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1. Introduction

Evidence in support of the view that tryptophan-
rich prealbumin [1] may serve as the specific trans-
port protein for retinol in human plasma has previous-
ly been reported by Alvsaker, Haugli and Laland [2].
Since thyroxine is transported partly by this protein
[3], thyroxine and retinol would then share the same
transport protein. In order to investigate this further,
the retinol-containing protein in human plasma was
re-examined.

The results obtained show that retinol in human
plasma is not linked to tryptophan-rich prealbumin as
previously suggested [2] but to an immunologicaily
related protein with an Syq , value of 1.85 (ultracen-
trifugation) as compared to 4.6 of tryptophan-rich
prealbumin. In disc electrophoresis the retinol-binding
protein was localized to the alpha; globulin position.
In vitro experiments further revealed that it did not
bind thyroxine in contrast to tryptophan-rich pre-
albumin.

2. Materials and methods

2.1. Sera

Blood from a healthy male, aged 25, was used.
Serum was obtained as previously described [2].
Horse immune serum against human serum was pur-
chased from the Centraal Laboratorium van de Bloed-
transfusiedienst van het Nederlandsche Roode Kruis,
Amsterdam, The Netherlands. Rabbit immune serum
against human tryptophan-rich prealbumin was ob-
tained from Behringwerke A.G., Marburg-Lahn, Ger-
many.
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2.2. Gel columns

Sephadex G-50 (course grade) and DEAE Sephadex
A-50 were purchased from A/B Pharmacia, Uppsala,
Sweden.

2.3. Tryptophan-rich prealbumin

Material isolated by the method of Schultze et al.
[1] was kindly supplied by Dr. Schwick of Behring-
werke A.G., Germany.

2.4. Radioactive material

[1311}-1-thyroxine (11 600 mC/mmole) was pur-
chased from Institute for Atomic Energy, Kjeller,
Norway.

2.5. Electrophoresis

Paper electrophoresis was carried out on Whatman
No. 3 MM paper (4 cm X 40 ¢cm) in 0.2 M glycine-
0.13 M sodium acetate buffer pH 8.6 in the apparatus
of LKB Produkter A.B., Stockholm, Sweden. A volt-
age of 3 V/cm was applied for 18 hr at 4°C. Immuno-
electrophoresis was carried out as previously described
{2]. Analytical disc electrophoresis was carried out at
a running pH of 9.3 in the discontinuous buffer sys-
tem described by Ornstein and Davis {4]. The tem-
perature-regulated equipment of Buchler Instruments,
Inc., New Jersey, USA, was employed. Unstained pro-
tein zones in the polyacrylamide gel were cut out and
transferred to 1% (w/v) of Difco Special Agar Noble
in sodium barbitalbuffer (pH 8.6, = 0.05) or physio-
logical saline solution (0.9% w/v sodium chloride in
distilled water) for immuno-electrophoresis and im-
munodiffusion, respectively.
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2.6. Immunodiffusion
This was carried out as previously described [2].

2.7. Measurement of radioactivity

The strin counter eaninment of Frieseke and
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Hoepfner, Erlangen-Bruck, Germany, was used for
the recording of [!311}-L-thyroxine on paper strips.

2.8. Fluorescence measurements
These were carried out as described in detail in a
previous report [2].

2.9. Extraction and identification of retinol
Extraction of retinol was performed by ethanol/

cyclohexane as described by Kahan [5]. The identifi-

cation of retinol was obtained by the Carr-Price test

and anhydrovitamin A test as previously described [2].

Retinol was also identified by thin-layer chromato-

oranhv on silica oel with cvclohexane/ethvlether
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(80:20) as the solvent. All-trans vitamin A alcohol
prepared from the acetate (Hoffman-La Roche & Co.,
Basel, Switzerland) was used as reference substance.

2.10. Ulitracentrifugation
The sedimentation coefficient (S,q W) was meas-

ured ugine a Sninco model E nnalvhnal nltracantrifuca
ured using a Spinco 1w 10CGe: & anatytical uitraceniniuge

with an AN-D rotor. Centrifugation was conducted at
3.3°C at 60 000 rpm on a solution of the protein (op-
tical density 0.58 at 280 mu) in 0.005 M phosphate
buffer, pH 7.35, containing 0.5% NaCl and photo-
graphs were taken with absorption optics at 280 my.
We are indebted to Dr. T.Christensen of this depart-

mant for carrvine ant the analueis
ment Ior Carrying Cut Ul ana:ysis.

3. Results and discussion

Serum (100 ml) was gel-filtered on a Sephadex
G-50 (course grade) column (5.5 X 5 cm) equilibrated
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macromolecular fraction was transferred to a DEAE-
Sephadex A-50 column (3 X 9.5 cm) equilibrated
with the same buffer. The column was washed with
this buffer containing 0.15 M sodium chloride until
no more protein appeared. The column was then elut-
ed with the buffer containing 0.25 M NaCl. This

hrouoht out escentiallyv all the oraen flugrecnent nro-
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tein in serum. This fraction which is designated frac-
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tion II gave an excitation maximum of 330 mu and a
fluorescence maximum of 470 myu in accordance with
the data for retinol reported by Duggan et al. [6].
Carr-Price and anhydrovitamin A tests were positive
with this material.

When protein fraction II was studied by immuno-
electrophoresis, a distinct precipitation arc corre-
sponding to tryptophan-rich prealbumin was found.
Fraction II was subjected to paper electrophoresis at
pH 8.6 followed by inspection of the dried paper
strips in the ultraviolet light. No significant fluores-
cence could be detected corresnonding to the position
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for tryptophan-rich prealbumin whereas a dlstmct
slower moving green fluorescent zone was found. By
adding tracer amounts of [1311}-L-thyroxine (0.004 ug
thyroxine in 5 ul 50% (w/v) propylen glycol) to the
protein fraction 11 (50 i 5% (w/v) protein fraction Ii)
prior to paper electrophoresis radioactivity was recov-
ered in the tryptophan-rich prealbumin position where.
as no significant amounts of radioactivity could be
recorded in the fluorescent zone. In the control run
thyroxine did not move towards the anode. The tryp-
tophan-rich prealbumin zone obtained after paper elec-
trophoresis was efuted from the paper strips and in-
vestigated by analytical disc electrophoresis. Only one

protein band could be detected. This band occupied
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the same position as reference tryptophan-rich pre-
albumin. Hence the tryptophan-rich prealbumin binds
thyroxine whereas the fluorescent protein fraction
does not.

When the fluorescent zone obtained after paper
electrophoresis was eluted and subsequently examined

hy analvtical diee slactranharacic threa different nro-
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tein bands were detected. The slowest moving band
localized in the alpha, globulin position exhibited a
distinct green fluorescence. In addition there was a
weak band corresponding to tryptophan-rich pre-
albumin and an even fainter band corresponding to
albumin. The fluorescent band was eluted from the

nalvasruylamida oal and aiithiantad +4 ranaatad diee
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electrophoresis. Only one protein band was then ob-
tained. The fluorescent protein and the tryptophan-
rich prealbumin were purified once in disc electro-
phoresis. The purity of the fluorescent protein and
the tryptophan-rich preaibumin obtained is seen from
fig. 1. For comparison, the result of disc electro-
nhoresis of serum is recorded in fie. 1. In this run the
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greenish fluorescent protein was only just visible. The
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Fig. 1. Analytical disc electrophoresis (anode at the bottom).
(A) Serum. (B) Purified retinol carrying protein.
(C) Purified tryptophan-rich prealbumin.

tryptophan-rich prealbumin and the fluorescent pro-
tein were studied by immunodiffusion. Both proteins
reacted with specific antiserum against try ptophan-
rich prealbumin whereas no precipitation occurred
when horse antiserum against human serum was used.
Together with reference tryptophan-rich prealbumin
these two proteins in immunodiffusion formed a pre-
cipitation of complete identity. The fluorescent pro-
tein had excitation and fluorescent maxima corre-
sponding to those of retinol [6]. Retinol was extract-
ed from the protein and studied by thin-layer chroma-
tography. The R value of the spot obtained corre-
sponded to that of reference retinol and gave a posi-
tive Carr-Price test. Ultracentrifugation of the trypto-
phan-rich prealbumin isolated in the present work
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gave a Sy, value of 4.6 as previously reported for
this protein [3] whereas the corresponding value for
the retinol-carrying protein was 1.85.

From these observations it is concluded that reti-
nol in human plasma is not linked directly to trypto-
phan-rich prealbumin as previously suggested [2] but
to a protein with lower molecular weight which seems
to be immunologically related to tryptophan-rich
prealbumin. This protein is localized in the alpha;
globuline position in analytical disc electrophoresis.

When this work was completed, Kanai, Raz and
Goodman [7] reported observations indicating that
retinol in human plasma is transported linked to an
alpha, globulin of lower molecular weight which
forms an aggregate with tryptophan-rich prealbumin.
No data concerning thyroxine-binding properties are
reported by these authors. Other data presented, how-
ever, strongly indicate that this alpha, globulin may
be identical to the retinol-binding protein isolated in
the present work. One discrepancy remains to be
elucidated. In contrast to our findings, Kanai et al.
[7] found no immunological relationship between
tryptophan-rich prealbumin and their retinol-binding
alpha, globulin.
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