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GERERA INTRODUCTION

Proteins are large molecules generally classed
under what are named as macromolecules, The commonly
known examples are gelatin,casein,myocin,egg albumin,
haemoglobin ete. In the language of a chemist these
may be considered to be built up from structural units
consisting of amino aclds in the main chain,being simple
proteins. But there exist other components also,what are
called prosthetic groups,resulting in the formation of
complex or conjugated proteins or proteids, Amongst these
may be mentioned the glucoproteins,e.g.,ovalbumin,mucin;
phosphoproteins,e.g.,caseinjhaving the carbohydrates,
and phosphoric aecid as the prosthetic groups respectively
and the nuecleoproteins and chromoproteins. But for these
minor differences the proteins are chemically alike and
thelr structure is characterised by the polypeptide
chains present in them,

From the structural view point the proteins are
of two typesi;the fibrous proteins,and the globular or
corpuscular proteins, Of the former the simplest is the
fibroin of silk,containing an elongated trans-polypeptide
chain., Other examples of fibrous proteins are the keratins
(proteins from hair and fur of animals,feathers,nails,
horns,quills ete.) which are folded and cross-linked and

when stretched are like silk. The other variety,viz.,
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collagen 1s cis-polypepﬁides,permanently folded and
unlike keratins ceannot be easily stretched due to the
presence of certaln side groups., Another class
comprises globular or corpuscular proteins which are
completely folded into dense structural units,giving
what may be termed as colloid crystals as in the case
of eolloidal solutions of egg albumin and haemoglobin,
Certain properties,like denaturation,swelling,
gelation and amphoteric character appear to be intima-
tely connected with the structural characteristics
of the proteins, The presence of these properties may
be attributed to the existence of groups or side chains
other than those present in the main chain, These can
be the carboxylic and the amino groups responsible for
their amphoteriec character( the behaviour wrongly
assigned to the amino acids in the main chain) and
the paraffinic,phenolic or sulphydryl groups so very
essential for the menifestation of hydrophobiec or
hydrophilic behaviour in them, The presence of such 4
groups implies existance of Vander Waal's forces,dipole
attraction between hydrophilic groups,formation of
heteropolar bonds etc.in the proteins., Their swelling
property in presence of water is a direct consequence
of the loosening of dipole attraction in polar solvents.
In a similar fashion denaturation-a property involving

decreased solubility in water and increased opalescence-
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may be ascribed to the rupture of certain linkages in
the native protein and involves partial combination
between the ionisable groups,such as 5-5,C0-5,C0-NH-CO
of the protein, Moreover,the chain length plays an
important role in determining the crystallising
tendency of the proteins, Thus it is found that mole-
cules with unequal chain length do not form regular
patterns and there the possibllity of crystallisation
is very remote, .
Proteins,being intrinsically unstable,are highly
reactive and interact almost with all anions and catlons,
with lipides ,with carbohydrates and with one another.
Such interactions have been of prime importance in study-
ing the applied aspects of protein chemistry. Many of
the properties of silk and wool,especlally related to
thelr tensile strength and elasticity, may be modified
by interaction with other substances., Von Weimarn has
shown that silk may be dissolved in concentrated solution
of sodium thioeynate and precipitated agéin in the form-e
of glass, or it may be spun,stretched and stroked until
it is far stronger than natural silk but is more brittle.
With globular proteins reactions with detergents
(soap solutions) or organic solvents have proved to be
of immense intrest to the technologist. The presence of
detergents unfold the native structure resulting in the

formation of elastic and highly double refracting fibrel.
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This could be achieved with egg albumin,wheat glutemin,
casein,zein and blood albumin(2-6). Many laboratories
have used highly concentrated organlic solvents in place
of detergents, The probiem.of the structural transformat-
ion of corpuscular to fibrous prdteins ecarries great
commercial potentialities-so much so that it should be
possible to convert even tobacoo mosaic virus into
textilesy an overecoat from a deseage"(7),

The process and technique of leather tanning is
punctuated with reactions involving the interaction with
organic and inorganic compounds, This process involves
the turning of hydrated animal hides susceptible to
putrefaction into dehydrated material,collagen tannate,
by interaction with tannin, The use of tannin as a
tanning reagent has been replaced by chromium salts,
which being polyvalent,like tannin link the neighbouring
chains together, Infact,tanning reagent are thbse which
precipitate the gelatin of the hides in an insoluble form,
Thus formaldehyde and syntan may be employed in tanning 2
and are found to provide strong permanent cross-linkages
(8).

Proteins,although basically different from high
polymers in their structure (with free terminal groups),
have found some use in plasties and in the manufacture
of fibres, In both the cases modified protein products
are obtained by interacting the protein with formaldehyde,
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the process involving the joining of the two protein
chains by means of a CHp group, Various patents,from
time to time, have appeared in the literature for
preparing casein fibres(9),casein wool and caseln
filaments (10), In all these mixtures of casein with a
soap like sodium lauryl sulphate and formaldehyde 1is
extruded in a coagulating bath containing sodium
aluminate or zine chloride, Casein fibre has an opague
silk like lusture similar to natural protein fibres and
resembles certain types of rayon, Here too,formaldehyde
1s used to establish methylene bond but the extra
tensile strength and ei:sticity is realised from
aluminium sulphate or sodium aluminate by forming
aluminium bridges,

A critical study of metal-protein interaction 1is
of fundamental importance in investigating the action
of 1ons in various tissues as well as 1in determining
the role of enzymes in metabolic transformationg.The
latter are defined as organic catalysts of colloidal .
nature produced by living organism and are assoclated
with many metal ions like,zine,magnesium,manganese,iron
or copper,probably in the form of coordination compounds,
The presence of these metals 1s necessary if the enzyme
has to retain its catalytic activity. Amongst the simple
enzymes may be mentioned:urease(ll)(for hydrolysing urea

to ammonia and carbondioxide) whose activity 1s lost on
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interaction with mercury through its -SH groups:
carboxypeptidase(12,13) ( used for breaking down
peptides with a free terminal carboxyl group) where
magnesium ions are indispersible for the actiong

pepsin and pepsinogen(1l4) ( the enzyme secreted by
gastric mucosa); trypsin (15) ( the protase from the
digestive tract which acts in the alkaline medium);
K=amylase(16) ( obtained from pig pancrease or human
saliva and can split up starch in the middle of the
molecule) in which inactivation sets in by the presence
of heavy metal salts,

Beslides the enzymes described above there exists
metal proteides with enzymatic properties,like the copper
proteides jpolyphenoloxidase(17,18) containing 0.2 to
0,3% copperjmonophenoloxidase(19) which contains 0,23%
of copper and 1s able to oxidise p-cresol ten times faster
than catechol and ascorbic aeid oxidase(22) having 0.25%
of copper bound in the complex. There are zinec and magnesium
proteids also,e.g.,carbonic anhydrase containing 0,2%
zine (21) which 1is extra~-ordinarily sensitive to
sulphanilimide which has an inhibiting effect even at
a concentration as low as 2 x ]_O-6 molar; enolase (22,23),
the effective catalyst for the removal of water from
2-phosphoglyceric acld 1s a magnesium compound jhexo=-
kinase(24), which catalyses the blochemically vital

reaction:
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glucose + ATP—> glucose 6 phosphate + ADP,

may contain both magnesium and manganese ilons.

phos photases ,which bring about the fission of phosph-
ates are mostly activated by magnesium ions but some
of them also get activated by manganese,iron(ii),
cobalt(ii),nickel(ii),caleium,barium and cadmium
ions(25), Similarly arginase,responsible for the
breakdown of arginine to ornithine and urea,though
contains complex bound manganese,is activated by cobalt,
nickel,iron and vanadium(26), Other processes related
to animal metabolism involving metal ions aretthe
phosphorolytic degradation of organic molecules by
phosphotases(27,28) which have magnesium as the metal
ion constituentjcarbohydrate phosphorylation reaction
with zine protein,insulin(29),

The metal complexes so far consldered are labile
in character with the resuit that 1nvestigation5with them
have not been conclusive, Fortunately,however,we have a
group of molecules,tnown as porphyrins,in which the .
metal ion is firmly bound and,therefore,can be usefully
employed for getting a better insight in the mechanism
of biological processes, Porphyrin complexes contain
iron as the metalliec constituent,e.g.,haeme-iron(ii)
protoporphyrin,its oxidised form haemin-iron(iii)
protoporphyrin(30) and the binuclear complex-haematin,
More information on this subject is available from the
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recently published reviews(31 - 38).

HA SATION OF PROTE .

Many complexities arise during the investigations
on proteins which are attributed to factors like,
uncertainty in molecular weight,variation in chemical
behaviour depending on the nature of origin,purity
and thelr great sensitivity to denaturation., A large
number of physico-chemical methods,viz,,ultracentri-
fugation(39-40),ultrafiltration(41-45), magnetic
suceptibility(46-48),1light scattering (49-51),solubility
(52),viscosity(53 ), precipitation(54-56 ),migration in
electric field (57-59),equilibrium dialysis(60-69),
potentiometry and pH metry (70-75),polarography(76-81),
s pectrophotometry(85-93 ) and electrophoretic mobility
(94-95) have provided means of ascertaining the mode of
binding of the metals to the protein and in achleving
greater success in the solution of the quantitative
aspect of the problem, .

The first important factor in the study of metal-
protein interaction is the hydrogen ion equilibria,These
studies are indispensible for the determination and
characterisation of differ;nt ionisable sites acting
as donor groups for the coordination of metal ions in
the proteins., First theoretieal interpretation of the
hydrogen ion eguilibria was given by Linderstrom-Lang
(96-97) on the basis of Debye-Huckel theory. This was
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further extended by Cannan et al(98,99),Xirkwood(100),
and Scatchard(101). By the extensive studies Tanford
(102-112) was able to determine the number of different
reactive sites as well as their pK values,using the

equation(113),

log _r :(pKint) + 0.868 ZW
n -r

where n 1s the number of lonisable groups with pK equal
to (pXyn¢)y r the number of groups ionised,Z the net

2
charge on the protein molecule and W = N e (1 -k
2DRT b ka

where b 1is the radius of the protein, a the radius of
excl&sion and N,e,D,T and R have the usual significance
as in the Debye-Hucikkel theory, If the Linderstrom-Lang's
model of protein is adequate,a plot of pH-log E§;_
against Z or more conveniently (114) h,the number of
protons bound per protein molecule,would be linear with
the intercept at h = 0 equal to pKjn¢ . The value of the
electrostatic factor W can be computed from the slope i
of the straight line, Hence it is found that hydrogen
ion titration curves are enough to provide the necessary
information regarding the electro-chemical nature of the

protein molecule with an additional knowledge of number

of lonisable groups,



+1 0= 2
THEORY OF MULTIPLE EJULIBRIA (3115).

When proteins combine reversibly with small
molecules or ions the usual laws of eguilibrium govern
the reaction. Since proteins in general offer a large
number of reactive sites for metal ion binding,
therefore,the successive reactionsvin the multiple
equilibria of a metal ion M,with a protein molecule
P,having n sites for combination may be represented

by the equations,

P - M PM

PM- M PMg

PMo- M PMg
M., - M PM,

The individual formation constants may be given accord-

ing to law of mass action
K = PM
o (P) (M)

K2 = L)
(PM) (M)

. (my)
o T (PMp-1)(M)

Moles of bound M i1t can be
Moles of total protein

SPM)-2§1_’!I2) ----n(%) .oo(i)
(P) -(PM) e ooooo(mn)

Now if v

shown that v
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R - 2 Kp(M)°- ...on KaBpu Ko (WP (49

Or v =
1"K1(M)‘K1K2(M)2 seeov o0 KlKZ OOOK(MP

If each site,uninfluenced by its neighbouring sites has

the same affinity for M,then Xj...K, are not independent
but bear a relationship with each other and to a single

intrinsic constant K,

K2 = J;}-:L__ K where 1 = 1’2 eeeoll

equation 2 therefore reduces to

Tw amlldBle. csssnsuiasas [R153
1-K(M)

But when an ion is bound to protein,it tends to reduce
the affinity of the protein for the second on-coming
ion due to electrostatic repulsion and hence ejuation
2 would no longer be valid, This electrostatiec factor
may be introduced into equation(3) by an aporoximation
(96),fairly accurate for the magnitudes of the electro=-
static effects commonly encountered in ion-protein
interaction and thus the eguation(3) becomes

v= nKe-ZZ%J (M) ..........(1v)

1 - Ke24<W (M) .

where Z 1s the charge of the metal ion and W a quantity

related to the electrostatic work required to bring
the ion M to the surface of the protein molecule,and

for a shperical model it is given by the expression
2
W o= Ne A TR
2DRT b 1K
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vwhere b is the radius of protein,a the radius of
exclusion and N,e,D,R and T have the usual signifi-
cance in the Debye-Huckel theory. In a competitive
intoraction,the two cations,say M and N may compete
for the same site., Neglecting electrostatic interac-

tion factor,the egquation for a single set of sites reduces

to,

W = n K (M)
1 - Ky (M) -Ky(N)

METAL-PROTEIN SYSTEMS

In the foregoing review we laid emphasis on
the gqualitative study of the metal-protein interactions.
The extremely important but less famillar aspect of the
problem is the quantitative studies of the metal-
protein interactions, The last fifteen or twenty years
have witnessed great theoretical and experimental
advances in this direction to which many brilliant
workers have made extremely useful contributions,
Amongst them may be named Xlotz(116-121),Albert(122-
124),Monk(126),L1 and Coworkers(126-129 ),Gurd(130,131),
Seatchard(132),Tanford (133-136 ),Gustaveason(137-139),
Schulman(140) etec.. A review of their work has revealed
that the theoretical and practical advances made so
far have been due to the selective application of
modern physico-chemical techniques. The studies carried

out so far,may be divided under the following heads
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(1) the evaluation or determination of the intrinsie
assoclation constant,(ii) a comparision of these
constants ﬁith the formation constants of simple

ligands having the same donor groups as the proteins,
(1i1) experiments performed to show the absence or
presence of the phenomenon of chelation and (iv) the
study of systems involving 'sluggish equilibrium‘e.g.,
formation of poly nuclear complexes(14l1) of iron,
chromium and aluminium, The results reveal that the
interaction of mercury,copper,silver,zine,lead and
cadmium with proteins have been the most extensively
investigated. These metals are strongly bound to
different reactive sites on the protein molecule,being
preferentially bound to - SH group at lower concentration,
Moreover,they generally form stronger bonds with nitrogen
than with oxygen atom,and hence their interaction with
imidazole, & -amino and guanidino groups are more
significant,

The interaction of copper with serum albumin :
and also the methylated proteins(142) have been investi-
gated by Xlotz(143-147). These studies indicate the
binding of copper with carboxyl,imidazole and the amino
groups of the proteins. X1lotz(148-167) and eoworkers
also studied the combination of copper with K -casein

‘B-lectoglobin, Y =-globin and lysozyme,

The combination of mercury or its mono-alkyl
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derivatives(168) with the =SH group of the protein
have been carried out (169-171), The results with
serum albumin indicate,that one metal ion is bound
with two protein molecules forming a dimer. Higher
concentration of the metal ion is found to oppose
the formation of dimer and so also the excess of halide
ions, Methyl mercury salts react quantitatively with
sulphydryl groups with pK = 4,5. }

Interaction of zine and cadmium have been
studied in detail by Gurd and Goodman(171,172).They
concluded that zine combines with the imidazole
groups of protein in the pH range 5-6.8 reversibly
at 0°C. Tanford(173) also derived the same conclusions
employing polarographic technigue, Gurd(174)studied
the interaction by equilibrium dilalysis, The nature
of zine =-insulin eomplex has been investigated by
Tanford and Epstein(175) by pH metric and polarogra=
phic methods, They concluded that each zinc was bound
to two imidazole groups below pH 6.5, L

In contrast to transition metals,alkaline earth
metals jions form complexes with weaker binding and
combination usually takes place at the charged sites,
These results point to the fact that 1ln protein
complexes of alktaline earth cations the affinity
parallels that of small ligands,

From the foregoing review 1t is clear that very
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little attention has been paid for the quantitative
elucidation of the binding of metal 1ons with proteins
like,gelatin,casein etec., Extensive studies in this
direction were taken out a few years ago by Malik and
Coworkers (180-185) employing transfusion gelatin

( a protein of the collagen type, important from
pharmacological point of view(i86) and has a simpler
configuration and known molecular weight ).Some of their
conclusions are.listed belows

1. Hydrogen;ggﬁilibria studies on transfusion
gelatin carried out at different temperatures revealed
the presence of 84 carboxyl,23 amino,3.8 imidazole and
43 guanidinium groups per 75 x 163 gms, of protein, The
results confirmed the values of amino acld analysis and
also those obtained from the observations of apparent
heats of ionisation. Tanford's equation was found to be
applicable only in the carboxyl region0d=0.027);

2, The influence of the protein concentration,metal
ion concentration and pH on the id/ido values was studiéa
by carrying out polarographic measurement in mixtures
of cupric sulphate and transfusion gelatin,It was found

that a decrease in value took place with inerease in

protein concentration and decrease in the metal concentra-

tion, The latter effect has been attributed to the binding

of the copper with transfusion gelatin., Evoluation of

log K showed that the copper is more strongly bound to



the amino than the carboxyl group. Increase in pH

rasulted in an increase in the 1d/id value also,
0

Polarographic and pH metric studies of mixtures
containing lead nitrate and transfusion gelatin carried
out with varying concentration of the reactants and
under varying pH conditions have shown the existence
of a metal-protein complex in the pH range 3.7-5.6.
Experiments carried out athigher pH range(5.9-6.8)gave
little or no evidence for the binding of lead to the
imidazole groups, An alternative method,identical in
principle with Bjerrum's method,was introduced to
calculate Wiy ( active sites covered by the metal) from
the difference in the hydrogen ion data in the presence
and absence of metal,Evidence for one to one binding
of plumbous ion to the carboxylategien of transfusion
gelatin,with values of 1,87 and 2,593 K cals for the
intrinsic association constant and free energy
respectively,were obtained,

Polarographic studies with zine and cadmium
(using Tanford's method) showed that two atoms of each
cadmium and zinc were found to be bound per protein
molecule in the pH range 9,0 to 11.0 with association
constants 2,778 and 2.380 respectively. In the lower
pH range one cadmium ion combined with the carboxyl
groups while no such tendency could be seen with the
amino group of the protein , The order is copper,j>
cadmium ) zine., It would be interesting to show that



it was for the first the time that the evidence of the
binding of zine¢ to amino group of a protein was available
on the basis of these studies,

Recently the interaction of metal hydrous oxide
sols with proteins have been studied by Malik and
Coworkers (176-179), This aspect of study is likely to give
an answer to the unsolved problem of the role of "Kushtas™"
and "Bhasams" in the indigineous system of medicine
( Unani or Ayurvedie)., This is yet to be extensively
studied in order to give a clear picture of the influence
of ecolloidally dispersed metal ions,when taken orally,
on the metaboliec activity of human beings. Preliminary
studies carrled out by them during the last few years
have provided the following useful informations:

1. PH metric titrations and viscometric studies on
the interaction of gelatin with aluminium,iron,cobalt,
nicikel and silver show that the aluminium ions from its
colloidal solutions combine with free carboxyl groups

of the protein 14 the pH range 3.0-5.0, No evidence of ;
such a binding in available with iron.On the other hand
cobalt,nickel and silver hydrous oxide sols unlike
alumina,do not give evidence of the availability of these
metals for interaction with the protein to give definite
complexes, Viscosity-concentration curves,however,give
indication of the formation of adsorption complexes with

the col!oidal solutions,.
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2, pH metric titrations of anionic haemoglobin with
aluminium,chromium and beryllium reveal that these metals
make themselves available from their respective hydrous
oxide sols for interaction with the protein,the combining
power being of the order AL(III) ) Cr(III) ) Be(II).Here
too carboxyl groups are involved.
3. With another important protein,casein,evidence is
fortheoming for the availability of cobalt,nickel and
silver from their hydrous oxides for interaction with
this proteln. Unlike the previous studies,here with the
possibility of the metal ions combining with the imidazole
group of the casein is indicated,

Tho?gggcribed in this thesis deals with the

extensive studles and advancement made on the binding

of metal ions with transfusion gelatin,casein and «; -casein,

Statement of the problem

The information contained in the following pages

have been divided into two parts,A and B,

Part 4,

Quantitative studies on the interaction of metals
with proteins,

Chapter 1: Potentiometric studies on the interaction of
magnesium,manganese and strontium with
transfusion gelatin,

Chapter 2: Equilibrium dialysis studies on the binding

of magnesium nickel and cobalt with
transfusion gelatin,



Chapter 3: pH-metric studies on the interaction of
copper,zine, magnesium,manganese and
strontium with casein and «<;=-casein,

Chapter 41 Polarographiec studies on the binding of
copper to «=casein,

Part B.
Studies on the mutual interaction of hydrophilie
and hydrophobic sols,

Chapter 53 pH-metric studies on the interaction
between siliciec acid sol or Tabaschir
sol and Transfusion gelatin,

Chapter 6: This deals with the variation in viscosity
during the sol-gel transformation of some,
casein, K =casein, sodium metal silicate,
and formaldehyde,mixtures.

o 2 e e o e e e e o o ok ik
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CHAPTER I

Potentiometric studies on the binding of magnesium,

manganese and strontium with transfusion gelatin.
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pH-metry as an indirect method for indicating metal-
protein interactions has been successfully employed by
several workers(96,98-101,185,187-18) for estimating bound
hydrogen ions in proteins, The hydrogen ion ejuilibria
gives invaluable information(102,190,191) about the
intrinsically identical groups of particular type and
their pK values,configurational changes occuring during
the titration of protein with acid or alkalij and the
average net charge on a protein molecule, Besides this,

" technique has been utilized to study the binding of simple
monovalent anions or cations,where the interaction is purely
electrostatic in nature., It has been argued that the change
in PH py the addition of alkalil metal salt to a protein
solution of isoionie pH,towards the alkallne side 1s
indicated in the binding of anions and the reverse effect
is shown in the binding of cations( ),This method has,
however,got its limitations in determining the binding of
metal cations to proteins(in conventional type of reversible
binding) in view of the difficﬁlties encountered in the
cholce of suitable electrode in realising the condition
where accurate measurements may be made, It 1is,therefore,
of great interest to develop an indirect method based
solely on pH measurement which can be used successfully

‘to estimate the bound metal ions to protein. Earlier
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communications from Malik and Coworkers(192,193) gave
anough evidence that hydrogen ion titration curves of
proteins in presence and absence of metal ions may be used
to calculate the binding data and relevant intrinsie
assoclation constant of metal protein interactions.

The work,described in the present chapter,deals

with the studies on the binding of some physiologically
important metal ions,like magnesium,manganese and stron-
tium with transfusion gelatin by pH metric method. The
results have givwen evidence for the binding of these
metal ions at different sites of transfusion gelatin-
a study which has not hither to been made with fibrillar
proteins,

A knowledge of the development made in electro-
chemistry of proteins becomes of primary importance for
workers in the field of metal-protein complexesjsince
the studies on the binding remain purely of qualitative
nature unless data on acld-base binding capacities of
proteins are made available, A metal ion has to compete *
with hydrogen ions( which surround the protein molecule)
for a common site in the process., Such competitive process
necessiates exact mowledge of hydrogen lon binding
capacities and thelr pX values. A short summary of the
work done on hydrogen ion binding to €ifferent proteins
is therefore worth describing.

Early attention was focused on the maximum amount
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of acld and base with which proteins can combine as
indicative of the number of dissoeclable cationic or
anionie groups which they possess. This was later
developed to give the equilibrium constants of various
types of dissociable groups. Burgarozky and Liberman
(193) were the first to report the results on the
electromotive force determination of the acid-or base-
binding, Since then a number of worters,notably,
Robertson(194),Rohonyi (195 ),Manabe and Matulla(196),

Basel and Matulla(197),Pauli1(198),Llyod and Mayer(199)
have worked in this direction. Conductometriec (200-201)
and Cryoscopic methods (202) were met with 1little
Success, Van Slyke(208),orying and Pauling(205),
Bracewell(206) and Izaquirre(207) explained the pheno-
mena of hydrogen ion binding on the basis of physiecal
adsorption, The first explaination based on purely
chemical view point was put forward by Loeb in 1922
and further developed by Linderstron-Lang(96),who gave
the adequate theoretical interpretation of the phenomers™
on the basis of Dehye-Huckel theory, Since then many
modifications have been put forward by different workers
namely Cannan,Kibrick and Palmer (98,99),Kirkwood(109),
Secatchard(101) and Tanford(102-112).

The titration curves in these cases may be

divided into a number of regions in which the different

groups ionise, The titrable groups which occur in
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greatest abundance are the side chain carboxyl groups

of glutamic acid and aspartic acidjthe amino groups of
the lysine residuejthe guanidyl groups of arginine
residuejthe imidazole groups of histidine residuejand

the phenolie groups of the tyrosine residue., Less
frequent are the thiol groups of cysteinejthe phosphoriec
acld groups of phosphoseriene and phosphothreonine. The
number of these ionisable groups of various proteins such
as Haemoglobin(208-210),Serum albumin(105),Eggalbumin(98),
(E-Lactoglobulin(4,211),Lysozyme(107),Insulin(72,104),
Conalbumin(114),Ribonuclease (103 ),Wool keratin(212),
Myosin(213),Casein, A ~, P - and Y =-caselns(214),
Collagen(215),Gelatin(216-227),Metmyoglobin(228) and
Bovine Thrombin(229) have been determined by the pH=-
metric method,

Metal-protein binding

The more important study, the study of metal
protein system has elucidated a number of reviews,These L
include that of Greenberg (230); on the early studies
on the binding of alkaline earth metals and that of
Klotz(231) who gave theories and experimental methods
for the study of binding. Lehninger(232) and Williams
(233) considered the enzymatic activity of metal-protein
complexes in the light of the reaction involving the

formation of metal complexes with small organiec ligand.
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Some authors have devoted themselves exclusively to the
study of metal protein complexes( 234-2423).

Xnowledge about the metal complexes of simple
organlie molecule was first given by Bjerrum's work
on 'Metal amine formation in agjueous solution (243 ).His
method was further extended to metal complexes of amino
aclds, peptides and finally to metal-protein complexes,
The basic concept on which hydrogen ion titration data
may be utilized to elucidate the nature of the binding
of ilons other then hydrogen ions was ,hovever,put forward
by Tanford((73).

Tanford 's method for studying binding of metals,

Generally the metal ions form complexes with the
substances which combine with the hydrogen ions. So there
1s a competition between the metal ions and hydrogen ions
for the common site, This ray be rapre§hted as,

-2

-2 -2
M+ NH, M(NHz) ,M(NH;), eeveerncsa(l)

the equilibrium in such a reaction,may be measured
indireetly by observing the displacement of corres pond-

ing hydrogen ion equilibrium,

NH4+ % +H+ ....'........'.....(2)

The hydrogen ilon eguilibria is expressed iﬂterms

of dissoclation constants, It is assumed that all

ionisable groups of a particular type are intrinsically
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identical,the degree of dissoeciation of such groups at
one particular pH is given by:

log Il __ = pH -(pK;,)-0.868 ZW,

1-xy

here x4 represents the degree of dissociaticn of groups
of the ith kind,Z 1is the net charge on the protein molecule
at a given pH and W is an emperical parameter which depends
( for a particular temperature and a glven lonie strength)
on the size and shape of the protein molecule. If ny is
the total number of intrinsically identical ionisable
groups of the 1 th type and ry is the number of such
groups dissoclated at a given pH then the above equation

becomes ¢

log Il = pH=- (K ,)+ 0,868 ZW,
e s |

This equation 1s generally applied to determine the
pPKint values of different lonising groups in the protein
molecule, Since in presence of metal ion a fraction of
a particular type of groups will be removed from partici-
pation in hydrogen ion equilibria due to metal ion bind-.
ingia shift in pH would therefore,be abserved. In other
words,the hydrogen ion equilibria will be shifted towards
the basiec side of the funetlonal groups, It is thus possible
to obtaln the binding data directly from the difference

in hydrogen ion titration curves of protein in presence

and absence of metal lons, Incidentally the treatment 1is
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identical with Bjerrum's method.

Transfusion gelatin ( Cone.6.0%, mol.wt,75,000)
as supplied by the Director,N.C,L,,Poona, was used
throughout thsée investigations,

Stock solutions of metal salts,namely,magnesium
chloride,manganese chloride, and strontium nitrate
( all R,R.products ) were dissolved in double distilled
water and their strength determined gravimetrically,
The solutions of reguisite strength were made by
subsequent dilution, Potassium chloride and potassium
nitrate solutions of one molar concentration were also
Prepared to mailntain the ionic strength to a constant
value,

Hydrochloriec acid and potassium hydroxide solu-
tions were prepared by diluting the stock solutions,
whose strength was checlted gravemetrically, Carbonate
free potassium hydroxide was prepared as recommended
by Kolthoff(244).

Procedure: Varying volumes of hydrochloric acid
(0,0851 M) viz.,1.6,1.0,0,8,0,7,90,5,0,3,0,1,0,02

and 0,0 mls.and 0,2,0,3,0,4,0,6,1.0,1.1 and 1.5 mls,of
potassium hydroxide ( 0,0605 M) were taken in different
pyrex tubes, Two such sets were prepared. In one set

only the metal salt solutions(one ml.in each case )was



-

added,while in the other set transfusion gelatin(one ml,)
was also added alongwith the metal salt solutions. The
total volume was made upto 10 mls.in each case,first
adding the requisite amount of potassium chloride or
potassium nitrate,as 1s the case, to maintain the ionie
strength constant at 9.16, and then adding water.The
following sets were arranged and followed up by pH-metrie
Studies:

1, Acld or base only,

2. Aecld or base + one ml.,transfusion gelatin,

3. Acld or base + one ml,magnesium chloride,

4. Acid or base + one ml.magnesium chloride.+one ml,
transfusion gelatin,

5. Acid or base + one ml.manganese chloride.

6. Acld or base + one ml.manganese chloride+one ml,
transfusion gelatin,

Ts 4Acld or base + one ml.strontium nitrate,

8. Aeld or base + one ml,.strontium nitrate+ one ml,
transfusion gelatin,

Tfthe studies were made in the above order.The .
concentration of the metal salts solution added was noted
in each case,
pH-measurements : pH measurements were made on a
Cambridge Bench Type pH-meter,with the glass electrodes.
Bach division on the secale could read upto 0,02 pH units,
Special blue high 'Alki' glass electrode was used to
measure the pH of highly alkaline solutions(pH above 9.00),

Before carrylng out measurements pure nitrogen gas was
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passed for 10 mts.to remove any dissolved carbon-
dioxide and to make the atmosphere,in the beaker,inert,
The buffers used for the standardisation of pH meter
Were made by dissolving potassium hydrogen phthalate
(0,05 solution) and Borax( 0,05M) for the two acid and
basic ranges of the pH.

The pH was measured within one hour of mixing
the reagents and also after 24 hours, The pH remained
the same in both the cases,
ggléulatiggz The calculations were made using the
equation of Cohn and Edsall(245).

If wa consider a solution of hydrochloric acid
of C1 M/1litre and the concentration of hydrogen 1ions
Eﬁj}as CiM/litre,then the pH of the solution is given
by pH; = -log £,C1 where £, 1s the hydrogen ion activity
coefficient 1n this solution, If the same solution
contains g gm/litre of isoionie protein, the hydrogen
lon concentration will be C,,since (C,-Co)/g gm.mole of

hydrogen 1ons will have combined with each gram of

protein, and the pH will be pHé = - log £5Cq.

Then log CZ/Cl = pH, - pHy+ log f3/f,. The
assumption of Gohn and Bergmann,discussed by Cohn and
Edsall, was that fy= fg, so that the last term dis-
appeared. For this assumption to be true,the ionie
strength of the two solutions should be the same.This
is equivalent to the assumption that the isoionie
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protein molecule,which bears equal number of opposite
charges,makes no contribution to the ionie strength,

while the additional charges borne by the protein molecule
as a result of 1fon binding contribute as if they were
separated small ions, The equations can be madipulated

to give,

= _l {l-antiIOg ( PH]_'DHQ) %

for bound hydrogen ion and

C, =C c
i 8 = 1 1- antilog ( pH_-pH ).%-
g P 2 1

fov the bound hydroxyl ions,

Experiments were also performed to show the
reversible nuture of hydrogen ion equilibria in presence
of metal ions(105),

The results are summarised in the following tables.
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T_AB_LE NO.1

Cone, of transfusion gelatin = 0,6%
Total volume = 10 mls, Ionic strength =2,15

Temperature 25°¢ *

HC1(0,0851 M) pH - values
added mls,

With With 2,0x10°M 2,0x10 oM

aeid protein Mg2t M2t

or 8

alkali FROLEIN
1.6 1.96 2.18 1.96 2.17
1.0 2,12 2.58 2,10 2.56
0, 8 2.22 2.94 2.22 2.94
0.7 2.26 3.30 2.28 3.30
0.5 2.44 3.92 2,40 3.96
0,3 2.66 4,42 2.66 4.44
0.1 3.14 5.46 3.10 5,50
o, 02 3,80 6.68 3.78 6,50
0,9 5.64 7.08 5.74 6.98
K OH mls,
0,2 190,92 8.52 10,50 2,68
0,3 11,14 9.45 10,38 9,24
0.4 11.28 9.66 10,40 9,68
0.6 11,38 10,12 10,58 10,12
1.0 11,66 11,10 11,18 10,85
1.0 11.76 11.18 11.26 10,8
B 11. 86 11.54 11,.R8 11,13
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TABLE 2

Conc.of transfusion gelatin = 9,6%
Total volume = 10 mls, Ionie strength =9,15

Temperature 2500.

HC1( 0,0861 M)

added mls, pH =-values
= -3 -3 -
2.0x107°M  2,0x10°M  2.0x10 M 14,0010 M
M2t M2t 4 sp,2* Sr2+s
protein protein

1.6 1,95 2,17 1.96 2.18
1,0 2.15 2,61 2.22 2.58
0,8 2.26 2.98 2,31 3.74
0,7 2.29 3.44 2.34 3.42
0.5 2.14 3,97 2.47 3.94
0.3 2.66 4,38 2.70 4,52
0.1 3.16 5.38 3.14 5.51
0,02 3.76 6.76 3.2 6.70
0,0 5.56 7.04 5.8 7.10
K OH mls,
0,2 8.65 7. 80 10,90 8.8
0.3 9,10 7.98 11,14 9.28
0.4 8,40 8,10 11,30 9.62
1.0 11,20 9,34 11,72 11.05
1.1 11.30 9.42 11,80 11.12
1.5 11.72 9.54 11.94 11.58
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T ABLE 3
Cone.transfusion gelatin =0.6% (0.8 x10-4M)
o
Ionic strength= 0,15 Temperature 25 C
H" added pH Bound H' Mole of H'
mols/Ix10° moles/mole dissociated per
protein mole of protein
13,776 2,18 70 -
8.61 2.58 . 70 -
6. 888 2,94 70 -
6,027 3.30 68 2
4,305 3.92 52 18
2.583 4.42 32 38
0, 881 5.46 11 59
0,172 6.68 2 68
4 7.08 - 70
Base (OH ) pH Bound OH Moles of H'
added 3 moles/mole dissociated per
moles/L.,10 protein. mole of protein
1.210 8,52 15 &5
1,85 9.45 22 02
2.420 9,66 30 100
3.630 ' 10,12 43 113
6.050 11.10 55 125
6.655 11.18 61 131

9.075 11.54 63 133
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T ABLE 4

Conc,transfusion gelatin = 0,6%(0,8 x 10-4'M)

Ionic strength = 0,15 Temperaturas 25°C.
+ + »
H" added PH Bound H Mole of H
mols/L x 10p Moles/Mole dissocilated per
protein mole of protein
13,776 2,17 70 -
8,61 2.56 70 -
6, 888 2.94 70 -
6,027 3,30 €8 2
4,305 3,96 52 18
2.583 4,44 32 38
0,81 5.50 11 59
0.1722 6.50 2 68
- 6.98 o 70
Base (OH ) pH Bound OH Moles of H'
added moles/mole  3issoeiated per
moles/L.103 protein mole of protein
1.210 8,68 15 85
1.886 9.24 21 91
2,420 29.68 24 94
3.630 10,12 30 100
6.05 10,85 40 110
6.655 10,82 53 123

9.075 11.13 71 141




a -PROTEIN

b- MAGNESIUM +PROTEIN
c - MANGANESE +PROTEIN
d_ STRONTIUM + PROTEIN

pH

FIGURE 3
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TABLE 5

-4
Conec.transfusion gelatin =0,6% (0,8 x 10 M)
Ionic strength = 0,15 Temperature 25°C
B added 2 oH Bound H  Mole of H'
mols/L x1 moles/mole dissociated per
protein

mole of protein

13,776 2.17 70 -

8.61 2,61 70 -

6.888 2098 70 L

6,027 3.44 70 -

4,307 3,97 52 18

2.583 4,38 32 38

0, 861 5.38 11 59

0.172 6.76 2 68
Base(OH ) pH Bound OH Moles of H'
added moles/mole dissociated per
moles/L.lop protein mole of protein
1.210 7. 80 13 83
1.815 7.98 21 91 »
2.420 810 15 85
3.630 8,40 25 95
6.08 9,34 75 145
6,655 9.42 2 152
9,075 9.54 112 182




TABLE 6

Conc.transfusion gelatin =0,64 (0.8 x 10 4'M)
Ionic strength =0,15 Temperature 25°C

+ > +
H added g4 pH Bound H Mole of H
mols/L x 10 moles/mole dissociated per

protein mole of protein

13,776 2,18 70 -

8,61 2.58 70 -

6. 888 3.04 ?O -

6,027 3.42 69 1

4,305 3.94 52 18

2.58 4,52 32 38

0, 861 5.51 11 59

0,172 6.70 2 68

- 7.10 - 70

- : - +

Base(OH ) pH Bound OH Moles of H
added mOIQS/EGlQ diSSOCi.ated per
moles/L.190 protein mole of protein
1.210 8, 82 15 8
1,415 9.28 20 92
2,420 9.62 30 100
3.630 10,20 43 113 d
6.05 11.08 60 130
6.655 11.12 66 136
9,075 11.58 63 133




-36-
RESULTS AND DISCUSSION

The pH values recorded in tablesland 2 were
used to calculate the extent of binding by the help of
the equations earlier cited. Actually the difference
between the added and the free hydrogen ions gives the
number of hydrogen ions bound to the protein. From this
r, the number of hydrogen ions dissociated per protein
molecule, is evaluated both in presence and absence
of metal ions, Thus,titration curves for the systems
magnesium-transfusion gelatin,mang@nese-transfusion
gelatin and strontium-transfusion gelatin and transfu-
sion gelatin alone are obtained by Plotting 'r'against
pH,

The titration curves of metal-transfusion
gelatin system are strikingly different from the
titration curve of transfusion gelatin(Fig.3).It has
been observed that the activity of hydrogen lons is
greatly lncreased when metal ions are added to the .
protein and the hydrogen ion titration curves show
a shift towards the basic side of the functional
groups, This would be the case if hydrogen ions are
assumed fo be replaced by the metal ions. Such obser-
vations point towards the fact that metal ions compete
very well with the hydrogen 1lons in the interaction
process, Thus the excess of hydrogen ions available

in presence of metal would indirectly give the extent
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of metal ion binding. Tables 3-6 show that a limited
nurber of hydrogen ions are displaced at different pH
values when magnesium,manganese and strontium are added
to the titration mixture, If we assume that a 'one to
one binding' is favoured as suggested by Gurd and

Murray then the number of hydrogen ions displaced by

the metal directly gives the number of metal ions

bound per protein molecule(Vﬁ).

The method of dividing a titration curve into
different ranges as set out by Cannan is still satis-
factory.

In the solution of high ionic strength the
maximum binding i1s attained between pH 2.0 to 5.5.
Between this pH the binding i1s attributed to those side
chain carboxyl groups not present as amides; the portion
between pH 6.,0-8,5 1s attributed to imidazole and A =
amino groups present in small gquantities.The titration
from pH 8,5 to the highest pH is not always well defined.
At higher pH range ( between pH 11,0 to 12,0) it is »
attributed to € -amino groups of lysine,phenolic
hydroxyl groups of tyrosine and sulphydryl groups of
cysteine,

However, there is no way in which those side-
chain carboxyl groups present as amides may be estimated
from the titration curve. The difference between the

total content of dicarboxylic acids as found by amino
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acid analysis and determined by titration curve normally
glves the amide nitrogen content as accurately as the
chemical estimation,

By the avallable details on the hydrogen ion
equilibria of transfusion gelatin and the titration
curves of the protein in presence of metal ions it 1s
evident that the hydrogen lons are displaced by the
metal in a pH range characteristic of carboxylie groups'
deprotonation, The results in a higher pH range(beyond
pH 6.5) would indicate the binding of metal ions to
imidazoley< =amino or ¢ -amino groups. One limitation
of the present method,that has to be kept in view 1is
that this method may not be reliable beyond pH 6.5.
Since the calculation of binding data from pH-metric
method are based on the assumption that metal 1lons
compete with hydrogen ions in the interaction process.
Actually counting of those hydrogen ions has been made
which are removed from protein molecule during competi-
tion, Thus at pH 6,5 or beyond where the carboxyliec
groups are fully deprotonated,even 1f the metal binds
to the protein,no displacement of hydrogen ions 1s
possible., Therefore attempts have not been made to

interpret the results above pH 6.5,
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Concentration of magnesium chloride =2,0 x 10-3M

Concentration of transfusion gelatin =0,8 x 10" %

pH H*dissociated H'dissociated VW Free metal 1log K

in presence in absence of at equi-
of metal ions metal ions librium
X 10'31.1
3.0 4 2 2 - -
4,0 24 22 2 - -
5.0 52 48 4 - -
5.5 61 54 T 1.44 1.812
6.0 €6 59 4 - -
6.5 72 64 8 - -
7.0 76 67 9  1.28 3.194
8,0 0 77 12 - -

8.5 100 &5 15 - -




TABLE 8

: -3
Concentration of manganese chloride =2,0x 10 M

Concentration of transfusion gelatin=0,8 x 10-4M

pH H+dissociated H dissoclated V.., Free metal log K

in presence in absence of at equili-

of metal ions metal ions brium

x10‘3M

3,0 3 2 1 - -
4,0 24 22 2 - b
5,0 51 48 3 - =
5.5 58 54 4 1.68 1,485
6.0 64 59 5 = -
7.0 73 67 6 l1.52 3.119
80 & 77 7 - -
9.0 97 90 7 - -




TABLE 9

-3
Concentration of strontium nitrate = 2,9x 10 ™

Concentration of transfusion gelatin= 0,8 x 10-4M

PH H'dissociated H* dissociated Vy Free metal 1log X

in presence in absence of at equili-
of metal ions metal ions brium
x10™3M

3.0 4 2 2 = -
4.0 24 22 2 - -
5.0 50 48 2 - -
5.5 57 54 3 1.76 1.334
6.0 62 59 3 - -
7.0 71 67 4 1.68 2,77
&.0 8l 77 4 - -
2.0 94 90 4 - -




Binding data calculated from titration curves,

pH H'dissoclated H*dissocia- Vy Free metal log K
in presence of ted in at equili-
metal ions, absence of brium
2+
Mg - transfusion gelatin system
5.50 61 54 7 1.44 1,82
7,00 76 67 9 1.28 3.194
8,50 100 & 15 0. 80 =
2+
Mn~ -transfusion gelatin system
5.50 58 54 4 1.68 1.485
7.00 73 67 6 1.52 3.119
2.00 97 90 7 1.44 -
Sr2*. transfusion gelatin system
5,50 57 54 3 1.76 1.334
7.00 71 67 4 1.68 2.77
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T ABLE 11

Intrinsic assocliation constants of ecombination.

Ligand Method 1log K(Carboxyl group) 1log X(imidazole group)
Mg2+ Mt  gp2+ Mg2+ Mn2+ 5p2+
T.Gelatin pH=- 1,812 1.485 1.334 3.194 3.119 2.77
metric
Acetate 1.08" = 0,97° - - -
Imidazole - - - - 4.25 =

a, Reference No,246.
b, . 247,

Ce . 248,
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Magnesium-transfusion gelatin system

The titration eurve of magnesium-transfusion
gelatin differs markedly from that of transfusion gelatin
alone, The hydrogen ion equilibria has been shifted
towards the basic side of the functional groups(towards
lower pH) 1lndicating thereby that the magnesium ions are
themselves bound to the protein replacing the hydrogen
ions,. The displacement of hydrogen ions in the pH range
2.10 to 5,50 indic&tes that the carboxyl groups are the
principal sites for the binding of magnesium ions, The
number of protons displaced in this pH range are equal
to 7.0, It may thus be assumed that nearly seven magne-
sium ions are bound to the carboxyl groups of transfusion
gelatin., The logarithm of the intrinsic association

constant for Mg-carboxyl groups interaction is calculated

inserting
by/Vy = 7 in the scatchard equation (258),
K = kY
(n=Vg-Vy )Cp

where Vﬁ is the number of active sites covered by the
hydrogen ions,n 1s the total number of such intrinsically
identical sites and Cp is the metal concentration at
equilibrium( free metal ions), The log X as calculated
comes out to be 1,82, It is interesting to note that

log X value obtained by this method compares favourably
with the logarithm of the first association constant

between magnesium and acetate nucleus (1L.05) and magnesium .

and propionate nucleus (1.08). The agreement between
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these values provides strong evidence for a 1:1 stoichio-
metry of the reaction.

In the higher pH range though the results are not
considered reliable but it is clear that magnesium shows
a tendency to combine with the imidazole groups and still
at higher pH with the amino groups. The logarithm of the
first association constant between magnesium and free
imidazole nuecleus is too low to be expected for a combina-
tion between magnesium and imidazole groups of transfusion
gelatin.
Manganese and strontium-transfusion gelatin interaction.

Manganese and strontium both exhibit characteristies

similar to magnesium, Prom the titration ecurves and tables
( 9 and 10) , It is evident that both the metal ions
combine with the carboxyl groups. The maximum number of
protons liberated in the pH range 2.0 to 5.5 are 4 and 3
for manganese and strontium respectively. The intrinsiec
assoclation constants are calculated by the help of Scat-
chard equation, The values come out to be 1.48 and 1.334 °
for manganese-carboxyl groups and strontium carboxyl groups
interaction respectively.

These data lead to the ceconclusion that amongst the
three metal ions magnesium shows strong binding tendency
for carboxyl groups of transfusion gelatin followed by
manganese and strontium, It 1s interesting to note that the

binding capacity follows the order of the stability constants
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of the respective acetates of magneslum,manginese and
strontium, Among the complexes of al%aline earth metals
it has been found that the stability constant 1is exactly
the inverse order of the radii of the cations,i,e.,the

radil increase in the order,

Mg { 8r{ Ca { Ba
where as the stability constant of complexes of these
metal ions with different simple organic ligands decrease
in the order Mg 7 Sr ) Ca ) Ba .

Thestendency has been observed in acetate,propionate
as well as with the amino acids. Present study shows that
the same general rule is also applicable for altwaline
earth cation complexes with a ligand of high complexity
like transfusion gelatin. Such observations indicate
that more atténtion should be paid to study the model
compound lik%e amino aecids and simple peptides,so that a
comparision can be made.

Bxplalnation similar to that of magnesium may be *°
offered for these systems in the meutral and the more
alkaline side of the pH also, Both the metals ions show
a negligible tendency to combine with the functional

groups of the protein containing donor nitrogen atom,

3 4o i e et e ok o R
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CEAPTRR 1II.

Equilibrium dialysis studies on the interaction

of magnesium,nickel and cobalt with transfusion gelatin.



INTRODUCT.ION

Many experimental technigues have been employed
for the study of metal-protein cecomplexes, The cholce
of the technique 1is governed by the availability of the
equlipment as well as by the nature of the problem, Out
of the different technigues the equilibrium dialysis
technigque is extensively employed because it is found
to be generally applicable to the quantitative study of
metal-protein complexes, As any other method it gives
the greater part of the most accurate data on the binding
of metal ions With proteins., The other advantages are
that the method gives amount of binding direetly so that
the properties indirectly related to the extent of
complex formation do not interfere and also the less
elaborate equipment 1s regquired. |

Obsrne(249) was the first who pointed out the
great utility of this technique about a half century ago.
Its wide potentlalities were emphasised especially by
‘Horthrop and Xunitz(61) in the study of metal-protein' .
complexes,in the year 1924-25, This method was put to
more productive use by Xlotz and Curme(66). With the
development of the theory of multiple equilibria as
applicable to proteiln interaction,the dialysis technijue
has now been applied in the studies of a number of systems,
and quite useful informations (250-252) have been obtained

regarding the binding data and relevant intrinsie
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association constants of the metal-protein interact-
ions as well as the number of reactive sites available
with a protein for binding. Copper,zinec and cadmium
(63-69, 81, 86,95,253) have been extensively studied
by several workers, as the metal lons bound,by this
techniguejthe proteins mostly employed for such studies
are the globular proteins because of the availability
of large fractions of highly purified plasma proteins.
It would be a real contribution to the knowledge of
metal ion binding to proteins if ¢ productive techniques
like equilibrium dialysis be applied for the study of
the fibrillayprotein complexes of metal ions of physlo-
logical interest other than eopper,zinec and cadmium,
The present chaptof deals with the equilibrium
dialysis studies on the interaction of magnesium,nickel
and cobalt with transfusion gelatin (bone gelatin,
used as plasma expender). Transfusion gelatin has been
selected because gelatin preparations of high purity
are now available as are reliable data on amino acid

analysis(186).

In the equilibrium dilalysis method the two
solutions,the protein and the metal salt solution are
separated by means of a semipermeable membrane. This

membrane permits only the water and the metal ions to
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pass through while the ¢olloidal particles do not,

The two solutions are shaked by means of an electric
driven stirrer to reach the equilibrium,and at equilibrium
the activity of the free metal ions is the same on both
sides of the membrane, Therefore,if the total amount of
the metal ions in the system 1s know and the concentra-
tion of the free metal lons outside the protein solution
is measured, the amount of metal bound can be computed.
Actuvally 1f the protein binds metal ions,then at equili-
brium the total metal concentration in the protein
compartment 1s greater than that in the outside one
(protein free). The difference in the two concentrations
is a measure of the metal ion bnund to the protein, The
conecentration of the metal ion in the outer compartment

1s analysed by the standard analytical methods,

In practice there are some possible sources of
arror in this technique viz,,(i) some assymetry in the
distribution of metal ions may exist because of the
Donnan effect,and so the allowance should be made for °
this in the caleculation,or an inert electrolyte may be
added to eliminate 1t(ii) some adsorption of metal ions
may occur on the membrane itself or they bound themselves
with the membrane as well as by the protein. In this case
sultable eorrections can be made by setting up eontrolled
dlalysis,in which the protein is absent and then measuring

the depletion of the metal ions from the solution by



usuval methods,
Apparatus.

It consists of an electric driven stirrer,
carrying a bridge suspended 1n a thermostat., The
bridge 1s provided with holes to carry the dialysing
tubes and the temperature of the thermostat was adjust-
ed to 30 + 0.1°C. The speed of the stirrer was controlled
by putting a resistance variant in the circuit and the
same speed was adjusted in all the experiments, The
pyrex tubes were closed by means of rubber stoopers
( the rubber stoppers are covered with thin sheets of
polyethylene so that the rubber may not come in contact
of the solutions) and these were used as the dialysing
vessels,

pH-measurements were carried out by means of a

Cambridge Bench pH-meter,with the glass electrode,

S0 N
reading upto 0,02 pH unit, ﬁg‘ﬂ?ﬁ; |
Preparation of the dialysis.bagﬁiémmnyg .
N GPrres/ 3
N

The cellulose sausage casin
diameter) was obtained from the Visking Co,,Chicago,
Illinois® under the trade name yNojax, and they were
used as the dialysis bags, 15 to 16 cms,length of |
these Casings were cut out from main strip and put into
beaker of distllled water and heated an a steam bath
obtained by the courtsey of Mr.X.P.3ingh(Research

Scholar,Boston University,Boston),



5]~
for about an hour, Heating was repeatedly done with
distilled water. The casings were next soaked in
distilled water at room temperature for about six hours,
This procedure was repeated several times until the final
washings were free from sulphur. The casings were again
.soacked for about 6 hours in a solution of supporting
electrolyte to be used in the binding measurements.
Filling of the dialysis b#g:

The dialysis casing was taken out of the electro-

lyte solution in which 1t was soaked, and the excess of

~ ligquid was removed by stripping out between the first

two fingers. Then a square knot was tled at one end of
the casing and 5,0 mls, of the protein solution was
pipetted in, Most of the air was forced out between the
fingres, and the tube was closed with two overhead knots,
one above the other and the tube was suspended in protein
free solution,

Solutions and reagents,

Transfusion gelatin( 6.07 concentration, molecular
weight 75,000) was obtained from the Director,N.C.L.,
Poona, was used throughout these investigations, A stock
solution of the protein in the supporing electrolyte
( 0,15 M potassium chloride) was prepared and the pH
was adjusted to the desired value,

The metal salt solutions were prepared by

dissolving A.R.samples of magnesium chloride,nickel
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chloride and cobalt chloride in double distilled water,
Their metal content was estimated volumetrically us ing
EDTA titrations, /50 solutions of these metal salts
were then prepared by their subsequent dilution, 1.M
potassium chloride solution was used as the supporting
electrolyte, Dilute solution of potassium hydroxide
was pfepared by dissolving A.R.samples in double disti-
lled water, This was used to maintain the pH of the
protein solution, Solutions of EDTA (B,D.H,) ,E.Black T
énd murexide were prepared as recommended by Schwar-
zenbach(254),

Procedurs.,

Varying volumes of magnesium éhloride(H/SO) viz,,
1.0,2.0,3,0,4,0,5,0,6,0,7.0,8,0 were taken in different
pyrex glass tubes, The total volume was made upto 20 mls,
first by adding potassium chloride, to maintain the ionie
gtrength 0,15 and then by adding requisite amownt of
water. 5.0 mls,of each of these solutions were taken
out in separate pyrex glass tubes( 25 x 200 mm, ),desig- :
nated as.dialysing tubes, Now the dialysis bag containing
the protein solution( of a définite pH and ionic strength)
was suspended by means of a thread( in absence of fibre
glass) in each tube carefully so that the thread did not
come in contact with the metal solution, The other
5.0 mls,of the metal salt solutions were used for blank

experiments under strictly identical set of conditionms,
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( the dialysie bag contained 5.0 mls.protein free
Supporting electrolyte solution of the same pH),

A similar set was also prepared containing
the samé metal concentration with the only difference
that the pH of the protein solution was tept at 7.5
in lieu of pH 5,5,as in the previous case.

Varying volumes of nickel chloride or eobalt
chloride(M/50) viz.,1.9,2,0,3,0,4,0,5,0,6,0,7.0 and
8.0 mls, were taken in different pyrex tubes, The total
volume was made upto 20 mls,by adding potassium chloride
and the water as described above in the case of
magnes ium chloride.

The dialysis tubes were placed on the shaker,
which was driven electrically,for the required period.
The time to attain egquilibrium was found to be 44 hours
for all the three,m&gnesium,ni&kel and cobalt metal ions,
After the required period the dialysis bags were
withdrawn from the tubes and the strength of the protein.
free solution was determined by titration with EDTA,

For this an accurately znown volume(2.0 mls,) was withdrawn
from the solutions and was titrated as recommended for

the particular metal ions, The blank tubes were employed

to determine the amount of metal ions bound to the

material of dlalysis bag, The amounts for magnesium,nickel °

and cobalt were found to be negligibly small,



-54~

TABLE 1

Concentration of transfusion gelatin

Total volume inside the bag

Total volume outside the bag

Ionic strength inside and outside

the bag.

Temperature

Time of equilibration

30 + 0,1°C

= 40 hrs,

pH of the proteln solution= 5.5

=2.4 %o
=5,0 mls,
=5,0 mls,

=0,15

Initial cone,

Cone.nf metal

pH of the protein

of metal ions ions after solution,
x 10 M
2.6 0,18 5.49
1,0 0,375 5.48
1.5 0,51 5.46
2.-0 0069 506
2.8 0.8 5.43
3,0 1.05 5.42
3.5 1.345 5.40
4.0 1. 70 5.40




«55=
T ABLE 2

Concentration of transfusion gelatin =2.4 %
Total volume inside the bag =5,0 mls,
Total volume outside the bag =5,0 mls,

Ionic strength inside and outside
the bag. =0,15

Temperature 30°C
Time of equilibration = 40 hrs.
pH of the protein solution= 7,5

Initial eonc.of Conc.of metal ions pH of the prot-
metal ions after ejullibration gin solution,

x 10'3)6(143012) x 1073

0,50 0.165 7.48

1.0 0,395 7.46

1.5 0.45 7.45

2,0 0,51 7.43

2.5 0,575 7.41

3.0 0,590 7.39 .
3.5 0, 860 7.37

4.0 1.20 7.30
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TABLE 3

Concentration of transfusion gelatin = 2.4%

Total volume inside the bag =5,0 mls,
Total volume outside the bag =5,0 mls,
Ionic strength inside and outside =0,15

the bag. o
Temperature 30°C

Time of equllibration = 44 hrs,
pH of the protein solution= 5.5

Initial conec,of Conc.of metal pH of the protein
metal ions ions after snlution,
% 10-3M(N1012) equi}%bration
X 10 ™M™
0,50 0,255 5.48
1,00 0,560 5.48
1,50 0,80 5.46
2,00 1.208 5.45
2,50 1.475 5.43
3,00 2,700 5.41

- 3.50 2.025 5.40
4,00 2.40 5.40




Concentration of transfusion gelatin
Total volume inside the bag

Tntal volume outside the bag

Ionic strength inside and outside

the bag.
Temperature 30°C

Time of equilibration

T_ABLE 4.

pH of the protein solution

= 44 hrs,

2.4 %
5.0 mls,
5.0 mls,

0.15

Initial cone,of Conc,.of metal ions pH of the protein
metal ions, after equilibration solution,

x 1073M(N1cL,) x 10 oy

0,50 0.245 7.49

1.00 0,445 7.47

1,560 0,635 7.45

2,00 0,715 7.41

2.50 1.00 7.38

3,00 1,33 7.35 ;
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T ABLE 5
Concentration of transfusion gelatin =2,4%
Total volume inside the bag. =5,0 mls,
Total volume outside the bag =5,0 mls,

Ionlec strength inside and outside
the bag. =0,15

Temperature 3000.
Time of equilibration = 44 hrs,
pH of the protein solution = 5.5

Initial conc.of Conc,.of metal ions pH of the protein

metal ions after equilibration solution,
x 1073K(coc1,)  x 107

0,5 04280 5.48
149 0,420 5.47
1.5 0,605 5.45
2.0 0,70 5.44
2.5 0,915 5.42
3.0 1,305 . 5.40
3.5 1,770 5.37

4.0 2.235 5.35




TABLE 6

Concentration of transfusion gelatin = 2.4 %
Total volume inside the bag = 5,0 mls
Total volume outside the bag = 5,0 mls,

Ionic strength inside and outside
the bag. = 0,15

Temperature 30°C

Time of equilibration

44 hrs,
7.5

PH the protein solution

Initial conec.of Conc.of metal ions pH of the protein

metal ions after equilibration solution,

x 107%M(CoCl,)  x 1073

0,5 0,240 7.48

1,0 0,360 7.45

1.5 0.550 7.42

2,0 ) 0,650 7.41

2.5 0, @6 7.40 y
3.0 1,270 7.40

3.5 1,645 7.36

4,0 2,020 7.30
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From the data given in tables 7 to 12, the number
of moles of metal bound per mole of protein 1s evaluated
by the help of the relation V, = _‘;f_
where Mp is the number of moles of protein bound metal
in a dialysis tube and Pr ,is the total number of moles
of protein per tube, If the dialysing membrane does not
bind any of the ligand ( metal or protein),and if the

Donnan effect is negligible, the calculation of Vk would

be extremely simple, Mp being calculated by the relation-
ship,

Mp = M VT (M)
where M is the total amownt of metal ions in the tube,
VI 1is the total volume of the solution and (M) is the
concentration of metal ions in the protein free external
solution, Actually most ligand are bound by the dialysing
bags,so the the above equation is modified in the form,

Mp =M - VT (M) - MB

where MB 1s the number of moles of metal bound to the
bag. Three methods have been used for the determination
of MB, The simplest being the comparision method(255).
Direct comparision method.

A blank tube containing the same amount of each
non-protein component is equilibrated, and from the
knowledge of difference in concentration of metal inside
and outside the bag,the amount of total metal bound to
the bag(MB) is calculated as,



MB = Mp VT (M)

where (M) is the concentration of unbound metal in the
blank tube., Since the binding 1s sifficiently small
( in the range 0,5 x 10"5 to 1x IO-GM in the present
case) direct comparision method has been utilised.

The binding data have been represented graphica-
lly for the metal-protein complex formation,as a
function of free metal concentration on a semi-
logarithm graph( extent of binding/tiotted against the

logarithm of the concentration of unbound metal ions),



TABLE 7

The equilibrium between magnesium and transfusion

gelatin at pH 5.5

-4
Coneentration of transfusion gelatin =3,2 x 10 M

Ioniec strength = 0,15

Temperature 3o°c

PH  Bound metal Free metal LY log K
ions ions
x 1073y x 10”3y
5.49 0,320 0,18 1 1,836
5.48 0.625 0,375 1.9 1.802
5.46 0,990 0,51 3,1 1,88
5.45 1,310 0,69 4,1 1,882
5.43 1.650 0, 85 5.2 1.900
5.42 1.950 1.05 6.1 1,883
5.40 2,155 1,345 6.8 1.829
5.40 2,300 1,70 7.2 1,752

Mean log K = 1,846
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T ABLES 8

The egquilibrium between magnesium and transfusion
gelatin at pH 6.5.

Concentration of transfusion gelatin =3,.,2 x 10-414

Ionic strength = 0,15 Temperature 30°%¢
pH Bound metal ¥ree metal » Y™ log K
ions ions
x 103y x 1072M
7.48 2,338 0.165 1.04 -
7.46 0,695 0,305 2.2 -
7.45 1.05 0.45 3.3 3.28
7.43 1,49 0.561 4,7 3.35
7.41 1.925 0,575 6.0 3.419
7.39 2,41 0.59 7.2 3.372
7.37 2,650 0. 85 8.2 3.830
7.30 2,80 1.20 8.8 3.222

Mean log K= 3,363
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TABLE 9
The equilibrium between nickel and transfusion

gelatin at pH 5.5
=4
Concentration of transfusion gelatin = 3,2 x 10 M

Ionic strength = 0,15 Temperature 30°C
pH Bound metal Free metal Vﬁ log K
ions ions
x 10 °M x 10" 3y
5.48 0,245 0,255 0.8 1.5
5.48 0,440 : 0,560 1.4 1.492
5.46 0,670 0, 830 2.1 1,500
5.45 0, 85 © 1,105 2.8 1.508
5.43 1.026 1.475 3;2 1,440
5.41 1,30 1,700 1.1 1,490
5.40 1.475 2,025 4,6 1,470
5.40 1,60 2.40 5.0 1,460

Mean log XK = 1,493
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TABLE 10
The equilibrium between nickel and transfusion

gelatin at pH 6.5.
Concentration of transfusion gelatin = 3,2 x 10-4M

Ioniec strength = 0,15 Temperature 30°C
PH Bond metal Free metal M log X
ions ions
x 10™3y x 10™3M
7.49 0,255 0,245 0.5 -
7.47 0,655 0,445 1.7 3.308
7.45 0, 865 0,635 2,7 3.100
7.41 1,285 0,718 4.0 3.383
7.38 1,50 1,00 4.4 3.204
7.35 1.670 1,33 5.2 3.177

Mean log X = 3,234



T ABLE 11

The equilibrium between cobalt and transfusion
gelatin at pH 5.5,

Concentration of transfusion gelatin = 3,2 x 10-4M

Ionic strength =‘O.15 Temperature 30%
pH Bound metal TPFree metal VB log X
10n8_3 ions
x 10 °M x 1073y
5.48 0,220 0,280 0.7 -
5.47 0,580 0,420 1.8 1.729
5.45 0, 895 0,608 2,8 1.768
5.44 1.30 0,70 4.1 1.876
5.42 1.585 0,915 4.9 1,242
5,40 1.695 1.305 5.3 1,722
5.37 1,730 1.77 5.4 1.598
5,35 1,765 2.235 5.5 -

Mean log X = 1,756



TABLE 12
The equilibrium between cobalt and transfusion

gelatin at pH 6.5
Concentration of transfusion gelatin = 3,2 x 10-4M

Ionic strength =0,15 Temperature 30°C
pH Bound metal Free metal [ log X
:lrms_3 ions_3
x 10 "M x 10 °M
7.48 0,260 0,240 0,8 -
7.45 0,640 0,360 2,0 -
7.42 0,950 0,550 2.9 3.48
7.41 1,350 0.650 4,2 3.333
7.40 1,608 0, 895 5.0 3.701
7.40 1,730 1.270 5.4 3.595
7.36 1.855 1.645 5.8 3.495
7.30 1,980 2,020 - 6.8 3.544

Mean log K 3.526
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The interpretation of the experimental results
on the studiqs of the metal-protein system,are fraught
with difficulties due to complex physico-chemical
nature of the protein molecule(14l). Several general
properties of the protein must be taken into account,
before any attempt is made to arrive at a definite
conclusion, First of all the length of the peptide
chain is much greater than in most compounds ( amino-
acids and peptides etc.,) which are employed as a
model for the eomparision and interpretation of the
data on the metal-protein interaction( e.g. the
affinity of a particular metal ion for acetate,imidazole
and ammonia has been frejuently compared to the carboxyl,
imidazole and amino groups of the protein). Due to
this long peptide chain,the side chain groups have
got much more importance in binding metal ions than
the terminal amino or carboxyl groups. Secondly,
there are usually several number of a given class of
groups in a protein molecule,with the result,that the °
binding of metal ions 1s dependent both on the intrinsie
affinity and with number of groups available for
interaction. Thirdly,the ligand groups in a protein
molecule are not free to move,therefore do not behave
as a simple classical ligand. Finally the protein
molecule normally bears a considcrable number of

positive and negative charges,whose net potential
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field may be favour or hinder the approach of the
metal ion. This means that the apparent affinity
constant changes as more and more lons are taken-up
or given off by the protein moleculs.

Apart from this,one has to consider the
factors assoclated with the chemistry of simple metal
complexes,e.g.,coordination number, hydration as well
as the hydrolysis of metal ilons,competition with
hydrogen ions and chelate formation., Such data are

summarised in the following table(25).

T ABLE 13

System Coordination log K Appo.pH,onset
number, of pption.

Mg-imidazole 6 small 10
Mg-acetate - 1.05246 -
Ni-imidazole 6 3,276 8
Ni-acetate - - -

257 5
Co-imidazole 6 7.52 8

Co-acetate - - -
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Magnesium-transfusion gelatin system,

In the preceeding chapter on the basis of the
pH-metric studies on the interaction of magnesium with
transfusion gelatin we concluded that magnesium has
got considerablo affinit towards the carboxylate side
chain of transfusion gelatin. This fact is further
confirmed by equilibrium dialysis studies.

Two different pH levels were selected for
equilibrium studies; one at which the carboxyl groups
are expected to be fully deprotonated and the other
where the imidazole groups lose thelr positive charge.
A seried of observations were made at pH 5.5 and 6.5
over a wide range of metal concentration. A plot (Fig.l)
between log C ( free metal ion) and Vy, ( the extent of
binding) reveals that when nearly 7 magnesium ions are
bound to the protein,the extent of binding becomes
independent of the metal concentration, This shows that
at this limiting concentration the saturation limit
is being attained,i.e.,by increasing the free metal
eoncentration no more metal ions seem to be bound to
the protein., Similar studies at pH 7.3 gives a maximum
binding limit of 8;8. If a comparision be made at
corresponding free metal concentration at both pH levels,

?

the values are Vﬁ = 6,8at 1,34 x 1074M Mg++- at pH 5.4
and Vi = 8.8 at 1,20 x 10 Mg*™* at pH 7.3. It 1s
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clear that by changing pH from 5.3 to 7.3 the maximum
binding 1limit is shifted from 6,8 to 8,6, It may,

therefore, be concluded that two additional magnesium
ions are bound to the imidazole sites. These data are
employed for the caleculation of intrinsic assoelation

constant applying Scatchard's equation(258),

K= VH
( n-Vg-Wy) Cp

where Vy and V; are the number of active sites covered
by the metal and hydrogen ions respectively,n is the
free metal concentration, Vﬁ and n are taken from
literature(185)., The log K values for the magnesium-
carboxyl and magnesium-imidazole interaction come out
tobe ( 1.846 + 0,06) and ( 3,363 + 0,14) respectively,
The corresponding value of log K for magnesium-carboxyl
group interaction as calculated from pH measurements

is 1.812( preceeding chapter),

The log K values for magnesium-carboxyl group «
interaction as calculated from pH metriec and egulilibrium
dialysis studles,closely resemble with the logarithm of
the first association constant of magnesium and acetate
nucleus, This close agreement shows that the stoicho-
metry of the reaction 1s nearly 1:1,

Cobalt and nickel-transfusion gelatin systsms,

Similar studies have been carried out on the
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interaction of nickel and cobalt with transfusion gelatin,
selecting two different pH levels, The binding data
obtained for these two systems( tables 9,10) are utilized
to calculate the intrinsie assoeilation constants, Both the
metal ions show a close similarity in the mode of binding
with transfusion gelatin, At pH 5.5 cobalt and nickel
combine with the carboxyl groups, The saturation limit is
being attained at metal concentration equal to 2,00 x 10°°M
for cobalt and 2.399 x 10 °M for mickel when 5.4 and 4.8
metal ions are bound to the protein, This liﬁit is shifted
to greater value of Vy 1i,e.,6,2 and 5.8 when the pH is
changed from 5,5 to 7.3 for the &bove concentrations of
cobalt and nickel respectively(metal concentration at

Vy corresponding to pH 5.5 and 7.3 are taken from Fig.2,3),
This indicate that'approximately one ion of each metal
gets bound to the imidazole groups of the histidine
residue,whereas 5 ions of each metal combine with carboxy-
late side chains at given metal concentration( as indicatag
in tables 9 to 12 ), The intrinsic association eonstants
of both the system for carboxyl as well as imidazole groups
interaction thus calculated are shown in the following
table alongwith the previous value and log K values of

some model compounds for comparision.
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T AB_LE 14

Ligand Method log K(carboxyl) (log K(imidazole)
co2* Ni2* ot Ne*
T.gelatin  Equilibrium® 1.756  1.493 3.52 3.23
dialysis
b
do pH metriec 2,02 1.890 - -
Serum albumin - 2.30 - - -
Acetate 2.4260 2.1261 = -
257 256
Imidazole o = 7.52 3.27

a. Present studies,
b, Reference No,.259.

The log X values for cobalt and nickel-carboxyl
group interaction thus obtained and those of computed
earlier from pH-metric results compare fairly well with 5
those of the logrithms of the first association eonstant
of the cobalt and nickel and acetate nuceus, The close
agreement between these values constitutes a strong
evidence for a 1:1 stolchiometry of the reaction. The

same analogy could be applied to the cobalt-and nickel-

imidazole groups interaction,

e ok ke e 2 ook o o sk o ook ok
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CHAPTER III,

pH-metric studies on the interaction of
copper,zinc,magnesium,manganese and strontium with

As=-casein and casein,



o, 7/

pH-metrie titration method has been employed for
the study of hydrogen ion equilibria and also for the
study of metal-protein complexes, There arise many comp-
lexities in the study of these metal-protein complexes
which are further multiplied in the case of caseins, as
they contain amount of phosphoric acld in addition to
other amino acid residues. The uncertainty about the
molecular weight of these proteins discourages to approach
any systematic quantitative study.

Since Mallenders (256) demonstration that casein
is a complex mixture containing atleast three components
the separation of these components and their character-
isation offered one of the most intresting and useful
fields of study in casein chemistry, Following Mallender,
Hipp et al (214) separated these components into * -, B =,
and Y - casein and made an attempt to corelate the
properties of these components with that of caseln, a
Recently Wake and Baldwin(262) have shown that casein
is a mixture of atleast 20 components. D.F. Waugh(263,
264) achieved great success in separating the pureughz
caseins and their molecular weight have been determined
with certainty employing light scattering method. A
A review of the present literature has revealed that
though much work has been done on casein much more

remains to be done,particularly because the fractions
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and better characterisation of casein components will

help in understanding the complex chemical hature of casein
as well as the interaction of these different components
with each other.

The present chapter deals with both the gualitative
and quantitative studies performed using casein and olg=
casein, In qualitative studies the interaction of magnesium,
strontium and beryllium is discussed while the quantitative
part deals with the interaction of physiologiecally
important metal ions like copper,zinec,magnesium,manganese
and strontium with casein andug-casein,employing pH-metrie
method, In the case of whole casein the binding has been
calculated per 105 gms of casein while in the case ofX.-
casein the values are per mole of the protein,talking the
molecular weight of X ~-casein equal to 27,000 as found out
by D.F.Waugh(263),

BXPERIMENTAL

Protein solutions,

<,~casein used was obtained by using its differen-
tial solubility in 508 aqueous aleohol(265) with changes
in pH and temperature. The procedure was as follows,

The pure casein( E.Merk) was dissolved in dilute
alkall and made to contain 504 alecolhol and 0,2M ammonium
acetate, The pH of this solution was malntained at 6.5 by
the addition of 1.0 M acetic acid in 50% aleohol, At this )

stage about one third of the total casein is precipltated.
The pH of the filtrate was adjusted to 5.7 by adding 50%



alcoholic acetle acid. The precipitate obtained at this
stage coerSponds/ESO fifths of the total casein,

The « -casein was prepared from first fraction.
The precipitate obtailned was dissolved in dilute alkali
and was reprecipitated at pH 7,2 in the presence of
ammonium acetate in 504 alcohol., This process was repeated
again and the final produet was washed with water,till
1t was free from ions and finally with aleohol, Finally
it was dried at low temperature and used for the studies.

The whole casein used was an E.Merk product. Solu-
tions of this protein were prepared by soaking dry protein
in water for several hours and then the mixture was
stirred mechanically by the addition of known amount of
0.1 M potassium hydroxide solution and ths stirriug vas
continued till the solution is obtained, Its pH was
ad justed to 12,00,

The concentration of the protein solution was
further checed up by drying an aliquot to constant x
weight at 105°C and then correcting for potassium, This
method gave the same value for protein concentration
as was calculated on the basis of anhydrous weight of the
protein used.

Metal salts,viz.,magnesium chloride and strontium
nitrate were A.R,products,while the berylium nitrate was t

an E.,Merk product, These were dissolved in doubly dissti-
lled water and thelr strength was determined by usual



-77=

methods, M/50 solutions were then prepared by subsequent
dilutions of their stock solutions and the pH maintained
at 2,00 by the addition of requisite amount of 0,1 M
hydrochloriec acid solution,

Hydrochlorie acid and potassium hydroxide solutions
were prepared by their subsequent dilution and their pH
ad justed to 2,00 and 12,00 respectively.

Procedure:

Varying volumes viz,, 1.9,2,0,4,0,6.9,8,0,10,0,12,0,
14,0,16,0 mls, of the metal salt solutions or hydrochloric
acid were taken in different pyrex tubes, Two such sets
were arranged, In one sét constant volume ( 4.0 mls,) of
the protein solutlion was added while in the other set
4,0 mls of potassium hydroxide solution of the same pH
as that of the protein ( 12,00) was added and the total
volume was then made upto 20,0 mls,by adding the requisite
amount of water.

pH-measurements were made with the Cambridge Bench
PH metef with the glass electrodesat 30°C , The specilal
blue glass electrode'Alki' was used for more alkaline
solutions( pH above 9,00), The buffer solutions used for
the staindardisation of the pH-meter were 0,05M potassium
acid phthalate and 0.05M borax solution for the two acid
and basic ranges of pH,

The pH of these solutions was measured immediately

andﬁfter 24 hours, The pH remained the same in both the
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cases,

ULTS DISCUSS IONS

The interaction of metal ions can take place
either by competing with hydrogen ions or the hydroxyl
ions, depending on the pH of the metal-protein system.

If (Hy) and (Hy) represent the concentration of free
hydrogen ions in the potassium hydroxide and anionie
protein interaction with metal ions then ApH ( the
difference between the two) indicates the extent of
binding, the greater the APpPH the greater is the binding
of the metal with the protein.

The results are summarised in the following

tables.



Concentration of casein solution

TABLE 1

= 200%’pH 12000

Hydrochloric acid solution pH 2,00

Potassium hydroxide solution

pH =12,00

Total volume = 20 mls, Temperature 30°C
ggi“ﬁgdgﬁ zf%h KOH iffh protein ice
0.0 11.00 li.OO -
1.0 10,44 10,70 0.26
2,0 7.34 10.56 3.22
4,0 3,08 9.34 6.26
6.0 2.66 7.74 5.08
8.0 2,46 6.55 4.09
10,0 2,36 4,00 1,64
12,0 2.24 3.10 0.8
14,0 2.16 2.80 0.64
16,0 2,08 2.56 0,48
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TABLE 2

Concentration of casein solution = 2,0%,pH 12,00

Concentration of magnesium chloride solution
= M/50,pH 2,00

Potassium hydroxide solution pH 12,00

Total volue 20 mls, Temperature 30°C
Electrolyte le sz pH
added in mls, with KOH with protein

0.0 11,00 11,00 -
1.0 10,58 11,90 0.42
2,0 8,26 10,62 2.36
4,0 3.32 10,28 6.96
6.0 2. & 8, 80 5.96
8.0 2.62 6.10 3.48
10,0 2.50 5,46 2,96
12,0 2.40 4,34 1,94
14.0 2.32 3.586 1.24
16,0 2.24 3,00 0.76

Curve No,2

G Hlok

CNTRAL LIBRARY UNIVERSITY OF Ae sy
ROORKEE.



T AB_LE 3

Concentration of casein solution 2,00 £, pH 12,00

Concentration of strontium nitrate

solution = M/50,pH 2,00
Potassium hydroxide solution pH 12,00

Total volume = 20 mls, Temperature SOOC
Volume of ' pH1 PHy, . I\ pH
§é§§§f°lyte VAR with protein

0,0 11,0 O 11.20 0,20
1.0 10,52 10,94 0,42
2,0 8.20 10,72 2,52
4,0 6.26 9.30 6.04
6.0 2,74 7.02 4,28
8.0 2.56 5.8 3.30
10,0 2.46 5.16 2,70
12,0 2.36 4,00 1.64
14,0 2.24 3.24 - 1,00
16.0 2,20 2. 84 0.64

Fig.No.3



T ABLE 4

Concentration of casein solution = 2,04, pH 12,00

Concentration of beryllium nitrate
solution

M/50,pH 2,00
Potassium hydroxide solution pH 12,00

Total volume = 20 mls, Temperature 30°C
g R
X with KOH with protein

0,0 ; 11,00 11.20 0,20
1,0 5.82 10,60 4,78
2.0 4,60 8,20 3.60
4,0 3.00 5.02 2,02
6.0 2,68 4,40 1.72
8.0 2.54 3.90 1.36
10,0 2.36 3.54 1.18
12,0 2.24 3.00 0,76
14,0 2.20 2.74 0.54
16,0 2.12 2.58 0,46

Fig., 4
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TABLE 5

Concentration of < -casein = 2,08, pH 12-00
Hydrochlorie acid solution pH 2,00

Potassium hydroxide solution pH 12,00

Total volume = 20 mls, Temperature 30°C
i!glﬁgded PHy PH, APH

v with ROH with protein

0.0 11.10 11.30 ' 0,20
1.0 10,60 11,10 0.50
2,0 8.64 11,08 2.44
4,0 3.24 10,50 7.26
6.0 2.80 9.72 6.92
8,0 2.60 8.04 5.44
10,0 2,50 5,80 3.30
12,0 2.48 4,20 1,72
14.0 2.38 3.40 1.02
16.0 2.24 3,900 0,76

Fig. 5.



T ABLE 6

Concentration of &« -easein solution = 2,00%,pH 12,00
¥/50,pH 2,00

Concentration of magnesium chloride
Potassium hydroxide solution pH 12,00

Total volume = 20 mls, Temperature 30°C

Electrolyte PH1 pHo A pH
added in mls, with XOH with protein

0,0 11.30 11,80 o
1.0 10,36 10,76 0,40
2,0 8,20 10.44 2,24
4,0 3.10 2,90 5,80
6.0 2,70 6.44 3.74
8.0 2.58 5.58 3.00
10,0 2.38 4,58 2.20
12,0 2.36 3.70 1.34
14,0 2,22 3.06 0.84
16.0 2.18 2,70 0.52

Fig. 6.
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T ABLE 7

. Concentration of A -casein solution = 2,0 %, pH 12,00

Concentration strontium nitrate = M/50,pH 2,00
Potassium hydroxide solution pH 12,00

Total volume=20 mls, Temperature 30%

saled inBi5.  with N o peoretm
0,0 11.30 11,30 -
58 | 11.30 11.30 -
2,0 11,20 11.20 -
4.0 10, 80 10,80 -
6,0 3.80 10.14 6.34
8.0 2.8 7.10 4,28
10,0 2.62 5.60 2,98
12,0 2,42 4,00 1.58
14.0 2.28 3,20 0,92
16,0 2.20 2,80 0,60

Fig. 7
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T ABLE 8

Concentration of o -casein solution = 2,0%,pH 12,00

Concentration of beryllium nitrate
Potassium hydroxide solution

Total volume = 20 mls,

= W/50,pH 2,00

= pH 12,00

o
Temperature 30 C

Electrolyte PHy pHo ADPH
added in mls, with 70H with protein

0,0 11,30 11,30 -
1,0 11,20 11,20 -
2,0 10,70 10,80 0,10
4.0 5,08 6,80 1.72
6.0 4,34 5.48 1.06
8.0 3,40 4,74 1.34
10,0 2,90 4,40 1,50
12,0 2,64. 4,06 1.42
14,0 2,50 3.80 1,30
16,0 2.44 3.30 0.8

Flg., 8,
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The pH-metric titrations carried out in the presence

of magnesium,strontium and berylium ions with casein and

A -casein give some conclusive evidence of the binding of
these 1ons with the available sites of the protein. Since
casein does not show any detectable chloride ilon binding
tendency,the only explaination which may be offered for the
variation in pH is the possible chemical combination of
metal ions with the protein,

It 1s evident from the Fig.? and 10 that the titrat-
ion curves of magnesium,strontium and beryllium for casein
and o -casein respectively,lie above the corresponding
curves for the metal ions and alkali, Between pH 3,0-5.5
the 1onised carboxyl groups.of casein play significant role
in the fixation of magnesium,beryllium and strontium, The
extent to which the slectrolyte-alkali curves are displaced
by the addition of protein may be taken as a guantitative
measure of the extent of metal protein combination,

‘From Fig.9 the flat portion of the curve lle in the
pH range 2.5 to 5,0 indicating thereby that the combinatlon
is mostly with the carboxyl groups of the protein, In this
case strontium shows greater binding than magnesium to the
carboxyl groups of the caseln.

At higher pH values, it is evident from the curves,
that beryllium goes in combination only with caseinjand in
the case of o -casein no appreciable combination of

beryllium is visible above pH 8,0, So in case of « -casein
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beryllium combines mostly with the carboxyl groups.
Magnesium and strontium show the tendency to
combine with proteins even at higher pH values,.Probably
they enter in combination either with imidazole groups
of histidine residue or amino groups of lysyl residue.
A different behaviour is seen in the case of
K -casein(Mig.10) from that of casein., Here magnesium
shows greater binding tendency over the whole pH range
as compared to strontium, This information is contra-
dictory to the results of casein where strontium shows
greater binding tendency to the protein molecule.
According to Hipp,Groves and McMeetin(214) at
pH 9.3 the titration curve for A -casein gives the
number of carboxyl group + 2 equivalents of phosphorous
+ imidazole groups. At this pH magnesium shows greater
binding than strontium,in the case of A -casein,while
in the case of casein the order is just reversed.

We conclude the above results by the remark
that the binding of beryllium takes place through the
carboxyl groups of{-casein only while with casein
groups other than carboxyl are also involved. Magnesium
and strontium combine through the imiddzole and amino
groups beside ﬁhe carboxyl groups of both X -caseih and
casein, The order of binding for casein and X-casein
ares strontium7 magnesium 7 beryllium and magnesium)

strontium j; beryllium respectively.
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EXPERIMENTAL

A ,~casein was prepared by the method of Waugh(263),
Whole casein(E.Merk) was soaked for several hours in water
and then dissolved in dilute sodium hydroxide solution and
pH was maintained at 7.5. This was precipitated by the
addition of 1 M HC1 at pH 4.6. After filtration the product
was washed with distilled water and finally sus pended
in sufficient water. The supernatant water was removed
by decantatlion and the whole process was repeated four
times, Then the washed casein was suspended in water and
the pH was adjusted to 4,0 with 1.0M acetic acid and was
stirred in a stirrer for several hours, Then the casein
was filtered. In this way phosphatase,proteolytic enzyne;
red protein and another casein components are removed.

Then the casein was dissolved in dilute sodium
hydroxide and the pH was not allowed to proceed 7.0. Then
the container was conled in the refrigerator and diluted with
e¢nld water, The casein was again precipitated by adding .
0.1M HC1 until a pH 4,3-4,4 was reached., It was again kept
over night in the refrigsrator at 4%¢c. The precipltate was
removed by filtration and it was again dissolved in dilute
sodium hydroxide as before. This prncess was repeated
about five times to remove 'B-ca891n completely. In this
last preéipitation the«%—casein was preclpitated with
hydrochloric acid at pH 4,70 and washed free of chloride

ions by decantation and centrifugation.
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Casein (soluble at pH 6,.8) for the gquantitative
studles was prepared in the following manner,

The pure E.Merk product was soaked for several
hours in distilled water and then was dissolved in dilute
ammonia solution( 266,267); adding ammonia slowly during
mechanical agitation so as to have no pronounced alkalinity
at any time in any part of the solﬁtion( the pH of the
solution was tept below 7.0), After dilution with water
the casein was precipitated by the calculated amount of
dilute acetic acid. The precipitate was washed with water,
The casein was beaten up with water,first to a thin paste
by means of an electrically driven stirrer and then more
water was added and the stirring continued until ﬁhe
casein was well distributed. It was then centrifused
from the wash water and this method of washing was repeated
for about 5 to 6 times, The washed casein,after centrifuga-
tion finally being stored under water with toluene at
8°c,

The casein so obtained was dissolved in minimum
amount of 0,1M XOH so that the pH remained between 6.5
to 7,0, and the whole mass was stirred. Finally the solu-
tion was centrifused and the product obtained was stored
in a stoppered pyrex flask which was kept in a refrige-
rator. The solution after centrifugation was used for
the guantitative studies.

The concentration of the protein solutions was

checlted up by taking an aliguot ( 10,0 mls,.) in a weighed
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erucible and drying it to a constant weight at 105°C , The
correct concentration was calculated by applying correction
for potassium( added in the form of potassium hydroxide),

The metal salts viz,,cupric chloride, zine chloride,
magnesium chloride,manganese chloride and strontium nitrate
were all A,R.products. They were dissolved in doubly
distilled water and their strength was determined gravi-
metrically. The solutions of requisite strength (M/590) of
various metal salts were made by the subseguent dilution
of the stock solution,

Hydrochloric acid and potassium hydroxide solutions
were prepared by the dilution of their stock solutions,
which were standardised by usual methods.

Progedure. Varying volumes viz., 2,0,1.6,1.0,0,8,0.7,0.5,
0,3,0.1 and 0,02 mls, of hydrochloric acid (0,081 M) and
0.2,0,3,0,4,0.6,1.0,1.,1 and 1,5 mls of potassium hydroxide
(0,0605 M) were taken in different pyrex tubes. Two such
sets were prepared. Equal amowmnt ( 1,0 ml.,) of the metal
salt was added in each set, Now in one set the {;-casein

( 2.0 mls, of 4,2% ) solution was added while the total
volume was made upto 10,0 mls,.,first by adding potassium
chloride,to maintain the ionie strength 0,15,and then by
adding requisite amount of water, ]

The following sets were prepared, for the study
of the binding of different metal ions with < -casein.
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1, Aecld or base alone.

2. Acld or base +c\=-casein,

3. Acld or base + cupric chloride.

4, Acid or base + cupric chloride +-¢s-casein.
S5, Acid or base + zine chloride.

6, Acld or base + zine chloride + < -casein,

7. Acid or base + magnesium chloride.

8, Acid or base + magnesium chloride + «; -~casein.
9. Acld or base + manganese chloride.

10, Acid or base + manganese chloride +«  -casein,
11, Acid or base + strontium nitrate,

12, Acid or base + strontium nitrate + %s-casein,

Exactly similar sets were prepared with casein
also with the only difference that the %;~-casein was
replaced by casein.

The pH-measurements were made by the help of a
Cambridge Bench Type pH meter with the glass electrode,
reading upto 0,02 pH unit, Special blue 'Alki' glass
electrode was used for the more alkaline solutions
( above pH 9,00), The buffers used for the standardisation
were 0,05 M potassium acid phthalate and 0,05 M borax
solutions for the two acid and basic ranges of pH.

The caleulation were made by the equations
discussed in chapter I of this thesis,

The results are summarised in the following tables,
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TABLE 9

Concentration of <Xs-casein solution = 0, 84%
Total volume = 10 mls, Ionie strength =0.15
Temperature 30°C

HCl1l added pH values

e With acid With Nish . Vith ..
or alkall protein. M/500 Cu ¥/500 Cu

+proteih.

2.0 1,90 2.30 1.92 2,31

1.6 2,00 2.50 2,00 2.44

1.0 2.18 3.10 2.16 3.20

0,8 2,29 3.8 2.28 3.58

0,7 2,34 4,13 2,34 3.76

0.5 2.50 4,79 2,48 4,08

0.3 2.71 5.22 2,70 4,45

0.1 3.24 5.66 3.20 4,82

0,02 4,00 5.90 3,8 5,02

0,0 4,60 6.00 5.38 5.10

KOH added

in mls,

0,2 10,43 6.43 5.14 5.50

0.3 10,74 6.67 5.35 5.67

0.4 10, 84 6.90 5.50 5.88

0.6 11.07 7.56 8,00 6.35

1.0 11.34 9.57 10,66 7.20

1.1 11.40 2.68 10,91 7.51 -

1.5 11.48 10,18 11.24 8,22

Fig. 11



ITVAIY

—

40 QlIdv

E= Lo

12—

Hd

VOL. OF Hcl OR KOH

FIGURE 1

12-

OR KOH

FIGURE 12

vOL. OF Hecl




TABLE 10

Concentration of o{; ~casein solution =0,84%

Total volume =10 mls, Ionic strength =0,15
Temperature = 30°C

HC1l added pH _values

Znt+ M/500 Zn*t M/500 Mg ¥/500 mgtt

tprotein +protein,

2.0 1.94 2,30 1.90 2.29
1.6 1,98 2.44 1.98 2.39
1.0 2.12 3.26 2.15 3.29
0.8 2.26 3,76 2.26 3.72
Oi? 2‘31 4.% 2.32 4.10
0.5 2.44 : 4,44 2.56 4,62
D¢3 2,72 4,90 2.67 5.17
0.1 3.20 5.26 3.18 5.57
0,02 3.8 5.50 3.72 5.75
0.0 6,40 5.56 6.14 5.8
KOH added
in mls,
0.2 7.18 5.94 10,28 6.38
0.3 7.286 6.10 10.28 6.48
0.4 7.32 6.30 10,26 6.88
0.6 9,20 6.80 10,28 7.56
1.0 9.%4 8.48 10,46 9,49.
1.1 : - 8.53 10046 9058
1:8 10,72 9.34 10,72 9.90

Fig, 12



T ABLE 11

Concentration of «{;-casein solution =0, 84%
Total volume = 10 mls, Ionic strength = 0,15

Temperature =30°C

HC1l added pH values
in mls,
With i With With ae WARR e
¥/500 Mn /500 Mn**t  M/500 Sr M/500 St
+protein +protein
2,0 1.92 2.32 1,88 2.33
1.6 2,00 2.48 1.98 2.47
1.0 2,16 3,25 2.14 3.24
0.8 2.26 3,70 2.24 3,80
0,7 2.30 4,08 2.28 3.98
0.5 2.47 4,78 2.44 4,80
0.3 2.70 5.12 2.69 5.19
0.1 3.18 5.54 3.12 5.56
0,02 4,22 5.72 3.2 5.4
0,0 6. 34 5,76 5,98 5.8 -
XO0H added
in mls,
0,2 7.54 6.19 10.41 6,37
0.3 7.52 6.35 10,65 6.57
0.4 7.72 6.45 10, 80 6.78
0.6 8.23 6.3 11,00 7.22
1,0 9.36 7.66 11.23 9.37
1.1 10,24 7.90 11,30 9,60
1.5 10,70 2,94 11.43 10,00

Fig. 13
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These pH values are used to calculate the number of
proton liberated., Actually the number of hydrogen ions bound
per protein molecule is obtained by the difference of hydrogen
ions added and the hydrogen ions liberated after mixing the
metal ions and the A -casein, Titration curves were obtalned
by plotting ' T ' ( the number of hydrogen ions dissociated
per mole of <-casein) against pH,

Due to the uncertainties about the molecular weight
of the casein +the binding was caleculated per 105 gm,of

protein,instead of per mole of protein.
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T ABLE 12

Concentration of,-casein solution = 0,84%

Ioniec strength = 0,156 Temperature 30%
gt + +
added pH Bound H Moles of H dissoei-
Moles/L.xlo-a Moles/Mole ated per mole of
of protein: proteing.
17,22 2.30 32 9
13,776 2.50 30 18
8,61 3.10 24 24
6. 888 3.8 20 28
6,027 4,13 19 29
4,305 4,79 14 34
2.58 5,22 8 40
0, 81 5.66 3 45
0,172 5.90 ' 1l 47
Base (OH) added pH Bound (OH) Moles of H'dissocila-
Moles/L x 10™3 Moles/Mole ‘ted per mole of
of protein Proteln,
1,210 6,43 4 52
1,815 6.67 6 54
2,420 6.90 - 8 - 56
3.360 7.56 12 60
6.05 9.57 19 67
6.655 9,68 21 69
9,075 10,18 28 76

Fig. 14
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T AB_LE 13

Concentration ofX -casein = 0,8 %
Concentration of cuprie chloride = M/500

Ionic strength = 0,15 Temperature 30°C

+ +
H added -3 pH Bownd H* Moles of H dissoci-
Moles/L x 10 Moles/Mole @ated per mole of

of protein Protein.

17,22 2,31 39 9
13,776 2,44 28 20
8,61 3,20 25 23
6. 888 3.58 21 27
6,027 3.76 20 28
4,305 4,08 13 35
2,583 4,45 8 : 40
0.68L 4,82 2 46
0,172 5,02 . - 48
4 5,10 - 48
(OH) added pH Bound(OH) Moles of H'dissoei~ -
-3 Molas/Mole @ated per mole of
Moles/L x 10 sroteln protein.,
1.210 5.50 2 50
1,815 5.67 3 51
2,420 5,88 5 53
3.630 6.35 11 59 :
6.05 7.20 19 67
6.655 7.51 21 69
9,075 8,22 29 77

Fig., 14
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T ABLE 14

Concentration of {~casein solution = 0, 84%
Concentration of zine chloride solution = ¥/500

Ionic strength = 0,15

Temperature 3000

H* added _3 H Bownd HY Moles of H' dissocia-
Moles/L x 10 ¥oles/Mole ted per mole of
protein,
protelin
17,22 2.30 39 )
13,776 2.44 28 20
8,61 3.26 26 22
6, 888 3.76 22 26
6,027 4,02 19 29
4,305 4,44 14 34
0. 81 5.26 3 45
0,172 5,50 1l 47
= 5.56 = 48
(OH) added pH Bownd (OH)  Moles of H' dissoci-
-3 Moles/Mole ated per mole of
Moles/L x 10 srotein protein,
1,210 5.94 3 81
1,85 6,10 5 53
2.420 6.,30 7 55
3,630 6, 80 12 690
6.05 2,48 19 67 3
6.655 8053 o =
9,075 9,54 27 75

Fig. 14
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T ABLE 15
= 0, 34%

Concentration of ¢ ~casein solution
Concentration of magnesium chlorlde

Ionic strength = 0,15

W/500

Temperature 30°¢

+
H'added o pH  Bound H Moles of H' dissoei-
Moles/L.x10 Moles/Mole ated per mole
protain of protein,

17.22 2,29 38 10
13,776 2.39 27 21

8.61 3.29 26 22

6, 888 3.72 22 26

6.027 4,10 19 29

4,305 4,62 14 34

2.583 5.17 8 40

C, 861 5.57 3 45

c.172 5.75 1l 47

- 5.84 - 48
(OH) added ™ pH Bomd(OH)~ Moles of mt dissoci-
Moles/L x 10 Moles/Mole ated per mole of
protein protein

1.2190 6.38 4 52

1.815 6.48 6 54

2,420 6., 88 8 56

3,630 7.56 12 60

6.05 9.49 17 65

6.656 9,568 19 67 g
9,075 9,920 25 73

Fig. 15



Concentration ofJ.~casein solution
Concentration of manganese solution
Ionic strength = 0,15
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T ABLE 16

1]

0, 84%
M/500

Temperature 30°C

H'added .3 PH  Bownd H' Moles of H' dissoei-
Moles/L.x10 Moles/Mole ated per mole. of
protein protein,
17,22 2.32 39 9
13,776 2.48 30 18
8.61 3.25 25 23
6, 888 3,70 21 27
6. 027 4, 06 19 29
4,305 4,78 14 34
2.58 5.12 8 40
0, 861 5.54 3 45
0,172 5.72 1 47
- 5.76 - 48
(0H) added pH  Bound(OH)"  Moles of H' dissoei-
=3 ated per mole of
Moles/L.x10 Moles/Mole
protein protein,
1.210 6.19 4 52
1,85 6.35 5 53
2,420 6.45 7 55
3,630 6, 83 11 59
6,05 7.66 19 67 5
6,655 7.90 21 69
9,075 8.94 29 77

Fig. 15
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TABLE 17

Concentration ofogfcasein solution = 0,24%
Concentration of strontium nitrate = M/500

Ionie strength = 0,15 Temperature 30°C
H' added pH Bownd H' Moles H' dissoci-
Moles/L.x10 - ggigzésole i?egrgggiﬁfle
17.22 2.33 39 2
13,776 2.47 30 18
8.61 3.24 25 23
6,888 3.80 22 26
64027 3.98 19 ° 29
4,308 4, 80 14 34
2,58 5.19 8 40
0. 861 5.56 3 45
0,172 5.8 1l 47
- 5.84 - 48
(OH) added £ pH Bound (OH)- Moles H dissoci-
Moles/L.x10 g;igi{gole gigtggie of -
1.210 6.37 4 52
1,815 6.57 6 ~ 54
2.420 6.78 8 56
3.630 7.22 12 60
6.05 9.37 19 67 .
6.655 9.60 21 69

9,075 10,00 28 76

Fig. 15



TABLE 18

Copner %Xc-casein system.

-3
Concentration cecupric chloride = 2,0x 10 M
-3
Concentration of «.~casein =( 0,311 x 10 M)
+
pH H'dissocla- H* dissocia- Free metal V, log X

ted in presence ted in absence 1ons )
of metal ions. of metal ions. y 19~3y

3.0 22 20 - 2 .
4,0 33 28 - 5 -
5.0 45 40 - 5 -
5.50 48 43 0,445 5 2,272
6,35 56 51 - 5 -
7,00 62 56 - 6 -
g, 00 67 61 0,134 6 3.572




Zine g -casein system
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T_AB_LE 19

Concentration of zine chloride

Concentration of«.~casein

2,0x 10
0. 84%4(0.311 x 10 °n)

pH H' dissociated H'dissocia- Free metal vV, log K

in presence of ted 1in abse lons

metal ions, -nce of e 10-3M

metal ions,

3.0 22 20 - 2 -
4,0 30 28 - 2 -
5.0 44 40 - 4 -
5,50 47 43 0,756 4 1.936
6.35 56 51 - 5 -
7.0 61 56 - 5 -
75 64 59 0,445 5 3.551
8.0 66 61 0.445 5 -
9.30 74 68 - 6 -
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T ABLE 20

Magnesiums-casein system

Concentration of magnesium chloride

Concentration o/ ~casein

-3
= 2y0x 10 M

-3
( 0,311 x 10 M)

pH H dissoci- H dissocia- Free metal 7V,  log X

ated in ted in ions

presence of absence of 4 10'3H

metal ions. metal lons,
3.0 21 20 - 1 -
4,0 29 28 - 1l -
5.0 41 40 - 1 -
5,75 45 43 1.378 2 1.362
6.36 53 51 - 2 -
7.0 58 56 - 2 -
7.5 61 59 1.378 2 -
8.0 63 61 - 2 -
9.30 71 68 - 3 -
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T AB LE 21

a 3 °<-as Sys °

3

Concentration of manganese chloride =2,0x 10 M

Concentration ofag-caSein (0,311 x 1073M)

pH H* dissoei- H' dissoeci- Free metal V. log X

ated in ated in ions M

presence of absence of y 19”3y

metal lons metal ilons 3
3.0 21 20 - 1 &
4,0 29 28 - 1 -
5,0 42 40 - 2 =
5,50 46 43 1.087 3 1.655
6.35 54 51 = 3 =
7.0 59 56 - 3 =
7.5 63 59 0,756 4 2.820
8.0 65 61 0,756 4 2,80

9,0 - 68 -
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T _AB_LE

Strontium¥c -casein system

Concentration of strontium nitrate

Concentration of %s~casein

22

=2mx16%
=(0,311 x 10’3M)

pH H*dissoel-  H'dissociated Free metal Vy log X
ated in in absence of 1ions
e

3.0 20 20 " - -

4.0 29 28 - 1 -

5.0 41 40 - 1 -

5.50 45 43 1.378 2 1,328

6.35 53 51 - 2 -

7.0 53 56 - 2 -

7.5 62 59 1.067 3 2,670

8,0 64 61 1,067 3  2.670

9.0 72 68 - 4 -
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TABLE 23

Concentration of casein solution = 0,78%

Total volume = 10 mls, Ionic strength =0,15
Temperature 30°%

HC1l added pH values
Inmlse  Yith acta wWith With o, With 9.
or alkali protein. M/500 Cu M/500 Cu
+orotein,
2,0 1.86 2.26 1,92 2.65
1.6 1.96 ‘ 2,46 2,00 3.16
1,0 2,15 3,38 2,16 3.8
0.8 2,26 3,96 2,28 4,15
0.7 2,28 4,20 2.34 4,21
0,5 2.44 4,82 2.48 4.55
003 2.64 5.26 2. 70 4. 88
0.1 3.24 5.8 3.20 5.18
0,02 3,70 6.03 ' 3.8 5.36
O.O a— 6.16 5.40 5.34
KOH added
in mis,
0,2 10,54 6.73 5,05 5.60
0,3 10,92 7.05 5.21 5,72
0,4 11,10 7.30 » -
0,6 11.24 8.48 8,40 6.09
1,0 11,56 10,06 10,68 7,00
1,0 11.62 10,30 10,90 7.27
1.5 ‘1178 10,76 11.24 7.96

Fig. 16
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T ABLE 24
Concentration of casein solution = 1,194%

Total volume = 10'mls.
Temperature = 30°C

Ionic strength = 0,15

HC1l added pH values
NP With With With With
| ik
M/500 zn°t M/500 ZnZ* W/500 Mg M/500 MgZt
+protein +protein
2,0 1.90 2,70 1.88 2,28
1.6 1.98 3.12 1.96 2,46
10 2,16 4,086 2,12 3.43
0.8 2,26 4,47 2,22 3,98
0.7 2,33 4,60 2,26 4,12
0.5 2.49 4,90 2,42 4,82
0.3 2,70 5.28 2,66 5.26
0.1 3.24 5,52 3,10 5.74
0,02 3.96 5.64 3.66 6.03
0,0 6.00 5.64 5.44 6.08
KOH added
in mls,
0,2 7.08 5.98 10,64 6.62
0.3 7.40 6.14 10,44 6.90
0.4 8. &4 6.40 10,76 7.24
0.6 10,17 6.76 10, 80 8.40
1.0 10, 88 8.27 11.24 10,00
Tl 10,96 8.57 11.36 10,10
1,5 11.72 9,27 11.64 10,28

rig., 17
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TABLE 25

Concentration of casein solution = 0,78%

Total voume = 10 mls Ioniec strength = 0,15
Temperature 30°C

HC1l added pH wvalues
in mls,
With M/500 With With With
Mn2+ ¥/500 ¥Mn2* M/500 Sr2+ M/500 Spet
+protein +protein
2,0 1.8 2.24 1.8 2.26
l.6 1.96 2.46 1.96 2.50
1,0 2.16 3.36 2.10 3.62
0.8 2.24 3,96 2.26 3.8
0,7 2,30 3.96 2.28 4,04
0.5 2.43 4,72 2.46 4,8
0.3 2.68 5.12 2.68 5.20
0.1 3.13 5.50 3.18 5.62
0,02 3:77 5.70 3.94 5.90
0,0 5,88 5,80 5,80 5,96
KOH added
in mls,
0.2 6.60 6.25 10,80 6.50
0,3 6,34 6.50 11,02 6.72
0.4 7.20 6.80 11.20 6.94
0.6 7.60 7.60 11,37 7.50
1.0 10,56 9,00 11.62 9,80
1:;1 10, 88 9,22 11.62 10,10
1.5 11.40 2,70 11,76 190,60

Flg. 18
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T ABLE 26

Concentration of casein solution = 0,78¢
Ionic strength = 0,15 Temperature 30°c
+
H" added -3 pH Bowdd H+5 Moles of HY dissoei-
Moles/L.x10 Moles/10 ated per 10° gms pro-
gms,protein tein,
17.22 2,26 129 ' 28
13.776 2.46 122 35
8,61 3.38 104 83
6,888 3.96 s3] 71
6,027 4,20 76 a
4,305 4,8 55 102
2,58 5.726 33 124
0, 881 5.8 11 146
0,172 6.03 2 155
= 6.16 = 157
Base(0H) addgd pH Bound (OH) - Moles of H'dissocla-
Moles/L,x10" Moles/10° gms. per 10° gm,protein,
protein
1.210 6.73 15 172
1.815 7.05 23 180
2.420 7.30 29 186
3,630 8,48 46 203
6.05 10,08 75 232
6.655 10,30 8l 238
9,075 10,76 104 261

Fig. 19
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TABLE 27

Concentration of casein solution
Concent. of cuprie chloride solution

= 1,194%
= M/500

Ionie strength = 0,15 Temperature BOOC
+
H'added 3 PE  Bowa R Moles of H'_dissoeci-
Moles/L.x 10 Moles/loﬁgm ated per 109 gm,
protein, protein,

17.22 2.65 120 37
13,776 3.16 115 42

8,61 3.8 71 &

6.888 4,15 658 99

6,027 4,21 50 107

4,305 4,55 36 121

2,683 4, 88 21 136

0,81 5.18 T 150

0,172 5.36 2 155

(OH)  agded 3 pH Bound (OH)™ Moles of H'dissoela-
Moles/L,x10" Moles/10°gm  ted per 10%gm

proteing protein

1.210 5,60 4 164

1,815 5.72 8 165

2.420 - - -

3.630 6.09 31 188 .
6.08 7.00 51 208

6.655 7.27 56 213

9.075 7.96 76 233

Flg. 19
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T AB LE 28
Concentration of casein solution = 1,194%
Concentration of zine chloride solution = M/500
Ionic strength =0,15 Temperature 30°C
H* added . pH Bound H* Moles of H' dissoei-
Moles/L.x10 Molas/los gm, ated per 10° gm,
protein protein.
17,22 2,70 123 34
13,776 3.12 109 48
8,61 4,086 72 &5
6. 888 4,47 58 29
6,027 4,60 51 106
4,306 4,90 36 121
2.583 5.28 22 135
0, 861 5.52 7 150
0.172 5.64 2 155
= 5.64 - 157
(0H) a4ded pH Bound (OH)  Moles of gg dissoeia-
Moles/L.x10 > Moles/10%gy ted per 10° gm,
protein. protein.
1,210 5.98 9 166
1,5 6.14 15 172
2,420 6,40 20 177
3,630 6,76 31 188
6.05 8.27 51 208 .
6.655 8,57 85 212
9.075 9.27 75 232

Fig. 19
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T ABLE 29

Concentration of caseln solution = 0,78%
Concentration of magnesium chloride = M/500
solution.
Ionie strength = 0,15 Temperature 30°¢
H*added g pH Bound ng Moles of H' dissocia-
Moles/L.x10 Moles/10° gm. ted per 10° gms,
protein. protein.
17.22 2,28 129 28
13.776 2,46 122 35
8,61 3.43 104 53
6. 888 3,98 & 71
6.027 4,12 76 a
4,308 4,8 55 102
2.58 5.26 33 124
0, 861 5.74 & 3 146
0,172 6.03 2 155
- 6.08 - 157
(OH) adgea = oH Bound (OH)" Moles of H' dissoet-
Moles/L.x10 Moles/10”gm, ated per 10° gms,
protein. protein,
1,210 6.62 15 172
1. 815 6.90 23 180
2,420 7.24 3l 188
3.630 8.40 46 203
6.05 10,00 73 230 :
6.655 10,10 &gl 238
9.075 10.68 104 261

Fig. 20
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T AB_LE 30

Concentration of casein solution = 0,78¢
Concentration of manganese chloride
solution, ‘ = M/500
Ionic strength =0,156 Temperature 3oPc
+
Hadded 5 P Bowd " Moles of H' dissoci-
Moles/L.x10 Moles/105 gm, ated per 105 gm,
protein. protein.
17.22 2.24 129 28
13.776 2.46 122 35
8.61 3.36 104 53
6,888 3.96 8 71
6,027 3.96 76 a
4,305 4.72 56 101
2.58 5.12 33 124
2,81 5.50 11 146
0,172 5.70 2 155
= 5.80 - 157
(OH) added . pH Bound (OH) Moles of H' dtanouis A
Moles/L.x10 Moles/10° gm ated per 10° gm,
protein protein,
1,210 6.25 8 165
1,815 6.50 12 169
2.420 6,80 19 176 .
3.630 7.60 - -
6,05 9,00 75 232
6.655 9,22 & 241
9.075 10,02 107 264

Fig. 20
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T ABLE 31

Concentration of casein solution = 0,78%
Concentration of strontium nitrate = M/500
Ionic strength =0,15 Temperature 30°C
H+added -3 pH Bound HY Moles of H' dissoei-
Moles/L.x10 Moles/10° gm ated/10° gm
protein, protein,
17.22 2.26 129 28
13,776 2,50 122 35
8.61 3.62 104 53
6. 888 3.86 81 73
6,027 4,04 74 &8
4,305 4.8 85 102
2.58 5.20 32 125
0, 881 5.62 11 146
0,172 5.90 2 155
- 5.96 - 157
(C)H)'.axdded_3 pH Bound (OH) Moles of H dissoci- -
 Moles/L.x10 . Moles/10° gy ated per 105gm
protein protein,
1.210 6.50 15 - 172
1.815 6.72 23 180
2.420 6.94 30 187
3,630 7.50 45 202 »
6.05 9.80 75 232
6.655 10,10 a 238 ‘
9,075 10,60 109 266

Fig. 20
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T AB_LE 32
opber-_ case Sys m,

Concentration of casein = 1,194 %

Concentration of cupric chloride = 2.0x 10-3M

pH B d1ssociated H' dissoclated v
in presence of in absence of M
metal lons, metal ions,

3,0 43 40 3

4,0 90 68 22

5.0 144 120 24

5.50 163 138 25

6.35 190 165 25

7.0 208 180 28

8.0 226 196 30
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T ABLE 33

Concentration of casein 1.194%
Concentration of zine chloride 2.0 x 10-3}1
pH H dissoclated H'dissoclated v
in presence of in absence of
metal ions, - metal ions,
3.0 43 40 3
4,0 73 68 5
5,0 130 120 10
5,75 150 138 12
6.35 178 165 13
7.0 194 180 14
&0 212 196 16
9.30 232 215 1?
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T AB_

Magnesjium =~-casein system.

Concentration of casein

L_E

Concentration of magnesium chloride

34

0,788
M/500

pH H" dissoclated W' dissociated v
in presence of in absence of N
metal lons, . metal ions.

3.0 42 40 2
4,0 73 68 5
5.0 125 120 5
5.50 145 138 7
6.35 171 165 6
7.0 186 180 6
8,0 203 196 7
92.30 223 215 8
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Manganese - casein system

Concentration of casein = 0,784

-3
Concentration of manganese chloride= 2,0 x 10 M

pH H dissoclated  H' dissociated Y,
in presence of in absence of
metal ions, metal ions,
3.0 42 40 2
4,0 71 68 3
5.0 125 120 5
5.50 145 138 7
6.35 172 165 7
7.0 188 180 8
8.0 204 196 8

9,30 - 215 -
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T AB_LE 36

Strontium -casein system,

Concentration of casein = 0,78%

-3
Concentration of strontium nitrate = 2.0x 10 M

PH H' dissociated H dissoclated Y
in presence of in absence of
metal ions, metal ions,
3.0 42 40 2
4,0 70 68 2
5.0 123 120 3
5.50 142 138 4
6.35 179 165 5
7.0 187 180 ?
8,0 203 196 7
9.00 224 215 9
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T ABLE 37

Binding data calculated from titration curves for < ,-casein.

pH  H'dissoei- H'dissoci- v, Free metal at  log X
ated in ated in ejquilibrium
presence of absence of x 10°°M
metal ion, metal ion.
Cu2+- A -caseln system
5.50 48 43 5 0,445 2.272
7.0 62 56 6 0,134 3.572
7.5 65 59 6 0.134 3.572
8.0 67 61 6 0,134 -
Zn2+14§asein system
5,50 47 43 4 0,756 1.930
7.0 61 56 5 0,445 3,056
7.5 64 59 5 0,445 3.056
8,0 66 61 5 0,445 -
H82+-c45- casein system
5.50 46 43 3 1.067 1.655
7.0 58 56 2 1,378 -
7.5 61 59 2 1.378 -
g0 64 61 3 1.067 -
Mn2+~c(5-casein_system
5,50 46 43 3 1.067 1.655
7. 0 59 56 3 1. %7 o=
7.5 63 59 4 0,756 2.80
8.0 65 61 4 0,756 -
2+
Sr” = X -casein system :
5.50 45 43 2 1,378 1,328
7.5 62 59 3 1,087 2,670
8.0 64 61 3 1.087 -
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T ABLE 38,

Binding data calculated for caseiln on the basis of 105gm.of
protein,

pH H* dissociated HYdissociation Vi
in presence of in absence of
metal ions, metal ions,

cu®* casein system

5.50 163 138 25
6,35 190 165 25
7.5 218 190 28
8,0 226 196 30

Mgz"' casein system

5.50 145 138 7
6,35 171 165 €
7.50 196 - 190 6
8.0 203 196 7
Zn2+ casein system
5.50 150 138 12
6.35 178 165 13
7.50 205 . 190 15
8.0 212 , 196 16
Mn2t casein system
5.50 145 138 7
6,35 172 165 7
7.50 198 190 8
8.0 204 196 8
Sr2+ casein system
5.50 142 138 4
6.35 170 165 5
7.50 196 190 6
8,0 203 196 7
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TABLE 39
Intrinsic association constants of combination.

Ligand Method log K(carboxyl groups) log X(imidazole groups) |
cut z&* H‘2+ Mt Sp2F o2t  zp+ Vg2t ¥n2* gsp2+
a
T.Gelatin pH metric 2,10 1.87'l 1.811:.'b 1.4$b 1.33! 3.2% 2.'?4a 3.194b 3.11 2.77b
ToGalatm &lulibrim 2.18 1.8'? 10&5 - - 3040 2.91 3.363 - —
dialysis,
< -Caseln pH-metric 2.272 1.936 1.656 1.655 1.328 3,57 3,056 - 2,82 2.67
L ~Casein Polarogra! 2.23 - = = = 3.26 =~ - - -
phy.
s |
b g f e
Imidazole - - - = = 4,36 2.58 - 4,23 =
a, Reference No, 268
b. Reference to chapter 1.
Ce Reference No, 247.
d, Reference lNo. 246
e. Reference lNo. 248 B
o Reference No, 141

Ee Refgrence to chapter 4.
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The general principles on which the interpretation
of experimental data obtained by pH measurements of metal-
protein mixtures 1s based, have been fully discussed in
Chapter 1., These may be summarised as:

1. The hydrogen ion ejquilibria of metal protein system
is bound to shift towards the basiec side of the functional
groups ('1n comparision with the hydrogen ion equilibria of
protein alone) if a reversible chemizal binding occurs
between the metal ions and the active sites of protein, This
shift indicates a competitive phenomena in the interaction
process and also gives a qualitative test of the metal ion
binding to the protein.

2, If anassumption be made as suggested by Gurd and
Murray(64) and Malik and Co-workers( 75,83,92,93,259,268~
272) of one-to-one binding in most of the cases,then the
number of protons displaced during the interaction process
gives directly the number of active sites covered by the
metal ioms,

3. Considering the electro-chemical nature of protein
and the intrinsic pK-values of proton binding,studies under
a specific pH range providenecessary information regar?ing
the nature of the active sites involved in the interaction
process, |

The successful application of these assumptions to
the transfusion gelatin-metal systems have given invaluable

informations ,and helped considerably in the calculation of

SR idEenaw dalea mead ey ity Feaadaanlenind s i d-ankad ndk & ek el siisiks e
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It is evident that the potentiometric titration
method yellds data of interest in case of metal complexes
of o-casein also., The results have been summarised in
tables ( 9-22),

The titration curves of copper,zinc,megnesium,
mangnese and strontium-o -casein systems differ from that
of <=-casein alone, In the vieinity of pH 5.5 the titration
curves of these systems are generally shifted towards the
basic side of the functional groups and a limited number
of protons ( i.,e.,5,4,3,3 and 2 for copner,zinc,magnesium,
mangnese and strontium respectively) are displaced, These
values are equal to Vy in each case and intrinsic associa=-

tion constants have been calculated applying Scatchard's

equation(258),
K = kJ
( i = VM'VH )CF
where Vﬁ and Vﬁ are the active sites covered by the

metal and hydrogen ions respectively,n is the total

nurber of such sites and CF is the metal concentration

at equilibrium, Since accurate values of VH are not
available in the literature,separate experiments were
performed to evaluate it, The o« -casein fraction was
isolated following the method of D.F.Waugh and the mele-
cular weight is taken t~ be 27,300, The hydrogen ion
titration curve of xg-casein closely resemble the

hydrogen ion titration curve of '<%-casein of Waugh(Fiz.14).

From this curve the intrinsic pK value of carboxyl as



- 127 =

well as imidazole groups were calculated as 5.1 and 7.0
respectively( Fig.2122). These values closely resemble
with the pK values calculated for these groups by Waugh,
The number of each type of active sites carboxyl,imidazole,

amino ete. as calculated by Waugh are as follows:

Charged groups in< -casein

Groups Waugh et al Hipp et al
Titration Amino acid zﬁiﬁgsigid
analysis, i
« =Carboxyl 3
Side chain carboxyl 40 + 3 46 + 3 33
Phosphate 20 18
Imidazole 5 6 5
< =NHy( ¢ -amino) 1
Phenolie - 28+ 2 12 11
3ide chain Hﬂé 18 16
Guanidyl 10 + 2 9 6
Total anioniec 63 + 3 69
Total cationie 34 + 2 34

The values of VH at a desirable pH are taken from
the hydrogen ion titration curve(Fig.14). These values and
those of Vﬁ for each metal ion have been inserted in

Scatchard's equation and log X value calculated are given
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in table 37.

Since the protons are released in the vieinity of
PH 5.0 by the addition of metal ions to the titration
mixture it 1s concluded that all the metal under investiga-
tion combine with the carboxyl groups.

The Interesting feature of the present studles 1is
that these intrinsic assoclation constant are nearly egual
to the logarithm of the first association ceonstant of each
metal and acetate nucleus and these values also closely
resemble with the log K values obtained by other workers
in case of transfusion gelatin by different methods
( table 39), It is,therefore, quite evident that the
stoichiometry of the reaction is 1:1 in all the cases, The
order of binding capacity as indicated by thé log X values
is as follows:

Cuzg Zn2+\/. M g:2+ ) Mn2+> Sr2+

In the neutral pH region excent magnesium all
the metals show combination with the imidazole groups
replacing hydrogen ions., The metals copper,zinc,manganese
and strontium show a decreasing tendency to bind themselves
with the imidazole groups, The relevant intrinsic associa-
tion constants are given in table 37, A comparision of these
data show that manganese yellds very low log X values’ for
imidazole groups interaction,in cowparision with the
log K values of manganese and free imidazole nucleus. The

other metal ions give values which compare favourably well



- 180 -

with log K values of corresponding metal-free imidazole
interaction, It is,therefore,concluded that probably
the affinity of manganese towards imidazole groups has
been reduced considerably due to the competition of
earboxyl and imidazole groups for manganese. Since log X
values have been calculated by means of Scatchard's equa-
tion,and this equation does not acecount for such compe-
titive effects., Therefore application of Seatchard's
equation yeilds log X values which are not eomparable
with the log X vaiues of free imidazole groups interaction
in most of the cases and specially in case of manganese,
Similar studies are underta'ten with whole casein
also, Here the binding data obtained by pH measurements
( Table 38) are not of much quantitative value but they
still provide some qualitative informations which'strongly
support the assumption derived on the basis of guantitative
Studies on metal - o/ -casein systems. These studies
remain of gqualitative nature since the molecular weight
of whole casein is not knownwith certainty and also the
mode of combination of different fractlions of casein
with each other is not fully known, Xeeping in view these
limitations the binding data has been caleulated per
105 gms ,of casein, But as far as qualitative informations
are concerned, these studles fully support the conclusions
derived on the binding of these mest:1s with Xs-casein.

From the data summarised in table 38 it 1is evidant
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that copper has got the maximum binding with the earboxyl
groups of casein followed by zinc,magnesium,manganese
and strontium. The affinity of magnesium and manganese
seems to be equal,as they both liberate ejual number of
protons, This fact is in complete agreement with results
derived on the binding of these metal ions with o( -casein,
The order of their binding tendeney with ecarboxyl groups is
copper > zine )  magnesium ) manganese ) strontium
which is exactly similar to the order obtained withol -casein,
In the neutral pH range, pH 7,50,the imidazole
groups are available for the binding. The maximum number
of groups available for binding is 20, At this pH all the
metals liberate limited number of protons,showing their
binding with the imidazole groups except magnesium. The
behaviour of the magnesium with casein is simllar as
obtained in the case of & -casein. The number of metal
ions bound to the imidazole groups are 3,3,1 and 2 in
case of copper,zinc,manganese and strontium respectively.
These data also support the fact that copper and zinc have
strong affinity for the binding with the imidazole groups,
It is further interesting that these results are
in aceordance with the results of «;-casein. Magnesium
shows no binding with the imidazole groups of both caseln
and ol -casein., However, these data are different from

the results obtained on the binding of magnesium with



- 131 -

transfusion gelatin studied by the pH-metric method

( chapter 1 ) and equilibrium dialysis technique
(chapter II) . In case of transfusion gelatin,magnesium
shows binding with the imidazole groups.

o e e e ok e R
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CHAPTER IV

Polarographic studies on the interaction

of copper with Ag-onsein.



Since its invention in 1922 the polarography(269)
has found varied applications to almost all branches of
chemistry including biology and medicine. This technigue
has scintillated as an invaluable tool for research and
industry. In addition to the inorganic reactions,it has
been successfully used in reaction involving organic
compounds ,and products of biological importance., A review
of the present literature on amino acids, polypeptides,
native and denatured proteins stands testimony to the
accuracy of the polarographic estimations in various fields,
The method even claims its utility in the diagonisis of
diseases,especially in cancer(270),

Besides the analytical importance of polarography,
the technigue has been recognised for its application to
abstract problems of inorganic and electro-chemistry
such as to workout the structural problems,especially in
the chemistry of coordination compounds and also chemical
kinetics. The technigue has been successfully employed
for the determination of stability as well as the free
energy of such compounds, Recent work(271-274) on the metal
complexes of simple organic substances,amino acids and
peptides has established the superiority of the method
over other prevalent physico-chemical methods., ?

The proteins exert a two-fold influence on the

reduction waves of metal ions,namely the suppression of
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the polarographic maxima and marked reduction in the
diffusion current. The latter effect has been ascribed
to a number of factors,viz., adsorption of proteins on
mercury drops ( 76,275,276), increase in viscosity of
' the medium(277) and complex formation between metal
and protein., According to Zuman (275) and also Tanford
(76), the decrease in diffusion current 1S primarily
due to complex formation,provided the investigations are
carried out/%ﬁe higher pH range where the possibility
of adsorption of the negatively charged protein molecule
on mercury drop is very remote, Scatchard (258) gave the
following relationship for metal-protein interaction:

Z

KB-ZZM P W W™

(n - vy -Vy) Cp

where Vﬁ and Vy are the number of metal énd hydrogen
ions bound per protein molecule, n is the total number
of reactive sites, Cp 1s the free metal concentration
and X 1s the intrinzic assocliation constant, If the
viscosity factor is not involved »Vy When computed
polarographically ( considering the depression of
diffusion current) would be independent of protein
concentratiop; a test which has proved to be valid %n a

number of cases.

On the basis of the above reasoning Tanford(76-79),
for the first time, successfully applied the polarographic



- 134 - :

method to investigate the nature of the metal=-protein
interaction., The salient feature of these investigations
aret (1) for a given metal and protein concentration,

the ratio (1d)/(id)gy , where (id) and (id), are the
diffusion current of metal ion in presence and absence

of protein, should decrease with increase in pH and
attain a limiting value;(ii) for a given metal concentra-
tion a ratio (1d4)/(id)y should decrease with increasing
amount of protein and attain a limiting value not zero
(277) and (111) the ratio should decreass with increasing
metal ion, The validity of Tanford's method( which mainly
deals with the interaction of heavy metal ions with serum
albumin and insulin) is found in the work of Rao and lLal
(80) ( zinec and cadmium complexes of bovine serum albumin
in buffer media) and Saroff and Mark(8L.) (zinc and
mercury-serum albumin complexes ), The complex formation
was accompanied by a detectable shift in half wave potential
and the binding data calculated from diffusion current
measurements were agreed well with equilibrium dialysis
studies,

Recently Malik and Co-workers ( 82-84) have made
some advances in this field of study,using a collagen
type of protein like transfusion gelatin, They obtafned
some very interesting results and were able to show the

binding of zinc to amino groups af transfusion gelatin
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employing polarographic technigue. The study of lead
indicate that the lead ions are bound only with the
carboxyl groups of transfusion gelatin,

The polarographic investigations carried out by
Malik and Co-workers have been extended to the phospho=-
proteins. The binding of the metals with protein as yet
could not be studied quantitatively due to the uncertainty
~about its composition., However,recent work of Waugh on its
fractionation and molecular weight determination has
provided some useful data which can be applied for the
study of the reaction, Tn this chapter the results of
the binding of cupric chloride «,-casein by polarographie
technique are described.
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EXPERIMENTATL

o/, =caseln used during these investigations was
prepared by the method described in chapter III. Its
concentration was found to be 6,5%,

Cupric chloride (A,R,) was dissolved in doubly
distilled water and its strength was checked gravimetri-
cally,

Walpole acetate and ammonia chloride-ammonia bufrers
were prepared by mixing sodium acetate and acetic acid
( each 0,2M) and ammonia‘chloride and ammonia ( each
1.0 M) respectively.

A,R,sample of potassium chloride waé employed to
prepare 1.0 M solution, This solution was used to maintain
constant ionic strength ( 0,15),

Apparatus. The polarograph used was Toshniwal(India) make
in conjunction with a Pye Galvanometer in the external
circuilt. An H-shaped polarographic cell was designed as
recommended by Tanford to hbld 2 to 3 mls, of solution.

It was found to be suitable for deareation of protein
solution without denaturation and subsejuent measurement

at dropping mercury electrnde, An inert atmosphere was
ensured by passing hydrogen ( obtained after bubbling
through alkaline pyrogallol,chromous chloride,dilute
sulphuric acid and water) for about 15 to 20 minutes for
each rum,Triply distilled mercury was used for the dropping

electrode., The diffusion current was measured for each
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increament of potentlial keeping the cell in a constant
témperature bath,30 + 0.1°C . The capillary used had a
flow rate of m = 5,54 mgm/sec, as determined by Lingane
method with a drop time of 3.5 seconds and u'!"'llh tyﬁ' =3, 88,
Since the capillary characteristics ( m, t ) exert a
pronounced effect on diffusion current according to
Ilkovic equation,these factors were,therefore,controlled
carefully throughout these investigatioms,

The pH of the buffers and mixtures of metal and
protein solutions were measured on a Backman Model H
pH-meter using a geheral perpose glass electrode,

The results are summarised in the following tables,



TABLE 1

Concentration of cupric chloride =1.0x 10‘3M
Concentration of ol -casein = 0,12 x 10 M
Total volume = 10 mls, Total ionie strength =0,15
acetate buffer - Temperature 30°C
Current 1.1 x 10°° Amp,
Applied pH 5,57 pH 7,00
potential (1d), ( id)o (1), (14),
0,0 3,0 5.0 5.0 4,5
0,02 3.5 5.5 6.0 5.0
0,05 5.0 6.0 8.0 5.5
0,08 18,0 7.5 11.5 7.0
0.10 21.5 8,5 15.0 7.5
0.12 23,0 10,0 19,0 8.0
0.15 25.5 12,0 22,5 9.5
0.18 27.5 13,0 25.5 11.5
0.20 28,5 14,0 27.5 12.5
0.25 28.5 16,0 29.5 15.0
0,30 28,5 17.0 29.5 . 15.0
0.35 28.5 17.5 30,0 16.0
0.40 28,5 17.5 30,0 ];6.0
0,45 28,0 17.8 30,0 16,0
0.50 28,0 17.5 30,0 16.5

0.60 28.0 17.5 30.2 16,5
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T ABLE 2 =
Concentration of cupric chloride =1,0x 10 M
Coneentration of < -casein =0,12 x 10-3M
Total volume = 17 mls, Ionic strength =0,15
Acetate buffer Temperature 3ODC
Current 1.1 x 10°° Amp,

Applied potential pH 7,20 pH 8,50
( volts), (14) ( 1d)
0,0 2,50 7.00
0,02 5,0 8.5
0.05 9.0 9.5
0,08 11,0 10,5
0,10 12,0 10,5
0.12 12,5 10.8
0,15 13.0 11,5
0,18 13.0 12,0
0,20 13,0 13.0
0.25 15,0 17.0
0.30 18,5 18.8
0,35 21.5 19.5
0.40 22.5 20,0
0,45 23.5 20,5
0,50 23.5 20,5
0,60 23,5 20,5

Fig. 1 and 2
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TABLE_3
Concentration of cuprie chloride = 1,0x 10-3 M
Concentration of < -caseiln = 0,12 x 10-3M
Total volume = 10 mls, Ionic strength = 0,15 H
Ammonium chloride -ammonia buffer. Temperature =30 C
Current 1.1 x 10-6 Amp,
Applied pH 9.20 pH 9,70 pH 10,20
gggﬁgi)al (1d), (14) (1a) (1d)
0.0 -10,0 -11,0 -27.0 -30,0
0,02 <10 - 8,0 - 9,5 -14,0
0,05 +3,0 + 1.5 - 1.0 - 7.8
0,08 7.5 5.0 + 2,0 - 3.5
0.10 80 7.0 3.5 - 1.5
%.12 8,5 8.5 5.5 + 1,0
0,15 8.5 10.5 8.0 3.0
0.18 8,8 11.5 9.5 4,5
0,20 9.0 11.5 10,5 5.5
0.25 11.0 11.5 11,0 5.5
0,30 15,0 12,5 11.5 6.5
0,35 21,5 15.C 13.5 2.5
0.40 27.5 19,0 16,0 10,0
- 0,45 31.9 19,5 16,5 10,8
0.50 32.0 19.5 16.5 10.5
0.60 32.0 19.5 16,5 10,5

Fig. 3
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T AB_LE 4
Concentration of protein varied.

Concentration of cuprie chloride = 1,0x 10-3H

pH of acetate buffer = 5,57

Total volume = 10 mls, Ionic strength =0,15

Temperature BOOC »

Current 1.1 x 10  Amp,

Applied potential (14) (1d4)

volts, 0, 0% 0.65%
0,0 12,0 8.5

0,02 12.5 6.0

0,05 14,0 10,0
0,08 18,0 17,0
0.10 21.5 18,5
0.12 ' 23.0 22,0
0,15 25,5 25,0
0,18 . 27.5 26.5
0.20 28.5 27.0
0.25 28,5 27.5
0,30 28,5 28,0
0.35 28.5 20,0
0,40 28,5 29.0
0.45 28,0 29,0 P
2,590 25,0 29,9
0,60 28,0 29,0

Fig. 4.



-3
Concentration cuprie chloride =1,0x 10 M
pH of acetate buffer = 5,57
Total volume = 10 mls, Ionic strength =0,15

Temperature 30°¢C -6
Current 1.1 x 10  Amp,

Applied potential 0, 0975% 0.1625% 0.325%
(volts),

0.0 6.0 3.5 5,0
0,02 6.5 4.0 " 18,5
0,08 | 9.5 s.o' 6.0
0,08 15,0 10.5 7.5
0,10 : 17.0 12,5 8.5
0.12 19,0 14,0 10,0
0.8 21,5 16,0 1%.0
0,18 23,5 17,0 13,0
0.20 24,0 18,0 14.0
0,25 25,0 19.5 17.0
0,30 25,5 19.5 17.5
0,35 26,5 20,5 * NS
0,40 26,5 20,5 18,5
2,45 26.5 20,5 18,5
0,50 26.5 20,5 18,5

Flg., 4



CURRENT (1.1X10% amp.)

CURRENT(1.1X10° amp)

w
O

L]
O
|

o

PROTEIN CONCENTRATION VARIED pH 5.57

0.065°%,

0.097%,

0.162°%

0.325%

0 0 0

0 : Q.20 0.4
POTENTIAL IN VOLTS
FIGURE 4

12 =)
I

= |

|

|

| | 1 | | ] |
0 0 0 0.2 0.4 0.6

POTENTIAL [N VOLTS
FIGURE 5

0.6




= 148 =

T AB_LE 6
Concentration of cuprie chloride = 1,0 x 10-3M
pH of acetate buffer = 5,57
Total volume = 10 mls. Ionic strength =0,15
Temperature 30°C

Current 1.1 x 10°C Amp,
Applied potential 0.65% 0.976% 1.30%
(volts)
0,0 2.5 1,0 0.5
0,02 2,5 1.8 0.5
0.05 3.5 2.0 1.0
0.08 3.5 2.5 1.5
0,10 4,0 2.5 1.5
0.12 5.0 3.0 2.5
0.15 6,0 3.5 3.0
0,18 7.0 4,0 4,0
0.20 7.0 4.5 4,5
0.25 N S 5.0
0,30 8,0 6.5 5.5
0,35 8,0 7.5 6.5
0.40 8 0 7.5 7.0
0,45 80 75 7.0 .
0,50 80 7.5 7.0

Fig. &



Effect of Metal

Concentration of o(s -casein
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AR LE ¥

entration,

PH of acetate buffer

Total volume 10 mls,

Temperature SOOC

Ioniec strength =0,15

Current 1.1 x 10-'6 Amp,

-3
=0,12 x 10 !-!.
=5,57

Potential applied 0.4 x 10-3M cu=t 0.6 x 10_314 Cu2+
(volts). (1d), (1d) (1d), (13)
0,0 6.0 1.5 8.5 2.5
0,02 20 1.5 9,0 2.5
0,05 8.5 1.5 12,0 2.5
0,08 11,0 2.5 15.0 3.5
0,10 13.5 2.5 18,0 3.5
0,12 15.0 3.0 20,5 4,0
0,15 17.0 3.5 22.5 5.0
0,18 17.5 4.5 23,0 545
0.20 17,5 5.0 23,0 6.0
0.25 17.5 5.5 23,0 6.5
0.30 17.5 6.0 23,0 7.0
0.35 18,0 6.0 23,0 7:8
0,40 18,0 6.0 23,0 7.5
0.45 18,0 6.0 23.0 7.5
0,50 18,0 6.5 23,0 7.8
0,60 18.0 6.5 23,0 7.5

Fig. 6
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T ABLE 8

-3
Concentration of o =caseln = 0,12x 10 M
pH of acetate buffer. = 5,57
Temperature 30% Ionie strength =0,15

Current 1,1 x ZI.O-6 Amp,

Applied potential 0.8 x 10°M cu>t 1.0 x 107M Cu®"
(volts) @d)o  (1d) (1d)y (1)
0,0 9.5 4.0 3,0 5.0
0,02 10,5 4,0 3.5 5.5
0,05 13,0 5,0 5,0 6.0
0.08 16.5 6.0 18,0 7.5
0,10 20,0 6.0 21,5 8.5
0.12 22,5 7,0 23.0 10,0
0,15 24,0 8.5 25,6 ~ 12,0
0,18 24,5 9.5 27.5 13,0
0,20 24,5 9.5 28.5  14.0
0.25 24,5 10.5 28.5  16.0
0.30 24,5 11,0 28,5  17.0
0.35 25,0 11.0 28,5  17.5
0,40 25,0 11.5 28,5  17.5
0.45 25,0 11.5 88,5  17.5
0,50 25,0 11.5 28,0  17.5

Pilks T
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T ABLE 9

-3
Concentration of -casein = 0,12 x 10 M
pH of acetate buffer = 5,57
Total volume 10 mls, Ionie strength =0,15

Temperature 30°%

-6
Current 1.1 x 10 Amp,

Applied potential 1.4 x 10 M cu*
B (a7, 1)
0,0 3.5 2.0
0,02 4,0 2.5
0.05 5,0 5.0
0,08 10,5 9.5
0,10 | 15,10 12.5
0.12 17.5 13.5
0,15 23,0 16,0
0,18 27,0 17.0
0.20 30,56 18,0
0,25 32.5 19.0
0,30 33,0 19,0
0,35 33,5 19.5
0,40 33.5 20,0
0,45 33,5 20,0
0,50 33,5 20,0

Fig., 7
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TABLE 10
Effect of protein concentration of pH 7.00

-3
Concentration of cuprie chloride =1,0x 10 M
pH of ammonia buffer = 7,00
Total volume = 10 mls, Ionie strength =0,15

Temperature 30°C

-6
Current 1.1 x 10 Amp,

Apnlied potential Protein goncantratian
(Volts)

0,0 % 0,13 % 0,195 %
0,0 5.0 8.0 7.0
0,02 6.0 8.5 745
0.05 8.0 9.0 8,0
0,08 11.8 10,0 - 9,0
0,10 15.0 . 10,5 9.5
0,12 19,0 11.0 10,0
0.15 22.5 14.5 11.5
0,18 25.5 17,0 13.5
0,20 , 27.5 19.5 15.5
0.25 29.5 20.5 18,0
0.30 29,5 20,5 19.0
0,35 30,0 20,5 19.0
0,40 30,0 20,5 20,0
0.45 30,0 21,0 20,0
0.50 30,0 21,0 20,0

Fig. 8
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T ABLE 11

Concentration of cupric chloride
PH of ammonila buffer
Tntal volume = 10 mls,

Temperature SOOC

-3
= 1,0x 10 M
= 7,00
Ionic¢c strength=0,15

: -6
Current 1.1 x 10  Amp,

Applied potential Protein coneentration
(Volts)

0,325 % 0,520 %
0,0 4,5 3.0
0,02 5,0 3.5
0,05 5.5 4.0
0,08 7.0 4,5
0,10 7.5 5.0
0.12 - 8.0 6.0
0.18 2.5 7.0
0.18 11,5 8.5
0,20 12,0 8,0
0.286 12.5 11,5
0,30 13,0 12,5
0,35 13.5 13.0
0.40 14,0 13.5 .
0.45 14,0 13.5
0,50 ' 14.5 13.5

Fig. 9



T ABLE 12

-3
Concentration of cupric chloride =1,0x 10 M
pH of ammonia buffer = 7,00
Total volume = 10 mls Ioniec strength = 0,15

Temperature 30°%

-6
Current 1.1 x 10 Amp,

Applied potential Protein coneentration
(Volts)

0.65 % 0,975 %
0,0 2.5 2.0
0,02 2.5 2.0
0,05 80 2.0
0,08 3.5 2.5
0,10 4,0 2.5
0.12 4.5 3.5
0.15 6.0 4,0
0,18 7.0 5,0
0.20 - B8 6.0
0.25 10,6 8.0
0,30 11,5 2.0
0.35 12,0 2.5
0,40 12,5 10,5 .
0.45 12,5 10,0
0,60 12,5 10,0

Flg., 9
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T ABLE 13

Effect of metal concentration at pH 7,00

-3
Concentration of ds-casein = 0,12 x 10 M
pH of ammonia buffer = 7.0
Total volume = 10 mls, Ioniec strength =0.15

o)
Temperature 30 C

-6
Current 1.1 x 10 Amp,

Applied potential 0.4 x 1073k cu®* 0.6 x 10H cu®*
(Volts)

Gatg:  (hF kg 48
0.0 6.0 0,0 8.5 2,0
0,02 7.0 0.5 9,0 2,0
0,08 8.5 0.5 12,0 2.5
0,08 11.0 1.0 15.0 3,0
0.10 13.5 1.5 18,0 3.5
0.12 15,0 2,5 20.5 4.0
0.15 17.0 3,0 22,5 5.0
0,18 17,5 3.5 23,0 6.0
0,20 17.5 4,0 23,0 -1
0.25 17.5 5.0 23,0 8.5
0,30 17.5 6.5 23,0 9.5
0.35 17,5 6.5 23,0 9.5
0.40 18,0 6.5 23,50 9.5
0.45 18,0 6.5 23,0 9.5
0.50 18,0 6.5 23,5 9.5

Fig. 10
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TABLE 14

-3
Concentration of < -casein = 0,12x 10 M
pH of ammonia buffer = 7,00
Total volume = 10 ml, Ioniec strength =0,15

Temperature 30%

-6
Current 1,1 x 10  Amp,

Applied potential 0.8 x 107> ¥ cu®* 1.0 x 1073 cu*
o sl (1d)g - (14)  (1d), (14)
0,0 9.5 3.5 5.0 4.5
0,02 10,5 4.0 6.0 5.0
0,05 13,0 4.5 8,0 5.5
0,08 16.5 4.5 11.5 7.0
0.18 20,0 5.0 15,0 7.5
0,12 22,5 5.5 19.0 8,0
0.18 24,0 6.0 22,5 9.5
0,18 24.5 7.5 25.5 11.5
0,20 24.5 9,0 27.5 12.5
0.25 -~ 24.5 10,5 29.5 15.0
0,30 24.5 11.5 29.5 15.5
0.35 25,0 11.5 30,0 16.0
0,40 25,0 11.5 30,0 16.0
0.45 25,0 11.5 30,0 16.5
0,50 25,0 12,0 30,0 16.5

Fig. 10 and 11



CURRENT(1.1X10° amp,)

CURRENT (11X 10%amp.)

&

~
(o}

(%]
(e

~
O

£

16

—
5]

METAL CONCENTRATION VARIED pH 7.00

(id)plaxI® M Cu?¥

0.4 0
Bﬂéa M Cu?”

0
POTENTIAL IN VOLTS
FIGURE 10
GO0 = o7 W AN
30

| |

e

POTENTIAL

0 2.2 0.4

IN VOLTS
FIGURE 1

0.6

0.8




Concentration o -casein
pH of ammonia buffer
Total volume = 10 mlg,

Temperature SOOC
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T ABLE 15

Ionic strength=0.15

-6
Current 1,1 x 10 Amp,

Applied potential l.4 x 10-3H Cu2+
(Volts)

(1d), (1d)
0,0 3.5 8.5
0,02 4,0 8.5
0.05 5.0 9.0
0,08 10,5 10,0
0.10 15,0 10,5
0,12 17.5 11.5
0.15 23,0 13:5
0.18 27.0 16.0
0,20 30,5 17.5
0.25 32,5 20,5
0,30 33.0 21,5
0,35 33.5 22,0
0.40 33.5 22,5
0.45 33.5 22,5 ;
0.50 33,5 22,5

Fig. 11



Effect of pH

Concentration of cupric chloride

- 153 -
T ABLE 16

Concentration of £¢-casein

Total volume

-3
=1,0x 10 M

= 0,119 x 10 2y

Ionie strength =0,15

Temperature 30%
pH (1d)q (1a) (14)/(1d)g Cb .3 vy
x10 M

5.57 25,0 13,0 0,52 0,631 5.3
7.00 24.5 11.0 0,45 0,723 6.1
7.90 24,5 10,5 0,43 0,750 6.3
8.50 23,0 9.9 0,39 0, 802 6.8
9,20 23,0 7.5 0,33 0, 88l 7.4
9.70 23.0 6,0 0,26 0,973 8.2
10,20 23,0 5.5 0,24 0,993 8.4

Fig.1l2
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T ABLE 17

Effect o otein concentration.,at pH 5,57,
Cone.of (1d) (1d) (1d)/(1d) cb v
protein A -6 R M
-3y 1,1x10 = 1,1x10 X10 °M
x 10° Amp, Amp,
0,0 25,0 3 - T ¥
0,024 25,0 23,0 0, 8.2 0,247 10,0
0. 036 25.0 ¥ 20, 0 0. 80 0.263 7.3
O.% 25.0 17.5 ’).7C 0040 6.7
0,12 25,0 12,9 0,48 0.684 5.7
0.24 25,0 7.9 0,28 0,947 4,0
0.36 25,0 6.5 0.26 0,974 2.7
0.48 25,0 6.5 0.26 0,974 2.7
Flg. 13
T AB_LE 18
Effect of metal concentration at pH 5,57.
Conc,of (14) id) (14)/(14)
metal ions LA ( - 0 CE3 M
x 10™3M 1,1x10 1.1x10 x10°M
o Amp,
0,4 12,0 4,5 0,375 0,320 , 2,7
0.6 14.5 6.5 0,448 0,436 3.6
O. 8 17. O 8. O 0.470 00558 4.7
1.0 25,0 12,0 0,480 0.6 84 5.7
1.4 30,0 18,5 0,616 0,707 5.9

Fig. 14
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T_AB_LE 19

Protf;n_conc. (1d) 5 (14) . 1d)y/d), o o Vy
x 10°°M 1,1x10°° 1.1x10 x10 M
Amp. Amp.
O.o 25.0 - - - o
0,048 25,0 15.0 0,60 0,526 10.9
0,072 25,0 12,0 0,48 0.684 9.5
0,12 25,0 11,0 0.44 0,737 6.1
0,192 25.0 10,0 0,40 0,78 4.1
0,240 25.0 2.8 0,38 0,816 3.5
0036 25.0 9.0 0036 00&2 2.5
Filg. 15
T AB LE 20
Effect of metal concentration at oH 7,00,
SORL (d)g o (1) (1ay/@1d), o v
x 107"y 1.1x10 © 1 .1x10 x10-3M
Am.po Amp,
0.4 12,0 6.5 0.542 0.241 2.0
0,6 14,90 7.5 0.536 0.366 3.0
0,8 17.0 2.0 0.530 0,494 4.1
100 75.0 ll.o 0.440 00737 6.1
l.4 30,0 12.5 0,416 1.076 9.0

Fig. 16
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DISCUSSION

If the protein concentration is quite high(higher
than required for the suppression of the polarographic
maxima) then the change in the diffusion current of the
metal ions in presence of protein( id values ) has been
ascribed due to; ( 1) the probable ecomplex formation
between metal and protein;(ii) adsorption and(1ii)
Viscosity effects, Since the present investigations were
carried out at pH 5.57 and above and every care was taken
to keep the protein in its native state,the factors like
adsorption and viscosity can very well be ruled out and
the relative diporession in diffusion current can,
therefore,be taken as a measure of metal-protein
combination,

The interaction of copper with oL =casein could not
be studied at a pH lower than 5.57,since the protein got
precipitated below this pH, As described in the preceeding
chapter the pK value for the dissociation of the carboxyl
groups of o -casein comes out to be 5,1. The pH range
for the ionisation of the carboxyl groups will be in the
visinity of 5.5. So the pH 5,57 can be taken as the pH
at which all the carboxyl groups of *; -~casein are °
available for binding. Since at this pH a large decrease
in the diffusion current is observed,therefore the

combination of metal ions with the carboxyl groups 1s
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indicated. These results also provide evidence of the fact
that the carboxyl groups offer principal site for the
binding of copper ions. The intrinsic association constant,
calculated by applying Scatchard's equation(258) comes

out to be 2,47.

One of the interesting question on the combination
of metalswith proteins is : can the affinity be explained
on the basis of combining power of amino acid residues?

If the reactivity of carboxylate ion in «{(-casein is taken
to be roughly equivalent to that of acetate ion,(log X

for copper acetate 2,47) 1t becomes clear/:gztcopper ions
have lesser affinity for carboxylate ions in <. ~casein,
Such a behaviour 1s not unlikely in view of the competition
which exists between the carboxylate ions of the protein,
and the anions ( chloride ions) of the supporting electro-
lyte. The effective concentration of carboxylate ions at

pPH 5.5 is 0,0062M( taking the molecuiar weight of £ -casein
27,300 and 52 carboxyl groups are completely dissociated)
in 0,119 x 1073M. protein,where as the effective concent-
ration of supporting electrolyte is 0,15M, Hence it may

be assumed that such a competition exists, Further-more
electrostatic effects may be operative for second oncoming
copper lon when an ad jacent carboxyl group has already been
occupied by a metal ion,

At higher pH values( above pH 5.5), imidazole groups

from histidine residue lose thelr proton and are thus
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available for the binding of metal ions and a further
drop in diffusion current would be expected with the
increase in pH, This fact is confirmed by the studies
performed at higher pH values and a clear indication of
the binding of copper ions with the imidazole groups of
« =casein is obtained. In all < -casein contains 6
imidazole groups. The observations made at pH 7,00 and
7.5 glve conclusive evidence that at least one imidazole
group is bound by the copper ions, The effect of protein
ard metal concentration on the binding at pH 5.57 and
pH 7.00 are summarised in tables 16 - 20, These results
are in complete agreement with those of the pH metric
studies on copper - o -casein system. The log X value
comes out to be 3,20( for copper - 1midaéole binding) .
This value is also in agreement with the value(3.590)
obtained by the pH-metric studies (chapteriII).
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CHAPTER ¥

pH-metric studies on the mutual interaction
of silicie acid sol and tabashir sol with transfusion
gelatin,



A large amount of work has been done on the mutual
interaction of hydrophobiec sols, Amongst those who have
substantially contributed to the problem the hames worth
mentioning are those of Billitzar(278),Lottermoser(279),
Blitz(280),Thomos (281 ),Nathanson (282 ),Thomos and Thonson
(283),Weiser and Chapman(284) and Hazel and MeQueen(265),
Weiser and Chapman(286) have suggested that the following
factors influence the mutual coagulation:(i) adsorption
of colloidal particles,(ii) the presence of precipitating
lons as impurities in the sol and (iii)interaction
between the stabilising ions, Hazel and McQueen (285 )
pointed out that the mutual adsorption of the oppositely
charged sol would result in the unequal distribution of
charges around the particles,with a consequent coagulation
of the two sols, Welser and Milligan(287) also have shown
that mutual coagulation was accompanied by the lowering
of zeta potential of the two sols and the displacement
of their counter ions,

Another equally important aspect of the problem,viz,,
the study of the colloidal conditions existing in the
mixtures of hydrophobie and hydrophiliec sols has not yet
been critically examined., Until recently this problem.has
been examined purely from the‘physical stand point and
little emphasis has been laid on the role of chemical forces

in such interactions. Freendlich( 288,28 ),Pauli(290,291)
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and Andrieve(292) observed that the unstable hydrophobic
sols were stabilised in excess of protein where as small
amounts of protein sensitise or even coagulate the sol,
The sensitisation of the gold sol(negatively charged) by
acidified gelatin may be explained interms of flocculation
whereas the sensitisation of the same sol above pH 7,0
may be due to the formation of agglomerates of gold sol,
The agglomerates are formed due to the partial covering of
the hydrophoble colloid by gelatin,while protection is
affected by the complete covering. This idea,however,
was rejected by William and Chang. Jirgensons(293),and
Poeter and Matalon(294) demonstrated that the protective
pover of the hydrophilic substances was somewhat dependent
upon 1ts structure, He observed that the protective
action was due to the adsorption of gelatin on the surface
of the sol partiples through the undissociated carboxyl
groups, Any-how the principle underlying protection has
been utilised in preparing hydrophobic sols of high
degree of dispersion.

Recently Bull and Co-workers(297-299) have
investigated the problem of the interaction of cationie
proteins with negatively charged glass particles.According
to them mutual interaction was affected through the*
partial neutralisation of the negative charge on the

glass particle by means of the positive protein molecule,
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However,they did not take into account the role of possible
ionising groups of the protein,

Investigations in this field became all the more
fascinating when the hydrophilie colloid is a protein with
its large number of reactive groups avallable at various
pH values, Pauli(300) for the first time,drew attention to
the chemical aspect of the problem during the course of
his studies on the mutual interaction of albumin with congo
blue, He observed that the egqual concentrations of the sols
resulted in their mutual coagulation whereas the greater
conecentration of protein caused a change in colour from
blue to red. The possible explaination offered by Paulil
was that complex formation takes place between the nitfogen
atom ( NHé-) of the dye and the carboxyl groups of the
protein. Another work worth mentioning in this connection
is that of Kvyat(301),who carried out extensive studies on
the effect of a number of organic substances including
amino acids and proteins on the formation of hydrous oxide
sols of iron and aluminium.

Apart from the sfudies which can be egarried out
between hydrophilic and hydrophobic colloids of the
hydrous oxide or sulphide types,the other systems worth
eonsidering are those involving interaetion between fhe
silicic acid and hydrophilic sols,particularly the proteins,

Such a system was first considered by Graham(302) who
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observed that gelatin combined with silicic acld to give
an insoluble precipitate,Mylius and Groschuff(303)
observed that silicic acid of very low molecular weight
did not precipitate egg albumin,but as soon as the silica
polymrised to a small degree it coagulated the protein,

Lesley(304) found that gelatin and albumin were
precipitated by silicic acid only below pH 6.0, According
to him below this pH both the sols are negatively charged
so it was not a case of coagulation by neutralisation.
This was also corfirmed by the fact that there was no
change in pH when the precipitate was formed.

Recently systematic and more comprehensive studles
on the problem of mutual interaction of hydrous oxide
sols with proteins have been taken by Malik and Co-
workers (176-179). Considering the protein as a multivalent
electrolyte and the availability of the various reactive
groupsat different pH values for interaction,these
authors treated the problem in the light of possible
combination of the protein with the metal ions from the
inner part of the electrical double layer of the
hydrous oxide sols, These studies have now been extended
to protein-silicic acid sol mixtures. The present
chapter deals with the results on the interaction of
silica and tabashir sol (of great medicinal importance
in indigenious system of medicine) with transfusion
gelatin.,
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Preparation of silicic acid s01(305),

The silieic acid sol was prepared by mixing
Slowly a clear solution of 30,07 sodium silicate to
100 mls, >f doubly diluted concentrated hydrochlorie
acid, The resulting mixture was put to dialysis through
parchment paper till the desired pH( between 2.0 =3,0)
value was obtained., The concentration of silica in the
sol was determined by tating a 10 mls, aliguot of the
sol and drying it in an electric oven to dryness at
110% for 5-6 hours, After cooling the crucible,the
precipitate was washed ( to remove electrolyte etc.) in
a Weighed sintered glass crucible, The amount of pure
silica was determined after drying the crucible in the
oven at 105-110°C. This gave the concentration of silica
present in the sol in gms./litre.

Preparation of tabashir (vanshlochan) sol.

The pure and fresh tabashir for this purpose was
obtained from the Gurukul Xangri Pharmacy,Haridwar, Its
sol was prepared by boiling the 25 gms tabashir with
concentrated alkali, The silica content(the chief consti-
tuent of tabashir ) goes in the solution. This solution
was centrifuged and the clear solution was> coiiscted,
100 mls of the solution was mixed with 50 ce. of dilute
hydrochloric acid and then dialysed as before. The
product thus obtained was designated as 'tabashir sol',
Its silica content was determined as described previously

in the case of silicic acid sol, The sol was diluted by
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adding water to obtain the different concentrationsof
the sol,

A 3,06 solution of transfusion gelatin was
prepared by diluting the stock solution( 6,07 conc.).
The pH of the solution was adjusted to 12,00 by the
addition of dilute potassium hydroxide solution.

Solution of potassium hydroxide of pH 12,00 was
prepared by adding dilute potassium hydroxide solution
drop by drop into double distilled water, The pH of the
water being continuously chected with the pH meter till
it reached the desired value,

The pH meter used was a Beckman H-2 model,with
glaés electrodes. The potassium acid phthalate and Borax
buffers were used for the standardisation of the pH-meter
for the two acid and basic ranges of pH.

Procedure.

Varying volumes viz.,0,0,1.0,2,0,3,0,4,0,6,0,
8.0,10,0,12,0,14,0 and 16,0 mls.of the silicic acid sol
and the tabashir sol( of 2,0 and 2.5 pH ) were taken
in different pyrex tubes, Two 1dentical sets were
prepared each containing the same amounts of siliciec acid
or tabashir sol, but one having 4,C mls.of transfusion
gelatin solution ( pH 12.00 ) in it while the other.
containing 4.0 mls.of potassium hydroxide solution of
the same pH as that of protein solution. The total

volume was made upto 20,0 mls, in each case by adding
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the requisite amount of water,

Viscometric methods, for the study of the
interaction of these sols with transfusion gelatin,could
not be applied because at concentration above 0,3% of
the silicic acld coagulation set in and hence the
viscometric studies could not be made. When silicic acid
or tabashir sol of lesser concentration were employed
no appreciable change in viscosity was observed,

The results have been summarised in the following

tables,
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Concentration of transfusion gelatin = 3,0%4,pH 12,00

Concentration of silicic acid sol = 2,06,pH 2,00
Potassium hydroxide solution pH = 12,00

Total volume = 20 mls, Temperature 3000
Vol.of sol PHy PHy pH
igd:%é. with protein with XOH

0,0 11,10 11,00 0,10
1,0 9,70 9.10 0,60
2,0 9.30 7.95 1.35
3.0 2,00 3.75 5.25
4,0 7.80 3.30 4,50
6.0 6,70 2,80 3,90
8,0 5,10 2,60 2,50
10,0 4,20 2,50 1,70
12,0 3.75 2,35 1,40
14,0 3.40 2.25 1,15
16.0 2.95 2.15 0, 80

Fig. 1
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T ABLE 2

Concentration of transfusion gelatin

Concentration of silieic acid sol

Potassium hydroxide solution

Total volume = 20,0 mls,

=3, 0%, pH=12,00
= pH 12000

o
Temperature 30 C

Vol,.of sol pHy pH oH
addnd x with protein -

mls, with KOH

0.0 11,30 11,30 -
1.0 11,10 9.90 1.20
2,0 10,00 9,90 0,10
3.0 2,90 9.90 -
4,0 9.75 9.55 0.20
6,0 9.50 92,20 0,30
8.0 9.15 8,70 0.45
10,0 8, 80 8,10 0,70
12,0 8.50 7.50 1,00
14,0 8.30 7.20 1,10
16,0 8,00 6.60 1.40

Flg., 2
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TABLE 3

Concentration of transfusion gelatin = 3,0%,pH 12,00

Concentration of silicic acid sol = 1,0%,pH 2,00
Potassium hydroxide solution pH 12,00

Total volume = 20 mls, Temperature 30°C
e n "
mls, with protein with KOH

0,0 10, 80 10, 80 =
1,0 9.45 92.20 0.25
2,0 9,20 8,75 0,45
3.0 2.10 7.90 1,20
4,0 8,55 4,30 4,25
6,0 7.70 2,90 4,80
8.0 6,10 2.70 3.40
10,0 5,00 2,55 2,45
12,0 4,25 2,40 1.8
14,0 3.80 2.35 1.45
16,0 3.50 2.26 1.25

Fig. 3.
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T ABLE 4

Concentration of transfusion gelatin = 3,0%,pH 12,00

Concentration of silicic acid sol = 0,5%,pH 2,00
Potassium hydroxide solution pH 12,00

Total volume = 20,0 mls. Temperature 30°C
Vol,of sol 'le pHy pH
;gg?d in with protein with X0OH

0.0 11,00 11,00 =
1,0 9,90 9, 80 0,10
2,0 9.50 9.30 0,20
3.0 . 9,45 9,00 0,45
4,0 9.25 8,50 0.75
6.0 8.55 3.30 5.25
8,0 . 7,60 2,80 4,80
10,0 5.55 2.60 2.95
12,0 4,65 2.45 2.20
14,0 - 4,10 2.40 1,70
16,0 3.55 2.40 1.15

Flg. 4,
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T ABLE 5

Concentration of transfusion gelatin = 3,0%,pH 12,00

Concentration of silicic acid sol = 0,54,pH 2,50
Potassium hydroxide solution pH 12,00

Total volume = 20,0 mls, Temperature 30°C
Vol.of sol le sz pH
;gg?d 5 with protein with XOH

0,0 11,10 10,90 0.20
1.0 10,60 10,30 0,30
2,0 ‘ 10,35 9.60 0.75
3.9 9.55 9.50 0,05
4,0 9.8 2.20 0.65
6,0 9.25 - -
8,0 9.30 9.10 0.20
10,0 9.40 8,20  1.20
12,0 2,30 7.55 1.75
14.0 9.20 4,00 5.20
16.¢ 8. 80 3.20 5.60

Fig. 5.
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Concentration of transfusion gelatin

Concentration of tabashir sol

TABLE 6

=3,0%¢,pH 12,00

=0,5%,pH 2,50

Potassium hydroxide solution pH 12,00

Total volume 20,0 mls,

0
Temperature 30 C

Vol.of sol p

H.

;gg?d it “i%h protein Sl:%h KOH i

0,0 11,30 11,00 0.20
1.0 11,10 10,60 0,50
2.0 10,85 9.95 0,70
3.0 10,65 9,70 0.95
4,0 10,10 9,40 0,70
6.0 10, 00 9,30 0,70
80 9.75 9.15 0.60
10,0 9.65 8, 80 0,85
12,0 9,50 8,30 1.20
14,0 9,50 7,00 2,50
16,0 9,40 3.60 5. 80

Fig. 6,
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T ABLE 7

Concentration of transfusion gelatin = 3.0%,pH 12,00

Concentration of tabashir sol = 1,0%,pH 3,020
Potassium hydroxide solution pH 12,00

Total volume = 20,0 mls, Temperature 30’
Saae A "
s oy with protein with XOH

0,0 11.60 11,590 0.10
1.0 11.30 11.20 2,10
2,0 10,55 10,35 0.20
3.0 10,65 10,10 0.45
4,0 10,50 10,00 0,50
6.0 10,45 9.90 0,55
8.0 10,00 9.75 0,25
10,0 9.60 9.50 0,10
12,0 9.30 9.25 0,05
14,0 9.15 9.15 -
16,0 9,00 8,90 0.10

Fig. 7.
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TABLE 8

Concentration of transfusion gelatin =3,0%,pH 12,00

Concentration of tabashir sol =1,5%,pH 2,50
Fotussium hydroxide solution pH 12,00
Total volume = 20,0 mls, Temperature BOOC
W L o
A% . with protein with KOH
0,0 ~ 11.60 11.60 =
1,0 10,40 10,20 0,20
2,0 10,25 10,05 0,20
3.0 10,10 | 9.75 0,35
4,0 9,80 9.65 0,15
6.0 9.65 9.590 0.15
8.0 9.10 9.05 0,05
10,0 8.75 8,50 0.25
12,0 8,50 7. 80 0,70
14,0 8.25 7.50 0.75
16,0 7.80 7.50 0,30
Fig, 8.
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Unlike metal hydroxide-protein interaction,the
corresponding reaction involving siliciec acid sol is of
a fairly complex nature., The system changes from a
hydrophobie~-hydrophilic one to that made up of almost
hydrophilie constituents, Further intricacies set in due
to the complex nature of the particles of silicic acid
sol,

According Carman(éoe) 510, in contact with water
tries to complete its unsatisfied surface charges through
the hydrogen and the hydroxyl ions resulting in the
formation of strong Si-OH bonds, This state of affairs
in the neutral medium is disturbed on the addition of
alkali due to the reﬁlacement or u* ions by Na* ions .and
since the latter cannot enter into the electronie structure
of the 0 ions,the resulting colloidal solution becomes
negatively charged.

Controversy also exists as to the pH at which
silica partiecles would be negatively charged,neutral or
positively charged. Losenbench(307) considers the iso-
electric point of silica sol to lie between pH 2 and 3
while Lesley(308) believes that silica is negatively,
charged even down to pH 2,0, Gordon(309) has reported
that the silica gel membrane 1s negative at pH 3,17
and is positive at pH 1.22., The true picture,regarding
the nature of silica sol,however,appears to be as

follows:
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In the highly acidic range the silica particles
are positively charged due to the adsorption of H+ ions
with the probable formation of SiH groups on the surface
particle. A decrease in acidity,say by the addition of
the alkali would result in the ionisation of the SiOH
group due to the replacement of the protons by the
sodium ilons, A gradual transition from the positive to
the negative charge thus takes place by the increase
in the pH., At no stage,however,the existence of a
completely uncharged silicic acid sol can be visualised
although zwitter ions may exist at a certain pH.

The results on the interaction of transfusion
gelatin with silicic acld and tabashir sols between pH 2.
and 3, support the above viewpoint,

On the addition of the increasing amountsof silicie
acid sol of pH 2.0 to a fixed amount of transfusion
gelatin of pH 12,0,a resulting pH of 2,95 1s reached. A
similar change 1s observed on the addition of silicic acid
8ol to caustic potash of the same pH as the protein
(Table 1,3,4). The shapes of the two curves are,however,
different(Fig.1,3,4) and from the shift in the flat portion
of the curve evidence for the interaction of silicie acid
with the carboxyl groups of the protein is obtained. fhe
mechanism involved a competition between the hydrogen
of the S1H groups on the silicic acid sol and the carboxyl
groups of the protein(deprotonation takes place in the

pH range where the shift has been observed) resulting in
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the binding of the silica to the protein. This mechanism
finds support from the modern view which envisages the
¢ombination by the formation of a multiplisity of hydrogen
bonds between the relativeiy large molecules of protein
and silieic acid so that a mixed net work of the molecules
is formed., The concentration of the silicle acid sol do
not effect the binding as can be seen from the comparision
of the data in Tables 1,3,4(Fig.1,3,4).

The behaviour of the silica sol of pH 2,5 is
entirely different from that of pH 2,0, There the result-
ing pH comes out to be 8,0 and 8,8 on the addition of
sols of concentration 2,0f and 0,5% respectively(Table 2
and 5 ) as against 2.95 and 3.55 for the sol of pH 2.0.
The variations in pH for corresponding mixtures of siliclec
acld and caustic potash are from pH 12,0 to 6.6 and 3,2
respectively(Table 2 and 3). The shapes of the curves with
and wvithout transfusion gelatin are different and exhibit
a shift in the pH range 8 to 10 ( Fig.2 and 3). Since in
this pH range the nitrogen containing groups,viz.,the
amino,imidazole and guanidino groups of the protein offer
sites for combination., As for the mechanism of interaction
it appears that the combination would involve the formation
of hydrogen bonds between the nitrogen of the transfusion
gelatin and the hydrogen of the silanol group of the
silicic acid.

Another interesting fact emerges out from these
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studies. It is seen that the pH varliations with and
without the protein on the addition of concentrated
silicic acid sol( 2,0 %) lie within almost the same

pH range. The caustic potash curve is not like an acid-
base titration curve as obtained with dilute sols, This
difference in behaviour is due to the polymerisation of
silica when concentrated solutions are employed, However,
this tendency, i.e.,polymerisation of the silica( and
subsequent formation of an insoluble net work) talkes
place even at low concentrations of siliclc acid 1if a
little protein 1s present,

Tabashir sol,

The medicinal importance of tabashir may be ascribed
to its combination with nitrogen of the proteins.Since
combination with the amino,imidazole and other nitrogen
containing groups takes place with silicic acid sol near-
about of pH 2,5 and above, transfusion gelatin-tabashir
sol interaction was studied at pHs 2,5 and 3.0, The
variation in pH and the shifts in the curves are the
same as with silicic acid of pH 2,5 ( Table 6,8;Fig.6,8).
It means here too,the mechanism of combination is the same,
involving the formation of hydrogen bonds between the
nitrogen of the transfusion gelatin and the hydrogen of
the silanol groups of the siliciec aecid.

There is a significant difference between the
behaviour of silicic acid and tabashir sols as far as

their concentrations are concerned ., Concentrated sols of
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tabashir undergo gelation readily and the interaction
with transfusion gelatin 1s not so sffective with a
concentrated sol( 1.5 %) than with the dilute sol

( 0.5 £).From the curves (Fig.6 to 8 ) it may be seen
that typical curves pointing towards definite combination
in the pH range 8 to 10( where imidazole and other
nitrogen containing groups offer sites for combination)
are realised., This anamoly may be due to the difference
in the properties of commercial silica and the naturally

occuring one( Tabashir),

3t o4 e o afe e e e s ofe e e ook ok
kK



CHAPTER VI,

Viscosity varlations during sol-gel transformation
of casein-formaldehyde mixtures,in presence of sodium meta

silicate or sodium hexyl sulphate,



The problem of the interaction of proteins with
polymeric substances and surface active compounds
present many interesting aspects for fundamental studies,
The reactionsworth considering are those between the
proteins and silicic acid or detergents and organic
compounds, The reaction between silicic acid and gelatin
was first observed by Graham(303), Lesley(304) worked
on the precipitation of gelatin and albumin by siliecie
acid while Merill and Spencer(310) studied the sorption
of sodium silicate and siliciec sol on the cellulose
fibres. Reactions involving polysilic acids and proteins
have also been used for the analysis of silica and in the
tanning industry(311). |

The reactions involving proteins and surface active
agents have been considered in view of their importance
in industry and technology, With globular proteins
reactions with detergents ( soap solutions ) or organiec
solvents have proved to be of immense interest to the
technologist. The presence of detergents unfolds the
native structure of the protein resulting in the format-
ion of elastic and highly double refracting fibres(312).
This was achieved with egg albumin,wheat glutamin,casein,
zein and blood albumin, Many laboratories have used -
highly concentrated organic solvents in place of detergents °
(313)., Synthetic detergents,especially the anionic ones,

are found to influence proteins in a number of ways,
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especially,in bringing about their denaturation(314,
315 ), precipitation and solubilisation(316,317). In
many cases these effects have been interpreted in terms
of protein detergent complex (318,319) and form the
basis of many lnteresting physico-chemical studies,

The interaction of aldehydes (320) and particularly
formaldehyde with proteins i1s of particular interest.
These compounds not only get bound with the -NHZ,NH and
SH groups of the protein but also exert thelr reducing
property. In agueous solutions,more alkaline than pH
6.0 the aldehydes generally react with the amino groups
of the protein by the formation of ( - N = CH2) linkage.

The conversion of casein into artificial horn
or fibres also fall under the class of the complicated
reactions mentioned above, Many patents (321-326)
employing the alkaline solutions of casein and formalde-
hyde appear in the literature but very little is lnown
about the actuval mechanism leading to the formation of
these products, Even the researches of Ferreti(327) on
the spinning of casein fibre, or those of Braida(328) on
their tensile strength,hardly provide the required
informations. The aim of the present studies 1s to get
some idea about the nature of the reactions by considering
the variations in viscosity during the gelation of casein-
formaldehyde mixtures mixed in presence of big molecules

like sodium meta-silicate and sodium hexyl sulphate.



e

Casein solutions.

The caseln used in the experiments was a pure E.Merk
product., The required amount of the protein was soaked in
about half the amount of water and the swollen mass,after
5-6 hours was dissolved in the appropriate amount of sodium
meta silicate,dissolved in the other half amount of water,
until clear solutions were obtained,

The ol -casein and P -casein used were obtained
from the whole casein,by using their differential solubili-
ties in 50 4 alcohol with variation in pH and temperature,
The method of separation is described in details in chapter
III,dealing with the studies of caseiln and«(-casein with
metal ions,

Sodium meta silicate was an A.R.,B.D.H. product. The
formal-dehyde used was also a B,D,H.product containing
37-41 % solution of formaldehyde in water.,

Sodium hexyl sulphate (soap) was prepared by refluxing
100 ¢c.of n - hexyl aleohol(B,D.H,) with 200 ecc,of concent-
rated sulphuric acid( C.P,, Sp.gr. 1.8) for about 8 hours,.
The cooled mass was poured in about 200 cc,of water., The
excess of sulphuric acid was neutralised by adding just
sufficient amount of calcium carbonate(B.D.H.) till
effervascence stopped, The filtrate consisting of the
calcium soap was treated with small amounts of saturated
solution of sodium carbonate. The slightly alkaline solution

so obtained was evaporated on a water bath until a 4rop
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withdrawn on glass rod crystalises on cooling., It was
then allowed to crystalise and the dark brown crystals
were filtered at the pump,drained and dried over anhydrous
caleium chloride in a desiccator, Solutiomns of reguisite
strength were prepared in double distilled water.

Viscosity measurements.
Scarpa method(329) as modified by farrow,Mehta,

Prasad and Desai(334) was employed for measuring the
viscosity. The constant,X, for the viscometers was determi-
ned at a particular pressure( 25.5 cms.of water) and

temperature( 30 0.1°C) from the relationship,

'}.L= < tit2
tl + 'b2

where t, and t_, are the time of fall and rise of the

2
ligquid of known viscosity,through the capillary of an
Ostwald viscometer. Half a dozen viscometers of different
caplllary size were employed depending upon the mixture
to be investigated,

The following sets of mixtures were used for
determining the variations in viscosity with time.
Set I: 6.0 % casein + 0.9 ¥ concentration of sodium meta
silicate + varying concentrations of formaldehyde( 2.0,
3,0,4.0 and 5,0 %), .
Set II: 6.0 % casein + 1.0 % sodium meta silicate + varying
concentrations of formaldehyde (2.9,3.0,4.0 and 5.0 %),
Set III: Varying concentrations of casein( 5.0,5.5,5.7,
5.8,6,9,6.0% ) + 1.0 9 sodium meta silicate + 2.0 %
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formaldehydes.
Set IV 6.0 % casein + varying concentration of
sodium meta silicate( 0.9,1.0,1,1 and 1.2 % ) + 2,0 %

formaldehyde.
Set V: 6.0 4 casein + varying concentration of

sodium hexyl sulphate( 1.0,1,1,1.2 and 1,3 % ) + 2,0 ¢

formaldehyde,
Set VI: 6,0 %4 casein + 1.0 4 sodium meta silicate +

varying concentration of sodium hexyl sulphate(2,1,0,2,
0,25 and 0,3 % ) + 2,0 ¥ formaldehyde,

Set VII: 6.0 4 casein + 1.0 % sodium hexyl sulphate +
varying concentrations of sodium meta silicate( 0,1,0,2,
0.25 and 0.3 % ) + 2,0 4 formaldehyde,

The above sets were repeated witho(-casein also
with the only difference that 5.0 4 o« -caseln was
employed as compared to the 6,0 %4 concentration of the
casein., The concentrations of the protein,varied accord-
ing to set III,were, 4.7, 4.8, 4.9 and 5.0 %.

The point at which abrupt change in viscosity was
observed in the viscosity- time curve was taken as ihe
time of gelation.

Experiments were also performed with f;-casein.
The variation in viseosity for time were gquite small,

The results are summarised in the following tables,



TABLE 1
Concentration of casein solution = 6,09%

Concentration of sodium meta silicate = 0,9 %

Concentration of formaldehyde = 2,04

Formaldehyde 2,0% Formaldehyde 3,0%

Time in mts, :yl Time in mts, M

18,0 20,545 22,0 20,174

56,0 21,954 50,0 20,526

95,0 24,694 100,0 27.115

150,0 40,309 145,0 47,750

Time of gelatimn=108 mts, Time of gelation=122 mts,
TABLE 2

Concentration of casein =6,0 4

Concentration of sodium meta silicate=0,9 %

Formaldehyde 4,0 % Formaldehyde 5,0 %

Time in mts, ’YL Time in mts, o
20,2 36,0 18,0 10,666 -
50,0 41.9 52,0 12,431
95,0 55.5 96,0 15.649 °
135,0 76.2 140,0 21.627

Time of gelation=140 mts, Time of gelation=200 mts,
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T ABLE 3

Concentration of casein solution = 6.0 %

Concentration of sodium meta

silicate.

Formaldehyde 2.0 %

=]_.O%
Formaldehyde 3.0 %

Time in mts, ql Time in mts, '71
20,0 10,522 16,0 7.772
50,0 12.218 45,0 - 8, 85
8,0 19,543 80,0 12,274
120,0 38,074 140,0 28,596

Time of gelation=96 mts,

Time of gelation =112 mts.

TABLE 4

Concentration of casein solution = 6,0 %

Concentration of sodium meta

sillicate.

Formaldehyde = 4,0 4

=1.0%
Formaldehyde = 5,0 %

Time in mts, m Time in mts, ql

10,0 6.008 10,0 4,806
40,0 7171 50,0 5, 809
80,0 9,473 90,0 7.642
110,0 12,204 120,0 9.275
190,0 26,236 216.0 20,179 3
Time of gelation= 132 mts, Time of gelation=142 mts,

Fig. 2.
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TABLE 5
Concentration of sodium siliecate = 1,0 %
Concentration of formaldehyde =2,0%

Concentration of casein=5,0f Concentration of casein=5.5%

Time in mts. ﬁl Time in mts, M
36,0 5.142 10,0 8, 82
50,0 5,818 36,0 9.936
94,0 6,330 78,0 11,995
114.0 6.530 110,0 14,534
1585,0 7.238 150,0 20,027
174,0 7.602 194,0 27.606
200, 0 8,078 224,0 46,946
No gelation Time of gelation=180 mts,

TABLE 6

Concentration of sodium meta silicate = 1,04
Concentration of formaldehyde =2,09%
Conc.of casein =5,7 % Conc,of casein =5.8 %
Time in mts, m “Time in mts. M
20,0 16,321 22,0 12,534
4400 11.574 46.0 140201 .
8,0 14,7086 84,0 18, 866
105,0 17,482 110,0 21,568
152,0 27,791 148,0 33.389
172.0 37,059 166,.0 48,051

Time of gelation =144 mts, Time of gelation =130 mts,




T ABLE 7

Concentration of sodium meta silicate =1,0¢%

Concentration of formaldehyde =2,0%
Conc.of casein =5,9 % Conc. of casein =6,0 %
Time in mts. M Time in mts, m
36.0 . 13,888 20,0 10,522
48,0 16,293 50,0 12,218
90,0 23.313 85,0 19.543
108, 0 28,249 1108,0 30,100
120,0 36,212 120,0 38,074

Time of gelation=112mts. Time of gelation =96 mts,
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T ABLE 8
Concentration of casein solution =6,0 %
Concentration of formaldehyde =2,0 %

Sodium meta silicate =0,9 4 Sodium meta silicate=1,0 4

Time in mts, £l Time in mts,
18,0 20,545 20,0 10,522
56,0 21,954 50,0 12,218
95,0 24,694 65,0 15,312
128,0 31,230 &6.0 19,543
150,0 40,309 120,0 38,074
18,0 -

Time of gelation =108 mts, Time of gelation =96 mts.

TABLE 9
Concentration of casein solution = 6,09%
Concentration of formaldehyde =2,09%

Conc. of sodium meta silicate=1,1% Sodium meta silicate=1,2%

Time in mts, ’VL Time in mts, ‘1

16,0 13,431 16,0 21,717

42,0 16,323 44,0 29,080

66,0 21,330 56,0 35.645

80,0 27.180 63.0 38,516
100,0 42,576 70,0 42,539 i
Time of gelation =80 mts, Time of gelation =62 mts,

Fig. 4.



T_ABLE 10
Concentration of casein =6,0 ¢
Concentration of formaldehyde =2,0 %
Sodium hexyl sulphate=1,0% Sodium hexyl sulphate=1.1 %
Time in mts, " Time in mts. M
24,0 7.58 10,0 7,939
50,0 7.901 45,0 8,050
75.0 8,235 65.0 8,559
90,0 8,551 90,0 8,790
115,0 8, 896 120,0 9,125
150,0 9.344 160,0 10,046
190,0 9, 880 180,0 12, 857
250, 0 10,568 250,0 25,778
No gelation Gelation after 4 hrs,

T-AD LE 1)
Concentration of casein = 6.0%
Concentration of formaldehyde =2,09%
Sodium hexyl sulphate =1,2 % Sodium hexyl sulphate=1.3 %

Time in mts, n Time in mts, m

15,0 8,584 5.0 22,941
45,0 9.734 28,0 23.174
75,0 11.738 50,0 32,449 .
120, 0 15.603 60,0 -
150,0 20,004

180,0 30,542

Time of gelation=160 mts, Time of gelation=55 mts,

Fig. 5.
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T ABLE 12

Concentration of casein =6,0%
Concentration of sodium meta

silicate. =1,04%
Concentration of formaldehyde =2.04%

Sodium hexyl sulphate =0.1%4 Sodium hexyl sulphate=0,2%

Time in mts, 71 Time in mts, ryl

12,0 . 21,757 15,0 24,272

36,0 26,996 32,0 30,444

55,0 36,509 48,0 50,298

70,0 -

Time of gelation=50 mts, Time of gelation 40 mts,
Fig. 6.

On adding higher concentrations of sodium hexyl
sulphate ( 0,26 % and 0.3 %) the whole mass covernts into
a gel within 30,0 and 5,0 minutes respectively. Hence
the measurements on the variation in viscosity could not

be made.
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T ABLE 13

Concentration of casein = 6,0%
hexyl

Concentration of sodium/sulphate =1,09%

Concentration of formaldehyde =2,0%

Sodium metal silicate = 0,1% Sodium meta silicate =0,2 4

Time in mts, M Time in mts, f'}L
10,0 22,439 8.0 15.798
20,0 18.467 : 18,0 15, 880
35,0 20,296 38,0 18, 880
45,0 22,418 50,0 24,905
60,0 28,900 70,0 33.180
70,0 38,208

Time of gelation = 65 mts, Time of gelation =60 mts,

T ABLE 14
Concentration of casein = 6,0%
Concentration of sodium hexyl sulphate =1,04%
2.0 %
Sodium meta silicate =0.25 % Sodium meta silicate =0.3%

Concentration of formaldehyde

Time in mts, r],l Time in mts, N

24,0 21.395 30,0 22,900
38,0 24,711 39.0 30,231 °
55,0 30,160 47,0 50,321
70,0 45,231

Time of gelation =50 mts, Time of gelation =40 mts,

Flg.7.
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T ABLE 15

Concentration of o -casein =5,0 4
Concentration of sodium meta silicate =1,0 %
Formaldehyde =2,0 % Formaldehyde =3,0%
Time in mts, ﬂl Time in mts, ql
8,0 10,620 12,0 9,40
44,0 13,010 42,0 11.82
75,0 23,404 70,0 16,50
100,0 - 110,00 36,43
Time of gelation=86 mts, Time of gelation = 92 mts,

T AB LE 16

Concentration of L -casein =5, 0%
Concentration of sodium meta silicate =104
Formaldehyde =4.C % Formaldehyde 5.0 %

Time in mts, Wl Time in mts, M

14,0 10,31 10,0 29,486

54,0 13.75 40,0 11,928

85.0 24,125 90,0 26,461
120,0 - 130,90 -

Time of gelation =96 mts. Time of gelation= 10Q mts,

Fig. 8.
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T ABLE 17

Concentration of sodium meta silicate =1,0%
Concentration of formaldehyde =2,0%
oA -casein =4,7 ¥ o, =casein =4,8 %

Time in mts, m Time in mts. N
20,0 12,034 35,0 13,763
45,0 14,200 50,0 16.463
80,0 18,531 90,0 23,310
110,0 21,460 105,0 28, 012
148,0 33.560 140,0 53.260
160,0 47,868

Time of gelation = 128 mts, Time of gelation=112 mts,

T ABLE 18

Concentration of sodium meta silicate =1,0%
Concentration of formaldehyde "I 2,0 %
o -casein =4,9 % L = casein = 5,0 %
Time in mts. " Time in mts, ')—t
15,0 12,480 8,0 10,621
40,0 13.532 44.0 13,010
65.0 16,012 75.0 23,404
100, 0 21,421 100,0 W
140,0 42,190
Time of gelation = 98 mts, Time of gelation = 8 mts,

Fig.9.
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T AB_LE 19

Concentration of «- casein =5,0%

Concentration of formaldehyde =2,0%

Sodium meta silicate =0,9 % Sodium meta silicate=1,0%

Time in mts, €an Time in mts, Ql

12,0 12,520 8.0 10'. 621

38,0 13,7356 44,0 13,010

70.0 16,521 75.0 23.404

100,0 21.467 100,0 -

125,0 29,633

140,0 43.401

Time of gelation = 96 mts, Time of gelation = 86 mts,
TABLE 20

Concentration of «~casein = 5.,0%

Concentration of formaldehyde =2,0%

Sodium meta silicate =1,1 ¥ Sodium meta silicate 1.2 %

Time in mts, 24)] Time in mts. N

10,0 11,656 18,0 18,330
40,0 15.921 36.0 20,321
65.0 22,235 60,0 21,965 °
8.0 34,951 75.0 42,421
Time of gelation = 72 mts, Time of gelation=64 mts,

Fig. 10,
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TABLE 21

Concentration of /-casein =5.0 §
Concentration of formaldehyde =2,0 %

Sodium hexyl sulphate=1.04 Sodium hexyl sulphate=1,1 %

Time in mts, ’?L Time in mts, sl
10,0 5.396 10,0 5.639
49,0 5.981 40,0 6. 831
90,0 6.552 100,90 7. 85
150,0 6.086 - 1690,0 9.935
202,0 7.321 240,90 12,528
280,0 7. 326 280,90 16.250
360,0 8,537 314,0 25,105
No gelation Gelation after 5 hrs,

T AB LE 22
Concentration of A-casein =5.92 %
Concentration of formaldehyde =2,0 %
Sodium hexyl sulphate = 1,2 4 Sodium hexyl sulphate =1,3%

Time in mts, ?Z | Time in mts, N

19,0 8, 800 15,0 13.420

35.0 9,931 40,0 16.323

80,0 12,010 65.0 21.321
120, 0 14, 872 86,0 30, 036 1
150,0 20,327 105,0 55,561
205,0 27,961
230,0 47,261

Time of gelation =180 mts, Time of gelation =80 mts,

Fg. 11.
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T AB_LE 23

Concentration of ,{ -casein =5,0¢%
Concentration of sodium meta silicate =1,0%
Concentration of formaldehyde =2,0%

Sodium hexyl sulphate = 0,1 4 Sodium hexyl sulphate=0,2%

Time in mts. 01 Time in mts, 01

10,0 10,746 14,0 11,808

40,0 12,80 36,0 15,672

75.0 23.38 58,0 22, 856

8,0 - 84,0 -

Time of gelation = 86 mts, Time of gelation =74 mts.

T AB_LE 24

Concentration of <{~-casein =5,0 %
Concentration of sodium meta silicate =1.0 %
Concentration of formaldehyde =2,0 %

Sodium hexyl sulphate=0,25 4 Sodium hexyl sulphate=0,3 %

Time in mts, 1 Time in mts, "Q

16,0 13,655 17.0 13.222

40,0 19.838 42,0 18,134

62,0 24,706 66,0 33,861 ° -
78,0 - 72,0 -

Time of gelation = 66 mts. Time of gelation = 56 mts,

Fig. 12,
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T ABLE 25

=5,0 %

Concentration of sodium hexyl sulphate =1.0 %

Concentration of formaldehyde

Sodium meta silicate=0.1 %

=2,0 %
Sodium meta silicate=0,2%

Time in mts, '}L Time in mts. 8

15,¢C 16,788 15.0 20, 861
30,0 18,311 31,0 25,320
60,0 26,521 45,0 35,731
80,0 40,301 70,0 44,028

Time of gelation = 62

mts,

Time of gelation = 50 mts,

Concentration of o/ -casein

T ABLE 26

5.0 %

Conecentration of sodium hexyl sulphate = 1,0 %

Conecentration of formaldshyde

Sodium metal silicate = 0,25 %

2,0 %
Sodium meta silicate =0,3%

Time in mts, fq’ Time in mts, QQ
8,0 15,798 8,0 16,358
20,0 15,992 20,0 17.363
40,0 19,014 38,0 21, 832
700 o 35 [ 022 65. 0 ' e

Time of gelation = 44

mts.,

Time of gelation =34 mts,

Fig. 13,
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T_AB_L_E 27

Concentration of {>-casein = 5,0 %
Concentration of sodium metal silicate =1,0%
Concentration of formaldehyde =2,0%

Time in mts,

22,0 3.319

44,0 3.678

68,0 3,963

20,0 4,050
125,0 | 4,255
161.0 4,732

No gelation
T ABLE 28

Concentration of formaldehyde =2,01%
Casein = 5,4 % Casein =5,3%
Sod,meta- Time of Sod,meta- Time of
silicate gelation silicate gelation
1.0 % Abount 10 hrs. 1,0 % About 16 hrs,
1.5 % About 8 hrs, 1.5 % . About 14 hrs,
2.0% No gelation 2,0 9% No gelation
3.0 % . 3.0% ey .
4,0 % " 4,0 4 - " .
5.0 % " 5.0 % "

Below 5.3 %4 casein no gelation takes place

L]
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T ABLE 29

Concentration of formaldehyde =2,0%
Casein =5.4 % Casein = 5.3 %
Soap Time of Soap Time of
gelation gelation
1,04 13 hrs. 1.0% 20 hrs.
2,09 8 hrs. 2,0 % 15 hrs.
3.0% 7 hrs, 3,0% 14 hrs.
4.0 % 6 hrs, 4,0 % 10 hrs,
5,0 % 5 hrs, 5.0 % 9 hrs,

At 5,2 % of casein and soap concentrations

of 4,0 to 5,0 % gelation takes place in about 24 hours.



T AB_LE 30

Set II Time Set III Time of Set IV Time Set V Time Set VI Time Set VII Time

% of for- of ge- % of gelation % of sod. of ge- % of of ge- % of of ge- 4 of sod.of ge-
maldehyde lation casein 1n mts, meta lation soap lation soap lation meta lation
in mts. silicate in mts. in mts, in mts, silicate in mts.
2.0 96 5.0 9 No 0.9 108 1.0 No 0.1 50 0.1 65
3.0 112 5.5 180 1.0 96 1.1 4 hrs. 0.2 40 0,2 60
4,0 132 5.7 144 1l.1 80 1.2 1690 0.25 30 0.25 50
5.0 142 5.8 120 1.2 62 1.3 55 0.3 5 0.3 40
8.9 112
6,0 26

A - ecasein

2,0 &% 4,7 128 0.9 96 1.0 No 0.1 &6 0.1 62
3.0 92 4.8 112 1.0 &6 1.1 5 hrs. 0.2 74 0.2 50
4.0 96 4.9 98 1.1 72 1.2 180 0.25 66 0.25 41

5.0 100 5.0 &6 1.2 64 1.3 80 0.3 56 0.3 34
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DIS CUSS ION

The results on the viscosity of the mixtures of
protein( casein or <-casein) with formaldehyde,sodium
mepa silicate or sodium hexyl sulphate go to show that the
time of gelation is highly dependent on the concentration
of the constituents of the mixture.

For example, the addition of gradually increasing
amount of formaldehyde to a mixture of protein and sodium
meta silicate or sodium hexyl sulphate increases the time
of gelation(table 30,set II)., On the otherhand the effect
of the increasing concentration of the other econstituents
(including casein) in mixtures containing fixed amount of
formaldehyde is to decrease the time of gelation. In the
latter case,that is for mixtures containing fixed concent-
ration of formaldehyde,the optimum condition for gelation are:
5.5 % casein + 1,0 % sodium meta silicate + 2.0 % formal-
dehydesjand 6.0 % casein + 1,1 % sodium hexyl sulphate +
2.0 § formaldehyde. It is further interesting to note that
the gelation does not take place at a lower protein
concentration( 5.5 %) in the above two sets but if the
concentration of the sodium meta silicate or sodium hexyl
sulphate 1s increased then gelation is achieved with
mixtures containing casein upto 5.3 4(table 28 and 29).
Below this concentration gelation is not possible on
inCreasing the concentration of sodium meta silicate., On

the other hand addition of more than 1.5 % of the reagent
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brings about the peptisation of the mixture.,

The behaviour of sodium hexyl sulphate is,however,
altogether different. Here higher concentration of the
soap helps in gelation( table 29). This effect is so
marxed that mixture containing 5.2 # casein can be brought

into a semi-gel state on prolonged keeping( 24 hrs) by

- the addition of 4 to 5 % of the soap.

From the above results it is evident that sodium
meta silicate as well as sodium hexyl sulphate are respon-
sible for bringing about the gelation of casein which had
been modified by the addition of formaldehyde. To check
up whether the high alkalinity of the mixture due to the
presence of these additives effects gelation,experiments
under similar conditions vere performed by adding caustic
soda solution of about the same pH as sodium méta Ssilicate
and sodium hexyl sulphate., Under this condition no gelation
was observed,

Far more interesting results are obtained when a
a mixture of sodium hexyl sulphate and sodium meta silicate
is added to casein formaldehyde mixture instead of using
these reagents alone. From the results summarised in table
30 it may be seen that presence of extremely small amount
of one reagent in the other,decreases the time of gelafion
considerably, For example,the addition of 0,1% soap to a
mixture of 6.0 £ casein + 1.0 % sodium meta silicate +

2.0 4 formaldehyde reduces the time of gelation from 96 mts.
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to 50 mts. The addition of larger amount of soap solution
further decreases the time of gelation until immediate
gelation 1s realised at 0.3 ¢ concentration of soap
solution,

Similar effects are observed when small amounts
of sodium meta silicate are mixed with sodium hexyl
sulphate(table 30,5et VII), Thus it is observed that the
mixture containing 6.0 4 casein,1.0 4 sodium hexyl
sulphate and 2,0 # formaldehyde does not undergo gelation,
But the mere addition of 0,1 # sodium silicate changes it
into a gel in about 65 minutes. On increasing the concent-
ration of sodium meta silicate the time of gelation decreases,
the values being 60,50 and 40 minutes in presence of 0,2%,
0.25% and 0,3% of the reagent.

The role of formaldehyde 1s well understood. The
formation of modified protein is based on the formation of

methylene linkages with the amino groups in the following

manner: =
K Pyclivn - v-CcHyOH

Prodzin - NQHH i O=C-<.H 7bHZ H R
(i L 1

,PYDUM"T‘CH).OH-f o:c"H — P “ N cwmo

N
Besidgs the amino groups other groups have also been

reported to combine e.g., =SH of the denatured egg

albumin and the imidazole group of the protein but this

1s not well established. Nevertheless the hardening of the ‘
caseln fibre with formaldehyde depends on the formation

of cross linkages as a result of the coupling of the amino



groups by the methylene bridges.

While considering the transformation of casein into
Some other material to be work out as substitute for fibre,
the following factors should be taken into consideration:
(1) complete denaturation of the proteins (i1) its proper
dispersion so that smooth transformation from the sol
to the gel state may takes place;(iii) formation of a
three dimensional structure importing sufficient tensile
strength to the fibre,

Sodium meta silicéte particle due to the negative
charge on their surface would be favourable to the maximum
dispersion of negatively charged casein particles, However,
when added in large amount interaction with protein
involving the formation of hydrogen bonds between the
nitrogen of the protein and the hydrogen of the silanol
group would take place(329), This would be followed by the
polymerisation of silica forming an in soluble net work
throughout the silica-protein complex, :

The role of sulphonated detergents is more or less
the same as that of sodium meta Sllicate, These soaps
besides denaturating the protein are known to form viscous
solutions in which the protein molecules are present as
extended chains, .

The need of having sodium meta silicate or sodium
hexyl sulphate in casein-formaldehyde mixture to make it
Suitable for gelation and the decrease in the time of
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gelation with the increase in their concentration as
observed in these investigations find support in the above
mechanism,

It appears that the soap micelles rather than the
Soap anions are responsible for the gelation of casein
formaldehyde mixture, This viewpoint finds support from
the fact that the eritieal concentration at which soap
micelles begin to form is lower in the presence of the
silicate (330), It is for this reason that the presence
of extremely small amount of sodium silicate in sodium hexyl
sulphate brings about the gelation with smaller conentrations
of the soap than when used as such(table 30,Set VII),

Attention has already been drawn to the fact that after
the interaction of the silicie acid with the protein the
next important step is the polymerisation of the silica-
broteln complex,The presence of Soap would help in the
formation of this net work, As to why the presence of a
little soap in sodium meta silicate enhances the process
of gelation can be explained on the basis.,

To sum up the roie ci th- different constituents
in a casein fibre bath is as followss The formaldehyde
modifies the protein with the formation of cross-linkages
by the coupling of the amino groups by the methylene bgidges;
Sodium meta silicate is useful both for disperéing the
casein and 1ts subsequent gelation to give an in soluble
silica-protein net work, The part played by sodium hexyl
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sulphate is more or less the same, Best results can be
achieved when mixtures of both the additives are employed
since the presence of each of them in small gquantity
remarkably influences the property( ecritical micelle

concentration or degree of polymerisation) of the other.
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The advancements made in the fiald of metal-
protein interactions are of relatively recent origion,
Many well known workers,viz.,Linderstrom-Lang,Cannan,
Scatchard,Tanford etec. (1922,1945,1949,1952,1954-58) have
contributed to the theoretical as well as apnlied aspeects
of the problem,and in many cases results of far reaching
importance have been achieved. The results obtained with
Simple glabular proteins,based on the use of different
physico-chemical techniques ,may be divided under three
sub-heads: (1) the investigation of Xlotz (1942 48) and
co-workers on the binding of cupric ions to bovine serum
albuminj(i1) Tanford's work ( 1952-54) on the polarography
of Copper,Zinc,Cadmium,Lead and Thallium complexes with
bovine serum albumin,(iii) the investigation of Gurd and
coworkers ( 1948-52) on metal-protein interaction using
the technique of equilibrium dialysis,

Until recently very little work was done to study
the binding of metal ions with fibrous or collagen type
of proteins. Malik and Co-workers(1960-65) made some contri-
bution in this direction using transfusion gelatin (obtained
from bone gelatin and used as a plasma expender), With %hls
.Well characterised fibrous protein they had successfully
studied the binding of allarge number of heavy metal ions
employing the polarographie, pH metric,equilibrium dialysis

and spectrophotometric methods. These authors have
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investigated another aspect of the problem of metal-protein
binding,viz,,the availability of metal ions from hydrous
oxide sols for interaction and which according to them
might provide the basis for the use of metal oxidés used
(Bhasmas ) by the Indians for the treatment of many ailments,
especially pertaining to the nervous system.

The work described in the thesis deals mainly
with the binding of metal ions of physiological importance
with transfusion gelatin(extension of the earlier work)
and o{;~casein and whole casein (studies taken up for
the first time), Another portion of the thesis is devoted
to the studies on the interaction of silicic acid sol and
Tabashir (naturally occuring form of pure silica used
as a medicine in the country) with transfusion gelatin
while the remaining part deals with the studies on the
gelation of casein formaldehyde mixtures in presence of
sodium meta silicate and sodium hexyl sulphate,
Part A.
Transfusion gelatin:- The interactions of magnesium,
manganese and strontium by pH metric method and magnesium,
nickel and cobalt by equilibrium dialysis studies have
been studied. The hydrogen ion titration curves of trans-
fusion gelatin in presence and absence of metal ions ;;; .
quite different from each other indicating thereby the .
binding of these metal ions with the protein.The following

conclusions have been arrived at (i) the amount of hydrogen
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ions given out by the protein are greater in presence

of metal ions than with the protein alone. This would

be the case if replacement of hydrogen ions by metals

is visualised from the site under considerations (i1 )the

extent which a particular metal ion displaces the hydrogen

ion equilibria of transfusion gelatin towards the basiec

side of the functional groups,may be taken as a measure of

metal-protein binding, Assuming that one-to-one binding

is favoured( according to Gurd and Murray) in preference

to intermolecular cross-linking than the number of hydrogen

lons displaced per protein molecule,directly yields the

binding data Vy ,(111) the results reveal that these

metals combine mainly with the carboxyl groups of trans-

fusiqn gelatin, The log X values between these metal and

carboxyl groups comes out to be nearly equal to the

first association constant between the acetate nucleus

and the corresponding metal ions. This similarity indicates

a 1:1 stolchiometry of these interactions,
Magnesium,nicitel and strontium show binding with

the imidazole groups of transfusion gelatin while manganese

and cobalt seem to have little affinity as their log K

values for metal-imidazole groups are quite low as compared . -

to the log X of the interaction of these metals with fifee

imidazole nucleus,

os=casein and casein:y The interaction of copper,zine,

magnesium,manganese and strontium with both casein and

A~casein has been studied employing the pH-metric method.
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These studies reveal that all these metals combine with the

carboxyl groups of theog-casein,Just as in the case of

transfusion gelatin,their log X values compare favourably

with the corresponding log X values for the combination

of these metal with free acetate nucleus and also the log

K values obtained in case of transfusion gelatin with these

metal ions, The €lose similarity regarding the binding

of the metals with the carboxylie groups in the two cases

( o ,-casein and transfusion gelatin) is significant. With

A~casein the log K value obtained in the case of manganese -

imidazole binding is gquite low as compared to the value

of the first association constant between manganese and

free imidazole nucleus, This shows that in the interaction

of proteins,manganese shows little tendency to bind with

the imidazole groups-a behavour different from that of

transfusion gelatin.This/gizzlarity in behaviour is much

more marked when considering the interaction of magnes ium

with ag-casein in the higher pH range.Ina%-caSein it does

not show any binding to the imidazole groups,vhile

in the transfusion gelatin a definite binding (confirmed

by pH-metric and equilibrium dialysis methods ) is exhibited.
The polarographic studies were apnlied to the study .-

of the interaction between o ~casein and the copper ionS,

“
Tanford's method was foumd to be sultable and ylelded

useful results, For caléulating binding data Tanford's

equation was employed,

(1d)/(1d); = —CEECb
are the aiffusion currents in presence

S, TR O 5 SIRRRTREr RN O T
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and absence of metal 1ons,CO,Cp and Cb are the total,
free and bound metal ions, The intrinsie association

constant were calculated by applying Secatchard's equation,

K= ™
(n - VH-VM )CF‘

where Vh and Vg are the sites covered by metal and
hydrogen ions respectively, m is the number of such Sites,
and Cp 1s the concentration of free metal ions at equilib-
rium,

The log K values driwed for various metal ions

by different methods are summarised below:

The log X values for metal-carboxyl groups

Method  Protein Cu°' zn2* Mg2* wp2* 5,2+ y@*+ o2+

pH- T.gelatin 2,10 1,87 1.8l 1.48 1.33 1.8 2,02
metric

Equi- do 2,18 1.87 1.8 - = 1,49 1.75
dialysis

pH- a%-casein 2,27 1.94 1565 1,65 1.33 = =
metric

Polaro- do 2,23 = - - - b -
graphy

log K for metal-imidazole group binding

pH- T.gelatin 3,28 2,74 3.19 3.12 2,77 = -
metric

Equi-

dialysis do 3.40 2,91 3.36 - - 3.23 3.52_
pH-

metriec A, ~casein 3,57 3,06 - 2,82 2,67 = -

Polaro- 3
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The binding in case of whole casein was calculated
per 105 gms of protein due to the uncertainty about its
molecular welght$. Though these results are not of much
quantitative value,but even then they gave clear indica-
tion of the binding of these metal ions with the carboxyl
groups and the imidazole groups of casein,except the
case of magnesium.In which the magnesium-imidazole binding
is not favoured(table 38,chapter 3),

Part B.

In this part the studies on the interaction of
Silicic acid and tabashir sols with transfusion gelatin
carried out pH metrically has been described. The most
interesting aspect of these studies is that the reaction
undergoes a radical change within a small pH range,.It is
thus observed that silicic acid sol of pH 2.0 combines with
the carboxyl group of the protein and that of pH 2,5 shows
binding with the imidazole,amino and guanidinium groups of
the protein, This difference in behaviour has been attributed
to the nature of the charged particles in the two cases,

At pH 2,00 or below,the H* jons are adsorbed on the

Silicic acid sol with possible SiH groups on its surface.

The hydrogen ions on the sol particles compete with thf;_
hydrogen ions of the carboxyl groups of the protein,thereby
mating themselves available for binding (page 176,chapter 5).,

At higher pH values,2.5 and above,the silanol
groups (S10H) &n the surface of the silica particles would
combine with the protein. Since the shift in the curves
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is realised in the pH range 8 to 10,stron?evidenee of the
binding of siliciec ac;d with the nitrogen of the protein
is obtained. This combination involves hydrogen bonding
between the hydrogen of the silanol group and the mig
nitrogen from the amino,imidazole or other nitrogen
containing groups of transfusion gelatin,

The results with tabashir sols of pH 2.5 and
3.0 are just the same as for the silicic acid sol of
pH 2,5, There is,however,one point of some significance
which differentiates the behaviour of the two, In the
case of silicic acid better binding is realised only
at higher concentrations whereas in the case of tabashir
it is possible even at lower concentrations(table 1 to 8
chapter v) . This has been attributed to the greater
purity of tabashir sol as compared to the silicic/;gid
obtained from the commercial meterial,

The second chapter of Part B deals with the
viscometric studies on the sol-gel transformation of
casein-formaldehyde mixtures in the presence of sodiﬁm
meta silicate or sodium hexyl sulphate or in the mixture
of the two. These studies were undertaken to setforth
the role of various constituents of the casein mixtures
used for the manufacture of casein fibre, The possibifTty

\
of the use of sodium silicate in place of sodium aluminate

. L]
in obtaining the viscose solution of casein has been

indicated. Both sodium meta silicate and sodium hexyl



6.0 % casein + 2,0 % formaldehyde and 1,0 % sodium
meta silicate,
6.0 % casein + 2,0 ¢ formaldehyde and 1,1 ¢ sodium
hexyl Sulphate,

The role of Sodium meta silicate or Sodium hexyl
Sulphate appears to be twofold,viz.,proper dispersion
of the protein modified by rormaldehyde and its denatu-
ration, The Process of denaturation involves interaction
of the nitrogen of the caseln with these additives, This
is followed by the formation of an insoluble net work
Structure( page 204,chapter V1),

The other interesting aspect of these Studies
is that the Presence of small quantities of either orf
the two additives helps in the gelation of the casein
mixtures (table 30,chapter VI), This may be due to the
decrease in the c.m,ec. of the soap in Presence of sodium
meta Silicate, when the Soap is the main additive and
an increase in the degree of Polymerisation of silicie
acid in presence of small amouﬁts of soap when the former

is used to bring about gel formation, ——
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sulphate can be employed for obtaining the wviscous
materia;: the composition of the mixtures giving optimum
results are as follows:
6,0 % casein + 2,0 ¥ formaldehyde and 1.0 % sodium
meta silicate.
6.0 % casein + 2,0 ¥ formaldehyde and 1.1 % sodium
hexyl sulphate,

The role of sodium meta silicate or sodium hexyl
Sulphate appears to be twofold,viz,,proper dispersion
of the protein modified by formaldehyde and its denatu-
ration., The process of denaturation involves interaction
of the nitrogen of the casein with these additives. This
is followed by the formation of an insoluble net work
structure( page 204,chapter VI),

The other interesting aspect of these studies
is that the presence of small quantities of either of
the two additives helps in the gelation of the casein
mixtures (table 30,chapter VI), This may be due to the
decrease in the c.m.c. of the soap in presence of sodium
meta silicate, when the soap is the main additive and
an increase in the degree of polymerisation of siliecie
acid in presence of small amouﬁts of soap when the former',

is used to bring about gel formation, -
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