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ABSTRACT

The oxidaive modificaion of proteins ha been shown to pgay a major role in a number of human
diseags. However, the abiity to identify speific proteins that ae most suscefble to oxidative
modifications is difficult. Sepaation of prateins using plyaaylamide @l electrophoress (PAGE)
offers the analytical potential for the recovery, amino acid sequencing, and identifi cation of thousands
of individual proteins from cells and tissies. We have developed a method to dlow underivatized
proteins to be eledroblotted onto PVDF membranes before dervatization and gaining. Since both the
protein and oxidaion praeins are quatifiable, the specific oxidation index of each protein can be
determined. The optimal seqence and conditions for the gaining process ee (a) eledrophoresis, (b)
eledroblotting onto PVDF membranes, (c) dervatization of cabonyls with 2,4-DNP, ()
immunostaining with anti DNP antibody, and (e) potein saining with colloidal gold.

INTRODU CTION

Humans are continually exposed to readive oxygen spesies (ROS) that ae producel in tissues from
normal metabolism or the inflammatory responseof leukocytes or maaophages (1), (2). Due to these
unavoidable inaults, it has been egimated that asmuch as 1% of the consumed oxygen may be
converted to ROS (3), which may cause dmageto cdlular components sutn as INA, lipids and
proteins. Oxidaive modificaions to poteins can leadto aoss-inking, pepide fragmentation, modified
residues, ad the anversion of one amino &cid to another (4). If sufficient pratein damage acawmulates,
cell deah will occur. Although several antioxidant defense systems have evolved to prevent ROS
damage, oxidized prdeins appear to acowlate with age ad may represent 30-504 of the taal
proteininold cells (3).

The oxidaive modificaion of proteins ha been shown to pgay a mgjor role in a number of human
diseags. The ability to identify specific proteinsthat are most suscefble to oxidaive modificaionsis
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key to the developmenbf methods for early diagnosis, assessnanhew potential therapieand
undersanding the overall disease mechams. Therefore, itis impottant to have reliablenethods to
identify specifc oxidized proteins. We have recently delsed (5) an angtical procedue that allows
both the reersible gaining of totd proteins and the spemfimmunogaining of theoxidized proteins
separged on polyacrylamide gels. However, hostcoming of theprocedue is that it requires the
protein mixtue (e.g., cell ortissue extract) be pre-derivatized priorelectophoretic sepat@en. For
example, the protein deriization of carbonyl furttonal groups with 2,4-dinitophenylhydrazine
(DNPH) is usedfor antibody recognition of adized proteins. Unfdunately, ths pre-derivaization
alters the electiphoretic (and electrofocusing) propes of proteins. Consequentiiy s not possilte to
directly comparethe paterns from “oxidized” ingerpints with thos from "non-oxidized" protein
fingerprints that have been comied into large databases. The @kilto conduct all derivatization and
staining after electophoresisand translotting would offer many additioal advantages over pre-
derivaization pocedures(e.g. detemining oxdation of amples that ha been bloted for pror
experments). Thus,the goal of tis dudy was to develop amethod thatwould permit direct
comparisn of the peptiddingergint datdbase of normal proteins and, the sametime, reveal the
proteins that are preferentialsubjectto oxidative damage on a single Western bltdie method was
also designed to allow determination of #pecificoxidation index (i.enanomole®f carbonyl pemg
of protein) of any oxlized protein that was not destized priorto Wes$em blotting.

MATERIALS AND METHODS

Electrophoresis and Transblotting

Sampls were mixed with La&ammli Sample Bffers and sepated dedrophoreti@lly on a 10%
acrylamde gel (16cm x 18cm plates) (HegLKB). The gels were then eqilofatedin eledrotransfer
buffer (ZmM Tris, 191mM Glycine, 15% ntkanol) and electoblotted toeither nitrocellulose or
PVDF membranes. Both single dimensional and two-dimensi@marationsvereutilized and details
were desgbed peviously (5) or as indicatenh thelegends tdhe figures.

Derivatization

Following the eledroblotting procedure,the PVDF membrane (Millipojewas immergd in 100%
methanol (15 sec), and then dried abmotemperatureThe Nitrocellulosemembrans were removed
from the blotting appatas and dried compliely at raom temperature. Ror to deivatization, both
membranes vere egilibrated in 20% (v/v) methanol-80% (v/v) TBS for 5 minies. Continous
shaking was used during all incubation and wagskeps. Membanes werencubated in 2N HCI for 5
minutes.The membaneswere nextincubded in a slution of 2,4dinitrophenylhydrazine (0.5mMjn
2N HCI for exactly 5minutes each, as described by Robinson et alT{e membanes were washed
threetimesin 2N HCI (5 minutes each) anfive timesin 100% mehanol (PVDF) or 50% ntbanol
(nitrocellulose), for 5 mintes eab wash.

Total Protein Staining

CPTS Reversible Stailhe method used fortotd protein saining using Copper [ll]Phthalocyanine
3,4,4”,4"" TetraSulfonic acid tetrasadm salt (CH'S) was a moditation of themethoddescribedy
Bickar andReid (7). Membranesvere madeacidic byincubationin 12 mM HCI for 10 minutes. The
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membanes were then incuted for 10 minutes (or until bludands appearedh a 0.05% (w/v)

soluion of CPTS(5). To ranove excess stain, the merabes wee rinsed 3 times with 1&nM HCI

(for 5 minutes each wash). The proteins onrtieenbane were visualized using a CGlgyital camera,
asdescibedbelow. To ramove the CPS gain, the memlanes were washed twice with 0.5 bdgaim

bicarbonge for 5 minutes each wasthen washedvith water until band were no longer visible

(approximaely 30minutes).

SYPRO Rose Reversible Protein Blot S{@&@nh The manufacturer’'s praicols were usedor total
protein $aining using SYPRO &Se protein blottain (Moleaular Probes, Eugene, OR). ¥¥mg and
staining stepswere peformed with continuousnechancal agitation. Mmbranes werammersedin
SYPRO Rse Bot Wash ®lution andincubated atroom temperatwr for 15 minutesin a small
polypropylene &ining dish. Tis wash tep was repeated with both membranes. Meenbaneswere
then rinsed foutimeswith water (10 minutes each wash). Membranes were completaityersedn
SYPRO Rose Blot Stain andl@ked to incubate for 15 minutes. The excess dye was rerinyve
rinsing4-6 times(1 minuteper was) in deionized water. Mabranes were vislized using UV or 488
nm light. SYPRO Rose &in was emoved priorto subsequent degatization or immunogaining
procedures. mmessing themembanesin SYPRO Rse Blot Detin lution for 15 minuteswith
gentle agitation atroom temperature completely destained themlranes. Membranes were then
washed twdimes with deionized water for 1 minute

SYPRO Ruby Protein Blot Stain).(3Yhe manufacturés protocols were usefbr totd protein aining

using SYPRO Rby protein gain (Molecular Probes, Eugene, OR). $fag and saining seps were
performed with continuousmechancal agitation. The tranddtted proteins werefixed to the
nitrocelluloseand PVDF by compleely immersingthe membanein a 7%g¢/v) acetic acid: 10%(v)

methanol ®lution and incubing at raom temperature for 15 minutés a smdlpolypropylene &ining
dish. The menbrares were washed foummes with water (for five minues eab wash). Menbranes
were then comptely immeasedin SYPRO Ruby Blot Stain Reagent aalibwed to incubatefor 15
minutes. The excess dye was rentby rinsing 2-3 time in deionized wate Because¢he SYPRO
Ruby gain is a permanent proteitagh and oty visible duringillumination with UV or 488 nm lighit

was notremoved priorto sibsequent dératization or inmunogaining.

Colloidal Gold (1). Themanufactures protocols were usefbr totd protein s$aining using Glloidal
Gold protein &in (BioRad, Herales, Q\). Washing and $aining steps were peformed with
continuousmechaital agitation. Themembanes were washed thrémes with TBSTween (10
minutes each wash), and then rinsed 3 sifoe 2 minutes with deionized water. Merabes were then
complegely immersed in @lloidal Gold andincubaded until bands reached the dediratensity
(approxmately 1 hour). Theexcess dye waemoved by rinsing 8mesfor approxmately ore minute
in deionizel water. Membianes were allowed to ylbefore visalization. The ©lloidal Gold sain is a
permanent proteirtain and was natemoved prioto sibsequent dératization or immunosaining.

Immunostaining.The PVDF membranes werenmunostained using enodification of the protom
descibed by Mansfield (1995) (11). Mabranes werancubded for 1 hour at25°C with the primary
antibody slution consising of a 1:16,000 dilion of the rabbit anti-2-4dinitrophenol antibody
(Molecular Pobes)in PBSTween containing 5% k. The membranes were then washadeetimes
with PBSTween slution for two minutes each, andcubaded with a 1:2,50Qv/v) dilution of thegoat
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-anti-rabbit (BRP-®njugated)secondary antibody {@na) in PBS-Tween containing 5% Ii(w/v)
for 1 hour at rom temperature.The memlranes were then washed 3 tsrfer 2 minutes each in
PBS-Tween solution prido visualization.

The nitocellulose membranes wermcubated for 5 minutem PBSTween. To block the nonspeicif
protein bindingsitesthe membaneswereincubded with 5% mk (w/v) in PBS-Tween for 1 houfthe
membraneswere washed onc®r 5 minutesin PBS Tween. Membranes were then incubated for 1
hour at 28C with theprimary antibody slution A) consising of a 1:16,000 diltion of the rabbit anti-
2-4-dinitrophenol antibody (Mlecular Pobes) in PBS-Tween containing 5% lknias desdbed
previousy (5). The membanes were washed thre¢imes with PBSTween soltion for 10 minutes
each,and incubted with a 1:2,500¢/v) dilution of the goat antiabbit (BRP-onugated) secondary
antibody Sigma) in PBSFween containingg% mik (w/v) for 1 hour at rom temperature. The
membranes were wassth 3 timedor 10 minutes eacim PBS-Tweenalution priorto visualization

Visualization and quantification of images

A computerizedooledCCD camea-based magingsystem (Apha Imotech) was used to visimd and
recod the s$ained proteins. For CPTS, andliBidal Gold s$ained material, the membaneswere
illuminated fom aboveusing an epwhite fluorescent light source. For the SYPRO Ruby and SYPRO
Rose protein blotstains,the membaneswere iluminated fom above and below using an &pi-B
(~300 nm)light source with a 490 nm long-pasifter. A chemiluninescence kit (Supeighal’ West
Femto Maximum Sensitivity Substrate, Rrce) was used to visuzé the immunostainedblots.
Following exposure tahe chemuminescent cheroals, themembranes were placaa a light-tight
cabinetand acooled CCD cameracapturel the light produced by the chegal reaction with the
enzyme thatis linkedto the secondary antibody. The CCD camera shutemained open for several

minutes to capturéhe light producedProtein bands were quargifl using AlphaEas¥ densitometry
software (Apha Imotech) and expressed as the Integrated DensityegglDV).

RESULTS AND DISCUSSION

The goal of this study was to develop and optimizeethod thatvould allow mixturesof proteinsto
befirst separate@lectrophoretically then stained both fotal protein and oxidized protein. Moreover,
the objectivewas to obtan quantitative mesaurements of total proteiand oxidized protein on single
bands ofprotein from asingle trarsblotted gel, thereby paitting detemination of the $pecific
oxidation index” br any protein.

Shacteret al (12)developech mehodfor detvatized mixtures of proteins with 2,4-DNP, and sepada
them using Poly Acrylamide Gel Eleophoress (PAGE). The proteins were then eleabiotted to
nitrocelluloseand immunogained with an amDNP artibody. Using thismethod it is posible to
observe individubproteins that have been oxidized. Howeubrs method did not allow a means of
visualizingthe speciic protein contenbf individual bands on theameblot, andthus detemination of
the specifc level of oxdation of each proteiretied upon a “duplicate” gel anolot. Therefore, it was
desimableto developa mehod for measuring both the spedfprotein content and speicifoxidation
level of individual proteins directly on nmebranes following electrophresis and eleobblotting.
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Figure 1A shows atotal protein stain of a polyacrylaige gel with increasing coeatrations of BSA.

The eledrophoretic separdon and toth protein
stain alows individual poteinsto be quantitated
(e.g. arows Figue 1A). Following derivatization
with 2,4-DNP andmmunogaining with arni-DNP

antibody,a linear increase in signal intensity was

observed (Fgure 1B). Using thesenethods, the
ratio of oxidation tototal protein can be caldated

and thespecific oxidation indexrepresentinghe

nanomoles of oxidation peng of protein)canbe

detemined for each individual potein of the
resolved nixture.

The goal wasto optimize conditions that would
allow complex mixturesof both specific proteins
and specit oxidized proteins tobe visuaized
using same membranelhe firstoptimization was
to detemine what support niax (PVDF or nitro-
cellulose) was heer suitedfor thesetypes of
analses. Next wasto determine which com-
mercially available potein g¢ain would yield the
best rsoluion of totd proteins. Finally, to
detemine if theorder of gaining and derividza-
tion would affect quantitation of the rdts.

Figure 2 shows protein prfiles of human sera
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electobloted on two diffeent membanes
(Nitrocellulose and PVDF). Figure 2A shows
proteins that were viglized with four different
stains; Figue 2B shows the proteinsisualized
afterthe deivatization with DNPH; andrigure 2C
shows the proteins vislized é&ter both the
derivdization and immunogaining. Figure 2A
shows that proteinslectrobloted tonitrocellulose
and PVDF hal different affinities for the four
protein stains. For exampleyhen membanes
were visuaked with the reversible OFS stain,

Fig 1. PAGE quantifi cation of total and oxidized bovine
serum albumin (BSA). PanelA represents a taltprotein
stain of different conentrdions of BSA (2, 5, 10, 20, 40gu
of BSA). Panel Bepregntsthe oxidzed progins of
different concentrains of BSA(2, 5,10, 20,40 ug of BSA)
immuno-gsained wih 2,4-DNP antibody.Pand C showsthe
linear ncreasen protens andoxidetion levels of the large
band (arrows) of BSAlsown in Panel A & B. Hied circks
(*) repreent oxidizd protén, andopen squares represt
() total proten. These walues were measured intégrated
Density Values (DV) as escibedin Materals and
Methods.

the proteins transferdeto PVDF didnot visualize

as well as the proteinsound to nitroellulose (kgure 2A-CPTS). In contrastwhen themembanes

were stained with the reversible SYPRO-Rabe,

proteins on nitrocellulose did nsiain aswell as

those blated ontothe PVDF (kgure 2A-SYPRO Rse).The ame proteinswhen visalized usingthe
non-revesible colloidal gold sain showed equivalentaning pattens regatlless of with membanes
were used (igure 2A-Mlloidal Gold). Similarly, proteins gained with the non-revesible SYPRO-
Ruby dain showed equaltaining pattemns, regarltss of whatmembane was used for blotting.
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Colloidal gold stainingwas suwperior in teems of the sensitity and was essentiallyéntical on bth
typesof memlyanes.

Next, it was necessary to determine whether the derivatization wittHDMRIld affect thedifferent
stains used to visuak the tanslotted proteins.These data are comparedn Figure 2B. The
derivaization process miedly interfered with the subsequenstaining of the proteins with SYPRO

Rose (kgure 2B-SYPRO Rose)on either _ SYPRO
type of membrane. Thentensity of the oPTS S;ESRQO C"c';'gl'ga' Ruby
SYPRO Ruby stain was dimitied on both : B E
types of membranes following
derivaization, however, PVDF appeare¢adl
be moreaffected(Figure 2B-SYPRO Ruby).
The colloidal gold protein tsining pattens
that resulted aftethe derivaization proocol _
(Figure B-Gold), were essetially the sane Nitr PVD
as the protein patterns observed when the
proteins weretained without devatization
(Figure 2A-Gold).Moreover, thetwo types
of membranes were equallyisgble.
Finally, Figure 2C shows the tétprotein Nitr PVD  Nitr PVD
staining pattens for the protein &ins after
the manbrares were first derivatized, C ‘ ¥
immunogained and then wined for total B 2\
protein. The paerns were essentially e - - 4 ?ﬁ"
identical to thoe seen in the igure 2B | 4 ]
series inwhich the membranes were only 1o
derivaized prior to theprotein $ain. Again, Nitr PYD Nitr PVD  NitrPYD  Nitr PVD
the colloidal gold pscedure was far —— = = e

. . f itivity no matter FIG 2. Visualization of total membrane bound proteins with different
superior in termsof sensitivity no matte protein stains. Human bloodserum from a single donor vseused for all
what type of memtane was usedThese |blots. Trereplicate sampés were prepad, separated, anehayzedusing
data also show that mleer the immumo- |one-dimensional P&E according to protocols described by Talent, et al
blotti h h iLimi (5). Proteins wee electroblotdto either Ntrocelulose (Nir), or PVDF

Ottl!’lg, ] nor the ) chemi ml_nescence (PVD) as destbedin Materials and M#hods. The blots @re cut ito
chenicals interfere with thecolloidal gold |strips and tail proteins vere sainedwith; CPTS, SYPRO Rose Ruby
tota protein %ain. Red, Colladal Gold, or SYPRCRuby as indicad. Panel (A) represits
the proteinblots that vere sained direct after eledroblotting. Panel (B)
) ) repreents prokin blotsthat were fist derivatized wth DNPH, as
In orde to ddermine whether the different |descibedin material andmethods, and tén stained for tail protin.
protein stains wouldnterfere (OI‘ enhance) Panel (C) represengsotein blotsthat wee first derivatized with DNPH,
.- . thenimmunostinedusing anti2, 4-DNP, then preins stained using the

the abilty of DNP-atibody to detect|; qicaed sain. -
oxidized proteins, we conduatiea seies of

experments and quantéd theintensity of the chemilumescentimmunosaining signal. Eeh total

protein stain that was used primr derivatization showethcreased cheruiminescent signals, vith
indicated the various total protein stains were reacting with the derivatization tenis (data not
shown). Thus, we concluded protetaising prior to dewvatization yielded unecessgy artifacts.
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Following the dewatization $ep and sbsequent washg deps,the PVDF membane had a bleach
white appearance. In contraste nitrocellulosemembrane had a faint yellow appearancerl his uptake
of DNP in the nitocellulosemembane presumadyp increased the backgund signal caused by anti-
DNP antibody,which decreased chelmminescent signal intensity for the niteditilose membrane.
Thus, the PVDF membraneggeld a stonger chenmiuminescence signals weh compared tanitro-
cellulose membrane# furtheradvantagef PVDF membranes ev nitrocellulosas that if the ample
is to be subjged to microsequence anais, the PVDF membrane can be adde@atly to the
sequencer.

The most ponouwnced limtation of the above technigqus that Western blotting arelatively mperfect
guantitativetechnigue.Thereare quantitative Imitations iferent in ary immunochemical bloassay.
For example, variations in epitopes can affecthe intensity of staining or derivatization, and
chemluminescence=xposures times are known to vary from blot to blot. However, bed&asern
blots are so sensitive,isHimitation is typicaly accepted.

From the above studies we have concluded the followimgt, postelectrophoreticidentification of
oxidized proteins using 2,4-DNP is m@ilde; Secondly, pog-electrophoretic identificaion of
specifcally oxidized proteins can be quantitative and the smeoifidation index can beletemined;
Thirdly, colloidal goldis preferred as the proteitasn. Ths is due to nbonly its superiorsensitiity
but alsothe lack of inteference with themmunostaining. Foalh, PVDF membranes are preferred for
immunobotting; andFifth, the optimal sequenceof the staining process is (a) eleghoresis, (b)
electoblotting, (c) deivatization with DNPH, (d immunogaining, and (e)protein $aining with
colloidal gold.
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