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a b s t r a c t

The antibody fragments generated from hyperimmune equine IgG is widely used as anti-snake venom,
anti-scorpion venom, anti-diphtheria, anti-tetanus, anti-gangrene and anti-rabies agents. Antibody frag-
ments, F(ab)2, because of their specificity and absence of undesired reactivity are preferred over complete
IgG. This paper discusses a novel purification technique for chromatographic purification of anti-rabies
immunoglobulin G (IgG) fragment F(ab)2 from horse serum. F(ab)2 was purified by two successive chro-
matography steps using Cellufine A-200 and ProSep-vA Ultra media. The purified F(ab)2 was characterized
quine
(ab)2

lasma IgG
urification
hromatography
nzymatic digestion

using biochemical and biophysical methods and shown to be pure and homogeneous. The purified F(ab)2

was reactive to rabies antigen in immuno-electrophoresis and diffusion tests. The purified F(ab)2 was bio-
logically functional and was found to show a potency of 1500 IU ml−1. Comparative analysis of the purity
with commercially available F(ab)2 by HPLC analysis and SDS–PAGE indicated that the present product
is better in purity. To our knowledge, this is the first report providing evidence on purification of equine
antibody fragment using controlled pore glass based protein A chromatography media.
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. Introduction

Antibody-based therapeutics using polyclonal or monoclonal
ntibodies are increasingly being developed for use in indications
uch as oncology, inflammation, and infectious diseases. Advances
n antibody technologies have facilitated the rapid generation of
igh-affinity antibodies of defined specificity and have led to the
evelopment of a diverse range of antibody-based molecules for-
atted to address specific applications [1]. High dose requirements

or treatment of chronic indications in large markets necessitate the
evelopment of a high yielding, low-cost manufacturing process
hat consistently delivers high-quality product [2]. With increasing
mphasis on new technologies with monoclonal antibody expres-
ion and purification, the clinical need of polyclonal therapeutics

or a variety of specific illnesses and infections is often over-
ooked. Polyclonal antibody therapeutics are today widely used in

edicines for viral and toxin neutralization and for replacement
herapy in patients with immunoglobulin deficiencies [3]. Over
he past 20 years, intravenous immunoglobulins have shown ben-

∗ Corresponding author. Tel.: +91 80 39282452; fax: +91 80 28396345.
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ficial immunomodulatory and anti-inflammatory effects in such
llnesses [4].

Hyperimmune antibody preparations produced from horse
erum have been used over the past century for the treatment of
variety of infectious agents and medical emergencies, including
ioxin toxicity, snake envenomation and spider bites [5–7]. Equine

gG is also used for the treatment of rabies [8] and tetanus [9]. Any
linically used antibody needs to be highly pure since contaminat-
ng serum proteins may elicit various adverse reactions in patients
10]. Equine IgG is extensively used in developing countries where
roduct cost can become a major limiting factor [11–13]. Theak-
ton and Warrell [14,15] and Theakston et al. [7] in their review
mphasized the challenges faced by developing countries on avail-
bility, manufacture and distribution of hyperimmune serum and
mmunoglobulins. The purification of equine IgG is therefore chal-
enging since the product has to be extensively purified in quite
arge quantities in an economical way from horse serum.

Traditionally, equine IgG has been purified by ammonium
ulphate induced precipitation [16] or by caprylic acid-based frac-

ionation [16]. The limitations of ammonium sulphate induced
recipitation are discussed in the next paragraph. Caprylic acid-
ased fractionation which relies on selective precipitation of all
on-IgG serum protein is also widely used for manufacturing
ntivenom and similar immunological products. The IgG purity

http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:p_pattnaik@millipore.com
mailto:p.pat@rediffmail.com
dx.doi.org/10.1016/j.jchromb.2008.10.030
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(potency) in plasma was estimated by rabies antigen neutralization
using Swiss albino mice [36–38]. Based on the results of test bleed,
10 A. Fernandes et al. / J. Chro

btained from a single stage caprylic acid precipitation process is
bout 70% and recovery is about 67% [16]. Purification of equine
gG by ion-exchange chromatography [17], hydrophobic interaction
hromatography [18] and protein A or protein G-based affinity chro-
atography [19] has been reported. However, chromatography as
unit operation is considered scalable and the major limitation is

herefore cost of operation. Hence commercial equine IgG produc-
ion using these methods has not been feasible. The bottom line
s that any hyperimmune equine IgG purification technique will
ave to be simple and economical yet effective in meeting purity
equirements.

Ammonium sulphate induced precipitation followed by cen-
rifugation is widely used for manufacturing equine IgG for
ntivenom applications. However, this technique suffers from both
ow yield and low purity. The basis for separation is the preferen-
ial precipitation of IgG at high ammonium sulphate concentration,
ypically in the 1.6–2.0 M range. At lower salt concentrations within
his range the precipitate is primarily composed of IgG (i.e., purity is
easonable) but a substantial amount of the antibody still remains
n solution and therefore the recovery is very low. On the other
and, at higher salt concentrations, recovery of IgG is very high
ut substantial amounts of impurities, primarily serum albumin,
re also precipitated leading to very low purity. Another key issue
ith ammonium sulphate induced precipitation-centrifugation

nd indeed all types of conventional precipitation-centrifugation
rocesses are the entrapment of impure molecules within the pre-
ipitated particles and in some cases co-precipitation.

The limitations of ammonium sulphate induced precipitation-
entrifugation for purification of F(ab)2 can be overcome by using
hybrid bioseparation technique, which combines enzyme treat-
ent, precipitation and high-resolution chromatography. The use

f hybrid bioseparation has been reported for the purification of
uman IgG [20] and humanized monoclonal IgG [21]. It was gener-
lly accepted that the removal of Fc fragments from IgG prevented
omplement activation and so reduced the risk of reactions. How-
ver, although Fc is not required for antigen neutralization, it was
uggested that it might be involved in Ag–Ab complex elimina-
ion. More controlled clinical trials are necessary to characterize
he efficacy and safety of these products [7].

Use of antibody fragments [F(ab2] in place of whole antibody is
referred due to favorable pharmacokinetic profile, i.e., their wide
olume distribution and ability to reach tissue compartment at
faster rate when compared to IgG due to low molecular weight

nd less immunogenicity [22,23]. Efficient separation of active
(ab)2 from Fc fragments and other serum proteins has remained
challenge. Earlier methods involved ammonium sulphate frac-

ionation, heat treatment and combination of the two [15,24,25].
t has been claimed that ammonium sulphate fractionation is time
onsuming, costly and produces a mixture of F(ab)2 and uncleaved
gG [3]. Later caprylic acid-based purification method was devel-
ped which proved to be better in terms of production time, yield,
lbumin contaminants and turbidity [26]. To date, chromatography
emains the most commonly employed method for the purification
f IgG digest. Several different techniques like protein A affinity-,
mmobilized metal affinity-, ion exchange-, hydroxyapatite-,
ydrophobic interaction-, hydrophobic charge induction-, and size
xclusion chromatography have been employed [27–29]. Despite
any references available on the purification of IgG fragment, it

till remains a challenge to purify F(ab)2 fragments at the industrial
cale.
In this paper we explain an innovative method of purifying
quine F(ab)2 fragment from horse serum by using a combination of
on-exchange and protein A based affinity purification which may
e a linearly scalable option of industrial-scale production of F(ab)2
ragments.
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. Experimental

.1. Instruments

The chromatographic system used throughout this study was
he fast protein liquid chromatography (FPLC) system; model AKTA-
rime from Amersham Biosciences AB (Uppsala, Sweden). Cooling
entrifuge, model compufuge CPR-30 was from Remi (Mum-
ai, India). Spectrophotometer UV-1 NC-9423 was from Thermo
pectronic (Waltham, MA, USA). The Pellicon XL tangential flow
ltration system was from Millipore Corporation (Bedford, MA,
SA). The electrophoresis apparatus X cell surelock Mini-Cell
as from Invitrogen Corporation (Carlsbad, CA, USA). HPLC sys-

em LC–2010HT was from Shimadzu (Nakagyo-ku Kyoto, Japan).
mmuno-electrophoresis apparatus Model sub cell-192 cell was
rom Genei (Bangalore, India).

.2. Materials and chemicals

Goat anti-horse whole serum GWS-70 was from Immunol-
gy Consultant Lab (Newberg, OR, USA). Cellufine A-200 was
rom Chisso Corporation (Chuo-Ku, Tokyo, Japan). Posep vA Ultra,
antage L column 44/500 mm, 22/500 mm and Pellicon XL Biomax-
0 kDa Ultrafiltration devices were from Millipore Corporation
Bedford, MA, USA). Sodium chloride salt, sodium acetate, HCl,
resol chemicals, all reagents for electrophoresis such as SDS, poly-
crylamide, Coomassie brilliant blue R250 and pepsin enzyme
EC: 3.4.23.1) were from Sigma Chemical (St. Louis, MO, USA).
SK-G3000 SWXL HPLC column was from TosoHass (Stuttgart,
ermany). HPLC grade sodium phosphate dihydrate AR and Dis-
dium phosphate hydrate AR were from Fluka (Buchs/Switzerland).
aprylic acid was from Alfa Aesar Johnson Matthey Corpora-
ion (MA, USA). Molecular weight marker for sodium dodecyl
ulphate–polyacrylamide gel electrophoresis (SDS–PAGE) analysis
as from Genei (Bangalore, India).

.3. Preparation F(ab)2 from plasma

.3.1. Immunization of horse
Commercially available human rabies vaccine (Rabipur) was

sed as antigen to immunize horses. Horses weighing 250–350 kg
nd ranging from 5 to 10 years of age were immunized intramuscu-
arly with rabies vaccine (2.5 IU ml−1). A total of 30 human doses of
abies vaccines were injected to horses in a span of 2 weeks. Plasma
as collected from horses that had been immunized with gradually

ncreasing dose after every 4th day [30,31]. A total of 104 animals
ere immunized.

.3.2. Collection of hyperimmune plasma
The hyperimmunized animals were maintained as per the

uidelines of CPCSEA (Committee for Purpose of Controlled and
upervision of Experiment on Animals), India. The healthy animals
horses) were immunized at an interval of every 3 days for 2 weeks
nd the antibody titer in blood was estimated by ELISA [32–35].
fter 2 weeks, 10 ml of hyperimmune plasma was collected (test
leed) from each immunized animals and antibody titer value
nimals were bled and hyperimmunised plasma was collected in
terilized nonpyrogenic glass container containing anticoagulant
cid citrate dextrose (ACD).

The average anti-rabies potency of hyperimmune plasma was
easured by antigen neutralization.
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.3.3. Antiserum manufacturing process

.3.3.1. Pepsin activity. The enzymatic activity of pepsin was deter-
ined by the procedure described by Ryle [39] using hemoglobin

s substrate. Pepsin digestion of horse plasma was carried out using
epsin EC: 3.4.23.1. One unit is defined as quantity of enzyme
equired to obtain 0.001 absorbance of soluble peptide derived from
yles assay [39].

.3.3.2. Enzymatic digestion of defibrinated plasma. The Equine
erum was brought to room temperature (25 ◦C) and was diluted
rom 80 to 40 mg ml−1 with cooled water for injections (WFI). The
H was adjusted to 3.5 ± 0.1 with 1N HCl and the temperature to
7 ± 2 ◦C. Pepsin EC: 3.4.23.1 was added to give an enzyme substrate
atio of 1:50 with slow stirring conditions for 240 min at 37 ± 2 ◦C.
he digestion was stopped by adding 1N NaOH base to bring the
H to 5.0.

.3.3.3. Octanoic acid precipitation. The digested hyperimmune
era was incubated for 20 min at 56 ± 1 ◦C. The sera was then cen-
rifuged at 10,000 × g for 30 min to remove precipitated impurities
ncluding fibrinogen at 25 ± 2 ◦C. Octanoic acid was added slowly
o give final concentration of 6% with vigorous stirring for 30 min at
5 ◦C and the mixtures were centrifuged at 10,000 × g for 30 min.
he proteins in the supernatants were filtered using 2 �m followed
y multilayer 0.45/0.22 �m filter (Millipore, USA) and subsequent
upernatant obtained and diafiltered against 10 volume of buffer
ontaining 0.85% sodium chloride saline solution using Pellicon XL
0 kDa Biomax cassette at 5 ± 0.1 ◦C. The F(ab)2 thus obtained was
tored at 4 ◦C until further analysis. The antibody activity was esti-
ated by a bioassay procedure and 70% of protein was found to be

ecovered.

.4. Chromatographic procedure-1

.4.1. Preparation for the ion-exchange chromatography
The Cellufine A-200 resin was packed in a Vantage L (44 mm

iameter) column. Slurry was prepared with 15 mM sodium acetate
uffer + 50 mM NaCl, pH 5.7, in a ratio of 75% settled gel to 25%
uffer. The column was filled through the outlet with a few cen-
imeters of buffer and was closed. The gel slurry was poured into
he column in one continuous motion. The remainder of the column
as filled with buffer and the top piece mounted and connected

o a pump. The bottom outlet of the column was opened and the
ump was set at 27.4 ml min−1. The packing flow-rate was main-
ained for three bed volumes after a constant bed height (26.3 cm)
as reached. The column was washed with 10 column volumes
f water for injection at a flow-rate of 27.4 ml min−1. The col-
mn was equilibrated with 10 column volumes of 15 mM sodium
cetate buffer, pH 5.7 containing 50 mM NaCl having 6 mS cm−1

onductivity.

.4.2. Ion-exchange chromatography procedure
Pepsin digested and octanoic acid precipitated plasma was

oaded to the pre-equilibrated Cellufine A-200 column at a lin-
ar velocity of 90 cm h−1 at 15–20 ◦C. Post-load was collected
n fractions of 60 ml each. The column was washed with equi-
ibration buffer at pH 5.7, at a linear velocity of 90 cm h−1

ntil UV baseline was reached. The bound protein was eluted
sing a step gradient of buffer at pH 5.7 with NaCl starting at
onductivity 20 and 50 mS cm−1. The elution buffer has simi-

ar composition and same pH as equilibration buffer, but salt
oncentration (conductivity) was different. The emergence of pro-
ein in the fractions was monitored by spectrophotometer by
aking OD at 280 nm. 100 �l of each fraction was ethanol pre-
ipitated and analyzed by SDS–PAGE. The relevant fractions were
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ooled and diafiltered using 50 cm2 TFF device to 20 mM sodium
hosphate buffer at pH 7.3 (5.0 mS cm−1) and final protein con-
entration was adjusted to 7.0 mg ml−1 processed for further
urification.

.5. Chromatographic procedure-2

.5.1. Preparation for the protein A based affinity chromatography
The ProSep-vA Ultra resin was packed in a Vantage L (22 mm

iameter) column. Slurry was prepared with 20 mM sodium phos-
hate buffer, pH 7.3, in a ratio of 60% settled matrix to 40% buffer.
he column was filled through the outlet with a few centimeters
f buffer and was closed. The gel slurry was poured into the col-
mn in one continuous motion. The remainder of the column was
lled with buffer and the top piece mounted and connected to a
ump. The bottom outlet of the column was opened and the pump
as set at 19 ml min−1. The packing flow-rate was maintained for
ve bed volumes. The column was gently tapped using a teflon
od for consolidation of bed till 21 cm bed height was reached. The
nal volume of the media was 80.0 ml. The column was washed
ith five column volumes of water for injection. The column was

quilibrated with 10 column volumes of 10 mM sodium phosphate
uffer, pH 7.3 containing 750 mM sodium sulphate at a conductivity
f 70 mS cm−1.

.5.2. Protein A based affinity chromatography procedure
Post-load samples from the Cellufine A-200 column were loaded

o the pre-equilibrated ProSep-vA Ultra column at a linear veloc-
ty of 253 cm h−1 at 15–20 ◦C by maintaining residence time of
min. The column was washed with equilibration buffer at a linear
elocity flow rate of 253 cm h−1 until UV baseline was reached. The
ound protein was eluted using a 100 mM sodium acetate buffer, pH
.0. Total protein content in individual fractions of post-load (flow
hrough) and elute was measured by spectrophotometry by tak-
ng OD at 280 nm. 100 �l of each fraction was ethanol precipitated
nd analyzed by SDS–PAGE. The relevant fractions were pooled, and
oncentrated using 50 cm2 TFF device and adjusted to 20 mg ml−1

ith equilibration buffer.

.6. Analytical procedures

.6.1. Electrophoresis
Sodium dodecyl sulphate–polyacrylamide gel electrophoresis

SDS–PAGE) using X cell surelock Mini-Cell apparatus and Tris-
lycine-SDS buffer (Lamaelli buffer) were used to monitor the
urification during chromatographic procedures. Electrophoresis
as performed for 90 min at 100 V using 10% polyacrylamide

els. Detection was performed with silver staining. Low Molecu-
ar weight marker (97.400–6.500 kDa) loaded in first well of gel to
ompare molecular weight.

.6.2. Potency estimation

.6.2.1. Potency estimation by bioassay. Ten-fold serial dilution of
urified F(ab)2 was done in normal saline. Mixture of given dilu-
ion of purified F(ab)2 was mixed in 1:1 ration with of rabies
ntigen so as to get a final volume of 5.0 ml. The mixture was
llowed to stand in water bath at 37 ◦C for 30 min and centrifuged to
emove precipitate (if any). The 0.5 ml mixture was injected intra-
8–20 g. The same experiment was carried out with all the dilu-
ions of purified F(ab)2 with similar sets of mice. The death/survival
f mice was recorded after 48 h of injection. Survival curve was
lotted for each dilutions of F(ab)2 following standard static
ethod.
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.6.2.2. Potency estimation by ELISA. Potency estimation was done
y using Bio-Rad ELISA Kit. Kit Reagents were brought to room
emperature prior to use. Dilutions ranging from 1:10 to 1:200,000
ere done in sample diluent to be used as standard. 0.1 ml of stan-
ard (dilutions ranging from 1:30,000 to 1:200,000) and 0.1 ml of
ample (dilutions 1:100,000 and 1:200,000) were loaded into each
ell of the precoated strips, and incubated for 60 min at 37 ◦C. After

our washes with wash buffer from the kit, 0.1 ml of a 1:1000 diluted
abbit anti-horse IgG peroxidase conjugate was loaded into each
ell, and incubated for 60 min at 37 ◦C. After washing, 0.1 ml of

MB substrate from the kit (1:10 dilution) was added to each well
nd incubated for 10 min. After desired color development, 0.1 ml
f stop reagent was added. The absorbance was measured at a dual
avelength of 450–630 nm. A standard graph was plotted of titer

IU ml−1) versus absorbance, and the titer of the unknown sample
as extrapolated from the standard graph [32,33].

.6.3. Gel permeation chromatography (HPLC)
The TSK Gel-3000 SWXL HPLC-SEC column was equilibrated

ith 20 mM phosphate buffer in 150 mM sodium chloride solution,
H 7.2 at a constant flow-rate of 1.0 ml min−1. Retention time of dif-

erent standard proteins in the column at a flow-rate of 1 ml min−1

as standardized using LMW gel filtration calibration kit. Purified
(ab)2 was loaded (20 �l) to the pre-equilibrated and pre-calibrated
SK Gel-3000 SWXL HPLC column. Elution of purified F(ab)2 from
he column was monitored at 280 nm and elution time was com-
ared with the standard proteins.

.6.4. Immuno-precipitation
Immuno-electrophoresis was carried out in a 1% agarose gel.

00 �g solution of purified F(ab)2 was loaded in the well and
rotein was allowed to separate along the gel slide. Immuno-
lectrophoresis was carried out in sodium barbitone buffer
0.416%), pH 8.6 at 20 mA until the control dye reached the end-
late. Wells were cut in the gel and 150 �l of anti-horse serum was

oaded to the wells. The plate was maintained in a moist chamber
vernight at room temperature. At the end of 24 h, the plates were
ried on a gelatin sheet and stained using Coomassie brilliant R250

nd observed for appearance of precipitations arch. Commercially
vailable F(ab)2, i.e., Pasteur F(ab)2 and equine rabies antiserum
. No. 212 was used as control samples. Different fractions col-

ected at different stages of purification of F(ab)2 was also used
valuate purity and reactivity. Single arc in the gel considered as

3

t

ig. 1. Chromatographic profile of equine anti-rabies F(ab)2 on Cellufine A-200 ion-excha
f the contaminant that bound to Cellufine A-200 eluted at 200 mM NaCl (peak A) and 50
gr. B 876 (2008) 109–115

esired purity and specificity and more numbers of arcs signify
igh impurities.

. Results and discussion

.1. Enzymatic digestion and acid precipitation

Horse hyperimmune serum and plasma against rabies was used
s test material. A preliminary experiment was carried out to study
ctanoic acid (OA) fractional precipitation of horse serum proteins,
sing 1–8% of the organic acid. Most serum proteins were pre-
ipitated at OA concentration of 2%, no additional proteins were
recipitated at concentrations higher than 6%. Protein analysis by
DS–PAGE showed that albumin was completely precipitated by 2%
A. OA, at 1–2% concentration, did not precipitate IgG while some

gG was precipitated at 3–6% concentration (data not shown).
When hyperimmune antirabies serum digested plasma was

ractionated by OA, most proteins were precipitated at an OA
oncentration of 6%. OA concentration higher than 6% rendered
upernatant with excessive turbidity and relatively increasing
rotein contamination. The recovery of antibody activity in
he supernatant was reduced when the OA concentration was
ncreased.

Protein analysis by SDS–PAGE revealed that all supernatants
ontained mainly F(ab)2 resulting from the digestion of IgG by
epsin. However, the contaminated proteins in the supernatant
btained by precipitation with 1% OA seemed to be more than those
ith higher concentrations. The precipitate was principally com-
osed of low molecular weight digested proteins other than F(ab)2.
hen all of the in formation obtained was taken into consideration,

n OA concentration of 6% gave the best results, i.e., high antibody
ctivity recovery (70%) and lower protein impurities. It was also
bserved that at this concentration of OA, a clear supernatant could
e obtained by centrifugation at 10,000 × g for 10 min. It should be
oted that at the concentrations studied, OA did not affect the deter-
ination of protein concentration by Lowry’s method, neither the

ssay of antibody activity by bioassay nor the evaluation of protein
atterns of SDS–PAGE gels.
.2. Chromatographic purification of F(ab)2

After acid precipitation the enzyme digested product was loaded
o an anion-exchange (Cellufine A-200) column. The feed material

nger. Antibody fragment did not bind to Cellufine A-200 (0–900 ml) and majority
0 mM NaCl (peak B).
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Fig. 2. SDS–PAGE of partially purified F(ab)2 eluted from Cellufine A-200. Lane 1
shows the pre-load to the column, which has the impurity (lower band correspond-
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Fig. 4. SDS–PAGE of purified F(ab)2 eluted from ProSep-vA Ultra. Lane 1 shows
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ng to 5.0 kDa). Lanes 3–8 indicate the flow through [F(ab)2] that did not bind to
olumn. Lanes 9 and 10 indicate elutes (contaminating protein bound to media, indi-
ated by arrow). Standard molecular weight marker is loaded in lane 2. Respective
olecular weight of each band in kDa unit is indicated.

ontained Fc fragment and other contaminants from serum along
ith F(ab)2. The F(ab)2 and Fc fragment did not bind to the matrix

nd came out in flow through. Majority of small molecular impu-
ities bound to the matrix which got eluted as two peaks with
ncreasing salt gradient (Fig. 1). Upon SDS–PAGE analysis it was
ound that the flow through represented F(ab)2 and Fc fragments
Fig. 2) and the first (A) and second peak (B) represented a majority
f other contaminants, which may be digested proteins, i.e., cerulo-
lasmin and other plasma proteins. Low molecular weight impurity
ppeared in elution of 200 and 500 mM NaCl. Flow through from
ellufine A-200 resin represented F(ab)2 and Fc band in SDS–PAGE
ithout any low molecular weight impurity. 2.88 g protein impu-

ities bound to 900 ml of cellufine DEAE (A-200). Dynamic binding
apacity (DBC) was found to be 7.2 mg ml−1. 84.8% protein recov-
ry observed. The observed DBC is low as the column was not fully
aturated, hence can take further more protein load.

The flow through from Cellufine-A column was loaded to
roSep-vA Ultra affinity column. The complete profile of affinity
hromatography using ProSep-vA Ultra is presented in Fig. 3. The
(ab)2 fragments did not bind to the resin and came off in the
ow through (Fig. 4). SDS–PAGE analysis of the peak eluted off the
roSep-vA Ultra found to have most off the Fc fragments. Based on
DS–PAGE results and mass balance, it is proven that dynamic bind-
ng capacity of ProSep-vA Ultra is ∼17.8 mg ml−1 of media. F(ab)2

f equine origin could be purified using ProSep-vA Ultra in a flow
hrough (negative) chromatography. Purity of F(ab)2 as evidenced
rom SDS–PAGE is acceptable with more than 85% of desired protein
F(ab)2] recovery. Fractions of purified F(ab)2 was pooled and con-

ig. 3. Chromatogram of affinity chromatography using ProSep-vA Ultra. Antibody
ragment [F(ab)2] did not bind to ProSep-vA Ultra (fraction 0–1.4 l) and majority of
he contaminants [Fc fragment] that bound to the affinity matrix eluted at pH 3.0
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