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Abstract

A strategy to selectively adsorb large proteins on immobilized metal ion affinity chromatography supports is presented. It is based on the
fact that large proteins have a large surface that permits the long distance interaction with groups placed quite far apart (very dispersed onto
the support surface) in the support, therefore, even using lowly activated supports, these proteins may be able to yield multiple interactions
with the support, which is not possible for smaller proteins. This has been shown using a crude extrastfierichia coliwhere only large
proteins were adsorbed on supports having Q26| of metallic groups/g of support. Then, these lowly activated supports have been used for
purifying multimeric enzymes from thermophilic organisms &ndB-galactosidases frofhermussp. strain T2) cloned and over-expressed
in mesophilic ones. A previous heating step of the crude extract destroyed the quaternary structure of all multimeric enzymes from the host
(E. coli). Thus, the only large protein remaining in the supernatant of this heated extract are the cloned multimeric thermophilic enzymes,
permitting their very simple purification by using only one chromatographic step.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction that consists in the use of matrices with immobilized metal-
lic ions to purify proteins by adsorption through some amino
Protein adsorption onimmobilized metal ion affinity chro- acid residues such as histidine, cysteine or tyrofiné]. It
matography (IMAC) matrices is a well-developed technique is a simple and rapid method for protein purification, which is
usually based on the selective desorption of the proteins that
have been adsorbed with different strength to the support
* Corresponding author. Tel.: +34 91 585 48 09; fax: +34 91 585 47 60. [5—11]. In fact, most of the commercially available IMAC
E-mail addressegmguisan@icp.csic.es (J.M. Gais), supports are designed for the adsorption of most of the pro-
rfi@icp.csic.es (R. Fernandez-Lafuente). o ~ teins, and thus they are usually highly activated. In these
i Permanent address: Escuela delrjua, Facultad de Ciencias, Edi- 5 jcas more than 90% of the proteins of a crude extract
icio Camilo Torres, Universidad Industrial de Santander, Bucaramanga, . . .
from Escherichia coliare adsorbefll2,13], showing almost

Colombia.
2 Co-corresponding authors. universal adsorption of proteins on this kind of supports.
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2. Materials and methods
Poorly activated supports:
Only large
proteins may be
multi-punctually adsorbed

2.1. Materials

Crosslinked 4% agarose beads were kindly donated by

Highly activated supports: Hispanagar (Burgos, Spain). Weight of agarose was re-

Large and small proteins ferred to vacuum dried ones (with the interparticle wa-
may be ter eliminated). Agarose beads activated withp#@ol of
multi-punctually epoxy groups/g of support were produced using epichlorhy-
H atsortd drin as previously describefd6-18] B-Galactosidase and

_ _ _ _ _ . a-galactosidase fronThermussp. strain T2 (pBGT and
::[;?Aslu A(:(i)i?s‘rpt|on mechanism of proteins onto differently activated™e pAGTl) were both over-expressed iB. coli and pro-
PpOIES: duced as published elsewhd9,20] Iminodiacetic acid

However, a more selective adsorption of the target may disodium salt monohydrate (IDA) and copper sulphate(ll)
have some advantages compared to selective desorptiofp-hydrate were purchased from Fluka (Buchs, Switzer-
[12,13] The mechanism of protein adsorption on IMAC ma- land).o-Nitrophenyl$-p-galactopyranoside{NPG) andp-
trices may give some keys to achieve this. Natural proteins Nitrophenyle-p-galactopyranosidepfNPG) were obtained
only become adsorbed on the chromatographic matrix by thefrom Sigma (St. Louis, MO, USA). Epichlorohydrin and im-
simultaneous interaction of several His, Cys or Tyr residues idazole were purchased from Merck (Darmstadt, Germany).
with several groups on the support surfdt8—15] Thus,  All other reagents were of analytical grade.
only proteins having a cluster with several His or a poly-His
tag may be adsorbed on these supports by interaction on jusg-2. Methods
one ion metal chelate resid{f.

This multipoint mechanism of natural proteins adsorption 2-2.1. Preparation of different iminodiacetic
on IMAC matrices opens some new opportunities for the acid-agarose supports
purification of large proteins from small ones, via selective ~ The preparation of IDA supports from epoxy agarose acti-
adsorption of the large ones. Large proteins, having bigger vated with 13umol of epoxy groups/g of support was carried
surfaces, might be able to interact with larger areas of the out as follows: 7 g of vacuum dried epoxy agarose beads
support, giving long distance multi-interactions. Then, as the Were suspended in a solution of sodium borate buffer 0.1 M
adsorption process requires the simultaneous interaction becontaining 0.4 M of IDA (18 mL) and adjusted to pH 8.5 with
tween several groups of the protein and several groups of theNaOH. The flask was gently stirred at 25 for different time
support, only large enough proteins (those covering a largePeriods (from 5 to 120 min) to produce IDA-agarose beads
area of support) could be adsorbed on the matrix when usingWith different activation degrees (0.25, 2, 4, 8, anqi.b%ol of
very lowly activated supports(g. 1). IDA groups/g of support)16]. The amount of IDA groups/g

Moreover, this large interaction area may permit a very of support was determined by titration of the ionisable groups
intense multipoint adsorption using highly activated supports, Presentin the support by using a pH-stat. Epoxy agarose was
which could make difficult the further desorption of these Usedas areference. Twenty-five micromol of NaOH was used

large proteinsFKig. 2). Again, this problem could be solved ~as titrating agent. The remaining epoxy groups of the sup-
by using lowly activated supports. ports were destroyed by incubating the agarose-epoxy-IDA-
Here, we will try to explore the advantages of this strategy, Supports with 0.5M HCI for 4 h at room temperature. The

by using as model enzymes some multimeric thermophi“c derivatives were then washed and equi”brated with sodium
proteins Over_expressed i coli. phosphate buffer 0.5M at pH 7.0, and flna"y with distilled

water and stored atL.

Vi iiiseiee il 2.2.2. Preparation of C#f -chelate agarose supports
adsorption Two grams of IDA-agarose beads (with different acti-
on highly activated supports vation degrees) were incubated in an aqueous solution of
CuSQ(ll)-5H20 (5 mg/mL)[21] for 2 hatroom temperature.
Finally, the supports were thoroughly washed with distilled

water.
Mild adsorption . . .
o on lowly activated supports 2.2.3. Copper determination in Cu-chelate agarose
% ? £ supports

The amount of copper ions present in Cu-chelate-agarose

Fig. 2. Adsorption strength of large proteins onto differently activatedMe ~ SUPpOrts were determined by ICP atomic emission spec-
IDA supports. troscopy in a Perkin-Elmer 3300 DV/optima spectropho-
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tometer. Cu-IDA-agarose supports were initially dried at tions, aliquots were withdrawn from the supernatant and the
110°C during 24 h. Then, 100 mg of each dried sample was suspension and their activities and/or protein concentration
added to 2 mL of nitric acid plus 1 mL of HCland 0.5 mL of determined as described. In all cases, the amount of proteins
H202. The mixture was left in a closed PTFE/microwave and/or enzymes adsorbed on the supports was considered as
reactor during 55 min scanning from 0 to 500 W. Finally, 100% for desorption calculations. After 1 h, the derivatives
the samples were refilled to a final volume of 10 mL with were washed with an excess of distilled water and stored at
deionised water. The amount of copper was registered at4°C.

324.6 nm.
o o 2.3.4. Desorption of proteins adsorbed on IMAC
2.3. Determination of enzyme activities supports
) ) Two microlitres of support with adsorbed proteins were
2.3.1. p-Galactosidase from Thermus sp. strain T2 suspended in 5 mL of 5 mM sodium phosphate at pH 7.0. Pro-
(PBGT) teins were desorbed by incubating the suspensions for 30 min

Activity was determined spectrophotometrically by fol- - a¢ yoom temperature in the presence of different imidazole
lowing the increase in the absorbance at 405nm caused byoncentrations. Longer incubation times (up to 4 h) did not
the hydrolysis 0b-NPG. _ _ result in a significant increment in the quantity of desorbed

The reaction medium was 13.3mMNPG, dissolved in  roteins. The percentage of desorbed enzymes was followed
Novo buffer pH 6.5 (2.7 mM sodium citrate; 7.9mM Citric i3 enzyme activity of the supernatant compared to the activ-
acid; 2.9 mM potassium hydrogenphosphate; 10.8 mM potas-jyy of the suspension (which in all cases remained constant
sium ph_osphate;. 19.4mM potassium hydrOXIde; 4.1mM throughout the experiment). As control, a solution with sol-
magnesium chloride; 5.1 mM calcium chloride; and 3.3mM pje enzyme was submitted to the same treatment to detect
sodium carbonate) at 2&. Qne unit of activity is defined as  he effect (if any) of the imidazole upon the enzyme activity.
the amount of enzyme, which hydrolyzed ol of substrate e percentage of desorbed protein was calculated by de-
per min and per mg of protein under the described condi- termining the protein concentration and the expected protein
tions (molar extinction coefficient ai-nitro-phenol 6-NP) adsorbed on the support. In some instances, sodium dodecyl

.. _1 .
under those conditions was S;OOﬂ/bm )- Experiments  gifate—polyacrylamide gel electrophoresis (SDS—PAGE) of
were carried out at least in triplicate and experimental error

was never higher tha#t5%.

: . MW, (K
2.3.2. a-Galactosidase from Thermus sp. strain T2 L)

(PAGT)
Activity was followed spectrophotometrically by the in-
crease in the absorbance at 405 nm caused by the hydrolysis 94
-

of p-NPG. The reaction medium was 13.3 npWNPG, dis-
solved in 50 mM sodium phosphate buffer pH 7.0 at@5
One unit ofa-galactosidase activity is defined as the amount
of enzyme, which releasepdmol of p-nitro-phenol per min —
and per mg of protein under given assay conditions (molarex- 43— -

tinction coefficient op-nitro-phenol p-NP) under these con-
ditions was 10310 M* cm~1). Experiments were carried out
at least in triplicate and experimental error was never higher

67

than+5%. 30— -
2.3.3. Protein adsorption on Cu-IDA-agarose supports i
Different protein solutions were diluted 10-fold in 5mM ) —_
sodium phosphate buffer, 100mM NaCl at pH 7. The ‘T T f T Tf
salt was included to prevent unspecific ionic interac-
1 2 3 4 5

tions between proteins and the support. Ten microlitres
of these protein solutions (0.7 mg/mL of protein concen-
tration) were mixed with 2mL of Cu-IDA-agarose. The Fig. 3. SDS-PAGE gels of different samples of proteins fscherichia

incubation was carried out at 268 and under constant coli (strain MC 2508). Experiments were performed as described in Section
stirring. 2.2 Lanes: (1) molecular mass (Mw) markers (kDa, kilodalton);§2goli

To prevent diffusion limitations that could alter the crude extract (strain MC 2508); (3) proteins adsorbed on agarose activated

tivity det inati h . the stand dWith 0.25pmol of Cu-IDA/g of support; (4) proteins that remain adsorbed
activity determinations, when using enzymes, neé stancar on agarose activated with 0.@8nol of Cu-IDA after desorption with 2 mM

experiments were performed using only about 101U of imidazole; and (5) proteins desorbed from lowly activated Cu-IDA-agarose
activity/g of support. During the time course of the adsorp- using 2mM imidazole.

Lane number
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Fig. 4. Gelfiltration analysis of different protein extracts fr&scherichia

coli (strain MC 2508). Samples were injected in a glass column contain-
ing 100 mL of 4BCL agarose. Flow rate was 0.5 mL/min. Other details are
described in Sectio.2 Escherichia colicrude extract (solid lineE. coli
proteins previously desorbed from agarose activated withjon2& of Cu-
IDA/g of support (dashed line).

the support was performed to ensure the desorption degree

of the proteins.

2.3.5. Protein determination

Protein concentrations were determined by the Bradfords’
method[22]. Bovine serum albumin (BSA) was used as a
reference.

2.3.6. Gel-filtration

Gel-filtration analyses were performed using a glass
column packed with agarose 4BCL (column bed volume:
100mL). The column was previously equilibrated with
500 mL of the elution buffer (50 mM sodium phosphate at
pH 7.0). All separations were carried out atZ5with a flow
rate of 0.5 mL/min employing an isocratic pump (Pharmacia)
and detecting the absorbance of the eluted proteins at 280 nm

Fig. 5. (A) Adsorption of a protein extract containifggalactosidase from
Thermussp. on Cu-IDA-agarose support with different activation degrees.
Incubation was performed in 5mM sodium phosphate buffer at pH 7.0 and
25°C during 1 h. Hundred percent was considered the total amount of pro-
teins adsorbed on the supports. Experiments were done by triplicate and data
points were averaged. Other specifications as described in SB&i(l) -
Galactosidase activity adsorbed on different Cu-IDA-agarose supp@its; (
proteins adsorbed on different Cu-IDA-agaroses. (B) Imidazole-promoted
desorption of3-galactosidase fromhermussp. strain T2 (pBGT1) from dif-
ferent agarose—metal chelate supports. Adsorbed enzymes were incubated
30 min with increasing concentrations of imidazole as described in Section
2.2 (¢) Enzymatic activity released from supports activated with Q.2®I
Cu-IDA/g; (A) enzymatic activity released from supports activated with
4 mol Cu-IDA/g; () enzymatic activity released from supports activated
with 8 wmol Cu-IDA/g and @) enzymatic activity released from supports
activated with 15umol Cu-IDA/g. (C) SDS-PAGE (polyacrylamide 12%)
analysis of different preparations from a crude extract fEoieolicontaining

the enzymeB-galactosidase (pBGT1) frofhermussp. strain T2. Lanes:

(1) molecular mass markers; (2) crude extract; (3) soluble proteins after in-
cubation at 70C for 20 min; (4) proteins from lane 3 adsorbed on agarose
activated with 15umol of Cu-IDA/g of support; and (5) proteins from lane

3 adsorbed on agarose activated with Qu&%ol of Cu-IDA/g of support.
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(UV detector, Pharmacia). The eluted samples were collected
in 1 mL aliquots.

2.3.7. SDS-PAGE analysis

SDS—PAGE experiments were performed as described by
Laemmli[23]; in a SE 250-Mighty small Il electrophoretic
unit (Hoefer Co.) using gels of 12% polyacrylamide in a sep-
aration zone of 9cnx 6cm and a concentration zone of
5% polyacrylamide. Gels were stained with the Coomassie
brilliant blue method. Low-molecular mass marker kits from
Pharmacia were usetif = 14 000—-94 000).
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3. Results and discussion MW, (KDa)

3.1. Adsorption of proteins on lowly activated supports G
Crude extracts (fror. coli) were incubated with supports 67 —
having very low content of Cu-IDA groups (0.23nol/g of
support). After 1 h of incubation, over 90% of the initial total
protein remained unadsorbed in the supernatant. Then, the
support was recovered, washed, and incubated with 10 mM
imidazole. This treatment allowed full desorption of the pro-
teins adsorbed on the suppoRid. 3). The desorbed pro-
teins were then analysed in a gel filtration experiment and
the results compared with those obtained with the crude ex- 20|
tract. Fig. 4 shows that the proteins adsorbed on the lowly " -
activated support correspond to the fraction of proteins with #“# | \
larger molecular size. The same results were obtained when 1 2 3 4
using other protein extracts. In fact, the SDS—PAGE analy- Lane number

sis of the recovered prOtein showed Only two main prOtein Fig. 6. SDS—-PAGE (polyacrylamide 12%) analysis of different preparations
bands Elg'_ 3) Th.IS hlgh SeIeCtIVIty may b,e related to_ the from a crude extract fron. coli containing the enzyme-galactosidase
topographic requirements for the adsorption of proteins on fom Thermussp. strain T2. Samples of supernatant were obtained after
IMAC-supports. In fact, not only it is necessary a large pro- boiling the supports with the adsorbed proteins in the presence of SDS as
tein, but also that the His, Cys, and/or Tyr residues (not very described in SectioB.2 Lanes: (1) low-molecular-mass markers; (2) crude
frequent in the protein surface) had to be in the right relative extract ofa-galactosidase fromthermussp. strain T2; (3) crude extract of

. . . . . . a-galactosidase fromihermussp. strain T2 after incubation at 7Q during
distance to simultaneously interact with this lowly activated 20 min; and (4) proteins released from 0280l Cu-IDA-chelate support

support. desorbed with 2 mM imidazole.

43 —»

- .
” et ——o-galactosidase

30— 5

tEXRIL

3.2. Selective adsorption of multimeric thermophilic
enzymes over-expressed in mesophilic organisms the SDS—PAGE obtained from this lowly activated support
(Fig. 5C).

Heating of crude preparations of mesophilic organisms  Similar results (in terms of adsorption selectivity and ad-
promotes the precipitation or destruction of most of the qua- sorption strength) were achieved using thgalactosidase
ternary structure of multimeric proteins in these preparations (Fig. 6).

[24]. Therefore, we have used this strategy, coupledtothe use The lowly activated supports permits to adsorb around
of lowly activated IMAC supports, to purify two large mul- 10 mg of protein/wet gram of support.

timeric enzymes cloned and over-expresseé.iroli. The

B-galactosidase and the-galactosidase frorhermussp.

strain T2. The firstenzyme is a tetrameric one with monomers 4. Conclusions

of 67 kDa[25], the second one presents a hexameric structure

[26]. The results shown in this manuscript seem to confirm that

First, the adsorption of thB-galactosidase after thermal the use of tailor-made IMAC matrices may permit arapid and
precipitation of the mesophilic multimeric proteins was stud- easy purification of large proteins by their selective adsorp-
ied using supports with different Cu-IDA concentrations. tion on poorly activated supports. This strategy also makes
When using supports with only 0.28n0l/g of support, about  easy the desorption step, that may become a serious prob-
65% of theB-galactosidase activity was adsorbed after 24 h, lem for desorption of large proteins when using conventional
accounting around 15% of the proteins contained in the crudeIMAC supports (with much higher metal ion chelate den-
preparation. If higher activation degree supports were usedsity), due to their ability to generate a much more intense
(15p.mol/g of support), the amount of adsorbed proteins in- multipoint interaction between the proteins and the support.
creased up to 90%, suggesting a much lower selectivity to- These results, together to similar ones obtained using anion
wards the target proteirFig. 5A). The enzyme adsorbed exchanger matriceR7], suggest that any support that re-
on the poorly activated support was very easily released quires a multipoint process to adsorb the proteins may be
(by just using 3mM imidazole), on the contrary when us- used to separate large from small proteins. In fact, the use
ing supports with higher activation degree, desorption be- of several of these lowly activated supports could permit the
came more difficult. In fact, a certain percentage of enzyme purification of most of the multimeric proteins.
remained adsorbed on the support activated witlurh6l In the specific case of multimeric enzymes from ther-
Cu-IDA/g of support even at concentrations of imidazole of mophilic organisms cloned and overexpresed in mesophilic
2mM (Fig. 5B). A single protein band could be stained in organisms, the simple heating of the crude containing the
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multimeric thermophilic enzyme and their further adsorption
in lowly activated supports permits a rapid and simple purifi-
cation of these multimeric proteins.
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