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Appendices

Appendix A -  Buffers and ELISA Solutions 
IX (100 mMj Phosphate Buffered Saline (PBS)
1) Combine the following in 1 litre of distilled water:

-  1.150 g Sodium phosphate dibasic heptahydrate (8.1 mM)

-  8.006 g Sodium Chloride (137 mM)

-  0.204 g Potassium phosphate monobasic (1.5 mM)

-  0.201 g Potassium Chloride (2.7 mM)

2) Adjust pH to 1.2-1 A

1.5 M Tris Buffered Saline (TBS)
1) Combine the following in 1 litre of distilled water:

-  8.80 g Sodium Chloride (137 mM)

-  3.0 g TRIS (tris (hydroxy methyl) aminomethane) Base (1.5 mM)

-  0.201 g Potassium Chloride (2.7 mM)

2) Adjust pH to:

-  7.4-7.6 with concentrated hydrochloric acid (HC1)

-  8.8 with concentrated sodium hydroxide (NaOH)

IX (100 mM) Tris Buffered Saline with TWEEN (TBS-T)
1) Add 500 pL Tween-20 (0.05%) to 1 litre of TBS.

2) Adjust pH to 7.4-7.6

4X Loading Buffer (Laemmli Buffer)

1) Combine the following:

-  2.0 ml of 1M Tris-HCl

-  0.8 g of SDS

-  4.0 ml of 100% glycerol

-  0.4 ml of 14.7 M (1-mercaptoethanol

-  8.0 mg bromophenol blue

2) Adjust pH to 6.8

3) Add water to a final volume of 10 mL.
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10X Running Buffer
1) Combine the following in 1 litre of distilled water:

— 30.3 g of Tris base

— 144.0 g of Glycine

— 10.0 g of SDS

2) Adjust pH to 8.3

Transfer Buffer

1) Add 200 mL of methanol to 800 mL litre of running buffer 

Lysis Buffer
1) Combine the following with a final volume of 10 mL:

-  300 pi 5M NaCl

-  50 pi 1M Tris, pH 8.0

-  1 mL Glycerol

-  8.45 mL nanopure water

-  100 pi 10% SDS

-  Protease inhibitor (one pellet)

2) Turn on heat block to 95°C.

3) Put on ice to keep buffer cold.

ELISA Solutions
ELISA Wash Buffer
1) Add 500 pL of Tween® 20 (0.05%) in 1 L of IX PBS

2) Filter sterilize and adjust pH to 1.2-1A

PDGF-BB ELISA Reagent Diluent
1) Add 10.0 g of BSA (1.0 %) to 1 L IX PBS

2) Filter sterilize and adjust pH to 7.2-7.4

Substrate Solution - ELISA Substrate Reagent Pack (DY999)
-  1:1 mixture of Colour Reagent A (H2O2) and B (Tetramethylbenzidine)

ELISA Stop Solution (2 N H 2 S O 4 )

-  Dilute 5.55 mL of 18 N H2SO4 with distilled water to a final volume of 50 mL
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Appendix B -  Isolation of Type I Collagen from Rat Tails
1) Thaw frozen rats tails in 70% ethanol for 1 hour

2) Use scalpel to cut off tip of tail and expose white collagen fibres. Using forceps pull 

out collagen fibres from tail and place in separate sterile dish.

3) Continue cutting rat tail in segments, exposing and pulling out fibres, ensuring to 

clean fibres of contaminating tissue.

4) At this point, fibres can be stored at -20 °C or proceed to collagen solution.

5) Weigh out 4 g/L of fibres (approximately 5 tails) and soak in 200 mL of 70% ethanol 

for 30 minutes with forceps.

6) Place fibres in sterile Petri dish and leave overnight in a tissue culture hood with UV 

light on to sterilize fibres.

7) Prepare acetic acid solution (1 mL of concentrated acetic acid in 1 L of distilled 

water) and filter sterilize.

8) Add 900 mL of acetic acid solution to collagen fibres in an autoclaved 1 litre flask 

with sterile stir bar. Place on stirrer in cold room (at 4 °C) for 4-7 days to dissolve 

collagen.

9) Centrifuge the solution at 11, 000 rpm (10, 000 g) for 2 hours at 4 °C with brakes on.

10) Collect supernatant in a sterile bottle and measure protein concentration using Sircol 

Collagen Assay (should be 1-3 mg/mL)

11) Collagen solution can be stored at this point at 4 °C.

12) To obtain collagen protein powder, freeze small samples (-10-15 ml) overnight in a - 

20 °C freezer and lyophilize for 1-2 days.
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Appendix C -  Cell Culture Protocols 
PROTOCOL: Isolation of Porcine Radial Artery Cells
Reagents:

-  Medium M199 (Sigma Aldrich, cat # M4530)

-  M l99 (500 mL) + 10% Fetal Bovine Serum (FBS) (50 mL) + 1% 

Penicillin/Streptomycin (P/S) (5 mL)

-  M199 (120 mL) + 0.08% Collagenase (0.0010 ± 0.0001 g) + 1% P/S (1.2 mL = 2 

x 600 pL) + 0.25pg/mL Amphotericin B (120 pL = 2 x 60 p) -  solution must be 

sterile (filter)

Equipment:

-  Biohazard Bags -  50 mL Culture tubes

-  Dissection tray -  Sterile Forceps

-  Instruments for dissecting -  Sterile petri dish

-  Scalpel handles and several #20 blades

How to get pig forelimbs:

1) Contact Sheri Van Lingen at CSTAR (x32358) Sheri.VanLingen@lhsc.on.ca and 

ask her if/when they will be sacrificing some pigs. Tell her you are interested in 

taking the forelimbs of those pigs (from the elbow down).

2) Leave a labeled cooler filled with ice in the dead animals room in Animal Care on 

the day of the pig surgery. Retrieve the following day and use tissues.

3) Make sure you have prepared enough of your solutions before picking up the 

forelimbs.

4) Make sure limbs remain on ice until you are ready to dissect out the radial arteries. 

Protocol:
To be performed outside the tissue culture hood

1) Dissect out radial arteries and place each into a tube containing approx 40 mis of 

Ml 99.

2) Remove arteries from the tube and place in a petri dish. Ensure extra fat tissues 

are removed before transferring dish into the tissue culture hood.

mailto:Sheri.VanLingen@lhsc.on.ca
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To be performed inside the tissue culture hood.
1) Mince arteries into 1mm3 pieces with a pair of forceps and a #20 scalpel blade.

2) Place pieces in a new tube containing 40mls of M l99 + 0.08% Collagenase + 1% 

P/S + 0.25pg/mL Amphotericin B solution.

3) Incubate at 37°C for 24 hours, inverting several times throughout the 24 hours.

4) Centrifuge culture tubes for 5 minutes at 1250 RPM.

5) Remove supernatant leaving arteries pieces at the bottom.

6) Plate individual tissue pieces on 3-100mm2 dishes with lOmls of M l99 + FBS + 

P/S.

7) Monitor for cellular outgrowth and remove tissue pieces once sufficient 

outgrowth has occurred (Approx. 7 days)

PROTOCOL: Thawing Porcine Radial Artery Cells
1) Warm media (DMEM + 10% FBS + 1% P/S) in water bath (35°C, temperature is 

critical), sterilize using 70% ethanol and place in tissue culture hood

2) Remove frozen cryotube from -80°C freezer

3) Warm cryotube in water bath (35°C, temperature is critical) until mostly thawed 

(some ice crystals should be visible)

4) Wipe down cryotube with 70% ethanol before placing in tissue culture hood

5) Use the large (blue) micropipette to transfer the contents of the cryotube (lmL) 

into a 15mL Falcon tube

6) Quickly add approximately 9 mL of media to tube

7) Centrifuge tube for 5 min. at 1250 RPM

8) Remove tube and use glass pipette to suction out as much of the supernatant as 

possible, leaving the entire pellet (cells) at the bottom

9) Add 9 mL of media to the tube

10) Resuspend the pellet my continuously pipetting and dispensing the media.

Be careful not to spill the media while doing this as the tube cannot accommodate 

all o f the liquid and the volume displaced by the pipette.

11) Transfer all of the contents from the tube into three 100mm2 dishes (3 mL/dish)

12) Add 7 mL of media to each dish and incubate at 37°C, 5% CO2
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PROTOCOL: Counting Cells Using a Hemocytometer
1) Clean hemocytometer and cover slip using a kim wipe and 70% ethanol

2) Use pipette to extract 20 pL of cells in solution (after re-suspending them post

centrifugation)

3) Insert 20 pL into well next to coverslip (direct towards centre of plate)

4) Count areas 1 - 4  (Include cells on top and right-hand border of each area)

To calculate the number of cells/well:

Average cell = (# cells in areas 1-4) x 104
4

Volume/well = Number of cells/well 
Average # cells

PROTOCOL: Fixing and Staining of Radial Artery Cells on Scaffolds
1) Remove media from wells and wash with PBS.

2) Fix using a 10% Formalin solution (3.7% formaldehyde in PBS) for 10 minutes. 

Wash with PBS and repeat two more times.

3) Prepare mounting media with 500 pL of Vectashield and 500 pL of Hoechst 

33342. Vortex to ensure proper mixing.

4) Using sterile forceps gently remove scaffolds from holder and place onto sterile 

microscope slide.

5) Add -100 pL of mounting media onto scaffold and top with sterile cover slip.

6) Allow to settle for 10 minutes then image. Can be stored at 4 °C and imaged later.
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Appendix D -  Theoretical Protein Loading Calculations
These are sample calculations using a 12 wt% PCL in TFE solution for the shell, and 10 

mg/mL BSA with 20 wt% PEG in PBS for the core. Assumptions made in calculations 

are: spinning time is constant for both inner and outer pumps and the mass ratio is 

constant throughout scaffold.

PCL PEG BSA
Flow Rate (mL/hr) 0.3 0.1 0.1
Concentration (mg/mL) 120 200 10
Mass (mg/hr) 36 20 1
Total Mass (Assume 1 hr) 57

Fraction Scaffold Mass 0.6316 0.3509 0.0175
Percent Scaffold Mass (%) 63.16 35.09 1.75

Example: Scaffold mass = 5 mg
Mass (mg) 3.158 1.754 0.0877
Mass (ng) 3158 1754 87.7
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Appendix E -  Bradford Assay and Standard
The Bradford assay is protocol used to determine the amount of protein in sample using 

its absorbance, and is calculated according to Beer’s law, A = sic, where 1 is the path 

length (1 cm), e is the molar extinction constant and c is the concentration (pg/mL). This 

experimental setup is for a 96-well plate with a final volume of 200 pL.

1) Prepare BSA protein standards according to the following chart:

[BSA]
(pg/mL) Voi. Standard1 (pL) Voi Buffer2 

(pL) Voi Dye3 4 (pL)

0 0 160 40
0.5 10 150 40
1 20 140 40
2 40 120 40
4 80 80 40
6 120 40 40
8 160 0 40

'Standard is 10 pg/mL BSA 
2Buffer is IX PBS
3Dye is the Bradford Reagent, Coomassie Brilliant Blue G-250

2) Create a standard curve by measuring the absorbance at 595 nm and plotting 

absorbance as a function of time.

Bradford Standard Curve

3) Perform a linear regression, and derive formula to solve for unknown concentration 
from absorbance.

4) Measure absorbance of samples and solve for the concentration.
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Appendix F -  Enzyme Linked Immunosorbant Assay (ELISA) Protocol 
ELISA Protocol for PDGF-BB 

Step 1: Coat

Capture Ab (840925), 0.4 pg/mL in PBS (IX)

For one plate, 61.11 uL of 72 pg/mL Capture Reagent in 10938.89 uL PBS (11 mL total), 

dispense 100 pL/well. Cover plate with parafilm and incubate at room temperature 

overnight (or in fridge up to one week). Wash 3X -  Wash buffer, 400 pL per well

Step 2: Block

Reagent Diluent 300 pL per well. Incubate at room temperature for one hour. Wash 3X -  

Wash buffer, 400 pL per well

Step 3: Standards and samples

Dilute standards and samples in Reagent Diluent

Standard curve serially diluted (2-fold) from 2000 pg/mL, for 1 plate 12 pL of 110 

pg/mL PDGF-BB (840927) in 648 pL Reagent Diluent. Dilutions are done in 

polypropylene plate and then transferred to polystyrene plate, 100 pL/well 

Incubate at room temperature for two hours. Wash 3X -  Wash buffer, 400 pL per well

Step 4: Biotinylation

Detection Ab (840926), 400 ng/mL in Reagent Diluent

For one plate, 61.11 uL of 50 pg/mL Detection Antibody in 10938.89 pL Reagent 

Diluent (11 mL total), dispense 100 pL/well. Incubate at room temperature for two hours 

Wash 3X -  Wash buffer, 400 pL per well

Step 5: Biotin dectection

Streptavidin -  HRP, (890803), 1:200 dilution in Reagent Diluent

For one plate, add 55 pi of HRP Streptavidin to 10.45 mL Reagent Diluent (11 mL total), 

dispense 100 pL/well, Incubate at room temperature for 20 minutes. Wash 3X -  Wash 

buffer, 400 pL per well
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Step 6: Colour development

TMB kit, (R&D DY999 - in fridge), mix 5.5 mL vial A + 5.5 mL vial B, use immediately 

100 pL per well, Incubate for 20 minutes

Step 7: Stop

2N H2SO4, add 27.75 mL 18N H2SO4 to 225.25 mL dt^O (in acid cabinet)

50 pL per well pipetted in the same order as previous step. Read plate immediately

Step 8: Read

Microplate reader at 450 nm and at 540 or 570 nm (to subtract for correction)

Zero - read blank wells and set average value to first well

Step 9: Plot

Plot the absorbance difference (ABS450 -  ABS570/540) against known concentration using a 

four parameter logistic plot. Calculate concentration from sample absorbencies.
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Appendix G - SDS-PAGE and Western Blotting 
Total Protein Collection
Procedure:

1. Prepare fresh Lysis Buffer and put on ice.

2. 500 pg of each solid collagen was dissolved 400 pi of the lysis buffer.

3. Homogenized the samples with tissue homogenizer (Ultra Turrax T25 

homogenizer, IKA Laboratory Equipment) for 2-3 minutes each

4. Sonicate the samples on ice (Model 500 Dismembrator, Fisher Scientific) for 20s 

total (in pulses of 5s on 2s off) at 30% amplitude.

5. Finally, heat the samples to 95 degrees C for 3 minutes to get all collagen into 

solution.

SDS-PAGE
Preparation:

1. Ensure all required buffers are made and are still good.

2. From the BCA protein counts, work out how many pi of sample must be loaded to 

load 50pg of protein.

3. Determine the size of proteins that will be probed for and decide what % of 

acrylamide is required for best resolution of those size proteins.

Procedure:

1. Take out protein samples and size standard to thaw on ice.

2. Clean Glass plates and combs. Clean and wipe plates with Windex, rinse residue 

with distilled water, and finally wipe clean with 70% alcohol. Wipe combs with 

alcohol to remove any old acrylamide.

3. Assemble gel apparatus as per manufacturer’s instructions.

4. Prepare 1.5% APS fresh (0.15g per lOmL water)

5. Prepare lOmL Separating Gel per apparatus used

Component 6% gel 
(>100kDa)

8% gel 
(60-100kDa)

10% gel 
(40-60kDa)

1.5M Tris, pH 8.8 2.5 mL 2.5 mL 2.5 mL

10% SDS 200 pi 200 pi 200 pi
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30% Acrylamide mix 2.0 mL 2.7 mL 3.3 mL

Autoclaved H2O 4.64 mL 3.93 mL 3.33 mL

1.5% Ammonium Persulfate 655 pi 655 pi 655 pi

TEMED 5 pi 5 pi 5 pi

* mix solution gently by inversion before adding APS and again before adding 
TEMED. Invert gently a few times before pipetting between glass plates. Ensure 
0.1% SDS overlay is ready to be added immediately.

6. Quickly add acrylamide solution between plates via pipetting to approximately Vi cm 

below where the comb will sit. On the Mini-Protean 3 this is just to the bottom of the 

green cross bar behind the glass plates.

7. Immediately and gently overlay the acrylamide with 0.1% SDS buffer.

8. Allow gel to set for 45 minutes to an hour.

9. During gel hardening, prepare the loading samples (on ice):

• Figure out which sample requires the most loading volume, and round up to the 

nearest multiple of 5. This volume figured is now the Loading Volume.

• Prepare loading samples by taking the volume from the stock tube required for 

50pg of protein (figured in Preparation step 2) and adding enough lx Loading 

Buffer (in fridge) to bring up volume to the calculated Loading Volume.

• Because the protein was boiled on collection it doesn’t need to be boiled now. If 

the protein has not been boiled yet it can be heated at 95°C for 5 minutes and put 

on ice now.

10. Once the Separating Gel has hardened, pour off the SDS overlay and wash the top of 

the gel with water. Tip casting stand on its side to drain water and blot out any 

remaining water with folded paper towel. Allow gel to air dry while preparing the 

Stacking gel.

11. Prepare the Stacking Gel (one 5mL preparation enough for two stacking gels):

83Op 130% acrylamide 

3.0mL autoclaved H2O 

63Op11.0M Tris, pH 68  

200pl 10% SDS
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* mix solution gently at this point and add the following reagents one at a time, 

mixing gently by inversion between additions.

332pi 1.5% APS 

8pi TEMED

12. Quickly add Stacking gel to the remaining space on top of the Separating gels. Set 

the combs in place without introducing bubbles to the gel and allow to harden for 20 

minutes.

13. Prepare 500mL of lx Running Buffer per 2 gels (i.e. 500mL per tank).

14. Measure out protein size standards as per manufacturer’s instructions (usually 5-10pl 

of stock standard per gel) and dilute with lx Loading Buffer to the same loading 

volume as samples.

15. Once Stacking Gels are set, pull out the comb carefully and wipe out any waste 

acrylamide (it may be necessary to wash out the wells with Running Buffer to get any 

excess acrylamide clear of the wells). Detach from the casting stand and wipe away 

any excess gel. Assemble into the gel apparatus according to manufacturer’s 

instructions. Fill inner tank with Running Buffer and check for leaks.

16. Load samples and ladders as far from the outside lanes as possible, loading lx 

Loading Buffer in any unused wells.

17. Place apparatus in tank and fill outside with remaining Running Buffer. Place lid on 

(check polarity is correct) and connect leads to power pack.

18. Run at 130V for as long as it takes for protein of interest (tracked by position of size 

standards) to be in the bottom half of the gel (usually about an hour).

19. During the run, cut lx nitrocellulose membrane and 4x Whatman filter paper per gel 

(size using spare plates or sponges). Prepare 1L lx Transfer Buffer (+20% methanol) 

per 2 gels and chill at 4°C.

20. Once the run is complete, pour ~500mL of Transfer Buffer into each of 2 trays. 

Using a dull pencil, label the nitrocellulose membrane. In one tray soak one sponges, 

3 filter papers and 1 nitrocellulose membrane (pre-wet this with water before placing 

in buffer). In the other tray place the sandwich apparatus with the black side down 

and place one sponge on the black side. Place one filter paper on top of the sponge.
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Take out the gel apparatus and empty Running Buffer into the sink. Rinse out the 

tank with tap water.

21. Disassemble gel apparatus and carefully separate glass plates (keep the gel on the 

larger plate). Use a razor or a blunt scraper to remove the stacking gel from the 

separating gel.

22. Place a soaked piece of filter paper onto the gel as it sits on the larger plate (without 

introducing air bubbles if possible). Invert the plate and gently use the blade/scraper 

to ease the gel onto the filter paper. Place the filter paper and gel (with the well side 

pointing to the top of the apparatus) onto the sandwich apparatus.

23. Place the soaked nitrocellulose onto the gel label side facing the gel. Cover with two 

more filter papers and the remaining sponge.

24. With a broken plastic pipette, gently roll out any air bubbles from the stack. Then 

clamp the sandwich together and place into the other tray of buffer (i.e. keep it wet 

while preparing other transfers). Repeat steps for all remaining gels.

25. Once all sandwiches prepared, place into transfer apparatus with the black side of the 

sandwich facing the black half of the apparatus. Replace the top (ensuring polarity is 

correct) and place assembled tank into a Styrofoam ice box.

26. Pack the tank in ice and fill ice box with water to halfway up the tank. Run the 

transfer for 1 hour at 75V (alternatively, transfer can be done at 30V overnight while 

stirring the buffer, but there is a risk of transferring small proteins right through the 

membrane).

27. Once transfer is complete, disassemble and toss everything except for the 

nitrocellulose membrane. Cut this to the imprint of the gel along the top and bottom 

and place in lx TBS. Two membranes can occupy the same dish of TBS, but cannot 

be facing each other (protein side must face out).

28. Once all membranes are collected, fill 3 containers with 1) Ponceau S solution, 2) 

Water and 3) TBS. Stain one blot at a time in Ponceau S (a few seconds is enough), 

then destain in water until bands can be seen. Note condition of the protein bands and 

apparent evenness of loading, and place blot in TBS to remove the stain.

29. Blots may be kept in TBS at 4°C for no more than 48 hours prior to Blotting.
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Western Blotting
Preparation:

1. Make lx TBS and lx TBS-T (TBS + 0.05% Tween-20)

2. Make enough 5% non-fat dried milk (NFDM)(in TBS-T) for 30mL per blot.

Procedure:

1. Pour off TBS storage buffer and add lOmL NFDM to block non-specific binding. 

Rock for 1 hour at room temperature (rock across width of the blot not the length).

2. Make a dilution of primary antibody in 10 mL NFDM solution as appropriate 

(starting dilutions usually found on product sheets).

3. After blocking completed, pour off blocking solution and add milk containing 

primary antibody. Rock for 1 hour at room temperature or overnight at 4°C.

4. After 1 hour, pour off primary solution and wash 4x 5 minutes with TBS-T.

5. Prepare appropriate dilution of secondary antibody (1:10,000 usually a good starting 

point) in 10 mL NFDM.

6. After final TBS-T wash, add secondary solution and rock for 1 hour at RT.

7. After incubation, wash 3x 5 minutes with TBS-T and lx 5 minutes with TBS.

8. During TBS wash prepare lOmL of Supersignal for every 2 blots (according to 

manufacturer’s instructions).

9. Pour TBS from half of the containers and add Supersignal solution. Rock 5 minutes. 

Once complete, pour TBS off the remaining half of the blots and pour in the used 

Supersignal solution (i.e. one lOmL preparation of Supersignal is enough to treat two 

separate blots). Incubate for 5 minutes

10. Immediately wrap the first set of blots in Saran Wrap to preserve Supersignal, while 

the second set incubates.

11. Once the second set of blots is ready, remove them from Supersignal (keep the 

solution though in case you need to rewet the membrane) and shake off the excess 

solution. Wrap immediately in Saran Wrap.
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Appendix H  -  Supplementary PEG Data
Absorbance Spectra of BSA Solutions Containing 

Increasing Amounts of PEG Present

♦  Inc BSA-No PEG Inc BSA - PEG 500 A Inc BSA - Inc PEG

Absorbance Spectra of PEG Solutions Containing

Influence of PEG on BSA Absorbance: Samples were analyzed using Bradford Assay 
to determine concentration of BSA detected. Only one data point showed a significant 
difference between the control (No PEG) samples with 500 pg/mL PEG (p = 0.0158). 
PEG solutions demonstrated no significant increases in absorbance without the presence 
of BSA. (Legend: Inc BSA -  Increasing BSA from 0-25 pg/mL, No PEG -  0 pg/mL 
PEG, PEG 500 -  500 pg/mL PEG, Inc PEG -  Increasing PEG from 0-400 pg/mL, No 
BSA -  0 pg/mL BSA, Constant BSA -  4 pg/mL).



86

Appendix I -  Preliminary ELISA Data
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Final, Improved ELISA Test Results for Validation 
of PDGF Core Solutions
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Comparison of ELISA DATA: Samples were analyzed using ELISA to determine 
sample concentration. As can be seen, initial results were only recovering ~50 % of 
PGDF purchased. After several troubleshooting efforts, sample concentrations and 
accuracy of ELISA was improved to ~ 80 % (Legend: QC -  Quality Control, PDGF- 
Sample, STD -  Standard, 500 - 4000 -  Concentration in pg/mL).
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Appendix J  -  IR Spectra for Multiple Collagen Samples

Transmittance

0.95



88

Appendix K - I R  Spectra for Hexafluoroisopropanol (HFIP)
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Image reprinted with permission for SDBSWeb: http://riodb01.ibase.aist.go.ip/sdbs/

(National Institute of Advanced Industrial Science and Technology, July 10, 2011)
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