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Summary: The immunosubtraction techniqiie was used to identify the proteins in electrophoretically separat-
ed plasma. The technique consists of forcing the plasma through a layer of monospecific antibody purified by
electrophoresis; the specific protein is thereby precipated and is consequently absent from the subsequent
electrophoretogram. This technique was successfully applied to the following proteins (in order of distance
from the anöde): prealbumin, albumin, -lipoproteins, ai-antitrypsin, Gc-globulins, cta-macroglobulin, hap-
toglobin, fibronectin, transferrin, ß-lipoproteins, C3, fibrinogen. The method may be applied to the study of
protein polymorphism.

Identifizierung spezifischer Pläsmaproteine mit Agarosegel· Elektrophorese durch Immunsubstraktions-Tech-
nik
Zusammenfassung: Die Immunsubtfaktions-Technik wurde für die Identifizierung der Proteine in elektro-
phoretisch getrenntem Plasima angewandt. Die Technik beruht auf der Wanderung des Plasmas durch eine
Schicht von elektrophoretisch gereinigtem mpnospezifischen Antikörper; das spezifische Protein wird da-
durch präzipitiert und ist daher im folgenden Elektropherogramm nicht mehr vorhanden. Diese Technik
wurde für folgende Proteine (in Reihenfolge der Entfernung von der Anode) erfolgreich angewandt: Präalbu-
min, Albumin, -Lipoproteine, ai-Antitrypsin, Ge-Globuline, a-2-Macroglobulin, Haptoglobin, Fibronectin,
Transferrin, ß-Lipopfoteine, C3, Fibrinogen. Die Methode kann zum Studium von Protein-Polymorphismen
angewandt werden.

¥ . , .̂ 90—95 per cerit of the plasma protem mass: preal-Introduction , . ,, .. r . r . . ^bumm, albumin, -lipoproteins, ai^antitrypsm, Gc-
Agarose gel electrophoresis of plasma proteins has globulin, aa-macroglobulin, haptoglobin, transferrin,
come into more and inore frequent use in elinical la- ß-lipoproteins, C3, fibrinogen, IgA and IgG (1,2,
boratori^s, especially in the last decade, The tech- 3). Clinically useful Interpretation involves the visual
nique allows the analysis, by simple visual inspec- semiquantitative estimation of each specific protein
tion, of various proteins which altogether make up separated on the electrophoretogram.
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The specific proteins producing the agarose gel elec-
trophoretogram have been known for yeärs, but no
direct experimental evidence has yet been reported.
A useful tool for the analysis of the electrophoretic
bands is "immunosubtraction". i.e. immunoprecipi-
tation of individual proteins with monospecific anti-
sera prior to the electrophoretic migration of the se-
rum (4, 5). It allows removal of single proteins with-
out otherwise altering the electrophoretic pattern.
The antiserum is often available äs total serum or äs
a gamma globulin fraction with contaminants.
Therefore it is necessary to first remove all its non-
immunoglobulin components that otherwise would
migrate together with the corresponding fractions of
the sample serum. This goal is accomplished by a
preliminary electrophoresis of the antiserum which
separates the gamma zone from all other fractions.

Materials and Methods
The electrophoretograms were performed on 10 x 20cm plates
of l mm thick Agarose ME (Marine Colloids, Miles Lab. Ltd.»
Stoke Poges, GB) 7.5 g/l in diethyl barbiturate buffer 75 irimol/1,
pH 8.6, containing 2 nimol/l of Ca lactate. A Multiphof apparatus
(LKB, Bromma, Sweden) was used. Monospecific antisefa were
purchased from Behringwerke (Marburg, D), Dako (Copenha-
gen, DK) and Meloy (Springfield, VA, USA). Fixing solution: pi-
cric acid 15 g added to l liter HzO, the solution was filtered and
200 ml acetic acid were added. Staining solution: Cöomassie Bril-
lant Blue R-250 2g/l in destaining solution (methanol, acetic acid,
H2O, 9 + 2 + 9, by volume).
The immunosubtraction technique consists of two Steps:
1) electrophoretic purification of the gamma fraction of the an-
tiserum,
2) electrophoresis of the sample through the purified antibodies.
A total amount of 100 g of monospecific antibody (10—20 de^·
pending on the gamma fraction concentration of the antisera) was
applied with a microsyringe using a thin plastic sheet with wells
(l x 10 mm) cut into it and positioned at a distance of two cen-
timeters from the border of the plate. The antisera were applied in
alternate wells, leaving the adjacent wells free for the control, i.e.
non-immunosubtracted, sera. Once absorbed, the antisera were
subjected to electrophoresis at 20 V/cm for 45 min, the anöde
being connected by means of an agarose gel bridge with the
border of the plate neaf the deposition sites. After this prelimi-
nary electrophoresis a strip of agarose gel, l .5 cm wide, was re-
moved from the deposition side of the plate (because it is contam-
inated with the non-gamma fractions of the antisera) and replaeed
with a new strip of the same gel. Three microliters of the sample
diluted l :2 or l:3 with saline containing brornophenol-blue were
placed in the wells previously filled with the antisera, and in the
adjacent wells which had been left free for comparative analysis;
immunosubtracted and non-immunosubtracted samples therefore
migrated in parallel. The second electrophoretic run was carried
out with inverted polarity (the side whefe the samples had been
applied was connected with the cathode). Then the samples were
electrophoresed at 10 V/cm for the first 15 min and at 20 V/cm
for the following 30-40 min (final albumin migration: 7.5 cm).
The current intensity was kept initialiy lower in order to facilitate
the antigen-antibody reaction. After migration the plate was fixed
for about 20 min, then blotted, dried and stained.

Results

Results are illustf ated by the electrophoretögrams of
figüres l and 2. Wells l, 3, 7, 9 and 11 of figüfe l
contain reference sera. In well 2 immunosubtraction
with anti-prealbumin antiserum caused the disap-
pearance of the faiiit band anodatto the albumin. In
well 4 anti-a-lipoproteins antiserum has caused fad-
irig of the broad band between albumin and cti-anti-
trypsin, In the adjacent well anti-ai-antitrypsin an^
tiserum has caused the disappearance of the <xr
band. In well 6 immunosubtraction with aiiti-Gc-
globülin antiserum has caused the disappearance of
the two faint bands immediately anodic to a2-band.

1 2 3 4 3 6 7 8 9 10 11

Fig. 1. Immunosubtraction on agarose gel.
Samples (3 diluted 1:2): 1-7, normal sera; 8 and 9,
sera from a child with acute flogosis (haptoglobin in-
creased), 10 and 11, sera from a newborn (a2-macroglo-
bulin increased). Antisera (10— 20 ): 2, anti-prealbumr
in; 4, anti-a-lipoproteins; 5, anti-ai-antitrypsin; 6, antir
Gc-globulin; 8, anti-haptoglobin; 10, anti-a2-macroglö*
bulin.

|> ; A,,J

1 2 3 4 5 6 8 9

Fig. 2. Immunosubtraction on agarose gel.
Sample (3 diluted l :2): l and 2, sera from a patient
tfeated with penicillin; 3, 4 and 5, normal sera; 6 and 7,
sera from a patient with increased ß-lipoproteiris; 8 and 9,
normal plasma diluted l: 3, the additionäl band cömpared
in — (X2-zone in sample 9 is probably due to immüno-
complexes.
Antisera (10-20 ): 2, anti-fibrpnectin; 4, anti-C3; 5,
anti-transferrin; 7, anti-ß-lipoproteins; 9, anti-fibrinogen.
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The reference serum in well 9 is from a child with
acute flogosis and documented increase of hapto-
globin (3.8 g/l, reference r nge 0.27—1.40): the an-
ti-haptoglobin antiserum in well 8 caused the disap-
pearance of the broad intense band determining the
cathodic part of the ct2-zone, leaving a narrow in-
tense band forming the anodic part of the <X2-zone.
The wavy band forming the background in ai-zone is
due to lipoproteins. The teference serum in well 1 1
is from a newborn with an increased level of aa-rna-
croglobulin (4.9 g/l, reference r nge 1.7—4.2). The
anti-az-macroglobulin antiserum in well 10 caused
almost complete disappearance of the anodic part of
the a
In figure 2 reference sera are in wells l ,3 and 6. In
well 2 the anti-fibronectin antiserum caused the dis-
appearance of the thin band between ct2-zone and

i-band. In weit 4, anti-C3 antiserum has caused the
usubtraction" of the 2-band, while in the adjacent
well anti-transferrin antiserum has caused the disap-
pearance of i-band, leaving s background a wavy
band formed by -lipoproteins. This wavy band dis-
appears with anti- -lipoproteins antiserum in well 7.
In well 8 there is reference plasma: the band be-
tween the 2- and γ-zones disappears on tre tment
with anti-fibrinogen antiserum (see well 9).
Figure 3 shows an application of the immunosub-
traction technique. A serum presented two bands in
the α j -zone, the most likely explanations being hete-
rozygosis of αι-antitrypsin or the presence of arfe-
toprotein. Immunosubtraction with anti-ai-antitryp-
sin antiserum led to the disappearance of both
bands, showing the presence of αι-antitrypsin hete-
rozygosis.

Γ

Fig. 3: Immunosubtraction on agarose gel. Serum containing
doubled oti-band (3 μΐ dil ted l: 2) immunosubtracted
with anti-ai-antitrypsin (20 μΐ).

Immunosubtraction of albumin gave complete disap-
pearance of the specific band when tested serum was

' highly diluted (l :20, l :50). Other plasma proteins:
orosomucoid, αι-antichymotrypsin, inter-a-trypsin-
inhibitor, a2HS-glycoprotein, hemopexin, caerulo-
plasmin, C4 and C5 were also tested by immunosub-
traction; no modification of the electrophoretic patt-
ern was observed.

Discussion
The immunoprecipitation of individual plasma pro-
teins with monospecific antisera prior to electro-
phoresis (immunosubtraction) makes it possible to
determine the true identity of the proteins in the
electrophoretic pattern. This cannot be achieved by
immunofixation (6, 7) or by immunoelectrophoresis,
which also detect proteins present in very low con-
centrations, or poorly stained proteins, which there-
fore do not make a significant contribution to the
productio*n of the electrophoretic pattern. The inten-
sity of the individual bands may in fact depend not
exclusively on their concentration, but also on their
staining properties (e.g. orosomucoid is not staina-
ble with Coomassie Brillant Blue R-250) and on the
spread of their electrophoretic distribution (e. g. <x-
and -lipoproteins show an electrophoretic hete-
rogeneity). The attenuation or disappearance of an
electrophoretic band after immunosubtraction with a
monospecific antiserum allows the immediate indivi-
duation of the protein responsible for that band.
The immunosubtraction technique achieves two
goals:
1) purification of the gamma fraction of the antise-
rum,
2) selective stibtraction, i.e. identification, of a spe-
cific protein.
These two goals may be achieved in other ways. The
antiserum could be purified by chromatography (ion
exchange or affinity) but this approach requires a
much greater Volume of antiserum (immunosubtrac-
tion requires 10—20 μΐ), a longer operating time,
specific Instrumentation and technical skill. The se-
leetive removal of a protein has been accomplished
by affinity chromatography (8) in combination with
immunpprecipitation and deletion (5). The affinity
chromatography requires preparation of the immu-
noadsorbent, greater reagent and sample volumes
and specific technical Support. The immunoadsorp-
tioh in liquid phase requires previous purification of
the antibody and, again, more reagents, even if per-
formed on a "micro scale".
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The results showed that several bands (prealburnin,
albumin, , ßi, ßz and fibrinogen) are each essen-
tially formed by a single protein, while within the
same band, immunofixation reveals the presence of
various proteins. This has a great practical impor-
tance with respect to the molecular Interpretation of
the electrophoretogram for diagnostic purposes. The
faint band which often appears on the electrophore-
tograms in the o.2-ßi interzone was shown to be due
to fibronectin.
The bands which disappear after immunosubtrao
tion with monospecific antisera are from the anöde:
prealbumin, albumin, -lipoproteins, ai-antitrypsin,
Gc-globulin, a2-macroglobulin, haptoglobin, fibro-
nectin, transferrin, ß-lipoproteins, C3 and fibrino-
gen. Other plasma proteins present in low concem

tration do not seem to affect the electrophoretic
pattern.
The method is not applicable to the gamma region
where the immuiioprecipitation occurs. In practice,
however, this is not important, because the altera-
tions of the gamma zone are generally due to immu-
noglobulins and can be studied through the various
immunoelectrophoretic techniques.
The immunosübtraction technique also may be use-
ful äs an ädjünct to methods fof the differentiation of
protein heterozygosis (aranti-trypsin or transfer*
rin), and of monoclonal components (usually light
chains, Svhich mpve out of the gamma zone) from
other similaf ly migrating protein baiids. The method
may also be used for the study of proteins on agarose
gel electrophoretogram of other biological fluids.
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