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Project Objective

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

replaces current technology with next generation technology.

CURRENT TECHNOLOGY NEWTECHNOLOGY




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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Microchip & DNA Encapsulation

H ypotb esis

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

plate compartments with water droplets?

Droplets



Serine pro

Serine Protease Family

teases are a group of enzymes that catalyze the hydrolysis of

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

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.

* 50ends can be linked with;

U Amino acids
U Fluorescent dye
U Biotin Tags
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PCR and Biotinylated DNA

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

Trypsin Trypsm
@ Biotin tag Biotin Tag
Reverse primer
Reverse primer
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Peptide chain Peptide chain

t e d Biotin tag




Gel Electrophoresis

* Gel Electrophoresis is a technique used to separate DNA molecules by their known
molecular weights.

* 30 ML PCR reactions

* EtBr — used for visualization

* 1.5% gels, 120V 20mins

1KB MW Ladder Synthesis of TgWELR Dilution post PCR cleanup

10000 ~Lane I :‘;:L'ane 2 Lane 1 Lane 2 Lane3

?KB Eaddas 1KB Ladder  (-)CTR (H)CTR

1 pg/ul ,TgWELR




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.

* Aftinity for streptavidin and biotin.
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Trypsin Digestion
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Phenol Chloroform Extraction

* 1.7mL Microcentrifuge tube

* Phenol/Chloroform

- removes organic reactants




Biotinylated DNA can be immobilized to

avidin coated beads and PCR amplified .
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Optimization Experiment; TSWELR digestion

12 3456 7 8 9101112131415 RESRUDGLIC/EYNE
A - no recovered DNA

B;- 10X Tn @ 37°C
B - no recovered DNA
Cy - No enzyme (@ 37°C
C - no recovered DNA
Dy - 100X Tn @ R.T.
D - recovered DNA X
E;- 10XTn @ R.T.

B (-) + E - no recovered DNA
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Beads and Droplets : TSWELR

' Lane 3 — 1pg/uL
PSS S 6/ 8 09 10 1112 13 NEsnss

Lane 4 —5pg/uL
Lane 6 —25XTn

Lane 7—50XTn

Lane 8 — 100X Tn




Conclusion

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

TgWELR (+) CTR TgHELY (-) CTR
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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.

. Water 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, H,O,IPA.
Nitrogen gas is used to dry off chips/slides.

6)  Chips and slides are treated with H,0,

and HCl solution to produce a smooth

hydrophilic surface in preparation of

CHIP
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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.

. p}ates are placed in the incubator (@
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Purification ‘

Lyze
Meutralize

* Resuspention of cell pellet in

RNAaseA solution. s
* Lysis buffer added to disrupt
phospholipid bi—layer. i
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* Neutralization of the rxn.

=

requires high salt concentration et
for DNA to bind to the frit and
for proteins to conjugate together
(GuHCl and KOACc).

* GuHCl main reagent in
neutralization and binding buffer. 7 7 @

. . . High-purity High-purity High-purity High-purity
. washed with GuHCI : ' i '
Frlt ls aS e lt uH plasmid DHA phasmid DA plasmid DNA phmmid DA
12 minipreps — 26 min 12 minipreps — X min 24 minipreps — 25min 24 minipreps — 20min 48 minipreps — 35 min
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Trypsinogen Y Trypsin

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.

trypsinogen

Enterokinase sequence removed

upon activation
A

-X-Asp-Asp-Asp-Asp-Lys-'-Not Proline-X-




