
133

Schlüsseltechnologien /  
Key Technologies
Band/ Volume 133
ISBN 978-3-95806-176-7

Sc
hl

üs
se

lt
ec

hn
ol

og
ie

n  
K

ey
 T

ec
hn

ol
og

ie
s

C
ha

ra
ct

er
iz

at
io

n 
of

 a
m

in
o 

ac
id

 a
m

m
on

ia
 ly

as
es

 &
 a

m
in

om
ut

as
es

Al
an

a 
D

re
ße

n

M
em

be
r o

f t
he

 H
el

m
ho

ltz
 A

ss
oc

ia
tio

n

Schlüsseltechnologien /  
Key Technologies
Band/ Volume 133
ISBN 978-3-95806-176-7

Characterization of amino acid ammonia lyases &  
aminomutases for the production of chiral α- and 
β-amino acids

Alana Dreßen



Forschungszentrum Jülich GmbH
Institute of Bio- and Geosciences
Biotechnology (IBG-1)

Characterization of amino acid ammonia lyases & 
aminomutases for the production of chiral α- and 
β-amino acids

Alana Dreßen

Schriften des Forschungszentrums Jülich
Reihe Schlüsseltechnologien / Key Technologies	 Band / Volume 133

ISSN 1866-1807		  ISBN 978-3-95806-176-7



 

vi 
 

 

Table of contents 

 

1 Abstract ................................................................................................... 1 

1.1 English ................................................................................................................ 1 

1.2 Deutsch ............................................................................................................... 2 

2 Introduction ............................................................................................. 4 

2.1 Biocatalysis ......................................................................................................... 4 

2.1.1 Enzyme preparation ............................................................................................. 5 

2.1.2 Enzyme immobilization techniques ..................................................................... 6 

2.1.3 Reactor systems ................................................................................................... 8 

2.1.4 Productivity measures of biocatalytic processes ............................................... 11 

2.2 Fine chemicals ................................................................................................... 12 

2.2.1 Biocatalytic synthesis of amino acids ................................................................. 12 

2.3 MIO enzymes .................................................................................................... 15 

2.3.1 Phenylalanine ammonia lyases (PAL) and Tyrosine ammonia lyases (TAL) ....... 16 

2.3.2 Phenylalanine aminomutase (PAM) and Tyrosine aminomutase (TAM) ........... 18 

2.3.3 Application of MIO enzymes .............................................................................. 19 

2.4 Aim of the work ................................................................................................ 21 

3 Material & Methods ................................................................................ 22 

3.1 Material ............................................................................................................ 22 

3.1.1 Chemicals ........................................................................................................... 22 

3.1.2 Cultivation media, antibiotics and inductors ..................................................... 24 

3.1.3 Equipment .......................................................................................................... 25 

3.1.4 Plasmids .............................................................................................................. 26 

3.1.5 Oligonucleotides ................................................................................................. 28 

3.1.6 Cloning enzymes ................................................................................................. 28 



 

vii 
 

3.1.7 Bacterial strains .................................................................................................. 28 

3.2 Molecular biological methods ........................................................................... 29 

3.2.1 Preparation of chemically competent E. coli cells ............................................. 29 

3.2.2 Transformation ................................................................................................... 29 

3.2.3 Liquid bacterial cultures ..................................................................................... 29 

3.2.4 Plasmid preparation ........................................................................................... 29 

3.2.5 DNA concentration ............................................................................................. 30 

3.2.6 PCR ...................................................................................................................... 30 

3.2.7 Agarose gel electrophorese ............................................................................... 31 

3.2.8 DNA gel extraction ............................................................................................. 31 

3.2.9 DNA digestion ..................................................................................................... 31 

3.2.10 PCR product purification .................................................................................... 32 

3.2.11 Ligation ............................................................................................................... 32 

3.2.12 Sequencing ......................................................................................................... 33 

3.3 Enzyme production and purification .................................................................. 33 

3.3.1 Gene expression without chaperones ............................................................... 33 

3.3.2 Gene expression with chaperones ..................................................................... 33 

3.3.3 Preparation of crude cell extract (CCE) .............................................................. 34 

3.3.4 Enzyme purification via IMAC ............................................................................ 34 

3.3.5 Desalting of purified enzymes ............................................................................ 35 

3.3.6 Lyophilization ..................................................................................................... 35 

3.4 Analytical methods ........................................................................................... 36 

3.4.1 SDS-PAGE ............................................................................................................ 36 

3.4.2 Protein concentration assays ............................................................................. 36 

3.4.3 Enzyme activity assays ....................................................................................... 38 

3.4.4 Chiral HPLC methods .......................................................................................... 41 



 

viii 
 

3.4.5 NMR .................................................................................................................... 44 

3.5 Biotransformations ........................................................................................... 45 

3.5.1 Substrate range AL whole cells .......................................................................... 45 

3.5.2 Reaction engineering AtPAL2 ............................................................................. 45 

3.5.3 Product isolation: 2-Cl-L-Phe .............................................................................. 46 

3.5.4 Reaction engineering AtPAL2-CBM .................................................................... 46 

3.5.5 Specific activity of immobilized AtPAL2 vs whole cells ...................................... 47 

3.5.6 Substrate range of aminomutases in whole cells .............................................. 48 

3.5.7 Immobilization of CcTAM K2E-CBM to Avicel .................................................... 48 

4 Results and Discussion ............................................................................ 49 

4.1 Toolbox creation of MIO-enzymes ..................................................................... 49 

4.2 Characterization of ammonia lyases .................................................................. 52 

4.2.1 pH- and temperature optima wt PALs (deamination) ....................................... 52 

4.2.2 Kinetic measurements of the deamination reaction ......................................... 54 

4.2.3 Kinetics and pH optima of wt PALs for the amination of trans-cinnamic acid .. 55 

4.2.4 Ammonium carbonate as alternative ammonia source .................................... 57 

4.2.5 Enzyme stability in ammonium carbonate buffer .............................................. 58 

4.2.6 Selection of the enzyme preparation ................................................................. 59 

4.2.7 Substrate range of ammonia lyases for the amination of t-CA derivatives ....... 61 

4.2.8 Reaction engineering AtPAL2 for 2-Cl-L-Phe production ................................... 65 

4.2.9 Immobilization of an AtPAL2-CBM fusion and reaction engineering ................ 71 

4.3 Aminomutases .................................................................................................. 79 

4.3.1 Amination of cinnamic acid derivatives with PAM in whole cells...................... 79 

4.3.2 Amination of cinnamic acid derivatives with CcTAM in whole cells .................. 84 

5 Conclusion and future perspectives ......................................................... 88 

6 References .............................................................................................. 90 



 

ix 
 

7 Appendix ................................................................................................. 99 

7.1 Plasmid cards, protein and DNA sequences ....................................................... 99 

7.2 Stability of wt PALs in ammonium carbonate and ammonium sulfate buffers ... 108 

7.3 Amination of cinnamic acid and derivatives ...................................................... 109 

7.4 Sequence alignment PAMs ............................................................................... 110 

8 Publications .......................................................................................... 111 

9 Acknowledgment .................................................................................. 112 

 



133

Schlüsseltechnologien /  
Key Technologies
Band/ Volume 133
ISBN 978-3-95806-176-7

Sc
hl

üs
se

lt
ec

hn
ol

og
ie

n  
K

ey
 T

ec
hn

ol
og

ie
s

C
ha

ra
ct

er
iz

at
io

n 
of

 a
m

in
o 

ac
id

 a
m

m
on

ia
 ly

as
es

 &
 a

m
in

om
ut

as
es

Al
an

a 
D

re
ße

n

M
em

be
r o

f t
he

 H
el

m
ho

ltz
 A

ss
oc

ia
tio

n

Schlüsseltechnologien /  
Key Technologies
Band/ Volume 133
ISBN 978-3-95806-176-7

Characterization of amino acid ammonia lyases &  
aminomutases for the production of chiral α- and 
β-amino acids

Alana Dreßen


	Leere Seite
	Titelei Schlüssel 133 Dreßen.pdf
	Leere Seite

	Leere Seite

