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SEPARATION OF RABBIT PLASMA PROTEINS BY ZONE
ELECTROPHORESIS ON “PEVIKON C. 870”
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(Received September 29th, 1961)

INTRODUCTION

Theuseof PVK™*, a powdered co-polymer of polyvinyl chloride and polyvinyl acetate,
for separation purposes has been proposed by MULLER-EBERHARD?.

This paper reports on the degree of separation achieved using this material in
different buffers, as studied by starch gel? 3, paper?, cellulose acetate? and immuno-
electrophoresis®. Further purification of some fractions was attempted using starch-
gel electrophoresis followed by elution into PVK?.

Techniques were also devised to facilitate the location of protein bands in the
PVK.

METHODS

Rabbit plasma proteins were obtained by collecting blood in a solution of the di-
sodium salt of EDTA (JacoBssonN®) and dialysing against the following buffers for
24—48 hours.

Barbital buffer, pH 8.6

Sodium barbital 0.075 M
Diethyl-barbituric acid 0.015 M
Na,-EDTA-2H,0 0.00x17 M

T'ris buffer, pH 8.8

Tris-(hydroxymethyl)-amino-methane 0.35 M
Citric acid 003 M
EDTA o.002 M

PV K electrophoresis

13 ml clarified plasma containing 0.9-1.0 g proteins were injected from a syringe into
a slit cut 4 to 6 cm from the cathode end of a PVK block measuring 36 X 19 X 1.5 cm.
The protein sample did not reach to the bottom nor extend to the edges of the block,
which was elevated 6-7 cm above the level of the buffer. 1.2 1 buffer was used in each
bi-compartmented vessel, connections to the block being established by three thick-
nesses of surgical lint. Electrophoresis was performed at -+ 3°, the system being en-

" Present address: Istituto di Fisiologia, via Laterina 4, Siena, Italy.
** Abbreviations: PV = Pevikon C-870; EDTA = ethylenediaminetetraacetic acid; CM-

cellulose = carboxymethyl-cellulose.
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closed in a thin polythene sheet. A potential gradient of 3.7-3.9 V/cm giving rise to
a ucrrent of g3-9g6 mA was maintained for 33-36 h, during which time the albumin
migrated to a position at least 25 cm from the origin. The buffer in the electrode cells
was changed three or four times and the progress of electrophoresis checked either
by scanning the block with a monitor (if 31 I-labelled proteins were used) or by visual
examination of the surface of the block in ultraviolet light.

Identification of proteinsv

At the end of the electrophoresis the block was dried in a current of warm air and
autoradiographed after interposing a polythene sheet between the X-ray film and
the block. Occasionally a longitudinal strip of PVK -was cut off and the proteins
contained in r-cm segments eluted and estimated color1metr1ca11y The PVK block
was segmented on the basis of autoradlographlc appearance and of colour. The
protein fractions in buffer recovered from the PVK by filtration through a Biichner
funnel, were centrifuged and concentrated by pressure dialysis. The buffer used for
the separation, or 0.15 M sodium chloride, was used for the elution. After a further
clarification the fractions were tested by electrophore51s on starch gel according to
SmiTHIES? and PouLik?, on: paper in a DURruUM4 apparatus using barbital buffer
0.05 u pH 8.6 and on cellulose acetate accordmg to. KonN®. Immunoelectrophoresm
was carried out according to SCHEIDEGGER S m1cromethod“ usmg a goat anti-rabbit
serum kindly supplied by Dr. HUMPHREY. ,

For further purification of several fractlons large scale horizontal starch gel
electrophoresm in Tris buffer® was carried out using a 21 X' I9 X I.2 cm starch gel
slab and inserting 80-90 mg protein in 1-1.1 ml taken up in PVK or Ford’s A4 paper.
Protein bands were located by staining a superficial slice of the gel and by autoradio-
graphy, after which selected segments were transferred to a PVK bed for elution’.

The proteins were estimated either according to GORNALL ef al.? or by measuring
the absorption at 284 mu!0. Plasma proteins were labelled with 1811 according to
McFARLANEM, Orosomucoid was localised by comparing its mobility with that of a
preparation obtained by the method of WEIMER et a/.12-13, For purposes of comparison,
rabbit albumin was prepared using CM-cellulose4-1¢ and rabbit haemoglobin ac-
cording to NyMAaN?., Ceruloplasmin was localised with p-phenylenediamine according
to MORELL AND SCHEINBERG!® or with dianisidine according to OWEN AND SMITH.
Fe was used to locate transferrin (GIBLETT et al.20) and haptoglobin was located with
the benzidine reagent (FRANKLIN AND QUASTEL2?!) or by dianisidine staining??.
Lipoproteins were stained with Sudan Black B (FINE aND BURSTEIN?%) and other
proteins with Amido Black? or Nigrosine (0.02 %).

RESULTS

I. Separation using Barbital buffer

Excellent reproducibility was obtained (¢f. Fig. 1). Albumin as seen under ultraviolet
light appeared as a mauve band, «,-globulins as a yellow band, while «,- and g-globulins
were brownish, which was also the case for free haemoglobin, travelling in the 8-y
region. In transmitted visible light only free haemoglobin, $-, «,-globulins and
albumin were visible, the last mentioned being difficult to detect. The plasma proteins
were all labelled to some extent with 1311, whereas %Fe attached itself only to 8-
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globulins. Thus, by a combination of visible and ultraviolet inspection, localisation of
proteins other than fibrinogen and y-globulin was possible, and these two could be

dealt with by autoradiography.
The bands were then cut out, eluted, concentrated by pressure dialysis and tested

for purity in different media. y-Globulin was shown to be free of other proteins by

fibr. B o o alb.
7." ; £ '
|
1

A
B
: | ]
LS i : i
[ 2 !
3 : i
s LO}F '
[ i
H : =
g 0-5- M

g RO G

9.,.;.. Segment No.

Fig. 1. (A) Ultraviolet fluorescence photograph of PVK block after the electrophoretic separation

of serum proteins. (B) Autoradiograph of the same block, one half of which received %9Fe-plasma

and the other 131[-plasma. (C) Pattern obtained by optical density measurements on plasma
fractions obtained by elution of PVK segments (6 X r X 1.5 cm).
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electrophoresis on starch gel (Fig.2), and on cellulose acetate and by immuno-
electrophoresis. Fibrinogen was contaminated with y-globulin and the eluted radlo-
activity was 50-60 % clottable using JAcoBssON’s method?.

Although «,-, «,- and g-globulins showed apparent homogeneity on paper they
appeared to be very complex on starch gel (Fig. 2). x;-Globulins were found to be
better separated using PouLik’s modification? of SM1THIES’s method than by employ-
ing vertical starch gel electrophoresis? On the other hand g-lipoprotein and a slow
o,-protein were better resolved if the vertical system was used. «x,-Globulins were not
contaminated with albumin and this was confirmed by autoradiography and by im-
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munoelectrophoresis (Fig. 3). Albumin showed two components on starch gel (Fig. 2)
with a trace of a third, while on cellulose acetate and on paper electrophore51s it gave
only one sharp band.

The recoveries of the proteins expressed as percentages of the orlgmal radioac-
tivity in PVK segments were between go and 95 %. However, the actual amounts

1
—
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Fig. 2. Stained starch gel electrophoretic pa.tterns of fractions obtamed by PVIX zone electrophoresis

of rabbit serum in barbital buffer. -Globulin was divided arbitrarily into fractions which migrated

cathodically (1) and anodically (2) in PVK. The symbols have the followmg meanings: O = oroso-

mucoid; @ = albumin; X = post-albumins; + = ceruloplasmin; 0 = transferrin; ll = hapto-
globin; VvV = ﬁ-lipoprotein; V¥ = y-globulin.

recovered were between 6o and 70 % when only the centres of the bands were selected
in order to obtain greater homogeneity. The protein recoveries in one experiment are

reported in Table 1.
The recovery was 66 % for the total protein and 78 % for the albumin since

albumin represented 62 % of the whole serum protein.

2. Separation using Tris buffer

Tris buffer was tried since it has been reported to improve the separation of plasma
proteins in paper, cellulose acetate (ARONSSON AND GRONWALL2), and starch gel
(PouL1ik3). No electro-osmotic cathodic flow was noticeable and satlsfactory sepa-
rations (cf Fig. 4) were obtained. : ‘

J. Chromatog., 8 (1962) 218—226



222 ‘ V. BOCCI

y-Globulin was homogeneous; B-, a,- and «,-globulins appeared to be complex
fractions which were not better resolved than when barbital buffer was used. Albumin,
in two experiments, gave practically only one component on starch gel, and also on
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Fig. 3. Immunoelectmphoresis.(left) and Starch-gél autoradxogrdphs (fxght) of 131]-labelled PVK
fractions, viz. (a) &,-globulins, (b) albumin, (c) albumin (main component) after being separated by
starch gel electrophoreszs In the troughs goat anti-rabbit serum.

paper it gave an unusually sharp band The separatlon of «;-globulins and albumin
was satisfactory and no traces of hlghly-labelled albumm were present in the o;-

globulin autoradiographs.

3. Nature of albumin contaminants

Some experiments were devised to: elumdate the nature of the minor components
visible when albumin obtained by PVK block electr ophore51s was run in starch gel.

These components do not represent metastablé polymers since the isolated
components could be re-run with unchanged electrophoretic mobilities. In Fig. 5
albumin, from the preliminary. PVK run, was electrophoretically separated twice at
right angles in starch gel using either borate? or Tris? buffers with identical results.
Also no changes were observed in starch gel containing 8 M urea (SMITHIES AND
ConNELL%) (Fig. 6). o

Reducing agents were also used to break down hypothetical disulphide bonds
(DEUTscH AND MoORTON?%), Cysteine (0.05 M) and 2-mercaptoethanol (0.06 M) used

. TABLE 1

RECOVERY OF PROTEINS (IN mg) AFTER SEPARATION OF RABBIT SERUM PROTEINS (940 mg) BY
PVK BLOCK ELECTROPHORESIS

Globulins
&,y ®x3 ﬁ Y

Albsmin

457 25« 22 44 69

separately with a phosphate buffer pH 7.5, o.r u«, both reduced the proportlon of

components slower than albumin (Fig. 6).
‘Only one precipitation line was demonstrable by 1mmunoelectrophore515 for

both the multi-component and the isolated one-component albumin (Fig. 3).
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Other tests also excluded the poss1b111t1es that the slow components could be due
to the 1od1natlon technique, 1311 self—1rrad1at1on or to ultrav1olet 1rrad1at10n. ‘

“ 4. Starch gel electropkoretw separation of ,B-alobulms ‘

“The B-globulins obtained from the p1el1rn1nary PVK run appeared to be mamly
transferrin and a g-lipoprotein with minor unidentified fractions. In six rabbits so
far examined only one transferrm could be demonstrated autoradiographically
using °Fe. :

A

Albumin
Post—albumins
_/-Clruloplaslniﬂ
J 3 —— Transferrin
- = Haptoglobin
-‘.' 3 — B —Lipoprotein
g . 7 =Globulin
S T <—— Origin

gz 8
T B 2 Y Rabbit

Globuiins Albumin serum

Fig. 4. Stained starch gel electrophoretxc patterns of fractions obtained by PVK zone electro-
phoresis of ra.bbxt serum in Trxs buffer,

15, .

Fxg 5. (4) 1‘1rst a.nd (B) second dlmensmn starch-gel electrophore51s of albumm obtamed by PVK
.. zone electrophorems in barbltal buﬁer v

j Chromatog 8 (196") 218-226



224 V. BOCCI

In order to isolate single proteins the whole fraction was labelled with 131 and
the components were located by autoradiography on the starch gel slab.

Selected segments were then transferred to a PVK bed for elution of the proteins.
131].Proteins were recovered almost quantitatively in the PVK, and after concen-
tration the samples were re-examined on starch gel (Fig. 7). Immunoelectrophoresis
of this transferrin gave only one precipitin arc.

a

Fig. 6. Effect of 0.06 A mercaptoethanol followed by o.0z2 A iodoacetamide on PVK albumin.
Electrophoresis in starch gel in the presence of 8 M urea. (a) Untreated albumin; (b) albumin after
' treatment.

.o

Fig. 7. Stained starch gel electrophoretic patterns of (1) B-globulins as obtained by PVI zone
electrophoresis; (2) transferrin component from (1); (3) unidentified middle component from (r1);
(4) rabbit serum.
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DISCUSSION

It appears that PVK zone electrophore51s gives only albumin and p-globulin in ‘‘homo-
geneous” form, both comprising a variety of molecules having slightly different
mobilities in starch gel (microheterogeneity according to CoOLVIN ef al.208),

oy, ap- and B-globulin PVK fractions appear to be very complex. Thus, seven
radioactive fractions were found when 131]-8-globulins were separated on starch gel.

It is obvious that, for the time being, it is only practical to attempt the isolation
of major fractions with PVK. The procedure proposed in this study may provide a
practical as well as an accurate method of doing this. Plasma (loading up to 0.g-1.0 g
total proteins) is first separated to get p-globulin and albumin. The «;-, «y- and B-
globulins require further separation by starch gel electrophoresis and protein
recovery by elution in a starch gel-PVK system.

Purification of the B-globulins was repeated twice with apparently satisfactory
results in terms of transferrin yield. It is felt that attempts to isolate minor 8-com-
ponents are not worth while unless about 8o mg of crude g-globulins are available.

Albumin also was completely freed from its minor components by this technique
(Fig. 3), the recovery being 80-90 %.

The alternative of applying ion-exchange chromatography appears laborious
and possibly less effective. In fact, rabbit albumin prepared by using CM-cellulose!4—16
appeared, on starch gel, to be more complex than albumin obtained by PVK zone
electrophoresis.

The localisation of protein bands in PVK has proved to be easy and reliable.
The use of ultraviolet light is effective in following the progress of electrophoresis.
Autoradiography has also been found useful for locating proteins on the PVK block
or on the starch gel slab. The use of 13 I-proteins is permissible even if MC-proteins
‘have to be measured by scintillation counting. Overall recoveries of proteins were
between 60 and 70 9%. The tendency of protein boundaries to spread during zone
electrophoresis is reduced when the precautions outlined here are observed, but it is
always advisable to select for elution only the centre of the band in order to obtain
a homogeneous albumin. In the experimental conditions described albumin was always
well separated from e«,-globulins.

A comment is needed on the presence of more than one component when albumin
prepared by PVK zone electrophoresis is tested on starch gel. The heterogeneity
of the albumin has been discussed many times (HocH-L1GETI AND HocCH?, SAIFER
AND COREY2-20, L. ARSON AND FEINBERG®, TISELIUS ¢f al.31, SOBER ¢f al.l®, KELLER
AND Brock32, SAiFER AND RoBIN33). The formation of albumin dimer was re-
ported by STRAEsSLE?, and KiING ef al.3% separated the dimer from the monomer.
PouLIik AND SMITHIES3 and SAIFER et 2l.%7 stated that when human serum was first
resolved by paper electrophoresis and then by starch gel electrophoresis the albumin did
notresolve intomore than one component. However, in a recent paper PouLIK et al.38
have described the presence of an albumin-like component in human sera that was
immunologically related toalbumin and disappeared in the presence of reducing agent.

The minor electrophoretic components seen in albumin prepared by PVK zone
eiectrophoresis disappeared after treatment with S-S bond splitting reagents. PVK
albumin gave only a single precipitation arc in the albumin area. This behaviour
suggests the presence of albumin polymers in rabbit plasma.
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SUMMARY

Rabbit plasma proteins (0.g-1.0 g) were separated by zone electrophoresis in Pevikon
C-870, using different buffers. Viewing by ultraviolet light and autoradiography were
found to be helpful in locating the fractions, and starch gel electrophoresis and
immunoelectrophoresis were used to define their composition in greater detail; only
albumin and y-globulin proved to be homogeneous. Homogeneous transferrin was
obtained in useful quantity by further separating the 8-globulin fraction by starch gel

electrophoresis.
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