Advances in Bioscience and Biotechnology, 2011, 2, 397-403 ABB
doi:10.4236/abb.2011.26058 Published Online December 2011 (http://www.SciRP.org/journal/abb/).

High level of soluble expression and purification of
catalytically active native UDP-galactose 4-epimerase of

Aeromonas hydrophila in E. coli

Keshav Gopal, Shivani Agarwal, Aparna Dixit™

Gene Regulation Laboratory, School of Biotechnology, Jawaharlal Nehru University, New Delhi, India.

Email: *adixit7@ gmail.com, adix2100@mail.jnu.ac.in

Received 12 September 2011; revised 22 October 2011; accepted 5 November 2011.

ABSTRACT

The ubiquitous Aeromonas hydrophila is responsible
for several pathological conditions in fish and human.
Like most gram negative bacteria, its virulence relies
on outer membrane lipopolysachharide (LPS). The
Leloir pathway enzyme UDP-galactose 4-epimerase
(GalE), plays an important role in the LPS biosynthe-
sis, and therefore is a potential drug target. We have
earlier carried out extensive biochemical and bio-
physical studies with histidine-tagged recombinant
GalE. However, for effective drug design it is desir-
able to understand the structure-function relation of
a protein in its native form without any additional
sequences or tags. In the present study, we report the
high level expression, purification and characteriza-
tion of recombinant GalE (rGalE) of Aeromonas hy-
drophila in its native form in E coli. The rGalE ex-
pressed as a soluble protein was purified to near ho-
mogeneity. From 1 L of shake flask culture ~15 mg of
purified rGalE was obtained. The purified protein
was biologically active with K., and K, values of 0.7
mM and 28.8 s™, respectively. The enzyme exhibited
a temperature and pH optima of 37°C and 7 - 9, re-
spectively. Thus, the present study employed for solu-
ble expression and purification of functionally active
rGalE without any tag bypasses the need for cum-
bersome strategies associated with removal of tag
from purified protein.
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1. INTRODUCTION

Aeromonas hydrophila are ubiquitous, facultative anaer-
obe, gram-negative bacteria found in fresh, brackish,
marine, chlorinated and non-chlorinated water supplies
worldwide [1-3]. It is one of the major disease causing

pathogens responsible for a variety of fish pathological
conditions [4,5]. In recent years, a sharp increase in the
acute diarrohoeal incidences in human by A. hydrophila
has generated a great interest in Aeromonas sp. Lipo-
polysaccharide (LPS), the major integral component of
the outer membrane possesses endotoxic properties [6,7]
and is one of the important virulent factors of gram-
negative bacteria including A. hydrophila. UDP-gala-
ctose 4-epimerase (GalE) is an essential enzyme of the
Leloir pathway of galactose metabolism and catalyzes
the interconversion of UDP-galactose and UDP-glucose
[8-11]. UDP-galactose thus formed serves as galactose
donor for the biosynthesis of galactosyl residues in gly-
coproteins and complex polysaccharides of the LPS
[12,13]. The GalE mutants of a number of pathogenic
bacteria have been reported to be avirulent [14-16].

Due to its involvement in LPS biosynthesis GalE has
potential to be used as drug target, for which high level
production of the enzyme in its native form is necessary.
Use of affinity tags is employed for ease of protein puri-
fication, as it is reported to improve protein yield [17],
prevent proteolysis [18] and enhance protein solubility
[19]. However, there are several reports pointing out that
the affinity tags can affect the properties of recombinant
proteins by altering the protein conformation, undesired
flexibility in structure studies [20], crystallization diffi-
culties [21] and inhibition of enzyme activity [22,23].
There are limitations of histidine tag like; proteins are
retained on Ni**-NTA columns according to number of
accessible histidines, the Ni**-NTA resin can also act as
a weak ionic exchange column and some recombinant
protein does not interact in its native form with Ni*'-
NTA resin [24]. For these reasons, it is desirable to re-
move affinity tags after purification prior to structure
function studies. Although there are several methods to
remove affinity tag after protein purification, these have
their own limitations in terms of partial removal of tag,
effect of cleavage on protein solubility and impairing the
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target protein by side reactions [25]. Also for an enzyme
to be used as a drug target, it is important to have the
knowledge of its crystal structure in its native form. In
order to overcome these problems, it is essential to ex-
press the protein in its native form without any tag.

In the present report, we describe the over-expression
and purification strategy for preparation of large quanti-
ties of soluble GalE of A. hydrophila without any tag and
its biochemical and functional characteristics. The rGalE
got expressed in soluble form with late log phase induc-
tion and was purified to near homogeneity by Diethyl-
aminoethane(DEAE)-sepharose anion exchange chroma-
tography followed by gel filtration.

2. MATERIALS AND METHODS
2.1. Materials

E. coli BL21 (DE3) (Novagen, USA) were used for ex-
pression studies. All the chemicals required for DNA
manipulation (restriction enzymes and other chemicals)
were from New England Biolabs (Beverly, MA, USA)
and Promega Corporation (Madison, WI, USA). QIA
quick spin columns, plasmid purification kit and Ni*'-
NTA agarose for protein purification were purchased from
Qiagen (Germany). DEAE-sepharose anion exchange
resin and Pre-packed Sephacryl S-200HR HiPrep™ col-
umn (HR 16/60) were from GE Healthcare Bio Sci-
ences AB, Sweden. Oligonucleotides were synthesized
by Microsynth (Balgach, Switzerland). All other chemi-
cals were of analytical grade and were purchased from
Sigma Chemicals, USA, unless otherwise stated.

2.2. Cloning and Expression of rGalE

For producing rGalE without any tag, the galE gene
cloned in pRSET-A was used [26,27] and the recombi-
nant was designated as pPRSETA-galE.

For expression analysis of rGalE without tag, E. coli
BL21 (DE3) cells harboring pRSETA-galE were induced
with 0.4 mM IPTG, optimized earlier for the expression
of histidine-tagged rGalE (6xhis-rGalE), at different stages
of growth curve at different temperatures and the culture
was further grown for 4 h and/or 12 h post-induction.
The cell lysates were subjected to 12% SDS-PAGE. The
localization analysis of expressed rGalE in the induced
cells was performed essentially as described previously
[28].

2.3. Purification of Recombinant GalE

All purification procedures were performed at 4°C unless
otherwise stated. For purification of rGalE, soluble frac-
tion of the induced culture was loaded onto a DEAE-
Sepharose column pre-equilibrated with 10 mM Tris-
HCI, pH 8. The column was then washed with 6 column
volumes of 10 mM Tris-HCI pH 8 to remove unbound
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proteins. The bound recombinant rGalE was eluted with
0 - 200 mM NaCl linear gradient. Different fractions
were analyzed on SDS-PAGE. The rGalE enriched frac-
tions were concentrated by Amicon Ultra centrifugal fil-
ter device cutoff 10 kDa (Millipore, USA). The concen-
trated product was then purified by gel filtration chro-
matography using Sephacryl S-200HR HiPrep™ column
(HR 16/60) pre equilibrated with 10 mM Tris-HCI, pH 8.
The fractions were collected at 0.5 ml/min flow rate.
Fractions eluting at 95 mM NaCl concentration of the
gradient contained maximum amount of the rGalE. The
purified recombinant rGalE stored at —20°C till further
use.

2.4. Determination of Protein Concentration and
Enzyme Activity

The protein concentration was determined by the method
of Lowry et al., [29] using bovine serum albumin (BSA)
as the standard. The activity of rGalE was determined
spectrophotometrically essentially as described earlier
[27]. Appropriate dilutions of the purified enzyme were
made in 10 mM Tris-HCI, pH 8.0 prior to activity deter-
mination, in order to obtain a linear initial velocity. For
catalytic reaction the purified protein or cell lysate was
added to 10 mM Tris-HCI, pH 8.0 and the reaction was
initiated by 2 mM UDP-galactose in a 100 pl final reac-
tion volume. The produced glucose was estimated using
glucose estimation kit (Merckotest ®, Merck Ltd, India)
based on GOD-POD assay as per the manufacturer’s ins-
tructions using spectrophotometer Lambda25 (Perkin-
Elmer, USA). One unit of rGalE is defined as the amount
of enzyme that catalyzes the conversion of 1 pmol of
UDP-galactose to UDP-glucose per minute under the
above assay conditions.

2.5. Biochemical Characterization of the
A. Hydrophila rGalE

The optimum temperature for the rGalE without tag was
determined by assaying the enzyme activity at different
temperatures (4°C - 55°C) in 10 mM Tris-HCI buffer, pH
8. For optimum pH, rGalE activity was measured in 10
mM buffer of varying pH range from 4 - 11 (sodium ace-
tate pH 4 and 5, sodium phosphate pH 6 and 7, Tris-HCI
pH 8 and 9 and sodium carbonate buffer, pH 10 and 11).

Kinetic properties of the purified rGalE were deter-
mined as reported earlier [27]. The Michaelis-Menten
constant was determined for the reaction using different
concentrations of the UDP-galactose (0.16 mM - 2.0 mM)
at 37°C in 10 mM Tris-HCI (pH 8). The Ky, Vinax and Keg
(Vimax/molar concentration of the enzyme) were deter-
mined using Lineweaver-Burk plot. For kg calculation,
the molecular weight of the enzyme was taken as 37
kDa.
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3. RESULTS
3.1. Analysis of Expression of rGalE

Initial attempts to express rGalE (without any tag) were
made at 37°C by inducing the cells at Agy of 0.6, an
equal expression of the rGalE was seen both in soluble
and insoluble fractions (Figure 1(a)). Induction at late
log phase also did not result in any shift of expression
from insoluble to soluble (Figure 1(b)). Also, the induc-
tion of culture at late log phase at 25°C and with 4 h in-
duction period also did not affect the expression (Figure
1(c)). However, when the rGalE expression was carried
out at 25°C by inducing the cells at late log phase and the
induction period was increased to 12 h, a greater propor-
tion of the rGalE could be seen as a soluble protein (Fig-
ure 1(d)). Thus, we could achieve soluble expression of
rGalE. Therefore, for purification purposes, the cells
were induced at late log phase of the cells grown at 25°C
with an induction period of 12 h.

3.2. Purification of rGalE

The rGalE was purified by DEAE-sepharose anion ex-
change chromatography from soluble fraction, which re-
sulted in the removal of most of the contaminants of
lower molecular weight (Figure 2(a), lanes 6 and 7). The
other contaminants were further removed by gel filtration
chromatography and the rGalE was found to be free of
contaminating proteins (Figure 2(b)). Increase in the
specific activity of the rGalE was obtained with purifica-
tion (Table 1). The purified protein thus obtained was
used for further characterization.

3.3. Catalytic Properties of the rGalE

Activity of the purified rGalE showed a linear increase

with increasing protein concentrations as was observed
earlier with 6xhis-rGalE [27]. Activity detected at dif-
ferent pH revealed that the rGalE was active in a wide
pH range and exhibited a bell shaped curve over pH 5 to
11 (Figure 3(a)) with an optimal activity between pH 7 -
9. Temperature optima studies by assaying the enzyme
activity at different temperatures (4°C - 55°C) showed
that the enzyme retained activity within the range of
16°C to 45°C and the temperature optimum for the rGalE
was determined to be 37°C (Figure 3(b)). The rGalE
exhibited significantly lower activity when assayed at
temperatures below 16°C or above 45°C. Similar to 6xhis-
rGalE, the rGalE retained its full activity up to 45°C, and
was completely inactivated when incubated at 55°C
(Figure 3(b)). Thus, the temperature optimum of rGalE
was similar to that of the 6xhis-rGalE [27].

The kinetics of the rGalE catalyzed reaction was con-
sistent with the Michaelis—Menten equation and the Ky,
and V. was calculated using Lineweaver—Burk plot
(Figure 4). The K, of the rGalE was calculated to be 0.7
mM for UDP-Galactose with a V. and K of 4.5
nmol/min and 28.8 s, respectively. The recombinant
protein was quite active as 917 units of native rGalE with
specific activity 66.5 U/mg was purified from 1 liter of
culture at shake flask level.

4. DISCUSSION

The native form of an enzyme isolated from natural
source is ideal to study its properties. However, most
enzymes are present in low abundance at their natural
source; therefore purifying large quantities for charac-
terization would not be feasible. We have previously
utilized recombinant DNA technology to clone and over-
express the UDP-galactose 4-epimerase (GalE) with 6x-
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Figure 1. Expression and localization of the rGalE from pRSETA. galE in E. coli BL21
(DE3) cells. ((a)-(d)) The equal proportion of proteins of cells induced with 0.4 mM IPTG
at different temperature and O.D after different time of post induction (mentioned at the top)
were analyzed on SDS PAGE. U and I indicate whole cell lysates of uninduced and in-
duced cells, respectively. S and P show soluble and pellet (insoluble) fractions of induced
cells, respectively. M indicates Protein molecular weight marker.
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(b)

Figure 2. Purification of rGalE from E. coli BL21(DE3) cells harboring pRSETA-galE.
The purification of rGalE from soluble fraction of induced cells were carried out by
DEAE-sepharose anion exchange chromatography (a) followed by gel filtration chroma-
tography (b). The soluble fraction was loaded onto a DEAE-sepharose column pre-equili-
brated with 10 mM Tris-HCI pH 8. After extensive washes, the bound proteins were
eluted with 0 - 200 mM NaCl gradient. The different fractions collected were analyzed
on SDS-PAGE. Lanes 1 and 2 show the flow through fractions. Lanes 3 - 7 show the
eluted fractions with 0 - 200 mM NaCl gradient (a). The fractions 6 and 7 were pooled,
concentrated and loaded onto sephacryl S-200HR HiPrep™ gel filtration column and
biochemically active peak fraction was analyzed on SDS-PAGE (b).
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Figure 3. Effect of pH and temperature on the activity of rGalE. (a) Determination of opti-
mum pH for the biochemical activity of rGalE. The activity of rGalE was assayed at different
pH range of 5 - 11 in buffers using 100 ng of purified protein in the reaction mix at 37°C. The
bell shaped curve shows the optimum activity in the range of pH 7 - 9. (b) Determination of
optimum temperature for the activity of rGalE. The activity of rGalE was assayed at different
temperature conditions varying from 4°C to 55°C using 100 ng of purified protein in 10 mM
Tris-HCI buffer, pH 8. The bell shaped activity curve shows the optimum activity at 37°C.

Table 1. Purification of rGalE of A. hydrophila from E. coli BL21(DE3).

Fraction Total Protein (mg) Total Act. (U) Sp.Act. (U/mg) Fold Purification % Yield
Soluble fraction 230 3634 15.8 1 100
Anion exchange chromatography 33.6 2180 64.9 4.1 60
Gel filtration chromtography 13.8 917 66.5 42 25

Wet cell weight (~5.2 g) obtained from 1 L of induced cell culture was sonicated in 100 ml of 10 mM Tris. HCI buffer pH 8. Sonicated supernatant was assayed

for epimerase activity and processed for purification.

Copyright © 2011 SciRes.
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Figure 4. Enzyme kinetic analysis of rGalE. Determination of
Kmn and Vi, of rGalE was accessed using UDP-galactose as a
substrate. The enzyme activity was measured at different sub-
strate concentrations (0.2 mM - 2.0 mM) under standard reac-
tion conditions for 5 min. Michaelis-Menton plot (V, verses [S])
and Lineweaver-Burk plot (inset) of the rGalE is shown. V,
indicates the initial velocity of the reaction and [S] is substrate
concentration.

histidine tag and extensively characterized the bioche-
mical and biophysical properties [27]. However, expres-
sion of the above in the selected vector (pET28a) with
histidine tag resulted in addition of total 20 amino acid
residues (including the 6xhistidine tag), contributed by
the vector. Addition of such large stretch of amino acids
are known to affect the structure and function of proteins
[20-23]. Although, we have studied GalE extensively
with histidine tag, there is always a need to have protein
without any affinity tag for structural and drug target
studies [30]. The removal of affinity tags from the pro-
tein necessitating the use of expensive proteolytic en-
zymes with additional purification steps. There are intri-
cacies in affinity tag removal by cleavage ranging from
non-specific cleavages generating truncated form of the
protein, addition of extra amino acids and partial removal
of the tags [31]. Therefore, it is always better to overex-
press protein without any affinity tag in soluble form.

To compare the biochemical properties of GalE with
histidine tag (6xhis-rGalE) and without any affinity tag
i.e. in its native form (rGalE), the GalE gene was cloned
in pET28a and pRSET-A expression vector, respectively.
Upon induction with IPTG, the 6xhis-rGalE expressed
only in induced whole cell lysate of E. coli BL21, show-
ing stringent control over the expression of protein [27].
In the present study, the expression of rGalE was also
visible in uninduced whole cell lysates, indicating leaky
expression of recombinant protein. To date, there is no
report of toxicity caused by GalE. Therefore, being na-
tive to the host cell, leaky expression would not hamper
the cellular metabolism and finally can result production

Copyright © 2011 SciRes.

of recombinant protein. The induction of protein expres-
sion at lower IPTG (0.4 mM) concentration than nor-
mally used (1 mM) for other recombinant proteins would
be cost effective for production of large amount of re-
combinant proteins. The induction of culture at 37°C
resulted in expression of rGalE both in the soluble and
insoluble fractions, at almost equal level. Strategies to
increase expression of soluble proteins include lowering
the temperature and IPTG concentration, leading to de-
crease in cellular metabolism, cell numbers, therefore
expression of recombinant proteins, which can be com-
pensated by inducing the cells at late log phase [32].
Thus, the expression of rGalE was tried at lower tem-
perature with induction at late log phase. The slowdown
of metabolism and protein production at low temperature
was compensated by increase in time of post induction of
culture which resulted in high level expression of soluble
rGalE (with induction at late log phase for 12 h at 25°C).

The biochemical properties of rGalE were compared
with 6xhis-rGalE to analyze the functional integrity of
recombinant protein. Although, the specific activity of
purified rGalE was calculated to be 66.5 U/mg, which is
slightly lower than that of 6xhis-rGalE (128.5 U/mg).
However, it was within the range of 0.012 - 210 U/mg,
reported for UDP-galactose 4-epimerase from a variety
of sources [33], which can be accounted for the number
of steps involved in purifications. The rGalE exhibited
slightly broader pH optima when compared to that re-
ported earlier for 6xhis-rGalE [27]. The broader pH op-
tima for rGalE are in line with the observed pH optima
for native GalE reported from other organisms [34,35].
Secondary structure prediction using Network Protein
Sequence Analysis tool [36] did not show any significant
difference in the secondary structures of the tagged or
un-tagged rGalE. However, the enzyme kinetics of rGalE
was diminutively weak when compared to that of 6xhis-
rGalE, with slightly higher K, and lower V... However,
the higher K of the rGalE (28.8 s") in comparison to
that of 6xhis-rGalE (12.9 s™') shows higher catalytic ac-
tivity and thus can in part, compensate for lower yields
(~15 mg/L) when compared with that of 6xhis-rGalE (90
mg/L) [27].

Thus, the present study describes the optimized pro-
tocol for purification of highly pure, enzymatically active
rGalE of Aeromonas hydrophila in large quantity for
further structural, functional and drug target studies.
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