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ABSTRACT

$�KLJK�GHQVLW\�PDWUL[�ZDV�SUHSDUHG�E\�FRDWLQJ�DQ�DOXPLQD�SDUWLFOH�ZLWK�DJDURVH�XVLQJ�DQ�HPXOVLRQ�WHFKQLTXH��,PL-

QRGLDFHWLF�DFLG�ZDV�LPPRELOL]HG�RQWR�WKLV�PDWUL[��&KDUJLQJ�WKLV�PDWUL[�ZLWK�FRSSHU�FUHDWHG�D�XVHIXO�FKURPDWRJUDSK\�

PDWUL[�IRU�SXUL¿FDWLRQ�RI�LQGLJHQRXV�VHVDPH�VSURXW�OLSDVH��%XWDQHGLRO�GLJO\FLG\O�HWKHU��%'*(��ZDV�XVHG�DV�VSDFHU�

DUP��)DFWRUV�VXFK�DV��DGVRUSWLRQ�S+��%'*(�FRQFHQWUDWLRQ� LQ�PDWUL[�SUHSDUDWLRQ��FRQFHQWUDWLRQ�RI�1D&O�DQG� LPL-

GD]ROH�ZHUH�LQYHVWLJDWHG��%DVHG�RQ�ERWK�WKH�ELQGLQJ�FDSDFLW\�RI�PDWUL[�DQG�WKH�HOXDWH�DGVRUEHG�OLSDVH��WKH�RSWLPXP�

%'*(�FRQFHQWUDWLRQ�DQG�WKH�DGVRUSWLRQ�S+�ZHUH�IRXQG�DERXW������DQG����UHVSHFWLYHO\��+RZHYHU��DQ�LQFUHDVH�LQ�1D&O�

FRQFHQWUDWLRQ�LQ�DGVRUSWLRQ�EXIIHU�IURP�����WR�����0�UHVXOWHG�LQ���WLPHV�GHFUHDVH�LQ�WKH�UDWLR�EHWZHHQ�DGVRUEHG�OLSDVH�

DQG�DGVRUEHG�WRWDO�SURWHLQV��0RUH�LQWHUHVWLQJO\��LPPRELOL]DWLRQ�RI�&X���RQ�WKLV�PDWUL[�ZDV�KLJKO\�HIIHFWLYH�LQ�WKH�SXUL-

¿FDWLRQ�OLSDVH��VLQFH�OLSDVH�FRXOG�EH�HDVLO\�HOXWHG�IURP�PDWUL[�XVLQJ�ORZ�FRQFHQWUDWLRQ�RI�LPLGD]ROH�����P0���(Q]\PH�

UHFRYHU\�DQG�SXUL¿FDWLRQ�IDFWRU�ZHUH�����DQG������UHVSHFWLYHO\��

Keywords��OLSDVH��LPPRELOL]HG�PHWDO�LRQV��VHVDPH��VSURXW��FRSSHU

ABSTRAK

Adsorbent matrik yang mempunyai densitas tinggi dibuat dengan melapisi permukaan partikel alumina dengan aga-

URVH�� 3HUPXNDDQ� PDWULN� GLPRGL¿NDVL� GHQJDQ� LPLQRGLDFHWLF� DFLG� �,'$�� PHQJJXQDNDQ� EXWDQHGLRO� GLJO\FLG\O� HWKHU�

�%'*(���*XJXV�NDUERNVLO�SDGD�,'$�GLJXQDNDQ�XQWXN�PHQJDPRELOLVDVL�&X�� dan digunakan untuk memisahkan indig-

HQRXV�OLSDVH�GDUL�NHFDPEDK�ELML�ZLMHQ��.HPDPSXDQ�PDWULN�WHUVHEXW�SDGD�SHPXUQLDQ�OLSDVH�GLHYDOXDVL��)DNWRU�\DQJ�

GLSHODMDUL�DGDODK�SHQJDUXK�NRQVHQWUDVL�%'*(�SDGD�SUHSDUDVL�PDWULN��S+�DGVRUSVL��NRQVHQWUDVL�1D&O�GDQ�NRQVHQWUDVL�

LPLGD]RO��+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�EDKZD�NRQGLVL�RSWLPXP�WHUMDGL�SDGD�SHUODNXDQ�NRQVHQWUDVL�%'*(������GDQ�

S+�DGVRUSVL����.HQDLNDQ�1D&O�GDODP�EXIIHU�GDUL�����NH�����0�PHQ\HEDENDQ�SHQXUXQDQ�SHUEDQGLQJDQ�OLSDVH�WHUDG-

VRUSVL�GDQ�WRWDO�SURWHLQ�WHUDGVRUSVL�VHEHVDU���NDOL��'DUL�SHQHOLWLDQ�LQL�GDSDW�GLVLPSXONDQ�EDKZD�DPRELOLVDVL�&X�� pada 

PDWULN�HIHNWLI�GLJXQDNDQ�XQWXN�PHPXUQLNDQ�OLSDVH�GDQ�OLSDVH�GDSDW�GLPXUQLNDQ�GHQJDQ�KDVLO�UHFRYHU\�VHEHVDU�����

GDQ�IDNWRU�SXUL¿NDVL�VHEHVDU������

Kata kunci: lipase, ion metal amobil, kecambah, wijen, tembaga

INTRODUCTION

Lipase (triacylglycerol acylhydrolase, EC 3.1.1.3) has 

been produced by mammals, bacteria, fungi, and plants in 

large amounts (Thirstrup et al��� ������.RVXJL� et al��� ������

lima et al���������<DGDY�et al���������/DPLNDQUD�DQG�:DWVRQ��

2004, Abigor et al��� ������ 0RKDPHG� et al., 2000) and 

perceived by research scientists as one of the most important 

FODVVHV� RI� LQGXVWULDO� HQ]\PHV� >$UELGH� DQG� 3LWFKHU�� ����@��

Sesame sprout lipase has been produced and characterized its 

ability as catalyst (Suhendra, 2005). Recently, lipases have 

been used extensively in the dairy industry, for household 
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detergents, in the oleochemical industry and to produce 

VWUXFWXUHG�WULDF\OJO\FHUROV��)DOFK��������0DFUDH���������7KH�

application of lipases as catalysts in organic synthesis has 

been paid much more attention due to its several advantages 

for synthetic chemicals. For instance, the catalytic conditions 

in nonaqueous media are mild and product yields are usually 

high. Besides, lipase has stereoselectivity and regioselectivity, 

just as in aqueous surroundings. Furthermore, lipases are 

catalysed at hydrophilic–lipophilic interfaces. 

However, lipase has to be extracted from original 

UHVRXUFHV� DQG� SXUL¿HG� EHIRUH� XVHG� LQ� WKH� LQGXVWULHV�� 7KH�

FKRLFH�RI� OLJDQG� LQ� FKURPDWRJUDSKLF�HQ]\PH�SXUL¿FDWLRQ� LV�

often complicated due to the need to compromise between 

OLJDQG� VWDELOLW\� DQG� VSHFL¿FLW\� IRU� WKH� REMHFWLYH� SURGXFW��

Robust ligands used on the matrices in previous works, 

such as ion-exchange Streamline matrix (Chang and Chase, 

����D��)UHM��������-RKDQVVRQ�et al���������&KDQJ�DQG�&KDVH��

����E���]LUFRQLD��*ULI¿WK�et al���������0XOOLFN�et al., 1998), 

and derivatized glass beads (Thomes et al., 1995), have been 

XVHG� IRU� WKH� SURWHLQ� SXUL¿FDWLRQ��$OWKRXJK� VXFK� DGVRUEHQWV�

FDQ�EH�XVHG�LQ�WKH�SXUL¿FDWLRQ�RI�D�ODUJH�QXPEHU�RI�SURGXFWV��

WKHLU� ODFN� RI� VSHFL¿FLW\� PD\� OHDG� WR� PXFK� DGVRUSWLRQ� RI�

RWKHU� FRPSRQHQWV� IURP� KRPRJHQDWH�� 7KH� VLJQL¿FDQW� QRQ�

VSHFL¿F�DGVRUSWLRQ�RI�RWKHU�FRPSRQHQWV�WR�WKH�DGVRUEHQW�ZLOO�

reduce the available number of ligands for protein binding 

(Fernadez-Lahore, et al., 2000). In addition, the relatively 

high ionic strength of some fermentation broth will reduce 

the performance of ion-exchange ligand (Change and Chase, 

������0XOOLFN�et al., 1998, Mullick and Flickinger, 1999).

8QIRUWXQDWHO\�� WKH�XVH�RI�KLJKO\�VSHFL¿F� OLJDQGV��VXFK�

as antibodies, protein A or lectine is often limited as these 

ligands cannot withstand the rigorous cleaning in place 

(CIP) procedures that frequently required in processing 

KRPRJHQDWH�� ,PPRELOL]HG� PHWDO� DI¿QLW\� FKURPDWRJUDSK\�

(IMAC) has been proven to be a useful and versatile technique 

IRU�WKH�LVRODWLRQ�DQG�SXUL¿FDWLRQ�RI�SURWHLQ��&KRH�et al���������

Michel et al., 2001, Sanchez et al., 2001). Proteins that have 

H[SRVHG� KLVWLGLQH� UHVLGXHV� FRXOG� EH� SXUL¿HG� XVLQJ� ,0$&��

$V� OLJDQGV� IRU� DI¿QLW\� VHSDUDWLRQ�� PHWDO� LRQV� FRPSOH[HV�

have demonstrated important advantages over biological 

DI¿QLW\�DJHQWV� VXFK�DV� LQKLELWRUV� DQG�DQWLERGLHV��6PDOO� DQG�

inexpensive metal-complexes are stable under a wide range 

of conditions, and can be recycled many times without loss of 

activity. The elution can be performed under relatively mild 

conditions, and the columns can be cleaned and regenerated 

easily without reduction in protein-binding capacity. The 

selectivity can be tailored through the choice of metal ions, 

VROYHQW�FRQGLWLRQV��RU�E\�PRGL¿FDWLRQ�RI�WKH�WDUJHW�SURWHLQ�

The most commonly used metal ion ligands in IMAC are 

WKH�¿UVW�URZ�WUDQVLWLRQ�PHWDOV��0HWDO�LRQ�OLJDQGV�DUH�XVXDOO\�

immobilized on iminodiacetic acid (IDA) that is attached to 

the matrix through short spacer arm (e.g. epichlorohydrin) 

or long spacer arm (e.g. butanediol diglycidyl ether). Long 

spacer arm will adsorb more contaminant proteins than short 

spacer arm (Armisen et al��� �������7KH�DSSDUHQW� DI¿QLW\�RI�

protein for immobilized metal ions depends on the metal ion 

involved in coordination. In the case of IDA chelators, the 

DI¿QLWLHV�RI�UHWDLQHG�SURWHLQV�DUH�LQ�WKH�IROORZLQJ�RUGHU��&X2+ 

!�1L2+�!�=Q2+ t Co2+��6XONRZVNL��������+HPGDQ�et al���������

*DEHUJ�3RUHNDU�DQG�0HQDUW��������&KDJ���������,Q�WKH�FDVH�

of immobilized Cu2+ on IDA matrix, one exposed histidine 

residues is enough for weak binding, while Ni2+ will bind 

a protein with two exposed histidine residues (Sulkowski, 

������+HPGDQ�et al., 1989).

The adsorption of proteins to derivatized surfaces (e.g. 

immobilized metal ions) involves multivalent interactions 

between functional groups on the protein and complementary 

sites distributed on the surface of matrix (Johnson and Arnold, 

������7RGG�et al���������-RKQVRQ�et al., 1996). The fact that 

adsorption involves multiple interactions has important im-

plications for the design of separation processes and for 

the interpretation of heterogeneity in biological recognition 

phenomena. A consequence of multivalent interactions is a 

VLJQL¿FDQW�LQFUHDVH�LQ�SURWHLQ�ELQGLQJ�DI¿QLW\��EXW�WKH�UHFRYHU\�

RI�DGVRUEHG�SURWHLQ�EHFRPHV�GLI¿FXOW��7KHUHIRUH��WKH�HOXWLRQ�

strategy should be optimized to obtain high recovery of 

adsorbed protein. On the other hand, multivalent interaction 

may be reduced by a decrease in ligand density (Wirth et al., 

������ /HVLHQH� et al., 1997), and by immobilization of ma-

cromolecules on the adsorbent surface (Mateo et al., 2001) 

or adsorption of polymers on the adsorbent surface (Kumar et 

al���������*DODHY�et al., 1994).

,Q�WKLV�SDSHU��WKH�SXUL¿FDWLRQ�RI�VHVDPH�VSURXW�OLSDVH�ZDV�

developed using immobilized metal ions technique. Factors 

that affect adsorption, such as adsorption pH, concentrations 

of BDGE, NaCl and imidazole, were investigated. The ability 

of two-step elution with imidazole for desorption of lipase 

from immobilized metal ions was also investigated.

MATERIALS AND METHODS

Materials

Sesame was purchased from local supplier. Activated 

alumina, sorbitane trioleate (Span 85), imidazole, iminodia-

cetic acid, BDGE, iso-octane, and agarose powder were 

purchased from Wako Chemical Industries (Osaka, Japan). 

EDTA, Na
2
CO

3
, CuSO

4
, K

2
HPO

4
, KH

2
PO

4
, NaCl, Na

2
CO

3
, 

and NaOH, were purchased from Merck KGaA (Darmstadt, 

German). Bovine serum albumin (BSA), oleic acid, olive oil, 

and folin-ciocalteu were purchased from Sigma Chemical (St 

Louis, MO, USA).
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Crude Enzyme

Crude enzyme was prepared according to a method 

previously described (Abigor et al., 2002). Sesame sprouts 

those were prepared as previously described (Suhendra, 2005) 

were disrupted in 20 mM phosphate buffer at pH 7 containing 

0.6 M saccharose and 1 mM EDTA. Homogenate was further 

centrifuged for 15 min. Supernatant was analyzed for protein 

and enzyme activity.

Preparation of epoxide agarose-coated alumina ma trix. 

The agarose-coated alumina matrix was prepared ac cording 

to a method previously described (Hidayat et al, 2003a). 

Activation of the matrix was performed with BDGE (O’Brien 

et al., 1996). Eight g of the matrix was washed with distilled 

water and the matrix was suspended in 45 ml of appropriate 

BDGE solution containing 0.8 M NaOH. The suspension was 

mixed for a total reaction time of 18 h at 25qC.

Introduction of chelating groups (IDA matrix). The 

procedure of coupling IDA into the matrix was as follows: 

15 ml of epoxide matrix was suspended in 15 ml of 0.1 M 

Na
2
CO

3
 buffer containing 1.35 g of IDA and adjusted to pH 

11 with NaOH. The mixture was continuously mixed at 28 

qC for 16 h. The IDA matrix was then washed with distilled 

water.

Immobilization of copper ions on matrices. Two g of IDA 

matrix was charged with 10 ml of 50 mM CuSO
4
. Unbound 

metal ions were removed by washing with water. The matrix 

was then equilibrated with 20 mM phosphate buffer (pH 7.0) 

containing 0.5 M NaCl. It was then equilibrated with 20 mM 

phosphate buffer containing 0.5 M NaCl.

Chromatography. The chromatographic column con  taining 

WKH�,'$�PDWUL[����PO��ZDV�¿UVW�ZDVKHG�ZLWK�GLVWLOOHG�ZDWHU��

and then loaded with 6 ml of 50 mM CuSO
4
 solution. The 

column matrix was then washed with distilled water to remove 

loosely bound metal ions. The column was equilibrated with 

20 mM phosphate buffer containing 0.5 M NaCl at pH 7. 

Homogenate was applied into the column, and washed with 

buffer. The adsorbed proteins were eluted using appropriate 

elution buffer.

Protein assay. Total protein concentration was deter mined by 

the Lowry method. The samples to be assayed were diluted 

with buffer to obtain protein concentrations in the ranges of 

0 to 0.8 mg/ml. The sample was added to the assay reagent 

according to the standard protocol. The absorbance of the 

sample was determined at 540 nm. BSA was used to obtain 

the standard curve.

Lipase assay. Lipase activity was determined by adding 100 

PL of sample to 2 ml appropriate solution containing of olive 

oil and iso-octane. The mixture was incubated at 37 qC for 20 

min. The formation of oleic acid was determined according 

to a method previously described (Marseno et al., 1998). One 

XQLW�RI�HQ]\PH�DFWLYLW\�LV�GH¿QHG�DV�WKH�DPRXQW�RI�UHOHDVHG�

oleic acid (Pmol) from olive oil per min at 37°C.

RESULTS AND DISCUSSIONS

Effect of BDGE on Protein Adsorption

%LQGLQJ� FDSDFLW\� RI� LPPRELOL]HG� PHWDO� DI¿QLW\� PD�

trices depend strongly on ligand density of matrices that 

may be prepared by different concentration of spacer arm 

materials, such as BDGE, epichlorohydrin and glyci-

doxypropyltrimethoxysilane (Armisen et al���������:LUWK�et 

al��� ������/LHVLHQH�et al��� ������+LGD\DW�et al, 2003a). Fig. 

1A shows the effect of BDGE concentration on binding of 

proteins and lipase on immobilized copper ions. The capacity 

of matrix increased with an increase in BDGE concentration 

until equilibrium was reached. Maximum binding capacity of 

immobilized copper ions for total proteins and lipase were 

            
Figure 1.  Effect of BDGE concentration on the adsorption of proteins (A) and eluted enzyme activity (B).
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reached at BDGE concentration of 50% and 40%, respectively. 

The adsorption of proteins increased 19% with an increase 

in BDGE concentration from 20 – 50%. The adsorbed lipase 

increased 30% with an increase in BDGE concentration from 

��� ±� ����� 7KHVH� ¿QGLQJV� DUH� LQ� JRRG� DJUHHPHQW� DQRWKHU�

works (Armisen et al���������/LHVLHQH�et al., 1997).

The retention of lipase depended on addition of BDGE 

concentration at matrix preparation (Fig. 1B). At low BDGE 

concentration (20 – 30%), lipase could easily be eluted 

from the matrix using low imidazole concentration (2 mM). 

$W� KLJKHU� %'*(� FRQFHQWUDWLRQ� �!� ������ WKH� HOXWHG� OLSDVH�

decreased about 2 times. Finally, the rest of adsorbed lipase 

was effectively eluted with 50 mM imidazole. A decrease in 

eluted lipase with an increase in BDGE concentration may be 

related with an increase in ligand density of matrix (Sanchez 

et al���������:LUWK�et al���������/LHVLHQH�et al���������+LGD\DW�

et al., 2003a). As a consequence of this condition, adsorption 

of proteins to matrix surface involved multivalent binding 

LQWHUDFWLRQV� �-RKQVRQ� DQG�$UQROG�� ������7RGG� et al��� ������

Johnson et al����������7KHUHIRUH��ELQGLQJ�DI¿QLW\�RI�SURWHLQV�

to the matrix increased. As a result, the recovery of adsorbed 

SURWHLQV� EHFDPH� GLI¿FXOW� �+LGD\DW� et al��� ����E�� +LGD\DW�

et al., 2004). Thus, based on both the adsorbed and eluted 

lipase, BDGE concentration of 40% was chosen for further 

OLSDVH�SXUL¿FDWLRQ� 

Effect of NaCl Concentration

Concentration of NaCl in adsorption buffer affects 

SURWHLQ�DGVRUSWLRQ�LQ�WKH�LPPRELOL]HG�PHWDO�DI¿QLW\�V\VWHP��

Fig. 2 shows the effect of NaCl concentration on the adsorption 

of lipase on the immobilized copper ions. An increase in NaCl 

concentration up to 1.5 M resulted in an increase in 2 times 

adsorbed total proteins (contaminant proteins and lipase). 

$V� D� UHVXOW�� WKH� DGVRUEHG� VSHFL¿F� DFWLYLW\� GHFUHDVHG� ZLWK�

an increase in NaCl concentration in buffer. An increase in 

adsorbed contaminant proteins may be caused by character of 

interactions between proteins and immobilized metal ions.

Porath (1990) suggested that the molecular interaction in 

PHWDO�DI¿QLW\�DGVRUSWLRQ�PD\�EH�FODVVL¿HG�DV�IROORZV��L��LRQLF�

ERQG� IRUPDWLRQ� GXH� WR� HOHFWURVWDWLF� IRUFHV�� LL�� FRRUGLQDWLYH�

ERQGV�ZLWK�HOHFWURQV�LQ�RYHUODSSLQJ�RUELWDOV��LLL��K\GURSKRELF�

interaction. Since NaCl in solution will dissociate as Na+ 

(cation) and Cl- (anion), they affect the outer sphere ion cloud 

of proteins and ligands, thereby suppressing ionic adsorption. 

Beside, a high NaCl concentration alters the partitioning of 

the protein in the interfacial region between the matrix and 

immobilized metal ions. When immobilized metal ions and 

nucleophile (e.g., histidine) in a protein locate close each 

RWKHU��HOHFWURQ�RUELWDO�RYHUODSSLQJ�RFFXU��3RUDWK��������3RUDWK�

et al���������$UQROG���������

In addition, Porath (1992) suggested that addition of NaCl 

resulted in an increase in entropy due to the disorganization of 

water molecules surrounding the immobilized spacer arm and 

the polymer matrix. The increase in entropy promotes protein 

binding. Therefore, the adsorbed lipase increased with an 

increase in NaCl concentration. Since sesame sprout has high 

concentration of lipid (48-58%), then it is suggested that most 

of proteins have hydrophobic character. Thus, it is suggested 

that an increase in protein adsorption may be caused by altering 

the hydrophobic interactions and electrons in overlapping 

orbitals. These interactions are probably the dominant forces 

in adsorption of lipase at high NaCl concentrations. 

Figure 2. Effect of NaCl concentration on the adsorbed pro-

teins and lipase.

Effect of pH Buffer

The molecular interaction between proteins and metal 

LRQV�LQ�PHWDO�DI¿QLW\�DGVRUSWLRQ�LV�FDXVHG�E\�WKH�LQWHUDFWLRQ�RI�

certain amino acid residues of protein with immobilized metal 

LRQV�DQG� WKH� LQYROYHPHQW�RI�QRQ�VSHFL¿F�ELQGLQJ� LQFOXGLQJ�

electrostatic interactions of a positively charged amino acid 

residues and a negatively charged of matrix surface and/or 

hydrophobic interactions. However, histidine is the most 

responsible amino acid residues of protein for the interaction 

ZLWK� LPPRELOL]HG�PHWDO� LRQV� �6XONRZVNL��������+HPGDQ�et 

al���������%DO�et al., 1998). The interaction is probably due to 

the formation of coordination complex of imidazole nitrogen 

of histidine residues only in an unprotonated state with 

immobilized metals. This was indicated by the very strong 

elution power of imidazole and imidazole derivatives (Porath, 

1990). Therefore, pH has an effect on binding capacity of 

immobilized metal ions. 

Fig. 3 shows the effect of pH on the adsorption of 

proteins on immobilized metal ions. An increase in bind-

LQJ� FDSDFLW\� ZDV� VLJQL¿FDQW� REVHUYHG� IRU� LQFUHDVLQJ� S+�

in the range of 5 – 7. This may be due to an increase in 
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unprotonated imidazole nitrogen of histidine residues, since 

pK
a
 of surface histidine residues is generally between 6 and 

7. The unprotonated nitrogen of histidine residues enhanced 

the interaction between proteins and immobilized metal 

ions. As consequence, binding capacity increased. Further 

increase in pH resulted in a decrease in binding capacity 

due to electrostatic repulsion, since some amino acids have 

negatively charged at high pH. 

Figure 3. Effect of pH buffer on the adsorption of proteins 

and lipase.

3XUL¿FDWLRQ�RI�/LSDVH

Imidazole, which is usually used as an eluent in the 

PHWDO�DI¿QLW\�FKURPDWRJUDSK\�V\VWHP��ZDV�LQYHVWLJDWHG��,W�LV�

suggested that imidazole, as electron donor, competes with 

the functional groups of protein for the immobilized metal 

ions. The concentration of imidazole for proteins desorption 

GHSHQGV�RQ�WKH�ELQGLQJ�DI¿QLW\�RI�WKH�WDUJHW�SURWHLQ��3URWHLQV�

WKDW�KDYH�D�ORZ�ELQGLQJ�DI¿QLW\�FDQ�EH�HOXWHG�DW�ORZ�LPLGD]ROH�

concentrations. 

 In this paper, two-step elution was investigated. Fig. 

4 shows chromatogram elution of lipase from immobilized 

metal ions. Most of the adsorbed lipase was eluted with 

���P0� LPLGD]ROH� FRQWDLQLQJ� ����0�1D&O� GXULQJ� ¿UVW�VWHS�

HOXWLRQ��,W�LV�VXJJHVWHG�WKDW�OLSDVH�KDV�D�ORZ�ELQGLQJ�DI¿QLW\�

toward immobilized copper ions, so that it could be easily 

desorbed from matrix at low concentration of imidazole. The 

UHFRYHU\�RI�OLSDVH�DQG�WKH�SXUL¿FDWLRQ�IDFWRU�RI�WKH�¿UVW�VWHS�

HOXWLRQ�ZHUH������DQG������UHVSHFWLYHO\��7KH�VSHFL¿F�DFWLYLW\�

of the eluted enzyme was 5.3 U/mg protein. The most strongly 

adsorbed lipase was eluted out at second-step elution using a 

solution of higher imodazole concentration (50 mM).

Figure 4.� 7ZR�VWHS�HOXWLRQ�RQ�SXUL¿FDWLRQ�RI�VHVDPH�VSURXWV�

lipase using immobilized copper ions technique.

CONCLUSIONS

Maximum binding capacity of immobilized copper 

ions was reached at BDGE concentration of 50% and 40% 

for protein and lipase, respectively. An increase in adsorbed 

proteins (19%) and lipase (30%) occurred when BDGE 

concentration increased from 20 – 50% and 20 – 40%, 

respectively. An increase in NaCl concentration up to 1.5 M 

resulted in an increase in the adsorbed contaminant proteins. 

$V�D�UHVXOW��WKH�DGVRUEHG�VSHFL¿F�DFWLYLW\�GHFUHDVHG�ZLWK�DQ�

increase in NaCl concentration in buffer. Based on both the 

binding capacity of matrix and the eluted adsorbed lipase, the 

optimum BDGE concentration and the adsorption pH were 

40 % and 7, respectively. More interestingly, immobilization 

of Cu2+�RQ�WKLV�PDWUL[�ZDV�KLJKO\�HIIHFWLYH�LQ�WKH�SXUL¿FDWLRQ�

lipase, since lipase could be easily eluted from matrix using 

low concentration of imidazole (10 mM). Enzyme recovery 

DQG�SXUL¿FDWLRQ�IDFWRU�ZHUH�����DQG������ UHVSHFWLYHO\��7KH�

VSHFL¿F�DFWLYLW\�RI�WKH�HOXWHG�HQ]\PH�ZDV�����8�PJ�SURWHLQ��
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