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Abstract

This report describes the applicability of a synthetic chromatography adsorbent for large-scale purification of polyclonal immunoglobulin G
from hyper immunised ovine serum. Under optimised conditions, MAbsdt@2® was shown to bine27 mg mL~?* of ovine immunoglob-
ulin from undiluted serum, with eluted 1gG purities of >95%, minor levels of albumih%) and undetectable levels of leached ligand in
the purified preparations. The results presented here indicate that the optimised affinity capture of immunoglobulin from ovine serum using
MAbsorben® A2P is a feasible alternative to Protein A chromatography or sodium sulphate precipitation for the initial capture of antibodies
from undiluted serum.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ness and medical emergencies) as they can bind to multiple
epitopes on the disease-causing agent. Affinity chromatog-
Antibodies and antibody derivatives are currently thought raphy is potentially the most selective method for protein
to constitute 20% of biopharmaceutical products in devel- purification and is often included as an initial capture step
opment[1]. In an attempt to reduce upstream processing of an antibody-derived therapeutic. Although affinity chro-
and feedstock costs, both polyclonal and monoclonal anti- matography using Protein A derived from the cell wall of the
bodies have been produced in animal seif@h milk and micro-organisnStaphylococcus aurewsd Protein G from
eggs of transgenic animal8] and transgenic planig,5]. Streptococcuss the affinity ligands have been widely used
In addition, there has been renewed interest in the use offor the purification of monoclonal antibodi¢g], the high
polyclonal-derived therapeutics, and the expression of fully cost of these affinity adsorbents for commercial manufacture
human polyclonal antibodies using transgenic animals has re-of therapeutic antibodies combined with the additional cost of
cently been reportefb]. As hyperimmunised animal serum expensive cleaning solutions has resulted in the recent devel-
contains a mixed population of antibodies against an entire opment of a number of commercial alternatives to Protein A
range of epitopes, polyclonal antibodies are often consideredor G chromatography matric§8-11). Many of these chem-
more efficacious (especially for the treatment of acute ill- ical alternatives are applicable for downstream processing
of immunoglobulin-derived biotherapeutics, including Fab
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from biological sources, in particular robustness, relatively body in hyperimmunized ovine serum, a sample (10.0 mL) of
low cost, ease of sanitisation and potential lack of biolog- serum was filtered through a Qu2n syringe filter (Sartola®
ical contamination. With increasing attention being paid to P20, Sartorius Ltd., UK) to remove insoluble debris and the
the economic aspects of biopharmaceutical production, thesoluble fraction left to equilibrate to room temperature. An
reuse of chromatography matrices is often essential for a costaliquot of filtered serum (1.0 mL) was diluted with an equal
effective process. Although the cost of Protein A or G matrix volume of 25 mM sodium phosphate pH 7.6 (buffer A). The
may be spread over many batches and issues concerning ligsample was loaded on to a 5.5mL Protein G Sepharose
and leakage and reuse may be addressed with careful proces$ Fast flow (Amersham BioSciences, UK) C10/10 (7.0cm
design, the initial purchase of a Protein A or G column may be bed height, 1.0cm diameter) column at 100 cm kequi-
the single most expensive item in the list of materials required librated in buffer A. The column was washed to baseline
for commercial therapeutic antibody production. Protein A (<0.05 AU) with buffer A and the antibody eluted using
chromatography matrices may be over 15 times more expen-100 mM glycine, HCI pH 2.5 and collected as a single frac-
sive than many ion-exchangers and 5 times more expensivetion (to mimic the collection of IgG within a single biopro-
than synthetic affinity adsorbents and may account for >35% cess container at production scale). Fractionation of the prod-
ofthe downstream material costs at large sfi2¢ Although uct across the eluted peak has not been described in this re-
Protein A is a robust molecule that may be cleaned with rel- port. However, this may help to demonstrate the selectivity
atively harsh cleaning conditiorj$3], the use of Protein A of the adsorbent for IgG and albumin and is currently un-
or G for a primary capture step of antibodies directly from der investigation within this laboratory. The concentration of
a feedstock such as crude serum may not be commerciallyeluted antibody was determined using an absorption coeffi-
feasible at large scale due to the viscosity of the serum andcient (1.0 mgmL?) at 280 nm of 1.5. Total antibody con-
relatively high concentration of antibody, other proteins (al- centrations of 26-31 mg mi! serum were obtained. Anti-
bumin, transferrin and other serum proteins) and non-protein body titres may be dependent on the immunization protocol
impurities (lipids and often cryoprecipitates) that may remain used to generate specific polyclonal antibodies. Typical pu-
non-specifically adsorbed to the column and impact the dy- rities of >95% were observed as determined by Coomassie
namic capacity and reuse of the column matrix. In addition, stained SDS—PAGE and scanning densitometry analysis. No
unlike many affinity matrices that may show IgG sub-class detectable IgG band was observed in the flow through, which
specificity, MAbsorberft A2P binds all subclasses of IgG indicated that Protein G bound all ovine IgG isoforms under
including 1gG3, important for the purification of polyclonal- the conditions described.
derived antibody therapeutics. The MAbsorl5eARP ligand Initial determination of IgG binding capacity of the
(Prometic BioSciences, UK) is composed of a di-substituted MAbsorben® A2P matrix was undertaken by packing a
phenolic derivative of tri-chlorotriazine and is commercially C10/10 column (Amersham BioSciences, UK) with 4.5 mL
available coupled to a 6% cross-linked agarose (Pur&jead (5.7 cm bed height, 1.0 cm diameter) of MAbsorifeA2P
base matrix. The ligand was discovered following screening (ProMetic BioSciences). The column was cleaned and sani-
of ProMetic’'s combinatorial ligand libraries for compounds tized according to the manufacturer’s instructions prior to use.
active in binding IgG and is thought to mimic the structure A sample of serum was filtered through a (4@ syringe fil-
of two key amino acid side chains of Protein A—Phe 132 ter (Sartolaf P20, Sartorius Ltd., UK) to remove debris and
and Tyr 133 that are found to play an important role in for- the soluble fraction left to equilibrate to room temperature.
mation of the binary complex between Protein A and the The column was equilibrated with 25 mM sodium phosphate
Fc fragment of Ilgd@11]. This study describes the optimum pH 7.6 and overloaded with 60.0 mg of IgG per mL of ma-
conditions for the isolation and purification of polyclonal an- trix (8.9 mL serum, [IlgG] 31.0 mgmtl) at 30cmh?. No
tibodies from crude, hyper immunized ovine serum using the dilution or pH adjustment of the serum was made. The col-
synthetic Protein A ligand adsorbent, MAbsortfeARP and umn was washed to baseline (<0.05 AU) with 25 mM sodium
compares antibody quality and purity with 1gG purified us- phosphate pH 7.6 and the bound protein eluted using 50 mM
ing sodium sulphate precipitation, currently used at produc- sodium citrate. The fractions were pooled, and the concentra-
tion scale to manufacture the FDA approved biotherapeutic tion of antibody determined using an absorption coefficient
CroFaM (Crotalidae Polyvalent Immune Falg). (1.0mgmL1) at 280 nm of 1.5. Purities of approximately
76% were observed as determined by SDS—PAGE and scan-
ning densitometry analysis.
2. Experimental
2.2. SDS—PAGE analysis
2.1. Chromatographic separations
Non-reduced SDS—PAGE electrophoresis was carried out
A frozen sample (5L) of ovine serum from sheep hyper using Novex® Tris—glycine pre-cast 4-20% polyacrylamide
immunized with rattlesnakeCfotalidag venom (Protherics  gels (Invitrogen Ltd., UK) and a discontinuous Tris—glycine
Australasia Pty Ltd.) was thawed overnight and stored at buffering system. All samples were prepared by mixing and
2-8°C prior to use. To determine the concentration of anti- equal volume with two times SDS sample buffer (Invitrogen
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Ltd., UK) and heating in a boiling water bath for 2 min. Gels and also minimise the wash volume, elution volume and to-
were typically loaded with 5.0.g protein per samplelaneand tal run time. The experimental design was augmented to in-
electrophoresed at a constant voltage of 150 V. Protein bandsclude additional axial points (as a central composite design)
were visualised by staining for a minimum of 60 min with to model curvature in the desired responses. The experimen-
0.1% (w/v) Coomassie brilliant blue R250 (Sigma B-0149) tal data was fitted to models of increasing complexity. For
and destained with 40% (v/v) methanol, 10% (v/v) glacial each model the probability, standard deviation RAgtalues
acetic acid. Band intensities were quantified by scanning were assessed to determine the most suitable model for the
densitometry analysis using ImageMaster Total Lab v2.01 response (data not shown). Residual albumin was removed
(Amersham BioSciences, UK). The relative staining prop- fromthe MAbsorberft A2P column with the incorporation of
erties of ovine IgG and albumin has not been investigated 25 mM caprylic acid to the wash buffer (sodium octanoate,
and quantitative purities are therefore approximate. Silver Sigma C5038-100G). Absorbance measurements were ob-
staining (reduced SDS—PAGE analysis) was undertaken us-+tained using a Cecil 2041 UV-vis spectrophotometer (Cecil
ing a Nove® pre-cast 10% Bis—Tris polyacrylamide gel (In-  Instruments Ltd., UK). Chromatographic experiments were
vitrogen Ltd., UK), which was electrophoresed for 35min undertaken using aAKTA Explorer 100 (Amersham Bio-
with at constant voltage of 100 V. All samples were diluted Sciences, UK).

to 1.0mg mL-? total protein with HO. Fifty microliters of

each diluted sample was mixed with 2b of Invitrogen four

times sample buffer (Invitrogen Ltd., #NP0004), 0 of 2.5. HPLC analysis of MAbsorbéhA2P ligand

10x reducing buffer (Invitrogen Ltd., # NP0007) and 16 leakage

of H,0. The samples were then heated at10@or 10 minin

a dry heating block to fully reduce. Four microliters of each ~ Samples were adjusted to pH 3.0 with the addition of
sample was then added to each well resulting in@6f pro- ~17% (viv) 1M citric acid to prevent IgG antibody se-
tein loaded per well. The SDS—PAGE gels were stained us-questering the ligand leakage product (Prometic). All of
ing SilverXpres® Silver Staining Kit (Invitrogen Ltd., UK) the standards and samples were filtered using a Centricon
according to the manufacturer’s instructions. After the gels YM-30 centrifugal filter device (Millipore, UK) and as-
were developed, the image was recorded using an Alpha In-sayed using areverse phase HPLC (gradient elution) method.
notech FluorChem 8800 system and with Subsequent anno_one hundred millilitres of Standardlsample was loaded onto
tation using the software AlphaE&S&C (Alpha Innotech @ Luna Phenyl-Hexyl column (40.0 mr4.4mm, Phe-

Corporation). nomenex, OOB-4257-EO) with a Phenyl-Hexyl guard car-
tridge (Phenomenex, 4.0 mm3.0 mm, AJO-4351) at a flow
2.3. Isoelectric focusing (IEF) rate of 0.5 mL mirrL. The retention time for the ligand leak-

age product was calculated at 5.1 min. The column was at-
|soelectric focusing (|EF) was undertaken using pre cast tached to and controlled via a Waters A”laﬁd&PLC system

Novex d 3-10 gradient gels (Invitrogen Ltd., UK) using an (Waters Ltd., UK), and peak analysis was carried out on the
XCell SureLocRM mini electrophoresis unit (Invitrogen).  Waters Millenniur® Chromatography manager 3.2 (Waters
Samples were dialysed overnight in 20 mM sodium phos- Ltd., UK). The two mobile phases were —Buffer A: 10 mM
phate with 10 mM NaCl, pH 7.6, diluted to working concen- sodium phosphate, pH 7.0 and Buffer B: acetonitrile:water
trations with KO then mixed with an equal volume of two  (80:20). The gradient elution protocol was as follows:
times IEF sample buffer (Invitrogen) prior to loading. The gel

was ran at a constant voltage for 1 h at a 100V, 1 h at 200V Flow (mL/min) Time (min) A (%) B (%)
and 30 min at 500 V according to the manufacturer’s instruc-
tions (Invitrogen). Protein bands were visualised by staining 0.5 0 75 25
for >60 min with 0.1% (w/v) Coomassie brilliant blue R250 o 5 10 20 80
(Sigma B-0149) and destained with 40% (v/v) methanol, 10% 0.5 12 20 80
(v/v) acetic acid.

0.5 15 75 25

2.4. Factorial and adsorbent re-use experiments

An A2P ligand leakage product standard curve was ob-

Factorial and adsorbent re-use experiments were undertained in the range of 50fgmL~! and 25.0ngmc?,

taken using a 23.7mL (30.0cm bed height, 1.0cm diam- in 75% 10mM sodium phosphate pH 7.0, 25% acetoni-
eter) MAbsorbert A2P column (Tricorn 10/300 column, trile:water (80:20) buffer. OH-ligand controls in sample
Amersham BioSciences, UK, see figure legends for running buffer (10 mMcitric acid, pH 2.5) and in the presence of ovine
buffers). For each factorial experiment, a new column was !9G antibody (5 mg mt*) were also analysed between con-
packed with unused matrix. Design Expert @q&tat-Ease centrations 50.0 and 500.0 ng m:L The limits of quantifi-
Inc., USA) was used to model the process and predict opti- cation and detection were 185 and 65 ngrhirespectively
mum conditions to maximise purity, recovery and flow rates, (ProMetic BioSciences, internal report).
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3. Results and discussion

Due to the high concentrations of antibody and impurities
within crude ovine serum combined with technical difficul-
ties determining accurate volumes loaded using a laboratory-
scale column, the determination of dynamic binding capacity
was assessed by overloading a MAbsorBeA2P column
with ovine serum containing a large excess of immunoglob-
ulin. Although the IgG may preferentially bind to the matrix
and overestimate the purity of eluted product under these
conditions, this technique provided a rapid evaluation of the
potential capacity of the matrix for ovine IgG. The binding
capacity of MAbsorbefft A2P was approximately 27 mg of
ovine polyclonal IgG per mL of adsorbent. The purity of
the eluted IgG was approximately 80% as determined by
SDS-PAGE and densitometry analysis, with the major con-
taminant showing an apparent molecular weight of 55kDa,
assumed.to b.e OV"?? SerL.Jm alquln (data not shown). Al- and loading flow rate (cmtt) on total ovine IgG recovery (%) using
though minor impurities will contribute to the absorbance at MAbsorben®? A2P chromatography. Data fitted to a quadratic mo@8l (
280 nmwhen determining antibody titre, these results suggesto.964,p >F < 0.0001) to show the curvature in the response. Recoveries of
that MAbsorbert A2P matrix can be successfully used to >100% are due to minor impurities, including other serum proteins con-
obtain high purity IgG from crude ovine serum using a single tributing to the absorbance at 280 nm. The effect of this contribution will

recovery

2.0

3.0
C: elution pH

112.5

A: loading flow

4.0

50.0

Fig. 1. A three-dimensional display showing the effect of elution pH

purification step. The binding capacity of the MAbsori§ent
A2P for polyclonal ovine IgG was almost twice that of com-
mercial Protein A and G matrices evaluated under similar
conditions (Cresswell and Newcombe, unpublished results).

3.1. Optimisation of IgG capture using MAbsortnt
A2P

In an attempt to determine optimum conditions for anti-
body recovery and purity using the MAbsorbBat2P adsor-
bent, a fractional factorial experiment was designed. A typi-
cal method of optimising processing conditions is to change
one factor at a time until no further improvement in product
quality is observed. However, this provides little informa-
tion about interactions between individual factors, and often
a ‘true’ optimum is not obtained. A factorial experimental de-
sign of 19 experiments was undertaken with all factors varied
systematically. The analysis of resulting experimental data
provides a strict mathematical framework for analysis using
computer software, and Design Expert v6.06 (Stat-Ease Inc.)

was used to analyse the generated data and predict complete
three-dimensional (3D) models of the capture process (see

Figs. 1-3. Examination of selected 3D curves suggests that
flow rates up to 175 cmtt have little effect on the purity or
recovery of eluted IgG. This indicates that a residence time of
10 minis likely to be sufficient to maintain the dynamic bind-
ing capacity of the matrix (loading in this case at 80% column
capacity) and capture the polyclonal IgG under the conditions

described. Increased back pressure was observed at flow rates

greaterthan 175 cnmi, suggesting that the rigidity of the 6%

agarose base matrix is the limiting factor affecting flow rates
used for the purification of IgG from crude ovine serum. As
expected, the elution pH was shown to be the most signifi-
cant factor influencing product recovery, purity and elution

depend on both the concentration and extinction coefficients of the impuri-
ties present in eluted fraction.

volume. Design Expert 6.06 was used to predict the optimum
conditions for the chromatography process and the modeled
data suggested a maximum recovery of 95% ovine IgG with a
purity of 85%. Unsurprisingly, the predicted optimum condi-
tions for the process were similar to those recommended for
use within the manufacturer’s instructions. Predicted recov-
eries of greater than 95% may be obtained using the matrix
(Fig. 1), but evaluation of the modelled data indicates a po-
tential trade-off between purity and recovery when purifying

purity

Fig. 2. A three-dimensional display showing the effect of elution pH and
elution flow rate (cm h') on ovine IgG purity (%) using MAbsorbeéhiA2P
chromatography. IgG purity was calculated using non-reduced SDS—-PAGE
and scanning densitometry analysis. Data fitted to a linear mBA@.737,
P>F<0.0001).
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6.0
4.8
3.7
25
1.4

elution volume

175.0
4.0

A: loading flow 81.3

C: elution pH
50.0

Fig. 3. A three-dimensional display showing the effect of elution pH and
loading flow rate (cmh?) on elution volume (shown as column volumes)
using MAbsorberft A2P chromatography. Data fitted to a quadratic model
(R? 0.949,P>F <0.0001) to show the curvature in the response.

1gG from ovine serum. Maximum recoveries (>95%) require
an elution pH of less than 3.0. However, there appears to
be a linear relationship between pH and eluted IgG purity,
therefore as the pH of the elution buffer drops, the purity of
the eluted 1gG decreasédsig. 2). Non-reduced SDS—PAGE
analysis of IgG eluted from the column using 50 mM sodium
citrate pH 2.0 reveals the presence of a major contaminat-
ing band at~55kDa, presumed to be serum albumin (data
not shown). Although the majority of albumin remains in
the unbound fraction and is washed through the column after
loading, this suggests that a portion of ovine albumin may
bind to the MAbsorbefft column. Recent reports suggest
that several hydrophobic ligands bind to human serum al-
bumin, including fatty acids, bilirubin, thyroxine and hemin
[14,15] Itis possible that a modified fraction of ovine albu-
min may interact with the hydrophobic affinity ligand bound
to the matrix. In addition, as the elution pH increases above
3.0 the elution volume increasesig. 3). This is probably
due to weak interactions with the polyclonal 1gG isoforms
and the ligand or base matrix during elution from the column
[16]. To assess whether the modeled data is consistent with
the experimental results, ovine IgG was purified from ovine
serum using a MAbsorbeR®A2P column under the optimum
conditions predicted by Design Expert 6.¢8ds. 4 and h

Both IgG purity and recovery were consistent with predicted
values.

3.2. Analysis of affinity purified IgG

The aim of this study was to develop an optimised chro-

213
mAU
4000 loading elution
3000
2000

1000 washing

v

40

0 20 60 80 100 min

Fig. 4. An 280 nm chromatogram showing the purification of IgG from crude
ovine serum using a MAbsorb&2P column using predicted optimum
conditions. Column: Tricorn 10/300 column (Amersham BioSciences, UK).
Sample: Hyper immunised ovine serum (1 filtered), column loaded at
80% column capacity. Equilibration buffer: 25 mM sodium phosphate pH
7.6, wash buffer: 25 mM sodium phosphate, 100 mM NacCl pH 7.6, elution
buffer: 50 mM sodium citrate pH 3.0. Eluted IgG was collected as a single
fraction (~1.8 column volumes) to ensure maximum IgG recovery and re-
flect the proposed collection of IgG within a single bioprocess container at
production scale.

production of the FDA approved biotherapeutic, Crofhb
Analysis of the product by non-reduced SDS—PAGE purified
under optimum conditions suggests a similar purity to 1gG
purified using sodium sulphate precipitatiofid. 5). 19G
purified under optimum conditions remained clear with no
visible precipitation after neutralization to pH 7.0 with 2M
Tris base. No IgG appeared in the non-bound fraction, in-
dicating that antibody capture was complete. Determination
of total 1gG recovery after affinity capture, pH neutraliza-
tion and 0.2um filtration was approximately 90%. Analysis
of monomer, dimer and aggregate levels in the IgG purified
using MAbsorbert A2P by size exclusion chromatography
shows that monomer levels were similar to those observed
in the 1gG fraction purified by sodium sulphate precipitation
(data not shown). Long-term stability studies are currently

M (kDa)
97.4

66.3
554

weres < G

«— albumin

36.5
31.0

21.5

144  —

1 2 3 4

Fig. 5. Non-reduced SDS—PAGE analysis of IgG purified from crude ovine

matographic method suitable for large-scale IgG capture us-serum using a MAbsorbehtA2P column under optimised conditions. For

further details see Sectidh (1) Molecular weight markers; (2) eluted 1gG,

ing the synthetic Protein A adsorbent, MAbsortferm2pP. _ Mo . .
It was hoped that such a method would provide at least 83% purity; (3) eluted 1gG post-neutralisation to pH 7.0 using 2M Tris
p p base; (4) A sample of ovine IgG used to produce the FDA approved biother-

comparable 1gG purity to the current method of large-scale apeutic, croFaB purified at manufacturing scale using sodium sulphate
19G purification (sodium sulphate precipitation) used for the precipitation, 91% purity.
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36 39 Anode +
31 Fig. 7. IEF analysis of purified ovine IgG. Lanes (1) and (4). IEF markers
g (Serva), p3-10. (2) IgG purified using MAbsorbéhia2P. (3) IgG purified
<b & using sodium sulphate precipitation. Markers appear clear and well defined
and apparent smearing is likely to be due to 1gG isoforms spanning the
21 . . alkaline g range. p=isoelectric point.
- - - * ]

below the limits of detection (data not shown). Although the
A2P ligand leakage product is non-toxic by maximum tol-
Fig. 6. Silver stained SDS—PAGE analysis of IgG under reducing conditions erated dose (MTD) testing in rats (after an intravenous dose
purified from ovine serum using MAbsorb&A2P, and production scale of 0.6 mg kgl body weight) and non-mutagenic (Ames test
sodium sulphate precipitation. (a) IgG heavy chain; (b) IgG light chain. (1) negative)[17], detection and removal of any leached ligand

Molecular weight markers (Mark 12, Invitrogen); (2) 2.8 ovine serum; . tial wh facturi tein th ti
(3) 2.0ug 1gG purified using MAbsorbefitA2P, pH neutralized using 2 M IS €ssential when manufaciuring protein therapeutics.

Tris base; (4) 2.u.g 1gG purified using MAbsorbeftA2P, pH neutralized
using 1 M NaOH; (5) 2.Qug ovine IgG used to produce the FDA approved 3 3. Removal of residual albumin
biotherapeutic, CroFdl' purified at manufacturing scale using sodium sul-

hate precipitation; (6) molecular weight markers (SeeBlBkis 2). . .
phate precip ©) g ( ) In an attempt to remove residual albumin from the

) o o ) MAbsorben® A2P column prior to elution, 25 mM caprylic
under investigation within this laboratory. Analysis of eluted aciq was added to the post-load wash buffer. Caprylic
I9G by silver stained SDS—PAGE indicated that IgG puri- acig has been used to remove albumin from hydrophobic
fied using MAbSO”_’?'% A2P shows a comparable banding - charge induction chromatography adsorbents including MEP
pattern to IgG purified by precipitatiorFig. 6). Although

minor variations in band intensities were observed, a large
) o M, (kDa)
number of bands were detected in all purified IgG samples
reflecting the sensitivity of the staining method used. Anal- WO ey emepaw <+ O
ysis of purified IgG fractions by isoelectric focusing reveals 74 o=
that polyclonal 1gG is separated into more than 15 distinct 663 w—
protein bands with the majority of isoelectric points ranging 54 w—ily = = albugm
from 4.5t0 6.5 Fig. 7). Comparable banding patterns are ob- 365 o
served within both samples, suggesting that both techniques 310 —
(sodium sulphate precipitation and MAbsorte#2P cap- 215 —
ture) purify a comparable range of 1gG isoforms under the 14,4 sm—
conditions described. Although increased intensity of a band o0 =
with a pl of ~5 is observed in the IgG purified by precipita- 12 3 4 5

tion, itis possible that band intensities are variable and may be _. . . o
dependent on both non-specific and specific 1aG levels within Flg. 8. Non-redgced SDS—PAGE analysis of ovine 1gG purified frgm crude
) p i p p 9 ovine serum using a MAbsorb&itA2P column. For further details see
individual batches of serum. A comparable level of ‘smear- experimental methods. (1) Molecular weight markers (Mark 12, Invitrogen);
ing’ is also observed in both sample lanes. As both samples(2) ovine serum; (3) sheep IgG, Sigma I-5131; (4) IgG purified by sodium
were dialysed into a buffer of low ionic strength and diluted sulphate precipitation used for production of the biotherapeutic Crdtab

with H,O pl’iOl’ to analysis apparent smearing is Iikely to (5) purified 1gG using MAbsorbefitA2P (using optimised conditions with
’ a post-load wash of 25 mM sodium phosphate, 25 mM sodium caprylate,

represent minor levels of unr_esolv_ed IgG isoforms spanning ;1o v Nacl pH 7; (6) the addition of sodium caprylate to the post-load
the alkaline p range. Analysis of ligand leakage by HPLC  \yash buffer removes the residual ovine albumin to <1% (as determined by
also indicated that levels of ligand in the eluted IgG were scanning densitometry analysis).
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HyperCeP (Ciphergen S.A, France), as a stabiliser for al- A2P may provide a robust and economical alternative for
bumin solutions as well as a precipitation agent for im- large-scale purification of IgG for the production of antibody-
munoglobuling18]. The addition of caprylic acid to the wash ~ derived biotherapeutics.

buffer had little effect on the capacity of the matrix for ovine

IgG, with capacities of 25 mg mt! observed. The yield was

also unaffected with >95% IgG recovered. However, im- Acknowledgements

proved IgG purities of >95% were consistently obtained with

levels of albumin <1% in the eluted antibody fractionasdeter- ~ We thank Dr. Tim Auton (Protherics PMD), Dr. Garnet
mined by Coomassie stained SDS—-PAGHg( 8). Final IgG Lewis (Strategic Protein Solutions, UK) and Dr. Paul Nelson
purities were comparable to those obtained with commercial (Prism Training and Consultancy Ltd.) for helpful discus-
Protein A and G matrices. sions.
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