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Microbial Formation of Tartaric Acid from Glucose

(I) Isolation and Identification of Tartaric Acid Producing Microorganisms

Koichi Yamada, Toru Kodama, Takaji Obata and Nobuhiro Takahashi

(Department of Agricultural Chemistry, Faculty of Agriculture, University of

Tokyo, Bunkyo-ku, Tokyo)

Isolation of various types of microorganisms distributed in nature was attempted

in order to discover tartaric acid producers. Over nine thousand strains were isolated

and examined in the ability of producing tartaric acid from glucose, and eight strains

of bacteria were found to accumulate tartaric acid in fermentation broth. Those

tartaric acid producers were isolated only from mannitol-yeast extract agar media and

the habitat of these bacteria was restricted to fruits, especially persimmons.
One of these bacteria, named 2026Y2, was used for further experiments because

of its superior productivity of tartaric acid.

Five kinds of acids, including tartaric

acid, were usually detected in the broth after 6 days’ cultivation. Separation of these

acids from the fermentation broth was performed by means of ion exchange chroma-

tography followed by silicic acid chromatography. Four of them were purified and

identified as L (+)-tartaric, glycolic, 5-ketogluconic and 2-ketogluconic acids. By the

presence of these acids, a metabolic pathway was suggested as to the formation of

tartaric acid from. glucose.

As the results of taxonomical studies on four of these tartaric acid producers, it

was confirmed they were all belong to Gluconobacter suboxydans, though there were

slight differences among them.
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HUTWBD, F a3 —2PIADEE T, Bernhauer
BT —nnbD Aspergillus sp. & L 54K
%, Lockwood H235-4 b 7o/ Eb B O Pseu-
domonas fluoresceus . L HAERPZH U T 5, L
MU AiS, IEOECDWTIL Lockwood & D
FrBRWTRE IR T2l $unEnbishre
EBECTFu.
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1. BLRBRAEEHROS L

A, MAEMOBRE 188, BK EUEREYER
L, BiEE D2 BEKCEESL T Table 1 kR
L7 TE e UTEREREE TR, LRERCEUT
FREFEY < DIREL TS BEL T - 7o, B ¥k
26°F721137°CT 270 L 4 AR T » 7.

Table 1 HIFfE# IR KRN L T 4 DO S, B E
Ehizdb DT, (NEABORIBRAKIC: BEEEED b 5
IbEY 2 HE—DRBER L Ulcktth, QBELGEYYE—D

RFEFRE L Uicki, QELMEL RINCET XL S
By, GEARETHE S L UCTHEMOMEY Y BIRT S
BiuThe.

B. SHEOHERE  S500mlBD#HEL 575 AT
F2330ml ZOABBERE L AV, FhFR50m],
5ml ORHFHER L. BEREDOKREICH i
ik Table 2R L7z R0 Th 5. KEFEEII26°
¥720337°C, BRI 2B WL 6 HETH 2.

Table 2, Medium for acid production.

Ingredient(g//) For bacteria ! For fungi
Glucose 50 or 100 50
NH(NO; 0 or 2.5 2.5
KH,PO 1.0 1.0
MgSC.+7H:0 0.25 0,25
C.S. L. 3.0 3.0
NHVO3 0 or 0.1 0
CaCoOs 20 or 28 0 or 20

pH 6.0 " 5.0

a These compounds were sterilizad
separately.

C. ARLABORE  HEEETHRE, Amberlite
IR-120 THtAF A4 v, R——F R EE /v~
7T T 4 =T TAERBEORE ¥ T - 7. ES
BRAn-7 4 7 — L —FEilg—K (4:1:1) %#FW,

Table 1, Composition of isolation media.

Isolation medium

Ingredient (g/) a) [ b)) c) | d) | _e) [ f) &)
+pH3 pH7 | pH3 or7 [ pH3 pH6 | pH3 or7 | pH3 or 7 | pH6 |pH2

Tartaric acid 7 30
Ammonium tartrate 10 10
5-Ketogluconic acid 10
Gluconic acid 10 10
Fumaric acid 10
Maleic acid 10
Mannitol 25
Glucose 30
NH.NO;s 5 5 5 5 5 10
KH,PO, 5 5 5 5 5 5
MgS0,. 7H.0 25 25 0.25 0.250.25 0.25 0.25 0.25
CaHPO, 5 5
KsPO, 5 5
FeCls 0.01 0.01 0.01
C.S.L, 3
Yeast extract 1or 10
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RERBELLTRAZNF O UVBT V=Y O
KERD 8L AFv4xu—2 BPB OR & 5
HOLFERLL. MERELARCERNRE YT T
INTWB2REHTEHB.

2. BEREOHOROBE, FE

A, BOHBE A FAREEIRC L VERKRTO
AF A ZHRWIDD, EiEkEELHTS. Ry
T =% a3 #akiils (Dowex 1X8, ¥ 7z Ambearlite
IRA-402 BEERRY) 2B L TBOAL REIFLDD
FBTEE0.SNALO6NETELTHARBETS. 2
B LEOBYEL 77 7 aved20nTRY YA o0
AZLo02 b ST T74—To00kN b—n-T &)
—VRIC L DB 7.

B. BORE - HEEMEREINWCEELRERNL
FHAECONWT IR <7 b, TTESH, RAR
EIREE T - TEZE L.

3. BE#HORE Wik X D7/, Bergey's
manual™ € L7zl TRIE Lkdi, BL 2w Tk
BiHOMmEP 2R L.

ERERBIUER

1. HoSRE THErOMAE 2354 Fansy
BERE LTRI ) —= v & Tl -1 BAERET R
N OB B LR AN B AR AR5
g Rlic i3 2 Table 3 OWBY THD. ThbHOD
HDO b, BEOHEEHTESh2dDrRIEL LT
SRRERWUBRTH Y, PR TEL I Ok
FLLTNITYTTH D THEREDHERILISIE
FRE BRACHLNNITYT6TH-7. RS
BOBEABRAEENRES N, ThbiTxT o
TUT TR = P~ —EE R & R B (B
HWE) Th-t.

27N —=v FORRNS A B L, Kamlet 335X
Kheshgi 5 0HBCENTIHRBINLEL UTCE B
BEERAOER ) DAL - TENOE R ESN,

BELBROMENGKL Ex bR b {kaYL—DRER -
LT X TR E 5 22 BN T U el ik
PRI 381 D TEARDERRERRIC OV T § A5 E B
WieHICHBIIS { DILAY % MBMAIEES & L Tl
TR U ieie $ 2o b FRERINCHK » 7023, &
DT bl bic I b DILAYTELEE O FIERE
TRIZPNEENE DOXABYTRIRL, Sraviy
HE—DRFIREL TREMB LN 5-r r oy B
ME— DRI & T DIEHIC & 5 food THE LR A R R 2
BHEL 2L CHEERRON N T, BLE
DERDIHERI N2 b0 bE L TS DAY
HISRATH 2 TREMERR I N T 3. BRI B
L, F#c) TRIZEHOBEYMSESH, L
Do THREDOH I L0 o enENE T58ERE EN
Tnigtrtfe, SERICRE D 2, BEBRYICHSNT
WAL D Hi B0, L ARE LS O
Va8 AT eBABEREG E - BRHE 3R
in o ta, STt LEOEEOBIAS W RE,
L EFIDENL LR S HOTRTBRBE IS
& LBR R,

2. BEEEYVOREE, AT  LIL8HOAKRT S
BO—DoE 2 DRMAE, Ry Hnik—re—
702777 4—DfFE R (Table 4), WFhdiE
ABTIEERBW RN B, 8¥D B D
% B ZBICAR L TV 52026Y 2 % Fuv-TPL
HROERZ T8 - 7z,

2026Y 2 #D 6 HRMEEFER ek Fig. 1 iRah
DL OCERESBEOBIBREINS.

T =4 35 HiREE Amberlite IRA-402 (%7201
Dowex 1) QEFREIC Wb DY BREI L H L,
BEDEL DU 2FBTHEHI L TE 3 IH K B %
Acid I~VeEHE LT 5L, ZOBRHOBETFIX
Table 5 DEH THh - 1=.

Table 3, Numbears of origin and microorganism tested.

Isolation medium
a) | b) 1 ) 1 _d) 1 ey | g, Tl
pH3 | pt7 1 pH3 | pH7 i pH3 | pH6 | pH3| pH7 | pH3 | pH7
Number of origin used 991 |1834 | 931 (1213 {1241 |1564 | 230 | 230 | 115 | 115 | 378 | 983
Number of isolates 448 | 912 | 524 | 816 | 640 [2141 | 40 | 204 | 24 | 391 | 893 12002 | 9035
Number of T.A. producer
obtained 0 0 0 0 0 0 0 0 0 0 8 0 8
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Table 4; Ry values and color reactions of the fermentation product.
Tartaric acid Product
Solvent system Ry value
n-BuOH - HCOOH - H,O 0.27 . 0,26
=4:1:5
iso-PrOH - tert-BuOH - Benzy!
alc, -H,0 : 909 HCOOH 0.32 0,34
=50:50:150:50:6 .
n-BuOH - AcOH-H;0 0.37 ' 0.38
=4:1:5 .
n-PrOH-2N-NHOH=7:3 0.15 0.15
n-BuAc-MeOH-NH,OH-H,0 0.24 ~ 0.24
=2:4:1:1
EtOH-NH,OH=2:1 0.37 0.38
Reagent Color - developed
gnsg:/l:yétﬂ:ggrv+BPB Yellow on bluish background | Yellow on bluish background
NH, VO, saturated in water Brick red Brick red
p-Dimethlaminobenzaldehyde Pink fading to yellow Pink fading to yellow
in Aceticanhydride
K.Fe(CN)s+Ferric ammonium Gray-blue Gray-blue
sulfate
AgNO, Brown Brown
0 Table 5, Separation of acids with Amberlite
TIRA-402,
Concn. of formic acid Eluate
0.05 N Acids I and II
0.1 Acid III
1 Acid IV
2 Acid IV
6 Acid V
A B COD E

Fig. 1, Paparchromatogram of 6-day fermenta-
tion liquid.
Solvent system ; BuOH:AcOH : Water=4:1:1
A : Broth, B : 5-ketogluconic acid, C : Tartaric
acid, D : 2-ketogluconic acid, E : Glycolic acid.
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Table 7, Ry values and melting point of Acid

II and its ester.

‘Authentic gly-
colic acid Product

Solvent system Ry value
n-Butanol—Acetic
acid—Water 0.61 0.61
=4:1:1
Phenol—Formic acid
0.29 0.29

—Water=75:1:25

® 28, 2 A)
Table 6, Ry values and color reactions of Acid I
Au_thentic Product
Solvent system Ry value

n-Butanol-Acetic
acid-Water 0.26 0.26
=4:1:1
Ethanol-NH,OH
—_9. 0.49 0.49
=2:1

Reagent Color developed
Semicarbazide Blue Blue
+CHsCOONa(in UV)
Silver nitrate Brown Brown

Melting point

p-Bromophenacyl ester

138°C 137°C

Acid 1120.05N ¥8735 7
¥ a %R, Ca(OH:

WAVELENGTH (x

e e BCL DAy o alr LT
a Lot | Acid ik 0’254 BlgkT
3 A e e Ak o> TR Bk, 5-4 b
g e S BANY DAL Acid
g “g = ,““L‘,}"I b’/ LOHLY Y LED IR 22
B =5/ HiA: Authentic Ca-5KG ] j Fa% Fig. 2 RRT. ~—s¢
g vg: Product = = ” —7D7I*7'574—KJ:9"C
R B BohSs-r+rra v (6-

1500
WAVENUMBER (om™)

KGA): AcidI® Ry fik L
U'Faid Table 6 RITED
T, THhH ORERE NS Acid
IX5-KGA r[FEans.
Acid i3 Acid I~NODE
BTV VAV hS L u=
VST 4~ S, 25% n-

Fig. 2. Infrared spectra of calcium salts of Acid I and
5-ketogluconic acid.

Y o B e e o
e TE ) —N—~T5%2 makn
B o ——— 7 D777 av e L THRCH
e e — BRk. 7Y a—1Bhk e b
o e IR 27 } 1% Fig. 31, Ry
= (8 /e 1, BEMEOBEE Table 7
1 , B e RRT. S b DORESS Acid
e h

IR7Ya—- 1B BHE I

7.
Fig. 3. Infrared spectra of Acid II and glycolic acid.
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Table 8, Ry values and color reactions of Acid Table 9, Ry values and color reactions of Acid
IIL. 1Vv.
Authentic Authentc
2.KGA | Product tartar icacid| Froduct
Solvent system Ry value Solvent system Ry value
n-Butanol—Acetic n-Butanol—Acetic 0.37 0.37
acid—Water 0.21 0.21 acid—Water=4:1:1
=4:1:1 n-Butanol—Formic 0.32 0.33
Ethanol—NH,OH 0 43 0 42 acid—Water=10:1:5 _
=2 M 1 * * $h3n01-3-5NPIZ‘OI:3—_ O. 35 O, 35
ater=99:4:
R t
eagen Color developed -Propanol—NH,OH— 025 0 24

Aniline hydrogen
oxalate

p-Anisidine HC1(in UV)

Silver nitrate

Red

Red

Brown

Red

Red

Brown

Water=6:3:1

Reaction

Color developed

Resorcinol reaction
Gallic acid reaction
Silver mirror reaction

Fenton’s reaction
Yashphe’s reaction

Red Red
Blue Blue
Positive | Positive
Violet Violet
Violet Violet

: Product

tAuthentic K-2KG =

it
o= -

PERCENT TRANSMISSION
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H :r o\ l bd At
: 1
M 8 Y U ll'\\ X
r 1= A RTn 1 [ ) g

L e

Fig. 4, Infrared spzactra of potassium salts of Acid III
and 2-ketogluconic acid.

Fig. 5, Infrared spectra of Acid IV and Tartaric acid.

Acid Mix0.1N ¥87 7 7
v a v EIREEELDb, 1N
K.COs BB chfLT L~
reEMedrrerlbayva
B LUTHRT5. Fig. 4 &
Acid MoOA Y o LFE 2-7r b
Inasggh)osd IR R
7 b ABHB LD THS.
Ry {fi» 3¢t Table 8 KR
L7zi@i) ¢, Acid Wi 2-4 b
rrargeElEINI.

Acid V% Acid ToOHA&L
G A S E YA
VST 4— T, 50% n-
TR ——50%7 v akii
D757y ave UTRERD
HEIELhE, BEER, IR
2~ b (Fig.5), Ry fi%s
SO BRI (Table 9) Ktk
WTHARRE X <—HL, BA
¥x 167—169°C (3C#k169°C),
XA C 5 32.23%, H:
4.03%, O ;63.74% (CHOs
TC :32.01%, H ;4.03%,
0 :63.96%) THELGM:EE
Ihie, IHLERREFEHLRIE
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Lice &3, +12.2° (OCTEk+11.98°) CHEWEL
B, Tabb LOBLAR L REINL.

Acid ViZ 6 N £B THEH IR 52580 TRERE
BTHHIOKRAETHD. BERHMTHET~H
TG TH 5.

Acid V DHREFZED R 7 DRINRE DB
FXARATH 22035, FEINAEORDEE S L o
ERBRPTOERIIEE, RESI LB 5-
KGA ®JLT8 2-4 b ravEen, 5-KGA HbiF
ABEBLOT ) a—ABYERT B Ll b AR
DTN 3= 205 BEABOERERI. Fig. 6 Do
{#EXNS.

HCOH
GooH ¢o L(+)Tartaric acid
OH H;rgH EHa0H

+

H OH-‘_> HCOH 5 Ketogluconic acid COOH
C
T T\ e
Hy |° Glycolic ocid
Glucose Gluconic acid HO(;H
HCOH

CH,OH

2-Ketogluconic acid

Fig. 6, Proposed pathway of the formation of
L(+) tartaric acid from glucose.

3. HHRORE  SBEHKO > bAEZE:Ebh a4
KR oW TSR E ¥ <7k 2z Table 10 1©
ATEY)THotc. TORCFERINLERECLD,

INHD 4 BOMICRETOERAED LN B HT~
“C Gluconobacter suboxydans(Acetobacter suboxydans)

LREINI.

Ribéreau-Gayon'™® 7 ¥ COBELER 4: B 1%
FEDHETE 3 X O BIRDHEE 4 BRAR IR B BIBRAK & LT
ST PN VEENEET B EELNE, —BC5-4
oo vBEEREE LTab5RB Gl suboxydans
D55 DO—WHEABER LTS & 2 RARE TR
R Bbhs.

-3 #

1. HAOHEMSFRACTHARL S BLREEE B
L, 7= b= —E T RIEH TR D A B R R
TRt

2. FEHEBKRDD Bh520260Y 2 BABA TS L a9~
ALERT 2BORER IRV, LOBLEY S

Table 10, Description of Gluconobacter suboxy-
dans 1945Y3, 1993Y1, 2026Y2 and 2026Y3,

Rods, 0.4 to 0.6 by 1.0 to 1.8 microns. Motile
with polar flagella. Gram-negative.

Mannito! agar colonies : Circular, smooth,
entire, convex, opaque, glistening, pale yellow
orange, butyrous.

Mannitol agar slant : Growth moderate, fili-
form, glistening, dull orange.

Glutamate agar slant : No growth.

Glucose, ethanol and mannitol are not utilized
as the sole carbon source with ammoniacai nit-
rogen.

Acetate and lactate are not oxidized (Leifson’s
method).

Dihydroxyacetone is produced from glycerol.
Acetic acid is produced from ethanol (Shimwell.
Carr and Rhodes’ method).

Lactate is not oxidized to carbonate(Shimwelll,
Carr and Rhodes’ method).

FeCl;s- positive substance is produced from
fructose.

Acid but gas is produced from glycerol, xylose,
arabinose, glucose, galactose, fructose, mannose.
sucrose (slowly), mannitol (slowly), and ethanol,
but no acid from maltose, lactose and melibiose.
Acid from sorbose by strains of 1945Y3 and
2026Y 3. but not by strains of 1993Y1 and 2026 Y2,

Grow well at pH 3.5,

Grow well at 25 to 30°

Catalase : Positive.

THLEBIERETOS Y a— B, 54 bR L
- by BRREELR.

3. 2026Y 2 ROBEFMIFEME LRI LR, o
BV Gluconobacter suboxydans ¥ [FlE X ht=.

Y DE L RO FEZ B I\ 2 12 Fe B A A
BET TR BB B U xS,

ERFFRO—EIKERBED P. L. 480 1w £-5< Fize
R 57

TRFREOETIIEASEE A AR FLALT 1
THEL 2.

b4 ik

1) Vickery, H.B, Palmer, J.K.:J. Biol. Chem.,
207, 275 (1954).

2) {£XK: B4k, 5, 513 (1929).

3) Hessler, L.E., Gortner, R.A.:J. Biol. Chem.,
119, 193 (1937).

4) Kamlet, J. : US Patent, 2, 314, 831 (1943).

5) Kheshgi, S., Roberts, H.R., Bucek, W.: Appl.

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

92

(i ys—BE #-/ME FZ-EBHE EF

(BT 5B49%, 19714

6)

D

&

)

10)

Microbiol., 2, 183 (1954).

Drawert. F., Rapp, A., Ulrich, W.: Die Na-
turwissenschaften. 52, 305 (1965), Vitis, 5, 199
(1965).

Bernhauer, K., Bockl, N. : Biochem. Zeitsch.,
253,16 (1932).

Lockwood, L.B., Nelson. G.E.N. : US patent,
2, 559, 650 (1951).

Buch, M.L., Dryden, E.C, Hills, CH. : Agr.
Food Chem., 8, 960 (1955).

Hulme, A.C. : Adv. Appl. Microbiol., 3, 343

11)

12)

13)

(1961).
Breed, R.S., Murray, E. G.D.,, Smith, N.R. :
Bergey’'s manual of Determinative Bacterio-
logy, Tth ed., The Williams & Wilkins Co.,
Baltimore (1957).
Asai, T. : Acetic acid bacteria, Univ, of Tekyo
Press, P.42 (1968).
Ribéreau-Gayon, G. : Phytochemistry, T, 14
71 (1968).

(FE 45. 10. 27 %

NI | -El ectronic Library Service



