!. fias:

ELSEVIE

&

Journal of Chromatography B, 738 (2000) 149-154

JOURNAL OF
CHROMATOGRAPHY B

www.elsevier.com/locate/ chromb

Chromatographic behavior of mouse serum immunoglobulin G in
protein G perfusion affinity chromatography

: *
Zhe Yan, Junxiong Huang
Research Center for Eco-environmental Sciences, Chinese Academy of Sciences, PO Box 2871, Beijing 100085, China

Received 17 March 1999; received in revised form 23 September 1999; accepted 29 October 1999

Abstract

In this study chromatographic behavior of mouse serum immunoglobulin G (IgG) on a protein G perfusion affinity
chromatographic column was investigated experimentally. The results indicate that the protein G column has no non-specific
binding to the other proteins in mouse serum but an irreversible adsorption to 1gG under the conditions investigated. It was
found that variations of the elution solution composition, ionic strength and pH played to some extent an essential effect on
the chromatographic behavior of 1gG. The influence of the mobile phase flow-rate on the chromatographic behavior of 1gG
was also researched. These results show that the dissociation of 1gG from protein G affinity packings becomes the
rate-limiting step in the perfusion affinity chromatographic separation process. [0 2000 Published by Elsevier Science BV.

All rights reserved.
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1. Introduction

Affinity chromatography (AC) has been widely
used as an efficient method for the analysis, as well
as for the large-scale separation, of biological macro-
molecules. The development of high-performance
affinity chromatography (HPAC) makes broaden its
applications in biotechnology. For the typical station-
ary phase, the first serious constraint to be consid-
ered is the problem of mass transfer, especialy at
high flow-rate. To improve mass transfer and speed
up the separation process, in recent years perfusion
chromatographic packings have been developed. The
intraparticle convection in this technique enhances
pore diffusivity and minimizes the mass transport
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effect in the stationary phase, so perfusion chroma
tography can achieve both the purification and rapid
separation of proteins [1]. These packings have been
successfully used in the affinity chromatography of
proteins using immobilized ligands. For example,
IgG was quickly determined by the protein A or
protein G affinity packing [2]. The rapid characteri-
zation of the interaction between the human growth
factor and its monoclonal antibody was conducted by
protein G perfusion affinity chromatography [3].
Shigeo et a. [4] reported that a perfusion-type
support in AC could be effectively used for the quick
purification of bioactive materials secreted from
cells. These investigations have mainly been
concerned with studying the special features of these
packings, such as short separation time, high accura-
cy, repeatability of analysis and operation at high
flow-rate without reducing capacity.
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Non-specific adsorption, irreversible adsorption
and flow-rate effects are the main factors affecting
the separation efficiency of AC. In this paper, the
specificity of the protein G perfusion affinity column
to mouse serum IgG in the loading solutions of
various ionic strengths, the irreversible adsorption of
IgG on the surface of protein G packings and the
effects of elution solutions and flow-rate on affinity
chromatographic behavior of 1gG are discussed.

2. Experimental
2.1. Apparatus and materials

The TSP liquid chromatograph (TSP, San Jose,
CA, USA) consisted of a P4000 pump, an AS3000
autosampler and a Spectra FOCUS diode array
detector. Chromatographic system control, data ac-
quisition and chromatographic analysis were exerted
with TSP PC 1000 Chromatography Manager soft-
ware (3.0 version).

HPLC separations in high ionic strength solutions
were carried out on an Alliance Waters 2690 Sepa-
ration Module liquid chromatograph (Waters, Mil-
ford, MA, USA) with a Waters 996 PDA detector.
Chromatographic system control, data acquisition
and chromatographic analysis were controlled with
Waters Millennium Chromatography Manager soft-
ware.

The column used was a POROS G/M (PerSeptive
Biosystems, Cambridge, MA, USA) with dimension
of 30X2.1 mm I.D. (100 wl bed volume).

Mouse serum IgG, bovine serum albumin (BSA),
transferrin and insulin were purchased from Sigma
(St. Louis, MO, USA). The other chemicals are of
analytical pure grade or were biological reagents,
and the water was obtained from a Milli-Q system
(Millipore, Bedford, MA, USA). All chemicals and
reagents were used from commercia products with-
out further purifications.

Mouse sera were obtained from Beijing Anapure
Bioscientific (Beijing, Ching), filtered through 0.22-
pm polysulfone filters, diluted 1:10 (v/v) with
loading solution and injected in 20-pl aliquots into
the protein G affinity column.

2.2. Experimental procedure

The chromatography was conducted at room tem-
perature. All separations without the special descrip-
tion were carried out through the column by passing
the loading solution for 3 min, the elution solution
for 7 min and then loading solution again for 4 min
at a flow-rate of 1 ml/min. The chromatographic
profiles were monitored at 280 nm. Other conditions
used were as described in Section 3.

To explore the effect of the mobile phase on the
chromatographic behavior of 1gG, the following
loading and elution solutions were chosen in the
investigation: The loading solutions were 10 mmol /|
sodium phosphate buffer, pH 7.2, containing differ-
ent concentrations of NaCl: (g 0.15 mol/l, (b) 0.3
mol /I and (c) 0.6 mol/l.The elution solution com-
positions are shown in Table 1.

IgG purity analysis was carried out on a BIO-RAD

Table 1

Effect of different elution solutions on the perfusion affinity chromatographic behavior of 1gG

Elution Composition te W, As®
solution (min) (min)

A 0.15 mol/l NaCl, pH 25" 7.6 0.13 1.56
B A+0.15 mol/l NaCl 7.8 0.18 1.70
C A+0.45 mol/l NaCl 8.0 0.24 2.0
D 0.1 mol/I glycine, pH 2.5° 45 0.62 2.86
E D+0.15 mol/l NaCl 45 0.62 2.88
F D+0.30 mol/l NaCl 45 0.63 2.86
G 0.1 mol /1 sodium phosphate buffer, pH 2.5 8.1 133 4.00
H G+0.15 mol /I NaCl 8.1 0.88 381
I G+0.30 mol/I NaCl 81 0.80 3.88
J 2% HAc, 0.3 mol/l MgCl, 5.2 0.69 2.86

®As as peak asymmetrical factor.
® Adjusting pH by HCI.



Z. Yan, J. Huang / J. Chromatogr. B 738 (2000) 149-154 151

electrophoresis system (Richmond, CA, USA) with
Mini-PROTEAN Il electrophoresis cell (gel size:
7x8 cm) and PAC 300 power. Samples were treated
with SDS solution (containing DTT) and heated at
100°C for 5 min. The gels were stained with
Coomassie Brilliant Blue R-250.

3. Results and discussion

3.1. Non-specific binding and effect of loading
solution

Some common contaminant proteins (BSA, trans-
ferrin and insulin) in serum as standard proteins were
injected into the POROS G/M perfusion affinity
column and eluted under the elution conditions
studied. The results have indicated that these proteins
have not been retained on the column at all and the
column has exhibited no any non-specific bindings to
these contaminant proteins. It is coincident with the
results in the literature [2].

Protein G has a very high affinity for the Fc region
of 1gG, and the driving force mainly comes from
ionic interaction. The association constant (K,) of
protein G to mouse 1gG is 4.1x10™ M " and is not
affected by the ionic strength in the loading solution
at pHs above 4.0 [5]. However, non-specific binding
may be caused by ionic interactions or hydrophobic
interactions and can be controlled to a certain degree
by adjusting the ionic strength of the loading solu-
tion. An increase of the salt concentration in solu-
tions can decrease the non-specific binding on the
POROS G/M column, as recommended by the
manufacturer of the column [6]. Therefore, the
separation of 1gG in mouse serum was conducted
with three loading solutions of different ionic
strengths, a, b and c, and elution solution, A. It is
found that the elution peak areas of 1gG loaded with
the loading solutions a, b and ¢ were 6.31 E+5, 6.29
E+5 and 6.31 E+5, respectively. It means that
changing the ionic strength of the loading solutions
could not affect the binding of 1gG on the protein G
affinity column, and it proves alternatively there is
no non-specific binding under our experimental
conditions.

The central fraction of the 1gG peak was collected
and concentrated, and then analyzed by SDS-PAGE
for purity assessment. The electropherogram in Fig.
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Fig. 1. SDS-PAGE analysis of 1gG purity in different chromato-
graphic fractions. Lane 1: standard 19G; lanes 2, 3 and 4 are 1gG
fractions from the perfusion protein G affinity chromatographic
column when loading solutions were a, b and c, respectively; lane
5: molecular mass markers; lane 6: mouse serum The mass of
standard proteins from top to bottom are 97.4, 68.0, 42.7, 30.1,
215, 14.4 KD, respectively.

1 has shown that 1gG (150 kD) has always appeared
two mgor bands on 55 and 24 kD due to DTT
cleaving 1gG into two identical heavy chains (55 kD)
and light chains (24 kD), and that no any other
contaminant proteins were found in IgG fraction.
From the results it can be concluded that non-specific
binding of proteins in mouse serum on the protein G
column can be negligible during the process of
affinity separation in our experimental conditions.

3.2, Effect of elution solution

The proteins bound on an affinity column can be
eluted by reducing their association constant (K,) or
increasing the dissociation constant (K) via altera-
tion of the pH value or ionic strength of the mobile
phases. 1gG bound on the protein G column can be
eluted effectively by decreasing pH [7]; however, the
impact of the ionic strength of the elution solution on
the retention behavior of 1gG has been seldom
investigated.

We have used different types of elution solutions
A, D and G, which were used usualy in AC, as
listed in Table 1, and the same loading solution a.
The results shown in Table 1 indicate that the
chromatographic behavior of 1gG in terms of t,, W, ,,
and As was different in the elution solutions of A, D
and G at the same pH. Thisis due to the different K,
from different elution solutions. The composition of
elution solutions determines the K, through chang-
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ing the conformation and the interactions between
ligands and proteins [8].

As shown in Table 1, with increasing concen-
trations of NaCl in the elution solutions of the
NaCl-HCl system, the t;, W,,, and As of the IgG-
eluted peak was increased, and hence the chromato-
graphic behavior of 1gG became worse. In contrast,
the chromatographic behavior of 1gG was little
affected by raising the concentration of NaCl in the
elution solutions of the glycine—HCI system. In the
elution solutions of phosphate system, t; was not
influenced, but the peak of the eluted IgG became
sharper and more symmetrical with the increase in
the concentration of NaCl. Increasing the ionic
strength (by increasing the eluting salt concentration)
is usually successful in desorbing bound proteins
from many types of affinity column [9]. However,
the case became complex in our study. The effect of
ionic strength was different in different elution
solution systems, e.g., NaCI-HCI, glycine—HCl and
phosphate. In the NaCI-HCI system, hydrophobic
interactions may have been involved in the inter-
action between 1gG and protein G. These results
show that increasing the ionic strength can either
increase or reduce the binding, depending on con-
ditions and the nature of the system. It has been also
reported by Lyklema [10].

The chromatograms shown in Fig. 2 have explored
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Fig. 2. Effect of pH values on the separation of 1gG by affinity
perfusion chromatography Loading solution: pH 7.2, 0.01 mol/I
PB, 0.15 mol/l NaCl. Elution solution: (8 pH 1.5, 0.15 mol/I
NaCl; (b) pH 2.0, 0.15 mol/I NaCl; (c) pH 2.5, 0.15 mol /I NaCl.
Sample: 1gG (1 mg/ml) 10 pl.

the effect of elution solution A on chromatographic
behavior of 1gG at the different pHs of 1.5, 2.0 and
2.5, respectively. It was observed that with lowering
pH values, the 1gG peak shape was getting sharper
and shaper; peak asymmetry factor was decreased
from 1.56 to 1.33, and t, of 1gG was reduced from
7.6 to 5.7 min. This means that the lower the pH of
the elution solutions and the higher the elution
strength, the greater the increase of the K.

Fulton et a., [2] reported that IgG could be
quickly analyzed on this column using elution solu-
tion J. However, in our experiments it led to a larger
shift on the baseline and could not improve anything
of the elution peak of 1gG compared to elution
solutions A and D.

3.3 Irreversible adsorption

As a standard 1gG was injected into the POROS
G/M column, which was equilibrated enough with
loading solution before it was found that the signal
of the I1gG peak eluted was enhanced by increasing
the number of continuous injections of the sample by
10 pl each at the concentration of 0.6 mg/ml, and
got to be stable after the fifth injection, as shown in
Fig. 3. This result indicated that the column has
irreversible adsorption to 1gG. Furthermore, under
the same chromatographic conditions, if the sample

minutes

Fig. 3. Process of 1gG irreversible adsorption equilibration on
perfusion affinity chromatographic column. Loading solution: pH
7.2, 0.01 mol/l PB, 0.15 mol/l NaCl. Elution solution: pH 2.5
HCI, 0.15 mol/l NaCl. Sample: I1gG (0.6 mg/ml) 10 pl. Peaks
1-7 were obtained from the first to seventh injections of 1gG,
respectively.
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concentration was increased to 1 mg/ml and 1.5
mg/ml, respectively, the number of injections
needed to get a stable peak signal still was five. One
explanation for this phenomenon is that since the
interaction of 1gG between the mobile phase and the
solid-phase is in the linear range of the isotherm at
low concentration, the retention time or breakthrough
point in frontal analysis should be constant and
cannot be varied with the sample concentration
[11,12].

In addition, it was found that the irreversible
adsorption of 1gG on the column was not changed
with the other proteins present. To prove it, BSA was
injected continuously for five times (once 10 pl, 1
mg/ml BSA) before the standard 1gG injection (once
10 pl, 0.6 mg/ml 1gG). The same as in Fig. 3 show
that the irreversible adsorption of 1gG on the column
was not changed. The phenomenon has provided an
aternative proof that BSA was not retained definitely
on POROS G/M column by non-specific binding,
otherwise, BSA should influence the irreversible
adsorption of 1gG. Thisistotally different from other
types of chromatographic separations, such as ion-
exchange, reversed-phase, hydrophobic interaction,
etc., in which the adsorption behavior of the main
protein of 1gG has been influenced by the presence
of other proteins in sample [12]. And hence this
irreversible adsorption is specific to 1gG.

Furthermore, the irreversible adsorption of 1gG
onto the column was measured using elution solution
A at different pHs of 2.5-2.0 and 1.5, respectively.
Aliquots of 10 pl of each of the samples were
continuoudly injected at the concentration of 0.6
mg/ml. It was observed that with lowering pH
values, the number of injections needed to get a
stable peak signal was reduced from five to two. And
the peak areas in the stable state were 2.38 E+5,
2.88 E+5 and 3.01 E+5 at corresponding pH values
of 2.5, 2.0 and 1.5, respectively. The results have
proved that the irreversible adsorption of 1gG on the
AC column was dependent on the elution conditions,
and the lower the pH of the elution solutions, the less
the irreversible adsorption.

A possible explanation for the irreversible ad-
sorption of 1gG on the column is that the interaction
between the packings and the different 1gG mole-
cules is microheterogeneous. When eluted with a
certain elution solution, various IgG molecules may

show different K, to the packings, k' will be
different between them, and therefore the 1gG mole-
cule with a larger k' value will not be eluted from
the packing in the elution time. The elution solutions
with lower pHs can lead to the gradua dissociation
of the various protein—ligand complexes in the
elution time, then reduce the irreversible adsorption.

The heterogeneous surface of the packings may
come from steric effects, which are very important
for protein G since it has only two binding sites for
IgG [13]. Another possibility is that protein G
exhibits interactions with non-Fc regions of 1gG
[14]. In addition, 1gG molecules themselves aso
display heterogeneity due to their subclass and
hydrohydrate, introducing the differences of con-
formation and surface charge [15].

3.4. Effect of flow-rate

The effects of the flow-rate of both the loading
and elution solutions on separation were investigated
at the flow-rate of 1 ml/min for the corresponding
elution and loading solution, respectively. The results
in Fig. 4 have illustrated that the peak area of 1gG
was reduced with increasing the flow-rate. Addition-
aly, comparing the slopes of the two curves in the
figure, it was found that the effect of flow-rate on the

S

w

—

(=}

5
Peak area (x107)
S ’ g < !
O U = 1N YW U OO
L]

Flow rate (ml/min)

Fig. 4. Effect of flow-rate on the perfusion affinity chromato-
graphic behavior of 1gG. Loading solution: pH 7.2, 0.01 mol/I
PB; 0.15 mol/l NaCl. Elution solution: pH 2.5 HCI. 0.15 mol/I
NaCl. Sample: 1gG (1 mg/ml) 10 pl. Curve —A— illustrates the
effect of the flow-rate of the loading solution with the flow-rate of
the elution solution as 1 ml/min. Curve —[— illustrates the
effect of the flow-rate of the elution solution with the flow-rate of
the loading solution as 1 ml/min.
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separation was much greater for the elution solution
than for the loading solution, especially when flow-
rate was above 1 ml/min.

The distribution of matrix itself to the mass
transfer can be little affected by the flow-rate in
perfusion chromatography [16]. However, our work
shows that the flow-rate of both the loading and
elution solutions influences the chromatographic
behavior of 1gG. It means that mass transfer in
perfusion affinity chromatography may be affected
by flow-rate through the interactions between ligand
and 1gG. Since mouse serum 1gG has much larger
affinity to protein G, the K, of 1gG on the protein G
column in most cases is smaler than K,, conse-
quently the smaller K influences the flow-rate of
mass transfer much more in the dissociation step
than in the association step.

4. Conclusions

Data presented in this paper indicate firstly that the
protein G column showed no non-specific binding to
the other proteins in serum but an irreversible
adsorption to 1gG under the investigation conditions.
Secondly, variations of the elution solution com-
position and pH played an essential effect on the
retention time and the peak shape of 1gG to some
extent. In different elution solution systems, ionic
strength may have different effects on the chromato-
graphic behavior of 1gG. Thirdly, the flow-rate of
mobile phase notably influenced the chromatographic
behavior of 1gG on a POROS G/M column. Finaly,
the dissociation of 1gG from protein G affinity
packings became the rate-limiting step in the sepa-
ration process of perfusion affinity chromatography.
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