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Validation of the specific nature of the antibody by its ability to immuno-

precipitate the NINJ2 protein at the 23KD band.  In order to verify the 

immunogenicity of the P. Tech antibody to the whole sequence of the NINJ2 protein at 

23 KD, we tested the ability of the antibody to immuno-precipitate (IP) the NINJ2 

antigen from the mouse brain and 293+NINJ2 transfected lysates.  The P. Tech 

antibody is tested for its specificity to detect the NINJ2 antigens in the protein lysate 

solution.   The immunoprecipitation assay consisted in incubating the antibody 

molecules-bound to magnetic beads coated with protein G- with protein lysates.  For 

every IP experiment, a negative IgG antibody raised in rabbits is used in order to 

differentiate the background bands from the specific band detected by the a-NINJ2 

antibody.  A low stringent solution is then used to separate the antigens from the 

antibody and preserve the structural conformation of the protein as much as possible.  

We use silver staining of the antigens isolated from the protein lysates to validate the 

specificity of the antibody.   Figure 3.8 shows silver staining of a protein gel loaded with 

the precipitated sample from the experimental and the negative IgG control lane.  It also 

shows the isolation of the 23 KD band, along with other non-specific bands at higher 

molecular sizes.   Figure 3.9 also detects the precipitation of the 23 KD band in the 

experimental lane of the membrane blots from the 293+NINJ2 and brain lysate 

solutions. The results in the first lane of each blot in figure 3.9 indicate a detection of 

different protein sizes, including a molecular size at 23 KD corresponding to the band of 

the NINJ2 protein.  The control IgG is also immunoreactive to proteins at the same 

molecular size although at much lower levels.   It also shows two other bands at 31KD 

and 38KD.  Both results suggest that the P. Tech antibody selects for the NINJ2 protein 
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at 23KD out of all the other non-specific protein bands in the brain tissue lysate and the 

positive 293+NINJ2 control.    

 

Figure 3.8: Silver staining of the immuno-purified 
antigens from the immunoprecipitation 
experiment with the mouse brain tissue.    In the 
first lane, the P. Tech NINJ2 antibody is used to purify 
the NINJ2 antigen from the brain sample.  In the 
second lane, the IgG control is used to validate the 
reactivity of the P. Tech antibody to NINJ2 in the brain 
sample.  The IgG control is obtained from the same 
species (rabbit) where the P. Tech antibody is raised 
in.  The silver staining is performed on a protein gel 
that carries the immuno-purified brain sample 
concentrated with the NINJ2 antigen.   
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Figure 3.9: Detection of the 23KD band by immunoprecipitation of the NINJ2 
molecules from protein lysates of the 293+NINJ2 transfected cells and mouse 
brain samples.  The antigen is purified using the P. Tech Antibody as described in the 
methods section for IP.  The first lanes of each blot represent the purified NINJ2 antigen 
from the 293+ transfected lysate and the brain lysate samples.   The second lanes of 
each blot represent the control IgG used in the IP experiments.    

 

 

 

 

 

 

 

 

Increasing protein levels in the contralateral and ipsilateral cortical tissues at 7 

and 14 days after stroke.   
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In order to assess changes in the protein expression of NINJ2 due to an induced MCA 

occlusion in mice, three primary ischemic (ipsilateral) cortical tissues and three matched 

control (contralateral) cortical tissues are evaluated at three time-points (24hours, 

7days, and 14days) after reperfusion.   Tissues are homogenized in tissue lysate (1X 

RIPA) solution to test for changes in the protein levels of NINJ2 with western blotting.  

The relative densities of light intensities (RD values) of the protein bands detected at 

23KD by the P. Tech antibody are normalized to changes in the RD values of the 

protein standards.  The standards consist of B-Actin bands at 42 KD (as shown in the 

second rows of the immuno-blots in fig3.10).  The resultant values are reported as 

normalized relative densities (NRD) and are compared against the NRD values of the 

cortical tissues of a naïve mouse brain.  Figure 3.10 indicates an increase in the protein 

levels of NINJ2 in the ipsilateral brain cortex 7 days (4.5 fold) and 14 days (4 fold) after 

a stroke.  It also shows an induction in the protein levels of NINJ2 in the contralateral 

tissues 7 days (6.5 fold) and 14 days (4 fold) after stroke.  Because of the low number 

of animals for which results are obtained, it is chosen present averages without 

standard deviations. 
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Figure 3.10:  Changes in the protein levels of NINJ2 in mice brains following a 
stroke. The results show an increase in the levels of the 23KD band corresponding to 
changes in the NINJ2 protein levels in the ipsilateral cortical tissues of mice brains 
7days and 14 days after stroke.   It also shows an increase in NRD values of NINJ2 
protein expression in the contralateral cortical tissues 7days and 14days after stroke. 
These results are produced from the tabulation of the normalized relative density ratios 
obtained in the western blot procedures.  The results indicate a higher induction of 
protein expression in the contralateral than in the ipsilateral cortical tissues tissues.  

 

23KD 

42KD 

23KD 

42KD 

23KD 
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DISCUSSION  

 A Genome-wide Association Study (GWAS) from four large prospective cohorts 

in the USA and Europe identified an association of two Single Nucleotide 

Polymorphisms (SNPs) on chromosome 12p13 with a greater risk of ischemic stroke in 

individuals of European and African-American ancestry.  This generated a hypothesis 

regarding a potential candidate gene for stroke.    The GWAS reports data on the 

association of SNPs to greater susceptibility of stroke.  The GWAS-detected SNPs are 

located 11 Kb upstream of the Ninjurin 2 (NINJ2) gene.  Many weakly associated SNPs 

are located within the coding and promoter regions of NINJ2 (Ikram et al., 2010). This 

has led us to hypothesize that the causal SNP for stroke may be related to NINJ2 

function.  If the causal SNP is located in a regulatory and/or a functional region of 

NINJ2, it may result in the alteration of the expression and/or function of the gene.  This 

change may alter the susceptibility for the disease and/or worsen the progression of the 

disease. The SNP is associated with a greater susceptibility to incidence of stroke.     

Changes in expression are evaluated following a time-course of five time-points 

(3hours, 24hours, 3days, 7days, and 14days) after reperfusion.  Data suggest a 2.3-fold 

induction in NINJ2 gene expression in the ischemic core and the peri-infarct tissue to 

the ischemia (Ipsilateral) cortex at 7 days after stroke, which persists at 14 days.   

In order to clarify the possible role of NINJ2 in stroke, we sought to determine 

whether there will be changes in the expression levels of NINJ2 in the ischemic brain 

cortex of a transiently induced mouse that models a focal Ischemic stroke in humans.  

This model permits the record of behavioral as well as biochemical changes as mice 
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progress from acute to the recovery stages of stroke.   Changes in expression of NINJ2 

are reported following a stroke.   

GWAS discovered a SNP with greater risk to a clinically recognized onset of 

stroke.  Our results demonstrate changes in expression of NINJ2 following a stroke.  

The induction of expression of NINJ2 at 7 days suggests NINJ2 plays a role as a 

molecular mediator of recovery. However, further functional experiments are needed, 

i.e. knocking out NINJ2 in the mouse and inducing it with stroke, in order to establish 

the role of NINJ2 in the recovery phase of stroke.   Our results suggest that expression 

of NINJ2 in the cortex may be associated with a delayed onset of stroke.  Therefore, it is 

necessary to determine an association between the frequencies of SNP with the time of 

onset of stroke.  Furthermore, the GWAS does not take into account clinically 

unrecognized mini-strokes that may occur over the life-time of an individual. Based on 

our results, if the gene plays a role as an endogenous recovery mediator of stroke, 

individuals over-expressing the gene after a mini-stroke may be less susceptible to an 

early onset of a bigger stroke.  NINJ2 may also be transcriptionally suppressed in 

people with greater susceptibility to an early onset of stroke. It will also be of interest to 

perform a GWAS between the SNPs and the expression of NINJ2 in people with time of 

onset of stroke.  This may determine a functional interaction between NINJ2 and other 

genes involved in susceptibility to delayed onset of stroke.   Also, it is hypothesized that 

attenuation in the expression of the gene may result in less protection from cortical 

damage by the stroke.  Those with an over-expression of the gene may be protected 

from damage to the cortical tissue as a result of stroke.  Thus, attenuation in the 
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expression of NINJ2 may be indicative of greater susceptibility to a greater damage 

from the stroke. 

A potential contribution of NINJ2 to stroke can be deduced from the biological 

pathway of genes with similar gene expression profiles as NINJ2 (Hughes T.R. et al., 

2000).    The temporal expression profile of NINJ2 is similar to the pattern of expression 

of NINJ2 and NINJ1 following a transected and crush sciatic nerve axotomy.   The 

pattern of expression of NINJ1 following a sciatic nerve axotomy shows that it is up-

regulated beginning at 16 hrs after injury (Araki et al., 1996).   Data for NINJ2 in the 

same model shows that it is up-regulated beginning at 7 days after injury. Both in NINJ1 

and NINJ2 level of expression reaches peak levels 7-14 days after the injury and remain 

elevated for up to 56 days after injury (Milbrandt et al., 2000).   The induction of 

expression of the Ninjurin genes occurs in the segment distal to the injury after either 

transection or crushed.    NINJ1 mediates leukocytes recruitment in the cerebral 

vasculature after inflammation. This response to inflammation is also known to take 

place at the acute phase of stroke (Lee, Hyo-Jong et al., 2010).   Since the gene 

expression of NINJ2 is not significantly altered at this stage, NINJ2 may not be involved 

in this humoral process of inflammation.  NINJ2 also doesn’t share same adhesion motif 

as with NINJ1.   However, both NINJ1 and NINJ2 facilitate the neurite outgrowth from 

peripheral motor neurons. This suggests that NINJ2 is active and performs the same 

function as NINJ1 at later time-points following injury. This may be a reason why NINJ2 

may not be involved in the humoral response in the acute phase of stroke (Lee, Hyo-

Jong et al., 2010).   Our data supports the notion that NINJ2 is relevant to recovery 

mechanisms distal to an area of stroke.  
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NINJ2 is also induced in Schwann cells at the late stages of recovery from a 

nerve injury in rats. Schwann cells are glial cells that over-express NINJ2 at the early 

stage of maturation and those with no myelination capacity.  These cells support neural 

regeneration from an injury in the PNS by adhering to and facilitating conductivity in 

neurons, suggesting NINJ2 plays some role in the repair of nerve damage.  NINJ2 is 

also found to be constitutively expressed at low levels in radial glia in the CNS 

(Milbrandt et al., 2000).  This indicates that NINJ2 is expressed in cells at early stages 

of maturation and may play a role in the cellular response to a disease.    

The gene pattern of expression of NINJ2 is also similar to the pattern of 

expression of the nerve growth factor (L1) and neural cell adhesion molecule (N-CAM) 

after injury.   These adhesion molecules facilitate the cell-to-cell interactions between 

Schwann cells and neuronal axons following a sciatic nerve injury in the PNS. The 

expression of L1 and N-CAM is induced in non-myelinating Schwann cells one week 

after the injury.    The time course of expression following sciatic nerve injury is similar 

to that of NINJ1, neural CAM, and L1 following a transected sciatic nerve axotomy.   

Adhesion molecules such as MCAM or L1 also enhance neurite outgrowth in the same 

manner as NINJ1 and NINJ2 (Milbrandt et al., 2000).   Given this pattern of expression, 

NINJ2 protein may be classified as molecule involved in the recovery process of nerve 

regeneration in the peripheral nervous system as well as in the central nervous system 

after stroke.   

Data also suggest an increase in the protein levels of NINJ2 in the Ipsilateral and 

contralateral tissues at 7 days, which also persists at 14 days. The significant injury-

induced induction of the mRNA and protein levels occurs at 7 days.    Furthermore, 
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there seems to be a larger production of the NINJ2 protein in the contralateral 

compared to the ipsilateral cortical tissues. This is not consistent with the gene 

expression results since mRNA levels do not show a significant change in the 

contralateral tissues.   Data from peptide competition and immunoprecipitation assays 

seem to suggest that the 23 KD band corresponds to the NINJ2 protein.  As suggested 

from the peptide competition results, the antibody binding site of the Protein Tech 

antibody is competed against a peptide mapping within the membrane domain of the 

mouse NINJ2 sequence.  Data indicate a very slight decrease in the light intensity of the 

band at 23 KD in brain in the presence of the peptide when exposed at 4oC (fig 3.7b).   

This suggests that the binding site of the antibody does not confer a high degree of 

affinity to the epitope mapping a membrane region of NINJ2, assuming equal loading. 

The evidence that results obtained from antibody-peptide incubation at 4oC is not due to 

chance, is the significantly higher competition with NINJ2 that is shown in the lung and 

transfected lysates (figs. 3.7c and d).  A possible reason for the inconsistency in the 

peptide competition results with NINJ2 antigens in the brain, lung, and transfected 

lysates may be due to the low expression of the protein in the brain. The sample in the 

brain tissue lysate would expose less amount of the NINJ2 protein for the antibody-

peptide interaction.  The immunoprecipitation assay also provides an indirect evidence 

for the identification of the NINJ2 protein at 23 KD, as suggested by Figure 3.8.   

A limitation of the antibody characterization study is that we have no direct proof 

that the 23 KD band corresponds only to the NINJ2 molecule.  For instance, the 

immunoprecipitation study only offers indirect evidence suggesting that the Protein Tech 

antibody detects NINJ2 at 23KD but it does not rule out the possibility of it also 
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detecting an identical protein such as NINJ1.  It may be that the Protein Tech antibody 

is detecting both NINJ2 and NINJ1 proteins in the samples.   In fact, Araki et al. report 

the molecular weight of NINJ1 also to be at 22 KD.  Thus, it may be that the a-human 

NINJ2 antibody from Protein Tech also detects the mouse form of NINJ1 (Araki et al., 

1997).    This antibody may be recognizing epitopes specific in NINJ2 as well as in the 

NINJ1 proteins in the membranes.     

A temperature of 4 oC is maintained for all the incubation steps with the Protein 

Tech antibody throughout the experiments.  These include the protein transfer and 

membrane incubation steps in the western blot experiment; the peptide incubation step 

in the peptide competition assay; and the brain tissue lysate incubation in the 

immunoprecipitation experiment. The cold temperature may be maintaining the non-

linear structural conformation of the NINJ2 protein, thus exposing the structural epitopes 

for their detection by the Protein Tech antibody.  However, this conformation may also 

be preserved for other homologous proteins, such as NINJ1. The antibody from Protein 

Tech is raised against the whole recombinant protein of NINJ2, thus increasing the 

likelihood of detecting small differences in structural conformation in the proteins.   

Consequently, this may induce the cross-reactivity by the Protein Tech antibody with 

NINJ2 and NINJ1.  Another reason why the antibody may be detecting NINJ1 in the 

samples is that the pattern of expression of NINJ1 at 7 days after sciatic nerve injury is 

similar to that of NINJ2 (Araki et al., 1997).    

If the pattern of expression of the 23 KD band corresponds only to changes in the 

NINJ2 protein, then it is suggested that the NINJ2 protein levels are increased as part of 

an unknown recovery mechanism from stroke.  For instance, NINJ2 may mediate the 
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adherence of molecules in the induction of anti-inflammatory processes in the brain.   

This suggests for a global increase of protein expression of NINJ2 in the brain cortex 1 

week after stroke.  The gene expression is up-regulated in the ipsilateral cortex while 

the protein levels increase in the contralateral cortex 7 days after stroke.  The gene 

expression of NINJ2 is un-regulated in the contralateral cortex. It may be that post-

transcriptional event down-regulates the expression of NINJ2 in the contralateral tissue.  

This would seem to suggest that once the NINJ2 protein molecules are produced in the 

penumbra, these then trans-locate from the injured cortex to the healthy hemisphere, 

where it maintains an induced level at the late recovery stages following stroke.   

Moreover, the protein levels of NINJ2 may be significantly higher in the 

contralateral cortex after stroke where synaptic plasticity is known to occur.   Thus, 

NINJ2 may have additional synergistic effect on synaptic plasticity in the contralateral 

cortical tissue of the brain after stroke.  In order to assess the significance of changes 

protein levels at this time-point, it is necessary to include more mice in the experiments.    

However, it is not possible to conclude about the biological significance of changes in 

the protein levels as a result to stroke.   This is due to one of the major limitations of our 

study, the fact that we don’t have an antibody that is only specific for the mouse NINJ2 

protein.     
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CONCLUSION  

A GWAS study has found two SNPs associated with greater susceptibility to 

incidence of ischemic stroke in the general population.   These SNPs, located upstream 

of the NINJ2 gene, are not necessarily the causal variants of the disease.  If the causal 

SNP is located in a regulatory and/or a functional region of NINJ2, it may result in the 

alteration of the expression and/or function of the gene.  We have characterized the 

pattern of expression of NINJ2 in the brains of MCAo induced mice models at different 

time points following a stroke.  The NINJ2 pattern of expression suggests that it may be 

induced at the late-time phases after stroke.  Although a larger number of animals are 

needed at 1week and 2weeks time-points, our results are consistent with experiments 

that demonstrate a similar pattern of expression following sciatic nerve injury in the 

peripheral nervous system.  Therefore, it is hypothesized that any change in the 

expression of the gene that may be induced by the causal SNP in the population may 

be of significance for the recovery of the disease.  Thus, it will be of good interest to 

perform deep sequencing of this region to look for the causal variant of stroke in the 

population. It may also be beneficial to study changes in the expression of NINJ2 in 

brains of post-mortem ischemic stroke patients carrying the SNPs associated with 

greater risk of stroke in order to correlate the findings in mice with humans. A change in 

the expression of NINJ2 in human brains will be a valid parallel comparison to the 

known changes observed in mice brains.   

It is hypothesized that the knockout of Ninj2 may increase the susceptibility of 

brain damage due to ischemic stroke.  An animal model that has being genetically 



 

64 
 

modified permits the analysis of the biological mechanisms underlying the cause for the 

disease (Bonthu S. et al., 1997).  If shown to increase susceptibility to damage in the 

brain of the Ninj2-KO mice, Ninj2 could be classified as a major molecular target that 

contributes to neuroprotection (a.k.a. neurovascular remodeling).  It is also suggested 

that NINJ2 gene is an endogenous target of recovery that is silenced by unknown 

mechanisms that could be associated with the stroke-associated SNPs in the 

population.   Elucidating these mechanisms can be beneficial for the design of personal 

medicine for the prevention of stroke in patients with high probability of developing the 

disease.  This study provides a better understanding for the involvement of NINJ2 in 

stroke.    
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APPENDIX 

PREPARATION OF SOLUTIONS 

Master-Mix preparation for cDNA production -   A master mix including all the reagents 

from the following table was prepared in ice.   

Table A.1 Preparation of the cDNA reaction from the ABI RT Kit 

 

 

 

 

 

It is considered more accurate to prepare 

a master mix for all the reactions 

prepared in that day.  For instance, if all the 19 brain RNA samples are used that day to 

make cDNA, then a master mix of 19 + 10% of 19 +1 samples are prepared. This 

master mix is enough to prepare 21 cDNA samples.   

 

 

 

 

 

10X RT Buffer 2.0 µl 

25X dNTP Mix (100uM) 0.8 µl 

10X RT Random Primers  2.0 µl 

Multiscribe R. Transcriptase 1.0 µl 

Nuclease-free H2O  4.2 µl 

Total  9.0 µl 
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qPCR Analysis– The 7900 ABI qPCR instrument yields a CT value for each well in 96-

well plate.  The CT values are transported to our spreadsheet template in Microsoft 

Excel linked to the templates in Figure A.2.  Our qPCR analysis program in Excel 

performs further analysis on the CT values. This design permits the user to input the 

desired amount, the identity of the gene, and the timeline of experimentation in an Excel 

worksheet.  The program automatically connects this information into a printable design 

for qPCR plate. Our plate format follows the requirements for an RQ analysis.  These 

plates are color coded so as to represent a sample ID with a different color.  The 3 days 

sample is repeated in both plates in order to maintain consistency between the time-

points. This worksheet uses the same format as the one provided by the ABI 

instrumentation, thus facilitating data analysis.  Figure A.2 shows 96-well plates 

designed using advanced functions in Excel. 
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Figure A.1: Automated qPCR plates (Injury and Recovery) designed using Excel.    

cDNA Input – The same cDNA aliquots are used for the rows corresponding to the 

target gene (rows A – D) and the endogenous gene (rows E – H) probes.   For instance, 

wells A1-A3 receive both 1µl of cDNA and 8µl of water.   cDNA molecules from the 

same aliquot are added into wells D1-D3.  Then, 11 µl of the qPCR master mix 

containing 1 µl of the corresponding primer/probe are added onto each of these wells.  

In this way, both groups receive equal treatment and the degree of error between 

triplicates and gene probes is significantly reduced.  The 96-well plate also includes 

negative control wells (NTC) wells with the water used in the preparation of the 

reactions. These wells signal when the reactions carry contaminants which may 

interfere with the results.     
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Standard Curve – Figure A.2 shows one example of a standard curve generated by the 

SDS software.  Its slope is used to calculate the amplification efficiency of RPOL2. 

 

Figure A.2 Standard Curve Plot and Amplification Plot showing a serial dilution with 

cDNA from healthy mouse brain cortex.  The amplification plot shows a green horizontal 

line that indicates where the CT value lies at the exponential phase of the sigmoidal 

curves.  
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Details of qPCR Amplification Efficiencies per experiment – Table 3.1 shows the qPCR 

efficiency data for all the three experimental runs of the target (NINJ2 and INOS2) and 

endogenous gene (RPOL2). Most of our data meet the initial presumption of equal PCR 

efficiency as required by the • -Ct method.   
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Table 3.1 qPCR Amplification efficiencies per qPCR experiment.   

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A 

C 

Sample Slope log E E
EXP1 NINJ2 Naïve -3.45 0.290 94.82

RPOL2 Naïve -3.62 0.277 89.03

EXP2 NINJ2 Naïve -3.30 0.303 100.79

RPOL2 Naïve -3.35 0.299 98.91

EXP3 NINJ2 Naïve -3.42 0.292 96.08

RPOL2 Naïve -3.52 0.284 92.45

Sample Slope log E E
EXP1 NINJ2 Naïve -2.01 0.498 214.79

RPOL2 Naïve -3.48 0.287 93.79

EXP2 NINJ2 Naïve -3.33 0.300 99.51

RPOL2 Naïve -2.92 0.343 120.20

EXP3 NINJ2 Naïve -3.34 0.300 99.38

RPOL2 Naïve -3.48 0.287 93.67

qPCR Amplification Efficiencies

RECOVERY PLATE

qPCR Amplification Efficiencies

INJURY PLATE

NINJ2 IPSILATERAL NINJ2 CONTRALATERAL 

INOS2 CONTRALATERAL 

INJURY PLATE

Slope log E E
Naïve -2.290 0.437 173.33

Naïve -3.220 0.311 104.44

Naïve -2.060 0.485 205.80

Naïve -3.520 0.284 92.35

Naïve -2.220 0.450 182.13

Naïve -3.520 0.284 92.35

RECOVERY PLATE

Slope log E E
Naïve -3.26 0.307 102.59

Naïve -3.45 0.290 94.82

Naïve -3.70 0.270 86.19

Naïve -3.29 0.304 101.18

Naïve -3.49 0.287 93.43

Naïve -3.41 0.293 96.47

PCR Efficiency

PCR Efficiency

INOS2 IPSILATERAL 

EXP1 INOS2
RPOL2

EXP2 INOS2
RPOL2

EXP3 INOS2
RPOL2

EXP1 INOS2
RPOL2

EXP2 INOS2
RPOL2

EXP3 INOS2
RPOL2

INJURY PLATE
PCR Efficiency

Slope log E E
EXP1 INOS2 Naïve -3.196 0.313 105.53

RPOL2 Naïve -3.392 0.295 97.14

EXP2 INOS2 Naïve 0.044 -22.506 -100.00

RPOL2 Naïve -3.520 0.284 92.35

EXP3 INOS2 Naïve -3.260 0.307 102.65

RPOL2 Naïve -3.520 0.284 92.35

RECOVERY PLATE
PCR Efficiency

Slope log E E
EXP1 INOS2 Naïve 0.000 #DIV/0! #DIV/0!

RPOL2 Naïve #NUM! #NUM! #NUM!

EXP2 INOS2 Naïve -2.53 0.395 148.37

RPOL2 Naïve -3.42 0.292 95.97

EXP3 INOS2 Naïve -3.20 0.312 105.24

RPOL2 Naïve -3.42 0.292 95.96

B 

D 

Slope log E E
EXP1 NINJ2 Naïve -3.26 0.306 102.48

RPOL2 Naïve -3.45 0.290 95.05

EXP2 NINJ2 Naïve -3.26 0.306 102.48

RPOL2 Naïve -3.45 0.290 95.05

EXP3 NINJ2 Naïve -3.40 0.294 97.00

RPOL2 Naïve -3.36 0.297 98.27

Slope log E E
EXP1 NINJ2 Naïve -3.55 0.282 91.37

RPOL2 Naïve -3.42 0.292 95.91

EXP2 NINJ2 Naïve -3.30 0.303 100.96

RPOL2 Naïve -3.50 0.286 93.12

EXP3 NINJ2 Naïve -3.13 0.320 108.86

RPOL2 Naïve -3.26 0.307 102.72

PCR Efficiency

INJURY PLATE
PCR Efficiency

RECOVERY PLATE
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qPCR amplification efficiencies of INOS2 – The results for the qPCR amplification 

efficiencies of INOS2 are presented below.  These show an efficiency of +/- 100%, 

suggesting that the 2-• ᥃
T method can be implemented for the calculation of the RQ of 

INOS2 following the timeline after a stroke. 

 

Figure A.3 Independent INOS2 Standard Curve Slope = -3.35 E =  

 

Figure A.4 Independent RPOL2 Standard Curve Slope = -3.47 E =  

 

 

 

 

 

 

 

Figu

re A.5 Independent experiments for INOS2 and RPOL2 Standard Curves  

PCR Efficiency
Slope log E E

Naïve -3.26 0.306748466 102.6508671

 
 

 

 
 

 

PCR Efficiency
Slope log E E

Naïve -3.52 0.284090909 92.3494324
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Figure A.6 SAS Results from the mixed model test of statistics. These results demonstrate the adjusted p-

values for the differences in the means of RQ values between time-points.  These values control for the 
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replicates within the time-points. The values marked in yellow represent those that show significant 

differences in gene expression.  

 

PROTEIN ANALYSIS 

Mice tagging – Mice are tagged in their ear lobes and a record is maintained with the 

time at which the last CBF is measured.  The time count starts at this stage for the 

subsequent brain dissection.    

1X PBS – 1X PBS is diluted from 10X PBS with deionized water.   The 10X PBS is 

prepared in 1 liter using the following reagents: 80g of NaCl, 2g of KCl, 14.4 g of 

Na2HPO4, and 2.4 g of KH2PO4.  The dry chemicals are first dissolved in 800 ml of 

dH2O, pH adjusted to 7.4 with HCl, raised the volume to 1 liter, and autoclaved.  

12% Electrophoretic Gel –  First, 500 ml of 1.5M Tris-Borate (TB) and 500 ml of 0.5M 

TB is prepared with distilled water and saved in large glass containers.   The 1.5M Tris 

Buffer (pH 8.8) is prepared for the resolving gel, while the 0.5 M Tris Buffer (pH 6.8) is 

prepared for the stacking gel.  The 1.5M Tris Buffer is prepared by adding 90.85 g Tris 

into a total volume of 500 ml with dH2O, adjusting the pH to 8.8 with 1M HCl.  The 0.5 

M Tris Buffer is prepared by adding 30.28 g of Tris into a total volume of 500 ml with 

dH2O, adjusting the pH to 6.8 with 1M HCl. Both solutions are stored at 4oC.  An 

Erlenmeyer flask is used to mix 4.0 ml of 30% acrylamide/Bisacrylamide, 2.5 ml of 1.5 

M TB (pH 8.8), 3.35 ml H2O, 100µl of 10% SDS, 50µl of 10% AP, 10µl of TEMED for 

the Resolving Gel.  The 10% AP is prepared with 0.5 g AP and dH2O to 5 ml and stored 

at 4oC for no more than 2 weeks.  
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4% Stacking Gel – The 4% Stacking gel is prepared with 0.65 ml of 30% 

acrylamide/Bis, 1.25 ml of 0.5M TB (pH6.8), 3.05 ml of H2O, 50 µl of 10% SDS, 25 µl of 

10% Ammonium Persulfate (AP), and 5ul of TEMED.   The resolving gel is casted first, 

then a layer of water is added on top to demarcate the end of the polymerization, and 

then the stacking gel is casted on top.  The comb is then placed on the stacking gel to 

mark the wells for the samples.   

4X Loading Stock Solution – To make the 4X stock, 2ml of 0.5M TB (pH 6.8), 0.31g of 

DTT, 0.4g of SDS, and 0.002 g of 0.2% Bromophenol Blue, and 2 ml of Glycerol are 

mixed in a 15 ml conical tube.  To make 1X from 4X stock, the loading buffer is diluted 

1:3 times with the sample in RIPA buffer.  The final 1X concentration for the loading 

buffer reagents are 50mM Tris-HCl, 0.1M DTT, 2.0% SDS, 0.01% Bb, and 10% 

Glycerol.    

Preparation of Lysis (RIPA) Buffer – (50mM Tris-HCl, 1% NP-40, 0.5% deoxycholic 

acid, 0.1% SDS, 1mM EDTA, and 150 mM NaCl).   

Making the TBST – The final solution of TBST contains 10mM Tris-HCl, 100 mM NaCl, 

and 0.2% Tween 20.  These solutions are prepared directly from the stock chemicals as 

followed: 1.2 g of Tris-HCl mixed with 5.8g of NaCl and 2ml of Tween 20 all added into 

ddH2O to 1000 ml and pH adjusted to 7.4.  

Protein Gel Electrophoresis –The first step in the procedure involves running the gel in 

Tris-glycine electrophoresis buffer (pH 8.3) at 70V for about 15 minutes, then at 130V 

for 2 hours or until the purple/bluish mark from the bromophenol blue reaches the 

bottom.  The Tris-glycine buffer is prepared with 0.025 M Tris, 0.1 M glycine, and 0.1% 



 

75 
 

SDS.  Running the gel at a lower voltage prevents the high electric shock to disrupt 

some of the most sensitive proteins.  As the SDS-coated (negatively charged) proteins 

migrate towards the positive end of the gel, they are compartmentalized in holes formed 

by a mesh of bis-acrylamide polymers in the gel.  The holes are proportional to the size 

of proteins.  Proteins of bigger size will remain stuck on top of the gel.  The Precision 

plus Protein Standard (dual color) from BioRad is also used to determine the molecular 

size of our protein of interest.  Proteins in the gel are then transferred onto a pvdf 

membrane for further testing with the antibody.   

Protein transfer  (part 1)– The transfer of proteins into a membrane involves making a 

“sandwich” system with the gel containing the protein samples; as well as the 

corresponding pvdf membranes and filter pads, made out of nylon sponge, placed on 

either side of the gel.  This system runs in an electro-active solution (Tris-buffered saline 

+ Tween20 or TBS-T) in ice and in the cold room in order to transfer the proteins onto a 

membrane with minimal disruption to the protein structures.   

Protein transfer (part 2)– Preparing for the protein transfer procedure requires wetting 

the PVDF membrane in 100% methanol for 30 sec and then placing it inside a chamber 

with the transfer buffer.   The filter pad, as well as the transfer apparatus and the gloves, 

are also soaked in transfer buffer.  The “sandwich” is set up so that the positively charge 

side is underneath the membrane holding the protein gel on top.   The use of filters 

prevents leakage of proteins outside of the membrane.  The filter pad is placed first, 

followed by the PVDF membrane, the protein gel, and another filter pad on top.   For 

every layer of material added onto the system, a cylindrical tube is used to flatten out 

the transfer units so as to avoid the formation of air bubbles.  Once the system is 
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constructed, a 25 V current is produced overnight for the proteins to transfer onto the 

pvdf membrane at 4oC. The transfer apparatus is disassembled, and the pvdf 

membrane is taken to wash in a dish with multiple washes of H2O.   

Protein Visualization – Ponceau S stain from Sigma is used to stain the membrane and 

visualize the transfer of proteins in the following way.  The membrane is immersed in 

sufficient Ponceau S Staining Solution and stained for 5 minutes.  The membrane is 

then rinsed with distilled water until the background is clear.  

Clearing of the Ponceau Stain – After proteins are visualized, the membrane is rinsed in 

an aqueous solution of 0.1M NaOH.   The membrane is then rinsed with running 

distilled water for 2-3 minutes, and is ready to be used for immunological detection.  A 

pencil is used to mark over the bands from the marker lane to ensure the proper 

location of the molecular sizes.  The excess of membrane is trimmed away and rinsed 

for 5 minutes in PBSt buffer.  

Antibody Incubation – The membrane blot is incubated in 1:500 of the P. Tech primary 

Antibody overnight in the cold room on a shaker.  The final volume (greater than or 

equal to 2 ml) is prepared so that it would sufficiently immerse the membrane in solution 

and prevent drying out the membrane.  The chamber of incubation is covered with an 

aluminum foil to prevent evaporation.  The following day, the blot is rinsed with 3 

changes of TBS-tr (2X 5 min, 1X 15 min) on a shaker.   The membrane is then 

incubated with anti-rabbit 2nd Ab conjugated with HRP with the optimized dilution of 

1:2000 in blocking buffer.  This is incubated for 1 hour at room temperature on a shaker 



 

77 
 

with sufficient volume to cover the membrane and prevent it from drying out.   The blot 

is then rinsed with 3 change of PBSt (2X2 min, 1X15 min) on a shaker at high speed.    

Film Developing – The film developing procedure is done inside a dark room following 

regular lab protocol with a filtered film box in the dark.  Basically, the Super-Signal West 

Dura Extended Duration Substrate from Thermo Fisher is first prepared with 1:1 ratio of 

the solution A and solution B in the kit just prior to its use.  The transfer membrane is 

transferred onto a plastic sheet and the prepared ECL mixture is added onto it and 

allowed to react for 5 minutes, making sure not to let any part of the membrane dry out.  

The membrane is then covered with the same plastic sheet and taped inside of the 

developing cassette.  An absorbent tissue is used to remove excess liquid and press 

out any bubbles from between the blot and the membrane filter.   

Membrane Stripping – The membrane is stripped with a mild stripping buffer (pH 2.2) 

consisting of 15 g glycine, 1g SDS, 10ml Tween 20.  The process followed for stripping 

the membrane is by discarding the solution in between each of the following steps: 10 

minutes incubation, 10 minutes PBS, 10 minutes PBS, 10 minutes PBS, 5 minutes 

TBST (0.1%), and 5 minutes on TBST (0.1%) again.   

Protein quantification results – Changes in the protein levels of NINJ2 are quantified 

using the ratio of the relative densities of the signals in the western blots.  The raw data 

from ImageJ along with details of the normalized relative density (NRD) calculation and 

t-test results are shown below.   
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