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Thermal Transformation of Secondary Structure on
Ultrathin Fibroin Films
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In this topic transition of the molecular conformation in ultrathin fibroin films induced
by thermal treatment is explained. Bombyx mori silk fibroin was fixed on mica substrates by
cast of aqueous fibroin solutions and the microscopic morphologies of the samples were
revealed with the atomic force microscope. Optimizing the method to prepare the solution we
successfully formed two dimensional thin films in which a network of fibroin molecules developed
over the substrate. The film consisted of fibroin molecules in the random coil structure. After
the thermal treatments, which are known to convert the secondary structure of fibroin from the
random coil to the f-sheet type, the network morphology disappeared and characteristic island-
like morphologies appeared. Tendency of formation of f-sheet crystals was confirmed by the
fact that the fibroin solution temporally evolved the gel state. Based on these results it was
concluded that the islands consist of fB-sheet crystals. Of particular interest is the observation
that all of the islands had a common thickness value of 1.3 nm. In an overview of related research
mica-protein interactions frequently result in characteristic morphology or self-organized
patterns of protein aggregates. Such specific interactions between the mica substrates and the
fibroin are suggested in the present study.
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SEM image of silk fiber. Fibroin is core parts
of this fiber.
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Fig.2 FT-IR absorption spectra of thick fibroin films;
Film A, B, and C. Film A is a cast fibroin

film, and Film B and C were obtained after
thermal and methanol treatment of Film A,
respectively. The peak positions peculiar to the
random coil and the B-sheet structures are marked

by solid and broken lines, respectively.
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Fig.3 AFM images of fibroin films, (a) non-treatment
and (b) after thermal treatment (210 ‘C, 10 min).

17 4 )V ADFT-IR AXZ bV % Film B, H#EXHEY 7
WELTRAY = VIEEER L 727 4 )V ADFT-IR AT
MU % Film CIIRT . UL F 7213 2 7/ — VL %479
CEIZEoT, FYY LA NIIREED ST v — b
TR 122 KSR L7722 &b b,

Fig.3(a)l27 14 704 > D% ¥ A MO ARM %% 77T,
AF ¥ A X500 nm, B LY P10 nm & EFEET
HBN, 74704 EEOWE S 2 FKEREED A L2
295 2 EIETER, $72Fig.3(b) [ZEVILFRL D AFM (£
%7RT o FT-IR 7 &70 6 BRI Il e 7 v 2 a A
VR CH Y, B IZIEZ NS ASNERH DOWFATB
— MHREGEICEL L 722 L3RR L7z L Ledss, B
ZECE D AFMED 5 1L, REOEERE L 7 7 7 A0
DHITH B ENDDP 5,

T, BEEGHEEICL T T LNV THIE TS 2w
D259 D% Fig 3N IRTHELBIRWETIE, FERFEE LI
—TIZGTHH D Z L IFFR L TV, e 05T
EL, ikl THIEIIRNETHL, L LErH, FEE
B3 7 nm RRE DB TS 3R SO A Al 2 2
ESTENR, BAOEGFHEERRL, Bt TEs L
EZ bbb,

ZTT, W7 4 7aA KB (~7.5x10-9gL-1)
TR LTz, FOMMEEEE ~ A 7 HEHLEA0.02 mL cm -2
WEL, HRERSEAZEICE ) F v A MREEHE L 72,
Z OB AFM BlZH% % Fig.d |\ R T, ZORE, LHOH
RP 23~ A S FAR EAZ2 RICHIC Ry M7 — 2 2L T
WA ZEDHERENT, T2T, WEMERSMDS, 5 x5
um2 DEAT) THTEHESINDL 7 4 701 V5 TF0O%E
RiEL 2L, FYAML27 4 704 KB DOMEEE I~
10-°gL-1, 74 704 D5 33.5 X 105%X2.5 x 104
D) BRI D FHIKREE LD TWEDTHZEOEZFE T
BE, 20 ILOVETE T X 1 em2 D~ A BB EIZF v 2
N L2, 8.5 X IOEED T 1 70 A Y 5TasERETY
THTEN SIS EiF s, ZOfElE, Fig.d DAFM
EhSHM L TRELSFEEY, L2050 F 4y hT—



o 2.00 .00 s.00m 0 1.00 200 3.00
Fig.4 AFM images of fibroin fixed on mica substrates.
(a) was obtained by casting of the aqueous fibroin
solution prepared with calcium chloride. (b) was
obtained by casting of the aqueous fibroin

solution prepared with lithium bromide.
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Fig.5 AFM images of fibroin films, This film was
obtained by the thermal treatment of cast film
at 210 C. (a) The island-like morphology is seen
in the center area surrounded by the shrinking
network. A cross section of the island is also
shown. (b) The network is shrinking. The images
of (a) and (b) were taken at different point in

the same sample.

Sheet gap = ~0.5 nm

Fig.6

Schematic of f-sheet structure of silk fibroin.

The gap of two sheets is according with about
0.5 nm.
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(a) No treatment {{b)<

Fig.7 AFM images of fibroin films for thermal
treatment, applying temperature is 190, 210, 230,
250 C for 10 min.
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