incubation time of 30 minutes was chosen to allow
for dephosphorylation of IP; and IP, to form IP,,
while preventing further dephosphorylation of the
latter by including LiCl (24). Under these condi-
tions IP; accumulation served as indicator of PLC-
catalyzed hydrolysis of phosphoinositides. After in-
cubation with agonists or antagonists or both, the
reaction was stopped by precipitation with tri-
chloroacetic acid. The supernatants were extracted
with diethyl ether, neutralized, and applied to
Dowex-100 columns, on which inositol phosphates
were separated (24).

25. The inhibition of AC-catalyzed formation of cAMP
was assayed as follows: Confluent cells were harvest-
ed as in (18), washed once, and resuspended in PBS

(5 x 10 cells per milliliter). Aliquots (1 ml) were
equilibrated for 20 minutes at 37°C with 100 pM
IBMX. Muscarinic agonists, antagonists, and fors-
kolin (10 pM) were then added, and incubation was
continued for 10 minutes. The cells were pelleted,
resuspended in buffer, boiled for 10 minutes, and
centrifuged (5 minutes, 10,000g), and the superna-
tants were assayed for cAMP content by radioim-
munoassay (22).

26. This work was supported by Genentech, Inc., and
by NIH grants CA16417 (to J.R.) and HL23632
(to M.S.). .
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Physiological Role of Silent Receptors of Atrial

Natriuretic Factor

THOMAS MAACK,* MUNEYA SUZUKI, FERNANDO A. ALMEIDA,
D. NUSSENZVEIG, ROBERT M. SCARBOROUGH, GLENN A. MCENROE,

JouN A. LEWICKI

A ring-deleted analog of atrial natriuretic factor—des[GIn'®, Ser"’, Gly*’, Leu?', Gly*]
ANF, »3-NH, (C-ANF, ,;)—binds with high affinity to approximately 99% of ANF
receptors in the isolated perfused rat kidney. In this preparation, C-ANF, »; is devoid
of detectable renal effects and does not antagonize any of the known renal hemody-
namic and natriuretic actions of biologically active ANF; ;3. In contrast, both C-
ANF, »; and ANF,_y increase sodium excretion and decrease blood pressure in intact
anesthetized rats. This apparent contradiction is resolved by the finding that the ring-
deleted analog markedly increases plasma levels of endogenous immunoreactive ANF
in the rat. The results show that the majority of the renal receptors of ANF are
biologically silent. This new class of receptors may serve as specific peripheral storage-

clearance binding sites, acting as a hormonal buffer system to modulate plasma levels of

ANF.

DMINISTERED ATRIAL NATRIURET-
Aic factor (ANF) has important ef-

fects on such body functions as the
regulation of renal function, salt balance,
plasma volume, and blood pressure (I).
Many, if not all, of these actions, are as-
sumed to be mediated by guanosine 3',5'-
monophosphate (¢<GMP), which is generat-
ed as ANF interacts with its biological re-
ceptors (B-ANF receptors) (2). Specific
high-affinity binding sites of ANF have been
described in several tissues; in kidney they
are localized mainly in vascular and glomer-
ular structures of the cortex (1-3). Recent
studies in the isolated perfused rat kidney
show a remarkable identity between the
specific binding curve of ANF in the kidney
cortex and the dose-response curves of such
renal effects of the hormone as increase in
glomerular filtration rate (GFR), increase in
urinary excretion of fluid and electrolytes,
and vasorelaxation of preconstricted renal
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vasculature (4). There are, however, major
discrepancies between the kinetics of ANF-
specific binding and the dose-response curve
of its effect on ¢cGMP accumulation (2, 5).
Furthermore, in vascular smooth muscle and
endothelial cells in culture, some analogs of
ANF that effectively compete for specific
binding sites are very weak agonists and do
not antagonize the ANF-induced increase in
c¢GMP (6). These data raise the possibility
that either cGMP is not the sole mediator of
ANF actions or that there is a separate class

of biologically silent ANF receptors (C-
ANTF receptors).

In this report we address the question of
whether there is a significant number of C-
ANF receptors in the kidney and explore the
issue of the physiological role of these recep-
tors. For these purposes we used a com-
bined. in vitro—in vivo approach, which re-
lates specific binding curves to the function-
al effects of biologically active ANF;_3 (7)
and of the ring-deleted analog C-ANF4.;
(des[GIn'®, Ser®, Gy, Leu?”, Gly*?]
ANF, 3-NH,) (8). These peptides were cho-
sen because ANF; 5 is the natural form of
biologically active ANF (7), whereas C-
ANF, 53 competes effectively with biological-
ly active atrial peptides for binding sites but is
devoid of agonist or antagonist action on the
generation of cGMP in vascular smooth mus-
cle and endothelial cells in culture (9).

C-ANF, 53 effectively competed for the
overwhelming majority of specific binding

sites of 12°I-labeled ANF;_3 in isolated per-

fused rat kidney (Table 1 and Fig. 1). This
analog (1077M) almost completely inhibit-
ed the specific binding of I-labeled
ANF_5 to whole-kidney tissue, cortex, and
inner stripe of the outer medulla. From
these data it can be estimated that C-
ANF4 23 can occupy close to 99% of the
binding sites of ANF in these kidney regions
(Table 1). In the renal papilla, which con-
tains less than 2% of the total binding sites
of ANFl_zs in the kldncy (4), C-ANF4_23
bound to a lesser extent than ANF,_»3 but
still was able to occupy approximately 60%
of the specific binding sites of '*’I-labeled
ANF | 3 (Table 1, Fig. 1C). The apparent
affinities of C-ANF, 23 (expressed as Sso, the
perfusate concentration of the peptide re-
quired to decrease the specific binding of
1257 labeled ANF, 55 to half the maximal
level) for binding sites in whole-kidney tis-
sue and kidney cortex were very high, albeit
about cightfold lower than the correspond-
ing apparent affinities of ANF_»g (Fig. 1, A
and B). ‘

Fig. 1. Competition for A
binding between '*I-la- 100
beled ANF]_ZS and ANF1_28
or the ring-deleted analog
C-ANF, »; in whole-kidney
tissue (A), cortex (B), and
papilla (C) in isolated rat
kidney. Kidneys were per-
fused in a closed-circuit sys-
tem in the nonfiltering

(% maximum)
8

ANF, o5
0 $5°=1 1‘0 pM )

1251.ANF,_,g specifically bound

S5,=880 pM

C-ANF, 53
$5=840 pM

— T

ANF 5g

mode as described (16).
125]-labeled ANF _yq (4 pM)
and the concentrations of

10-11 109

A _l 1
107 10-11 100 107 10-11 109 107
ANF, g or C-ANF 4 55 (M)

ANF_5 or C-ANF, ;3 indicated on the abscissas were added together to the perfusate at the bc%innjng of

the perfusion. After 50 minutes, perfusion was terminated and specific binding

of I-labeled

ANF|_53 to whole-kidney tissue, cortex, and papilla was determined as described (Table 1) (4). Results
(average of two kidneys per concentration point) are expressed as percentage of maximal specific binding
(ordinate) against perfusate concentration of peptides (abscissa). Sso, perfusate concentration of peptide
required to decrease specific binding of '*’I-labeled ANF 5 to half the maximal level.
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At maximal occupancy of binding sites in
the isolated perfused rat kidney, C-ANF, o3
(1077M) was devoid of any of the known
effects of ANF on GFR (Fig. 2A), sodium
excretion (Un,V, where Uy, is the concen-
tration of sodium in urine and V is the urine
flow rate) (Fig. 2B), renal vascular resist-
ance, filtration fraction, urine flow rate,
potassium excretion, or vasorelaxation of
preconstricted kidneys (10). Even at maxi-
mal receptor occupancy, C-ANF, 53 did not
antagonize the ANF,_,s—induced effects on
GFR (Fig. 2A), on Un,V (Fig. 2B), or on

the other parameters referred to above (10).
There was a tendency for a small potentia-
tion of the effects of ANF; g in the presence
of C-ANF, ,3, but the difference did not
reach statistical significance (Fig. 2) (11).
Thus, C-ANF4,_23 shares with ANF]_zg
close to 99% of the specific binding sites of
ANF in kidney tissue. Since the Sso of
binding to the renal cortex and the EDsq
(perfusate concentration of peptide required
to elicit half-maximal effect) of the renal
effects of ANF,_,5 were very similar (Figs. 1
and 2) (4), the binding affinity of the endog-

Fig. 2. Effects of ANF; 2, 04
of ring-deleted analog C-
ANF4,_23, and of ANF]-zs
+ C-ANF, 53 on GFR (A)
and sodium excretion (B) in
isolated perfused rat kid-
neys. Clearance experiments
in isolated rat kidneys per-
fused in the filtering mode
were performed as described
(17). The bottom part of A
and B shows results of ex-
periments in three control
kidneys (@) perfused with-
out addition of atrial pep-
tides for the same or longer

time as the experimental I c c c c c. o o o o
kidneys, and thrsc kidneys ° ! 2 s N o & G G G
perfused with 0.1 pM C-ANF, »; alone (O). C-ANF, 53 was added to the perfusate after control
periods (Cy) followed by three 10-minute experimental clearance periods (C; to Cs). The top part of A
and B shows results of experiments in four kidneys perfused with increasing concentrations of ANF; g
alone (A), and four kidneys perfused with increasing concentrations of ANF_,g in presence of 0.1 pM
C-ANF,_»; (00). C-ANF,_»; was added before the control periods (Co). The perfusate concentrations of
ANF,_,g are shown in abscissas of the top part of A and B. After the addition of ANF,_3 to give the
perfusate concentrations shown in the abscissas, a 5-minute equilibration was allowed before a 5-minute
clearance period. Results (mean * SE) are expressed as differences between experimental and Co
periods. Mean = values for GFR and sodium excretion (Un,V) in Cq periods (14 kidneys) were
0.53 * 0.04 ml/min and 0.34 = 0.05 pEq/min, respectively, and did not differ significantly (P > 0.05)
among the four groups of isolated kidneys. GFR was determined by the clearance of ["“Clinulin, and
Na was determined by flame photometry (17). EDso, perfusate concentration of peptide required to
elicit half-maximal effect.
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Table 1. Specific binding of '**I-labeled ANF, 55 to whole-kidney tissue, cortex, outer medulla, and
papilla in isolated perfused rat kidney: competition with ANF,_,3 and C-ANF, ;. Isolated rat kidneys
were perfused in a closed-circuit system at 37°C in the nonfiltering mode as described (16). '*°I-labeled
ANF,_» (0.5 uCi, 4 pM) was added to the perfusate alone (four kidneys) or with 0.1 uM ANF,_g
(cight kidneys) or 0.1 wdf of the ring-deleted analog C-ANF, »3 (four kidn65ys). After 50 minutes of
perfusion, a time at which near-equilibrium perfusate concentrations of '*’I-labeled ANF, »5 were
attained and accumulation in kidney was maximal (4), perfusion was terminated. The kidneys were
briefly washed, weighed, and small pieces of cortex, inner stripe of outer medulla, and papilla were
removed, weighed, and counted for '*’I radioactivity (4). The amount of '*I-labeled ANF;
specifically bound to whole-kidney tissue and its sections was calculated as the difference between total
and nonspecifically bound '2°I. The latter is defined as binding of '*I in presence of 1 wM ANF,_ and
accounts for less than 1% of total maximal binding of '**I (4). End perfusate samples were precipitated
with trichloroacetic acid (TCA) and counted for '*°I radioactivity (4). A previous study (4) showed
that: (i) perfusate concentration of TCA-precipitated (ppt) '*I fairly represents that of unlabeled
ANF,_s; (ii) accumulation of label in kidney tissue is due to binding to surface membranes, since it also
occurs when kidneys are perfused at 4°C and since the binding is reversible b;r perfusion with acid
solution; and (iii) bound radioligand removed by acid perfusion coelutes with '*’I-labeled ANF,_24 on
reversed-phase HPLC. Results (mean * SE) are expressed as cpm specifically bound '*°I radioactivity
per gram of tissue divided by cpm TCA ppt '*°I radioactivity per milliliter of perfusate.

Tissue ['*I-ANF, y|/perfusate ['*I-ANF;_s)

Tissue phve =
portion 1 . I-ANF;.58 I-ANF,_5
PL-ANF; + ANF, 5 + C-ANF, 5,
Whole kidney 123 = 19 0.10 = 0.02 1.3 +0.1
Cortex 161 =13 0.12 = 0.02 1.7 0.1
Outer medulla 2+ 5 0.07 + 0.03 1.1 +0.3
Papilla 15+ 6 0.13 £ 0.05 28+0.2
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enous form of ANF to the small proportion
of B-ANF receptors must be similar to its
binding affinity to C-ANF receptors (12).
Furthermore, since C-ANF, 53 had no ef-
fects on renal functions and did not antago-
nize any of the known renal actions of
ANF_ps, it is very likely that the overwhelm-
ing majority of the renal receptors of ANF
does not mediate the renal effects of biologi-
cally active ANF; 3 and that C-ANF, 3
does not bind to B-ANF receptors.

In contrast to its lack of renal effects in the
isolated perfused rat kidney, C-ANF, ;3 re-
versibly increased Un,V and tended to de-
crease blood pressure in intact anesthetized
rats (Fig. 3). At a constant infusion rate of
1.0 pg per minute per kilogram of body
weight, the analog increased Un,V from
(mean *+ SE) 1.85 + 0.63 to 4.22 + 0.80
wEqg/min (» = 8, P < 0.01). The apparent
contradiction between the lack of effect of
C-ANF, ;3 in the isolated rat kidney -and its
effectiveness on renal and systemic functions
in intact rats is most likely due to the fact
that this analog markedly and reversibly
increases plasma levels of endogenous im-
munoreactive ANF (irANF) from 51.4 =
94 to 141.7 £21.1 pgml (n=8§,
P < 0.01) (Fig. 3). Indeed, C-ANF, »; in-
creased plasma irANF in each of the eight
rats tested in the present experiment, the
amount of increase varying between 1.5-
and 6-fold. In all likelihood the increase in
plasma irANF is due to a decrease in bind-
ing of endogenous hormone to C-ANF
receptors, since recent studies show that C-
ANF, 53 markedly decreases the volume of
distribution and the metabolic clearance rate
of "PI-labeled ANF, ,5 in intact anesthe-
tized rats (13).

To test whether the C-ANF, ,3—-induced
increase in plasma irANF accounts for its
natriuretic effect, we administered biologi-
cally active ANF g 50 as to increase plasma
irANF to a value similar to that obtained
with the infusion of C-ANF4 ;. ANF 5
(0.02 pg per minute per kilogram of body
weight) was infused into intact anesthetized
rats by the same protocol as was used for C-
ANF, ;. Plasma levels of irANF increased
from 118.6 =+ 7.5 to 195.4 + 11.3 pg/ml
(»n = 5 rats, P < 0.01). The latter value was
not significantly different (P > 0.05) from
that obtained during the infusion of C-
ANF, »3. Un,V increased from 1.86 = 0.74
to 346 +1.12 pEg/min (=15 rats,
P < 0.01), an increase that was also not
significantly different (P > 0.05) from that
observed with C-ANF, ;. Thus, these re-
sults are consistent with the interpretation
that the natriuretic effect of C-ANF, 53 in
intact rats is due to an increase in plasma
levels of endogenous ANF.

Our results demonstrate that the over-
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Fig. 3. Effects of ring-deleted analog of ANF (C-
ANF, ;) on sodium excretion (Un, V), mean arte-
rial blood pressure (MBP), and plasma concentra-
tion of endogenous immunoreactive ANF
(irANF) in anesthetized rats. Clearance experi-
ments were performed in Sprague-Dawley rats
that had been anesthetized with Inactin (100 mg
per kilogram of body weight), as described (18).
After control periods, C-ANF, >; was adminis-
tered intravenously as a bolus injection (10 ug per
kilogram of body weight) followed by a constant
infusion (1 pg min~' per kilogram of body
weight). A 10-minute equilibration period was
allowed followed by three 15-minute experimen-
tal clearance periods. Fifteen minutes after the
infusion was stopped, there were two 15-minute
recovery clearance periods. Blood pressure was
monitored continuously with a pressure transduc-
er connected to the carotid artery. For radioim-
munoassay (RIA) of ANF, 2 ml of blood were
withdrawn from the carotid artery immediately
before the first control period and at the end of
the last experimental and recovery periods. Fresh
blood (2 ml) obtained from littermates was in-
fused intravenously to replace each blood sam-
pling. Results are means = SE of eight rats;
*P < 0.01 versus control periods, paired Stu-
dent’s z test. RIA of ANF was performed as
described (19, 20). Blood samples were collected
in chilled Vacutainer tubes containing potassium
EDTA. The tubes were centrifuged, and the
plasma was stored at —70°C until assayed. Plasma
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samples, containing 1000 cpm of >’I-ANF,_,g to determined recovery (60 = 4% SD), were extracted
by filtration through C,g Sep-Pak cartridges (Waters Associates) (19). Reconstituted samples (0.1 ml)
were assayed for ANF with the a-human ANF RIA kit from Peninsula Laboratories Inc. C-ANF, ;3 at
concentrations up to 100 ng/ml plasma was completely devoid of cross-reactivity with the antibody.

whelming majority of the renal receptors of
ANF are biologically silent, since they do
not mediate any of the known renal effects
of the hormone. C-ANF receptors in the
kidney may be identical to ANF receptors in
vascular smooth muscle and endothelium,
which do not mediate the ANF-induced
increase in cGMP (6, 9). Although it cannot
be ruled out that C-ANF receptors may
relay a yet unknown physiological effect of
the hormone that is not mediated by cGMP,
the present results suggest that they serve as
specific storage-clearance binding sites of
the hormone. The results of the in vivo
experiments strongly support this hypothe-
sis since C-ANF, 53 markedly increases plas-
ma levels of endogenous ANF in anesthe-
tized rats. The results of the in vitro and in
vivo experiments indicate that occupancy of
C-ANF receptors by C-ANF, 53 decreases
binding of ANF;_»4 to these receptors. Con-
sequently, plasma levels of endogenous
ANF increase, a phenomenon that in turn
explains the natriuretic and blood pressure—
lowering effect of C-ANF, ;3 in intact rats.
Although some biological effects of ANF
may be mediated by secondary messengers
other than ¢cGMP, our results suggest that
observed discrepancies between binding of
atrial peptides and generation of cGMP (6)
are due to the large proportion of biologi-
cally silent receptors of this hormone in
kidney and perhaps other tissues. Conse-
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quently, in studies on characterization of
ANF receptors by cross-linking techniques
and purification of ANF receptors, attention
must be given to the very large proportion
of C-ANF receptors as compared to B-ANF
receptors in various tissues (I14). In studies
on receptor regulation it is important to test
which of the receptors is being regulated
since, for example, down-regulation of C-
ANF receptors would lead to physiological
consequences that are opposite to those of
down-regulation of B-ANF receptors.

In view of their large number in kidney
and perhaps other tissues, C-ANF receptors
may account for the very large volume of
distribution and high metabolic clearance
rate of ANF in the rat (13, 15). Consequent-
ly, C-ANF receptors may act as a hormonal
buffer system impeding large inappropriate
fluctuations of the plasma levels of this
hormone. Conversely, as demonstrated in
the present study, it becomes possible to
increase plasma levels of endogenous ANF by
decreasing its binding to C-ANF receptors
with agonists that bind to C-ANF but not to
B-ANF receptors, such as C-ANF,_.
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Identification of Putative Human T Cell Receptor &
Complementary DNA Clones

SHINGO HATA, MICHAEL B. BRENNER, MICHAEL S. KRANGEL

A novel T cell receptor (TCR) subunit termed TCR 8§, associated with TCR y and CD3
polypeptides, was recently found on a subpopulation of human T lymphocytes. T cell-
specific complementary DNA clones present in a human TCR v8 T cell complementary
DNA library were obtained and characterized in order to identify candidate clones
encoding TCR &. One cross-hybridizing group of clones detected transcripts that are
expressed in lymphocytes bearing TCR ¥8 but not in other T lymphocytes and are
encoded by genes that are rearranged in TCR y8 lymphocytes but deleted in other T
lymphocytes. Their sequences indicate homology to the variable, joining, and constant
elements of other TCR and immunoglobulin genes. These characteristics, as well as the
immunochemical data presented in a companion paper, are strong evidence that the
complementary DNA clones encode TCR 3.

THB ANTIGEN-SPECIFIC RECEPTOR
on the surface of most peripheral
blood T lymphocytes is a disulfide-
linked heterodimer composed of a and B
subunits (40 to 50 kD), noncovalently asso-
ciated with CD3 polypeptides (I-3). The
TCR o« and TCR B polypeptides are en-
coded by immunoglobulin-like variable (V),
diversity (D), joining (J), and constant (C)
gene segments that rearrange to form a
functional gene during thymic T cell matu-
ration (4-8). The TCR +y gene was identi-
fied as an additional immunoglobulin-like,
T cell rearranging gene (9). Recently, 40- to
55-kD polypeptides encoded by functionally
rearranged TCR v genes were identified as
one component of a heterodimer, associated
with CD3 polypeptides, on populations of
peripheral blood T lymphocytes (10), thy-
mic T cells (11), and dendritic epidermal
cells (12). The second component of the
heterodimer appeared distinct from TCR vy
and was proposed as a novel TCR subunit
termed TCR 3.
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Although little information is available
concerning the biochemistry of the TCR 3
protein, it might be supposed that it bears
structural homology with other TCR sub-
units. This supposition leads to the predic-
tion that TCR & may be encoded by a gene
that displays significant sequence homology
to members of the immunoglobulin gene
superfamily, that rearranges during T cell
maturation, and that is expressed specifical-
ly in TCR ¥8 T cells. Guided by these
assumptions, we sought to obtain and
characterize T cell-specific complementary
DNA (cDNA) clones generated from mes-
senger RNA (mRNA) of the human TCR
vd cell line IDP2 (10).

AT cell-specific cDNA probe was gener-
ated by synthesizing 3?P-labeled first-strand
cDNA of high specific activity from IDP2
polyadenylated [poly(A)*] RNA, and sub-
jecting this material to two cycles of hybrid-
ization with poly(A)* RNA from the hu-
man B cell line JY followed by hydroxylapa-
tite chromatography (13). The twice sub-
tracted single-stranded material was used to
probe 40,000 plaques of an IDP2 Agtl0
cDNA library (14), and 391 (1%) hybridiz-
ing plaques were obtained. Subsequent anal-
ysis organized these clones into 14 cross-
hybridizing groups, composed of as many as

139 and as few as 2 members. Three groups
were identified as encoding TCR vy (10
members), TCR B (20 members), and CD3
d/e (7 members), as judged by hybridization
with appropriate probes. Representative
members of the remaining 11 groups
(A,B,C,D.E,G,LKM,0,R) were labeled
with 3P and used to probe Northern blots.
One group (O, consisting of six members)
detected transcripts expressed in IDP2 and
the TCR 3 cell line PEER (15-17) but not
expressed in JY and the TCR af cell line
HPB-ALL. On the basis of this result, two
group O clones (O-240 and O-254) were
selected for further study.

Northern blot analysis of a larger panel of
RNA samples with O-240 as a probe (Fig.
1A) revealed the expression of cross-hybrid-
izing transcripts in four TCR 3 cell lines
[IDP2, PEER, Molt-13 (18), and PBL L1
(16)]. Four distinct transcripts, of 2.2, 1.7,
1.3, and 0.8 kb (arrows in Fig. 1A), were
detected. However, transcripts were unde-
tectable in B cell line JY, myeloid cell line
HL60, the TCR af-bearing T cell line
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Fig. 1. Northern blot analysis of group O hybrid-
izing transcripts. (A) Total RNA samples (5 pg)
were electrophoresed through 1.5% agarose gels
containing 2.2M formaldehyde, transferred to
nitrocellulose, and probed with nick-translated O-
240 or chicken actin (Oncor). Filters were washed
with 1x SSC and 0.5% SDS at 23°C and then
with 0.1x SSC at 50°C. RNA sources are: JY, B
cell line; HL60, myeloid cell line; HPB-ALL and
SKW3, TCR ap and surface TCR™ T cell lines,
respectively; fresh PBMC and PHA PBMC, fresh
and 2-day PHA-activated peripheral blood mono-
nuclear cells; IDP2, PEER, Molt-13, and PBL-
L1 [identical to WT31~ PBL line (16)] TCR v3
T cell lines. (B) IDP2 RNA treated as above was
probed with nick-translated O-240, a 240-bp Eco
RI-Sca I fragment of O-240/38 (V probe; see
Fig. 3A) labeled by hexanucleotide priming, or a
550-bp Hae III fragment of O-240 (3’ UT; see
Fig. 3A) labeled by nick-translation. Washing was
as in (A). Arrowheads mark the positions of the
four major transcripts detected; 185 and 28S
ribosomal RNA served as markers.
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