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162 Chromatographic Profile of Isocitrate Lyase

CHROMATOGRAPHIC PROFILE OF ISOCITRATE LYASE
DURING PURIFICATION

By:
Erman Munir
Department of Biology, Facuity of Mathematics and Natural Sciences,
The University of Sumatera Utara
JI. Bioteknotogi.No. 1 Kampus USU, Medan 20155

Abstract

Isocitrate lyase, the key enzyme of glvoxviate cvcle. was purified to a homogenous protein
from the oxalate-producing basidiomvcete Fomuopsis palusiris by several steps of columr
chromatographies; hydrophobic, weak anion exchange, gel filtration, and strong anion
exchange column chromatography, consecutively Hydrophobic column chromatography
successfully separated the enzyme from catalase, which is known as a common contaminant of
1socitrate lyase preparation from other sources The enzyme did not bind to the weak anion
exchanger. Then. the purified enzyme with a specific activity of 30.3 umol min" mg" protein
was obtained from the strong anion exchanger

Key words: column chromatography, :socmrate lvase. punfication. oxalate-producing
basidiomycetes, Fomitopsis palustris

Introduction

Isocitrate lyase (threo-Ds-isocitrate glyoxylate lvase, EC 4.1.3.1) catalyzes the
reversible cleavage of isocitrate to givoxviate and succinate. It is known as a key
enzyme of glyoxylate cycle. which i1s commonly found in microorganisms grown on
C2 compounds (Komberg 1966), germinating seeds (Khan, et al., 1992), and larva of
nematode (Reiss and Rothstemm 1974). A different role of the enzyme has been
investigated in many pathogens. such as (‘andida tropicalis (Uchida, et al., 1986),
Coccidiodes immms (Agy and Paznokaz 1985), Yersemia pestis (Hillier and
Chamnetzky 1981), in nboflavin overproducer Ashbya gossvpii (Schmidt, et al., 1996),
and in rat livers of artificial diabetes of the alloxan treated rats (Povov, et al., 1998).
Recently. isocitrate lyase has been discovered as the constitutive enzyme in wood-
rotting tung: although thev were grown on glucose medium (Munir. er al., 2001a),
which contrast sharply with most of the reported cases: little or no activity was
detected when microorganisms were grown in the presence of glucose (Schmidt. ¢z al.,
1996. O’Connell and Paznokaz 1980: Rua. er al., 1989). Importantly, the enzyme has
been found to piay an essennal role in oxalic acid biosynthesis involving the metaboiic
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linkage of the mcarboxvlic acid and glyoxviate cvcles in the wood-romning fungus
Fomitopsis palustris (Munir, et al., 2001b),

Although the enzyme has a wide distribution. the highlv purified form has been
reported only from several species. such as Phvcomvces blakesiceanus (Rua, et al.,
1990). Bacillus sp. iChell. er al. 1978), Ashbva cossvpi (Schmdt. ¢ al. 1996),
Aspergillus nidulans (De Lucas, et al., 1997\, Newropsora crassa (Johanson. et al..
1974), Pinus densirlora { Tsukamoto. ¢f al.. 19861, Zea mavs (Khan, er ai.. 1992). and
Turbatrix acen (Retss and Rothstein 1974). Furthermore. the crvsial structure of
1socitrate lvase from 4spergiflus niduians has been proposed by Bnitton. ¢z af.. (2000).
On the basis of the important role of the enzyme :n wood-rotting fungi. the enzyme
has been recently punfied and charactenzed from for the first time for amy of
basidiomvcetous fung: grown on glucose ‘Munir. ¢r al. 2002). Then. this paper
describes the chromartographic profiles of isocirate lvase purified from i~ pafustris.

Materials And Methods
Materials

All chemical reagents were of reagent grades. Most chemicals were ordered from
Nakalai Tesque. Standard protemns for determinauion of the molecular mass of the
native enzyme were purchased from Sigma Chemicals. The protein assay kit was from
Bio-Rad Laboratories. TSK Gel Phenvi-Tovopeari 630 M was obtained from
Toyopeari. Protein-Pak DEAE 13HR. HiLoad Superdex 200. and Cosmogel QA and
TSK gzel G3000SWy; columns were provided by Water. Pharmacia. and Nakalai
Tesque. respectively.

Fungus and cuiture conditions

The prominent oxaiic acid-producing basidiomycete ~omuiopsis pafusiris was used as
the enzyme source. The fungus was grown on potassium phosphate medium (200 ml
in 1 Iiter Erienmever flask) with giucose and peptone as the major carbon and nirogen
source. respectively. The culiture was grown staticaily 1n darkness at 31 C.

Preparation of cell-free-extracss

Fungal mycelia (from 100 cuirure tlasks) were slitered througn cneesecioth and rnnsed
thoroughly with disulled water and 20 mM potassium ohospnate (NP1} butfered
rontainine 1 mM of dithiothraral 1DT™ and  arbviznadiapmnatarraacasae (ENTA)
Ceil-free :xmracts were prepared by acmogemzing cae coileciaa myceila g coid
mortar in the same way as previously reported (Mumr. ¢ o/ 2001a). All
manipulatons were carried out ar 4°C. and all buffer solutons contained | mM EDTA
and | mM DTT.
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Purification of isocitrate lyase

The enzyme was punfied by subjecting the cell-free extracts to the following steps:
ammonium sulfate fractionation. hydrophobic. weak anion exchange. gel filtration,
and strong anion exchange column chromatography, consecutively. Detailed
procedures are described in results and discussion.

Enzyme assays and determination of protein contents

The enzyme activity was assaved spectrophotometrically on the basis of
phenylhydrazone formation (at 324 nm). a denvanve of glyoxylate produced from
isocitrate. by the continuous assav method described by Dixon and Komberg (1959)
with a slight modification. One unit of the enzyme acuivity 1s defined as the amount of
enzyme that catalyzes formation of | umol of phenylhydrazone per minute under the
conditions described. Specific acnvines were given as umts of enzyme acuvities per
mg of protein (umol min" mg  proten) Protein contents were determined by the
Bradford method using the protein assay kit with bovine serum albumin as a standard
(Bradford. 1976).

Molecular mass determinations

The molecular mass of denatured enzvme (subunit) was determined by SDS-PAGE
according to the method of Laemmli (197¢) 1n a verncal slab gel instrument using 10-
20% (w/v) gradient gel. The subumit molecular mass of the punfied enzyme was
estimated by use of the standard proteins. The molecular mass of active enzyme
(native) was estimated by gel filtranon on TSK gel G3000SWy; column (100 mM KPi
buffer (pH 7.2), 0.2 mbmin) caiibrated with blue dextran. apoferritin (443 kDa), 3-
amylase (200 kDa). alcohol dehvdrogenase (150 kDa). carbonic anhydrase (29 kDa),
and cytochrome ¢ (12.4 kDa).

Results And Discussion

Ammonium sulfate fractionation

To the cell-free extracts (0 4 umol min’ mg' protein). solid ammonium sulfate
((NH4):S0,) was added slowiv to 20% saturation with continuous stimng for one
hour. The resulting precipitate not containing the activity was removed by
centrifugation, and then addinonal ammonium suifate was siowly added to the
supernatant to achieve ~0° saturation with continuous surmng tor three hours.
Because at this condition pH dropped from 7.0 to 6.0. NHiOH solution was added to
bring the pH back to 7.0. Importantly. adjustment of pH is necessary to increase the
enzyme recovery: 30 % and 90% recovery was obtained when pH was not adjusted
and adjusted with NH.OH solution. respectively. The protemns were collected by
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centrifugation at 10.000 rpm for 30 minutes. The peliet thus obtained was dissoived in
a small volume of 20 mM KPi buffer ipH 7.2) containing | M (NH,).SO: and the
undissolved matter was removed by centrifugation (0.6 umol min" mg protein).

Hydrophebic chromatography

Column was prepared after rinsing the gel with distilled water and starung buifer
several imes each. The supernatant was applied to TSK gel Phenyl-Toyopearl 630M
column (1.5 ~ 20 ¢m) equilibrated with 20 mM KPi buffer (pH 7.2) containing 1.8 M
ammonium sulfate. After washing the column. the adsorbed proteins were eluted with
a linear gradient of (\NH.);SO; (from 1.8 M to U M) as shown n Figure |. The gradient
was started at fraction 40 and completed at fracnon |30. and isocitrate lvase protein
was eiuted at (NH,)-SO, concentration of 0.5 M. showing with the sharp peak of the
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Figure 1. Chromatograpny of isocitrate iyase on TSK gel Phenyl-Toyopear 650M. ziution
took place with decreasing concentration of (NHs); SOa dissoived in 20 mM KPi
biffer (pH 7.2). Open circle, apsorbance 280 nm:; filled circle, enzyme activity:
dotted line, (NHa), SO,
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enzyme acuvity. The results further show that some proteins did not bind to the
column but most of them were eluted when salt concentration decreased to about 1.25
M and continued to the end of the gradient. The absorbance spectrum of each actuvity
fraction was monitored to eliminate flavine-containing proteins, which overlaply
eluted with 1socitrate Ivase. Fractions that contain enzyme activity and do not have
flavine absorbance (fraction 112 to 118) were combined (4.5 yumol min” mg’ protein)
and dialvzed overmght agamnst 20 mM Tris-HC1 buffer (pH 8.0). In addition.
hvdrophobic chromatography successfully separated the enzyme from catalase. as it
was also reported for complete resoiution of the Pinus isocitrate lvase from catalase
{Pinzauti. ¢/ al., 1986). which is a frequent contaminant of isocitrate lyase preparation
from plant sources (Lamb. <z al.. 1978

Weak anion exchange chromatography

The dialvzed enzvme solution was passed through the Protein-Pak DEAE 1ZHR
column (1 < 10 cm) equilibrated with 20 mM Tris-HC1 buffer (pH 8.0). The adsorbed
proteins were eluted with a linear gradient of NaCl (from 0 M to 0.3 M) n 20 mM
Tris-HCI butfer (pH 8.0). which was started 10 minutes after enzyme solution was
completelv loaded with a speed of | mi per minute. Because it was found that most of
the proteins. but not isocitrate lvase. bound to the DEAE exchanger at several pHs
tested. the isocitrate Ivase was recoversd in the 2rfluents passed through the column:
no activity was detected on the effiuent fracnons. The fractions containing enzyme
activity were pooled (12.7 umol min® mg protemn) and concentrated by using
concentrators (Centriprep 10. Amicon. Inc

In sharp contrast. the isocitrate lyase from other sources such as dcinetobacter
calcoacenicus (Bahk and Kim 1987). « oiweiina marts (W atanabe. < af.. 2001). and
Neurospora crassa (Johanson. er ai. 1974) were rerained by DEAE exchanger.
importantly. although isocitrate Iyase did not bind 1o DEAE exchanger. this step of
chromatography significantly separated the enzyme from other protemns. which made
of 80% of the injected proteins.

Gel filtration chromatography

Then. the concentrated enzvme was passed through HilLoad Superdex 200 column (1.6
- 60 cm) equilibrated overnight with 20 mM KP1 butfer (pH 7.2) contaiming 0.15 M
\.aCl. The profile of protein and enzvme acnivity elured from Hiload Superdex 200
column 1s depicted in Figure 2 showing that the enzyme was located at the first protemn
peak. Forty-five fractions (10 a volume of 45 mi) before the collected fracnons were
discarded since they did not contain any acuvity. The fractions containing enzyme
activity were combined and dialvzed overnight agamst 2¢ mM Tns-HC1 butfer (pH
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Figure 2. Chromatography of isocitrate lyase on HiLoad Superdex 200. Open circle.
absorbance 280 nm; filled circle, enzyme activity.

8.0). The enzyme activity drastically increased to 27.1 pmol min"' mg” protein or to a
purification degree of 68-fold.

In fact, several types of matrix for gel filtration have been used to purify isocitrate
lyase. In purification of the enzvme from A nidulans. the purified enzyme was
obtained after the enzyme solution was passed through Sephacryl S-300 twice (De
Lucas, er al.. 1997), whereas Bahk and Kim (1987) and Rua. er al.. (1990) used
Sephadex during purification of the isocitrate lyase from F. biakesleeanus and A.
calcoaceticus. respectively.
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168 Chromatograpnic Profile of isocitrate Lvase

Strong anion exchange chromatography

Eventually. the dialvzate was apphed to Cosmogel QA column (0.8 - 7.5 cm)
equilibrated with 20 mM Tns-HC1 buffer (pH 8.0). The enzvme was eluted with a
linear gradient of NaCl (from 0 M to 0.3 M) in 20 mM Tris-HCI buffer (pH 8.0)
Kesults show (rigure 5) that ine enzyine ugntiy bound the column bui qUICKIN eluted
once the salt strength reached a concentration of about 0.4 M. Furthermore, sharp
activity peak (fraction 76 and 77) clearly corresponds with the protein content of
related fraction. These two fracnons were combined (30.3 pmol min" mg’ protein)
and filter-sterilized (Millipore 0.22 um) and used for enzyme characterization. Within
this step of column chromatography the enzyme was purified by 76-fold to a specific
activity of 30.3 umol min" mg™ protein.
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Figure 3. Chromatography of isocitrate lyase on Cosmogel QA. Elution took place with
increasing concentration of NaCi dissolved in 20 mM KPi biffer (pH 7.2). Open
circle. absorbance 280 nm: fiiled circle. enzyme activity: dotted line. NaCl.
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Molecular mass of isocitrate Ivase

Figure 4 shows SDS-PAGE analysis of the enzyme proteins from each punificanon
step. indicating thar the purified enzvme gave a homogenous protein band
corresponding to a subunit moiecuiar mass of 60 kDa (fans 5 The resuiis aiso show
that the enzyme collectea irom gel filranon was stli contanunatea Wit otner proteimns
(lane 4). which were completely removed by anion exchange chromatography. The
1socitrate Ivase from /. paiusiris is similar 1n a2 monomenc un® size 1o the enzymes
from Saccharomycopsis hpolvica (Matsuoka. e al. 19841 and Kecinus communis
(Roberts and Lord 1981) with the subunit molecular mass of 59 and 62. respecuvely.

Figure 4. SDS-PAGE analysis of the protein from each column chromatography. Lane 1,
(NHe)2 SOq fractionation (20-70%); iane 2. after TSK gel Phenyi-Toyopear! 650M:
lane 3, after Protein-Pak DEAE 15HR: fane 4. HiLoad Superdex 200: /ane 5, the
purified isocitrate lyase (60 kDa) after Cosmogel QA: /ane M, protein markers with
molecular masses indicated on the right (kDa).

Filtration profile of the native enzyme on TSK gel G3000SW+y; showed that its
molecular mass was estimated to be 186 kDa. as shown in Figure 5. The enzyme was
eluted between alcohol dehydrogenase (150 kDa) and -amvlase (200 kDa). Then. it
has been proposed that . palustris isocitrate Ivase is a tnimeric enzvme. which was
also confirmed with the electron microscopic mvestigation (Munir. er al.. 2002).
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Figure 5.  Estimation of the molecuiar mass of isocitrate Iyase by el filtration chromatography
on TSK gel G3000SWyx.. A. cytochrome ¢ (12.4 kDa): B. carbonic anhydrase (28
kDa); C, alcohol dehydrogenase (%150 kDaj: D. purified 1socitrate lyase (186 kDa):
E. -amylase (200 kDa): F. apoferritin (443 kDa)

Nevertheless. most of the reported 1socitrate Ivases were tetrameric enzymes with a
subunit molecular mass ranging from 32 to 68 kDa (Vanni. er al.. 1990). Thus. it is
suggested that the inability of the enzvme 10 bind to DEAE exchanger was caused by
the different structural conformatnon with the most reported ones. However. further
analyses including determination of 1soelectric point (pl) and amino acid composition
of the enzvme need to be elucidated.
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