
Contents

ADStracb. onera roRee REDEEMAPIsdiii

Zusammenfassung...

 

Contentsciosix

List of Figures..

 

List of Tables а:xxi

 

List of Equations....

Chapter 1 Introduction... occ cnn cnn nanccnannne 23

11 Haloalkane dehalogenases eeeeee 24

111 Structure of Haloalkane dehalogenases ld d acces cake at .. 24

112 Properties of HLDs: catalytic activity and substrate specificity........................... 25

1.1.3 Biotechnological applications of HLDS............i 29

1.2 Directed evolution of enzymes: library construction and screening strategies.............. 31

1.2.1 Conventional methods for enzyme selection and screening ................................. 33

1.3. Droplet-based microfluidic technologies for directed evolution of proteins .................. 37

1.3.1 Droplet generation... ee Wenn 98

1.32 DnitopersHons |



Contents

1.3.3 Cell'encapsulation-in droplets: 2...een42

1.3.4 Genotype/phenotype confinement: biocompatibility and droplet stability ............ 44

1.3.5 Biology in droplets: current droplet-based platforms for the directed evolution of

enzymes 45

T4 «Thesis subject AL

Chapter 2 Materials and Methods...eeneeene nnne 49

21 Fluorescent: pH indicatorss nce ete ee 49

2.2 Characterisation of fluorescent pH indicators....................... нлнлилнлнлинннни 51

23 Growth of£.co/i and overexpression of ОВаАЗ1................ нина51

2.4. Determination of enzymatic activity using £.co//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...een53

2.6.2 General:microfiuidic:proceduresi:- io na 54

2.6.3 Leakage tests: molecular exchange in droplets... .. 54

2.6.4 "pH-leakage"': droplet screening in delay lines...nnconioninnicnoncnos 56

2.6.5 ‚iCBsleakageoon-chip. un... mie ie ii ue 56

Chapter 3 A fluorescence-based pH-sensitive assay for high-throughput screening of

haloalkane dehalogenases in microdroplets.................... rire63

Sol Assay principle; 63

3.2 Choice .of:fluorescent:pHiindicator===a ee LN E 65

3.3 Assay development and optimisation.…................................................... O7

Contents

 

3.3.1 Matrix composition and reaction profile in bulk..........

3.3.2 Leakage tests: molecular change indroples 009 e 71

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

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

3.3.5 TCP leakage on-chip mucus cce cce ee BG

34 Conclusions. — 00
в

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

41

42

421

4.22

4.2.3

integrated with online fluorescence detection

4.3

44

  

Introduction
89

 

.91

Preparation of purified haloalkane dehalogenase DhaA3!1.................. 91

Preparation of substrate 1,2,3-trichloropropane in fluorinated oil.......... 0092

Monitoring dehalogenase activity using the capillary-based microfluidic platform

.92

 

System calibration and datam E 94

Results and discussion... Be 95

4.4.1

4.4.2

4.4.3

4.5

Assessment of TCP [ag 49 50 ue 95

Monitoring haloalkane dehalogenase activity in surfactant-free droplets.............. 96

Effect of surfactant. 22352 50 |ee 97

Conclusions...2 =. 100

Chapter 5

xi

5.1

Conclusions and Future Work

Conclusions... Cia 103

 



Contents

5.2 Future Work 05

 

Appendix.

References......... 135
 

AAIAлинии153

Curriculum Vitae. 5/5055 ei:155


