August, 1986] © 1986 The Chemical Society of Japan

Bull. Chem. Soc. Jpn., 59, 2445—2449 (1986) 2445

Infrared Absorption Study of Human Proinsulin
C-Peptide Fragments in Dichloromethane

Mitsuaki NArITA,* Toshihiko OGura, Kazuhiro Sato, and Shinya HonpA
Department of Industrial Chemistry, Faculty of Technology, Tokyo University of
Agriculture and Technology, Koganei 184
(Received March 20, 1986)

In connection with the relationship between the conformation and solubility of peptide intermediates
having polar side chains, IR spectroscopic conformational analysis of human proinsulin C-peptide fragments
was performed in dichloromethane. The polar amino acid residues involved in the peptide fragments are
Glu(OBzl), Asp(OBzl), Gln, and Ser(Bzl). Especially, the N-H stretching absorption spectra have been explored
over a wide range of concentration. Based on the concentration dependence of the N-H stretching bands, it has
been shown that the characteristic N-H stretching band around 3330 cm™! is due to the intramolecular hydrogen
bond. Intermolecular hydrogen bonding also occurs to a small extent in these peptides, giving rise to a slight
concentration dependence of the N-H stretching bands. Conformational behaviors of oligopeptides having
protected polar side chains of the Glu(OBzl) and Asp(OBzl) residues are just the same as those of the correspond-
ing homooligo(Leu)s, indicating that the protected polar side chains do not disturb conformational behaviors
of the oligopeptides. Conformational analysis of the peptide in dichloromethane, which contains the Pro
residue and has a high potential for the formation of an a-helical structure, distinctly suggests that the Pro
residue near the N-terminal in the peptide has the great ability to promote successive intramolecular hydrogen
bonds, probably corresponding to the a-helical structure of the peptide.

In connection with the design of the synthetic
route for peptides and proteins based on the solu-
bility prediction method,?=¥ it is quite interesting to
investigate conformational behaviors of peptide inter-
mediates in solution since the investigation offers
useful information for the solubility prediction of
peptide intermediates. In the previous paper,? we re-
ported IR spectroscopic conformational analysis in
the solid state of human proinsulin C-peptide frag-
ments. Here, we report their IR spectroscopic confor-
mational analysis in dichloromethane, which is
commonly used in conventional solid-phase peptide
synthesis.5:® Especially, in this paper, we give atten-
tion to the role of the Pro residue in solubility im-
provement of peptide fragments containing the Pro
residue.

The Pro residue is well recognized to a strong helix
and B-sheet breaker and plays an important role
in stopping the development of helix and B-sheet
structures in peptides and proteins.”-19 In fact, the
insertion of the Pro residue into oligo(Leu)s caused
“the peptide segment separation” in the solid state
and achieved remarkable solubility improvement of
peptides in a variety of organic solvents.!'-19 The
effect of the Pro residue on increasing solubility of pep-
tide intermediates was also confirmed in human pro-
insulin C-peptide fragments.?

On the other hand, the values of the backbone dihe-
dral angles ¢ and ¢ of the Pro residue are severely
restricted to be ¢=—60°%+10°, ¢=—30°1+20°, and
6=—60°%10°, Yy=—120°120° due to the low flexibility
of the pyrrolidine ring in the Pro residue.¥ In our
recent papers,!5:1® we demonstrated the great ability
of the Aib residue to promote helical folding in pep-
tides due to the short-range interactions by van der
Waals repulsions and subsequently proposed that
the restriction of the dihedral angles was one of im-

portant initiation mechanisms of helical folding in
the natural proteins. One of our purposes in this
paper is also to investigate the ability of the Pro resi-
due to promote helical folding in oligopeptides in
solution.

Experimental

Materials. Samples of human proinsulin C-peptide frag-
ments are those prepared in the previous papers.?2 The
purity of the peptides was confirmed by the amino acid and
elemental analyses. The peptides also gave a single peak on
HPLC. The peptide fragments used in this study are in the
following: Boc-Glu(OBuzl)-Ala-Glu(OBzl)-Asp(OBzl)-Leu-
OPac (1), Boc-Leu-Ala-Leu-Glu(OBzl)-Gly-OPac (2),
Boc-Gly-Gly-Pro-Gly-Ala-Gly-OPac (3), Boc-Ser(Bzl)-
Leu-GIn-Pro-Leu-Ala-Leu-Glu(OBz1)-Gly-OPac (4),
and Boc-Ser(Bzl)-Leu-GIn-OPac (5).

IR Measurements. The IR absorption spectra of the sam-
ples in dichloromethane were recorded at room temper-
ature with a JEOL Model JIR-100 FT-IR spectrometer by
employing 0.5 mm- and 5 mm-path length cells with potas-
sium bromide windows.

Results

IR Absorption Study of the Pentapeptide Fragments
1 and 2 in Dichloromethane. Conformational anal-
ysis of peptide fragments having polar side chains
is quite interesting in order to elucidate the role of
protected polar amino acid residues in conforma-
tional behaviors of peptide fragments in dichloro-
methane. As reported in the previous paper,? the
pentapeptides 1 and 2 are easily soluble in dichloro-
methane, and their IR absorption spectra are easily
obtained over a wide range of concentration (1.0X
10~4—10-2 M". In Fig. 1, we show the N-H stretch-
ing bands of both peptides in dichloromethane and
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Fig. 1. Concentration dependence of the N-H stretch-

ing bands in the IR absorption spectra of the
peptides 1 and 2 in dichloromethane.
1.0X10—2 M, : 1.OX103 M, —: 1. 0XIO‘4M
a: The peptide 1; b: the peptide 2.
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Fig. 2. Concentration dependence of the IR absorp-
tion bands in the amide I region of the peptides
1 and 2 in dichloromethane. 1.0X10—2 M,
1.0X10-3 M, —: 1.0X10~*M. a: The
peptide 1; b: the peptide 2.
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Fig. 3. Concentration dependence of ‘the N-H stretching bands in the

IR absorption spectra of the peptides 3—5 in dichloromethane.
: 1.0X10-3M, —: 1.0X10—* M. a: The pepude3

1.0X10—2 M,
b: the peptide 4; c: the peptide 5.

clearly see two distinct bands at 3420 and 3330 cm™!
over the entire concentration range. The 3420 cm—?
band is clearly due to the free N-H stretching vibra-
tion, while the 3330 cm~! band is due to a hydrogen-
bonded species.1"19  Since the intensities of these two
bands show little dependence on concentrations, the
3330 cm=! band is attributed mainly to the intramo-
lecular hydrogen-bonded species, accompanied by a
slight contribution from intermolecular hydrogen bond-
ing. The IR absorption spectra in the amide I region
of the peptides 1 and 2 in dichloromethane are also
illustrated in Fig. 2. The IR spectra of both pep-
tides measured over the wide range of concentrations

show the bands around 1760, 1733, 1706, and 1675
cm~!, corresponding to the Pac ester carbonyl, Bzl
ester carbonyl, Boc urethane carbonyl, and amide
carbonyl groups, respectively. The Pac ketone carbon-
yl group is estimated to have the absorption band
around 1685 cm™!, overlapped with the amide carbon-
yl group. The amide carbonyl band also showed little
dependence on concentration (1.0X104—10-2M).

IR Absorption Study of the Hexapeptide 3, Nona-
peptide 4, and Tripeptide 5 in Dichloromethane.
The IR absorption spectra in the N-H stretching re-
gion of the peptides 3—5 in dichloromethane (1.0X
10-¢—10-2M) are shown in Fig. 3. We also see two
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Fig. 4. IR absorption spectra in the amide A and
amide I regions of the peptides 4 and 5 in di-
chloromethane (1.0X10-4 M), —-—-— : The peptide
4, -————-: the peptide 5, —: IR dlfference spectra
for the peptides 4 and 5. a: The amide A region;
b; the amide I region.

distinct bands at 3435—3425cm™! and around 3370
or 3330cm~! over the entire concentration range.
The peptides 4 and 5 have the additional absorption
band at 3487 cm~! corresponding to the side-chain
amide group, which is free from hydrogen bonding.
Again, the 3430cm~! band is due to the free N-H
stretching vibration, while the bands around 3370—
3330 cm™! are due to hydrogen-bonded species. The
intensities of the hydrogen-bonded band of the pep-
tide 3 (Fig. 3a) are more dependent on concentra-
tion than the intensities of the band at 3330 cm™! of
the peptides 1, 2, 4, and 5 (Figs. 1, 3b, and 3c¢), indi-
cating that the peptide 3 is accompanied by more
contribution from intermolecular hydrogen bonding
than the peptides 1, 2, 4, and 5. Figures 4a and 4b
show the IR absorption spectra in the amide A and
amide I regions of the peptides 4 and 5 in dichloro-
methane (1.0X10-¢M). The amide carbonyl band
also showed little dependence on concentration (1.0X
10—4—10-2M) (not shown). Assignment of each band
in the amide I region of the peptides 4and 5 is essential-
ly the same with that of the peptides 1 and 2. In
Figs. 4a and 4b, the IR difference spectra for both
peptides are also represented. The spectra indicate
the disappearance of the free N-H stretching vibra-
tion and clear-cut features of absorption bands at
33231 and 1658cm™!, probably assigned to the a-
helical structure.17-19

Discussion

Contrary to the fact that the pentapeptides 1 and
2 in the solid state have the B-sheet structure,? in
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dichloromethane, the clear conformational transfor-
mation from intermolecular to intramolecular hy-
drogen bonding takes place in both peptides. The
N-H stretching absorption band at 3330 cm™1 of the
peptides 1 and 2 shows little dependence on concen-
tration, indicating a slight contribution from inter
molecular hydrogen bonds, which are apparently
different from the intermolecular hydrogen bonds in
the solid state assigned by the band at 3270 cm~! (8-
sheet). Their conformational behaviors both in the
solid state and in dichloromethane are just the same
as those of Boc-Leus~OBzl and Boc-Leus-OB¢],20
indicating that the protected polar side chains of the
Glu(OBzl) and Asp(OBzl) residues do not disturb the
conformational behaviors of the pentapeptides 1 and
2 both in the solid state and in dichloromethane.
Since the IR difference spectrum in dichlorometh-
ane for Boc-Leus-OBz] and Boc-Leus-OBzl suggests
that the conformation formed by the intramolecular
hydrogen bonds of Boc-Leus-OBzl appears to be a
helical structure in dichloromethane,2® the confor-
mation of the peptides 1 and 2 is assumed to be the
helical structure in dichloromethane. A little concen-
tration dependence of the peptides 1 and 2 is assum-
ed to be mainly due to intermolecular hydrogen
bonds between the free N-H and C=O groups in
the helical structure. On the other hand, Boc-GIn-
Val-Glu(OBzl)-Leu-Gly-OPac 6, which is also the
partial sequence of the C-peptide, has the B-sheet
structure in the solid state and it is insoluble in di-
chloromethane.2:9 The insolubility represents that, in
dichloromethane, the conformational transformation
from intermolecular to intramolecular hydrogen
bonding does not take place in the pentapeptide 6.
The insolubility is probably due to intermolecular
hydrogen bonds through the Gln side-chain amide as
reported for oligopeptides containing the Asn residue,2?
and the intermolecular hydrogen bonds may interrupt
the conformational transformation from intermolec-
ular to intramolecular hydrogen bonding in dichloro-
methane.

With respect to the role of the Pro residue in con-
formational behaviors of peptides containing the
Pro residue, as reported in the previous papers,2:4
the peptides 3 and 4 in the solid state, which contain
the Pro residue in central positions in the peptide
chains, have strong bands at 3290—3270 and 1635—
1630 cm™!, accompanied by strong broad shoulders
at 1700—1650 cm™! in the amide I region, indicating
the disturbance of the B-sheet structure by the rotation
of the tertiary peptide bond planes (Gly-Pro and Gln-
Pro). In the solid state, the role of the Pro residue in
conformational behaviors of the peptides 3 and 4
is just the same as that of oligo(Leu)s as reported
in previous papers.1'=13 In dichloromethane, each
Pro residue in the hexapeptide 3 and the nonapep-
tide 4 clearly plays a different role in conforma-
tional behaviors of both peptides. When we compare
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Fig. 5. a-Helical structure of the peptide 4. Circles
containing abbreviations for amino acids represent
C*® atoms for each amino acid.

solubility of the peptide 3 with that of Boc-Glys-
OBz1,22 the solubility improvement in the peptide
3 by the Pro residue is quite significant. The Pro
residue in the peptide 3 clearly disturbs the develop-
ment of the B-sheet structure in dichloromethane.
The peptide 3 contains the four Gly residues, and
each Gly residue can explore a large conformational
space,22:2¥ thus inducing a high flexibility to the
peptide chain. Actually, the wide range of hydrogen
bonded N-H stretching band and concentration de-
pendence of the peptide 3 indicate that the peptide
3 in dichloromethane contains many kinds of inter-
molecular and intramolecular hydrogen bonds and
exists in more than one conformation. On the other
hand, the conformational behaviors of the peptide
4 in dichloromethane, which has polar side chains,
are just the same as those of Boc-Leus-Pro-Leus-
OBl (7),29 and the IR difference spectrum for the pep-
tides 4 and 5 (Fig.4) suggests that the peptide 4 ap-
pears to have successive-intramolecular hydrogen
bonds, probably corresponding to the a-helical struc-
ture as shown in Fig. 5. This is in remarkable con-
trast with the fact that Boc-Leu-Ala-Leu-Glu(OBzl)-
Gly-Ser(Bzl)-Leu-GIn-OPac (8), which is also the
partial sequence of the C-peptide and has the very close
amino acid sequence with the peptide 4, has the -
sheet structure in the solid state and is insoluble in
dichloromethane.2-9 The peptides 4 and 7 have high
parameters for a-helix formation, and their <P.>
values?? are 1.12 and 1.25, respectively. In fact, the pep-
tide 4 is included in one of helical regions in human
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Fig. 6. Role of the Pro residue in dissolving process
of the peptide 4. a: In the solid state; b: solvating
process.

proinsulin.?® In comparison with the conformational
behaviors of the peptide 8, the IR difference spectra
for the peptides 4 and 5 in dichloromethane clearly sug-
gest that the Pro residue, which exists in near the N-
terminal portion in the peptide having a high potential
for the formation of the a-helical structure, plays an
important role in helical folding in the peptide. Figure
6 represents the role of the Pro residue in dissolving
process of the peptide 4. The Pro residue in the pep-
tide 4 clearly disturbs the development of the B-sheet
aggregation in the solid state by the rotation of the
tertiary peptide bond plane (Gln-Pro) and facilitates
solvation of the peptide chain. Thus, the restriction of
the values of the backbone dihedral angles ¢ and  of
the Pro residue appears to promote helical folding in
dichloromethane of the peptide 4.
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