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Abstract

Taken advantage of the mechanism of adsorption of macro-molecules on ionic exchangers, (a multipoint interaction between the protein
and the support), it is possible to selectively adsorb large proteins leaving small ones in the supernatant. Associated proteins should present
a significant difference in its size as compared to the non-associated forms. Thus, the protein complexes may have much larger surfaces
to interact with the support. Here, by selecting the support with the highest activation degree that was unable to adsorb the non-associated
proteins, we have shown the simple and selective adsorption of immuno complexes (as a model), while antibodies and antigens remained
in the supernatant. Therefore, it was possible to selectively adsorb on lowly activated supports (e.g., agarose 4BCL havjtgainly 1
of amino groups per g of support) rabbit IgG/anti-rabbit immunoglobulins (immuno complex), while these supports were unable to adsorb
the individual immunoglobulines. Similarly, horseradish peroxidase (HRP)/anti-HRP were selectively adsorbed on lowly activated supports,
while the individual proteins were not adsorbed at all. Afterwards, the adsorbed associated proteins (purified at least from the non-associated
counterparts and concentrated by the adsorption on the support) may be cross-linked with aldehyde-dextran and be desorbed from the matrix
for their analysis. This strategy may permit very simple experiments to detect the presence of protein—protein complexes. Finally, we have
shown the advantages of this technique compared to the use of one of the proteins previous immobilized on a support.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction glance, a selective adsorption of a target protein complex onto
these kind of matrices seems to be quite difficult.

lon exchange chromatography using commercial ionic ~ However, there are two different hypothesis that make pos-
supports (DEAE, CM, Mono Q, etc.) is a widespread tech- sible the use of these simple techniques in protein complex
nique used for protein purificatiofil—7]. Commercially detection Fig. 1):
available ion exchangers are normally highly activated with ) )
very strong ionic groups (DEAE agarose, Q sepharose, etc.). (i) First, proteins become adsorbed on ion exchangers sup-
Thus, they can adsorb a high percentage of proteins from a__ POrts via a multi-point exchange procgsg,14,15]
given extract (near 80% of the proteins of a crude extract (i) Second, the proteins forming a multi-molecular complex

from Escherichia colis adsorbed on DEAEB-14]. At first will have a much larger size to interact with large areas
of the support.

- _ Then, as the adsorption process requires the simultaneous
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E-mail addressegmguisan@icp.csic.es (J.M. Gais), ril@icp.csic.es interac '9” etween several groups ot the pro em_ an Seve_ra
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Fig. 1. Adsorption mechanism of protein complexes or non-associated pro-
teins on differently activated anion-exchange supports.

matrix when using very lowly activated supports. This idea
has been reported to be valid to purify large and multimeric
proteins from monomeric and small or[é$§].

The immobilized complexes may be cross-linked (if de-
sired), for example, using aldehyde-dextfan,18]and fur-
ther analyzed following the desired protocols.

Thus, in this study, we have explored the advantages
of using lowly activated anionic exchanger supports for
the selective adsorption of protein complex. As a first
approximation to check the feasibility of the system, we
have analyzed the adsorption of a well characterized system
immuno complex [rabbit IgG and anti-rabbit immunoglob-

ulins, horseradish peroxidase (HRP) and anti-horseradish

peroxidase (anti-HRP)], and their individual complexes on
different activated matrices.

2. Materials and methods

2.1. Materials
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ulins peroxidase conjugate were purified by passing the
commercial sample by a column of MANAE-agarose immo-
bilized anti-HRP immunoglobulinfl9]. HRP was purified

by a column of MANAE-agarose immobilized anti-HRP, and
anti-HRP was purified by passing the commercial sample
by a column of glyoxyl agarose-immobilized HRE9].
Aldehyde-dextran was prepared as described by Fuentes
et al. [17]. Trimethylaminoborane was purchased from
Fluka (Buchs, Switzerland). Other reagents were analytical
grade.

2.2. Methods

All experiments were performed at least, by triplicate, and
experimental error was never over 5%.

2.2.1. Preparation of MANAE-agarose

The protocol was similar to the previously described
Fernandez-Lafuente et fil1], butusing glyoxyl agarogé5]
with different activation degrees. Ten milliliter of agarose
(4BCL) containing the desired amount of glyoxyl groups
were suspended in 90 mL 1 M ethylenediamine pH 10.05 and
gently stirred for 2 h. Then, 1 g of solid NaBM/as added and
the support was reduced for 2 h. The reduced gels, MANAE,
were filtered and sequentially washed with 100 mL of 0.1 M
sodium acetate, 1 M NacCl at pH 5.0, with 100 mL of 0.1 M
sodium hydrogencarbonate buffer, 1 M NaCl at pH 10.0 and
finally with 500 mL of deionized water. The full conversion of
glyoxyl to MANAE groups permitted that the concentration
of amino groups corresponded to the initial concentration of
glyoxyl group of the agarogé1]. The supports were further
modified with formaldehyde to eliminate any primary amino
group, to permit the final chemical treatment of the immo-
bilized proteins with aldehyde-dextran without of covalent
reaction with the suppof20,21]

2.2.2. Determination of peroxidase activity

Peroxidase activity was determined usingQd as ox-
idizing substrate and ABTS as reducing substrgi2].
Activity was followed spectrophotometrically by record-

Agarose (4% cross-linked agarose beads) was a kinding the increase in the absorbance at 430 nm promoted by

gift from Hispanagar (Burgos, Spain). Sodium periodate
was from Merck (Darmstadt, Germany). Ethylenediamine,
sodium borohydride, 2,2azino-bis(3-ethylbenz-thiazoline-
6-sulfonic acid) (ABTS), rabbit IgG purified immunoglobu-
line (rabbit IgG) and monoclonal anti-rabbit immunoglobu-
lins peroxidase conjugate (developed in mouse) (anti-rabbit),
polyclonal anti-horseradish peroxidase (anti-HRP) (devel-
oped in rabbit) (that does not inhibit the HRP activity),
horseradish peroxidase (HRP), dextr&f 0000 Da) from
Leuconostoc mesenteroidegere supplied by Sigma (St.
Louise, MO, USA). Rabbit IgG were purified by passing
the commercial sample by a column of monoaminoethyl-
N-aminoethyl agarose (MANAE)-agarose immobilized
anti-rabbit immunoglobulin; and, anti-rabbit immunoglob-

the ABTS oxidation product. Experimental conditions were
1mM ABTS and 1 mM HO» in 50 mM sodium phosphate
buffer at pH 6 and 25C.

2.2.3. Immuno complex preparation

2.2.3.1. Rabbit IgG/anti-rabbit IgG comple@s standard,
2.5mg of purified rabbit IgG was added to 10 mg of a purified
anti-rabbit in 5mM sodium phosphate buffer pH 7 and left
to interact for a minimum of 2 h at room temperat{8].

2.2.3.2. HRP/anti-HRP complexAs standard, 1 mg of pu-
rified anti-HRP was added to 10 mL of purified HRP solution
(2 mg/mL) in 5mM sodium phosphate pH 7 and left to inter-
act for a minimum of 2 h at room temperatyi®].
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2.2.4. Adsorption of protein on aminated supports triplicate, typically yielding an experimental error of lower
2.2.4.1. Adsorption of the individual molecules on different than 5%.

aminated supportsOne milliliter of anion exchanger sup-

port was suspended in 10 mL of different protein solutions

(0.05 mg of protein per mL of 5 mM sodium phosphate buffer 3. Results and discussion

at pH 7 and 25C). During adsorptions, samples were with-

drawn from the supernatant and the suspension and the pro3.1. Adsorption of individual proteins on differently

tein concentration was determined by Bradford’s me{2a4 activated supports

and/or HRP activity{22]. After 24 h, the derivatives were

washed with an excess of distilled water and stored*&t.4 Fig. 2shows that most of the anti-rabbit becomes adsorbed
on anionic exchanger highly activated (4thol/g) at pH 7
2.2.4.2. Adsorption of mixed protein®@ne milliliter of an- in 5mM sodium phosphate buffer. In contrast, by decreasing

ionic exchanger support was suspended in 10 mL of immunothe activation degree of the supportyhol/g) the amount
complex prepared as described above in 5mM sodium phos-of adsorbed anti-rabbit was significantly decreased, with no
phate buffer pH 7.0 and 2%. During adsorptions, samples detectable adsorption using these lowly activated supports
were withdrawn from the supernatant and the suspension andafter 32 h of incubation. Similar results were achieved with
the peroxidase activity and protein content was determined Rabbit IgG and the other IgGs. HRP could not be adsorbed in
as described previously. After 24 h, the matrix with the ad- supports having fumol/g, although could be fully adsorbed
sorbed protein was washed with an excess of distilled wateron supports having 1,@mol/g or more.
and stored at 4C.
o , 3.2. Adsorption of antibody/antigen preparations on

2.2.5. Cross-linking of the adsorbed proteins differently activated supports

One gram of the matrix with the adsorbed proteins or the
soluble proteins were added to 5 mL of cross-linking solution 3 5 1 Adsorption of rabbit IgG/anti-rabbit preparations
(200 mM sodium phosphate buffer pH 7 contained 150mg differently activated supports
of aldehyde-dextrai, 20,000 Da) in presence of 150 mM Rabbit IgG and anti-rabbit were mixed at pH 7 and un-
trimethylaminoborane during 24 at 26 [18]. Then, the  ger congitions (an excess of rabbit lp@here most of the
Schiff's bases, formed between the primary amino groups gpi.rabpit is involved in the formation of the immuno com-
of the protein and the aldehyde groups of the polymer, were yiey (rapbit IgG versus anti-rabbifthis was confirmed by
reduced by addition of 3mg/mL of sodium borohydride at gq| filtration at pH 4 of the aldehyde-dextran cross-linked
pH 10. After 30 min, the pH was decreased at pH 7 by ad- proteins, results not showft)7]. This immunocomplex may

dition of diluted HCI. The low protein load of the support  hg eyen three-fold larger than the independent proteins im-
and the high concentration of aldehyde-dextran prevent anypjied.

undesired cross-linkinf.7]. Then, different anionic exchangers were added to the so-
o lution. While the isolated anti-rabbit was not adsorbed on
2.2.6. Gelfilration assays supports having wmol of amino MANAE groups/g (see

Gelfiltration analysis was performed using a glass column above), in the presence of the rabbit IgG the anti-rabbit re-

packed with agarose 4BCL (column bed volume: 100mL). gyjted almost fully adsorbed on these supports. The ionic
The column was previously equilibrated with 500 mL of the

elution buffer (50 mM sodium phosphate buffer, pH 7.0). All

experiments were carried out at @5 with a flow rate of 100

. . . : ; X 90
0.5mL/min employing an isocratic pump (Pharmacia) and .} 80
detecting the absorbance at 280 nm (UV detector, Pharma- 5 70
cia). The eluted samples were collected in 1 mL aliquots and n gg
peroxidase activity or protein concentration was determined S
by the methods previously described. 2 30
£ 20
=]
2.2.7. Adsorption of peroxidase on immobilized § 13
anti-HRP _ N _ 0 5 10 15 20 25 30 35 40
One gram of immobilized anti-HRP (1 mg/§}7] was Activation degree,(micromols/g)

added to 10 mL of HRP (0.25mg) in 200 mM sodium phos-
phate buffer pH 7. In some cases, HRP was previ0u3|y mixed Fig. 2. Adsorption of anti-rabbit or rabbit IgG/anti-rabbit on MANAE-
with soluble anti-HRP. The adsorbed HRP was determined 29arose 4B(?L with different activation degree. Adsorption' was performed
by quantifying the difference in HRP activity in the super- in SmM sqdlum p‘hosphate at pH 7.Q andO?ZB Other specmc_atlons are

. ’ . . described in Sectio2.2. Squares: anti-rabbit adsorbed on different ami-
natant and suspension at different time, using the methodnated supports. Circles: immuno complex adsorbed on different aminated
described above. The experiments were carried out at least irsupports.
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2 100 = = n immuno-complex were detected, with no traces of the other
€= 90 antibody (results not shown).

> 00 However, the excess of rabbit IgG or anti-rabbit (detected
ZE 60 - by peroxidase activity) contaminated the CL-immuno com-
8§ 50 | plex when the adsorption was performed on highly acti-
§ f_, ;g | vated supports (that was able of adsorbing both individual
2S5 molecules or immuno complex) (results not shown).

§ ® 19 | To ensure that these results were not an artifact promoted
o 0 ‘ 8 by the solid-phase cross-linking, rabbit IgG or anti-rabbit

T T T T 1
0 5 10 15 20 25 30 35 40

Time, (hours) individually adsorbed on highly activated MANAE-agarose

(40pmol/g) were treated with aldehyde-dextran. The gel fil-
Fig. 3. Adsorption course of anti-rabbit or rabbit IgG/anti-rabbit on tratlpn chromatogram shows only a single peak_ Ina S|m|Ia_r
MANAE-agarose 4BCL Lumol/g. Adsorption was performed in 5mM  elution volume as aldehyde-dextran treated rabbit IgG or anti-
sodium phosphate buffer at pH 7.0 and’Z5 The percentage of adsorbed  rabbit in soluble conditiongg. 4B).

immuno complex, on poorly MANAE-agarose, was determinated by deter- In a similar way, 0n|y the immunocomplex could be de-

mination of peroxidase activity (as described in Secfid?) of the super- .. . .
natants of the suspensions during adsorption. Other specifications are de-tec’[ed when mixing HRP and anti-HRP and adding supports

scribed in Sectio@.2. Squares: supernatant of the anti-rabbit during adsorp- activated with Jumol/g (Fig. 5A). However, the gelfiltration
tion on MANAE-agarose (L.mol/g). Circles: activity of the supernatantsof ~ assays of the proteins adsorbed proteins opm0l/g when
the suspensions during adsorption of immuno complex on MANAE-agarose mixing an excess of HRP and anti-HRP shows two peaks
(1 pmol/g). corresponding to the CL-inmunocomplex adsorbed and the
excess of CL-HRP adsorbefi¢. 5B) (as shown by the anal-
) . . . ysis of the individual proteins).
adsorption was very slow.m MANAE—agarose activated with Fig. 6 shows that immobilized anti-HRP (1mg) was
1 pmol/g; the full adsorption of immuno complex took 24h 46 16 adsorb all the peroxidase (0.25 mg) when used pure.
(Fig. 3). _ However, when this enzyme was previously mixed with
_This result suggested that the support poorly activated g, ing concentrations of soluble antibody, the immobilized
mightbe adsorbing the large immunocomplex formedinpres- 5 (i RpP hecome unable to capture HRP, very likely because
ence of both moleculgs, while thellnd|V|duaI antlbo.d|es could e enzyme was already interacting with the soluble antibody
not be adsorbed. This was confirmed by analyzing the ad- 5§ the interaction with the immobilized antibody implied
sorbed proteins. the breaking of that interactions. However, our system was
fully efficiently on all conditions.
3.2.2. Adsorption of HRP/anti-HRP preparations on
differently activated supports
Individual HRP nor anti-HRP did not become adsorbed g 921

- 03"
on supports activated withidmol/g, but when mixed, more S 0154 E 0.25
than 90% of the HRP activity become adsorbed after 24h 2 8 o2
(here, we used an excess of antibody). § 0,1 7 015
go,
S 005/ g o1
3.3. Gelfiltration studies of the cross-linked protein 2 ‘g 0,05 \\
> . S o 2 &
adsorbed on the differently activated supports < 8 9 4
1585 55 75 95 <X o
(A)  Elution volume (mL) (B) Elution volume (mL)

Different samples of adsorbed proteins were chemi-

cally treated with aldehyde-dextran, to fix their association _ _— _ _ _
. . . . Fig. 4. (A) Gelfiltration analysis of cross-linked adsorbed immuno complex

S_tate’ an_d_ then, analyzed by gel flltr"_itl(_)n und_er dISSOCIf’i' (CL-immuno complex). One milliliter of rabbit IgG and anti-rabbit prepa-
tion conditions (pH 4) to prevent association during analysis ration were adsorbed on poorly MANAE-agaroseu(fiol/g) and cross-
[17,19] linked with aldehyde-dextran. This was loaded in a glass column packed

Using the lowly activated supports where anti-rabbit had Wwith 100 mL of agarose 4BCL. Flow rate was 0.5 mL/min. The CL-immuno
been adsorbed in the presence of rabbit 1gG, the ge| filtra- complex (circles) was eluted from the column using 100 mM sodium acetate

fi h ingl K that ds to th link H 4. Other details are described in Sectibf (B) Gel filtration analysis
Ion shows a single pea at corresponds to the cross-linke of cross-linked anti-rabbit (CL-anti-rabbit). One milliliter of solution con-

immuno complex (CL-immuno complex). Very interestingly,  taining untreated anti-rabbit (squares), 1 mL of a CL-anti-rabbit (soluble
the presence of individual cross-linked anti-Rabbit (CL-anti- anti-rabbit was modified with aldehyde-dextravi,(20,000) as described
rabbit) or cross-linked rabbit IgG (CL-rabbit IgG) was no in Section2.2) solution (rhombus), 1 mL of CL-anti-rabbit (adsorbed anti-
detected, confirming that this smaller molecules are not ionic rabbit IgG was cross-linked with aldehyde-dextran (20,000) as described in

. Section2.2) solution (triangles). The samples were loaded in the glass col-
adsorbed onthe IOWIy activated MANAE'agarOSamOI/g) umn packed with 100 mL of 4BCL agarose. Flow rate was 0.5 mL/min. Other

(Fig. 4A). Even more interestingly, when only 1@ of one details are described in Secti@®2 The samples were eluted in 200 mM
of the antibodies was used versus 1 mg of the other, only thesodium phosphate pH 7.
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Fig. 5. (A) Gel filtration analysis of cross-linked adsorbed protein mixtures 1 mL of HRP (10 mg) and anti-HRP (1 mg) adsorbed on poorly MANAE-agarose
(1 wmol/g) and cross-linked with aldehyde-dextrafy 0,000) was loaded in the glass column packed with 100 mL of agarose 4BCL. Flow rate was 0.5 mL/min.
The proteins (circles) were eluted from the column using 100 mM sodium acetate pH 4. Other details are described 2. S¢Bjdbel filtration analysis

of cross-linked HRP derivatives. One milliliter HRP (10 mg) and anti-HRP (1 mg) adsorbed on MANAE-agarpsad#g) and cross-linked with aldehyde-

dextran (20,000), was loaded in the glass column packed with 100 mL of agarose 4BCL. Flow rate was 0.5 mL/min. The inmunocomplex was eluted from the
column using 100 mM sodium acetate buffer pH 4. Other details are described in Se2tion
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4. Conclusions
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