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ABSTRACT: t;..Qystallln is a major protein In the lens of certain mammals. It has been characterized as a
novel NADPH:quinone oxidoreductase, showing Hmlted quinone substrate specificity. Here we report fa- 1he
first time, purification of this protein from camel liver by a sequential procedure of batch adsorption
chromatography using CM-Sephadex C-50, affinity chromatography on Blue Sepharose CL-6B and 2', 5'
ADP-Sepharose 4B columns. The pure material was isolated in a yield of 2.5% and purification fold of 253
over homogenate, with specific activity of 22 unitslmg protein. Kinetic and physical properties of this protein
have been found to be similar with those of camel lens c,-aystallin.

INTRODUCTION

Crystallins are structural protelns that are
abundant In the cytoplasm of the lens flber cells.
They are responsible for lens transparency (1).
There are two major classes, the ubiquitous
crystallins (a. and ~Iy) present in all vertebrates
and the taxon-specific enzyme crystaltins, which
occur in phylogenetically restricted groups (2).
The enzyme-crystallins are either identical or
related to some metabolic enzymes. t,-crystallin is
one of the taxon-specific proteins that was first
reported as a novel 35-kDa crystallin of the
guinea pig (3). It constitutes about 10% of the
soluble lens proteins of guinea pig and camel (3,
4). Complete amino acid sequence of c,-aystallin
deduced from cDNA of guinea pig showed that t,-
crystallin is distantly related to alcohol
dehydrogenases although It lacks alcohol
dehydrogenase activity and the zinc binding site
(5). 1;-crystallinhas been shown to bind NADPH
specifically and to possess a reductase rather
-than dehydrogenase activity (6, 7). It was
demonstrated that c,-crystallin Is a novel
NAOPH:quinone oxidoreductase with substrate
preference fa- orihoqulnones (8, 9). A mutation in
the gene for 1;-crystallinhas been associated with
autosomal dominant cataract in guinea pigs (10).
The mutant protein lacks both catalytic activity
and the ability to bind NADPH (11).
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It is of Interest that c;-aystallin has the abiNty
to reduce xenobiotic compounds such as
quinones, which are toxic to the ceR (8), and Is
present in catalytic quantities in other tissues,
especially liver and kidney from a variety of
species (10). I;-crystanin from camel lens was
purified and characterized (12). We have purified
this enzyme from camel liver for the first time and
found that its catalytic and physicochemical
properties are similar to those of tl"i<; !er:s 1;-
crystallin.

MATERIALS AND METHODS

Materials
CM-Sephadex C-50, Blue Sepharose CL-6B,

2',5' ADP-Sepharose CL 4B were purchased from
Pharmacia LKB Biotechnology, Upsala Sweden.
NAOPH, 9,10-phenanthreneqlinone and
leupeptin were purchased from Sigma Chemical
Company (St. Louis MO.) USA 2,6-
dichlorophenolindophenol, 1,2-Naphthoq.Jlnone
and 1,4-Benzoquinone were purchased from
Fluka AG, Buchs SG Switzenand. Menadione was
from SOH Chemicals Poole England. All other
chemicals used were general grade reagents.

Methods
EnzymaUc assays

The purification was monitored by assays of
enzymatic activity, which relied upon the oxidation
of NADPH by 9, 10-phenanthrenequinone at
340nm acca-ding to the method of Rao et 8/ (8).
The standard assay system contained in a final
volume of 1mI, 0.1M Tris-HCl buffer", pH 7.8,
0.2mM Na2EDTA, O.1mM NADPH and 25p.M
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9,10-phenanthrenequlnone and O.5J.lQof enzyme.
Reactions were initiated by the addition of
enzyme and the decrease In absorbance at
340nm was monitored with a Peri<ln Elmer
Lambda 3B spectrophotometer at 22°C. Blanks
lacking either substrate or enzyme were run
routinely.

Possayswith other quinone substrates were
carried out under similar conditions. All qulnones
were dissolved In absolute ethanol, which was
present at a concentration of 1% In al\ final
reaction mixtures. A molar absorption coefficient
of 6220M"cm-' for NADPH was used for the
determination of enzyme activity. Assays with 2,6-
dichlorophenolindophenol were monitored by a
decrease in absorbance at 600nm; molar
absorption coefficient of 21 x 1O.3M-'cm-' was
used to calculate the enzyme activity. One unit
enzyme activity was defined as the oxidation of
1~01e of NADPH per minute per mg protein
under the specified assay condition.

Protein detenninatbn
Determination of protein concentration was

made by applying the equation (mghnl) = 1.55 x
A2BO-O.76 x A260 to measurements of
abscrtJances at 2BO and 260nm (13).

E/ec troph ores is
SDS-PAGE was performed according to

Laemmli (14) in vertical slab gel apparatus using
15% separating gel, with 0.3% cross-tinking, 5.5%
staCking gel. The molecular weight of the enzyme
was determined from a calibration curve
constructed by using the following markers:
phosphorylase b (94 kDa), trypsin inhibitor (20.1
kOa). ovajburnin (43 kDa), carbonic anhydrase
(30 kOa), bovine serum albumin (67 kDa) and
ribonuclease (14.4 kDa). The gels were stained
with Coomasie Blue R-250.

tsoeectrc focusing (IEF)
IEF was perfooned on a 7% acrylamide gel

(8 x Bcm) containing 100hl glycerol and an
ampholine of pH 3.5-10. 1M phosphOOcacid was
used at the anode and 1M NaOH was used at the
cathode end as described earlier (15). The gel
was focused at constant fNV for one hour. The pH
gradient was determined by cutting one square
cm pieces and immersing into 2.5ml of distilled
water and after vigorously vortexed, the pH was
determined using pH meter (Metler, Delta 340).

PurificaUon of ~-<;rystallin:quinone reductase
Step 1 Homogenizatbn: Camel liver from a

freshly killed animal was obtained from local
abattoir and transported on ice bath to the
laboratory. The tissue was cleaned of fat, blood
vessels and connective tissue. It was then
chopped into small pieces, washed with 20mM
sodium phosphate buffer (pH 6.5) containing 1mM
Na2EOTA. and dried with fifler paper. The washed
tissue was minced using a meat grinder. The
minced liver (3OOg)was homogenized In 1.5L of
same buffer containing 0.25mM leupeptin using a
Warring Blender fOf 2mln. at low speed and 1min.
at high speed. The homogenate was centrifuged

'-,

at 4°C for 30 min at 15,000 x g. The supernatant
was filtered through a musfin cloth and
centrifuged again as above. The resultant
supernatant was subjected to the next step.

Step 2 (Batch adsorption chromatog/aphy):
The supernatant fraction from step one was
added slowly with gentle stirring to CM-Sephadex
C-50 resin (500m1)that had been fully e<Plbrated
with 20mM sodium phosphate buffer pH 6.5,
containing 1mM Na2EDTA. The resin was
contained in slntered gfass funnel attached to a
Buchner flask. After a gentle stirring for 1 hour,
the unbound proteins were removed from the
damp cake of the resin by suction at a vacuum
pump. The resin was washed with the
equillbration buffer (4L) until the absorbance at
280nm of the filtrate was less than 0.05. The
sintered glass funnel and its contents were
transferred to another Buctner flask. The
adscrtJed material was then removed by ~duaJ
washing with 300m! of 20rnM sodium phosphate
buffer pH 6.5, containlng 1mM Na2EDTA and 1M
NaCI and dialysis against 20mM Tlis-HCI buffer
pH 7.B, containing 1mM Na2EDTA, using an
Amicon ultrafIltration cen frtted wi1h a OIa110PM 5
membrane.

Step 3 (Blue Sepherose affinity
chromatog/aphy): The dialyzed extract was
centrifuged at 27,000 x g for 15 min. at 4°C and
the clear supernatant was divided Into 4 aliquots
and each aliquot was further ptsified by affinity
chromatography. In a typical run, 3Om1(466.2mg)
of the sample was loaded onto a column (1.6 x 12
em) of Blue Sepharose CL-65 wt\4ch had been
equilibrated with 20mM Tris--HCI buffer pH 7.8
containing 1mM Na2EDTA and 0.05M NaC\. 2.5m1
fractions were collected every 15mln. at a flow
rate of 10mVh.The column was washed with 10
bed volumes of equilibration buffer. The adsorbed
proteins were eluted by application of a Unear
gradient composed of 100ml of equinbration buffer
as starting buffer and 100ml of 20mM Tris--HCI,
pH 7.B, 1mM Na2EDTA and 1M NaC! as firishing
buffer. Fractions were collected every 15 min_at a
flow rate of 10mVh.The elution profile obtained Is
shown in Figure 1. Fractions (12-30) with Hghest
C,-<:f)'StalHnactivity were pooled together and
concentrated by ultrafiltration in an Amlcon ceft
fitted 'Nith a PM 5 membrane. The concentrated
sample was dialyzed against 20mM Tris-HCI, pH
7.8 containing 1mM Na2EDTA and further
concentrated.

Step 4 (2', 5'ADP-Sepahrose CL 4B AfTinity
chromatography): The dialyzed sample was
applied to a column (1.6 x 5cm) of 2', 5'ADP-
Sepaharose 4B that had been equi~brated with
20mM Tris-HCI buffer pH 7.B, containing 1mM
Na2EOTA. 2.5m1fractions were collected fINery
15min. at a flow rate of 10milh. The column was
washed with 10 bed volumes of the equlfibration
buffer. The adscrtJed proteins were eluted by
application of a Dnear gradient composed of
100m! of equilibration buffer as starting buffer and
100ml of 20mM Tris-HCI, pH 7.8, 1mM Na2EDTA
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and 1M NaCI as finishing buffer. Fractions were
collected every 15 min. at a flow rate of 1Omllh.
The elution profile obtained Is shown In Figure 2.
Fractions 7 and 8 had l;-oystalUn activity of
21.0unlts/mg protein, these were pooled together,
dialyzed and concentrated by ultrafiltration in an
Amicon cell fitted with a PM 5 membrane. The
sample was kept at -20°C in smaN a~quots until
required.

RESULTS AND DISCUSSION

The main objective of this study was the
purification and characterization of l;-
crystallin/quinone reductase from camel liver and
to find out how it compares with lens l;-<:rystaUin.
Using a three-step procedure (Ion exchange, Blue
Sepharose affinity and 2', 5'AOP-Sepharose CL
4B affinity Chromatographies), camel liver c;-
crystallin was purified in a yield of 2.5% and
purification fold of 253. The pure material had
quinone reductase activity of 22.0units/mg
protein. A summary of the purification results is
shown in Table 1, while Figures 1 and 2 illustrate
the elution profiles obtained from Blue Sepharose
CL-6B and 2', 5'AOP-Sepharose CL 48 affinity
chromatography respectively.

Two regions of quinone reductase activity
were present in the Blue Sepharose affinity
chromatography profile (Figure 1), the first in
fractions !>-11and the second in fractions 12-30.
Fractions in the second peak had higher
quinone.reductase ncth.ity ,;.~th also higher protein
recovery. These were pooled together, dialyzed
against 20mM Tris-HCI, pH 7.8, 1mM Na2EOTA
and concentrated by ultrafiltration in an Amicon
cell fitted with a PM 5 membrane. The final step of
the purification utilizing 2' ,5'-AOP-Sepharose CL
4B affinity column chromatography, produced an
apparently homogenous material with very high
oxidoreductase activity. The purified material
migrated as a single band on native slab gel
comparable to camel lens C,-aystalHn (Figure 3).
Under reducing condition the enzyme migrated as
single band of 35 kOa, and a faint band of 65 kDa,

which could be a contaminating albumin. Attempts
to remove the contaminant were not successful
(Figure 4). This molecular weight Is comparable to
that of guinea pig liver (16) and lens l;-oystalUn
(3) as well as C,-aystallln from camel lens (12).
Gel flttration of the protein on Sepharose CL-6B
gave a single peak with molecular mass of
approximately 140 kOa (data not shO'M1). Ttos
the purified l;-crystaIHn seemed to be a homo-
tetramer enzyme, an observation consistent with
other reports (12, 16). The fsoelectric point of
native c,-crystaDin was found to be B.O, this was
determined using a non-denatortnp system on an
aay1amide slab gel. Camel lens l;-aystallin was
reponed to have a pi of 7.6 (12), therefore the
lens.enzyme appears to be slightly more addic.

The low yield from the purification reported In
Table 1 is however an underestimation. This Is
because the assay for quInone reductase activity
is non-selective, meaning that the total activity
reported fcr the homogenate (Initial Rver extract)
represented activity from several different
enzymes that can use s.to-pnenamrrenequnone
as a substrate. Thus, when the relative amount of
c,-aystaUin was separated from the other quinone
reductases, the apparent yield was low. Similar
low yield was reported for puriftcation 0( l;-
crystalUn from guinea pig liver 16. However, the
specnlc activity of the purified camel Iver enzyme
is about 3.5 and 2.5 times higher than that of
purified c;-aystallin from guinea pig liver and /ens
respectively, and about 3 units lower than that of
camel lens. The differeree between the valles of
specific activity of the lens and Uver c,-ays1aRin
may result from inactivation caused by additional
steps required fcr purification of the iiver enzyme
or an inherent low activity of the Mver enzyme.
Similar differeree was observed for the enzyme
from guinea pig lens and tiver (16). A yield of
53.1% was obtained when t;-aystallin was
purified from camel \ens (12), Initial attempt (data
not shown) to purify the river enzyme using
purification protocol of the lens enzyme produced
an impure material with specific activity of
10units/mg protein. This required a change of
protocot with additional steps.

Table 1. Summary of results for purification of camel liver l;~rystallin

Step Protein Total Sp. Activity Total activity Purification %
(mg/ml) Protein (}lmoles/minl (}lmoleslmln) fold YIetd

(mg) mg protein)

Extraction (Homogenate) 14.2B 19278.00 0.OB7 1677.2 1.0 100
IEC (CM-Sephadex C-50) 15.54 1927.00 0.37 713.0 4.0 42.5
AC (Slue SepharoseCL-6S) 1.34 105.20 5.00 526.0 57.0 31.4
AC (2',5'-ADP-Sepharose 0.21 1.94 22.00 42.7 253.0 2.5
CL-4B)

IEC2 Ionexchangechromatography
AC "' Affinitychromatography
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Table 2. Kinetic constants of NADPH:quinone oxidoreductase activity of camel liver l;-crystallIn

Substrate Km Vmax VmaxlKm
(PM) (unltslmg) (unitslmg/p.M)

9, 1O-phenanthrenequinone 13.3 32.7 2.50
NADPHa 18.2 28.1 1.54
1,2-naphthoqulnone 3.4 10.6 3.12
1,4-benzoquinone 54.1 2.4 0.04
2,6-dichlorophenollndophenolb 18.2 1.6 0.09

,= Vwith9,1O-phenanthrenequlnone as the second substrate
b = activity was determined by fonowing DCIP reduction at 600nm.

The purified liver l;-cry.;taIUn was
enzymatically active as a Quinone reductase. The
activity was dependent on NADPH. The enzyme
also reduced 9,10-phenanthrenequinone, 1,2-
naphthoquinone, 1A-benzoquinone and 2,6-
dichlorophenoleindophenol. To determine the
substrate specificity of t,-crystallin, various
quinones were analyzed at the same enzyme
concentration. Table 2 shows the kinetic
constants of the NADPH:quinone oxidoreductase
activity of the liver I;-aystallin. These values are
very similar to those reported for camel lens t,-
crystallin (17). The ratio of VmaxlKm was taken
as an indicator of catalytic effICiency.
Orthoquinones were found to be the best
substrates among the quinones tested, 'Hittl 1,2-
naphthoquinone as the most active. However,
9,10-phenanthrenequinone was the substrate of
choice since the background NADPH oxidation
was very low. The enzymatic activity fonowed
Michaelis-Menten kinetics, the Km with 9,10-
phenanthrenequinone being 13.3M, a value
slightly lower than that of camel lens t,-crystaIHn
(17.0M). As was the case with lens l;-ays1a IIIn,
ttle liver enzyme did not reduce menadione. Over
80% of the enzymatic activity was also inhibited
by 0.2mM of both N~ettlylmaleimide and
dicumarol. Similar results 'Here reported for both
guinea pig liver t,-crystallin (16) and camel lens
t,-aystallin (17). All kJnetic characteristics and the
substrate specificity of the liver enzyme were
essentially similar to those of lens t,-crystallin.

The function of t;-aystallin and the nature of
its active site are yet to be fully estabUshed.
However, since t;-aystallin possesses the ability
to reduce certain quinones and is present in small
amounts in tissues like liver and kidney, It can be
suggested that this enzyme plays a very important
role in cellular metabolism.

In conclusion, we report the purification of 1;-
crystallin from camel liver fC( the first time and
demonstrate that it Is physically and catalytically
similar to the lens t,-crystallin.
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Figure 1:- Elution profile of carr.elliver
zeta-<:rystallin from batch adsorption
chromatography. The fraction was
dialized with 20 mM TrislHCI buffer pH
7.8 and applied to 8lue-Sepharose CL
48 column (1.8 x 1~.0em), fractions
were collected at a flow rate of 10 mVl1
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Figure 3: Native polyacrylamide gel electrophoresis of camel liver C,-cryst.a.lhn.Lane
1 camel lens t;-clysta1lin, lane 2 camel liver t;-crystallin.

Figure 4: SDS- polyacrylamide gel electrophoresis pattern of camel liver and lens s· <, "

crystallin. Lane Llens t;-crystallin, lane 2 liver t;-crystallin, lane 3 standard mo1eeular
mass markers [from top to bottom: phosphorylase b (94 kDa), bovine serum albumin
(67 kDa), ovalbumin (43 kDa), carbonic anhydrase (30 kDa), trypsin inhibitor (20.1
kDa) and ribonuclease (14.4 kDa)], lane 4 Blue Sepharose fraction, lane 5 batch
adsorption fraction and lane 6 liver homogenate.
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