A major purpose of the Technl-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained in
DOE’'s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.

1



U] ‘//UJC)J -
LA-UR--89-3232
DE90 000687

ALt s At caltatoty s apetatend by the Loversaly of Californo for 1he nitedd States Depariment of Energy ander conlracd WoS404% NGOG

e PHE GTI BINDING PROTEIN=DEPENDENT ACTIVATION AND DEACTIVATION OF ¢CMP
PHOSPHODTESTERASE IN ROD PHOTORECEPTORS

AUTHORS, Akio Yamazaki, 1.S-1

gt tep 1o Cvolic Nueleot ide Phosphodlesterase Jad Int 'l Cond .,
fokushimia, Japan
Oetober =6, 19Ky

DISCLAIMER

This repuat was prepared as an acconnt oF work sponsored by an ageroy of the Uniled States
Guovernment Neither the United States Government nor any agenaoy thereol, mae any of then
rmplaees nakes any warranty expres e mphed or asaames any legal habalits or ieguony
bty Bor the acouracs completenes o uselulness ol any o ifotmation, apparatos product, of
preaess b baed ar represents that is wae would aot infonge posatels owned aghis Reler
e heren by spwecie ot etoal presfnet prsess or wenne by e mame, e marnk,
masubi e o sthetsise ks ool necessanby conaiire ar snpi iy endonement ecom
mendatien of Loty by the Eomted Stites Conernment of any agency theeal The vews
and apinens b authors expressed berein do et necessanhy state or rellect those ol
I onated States Governmient s any agrney therool

R IR R B oo e, 1 [T TR LA TR LR I LL R e LT L B I N T T A T A LY TUI T TEL PR TUN DO U T YL IPT] BT
[ [l 1 ' YR LR T LU i
' o L T L o L L T T A N I CTF BT [T LI T P X P T L R PR TY TORC P I N P
— —— e — -

MASTER
€N N FEY N Los Al S National Laborat
L6 AN M) Losamos Nato Labarutory

-,

Dio RBUTION 0 T HOEHRENT 1R Wit


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


The GTP Binding Protein-Dependent Activation and
Deactivation of cGMP Phosphodiesterase in Rod Photoreceptors

(Running Title: Rod cGMP Phosphodiesterasc)

Akio Yamazaki
Physiology Group, Lite Sciences Division
Los Alamos National Laboratory
University of California
Los Alamos, New Mexico 87545
USA

Correspondence to:
Akio Yamazaki
Los Alamos National Laboratory
Mail Stop M882
Los Alamos, New Moxico 87545
Tolophone (505)667 2774



Cyclic GMP (cGMP) has a crucial role in visual transduction. Recent electrophysiological
studies clearly indicate the existence of cGMP-activated conductance in photoreceptor plasma
membranes (29). In darkness, Na*, Ca**, and Mg** enter rod outer segments (ROS) through
cGMP-activated channels while light closes channels by lowering ¢cGMP concentrations through
activation of cGMP phosphodiesterase (PDE). Many excelient reviews (1,17.23,25) reference
the mechanism of PDE activation In photoreceptors. However, recent progress in understanding
the mechanisms regulating cGMP hydrolysis has raised an imporiant question in the PDE-
regulation: how does the three-dimensional movement of a subunit of transducin (retinal G
protein) (20) relate to the PDE activiation? Assoclated with that question, the mechanism of
PDE regulation appears to vary at different stages of evolution, for example, frog and bovine
photoreceplors. This review examines recent progress of the cGMP hydrolysis mechanism by

focusing on the subunit Interactions between transducin and PDE.

A. GTP hydrolytic cycle In rod photoreceplors

The light-activated PDE cascade is composed of these functional proteins: the
photopigment rhodupsin, transducin, and PDE. Signal communication from rhodopsin to PDE is
dependent upon the light-mediated binding of GTP to transducin. Transducin is composed of
three subunits: Ta {Mr 39,000), T§ (Mr 36,000) and Ty (Mr ~7,000). Photon capture by
rhodopsin facilitates GTP binding to Ta, which depencis upon the presence of Tj},y. The resulting
GTP Ta complex is rapidly released from ROS membranes (20) and somehow activates PDE
(10). Following hydrolysis of GTP, the GDP Ta complex returns to ROS membranes (35). A
detailed, stepwise mechanism for the events of the GTP hydrolytic cycle (GTP binding, GTP
hydrolysis, and GDP release) has been described (32,36).

1. QTP binding. Direct characterization of GTP binding to Ta remains unclear, since
purification of guanine nucleotida freo Ta has not baen accomplishad. All publishod datn

dascribes an axchangn reaction betwaon GTP (or hydrolysis rasistant GTP analoguaes) and bound
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GDP. When guanosine 5'-0-(3-thiotriphosphate) (GTPys) was used as a ligand for Ta, the
initial rate of GTPys binding to toad (Bufo marimus) Ta was increased more than 90 fold by
increasing illuminated, urea-washed ROS disc membranes in a reconstituted system using
specific quantities of purified Ta and TB,y (36). In addition, the initial rate of GTPys binding to
Ta was markedly enhanced by Increasing the amount of TB,y with a constant amount of ROS
membrane. With very large additions of bleached rhodopsin, the ratio of Tp,y to Ta required for
a half-maximal rate of binding is very small, reflecting the high probability of Ta Interaction
with bleached rhodopsin. Conversely, very small additions of bleached rhodopsin the ratio of
T8,y to Ta required for the half-maximal rate of GTPys binding becomes large. Thus, one can
exparimentally generatc a very wide spectrum of apparent catalytic efficiencies for TB,y.
Recent data (36) suggest that Tp is essential for the TP,y dependent stimulation of the rate of
GTPys binding. Moreover, Ty alone is not sufficient for the TB,y-dependent stimulation of the
rate of GTPys binding (36).

The rate of GTPys binding to Ta shows a sirong dependence upon the concentration of Mg*+
when small amounts of llluminated, urea-washed ROS disc membranes were present in a
reaction mixture. Mg** markedly reduces the quantity of illuminated ROS membranes required
for comparable binding of GTPys Ta (32). Mg** also serves to enhance sensitivity 1o the photic
stimulation, especially over the lower end of the dynamic range of rod photoreceptors (32).
Thus, Mg*+* would profoundly influence the amplification step in which hundreds of GTP T«
complexes can be generated by a single bleached rhodopsin (11).

2. GTP nydrolysis. Ta is rapidly released from iluminated ROS mempranes following the
binding of GTP or its analogues (20). In the presence of GTP or ils analogues. Ta is readily
extracted from illuminated ROS membranes even in the presence of 5 mM Mg*+ and/or high
concentration of sall (an isotonic butfer). In contrast, the dissoclation of T3,y from illuminated
ROS membranes Is raduced in the prasence of 5 mM Mg** even if the mambranes are washed

with hypotonic bufter after oxtraction of Ta with GTP (36).



Following the rapid release of the GTP-Ta complex from ROS membranes, GTP (bound to
Ta) is hydrolyzed (in the soluble phase) in the absence of TB,y, which remains primarily
associated with ROS membranes (36). This conclusion is supported by the kinetic analysis of
the rate of GTP hydrolysis (36). In the presence of increasing concentration of TB,y, the GTP
hydrolysis rate shows clear evidence of saturation throughout the TB,y concentration range.
This behavior is predicted by a model in which Ta is solely responsible for the hydrolysis of
GTP. Moreover, the conclusion is also supported by the topological perspective that the binding
of GTP to Ta rapidly terminates the interaction with T,y (20). Under the conditions that
abolish the effect of Mg** on GTP binding to Ta (in the presence of large quantities of
illuminated, urea-washed ROS membranes), Mg** is not required for the hydrolysis of be!ind
GTP (32). Moreover, these experiments also show that Mg*+* increases the rate of GT®
hydrolysis by only 50% (32).

3._GDP release. Following hydrolysis of GTP to GDP, GDP Ta returns to ROS membranes
(35). Return of GDP-Ta to the ROS membrane surface is stimulated by the presence of
membrane-bound Tf.y (9,36). GDP is subsequently released even in the absence of other
guanine nucleotides. In a recunstituted system using puritied components, the rate of GDP
teleasa is very slow in the absenca of guanine nucleotides, since GDP also binds to Ta with a high
affinity (32.36). llluminated ROS membranes and TP,y are both raquired for the release of GDP
from Ta In the absence of guanine nucleotides (32,36). The siow GDP release is detected in the
nrasence or absence of Mg**, and the rate of GDP release Is riot stimulated by the presence of
Mg*+.

In contrast, when crude ROS membrane preparations were incubated with [3H) GTP, rapid
GDP displacement is readily detected once the free GTP pool Is exhausted (3€). This GDP
raleaso is depandent upon the presence of Mg** (32). [*HJGDP bound to Tu In crude membrane

preparations appears quite stable in the ahsence of Mg**.

4



Summary. As shown in Figure 1, all ot the known functions of T8,y (including the
requirement of TR,y for GTP binding to Ta, for the return of GDP-Ta to the ROS membranes, and
for the release of GDP from the GDP-Ta complex) are exprassed essentially at the surface of the
ROS disc membranes. In contrast, the hydrolysis of GTP by Ta occurs In the soluble fraction and
does not depend upon the presence of ROS memhranes or TB,y. Mg+** plays a fundamental role in
all reactions that occurr at the surface of the ROS disc membrane. However, Mg** is not crucial

for the GTP hydrolysis detected in the soluble fraction.

B. GTP-Ta-dependent PDE activation.

PDE in rod photoreceptors is composed of three subunits: Pa (Mr 88,000), PB (Mr
84,000), and Py (Mr 11-13,000) (3). cGMP hydrolysis has been suggested to be catalyzed by
Pa,p while Py is an Inhibitory subunit (18). The GTP-Ta complex somehow stimulates PDE
activity (10), presumably resulting in a decline in cytoplasmic cGMP levels. How is @ach step
of the GTP hydrolytic cycle of transducin related to the mechanism of PDE activation?

In frog rod photoreceptors, the activation of PDE by transducin is accompanied by the
ph,sical release of PDE inhibitor from PDE-bour.d ROS membranes suspended in an isotonic,
GTP-containing buffer (35). Washing illuminated disc membranes with an isotonic buff¢r
released 86% of the peripheral proteins without any release of inhibitor. Subsequent washing
with the same buffer containing GTP released 80% of the inhibitor. PDE aclivity was
stimulated about 10 times by washing membranes with an isotonic, GT?-containing buffer ever.
if the enzyme activily was measured in the absence of GTP or hydrolysis-rasistant GTP
analogues. Densitometric scanning demnnstrated that the amount of a protein {Mr 13,000) was
reduced 10 only 15% of the quantity present in the membranes washed with the GTP ‘ree
buffer. The GTP-washed membranes contained 85% of the Pu,p found in membranes which were
washed with the GTP free buffer (33). Thus, about 60 70% of 13,000 protein was extracled

by the isotonic butfer containing GTP, in close agreoment with published data (35).



When PDE inhibitor was eluted from the frog ROS membranes with guanosine 5'-(B,y-
imino)triphosphate, Gpp(NH)p, it appeared in fractions with an apparent molecular weight of
60,000 upon chomatography in a Sephadex G-100 column (35). Our recent studies (33)
confirmed these data using GTPys; following purification of the inhibitor using a Blue Sepharose
CL-6B column and a TSK 250 size exclusion column in a FPLC system (Pharmacia), these
inhibitory fractions contained Ta and Py. The molecular ratio of Py to Ta in the peak fraction
was 0.7:1. These data clearly show that in frog photoreceptor systems the PDE activation by
transducin resulted from the release ot the inhibitory subunit Py (complexed with GTP Ta)
from the membrane-bound PDE.

In contrast, several studies have not detected the release of an inhibitory subunit from the
membrane-bound PDE of bovine photoreceptors in isotonic buffers. Sitaramayya et al (24)
suggested that Py was not released from the PDE catalytic complex during bovine PDE activation.
They showed that kinetic propertias (Km for cGMP and Kd for inhibitor) of the light-activated
and trypsin-activated PDE were quite different and suggested ihat light-activated PDE exists as
a complex with transducin (Pa.p-Ta:-Pyor Pa,p-Ta). Wensel and Stryer (27) found that
foilowing the washing of bovine ROS membranes with an isotonic, GTP-containing buffer, Py
was conspicuously absent irom the supernatant. Navon and Fung (22) reached the same
conclusion using coimmunoprecipitation of GTPys Ta with holoenzyme of PDE. Hingorani et al
(16) suggested, using bifunctional cross-linking reagents, that the bovine PDE activation
involves a direct interaction between Ta-Gpp(NH)p and Tf,y with Pa, (without Py release).
We have confirmed that our published procedure (35) did not cause the release of Py from
bovine PDE (33). Neither Ta-bound nor Ta-free Py was detected in the supernatant after
washing ROS membranes with isolonic, GTP-containing bufters. It Is possible that, ir bovine
ROS membranes (suspended in an isotonic, GTP-containing buffer) during PDE activation,
either Py is released from Pa,f3, and the Py Ta complex is not released from the membrane, or

Py remains complexed with Pa,[} while intaracting wth Tu. Wensel and Stryer (27) showod
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that the binding of Pv to trypsin-treated Pu,p in bovine ROS is very tight and that its
dissociation constant is less than 10 pM. The tight binding of Py to Pa, may prevent the release
of Py with GTP-Ta from bovine PDE. Our recent data (33) indicated that 24 nM Py was required
for 50% Inactivation, of Py-free PDE In ROS membranes (0.39 pg3) washed with an isotonic,
GTP-containing butfer. These data indicate that in bovine photoreceptors PDE activation does
not relate to the three-dimensional movement of Ta.

it PDE activation by trypsin (18) Is functionally equivalent to PDE activation by GTP, and
trypsin activates 100% of PDE, then only 40% of PDE was activated by washing the frog ROS
membranes with an isotonic, GTP-containing buffer. However, SDS polyacrylamide gel
electrophoresis revealed that 60-70% of Py was extracted from the membrane-bound PDE by
washing with GTP-containing buffer. If frog PDE contains one Py, and the removal or
destruction of Py is the only PDE a=tivation mechanism, there is no simple explanation for the
discrepancy in PDE activation by Ta and trypsin. However, if frog PDE contains two Pys per
PDE as suggested in bovine rod photoreceptors (8), these data suggest that binding of the first
Py to Py-free PDE Inhibits the majority of PDE activity. The second Py may have other role(s)

in the PDE cascade, for example, the stimulation of cGMP binding to noncatalytic sites on PDE

(31).

C. Boles of transducin in PDE turnoft raechanism.

GTP hydrolysis is a prelude to effector tu.noff in GTP-dependent signal transduction
mechanisms. Cassel and Selinger (4) first proposed that hydrolysis of GTP is a mechanism for
turnoff of activated adenylate cyclase in turkey erythrocyte membranes. In rod photoreceptors,
GTP hydrolysis also has been shown to be a turnoff mechanism of GTP-activated PDE (28). In
ROS membrane preparations, GTP bound 1o Ta is hydrolyzed resulting in bound GDP and the
concomitant inhibition of membrane-bound PDE (35). Using a8 Sephadex G-100 column, all

inhibitory activity in the GTP-washed supernatant was eluted in the same fraction as a complex



of PyGTPys Ta (Mr 57,000) (33). In the column chromatography, no inhibitor activity was
found in fractions around molecular weight 13,000. In these studies the PyGDP-Ta complex
was purified using a Blue Sepharose CL-6B column ana a TSK 250 column. Densitometric
scanning of the peak fraction in a TSK 250 column chromatography revealed that purified
complex was cormposen of Fy and Ta, and that the rativ of Pyto Ta was 1:1. These data indicate
that Py remains in a complex with Ta after GTP is hydrolyzed to GDP and that the binding of Py
to GDP-Ta is not readily reversed.

How does the PyGDP-Ta complex inhibit Pv-free PDE? There are two possibilities: (1)
the complex interacts first with Py-free PDE leading to the release of GDP-Ta which returns to
TB.y. or {2) the complex interacts with membrane-bound TB,y, releasing Py which
subsequently binds to Py-free PDE. Recent data (33) suggest the second possibility, that the
PyGDP:-Ta complex interacts first with TB,y. ‘Nhan PyGDP-Ta was incubated with TR,y in the
presence of urea-treated disz membranes (which appeared to contain none of the known
components of PDE cascade except rhodopsin) Py was detected in the supernatant following the
association of GDP-Ta with ROS membranes. In contrast, Py was found associated with
membrane-bound PDE when membranes contained active PDE. These data and our published data
(30) indicate that, at least in frog rod photoreceptors, GTP hydrolysis is necessary but not
sufficient for the PDE inactivation. TP,y appears necessary for the reiease of Py from the
GDP-Ta complex in order to inactivate FPy-free PDE. This conclusion is also supported by the
data, suggesting that the reassociation of transducin with ROS membranes was not effected by the
presance of Py or PDE, singly or in combination (35). In ccntrasl, the reassociation of Py with
disc membranes was affected by the presence of (active) PDE.

So far no data has heen published about the mechanism of PDE turnoff following GTP
hydrolysis to GDP in bovine systems. However, Kroll et al (19) found that the addition of large
amounts of GDP Ta to trypsin-treated PDE resulted in 90-100% inhibition of the enzyme

activity. The GDP Ta complex also inhibited the stimulation of cGMP hydrolysis by GTPys Ta.



This inhibition could be reversed by excess GTPys-Ta, as well as by Tp.y, indicating that the
binding site for the activated Ta species is in close proximity and/or overlaps the binding site
for the GDP-Ta complex on the anzyme. These data suggest that PDE turnoff results from a
direct interaction between GDP-Ta and the catalytic moiety of PDE (Pa,B), although the role of

Py in the turnoff mechan.sm remains unclear.

D. Modulaiion of GTPase activity with Py.

Recent data (33,35) indicate that in frog rod photoreceptors, each step of the GTP-
hydrolytic cycle of transducin is closely related to the regulation of PDE activity. Following
GTP binding to Ta, release of the PyGTP-Ta complex from the ROS disc membranes parallels the
increase in PDE activity. Following hydrolysis of GTP, the PyGDP-Ta complex reassociates with
the membrane with concurrent reduction in PDE activity. The termination of PDE activation is
regulated by subunits of transducin. Thus, it was of interest to investigate the effect of Py on the
GTPase activity of transducin. As shown in Figure 2, GTPase activily of transducin was
inhibited by the addition of Py fractions in Blue Sepharose CL-6B column chromatography. In
this experiment, Py was extracted with an isotonic, GTP-containing buffer fullowing extensive
washing of illuminated ROS disc membranes. When the effect of Py on GTPase activity was
measured in the reconstituted sysiem using purified components, 92 nM Py was required for
50% deactivation. The Py-sensitive site(s) in the GTP-hydrolytic cycle remain unclear;
however, the data suggest a close interaction between Py and transducin subunils. The Py-
dependent inhibition of GTPase activity has also been reported re<ently in bovine rod
photoreceptors (21). However, Py-sensitive steps in the GTP hydrolytic cycle are uncertain
since the GTP hydrolytic cycle responsible for PDE turnoff has not been analyzed. In bovine
systems, the GTP hydrolytic cycle related to PDE turnoft may not be the same as the GTP-

hydrolytic cycles of Ta which is free of Py (27).
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E. Noncatalytic cGMP binding sites on PDE.

The change in cGMP concentration in rod photoreceptors is critical in visual transduction.
Total acid-extractable cGMP is estimated to be 50 uM in frog rod outer segments prepared in a
1 mM Ca** buffer (5): however, the concentration of free cGMP has been estimated to be only
1-6 uM (2). These data suggest that most of cGMP in rod phatoreceptors is bound and may te
inaccessible for hydrolysis by light-activated PDE. In frog rod photoreceptors, PDE has been
shown to be one of the cGMP-binding components (34) and the concentration of PDE is about 30
uM (29), wrich could bind most of the measured cGMP. Thus, it is possible that a large drop in
free cGMP concentration might produce a relatively small decline in total cGMP concentration
during transduction. The large declines 1o a lower steady-state cGMP level observed after
longer light exposure may indicate another type of light-induced biochemical response, perhaps
related to light adaptation (6).

In frog rod photoreceptors two classes of high affinity, cGMP-specific binding sites have
been found in PDE (34). Scatchard anal,:is revealed the presence of two classes of cGMP
binding sites with apparent Kd values of 0.16 and 0.83 uM. These high aftinity cGMP-specific
binding sites are distinct from the PDE catalytic site. The cGMP-binding sites have been shown
1o be extremely sensitive to tryptic proteolysis. The most interesling point is that cGMP
binding to the noncatalytic cGMP binding sites are enhanced by Py (31). As described, Py is an
inhibitory subunit of PDE and Py is released with GTP-Ta in trog rod photoreceptors. Thus, the
physiological activators of PDE, light, and GTP, have been shown to reverse the Py effects on
both the enzyme activity of PDE and the binding of cGMP to its noncatalytic sitcs on PDE. This
drta was recently confirmed in toad rod pt. toreceptors (7).

in bovine rod photoreceptors, PDE has been shown to have cGMP bindiny sites (13).
Preparations of purified bovine rod PDE contained 1.8 + 0.3 mole of tightly bound cGMP per
mole of PDE (13). Scatchard ana'vsis of cGMP binding indicated the presence of two « .asses of

binding sites on PDE with extraordinarily slow dissociation rates. These data suggest that Pyis
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not released from PDE with GTP-Ta during PDE activation, since cGMP release from the
noncatalytic steps has been detected frog rod photoreceptors when Py is released from PDE with
GTP-Ta. In contrast to rod PDE, bovine cone PDE bind.: at least 10-fold more cGMP/mole of PDE
than rod PDE (12). c¢GMP hinds to this noncatalytic site with high affinity (Kd = 11 nM).
These data sugges! that the nature ot frog rod PDE is more comparable to bovine cone PDE than 1o

bovine rod PDE.



F. Conclusions.

Photoreceptors are highly specialized neurons. Although many proteins detected in rod
photoreceptors have not been identified (14), the primary proteins have been puritied and
their roles have been identified In the light-activated PDE cascade. Thus, photoreceptors have
been a useful model for the siwudy of signal transduction mechanisms. This raview shows that the
{rog rod PDE cascade may be especially unique. The three-dimensional movements of the PyTa
complex in an isotonic buffer give the frog PDE cascade unique utiiity for the study of GTP-
dependent signal transduction systems, .specially In the studias ot interaction between
transducin and PDE subunits. These differences between frog and bovine systems may stem
from differences in one or more transducin subunit(s) (15) ancd/or PDE (26). The
clarification of these differences in the mechanisms of PDE activation will enhance the study of
signai transduction, although they do not appear to be fundamental differences. Moreover, the
studies of the signal transduction mechanism would be enhanced further through integration of
the data concerning G-protein-etfector interaction from invertebrate visuval systems and

hormonal regulation of adenylate cyclase systems.
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Eigure Legends

Figure 1.

Figure 2.

Scheme of GTP hydrolytic cycle. a,p,y. transducin subunits Ta, T, and Ty,
respectively. Reaction 1: GTP binding to Ta; Reaction 2: release of GTP Ta;
Reaction 3: hydrolysis of bound GTP; Reaction 4: return of GDP-Ta; and Reaction

5: GDP release.

Inhibitery effect of Py on the GTPase activity of transducin. llluminated ROS
membranes from 50 frogs were washed with 5 ml of a buffer (10 mM Tris-HCI (pH
7.5), 5 mM DTT, 5§ mM Mg SO4, 0.1 mM phenyimethylsulfonyl fluoride (PMSF),
0.005 mM pepstatin and 0.005 mM leupeptin) (x7) and with 5 mi of a buffer (100
mM Tris-HC! (pH 7.5), 5 mM DTT, § mM MgSO4, 0.1 mM PMSF, 0.005 mM
pepstatin and 0.005 mM leupeplin) (x7) and Py was extracted from the washed
moembranes with 5 ml of the same bufier containing 400 uM GTP. The supernatant
containing Py was applied 10 a Blue Sepharose CL-6B column (9 x 300 mm). The

proteins were eluted with KCI gradient (0-1.5 M) in & buffer (10 mM Tris-HCI (pH
7.5), 1 mM DTT, 5 mM MgSO4, and 0.1 mM PMSF). Following lyophllization of each

fraction (40 ul) Py effects on Py-free PDE activily (e) and GTPase activity (o) were
examined (33,36). 100% of PDE activity represents 12 u mole cGMP
hydrolyzed/mg/min. 100% of GTPase represent 4.2 u moles GTP

hydrolyzed/mg/min. The peak fraction (66) of protein (A) contain 0.19 pug/100

pl.
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