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Abstract

A novel metal-chelate adsorbent utilizidgsmethacryloyl-()-histidine methyl ester (MAH) as a metal-chelating ligand was prepared.
MAH was synthesized by using methacryloyl chloride anlistidine methyl ester dihydrochloride. Magnetic beads with an average size
of 150-25Qum were obtained by suspension polymerization of ethylene glycol dimethacrylate (EGDMA), and MAH conducted in aqueous
dispersion medium. The specific surface area of the porous beads was found to b&@§0Mayg-poly(EGDMA-MAH) beads were char-
acterized by swelling tests, electron spin resonance (ESR), nuclear magnetic resonance (NMR) and scanning electron microscopy (SEM).
Elemental analysis of MAH for nitrogen was estimated as #3t®l/g. Then, F& ions were chelated on the magnetic beadd febelated
magnetic beads with a swelling ratio of 40% were used in the adsorption of catalase in batch system. The maximum catalase adsorp-
tion capacity of the mag-poly(EGDMA-MAH)-E& beads was observed as 83.2 mg/g at pH 7.0.Rhealues for immobilized catalase
(mag-poly(EGDMA-MAH)—-F&") (20.5 mM) were higher than that of free enzyme (16.5 mM). Storage stability was found to increase with
immobilization. It was observed that enzyme could be repeatedly adsorbed and desorbed without significant loss in adsorption capacity or
enzyme activity.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction sumed to interact mainly through the imidazole group of
histidine and, to a lesser extent, the indoyl group of trypto-
Immobilized metal ion affinity chromatography (IMAC) phan and the thiol group of cysteine. Co-operation between
has become a widespread analytical and preparative sepheighboring amino acid side chains and local conforma-
aration method for therapeutic proteins, peptides, nucleic tions plays an important role in protein binding. Aromatic
acids, hormones, and enzym¢$-5]. Many transition amino acids and the amino-terminus of the peptides also
metals can form stable complexes with electron-rich com- have some contributior{8]. The low cost of metals and the
pounds and may coordinate molecules containing O, N andreuse of adsorbents for hundreds of times without any de-
S by ion-dipole interactions. Metal ions and ligands are tectable loss of metal-chelating properties are the attractive
first-row transition metals (Zt, NiZt, Ci?*, and Fét) in features of metal affinity separation.
combination with iminodiacetic acid, nitrilotriacetic acid, The development of the magnetic adsorbents promises
tris(carboxymethyl)ethylene-diamine. IMAC introduces a to solve many of the problems associated with chromato-
new approach for selectively interacting materials on the ba- graphic separations in packed bed and in conventional
sis of their affinities for chelated metal ions. The separation fluidized bed systemgL0]. Magnetic adsorbents combine
is based on the interaction of a Lewis acid (electron pair some of the best characteristics of fluidized beds (low pres-
donor), i.e. a chelated metal ion, with an electron acceptor sure drop and high feed-stream solid tolerances) and of
group on the surface of the protei-8]. Proteins are as- fixed beds (absence of particle mixing, high mass transfer
rates, and good fluid—solid contaft)l]. Recently, there has
been increased interest in the use of magnetic adsorbents in
* Corresponding author. protein purification[12]. Magnetic adsorbents can be pro-
E-mail addressdenizli@hacetttepe.edu.tr (A. Denizli). duced using inorganic materials or a number of synthetic
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and natural polymers. High mechanical resistance, insolu-2.2. Synthesis of MAH
bility and excellent shelf life make inorganic materials ideal
as carriers. The main disadvantage of inorganic adsorbents For the synthesis of MAH, the following experimental
is their limited functional groups for chelation with metal procedure was applied; 5.0g afhistidine methylester
ions. Magnetic adsorbents can be porous or non-porousand 0.2g of hydroquinone were dissolved in 100ml of
[13]. Magnetic adsorbents are more commonly manufac- dichloromethane solution. This solution was cooled down
tured from polymers since they have a variety of surface to 0°C and 12.7 g of triethylamine was added to the so-
functional groups which can be tailored for use in different lution. Five milliliter of methacryloyl chloride was poured
applicationg14-19] slowly into this solution which was stirred magnetically
Catalase is a heme containing metalloenzyme and re-at room temperature for 2h. At the end of the chemical
garded as one of the most common enzymes in plant andreaction period, hydroguinone and unreacted methacryloyl
animal tissues and has a protection function connected withchloride were extracted with 10% NaOH solution. The
the decomposition of hydrogen peroxi@®]. Catalase con- aqueous phase was evaporated in a rotary evaporator. The
sists of four subunits, each of them involving ferriporphyrin residue (i.e. MAH) was crystallized in an ether—cyclohexane
as a prostethic group. Immobilized catalase has useful ap-mixture and then dissolved in ethyl alcohol.
plications in the food industry in the removal of hydrogen
peroxide from food products after cold pasteurization, and 2.3. Preparation of magnetic poly(EGDMA-MAH) beads
in the analytical field, as a component of hydrogen peroxide
and glucose-biosensor systef2d—26} Magnetic poly(EGDMA-MAH) beads were prepared by
In this study, we propos&-methacryloyl-()-histidine a suspension polymerization. A typical procedure may be
methyl ester (MAH) as a new metal-chelating ligand and/or summarized as follows: The stabilizer, PVAL, was dissolved
comonomer for use in the IMAC for catalase. MAH was in 50 ml deionized water for the preparation of the contin-
synthesized from methacryloyl chloride andhistidine uous phase. The dispersion phase was prepared by mixing
methyl ester. Magnetic poly(ethylene glycol dimethacrylate- EGDMA (8.0 ml), MAH (1.0g) and toluene (12.0ml) in
N-methacryloyl-{.)-histidine methyl ester) [poly(EGDMA-  a test tube. The initiator, BPO (100 mg), was dissolved in
MAH)] beads were produced by suspension polymerization this homogeneous solution. The dispersion phase was added
of MAH and ethylene glycol dimethacrylate (EGDMA) in  to the continuous medium in a glass-sealed polymerization
the presence of magnetite. Then2Féons were chelated  reactor (100ml) placed in a water bath equipped with a
on these magnetic beads. Poly(EGDMA-MAH) magnetic temperature-control system. The polymerization reactor was
beads were characterized by NMR, ESR, FTIR, SEM, and heated to 68C within about 30 min by stirring the poly-
elemental analysis. Then, bovine liver catalase was ad-merization medium at 600 rpm. The polymerizaton was con-
sorbed on the metal-chelating beads from aqueous solutionsducted at 65C for 4 h and at 90C for 2 h. After completion
containing different amounts of catalase, at different pH's. of polymerization, the reactor content was cooled to room
Desorption of catalase and reusability of these metal-chelatetemperature. A washing procedure was applied after poly-
affinity adsorbents were also tested. merization to remove the diluent and any possible unreacted
monomers and other ingredients from the beads. The mag-
netic beads were filtered and resuspended in ethyl alcohol.

2. Materials and methods The suspension was stirred for about 1 h at room tempera-
ture and the beads were separated by filtration. The beads
2.1. Materials were washed twice with ethyl alcohol and then four times

with deionized water using the same procedure. When not

Bovine liver catalase (hydrogen peroxide oxidoreductase, in use, the beads were kept under refrigeration in 0.02%
E.C. 1.11.1.6)1-histidine methyl ester, methacryloyl chlo- sodium azide solution to prevent microbial contamination.
ride were supplied by Sigma (St Louis, USA). EGDMA
was obtained from Fluka A.G (Buchs, Switzerland), dis- 2.4. Characterization of the magnetic beads
tilled under reduced pressure in the presence of hydoquinone
inhibitor and stored at 4C until use. Benzoyl peroxide The specific surface area of the beads was determined in
(BPO) was obtained from Fluka. Poly(vinyl alcohol) (PVAL; a BET apparatus (Micrometrics ASAP 2000 Sorptometer,
MW:100.000, 98% hydrolyzed) was supplied from Aldrich USA). The average size and size distribution of the beads
(USA). All other chemicals were of reagent grade and were were determined by screen analysis performed using Tyler
purchased from Merck A.G. (Darmstadt, Germany). Allwa- Standard Sieves.
ter used in the experiments was purified using a Barnstead Water-uptake ratios of the beads were determined in dis-
(Dubuque, IA) ROpure LP reverse osmosis unit with a high tilled water. The experiment was conducted as follows: ini-
flow cellulose acetate membrane (Barnstead D2731) fol- tially dry beads were carefully weighed before being placed
lowed by a Barnstead 3804 NANOPURBrganic/colloid in a 50ml vial containing distilled water. The vial was
removal and ion-exchange packed-bed system. put into an isothermal water bath with a fixed temperature
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ter, wiped using a filter paper, and weighed. The weight ratio

(254+0.5°C) for 2 h. The beads were taken out from the wa- ‘
of dry and wet samples was recorded. The water content of

the beads was calculated using the following expression: (|:=o
. Ws = W, H—N

Water—uptake ratiq%) = [ﬁ} x 100 1) 7

o H—C—C—OCH, Ho
W, andWs are the weights of beads before and after uptake CH, 2
of water, respectively. NH-___ |

The surface morphology of the magnetic beads was ex- Ng(""“"‘fea*-l’.’:_j_ """ H,0

amined using SEM. The samples were initially dried in air H ' TH0
at 25°C for 7 days before being analyzed. A fragment of the H,0

dried bead was mounted on 8 SEM sample mount and WasFi 1. Schematic diagram for the chelation of*feons through the
sputter coated for 2min. The sample was then mounted in mgénétic vonda, o9 9
a scanning electron microscope (Model: JEOL Model JIMS-
5600, Japan). The surface of the sample was then scanned
at the desired magnification to study the morphology of the tion was then determined in the supernatants using an atomic
beads. absorption spectrophotometer. It should be also noted that
To evaluate the degree of MAH incorporation the synthe- immobilized metal containing beads were stored &€ 4n
sized mag-poly(EGDMA-MAH) beads were subjected to the 10mM Tris—HCI buffer (pH 7.4) with 0.02% sodium
elemental analysis using a Leco Elemental Analyzer (Model azide to prevent microbial contamination.
CHNS-932).
The H NMR spectrum of MAH monomer was taken in  2.6. Catalase adsorption studies
CDCI3 on a JEOL GX-400 300 MHz instrument. The resid-

ual non-deuterated solvent (CHIserved as an internal Catalase adsorption by the ¥echelated mag-poly-
reference. Chemical shifts are reported in parts per million (EGDMA-MAH) beads was studied at various pH values,
(8) downfield relative to CHGI. either in acetate buffer (0.1 M, pH 4.0-5.5) or in phosphate

The degree of magnetism of the poly(EGDMA-MAH) buffer (0.1 M, pH 6.0-8.0). Initial catalase concentration
beads was measured in a magnetic field by using a vibrating-was 1.0 mg/ml in the corresponding buffer. The adsorption
sample magnetometer (Princeton Applied Research, Modelexperiments were conducted for 2 h at°5while stirring
150A, USA). The presence of magnetite particles in the continuously. At the end of this period, the enzyme ad-
polymeric structure was investigated with an electron spin sorbed beads was removed from the enzyme solution and

resonance (ESR) spectrophotometer (EL 9, Varian). was washed with the same buffer three times. It was stored
at 4°C in fresh buffer until use. The amount of adsorbed
2.5. Incorporation of F&" lons catalase was calculated as:
_ [(Co-C) V]

Chelates of F& ions with mag-poly(EGDMA-MAH)  Q (2)

beads were prepared as follows: 1.0 g of the magnetic beads

were mixed with 50 ml of aqueous solutions containing Here,Q is the amount of catalase adsorbed onto unit mass of

30 ppm FéT ions, at constant pH of 5.0 (adjusted with HCl beads (mg/g)C, andC are the concentrations of catalase in

and NaOH), which was the optimum pH for ¥echelate the initial solution and in the aqueous phase after treatment

formation at room temperature. A 1000 ppm atomic absorp- for certain period of time, respectively (mg/my, is the

tion standard solution (containing 10% HiOwas used  volume of the aqueous phase (ml); ands the mass of the

as the source of Fé ions. The flask was stirred magnet- beads used (g).

ically at 100 rpm for 1 h (sufficient to reach equilibrium). ~ In order to determine the adsorption capacities of

The concentration of the B ions in the resulting solution ~ mag-poly(EGDMA-MAH)-Fé&" beads, the concentra-

was determined with a graphite furnace atomic absorption tion of catalase in the medium was varied in the range

spectrometer (AA800, Perkin Elmer, Bodenseewerk, Ger- 0.05-1.0 mg/ml.

many). The F&" chelation step is depicted ifig. 1. The

amount of adsorbed B& ions was calculated by using the 2.7. Desorption of catalase from #e-chelated beads

concentrations of the Bé ions in the initial solution and

in the equilibrium. In order to determine the reusability of the mag-poly-
Fe*t leakage from the poly(EGDMA-MAH) beads was (EGDMA-MAH)-Fe*t beads, the catalase adsorption and

investigated with media pH (6.0-8.0), and also in a medium desorption cycle was repeated five times. The catalase des-

containing 1.0M NaSCN. The magnetic bead suspensionsorption from mag-poly(EGDMA-MAH)-F& beads was

were stirred 24 h at room temperature3£éon concentra- carried out with 1.0 M NaSCN solution at pH 8.0. The beads

m
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were washed several times with phosphate buffer (0.1 M, pH
7.0), and were then reused in enzyme immobilization.

2.8. Determination of immobilization efficiency

The amount of protein in the crystalline-enzyme prepara-
tion and in the wash solution was determined by spectroflu-
orimetry (excitation 280 nm and emission 340 nm) using a
Shimadzu (Model RF 5301-PC) spectrofluorimeter.

2.9. Activity assays of free and immobilized catalase

Catalase activity was determined spectrophotometrically

by direct measurement of the decrease in the absorbance of

hydrogen peroxide at 240 nm, due to its decomposition by
the enzyme. Hydrogen peroxide solutions (5-30 mM) were
used to determine the activity of both the free and immo-
bilized enzymes. A 4ml portion of the reaction mixture
was pre-incubated at 2& for 10 min and the reaction was
started by adding 5@l of catalase solution (10@g/ml).

The decrease in absorbance at 240 nm was recorded for

5min. The rate of change in the absorbaneesp/min)
was calculated from the initial linear portion, with the use
of the calibration curve (absorbance of hydrogen peroxide
solutions of various concentration (5—30 mM) at 240 nm).
One unit of activity is defined as the decomposition of
1pumol/min of hydrogen peroxide at 2& and pH 7.0.
These activity assays were carried out over the pH range
4.0-8.0 and temperature range 5260to determine the
pH and temperature profiles for the free and the immobi-
lized enzymes. The effect of substrate concentration was
tested in the 5-30 mM hydrogen peroxide range. The re-
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Fig. 2. SEM micrographs of mag-poly(EGDMA-MAH) beads.

corporation of MAH actually introduces more hydrophilic
functional groups into the polymer chain, which can attract

sults of pH, temperature and substrate concentration of themore water molecules into polymer matrices. Second, the

medium are presented in a normalized form, with the high-

reaction of MAH with EGDMA could effectively decrease

est value of each set being assigned the value for 100%the molecular weight of the resulting polymer. Therefore,

activity.
2.10. Storage stability

The activity of free and adsorbed catalase in phosphate

the water molecules penetrate into the entangled polymer
chains more easily, resulting in an improvement of water
uptake behavior in aqueous solutions.

The surface morphologies of mag-poly(EGDMA-MAH)
beads are exemplified by the electron micrographsgn 2

buffer (0.1 M, pH 7.0) was measured in a batch-operation As is clearly seen here, the beads have a spherical form and

mode at 4C.

3. Results and discussion
3.1. Characterization of beads

The poly(EGDMA) and mag-poly(EGDMA-MAH)

beads are crosslinked gels. They do not dissolve in aque-

ous medium, but do swell, depending on the degree
of cross-linking. The equilibrium swelling ratio of the
mag-poly(EGDMA-MAH) beads is 40%. Compared with
poly(EGDMA) (17.7%), the water uptake ratio of the
mag-poly(EGDMA-MAH) beads was increased. Several
possible factors may contribute to this result. First, the in-

a rough surface due to the pores which formed during the
polymerization procedure. The presence of pores within the
bead surface is clearly seen in this photograph. It can be
concluded that the mag-poly(EGDMA-MAH) beads have a
porous interior surrounded by a reasonably rough surface,
in the dry state. The roughness of the surface should be
considered as a factor providing an increase in the surface
area. In addition, these pores reduce diffusional resistance
and facilitate mass transfer because of high internal surface
area.

To evaluate the degree of MAH incorporation into the
polymeric structure, elemental analysis of the synthesized
mag-poly(EGDMA-MAH) beads was performed. The in-
corporation of the MAH was found to be 43.9nol/g poly-
mer using nitrogen stoichiometry.
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Fig. 3. The magnetic behavior of mag-poly(EGDMA-MAH) beads.

Maximum Fe-3 loading was found to be 6 4mol/g poly- electrons are located, and it is calculated frBm (3) The
mer. measurement of thg factor for an unknown signal can

The radical suspension polymerization procedure pro- be a valuable aid in the identification of a signal’s origin.
vided crosslinked mag-poly(EGDMA-MAH) beads in a In the literature the g factor for Fé (low spin and high

spherical form mostly in the size range of 150-230. spin complexes) is determined between 1.4-3.1 and 2.0-9.7,
The specific surface area of the mag-poly(EGDMA-MAH) respectively[27]. The g factor was found to be 2.56 for
beads was found to be 8%rg. mag-poly(EGDMA-MAH) beads.

IH NMR spectroscopy was used to determine the struc- ) o ) o
ture of MAH. Characteristic peaks are as followst NMR 3.2. Adsorption efficiency and retention of activity
(2(I:—|D(C:||§|)2)83E61¢92|—$t g_HCé)_Af;ZO_SAng? g?ﬁ;ﬁh% The effect of pH on the adsorption of catalase onto

5.26 & 1M, vinyl H), 5.58 & 1H, vinyl): 6.86 ¢: 1H, J — mag-poly(EGDMA-MAH)-Fé&?2 beads was studied in the

7.4Hz, NH), 7.82 §; 1H, J = 8.4 Hz, NH), 6.86-7.52r(; pH range 4.0-8.0 and the effects of pH on adsorption are
5H ar,omati,c) ST B B presented irFig. 4 The decrease in the protein adsorption

The presence of magnetite particles in the polymeric struc- f?gic'éytm rr|10rte act|(jt!c and rlnpre aIlealltnebret?A;ons ?ﬁ n be at-
ture was confirmed by ESR. The intensity of the magnetite riouted to electrostatic repulsion €efiects between the oppo-

peak against magnetic field (Gauss) is showRitn 3 site charggd groups. Proteins have no net charge at their iso-
The application of an external magnetic field may generate electric pomts,.and 'Fherefore the maximum adsprptlon from

an internal magnetic field in the sample which will either agueous so_lut|0ns IS usually observe_zd at their isoelectric

be added or subtracted from the external field. The local POINtS- The isoelectric pH of catalase is 6.35. In the present

magnetic field generated by the electronic magnetic momentSt.Udy’ the_maX|mum adsorption was not at this pH, but had
will add vectorially to the external magnetic fieltie) to slightly shifted toward more neutral pH values. This could be

: LG due to preferential interactions between catalase molecules
give an effective fieldHier). and Fe® incorporated polymeric matrix at neutral pH.
Hetf = Hext + Hiocal () The adsorption isotherm of catalase is presented

for Fet3-chelated mag-poly(EGDMA-MAH) beads in

As seen inFig. 3, mag-poly(EGDMA-MAH) beads have a Fig. 5 An increase in catalase concentration in the ad-
relative intensity of 125. This value shows that the polymeric sorption medium led to an increase in adsorption effi-
structure has a local magnetic field because of magnetite inciency but this levelled off at catalase concentration of
its structure. Thg factor given inFig. 3can be consideredas 0.3 mg/ml. Maximum catalase adsorption was obtained for
being characteristic of the molecules in which the unpaired mag-poly(EGDMA-MAH)-Fé&3 beads (83.2mg/g). This
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Fig. 4. Effect of pH on catalase adsorption onto mag-poly(EGDMA— Fig. 6. Temperature profiles of free and adsorbed catalase.

MAH)-Fe3t beads.

could be due to the specific interactions between cata—3'3' Effect of temperature on the catalytic activity

lase and chelated-F8 ions, because catalase has an iron

protoporphyrin prosthetic group. In general, the effects of changes in temperature on the

Kinetic parameters, Michaelis constaris, and Vimax _rates of.enzyme-catalyzed. reactions do.not provide much
information on the mechanism of catalysis. However, these

for free and immobilized catalase were determined using ) T
Lineweaver-Burk plot. Hydrogen peroxide was used as the gffects could be important in indicating structural changes

substrate. For the free enzynig, was found to be 16.5 mM in enzymeqd28]. In Fig. 6, the relative activities of both the
whereasVimay was calculated as 236 103 U/mg protein " free and the immobilized catalase as a function of tempera-

Kinetic constants of the immobilized catalase were also '€ are reported, together with that of the free enzyme for
determined in a batch systerity, values were found to comparison. The optimum temperature for the immobilized
be 20.5mM for mag-poly(EGDMA—MAH)—F&-catalase  Preparation of mag-poly(EGDMA-MAH)-Fé-Catalase at
preparation. TheVpyayx values of immobilized enzyme 45°C, 5°C higher than that of the free enzyme at*qD

for mag-poly(EGDMA-MAH)-Fé3-catalase preparation o
were estimated from the data as 220L03U/mg of ad- ~ 3.4. Effect of pH on the activity
sorbed protein onto mag-poly(EGDMA-MAH) beads.

As expected, théy, and Vimax Values were significantly The pH effect on the activity of the free an.d immobilizec_i
affected after adsorption onto the *Fe incorporated ~ Catalase preparations for hydrogen peroxide degradation
mag-poly(EGDMA—-MAH) beads. was studied. The effect of pH on the free and the im-

mobilized preparations was investigated in the pH range
between 4.0 and 8.0 in acetate and phosphate buffers and

100
the results are presented Fig. 7. The data show that
mag-poly(EGDMA-MAH)-Fé3-catalase preparation has

5 80 the same optimum as the free enzyme (pH: 7.0). The im-

'g mobilized preparations gave a significantly broader profile

:";” 6ok than that of the free enzyme. It was between 6.5 and 7.0.

§ The pH profiles of the immobilized enzymes were much

8 broader with respect to the free enzyme, probably due to

T 40f the production of oxygen, forming bubbles, and causing ex-

g ternal diffusional limitations on the enzyme-polymer beads

g surface.

201
3.5. Storage stability
0 . . . . .

0.0 02 04 06 08 10 1.2 . . .
Free and immobilized catalase preparations were stored

Catalase Concentration (mg/mi) in a phosphate buffer (0.1 M, pH 7.0) at@ and the activ-
Fig. 5. Effect of catalase concentration on the adsorption efficiency of ity measurements were carried out for a period of 50 days
mag-poly(EGDMA-MAH)-F&3 beads. (Fig. 8). No enzyme release was observed. The free enzyme
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beads.

lost all of its activity within 18 days. Immobilized prepara-

. _ _ _ 3_
tion of mag-poly(EGDMA-MAH)-Fé"-Catalase lost 20% beads can be repeatedly used in enzyme immobiliza-

of its activity during the_ same pe_rlod. This decrease in en- tion, without detectable losses in their initial adsorption
zyme activity was explained as a time-dependent natural IossCapacities

in enzyme activity and this was prevented to a significant
degree upon immobilization.

that Fe3 incorporated, novel mag-poly(EGDMA-MAH)

4. Conclusions
3.6. Repeated use
. 3 The time consuming and high cost of metal-chelating pro-

Desorptions of catalase from Fechelated mag-poly-  ¢equre has inspired a search for suitable low-cost adsorbents.
(EGDMA-MAH) beads were carrlegj out in a batch sys- The main advantage of IMAC consists in its simplicity, uni-
tem. Mag-poly(EGDMA-MAH)-Fe"-catalase prepara- \ersajity, stability and cheapness of the chelating supports
tion was placed within the desorption medium containing [29-31] In addition, the IMAC supports ensure the milder
0.1M NaSCN (pH 8.0).at room temperature for 2h. Itwas g|,tion conditions of proteins, retaining their biological
then repeate_dly used in adsorption of catalasg. The C"?‘ta'activity. In this study, a noveN-methacryloyl-()-histidine
lase adsorption capacity was not change during the five ey ester (MAH)-containing magnetic affinity adsor-
successive adsorption—desorptidfigl 9. Enzyme activ-  pen for the separation of catalase was prepared. This new
ities of preparations did not significantly change during onnr0ach for the preparation of metal-chelating adsorbent
these adsorption—desorption cycles. These results showeg, ;¢ many advantages over conventional techniques. An

expensive and critical step in the preparation process of

120 metal-chelating adsorbent is coupling of a chelating ligand
—o— Free Catalase to the adsorption matrix. In this procedure, comonomer
100 T+ Immobillsed Catalase MAH acted as the metal-chelating ligand, and there is no

need to activate the matrix for the chelating-ligand im-
mobilization. Another major issue is that of slow release
of these covalently bonded chelators from the matrix.
Metal-chelating ligand release is a general problem encoun-
tered in any immobilized metal-chelate affinity adsorption
technigue which causes a decrease in adsorption capacity.
It is well known that metal-chelating ligand leakage from
the adsorbent causes contaminations that will interfere with
analysis of the purified protein. Metal-chelating ligand im-
mobilization step was also eliminated in this approach.
o 0 20 - 30 4 0 Metal-chelating ligand and/or comonomer MAH was poly-
Time (days) mgnzed _V\_nth _HEMA and the_:re is no leakage of the ligand.
This purification method will overcome the drawback of
Fig. 8. Storage stability of adsorbed catalase. multi-step purification methods.
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