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Introduction
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| In green tea leaves, the N>-ethylated L-glutamine :
| derlvatlve theanine was shown to be responsible for
thelr umami taste(Cartwright,Sakato). :

' N-methylated amino acids are also found 1n |
' depsipeptides that are used as drugs e.g. vancomycin, '
. -actinomycin D and cyclosporine.
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| In certain bacteria, utilization of mono-methylamine (MMA)

' may lead to N-methylated amino acids.

! Some bacteria that can grow with reduced carbon substrates
Without carbon-carbon bonds such as methane or methanol
can utilize MMA as sole source of carbon.
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' For more than fifty years, C. glutamicum has been used

' for the safe production of food and feed amino acids
(Taylor & Francis, Boca Raton, 2005).

' Further amino acids and related compounds can
' effciently be produced by glucose- and ammonium-
' based fermentation using recombinant C. glutamicum

- stralns
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Lo ' Metabolic engineering of C. glutamicum has not been
e g ‘ P ' restricted to amino acids but also production of the a-
L 4 ' keto acids pyruvate, ketoisovalerate and ketoisocaproate
R e Tt {‘k were established.
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Materials and Methods




. Bacterial strains and growth conditions

Bacterial trains and vectors used in this study.

Strains and vectors Description Source

Strains

WT . ghetamicum wild type, ATCC13032 American Type Culture
Collection

ELB-P WT carrying delefions daceE dpgo Aldhd AC-T ilvN dalal david =

NMeAlal WT carryving deletions dacef dpgo dldid AC-T ilvN dalal david and vector pVWEx1-apid This work

Plasmids _

pVWEx1 I{.anR= C. glutamicum/E. coli shuttle vector (Ptac. facl, pHM1319 onVe g ) :_;

pEEFEx3 Sp-ecR, C. ghitamicum/E. coli shuttle vector (Pgy-, Jacl, pBL1 Orﬂ'c_g_} __|

pECXT90A TetR, C. giutamicum/E. coli shuttle vector (Piyc. lacl, pGAL OnVe o) A

pVWEx1-dpid KanR, pVWEx] overexpressing dpkd from P putida KT2440 and change of start codon GTG to ATG This work

pPEKEx3-x0id v Sp-eu:R, pEREX3 overexpressing xyld from Xanthomonas campesiris SCC1758 and /B from C =

XyiBog glutamicum ATCC 13032

pECXT9%A-araBAD TeiR, pECXTO99A overexpressing araBAD from E. coli MG1655 Pﬁs work

pECKTO0A-am4

TEER, pECXTO0A overexpressing amid from Strepfomyces griseus IMRU3ST0




. Fed-Batch cultivation
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Results and Discussion




. Corynebacterium glutamicum as suitable host for NMeAla production

minimal medium with:
50 mM MMA

carbon source { 50 mM NMeAla

 glucose

- 50 mM MMA

- -

nitrogen source 50 mM NMeAla

* 30 mM ammonium sulfate and 17 mM urea

| This growth experiment revealed that C. glutamicum could :
ne1ther use MMA nor NMeAla as sole carbon or nitrogen
source (data not shown). !




. Corynebacterium glutamicum as suitable host for NMeAla production
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Figure 2. Growth rates of C. glutamicum wild type in the presence of varying concentrations of MMA or
NMeAla. C. glutamicum wild type was grown in presence of increasing MMA (0.05M to 1.5M) or NMeAla
(0.05 m to 0.25 M) concentrations and specific growth rates were determined. Half maximal growth rates were
obtained by extrapolation.




. Corynebacterium glutamicum as suitable host for NMeAla production

Supplementary Table: Differential gene expression of C. glutamicum wild type grown in glucose
containing CGXIl minimal medium supplemented with 250 mm MMA or 125 mm (NH4)250s.

Gene Gene mRNA level

ID2® name® Gene annotation® (MMAS(NH.)250:)"
cgd759  prpD2  2-Methylcitrate dehydratase, involved in propionate catabolism 5.0

cg0762  prpC2 2-Methylcitrate synthase, involved in propionate catabolism 2.7

cg0801 - Hypothetical protein 2.7

cg2566 - Putative secreted protein 0.3

cg3402 - Putative Hg:" permease, MerTP-family L7

* Genes shown are sorted to their identifiers.

" Gene ID, name and annotation are according to BX927147

¢ Differential gene expression as calculated for two biological replicates. Values listed were
selected for P < 0.05 and at least twofold change of the RNA level.




. Metabolic engineering of C. glutamicum for fermentative production of NMeAla.
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Figure 1. Schematic overview of the reaction catalyzed by DpkA (A) and its integration into the central carbon

metabolism in C. glutamicum NMeAlal (B). The

gene deletions for improved pyruvate production are shown by

black arrows with red double bars: deletion of aceE (encoding PDHEI1p, the Elp subunit of the PDHC) and pgo
(encoding pyruvate-quinone oxidoreductase, PQO) and both genes coding both major enzymes for L-alanine
supply by pyruvate aminotransferases (alaT and aviA, encoding the alanine aminotransferase AlaT and the
valine-pyruvate aminotransferase AvtA, respectively) were deleted. In addition, the acetohydroxyacid synthase
(AHAS) activity was downregulated by deletion of the C-terminal part of ilvN (small subunit of AHAS) shown
by red dashed arrow. Enzymes highlighted by red background indicate missing or down regulated enzymes. The
thick arrow displays the NMeAla formation by heterologous expressed dpkA from P putida KT2440 coding for
the N-methylated amino acid dehydrogenase DpkA (green shadowed Enzyme).
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. Improvement of precursor conversion and reduction of by-product formation
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! Increased pyruvate concentrations and decreased NMeAla

concentrations in the supernatants indicated incomplete
reductlve N-methylamination of pyruvate to NMeAla.




. Improvement of precursor conversion and reduction of by-product formation.
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' As expected for aerobic processes, about 50% of carbon |
from the growth substrates will end up 1n CO,. !




. Fed-Batch bioreactor process of NMeAla production
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Figure 4. Fed-batch cultivation with C. glutamicum NMeAlal in minimal medium supplemented with
potassium acetate and glucose as carbon and energy sources. A fermenter with an initial start volume of 4 L was
used. First feed phase (potassium acetate) was coupled to the rDOS value. After 22 h the second feed phase was

started by the initial addition of 162 mL of a glucose/MMA solution followed by a linear feed of 12.3mLh~".
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The biomass formation (black open squares), concentrations of NMeAla (red circles), L-alanine (blue squares),
pyruvate (grey squares), acetate (green filled triangles) and glucose (green open triangles) were depicted. The
volume of both feeds is shown as black lines. All depicted concentrations and the biomass formation was related

to the initial volume.
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. Establishing production of NMeAla from alternative feedstocks

. Sustainable production from sugars that have competing uses in human and animal
, nutrition have to be succeeded by production processes based on second generation -
 feedstocks such as lignocellulosic hydrolysates.
; Fermentative production of amino acids 1s typically based on glucose present in
i molasses or obtained from starch by hydrolysis.
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Figure 5. Production of NMeAla from alternative carbon sources. The CGXII minimal medium with 16.6gL™!
potassium acetate contained 30 gL™" starch for cultivation production experiments using C. glutamicum strain
NMeAlal(pECXT99A-amyA), 30gL™" arabinose using C. glutamicum strain NMeAlal(pECXT99A-araBAD)
and 30 gL~ xylose using C. glutamicum strain NMeAlal(pEKEx3-xylAB). Concentrations were determined
after 72h and are given as means with standard deviations of three replicates.
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Conclusion
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