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Abstract 
 

Carbonyl group formation on protein side chains is a common biochemical marker of oxidative 
stress and is frequently observed in a variety of acute and chronic neurological diseases including 
stroke, Alzheimer’s disease and Parkinson’s disease. Given that proteins are often the immediate 
targets of cellular oxidative stress, it is of utmost importance to determine how adductions by 
reactive electrophiles and other oxidative reactions can irreversibly alter protein structure and 
function. Previously, protein adduction was thought to be a random process, but recently it has 
become increasingly clear that these protein modifications are specific and selective. In this work, 
two methodological approaches are presented that allow for the detection of protein carbonyl groups. 
While the OxyBlot methodology allows for the evaluation of general oxidative stress, the use of the 
novel and powerful biotin-avidin-capture methodology allows for the identification of specific 
proteins that have been targeted by oxidative stress. 
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1. Introduction 

 
The mitochondrion is the primary cellular 

site for the generation of reactive oxygen 
species (ROS), such as superoxide anions (O2

.-), 
hydrogen peroxide (H2O2), and hydroxyl 
radicals (OH.). Complex I of the electron 
transport chain is thought to be the major source 
of ROS generation within mitochondria [1]. 
Low concentrations of ROS are important for 
normal cellular function, triggering a variety of 
physiological events including apoptosis, 
proliferation and senescence [1-3]. Exposure to 
ionizing or ultraviolet radiation, growth factors, 
cytokines as well as pathological metabolic 
processes can lead to the production of ROS [4]. 
ROS can damage nucleic acids, proteins and 
lipids and the overproduction of ROS has been 
associated with cellular dysfunction [2-3]. 

 Cells are equipped with robust cellular 
antioxidant defense mechanisms that prevent the 
damaging effects of ROS [4]. The major cellular 
antioxidant is the low molecular weight thiol 
glutathione (GSH), which scavenges free 
radicals, conjugates with electrophilic 
compounds and reduces peroxides [5]. The 
disruption of this cellular homeostasis is 
referred to as oxidative stress [6], and it has 
been identified as a common theme in a variety 
of acute and chronic neurological diseases, 
including stroke, Alzheimer’s disease and 
Parkinson’s disease [7-10]. 

Proteins are oftentimes involved in 
catalyzing cellular reactions, which renders 
proteins to be one of the major and most 
immediate targets of cellular oxidative stress. 
The loss of function of a protein due to 
adduction by reactive electrophiles has an 
overall larger impact on cellular function than 
any damage conferred to stoichiometric 
mediators [11]. While amino acid residues such 
as cysteines, histidines and lysines are solvent-
exposed nucleophiles that are readily available 
for adduction by reactive electrophiles, thereby 
representing the most common target of ROS, 

structural features of proteins are also important 
in conferring susceptibility to damage by 
electrophiles [12-13].  

A common biochemical marker of oxidative 
stress is the formation of protein carbonyl 
groups (aldehydes and ketones) on protein side 
chains particularly of prolines, arginines, lysines 
and threonines [11-12, 14-16]. Carbonyl groups 
are composed of a carbon atom double-bonded 
to an oxygen atom, and are formed primarily 
from lipid electrophiles generated under 
conditions of oxidative stress [11, 14-17]. 
Electrophile adduction and other oxidative 
reactions can irreversibly alter protein structure 
and function [12]. The accumulation of 
oxidatively modified and damaged proteins is a 
desirable means to evaluate cell stress and novel 
techniques have been advanced to allow 
investigators to determine the identity of 
adducted proteins. This is particularly salient 
given that until recently, protein adduction by 
lipid electrophiles was thought to be a random 
process [12]. It has, however, become 
increasingly clear that protein adduction by 
electrophiles is a selective and specific process 
and that 80% of all proteins can be modified at a 
single cysteine residue [12]. One example of the 
impact of this subtle post-translational 
modification is the adduction of heat shock 
protein 72 (HSP72) on cysteine 267 (Cys267) 
by the cytotoxic aldehyde 4-hydroxy-2-nonenal 
(4-HNE) [12, 18]. The primary amino acid 
targets of 4-HNE on proteins are cysteines, 
histidines and lysines, yet 4-HNE can also 
disrupt protein function via its ability to form 
Michael adducts and Schiff base products [18]. 
Given that the cysteine residue of interest in 
HSP72 is located in the ATPase domain of this 
molecular chaperone, adduction of Cys267 by 
free radicals results in the inhibition of HSP72’s 
ATPase activity, thereby rendering this protein 
non-functional [12, 18].  

This observation underscores the importance 
of identifying the relationship between specific 
protein modifications by ROS and the changes 
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in protein function that result from these 
biochemical changes. Understanding how the 
adduction of a single protein residue can lead to 
toxicity and cell death will allow us to better 
understand the pathways triggered by and 
involved in stress signaling. It will also assist in 
identifying more effective targets for the 
development of clinically relevant and effective 
therapeutics for neurological diseases as well as 
other diseases. In approaching problems of ROS 
stress and protein oxidation, investigators have a 
wide variety of analytical tools available to 
them. In this work, we present two very 
different methodological approaches to evaluate 
general oxidative stress, using the OxyBlot 
methodology, as well as a powerful new 
technology which can be used to identify 
specific proteins targeted by oxidative stress. 

 
2. Principles of the OxyBlot Methodology 
 

The chemical reaction underlying the 
OxyBlot methodology was initially described by 
Shacter’s group in 1994 [16] and has been 
extensively employed thereafter [11, 14, 17]. 
Carbonylated proteins are relatively stable 
thereby allowing the derivatization of carbonyl 
groups with 2,4-dinitrophenylhydrazine 
(DNPH) which leads to the formation of a stable 
dinitrophenyl (DNP) hydrazone product (Fig. 
1). The subsequent separation of oxidatively 
modified proteins by electrophoresis followed 
by the identification of the DNP moiety of the 
protein (Fig. 1) using the Western blot 
technology and anti-DNP antibodies allows for 
the rapid and highly sensitive determination of 
total protein carbonyl formation [11, 14, 16-17].   

The use of the derivatization control solution 
(negative control) allows for a side-by-side 
comparison of proteins that have and have not 
been oxidatively modified. Specifically, bands 
that are present in the derivatization reaction, 
but absent in the negative control reaction, have 
undergone modifications. Moreover, with the 
use of proper controls, the overall intensity of 
the bands is a correlation to the overall degree 

of protein oxidation. That is, the more intense 
the bands are, the more oxidized proteins are 
present in a given sample.  

 
2.1.      Materials for OxyBlot Procedure 
 
All materials required for the OxyBlot 
procedure are listed below. It should be noted 
that similar products and equipments may be 
used from alternate vendors at the user’s 
discretion. 

1. The OxyBlot Protein Oxidation 
Detection Kit (S7150) will be purchased 
from Chemicon International (Temecula, 
CA). The mixture of standard proteins 
with attached DNP residues should be 
stored at -20ºC after the first use. All 
other reagents can be stored at 4ºC. 

2. 6-well tissue culture plates.  
3. 1.5ml Eppendorf tubes. For each 

condition, the following pre-labeled 
Eppendorf tubes are needed: 

a.  Sample for protein assay  
b. Sample for Western blotting 
c.  Sample for OxyBlot  
d. Derivatization reaction for OxyBlot 
e.  Negative control for OxyBlot 

4. Ice cold 1 x PBS (100ml 10 x PBS; 
900ml milliQ H2O) 

5. TNEB (50mM Tris-HCl, 2mM EDTA, 
100mM NaCl and 1%NP-40; pH 7.8) 
with added protease inhibitor cocktail 
(P8340, Sigma-Aldrich, St. Louis, MO). 

6. Dithiothreitol (DTT; D9779, Sigma-
Aldrich, St-Louis, MO). Prepare a 1M 
stock solution in milliQ H2O and store at 
-20ºC. The working concentration of 
DTT is 50mM and should not be stored 
for more than 6hr.  

7. Laemmeli Buffer (Cat # 161-0737, Bio-
Rad Laboratories, Hercules, CA) with ß-
mercaptoethanol (M7154, Sigma-
Aldrich, St. Louis, MO) at a ratio of 
1:19.  
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8. 12% sodium dodecyl sulfate made in 
milliQ H2O (SDS; L3771, Sigma-
Aldrich, St. Louis, MO). 

9. Bio-Rad Dc Protein Assay kit (Bio-Rad 
Laboratories, Hercules, CA). 

 
2.2. Materials for the Western Blot 
Procedure 
 

1. 4-12% Criterion Bis-Tris gels (Cat # 
345-0123, Bio-Rad Laboratories, 
Hercules, CA). 

2. Precision Plus Protein Standard All Blue 
Molecular Weight Marker (Cat # 161-
0373, Bio-Rad Laboratories, Hercules, 
CA). 

3. XT-MOPS running buffer (Cat # 161-
0788, Bio-Rad Laboratories, Hercules, 
CA). 

4. 1 x Tris/Glycine transfer buffer (Cat # 
161-0772, Bio-Rad Laboratories, 
Hercules, CA). 

5. Hybond P polyvinylidene difluoride 
(PVDF) membrane (Cat # RPN303F, GE 
Healthcare, Piscataway, NJ). 

6. Western Lightning Chemiluminescence 
Reagent Plus (Cat # NEL105, Perkin 
Elmer Life Sciences, Inc., Boston, MA). 

7. Gel Code Blue Stain Reagent (Cat # 
24592, Thermo Scientific, Rockford, 
IL). 

8. Methanol (439193, Sigma-Aldrich, St. 
Louis, MO). 

9. Tween 20 (P7949, Sigma-Aldrich, St. 
Louis, MO). 

10. 1 x PBS-Tween 20 (0.05% Tween 20). 
11.  Blocking/Dilution buffer (1%BSA/PBS-

Tween 20). 
12.  Primary Antibody: Rabbit Anti-DNP 

antibody (provided in OxyBlot kit). 
13.  Secondary Antibody: Goat Anti-Rabbit 

IgG (HRP-conjugated) antibody 
(provided in OxyBlot kit).     

 
2.3. Methods 
 

User-friendly versions of all of the protocols 
and procedures can be found on our website at 
http://www.mc.vanderbilt.edu/root/vumc.php?si
te=mclaughlinlab&doc=17838. 
 
2.3.1. OxyBlot Procedure using 5µl of each 

sample 
 

1. Start by scraping cells from the dish 
using a rubber policeman in 350µl 
TNEB with added protease inhibitor 
cocktail. For each condition, cells grown 
in two wells of a 6-well plate are 
combined. A protein concentration of 
1mg/ml is recommended for the 
OxyBlot methodology.   

2. Of this cell suspension, save 50µl for the 
determination of protein concentrations 
(see Note 1), and resuspend 150µl in an 
equal volume of Laemmeli Buffer with 
ß-mercaptoethanol, heat sample to 95ºC 
for 10min and store at -20ºC.  

3. Add the remaining 150µl of the cell 
suspension into a new Eppendorf tube 
containing dithiothreitol (DTT, 50mM) 
and vortex sample briefly. For longer 
storage options of samples containing 
DTT, see Note 2. 

4. For the OxyBlot procedure, follow the 
flow chart outlined in Fig. 2. In brief, 
5µl of the cell lysate designated for the 
OxyBlot procedure as well as 5µl 12% 
SDS should be added into two new 
Eppendorf tubes, of which one is 
designated for the derivatization reaction 
(DR) and the other one for the negative 
control (NC). Next, add 10µl of 1 x 2,4-
dinitrophenylhydrazine (DNPH) or 1 x 
derivatization control solution into the 
1.5ml Eppendorf tubes designated for 
the derivatization reaction or negative 
control, respectively. The sample for the 
derivatization reaction will take on an 
orange color following the addition of 
2,4-dinitrophenylhydrazine. For the 
derivatization of larger volumes of cell 
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lysates, see Note 3. For important 
information about the exposure time of 
samples in the derivatization solution, 
see Note 4. 

5. Allow samples to incubate at room 
temperature for 15min after which 7.5µl 
of the neutralization solution should be 
added to each sample. 

6. Store samples at 4ºC and run samples on 
a gel within seven days of protein 
derivatization. For longer storage 
options of samples, see Note 5. 

 
2.3.2. Western Blotting 
 

1. Allow OxyBlot samples to reach room 
temperature prior to loading samples on 
a gel. Do not heat samples.  

2. For best results, use a gradient gel (e.g., 
4-12%). 

3. Start loading the gel by adding 10µl of 
the Precision Plus Protein Standard All 
Blue Molecular Weight Marker. 

4. Assuring equal protein concentrations of 
all samples, load the appropriate volume 
of the OxyBlot samples so that the 
sample of the derivatization reaction is 
next to the sample of the negative 
control. This will allow for a more 
efficient comparison of bands during 
analysis. For information about assuring 
equal protein loading, see Note 6.   

5. Follow manufacturer’s directions to run 
the gel. 

6. Transfer proteins onto a PVDF 
membrane by following manufacturer’s 
directions for the used transfer 
apparatus.  

7. Block non-specific primary antibody 
binding by placing the membrane into 
methanol for 5min. 

8. Allow membrane to dry for 15-20min 
before placing it into primary antibody.  

9. Prepare 15ml of a 1:150 dilution of the 
primary antibody provided in the 
OxyBlot kit in blocking/dilution buffer. 

For important information about the 
primary antibody provided in the 
OxyBlot kit, see Note 7. 

10. Incubate the membrane in the primary 
antibody over night at 4ºC while shaking 
on an orbital shaker. 

11. Using multiple changes of 1 x PBS-
Tween 20, wash membrane for a total of 
30min before adding the secondary 
antibody.  

12. Prepare 15ml of a 1:300 dilution of the 
secondary antibody provided in the 
OxyBlot kit in blocking/dilution buffer.  

13. Incubate membrane for 1hr at room 
temperature while shaking on an orbital 
shaker. 

14. Using multiple changes of 1 x PBS-
Tween 20, wash membrane for a total of 
30min before adding the 
chemiluminescent reagent according to 
manufacturer’s specifications and 
exposing the membrane to film. 

 
2.3.3. Interpretation of Data 
 

1. All biological samples will have 
oxidized proteins with higher levels of 
total protein oxidation in samples 
following biological stress. 

2. The final result of the OxyBlot 
procedure will show several bands in the 
derivatization reaction sample of each 
condition (Fig. 3). Bands that are present 
in the derivatization reaction but not in 
the negative control have undergone 
oxidative modifications. For information 
about exposure times pertinent to the 
negative control samples, see Note 8. 

3. The degree of protein oxidation can be 
identified by the intensity of the bands. 
That is, the more intense the bands are, 
the higher is the degree of stress specific 
protein oxidation.  

 
3. Principles of the Biotin-Avidin-Capture 

Methodology 



Stankowski, Codreanu, Liebler and McLaughlin 

Page 6 of 12 

 
The biotin-avidin-capture methodology 

combined with immunoblotting is a powerful 
new technology that allows for the detection of 
specific proteins that have been modified by 
oxidative stress. This methodology uses biotin 
hydrazide to covalently label carbonyl groups 
that have formed on protein side chains upon 
exposure to oxidative stress (Fig. 4). Using 
immunoprecipitation, adducted proteins bound 
to biotin hydrazide are pulled down allowing for 
the elution of oxidatively modified proteins. The 
subsequent immunoblotting analysis allows for 
a rapid screening of proteins of interest to 
determine if these proteins have been oxidized 
(Fig. 5) [19].  

 
3.1.      Materials for the Biotin-Avidin-Capture 

Methodology 
 

1. 1.5ml clear Eppendorf tubes. 
2. Ice cold 1 x PBS (100ml 10 x PBS; 

900ml milliQ H2O). 
3. TNEB (50mM Tris-HCl, 2mM EDTA, 

100mM NaCl and 1%NP-40; pH 7.8) 
with added protease inhibitor cocktail 
(P8340, Sigma-Aldrich, St. Louis, MO). 

4. Bio-Rad Dc Protein Assay kit (Bio-Rad 
Laboratories, Hercules, CA). 

5. MilliQ H2O. 
6. Dimethyl sulfoxide (DMSO; D8418, 

Sigma-Aldrich, St. Louis, MO). 
7. Biotin hydrazide (B3770, Sigma-

Aldrich, St. Louis, MO). Prepare a 
50mM stock solution in DMSO and 
prepare freshly before every experiment. 
The final concentration of biotin 
hydrazide per sample is 5mM.  

8. Sodium borohydride (213462, Sigma-
Aldrich, St. Louis, MO). Prepare a 
500mM stock solution in milliQ H2O 
and prepare freshly before every 
experiment. The final concentration of 
sodium borohydride is 50mM.  

9. NuPAGE LDS Sample Buffer (4x) 
(NP0007, Invitrogen, Carlsbad, CA). 

10. Amicon Ultra Centrifugal Filter Devices 
(UFC801024, Millipore, Billerica, MA). 

11. Streptavidin Sepharose High 
Performance beads (17-5113-01, GE 
Healthcare, Uppsala, Sweden).  

12. 1% sodium dodecyl sulfate (SDS; 
L3771, Sigma-Aldrich, St. Louis, MO). 

13. 1M sodium chloride (NaCl; S9525, 
Sigma-Aldrich, St. Louis, MO). 

14. Dithiothreitol (DTT; D9779, Sigma-
Aldrich, St-Louis, MO). Prepare a 1M 
stock solution and store at -20ºC. The 
working concentration of DTT is 50mM 
and should not be stored for more than 
6hr.  

15. 4M urea (U6504, Sigma-Aldrich, St. 
Louis, MO). Urea has to be freshly 
prepared before every experiment.  

 
3.2.  Materials for the Western Blot 

Procedure  
 

1. 4-12% Criterion Bis-Tris gels (Cat # 
343-0123, Bio-Rad Laboratories, 
Hercules, CA). 

2. Precision Plus Protein Standard All Blue 
Molecular Weight Markers (Cat # 161-
0373, Bio-Rad Laboratories, Hercules, 
CA). 

3. XT-MOPS running buffer (Cat # 161-
0788, Bio-Rad Laboratories, Hercules, 
CA). 

4. 1 x Tris/Glycine transfer buffer (Cat # 
161-0772, Bio-Rad Laboratories, 
Hercules, CA). 

5. Hybond P polyvinylidene difluoride 
(PVDF) membrane (Cat # RPN303F, GE 
Healthcare, Piscataway, NJ). 

6. Western Lightning Chemiluminescence 
Reagent Plus (Cat # NEL105, Perkin 
Elmer Life Sciences, Inc., Boston, MA). 

7. Gel Code Blue Stain Reagent (Cat # 
24592, Thermo Scientific, Rockford, 
IL). 

8. Methanol (439193, Sigma-Aldrich, St. 
Louis, MO). 
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9. Tween 20 (P7949, Sigma-Aldrich, St. 
Louis, MO). 

10. 1 x TBS-Tween 20 (100ml 10 x TBS, 
900ml milliQ H2O, 0.05% Tween 20). 

11. Carnation Instant Non-Fat Dry Milk 
Powder (Nestlé, Vevey, Switzerland). 

12. Primary antibodies: Rabbit Anti-HSC70 
(SPA-816; Stressgen, Ann Arbor, MI); 
Rabbit Anti-Tau (A0024; 
DaykoCytomation, Glostrup, Denmark); 
Mouse Anti-GAPDH (AM4300; 
Ambion, Inc., Austin, TX).  

13. Secondary antibodies: Anti-rabbit IgG 
HRP-linked antibody (7074; Cell 
Signaling, Danvers, MA); Anti-mouse 
IgG HRP-linked antibody (7076; Cell 
Signaling, Danvers, MA).  

  
3.3. Methods 
 
3.3.1. Biotin-Avidin-Capture Methodology 
 

1. Start by harvesting cells and determining 
protein concentrations by using the Bio-
Rad Dc Protein Assay kit. 

2. Adjust protein concentrations to 2mg/ml 
for each sample. The final volume of 
each sample should be 1ml. 

3. Remove 50μl sample from each tube and 
transfer into a new pre-labeled 1.5ml 
Eppendorf tube. Add DTT (50mM) and 
NuPage Sample buffer (4x) to each 
sample, heat samples for 10min at 95ºC, 
and store at -20ºC. This sample is 
referred to as the whole cell lysate. 

4. Add biotin hydrazide (5mM) into the 
remainder of each sample and incubate 
samples for 2hr in the dark while 
rotating on a tube rotator. 

5. Following the termination of the 
incubation time, add sodium 
borohydride (50mM) to each sample and 
allow samples to incubate for 30min at 
room temperature. The formation of 
bubbles indicates the reduction of double 

bonds into single bonds. Do not close 
Eppendorf tubes during this process.  

6. During the 30min incubation time, 
prepare Amicon Ultra Centrifugal Filter 
Devices. One filter device per sample is 
needed. Add 1ml 1 x PBS into the filter 
device followed by a 20min 
centrifugation at 2,472 x g. 

7. Upon termination of the 30min 
incubation, add the entire sample and 
2.5ml cold 1 x PBS into the filter device. 
Spin samples at 2,472 x g for 20min. 
Remove the flow through upon 
termination of centrifugation. Add 
another 2.5ml 1 x PBS into the filter 
device and centrifuge the sample at 
2,472 x g for 20min. Remove the flow 
through upon termination of 
centrifugation and repeat washes for a 
total of three times.  

8. During the last spin, start to prepare a 
bead slurry composed of 250μl 
Streptavidin Sepharose High 
Performance beads and 250μl 1 x PBS. 

9. Wash the beads for a total of three times 
by following the subsequent steps: 

a. Vortex bead slurry. 
b. Centrifuge bead slurry on bench top 

centrifuge at 2,282 x g for 
approximately one minute. 

c. Carefully discard supernatant. 
d. Add 1ml 1 x PBS. 
e. Repeat steps a-d. 

10. Upon termination of the three washes of 
the beads, add 500μl 1 x PBS to prevent 
the drying out of the beads until samples 
are ready to be added.  

11. After termination of the final 
centrifugation, the approximate volumes 
of each sample have to be estimated. 
Prepare a new 1.5ml Eppendorf tube for 
each sample and estimate the 
approximate amount of the sample that 
did not flow through the filter by 
pipetting this volume into the designated 
pre-labeled 1.5ml Eppendorf tube, 
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thereby paying attention to the volumes 
that are transferred. 

12. Adjust all samples to an equal volume 
by adding the appropriate amount of 1 x 
PBS to the samples. For information 
about the volume adjustment of samples, 
see Note 9. Transfer 100μl of each 
sample into a new pre-labeled 1.5ml 
Eppendorf tube, followed by the addition 
of DTT (50mM) and NuPage Sample 
buffer (4x). Heat the samples for 10min 
at 95ºC and store at -20ºC. This sample 
is referred to as the input. 

13. Centrifuge bead slurry on bench top 
centrifuge at 2,282 x g for approximately 
one minute and carefully remove the 
entire supernatant.  

14. Add the remainder of each sample to the 
appropriate pre-labeled 1.5ml Eppendorf 
tube containing washed Streptavidin 
Sepharose High Performance beads and 
carefully mix the beads with the sample. 

15. Allow samples to incubate at 4ºC over 
night while rotating on a tube rotator. 

16. The following day, prepare 1% SDS, 1M 
NaCl and 4M urea. Note that the urea 
has to be freshly prepared before every 
experiment.  

17. Centrifuge samples on bench top 
centrifuge at 2,282 x g for approximately 
one minute. 

18. Transfer 100μl of the supernatant into a 
new pre-labeled 1.5ml Eppendorf tube. 
Add DTT (50mM) and NuPage Sample 
buffer (4x) to each sample. Heat samples 
for 10min at 95ºC and store at -20ºC. 
This sample is referred to as the flow 
through. Transfer the remainder of the 
supernatant into another 1.5ml 
Eppendorf tube and store at -20ºC. 

19. Follow steps a-e listed below for the 
following washes. Wash the beads twice 
with 1% SDS. Then wash beads with 4M 
urea. Next, beads should be washed 1M 
NaCl and finally with 1 x PBS. 
(Example uses 1% SDS, which is the 

solution used for the first 2 washes. Save 
the supernatant after the first wash only. 
All other supernatants may be 
discarded): 

a. Add 1ml of 1% SDS to the beads. 
b. Vortex. 
c. Manually invert tubes approximately 

20 times.  
d. Centrifuge samples on bench top 

centrifuge at 2,282 x g for 
approximately one minute.  

e. Discard supernatant. 
20. Elute beads in 90μl NuPage Sample 

buffer (4x) and DTT (50mM). This 
sample is referred to as the eluate. 

21. Vortex all samples and heat for 10min at 
95ºC. Store at -20ºC. 

 
3.3.2. Western Blotting 
 

1. Heat input, eluate and flow through 
samples of each experimental condition 
for 10min at 95ºC. 

2. Dedicate one lane of your gel to the 
protein standard by adding 10µl of the 
Precision Plus Protein Standard All Blue 
Molecular Weight Marker. 

3. Load 10µl of the samples to the gel. Add 
samples in the following order: input, 
eluate, flow through. This will allow for 
a more efficient comparison of bands 
during analysis. For information on 
protein concentrations and number of 
proteins that can be detected from each 
sample, see Note 10 and Note 11, 
respectively. 

4. Follow manufacturer’s directions to run 
the gel. 

5. Transfer proteins onto a PVDF 
membrane by following manufacturer’s 
directions for the used transfer 
apparatus.  

6. Block non-specific primary antibody 
binding by placing the membrane into 
methanol for 5min. 
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7. Allow membrane to dry for 15-20min 
before placing the membrane into the 
primary antibody. 

8. Prepare primary antibodies of interest in 
dilution buffer (5% non-fat dry milk, 1 x 
TBS-Tween 20).  

9. Incubate the membrane in primary 
antibody over night at 4ºC while shaking 
on an orbital shaker. 

10. Using multiple changes of 1 x TBS-
Tween 20, wash membrane for a total of 
30min before adding the secondary 
antibody.  

11. Prepare appropriate secondary 
antibodies in dilution buffer (5% non-fat 
dry milk, 1 x TBS-Tween 20).  

12. Incubate membrane for 1hr at room 
temperature while shaking on an orbital 
shaker. 

13. Using multiple changes of 1 x TBS-
Tween 20, wash the membrane for a 
total of 30min before adding the 
chemiluminescent reagent according to 
manufacturer’s specifications and 
exposing the membrane to film. 

 
3.3.3. Interpretation of Data 
 

1. Proteins that have undergone 
modifications following exposure to 
oxidative stress will be identified as a 
band in the eluate lane (see Fig. 5, Tau). 
The absence of bands in the lane 
designated for the eluate sample 
indicates the absence of oxidative 
modifications of the protein of interest.  

 
4. Notes 
 

1. During preliminary experiments, it was 
noted that the concentration of DTT used 
for the OxyBlot procedure was not 
compatible with most standard protein 
assays. As a result, we decided to 
remove a 50µl aliquot form the cell 

suspension for the determination of 
protein concentrations.  

2. Ideally, it is best to perform the OxyBlot 
reaction (Fig. 2) directly after lysing the 
cells. However, samples containing 
50mM DTT may be frozen at -20ºC. For 
best results, do not store samples for 
more than one month.  

3. For the OxyBlot procedure, more than 
5µl of cell lysate per reaction tube may 
be treated, but the volumes of the other 
reagents have to be adjusted accordingly. 
o  Example: if 10µl of cell lysate are 

used, double all reagent volumes (i.e., 
10µl 12% SDS, 20µl 1 x DNPH 
solution, 20µl 1 x derivatization 
control solution, 15µl neutralization 
solution). This will allow for running 
two Western blots probing for oxidized 
proteins from the same sample.  

4. In order to prevent an artificial increase 
in protein carbonyl content in the 
samples, do not allow samples to stand 
in the derivatization solution for more 
than 15-20min [16].  

5. Once the OxyBlot procedure (Fig. 2) has 
been terminated, samples can be stored 
at 4ºC or alternatively, samples can be 
aliquated and stored at -20ºC. Samples 
should be allowed to reach room 
temperature prior to immunoblotting.  

6. To assure equal protein loading, use 
samples prepared for Western blot 
analysis and run gels probing for 
HSC70, GAPDH or any other commonly 
used loading control. 

7. Preliminary experiments determined that 
the primary antibody provided in the 
OxyBlot kit cannot be reused. For best 
results, prepare new primary antibody 
for each Western blot.  

8. It has been determined that longer 
exposure times of the membrane are 
required in order for bands in the 
negative control reaction to appear. 
Exposure times of up to 15min have 
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been required in order to see bands in the 
negative control reactions.  

9. Volumes of samples have to be adjusted 
in order to facilitate the balancing of the 
samples on the tube rotator over night. 

10. Given that exact protein concentrations 
cannot be determined following the 
elution of oxidized proteins from the 
beads, we run Western blots assuming 
equal protein concentrations in the 
samples. As a result, these results should 
not be used for quantification purposes, 
but instead for the determination of the 
oxidative status of a protein only. 

11. When using 10µl of each, input, eluate 
and flow through from each sample, a 
total of 10 gels can be run. However, 
stripping the membrane following 
transfer will allow for the probing of one 
membrane with several different 
antibodies against proteins of varying 
molecular weights, thereby increasing 
the number of proteins that can be 
analyzed. 
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Figure Legends 
 
Figure 1: Schematic of the Derivatization of Protein Carbonyl Groups. Cellular exposure to 
stress results in protein damage characterized by the formation of protein carbonyl groups (red side 
chains). The OxyBlot methodology uses 2,4-dinitrophenylhydrazine (DNPH) to derivatize protein 
carbonyl groups leading to the formation of a stable dinitrophenyl (DNP) hydrazone product. The 
primary antibody is directed against the DNP moiety of the protein. The secondary, HRP-conjugated 
antibody allows for the use of chemiluminescent reagent to visualize bands of oxidized proteins 
upon exposure to film.  
 
Figure 2: OxyBlot Methodology Flow-Chart. Five μl sample are added to two pre-labeled 1.5ml 
Eppendorf tubes, of which one is designated for the derivatization reaction (DR) and the second one 
for the negative control (NC). Five μl of 12% SDS are added to each sample to obtain a final 
concentration of 6% SDS. Ten μl of 1 x DNPH or 1 x derivatization control solution should be 
added to samples designated for the derivatization reaction or negative control, respectively. 
Samples are allowed to incubate for 15min at room temperature, after which 7.5μl neutralization 
solution should be added to each sample. Samples are ready to be processed using gel 
electrophoresis.  
 
Figure 3: Neuronal Exposure to OGD Results in Protein Oxidation. Mature neuron enriched 
primary forebrain cultures were exposed to oxygen glucose deprivation (OGD) for various durations 
of time (5’, 15’ or 90’) and protein oxidation was determined using the OxyBlot methodology 24hr 
following termination of OGD. Levels of total oxidized proteins increased robustly following mild 
(5’) or moderate (15’) OGD, but decreased strongly following exposure to lethal (90’) OGD.  
 
Figure 4: Schematic of the Biotin-Avidin-Capture Methodology. Exposure of HT-22 cells to 
extracellular glutamate results in the depletion of the main intracellular antioxidant glutathione and 
the elevation of ROS levels. Protein damage by ROS results in the formation of carbonyl groups on 
protein side chains (blue side chain) which are derivatized with biotin-hydrazide (formation of green 
double bond). The addition of sodium borohydride reduces the initial Schiff base formed between 
the carbonyl and biotin hydrazide (formation of purple single bond), thus preventing the reversion of 
the adduct. The oxidative status of proteins of interest can then be analyzed by using the Western 
blot methodology. Although the addition of extracellular glutamate is used to induce oxidative stress 
in the HT-22 model system, interfering with glutathione synthesis at any other step or directly 
adding reactive oxygen species to the cells are equally effective means to induce oxidative stress.   
 
Figure 5: Tau is oxidized in HT-22 cells. To induce oxidative stress, HT-22 cells were exposed to 
glutamate (3mM) for 24hr after which cells were harvested, protein concentrations were determined 
and oxidized proteins were immunoprecipitated using the biotin-avidin-capture methodology. 
Neither HSC70 nor GAPDH are oxidized in this cell line even after prolonged exposure to 
glutamate. The microtubule-associated protein tau is oxidized at baseline and is even further 
oxidized following exposure to glutamate for 24hr (Band in ‘eluate’ lane).  
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