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Studies on the Interaction of Metal Ions and their Hydrous 
Oxide Sols with Proteins. Part IU. Interaction of 

Aluminium., Chromium., BeryWam. and their 
Hydrous Chide Sols with Haemoglobin 

Hasan Arif, Salahuddin, and Wahid U. lllalik 

pH-metric titration of anionic haemoglobin has been carried ont to aaoertain the binding of AIS0 , Crl0, 

and B .. • with the protein. From the ahift in pH, wben anionic proteiD ia replaoed by N..OH of the same pH, 
crs+ and Be"• ions are &IllUmed to be available both from the BOis and t.h,e eleotrolytea to combine .,;th tbe 
c•rboxyl groupo ofhaomoglobio. E1<perimenta, performed with eqoal vo1umea of the proteiD BDd electrolyte, 
ea.ch of pH 4.0, ahow decreue in pH ofthe proteiD, thereby ooolimiing the above &IIIIU.Diption. The com biDing 
powers aro in the order: A1s+ > CrSt >Beat. 

E-ulier physico-chemical investigations''", carried out in these laboratories, on the 
interaction of metals and their hydrous oxide sols with proteirul had provided enough evi­
dence regarding the binding of meta.l ions with the available sites in !!imple and tra.nsfosion 
gelatin. pH-metric and viscometric methods were employed to investigate the pheno­
menon and valuable information could be obtained from the pH shifts as well as 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 Steinhardt and Zaiser!•• to prepaT& • 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 
bel6.4%. 

Electrolyte solutions (pH 2.0) of aluminium chloride, chromium chloride, and 
beryllium nitrate were prepared by dissolving the chemically pur11 samples in all­
glass double distilled water. Respective concentrations of a.laminium oxide and beryl­
lium oxide (determined gravimetrically) were 0.5084 and 0..2343 g./litre. The chro.mium 
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oontont of tho solution was determined colorimetrically according to Green andAng4 and 
was 1.0404 g./litre. Hydrochloric acid solution (pH 2.0) was prupa.red for comparison. 
C~lloida.l solutions of hydrous oxides of aluminium. chromium, and beryllium were pre­
pared by following the methods of Weiser', Graham6 , and Krauskopf' respectively. Their 
pH's ·were adjusted to 2.0 by addition of requisite amounts of HCI solutions. 'l.'lut con­
centrations of o.lumina., chromium hydroxide, and beryllium hydroxide (a.s oxide) were 
found to be 1.3168, 0.2988, o.nrl 0.8112 g./litre respectively. The nature of the cha.rga on 
tho hydrophobic colloi(bl Rolutions was determined by Burton's type electrophoretic tuba. 
All of them wero found t<J be P"sitively charged. Carbonate-free NaOH8 was employed 
during those investigations. Potassium chloride solution was made from A.R. samples. 

Measurements of pH wore carried out with a Bockman pH-meter, Model G, using 
glass electrodes in an inert o.tmosphorc. Fullowin~ sets of solutions were prepa.red and their 
pH's determined aftor 12 hours. 

Varying volumes, ,·iz., 11.1 ,2,4,(i,K,I0,12, 14, nnrl 16 ml of either the electrolytes or 
thoir corresponding s .. ls and HCI Muluti.m, eu.d1 mu.int&incd at pH 2.0, ware ta.ken with 
4ml of tho haemoglobin sulntiun (pH I I .II). The fma.l volume wa.s made 20 ml in each 
ca.so by •ulditirm of tho raqui~itQ urnonnt .,f •mtor. Rimilo.r sets of mixtures conta.illing 
Na.OH (pHll), imto"1l of the prutt•in, were also lJreparcd. The pH-titration curves are 
shown in Figs.l-:J o.ml tho shifts iu1JH, when tho protein i11 replaced byNa.OH, are shown 
in Table I. 

TABI,E I 

0.4% Haemoglobin soln. Ufled. 

Vol. of aol or HCI. Alum in&. AlCI3 • Cr(UH)3 CrCJ5 . Be{OH)8 Be(N08)8 • 

eleetrolyto. sui. ool. 

Oml --4!.10 -0,10 -0.10 ..... H.IO --0.10 -0.10 --4!.10 
I 0.60 Lilli 0.10 1.311 4.12 3.20 2.80 
2 4.70 5.70 3.90 3.58 1.95 3.70 1.011 
4 u.6o 6.110 2.15 5.00 1.80 3.10 1.75 
6 5.10 4.88 J.oo 4.72 1.70 2.50 1.80 
8 4.18 3.80 1.40 4.20 1.45 2.03 1.40 

10 3.22 2.80 1.38 3.60 1.30 1.80 1.30 
12. 2.45 2.00 1.30 3.28 1.20 1.70 1.20 
14 2.00 1.75 1.19 2.05 1.20 1.50 1.10 
16 I. Sa l.oO 1.15 1.62 1.00 1.18 1.00 

N. B. Figures, exoepting those in column I, refer to[!, pH. 

Since pH titra.tions provided evidence of the possible reaction between the mata.l 
and the protein in the pH range 2 to 5, it was felt necessary to determine precisely the 
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rompeting tendency of the hydrogen and the meta.l ions in this pH range~ To achieve tiUs 
Scat~hard's method of finding out the pH shift was employed. Two sets~ .ammged, 
one containing equal volumes (5ml) of protein (pH 4.0) and the electrolyte of t.he sa.me 
pH and other containing 5 ml of water instead of the electrolyte. The total volume wa.s 
made to 20 ml. Tho ionic strengths in the first set were maintained at 0.066, 0.10, 0.14, 
aml 11.20 by addition of a requisite amount of KCI solution. The pH of the mixtures was 
dl"tcrmined after 12 hours at 30". The results a.ro recorded in Table II. 

TABLE II 

0.5% Protein soln. wo.s used. Cone. of the electrolytes= 2.5 x 10-s .M. 

lnnic strength. A.ICI3 . 

0.0011 0.28 

0.100 0.29 

0.1-&0 0.30 

0.200 0.31 

X. B. Figures in eolumna 2·4 refer to l:lpH. 
• Tho conc.ofBe(N09 ).was2.3X lo-B. 

CrCI3 • 

0.25 

0.29 

0.30 

0.30 

DISCUSS ION 

•Be(N08)1 • 

0.18 

0.18 

0.20 

0.26 

The interaction of positively charged alumina, chromic hydroiide, or beryllium hy­
droxide sol and haemoglobin (pH 11.0) can possibly lead to three different types of com­
binations, viz., (i) binding of hydrogen ions,(ii) binding of metal ions, and( iii) neutra.lisa.­
tion of the free base in the protein by the free acid in the sol. The first two conditions eiis' 
when the hydrogen ions, or t.he metal ions, or the both are made available from t.he aolfor 
reaction with the reactive groups of the protein. As far as realisation of the last condition 
is con'lerned, there a.ppeg.rs to be a. remote p:>ssibility of simple neutralisation reactio11 
taking place, since ionic combinations are always possible with the protein, depmlding 
of course on the pK values of the reactive sites. Another factor, which might play quite 
an important role, is adllorpliion 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 
ha.nd, and that of the hydrochloric acid (pH 2.0) and the protein (of the sa.me 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 tbia 
can easily be seen from the proximity in the two curves (Fig. l, ourves A a.11d B). From 
these results it could not, however, be concluded that a.lu,minium ions binding to the pro­
tein was not feasible. That it is not so, is confirmed()n comparing curves C andE (Fig.l) 
which provide ample indication as to the protein competing wi~ its :&eebaseinoombil1-
ing with the metal ions. The binding of hydrogen ion by the protein difters from that of 
aluminium ion since the latter appears to be bound excluaivelyt.hrough tho carboxyl 
groups in the vicinity of f!H 4.5 (f!K values of the fP"'UP in different proteins lie .il\ ti!.Eo 
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neighbourhood of pH 4.0)'0
, whereas the former .enters into combination u.lso with other 

groups, e.g., imidazole, amino, etc. Similar reasoning co.n be offered while consid.eriDg t.ba 
binding of chromium from chromic. chloride where the curve for electrolyte lies above that 
for the corresponding curves for NaOH (Fig. 2, curves C a.nd E), again pointing towards 
the fact th&t protein competes with the base in combining with the metal ions in the pH 
range 3.11-4.5 whore carboxyl groups a.re available for the reaction. The nature of the cunea 
(Fig. 2, curves A and B) for the chromic hydroxide sol and hydrochloric acid is almost the 
same as for alumina, with the only difference that the chromic hydroxide sol provides \ar. 
ger number of hydrogen ionR for combination than the acid. That the interaction of cbro. 
mium and the carboxyl group of haemoglobin is quite probable may also be concluded on 
the basis of the systematic researches of Gustavson" on the fixation of the meto.l through 
the carboxyl group of gelatin. 
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Vol. of aol, •lodrolylo, ""ltvfroeltloric arid + 
FIG. 1. 

J' ol. of .al, der:Wolvt<, M Ttydrodlori< llcitl + 
FIG. 2 

Curve A for alumina and lu>emo@lohin. 

B RCI 

C ,. A.IC~ , 

D ~~ alumina , NaOH. 

E ,. AICI9 ,. 

Curve A for chromium hydroxide and proteiD. 
B HCI 

C CrCI1 

D ,. chromium hychoxide ,. NaOB. 

E CrCI1 

The behaviour of berryllium hydroxide sol towards the protein d.i1Jers from the two 
hy.drophobic sols discussed above. Here the curves for the sol-protein as .well a' for 
the elll'!trolyte-protein lie below that for HCl- prot\)in (Fig. 3, curves A, B, and C), 

10. Gurd and Wib:ox, "Advanoeein Prctein Chemt1Bt17"• Vol. XI, AcBcieJDic Press, N.Y., IIIIRI, :p.3»'. 
l\. J, A,..,.. CMm, Boc;., 19G~, 74,41108, 
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in<li''" ting the p:>ossible avails. bi\it.y of met.al ions from sol and also from the eleetrolyte.fol 
bimling t<:) the carbox;yl gruups of the protein. 

Curve 

8 8 10 12 14 18 

J'ol. of ool, rl.rlrt>lyCo, or HCI addMJ + 
FIG. 3 

_\ for hy<lrochlorio ocid and protein. 
B .• Be(OH)0 ool 
C .. Be(N03lo 
D., Be{OH)0 ool 
E,. Be(X03) 

II '' 

,. N .. OH. 

While co~ the iutera!l• 
tion of the metal ions and pJ"Otem,., 
two important operative factors 
should be taken. into account. Jt 
may be argued tha.t physical adsorp­
tion may also be responsible for the 
pronounCed shift in 1JH. Suoh IJol!. 
effect can have it.s Bignifica.nce 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 group& . 
of the protein in the 11H range 
under consideration. Secondly, the 
influence of the bnftering oa.pa.oity 
of the protein ma.y play a major role 
during the course of the reaction. 
Had it been so, the curves for BOis, 
electrolyte, and hydrochloric acid, 
each ha.ving equal amount of hydro· 

gen ions, would have almost coincided, which is 110t the case. On the other lumd, the 
fad that the· mirlW'es, in which the chemical combination is indicated by pH-metry, 
remain suspended, strongly goes to prove tha.t chemical forces'" are inV'Olved during 
the interaction. 

The shift in pH, viz., .6,pH, when tho anionio protein is replaced by Na.OH of the 
same pH, shows the extent to which the protein competes with the hydroxyl ion in com· 
bining with the metal ion; hence it may be taken as -a qualitative measure of the e~t 
of metal-protein interaction. From Table I it appears that the e:rlant of metal binding 
fc,Ur.nrstheorder:Al .. >Cr3t>Be""(.6,pHforberylliumbeinglea.st).Furthermore,adefinite 
decrease in .6,pH values, with decrease in pH, shows compa.rativelyam&U meta.l·bindillg, 
a beba..-iour quite understandable in view of the availability of less~~r number of free oa.r­
h<>li:Yl groups due to protona.tion (-coo-+H+ ....= COOH). 

Experiments performed with.the mixtures containing equal volumes of the eleotrolyte 
and protein, ea.ch of pH 4.0, reveal that the pH of the protein shows' small but det.eotabla 
decrease (.6,pH) as a result of the metal-protein combination. This can very wall be uo.­
darsiood from the Scatoha.rd and Black•S equation, 

r ""'W (.6,pH) 

{'~~'here .6,pH is tba shift towards lower pH due to the binding of r moles of metal/protein. 
molecule, and W depends upon ionia strength) whioh also predicts suoh a decma.se in 

12. w.-.r, "'l'ntBook o!ColloldCMmlst.ey", .John Wilq .t Baas, N.Y.,18411,p.S7. 
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pH. The values of (~pH) for different metal ions show that the order of metal binding is 
AlH >Cr3t >:Beot, same as that obtained from tho above results. Moreover, it is intere.t. 
ing to note that (pH) values are not significantly altered by the increase in ionic strength 
from 0.066 to 0.200, (~pH) being invariably the same, leading to the conclusion th&t the 
uptake of the metal ions by haemoglobin is almost indc_pcnd.ent of the concentration of 
anion, chloride ion in tho present case. 
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