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Abstract

Monolithic convective interaction media-disk (CIM-disk) chromatography is one of the fastest liquid
chromatographic methods for the separation and purification of biomolecules due to its high mass
transfer rate. In this way, all separated molecules are transported by convection into the pores of
the matrix, resulting in a very fast separation due to the low mass transfer resistance of the CIM-
disk. Due to the advantages of monolith technique, in recent years, CIM-disk affinity chroma-
tography has been developed and investigated for purification of peptides, restriction enzymes,
antibodies, etc. In this review, applications of monolithic affinity chromatography are discussed.
The purification of restriction enzymes, polyclonal and monoclonal antibodies using a new
monolithic CIM-disk system with immobilized histidine offinity chromatography are presented.
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Introduction

Affinity chromatography (AC) is one of
the most selective and rapid tools for the
separation and purification of biomole-
cules such as antibodies, enzymes, anti-
gens, hormones, receptors, etc. [1-4]. The
success of affinity chromatography is
essentially due to its high efficiency,
which originates from the “specific” or
“pseudo-specific” recognition between a
solid phase-immobilized ligand and the
molecule to be purified.
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Affinity purification technology can
be separated into two categories
depending on whether the interaction
mechanism of specific protein/ligand
recognition is either biospecific or
pseudo-biospecific [5]. Generally, pro-
teins bind to biospecific ligands with
high affinity in the range of 1077 to
10715 M. Consequently, protein desorp-
tion in the case of biospecific ligand
affinity chromatography needs more
drastic elution conditions which can
elution cause ligand and/or protein
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denaturation. On the other hand, pseu-
do-biospecific ligand affinity chroma-
tography leads to medium affinity
interaction [1, 6] and methods have been
devised to provide a fairly high selec-
tivity allowing gentle methods for the
purification of a large number of ther-
apeutic proteins [2, 5].

The most crucial step of this method is
to choose a good biospecific ligand for
the product to be isolated and purified so
that AC becomes an adsorption method,
which exploits the recognition mecha-
nism between a biomolecule and a spe-
cific ligand. Ligands such as amino acids
and peptides, mimicking the active cen-
tres of proteins are the most widely used
affinity sites [5, 7].

In biospecific ligand AC, all the
interaction occur between the immobi-
lized ligand and the solute molecules are
based on their complementarity of
hydrophobicity, charge, shape, etc. [7, §].
Numerous kinetic and thermodynamic
factors such as enthalpy and entropy
(driving forces) related to electrostatic
and hydrophobic interaction of ligands
[9] are exploited to favor specific
adsorption of proteins or glycoprotein
onto the ligand-matrix. Van der Waals
forces and hydrogen bonds are used to
effect adsorption in pseudoaffinity sys-
tems as well as for biospecific binding. On
the other hand, electrostatic distribution
is an essential parameter to generate
specific interactions. Therefore, intro-
duction of positive charges on the pseu-
do-biospecific immobilized ligand by
buffer modulation creates a cationic
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environment that increases stability and
biomoleculer adsorption [7]. Moreover,
in liquid chromatography, the interaction
and selectivity [10] between a sorbent
matrix and a target biomolecule can be
significantly influenced by the chemical
nature of the support [11], the chelating
properties of ligands [12-15], and the
stationary phase density [16]. Further-
more, the feasibility of these interactions
with the ligand depends on the protein
surface amino acid accessibility, pH,
temperature, ionic strength and support
matrix.

A large amount of coupling chemis-
tries have been proposed and used in
affinity chromatography for linking pro-
tein affinity ligands to solid supports. The
coupling reaction is known to affect
the orientation of the polypeptide at the
surface and hence, can influence the
interactions with the target molecule.
Despite this, the utilization of biospecific
ligand for affinity separations can be
counted as the most prefered way, con-
sidering the high cost of natural biomol-
ecules, such as monoclonal antibodies,
requiring purification.

For several years, pseudo-biospecific
ligand such as metal chelates, dyes and
amino acids, which can recognize pro-
teins or others molecules through some-
what similar mechanism have been
extensively used instead of biospecific li-
gands in AC [2, 5]. On the other hand,
pseudo-biospecific ligands are usually
smaller and simpler molecules with
higher stability and low cost [2, 5, 7]. The
amino acid r-histidine is attractive as a
general ligand in affinity chromatography
of proteins [5]. In fact, in the last two
decades, pseudo-bioaffinity chromatog-
raphy using L-histidines immobilized
onto different matrices has been devel-
oped to separate and purify proteins and
carbohydrates like oligouronides and
then constitutes a high potential chro-
matographic tool for proteins and car-
bohydrates purification on a preparative
scale [17-29].

In recent years, a new polymeric
macroporous material based on radical
co-polymerisation of glycidyl methacry-
late and ethylene glycol dimethacrylate
under the trademark CIM® (convective
interaction media) has been introduced in
bio-chromatographic processes. CIM
monolithic supports represent a novel
generation of stationary phase used for
liquid chromatography and bioconver-
sion [30-38]. Current studies involve the
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concept of new bioaffinity supports using
monolith technology.

This present paper gives a review on
the use and the development of affinity
chromatography using monolithic sup-
ports made of poly-(glycidyl methalcry-
late) for the separation and purification
of biomolecules. The potential for further
utilization and applications of L-histidine
amino acid immobilized onto CIM-disk-
monolith technology is presented and
briefly discussed.

Hydrodynamic Parameters
in Affinity/Adsorption:
Importance and
Comparison of Matrix
Support

One of the most important factors in the
concept of new tool for affinity chroma-
tography and enzyme bioreactors is the
development of original solid supports.
For the accomplishment of desired affin-
ity chromatography separation, a judi-
cious choice of solid support and the
chemical covalent coupling is essential for
binding the matrix to the specific affinity
ligand. Moreover, solid matrix supports
play an important key role on the sta-
bility of immobilized affinity ligands.
Separation efficiency is extremely depen-
dent on the matrix structure, which
determines the ideal surface accessibility
and consequently binding capacity, as
well as to the totality of the surface li-
gand, which influences the selectivity and
recovery of biomolecules [39]. Therefore,
to prepare new chromatographic ma-
trixes with good reproducible properties,
the control of optimum ligand density is
crucial.

For a successful application in bioaf-
finity chromatography and for the
immobilization of enzymes, an ideal solid
matrix should possess different following
properties:

1. high rigidity and a suitable form of
particles,

2. insolubility,

hydrophilic character,

4. sufficient permeability and a large
specific area,

5. efficient chemical reactivity for the
immobilization of affinity ligand or
enzyme,

6. chemical stability for immobilization,
adsorption, desorption and regenera-
tion,

hed
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7. resistance to microbial and enzymatic
cleavages,
8. long term stability and reusability.

New applications of affinity chroma-
tography resulting in a changeover from
soft gel supports to small rigid particles,
used in high-performance liquid affinity
chromatography (HPLAC) have been
reviewed by Ohlson et al. [40]. A com-
parison of HPLAC with soft gel affinity
chromatography (AC) showed that the
porous rigid particles, with small and
uniform sizes, provide acceptable flow-
rates giving them an overall high opera-
tional adsorption capacity. Nevertheless,
the diffusion factor makes the elution
peak broader and in scale-up the process,
it could be limited by the time factor and
dilution factor of sample. Furthermore,
favourable mass transport and adsorp-
tion/desorption kinetic behaviour with
non-porous supports has been demon-
strated by Anspach et al. [41]. Monodis-
perse, solid particles (0.7, 1.5 and 2.1 pm)
have relatively low surface areas com-
pared to commonly used porous silica
and they allow shorter contact times be-
tween the sample and the stationary
phase surface during the chromato-
graphic run.

Non-porous matrices are well known
to exhibit greater accessibility of the
immobilized ligand than equivalent
porous affinity supports. The elution
behaviour of proteins on a non-porous
silica-based adsorbent was investigated
both theoretically and experimentally
using immunoglobulin G and immobi-
lized protein A as the affinity ligands [42].
The desorption rate constant and equi-
librium association constant under
elution conditions were found to decrease
elution time and improve the shape of the
elution peak. However, the adsorption
rate in column chromatography is limited
by either slow intra particle diffusion for
large beads or low axial velocities and
high-pressure drops for small beads.
Consequently, the main disadvantage is
the limited access of the biomolecules to
the small pores in the case of classical
porous chromatographic supports, which
is why the slow mass transport results in
peak broadening and bad resolution.

In order to overcome all these limita-
tions encountered by the difficulty of slow
mass transfer, the development of new
generation of monolithic solid supports
[43, 44] were introduced and investigated
in affinity chromatography for the effi-
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cient separation of biomolecules. Instead
of chromatographic supports consisting
of macro porous particles, where the void
volume between individual porous parti-
cles is unavoidable, CIM-disk technology
is a monolithic macroporous material in
which there is predominantly convective
transport of the liquid within the pores
and the transfer of molecules to active
sites is not limited by diffusion. Mono-
lithic supports are a single piece of con-
tinuous and highly porous material. They
form a network of channels, which are
highly interconnected. In this manner, all
molecules to be separated are transported
by convection into the pores of matrix,
resulting in very fast separation (Fig. 1)
due to the low mass transfer resistance
(convection rather than diffusion) of the
CIM-disk [34-38]. As the mobile phase is
forced through the pores of monolithic
support, the mass transfer is enhanced by
convection contributing to minimization
of the void volume and the peak broad-
ening [44, 45].

The main advantage of CIM disc
monolithic system versus traditional
chromatographic supports such as mem-
branes (limited by the thickness of their
layers) or soft gel for the separation of
biomolecules, takes account of these
much better mass transfer properties,
ease of use, the ability to be manufac-
tured with a wide range of pore sizes and
shapes, simple scaling up and scaling
down, and the low back pressure even at
very high flow rates (up to 10 mL min™"
for larger disk) without the loss of effi-
ciency and capacity. One of the main
advantages of monolithic supports is
their capability to be used in miniaturized
devices in chromatographic systems [39].
Monolithic supports can carry many
specific ligands for affinity chromatogra-
phy and the vast potential of monoliths
for immobilization of affinity ligands has
been slowly recognized, resulting in an
increase in experience in applying this
technology to bioanalytical and biotech-
nological activities.

Biotechnological
Applications of CIM-Disk
Monolithic Column

In recent years, a wide range of applica-
tions of the CIM® family of monolithic
columns have been  investigated
(Table 1). Short monolithic CIM-disk
columns are used for very fast separation
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Table 1. Main applications of CIM-disk monolithic affinity chromatography

CIM-disk ligands Applications References
Protein A/G Purification of IgG [83-86]
Protein A Purification of monoclonal antibodies [61]
Annexin Isolation of monospecific antibodies [97]
Bradykinin Purification of antibradykinin polyclonal IgG [84]
Monoclonal antibody Purification of tissue plasminogen activator [98]
Human IgG Purification of recombinant Protein G [99, 100]
Monoclonal antibody Isolation and purification of antigen [61]
Purification of plasma inter-o inhibitor proteins [62]
Concanavalin A Purification of membrane protein [61]

CIM®disk

CIM ®Housing

High convective transports

Flow in

Wl
|11

Flow out

Flow in

Flow out

Fast purification

Signal

Time (Second)

Fig. 1. Schematic conception of convective interaction media (CIM) monolithic column

and purification of proteins in different
modes such as hydrophobic interaction,
ion exchange, or affinity mode [30-34].
These processes have included separation
and concentration of nucleic acids [45],
peptides, proteins, recombinant proteins,
monoclonal antibodies, enzymes, nano-
particles like plasmid DNA from E. coli
cell lysate [46, 47]. Moreover, bacterial
genomic DNA of size up to 200 kbp can
be also separated on CIM monoliths [48].
Anion-exchange chromatography with
CIM-disks allows the fractionation and
purification of oligonucleotides of vari-
ous sizes [49, 50]. Some data has also

reported about isolation of viruses [S1].
Progress in immunoaffinity reactors can
be envisaged in the future with CIM-
disks since some publications describe the
use of an immunoaffinity reactor for the
qualitative analysis of cellular prion pro-
tein [52].

Recently, numerous applications have
been investigated using CIM-disk mate-
rial as a support for the immobilisation of
enzymes in enzyme bioreactor processes,
for example glucose oxidase (GOD) [53].
In comparison with particulate silica
supports, these processes were possible
because of the fast conversion of enzyme
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Fig. 2. Proposed schematic structure of various pseudobioaffinity supports. a Sepharose 4B-
bisoxyran-histidine. b Sepharose 4B-epoxy-histidine. ¢ Silica-oxyran-histidine. d CIM-disk-EDA-

histidine

substrates due to the total lack of diffu-
sion resistance during the mass transfer
[54, 55].

“Conjoint liquid chromatography”
(CLC) has also been described where it is
possible to stack several monolithic CIM-
disks with different ligands into one car-
tridge [56]. Finally, a number of examples
of biological applications of modern
affinity separations using macroporous
monoliths have been summarized [57-60].
Here the most important and attractive
data on affinity chromatography are
presented and briefly discussed in order
to consider new applications of CIM-disk
support with L-histidine pseudospecific
ligand.

Affinity Chromatography

Immobilized Antibodies on CIM-Disk

Antibodies can be directly immobilized
on CIM-disk in order to isolate and
purify their corresponding antigens [61].
Using the same efficient procedure, oth-
ers authors [62] had isolated and purified
a plasma inter-alpha inhibitor protein.

642

This protein was then digested by elas-
tase, also immobilized on monolithic
CIM-disk and the corresponding peptides
were mapped by SDS-PAGE. The
immobilized antibodies and enzymes re-
main stable and still active after repeated
runs.

Immobilized Lectin on CIM-Disks

Progress has been made in glycomic and
proteomic field using immobilized lec-
tins like affinity ligands in order to
separate and purify glycoproteins before
structural analysis of glycosylation [63,
64]. In this domain some data described
the potential of monolithic affinity
chromatography. Much work was car-
ried out on the glycosylation pattern
analysis of certain glycoproteins, specific
to cancer cells in order to propose new
biospecific markers [65, 66]. In this
context, several strategies were devel-
oped as for example first, the immobi-
lization of Concanavalin A on CIM-
disk to separate and purify soluble and
membrane-bound proteins [61] and sec-
ond, the efficient and fast separation of
glycopeptides and glycoproteins with

Chromatographia 2007, 65, June (No. 11/12)

specific lectin immobilized onto mono-
lith matrix [67].

Monolithic CIM-Disk Immobilized Histidine
Affinity Chromatography

L-histidine amino acid has been studied
for more than 20 years and investigated
as a pseudospecific ligand in affinity
chromatography [5, 7]. Histidine as a li-
gand presents many advantages for the
recovery of active and stable enzymes:
ease of immobilization, affinity by mul-
timodal interaction, and mild adsorption/
elution conditions. In a more general
way, according to the choice of the ma-
trix, the spacer and the method of
immobilization of histidine, the ligand
will have a particular specificity. Histi-
dine interacts with the target molecules
with the imidazol core, but also with
residual charges carried by the free
remaining functional groups [7]. Biomol-
ecules such as proteins, peptides and
carbohydrates has been separated and
purified using histidine ligand affinity
chromatography (HLAC) on a pre-
parative scale [5, 7, 17-29].

Because of all advantages of mono-
lithic supports and the efficiency of
L-histidine amino acid as a pseudobio-
specific ligand, we propose an interesting
monolithic chromatographic support.
With a rational combination of “pseudo-
biospecific” affinity ligands and the CIM-
disk/tubes support matrixes, we have
been able to exploit immobilized histidine
affinity chromatography (IHAC) systems
for the efficient purification of several
proteins such as restriction enzymes, im-
munoglobulins, etc., from crude extract
or complex biological media, in a mini-
mum number of steps. We have studied
this process using L-histidine immobilized
onto CIM-disk (Fig. 2d) for the fast
purification of the model restriction en-
zyme BamHI and monoclonal antibodies
toward malaria.

Purification of Restriction
Enzyme Using
CIM-Disk-EDA-Histidine

Restriction endonucleases (RE’s) were
discovered about 30 years ago during
investigations into the phenomenon of
host-specific restriction and modification
of bacterial viruses. Bacteria initially re-
sist infections by new viruses, and this
“restriction” of viral growth stemms
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from endonucleases within the cells that
destroy foreign DNA molecules. These
endonucleases recognize specific base se-
quences in double-helical DNA and
cleave both strands at specific places.
Restriction endonucleases usually occur
in combination with a modification en-
zyme (DNA-methyltransferases) that
protects the cell’s own DNA from cleav-
age by the restriction enzyme. Modifica-
tion enzymes recognize the same DNA
sequence as the restriction enzyme that
they accompany, but instead of cleaving
the sequence, they methylate one of the
bases in each of the DNA strands. Al-
though primarily found in bacteria,
restriction endonucleases also exist in
archea, viruses, and cukaryotes. Includ-
ing all types, more than 3,500 restriction
endonucleases that recognize 259 differ-
ent DNA sequences have been isolated so
far [68]. Restriction endonucleases have
become essential tools for molecular
biologists. More than 3,500 enzymes have
been isolated and new restriction endo-
nucleases with new specificity are still
found regularly. They have proved to be
indispensable tools for analyzing chro-
mosome structure, sequencing very long
DNA molecules, isolating genes, and
creating new DNA molecules that can be
cloned. The development of standard
purification protocols for all restriction
enzymes still remains a challenge. Con-
ventional chromatographic methods that
are used to purify restriction endonuc-
leases at a large scale involve long and
laborious processes to obtain homoge-
nous enzymes in poor yields.
Conventional protocols usually ap-
plied for the purification of restriction
endonucleases combine chromatographic
methods with different media such as
phosphocellulose [69-73], hydroxyapatite
[70, 71], heparine-agarose [74-76], ion
exchangers [77] and size exclusion gels
[78]. Most of these methods involve sev-
eral steps and hence, required relatively
long processing times. Long dialysis is
required to remove high salt concentra-
tions or to change the buffer between
steps. This usually results in low yield
because of the low stability of restriction
enzymes (for review see [79, 80]). Since
these enzymes are able to bind DNA
molecules, immobilized DNA sequences
have been used for purification. Restric-
tion enzymes EcoRI and Sphl can be
purified near to homogeneity in one or
two steps using sequence-specific DNA
affinity chromatography [81]. The rela-
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Fig. 3. Purification of BamHI with EDA-histidine CIM-disk
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Fig. 4. SDS-PAGE from fractions after phosphocellulose and EDA-histidine CIM-disk purifica-
tion steps of restriction enzyme BamHI (12% acrylamide, reducing conditions, silver nitrate

staining)

tively high cost of such affinity columns
can be reduced by designing DNA li-
gands containing the recognized se-
quences for a number of different
restriction endonucleases. However, bio-
specific ligands, DNA in the case of
restriction endonucleases, are quite frag-
ile and expensive. These ligands would be
difficult to implement in commercial
applications and in large-scale produc-
tion.

The purification of restriction en-
zymes using histidine has not reported in
the literature. We have investigated the
specific purification of the model restric-
tion enzyme BamHI using L-histidine as
biospecific ligand immobilized on tradi-
tional Sepharose-based gel and on a
monolithic support CIM-disk. Thus, we
have tested the affinity of histidyl-ethy-
lenediamine for the purification of the
model restriction enzyme BamHI. An
eda-histidine CIM-disk was first used in a
single step procedure using crude re-
combinant E. coli crude extract as start-
ing material. Elution was also carried out
by a discontinuous gradient of 0.15, 0.3
and 0.5 M NaCl but in contrast to soft
gel columns, the flow applied was
5mL min~! and therfore the separation
was faster. Active fractions obtained after

this one-step procedure contained other
endonucleases contaminants also. Hence,
the restriction enzyme quality is not suf-
ficient as was previously observed in the
case of Sepharose-aminohexyl-histidine
used as one-step separation. We thus
followed the same strategy by adding a
preliminary separation step with phos-
phocellulose. The two-step protocol
combining phosphocellulose and histi-
dine was applied using the same crude
extract and the same adsorption and
elution conditions for the histidine col-
umn step. The chromatogram from the
second step is shown in Fig. 3. The bio-
specific L-histidine ligand was immobi-
lized on a monolithic CIM-disk, which
has many advantages in terms of speed
and handling and proved to be very effi-
cient for enzyme purification.

The fractions obtained in the two-step
procedure were analyzed by SDS-PAGE
(Fig. 4) and a test of ligation/digestion
was carried out on the fractions obtained.
The profiles of the bands obtained
(Fig. 5, lanes 2, 3, 4) are comparable with
those of the commercial enzyme (Fig. S,
lanes 5, 6, 7). Thus the CIM-disk system
makes it possible to obtain the same re-
sult as gel chromatography but with an
important gain of time in the second step

Chromatographia 2007, 65, June (No. 11/12) 643



Marker

BamHI PC+CIM His digestion 1
BamHI PC+CIM His ligation
BamHI PC+CIM His digestion 2
BamHI B. Genei digestion 1
BamHI B. Genei ligation
BamHI B. Genei digestion 2

Nk W=

Fig. 5. Endonuclease activity digestion/ligation test after two steps procedure (PC + EDA-His

CIM-disk) for purification of BamHI

Table 2. Recovered activity for BamHI with the different protocols integrating immobilized-his-

tidine affinity supports.

Protocol Activity Ligation/digestion
recovered test
(U g7! bacteria) (enzyme quality)

AH (2 mL) 6,000 -

PC (2 mL) 40,000 -

PC + AH (2 mL) 30,000 +

CIM-EDA-His disk (0,34 mL) 6,000 -

PC + CIM-EDA-His disk (0,34 mL) 20,000 +

Recovered activity is expressed in unit per gram bacteria has activity in crude extract is difficult to
measure and the endonuclease activity test is semi-quantitative
AH aminohexyl histidine sepharose, PC phosphocellulose

Table 3. Main comparison of IgG separated and purified by histidine ligand affinity chroma-

tography (HLAC)

Antibodies Maximum adsorption capacity on different matrices
Histidyl sepharose Histidyl PEVA Hystidyl CIM-disk
(mg mL™" gel) (mg g~! support) (mg 0.34 mL™)
1gG 0.5 17 1.5

PEV A poly-(ethylene vinyl alcohol)

with the histidine ligand column. In
addition, investigations were carried out
to add the preliminary purification step
before the histidine CIM-disk in an
integrated way by combination of two
CIM-disks in the same chromatographic
module in order to reduce the purification
steps. In fact, in recent work, different
CIM-disks was associated to reduce
fractionation steps and ‘‘conjoint liquid
chromatography” was introduced. A
quaternary amine disk (anion exchanger)
and a Protein A disk were associated to
purify monoclonal IgG in only one-step
[82]. We thus tried to replace the column
of phosphocellulose used until now by a
carboxymethyl CIM-disk (weak cation
exchanger like phosphocellulose). How-
ever the two supports are not equivalent
and we did not observe the adsorption of
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BamHI enzyme on this disk. The results
obtained for the purification of BamHI
with the different protocols proposed are
summarized below (Table 2).

The two-step protocol combining a
phosphocellulose column and a histidine
ligand matrix allowed us to efficiently
purify the restriction enzyme BamHI
from crude extract. The combination of
two separation steps was critical for the
elimination of contaminating endonuc-
leases from the enzyme sample. The use
of the histidine CIM-disk combined with
a preliminary phosphocellulose stage al-
lowed us to obtain results equivalent to
those obtained with the histidine—Sepha-
rose columns but the procedure was less
time consuming due to the separation
speed of the CIM-disk. The global bind-
ing capacity should be taken into account
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for the difference in terms of recovered
activity as the Sepharose column used
was 2 mL and the CIM-disk has a vol-
ume of 0.34 mL. Consequently, we have
developed a protocol integrating CIM-
disk support derivatized with histidine
ligand, which allows a significant gain of
time. Although, the first separation step
still involves conventional chromato-
graphic support (phosphocellulose), the
second step with a histidine CIM-disk
considerably decreases the time of the
procedure, which becomes less than
1 min. Both affinity supports associated
with a preliminary phosphocellulose sep-
aration steps, allow the effective purifi-
cation of BamHI in only two steps. The
enzyme obtained was active without non-
specific nucleases.

Purification of Monoclonal
Antibodies Using
CIM-Disk-EDA-Histidine

The majority of affinity chromatography
separations of antibodies from human
serum or of monoclonal type has been
performed using conventional ligands
such as protein A and protein G. In re-
cent years, the macroporous ultra-short
methacrylate-based monoliths with cor-
responding immobilized ligands have
been used for the separation and the
purification of antibodies. Indeed, many
applications using Protein A or G CIM-
disks for IgG purification have been de-
scribed in the literature [61, 83-89]. It is
also possible to stack two monolithic
disks with different surface properties
into one housing. This type of chroma-
tography was introduced by Strancar
et al. [33] and Josic et al. [61] and named
conjoint liquid chromatography (CLC).
Recently, a multi-fractionation ap-
proach for the fast purification of IgGs
and Serum albumin (SA) from mamma-
lian blood media was envisaged by using
the combination of highly selective and
specific recombinant G proteins having
unique [gG-binding properties [87]. Thus,
in this high-performance monolith chro-
matography process, one IgG-binding
protein G disk and one SA binding Pro-
tein G disk were installed into the same
cartridge. Unlike a pseudobiospecific li-
gand such as L-histidine, acid pH is nee-
ded for protein desorption and this could
be lead to protein denaturation. The
pseudobioaffinity ligand vr-histidine can
be easily used to purify polyclonal and
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monoclonal immunoglobulin from hu-
man plasma and other sources [7, 17, 18,
28, 29]. The L-histidine ligand has been
grafted onto different matrices (gel,
membrane and silica particles) to purify
IgG (Fig. 2) and presents similar binding
capacities as protein A and protein G
using mild elution conditions. Conse-
quently, for purification of IgG using
monolithic column, we propose an alter-
native to the conventional utilization of a
biospecific ligand like Protein A. We have
studied the purification of pure poly-
clonal IgG (From Sigma) using a mono-
lithic CIM-disk. The efficiency of the
monolithic system compared to other
histidyl-immobilized matrixes (Table 3)
allows this new chromatographic tool for
specific purification of antibodies to be
used for fast scale up (Fig. 6).

In this context, the possibility of sep-
aration and purification of monoclonal
antibodies from mouse serum directed
towards glycophorin erythrocytes in ma-
laria was investigated using CIM-disk
IHAC (immobilised histidine affinity
chromatography). Malaria remains a
major public health problem in many
regions of the tropical world (2 billions of
people, 40% of world population in 90
country, are exposed) [88]. There is an
urgent need to develop vaccines that can
provide protection against Plasmodium
malaria. The rapid nature of erythrocyte
invasion by merozoites (blood stage)
indicates that it is a tightly controlled
process, which involve specific receptor-
ligand interactions between host and
parasite molecules. Whereas Plasmodium
falciparum uses sialic acid residues of
glycophorin A as receptors to invade
human erythrocytes [89-91], Plasmodium
vivax and Plasmodium knowlesi use the
Duffy blood group antigen [92-94]. Par-
asite ligands that bind these receptors
belong to a family of erythrocyte-binding
proteins (EBP). Parasite proteins bind
with erythrocyte receptors to mediate
invasion. They are attractive candidates
for malaria vaccine development since
antibodies are directed against erythro-
cyte ligands, which may block erythro-
cyte reducing  parasite
multiplication and providing protection
against malaria. The production and
purification of monoclonal antibodies
(MADs) are directed towards glycophorin
of human red blood cells, which have
been developed according to Koehler and
Milstein [95]. They are poorly produced
in cell culture supernatants and have been

invasion,
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Fig. 6. Adsorption of pure IgG (from Sigma) on CIM-disk-EDA-histidine. IgG were eluted at a
flow rate of 5 mL min~" with increasing the ionic strength of Tris~HCI (25 mM, pH 7.4) buffer
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Fig. 7. Separation of monoclonal antibody (MAb) on CIM® disk EDA-histidine monolithic
column. Experimental conditions: injection volume: 20 uL, sample: 5.46 mg of total protein; flow
rate: 5 mL min~'; wavelength: 280 nm; binding buffer: 25 mM Tris—HCI buffer pH 7.4; elution
buffer: 25 mM Tris—HCI buffer pH 7.4, 1 M NaCl (continued dots) Aigo nm. (Continued lines)

ELISA activity

partially characterized in our laboratory.
One of our studies was to efficiently
separate Mabs, produced in cell culture
supernatants, which many contain con-
taminating proteins.

The monolithic CIM® disk EDA-
histidine was used for fast biospecific
separation in order to isolate and sepa-
rate glycophorin erythrocytes specific
monoclonal antibodies from cell culture
supernatants. Column having a volume
of 0.34 mL was used and experiments
were performed on a HPLC system
equipped with UV detector. Before the
purification on the CIM® disk mono-
lithic column, proteins in the medium
were precipitated by ammonium sul-
phate, desalting and concentrated by
ultrafiltration on a membrane (column
Centricon, Amicon® Ultra-4, 10,000 Da).
From the data shown in Fig. 7, we can
observe one large peak in CIM-disk
EDA-histidine eluent. However, accord-
ing to qualitative ELISA test, it is
obvious that a family of Mabs are eluted
with 0.3 M of NaCl. In this present
study, ELISA test (Sandwich Type) was
done with malaria antigen from glyco-
protein of human eythrocytes.
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Table 4 summarizes the purification
characters obtained from CIM-disk
EDA-histidine separation and the small
quantity of Mabs that was produced and
separated. Identification of the high-
molecular-mass protein in the eluted
peaks was done by SDS-PAGE analysis,
which gave the confirmation of IgM.
Then, monoclonal IgM from cell culture
supernatant was purified with a purifi-
cation factor of 578.30 using the CIM-
disk EDA-histidine monolithic column.
Nevertheless, the adsorption of mono-
clonal antibodies was not important on
CIM® disk EDA-histidine comparatively
to CIM-disk DEAE. The results ob-
tained are similar to those reported by
Buenos et al. [17, 18] where it was de-
scribed that IgM had lower selective
retention on IHAC than others immu-
noglobulins.

According to previous studies purifi-
cation of immunoglobulin on the using,
pseudobioaffinity chromatography histi-
dine [7] is a new approach. Consequently,
monolithic CIM-disk IHAC systems of-
fer advantages of fast separation and
purification of Mabs and to obtain this, a
promising way is to develop a miniatur-
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Table 4. Purification characters of monoclonal antibody (MAb) on CIM® disk EDA-histidine monolithic column

Steps Protein Activity®  Specific  Protein Purification
quantity (mg)* activity®  yield® factor®

Cell culture supernatant before ammonium sulfate precipitation 1,130 1820 1.61 100 1

Cell culture supernatant after ammonium sulfate precipitation 546 1628 2.98 48.32% 1.85

Cell culture supernatant after purification on CIM®disk monolithic column 2.35 2188 931.06 0.21%  578.30

“Determined by Bradford assay
*Determined by ELISA test
“Activity/protein quantity

dprotein quantity after purification step/total protein quantity before purification step
“Specific activity (after purification)/specific activity (before purification)
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045+ . _.... L. 17
04 1
............ 16
0351 Peak
e o3¢+  ( \ TTTTETETTETR \ EDTA T5
s . T
- N L4
<ﬁ 0.25 Peak o
02t pHS5 +3
0,15 +
Peak EDTA T2
0,1+ pH6 Peak
0,05 + pH 4 T1
0 v 0
I I T T I
1 2 3 4 5
Time (min)

Fig. 8. Purification of soybean lectins using CIM-disk IMAC-8 monolithic support. Experimental
conditions: buffer composition: 25 mM phosphate, 0.5 M NaCl for pH 7.0 and 6.0 and 100 mM
acetate, 0.5 M NaCl for pH 5.0 and 4.0. Regeneration is done with 50 mM EDTA

&
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Fig. 9. SDS-PAGE under non-reducing con-
ditions of the fractions from chromatography
of soybean extract on CIM IMAC-8 tube
monolithic support. Lane 1: crude extract
(load), Lane 2: pH 7.0 elution peak: un-
bounded fraction, Lane 3: elution peak
pH 6.0, Lane 4: elution peak pH 5.0, Lane 5:
elution peak pH 4.0, Lane 6: peak EDTA

ised model for screening and preparative
scale separation.

Purification of Soybean Lectin
Using CIM-Disk-IMAC

There are only few reports about appli-
cation of monoliths for IMAC. About
three decades have elapsed since Porath
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first introduced IMAC, a technique that
takes advantage of the property of a few
amino acids to bind chelated transition
metals, as a purification method for bio-
logical molecules such as amino acids,
nucleotides or, aromatic amines and a
large variety of proteins [2, 7]. In this
context, the purification of lectins by
IMAC was investigated using an IMAC
monolith column. Lectins are a group of
glycoproteins characterized by their abil-
ity to bind carbohydrates with consider-
able specificity. There has been increased
interest in the potential health benefits of
soybean lectin, which is being exploited
for many applications from therapy to
industry. Soybean lectins are well known
to have anti-cancer activity and this
compound may contribute to the role of
soy in the prevention and/or treatment of
cancer [96].

As compared with experiments done
with soft gel, the quality of lectin from
soybean crude extract did not change
with the speed of the separation. The
working flow rate of the monolithic col-
umn was maintained at 10 mL min™' and
the total time, starting from the injection
of the sample to regeneration with

Chromatographia 2007, 65, June (No. 11/12)

EDTA, took only 5 min (Fig. 8). The
same experiment done with the soft gel
took 100 min because the system was
operated at low speed having flow rate of
0.5 mL min~".

The hemagglutination activity of the
soybean lectin purified by CIM-IMAC
was only recovered in the fraction eluted
at pH 5. The purity of this pH 5 lectin-
containing fraction was confirmed by
SDS-PAGE (Fig. 9). CIM-IMAC-8 tube
monolithic support was used as an ideal
method to purify lectins from soybean
extract. It took seconds to set up or
change the configuration of a column,
and the column have fast equilibration
and regeneration times.

Conclusion

In the last decade, much work has shown
the great potential application of short
monolithic columns in semi-preparative
purification of therapeutic biomolecules.
Because of high separation speed, CIM-
disk monolithic columns are a good tools
for scaling up the separation and the
purification of proteins from larger ex-
tract amounts by affinity chromatogra-
phy. Compared to conventional affinity
chromatographic system, the monolithic
disk chromatography is compatible with
high flow rates without slowing down the
separation and purification by protein/
ligand affinity interactions. This is due to
the superior fluid dynamics of the CIM-
disk monoliths. Due to their high ability
for very fast fractionation of biomole-
cules and/or nanoparticles, CIM-disk
monoliths present a large potential for
application in biotechnology. The devel-
opment of new monolithic CIM-disk
affinity support wusing L-histidine as
pseudobiospecific ligand opens the way to
new IHAC processes for the fast purifi-
cation of biomolecules.
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