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A cDNA coding for a new subunit of soluble guanylyl cyclase with a calculated molecular mass of 81.7 kDa was cloned and sequenced. On the

basis of sequence homoiogy, the new subunit appears to be an isoform of the a,-subunit and was designated 2, as the new subunit is very similar

to the &,-subunit in the middle and C-terminal part; it is quite diverse in the N-terminal part. Preccding experiments had shown that coexpression

of the &, and f,-subunits is necessary to obtain a catalytically active guanylyl cyclase in COS cells [(1990) FEBS Lett. 272, 221-223]. The finding

that the a@,-subunit was able to replace the a,- but nat the £;-subunit in expression experiments demonstrates the interchangeability of the a-subunit
isoforms of soluble guanylyl cyclase.

Soluble guanylyl cyclase; cDNA: Amino acid sequence: Expression

I. INTRODUCTION

Guanylyl cyclases exist in membrane-bound and cy-
tosolic forms. Membrane-bound guanylyl cyciases con-
sist of one polypeptide chain with a single transmem-
brane domain and belong to the group of receptor-
linked enzymes. The isoforms of the membrane-bound
enzyme differ in their N-terminal extracellular receptor
domains. which are coupled to a common intracellular
catalytic domain [1.2]. In contrast to the membrane-
bound enzymes, cytosolic guanylyl cyclase has been
purified as a heterodimer consisting of 73 kDa (@) and
70 kDa (7)) subunits, which both have been cloned and
sequenced [3-6). The amino acid sequences revealed ho-
mologies between the subunits including the putative
catalytic domain in the C-terminal region. which is also
shared with the membrane-bound guanylyl cyclases and
adenylyl cyclases [2]. Expression experiments revealed
that coexpression of both subunits is required for the
formation of an active enzymc [7,8]. Another subunit of
soluble guanylyl cyclase was recently cloned and se-
quenced. which shows high homologies towards the §,-
subunit and was therefore designated 5, [9]. As this
subunit has not been coexpressed with any other gua-
nylyl cyclase subunit, it is not known whether this sub-
unit can form a catalytically active heterodimer with
either the ;- or the f,-subunit or whether another not

Correspondence address: 1), Koesling, Institut fir Pharmakologic,
Freie Universitiit Berlin, Thielatlee 67-73, D-1000 Berlin 33, Germany.

Publishod hy Elsevior Science Publishers B.V.

yet identified subunit is necessary for the assembly of a
functional enzyme. Here we report on a new soluble
guanylyl cyclase subunit, whose cDNA was amplified
by the polymerase chain reaction (PCR) and subse-
quently isolated from an human fetal brain library.

2. MATERIALS AND METHODS

Degenerated oligonucleotides - (antisense; CGGTCGACTTC/TT-
CIGAC/TATC/TGTIGGITTC/TAC/AIGC, sense: CGAAGCTTC-
CA/GAAIAG/AG/ACAG/ATAICG/AIGGCAT) - corresponding to
highly conserved amino acid sequences within the putative catalytic
domain of the guanylyl cyclases, with restriction endonuclecase
recognition sites added to the 5-end to aid subcloning amplified
products, were used as primers in the PCR to amplify cDNAs coding
for guanylyl cyclascs.

RNA (5 ug) which had been isolated from oposum kidney cells as
described by Turpen and Griffith [10] was used to synthesize cDNA.
The PCR was performed in the presence of 120 pmol of each primer
and 5 units of Tag-Polymerase (Serva, Heidelberg, Germany) in 30
cycles (92°C, 90 s; 55°C, 120 s: 72°C, 180 s) in a thermocycler. The
PCR fragments were incubated with the large fragment of DNA poly-
merase | (Klenow) to fill possible recessed 3'-termini and digested with
Sull and HindI recognizing sequences introduced by the primers,
separated on 1% agarose gels. subcloned in M13 and sequenced by the
dideoxy chain termination method using Sequenase (USB. Bad Hom-
burg. Germany). A ¢cDNA library from human fetal brain constructed
in lambda ZAP by Stratagene was screened with the subcloned PCR
product coding for the new soluble guanylyl cyclase subunit as a
probe. Labelling of the fragment was performed by random oligonu-
cleotide priming and extension of deuble-stranded DNA [11]. The
procedures for screening were carried out as described by Maniatis et
al. [12). and hybridization was performed a1 65°C. Membranes were
washed at 65°C with 2% SSC (1 x SSC = 0.151/ NaCl/15 mM sodium
citrate. pH 7.0) containing 0.1% SDS (w/v). ii’ the cDNA used as a
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probe was derived from a species other than the library; otherwise, the
membranes were washed with 0.1 x SSC containing 0.1% SDS (w/v).

For Northern blots, total RNA was isolated as describad by Cathala
et al. [13]. Total RNA (10 ug) was glyoxylated, separated on agarose
gels and blotted on GeneScreen nylon memb-anes. Hybridization in
the presence of formamide at 42°C was carried out with a single-
stranded probe derived from a 2.4 kb cDNA insert cloned in M3,
Washing of Northern blots (60°C) was performed according to the

GeneScreen instruction manual.
For expression, the full length clone HRO was excised from lambda

ZAP II by Notl and Xhol and subcloned in Safl and Eagl-cut pBR
322. The resulting construct was digested with Sacll to achieve elimi-
nation of two ATGs (se2 Results) on two small Sacll fragments in the
§’-non-coding region. After separation on an agarose gel. the vector
and the fragment containing the coding region were eluted and religa-
ted. The resulting clone was digested with HindI11 and Xbal, the insert
was isolated and subcloned in HindlII- and XYbal-cut expression vector
pCMV. For transfection. about 4 x 10° COS cells (African green
monkey kidney cells transformed by an origin-defective simian virus
40 mutant) were seeded on 150 cm® plates. On the next day, the cells
were transfected with 14 ug of plasmid per plate by the DEAE-dextran
method [14]. After 72 h, the cells were washed with phosphate-buffered
saline solution and scraped off the platesin a S50 mM tricthanolamine-
HCI buffer, pH 7.4, containing 1 mM dithiothreitol. After passing the
cells 10 times through a 22-gauge needle, the suspensions were centri-
fuged for 20 min at 200 000 x g,..

Guanylyl cyclase activity of the obtained cytosolic fraction (30-50
Mg of protein per assay tube) was determined by incubation for 15 min
at 37°C in the presence of 50 mM triethanolamine-HCl buffer, pH 7.4,
containing 3 mM dithiothreitol, 1 mM 3-isobutyl-1-methylxzicsnine,
1 mM cyclic GMP, 5 mM creatine phosphate, 4.6 U/tube cieatine
phosphokinase, 0.05 mM [a-*P}JGTP (about 0.5 uCi) and 3 mM
MnCl,, with or witheout 0.1 mM sodium nitroprusside (SNP), in a total
volume of 0.1 ml, as described previously [15].

For immunoblotting, cytosolic COS fractions were subjected to
10% SDS polyacrylamide gels containing 4 M urea and transferred
electrophoretically to a nitrocellulose membrane in 25 mM Tris-HCI,
pH 8.3, containing 192 mM glyeine. 0.02% (w/v) SDS and 20% (v/v)
methanol at 250 mA for one hour. Processing of the filters and treat-
ment with antibodies was performed as previously described [16] ex-
cept that the ECL Western blotting detection system according to the
recommendation of Amersham was used for detection. The antibody
used is directed against a peptide (VYKVETVGDKYMTVSGLP) of
the 5,-subunit; this sequence is highly conserved among the subunits
of soluble guanylyl cyclase. Coupling of the peptides and immuniza-
tion was performed as described [16).

3. RESULTS

New members of the guanylyl cyclase family were
searched for, using the PCR to amplify template cDNA
prepared from opossum kidney cells. Sequence analysis
of the 300 bp long PCR products revealed clones corre-
sponding to the sequences of GC-B and GC-C and
clones containing a sequence similar to the a;-subunit
of soluble guanylyl cyclase. The insert of the new clone
was used as a probe to screen a human fetal brain
cDNA library. Besides several clones containing only
parts of the sequence or introns, one clone (HR04; 2953
bp) with an open reading frame was found, which en-
coded a protein with a calculated molecular mass of
81.7 kDa. The nucleotide and deduced amino acid se-
quences of HR04 are presented in Fig. |. The potential
initiation codon at bp 391 is preceded by the sequence
CGGCAGC, which is in reasonable agrecment with
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Kozak’s rules for a consensus sequence for eukaryotic
initiation sites [17]. Two other ATGs (bp 84 and 211)
further upstream in the 5’-non-coding region are in
other reading frames and are followed by stopcodons.
The open reading frame stops at bp 2587, and there are
two polyadenylation sites (bp 2761 and 2876) in the
¥-non-coding region. Blot hybridization analysis of
total RNA derived from the human cell lines A431 (epi-
thelial tumor), HEL (erythroleukemia) and SH-SY5Y
(neuroblastoma) with the cDNA coding for the a,-sub-
unit exhibited a hybridizable RNA with an estimated
size of 3.6 kb (data not shown). Comparison of the
deduced amino acid sequence of HRO with the se-
quences of the other subunits of soluble guanylyl cyclase
(Fig. 2) reveals that the new subunit most closely
resembles the ¢ -subunit as 48% of the amino acids are
shared with the @,-subunit. The protein encoded by
HRO was. therefcre. designated the o,-subunit. The
relative amount of identical amino acids between the ;-
and a,-subunits ranges from 27% identities in the N-
terminal region to about 87% in the central part of the
sequences and in the C-terminal domain, the latter
domain being conserved between all guanylyl cyclases.
There are almost no identitiez, however, in the last 30
C-terminal amino acids of the ,- and &,-subunits. To
ensure that the differences between the ;- and a,-sub-
units are not due to the different species from which the
respective cDNAs were obtained, a cDNA encoding for
a part of the a,-subunit was also isolated from bovine
brain (data not shown). The overall homologies of the
as.-subunit to the f-subunits are considerably lower than
to the a,-subunit, as only 30% and 23% of identical
amino acids are shared with the £,- and §,-subunits,
respectively.

In expression experimenis. COS cells were transfected
with combinations of the available cDNAs coding for
the various subunits of soluble guanylyl cyclase, i.e. &,
o, and 8. in the expression vector pCMV, to study their
ability to form catalytically active dimers of the enzyme.
Immunoblotting experiments were performed with cy-
tosolic fractions of the transfected cells to verify the
expression of the subunits. As shown in Fig, 3, an aati-
body raised against a peptide with the sequence of the
JFi-subunit, whose sequence is conserved between all
guanylyl cyclases, recognized proteins with appropriate
molecular masses (approximately 70 kDa, 8,; 73 kDa,
o). 79 kDa, a,) in the cytosols of the cells which had
been transfected with the respective cDNAs. The sub-
units werc not detected when the peptide was present
during incubation with the antibody, whereas addi-
tional faint bands remained unaffected under these con-
ditions indicating unspecific binding. The less intensive
recognition of the @,- and a,-subunits (in comparison
with the f,-subunit) can be explained by the differences
between the sequence of the peptide used for immunisa-
tion and the sequences of a,- and a,-subunits,

In parallel, basal guanylyl eyclase activity and stimu-
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TGGGCCGCAGCCCTCCCCGCCCCGCCGACCGCGGTCACACACTCTCGRAGCCTCCCCGTGAGCGGRAGCGCGGCGCACGGCGATGCGCCGAGGCREGCGCTGAGRCGGCGCCGCGCGAGC 120
AGCAGCAGAGGCGGCGGCGGCCCCCAGCCCAGCCCGGCGCCGCCRCCRAGCCCGGGCCCCAAGRTGCGGCGGCGLCCCANGTTCCCGCCATGAGCAGCCGGCTCRGRGEGCTCCECAECE 240
CCGEGGACTCCCGCCCCOCCGGRCGCGACCGLAGCGCCCCGCGGCCCCGACGCGCTTAACGTTGTCGCTTECCGGTCCCGCCACCECCGCCTCCELCGCCGCTCRCGTCCTCRCCGCCAC 360
1 10 z0 30
HSRRKTIZSSET STFSSLGSDVYLETS S PETETET SGETCHEP
CGCCTCGGCCGCTGCAGCTCCGCCGGCAGCATGTCTCGAAGGAAGATTTCGTCCGAGTCCTTCAGCTCCCTGGGCTCCGACTACCTGGAGACCAGCCCGGAGGAGGAGGGGGAGTGCCCC 480
40 50 60 70
L SRLCHYHNGSRSPPGPLE? SPAAAAAAMAAPAPTPAASAAANA
CTGTCTAGGCTCTGCTGGAATGGCAGCCGGAGCCCGCCCOGEGCCGCTGGAGCCCAGCCCGGCCGCAGLTGCCRCTGCCACCGCCCCAGCCCTGACLCCGECTRCTTCTRCCGCCGCCRCC 600
80 90 100 110
AATAGARRVY GRRRRYNLDSILGET STISRLTAPRSPQTIQQQTLK
GCTGCCACTGCCGGGGCCAGGAGGGTGCAGCGCCRGAGGCGGRTCAACCTGGACTCGCTGGRCGAGAGCATCAGCCGCCTGACGGCGCCCTCGCCTCAGACGATACAGCAGACTCTCAAG 720
120 130 140 150
RTLQVYYEHQVIGYRDAEIEKNTFIHNTISNRCSYADUHSNIEKTETETITETSD
AGGACACTGCAGTATTATGAACATCAAGT TATTGRGT TACAGGGATGCAGAAAAGAAT TTCCACAATATCTC TAACAGATGCTCCTATGCAGACCACT CCAACAAGAAGANATTGAAGAT 840
160 170 180 190
vVsGeI1LgcCcT ANTITLGLIEKTFETETIIOQHKRTFGETETFTFNTITCFHENERUVYVYLR R
GTCTCAGGAATTCTTCAGTGTACTGCTAATATACTCGGTTTGAAGT TTGAGRAAATT CAAAAAAGATTTGGTGAAGAGTTCTTTAATATATGCTTTCATGAGAATGAGAGAGTCCTTCGA 960
200 210 220 230
AV GGTLQDFFNGFDALLEHTIRTS ST FGKOQATLET SPST FLTE ECEIKEHF!L
GCTGTAGGTGGCACTTTGCAGGACTTTTTTAACGGCTTTGATGCTTTGTTGGAACACATTAGAACT TCTTTTGGAMACAGGCCACTCTGGAGTCACCATCTTTCCTATGCARAGAGCTC 1080
2480 250 260 270
PEGTLMLHYFHPHHTIVGFAMLGHKTI KAAGKT KTIYRLDVYVEUVENQ
CCTGAAGGTACTCTCATGCTCCACTACTTCCACCCTCACCATATTGTGGGGT T TGCAATGUTGGGGATGAT TAAGGCTGCAGRAAAGAAGATCTATCGGCTGGATGTGGAAGTGGAACAG 1200
280 290 300 310
VANEKLCSDVSNPGNCSCLTFLIKTET CENTNTIEMEKNLPQGTS
GTTGCAAATGAGAAGCTATGCTCTGATGTTTCAAACCCAGGCAATTGTAGCTGTCTTACTTTCCTTATCAAAGAAT GTGAAAATACTAATATCATGAAGAACCTTCCACAGGGAACCTCC 1320
320 330 340 350
QVvVPADLRISIHNTFCRAFPTFHLMFED®PSMSUVLQLGETGLRIEKG QL
CAAGTTCCTGCGGACCTCAGAAT TAGCATCAACACCTTCYGTAGAGCCTTCCCTTTCCACTTGATGTTTGATCCCAGCATGTCAGTCCTTCAGT TGGGGRAAGGT CTAAGGAAGCAGCTT 1440
360 370 380 390
RCDTHIKVLKTFEDT CFTETIVSPKVYVNATT FIERVLLRLST?PFVIRT
CGATGTGACACTCACAAAGTGCTCAAGTTTGAGGACTGCTTCGAGATTGTATCTCCAAAGGTTAATGCCACCT TTGAAAGGGTCCTGCTGCGACTGTCTACCCCGTTTGTGATTAGAACT 1560
400 410 420 430
KPEASGSEWNIKDIKVYVMEVKGQMWI HVPESNSTILTFLGS?PCVD KL
AAGCCTGAGGCTTCTGGCTCTGAAAATAAAGACAAGGY GATGGAAGTCAAAGGACAAATGATCCATGTTCCAGAATCAAATTCCATTTTATTTTTGGGCTCTCCATGTGTGGACAAGTTG 1680
440 450 460 470
DELMXYGRGLHLSDIPIHDATRDUVYVILVYGEQAKAQDG GLZKTE KT RMED
GATGAACTCATGGGCCCAGGGCTACATCTCTCAGACATCCCTATCCATGATGCCACCCGAGATGTCATTTTGGTTGGTGAGCAGGCAAAGGCCCAAGATGGGT TGAAGAAAAGGATGGAT 1800
480 490 500 510
K LKATLULERTHAO QALETEET KK KTVDLLYSIFP?PGDY AQOQLWQGAQ
AAATTAAAGGCAACTTTAGAAAGAACT CACCAGGCCCT GGAAGAAGAGAAAAAGAAGACAGTGGATCTTCTATATTCTATTTTCCCTGGTGATGTAGCCCAGCAATTATGGCAAGGGCAG 1920
520 530 540 550
Q VQARKTFDTELCVTMLFSDIVGFTAICAQCTPMQV I SHLNETLY
CAAGTACAGGCCAGAAAGT TTGATGATGTCACCATGCTCTTTTCAGACATTGTTGGCTTCACAGCCATATGTGCCCAGTGTACTCCCATGCAAGTAAT CAGCATGCT GAAT GAACTGTAC 2040
560 570 580 590
TRFDHQCGF LDIYKVETTIGDAYT CV AAGLIHRIKSLT CHAKTPTIA
ACCAGATTTGACCACCAGTGTGGATTTTTGGATATTTATAAGGTGGAAACAATAGGTGATGCCTACTGTGT TGCAGCAGGGCTCCACAGARAAAGCCTCTGCCATGCTAAACCCATTGET 2160
600 610 620 630
L MALKHMHHNETLSETEVLTPDGRPIQMRTIGI!HSGSUYVYLAGVVYGVYVR
CTGATGGCCTTGAAGATGATGGAACTTTCAGAAGAGGT GCTGACACCT GATGGAAGACCGAT TCAGAT GAGGATAGGAATTCACT CAGGCTCCGTGCTGOCTGRAGT TGTY GEEGTGCGA 2280
640 650 660 670
MPRY CLFGHNNVTLASIKTFESGSHPRRINVSPTTYQLLIKTEPRTEE
ATGCCACGTTATTGCCTGTTTCGAAATAATGTCACACT GEGCAAGCAANTTCGAGT CGGGAAGTCACCCTCGGCGCATCAATGTCAGCCCAACCACTTACCAATTATTAAAACGAGAAGAA 2400
680 690 700 710
SFTFIPRSPREELPDNFPKETIPGICYFULEUVYVRTGPIKTPPIKTU®EPESL
AGTTTCACATTCATTCCGCGGTCTCGTGAAGAGCTTCCAGACAACT TTCCAAAGGAAATTCCTGGGATCTGCTATTTCCTGGAGGTAAGGACTGETCCAAAGCCACCAAAGCCTTCTCTT 2520
720 730
$ SSRIKKVSYNTGTMFLRETSTL"
TCTTCGTCGAGAATAAAMMAAGGTTTCCTACAACATCGGCACCATGTYCCTCCGGGAGACAAGCCTCTGAGACC TGCTACAGATCAAAGACTCCTCCAAAAAGCACAAGCCCAGAACATGG 2640
GTCACCAATGGGGGGTGEAAAGAGATTGTGTCTCTTTCATTGCTTTGT TCAGAACAAGCAGCAARATTTCT GTATTATGTCAGGCAATAATCCTACTAAAAGGTGGAGGTGACCGCTRTC 2760
AATAAMAGCCGGAGGATGAGGGAAATAAGATGTGTCCATTCATAT GAGTGGTTT TGETCATATATATACACATATATT TTAATTACAAGTGTGGGTCCCCTTTCAGRACTAACCAATAA 2880
ATAGATTCCATGTTTTCTTGTTTATCACACATACAAGTATCTTTCCCTATATATTTGTACCACTTTTGAGACC 2953
Fig. 1. Complete nucleotide and deduced amino acid sequences of the ay-subunit of soluble guanylyl cyclase, The nucleotides used in the PCR are
indicated by bold letters.
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Fig. 2. Alignment of amino acid sequences of four subunits of soluble guanyly! cyclase. The sequences shown are the new ax-subunit of human
soluble guanylyl eyclase, the a;-subunit of bovine soluble guanylyl cyclase [5]. the B -subunit of bovine soluble guanylyl eyclase (3] and the f:-subunit
ol rat soluble guanylyl cyclase [9]. Identities of amino acids with the a.-subunit arc shadowed.

lation by SNP was determined in cytosolic fractions of
the transtected cells. In the cytosol of untreated COS
cells and in the cytosol of COS cells that had becn
transfected with the vector without an insert. cyclase
activity was undetectable (Fig. 4). Expression of the
a,-subunit alone did not result in an increase in cGMP
formation, confirming that an asscmbly of a heterodi-
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mer is required to yield a catalytically active enzyme
[7.8]. Coexpression of the a,-subunit with the §,-sub-
unit, but not with the a,-subunit, led to the formation
of a functionally active guanylyl cyclase with specific
activities between 20 and 100 pmol of ¢GMP -min "'
‘mg'. SNP enhanced GC activity to 300 and
800 pmol of cGMP min ' mg ', corresponding to an
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Fig. 3. Immunoblotting analysis of 100 000 x g supernatants of trans-
fected COS-7 cells. Cytosolic proteins of COS cells (100 ug) transfec-
ted with 1:1 mixture of the expression vector pCMV containing the
coding region of the §,-subunit and pCMV with the coding region of
the a;,-subunit (lanes 3 and 5) and of COS cells transfected with a 1:1
mixture of pCMYV containing the cDNA cf the B,-subunit and pPCMV
with the a.-subunit (Janes 4 and 6) were electrophoresed on a 10% SDS
polyacrylamide gel containing 4 M urea. In lanes 1 and 2, cytosol of
non-transfected COS cells and of COS ceils which were transfected
with the vector without an insert, respectively, weve applied. The
proteins were transferred to nitrocellulose membranes and incubated
with a peptide antibody against the 8;-subunit, which crossreacts with
the 2,- and a.-subunits. The antibody incubation of stripes 5 and 6 was
performed in the presence of the peptide.

about 10-fold increase in enzyme activity. Control ex-
periments with coexpressed a,- and f,-subunits yielded
an enzyme exhibiting 3-6 times higher basal and SNP-
stimulated activities. The lower activity of the a.f, hete-
rodimer was not caused by a relative lack of a,- subunit
as doubling the amount of cDNA coding for the o,-
subunit used for transfection led only to a slight increase
in enzyme activity (data not shown).

4. DISCUSSION

Yuen et al. [9] identified an isoform of soluble guany-
lyl cyclase subunits which. on the basis of sequence
homology, was designated f§,. Here we report on an-
other subunit of soluble guanylyl cyclase with a calcu-
lated molecular mass of 81.7 kDa, which shows the
highest degree of homology towards the a,-subunit and
was, therefore, designated o,. Expression experiments
showed that this subunit indeed represents an isoform
of the a-subunit as coexpression of &, and 4, but not of
o, and «, leading to the asszmbly of a catalytically
active enzyme. These results confirm the necessity of the
coexpression of an a- and f;-subunit for a functional
scluble guanylyl cyclase and beyond that demonstrate
the interchangeability of the isoforms of the a-subunits.
Nothing is known so far about different biological func-
tions of the isoforms. Besides the lower basal and stimu-
lated activity of the a.f,-heterodimer with possibly
higher activity of the a,3,-heterodimer, we were not able
to detect differences in regulations, at least with regard
to activation by NO-containing compounds. The ex-
istence of another potent stirnulator of soluble GC
cannot be excluded but does not seem very likely as
both heterodimers are activated by NO, which appears
to be a universal signal molecule found in more and
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Fig. 4. Guanylyl cyclase activity of expressed subunits. Activity of
soluble guanylyl cyclase was determined in the cytosol of non-transfec-
ted cells (- pCMYV) and in the cytosols of COS cclls transfected with
unmodified expression vector (pCMV) and with the vector containing
the cDNA coding for the a,-subunit (p82). For expression of the
heterodimers, COS cells were transfected with a I:I mixture of the
vectors containing the cDNA coding for the £,-subunit and for the
a.-subunit (p70/p82). with a [:1 mixture of vectors containing the
¢DNA coding for the a,-subunit and for the a,-subunit (p73/p82). and
with a ;] mixture of vectors containing the cDNA coding for the
Bi-subunit and for the a,-subunit (p70/p73). Enzyme activities were
determined with (0.1 mM) and without sodium nitroprusside (SNP)
three days after treatment of the cells with or without the cxpression
vectors. Data are shown for one representative experiment out of three
similar experiments. performed in triplicates.

more tissues [18]. The a,-subunit may be expressed
under conditions with a relatively high demand for
¢GMP, whereas the o,- subunit is expressed to form a
less active guanylyl cyclase. Further experiments have
to show if the expression of the isoforms of the subunits
is cell type-specific or can be difierentially regulated
within one cell in response to exogenous conditions.
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