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ABSTRACT 13C CP/MAS NMR spectra of native wool fiber and four kinds of S-(carboxymethy1)ker- 
ateines extracted from wool (low-sulfur fractions (SCMKA), helix-rich fragments (SCMKA-hf), high-sulfur 
fractions (SCMKB), and high-glycine-tyrosine fractions (HGT)) were measured in the solid state. By use 
of the observed 13C chemical shift values of the main-chain carbonyl carbons, the major conformations of 
SCMKA and SCMKA-hf were determined to be the right-handed a-helix form and those of SCMKB and 
HGT to be the 6-sheet form. It was also confirmed that both the right-handed a-helix and @-sheet forms 
exist in native wool fiber. Further, it was suggested that the coiled-coil structure exists in wool, SCMKA, 
and SCMKA-hf. 

Introduction 
It has been demonstrated from experimental and the- 

oretical studies’-” that I3C NMR chemical shifts of poly- 
peptides in the solid state determined by the cross- 
polarization/magic angle spinning (CP/MAS) method are 
substantially conformation-dependent, depending on their 
main-chain conformations such as a-helix, o-helix, 31-he- 
lix, and @-sheet forms. Furthermore, the side-chain con- 
formations of the L-phenylalanine (Phe) and L-tyrosine 
(Tyr) residues of oligopeptides or homopolypeptides in 
the solid state could be determined by means of the 13C 
CP/MAS NMR method.18 It appears that the 13C NMR 
chemical shifts of amino acid residues of polypeptides 
are not strongly influenced by a specific amino acid 
sequence, but the conformation-dependent 13C chemical 
shifts arise mainly from the local conformation of the 
amino acid residues. Such a conformation-dependent 13C 
NMR chemical shift may be the most powerful tool for 
conformational characterization of polypeptides and pro- 
teins in the solid state. 

The clarification of the fine structure of fibrous pro- 
teins in the solid state is very important for the under- 
standing of their natures. So far, structural character- 
ization of ~ i l k , ~ , 5  ~o l l agen ,~  elastin,lg and tropomyosin20*21 
have been carried out by means of 13C CP/MAS NMR, 
and it was demonstrated that 13C CP/MAS NMR is a 
very useful means for obtaining information about the 
secondary structures and the higher order structures. How- 
ever, according to our best knowledge, there is little sys- 
tematic 13C CP/MAS NMR information of wool and/or 
keratin in the solid state except for a 13C CP/MAS NMR 
study of horse hoof, horse hair, parrot feather, and human 
hair by Kricheldorf and Muller.Z2 The native wool fiber 
consists of intermediate filaments (termed “microfibrils”) 
composed of low-sulfur proteins which are embedded in 
a nonfilamentous matrix. The nonfilamentous matrix usu- 
ally contains two classes of proteins; one is high-sulfur 
protein and the other is protein containing glycine and 
tyrosine residues (high-glycine-tyrosine protein) .23 Wool 
keratin can be divided into three main fractions after 
reduction of disulfide bonds and protection of the result- 
ing thiol groups with iodoacetic acid to form S-(carboxy- 
methy1)kerateine (SCMK).24-26 In addition, a helix-rich 
fragment can be obtained from the low-sulfur keratin frac- 
tion of SCMK (SCMKA) after partial hydrolysis with 
a - c h y m o t r y p ~ i n , ~ ~  

In this work, we aim to measure 13C CP/MAS NMR 
spectra of wool fiber and the four kinds of SCMK in the 
solid state and to investigate their conformations. A great 
number of the investigations on the structure of wool 
and/or SCMK have been performed by means of ORD, 
IR, CD, X-ray diffraction, and so on, but the conforma- 
tional characterization of wool is not complete because 
of its complexity. It is expected that the 13C CP/MAS 
NMR experiments may complement these prior investi- 
gations. 

Experimental Section 
Materials. Merino 64 wool was repeatedly washed with 0.3% 

aqueous sodium dodecyl sulfate (SDS) solution, chilled etha- 
nol, and acetone. SCMK was prepared from wool according to 
the procedure of O’Donnel and Thompson25 and was fraction- 
ated into three fractions; low-sulfur proteins (SCMKA), high- 
sulfur proteins (SCMKB), and high-glycine-tyrosine proteins 
(HGT) according to the procedure of Dowling and Crewther.26 
Three fractions were freeze-dried. Helix-rich fragments obtained 
from SCMKA (SCMKA-hf) were prepared by partial hydroly- 
sis with a-chymotrypsin from bovine pancreas (purchased from 
Wako Pure Chemical Industries Ltd.) according to the method 
of Crewther and D0wling.2~ The purification of SCMKA-hf was 
performed by dialyzing its aqueous sodium tetraborate solu- 
tion against deionized water. The weight percentages of SCMKA, 
SCMKB, and HGT from the total amount of SCMK obtained 
in this preparation were 74.7, 22.5, and 2.8 wt %, respectively. 
These weight percentages are very similar to the results reported 
previously.28 Table I summarizes the amino acid compositions 
of SCMKA, SCMKA-hf, SCMKB, and HGT determined by a 
HITACHI L-8500 amino acid analyzer after hydrolysis with 6 
N HCl at 110 “C for 20 h, together with those of merino wool 
reported previously.29 The contents of the helix-forming amino 
acid residues such as the L-aspartic acid (Asp), L-glutamic acid 
(Glu), L-alanine (Ala), and L-leucine (Leu) residues increase, but 
the helix-breaking amino acid residues such as the L-threonine 
(Thr), L-serine (Ser), L-proline (Pro), glycine (Gly), and L-cys- 
teine (Cys) residues decrease in the order of wool, SCMKA, 
and SCMKA-hf. On the other hand, SCMKB contains Thr, 
Ser, Pro, and Cys residues as its major components, and HGT 
contains Ser, Gly, Tyr, and Phe residues as its major compo- 
nents. From these findings, it is suggested that the conforma- 
tional features of wool, SCMKA, SCMKA-hf, SCMKB, and HGT 
may be different from each other. 

Measurements. 13C CP/MAS NMR spectra were recorded 
on a JNM GSX-270 NMR spectrometer operating at 67.8 MHz 
with a CP/MAS accessory. Samples (ca. 100-200 mg) were con- 
tained in a cylindrical rotor made of zirconia and spun as fast 
as 4--4.5 kHz. Contact time was 2 ms, and repetition time was 
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Table I 
Amino Acid Compositions of Wool, SCMKA, SCMKA-hf, 

SCMKB, and HGT 
amino acid composition, residues/ lo00 residues 
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aminoacid woola SCMKA SCMKA-hf SCMKB HGT 
Asxb 64 85 101 25 34 
Thr 65 52 41 107 38 
Ser 102 93 70 129 122 
Glxc 119 148 197 84 4 
Pro 59 39 27 123 69 
GlY 86 80 39 65 263 
Ala 53 63 74 32 21 
Val 55 61 60 58 31 
1 / 2  Cys 106 
CM-Cysd 60 48 190 50 
Met 5 7 3 0 1 
Ile 31 36 42 33 2 
Leu 77 96 126 36 52 
TYr 40 38 32 24 163 
Phe 29 29 20 18 99 
LYS 31 32 44 5 1 
His 9 a 7 8 7 
Arg 68 73 69 63 43 

a Reference 29. * Asx means Asp and Asn. Glx means Glu and 
Gln. CM-Cys means (carboxymethy1)cysteine. 

5 s. Spectral width and data points were 27 kHz and 8 K, respec- 
tively. Spectra were usually accumulated 400-2000 times to 
achieve a resonable signal-to-noise ratio. The 13C NMR chem- 
ical shifts were calibrated indirectly through external adaman- 
tane (29.5 ppm relative to tetramethylsilane). Spinning side- 
bands, appearing due to insufficient spinning rate of sample, 
were removed by the TOSS method31 except for the dipolar 
dephasing e~periment.3~ In the dipolar dephasing (DDph) exper- 
iment, the delay time for proton decoupling and data acquisi- 
tion was 60 ~ s ,  which was long enough to eliminate the 13C sig- 
nals of all protonated carbons except for methyl carbons. 

Results and Discussion 
Assignment of 13C Peaks. 13C CP/MAS TOSS NMR 

spectra of wool, SCMKA, SCMKA-hf, SCMKB, and HGT 
in the solid state are shown in Figure 1 together with 13C 
CP/MAS DDph NMR spectra for their aliphatic car- 
bons. The peaks of the carbonyl, aromatic, C, methine, 
and side-chain aliphatic carbons appear a t  about 172- 
175, 115-158, 45-60, and 10-40 ppm, respectively. The 
peaks of the Thr, Ala, Val, Leu, and L-isoleucine (Ile) 
methyl carbons clearly appear at  about 10-23 ppm, and, 
especially, the peak of the Leu Ca methyl carbons clearly 
appears a t  about 23 ppm only in the 13C CP/MAS DDph 
NMR spectra. The observed 13C chemical shift values 
in wool, SCMKA, SCMKA-hf, SCMKB, and HGT are 
summarized in Table I1 together with the assignments 
which are made by using reference data with respect to 
homopolypeptides in the solid state as reported else- 

Main-Chain Conformational Features. a. '3C Sig- 
nals of Carbonyl Carbons in Wool, SCMKA, SCMKA- 
hf, SCMKB, and HGT. For characterization of the main- 
chain conformation of polypeptides and proteins in the 
solid state, it is very useful to use 13C chemical shift val- 
ues of the main-chain carbonyl carbons because they are 
strongly influenced by the conformation of the main chain 
but not by varieties of amino acids and/or a specific amino 
acid sequence, as demonstrated previ~us ly .~- '~  The 13C 
peaks of the main-chain carbonyl carbons in the right- 
handed a-helix (aR-helix) and @-sheet forms appear at  
175.8 f 0.8 and 170.9 f 1.2 ppm, respectively.6J3 The 
expanded 13C signals in the carbonyl region of wool, 
SCMKA, SCMKA-hf, SCMKB, and HGT are shown in 
Figure 2. It  can be seen that the carbonyl I3C signal of 
wool consists of two major peaks and two minor peaks. 

~here.1-7,12,13,15-17,33 

TOSS DDph 

PPM 
- 7 1 - m  7- 
200 150 100 50 0 50 0 

Figure 1. l3C CP/MAS TOSS NMR spectra of wool, SCMKA, 
SCMKA-hf, SCMKB, and HGT in the solid state and 13C 
CP/MAS DDph NMR spectra in the aliphatic carbons region. 
From the 13C chemical shift values, the major peak a t  
about 176 ppm is assigned to the main-chain carbonyl 
carbons in the aR-helix form, and the other major peak 
at  about 172 ppm to the @-sheet form. One minor peak 
at  about 180 ppm probably comes from the side-chain 
carbonyl carbons of Asp C,, Glu Ca, and carboxymethyl 
L-cysteine C,, while the other minor peak a t  about 166 
ppm comes from the NMR rotor made of polyimide. The 
carbonyl 13C signals of SCMKA and SCMKA-hf are also 
composed of four peaks, but the relative intensity of the 
peak appearing a t  about 172 ppm decreases in the order 
of wool, SCMKA, and SCMKA-hf. The carbonyl l3C sig- 
nals of SCMKB and HGT show that the signal appear- 
ing at  about 172 ppm is an intense single peak. How- 
ever, the 13C signal of SCMKB is asymmetric with a shoul- 
der a t  176 ppm. From these findings, it can be said that 
SCMKB and HGT are rich in the @-sheet form. The 
four peaks were decomposed by computer-fitting, and their 
13C chemical shift values are about 176, 172, 180, and 
166 ppm, respectively. As an example, the observed and 
deconvoluted 13C signals of the carbonyl carbons of wool 
are shown in Figure 3. The 13C chemical shift values for 
the four deconvoluted peaks were determined to be 165.8, 
172.3, 176.3, and 180.3 ppm, respectively; half-widths to 
be 2.7, 4.8, 4.0, and 3.0 ppm, respectively; and relative 
peak intensities to be 5.0%, 52.0%, 37.4%, and 5.6%, 
respectively. By use of these results, the relative inten- 
sity of the peak a t  180.3 ppm was calculated to be 6% 
(=5.6/(52.0 + 37.4 + 5.6) X 100). Similarly, the relative 
peak intensities of the side-chain carbonyl carbons (ca. 
180 ppm) of SCMKA, SCMKA-hf, SCMKB, and HGT 
were determined to be l l % ,  12%, 11%, and 1.6%, respec- 
tively. These values agree roughly with their amino acid 
compositions determined here, as shown in Table I. 

Now, we are concerned with the 13C chemical shift 
behavior of the main-chain carbonyl carbon for the sam- 
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Table I1 
Observed 'W NMR Chemical Shif ts  for Wool, SCMKA, SCMKA-hf, SCMKB, and HGT in the Solid State 

chemical shifts," ppm 
wool SCMKA SCMKA-hf SCMKB HGT assignment* 

175.3 176.0 176.3 carbonyl carbons (ah) 
173.2 172.8 172.3 carbonyl carbons (0s) 
156.2 155.1 157.2 154.8 156.0 (156.4) Tyr Cf and Arg Cf  

128.5 129.1 128.2 128.9 (128.9) Phe Ca.6.r and Tyr C, 
136.9 (137.3) Phe C, 

72.2 
68.6 
65.2 

56.6 

40.5 

36.3 
30.1 (30.0) 

25.4 
(23.1) 

20.3 (20.3) 

c (16.5) 
14.9 (14.8) 
11.9 (11.7) 

C 

56.9 

40.3 

35.6 

28.8 
25.0 
(C) 
20.7 (20.9) 

16.2 (16.5) 

12.1 

64.4 

56.4 

40.3 

36.7 

28.9 
25.2 

(23.7) 
21.0 (21.1) 

16.1 (16.5) 

12.4 (11.9) 

71.8 
67.8 

60.6 

54.8 

40.1 

36.6 

30.8 
25.4 

20.3 (20.7) 
C 

12.1 

116.3 TV Ce 
Thr Cp (0s) 
Ser CB (0s) 
Val C, and Ile C, (ah) 
Thr C, (@s) and Pro C, 

60.2 d 
54.6 C, methine carbons 
42.5 G ~ Y  C, 

d 

d 
mainly CH2 in lipid 

30.2 d 
24.6 d 

20.6 (20.8) mainly Val C, 

38.4 Tyr and Phe c p  

(23.1) Leu Ca 

mainly Thr C, (@s) 
mainly Ala CB (ah) 
mainly Ile C,, 
Ile Ca 

a The numbers in the parentheses are chemical shifts of the peaks observed in CP/MAS DDph spectra. The assignment was made 
by reference data of homopolypeptides in the solid state (refs 1-13,33). ah  and 0s in the parentheses mean the as-helix and @-sheet forms, 
respectively. Observed as the shoulder peak. Unassigned at this stage. 

Wool 

SCMKA i 

. i - 

HGT 

Figure 2. Expanded 13C CP/MAS TOSS NMR spectra for 
the carbonyl carbon region in wool, SCMKA, SCMKA-hf, 
SCMKB, and HGT. 

ples considered here in order to discuss the IR confor- 
mational features. The carbonyl carbon '3c signal mainly 
consists of two peaks. Table 111 summarizes the 13C chem- 
ical shifts, half-widths, and relative peak intensities of 
the main-chain carbonyl carbon in wool, SCMKA, 
SCMKA-hf, SCMKB, and HGT determined by the com- 
puter fitting. (For example, the relative intensities of 
the two peaks a t  172.3 and 176.3 ppm in wool were cal- 
culated to be 58% (=52.0/(52.0 + 37.4) X 100) and 42% 

- * u  WOOL f iaer  - 
DESERVED SPECTRUM e, 

- - SPECTRUW 

DECOMPOSED SPECTRUM 8 

SCMKB 1 

Figure 3. 1% NMR spectra for the carbonyl carbon region in 
wool deconvoluted by computer fitting with Gaussian func- 
tions. 

(=lo0 - 58), respectively.) The relative intensity of the 
low-field peak a t  ca. 176 ppm corresponds to the propor- 
tions of the a-helix component because this peak comes 
from the main-chain carbonyl carbons in the awhelix form 
as mentioned above. From CP/MAS measurements 
of equimolar mixtures of a-helical poly(L-alanine) ((Ala),) 
with poly(g1ycine) and poly(~-valine),34 the proportion of 
the a-helix form obtained by comparison of the peak inten- 
sities in (Ala), agrees with that obtained by infrared and 
X-ray diffraction data? so a quantitative evaluation of 
the secondary structure is feasible. The proportion of 
the a-helix component increases in the order wool, 
SCMKA, and SCMKA-hf. On the other hand, the peak 
at 172 ppm is appreciably upfield from the main-chain 
carbonyl carbons in the &sheet form, as mentioned above. 
The experimental fact that the half-width of the higher 
field peak is broader than that of the low-field peak can 
be explained by the previous studies,6J3 where the range 
of 13C chemical shifts for the main-chain carbonyl car- 
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Table I11 
Observed IF NMR Chemical Shifts, Half-Widths, and 
Relative Peak Intensities of the Main-Chain Carbonyl 

Carbons in Wool, SCMKA, SCMKA-hf, SCMKB, and HGT* 
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13C chemical relative 
shift, ppm half-width, ppm peak intensity, % 

wool 176.3 4.0 
172.2 4.8 

SCMKA 176.2 4.0 
172.5 4.8 

SCMKA-hf 176.4 3.6 
173.0 4.5 

SCMKB 176.0 3.7 
172.5 4.6 

HGT 176.6 4.0 
172.2 5.6 

4 Determined by computer fitting. 

42 
58 
56 
44 
65 
35 
25 
75 
8 

92 

bons in the @-sheet form (170.9 f 1.2 ppm) was wider 
than those observed in the aR-helix form (175.8 f 0.8 
ppm). From the conformational characterization based 
on the above assignment, it  can be said that SCMKB 
and HGT are rich in the @-sheet form. 

b. SCMKB and HGT. SCMKB and HGT are believed 
to originate chiefly from a nonfilamentous matrix between 
the microfibrils of the wool fiber, and no evidence has 
yet been obtained for the existence of any ordered struc- 
ture in solution or in the solid state.23 However, it has 
been recently reported that the existence of the @-sheet 
form in both SCMKB and HGT films cast from a for- 
mic acid solution was identified by means of X-ray dif- 
fraction and CD.35936 This is also supported by the results 
obtained here. Further, in the 13C CP/MAS TOSS NMR 
spectrum of SCMKB (Figure l), the peaks assignable to 
the Thr and Ser CB carbons in the @-sheet form appear 
a t  71.8 and 67.8 ppm, respectively. This implies that the 
@-sheet form exists to a large extent in SCMKB (Table 
11). A shoulder peak appearing a t  about 52 ppm can be 
assigned to the Cys C, carbon in the @-sheet form.37 These 
results support that in SCMKB the @-sheet form exists 
to a large extent. 

On the other hand, the half-width of the higher field 
peak (172.2 ppm) of HGT is relatively broader than that 
of other samples (Table 111). This implies that several 
kinds of conformations besides the OR-helix and @-sheet 
forms also exist in HGT. Although the proportion of HGT 
residues that are Ser is almost the same as that of SCMKB 
(Table I), in the 13C CP/MAS TOSS NMR spectrum of 
HGT no peak appears at  65-68 ppm. This implies that 
the proportion of Ser residues in HGT in the @-sheet form 
is less than that of SCMKB in the @-sheet form. It has 
been reported that 13C peaks of the Ser CB carbons of 
silk fibroin samples in the silk I form (loose helixm) appear 
a t  59.0-61.5 ~ p m . ~  The peak appearing at  60.2 ppm in 
the 13C CP/MAS TOSS NMR spectrum of HGT may 
come from the Ser Cp carbons in a silk I like form. Sim- 
ilarly, the 13C chemical shift value (38.4 ppm) of the peak 
assignable to the Tyr and Phe Cp carbons39 is in between 
the values corresponding to the aR-helix and @-sheet forms. 
This implies that the Tyr and Phe residues of HGT reside 
in conformations other than the aR-heliX and @-sheet forms. 

c. SCMKA and SCMKA-hf. SCMKA was consid- 
ered to originate chiefly from the mi~rofibrils,~3 and the 
proportion of the a-helix form in aqueous solution was 
determined to be about 50% by means of ORD40 and 
CD.41 Also, the proportion of the a-helix form of 
SCMKA-hf in aqueous solution was determined to be about 
84% and 90% by means of ORD42 and CD,41 respec- 
tively. Thus, it can be said that the proportion of the 
a-helix form in SCMKA-hf is higher than that in SCMKA. 

SCMKA ;../\\ . \  

SCMKA-hf \ 
\ 

IW 
-r -r- C ' i ' ' '  I 

i f >  16 10 

Figure 4. Expanded 13C CP/MAS DDph NMR spectra for 
the methyl carbon region in wool, SCMKA, and SCMKA-hf. 
The same situation can be found in the solid state, as 
shown in Table 111. Moreover, 13C chemical shift values 
of Val and Ile C, and Ala CB carbons in SCMKA and 
SCMKA-hf suggest that they are rich in the aR-helix struc- 
ture (Figure 1 and Table 11). 

d. Wool. The proportion of the a-helix form in wool 
was reported to be 30-36 % by deuterium-exchange 
 experiment^.^^ The carbonyl I3C signal of wool splits into 
two peak. From their chemical shift values, it is shown 
that both the aR-helix and @-sheet forms exist in wool 
(Figure 2 and Table 111). In addition, the 13C CP/MAS 
NMR spectrum of wool exhibits characteristics of both 
the reduced and separated matrix and microfibril pro- 
teins (Figure 1). The 13C peaks assignable to the Thr 
and Ser CB carbons in the @-sheet form appear a t  72.2 
and 68.6 ppm, respectively, as they do in SCMKB. The 
13C peaks assignable to the Val and Ile C, and Ala CB 
carbons in the aR-helix form appear at  65.2 and 16.5 ppm, 
respectively, as they do in SCMKA and SCMKA-hf (Table 
11). 

The intensity of the peak appearing at  30 ppm in the 
spectrum of wool is very strong, but in the spectra of the 
other samples the corresponding peak is not identified. 
In general, wool contains lipids of 2.5 wt % in the wool 
cell membrane. In the lipids, n-alkyl methylene (CH2) 
carbons undergo fast transition between trans and gauche 
isomers at  room temperature. This situation is very sim- 
ilar to the case of polypeptides having long n-alkyl CH2 
side chains44 or long alkene CH2 side chains,45 in which 
the methylene peak appears a t  about 30 ppm. From this 
experimental finding, the peak appearing at  30 ppm in 
wool may be assigned to the CH2 carbons of lipids in 
wool cell membrane. As shown in the 13C CP/MAS DDph 
experiments, the spin-spin relaxation time (2'2) of the 
corresponding carbons is relatively long compared with 
the time of other carbons. This implies that the mobil- 
ity of its carbons is high. In SCMK samples, lipid com- 
ponents are removed, and so its peak is not identified. 
These results support the assignment of the peak appear- 
ing a t  30 ppm in wool to the lipids in the wool cell mem- 
brane. 

Coiled-Coil Structure of Wool Keratin. The  
microfibrils of wool are composed of protofibrils which 
consist of coiled-coil a-helix ropes.23 The sequence for 
seven amino acid residues which take the coiled-coil 
a - h e l i ~ ~ ~  is found in SCMKA (especially in SCMKA-hf), 
as well as in tropomyosin, myosin, and paramyosin. Fig- 
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ure 4 shows the expanded l3C CP/MAS DDph spectra 
of the Ala Cp carbons in wool, SCMKA, and SCMKA- 
hf. The l3C chemical shift values of the peaks for the 
Ala CB carbons in SCMKA and SCMKA-hf are 16.5 ppm 
(Table 11). In the spectrum of wool, however, two peaks 
are observed a t  14.8 and 16.5 ppm. The 13C chemical 
shift value of 14.8 ppm is in agreement with that of C,, 
methyl carbons of poly(L-isoleucine), and the peak inten- 
sity is more intense than that in the 13C CP/MAS TOSS 
spectrum of wool (Figure 1). This implies that the mobil- 
ity of its carbons is high. The peak appearing a t  16.5 
ppm in wool agrees with that in SCMKA and SCMKA- 
hf. Thus, it can be said that the peaks at  16.5 and 14.8 
ppm mainly come from the methyl carbons in the CYR 
helical and nonhelical forms of wool, respectively. These 
13C chemical shift values obviously differ from those of 
(Ala), in the crR-helix form (15.7 ppm).46 In our previ- 
ous study,21 the two peaks a t  15.8 and 16.7 ppm observed 
in 13C CP/MAS spectrum of tropomyosin in the solid 
state could be assigned to Ala Cp carbons in the external 
and internal sites of the coiled-coil structure, respec- 
tively, from the difference in the mobility of these car- 
bons. Therefore, 13C chemical shift values of Ala Cp car- 
bons peaks observed in wool, SCMKA, and SCKMA-hf 
suggest that a number of the Ala residues in these sam- 
ples are located in the internal site of the coiled-coil struc- 
ture. 
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(13) Saito, H.; Ando, I. Annu. Rep. NMR Spectrosc. 1989,21,209. 
(14) Ando, S.; Matsumoto, K.; Ando, I.; Shoji, A.; Ozaki, T. J .  Mol. 

Conclusion 
On the basis of the observed 13C chemical shift values 

of the main-chain carbonyl carbons in SCMKA and native 
wool fiber samples, the major conformation of SCMKA 
and SCMKA-hf was determined to be the aR-helix form, 
while that of SCMKB and HGT was determined to be 
the @-sheet form. On the other hand, it is confirmed that 
both the aR-helix and @-sheet forms exist in native wool 
fiber. Therefore, it can be said that the main-chain con- 
formation of matrix proteins is the @-sheet structure, in 
spite of modifications such as reduction and carboxy- 
methylation of the Cys side chain, as is found for native 
wool fiber. Further, it is suggested that the coiled-coil 
structure exists in microfibril proteins. 
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