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ABSTRACT

Basal cGMP concentrations are greater in immature than Between artery types, activated, Kvalues were greateip(<
mature cranial arteries, which may help explain why cerebrovag-05) in cerebral (20&= 40 uM) than in carotid (80+ 10 uM)
cular resistance is lower in neonates than in adults. The presarteries. Together, these data suggest that variations in sGC
studies explore the hypothesis that this difference derives franbstrate affinity contribute to observed differences in sGC ac-
age-related differences in soluble guanylate cyclase (sGC) actiivity between artery types but not those between age groups. In
ity. Maturation depressedp(< 0.01) maximal sGC activity contrast, variations in enzyme abundance, and possibly also
(pmol cGMP/mg/min) in both carotid (from 11.1%8 0.50 to enzyme-specific activity, appear responsible for differences in
3.60 = 0.20) and cerebral (from 3.1 0.31 to 1.45+ 0.08) sGC activity associated with both age and artery typediatr
arteries. Western blot analysis of relative sGC abundance (reRes47: 369-375, 2000)
tive to sGC expression in adult kidney) found that sGC abun-
dance was significantly greatep £ 0.05) in newborn carotid Abbreviations
(0.38 = 0.04) and cerebral arteries (0.37 0.06) than in adult cGMP, guanosine 35'-cyclic monophosphate
arteries (0.25t 0.05 and 0.17 0.03, respectively). Basal K sGC, soluble guanylate cyclase
values in carotid and cerebral arteries did not differ significanti@ TP, guanosine 5triphosphate
between newborns (3- to 7-d old) and adults. Activation of sGDTT, p,L-dithiothreitol
with nitrosylated heme significantly reduced,Kalues 3- to NO-heme,nitrosylated-heme
5-fold in both types of artery and in both age groups. WithiPKC, protein kinase C
artery type, maturation had no significant effect on activatgd KOD, optical density

One of the most important pathways for vasorelaxation ¢antly greater in newborn rather than in adult arteries and that
that mediated by cGMP. Increases in cGMP synthesis mediaates of cGMP degradation are probably limited by the rate of
the vasodilatory responses to atrial natriuretic peptide, nitrocMP synthesis (5). Therefore, age-related differences in
vasodilators, and nitric oxide released from either perivasculgMP synthesis appear responsible for the observed differ-
nerves (1) or vascular endothelium (2, 3). We have previousiyices between newborn and adult basal levels of cGMP.
reported that basal levels of cGMP differ in cerebral and Guanylate cyclases [GTP pyrophosphate-lyase (cyclizing),
extracranial arteries and are elevated in the newborn, relativee0 4.6.1.2] are a well-characterized family of enzymes that
the adult (4). Because basal levels of cGMP influence restiogtalyze the cyclization of GTP to cGMP and occur in two
vascular tone, age-related differences in cGMP may contributichemically distinct forms. The membrane-bound form con-
to the neonate’s predisposition for vasorelaxation (4, 6). bists of a single transmembrane protein that is activated by
turn, elevated basal levels of cGMP in the newborn could resstall peptide ligands such as atrial natriuretic peptide. The
from either depressed degradation or elevated synthesissofuble intracellular form (sGC) is a heme-containing enzyme
cGMP. Although degradation is a key factor in the determingensisting of two similar protein subunits. Basal sGC activity
tion of basal vascular cGMP levels, we have previously shovig independent of the bound heme group, whereas activated
that maximum phosphodiesterase activity is actually signi&GC activity is heme dependent (6). The binding of free
radicals such as nitric oxide to the heme group of sGC results
in the subsequent activation of the enzyme. Although both
Received August 25, 1999; accepted October 7, 1999. _ forms are found in the mammalian vasculature, sGC is the
Correspondence: William J. Pearce, Ph.D., Center of Perinatal Biology, Loma Lm?grm responsible for vasodilation responses to nitrovasodila-
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characteristics and enzymology of sGC in vascular smodthdid not change significantly over the 24-h period typically
muscle, little is known of its contribution to maturationaheeded to complete the activity assays. For homogenization, a
changes in vascular tone and reactivity. motor-driven ground-glass pestle and mortar (Lurex, Vineland,
The present studies address the hypothesis that basal, as Wé&jlwere used. To separate particulate guanylate cyclase and
as activated, cGMP levels are elevated in newborn relativedther proteins from soluble guanylate cyclase, we centrifuged
adult arteries as a result of enhanced sGC activity. To explate homogenate for 60 min at 100,080g, then removed an
this hypothesis, we have examined and compared the kinetitigluot of supernatant fluid for protein determination (see
and relative abundance of sGC in ovine arteries as a functigglow). The remaining supernatant fluid was diluted to the
of age and artery type. Given that basal cGMP values vagigsired protein concentration with homogenization buffer (see

among artery types, we studied the cerebral arteries that caistow). A fresh homogenate was prepared for each activity
prise the circle of Willis and, for comparison, the large exmeasurement.

tracranial common carotid artery. Whereas basal sGC aCtiVityDuring pre”minary studies to confirm the removal of par-

has important implications for resting vascular tone, enhancgg|jate guanylate cyclase from the supernatant extract, cGMP
sGC activity during active vasodilation may also contribute @nthesis was monitored before and after the addition of 100
low vascular resistance in newborn arteries. Therefore we hay@ atrial natriuretic peptide and GTP to the samples. Atrial

examined the kinetics of sGC under both basal and activategtriyretic peptide had no effect on cGMP synthesis, an obser-
conditions. Because enzyme concentration is a key determingfion which was taken as evidence that our procedure effec-

of total tissue sGC activity, we also determined the relati\§,q|, reduced particulate guanylate cyclase to negligible lev-
abundance of sGC in all experimental groups, using Westeja

blot analyses. General sGC assay procedure and optimizatidine activ-

ity of sGC was determined by measuring the formation of
METHODS cGMP from GTP in 20QuL aliquots of the diluted semi-crude

. artery homogenate. To remove endogenous cGMP and GTP
All procedures and protocols used in the present studlﬁgm the preparation, we warmed each tube in a 38°C water

were approved by the Animal Research Commitiee of Lonb%th for a minimum 30-min “clearing period.” Versions of this

I,:llnt(_ia Uln:veﬁ'ti/ ano]Ic ﬁ"onﬁ o(lsal_ltjlgu]:de[tlrr:escput fortg S th?ﬁrotocol without the clearing period produced varying starting
L ablg:]a?ornsgnlijrr?;ISOWee:btaineuoll ceon?rrnor? ca?(r)fidagnd s:re_evels of cGMP (5). To prevent the hydrolysis of cGMP during
a y t g experimental procedure, a solution containing 1 mM

bral arteries from young nonpregnant adult sheep (age 18- 1 . - . i
mo) and newborn lambs (age 3-5 d). Vessels from adult'so.bu?yl. 1-methybanthine, awlde spectrum pho;php@ester
ase inhibitor) and 0.1 mM zaprinast (a selective inhibitor of

animals were obtained from a local slaughterhouse and Wer(SMP phosphodiesterase, PDE V) was added to each tube

kept packed on ice until dissection. Vessels from newboft the cleari iod and all dt : dditional
animals were obtained from lambs brought into the facility an erne clearing period and allowed to warm for an additiona
0 min. Reactions were initiated by the addition of GTP

killed with a lethal injection of sodium pentobarbital. All artery”, . o
segments were cleaned of adipose and connective tissue “Has,a' S?C actmt_y}, or GT'.D plus preformed NO-heme
were flushed with isotonic Krebs solution to remove coag ‘activated” sGC activity). The final reaction volume was 350

lated blood (7). The artery segments were then flash frozenHh- The samples were mcubatgd for 5 or ]_'5 min, after which
liquid nitrogen and stored at80°C until they were assayed. Ve added 2 mL Qf ice-cold 6% trichloroacetic acid tp each tube

Because of the very small amounts of cerebral artery tissi@ehalt the reaction. The samples were then centrifuged, ether
available from newborn animals (30-50 mg total artery w&{racted, lyophilized, and assayed for cGMP by RIA.
weight per animal), sGC activity and abundance measurementé'S Shown by numerous investigators (11-13), preformed
were conducted with homogenates prepared from tissues d$f2-neme maximally activates sGC. In the present study,
lected from multiple animals for both artery types and agd©-heme was prepared |mmed|ately before use by the addition
groups. The ternt basal is used throughout this study toOf 10 MM DTT to hematin (Fe3) to produce reduced heme
denote the activity of SGC observed in the presence of exd§e2 ). A small aliquot of the reduced heme was mixed into a
enous GTP but in the absence of exogenous NO or heme. 1&ge volume of assay buffer containing 1.4 n@hitroso-N-
term“ activated is used to denote the activity of SGC obtained@cetyl-penicillamine (an exogenous source of nitric oxide) to
after the addition of both NO-heme and GTP. produce NO-heme.

Semi-crude artery homogenate preparatioRor each en-  To determine the optimum ratio of Tris-HCI soluble protein
zyme preparation, frozen artery segments from four to si® NO-heme for our assay conditions, we diluted aliquots of
animals (0.3 g of cerebral or~1.5 g of carotid), were adult common carotid and cerebral artery homogenates to 0.3,
homogenized together in 1 mL of 50 mM Tris-HCI buffer (pH2.6, 3.0, or 6.0 mg/mL in Tris buffer. The activated sGC
7.5) containing 4 mM MgGl and 2 mM DTT (8, 9). The activity for each protein concentration was determined in the
homogenization buffer also contained a mixture of proteapeesence of 1 mM GTP and 0.02, 0.2, 2, or 2@ NO-heme.
inhibitors including 76.8 nM aprotinin, 83 mM benzamidine, Maximal sGC activation occurred at 2M NO-heme, inde-
mM iodoacetamide, 1.1M leupeptin, 7uM pepstatin A, and pendent of Tris-soluble protein concentration or artery type.
0.23 mM phenylmethanesulfonyl fluoride (10). The addition ofhis heme concentration was well below the 104 concen-
the protease inhibitors stabilized sGC activity to the extent thiation reported to inhibit sGC activity (14) and was used for
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sGC activation throughout all subsequent experimental prostandard. For cGMP analysis, supernatant extracts, obtained
dures. after trichloroacetic acid precipitation and centrifugation, were
sGC activity in newborn and adult carotid and cerebralwashed with water-saturated diethyl ether a minimum of three
arteries. We conducted all activity assays in parallel unddimes to remove the trichloroacetic acid. Any remaining ether
basal and activated conditions in paired homogenate sampleas then allowed to evaporate, and aliquots of the aqueous
Carotid artery homogenates were diluted to a final protephase were lyophilized and stored at 4°C until assayed. The
concentration of 3.0 mg/mL in Tris buffer. Because of theGMP content of each sample was determined with a commer-
relatively low protein yield for cerebral arteries, homogenatesally available RIA kit (RPA 525, Amersham, Piscataway,
from cerebral arteries were used at a final protein concentratigd), as previously described (4).
of 1.5 mg/mL. Final concentrations of the GTP substrate usedStatistical analysisAll values are given throughout the text
in both basal and activated preparations ranged from 0.02a®meant SEM. All reported values of N refer to the number
5.0 mM. of homogenate preparations used in activity or Western blot
Western blot analysis of sSGC abundancArteries desig- determinations. Unless otherwise indicated, statistical signifi-
nated for Western blot analysis were frozen in liquid nitrogecance was taken at tipe< 0.05 level. To compare rates of sGC
pulverized, then incubated on ice for 30 min at pH 7.4 in a lys&ctivity, corresponding newborn and adult variances were
buffer containing 150 mM NacCl, 50 mM Tris, 10 mM EDTA, compared with an F-ratio test. In cases in which newborn and
0.1% Tween-20, 0.198-mercaptoethanol, 1 mM benzamide, Jadult variances were not significantly different, significant
mM phenylmethylsulfonyl fluoride, 7.8M pepstatin A, 5uM  differences between means were calculated by Studetast.
leupeptin, and 0.7uM aprotinin. Next, the samples wereWhen newborn and adult variances were significantly different,
centrifuged at 10,00 g for 10 min at 4°C, after which the differences between means were calculated by Behren’s-Fisher
supernatant fluids were loaded onto 8% polyacrylamide gelsalysis with pooled variance. A two-way ANOVA with age
and resolved at 100 volts for 2 h. The resolved proteins weaed artery type as the factors was used to compare sGC
transferred onto nitrocellulose membranes over a 90-min @undances. For posthoc comparisons, Duncan’s multiple
riod in Towbin buffer at room temperature with a constantinge analysis was used.
current of 25 mA. The membranes were blocked overnight at
4°C in 5% dry milk, then exposed to the primary antibody RESULTS
(Cayman Laboratories, Ann Arbor, MI) at a 1:1000 titer for 2 h S - . .
. Determination of the NO-heme yielding maximum activa-
at room temperature. The Cayman antibody used was a pq%

) . n. Multiple concentrations of NO-heme were used to acti-
clonal prepared from a synthetic peptide constructed from a : .
. . . vate sGC from two concentrations of semi-crude homogenates
highly conserved region of the and 8 subunits. The mem-

branes were then washed in 5% dry milk with 0.1% Tween-% m adult carotid (6.0 z_;\nd 0.6 mg/ml__ Tris buffer) and cerebral
: . .0 and 0.3 mg/mL Tris buffer) arteries. NO-heme and 1 mM
in TBS, and were exposed to the secondary antibody

a . .
1:3000 titer in the presence of 5% dry milkrfa h atroom Fp were addeo! simultaneously to each reaction tube,_and
: : .ch\/IP accumulation was measured between 5 and 15 min of

temperature. The membranes then were rinsed and visualize

o ncubation. Irrespective of absolute protein concentration or
by enhanced chemiluminescence (Immunostar, Amersham

The resulting films were scanned and analyzed with a Bio-R3d - type, peak_ SGC activation occurred a.“M NO-heme
. . . Ig. 1). Our optimum NO-heme concentrations were far less
model GS-700 imaging densitometer.

To standardize measurements of protein abundance, each gel
useo_l to blot for sGC included at least three lanes loaded with Common Carotid Cerebral Arteries
varying amounts of a standard reference homogenate prepared  rggmgTrs-solbie Frolen /mi Q= ls.o mg Trs-Soluble Protein / ml < gyes
from sheep kidney. All reference standards were prepared from =~ |.6mg Tris-Soluble Protein/ml =~ 108 mg Tris-Soluplo Protoin/ | M=
a single starting homogenate, then were frozen in multipl
aliquots, one of which was used with each gel. In additiony ]
each sample homogenate was also loaded and analyzec@ah_: ] e
multiple protein concentrations on each gel, and the slope gf ; o
the relation between OD and protein mass loaded was usecgo
determine abundance relative to that of the kidney referencg. 0.1+
The relations between OD and standard mass loaded per lghe |
were analyzed for each gel to obtain a regression curve wifh

| T

which OD values obtained from artery homogenates could be™ o557 ™ 60 obt o1 1 To 10
converted intoug-equivalent standard protein. Using this ap- pmol NO-heme pmol NO-heme
proach, all measures of sGC abundance were expressed figlare 1. Soluble guanylate cyclase activation with multiple concentrations
tive to the abundance in the kidney homogenates with units@iNO-heme in homogenates of adult common carotid and cerebral arteries. In
wg-equivalent kidney protein perg vascular protein loaded. the presence of 1 mM GTP, multiple concentrations of NO-heme were used to

Cyclic nucleotide and protein determinationgotal protein activate sGC at two protein concentrations from adult car@efl panel)and
ult cerebra(right panel)semi-crude homogenates. Accumulation of cGMP

co_ncentratlons V_Vere _d_etermmed as p_rewously _descrlbed @s measured between 5 and 15 min of incubation. Maximum sGC activation
using C00m355|? brilliant blue protein dye (Bio-Rad, caigcurred at approximately 2M NO-heme, independent of protein concen-
500-0006). Identically treated BSA served as the referengstion or artery type.
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than those reported to inhibit sSGC activity (14).

Validation of the steady state assumption in semi-crude
homogenatesConsistent with the Briggs-Haldane steady state
assumption (15), activated sGC activity in semi-crude homog-
enates from both artery types displayed a linear relationship
between enzyme concentration and initial velocity withran
value of 0.99 (data not shown). Because less than 1%
substrate was converted to product over 10 min of incubatidf
under activated conditions, the free substrate concentrati
could be regarded as remaining invariant and saturating. Ac-
cordingly, simple first-order Michaelis-Menten kinetics were
used to calculate the Kand V. for sGC from semi-crude
homogenates.

Rates of sGC activityExposure of newborn and adult
carotid artery homogenates to varying concentrations of GTP
with or without NO-heme increased accumulation of cGMP
(Fig. 2). Even though activity was much lower in the absence
than in the presence of NO-heme, basal activity was stily
progressively increased by exposure to increasing concentr’é—
tions of GTP. Activation with NO-heme increased carotids
artery activity by a maximum of 9-fold in newborn prepara- E
tions, but only 5-fold in adult preparations. Activation with
NO-heme also produced similar increases in newborn (8-fold)
and adult (4-fold) cerebral arteries, although the absolute mag-
nitudes of both basal and activated sGC activities were mark-
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Figure 3. Effects of maturation on guanylate cyclasg, End V., values in
common carotid and cerebral arteries,, ¥nd V., values calculated from
double-reciprocal plots of cGMP formation as a function of GTP concentration
are given here as means SEM. At the top of each column, * indicates
significant effects of age within an artery type, § indicates significant effects
between corresponding artery types, and T indicates significant effects of
activation for each artery type. Activation significantly reduceg \alues in

all experimental groups, and maturation had no significant effect on activated
or basal K, within a given artery type. Between artery types, thg #r
activated sGC was significantly greater in cerebral compared with carotid
arteries. Maturation significantly depressed activategl, Mn carotid and
cerebral arteries, but had a significant effect on basal,Walues only in
carotid arteries.

experimental group calculated by using Lineweaver-Burk dou-
ble-reciprocal plots of the initial rate of cGMP formation as a
function of GTP concentration. In carotid arteries, the apparent
V max for basal sGC activity (in pmol cGMP/mg/min) was
significantly greater in newborn (1.22 0.13,n = 7) than
adult (0.79= 0.07,n = 6) preparationsg < 0.03). Similarly,

the apparent ¥, for activated sGC was significantly greater
in newborn (11.1+ 0.5,n = 7) than adult (3.6- 0.2,n = 6)
carotid arteriesg{ < 0.01). No significant age differences were
observed in the apparent Kfor carotid sGC under basal
(newborn: 0.51*+ 0.06 and adult: 0.46- 0.07 mM GTP) or
activated (newborn: 0.0& 0.01 and adult: 0.08 0.01 mM
GTP) conditions. In all groups, activation with NO-heme

Figure 2. Effects of maturation on substrate-velocity relations in commofduced K, values at least 3-fold below basal valugs <

carotid and cerebral arteries. Rates of bgsglares)and activatedcircles)
sGC activity are shown for homogenates from newljéeft panelsjand adult
(right panels)arteries, with common carotids in thgpper panelsnd cerebral
arteries in théower panelsBasal and activated rates were measured at vary

0.01).
In cerebral arteries, the apparent,\, (in pmol cGMP/mg/
min) for basal sGC activity did not differ significantly between

in
concentrations of GTP in the presence or absence of NO-heme, respecti\)é;@yvbom (0'4ﬁ 0.08,n = 9) and adult (0'36‘: 0.05,n = 14)

Rates are expressed in pmol cGMP/mg protein/min, calculated between 5 Bi§Parations. However, after activation, the apparept,V

15 min of incubation with GTP. Values are given as meanSEM.

values were significantly greater in newborn (3:1@.31,n =
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9) than in adult (1.45- 0.08,n = 14) arteries|§ < 0.01). No have revealed much about the physical characteristics and
significant age differences were observed in the appargnt Khechanisms of activation of this enzyme. Despite this
values (in mM GTP) under either basal (newborn: 0:6@.09; progress, knowledge of the changing role of vascular sGC
adult: 0.42= 0.08) or activated (newborn: 0.24 0.04; adult: during maturation and development is limited to only a few
0.19 = 0.04) conditions. indirect observations (16, 17). This lack of attention is surpris-
When statistical comparisons were made between arténg given the potential pathophysiologic importance of age-
types, V,,ax vValues for basal and activated sGC were signifielated differences in cGMPs ability to promote vasodilation,
cantly greater in common carotid than in cerebral artepes ( particularly in light of observations that basal levels of cGMP
0.01). Whereas basal Kdid not differ significantly between fall during maturation in sheep (4) due to mechanisms other
artery types, activated Kvaried significantly with artery type than changes in GMP degradation (5). Because of these con-
and was 2-fold greater in cerebral than in carotid artepes ( siderations, the present studies addressed the hypothesis that
0.05). basal cGMP levels are elevated in newborn compared with
Western blot analysis of sSGC abundanc&.representative adult arteries as a result of enhanced cGMP synthesis.
blot comparing relative sGC abundances is shown in FigureThe main findings of the present study are that maturation
4A. Values of sGC abundance for all experimental groups wedlecreased both maximum sGC activity and relative abundance
expressed relative to a single external pool of reference samextracranial and cerebral arteries, without effect on apparent
ples from homogenized adult sheep kidney, in unitsugf K, values. The kinetic values we obtained were similar to
equivalent kidney protein pepg total vascular protein. In those reported by others for both basal and activatgg, ¥h
carotid arteries, sGC abundance was significantly greaterniewborn and adult semi-crude homogenates (18), and for basal
newborns (0.38t 0.04,n = 9) than adults (0.25- 0.05,n = and activated K, in purified preparations (19, 20). Equally
7) (p < 0.05) (Fig. 4B). In cerebral arteries, sGC abundandémportant, the finding that maximal rates of sGC activity in
was also significantly greater in newborns (080.06,n = 8) artery homogenates were approximately 2-fold greater in new-

than adults (0.17 0.03,n = 10) (p < 0.05). born than adult arteries, agrees well with our previous findings
based on measurements of maximal rates of cGMP accumula-
DISCUSSION tion in intact ovine arteries (4, 5). Unique to the present study

Since its discovery more than two decades ago solublgre the significant differences observed between artery types

guanylate cyclase has been the topic of numerous studies { aqpparent K. (cerebral> carotid) and tissue activity (carot
Id > cerebral) for sGC.

° Despite the limitations inherent in performing kinetic anal-
oé yses on partially purified enzyme preparations, we specifically

) & chose to perform our kinetic studies in semi-crude artery

$ & Q :

S & S & homogenates, to preserve as many of the factors that are unique
b 3 ¥ ém to the tissue’s maturational state as possible, yet enable a direct
assessment of the effects of maturation on vascular sGC. This
approach avoided the prohibitively large amounts of tissue
required for enzyme purification from both large extracranial
and very small cerebral arteries. It also maintained the relative
tissue concentrations of sGC in both age groups and artery
B | . Newborn D Adult | types. Although this approach may have introduced artifacts

owing to the presence of factors not normally accessible to

I_LI l__,*\j compartmentalized sGC in intact cells, such effects were prob-

ably modest, given that maturation attenuated rates of cGMP

synthesis in the present homogenates to an extent similar to
that observed in intact arteries (4, 5).

Consistent with previous studies of sGC (21), the present
data reinforce the view that reconstitution with heme is neces-
sary for maximal enzyme activation. As shown in Figure 1,
optimal concentrations of NO-heme were determined for each
experimental group and used throughout the study. This ap-
proach eliminated the possibility that differences in maximal

Common Carotid Cerebral Arteries sGC activity could be attributed to differences in the extent of

Figure 4. Western blot analysis of sGC abundansetheupper panetiepicts ~ activation. Thus, our finding that maturation significantly de-
a representative blot comparing relative sGC abundances in each of the foressed activated \\,, in both carotid and cerebral arteries
experimental groups. Identical amounts of total protein{§pwere loaded on  strongly suggests that enzyme concentration and/or enzyme-
each laneB, thelower panelsummarizes values of sGC abundance express%eciﬁc activity is greater in newborn than adult arteries. The
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effects of age within an artery typ@  0.05). variation in tissue sGC activity.
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The finding that activated Kvalues did not change with ageremains possible that tissue-specific, but not age-specific, dif-
(Fig. 3) further supports the interpretation that age-relatégrences in enzyme isoform and/or in posttranslational modi-
changes in abundance contributed to the observed differenfieation are involved, particularly in light of the significant
in sGC activity. Typically, changes in an enzyme’s tissudifferences in apparent activated,Kalues observed between
activity based solely on changes in protein concentration do rtifferent types of arteries. Superimposed on these basic kinetic
affect an enzyme’s apparent,K(15). In other studies, sGC differences are further possible differences in substrate and/or
expression and activity have also been shown to decrease witifiactor availability in the intact tissues, which could further
age in pulmonary smooth muscle and lung fibroblast cells (18fluence artery-to-artery differences in sGC activity and the
22). Maturation also modulates abundance of the membraogerall capacity for vasodilation. Finally, documented age-
bound form of guanylate cyclase; the increased susceptibiliglated differences in cGMP-specific phosphodiesterase activ-
of newborns to enterotoxin-mediated diarrheal disease hgs(5) could also influence the balance between rates of cGMP
been linked to an increased concentration of the membrasgnthesis and degradation in intact tissue and, thereby, modu-
bound form of guanylate cyclase in the intestine (23—-29pate vasoreactivity to activators of sGC. Given that elevated
Together, these observation support our interpretation tle&MP levels in intact arteries may contribute to the lower
maturation decreases sGC abundance and, thereby, activithydraulic vascular resistance and greater cerebrovascular vul-
ovine carotid and cerebral arteries. nerability characteristic of neonates, further studies of these

In addition to age-related changes in sGC abundance, #ge- and tissue-specific differences in sGC activity show prom-
present data do not preclude the possibility that maturatige for future investigation.
involves differences in enzyme-specific activity. One mecha-
nism that can shift specific activity for most enzymes is AcknowledgmentsThe authors thank Dr. John Farley and
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