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Abstract

Lipase fromPseudomonas fluorescens (PFL), an enzyme with a great tendency to yield bimolecular aggregates, was immobilized via
multipoint covalent attachment on glyoxyl-agarose in the presence of Triton X-100. This strategy permitted to obtain the enzyme with the
active center oriented towards the reaction medium. This immobilized enzyme presents the capacity of specifically adsorbing PFL molecules,
that can be easily desorbed by the use of detergents. More interesting, the enzyme was also able to adsorb other lipases. That is, the lipast
from Bacillus thermocatenulatus (BTL2) cloned inEscherichia coli was selectively adsorbed on this immobilized enzyme, enabling a very
simple purification strategy. Similar results were achieved with some other lipases (thogehfaomucor miehei (RML), Rhizopus oryzae
(ROL), andHumicola Lanuginosa (HLL)). In all cases, the enzyme could be easily desorbed by incubation with Triton X-100. The matrix
could be used several cycles without any detrimental effect on the adsorption capacity.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction interactions or hydrogen bonds with a part of the surface of
the lipase allowing the access of the substrate to the active
Lipases are very relevant enzymes from both a physio- site [9-11]. Moreover, these enzymes are adsorbed on very
logical and a biotechnological point of view. In addition to different hydrophobic interfaces: drops of oil (its natural sub-
their natural function (hydrolysis of triglycerides), lipases strate)[12,13], hydrophobic support surfac¢$4—18] gas
are able to recognize many substrates different from their bubbles[19], hydrophobic proteins (fungal hydrophobins)
natural ones, catalyzing the regio- and enantioselective hy-[20], lipopolysaccharideR1], etc., shifting the equilibrium
drolysis or synthesis of many esters and the resolution of towards the open conformation. In fact, it has been recently
racemic mixture$1-8]. reported that most lipases have a natural tendency to form bi-
On the other hand, lipases present a peculiar action mech-molecular aggregates, by means of interactions between the
anism, the so-called interfacial activation. In aqueous media hydrophobic surfaces surrounding the active cef2 23]
they exist in a closed and inactive conformation, where the In this manuscript, we have tried to use this capacity as
active site is completely isolated from the reaction medium a new tool to purify lipases. The hypothesis is that the im-
by an oligopeptide chain called flap or lid. This conforma- mobilization of a lipase on a support with the active center
tion exists in a partial equilibrium with an open and active exposed to the medium would permit the adsorption of other
conformation, where the lid is displaced, stabilized by ionic lipase moleculesHig. 1) via a similar mechanism to the one
that yields bimolecular aggregates.
The structural analysis of the surfaf#] of the lipase
from Pseudomonas fluorescens determined the existence of
fax: +34-91-585-47-60. N . N lysine residues (Lys) in the opposite side of the active cen-
E-mail addresses: jmguisan@icp.csic.es (J.M. Guisan), rfi@icp.csic.es ys ] es s (Lys) € oppo S . ¢ e
(R. Fernandez-Lafuente). ter (Fig. 2A), whereas the area near the active center has
1 co-corresponding author. almost no Lys residue${g. 2B). Immobilization of this en-
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Fig. 1. Representation of the ideal preparation of new matrix to immobilize lipases.

zyme on glyoxyl-agarose was chosen by several propertiesyield a very intense enzyme-support multipoint attachment
of the system, that permit to have a stable enzyme with the between the enzyme and the support, and a fully inert sur-
active center oriented toward the medium. Immobilization face after immobilization. Thus, many enzymes have been
occurs via weak Shitf’'s bases, that require the reaction with stabilized using this technique, e.g., Penicillin G acylase
no ionized lysines (that is, immobilization only occurs at al- from Escherichia coli [26] and K. citrophila [27], trypsin
kaline pH value). This weak energy makes necessary the es{28], chymotrypsin[29], alcalasg30], carboxypeptidase A
tablishment of several simultaneous support-protein bonds[31], FNR NADP-reductasg32], esteras¢33], thermolysin

to fix the protein on the support, and make that the pro- [34], DAAO [35], catalase$36,37], and lipases from dif-
tein orientation regarding the support occurs by the richest ferent sourcefl8,38], urokinasg39], L-aminoacylas¢40],
lysine areag25]. Moreover, this support has been used to chitosinase[41]. The final reduction of the immobilized

(A) (B)

Fig. 2. Representations of the crystal structure surface of the open conformatRnfloérescens lipase. (A) The side selected constituted the active

site pocket and the lid. The amino acid residues constituting the lid (Thr137 to Thr150) (in orange), hydrophobic residues (in yellow). (B) Tiee opposi
side of the oxoanion hole. Lysine residues present in the enzyme surface (blue). Figure was drawn with the program GRASP using the PDB structure
from the protein data bank encode 2L[P1].
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Fig. 3. Immobilization of enzymes on glyoxyl-agarose supports.

preparations with sodium borohydride permits to have very support were kindly donated by Hispanagar (Burgos, Spain)
stable secondary amino bonds and very inert hydroxy groupsand prepared as previously descridd®]. Triton X-100,

in the support surface={g. 3).
Additionally, it was possible to observe that this lipase

p-nitrophenylpropionate (pNPP) and were from Sigma (St.
Louis, MO, USA).

has not hydrophobic areas on the enzyme surface, except
for the one generated by the internal face of the lid and the 2.2. Activity determination assay

active centerKig. 2).

In this way, we have chosen to study the adsorption
of lipases from different sources on PFL immobilized on
glyoxyl-agarose.

2. Experimental
2.1. Materials

The lipase from P. fluorescens lipase (PFL) PS
“Amano”(lot LPSA21250457) was purchased from Amano
Enzyme (Nagoya, Japan). The lipases fidumicola lanug-
inosa (Novozym 871, HLL),Candida antarctica (fraction
B) and Rhizomucor miehel lipase (Novozym 388, RML)
were from Novo Nordisk (Denmark). The lipase from
Bacillus thermocatenulatus (BTL2) was kindly donated by
Marisa Rua (University of Vigo, Spain). This lipase was
obtained from an extract oE. coli [42] and previously
centrifuged. The lipas&hizopus oryzae was from Fluka.
Glyoxyl-cross-linked agarose (4%), having @ol/mL of

This assay was performed by measuring the increase in ab-
sorbance at 348 nm produced by the releagerifrophenol
(pNP) in the hydrolysis of 0.4 mM pNPP in 25 mM sodium
phosphate buffer at pH 7 and at 5. To initialize the reac-
tion, 0.05 mL of lipase solution or suspension was added to
2.5mL of substrate solution. The experiments were carried
out in triplicate, and experimental error was never over 5%.
One international unit of pNPP activity was defined as the
amount of enzyme that is necessary to hydrolygerbl of
pNPP per minute (IU) under the conditions described above.

2.3. Preparation of the matrix glyoxyl-PFL

The commercial extract of PFL was dissolved to give
25 mg extract per milliliter in 5mM sodium phosphate, sub-
mitted to gentle stirring during 20 min at 26 and at pH 7,
and centrifuged at 12 000 rpm for 30 min. The protein con-
centration in the commercial preparation was determined by
the Bradford methog44]. Hundred milliliter of this prepa-
ration (25mg/mL) of commercial PFL contained 0.15mg
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Fig. 4. SDS-PAGE gels of different PFL preparations. Lanes: 1:
low-molecular mass marks; 2: commercial preparation of PFL; 3: PFL
adsorbed on glyoxyl-PFL kDe- Kilodatton.
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of protein per milliliter. Six gram of glyoxyl-agarogd3]
was added to the enzyme solution to obtain an immobi-
lized preparation with a final loading of 2.5 mg prot/g sup-
port in the presence of 1% of Triton to prevent dimer-
ization. The pH was increased to 10.5. After 24 h, 1.5mg
of PFL per gram of support was immobilized (60%) and
the enzyme-support multi-interaction was ended by adding
1 mg of sodium borohydride per mL of suspension during
30 min[45].

2.4. Immobilization of lipases on glyoxyl-PFL

In a standard experiment, 1 g of glyoxyl-PFL was added
to a solution of 5mL of the lipase preparation in 30 mL of
25mM sodium phosphate buffer at pH 7 and at’@5to
obtain immobilized preparations with a final enzyme loading
of 1 mg/mL. A blank suspension was prepared by adding 1 g
of reduced glyoxyl-agarose at pH 7. Periodically, the activity
of both the suspensions and supernatants was analyzed using
the previously described pNPP assay. After immobilization,
the adsorbed lipase preparation was washed 10-fold with 10
volumes of distilled water.
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Fig. 5. (A) Immobilization course dB. thermocatenulatus lipase (BTL2) on glyoxyl-PFL support. Supernatant of the immobilization suspension (rhombus),
supernatant of the blank suspension (squares). The experiments were performed as desSémidrin2 (B) SDS-PAGE electrophoresis of BTL2
preparations. Lanes: 1: Low-molecular mass marks; 2: crude extract of BTL2; 3: BTL2 adsorbed on glyoxyl-PFL.
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2.5. Sodium dodecayl sulfate-polyacrylamide 100 - -
electrophoresis analysis(SDS PAGE) g
> 751
SDS-PAGE electrophoresis was performed according to 3%
Laemli’'s method[46] in a SE 250-Mighty Small Il elec- 8 507
trophoretic unit (Hoefer Co.) using gels of 12% polyacry- §
lamide in a separation zone of 9 o6 cm and a concen- 2 251
tration zone of 5% polyacrylamide. The gels were stained -

. . - 0 . . .
following the silver staining methof#7]. Molecular mass 0 40 80 120
markers were the LMW kitN1;) (14 400—94 000) from Phar- _

: (@) Time (hours)
macia.
__ 100 - a
3. Results S
"E 75
3.1. Immobilization of lipases on glyoxyl-PFL by § 50
lipase-lipase interaction E
©
First of all, 1 mg PFL per g of support was offered on § 2
the immobilized PFL, bearing in mind the tendency of this 0 : : ,
enzyme to form bimolecular structurf#2,23] The immo- 0 40 30 120

bilization course revealed the adsorption of around 40% of
the offered enzyme in 1 h. Moreover, SDS-PAGE analysis
of this composite Kig. 4 showed a single band, indicat- 100 - -
ing that only the lipase, and not the contaminant enzymes,
was adsorbed on the immobilized lipase. After that, the Ii-
pase was desorbed by incubation in 0.5% Triton X-100.
Several adsorption—desorption cycles could be performed
without detecting any change in the adsorption—desorption
courses.

Next, lipases from different sources were offered to this
glyoxyl-PFL matrix at pH 7, 25C and 50 mM sodium phos- 0 ' ' '
phate buffer. 0 20 40 60

A sample of 1 mg protein per gram support of the lipase © Time (hours)
from B. thermocatenulatus was offered to the immobilized Fig. 6. Immobilization course of different lipases on glyoxyl-PFL sup-
PFL, and 95% of the activity was absorbddg. 5A). In port. ()R miehei lipase, (b)H. lanuginose lipase, (c)R. oryzae lipase.
addition, it was interesting that the lipase was the unique Supernatant of thg immobilization suspensipn (rhombus), supernatant of
protein adsorbed on this matrix from the quite crude extract, the_ blan_k suspension (squares). The experiments were performed as de-

. scribed in Methods.

as shown irFig. 5B.

The lipase fromR. miehei (RML) was adsorbed very
quickly on this immobilized enzyme, immobilizing 89% of 3.2. Desorption of adsorbed lipases
the enzyme in 2 hKig. 63. In the case of the lipase from
H. lanuginosa (HLL), 71% of the enzyme was immobilized The enzymes could be easily and fully desorbed from the
on this matrix Fig. 6b. The lipase fromR. oryzae (ROL) support by using this detergeiig. 8 shows the desorption
was the quickest adsorbed on this glyoxyl-PFL matrix since of the different lipases adsorbed on glyoxyl-PFL. In the case
75% of the offered enzyme has been immobilized in 30 min of RML, it was necessary to use 0.2% of detergent, while
(Fig. 60. 0.6% Triton was necessary to release BTL2. It was neces-

However, the lipase of. antarctica (fraction B) was not sary 0.9% to full desorbe ROL, or even 1% to desorb HLL
adsorbed on the glyoxyl-PFL, probably due to the fact that from the support. Thus, this interaction is not only selective
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this lipase do not form bimolecular aggregditg®,23] since but also quite strong. Obviously, bearing in mind that the
present a very small hydrophobic zone surrounding the ac-adsorption was specific; the only protein desorbed from this
tive site[48]. matrix was the adsorbed lipase (results not shown).

This adsorption of different lipases on the support was  Therefore, this strategy can be used as a very simple
selective in all cases for the lipases, since in the analysis bymethod to adsorb/desorbe lipases getting the purify lipase.
SDS-PAGE Fig. 7) only the lipases were adsorbed on the The matrices were used 10-fold without detecting any dif-
immobilized PFL. ference in the adsorption—desorption of the lipases. Storage
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Fig. 7. SDS-PAGE analysis of different lipase preparations. Lanes 1:
Low-molecular-mass marks; 2: commercial preparation of RML; 3: RML
adsorbed on glyoxyl-PFL; 4: commercial preparation of HLL; 5: HLL

adsorbed on glyoxyl-PFL; 6: commercial preparation of ROL; 7: ROL
adsorbed on glyoxyl-PFL.
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Fig. 8. Desorption of lipases adsorbed on glyoxyl-PFL by progressive

addition of Triton X-100. ROL (circles), BTL2 (squares), RML (rhombus),
HLL (triangles). Experiments were performed at°5and pH 7.

in 0.5% sodium azide at4C permitted to keep unaltered
the matrix properties during 4 months.

4. Conclusion

These studies have demonstrated that immobilized Iipase§21]
may be used for the selective adsorption of other lipases,
very likely by the interaction between the hydrophobic areas
surrounding the active center of most lipases. In this way,
lipase X—PFL dimers have been formed and broken several
times, by using Triton X-100 as detergent, showing that this
can be a very simple method to immobilize lipases and to

purify them.
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