J. Biosci., Vol. 13, Number 2, June 1988, pp. 159–169. © Printed in India.

Isolation, purification and partial characterisation of prealbumin from
cerebrospinal fluid§
M. V. BIMANPALLI and P. S. GHASWALA* †
Department of Biochemistry, Grant Medical College, Bombay 400 008, India
*Present address: Sir Hurkisondas Nurrotumdas Medical Research Society,
Rammohan Roy Road, Bombay 400 004, India

Raja

MS received 17 September 1987; revised 30 January 1988
Abstract. Prealbumin from human cerebrospinal fluid was purified using a combination of
ammonium sulphate precipitation, phenol precipitation, Polyacrylamide disc gel
electrophoresis and gel filtration on Sephadex G-100. The homogeneity of the purified
protein was established by Polyacrylamide gel electrophoresis and Immunoelectrophoresis.
On the basis of its molecular weight (55,000), amino acid composition, electrophoretic
mobility and immunological cross-reactivity, the prealbumin from cerebrospinal fluid
showed complete identity with serum prealbumin. The cerebrospinal fluid prealbumin levels
in various neurological disorders may have a diagnostic significance.
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Introduction
Prealbumin is a plasma protein with electrophoretic mobility greater than that of
serum prealbumin. A lot of information on the structure and physicochemical
properties of human serum prealbumin is available (Goodman, 1974; Kanda
et al., 1974). Prealbumin plays an important role in the plasma transport of
vitamin A and thyroid hormones. Navab et al. (1977) suggested that the role of
prealbumin in vitamin A transport in rats appears to be comparable to its role in
humans. Although prealbumin appears to be the major transport protein in rats
(Davis et al., 1970), it plays a secondary role in humans since thyroid binding
globulin is the major transport protein for thyroid hormones (Smith et al., 1983).
The literature available on the nature and molecular form of prealbumin from
human cerebrospinal fluid (CSF) is contradictory. Schultz and Heremans (1966)
reported that the prealbumin fraction of CSF is quantitatively very important. The
protein has been identified and shown to be similar to prealbumin from serum
(Schultz et al., 1956). On the other hand, Laurell (1972) reported partial immuno
logical identity between serum and CSF prealbumins while Stibler (1978) reported
that CSF prealbumin has a lower isoelectric pH than the serum protein. A slightly
higher electrophoretic mobility of CSF prealbumin compared to that of serum
prealbumin was noted by Jeppsson et al. (1979). It was postulated that the bulk of
CSF proteins is derived from the plasma by a process of molecular sieving. This
concept has been verified more directly with the aid of [131I]-labelled albumin and
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γ-G-immuno-globulin (Frick and Scheid-Seydel, 1958a, b), injected by the
intravenous route. Despite the abundance of information on fractional studies of
spinal fluid in neurological disorders (Hordynsky, 1972; Kamath et al., 1974; Phadke
et al., 1975; Sundervalli et al., 1979), only a few useful clinical correlations have been
drawn for CSF prealbumin and a great deal still needs to be appreciated. Apart from
the absence of CSF prealbumin in lumbar fluid in cases of complete block in the
spinal cord (Hill et al., 1959) and tubercular meningitis (Sridhara Ramarao, 1965)
little is known about its involvement in pathology.
In order to evaluate the diagnostic value of CSF prealbumin, a detailed and
systematic study was initially undertaken to clarify the relationship between serum
and CSF prealbumin and thereafter to accurately estimate CSF prealbumin levels in
various neurological disorders using simple routine methods such as single radial
immunodiffusion.
Materials and methods
Materials
The materials used in the study were procured from the following sources: acrylamide
from BDH Chemicals, Poole, UK; Blue dextran and molecular weight Mr markers
such as bovine serum albumin (BSA), egg albumin, myoglobin and cytochrome c
were from Sigma Chemical Co., St. Louis, Missouri, USA; liver albumin from
Nutritional Biochemical Corp., Ohio, USA; Noble agar and Freund's complete
adjuvant from Difco Laboratories, Detroit, Michigan, USA; β-mercaptoethanol
from E. Merck, Darmstadt, West Germany; Sephadex G-100 from Pharmacia Fine
Chemicals, Piscataway, New Jersey, USA. All other chemicals used were of analytical
grade unless stated otherwise.
Purification
Samples of CSF which were referred for routine investigations were collected by
lumbar puncture without any blood contamination and stored at –20°C until use.
Prealbumin was purified using 4 simple steps viz. ammonium sulphate saturation,
phenol precipitation, Polyacrylamide disc gel electrophoresis (PAGE) and gel
filtration on a column of Sephadex G-100 as shown in figure 1. Protein was
determined using the method of Lowry et al. (1951).
The purity of prealbumin was double-checked by PAGE (Davis and Ornstein,
1964) and Immunoelectrophoresis (Kelkar and Khare, 1984) using rabbit anti-human
prealbumin, and anti-prealbumin from Behringwerke-Hoechst India Limited,
Bombay.
Preparation of antiserum
A rabbit weighing approximately 2 kg was bled before immunisation and the serum
was used as control serum. The purified prealbumin solution (1·5 mg/ml) was
emulsified with an equal volume of Freund's complete adjuvant. The rabbit was

Prealbumin from CSF

161

Figure 1. Procedure for purification of human CSF prealbumin.

given intra-cutaneous and intra muscular injections of the antigen at multiple sites as
described by Muto and Goodman (1969). Four weeks later a booster injection was
given and at one week thereafter, blood was collected from the ear veins. Double
immunodiffusion was carried out by the method of Ouchterlony (1962) and
Ouchterlony and Nilsson (1973). Two weeks later one more booster injection was
given to increase the titre of the antiserum. Antiserum thus obtained was stored at
– 20°C with 0·2% sodium azide as preservative and thereafter used for quantification
and immunochemical characterisation of prealbumin in CSF.
Mr determination
The Mr of prealbumin from GSF was estimated by sodium dodecyl sulphate (SDS)PAGE (Weber and Osborn, 1969) and by gel filtration on a standardised column of
Sephadex G-100 (Whitaker, 1963).
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A sample of prealbumin from CSF was treated with 5 Μ urea, β-mercaptoethanol
and SDS each at 1% concentration (v/v) in Tris-glycine buffer (pH 8·3) by heating
the mixture in a 90°C water bath for 5 min. The sample was then mixed with 10 μl of
bromophenol blue and 8 Μ sucrose solution and applied on gels for SDS-PAGE.
Amino acid analysis
Purified prealbumin from CSF (0·5 mg) was hydrolysed in 1 ml of 6 Ν HCl
in evacuated sealed tubes for 24 and 48 h at 110°C. HCl was removed by evaporation in
vacuo. Amino acid analysis was performed by the method of Spackman et al. (1958)
on a Beckman 119 C L Amino Acid Analyser. Quantitative determination of halfcystine and methionine were carried out by partial oxidation. The tryptophan
content of prealbumin was estimated by the method of Goodwin and Morton (1946).
Ultraviolet absorption data:The ultraviolet (UV) absorption spectrum was obtained
by using a sample of purified prealbumin (0·5 mg/ml) and an automatic recording
spectrophotometer (Perkin-Elmer Lambda 3B UV/Vis).
Results and discussion
The present study deals with the isolation, purification and partial characterisation
of prealbumin from human CSF.
Purification
Prealbumin was purified from CSF using 4 simple steps, viz, ammonium sulphate
saturation, phenol precipitation, PAGE and gel filtration on Sephadex G-100. The
purification achieved is summarized in table 1. Ammonium sulphate saturation and
phenol precipitation resulted in the elimination of undesired proteins (figure 2) and
27·7-fold purification. PAGE resulted in further purification (31·87-fold) and the
overall recovery after Sephadex G-100 chromatography (figure 3) was 56 % and
5·4 mg of pure prealbumin was obtained (table 1). The final preparation gave upon
PAGE only one protein band with anodal mobility greater than that of CSF
albumin (figure 2). A single precipitin band corresponding to prealbumin was
Table 1. Purification of prealbumin from human CSF.
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Figure 2. Analytical PAGE of CSF proteins. (1), Whole CSF; (2), after (NH4)2SO4
precipitation; (3), after phenol precipitation; (4) purified prealbumin.

Figure 3. Column chromatography of CSF prealbumin on Sephadex G-100. The material
from PAGE was applied to a column of 1·6 cm(i.d.) × 82 cm. Elution was carried out with
0·02Μ phosphate buffer containing 0·2 Μ NaCl at a flow rate of 11 ml/h. 2 ml fractions
were collected after collecting a void volume of 40 ml. Protein in each fraction was assayed
by the method of Lowry et al. (1951).

observed on Immunoelectrophoresis and immunodiffusion
antiserum and monospecific to prealbumin (figures 4 and 5).

against

polyspecific
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Figure 4. Immunoelectrophoresis. (1, 1a), Purified prealbumin; (2), CSF after (NH4)2SO4
precipitation against poly-specific antiserum enriched in anti-prealbumin; (2a), CSF after
(NH4)2 SO4 precipitation against prealbumin-specific antiserum.

Immunologic studies
Evidence of partial immunological identity between CSF and serum prealbumins
was given by Laurell (1972). In the present study, a single precipitin line was
obtained in double immunodiffusion between rabbit antiserum to human CSF
prealbumin and purified human CSF prealbumin (figure 5). A single precipitin line
was also obtained between the antiserum and whole CSF. No precipitin reaction was
observed between the antiserum and human serum albumin. However a single preci-

Figure 5. Double immunodiffusion. (1), Antiserum to human CSF prealbumin; (2), whole
CSF; (3), human serum albumin; (4) purified human CSF prealbumin; (5), human serum
prealbumin .
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pitin line was obtained between antiserum and serum prealbumin. This line was
continuous with that between antiserum and CSF prealbumin and there was no
evidence of spur formation (figure 5) indicating that CSF and serum prealbumins are
immunologically identical.
Mr
Previous workers have reported different Mr for human serum prealbumin (Schultz
et al., 1956; Raz and Goodman, 1969; Kanda et al., 1974). A Mr of 54,980 is in close
agreement with an estimate based on a crystallographic method using unit cell data
(Blake et al., 1974) and the Mr calculated from the complete amino acid sequence
reported by Kanda et al. (1974). In the present study, the Mr of human CSF
prealbumin was estimated to be 55,000 from SDS-PAGE and gel filtration data
(figures 6 and 7). Thus the Mr of human CSF prealbumin is almost the same as that
of human serum prealbumin.

Figure 6. Mr determination by SDS-PAGE. The standard proteins used were (1),
Cytochrome c; (2), myoglobin; (3), α-chymotrypsin; (4), egg albumin; (5), liver albumin.

Subunits
SDS-PAGE under reducing and denaturing conditions resulted in the loss of the
band corresponding to native CSF prealbumin. Instead, a protein band with a
mobility higher than that of native CSF prealbumin was observed. A plot of relative
mobility against Mr (figure 6) gave a Mr of about 14,000 for the rapidly migrating
component of CSF prealbumin. This was taken as strong evidence for the existence
of native CSF prealbumin in tetrameric form which could under fairly drastic
conditions be dissociated into 4 identical subunits. Human plasma prealbumin
(Peterson, 1971; Kanda et al., 1914) also is a tetramer of 4 identical subunits.
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Figure 7. Mr determination by gel filtration. A portion of the purified prealbumin
preparation was chromatographed on a column of Sephadex G-100, 1·6×85 cm in size
using 0·02 Μ phosphate buffer (pH 7·6) containing 0·2 Μ NaCl with a flow rate of 11 ml/h.
The column was standardised by using small samples (2–4 mg) of proteins of known Mr. A
small amount of blue dextran polymer (Mr 2 × 106) was added to the protein sample before
chromatography in order to determine void volume (Vo). The standard proteins were (1),
myoglobin, (2), α-chymotrypsin, (3), egg-albumin, and (4) BSA.

U V spectrum
The UV absorption spectrum of purified CSF prealbumin shows maximum absorption
1%
at 278 nm (figure 8). The extinction coefficient (E1cm
)was found to be 14·1 at 280 nm
when measured with a solution containing 0·5 mg/ml of the protein.

Figure 8. Ultraviolet absorption spectrum of purified human CSF prealbumin.
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Amino acid composition
CSF prealbumin was analysed after hydrolysis with 6 Ν HCl and the results are
presented in table 2. The results are in good agreement with the known composition
of plasma prealbumin (Kanda et al., 1974). Relatively high proportions of aromatic
amino acids such as tyrosine and tryptophan (Goodwin and Morton, 1946) were
observed in CSF prealbumin as is the case with plasma prealbumin.
Prealbumin from CSF closely resembles serum prealbumin with regard to many of
its characteristics. The extinction coefficient of CSF prealbumin is almost the same as
that of serum prealbumin (Raz and Goodman, 1969). The presence of relatively high
proportions of tyrosine and tryptophan (table 2) in these proteins is responsible for
their fairly high extinction coefficients. The UV absorption spectrum of CSF
prealbumin is also almost identical with that of prealbumin (Peterson, 1971). The
similarities observed between CSF and serum prealbumin suggest that the two
proteins are identical.
Prealbumin has been reported to have a lower isoelectric pH (Stibler, 1978) and a
higher electrophoretic mobility (Jeppsson et al., 1979) than serum prealbumin. In the
present study it was shown that purified serum prealbumin has the same electrophoretic mobility as that of CSF prealbumin (figure 9). Furthermore, the similarity of
their equivalence points and lack of spur formation in the continuous precipitin line

Figure 9. PAGE of prealbumin from serum and CSF. (1), Prealbumin from serum; (2)
prealbumin from CSF.
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obtained in the double immunodiffusion experiment (figure 5) also support the fact
that the prealbumins from CSF and serum are identical. The differences noticed by
Laurell (1972) in the immunological equivalents of prealbumins from serum and CSF
may be due to retinol binding protein and other proteins in serum which may have
the 'matrix effect' on the shape of the rockets in electroimmunoassay of prealbumin.
In conclusion, we may mention that serum and CSF prealbumin are identical
proteins.
With the use of antisera to purified prealbumin, we are now in a position to
accurately measure changes in prealbumin levels in abnormal cerebrospinal fluids.
Preliminary results indicate that prealbumin levels may play a significant role in
neurological disorders and may be of use in clinical diagnosis.
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