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STRUCTURE-ACTIVITY RELATIONSHIPS OF ATRIAL NATRIURETIC FACTOR (ANF).
1I. EFFECT.OF CHAIN-LENGTH MODIFICATIONS ON VASCULAR REACTIVITY
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The effect of the length of ANF peptides on the inhibition of the norepi-
nephrine-induced contraction was studied. Starting from the 26 residues ANF
(Arg101-Tyr126), shorter N- and/or C-terminal fragments were produced, either
by N-terminal chemical cleavage or C-terminal eanmat1c digestion of ANF or
both respectively. The N-terminal removal of Arg191l did not mod1fy the inhibi-
tory response. Further N-terminal truncation up to des-Argl0l-Arg102.Sep103-
Ser10% ANF still produced a marked inhibitory effect on norepinephrine. In
contrast C-terminal c]eavage had a much more Eronounced effect. Since des-
Tyr126 ANF, des-Arg2°-Tyrl126 ANF and des-Phel2%-Argl25-Tyrl26 ANF exhibit
much Tower activities than the parent ANF. Finally, when the 5 residues C-
terminal to Cy512 are removed, the resulting molecule is almost inactive.
These data indicate that the C-terminal segment of ANF may modulate the bind-
ing of ANF to its receptor{s). Relatively, the N-terminal region seems to be
much less jmportant. © 1985 academic Press, Inc.

It has been demonstrated by several laboratories that atrial natriuretic
factor (ANF), in addition to its natriuretic effect, possess a potent vaso-
relaxant and vasodilatory activity (1-4). This vasoactivity was further con-
firmed by the use of a synthetic peptide (5). The mechanism of action is not
clear, but because the vasorelaxant effect of ANF is mimicked by sodium nitro-
prusside, an effect on cGMP has been suggested (3, 6).

Because it seems possible that chain-length may have an importance in the
vasoactivity of ANF (7, 8), we have investigated whether N-terminal and/or
C-terminal truncation could modify the response of vascular strips to norepi-
nephrine.

MATERIALS AND METHODS

Vascular strips

Male New Zealand white rabbits (1.8 — 2.0 kg) were fed Purina rabbit chow
and allowed free access to tap water. Under pentobarbital sodium anesthesia
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(30 mg/kg i.v.), the thoracic aorta was rapidly excised and gently trimmed of
excess fat and connective tissue, and the arterial tissue was helically cut.
Each vascular strip, 3 x 30-35 mm, was suspended in a 20-ml tissue bath con-
taining a continuously oxygenated (95% 0, — 5% CO,) Krebs solution at 370C and
pH 7.4. The strips were mounted between a fixed base and a force displacement
transducer (Grass, FT-03C). The contractions were registered on a polygraph
{Grass, Model 7

A tension of 2,500-3,000 mg was applied to each strip. The tension was
adjusted and bathing fluid changed every 15 min. The strips were allowed to
equilibrate for 2 hrs before the experimental procedures began.

The composition of the solution used in this study was (mmol1/1): NaCl,
119; KC1, 4.7; KHoPOy, 1.8; MgSOy:7Ho0, 1.17; CaCl,-6H50, 2.5; NaHCO3, 25.0;
and dextrose, 5.5.

For each arterial strip a cumulative dose-response curve to norepineph-
rine (NE) {L-Norepinephrine bitartrate, Sigma Chemicals) was constructed.
Once the standard curve was reproducible, it was repeated 5 min after adding
into the bath the peptides assayed to a final concentration of 25 nM for each
one. Four to six standard curves were made for each tested peptide.

The contraction elicited for each dose of NE is expressed as a percent of
the maximum response.

Results are expressed as means + SEM. Analysis of covariance and the
Dunnet test were used to compare multiple dose-response curves between them.

Peptides

ANF has been found to represent the C-terminal of a much longer chain
(pre, pro and connecting peptides) with a total of 152 residues first deter-
mined by protein sequencing (9, 10) and confirmed by cloning of rat cDNA (11-
13). The signal peptide being made of 24 amino acids, the remaining residues
have been numbered from 1 to 128 from N-terminal to C-terminal according to
standard peptide nomenclature. Since Argl27-Arg128 (11-13) are presumably
removed by a carboxypeptidase B 1ike enzyme in the granules, the pro-form
found is 126 residues long.

Synthetic ANF (ANF (101-126), previously called ANF 8-33) was kindly pro-
vided by Dr. R.F. Nutt (Merck, Sharp and Dohme Research Laboratories, West
Point, PA). ANF (103-123) and ANF {103-125) were purchased (Peninsula Labo-
ratories Inc., Belmont, CA). ANF (96~126) and ANF (5u-126) were obtained by
purification from rat atria (14).

The N-terminal truncated peptides were prepared from synthetic ANF (101-
126) by Edman degradation with a 0.3 M Quadrol program on a Beckman 890-C
sequencer and purified by HPLC with a Cqg uBondapak column (15). The following
peptides were thus obtained: ANF (102-126), ANF (103-126), ANF (104-126), and
ANF (105-126).

The C-terminal truncated peptides were.obtained by digestion with several
carboxypeptidases from synthetic ANF (101-126), the fragments were purified by
HPLC and their amino acid composition determined on a Beckman 120C equipped
with a model 126 integrator (15). The following peptides were thus isolated:
ANF (101-121), ANF (101-123), ANF (101-124), and ANF (101-125).

RESULTS
Figure 1 shows that all tested peptides with a modified N-terminal pro-

duced a significant displacement of the NE dose-response curve to the right
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Figure 1: Effect of N-terminal amino acids on ANF vasoactivity to NE on
vascular strips.

(p < 0.01). The most potent peptides were ANF (101-126) and ANF (102-126), no
differences were seen between them. Another group of peptides, ANF (105-126),
ANF (10u-126) and ANF (103-126) produced also a significant shift to the dose-
response curve to NE, but significantly less than the previous ones. No dif-
ferences were seen between the peptides forming this second group. A peptide,
ANF (103-125), with two residues less at the N-terminal, and one residue less
at the C-terminal than ANF (101-126) still produced a significant shift of the
NE curve, but was Tess active than the previous ones. Of the two native pep-
tides purified from rat atria, with an elongated N-terminal, ANF (Su-126), pro-
duced a displacement not significantly different from that produced by the
peptides ANF (105-126), ANF (10u4-126) and ANF (103-126). The other natural
peptide, ANF (96-126), produced a pronounced displacement at the lower doses,

but not at the higher doses of the NE dose-response standard curve.

Figure 2 shows that similar to what was observed with N-terminal modifi-
cations, all tested ANF peptides truncated at the C-terminal displace signifi-
cantly (p < 0.01) the NE dose-response curve to the right. However, only ANF
(101-125) in which Tyrosine126 has been cleaved produced an important shift.
ANF (101-123) and ANF (103-123) produced similar displacement curves and not

different from ANF (103-125). ANF (101-124) displaces the NE curve mainly at
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Figure 2: Effect of C-terminal amino acids on ANF vasoactivity to NE on
vascular strips.

the lower doses level. ANF (101-121), even if showing a statistically signifi-
cant displacement of the NE curve, is the less active of all peptides tested.
As seen in Table I, the most potent peptides in increasing the EDg5q dose
of NE are ANF (101-126) and ANF (102-126), followed by the native form ANF (5u-
126) and ANF (105-126). Much less inhibitory potency is showed by peptides
shortened at the C-terminal, where ANF (101-121) and ANF (101-123), being the

peptides which least modified the EDg, NE dose.

DISCUSSION

We have previously shown (16) that the shortest peptide obtained in our
taboratories during ANF purification, ANF (101-126), had a powerful natriuretic
activity not different from longer forms. The synthetic peptide with similar
amino acid sequence was demonstrated to possess similar natriuretic and vaso-
active potency (5, 16).

In Figure 1, we have demonstrated that under the present experimental
conditions ANF (101-126) is the most potent of all assayed peptides. Further-
more, the removal of Argl0l (ANF (102-126)) did not significantly modify its
vasoactivity. The cleaving of Tyrl2® (ANF (101-125)), however, decreased sig-
nificantly the inhibitory potency of this peptide to inhibit the NE-induced

contraction,
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TABLE 1

EFFECT OF ANF-RELATED PEPTIDES ON THE EDg,
DOSE-CONTRACTILE RESPONSE TO NE

NE  EDgg

Peptide added “log M N
none 7.5 12

ANF  Glu“4-Tyrl?6 < 4.7 4
ANF  Gly%6-Tyrl26 6.6 4
ANF  Arg01_Tyr126 «< 4.7 6
ANF Arglo2-Tyr126 << 4.7 4
ANF  Serl03.Tyr126 5.0 5
ANF  SertOt_Tyrl26 5.1 5
ANF  CysO%-Tyrl26 < 4.7 4
ANF  Arg'%1.argl25 5.4 6
ANF - Argl0l_phel2* 6.4 4
ANF  Argl0l-serl?3 6.8 5
ANF  Arg!Ol.cys!?t 6.9 4
ANF  Sert03-sert23 6.5 4
ANF  Ser!O3_argt2® 6.2 5

Further N-terminal cleavage of Argi®1-Arg192 (ANF (103-126), Arg0l_apgl02
Serl23 (ANF (104-126)), and Argl01-Arg102-serl®3.serlO% (ANF (105-126)), still
produced a marked inhibitory effect on NE.

By contrast with what happens with the N-terminal, modifications in the
C-terminal significantly decreased the biological activity of ANF (101-126).
The removal of Arg225-Tyr126 (ANF (101-124)), and Phel2%-Arg?25-Tyr126 (ANF
(101-123)) greatly diminished its inhibitory effect, though still keeping some
activity. Removing all residues after Cys12! rendered the molecule almost
inactive. Currie et af. (7) have reported that Atriopeptin I (ANF (103-123))
had no relaxant activity on a NE-contracted strip. However, és seen in Figure
2, ANF {(103-123) still has some inhibitory effect on the NE-induced contrac-
tion. Sugiyama et af. (17), in agreement with our results, demonstrated that

ANF (103-123) has still some biological activity in the smooth muscle. They
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also show, coinciding with our findings, that the removal of Argl0l (ANF (102-
126)) does not affect its biological characteristics.

Of the two native peptides which have been used in the present experi-
ments, one, ANF (su-126), the longer form, behaves as the peptides lacking
two to four N-terminal amino acids. The other ANF (96-126) is a good inhibitor
only with the Tower doses of NE. We do not have a clear explanation for those
findings, but it could be due to different affinity for the binding sites. A
weak compound as determined by activity may bind very tightly with a Tow Ka but
not stimulate the receptor.

Our results seem to indicate that the C-terminal may modulate the binding
of these peptides to their receptors, since small modifications greatly reduced
their activity. By contrast, the N-terminal seems to be much less important in
this modulation.

Immunoreactive ANF has been found in rat plasma (18), but its circulating
form is not known. According to our present results, it is to be expected that

circulating ANF should be closely similar to its more active forms.
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