Contents

Abstract ool sl it it R s e E e e S i

Zusammenfassung..

CONEEINES et i tnad s it i it i b as e st s s ix

List of Figures..

List of Tables TR AR L A S R e s xxi

List of Equations....
Chapter 1 INtroduCion ..........coccuiiiiiiiiiiiiiiit it e e e s c s s eeeae e 23
11 Haloalkane dehalogenases ... 24
111 Structure of Haloalkane dehalogenases O R N .24
112 Properties of HLDs: catalytic activity and substrate specificity..................... 25
113 Biotechnological applications of HLDs.............c.cooooiiiiiii. 29

1.2 Directed evolution of enzymes: library construction and screening strategies.............. 31
121 Conventional methods for enzyme selection and screening....................... 33

1.3 Droplet-based microfluidic technologies for directed evolution of proteins................. 37
131 Droplet generation:. &b natabivniiiiinn it e i 38

132 Unit operations.: -/ et il e e et e 2 30



Contents

133 Celliencapsulationin droplets ... i i R s R e e 42
134 Genotype/phenotype confinement: biocompatibility and droplet stability ............ 44
135 Biology in droplets: current droplet-based platforms for the directed evolution of
enzymes 45
14 wlhesis subject: & twie e s e B el e s e e
Chapter 2 Materials and Methods............cccccuuiiiiiiiiiiiiiiiiiiccciiieiee e aaneenes 49
21 Eluorescent pHindicatorss ¢ tiicd s vin Rl s el 49
2.2 Characterisation of fluorescent pH indicators..............ccocoviiiiiiiiiiiiiiicc e 51
23 Growth of £.coli and overexpression of DhaA31 ..o 51

2.4 Determination of enzymatic activity using £. coli cells overexpressed with DhaA31 (bulk)

51

2.5  Partition coefficient (LogP) measurements of TCP in HEPES /fluorinated oil systems 52

2.6  Droplet-based microfluidics ....

2.6.1 Fabrication:of microfluidic devices -t ool L e 53
26.2 General:microfluidiciproceduirest - 7 i e i el s e 54
26.3 Leakage tests: molecular exchange in droplets... 54
2.6.4 ""pH-leakage'’: droplet screening in delay lines................ccccoooooiiiiiii 56
265 iliCPsleakageion-chip: - =il i el i s D 56
Chapter 3 A fluorescence-based pH-sensitive assay for high-throughput screening of
haloalkane dehalogenases in microdroplets............cccccoeeiiiiereniienieneniie e eee e 63
371 Assayiprinciple 518 en Bl edee i S e s e e 563
32 Choice ofifluorescentiphliindicator. o Sl san cimi e viaic ool e s s 65
3.3 Assay development and optimiSation............c..ccoviiievioriiiirioreeieieeeeeeeieieieisean. 67

Contents

331 Matrix composition and reaction profileinbulk .o o0 0 67

332 Leakage tests: molecular exchange inidroplets i Wi e 71

333 Pip-GSH: a newly-designed pyronin-based analogue as an alternative to HPTS.. 79

3.34 Solubility characteristics of TCP: LogP measurements in buffer/fluorinated oil
systems 84

3.35 TCP leakage on-chip ... S e G T

34 Gonclusions: - = e L Sl L g

Chapter 4 A droplet-based microfluidic platform for the screening of haloalkane

dehalogenase activity

L Mpmaen. o G e B 89

4.2 91
421 Preparation of purified haloalkane dehalogenase DhaA31.......... . . . o)
422 Preparation of substrate 1.2,3-trichloropropane in fluorinated oil..... S gD
423

integrated with online fluorescence detection

Monitoring dehalogenase activity using the capillary-based microfluidic platform

.92

4.3 System calibration and data amalyss. oo 94

4.4 Results and discussion........ .. . e 95

441 Assessment of TCP leakage: == 0 0 sl 95
442 Monitoring haloalkane dehalogenase activity in surfactant-free droplets.............. 96
443 Effectiofisurfactant. - = L o0 s L s e gy

45  Conclusions™. ... 2.0 o e e o )
Chapter 5 Conclusions and Future Work. oo ool n e 103
5.1 Conclusionsiiiir e, v e o fecvaie o Su e e (1K)

i




Contents

5.2 Future Workett - oeiivt o B e e el e 105

Appendix .

References......... 135

AcknowledBEmMENLS ...........ooiiiiiiiiiiiii e 153

Curnculum Vitae:. /2 ot e e s e 155



