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= No commercial production from
petrochemical feedstocks

=» Bioproduction with sugar or glycerol as

feedstocks
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How to produce 3-HP from CO,?

= recombinant Acetobacterium woodii strains

2 CO, +4 H, + HS-CoA = Acetyl-CoA + 3 H,O (via Wood-Ljungdahl pathway)
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Strategy: Synthetic biosynthesis pathway
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NifJ - pyruvate:ferredoxin oxidoreductase: Acetobacterium woodii
LdhD - lactate dehydrogenase: Leuconostoc mesenteroides
Pct - propionyl-CoA transferase,

LcdCAB - lactyl-CoA dehydratase: Clostridium neopropionicum
Ehy ~ enoyl-CoA hydratase: Chloroflexus aurantiacus
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First approach: Operon synthesis

nifJ /dhD  pct llch Ilch l/ch Tm y J
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r [ ] [ ] [ ] N
Constitutive expression

does not work here!

J

* Operon could not be synthesized as planned
=» Some genes (e.g. [dhD) only intact without promoter
= Requirement of inducible promoter systems

=» B-Glucuronidase (GusA) reporter assays
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Establishment of an inducible promoter system
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gusA_PbgalL gusA_PbgalL gusA_PbgalL gusA_PbgalL gusA_Ppta-ack Ptet: Tet ra Cyc I i ] e i N d u Ci b I e [3]

P . Constitutive [1]

pta-ac

P,q: Lactose inducible (2]

without lactose + 1 mM lactose + 10 mM lactose +1mMIPTG
1,000,000 - . 1 -
- P.cia-theo: SYNthetic P, 4
O 10,000
£ theophylline-dependent
-5 100
- riboswitch construct [1; 4]
1 n. a. n. a.
gusA_Ptet gusA_Ptet gusA_Ptet gusA_Pa'(:kA-theo gusA_PackA-theo gu'sA gusA_Ppta-ack
without aTc + 200 ng/ml aTc + 400 ng/ml aTc without theo + 1 mM theo

[1] Hoffmeister, Gerdom, Bengelsdorf, Linder, Fliichter, Oztiirk, Bliimke, May, Fischer, Bahl, Diirre. 2016. Metab Eng. 36:37-47.
[2] Hartman, Liu, Melville. 2011. Appl Environ Microbiol. 77:471-8.

[3] Ransom, Ellermeier, Weiss. 2015. Appl Environ Microbiol. 81:1652-60.

[4] Seibold and Riickert. Unpublished.
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Establishment of an inducible promoter system

1,000,000 -

P ta-ack: Constitutive [1]
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P,q: Lactose inducible (2]
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without lactose

gusA_PbgalL
+ 1 mM lactose

gusA_PbgalL
+ 10 mM lactose

gusA_PbgalL
+1mMIPTG

gusA_Ppta-ack

P,..: Tetracycline inducible [3]

Selection of P, for further cloning

1,000,000 - 5 H
— PackA-theO' SynthetIC PackA_
O 10,000 :
£ theophylline-dependent
& 100 |
- riboswitch construct [1; 4]
1 n. a. n. a.

[1] Hoffmeister, Gerdom, Bengelsdorf, Linder, Fliichter, Oztiirk, Bliimke, May, Fischer, Bahl, Diirre. 2016. Metab Eng. 36:37-47.
[2] Hartman, Liu, Melville. 2011. Appl Environ Microbiol. 77:471-8.

[3] Ransom, Ellermeier, Weiss. 2015. Appl Environ Microbiol. 81:1652-60.

[4] Seibold and Riickert. Unpublished.
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First plasmids constructed

rep (pMB1) o IdhD Ca|fP rep (pIP404)

NP rep (PMB1)

1
\d <5555 20007

pJIR750_Ptet_nifJ_IdhD

nifJ:
Acetobacterium woodii

12 048 bp .
ldhD— \\\\* = 1/~ tetR IdhD: |
?p Leuconostoc mesenteroides
l
nif/
Let's start with
the IdhD plasmid!
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A. woodii

JELIET, y 21,2019

ii [pJIR750_Ptet_IdhD_LM] on H, + CO,
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== A. woodii - aTc —A— A. woodii [pJIR750] + aTc
—Hl~- A. woodii + aTc -/\= A, woodii [pJIR750] - aTc
—>— A. woodii [pJIR750_Ptet_IdhD_LM] - aTc —&— A. woodii [pJIR750_Ptet_IdhD_LM] + aTc

Matthias Beck | Ulm University

-180



A. woodii [pJIR750 Ptet_ldhD_LM] on H, + C02
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Native lactate metabolism of A. woodii

2ATP + 2 THF
2ADP +2 P

2 formyl-THF

2H:0 ﬁl

2methenyl-THF

ZNADH%

2methylene-THF

2NADH %

4 NADH

4 NADH

2 CO,

2 methyl-THF
2CoFeS-P
2 THF
2 methyl-CoFeS-P

l,—- 2 Fgz-

2[CO] 4 pyruvate

4 HSCoA

Weghoff et al., 2014

4 CO,

2HSCoA i
4Fd*

6 acetyl-CoA
6P

6 HSCoA
6 acetylphosphate

24ADP +24 P,
36ATP 24 ATP

6 acetate

TPas

Rnf ]— 8 Na*

8 Na*

Environmental Wm&bloby (2014)

doi:10.1111/1462-2820.12453

A novel mode of lactate metabolism in strictly

anaerobic bacteria

Marie Charlotte Weghoff, Johannes Bertsch

and Volker Miiller. 2015.

Environ Microbiol. 17:670-677.

| like lactate
as a substrate!
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ldea: Knock-out of LDH/Etf complex genes (lctBCD)

PFOR I1.DH
Acetyl-CoA Pyruvate Lactate

0 COo, CoA
0 /I 0
Wood-Ljungdahl JL g \'5: \ - L
pﬂthWﬂy + H,C S/f,Cm—l HEC\IekDH - 3 \.)I\DH
Fa© Fd ©
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ldea: Knock-out of LDH/Etf complex genes (lctBCD)

PFOR LDH
Acetyl-CoA Pyruvate Lactate

0
Wood-Ljungdahl JL g \'5:
pathway > H,C™ N Fod HEC\KKDH
0
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Method: Allele-Coupled Exchange pyrE linked K/O

pfil

SynBio

SBRC Nottlngham

a BBSRC/EPSRC S ic Biology Reses
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1st part: Lactate production o~

3-HP
oo | e [l i | o 4‘:‘
- o CoA
% mc%on ~r HiC A o ch\)K —wy HzCJk W i Ho/\)k d
NADH NAD* OH H)0
Acetyl-CoA Pyruvate  (R)-Lactate (R)-Lactyl-CoA  Acrylyl-CoA 3-HP-CoA
rep (p\ﬁ;) <\/ IdhD cTtP rep (pIP404)
\ | ‘Ptet
catP tetR )
™~
ﬂ pJIR750_Ptet_IdhD_LM»>*~ pJIR750_Ptet_nifJ_IldhD

12 048 bp
IahD /&

rep (plP404) nifJ
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15t part: Lactate production o~

3-HP
o e i v
0 €2 ca 0 o CoA 0 5 0
6 )ks oA % H3C‘H ‘Hacon&’ chs/C”‘-,THchks /Co 7»» HO/\AS/ >

Using recombinant A. woodii ApyrE AlctBCD

rep (pMB1) IdhD
2N
. ‘ IDtet
catP —tetR b
N
ﬂ pJIR750_Ptet_IdhD_LM=>~ pJIR750_Ptet_nifJ_IdhD

12 048 bp
IahD /&
=4

N
rep (plP404) nifJ
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A. woodii ApyrE AlctBCD on H, + CO,
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t [h]

Consumed gas
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A. woodii AlctBCD pyrE::P,,, IdhD on H, + CO,
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0

2" part: Lactate = 3-HP PN

3-HP
Pct
|:| e = o
02 o CoA -
% H3C%0Hﬁ Hac\)kOH&b Hac\)k —wT Hzc\)k /CoA HO/\)k T
NADH NAD* OH H)0
Acetyl-CoA Pyruvate  (R)-Lactate (R)-Lactyl-CoA  Acrylyl-CoA 3-HP-CoA
trad h
= S eny
ColE1 ! o Jeo o o
by Pct, LcdCAB: Clostridium neopropionicum
J . : Chloroflexus aurantiacus
cat/ pct
pMTL83151_Ptet LPE
10 820 bp
)
/ w N\ Let's try to convert

lactate into 3-HP!
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A. woodii ApyrE AlctBCD [pMTL83151 Ptet LPE] on fructose

+ |lactate added

JELIET, y 21,2019

120 -

100 -

80 -

= No 3-HP pr

---9c-- |actate
—H~-— A. woodii ApyrE AlctBCD 20 —@® - Acetate
[PMTL83151_Ptet LPE] —aé— Fructose

100 200 300 400 0O

t [h] t [h]
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A. woodii ApyrE AlctBCD [pMTL83151 Ptet LPE]

* Partners confirmed
production of Pct and
parts of LcdCAB
pMTL83151 _Ptet LPE

= but not of Ehy - 10 820 bp

UNIVERSITAT =
FRANKFURT AM MAIN tetR Ptet ‘ \I dA/
C
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ldea: Codon optimization of ehy

* ehy from C. aurantiacus (58.2 % G + C)
=> A. woodii (39.3% G + C)

= Exchange of ehy pMTL83151_Ptet_LPE_opt

10 820 bp
= Western blot, AB against Ehy (27 kDa)

)
High G + C content

can be a problem!
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ldea: Codon optimization of ehy

On fructose A. woodii ApyrE AlctBCD:
Parental strain (1), pMTL83151 _MCS (2),
pMTL83151_Ptet LPE + aTc (3), pMTL83151 Ptet LPE_opt + aTc (4)
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A. woodii ApyrE AlctBCD [pMTL83151 Ptet LPE opt]
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t [h]
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A. woodii ApyrE AlctBCD [pMTL83151 Ptet LPE opt]

JELIET, y 21,2019

r
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A. woodii ApyrE AlctBCD [pMTL83151_Ptet_LPE_opt] on H, + CO,

+ Iactate added
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A. woodii ApyrE AlctBCD [pMTL83151_Ptet_LPE_opt] on H, + CO,

+ |lactate added
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—— A. woodii ApyrE AlctBCD
- 0= A. woodii ApyrE AlctBCD [pMTL83151_MCS]
—»— A. woodii ApyrE AlctBCD [pMTL83151_Ptet_LPE_opt]
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Summary

Inducible promoters established

Lactate metabolism circumvented

Lactate production from CO, + H,

Codon optimized ehy and production of Ehy

» Conversion of lactate into 3-HP
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