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Studies on the Interaction of Metal Ions and their Hydrous
Ozxide Sols with Proteins. Part 11I. Interaction of
Aluminium, Chromium, Beryllium and their
Hydrous Oxide Sols with Haemoglobin

Hasan Arif, Salahuddin, and Wahid U. Malik

pH-metrie titration of anionic h lobin has been mn-ned out to aseertain the binding of Als*, Crs*,
and Bed* with the protein. From the -}uﬂ. in pH, when ani is replaced by NaOH of the same pH,
Cret and Be?! ions are assumed to be available both, from the sols and the electrolytes to combine with the
carboxyl groups of haemoglobin. Experiments, performed with equel volumes of the protem and elzct.mlyh
each of pH 4.0, show decrease in pH of the protein, thereby confirming the above P The ng
powers are in the order: Als+ » Crst 5 Beot,

Earlier physico-chemical investigations™?, carried out in these laboratories, on the
interaction of metals and their hydrous oxidesols with proteins had provided enough evi-
dence regarding the binding of metal ions with the available sites in simple and transfusion
gelatin. pH-metric and viscometric methods were employed to investigate the pheno-
menon and valuable information could be obtained from the pH shifts as wellas from the
inflection points in the viscosity-concentration curves®. In view of the prospective utility
of these methods, it has been considered worthwhile to extend this investigation to
proteins other than gelatin.

The present communication deals with the pH-metric studies on the interaction of
anionic haemoglobin and hydrous oxide sols of aluminium, chromium, and beryllium,

EXPERIMENTAL

Haemoglobin (E. Merck, Technical) was dissolved in NaOH solution according to
the method of Bteinhardt and Zaiser® to preparea 2%, solution. The pH of the solution
was adjusted to 11.0 by dialysing the protein solution for some time. The nitrogen

content of the protein was determined by the micro-Kjeldahl method and was found to
be 16.4%,

Elsctrolyte solutions (pH 2.0) of aluminium chloride, chromium chloride, and
beryllium nitrate were prepared by dissolving the chemically pure samples in all-
glass double distilled water. Respective concentrations of aluminium oxide and beryl-
lium oxide (determined gravimetrically) were 0.5084 and 0.2343 g./litre. The chromium
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content of the solution was determined colorimetrically according to Green and Ang# and
was 1.0404 g.[litre. Hydrochloric acid solution (pH 2.0) was propared for comparison,
Colloidal solutions of hydrous oxides of aluminium, chromium, and beryllium were pre-
pared by following the methods of Weiser3, Graham®, and Krauskopf? respectively. Their
pH’s were adjusted to 2.0 by addition of requisite emounts of HCI solutions, The con-
centrations of alumine, chromium hydroxide, and beryllium hydroxide (as oxide) were
found to be 1.3168, 0.2988, and 0.8112 g./litre respectively. The nature of the charge on
the hydrophobic colloidal solutions was determined by Burton’s type electrophoretic tube.
All of them wero found to be poasitively charged. Carbonate-free NaOH® was employed
during these investigations. Potassium chloride solution was made from A.R. samples.

Measurements of pH weore carried out with a Beckman pH-meter, Model G, using
glasa electrodes in an inert atmosphere. Fullowing sets of solutions were prepared and their
pH'’s determined after 12 hours.

Varying volumes, viz., 0.1,2,4,6,8,10,12,14, and 16 ml of either tho electrolytes or
their corresponding suls and HCI solution, cach maintained at pH 2.0, were taken with
4ml of the hacmoglobin solution (pH 11.0). The final volume was made 20 ml in each
caso by addition of tho requisite amount of wator. Similar sets of mixtures containing
NaOH (pHI1), instoad of the protein, wero also prepared. The pH-titration curves are
shown in Figs_1-3 and the shifta in pH, when the protein is replaced by NaOH, are shown
in Table I.

TABLE 1
0.49% Haemoglobin soln. used,

Vol.ofsolor  HCL Alumina. AlCT,. Cr(UH), CrCl,. Be(OH),  Be(NOy),.
electrolyte. sol, sol.
0ml —0.10 —0.10 —0.10 —.10 —0.10 —0.10 —0.10
1 0.60 1.93 5.10 1.35 412 3.20 2.0
2 4.70 5.70 3.90 3.58 1.95 3.70 1.0
4 5.60 £.90 2.15 5.00 1.80 3.10 1.75
(3 5.10 4.88 1.50 472 1.70 2.50 1.60
8 4,18 3.80 1.40 4.20 1.45 2.05 1.40
10 3.22 2.80 1.38 .60 1.30 1.80 1.30
12 2.45 2.00 1.30 3.28 1.20 1.70 1.20
14 2.00 1.76 1.19 2.05 1.20 1.50 110
18 1.85 1.50 1.15 1.82 1.00 1.18 1.00
N. B. Figures, pting thoes in eol 1, refer to A\ pH.

Since pH titrations provided evidence of the possible reaction between the metal
and the protein in the pH range 2 to 5, it was felt necessary to determine precisely the
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competing tendency of the hydrogen and the metsal ions in this pH range.-To achiove this
Scatchard’s method of finding out the pH shift was employed. Two sets were arranged,
one containing equal volumes (5ml) of protein (pH 4.0) and the electrolyte of the same
pH and other containing 5 ml of water instead of the electrolyte. The total volume weas
made to 20 ml. The ionic strengthsin the first set were maintained at 0.086, 0.10, 0.14,
and 0.20 by addition of a requisite amount of KCl solution. The pH of the mixtures was
determined after 12 hours at 30°. The results are recorded in Table II.

TABLE II

0.5% Protein soln. was ueed. Cone. of the electrolytes =2.56 X 1073 H.

Ionic strength. AlCly. CrClg. *Be(NOy),.
0.066 0.26 0.25 0.18
0.100 0.20 0.29 0.18
0.140 0.30 0.30 0.20
0.200 0.31 0.30 0.26

N. B. Figures in columns 2-4 refer to A pH.
* The conc. of Be(NOg)q was 2.3 X 1079,

DISCUSSION

The interaction of positively charged alumina, chromic hydroxide, or beryllium hy-
droxide sol and haemoglobin (pH 11.0) can possibly lead to three different types of com-
binations, viz., () binding of hydrogen ions, (i) binding of metal jons, and(4#i1) neutralisa-
tion of the free base in the protein by the free acid in the sol. The first two conditions exist
when the hydrogen ions, or the metal jons, or the both are made available from the sol for
reaction with the reactive groups of the protein. Asfar asrealisation of the last condition
is concerned, there appears to be a remote possibility of simple neutralisation reaction
taking place, since ionic combinations are always possible with the protein, depending
of course on the pX values of the reactive sites. Another factor, which might play quite
an important role, is adsorption provided that repulsive forces between the two are not
operative.

Comparing the curves for alumina (pH 2.0) and haemoglobin pH (11.0), on the one
hand, and that of the hydrochlorie acid (pH 2.0) and the protein (of the same pH), on the
other, it will be seen that the aluminium ions from the sol do not make themselves avail-
able for binding with the protein. Instead, the hydrogen ionsare quite reactive and this
can easily be seen from the proximity in the two curves (Fig. 1, curves A and B). From
these results it could not, however, be concluded that aluminium ions binding to the pro-
tein was not feasible. Thatit isnot so, is confirmedon comparing curves C and E (Fig. 1)
which provide ample indication as to the protein competing with its free base in combin-
ing with the metal ions. The binding of hydrogen ion by the protein differs from that of
aluminium ion sinco the latter appears to be bound exclusively through the carboxyl
groups in the vicinity of pH 4.5 (pK values of the group in different proteins lie in the
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neighbourhood of pH 4.0)™, whereas the former enters into combination also with other
groups, e.g., imidazole, amino, ete. Similar reasoning can be offered while considering the
binding of chromium from chromie. chloride where the curve for electrolyte lies abave that
for the corresponding curves for NaOH (Fig. 2, curves C and E), again pointing towards
the fact thet protein competes with the base in combining with the metal jons in the pH
range 3.5-4.5 whore carboxyl groups are available for the reaction. The nature of the curves
(Fig. 2, curves A and B) for the chromic hydroxide sol and hydrochloric acid is almost the
same as for alumina, with the only difierence that the chromic hydroxide sol provides lar-
ger number of hydrogen jons for combination than the acid. That the interaction of chro.
mium and the carboxyl group of haemoglobin is quite probable may also be concluded on
the basis of the systomatic researches of Gustavson'' on the fixation of the metal through
the carboxyl group of gelatin,
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Vol. of sol, electrolyte, or hydrochloric acid $ Vol. of sol, electrolytz, or hydrocMoric acid
FIG. 1. FIG. 2
Curve A for alumina and haemoglohin. Curve A for chromium hydroxide and protein.
B, HCGO , " B ,, HC ”» ”
c ., Ay , »» . C ,, CrCh4 v
D ,, alumina,, NaOH. D ,, chromium hydioxide ,, NaOH.
E ,, Ay ,, ” E , CrCy - » »

The behaviour of berryllium hydroxide sol towards the protein differs from the two
hydrophobic sols discussed above. Here the curves for the sol-protein as well as for
the electrolyte—protein lie below that for HCl—protein (Fig.3, curves A, B, and ),
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indivating the possible availability of metal ions from sol and also from the electrolyte foz
binuling to the carboxyl groups of the protein. '

While considering the imteras-
tion of the metal ionsand protein,,
two important operative factors

. should be taken into aeccount. It
may be argued that physical adsorp-
tion may also be responsible for the
pronounced shift in pH. Such an
offect can heve its significance in the
higher pH range, but ‘should not be
of any value in the lower pH range
(3-5) where repulsive forces between
two positive particles would be-
operative. Further more, this seems
to be quite improbable in view of
the reactivity of the ionisable groups
of the protein in the pH range
under consideration. Secondly, the

»H -
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Vol. of sol, elecirolyte, or HC] added =

FIG. 3 influence of the buffering capacity

Cucve A for hydrochloric acid and protein. of the proiein may play a majorrole
B ., Be(OH), sol P during the course of the reaction.

G ?(3’0;). o Had it been 50, the curves for sols,

g"" B:((X}C[D):) so v N"'?E' electrolyte, and hydrochlorio acid,

each having equal amounf of hydro-
gen jons, would have almost coincided, which is not the case. On the other hand, the
fact that the mixtures, in which the chemical combination is indicated by pH-metry,
remain suspended, strongly goes to prove that chemical forces™ are invélved during
the interaction.

The shift in pH, viz., ApH, when the anionic protein is replaced by NaOH of the
same pH, shows the extent to which the protein competes with the hydroxyl ion in com-
bining with the metal jion; hence it may be taken as a qualitative measure of the extent
of metal-protein interaction. From Table I it appears that the extent of metal binding
follows the order: A13+>>Cr3t >Be™* ( A pH for beryllium beingleast). Furthermore, a definite
decrease in ApH values, with decrease in pH, shows comperatively small metal-binding,
a behaviour quite understandable in view of the availability of lesser number of free car-
boxyl groups due to protonation { —COO~+H* < COOH).

Experiments performed with the mixtures containing equal volumes of the electrolyte
and protein, each of pH 4.0, reveal that the pH of the protein shows small but detectabla
dacrease (A pH) as a result of the metal-protein combination. This can very wall be un-
derstood from the Scatchard and Black™ equation,

r =W (ApH)

(where ApH is the shift towards lower pH due to the binding of r moles of mefal/protein
molecule, and W depends upon ionic strength) which also predicts such a decrease in
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PH. The values of (A pH) for different metal ions show that the order of metal binding s
AP* >Cr% >Be", same as that obtained from the above results. Moreover, it is interest.
ing to note that (pH) values are not significantly altered by the increase in ionic strengh
from 0.066 to 0.200, (ApH) being invariably the same, lcading to the conclusion that the
uptake of the metal ions by haemoglobin is almost independent of the concentration of
anion, chloride ion in the present case.
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