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A method for separating components from plasma, the 
method comprising (I) separating the plasma into a first and 
second component, the first component comprising an 
albumin/C-1-antirypsin pool and the second component 
comprising plasma containing components having a 
molecular mass greater than albumin; (II) treating the sec 
ond component to form an immunoglobulins concentrate 
containing immunoglobulins Substantially free from com 
ponents having a molecular mass less than immunoglobu 
lins; (III) treating the immunoglobulins concentrate to 
remove components having a molecular mass greater than 
immunoglobulins; and (IV) separating albumin and C-1- 
antitrypsin from the albumin/C-1-antitrypsin pool. 
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SEPARATION OF PLASMA COMPONENTS 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 5 
made by reissue. 

TECHNICAL FIELD 

The present invention relates to the separation of biomol 
ecules from plasma, particularly human plasma. 10 

BACKGROUND ART 

Human plasma contains approximately 3000 proteins 
with a variety of functions and potential therapeutic uses. 15 
Tight control of plasma available for blood fractionation 
means that the Supply of important therapeutic agents like 
IgG is severly curtailed. This together with methodology 
which ends in very low yields and takes three to five days 
contributes to the international shortfall of major plasma 20 
fractions. 

The present inventors have found that rapid isolation 
times, high recoveries and high-resolution make Gradi 
flowTM technology a viable alternative purification technol 
ogy to conventional Cohn precipitation and column chro- 25 
matography 1, 2. 

Albumin and IgG both have enormous importance in 
medicine and therefore are of considerable commercial 
value. Albumin alone has an estimated annual global market 
value of SUS 1.5 billion 3). Conventional purification pro- 30 
tocols are cumbersome and expensive with low yields and 
long processing times 4). 

Albumin is the most abundant protein component (50 
mg/mL) in human plasma and functions to maintain whole 
blood Volume and oncotic pressure. Albumin also regulates 
the transport of protein, fatty acids, hormones and drugs 4. 
Clinical uses include blood Volume replacement during 
Surgery, treatment of shock, serious burns and other medical 
emergencies and the stabilisation of other pharmaceutical 
products. 

Albumin has a molecular mass of 67 kDa and an isoelec 
tric point (pl) of approximately 4.9. The protein consists of 
a single subunit and is globular in shape 5). Conventional 
purification schemes use the Cohn ethanol precipitation 
method and result in only 50% recovery. 

Immunoglobulin G (IgG) is the most abundant of the 
immunoglobulins, representing almost 70% of the total 
immunoglobulin component in human serum. The concen 
tration of IgG in normal plasma is approximately 10 mg/mL so 
6. The IgG plays an essential role in the immune response 
and have clinical uses including treatment of Snake and 
spider bites, neurological disorders and IgG is commonly 
used in analytical or diagnostic kits. 

The gamma-globulins have a molecular mass of approxi- 55 
mately 150 kDa and consist of four chains, two of which are 
light and two of which are heavy 6. Immunoglobulins are 
traditionally isolated using Cohn ethanol precipitation or 
alternatively affinity chromatography 7. 

Alpha-1-antitrypsin is an acid glycoprotein of 54 kDa 60 
with an isoelectric point of 4.8 and is used in the treatment 
of hereditary emphysema 8). Conventional purification 
schemes utilise a combination of Cohn fractionation and 
column chromatography with the major difficulty being the 
removal of albumin from C-1-antitrypsin preparations 9. 65 
Current production schemes provide a yield of approxi 
mately 30% and much of this is contaminated with albumin. 

35 

40 

45 

2 
The present inventors have adapted GradiflowTM to provide 
an alternative technique for producing highly pure C-1- 
antitrypsin with a yield of above 70%. This strategy also 
exemplifies GradiflowTM technology's use in isolating pro 
tease inhibitors. 
GradiflowTM Technology 

GradiflowTM technology utilises molecular characteristics 
of size and charge to isolate protein 1 with the resolution 
of two-dimensional electrophoresis and the throughput of 
preparative chromatography. Proteins exist as charged mol 
ecules above or below their isoelectric point (pl). In the 
GradiflowTM the net charge on a macromolecule is con 
trolled by the choice of buffer pH. The proteins are separated 
in an electric field by charge and/or size differences 2. 
The present inventors have found that the GradiflowTM 

technology can be adapted to purify a number of different 
biomolecular components from plasma. The present inven 
tors have devised methodology for the rapid isolation of 
albumin, IgG and C-1-antitrypsin from a single Volume of 
plasma in a four-phase process with high yield and low cost. 

Disclosure of Invention 

In a general aspect, the present invention relates to the 
sequential separation of a number of biomolecules present in 
a plasma sample using four major separation phases or 
processes. 

In a first aspect, the present invention consists in a method 
of separating components from plasma, the method com 
prising the steps: 
Phase I Removal of albumin, C.-1-antitrypsin and small 

contaminants 
(a) placing the plasma in a first solvent stream, the first 

Solvent stream being separated from a second solvent 
stream by a first electrophoretic separation membrane 
having a molecular mass cut-off less than the molecular 
mass of albumin and a restriction membrane having a 
molecular mass cut-off less than the first electro 
phoretic separation membrane; 

(b) selecting a buffer for the first solvent stream having a 
pH greater than the pl of albumin; 

(c) applying an electric potential between the two solvent 
streams causing movement of albumin and C-1- 
antitrypsin through the first electrophoretic membrane 
into the second solvent stream while biomolecules 
having a molecular mass greater than albumin and 
C-1-antitrypsin are Substantially retained in the first 
Solvent stream, or if entering the first electrophoresis 
membrane, being Substantially prevented from passing 
through the first electrophoresis membrane, wherein 
biomolecules in the plasma having a molecular mass 
less than albumin and C-1-antitrypsin are caused to 
move through the first separation membrane and the 
restriction membranes to a waste collection; 

(d) optionally, periodically stopping and reversing the 
electric potential to cause movement of biomolecules 
having a molecular mass greater than albumin and 
C-1-antitrypsin having entered the first electrophoresis 
membrane to move back into the first solvent stream, 
wherein Substantially not causing any albumin or C-1- 
antitrypsin that have entered the second solvent stream 
to re-enter first solvent stream; 

(e) maintaining steps (c) and optionally (d) until the 
desired amount of albumin and C-1-antitrypsin have 
been collected as an albumin/C-1-antitrypsin pool and 
biomolecules having a molecular mass less than albu 
min and C-1-antitrypsin have been removed from the 
first solvent stream to form a treated plasma; 
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Phase II—Removal of large contaminants 
(f) placing the treated plasma in a third solvent stream, the 

third solvent stream being separated from a fourth 
Solvent stream by a second electrophoretic separation 
membrane having a molecular mass cut-off less than 
the molecular mass of immunoglobulins; 

(g) selecting a buffer for the third solvent stream having 
a pH above neutral; 

(h) applying an electric potential between the third and 
fourth solvent streams arcing movement of biomol 
ecules having a molecular mass less than that of 
immunoglobulins in the treated plasma through the 
second electrophoretic separation membrane into the 
fourth solvent stream while immunoglobulins and other 
biomolecules having a molecular mass greater than 
immunoglobulins are substantially retained in the third 
Solvent stream, or if entering the second electrophoresis 
separation membrane, being Substantially prevented 
from passing through the second electrophoresis sepa 
ration membrane; 

(i) optionally, periodically stopping and reversing the 
electric potential to cause movement of immunoglobu 
lins and other biomolecules having a molecular mass 
greater than immunoglobulins having entered the sec 
ond electrophoresis separation membrane to move back 
into the third solvent stream, wherein substantially not 
causing any biomolecules having a molecular mass less 
than immunoglobulins that have entered the fourth 
solvent stream to re-enter third solvent stream; 

() maintaining steps (h) and optional (i) until the desired 
amount of biomolecules having a molecular mass less 
than immunoglobulins have been removed from the 
third upstream to form an immunoglobulins concen 
trate; 

(k) removing the biomolecules from the fourth solvent 
Steam; 

Phase III—separation of immunoglobulins 
(1) replacing the second electrophoretic separation mem 

brane with a third electrophoretic separation membrane 
having a molecular mass cut-off greater than the 
molecular mass of immunoglobulins; 

(m) selecting a buffer for the immunoglobulins concen 
trate having a pH below neutral; 

(n) applying an electric potential between the immuno 
globulins concentrate in the third solvent stream and a 
fresh fourth solvent stream causing movement of 
immunoglobulins in the immunoglobulins concentrate 
in the third solvent stream though the third electro 
phoretic separation membrane into the fresh fourth 
Solvent stream while biomolecules having a molecular 
mass greater than immunoglobulins are substantially 
retained in the third solvent stream, or if entering the 
third electrophoresis separation membrane, being Sub 
stantially prevented from passing through the third 
electrophoresis separation membrane; 

(o) optionally, periodically stopping and reversing the 
electric potential to cause movement of biomolecules 
having a molecular mass greater than immunoglobulins 
having entered the third electrophoresis membrane to 
move back into the treated third solvent stream, 
wherein Substantially not causing any immunoglobu 
lins that has entered the fresh fourth solvent stream to 
re-enter treated third solvent stream; 

(p) maintaining steps (n) and optional (o) until the desired 
amount of immunoglobulins have been moved to the 
fresh fourth downstream; 
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4 
Phase IV Separation of albumin from C.-1-antitrypsin 

(q) placing the albuminfo-1-antitrypsin concentrate in a 
fifth solvent stream, the fifth solvent stream being 
separated from a sixth solvent stream by a fourth 
electrophoretic separation membrane having a molecu 
lar mass cut-off less than the molecular mass of albu 
min; 

(r) selecting a buffer for the fifth solvent stream having a 
pH greater than neutral; 

(s) applying an electric potential between the fifth and 
sixth solvent streams causing movement of C-1- 
antitrypsin through the fourth electrophoresis separa 
tion membrane into the sixth solvent stream while 
albumin is substantially retained in the fifth solvent 
stream, or if entering the fourth electrophoresis sepa 
ration membrane, being Substantially prevented from 
passing through the fourth electrophoresis separation 
membrane; 

(t) optionally, periodically stopping and reversing the 
electric potential to cause movement of albumin having 
entered the fourth electrophoresis separation membrane 
to move back into the fifth solvent stream, wherein 
Substantially not causing any C-1-antitrypsin that has 
entered the sixth solvent stream to re-enter the fifth 
Solvent stream; and 

(u) maintaining steps (S) and optionally (t) until the 
desired amount of albumin remains in the fifth solvent 
stream and the desired amount of C-1-antitrypsin has 
have been removed to the sixth solvent stream. 

As the present invention is directed to the sequential 
separation of a number of components from plasma, the 
steps (q) to (u) can be carried out before steps (f) to (p). 
Initial steps (a) to (e) produces two products, namely 
albumin/C-1-antitrypsin pool in the downstream and treated 
plasma in the upstream. Each of these two products are 
processed further to produce isolated immunoglobulins, 
albumin and C-1-antitrypsin. 

Preferably, albumin, immunoglobulins and C-1- 
antitrypsin are separated from a pooled human plasma 
sample. 
The present invention is particularly suited for the sepa 

ration of immunoglobulin G (IgG). 
Preferably, the first electrophoresis separation membrane 

of step (a) has molecular mass cut-off of about 75 kDa and 
the restriction membrane has a molecular mass cut off of 
about 50 kDa. Additional membranes may be positioned 
before, between or after the separation and restriction mem 
branes to further enhance the separation method. 

Preferably, the buffer in step (b) has a pH of about 9. A 
Tris-borate buffer has been found to be particularly suitable 
for this separation. It will be appreciated, however, that other 
buffers having a suitable pH range would also be suitable. 

Preferably the second electrophoresis separation mem 
brane of step (f) has a molecular mass cut-off of about 200 
kDa. The third electrophoresis separation membrane of step 
(1) preferably has a molecular mass cut-off of about 500 kDa. 

Preferably, the buffer of the third solvent stream in step (g) 
has a pH of about 9 and the buffer of the treated third solvent 
stream of step (m) has a pH of less than about 5, more 
preferably about pH 4.6. 

Preferably, the fourth electrophoresis separation mem 
brane of step (d) has molecular mass cut-off of about 50 kDa. 

Preferably, the buffer in step (r) has a pH of about 8.0. A 
Tris-borate buffer has been found to be particularly suitable 
for this separation. It will be appreciated, however, that other 
buffers having a suitable pH range would also be suitable. 
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A potential of 250 volts has been found to be suitable for 
the separation process. Other Voltages, higher or lower, 
would also be suitable for the present invention depending 
on the separation membrane(s) used, Volume of plasma or 
treated materials to be processed and the speed of separation 
required. 

Preferably, the first and second solvent streams form part 
of a first GradiflowTM apparatus and the third and fourth 
solvent streams form part of a second GradiflowTM appara 
tuS. 

The purified albumin may be concentrated using a Gradi 
flowTM system incorporating an electrophoresis separation 
membrane having a molecular mass cut-off less than the 
molecular mass of albumin in a pH of greater than 8. 
preferably about pH 8.4. 
The benefits of the method according to the first aspect of 

the present invention are the possibility of scale-up without 
adversely sharing the properties of the plasma components 
being separated. 

The method according to the present invention results in 
yields of albumin, immunoglobulins, preferably IgG, and 
C-1-antitrypsin from plasma of at least 70% with a purity of 
at least 90% from pooled samples of plasma. 
The method according to the present invention results in 

Substantially purified or isolated albumin, immunoglobulins, 
preferably IgG, and C-1-antitrypsin from plasma in less than 
1 day, preferably in less than 12 hours, and more preferably 
in less than 6 hours. The speed of separation and purity of 
the final components (albumin, immunoglobulins, prefer 
ably IgG, and C-1-antitrypsin) provides a great advance over 
the prior art methods. Not only does the method allow the 
processing of one sample of plasma to obtain three major 
components (albumin, immunoglobulins, preferably IgG, 
and C-1-antitrypsin), the method is fast and extremely 
efficient. 

In a second aspect, the present invention consists in use of 
GladiflowTM in the purification and/or separation of 
albumin, immunoglobulins, preferably IgG, and C-1- 
antitrypsin from plasma. 

In a third aspect, the present invention consists in 
albumin, immunoglobulins, preferably IgG, and C-1- 
antitrypsin purified by the method according b the first 
aspect of the present invention. 

In a fourth aspect, the present invention consists in use of 
albumin, immunoglobulins, preferably IgG, and C-1- 
antitrypsin according to the third aspect of the present 
invention in medical and veterinary applications. 
The purification of individual components of plasma is an 

important illustration of the power of GradiflowTM in iso 
lating products from complex biological Solutions. 

Throughout this specification, unless the context requires 
otherwise, the word “comprise', or variations such as “com 
prises' or “comprising, will be understood to imply the 
inclusion of a stated element, integer or step, or group of 
elements, integers or steps, but not the exclusion of any other 
element, integer or step, or group of elements, integers or 
steps. 

In order that the present invention may be more clearly 
understood preferred forms will be described with reference 
to the following drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1, 8–16% non-reduced sodium dodecyl sulphate 
polyacrylamide gel electrophoresis (SDS PAGE) gel. Albu 
min was isolated from plasma (lane 2) by its migration 
through the 75 kDa separation membrane into the down 
stream (lanes 5–10). Smaller molecular weight contaminants 
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6 
dissipated through the 50 kDa restriction membrane. Albu 
min was harvested at 30 minute intervals for a total of 180 
minutes. 

Residual plasma proteins were retained in the upstream 
(lane 3) for Subsequent IgG purification. 

FIG. 2, size exclusion high performance liquid chroma 
tography (HPLC). 
Albumin prepared using GradiflowTM technology was 

compared with a commercial therapeutic preparation. HPLC 
was performed using a Shimadzu SCL-10A VP HPLC 
system in combination with a ZORBAX GF 250 4.6x250 
mm analytical column. 

Samples were run at pH 7, 100 mM phosphate buffer 
containing 200 mM NaCl. 

FIG. 3, 4–20% reduced SDS PAGE gel. Residual plasma 
proteins from the albumin isolation (lane 3) were further 
fractionated in a two-phase process, the first of which 
removes contaminants of less than 200 kDa. The second 
phase transferred the IgG component from the upstream to 
the downstream where it was concentrated (lanes 3-6). 

FIG.4, Western analysis of a 4–20% reduced SDS PAGE 
gel. The product from phase 2 of the purification was 
Western blotted and incubated with DAKO anti 
immunoglobulin antibody. The stained bands indicate that 
multiple immunoglobulin families were isolated from 
plasma. Further processing of the sample would allow 
individual families to be purified. 

FIG. 5, Non-reduced SDS PAGE phoretix. GladiflowTM 
purified IgG preparation was compared with a commercial 
therapeutic preparation. 

FIG. 6, 8–16% non-reduced SDS PAGE. Alpha-1- 
antitrypsin was isolated from GradiflowTM purified albumin 
(lane 2) by its migration through the 50 kDa separation 
membrane into the downstream (lanes 7–9). Alpha-1- 
antitrypsin was harvested at 60 minute intervals for a total of 
180 minutes. Residual albumin was retained in the upstream 
(lanes 3-5). 

FIG. 7, Western analysis of 8–16% non-reduced SDS 
PAGE. Alpha-1-antitrypsin was isolated from GradiflowTM 
purified albumin (lane 1) by its migration through the 50 
kDa separation membrane into the downstream (lanes 6-8). 

FIG. 8, C.-1-antitrypsin functional analysis. Alpha-1- 
antitrypsin biological activity was investigated using a chro 
mogenic elastase inhibition assay. GladiflowTM C-1- 
antitrypsin fractions showed activity, in contrast to the 
residual albumin product. 

MODES FOR CARRYING OUT THE 
INVENTION 

Materials and Methods 
Reagents 

All chemicals unless otherwise stated were provided by 
Sigma (St Louis, Mo.). Boric Acid was obtained from ICN 
(Costa Mesa, Calif.). Methanol was provided by Merck 
(Kilsyth, Vic). 

Tris-Borate (TB) Running Buffer: 
6.5 g trisma base, 1.275 g boric acid, deionised HO to 1 L, 
pH 9.0. 
Tris-Borate (TB) Running Buffer: 

7.74 g trisma base, 11.87 g boric acid, deionised HO to 1 
L. pH 8.0. 
GABA-Acetic Acid Running Buffer: 

3.165 g GABA, 1.08 mL acetic Acid, deionised HO to 1 L, 
pH 4.6. 
Gradipore Glycine Sample Buffer: 

10% (w/v) SDS, 2.0 mL glycerol, 0.1% (w/v) bromophenol 
blue, 0.5 M tris-HCl (pH 6.8), deionised HO to 10 mL. 
Dithiothreitol (DTT): 
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3 mg DTT per 1 mL methanol. 
SDS Glycine Running Buffer: 

2.9 g tris base, 14.4 g glycine, 1 g SDS, deionised H2O to 
1 L, pH 8.3. 
Towbin buffer: 

25 mM tris, 192 mM glycine, 20% methanol, deionised 
HO, pH 8.3. 
Phosphate Buffered Saline (PBS): 

9 g NaCl, 0.2 g KHPO, 2.9 g NaHPO 2 g KC1, deionised 
HO to 1 L, pH 7.2. 4-Chloro-1-napthol (4CN): 3 mg 4CN 
per mL of methanol. 
GradipureTM: 

Coomassie Brilliant Blue <1% w/v, ammonium sulphate 
~10% w/v. orthophosphoric acid ~1%. V/V, methanol 
-20% v/v. 

Albumin Isolation 
Pooled normal plasma was diluted one part in three with 

Trio-borate (TB) running buffer, pH 9.0 and placed in the 
upstream of GladiflowTM apparatus. Albumin was isolated 
from platelet free plasma in a one-phase process using the 
charge of albumin at a pH above its isoelectric point and its 
molecular weight. A separation cartridge with a 75 kDa 
cut-off separation membrane was placed between two 50 
kDa cut-off restriction membranes. Upon application of 250 
Volts across the separation unit, albumin was removed from 
higher molecular weight contaminants by its migration 
through the separation membrane whilst Smaller molecular 
weight contaminants dissipated through the 50 kDa cut-off 
restriction membrane. Albumin was harvested at 30 minute 
intervals for a total of 180 minutes. 
The purity of the preparation was determined using SDS 

PAGE (Gradipore Tris-Glycine 8–16% gradient gels) and 
size exclusion HPLC. 
A Bromocresol green kit (BCG) was supplied by Trace 

Scientific (Clayton, Melbourne, Australia) and was used to 
determine albumin concentration throughout the isolation 
procedure10). Analysis was performed according to manu 
facturers instructions. 
IgG Isolation 
The upstream residual from the albumin isolation was 

further processed using a 200 kDa cut-off separation car 
tridge together with a TB running buffer, pH 9.0. A potential 
of 250 volts was applied across the separation unit for 1 
hour. A membrane of this size, in combination with the low 
charge to mass ratio of IgG at pH 9, restricts IgG migration 
whilst allowing Smaller molecular weight contaminants to 
pass through the membrane, leaving IgG and higher molecu 
lar weight contaminants in the upstream. A second purifi 
cation phase was carried out at pH 4.6 using a 500 kDa 
cut-off separation membrane for 2 hours. IgG migrated 
through the separation membrane when 250 volts reversed 
polarity potential was applied, leaving other high molecular 
weight contaminants upstream. 

Western blot analysis was carried out as described by 
Towbinet al (1979)11 on selected SDS gels. Blotting filter 
paper and nitrocellulose blotting membrane were pre-soaked 
in Towbin buffer for 60 minutes. Protein transfer was 
performed in semi-dry blotting apparatus (Macquarie 
University, Sydney, Australia) at 12V for 90 minutes. The 
membrane was washed with PBS for 5 minutes, blocked 
with 1% skim milk in PBS for 10 minutes. The membrane 
was stained with 20 LL rabbit anti-human IgA, IgG, IgM, 
Kappa, Lambda conjugated to horseradish peroxidase 
(HRP) in 10 mL 1% skim milk solution for 60 minutes. The 
stain was developed with 4CN diluted one part in five in 
PBS to a volume of 10 mL and 10 uL H.O. Development 
of the blot occurred within 30 minutes. 
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C-1-Antitrypsin Isolation 
The downstream product of the albumin purification was 

further processed using a 50 kDa cut-off separation mem 
brane together with a TB running buffer, pH 8.0. A potential 
of 250 volts was applied across the separation unit for 3 
hours. The C-1-antitrypsin was transferred to the down 
stream where it was harvested hourly. Further purified 
albumin remained upstream. Samples were analysed for 
purity using SDS PAGE. 

Western blot analysis was carried out as described by 
Towbinet al (1979)11 on selected SDS gels. Blotting filter 
paper and nitrocellulose blotting membrane were pre-soaked 
in Towbin buffer for 60 minutes. Protein transfer was 
performed in semi-dry blotting apparatus (Biorad) at 15V 
for 60 minutes. The membrane was washed with PBS for 5 
minutes, blocked with 1% skim milk in PBS/0.1% Tween 20 
(v/v) for 10 minutes. The membrane was incubated with 10 
uL monoclonal anti-human C-1-antitrypsin (Biodesign, 
Clone number 1102) in 10 mL 1% skim milk solution for 60 
minutes. The membrane was then tagged with DAKO rabbit 
anti-mouse HRP conjugate in 1% skim milk solution for 60 
minutes. The membrane was developed with 4CN diluted 
one part in five in PBS to a volume of 10 mL and 10 LIL 
HO. Development of the blot occurred within 30 minutes. 

Alpha-1-antitrypsin recovery was measured using a 
Behring Nephelometer 100 Analyzer (Dade Behring, 
Marburg, Germany). Assays were performed using rabbit 
anti-human C-1-antitrypsin nephelometry reagent (Dade 
Behring OSAZ. 15) and carried out according to manufac 
turers instruction. 

Alpha-1-antitrypsin functionality was investigated using 
chromogenic elastase neutralisation assay. Elastase was 
diluted 1:1, 1:5, 1:10, 1:20, 1:40, 1:80, 1:160, 1:320 with pH 
8.0 buffer (N.B. the stock elastase from Sigma was 32 U/ml). 
Fifty ul of each elastase dilution was added to 50 ul of 
C-1-antitrypsin Sample, and shaken for 15 minutes. A control 
set of samples was also prepared in which each elastase 
dilution was combined with an equal Volume of running 
buffer. Twenty ul of each mixture was pipetted into wells of 
a flat bottom microtitre plate, and 150 ul of the Pefa-ELA 
substrate (Pentapharm Basel, Switzerland) freshly diluted 
1:100 with pH 8.0 buffer added. (N.B. each vial is recon 
stituted with 1 ml of DMSO and stored at +4° C.). Colour 
development was monitored at 37° C. in a plate reader 
(Versamax, Molecular Devices) for 2 hours at a wavelength 
of 405 nm. The kinetic analysis war made by calculating the 
Vmax over 20 points for each well. Plots of Vmax against 
elastase concentration were made on a log-log scale. The 
linear section of the plot was extrapolated to the X-axis to 
derive the concentration of antitrypsin in terms of elastase 
neutralisation units. 
Albumin contamination was investigated using a Bromo 

cresol green kit (BCG) supplied by Trace Scientific 
(Clayton, Melbourne, Australia) 10). Analysis was per 
formed according to manufacturers instructions. 

Anti-thrombin III contamination was investigated using 
an ELISA assay. One hundred uL Heparin (1.5 mg/mL) was 
bound to a flat-bottomed microtitre plate overnight. The 
plate was washed three time with 250 uL PBS/Tween 20 
(0.1% V/v) before application of 50 uL anti-thrombin III 
standards (Sigma, St Louis, Mo.), 50 uL upstream and 50 LL 
downstream samples (1:10 PBS/Tween 20). The plate was 
incubated at room temperature for 1 hour and washed, again 
with PBS/Tween 20. Fifty uL DAKO rabbit anti-human 
anti-thrombin III (1:1000 PBS/Tween 20) was applied and 
the plate incubated for a further 1 hour. The plate was then 
washed and 50 uL DAKO goat anti rabbit HRP conjugate 
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applied. Washing of the plate and development using 100 uL 
o-toluidine followed incubation of the plate for 1 hour. 
Development was stopped using 50 LL 3M HCl. The plate 
was read at 450 nm and the samples compared to the 
generated Standard curve. 
SDS PAGE 12 was performed using Tris-glycine-SDS 

running buffer. SDS PAGE samples were prepared using 40 
uL Gradipore glycine sample buffer, 10 uL DTT, 50 LL 
sample and were boiled for 5 minutes. SDS PAGE was run 
at 150 Volts for 90 minutes. 

All SDS PAGE gels were stained with Gradipure 
(Gradipore, Sydney, Australia). 
HPLC was performed using a Shimadzu SCL-10A VP 

HPLC system in combination with a ZORBAX GF 250 
4.6x250 mm analytical column. Samples were run at pH 7. 
100 mM phosphate buffer containing 200 mM NaCl. 
Results 
Albumin Isolation 
The one step purification procedure was successful in 

producing albumin that was greater than 95% pure with a 
recovery of 72%. The SDS PAGE in FIG. 1 illustrates the 
purification procedure. Albumin was isolated from plasma 
(lane 2) by its migration through the 75 kDa separation 
membrane into the downstream (lanes 5–10). Smaller 
molecular weight contaminants dissipated through the 50 
kDa restriction membrane. Albumin was harvested at 30 
minute intervals for a total of 180 minutes. Residual plasma 
proteins were retained in the upstream (lane 3) for subse 
quent IgG purification Albumin was isolated from plasma 
with single peak purity and compared with a commercially 
available therapeutic product (FIG. 2). Albumin prepared 
using GradiflowTM technology was compared with a com 
mercial therapeutic preparation. HPLC was performed using 
a Shimadzu SCL-10AVPHPLC system in combination with 
a ZORBAX GF 250 4.6x250 mm analytical column. 
Samples were run at pH 7, 100 mM phosphate buffer 
containing 200 mM NaCl. The entire purification phase took 
only 3 hours in duration, illustrating the rapidity of the 
method. The processing of the albumin preparation in the 
isolation of C-1-antitrypsin further increased the purity of 
the Gradiflow albumin product. 
IgG Isolation 
The processing of the residual upstream from the albumin 

separation deceased the waste of important plasma compo 
nents through the process. Furthermore, the running time of 
the IgG isolation was decreased due to the removal of 
albumin in the first purification phase. FIGS. 3 and 4 show 
reduced SDS PAGE and a corresponding Western blot 
analyses illustrating the presence of the characteristic heavy 
and light chains of IgG. Residual plasma proteins from the 
albumin isolation (lane 3) were further fractionated in a 
two-phase process, the first of which removes contaminants 
of less than 200 kDa. The second phase transferred the IgG 
component from the upstream to the downstream where it 
was concentrated (lanes 3–6). The product from phase 2 of 
the purification was Western blotted and incubated with 
DAKO anti-immunoglobulin antibody. The stained bands 
indicate that multiple immunoglobulin families were iso 
lated from plasma (FIG. 4). The purity of the immunoglo 
bulin product was determined as 95–100% (FIG. 5) using 
PAGE phoretix. GladiflowTM purified IgG preparation was 
compared with a commercial therapeutic preparation and 
showed similar purity and characteristics. 

Further processing of the product would allow specific 
immunoglobulin families to be isolated in the process, 
increasing the purity of the specific groups. Immunoglobulin 
yield was determined using HPLC and calculated to be 
greater than 75%. 
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C-1-Antitrypsin 

C-1-Antitrypsin was purified from the GradiflowTM puri 
fied albumin preparation with a recovery of 73%. FIG. 6 
illustrates the purity of C-1-antitrypsin obtainable using the 
present invention and in combination with the retention of 
biological activity provides a demonstration of the ability to 
purify functional proteins using GladiflowTM technology. 
Alpha-1-antitrypsin was isolated from GladiflowTM purified 
albumin (lane 2) by its migration through the 50 kDa 
separation membrane into the downstream (lanes 7-9). 
Alpha-1-antitrypsin was harvested at 60 minute intervals for 
a total of 180 minutes. Residual albumin was retained in the 
upstream (lanes 3-5). The removal of C-1-antitrypsin from 
the albumin preparation resulted in higher purity albumin 
and also minimised the time of isolation of C-1-antitrypsin. 
The other advantage of processing GladiflowTM fractions 
was the reduction in waste of important plasma proteins. The 
retention of C-1-antitrypsin activity was demonstrated by its 
ability to inhibit elastase activity. No detectable activity 
remained in the albumin preparation. 

FIG. 7 shows Western analysis of 8–16% non-reduced 
SDS PAGE. Alpha-1-antitrypsin was isolated from Gladi 
flowTM purified albumin (lane 1) by its migration through the 
50 kDa separation membrane into the downstream (lanes 
6-8). FIG. 8 shows C-1-antitrypsin functional analysis 
where C-1-antitrypsin biological activity was investigated 
using a chromogenic elastase inhibition assay. GladiflowTM 
purified C-1-antitrypsin fractions showed activity, in con 
trast to the residual albumin product. 
Albumin contamination of the active C-1-antitrypsin 

product was demonstrated to be at most 0.061 mg/mL. The 
need for extra albumin decontamination steps using conven 
tional isolation techniques is minimal. The absence of anti 
thrombin III from the C-1-antitrypsin preparation further 
illustrated the exceptional resolution of Gradiflow technol 
Ogy. 
Simultaneous Separations 

Current methods for plasma protein separation involve the 
use of Cohn fractionation, which can take from 3–5 days to 
separate proteins into their purified form. Using the Gradi 
flowTM technology it is possible to substantially reduce the 
separation time from three days to three hours. By linking 
several GladiflowTM machines in succession it is possible to 
simultaneously separate several proteins to single band 
purity from plasma in the same three hour period required to 
separate each individual protein. By linking several Gradi 
flowTM apparatus together in series, the plasma can be 
separated into several different fractions with different puri 
fied proteins being collected into separate streams. Linear 
scalability of the GladiflowTM. allows the separation of 
multiple numbers of proteins in a single three hour period 
rather than a minimum of two to three hours per protein if 
only one machine is used. 

Plasma, suitably diluted, is placed into the first stream in 
a first apparatus and separated through a 200 kDa separation 
membrane. The selection of the separation membrane in this 
step has two functions. This membrane pore size allows all 
the albumin and C.1-antitrypsin to pass downstream where 
the two proteins can be further purified. Furthermore, this 
membrane allows all protein contaminants under 200 kDa to 
be removed from the immunoglobulins and other high 
molecular mass components which are retained in the first 
Stream. 

A second GladiflowTM apparatus containing an 80 kDa 
separation membrane is used to process the downstream 
from the first apparatus. This membrane allows only albu 
min and C-1-antitrypsin to pass through into a third down 
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stream whilst all larger contaminants are held in the second 
stream. A third apparatus which contains a 40 kDa separa 
tion membrane is connected to the second apparatus to 
process the third downstream containing albumin and C-1- 
antitrypsin. The selection of this membrane prevents the 5 
transfer of albumin from the third stream but allows the 
C-1-antitrypsin to pass through where it is collected in a 
fourth stream. Following this separation, Substantially pure 
albumin remains in the third stream and Substantially pure 
C-1-antitrypsin is collected in the fourth Stream. 
Once albumin and C-1-antitrypsin have been separated 

into their separate streams, third and fourth consecutively, 
IgG can then be separated from the treated first stream. This 
is achieved by disconnecting the first apparatus from the 
second and third apparatus and changing the pH of the 
buffer. A pH 4.6 GABA/Acetic acid buffer is suitable and the 
potential is reversed as per the protocol for a normal second 
phase IgG separation. 

All three proteins, albumin, C-1-antitrypsin, and IgG, can 
be separated to single band purity with over 80% yield using 
the coupled apparatus. Both albumin and C-1-antitrypsin 
take about three hours to purify whilst IgG takes several 
hours longer due to the need to separate the three apparatus 
once the albumin and C-1-antitrypsin have been separated. 
Conclusions 
A method to rapidly purify albumin, IgG and C-1- 

antitrypsin from a single Volume of plasma has been estab 
lished. The minimisation of waste and the removal of 
various processing steps including ethanol precipitation and 
ultra-filtration demonstrate the potential of GradiflowTM 
technology in the large-scale purification of blood proteins. 
Optimisation of the process would allow the removal of 
specific families and even species of the immunoglobulins. 
Further processing of GradiflowTM waste fractions may 
allow the removal of many other important plasma 
molecules, providing a means by which to maximise the 
potential of plasma as a biopharmaceutical Source. The high 
specificity of GladiflowTM technology could allow specific 
molecules to be targeted and removed by applying Suitable 
Strategies. 

It will be appreciated by persons skilled in the art that 
numerous variations and/or modifications may be made to 
the invention as shown in the specific embodiments without 
departing from the spirit or scope of the invention as broadly 
described. The present embodiments are, therefore, to be 
considered in all respects as illustrative and not restrictive. 
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What is claimed is: 
1. A method of separating components from plasma, the 

method comprising the steps: 
(a) placing the plasma in a first solvent stream, the first 

Solvent stream being separated from a second solvent 
stream by a first electrophoretic separation membrane 
having a molecular mass cut-off less than the molecular 
mass of albumin and a restriction membrane having a 
molecular mass cut-off less than the first electro 
phoretic separation membrane; 

(b) selecting a buffer for the firm solvent stream having a 
pH greater than the pl of albumin; 

(c) applying an electric potential between the two solvent 
streams causing movement of albumin and C-1- 
antitrypsin through the first electrophoretic membrane 
into the second solvent stream while biomolecules 
having a molecular mass greater than albumin and 
C-1-antitrypsin are Substantially retained in the first 
Solvent stream, or if entering the first electrophoresis 
membrane, being Substantially prevented from passing 
through the first electrophoresis membrane, wherein 
biomolecules in the plasma having a molecular mass 
less than albumin and C-1-antitrypsin are caused to 
move through the first separation membrane and the 
restriction membranes to a waste collection; 

(d) optionally, periodically stopping and reversing the 
electric potential to cause movement of biomolecules 
having a molecular mass greater than albumin and 
C-1-antitrypsin having entered the first electrophoresis 
membrane to move back into the first solvent stream, 
wherein Substantially not causing any albumin or C-1- 
antitrypsin that have entered the second solvent stream 
to re-enter first solvent stream; 

(e) maintaining steps (c) and optionally (d) until the 
desired amount of albumin and C-1-antitrypsin have 
been collected as an albumin/C-1-antitrypsin pool and 
biomolecules having a molecular mass less than albu 
min and C-1-antitrypsin have been removed from the 
first solvent stream to form a treated plasma; 

(f) placing the treated plasma in a third solvent stream, the 
third solvent stream being separated from a fourth 
Solvent stream by a second electrophoretic separation 
membrane having a molecular mass cut-off less than 
the molecular mass of immunoglobulins; 

(g) selecting a buffer for the third solvent stream having 
a pH above neutral; 

(h) applying an electric potential between the third and 
fourth Solvent streams causing movement of biomol 
ecules having a molecular mass less than that of 
immunoglobulins in the treated plasma through the 
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second electrophoretic separation membrane into the 
fourth solvent stream while immunoglobulins and other 
biomolecules having a molecular mass greater than 
immunoglobulins are substantially retained in the third 
Solvent stream, or if entering the second electrophoresis 
separation membrane, being Substantially prevented 
from passing through the second electrophoresis sepa 
ration membrane; 

(i) optionally, periodically stopping and reversing the 
electric potential to cause movement of immunoglobu 
lins and other biomolecules having a molecular mass 
greater than immunoglobulins having entered the sec 
ond electrophoresis separation membrane to move back 
into the third solvent stream, wherein substantially not 
causing any biomolecules having a molecular mass less 
than immunoglobulins that have entered the fourth 
solvent stream to re-enter third solvent stream; 

() maintaining steps (h) and optional (i) until the desired 
amount of biomolecules having a molecular mass less 
than immunoglobulins have been removed from the 
third upstream to form an immunoglobulins concen 
trate; 

(k) removing the biomolecules from the fourth solvent 
Stream; 

(1) replacing the second electrophoretic separation mem 
brane with a third electrophoretic separation membrane 
having a molecular mass cut-off greater than the 
molecular mass of immunoglobulins; 

(m) selecting a buffer for the immunoglobulins concen 
trate having a pH below neutral; 

(n) applying an electric potential between the immuno 
globulins concentrate in the third solvent stream and a 
fresh fourth solvent stream causing movement of 
immunoglobulins in the immunoglobulins concentrate 
in the third solvent stream through the third electro 
phoretic separation membrane into the fresh fourth 
Solvent stream while biomolecules having a molecular 
mass greater than immunoglobulins are substantially 
retained in the third solvent stream, or if entering the 
third electrophoresis separation membrane, being Sub 
stantially prevented from passing through the third 
electrophoresis separation membrane; 

(o) optionally, periodically stopping and reversing the 
electric potential to cause movement of biomolecules 
having a molecular mass greater than immunoglobulins 
having entered the third electrophoresis membrane to 
move back into the treated third solvent stream, 
wherein Substantially not causing any immunoglobu 
lins that has entered the fresh fourth solvent stream to 
re-enter treated third solvent stream; 

(p) maintaining steps (n) and optional (o) until the desired 
amount of immunoglobulins have been moved to the 
fresh fourth downstream; 

(q) placing the albumin/C-1-antitrypsin concentrate in a 
fifth solvent stream, the fifth solvent stream being 
separated from a sixth solvent stream by a fourth 
electrophoretic separation membrane having a molecu 
lar mass cut-off less than the molecular mass of albu 
min; 

(r) selecting a buffer for the fifth solvent stream having a 
pH greater than neutral; 

(s) applying an electric potential between the fifth and 
sixth solvent streams causing movement of C-1- 
antitrypsin through the fourth electrophoresis separa 
tion membrane into the sixth solvent stream while 
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14 
albumin is substantially retained in the fifth solvent 
stream, or if entering the fourth electrophoresis sepa 
ration membrane, being Substantially prevented from 
passing through the fourth electrophoresis separation 
membrane; 

(t) optionally, periodically stopping and reversing the 
electric potential to cause movement of albumin having 
entered the fourth electrophoresis separation membrane 
to move back into the fifth solvent stream, wherein 
Substantially not causing any C-1-antitrypsin that has 
entered the sixth solvent stream to re-enter the fifth 
Solvent stream; and 

(u) maintaining steps (S) and optionally (t) until the 
desired amount of albumin remains in the fifth solvent 
stream and the desired amount of C-1-antitrypsin has 
have been removed to the sixth solvent stream. 

2. The method according to claim 1 wherein steps (q) to 
(u) are carried out after steps (a) to (e) 

3. The method according to claim 1 wherein the plasma 
is a pooled human plasma sample. 

4. The method according to claim 1 wherein the first 
electrophoresis separation membrane of step (a) has molecu 
lar mass cut-off of about 75 kDa and the restriction mem 
brane has a molecular mass cut off of about 50 kDa. 

5. The method according to claim 1 wherein the buffer in 
step (b) has a pH of 9. 

6. The method according to claim 5 wherein the buffer is 
a Tris-borate buffer 

7. The method according to claim 1 wherein the second 
electrophoresis separation membrane of step (f) has a 
molecular mass cut-off of 200 kDa. 

8. The method according to claim 1 wherein the third 
electrophoresis separation membrane of step (1) has a 
molecular mass cut-off of 500 kDa. 

9. The method according to claim 1 wherein the buffer of 
the third solvent stream in step (g) has a pH of 9. 

10. The method according to claim 1 wherein the buffer 
of the immunoglobulins concentrate of step (m) has a pH of 
less than 5. 

11. The method according to claim 10 wherein buffer has 
a of pH 4.6. 

12. The method according to claim 1 wherein the fourth 
electrophoresis separation membrane of step (q) has molecu 
lar mass cut-off of about 50 kDa. 

13. The method according to claim 1 wherein the buffer 
of the fifth solvent stream in step (r) has a pH of 8.0. 

14. The method according to claim 13 wherein the buffer 
is a Tris-borate buffer 

15. The method according to claim 1 wherein a potential 
of 250 volts is applied in steps (c), (h), (n) and (s). 

16. The method according to claim 1 wherein the immu 
noglobulins are immunoglobulin G (IgG). 

17. The method according to claim 1 wherein yields of 
albumin, immunoglobulins and C-1-antitrypsin from plasma 
are at least 70% and purity of at least 90%. 

18. The method according to claim 1 wherein albumin, 
immunoglobulins and C-1-antitrypsin are separated from 
plasma in less than 1 day. 

19. The method according to claim 18 wherein albumin, 
immunoglobulins and C-1-antitrypsin are separated from 
plasma in less than 12 hours. 

20. The method according to claim 18 wherein albumin, 
immunoglobulins and C-1-antitrypsin are separated from 
plasma in less than 6 hours. 

21. A method for separating plasma components from a 
plasma sample containing at least albumin, C.-1-antitrypsin, 
and immunoglobulins, by electrophoresis, comprising: 
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(I) separating the plasma into a first and second compo 
ment using a first electrophoretic separation membrane 
whereby the first component containing a mixture of 
albumin and C-1-antitrypsin resides on One side of the 
first electrophoretic separation membrane while the 
second component resides on the Other side of the first 
electrophoretic separation membrane, 

(II) separating the second component into third and fourth 
components whereby the third component containing 
immunoglobulins is located on One side of a second 
electrophoretic separation membrane, and the fourth 
component resides on the Other side of the second 
separation membrane, 

(III) removing material having a molecular mass greater 
than immunoglobulins from the third component using 
a third electrophoretic separation membrane whereby 
immunoglobulins reside on One side of the third elec 
trophoretic separation membrane and material having 
a molecular mass greater than immunoglobulins reside 
On the other side of the third electrophoretic separation 
membrane, and 

(IV) separating albumin from C-1-antitrypsin in the first 
component using a fourth separation membrane 
whereby C-1-antitrypsin resides on One side of the 
fourth electrophoretic separation membrane and albu 
min resides on the other side of the fourth separation 
membrane. 

22. The method according to claim 21, whereby the 
second component contains material having a molecular 
mass greater than albumin. 

23. The method according to claim 21, whereby the first 
component migrates through the first electrophoretic sepa 
ration membrane. 

24. The method according to claim 21, whereby the fourth 
component contains material having a molecular mass less 
than immunoglobulins contained in the third component. 

25. The method according to claim 21, whereby C.-1- 
antitrypsin migrates through the fourth electrophoretic 
separation membrane. 

26. The method according to claim 21, whereby step (I) 
fiurther comprises. 

(a) placing the plasma in a first solvent stream, the first 
solvent stream being separated from a second solvent 
stream by the first electrophoretic separation mem 
brane having a molecular mass cut-off more than the 
molecular mass of albumin, and the second solvent 
stream being further bounded by a restriction mem 
brane having a molecular mass cut of less than the first 
electrophoretic separation membrane, 

(b) selecting a buffer for the first solvent stream having a 
pH greater than the pil of albumin, 

(c) applying an electric potential between the two solvent 
streams whereby albumin and C-1-antitrypsin migrate 
through the first electrophoretic membrane into the 
second solvent stream while material having a molecu 
lar mass greater than albumin and C-1-antitrypsin are 
substantially prevented from passing through the first 
electrophoretic membrane, 

(d) optionally, periodically stopping and reversing the 
electric potential whereby material having a molecular 
mass greater than albumin and C-1-antitrypsin that 
have entered the first electrophoretic membrane move 
back into the first solvent stream, while substantially 
preventing albumin or C-1-antitrypsin in the second 
solvent stream from re-entering the first solvent stream, 
and 
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(e) maintaining steps (c) and optionally (d) until the 

desired amount of albumin and C-1-antitrypsin 
migrates into the second solvent stream. 

27. The method according to claim 26, whereby the 
5 material having a molecular mass less than albumin and 

C-1-antitrypsin move through the first separation membrane 
and the restriction membrane. 

28. The method according to claim 21, whereby step (II) 
fiurther comprises. 

10 (f) placing the second component in a third solvent 
stream, the third solvent stream being separated from a 
fourth solvent stream by a second electrophoretic sepa 
ration membrane having a molecular mass cut-off less 
than the molecular mass of immunoglobulins, 

15 (g) selecting a buffer for the third solvent stream having 
a pH above neutral 

(h) applying an electric potential between the third and 
fourth solvent streams whereby immunoglobulins from 
the second component are substantially prevented from 
passing through the second electrophoretic separation 
membrane thereby forming the third component while 
material having a molecular mass less that that of 
immunoglobulins in the second component migrate 
through the second electrophoretic separation men 
brane into the fourth solvent stream to form the fourth 
component, 

25 

(i) optionally, periodically stopping and reversing the 
electric potential whereby materials from the third 
component that have entered the second electro 
phoretic separation membrane move back into the third 
solvent stream while preventing materials from the 
fourth component from re-entering the third solvent 
stream, and 

30 

(i) maintaining steps (h) and optional (i) until the desired 
amount of third component has been separated from the 
fourth component. 

29. The method according to claim 28 whereby step (III) 
fiurther comprises. 

35 

40 (I) replacing the second electrophoretic separation mem 
brane with a third electrophoretic separation men 
brane having a molecular mass cut-off greater than the 
molecular mass of immunoglobulins, 

(m) selecting a buffer for the third solvent stream having 
45 a pH below neutral 

(n) replacing the fourth solvent stream with a fresh fourth 
solvent stream, 

(o) applying an electric potential between the third sol 
vent stream and the fresh fourth solvent stream whereby 
immunoglobulins in the third component migrate 
through the third electrophoretic separation membrane 
into the fresh fourth solvent stream, 

50 

(p) optionally, periodically stopping and reversing the 
electric potential whereby material having a molecular 
mass greater than immunoglobulins in the third com 
ponent that have entered the third electrophoretic mem 
brane move back into the third solvent stream while 
preventing immunoglobulins in the fresh fourth solvent 
stream from re-entering the third solvent stream, and 

55 

60 
(q) maintaining steps (o) and optional (p) until the desired 
amount of immunoglobulins migrate to the fresh fourth 
solvent stream. 

30. The method according to claim 21, whereby step (IV) 
65 filrther comprises. 

(r) placing the first component in a fifth solvent stream, 
the fifth solvent stream being separated from a sixth 
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solvent stream by a fourth electrophoretic separation 
membrane having a molecular mass cut-of less than 
the molecular mass of albumin, 

(s) selecting a buffer for the fifth solvent stream having a 
pH greater than neutral 5 

(t) applying an electric potential between the fifth and 
sixth solvent streams whereby C-1-antitrypsin migrates 
through the fourth electrophoretic separation men 
brane into the sixth solvent stream while albumin is 
substantially prevented from passing through the fourth 
electrophoretic separation membrane, 

(u) optionally, periodically stopping and reversing the 
electric potential whereby albumin that has entered the 
fourth electrophoretic separation membrane moves 
back into the fifth solvent stream while preventing 
C-1-antitrypsin in the sixth solvent stream from 
re-entering the fifth solvent stream, and 

(v) maintaining steps (t) and optionally (u) until the 
desired amounts of albumin and C-1-antitrypsin are 
separated on opposite sides of the fourth separation 
membrane. 

31. The method according to claim 21, filrther comprising 
using more than one electrophoretic separation apparatus. 

32. The method according to claim 21, filrther comprising 
using three electrophoretic separation apparatus. 

33. The method according to claim 6 whereby the first 
electrophoretic separation membrane of step (a) has 
molecular mass cut-off of about 75 kDa and the restriction 
membrane has a molecular mass cut off of about 50 kDa. 

34. The method according to claim 26 whereby the first 
electrophoretic separation membrane of step (a) has a 
molecular mass cut-off greater than 67 kDa. 

35. The method according to claim 26 whereby the buffer 
in step (b) has a pH of about 9. 

36. The method according to claim 26 whereby the buffer 
is a Tris-borate buffer: 

37. The method according to claim 26 whereby the 
electric potential applied in Step (c) is 250 volts. 

38. The method according to claim 28 whereby the second 
electrophoretic separation membrane of step (f) has a 
molecular mass cut-off of about 200 kDa. 

39. The method according to claim 28 whereby the second 
electrophoretic separation membrane of step (f) has a 
molecular mass cut-off greater than 150 kDa. 

40. The method according claim 28 whereby the buffer of 
the third solvent stream in step (g) has a pH of about 9. 

41. The method according to claim 28 where the electric 
potential applied in step (h) is 250 volts. 

42. The method according to claim 29 whereby the third 
electrophoretic separation membrane of step (I) has a 
molecular mass cut-off of about 500 kDa. 

43. The method according to claim 29 whereby the buffer 
of the immunoglobulins concentrate of step (m) has a pH of 
less than 5. 

44. The method according to claim 29 whereby buffer has 
a pH of about 4.6. 

45. The method according to claim 29 whereby the 
electric potential applied in Step (O) is 250 volts. 

46. The method according to claim 30 whereby the fourth 
electrophoretic separation membrane of step (q) has 
molecular mass cut-off of about 50 kDa. 

47. The method according to claim 30 whereby the fourth 
electrophoretic separation membrane of step (q) has 
molecular mass cut-off less than 54 kDa. 

48. The method according to claim 30 whereby the buffer 
of the fifth solvent stream in step (r) has a pH of about 8.0. 

49. The method according to claim 30 whereby the buffer 
is a Tris-borate buffer: 
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50. The method according to claim 30 whereby the 

electric potential applied in step (t) is 250 volts. 
51. The method according to any one of claims 21-50, 

whereby albumin, immunoglobulin, and C-1-antitrypsin are 
separated from plasma. 

52. The method according to any one of claims 21-50 
whereby the immunoglobulins are immunoglobulin G (IgG). 

53. The method according to any one of claims 21-50 
whereby yields of albumin, immunoglobulins and C-1- 
antitrypsin from plasma are at least 70% and purity of at 
least 90%. 

54. The method according to any one of claims 21-50 
whereby albumin, immunoglobulins and C-1-antitrypsin are 
separated from plasma in less than 1 day. 

55. The method according to any one of claims 21-50 
whereby albumin, immunoglobulins and C-1-antitrypsin are 
separated from plasma in less than 12 hours. 

56. The method according to any one of claims 21-50 
whereby albumin, immunoglobulins and C-1-antitrypsin are 
separated from plasma in less than 6 hours. 

57. The method according to any one of claims 21-50 
whereby the plasma is a pooled human plasma sample. 

58. The method according to claim 21, 26 or 30 whereby 
step (IV) is carried out after step (I). 

59. A method for separating plasma components from a 
plasma sample by electrophoresis, comprising: 

(I) separating the plasma into a first and second compo 
ment in a first electrophoretic separation apparatus 
using a first electrophoretic separation membrane hav 
ing a molecular mass cut-off of about 200 kDa, whereby 
the first component containing a mixture of albumin 
and C-1-antitrypsin resides on One side of the first 
electrophoretic separation membrane while the second 
component resides on the other side of the first elec 
trophoretic separation membrane, 

(II) removing undesired material from the first component 
in a second electrophoretic separation apparatus using 
a second electrophoretic separation membrane having 
a molecular mass cut-off of about 80 kDa, whereby 
albumin and C-1-antitrypsin reside on One side of the 
second electrophoretic separation membrane and the 
undesired material resides on the other side of the third 
electrophoretic separation membrane, 

(III) separating albumin from C-1-antitrypsin in the first 
component using a third separation membrane having 
a molecular mass cut-off of about 40 kDa in a third 
electrophoretic separation apparatus, whereby C-1- 
antitrypsin resides on One side of the third electro 
phoretic separation membrane and albumin resides on 
the other side of the third separation membrane, and 

(IV) separating the second component into third and 
fourth components whereby the third component con 
taining immunoglobulins is located on One side of a 
fourth electrophoretic separation membrane, and the 
fourth component resides on the other side of the fourth 
separation membrane. 

60. The method according to claim 59, whereby the first, 
second, and third electrophoretic separation apparatus are 
connected together in steps (I)-(III), and the first electro 
phoretic separation is disconnected from the second or third 
electrophoretic separation apparatus in Step (IV). 
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