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ABSTRACT

kntisera from horses hyperitnmuniaed against Oloatrlaium tetanl and 
Corynebacteriuin dlphtherlae toxins are purified to reduce the amount 
of antigenic horse s;eoific proteins. The antisera can then be 
administered to humans as an immunoglobulin preparation for
therapeutic use against tetanus or diphtheria infections, The
antisera for human use mutn comply with the W.K.O. requirements 
pertaining to units per mg total protein in the final product. This 
ccudy compared tvo methods of iso-Tting tetanus and diphtheria 
a'ltibodles to optimise the degree of purification so the final 
product had a maximum aflti'iody potency with a minimum total protein 
content. For the first method, an anion exchanger. DBAB-Scphadex, was 
\iou4, MMeh separated the serum protein fractions or. the basis of 
their charge. The immunoglobulin fraction with the smallest overall 
negative charge at a pH of 6.5 tâ sed through the gel while the other 
uerum protein fractions were bound to the anion exchanger. This 
reuulted in a heterogenous mixture of tetanus or diphtheria
antibodies with 'he natural3y occurring equine antibodies. The second 
method used two dilferent immunoadsorbent gels, CNBr-Sepharose «ti and 
a derivative of Spherosil, prepared with the relevant toxoius which 
were used to isolate those antibodies that would bind specifically to 
the toxoids.

The decree of purification obtai.ied for each method was compared. The 
results showed that the immunoafl'inity methods used to purify 
diphtheria antieera gave a range of mean purification factors of 2,04 
to i.Vi compared viV.i an average purification factor of 1,33 for the 
ion exchange method. Subsequent electrophoresis showed the 
immunopurified diphtheria antisera produced a mori* defined band of 
immunoglobulins when compared with dlph'theria anti isolated by
ion exchange.



The Spherosil immunoadoorbenp purified tetanus antlnora by a iactor 
of 2,75 compared to factors of 1,01 to 1,55 for CNDr-Bepharose 4B 
immunoadsorbents and 1,31 for ion exchange purified tetanuo antisera. 
Double diffusion assays confirmed that the purity of both the 
diphtheria and tetanus antisera was improved by the chromatography 
processes and also that the purified antlnera contained tetanus and 
dtphthc la antibodies identical to those present in the raw plasma,

It was concluded that affinity chromatography is a more selective 
purification system suitable for improving the purity, with respect 
to units/mg protein, of both diphtheria and tetanus equine antisera. 
However, a cost analysis and comparison of the affinity 
chromatography methods with the ion exchange method does not
recommend affinity chromatography for diphtheria anllscra 
purification on an industrial sca'e. Based on a comparison of the 
etu-wuiatographlo results, th.re is a potential for large scale
purification of tetanus antlnera with the Spherosil derived 
immunoabsoibant.
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INTRODUCTION

THERAPEUTIC EQOIHE ANTISERA

Purified antieera from hyperlmmunlsetl horses is commonly used 
for therapeutic purposes against Clostridium tetani and 
Corrnsbao-grium diphtherias infections in humans- The exotoxins 
produced by these bacterial organisms are neutralised by passive 
Immunisation with horse tetanus or diphtheria antibodies.

Infections of OX.tetani and C.diphtherias can be treated with 
antibiotics as the bacteriocidal agent and the relevant isolated 
immunoglobulin preparation to neutralise the exotoxlne. Human 
antitetanus Immunoglobulins purified using cold ethanol 
fractionation are available and are used in preference to equine 
antitetanus. These preparations contain only human proteins and 
are safer to use than equine Immunoglobulins. There is minimal 
risk of anaphylaxis, serum sickness or sensitising the recipient 
which could cause hypersensitive reactions if a further 
injection is requind. Diphtheria or tetanus antitoxins are 
usually administered therapeutically to patients who have 
developed diphtheria or tetanus. They may sometimes be used 
prophylactleally if the patient has been exposed to possible 
infection and has no previous history of active immunisation 
with the relevant vaccine. Passive immunisation with the 
immunoglobulin preparation is important for therapeutic purposes 
as it avoids the latent period required for at. active immune 
response to vaccination.
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The advantage of using the horse as a source of antibodies is 
that large quantities of antisera can be obtained after 
immunisation of the animal. However there are disadvantages in 
using equine antisera, as the serum proteins are antigenio when 
administered to humans. The risk of serum reactions are reduced 
when purified antitoxins are used, Serum sickness may occur 7 to 
1* days after the injection. It is characterised by itching 
rashes, a rise in temperature wid joint pains, 16 can be Created 
with antihistamines or corticosteriods. Acute serum reaction, or 
anaphylaxis, is rare but may occur and should be treated with 
adrenalin. The horse serum must be purified to reduce the amount 
of forel,' protein being administered to the patient whioh will 
reduce the risk of adverse side effects. The purified antisera 
alco permits the administration of a large amount of antibodies 
in a small volume and is more stable than whole serum during 
long-term storage.

PCRIFICMIOH OF EQUINE IKMUMOQIiCSUIpIHS

The horses are immunised against diphtheria or tetanus toxins by 
administering increasing dosages of diphtheria or tetanus 
toxoid. The subsequent production of tetanus and diphtheria 
antibodies is monitored by testing blood samples for antibody 
tltre. Vhen the horses have been immunissd, they are bled and 
the plasma obtained by plasmapheresis is purified in the Serum 
and Vaccine Department of the S.A.I.M.H,

The first etsp in the purification of antibodies from
hyperimmune horse serum is the enzymatic digestion of the 
immunoglobulins followed by salting out of these Immunoglobulins 
with ammonium sulphate and dialysis of the precipitate.
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Iha method used is r. modified method of that deecrlbed by Pope 
(1959a), Pope (1939b) and Pope and Stevens (1931). The 
immunoglobulins are digested by pepsin. The pepsin acts on the 
IgO molecule by degrading the heavy chains. Degradation begins 
at the carboxyl terminal end and proceeds to the region of the 
interchain dlsulphide bridge. The Fo portion is destroyed by 
splitting it into small peptides. Pepsin digestion leaves a 
fragment that possesses two antigen binding sites and therefore

the antibody molecule that is required for toxin neutralisation 
and is called the F(ab'fragment. The F(ab'?2 fragment has 
lost most of the specific antigenic determinants of IgO since 
most of these are located in the carboxyl-terminal half of the 
heavy chain, or the Pc fragment (Heimer et al. 1967; Bernier 
1978; Nisonoff 1902). The non-antltoxic portion of the IgO is 
easily denatured in an acid solution whereas the antitoxic 
portion is far lees readily denatured. After pepsin digestion, 
any further enzyme action is stopped by increasing the pH of the 
plasma above the optimal pH required for enzyme activity. The
plasma is then heated to a temperature at which only the
non-antltoxic portion is denatured and precipitated. Lipids are 
removed by adding to!uene to the plasma before heating. The 
lipids are precipitated out with the coagulati 
when the plasma is heated (Pope 1939b). The i 
in solution is then salted out with additional 
sulphate. The salting out fractionation
heterogenous mixture of gammaglobulins. Albu 
the final filtrate in which it is soluble, and fihr:
discarded in the first precipitate. The final fraction 
will contain trace amounts of all the serum proteins (I 
1977; Scopes 1982).

The diphtheria and tetanun antibody 
International Antibody Units per ml (I.A.

are measured in 
units/ml),
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The forementioncd purification step gives a recovery yield of 
approximately 90 # with respect to diphtheria or tetanus 
antibody units and a purification factor of approximately 2 with 
respect to unite/mg protein.

f-
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antieera is reduced by using purified antisera, The enaymatie 
digestion of the immunoglobulins followed by heat donaturation

the amount of species specific protein in the final product.

1.3 OBJECTIVES

The objective of the present study is to isolate the
immunoglobulins that will bind specifically to diphtheria or 
tetanus exotoxins, from the heterogeneous mixture of 
Immunoglobulins present In the equine plasma. The result of this 
will be to produce a safer product by eliminatating the 
naturally occurring antibodies in the antisera. This in turn 
will reduce the amount of species specific protein present and 
will improve the purification with respect to units/mg protein 
present In the final product. The final product has to comply 
with the requirements specified by the World Health Organisation 
pertaining to units/ml protein present In an immunoglobulin 
preparation for human use, By Improving the purification factor, 
horse plasma that has r.,i antibody level of loon than 150 
unite/ml (diphtheria or tetanus) after immunisation may be 
purified to th required potency. With the present method of ion 
exchange purification this antisera will not reach w.ll.O. 
requirements and therefore cannot be .sod.
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It Is hoped that a selective purification system can be 
developed that does not affect the biological activity of the 
final product end ensures a high yield. The laboratory scale 
processes will be theoretically scaled up to industrial scale

processed, the amount and frequency of the product required and 
the regeneration of the adeorbant for repeated usage. The 
feasibility of using affinity chromatography on the commercial 
scale for the production of antisera will depend largely on the 
cost of the process in the long term compared with the present 
method of ion exchange chromatography.

•ft .

Purification of the antitoxin was investigated in the present 
study using chromatographic techniques. Methods of ion exchange 
chromatography and affinity chromatography were used to purify 
the pepsin treated equine antisera. The four chromatographic 
matrices that were employed were diethyl amino ethyl Sophadox 
(DEAE-Sephadex), cyanogen bromide activated Sepharose 41) 
(CNBr-Sepharoee 4B), 6-aminohexyl Sepharoso 40 (Ml-Sepharose 4B) 
and a derivative of porous silica beads. The methods of 
immunoaffinlty chromatography that were used have all been 
described by previous workers. Imrounoadsorbsnts have not been 
previously used in our laboratories to purify equine nntionra as 
ion exchange chromatography purifies high titrcd plasma to the 
required specifications. With the accumulation of low tltred

increase the purification factor. The selective purification 
should also produce a product with a lower risk of serum 
sickness and anaphylaxis when administered.

After preparing suitable affinity gel", the optimal coupling and 
elution conditions wore determined. The antibody concentration
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vaa maasured uoing flocculation tests (Ramon 1922) to find the 
potency of each antisera and protein determinations (Peters et 
al.. 1978) to find the degree of purification. Iho diphtheria
antisera samples vero also analysed using skin tests to
determine the potency and neutralising capacity of the antisera 
(British Pharmacopeia 1980). The isolated immunoglobulins were 
compared qualitatively using electrophoretic techniques.

CimOMATOaRAPHIO PURIFICATION

.1 ION EXCHANGE CHROMATOGRAPHY

Proteins can ho separated by Ion exchange chromatography on the 
basis of the charge. The chromatographic resin is a charged 
insoluble matrix that will reversibly bind proteins by
electrostatic bonds If the proteins have a charge opposite to 
that of the ion exchanger groups. These proteins can be
displaced by increasing the ionic strength of the eluant- The
displacement is dependent on the charge of the proteins which in 
a function of thu pH. This charge varies for different protein 
molecules depending on their isoelectric point so that the
separation of proteins con be achieved. At a pil of 5,5. the
scrum proteinn are negatively i barged. The immunoglobulin
fraction has a higher isoelectric point than the other serum
protein fractions and will have the emallett overall negative 
charge at a pH of 6,=i. Therefore the immunoglobulins have tht 
lowest affinity of the serum proteins for the anoln exchanger . 
The anion exchanger will bind the oorum proteinn other than the 
immunoglobulins which will pass through the matrix. 
DRAKRophadox A-SO will separate a heterogeneous mixture of 
immunoglobulins from other nerum proteinn.
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In this studj a batch method as described by Chrloteiioon P.A. 
and Andersen C.G. (unpublished) was uned to Isolate 
immunoglobulins from antisera obtained from horoco 
hyperlmmunlsed against dlphthurla and tetanus. The antisera wore 
initially digested with pepsin and precipitated with ammonium 
sulphate as described in the previous paragraph. The 
ion-exchange purification of horoe immunoglobulins was compared 
qualitatively and quantitatively with the opoclflo purification 
of diphtheria and tetanus immunoglobulins using affinity 
chromatography.

Previous workers have uoed DEAE-Sephadex to fracdonate 
immunoglobulins from sera. A batch method for the preparation of 
immunoglobulins from undialyaed normal human serum unin/; 
DEAB-Sophadex A-50 has been deacribed by Baumetark et a]., 
(1964). They mixed serum with DBAE-Sephadex and washed the 
serum -gel with phoaphate buffer pH 6,5. The immunoglobulins w-jre 
recovered in the ;lltrato and other -.'turn protein components 
were bound to the gel and only with an increase in the
ionic strength of the influent buffer. They reported that 
optimal separation of Immunoglobulins occurred at a pH of 
approximately 6,3.

Perper ô. _al., (1967) modified the method, described abovo, for 
the purification of gammaglobulins from horse anti-lymphocytic 
scrum. Undlalyoed homo borum wao used and DBAR-Rcphadcx A-50 
was employed ao the anionic exchanger using the batch method. It 
wao found that If the pH or the oamolarlty of tho buffer wan 
varied, other scrum proteins were washed through tho gol ari'l 
appeared with the IgQ fraction. The ecph.tdcx wan cnulUbr.iteil 
with 0,01 M phosphate bufer pit 6,fi. The final prrparatlon wan 
oloctrophorctioally pure and utructurally unalteriid an tihown by 
in. vivo studied, and ,mmunoolpotrophorntl'> annlynin.



Einstein at al ’v6G) adap ;d the method of Baumotark et
al.,(!9t4) to .’i-u,. "5 lmmunoglobulln!i from human ocra. The sera 
wore pipetted onto DKAZ'-Rcphadox A- bO packed in columns and 
eluted with phosphate buffer pH 7,0. After chromatographic 
treatment, the eluatos uure uocayed by electrophorcsia, double 
aiffuoion and immunoeleotroph-ircalB. Only immunoRlobuline weic 
found to be present.

.2 AFFINITY CHROMAIOORAPmT

The separation of certain ,irotelns by affinity chromatography '.r 
dependent on the tiiolofilcal opecifioity of a proteln-1ifiand 
Interaoti m. The llfianil lo irroverolbly houml to a supporting 
matrix viid will, thaoretica) ly, retain epeoi’ ■ • protalno from a 
heterofien'jouo mlxturo. Ihenn proteins nunt twn bo clutod tiy 
dissociation of the protsln-lljsami internotion. th>! principle uf 

chromatography can be applied to the anp.iration of 
antibodloo from other oerum proteine tiecauoc of the 

‘j -:ity of antlRen-antibody interaotions (Cuatrccaoau ami 
1 971 j Wilchck SJ.a?.., I'.()*).

loafflnlty mat:
diphthc

toxoidn
immit"oadeorhnntn f< of antibc

diphthi

Hly purified by ammonium rmlpht
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The first method that van Investigated Involved coupling the 
purified toxoids to a matrix called All-Sepharose 4B. 
AH-Sepharose 40 contains 5-carbon spacer arms and free ammo 
groups. AH-6cpharoee tB oaf tie activated with glutaraldehyde to 
give a stable Intermed.ate derivative. After the removal of 
excess glutaraldehyde this derivative covalently binds proteins 
to give Inmunoadeorbenta with a 1 3-atom long spacing arm between 
the Sepharose and the protein (Cam' wo et al ■, 1 975). Camblaeo
et al. ,<1975) bound human IgQ, \ and serum albumin to
AH-Sepharouv 4B glutaraldehyde dervlatlves and isolated spaolflo 
antibodies against each from rabbit antisera. Van Vessel et 
a^., (19!i2) purified polio virus with Immobilised antibotUca 
coupled to the glutaraldehyde activated derivative of 
AH-Scpharose 4B using the method described by Cambiaao. Thin 
Immunisation was applied to the preparation of immunoadsorbents 
using diphtheria toxoid and tetanus toxoid.

CNBr-Sepharose 40 was the sccond matrix that was used to prepare 
suitable affinity golg for purifying specific horse antibodies, 
the method reported by Pharmacia, Sweden for the coupling of 
protein ligands to CNBr-Sepharose -IB was used to couple
diphtheria and tetanus toxoids to the gel. These 
Immunoadsorbents were used for the specific Isolation of equine 
diphtheria and tetanus antibodies from pepsin treated and 
ammonium sulphate precipitated antisera.

Proteins are spontaneously coupled to CNBr-8opharoEio 40 via 
primary amino Groups to form a chemically stable matrix (Axen nt 
3,1., (1967), The activation of a/sarose by cyanogen bromide h.m 
been dnoorlbed by March et._al.,(1974). Agarcne io p commonly 
uaod matrix for affinity chromaVograrliy bneaimn of i in relative 
Dtabillty, biological inertneon end rnrrrxluctbility of the 
coupling capacity of activated enln.



The matrix In coimmj'olally available In an activates form. The 
coupling of protein ligands to CNBr-Sepharoos 4B has boon uucd 
by several authors for the immunoour1'loatlon of opeoifio equine
antibodies (Sidorova Bt al.,1975; Cunyca 1977; Buchowlcz et
g_l., 1586>• Sheppard at al., (ISB7) purified tetanus toxin using
an affinity gel derived from polyclonal equine antitoxin coupled
to CNBr-Sopharoae 4B, Hughes et al.,{1974) Isolated tetanus
toxoid from polymerised horse antitoxin immunoadsorbcnt columns. 
All authors reported that their final product was purer vith 
respect to contaminating proteins and vaa biologically 
unaltered.

The third chromatographic gel that vas used In this 
Investigation was a derivative of poroue sllioa beads. Sphoroell 
silica beads have negative charges In their surface due to the 
aoldio character of the sllanol function present. DRAB doxtran 
will bind to thoBe cnargos to give a positive chargc to the 
porous silica beads. These cationic eilioa beads bind proteins 
at a pH whore the protelne are negatively charged. Hits layer of 
protein ie fixed by ionic Interaction with the Opheronll 
cationic Internal surface and lo then crcaa Itnkod with 
glutaralodhyde. Thin provides a stable protein layer without 
affiictinp, the immunolofiloal properties of the molecule (Tayot pt 
al.,l976). Tho diifaront typos of Sphcrooll available have 
varying phyeical nropertino, Tho idi-al fiphorcoil with tho 
targont poro oIbc ig the X00009 type with a pore size of 300 nm. 
The pore illiunetoi' allows free accoos to protein inyaro. Thin 
type of Rphorosil wan unuil tn prepare immunoadnorbimtu untng tlm 
method dtiscrihed by Tardy Pt_a„l., (1978) for tho preparation of 
tcitanun toxoid immunoadsorbentn and the method wan adapted to 
prepare a diphtheria toxoid imnunondnorbcnt.

Tartly ot al., (197P) rcportnd that they purified popnin dlRMlm 
immunonlohullnn r,lined In honvn Imnunlnnd with Irt.vnMn toxoli! 
unln/; the nbovEimvntluni'il ai'flnlty matrix.



they purified both equine votanuo antlgera by a factor of 1,5 
ui ih 14* activity yield and pepoln dlgootod equine tetanus 
antlocra by a factor of 2,9 with 43* activity yield, the gel had 
a tetanus toxoid capacity of 4 200 I,f/g gel. They reported that 
the Spheres!2 must have an average pore elze of at leant 125 nm 
to fix tetanus toxoids In large amounts, The molecular weight of 
tetanus toxoid ie 150 000 (Bimini 1984) and that of diphtheria 
toxoid Is 62 000 (Papponholmer 1977).

Tayot et _al. 1 9B0a, 1 981> dooumcntod the name tcohnlqueo for
the attachment of the ganglloelde Qm| to this Sphered :1 
derivative and Ito application to cholera toxin purification. 
Bolyveld (198!) reported the Isolation of pure antibodies by 
Imntunoaffinlly chromatography on Spheroail derivatives.

/
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P., MATERIALS AND METHODS

2.1 MATERIALS

2.1.1 CHEMICALS

The following is a general list of chemicals used in the 
experiments.

Diethyl amino ethyl Sephadex A-50, (DEAE Bephadex):
Cyanogen bromide activated Sepharoae 4B, (CNBr-Sepharose 4B)i 
Diethyl amino ethyl dextran, (DEAB-dextran)I 
Amino-hexyl Sepharoae 4B, (AH-Sepharoae 4B).

The above were obtained from Pharmacia Fine Chemicals, Uppsala, 
Sweden.

Spherosil X0C005 obtained from Rhone Poulenc Chimie Fine,
Paris, France.

Paragon Electrophoresis Kit from Beckman Instruments.
Biuret Reagent from Laboratory Reagents and Diagnostics,

Protein Standards from Boehringer Mannheim.
Ponceau S from Merck.
Mini-trol ES level I Chemistry Control from A.nerioal Dade. 
Qlutaraldehyde from Merck.
Agarose from B.D.H.
Olyclne from B.D.H.

All other chemicals mentioned in the text were obtained from
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.1.2 BIOMOICMiS

Purified diphtheria toxoid (20 800 Lf/oJ: protein content 61 
mg/ml) and purl/led tetanus toxoid (14 400 Lf/ml; protein 
content 46 mg/ml) were supplied by the Serum and Vaccine 
Department, South African Institute tor Medical Research.

Equine antidiphtheria and antitetanus plasma were supplied by 
the Serum and Vaccine Department, S.A.I.M.S.

Standard diphtheria flocculating antitoxin, a freeze dried 
powder reconstituted In 50 ml sterile saline (56 u/ml) uas 
obtained from W.H.O. Copenhagen. It was used to standardise the 
flocculating diphtheria toxin, F.T.17.

Flocculating diphtheria toxin, 7-$.)7 (2) Lf/ml) was supplied by 
the Serum and Vaccine Department, S.A.I.H.R. It was used to 
standardise the flocculating diphtheria antitoxin, D.10, and to 
flocculate antitoxin samples.

Standard equine diphtheria flocculating antitoxin, D.10,
(4 000 units/ml) was supplied by the Serum and Vaccine

Standard dlphthei diluted

dlphtht
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Standard diphtheria toxin wae i .-plied by the Serum and Vaccine 
Department, S.A.I.M.R. :t vae tested against W.H.O, standard 
antitoxin Ir/I0a dilutions to determine the antitoxin equivalent

Standard tetanus flocculating antitoxin was supplied by W.H.O. 
Copenhagen. It was used to standardise the flocculating tetanus 
toxin, A.I.

Flocculating tetanus toxin A.1, 42 Lf/rnl. was supplied by the 
Serum and Vaccine Department, S.A.I.K.S. It was used to
standardise the flocculating tetanus antitoxin, T.34, and to
flocculate the antitoxin samples.

Standard equine tetanus flocculating antitoxin, T34, (I 500
units/ml) was supplied by the Serum and Vaccine Department, 
S.A.l.M.R, It was used to flocculate tetanus toxoid samples.

2.1.3 ANIMALS

Female Duncan Hartley guinea pigs, approximately 1,0 kg in 
weight. The experiment were cleared on the 24.li.19B7 by the
Animal rcthics Control Committee of the University of the
Witwatersrand, clearance no. 87/180.



2.2 METHODS

2.2.1 ION BXOHANUB CHROHAHOORaPHY

DEAB-Sephadex A-50 was preewollen in dlstillad water and 
equilibrated vith 0,01 M phosphate buffer pH 6,8 containing 
0,035 M sodium chloride. Pepsin digested and ammonium sulphate 
precipitated equine antisera from horses immunised with tetanus 
toxoid or diphtheria toxoid was dialysed against distilled water 
for three days. These antisera were mixed with 5* v/v of 0,01 M 
phosphate buffer pH 6,8. Tne Sephadex was added to the buffered 
antisera and stirred mechanically for two hours. The entire 
procedure was conducted at room temperature. The supernatant was 
filtered under suction through Whatmans Grade 115 filter paper 
on a Buchner funnel. The filtrate was retained and the Sephadex 
was stirred with a further 1 litre of 0.01 M phosphate buffer/kg 
Sephadex for 90 minutes, Christiansen P.A and Andersen C.O. 
(unpublished). The filtration was repeated and the combined 
filtrates were concentrated by evaporation. The filtrate was

was added to the antieera as a preservative. The Sephadex was 
regenerated for further use by washing the gel with 1 litre of 
2M sodium chloride/kg Sephadex for 90 minutes and filtering the 
supernatant. This procedure wae repeated. The Sephadex was then 
washed four times with 1 litre of distilled water/kg Sephadex. 
The Sephadex was re-equillbrated with 0,01 M phosphate buffer pH

(Pharmacia
1),035 M sodium chlorid 

1970). The Sephadex

I
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2.2.2 AFFINITY CIIROKATOOHAPIIY

2.2.2.! OYANOtiKN BROMIDE ACTIVATED SEPHAROSE 4B

A known amount (5-10 g) of CNBr-Seph&roae 45 was preewollBn in I 
M hydroohlorlo acid, and the gel equilibrated with the coupling 
buffer which was a 0,1 M borate buffer pH 8,3 containing 0,5 M 
sodium chloride. A solution of the protein ligand, diphtheria 
toxoid or tetanus toxoid, was diluted with the coupling buffer 
so as to contain 4,3-10 mg proteln/ml. The gel was added to the 
protein ligand solution and left for ' hours in a shaking water 
bath at 20°C. To optimise the method to be used, some samples 
were left at 4°C for 16 hours and the coupling results were 
compared. The gel was then transferred to 0,2 M glycine solution 
pH 8 and left in the shaking water bath for 2 hours at 20°C. 
The gel was repeatedly washed with the coupling buffer foil-wed 
by 0,1 M acetate buffer p!l 5,5 containing 0,5 M sodium chloride 
until protein was absent from the washings, (Pharmacia Handbook, 
1979). All washings were retained. The gel was either packed 
into a column, 15 mm In diameter x 250 mm in length, or left on 
a sintered glass filter for batch processing.

Pepsin treated and ammonium sulphate precipitated equine 
antisera, (Pope I939ai Pope 1939b; Pope and Slovens 1951), were 
diluted 1 In 5 with coupling buffer end added to the gel in a 
flask for batch processing or applied undiluted to the column 
and witched through the column with coupling buffer. The gel was 
left overnight at room temperature. Unadnorbed antieera was 
washed out of the column with coupling buffer and the protein 
content of the eluent was monitored with a Oiloon U.v. detector, 
When all the unudsorbed protein was removed, 2 ml 0,2 M glycine 
buffer (adjusted to pH 2,8 with hydroohlorlo acid) per gram gel 
was washed through the column for 15 minutes to elute diphtheria 
antibod!ee.



•i

For tetanus immunopurlfioatlon the elution step use carried out 
using 0,1 M hydrochlorlo sold (Tajot et al.. 1980b). The eluted

Immediately neutralised with 0,1 M borate bul'fer pH 8,3. For the 
batch method, unadsorbed protein was washed out of the gel by 
washing the gel on a sintered glass filter funnel under vacuum 
with a total of to ml coupling buffer per gram of gel. The 
protein content of successive washes was determined by the 
Biuret method to find the volume of buffer required to remove 
all unadsorbed protein. The gel was then washed for ten minutes 
with 2 ml 0,2 M glycine buffer, pH 2,5, per gram of gel to elute 
diphtheria antitoxin or 2ml 0,1 M hydrochloric aoid per gram of 
gel to elute tetanus antitoxin. The supernatant was removed 
under suction through the pintered glass filter. The eluted 
protein was neutralised with 0,1 M borate buffer pH 9.3.

The gels In the column and in the batohee wore re-equllibrated 
with the coupling buffer before repeating the purification of 
more antisera. The eluted protein solutions were evaporated down 
approximately 28 * of their original volume and dlalyeed against 
distilled water for 24 hours at 4°C. A comparison was made 
between column chromatography and batch chromatography for the 
purification of diphtheria and tetanus antitoxins on diphtheria 
toxoid immunoadeorbente and tetanus toxoid i'tmunoadoorbente 
respectively, using CNBr-Sepharoso 4B as the adsorbent.

2.2.2.2 An-SEPHAUOSB -IB

A known amount (5-10 g) of All-ficpharose 4D was swollen and 
washed on a sintered glass filter with 0,5 M sodium chloride 
solution. The sol wan then washed with 0,1 M carbonate buffer pH

length. A 0,5 * solution rf glutaralduhydc in 0,1 M carbonate 
buffer w.tn applied to the col non and the mixture loft at room 
temperature for PO mtnutcn.
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Thu glutaraldohyde solution was washed out with buffer (Camblaoo
st al.,1975). * protein ligand solution of diphtheria or tetanus
toxoid was prepared which contained 10 mg protein/ml gel. The 
protein ligand was added to the activated gel and left at room
temperature for 15 minutes. After the Incubation period, the gel
was washed with buffer to remove unwanted protein. The coupling
proceduic was repeated. The protein coupling period was
increased and the protein concentration varied to determine the 
optimal amount of protein coupled per ml of gel. The protein 
content of all washings was determined by the Biuret method and 
subtracted from the amount ot protein applied In order to obtain 
the amount of protein coupled to the gel. The amount of 
diphtheria and tetanus toxoid coupled to the gel was compared 
with that coupled to CNBr-Bophoroso 4B and the Spheroeil 
derivative.

The coupling capacity of the gel for diphtheria toxoid was lower 
than that of the other two gels. The amount of tetanus toxoid 
coupled to the gel was ncgligable. For this reason, AII-8npharose 
4B was not used to purify equine antibodies.

2.8.2.3 DBAS DBXTRAH DERIVATIVE OF SBPnBROSIL SILICA BEADS

Spherosil X0C005 silica beads wore Impregnated with DBAF.-Doxtran 
by soaking 8,0 g of Spheroeil XOC003 In 50 ml of 7,5 * 
DEAB-Dextran-’ In 0,01 M phosphate buffer pH 6,8 for at leant 12 
houre. The gel was packed into a glass column 15 mm In diameter 
x 250 mm in length, or left on a sintered glass funnel for batch 
processing. Excess DRAB-Dextran was washed off with 200 ml of 
0,01 M phosphate buffer pH 6,8. The protein ligand, diphtheria 
or tetanus toxoid, was diluted with 0,01 M carbonate buffer pH
8.3 to contain 5-10 mg protein/ml, applied to the gel and left 
overnight at room temperature,
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Unaiiooi'bed toxoid was vaehed out with 0,01 M carbonate buffer pH 
8,3. Adsorbed protein was orooslinkad vitli 0,5 < glutaraldehyde 
in isrbonate buffer pH 8,3 whioh uaa oirculatad for 15 minutes. 
The glutaraldohyde solution was washed out and the gel rinsed 
with 0,2 M glyoine buffer pH B,2 (adjusted with 1M sodium 
hydroxide), followed by 0,05 M sodium oltrate buffer pH 3,5 and 
re-equilibrated with 0,2 M glyoine pH 0,2 (Tardy et al.,1978: 
Taiyot ,!950).

Pepsin treated and ammonium sulphate precipitated squlne 
ant'.sera wore applied to the gel In 0,01 M carbonate buffer pH
8,3 and left overnight. Unadsorbed protein was washed out using 
0,05 M sodl'im citrate and a decreasing pH gradient of 5,5 to 
3,5. Adsorbed diphtheria antibodies were eluted with 0,2 M 
glyoine-HCl buffer pH 2,8. Adsorbed tetanus antibodies wore 
eluted with 0,1 M hydrochloric acid. The eluents were 
neutralised with 0,1 M carbonate buffer pH 8,3.

The gel vas re-eouilibrated with 0,01 M carbonate buffer pH 8,3 
before the process of antlsera pu-ifioation was repeated. Blutert 
samplee were evaporated down approximately 80 « of their 
original volume and dlalyeed overnight In distilled water at 
400, A comparison was made between column and batch 
chromatography for the purification of diphtheria and tetanus 
antitoxins.

2.2.3 FLOCCULATION TESTS

The potency of diphtheria toxoidn and tetanus toxoidu in 
exprotmud aa th. amount of inUinmlioniil flucoulaUcm unitu pi>r 
ml, abbreviated an Lf/ml.
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The diphtheria toxoid samples wore tested against an equine 
antlsrriun, batch number D.10, which had a potency of 4 000 
unlts/ml. A constant volume of the toxoid was added to !,0 ml 
eiline to whloh was added inoreasing volumes of the standard 
antiserum, 0.10, The tetanus toxoid samples vere tested as 
deucrlbed above against an equine antiserum, batch number 1.54, 
which had a potanoy of 1 500 unlts/ral. The tut ; were incubated 
in a ohaking water bath at 37°C. At interv a the tubes wore 
Illuminated by a direot light source and observed through a 10x 
magnifioation lens. The order In whloh the tubes floooulate wag 
recorded, The mixture that flocculated first was that which 
contained the most nearly equivalent quantities of toxoid and 
antitoxin (British F'narmacopela, 1980),

The potency of diphtheria and tetanus antitoxins expressed as 
International Antitoxin Unito/ml (JAU/ml or unlts/ml). The 
diphtheria antitoxin samples were tested against the diphtheria 
fioooulatlng toxin, batoh number P.1.17, which had a potency of 
21 tf/ml. Increasing voliuneo of tho antitoxin were added to 1,0 
ml of P,$,17 and the tubes vnrs incubated In a shaking water 
bath at 57°C, The first tubes to floooulate were recorded ao 
described in the previous paragraph, Hie tr-M>i*is antitoxin 
aompips vere tnctod, as described for dlphtherii. .mtitoxin, but 
uoing tho tctanuo flocculating toxin, batch number A.l, whioh 
has a potency of 42 Lf/ml. The mixture that flocculated first 
was that which contained tho most nearly equivalent quantities 
of toxin and antitoxin (British Pharmacopeia, iflfiO). The results 
from tho floooulntlon tests were expressed ao in.v.Urp titre, in
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2.2.4 BIOLOGICAL ASSAY OP DIPHTHERIA ANTITOXIN

The neutralising i.apaclt.v of diphtheria antitoxin was determined 
in vivo by comparing the dose necessary to protect guinea plgn 
against tie erythrogenio effects of a fixed dose of diphtheria 
toxin with the quantity of the standard preparation of antitoxin 
necessary to glv* the same protection (British Pharmacopeia,

The tltre of antitoxin samples was determined by fl" -rulatiri: 
tests. The samples were then diluted with eti-rlle nnllnc I,., 
contain 2 unlte/ml. A series of dilutions wore mul" un'ng 0,1 ml 
of the antitoxin at 2 units/ml and Increanlng volumes of oallno 
ranging from 1/6 to 1/U. To eaoh antitoi.in dilution was added 
an equal volume of the Lr/180 standard toxoi done. A control wan 
set up using equal volumes of Lr/100 stand r.l toxin done and iho 
V.R.O. standard antitoxin (0,2 units/ml), v-'maln Duncan Hartley 
guinea pigs wore shaved on their flanks. Oiio fiiinca pig was mind 
for two samples of antlsera. Eaoh sample r'qu rod five Injootli'n 
sites on one flank of the guinea pig. One c r r>1 Injection site
was run for each guinea pig. For earn m'utiim, 0,1 ml wir
Injected Intraderrnally. The injootcd .1' .f Hip oontr"' 
antitoxin oontained 0,01 units. The gnlnr'.i i ■ were housed I-

guinea pigs were used altogether, Th" guv • i i vmre nhenk. 
every 21 ho ;rs after they has been uui-ct i ■ An. v in hourn th 
guinea plgo w: u "xaroli.eti and the in.iiv-tli u m • f-mparcd vil li 
those of the control. The potency of Uv 1,1 ■ :i -ulculali I
f-om the omalleet antitoxin dihn, t ' r • a poul tlvr
orythomatouii reaction, a nmall, ch.-.r .. irrt. ' v- . . ronniinn. At 
this site, the injected dose wan i. ;,'n to ennr ■ n,m uni in /.f 
antitoxin, and after accounting -v tin dtlu1 n, ihu r-nultn 
were -.xprefiirod no the in_yjyq tin n uni l.-Vw?.
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The Lr/100 dooo vtis the nmallest quantity if the toxin which
when mixed with 0,01 units of antitoxin and Injected 
intrad"rmally Into guinea plga eauoad a email rcnotlon at the 
site of Injeotion (British Pharmacopeia, 1980).

2.2.5 PnOlBIS DBIBBMIMMIONS

The total protein conoentration of oanplce waa determined by the 
Biuret method (Peters et ill., 1978). The optical denoUlee were 
read on a Pya Vnioaa Spgotrophobomotor at 540 nm agalnat a 
reagent olank solution. The total protein concentration was
found by multiplying by the converalon factor from a standard 
protein sample read under the oame conditions. Ttie protein 
standards obtain̂  : from noehringer Mannhuin wore diluted before
use to contain 4, 6 and 8 rag proteln/ml.

The protein nitrogen content of the samples waa estimated from
ihe total protein content uolnfi the assumption that the avsrage 
nitrogen content of protein la 16 % (Scientific Tables 1962).

The protein content In the column wachos and eluents wan
monitored using a Gilson V,V. detector.

2.2.6 BLBCrnOVHORBBIS

All eleotrophorenls expcrlmonts were nnrformeil using a Oclmnn 
mlorooloctrophoi'iuls chamber with a Voltmit nt.iblliond 1)0 power 
supply and uulnp, nnokman’n Paragon Protein Rloctrophoresls Kit.
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The stutiplee were applied to tho agarooe gel, supplied in the
kit, through template eloto. All samples were Initially dilutes 
with saline to contain 0,8 mg protein nitrogen/ nl. me sampled 
wore allovEfl to tilituso Into the gel and then dleotrophorcscd 
for 25 minutes at 100 volts with 0,075 M barbital buffer pH 8,5
in the eleotroplioresio chambers. Upon completion of
oleotrophoreeiB the gal vaa removed from the Blootrophorcslo 
ohajnber and placed In a solution of 3 volumes methanol i 2 
volumes glacial aoetic acid for 5 mlnutoo. The gel wag dried at 
90°0 in an oven for approximately 20 mlimoo or until the rc!
was dry- The protein : stained with faragon Blue Protein
Stain. The gel was th< waalied in 5 # glaoial aeetio aoid until

2.2.7 IMMUNODIFFUSION

A I s6 agarode aolutian in eallnG 'J'lth 0,1 1 oodium azide addci] 
as a bacterlootat, was preparml. The hot acaronn solution waa 
poured onto glacn dUdcB to give a layer nf agarose Z-J mm In 
depth. When act, porspox templates ware placed on tho agarose 
and were used to punch out holes in the agarose grl
approximately 6-7 mm apart. Samplao wore plaecd in the holoo
through the template and air bubbles wore removed with a needle 
The gels wore loft for 48 houro in a humid developing chamber at 
room temperature, tho tan.5>l!s,ts>B vere rcmovea nnd the fiolo wore 
waohod with saline. The c«i waa placed in the oven at 90°C for
approximately 30 minuten or until the gel had dried. The
Immunodiffusion lined were ntatnod by plaolnfi the fnln In P.? » 
Ponoeau fi, 3,5 < trichloroncotio acid for 10 mlimtrn. Dackfiroiin-I 
nttinin.i woo removed by I'lncinr tlto glaoo alidon in 5 * aeiHio
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RESULTS

IOK-BXCHXHQB CimOHATOGRAPHT

The ion-exchange purification was studied uring the batch 
method. Table 1 shows the results obtained from purifying six 
batches of diphtheria antisera, This method gave a mean recovery 
of 91,1 * ± 9,56 with respect '-o the quantity of diphtheria 
antibodies measured by in vivo analysis. The mean purification 
factor was I,55 + 0,06 oaloulated from the specific activity of 
the antitoxin. The specific activity Is utpmheria
antibody unite/mg protein nitrogen.

Table 2 shows the results from purifying six hatches of tetanus 
antisera. Tula method gave a mean recovery of tetanus antibodies 
of 62,0 % t 6,92 as measured by in vitro flocculation tests. The 
mean purification factor was 1,31 + 0,.2. between each
purification the Sephadex Ion exchanger war -generated. In this 
study the efficiency of the Sephadex for purifying the antisera 
did not drop with repeated use. Twelve batches of antisera were 
purified with the same batch of ion exchanger.

Where the antibody tltre results in all the tables are expressed 
as in vivo (i.e. eeroneutralisation tests), r 'n vi tro results 
gave the correspnding titrea. Where tho rcnults arc expressed as 
in vitro only flocculation tests were performed on those 
samples.
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OPTIMAL CONDITIONS POR THE PREPARATION AND USE OF
IMMUNOADSORBANTS

3.2.) STABILITY OF PURIFIED TOXOIDS AND EQUINE ANTISERA

Tne stability of diphtheria and tetanus toxoids and antisera at
various pil levels was tested. Their stability was measured in
the buffers and solutions that were used in the immunoadsorbent
columns. Pepsin digested equine antisera and purified toxoids 
were tested by flocculation assays after 1 and ,?A hours at ronm 
temperature in each buffer. The antisera and toxoids were found 
to be stable in saline, 0.1 M borate buffer pH 8,3, 0,1 M
carbonate buffer pH 8 and 0,5 # glutaraldehyde solution in
carbonate buffer after 24 hours. Tetanus antisera and tetanus
and diphtheria toxoids were stable in 0,2 M glycine/HCl pH 2,8 
for 24 hours. Diphtheria antisera w"re stable in n,P M
glycine/HCl pH 2,8 for 1 hour but denatured after 24 hours. One 
hour exceeds the maximum elution time during which the antisera 
am exposed to 0,1 M HOI, Tetanus antisera were stable in 0,1 M
1101 after 1 hour. After 24 hours the tetanus antisera were
partially denatured. One hour exceeds the time required to elute 
the tetanus antibodies.

5.2.2 THE COUPLING OF PROTEIN LIOANDS TO THE CHROMATOGRAPHY 
MATRICES

The coupling of protein ligands to ONDr- Rnphaioae 41) is shown in 
Table 3. The diphtheria toxoid wnn diluted with borate buffer pi!
8,3 to contain 4,3, 5,0 and 10 ,0 mg protein/ml gnl. It wan 
assumed that 1 g of dry gel nwelln to 3,5 ml (Fharmnoia. 1979). 
From the results shown In Table 3 the immunoailsorbent oolumns 
were pr pared using a protein ligand concentration of
approximately 9 mg prnteln/ml gel.
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All subsequent CNBr-Sepharose 4B Immunoadsorber.ts vere prepared 
at room temperature using a coupling time of 2 hours for the 
protein ligand end a blocking time of 2 hours with 0,2 H glycine 
buffer pH 8.

OptleJsatlra of protein lijand coupling to 
CUBr-Sepharosi 43. Diphtheria toxoid vat use! as 
the protein ligand and diluted with 0,1 n borate 
buffer pH

Diphtheria Protein Coupling Coupling Hocking Diphtheria * Toxoid
Tbxold Added mg/b! Tlee Taty rise Texeld Adsorbed

(total) hrs C hrs Adsorbed Lf

The Spheroeil iimnunoadsorbents vert prepared as described by 
lardy et_al.,(1978).
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3.2.3 DBSORPTIOH FRDH IMMUNOADSORBiMTS

h suitable dlesoolatlng agent vas found by monitoring the eluent 
from each column with a U.V, monitor. The fractions collected 
from each peak were analysed by flocculation teste and protein 
determinations. For diphtheria antiesrap 0,2 M glycine buffer
adjusted to pH 2,6 with 1101 was found to be a eultiable
dissociating agent. For tetanus antitoxin 0,1 M HOI wao required 
to dissociate the antitoxin from the toxoid. For all Spheres!! 
imrenunoadoorbente a decreasing pH gradient from pH 5,5-1,5 was
passed through the gel before the eluting buffer. All eluents
were neutralised by collecting them in borate buffer pH a,3.

IMMUHOPUSIFICmOH OF EQUINE ANTISERA

.1 THE COUPLING CAPACITY OF IMMUNOADSORBEHTB

The coupling capacity of eaoh gel for diphtheria toxoid is shown 
in Table 4, The coupling capacity of Alt-Sepharoso IB for 
diphtheria toxoid was approximately 33 * that of CNBr-Sepharooe 
4B and approximately <3 * that of Spherooil X0CQ05 derivative. 
Table 4 also shows the coupling capacity of each gel for 
purified tetanus toxoid. The AH-S?pharose immunoadeoi'bent gelo 
were not used for the purification of antitoxins because of 
their low coupling capacity for the toxoids.
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WBr-Sif̂erosf 4B 12 57S t B8 6 10 671 I
Sphereill X0CC0D5 ID 20) t 1MI 4 10 549 < 1060 2
Ml-kpharm 18 1 500 £ 245 5 0 3

'.3.2 PUBIPICMIOH OF AHIISBRA BY AFUKIII CnilOHAIOanAPllY

Isimunopurlfleatlon vao studied using small scale oolumn and 
batch methods for each gel, In Table 5 the results are shown for 
the purification of diphtheria antisera on CNBR-Qopharose IB 
immu'.iadoorbent using a batch method. This irothod eave a ir.ean 
purification factor of 8,33 * 0,21. Table 6 ohows the results of 
using a column method for purifying diphtheria antisera on 
CHBr-Gupharoaa 40. Thio method gave an average purification 
factor of 2,06 * 0,28, IhM reeults of purifying divHtharia
antioera on the apherosil derivatlvn using a batch nnd a ovlumn 
methods aro shown in Table 7 and 8 respectively. Tha br-f-h 
method gave a mean purification factor of 8,17*0,31, The 
column method gave a mean purification i ;tor of 2,07 _f_ 0,32.
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Before PurlflcaMen After Purification
In vivo Protein Specific In vivo Protein Specific Puriricotlon

Nitrogen Activity litre Nitrogen Activity
ng/sl I.U/eg P.N l.U/ll ig/il l.ll/igP.N

Before Purification After Purification
e Protein Specific In vivo Protein Specific

Nitrogen Activity litre Nitrogen Activity
ir/ol I.U/ng P.N l.U/nl mg/at l.U/ng R.N
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Hie dcgroee of purification obtained from each method employed 
were compared statistically using A.H.O.V.A. Table 9 shows the 
mean purification factors + 8.D. for each method. The degree of 
purification obtained by affinity chromatography was found to be 
significantly different from that obtained by ion exchange 
chromatography. There was no significant difference between the 
purification obtained for each method of affinity 
chromatography. These results nri: illustrated graphically in

TABLE 9 Tha purification factors obtained for diphtheria antlscra wore 
analysed using an A.N.O.V.A. tost, The results slieim arc tha
to purify diphtheria antlscra,

ir-Sopharose IB (Patch) 
icrosll derivative (batch) 
icrosll derivative (colurm) 
Ir-Scpharoee 40 (colon)

US i net significant at the 5 per cent level 
S i significantly different at the 5 per cent level
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METHOD OF PURIFICATION

Fit. I A umttlSOH OF US KEAN PURIFICATION PACronS <S.D. OOTAIAJV >ltOH 
EACH NETIIOD USED TO PINIIFT DIPHTHERIA AHFWTgS

1. ION OCIIAN6E tilKHATOGRAPIIT
2. CHBr-SEPIMOSE IB - COU1NN OBBIATOCRMIII 
J. IHBr-SffllAIIOSE IB - BATCH CHHONATOSAAPIir
4. SIREROSII- DERIVATIVE - C01.IM CHROHATOORAPIIT
5. SPIIBI08IL DERIVATIVE - BATCH CIROHAtOCRAPirl
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V-

. /
1 .

METHOD OF PUIliritiATION

nc.i  ̂mtmisoN of hie hemi pjRinmiw factors *s.6. obtmhed rttnn
EACH MnlKffl USED MilFY DIPimiERlA OTI00D1BS

I, IW EXOIWCE amOHATOGRiPHY 
Z. CWIr-SEniAROSE 18 - COUJNII ClIROHATOGRM'HV
3. CKCr-SEFSIAHOSB (8 - BATCII aiRWATaCIWHy
4. SPIOOS1L DERIVATIVE • COUSIN CHIOHATOCRAPirf
5. SHIEROSIl MTIVMIVE - DATOl CIMrtATOfiRArilY

fl
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When conalderlng the !< fereneo between the speciflo 
activity of Vc antlsora before purlfloatloii and after 
purification, the lo.i exchange method wao found to give a 
elgnlfl. antly lover difference than the affinity
chromatography methods, i.'hooe dlfforonoeo In specif lo
aotivitv wore analysed by A.H.O.V.A, and the results are

s In the Specific activity at 
,ci» (or entit Mthod of pvrirtmtlon 

v=,e no itlntiralll using an t.N.O.V.A. teat,
epecldc estlvlty e( diphtheria antisera be(ore and 
after ptrl/lMtlon, and tile aenn Increases In specific 
activity.

Wm-S.DI

iwpr depssrese IB (Satrhi 
tpiirrwll derivative tnohiMil 
Ifherosll derivative (batch) 
HBr•Srphftrncr 4C (rolnsnl 
1'EHt'Sephartex

i specific activity
I slprlflranilf different at the 5 |»r cent level 
i not olgniricantty different at tl,



The V.H.O. stipulates that the antisera for human 
therapeutic use must have a potency of 4 000 u/sO and a 
maximum total protein content of 16,8 *, This means that 
the final product must have a minimum specific activity of 
148,8 units/mg protein nitrogen.

The results of purifying tetanus antisera using
RNBr-Sepharose 4B and tetanus toxoid as the immunoadsorbent 
are shown in Tallies 11 and 12. The batch method, Table 11, 
gave a ourifloation factor of 1,01 + 0,03. the column
method. Table 12, gave a purification factor of 1,55 +
0,14. Ths Spharosil i-at'/e immunoadsorbent was more 
successful for purifying tutamis anf.lsera. Tho batch
method. Table 13, gave a mean purification factor of 1,84 +
0,11 whereas the column method, shown in Table M , gave a
mean purification factor of 2,75 + 0,13.

TABLE 11 Hie purifies Lion or pepsin digested equine tetanus anLlsere 
using CUBr-Sepharnse IB. » bitch «ethoi.

Before Purl rication After Purification
In vitro Protein Specific In vitro Protein Specific Purification
tlSre MirogHi MlvJt; Mire Hi trcgen Activity Paetor
l.u/il »6/al I.u/N P.H l.U/nl ig/il l.U/«|P.H



using CHBr-SejihartMe 10. A culm mthM.

Brfore (Mrlfl'-iitloii Alter Pur
In vitro Prot**ln Speelfle In vitro
litre nitrogen Actlvltj litre

Specific Purification
Nltrog-n Activity 
ng/nl I.U/og\

TtiLE 13 Tli- puriflr-itlon of pepsin digested equine tetanus antisera
using a OEAE-Dextran derivative of Sphrrosit silica beads. A batch method.

Before Purification After Purification
In vitro Protein Specific In vitro Protein Specific Purification
litre Nitrogen Activity litre Nitrogen Activity Factor
l.U/el mil'll l.UfagP.N I.U/al mg/ml I.U/mg P.N
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1110 pjrltlcatlon or pepsin digested equine te

The degree of purification of tetanus antieera was analysed 
statistically using A.N.o.v.A. Each method of purification 
employed gave significantly different purification factors 
from other methods. The results are shown in Table 15.

» statmicsl mails is 
for tetanus antisera, 
of variance.

Spherosll derivative (ealuan) 
Spherosll derivative (batch) 
CHBr-Soplmrese « (colian) 
ECto-SephadeK 
CtiBr-Septiarese 13 (fcatdi)
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The mean purification factors are Illustrated In a bar graph In 
Fig.2. Table 16 shows the mean differences between the initial 
specific activity of tetanus antisera and the purified specific 
activity of the antisera. The Spherosll derivative gave a 
significantly higher increase In purification when compared with 
the other methods by A.H.O.v.A. However each method gave, 
statistically, significantly different increases In the mean 
specific activity of the antieera. The average specific 
activities of the antieera before and after each method of 
protein purification are shown in Table 16.

TABLE 16 Till aean Increase! In the specific activity of tetanus antieera 
far each Mthol at purification van compared statistically using
specific activity of tetanus entlsam before and after purification, 
and the mean increases in specific activity.

Spherosll derivative Icolimn) 
Spherosll derivative (batch) 
CUBr-Sephareac IB (column) 
DttE-Sephade* 
fNBR-Sepharese n (batch)

S.A i specific activity 
S i significantly different at the 5 * level



METHOD OF PUnflCMIU

f (WIPARISO:. OF TUB H?AN PURIFICATION FACTORS ♦ S.D. OBTAINED FFfflfl EACH HERiDD USED TO PUfllFT 
TETANUS ANTIBODIES

1. ION OCAIINCe EUBOIAIOOnAPllY
2. CNBr-SEPIIAROSe 111 - COUIHI CIIIKWATOORAFHT 
I, CNBr-SSPIIAROSE IB - BATCH alltOHA’TOGRAPIIt
A. IPIIBlOSIt OEaiVATIVB - COLUNN aiBOHATOCIlAPIff 
I. SPHeWBIL OBUWINS • BATCH aMNKCRH-itl



BLBCTItOPHOBBIIC ANAiYSIS

The chromatographloally purified antisera samples wore compared

pepsin digested equine antisera. All the samples were diluted 
vit’.i saline to oontain approximately 0,B mg P.D/ml. Fig.5 shows 
the standard serum control, Min.-Trol, compared with plasma from 
a hypertmeunleed horse and plasma that has born digested 
enzymatically and fractionated with ammonium oulphate. Fig.4 
shows the electrophoretic pattern obtained from various 
diphtheria antisera eamples. Figs. 5 and 6 show the
electrophoretic patterns obtained from tetanus antisera sampled 
and the standard eerum control.

After pepsin digestion of the horse plasma, the band of
Immunoglobulins Is more concentrated with trace amounte of the 
other serum protein bands present. After ion exchange
purification, a diffuse band of immunoglobulins Is present. The 
traces of albumin and alpha-globulins have disappeared. After 
affinity chromatography of diphtheria antisara the band of 
immunoglobulins is more defined. The electrophoretic pattornu 
were Interpreted by a visual comparison. According to FIrs, 4, 5 
and 6, the patterns indicate that only Immunoglobulins wore 
eluted from the chromatographic gels. A comparison of the 
lmmunoglo>- ■' n bands in Fig. 4 shows that the antioera eluted 
from IS ..Tlnity gels produced a more defined and narrower band 
of lmmun< .iobulins than that eluted from the ion exchange gel.
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The oamples opp) led to the agar owe gcle h-;fl the same protein 
content ouggectlng that the Ion oxcahnge purified antlecra 
contained a more heterogenous mixture of Immunoglubllna tha-. the 
affinity purified antisera. Figs, 5 and 6 indicate that the 
antleera eluted from the Sephadox and CNBr-Scpharoee IB gele 
contained r. more heterogenous mixture of Immunoglohul Ino 
compared with tha antleera eluted from the npheroell derived





Diphllicrla onUma aonplcs clculrufjiiircMd In ixyvrm pel

!. Ilsnrtlammu horvc nlaniB 
a. Pfnin dlgraleil antlaoro 

In pur*
n rotlwre pur 
» luitlorni pur 
n urUfien |»ir 
n MiUnrrii ptr

Mrhlli'rll 
V. Mplitlwrla 
ft. DljilitlurU 
9. HHiihi-i In 
!). Mphthoilri

!-m n«rlnn|;n rlirc.nmlnfmphv 
CNDr- Srpharoftr- 46 cclunn

Ir fippttiironr 48 
S|»ii>rm|l ilfllvnLlvp rnllunn 

Rplirrnnll drrlrat



wuifitM ricclropherrord an nprpac grl

(«nr- Srj'ti.uniip rftliisiti 
i (Mir Si'j'liMw* 4H (Kiti'h) 
SfWOfill gulvattvp r"luirrniUsnrik pm





4

3.5 IWroKODTFiUSlOS

Tho puvli’lc (I aiitlnnr.i urri> 1 nvrn I. IflaLr il by imnundlf funi (m 
dKfilnnt tholr corrcnponrlirtfi loxoltln. Flf-n.? and R botii had 
reaotionu nf lilnntity bcLunr i thn nnltnnra namplnn vhinli nliour. 
the prcnenoc of identical anllbodino in ';Iip raw planma and thn
purified antitoxinn. 
produced nhove that 
nampleo save fnwer 11 
raw planma and the 
indloatlon that the 
ion exchange and affinity sole. It ci 
conclusive proof no the raw plasma may

A comparison of the precipitation linos 
thn chvomatographicniiy purified antinera 
,cn of preeipitation when compared with the 
pepsin dlgonted plasma, This may bn an 
purity of the sampler was improved by the 

'0 oonoidernri an 
oduood multinln

preeipitation line 
from the purified s

3 spur phenomena vhioh wore absent

M
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Double dirfusion of tetinua sntlecra and
Cantrdl wells contain tetanus toxoid. 
Hspcrlemuna horsr plasm 
Pqnin dleestoi anttsera 
I cm Mchnnef puririeil antlaara
CHBr-SqilittrMP '3 limmoftdsorbent 
Sptiarosll iTenmoadsorbeiit



COMPARISON OF H2C0VBBY OP ANTISERA FROM CHROMAIoaRAPHIC KAIRICV.-.’

The recovery o f diphtheria and tetanus antibodies from
chromatography matrices Is  shown In Tables 17 and IS
respectively. The pu rif ica tion  factors to r sack aethod has been 
included in the tables So compare the y ie ld  and the purity 
obtained.

7Mi.fi 17 fiMwery end degree of puriricstlcn of dlphtiierU anLibodles 
from ehrMitogr̂ hy eatricds. The recovery vas determine from 
Vie number or units ef Antibody applied to the gels and the 
nurter eluted. The raeoveries and purification factors ere

CHBr-Sephorosa 49 (column} 
CSBr-Sejiliareio IB (batch) 
Spherall derivative loolian) 
Spheroall ilerlvatlve (batch!

n Recovery Purification 
PerCBntege factor

6 M,101 9,56 I >35*0,06
5 45.90; 9,65 2,064(1,22
5 49,>6t17,a6 8,3>i.O,31
5 51,00; 5,07 a.07;0.58
5 55.20; 3,63 2,19+0,31

sample sin

TABLE 18 Recovery and Icgreo of purification of katanua antibodies 
from ctiroaatojraphy matrices. The recovery vas dnteritneil 
from efFe nwtor ct units i/t Mtlbody allied to the gels and 
the lumber eluted. The recoveries and purification factors

Percentage factor

mE-Spphoae.' A-50 (batch) 6 62,CO;6lJ2
WBr-Seplorose 4B (eelum) 6 51,70*2,49
WSr-Sopliaroso 41 (baton) 5 28,86*6,67
Splnraill derivative (column) 5 45.50)6,69
Spheroall derivative (bitch) 9 59,50*3,!6

: saoplo also



Aftur purifying diphtheria aid tetanus antibodies by 
exchange chromatography, there was a minimal loss of antlbod 
when compared with the loss of antibodies when the antleora 
purified by affinity chromatography methods, ISxolud
DEAB-Sephadox, the highest yield of active diphtheria or teta 
antibodies was obtained after purifying the sntieera with 
Spherosil derivative imnunoadsorbent.

DiecuasioN

Immunopurlfioation ao a technique which could be used on a 
production scale for the purification of equine antleora for 
therapeutic use. The methods of affinity chromatography

The degree of purification was compared using the purifloa.t 
factor (P.P.) obtained for each method calculated from 
difference In epeciflo activity (units/mg P.O.) of antis 
before and after each method of purification. Where 
inraunoaffinlty chromatography resulted In higher P.P. than 
presently used method of Ion exchange chromatography, the P 
was considered to be good. A P.P. equal to or less than l 
from ion exchange purification of the antisera was considered

rose 4B Immunoadoorbent prepared with dlphthnrlr 
significant increase in the final purifloatior 
diphtheria antisera unlng both column and batch



betueei

CNBr-Sepharc

,(19S0) report

In this study, 0,1 M hydrochlorlo acid vas required to
dissociate tetanus antibodies from the tetanus toxoid. The poor 
purification may bo the result of hydrolysis of the tetanus 
toxoid molecules bound to the gel. Tetanus toxoid jas not 
detected in eluate using flocculation assays and double 
diffusion tests. This indicates that the protein ligand may have 
been partially denatured. The batch method gave a particularly 
low purification factor and low yield. The eloctrophorotlc 
pattern showed a narrower band of immunoglobulins when compared

although the samples contained the same p'-oivin contone. Profit 
tho electrophoresis results the antisera van purified, however 
the specific activity of these samples showed little 
purification, and in some samples, no purification. Tho protein 
content was determined using Biuret Reapont. The higher protoin 
content in those apparently "purified" samples may be due to 
tetanus toxoid that has leaked off the gel and has been 
bioloAioally altered by the acid so it cannot be detected by 
reactions that involve precipitation with tho antitoxin. It win 
iiv-tiycr im.-rc2£c the total protein content in the eluate. The 
column method did show improved specific activity when compared 
witii tho ba'ch method. nne 'xplnnatlon could bn the technique 
i'wolved. The columns wore not run dry before thi! elution step,
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In the batch method the buffer unn sucked off the gel, under a 
vacuum, removing any buffering solution before the dissociating 
agent van added. The gel in the hatch method vac more exposed to 
the dieeociating agent than the gel in the column. This may have 
caused greater leakage of the tetanus toxoid from the adeorhcnt 
gel which lowered the specific activity of the eluate. The 
coupling capacity of the gel for antibodies did not drop. The 
percentage recovery of antibody unite was lower than that for 
ther methods of affinity chromatography. The gel did not appear 
to 0" -aturatod by the amount of antisera applied.

The Immunoadeorbents prepared with CNBr-Sopharooo 49 and tetanus 
toxoid do not appear to be suitable for efficient purification 
of tetanus antiocra. For the diphtheria antloera affinity 
purification a leso acid solution was uoed as the eluting 
buffer. This method improved the purification factor and the 
specific activity of diphtheria antisera whnn compared with ion 
exchange chromatography,

Other dieeociating agents (e.g. urea, guanidine hydrochloride, 
chaotropic lone or polarity reducing agents such an dloxano), 
may have been suitable for the desorption of tetanus antibodies. 
These were not employed an the final product is intended for 
human therapeutic use. Thie eliminated the need to test the 
final product for the presence of residual toxic nubotancon 
introduced In the eluting buffer.
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In thin study it was found that using 0,1 M hydroohlorlo acid 
and 0,2 M glyoins/ifOl buffer pll 2,8 as dissociating agents gave 
a good purification factor and a high specific activity of the 
final antitoxin. Double diffusion experiments using the eluate 
against a range of antitoxin concentrations to test for the 
preeonoe of toxlod in the eluate did not produce any lines of 
precipitation. Flocculation teste on the eluate for the presence 
of toxoid were also negative. Those three points support the
vor'c reported by Tardy et al.,(1980) which sta.od that
glui, or aldehyde stabilises the binding of the toxoid to the 
Spherosil and prevents protein ligand leakage from the gel, The 
electrophoretic patterns of the tetanus antitoxins supports the 
indication that Spherosil derivative Immunoadsorbente prepared 
with tetanus toxoid give - purer final product compared with 
those from ion exchange olu ,matogr&phy and CHBr-Drpharose -ID 
Immunoadsorbente. A purer product will contain less protein per 
unit of antibody.

DEMl-doxtran has anion exchange properties. The DEAB-drxtran 
Bpherosil immunoadoorbonto woro washed with a dooreaoing pll 
gradient, before the eluting buffer, to dissociate proteins that 
were bound to the g/>: according to their charge. A purer product 
with respect to unito/mg P.N. vac then eluted.

The results of purifying diphtheria nntloera on Sphcronl 1
derivatives aro comparable with those from CNDr-Sepharoon 171, 
The otatintlnal analysis showed no significant differences
between the mean purification factors obtained from each method. 
The cample siren are however small and greater samples since may 
point to one method giving a c'gnificantly better purification 
factor,
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the immuiiopuriric 
,;roat9r purlftoat

diphtheria antioora all ohc.u 
>n factoro than ion exchange

cd oignifloantly 
ohromatosraphy.

I'ho iniprovr-d . uriflcation wns also supported by the visual 
corapartcon or the olcotrophoretlo patterne obtained from the 
affinity purified aiitltoxinp. For the purp»n« of the theoretical 
ocaling up to industrial scale production, discussed In the next 
chapter, the OMfir-Bophsroes *B batch method will be uoed ns the 
example to compare with ion exchange ohromatography.

When coupling ths toxoid to the gel the protein llBandigol ratio 
vas not found to Influence the amount of toxoid ooupled. A 
protein ligand oonoentratlon of 4,0-10,0 mg/ml was uaori to 
prepare tho imBiMoadsorbohte. By inoreaoing this concentration 
there was a deorease in the amount of the toxoid coupled as a 
percentage of toxrid applied. K protein concentration of t. -5,0 
mg/ml gave an optimal oouplirg cappoity and an average 
adsorption of 76,8* of the toxoid applied. The coupling vae done 
according to the method of Tardy ct_al.,(1978). They reported 
that the binding of the toxoid aleo depended on the average pore 
diameter of the Bpheroell particles and ths smaller particles 
will exclude the toxoid. Diphtheria toxoid has a molecular 
weight of 62 OOO and albumin has a molecular weight of 69 000. 
Tetanus toxoid has a molecular weight of '50 000, Spherooil type 
X00003 was reported to be suitable for binding tetanus toxoid 
and albumin. It was assumed in this study that It would bn 
suitable for diphtheria toxoid which ie comparable In also to 
albumin.
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All-Scpharooo 4D had a low coupling capacity for diphtheria 
toxoid and an undotactable coupling capacity for tetanus toxoid. 
All-Bepharoao 4B may be auitable for purifying small quantities 
of diphtheria antibody in the laboratory. However It van 
impractical for large ocalu uao hccauoe of the quantity of the
gel that would be required to bind sufficient toxoid for 
purifying large volumes of antleera.

To convert diphtherja azd tetanus ioxine to their toxoid form 
they were treated with formaldehyde. Thio reaction reaulta In 
intermoleeular bridges within the toxin. Amino oolda, peptides 
and proteins that are present in the madia are irroveroibiy
linked to the toxin during the toxoidlnfl proceed {Pappanholmor 
19B3)• This lowers the spnotfio diphtheria or .UAnuo antiflnn 
content. Thlo eamo toxol.) was uoed to prepare the co'umna and to 
Jnraunloe the h >1 job, Henoe the equir.e oerum obtained from the 
horsen, hyperirmunloed with this toxoid, oontainn antlbcdloo to
non-spoclflo antlgone other than the toxin- .he ontlonra
Immunopurified will also contain some non-diphthrrin or 
non-tetanuo toxin antibodies that will bind to the ncn-npeoiflc 
antigono on the column.

The neutralio .ng capacity of antleera cannot be determined from 
the floooulntion too to. Ijiĵ fvq as well no in..vitro tea 60 wore 
done on the purified diphtheria antleera. The rceultn 
corrooponilod which showed that the neutralinlng capacity of the 
diphtheria antleera had not been duncroycd by the itnmunoafflni ty 
purlfloation. ileforP the itnnuii' .-urlflod tetanus antleera oan ho 
used theropoutloally, the nsuti t'<oing papaolty for tetnnun 
toxin iroot bo tooted in, yi1 1 ooronoutralinalion tentn In 
mice. SoronautraliotitivB tnutu iH,.iuuro tho truo capacity ftf a 
fiivM preparation to noutralloe the -oxln in vivo.
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The low yield of antibodies from affinity gclo could bo due to g 
combination of two faotorg. Pepoln digested equina ontioara uao
otable In Urn dloaociatlng agcnto for the period of time
required for elution. However the move concentrated products may 
be susceptible to acid denatxiration. There could also be 
inefficient elution of the antibody. The coupling capacity of
the gels for the antibodies did not drop between suooeseivc 
rune, The maximum capacities of these gels doeo not appear to 
have been attained by the amount of antlsora initially applied. 
This Is important for scaling up those columns for industrial 
processes.

SUMMARY AND CONCLUSION

COLUMNS VERSUS CATCHES FOR Ml OB SCALE METHODS

Small scale laboratory procedures are simpler to conduct in 
columns than batchwlse. However with the larger volumes required 
for production, batch processes can often bo simpler to 
manipulate. DEAE-Scphadox A-SO-nnion exohungor changes volume 
during the regeneration stops and therefore is used batchwlse. 
The CNBr-Scpharoso AD and Rphorooil derivative mieorbonts do not 
change volume with changes in ionlo strength or pit so can
readily be used in columns. A change in \ultimo would affnot the 
paokina of the gel and subsequently the flow rate. Column 
methods have certain advantages. The cloned system mnknit 
sterility easier to maintain which is ennontinl fo- a 
therapeutic product, with the use of a pump, the nuttnura can he 
rooiroulatcd to optimise antigen-.antibody binding- A pH gradient 
for ulution from the fiphnrnsll aduorbPiit1: in olmplnr to apply to 
columns whoroae a drop in pH stop'-'.so In ncoonoary for hatch 
methods. In this study both methods : dcoreauing the pH worked 
adequately, A pH gradient wan lire' ; timiiuid using the column 
and than applied au a stepwise drop i to the batrlir-n,
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From the reoulte obtained in this study, the batch methods of
purifying tetanus sntisorh by affinity chromatography gave lover
purification factor* vhen compared with the column methods. 
Column chromatography requires a short and wide column to reduce 
the time required for the elution Jtop, because the eluting
buffer may denature the column components If left in the column 
for too long. A shorter and wider column makes the elution time 
amd flow rate easier to control. When purifying the equine 
diphtheria antlsera, there was no significant difference between 
the pu-J.fioation factors obtained from column methods or batch 
methods. Both column and batch methods are suitable when
considering the degree of purification obtained. This may be 
because the buffers used in diphtheria purification arc less acid 
than those used in totanuc purification and therefore there io 
loos probability of the proteins being denatured during the 
process.

1AH03 S0AX.B PURIFICATION BY CHR0MAI0QRAP11Y METHODS

I rom the above discussion it can be seen that some of ‘he method;: 
studied for purifying antieera by affinity chromatography 
resulted in a bettor purification compared with the method baeefl 
on ion exchange chromatography, However for affinity 
chromatography to ha applied to large scale purification at 
antieera, other factors must be considered. Bach step that hue 
boon optimised in the above study must be scaled up. The cost of 
the material must be considered- For the purpose of this 
discussion the research ntndlnn will bo theoretically scaled up 
to moot the present production requirements in our laboratories.



The oosv of purifying diphtheria antitoxin with CHlir-Sepharooc 4H 
adaorbant and the cost of purifying tetanus antitoxin with DEMI 
doxtran derivative of Spheroell adnorbcnt la compared with Ion 
exchange chromatography of the antiaora. Tables 19 and PO show 
the olze of each column required for diphtheria and tetanus 
purification respectively. The column capacity required it 
determined from the ratio of antitoxin (unite) bound to antigen 
(If) in the column and the number of antitoxin unite to bo 
purified. After pepsin digestion and ammonium sulphate 
purification of the horse plasma, the nvorugo tltro of the 
concentrated plasma was taken to be l 300 u/ml for both 
dip! theria and tetanus antloora.

lifhdwrll anlleera





than that of Sephaiex. Sephadex also has the advantage that it 
oan be used for purifying both diphtheria and tetanus antitoxins 
whereas immunoafflnlty columns are specific for each antitoxin. 
Diphtheria antlsera can be efficiently purified using DEAE 
Sephadex and a batch method. This method gives a high recovery 
of above 90# of diphtheria antibodies. The purification factor 
obtained with this method is sufficient to purify the diphtheria

of affinity

.,7 /

chromatography methods. The disadvantage of this method is that 
the final product has a heterogenous mixture of the diphtheria 
antibodies and the naturally occurring antibodies 1» equine 
plasma. The oost of immuioaffinity methods make them impractical 
to use for the large scale production of equine diphtheria

The horses immunised against diphtheria toxin develop a higher

against tetanus toxin. It would be advantageous to use
immunoaffinity columns for purifying tetanus antlsera- The short 
term oost of preparing an immunoafflnlty column for purifying 
tetanus antlsera would be balanced by the long term cost of 
keeping the horses, immunising and bleeding the horses at 
regular intervale and then not being able to utilise the
antlsera if it does not reach minimum requirements. Hence the 
Spherosll immunoadaorbent prepared with tetanus toxoid has a
potential use. The disadvantages of affinity chromatography are 
the cost and the approximately 50* loss of the tetanur
antibodies. The advantages are the higher purification factor 
and therefore the higher probability that the antlsera will pass 
the W.H.O. requirements, and also the elimination of naturally

nunoglobulins that
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