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Utilizing Succinic Acid as a Glucose Adjunct in Scheme 1
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Although the carbohydrate phosphotransferase systepports £ HOLCTY oM HO,6 7~ COH
rapid bacterial growth, this transport mechanism imposes an upper 38 HO,C OH OH
limit on the yields and concentrations of chemicals which can be - citric acid L-malic acid
synthesized when microbes such Bscherichia coliemploy GItA HOQC’\n’CO2H ,/Mdh
glucose as a carbon source. Phosphotransferase-catalyzed phos- o
phoryl group transfer from phosphoenolpyruvic acid (PEP) OH oxaloacetic acid
simultaneously drives glucose transport and glucose phosphory- oo Pck ATP
lation. Because byproduct pyruvic acid is not significantly v ~OH ADP + CO,
recycled to PEP in phosphotransferase-utilizing microbes, three HO OH 3 COH
carbon atoms are lost from chemical synthesis for every six carbon Dglcose 1 N\ OPoste
atoms transported into the cytoplaSmh possible means for Tkm\ PEP AroFFER
circumventing this limitation has been evaluated which exploits SH o
butane-derivetisuccinic acid (Scheme 1) as an adjunct to starch- HO:PO AN, HO, COH
derived glucose. By overexpressing selected enzymes and evading ™ L-phenylalanine - OH o)
catabolite repression, succinic acid is apparently exploited as a L-tryptophan E4P ~ " OH
transportable precursor of PEP, resulting in the synthesis of indigo RO OH
increased concentrations of 3-dehydroshikimic acid (DHSEby vanillin R=POH, DARP
coli. DHS is a potent antioxidath&ind the most advanced common T a‘;’;:zz: g l AroB
biosynthetic intermediate in the biocatalytic synthesis of adipic T
acid® catechoF vanillin,” shikimic acid® phenylalaniné, tryp- rikimis acid ( HO, ,COH

tophant® and indigo*!
The native tricarboxylic acid cycle was used to convert
transported glucose adjuncts into oxaloacetic acid (Scheme 1).
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aromatic amino acid biosynthesis

Plasmid-localizedpck-encodeéf PEP carboxykinase then con- o - OH
verted oxaloacetic acid into PEP. This increased level of PEP HO OoH DHS
generation was channeled into the common pathway of aro- — ga”ig:dd

matic amino acid biosynthesis (Scheme 1) by plasmid-localized,
ParoFFER-encodetf 3-deoxyp-arabino-heptulosonic acid 7-phos-
phate (DAHP) synthase. Becauserythrose 4-phosphate (E4P) Fed-batch fermentor cultivation of DHS-synthesizing constructs
availability can limit DAHP synthase activity, the impact of relied on a dissolved £sensor to control addition of the adjunct/
plasmid-localizedtktA-encoded transketolase was examined. glucose mixture$® This addition strategy prevents glucose
. . ) concentrations from reaching a letfelhere catabolic repression
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of adjunct transpott occurs.
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Table 1. Products Synthesized by KL3 as a Function of Plasmid Other tricarboxylic acid cycle intermediates that successfully

and Carbon Source served as glucose adjuncts includerhalic acid and 2-ketoglu-
pKL4.79B pKL4.12A pKL6.198A pKL6.218A taric acid. DHS, DAH, DHQ, and gallic acid concentrations

synthesized by KL3/pKL6.218A from mixtures (1:1, mol/mol)

of L-malate/glucose and 2-ketoglutarate/glucose were similar

(Table 2) to the concentrations of these metabolites synthesized

Glucose from succinate/glucose. No increase in DHS concentration was
[DHS], g/l 36 46 nd 44 observed when citric acid was used as a glucose adjunct. This is

tktA - + - +
pck - - + +

g?;%g:?’% gé gg Rg gg consis’gent v_vith the inability c_JE. colito transport citric acid?
units acti\;ityf 0.04 0.04 nd 0.48 Fumanc acid was not sufficiently soluble in water to generate
) the highly concentrated carbon source solutions required to avoid
[DHS], giL o Glucosi/6$uccmate 34 . large increases in culture volume during fermentor runs.
DHS );ield, o nd 24 21 29 Titer improvements he_we been reported when transketolase_ is
total yield, 96 nd 29 25 37 overexpressed along with PEP synthetase, an enzyme which
units activity nd 0.04 0.77 044 catalyzes recycling of phosphotransferase-produced pyruvic acid
to PEP?2 However, constructs overexpressing PEP synthetase
# MOlos/MOlgiucose ° MOIbts oA -+DHE+gallaed MOlgiucose © PEP carboxy- display problematic growth characteristics under fermentor

kinase gmol/min/mg.¢ Molons/MOlyucose-succinate € MOIbHs +DAH-+DHO+gallatd

" a . :
MOlyucose succinate " NOt determined. conditions?® Improvements in product titer have also been

reported inE. coli overexpressing transketolase when the phos-

—_12 60 photransferase system is mutationally inactivated and glucose is
O === DHQ (g/L) K

> C—IDAH (g/L) = transport(_ad_wa an upregulated galactose perné@ases growth

- 107 —aliic acid (g/L) 750 % characteristics of these constructs have not yet been reported under
® g L|—O—cell dry wt (g) Lao o fermentor conditions. Titer improvements under both shake#lask

2 —A—DHS (g/h) = and fermentor conditiods have been observed whenrxylose

S 61 T30 = andL-arabinose were used as carbon sources as a consequence
E 4 - Loo 2 of ATP-driven permease transportmiylose and.-arabinosé?

a @ Unfortunately, pentose streams sufficiently pure for microbial

g 27 r10 8 fermentation are not commercially available.

5 0 - L o In relation to the aforementioned strategies for improving

product titers in microbe-catalyzed synthesis, use of succinic acid
as a glucose adjunct is distinguished by the combination of genetic
manipulation and carbon source modification. Under fermentor
Figure 1. Cultivation of KL3/pKL6.218 on succinate/glucose. conditions, normal growth rates of tHe. coli constructs are
observed (Figure 1), and carbon flow into aromatic amino acid
biosynthesis is increased as reflected by DHS titers as well as by
DAH and DHQ titers (Table 2). Pure succinic acid is also
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time (h)

Table 2. Products Synthesized by KL3/pKL6.218A as a Function
of Glucose Adjunct

glucose/  glucose/ glucose/ commercially availablé Although current pricing of succinic acid

glucose succinate malate 2-ketoglutarate restricts its use to microbe-catalyzed synthesis of higher value-
[DHS], g/L 44 57 62 58 added chemicals, economies of scale remain to be fully exploited
DHS yield, % 28 29 30 29 in succinic acid manufacture. In light of the abundant availability
[DAH], g/L 0 4.2 54 4.8 of butane from liquefiable petroleum gasésyse of butane-
[DHQ], g/L 4.5 7.1 9.1 7.9 derived succinic acid as a glucose adjunct demonstrates how a
[galllat_e]l, dglg;a’ 332-8 ;'7'4 ;'éG 347'3 fossil fuel feedstock can be combined with a renewable feedstock
total yield, to create a carbon source for microbe-catalyzed chemical synthesis

am0|DHS/m0|qucos&adjunct b mo'DHS+DAH+DHQ+gaIIate’m0|g|ucos&adjunct WhICh iS SUperior to glucose-
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