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ABSTHACT

antisera from horses hyperimmunised against Glosiridium yetani and
Gorynebacteriun diphtherise toxins are purified to reduce the amount
of antigenic horse erecific proteims. The antisera can then be

adninistered to humans as an immunoglobulin preparation for

therapeutic use  against

antipera

for human use mu

tetanua

st comply with

or

diphtneria

infections.

The

the ¥.H.0. requirements

pertaining to
ctudy coupared

units

tvo

per mg total proteln in the final product. This

methods

of

isoltting tetanus

and  diphtherts

antibodies

to

optimise

the

degree of puritication so the final

product had a maximum antidody potency with a minimum total protein
content. For the first method, an anion exchanger. DEAE-Scphadex, wvas
used, Which separaled the berum protein fractions or the basis of
their charge. The immunoglobulln fraction with the smallest overall
negative charge at a pH of 6,5 Lassed through the gel while the other

serus protein Cractions were bound to the anion exchanger. This

resulted

in

a

reterogenous

mixture

of

tetanus or

diphtheria

artibodies with the naturally ocourring equine antivodies. The second
method used two different immunoadsorbent gels, CNBr-Sepharcse 43 and
a derivative of Spherosil, prepared with the relevant toxoiis which
were used to isolate thoss antibodies that would bind specifically to
the toxoids.

The degree of purification obtalued for each method vas compared. The
vesults  showed that the immunoaffinity methods used o purify
diphtheria anticera gave a range of mean purification factors of 2,06
o 2,%5 compared Wita an average purification factor of 1,33 for the
ion echange mothod.  Subsequent  electrophoresis  showed  the
immunopurified diphtherta antisera produced a more dofined band of
tmounoglobuling when compared with dipltheria antl isolated by
ifon exchange.




The Spherosil immunoadoorbent purified bebanus anbiscra by a tacbor

of 2,75 comparcd to Factors of 1,01 o 1,55 for CNOr-Bepharose 48

immunoadsorbents and 1,31 for ion exehange purified tetanus antisera.

k Double diffusion asmays confirmed that the purity of both the

diphtheria and tebanus anbisern was improved by the chromabography

P processes and also that the purified antivera contained tebanus and
el , aiphthe la antibodies ldontical to those prement in the rav plasma.

. It was concluded that affinity chromatography is a more selactive
puciffcation system suitable for Smproving the purity, with respect
to units/mg protein, of buth diphtheria and setanue equine aniimera,

AR Howover, a4 cosh analysis and comparison of  the affinity
R M chromatography methods with the ion exchange method does not
recommend  alfinlty  chromatography  for  diphtheria  Antisera

«, ow purifioation on an industrial sca'e. Based on a comparison of the
chrunatographie  results, thore 1s a potential for large soale
purifiontion of tetanus antivera wilh the Spherosil derived

immurioabsorbant. .
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INTRODYCTTION

THERAPEUTIC EQUINE ANTIBERA

Purified antizera from hyperimmunised horses ig commonly used

for  therapsutic purposes against  Clostridium tetani and

sgriun dip 1in bumana. The exotoxins
produced by these bacterial organigms are neutralised by passive
imounisation with horee tetanus or diphtheria antibodies.

Infectione of Cl.tetani and C.diphthgrige can be treated with
antiviotics ay the baoteriocidal agent and the relevent lsclated
immunoglobulin preparation to neutralise the exotoxins, Human
antitetanus  immunogiobulins  purified using cold  ethanol
fractionation are avallable and are used in preferencs o equine
antitetanus. These preparations contaln only human proteins and
are safer to use than equine tmmunoglobulins. There is minimal
risk of anaphylaxis, serum sickness or sensitising the recipient
which could cause hypersensitive reactions if a furhher
injection s requirsd. Diphtheria or tetanus antltoxins are
usually adminisbered therapeutically to pabients who have
developed diphtheria or tetanus. They may sometimes be used
prophylactically if the patfeat has been exposed to possibie
infection and has no previous history of active immunisation
with the relevant vaccine. Passive immunisation with bhe
immunoglobulin preparation 15 important for therapeutic purposes
a8 1t avolds the latent period required for an active immune
response to vacolnation.




The advantage of using the horse as a source of antibodies {s
that large quantities of antisera ocan be obtained after
fmounisation of the animal. However thers are disadvantages in
using equine antisera, as the serum proteins are antigenio when
aduinistered to humans, The risk of serun reactions are reduced
when purified antitoxins are used. Serum sickness may ocour 7 o
4 daye after the Injection. It is characterised by Ltohing
rashes, a rise in temperature und joint patus. It can be treated
with aniibistamines or corticosteriods. Aoute serunm reaction, or
anaphylaxis, s rare but may oocur and should be treated with
adrenzlin. The horse serum must be purified to reduce the amount
of forel - protein being administerred to the patient which will
reduce the risk of adverse side effects. The purified antisera
alco permits the adninistration of a large amount of antibodies
in a evall volume and 1s more stable than whole serum during

long-berm storage.

PURIPIGATION OF EQUINE IMMUNOGLC3ULINS

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 monftored by teatlng blood samples for antibody
titre, When the horses have been lmmunised, they are bled and
the plasma obtatned by plasmaphoresis is purified in the Serum
and Yaocine Department of the S.A.I.M.R.

The firet step in  tne pwrification of antibodies from
hyperimmune horse serum s the ensymatic digestion of the
immunoglobuline Tollowed by salting out of these immunoglobuling
vith ammonium sulphate and dialysis of the precipitate.




The method used is n modified method of that deseribed by Pope
(1939a), Pope (1939b) and Pope and Stevens (1951). The
immunoglobuline are digested by pepsin. The pepsin acts on the
180 moleoule by degrading the heavy ohains. Degradation beging
at the ocarboxyl tarminal end and procseds to the region of the
interchain disulphide bridge. The Fo portion is destroyed hy
eplitting it into small peptides, Pepsin digestion leaves a
fragment that possesses two apbiger binding sites and therefore
can b1l precipitate anwigen. This fragment i3 the portion of
the antibody molecule that is required for toxin neutrallaation
and s called the F(ab’), fragment. The F(ab'}, fragment hag
lost most of the epeoific antigenio determinants of IgG since
most Of these are located in the carboxyl-terminal half of the
heavy chain, or the Fo fragment (Neimer gy al. 1967; Bernter

1978; WBisonoff 1982). The non-antitoxio portion of the IgG is
easily denatured in an acid solution whereas the antitoxic
portion is far less readily denatured. After pepsin digestion,
any further enzyme action is stopped by inoreasing 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-antitoxic portion 1is dematured and precipivated. Lipids are
removed by adding toluene to the plaswa before heating. The
11plds are preotpitated out wiih the coagulated protein fraction
when the plasma is heabed (Pope 1939b). The antitoxin remaining
in  solution s then salted out with additional ammonfum
eulphate. The salting out fractionation will separate a
heterogenous mixture of gammaglobulins. Albumin ie discarded in
the final flltrate in which it is soluble. and Fibrinogen is
dtsosrded in bho first precipltate. The final frastion obtatned
will contaln trace smounts of all the serum proteins (Haurowitz
1977; Scopes 1982).

The diphtheria and tetanun antibedy titres are measured in
International Antibody Unite per ml (1.A.U./ml or wnita/ml).
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The forementioned 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,

The risk of advorse uwerum reactions in humans from equine
antisers ¢ reduosd by ueing purified antisera, The eneymatic
digeation of Vhe immunoglobuling folloved by heat demaburation
and aubsequent salt fractiomatlon of the gerum proteina reduces
the amount of spectes speoific protein in the final product,

ORJECIIVES

The objective of the present study 1s to isolate the

immuroglobuline thab will bind epecifically to diphtheria or
satanus toxi from  the mixture of

imwunoglobuling present in the equine plasma. The result of this
will be to produce 2 safer product by eliminatating *he
naturally ocourring antibodies in the antisera. This in turn
will reducs the amouny of speoies epecific proteln present and
will fimprove the purification with respect to units/mg Drotein
present in the final product. The final product has to comply
vith the requirements spaciffed by the World Health Organisation
pertaining to unito/ml protein present in an fwaunoglobulin
preparation for human use. By (mproving the purification factor,
horse plasma that has an antlbody laval of lees than 450
unito/nl (diphtheria or tetanua) after immunization may be
purificd %o th- required potency. With the present method of fon
euchange  puriffcation this antisera sill not rcach W.H.0.

requirements and therefore caanot be isad.




It ts hoped that a seleotive purification system can be
developed that does mot affect the blological aotivity of the
final product and easures a high yield. The laboratory scale
processes will be theoretically soaled up to industrial scale
procesaing, taklng into ascount the raw material %o be
processed, tha emount and frequency of tha produot required and
the regencration of the adsorbant for rupeated usage. The
feasibility of using affinity chromatography on the commercial
scale for the produotion of antisera will dopend largely on the
cost of the process in the long term compared with the prezent

method of fon exchange ohromatography.

Puriffoation of the antitoxin was investigated in the present
study using chromatographic bechniques. Methoda of lon exchange
chromatography and affinity chromatography vere used to purify
the pepsin breated equine antisera, Tha four chromatographic
patrices that were employed ware dletiiyl aming ethyl Sephadox
(DEAE-Sephadex), oyanogen bromide activated Bepharose A

{CHBr-Sepharoee 4B}, Pl 43 ( ) 48)
and & derivative of porous silica beads. Ihe wethods of
inmunoaffinity chromatography that were uged have all been
described by previous workers. Immunoadsorbents have not been
previously used {n our laboratorica o purify equine antisera as
lon exchange chromatography purifies high tiired plasma to the
required gpecifications. Vith the accumulation of low titrad
plasma 1% would be advantagoous to have a method that w.1i
inorease the purification factor. The selsctive purification
should algo produce a product with a lower risk of cerum

nickness and anaphylaxis when administered.

After proparing sultable affinity gols, the opttwal coupling and

cluston wero o4, The antibody oonew ot

P VIR



wag measured using flocculation tests (Mamon 1922} to find the
Potency of onoh antissra and probein determinations (Peters gt
al., 1978) to find the dogree of purification. Tho diphtheria
antisera eamples vere also anolyeed using okin tests to
datermine the pobency and neutralising capacity of the antisera
(3ritien Pharmacopels 1980), The ieolated immunogiobuline were
compared qualitativaly using eleotrophoreiia techniques.

1.4 OCHROMATOURAPHIC FURIFICATION
1.4, YON EXCHANGE CHROMATOURAPIY

Proteins oan be eeparated by ion exchange chromatography on the
basis of the charge. The ochromatographic resin is a charged
ingoluble matrix  that will reversibly bind protefna by
alootrostatic bunds if the proteins have a charge opposite to
that of tha ion exchanger groups. Theee proteins con be
dleplaced by inoremsing the donic sbremgth of the eluant. Tho
displacoment 1s dependent on tho ohargo of tha proteins which tm
& function of thu p. This charge varles for differcwt protein
moloculco depending on thelr inoslectrio point oo that Ghe
suparation of protolne oan be achleved. At & pil of 6,5, the
serun proteins  are negatively charged. The immunoglobulin
fraction has & higher isccleotric point than the othor serum
Pprotein fractions and will have the smallest overall negative

charge at a plt of §,5, Therefore the lmmunoglobuling have tht

.. h.' s lowest affinity of tho serum proteins for the anoin cxchanger .
et N The anion exchanger will bind tho oOFum protoinn other than the
t\’. immunoglobuling wvhich will poans through the matrix.
. DEAR-Bophadex A-50 will spparate a  heterogoncous mixture of
. '/, Immunoglobuling from other serum proteing.
[T




In this study a2 batoh method as deoribed hy Christenson P.A.
and  Anderson  €.G.  ({unpublished) was used o
imwunoglobuline  from  antisera  obtained

igolate
from horges
hyperimmunised againgt diphtheria and tetanus. The antigera were
iritially digested with pepsin and preoipitated with ammonium
sulphate as  desoribed in  the previous poragraph. The
lon~exchange purification of horoe immunoglobulins was comparod
gualitatively and quantitatively with the specific purification
of diphtherie ané  tetanue immunoglobullng uoing affinity
chromatography .

Previous workers have uoed  DEAE-Sephadex to fractlonate
immunoglobuling from sern. A batch method for the preparation of
immunoglobuling from  undialysed normal human serum uaing
DEAE-Sophadex A-50 has been decoribed by Hawsatark g% al.,
{1964). They mixod serum with DEAE-Sephadex and wached the
serun-gel with phosphate buffer pH £,5. The immunoglobuline wire
recoversd in the :lltrate and obher =srum protain oomponente
were bound to the gl and only ui.icd with an inorcese in tho
ionio atrength of the fnfluent buffer. They

roported that
optimal aeparation of immunoglobulins ocourred at a pH
approximately 6,%.

of

perpor

..8l., {1967) modified the mothod, described above, far
whe purification of gammaglobuline Irom horse anti-lymphocybic
sorun. Usdialysed horwe sorum vas used and DEAK.Sophadex A-50

vaz employod ag the anionic exchangar using the batoh method. It

wag found that 10 the pll or the ommolarity of tho buffer waa

K ) - varied, other aerum proteins verc vaohod through tha gol ant
. . /1' nppeared with the

1g0 fraction. The cephadex wag aquilivrated
o with 0,01 M phoophato buffer ph 6,5, The Final proparation was

lectropheretionlly pure and hructurally unalborod ac ghown by
. in vivo otudies, and ‘mmuncclcatrophorotis analysio.




1268) adsp «d ine method of Baumgtark gb

. Binotein @b g

: < al.,(1964) o yrey "o tnmunoglobuling from humsn sera. The sera i

o =9 wors pipetted onto DEAV.Gophadex A-50 packed 1in columms and £
. eluscd with phosphate buffer pH 7,0, After chromatographic

(;” N £, . treatment, the elustes wuro aosayed by electrophoresie, double ,‘

N aiffusion and phoroats, Oniy Ling vere :

- PRI Tound to be prosent. ]

e 1.4.2 APFIRIEY CHROMATODRAPHY ]

: The soparation of certaln ,roteins by affinity chromatography s 3
dependent on the Uiologlcal specifioity of a provein-ligand
interaction. The ligand 1ig (rraversibly bound te a supporting

matrix :nd will, theoretiomlly. rotain epsoit - proteinn from a
heterogennous mixture. These proteine muat  tuwn be eluted by
dlagootation of the proteineliguud interaction. The principle uf
affintty chromntography can be appliod %o  the geparation of
wpoeific antibodies from other gerum proteing bocause of the

ey eificity of 1381 J { ani
AnZinaen, 1971 Vilehck gy al., 1484).
E . et
et Imounonffinity matrices were used $n this gtudy to leclats
Py i cquine antihodics that internct with diphthoria or  tatanun
o0 0 T towotde bound Lo tho affinity gelo. Three mebhodo af preparing
L immuroadserbents  for  the opocific purification of antibodian
oo . wors uand, Turificd diphtieria and tobanun toxoids were uned as
LI protein ligands in tho prep of sach ont.
- Tunoe  boxolde  were prepard from the backorial oxatoxing
Produsel by G.dAfphtherfan and £1.tetant oreuniomn, The toxin vas
J troated  with formaldchyde whish converted the toxfn o a
T non toxte form without the losn of tmmunogenicity. The taxotdn
s were ouboequontly purifipd by ammonium nulphate proeipltation
o . and ulerafiltration,
v .
4
B
}
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e first method that wan investlgated involved coupling the
purified toxoids to @ matrlx called  All-Sephavose 43,
Ai-Sepharose 4B contalme G-carbon apacer armé and free amino
groupn. Ali-Sepharcse 4B car be activated with glutaraldenyde to
glve & otable intermed.ate dorivative. After the removal of
excess glutavaldehyde this derivative covalently binda proteins
to alve immuncadeorbenta with a 13-atom long apacing arm between
the Sepharose and the protein (Cam as0 gb al.,1975). Canblaso
et al.,(1975) bound human Ig0, I, . and serum albumin %o
Mi-Sepharou. 4B glutaraldehyds derviatives and isolated speoific

antibodies agalnet each from rabbit antisera. Van Vezel gf
al.,(1982) purified polio virus with immobilised antidodias

the & y sivated of

coupled  to
AH-Sepharose 4B using the method desoribed by Cambissc. Thin
ipmunisation was applied to the preparation bf immunoadsorbents

using diphtheria toxoid end tetanus toxold.

GNBr-Sepharose 4D was the second matrix that was used to prepare
wuitable affinity gels For purifying specifino horee antibodics.
The wmethod reported by Pharmacia, Sweden for the conpling of
protein ligands o CNDr-Sapharose 4B was used to coupla
aiphtheria  snd  tetanus  toxoids to  the  gel. These
immuncadsorbents wers used for the specific tsolation of aquine
diphtherin and tetanus antibodies from pepsin troated and

anmonium sulphate preoipitated antisera.

Proteina are opontanavusly oOouplad to ONBr-Sepharoso 4T via
primary amino groups o form & ghemically stable wabrix (Axen not
al.,{1967). The aotivation of agarase by cyanogen bromide haw
been desoribed by Maroh e al.,{1974). Agavose io & commonly
uped magrix for affinity chromatography broanac of fte reladtve
otability, biological finerbnegs end  reproducibility of  ihe
ooupling capacily of aotivated geln,

R TN IR



Tt
,ad

;

B L™

The matrix i commsroially available in en activabed form. The
coupling of protain ligands to CNBr-Sepharooc 4B has beon uscd
by several authors for the immunopurification of epscific equine
anvibodies (Bidorova et _al.,1975; Cenyea 1977; Buchowlos gf

2l.,1986). Shepperd gt al.,(1987) purified telanus toxin using

an affinity gel derived from polyclonal equine antitoxir coupled
to CNBr-Sapharnse 4B. Hughes gb_al..{1974) isolated tetanus

toxold from polymerised horse antitoxin immunoadsorbent columns.
AlL authors reported that thoir final product was purer with
respect to contaminating proteins and was biolegioally

unaltered.

The third ohromatographic gal that was used in thig
inveatigation wag o derivative of porous uilloa beads, Spherooil
silica boads have negative oharges in tholr surface due to the
acidio charaster of the silanol funotion present, DEAR daoxtran
will bind to thase caarges to give a positive charge to tho
porous silica beads, Those oatiomic ilica beads bind protoing
at o pH vhare the proteinu are negatively oharged. This layer of
protein fs fixed by fonfc Interaction with the Spheroutl
cationie internal surface and is then crosa-linked witn
glusaralodhydo. This providoo & etabla protein layer without
affecting bhe immunological propertics of the molzouls (Tayot pt
AL..1978). The diffarant typos of Sphorosil ovallabls have
vneging  physical prepertine, The 1ideal Sphorasil with the
largost pore ulee iy the X0C00S tyba With a pore size of 300 mm.
The pore dicmetor allowe free acoess to protein luyerd, Thin
type of Aphoronil van uoed to preparc tmmunoadaorbonta uaing tho
mothod desoribed by Tardy pb_ak.,(1978) for the proparation of
totanus toxeld immunoadsorbenta and the methed was adapted to
prepare a diphtheria toxoid tamunoadoorbent.

Tardy ot al. (1978} reported that they purified pepain digeated
tmpunogiobulinn  rafoed {n  horoes fmmunined with tetanun toxotd
uaing the abovement{oned arfinity mateix,




They purified both oquine seanus antisera by a facter of 1,5
wilh 14% activity yield and pepols digestod equine tesanus
antisers by & factor of 2,9 with A3% activity yield. The gel had
a totanun toxotd capaoity of A4 200 Lf/g gel. Thoy roported that
the pherosil must have an average poro wize of ab least 125 mm
to fix totanus toxoids in large amounts. The molseular woight of
tetanue toxold is 150 000 (Mizaini 1984) and that of diphtherla
toxeld is 62 000 (Pappunhoimer 1977},

wayet gt al.,{1980a, 1981} dooumentod the mame teohhiques for
the attachmont of the ganglioslde G, to this Spheros’l
dorivative and 1ta application to cholera toxin purification.
Relyveld (1981) roported the igolatien of pure antibodies by
immunonaf 11ty graphy on Spherosil .




2, MMIERIALS AND METHODS |

R 2.1 MATERIALS
2.1.1 GHENICALS A

The following is a general list of chemicals used in the
i

experiments.

Diethyl amino ethyl Sephadex A-50, (DEAE Bephadex):
Gyanogen bromide activated Sepharose 4B, (CNBr-Sepharose 4B}
Diethyl amino ethyl dextran, (DEAB-dextran);

Amina-hexyl Sepharose 4B, (AH-Sepharose 4B).

The above were obtained from Pharmacia Fine Chemicals, Uppsala,

Swedan.

Sphercsil 00005 obtained from Rhome Foulena Ghimie Fine,

Paris, France.

Paragan Electrophoresis Kit from Beckman Instruments.
Biuret Reagent from Laboratoey Reagents and Piagnostics,

SAIME, ’
Protein Standards from Boehringer Wannheim. ‘
Ponceau 8 from Merck.

Mini-trol BS Lyvel | Chemistry Control from Americal Dade.
Glutaraldehyde from Merck.
Agarage from B.D.H.

Glyoine from B.D.H,

/’ M1 other ohemicals mentioned in the text were obtained from

' Merok.




2.1.2 BIOLOUICALS

Purified diphtheria toxeid {20 800 Lf/ml: protein content 64
wg/ml) and purifisd tetsnus toxoid (14 400 Lf/ml; provein
content 46 mg/ml) were supplied by the Serum and Vacoine
Departument, South African Imetitute for Medical Research.

Bquine antidiphtheria and ant{tetanus plasma were supplied by
the Serum and Vaccine Department, $.A.I.M.R.

Standard  diphtherta flocculating antitoxin, a freeze dried
powder reconstituted in 50 wl sterila saline (36 u/ml) vas
obbained from ¥.H.0. Gopenhagen. I% wag used to standardise the
flocoulating diphtheria toxin, F.2T.17.

Flocoulating diphtheria toxin, F.1.17 (2} Lf/mi)} vas supplied by
the Serum and Vacoine Department, S.A.I.M.R. Tt was used to

the £ aiphtheria antitoxin, B.30, and to
flocoulate antitoxin samples.

Standard equine diphtheria flooculating antitoxin, D.10,
(4 000 units/ml) vas w=upplied by the Serum and Vaccine
bepartmant, &.A.1,M.R. It vas used to tlecculate toxoid samples.

Standard diphtheria antitoxin {10 unlte/ml) which vas diluted 1
in 56 with Schick buffer for Lr/{00 dose was supplied by ¥.H.0
Qopenhagen. 1t was used to standardise diphtheria toxin for ume
as a standard toxin in guinea pig alkin tests.




Standard diphtheria toxin vas ..plisd by bhe Serum and Vaceine
Department, S.A.1.M.R. It was tesed againgt V.H.0. svandard
antstoxin Le/18d dilutions bo determing the aniitoxin equivalent
dose of the toxin.

Standard tetanus flocculating antitoxin was supplied by V.H.0.
Gopenhagen. It was used to standardise the floccplating tetanus
Soxin, A,

Plocculating ‘tetanus toxin A1, 42 Lf/wl, was supplied by the
Serun  and  Vaccine Departmenty, S.A.I.M.8. It wax ussd fo
standardige the flocculating tetanus antitoxin, 7T.34, and to
flocoulate the antitoxin samples.

Standard equine tetanus flocoulating antitoxin, T34, (! 500
units/ml) was auppiied by the Serum and Vacoine Department,
S.5.1,M.R, It vwas used to flocculate tetanus toxoid samples.

2.1.3 ANIMALS

Female Dunoan Harulsy guinea pigs, spproximately 1,0 kg in
weight. The experiment were oleared on the 24.11.1987 by the
Animal

ituics Control Committes of the University of the
Vitvatersrand, clearance no. 87/180.




2.2 MBIHODS
2.2.4 10N EXCHANGE CHROMATOGRAPHY

DEAE-Sephadex  A-50  was presvollen in distillad water and
equiltbrated with 0,01 M phosphate buffer pH 6,8 containing
0,035 M sodium ohloride. Pepsin digested and ammonium sulphate
precipitated equine antisera from Horses immunised with tetanus
toxoid or diphtheria torold was dialysed against distilled water

for three days. fhese antisera wers mixed with 5% v/v of 0,01 M
phosphate buffer plf 6,8. Tae Sephadex was added to the buffered
antisera and atirred mechanically for two hours, The entire
procedure vas conduoted at room temperature. The supernatent vas
filtered under euction through Whatmans Grade 113 filter paper
on a Buckmer funnel. The fllirate was revalned and the Sephadex
was stirred with a further § litre of 0,01 M phosphate buffer/kg
Sephadex for 90 minutes, Christiansen P.A and Andersen C.G.
(unpublished}. The filtration was repeated and the combined
filtrates were concentrated by evaporation. The filtrete was
dlalysed agatnst distilled water for three days and 0,3 % cresol
was added to the antisera as a preservative. The Sephadex was
regenerated for further use by washing the gel with { litre of
2M eodium chloride/kg Sephadex for 90 minutes and filtering the
supernatant, This procedure was repeated The Sephadex was then
washed four times with | llitre of distilled vater (kg Sephadex.
The Scphadex was re-squilibrated with 0,01 M phosphate buffer pH

6,8 containing 0,035 M sodium chloride and 0,1 % sodium azide.
(Pharmacia Handbook 1970), The Sephadex was atored at 4%C.




2.2.2 AFFINITY CHROMATOGRAPHY
2.2.2.1 CYANOUEN BROMIDE AGTIVATED SEPHAROSE 4B

A known amount (3-10 g) of CNBr-Sepharose 4B was preswollen im i

M hydrochloric acid, and the gel equilidrated with the coupling

buffer which was a O,1 K borate buffer pH 8,3 containing 0,5 M

sodiun ohloride. A solution of the protein ligand, diphtheria
toxoid or tetanus toxoid, wes diluted with the coupling buffer
20 a8 to contatn 4,3-10 mg protein/ml, The gel was added to the
protein ligand solubion and left for * hours in a shaking watar
bath at 20%. %o
were left at 4% for
compared. The gel was them transferred to 0,2 M glyoina
PR & and left in the ehaking water bath for 2 hours at 200C.
was repeatedly vashed with the ooupling buffer foll-ved
hloride

optimise the metho! to ba used, some samples
16 hours and the ooupling resulty wore
solution

The gel
by ©,% M acetate buffer pH 5,5 containing 0,5 M sodium
protein was absent from the washings, {(Pharmacia Handbook,
The gel was either paoked

wntil
1979). AL vashings were retained.

into a column, 15 Wwa in diameter x 25¢ mm in lemgth, or left on

a sintersd glass filter for batoh processing.

Pepsin treated and ammonium culphate precipitated equine
antisera, (Pope 19392; Pope 1939%; Fope and Blevens 1951), were
diluted | in 5 with coupling buffer and added %o the gel im a
flask for
and waghed through the column with coupling buffer. The gel was

room temperature, Unadsorbed anticera was

haseh processing or aprlied undiluted o the column

loft overnight at
the oolumn with coupling buffer and the protelin
detsotor,

waghed out of
content of the sluant was monitored with a Gileon V.V,
When all tha unadsorbed protein was removad, 2 Wl 0,2 M giyoine
buefer {adjualed %o PH 2,8 with hydrochlorie acid) per gram gel

wag washed through the column for 15 minutes to elute diphtherta

antibodies.

PO



4 : For ‘tetanus immunopurifioation the elutlon step was carried out
uging 0,1 M hydroshloric maid (Tayot st al., 1980b), The eluted

e protein was  agaln monitored with She U.V. dotector and
{mmedistely mewtralised with 0,3 M borata buffer ph 8,3. For the
batoh method, wmadsorbed proteln was washed out of the gel by
vaghing the gel on 2 sintered glass fllter funnel under vacuum
with a total of 10 wml coupling buffer per gram of gel. The
protein content of euacessive washes was debermined by the
Bluret method to find the volume of buffer required %o remove
ail unadoorbed protein. The gel vas then vashed for ten minutes
with 2 ml 0,2 M glycine buffer, b €6, par gram of gel to slute
diphtheria antitoxin or 2nl 0,1 M hydrochloric asid per gram of
gel to eluta tetanus antitoxin. The aupernatant was ramoved

under suction through the Rintered glaes filtar. The eluted

protein was neutralised with 0,1 M borate buffor pit ,3.

The gele in tha oolumn and in the batohes wore re-equilibrated
with the coupling buffer bofora ropeating the purification of
more anbisara. The eluted protein solutions were avaporated down
approximately 2¢ % of their original volume and dtalysed againot
distilled water for 24 howrs at 4°0, A oompurison was made

betvean column phy and batch araphy for the

purifioation of diphtheria and tetanus antitoxins on diphtherin
toxoid immunoadgorbemts and tatenus toxoid !mmunoadgorpents #
respeotively, using CRDr-Sophaross 4 as the adsorbent.

2.2.2.2  AI-SEPHAROBE 18

A known amount (5-10 g) of AR-Sepharose 4D was owollen and
3 } wshed on a ointerad glasa filter with 0,5 M modium chleride
N golution. ‘The ol waw thpn waghod with 0,1 M carbonata bulffer pif

length. A ©,5 % oolution of glutaraldehyde in 0,1 M carbonate
buffer way applied to the column and the mixture 1pft ap room

oty I 8,5 and packed inte a column, 15 mm in diameter x 250 mm in
! temperature for 0 minubes,
i




The glutaraldehyde sulution wae washed out with puffer {Cambiaso
gt _al.,1975), A protein ligand solution of diphtherim or tetanus
toxold was prepared which contained 10 mg protein/ml gel. The
protein ligand was added to the activated gl and left at room
temperature for 15 minutes. Aftar the incubstion period, the gel
was wached vith buffer to remove unwanted probein, The coupling

procedurc was ropeated. The protein coupling pariod was
inoraased and the protedn concentration varied to dotermine the
optimal arount of protein ooupled per ml of gel. The protein
content of all washings was doternined by the Biurct method and
subtracted Irom the amount of protein applied in order to obbain
the amount of protein coupled to the gel. The amownt of
diphtheria and tebanus toxoid ooupled to the gol was compared
with that coupled to CNBr-Sephorosc 4B and the Spherosil

derivative.

The ocoupling capacity of the gel for diphtheria toxold wvas lower
than that of the other two gele. Tha amount of bebanus toxoid
couplad to Lhe gol was negligable. For this roason, Ali-Supharose
4B vao not uged to purdfy cquino antibodies.

2,2.2.3 DEAE DEXTRAN DERIVATIVE OF SEFNEROSIL SILICA DEADS

Spherosil X0C005 gilion beads were impregnatcd with DEAR-Doxtran
by wonking B,0 § of Gpherooil X00005 in 50 Wl of 7.5 %
DEAB-Dextran~ in 0,01 M phasphate buffer plf 6,8 for ab least 12
houra. fThe gel was paocked iate o glase column 15 mm in diameter
x 250 mw in length, or left on a sintered glues funncl for batch
vrocepaing, Gxcons DEAR-Dextran was wached off with 200 ml of
0,01 M phosphate buffer pH 6,8. The protein ligand. diphtherta
or totanve toxold, wag diluted with 0,01 H oarbonate buffer pi
8,3 to contaln 5-10 mg protein/ml, applied to the gl and lofh

overnight at room temporature.




T T e

Unadoorbed toxoid vas washed out with 0,01 W carbonate buffer pi
8,3, hdsorted protein was crooslinked with 0,5 % glutaraldehyde
in narbonate buffer pH 8,3 whioh wa oirculated for 15 minutas.
The glutaraldohyde solution was vashed out and the gel rinsad
with 0,2 M glyoine buffer pH 8.2 (adjusted with 1M sodiom
hydroxide), followad by 0,05 M sodium oitrate buffer pH 3,5 and
re-equilibrated with 0.2 M glyoine pH 6,2 (Tardy et al.,1978;
Tatgot g al..1980).

Pepsin  treated and ammonium sulphate precipitated sguine
antigera wore applied to the gel in 0,00 M carbonate buffar pit
8,3 and left overnight. Unadeorbed protain wag washed out using
0,05 M sodium oitrate and a decreasing pll gradient of 5,5 to
3.5, Adeorbed diphtheria antibodies were elutnd with 0,2 M
glyoine-IGl buffer pH 2,8, Adsorbed tetanus antibodies were
eluted with 0,1 M hydrochloric acid. The clucnts were
nentralised with 0,1 M carbonate buffor ph 8,3

The gel was re-eouilibrated with 0,01 M carbonate buffor pH 8,3
hefore the process of anbissra purification was repeated. Sluted
somples  wers cvaporated down approximately 80 B of their
original volume and dialysed overnight in digtilled water at
4%, A comparieon was made betwesn column and batch
chvomatography for the purification of diphtheria and tetanus
antitoxing,

2.2.3 FLOOCULATJON TESIS

The potency of diphtherin toxoidn and totanus toxeldy ia
expreosed ar  th ameund of internailonal floceulabion unitu per
ml, abbroviated ag Lf/ml.




20

The diphtheria toxoid samples were tested agaimat an equine
antiserum, batech number D.10, which had a potency of 4 000
units/ml., A constant volume of the toxold wae added to 1.0 wl
galine to whioh was added inareasing volumes of the standard
antiserum, D.10, The totanus boxold samples wers tested ag
deucribed above against an equine antiserym, batch number T.34,
which had a povenoy of | 500 units/ml. The tub 3 were inoubsted
in a sghaking water bsth at 37%. at interv 3 the tubes wore
11luminated by a direct 1ight source and cbsurved through a 1ax
magnification lens. The order in which the tubee floosulate was
rocorded, The mixture that floceulated first wag that which
ocontained the most nearly eguivalent quaniities of toxold and
antitoxin {(British Inarmacopeia, 1960).

The potenay of diphbherin and tetanus antitoxine exprevoed ac
Internatlional Antitoxin Unito/my (TAU/ml or wunits/ml). The
iphthorsa antitoxin sumples wers teated gainst the diphtheria
fioovulating toxin, batoh number F.T.17, which had a potency of
20 Uf/mi. Inoreasing volunco of tho antilexin vero addud to 1.0
ml of F.I17 and the tubes worg inoubatad in & zhaking water
bath at 37°, The firet tubea to flecoulate were rocorded aw
degoribed in the previous paragraph. Tho termig antitoxin
gamples were tested, Rs doooribed for diphtheris antitoxin, bug
h
hos @ potency of 42 Lf/ml. The mixture that flooculated first

using tho tetanus flocoulating boxin, batch number A.i, wl

was that which comtatnod the most nearly uquivalent quantitics
of Yoxin ond antitoxin (Britich Pharmacopela, 1980). The results
from tho flocoulasion teate wore cxprossed ag in vitrs titre, in
nnito/ml.

& miBii m o as
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2.2.4 DICLUGICAL ASSAY OF DIPHIIERIA ANTITOXIN

The neutralising capacity of diphtheria antitoxin was determined
in_vivo by oomparing the dose neoessary vo proteot guinea pigw
againet tie erythrogenic effects of a fixed doge of diphtheria
tortn with the quantity of the standsrd preparation of mntitoxin
necessary to give the sgame protection (British Pharmacopeia,
1980,

The titre of antitoxin mamples was detormined by flnculatics
tesys, The samples were them dilubed with aterile saline to
contaln 2 unite/ml. A series of diluvlons were mals ucing 0,1 ml
of the antitoxin at 2 wiite/nl and increasing volumes of galtan
ranging from 1/6 to 1/14. To eaoh antitonin dilution waa added
en equal volune of the Lr/108 atandard tox'n doar. A control w

et up using equal volumes of Lr/100 stand . Losin dose ang the
W.B.0. etandard antitoxin (0,2 uniba/ml), Vvmale Duncan Hartley
guinca pige wpre ohaved on their flanke. Owe suinea pig vao uned
for two eamplos of antisern, Each sample roguired five {njoetion
sites on one flank of the guinca pig. One cov'rol injection site

was run for ocach guinea pig. For each wiintion, 0,1 B wa
fnfected  intradermally. Tho fnjosted be  of the eontro?
antitoxin contained 0,01 unite, The gninen 1. wier houged i-
cages with a water bottle and commerai:l £t 1bitm. Thirteo
guinca pigs worc used albogether. Thr muit: ([ vare choek
evory 24 ho.rs after they has beon tniecte: Arier 1R hours th
guinea pigo wei. ewamined and the Ingestion e compared wiin
those of the control. Tho potoney of the - a ~aleulate
from the emallest anbitoxin dilut. - torocoa posttive

argthomatous reastion, & omall, ehar.cierisiie .

L roastion. AL
thie olte, ‘tho injooted doge wan f.em to eont. 0,00 units of
antitoxin, and aftor accountim v thr dilut m, the reonlte
wora cRpreeced ag the Amvive €1ty o anilsjul.
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The Lr/100 dono was the mmallest quantity of the toxin which
whon mixed with 0,01 units of antitoxin and injeoted
intradermally into guinca ples caused a emall reaction at the
aito of injootion (British Pharmacopeia, 1980).

2.2.5 PROTEIN DEYERMINATIONS

The total protein of gomplea wao by the
Bluret method (Peters gt gl., 198), The optical densilies verc
read on a Pye Unicam Speotropbotomstor at 540 nm againat a
reagent olank colutlon, Tho total protein concentration was
found by multiplying by tha converaion factor from o standard
protein sample read under the ocame oconditfons. The protein
standarde obtalnr ' from Boshringer Mannhein vere diluted before
ues to contain 4, 6 and 8 mg protein/ml.

The protoin nitrogen contest of the samples vae agtimated from
who total protein content waing the assumption that the average
nitrogen content of protoin i 16 % (Solenvific Tavleo 1962).

The protein oonbemt in the column waches amd oluenta wan
monftored using a Gilson U.¥. datector.

2.2.6 ERECTROPHORESIS

M1 elestrophorenis experimontn were performed using  Galman

miorovlectrophorcain chamber with o Vokam stabilised DC powsr
oupply and using Deakman's Paragon Protein Electrophoresis Kit.

e ain e as
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the sgnplee were applicd to tha agarose gel, supplied in the
kit, through tomplate sloto. Al samplea ware fnttlelly difuted
with saline to oontain 0.8 mg protein nmitrogen/al. Twe sampies
wore allowsd to 4iffuse 1nto the gel and then elcotrophorteed
for 25 minutos at 100 volts with 0,075 M barbital buffer pll 8,6
in the elegtrophoresis  shambers. Upon completion  of
slectropharesia the gel waa removed From the sloctrophoresis
chamber and placed in o solution of 3 volumes mothanol : 2
volumes slacial acetic acid for 5 minutes. The gel wag dried at
90 in an oven for approximataly 20 minutes or until the gol
wvas dry. The protein - : stained with Faragon Blue Protein
Brain, Yhe gel was th:  waghed in 5 % glootal acetic aoid until
the background wae cleared.

2.2.7 1MMUNODIFTUSION

A} % agaroge aotusion in ealine Wivh U,1 ¢ sodium nzide added
az a bacteriostat, was preparod. The hot agarosn solution was
poured onte glann alides to give a layer of agarase 2-3 mm in
dopth, When act, porepox templaton wera plased on the agorose
and  wers uged to punch out holes in the agarose gel
approuimately 6-7 mm apart. Somplos wore placed in the holen
through the tamplate and air bubbles wore romoved with a nocdle
The gels worc laft for 48 houre {n 2 humid develeping chambor at
room  temperature. The templaten were vemovad and the gels were

vached with saline. The gut was plaoed in vha oven av 200¢ For

te L & approximately 30 minutes or il the gel had dried. The
ko i fmmunodiffugion lines were atainnd by plocing the sein in 0.2 %
8 *

,,; Poncanu &, 3,5 % trichloroacetic actd for 10 minutes. Backgrownd
&

aunining wao  romoved by placins tho glaca aliden in § % agetie

s

7 7 actd unbil the baokgrovnd vas clear.




. i 5.  RESULLS

: 3.1 ION-EXCHANGE GRROMATOORAPHY

wne don-exchange purification was studied uring the batch
method. Table 1 shous the results obtained from purifying six
batches of diphtheria antisera. This method gave a mean recovery
of 84,1 £ & 9,56 vith reapect to the quantity of diphtheria

measured by in vivo analysis. The mean purificakion

antibodies
faotor was 1,33 + 0,06 alculated from the specific activity of
the antitoxin. The Specific acbivity 18 wsu.seun s« urpntheria

antibody unite/mg protein nitrogen.

Table 2 shows the results from purifying eix batches of tetanus
antisera. Tnie method gave a mean reoovery of tetanus antibodies
of 52,0 % + 6,92 as measured by in vitro floaculation tests. The
mean purification faqtor was 1,31 % 0,.2. betwesn each
puriffcation the Sephadex lon exchanger wa- gonerated. In thls
study the efficiency ol the Bephadex for purifying the ankisera
did¢ not drop with repeated use. Twelve batches of antisera were

purified with the same batch of fon exchanger.

Where the antibody titre results in all the tables are expressed
a¢ fn_vivo (1.e. seromeutralisation tests), te¢ 'n _vilre results

gave the corrempnding titres. Where tho results are expreesed as
in  vitro only flocoulation teste were performed on these

gamples.
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ha purticatlon of pepain digested & .dne
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3.2 OPTIMAL FOR  THE
IMMUROADSORBANTS

AND  USE  OF

3.2.% STABILITY OF PURIFIND TOXOIDE AND EQUINE ANTTGERA

Tne stability of diphtheria and tetanug towoids and antisera at
various pii levels was

the buffers

tested. Thelr stability was measured in
and solutions that were used in the immunoadsorbent
columns. Pepsin digested equine antisera and purified boxoids
wers tested by flocculation assays after | and 24 hours at reom

temperature in each buffer. The antisera and foxoids were found

to be stable in saline, 0,1 M borate buffer p 8,3, 0,1 M

carbonate buffer pH 8 and 0,5 % glutaraldehyde volution in

oarbonate buffer after 24 hours. Tebanus antisera and tetanus
and diphtheria toxoids vere stable in 0,2 M glycdne/HCI pH 2,8
for 24 hours. Diphtheria anmtisera wore stable in
glyoine/HOL

hour  exceads

a2 N
pH 2,8 for 1 hour but dematured after 24 hours. One

the maximm elution time during which the antisera
arn exposed to O,f M HCl, Tetanus antisera were mbable in 0,1 M

HCL after 1 hour. After 24 hours the tetanus antisera vere
partlally donatured. One hour sxaceds the time required to elute

the tetanus entibodies.
5.2.2 THE COUPLING OF PROTEIN LIOANDS 7O THE CRROMATOGRAPHY
MATRICES

The
Table

coupling of protein llgande ba GNBr- Sepharomn 4B ia shown in
3. The diphtheria toxold wam dilnted with borate buffer pil

A.3 to comtain 4,3, 5,0 and 10 ,0 wg probein/ml gel. Tt wag

1 & of dry gel awells to 3.% ml (Fharmacia, 1979).
From the results shown

assuned  that

fu Table 3 the tmomunaadsorbent columna
were propared  uweing A prolain  ligand ovoncentration of
approxinasely 5 mg protein/ml gol.




A1 eubseguent ONBr-Sepharose 4B immuncadsorbents were prepared
at room temperaturs using a ocoupling time of 2 hours for the
protein ligand snd & blocking bime of 2 hours with 0,2 M glycine

buffer pH 8.

THNSS  Gptsnisatiom of genteln Migand cousling b0
Qife-Sepharass 45. Diphtherta toxold vas used s
the proteln dlgand and 1luted with 0,1 1 barate

Surfer pli 9,5
biphtherts  Protetn Goupltng Coupling Dlocking Diphtheria  Toxold
Tooid Addee og/nt  Tlee Ty Flme  Towotd
L (totaly s c Adsorbed LT
1 560 4w 1 » 2 12 350 o
14 560 40 2 » 2 12 350 o
18 20 50 2 ES 2 13 82 »
18 200 50 2 n 2 " e 1
10 200 50 % 4 2 12 581 @
120 50 % 4 2 12 456 L
36 400 180 2 w0 2 19 920 5
36 400 00 2 @ 2 " »

The Spherosil immunoadsorbents were prepared ae degcribed by
Tardy gt al.,{1978),




‘ e 3.2.3 DESORPTION FROM IMMUNOADSORBLNTS

A suitable dissooiating sgent was found by monitoring the eluent

Lo . from cach column Vith a U.V. monitor. The fractians oollected
ol " from each peak were analysed by flocoulation tests and protein

. RPN determinations. For diphtheria antisera, 0,2 M lysine buffer
- (SO adjusted to pH 2,6 vith NGl was found to be a sultiable
PRSI 4igscoiating agent. For tetanus antitoxin 0,1 M KOL wao required

. to dissooiats the antitoxin from the toxold. For all Sphercail
Ky immmunoadsorbents a deoreasing pH gradient from pH 5,5-3,5 was

e gl passed through the gel boefore tha eluting buffer. All eluents

vere neutralised by collecting them im borate buffer pH 8,3,

3.5 IMMUNOPURIFICATION OF EQUINE ANIISERA .

3.3.1 THE COUPLING CAPACITY OF IMMUNOADSOREENTS

The coupling capacity of each gel for diphtheria toxold is shown
in Table 4, The coupling capavity of AH-Bepharoda 48 for
2iphtheria tosold was approximately 33 % that of ONBr-Gepharoue
4B and aporoximately 42 % vhat of Spherasil X0G005 derivabive.
Table 4 also ohows the ocoupling oOspaaity of each gel for
purified betanus toxoid. The AH-Sepharose immuncadsorvent gelo

were not used for the purificatlon of antitoxins because of
their low coupling capacity for the toxoids.

- A m e w—a-




PN &
e
»5":4
: S
A,
T [
FUR IR

bl
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7.3.2 PURXFICATION OF MNIISERA BY AFDINIEY CHHOMATOORAPHY

Immunopurification wao studied using small scale oolumn and
bvatch methods for each gel. In fabla § the results are shown for
the purifiontion of diphthoria antigera on NBR-Scpharose 4B
immuroadoorbent using a batoh method. This wothod gave a mean
purification tactor of 2,33 + 0,21. Tablo & ohows the results of
uping & oolumn mathod for purifying diphtheria antisera on
oNBr-Bephaross 48, Thin mothod gave an average puriflcation
footor of 2,06 & 0,22, The reewlta of purifying diphtheria
anticora on bhe Spherosil dorivative using a bateh and a column
methads ore chown in Table 7 and 8 rospactively. The batoh
method gave  mean purification factor of 2,17 £ 0,3). The

column meshod gavo a mean purification ©.:tor of 2,07 3 0,32,



B THES  Tha pritication of pepsin digested squine dlphtherts
. N antioors ustng GUIr-Sephargse 48, a bath method

! Befaro Puri icatlon Mtor Puet Heaklon

inwive Prototn Speclflc o vivo Frotafn Specirie  Purffication
bitre  Hitrogen Ackivity tites  Mibragen Actlvity  Fackor
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om0 wa w6 W0 04T Swa 20
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TS e pricatio o ppsin et oqne ipieia
antiaora using G¥se-Sopharese 48, a coluan

eforo Purtrication Miar Purltlostion

Invive Protain Specifle Inviva Poteln Speelfic  Purification
bitre  Witeogon delivtty titro nmunmmvm Factar
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TMLET The purlfloation of pepsin digested equlne diphiherts

snttacra uslng
DEAR-dextran dortvative of SpharssLl 5tlies boads, & botch sethod,

Care purltication After Puriflcatson

fnvivo Protesn Spealftc Invive Protely Speelfte  Purilicatlon
Litre  Mitrogen Ackiuity bltre  Hitrogon hctivity  Factor
1UmL myal L P UL b/l g P

a0 BT I3 SO0 25 M0 2,00
2620 B2 M3 4620 A0 IS 18
260 @7 wss  S00 236 2120 2
26n0 7 159 W0 15 20 a5
2620 7 e om0 om0 250

mon2 62,0 B2 B9 AT WH T 2
sl o o o ws 0% 2o o3
TABE®  Tha puriricabion uf pepaln digestod squine diphiheris antisora using

BENE-dexteun dorlvative of Sphorasid slilce bends, A colinn matnod.

Bofars Furtteation Artor Purtftesston

Invive Proteln Spoeific Invive Froteln Specifls  Purdficatdonl
Utre  Ritrogen Meblvity btro  Mitrogen hctivity  Faclar
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§ The degroes of purifioation obtained from cach method cmployed
: were oompared statistioally using A.N.0.¥.A. Tble 9 shows the
. ’ mean purifioation factors + 5.D. for each method. The dogree of
s A b purification obtained by affinity chromatography was found to be
. L aignificantly different from that obtained by lon exchange
. PR
S chromatography. There wae no significant difforence botwoon bhe
Lot purification  obtained  for  each  method of  affimity

ohromatography. These results are illustrated graphically in
Flg. 1.

TMIES  Th purtfication ftors obtalnod for diphthoria antisers uore
analysod Uzing an A.H.0.9.A best, Tho Taeulta shown aro the
ot purkHcatden taclors ¢ 5.0. obtainod for sach ssthod use?
to pirity diprthert snblsors.

tarix " e 250 P00
caae-sophaross 40 (haich) 5 oamon W
sperosty dortvative (otch) 5 2,190,501
sphorost1 doctuntive (cotomy 5 ROMO32 1S
r-septarone 49 (coivm) 5 20002
hang-scpindor 6 amom s

K8 ¢ nob algnitleant ot the 5 por cont level
1 signirtently dlflorent at the 5 per cent tevel
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fls.1 A CORPRRISON OF R HENY PURIFIGATION FAGTORS £5.. OBTALG™ Y
SAGH HEYIOD USED Y0 PUAIFY DIPHTHERIA ANTIBORTES

1. 104 EXCINGE. GTOHATOSRAPIY

2 CHlBr-SEPHATOSK 48 - COLUNN CIRCHATOCRAPI

3. CHar-SEPHAROSK 45  BRTGH CIHORNTOGTAPHY

4. SPUEROSH. DERTYATIVE ~ COLINS! GURCHNTOGRAPIY
5. SPIRAOSIL SERIVATIVE - SATCN CIROATOGTAPIIY
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HEUOD OF PURTFICATION
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BAGH HETHOD USED 1y PURIFY DIFHTUERLA AFIDODIES

1, 10N EXCIHGE QURONTOGRAPHY
2. CHIP-SEFINROSE 49 ~ OOLUR CHRQHATOGRATIY

3. CHBr-SEPIIGSR 4 - BATCIE CHROMATQURAPIY

4. SPHENOBLL DERIVATIVE ~ COLUHN CIRORATOGRAPIIY
5. SPUROSIL DRRIVATIVE ~ BATCH CHROKATOGRAIY
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When considering the 1i:ference bebwoen the specific

activity of the antisora beforo purification and after

purifiontion, the 1lou cxchange method was found %o give a

oignifi.antly  lower  diffcrance than  the  affinity

chromatogrophy  methods. Yhose difforonaes in specific

activity were analysed by AM.0.V.A. and the reoults are

ahown  ‘able 10 .

8 tn the specific activlle of
ers far eaeh aothed of uriFication
v sbigtically using n A0V, tast,
Tho Lable . . thy moan UALuss + .0, Tor the
Bpeei i Getveky of diphtherla antisern byfare and
sfter purttetion, and the pean npreases in speedtie

sewtuity,

e ix Inlbial S8, PRl S.A, DU, S, PGS
Geams0)  (Roenssd)  (Hewnss.p)
Lmg P LUMG PN 10sg PN

i -Sepbrse AR thatekd WA ELMET WS S
0 OO IRADG

Fpiwrost dertvstive ol 123,
pnerontl dorfmbive Gateh) 030 207520 16RO K

- Sepharene 48 (colmn) 1060 WTAELE  GRGRE
160 Sephariex RSO IBSISTL 46028

speeific activity
atgnifteantly di(feront at tho 5 por cont dsvel
ok oignlfieantly A1ffermt ot the § per cent fovel

s
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The W.H.0. etipulates that the antisera for human
therapewtic use must have & potency of 4 000 u/m) znd a
maximum total protein ocontent of 16,8 %. Thie meens that
the final product must have a minimum specific activity of

148,8 unite/mg protein nitrogen.

The  results of purifying tetanus  antisera using
GNBr-Sepharose 4B and betanns toxoid as the immuncadsorbent
are shown in Tabies 11 and 2. The batoh method, Table 11,
gave 2 vurification factor of 1,01 4 ©,03. The column
method, Table 12, gave a purification factor of 1,55 &
6,14, The Spheromil 1vat’se  immunoadsorbent was more
sucoessful  for  purifying telwnus antisera. Tho bateh
method, Table 13, gave a mean purification fastor af 1,84 3
0,11 whercas the column method, shown in Table 14, gave a

mean purification factor of 2,75 % 0,13.

THLE 11 The purifteation of pepsin digested equtne tetanus acblsere
using CABr-Segharasa 4B. A batoh mathod.

Beore Purt icatlon After Purtficatlan
i vitro Proteln Spestfic  Invitro Proteln Specifle Purlfication|
istre  Miteogen Astivity  titre  MiteogenAstlvity  Packor
LUl gl LU/ PN LU/ syl 1Wag P

1500 166 0,3 we 1 s 108
I e w3 B 17 o
1sne 66 003 "o ue 50
Va6 w03 00 09 6,98
100 166 03 20 01 0,98

el 50,0 6,6 903 me 13w 1o
sol o o o 0 e 003
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TE 12 The purtfication of pepsin digested equine tebanus antisera
st Cie-Sepharase 4D, A eoliun wathod,

After Purt ficatten

Invitro Frotefn Spectfte Purttication
ttes  Hitroge petivity  Fackor
LW PN LWL sg/ml 10/og "N

03 WO 04 Uz )

o

1300 16,6 03 O 036 7t N
1 50,0 166 303 50 040 Lo hét
50,0 166 %03 %0 080 w7 1855
we 03 o 0% w3 14
YISm0 166 03 e o4 S0 1%
we 03 87 0 134 155
o [ o,

15 Tue purification of popstn digested equine tetons antlsera
ustag 2 DEAG-Detran dertuative of Spherosi} sllica beads. A batch sethod,

Refore purirication

in viteo Pratetn Spectfic  Invitro Protetn Spectfie  Purlfieation]
e Bitropen Activity  titre  Mitrogen hctlvity  Factar
LUl egm  LUfag P

After Purdleation

/el mgfal

(]

15m,0 w6 W 100 0 168 18
Line 66 %03 260 1B 0 e
1o 16 w03 w25 11,0 198
100 WE 03 EOE R ) e
Time e W e L e e
lreonl) 50,0 16,5 0,3 22 L0 1665 (21
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e purlftcation af pepain digested squlne totanss anvisera

ustog & DEAE-DaxEran darlvative of Spherosli atlics beads.

RS A cotuen nethod.

employed gave

from other methods.

otars euri tleation Mter pursrication
In vitro Proteln Specifle  Invitrd Proteln Spsolfic Puriricablon
Utee  Witrogn potivily  titre  Mitrogem Mebiity  Factor
Ll wgsl  TU/gPN LWl sgmr LU/
1500 M4 104G B0 08 262
1500 M4 T4z w20 08F 051 3,53
1500 M4 1042 1910 047 a1 an
1500 M4 1,2 w0 045 26 2.6
1500 M4 042 B0 od5 B 20
Bond1 50,0 144 1042 166 05 27 X
0 0 0 o ot 131 o1
The degree of purification of tetanus antisera was analysed
statistically uaing A..0.V.A. Hach mevhod of puriffoation

significantly different purificscion factors
The results are shown in Table 15.

TIELE 15 A stabistical snmlysis of the purtficetion fackors chtained
for tetoms antisers, The resutts vere amulysed using snalyst
of wartance.

fatet » tensn P@0s
Sphercall dertvative {colum) 5 2ol S
Spherosl] dertvative (bakon) 5 1m0 S
ae-Septarase 4 (estum) 6 oM s
ocke-Seppatex T

\ Es-Sopharose 48 (bateh) 5 10tes s

. S+ stgoleteantly diffarent at the 5  lavel

W seaple slae

o aa moa




fThe mean purification faotors are iilustrated in a bar graph in
Flg.2.
epeoific aotivity

Table 16 shows the mean differences between the initial

of tetanus antisera and the purified speaific

activity of the entigera. The Spherosil derivative gave a

signifioantly higher inorease in purification when compared with

the other methode by A.N.0.V.A. However each method gave,

statistically, significantly different inireases in the mean

specific  activity of the antisera. The average specific

activities of the antisera bafore and after each method of

protein purifigation are ghown in Table 16,

THE 16 The acan Lnereases 1n tho specilic acktvity of Letanus antissrs
For cach aethad of port¢loation vrs comered stablstically using
AMD.9.A tast, The Ldie shovs the mman values 3 5.0, for the
spectfic actlvtty of tetanns sntlssra bafore and after pur)Hication,
a1 the sear Incrasges L spocirte sebivity.

it in ital A Pl A SA PO
GemgS.0) (losnsB.D) (Heanss.
LU PE LUt
spborostl dertuative (eokumn) 104,23 0 1 W0 S
Spherost erivatlve (tatch)  90,3% 0 97 ats7 s
[ Hr-Sepharce 40 (satunrd W3O BRI A S
[omae:sephacer 109, MasE2 R2nt S
|eseRsepherose 48 contem W30 WA OAeId S . .

.4 ¢ spectile sebtvtty

S ¢ slgnaficantly different wb the 5 # favel
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5.4 BLECTROPIOREZIC ANALYSIS

=

fhe chromatographically purified antisera samples wore oompared

with & ctandard sarum control, hyperimmune horme plasma and
pepsin digested cquine antisera. AlL the samples were diluted

wity saline to contain approximutely 0,8 mg P.N/ml. Fig.3 shows

the mtandard serum comtrol, Min.-Trol, compared wish plasma from

&  hypertmmuniged horse and plasma that has bern digested
enzymatically and fractionated with ammonium sulphate. Flg.4
showa the eleotrophoretic  pattern obtatued from various
diphtheria antisera eamples, Figs. 5 and 6 show the
electrophoretic patterns obtained from tetanus antisera samples
and the standard serum control.

After pepein digestion of the horse plaema, the band of
immunoglobuling 15 more concentrated with trace amounta of the
other  corus protein bands present. After lon ewchange
purification, a diffuse band of immunoglobuline is present. The
traces of albumin and alpha-globulins have disappearcd. After
affinity chromatography of diphtheria antisera the band of
immunoglobuline is more defined. The electrophoretic pattorny
were (nterpreted by & visval comparison. Aocording to Figa. 4, 5
and 6, the patterns indicate that only immunoglobuling were
eluted from the chronatographio gels. A comparison of the
immunogloh ‘n bande in Fig. 4 shows that the antisera aluted

from th . finity gels produced a more defined and narrower band
- A - of fmmun: iobulins than that eluted from the fon exchange gel.




1

The samples applicd to the agarvue gele hhd the same protein

content ouggecting that the fon ecxcahuge purified antisera
contained a more mixture of ing tha the
affinity purified antisera. Figs, 5 and 6 indicate that the

antigera eluted from thc Sephadex and ONBrSepharoge 4B gels
1ing

containsd & more mixture of

compared with tha antisera oluted from the spherosil derived

gel.

PO ——
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Telanus anblssen sampled electrophoresed an agarese gel

1. Staudard serum eontral
2. Hyperiamine horse piams

3. epon aigestea watana

4, Tobann Mikisern, parLflad on (3 Separe 48 eolu
B Trtassin sulisers purf1ed o (R Separenn 4R fbatch)
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The puritied  antlaora were  fheeabigaben by fmmndiffusion
agptnot  their correaponding (oxoids. Pian.7 and B both had
reaotichs of identity belwee:t the anbioora mawples whieh showe:
the presence of tdentical antibodies in Yhe rav plasm and the
purified antitoxing. A comparigon of the preaipitation linoe
produced nhowe bhat the chromatographinariy purificd antimara
aamples gave fawer linen of precipitation when oempared wish bhe
vaw plasma and the popain  digoated plasma. This may be an
indlontion that the purity of tho sampler was improved by bhe
lon exohange and affinity gela. It ocannot bo conaidoered no
comolusive proof ng the raw plagma may bave produond multinle
proipitation 1ince and faleo opur phonomenn whioh were abaent

from the purificd sanplen.

2 e




FIE7 Doublo diffusion of diphtherta antisera and toxold

Gontral valls contadn atphtherta taeld,
185, Hypertaaone harse plasse
2, Paprtn digested mntisera
3. Ton exchange purificd snisera
4. CHB-Sepharose 47 Lasmondsorbant
6. Spherost] tmmnondsorbent.




Deble 41 Ffusion of tetanua antisera sad toreld

Contenl velts contatn totanus torotd.
1. Hypertumns horse plask
2. Penstn digestod antisera
3. Ton exchange puriried anblasrs
4+ CHBr-Sepharose 43 {neuncadsorbent
5. Spharasil tmmcadsorbent.




CONPARISON OF RHCOVERY OF ANTISERA FROM GHROMATOGRAPHIC MATRIC

The recovery of diphtherla and tetanue antibodies from

ohromatography matrices 1s ghown In  Tablea 17 and 18

respaotively. The purification fastors for sach method haw bees
included in the tables %o compare the yield and the purity

obtatned.

TARE 37 Recouery and togres of purdricatlon of diphtieria ankibedles
irm sty i T ey e dirind o
rumber o units of antibody agplied to the gels and the
e ot o et ot pordsication factors ara
3hovn s the saan £ 5.0,

Recouery  uriricotian
Percentage Factor

matrix

g~ 0w 356 133008
(ar-Sepharose 49 (ootuen)
cttc-Sephaross 4B (vater)
sphorast1 derivative teotun)
spneront deriuabive (bhtch)

BRE;

s5208 585 2,19031

n s sample sime

TABLE 0 Recovory ank fegreo of purkfication of abanus anclbedies
Fron cheoustotraghy otrices. Tho recovery vas detorained
2rom tie puster af units of antibedy appiled 10 the gels ané
the musbor eluted. The rocovartes and purl fieatlon factors
are shoum 55 tho oo 3 8.0,

focavery  fuitiicattan
Percantaga Poctor

atetx

e 10 Gty 6 RO LI

has ase 49 (colomn) 6 MMM 15500
aor»sow.mu & teatem) 5066 1,010,0
Splerosty deriwtive feolwon) 3 430669 270,13
spheront dorluatlve (omdeh) 5 39,5083,%  1,0400

o+ suple stz
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antibodies by fon

After  purifying dipbtheria md tetanus
axohange ohromatography, there was a minimal loss of antibodies
when compared with the loss of antibodies when the antisura wag

purified by chromatography  methods. Exoluding
DEAB-Sephadax,
antibodies was obtained after

Spherostl derivative ipmunoadsorbent.

affinity
the highest yield of active diphtheria or tebanua
purifying the sntieera with the

DISCUSEION

The objootive of the work desoribed was  to  agsess

lemunopurification ap & techniqus which oould be used on a

purification of cquine antisera for

of affinity chromatography

production scats for the

uge. ‘the methods

compared with the preeent method of antisera

therapeusio
develoned were
purification by ion exehange chromatography.

of purification was compared ueing the purification
caloulated from the

The degrec
LN caoh  method
in epecific activity (unite/mg P.N.)
each mothed of purification
in nigher T.F. than the

factor obtained for
difference

before  and

of antisera
atger Whave the
impunoaffinity ohrowatography resulied
presently Used method of lon exchange chromatosrsphy, the P.F,

vay considered to be good. A P.P, equal to or less than that
from ion exchange purification of the antisora was congidared to

be a poor P.F.

The CNBr-Fepharose A% preparad vith diphtheria
toxeid gave a significant

diphtheria antisara using both column and hateh

ingrease in the Tinal purification
faotor of the

methodo.
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The differgnae betwgen the mean purifioation factors obtained
from the ocolumn and from the batoh was insignificant. The
CHBr.Sepharose 4B and the toianus foxoid adsorbrat resulted in
little or no purification of tetanug antigera compared to the
other metnods. Tayst Bt_al.,(1980) report that whem CNEr

activated agarose 1w used there is a risk of soms hydrolyets,
under pH 3, of the bonds betwaen the proteing nnd the matrix.

I thie  etudy, O,1 M hydrochlorio acid was required to
dissociate tetanus antibodiea from the tetanus toxoid. The poor
purification may bo the reault of hydrolysis of the tetanus
toxoid moleculos bound to the gel. Tetanus toxold as mot
detected dn  eluate ueing flocculabion assoys and double
diffusion testw, This indioates shat the protein Ligand may have
been partially desatured, The batoh mothod gave a particwlarly
low purification faotor and low yield. The clectrophoretic
pattorn shoved a narrower band of immunoglobuling when compared
with lon  exchange ohrowatography of the tetanus anticera
although the bamples oohtalned the came profuin content. Prom
tho alectrophoresis reeuite the antisera was purified, hovever
the mpecific activity of these aamples  showed littla
purification, and in some cawples, no purification. The protetn
content was detormaned vsing Blurct Reagent, The higher protoin
contont 1in thase apparently "purified" somplos may be duc to
tetanus toxold that has loaked off the gel and aa been
biologioally alierot by the acid =0 it cannot be dotected by
reastions that involve preoipitation with the antitesin, It wil}
kowever insrocase the tatal protein content in the eluate. e
column method did show improved epecific aotivity when comparcd
will e batch amcthod. DPne s¥planation could be the teehnique
avolved, The colwmns ware nob run dry bofore the elubion step.
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In the bavoh mothod the buffer was suaked off the gel, usder a
vaouum, removing any buffering sotution belfore the dissociating
agant wos added. The gel 1n the batoh method was more exposed to
the diseociating agent than She gel in the column. This may have
onused groater lealkage of the tetanus toxold from the adsorbent
gel which lowersd the opecifio activity of the eluate. The
coupling eapacity of the gol for antibedies did not drop. The
percuntage resovery  of antibody unite was lover than thav for
ther mothods of alfinity ohromatusraphy. The gei did nut appear
%o b ‘wburated Ly tha amount of amtisera applicd.

The immunoadeorbents prepared with CNBr-Sopharcso 43 and tatanus
taxotd do not appear to be sultable for offfoient purification
of tetanis antlsers. For the diphtheria antiaera affinity
purification a less aofd solution woa uved as the oluting
buffer. fThiz method improved the purification fnator and the
apecific aotlvity of diphtherim antisers when comparcd with lon
exchange ohromatography .

Oter disaoclating agante (e.g. urca, guanidine hydrochlorids,
chaotropic 1loms or polarity raducing agants such ac dioxane),
may have been sultabla for the domorption of tatanua antibodies.
Thegs wvero not omployed an tho final proguet ic intended for
human  thorapoutic Uee. fThia oliminated tho need to teat the
fanal produst for the presencs of rosidunl loxto mubmtances
introduoed In tho cluting buffer.

- et s ettt B o e st Ao



In thin study It was found that using 0,1 M hydroohlorio aeid
and 0,2 # glyoine/HOl buffer pll 2,8 ap dissoolating aganto gave
a good purification factor and a high specific activity of the
Final antitoxin. Double diffusion experiments uoing the eluate
againat a range of antitoxin concentrations to test for the
preacnos of toxied in the eluate did not produoe any lines of
precipitation. Flocoulation tests on the cluate for the prescnce
of toxeid wert alsc nogative. Thesg three pointe suppory the
wort  reporced by Tardy gt sl (1980) whish staicd thot
gluiarsldehyde sotabillges the binding of the toxeid to the
Sphorouil and provents protein iigand loskaga from tha gol. Tha
eleotrophoratio pabterns of the tetanus antitoxine mupports the
indicarion that Spherostl derivative immunoadeorbante preparcd
with tetanus toxold give -~ purer final produot oompared with
those from ion cxohsnge ohr.matography and CNBr-Sepharowe 4D
{mmunosduorbante. A purer product will comtain less protein por

unit of antivady.

DEAG-doxtran han anion exchange properties, The DEAB-dextran
8pherosil tmmunoadoorbants wers vashed vith o deorcaging pll
gradiens, before the eluting bulfor, 4o didcoointe protoing that
vare bound to the grl aooprding to thelr oharge. A purer product
with reapeot to unito/mg P.N. wae thon olutod,

Tne recults of puriyying diphthoria antisera on Spheronfl
dorivatives oro comparabla with those £rom CNBr-Sepharose 1R,
The otatintical annlypio chowed no oignifioant Gifferunces
butween tha mean purification fnators cbtainad from gach method.
The cample pimen are howevor small and greator samples olres may
point %o ono method giving a significantly better purification

faotor,



Vo ne immunopuriffcd diphthoria antisora all showed nignificantly
[ ireatar purificasion factors than fon exchange chromatography.

) The lmproved uwrification was also supported by tho visual
comparigon of the eleobrophoretic patterns obbained from the
affinity purified antitoxine. For the purpine of the theoretical
mealing up o tndustrial coale production, discussed Ln the next
ohapter, tha ONBr-Bopharose 4D bateh method will be ued aa the
example to sompare with lon exohangs ohromatography.

When coupling the toXoid to thu gel the protein ligandigel ratio
vas not found to influence the amount of toxoid coupled. A
protuin ligand conoentratien of 4,0-10,0 mg/ml was used to

propare tha . omy this on
there was o deoreage in the amount of the toxoid coupled as A
paroentage of toxeid spplind. A protein concentration of 4, -5,0
wg/ml  gave an optimal oouplirg ocapocily and an average
adoorption of 76,8% of tho toxoid mpplied. The coupling was done
wocording to the mebhod of Tardy gy al..(1978). They reported
that the binding of the boxold algo depended on the average pore
aipmoter of the Bphorosil partiolea and the emaller partioles
will pwclude the toxold. Diphtheria toxold has a molsoular
weight of 62 000 and albumin has a molesular welght of 69 000,
Tovanus toxold has a molecular weight of 150 000. Sphercail bype
X00003 was reported to be sultable for binding tolamug boxoid

and alvumin. It vas aseumad in this atudy that it vould be
suitable for diphtheria toxold vwhich is comparable in mize to
albumin.

- - B VOGO,
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AHl-Scpharcas 4D had a low coupling capacity for diphtheria
toxold and an undetectable coupling capaoliy for tetanua toxofd.
Mi-Gephaross 4B may be ouitable for purifying small quantitice
of diphiheria antibody in the loboratery. However it wag
impractical for 1large ocale uso beoause of he quantity of the
gel that would be vequired to bind mufficlont toxoid for
purifying large volumes of antigera.

To ocenvert diphtheria and tetsnus toxine to thelr toxoid form
they were treated with formaldchyde. Thio roackion reaulta in
intormolecular bridges within the towin. Anino solda, peptides
and proteing that are presont in the media are irroversibly
linked Yo tho toxin during the towoiding procesw (Pappenhoimer
1983). This lowers the specific diphtherla or .itanus antigen
content, Thie eame toxoii wao uced to propart the columng ohd to
immunioo the hascs, Hemoe the equine serun obtaincd Prom the
horgen, hyperirmunised with this toxoid, containg antivodicn o
non-opeeific  antigena  othor than the toxin. .Bo ontieara
inmunopurified will almo contatn gome nowsdiphtherin or
non-tatanuo toxin antitodies that will bind to tha nen-speoific
antigeny on ihe oolumn.

The neutrnliving eapaolty of antinors cannct be dotermined from
the flocoulation touts, Ip vi

a0 vell oz &
done on the purifiea  diphtheria  entimera. The resulisn
corrospontod which ehowed that tho newsralining capasity of the

tro teate vore

diphtherin antioera had not boun demvroyod by the Smmunonffindily
purification. Reforn tha imma urifiod totanug antisera oan be
uoed theropoutically, the nautiat¥oing capacity for  tevanun
toxin wuut bo tested in, viv . ocronoutralioation teats in
mico. Seroncwtralioation beuby .ot tho trus ocapacity of o
given praparation to noutralioe the Loxin in vive.




The lov yield of sntibodiee from affinity gele could bo due to @
combination of two footora. Pepoin digested squine antisera wag
stable tn the dionociating agente for the parlod of time
required for elution. Mowever the move concentrated products may
be  suecepbible to acid denaturation. ZThcre could aloo be
ineftiotunt elution of the antibody. The corpling copusity of
tue goly for tho antibodles did not drop between suooeasive
runa, The maximum canacitiss of theae gels down not appoar o
have boen attained by the amount of antisera initially applicd.
This 1o important for ascaling up these golumns for industrial
Procusees,

SUMMARY AND GONCRUBION
CORUMKNS VERSUS DARCUBS POR LARCE BCALE WETIODS

&mall seale laboratory procedursy are simpler %o conduct in
columng  than botohwioe. lowover with the largor volumes roquirad
for pruduotion, batoh procpascs oar ofter ho mimplor  bo

1pulat AS-Sephad 5 exohnngor ohanges volume
during the rcpeseration gbopy and thorsfore o used batshwime.
Tha ONBr-Scpharoso 4D and Sphorogil darivative ndsorbonts do not

changa volume with ohangos in lonlo sbtremglh or PH 0o can
readily be uoed in oolumnu. A change Ln ‘olumo vould affoot the
packing of the gal and gubsoquontly the flow rate. Column
methose  have corvain advantogen. Tho clooed  oyatem  moken
sterility easler o maintatn  whioh 18 cosontial for n
thurapoutic proguct. Witk tho uae of a pump, Lhe autiacra oan he
rooiroulated to opbimiva mntigen-antibody biwiag. A pS arndivnt
for elution from the Sphorosid adoorbeuts 1o oimpler o apply to
acluwans whorca a drop in pif mbep-ino o necasgary for bateh
methoda. In thig ntudy both methods ¢ dooranning the pll worked
adoquately, A il gradiont wan iire’ cubimined ueing tho column
and then opplicd a0 o oSepvine drop { ' Yo the baieheo,
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Prom the recults obtalned in hic study, the batoh methods of
purifying tetanus antivers by affinity chromatography gave lowor
purification factors when ocomparsd with the oolumn methoda,
Golumn ohrowatography requires a short and wide column to reduce
the bime required for the elution utop, because the eluting
buffer may denabure the column compobemts if left in the coluan
for too long. A shorter and wider column makee the clution time
and flow rate easler to oontrol. When purifylng the equine
diphtheria antisera, thore wae no signifioant differcnce betwoen
tho pueificnkion Cagtors chbalmed from column methods or batch
mothods.  Both column and batoh mothods are euitable when
considering the dogree of purification obbtainad. This may be
bocose  she buffers used in diphtheria purificstion arc ieee actd
than those used in tetanue purdfication and thavefore thera in
loss probability of tha Rroteins being donaturcd during the
prosesa,

5.2 LAHUZ SOALE PURIFIOATION BY GHRONATOGRAPHY METIODS

1rom  tha above disoussion 1t oan be seen that some of *he metheds
studiod for purifying antisora by affinity ohromatography
seoultod in @ bettor purificabion compared with the method based
on  lon  oxchange ohromatography. However for  alfinlty
ohromatography %o bo applied to large seale puriftcation of
antivera, other faotora mugt be conoidercd. Bach ptep that hay
bean  opbimised in the nbove study must be ocaled up, Tho cont of
the mwaterial must be conmldered. For the purpast of tiln
docunnion \ho reccarch atudinm will be theorctically meated up
to meot the prosent produation requirements in our laboratorint.

S e s
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The oosh of purifying diphtheriz antitoxin with ONUr-Bepharose 4B
adaorbant and the cost of purifying totanus antitosin with DEAR
doxtran derivative of Spherosil adorbent is compaved with ion
exchange ohromatography of the antisera. Tables 19 and 20 show
the aizc of each oclumn required for diphtherfs and tatanus
purification recpeotively. The oolumn ocapacity required i
determingd from the ratic of antitoxin {units) bount to antigen
{I£) i» the aolumi and the number of antitoxin units to be
purified, After pepsin  digestion ond  ammonium  mulphate
purification of the horse plaswa, the avorage titre of the
ccnountratod  plusma was takem to be 1 500 u/ml for both
dipt therda and tetanue antivora.

TANE 19 Man of gud raguired o puLry basehes of diphtherts
auttacrs, using Qr-Sepharaso 45 inwnosdsartant.

piptanerta Lovatd udsorsed 12 975 L6/ g

Digithorta antlzo.in sdsorbel 3 28 g et
iRatdo oot + aatllln 45
o of forsea tumnines z
ouratlon of lmunisstion sourse 3 nanths
Ho. of blueting por Yeor/urss 2
atat vabume plasse 132 i1tres
ksl woluan cancentrutod ankisera 39 trer
atch stooscyerr 2,6 Huros x 4
2,6 tros eiphthorta antloora | 50.0 whl 3 900 00 unlts
atumn capacity 15 600 900 L
Cotumn w0au ) 202 g

LI

VA
by
¢ . .
R |
. i
v
3
i n




THSLE 20 fuss of gel required ta WLEY batches of hetands
anbisers, using Spherosil deriuative tnauncadsorbent.

Totanus tonatd adsorbed 10547 Lizg gl
Tetars antitortn adsorbed 2657 /g g1
fatio toxatd » antitorin [N

o of harses dusuntsed 2

[ouration of tamuntsation course 3 wonths

o, of biseding per year/orse 2

Tota1 valuss plasse. 152 titres

[Totat voluee soncnebrated antistra 18 1tres

ateh sizes/yonr 2,6 titres x 4

2,6 11tres iphinertn antisers 1 500 wal 3 00 000 unis
Cotunn sapactty 15 600 000 LE
Cotusn ness. 1419 g gt

The immunigation oourse referred %o in Tables 1¢ and 20
inelndes the immunisation of the horse and the suhseguent
bleeding and recovery time. Eaoh horse is bled three vimes after
each lmmunisation. It ig assumed that an average of 5.5 litres
of plasma is obtained from e~ch horse per bleed. Tadle 21
the inftial cost of the gels.

shavs

TAWE 2t The cost of eoch gel (s coared uslag the spount of Gidr-
Sphararcss 48 required Lo pariry diphtherta antitorin M
the aanunt of Spherostl required to pURily tatanus antiorln

Soprades G- Spherostl  ORAS-
Sepharnse 48 X003 Dextran)

oot maiciy (TS0 tw s o
Gost of motrlx (B 5001 B2AM N 50
fotal taxald (LI} - 1562 10 15,6 % 10

HA 1 cost not avasiabie
R 3 S.A Runds

The prices quated corract at Liae of priating.
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The inivial oost of preparing JNBr-Sepharose 4B 15 far greates
than that of Gephadex, Sephadex ales Aas the advantage that it
can e uged for purifying both diphtheria and tetanus anvitoxins
vheress immmnoaffinity ocolumns are specific for each antitoxin.
Diphtheria antizera oan be efficiently purified using DEAE
Sephadex and a batch method, This method gives a high recovery
of above 90F of diphtheria zntibodies. The purification fastor
obtained with this method is sufricient to purify the diphtheria
antisera 80 that it meets W.H.0. requirements concerning potency
and maximum protein content in the final product. The cost of
the process is minimal when ccapared with thab of affinity
ohromatography methods. The disadvantage of this method is that
the final product has a heterogenous mixture of the diphtheria
antibodies mnd the naturally ocourring antitodies in equine

plasma. The cost of immupoaffinity methods make them impractioal
to use for the largs scale production of equine diphtheria
antibodies.

The torues immunised against diphtheris toxin develop a higher
antibody against the immunising toxin than the horses immunised
agatrgh  tetanua  toxin, It would be advantageous to use
tmmunoaffinity ocolumns for purifying tetanue antisera. The short
term cost of preparing an tmmunorffinity column for purifying

tevanus antisera would be balanced by the long term cost of

FREAR AN keeping the horses, lmmunising and bleedfng the horses at

o .
L o reguler intervals and then not being sble to utilise the
N . , antisers 1f 3t does not reach minimum requirements. Hence the

Spherosil immuncadsorbent prepared with tetanus toxold has a
potential use. Thne of affinity vography are

the cost and tre approximately S0f loss of the tetanur

L.

untibadies., The advantages are the higher purification Pactor

Sy and therefore the higher probability that the antisera will paas
oy . the ¥.K.0. requirements, and also the elimination of maturally
Y- o oocurring antibadies from the antisera leaving a heterogenous

mixbure of immunoglobuling that reast specifically with tetanus
i toxoid.
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