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• The overall goal of my project is to create a protocol for protease engineering that 

replaces current technology with next generation technology. 

Project Objective

CURRENT TECHNOLOGY NEW TECHNOLOGY



.

Introduction to Microfluidics

• Is the process of controlling a liquids behavior within a microchip. 

•Water and Oil are pumped through a radial PDMS chip, engineered 

to produce picoliter-sized droplets. 
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20μm Diameter = 10μm Radius

Volume =

Volume   =   4 pico-liters

Paegel, B. M.; Joyce, G. F. Chem Biol 2010, 17, 717.



Microchip & DNA Encapsulation

Hypothesis 

• Can a microfluidic chip be used as an alternative method to replace micro 

plate compartments with water droplets?

Biological Cargo

Droplets



Serine Protease Family

Serine proteases are a group of enzymes that catalyze the hydrolysis of

covalent peptide bonds linking amino acids. Given the name, serine is 

responsible for the nucleophilic attack on the “α” carbonyl.  Three amino 

acids; histidine, aspartate, and serine are vital in maintaining  enzymatic 

activity. 

• Trypsin

• Elastase

• Chymotrypsin

Catalytic Site –

Serine, Histidine, 

Aspartate

Image by : http://chemistry.umeche.maine.edu/CHY252/Peptidase3.html



Trypsin

The catalytic triad in trypsin consists of 3 amino acid residues; Aspartate102, 
Histidine57, Serine195. Trypsin has high specificity for arginine and lysine which 
make it extremely reliable for protein digestion. Currently, trypsin is used as a 
enzymatic tool in Mass Spectrometry Based Proteomics to characterize unknown 
peptide fragments.   

Image by : edoc.hu-berlin.de

Lysine

Arginine



PCR Applications

• PCR(Polymerase Chain Reaction) - used in the lab to amplify minute concentrations of DNA. 

• PCR machines are engineered to heat a metal block at precise temperatures and time intervals.

• 5ᾳends can be linked with;
üAmino acids
üFluorescent dye
üBiotin Tags

• Denature temp. at 95 C.

• Anneal temp. ~ 68 C-60 C.

• Extension at 72°C

pET-45b

GENE



PCR and Biotinylated DNA

Biotin tag

Peptide chain 

Reverse primer

Trypsinogen DNA

Tag 1 : WELR (+) CTR Tag 2 : HELY (-) CTR

Biotin tag

R

Arginine

Peptide chain

Reverse primer Y

Biotin Tag

Tyrosine

Peptide chain

Reverse primer

òBiotinylatedDNAó

Trypsin
Trypsin



Gel Electrophoresis

1KB MW Ladder

Lane 1                          Lane 2

1KB Ladder
Lane 1                Lane 2              Lane3
1KB Ladder       (-)CTR           (+)CTR

1 pg/uL ,TgWELR

Synthesis of  TgWELR

Nanodrop ; 

88.7 ng/uL 

4KB

3KB

2KB

1KB 

500BP

10KB

500BP

1 KB

2 KB

Dilution post PCR cleanup

• Gel Electrophoresis is a technique used to separate DNA molecules by their known 

molecular weights. 

• 30 μL PCR reactions

• EtBr –used for visualization

• 1.5% gels, 120V 20mins



Beads and Droplets
Experimental approach

• Compartmentalized droplets provide High-Throughput Screening (HTS) macro-scale 
screening capabilities.
• Current limitations. 
• Pico-liter size droplets equal less volume and higher concentration of reactants per 
compartment.
• Affinity for streptavidin and biotin.

Pico-liter droplet

Dynabead

Streptavidin 
Binding Site

Biotin

Peptide chain

Tg DNA

Trypsin



Trypsin Digestion

• Sequence Grade Trypsin 

–Provided by Promega

òDNA isliberated from beadó

“TgWELR”

R

Dynabead

Pico-liter droplet

R

R

R

R

R

R



Trypsin Digestion

òDNA is not liberated from beadó

“TgHELY”

DynabeadY

Y

Y

Pico-liter droplet

• Sequence GradeTrypsin

- Provided by Promega



Phenol Chloroform Extraction

• Phenol/Chloroform

- removes organic reactants

AQ

Organic Phase

• 1.7 mL Microcentrifuge tube 

• NaOAc/EtOH Precipitation



Biotinylated DNA can be immobilized to 

avidin coated beads and PCR amplified .

1        2        3         4         5

(-)     (+)   Beads  Blank

1    2   3    4   5   6   7   8   9  10  11 12  13
(-) (+)      WASHINGS

1   2   3   4   5   6   7    8    9   B

(+)CTR –TgWELR 1pg/uL                       30µL rxns, 1µL input DNA

1KB

1 KB



Optimization Experiment;  TgWELR digestion

1  2   3 4   5   6   7   8   9  10 11 12 13 14 15 AB - 100X Tn @ 37°C

A  - no recovered DNA

BB - 10X Tn @ 37°C

B - no recovered DNA

CB - No enzyme @ 37°C

C - no recovered DNA

DB - 100X Tn @ R.T.

D - recovered DNA   X

EB - 10X Tn @ R.T.

E - no recovered DNA

FB - no enzyme @ R.T.

F - no recovered DNA

(-) +

AB A  BB B  CB C  DB D  EB E   FB F

1KB



Beads and Droplets :  TgWELR

1  2    3    4   5    6   7    8    9   10  11 12  13  14 15
(-)   +   +  W9  

Lane 3 –1pg/µL

Lane 4 –5pg/µL

Lane 6 –25X Tn

Lane 7 –50X Tn

Lane 8 –100X Tn

Lane 15 –1pg/µL 
JK (+) CTR

ᾜ

(-)  +(Empty 9-12)

1KB

1KB



Conclusion

• DNA was successfully recovered from TgWELR 
• Droplets provide an alternative screening method to compartmentalize biological 

reactants. 

1              2              3               4              5 1     2     3     4     5

1KB
(-)           (+)          B      Recovered DNA     

TgWELR (+) CTR TgHELY (-) CTR

1 KB

(-)  (+) B 

Recovered DNA
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Future Directions



Thank you.
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Device production and analysis

1) PDMS chips are made with  two main 
components; 10 parts base to 1 part curing 
reagent. Weight calculated with analytical
balance.

2) Reagents are mixed well and placed in a 
desiccator for degassing.

3) Mixture is then poured over the wafer 
mold and placed in a oven ~85 ̊C to cure. 

• Wafer mold –is designed using AutoCAD.  
4) Chips are cut into squares, and holes are 

punched using a .75mm biopsy tool.
5) Glass microscope slides and chips are 

cleaned using 2% SEQ soap, H₂O,IPA. 
Nitrogen gas is used to dry off chips/slides.

6) Chips and slides are treated with H₂O₂
and HCl solution to produce a smooth 
hydrophilic surface in preparation of 
bonding .

7) Chips and slides are washed, dried, and 
bonded together in a oven ~85 ̊C. When 
finished, the surface will be hydrophobic 
and ready for use.  

RADIAL CHIP

1% Bromophenol blue & TAE buffer 

used for testing



.

E.Coli Transformation

• pET-45 plasmid used to insert gene 
encoding for Tg.
• Cell line/strain
• plasmid contains: T7 promoter/ 
terminator sequence, RBS, MCS and 
carbicillin encoded gene for antibiotic 
resistance. 
• plasmid DNA integrates in  
competent cell line through cold/heat 
shock technique
• cells are spread onto to agar plates 
with pipette and sterile loop.
• plates are placed in the incubator @ 
37 ̊C for overnight colony growth.
• individual colonies are picked with 
micro pipette tip and ejected in LB 
broth for overnight scale up @ 37 ̊C.



òQIAprepó Plasmid 
Purification

• Resuspention of cell pellet in 
RNAaseA solution.
• Lysis buffer added to disrupt 
phospholipid bi-layer.
• Neutralization of the rxn. 
requires high salt concentration 
for DNA to bind to the frit and 
for proteins to conjugate together 
(GuHCl and KOAc).
• GuHCl main reagent in 
neutralization and binding buffer.
• Frit is washed with GuHCl 
solution and eluted with 10mM 
TRIS pH 8.3.



Trypsinogen ŸTrypsin 

Trypsinogen (Tg) wild type
• zymogen –inactive form of enzyme, Tg requires hydrolysis 
from enterokinase. Cleavage occurs at the C terminal end of the 
pro-peptide sequence DDDDK activates Tg → Tn. 
• Gene ~ 1 KB
• bovine trypsin (Tn) –efficient enzyme extracted from the 
digestive system of a cow.    

Image by Sigma Aldrich  

Image by virtuallaboratory.colorado.edu


