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i .' tntroduction

'Ihe formation of guanosme cychc 3 5"-mono-
phosphate (cyclic GMP) from GTP in ce!x free sys-
tems is cataly zed by guanyl cyclase and this reaction
appears to occur in a vanety of animal tissues {1, 21,
The highest amount of guanine nucleotides noted in
any mammalian tlsaue: was found in rat and bovine
retina [3} One of the possible functions of the hxgh
retinal GT¥ level could be to serve as precursor for
cvelic GMY. This paper describes the occurrence of an
unusual high activity of guanyl Lyclase in rod outer
aeg,me:ms of the bovme retina.

2. Ma&eria!s aaé meﬂmds '

‘z oung bov ine eyes were kept iy the dark &t 0° for
’ hr after slaughtermg All subsequent operations were
‘carried out in dim red light, except if stated otherwise.
‘Rod outer segments were prepared as described else-
'ﬁétere [4]. Foﬂcwmg the first wash in phosphate
buffer, the packed outer segments were stirred up in .
an hy potome, Tris-Cl buffer (10 mw, pH 7.5)orinei-
-th\,r Qf two isotonic solutions, i.e.a “medium” con:
ummg 100 mM Tris-C1, 145 mM KCL, 1 mM MnCl,

61 0.25 M sucrose buffered with 10 mM Tris-Cl, recen- v

: trifuged (20 min at 105 g) and finally suspended in
‘the same solution used for the washing. Sequential ex-
traction’ of rod outer segnients was done as follows:.
'Guter fé:gn ents suspenued in phospimte butfet were
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-divided in several fractions and either kept in the

dark or illuminated for different times bya75W
bulb. The fractions were spun down and the pellets
homogenized in 0.1% emulphogene, 0.066 M phos-
phate (pH 7.0} followed by centrifugaiion at 10° g
for 120 min. After removal of the supernatant (giving
the 0.1% extract), the procedure was repeated with ’

-0.3% emulphogene, 0:066 M phosph’ate (pH 7.0).

If required, aliquots of outer seg :.ent suspensions
were illuminated for 20 min by a 75 W bulb. During
this n,ne the colour of the pim*apxgmedt bad changed
from a decp purple to a pale orange. The preparauons
were stored in the dark at either ~10° orat +2°, less
than 20% of the enzyme activity was lost over a peri-
od of 3 days.

For comparison, whole bovine retmas taken out.

and processed in day light, were homogenized in the

“medium” described above and centrifuged (105 g,
1 hr) to separate a soluble from a crude pamcuia‘ce
fraction. Whole rat brain was either processed in the
same way or fractionated as described elsewhere is)-
Guany! cyclase activity was determined by a a modi-
fication of the methods described by White and

“Zenser [6] and Schultz et al. {7]. The usuatl incuba-

tion mixture contamed 60 mM Tris-Cl (pH 7.5), 7. 7
mM ’WnCl,, 15.4 mM creatine phosphate, 75 ug crea-
tine kinase (Sigma), [°H]cyclic GMP (tritiated cyclic

- GMP from Amersham: diluted with unlabelled cydlic

GMP from Boehringer; 0.75 umole, 2. X 10% ¢pm),
{32P|GTP (0.185 mM, 0.5—1 X 10% cpm) and 2050
pl enzyme in a total valume of 130 ul. Following the
incubation at 37° for 10 min the reaction was stopped
by addmg unlabelled GT? (0.5 gmole) and boiling for
3 min. Then 100 g Tris-Cl (0.06 M, pH 7.3) were
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Table 1
Recovery of added {*Hicyclic GMP and fcxmmon of

g 2P1G%!P in different preparations of rod outer segments.

3y :
5= X 100 A32P(C‘pm)
Hy, R
~Exp.i v ‘ o S o .
~ Medium . 3. .. 560
- =Tris£i . 82 14,300 - -
‘Exp. i . C S )
—TrisCl—sucrose 1.8 490 .
—~Tris-Cl o - 78 38,500
Exp. HI ) : = )
—Tris-Ci-sucrose : 3.8 , o 1.660
—Tnsr{'l : 93 » 40,560 -

. Rod oter segments suspended in phosphate buffer were di-

vided into iwo equal parts, recentrifuged, washed and taken
up in either an isotonic medium (Tris-Cl 0.1 M, pH 7.5, KCt
.14 M; MnCly 0.001 M) and Tris-C1 (0.0} M, pH 7.5) orin
‘sucrose 0.25 M—Tris-Cl (3.61 M) and 0.01 M Tris<l buffer.
in experiments f and i, the prep:uatxons were dlummate:d
and incubated in day light; in experiment I1I preparation and
enzyme test were carned out in dim red light. The results are
expressed as percent { H Inycm GMP recovered afier incuiba-
tion-and SLparauon, the 3H incubated in the presence of

boiled enzyme taken as 100% (¢ 3H/PH,) x 100). The forma-

mn of “P cyclic GMP from Fp TP is e\:gresscd as cpm
‘P rcu)vergd from the s:unple minus cpm 2p of the blank
(.1 "P)

‘ addcd und the cyelic GMP separated from other la-
belled compounds by Al,05 cclumns essentially as
describad [6] . The 32P- and 3H-disiniegration rates
of the column eluates were determined by liquid scin-
tillation counting: Incubatzon bianks were run as de-
scribed with a boiled enzyme preparation. The overall

recovery of {SHI\‘YCIIG GMP incubated and processed -

‘with these blanks was 70—76%, the aliquoting being

considered. The recovery of [3H]cyclic GMP added to

some enzyne preparations was consmetably lower, .
presumably due to the action of cyclic nucleotide

phosphcdxesterase However this loss of cyclic GMP
incubated with active fractions was usually !ess than
107 except when’ stated otherwise in the te‘ct With-

out addition of unlabelled cyclic GMP the recovery of =

tritium from incubation blanks was analtered, though
‘practically neither 32P- nor 3H<cyclic GMP couid be
recovered after incubation with active samples. in
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o Tabiez SR
Gumy!zc cyclasemvanous preparatlons. S
R “"Enzyme acmmr
S {pmoles uychc GMP
e R ';_=pmduced/mm!mg
'Prepacation o protein)
» Rat brain soluble fraction® - a | 1132 T
_Rat brain total hcmogenateb 137
" “Rat brain sohible fraction® ¢ SZS" B
Bovine retina particulate fxacnon 2864
" Bavine retina soluble fraction 132

4100, 2360 2850

-2 ?repnrcd in Tns-KCl-‘?-!nC!g (bH 7. S)

Prepared as described elsewhere [5].

€ prepared in Tris-Cl 10 mM, pH 7.5. ) o ) :

d Apparent vatue; 35% of added (> ch:} clic GME‘ degraded
_during the incubation pcrwd .

other expeziments, cyéli@ GMP fractiongobtained
from the Al,O3 column were applied to a second au-

“mina column with or without prior treatment with

cyciic nuclectide phosphodxesterase (obtained from
Sigma). In samples not treated with phosphodiesier-

ase, over 90% of the 32P- and 3H-cyclic GMP was

found in the cyclic GMP fraction from the second
column. Less than 5% of the 32P and the 3Hin
treated samples appeared in this fraction. The effi-

. ciency of the GTP regenerating system was checked

measuring the 32P-GTP remaining at the end of the
10 min incubation period. The guanine nucleotides

_ were separated by thin-layer chromamgmphv {7] and

80-85% of the 32p recovered was associated wu:h

'GTP.Good proport:onahiy existed between time of
“incubation and the amount of cyclic GMP formed

with the exception of the cases where a considerable
part of the [3H]cyclu, GMP was iost dur:.‘g ma.ubu.
tion. I

3. Res:-,a!ts
Whereas a parm,t.iate fraction xaolated in lsoronm

medium from whole bovme retma exhibited conszd-
erable guanyl cyclase activity (table 2), the enzyme

-activity of outer segments prepared in isotonic solu-

tions was masked by the extremely low recoveries of

% chc GMP when m«‘ub‘zted with qcnve enzyme i
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e : : Table3 -
. ru:myl cyclase in light and datk-adaoted rod outer segments
{GTPl Enzyme activity” S
- (uM) - Light-adapted . Dark-adapted
85 2360 - - 2460
185 .. 2850 . . 2716
738 3900 S 3960

* Expréésed as pmoles/min/mg protein.

The outer segmenis were prepared in dim red light from dark--

) adapted retinas, finally washed and taken in Tris 10 mM, pH
7.5. For light-adaptation, an aliquot of the suspension was ex-

posed to light (20 min by 2 75 W bulb) immediately before
the enzyme test, whlch was carried out in the dark.

(table l)- This effect may be explained by the pres-
ence of an unusually active cyclic nucleotide phos-
phodiesterase. When washed and taker up in hypo-
‘tonic Tris-Cl buffer, suspensions of outer segments dz-
graded only a minor fraction of added cyclic GMP
_and a high activity of guanyl cyclase was revealed
(table 1). Th= supernatants of the washes did not
show measurable guanyl cyclase activity. The differ-
ential effect of hypotonic and isotonic buffer was the
same, whether preparation and mcubatmn wers

Y e

“Tig. 1 . Linewecaver—Burk plot of the kinetics of guanyl wé» -

l‘se activity in rod outer segmenfs The reaction velocity v
' was deter—ined at 7.7 mM Ma>" and is expresséd as nmoles
cyclic GMP produced/min/ 20 ul suspension of outer segments
“in hypatomc Tﬂs{)l buifer. -
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Fic. 2. Extraction of guanyl cyclase activity by emulphogene
after licht exposure for different times. The exiraction of
the outer segments was carried out as described in Methods.
After the exposure to light all subsequent procedures includ-
ing the enzyme test were carzied out in dim red light.

carried out in dim red light (Exp. {Il) or illuminated
suspensions were incubated in day light (Exp. I and
IN). In ali cases, the loss of added [3H]cvclic GMP
was reduced but not sufficiently prevented by inclu-
sion of papaverine (10 mM) in the incubation mixture.
Theophylline (10 mM‘ however, was devoid of any
effect. .

Guanyl cyclase activity, as measured under our
test conditions, was several fold higher in purified
bovine rod outer segments than in a soluble or partic-
ulate fraction from whale bovine retina or in: a total
homogenate and soiuble fractions from rat brain '
(table 2). There were no differences observed whether
the outer segment suspensions were exposed to light
or not. Also when measured under conditions near
the optimal substrate concentration, no difference
due to light exposure could be detected {table 3).

The apparent K,,, value with respect o GTP of
guanyl cyclase activity of outer seginents isolated in
hypotonic buffer was determined from a Lineweaver—
Burk plot (0.27 mM). The maximum reaction veloci-
ty was about two times the value listed in table 2 for
the same preparation and measured at 0.185 mM

. GTP (5750 versus 2360 pmole/min/mg protein). Aiso
" in the presence of higher GTP concertrations, in-

creasing the Mn2* was not followed by a hlgher reac-
tion velocily; in contrast, raising the Mn+
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ccn{:f‘mratmu resulted i m a graduai decrease of the

formation of cyclic GMP (minus 20% at 154 mM

MnCi, and 0.74 mM GTP). : .
The extraction of rhedopsin from rod outer seg» =

ments by SDS is facilitated after prior illumination of

the suspensions | 8] . Since SDS is known to inactivaie
most enzymes, we used the non-ionic detergent emul-
phogene to test the influence of light on the solubili-
sation of guany! cyclase by low concentrations of
detergent. Whereas the activity in a 0.1% emulphogene
extract wes at the limit of detectability, considerable
activity cculd be extracted by 0.3% emulphogene.
The specific activity of guanyli cyclase in the extracts
was higher, if the preparations were exposed to light
prior to the extraction (fig. 2).

4. Conclusions

The data presenited above demonstrate that guanyl
cyclase is present in purified bovine photoreceptors,
where its specific activity was several times higher
than in particulate or soluble material from whole bo-
vine retina or in rat brain homogenate. This high
guanvi cyclase activity was detectable only when the
outer segments were washed and taken up in hypoton-
ic Tris-Cl, most likely because this treatment elimi-
nated an e‘ctre'nely aciive cyclic nucleotide phospho-
diesterase. The activity of guanyl cyclase in suspen-
sions of outer segments was not changed after light
exposure. lHlumination, however, did influence guanyl
cyclase as shown by the considecably higher specific
activities in 0.3% emulphogene extracts following -

light exposure of the outer segmants for short periods
of time. At present, we are unable to give a definite
explanation for these results. In the light of our previ-
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ous expepments on the extractahﬁnv of medopsm :
[8], we might postulate that photomc stimulation - .
does change the physico-chemical charac ‘eristics of

~guanyl cyciase and facilitates the. soiubxhzamn by

detetgent_ :
The precise biclogical lmpormnce of cyclu, GMP

“has not vet been defined. The bovine photoreceptors,

where the blosyuthetzc (i.e. guany! cyclase) and the de-
gradative (ie: cychc nucleotide phosphocxestemse {9})
enzymes Occur ina high speuf’ ic activity, may present’
a useful model to study the funcsional mle of thls
cyclic nucleot:de. ' > s
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