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(57) ABSTRACT 

A method for speci?cally immunoprecipitating albumin 
from a serum sample, using a “collapsible af?nity matrix.” 
Also provided is a method for the co-removal of immuno 
globulin using a “collapsible af?nity matrix.” Removal of 
the highly abundant serum proteins, albumin and immuno 
globulin, thereby improves the fractionation of the remain 
ing serum proteins. Due to the collapsible nature of the 
matrix, less protein is trapped in the void space. Through 
speci?c removal of the abundant serum proteins by the 
collapsible af?nity matrix and application of a tWo dimen 
sional gel electrophoresis method, HiCap 2-D PAGE, the 
concentrations of a large number of loW abundant serum 
proteins are estimated simultaneously, alloWing the identi 
?cation of several disease-related proteins in a relatively 
short period of time. 
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Figure 1B 
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H'i-CAP 2-D PAGE - 100m Human Serum 

NovaDx 

3.5 

>4000 polypeptides detected; gal = 6.5-8.0 not shown 



Patent Application Publication Dec. 13, 2001 Sheet 8 0f 11 US 2001/0051380 A1 

.m 35 

F535 032E502 .m 0.59,; 

E .26 R52 

mm_mmpvwphw—mmp mwwomwmvwvmpmmé wvw :2. rpm 00 0w 00 v? v 

00.0 
Ausuaq ieagldg PSZHBLUJON 



Patent Application Publication Dec. 13, 2001 Sheet 9 0f 11 US 2001/0051380 A1 

6A Paget's P'a?ent' 
11 8 & Nb; Values 

600 - T 200 ' 

—-_180 
i _ 

-00 __ 160 

400 --140 

- 120 E 

2: I ?2 
z 300 - - 100 Q 

. - a0 3 

200 - 
- 60 Q 

‘6 
__ 4° 0. 

10-0 , w 
-- 2n . 

0 i 0 

12194 4 12/95 io/esf" 

- NTx T; 

6B 700 

NTx versus 118 
500 - B 

500 . 

I 

400 - B 

,5" 
z. 

300 - 

"aw — ._.| 

i 
B 

100 — P 

a i' 
O I r x i f 

0 5O tQO 150 200 '1 

I 
t M [a 11s, lag/mi 



Patent Application Publication Dec. 13, 2001 Sheet 10 0f 11 US 2001/0051380 A1 

4K 



Patent Application Publication Dec. 13, 2001 Sheet 11 0f 11 US 2001/0051380 A1 

@555 E. 



US 2001/0051380 A1 

REMOVAL OF ABUNDANT INTERFERING 
PROTEINS FROM A LIQUID SAMPLE USING A 

COLLAPSIBLE AFFINITY MATRIX 

BACKGROUND OF THE INVENTION 

[0001] Since the development of high resolution tWo 
dimensional (2-D) electrophoresis by O’Farrell, the tech 
nique has been applied to mapping the protein composition 
of human serum and of various tissues. 2-D electrophoresis 
consists of isoelectric focusing electrophoresis (IEF) in the 
?rst dimension and SDS polyacrylamide gel electrophoresis 
[SDS-PAGE] in the second dimension. Current interest in 
using 2-D electrophoresis to identify disease related proteins 
is exempli?ed by the existence of databases dedicated to 2-D 
polypeptide maps of serum and tissue samples of different 
disease states. 

[0002] Although 2-D electrophoresis is considered to be 
the most poWerful separation technique for resolving highly 
complex protein mixtures, the method has limitations. Most 
of these limitations are related to sample composition, such 
as high concentrations of salt and protein. The advent of 
immobiliZed pH gradient (IPG) strips has greatly minimiZed 
these limitations. Even When using immobiliZed pH gradient 
strips, hoWever, suggested sample loadings of human serum 
are on the same order of magnitude (1-5 pL) as that used 
With the “classical” O’Farrell technique for analytical 2-D 
electrophoresis. 
[0003] The limitation of human serum sample volume is 
due to the protein distribution and not necessarily the total 
protein, although total protein is a signi?cant limitation With 
the O’Farrell technique. A single protein, albumin (HSA), 
makes up approximately 50% of the total human serum 
protein. This protein can distort the gel image of a 2-D 
protein map When large sample volumes are used. The 
limitation in sample volume ultimately limits the number of 
proteins that can be detected by 2-D electrophoresis. 

[0004] The distortion in the gel image is particularly 
evident in the area of the albumin (molecular Weight [MW] 
66,000, pI 4.9) Where vertical and horiZontal streaking 
masks a large portion of the protein map. In addition, a 
group of abundant serum proteins, immunoglobulin (Ig), 
contributes approximately 20% to total human serum pro 
tein. Vertical and horiZontal streaking also masks the portion 
of the protein map in the area of the gel image Where Ig light 
and heavy chains are located. Furthermore, the presence of 
the abundant HSA and Ig alters the pI of the isoelectric 
focusing electrophoresis gel in these proteins, impeding 
effective resolution and detection of many other protein 
spots. To improve 2-D electrophoresis human serum maps, 
in both quality of image and the number of detectable 
proteins, human serum albumin must be speci?cally 
removed. 

[0005] There are currently several methods for removing 
albumin from serum, such as adsorption to activated carbon 
particles, binding to Cibacron-blue dye coupled to 
Sepharose beads, and the use of anti-albumin polyclonal 
antibodies. Removal of serum albumin using carbon or the 
Cibacron-blue Sepharose is relatively inexpensive, but these 
methods suffer from a lack of speci?city. The Cibacron-blue 
dye binds many proteins other than albumin, such as inter 
feron, lipoproteins, blood coagulation factors, kinases, dehy 
drogenases and most enZymes requiring adenyl-containing 
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cofactors. Also, because of the microporous nature of the 
Sepharose beads, additional proteins are trapped in the dead 
volume of the rigid matrix. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides a method for 
removing interfering macromolecules from a liquid sample 
before protein fractionation. This method involves contact 
ing the liquid sample With a polypeptide affinity reagent that 
has speci?city for an abundant macromolecule in the 
sample, and is one member of a high af?nity binding pair 
system. A macromolecule-polypeptide affinity reagent com 
plex is formed, that is then contacted With the other member 
of a high affinity binding pair system to form a “collapsible 
af?nity matrix.” The collapsible af?nity matrix is speci?c for 
the abundant macromolecule and, When centrifuged, con 
tains very little dead volume that Would otherWise trap 
additional sample macromolecules. In one embodiment, the 
invention provides a method for speci?cally removing mac 
romolecules from a sample using biotinylated adsorptive 
proteins. In a speci?c embodiment, a biotinylated anti-HSA 
antibody, in conjunction With avidin and human serum, 
forms a collapsible af?nity matrix, containing albumin. The 
combination of biotinylated protein A, avidin, and human 
serum, folloWed by contact With biotinylated anti-HSA and 
avidin alloWs simultaneous co-precipitation of albumin and 
immunoglobulin (Ig). The practice of the method of the 
invention can thereby provide serum samples substantially 
depleted of albumin and immunoglobulin. 

[0007] The invention also provides a monoclonal antibody 
(HSA2126NX.012) that can speci?cally immunoprecipitate 
albumin from serum. The invention further provides a kit 
useful for speci?cally removing abundant macromolecules 
from a sample using biotinylated adsorptive proteins. 

[0008] This unique method for removing albumin and 
immunoglobulin from serum permits the full potential of the 
poWerful protein fractionation technique of high resolution 
2-D electrophoresis to be attained, by making possible 
visualiZation of loW abundant serum proteins, as Well as 
those proteins that Would normally be obscured by the serum 
albumin and immunoglobulin. This advantage alloWs for 
identi?cation and characteriZation of a variety of novel 
markers that may have diagnostic or therapeutic utility. For 
example, the discovery of novel biochemical serum markers 
for the diagnosis of various disease states such as osteoporo 
sis, arthritis, cancer or cardiovascular disease can aid 
immensely in the management of these conditions. 

[0009] The removal of high abundant macromolecules 
from a liquid sample folloWed by a high resolution 2-D 
electrophoresis alloWs for visualiZation of loW abundant 
sample proteins that might not be visualiZed With limits in 
total protein load. When the high resolution 2-D electro 
phoresis includes in-gel sample rehydration of immobiliZed 
pH gradient strips, folloWed by isoelectric focusing in the 
?rst dimension and SDS-PAGE in the second dimension, 
this method is called “High Capacity TWo-Dimensional 
Polyacrylamide Gel Electrophoresis” (“HiCap 2-D PAGE”). 
HiCap 2-D PAGE permits relatively high amounts of loW 
abundant proteins to be loaded folloWing the removal of 
albumin and immunoglobulin. HiCap 2-D PAGE also per 
mits the use of large sample load due to in-gel sample 
rehydration. The combination of abundant serum protein 
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removal by the collapsible af?nity matrix and HiCap 2-D 
PAGE produces highly reproducible maps of loW abundance 
serum proteins in human serum. 

DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a 2-D PAGE of 5 pL human serum, Where 
the serum is A) untreated; B) treated With anti-HSA mono 
clonal HSA2126NX.012; and C) treated With Cibacron 
blue. 

[0011] FIG. 2 is a 2-D PAGE of 250 pg total protein from 
human serum, Where the serum is A) untreated; B) treated 
With anti-HSA monoclonal HSA2126NX.012; and C) 
treated With Cibacron-blue. 

[0012] FIG. 3 is a 2-D PAGE polypeptide map of 100 pL 
human serum treated for the removal of HSA and Ig. The 
100 ML human serum Was treated (albumin and Ig removed) 
and analyZed according to the methods described in 
EXAMPLES III and IV. The entire map (pH 3.5-8.0) is a 
composite of three separate 2-D gels spanning three different 
pH regions (3.5-5.0, 4.5-6.5 and 6.0-8.0). When 100 ML of 
treated human serum is analyZed, approximately 4000 
polypeptide spots can be detected. The greatest number of 
protein spots previously reported to be detected in serum 
Was 2500. 

[0013] FIG. 4 is a duplicate of 2-D PAGE gels shoWing 
gel-to-gel spatial reproducibility. TWo identical 100 pL 
human serum samples Were treated and analyZed according 
to the methods described in EXAMPLES III and IV. Within 
the region of interest, there Were 212 spots detected in gel 1, 
as shoWn in FIG. 4A, and 232 spots detected in gel 2, as 
shoWn in FIG. 4B. 

[0014] FIG. 5 is a bar graph shoWing gel-to-gel spatial 
reproducibility. FIG. 5 shoWs normaliZed intensity of 18 
paired spots from gel 1 (see, FIG. 4A) and gel 2 (see, FIG. 
4B). FIG. 5 represents the reproducibility of HiCap 2-D 
PAGE from a quantitative point of vieW. TWo identical 100 
pL human serum samples Were treated and analyZed using 
HiCap 2-D PAGE according to the methods described in 
EXAMPLES III and IV. Eighteen paired spots Were ran 
domly chosen and the individual normaliZed densities 
(NOD) betWeen the tWo gels Were compared. The average 
variation in NOD betWeen the duplicate gels Was about 25%. 

[0015] FIG. 6 is a summary of the preliminary results 
from analysis of patient samples. FIG. 6A shoWs spot ID 
118 concentration (2-D PAGE) and NTx concentration 
(commercial assay) in the serum of a Paget’s disease patient 
over time. FIG. 6B shoWs hoW the spot ID 118 concentra 
tion and NTx concentration correlate With one another. 

[0016] FIG. 7 is a duplicate of 2-D PAGE gels shoWing 
that more polypeptides are present in a sample prepared 
using the collapsible af?nity matrix than using an immobi 
liZed matrix (a rigid streptavidin-Sepharose matrix, 
Ultralink ImmobiliZed Streptavidin on 3M Emphage Bio 
support Medium; Pierce). FIG. 7A is the collapsible affinity 
matrix sample. FIG. 7B is an immobiliZed matrix sample. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0017] The present invention provides a method for 
removing interfering macromolecules from a liquid sample 
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before protein fractionation. The liquid sample is contacted 
With a polypeptide affinity reagent having speci?city for an 
abundant macromolecule in the sample. The polypeptide 
af?nity reagent is one member of a high af?nity binding pair 
system, and contacting the sample With the polypeptide 
af?nity reagent forms a macromolecule-polypeptide affinity 
reagent complex. Then, the macromolecule-polypeptide 
af?nity reagent complex is contacted With a second member 
of a high affinity binding pair system to form a “collapsible 
af?nity matrix.” The collapsible af?nity matrix is a stable 
aggregation of the macromolecule-polypeptide affinity 
reagent complexes. 

[0018] In one embodiment, the invention provides a 
method for speci?cally removing macromolecules from a 
liquid sample using biotinylated adsorptive proteins and a 
second member of the high af?nity binding pair system, such 
as avidin, streptavidin, or NeutrAvidinTM. For example, 
albumin can be speci?cally removed from a serum sample 
using biotinylated anti-human serum albumin monoclonal 
antibody, With avidin, streptavidin, or NeutrAvidinTM. Alter 
natively, human serum albumin and immunoglobulin can 
both be removed from a serum sample using biotinylated 
anti-human serum albumin monoclonal antibody and bioti 
nylated protein A, With avidin, streptavidin, or NeutrAvi 
dinTM. The invention thus provides a serum sample substan 
tially depleted in albumin and immunoglobulin. 

[0019] The invention further provides a kit useful in the 
practice of the methods of the invention. The kit has tWo or 
more containers. A ?rst container contains a monoclonal 
antibody that can immunoprecipitate albumin from serum, 
to Which is bound a ?rst member of a high af?nity binding 
pair, for example biotin. A second container contains a 
second member of a high affinity binding pair, for example, 
avidin, streptavidin, or NeutrAvidinTM. 

[0020] Liquid Sample 

[0021] The invention provides a method for preparing a 
liquid sample for fractionation. As used herein, the term 
“sample” includes material derived from a mammalian 
subject, e.g., human. As Well as non-mammalian animals. 
Such samples include but are not limited to hair, skin 
samples, tissue samples, cultured cells, cultured cell media, 
and biological ?uids. The term “tissue” refers to a mass of 
connected cells (e.g., CNS tissue, neural tissue, or eye 
tissue) derived from an animal or human subject, and 
includes the connecting material and the liquid material in 
association With the cells. As used herein, the term “liquid 
sample” refers to liquid material derived from a human, 
animal, or the cells derived therefrom. Such liquid samples 
include but are not limited to blood, plasma, serum, serum 
derivatives, bile, phlegm, saliva, sWeat, amniotic ?uid, and 
cerebrospinal ?uid (CSF), such as lumbar or ventricular 
CSF. As used herein, the term “liquid sample” also includes 
solutions containing an isolated macromolecule, media into 
Which the macromolecule has been secreted, and media 
containing cells that produce a macromolecule of interest. 
For example, a liquid sample may be a protein sample that 
is to be resolved by SDS-PAGE and transferred to nitrocel 
lulose for Western immunoblot analysis. The quantity of 
sample required for the protein fractionation can be deter 
mined by one skilled in the art by standard laboratory 
techniques. The optimal quantity of sample may be deter 
mined by serial dilution. 



US 2001/0051380 A1 

[0022] Polypeptide Affinity Reagent 
[0023] The invention provides a method for preparing a 
liquid sample for fractionation, by contacting the liquid 
sample With a polypeptide af?nity reagent. As used herein, 
the terms “polypeptide af?nity reagent” refers to a polypep 
tide that speci?cally binds to a macromolecule of interest in 
a liquid sample to be fractionated. “Speci?cally binds” 
means the adsorptive protein recogniZes and binds a speci 
?ed macromolecule, but does not substantially recogniZe 
and bind other molecules in a sample, e.g., a liquid biologi 
cal sample, that naturally includes a variety of macromol 
ecules. The principle is to contact the liquid sample With 
reagents having speci?c af?nity for a particular component. 
These reagents have narroW speci?cities for particular sets 
of macromolecules. 

[0024] Antibodies represent the main class of polypeptide 
af?nity reagents that are immunoreactive or bind to epitopes 
of macromolecules. The term “epitope” refers to any anti 
genic determinant on an antigen to Which an antibody binds. 
Epitopes usually are chemically active surface groupings of 
molecules such as amino acids or sugar side chains and 
usually have speci?c three dimensional structural character 
istics, as Well as speci?c charge characteristics. 

[0025] As used herein, the term “antibody” includes intact 
antibody molecules as Well as fragments thereof, such as 
Fab, Fab‘, F(ab‘)2, Fv, and single chain antibody that can 
bind the epitope. These antibody fragments retain some 
ability selectively to bind With corresponding antigen or 
receptor. Particularly useful antibodies include polyclonal 
and monoclonal antibodies, chimeric antibodies, single 
chain antibodies and the like, having the ability to bind With 
high immunospeci?city to abundant macromolecules. These 
antibodies can be unlabeled or suitably labeled. 

[0026] The preparation of polyclonal antibodies is Well 
knoWn to those skilled in the art. See, for example, Green et 
al. (“Production of Polyclonal Antisera”, in Immunochemi 
cal Protocols, Manson, ed., Humana Press, 1992, pages 1-5) 
and Colligan et al. (Production of Polyclonal Antisera in 
Rabbits, Rats, Mice and Hamsters, in: Current Protocols in 
Immunology, section 2. 4. 1, 1992), incorporated herein by 
reference. 

[0027] The preparation of monoclonal antibodies likeWise 
is conventional. Monoclonal antibodies can be produced 
using methods Well knoWn in the art. See, Kohler et al. 
(Nature 256: 495, 1975); Current Protocols in Molecular 
Biology (Ausubel et al., ed., 1989); and HarloW and Lane 
(Antibodies: A Laboratory Manual, Cold Spring Harbor 
Laboratory, NeW York, current edition), incorporated herein 
by reference. Brie?y, monoclonal antibodies can be obtained 
by injecting mice With an antigenic composition, verifying 
the presence of antibody production by removing a serum 
sample, removing the spleen to obtain B lymphocytes, 
fusing the B lymphocytes With myeloma cells to produce 
hybridomas, cloning the hybridomas, selecting positive 
clones that produce antibodies to the antigen, and isolating 
the antibodies from the hybridoma cultures. Monoclonal 
antibodies can be isolated and puri?ed from hybridoma 
cultures by a variety of Well-established techniques. Such 
isolation techniques include af?nity chromatography With 
protein-A Sepharose, siZe-exclusion chromatography, and 
ion-exchange chromatography. In EXAMPLE I, 
HSA2126NX.012 cell culture supernatant Was run over a 

Protein A Sepharose column. 
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[0028] Methods of in vitro and in vivo multiplication of 
monoclonal antibodies are Well knoWn to those skilled in the 
art. Multiplication in vitro may be carried out in suitable 
culture media such as Dulbecco’s Modi?ed Eagle Medium 
(DMEM) or RPMI 1640 medium, optionally replenished by 
a mammalian serum such as fetal calf serum or trace 

elements and groWth-sustaining supplements such as normal 
mouse peritoneal exudate cells, spleen cells, bone marroW 
macrophages. In Example I, monoclonal antibody 
HSA2126NX.012 Was produced from hybridoma (ATCC 
accession No. HB12464) cultures groWn in medium that is 
serum free, contains no albumin and is loW in total protein 
content. Production in vitro provides relatively pure anti 
body preparations and alloWs scale-up to yield large 
amounts of the desired antibodies. Large scale hybridoma 
cultivation can be carried out by homogenous suspension 
culture in an airlift reactor, in a continuous stirrer reactor, or 
in immobiliZed or entrapped cell culture. In Example I, for 
larger scale production, an arti?cial capillary system Was 
used, Where Well-established bioreactor culture yields 1-3 
mg antibody per mL of supernatant. Multiplication in vivo 
may be carried out by injecting cell clones into mammals 
histocompatible With the parent cells, e.g., syngeneic mice, 
to cause groWth of antibody-producing tumors. Optionally, 
the animals are primed With a hydrocarbon, especially oils 
such as pristane (tetramethylpentadecane) prior to injection. 
After one to three Weeks, the desired monoclonal antibody 
is recovered from the body ?uid of the animal. 

[0029] If desired, polyclonal or monoclonal antibodies can 
be further puri?ed, for example, by binding to and elution 
from a matrix to Which the polypeptide or a peptide to Which 
the antibodies Were raised is bound. Apuri?ed antibody may 
be obtained, for example, by affinity chromatography using 
recombinantly-produced protein or conserved motif pep 
tides and standard techniques. Those of skill in the art Will 
knoW of various techniques common in the immunology arts 
for puri?cation or concentration of polyclonal antibodies, as 
Well as monoclonal antibodies. See, e.g., Colligan, et al. 
(Unit 9, Current Protocols in Immunology, Wiley Inter 
science, 1997). 
[0030] As used herein, the term “albumin-speci?c mono 
clonal antibodies” refers to monoclonal antibodies that spe 
ci?cally bind to serum albumin. “Speci?cally binds to 
albumin” means the monoclonal antibody recogniZes and 
binds to serum albumin, but does not substantially recogniZe 
and bind other molecules in a sample, e.g., serum, that 
naturally includes serum albumin. The invention provides a 
monoclonal antibody that can immunoprecipitate serum 
albumin from serum. This means that the monoclonal anti 
body recogniZes an epitope on the HSA molecule that is not 
blocked by the numerous serum proteins that bind to HSA in 
serum. Thus, a monoclonal antibody, speci?c for HSA, can 
be used in an improved method for the removal of albumin 
from human serum. 2-D electrophoresis of human serum 
treated in this Way is therefore improved in both the quality 
of image produced and the number of proteins detected. In 
a speci?c embodiment, the monoclonal antibody is 
HSA2126NX.012. A method for making monoclonal anti 
body HSA2126NX.012 is provided in EXAMPLE I. 

[0031] Although polyclonal antibodies against HSA pro 
vide speci?city, there is the inherent variability in antibody 
population that occurs during separate immuniZation sched 
ules that can lead to reproducibility problems. Additionally, 
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the supply of polyclonal antibody containing serum is lim 
ited by the health and ?nite lifespan of the producing animal. 
Considering the large quantities of anti-HSA antibody 
required for the treatment of serum, the use of polyclonal 
antibodies is possible but not preferred. 

[0032] Other polypeptide af?nity reagents include protein 
A and protein G. As used herein, “protein A” is a protein of 
MW 42,000 from the bacterium Staphylococcus aureus that 
binds to IgG from a Wide range of species, including human, 
rabbit, donkey, pig, and guinea-pig. Protein A is commonly 
used as a secondary reagent in immunological and biological 
techniques, as described by Goding (J. Immunol. Meth. 20. 
241-253, 1978), and is commercially available. In 
EXAMPLE II, recombinant protein A Was obtained from 
Scripps Laboratories. As used herein, “protein G” is a 
monomeric protein (MW 63,000) from human group G 
streptococcus. Protein G possess tWo or three antibody 
binding sites and binds IgG from a Wide range of species. 
Compared to protein A, protein G binds With a higher 
af?nity to rat, mouse and goat IgG, as described by Bjrk et 
al. (J Immunol. 133, 969-974, 1984). 

[0033] Other polypeptide af?nity reagents include lectins, 
Which speci?cally bind sugars (saccharides). The de?nition 
adopted by the Nomenclature Committee of the Interna 
tional Union of Biochemistry states that “a lectin is a 
sugar-binding protein of non-immune origin that aggluti 
nates cells or precipitates glycoconjugates.” This de?nition 
provides positive and easily testable properties for identify 
ing possible lectins. The sugar-binding property is the pre 
dominant feature of lectins and is responsible for their 
biological actions and their value in biological experimental 
techniques. Sugar-binding, in conjunction With the related 
agglutination action, serves to identify lectins in tissue 
extracts and facilitates their subsequent isolation. Although 
binding to red blood cells has traditionally been the Way of 
distinguishing lectins, a feW lectins do not agglutinate red 
blood cells. Thus, although the original de?nition of lectin 
speci?ed the agglutination of red blood cells, the term noW 
incorporates those proteins that agglutinate other cells, as 
Well as some proteins that are not knoWn at present to 
agglutinate any cells at all, but do bind sugars and have 
stretches of amino-acid sequence in their polypeptide sub 
units that are similar to those of more characteristic lectins. 
Individual lectins are usually named after the organism, in 
most cases a plant, from Which they Were obtained. 
Examples of individual lectins include Wheat-germ aggluti 
nin, concanavalin A from the jack-bean, and pea, lentil, and 
potato lectins. 

[0034] Lectins are distinguished from the numerous 
immunoproteins and enZymes that may also bind sugars, 
although some lectins may have glycosidase activity. 

[0035] Lectins usually consist of tWo or four identical 
polypeptide subunits. When differences betWeen the sub 
units are found, hoWever, they can be quite marked. There 
is usually one sugar-binding site per subunit and these 
sugar-binding sites are normally for the same sugar, are all 
of the same type, and do not interact With each other. Lectins 
composed of different subunits can be found in different 
forms (isolectins) arising from various combinations of the 
monomers in the complete dimer or tetramer. Subunits may 
differ in their amino acid sequences and, if the lectin is a 
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glycoprotein, the subunits may also differ in the nature and 
linkages of the sugars in the attached oligosaccharide side 
chains. 

[0036] The properties of lectins make them extremely 
important components of many techniques in cell biology 
and biochemistry. They are used extensively, for example, in 
the procedures for glycoprotein isolation, as described by 
Lis & Sharon (“Lectins as molecules and tools.”Annu. Rev. 
Biochem. 55: 35-67, 1986). 
[0037] Other polypeptide af?nity reagents include DNA 
binding proteins. As used herein, the term “DNA-binding 
proteins” refers to proteins that bind to DNA, including gene 
regulatory proteins, enZymes involved in DNA replication, 
recombination, repair, transcription, and degradation, and 
proteins involved in maintaining chromosome structure. 
They can be divided into tWo large groups: (1) Those that 
have some sequence-speci?c or secondary structure-speci?c 
requirement for DNA-binding, and (2) those that bind DNA 
nonspeci?cally. Examples of sequence-speci?c DNA-bind 
ing include homeodomain proteins; proteins involved in 
protein-nucleic acid interactions during recombination; 
restriction enZymes; and transcription factors. Examples of 
sequence-nonspeci?c DNA-binding include chromatin; pro 
teins involved in DNA repair and DNA replication; and 
nucleases. 

[0038] The method of the invention can be performed 
multiple times on a single liquid sample to remove multiple 
abundant molecules. For example, in EXAMPLES III and 
VI, the multiple abundant molecules removed from serum 
are albumin and immunoglobulin. 

[0039] Abundant Macromolecules 
[0040] The invention provides a method for preparing a 
liquid sample for fractionation, by contacting the liquid 
sample With a polypeptide affinity reagent having speci?city 
for an abundant macromolecule in the sample. As used 
herein, a “macromolecule” is a molecule With a molecular 
Weight in excess of 1,000 kilodaltons (kDa). Examples of 
macromolecules include polynucleotides, polypeptides, and 
polysaccharides. Examples also include glycoproteins, in 
Which saccharide (sugar) moieties are covalently bound to 
polypeptides, and nucleoproteins, Which are complexes of 
polynucleotide and polypeptide. The terms “albumin” and 
“serum albumin” refer to the most abundant of the serum 
proteins. In one embodiment, the serum albumin is human 
serum albumin (HSA). In another embodiment, described in 
EXAMPLE XI, serum albumin is monkey serum albumin 

(MSA). 
[0041] An “abundant macromolecule” is a macromolecule 
present in a sample in such quantity that the presence of the 
macromolecule interferes With an aspect of the analysis of 
the sample. For example, a single protein, serum albumin, 
makes up over 50% of the total protein in human serum. This 
can have deleterious effects on 2-D protein maps prepared 
With large sample volumes, by distorting the gel image. The 
distortion in the gel image is particularly evident in the area 
of the albumin Where vertical and horiZontal streaking can 
mask a large portion of the protein map. The limitation in 
sample volume ultimately limits the number of other pro 
teins that can be detected by 2-D electrophoresis. 

[0042] High Affinity Binding Pair System 
[0043] The invention provides a method for preparing a 
liquid sample for fractionation, by contacting the liquid 
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sample With a polypeptide affinity reagent having speci?city 
for an abundant macromolecule in the sample. The polypep 
tide af?nity reagent is one member of a high af?nity pair 
system. As used herein, a “high af?nity binding pair system” 
is a pair of reagents Where a ?rst member of the high af?nity 
binding pair system binds to the second member of the high 
af?nity binding pair system With a functional affinity (or 
avidity) sufficiently strong to alloW stable aggregation of the 
macromolecule-polypeptide af?nity reagent complexes in 
the liquid sample under physiological conditions over the 
length of time that the method of the invention is practiced. 
A high af?nity binding pair system typically exhibits an 
af?nity betWeen the ?rst and second members of the high 
af?nity binding pair of at least about K~10_1O. Speci?cally 
excluded from the de?nition of high af?nity binding pair 
systems are antibody-second antibody systems and antibody 
systems that comprise complement, protein A, protein G, or 
Fc receptors. 

[0044] In one embodiment, the high affinity binding pair 
system is the avidin and biotin system. Avidin binds to biotin 
almost irreversibly, With a dissociation constant of K~10_15 
M. As used herein, “avidin” is a tetrameric glycoprotein 
from egg White that binds to biotin. In another embodiment, 
the high af?nity binding pair system is streptavidin and 
biotin. As used herein, “streptavidin” is a tetrameric protein 
from the prokaryote Streptomyces avidinii that, like avidin, 
binds to biotin. In another embodiment, the high affinity 
binding pair system is NeutrAvidinTM and biotin. NeutrA 
vidinTM is an avidin protein that has been processed to 
remove the carbohydrate and loWer its isoelectric point. The 
methods used to deglycosylate the avidin retain both its 
speci?c binding and its complement of amine-conjugation 
sites. 

[0045] The polypeptide af?nity reagent is linked to a ?rst 
member of a high af?nity binding pair. The polypeptide 
af?nity reagent may be linked either directly to a ?rst 
member of the high af?nity binding pair (i.e., the polypep 
tide af?nity reagent and the ?rst member of the high affinity 
binding pair constitute the same polypeptide) or covalently 
bound to a ?rst member of the high af?nity binding pair. 
Biotin can be covalently linked to proteins; the proteins can 
then be cross-linked using avidin, streptavidin, or NeutrA 
vidinTM. As used herein, the term “biotinylation” refers to 
the methods by Which biotin can be linked covalently to 
polypeptides for use as a label. Use of this technique is Well 
knoWn in the art for localiZation of biotinylated primary 
reagents such as antibodies, lectins or cDNA, and localiZa 
tion of proteins that have been applied to living cells before 
processing, such as endocytosed ligands. Biotinylation is 
commonly used as an alternative method to radioactivity for 
labeling polypeptide. EXAMPLE II provides a description 
of one method of both the biotinylation of antibody and the 
biotinylation of protein A. 

[0046] In another embodiment, the high af?nity binding 
pair system is a hapten, such as dinitrophenol, pyridoxal, or 
?uorescein, and a speci?c anti-hapten antibody. 

[0047] Collapsible Af?nity Matrix 

[0048] The polypeptide af?nity reagent is one member of 
a high af?nity binding pair system, and contacting the 
sample With the polypeptide af?nity reagent forms a mac 
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romolecule-polypeptide af?nity reagent complex. Then, the 
macromolecule-polypeptide af?nity reagent complex is con 
tacted With a second member of a high affinity binding pair 
system to form a collapsible af?nity matrix. As used herein, 
a “collapsible affinity matrix” is a stable aggregation of the 
macromolecule-polypeptide af?nity reagent complexes in 
the liquid sample. A collapsible affinity matrix is stable 
under physiological conditions over the length of time that 
the method of the invention is practiced. In EXAMPLE III, 
a collapsible af?nity matrix speci?c for HSA and Ig Was 
prepared by precipitating biotinylated anti-HSA bound to 
HSA and biotinylated protein Abound to lg (i.e, macromol 
ecule-polypeptide af?nity reagent complexes) With avidin, 
the second member of the avidin/biotin high af?nity binding 
pair system. 

[0049] An advantage of the collapsible af?nity matrix for 
protein removal is that When the matrix is pelleted by 
centrifugation, a loW void volume pellet is formed. The 
collapsible nature of this novel collapsible af?nity matrix is 
therefore superior to existing methods that use coated 
Sepharose beads. The collapsible af?nity matrix contains 
less “dead” space and therefore traps less loW abundant and 
potentially interesting protein, due to the loW-volume void 
space, than does a rigid, microporous immobiliZed matrix. 

[0050] The collapsible af?nity matrix can be removed 
from the liquid sample by means knoWn to those of skill in 
the art. For example, the collapsible af?nity matrix can be 
removed by centrifugation. For another example, the col 
lapsible affinity matrix can be removed by ?ltration. 

[0051] Serum Substantially Depleted in Serum Albumin 
and Immunoglobulins 

[0052] The invention thus provides a serum substantially 
depleted in albumin and immunoglobulins. As used herein, 
the term “substantially depleted” means that the serum 
sample, after the collapsible af?nity matrix is removed, 
contains less than 50% of the total protein of control serum 
that has not been treated With the method of the invention. 
In EXAMPLE V, serum samples treated With the collapsible 
af?nity matrix contained less total protein than on average 
than before treatment. 

[0053] Serum Speci?cally Depleted in Serum Albumin 
and Immunoglobulins 

[0054] The invention thus provides a serum speci?cally 
depleted in albumin and immunoglobulins. As used herein, 
the term “speci?cally depleted” means that the serum 
sample, after the collapsible af?nity matrix is removed, 
contains a substantial amount of identi?able loW abundant 
protein than control serum that has not been treated With the 
method of the invention. In EXAMPLE VI, treating human 
serum With the monoclonal HSA2126NX.012 by the col 
lapsible af?nity matrix method resulted in the visualiZation 
of 20% more 2-D PAGE protein spots When compared to 
treatment With Cibacron-blue. Cibacron-blue Sepharose 
treatment of serum (by the immobiliZed af?nity matrix 
method) quantitatively removes the serum glycoprotein HC 
gp-39, as determined by immunoassay, While treatment With 
the HSA2126NX.012 monoclonal results in>75% recovery 
of this glycoprotein. In EXAMPLE XIII, more polypeptides 
remained in the collapsible af?nity matrix sample compared 
to the immobiliZed matrix sample. Analysis of the most 
clearly resolved area of the gels calculated 164 polypeptide 
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spots for the collapsible af?nity matrix versus 108 polypep 
tide spots for the immobilized matrix. Due to the 
microporous nature of the rigid Sepharose beads, that pos 
sess an inherent dead volume, loW abundant proteins of 
interest are trapped. By contrast, the collapsible, loW void 
volume, af?nity matrix does not trap loW abundant proteins 
of interest. 

[0055] The removal of albumin and immunoglobulin, the 
tWo most abundant proteins in serum, alloWs one to load a 
higher percentage of novel polypeptides that are relevant to 
a variety of disease states yet are loW in abundance and are 
not detectable using untreated serum and the existing limi 
tations of 2-D gel electrophoresis techniques. The more 
speci?c removal of serum albumin is accompanied by the 
less removal of other proteins, either by trapping or non 
speci?c binding. The removal of serum albumin and immu 
noglobulin is particularly important for identi?cation of 
proteins that have isoelectric points or molecular Weights 
that are similar to these proteins. In the case of an untreated 
serum sample, potentially novel proteins With diagnostic or 
therapeutic potential are masked by the overWhelming 
amount of HSA or Ig on the 2-D gels. The “overloading” of 
serum albumin and immunoglobulin can also effect the 
focusing and running of nearby proteins and can cause 
undesired distortion of the 2-D protein pattern. 

[0056] Fractionation 

[0057] The invention provides a method for preparing a 
liquid sample for protein fractionation. As used herein, the 
term “protein fractionation” refers to an analytical technique 
used to separate molecules. Several of the methods of 
fractionation Well-knoWn to those of skill in the art include 
chromatography, electrophoresis, and isoelectric focussing. 

[0058] Chromatography is an analytical technique used to 
separate molecules based on hoW they tend to cling to or 
dissolve in various solids, liquids and gases. Many chro 
matographic methods are knoWn to those of skill in the art. 
Gel ?ltration chromatography is used most often to separate 
proteins by running the solution containing the proteins 
through a column ?lled With porous carbohydrate gel beads 
that traps or sloWs doWn smaller molecules but alloWs larger 
molecules to slide past. Paper chromatography and thin 
layer chromatography separate molecules by taking advan 
tage of their differing solubilities in a mix of solvents. The 
material to be separated is applied to a special piece of 
material, and the edge material is put in the solvent mix. The 
material to be separated travels through the chromatographic 
material by capillary action and the solvent carries the 
different molecules at different rates. Ion exchange chroma 
tography is a technique of analytical chemistry used to 
separate and purify a biological molecule from a mixture, 
based on the attraction of the charge of the molecule of 
interest. The mixture, present in a buffer having one ionic 
property is passed through a column containing a resin of 
polymers that have ?xed charged groups attached to the 
stationary substance. The molecule of interest stays Within 
the column While much of the rest of the mixture continues 
through to the end. Then, a buffer having a different ionic 
property is ?ushed through the column to detach the mol 
ecule from the resin and separate the molecule from the 
portion of the mixture that has a different charge. Affinity 
chromatography is a technique of analytical chemistry used 
to separate and purify a biological molecule from a mixture, 
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based on the attraction of the molecule of interest to a 
particular ligand that has been previously attached to a solid, 
inert substance. The mixture is passed through a column 
containing the ligand attached to the stationary substance, so 
that the molecule of interest stays Within the column While 
the rest of the mixture continues through to the end. Then, 
a different chemical is ?ushed through the column to detach 
the molecule from the ligand and separate the molecule from 
the rest of the mixture. High-performance liquid chroma 
tography (HPLC) is a type of column chromatography that 
uses a combination of several separation techniques to 
separate substances at higher resolution. Extremely sharp 
peaks on the elution pro?le can be produced With high 
performance liquid chromatography. 

[0059] Electrophoresis is a method for separating large 
molecules (such as DNA fragments or proteins) from a 
mixture of similar molecules. An electric current is passed 
through a medium containing the mixture, and each kind of 
molecule travels through the medium at a different rate, 
depending on electrical charge and siZe. Separation is based 
on these differences. Agarose and acrylamide gels are the 
media commonly used for electrophoresis of proteins and 
nucleic acids. Speci?c electrophoretic methods include 
Northern blot, Southern blot, and Western blot. Agarose gel 
electrophoresis is a type of electrophoresis that uses a matrix 
of highly puri?ed agar to separate large DNA and RNA 
molecules (generally around 20,000 nucleotides in siZe). 
Capillary electrophoresis is a technique for separating com 
pounds; a sample of a compound to be separated is placed 
in a capillary tube, Which is then subjected to a high voltage 
current that separates chemical components. Disc electro 
phoresis (short for “discontinuous electrophoresis”) is a type 
of polyacrylamide gel electrophoresis. This electrophoresis 
method uses gels of tWo different concentrations of poly 
acrylamide (a synthetic polymer), the one of loWer concen 
tration stacked on top of the one With higher concentration, 
in order to better resolve bands of Whatever is being sepa 
rated (DNA, RNA, or protein) that Would otherWise be very 
close together. 

[0060] Isoelectric focusing is a technique used in electro 
phoresis that separates molecules on the basis of their 
different isoelectric points. 

[0061] In one embodiment, method of fractionation is a 
preparative 2-D gel electrophoresis system, such as that 
described by Merrick et al. (US. Pat. No. 5,534,121, issued 
Jul. 9, 1996). This method is a single procedure for sepa 
ration and isolation of preparative amounts of proteins from 
complex biological preparations. The system includes siZed 
up isoelectric focusing tube gels and slab gel molds that 
alloW for sample loads of betWeen about 0.5 and 2 mg or 
greater. Increased protein loads, resolution and electrotrans 
fer alloW for subsequent sequencing of separated proteins by 
conventional methods. 

[0062] In another embodiment, the method of fraction 
ation is a 2-D PAGE, such as that described by Rabilloud et 
al. (Electrophoresis 15: 1552-1558, 1994). This method 
includes in-gel sample rehydration of immobiliZed pH gra 
dient strips to alloW larger sample volume, folloWed by 
isoelectric focusing in the ?rst dimension and SDS-PAGE in 
the second dimension. As used herein, the term “High 
Capacity TWo-Dimensional Polyacrylamide Gel Electro 
phoresis” (“HiCap 2-D PAGE”) refers to the use of this 
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method of fractionation on a sample that has been treated to 
remove high abundant serum proteins. With the removal of 
abundant proteins, a higher amount of loW abundant proteins 
can be fractionated. For example, HiCap 2-D PAGE of 
serum permits higher amounts of loW abundant proteins to 
be loaded folloWing the removal of albumin and immuno 
globulin. HiCap 2-D PAGE also permits larger sample load 
due to in-gel sample rehydration (volumes up to 400 ML) . 
The combination of abundant protein removal by the col 
lapsible af?nity matriX and HiCap 2-D PAGE produces 
highly reproducible maps of loW abundance serum proteins 
in liquid sample. FolloWing isoelectric focusing in the ?rst 
dimension, SDS-PAGE in the second dimension and silver 
stain visualiZation, computer image analysis alloWs detec 
tion of very small amounts of protein. 

[0063] HiCap 2-D PAGE can be used in the analysis of 
disease state serum samples When compared to normal 
serum. This alloWs the identi?cation and characteriZation of 
a variety of novel markers that may have diagnostic or 
therapeutic utility. The discovery of novel biochemical 
serum markers for diagnosis or therapy aids immensely in 
the management of many diseases. The advantage of HiCap 
2-D PAGE mapping is that a large number of distinct 
unknoWn serum proteins (~4000), from a single patient 
sample, can be identi?ed (With respect to isoelectric point 
and molecular Weight) and quantitated at the same time. 
With the appropriate patient sample set, concentrations of 
unknoWn proteins in serum can be correlated to other knoWn 
clinical measures, such as bone mineral density, and serum 
and urinary biochemical markers. In this Way, clinical utility 
of a large number of unknoWn proteins can be evaluated 
simultaneously. 2-D mapping of loW abundance serum pro 
teins requires speci?c removal of highly abundant proteins, 
such as human serum albumin and immunoglobulins. 

[0064] For example, HiCap 2-D PAGE can be used for the 
discovery of biochemical serum markers for Paget’s disease. 
This method can be applied to the analysis of thirty samples 
from healthy postmenopausal Women at baseline and after 
three months treatment With an estrogen or selective estro 
gen receptor modulator. Results shoWing considerable dif 
ferences in the 2-D mapping of several polypeptides 
betWeen the treated and untreated patient samples are 
described in EXAMPLE XII. 

[0065] Kit 

[0066] The materials for use in the assay of the invention 
are ideally suited for the preparation of a kit. Such a kit may 
include tWo or more containers, such as vials, tubes, and the 
like. Each of the containers contains one of the separate 
elements to be used in the method. The ?rst container 
contains a monoclonal antibody capable of immunoprecipi 
tating albumin from serum, to Which is bound a ?rst member 
of a high af?nity binding pair. Such a polypeptide affinity 
reagent may be biotinylated HSA2126NX.012. The second 
container contains a second member of a high affinity 
binding pair, for eXample, avidin, streptavidin, or NeutrA 
vidinTM. 

[0067] The invention Will be further described in the 
folloWing EXAMPLES, Which do not limit the scope of the 
invention described in the claims. 
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EXAMPLE I 

PRODUCTION OF A MONOCLONAL 
ANTIBODY THAT CAN IMMUNOPRECIPITAT E 

HUMAN SERUM ALBUMIN 

[0068] This EXAMPLE provides a description of hoW the 
monoclonal antibody HSA2126NX.012 Was produced. This 
antibody is unique in that the antibody can immunoprecipi 
tate albumin from serum. This means that the antibody 
recogniZes an epitope on the HSA molecule that is not 
blocked by the myriad of serum proteins that are knoWn to 
bind HSA in serum. 

[0069] ImmuniZations. Three BALB/C mice Were immu 
niZed With Human Serum Albumin (fatty acid free, globulin 
free, Sigma Chemical Company, St. Louis, Mo.) according 
to the folloWing protocol. 100 pg antigen emulsi?ed in 
Complete Freund’s Adjuvant Was administered subcutane 
ously at multiple sites. After 3 Weeks, each mouse Was 
immuniZed subcutaneously With 100 pg of antigen in Incom 
plete Freund’s Adjuvant and this schedule continued for 
three more intervals. The animals Were tested for titer. A 
?nal intravenous boost of immunogen in phosphate buffered 
saline Was administered to the chosen mouse and three days 
later the spleen Was harvested. 

[0070] Fusion and screening. Mouse splenic cells Were 
fused With SP2/0 myeloma cells in accordance With standard 
procedures using polyethylene glycol (PEG). Hybridoma 
supernatants Were initially screened by ELISA. Supernatant 
antibodies shoWing reactivity toWards the biotinylated HSA 
antigen (2 pg/mL) on 96-well streptavidin plates (Lab 
systems) Were detected by anti-mouse IgG-peroXidase con 
jugate (Zymed). Anti-HSA secreting hybridomas Were sub 
cloned by limiting dilution. Subcloned hybridomas Were 
adapted to serum-free conditions (HB-Pro; Irvine Scienti?c) 
for antibody production. HSA speci?c monoclonal antibod 
ies Were screened a second time for their ability to immu 
noprecipitate HSA from human serum. The clones capable 
of immunoprecipitation of human serum albumin Were 
subcloned and isotyped (IsoStrip, Boehringer-Mannheim). 
The clone, HSA2126NX (IgG2b), Was chosen for continu 
ing studies based on the ability to produce large quantities of 
antibody that ef?ciently immunoprecipitated albumin from 
human serum. Further subcloning lead to the choice of 
HSA2126NX.012. Primary and secondary seedlots Were 
froZen for production scale Work. 

[0071] Screening clones for ability to immunoprecipitate 
HSA. Various hybridoma culture supernatants Were passed 
over an HSA column to af?nity purify anti-HSA monoclonal 
antibodies. Elution Was With 0.1M glycine, pH 3.0. The 
eluent Was concentrated to 100-200 pL for evaluation of 
HSA immunoprecipitation capability. 

[0072] Human serum, stripped of endogenous immuno 
globulin by previous incubation With protein A and gamma 
bind, Was incubated overnight at 4° C. With the various 
anti-HSA antibodies. Gamma-bind Was added and incuba 
tion took place at 4° C. for 3 hours With rotation. The 
gamma-bind beads, Washed tWo times With PBS, Were then 
miXed With reducing buffer and boiled. Boiling removed the 
bound anti-HSA antibody as Well as any human serum 
albumin bound by the speci?c antibody. This material, run 
on a siZing gel and stained With Coomaisse blue, displayed 
either antibody bands only or antibody plus HSA. 
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[0073] Antibody Production. Monoclonal antibody 
HSA2126NX.012 Was produced from hybridoma cultures 
groWn in HB Pro medium (Irvine Scienti?c, Irvine, Calif), 
that is serum free, contains no albumin and is loW in total 
protein content (1 pg/mL). Flasks Were incubated at 37° C. 
With humidity and 5% CO2. IgG quantitation of supernatants 
from actively growing ?ask cultures Was in the 35-45 pg/mL 
range. For larger scale production, a CellMax® arti?cial 
capillary system (Spectrum, GermantoWn, Md.) Was used. 
Well-established bioreactor culture yields 1-3 mg antibody 
per mL of supernatant. Eighty mL supernatant can be 
obtained per Week from three harvestings. 

[0074] Puri?cation of anti-HSA monoclonal antibody. 
HSA2126NX.012 (ATCC accession No. HB112464) cell 
culture supernatant Was 0.2 pm ?ltered and run over a 

Protein A Sepharose (Pharmacia) column. The column Was 
Washed With 10 column volumes of phosphate buffered 
saline (10 mM sodium phosphate, 150 mM sodium chloride, 
pH 7.0) Bound antibody Was eluted With 0.1M glycine, pH 
3.0 and neutraliZed by the addition of (10% by volume) 
1.2M Tris, pH 8.5. The puri?ed antibody Was dialyZed into 
50 mM sodium bicarbonate, pH 8.5. A normal yield Was 1 
mg of puri?ed antibody per mL of bioreactor supernatant. 

EXAMPLE II 

BIOTINYLATIONS 

[0075] Puri?ed anti-HSA monoclonal antibody and 
recombinant protein A (Scripps Laboratories) Were biotiny 
lated in the same manner. Biotinylation Was performed With 
a 20 fold excess of sulfosuccinimidyl-6-(biotinamido) hex 
anoate (Immunopure® NHS-LC-Biotin, Pierce Chemical 
Co., Rockford, Ill.) in 50 mM sodium bicarbonate buffer, pH 
8.5 at a protein concentration of 3-5 mg/mL. The reaction 
Was carried out for 2 hr at room temperature With rotation. 
The labeled protein Was dialyZed in 5 mM phosphate, 50 
mM sodium chloride, pH 7.0 overnight at 4° C. and With a 
total of tWo 5 L buffer changes. The biotinylated anti-HSA 
Was concentrated in a Centricon-30 apparatus (Amicon, Inc., 
Beverly, Mass.) to a ?nal concentration of 6-10 mg/mL. The 
biotinylated protein A solution Was not concentrated. 

EXAMPLE III 

FORMATION OF “COLLAPSIBLE AFFINITY 
MATRICES” SPECIFIC FOR HUMAN SERUM 

ALBUMIN (HSA) AND SERUM 
IMMUNOGLOBULIN (lg) 

[0076] This EXAMPLE provides information on the for 
mation of collapsible af?nity matrices speci?c for human 
serum albumin and immunoglobulin. 

[0077] In one test, a biotinylated protein A and avidin 
collapsible af?nity matrix for the removal of serum immu 
noglobulins Was prepared by combining 0.4-0.6 mg bioti 
nylated protein A and 1.2 mg avidin (200 mg/mL avidin in 
deioniZed Water) per 100 pL of human serum to be treated. 
This material Was vortexed, incubated for 10 minutes (min) 
and centrifuged at 5000 rpm for one min. The supernatant 
Was discarded and the biotinylated protein A and avidin 
collapsible affinity matrix pellet Was recovered. 

[0078] In another test, a biotinylated anti-HSA and avidin 
collapsible af?nity matrix for the removal of human serum 
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albumin (HSA) Was prepared by combining 10 mg biotiny 
lated anti-HSA monoclonal antibody and 15 mg avidin (200 
mg/mL avidin in deioniZed Water) per 100 pL of human 
serum to be treated. This material Was vortexed, incubated 
for 10 min and centrifuged at 5000 rpm for one min. The 
supernatant Was discarded and the biotinylated anti-HSA 
and avidin collapsible af?nity matrix pellet Was recovered. 
The pellet Was Washed once With 200 mM NaCl, 5 mM Tris, 
pH 7.5 to remove any excess avidin. 

[0079] Removal of Ig and HSA from a human serum 
sample. The volume of human serum to be treated Was added 
to the biotinylated protein A and avidin pellet, vortexed and 
incubated 15 min. At this step, immunoglobulins in the 
serum sample are bound by the biotinylated protein A and 
avidin collapsible af?nity matrix. The treated serum Was 
added to the biotinylated anti-HSA and avidin collapsible 
af?nity matrix pellet and vortexed. The transfer tube Was 
rinsed With 200 mM NaCl, 5 mM Tris, pH 7.5 and this Wash 
Was added as Well. Incubation Was for 1 hr at room tem 

perature With rotation. At this step, HSA in the serum sample 
Was bound by the biotinylated anti-HSA and avidin collaps 
ible affinity matrix. Centrifugation Was at 12,000 rpm to 
alloW the collapsible af?nity matrices to pellet, thus deplet 
ing the serum sample of both HSA and Ig. The supernatant 
Was exchanged against deioniZed Water to remove excess 
salts and concentrated to less than 100 ML in a Centricon-3 
apparatus (Amicon, Inc.). The treated sample Was ready to 
be fractionated Without interference by the abundant pro 
teins HSA and Ig. 

EXAMPLE IV 

HiCap 2-D PROCEDURE 

[0080] The method of HiCap 2-D PAGE combines the use 
of a collapsible af?nity matrix to remove high abundant 
proteins from a liquid sample With a modi?ed 2-D PAGE 
procedure as described by Rabilloud et al., supra. First, the 
HSA and Ig depleted serum samples Were adjusted to a ?nal 
volume of 400 pL With rehydration buffer (8M urea, 4% 
CHAPS, 0.1% Pharmalytes 3-10, 0.2% Triton X-100, 0.1% 
taurodeoxycholate and 10 mM DTT). The entire 400 pL 
sample Was used to rehydrate a 3 mm><18 cm immobiliZed 
pH gradient (IPG) strip (3.3% total acrylamide/2.7% pip 
eraZine diacrylyl as crosslinker; Immobiline concentrations 
as per published recipes). Rehydration Was overnight at 
room temperature in a rehydration chamber. For the ?rst 
dimension, the rehydrated IPG strips Were focused at 15° C. 
and an upper voltage limit of 6 kV for greater than 100 
kV-hr. The focused IPG strips Were then reduced With DTT 
and alkylated With iodoacetamide While also being equili 
brated With SDS (equilibration buffer base: 30% glycerol, 
6M urea, 2.5% SDS, 0.15M BisTris, 0.1M HCl and bro 
mophenol blue). For the second dimension, the equilibrated 
IPG strip Was sealed to a 3% stacking/14% resolving gel 
(Prosieve 50; FMC BioProducts, Rockland, Me.) With 
dimensions of 20><20><1.5 cm. Electrophoresis Was at 4° C. 
in SDS/Tricine buffer until the tracking dye reached the 
bottom of the gel. Upon completion of electrophoresis, the 
PAGE gels Were ?xed and silver stained for polypeptide 
visualiZation. Dried gels Were scanned, digitiZed and ana 
lyZed using the GELLAB II+softWare package (Scanalytics; 
Billerica, Mass.). 










