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List of abbreviations 

 

AGE  advanced glycated end products 

APS  Ammoniumpersulphate 

BSA  Bovine serum albumin 

CBB   Coomassie Brilliant Blue 

CML   N
ε
 - (Carboxymethyl) lysine 

DTT  Dithiothreitol 

EDTA  Ethylenediaminetetraacetic acid 

EGTA  Ethyleneglycoltetraacetic acid 

Epo   Erythropoietin 

EpoR   Erythropoietin receptor 

HPLC   High performance liquid chromatography 

HFBA   Heptaflurobutyric acid 

HRP   Horseradish peroxidase 

ICC  Immunocytochemistry 

IVI  in vitro ischemia 

OGD   Oxygen and glucose deprivation 

PBS  Phosphate buffer Saline 

pdMCAO  Permanent middle cerebral artery occlusion 

PMSF  Phenylmethylsulfonylfluoride 

PVDF   Polyvinyl difluroide 

SDS  sodiumdodecylsulphate 

TBS  Tris buffered saline 

TEMED N, N, N´, N´-Tetramethylethylenediamine 

TFA   Trifluoroacetic acid 

Tween-20 Polyoxyethylenesorbitan monolaurate 
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Abstract 

 

Stroke affects more than 25,000 individuals in Sweden each year; it is
 
the third leading cause 

of death and the leading cause of disability worldwide. Diabetes mellitus significantly 

contributes to the neurological outcome after stroke. Once a stroke has occurred, patients 

with diabetes experience poorer outcome. Diabetes also confers an increased risk for 

neurovascular diseases
 

at younger ages. Moreover, hyperglycemia without pre-existing 

diabetes mellitus is also associated to an increased mortality and morbidity in stroke patients. 

Despite several drugs have been identified to limit injury after stroke to date, there is no 

effective pharmacological treatment available. To understand the underlying mechanisms of 

stroke pathology, my project is focused to study the dynamics of protein O-glycosylation, 

which might be crucial for neuronal cell death and survival after experimental stroke. One 

highly N- and O-glycosylated protein is erythropoietin (Epo). Here, I have studied to which 

extent Epo O-glycosylation occurs in the ischemic hemisphere of rats kept in different 

housing conditions following experimental stroke.  
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Introduction 

 

Brain ischemic stroke 

Ischemic stroke is a common neurological disorder and very often associated with long-term 

disability. Patients often require long hospital stays followed by ongoing support in the 

community, or nursing home care. Stroke is a worldwide problem with high incidence in 

developed countries. Moreover, the number of stroke patients is expected to increase 

considerably over the next two decades because of rapid growth of the elderly population. 

About 25% of men and 20% of women are estimated to suffer a stroke if they live to be 85 

years old. 

 

The term ischemia refers to lack of blood supply to the brain tissue causing acute and delayed 

cell death. Two different modes of ischemia are known: global ischemia occurs due to 

transient cardiac arrest which results in cessation of entire blood supply to the brain. Focal 

brain ischemic stroke occurs due to occlusion of one or more supplying arteries.  

 

Several risk factors are increasing the incidence of stroke including age, smoking, race or 

ethnicity, hypertension, diabetes mellitus, cardiac disease and male gender (Sacco et al. 1995) 

. Chronic hyperglycemia due to diabetes mellitus is associated with a variety of long-term 

complications in diabetic patients (Kissela et al. 2005)  and increased risk of stroke and worse 

recovery following stroke. It has been reported that the patients without diabetes have a better 

stroke outcome than diabetic patients (Kothari et al. 2002) . On the experimental level, an 

elevated pre-ischemic glucose level aggravates neuronal cell death in models of experimental 

stroke (Cronberg et al. 2004)  and induces protein glycosylation in the ischemic brain  

(Martin et al. 2006). However, the critical mechanisms or the cellular and molecular targets 

involved in glucose toxicity in stroke patients have not been identified. 

 

High glucose may lead to an increase of protein N- and O-glycosylation and glycation 

patterns where the latter leads to formation of advanced glycated end products (AGE) 

contributing to neuronal cell death in several neurodegenerative diseases (Ramasamy et al. 
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2005) . Moreover, previous studies have shown a selective and delayed neuronal death in the 

CA1 region of organotypic hippocampal slice cultures exposed to in vitro ischemia (IVI) with 

an exacerbated damage by hyperglycemia (Rytter et al. 2003). 

 

Protein O-glycosylation is a ubiquitous and highly dynamic posttranslational process. The 

process of addition of the sugar moieties to the protein is an analogous cellular mechanisms 

to phosphorylation and dephosphorylation of proteins (Comer and Hart 2000). The O-

glycosylation increases during stress conditions (Zachara et al. 2004); therefore, it might be 

of importance for the recovery process after experimental stroke. 

 

Erythropoietin (Epo) (Krantz 1991) is a sialoglycosylated hormone mainly produced by peri-

tubular fibroblasts of the kidneys in adults. An autochton production in the central nervous 

system is mainly attributed to astrocytes (Masuda et al. 1994). Erythropoietin is a 32 kDa 

protein containing 166 aminoacids and it is highly N-glycosylated at the three asparagine (24, 

38 & 83) residues and O-glycosylated at serine (126) residue. Glycosylation of Epo is 

afforded by the action of epimerases and transferases. The O-glucose-N-acetyl transferase 

(Kreppel et al. 1997; Cheung and Hart 2008) regulates the addition of sugar moieties to the 

protein in O-glycosylation and the N-acetyl-β-D-glucosaminidase (Dong and Hart 1994) 

hydrolyses the sugar moieties from the protein. The N-glycosylation of Epo determines its 

biological activity. Secretion of Epo from the astrocytes is independent of O-glycosylation of 

Epo (Wasley et al. 1991). 

 

Epo stimulates the formation of erythroid precursor cells from bone marrow. In addition, it 

also plays an important role in neurogenesis (Tsai et al. 2006), normal function and 

development of the brain (Yu et al. 2002). Erythropoietin produced by astrocytes mediates 

neuroprotection against glucose deprivation (Ruscher et al. 2002).  

The aim of the present study is to evaluate the protein O-glycosylation pattern in different 

models of experimental stroke and to evaluate the influence of enriched environment on Epo 

o-glycosylation following permanent occlusion of the middle cerebral artery (pMCAO). 
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Results 

O-glycosylation after combined oxygen glucose deprivation 

Previous studies have shown a significant increase of selective neuronal cell death if 

organotypic hippocampal slice cultures (in the following referrred to as slices) are exposed to 

high glucose prior to OGD. Interestingly, an acidic culture medium was a prerequisite to 

obtain this effect (Rytter et al. 2003). However, the cellular mechanisms of neuronal death 

are not understood yet. To study if increased levels of protein O-glycosylation contribute to 

neuronal cell death we have adopted this model and have incubated slices with normal 

(20mM) and high glucose concentrations (40 mM) for 1 hour prior and during OGD or BSS 

(Figure 2). At different time points after treatment, slices were harvested and whole cellular 

proteins were extracted (Figure 1). Previous findings showing an increased neuronal cell 

death after OGD were verified by fluorescence microscopy to determine propidium iodide 

incorporation into neurons of the hippocampus at 24 h . 

 

 

 

Figure 1:  Schematic representation of slice culture experiments: At 0, 3, 6 and 24 hours after BSS or OGD, 

slices were processed to study protein O-glycosylation. At 24 h, neuronal cell death was assessed by propidium 

iodide incorporation.  
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High glucose concentrations cause increased neuronal cell death after OGD 

Neuronal cell death was determined by propidium iodide (PI) incorporation 24 h after BSS 

and OGD. This approach seems appropriate because neurons show a higher susceptibility for 

hypoxic stimuli. No cell death was observed in slices pre-incubated with normal glucose and 

exposed to BSS for 15 min (Figure 2a) but also  BSS treated slices incubated with high 

glucose showed no neuronal cell death (data not shown). In contrast, normoglycemic slices 

exposed to OGD (figure 2b) showed an increased selective cell death of neurons mainly in 

CA1, the hippocampal region with highest vulnerability. Neuronal cell death was wide spread 

and further increased in slices pre-incubated with high glucose (40mM) (Figure 2c). All 

regions of the hippocampus including the dentate gyrus were affected. Interestingly, Figure 

2c shows the different vulnerabilities of different populations of hippocampal neurons by 

differences in PI incorporation after hyperglycemic OGD. Based on these preliminary 

experiments verifying previous results we analyzed O-glycosylation of sister slice cultures. 

 

 

Figure 2. Propidium iodide incorporation into organotypic hippocampal slice cultures 24 h after BSS for 15 min 

(a), after normoglycemic OGD for 15 min (b) and after hyperglycemic OGD for 15 min (c) performed in an 

acidic (pH 6.9) ischemic buffer.  

 

 

O-linked glycosylation in organotypic hippocampal slice cultures  

Six different slice cultures were pooled and whole cellular proteins were extracted as 

described in the method section and Western blots were performed to evaluate the gross O-

glycosylation pattern. We used a specific antibody against O-linked acetylglucosamines 

which according the manufacturer recognizes at least eight different O-glycosylated proteins 
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(210, 180, 145, 100, 63, 58, 54 and 45 kDa of nuclear pore complex as well as cytoplasmic 

and intracellular O-linked glycoproteins). Figure 3 shows the temporal profile of O-

glycosylation in slices exposed to normal and high glucose and treated with BSS or OGD. As 

shown in the upper panel, we already found an O-glycosylation pattern in normoglycemic 

and BSS treated slices which obviously did not change qualitatively under hyperglycemic 

conditions and after OGD treatment over time. Nevertheless, we found an increase of O-

glycosylation in slices pre-incubated with high glucose immediately after BSS treatment 

indicating that high glucose affects the glycosylation pattern in slices. In contrast to BSS 

treated slices, O-glycosylation was attenuated in OGD treated cultures, independent from pre-

incubation with normal or high glucose (Figure 3, upper panel).   

 

 

Figure 3. Western blot analysis for O-linked-N-acetylglycosamines at time points (0, 3, 6 and 24 hours) after 

incubation with normal glucose (n) or high glucose (h) and BSS or OGD. M indicates the protein marker lane. 

Surprisingly, we found the opposite O-glycosylation pattern in BSS but also in OGD treated 

slices at 3 hours after treatment. The same O-glycosylation pattern was found in BSS treated 
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after 6 hours, an increase was observed in normoglycemic OGD treated slices at this time 

point (Figure 3, lower panel). Differences in O-glycosylation were completely ameliorated 

24h after BSS and OGD most likely due to cell death (Figure 3, lower panel). 

 

O-glycosylation signals obtained from three independent experiments were quantified and 

calculated as a ratio of the beta-actin signal to eliminate the loading error. Further 

normalization was performed in a way that O-glycosylation levels from slices pre-incubated 

with normal glucose and treated with BSS were set to 100 % and all other conditions at the 

same time point are presented as a ratio. As shown in Figure 4 (upper left panel), OGD 

treatment provokes protein O-glycosylation in hyperglycemic slices whereas normoglycemic 

slices remain at athe level of control slices. The incubation with high glucose only had no 

effect on protein O-glycosylation. Prolonged recovery time for 3 hours Figure 4 (upper right 

panel) and 6 hours Figure 4 (lower left panel),  revealed that O-glycosylation is attenuates in 

normoglycemic and OGD treated cultures. High glucose had no effect on O-glycosylation 

neither in BSS nor OGD treated slices. From this set of experiments we conclude that high 

glucose incubation together with OGD affects O-glycosylation within a very short time 

window. However, we cannot assume differences in O-glycosylations for particular proteins 

affected by BSS and OGD. 
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Figure 4. Quantification of O-glycosylation. Data are presented in a normalized fashion (+/- SD). O-

glycosylation levels found in normoglycemic slices (n) after BSS treatment were set to 100 %, all other 

conditions are calculated as a ratio. n – normal glucose; h – high glucose.  

 

O-glycosylation in astrocytes 

To evaluate if O-glycosylation in astrocytes is affected by hypoxia and aglycemia we have 

treated primary cultures of neocortical astrocytes grown on glas coverslips with a sublethal 

OGD. Parallel BSS treated cultures served as control. After 24 hours, cells were fixed in 4 % 

PFA and proceded for immunocytochemistries. As shown in Figure 5 (upper panel left), O-

glycosylation was already detectable in BSS treated cultures and mainly occurring in the 

nucleus. A substantial increase was found in OGD treated astrocytes (Figure 5, upper panel 

right). In addition to strong immunoreactivities in the nuclei, an increase in cytoplasmic 

immunoreactivity was evident. To study the effect of high glucose on O-glycosylation in 

posthypoxic astrocytes we incubated astrocytes treated by a nonlethal OGD or BSS either 

with high (20 mM) or normal (6 mM) glucose starting immediately after treatment. After 24 

h, cells were harvested and proteins were extracted in order to determine the levels of o-
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glycosylation. Figure 5 (lower left panel) shows a reprentative Western blot of O-

glycosylated proteins in astrocytes. As shown before in slice, we observed no qualitative 

differences in O-glycosylation between the treatment groups. O-glycosylated protein patterns 

found in normoglycemic cultures after BSS were similar to the patterns found in 

hyperglycemic cultures. Nevertheless, we found an increase in O-glycosylation in 

hyperglycemic cultures treated either with BSS or OGD as shown in the graph of Figure 5 

(lower right panel).  

 

 

 

Figure 5.  Protein O-glycosylation in neocortical astrocytes.  Immunofluorescence (red, Cy3) from 

normoglycemic BSS treated astrocytes at 24 h of recovery (upper left) and normoglycemic OGD treated cultures 

at 24 h of recovery (upper right); scale bar 20 m. Western blot for O-linked-acetylglycosamines from primary 

astrocyte cultures at 24 h of recovery: 1 – BSS (10 min) and normoglycemia for 24 h; 2 - BSS (10 min) and 

hyperglycemia for 24 h; 3 – sublethal OGD (10 min) and normoglycemia for 24 h; 4 – sublethal OGD (10 min) 

and hyperglycemia for 24 h. Quantification of O-glycosylated proteins (lower right). Data were normalized 

against beta-actin levels and presented by the following normalization: BSS/normoglycemia was set to 100 %, 

all other condition as a ratio; +/- SD. 
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Although we observed a substantial increase in O-linked glucosamine immunoreactivity in 

OGD treated normoglycemic cultures by immunocytochemistry (ICC), we found only a 

minuscule difference in O-glycosylation by Western blot. That might be due to methological 

differences in the protocols of ICC and Western blots, i.e., Western Blot samples are heated 

up to 94 °C for several minutes and ICC samples were fixed before usage. 

 

O-glycosylation of EPO after occlusion of the middle cerebral artery (MCAO) 

One highly N- and O-glycosylated protein upregulated in postischemic astrocytes after 

MCAO (an in vivo model of experimental stroke) is erythropoietin. A robust experimental 

model to improve the functional outcome after MCAO is to keep animals in an enriched 

environment. Here, animals are integrated in a bigger group of lesioned and non-lesioned 

animals (social component of enriched environment) and housed in multi-level cages with 

several tubes, grids etc to stimulate motor activity. For the present study we aimed at 

evaluating if improved neurological function in animals housed in an enriched environment 

following MCAO is correlated with differences in O-glycosylation of Epo.  

As shown previously and in Figure 6 (right panel), rats housed in an enriched environment 

have a significant improvement of sensori-motor function after MCAO. Functional score was 

assessed by the rotating pole test (Mattiasson et al. 2000). To study Epo O-glycosylation we 

have extracted whole cellular proteins from the infarct core and the peri-infarct area of rats 

housed in standard cages or in an enriched environment for 3 days following MCAO (Figure 

6, left panel). After protein determination, we have immunoprecipitated 500 g of each 

extract for Epo. 
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Figure 6. Schematic drawing of a coronal section shows the cortical infarct core (C) and the peri-infarct area (P) 

(left panel) after MCAO. Functional score assessed by the rotating pole test from standard (n=9) and enriched 

housed rats (n=9) 5 days after permanent MCAO; p<0.05, t-test.  

 

Ten microliter of each immunoprecipitate were loaded onto a 10 % PAGE and probed for O-

linked acetylglucosamines. As shown in Figure 7 (upper panel), two different bands at around 

30 kDa and 55 kDa were obtained from the Western blot. While the 55 kDa represents the 

immunoglobulin heavy chain from the antibody used for IP the smear like band at around 30 

kDa shows the signal for O-linked acetylglucosamines bound to Epo. Obviously, no direct 

comparison of Epo O-glycosylation levels was possible because of variations in IP efficiency 

indicated by different sizes of the Ig band at 55 kDa. Therefore, we have quantified both the 

Ig bands and the bands at 30 kDa and have estimated the levels of Epo O-glycosylation as a 

ratio of O-linked acetylglucosamine and Ig heavy chain bands (Figure 7, lower panel). 

Although we found a slight increase of O-glycosylation levels in the infarct core of animals 

housed in an enriched environments no significant differences were evident between the 

infarct core and peri-infarct area as well as between the housing conditions. 
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Figure 7. Erythropoietin O-glycosylation in the infarct core and peri-infarct area 5 days after permanent MCAO. 

M – Protein marker lane, C – infarct core, P – peri-infarct area, std standard housing condition, ee – enriched 

environment. Quantification of bands obtained from the Western blot is presented in the lower panel as a ratio 

between the signals for O-linked acetylglucosamines and the respective Ig heavy chain. 

 

Effect of enriched environment on serum Epo O-glycosylation 

To test if the housing condition after MCAO affects Epo O-glycosylation in the serum we 

have immunoprecipitated Epo from sera of animals tested for Epo O-glycosylation in the 

lesioned hemisphere before. Also here, different IP efficiencies Figure 8 (upper panel), did 

not allow us to draw any conclusions regarding the O-glycosylation in animals kept in 

different housing conditions after MCAO.  However, after quantification of the Ig heavy 

chains and the O-glycosylation bands Figure 8 (lower panel), we found that the housing 

condition did not affect the O-glycosylation status of serum Epo.  
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Figure 8. Serum Epo O-glycosylation.  M, marker; lane 1 to 5 MCAO/ee; lane 6 to 10 MCAO/std. Lower panel: 

Calculation of serum Epo O-glycosylation after quantification of bands for O-linked acetylglucosamines and Ig 

heavy chains. 



17 
 

Discussion 

Protein glycosylation is a reversible process and might be important as phosphorylation/ 

dephosphorylation for all cellular functions. In the present study it shows that a short interval 

of OGD changes the glycosylation pattern in organotypic hippocampal slice cultures and that 

the extracellular glucose concentration affects glycosylation per se and after OGD. The data 

indicate that increased glucose concentrations inhibit necessary O-glycosylation in the early 

phase after OGD probably due to inhibition of respective transferases leading to an increased 

cell death. 

Glycosylation pattern is also affected in posthypoxic astrocytes after incubation in a high 

glucose medium. In contrast to slice cultures, we have not detected an increased cell death in 

astrocytic cultures indicating that astrocytes have a higher glucose buffer capacity then 

neurons. However, we are in the beginning to understand posthypoxic glycosylation. It has 

been shown that stress induces protein O-glycosylation to promote survival of a variety of 

cell lines (Zachara et al. 2004). In addition, other stimuli such as neurotransmitters, oxidative 

stress or growth factors might affect the glycosylation pattern of proteins involved in 

particular signaling cascades. Moreover, function of proteins might be altered by the 

glycosylation status. All together, our data provoke new studies to evaluate glycosylation 

patterns of candidate proteins and the consequences for cellular functions. 

One highly glycosylated protein is Epo. Erythropoietin is released from posthypoxic 

astrocytes and neuroprotective. It was shown that the glycosylation status affects the release 

as well the function of Epo (Wasley et al. 1991). Our preliminary results show that a portion 

of postischemic brain derived Epo is O-glycosylated and that this portion might be increased 

in animals housed in an enriched environment following stroke. Next experiments are 

initiated to correlate the levels of O-glycosylation to the total amount of Epo released from 

astrocytes of the peri-infarct area. Ongoing studies further evaluate to which extent pre- and 

posthypoxic hyperglycemia affects Epo glycosylation and release from astrocytes. The 

glycosylation status of Epo might have consequences for its neuroprotective properties since 

other Epo derivates have shown different neuroprotection efficiencies (Leist et al. 2004). The 

effect of Epo on mechanisms of recovery following stroke is completely unknown. Therefore, 

it will be interesting to evaluate the spatio-temporal profile of Epo expression following 

experimental stroke. 
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In conclusion, our data open a new perspective in the research of posthypoxic signaling 

cascades. Consideration of glycosylation as one of the important reversible protein 

modifications might be an interesting approach to target neuronal cell death and mechanisms 

of survival after experimental stroke. 
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Materials and Methods 

Cell cultures  

Cortical neurons were prepared from rat embryos and cultivated in serum-free Neurobasal 

medium supplemented with B27 (E17 of gestation). Astrocytes were prepared from cortices 

of newborn rats (p1-3) cultivated in DMEM (Dulbecco’s modified Eagle’s medium) 

supplemented with 10 % fetal calf serum and used in the first sub-cultivation. Organotypic 

hippocampal slice cultures were prepared from newborn mice (p5-7). All cultures were 

provided for experiments. 

 

Oxygen Glucose Deprivation 

The slice cultures were washed with PBS and then replace by OGD medium to induce 

hypoxia. The 24-well plates having slice culture were immediately transferred to OGD 

chamber (Elektrotek Ltd., U.K.) equipped with palladium to remove traces of oxygen. It is 

flushed with the gas containing 85% N2, 10 % H2 and 5% CO2 and a constant temperature 

was maintained at 35.0 
0
C+/-0.3

0
C. After 15min of OGD, the slice cultures were taken from 

OGD chamber and OGD medium was replaced by normal culture medium. As a control for 

the OGD experiment, BSS medium was used. 

 

Propidium iodide staining 

Propidium iodide is a fluorescent dye which only penetrates dead cells after the cell 

membrane integrity is destroyed. It intercalates with nucleic acids and thereby fluorescent 

signals can be used as a marker to determine cell death in slice cultures. Propidium iodide 

solution (final concentration 1µg/ml) was added to the culture medium 24 h prior OGD. 

Immediately before OGD, cultures were washed with PBS in OGD solution. Twenty-four 

hours after OGD, images were taken from cultures using an inverted fluorescence microscope 

equipped with a fluorescence camera (560 nm emission filter; Apogee Instruments, U.S.A.) 

connected to an Olympus IX70 microscope and processing the image with Image-Pro Plus 

4.0 (Media Cybernetics, U.S.A.) software. 
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Harvesting Cells 

At defined time points after treatment, cells were scraped from the culture dishes and pooled 

to 15 mL tubes. After centrifugation at 239 x g at 4 C for 4 min, supernatant medium was 

discarded up to a residual volume of 500 µL. Cellular pellets were resuspended and 

transferred to 1.5 mL tubes and collected by centrifugation at 718 x g at 4
 
C for 8 min. After 

centrifugation, the remaining supernatant medium was discarded and the pellets used for 

subsequent analyses. 

 

Protein extraction 

Pellets were resuspended in 150 µl of lysis buffer (LB) by vortexing for 5 s and incubated on 

ice for 20 min. After centrifugation at 20800xg at 4
 
C for 15 min, the supernatant containing 

cellular proteins was stored at -80 °C. 

 

 Determination of protein concentration  

Whole cellular protein concentrations were determined by the Bradford assay using bovine 

serum albumin (BSA) with concentrations 100 µg/ml to 5000 µg/ml as a standard. Two µl of 

standard or sample were added to 200 µL of Bradford reagent (see appendix for recipe) into a 

96 well microtiter plate. Measurements were performed in triplicate for each sample and 

standard, respectively. After gentle mixing (to prevent formation of bubbles), the plate was 

mounted in a BIO-Rad Microplate reader and the absorbance was measured at 595 nm. 

Protein concentrations were calculated by means of the standards. 

 

Western Blot 

1. Preparation of polyacrylamide gel 

All buffers and solutions were prepared as specified in the appendix section. All Western 

blots were performed with a Bio-Rad system. One-millimeter thick separation gels (10%) 

were prepared by mounting a spacer glas plate and a cover glass plate onto the casting unit. 

Five milliliter of the gel mixture were carefully pipetted between the glass plates and overlaid 

with one mL MilliQ water to prevent dehydration of the gel surface. After 45 minutes, the gel 



21 
 

was polymerized. The remaining polymerization water was removed by small Whatman 

paper leaflets. Immediately after, the stacking gel (5%) was pipetted on top of the separation 

gel and a comb was placed into the stacking gel. After polymerization, the gel sandwich was 

mounted in the running chamber filled up with running buffer. 

 

2. Sample preparation 

Ten micrograms of protein were diluted to 10 l lysis buffer and 10l of 2xSDS sample 

buffer. The mixture was mixed and heated at 94 
º
C for 5 min. Before loading, condensed 

water was spun down. 

 

3. Running and transfer: 

After rinsing the slots with running buffer, 5 µl of a biotinylated protein marker (Cell 

Signaling Technology) was loaded. Ten micrograms of each sample were loaded into 

neighboring slots. After protein stacking (10 mA per gel) indicated by a very thin line of 

bromphenolblue (BPB), proteins were separated at 0.8 mA/cm
2
 gel area until the BPB front 

has reached the bottom of the gel.  

After, gels were taken out after from the gel plates and incubated in transfer buffer for 5 min. 

The membranes (PVDF, polyvinyl difluoride) were wet in methanol for 3 s and incubated in 

transfer buffer for 5 min. A sandwich was prepared by placing the gel onto the membrane 

covered by 1.5 mm Whatman paper from both sides. Remaining air was removed from the 

sandwich. Plastic cassette holding the sandwich was closed and transferred to the tank filled 

with transfer buffer. Protein transfer onto PVDF membranes was assessed at 50 V per gel for 

1 h according the manufacturers recommendations.  

 

4. Blocking and Primary antibody incubation:  

Membrane was washed 3x 5min in tris buffered saline containing Tween 20 (TBS/T). After, 

the membrane was incubated in blocking solution at room temperature for 1 hour and washed 

again three times for 5 min each. Membrane was incubated with primary antibody in a 

respective buffer (TBS/T, 5 % BSA). The following antibodies were used for this study: anti 
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O-linked-N acetylglucosamine (mouse monoclonal and diluted 1:2000; Affinity Bioreagents, 

U.S.A.) and an anti erythropoietin (goat polyclonal and diluted 1:2000; Santa Cruz 

Biotechnology, U.S.A.) at 4 C overnight.  

 

5. Washing and secondary antibody incubation 

At the second day, the membrane was washed in TBS/T using the following protocol: 3x 

1min, 1x 15 min and 3x 5 min. A secondary antibody solution was prepared containing an 

anti-mouse HRP conjugated antibody (1:2000; Cell signaling Technologies, U.S.A.) against 

O-linked N-acetylglucosamine; an anti goat HRP conjugated antibody (1:2000; Santa Cruz 

Biotechnology, Inc., U.S.A.) against Epo, and anti-biotin HRP conjugated antibody (1:5000; 

Cell Signaling Technologies, U.S.A.) The membrane was incubated in secondary antibody 

solution at room temperature for 1 h and washed after (3x 1min, 1x 15 min and 3x 5 min). 

 

6. Exposure: 

The membrane was incubated in a mixture of 400 µl of HRP substrate luminol and 400 µl of 

HRP substrate peroxide solution for 1 minute. The membrane was exposed for chemi-

luminescence and was scanned (Image Reader LAS1000 Pro V2.6) and processed using 

Multi Gauge V2.2 software.  

 

7. Membrane stripping 

Equal loading was verified by probing stripped membranes for beta-actin. The membrane 

was rinsed in Milli-Q water for 1 min and incubated in stripping buffer at 70 ºC for 30 min in 

order to remove bound antibodies. After, the membrane was washed with TBS/T buffer 3x 

5min and blocked as described above. After incubation with a rabbit HRP conjugated anti 

beta-actin antibody (Sigma, Deisenhofen, Germany, diluted to 1:25000) at room temperature 

for 30 min, the membrane was washed in TBS/T (3x 1min, 1x 15 min and 3x 5 min) and 

exposed as descibed above. 
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Erythropoietin Immunoprecipitation   

All steps were carried out on ice or at 4 °C to prevent protein degration. Whole cellular 

protein extracts (500µg) were incubated with 0.25 µg of goat IgG (DAKO Ms, Denmark) and 

20 µl of Protein-G agarose (Boehringer Mannheim, Germany) under gentle agitation for 30 

minutes. After centrifugation at 956xg for 30 s, the supernatant was transferred to a fresh 

microcentrifuge tube. To the cell lysate (500 µg/mL), 10 µg of an agarose conjugated anti 

Epo (goat polyclonal IgG, Santa Cruz Biotechnology) and the mixture was incubated under 

gentle agitation overnight. After, centrifugation was performed at 2655xg for 30 sec. The 

pellet was washed three times in icecold PBS (500µL) and centrifuged at 956xg for 30 sec. 

Finally, 30 µl of lysis buffer LB were added to the pellet and 10 µl were used for Western 

blots. 

Immunofluroscence 

Cells were washed with PBS 3x 10 min each and incubated with blocking solution for 1 h at 

room temperature. The cells were incubated an anti-O-glycosylated protein (mouse 

monoclonal; (Affinity Bioreagents; 1:200) under gentle agitation in blocking solution at 4 °C 

overnight. After, cells were washed with PBS (3x 10 min) and incubated with respective 

fluorescent secondary antibody anti-mouse Cyanine 3 (1:300) in PBS at room temperature in 

a dark chamber (to prevent fluorescent dye degradation) for 1 h. Cells were washed again 

with PBS (3x 10 min) and cover slips were mounted on glass slides using an aqueous 

mounting medium (Daido Sangyo Co. Ltd, Japan). Unspecific binding of secondary 

antibodies was tested omitting the primary antibodies. Fluorescent signals were visualized by 

confocal laser microscopy (Zeiss LSM510, Jena, Germany). 
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Appendix 

Cell culture media : 

BSS medium:  143.8mM Na
+
, 

5.5mM K
+
, 

1.8mM Mg
++

, 

1.8mM Ca
++

, 

125.3mM Cl
-
, 

26.2mM HCO3
-
, 

1.0mM P4O3
-
, 

0.8mM SO4
-
, 

Glucose 4.5g/L and 

pH 7.4 

 

OGD medium:  143.8mM Na
+
, 

5.5mM K
+
, 

1.8mM Mg
++

, 

1.8mM Ca
++

, 

125.3mM Cl
-
, 

26.2mM HCO3
-
, 

1.0mM P4O3
-
, 

0.8mM SO4
-
 and 

pH 7.4 

 

Protein isolation buffer: 

Lysis buffer:  20 mM Tris (pH 7.5)   

150 mM NaCl  

1 mM EDTA 

1 mM EGTA   
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1%Triton X-100    

2.5mM Sodium pyrophosphate   

1 mM Β-glycerophosphate  

1 mM Na3VO4    

1 µg/ml Leupeptin    

1mM PMSF     

 

Western blots Buffers: 

Running Buffer (2L): Tris base, 6.04 g 

   Glycine, 28.80 g 

   SDS powder, 2.00 g  

 

Transfer buffer: 25mM Tris base     

0.2 M Glycine    

20% Methanol  

 

TBS Buffer L (10X): Tris base, 24.20 g 

   NaCl, 80.00 g 

   pH, 7.6 

 

Wasch-puffer (TBS/T):1 x TBS 

0.1% Tween-20 

 

Blocking buffer: 1 X TBS     

   1% Tween-20 

   5% nonfat dry milk 
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Primary antibody dilution buffer 1X TBS,  

0.05% tween-20,  

5% BSA 

 

SDS sample Buffer (SB buffer for protein): 2X 

   125 mM, Tris-HCl (pH 6.8)    

   4% SDS      

   20% Glycerol     

   100 mM DTT    

   0.2 % Bromophenol blue  

  

Stripping Buffer (1L)  6.25mM Tris 

SDS, 20g 

 

Separation gel (10 %,)Acrylamide (30%)  

Tris-HCl, pH 8.8, 1.8M  

Milli-Q water  

SDS 10%  

Ammonium per sulphate 10%  

TEMED  

 

Stacking gel (5 %,) Acrylamide (30%)  

Tris-HCl, pH 8.8, 1.8M  

Milli-Q water  

SDS 10%  

Ammonium per sulphate 10%  

TEMED 
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