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Purification of IgG and insulin on supports grafted by sialic acid
developing “thiophilic-like” interactions
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Abstract

We developed the synthesis of new supports for the purification of insulin and 1gG by affinity chromatography. The preparation of such
an affinity support is performed in two steps. First, silica beads are coated with dextran polymers carrying a calculated amount of positively
charged diethylaminoethyl groups in order to mask negative charges at its surface. Second, ligand is immobilized using a coupling agent.
This support combines the advantages of polysaccharide phases with the excellent mechanical characteristics of silica. The &kistence of
acetylneuraminic acid (sialic acid) in insulin receptor and in the antigenic determinant of IgG suggests that such an acid may develop specific
interactions usable in affinity chromatography. Therefbkacetylneuraminic acid was used as an active ligand. The immobilization of sialic
acid can be carried out by using the conventional coupling agent: the carbonyldiimidazole. The performances of these supports grafted by
sialic acid were studied by high-performance liquid affinity chromatography (HPAC). The optimization of the chromatographic conditions
(support characteristics and mobile phase) enabled us to observe a behavior of the type “thiophilic” of the support, which does not contain
sulfone group. This new affinity support allowed a one-step separation of the IgG from mouse ascitic fluids and also allowed the insulin
purification from a pancreatic extract with a good purification yields.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction used during regenerations of the supports. Therefore, the
development of supports capable of adsorbing IgG and
The applications requiring obtaining pure proteins are insulin, presenting better chromatographic performances is
numerous and much of supports are now commercially of a great interest
available. In the case of insulin, the purification is done High-performance affinity chromatography (HPAC) is a
in several stages on essentially supports of ions-exchangdechnique of separation broadly used for the purification of
[1,2], gel filtration[3] and reverse phadd]. In the case of  biological molecules. This method requires, on the one hand,
IgG, the supports are essentially of two types: the supportsa support that resists high pressures and can be chemically
of ions-exchang¢5] and the supports grafted by protein A maodifiable and, on the other hand, a biospecific ligand to be
[6], or protein G[7]. However, these supports present some coupled to the support.
disadvantages, particularly the low specificity of the supports  The ligand used in the present stublyacetylneuraminic
of ions-exchange. The supports grafted by bacterial proteinsacid (NANA) (Fig. 1) belongs to the family of “general lig-
have a high cost and a low stability under extreme conditions and”. In fact, it binds 1gG8] as well as sialidas€9] and
it develops an affinity for insulin tofl0,11] At first sight,
* Corresponding author. Tel.: +33 1 4940 3362; fax: +33 14823 2801.  ONe can consider that there is no specificity; nevertheless, the
E-mail addressdmuller@galilee.univ-parisi3.fr (D. Muller). particular and selective conditions of adsorption and desorp-
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also analyzed. The support was then used to attempt the pu-
rification of insulin and IgG subclasses from a pancreatic
extracts and mouse ascites, respectively.

2. Materials and methods

Fig. 1. Structure oN-acetyl inic acid. . .
9 fucture of-acelylnedraminic acl 2.1. Synthesis of SID-NANA chromatographic support

tion of each of these proteins create the specificity. Indeed, The synthesis of coated silica supports functionalized by
the conditions that allow the binding of IgG or sialidase on N-acetylneuraminic acid was carried out as reported pre-
the support do not permit the fixation of insulin on immo- viously [11]. The preparation of the affinity support was
bilized sialic acid. Moreover, the conditions previously used performed in two steps. First, silica beads were coated
[11] to adsorb insulin on the support are little selective. So, with dextran substituted by a calculated amount of diethyl-
we have to find new selective elution conditions to absorb aminoethyl (DEAE) functions to hide negative charges at its
insulin. surface. Second, ligands were immobilized using a coupling
In addition, the elution of insulin on the supports bear- agent.
ing coupling agents shows the contribution of such activa- The substitution of dextran T70 (68,000 g/mol) (Phar-
tion agents in the interaction mechanism between insulin andmacia, Bois d'Arcy, France) by 2-chlomg;N-diethyl-
chromatographic supports. The importance of these interac-aminoethane (Janssen Chemica, Noisy Le Grand, France)

tions varies with the nature of the coupling agent udea]. was performed in a very alkaline medium at&5for 30 min.
Therefore, we felt the need to find another method to confirm The substitution rate of dextran with DEAE is determined by
or not the specificity of our support for insulin and 1gG. elemental analysis of nitrogen. The conditions for dextran

With this intention, the divinylsulfone, used in previous modifications for an optimal passivation were previously de-
experimentg13], directed the choice of new elution condi- termined[18,19]to obtain a proportion of dextran units car-
tions. Indeed, the divinylsulfone is a coupling agent largely rying DEAE groups (Dx-DEAE) varying from 4 to 13%.
used for synthesis of the thiophilic suppoftst,15] The Silica beads (particle size 15—@%n, porosity 100@),
characteristic of this so-called “thiophilic adsorption” is that kindly provided by Biosepra (Villeneuve la Garenne, France),
the proteins are adsorbed on the support with high water-were impregnated with a modified dextran solution (8 g of
structuring salts (such as potassium sulfate or sodium sulfate)Dx-DEAE in 100-ml) adjusted to pH 11. Dextran coated
concentration, and selectively desorbed at low salt concen-silica was cross-linked with 1,4-butanedioldiglycidyl ether
tration[16]. This adsorption is based on the formation of an (BDGE) (Sigma, La Verpilliere, France). The amount of Dx-
electron-donating (thioether group) and electron-accepting DEAE covering the silica (SID) beads was determined by
(sulfone group) complex between the ligand and the protein. spectrophotometric assay of the sugar units after acid hy-

In the present study, we synthesized new chromatographicdrolysis and by elemental analysis of carbon.
supports based on silica coated with dextran substituted by a  Prior to the ligand coupling, the quality of the Dx-DEAE
calculated amount of diethylaminoethyl (DEAE) grouis. coverage of the silica support was evaluated by testing the
Acetylneuraminic acid was coupled to the activated support elution of standard proteins on the support under high-
by carbonyldiimidazole (CDI). A part of the activated sup- performance size-exclusion chromatographic (HPSEC) con-
port (support bearing inactivated coupling agent) was used toditions[12].
perform controls and to compare the efficiency of function-  The immobilization ofN-acetylneuraminic acid (NANA)
alized support (support with ligand) and the support without extracted from edible birds ne$id ], on SID required the use
ligand. The performance of these supports was tested toward®f a coupling agent to create covalent bonding between the
both mouse IgG and insulin. ligand and the support (SID-NANA). In this study, NANA

Mouse IgG contains four subclasses, named IgG1, IgG2a,was coupled to the activated support by carbonyldiimida-
IgG2b and 1gG3. IgG3 differs from the others by the pres- zole (CDI). The activation of the basic support by CDI was
ence of a longer hinge region conferring a sensitivity to en- achieved according to the following protocol: a 3 g quantity
zymatic digestion and also a higher molecular mass on theseof CDI (Sigma) was dissolved in 10 ml of dried 1,4-dioxane.
antibodies. Insulin is a polypeptide constituted of 51 amino A 6 g quantity of dextran-coated silica was added to the so-
acids contained within two peptide chains: an A chain with lution and the suspension was gently stirred for 2 h at room
21 amino acids aha B chain with 30 amino acid47]. temperature. The activated support was then collected by fil-

The interactions between these supports and mouse montration and quickly washed with 200 ml of |,4-dioxane and
oclonal IgG subclasses and insulin was studied, in the simi- 250 ml of 0.1 M carbonate buffer, pH 9.
lar conditions of thiophilic adsorption, by high-performance NANA was coupled with this activated support according
affinity chromatography. The influence of some support char- to the following protocol: a 5g quantity of activated sup-
acteristics on the affinity of IgG subclasses and insulin was port were suspended in 25 ml of 0.1 M carbonate buffer, pH
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8.7 containing 100 mg of NANA. The suspension was gently 3. Results and discussion
stirred for 48 h at room temperature. The supernatant was kept
for a further determination of the non-coupled ligand. The 3.1. Synthesis of SID-NANA chromatographic support
support was then filtered and washed with 200 ml of 0.1 M
Tris—HCl buffer, pH 8.7. The excess reagent groups were de- The first attempts to separate proteins in HPLC on
activated in 25 ml of the latter buffer, under agitation for 3h unmodified mineral phases (silica or glass with a con-
at room temperature. The support was successively washedrolled porosity) have shown the presence of non-specific
with solutions of 0.05M Tris—HCI, pH 7.4, 1M NaCl and interactions[21]; then, mineral phases were modified by
with 200 ml of the same buffer containing 0.05M NaCl. The coating of hydrophilic polymerg22,23] In our labora-
functionalized (SID-CDI-NANA) support was conditioned tory, we are currently using silica-based supports, which
in this buffer at #C. are coated with a calculated amount of diethylaminoethyl
A part of the activated support (SID-CDI) was used groups.
to perform controls and to compare the efficiency of The dextran substitution was performed in order to con-
SID-CDI-NANA and SID-CDI. An inactivation was op- fer a weak anion exchange capacity by DEAE groups into
erated on support carrying coupling agent to eliminate its glycosidic units. The substitution rate of T70 dextran poly-
reactive chemical functions and, thus, to avoid the covalent mers by DEAE was 5% in our experimental conditions. The
binding of proteins through the column. For this reason, ac- adsorption of Dx-DEAE on silica beads results from inter-
tivated support was suspended in a solution of 0.1 M carbon-actions between anionic groups on the silica surface and
ate buffer at pH 8.7, which contained 1.5 ml of ethanolamine DEAE groups carrying positive charges. The coverage was
(Janssen Chemica, France). The mixture was slowly stirredfurther strengthened by cross-linking dextran chains with
for 48 h at room temperature and finally washed with a solu- BDGE, around the silica particles, that led to the formation
tion of 0.1 M Tris—HCI buffer at pH 8.7. The amount of the of ether-type bonds with polysaccharide hydroxyl groups.
ligand fixed on the support was determined by a spectropho-The polymeric coverage on the silica support, determined
tometric assay of the coupling solution supernatant using aby elemental analysis, was 35mg of Dx-DEAE per gram

periodate—resorcinol meth¢20]. of silica.
In order to ascertain that the stationary phase used for
2.2. HPAC of insulin and IgG coupling of the ligand would not undergo non-specific in-

teractions with standard proteins, these proteins were eluted

The HPAC system consists of a pump (Spectra P100, on the SID support under high-performance size-exclusion
Thermo Separation Products, Les Ulis, France) monitored by chromatographic conditiof&2]. The results showed that no
a programmer and equipped with an injection valve (Model interaction occurs in the selected elution conditions. The SID
9126, Rheodyne, Merck, Nogent-Sur-Marne, France), con- support was neutral enough to be coupled to a biospecific
nected to an UV-visible spectrophotometric detector (L- ligand and to avoid non-specific interactions with proteins in
4000; Merck), an integrator (D-2520 GPC integrator; Merck) solution.
and a fraction collector (Model 203, Gilson, Sarcelles, Coupling of sialic acid with SID support was performed
France). The supports (SID—-CDI-NANA and SID-CDI) using a coupling agent: carbonyldiimidazole (CDI). Activa-
were introduced into 12.5 cx 0.4 cmi.d. stainless-steel col-  tion with CDI occurs by condensation of a hydroxyl group
umn (Merck, France) by dried packing method. The column on the polysaccharidic support and various functions on the
was generally eluted with 0.05M phosphate buffer—0.15M ligand. The amount of NANA coupled with SID was deter-
NaCl (pH 7.4) buffer solution. mined by a colorimetric assay using a periodate—resorcinol

The insulin used in HPAC, kindly provided by Diosynth method. The amount of fixed NANA on SID support was
(AKZO, Eragny-Sur-Epte, France), was a mixture of porcine 10 mg/g silica and the coupling yield amounts was 50%. The
insulin with 6% bovine insulin. A 10Q.1 amount of the in- structure of SID-CDI-NANA support and SID—CDI support
sulin was injected onto the column containing the support at is presented iirig. 2
aflow-rate of 0.5 ml/min. The fractions corresponding to elu-
tion and desorption peaks were collected and the amount of
insulin contained in both the injected samples and the eluted
fractions was determined by RadiolmmunoAssay (RIA, Cis-
Biointernational, Gif Sur Yvette, France).

The ascitic fluids used in this study were provided by Cis-

SILICA O—ﬁ— NH-CH,-CH,-OH

(A)

Bioindustries (LAPAM, Bagnols sur &ze, France). The as- COOH o

citic fluids were diluted in the initial chromatographic buffer sitiea D 0-0 o ( s
and filtered through a 0;2m filter before injection onto col- ¢ . .
umn. The quantity of mouse monoclonal antibody was de- oK :

termined by an enzyme-linked immunoassay (ELISA) from "

Boehringer Mannheim (Meylan, France). Fig. 2. Structure of affinity supports: (A) SID-CDI; (B) SID-CDI-NANA.
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Fig. 3. Influence of sodium sulfate concentration on insulin adsorption on
SID-CDI and SID-CDI-NANA supports. % (ads): % adsorbed protdins;
(NapSQy) (M): concentration of sodium sulfate.

Fig. 4. Influence of sodium sulfate concentration on proteins adsorption on
SID-CDI support. % (ads): % adsorbed protei@gNa,SOy) (M): concen-
tration of sodium sulfate.

3.2. Effect of NaSQ,
3.3. Nature of the interaction taking place between

The elution of insulin was carried out at the same time insulin, IgG and the functionalized support
on the support grafted by the sialic acid and on the support
carrying only the coupling agent (carbonyldiimidazole), in ~ The effect of ionic strength on insulin and IgG adsorp-
the presence of Tris—HCI (50 mM) buffer, with various con- tion was studied using different elution buffers @$&x)
centration out of NgSOs. The fractions corresponding to  With NaCl concentration varying from O to 1 M. As shown
elution and desorption peaks were collected and the proteinin Fig. 6, the inclusion of 0.3 M sodium chloride did not re-
concentration in the different fractions was determined by the duce the adsorption of insulin and IgG promoted by sodium
Bradford assayig. 3shows a plot of the amount of adsorbed sulfate. However, with increasing sodium chloride concen-
protein versus sodium sulfate concentration. trations in the adsorption buffer, the quantity of adsorbed
Fig. 3demonstrates that the insulin was adsorbed to the Proteins diminished gradually.
supports in a manner, which can be both independent as An increase in ionic force improves the decrease of the
well as dependent upon the presence and concentration oflectrostatic interactions and the increase of the hydrophobic
sodium sulfate. Under these experimental conditions, the sup-interactions. These two interactions were probably not im-

port only modified by grafting of the coupling agent adsorbs Plied in the adsorption of insulin and IgG on this support. As
insulin in the identical manner that the support carrying sialic for sodium chloride, the effect of methanol was studied in the

acid. same wayFig. 7 shows the percentage of proteins adsorbed
In order to seek the experimental factors affecting the according to the concentration of methanol in the adsorption

selectivity and the capacity of insulin adsorption on each buffer. The resu!ts showed that no_methgnol _concentration

support, proteins of different structure, size and composition effects were obvious during adsorption of insulin and IgG on

were eluted on the two supports under the same conditionsthe support. o . _

as insulin. These proteins are immunoglobulins G (IgG), the ~ The absence of hydrophobic interactions was confirmed

lysozyme and trypsin. by the study of the influence of methanol on the adsorption
Fig. 4shows the effect of the sodium sulfate concentration

on the adsorption of these proteins on SID—CDI support in 100 |

comparison with insulin. On the support carrying only the i \ o Insulin
|

coupling agent and beyond a certain NaSfoncentration \
(0.6 M), these proteins were adsorbed to a significant degree. 4 f\ / 1eG

\
With increasing salt concentration (p&0y) in the adsorp- \
: \M{

tion buffer, the quantity of adsorbed trypsin and lysozyme on
the support carrying sialic acid decreased.

0 0.5 1 1.5
C (Na,S0,) (M)

% (ads)

The grafting of sialic acidKig. 5) on support activated
by the carbonyldiimidazole thus prevented the adsorption of 0
trypsin and the lysozyme on the support and allowed a bet-
ter adsorption of insulin and IgG. This seems to indicate a
specificity of the support for these two proteins.

For the cc_mtlnuatlon of work, the (_:Oncentra“_on of sodium Fig. 5. Influence of sodium sulfate concentration on proteins adsorption on
sulfate required to promote adsorption of insulin and I9G on s|p—cbi-NANA support. % (ads): % adsorbed protei@gNa;SOs) (M):
SID-CDI-NANA was 1.5 M. concentration of sodium sulfate.
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e lpa—y
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Fig. 6. Effect of sodium chloride concentration on insulin and IgG adsorp-
tion on SID-CDI-NANA support in presence of sodium sulfate. % (ads): %
adsorbed protein& (NaCl) (M): concentration of sodium chloride. thus not responsible for the adsorption observed under these

conditions.

of these two proteins on the support functionalized by sialic
acid. 3.4. Purification of IgG from mouse ascites

As previously described for the effect of NaCl, we pro-
ceeded to the elution of insulin and IgG on SID-CDI-NANA A 100ul quantity of mouse ascites was injected onto the
at different pH values. The fractions corresponding to the column at a flow-rate of 0.5 ml/min. The conditions for ad-
different adsorption and desorption peaks were collected andsorption of IgG (four IgG subclasses: 19gG1, 1gG2a, IgG2band
analyzed by Bradford assay to determine the protein yield. 1gG3) on the support are describedFig. 9. The fractions
Fig. 8 shows a plot of the amount of adsorbed insulin and corresponding to elution and desorption peaks were collected
IgG versus pH. In the presence of sodium sulfate concentra-and the quantity of antibodies was determined by an enzyme-
tions normally required to promote adsorption, no pH effects linked immunoassayTable ). Under these conditions, the
were obvious during adsorption of insulin and IgG on the amount of IgG retained on the SID-CDI-NANA column was
support. The surface ionization of insulin and 1gG as that of 41, 34, 37 and 64%, respectively for IgG1, IgG2a, IgG2b and
the support did not affect the adsorption capacity of these 19G3. The results showed that the support SID-CDI-NANA
proteins on this support. The electrostatic interactions were tended to develop a higher affinity for the IgG3 subclass rather
thus not responsible for the adsorption observed under thesdhan for the other subclasses. The support functionalized with
conditions.

So far, the effect of NaCl and methanol as well as for

. . . . (A) (B) © (D)
the influence of pH on insulin and IgG adsorption have been
discussed. For this discussion, we can conclude that the hy- | [lro Fo . Fo -
drophobic interactions and the electrostatic interactions were !
F1
B F1
120 —a— Insulin £ F1
——[gG =
100 1 2
[}
t>é: <
80 A
é
~— 60_
®
40 1
20 A ‘L T T — v —— A — y
05 10 25 0 5 10 25 0 5 10 25 0 510 25
o Elution time (min.)
1 I 2 ' 3 ' 4 I 5
% Methanol Fig. 9. Elution profile of mouse ascites (100 on SID-CDI-NANA. (A)

IgG1; (B) IgG2a; (C) IgG2b; (D) IgG3. Column: 12.5 cr10.4 cmii.d. Flow-
Fig. 7. Effect of methanol on insulin and 1gG adsorption on SID- rate: 0.5 ml/min. Eluents: Ta: Tris—HCI 0.05M, 1.5M p&0y, pH 9; Th:
CDI-NANA support in presence of sodium sulfate. % (ads): % adsorbed Tris—HCI 0.05M, 1 M ammonium acetate, pH 9. Ta: adsorption buffer; Th:
proteins; % methanol in adsorption buffer. desorption buffer; FO: non-retained fraction; F1: retained fraction.
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Table 1

Purification yield of 1gG and antibody quantities injected on SID-—
CDI-NANA support and collected in the eluted fractions (assay numbers,

H. Lakhiari, D. Muller / J. Chromatogr. B 818 (2005) 53-59

Table 2
Purification yield of insulin and insulin quantities injected on SID-—
CDI-NANA support and collected in the eluted fractions (assay numbers,

n=>5) n=>5)

Ascites  Injected FO (ng) F1 Q) Yield Support Injected FO (.9) F1 @9) Yield
quantity (g) (%) quantity (g) (%)

IgG1 1350+ 67.5  702.32£28.09 55318k 22.12 41 SID-CDI-NANA  189+9.45 45£027 109:7.63 58

1IgG2a 2900+ 174 1169.05+ 81.83 976.95+ 68.38 34

IgG2b 3390+ 135.6 1153.70t 57.68 1253.20t 62.66 37

19G3 480+ 14.4 159.124+ 9.54 306.4&+ 12.25 64

sialic acid allowed the 1gG purification from mouse ascites

and particularly the 1IgG3 subclass.

3.5. Purification of insulin from pancreatic extract

The present study evidence that the support bearing sialic
acid allows a good resolution of pure insulin. In order to con-

0

A./280 nm

Fl

Elution time (min.)

Fig. 10. Elution profile of a pancreatic extract (30pon SID-CDI-NANA.
Column: 12.5cnx 0.4 cmi.d. Flow-rate: 0.5 ml/min. Eluents: Ta: Tris—HCI
0.05M, 1.5 M NaSQy, pH 9; Th: Tris=HCI 0.05 M, 1 M ammonium acetate,
pH 9. Ta: adsorption buffer; Th: desorption buffer; FO: non-retained fraction
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(numerous proteins including insulin); F1: retained fraction (insulin).

firm the affinity of the support for insulin, we proceeded, then,
to the elution of a pancreatic extract consisting of numerous
proteins including insulin. The pancreatic extract was kindly
provided by J. Olivie from societe Diosynth S.A. (Akzo,
Eragny-Sur-Epte, France).

The chromatogram dfig. 10was obtained by injection of
a 100wl amount of a pancreatic extract under the same con-
ditions as those used previously. The fractions corresponding
to elution and desorption peaks were collected and analyzed.
The amount of insulin contained in the injected samples and
the eluted fractions was determined by RadiolmmunoAssay
(RIA, Cisbiointernational, Gif Sur Yvette, France). The re-
sults presented ifiable 2show a purification yield of insulin
of 58% from a pancreatic extract. Finally, the silica based
support coated with dextran—DEAE functionalized by sialic
acid allowed insulin purification from protein mixture. These
results evidence the affinity and the specificity of sialic acid
for insulin.

4. Conclusion

The affinity of the insulin and mouse monoclonal IgG sub-
classes for dextran-coated silica supports grafted by NANA
was studied. These affinity supports allowed a one-step sep-
aration of the insulin and IgG sublclasses from a pancreatic
extract and mouse ascitic fluids, respectively, by HPAC. The
adsorption of IgG1, IgG2a and IgG2b was weaker than 1IgG3
under our experimental conditions.

This study also demonstrated the influence of some sup-
port characteristics and mobile phase on the performance of
the affinity support functionalized by sialic acid. The sup-
port carrying only the coupling agent (CDI) adsorbed, in a
non-selective way, four proteins tested (insulin, I1gG, trypsin
and lysozyme). The grafting of sialic acid on support ac-
tivated by the carbonyldiimidazole thus prevented the ad-
sorption of trypsin and the lysozyme on the support and al-
lowed a better adsorption of insulin and 1gG. This tended to
show the specificity of the support for these two proteins.
This behavior is probably related to the nature of the func-
tional groups carried at the same time by proteins and the
supports.

The influence of mobile phase (b4, pH, NaCl,
methanol) on the performance of the support bearing sialic
acid in affinity chromatography was studied. No pH and
methanol concentration effects were obvious during the ad-
sorption of insulin and IgG. The inclusion of 0.3 M sodium
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chloride in the adsorption buffer did not reduce the adsorp-
tion of insulin and 1gG. However, with increasing sodium
chloride concentrations in the adsorption buffer, the quantity
of adsorbed proteins diminished.

The proteins (insulin and 1gG) were adsorbed on the sup-
port with high water-structuring salts (such sodium sulfate)
concentration, and selectively desorbed at low salt concen-
tration, which indicated interactions of hydrophobic type or
thiophilic type. However, the inclusion of high concentra-
tions of sodium chloride (0.5M) decreased the adsorption
capacity of the support. Under such conditions, the support
SID-CDI-NANA showed similar adsorption characteristics
with thiophilic support. The support SID-CDI-NANA de-
veloped “thiophilic-like” interactions.

The use of these new elution conditions thus enabled us to,
exploit this supportin affinity chromatography and to develop
a new method of purification of insulin and IgG.
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