologi~~l parallel.

".
.0
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