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SUMMARY

A chromatographic method is described for the preparation of apo-cellular
retinol-binding protein (CRBP) and apo-cellular retinoic acid-binding protein
(CRABP) from their corresponding holoproteins. Elimination of retinoids from either
purified CRBP or CRABP holoprotein complex could be performed quantitatively by
DEAE-cellulose chromatography without any alteration in the inherent properties of
the native proteins. In contrast, the usual methods, involving UV irradiation or
acetone precipitation, resulted in some modification of these binding proteins. This
chromatographic method was also applicable to the preparation of apo-fatty
acid-binding protein (FABP) from FABP-palmitic acid holoprotein complex.

INTRODUCTION

In addition to circulating retinol-binding protein (so-called RBP)!, some
retinoid-binding proteins exist in tissues, including cellular retinol-binding protein
(CRBP) and cellular retinoic acid-binding protein (CRABP)?*. These binding
proteins are distributed in various organs with relatively high concentrations and play
a role in transporting their corresponding ligands to appropriate intracellular
locations?®. It has been presumed that interaction of retinoids with CRBP and CRABP
would be a prerequisite for the storage or metabolism of retinoids and for the
expression of retinoid action®*. For the correct understanding of such interactions, it
would be necessary first to obtain both apo- and holo-types of these retinoid-binding
proteins having their inherent properties.

The purification of specific binding proteins, including CRBP and CRABP, is
usually performed after occupying their binding sites with the corresponding ligands,
as these proteins are generally unstable when free from ligands. Accordingly, in order
to obtain their apoproteins, it is necessary to purify holoproteins and then to strip the
ligands from them. CRBP and CRABP apoproteins have previously been prepared
from their holo-types by acetone precipitation® and UV irradiation®® methods, but
there is little information about whether or not apoproteins prepared by these methods
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still maintain their own properties. In the acetone precipitation method, the proteins
may be denatured in acetone solution. And also in the UV irradiation of holoproteins,
some possible modifications of the proteins by decomposition products of retinoids
are suspected. We describe here a method for the preparation of apo-CRBP and
apo-CRABP from their corresponding holoproteins wihout their denaturation.
A comparison of this method with the previous method is reported.

EXPERIMENTAL

Materials

[11,12(m)-*H]Vitamin A, free alcohol (60 Ci/mmol), was purchased from
Amersham International and [11,12-*H(N)]retinoic acid (52.5 Ci/mmol) from New
England Nuclear. All-frans-retinol and all-trans-retinoic acid were obtained from
Sigma. DEAE-cellulose (DE 52) was purchased from Whatman.

Purification of CRBP, CRABP and FABP holoproteins

Purification of CRBP and CRABP holoproteins from rat testes cytosol was
carried out according to the method of Ong and Chytil”-®. During purification, CRBP
and CRABP were labelled with [*H]retinol and [*H]Jretinoic acid, respectively, instead
of non-radioactive retinoids. Purification of the fatty acid-binding protein (FABP)-
[*H]palmitic acid holoprotein complex was performed as described previously®. Each
purified holoprotein was shown to be apparently homogeneous as judged by sodium
dodecyl sulphate polyacrylamide gel electrophoresis.

Preparation of CRBP and CRABP apoproteins

CRBP and CRABP free from retinoids were prepared using three different
methods, as follows.

Chromatographic method using a DEAE-cellulose column. A 1-ml volume of the
purified holoprotein solution at a concentration of 6 g in 20 mAf Tris—HCI buffer
(pH 7.4) containing 10% glycerol (TG buffer) was applied to a DEAE-cellulose
column (2 x 0.5 em 1LD.) equilibrated with TG buffer. The column was washed
successively with 4 ml each of 10%, 20% and 50% cthanol in TG buffer, and then
washed with the opposite series of ethanol concentrations in TG buffer. After washing
further with 5 ml of TG buffer, the protein was eluted with 0.2 M sodium chloride in
TG buffer and then dialysed with 20 mA potassium phosphate buffer (pH 7.4)
containing 0.15 M sodium chloride (phosphate-buffered saline; PBS).

UV-irradiation method. UV irradiation was carried out as reported previ-
ously>*%, Each purified preparation of the holoproteins at a concentration of 6 M in
PBS was exposed to glass-filtered UV light (365 nm; intensity 0.5 gW/cm?; UV lamp,
Tokyo Kohgaku) below 4°C for over 12 h. Destruction of retinoids was assessed by
monitoring the disappearance of the intrinsic absorption at 350 nm and fluorescence
(excitation 350 nm, emission 480 nm) of these holoproteins®~?. The irradiated sample
was subjected to gel filtration on a Sephadex G-25 column (9.5 x [.5cm I.D.) in PBS
and the protein fractions were pooled.

Acetone precipitation method. This method was performed as reported by
MacDonald and Ong®. A 1-ml volume of the purified holoprotein solution at
aconcentration of 6 uM in PBS was added dropwise to 20 ml of acetone at —20°Cinan
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acetone—dry-ice bath. After stirring for 10 min, the precipitated protein was recovered
by centrifuging at 5000 rpm (3000 g) for 5 min. The supernatant was discarded and the
pellet was resuspended in 8 ml of acetone at —20°C. Following centrifugation, the
precipitate was carefully dried under a gentle stream of argon. The pellet was dissolved
in 1 ml of PBS and subjected to gel filtration on a Sephadex G-25 column as described
above.

The protein concentration in each preparation was determined by the method of
Lowry et al.*°.

Apparent binding activity of CRBP and CRABP

Each sample containing 100-150 nAf protein in PBS (l-ml volume) was
incubated with 300 nA of tritium-labelled retinoid ([*H]retinol or [*H]retinoic acid) at
4°C for 3 h in the dark. The sample mixture was then subjected to gel filtration as
described above. Radioactivity in the protein fraction was measured as the total
binding activity. To measure the non-specific binding activity, parallel incubations
were carried out in the presence of a 100-fold molar excess of the corresponding
non-radioactive retinoids. The specific binding activity was calculated by subtracting
the non-specific binding activity from the total binding activity.

Dissociation constant

Apoprotein solution was incubated with the corresponding tritium-labelled
retinoids at concentrations from 1 10”8 to | - 1075 M in the presence or absence of
a 100-fold molar excess of non-radioactive retinoids. After the incubation, each sample
was subjected to gel filtration (Sephadex G-25 column, 9.5 x 1.5cm [.D.) as described
above. Binding data were plotted according to Scatchard!’.

RESULTS

Purified CRBP—-[*H]retinol holoprotein complex adsorbed quantitatively on the
DEAE-cellulose column at pH 7.4. When the column was washed with increasing
concentrations of ethanol (10-50% in TG buffer), most of the applied radioactivity
was eluted (Fig. 1). As protein was not detected in this eluate, it was considered that
only retinol was released from the column. leaving the protein on the gel. After
washing off the ethanol with TG buffer, about 80% of the applied CRBP, which was
nearly free from retinol, could be recovered by eluting with 0.2 A sodium chloride in
TG buffer (Fig. 1 and Table I). Similarly, the preparation of apo-CRABP from the
CRABP-[*H]retinoic acid holoprotein complex was achieved in the same way with
over 80% yield as protein. Whether or not these apoproteins maintain their inherent
properties was analysed as described below.

The spectral properties were examined (Fig. 2). The original holo-CRBP
revealed a dominant absorption peak at 350 nm due to bound retinol. After the
DEAE-cellulose chromatography, the peak at 350 nm almost disappeared. This
absorption peak reappeared in holo-CRBP reconstituted by incubating the apoprotein
with retinol. The ratio of the absorbance at 350 nm to that at 280 nm (A350/4250) in the
reconstituted holo-CRBP (1.68) was higher than that in the original holo-CRBP
(1.62). The absorption spectrum of the reconstituted holo-CRABP was similar to that
of the original holoprotein, and the A4;350/455, values for the original and reconstituted
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Fig. 1. Preparation of apo-CRBP from CRBP—{*H]retinol holoprotein complex by DEAE-cellulose
chromatography. Purified preparation (1 ml) of the holoprotein (6 pA) was applied to a DEAE-cellulose
column (2 x 0.5 cm 1.D.) equilibrated with TG buffer. and the column was washed with 4 ml each of the
indicated concentrations of ethanol solution in TG buffer. After further washing with 5 ml of TG buffer,
elution was carried out with TG buffer containing 0.2 A/ sodium chloride. Eluates were examined for (O)
radioactivity and (@) protein concentration. Fractions eluted with 0.2 M sodium chloride were pooled (solid
bar) as the preparation of apo-CRBP.

holo-CRABP were 1.72 and 1.76, respectively. These results indicate that the
conformational changes of these binding proteins during the chromatography may be
negligible.

The binding characteristics of these apoproteins were next examined. The
binding activity of the apo-CR BP with retinol increased apparently up to 1.5 times that
of the original holo-CRBP (Table I). Such an increase in apparent binding activity was
also observed with the apo-CRABP obtained by the chromatographic method, and its

TABLE 1

COMPARISON OF METHODS FOR THE PREPARATION OF CRBP AND CRABP APOPRO-
TEINS

Method Apoprotein Radioactivity (dpm - 1074
Original After Reconstituted
holoprotein treatment® holoprotein®
DEAE-cellulose chromatography =~ CRBP 133.8 38 202.0 (151%)°
CRABP 68.3 2.1 90.4 (132%)
UV irradiation CRBP 1338 8.7 61.4 (46%)
CRABP 68.5 10.3 28.0 (41%)
Acetone precipitation CRBP 1338 1.8 22,7 (17%)
CRABP 68.5 .2 17.1 (25%)

% Radioactivity remaining after the treatment.

> Apparent binding activity as determined by incubation of each apoprotein with 300 nM of the
corresponding tritium-labelled retinoids as described under Experimental.

¢ Recovery of binding activity through the treatment expressed as a percentage of that of the original
holoprotein is given in parentheses.
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Fig. 2. Absorption spectra of CRBP. Bold line, original holo-CRBP; thin line, CRBP after the
chromatography; dotted line, reconstituted holo-CRBP. Each sample was subjected to gel filtration on
a Sephadex G-25 column and absorption spectra of the protein fractions were measured.

binding activity with retinoic acid was about 130% of the original value for
holo-CRABP (Table I). As mentioned above, with both CRBP and CRABP the
A3s0/A2s0 value of the original holoprotein was smaller than that of the reconstituted
holoprotein. Therefore, the increase in the apparent binding activity might be
attributed to both original holoproteins not being fully saturated by their corre-
sponding ligands. To assess the recovery of binding activity in the chromatographic
method more quantitatively, Scatchard analysis was then performed (Fig. 3).
Apo-CRBP obtained with our method showed a dissociation constant (K; = 1.6 -
10~° M) of the same order as that of apo-CRBP in rat testes cytosol (2.5 10~ ° M). The
total binding sites in the preparation after the chromatography were calculated by
extrapolation of the linear plot to be about 5 M. As the protein concentration of this
preparation was about 5 uM as CRBP, the results indicate that most of the protein was
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Fig. 3. Scatchard analysis of binding of retinol with CRBP. () Rat testes cytosol; (@) ape-CRBP obtained
by the chromatographic method.
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recovered as an active protein that displays a high affinity toward retinol. On the other
hand, binding of the apo-CRBP with [*H]retinol was interrupted by a 100-fold molar
excess of non-radioactive retinol, but not by retinoic acid (Fig. 4). Apo-CRABP
obtained by our method also retained its own binding affinity and specificity (data not
shown). In addition, the molecular parameters of both CRBP and CRABP (Stokes
radius 17 A, sedimentation coefficient 2.3S) were not changed after the chromato-
graphy. It was therefore concluded that either CRBP or CRABP apoprotein could be
prepared by the chromatographic method without the loss of their own characteristics.

In this chromatographic method, an increase in the ethanol concentration of the
washing buffer caused a decrease in binding activity. For example, the binding activity
of apo-CRBP prepared using 80% ethanol solution was 65% of that in the standard
method. Utilization of another organic solvent having a lower polarity, such as a 50%
solution of isopropanol or acetone, also resulted in some decrease in their binding
activities (data not shown). In contrast, ethylene glycol was shown to have the ability
to dissociate retinol from holo-CRBP. Apo-CRBP could be obtained quantitatively
with the chromatographic method by utilizing 50% ethylene glycol solution instead of
ethanol. However, elimination of retinoic acid from holo-CRABP by this solution was
hardly detectable. On the other hand, DEAE-cellulose could be used as an adsorbent
in this method instead of a hydroxyapatite gel. Both CRBP and CRABP adsorbed on
the gel, and retinoids were removed effectively with the ethanol-containing buffer in
the same manner. However, the recoveries of both proteins were very low (20-40% of
the applied protein).

Our chromatographic method was also applicable to the preparation of
apo-FABP from the FABP-[*H]palmitic acid holoprotein complex. As FABP has
a basic pZ (8.5), as reported previousiy'?, it was necessary to carry out the
DEAE-cellulose chromatography at pH 9.5. Elimination of the ligand and elution of
the resulting apo-FABP could be performed as described above. The binding activity
of apo-FABP thus obtained was about 90% of that of the original holoprotein. The
Stokes radius (16 A) and sedimentation coefficient (2.3S) did not change after the
chromatography.

The usual methods for the preparation of apo-CRBP, with either UV irradiation
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Fig. 4. Binding specificity of apo-CRBP prepared by the chromatographic method. Aliquots of the
apo-CRBP preparation were incubated with 300 nM of [*H]retinol with the addition of the indicated molar
excess of (@) retinol or (O) retinoic acid.
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or acetone precipitation, were compared with our chromatographic method. When
purified CRBP-[*H]retinol holoprotein complex was exposed to long-wavelength UV
light, the characteristic absorption peak at 350 nm decreased in size and had almost
completely disappeared after irradiation for over 12 h. However, a considerable
amount of radioactivity still remained in the protein fraction (12% of the original)
(Table I). The apparent binding activity of the protein with retinol was less than 50%
of that of the original holo-CRBP (Table I). Neither the radioactivity remaining in the
protein nor the binding activity was altered even when the irradiation was prolonged.
The remaining radioactivity could not be released by extraction with n-hexane. Some
decomposition products of retinol might bind covalently to the protein. Similarly, the
absorption at 350 nm of holo-CRABP disappeared on irradiation, and the treatment
was accompanied by loss of its binding activity with retinoic acid (Table I). Some
radioactivity (about 15% of the original) also remained in the preparation (Table I).

In contrast to the UV-irradiation method, the radioactivity of retinoids was
effectively removed from the holoproteins by acetone precipitation (Table I).
However, treatment with acetone caused a considerable decrease in their binding
activities (Table I). Apo-CRBP prepared by this method retained only 17% of the
binding activity of the original holo-CRBP, although nearly 80% of the protein was
recovered. This means that about 80% of the recovered protein was inactivated during
the treatment. When holo-CRBP reconstituted by relabelling the protein with
[*H]retinol was subjected to sucrose density gradient centrifugation analysis, most of
the radioactivity migrated to the bottom of the centrifuge tube (over 10S). The results
show clearly that CRBP was aggregated by treatment with acetone. Acetone
precipitation of CRABP also resulted in a marked decrease in its binding activity
(Table I) and in aggregation of the protein.

DISCUSSION

A chromatographic method utilizing a DEAE-cellulose column for the pre-
paration of CRBP and CRABP apoproteins was established. This method enabled
both apoproteins to be obtained quantitatively without any loss of their inherent
properties. The principle of this method is substantially similar to that of the acetone
precipitation method, ie., both methods are based on the fact that hydrophobic
ligands are easily released from binding with protein in an organic solvent. In the
utilization of these methods, protein denaturation should therefore be taken into
account. Indeed, acetone precipitation resulted in denaturation of CRBP and CRABP.
As in our method the proteins are bound to DEAE-cellulose and retinoids can be
eliminated by relatively low concentrations of ethanol (less than 50%), denaturation of
the proteins may be avoided. The similarity of the spectral properties of the
holoproteins prior to and after passage through a DEAE-cellulose column supports
the assumption that the conformational changes of the proteins may be kept to
a minimum in our method.

Retinoid-binding proteins free from retinoids have been prepared exclusively by
the UV-irradiation method, taking advantage of the photo-lability of retinoids® 1% We
tried to examine this method. The characteristic absorption peak at 350 nm of
holo-CRBP or holo-CRABP disappeared on UV irradiation, indicating degradation
of the retinoids. However, the binding activity had also decreased by about half after
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the irradiation. Ong and Chytil® reported that retinol bound to CRBP could be
destroyed by long-wavelength UV light (intensity 0.5 gW;cm?) for 10-15 h without
detectable damage to the protein. Their irradiation conditions were almost the same as
those in this work. In contrast, MacDonald and Ong® treated CRBP and CRBP 11
holoproteins with UV light for only 25 min to obtain the corresponding apo-proteins®,
The reduction in binding activity in our experiment may be related to the prolonged
time of UV irradiation. However, the fact that considerable amounts of radioactivity
were bound covalently to the proteins after the irradiation would be meaningful for
assessing this method. In any case, the UV-irradiation method is suitable only for
removing photo-labile ligands.

On examination of the washing buffer conditions in our chromatographic
method, a unique phenomenon was observed. Elimination of retinol from holo-CRBP
could also be achieved with 50% ethylene glycol solution, extended to retinoic acid was
not dissociated from holo-CRABP under these conditions. Although the mechanism
of this specific effect of ethylene glycol remains unclear, it may be possible that
ethylene glycol specifically affects the interaction between CRBP and retinol. On the
other hand, we adopted DEAE-cellulose as the adsorbent of the retinoid-binding
proteins, but another adsorbent such as CM-cellulose or hydroxyapatite could be
employed, depending on the characteristics of the desired protein. For instance, both
CRBP and CRABP were adsorbed quantitatively on a hydroxyapatite gel and removal
of the retinoids could be carried out effectively by washing the gel with an
ethanol-containing buffer, although the proteins could not be eluted in good yields.

Recently, Gordon and co-workers?* '® reported a comparison of the tertiary
structures of FABP and CRBP II by X-ray diffraction. To obtain FABP and CRBP 11
apoproteins without denaturation, they expressed these apoproteins genetically in
Escherichia coli and purified them from cell lysate. Our chromatographic method was
shown to be applicable to the preparation of apo-FABP from the FABP-palmitic acid
holoprotein complex by DEAE-cellulose chromatography at pH 9.5%!2, Similarly,
apo-CRBP II may be obtained by the chromatographic method. Hence it can be
expected that our chromatographic method will be widely applicable to the
preparation of various apoproteins inciuding other retinoid-binding proteins and also
steroid hormone receptors if appropriate chromatographic conditions are chosen.
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