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ABSTRACT Protein Profiling with SeraFILE™ Native Activity Profiling

SeraFILE™ is a novel proteomic profiling tool designed for rapid quantification and
functional analysis of protein samples. SeraFILE™, a proprietary surface library and

associated automated protocols, was developed to characterize changes in the global Crude Sample |~ Successive Molecular Alkaline Phosphatase Activity

proteomic composition of prokaryotic and eukaryotic samples. SeraFILE™ enables Sample Separation Matrix | Profiling

researchers to ‘shuffle the deck’ and visualize all of the proteins in a given sample Treatment | T

based on theil' interaCtion With the Surface |Ibral'y. EaCh Of the eleven SeraFILETM p t i A 2007 . \V LEFT: Enzyme activity distribution in sub-proteomes generated with

matrices have different functionalities, facilitating protein separation based on several Expandable S rotein Assays o | = E1 SeraFILE™ Surfaces 1, 8, and 10 in three different protein
. . .. . . Biological . Flow-Through . 2 o 1507 EEHE2 application concentrations (4, 2, and 1 mg/ml respectively). Despite

protein characteristics concurrently. P!'oteln samples_ are applied a_nd weak!y bound_ to Eluids. Ti Surface Library Electrophoretic SRR i I E3 initial load concentration, the distribution of activity recovered from the

the 11 SeraFILE™ surfaces and subjected to a mild, consecutive, multiple elution "V‘s, 'g,s'iles : Protein Profile g 1004 5| = I :EA' matrices in each fraction is the same for each surface tested. Over an

scheme. When all matrices are used in combination, the resultant 77 biologically active L Wash | S 2 == R - —1Control application concentration range of 1-4 mg/ml protein, a reproducible

= = = . . 504 H B B [ | .

b t £f h t f th tart le. S tud Lysatgs . o m pattern of total enzyme activity recovery is observed in each matrix. Each
su -_pI'O eomes orier a compre e')s'Ve _S|gna ure o €S _a_ Ing sar_np e erum stwudies Elution 1 Activity Profiles EEE == @ - = application concentration was assayed in quadruplicate for each surface.
confirm the value of SeraFILE™ in various types of profiling applications. SeraFILE™ Elution 2 JEEE TEHESEH
does not require any depletion step to resolve low abundance proteins and nothing is SeraFILE™ . Other Analyses @%\i@\%%ﬁ@&%ﬁ&%ﬁ&%@
removed from the primary sample. Some surfaces bind high abundance proteins while Matrices Elution 3 c}“‘Q@Q\*%\\“‘%\@%\\“%q,\“;q,@%q,\;@\:@\l@\“
others leave them intact. For instance, albumin is removed in certain sub-proteomes, Elution 4 | Sample
revealing low abundance serum proteins otherwise masked by albumin. In addition, the Matrix ) Alkaline Phosphatase Recovery
distribution of protein in sub-proteomes recovered from each matrix is reproducible . - | .
independent of starting concentration. Functional profiles of the serum enzyme, 2 mafmi Applicatior 4 mg/mi Application 'T-ﬁgegg;r;:zbi: \;V fep'fr;s:ntEZth 5: Ez;fér'i‘;é Z Ef

. . . . . m 10%17%6% 89%1%, 0% \"
alkaline phosphatase, verify that reproducible patterns of native activity are also Alkaline Phosohatase A 1 TS alkaline phosphatase activity recovered in each
generated. MethOdS aline osp a,ase Ssay _ _ » 3% fraction for surface 10 over two application
. . ™ . . *60 yl samples were aliquoted in duplicate in 1.5 ml protein) in separate experiments. The activity
biomarker discovery. SeraFILE™ experiments were conducted with yeast lysates and The protein content of all experimental samples _ _ _ - recoverv is consistent for each surface in all sub.

- L L . . . trifuge tubes and incubated at room iy . | S
patient matched tumor samples to study the Ubiquitin Proteasome Pathway. Preliminary was quantified using either BCA or Bradford oroceh | | proteomes (tested in quadruplicate) despite initial
data suggests that SeraFILE™ has the potential to shed light on regulatory factors and chemistry temperature for 22\' mlnhUteg I\INl;ﬁh 50 FL’J,L of PNF;]P zo?;igclzgﬁgglraglrggn The data for serum samples
alternate conformers specific to certain cancers. Our multidimensional approach allows Serum proteins were diluted to the appropriate subst.rate (Sigma d”.Ch ’7 © Ie ?QE,N O)H and the @t o6 O OF emow ' O with the results seen in more concentrated samples.
researchers to correlate changes in native enzyme function to corresponding simplified starting concentration in SeraFILE™ buffer prior to reaction was stopped with 7.5 ul o d
protein pools. These functional profiles may facilitate detection and identification of surface application Samples were read at A 400_ nm on a NanoDrop o _ _
small molecule inhibitors and/or co-factors associated with the protein target of -Tissue samples were homogenized, proteins were [\}5&1?00 Sﬁectrﬁp?otomei_er_t(wnm|ngtcl)n,IDtE)d . Clinical App||cat|0ns
. : : . " . in vity w
interest, thus offering a link harvested, and lysates were diluted in SeraFILE™ 2 setae\ d%?z acjr?/ee a;ene};atea:js Svei]tﬁu ﬁoemm:riieal
to pre-clinical drug development. buffer orior to application ..

P PP grade pure enzyme Proteasome Activity After SeraFILE™ Treatment
. SeraFILE™ Application .
. . Pr me Activity A 25000
introduction See schematic (right) -S(e):glgfLoET“f-decrtive;y Sri)at)e,in sub-fractions were i A
SeraFILE™ is a high-throughput method that reduces protein pool complexity while _ _ P u o000 s . . : .
. . . . . . . _ mixed with 25mM HEPES ,0.5mM EDTA assay buffer SeraFILE™-derived enzymatic activity profiles may provide a
maintaining native proteins that are still functionally active. These protein pools can then be Protein Recovery 0 7 tining 40uM ’SUC L eul euValT AMC, A i means to detect disease-specific differences. LEFT:
profiled by traditional electrophoretic or bioassay methods. -All samples were read directly in triplicate at A E)Bost;)n (I;?gcigrlggCar#bridge I\-/I Ae)u- eu-val-1yr- @ 15000 | f 1 ' Prote?sorr_le ChyTOtrybp?C ?_ctivityfincrsatiedb Signtificagﬂy in ﬁancej
y y sampies In mosSt Sub-fractions, 10r DO reast and esopnagea
T - : : 280””_] ona NanoDrop ND-1000 spectrophotometer *Chymotrypsin-like activity was determined using a <ZE 10000 cancer (A and D), consistent with previous studies. Red arrows
-Serum and specific tissues are a source of overexpressed and/or modified proteins unique *Protein concentration was assumed to be 1 mg/ O indicate altered proteasome activity in a few notable sub-proteomes
Turner 7000 fluorometer (Sunnyvale, CA) 14
to the disease state. ml=1 AU y ’ mm . | compared to control extracts (for instance flow-through fractions from
O L h]i matrix 1 and 11; B).
-Current serum proteomics applications have a suite of limitations, including the following 1) SDS-PAGE Dgt?.Analyses vred using Totallab sof % NS B e R B B R By B I R
many protocols used in serum biomarker research purposely discard abundant serum Samples were analyzed on 10% Bio-Rad Criterion Ne ;_magesDwere _anag)/zeh “S'”[\?Coa ab software = - Altered proteasome activity in certain sub-
proteins 2) discarded proteins may bind diagnostically relevant proteins in a given sample Tris-Glycine pre-cast gels (Hercules, CA) (Sfr:_”:_earl ynlamlcs, ur aﬂ’ )d 4 GranhPad = B fractions may have clinical relevance because
and 3) finding a single protein biomarker representative of the diseased state has proven 5 1atis 'C?t ana 3(/293 Véere pecxgme using Laraphra g o 1) disease-specific inhibitors (i.e. potential
difficult. rism sortware (san LUiego, O drug targets) may be identified in other
D: 15000 = = o= . -
= fractions and 2) activity profiles may function
SeraFILE™ may overcome these challenges in numerous ways. Certain surfaces remove g : : O oo as disease-specific biomarkers.
albumin while others leave it intact, so all proteins in a serum sample can be resolved in the RGpl’OdUCIb'G Fractionation i
presence/absence of abundant serum proteins. Since proteins profiled by SeraFILE™ are Protein Distribution in Different Sample Types *000]
still functionally active, they can be analyzed by. a variety of doyvnstream methods. The utilifcy E coli Mass Balance Sheep Serum Mass Balance 0 o Mol ol T 5 |
of SeraFILE™ aIIows_for a more comprehensive understanding of the serum proteome in . . suface 1| 2 | 3 | 4 | 5| 6 [T |8 | ]10] 1 Prostate-Specific Antigen (PSA) Serum
both the normal and diseased state. Control — Control Studi
= EFT =4 @ EFT C udies
£ — Tl
Sample heterogeneity is a recognized problem in clinical proteomics. SeraFILE™ is well 2 2- ‘Eﬁj@ o @ _‘2’1 2, =il Wﬂ i _‘2’1 20000
suited to address the complex normalization issues involved in tissue/tumor proteomics c = ] ut™ 1 mik= % Eo = = m E H”rm 5 o
applications. g . =1 =l =k M E3 - MmEl - T E3 . : :
= m l iy £ il 4 Z Surface Designation | S1 | S5 | S6 |[S11| C
14 = — 10000 i
H ﬂ =l H x O ‘ [ 1 Number of Putative | 2 | 4 | 1
B = = O
0 0 5000 prOPSA
Sample Sample g Li]ﬂt].ii | [l I ‘ J . ﬂlﬁ 2 1
- Surface 1 2 3 4 5 6 7 8 o | 10 | 11
™ Isoforms Detected
Se raFI LE TeCh nOIOgy SeraFILE™ can be used to profile a variety of sample types. Distinct protein fractionation profiles are generated after ﬁ 4 — —
. : _ . . ™ i~ _ SN 0] 25000 Preliminary Western blot data suggests that SeraFILE
treatment with each matrix. RIGHT: E.coli protein recovery after SeraFILE™ profiling. LEFT: Sheep serum protein distribution. < | D surface architectures may be able to discriminately bind
L
?5 20000 proPSA isoforms (above). Current ELISA-based diagnostics
SDS-PAGE Comparison of Replicate Samples N are problemafuc; many isoforms of PSA, including BESA,
L % 15000 cross-react with the immunoassay and are not specific to
' 7 M [ r = 5 : from late stage prostate cancer patients was
S CL 1234567891011 S s 12345678 91011 S 2] [—_—‘E‘ il 12 i O ¢ . CanqerSerum_ 9 :
™ F =17 e | ST ] _ LIS e 4 Z fractionated using SeraFILE™ matrices 1, 5, 6, and 11. One
SeraFILE promotes = mi_' Hg' = = EiBI"'.S - ; l l l S o band was present in the unfractionated serum (C).
EEEomogeneous b T | = 4 5 “{m\ I f | | | Rapid and selecti ichment of isoforms
L. -__'..'_.‘—"-'- = “’ —— : ;'. {I/ERNY ' apid and selective enri [
p— — : - & e - A f;‘ JIJ L\ v . . .
binding & . = - _Ba = i ¢ "FQ.;:;\},,,J;,/ ﬁgﬁ,\ | I/JJUI’.!,;* N F{\ L L[[ h associated with cancer may provide an avenue
X E NE R 1/ R\ Y » a i —pall for i : :
WY | V7 WORNEY B \ WSSO . suface 1 | 2 | 3 | 4 | 5 | 6 | 7| 8| of 10| 11 or improved diagnostics.
: C—- T —— -— — - mmm — pr— 02 0.3 04 DREvf 06 0.7 08 09 1.0 ]
C' Affinity LEFT: SDS-PAGE gels of replicate E2 samples for all eleven surfaces show the same protein profile when an automated 96 COHC' usions
. well plate method is used. SeraFILE™ proteomic pools are shown in duplicate for each surface (Sample A and Sample B). Lanes
marked S represent Bio-Rad Precision Plus Protein Standards (Hercules, CA). Lanes marked CL represent the serum control. SeraFILE™ is an automated proteomic profiling system that generates protein pools that retain

RIGHT: TotalLab comparison of E2 pools between sample A (red) and sample B (green). biological activity

Different protein profiles are observed after treatment with each individual matrix. When all
matrices are used Iin combination, 77 sub-proteomes are generated. These protein pools are

Binding Energy

vreaK e Strong Resolution of Low Abundance Proteins amenable to a variety of downstream analyses.
@ [ CERE Low abundance proteins can be unmasked using SeraFILE™ profiling technology.

o S o _ _ 13 iy yiti LEFT: SeraFILE™ treatment resolves serum *High abundance proteins, like alboumin, can be removed in certain SeraFILI_ET"’I _sub-p_roteomes. It
ProFACT Proteomics’ multi-disciplinary team of scientists have invented and characterized 120 ] proteins masked by high abundance proteins like is important to note that SeraFILE™ technology does not discard any proteins in a given sample;
a novel proteomic profiling tool. SeraFILE™ (patent pending) is a surface library for sorting : albumin. The figure shows a comparison of E2 all protein can be accounted for in either the FT, W, E1-E4, or bound to the matrix.
proteins for differential analysis. The SeraFILE™ surface library is not based on . ' SeraFILE™ proteomic profiles generated from surface ‘In order to assess if native enzyme activity could be retained and effectively profiled in

ti | liquid ch t hv stati h Wh ti | LC ] | 1 (red) and 9 (green). The serum albumin region, ™ . . . . .

conventional fiquid chromatography stationary phases. ereas conventiona (green) : | represented as a large green peak with an Rf value of SeraFILE™ sub-fractions, alkaline phosphatase activity was assayed in sheep serum protein
suffers from a heterogeneous mix of binding energies, and Affinity (red) has exceedingly o -\ | | 0.5-0.65, inhibits resolution of less abundant peaks pools. Despite initial protein load concentration, the distribution of protein and enzyme activity
high binding energy, SeraFILE™ promotes weak, homogeneous binding - ideal for Y D\ RN PR S IR S S IN (red) in the same region. recovered from the matrices in each fraction is the same for each surface tested. Over an
proteomic investigation. Selectivity modulation comes from the structural morphology and “ob or . a2 os  oh o B S application concentration range of 1-4 mg/ml protein, a reproducible pattern of total protein and

spatial distribution of immobilized electrolytes, thus generating protein pools with both activity recovery is observed in each matrix.

differential constituents and activity states. Ack led t -Clinical proteomics applications are encumbered by standardization protocol difficulties, so

cknowiedgements samples may not be adequately compared. For example, biopsies of tumor cells often include
REEERENCES _ _ _ _ _ some portion of the normal adjacent tissue or necrotic portions with no cellular activity (2,4,5).
18}0?959,;:%:’ ?éﬁ\:élé?\_,\ég’go'l_l"and Brock, M.J. 1946. Method for rapid determination of alkaline phosphatase with 5 C mm of serum. J. The authors would like to t.hank Li Chen of U.MDNJ for technical a_ssstgnce and. Dr Lily Young Of. the These problems, inherent in tissue based proteomics, may be by-passed by profiling with
2. Calvo, k.R.,.Liotta, L..A., and Petricoin, E. F. 2005. Clinical proteomics: from biomarker discovery and cell signaling profiles to Blotechno!ogy C_enter for AngCUIture and the Environment at RUtgerS UmverSIty for facilities use and the glft of SeraFILE™ because within a given range, the amount of prOtein app"ed to the SeraFILE™
igdiéiggre;ggdlp(e:rS::;I(;heKrlae;i)g/érBiggggeng\e ITiigfc)icr)tﬁgfsggzs,);1£7egﬁghetr in proteomics. Bioscience Reports 25:71-93 the- bacterial strain used in these experlments. PR : - matrices does not appear to affect the proteomic profile generated' This would Imply that
4 Hanash. . 2003, Disease proteomics. Nature 422:226.232 e | g S This work was supported by the New Jersey Commission on Science and Technology Fellowship Program. normalizing to tissue weight or total soluble protein would not be a factor in the experimental
5. Liotta, L.A., Ferrari, M., and Petricoin, E. 2003. Clinical proteomics: written in blood. Nature 425(6961):905. The authors also wish to thank HUPO for conference support. outcome.

SeraFILE™ may be used as part of a multiplexed clinical proteomic approach. Protein profiling,
native activity profiling, and isoform discovery may enhance disease detection strategies.
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