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The protected tripeptides benzyl N-{2-[N-(tert-butoxycarbon-
yl)prolyl]-4-hydroxyprolyl}glycinate or Boc-Pro-Hyp-Gly-
OBzl, Cy,H33N;0,, and benzyl N-{2-[N-(fert-butoxycarbon-
yl)alanyl]-4-hydroxyprolyljglycinate or Boc-Ala-Hyp-Gly-
OBzl, C,,H31N;05, are the minimum repeating triplets found
in collagen. Within the crystal structure of each are two
independent peptide molecules with similar structures. The
peptides are arranged antiparallel to one another and interact
through hydrogen bonds involving the main chains and the
4-hydroxyprolyl groups. The structures exhibit characteristics
of a triple helix, but the peptides tend to assume a sheet-like
structure.

Figure 1

Comment

Collagen contains a characteristic amino acid sequence in
which a Gly residue appears at every third position (X-Y-
Gly). Moreover, the Pro-Hyp-Gly triplet (Hyp is 4-hydroxy-
proline) is frequently found as a repeating sequence, and
earlier structural studies carried out with synthetic polypep-
tides [(Pro-Hyp-Gly),,] indicate that this repeating sequence
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assumes a triple-helical structure (Okuyama et al., 1998, 2004;
Berisio et al., 2001). We have used the protected triplet tert-
butyloxycarbonyl-Pro-Hyp-Gly benzyl ester or Boc-Pro-
Hyp-Gly-OBzl, (I), to investigate the structural character-
istics of the collagen minimum repeating sequence. In addi-
tion, because (Ala-Hyp-Gly),, also shows collagen-like optical
properties (Rao & Adams, 1979), the structure of Boc-Ala—
Hyp-Gly-OBzl, (II), was used to investigate the contribution
made by imino acids to the structure of the sequence.

For both (I) and (II), two independent peptide molecules
(molecules A and B) are present in the crystal structure; they
are arranged antiparallel to one another and are slightly bent
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The structure of (I), showing molecules A and B present in the asymmetric unit. Displacement ellipsoids are drawn at the 40% probability level and

dashed lines represent hydrogen bonds.
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Figure 2

The structure of (IT), showing molecules A and B present in the asymmetric unit. Displacement ellipsoids are drawn at the 40% probability level and

dashed lines represent hydrogen bonds.

Figure 3

A stereoview of the superposition of (IA), (IB), (ILA) and (IIB).
Molecular fitting was performed for the main chains using ProFit (Martin,
1996). The figure was drawn using RasMol (Bernstein, 2000) and POV-
RAY3.5 (POV-Team, 1991). The r.m.s. deviations are 0.233-0.586 A.
From left to right at the base, the molecules are in the sequence (I1B),
(IA), (I1A) and (I1B).

(Figs. 1 and 2). Within the triple helix of (Pro-Hyp-Gly),, the
averaged ¢ and v values are approximately —70/162, —57/150
and —71/173° for the Pro, Hyp and Gly residues, respectively
(Okuyama et al., 2004). Neither (I) nor (II) assumes a
triple-helical structure, though the torsion angles suggest
conformational similarity to a triple helix, despite slight
differences at the Ala residues of (II) (Table 1). The torsion
angles also show structural similarity among (1A), (IB), (ILA)

Figure 4
The sheet-like structure of (I). H atoms have been omitted for clarity.
Broken lines represent hydrogen bonds.

and (IIB). Molecular fitting revealed large deviations
at the terminal tert-butyloxycarbonyl and benzyl ester groups
(Fig. 3), but the conformation of the main chain was conserved
among the four molecules. In addition, Hyp is an imino acid
showing ring puckering, with amplitudes g, (Cremer &
Pople, 1975) of 0.340 (5)-0.409 (5) A. The ring-puckering
parameter ¢, (N30—C30—C31—C32—C33) of 80.6 (7)° in
(IA) differs from that of the other three mole-
cules (Table 1). Nevertheless, the main chain conformation
around the Hyp unit of (LA) is similar to that of the other
molecules.
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Figure 5
The sheet-like structure of (II). H atoms have been omitted for clarity.
Broken lines represent hydrogen bonds.

These peptide molecules, with their similar conformations,
make up a sheet-like structure in the solid state (Figs. 4 and 5).
Within the packing of (I), four hydrogen bonds are formed
(Table 2); two are formed between the main chains
(N40A---0O32B and N40B---024A) and the remaining two
involve the 4-hydroxy groups (O32). Atom O32B interacts
with atoms N40A and O34B' acting as a hydrogen-bond
acceptor and donor, respectively. By contrast, atom O32A acts
only as a donor. Such hydroxy-group-related interactions
contribute to the stabilization of the sheet-like structure of (I)
(Fig. 4). Within (II), on the other hand, amide groups are
situated within hydrogen-bonding range of the Ala and Gly
residues (N20 and N40), so that four of the six hydrogen bonds
formed are between the main chains (Table 2), thus stabilizing
the sheet-like structure (Fig. 5). Increases in such main chain—
main chain interactions might be expected to affect the
peptide structure, but superimposition showed only a slight
deviation between Pro of (I) and Ala of (II) (Fig. 3). A
different hydrogen-bonding mode is also observed for the
hydroxy groups of (II) (0324 and O32B). Within the triple
helix of (Pro-Hyp-Gly), the 4-hydroxy groups of Hyp
participate in hydrogen bonds with solvent molecules and
intertriple-helices but not in interstrand interactions (Berisio
et al., 2001; Kishimoto et al., 2005). It was also suggested that
the 4-position of Hyp shows an inductive effect from 4-
fluoroproline-incorporated collagen-like peptide (Holmgren
et al., 1998). It is noteworthy that the 4-hydroxy groups in both
(I) and (II) play different roles in the hydrogen bonding of
molecules A and B.

Experimental

Compounds (I) and (IT) were synthesized by the conventional liquid
phase method and purified by silica-gel column chromatography.
Crystals were grown from methanol and ethyl acetate solutions.

Compound (1)

Crystal data

Cy4H33N;50;

M, = 475.53
Monoclinic, P2,
a=8922(2) A
b=15208 (3) A
c=18.692 (4) A
B =91.523 3)°
V =25351(9) A®

Data collection

Bruker SMART APEX area-
detector diffractometer

 scan

Absorption correction: empirical
(using intensity measurements)
(SADABS; Sheldrick, 1996)
Tinin = 0.883, Thpax = 0.993

Refinement

Refinement on F?

R[F? > 20(F%)] = 0.056

wR(F?) = 0.162

S=111

5790 reflections

627 parameters

H atoms treated by a mixture of
independent and constrained
refinement

Compound (1)

Crystal data

CoH3 N304

M, = 449.50
Triclinic, P1 i
a=58816 (3) A
b =10.6294 (6) A
c=19.707 (1) A
a =75.240 (1)°

B = 82.560 (1)°

y = 81.780 (1)°

Data collection

Bruker SMART APEX CCD area-
detector diffractometer

 scan

Absorption correction: empirical
(using intensity measurements)
(SADABS; Sheldrick, 1996)
Tinin = 0.927, Tppax = 0.981

Refinement

Refinement on F?

R[F? > 20(F%)] = 0.038

wR(F?) = 0.100

S =102

5142 reflections

593 parameters

H atoms treated by a mixture of
independent and constrained
refinement

Z=4

D, =1246 Mg m™
Mo Ko radiation

u =009 mm™!
T=200(2)K

Plate, colorless

0.45 x 0.30 x 0.08 mm

21865 measured reflections
5790 independent reflections
4804 reflections with 7 > 20(1)
Rin = 0.028

O = 27.1°

w = 1/[0*(F?) + (0.0823P)*
+1.2083P]
where P = (F% + 2F2)/3
(A/0) max = 0.004
Appax =051 e A3
APmin = —0.46 ¢ A™?

V=1173.6 (1) A®
z

1
2
D,=1272Mgm™
Mo Ko radiation
wn=0.10 mm™!
T=200(2) K

Plate, colorless

0.45 x 0.35 x 0.20 mm

13595 measured reflections
5142 independent reflections
5049 reflections with 7 > 20(1)
Ript = 0.015

Omax = 27.1°

w = 1/[0*(F2) + (0.0684P)*
+0.1501P]
where P = (F2 + 2F2)/3
(A/6)max = 0.002
Appax = 043 & A3
ApPmin = —0.16 ¢ A~

H atoms were placed at calculated positions (C—H = 0.95-1.00 A
and N—H = 0.88 /0\), with isotropic displacement parameters
[Uiso(H) = 1.5U.4(C) for methyl H atoms and 1.2U4(C\N,0O) for all
other H atoms], and included in the structure-factor calculations. H
atoms of hydroxy groups were found in a difference Fourier map by
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Table 1

Selected torsion angles and ring-puckering parameters (°, A) of Hyp.

Bond (14) (IB) (114) (IIB)  1V7H*
Cl4—N20—C20—C22 (pl) —71.1(6) —69.9 (7) —100.6 (5) —76.1 (6) —70.0
N20—C20—C22—N30 (y1) 164.0 (4) 1742(4) 1542 (4) 1442 (5) 1623
C22—N30—C30—C34 (¢2) —738(4) —63.1(4) —66.1(7) —53.8(6) —57.0
N30—C30—C34—N40 (y2) 1488 (3) 171.7(3) 144.7(5) 153.6(4) 149.6
C34—N40—C40—C41 (p3) —70.9 (5) —662(5) —73.1(8) —58.6(6) —71.1
N40—C40—C41—050 (Y3) 1765 (4) 1792(3) 161.7(6) 152.9 (4) 1734

—

gr** 0340 (5) 0409 (5) 0.365 (9)
@ 80.6 (7) 285.6(6) 282 (1)

0380 (7) 0353
267.1(9) 280.1

*PDB entry number: averaged torsion angles are from Okuyama et al. (2004). **Five-
membered ring-puckering parameters are defined by Cremer & Pople (1975) and
calculated by PLATON (Spek, 2003).

Table 2 .

Hydrogen bond geometry (A, °).

D—H---A D—H D---A H---A D—H---A
¢9)

N40A —H40A- - -O32B 0.88 3.033 (5) 2.18 162
N40B—H40B- - -024A 0.88 2.914 (4) 2.06 163
032B—H32B- - -O34B' 0.75 (7) 2.729 (4) 1.99 (8) 172 (8)
032A—H32A- - -024B" 0.80 (8) 2.849 (5) 212 (8) 152 (8)
(ID)

032A—H32A- - -O34B 0.76 (8) 2.807 (7) 2.05 (8) 175 (8)
N20B—H20B- - -0414 0.88 3.073 (8) 222 164
N40A —H40A- - -032B™ 0.88 2.844 (7) 2.05 149
N20A—H20A- - -041B" 0.88 3.196 (7) 2.32 172
N40B—H40B- - -022A" 0.88 2.816 (6) 1.94 173
032B—H32B- - -034A" 0.8 (1) 2.666 (8) 1.8 (1) 172 (12)

Symmetry codes: (i) —x,y +3, —z+1; (i) —x+ 1,y +1, —z + 1 (iii) x, y + 1, z; (iv)
x+Ly+lLz(v)x,y—1z(v)x—1,y—1,z

taking the hydrogen-bonding network into consideration, and
refined. Restraints for displacement parameters were applied for (I)
and (II) using SIMU and DELU instructions in SHELXL97 (Shel-
drick, 1997). In the absence of significant anomalous scattering
effects, Friedel pairs were merged, and the absolute configuration was
assumed from that of the starting material.

For both compounds, data collection: SMART (Bruker, 1998); cell
refinement: SAINT-Plus (Bruker, 1998); data reduction: SAINT-
Plus; program(s) used to solve structure: SHELXS97 (Sheldrick,
1990) for (I) and SHELXD (Sheldrick & Gould, 1995) for (II);
program(s) used to refine structure: SHELXL97 (Sheldrick, 1997);
molecular graphics: PLATON (Spek, 2003); software used to prepare
material for publication: SHELXLY97.

This study was partially supported by a Grand-in-Aid for
High Technology Research from the Ministry of Education,
Science and Culture, Japan.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: GZ3025). Services for accessing these data are
described at the back of the journal.
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