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The lron-Protein Link in Hamoglobin
and Myoglobin

It is generally considered that the heem iron in
hzmoglobin and myoglobin and their derivatives is
bound to the apoprotein through histidine imidazole
groups, although there is some uncertainty! whether
the stronger of the two postulated imidazoles (ascribed
pK, = 5-3 in ferriheemoglobin and ferrimyoglobin?)
has been so identified.

The pH stability curves of native and recombined
horse ferrimyoglobin are shown in Fig. I, obtained
after addition of solutions of the native protein and
of the components of the recombined protein to a
series of phthalate and phosphate buffers (pH 2-3-7 -0,
w = 0-05, T = 21° C.). The solutions were stood for
16 hr. at 1° and then 2 hr. at 21° before reading the
absorbances at 408-5 my, the Soret pH 7-0 peak.
Curves of similar type and approximate position were
obtained for ferrihemoglobin, measured at 405 my.
When hamatin or @tiohsmatin combines with native
globin or apomyoglobin at pH 6-7, a comparable major
increase in Soret peak absorbance occurs® between
pH 4 and 6 (Fig. 1). The curves therefore appear
to indicate dissociation of the hsmatin iron from
specific groups in the apoprotein.

A reversible equilibrium between ‘acid hamatin’
and ferrihsemoglobin exists® within the pH range 3-0-
6-0, and while the curves of Fig. 1 and similar ones
obtained by removal of hsematin with acetone® do
not exactly fit dissociation curves of acids with single
equilibrium constants, they could represent such
curves partly masked by overlapping contributions
from other linkages, such as hsmatin propionyl —
apoprotein or iron — anion ligand.

Since at pH 5-3 only a very small decrease in Soret
peak absorbance oceurs and only a very small fraction

07
SO~
06
05
@
<
g
2 04
=
13
w2
=3
-
03
02p /J
A
>
ra o,//o
O.IT)._—G’
1 i I ' 1 L
T 2 3 4 5 6 7 8 9
pH

Fig. 1. pH stability curves of native and recombined horse ferri-
myoglobin in the pH range 1-7 from the absorbances at 408 -5 myu.
Native ferrimyoglobin (—Q—0O—), 01 ml. 93 x 10-* M
golution + 10 ml. buffer ; recombined fernmyoglobin (—A—O—
0-05 ml. 1-8 x 10-* M protoh@matin in 0-01 M sodium hydroxide
+ 0-10 ml. 2-1 x 10~¢ M apomyoglobin solution + 10 mi. buffer.
Buffers: »H 12, hydrochlouc acid; 2-3-6'2, phthalate;
6-5~7'0 phosphate ; = 0-05. Temperature of measurement,
21° C. " Path- length, 4 cm.
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of the heematin is extracted by acetone?®, the specific
groups indicated, which I consider to be those binding
the hematin iron to the apoprotein, are unlikely to
be the postulated imidazoles of pK, = 5-3. A pK
of this value could be related to dissociation of
hematin propionyl. Rather it would appear that
groups of the nature of aspartyl 8- or glutamyl
y-carboxyls (pK ~ 4'7) are ionizing. Potentio-
metric titration studies of horse carboxyhsemoglobin®
have also suggested carboxyl groups (of pK approxi-
mately this value) linked to the heem, while iron—
carboxyl linkages have been considered to occur in
recombined hsemoglobin! and, on evidence from both
spectrophotometric and enzymatic activity studies,
in the related hamoprotein, horse-radish peroxidase?.

J. E. O'Hacax

Red Cross Blood Transfusion Service,
Brisbane,
Queensland.
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Chromatographic Behaviour of Human
Albumin labelled with lodine-131

THE ¢n vivo behaviour of plasma proteins labelled
with iodine-131 prepared by methods developed in
this laboratory!.? is almost identical with that of the
corresponding proteins labelled with carbon-14 by
the biosynthetic procedured¢.  Human albumin
preparations iodinated by these methods have a
chromatographic distribution similar to that of
unlabelled albumin when analysed on anion exchange
columns of diethylaminoethyl cellulose (Fig. 1).
Similar results have been obtained on cation exchange
columns of carboxymethyl cellulose. On the other
hand, commercially iodinated human albumin
(Abbotts, Chicago), which has been extensively used in
clinical studies of albumin turnover, has recently been
shown to have a chromatographic distribution
markedly different from native albumin®. It is now
recognized that preparations of protein labelled with
iodine-131 may be adversely affected by a variety of
factors, including the method of fractionation, the
technique of iodination!, preliminary heat treatment
of the protein® and self-irradiation’. Investigation
of these variables has shown that by far the greatest
changes in chromatographic behaviour of albumin
labelled with iodine-131 result from self-irradiation.

Human albumin prepared by ion exchange chroma-
tography® was iodinated at a mean ratio of less than
1 atom per molecule using the iodine monochloride
method recently described by McFarlane?. The
effect of self-irradiation was investigated in solutions
containing 2-3 mgm. albumin and 500-700 pe. of
iodine-131 per ml. Solutions were stored at 3° C.
and tracer amounts added to human serum at inter-
vals after labelling. Irradiation-levels between 40
and 85 k.rads produced a progressive displacement
of the radioactive from the native albumin (Fig. 2).
The electrophoretic mobility on paper of these irradi-
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