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intermediate between that of the low-sulphur proteins
fraction (SCMKA or cv-keratose) and the high-sulphur
proteins fraction (SCMKB or y-keratose) which are
obtained after dissolving wool fibres in reducing or
oxidising agents.1'2 The analyses can be rationalised on the
basis that the microfibrils and microfibrillar aggregates
contain about two thirds of low-sulphur proteins and one
third high-sulphur proteins.33 Since this amount of
high-sulphur proteins is considerably greater than the
estimated degree of contamination of microfibrils by
matrix proteins, it seems likely that the microfibrils
contain at least some high-sulphur proteins. The simple
idea that the microfibrils consist solely of low-sulphur
proteins and that the matrix consists of high-sulphur
proteins and the high-glycine-tyrosine proteins1'2'43 is
therefore unlikely to be correct, but more work is required
to resolve this question with certainty.

The stress-strain or load-extension curves obtained for
wool fibres are characterised by a Hookean region in
which there is a linear relation between load and
extension up to about 2% extension of the fibre. The
characteristic X-ray diffraction pattern of a -keratin
(a -pattern) is observed in this region. At higher loads
there is a rapid increase in extension and this is designated
as the yield region. In this region there is a transition in the
X-ray diffraction pattern from the a -pattern to the
/3-pattern which is characteristic of fully extended
fibres.6 These experiments show that the microfibrils
(which contain ordered a -helical chains, see below) can
maintain their integrity up to about 2% extension, but at
higher extensions the a -helical chains are progressively
disrupted and extended polypeptide chains are produced.
In general, the mechanical properties of fibres can be
interpreted in terms of the microfibril-matrix structure of
wool."47'48

SUBSTRUCTURE WITHIN MICRFIBRILS

(PROTOFIBRILS)

The two questions of the nature of the protofibril and of
its arrangement within the microfibril are undoubtedly the
most interesting and controversial unsolved problems in
the field of keratin fine structure. Recent reviews"2 have
summarised the considerable body of information ob-
tained from X-ray diffraction studies of fibres and of
electron microscopy of cross sections of fibres and of
separated filamentous material. The protofibril consists of
two"2 or three49 a-helical polypeptide chains twisted
about one another to form a rod-like structure. The
diameter of the protofibril is probably about 20 A, but the
length over which its structural integrity is maintained
(the coherence length) may be very small (<100 A) or
much longer. Tropomysin, a muscle protein, consists of
two a -helical chains twisted around one another and has a
particular amino acid sequence, which shows that the
double stranded rope is stabilised by hydrophobic
interactions between non-polar side chains.50 Sequence
studies on the low-sulphur proteins from wool (which
form the major component of microfibrils) are in progress
and indicate the likelihood of stabilisation of the
multi-strand rope by hydrophobic and ionic interactions.49

The arrangement of protofibrils within the microfibril
has also been a subject of considerable controversy,2 but
it is agreed that the microfibril contains an outer ring of
radius about 29 A and an inner core of high electron
density.38'5'54 The core presumably contains one or more

protofibrils and there are an indeterminate number
arranged around the ring, the annulus between the core
and ring may contain non-helical material of the
low-sulphur proteins and perhaps high-sulphur proteins.

SEQUENCE STUDIES OF PROTEIN FRACTIONS

The determination of the sequence of soluble proteins
from wool was delayed for years by the extreme
heterogeneity of the low-sulphur and high-sulphur protein
fractions of wool, whether prepared by reductive5557 or
oxidative procedures.5° The successful fractionation of
high-sulphur proteins by South African workers6' allowed
the determination of the sequences of three very closely
related proteins containing about 100 residues.62M These
molecules contain a high-sulphur fraction (residues 1—48)
and a low-sulphur fraction (residues 49—99), but the
regular occurrence of proline throughout the sequences
would prevent the formation of appreciable stretches of
a -helix. Three sequences have been obtained from
another family of closely related high-sulphur proteins
containing 150—171 residues.6569 There is a considerable
amount of repetition of a ten residue sequence in each of
these proteins.68 Together, these six proteins would
account for about 12% of the total weight of the fibre.2

Studies in various laboratories, summarised elsewhere,2
have shown the presence of a heterogeneous group of
proteins called high-glycine-tyrosine, or tyrosine-rich
proteins, present in yields of 12% in fine wool. These
now appear to consist of at least two families43 and a
member of one family has been purified and sequ-
enced.70'7' This small 61-residue protein contains 14
residues of glycine and 11 residues of tyrosine. There are
two sections in which glycine occurs in alternate residues
(i.e. (Gly — X)3 and (Gly-X)4) which is reminiscent of the
silk structure, yet there is no evidence of the occurrence
of the /3-pleated sheet structure in solutions or in cast
films.7' This protein amounts to at least 2% of the weight
of Merino wool.

As already stated it is likely that the sequence of
low-sulphur proteins will give considerable insight into
the structure of protofibrils and microfibrils. Studies in
progress49 indicate there are three types of low-sulphur
proteins one of which is a single species and the others
consist of two families of proteins. The amino acid
analysis of the three types is significantly different and
single members of each type have been prepared, but no
complete sequence information is available.72 Chymotryp-
tic or tryptic digestion of low-sulphur protein (SCMKA)
produces helical fragments which are considered to be
triple chains49'73'74' rod-like with lengths of about 160 A.

CONCLUSION

The most interesting features of the fine structure of
wool fibres still to be resolved are those concerned with
the nature of the microfibrils and protofibrils. It should be
possible to obtain this information by (1) further electron
microscopic and X-ray studies of separated microfibrils
coupled with chemical studies, (2) sequence studies on
low-sulphur proteins which originate from the microfibrils
and (3) further X-ray diffraction studies. However, there
are many other structural and chemical aspects of wool
fibres which require elucidation, before it will be possible
to relate in detail the structure and chemistry to the
physical properties of the fibre.
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