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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 development of methods for ealy diagnosis, asesgment of new patential therapies and
understanding the overall disease mechanisms. Therefore, it is important to have reliable methods to
identify specific oxidized praéeins. We have reently described (5) a analytical procedue that dlows
both the reversible gaining of total prateins and the speific immunostaining of the oxidized proteins
separged on polyaaylamide gels. However, a &ortcoming of the procedue is that it requres the
protein mixture (e.g., cdl or tissue extrad) be pre-derivatized pior to dedrophoretic sepaation. For
example, the prdein deivatization of cabonyl functional groups with 2,4-dinitrophenylhydrazine
(DNPH) is usel for antibody recgnition of oxidized praeins. Urfortunately, this pre-deivatization
altersthe dedrophoretic (and eledrofocusing) propetiesof proteins. nsequently, it is not possible to
direaly compare the paterns from “oxidized” fingeprints with those from "non-oxidized" gotein
fingerprints that have been compiled into large daabases. The abiity to conduct d derivatization and
staining after eledrophoresis and transblotting would offer many adlitional advantagesover pre-
derivatizaion procedures(e.g. deermining oxidation of samples that have been blotted for prior
experiments). Thus, the goa of this gudy was to deelop a method that would permit direct
compaison of the pepide fingeprint databaseof normal proteins and, atthe same time, reveal the
proteins that ae preferentially subjectto oxidaive damageon asingle Wegern blot. The method was
also deigned to dlow deermination of the speific oxidation index (i.e. nanomoles of carbonyl per mg
of pratein) of ary oxidized praein that wasnot derivatized grior to Wegem blotting.

MATERIALS AND METHODS

Electrophoresis and Transblotting

Samples were mixed with Laemmli Sample Buffers and separted dectrophoretically on a 10%
aaylamide @l (16cm x 18cm plates) (HbeferlL.KB). The gels werethen equilibrated in electrotransfer
buffer (BZmM Tris, 19InM Glycine, 15%methanol) and eledroblotted b either nitrocdlulose or
PVDF membranes. Both single dimensional and two-dimensional separations were utilized and details
were desdbed peviously (5) or asindicated in the legends tothe figures.

Derivatization

Following the eledroblotting procedure,the PVDF membrane (Millipore) was immersed in 100%
methanol (15 seg, and then dried at rem temperature. The Nitrocdlulose membranes were removed
from the Hotting appartus and dried ompletely at room temperaure. Pror to defvatizaion, both
membranes were equilibrated in 20% {/v) methanol-80% {/v) TBS for 5 minutes. Continuous
sh&ing was used ding all incubation and washing geps. Membranes werancubaedin 2N HCI for 5
minutes. The membranes were next incubated in a olution of 2,4-dinitrophenylhydrazine (Q5mM) in
2N HCI for exadly 5 minutes eah, as desgébedby Robinson et d. (6). The membranes wee washed
three times in 2N HCI (5 minutes eah) and five times in 100% methanol (PVDF) or 50% methanol
(nitrocdlulose), for 5 minutes each wash.

Total Protein Staining

CPTS Reversible Stairmhe method usedfor total protein staining using Copper [ll]Phthalocyanine
3,4,4” 4" TetraSQifonic acid tetrasodium salt (CPTS) was amodification of the method descibed by
Bickar and Reid (7). Membranes were made acidic by incubation in 12 mM HCI for 10 minutes. The

Biological Procedures Online« Vol. 2 No. 1 « March 23, 2000 « www.biologicalprocedures.com



C.C. Conrad et al. 41

membranes werethen incubated for 10 minutes (or util blue bands appeared)n a 0.05% (w/v)
solution of CPTS (5). To remove excess gain, the membranes wee rinsed 3timeswith 12 mM HCI
(for 5 minutes eah wash). The proteins on the membiane were Vsualized wsing a CD digital camera,
asdescibed below. To remove the CPT'S gain, the membranes were wahed twice with 0.5 M sodium
bicarbonate for 5 minutes eab wash, then washed with water until bands were no longer visible
(appoximately 30 minutes).

SYPRO Rose Reversible Protein Blot &t#8). The manufacturer’'s protocols wee usel for total
protein gaining using SYPRO Rse praein blot stain (Molecular Robes, Eugee, OR).Washing and
staining stepswere peformed with continuous mechanica agitation. Membranes wereimmersel in
SYPRO PRse BHot Wash solution and incubated a room temperaure for 15 minutes in a small
polypropylene daining dish. This wash step was repated with both membranes. The membraneswere
then rinsedfour times with water (10 minutes eab wash). Membranes wee mmpletely immersed in
SYPRO Rse Bot Stain and allowed toincubate for 15 minutes. The excess dye wasremoved by
rinsing 4-6 times(1 minute per wad) in deionized waer. Menbranes were Vsualized sing UV or 488
nm light. SYPRO Rose $ain was emoved pior to sitbsequent detivatization or immunostaining
procedures. mmersing the membranes in SYPRO Rse Blot Dedain solution for 15 minutes with
gentle agitation at room temperature completely degained the membranes. Membranes weae then
washedtwo timeswith deionized waer for 1 minute

SYPRO RubyProtein Blot Stan (9). The manufadurer's potocols were use for total pratein saining

using SYPRO Riby protein sain (Moleaular Robes, Eugee, OR).Washing and daining seps were
performed with continuous mechanicd agitation. The transhotted proteins were fixed to the

nitrocellulose and PVDF by completely immersing the membrane in a 7%¢/v) aceic acid: 10%/v)

methanol solution and incubating at room temperaure for 15 minutesin asmall polypropylene gaining

dish. The membranes were washed four times with water (for five minutes each wash). Membranes
were then completely immersed in SYPRO Riby Blot Stain Reagnt and allowed to incubate for 15

minutes. The excessdye wasremoved by rinsing 23 times in deionized waer. Becaus the SYPRO
Ruby stain is a pemanent protein sain and only visible duing illumination with UV or 483 nm light it

wasnot removed pior to sibsequent delivatization or immunostaining.

Colloidal Gold(10). The manufadurer's probcols were use for total pratein saining wsing Golloidal
Gold praein gain (BioRad, Herales, CA). Washing and daining steps were performed with
continuous mechanicd agitation. The membranes wae washedthree times with TBS-Tween (10
minutes eah wash), and then rinsed 3times for 2 minuteswith deionized waer. Membranes werethen
completely immersed in Colloidal Gold and incubated wtil bands rea&hed the desired intensity
(appoximately 1 hour). The excessdye was emoved by rinsing 3 times for apgoximately one minute
in deionized water. Membranes wereallowed to dy before visualization. The Golloidal Gold dain is a
permanent protein sain and wasnot removed prior to sthseqient delivatization or immunostaining.

Immunostaining.The PVYDF membranes were immunostained using a modification of the protocol
descibed ly Mansfield (1995) (1). Membranes wereincubated for 1 hour at 25°C with the primary
antibody solution consisting of a 1:16000 dlution of the rablt anti-2-4-dinitrophenol antibody
(Moleaular Robes)in PBSTween containing 5% mik. The membranes wee then washed three times
with PBSTween solution for two minutes eah, and incubated with a 1:2500 (v/v) dilution of the goat
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-anti-rabbit (BRP-mnjugaed) seonday antibody (Sigma) in PBS-Tweea containing 5% milk (w/v)
for 1 hour a room temperature. The membranes wee then washed 3times for 2 minutes eah in
PBS-Tween solution prior to visuali zation.

The ntrocellulose membranes wereincubaed for 5 minutesin PBSTween. To bock the nonspecific
protein binding sitesthe membranes wereincubated with 5% milk (w/v) in PBS-Twea for 1 hour. The
membranes were washed once for 5 minutes in PBS Tween. Membranes wee then incubated for 1
hour at 25°C with the primary antibody solution A) consisting of a 1:16000 dlution of the rablit anti-
2-4-dnitrophenol antibody (Molealar Pobes) in PBS-Twea containing 5% milk as eksaibed
previously (5). The membranes were washed three times with PBSTween solution for 10 minutes
each, and incubated with a 1:2500(/v) dilution of the goat anti-rabbit (BRP-mnjugaed) seondary
antibody (Sigma) in PBS-Tween containing 5% milk (w/v) for 1 hour a room temperaure. The
membranes were washed 3 times for 10 minutes each in PBS-Tween solution prior to visualization

Visualization and quantification of images

A computerized cooled CCD camera-based maging system (Alpha Innotech) was used toigsualize and
record the gained prdeins. For CPTS, ad Colloidal Gold dained material, the membranes were
illuminaed from above using an epi-white fluoresent light source.For the SYPRO Rupand SYPRO
Rose protein blot stains, the membranes were illuminated from above and below using an epi-UV-B
(~300 m) light source with a 490 m long-pass filter. A chemiluminesaence kit (Super&nal” West
Femto Maximum Sensitivity Subdrate, Rerce) was usedo visualize the immunostained blots.
Following exposure tothe demiluminescent chemicds, the membranes wee placed in a light-tight
calinet and a cooled CCD camera captured the light produced ly the demical readion with the
enzyme that is linked to the seondary antibody. The CCD @mera shutter remained open for several

minutes to caturethe light produced.Protein bands were quatified wsing AlphaEase ™ dersitometry
software (Alphalnnotech) and expressed aghe Integated Dansity Values (IDV).

RESULTS AND DISCUSSION

The goalof this study wasd develop and dpnize amethal that would allow mixturesof proteinsto
be first separate electrophoreticajl then stained bhbtfor total protein aml oxidized protei. Moreove,
the objectivewas to obtan quantitative mesuremens of total proten and oxidizedprotein a single
band of proten from a single trarsblotted gel thereby pamitting detemination of the “specific
oxidation index” br anyprotein.

Shader et a (12) developed a method for delivatized mixturesof prateins with 2,4-DNP, and separted
them using Roly Acrylamide Gel Eledrophoress (PAGE). The prdeins werethen eledroblotted to
nitrocellulose and immunostained with an anti-DNP antibody. Using this method it is possible to
observe individual proteins that have been oxidized. However, this method did not allow a means of
visualizing the speific protein content of individual bands on the same blot, and thus deemination of
the speific level of oxidation of each pratein relied upn a“duplicate” gel and blot. Therefore, it was
desirable to develop a method for measuring both the speific praein content and speific oxidaion
level of individud proteins direcly on membranes following electrophoresis and eledroblotting.
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Figure 1A shows atotal protein stain of a plyaaylamide gl with increasing mncentrations of BSA.

The electrophoretic separdion and taa praein
stain allows individual proteins to be quantitated
(e.g. arows Hgure 1A). Following derivatization
with 2,4-DNP and immunostaining with anti-DNP
antibody, a linearincrease in signal intensity was
obseaved (Figure 1B). Using these methods, the
ratio of oxidation to total pratein can be @lculated
and the specfic oxidation indexrepreseting the
nanomoles of oxidation per mg of protein) can be
detemined for ead individual protein of the
reolved mixture.

The goal was to optimize ®nditions that would
allow complex mixtures of both specific proteins
and spedfic oxidized prdeins to be visualized
using same nembrane. The frst optimizaion was
to determine what supjrt matrix (PVDF or nitro-
cellulose) was better aiited for these types of
analyses. Next was to determine whch com-
mercially available piotein sain would yield the
best resolution of total praeins. FHnaly, to
detemine if the order of gaining and deivatiza-
tion would affect quantitation of the resilts.

Figure 2 shows prdein profiles of human sera
eledroblotted on two dfferent membranes
(Nitrocdlulose and PVDF). Fgure 2A shows
proteins that were vsualized with four different
stains, Figure 2B shows the poteins visualized
afterthe dervatization with DNPH; and Figure 2C
shows the proteins visualized after both the
derivatization and immunostaining. Hgure 2A
shows that prdeins eledroblotted tonitrocdlulose
and PVDF had different affinities for the four
protein gains. For example, when membranes
were \Mswalized with the reversible CPTS dtain,
the poteinstransferred to PVDF did not visualize
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Fig L PAGE quantification of total and oxidized bovine
serum albumin (BSA). Pand A represertis atotal protein
stain of different concentrations of BSA (2, 5, 10, 20,40 ug
of BSA). Panel B representsthe oxdized proeins of
differernt concentrations d BSA (2, 5, 10, 20, 40 ug of BSA)
immuno-gainedwith 2,4-DNP antibody. Panel C showsthe
linearincreasein prateinsand oxidetion levels of the large
band (arrows) d BSA down in Panel A & B. Filled circles
(*) repreent oxidized praein, and open squares represent
() total protein. These values were measured in Integrated
Density Values (IDV) as describedin Materials and
Methods.

as well asthe prdeins bound to ntrocellulose (kgure 2A-CPTS). In contrast, when the membranes
were dained with the reversible SYPRORose,the proteins on nitrocellulose did not stain as well as
those botted onto the PVDF (Figure A-SYPRO Rose).The same prdeins, when visualized using the
non-revessible colloidal gold dain showed egiivalent aining pdterns regadlessof which membranes
were used (lgure 2A-Colloidal Gold). Smilarly, proteins stained with the non-reversible SYPRO-
Ruby gain showed eqal daining pdterns, regartess of what membrane was useal for blotting.
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Colloidal gold staining was suwperior in terms of the snsitivity and wasesentially identicd on both
types of membranes.

Next, it wasnecessay to determine wheher the deivatization with DNPH would affect the different
stains used to igualize the tansblotted prdeins. These daa are compared in Figure 2B. The
derivatizaion processmarkedly interfered with the subseqant staining of the proteins with SYPRO
Rose (Figure 2B-SYPRO PRse) on either
type of membrane. The intensity of the
SYPRO Ruby stain was diminished on both
types of membranes following
derivatizaion, however, PVDF appeard to
be more affeded (Figure 2B-SYPRO Rujj.
The colloidal gold praein saining patems
that reaulted dter the derivatization protocol
(Figure 2B-Gold), were esentially the same
as the protein paterns obseved when the
proteins were &ined without derivatization
(Figure 2A-Gold). Moreover, the two types
of membranes were equally suitable.

SYPRO  Colloidal SYPRO
CPTS Rose Gold  Ruby

Nitr PYD  Nitr PVD  Nitr PVD

i
|

Finally, Fgure 2Cshows the taa protein Nitr PVD  Nitr PVD  Nitr PVD  Nitr PVD
staining pdatems for the prdein stains after
the membrares were first derivatized, C - ¥
immunostained and then gained for total (- 4\
protein. The paterns wee essatialy et - - 3. -4
identical to those seen in the Hgure 2B ke ] E
series in which the membranes were only : (-

derivatized prior to the protein stain. Again, Nitr PYD Nitr PVD  NitrPYD  Nitr PVD

the lloidal gold procedure wa far ——— —

. in t f itivit matt FIG 2. Visualization of total membrane bound proteins with different
superior In terms ol sensitivity no er protein stains. Human blad serumfrom a $ngle dono was usedfor dl
what type of membrane was used.These |blots. Thereplicate samples were prepared, separated, and arelyzed using

data also show that neither the immuno- |onedimersional PAGE according to potocds described ty Talert, et a
(5). Praeinswere dedroblotted to ether Nitrocellulose (Nitr), or PV DF

blOttmg' nor the  chemiluminescence (PVD) asdescribed in Materials ard Methods. The blots were cut into

chemicds interfere with the colloidal gold |strips ani total proteins were stained with; CPTS SYPRO Rase Ruby

total prdein gain. Red Coalloidd Gold, or SYPRORuby as indcated. Parel (A) represents
the protein blots that were stained directly after electroblotting. Pand (B)

represents protein blots that werefirst derivatized with DNPH,as

In orde to ddermine whether the different |described in material and methods and then stainedfor total protein.

protein dains would interfere @r enmnce) Panel_ ©) repres_ertsprptein bI_otsthatwerefirst deriyatizeq with I_DNPH,

the ability of DNP—antibody to detect itzs?cgggr;ﬁamed using arni-2, 4DNP, then poteins dained using the
oxidized proteins, we onduded a seres of
expeiments and quantified the intersity of the diemiumineseent immunostaining signal. Each total
protein stain that was usedror to deivatization showed increasedchemiluminesent sgnals, which
indicated the various total protein stains weae reading with the deivatization solutions (daa not

shown). Thus, weconcluded proein Saining grior to dervatizaion yieldedunnecessay artifads.
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Following the dervatization sep and subseqent washng deps,the PVDF membrane had a bleach
white appeeance.|n contrast,the nitrocdlulose membranes had a faint yellow appeaance. This uptake
of DNP in the ritrocdlulose membrane presimably increasedthe background signal cawsed by anti-
DNP antibody, which deaeasedchemiluminescent signal intensity for the ritrocellulose membrane.
Thus, the PVDF membranes yield a $ronger demiluminescence signals when compared to nitro-
cellulose membranes. A further advantage of PVDF membranes over nitrocdlulose is that if the sample
is to be sulpected to microsequace analysis, the PVDF membrane can be addeddirectly to the
sequencer.

The most pronouncedlimitation of the dove tecmique isthat Wegern blotting is arelatively imperfect
guantitative technque. There are quantitative limitations inherent in any immunochemica blot assy.
For example, variations in epitopes @n affect the intensity of saining or deivatizaion, and
chemiluminescence exposurestimes ae known to vary from blot to Hot. However, becaus Western
blots ae so sasitive, this limitation is typicdly acepted.

From the above gudies we lave mncludedthe following: Frst, post-eledrophoretic identification of
oxidized praeins wing 24-DNP is possible, Seondly, post-eledrophoreic identification of
speificdly oxidized praéeins can be quantitative and the speific oxidation index can be determined;
Thirdly, colloidal gold is peferred aghe prdein gain. This is due tonot only its supe&ior sersitivity
but alsothe lack of interference with the immunostaining. Fourth, PVDF membranes ae preferred for
immunoblotting; and Fifth, the optimal seqence for the daining pocessis (a) dedrophoresis, (b)
eledroblotting, (c) dxivatization with DNPH, (d immunostaining, and (e) protein staining with
colloidal gold.
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