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Figure 5.38.  A) Raman spectra were baseline corrected using a 5
th

 order polynomial 

with the Vancouver Raman Algorithm.  B) The extracted Raman signal after baseline 

correction.  

 

 

Figure 5.39.  Surface-enhanced Raman spectroscopy (SERS) enhances the spectral 

signature of myofibers mounted on nanostructured gold-slides when compared to 

myofibers mounted on glass slides. 
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Figure 5.40.  Average control, claudicating, and CLI patient SERS.  
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Figure 5.41.   Eigenvalues of partial least squares factors.  The first six PLS factors 

account for most of the variance (>75%).   
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Figure 5.42.  Partial least squares regression model using six PLS factors was able to 

predict patient ABIs with a correlation coefficient of 0.99 and 0.85 in training and full 

cross validation, respectively.   

  

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 0.2 0.4 0.6 0.8 1 1.2

P
re

d
ic

te
d

 A
B

I 

Actual ABI 

Training

Cross-Validation

Linear (Training)

Linear (Cross-
Validation)

R=0.99 

R=0.85 



155 

 

 

Figure 5.43.  Partial least squares regression β coefficients.  
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Figure 5.44.  PLS factor scores plot.  A) PLS 1 and 2 grouped and separated control 

patients from claudicating and CLI patients.  B) PLS 1 and 3 separated claudicating and 

CLI patients.  These three PLS factors in a discriminant analysis with cross validation, 

classified patients with 100% accuracy.    
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CHAPTER 6 :  SUMMARY AND RECOMMENDATIONS FOR FUTURE 

RESEARCH 
 

6.1 SUMMARY 

Peripheral arterial disease (PAD) is a vascular disease characterized by stenosis of 

the non-coronary arteries caused by fatty deposits and plaque buildup, known as 

atherosclerosis (Hirsch et al., 2006).  It is estimated that PAD affects approximately 8-10 

million Americans and produces a considerable public health burden (Norgren et al., 

2007; Hiatt et al., 1995).  PAD is a slowly progressive disease that develops over many 

years and becomes more common as one gets older.  The number of affected Americans 

is expected to increase as the population of elderly persons continues to increase 

(Feinglass et al., 1999; Allison et al., 2007).  The pathophysiology of PAD is complex and 

involves changes occurring on multiple levels, such as reduced blood flow, altered 

metabolic processes, and skeletal muscle degeneration.  PAD affects a large range of 

arterial beds, with most occlusions occurring in the arteries of the legs, pelvis, and 

abdominal aorta causing reduced blood flow to the lower extremities.  In the past it was 

presumed that the manifestations of PAD were solely due to the atherosclerotic blockages 

and reduced blood flow to the limbs.  However, the end-organ effects, due to PAD, are 

more complex than what can be explained by the mismatch of blood flow and oxygen 

demand (Hirsch et al., 2006).  There is a myopathy that occurs secondary to the vascular 

disease producing progressive accumulation of ischemic injury to the lower limbs that is 

reflected in a degradation of the lower limb musculature (Pipinos, et al., 2008).  The 

repeated cycles of ischemia followed by reperfusion trigger inflammatory responses, 
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compromise cellular bioenergetics, and generate reactive oxygen species (Pipinos et al., 

2008).   

In this dissertation morphometric determinants, biochemical (mechanisms-based 

biomarker expressions), and spectral (Raman scattering) parameters of myofibers, in slide 

specimens of needle biopsies of the gastrocnemius, were used to characterize PAD 

muscle degeneration.  This contribution to PAD muscle degeneration research is 

significant because it may provide a basis for advances in both therapeutic intervention 

and improved monitoring of disease progression and clinical treatment interventions of 

PAD. 

 

6.1.1 Objective 1 – Morphometric analysis of PAD muscle  

This objective focused on characterizing the histology of PAD muscle with 

specific, quantifiable morphometric parameters of PAD and control myofibers.  A 

discriminant model, based on myofiber morphometrics, was developed and used to grade 

myofiber damage in the gastrocnemius of PAD patients.  In a small validation data set of 

28 patients, the model correctly classified CLI, claudicating, and control patients with 

88.8%, 77.7%, and 80.0% accuracies respectively, yielding an overall accuracy of 82.1%.   

Among the predictors, for the discriminant model, fiber density, variation of 

solidity, and roundness, had the most weight in the discriminant model.  Low fiber 

density reflects advanced injury characterized by fibrosis and deposition of adipose 

tissue.  This measurement quantifies the endomysial (in between myofibers) and 

perimysial (around myofascicles) thickening that occurs with increasing muscle damage.  
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Roundness appears to represent myofiber degeneration and/or necrosis associated with 

loss of sarcolemmal integrity and characterized by myofiber swelling.  

The discriminant scores, from this model, provided an index of disease severity in 

the patient limb musculature.  This grading index was a robust first step towards 

quantifying the progression of degeneration in the PAD leg. Claudicating patients with 

higher discriminant scores had more myofiber damage, similar to that of CLI patients.  

The higher the discriminant scores the higher the muscle degeneration.  This information 

may be used as a marker to identify and stage claudicating patients that may be prone to 

deteriorate to CLI. Clinicians may therefore consider more aggressive treatment for these 

patients.  Claudicating patients with lower discriminant scores had less myofiber damage 

and may be considered for different treatment.  Similarly, a grading index (coupled to 

clinical findings) may help clinicians choose the CLI patients that may be better served 

by revascularization, amputation or non-operative management. These findings will help 

advance the understanding of how the leg as end-organ is being damaged in PAD and 

quantify accurately and in a patient-specific manner the degree and type of degeneration 

in the PAD limb.   

6.1.2 Objective 2 – Oxidative damage and morphometric analysis of PAD 

muscle 

The goal of this objective was to quantify oxidatively altered proteins (hydrazide-

reactive carbonyls) with mechanisms-based molecular biomarkers and mathematically 

model disease progression based on a combination of morphometrics and oxidative 

damage.   PAD produces a progressive accumulation of ischemic injury to the limbs that 

is reflected in a gradual worsening in the microscopic morphology and oxidative stress in 
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the gastrocnemius (calf muscle).  This comprehensive discriminant model incorporated 

morphometric parameters of myofibers, oxidative damage in myofibers measured as 

protein carbonylation, measures of centrally located nuclei, and measures of clustering 

micro-fibers to create an improved discriminant model.  Biopsies were collected from the 

gastrocnemius with a Bergstom needle from PAD patients with claudication (n=19) and 

critical limb ischemia (CLI; n=20) and control patients (n=21).  The discriminant model, 

based on morphometric and oxidative stress parameters, was able to correctly classify 

clinical stages of PAD and control patients with an overall accuracy of 83.3% using a 

cross-validation procedure.  Myofiber morphometrics plus oxidative stress parameters 

provided a discriminant model that establishes a correlation between PAD progression 

and advancing muscle degeneration.  This model effectively separated PAD and control 

patients and provided a grading of muscle degeneration within clinical stages of PAD.  

6.1.3 Objective 3 – Raman spectral analysis of PAD muscle 

The work has demonstrated that surface enhanced Raman spectroscopy can be a 

powerful bioanalytical tool that is capable of detecting and correlating biochemical 

composition with patient ABIs and discriminating PAD clinical diagnosis.  Raman 

spectral biomarkers were identified and may be useful in complementing existing 

diagnosis and treatment monitoring methods of peripheral arterial disease (PAD).  

Muscle tissue biopsies of the gastrocnemius (calf muscle) were collected from 5 patients 

with clinically diagnosed critical limb ischemia (CLI), 5 patients with clinically 

diagnosed claudication, and 5 control patients who did not have PAD. A partial least 

squares regression (PLSR) model was developed and was able to predict patient ABIs 

with a correlation coefficient of 0.99 during training and a correlation coefficient of 0.85 
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using a full cross-validation.  When using the first three PLS factor scores in combination 

with linear discriminant analysis, the discriminant model was able to correctly classify 

the control, claudicating, and CLI patients with 100% accuracy, using a full cross 

validation procedure. This study demonstrated that Raman spectroscopy can be a 

powerful bioanalytical tool that is capable of detecting and correlating biochemical 

composition with patient ABIs and discriminating PAD clinical diagnosis.   Raman 

spectroscopy provides novel spectral biomarkers the may complement existing diagnosis 

and treatment monitoring methods of peripheral arterial disease (PAD).   

 

6.2 RECOMMENDATIONS FOR FUTURE RESEARCH  

 

Morphometric parameters, mechanisms-based molecular biomarkers of oxidative 

stress, and Raman spectroscopy analyses, of PAD muscle tissue showed promise as 

objective measures of muscle degeneration and methods for characterizing biochemical 

differences correlating to clinical stages of PAD.  Future research should be carried out 

with larger data sets to continue to validate and fine tune the models.  In addition, further 

development of multi-scale comprehensive models incorporating morphometrics, 

oxidative stress, Raman spectroscopy, and Fourier transform infrared spectroscopy may 

provide a more complete picture that more effectively models the biological phenomena.   

Fourier transform infrared spectroscopy (FTIR) is another powerful spectroscopic 

tool that is often useful for biochemical analytics.  Raman and FTIR spectroscopy both 

rely on vibrational energies of molecules for detection, but each method has different 

selection rules (Sasic and Ozaki, 2010).  In other words, molecules that produce Raman 
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spectral peaks generally will not appear in IR spectra and vice versa molecules that 

generate IR spectral peaks will not appear in Raman spectra.  These selection rules are 

useful because they make the two spectroscopic methods complementary to each other.  

Because FTIR and Raman spectroscopy are complementary the combination of these 

methods may provide a more complete biochemical profile of PAD muscle.  It would be 

very useful to combine these two complimentary techniques to further characterize 

biochemical alterations in PAD muscle tissue. 

Time resolved Raman spectroscopy may also prove to be a very useful analysis.   

Time series Raman spectra of freshly harvested muscle tissue incubated in an oxygen 

controlled chamber that cycles oxygen concentrations from resting to ischemic 

conditions, to simulate oxygen supply and demand in that occur in the body, may be very 

useful to examine in real time which Raman bands change shape. 

Raman spectroscopy can be further advantageous when it is coupled with imaging 

(i.e. mapping), which renders information rich Raman hyperspectral images.  Raman 

mapping is capable of identifying and constructing chemical maps of subcellular 

structures such as, the nucleus, cytoplasm, and mitochondria (Miljković et al., 2010; 

Bonnier et al., 2010).  Therefore, Raman spectral imaging (mapping) may be useful in 

providing insight into the biochemical spatial distribution of PAD myofibers and provide 

a visual of the biochemistry of PAD myofibers with respect to their neighboring 

myofibers.  Therefore, I recommend as a future aim to collect Raman spectral maps of 

PAD and control myofibers and evaluate the biochemical spatial distribution.  The 

successful completion of this future work may offer valuable insight as to where 

pathological changes occur within the muscle fibers.  This may be very useful to identify 
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group atrophy and provide insight as to how these pathological changes spread and affect 

neighboring muscle fibers.  For example, if a target legion is located and a cluster of 

fibers within a local neighborhood begin to become atrophic, these techniques may be 

able to examine biochemical changes occurring in the neighboring healthy muscle fibers. 

With high spatial and spectral resolution Raman mapping may prove to be a powerful 

technique for monitoring cellular physiology on a molecular level.  

As a long term goal I suggest the development of a Raman spectral probe that 

may be used minimally invasively.  A minimally invasive Raman spectral probe may 

useful in the detection of PAD muscle degeneration progression or regression in vivo and 

in situ, and may provide a great impact on disease management.   A minimally invasive 

Raman probe may be able to provide real time monitoring of muscle biochemistry during 

revascularization procedures or may be used to monitor progression or regression of 

PAD.   

 Further, the myofiber morphometric discriminant model showed promise in 

providing a grading index, to grade disease severity; however, one of the downfalls in 

this model is that it requires a biopsy from the patient.  The biopsy is minimally invasive; 

anytime we can get away from invasive procedures and in turn perform a noninvasive 

analysis the better.  Therefore, my suggestion is to further evaluate the potential of 

noninvasive imaging modalities that may be capable of capturing myofiber morphology 

in a noninvasive manner.  Noninvasive imaging techniques that can capture myofiber 

morphology offer the potential to improve patient specific diagnosis and improve 

treatment monitoring.    
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Among the potential imaging modalities that may be capable of measuring 

myofiber morphology in a noninvasive manner are micro-ultrasound and MRI.  A 

literature review article on ultrasound imaging and muscle limb function indicate that 

ultrasound imaging is capable of assessing components of muscle morphology (Walker et 

al., 2004).  However, ultrasound images are very noisy and at times may be hard to 

interpret.  Moreover, it may not be possible to image cross-sectional views of individual 

myofibers, although there are some literature reports that indicate high resolution micro-

ultrasound is able to resolve the micro-anatomy of myofibers (Walker et al., 2004; Van et 

al., 2009).  Despite these potential limitations, ultrasound may still be useful in collecting 

information that can be correlated to muscle damage.  

Physiological studies of patients with PAD indicate that there is a myopathy with 

mitochondrial dysfunction and oxidative damage to the muscle.  In addition to using 

protein carbonylation biomarkers, to measure oxidative stress, PAD injury could be more 

precisely quantified by incorporating more biomarkers.  Therefore, future research could 

also incorporate other biomarkers such as, 4-hydroxy-2-nonenal (HNE), which is 

produced during lipid peroxidation and appears in higher quantities during oxidative 

stress, ATP-synthase to measure for active mitochondria, ‘phosphatase and tensin 

homolog’ (PTEN) induced putative kinase 1 (PINK1) to stain for depolarized 

mitochondria, and signaling adaptor p62 to stain for ubiquitininated proteins that are 

marked for destruction. 
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CHAPTER 7 : APPENDICES: 
 

7.1 EXAMPLE MYOSIN AND SARCOLEMMA LABELING PROTOCOL USED 

IN CHAPTER 3 

Objective: Label myofiber myosin and sarcolemma for morphometric analysis of PAD 

and control gastrocnemius biopsies  

Rationale:   Preliminary work suggests that morphologic features of PAD myofibers may 

discriminate PAD and control specimens, and may correlate with disease severity.  

Design: 

 Slide specimens: 4 u sections of gastrocnemius biopsies from PAD patients and 

controls 

o Controls: 4 patients; H170, H171, H174 and H176 

o Claudicating patients: 4 patients; H168, H169, H175 and H180 

o Critical ischemia patients: 4 patients; H130, H135, H137 and H173 

 Deparaffinize slides with xylene 

 Hydrate slides to distilled water 

 Transfer slides to pre-heated epitope recovery solution 

 Set Pap pen windows  

 Apply goat serum 

 Incubate slides with a mixture of anti-Myosin I&II Abs (1hr) 

 Treat slides with Alexa Fluor 488 goat anti-mouse IgG (1hr) 

 Apply wheat germ agglutinin Alexa Fluor 350 (1hr) 

 Mount specimens in ProLong Gold and observe specimens with the Leica microscope 

 

Materials: 

 Slide specimens 

o Gastrocnemius biopsies 

o Specimens fixed in methacarn for 48 hours at 4
o
 C 

o Transferred to 50% EtOH at 4
o 
C 

o Paraffin embedded and sectioned at 4 u 

 AlexaFluor 350 conjugate wheat germ agglutinin, 1mg/ml: Molecular Probes           

cat # W11263, lot # 510811 
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 Anti-Type ‘1’ fiber: mouse monoclonal antibody; Sigma cat. # M8421, lot # 

115K4768, clone # NOQ7.5.4D; ascites fluid w/ 7.5 mg IgG/mL 

 Anti-Type ‘2 fiber: mouse monoclonal antibody; Sigma cat. # M4276, lot # 

026K4854, clone # MY-32; 7.8 mg IgG/ml 

 Alexa Fluor 488 conjugated goat anti-mouse IgG, 2mg/ml; Molecular Probes cat. # 

A11004,  lot # 745480 

 Antibody diluent: Zymed cat. # 00-3218, lot # 546892A, exp. 07-2010 

 Goat serum, 10%: Zymed cat. # 50-062Z, lot # 463107A, exp. 12-2009 

 Super Sensitive Wash Buffer: BioGenex HK583-5K, lot # HK5831208B 

 Tris: Invitrogen 15504-020, lot # 1140381 

 Dipotassium EDTA: Sigma ED2P, lot # 050K0247 

 Tween 20, Sigma cat. # P-7949, lot # 092K0051 

 Phosphate Buffered Saline, Invitrogen cat. # 14190, lot # 478900 

 Xylenes, Fisher cat. # X5P-1GAL, lot # 064546 

 Absolute EtOH, AAPER lot # 06H17WA 

 95% EtOH, General Supply, cat. # CP-3537 

 Methanol, EMD cat. # MX0475-1, lot # 43184328 

 Chloroform 

 Acetic acid, Fisher cat. # A38-212, lot # 053916 

 Hydrochloric Acid: Acros 423795000, lot # A0208645001 

 

Procedures: 

Prepare Tris buffer for epitope recovery 

 Tris base     1.45 g 

 Dipotassium EDTA   0.44 g 

 DdH2O     1200 mL 

 Adjust to pH 9.0 

 Tween 20     600 uL 

Deparaffinize and hydrate sections 

 Xylene, change ‘1’: 5 minutes w/ agitation 

 Xylene, change ‘2’: 5 minutes w/ agitation 

 Abs EtOH, change ‘1’: 3 minutes w/ agitation 

 Abs EtOH, change ‘2’: 3 minutes w/ agitation 

 95% EtOH: 1 minute w/ agitation 

 80% EtOH: 1 minute w/ agitation 

 DdH2O: 1 minute w/ agitation 

Epitope recovery  

 Transfer the slide to Tris buffer at 94
o
 C 

 Keep at 94
o
 to 98

o
 C for 30 minutes 

 Allow the Tris with slides to cool on the bench for 20 minutes 

 Transfer the slides to Super Sensitive Wash Buffer at room temp for 30 minutes with 

a stir bar (setting of 2) 
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Place a lipid frame on each slide 

 Tap off water 

 Dry glass, except for tissue area 

 Add a drop of buffer to tissue sections (keep wet) 

 Draw frame to include middle 1/3 of slide 

 Add buffer to the tissue sections 

 Transfer slides to the BioGenex slide rack 

 

Prepare the anti-Type I Myosin (10.0 ug/ml) plus anti-Type II Myosin  (10.4 ug/ml) 

mixture 

 9000 ul of antibody diluent (50 cc conical tube) 

 12 ul of anti-Type I Myosin  

 12 uL of anti-Type II 

 

Prepare Agglutinin (10 ug/mL) plus secondary antibody (20 ug/mL) mixture  

 8000 uL of antibody diluent (50 cc conical) 

 Centrifuge the wheat germ agglutinin solution (100 uL) and Alexa 488 goat anti-

MIgG (100 uL) in the Fisher Microfuge at a setting of ‘10’ for 4 minute, room temp 

 Collect 80 ul of each supernatant 

 Dilute supernatants up to 8000 uL (antibody diluent)  

 

Run the AutoStainer program 

 Bring all solutions to room temperature 

 Bring the slides to room temperature 

 

Program the AutoStainer for the HNE/Carbonyl Slides 

    Duration Repeats  Final rinses 

 Prewash 

 Buffer     4 min  5   2 

 Buffer     4 min  3   2 

 10% goat serum  20 min  0   1 

 Anti-myosin mix  1.5 hour 0   2 

 Buffer     4 min  2   2 

 WGA/Anti-M IgG  mix 1.0 hour 0   2 

 Buffer     4 min  2   2 
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Options: 

 Target middle 1/3 of each slide 

 Deliver 250 uL reagent 

 Inactivate the level sensor of the pipetting system 

 

Cover the tissue sections with ProLong Gold antifade medium 

 Avoid bubbles 

 Store slides at 5
o 
C 
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7.2 EXAMPLE PROTEIN CARBONLY LABELING PROTOCOL USED IN 

CHAPTER 4. 

Objective: Evaluate the morphometric and carbonyl content of the PAD and control 

muscle and attempt to decrease the signal with borohydride reduction. 

 Rationale:   Oxidative stress results in the formation of protein carbonyls.  We will 

evaluate the PAD and control oxidative stress by biotin hydrazide labeling of carbonyl 

content. 

Design: 

 Three slides per subject  

o A (Negative (-) Myosin & Negative (-) Carbonyl) 

o B (Positive (+) Myosin & (+) Carbonyl) 

o C (Positive (+) Myosin & (+) Carbonyl)  

 Slide specimens prepared:  (total 12 humans) 

o Control Patient:  H217; H52;H51 

o PAD -Moderate:   H215; H108;  

o PAD- Severe:    H229; H162; H139; H178; H185; H186; H184; H108; 

o Carry Through: Control (H217) and MOD (H215) and  SEV (H229) 

(Day 1) 

 Deparaffinize slides with xylene 

 Hydrate slides to distilled water 

 Transfer slides to Citrate pH 6.0 solution for epitope recovery 

 Heat the slides at the microwave at 65°C for 10 min 

 Cool slides and transfer to supersensitive wash buffer 

 Set Pap pen windows 

 Extensive washing of the slides  

 Perform avidin/biotin block 

 Perform biotinylation 

 Stabilize hydrazine bonds with cyanoborohydride 

 Store with PBS on tissues in hydration chamber in refrigerator 

(Day 2) 

 Label with Streptavidin-AlexaFluor 488 (Carbonyl Labeling)  

 Wash the slides and apply goat serum block (Blocks non-specific binding sites) 

 Label (primary) with myosin mixture Anti-Type I/II Myosin  

 Label negative slides with Mouse IgG (Isotype Control) 

 Label (secondary) Alexa 594 Goat Anti-Mouse IgG (Myosin Labeling) 

 Label AlexaFluor 647 conjugate wheat germ agglutinin (Sarcolemma Labeling) 

 Mount specimens in ProLong Gold (with DAPI) and observe specimens with the 

Leica microscope 
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Materials: 

 Slide specimens 

o Gastroc  

o Specimen fixed in methacarn for 48 hours at 4
o
 C 

o Transferred to 50% EtOH at 4
o 
C 

 Avidin/Biotin Blocking Kit, Zymed ref. # 00-4303, lot # 911665A rec.06/21/11 

exp.8/12 

 Biotin Hydrazide: CALBIOCHEM, cat# 203110, lot# D00092953, rec. 8/27/11, exp. 

NA, MW: 484.66 

 Streptavidin-AlexaFluor 488: Molecular Probes S32354, lot # 748200 (2 mg/mL) rec. 

6-24-11 exp. N/A 

 10% Normal Goat Serum, Invitrogen lot# 899064A, ref# 50062Z,  rec 02/22/11, 

opened 04/08/11 

 Anti-Type ‘1’ fiber: mouse monoclonal anti-myosin (skeletal, slow); Sigma cat. # 

M8421-.2ML, lot # 011M4813, clone # NOQ7.5.4D; ascites fluid w/ (9.4 mg 

IgG/mL) 

 Anti-Type ‘2 fiber: mouse monoclonal anti-myosin (skeletal, fast); Sigma cat. # 

M4276-.2ML, lot # 059K4787, clone # MY-32; (8.5 mg IgG/ml) 

  Mouse IgG, Vector Laboratories Inc., lot#W0301, (2000 mg/1000mL), rec 07-06-10.  

  Alexa Fluor 594, goat anti-mouse IgG (H+L), Invitrogen Molecular Probes A11032,   

lot# 870954, (2mg/mL) rec. 6-24-11 exp. N/A 

 Alexa Fluor 647 conjugate wheat germ agglutinin, (1mg/ml): Molecular Probes           

cat # W11263, lot # 880275 rec. 2/22/11 exp. 9/11 

 Prolong Gold antifade reagent with DAPI, Invitrogen, P36931, lot # 838018 rec. 2/11 

exp. N/A 

 Antibody diluent: Invitrogen cat. # 00-3258, lot # 813641A, rec. 12/1/10 exp. 12/11 

 Super Sensitive Wash Buffer: BioGenex HK583-5K, lot # HK5830311 rec.6/21/11 

exp. 03/13 

 2-Morpholinoethane sulfonic acid (MES): Sigma, M3671-250G, lot # 020M5421 rec. 

8/25/10 exp. N/A, FW: 195.20 

 Phosphate Buffered Saline (PBS):  (made in lab) 

 Ethylenedieminetraacetic acid (EDTA): Invitrogen, ED2P, lot# 050K0247 

 Tween 20, Sigma cat. # P-7949, lot # 109K01021 rec. 3/1/10 exp. N/A 

 Xylenes, Fisher cat. # X5P-1GAL, lot # 084827 

 Absolute EtOH, AAPER lot # 06H17WA  

 95% EtOH, General Supply, cat. # CP-3537 

 Sodium Cyanoborohydride, 95%; Aldrich cat. # 156159-10G, lot # rec. 23/2/11 MW: 

62.84 

 Sodium Chloride, Fisher cat. # S271-1 rec. 06/05 exp. N/A MW: 58.44 

 Sodium Hydroxide, Fischer cat. # S318-500, lot # 034906 rec. 10/3 exp. N/A MW: 

40.00 

 Hydrochloric Acid: Acros 423795000, lot # A0208645001 

 Dimethylsulfoxide (DMSO), Sigma; cat. # 8418-250ML; lot # 845961MV rec. 

02/23/11 exp. N/A 
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Procedures: 

Day 1 

1. Prepare Citrate buffer  for epitope recovery Comments: 

 Tri-sodium citrate dihydrate 

 DdH2O   

29.4 g 

1000 mL 

 

 Adjust pH to 6.0  

 Tween 20    

 Store in refrigerator 

 

500 uL 

 

 

 

2. Prepare MES Buffer (Biotinylation Buffer) Comments: 

 200 mL 

 3.99 g MES to 200 mL DDW 

 Adjust the pH to 5.5, with concentrated NaOH 

Solution is good for 1 week 

Sample Calc: If we wanted to just prep. 

50ml 

 

3. Prepare 0.01 M Na Phosphate w/ 0.85% NaCl (PBS) Comments: 

 DdH20                                           1000mL 

 Na2HPO2                                        0.719 g 

 NaCl                                               4.2 g 

 Na2HPO4                                           0.69 g 

 NaCl                                                4.2 g 

 

To 400mL Dibasic, add Monobasic to pH 7.2 

(Makes 1 Liter) 

Fill 2 large beakers with 500 mL DdH20 

Add .719 g Dibasic & 4.2 g NaCl to 1 

beaker, Add 0.69 g Monobsic & 4.2 g NaCl 

to the other 

 

 

4. Prepare Super Sensitive Wash Buffer  Comments: 

 DdH2O                                        1900 mL 

 SS Buffer                                    100 mL 

(Makes 2 Liters) 

 

Deparaffinize and hydrate sections 

 Xylene, change ‘1’: 5 minutes w/ agitation 

 Xylene, change ‘2’: 5 minutes w/ agitation 

 Abs EtOH, change ‘1’: 3 minutes w/ agitation 

 Abs EtOH, change ‘2’: 3 minutes w/ agitation 

 95% EtOH: 1 minute w/ agitation 

 80% EtOH: 1 minute w/ agitation 

 DdH2O: 1 minute w/ agitation 

 

Epitope recovery 

 Transfer the slides to citrate buffer in the container of the microwave 
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 Set microwave to 65°C for 10 min 

 Allow solution with slides to cool in the fume hood for 20 minutes 

 Transfer the slides to Super Sensitive Wash Buffer at room temp with a stir bar 

(setting of 2) for 30 minutes 

 

Place a lipid frame on each slide 

 Tap off buffer 

 Dry glass, except for tissue area 

 Add a drop of buffer to tissue sections (keep wet) 

 Draw frame to include middle 1/3 of slide 

 Add SS buffer to the tissue sections to keep hydrated 

 Transfer slides to the BioGenex slide rack 

 

Program & Run the AutoStainer  

 Duration Repeats Final rinses Comments 

 Prewash     

 Buffer 

 Buffer 

4 min 

4 min 

5 

3 

2 

2 

(Super Sensitive Buffer) 

(Super Sensitive Buffer) 

 Avidin 10 min 0 2 (Bind to native biotin) 

 Buffer 4 min 2 2 (S.S. Buffer) 

 Biotin 10 min 0 2 (Binds to 4 sites in Avidin) 

 Buffer 4 min 2 2 (S.S. Buffer) 

 MES 5 min 0 0 (Biotinylation Buffer) 

Options: 

 Target middle 1/3 of each slide 

 Deliver 250 uL reagent (if 2/3 of slide increase to 500 uL) 

 Inactivate the level sensor of the pipetting system    

 

Prepare Biotinylation Solution  

(Step1) Prepare 50 mM Biotin Hydrazide 

DMSO Solution 

 Comments: 

 DMSO (on shelf) 100 ul  (get two vials 1st dissolve Biotin 

in DMSO then add that solution 

to MES if crystals form 

―sonicate. 

(reacts with aldehydes & 

keytones & forms hydrozone 

bonds) 

 Biotin Hydrazide (in 

refrigerator) 

2.5 mg 

   

(Step2) 

Prepare 

Immediately 

prior to use 

Prepare 5 µM Biotinylation 

Solution 

 

 50 mM Biotin DMSO 

 (from step1) 

100 ul  

(stirred in warm water) 

(Yields 1 mL)  MES Buffer 900 ul 
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Biotinylation 

 Add 400 ul of Biotinylation solution to each slide 

 Incubate at room temperature for 1 hr in flat black slide box (fill bottom of box 

with plenty of DdH2O) 

 Wash slides with PBS in glass container with stir bar (setting 2) for 10 min. 

 

   

Prepare 15 mM Cyanoborohydride   

Comments: 

 PBS (in refrigerator) 250 ml 
(Mix under the Hood) 

(Yields 1 glass containers worth)  Sodium cyanoborohydride  

(in vacuum under the hood) 

0.24 g 

 

 

Stabilize the hydrazone bonds with cyanoborohydride  

 Tap off the biotinylation solution 

 Place slides in 250 ul of 15 mM cyanoborohydride in glass container 

 Incubate at room temperature with stir bar (setting 2) for 30 minutes 

 

Prepare for overnight incubation 

 Fill flat black slide boxes with DdH20 (enough to fully coat the bottom) 

 Dip each slide in PBS several times to wash 

 Place slides in slide box and flood windows with PBS 

 Store overnight in refrigerator 
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Day 2  Procedures: 

Prepare the Streptavidin-Alexa 488 (10 ug/ml): 

 Centrifuge the streptavidin in the Fisher Microfuge at a setting of ‘10’ for 4 minute 

 17.5 ul of Streptavidin  (put back in refrigerator when done) 

 3500 uL Ab Diluent  (1:200) 

 

Prepare the mixture Anti-Type I/II Myosin (10 ug/ml) 

 2000 uL of antibody diluent  

 2.5 uL of Anti-Type I (slow) Myosin (1:940) 

 2.5 uL of Anti-Type II (fast) Myosin (1:850) 

 

Prepare the Mouse IgG (Isotype Control) (5 ug/ml): 

 Centrifuge the mouse IgG in the Fisher Microfuge at a setting of ‘10’ for 4 minutes 

 2 uL of Mouse IgG  

 5000 uL Ab Diluent  (1:400)  

 

Prepare the Alexa 594 Goat Anti-Mouse IgG (10 ug/ml): 

 Centrifuge the Alexa fluor in the Fisher Microfuge at a setting of ‘10’ for 4 minute 

 20 uL of Alexa 594 

 4000 uL Ab Diluent  (1:200) 

 

Prepare Agglutinin Alexa 647 (1:100) 

 Centrifuge the wheat germ agglutinin solution in the Fisher Microfuge at a setting of 

‘10’ for 4 minute 

 Add  50 uL of the supernatant  

 2500 uL of Ab Diluent (1:50)  

 Notes: Vortex wheat germ agglutinin rigorous 3 times before use 
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AutoStainer 

Program the AutoStainer  

     Duration Repeats  Final rinses 

 Pre-wash 

 Buffer     4 min  2   2 

 Streptavidin 488  30 min  0   0 

 Buffer     4 min  2   2 

 Goat Serum  20 min  0   1 

 Myosin Mixture  90 min  0   0 

 Isotype Control  90 min  0   0 

 Buffer     4 min  2   2 

 Alexa 594    30 min  0   0 

 Buffer     4 min  2   2 

 Agglutinin   60 min  0   0 

 Buffer    4 min  2   2 

 

Options: 

 Target middle 1/3 of slides 

 Deliver 250 uL reagent per slide 

 Inactivate the level sensor of the pipetting system 

 

Runs the autostainer 

 

Mount the slides with ProLong Gold Anti-fade medium with DAPI 

 30 uL for each slide 

 

Store at room temp in slide folder 

 

 

Observe the slide specimens with the Leica system 

 

 

 

 

 

 

 


