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as the study of structure—function relationships.
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ABSTRACT: Four peptides related to human renin flap region have been synthesized. Two of them are ring
closed through appropriately designed disulfide bridges. Structure analysis involving IR and NMR techniques
and recognition by polyclonal human renin antibodies provides support for a S-hairpin secondary structure
of the cyclized peptides identical with that presented by the flap section in the speculative human renin
model [Blundell, T., Sibanda, B. L., & Pearl, L. (1983) Nature (London) 304, 273-275; Sibanda, B. L.,
Blundell, T., Hobart, P. M., Fogliano, M., Bindra, J. S., Dominy, B. W., & Chirgwin, J. M. (1984) FEBS

Lert. 174, 102-111].

Renin (EC 3.4.23.15), an aspartyl protease, plays a key role
in the regulation of blood pressure homeostasis. It cleaves its
substrate angiotensinogen to release angiotensin I which is then
converted into angiotensin II, a potent vasoconstrictor octa-
peptide, by the action of a carboxydipeptidase. Apart from
its primary structure which has been recently established from
the sequence of its cDNA (Imai et al., 1983), no experimental
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data have been obtained concerning the structure of renins.
Several renin three-dimensional models have been proposed
(Blundell et al., 1983; Sibanda et al., 1984; Akahane et al.,
1985; Carslon et al., 1985) on the basis of X-ray diffraction
data which show that, except for small deviations, there is a
striking similarity with the structures of pepsins (Tang et al.,
1978). These models can be used as a working hypothesis in
order to predict, at least in part, the conformation of renins.

The aspartyl proteases are characterized by a major groove
between the C- and N-terminal domains and in addition by

© 1988 American Chemical Society



4072 BIOCHEMISTRY

FEHRENTZ ET AL.

Table I: Physical Characteristics of the Peptides

sequence peptide identification

HPLC capacity
factor, k’ amino acid analysis

peptide I LRYSTGTVSG [81-90]human renin
peptide I  TELTLRYSTGTVSGFLS [77-93]human renin
peptide III CLRYSTGTVC

peptide IV CLTLRYSTGTVSGC

(Cys®,Cys®)-[80-89]human renin

(Cys’8,Cys®!)-[78-91]human renin

2.7 (15% CH,CN) Leu, 0.99 (1); Arg, 1.02 (1); Tyr, 0.95 (1);
Ser, 2.05 (2); Thr, 1.99 (2); Gly, 2.03 (2);
Val, 1.01 (1)

5.1 (27% CH,CN) Thr, 4.05 (4); Glu, 0.98 (1); Leu, 3.03 (3);
Arg, 1.01 (1); Tyr, 0.97 (1); Ser, 3.08 (3);
Gly, 2.02 (2); Val, 1.02 (1); Phe, 0.95 (1)

3.3 (17% CH,CN) Leu, 1.01 (1); Arg, 0.98 (1); Tyr, 0.95 (1);
Ser, 1.08 (1); Thr, 1.95 (2); Gly, 0.97 (1),
Val, 0.95 (1)

9.1 (18% CH,CN) Leu, 1.98 (2); Thr, 3.05 (3); Arg, 0.97 (1);
Tyr, 0.98 (1); Ser, 2.05 (2); Gly, 2.02 (2);
Val, 1.01 (1)

: i 8 85
KWSISYGAGASASGNAV...... Endothiapepsin

TWSISYGDGSSASGNVE...... Penicillopepsin
TWSISYGDGSSASGILA...... Rhizopuspepsin
DFTIHYGSGRV KGFULS...... Mouse Submaxillary renin
EJTLRYSTGTITV SGFLS...... Human renin

FIGURE 1: Alignment of several aspartyl protease sequences in the
flap region. The amino acids are expressed in the single-letter code.
The numbering is based on the sequence of porcine pepsin. The
sequence of endothia pepsin is not a chemical sequence but is derived
from X-ray analysis.

the existence of an extended $-hairpin loop forming a flexible
region termed the “flap” which protrudes. Its mobility, which
has been demonstrated experimentally (James & Sielecki,
1985, 1986), suggests that the flap could play a major role
in the biological activity of the aspartyl proteases. In Figure
1, the flap sequences of several aspartyl proteases are compared
and indicate that a residue deletion occurs on going from the
pepsins to the renins. This figure also shows that glycine-76
(porcine pepsin numbering), which is invariant in all aspartyl
proteases, is replaced in human renin by a serine. In order
to determinate the influence of these two modifications, it was
of great interest to know the secondary structure of the human
renin flap.

In this paper it is shown that peptides with the same se-
quence as the flap section of human renin can adopt a large
B-hairpin structure when forced by ring closures through di-
sulfide bridges between two cysteyl residues correctly placed.
This 8-hairpin structure is ascertained by 'H NMR and IR
studies and is selectively recognized by polyclonal antibodies
raised against human renin.

MATERIALS AND METHODS

Choice of the Peptides. As mentioned above, the main
difference on going from the pepsins to the renins lies in the
deletion of one residue. In order to maintain the overall feature
of the flap §-hairpin, this deletion can cause either a modi-
fication of the side-chain orientation of one strand of the
hairpin or a modification of the reversal type of the peptide
chain, going from a 3 to a v turn or vice versa. Discrimination
between these possibilities can easily be achieved through 'H
NMR spectrometry. Indeed, C,H-C,H NOEs! between
facing residues are expected, thus allowing the localization of
the reversal. In this study we considered first two linear
peptides, a 10-residue [81-90]human renin (I) and a 17-res-
idue [77-93]human renin (IT). Then on the basis of the results

! Abbreviations: ELISA, enzyme-linked immunosorbent assay; PBS,
phosphate-buffered saline; BSA, bovine serum albumin; Tris, tris(hy-
droxymethyl)aminomethane; HPLC, high-performance liquid chroma-
tography; NOE, nuclear Overhauser effect; DMSO, dimethyl sulfoxide.

81 85 90
Peptide I:  Leu-Arg-Tyr-Ser-Thr-Gly-Thr-Val-Ser-Gly

77 80 85 90 93
Peptide I 1 Thr-Glu-Leu-Thr- Leu-Arg-Tyr-Ser-Thr-Gly-Thr-Val-Ser-Gly-Phe-Leu-Ser-NH,

80 85 89
Peptide IIT : ICys-Leu-Arg-Tyr-Ser-'I'hr-Gly-Th:-Val-ICys-NH 2

78 80 85 91
Peptide 1V : Cys-Leuv'I‘hr-Leu-Arg-Tyr-Ser-’[hr-Gly-’Ihr-Val»Ser-Gly-ICySvNH 2
L

FIGURE 2: Sequences of the synthesized peptides. The numbering
is based on the sequence of human renin.

obtained mainly on II, in order to improve the stability of the
expected structure two homologous cyclic peptides,
(Cys8,Cys?)-[80-89]human renin (I1T) and (Cys’®,Cys®!)-
[78-91]human renin (IV) were designed especially for both
the conformation study and the biological activity. The se-
quences of the four synthesized peptides are given in Figure
2.

Peptide Synthesis. Table I lists the characteristics of the
peptides prepared for this study. The peptides were synthesized
by the solid-phase technique with either chloromethylated resin
for I or p-methylbenzhydrylamine resin for II, III, and IV.
The side chain protecting groups were the following: O-
(2,6-dichlorobenzyl) (tyrosine), O-benzyl (glutamic acid, se-
rine, threonine), N-tosyl (arginine), and S-(p-methoxybenzyl)
(cysteine). The temporary protection of the N* function was
tert-butyloxycarbonyl, which was removed in 30 min with a
trifluoroacetic acid/dichloromethane/ethanedithiol solution
(30/70/5). The coupling reactions were carried out with a
twofold excess of protected amino acid and (benzotriazol-1-
yloxy)tris(dimethylamino)phosphonium hexafluorophosphate
(BOP) (Dormoy & Castro, 1979; Le Nguyen & Rivier, 1986).
The protected peptidyl resin was treated with anhydrous hy-
drogen fluoride containing 10% anisole for ! hat 0 °C. After
removal of the hydrogen fluoride, the residue was washed with
diethyl ether and extracted with water or 1 M acetic acid, and
the aqueous solution was lyophilized. Peptides I, II, and III
were purified by reverse-phase high-performance liquid
chromatography while IV was first cyclized and then purified
as the others.

Cyclization of I1I and IV. The air cyclization process was
followed by Ellman’s test and by HPLC analysis with a
dual-wavelength apparatus monitoring at 214 and 254 nm, the
absorbance ratios at these wavelengths between the cyclized
peptide and the linear one being different (Figure 3). Peptide
ITI was purified by HPLC before cyclization. The disulfide
bond formation was completed in 1 h by air oxidation of an
aqueous solution (pH 8) at a concentration of 0.3 mg of
peptide/mL. The oxidized product was then recovered by
lyophilization and purified once more. The oxidation of IV
(Figure 3) was performed on the crude peptide under the same
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FIGURE 3: Reverse-phase HPLC of peptide IV: (a) crude product
after HF cleavage, (b) crude mixture after 45-min oxidation process,
and (c) mixture of unoxidized and oxidized crude product. The
oxidation monitoring was done on a C18 column (4 X 250 mm, 5-um
granulometry, Lichrosorb Merck). Solvent A is 0.1% trifluoroacetic
acid in water, and solvent B is 0.1% trifluoroacetic acid in 60%
acetonitrile. The column was run at ambient temperature with a flow
rate of 1 mL/min and a linear gradient of 1% solvent B/min. Ab-
sorbance was measured at 214 (bottom) and 254 nm (top).

conditions as peptide 111, and it was purified after cyclization.

Peptide Purity. The peptide homogeneity was controlled
by HPLC in isocratic and gradient elution mode at 214 and
254 nm,; their capacity factor (k') is given in Table I as is also
their amino acid analysis. Purity of the peptides was assessed
by amino acid analysis using automated precolumn derivati-
zation with o-phthalaldehyde with a Waters system. Capacity
factor was calculated in the following conditions: column, C18
reversed-phase Lichrosorb Merck (4 X 250 mm, 5 pm);
monitoring at 214 and 254 nm with an isocratic eluent system
(acetonitrile/water) containing 0.1% trifluoroacetic acid; flow
rate, 1.5 mL/min.

Binding of Peptides to Renin Antibodies. The binding of
the peptides to renin antibodies was tested by ELISA with 11
renin antisera (R11, R12, R14, R15, R21, R22, R24, R25,
R26, Donc, and Bof) raised in rabbits after immunization
against pure human active renin obtained from a juxtaglom-
erular cell tumor as previously described (Galen et al., 1984).
This tumoral renin was found to have the same biochemical,
biophysical, and immunological characteristics as human renal
renin (Galen et al., 1979).

For ELISA, plastic microtiter plates (Falcon 3915 Pro-bind,
Becton Dickinson Labware, CA) were coated with 50 uL of
peptide solution at 5 ug/mL of Tris-HCI buffer, 0.1 M (pH
9.6). After 90 min at 37 °C, the plates were washed 3 times
with Tween containing phosphate-buffer saline (PBS, 0.1%
Tween, pH 7.4). After saturation of the nonspecific binding

CONFORMATION AND IMMUNE RECOGNITION VOL. 27, NO. 11, 1988 4073

sites with 1% bovine serum albumin (BSA, radioimmunoassay
grade, obtained from Sigma) in 0.1 M PBS, pH 7.4, 50 uL
of a 1:500 dilution in PBS-1% BSA, pH 7.4, of polyclonal
antibodies in PBS was added in peptide-coated duplicate wells
and incubated for 1 h at 37 °C. The plates were washed 3
times with PBS-0.1% Tween, and S0 uL of alkaline phos-
phatase labeled sheep anti-rabbit IgG was added and incubated
1 h at 37 °C. Additional extensive washing with PBS-0.1%
Tween was followed by incubation with 150 uL of alkaline
phosphatase substrate (two tablets of Sigma 104-105/10 mL)
dissolved in 0.1 M glycine-NaOH buffer, pH 10.4, containing
1 M MgCl, and ZnCl,. The enzymatic reaction was allowed
to proceed for 2 h at 37 °C and stopped by addition of 50 uL
of 1.5 M Na,CO;. Absorbance was read at 405 nm in a
Titerteck Multiskan ELISA reader (Flow Laboratories). Titer
was expressed as the ratio between absorbance of the specific
renin antibody (A4) and the absorbance of the negative control
(A,) consisting of pooled normal rabbit sera at the same di-
lution. Only ratio values greater than 2 were interpreted as
significant.

Instrumentation: IR and NMR Spectroscopy. Infrared
spectra were recorded on a 983 Model Perkin-Elmer spec-
trograph. Samples for NMR spectrometry were prepared at
12-20 mM peptide concentration in DMSO-dg and spectra
were obtained at 32 °C. 'H NMR spectra were collected on
a Bruker 360-MHz spectrometer equipped with an Aspect
2000 computer and operated in the Fourier transform mode
with quadrature detection. One-dimensional spectra were
recorded with a 4-kHz sweep and 16K or 32K data words were
employed. Proton resonance assignments were obtained by
COSY (Aueet al., 1976; Nagayama et al., 1980), RELAY
(Wagner, 1983), and NOESY (Bodenhausen et al., 1984;
Otting et al., 1986) spectra. For the RELAY experiments,
total delays of 60 ms during the mixing period were used.
Mixing times of 150-300 ms were used for NOESY spectra.
The COSY and RELAY (magnitude) spectra were obtained
with 2048 points for each values of ¢;. There were 512 ¢,
measurements of 64 transients each leading to a digital res-
olution of 3.2 Hz/point. The NOESY (phase-sensitive mode)
were obtained with 4096 points for each value of ¢;. There
were 256 t; measurements of 256 transients each leading to
a digital resolution of 1.6 Hz/point in w, and 12.5 Hz/point
in w;. Before Fourier transform the time domain matrix was
multiplied in both dimensions by a sine bell function without
phase shift for COSY and by a «/8 phase shifted in ¢, and
a /4 phase shifted in ¢, for NOESY.

CONFORMATIONAL INVESTIGATIONS IN DMSO

Infrared Spectroscopy. When dissolved in DMSO, all four
peptides have infrared spectra which show strong similarities
as they are characterized by the presence of two amide I bands
(C=0 stretching). They lie on one hand at 1692 ¢cm™! and
on the other at 1670 cm™! (shoulder) for I, 1664 cm™ for IT,
and 1652 cm™ for IIT and IV. These spectra favor the ex-
istence of, at least, two types of carbonyl groups and are in
accordance with a conformation based on two strands linked
through hydrogen bonds as expected for a hairpin structure.
Owing to its high wavenumber position, the 1692-cm™ band
can be attributed to the nonbonded carbonyls while the others
correspond to hydrogen-bonded carbonyl groups. Furthermore,
the respective positions of these latters reveal that the in-
terstrand hydrogen bonds are strengthened on going from the
linear to the cyclic peptides, thus indicating that the latters
have a lower backbone flexibility.

'\H NMR Studies. The NMR characteristics of the four
peptides are reported in Tables IT and III. Figure 4 shows
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Table II: 'H NMR Data on Peptide NH Resonances: Chemical
Shifts? (ppm), ¥nu-c,n (Hz), and Temperature Coefficients
(ppm/deg % 10%)

residue peptide I  peptide II  peptide IIl  peptide IV

Glu- or Cys-78

NH 8.61

INH-C H 7.6

AS/AT % 10° -33
Leu-79

NH 8.18 8.67

3INH-C.H 7.6 8.2

A8/AT X 10° -3.3 -2,0
Thr- or Cys-80

NH 7.87 8.31

3INH-CH 8.6 8.6

A8/AT X 10° -4.6 -9.2
Leu-81

NH 7.77 8.76 8.19

3JNH-C.H 8.6 8.8 8.7

AS/AT % 10° -2.7 -2.3 -6.2
Arg-82

NH 8.55 7.94 8.62 8.36

3NH-C.H 8.1 8.3 8.3 9.0

AS/AT x 10° -23 -29 -4.6 -6.3
Tyr-83

NH 8.04 7.84 8.05 7.97

3Nn-c 1 8.3 8.6 9.3 9.0

AS/AT % 10° -33 -3.0 =23 -3.0
Ser-84

NH 8.21 8.16 9.05 8.73

3INH-C.H 7.5 8.3 3.7 5.8

AS/AT x 10° =51 -5.0 -9.5 -11.8
Thr-85

NH 7.76 7.77 7.01 7.24

3INH-C.H 7.6 8.6 9.0 8.3

AS/AT % 10° -2.6 =27 +3.0 +3.9
Gly-86

NH 8.04 8.04 7.34 7.60

3JNH-CH 111 >11 7.6-2.5 6.4-3.2

AS§/AT X 10° -2.3 -2.3 0 +3.7
Thr-87

NH 7.81 7.81 8.37 8.05

3INH-C_H 8.4 8.6 8.5 8.6

AS/AT % 10° -3.3 -3.2 -6.5 -7.5
Val-88

NH 7.74 7.78 8.37 8.11

3JNH-C.H 8.2 7.6 9.3 9.4

A8/AT X 10° -2.6 =27 =52 -6.1
Ser- or Cys-89

NH 7.94 7.96 8.91 8.41

3INH-CH 7.8 7.9 9.3 7.5

AS/AT X 10° -4.0 -38 -59 -8.2
Gly-90

NH 8.02 7.99 8.47

3JNH-C,H T11.8 Y11 T11

AS/AT X 10° -4.5 -3.2 -7.6
Phe- or Cys-91

NH 8.04 8.19

3JNH-cH 79 7

a8/AT x 10° -3.4 -3.1
Leu-92

NH 8.18

3INH-CH 7.6

A8/AT X 10 -4.6
Ser-93

NH 7.67

JINH-C H 7.6

AS/AT x 10° -3.4

aChemical shifts relative to DMSO resonance (2.5 ppm): 32 °C;
concentration, 12-20 mM.

the NH spectral region of peptide II.

(A4) Resonance Assignments. ldentification of the amino
acids systems was accomplished by means of COSY spectra.
RELAY spectra were acquired when the assignment of a
particular amide proton to a specific spin system was not
possible owing to severe overlapping in the C,H region.
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FIGURE 4: One-dimensional 360-MHz NH region spectrum of peptide

11 in DMSO.

Table III: Chemical Shifts® (ppm) of Protons Other Than NH of

the Four Peptides

residue peptide I peptide IT peptide III peptide IV

Thr-77

o 3.59

8 3.78

b% 1.14
Glu- or Cys-78

«a 4.37 4.15

8 1.88-1.76 3.09-2.99

Y 2.31-2.24
Leu-79

o 4.39 4.56

8 1.45 1.47

% 1.60 1.64

1) 0.89-0.84 0.89
Thr- or Cys-80

o 4,22 4.51 4.45

B 3.96 3.07-2.81 3.83

Y 1.02 0.98
Leu-81

o 3.80 4.30 4.51 4.48

B 1.48 1.43 1.53 1.50

Y 1.58 1.60 1.60 1.47

13 0.87-0.86 0.87-0.84 0.90-0.85 0.85-0.81
Arg-82

a 4.35 423 4.42 4.35

B 1.66-1.51 1.64-1.45 1.62-1.40 1.59-1.40

Y 1.49 1.45 1.40 1.40

b 3.09 3.05 3.03 3.04

€ 7.64 7.50 7.35 7.39
Tyr-83

o 452 4.50 4.61 4.56

8 2.95-2.70 2.93-2.69 3.11-2.88 3.03-2.78
Ser-84

«a 4.42 4.40 4.01 4.11

8 3.65-3.58 3.64-3.56 3.74 3.68
Thr-85

o 423 421 4.03 4.09

B 4.07 4.07 4.28 4.22

% 1.07 1.07 1.04 1.02
Gly-86

a 3.85-3.79 3.85-3.78 4.33-3.64 4.15-3.71
Thr-87

a 4.34 4,33 4.84 4,71

B 3.97 3.96 3.80 3.89

Y 1.03 1.02 1.01 0.99
Val-88

o 4.24 423 4.45 4.42

8 2.03 2.01 1.98 1.98

¥ 0.84 0.84-0.81 0.91-0.88 0.85-0.83
Ser- or Cys-89

o 4.33 4.27 4.61 4.67

8 3.58-3,55 3.59-3.52 3.14-2.86 3.61-3.57
Gly-90

o 3.76 3.69-3.61 3.89
Phe- or Cys-91

o 4.53 4.44

8 3.05-2.74 3.34-2.86
Leu-92

o 4.30

8 1.51

% 1.60

[} 0.86-0.82

4 Chemical shifts relative to DMSO resonance (2.5 ppm): 32 °C;

concentration, 12-20 mM.
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Table IV: Characteristic Observed NOEs in the Turn and between

the Two Strands of the Hairpin®

peptide II peptide III peptide IV
turn NH Thr-85-NH NH Ser-84-NH  NH Ser-84-NH
Gly-86 Thr-85 Thr-85
NH Thr-85~-NH NH Thr-85-NH
Gly-86 Gly-86
NH Thr-85-Ha  NH Thr-85-Ha
Ser-84 Ser-84
NH Gly-86-H8 NH Gly-86-HB
Thr-85 Thr-85
interstrand Ha Arg-82-Ha  Ha Arg-82-Ha  Ha Thr-80-Ha
Thr-87 Thr-87 Ser-89
Ha Cys-80-Ha  Ha Arg-82-Ha
Cys-89 Thr-87
Ha Cys-78-Ha
Cys-91
NH Leu-81-NH NH Leu-79-He
Val-88 Cys-91
NH Leu-81-Ha NH Leu-81-Ha
Cys-89 Ser-89
NH Tyr-83-NH NH Tyr-83-Ha
Gly-86 Thr-87
NH Tyr-83-Ha NH Val-88-Ha
Thr-87 Arg-82
NH Val-88-Ha  NH Gly-90-Ha
Arg-82 Thr-80

4Note that in II, NOE between Thr-80 C,H and Ser-89 C_H could
not be detected, if any, due to the superposition of the corresponding
signals (see Table III).

(B) Sequential Resonance Assignments. The connectivities
between C,H; and NH,,, protons were established from
NOESY spectra (Wuthrich, 1983). The combined COSY-
NOESY contour map obtained for peptide IV (Figure 5)
shows the NOE connectivities between the NH’s and the C,
protons of their respective preceding residues while the COSY
portion shows the Jyy-cy connectivities within the same res-
idue.

(C) Conformational Elements. The *Jyy_c p coupling
constants, which are listed in Table II, lie in the 8.5-9.5-Hz
range for several successive residues. For example, in peptide
IV, these residues correspond to sequences 79-83 and 87-91.
These large coupling constants suggest that the corresponding
residues are engaged in an extended conformational state
(Kishore & Balaram, 1984; Pardi et al., 1984). This con-
clusion is corroborated by one-dimensional NOE experiments
which reveal that the interresidue NH,,,—C H; NOEs are
stronger than the intraresidue ones: 12 and 4%, respectively
(Billeter et al., 1982; Kuo & Gibbons, 1980).

Figure 6b shows the NOESY spectrum of peptide IV in the
C,H region in which the cross-peaks arising from short C H-
C.H distances are indicated. This spectrum clearly reveals
that the C H’s of residues 78, 80, and 82 are in the vicinity
of those of residues 91, 89, and 87, respectively. These NOEs
(Wuthrich et al., 1984; Wagner et al., 1981) together with
other interresidue NH-C_H and NH-NH NOEs which are
summarized in Table IV and shown for peptide III in the NH
region in Figure 6a, are typical of those expected for two
antiparallel strands forming a 8 sheet (Figure 7). It must
be noticed that all the expected interstrand NOEs are observed
for peptide III and IV (Table IV and Figure 8). All the above
data lead us to propose that the structure of 11T and IV is based
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on an antiparallel 3 sheet involving sequences 80-82 and 87-89
for peptide 111 and sequences 78-82 and 87-91 for peptide
IV. As a sheet structure is stabilized by interstrand hydrogen
bonds with an antiparallel orientation of the successive NH
bonds, each strand is characterized by an alternation of bonded
and nonbonded NH’s. Therefore, temperature-induced var-
iations of the chemical shifts of the various NH’s should reveal
an alternation of low and high temperature coefficients, re-
spectively. Experimentally, residues 81 and 83 in peptide III
and residues 79 and 83 in peptide IV have low temperature
coefficients (Figure 9 and Table II), but the situation is less
clear for the other residues such as 88 in peptide III or 81,
88, and 90 in peptide IV. Taking into account the interstrand
NOEs which indicate that these NH’s point toward the
“interior” of the sheet, we conclude that they are engaged in
weaker hydrogen bonds than the other hydrogen-bonded NH'’s.
This latter conclusion is confirmed by a solvent titration in
DMSO-chloroform mixtures (the four peptides are insoluble
in pure chloroform). Examination of Table V in which the
dependence of the chemical shifts of the NH’s of III are
gathered reveals that when the amount of chloroform is de-
creased, the NA's which are expected to be nonbonded show
a strong downfield shift while the others do not or slightly move
upfield. That Val-88 NH has an intermediate behavior sug-
gests that it is engaged in an hydrogen bond but in a weaker
manner than those of the other residues such as Leu-81 or
Tyr-83.

The existence of an antiparallel 3 sheet implies the presence
of a chain reversal located in the 83—86 sequence. Several
arguments suggest that the reversal is made of a 8 turn. In-
deed, (i) it contains four residues, (ii) the NH of Gly-86, which
shows a positive or close to zero A§/AT, points toward the
interior of the sheet, and (iii) the *Jxg-c_y coupling constant
of residue 84 is small as expected for a residue in position i
+ 1 of a 8 turn. Furthermore, according to Chou and Fasman
(1978), a sequence with Ser-84 and Gly-86 which correspond
to positions 7 + 1 and / + 3 of the turn is a very favorable
situation for a 8 turn. Certain data such as the strong Ser-84
C.H-Thr-85 NH NOE suggest that it could be of the II type.
However, the temperature coefficient of the Thr-85 NH
(residue i + 3 of the turn) (see Table II) suggests that this
group could also participate in an hydrogen bond while it is
expected to be free in a classical 8 turn. Such a situation is
reminiscent of that observed by Gierasch et al. (1981) for
cyclo-(Gly-Pro-Gly),. These authors proposed a particular
type of 8 turn in which the carbonyl group of residue i is
engaged with two NH’s, those of residues i + 2 and i + 3. For
the peptides considered here, this corresponds to the Tyr-83
carbonyl (residue /) which is involved in two hydrogen bonds
with the NHs of Thr-85 (residue i + 2) and Gly-86 (residue
i + 3). The finding of a strong Thr-85 NH-Gly-86 NH NOE
favors this particular feature of the 8 turn. In addition, from
the temperature coefficients of the OH’s of residues Ser-84,
Thr-85, and Thr-87 (A§/AT X 10° = 9.8, 3.4, and 5.1, re-
spectively), it appears that for peptide IV the OH of the Thr-85
residue could also participate in a hydrogen bond. Exami-
nation of molecular models leads to the proposal of a Ser-84
CO-Thr-85 OH hydrogen bond as the most probable situation
to account for the above observation. The finding of a Thr-85

Table V: Dependence of NH Chemical Shifts (6pmso/cpc; — dpmso) on Solvent Composition in CDCl;/DMSO Mixture (2/1) for Peptide 111

(The Peptides Are Insoluble in Pure Chloroform)

residue
Leu-81 Arg-82 Tyr-83 Ser-84 Thr-85 Gly-86 Thr-87 Val-88 Cys-89
Aé (ppm) +0.09 -0.36 -0.04 -0.67 +0.08 +0.23 -0.54 -0.15 -0.5
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BH-Gly-86 NH NOE is in full agreement with such a feature
of the Thr-85 side chain.

The Model. All the data discussed above lead us to propose
for peptides III and IV the models shown in Figure 8. As
already mentioned, the antiparallel strands are characterized
by an antiparallel disposition of successive NH bonds and
therefore successive CO bonds. Thus, owing to chirality of

the residues, all residues have of course the L chirality, and
the side chains point alternatively up and down from the mean
plane of the sheet. For example in peptide IV those of Cys-78,
Thr-80, Arg-82, Thr-87, Ser-89, and Cys-91 point down while
the others, except those of the residues forming the turn, point
up. Thus, the disulfide bridge is located on the same side as
the polar side chains.



RENIN PEPTIDES:

(o]
(o]

|

\I

y \8/0
\I\

o
FO
—Z
=0
z

g :

o I 4

H o H T
| I |

o--—— —

I

N C
I

H O

__I -_--_-
=—T 20

=
(o]
Ir—=z
o=0
(o]
I—=z=
o=0

FIGURE 7: Schematic representation of a typical antiparallel 8 sheet.
Dashed lines and arrows represent the characteristic hydrogen bonds
and all the interstrands NOES, respectively.

This model holds true for peptide II at least in the turn
region with a pronounced ability to induce the formation of
the antiparallel 8 sheet structure as revealed by the finding
of an Arg-82 C ,H-Thr-87 C_H NOE. A precise extension
of this sheet structure could not be established due to the
overlapping of the Thr-80 and Ser-89 C,H resonances (see
Table III). Concerning peptide I, as no interstrand NOEs
could be detected, it is probably very flexible however with
the presence of the 8 turn as suggested by the similarities
between the temperature coefficients of peptides I and II
especially for Ser-84 (see Table II).

PEPTIDES ANTIGENICITY: RECOGNITION BY RENIN
ANTIBODIES

The ability of all four peptides to bind polyclonal human
renin antibodies was tested by ELISA and the results are
gathered in Table VI. It clearly appears that the linear
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Table VI: Recognition of Peptides by Polyclonal Human Anti-Renin
Antibodies?

renin
antiserum  peptide I  peptide I  peptide III  peptide IV

R11 <2 <2 <2 <2
R12 <2 <2 4.7 5.8
R14 <2 <2 5.6 4.6
R15 <2 <2 7.9 5.3
R21 <2 <2 43 4.2
R22 <2 <2 6.8 5.6
R24 <2 <2 5.9 4.7
R25 <2 <2 7.0 9.2
R26 <2 <2 5.7 7.5
Donc <2 <2 5.2 9.1
Bof <2 <2 9.2 8.3

“The ELISA was performed as described under Materials and
Methods. Results are expressed as 4/A4, ratio. Ratio < 2 is inter-
preted as nonsignificant binding.

peptides (I and IT) were not recognized by any renin antibodies
while the two cyclic compounds were. These results call for
several comments. They suggest that both cyclic peptides
adopt a conformation possibly similar or very near to that of
the flap of human renin. Moreover the cyclic flap peptides
are recognized by all the renin antibodies, indicating that the
flap seems to overlap an important antigenic region of human
renin. It is noteworthy that the nonlocked models (peptides
I and II), which still contain the turn region in their structure,
are not recognized by the antibodies. This may suggest that
recognition by renin antibodies requires the presence of two
antiparallel strands bearing probably some antigenic residues.
This latter point questions the role of the turn. Is it necessary
for immune recognition or does it only exist for the stability
of the 8 structure? Work is now in progress to elucidate this
point.

Ser 84 H ~C— c// c’—H Thr 85

Tyr 8 H=— c—H Gly 86

/ \ \
o=cC N—H
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Arg 82 s \» W
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°=°\ /"
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Hy N
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s N
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FIGURE 8: Schematic drawing of the proposed conformations for peptides I1I and IV. Dashed lines represent hydrogen bonds and arrows observed

interstrands NOEs; asterisks (*) represent observed NOEs in peptide II.
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Coefficients of peptide I are not represented for clarity because they
are very close to that of peptide II.

CONCLUSIONS

From the above investigations it can be concluded that the
two cyclic peptides adopt in DMSO a secondary structure close
to that expected in human renin while the linear ones are more
flexible. The B hairpin loop structure is strongly stabilized
by the presence of a disulfide bridge which acts in a similar
manner as the remainder of the protein as revealed by the
ability of cyclic peptides to bind human renin antisera.
Therefore these peptides are good tools to verify the concept
of using peptides, i.e., small segments of a protein, as haptens.
These haptens may be used for the detection of predicted
proteins from their gene sequences as well as for mapping of
proteins in view of obtaining synthetic vaccines.
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