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Abstract

Antibiotic Free Selection

Within our project we aim to produce isobutanol by using
electricity for the generation of redox and energy equivalents and
carbon dioxide as a carbon source. In Escherichia coli this task is
seperated into three parts shown below. In addition we
developed an antiobiotic-free selection system shown on the
right.

An antibiotic-free selection system was implemented by using
the complementation of the D-alanine auxotrophy in the
E. coli strain DH5a Aalr AdadX. It turned out that the
transformation efficiency is about three times higher
compared to the classical selection with chloramphenicol
(Cm).

Beside public events we cooperated
with SYNENERGENE.

According to the problem analysis we
developed several application
scenarios and technomoral vignettes
during our project. This enabled us to
have another view on our project and

led to adjustments during the wet lab N

work. =
Figure 2: Application scenario —
fora wind power station. s
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Figure 12: Comparision of the
transformation efficiency.
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Isobutanol Production

pynvate The aim was the production of an industrially relevant

il ~ product. We decided to implement the isobutanol

production pathway (Figure 10).

2,3-dihydroxyisovalerate The steps in the conversion of pyruvate to

et 2-ketoisovalerate can be executed by proteins
KD - a-ketoisovalerate decarboxylase €XIStiNG in- E. coli (IlvIH, IlvC and IlvD). The native

Lactococcus lactis

il 2+ ;l lactaty
product synthesis acetolactate

Our aim was to generate redox equivalents by supplying electrons from the
cathode through mediators like neutral red or bromphenol blue. To engineer
an electrophilic strain by enabling the cells for electron uptake, various genetic
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dificati X ded 10 be imol d Isob tyraldehyde protein lIvIH is replaced by the AlsS from Bacillus
modificationsifigureiSlincededitolbeimplemenicd. LA Aeonordenvaoanase sybtilis to increase the isobutanol production and the

inner membrane

isobutanol

outer membrane

AdhA from Lactococcus lactis is used. With our
approach we achieved a production of about 56 mg
isobutanol per liter medium.

Fixation of Carbon Dioxide (CO A Figure 1
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doheptulose- q a q q q f
fructosesp S5 N 6). For the CO, fixation the phosphoribulokinase (PrkA), the ribulose-1,5-bisphosphate i oot ot produced
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Figure 6: Reactions of the Calvin cycle. 5 prOdUCt synthe5|s (Flgure 1 2)
The carboxysome is 10 pyravate
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encapsulating  the
RuBisCO and the

Figure 10: Isobutanol production pathway.
RE = redox equivalent ~ Med = mediator
Figure 1: Schematic illustration of our project.
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Figure 3: Principle of electron transfer to E. coli. The medlamv (neutral red) is reduced at the
cathode and crosses the outer membrane through c i outer

porine (OprF). It serves as an electron donor for the fumarate reductase (Frd). Fumarate is reduced
into succinate, which would be reoxidized again by the succinate dehydrogenase (Sdh). In this
step FADH, is restored. The antiporter dcuB is knocked out to avoid any succinate export.
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To carry out our experiments we
ﬁ designed a reverse microbial fuel cell
(rMFC). Such a system (Figure 4) is
suitable for the investigation of mediator
/_ redox-characteristics ~ and indirect
electron transfer into electrotrophes.

Figure 4: Our electrobiochemical reactor system.
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The correct carboxysome assembly was verified
using a translatlonal fusion of one shell protein
f coding sequence
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uptake by cultivation in the
electrobiochemical reactor compared to the
E. coli wild type.
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