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A 12-residue peptide (R'G*T’F'W*V°® d-P'S*V’N"Y"'F'?, B2) with cross-strand amino acid pairs V°V?’,

F'Y'" and Y’F'2, predicted to form B-hairpin, was designed and synthesized by Fmoc /Bu' strategy. The circular dichro-

ism spectrum of 32 in PBS buffer shows a maximum at about 202 nm and a minimum at about 217. 5 nm, a typical

B-hairpin characteristics that have been postulated as the common contribution from a SB-turn mixed with a B-sheet.

The FTIR experiments confirmed the secondary structural contents of (2.
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Designing peptide with a predictable folding pat-
tern is of great interest at present, which is helpful to
discover the forces determining protein folds and sta-
bility'"?!. Helices and S-sheet, being suggested as the

nucleation sites of protein folding®*’

, are the major
elements in native proteins. Because S-sheet tends to
aggregate in aqueous solution, it is difficult to dis-
cover the folding disciplinary of g-structure. A
[B-hairpin, constructed by two segments of antiparallel
B-strand connected with a B-turn, was a simple tem-
plate to study the interaction between antiparallel

21

sheets?' . Several B-hairpin sequences from the frag-

ments of native protein or modified ones were re-

ported in recent years' >,

and most of them were

stabilized using organic reagents, such as TFE and
alcohol. According to the reports, factors, like B-turn
type,
drophobic interaction are important in S-hairpin for-

long-range interaction between sheets, hy-

mation. Obviously, the solvent effects also play im-

portant roles in B-hairpin stability, which were dis-
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cussed in most of recent reports" 2!

. Here we report
a designed 12-residue [B-hairpin whose strands were
constructed with cross-strand amino acid pairs F'Y"
and V°V’ to strengthen the side chain interactions
across strands. The peptide was synthesized by solid
phase peptide synthesis strategy using Fmoc chem-
istry, purified by high performance liquid chro-
matography (HPLC), and investigated by circular

dichroism (CD) and FTIR spectra, respectively.

1 Peptide design

A 12-residue peptide with S-hairpin forming
propensity was designed (Fig. 1). The strong type II'
B-turn d-ProSer, providing a good orientation of the

extended structure*'?!,

was selected to enhance the
structural stability. The best S-sheet forming residues
Val, Trp, Phe and Tyr were used to construct the two
strands. To enhance the interactions between the two
strands, we selected the most favorable -sheet

forming amino acid pairs FY and VV to construct the
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Fig. 1

Molecular model of B2

side chain interactions across strand*' . In order to
increa- sing the peptide solubility in water and destroy
the aggregation, the amino acid Arg with a positive
charge in neutral or acidic solution was spaced by Gly

[11]

to the N-terminal of the peptide

2 Materials and methods
2.1 Peptide synthesis and purification

The peptides were synthesized on Wang resin
(substitution 0. 8 mmol * g~', ACT product, USA) by

151 The first amino acid Phe was

Fmoc/Bu' strategy
loaded to the resin by preformed symmetrical anhy-
dride method and catalyzed by N, N-dimethylaminopy-
ridine. 2-(1H-benzotriazol-1-yl) -1, 1, 3, 3-tetramethyl
uranium hexafluorophosphate (HBTU) and 1-hydroxy-
benzotrizole (HOBT) were selected as the coupling
reagents. The protected amino acids are FmocLeu,
Fmoc(d-) Pro, FmocVal, FmocGly, FmocPhe, Fmoc-
Trp, FmocAsn, FmocAsp (Bu'), FmocTyr (Bu'),
FmocArg(Mtr) and FmocThr (Bu') (ACT products,
USA) . The peptide resin was cleavaged by K reagent,
and the crude products were purified by RP-HPLC

(Gilson Inc. France, zorbax Cis column, 9.4 mm X
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The CD spectrum of B2 in PBS buffer
pH 7.04, 0.68 mmol*L~" at 20 C

Fig. 2

250 mm). The peptides were confirmed by RP-HPLC
(zorbax Cis column, 4.6 mm x 250 mm) and MAL-
DI-TOF mass spectra.
2.2 CD spectroscopy

The CD
Yvon-Spex CD6 at 20 C. Samples were prepared
using PBS buffer at about 0. 68 mmol * L~" with pH

7.04. Scans were obtained in a range between 184

spectra were recorded on Jobin

nm and 260 nm by taking points every 0. 5 nm, with
an integration time of 1 s and a 2 nm bandwidth.
Cells with path length of 0. 1 mm were used.
2.3  Furier transferred infared spectroscopy
The IR spectra were obtained on Bio-Rad FTS
165 FTIR spectrometer equipped with a DTGS de-
tector at room temperature. The solution of B2 was
prepared in D-O at 6.8 mmol *L~"' and the path
length was 25 pm for the measurement. The spec-
trum was obtained by averaging 400 scans with a

nominal resolution of 4 cm™',

and then Fourier
transforming with a triangular apodization function.
Curve fitting was performed with the Bio-Rad Win-IR
CURVEFIT. AB program. Trifluoroacetic acid used
both in peptide synthesis and in the HPLC mobile
phase was removed after several lyophiliza-
tion-solubilization cycles in 10 mmol * L~ HCI solu-

tion.

3  Results and discussion
In order to destroy the peptide aggregation and

increase the solubility in water, the residue Arg was
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Fig.3 Decomposition of the amide I band

of B2 in PBS buffer (D.0) at 20 °C
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Table 1

The secondary structural contents, percentage area and assignment of (32

Band position(cm™") Area(% ) Assignment
1684 5.3 B-turn
1676 11.7 B-sheet
1663 36.7 B-turn
1650 12.2 helix
1636 30.9 B-sheet
1613 3.2 side chain

linked on the N-terminal of the peptide whose positive
charge repulsion in acidic or neutral condition will
. As aresult, (2 exhibited ex-

prevent aggregation'!!

cellent solubility in water, and the CD spectra of (2
did not show concentration dependence at a range
0.68 mmol *L~'~68 pmol *L~' in PBS(data not
shown).

The CD curve of B2 presented in Fig. 2, exhibits
a maximum near 202 nm and minimum near 217.5
nm, the typical characteristics of S-hairpin, and
which have been postulated as the mixed contribution
from pB-turn to B-sheet'"® . The CD curve of the
B-hairpin peptide BH8 in 30% TFE shows similar
characteristics of a maximum at 202 nm and a similar

minimum at 216 nm!""

, which supports our postula-
tion.

Obviously, B-turn plays important roles in de-
signed B-hairpin formation and stability. It determines
not only the turn conformation, but also the pattern of
interstrand residue pairing and the backbone hydrogen
bonding register between the B-strands "', We re-
ported that the turn sequence d-ProSer behaves well

1 also

than GlySer!'”), and Haque and his colleagues'
reported that the S-hairpin could be stabilized using
the enforced turns like d-Pro(d-)Ala, d-ProGly or d-
ProAla. They also pointed out that the conformational
proclivity of the backbone is at least as important as
hydrogen bonding and hydrophobic interactions in
stabilizing S-hairpin conformation. To test the roles of
the turn sequence played in the [B-hairpin formation of
B2, we synthesized a Bl mutant (R'G*T’F'Y’V°G'D?
V'NY!"F"), characterized its structure by CD spec-

troscopy. The CD curve of a negative near 193 nm

and a broad weak negative between 205 nm and 218
nm imply that the B2 mutant lost S-hairpin confor-
mation (data not shown) and confirmed the B-turn
contribution to B-hairpin formation of S2.

The conformation of B2 in PBS (D:0) was also
investigated by FTIR, and Fig. 3 shows the decom-
posed band together with the deconvoluted amide I
infrared spectra. Six bands located at 1683, 1674,
1662, 1646, 1633 and 1612 cm ™' were observed and
the bond position, percentage area, and assignment of
the components are shown in Table 1.

Theoretical calculations of antiparallel S-sheet
predict a high frequency infrared component near 1676

-1[18]

cm , and many previous studies took this peak as

[19-20] So we

diagnostic for antiparallel B-structures
assigned the maximum band at 1676 cm ™" to the high
frequency component of B-sheet. Consequently, the
band at 1636 cm ™' is assigned to the low frequency
Two bands located at 1684

(221 Unfortu-

component of B-sheet™'’.
and 1663 cm™' are assigned to SB-turn
nately, it is not clear why one type of turn gives rise
to more than one band, but this assignment is con-
sistent with the studies of S-turn structure and
. The band at 1650 cm ™' is

always assigned to helix in D,Q"?-2*2¢!

B-hairpin structure'**!

. It is clear that
the band at 1613 cm™' is considered as from ab-
sorbency of aromatic side chains, like Tyr, Trp and
Phe'*" 1,

4  Conclusion

CD and FTIR experiments revealed that 32 forms
B-hairpin structure in solution. The pB-turn is key

factor of the [-hairpin formation, and it determines
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