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In connection with the relationship between the conformation and solubility of peptide intermediates
having polar side chains, IR spectroscopic conformational analysis of peptide fragments of human hemoglobin

a-chain (123-136) was performed in dichloromethane.

In dichloromethane, the conformational behavior

of the peptide fragments was, in essence, dependent on their amino acid sequences, and Boc-Ser(Bzl)-Thr(Bzl)-
Val-Leu-OPac through Boc-Ala-Ser(Bzl)-Val-Ser(Bzl)-Thr(Bzl)-Val-Leu-OPac had predominantly unordered
structures including some intramolecular hydrogen bonds, while Boc-Ala-Ser(Bzl)-Leu-Asp(OBzl)-Lys(Z)-
Phe-Leu-OPac had successive intramolecular hydrogen bonds, probably corresponding to an a-helical struc-
ture. On the other hand, in carbon tetrachloride, the conformation of Boc-Val-Ser(Bzl)-Thr(Bzl)-Val-Leu-
OPac and Boc-Ser(Bzl)-Val-Ser(Bzl)-Thr(Bzl)-Val-Leu-OPac had a typical B-sheet structure. These results are
discussed on the basis of the amino acid sequences of the peptide fragments.

One of the serious problems in protein synthesis
by the classical solution method is the low yields of
the fragment condensation reactions, along with the
decrease in the solubility of peptide intermediates
with the increase in peptide chain length. In fact,
Hofmann and coworkers? reported that the azide
condensation of tetraeicosapeptide with heptapenta-
contapeptide gave ribonuclease T (24-104) only in
5% yield. The extreme decline in coupling yields
with increasing peptide chain length was presumed
to be caused by conformational factors. The reactive
ends of the peptides may become sterically hindered
because of folding into the peptide chain. Since
conformational stability can be expected to increase
with increasing chain length, conformation may be-
come the overriding factor influencing the coupling
yields. In synthetic studies of peptides and pro-
teins, however, conformational analysis in solution
has seldom been performed,3® since the role of
the polar amino acid residues in the conformational
behavior of peptide fragments is complicated. This
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is in contrast with the fact that conformational
analyses of homo- and sequential peptides have been
widely carried out.6—9

In relation to the problem of the extreme decrease
in the solubility and reactivity of peptide inter-
mediates with increasing peptide chain length, we
have developed the solubility-improvement®:1® and
solubility-prediction methods!? and proposed the
design method of the synthetic route for peptides
and proteins based on the solubility prediction
method.’? In connection with the relationship be-
tween the conformation and solubility of peptide
intermediates having polar side chains, we here
report IR spectroscopic conformational analysis of
peptide fragments of human hemoglobin a-chain
(123-136) in dichloromethane, which is most com-
monly used in solid phase peptide synthesis and is
the best solvent for coupling reactions when peptide
intermediates are soluble. Our concern in this paper
is to elucidate the role of polar amino acid residues
in the conformational behavior of peptide fragments.
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1 Boc-Ala-Ser(Bzl)-Leu-0Pac

3 Boc-Ala-Ser(Bzl)-Les-Asp(0B2i)-Lys(Z)-Phe-Leu-0Pac

S Boc-Val-Ser(BzN-Thr(BzD-Val-Leu-0Bz!

7 Boc-Ala-Ser(Bzl)-Val-Ser Bz )-Thr(Bz)-Val-Leu-0Bz!

Fig. 1.
the peptides 1—7 used in this study.
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2 Boc-Asp(0Bzl)-Lys(Z)-Phe-Leu-OPac

4 Boc-Ser(Bzl)-Thr(Bzl)-Val-Leu-0B2]

6 Boc-Ser(Bzl)-Val-Ser(Bzl)-Thr(Bal)-Yal-Leu-082l

The amino acid sequence of human hemoglobin a-chain (123-136) and
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The amino acid sequence of human hemoglobin
a-chain (123-136) corresponds to the partial sequence
of the helical H region (Fig. 1).13.19 Figure 1 also
illustrates the protected peptide fragments 1—7 used
in this study.

Experimental

Materials. The preparation of the samples of human
hemoglobin a-chain (123-136) fragments will be reported
elsewhere. The purity of the peptides was confirmed by
amino acid and elemental analyses. The peptides also gave
a single peak on HPLC.

IR Measurements. The IR absorption spectra of the
samples in dichloromethane were recorded at room
temperature with a JEOL Model JIR-100 FT-IR spectro-
meter by employing 0.5 mm- and 5 mm-path length cells
with potassium bromide windows.

Results

IR Absorption Spectra of the Tripeptide 1, the
Tetrapeptides 2 and 4, and the Pentapeptide 5 in
Dichloromethane. The peptides 1, 2, 4, and 5 are
easily soluble in dichloromethane, and their IR
absorption spectra were obtained over a wide range of
concentration (0.10—10 mM (1 M=1 mol dm-3)). In
Fig. 2, we show the N-H stretching bands of the
peptides 1, 2, 4, and 5 in dichloromethane and clearly
see two distinct bands around 3425 and 3360 cm~! over
the entire concentration range. The 3425-cm~1band is
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Fig. 2. IR absorption spectra in the amide A region
of the tripeptide 1, the tetrapeptides 2 and 4, and
the pentapeptide 5 in dichloromethane over the
wide range of concentrations (0.10—10mM). a: 0.10
mM, b: 1.0 mM, c: 10 mM.

Mitsuaki Narita, Masamitsu Doi, and Takao Nakar

[Vol. 60, No. 9

clearly due to the free N-H stretching vibration, while
the 3360-cm~! band is due to a hydrogen-bonded
species.3:4.6-8.19  Since the intensities of these two
bands show little dependence on concentrations, the
3360-cm™! band is mainly attributed to the intramo-
lecular hydrogen-bonded species. The band around
3440 cm™! of the peptide 2 is assigned to the free N-H
stretching band of the side chain urethane group of
the Lys residue. The IR absorption spectra in the
amide I region of the peptides 1, 2, 4, and 5 are also
illustrated in Fig. 3. Their IR spectra measured over
the wide range of concentration show the bands
around 1755—1740, 1711—1707, and 1678—1670 cmn—1,
corresponding to the Pac and Bzl ester carbonyl, Boc
urethane carbonyl, and amide carbonyl groups,
respectively. The absorption band around 1690 cm—!
of the peptide 1 may be attributed to the Pac ketone
carbonyl group. The band around 1718 cm~! of the
peptide 2 is also assigned to Z urethane carbonyl
group free from hydrogen bonding. The amide car-
bonyl bands of the peptides 1, 2, 4, and 5 also showed
little dependence on concentration (0.10—10 mM).
IR Absorption Study of the Hexapeptide 6 in
Dichloromethane. The IR absorption spectra in the
N-H stretching region of the peptide 6 in dichloro-
methane (0.10—10 mM) are shown in Fig. 4A. Those
in the amide I region are also shown in Fig. 4B. At
lower concentrations, the spectral patterns of the
peptide 6 are essentially the same as those of the
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Fig. 3. IR absorption spectra in the amide I region
of the tripeptide 1, the tetrapeptides 2 and 4, and
the pentapeptide 5 in dichloromethane over the
wide range of concentrations (0.10—10 mM). a: 0.10
mM, b: 1.0 mM, c: 10 mM.
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Fig. 4. IR absorption spectra of the hexapeptide 6
in dichloromethane over the wide range of concen-
trations (0.10—10 mM). A: The amide A region, B:
the amide I region. a: 0.10 mM, b: 1.0 mM, c: 10 mM.
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Fig. 5. IR absorption spectra of the heptapeptide 3
in dichloromethane over the wide range of concen-

trations (0.10—10 mM). A: The amide A region, B:

the amide I region. a: 0.10 mM, b: 1.0 mM, c: 10 mM
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Fig. 6. IR absorption spectra of the heptapeptide 7
in dichloromethane (below 0.1 mM, saturated con-

centration). A: The amide A region, B: the amide I
region.
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peptides 4 and 5, while at the high concentration, the
concentration-depending absorption bands appear
around 3300 cm-! and at 1637 cm™1, suggesting the
onset of a B-sheet structure.3.4:6-8.19 In fact, the IR
absorption spectra of the peptides 5 and 6 in carbon
tetrachloride (5: 2mM, 6: ca. 0.1 mM, saturated
concentration) have the bands at 3280—3278, 1695,
and 1635—1631 cm™!, indicating an antiparallel 8-
sheet structure.3:4:6-8.15,16)

IR Absorption Spectra of the Heptapeptides 3 and 7
in Dichloromethane. The IR absorption spectra in
the N-H stretching region of the peptide 3 in
dichloromethane (0.10—10 mM) are shown in Fig. 5A.
We also see two distinct bands at 3425 cm-! and
around 3325 cm~1! over the entire concentration range.
Again, the 3425-cm-! band is due to the free N-H
stretching vibration, while the band around 3325 cm-!
is due to a hydrogen-bonded species. The intensity of
the hydrogen-bonded band (Fig. 5A) is little depend-
ent on concentration, indicating it is nearly free from
intermolecular hydrogen bonding. The positions and
intensity ratios of the carbonyl bands (Fig. 5B) are also
independent of concentration (0.10—10 mM). As-
signment of each band at 1743, 1707, and 1666 cm~! is
essentially the same as that of the peptides 1, 2, 4, and
5. Figures 6A and 6B show the IR absorption spectra
in the amide A and amide I regions of the peptide 7 in
dichloromethane (below 0.1 mM, saturated concentra-
tion), respectively. The free N-H stretching band also
appears at 3425cm™!, while the hydrogen-bonded
band of the peptide 7 shifts to a higher frequency
(3344 cm™!) than that of the peptide 3 (3325 cm™!).
The absorption bands in the amide I region appear at
1743, 1701, and 1670 cm™1.

Discussion

With respect to conformational analysis of Boc-
Leus—OBzl and Boc-Leus—OBzl in dichloromethane,
in a previous paper,!? we showed that the positions
and intensity ratios of the bands at 3430—3420 and
3350—3320 cm™! are nearly independent of concentra-
tion and that the absorptions of the three free N-H
groups in Boc-Leus~OBzl and Boc-Leus-OBzl are
almost clearly comparable with similar absorption in
Boc-Leu3-OBzl. On the basis of these results, we
suggested the occurrence of successive intramolecular
hydrogen bonds like incipient a-helical structures in
Boc-Leus-OBzl and Boc-Leus-OBzl. In Fig. 2, the
positions and intensity ratios of the bands around
3425 and 3360 cm—! are also nearly independent of
concentrations, and the 3360-cm—1 band is thus to be
attributed to intramolecular hydrogen-bonded species.
Compared to the intensity ratios of the hydrogen-
bonded N-H absorption to the free N-H absorption
(Au/Ar) for Boc-Leus-OBzl and Boc-Leus-OBzl,
however, those for the peptides 2, 4, and 5 are
relatively small, indicating that the hydrogen-bonded
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species of the latter are different from those of the
former. The same conformational behavior is also
observed in the hexapeptide 6 at lower concentrations
(Fig. 4A), being in contrast to the fact that
Boc-Leu-Pro-Leus-OBzl develops successive intra-
molecular hydrogen bonds in dichloromethane.!?
This different conformational behavior is clearly
attributed to the low potential of the peptides 2 and
4—6 for the formation of an a-helical structure.
The helical structure of the peptides 5 and 6 in
dichloromethane may be unstable due to repulsion
among CF-branched Val and Thr(Bzl) residues,
although the sequence of -Ser-Val-Ser-Thr-Val-
Leu- is included in the helical H region of human
hemoglobin a-chain.!¥  Furthermore, interactions
among protected polar side chains and peptide bonds
disturb the formation of an a-helix or B-sheet
structure, leading to an unordered structure. Thus,
the conformations of the peptides 1, 2, and 4—6 are
inferred to be unordered structures including intra-
molecular hydrogen bonds among protected polar
side chains and peptide bonds. At the high
concentration (10 mM), the peptide 6 in dichloro-
methane indicates the onset of a B-sheet structure, and
the conformations of the peptides 5 and 6 in carbon
tetrachloride of low polar solvent are indeed typical
B-sheet structures. The results in carbon tetrachloride
exhibit that the structures of the peptides 5 and 6 in
carbon tetrachloride are the same as those in the solid
state.1® Further development of interpeptide-chain
interactions through hydrogen bonds with increase in
peptide chain length gives rise to the severe
insolubility of peptides in carbon tetrachloride.

On the other hand, the conformational behavior of
the heptapeptide 3 in dichloromethane is in contrast
to that of the hexapeptide 6 and the heptapeptide 7.
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Over the entire range of concentrations, the positions
and spectral patterns of the N-H and C=0 absorption
bands are independent of concentrations and resemble
those of Boc-Leuz-Pro-Leus-OBzl in dichlorometh-
ane,!” which is inferred to have a large contribution of
a-helical structure. For the purpose of elucidating the
intramolecularly hydrogen-bonded species, the IR
difference spectra between the peptides 3 and 1 and
between the peptides 3 and 2 were examined in the
amide A and amide I regions (Figs. 7A and 7B). In the
difference spectrum between the peptides 3 and 1, the
shoulder band around 3440 cm-! is also assigned to
the free N-H stretching band of the side chain
urethane group of the Lys residue, and the band
around 1720cm~! to the corresponding urethane
carbonyl group. On the other hand, the IR difference
spectrum between the peptidés 3 and 2 shows a
negative band at 1720 cm~!, indicating that the Z
urethane carbonyl group of the peptide 3 is subjected
to hydrogen bonding more than that of the peptide 2.
Although both IR difference spectra in the amide A
region still show the existence of a small amount of
the free N-H stretching vibration, the bands at 3323—
3321 and 1664—1662 cm-! strongly suggest a large
contribution of successive intramolecular hydrogen
bonds similar to an a-helical structure.!” With respect
to the conformational behavior of the peptide 7, the
spectrum in the amide A region indicates an increase
of hydrogen-bonded species, compared to the peptides
5 and 6. Since the spectrum in the amide I region
shows no band around 1635 cm™1, the increase in the
band at 3344 cm—! probably corresponds to the
increase in the intramolecular hydrogen-bonded
species, suggesting the onset of an a-helical structure
around N-terminal portions. The conformational
behavior of the peptides 3 and 5—7, which are equal
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Fig. 7. IR difference spectra between the peptides 3 and 1 and between the pep-

tides 3 and 2 (1.0 mM). A: The amide A region, B: the amide I region.
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to or larger than a pentapeptide, clearly reflects their
potential for the formation of an a-helical structure
and are estimated using the average helix conforma-
tion {P,) values!? of each peptide as discussed for the
effect of shear stress on conformational behaviors of
the peptides 3 and 5—7 in the solid state.1®
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