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(57) ABSTRACT 

The present invention provides computer-assisted methods 
and apparatus for identifying, selecting and characterizing 
biornolecules in a biological sample. A two-dimensional 
array is generated by separating biornolecules present in a 
complex mixture. Acomputer-readable pro?le is constructed 
representing the identity and relative abundance of a plu 
rality of biomolecules detected by imaging the tWo dimen 
sional array. Computer-mediated comparison of pro?les 
from multiple samples permits automated identi?cation of 
subsets of biomolecules that satisfy pre-ordained criteria. 
Identi?ed biornolecules can be automatically isolated from 
the tWo dimensional array by a robotic device in accordance 
With computer-generated instructions. A supported gel suit 
able for electrophoresis is provided that is bonded to a solid 
support such that the gel has two-dimensional spatial sta 
bility and the solid support is substantially non-interfering 
With respect to detection of a label, such as a ?uorescent 
label, associated With one or more biornolecules in the gel. 
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COMPUTER-ASSISTED METHODS AND 
APPARATUS FOR IDENTIFICATION AND 

CHARACTERIZATION OF BIOMOLECULES IN A 
BIOLOGICAL SAMPLE 

1. INTRODUCTION 

[0001] This invention relates to computer-assisted meth 
ods and apparatus for efficiently and systematically studying 
molecules that are present in biological samples and deter 
mining their role in health and disease. In particular, this 
invention relates to the emerging ?eld of proteomics, Which 
involves the systematic identi?cation and characteriZation of 
proteins that are present in biological samples, including 
proteins that are glycosylated or that exhibit other post 
translational modi?cations. The proteomics approach offers 
great advantages for identifying proteins that are useful for 
diagnosis, prognosis, or monitoring response to therapy and 
in identifying protein targets for the prevention and treat 
ment of disease. 

2. BACKGROUND OF THE INVENTION 

[0002] Recent advances in molecular genetics have 
revealed the bene?ts of high-throughput sequencing tech 
niques and systematic strategies for studying nucleic acids 
expressed in a given cell or tissue. These advances have 
highlighted the need for operator-independent computer 
mediated methods for identifying and selecting subsets or 
individual molecules from complex mixtures of proteins, 
oligosaccharides and other biomolecules and isolating such 
selected biomolecules for further analysis. 

[0003] Strategies for target-driven drug discovery and 
rational drug design require identifying key cellular com 
ponents, such as proteins, that are causally related to disease 
processes and the use of such components as targets for 
therapeutic intervention. HoWever, present methods of ana 
lyZing biomolecules such as proteins are time consuming 
and expensive, and suffer from inef?ciencies in detection, 
imaging, puri?cation and analysis. 

[0004] Though the genomics approach has advanced our 
understanding of the genetic basis of biological processes, it 
has signi?cant limitations. First, the functions of products 
encoded by identi?ed genes—and especially by partial 
cDNA sequences—are frequently unknoWn. Second, infor 
mation about post-translational modi?cations of a protein 
can rarely be deduced from a knoWledge of its gene 
sequence, and it is noW apparent that a large proportion of 
proteins undergo post-translational modi?cations (such as 
glycosylation and phosphorylation) that can profoundly 
in?uence their biochemical properties. Third, protein 
expression is often subject to post-translational control, so 
that the cellular level of an mRNA does not necessarily 
correlate With the expression level of its gene product. 
Fourth, automated strategies for random sequencing of 
nucleic acids involve the analysis of large numbers of 
nucleic acid molecules prior to determining Which, if any, 
shoW indicia of clinical or scienti?c signi?cance. 

[0005] For these reasons, there is a need to supplement 
genomic data by studying the patterns of protein and car 
bohydrate expression, and of post-translational modi?cation 
generally, in a biological or disease process through direct 
analysis of proteins, oligosaccharides and other biomol 
ecules. HoWever, technical constraints have heretofore 
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impeded the rapid, cost-effective, reproducible, systematic 
analysis of proteins and other biomolecules present in bio 
logical samples 

3. SUMMARY OF THE INVENTION 

[0006] The present invention is directed to ef?cient, com 
puter-assisted methods and apparatus for identifying, select 
ing and characteriZing biomolecules in a biological sample. 
According to the invention, a tWo-dimensional array is 
generated by separating biomolecules present in a complex 
mixture. The invention provides a computer-generated digi 
tal pro?le representing the identity and relative abundance of 
a plurality of biomolecules detected in the tWo-dimensional 
array, thereby permitting computer-mediated comparison of 
pro?les from multiple biological samples. This automatable 
technology for screening biological samples and comparing 
their pro?les permits rapid and efficient identi?cation of 
individual biomolecules Whose presence, absence or altered 
expression is associated With a disease or condition of 
interest. Such biomolecules are useful as therapeutic agents, 
as targets for therapeutic intervention, and as markers for 
diagnosis, prognosis, and evaluating response to treatment. 
This technology also permits rapid and ef?cient identi?ca 
tion of sets of biomolecules Whose pattern of expression is 
associated With a disease or condition of interest; such sets 
of biomolecules provide constellations of markers for diag 
nosis, prognosis, and evaluating response to treatment. 

[0007] The high throughput, automatable methods and 
apparatus of the present invention further permit operator 
independent selection of individual separated biomolecules 
(or subsets of separated biomolecules) according to pre 
ordained criteria, Without-any requirement for knoWledge of 
sequence information or other structural characteristics of 
the biomolecules. This in turn provides automated, operator 
independent isolation and parallel characteriZation of a 
plurality of selected biomolecules detected in a biological 
sample. Thus, the present invention advantageously permits 
automated selection of biomolecules prior to sequencing or 
structural characteriZation. In one particular embodiment, 
the present invention provides a gel that is suitable for 
electrophoresis of biomolecules (such as proteins) and is 
bonded to a solid support such that the gel has tWo 
dimensional spatial stability and the support is substantially 
non-interfering With respect to detection of a label associ 
ated With one or more biomolecules in the gel (eg a 
?uorescent label bound to one or more proteins). In another 
particular embodiment, the invention provides an integrated 
computer program that compares digital pro?les to select 
one or more biomolecules detected in a tWo-dimensional 

array and generates instructions that direct a robotic device 
to isolate such selected biomolecules from the tWo dimen 
sional array. In yet a further embodiment, the program also 
implements a laboratory information management system 
(LIMS) that tracks laboratory samples and associated data 
such as clinical data, operations performed on the samples, 
and data generated by analysis of the samples. 

4. BRIEF DESCRIPTION OF THE FIGURES. 

[0008] FIG. 1 is a How diagram of operations that are 
performed on a mixture of different proteins according to a 
particular embodiment of the present invention. 

[0009] FIG. 2 is a How diagram illustrating functions that 
are performed by means of a computer in a particular 
embodiment of the present invention. 
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[0010] FIG. 3 is a diagram of a robotic device for isolating 
biomolecules from the supported gel of the present inven 
tion. 

5. DETAILED DESCRIPTION OF THE 
INVENTION 

[0011] The present invention provides methods and appa 
ratus for rapidly and ef?ciently identifying and characteriZ 
ing biomolecules, for example proteins, in a biological 
sample. In one application of the invention, a biological 
sample is subjected to tWo successive separation steps. In the 
?rst separation step, the biomolecules are separated accord 
ing to one physical or chemical property so as to generate a 
one-dimensional array containing the biomolecules; for 
example, proteins are separated by isoelectric focusing 
along a ?rst axis. In the second separation step, the biomol 
ecules in this one-dimensional array are separated according 
to a second physical or chemical characteristic so as to 
generate a tWo-dimensional array of separated biomol 
ecules; for example, proteins separated by isoelectric focus 
ing are subjected to SDS-PAGE along a second axis per 
pendicular to the ?rst axis. The separated biomolecules are 
stably maintained in the tWo-dimensional array for subse 
quent imaging. The stable tWo-dimensional array can be 
stored or archived for an extended period (eg months or 
years) and selected biomolecules can be retrieved from the 
array at any desired time, based on automated computer 
analysis of the data derived from imaging. 

[0012] The tWo-dimensional array is imaged With a detec 
tor to generate a computer-readable output that contains a set 
of x,y coordinates and a signal value for each detected 
biomolecule. If desired, the computer-readable output can be 
displayed to a human operator—before or after computer 
mediated analysis—as a computer-generated image on a 
screen or on any suitable medium. Computer-mediated 
analysis of the computer-readable output is performed, 
resulting in a computer-readable pro?le that represents, for 
a plurality of detected biomolecules, the relative abundance 
of each such biomolecule and its attributes as deduced from 
its x,y coordinates in the tWo-dimensional array. For 
example, a pro?le derived from imaging a gel containing 
proteins separated by isoelectric focusing folloWed by SDS 
PAGE represents the isoelectric point (pI), apparent molecu 
lar Weight (MW) and relative abundance of a plurality of 
detected proteins. 
[0013] The computer-readable pro?les of the present 
invention are suitable for computer-mediated analysis to 
identify one or more biomolecules that satisfy speci?ed 
criteria. In one embodiment, a ?rst set of pro?les is com 
pared With a second set of pro?les to identify biomolecules 
that are represented in all the pro?les of the ?rst set (or in a 
?rst percentage of the pro?les of the ?rst set) and are absent 
from the pro?les of the second set (or are absent from a 
second percentage of the pro?les of the second set, Where 
the ?rst and second percentages can be independently speci 
?ed). In other embodiments, sets of pro?les are compared to 
identify biomolecules that are present at a designated higher 
level of expression in a speci?ed percentage of pro?les of 
one sample set than in a speci?ed percentage of pro?les of 
another sample set, or to identify biomolecules Whose post 
translational processing differs from one sample set to 
another. 

[0014] One or more biomolecules so identi?ed are 
selected for isolation. In one embodiment, this selection is 
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made automatically by a computer, in accordance With 
pre-ordained programmed criteria, Without further human 
intervention. In another embodiment, a human operator 
revieWs the results of the computer-mediated analysis and 
then enters a selection into a computer. For isolation of each 

selected biomolecule, a computer generates machine-read 
able instructions that direct a robotic device (a) to remove 
one or more portions of the tWo-dimensional array that 
contain the selected biomolecule and (b) to deliver the 
removed portions to one or more suitable vessels for further 
characteriZation. For example, a selected protein can be 
analyZed to determine its full or partial amino acid sequence, 
to detect and characteriZe any associated oligosaccharide 
moieties, and to study other aspects of post-translational 
processing, e.g. phosphorylation, myristylation and the like. 
The invention advantageously permits automated parallel 
processing of biomolecules removed from the tWo-dimen 
sional array, thereby facilitating rapid and ef?cient charac 
teriZation of a plurality of selected biomolecules. FIG. 1 
presents a ?oWchart illustrating processing of a sample 
according to one particular embodiment of the present 
invention. 

[0015] The present invention is useful for identifying and 
analyZing proteins, but is more generally applicable to the 
identi?cation and analysis of any biomolecule. As used 
herein, the term “biomolecule” refers to any organic mol 
ecule that is present in a biological sample, and includes 
peptides, polypeptides, proteins, oligosaccharides, lipids, 
steroids, prostaglandins, prostacyclines, and nucleic acids 
(including DNA and RNA). As used herein, the term “pro 
tein” includes glycosylated and unglycosylated proteins. 

[0016] 5.1. Biological Samples 

[0017] As used herein, the term “biological sample” refers 
to any solid or ?uid sample obtained from, excreted by or 
secreted by any living organism, including single-celled 
micro-organisms (such as bacteria and yeasts) and multicel 
lular organisms (such as plants and animals, for instance a 
vertebrate or a mammal, and in particular a healthy or 
apparently healthy human subject or a human patient 
affected by a condition or disease to be diagnosed or 
investigated). Abiological sample may be a biological ?uid 
obtained from any site (eg blood, plasma, serum, urine, ile, 
cerebrospinal ?uid, aqueous or vitreous humor, or any 
bodily secretion), a transudate, an exudate (e.g. ?uid 
obtained from an abscess or any other site of infection or 

in?ammation), or ?uid obtained from a joint (eg a normal 
joint or a joint affected by disease such as rheumatoid 
arthritis, osteoarthritis, gout or septic arthritis). Alterna 
tively, a biological sample can be obtained from any organ 
or tissue (including a biopsy or autopsy specimen) or may 
comprise cells (Whether primary cells or cultured cells) or 
medium conditioned by any cell, tissue or organ. If desired, 
the biological sample may be subjected to preliminary 
processing, including preliminary separation techniques. For 
example, cells or tissues can be extracted and subjected to 
subcellular fractionation for separate analysis of biomol 
ecules in distinct subcellular fractions, e.g. proteins or drugs 
found in different parts of the cell. See Deutscher (ed.), 
1990, Methods In EnZymology vol. 182, pp. 147-238 (incor 
porated herein by reference in its entirety). Similarly, immu 
noprecipitation can be performed to identify antigenically 
related biomolecules such as proteins. See Firestone & 
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Winguth In Duetscher; op. cit. pp. 688-699 (incorporated 
herein by reference in its entirety). 

[0018] Preferably, relevant clinical information useful to 
the analysis is catalogued and indexed to the corresponding 
sample; a computer-based laboratory information manage 
ment system (LIMS) is preferred for this purpose. Such 
information preferably includes patient data such as family 
history, clinical diagnosis, gender, age, nationality, place of 
residence, place of employment, and medical history. Infor 
mation related to the sample itself is also preferably indexed 
in the LIMS; such information can include the sample type, 
the precise location from Which the sample Was taken, the 
day and time that the sample Was taken, the time betWeen 
collection and storage, the method of storage, and the 
procedure used to obtain the sample. 

[0019] Methods of indexing the information record to the 
proper sample can include the assignment of matching 
numbers to the record and the sample. This process is 
preferably automated through the use of barcodes and a 
barcode scanner. As each sample is processed, the scanner is 
used to record the sample identi?cation number into the 
LIMS, Which tracks the sample through its various manipu 
lations, thus preserving the link betWeen record and sample. 
The use of barcodes also permits automated archiving and 
retrieval of stored samples and gels. 

[0020] 5.2. Analysis of Proteins 

[0021] In one embodiment, the methods and apparatus of 
the present invention are used to identify and characteriZe 
one or more proteins in a biological sample or samples. 

[0022] 5.2.1. First Separation Step 

[0023] A Wide variety of techniques for separating pro 
teins are Well knoWn to those skilled in the art, see, e.g., 
Deutscher (ed.), 1990, Methods In EnZymology vol. 182, pp. 
9-18 and 285-554 (incorporated herein by reference in its 
entirety) and may be employed according to the present 
invention. By Way of example, and not of limitation, pro 
teins may be separated on the basis of isoelectric point (eg 
by chromatofocusing or isoelectric focusing), of electro 
phoretic mobility (eg by non-denaturing electrophoresis or 
by electrophoresis in the presence of a denaturing agent such 
as urea or sodium dodecyl sulfate (SDS), With or Without 
prior exposure to a reducing agent such as 2-mercaptoetha 
nol or dithiothreitol), by chromatography, including FPLC 
and HPLC, on any suitable matrix (e.g. gel ?ltration chro 
matography, ion exchange chromatography, reverse phase 
chromatography or affinity chromatography, for instance 
With an immobiliZed antibody or lectin), or by centrifugation 
(e.g. isopycnic centrifugation or velocity centrifugation). 

[0024] Any separation technique, including any technique 
enumerated above, can be used in the ?rst separation step. In 
one embodiment, the ?rst separation step results in a dis 
continuous one-dimensional array (e.g. fractions collected 
during af?nity chromatography). More preferably, the ?rst 
separation step results in a continuous one-dimensional 
array; especially preferred is isoelectric focusing in a poly 
acrylamide strip gel provided With appropriate electrolytes. 

[0025] 5.2.2. Second Separation Step 

[0026] The second separation step employs a separation 
technique, distinct from that used in the ?rst separation step, 
to generate a tWo-dimensional array of separated proteins. 
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Any separation technique (including those enumerated 
above) can be used, and in any medium, provided that (a) the 
resulting tWo-dimensional array of biomolecules (e.g., pro 
teins) can be imaged to detect the physical positions of a 
plurality of separated biomolecules in the separation 
medium and (b) one or more selected biomolecules can be 
isolated from the medium in Which the second separation 
step Was performed. In a preferred embodiment, the second 
separation step employs electrophoresis in a gel such as a 
polyacrylamide slab gel; especially preferred is polyacryla 
mide gel electrophoresis in the presence of sodium dodecyl 
sulfate (SDS-PAGE). If the ?rst separation step results in a 
discontinuous one-dimensional array, fractions of the one 
dimensional array (or aliquots thereof) are subjected to the 
second separation technique. For example, aliquots of frac 
tions from af?nity chromatography are loaded into Wells of 
a polyacrylamide gel for SDS-PAGE. If the ?rst separation 
step results in a continuous one-dimensional array, the array 
(or a portion thereof) is subjected to the second separation 
technique. For example, a strip gel containing proteins 
separated along a ?rst axis by isoelectric focusing is loaded 
onto a polyacrylamide slab gel for SDS-PAGE along a 
second axis perpendicular to the ?rst axis. 

[0027] 5.2.3. Supported Polyacrylamide Gels 

[0028] One aspect of the present invention is a supported 
gel, suitable for use in electrophoresis, in Which the gel is 
stably bonded to a solid support such that the gel has 
tWo-dimensional spatial stability, and the support is rigid and 
is substantially non-interfering With respect to detection of a 
label bound to or otherWise associated With one or more 

biomolecules in the gel. Preferably, the support is substan 
tially non-interfering With respect to detection of a ?uores 
cent label; a glass support is suitable for this purpose since 
glass, unlike plastic, is devoid of spectral activity that 
impairs or prevents ?uorescence imaging. 

[0029] By virtue of the stable bond betWeen the gel and the 
solid support, one or more portions of the gel can noW be 
removed (eg by excision) Without positional shift of the 
remainder of the gel, or With only minimal distortion, 
thereby maintaining the integrity of the tWo-dimensional 
array of separated proteins during manipulation and storage; 
preferably, the gel is covalently bonded to the solid support. 
FolloWing imaging to determine the x,y coordinates of the 
separated proteins, one or more portions of the supported gel 
containing selected proteins can be removed for further 
analysis While the remaining proteins are stably held in their 
previously imaged locations for subsequent removal if 
desired. The supported gel of the present invention repre 
sents a major advance in facilitating the accurate, reproduc 
ible excision and isolation of separated biomolecules. More 
over, the supported gel can be barcoded to provide an 
inseparable link betWeen the identity of the original sample 
and the tWo-dimensional array of separated biomolecules; 
such a link can be maintained using the LIMS of the present 
invention. 

[0030] To prepare the supported gel, a solid support can be 
functionaliZed, for instance With a bifunctional linker such 
as y-methacryl-oxypropyltrimethoxysilane; the gel is then 
cast on the functionaliZed support. In a preferred embodi 
ment, the support is generally planar, (e. g. a generally planar 
sheet of glass); especially preferred is a ?at sheet of glass. 
If desired, the supported gel can be stored, for instance at 
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reduced temperature (eg at 4° C., —20° C., or —70° C.). A 
suitable method of storage is described in International 
Patent Application No. PCT/GB97/01846, ?led Jul. 9, 1997, 
Which is incorporated herein by reference in its entirety. For 
some operations (e.g. eXcision of one or portions of the gel) 
an open-faced supported gel is preferred; for other opera 
tions (e.g. electrophoresis) the gel can optionally be sand 
Wiched betWeen a ?rst solid support to Which the gel is 
stably bonded (eg a glass plate treated With a bifunctional 
linker) and a second solid support to Which the gel is not 
stably bonded (eg an untreated glass plate or a glass plate 
treated With a siliconiZing agent). 

[0031] 5.2.4. Detection of Separated Proteins 

[0032] The proteins in the tWo-dimensional array can be 
detected by any desired technique. In one embodiment, 
proteins in a polyacrylamide gel are labelled With a suitable 
dye (such as Coomassie Blue or a ?uorescent dye) or by a 
suitable staining technique (such as silver staining), as is 
Well knoWn in the art. In a preferred embodiment, proteins 
in a polyacrylamide gel are labelled by impregnating the gel 
With a dye that becomes ?uorescently active or alters its 
?uorescence properties When it binds to or contacts a 
protein, thereby obviating the need to remove unbound dye 
prior to imaging; Sypro Red (Molecular Bioprobes, Inc., 
Eugene, Oreg.) is suitable for this purpose. In another 
embodiment, the proteins can be labelled by impregnating 
the gel With an antibody, lectin or other suitable ligand that 
is associated With a reporter moiety such as a radionuclide, 
an enZyme, or a binding species such as biotin; upon 
removal of unbound antibody, lectin or other ligand, the 
reporter species can be detected by any suitable technique. 
In a further embodiment, proteins are radiolabelled prior to 
separation, for instance by metabolic labeling With any 
suitable radionuclide (e.g. tritium, a radionuclide of sulfur or 
a radionuclide of carbon) or by chemical or enZymatic 
labeling With any suitable radionuclide (e.g. radio-iodine). 
In yet a further embodiment, the proteins are electro-trans 
ferred to a suitable membrane to form a replica of the 
tWo-dimensional array that is probed With an antibody, 
lectin, or other suitable ligand associated With a reporter 
moiety; techniques for such Western blotting are Well knoWn 
in the art. 

[0033] The labelled proteins are imaged With any detector 
that is capable of detecting the reporter species used—for 
instance by densitometry or spectroscopy, or by detecting 
?uorescence or radioactivity—and that generates a com 
puter-readable output. In one embodiment, the detector is a 
laser ?uorescence scanner in Which a rotating mirror scans 
a laser beam across a gel along a ?rst aXis While the gel is 
advanced along a second aXis orthogonal to the ?rst aXis. 
Such a scanner, in Which a gel is transported linearly over a 
continuously scanning laser, enables gels to be loaded 
automatically from a hopper (eg a staining tank) onto the 
transport mechanism, scanned, and automatically encapsu 
lated after the scan has been completed, thereby improving 
throughput and reducing manual handling of the gels. Pref 
erably, the ?uorescence emitted by the gel enters a Wave 
guide and is conveyed to a photodetector such as a photo 
multiplier tube. In one embodiment, the laser beam travels 
from the rotating mirror along a plane parallel to the gel until 
it reaches a second mirror of arcuate shape that re?ects it to 
strike the gel at a right angle. By virtue of the arcuate mirror, 
the path length of the laser beam remains constant While the 
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gel is scanned from one side to the other. This constant path 
length facilitates phase-sensitive detection, in Which the 
amplitude of the laser beam is cyclicly modulated; the 
?uorescence signal emitted by a protein-dye compleX (sig 
nal) shoWs a phase shift that is used to distinguish this signal 
from background ?uorescence (noise), in Which no phase 
shift (or a lesser phase shift) is observed. Such a laser 
?uorescence scanner is described in Basiji, 1997, Develop 
ment of a High-Throughput Fluorescence Scanner Employ 
ing Internal Re?ection Optics And Phase-Sensitive Detec 
tion (Ph.D. Thesis, University of Washington, Seattle, 
Wash.), Which is incorporated herein by reference in its 
entirety. 

[0034] It is desirable to provide one or more reference 
points, detectable by the imaging device, for use in deter 
mining the X,y, coordinates of any features detected in the 
tWo-dimensional array of separated proteins. Reference 
points can be provided on a support (eg a functionaliZed 
generally planar glass surface) to Which a gel is covalently 
attached. Alternatively, reference points can be provided on 
a frame to Which a gel is ?Xed during imaging; a matching 
frame can be provided in a robotic isolation device. 

[0035] 5.3. Analysis of Oligosaccharides 

[0036] Oligosaccharides (glycans) in a biological sample 
can be identi?ed and characteriZed With the methods and 
apparatus of the present invention, using established tech 
niques for cleaving, labelling and separating oligosaccha 
rides. See, e.g., ToWnsend & Hotchkiss (eds.), 1997, Tech 
niques in Glycobiology (Marcel Dekker, Inc., New York); 
Takahashi, 1996, J. Chromatography 720: 217-225, each of 
Which is incorporated herein by reference in its entirety. 

[0037] In a preferred embodiment, oligosaccharides are 
?uorescently labelled (eg with ortho-substituted aniline 
derivatives such 2-amino benZamidine or 2-anthranilic acid) 
and are separated by tWo-dimensional polyacrylamide gel 
electrophoresis. See Starr et al., 1996, J. Chromatography 
720: 295-321; Bigge et al., 1995, Analyt. Biochem. 230: 
229-238 (each of Which is incorporated herein by reference 
in its entirety). For eXample, ?uorescently labelled oligosac 
charides can be subjected to polyacrylamide gel electro 
phoresis (PAGE) in a ?rst dimension (eg using a 15% 
acrylamide gel and a Tris (hydroXymethyl) amino methane 
(“Tris”)/N-tris (hydroXymethyl) methyl-3-amino propane 
sulfonic acid (“TAPS”) buffer, pH 7.4) in order to achieve 
separation based largely on the intrinsic charge-to-mass ratio 
of the oligosaccharides. This one-dimensional array of oli 
gosaccharides is then subjected to PAGE in a second dimen 
sion, using a 20% acrylamide gel and a 20 mM Tris/borate 
buffer, pH 8.5, in order to achieve separation based largely 
on induced charge arising from non-covalent compleXation 
of the borate anion With the oligosaccharides. The oligosac 
charides in the resulting tWo-dimensional array are imaged 
With a ?uorescent scanner to generate a computer-readable 
output. 

[0038] 5.4. Computer Analysis of the Detector Output 

[0039] The present invention advantageously provides for 
computer-mediated analysis of the detector output. By Way 
of eXample, but not of limitation, this aspect of the invention 
is discussed in the context of proteins separated ?rst by 
isoelectric focusing and then by SDS-PAGE; hoWever, it 
Will be readily apparent to one of skill in the art that the 
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method and apparatus herein described are equally appli 
cable to analysis of the output derived from imaging any 
tWo-dimensional array of separated biomolecules. 

[0040] To transfer the output for analysis, the detector is 
operably connected to a computer. As used herein, the term 
“operably connected” includes either a direct link (eg a 
permanent or intermittent connection via a conducting cable, 
an infra-red communicating device, or the like) or an indi 
rect link Whereby the data are transferred via an intermediate 
storage device (eg a server or a ?oppy disk). It Will readily 
be appreciated that the output of the detector should be in a 
format that can be accepted by the computer. A bitmap 
format (eg GIF format) is preferred for this purpose. 

[0041] Once transferred to an appropriately programmed 
computer, the output can be processed to detect reference 
points; to ?lter and remove artifacts; to detect and quantify 
features; and to create image ?les. Features can be detected 
by a computer-mediated comparison of potential protein 
spots With the background. For example, the computer 
program can select signals corresponding to areas of the gel 
Which display staining or ?uorescence that exceeds a given 
threshold. 

[0042] Moreover, a computer can be used to edit the 
features detected and to match duplicate analyses of a given 
sample (or any number of replicates). Outputs can be 
evaluated and compared to reject image ?les Which have 
gross abnormalities, or are of too loW a loading or overall 
image intensity, or are of too poor a resolution, or Where 
duplicates are top dissimilar. If one image ?le of a duplicate 
is rejected then the other image ?le belonging to the dupli 
cate is also rejected regardless of image quality. Any of these 
functions can be performed automatically according to 
operator-determined criteria, or interactively, upon display 
ing an image ?le to a human operator. 

[0043] Landmark identi?cation can be used to correct for 
any variability in the running of the gel. This process 
involves the identi?cation of one or more landmark proteins 
that are knoWn or expected to be found in a given biological 
sample With a constant isoelectric point and electrophoretic 
mobility. These landmark proteins can serve as endogenous 
standards to correct for any possible gel variation or distor 
tion. Alternatively, or in addition, one or more proteins can 
be added to the sample to serve as exogenous standards. 
Features that are considered to be artifacts can be ?ltered out 
of the analysis; such artifacts are likely to occur mainly at 
the edges of the gel and particularly at or near the sample 
application point and the dye-front. 

[0044] If desired, output from tWo or more experiments 
can be aligned and combined to form a panoramic image 
?le; for example, a sample comprising proteins can be 
separated by tWo-dimensional electrophoresis, using an iso 
electric focusing gradient from pH 4.0 to 5.0 in one experi 
ment and an isoelectric focusing gradient from 5.0 to 6.0 in 
a second experiment. A computer can noW be used to 
represent the outputs obtained from these experiments as a 
single panoramic image for vieWing or further analysis. 
Duplicate gels can be aligned via the landmarks and a 
matching process can be performed. The matching process 
can involve pairing corresponding features on the duplicate 
gels. 
[0045] This provides increased assurance that subse 
quently measured isoelectric points and apparent molecular 
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Weights are accurate, as paired features demonstrate the 
reproducibility of the separation. The processed image ?le 
can be displayed on a screen for visual inspection, printed 
out as a graphical representation, and used for subsequent 
analysis. 

[0046] In one embodiment, a computer is used to measure 
the x,y coordinates of all detected proteins (or of a subset 
selected interactively or automatically according to opera 
tor-established criteria). Such coordinates are correlated 
With particular isoelectric points and apparent molecular 
Weights by reference to the experimental parameters used in 
the separation steps, to landmark proteins, or to exogenous 
standards. The intensity of the signal representing the pro 
tein features is also measured and stored. 

[0047] Suitable programs for image processing are Well 
knoWn in the art. The commercial program distributed by 
Bio-Rad Laboratories, Hercules, Calif. under the trade-name 
MELANIE® (Release 2.2, 1997) is suitable for this purpose. 
In a preferred embodiment, MELANIE® is used to perform 
the folloWing operations on the detector output: (a) calibra 
tion of a gel so as to transform column and roW co-ordinates 
into isoelectric point (p1) and molecular Weight (MW) 
values by reference to landmark de?nitions; (b) detection of 
features in the gel image; (c) pairing of features betWeen 
duplicate gels; (d) calculating, for each detected feature, its 
absolute feature intensity (Vol.), relative feature intensity (% 
Vol.), p1 and MW; and (e) pairing of features betWeen gels 
run from different samples. The output from MELANIE can 
thus include feature reports, landmark reports, and pair 
reports. 

[0048] 5.5. Computer Generation and Analysis of Pro?les 

[0049] The output of the image processing program (e.g. 
MELANIE®) can be further processed With a computer to 
generate digital pro?les suitable for comparative analysis. 

[0050] 5.5.1. Construction of Pro?les 

[0051] A digital pro?le can noW be constructed for each 
image ?le processed by MELANIE®. In a preferred 
embodiment, each sample is analyZed in tWo or more 
replicates (referred to as “siblings”), of Which one is arbi 
trarily designated as the “representative” gel for the sibling 
set. Adigital pro?le preferably comprises, for each identi?ed 
feature: 1) a unique arbitrary identi?cation code, 2) the x,y 
coordinates, 3) the isoelectric point, 4) the molecular Weight, 
and 5) the ?uorescence intensity. 

[0052] For each set of sibling gels, the feature reports from 
sibling images are coalesced into a synthetic composite by 
averaging the % Vol, the p1, and the MW betWeen matched 
features. The synthetic composite then consists of the aver 
aged feature parameters assigned to feature IDs taken from 
the representative gel of the sibling set. In addition, the 
standard deviation of the mean of % Vol is calculated by the 
folloWing formula (for duplicate gels): 

[0053] Where <V>=(V1+V2)/2, and V1, V2 are the % Vol 
values for a pair of features. 

[0054] Additional information may also be associated 
With the synthetic composite, eg the total amount of protein 
applied to the gel, and the barcode of the gel. In a preferred 
embodiment, the synthetic composite comprises a feature 
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report in MELANIE® format, referenced to the representa 
tive gel and keyed to the bar-code of the representative gel. 

[0055] This pro?le can be traced to the actual stored gels 
that Were used to generate images from Which the synthetic 
composite image Was constructed, so that proteins identi?ed 
by computer analysis of pro?les can be retrieved. The pro?le 
can also be traced back to the original sample or patient. The 
reproducibility of the gel system coupled With the correction 
made possible through the use of standards and landmarks 
folloWed by a matching of correlate spots to a master gel 
alloWs for the comparison of many gels run With the same 
or different samples at the same or different times. More 
over, the data assembled during collection of the original 
biological sample, as described in section 5.1, can be 
reunited With the gel data, alloWing for the analysis of 
computer selected cross sections of the samples based on 
such information as age or clinical outcome. FIG. 2 presents 
a How diagram illustrating computer-mediated analysis 
according to one particular embodiment of the present 
invention. 

[0056] 5.5.2. Cross-Matching BetWeen Samples 

[0057] Data generated from analysis of different samples 
are noW subjected to computer analysis. In a preferred 
embodiment, each signi?cant feature is assigned an index 
(the “Molecular Cluster Index”, “MCI”) that identi?es the 
molecular content of the feature and has the same value in 
matching features in all gels. For each type of sample, a 
“molecular cluster table” is created that uniquely de?nes the 
coordinate system onto Which each gel is successively 
mapped. This approach obviates the N><N problem of 
attempting to match each gel With all the others in a set. 

[0058] To generate a molecular cluster table, a represen 
tative gel is arbitrarily chosen to be a master gel, preferably 
one regarded as optimal for its sample type. A neW entry in 
the molecular cluster table is created for each feature 
(molecular cluster) in the synthetic composite of the sibling 
set of Which this representative gel is a member. Additional 
molecular clusters can be added to the table When they are 
observed in other gels but are not represented in the master 
table. Such other gels are knoWn as “secondary masters”. 

[0059] In one embodiment, the MCI is calculated from the 
p1 and MW of the feature, by a hierarchical quad-tree 
decomposition of the pI/MW space. First, a 2D grid is 
calculated that encompasses the entire pI/MW space. By 
Way of example, and not of limitation, pI may take any value 
betWeen 0 and 14, and MW may take any value betWeen 
1,000 and 1,000,000. Since the roW position of a protein 
(representing its displacement on a gel) is approximately 
proportional to the log of its molecular Weight, the grid 
positions are calculated With respect to the natural logarithm 
of the molecular Weight, i.e. ln(MW). The 2D pI/ln(MW) 
space can be divided by serial bisection horiZontally and 
vertically into successively smaller quadrants, each quadrant 
containing feWer features than its parent, until a resolution 
is reached Where the number of features in each cell of the 
2D space is unlikely to be greater than 1. 

[0060] In one particular embodiment, 9 successive subdi 
visions are made, so that the Whole pI/ln(MW) space is 
divided into 512 divisions both vertically and horiZontally 
(RES =512). The MCI of a feature in a master gel is noW 
calculated from the p1 and MW in the master coordinate 
system by the folloWing formula: 
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[0061] Where 

(p1mX-p1min)/RES=0.027344 

[0062] The representative gels of all other samples of a 
given type may noW be matched (using MELANIE®) With 
master and secondary master gels for that sample type. The 
digital pro?les are then annotated by adding, for each 
matched feature, the MCI of the feature in the master or 
secondary master pro?le. 

[0063] 5.5.3. Differential Analysis of Pro?les 

[0064] Once the pro?les have been annotated With MCIs, 
computer analysis can be performed to select one or more 
features representing proteins or other biomolecules of inter 
est. Preferably, analysis is performed by comparing the 
synthetic composite pro?les that arise from replicate analy 
sis of sibling gels from a single sample. 

[0065] An image-set is created from a user-selectable list 
of samples in the database. Each member of the image set 
comprises the synthetic composite pro?le of the sibling set 
and the master molecular cluster table used to match the 
features. 

[0066] Afeature-set is then de?ned, representing the set of 
features that have been found across an image set. An 
arbitrary threshold level X is designated for the feature-set; 
a given feature is de?ned to be part of the set if it occurs in 
(i.e., has the same MCI in) at least X % of the members of 
the image set. For each member of the feature-set, the 
folloWing attributes are de?ned: (1) the MCI, (2) the Mean 
% Vol (the average % Vol for all members of the image-set 
in Which the feature occurs), (3) the Median % Vol, and (4) 
the number of images in the set in Which the feature Was 
identi?ed. 

[0067] Binary set operations may noW be performed to 
compare sets of features betWeen tWo image sets (referred to 
as the “background” and “foreground” sets). The basic 
binary operation is the calculation of fold-change betWeen 
matching features in tWo feature-sets. Fold-change (G) is 
determined by the folloWing algorithm: 

[0068] Let V1 and V2 be the Mean % Vol of a feature 
in background feature-set F1 and foreground feature 
set F2 respectively, (Where an absent feature is repre 
sented by V=0), then: 

[0069] G=V2/V1 (Where V2>V1) 
[0070] G=V1/V 2 (Where V1>V2) 

[0071] G=+MAX_G (Where V1=0) 
[0072] G=—MAX_G (Where V2=0), 
[0073] Where MAX_G is some suitably large number. 

[0074] This algorithm can optionally be performed using 
Median % Vol instead of Mean % Vol in the fold-change 
calculation. The result can be reported as a bar chart or in 
any other convenient format. 

[0075] Serial set operations can be performed to determine 
the variation in expression of each feature in a feature-set as 
a function of some sample registration variable. For 
example, such comparisons can be used for (a) a time series 
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study of expression variation in a set of sample donors; (b) 
a comparison of expression variation for sets of individuals 
With different diseases; or (c) a comparison of expression 
variation for sets of individuals on different therapies. A 
serial set operation generates a matrix of results Where the 
roWs enumerate the individual members of the feature-set, 
the columns enumerate different image-sets and the cells in 
the matrix contain numbers calculated from the Mean % Vol 
of each feature in each image set as described above. 

[0076] For example, to compare a feature, designated 
MCI(F), over three image-sets, designated S1, S2 and S3, 
the % Vol of MCI(F) for each sample, V1, V2 and V3, are 
calculated as the Mean % Vol for MCI(F) in the correspond 
ing image-set. Next, the mean, median and maximum V1, 
V2 and V3 are calculated across the roW. Where a sample set 
does not contain MCI(F), the corresponding % Vol is taken 
as Zero. The user selects a reference column, Vref, Which 
may be any of the image-sets or the mean or the median. 
Then each cell is calculated as folloWs: 

[0080] These values all lie in the range —1.0 to +1.0. This 
range may be divided into any desired number of subranges 
(e. g. seven equal subranges) and the result displayed graphi 
cally, With the values in the cells represented by a symbol for 
each subrange. 

[0081] Computer-mediated comparison according to 
operator-speci?ed criteria facilitates the rapid and ef?cient 
analysis of large numbers of pro?les and permits the iden 
ti?cation of small differences betWeen pro?les being com 
pared even though each pro?le may represent many hun 
dreds or thousands of detected biomolecules. The capacity 
for rapid and efficient manipulation of large sample sets 
enhances the likelihood of detecting statistically signi?cant 
differences. 

[0082] It should also be appreciated that the practitioners 
of the invention can add each neWly generated pro?le to a 
continually groWing database, alloWing for cross-experi 
ment comparisons, possibly in combinations unimagined by 
the original researchers. Pro?le databases may alloW for 
virtual experiments to be run, Wherein pro?les from any 
study can be compared With pro?les from any other study, 
Without having to reproduce the actual clinical data. For 
example, any database Which provides molecular Weights 
and isoelectric points for proteins can be compared With a 
pro?le of the invention derived from analysis of proteins. 

[0083] One skilled in the art can appreciate the many 
forms such an analysis can take, and the folloWing examples 
are provided by Way of illustration and not limitation. 

[0084] The pro?les of diseased and normal individuals can 
be compared to identify patterns of spots Which consistently 
differ betWeen the tWo populations. Said spots can contain 
proteins of therapeutic or diagnostic signi?cance. 

[0085] The pro?les of diseased and normal tissue from a 
single individual can be compared to identify patterns of 
spots Which consistently differ betWeen the diseased and 
normal tissue. Said spots can contain biomolecules of inter 
est for therapeutic or diagnostic purposes. This has the 
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particular advantage of controlling for variation betWeen 
different individuals as the comparison is made betWeen 
samples taken from a single individual. 

[0086] The pro?les of treated and non-treated individuals 
can be compared to identify patterns of spots Which correlate 
With a certain therapy or drug treatment. This may be helpful 
in elucidating drug mechanisms, in studying drug resistance 
or in drug development. 

[0087] A three Way comparison of healthy, diseased, and 
treated diseased individuals can identify Which drugs are 
able to restore a diseased pro?le to a one that more closely 
resembles a normal pro?le. This can be used to screen drugs, 
to monitor the ef?cacy of treatment and to detect or predict 
the occurrence of side effects, Whether in a clinical trial or 
in routine treatment, and to identify Which spots are more 
important to the manifestation and treatment of a disease. 

[0088] A three Way comparison of diseased individuals 
Who are untreated, treated With drug A, or treated With drug 
B can also identify interesting biomolecules. For example, if 
A is knoWn to be effective and B is knoWn to be ineffective, 
then biomolecules that differ betWeen treatment group A (on 
the one hand) and both the untreated group and treated group 
B (on the other hand) are useful for prognosis and are 
candidates for study as therapeutic targets. 

[0089] 5.6. Removal of Selected Portions of a Supported 
Gel 

[0090] It is a characteristic of the supported gel of inven 
tion that, once separated, the biomolecules are held in a 
stable array. Aportion of the gel containing a single detected 
feature can noW be removed Without affecting the spatial 
integrity of the remainder of the array. By Way of example, 
removal may be accomplished by excision of a portion of the 
gel, by localiZed application of an agent that lique?es the gel 
so that the desired species can be removed by suction or 
alloWed to drip out, or by localiZed application of an 
electro-elution device. Removal of portions of the gel con 
taining species that are required for analysis can be con 
ducted accurately and reproducibly on the basis of the 
pro?le; such portions can be removed from a gel that has 
been imaged or from a duplicate or other replicate of an 
imaged gel. It Will be readily appreciated that this is very 
suitable for computer-controlled analysis and selection. 

[0091] Preferably, selected gel portions are excised using 
apparatus of the invention. Thus, a robotic device can be 
provided, under the control of softWare that uses as its 
reference the biological molecule pro?le obtained folloWing 
separation of the biomolecules. This device can be opera 
tively connected With a computer and driven by machine 
readable instructions to perform excisions and manipula 
tions on a gel in an operator-independent manner according 
to instructions generated by computer-mediated analysis of 
a plurality of pro?les derived from analysis of a plurality of 
mixtures of biomolecules. The computer programs x,y 
movements and directs a cutting head of the robotic device 
to take a single cut or a series of overlapping cuts to isolate 
and remove an identi?ed feature. 

[0092] Such a device may comprise (1) a de?ned frame 
identical With or matched to the frame in Which the gel Was 
placed during imaging (2) a bed for controlled location of 
the frame With gel; and (3) a movable x,y coordinate 
locating mechanism With drive attached to a changeable 
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manipulating and excision component Which is directed 
through software for locating gel regions of interest pre 
scribed by an operator and is capable of performing the 
desired manipulation(s) and delivering gel or gel-derived 
material to a de?ned position in a receiving chamber. One 
embodiment of such a device is illustrated in FIG. 3. 

[0093] This instrument is capable of removing gel frag 
ments from a glass-backed gel and transferring the removed 
fragments into a suitable vessel. A separate reaction vessel 
(eg an Eppendorf vial) may be used for each gel fragment; 
more preferably, gel fragments are transferred to a rack of 
test tubes or to chambers in a multi-capacity vessel such as 
a 96-well collection microplate. The glass-backed gel to be 
manipulated is ?tted onto guides on the bed of the instru 
ment, thus aligning the glass, and hence the gel, With the 
cutting mechanism. The instrument removes one or more 
selected portions of the gel in accordance With machine 
readable instructions. In one embodiment, a fresh tip is 
selected for each feature and a process of core-cutting, 
shearing and sucking is applied to break the gel’s bond to the 
glass and remove the gel fragment. Preferably, the shearing 
process comprises tip movement from side to side along a 
?rst axis, folloWed by tip movement from side to side along 
a second axis at an angle (most preferably a right angle) to 
the ?rst axis. Each gel fragment is transferred to the collec 
tion plate and then ejected, preferably into liquid to assist the 
removal of the gel fragment from the tip. Preferably, a-mo 
bile shuttle is contained Within the tip for the dual purpose 
of preventing the gel fragment from being sucked into the 
vacuum pump during the cutting process and also to push the 
gel fragment out of the tip during ejection. To minimiZe 
carryover betWeen different features, the cutting implements 
can be cleaned in an integral automated cleaning station. 
More preferably, the cutting implements are changed so that 
a neW cutting implement is used for each feature, thereby 
preventing any carryover. 

[0094] Large features are excised by making a plurality of 
adjacent or overlapping cuts, all pieces of the same feature 
being deposited in the same Well of the collection plate, or 
different pieces of the feature being deposited in different 
Wells. Alternatively, a pro?le is cut around the perimeter of 
the large feature; the gel is then lifted Whilst applying a 
cutting action under the gel to separate it from the support, 
and the entire feature is transferred to the collection vessel. 
The system has been con?gured to alloW multiple gels to be 
cut into one collection plate and also permits a gel to be cut 
into any number of collection plates, thus permitting all 
features to be further processed. Once the collection plate is 
full or complete, it is ready for further processing or can be 
stored. After selected gel fragments have been excised, the 
remainder of the gel can be stored, for instance at reduced 
temperature as described above. 

[0095] 5.7. Processing Removed Portions of the Gel 

[0096] One or more removed portions of the gel are 
delivered to a Workstation, for instance a general modular 
chemistry unit that is fully programmable and con?gured for 
proteolysis. This Workstation permits the operation of any 
protocol that involves reagent addition, pipetting and trans 
fer, incubation, mixing, chilling, vacuum drying and solid 
phase extraction techniques, or any other technique for 
Which a module can be developed. Plates are ?tted onto 
carriers Which are repositioned on the bed of the instrument 
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by means of an integrated carrier manipulator. Such plates 
may take any form, preferably an orthogonal matrix of 
Wells, and more preferably a 9 mm pitch microplate format. 
Especially preferred is a microplate With noZZles in the base 
of each Well that alloW liquid to pass through, such as those 
manufactured by Porvair Ltd., Shepperton, United King 
dom. In such a microplate, liquid and gel pieces are retained 
by a te?on frit and liquid is extracted through the frit by 
means of air pressure applied from above by the pipetting 
unit. This liquid may be sent to Waste or, during peptide 
elution, collected in a second plate located under the noZZles 
during the extraction process. 

[0097] A protein isolated according to the present inven 
tion can be analyZed, as described beloW, or can be admin 
istered to an experimental animal, such as a mouse, rat, or 
rabbit, for production of polyclonal or monoclonal antibod 
ies against the isolated protein. Such antibodies are useful in 
diagnostic and prognostic tests and for puri?cation of large 
quantities of the protein, for example by antibody affinity 
chromatography. 

[0098] 5.8. Analysis of Proteins 

[0099] The Workstation can be programmed for chemical 
proteolysis or enZymatic proteolysis using one or more 
suitable enZymes (e.g. trypsin or chymotrypsin) singly or in 
combination. See, e.g., Shevchenko et al., 1996, Analytical 
Chemistry 68: 850-858 and Houthaeve et al., 1995, FEBS 
Letters 376: 91-94 (each of Which is incorporated herein by 
reference in its entirety). If desired, electro-elution can 
optionally be used to extract proteins from gel slices. In a 
preferred embodiment, the Workstation is programmed so 
that each protein in a removed gel fragment is cleaved to 
generate a pool of peptides suitable for further character 
iZation. Thus, the Workstation receives samples of cut gel 
pieces in a suitable rack, and these pieces are subjected to 
steps of Washing, reduction, alkylation, Washing, and trypsi 
nolysis. The resulting peptides are extracted into a second 
plate for further cleaning or additional preparation prior to 
analysis. See, e.g., Shevchenko, op. cit. Incubations may be 
performed at any temperature up to 100° C. and above; the 
Workstation includes a sealing mechanism to prevent or 
minimiZe liquid loss When incubation is performed at a high 
temperature or for a prolonged period. The unit is designed 
to operate unattended, ideally overnight, and has compre 
hensive sensing, monitoring and self-checking mechanisms 
to ensure that the programmed protocol is performed cor 
rectly, to report any error, and to interrupt processing upon 
the occurrence of a previously speci?ed contingency. Mul 
tiple plates can be processed in parallel and can if desired be 
processed according to different protocols. The Workstation 
is also capable of peptide clean-up and other processes such 
as hydraZinolysis and labelling. 

[0100] 5.8.1. Determination of Amino Acid Sequences 

[0101] The amino acid sequences of one or more peptides 
derived from a removed protein can noW be determined, for 
instance by a suitable mass spectrometry technique, such as 
matrix-assisted laser desorption/ioniZation combined With 
time-of-?ight mass analysis (MALDI-TOF MS) or electro 
spray ioniZation mass spectrometry (ESI MS). See Jensen et 
al., 1977, Protein Analysis By Mass Spectrometry, In 
Creighton (ed.), Protein Structure, A Practical Approach 
(Oxford University Press), Oxford, pp. 29-57; Patterson & 
Aebersold, 1995, Electrophoresis 16: 1791-1814; Figeys et 
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al., 1996, Analyt. Chem. 68: 1822-1828 (each of Which is 
incorporated herein by reference in its entirety). Preferably, 
a separation technique such as HPLC or capillary electro 
phoresis is directly or indirectly coupled to the mass spec 
trometer. See Ducret et al., 1996, Electrophoresis 17: 866 
876; Gevaert et al., 1996, Electrophoresis 17: 918-924; 
Clauser et al., 1995, Proc. Natl. Acad. Sci. USA 92: 5072 
5076 (each of Which is incorporated herein by reference in 
its entirety). Especially preferred is the de novo sequencing 
technique described in US. patent application Ser. No. 
08/877,605, Which is incorporated herein by reference in its 
entirety. In de novo sequencing, the molecular mass of the 
peptide is accurately determined by any suitable technique, 
preferably With a mass spectrometer. A computer is used to 
determine all possible combinations of amino acids that can 
sum to the measured mass of the peptide, having regard to 
Water lost in forming peptide bonds, protonation, other 
factors that alter the measured mass of amino acids, and 
experimental considerations that constrain the allowed com 
binations of amino acids. The computer then constructs an 
a1loWed library of all linear permutations of amino acids in 
the permitted combinations. Theoretical fragmentation spec 
tra are then calculated for each member of the alloWed 
library of permutations and are compared With an experi 
mental fragmentation spectrum obtainable by mass spec 
trometry for the unknoWn peptide to determine the amino 
acid sequence of the unknoWn peptide. Most preferably, 
tandem mass spectrometry is used to determine the amino 
acid sequence of the unknoWn peptide. 

[0102] Once the entire or a partial amino acid sequence of 
an isolated protein has been experimentally determined, a 
computer can be used to search available databases for a 
matching amino acid sequence or for a nucleotide sequence, 
including an expressed sequence-tag (EST), Whose pre 
dicted amino acid sequence matches the experimentally 
determined amino acid sequence. If no matching nucleotide 
sequence is found, a degenerate set of nucleotide sequences 
encoding the experimentally determined amino acid 
sequence can be reverse-engineered by techniques Well 
knoWn in the art; such a degenerate set of nucleotide 
sequences is useful for cloning the gene that encodes the 
isolated protein and for expressing the sequenced protein or 
peptide fragment. Alternatively, a subset of the degenerate 
set of nucleotide sequences can be reverse-engineered, using 
only codons that are preferred in the species from Which the 
protein Was obtained (e.g. codons preferred in humans, 
Where the protein is a human protein); if desired, this subset 
can be restricted to the one nucleotide sequence that is most 
highly preferred in the relevant species. 

[0103] Where a gene encoding an isolated protein is 
identi?ed in a public or private database, the gene can be 
cloned and introduced into bacterial, yeast or mammalian 
host cells. Where such a gene is not identi?ed in a database, 
the gene can be cloned, using a degenerate set of probes that 
encode an amino acid sequence of the protein as determined 
by the methods and apparatus of the present invention. 
Where a database contains one or more partial nucleotide 
sequences that encode an experimentally determined amino 
acid sequence of the protein, such partial nucleotide 
sequences (or their complement) serve as probes for cloning 
the gene, obviating the need to use degenerate sets. 

[0104] Cells genetically engineered to express such a 
recombinant protein can be used in a screening program to 
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identify other proteins or drugs that speci?cally interact With 
the recombinant protein, or to produce large quantities of the 
recombinant protein, eg for therapeutic administration. 
Possession of the cloned gene permits gene therapy to 
replace or supplement a protein Whose absence or dimin 
ished expression is associated With disease. Possession of 
the cloned gene likeWise permits antisense or triple-helix 
therapy to suppress expression of a protein Whose presence 
or enhanced expression is associated With disease. 

[0105] 5.8.2. Analysis of Post-Translational Processing 

[0106] Many proteins undergo post-translational modi? 
cation With chemical groups other than amino acids, eg 
phosphate groups and oligosaccharides. The presence, loca 
tion, and chemical identity of such groups on a protein can 
be analyzed using the protein-speci?c peptide fragments 
obtained by the apparatus and methods of the present 
invention. In one embodiment, a peptide pool obtained from 
an isolated protein in a gel fragment is divided. One portion 
is used for identi?cation of the protein as described in 
section 5.8.1 above. The other portion or portions are used 
to identify individual post translational modi?cations by 
standard methods knoWn to the art. For example, phospho 
rylation analysis is described in Carr et al., 1996, Analyt. 
Biochem. 239: 180-192 and ToWnsend et al., 1996, Protein 
Science 5: 1865-1873 (each of Which is incorporated herein 
by reference in its entirety). Glycan analysis is described in 
DWek et al., 1993, Analyt. Biochem. 62: 65-100 (incorpo 
rated herein by reference in its entirety) and in the references 
cited in section 5.3 above. 

6. EXAMPLE 

Proteins from Serum and Synovial Fluid of Patients 
With Rheumatoid Arthritis 

[0107] Proteins in serum and synovial ?uid from patients 
With rheumatoid arthritis (RA) Were separated by isoelectric 
focusing folloWed by SDS-PAGE and compared. 

[0108] 6.1. Isoelectric Focusing 

[0109] For isoelectric focusing (IEF), each sample Was 
applied to an Immobi1ine® DryStrip Kit (Pharmacia Bio 
Tech), following the procedure described in the manufac 
turer’s instructions, see Instructions for Immobi1ine® 
DryStrip Kit, Pharmacia, # 18-1038-63, Edition AB (incor 
porated herein by reference in its entirety), With optional 
modi?cations as described by SancheZ et al. 1997, Electro 
phoresis 18: 324-327 (incorporated herein by reference in its 
entirety). In certain cases, in order to increase the resolution 
in a particular pH range or to load a larger quantity of a target 
protein onto the gel, a narroW-range “Zoom gel” having a pH 
range of 2 pH units or less Was used, according to the 
method described in Westermeier, 1993, Electrophoresis in 
Practice (VCH, Weinheim, Germany), pp. 197-209 (Which is 
incorporated herein by reference in its entirety). 

[0110] 6.2. Gel Equilibration and SDS-PAGE 

[0111] IEE gels Were prepared for SDS-PAGE by equili 
bration in a SDS buffer system according to a tWo step 
procedure comprising initial reduction of the disul?de 
bonds, followed by alkylation of the free thio1 groups, as 
described by SancheZ et al., id. Thereafter, SDS-PAGE Was 
carried out according to Hochstrasser et al., 1988, Analytical 
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Biochemistry 173: 412-423 (incorporated herein by refer 
ence in its entirety), With modi?cations as speci?ed below. 

[0112] 6.3. Preparation of Supported Gels 

[0113] Covalent attachment of SDS-PAGE gels to a glass 
support Was achieved by applying a 0.4% solution of 
y-methacryloxypropyltrimethoxysilane in ethanol to the 
glass plate (“the bottom plate”) to Which the gel Was to be 
attached. Excess reagent Was removed by Washing With 
Water, and the bottom plate Was alloWed to dry. At this stage, 
both as identi?cation for the gel, and as a marker to identify 
the coated face of the plate, an adhesive bar-code Was 
attached to the bottom plate in a position such that it Would 
not come into contact With the gel matrix. 

[0114] An opposing glass plate (“the top plate”) Was 
treated With RepelSilane (Pharmacia Biotech) to minimiZe 
gel attachment. After applying the reagent, the top plate Was 
heated by applying a ?oW of heated air (eg from a hot-air 
gun) to the surface of the plate. Excess reagent Was again 
removed by Water Washing, and the top plate Was alloWed to 
dry. 
[0115] The dried plates Were assembled into a casting box 
With a capacity of 13 gel sandWiches. Several casting boxes 
can be assembled in parallel to cast more gels under the 
same conditions. The top and bottom plates of each sand 
Wich Were spaced by means of 1 mm thick spacers. The 
sandWiches Were interleaved With acetate sheets to facilitate 
separation of the sandWiches after gel polymeriZation. Cast 
ing Was then carried out according to Hochstrasser et al., op. 
cit. 

[0116] 6.4. SDS-PAGE 

[0117] The gel strips from the IEF step Were applied to the 
top of the poured SDS-PAGE gel and electrophoresis begun. 
In order to ensure even cooling of the gel during the 
electrophoresis run, a system Was designed essentially as 
described by Amess et al,. 1995, Electrophoresis 16: 1255 
1267 (incorporated herein by reference in its entirety). Even, 
ef?cient cooling is desirable in order to minimiZe thermal 
?uctuations during electrophoresis and hence to maintain the 
consistency of migration of the proteins. Electrophoresis 
Was carried out until the tracking dye reached the bottom 
edge of the gel. The gels Were then removed immediately for 
staining. 

[0118] 6.5. Staining 

[0119] The top plate of the gel cassette Was carefully 
removed, leaving the gel bonded to the bottom plate. The 
bottom plate With its attached gel Was then placed into a 
staining apparatus, Which has the capacity to accommodate 
12 gels. The gels Were completely immersed overnight in 
?xative solution, comprising 40% (v/v) ethanol, 10% (v/v) 
acetic acid, 50% (v/v) Water. The ?xative Was then drained 
from the tank, and the gels Were primed by immersion in 
7.5% (v/v) acetic acid, 0.05% (W/v) SDS for 30 mins. The 
priming solution Was then drained, and the gels Were stained 
by complete immersion in the dye solution for 4 hours. A 
stock solution of ?uorescent dye Was prepared by diluting 
Sypro Red (Molecular Bioprobes, Inc., Eugene, Oreg.) 
according to the manufacturer’s instructions. The diluted 
solution Was ?ltered under vacuum though a 0.4 um ?lter. 

[0120] In order to achieve a continuous, even circulation 
of the various solutions over all 12 gels, solutions Were 
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introduced into the tank via a distribution bar, extending 
along the bottom of the tank across its entire Width and 
provided With holes that alloW the solution to ?oW evenly 
over each of the gels. 

[0121] 6.6. Imaging of the Gel 

[0122] A computer-readable output Was produced by 
imaging the ?uorescently stained gels With a Storm scanner 
(Molecular Dynamics, Sunnyvale, Calif.) according to the 
manufacturer’s instructions, (see Storm User’s Guide, 1995, 
Version 4.0, Part No. 149-355, incorporated herein by ref 
erence in its entirety) With modi?cations as described beloW. 
Since the gel Was rigidly bonded to a glass plate, the gel Was 
held in contact With the scanner bed during imaging. To 
avoid interference patterns arising from nonuniform contact 
betWeen the gel and the scanner bed, a ?lm of Water Was 
introduced under the gel, taking care to avoid air pockets. 
Moreover, the gel Was placed in a frame provided With tWo 
?uorescent buttons that Were imaged together With the gel to 
provide reference points (designated M1 and M2) for deter 
mining the x,y coordinates of other features detected in the 
gel. A matched frame Was provided on a robotic gel excisor 
in order to preserve accurate alignment of the gel. After 
imaging, the gels Were sealed in polyethylene bags contain 
ing a small volume of staining solution, and then stored at 
4° C. 

[0123] The output from the scanner Was ?rst processed 
using MELANIE® to autodetect the registration points, M1 
and M2; to autocrop the images (i.e., to eliminate signals 
originating from areas of the scanned image lying outside 
the boundaries of the gel, eg the reference frame); to ?lter 
out artifacts due to dust; to detect and quantify features; and 
to create image ?les in GIF format. Features Were detected 
by a computer-mediated comparison of potential protein 
spots With the background to select areas of the gel associ 
ated With a signal that exceeded a given threshold repre 
senting background staining. 

[0124] A second program Was used for interactive editing 
of the features detected and to match duplicate gels for each 
sample. First, images Were evaluated to reject images Which 
had gross abnormalities, or Were of too loW a loading or 
overall image intensity, or Were of too poor a resolution, or 
Where duplicates Were too dissimilar. If one image of a 
duplicate Was rejected then the other image belonging to the 
duplicate Was also rejected regardless of image quality. 
Samples that Were rejected Were scheduled for repeat analy 
sis. 

[0125] Landmark identi?cation Was used to correct for any 
variability in the running of the gel. This process involves 
the identi?cation of certain proteins Which are expected to 
be found in any given biological sample. As these common 
proteins exhibit identical isoelectric points and molecular 
Weight from sample to sample, they can be used as standards 
to correct for any possible gel variation or distortion. The p1 
and molecular Weight values for the landmarks in the 
reference gel Were determined by co-running a sample With 
E. coli proteins Which had previously been calibrated With 
respect to knoWn protein in human plasma. Features Which 
Were considered to be artifacts, mainly at the edges of the gel 
image and particularly those due to the sample application 
point and the dye-front, Were removed. Duplicate gels Were 
then aligned via the landmarks and a matching process 
performed so as to pair identical spots on the duplicate gels. 
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This provided increased assurance that subsequently mea 
sured isoelectric points and molecular Weights Were accu 
rate, as paired spots demonstrated the reproducibility of the 
separation. The corrected gel, in addition to being used for 
subsequent analysis, Was printed out for visual inspection. 

[0126] Generation of the image Was folloWed by computer 
measurement of the x,y coordinates of each protein, Which 
Were correlated With particular isoelectric points and 
molecular Weights by reference to the knoWn landmark 
proteins or standards. Ameasurement of the intensity of each 
protein spot Was taken and stored. Each protein spot Was 
assigned an identi?cation code and matched to a spot on a 
master gel, i.e., a reference gel Which contained most or all 
of the protein spots seen in each type of sample and Was used 
as a template to Which the protein spots of the other samples 
Were matched. This step alloWed for the identi?cation of 
putative correlate spots across many different gels. The data 
collected during collection of the original biological sample, 
as described in section 5.1, Were reunited With the gel data, 
thereby permitting the analysis of computer selected cross 
sections of the samples based on information such as age or 
clinical outcome. 

[0127] The end result of this aspect of the analysis Was the 
generation of a digital pro?le Which contained, for each 
identi?ed spot: 1) a unique arbitrary identi?cation code, 2) 
the X y coordinates, 3) the isoelectric point, 4) the molecular 
Weight, 5) the signal value, 6) the standard deviation for each 
of the preceding measurements, and 7) a pointer to the MCI 
of the spot on the master gel to Which this spot Was matched. 
By virtue of the LIMS, this pro?le Was traceable to the actual 
stored gel from Which it Was generated, so that proteins 
identi?ed by computer analysis of gel pro?le databases 
could be retrieved. The LIMS also permitted the pro?le to be 
traced back to the original sample or patient. 

[0128] 6.7. Digital Analysis of the Gel 

[0129] Once the pro?le Was generated, analysis Was 
directed toWard the selection of interesting proteins. 

[0130] The protein features in the individual images from 
the aired serum and synovial ?uid samples Were compared 
electronically. Molecular identity of any one feature across 
the set of images is de?ned in this analysis as identity of 
position in the 2-D separation. Quantitative measurement of 
the abundance of an individual feature in an individual 
image Was based on normaliZed ?uorescence intensity mea 
sured for that feature in that image. Those proteins Whose 
abundance differed betWeen the sets of serum and synovial 
?uid samples Were revealed by electronic comparison of all 
detected features in all relevant images. 

[0131] 6.8. Recovery and Analysis of Selected Proteins 

[0132] Differentially expressed proteins Were robotically 
excised and processed to generate tryptic peptides; partial 
amino acid sequences of these peptides Were determined by 
mass spectroscopy, using de novo sequencing. 

[0133] 6.9. Results 

[0134] These initial experiments identi?ed 12 proteins that 
Were present at higher levels in human RA synovial ?uid 
than in matched serum samples, and 9 proteins that Were 
present at loWer levels in human RA synovial ?uid than in 
matched serum samples. Partial amino acid sequences Were 
determined for each of these differentially expressed pro 
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teins. Computer analysis of public databases revealed that 
16 of these partially sequenced proteins Were knoWn in the 
art and that 5 Were not described in any public database 
examined. 

[0135] 7. CONCLUSION 

[0136] As Will be apparent to those skilled in the art, the 
folloWing are amongst the objects of the present invention: 

[0137] 1. A supported gel suitable for use in electro 
phoresis, in Which the gel is covalently bonded to a 
solid support such that the gel has tWo-dimensional 
spatial stability, and the support is substantially non 
interfering With respect to detection of a detectable 
label carried by the species. 

[0138] 2. A supported gel according to claim 1, 
Wherein the support is glass. 

[0139] 3. A supported gel according to claim 1 or 
claim 2, Wherein the gel is polyacrylamide. 

[0140] 4. Asupported gel according to any preceding 
claim, Wherein the gel and the support are bonded via 
a bifunctional linker. 

[0141] 5. A supported gel according to claim 4, 
obtainable by functionalising the support, and cast 
ing the gel onto the functionalised support. 

[0142] 6. Asupported gel according to any preceding 
claim, Wherein the label is ?uorescent. 

[0143] 7. Asupported gel according to any preceding 
claim, including a plurality of separated labelled 
species. 

[0144] 8. A supported gel according to claim 7, 
Wherein the species are proteinaceous. 

[0145] 9. A supported gel according to claim 7 or 
claim 8, from Which one or more portions have been 
removed, Without affecting the spatial stability of the 
gel. 

[0146] 10. An assay for labelled species by gel elec 
trophoresis, Which comprises separating the species 
on a gel according to any of claims 1 to 6, removing 
one or more potions of the gel containing separated 
species, Without affecting the spatial stability of the 
gel, and analyZing the species in said one or more 
portions. 

[0147] 11. Apparatus for use in analyZing species 
separated on a gel, Which comprises: 

[0148] means for detecting the array of species on 
the gel, the gel being ?xed to a support that is 
substantially non-interfering With respect to the 
detection of a detectable label carried by the 
species; 

[0149] selecting one or more points of the array, as 
containing species for analysis; 

[0150] removing the gel at each of said one or 
more points; and 

[0151] analyZing the contents of the removed gel. 
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[0152] 12. Apparatus according to claim 11, Which 
comprises robotic means for excising discrete por 
tions of the gel. 

[0153] 13. Apparatus according to claim 11 or claim 
12, Wherein the gel is a supported gel according to 
any of claims 1 to 8. 

[0154] 14. An automated, integrated process for 
analysis of species in a biological sample, Which 
comprises: 

[0155] (a) separating the species by applying the 
contents of the sample to a gel, the gel being ?xed 
to a support that is substantially non-interfering 
With respect to the detection of a detectable label 
carried by the species; 

[0156] (b) mapping the resultant array of species; 

[0157] (c) selecting a point of the array, as con 
taining species for analysis; 

[0158] (d) removing gel at the selected point; 

[0159] (e) analyZing the contents of the removed 
gel; and repeating steps (c), (d) and (e), for 
another point of the array, thereby recovering and 
characteriZing individual species. 

[0160] 15. A supported gel according to claim 4, in 
Which the bifunctional linker does not comprise at 
least one positively charged amino compound. 

[0161] 16. A supported gel according to claim 15, in 
Which the bifunctional linker does not comprise a 
charged amino polymer. 

[0162] The present invention is not to be limited in terms 
of the particular embodiments described in this application, 
Which are intended as single illustrations of individual 
aspects of the invention. Functionally equivalent methods 
and apparatus Within the scope of the invention, in addition 
to those enumerated herein, Will be apparent to those skilled 
in the art from the foregoing description and accompanying 
draWings. Such modi?cations and variations are intended to 
fall Within the scope of the appended claims. 

We claim: 
1. Acomputer-assisted method for selecting and directing 

the isolation of one or more biomolecules present in a 
tWo-dimensional array, comprising: 

imaging said tWo-dimensional array or a replica thereof to 
generate a computer-readable output comprising, for 
each of a plurality of biomolecules detected in said 
tWo-dimensional array, a pair of x,y coordinates and a 
signal value; 

processing said output in at least one computer to select 
one or more of said detected biomolecules in accor 

dance With previously ordained or operator-speci?ed 
criteria; and 

generating machine-readable instructions that direct a 
robotic device to isolate at least one of said selected 
biomolecules from said tWo-dimensional array. 

2. A supported polyacrylamide gel, Wherein the gel is 
suitable for SDS-PAGE and is bonded to a rigid, generally 
planar solid support. 

Dec. 19, 2002 

3. The gel according to claim 2, Wherein the gel is 
covalently bonded to the solid support. 

4. The gel according to claim 3, Wherein the gel comprises 
sodium dodecyl sulfate. 

5. The gel according to claim 3, Wherein the gel and the 
support are bonded via a bifunctional linker. 

6. The gel according to claim 3, Wherein the solid support 
is glass. 

7. The gel according to claim 3, Wherein the gel contains 
a plurality of separated proteins. 

8. The gel according to claim 7, Wherein the proteins have 
been separated by isoelectric focusing folloWed by SDS 
PAGE. 

9. The gel according to claim 7, Wherein the proteins are 
held in a stable array. 

10. The gel according to claim 9, from Which one or more 
portions containing one or more proteins have been removed 
Without affecting spatial integrity of the remainder of the 
array. 

11. The gel according to claim 3, from Which one or more 
portions have been removed Without affecting spatial sta 
bility of the gel. 

12. The gel according to claim 3, Wherein the solid 
support provides one or more reference points detectable by 
an imaging device. 

13. The gel according to claim 3, Wherein the solid 
support provides a bar-code. 

14. Amethod of separating a plurality of proteins Wherein 
said proteins are in a liquid sample, said method comprising 
steps of: 

a) applying said liquid sample onto a surface of a gel 
medium, Wherein said gel medium comprises a pH 
gradient and is attached to a backing material; 

b) applying a voltage across said gel medium to effect a 
separation of said proteins; 

c) subjecting said gel medium to conditions Wherein the 
volume of said liquid sample is substantially decreased 
through imbibition of said liquid sample into said gel 
medium or through loss of Water in said liquid sample 
to an insulating gaseous or a liquid environment of said 
gel, such that said proteins are substantially incorpo 
rated into said gel. 

15. A method of excising a plurality of small regions of an 
electrophoresis gel comprising resolved proteins, said 
method comprising steps of: 

a) staining said gel; 

b) scanning said gel to yield a digitiZed image; 

c) inputting said image into an image processor for 
identifying a plurality of protein-containing regions in 
said gel; 

d) excising said protein-containing regions from said gel 
by means of a computer-controlled movable punch 
device on the basis of coordinates supplied by said 
image processor, Wherein said punch device comprises 
a tube-like cutter and a central piston Within said cutter, 
said cutter and said piston being moved coaxially by a 
computer-controlled means to cut, retrieve and expel a 
plug of said gel; and 

e) depositing said protein-containing regions in a plurality 
of vessels. 
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16. An integrated system for tWo-dimensional electro 
phoresis, said system comprising: 

a) means for preparing an isoelectric focusing gel; 

b) means for loading said isoelectric focusing gel With a 
plurality of protein molecules; 

c) means for applying a ?rst voltage across said isoelectric 
focusing gel; 

d) means for preparing a slab electrophoresis gel; 

e) means for loading said isoelectric focusing gel onto 
said slab electrophoresis gel; 

f) means for applying a second voltage across said slab 
electrophoresis gel; and 

g) means for staining said slab electrophoresis gel. 
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17. The integrated system according to claim 16, Wherein 
said system is programmable. 

18. The integrated system according to claim 17, Wherein 
said system can operate on a repeated basis. 

19. The integrated system according to claim 17, Wherein 
said system comprises means for scanning said gel. 

20. The integrated system according to claim 19, Wherein 
said system comprises computer softWare means for extract 
ing estimates of protein abundance and position from an 
image generated by said means for scanning said gel. 

21. The integrated system according to claim 19, Wherein 
said system comprises computer softWare means for insert 
ing said estimates of protein abundance and position into a 
database. 


