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Altered expression of G-protein mRNA in spontaneously hypertensive
rats

Christelle Thibault and Madhu B. Anand-Srivastava
Departinent of Physiology, Faculty of Medictne, Unwversité de Monwdal, C.P. 6128, Succursale A, Moniréal, Qué , Cancda

Received 2 Qctober 1992

We have recently demonsirated that the deerensed ability ol hormones, forsitolin and GTP 10 stimulate adenylule cyclase i heart and aorta trom
sponlaneously hypertensive rats {SHR), a: compared to their age-matched Wistar-Kyoto control rats (WKY), was associaled with enhznced levels
of Gi- and not with Gs-regulatory proteins, In the present studies we have investipated the expression of Gi-tegulalory proteins al the mRNA level
by Northern blotimg. Total RNA of heart ventricle and aorta ltom WKY and SHR. was probed with radielabeled ¢DNA nserts encoding Gix-2
and Gig-3. The Gie-2 and Gig-3 probes detecied a message of 2-3 and 3-5 kb, respecuvely, in both WKY and SHR, hewever, the message was
significantly enhanced in SHR, as eompared by WKY. On the other hand the cDNA probe encoding Gs, detected a message of 1.8 kb in hean
a#nd aorta from otk WKY and SHR, however, no differenice 1n the levels of Gs, mRNA was detected in SHR and WRY tissues, Theve results
indicate that the mRNA levels of Gia-2 aad Giz-3 dnd not of Gs are overeapressed in heart and aorta fram SEHR, which may be responsible for
the increased levels of Gi a: shown enrlier by immunoblotling techmques. It may be suggested that the enhanced vasculier tone and impaited cardiac
contractility 1n hypertension may partly be the consequences of increased levels of Gi in heurt and aoria.

G-protein, mRNA; Hzart; Aorta; Hypeilension

1. INTRODUCTION

Guanine nuclentide regulatory protejns (G-proteins)
are a family of GTP-binding proteins that play an im-
portant role in the regulation of 2 variety of signal
transduction systems. One of these is the adenylate
cyelase/cAMP sysiem, which is composed of three com-
ponents: receptor, catalytic subunit, and stimulatary
(Gs) and inhibitory (Gi) G-proteins which mediate the
stimulatory and inhibitory responses of hormones on
adenylate cvelase, respectively [1-3]. G-proteins exist as
heterotrimers of o, 8, ¥ subunits, and the specificity of
G-proteins is attributed to the a-subunits. These Gsx
and Gio subunits are known to be specifically ADP-
ribosylated by cholera toxin and pertussis toxin, respec-
tively [4). Recently, molecular cloning has revealed four
different forms of Gsee resulting from the differential
splicing of one gene [5,6], and three distinct forms of
Gia: Gil, Gia2 and Gia3 enccded by three distinet
genes [7-9).
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The adenylate cyclase/cAMP systera has been impli-
cated in both the coatrol of heart contractility [10,11]
and the tone of vaseular smooth muscles [12,13]. We
have previously reported thaut forskolin, guanine nucle-
otides and some hormones were less responsive to stim-
ulzte adenylate cyclase in heart sarcolemma and aorta
from spontancously hypertensive rats (SHR) as com-
pared to their Wislar-Kyoto controls (WKY) [14], sw.g-
gesting that all three components of the adenylate
cyciase system may be impaired in SHR. Further inves-
tigations on G-proteins, using baclerial toxin-catalyzed
ADP-ribosylations and inununoblotting iechnigues,
have demonstrated enhanced levels of Giz and not Gsat-
protein in heart sarcolemma and aorta from SHR as
compared to WKY rats, which were shown to be asso-
cated with an sugmented inhibitory response of
hormones on adenylate cyclase activily [15].

In order to investigate wiether the enhanced levels of
Gia, as demonstrated previously in SHR, are transcrip-
tionally regulated, we undertook the present studies and
analyzed the mRNA expression of Gi-proteins in heart
and aorta from SHR and WKY rats, using cDNA
probes for G-binding proteins,

1. MATERIALS AND METHODS

21, Awmmals

Mal¢ SHR and normetensive WKY rais of' 12 weeks of age were
purchased from Charles River Canada (Swnt Constant, Que , Can-
ada). Their blood pressure, measured by the tail cufl method without
anesthesig, was98.5 & 3.3 and 146.5 4. 5.9 mmHg for WKY and SHR

Published by Elsevier Science Publishiers B. V.



Volume 313, nunber 2

groups, 1espectively. Body welghts were 1738 2 19uand 196.4 £ 19
g, respectively,

2.2, Marerrals

Plasmids containing rat ¢eDMAs encoding Gie2, Giad and Gsa were
kindly eblamned from Dr Randall Reed from the Johns Hopkins
University, and Dr. Hiroshi Iteh from the Umversity of Tokyo. The
32-mer oligonucleoude which recognizes a lighly comserved region 1
the 28 8 ribosomal RNA was kindly donated by Di. Yoshihiro
Ishikiwa from Lederle Laboratory of New York. Chemicals necessary
for total RNA extraction and Northern blot analyais were obtained
from Sigma Chemical Co. (5t. Louis, MO, USA), exeept guanidinium
thioeyanate which was fiom Resedrch Organies Inc, (Cleveland, OM,
USA), and glyoxal Itom BDH Lid. (8t. Laurenl, Que,, Canada).
Enzymes used for radiolabehng of ¢DNA probes were obtained from
BRL (Burlinglon, Ont., Canad~) and other chernicals were from Phar-
mac Lid. (Bae d'Urfiée, Que,, Canada). Nylan filter {Hybond-N},
[&-*PJCTP (3,000 Crmmol) and [p-2P]ATP (3,000 C/mmol) were
purchased [rom Amersham Corp. (Qakwlle, Ont., Canada).

23, Toial RNA extracrion

Total RNA was isolated by the guanidinium thioeyanate—phenol-
ghlorofoim method described by Chomezyiska et al. [16]. Buefly,
frozen aorta and heart veninieles were honlogenized in a denalurating
soluien (solunon D) containing 4 M guamdimum tluocyanate, 25
mM sodium citrate, pk 7 0,0 5% sarkosyl and 0 1 M Z-mercaploetha-
nol The homogenates weie exiracted once with | vel. of' phenol and
0.2 vol, of cloroform~-isoamylalcohiol (4913 n the presence of 02 M
sodium acelate, pM 4.0, and onge with | vol of ehlorolorm-isoamylal-
cchol (49:1) Total RNA was then precipituted with isopiopanol.
Following a second precipitation i soluiton D and 1sopropancl (v'v),
towl RNA was washed in 70% ethanol and resuspended in water.

2.4 Rudwelabeling af the probes

cDNA inserts encoding for Gia2, Gieed and Gaox were racholabeled
wilh {g-*P}dCTP by random priming essentially as daseiibed by Fein-
berg el al. {17]. Specific activities of the libeled probes ranged from
103 0% epnipg of DINA. The 32-mer oligonucleotide recognizing
the 28 S rRMA wus end-labeled with [¥-*PIATP using T4 polynucle-
otile kinase as deseribed by Sambrook el 4t {18),

2 3. Northern analysis

DMSO/glyexal-treated total RMNA was resolved on 19 ggarose gels
and translerred to nylon membrane as described by Sumbrook et al
[19]. Filters, after prebybridization at 65°C for 6 h in bybridication
solution (600 mM NaCl, § mM EDTA, [20 mM Trs, pH 74,0 1%
sodium pyrephosphate, 0.255 5DS and 500 U/m! hepann), 0.1% so-
diim pyrophosphate, 0.2% SDS, heparin 500 Uml, were hybridized
overnight in hybridizaiion selution containing dextran sulphate (10%
w/v) und the cDNA probe at 1-3 - 10° ¢pm/ml as described by Singh
et al, [20] Filters were then ninsedt at 65°C for 2 x 30 mun in 300 mM
™aCl, 4 mM ENTA, 60 mM Tris, pH 7.4, and 0.2% SDS, and 1 x 30
min in 150 mM NaCl, 2 mM EDTA, 30 mM Tris, pH 7.4, ana 0 1%
SDS8. Autorachoaraphy was performed with X-ray films at =70°C, In
order 1o assess the possibality of auy variations in the amisunts of (otal
RNA in individual samples applied (o the gel, each flter was hybrid-
ized with the *P end-iabeled ohigonucleotide, which recognizes a
lughly conservad 1egion ef 28 S ribosomal RNA. The blots which had
been probed with the G-protein cDNA were de-hybridized by washing
for 1 hiat 65°C in 509 formumide, 300 mM NacCl, 4 mM EDTA and
60mM Tris, pH 7.4, and re-hyoridized overnight at room temperature
with the oligonucleotide, Quantitative analysis of the hybridization of
probes bound wus perforined by densitemetriz scanning of the autora-
diographs employing the enhizneed laser densitometer, LKB Ui~
trosean XL 2nd quanufied using the gel scan XL evaluation soflware
(vers.on 2.1) from Pharmacia (Que., Canada).
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Fig 1. mRNA expression of Gia2 and Gia3 in heart ventricles from

SHR and WKY rats. Total RNA of heart ventricles solated from

WKY (1 = 3) und age-matched S1IR (n = 3) were subjected to 1%

agarose gel electrophoresis and transferred o nylen membrane. The

blots were then probed with a full-length radiclabeled Gial cDNA

probe (A) or with a full-length radiolabeled Gux-3 ¢DNA probe (B)
as deseribed in section 2

3. RESULTS AND DISCUSSION

We have cecently demonstrated the over expression
of Gia in heart sarcolemma and aorta {rom SHR by
PT-catalyzed ADP-ribosyiation and immunoblotting
techniques using specific antibodies against different
isoforms of Gia {15]. In the present studies we have
investigated whether the enhanced levels of Gix protein
observed previously in SHR were due 10 an increased
synthesis of Gix proteins. The abundance of the differ-
ent mMRNAs and rRNA was determined by MNorthern
rather than dot blotting to ensure that we quantified
only the probes bound to the specific transeript under
all conditions.

Total RNA of heart ventricle was probed with radio-
labelled ¢cDNA inserts encoding for Gig2 and Gix3
which are known to be expressed in rat heart [8,21]. The
mRNA expression of Gia2 and Gie3 are shown in Fig.
1. The Gix2 probe (Fig. 1A) detected a message of 2.3
kb in both WKY and SHR. however, it was signifi-
cantly more expressed in SHR as compared to WKY.
The Gia2 mRNA levels were found to be increased by
about 60% in heart from SHR as compared to WKY
(Fig. 2). Previous studies at the protein level have shown
an about 50% increase in Gia2 levels [15], suggesting
that the enhanced protein levels of Gix2 may be mainly
attributed to an overexpression of Gio? gene in heart
from SHR. Similarly, the Gia3 probe (Fig. 1B} hybrid-
ized 1o a message of 3.5 kb and as observed for Gia2,
the Giz3 mRNA levels were significantly higher in SHR
as compared to WKY. Quaniification of Giz3 mRNA
in heart showed an about 120% increase in SHR as
compared to WKY (Fig. 2) which does not match with
an inerease in Gia3 at protein level (~30%) as reported
previously j15]. This observation is similar to the results
reported in adipocyies from sireplozctecin-induced
rats, where a large increase in Gied mRNA Ievels was
not matched by increases at the protein level [22]. Sim-
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Fig. 2 Summary of the quantification of Northern blot by densito—
metric seanning. Northern blot of' total RNA from heart and acrla of
SHR and WKY rats were probed with radiclabeled eDNA probes as
deseribed 11 Section 2. Vulues obtaied from the densitometric scans
of the resuliing autoradiographs were normalized relative w0 the
amount of transeripis deteeted in the tissues from WEKY rats which
was arbitrarily assigned the value of 100%. The values for RNA from
SHR iissues are given as a peccentage of WKY values Resulls repre-
sent the mean £ S.E.M. o' 4 or 5 separate experiments conducted with
different preparauons of totul RNA,

ilarly Watford and Tatro [23] have also shown an in-
creased number of transeripts for intestinal phospho-
enolpyruvate carboxykinase in diabetes without any
comparable increase at the protein level,

Sinee the aorta from SHR has been shown to exhibit
similar alteration in the levels of Gie and adenylate
cvelase activity as observed in heart [15], the mRNA
expression of Gia? and Gia3 was also examined in
aortas from WKY and SHR and the results are shown
in Fig. 3. The Gia2 and Gia3 probes detecled 2.3 kb and
3.5 kb messages, respectively, in aorta from SHR and
WKY, however, the Gia2 (Fig. 3A) and Gia3 (Fig. 3B)
mRNMA levels were also significantly higher in SHR as
compared 10 WKY. Densitometric analysis of the blots
showed about 80% increase in Gix2 mRNA levels and
about 140% increase in Giax3 mRNA levels in aorta
from SHR (Fig. 2) A similar increase in Gia2 levels as
determined by immunoblotting has been shown previ-
ously [15], however, as observed in heart, the expression
of Giz3d mRNA in aorta is also much higher than the
increase at the protein level [15]. The alterations in Gic2
and Gia3 ImRNA levels in heart and aorta from SHR
may not be attributed to the variation in the amounts
of total RNA in individual samples applied to the gels,
due to the fact that the hybridization with an oligonucle-~
otide that recognizes a highly conserved region of the
28 8 rRNA showed a similar amount of 28 § rRNA
loaded from WK and SHR on to the gels. These data
suggest that the enbhanced expression of Gia proteins in
heart and aorta from SHR as reported eaclier [15] may
be regulated at the transcriptional level, The regulation
of Gix protein at transcriptional levels has also been
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Fiz. 3. mRNA expression of’ Giz2 and Gix3 in acrta from SHR und

WK™ rats., Tolal RNA of aortas isolaied from WKY (# = 6} and

age-matched SHR (z = 6) were analyzed by Northern blotting as

desenibed in Fig. 1 The blots were hybridized with the Giz2 cDNA

probe (A) or with the Gie3 ¢DNA probe (B) {upper panels) and

re-hybndized with an oligonucleatide recognizing the 28 5 tRNA
(ower punels).

reparted in other conditions, such as diabetes [22] and
human heart failure [24].

Since Gia-2 and not Gia-3 is involved in the coupling
of inhibitory hormone receptors to adenylate cyclase
[25-27], the increased expression of Gia-2 in heart and
aorta may partly explain the augmented responsiveness
of adenylate cyclase to inhibitory hormones in SHR
[15). On the other hand, Feldman et al. {24] were not
able to detect Gix-2 mRNA in hearts from human heart
failure but, consistent with our studies, have reported
an increased level of Gia-3 mRNA and enhanced inhibi-
tion of adenylate c¢yclase in these hearts. A role for
Giz-3 in galing K* channels has been established [28]
and it would be interesting to examine if the increased
levels of Gix-3 mRNA in SHR are alse reflected in its
funeticns,

We have also examined the Gsoe protein exprassion
at the transcriptional level in heart and aorta from
WKY and SHR, and the mRNA levels of Gsa were
determined using a ¢cDNA probe coding for Gsa. As
shown in Fig. 4, the Gsx cDNA probe detected a mes-
sage of 1.8 kb in heart (A) and aorta (B) from both SHR
and WKY, and the amount of Gsaa mRNA was not
significantly different in SHR and WKY rats (Fig. 2).
These results are consistent with our previous dala indi-
cating that the levels of Gsx were not altered in SHR
tissnes as compared to WKY. However, Feldman et al.
[24] despite reporting no change in the levels of Gsx
protein in human heart failure, have shown an altera-
tion in Gsg mRNA levels in this medel. Cn the other
hand, Chen et al. [29] have recently established a corre-
lation between the decreased stimulation of adenylate



Yolume 313, number 2

HEART AQRTA
e P i a—
WKY SHA WKY 8SHR
TOTALRNA{(ug) 10 10 2 2
288 — 288 —
188 — ~imva Smem
188 —

vyl 2 )
W
:?('E o
A B

Fix. 4. mRNA expression of Gsz in SHR and WKY heart ventricles
and nortus, As described in Fig. 1, wotal RMA from heart ventricles
from WKY and SHR were probed with a {ull-length radiolabeled Gsz
cDNA pirabe (upper panel) and further re-hybndized with an oligonu-
eleotide recognizing the 28 S rRNA (lower panel), Total RNAs from
aorta from SHR and WKY aortas (B) wers tieated as indicaled in Fig
1. Blots were probed with Gsz ¢cDNA probe (upper panel} and with
the oligonucleotide recognizing the 28 8 rRNA (lower panei).

cyclase and the decreased level of Gsx at the protein and
mRNA levels in dog heart failure. Taken together, it is
suggested that the expression of Gsa protein may be
regulated by multiple mechanisms,

In conclusion, the present studies and several other
previous reports support the idea that alteration in G-
protein levels may result in altered signal transduction
and thus have several implications for the development
of different pathophysiological conditions, such as car-
diovascular diseases [30,31}, diabetes [32), and hypothy-
roidism [33]. To our knowledge, the present study is the
first report demonstrating alterations in G-proteins at
mRNA levels in hypertension. Whether the alteration
in G-protein results in or partly induces the elevation of
blood pressure in SHR has still to be explored. Chen et
al, [29], however, have recently suggested that alteration
in signal transduction may be involved in the genetic
changes required for a cardiocyle to hypertrophy. In
addition, different contractile and siructural genes prin-
cipally expressed in neonatal and fetal periods are
kncvn to be reactivated with the establishment of hy-
pertrophy [34]. It is also known that hypertension is
associated with alterations in the plasma levels of sev-
eral hormones, such as catecholamines and atrial
natriuretic factor [35,36)], which may regulate the gene
expression of G-proteins. The regulation of G-protein
expression by thyroid [37] and steroid [38,39] hormones
has been demonstrated. Sims et al. |4V have recently
reported an increased expression of Gi at the protein
level by angiotensin infusion. In the light of these obser-
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vations, it would be exciling to explore whether the
expression of G-proteins could be regulated by
hormenes and other factors which play an important
role in the regulation of blood pressure.

Acknowledgements- We are gratetul to Drs. Rundall Reed and Hiroshi
Ieh for their kind gilt of eDNA probes for G-proteins, and Dr.
Yaoshihiro Isknawa for s kind gift of 32-mer oliponuclcotide. We
would like Lo thank Luc Mocquin for his technigal help and Christiane
Laurier lor her excetlent secretarial help. This wark was supported hy
grants rom Quebee Heart Foundation and Medical Research Council
of Canuda (MT-8736). M.B.A.-5. is a recipieny of the Medical Re-
search Couneil Scientist award from the Medical Research Coungil of
Canada. CT. is a Ph D studemt at Université de Poutiers, France.

REFERENCES

i1l Gilman, A.G. (1984) Cell 36, 577-579.

[2] Stryer, L. and Bourne, H.R, (1930) Annu. Rev. Cell. Biol. 2,
191419,

[3] Spiegel, A M. (1987) Mol, Cell. Endocrinol 49, 1-16.

[4] Gilman, A.G. (1987} Annu. Rev, Biochem. 56, 615-649.

[5]1 Robishaw, J.D.. Smigel, M.D. and Gilman, A.G. (1986) J. Biol.
Chem 261, 9587-9590.

[6) Bray, P., Carter, A., Simons, C , Guo, V., Puckell, C , Kamhole,
1., Spiegel, A. and Nirenberg, H. (19306) Proe¢ Nail. Acad. Sci.
USA 83, 8893-8897.

[7] ltoh, H., Kozahka, T , Magala, S., Naukamura, S., Katada, T., Ui,
M., Iwai, 8., Olitsuka, E., Kawasaki, H., Suzuki, K. and Kaziro,
Y. (1986) Proc. Nail. Acad. Sel. USA 83, 3776-3780.

(8] Jones, D.T. and Reed, R.R. (1987) J. Biol. Chem. 262, 14241-
14249,

9] Itoh, H., Toyama, R., Kozisa, T., Tsukamoto, T , Matsuoka, M
and Kazire, Y. (1988) J. Biol. Chem. 203, 6056-6664.

{10] Katz, A.M,, Tada, M, and Kirchberger, MLA, {1975) Ady. Cyclic
Nucleotide Res. 5, 453-472.

[11] Keely Jr., 8.L., Lincoln, T.M. and Corbin, J.D (1978} j. Physiol.
234, 432-438.

(12] Kramer, G.L and Hardman, J.G. (1980) in: Handbook of Phys-
iclogy Circulation (D F Rohr, ed .

[L3] Baer, H.P. (1974) Adv. Cyclic Nucleolide Res. 4, 195-238.

[14] Anand-Srivastuva, M,B. (1983) Biochem. Pharmacol. 37, 3017-
3022,

[15] Anand-Srivasiava, M.B (1992) Biochem. J. (in press).

[{36] Chomezynski, P. and Sacchi, N. (1987) Anal. Biechem. 162, 156-
159,

117] Feinberg, A . and Vagelstein, B. (1983) Anal. Biochem, 132,
6-13.

{18] Sambrook. J.. Fritsch, E.F. and Maniatis, T. (1989) Molecular
Cloning: A Laboratory Manual, 2nd ¢dn., p. 10.60, Cold Spring
Harbor Laboratory, Cold Spring Harbor, NY.

[19] Sambrook, J., Fritsch, E.FF. and Manialtis, T. (1989) Molecular
Clomag: A Laboratory Manual, 2nd edn., pp 7.40-742 and
T 45-7.49, Cold Spring Harbar Laboratery, Cold Spring Harbor,
NY.

[20] Singh, L. a~d Jones, K W. (1884) Nucleic Acids Res, 12, 5627
5638

[21] Luetje, C.W., Tieye, K. M., Christian, J.L. and Nathanson, N.M.
(1988) J Biol Chem. 263, 13357-13365

[22] Griffiths, S.L., Knowler, I.T. and Housluy, M D. (1990) Eur }
Brochem. 193, 367-374.

[23] Waltford, M. and Talra, AV, (1989) J. Natr, 119, 268-272.

341 Raldman, A M, Cales, A.E |, Bristow, M.R and Van Dop, C.
{19893 J. Mol Cell. Cardiol, 21, 339-365.

[25] McKenzie, F.R. and Milligan, G. (1990) Biochem. J 267, 391 -
398.

163



Yolume 313, number 2

[26] Bushfield, M., Murphy, J.G , Lavan, B.E,, Parker, P.J., Hruby,
¥.J., Milligan, G, and Houslay, M. (1990) Biochem. J. 208, 449~
457

[27] Simonds, W F, Goldsmuth, P.K., Codina, J. and Unson, C.G
{1989) Proc. Nail. Acad. Sci USA 86, 7809-7813.

[28] Yauani, A., Mattera, R, Codina, J., Graf, R, Qkabe, K., Padrell,
E, lyengar, R., Brown, A.M and Birnbaumer, L. (1938) Nature
136, 6G80-682

[29] Chen, L., Vainer, D.E., Vawer, 5.F,, Hittinger, L. and Homey,
C.J. (1991) J. Chin. Invest, B7, 293-298,

[30] Insel, P A. and Ransnas, L A. (1988} Circulation 78, 15111513

{31] Bristow, M.R., Hershberger, R.E., David Port, I, Gilbegi, EM.,
Sandoval, A., Rasmussen, R,, Cates, A.E. and Feldman, AM.
(1990) Circulation 82 (suppl. I}, 112-I25

[32] Gnffiths, S., Knowler, I.T. and Houslay, M.D. (1990) Eur J
Biochem. 193, 367-374.

[33] Malbon, C C, Rapieko, P.J und Watkins, I.C (1988) Trends
Pharmacol. Sci. 9, 33-36

164

FENBS LETTERS

November 1992

[34] 1zumo, 8., Lompre, A.M , Matsuoka, R., Koren, G., Schwartz,
K., Nadal-Ginaid, B and Makdarr, V (1987) J. Clin. Invest. 79,
070,

[35] Guikewska, J., Hosky, K., Lachance, C,, Racz, K., Gargia, R.,
Thibault, G., Kuchel, O., Genest, J. and Cantin, M (1986) Hy-
petlension 8 (suppl. 1), 1137-1140,

[36] Goldstein, D.S. and Lake, C.R. (1983) Fed. Proc. 43, 57-61.

[371 Rapgko, P J., Watkins. D C, Ros, M and Malbon, C C. (1989)
J. Biol, Chem, 264, 16133-16189.

[38] Chang, F.-H. and Bourne, H.R, (1987) Endocrinology 121, [71]-
1715

[39] Saute, N., Guitart, X., Howard, M., Tallman, J.FF, Duman, R.S
and Nestler, EJ. (1989) Proe. Natl. Acad. 8¢i. USA BG, 3906-
3910,

[40] Sums, C., Ashby, K. and Douglas, LN ({1992) Hyperiension 19,
146-152,



