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ABSTRACT The Milan hypertensive strain of rats (MHS)
develops a genetic form of renal hypertension that, when
compared to its normotensive control (MNS), shows renal
dysfunction similar to that of a subset of human patients with
primary hypertension. MHS and MNS were shown to be
homozygous by multilocus miisatellite analysis and monolocus
microsatellite markers. We show here that one point mutation
in each of two genes coding for the membrane skeleton protein
adducin is associated with blood pressure in the Milan strain of
rats. Adducin is a heterodimer formed by a and 13 subunits
that promotes the assembly of actin with spectrin. MHS and
MNS differ, respectively, by the amino acids Y and F at
position 316 of the a subunit. In the ,&adducin locus, MRS is
always homozygous for R at position 529 while in MNS either
R or Q occurs in that position. The R/Q heterozygotes showed
lower blood pressure than any of the homozygotes. In vitro
phosphorylation studies suggest that both of these amino acid
substitutions occur within protein kinase recognition sites.
Analysis of an F2 generation demonstrated that Y alleles
segregated with a significant increment in blood pressure. This
effect is modulated by the presence of the R allele of the 1
subunit. Taken together, these dings strongly support a role
for adducin polymorphisms in causing variation of blood
pressure in the Milan strain of rats.

Primary or essential hypertension is a heterogeneous disease
affecting 15-20%o ofthe adult population (1). Different genetic
mechanisms causing renal, endocrine, humoral, or nervous
dysfunction have been suggested (2). Different rat models of
genetic hypertension have been developed, and for three of
them a genetic association between a DNA polymorphism
and hypertension has been suggested (3-8). The Milan hy-
pertensive strain of rats (MHS) was developed by selection
for hereditary hypertension in divergence to its normotensive
control (MNS), which was selected for low blood pressure.
At present, 85 generations of inbreeding have been reached
(9, 10). Compared to MNS, MHS shows a greater pressor
effect of the kidney after transplantation (9, 11), a faster
glomerular filtration rate and tubular reabsorption (9, 12), a
lower kidney weight (9) and plasma renin activity (13), and a
lower volume of erythrocytes (14) and tubular cells (15), both
of which show faster Na transport across their plasma
membrane (14, 16, 17). Erythrocyte functional differences
are genetically determined within the stem cells and are
genetically associated with hypertension in F2 hybrids (18).
Thus, a generalized and genetically determined cellular de-
fect involving faster Na transport across the renal cell mem-
branes (19) was considered a probable cause of hypertension
in MHS. Some of the erythrocyte and kidney dysfunctions

seen in these rats have also been found in a subset (=25%) of
human patients with primary hypertension (10, 20-22). In the
rat model, the difference in membrane ion transport disap-
peared after elimination of the membrane skeleton, which
indicated the involvement ofsome of its components (23, 24).
Cross-immunizations between MHS and MNS raised an
antibody against a membrane skeleton protein subsequently
identified as adducin (25). As this was the only cytoskeletal
difference found that could be associated with membrane ion
transport differences, adducin was considered a candidate for
genetic studies in hypertension.
Adducin is an af3 heterodimer with subunits ofMr 103,000

(a) and 97,000 (/3). It promotes the organization ofa spectrin-
actin lattice, a function regulated by phosphorylation and
Ca-calmodulin interactions (26-28). Furthermore, a- and
(3-adducin have similarities with the MARCKS group of
proteins, which are involved in cellular signal transduction
mechanisms (29). We characterized the rat full-length (- and
a-adducin cDNAs (ref. 30; G.T., G.C., G.B., and F.E.B.,
unpublished data) and localized the genes on chromosomes 4
and 14, respectively (G.C., G.T., G.B. and F.E.B., unpub-
lished data). Corresponding human a- and (3-adducin cDNAs
were isolated from an erythroblastoid cell line (31) and,
recently, by positional cloning from yeast artificial chromo-
some clones (32).
The aims of this study were to investigate the eventual

structural differences of adducin subunits in MHS and MNS
rats and their functional significance regarding blood pres-
sure variation.

MATERIALS AND METHODS
Animal Procurement and Housing. All MNS and MHS rats

were bred in our own facilities and maintained in conditions
described elsewhere (9), in agreement with Directive 86/609/
CEE of the Council of the European Community and Italian
Law no. 116, 22/1/1992. The experimental F2 population was
produced as described in the text.
Blood Pressure Measurements. In the foundation colonies,

selection for blood pressure levels was carried out each
generation on awake animals restrained by wrapping lightly
in a small cloth (33), using an indirect tail-cuff method.
Measurements were made on a W + W BP recorder (Ugo
Basile, Varese, Italy) with piezoelectric pickup.
For genetic analysis of the F2 population, a cannula was

inserted in the carotid artery of the rat under light halothane
anesthesia and externalized at the back of the neck through-
out a subcutaneous tunnel. The animals recovered within 3-5
min. Four hours later, the rats were connected by catheter to

Abbreviations: MHS, Milan hypertensive strain; MNS, normoten-
sive control.
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a Gould BS 3200 blood pressure recorder in unrestrained
conditions. The blood pressure of each rat was recorded for
1 h as simultaneous systolic/diastolic every 3-4 min and the
tracings were read at 1-min intervals. These values were
averaged to give a single systolic or diastolic measurement
for each animal.

Synthetic Peptide Sequences. Peptides had the following
sequences: P3R, VIAEKSRSPSTE; 8Q, VIAEKSQSPSTE;
aY, VEEAFYYIHNLV; aF, VEEAFFYIHNLV; S,
RFARKGSLRQKNV.

Peptide Phosphorylation. Protein kinase C. The reaction
mixtures contained 40mM Hepes (pH 7.4), 8 mM MgC12, 0.8
mM CaC12, 0.5 mM EGTA, 40 puM [y-32P]ATP (4500 dpm/
pmol), 80 jig of phosphatidylserine per ml, 20 ug of dio-
leoylphosphatidylcholine per ml, 200 ug of bovine serum
albumin per ml, 0.8 mg of peptide (OR, (Q, or S) per ml and
enzyme in a total vol of 65 Ad. Incubations were carried out
at 300C for 30 min. Protein kinase C was partially purified
from rat brain (34).

Protein kinase A. The reaction mixtures contained 100mM
Tris H(l (pH 7.5), 12 mM MgC12, 100 pM [y-32P]ATP (5000
dpm/pmol), 250 ug of bovine serum albumin per ml, 0.1 mM
dithiothreitol, 7.5% (vol/vol) glycerol, 0.8 mg ofpeptide (,3R,
(3Q, or S) per ml, and cAMP-dependent protein kinase
catalytic subunit (0.5 unit/ml) in a total vol of 50 Al. Incu-
bations were carried out at 330C for 1 h.

After incubation with either protein kinase C or the cata-
lytic subunit ofprotein kinase A, excess ATP was eliminated
by incubating 1/10th of the phosphorylated peptide mixtures
with T4 polynucleotide kinase (200 units/ml) and a 24-mer
oligonucleotide acceptor (1.5 mg/ml) in 50 mM Tris HCl, pH
7.6/7 mM MgC12/3 mM dithiothreitol at 37C for 15 min.

Tyrosine Protein Kinase. The reaction mixtures contained
100 mM Tris HCI (pH 7.5), 5 mM MgC12, 20 AM sodium
vanadate, 0.08mg ofpoly(L-lysine) per ml, 20 ,uM [y-32P]ATP
(4000 dpm/pmol), 200 jM peptide (aY and aF), and tyrosine
protein kinase lyn-TPK (product ofthe lyn oncogene) purified
from rat spleen (35) in a total vol of 50 Ad. Incubations were
carried out at 300C for 15 min and stopped with 450 i1d of 30%o
AcOH. Excess ATP was eliminated on Dowex 1X8 columns
equilibrated in 30%o AcOH.

Phosphopeptide Analysis. Peptides phosphorylated with
protein kinase A, protein kinase C, or TPK-IIA tyrosine
kinase were separated by ascending chromatography on
cellulose-coated TLC plates, with the solvent system buta-
nol/pyridine/acetic acid/water (15:10:3:12). The plates
were dried and autoradiographed (36).
Genotyping Studies. Genomic DNAs from F2 rats were

extracted from the tails (37) and 50 ng of genomic DNA was
used per reaction. To detect the allelic variation in the
a-adducin sequence, amplifications were performed in a total
vol of 30 p1 with the following reagent concentrations: 200
p.M dNTPs, 0.5 puM each primer, and 0.7 unit of Taq DNA
polymerase (Perkin-Elmer/Cetus). PCRs were carried out
for 29 cycles (30 sec at 940C, 20 sec at 530C, and 30 sec at 720C
preceded by an initial denaturation at 940C for 3 min) in a
GeneAmp PCR system 9600 (Perkin-Elmer). The primers
used to amplify a specific fragment of 99 bp of the a-adducin
gene were aF/Y1 (5'-GTTCTCATTCTCCGGAATCAC-3')
and aF/Y2 (5'-CTGGATCTCACATGCAACCAC-3'). The
nucleotide sequence of rat a-adducin flanking the point
mutation is 5'-GTG GAG GAG GCC TTC T(T/A)T TAT
ATC CAC AAC CTT-3' (from nucleotide 1000 to nucleotide
1032 of the full-length cDNA). The amplified DNAs were
applied to duplicate nylon filter membranes (GeneScreen)
and hybridized with allele-specific oligonucleotide probes.
The 32P-end-labeled oligonucleotides used as probes were aA
(5'-GATATAATAGAAGGC-3') and aT (5'-GATATAAAA-
GAAGGC-3'). Prehybridization and hybridization were per-
formed in Sx standard saline citrate (SSC)/lox Denhardt's

solution/0.1% SDS/100ug of salmon sperm DNA per ml for
2 h at 450C. The filters were washed twice in Sx SSC/0.1%
SDS for 10 min at 450C.
To detect the allelic variation in the (-adducin sequence,

amplifications were carried out under the following condi-
tions: 32 cycles of 50 sec at 940C, 50 sec at 550C, and 50 sec
at 720C, preceded by an initial denaturation at 940C for 2 min.
The primers used to amplify a specific fiagment of 290 bp of
the 3-adducin gene were (3Q/R1 (5'-AGGACCTTGTCA-
GATCCATC-3') and (Q/R2 (5'-GAGCCCAGCACCTAAG-
GTCA-3'). The nucleotide sequence ofrat (-adducin flanking
the point mutation is 5'-ATC GCC GAG AAG AGC Q(A/
G)G AGT CCG TCT ACA GAG-3' (from nucleotide 1756 to
nucleotide 1788 of the full-length cDNA). The adenine to
guanine transition results in a restriction fragment length
polymorphism due to an additional Hpa II site in the guanine
substitution. After the PCR, the samples were digested with
Hpa II, 32P-end-labeled, and submitted to electrophoresis in
12% nondenaturing acrylamide gel. The Hpa II polymor-
phism was visualized as a restriction fragment of53 bp for the
adenine and 46 bp for the guanine substitution.
Statiial Analysis. Results are expressed as means +

SEM. Statistical analyses were performed with SPSS (ver-
sion 4) statistical software (SPSS, Chicago). Data were
analyzed by one-way and two-way ANOVAs as appropriate.
To take into account the possible effects of extreme obser-
vations, homogeneity of variances were always tested by
Cochran's C and Bartlett BoxF (data not shown) after having
performed one-way ANOVA. The Kruskal-Wallis nonpara-
metric test was also used. Finally, after one-way ANOVA, a
posteriori multiple comparisons were performed using both
Fisher's least significant difference test and Student's-
Newman-Keuls test. Both tests gave essentially the same
results for aP value of0.05. Frequency distributions ofalleles
in the F2 population were tested with x2 in comparison to the
expected Mendelian transmission.

RESULTS
We have previously demonstrated a polymorphism in a
(-adducin 63 cDNA isolated from MHS and MNS strains
(30). A guanine to adenine transition resulted in an arginine
(MHS) -+ glutamine (MNS) substitution at position 529
(R529Q). The presence of this polymorphism on the major
alternative splicing 3-adducin mRNA ((-adducin 97) was
confirmed by specific PCR analysis of cDNAs synthesized

A
1-adducin

5'- GTC ATC GCC GAG AAG AGC CGG AGT CCG TCT ACA GAG -3
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FIG. 1. Nucleotide and predicted amino acid sequences sur-
rounding the mutation sites of adducin subunits in MHS and MNS
rats. (A) Nucleotide sequence of /3-adducin showed a G to A
transition resulting in an arginine (MHS) to glutamine (MNS) sub-
stitution (R529Q). (B) Nucleotide sequence of a-adducin showed an
A to T transversion resulting in a tyrosine (MHS) to phenylalanine
(MNS) substitution (Y316F).
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from f3-adducin 97 coding sequences (Fig. 1A). Sequence
analysis of the a-adducin chain has shown an adenine to
thymine transversion, resulting in a tyrosine (MHS) -+ phe-
nylalanine (MNS) substitution at position 316 (Y316F) (Fig.
1B).
The high state of inbreeding in both strains was confirmed

by DNA fingerprinting analysis performed on 20 animals of
each strain using the multilocus minisatellite probes 33.6 and
33.15 (38). No differences in band patterns were found within
either strain. Furthermore, general homozygosity in MNS
and MHS was tested by using 65 monolocus microsatellite
markers, revealing only one segregating locus in MNS and
none in MHS.
MHS and MNS Genotyping. When a large group of animals

from each strain was analyzed for the alleles of the a- and
,-adducin genes, all MHS rats were found to be homozygous
aYI3R/aY(3R, while MNS rats were homozygous for a-addu-
cin (aF/aF) but were segregating at the (3-adducin locus for
3Q/pQ,Q3Q/I3R, (R/13R. The persistent heterozygosis for the
-3-adducin gene in MNS, despite the high inbreeding, could be
explained by selection for low blood pressure, optimization
of biological fitness, or a recent mutation. The first possibility
was tested by measuring weekly the systolic blood pressure
of 38 rats of the MNS foundation colony, using the same
method as for selection. When the rats were subdivided
according to their ,3-adducin genotypes, the MNS Q/13R
were found to have a systolic blood pressure (128.7 ± 1.6
mmHg; n = 17) lower than the other two genotypes (pR/pR,
134.8 ± 1.8 mmHg; n = 12; 3Q/1PQ, 133.2 ± 1.4 mmHg; n =
9; P = 0.003). Moreover, MNS was separated into two
coisogenic substrains with pR/pR and pQ/(3Q genotypes and
F1 hybrids were obtained.

Again, the blood pressure of the heterozygotes (F1 hybrids)
was lower than that of the two homozygous groups (3Q/pQ,
134.5 + 0.5 mmHg; n = 67; pQ/pR, 131.9 ± 0.5 mmHg; n =
59; pR/,3R, 134.5 ± 0.8 mmHg; n = 32). A hypothetical
influence of biological fitness was tested by measuring re-
production, body growth, and sex ratio in the three popula-
tions of rats (pQ/(3Q, (Q/13R, pR/1pR), but no differences were
found. The first immunological heterogeneity of adducin in
MNS was detected 5 years ago (25) and has persisted for 15
generations of sister-brother mating.

Differential Phosphorylation of aF-aY and 1Q-1R Pep-
tides. The region comprising residue 529 of p-adducin was
compared to a data base of functional domains (39) and
homologies were found to various domains involved in phos-
phorylation. The best similarity was found to a basic nuclear
protein phosphorylation site described in the winter flounder
(40). Furthermore, the sequence around residue 316 of a-ad-
ducin was also a possible tyrosine kinase substrate site. The
changes in amino acids determined by the variations in a- and
3-adducin suggest the possibility of corresponding changes in

the extent of phosphorylation in that region of the molecule.
The substitution of R for Q in ,B-adducin is likely to have an
effect on the phosphorylation of S residues in the vicinity,
and the change of Y to F deletes a putative phosphorylation
site in a-adducin. Each ofthese possibilities was examined by
studying the phosphorylation of synthetic peptides corre-
sponding to the relevant region of both adducin subunits (Fig.
2). The ,B-adducin peptides BR and 1Q were not phosphor-
ylated by protein kinase C in conditions leading to strong
phosphorylation of a synthetic substrate (peptide S). On the
contrary, peptide ,BR was phosphorylated much more than
peptide BQ by the catalytic subunit of the cAMP-dependent
protein kinase. Similarly, peptide aY but not peptide aF was
phosphorylated by tyrosine kinase (32p; incorporation mea-
sured by scraping the cellulose and counting yielded 52,540
cpm in pR and 175 cpm in pQ, 45,050 cpm in aY and 512 cpm
in aF). This supports the hypothesis that the presence of the
(Q and aF alleles results in a decreased phosphorylation

1 2 3 4 5 6 7 8

0
Pi-

ATP_
- 0-

0- * * *

FIG. 2. Phosphorylation of adducin peptides. Analysis by TLC.
Aliquots (1-4 jl) from incubation mixtures of the different peptides
with the catalytic subunit of protein kinase A and TPK-IIA were
loaded on cellulose-coated plates, run, and autoradiographed as
described in Materials andMethods. Lanes: 1, control (no peptides);
2, peptide S (protein kinase A and C substrate); 3, [y-32P]ATP; 4,
peptide PQ; 5, peptide PiR; 6, peptide aF; 7, peptide aY; 8, 32p.
Arrowheads in lanes 2, 5, and 7 indicate positions of phosphorylated
S, PR, and aY, respectively.

status of a- and 13-adducin in vivo. The functional role ofthese
phosphorylations is difficult to test in vivo because of mul-
tiple phosphorylation sites present in both a- and P-adducin.
However, by crossing the rat strains, phenotypic studies
were possible, which are described below.
MNS aIj3Q/ErFpQ x MHS aYp9R/aYPR Crosses. An F1

generation was produced by reciprocally mating parental
strain MNS (aFI3Q/aF3Q) and MHS (aYpR/aY.3R) rats. The
average systolic blood pressures, measured in both sexes,
revealed no maternal or paternal effects in F1 hybrids, which
were then intercrossed. The resulting F2 population consisted
of equal numbers of offspring from each reciprocal outcross
and the frequency distributions of all alleles considered were
not significantly different from the Mendelian expectations
for both sexes (X2 S 1.5; P > 0.47). Blood pressure in the F2
rats was measured by a catheter introduced in the carotid
artery so that systolic and diastolic pressure could be re-
corded. Also, the blood pressure of 10 rats from each parental
strain was measured as in F2 rats on a blind basis. The
corresponding average values of systolic and diastolic blood
pressures were as follows: MHS, 167.7 ± 2.2 and 116.2 ± 1.7
mmHg; MNS, 139.6 ± 2.3 and 98.7 ± 2.6 mmHg. Fig. 3
shows the average values of the diastolic and systolic blood
pressure in the adducin genotype cohorts. The average heart
rate was identical in all groups (data not shown). Taken
separately on the undefined segregating F2 background,
ay/ay alleles significantly contributed to an increase in
systolic blood pressure over aF/aF alleles by -8 mmHg-
i.e., 28% of the difference between the parental strains.
No difference in blood pressure was seen when the three

(3-adducin genotypes of all F2 cohorts were compared. How-
ever, female pQ/,3R heterozygotes had a lower blood pres-
sure than the two homozygous groups.
The blood pressure differences between aF(3Q/aFpQ and

aYR/aY 3R were small (156.4 + 2.1 and 161.3 + 2.6 mmHg,
respectively) and of borderline statistical significance (P <
0.1). MHS and MNS are the result of selection for high and
low blood pressure and several genetic differences are likely
to contribute to the phenotype. The adducin polymorphisms
are only two of the differences and their influence on blood
pressure values may be attenuated on the genetic background
of the F2 population.

Fig. 3 shows that the difference in blood pressure between
the adducin ay/ay (MHS type) and aF/aF (MNS type)
genotypes depends on the associated p alleles. In fact, this
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FIG. 3. Systolic blood pressure of F2 population in different
adducin genotype cohorts (aFPQ/aFBQ, MNS genotype; aY,8R/
aYpR, MHS genotype). Systolic blood pressure (mmHg) was mea-
sured by a catheter inserted in the carotid artery. Results are
expressed as means ± SEM. A posteriori multiple comparison tests
for a P value of 0.05 or better were performed. *, Significantly
different (P < 0.05) from a-adducin genotype F/F; **, significantly
different (P < 0.01) from a-adducin genotype F/F. Mean systolic
blood pressure (horizontal solid lines) ± SEM (stippled areas) of 10
rats of each parental strain was also included for appropriate com-
parison. Open bars, a-adducin genotype F/F; light hatched bars,
a-adducin genotype FlY; dark hatched bars, a-adducin genotype
Y/Y.
difference is 12 mmHg-i.e., 43% of the systolic blood
pressure difference between parental strains-in the pres-
ence of the ,3R/13R genotype (MHS type). In contrast, the
difference is blunted in the presence of 3Q/fBQ (MNS type).
Taking into account the four possible genotypes for the

homozygotes (aypQ/ay3Q, aYBR/aYBR, aFPQ/aF3Q, aFI3R/
aF(3R), two-way ANOVA indicated a significant interaction
between the a and (3 genotypes for the blood pressure levels
considered (significance of the interaction for systolic blood
pressure, P = 0.005; for diastolic blood pressure, P = 0.008).

DISCUSSION
This study shows that adducin polymorphism is associated
with blood pressure variations in the Milan rats. ay/ayMHS
a-adducin alleles cosegregate with a significant increment in
blood pressure and, interestingly, this effect is modulated by
the associated (3-adducin alleles. A major drawback of F2
cosegregation studies (4, 41) is the impossibility of differen-
tiating between the effect of the candidate gene and that of
one closely linked to it. Our results show that in the MNS
parental strain, selected for low blood pressure through 85
generations of inbreeding and whose homozygosity has been
demonstrated, there is a selective advantage for heterozy-
gotes at the (3-adducin locus as these have a lower blood
pressure than either homozygote. This supports the role of
adducin polymorphism in the process of selection for low
blood pressure in MNS. The lower blood pressure of the
heterozygotes was confirmed when the two coisogenic sub-
strains (R/IR and pQ/3Q were mated to obtain pQ/(3R
hybrids. These two coisogenic MNS substrains, which
should differ only by (-adducin (3R/(3R or (Q/pQ), constitute
a unique model comparable to a homologous gene replace-
ment and will be used to ascertain the interactions between
a- and (-adducin subunits. The contribution of these genes to
determining blood pressure levels is likely to depend on the
assembly of the adducin heterodimer within the cell. It is

highly improbable that the pressor effect is due to other genes
closely linked to those of the adducin subunits because the
adducin genes lie on different chromosomes and also because
of the high degree of homozygosity of the strains used.
Adducin presents structural and functional similarities to

the MARCKS proteins, which play an important role in the
coupling of extracellular signals to the interactions between
actin cytoskeleton and the cell membrane through phosphor-
ylation events (29). In fact, a- and f-adducin have been
shown to be extensively phosphorylated in vivo (42), al-
though the precise residues involved are not known. The in
vitro phosphorylation of the adducin synthetic peptides 311-
322 (ayand a-) and 523-534 (.3R and (Q) has shown that there
is the distinct possibility that the pR + 13Q and ay -* aF
variations will change the phosphorylation status of adducin
and hence influence its cytoskeletal interactions and func-
tions (27). Amino acid substitutions within the two adducin
subunits may affect their assembly into stable heterodimers
or the dimer-tetramer equilibrium and, in consequence,
actin-spectrin (or fodrin) interactions (31). Thus, variation in
the tension and strength of the resulting membrane skeleton
network may cause changes in cell volume or membrane
function. In fact, MHS erythrocyte resealed ghosts have a
smaller volume and a lower Km for internal Na of Na/K
cotransport than those of MNS. The difference in Km is not
observed in inside-out vesicles deprived of membrane skel-
eton (14, 23, 24). These cell membrane alterations may
represent the link between adducin point mutations and the
cellular dysfunction responsible for hypertension in MHS.
The hypothesis that membrane skeleton proteins regulate cell
volume and ion transport is also supported by several pre-
vious findings (43-46).
As pointed out in the Introduction, a long series offindings

supported the pressor role of the faster Na transport across
the cell membrane and the role of membrane skeleton in
determining the difference between MHS and MNS. Adducin
was chosen for genetic studies because it was detected as the
only membrane skeleton protein eliciting an immunological
response in MHS-MNS cross-immunization experiments
(25). However, this finding alone does not prove an involve-
ment of adducin in membrane Na transport and, at present,
we do not have data in vivo regarding the relationship
between structure and function of adducin and the mecha-
nism of its pressor effect.
Adducin polymorphisms account for only a portion of the

blood pressure differences between MHS and MNS. There-
fore, other genes may be involved, as suggested by the
genetic analysis we carried out on classical genetic crosses
(33). It could be hypothesized that a mutation that produced
an increase in blood pressure happened in an aY/pR back-
ground. The aF/PQ alleles would have been favored during
the selection for low blood pressure in the MNS, as they
compensate for the Qriginal mutation. This work demon-
strates an interaction between two independently segregating
genes determining the expression of a single protein that is
involved in inheritance ofprimary hypertension. Considering
the many similarities in kidney and cellular dysfunctions
between MHS and subsets of patients with primary hyper-
tension (10, 20-22) and the very high degree of sequence
homology between rat and human adducin (data not shown),
it is possible that these molecular mechanisms are also
relevant to humans.

We thank Mrs. Elena Minotti and Mrs. Rossana Modica for
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adducin genotyping; Dr. Arianna Donelia-Deana for providing tyro-
sine protein kinase tyn-TPK; and M. Lathrop (Centre d' tude du
Polymorphisme Humein, Paris) for the fingerprinting.
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