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Screening for L-sorbose and L-sorbosone dehydrogenase
producing microbes for 2-keto- L-gulonic acid production
H-W Lee and J-G Pan

Bioprocess Engineering Division, Korea Research Institute of Bioscience & Biotechnology (KRIBB), PO Box 115, Yusong,
Taejon, 305-600, Korea

Acetic acid bacteria incompletely oxidize L-sorbose to 2-keto- L-gulonic acid (2KLG) by L-sorbose- and L-sorbosone
dehydrogenases. In order to isolate novel microorganisms with these enzyme activities, a new screening method

has been studied with a presumption that microorganisms reuse their metabolic products when principal carbon
sources are exhausted. When various keto-aldonic acid-producing microorganisms were tested for the ability to

grow in minimal media containing such products as 2,5-diketo-gluconic acid, 2-keto- D-gluconic acid, 5-keto- D-glu-
conic acid or 2-keto- L-gulonic acid, they grew with these keto-aldonic acids as the sole carbon source. By enriching

the isolates collected from screening samples for their growth in minimal medium containing 2KLG as the sole

carbon source, as much as 50% of selected strains showed L-sorbose- and L-sorbosone dehydrogenase activities.
In spite of the presence of these enzymes, no significant amount of 2KLG was detected in the culture broth, possibly

due to 2KLG reductase activity, indicating that the direct screening for 2KLG producer microorganisms would be

less successful. These results suggest that the screening strategy using 2KLG as a carbon source is a useful
method for the selective screening of microorganisms with L-sorbose- and L-sorbosone dehydrogenases, and that
a similar strategy may be applied to other cases.
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Introduction Ning et al obtained more than 5% 2KLG in a medium con-
taining 7%l-sorbose [19]. Sugisawet al used thes. oxyd-
ns U-13 strain to produce 2KLG with a 64% yield [26].
novel strain, Pseudogluconobacter saccharoketogenes
which has the ability to produce 2KLG at a higher yield
; . . . 76%), has been isolated from soil [20]. In 1990, Hoshino
has been integrated in the current Reichstein proces t al elucidated the metabolic pathway for 2KLG pro-

further biological oxidation ol-sorbose to 2KLG provides L L)
an attractive option for the improvement of the process [g]lductlon inG. suboxydan#~O 3293, which is catalyzed by

Although 2KLG may be produced from glucose via 2 5. a membrane-bound-sorbose dehydrogenase and a cyto-

. ) ) X lasmic I-sorbosone dehydrogenase [11,12]. Thsor-
diketod-gluconic acid (25DKG) either by a two-step fer- P . .

mentatio% [25] or by rEacombir?arErwiniayherbicola[g], bosone dehydrogenase requires either NAD or NADP as a
the bioconversion ofl-sorbose to 2KLG shows a higher cofactor [11].

. : . Recently, genes encodind-sorbose andl-sorbosone
conversion yield [16,19,20] and appears to integrate mor%lehydrogeynage were cloned gnd separated Gooxydans
easily into current ascorbic acid production plants [10].

. X . which showed that both enzymes are monomeric [22,23].
U\llr-]ir}:c?i;tgdenn%ﬁtrgzt r;?girrtgdd;ggu@gcrgoobgglﬁﬂr?ﬁsijﬁS'nqntroduction ofl-sorbose- and-sorbosone dehydrogenase

. S genes tol-sorbose-producing bacteria such@soxydans
dation ofI-sorbose to 2KLG [28]. Oxidation of-sorbose ¢ 1o in enhanced production of 2KLG [22]. Cletial
Loa cztgrLGAlfal\?Sgﬁgs dfé:g)gjéi?e;n Asz%\tlggc?eerngﬁ:ri:lﬁ}g_ purified the membrane-bound sorbitol dehydrogenase from
Escherichia Gluconobacter Klebsiella Micrococcus G. suboxydan$r], and cloning and sequencing of the cor-

PseudomonasSerratiaandXanthomonagl3,17]. In 1972 responding gene has been recently completed (Choi, Korea

Tsukada and Perlman reported conditions for the bioconResearCh Institute of Bioscience and Biotechnology, per-

version of I-sorbose Io 2KLG byG. melanogenua0 013 OTIRUTERION e et et 1 e 8
3293 and proposed the direct conversionlesorbose to

2KLG [30]. A commercial-scale production of 2KLG has metabolic pathways for 2KLG overproduction. By finding

been established in China by using, for the first time, athe novell-sorbose and-sorbosone dehydrogenase genes

. . and cloning them with the sorbitol dehydrogenase gene into
mixed culture ofGluconobactesp andBacillussp [14,16]. an ‘inert’ host such asE. coli, it would be possible to
exploit well-established fermentation process technologies
Correspondence: J-G Pan, Bioprocess Engineering Division Koreg\n 2KLG production.

Research Instituté of Bioscie’nce & Biotechnology (KRIBB), PO Bc;x 115, H.oweve.r’ 'r.] .ContraSt to an earlier report [13], Stfa”?s pro-
Yusong, Taejon, 305-600, Korea ducing a significant level of 2KLG appear to be distributed

Received 14 December 1998; accepted 7 May 1999 very rarely in nature [9]. Prior workers indicated that the

2-Ketod-gulonic acid (2KLG) is readily converted tb-
ascorbic acid by a one-step chemical procedure in th
Reichstein process fdr-ascorbic acid production [10]. As
the microbial oxidation process aFsorbitol to I-sorbose
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overproduction of 2KLG could be achieved only with a medium), contained 0.5% yeast extract, 2.0% ethanol, 0.5% 107
mixed culture of a 2KLG-producing strain and other of CaCQ, and 2.0% agar. In the medium designed to select
growth-stimulating strains such &acillus megateriunor  bacteria showind-sorbose and-sorbosone dehydrogen-
other counterpart microorganisms [19,20]. In a pure cultureases, 0.5%d-sorbose or sodium 2KLG was included in a
of Gluconobactersp, the yield of 2KLG was very low mineral salts (MS) medium containing: 0.1% (N80,
[16,19], indicating the complex physiology and metabolism0.2% K,HPQ,, 0.3% KH,PQ,, 0.1% MgSQ-7H,0, 1.0%
involved in 2KLG overproduction. Moreover, most 2KLG- sodiumethanesulfonic acid, 0.01% yeast extract, 0.004%
producing strains,Gluconobactersp, require undefined nicotinic acid, 0.005% calcium pantothenate, 2.0% of agar
growth factors [27] and grow very poorly (Yin, Shang- and 1 ml of trace mineral solution per liter. The trace min-
hai Research Center of Biotechnology, personakral solution contained: 1.32% Ca@HO, 0.84%
communication). A 2KLG-producing strain may catabolize FeSQ-7H,0, 0.24% MnSQ4H,0, 0.24% ZnSQ7H,0,
2KLG without accumulating 2KLG in the culture medium, 0.048% CuSQ5H,0, 0.048% CoGl6H,0, 0.024%
making the direct isolation of 2KLG-overproducing NaMoO,-2H,0 and 0.006% KB,O,-H,O in 1 N HCI. The
strains difficult. medium for evaluating enzyme activities contained 0.3%
We reasoned that direct screening for 2KLG-producingyeast extract, 0.5% peptone, 0.5% glycerol, 0.05%
strains would not be easy and it would be necessary td1gSQO,-7H,0, 0.5%l-sorbose and 0.1%-glucose. To test
develop a new method of enrichment for strains showingor 2KLG production, isolates were cultivated at°80for
I-sorbose- and-sorbosone dehydrogenase activities. Many72 h in a medium containing 0.5% yeast extract, 0.05%
microorganisms produce extracellular (by)products andMgSQO,-7H,0, 1.0% CaCQ@ 0.5% glycerol and 7.0%-
reuse them when the principal carbon sources are exhauserbose. Cell growth was followed by measuring the optical
ted. For exampleE. coli produces acetate during growth density at 600 nm.
and reuses it in the stationary phase [8]. It is also the case
for 2-ketod-gluconate (2KDG) irSerratiasp [5,6], 5-keto-  Growth on keto-aldonate
d-fructose inG. cerinus[18] and 25DKG inErwinia sp  To test for growth on keto-aldonate as sole carbon source
[29]. With the idea that the keto-aldonic acid-producing(Table 1), the microorganisms pre-grown on complex
microorganisms may have a higher potential to grow ormedium containing 0.3% yeast extract, 0.5% peptone,
their products as the sole carbon source, we first checke@.05% MgSQ-7H,0, 0.1%d-glucose and 2.0% agar were
the growth of various microorganisms producing keto-transferred to MS agar plates containing 2,5-diketo-glu-
aldonic acids and showed that they were growing on theiconic acid, 2-ketad-gluconic acid, 5-ketat-gluconic acid
products. We report here that 50% of the strains growing oror 2-ketod-gulonic acid. Growth was checked after 72 h at
2KLG showedl-sorbose- and-sorbosone dehydrogenase 30°C. The production of keto-aldonate was assayed by
activities, which are required for 2KLG production. HPLC after cultivation at 30C for 24 h in a complex
medium containing 0.5% peptone, 0.3% yeast extract, 0.1%
Materials and methods E(I)—|SZ(I:O4, 0.05% MgSQ-7H,0 and 5.0% glucose dr-sor-
Microorganisms for the test of ability to grow on
keto-aldonate Screening samples
Acetobacter sp ATCC 21409, A. diazotrophicus Samples of fruits (strawberries, kiwis, grapes etc), soil,
ATCC 49037, Enterobacter aerogenesATCC 13048, flowers and weeds were taken for screening the strains
E. pyrinusATCC 49851 ,Erwinia cypripediiATCC 29267, growing on 2KLG. The samples were sliced into small par-
E. herbicola ATCC 21998, E. rhapontici ATCC 29283, ticles and suspended in 0.95% NaCl solution. After centri-
Gluconobacter cerinus ATCC 12302, G. oxydans fugation at 450 g, the supernatant was discarded and the
ATCC 23776, G.oxydans ATCC 621, G.oxydans remaining pellet was resuspended in 0.95% NacCl solution
ATCC 9324,G. oxydansATCC 9937 Klebsiella pneumon- and spread on 2.0% ethanol selection medium. After 24—
iae KCTC 1560, Pseudogluconobacter saccharoketogenes48 h incubation at 3, colonies were picked and the
IFO 14464, Pantoea citreaATCC 31623, Pseudomonas selected isolates were tested for their growth in a minimal
putida ATCC 8209 and P. putida ATCC 21025 were salts medium containind-sorbose or 2KLG as the sole
obtained from the Korean Collection for Type Cultures, carbon source.
Taejon, Korea (KCTC).Acinetobacter johnsoniill-2,
Bacillus cereusl6-1, B. cereusl7-1, B. cereusl18-9, B. Enzyme assays
laterosporus24-5, B. megateriuml0-2, B. megateriunill-  Strains which grew ofl-sorbose or 2KLG were tested for
5, B. megateriumil5-2, B. megateriuml5-6, B. thuringi-  the presence of-sorbose- and-sorbosone dehydrogen-
ensis 17-4, Curtobacterium flaccumfaciend6-2, Cyto- ases. Cell pellets were separated from 10 ml cultures by
phaga johnsoniil8-2, C. johnsoniil8-4, Serratia marces- centrifugation at 4508 g for 15 min and washed twice
censSEM1 were isolated in our laboratory for the ability with 0.02 M phosphate buffer (pH 6.4). The washed pellet

to produce keto-aldonates. was suspended in 10 ml of 0.02 M phosphate buffer (pH
6.4) and sonicated for 3 min with 20-s intervals. The son-
Media and culture conditions icated cell suspensions were centrifuged at 4%@0for

Two media were designed for the selection of acid-produc45 min to remove cell debris. The resulting supernatant was
ing bacteria and 2KLG-producing bacteria. The medium forused for the assay dfsorbosone dehydrogenase and cyto-
the selection of acid-producing bacteria (ethanol selectioplasmic reductase activities.
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For I-sorbose dehydrogenase, whole cells were useddldonic and keto-aldonic acids
The activity of dehydrogenase was tested by following theThe presence of aldonic and keto-aldonic acids in the cul-
dichlorophenol-indophenol (DCIP) extinction at 520 nm in ture broth were tested by HPLC [15]. A Bio-Rad Aminex
a 1-ml assay mixture containing 50 mM of sodium acetateHPX-87H column was used with a refractive index detector
buffer (pH 5.0), 10 mM MgCl, 5mM CaC}, 0.1 mM  (Gilson, Villiers Le Bel, France). 5KDG and 2KDG were
phenazine-methosulfate, 0.15 mM DCIP, ©010% Tri- purchased from Sigma and 2KLG was kindly supplied by G
ton-X100, 100 mM substrate and 20 enzyme solution. Yin (Shanghai Research Center of Biotechnology, China).
Glyoxal was used instead dfsorbosone for the measure- 25DKG was produced b¥. herbicolaATCC 21998 in a
ment ofI-sorbosone dehydrogenase as reported by Hoshinmedium  containing 0.3% yeast extract, 0.05%
et al [11]. One unit of enzyme activity was defined as theMgSQO,-7H,0, 3.0% CaC@g 0.5% glycerol, 5.0% glucose
amount of enzyme which catalyzed the reduction pfitol ~ and 1 ml of trace mineral solution per liter. After culti-
of DCIP per minute. The activities df-sorbose-,I-sorb-  vation, 25DKG powder was obtained by methanol precipi-
osone- and 2KLG reductase were tested spectrophotomegtion.
rically by following the oxidation of NADPH at 340 nm in
1 ml standard reaction mixture containing 280 mM Tris-
HCI buffer (pH 7.0), 0.3 mM NADPH, 2@l enzyme and
10 mM substratel-sorbose, glyoxal or 2KLG. One unit of Most keto-aldonic acid producing microorganisms
enzyme activity is the amount of enzyme which catalyzedgrow on their products as the sole carbon source
the oxidation of lumol of NADPH per minute. Protein We first checked the growth of various microorganisms on
concentrations were determined by the Bradford methodheir products, eg such keto-aldonic acids as 25DKG,
using a protein assay kit (Bio-Rad Lab, Hercules, CA,2KDG, 5KDG, or 2KLG. Most keto-aldonic acid-produc-
USA), using bovine serum albumin as the standard. ing microorganisms grew on their products such as 25DKG,

Results and discussion

Table1 Growth of keto-aldonate producing microorganisms on mineral salts media containing glucose, 25DKG, 2KDG, 5KDG or 2KLG as sole

carbon source

Strains Carbon source Products Reference
Glu 25DKG  2KDG 5KDG 2KLG
Acetobactersp ATCC 21409 ++ ++ + - - 25DKG a,b
A. diazotrophicusATCC 49037 ++ ++ +++ ++ + 2KDG, 25DKG a, [1,3]
Acinetobacter johnsonil1-2 +++ - +++ - - 2KDG a
Bacillus cereusl6-1 +++ +++ +++ - +++ 2KDG, 2KLG a
B. cereusl7-1 +++ ++ ++ + - 2KDG a
B. cereusl8-9 +++ +++ +++ + +++ 5KDG a
B. laterosporus24-5 +++ +++ +++ + +++ 5KDG a
B. megateriuml0-2 +++ +++ +++ + +++ - a
B. megateriuml1-5 +++ ++ +++ + - — a
B. megateriuml5-2 +++ +++ +++ + +++ 2KLG a
B. megateriuiml5-6 +++ ++ ++ + - - a
B. thuringiensisl7-4 +++ +++ +++ + +++ 2KDG, 5KDG a
Curtobacterium flaccumfaciers-2 +++ + + - ++ 2KLG, 2KDG a
Cytophaga johnsonii8-2 +++ +++ +++ + +++ - a
C. johnsonii18-4 +++ +++ +++ + +++ 2KDG, 5KDG a
Enterobacter aerogene&TCC 13048 ++ ++ ++ + + 2KDG, 5KDG a
E. pyrinusATCC 49851 +++ ++ ++ - +
Erwinia cypripediiATCC 29267 +++ +++ +++ +++ ++ 2KDG, 25DKG a
E. herbicolaATCC 21998 ++ + + ++ ++ 5KDG, 25DKG a
E. rhaponticiATCC 29283 +++ ++ ++ ++ ++
Gluconobacter cerinudATCC 12302 +++ + +++ - -
G. oxydansATCC 23776 ++ ++ ++ + - 25DKG a
G. oxydansATCC621 +++ +++ + + - 2KDG, 25DKG a
G. oxydansATCC 9324 ++ - - - - 2KLG
G. oxydansATCC 9937 + - - - - 5KDG, 25DKG a, [31]
Klebsiella pneumonia&CTC 1560 ++ ++ + - + 25DKG a
Pseudogluconobacter saccharoketogeh&d 14464 + - + - - 2KLG a, [20]
Pantoea citreaATCC 31623 +++ ++ ++ ++ ++ 2KDG, 25DKG [24]
Pseudomonas putidaTCC 8209 +++ ++ +++ + +++ 2KDG, 25DKG a,b
P. putidaATCC 21025 +++ - +++ + - 2KDG, 25DKG a,b
Serratia marcescenSEM1 +H+ +++ +++ + 2KDG a

+++ Excellent growth;++ good growth;+ growth; + merely growth;— no growth. Growth was defined as colony size on an MS agar plate containing
0.5% glucose, 25DKG, 2KDG, 5KDG or 2KLG as sole carbon source after cultivation°@x &0 72 h. The test for keto-aldonate was carried out by
HPLC after cultivation at 30C for 24 h in a complex medium containing 0.5% peptone, 0.3% yeast extract, 0.1%Q5H).05% MgSQ-7H,0 and

5.0% glucose oll-sorbose. Letter ‘a’ in the reference column indicates the strains for which the production test was carried out in this work and ‘b

indicates strains cited as the keto-aldonate producers in ATCC catalog.
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2KDG, 5KDG, or 2KLG as the sole carbon source (Tableof 212 strains selected frorhtsorbose plus 2KLG media 109

1). Thus, microorganisms growing on 2KLG should havehad both SDH and SNDH activities. The results indicate
enzymes required for 2KLG production, indicating that athat while a larger number of isolates growing on 2KLG
screening method based on growth on 2KLG as the solplus I-sorbose yielded low numbers of positive strains
carbon source may be applied to screen for novel 2KLG{1.5%), a relatively small nhumber of isolates growing on
producing strainsG. oxydansIFO 3293 andPseudoglu- 2KLG yielded a higher number of positive strains (50%).
conobacter saccharoketogen#s014464, which produce For all three selective media, the distributions of SNDH
2KLG, were not able to grow in the selective mediawere more widely distributed than SDH. It is also notable
because in order to be a 2KLG accumulating strain, catathat a higher distribution of SDH and SNDH activities has
bolic pathways for 2KLG and related keto-aldonic acidsbeen detected in isolates taken from flowers and weeds.
have to be minimized (Figure 1). In additio@Glucono-

bacter sp requires an unknown growth factor [27] and Microorganisms with L-sorbose- and L-sorbosone

2KLG producers grow very poorly in a general ethanol iso-dehydrogenase activities did not accumulate 2KLG

lation medium (Yin, personal communication). Thus, it is Among strains selected for the presence of both SDH and
predicted that traditional screening methods for direct iso-SNDH, 10 strains (five each from isolates selected fllem
lation of 2KLG overproducers from natural samples wouldsorbose and 2KLG) showing relatively high activities were

not be easy. tested for production of 2KLG fronk-sorbose. None of the
isolates produced detectable levels of 2KLG in culture

Microorganisms growing on 2KLG show L-sorbose- broth when assayed by HPLC (Table 3). All strains showed

and L-sorbosone dehydrogenase activities 2KLG reductase activity, which converts 2KLG teidonic

In order to select strains with 2KLG production pathways,acid. The strains grew weakly on 5KDG, indicating that
samples of fruits, soils, flowers, weeds and grapes werthe metabolic activities related to catabolism of 2KLG are
prepared and spread on ethanol selection medium contairia I-idonic acid, before proceeding to 5KDG and then to
ing calcium carbonate as an indicator for acid productiond-gluconate (Figure 1).

Colonies with halos were selected for their ability to pro-

duce acid(s) before being plated on agar plates containin . .

I-sorbose, 2KLG od-sorbose plus 2KLG. In the ethanol Eonclusions and further studies

selection medium, more than 800 colonies were isolate&creening of potential 2KLG producers is facilitated by
which were checked for abilities to grow on plates contain-initial screening of the microorganisms growing on the tar-
ing 2KLG and/orl-sorbose as a sole carbon source. Theget product, 2KLG, followed by determining whether the
number of microorganisms which grew was higher oncorresponding enzymes are present in the cells. This strat-
plates containind-sorbose plus 2KLG than ih-sorbose egy is applicable to cases where overproducer micro-
or 2KLG alone (Table 2)I-sorbose dehydrogenase (SDH) organisms for the target products are found very rarely in
and I-sorbosone dehydrogenase (SNDH) were assayed imature either due to the inherently weak growth competition
strains selected fronl-sorbose, 2KLG orl-sorbose plus on the selective plates or due to the metabolic pathway
2KLG. Ten out of 45 strains selected frolvsorbose media  structure that will not allow significant overproduction.
showed both SDH and SNDH activities while along the 160nce microorganisms showirgsorbose- and-sorbosone
strains selected from 2KLG media, eight strains showedlehydrogenase activities are selected, blocking of catabolic
both SDH and SNDH activities ranging from 0.03 to 0.15 pathways for 2KLG consumption would quite easily gener-
unit/OD,.,; and 0.05-0.1 unit/OR, respectively. Only three ate the 2KLG overproducers. However, catabolic pathways

Periplasm D-sorbitol -sorbose L-sorbosone iKLG L-idonate
2IDH 1

SSLDH* SDH*

Cytoplasm v 5SR* v v
. SNR* SNDH* 2KR*
D-sorbitol “@——— L-sorbose <}——— L-sorposone —E>2-KLG—>L-id0nate
l 2SR*
2SLDH 5-KDF Degradation SIDH
SKDFR SKR*
Fructose » Gluconate ———— 5-Keto-D-gluconate
Metabolism

Figure 1 Proposed pathway fdr-sorbose and 2-ketb-gulonate metabolism in selected strains on mineral salts medium contdisimgpose or 2KLG
as carbon source. **" indicates the metabolic pathways checked in this work. The degraddtienrbbsone was cited in a paper by Shingtal [23].
Abbreviations: 5SLDHd-sorbitol 5-dehydrogenase [11,21-23]; SDHsorbose dehydrogenase [11,22]; SNOHsorbosone dehydrogenase [11,22,23];
2IDH, l-idonate 2-dehydrogenase [11,21]; 5IDHjdonate 5-dehydrogenase [4,11,29]; 29Rsorbose 2-reductase [21]; 5SRsorbose 5-reductase
[21,23]; SNR,I-sorbosone reductase [11,23]; 2KR, 2-kétgulonate reductase [11]; 5KR, 5-ketiegluconate reductase [1,4,29]; 5KDFR, 5-keto-
fructose reductase [18,21]; 2SLDH, sorbitol 2-dehydrogenase [21]; 2KLG 2lkgtdenate; 5SKDF, 5-ketal-fructose.
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Table 2 Distribution of sorbose dehydrogenase (SDH) drgbrbosone dehydrogenase (SNDH) in strains from minimal salts (MS) medium containing
I-sorbose, 2KLG ofl-sorbose plus 2KLG as the carbon source

Carbon source

Samples MS sorbose medium MS 2KLG medium MS 2KLG plus sorbose medium
Strains SDH SNDH SDH & Strains SDH SNDH SDH & Strains SDH SNDH SDH &
isolated SNDH® isolated SNDH° isolated SNDH®

Fruits 0 0 0 0 0 0 0 0 2 0 0 0

Soil 0 0 0 0 0 0 0 0 3 0 0 0

Flowers 2 1 1 1 2 2 2 2 13 0 0 0

Weeds 22 8 8 8 6 4 4 4 167 5 0 0

Grapes 21 2 15 1 8 3 6 2 27 5 20 3

Total 45 11 24 10 16 9 12 8 212 10 20 3

aNumber of isolates growing on MS medium containihgorbose, 2KLG ofl-sorbose plus 2KLG as the carbon source.
®Number of isolates showing activities of SDH or SNDH.

Table 3 2KLG production and distribution of-sorbose,I-sorbosone Acknowledgements
and 2KLG reductase, and growth on 5KDG in strains isolated from__ .
minimal salt medium containin§-sorbose (S) or 2KLG (L) as the carbon This work was supported by MOST (HS1810) and by
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reductase reductase reductase production 5KDG

Umg* (Umg*  (Umg*

protein) protein) protein) References
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sS4 - 0.525 0.117 - + Acetobacter diazotrophicu£an J Microbiol 41: 918-924.

S5 - 0.201 0.011 - + 2 Anderson S, CB Marks, R Lazarus, J Miller, K Stafford, J Seymour,
s7 _ 0.167 0.015 - + D Light, W Rastetter and D Estel. 1985. Production of 2-kkgulon-

s9 - 0.270 0.016 - + ate, an intermediate ih-ascorbate synthesis, by a genetically modified
S31 _ 0.146 0.100 - + Erwinia herbicola Science 230: 144-149.

L18 — 0.018 0.064 - + 3 Attwood MM, JP van Dijken and JT Pronk. 1991. Glucose metabolism
L19 _ 0.025 0.107 - + and gluconic acid production bgicetobacter diazotrophicus) Fer-

L20 - 0.246 0.674 - + ment Bioeng 72: 101-105.

L23 — 0.756 0.560 - + 4 Bausch C, N Peekhaus, C Utz, T Blais, E Murray, T Lowary and T
L25 _ 0.245 0.069 - + Conway. 1998. Sequence analysis of the gntll (subsidiary) system for
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Microbiol 139: 59-77.
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mutant of Erwinia cypripediiin quconate dehydrogenase, 7 Choi ES, EH Lee and SK Rhee. 1995. Purification of a membrane-

. . bound sorbitol dehydrogenase fr@giuconobacter suboxydanSBEMS
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viable and 2KLG-overproducing microorganisms grew g Clark DP and JE Cronan Jr. 1996. Two-carbon compounds and fatty
very poorly (Panet al, unpublished results; Yin, personal acids as carbon sources. Escherichia colandSalmonella2nd edn):
communication). Analysis of metabolic fluxes #ceto- Cellular and Molecular Biology (Neidhardt FC, R Curtiss Ill, JL Ingra-

. . . - - : ham, ECC Lin, KB Low, B Magasanik, WS Reznikoff, M Riley, M
bacter d|.azt')troph|cusan acetic acid bacterium _prqducmg Schaechter and HE Umbarger, eds), pp 343-357, American Society
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Lee and Pan, in preparation). Obviously these micro- synthesis of vitamin C.l¢tascorbic acid). In: Biotechnology of Vit-
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. . sevier, Applied Science, London.
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mutation showing no 2KLG reductase [33], it would be te”zag'or;"f NAE(Pg%i%eTe'.“Sé’Tbloéﬁ”e dgg‘}’gg%ge(s%se frGitu-
possible to achieve a higher 2KLG conversion yield, which,, €onobacter oxydans’v. 9. Agric BIo" Laem 950 555075,
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