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ABSTRACT

We have examined the role of serine, essentially oxygen atom belonging
to serine, in the Crank-shaft structure of silk I and B-pleated structure
of silk II by studying the intra-and inter-weak hydrogen bonds. We
observe that the presence of setine in the structural refinement does
increase the crystalline order and hence the stereo-chemical energy in
silk I phase making it an unstable phase which on a slight mechanical

pretex, changes over to silk II modification.
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INTRODUCTION

Silk fibroin of Bombyx mori has two crystalline
modifications namely silk I and silk II. Crystal and
molecular structure of silk I has been reported by
Loth and Keitz!"? and also recently by Kenji
Okuyama, Somashekar, Naguchi and IchimuraP! |
wherein they report the unstable Crank-shaft mo-
lecular model (Space group P2 2 2. I-form). Crystal
and molecular structure in silk II(Space group P2,
D-form) of raw silk fibre has been recently reported
by Sangappa, Mahesh and Somashekat!™ and in ear-
lier paper by Marsh, Corey and Paulingl®!. We have
examined the detailed structure of silk I and silk II
using the available X-ray data using both dipeptide
(Ala-Gly) and hexapeptide (Ala-Gly),-Ser-Gly se-
quence of molecular model. The corresponding (¢,y)
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angles of Ala and Gly in dipeptide and
hexapeptide sequence of silk I and silk II are given
in TABLE 1. In hexapeptide sequence, the other
atomic co-ordinates of serine is the same as that of
alanine except that of oxygen. Using fractional co-
ordinates of atoms obtained from dipeptide and
hexapeptide sequence of both silk I and silk II, and
employing PLATONI we have simulated the x-ray
powder patterns and they are given in figures 1, 2. In
these figures we have also presented the experimen-
tal WAXS patterns of silk I(Cp fraction)” and silk
I1(a single degummed Bombyx mori fiber)®l. A com-
parison of both peak positions and peak intensities
with the hexapeptide and dipeptide simulated patterns,
indicates that, in both the cases, the hexapeptide model
gives a much better agrement. In addition to this, a
comparison of simulated patterns for silk I and silk II
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TABLE 1 : Refined details of silk I and silk II with hexapeptide and dipeptide repeating units

Refined parameters Silk I(Hexapeptide) Silk I(Dipeptide) Silk IT(Hexapeptide)  SilkII(Dipeptide)
Torsion angle(?)
Al -112.09 -109.91 -147.99* -147.07
WAl -5.55" -2 143.68" 143.16
MDAl 179.23* 173.41 178.62° 179.91
Yser 17471 e 7976 e
*Pser, Wser, Mser  same as Alanine
daiy 71.39 73.3 -144.04 -145.34
Wary -98.66 -101.76 146.48 146.21
Ocyy -172.1 179.9 178.19 179.91
R-factor
R. 0.07 0.12 0.17 0.17
Ry 0.08 0.14 0.17 0.17
Stereo-chemical 8.25E+003 2.00E-+004 2.35E-+003 1.35E+003
Energy(c)
Hydrogen bonds(Inter)
Between anti-parallel N(Ala)...O(Gly) N(Ala)...O(Gly)
chain Distance(A) (2.98,76.9) e.87777y T T
angle(?)

Intra-molecular
Distance (A)

N(Gly)..O(Ala)(3.13,125.6)

N(Ala)..O(Ala)(2.88,86.4)

N(Ala)..O(Ala)(2.74,165.2)

N(Gly)..O(Ala)(3.02,123.7) N(Ala)..O(Ser)(3.1,136.0)
N(Ala)..O(Ala)(2.84,83.6) O(Gly)..N(Gly)(2.7,161.5)

O(Ser)..O(Al)(2.8,89.5)

N(Ala)..O(Ala)
(2.75,164.63)
N(Gly)..O(Gly)
(2.74,162.24)

Infensity(AU)

angle(”) O(Ser)..O(Al2)(2.65,88.5)
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Figure 1: Simulated X-ray powder patterns of silk I using
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Figure 2 : Simulated X-ray powder patterns of silk IT
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with hexapeptide model indicates that the presence
of serine increases crystalline order in silk I phase and
decreases the crystalline order in silk II phase. In silk I
phase, the increase in intensity is observed in the
Bragg planes(011),(020) and in silk II phase the de-
crease in intensity is observed in (200),(301) and(302)
planes. These changes in intensity of certain Bragg
planes are due to concentration of oxygen(Ser), which
results in additional inter-and intra-weak hydrogen
bonds. In dipeptide model of silk I phase, such inter-
actions lead to significantly better ordered polymer
network and hence increased intensity of(020) reflec-
tion. The same description cannot be attributed to
silk II phase wherin we have energeticaly favourable
B-pleated structure. Addition of setine in the refine-
ment procedure does not alter polymer chain order-
ing/conformation which is already in low energy state.
Further we would like to recall the observation made
by Kratky and Schauenstain®), that there is spreading
of low angle X-ray diffraction patterns due to a peri-
odic distortion of the pseudo structure associated with
the occurence of serine residues at regular intervals
in the sequence. It is also found that™ with increase
in fiber diameter, the crystallinity decreases and vice-
versa. From our computation of simulated pattrens,
we observe that the presence of serine, essentially
oxygen atom of this amino acid, in the molecular model
for refinement does increase the crystallinity and hence
leads to decrease in the fiber diameter. Also, stereo-
chemical energy expressed as the contact ¢ in LALS™M
(Linked Atom Least Squares) decreases considerably
in silk II( B-pleated structute) phase with the pres-
ence of serine when compared to silk I(Crank shaft
structure) showing that the silk I is less stable than
silk II.

R.Somashekar and S.S.Mahesh 81

— Shosrt Communication

REFERENCES

[1]1 B.Lotz, H.D.J.Keith; Mol.Bio., 61, 201-215 (1971).

[2] B.Lotz, EC.Cesari; Biochimie, 61, 205-214 (1979).

[3] K.Okuyama, R.Somashekar, K.Noguchi, S.Ichimura;
Biopolymers., 59, 310-319 (2001).

[4] Sangappa,S.S.Mahesh, R.Somashekar; ].Biosci., 30(2),
259-268 (2005).

[5] R.E.Marsh, R.B.Corey, 1.Pauling; Biochim.Biophys.
Acta, 16, 1-33 (1955).

[6] A.L.Spek; J.Appl.Crystallogra., 36, 7-13 (2003).

[71 Tetsuo Asakura, Tsutomu Yamane, Yasumoto
Nakazawa, Tsunenori Kameda, Kazuto Ando;
Biopolymers, 58, 521-525 (2001).

[8] Manfred Rossle, Pierre Panine, Volker S.Urban,
Christan Riekel; Biopolymer, 74, 316-327 (2004).

[9] Kratky, Schauenstain; Discuss.Faraday.Soc., 11, 171

(1951).

R.D.B.Fraser, T.P.Mac Rae; ‘Conformation in Fibrous

Proteins and Related Synthetic Polypeptides’, Aca-

demic Press New York and London, 322 (1973).

[11] PJ.C.Smith, S.Arnott; Acta.Crystalogt., 36,3-11 (1978).

[10]

———, P ploricly Seience

Au Tudian Yournal



