Table of Contents

1 Introduction.....

1.1 Microfluidics ...

1.1.1 Droplet Based Microfluidics.................

1.2 Fluorous continuous phase
1.3 Fluorosurfactants

1.3.1 Compartments-on-Demand............

1.4 Characterization of novel enzymes from genetic databases ...

1.5 SpeCifcraims canmimimssmmsisumasss

1.6 References ........

2 A Robotic Droplet Generator for High-Throughput Biological Experimentation ...
2. 1. IntrodUctionsssmmsusmnmmismhsimmssess s i

2.1.1. Compartments-on-Demand...............ccooviviiiininnn.
2.2 Carousel Robotic Platform for Compartment on Demand

2.2.1 COD System Overview......................

2.2.2 Carousel Construction ...

2.2.3 LabVIEW Interface for Controlling the COD Platform ..........

b2 LY Tt (o} ] T e ——

2.2.5 Continuous:PhaseiOilswmsmsvsmmns

2:216 Optical Setlipgsnnummsmmtaa s

2.2.7 Data Acquisition and Analysis .

2.2.8 Electromagnet Operation and Droplet Generation......

2.2.9 Calibration Experiment..............
2.3 Kinetics of B-Glucosidase....................

2.3.1 Introduction

2.3.2 Experimental Concept

2.3.3. Absorbance setup

4

13

17

22

422

2D

.24

25

20

30

3l

2.4 Platform for Precise Nanoliter Assay of Time-Dependent Steady-State Kinetics and Inhibition

241 Introduction ...

31

33

34

35

35



2422 Experimental Setup.................... B S e s e 36
243 Enzyme kinetics ... R s 4
2.4.4 Inhibition Studies ... .. T .| |
245 Conclusions.................. .42
2.5 References ... T e N N | |
20 APPENIR i s PR AT e e S I e BB
2.6.1 LabVIEW Program for COD Platform ... T O R T |
2.6.2 Microcontroller Code......... .. . . s STt R e e R TR e T
3 Novel Fluorosurfactants for Application in Droplet-Based Microfluidics............................. 49

3.1. Introduction.........

3.2 Experimental ... ... o

T B R U st s DR .56

3.2.2 Synthesis of PFPE-Jeffamine-PFPE Surfactant

3.2.3.1 Synthesis of PFPE-Jeffamine-FITC Surfactant 58
3.2.3.2 Synthesis of PFPE-Jeffamine-Rhodamine Surfactant 59
3.2.3.3 Synthesis of PFPE-Jeffamine-Biotin Surfactant 61

3.2.4 Analytical Techniques for Surfactant characterization

............................................... .63
3.2.4.1 Infrared absorbance SPRETOSCOPY oottt s s e 63
3.2.4.2 Dynamic light scattering .63

3.2.4.3 Thin Layer Chromatography Method for Synthesis of Fluorosurfactant

3.2.4.4 Fluorescence measurements
3.3 Results.........

3.3.3 TLC Monitoring system.

68

3.3.4 Smart Fluorosurfactants for Droplet Microfluidics................... /¢
3.3.4.1 Design of FITC-, Sulforhodamine 101- and Biotin-Functionalized Surfactants,..,......A..“.,....A.....A..,73
3.3.4.2 pH sensitivity of PFPE-Jeffamine-FITC Surfactant.... i 75
3.3.4.3 Temperature sensitivity of PFPE-Jeffamine-Rhodamine...,......“..,A..A..,.,....“.,,...A,.,...,..A,.,,,..A...,.....“. 77
3.3.4.4 pH Binding of Streptavidin-FITC to PFPF-Jeffamine-Biotin Surfactant....................... 78

3.4 Conclusions and Future Work ... M L SOOI D -

viii

.82

3.5 References ..

3.6 Appendix............

3.6.1 MALDI Measurements of Krytox FSH ................

3.6.2 SIMS Measurements of Krytox FSH and Fluorous Surfactants ...
3:6:3 Finctionalized SUHactants senmssompmnmns s s s vo sy,
3.6.4 PFPE-Jeffamine-FITC — pH Dependent Fluorescence ................c..cccoooiiiiiiiiiiii

4 A Microfluidic Platform for High-throughput Enzyme Kinetics with Temperature Gradient.

44, INErod UEtioNss ey smmermnurenmma s sop s s

84

80

.89

90

91

92

.94

4.2 Experimental Section...
4.2.1 Microfluidic device design and fabrication ............
4:2:2 Platformstrictirehsissrmmumsimiaemitimii st
4.2.3 Detection setup.............c.......

4.3 Temperature Gradient Platform - Results and discussion
4:3.1 Experimental Concept s snmummamnn i munmnngsme
4.3.2 Generation of temperature gradients.........

4.3.3 Droplet Fluorescence Tests .....................

94
95
96
97

97

.. 98

100

..102

4 L CoNClUSIONS sness st s i s e e Er s b idon

..103

4.5 References .

5 Conclusions and Future Outlook ::osissismismmsinmmanmassmmaissss s
5.1 Robotic Droplet Generator for High-Throughput Experimentation

5.2 Characterization of Novel Fluorous Surfactants................................

5.3 Microfluidic Platform for Studying Haloalkane Dehalogenases .................................

104

<105

105

106



