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Hydrophobic Effects in Chemically-modified Keratin

It is well established that, under alkaline
conditions, cysteinyl residues in proteins
undergo a S-elimination reaction to yield
dehydroalanyl residues [1,2]. Addition
of compounds to such moieties is
possible;  thus, thiol- and amino-
containing amino acids form chemically
and biologically stable crosslinks [3],
which have been shown to be of signifi-
cance in numerous disciplines [4,5,6}.
These types of reaction are particularly
important in the protein keratin which
has a high cystine content. Asquith ef al
[7] have shown that alkylamines react
readily with dehydroalanyl residues,
finding that the longer the aliphatic chain
the more effective was the addition (cf.
pentylamine with methylamine) [8].

The interaction of dyes with alkyl-
amine-medified  Kkeratin  showed that
although the concentration of the pentyl-
amine adduct was greater than that of the
methylamine adduct, keratin treated with
the latter amine had a greater affinity for
both acid and reactive dyes in the cold
[9] . The fixation of the reactive dyes to
the fibre followed the same pattern. It
was suggested that the reasons for the
changes in dye uptake by the modified
protein were due to:

(a) Hydrophobic interaction between
the longer-chain amine derivatives
inhibiting penetration of the dye.

(b) The basic sites introduced by the
longer-chain amines not reacting
readily with reactive dyes because
of steric effects.

Scheraga et al [10] pointed out that
hydrophobic interaction was greatest at
60°C and virtually non-existent at 100°C.
In order io assess the validity of the two
hypotheses, dyeings were carried out on
both methylamine- and pentylamine-
modified wool keratin (1% dyeing; pH
7.50) at different temperatures, 25, 60
and 100°C. The resulting values for 1y,
and % exhaustion for a simple acid dye
are shown in Table 1.

In agreement with previous work {8]
the exhaustion at 25°C decreases with the
presence of the protein-bound pentyl-
amine adduct; a similar result is obtained
at 60°C, but the trend is reversed at
100°C.

These findings support the hypothesis
that since hydrophobic interaction is

Time of Half Dyeing and Maximum Exhaustion for C.I. Acid Red 57 on Amine-treated

TABLE 1

Wool

Treated Wool ty,(min)
25°C 60°C

Methylamine 3 2% 2

Pentylamine 6 6 114

TABLE 2

100°C 25°C 60°C

Exhaustion (%)
100°C
81 92 96

60 83 99

Time of Half Dyeing, Maximum Exhaustion and Fixation for C.I. Reactive Red 1

on Amine-treated Wool

Treated Wool ty, (min)

Methylamine 10

virtually non-existent at 100°C, the rate
of exhaustion of the anionic dye is
dependent on the number of basic sites
present in the fibre. Hence, the greater
basicity of pentylamine-treated keratin as
compared with the methylamine-treated
protein results in a more rapid uptake of
dye by the former system.

The experiment was repeated using a
fibre reactive dye. Table 2 shows 1y,,%
exhaustion and % fixation values for C.L
Reactive Red 1. In general, the rate of
exhaustion of this dye follows the same
trend as that of the acid dye, i.e. at 25
and 60°C the pentylamine-treated sample
exhausted less than the methylamine-
treated one, the order being reversed at
100°C. The extent of covalent fixation of
the dye clearly supports the hypothesis of
steric effects operating with the longer
chain amine sites. Whilst the rate of
exhaustion of the pentylamine-treated
protein is higher, the extent of fixation is
about 12% less than that of the methyl-
amine-treated keratin.

It may be concluded from these
findings that the introduction of hydro-
phobic side chains into the keratin mole-
cule tends to increase hydrophobic inter-
action within the fibre. These interactions
inhibit the penetration of acid and reac-
tive dyes to the basic sites at tempera-

tures where they are stable. These
hydrophobic interactions therefore
outweigh the considerably enhanced

basicity of the fibre which results from
the pretreatment of the protein with long
chain alkylamines. At temperatures where

Exhaustion (%)
25°C 60°C 100°C 25°C 60°C
3% 2 42
Pentylamine 11 11 % 27

Fixation (%)

100°C 25°C 60°C 100°C

57 100 35 50 92

31 100 13 23 80
hydrophobic interaction is absent,

penetration of dye reflects the basicity of
the fibre.
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