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Complementary DNA clones corresponding to the 70 and 82 kDa subunits of solubleguanylyl cyclase from human adult brain have been isolated 
and sequenced. Their respective open reading frames correspond to 619 amino acids (M, 70,469) and 7 17 amino acids (M, 81,324). Southern blots 
of human genomic DNA using these clones as probes give patterns which might be compatible with the presence of more than one copy per gene, 
or pseudogenes, for each subunit in the human genomc. Comparison of the prouin sequence of the large subunit from adult brain wuilh the subunit 
cloned from human fetal brain (Hanencck. C.. Wedcl, B., Koesling, D., Malckewitz, J., Bahme, E. and Schultz, G. (1991) FEDS Lett. 292,217-222) 
revealed only 34% homology. This result demonstrates the existence of a novel large subunit isoform for soluble guanylyl cyclasc in human tissues. 

Soluble guanylale cyclase; Human brain; cDNA library 

1. INTRODUCTION 2. MATERIALS AND METHODS 

Cyclic GMP is formed from GTP by guanylyl 
cyclases which exist in both membrane-bound and solu- 
ble forms (GC-S) [I]. The membranous form is a single 
protein which is the receptor for a family of natriuretic 
peptides. The GC-S is composed of a large (a) and a 
small @) subunit and contains a heme binding site. This 
soluble form can be activated by nitric oxide (NO) [2], 
some porphyrins [3], fatty acid hydroperoxides [4], pro- 
staglandin endoperoxides [5] and dehydroascorbate [6]. 

The @subunit has been cloned from rat [7] and bo- 
vine [S] lung, and an other isoform has been isolated 
from rat kidney [9]. In human only the partial sequence 
for two P-subunits of lung GC-S has been published 
[lo]. These two p-subunits result from alternative splic- 
ing and are related to the isoforms isolated from rat and 
bovine lung. The a-subunit has also been cloned from 
bovine 11 l] and rat [12] lung; more recently another 
isoform has been isolated from human fetal brain [13]. 

In shis article, we report the isolation and nucleotide 
sequence of two cDNA clones coding for the 70 and 82 
kDa subunits of GC-S from human adult brain. This is 
the first characterization of a complete p-subunit of 
human GC-S, as well as the identification of a novel 
human GC-Sm related to the g-subunits, isolated from 
bovine and rat lung [11,12]. 

CorrespurrLncc ncldress: G. Guellat!n, Unit& INSERM 99, Hapital 
Henri Mondor, 94010 Crhteil, France. Fax: (33) (1) 48 98 09 08. 

2.1. cDNA construction ad scrcenirrg 
A A-gt IO cDNA library (containing 3x10” unique recombinanu). 

derived from mRNA purified from the human frontal lobe. was kindly 
provided by Dr. Yves Le BOW (INSERM U142, Paris) with the 
approval of Transgene SA. The library was analyzed as already dc- 
scribed [ 141 using :he coding region of the cDNAs corresponding to 
the 70 and 82 kDa subunit of rat lung GC-S [7J as probes. The inserts 
of the positive clones, selected under stringent conditions, were sub- 
cloned into PGEM 72f(+). 

DNA sequencing was done on the longest clones corresponding to 
lhe p- and the a-subunits of GC-5. The nucleotide muence of the 
cDNA clone corresponding to the B-subunit was determined by 
Gensel (Paris), The cDNA clone corresponding to the or-subunit was 
submitted to a series of progressive unidirectional delelions according 
LO Hcnikoff [15] using the Erasc.a.Base System (Promega). Both 
sirands of the different constructs were sequenced manually by the 
Sanger’s method modified for double stranded DNA 1161 by using 
Sequenase (US Biochem. Corp.) [17]. 

2.3. Southern bfot 
High molecular weight DNA was extracted as previously described 

[IS]. Aliquots (40 pg) were digested overnight at 37°C with EcoRl, 
BunrHl and KprtI rest&ion enzymes (4-12 U/gg) (Promega) and 
blotted as reported [20]. The blots wereprehybridized, and hybridized 
with the insert of clones GC-Sp, and GC-Sz,, according to [20]. Blots 
were washed for 15 min at room temperature in 0.2xSSC, 0.1% SDS, 
followed by ;wo 4s min washes at WC in the same solution. The 
membranes were exposed to hyperfilm MP (Amcrsham) at -SO*C for 
3 days with two inlcnsifying screens. 

3. RESULTS 

3.1, Cloning of the cDNAs corresponding to tire 70 and 
82 kDa srrbrnits of W-S 

The human brain cDNA library was screened using 
the coding region of the 70 and 82 kDa subunit of rat 

a3 



Volume 304, number 1 FEBSLETTERS June 1992 

M ‘f G F V 
ATG TAC GGA m GTG 

A 
GCACiG &AG!T G!A 

A&G& &c?!i*ck 

P G M R A 
CCA GGA ATG CGT GCA 

cccccccccgccgctgccgcctctgcctggQtcccttcggccgtocctctg~tgggggctgcctccccggctcc~gtgcagacncc -1 

NHALELLVIRNYGPEVWED K 
AATCACGCCCKiGAGTTGCTGGmILTCCOCAATTACGGCCCCGAGGTGTGGOAAGAEA~AN\$h~C 2n: 

EGQFLVRIIYDDSKTIDLVAAAS 
GAA CGA CA0 TTT CLT GTC AGA ATA ATA TAT GAT GAC TCC AAA ACT TAT GAT TPG CT1 GCT GCT GCA AGC 1:: 

F F 
A% G?ZT G&?!AA;C Ck CR Ak T&T GGAh Ak TlT TTC Gk T?T T& C&GiA T& GkT:T GiT 285; 

LGSNVREFLQNLDALHDHLATIY 112 
CT0 GGC 'TCTAAT GTC AGA GRATTTCTA CAGAAC CIT GAT GCTCTG CAC GAC CAC CTT GCT ACCATC TAC 336 

PSFRCTDAEKGKGLILHYYSERE 140 
CCT TCC TITAGGTGC ACT GATGCAGAA AAG CCC AAA CGA CTCATT TTG CAC TAC TAC TCA GAGAGAGAA 420 

GLQDIVI IIKTVAQQIHGTEIDMKVIQ 
GGAC!LT GAG WATT GTC ATT G&ATC ATC AAA ACAGTG GCA CAACAAATC CAT GGC ACT GAAATA GAC ATGAAG GTT ATT CAG 

168 
504 

K E S K E E D F D 
CiA A& ZT Qfi & T& GiT $T ST & T& &A AiT G&i GiA AAA GAG TCA AAA GAA GAG GAT TPT T:T GiA GAT CkT GiC 

196 
588 

R D L V v L L 
CfG GAC CTAGTC G&A&C:G GTGk AiiT Gh AiA TiCA&GTT CTC C& Ch CT& Ch G:G AiT& A& ck&G TiT 

252 
156 

F I L N T V L 
ZC T?C $G CiG Gk C& C& CiT AiT GiT AiT AiT TIC CiT ZG ATE e'IT T& CiC A& AAT ACT GTT Th G;A TTG Ah dC 

280 
840 

306 
924 

CiA A;G A& TiC &A Ch Gk $A GiT A& A;A CkT Tk CkA T& T& CL A& G& Ak Ak Ck GiC $T Tk A& A:G iiA 1::: 

G:G &G T:T &A A% GiC Ak C!T CiG CiT GiT G:C A:G C:C GiT & Gk Cb T+G Gk Gh Ci?A l& A& & Gh T:C ?& 1% 

' CL'C ACC CAA GAA CTG GIUi ATC ~3’2 ACT GAC AGG &A CAG CTC ACG T-IA AGA GCC CTG GAA GAT GAA AAG AAA AAG ACA GAC ACA 
LTQELEILTDR QLTLRALEDEKKKTDT 392 

1176 

L L r P RHKRPVPAKRYDNV 
TTG CTG TAT T& Gk CkT C!T CCC l&T & G& AiT GiG &G CGG CAC AAG CGT CCA GTG CCT GCC AAA AGA TAT GAC AAT GTG 

420 
1260 

T I L F I H A S A I 
ACC Al'C CTC 'rTTA&GiiC AlTG;G G& & l$T G&l& ;TA:C AiG CAT GCATCT GidiA G&i GCCAk AiiG ATC Gk ps;k 

448 
1344 

G!h AiT G:T G& CjiG Gk CiA $A GiT G:T GfiA T:T Gk ZG AiA ZA A;A GfG A;A Ck ACT G:A GiG 2A G& A& G6GT Gk 1% 

R G 
A;A G&i Ci?G CGG A& Cb Ch Tic &T & T& G& AiT ZT C& i& Ck A&i A& Ck A:A GiA A& A& G&i G&i Ah GGA 

560 
1680 

AiA AiA AiT Gk T& G&i T2;T ZA TLC A$ T& CiT Ak ;T C:A GiA AiT TiA GiT CiA CiA l'k CiC l+G GL CiC AL G:C 1;:: 

PVSMKOKKEPMQVW LSRKNTGTEETKQ 
CCA CXG TCC An; AAG GGC AAAAAA GAACCAATG CAA Cl-T TGGl?iT CTATCC AGAAAAAAT ACA CGA ACAGAG GAAACA AAG CAG 

616 
1848 

D D D 619 
GAT GAT GAC tg~tcttggattatggggtgaagaggagcacagnctag~~c~~tttctccteacacgtgccaagcccaggagcagttcttccctatggntacngo 1956 

ttttcttttgtccttgtccattaccccaagactttcttc~gatatatctct~ctatccgttattc~~ccttagctctgctttctat~ct~tttaggctttagtatatta 2068 

tctaaagtttggcttttgatgtggatgatgtgagcttcatgtgtcttaaaatctactacaagcattacctaacatggtgatcCgcaaqtagtaggcocccaataaatntttg 2180 

ttgaatttsgtEawtgaaactgaacaqtgtttgqcca+gtgtatatttata+catgtttacuraarctg+ttagtgttccacatotatg~tat~atattttaatgacta 2292 

taatgtaa~aagtttatatcatgttggcgtacatcattatagaaatcrrttttctaaaggagt 2355 

Fig. 1. Nucleotide scqucnce and corresponding protein sequence of GC-SD,, 

lung GC-S [7]. After repeated screening, one positive 
clone for each subunit, which encoded the entire pro- 
tein, was isolated. They were designated GC-S/I3 and 
GC-SaJ, respectively, according to the nomenclature 
suggested by Yuen et al. [9]. The nucleotirle sequences 

84 

of the cDNAs, and the deduced amino-acid sequences 
for the 70 and 82 icDa subunits, are shown in Fig. i and 
Fig. 2, respectively. The open reading frame of GC-!?& 
(1,857 bp) encodes 619 amino acids. The calculated mo- 
lecular weight of the protein is 70,469 Da. For GC-Sq 
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KMKTSLGWLEAPLR 174 
522 

PRSRKKG L E L F 
CCAAGAAGC AGGAAAAAG GGGCiGCTTGAG C&G&T& AiT Ckl&CkG CiT A!&& CiTgTT& CTACk& T&C TX 

203 
609 

FPKRTTSLILPG E T E V E 
~CCCTARGACAACCACCTCCCTGATTCTTCCCGGCA~A~A~~ACfiAT~C~~A~AT~TUIAACGGARCr(iUIA~~G 

232 
696 

DKDMTI LQFGNG K P N F E 
GAC AAAGATATGACAATTCTG CAATTPGGC AATGGCAiC A: A!GCiG A%JiCAk A& &Tk%iG&dG CCT Z.~TTITGAA 

319 
957 

YFEILTPKTN Q T F S G V R V 
TAC TPT GAAAIT CTGACTCCA AW4ATC AAC! CAGACC ‘ITT AGC GGGAkA%A&Ak Tk PiTA!GCiGT& G&Y OPACGA GTGAiG 

398 
1044 

A!A$G GiC A& T&! G&Ah A&TkT&A:G & A% G:C Ckk$C&Ak A& T:C AkT&Gh'& A& GkAAkTkG 
377 
1131 

FLGSPCVDRLED 
TTTTTC GGGTCA CCC 'IGTGTG GAC AGA TTAOAA CAT T&A&GkCiAGiGCkC TiC Ck $A& Ai'CC&AiT & :T G%G 

406 
1218 

AGVVGVKMPR 609 
GCTGGCGTCGTPGCAGTPAAAAn;CfCCGTT~C~T~~G~AC~T~~C~;i~C~~~TSC~C~~ 1827 

P RKINVSPTTYRLLKDCPGFVFTPRSREE 638 
CCACGAAAAArrAAT~CAGCCCAA~ACTTACAGATPACTC~6ACn;TCCPG~TPCOKimAccCffCGArrnAecGA(iGAA 1914 

LPPNFPSEIPGIC Q Q T 
~ITCCACCAAACTX:CCTkGTWIAA~CCCGGAATCTGC~T~~~T~T~CAACAA~ACA~~~~rZc~ 

667 
2OCi 

QKKDVEDAS 
CAA~GAAAGATon;GAAGATGC~AGCC~A~~C~A~~~G~A~~~A~CT~TA~AC~~~T~~ 2% 

& GG T& G!iC T&i 'I& AiG Ak Tk Ai&. G% ;T GiA A& A& TiA ZG Ah &i GiT t& tEi.%SigCcl~tXtaaaatttCB~lgCG3il 2::: 

gtcacnatctttctcctgtttaacacgaEanaatgtPctccttcagtacttcagctcttcang~aanilMaanccttaaaaagctactttt~qggagtatttc~t~~t 2298 

~ccBgulcttac~cctgtnccccrannrt~g~cctl;y~~t;r‘at~ga~~t~~~gt~tt~u~tetgatgga~ltc8cKgcaarctcaratct~~~~q~~~tg~c 2414 

ntggttattaaagtgtgtttgtgatagttgtcgtcaaaziaaaaaaaaaaaaaaaaaaaaaaaaaaa 2482 

Fig. 2, Nuclcotide sequence and corresponding protein scquencc oT GC-SE,. 
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Fig. 3. Southern blot of human genomic DNA. Gcnomic DNA was 
digested with restriction enzymes EcoRI (E), Kp,d (K) and f?ur,aHI (B) 
and the blots prepared as described in sectlon 2. The blots were 
hybridized with either GC-Sp, or GC-Sr, as probes. The position and 
the size of the markers run in parallel are indicated on both sides of 

the figure, 

the open reading frame (2,151 bp) codes for 7i 7 amino 
acids. The calculated molecular weight is 81,324 Da. 

3.2. Southern blot anutysis 
Southern blot analysis of human genomic DNA, di- 

gested with EcoRI, BUMHI and Kprsl were hybridized 
with the insert of both clones as probes. This hybridiza- 
tion revealed a number of discrete hybridized bands 
(Fig, 3) with different patterns for the a3- and j3-sub- 
units. These results suggest either that the genes coding 
for these subunits might be present in more than one 
copy in the human genome, or the presence of pseu- 
dogenes. 

3.3. Corlzparison of the u3- arrd /33-subu&s d/l the 
known sequences of soluble guanyiyl cyclase sub- 
units 

There is a considerable homology (i.e. identical plus 
similar amino acids) between the predicted amino acid 
sequences of the 70 and 82 kDa subunits of human adult 
brain GC-S. The homology, in 548 amino acid residues 
of both chains, is of 34% and rises to 46% if one consid- 
ers only the last 300 residues of the C-terminal parts 
(Fig. 4). 

We compared the amino acid sequences oft he a3- and 
&subunits with sequences of other GC-S subunits. The 
comparison of the sequence of various a subunits (four 
bottom lines of each block, Fig. 4) reveals that the a, 
was 78.3% homologous to the bovine &,-subunit and 
81% homologous to the rat al-subunit in a 684 amino 
acid overlap [ 1 I, 121. Interestingly, the comparison of cc3 
with a7 from human fetal brain [13] reveals a very lim- 
ited degree of homology in the N-terminal region but 
a 72% homology between the 310 amino acids corre- 
sponding to the C-terminal sequence of both subunits. 
Comparison of the protein sequence of ,& with those of 
p,-subunits from bovine and rat lung [7,8J exhibits an 
homology of 99 and 98.556, respectively, in a 619 amino 
acid overlap (three upper lines, Fig, 4). The homology 
betwrcn p3 and pZ from the rat kidney is less pro- 
nounced, with only 39% in a 418 amino acid overlap 
mainly located in the carboxy terminal region of both 
subunits. From the analysis of Fig. 4 it is clear that a 
sequence of 268 amino acids of the C-terminal segments 
(amino acids 428-696) is highly conserved between the 
Q- and the P-subunits of GC-S from various species. 

The comparison of the protein sequence ofb3 with the 
partial sequences, HSGC-1 and HSGC-2, cloned from 
human lung [lo] reveals a 99,5% homology between 
amino acid l-209 of p3 and amino acids 337-545 of 
HSGC-1, and a 98.3% homology between amino acids 
425-545 of /3J and amino acids 56- 176 of HSGC-2 
(data not shown). The remaining sequences of HSGC-1 
and HSGC-2 are not available. 

4. DISCUSSION 

Recently, Harteneck et al. described the cloning and 
expression of a new c+subunit of GC-S isolated from 
a human fetal brain cDNA library [13]. The comparison 
of the deducted amino acid sequence of GC-SC+ with 
those of this a+ubunit reveals only a 34% homology 
predominantly in the C-terminal segment. It is highly 

Fig, 4, Comparison of the protein sequence or the large and small subunits of various GC-S’s, The protein sequences of GC-S for the small subunits 
from human brain @3-hum), bovine lung @l-bov), rat lung @I-rat), and large subunits from human fetal brain (a2-hum), human adult brain 
@J-hum), bovine lung (al-bov) and rat lung (al-rat), werecompared on VAX computer [2l] using the clustal alignment method [22]. Similar groups 
of amino acids were defined as follows : {A,G,S,T} {N,D,Q.E,B,Z} { R,K} {I,L,M,V}{F,W.Y) {C) {X ]{H} {P}. Identical and similar residues are 

boxed using the program Boxshade [21]. 

86 



Volume 304, number 1 FEBS L E T T E R S  June 1992 

I : ::: :::::::::: : : : : : : : ~ ~ I : ~ : ;  
]. 

]. ~ : ~ ' l ~ l  . . . . . . . . . . . . . .  ~ U ~ -  - ~ ; i ~ P i ] F ' ~ s ~ ] s  c ~ l . ~ i  ~ - ¢ ~ p ' ~ s  " ~ - R i l ~ e ¢ ~  ~ , , ~ - m ~ e  

2 xt4 s p~-n'~'~ 
p 1 - n o v  

- p 2 - s t ~  
8 3  o . 2 - K ~  
6 7  O~-KOK 
6 8 a 1 - ~ 0 7  

. . . . .  c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 3 - m o x  
"°~,o t ~ m ~ , ~ ~ : ~  . . . . .  I ~ o ~  . . . . . . . . . . . . . . . . . . . . .  ~ . . . . .  ~ . . . .  . _ . o ,  
:1" U i i i ~ Z I ~ m ~ / ~ L ~ , o , , ' ~ ~ : : . , , ~ , , . ~ , , ~ , , ~ : - _ ~ _ - , . ~  . . . .  , , , . . ,  63 ~ s . . . . .  ~lC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  p l -P . ,k~ 

:126 o 3 - 8 m (  
:127 - - ~ P  ~ i - B o v  

]. 94 . . . . . . . . . . .  nmDw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  H ~ ; ~  . . . . . . . .  ~ - m o ,  
94 . . . . . . . . . . .  D ~ i a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B i ~ ~ m m m  . . . . . . . .  p s - : o v  

] . 9 ,  . . . . . . . . . . . . . . . . . . .  ~j ].~ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  :."; 

~07 . . . .  ~s~ ~ e x ~ v - -  a ~ - s o v  

2 ] . 3  - 2 ~ - ~ ~ l - ~ O V  

3 2 2  U.2-~iOM 
2 ? 9 ~.3-SON 
2 8 2 ,~I -BOV 

s o  ~ ~ ~ r . ~ J l E ~ F . J ~ . ~  . . . . . . . . . .  " ; J - ~  

2 9 4  ~ i ~ ' ~ U S C ~ S S ~ s  ~ : d r l ~ 0 z J ~ z E e n e , ~  p~-aov  
2 9 4  ~ J ] i ~ C  S ~ t i  * " ~ . . ~ , ~ B ~ _ ~ _ D P , ~ I - 4 t J V /  

3 g 4 ~I -SUJ f  

3 5 5  ~ l S H i q ~ S  a l - ~ o v  

3 6 4  ~2-~t~ 
477 ~-E~ 
434 ~IICH 
4 3 8 o l - a o v  

4 ~ o ~ s a v - -  s ~3-m, 
4 6  0 D ~' H D - - S ~ ~ 1 - ~  OV 

4 4 3  ~2-Pat~ 
5 5 6 u 2 - ~ U X  
5 1 3  o3-] IUM 
5 ]. 7 o l - ~ 0 v  

5 4 1  I '  KG "E 2 H ~'-~ - - -  Y . . . . . . .  j~ l -aOV 
54:1 '~ G :~ V . . . . . . . . .  

p2-1at~ 
G35 - a2-~ 
5 ~2 u 3 - X u x  
S 96 - I - a o y  
5 94  I g I - ~ . A T  

6 ] . 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  J ~ ] - b o v  
6 ] . 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ I - ~ . ~ T  
Sg? S&P ZVT~$P~GR~STD&YB~¥SPD~S~SG~VLS~ ~2-~T 
"7].2 . . . . . . . . . . . .  S . . . . . . . . . . . . .  N . . . . . . . . . .  1~  . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~.2-RUN ,,,o . . . . . . . . . . . . . . . . . . . .  . . . . . . .  : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  

87 



Volume 304, number 1 FEBS LETTERS June 1992 

probable that such a difference reflects the expression 
of two different genes for these two human GC=Sa- 
subunits. The possible expression of two GC-Sr-sub- 
unit isoforms at different stages of development of the 
human brain raises the interesting possibility of specific 
regulation of GC-S expression during ontogeny. The 
GC-S might also be expressed in a tissue-specific rnan- 
ner. It has been shown by Yuen et al, [9] that two 
different small subunits of GC-S were present in kidney 
and liver cells, apparently encoded by two different 
genes. Recently, Chhajlani et al. [lo] reported the heter- 
ogeneity of two human GC-S clones isolated from a 
human lung cDNA library, and which seem to be gener- 
ated by alternative splicing, Altogether, these results 
might argue for a tissue-specific expression of GC-S 
isoforms. 

The two GC-S subunits that we have cloned exhibit 
strong homologies with other known GC-S subunits. 
This might reflect the existence of a common ancestor 
for all these proteins, but also the pressure of selection 
for the maintenance of the active site. Using transfec- 
tion experiments it as been shown that both subunits are 
indispensable for the expression of the catalytic activity 
[13]. The putative catalytic domain has been localized 
in the C-terminal part of both subunits and corresponds 
to the region where all subunits exhibit the highest ho- 
mology;. 

From the diversity within the GC-S enzyme family 
one might expect, in a near future, new interesting ob- 
servations on the expression and regulation of guanylyl 
cyclase, leading to a better understanding of the role of 
cyclic GMP in the cells and, more precisely, in nervous 
tissue. 
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