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Pyruvic Acid Production from Gluconic Acid
by Pseudomonas stutzeri

Nobuhiro Mor1*, Kazumasa Jitsunart*, Masako Yosuia*,
Yutaka Kiramoro* and Yoshio Icaikawa*

For the purpose of producing pyruvic acid from gluconic acid, 96 strains of bacteria
were tested. Pseudomonas stutzeri (IFO 12695) was found to accumulate a large amount
of pyruvic acid from gluconic acid in a chemically defined medium supplemented with
sub-optimal concentrations of yeast extract for bacterial growth. Ammonium salts
were the most favorable for nitrogen sources. Six-day incubation of the bacterium in
a medium containing 0.3 g/L of yeast extract produced 12.1 g/L of pyruvic acid, but
3.5 g/L of a-ketoglutaric acid was accumulated as by-product. The effect of yeast
extract for pyruvic acid fermentation could be partly replaced by addition of metal ions
such as Fe** and Ca** into the medium. The maximum yield (10 g/L) of pyruvic acid
was attained after 6-day fermentation. However, the by-production of a-ketoglutaric
acid was less than 1 g/L.
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WEVEEERT B EMRE LI & 25, Pseudomonas
BO 1 B EERTCEL EVBARERT A LER
WRELIEDT, #OEREZHEE>OTENIEREHR
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1. A Jsvarv@gmroe e rgihEoy b
Bk £ T 2 ERORE IS RERTFOME = A
L7z,

2. B L UEERE  MEOEBRCEIVIVE
F VT A5%, (NH).S0,0.5%, KH.PO.0.2%,

MgSO, « TH,O 0.1%, BT ¥ 20.01% DA DEM

(pH7.0) #ERA L, v MEBEREOWREIC, LMK
DM 5 mlE ANie KEGRERE CIRE S BERTTL, ©
WV E CBRE RS ORI, BHI75mlE & B 500mIAHR &
375 A3, FEQCHE28C TR IEELI. &K
B X 2 BNV E U BBEREEORTIE Vv a VRS
MU A5%, (NH..SO, 0.5%, KH,PO, 0.2%,
MgS0,+7TH.0 0.1% DA DERER M (pH7.0) AW
720

3. A FHE  EERTOS I VEBOEER2, 4V
Zbho 7z Ve RSO VEERELLE, TAHVE
BT TROEIEER L, 2OXR——Jux 777
4 =%, BEARIC2,4—Y =7 ERIY
VEMZ, ERLILE NIV U EEBIF L THEL,
3%T7 e TIKEMN—75 ) —VTERL, B
E B AR ERERE? a— 7 NIV INERIZ I VY 3
VEEBIARREERY SV a VBRIV VEEXF S —E L 6 —
ARARI NV VEEBKRRERY L ABERFEICIDEFNE
NEEL, BEOETEIZ660nm C BT 2 BELEE
L, BlicROIHRER LBEORER L D EZREEKE
ELELTELL,

KBERL L UEBE

1. 7 MEREREDOBKRE

MREREOHBEIEIZ DOWTZFDEREKEFO 7 Mg
EREFANI-EIS, THBY NBEREEREBEL T
(Table 1), Z® 3%, Micrococus sp. No. 431 &
Pseudomonas stutzeri (IFO 12695) @ 2 #kDERKT 3
rhBER—NN—Ta2 ST 7 4 —THLIZEZ 3,
Micrococus sp. No. 431 5 1d a—7 b 7L & WVEEDS,
P. stutzeri o3V ErBRFCBRE SN, YED
WEEp S, P.ostutzeri NV E U EBAEEREE L TEEKL,
FECEZ 7NV VEISELEVBOERIZDVRTS

Table 1 Kegro Aci ProbuctioN BY VARIOUS

BACTERIA
The medium consisted of sodium gluconate 5%,
(NH,),S0, 0.5%, KH,PO: 0.2%, MgS0,-7H.0 0.1%
and yeast extract 0.01%(pH 7.0). The culture was
carried out at 28°C for 3 days in the test tube (2x
20cm) containing 5ml of the medium with reciprocal
shaking. The estimation of keto acid was described

in text.
Keto acid formed

Organism

(g/L)
Micrococcus sp. No. 431 AKU 0511 5.17
Pseudomonas stutzeri IFO 12695 3.38
Corynebacterium paur. bol IFO 12160 2.65
Aeromonas hydrophila IFO 3820 1.09
Agrobacterium tumefaciens AKU 0300 0.88
Agrobacterium tumefaciens IFO 13265 0.79
Agrobacterium radiobacter IFO 13258 0.69
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2 . Pseudomonas stutzeri O t")l/' v B SE
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HERRN LI (Fig. 1), Z0#HE, 7Sra i b

127 16 12
5|
~ o
— s
w 8F 14 2410
et o
— (5]
g Bl E
2 4} 12 88
I B>
& &
oL " ' Jdo dg

—_
0 50 100 150

Na-gluconate concentration (g/L)

Fig. 1. Effect of Sodium Gluconate Concentration on
Pyruvic Acid Production.

The medium consisted of the indicated
concentration of sodium gluconate, (NH,),S0, 0.5%,
KH,PO, 0.2%, MgS0,-7H,0 0.1% and yeast extract
0.019% (pH 7.0). The culture was carried out at 28°C
for 6 days in a 500 ml-flask containing 75 ml of the
medium with reciprocal shaking.

O, pyruvic acid ; ], dry cell weight ; A, pH.
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Table 2 ErFrecT OF VARIOUS NITROGEN SOURCES ON
Pyryvic Acip ProbucTioN

The medium consisted of sodium gluconate 5%, the
nitrogen source of the indicated concentration,
KH,PO, 0.2%, MgS0,-7H,0 0.1% and yeast extract
0.01% (pH 7.0). The other experimental conditions
wex/’e the same in Fig. 1.

Nitrogen Source Pyruvic acid formed  Dry cell weight

(0.10% N) (g/L) (g/L)
Peptone 0.08 3.7
Casamino acids 0.32 3.1
Urea 1.2 1.2
(NH,).S0, 10.6 2.7
NH,CI 10.7 2.2
NH,NO, 9.0 2.8
NaNO; 39 3.0
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Fig. 2. Effect of Yeast Extract Concentration on the

Bacterial
Production.
The composition of medium was the same as Fig. 1,
where yeast extract concentration was varied as
indicated.
O, pyruvic acid ; [ ], dry cell weight.

Growth and Pyruvic Acid

Vo aD508 /LEMRTHEOEEWRRELL D, ELE
CEBEBELRRELE o/, I D BEERNOSE,
ENLNECBERESEA LY, BEREICRELNAS
Nnimoiz,

b, EREOBEOHE CALCCBERCBIE
REOMRERANB e, EHRFEEL LT (NH,) S0, 5

2/ LICHE% Y 2 BREORBOERF REHICHML T
BFELUS (Table2), 7Y, HE7yT=
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Holze RERERODEFTHETL, CAEVHERE
LA LTI, 7RIV I VB EOERKESE
ETHEROETRREFTH -2, ENEVBOER
BIEEACED SN ole, 5T, AEOELE Y
BMEBCETL2EZERL LT, 7Y T7EERVHE
LUThBEEZOND,

c. BRI ADHR INETOERTIE, MEE
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Fig. 3. Time Course of Pyruvic Acid Production by
Pseudomonas stutzeri.

The bacterium was cultivated at 28°C in a 500ml-
flask containing 75 ml of medium, where yeast
extract concentration was changed to 0.3%.

O, pyruvic acid ; @, sodium gluconate; @, a-

ketoglutaric acid ; [}, dry cell weight ; A, pH.
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BoT, KEOEBOEYLIHIFN T CHETZ &
BELVEVBOGEEERINTAEGTH S I LR
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d. EVECVBERDOS A LIT—R BERE T & 2 U0
BE20.38/ LSBT EITAEICLZELVEVE
EROBIFNZEL % Fig. 310R L7, HOEEIR2HE
TRARKERY, LBIRIEEAEETHLEA -, ELE
CVESERIL, RETHL IV VEEMIZIZHEEBELRLS
n36HETEARERY, LBABLCoa—7 N LY
NVBOEBRLROON, HESHATZOERER
4 8/LITE LTz, BHERBEO PH I, HOEBICE b -
TEEL, 2 HELUREEZ pH 8L TH - 72 AEICEL B
CAE VEERIR, BT VERSELTwELDE
Ebhz,

3. ARSI X B ¥ BERAHE

HIEIC BT, P stutzeri DN BERIC RS
IHFRAFORABEANKE ZERE LD S I EWRE &
nize LinLahs, BRELF AFRAMEDTH S
D, ENECBEBOARERER &2 5 HEELRDH 5,
Eiz, ENEVBEEEOS SR AMINEE S0, ®
BERGEREEGROMEITRLEL R S, ZITH
BOEHETOCLE VEEREFICOL TR L,
a, EREMCL 3L CEER O REC L ER
EM#TOENVE Y BERERN LI I3, HOLF R

Table 3 ErrEcT oF THIAMINE AND VITAMIN MIXTURE

ON THE BacTErRIAL GROWTH AND PyRuvIC
Acip ProbucTION
The basal medium consisted of sodium gluconate

5%, (NH),S0. 0.5%, KH.PO, 0.2% and MgSO,-7H,0
0.1%(pH 7.0). The composition of vitamin mixture
thiamine-HCl 1mg/L, biotin
20ug/L, Ca-pantothenate 1mg/L, nicotinic acid
5mg/L, riboflavin 2mg/L, folic acid 1mg/L, p
-aminobenzoic acid 1mg/L, choline chloride 50mg/L,
pyridoxines HC! Img/L.

were as follows ;

Pyruvic acid formed Dry cell weight

Medium
(g/L) (g/L)
- Basal medium 17 0.7
Bz§sa1 'medium with 17 08
thiamine(25xg/L)
Basal medium with 18 0.8

vitamin mixture

cdER 2 -HIER

BB T + R FRINESHIC B L T UIEF L, B
EVBEREL L CET L, choDfErs, KE
DEBRNT 2 REFTHLER = ¥ AFTRZTFEET 255
HEEHA I RZ LT b ZENRBENT,

b, F7IVvBLUEY I VEAEYOHRIE 77
3 > thiaminepyrophosphate & U T a—* F BEOEE{L
BB REEICEEE T 5 L IS NT B Y, MEMCL S
L VB AL E ORI DL T DOBDERENDH 5467
iz, BELFAHIZFT7 I URHEENZEICESENT
WBZ Ly, BEESECF 7 I CREMLT, WED
EEBLUVELE VBROERICNT 2R EBEL 72,
FTIVERMER, BErEFA00.38/LicgEnds
FifE» 52568 /LE L, LL, EEOF7 S VFEMN
BT, MEOEBBLUELVEVBOERHICIZIZE A
EREBEED s o7 (Table3), o&ic, 773
YPHDES S VORMENEZ SNIDT, FTIVvE
SUEY I VEEYREERESBICHEML, ZOMRER
SNUEA, EEROES, CALEVYEBOSHEICIIHEN L
»o 7z (Table 3),

. EBEOEIHME BRI ATCIEEOERE
EREENTWEOT, Fe*, Ca*, Cu*, Mn** & &g
B L THREL, BROET T 28R 2T
U7z (Table 4), Fe**O@hic & b BERO LT WA -
DHEDEBIWHARTH 7 Fint i, Z2ohogE
HOWMTIE, BEROEF IR R oI,
d.Fe'BEOCLVEVBEROEE  FeWEED
A BFCHATHD BB ER-/:0DT, EREEH
FOFe DBE LI EEL, HEOEFT - ELE
CEEDER L OE R FA~T(Fig. 4), BlEDEE 1 Fe*r
WIMEB AL TEES RN, ELEVBERIZ0.2

Table 4 ErrecT OoF VARIOUS METAL SALTS ON THE
GROWTH OF Pseudomonas stutzeri

The basal medium consisted of sodium gluconate

5%, (NH,S0, 0.5%, KH,PO, 0.2%, MgSO0,-7H,0
0.1% and the indicated metal salt(pH 7.0).

Metal salt Dry cell weight

(10 mg/L) (g/L)
None ) 0.7
FeSO, 4.9
MnSO, 0.6
CusO, 0.6

CaCl, 0.8
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Fig. 4. Effect of Fe** Concentration on the Bacterial
Growth and Pyruvic Acid Production.
The bacterium was cultivated at 28°C for 6 days in
a 500 ml-flask containing 75 ml of the basal medium
supplemented the indicated concentration of FeSO..
O, pyruvic acid ; [ ], dry cell weight.

ng/LFHBETRALR D, BRI F AOBRIMCLDEON
FEELELL TR, UL, ZOELE VEBRERE
X, BRIFAFMCEDESRLELE VEBERED
FHRETDH I,

e, TOMOD 2 HEEA 4 > DEHEMNR EAE v
£z Fe A DD EEA A Y BREL TS 2 e
EZONIDOT, HEEE—8%20. 16mg/ LML 7o ZEREES
#iz Ca?*, Cu?*, Mn*"%2 2 ZNHEML, ZOMR %K
2L 7z (Table 5), CaCLORMIZ L W EAE Y EBEDER
ENf 2 Bl i, BROEFTIITIEEALEL
Bt —7, BRESHIEYS. commune (2 &5 7
N —RAMEDENE BEEI BT, Mn* DRI
LOENEVBEEENENT S I L EHREL T2,

Table 5 EFFECT OF THE ADDITION OF VARIOUS METAL
SaLt oN Pyruvic Acip ProbuCTION
The medium consisted of sodium gluconate 5%,
(NH,), SO, 0.5% KH,PO, 0.29%, MgSO0,-7H,0 0.1%,
FeSO, 0.16mg/L(pH 7:0) and the indicated metal
salt(pH 7.0).

Metal salt Pyruvic acid formed Dry cell weight
(10 mg/L) (g/L) (g/L)
None 5.2 26
CaCl, 9.9 2.8
CuSO: 5.5 2.5
MnSO, 4.0 2.3
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Fig. 5. Time Course of Pyruvic Acid Production in the
Synthetic Medium by Pseudomonas stutzer:.
The bacterium was cultivated at 28°C in a 500 ml-
flask containing 75 ml of the basal medium
supplemented FeSO. (0.16 mg/L) and CaCl, (30 mg/
L).
O, pyruvic acid ; @, sodium gluconate ; @, a-
ketoglutaric acid ; [], dry cell weight ; A, pH.

AE T, Mn? % CO*RIMC X 2 E LV E VBB EORS
LA ERED O NE M oI,

f, BB TOELVE VEBERD Y A LT —2 A
U7 SR & SR HIC Fe? & Ca? 2L -2k
L v EBEROBREIEEBERI L (Fig.5), Eit
CBRIET NV VEBEDEBIC L bR TERL, BE6—
SHHEHTIRIERAL 2D, BRI AR TES 1L
TAEDHIB0% Lk o7 —F, WHhOAE X, 2HAET
BRRERDLBRIZTREEE Lo 1o 558 2 %0 pH 1X
HOEBTRE b >TERL, 2 HEMUKIZ pH 8 g x
%% o 12 B £ FH® 13 Corynebacterium O 1 BRIz L 2
ITNAVEEDPSDENE VEOERICBWT, Fe?* % 1 m
W 2 2 kD, BEREELSIE, CAEVBE
BEORBESBEL L a—7 s TVY VBOBINRHE L
Tws, L2L, LROEEEBHTORREICLE2ELE
VEBERICBOLTE, PAECVBEREORLD L a—r
ML VEEDEBIEBIEL A LD S5 T,
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