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METODE PEMURNIAN LIPASE KECAMBAH BIJI WIJEN (Sesamun indicum) 
MENGGUNAKAN IMMOBILIZED METAL AFFINITY

Development of Purification Method of Sesame Sprout (Sesamun indicum) Lipase Using Immobilized Metal Affinity

Wiwik Sri Minarni1, Chusnul Hidayat2, Supriyadi2, Lutfi Suhendra3

ABSTRACT

A high-density matrix was prepared by coating an alumina particle with agarose using an emulsion technique. Imi-
nodiacetic acid was immobilized onto this matrix. Charging this matrix with copper created a useful chromatography 
matrix for purification of indigenous sesame sprout lipase. Butanediol diglycidyl ether (BDGE) was used as spacer 
arm. Factors such as, adsorption pH, BDGE concentration in matrix preparation, concentration of NaCl and imi-
dazole were investigated. Based on both the binding capacity of matrix and the eluate adsorbed lipase, the optimum 
BDGE concentration and the adsorption pH were found about 40 % and 7, respectively. However, an increase in NaCl 
concentration in adsorption buffer from 0.5 to 1.5 M resulted in 2 times decrease in the ratio between adsorbed lipase 
and adsorbed total proteins. More interestingly, immobilization of Cu2+ on this matrix was highly effective in the puri-
fication lipase, since lipase could be easily eluted from matrix using low concentration of imidazole (10 mM). Enzyme 
recovery and purification factor were 68% and 9.4, respectively. 
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ABSTRAK

Adsorbent matrik yang mempunyai densitas tinggi dibuat dengan melapisi permukaan partikel alumina dengan aga-
rose. Permukaan matrik dimodifikasi dengan iminodiacetic acid (IDA) menggunakan butanediol diglycidyl ether 
(BDGE). Gugus karboksil pada IDA digunakan untuk mengamobilisasi Cu2+ dan digunakan untuk memisahkan indig-
enous lipase dari kecambah biji wijen. Kemampuan matrik tersebut pada pemurnian lipase dievaluasi. Faktor yang 
dipelajari adalah pengaruh konsentrasi BDGE pada preparasi matrik, pH adsorpsi, konsentrasi NaCl dan konsentrasi 
imidazol. Hasil penelitian menunjukkan bahwa kondisi optimum terjadi pada perlakuan konsentrasi BDGE 40 % dan 
pH adsorpsi 7. Kenaikan NaCl dalam buffer dari 0,5 ke 1,5 M menyebabkan penurunan perbandingan lipase terad-
sorpsi dan total protein teradsorpsi sebesar 2 kali. Dari penelitian ini dapat disimpulkan bahwa amobilisasi Cu2+ pada 
matrik efektif digunakan untuk memurnikan lipase dan lipase dapat dimurnikan dengan hasil recovery sebesar 68% 
dan faktor purifikasi sebesar 9,4. 

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., 1993; Kosugi et al., 1995; 
lima et al., 2003; Yadav et al., 1998; Lamikanra and Watson, 

2004, Abigor et al., 2002; Mohamed et al., 2000) and 
perceived by research scientists as one of the most important 
classes of industrial enzymes [Arbide and Pitcher, 1989]. 
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 
structured triacylglycerols (Falch, 1991; Macrae, 1983). The 
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 
resources and purified before used in the industries. The 
choice of ligand in chromatographic enzyme purification is 
often complicated due to the need to compromise between 
ligand stability and specificity for the objective product. 
Robust ligands used on the matrices in previous works, 
such as ion-exchange Streamline matrix (Chang and Chase, 
1996a; Frej, 1996; Johansson et al., 1996; Chang and Chase, 
1996b), zirconia (Griffith et al., 1997; Mullick et al., 1998), 
and derivatized glass beads (Thomes et al., 1995), have been 
used for the protein purification. Although such adsorbents 
can be used in the purification of a large number of products, 
their lack of specificity may lead to much adsorption of 
other components from homogenate. The significant non-
specific adsorption of other components to the adsorbent will 
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, 
1996; Mullick et al., 1998, Mullick and Flickinger, 1999).

Unfortunately, the use of highly specific ligands, such 
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 
homogenate. Immobilized metal affinity chromatography 
(IMAC) has been proven to be a useful and versatile technique 
for the isolation and purification of protein (Choe et al., 2002; 
Michel et al., 2001, Sanchez et al., 2001). Proteins that have 
exposed histidine residues could be purified using IMAC. 
As ligands for affinity separation, metal ions complexes 
have demonstrated important advantages over biological 
affinity agents such as inhibitors and antibodies. Small and 
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, 
solvent conditions, or by modification of the target protein.

The most commonly used metal ion ligands in IMAC are 
the first-row transition metals. Metal ion ligands are usually 
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., 1999). The apparent affinity of 
protein for immobilized metal ions depends on the metal ion 
involved in coordination. In the case of IDA chelators, the 
affinities of retained proteins are in the following order: Cu2+ 
> Ni2+ > Zn2+ ≥ Co2+ (Sulkowski, 1985; Hemdan et al., 1989; 
Gaberg-Porekar and Menart, 2001; Chag, 2001). In the case 
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, 
1985; Hemdan 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, 
1995; Todd et al., 1994; Johnson 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 
significant increase in protein binding affinity, but the recovery 
of adsorbed protein becomes difficult. Therefore, the elution 
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., 
1993; Lesiene 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., 2000; Galaev et al., 1994).

In this paper, the purification of sesame sprout lipase was 
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, Na2CO3, CuSO4, K2HPO4, KH2PO4, NaCl, Na2CO3, 
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 matrix. 
The agarose-coated alumina matrix was prepared according 
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 25°C.

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 
Na2CO3 buffer containing 1.35 g of IDA and adjusted to pH 
11 with NaOH. The mixture was continuously mixed at 28 
°C 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 CuSO4. 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 containing 
the IDA matrix (2 ml) was first washed with distilled water, 
and then loaded with 6 ml of 50 mM CuSO4 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 determined 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 
µL of sample to 2 ml appropriate solution containing of olive 
oil and iso-octane. The mixture was incubated at 37 °C for 20 
min. The formation of oleic acid was determined according 
to a method previously described (Marseno et al., 1998). One 
unit of enzyme activity is defined as the amount of released 
oleic acid (µmol) from olive oil per min at 37°C.

RESULTS AND DISCUSSIONS

Effect of BDGE on Protein Adsorption

Binding capacity of immobilized metal affinity ma
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., 1999; Wirth et 
al., 1993; Liesiene et al., 1997; Hidayat 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 
20 – 40%. These findings are in good agreement another 
works (Armisen et al., 1999; Liesiene 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). 
At higher BDGE concentration (> 40%), the eluted lipase 
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., 2001; Wirth et al., 1993; Liesiene et al., 1997; Hidayat 
et al., 2003a). As a consequence of this condition, adsorption 
of proteins to matrix surface involved multivalent binding 
interactions (Johnson and Arnold, 1995; Todd et al., 1994; 
Johnson et al., 1996). Therefore, binding affinity of proteins 
to the matrix increased. As a result, the recovery of adsorbed 
proteins became difficult (Hidayat et al., 2003b; Hidayat 
et al., 2004). Thus, based on both the adsorbed and eluted 
lipase, BDGE concentration of 40% was chosen for further 
lipase purification.	

Effect of NaCl Concentration

Concentration of NaCl in adsorption buffer affects 
protein adsorption in the immobilized metal affinity system. 
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). 
As a result, the adsorbed specific activity decreased with 
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 
metal-affinity adsorption may be classified as follows: i) ionic 
bond formation due to electrostatic forces; ii) coordinative 
bonds with electrons in overlapping orbitals; iii) hydrophobic 
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 
other, electron orbital overlapping occur (Porath, 1990; Porath 
et al., 1975; Arnold, 1991). 

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 
ions in metal-affinity adsorption is caused by the interaction of 
certain amino acid residues of protein with immobilized metal 
ions and the involvement of non-specific binding including 
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 
with immobilized metal ions (Sulkowski, 1985; Hemdan et 
al., 1989; Bal 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
ing capacity was significant observed for increasing pH 
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 
pKa 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.

Purification of Lipase

Imidazole, which is usually used as an eluent in the 
metal-affinity chromatography system, was investigated. It is 
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 
depends on the binding affinity of the target protein. Proteins 
that have a low binding affinity can be eluted at low imidazole 
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 
10 mM imidazole containing 0.5 M NaCl during first-step 
elution. It is suggested that lipase has a low binding affinity 
toward immobilized copper ions, so that it could be easily 
desorbed from matrix at low concentration of imidazole. The 
recovery of lipase and the purification factor of the first-step 
elution were 68 % and 9.4, respectively. The specific activity 
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.	 Two-step elution on purification of sesame sprouts 
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. 
As a result, the adsorbed specific activity decreased with an 
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+ on this matrix was highly effective in the purification 
lipase, since lipase could be easily eluted from matrix using 
low concentration of imidazole (10 mM). Enzyme recovery 
and purification factor were 68% and 9.4, respectively. The 
specific activity of the eluted enzyme was 5.3 U/mg protein. 

ACKNOWLEDGEMENT

The authors thank the Directorate General Higher 
Education of Indonesia for financial support under Hibah 
Penelitian Tim Pascasarjana (HPTP) grant. This paper is also 
dedicated to the late Prof. Dr. Tranggono who initiated this 
research and gave fruitfully discussion.

REFERENCES

Abigor, R.D., Uadia, P.O., Foglia, T.A., Hass, M.J., Scott, 
K. and Savary, B.J. (2002). Partial purification and 
properties of lipase from germinating seeds of Jatropha 
curcas L. Journal of the American Oil Chemists’ Society 
79: 1123-1126.

pH buffer

Ad
so

rb
ed

 P
ro

te
in

 (m
g/

g)

40

45

50

55

60

65

4 5 6 7 8 9 10
0.75

0.85

0.95

1.05

Ad
so

rb
ed

 E
nz

ym
e 

Ac
tiv

ity
 (U

/g
)

Sp
ec

ifi
c 

 A
ct

iv
ity

 (m
g/

g)

pH buffer

Ad
so

rb
ed

 P
ro

te
in

 (m
g/

g)

40

45

50

55

60

65

4 5 6 7 8 9 10
0.75

0.85

0.95

1.05

40

45

50

55

60

65

4 5 6 7 8 9 10
0.75

0.85

0.95

1.05

Ad
so

rb
ed

 E
nz

ym
e 

Ac
tiv

ity
 (U

/g
)

Sp
ec

ifi
c 

 A
ct

iv
ity

 (m
g/

g)

 

Total Volume (ml)

En
zy

m
e 

A
ct

iv
ity

 (U
/m

l)

0

0.5

1.0

1.5

2.0

2.5

0 10 20 30 40
0.1

0.3

0.5

0.7

0.9

Pr
ot

ei
n 

C
on

ce
nt

ra
tio

n 
(m

g/
m

l) 

Total Volume (ml)

En
zy

m
e 

A
ct

iv
ity

 (U
/m

l)

0

0.5

1.0

1.5

2.0

2.5

0 10 20 30 40
0.1

0.3

0.5

0.7

0.9

0

0.5

1.0

1.5

2.0

2.5

0 10 20 30 40
0.1

0.3

0.5

0.7

0.9

Pr
ot

ei
n 

C
on

ce
nt

ra
tio

n 
(m

g/
m

l) 

 



	 AGRITECH, Vol. 27, No. 4 Desember 2007

163

Arbige, M. V. and Pitcher, W. H. (1989). Industrial enzymo
logy: a look towards the future”. Trends Biotechnology 
7: 330–335.

Armisen, P., Mateo, C, Cortes, E., Barredo, J.L., Salto, F., 
Diez, B., Rodes, L., Garcia, J.l., Fernandez-Lafuente, 
R. and Guisan, J.M. (1999). Selective adsorption of 
poly-His tagged glutaryl acylase on taylor-made metal 
chelate supports. Journal of Chromatography A 848: 
61-70.

Arnold, F.H. (1991). Metal-affinity separation: a new dimensi
on in protein processing. Bio/Technology 9: 151-156.

Bal, W., Christodoulou, J., Sadler, P.J. and Tucker, A. (1998). 
Multi-metal binding site of serum albumin. Journal of 
Inorganic Biochemistry 70: 33-39.

Chag, G.S. (2001). Twenty-five years of immobilized metal 
ion affinity chromatography: past, present and future. 
Journal of Biochemical and Biophysical Methods 49: 
313-334.

Chang, Y.K. and Chase, H.A. (1996a). Ion exchange purification 
of G6PDH from unclarified yeast cell homogenates 
using expanded bed adsorption. Biotechnology and 
Bioengineering 49: 204-216.

Chang, Y.K. and Chase, H.A. (1996b). Development of 
operating conditions for protein purification using 
expanded bed techniques: The effect of the degree 
of bed expansion on adsorption performance. Biote
chnology and Bioengineering 49: 512-526 (1996)

Choe, W.S, Clemmitt, R.H, Chase, H.A. and Middelberg, A.P.J. 
(2002). Comparison of histidine-tag capture chemistries 
for purification following chemical extraction. Journal 
of Chromatography A 953: 111-121.

Falch, E. A. (1991). Industrial enzymes developments in 
production and application. Biotechnology Advances 9: 
643–658.

Fernández-Lahore, H.M., Geilenkirchen, S., Boldt, K., Nagel, 
A., Kula, M-R. and Thömmes, J. (2000). The influence 
of cell adsorbent interactions on protein adsorption in 
expanded beds. Journal of Chromatography A 873: 
195-208.

Frej, A-K. B. (1996). Expanded bed adsorption for recovery 
of renaturated human recombinant interleukin 8 from 
Escherichia coli inclusion bodies. Bioseparation 6: 
265-271.

Gaberg-Porekar, V. and Menart, V. (2001). Perspectives of 
immobilized-metal affinity chromatofraphy. Journal of 
Biochemical and Biophysical Methods 49: 335-360.

Galaev, I.Y., Warrol, C. and Mattiasson, B (1994). Tempera
ture-induced displacement of proteins from dye-affinity 

columns using an immobilized polymeric displacer. 
Journal of Chromatography A 684: 37-43.

Griffith, C.M., Morris, J., Robichaud, M., Annen, M.J., 
McCormick, A.V. and Flickinger, M.C. (1997). Fluidi
zation characteristic of and protein adsorption on 
fluoride-modified porous zirconium oxide particles. 
Journal of Chromatography A 776: 179-195.

Hemdan, E.S., Zhao, Y.J., Sulkowski, E. and Porath, J. (1989). 
Surface topography of histidine residues: A facile probe 
by immobilized metal ion affinity chromatography. 
Proceeding National Academic Science USA 86: 1811-
1815.

Hidayat, C., Nakajima, M., Takagi, M. and Yoshida, T. 
(2003a). Development of new dye-metal agarose-coated 
alumina matrix and elution strategy for purification of 
alcohol dehydrogenase. Journal of Bioscience and 
Bioengineering 95: 133-138.

Hidayat, C., Nakajima, M., Takagi, M. and Yoshida, T. 
(2003b). Multivalent binding interaction of alcohol de
hydrogenase on dye-metal affinity matrix. Journal of 
Bioscience and Bioengineering 96: 168-173.

Hidayat, C., Nakajima, M., Takagi, M., and Yoshida, T. 
(2004). Expanded bed adsorption for purification of al
cohol dehydrogenase using a dye-IDA matrix. Journal 
of Bioscience and Bioengineering 97: 284-287.

Johansson, H.J., Järgersten, C., and Shiloach, J. (1996). 
Large-scale recovery and purification of periplasmic 
recombinant protein from E. coli using expanded 
bed adsorption chromatography followed by new ion 
exchange media. Journal of Biotechnology 48: 9-14.

Johnson, R.D. and Arnold, F.H. (1995). Multipoint binding 
and heterogeneity in immobilized metal affinity 
chromatography. Biotechnology and Bioengineering 
48: 437-443. 

Johnson, R.D., Wang, Z.G.. and Arnold, F.H. (1996). Surface 
site heterogeneity and lateral interactions in multipoint 
protein adsorption. Journal of Physical Chemistry 100: 
5134-5139.

Kosugi, Y., Takahashi, K. and Lopez. (1995). Large-scale 
immobilization of lipase from Pseudomonas fluorescens 
biotype I and an application for sardine oil hydrolysis. 
Journal of the American Oil Chemists’ Society 72: 
1281-1285.

Kumar, A., Galaev, I.Y. and Mattiasson, B. (2000). Polymer 
displacement shielding in protein chromatography. 
Journal of Chromatography B 741: 103-113.

Lamikanra, O and Watson, M.A. (2004). Storage effects on 
lipase activity in fresh-cut cantaloupe melon. Journal of 
Food Science 69:126-130.



	 AGRITECH, Vol. 27, No. 4 Desember 2007

164

Liesiene, J., Racaityte, K., Morkeviciene, M., Valancius, P. 
and Bumelis, V. (1997). Immobilized metal affinity 
chromatography of human growth hormone. Effect of 
ligand density. Journal of Chromatography A 764: 27-33.

Lima, V.M.G., Krieger, N., Sarquis, M.I.M, Mitchel, D.A., 
Ramos, L.P., and Fontana, J.D., (2003). Effect of 
nitrogen and carbon sources on lipase production by 
Penicillium aurantiogriseum. Food Technology and 
Biotechnology, 41: 105-110. 

Macrae, A. R. (1983). Lipase-catalyzed interesterification 
of oil and fats. Journal of the American Oil Chemists’ 
Society 60: 291–294.

Marseno, D.W., Indrati, R. and Ohta, Y. (1998). A simplified 
method for determination of free fatty acid for soluble 
and immobilized lipase assay. Indonesian Food 
Nutrition Progress 5: 79-83.

Mateo, C., Fermandez-Lorente, G., Pessela, B.C.C., Vian, 
A., Carrascosa, A.V., Garcia, J.L., Fernandez-Lafuente, 
R. and Guisan, J.M. (2001). Affinity chromatography 
of polyhistidine tagged enzymes new dextran-coated 
immobilized metal ion affinity chromatography matrices 
for prevention of undesired multipoint adsorption. 
Journal of Chromatography A 915: 97-106.

Michel, P., Torkkeli, T, Karp, M. and Oker-Blom, C. (2001). 
Expression and purification of polyhistidine-tagged 
firely luciferase in insect cell – a potential alternative for 
process scale-up. Journal of Biotechnology 85: 49-56.

Mohamed, M.A., Mohamed, T.M., Mohamed, S.A. and 
Fahmy, A.S. (2000). Distribution of lipases in the 
Gramineae. Partial purification and characterization of 
esterase from Avena fatua. Biresource Technology 73: 
227-234

Mullick, A, Griffith, C.M. and Flickinger, M.C. (1998). 
Expanded and packed bed albumin adsorption on fluoride 
modified zirconia. Biotechnology and Bioengineering 
60: 333-340.

Mullick, A. and Flickinger, M.C. (1999). Expanded bed 
adsorption of human serum albumin from very dense 
Saccharomyces cerevisiae suspensions on fluoride-
modified zirconia. Biotechnology and Bioengineering 
65: 282-290.

O’Brien, S.M., Sloane, R.P., Thomas, O.R.T. and Dunnill, 
P. (1997). Characterization of non-porous magnetic 
chelator supports and their use to recover polyhistidine-
tailed T4 lysozyme from a crude E. coli extract. Journal 
of Biotechnology 54: 53-67.

O’Brien, S.M., Thomas, O.R.T. and Dunnil, P. 1996. 
Non-porous magnetic chelator supports for protein 
recovery by immobilised metal affinity adsorption 
Journal of Biotechnology 50: 13-25.

Porath, J. (1990). Amino acid side chain interaction with 
chelate-liganded crosslinked dextran, agarose and TSK 
gel. A minireview of recent work. Journal of Molecular 
Recognition 3: 123-127.

Porath, J. (1992). Immobilized metal ion affinity chromato
graphy. Protein Expression Purification 3: 263-281. 

Porath, J., Carlsson, J., Olsson, I. and Belfrage, G. 1975. 
Metal chelate affinity chromatography, a new approach 
to protein fraction. Nature 258: 598-599.

Sanchez, J., Verdoni, N., Fitton, V. and Santarelli, X. (2001). 
Efficient two-step chromatographic purification of 
penicillin acylase from clarified Escherichia coli 
ultrasonic homogenate. Journal of Chromatography B 
753: 45-50.

Suhendra (2005). Aktivitas lipase indigenous selama per
kecambahan kacang-kacangan. Thesis, Department 
of Food and Agricultural Product Technology, Gadjah 
Mada University.

Sulkowski, E.: Purification of proteins by IMAC. (1985). Puri
fication of proteins by IMAC. Trends in Biotechnology 
3: 1-7.

Thirstrup, K., Carriere, F., Hjorth, S., Rasmussen, P.B., Woldi
ke, H., Nielson, P.F. and Thim, L. (1993).  One-step puri
fication and characterization of human pancreatic lipase 
expressed in insect cells.  FEBS Letters 327: 79-84.

Thömmes, J., Halfar, M., Lenz, S. and Kula, M-R. (1995). 
Purification of monoclonal antibodies from whole hy
bridoma fermentation broth by fluidized bed adsorption. 
Biotechnology and Bioengineering 45: 205-211.

Todd, R.J., Johnson, R.D. and Arnold, F.H. (1994). Mul
tiple-site binding interactions in metal-affinity chroma
tography. I. Equilibrium binding of engineered histidine-
containing cytochromes C. Journal of Chromatography 
A 662: 13-26.

Wirth, H.J., Unger, K.K. and Hearn, T.W. (1993). Influence of 
ligand density on the properties of metal-chelate affinity 
support. Analytical  Biochemistry 208: 16-25.

Yadav, R.P., Saxena, R.K., Gupta, R. and Davidson, W.S. 
(1998). Purification and characterization of a regiospecific 
lipase from Aspergillus terreus. Biotechnology Applied 
Biochemistry 28: 243-249. 


