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control experiments showed an extensive binding to
human serum albumin.

Haemopexin is a glycoprotein, its sugar component
representing - 20''; of its molecular weight r 6. The
generally low reactivity of its functional groupse'12 and
high solubil ity suggest that the molecular surface is
shielded by sugar chains and that the compact
hydrophobic p€ptide core is not in contact with the
solvent. Nevertheless. some hydrophobic groups of native
haemopexin can be affected by chemical agents, e.g. three
tryptophan residuese and especially a lar,ee area of the
haem-binding site. From this point of view it seems
worthwhile to discuss the inabil ity of haemopexin to
interact with small molecules of hydrophobic fluorescent
probes.

Mor-qan and coworkersr'2 have studied the interaction
of various porphyrins with rabbit haemopexin. It was
found that all the porphyrins studied were bound to the
same binding site; their binding constants depended on
the nature of the central metal atom as well as on the
character of the side chains on the periphery of the
porphyrin ring. A non-planar acyclic structure of
bil irubintt is bound to the same site by a relatively weak
bond  (Ko :7 .5  x  l 0 - '  M)  s im i l a r  t o  t ha t  o f
uroporphyrins:. Iv{organ er a/. concluder ? that the haem-
binding s i te  is  s ter ica l ly  non-restr ic t ive.

According to this concept haemopexin might be
expected to bind any hydrophobic aromatic structure
smaller than a porphyrin. However. the fluorescent
probes we have used are not bound at all. This
observation can be understood in the l ieht of Koshland's
induced-fit theoryrs. The extremely titong binding of
haem. deuterohaem and mesohaemr by haemopexin
clearly has a bearing upon their abil ity to adopt the
protein conformation according to their structural
requirements: this adaptation is shown by the rise of the
2ll nm band in the circular dichroic spectral '6. The more
r,r eak l-v- bound structures (deuteroporphyrin.
b i l i rubin) t  ' '  are not  able to induce th is  conformat ional
change to a sufficient extent. so rhat their binding
constants decrease by 2-3 orders.  F inal ly .  the abi l i ty  of  the
small hydrophobic molecules to affect the protein
conformation seems to be so poor that even the sensitive
fluorescent technique fails to detect any interaction.

Conclusions
(a) The dependence of haemopexin tryptophl' l

f luorescence on iodide concentration was measured. lt
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Ovalbumin is a glycoprotein found in abundance in egg
white. lts function is suggested to be that of a protease
inhibitorr and its polypeptide chain, of molecular weight
42699. has now been sequencedl. Although it has been
extensively' examined physiochemically (Tahle /) workers
have generally found it diffucult to comment on its gross
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exhibited a two-step course u'ith a distinct plateau.
Fluorescence intensity of the haem-hai:mopexin complex
is decreased due to the presence ofthe haem group but the
shape of the quenching curve is similar to the
apohaemopexin.

(b) The possibil i ty of tryptophan participation in rhe
haem-binding site architecture is discussed. The direct
interaction of indole group with haem seems to be
unl ike ly .

(c) An attempt was made to bind three types of
fluorescence probe, anionic. cationic and neutral; no
interaction was detected either with haemopexin or its
haem complex.

(d) An effect of haem binding on the conformation of the
peptide part of the haemopexin molecule can be
understood tn the l ight of Koshland's induced-fit theory.
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conformation, either because of problems of hydration or
the insensitivity of the hydrodynamic functions
previously used to axial ratio (or equivalently high
sensitivity to experimental error). For example. the recent
analysis of Jeffrey et al.2 could only predict the axial ratio
(of the equivalent ell ipsoid of revolution) to be between 5:l
and l: l for either a prolate model or an oblate model.

The ratio k,l lqf (: R) has now been shown by Rowe3 to
be a sensitive function of the axial ratio, independent of
any assumptions about the hydrodynamic volume other
than it being the same in both the viscosity and
sedimentation experiments. From Table /. R:1.56,
corresponding to an axial ratio of 1.5. for both a prolate
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Table I Physicochemical data

s ' (3 .87  10 .02 )  x  l 0 - t r  s  25  6 -7b
ki  5.45 ml  g- '  25 6-7b
laf  3.a9 ml  s- '  25 6.8

r ,  0 .748 ml  g- '
M 45 000

ko 6 .6  ml  g - r  25  6 .8  From 9
U (5.0+0.2) x 105 ml mol- r20 4.59 and 7.50 2
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correspond to a prolate ell ipsoid. because of the low
asymmetry the error envelopes go well into the oblate
range. This uncertainty sti l l  remains, even after
comparison of model independent with model-dependent
estimates for the swell ing due to solvation S".:if,7r-;, of
the macromolecule in solution. were r=, is the swollen
volume in ml g- t. The model-dependent esti'mate is found
by finding the Simha-Saito6'7 function l corresponding to
the axial ratio found from R for each particular model ind
then substituting in the relationa:

lnl 1' - 7  " s *

A value for S". independent of any assumed model can
be found from the relation S*.:knr'ko(Rowe, 1977\3. For
ovalbumin. the model independent S*. is 1.2: however. for
both prolate and oblate ell ipsoids. the model dependenr
S", is 1.5. We cannot conclude further than that ovalbumin
is spheroidal (possihly prolate) of axial ratio 1.5 + 0.3. If i t
is indeed prolate then it is interesting to note that the axial
ratio of an average standard egg is about 1.5.
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.s, Sedimentation coeflicienr (extrapolated to infinite dilution); k,.
sedimentation regression coefficient; [4], intrinsic viscosiry: k",
viscosity regression coe{licient; U, molecular covolume: M,
molecular weight.
" Miller's original dataE was corrected to 25"C and for radial
dilution by Holtq. /<, has been further corrected to solution
density according to a relat ion given by Rowe3.D The exact pH was apparently not specified.

and oblate ell ipsoid model. Allowing for errors of. + I ?; in
the measured values of /c. and trl], R : 1.56 + 0.03.
corresponding to axial ratios of 1.5 + 0.3 for both prolate
and oblate models. This is much more precise than
previous estimates2. Unfortunately, it is impossible to
decide from the R function directly whether the prolate or
the oblate ell ipsoid is the better model, because of the
inherent property in R that at least for axial ratios < 50, a
given value of R does not uniquely define the geometry of
the-ell ipsoid (viz. is it oblate or is is prolare?). The ratios
U q3oN !s3 1 U 3 ( I - r"o)3 : ry' (Ref 2) and U lfql, M : ft ( Refs
4 and 5), although far less sensitive to axial ratio and more
sensitive to experimental error, do not suffer from this
problem: values of ry' < 5 x 103 and fl < 3.2 define a prolate
ell ipsoid and values of (t > 5 x 103 and lI > 3.2 define an
oblate e l l ipsoid.  For  ovalbumin r t r : (4.97+0.24)x 103
(Ref  2)  and f l :3 .18+0.20.  Al though the mean values

Factors affecting the ethanol
stability of bovine casein
micelles: 3. Substitution of
ethanol by other organic solvents
David S. Horne and Thomas G. Parker
The Honnah Research Insr i tute,  Avr.  KA6 5HL. Stot larul .  IJK
(Re<eired 2 Februurr  l98l l

Introduction

The interactions of organic solvents, including alcohols.
with protein systems are many and complex. Of the forces
that stabil ize the unique folded structure of proteins in
solution - hydrophobic interactions, hydrogen bonds
and electrostatic forces - each is affected in some way by
the additton of organic solvent to the solution. Such
additions can lead to denaturation, inhibit ion of enzyme
reactions or, in the case of skim-milk. breakdown of the
stabil ity of the micellar system and subsequenl
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coagulation. Intensive research on casein micelle
structure has failed to answer the question of what
determines the stabi l i ty  of  the micel te in  mi lk .
Centrifugation. heating. cooling or drying of milk
apparent ly  do not  destroy micel lar  in tegr i ty t .
Nevertheless, this stabil iry does have limits with respect to
environmental conditions. Among the reactions which
can be used as sensitive indicators of micellar properties
and probes of micellar stabil ity are the coagulation of
milk by chymosin. by heating at high temperature or by
addition of alcohol. the subject of our presenl
investigation

In the last  for ty  years.  the ethanol  s tabi l i ty  of  mi lk  has
been the subject of two comprehensive investigations2.r.
Both of these concentrated on the properties and
compositions of the milks giving rise to changes in the
ethanol stabil ity rather than on the mechanism of the
coagulation process per se. More recently, Horne and
Parkero have noted the effect df artif icial adiustment of
the pH on the ethanol  srabi l i ty  of  the mi tk  inabl ing an
ethanol stabil ityipH profi le characreristic of rhar skim-
mi lk  to be obta ined.  Fur ther  invest igat ions5-6 in to the
factors affecting the shape and positioi of this pH profi le
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