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An ‘antisense’ peptide ((HTCA"), whose sequence was generated by reading the antisense RNA sequence corresponding

to ACTH(1-24) was shown to bind ACTH(1-24) with a K, of 0.3 nM in a solid-matrix binding assay {(1986) Biochem.

1. 234, 679-683]. Two-dimensional NMR spectra were used to examine the conformational behavior in methanol and

in water solution of two fragments of adrenocorticotropin, ACTH(1-24) and ACTH(1-13), as well as their antisense

peptides, HTCA and HTCA(12-24). The conformations are extended chains in these solutions, both as isclated molecules
and when mixed with their antisense complements. The K values are greater than 1 mM.

Peptide, antisense; Adrenocorticotropic hormone; NMR, 2D; CD

i. INTRODUCTION

The mechanism of action of peptide hormones
depends, in part, on specific interaction with cell
surface-associated receptors. Such physical techni-
ques as NMR spectroscopy have been applied to

the determination of the structures of peptides and ‘

their receptors in solution. Such studies are often
limited because of the quantities required and the
difficulties involved in obtaining purified receptor.
Thus, there is a need for model systems that may
provide clues to the important determinants for
recognition between peptides and their receptors.

Recently, Bost et al. [1] proposed a ‘new theory’
for the interactions between peptides and proteins.
It is based on the observation that there is a general
tendency for codons for hydrophobic amino acid
residues to have complements (i.e. antisense se-
quences) which code for hydrophilic amino acid
residues, and vice versa. Citing evidence that ‘am-
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phiphilic conformations’ may be involved -in
peptide-receptor interactions [2],. they proposed
that an implication of this pattern in the genetic
code is that the RNA sequence complementary to
the mRNA sequence coding for a particular pep-
tide, i.¢. antisense RNA, read in either the 5! to -3/
or 3:to -5' direction, would code for an antisense
peptide capable of binding that peptide. This idea
was first tested on the 1-24 fragment of the 39
amino acid residue peptide, adrenocorticotropic
hormone (ACTH). Two antisense peptides to
ACTH(1-24) were found to bind ACTH(1-24)
with dissociation constants, K4, as low as 0.3 nM,
in a solid-matrix binding assay [1,3]. Furthermore,
antibodies to one of these peptides, denoted
HTCA, derived from reading the antisense RNA
sequence in the 5'-t0-3' direction, were shown to
interact with a putative’ ACTH receptor on mouse
adrenal tumor (Y-1) cells, thus implying a struc-
tural similarity between this antisense peptide and
a receptor for ACTH [4].

In an attempt to determine the nature of these in-
teractions, we obtained the NMR and CD spectra
of both the 1-24 and 1-13 fragments of ACTH and
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their respective antisense peptides in methanol and
in aqueous solution. The 24-residue fragments
were also studied in the presence of SDS micelles.
The solution conformations of ACTH(1-13) and
(1-24), and their corresponding antisense peptides,
do not change when the sense and antisense pep-
tides are mixed together. Qur solution studies show
no evidence of binding of ACTH(1-24) and
ACTH(1-13) to their respective antisense peptides.

2. MATERIALS AND METHODS

2.1. Synthesis of antisense peptides

The sequence of HTCA is HoN-GVHLHRAPLLAHRLAP
AEVFHGVR-COOH, which corresponds to reading the an-
tisense RNA sequence complementary to the mRNA sequence
for ACTH(1-24) in the 5'-3" direction. The antisense peptide to
ACTH(1-13) is residues 12-24 of HTCA. Both of these peptides
were synthesized on an Applied Biosystems model 430A peptide
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synthesizer using thoc chemistry. The crude peptide was loaded
onto a Sephadex G-25 column (2 x 90 ¢m) and eluted with a
5% acetic acid solution. Amino acid analysis and 2*2Cf mass
spectrometry confirmed the identity of the peptides.

2.2. NMR spectroscopy

The individual ACTH(1-13) (Peninsula Labs) and
HTCA(12-24) peptides were made up to be 4 mM in 10%
D»0/90% H:0. The solution of the mixture of the two peptides
contained 5 mM of each individual peptide in 10% D,0/H;0.
The solution pH of ACTH(1-13) was pH 2.9 (+ 0.05), pH 4.3
(+ 0.05) for HTCA(12-24) and pH 4.0 (+ 0.05), for the mix-
ture.

Both 24-residue peptides, ACTH(1-24} (Sigma) and HTCA,
and their mixture were prepared as 4 mM solutions in
ds-methanol with the addition of the minimum amount of conc.
DCI required for complete dissolution. In the case of the mix-
ture, the concentration of each inidividual peptide was 4 mM.

The '"H NMR spectra of the various peptides were obtained at
18°C on a Varian XL-300 spectrometer equipped with a 5-mm
dual probe. Resonance assignments, as well as conformational
and binding studies, were carried ont using a combination of 2D

Table 1
'"H-NMR chemical shifts for ACTH(1-24) in d;-methano! at 18°C

Residue 4 (ppm)
NH a 8 I ] [3

S1 —_ 4.04 3.93

Y2 8.82 4.59 3.09,2.92

83 8.43 4.30 3.95,3.82

M4 8.27 4.46 2.14,2,63

ES 8.07 4.19 2.04,1.96 2.43

Hé6 8.12 4.48 3.12,3.07

F7 8.06 4.61 2.85,2.75

R8 8.27 4.60 1.80 1.70 3.20

wo 3.09 4.55 3.31,3.20

Gl0 ' 8.28 3.85,4.04

K11 8.06 4.62 1.76,1.69 1.47,1.40 1.80 3.20
7.46 (e-amino)

P12 — 4.50 2.15 1.95 3.66,3.78

Y13 3.18 4.10 2.05 0.95

G14 8.47 3.95,3.82

K15 8.19 4.35 1.70,1.64 1.45,1.35 1.70 2.90
7.82 (e-amino)

K16 8.22 4.22 1.72 1.49 1.72 112
7.40 (c-amino)

R17 8.06 4,62 1.76,1.69 1.69 3.20
7.46 (6 NH)

R18 8.27 4.60 1.86 1.70 3120
7.46 (¢ NH)

P19 — 4.50 2.15 1.95 3.66,3.78

V20 B.13 4.18 2.07 0.93

K21 8.21 4,36 1.68 1.42 1.68 ‘ 2.90

Y22 7.99 4,14 1.95 0.84

Y23 8.24 4.75 2.98,2.79

P24 — 4.35 2.22 1.96 3.72,3.40
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HOHAHA {5] and ROESY [6] spectroscopy and 1D difference
experiments,

2.3. CD spectropolarimetry

CD measurements were performed on a Jasco model J-600
spectropolarimeter using sample chambers with a 0.1 mm path
length. The 13-residue sense and antisense ACTH peptides were
prepared as 0.1 mM solutions in both H>O and methanol. The
mixture of the iwo contained an equimolar amount of each pep-
tide, with the total peptide concentration being 0.1 mM. In the
case of the 24-residue peptides, CD spectra were obtained for
solutions containing 0.0125, 0.025 and 0.05 mM of each peptide
in water at pH 3, methanol, and phosphate-buffered saline
(pH 7.2). Again, in each case, the mixtures of the two peptides
contained equimolar amounts of the individual peptides.
Results are reported as mean residue ellipticity (#-dM™') vs
wavelength in each case.

3. RESULTS

The spectra are shown in fig.1 and complete
resonance assignments of both ACTH(1-24) and
HTCA in ds;-methanol are presented in table 1. In
the ROESY specira of the individual peptides
(fig.1B,D), using a 150 ms mixing time, no
medium- or long-range interactions were observed.
This suggests that both ACTH(1-24) and HTCA
are present primarily as random coils or in extend-
ed chain conformations in methanol. The CD spec-
tra of these peptides in methanol are also consistent
with these observations (fig.2A), although HTCA
shows additional negative ellipticity around 222
nm. Similar CD spectra were obtained ellipticity
around 222 nm. Similar CD spectra were obtained
in phosphate-buffered saline at pH 7.2 (fig.2B).
Fig.1E and F shows the HOHAHA and ROESY
spectra of an equimolar mixture of ACTH(1-24)
and HTCA in methanol. No changes in chemical
shift of any of the resonances of either peptide in
the mixture are observed, as compared to the spec-
tra of the isolated peptides. These peptides assume
the same conformation in the mixture as they do as
isolated molecules, which suggests the lack of any
interaction between the two peptides.

The CD spectra of the mixture of the sense and
antisense peptides are consistent with the NMR
data presented above. Fig.2A shows the CD spec-
trum of the mixture of the two peptides in
methanol superimposed with the spectra of the in-
dividual peptides and the sum of the spectra of the
individual peptides. (The concentration of the in-
dividual peptides in the mixtures was half that of
the isolated peptides, so that the total concentra-
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Fig.2. Series of CD spectra of ACTH(1-24), HTCA(1-24),
equimolar mixtures of the two peptides, and the sum of the
ellipticities of the individual peptides in (A) methanol, (B)
Phosphate-buffered saline (PBS) and (C) 0.4% SDS in PBS.

tion of peptide was the same in each case. The ef-
fects of any concentration-dependent photomulti-
plier tube voltage artifacts are eliminated.) The
spectrum of the mixture is the same as the sum of
the individual spectra. At the concentrations used,
this implies a dissociation constant greater than
1073 M, i.e. less than 5% of the peptides would be
in the bound state. The CD spectra of the two pep-
tides obtained in phosphate-buffered saline at pH
7.2 also show no indication of binding (fig.2B).
Similar results were obtained in water at pH 5 and
0.16 M KCl at pH values of 3, S and 7. Studies were
also carried out in the presence of 0,.5% SDS [7] in
phosphate-buffered saline at pH 7.2 (fig.2C). Con-
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Table 2
'"H-NMR chemical shifts for HTCA(1-24) in dy-methanol at 18°C

Residue 4 (ppm)
NH @ g r é £

Gi B.23 3.86

V2 8.57 4.12 2.04 0.91

H3 8.54 4.74 3.29,3.26

L4 8.36 4.29 1.64 1.64

HS 8.52 4,77 3.29,3.23

R6 8.39 4.35 1.82 1.70 3.23
7.56 (5 NH)

A7 8.54 4.67 1.41

P8 4,39 2.32 2.00 3.76

L9 8.25 4.20 1.81 1.64 0.95

L10 7.98 4.20 1.7 1.65 0.95,0.90

All 8.18 4.09 1.37

H12 3.09 4.55 3.36,3.29

R13 8.06 4,25 1.91 1.70 3.22
7.56 (& NH)

L14 8.08 4,37 1.73 1.54

AlS 8.01 4.49 1.43

P16 4,29 2.32 1.98 3.75

Al7 8.15 4,24 1.47

EI8 8.03 4.23 2.15 2.55,2.47

V1o 7.82 3.38 1.96 0.86,0.67

F20 8.18 4,48 3.11,2.98

H21 8.06 4.65 3.48,3.26

G22 8.01 3.94

¥23 8.03 421 2.11 0.98

R24 8.54 4.40 1.90,1.79 1.64 3.19
7.46 (6 NH)

siderably more order in the structure of HTCA was
observed under these conditions, as seen by the
large value of the ellipticity around 215-225 nm.
Again, no difference is observed between the spec-
trum of the mixture of the sense and antisense pep-
tides and the sum of the spectra of the individual
peptides.

In order to determine whether any binding be-
tween the two peptides could be detected when one
of the peptides was in large excess, one-
dimensional NMR spectra were obtained of mix-
tures of the two peptides containing either a 15- or
5-fold molar excess of HTCA over ACTH. In each
case the concentration of HTCA was 7.5 mM. The
concentration of ACTH was either 6.5 or 1.5 mM.
Spectra were obtained in both di-methanol and
D:0. The spectra of the mixtures and the sum of
the spectra of equivalent amounts of the individual
peptides (not shown) were identical.

4. DISCUSSION

Although ACTH(1-24) and HTCA are reported
to bind in a solid-matrix binding assay [1,3], we
find no evidence for binding under various solvent
conditions, Presumably, any mutual affinity of the
two peptides is insufficient to overcome solvation
energies. Since the initial report by Bost et al, [1],
other groups have reported studies involving sense-
antisense interactions with mixed results [8-12]. A
lack of any significant binding of ACTH(1-24) and
ACTH(1-13) with their respective antisense pep-
tides in solution would preclude the use of these
peptides as model systems for studying receptor
recognition. The origin of the difference between
the solution and solid-phase dissociation constants
is hard to understand. Additional studies to clarify
this discrepancy are needed. Our results, together
with the difficulty in understanding the origin of an
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attractive force between a hydrophobic and
hydrophilic residue, question the significance of
the hydrophobic-hydrophilic complementarity
model of peptide recognition.
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