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Accumulation of Catechol from Benzoic Acid by a Mutant Induced
from Corynebacterium glutamicum™

Masaaki Kuwahara and Masao Tsuji

Department of Food Science, Kagawa University, Miki-cho, Kagawa

Mutant bM 9 which was induced from Corynebacterium glutamicum (AKU 509) by
nitrosoguanidine mutagenesis accumulated catechol in a medium containing benzoic
acid. Accumulation of catechol in the medium reached maximum 10-15 hr after

inoculation and accumulated catechol was degraded rapidly on successive incubation.
Maximal accumulation of catechol was achieved by the addition of 0.5% benzoic acid
to the medium which was adjusted to pH 7.0 or 8.0. Yeast extract was a suitable nitro-
gen source for the catechol production and addition of glucose into the medium stimulated

the production.

Feeding of benzoic acid at 2.5 hr intervals in the course of the culture

proved favorable for catechol production by bM 9.
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Table 1.

Culture media for Corynebacterium glutamicum.

Medium A (g/l)

Benzoic acid 5.0
Peptone " 10.0
Yeast extract 5.0
NaCl 10.0

Medium C (gfl)
p-Hydroxybenzoic acid 5.0

Peptone 10.0
Yeast extract 5.0
NaCl 10.0

Medium B (g/!)

Benzoic acid 5.0
Peptone 1.0
Yeast extract 0.5
NaCl 1.0
Medium D (g/l)
Benzoic acid 5.0
Yeast extract 3.4
K:HPO, 3.0
MgSO47H:20 0.5

pH of each medium was adjusted to 7.0 with 109% NaOH.

Kz, ¥5ic 37°C C 3R Lic. CoR=v
Y UyRBEIGIKCIEfTY, A VT 7y T4 vE—%
BAOWTABRER, LK o FodF v ZBER
0. 25% % &L B/NEAIK 5.0ml K| Lic. ZOME
AR E2. 0% M Ui B ki L, 37°C
TUREREBT X Y. ao=—-BEUK, b Eh
STuh YT oa s vy v EE (5% NaOH 2 0.5
BER) BB L, AIgsRerELlian=—%2H
bic7 4 3 Y BRAEICEBEL, ChEERKRE LK.

AF A= EREEREOBEE s Vo oR
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Stcth, TO—ERBALZBERLSUEH D ICHEEL,
30°C TIRE HHERETY, BEICHERLEIEGRR
BEE), HbI2VREERO—EBELKENO (7572
) BB LUBBREBELE L. EREKO
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BT R-215 RIA O /.
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Fig. 1. Accumulation of catechol by bM 9.

Parent and bM 9 were cultured on Medium
B at 30°C for 8hr. An aliquot of each cul-
tured broth was spotted on a filter paper and
developed with n-propanol-ammonia (7:3)
as solvent. Substrate and product were lo-
cated with a uv lamp. The spot of catechol
turned blue by spraying 2,6-dichloroquinone-
chloroimide and ammonia successively.
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2. uvspectra of catechol and crystal isola-
ted from culture of bM 9.

A, Authentic catechol, B, Isolate.

Mutant bM 9 was cultured on 100 ml of Me-
dium D in 500 ml flasks with shaking at 30°C.
Fourteen hr after inoculation, 3 cultures were
combined and cells were removed by centri-
fugation. Lead acetate (6g) was added to
the supernatant solution and the white pre-
cipitate was collected by filtration and su-
spended in 100ml of water. Then 4ml of
acetic acid was added to the suspension to
recover catechol and the supernatant solution
was obtained by centrifugation. Further 2.5
ml of acetic acid was added to the undisso-
lved precipitate to dissolve unrecovered ca-
techol and the supernatant solution was ob-
tained in the same manner. These superna-
tant solutions were combined and 3N H2SO,
was added to remove lead. Catechol in the
solution was extracted with 100ml of ethyl
ether and the ether layer was evaporated to
dryness. The residue of catechol was disso-
lved in hot n-hexane and recrystalized from
the same solvent. The yield of catechol was
402 mg.

The uv spectra of the aqueous solutions of
the crystals (60mg/ml) and authentic ca-
techol (80 mg/ml) were measured.

BEGI (73— VR 558mg). o FEIcERS
¥R 6 8 2 ICHN U, 4 UcB@ik TA %7k 100ml
RS Uik, BRBE Aml 2002 THRRL, BONEE
TEEEL. BUOSBERLTAYICRBEUEE 2.5ml %
Zz, Zo@ELoEE EEETREEBICA L. COK
I 3N HeSO4 A Hr7- 15FREEEA D th TAMHE L2 13
BFTMAIH BOMELTLEBZEL. COLR
hOHFa—nEx—5v200ml CHMKL, e—4%Y
—INRU— 2 - CEBEEE L. EUBRE#n-
~NF Y ICTEREL, BRRETTV, #58 402mg 2157k,

T DRER ORI DENFU R <2 + % Fig. 212,
F7- KBr ggRithic X 2R/ B2 <2 + v % Fig. 3
ICRLT., Wb iEED Y Fa - E—F L D
EDEdiic, EEHBHTF I -ATHET EEZEEL
fe. ,
A7 A-VEROERHEL FHDE eml g
OEBRBRE CHIEERO—EBAHER L T 30°C TR
EHBERAIT > e, EEMCERLEILL, AFa—
NOEH, REERORBY, BROLEBEEMT Uik
R% Fig. 4 IOR Uk, BMCTREREBROSHE, B
FIREDEBDS ST, #7232 -vOEKRIELL
BHONIEMoT. —J5, BM 9 TRRIOKMET 1.6
mgiml DA Fa—wSEREL, PighH 5723 -4
Lz, Z2OZT MY #3473 — APl ORMESE
SERICRBUKRERKE TR L, —f@® leaky mutant
THHTLERLTVS. &7, COEBP S, DM
ORBEBOMEIRICH T2 - VERBICEHNT &
PIREN.
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Fig. 4. Growth and catechol accumulation of parent strain and bM 9.

A: Parent, B: bM9

Parent strain and mutant bM 9 were subcultured on 6 ml of medium _
C for 8 hr at 30°C. Aliquots (0.15ml) of this culture were inoculated to 6
ml of medium D in test tubes. The cultures, which were shaken at 30°C,
were stopped at Shr interval. Cells in the culture (6 ml) were precipitated
by centrifugation and suspended in water followed by measuring the absor-
bance of suspension at 600nm. Catechol in the supernatant solution was
determined photometrically and benzoic acid was analyzed after chromato-
graphic separation (see the text).
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BEO. SHDBMAMTH Y, 10HEICHNT L5mg/  PHYBENHE, #73-LOEREF -1 BHD

20} ’
- _ !
3 2 ;
T St /
E € /
=~ !
.: s 1.0 }
S £ ]
* i ‘
s 2 /s
Q 5 L
Q } s
w4
g
o 10 20 EEL dd i 2 s
Incubation (hr) % 10 20
Fig. 5. Effect of benzoic acid concentration on _ ln.cu‘b_onon Chr)
accumulation of catechol. Fig. 6. Effect of initial pH on accumulation of
Mutant bM 9 was subcultured on 6ml of catechol.

medium C for 8hr at 30°C. Aliquots (0.1
ml) of this culture were inoculated into 6 ml
of medium D containing indicated concen-
tration of benzoic acid in test tubes. The
cultivation was carried out at 30°C with
shaking.

~O'-' 0'1%’ "'—O"'_ 0'3%’ —‘~ 0-5%’
—@— 1.0%

Mutant bM 9 was subcultured on 6ml of
medium C for 7hr at 30°C. Aliquots (0.1
ml) of this culture were inoculated into 6 ml
of medium D which were adjusted to indi-
cated pH in test tubes. The cultivation was
carried out at 30°C with shaking.
—O--pH 5.0, —-@--pH 6.0, —@— pH
7.0, -pQ- pH 8.0 P ®-r
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Table 2. Effect of volume of culture medium on catechol accumulation.

Volume Incubation
(ml) Catechol (Af)‘or(]t:(l)lzw(B) Catechol (Agozii'l:] l‘(B) -

(8l1) gy AP (8l0) gy AB

50 1.40 1.50  0.93 2.20 2.63  0.83
100 1.08 .00 1.08 1.99 .78 112
150 0.86 .15  0.74 1.97 1.58  1.24
200 0.53 .03 0.51 1.46 .30 112
250 0.38 0.87 1.26- .20 1.05

0.45

Mutant bM 9 was cultured on indicated volume of medium D in a 500

ml flask at 30°C with rotary shaking.

O (PHS5.0) S0 EMEENFLLETL
7-: (pH6.0). B pH & LTIR7H 3280584 L
Bbhs. LbL, gRptricoh, o pH I3
8.5~9.0iIC LR L, ERERIELIBEL:. chid
TN Y RETTH T 2 - vB—EUEPEACERG 7
e EBbh, §5 pH LEK, Z%ho pH N
DNTHERTINEOHAZ LERHR LTINS,
Table2{3500ml 7 5 2 2 HOERBRELELSH,
BARORALIC X ZEMH, 52V EBEHH D
Oh 73 - VERRAERY UKRERT. BAOK
$FEBbNS 50ml OERETI, Wik 1ml B
VOAFa—-vERRZEBKTH- 70, & Img
HreHOh Fa—nEEEIT 150m] ERicEHOTE
WHMERLIc. T, COERIH 73 - LVERRIC
(ISESAIARE) I3 F 5 A IR v B b 2 T ASIE B 73 B

. ARNBESUADMEROEE

QOMZE TICEBF B LD DBV EBEFa-1E
BCIFETHAHT EERLTNS.

HFa-—-vOE
i3 Table2 it &R L7 &5 KMKOERRICL > T
LERERF B ENFBENE. 2Oy, EXK
X 5 ICEKOER ST BN THL 2 MEIRREOYK
Wrmi L. EXHELTNHC, Bir+x,
7Y v ERY, EHOERSEIZ NHC 2R3
BAC—FEET. i, RBREEE LTI/ va~
ABEUTY o —nEHIe. Table 3 icid &4
TOH 73 - LORMERREL L. MkOLERR
Fha -2 LML+ X IENOBEICKHICRIFT, &
FI-OBEMS 2.6/l L BBMET L, ERE0%
ThoT:. ZREELTONHCA 3037y,
HBREEL LTOY Y + 0 — A ORMBRIBH T

Table 3. Effects of carbon and nitrogen sources on catechol
accumulation by mutant bM 9.

Maximal production of

Conc. Conc. catechol
C-Source (%) N-Source (%) Time Amount

(hr) (8/t)

NH,Cl1 0.2 24 0.98

Glucose 0.2 { Yeast ext. 0.34 16 2.45
Glycine 0.28 16 0.37

 NH.C 0.2 24 0.83

Glycerol 0.2 { Yeast ext. 0.34 16 1.80
Glycine 0.28 — trace

None Yeast ext. 0.34 10 1.70

Carbon and nitrogen sources were added to the basal medium containing
benzoic acid 5g/l, KsHPO, 3g/! and MgSO+7HsO 0.5g/! and pH was

adjusted t07.0.
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Fig. 7. Effect of glucose concentration on accu-
mulation of catechol.
Mutant bM 9 was subcultured on 6ml of
medium C for 8hr at 30°C. Aliquots (0.1
ml) of this culture were inoculated into 6 ml
of medium D containing indicated concen-
tration of glucose in test tubes. The cultiva-
tion was carried out at 30°C with shaking.

-0-- 0%, —@— 0.1%, -—-@--0.2%,
—0—0.5%, —OQ®— 1.0%
RS-

wiT, FBRFERE L TMA S va — ADE#ESE
HAakit U, $8% Fig. 7 KGRY. 7 va—20.5
ETREROEFREM LI, »Fa-—rO¥HE
0. 2B BETCH-72. TDEIIC, HFaI—ND
ERICREROEET G T, Eho pH », #%
BN LOMOBEROEELEZ 26D LEbNS.

RBEBOERAMRETCHETEIHF - LOEK
B ChIETIRBNTEREIIE, HFa—-ER
EFEIO~ISEHETRE LD, DBRacRLT 5.
Lic3oT, #5Fa2— ORI ZEBNCH I
ERLZEEBREFMING, Eoich57a - vOER
BOSMT 5EEZ 505 KEERTIS, 500ml 75
2 2 cEEH D % 100ml A, BikE 6ml 255 L,

KR0S E L 0 2.5 BRI ICIEEIE 20m] 2ikx &

D, Zh LEEO pH 5.0 IR L REE#0. 3% A
HOREMDEZRMTSEE0SEELT-. #HR%
Fig. 8 Wik Lz, 53— ~DOEE |3 EE 12.5~
22. SEE TR TR X { fTbh, BREMUICEER
BEEOIBEAELEMH Fa - EBRI N 22.5
RRILIEER 7 7 2 — v OEBEBIMET L7cds, Thid
¥ pH © ERICKX 2BEOH 7 2 — VEBERDET
ickaboEBEbh b 15k, BKEEETONFo
— VDA ER (Fig. 8 tho Total catechol T/;RT) T

o] 10 20
incubation (hr)

Fig. 8. Accumulation of catechol by bM 9 with
interval feeding of benzoic acid.
bM 9 was cultured on 100 ml of medium D.
After 10 hr incubation, 20 ml aliquots of the
cultured broth were taken from the culture
at intervals of 2.5hr and 20ml portions of
medium D containing 0.3% benzoic acid
and adjusted to pH 5.0 were fed to the cul-
ture.
—@— catechol in the culture (mg/ml)
—(— total catechol production (mg)

3%4mg THY, HNMREEFELE 860mg jcxf L46%
EVIENINEE SR

ERFE, HPRRFEOKRIH 50 3154 pH &Y |
RWHELBTONBEC LKL D BEFBARTMIC L S
HFA-NVOERIIOICHMT 2 BN 3.

E 27

LEEEI ORI HIFa—w, YR« v2-4
aVE, B rTVEVEBIREERRD, VWhW5 B
FTYEVBRERICKOREBINDS. T ORI Pseu-
domonas putida,® Micrococcus urea,” 3 %\ X Alcaligenes
cutrophus® 13 K ic BN TEHMICBRR I TS, KE
E&CH\ 7z Corynebacterium glutarﬁicum LN Il N S
VEBRBAET L EBHAING.Y
ZEBEBDOON T I - VEEHIEZES, #1572
— D HE 1 B 53 % catechol oxygenase (EC 1-13-
11) $2 0O RIRHREE L OBE L Y FTAICH BREE
EREUCEEBRERAOEFENELOND. AER
T, =bey 7=V L=y YBEIC
0, 7 -NVEBRUERKERDLCLBTELR
~= v v lgEs, FEEM LTI vA T S vy Vi
U THROBEE RT3 =—3, 2nr=—2000F
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e U 1ERETHY, HEOHEERIENHERNWAL
WS, A F 3 — VAREEDE R U BERR RIS DZ Ebk
bEBINSTHEENSH S, COXDICLTET NV
4w vy vBHEIR, LIhbiEEhicR BE
B oh 73— WEER LY, KEBRTELUTH
W bM 9 AR LB ELT, WTFhOBEKRICEWTH
EEEBEOEEIC Lz, ERINIchTFa -k
BT rcEnmEbdohte. oz iR, Bohik
BRSHF 3 - VEEEERE o I RBLIZDD TR
75<, —FED leaky mutant TH R EEZ I HFHBRY
EEDbLNB.

AKRRTRAY 72 - VEREEOTSNIHEKE LT
bM 9 e, COEBERWIES, —BERL
Teh Fa— R ESFH L, BEOEBICLED
WD pH AS ER U TH 7 3 — VvERRDBELLT 5
T EMSESEEE 5ot HFa—NEERBRAHAZIES
e, AF - NVERPBRICET ZRTNICEELE
EBAZRIBINL, BEOMMEEREBEOREAE IR
»0, 1, BT 3LEEEEHO pH &< (pH
5.0) 932 Lic kDR EEERO PH ZRHTH &
DEHEEZ ONI.. ERCOLSTBRBICXD AT
I —NWADEBEL JUEBEREZHKIE LT LEMBT
X7/

A5 3 - VERBRLENIEEDICE, WY
MRAT a,0-I Y INEQD catechol oxygenase fE,
EROFAIEZZ OB . DM EEhicEWLT 2mM
FCORBICEOTHRME, BINKHSOMETZT -
7oh3, BEELHRBA LN, LL, TOX
S BHELOERICONT I SICRIABUBEEEZ S
ns.

bM 9 it L ZREFEEON T3 — O EHICIE
KOEBZ L BT, BIKOWHEEBENIEL7H,
LREEBICX OICHBMICRERZINZ 5 HEE ke
L, Znva—208R5BD. —fRic, HMERFEO
FHI/ v - 2OFMCEMHIN S LShTY
%55, bM O cmEl3@EHONT, BLANT2—
NOERENEIN L. ol &3, bM 9 2k s
BEE - B EENEEEA LTS 2R
TWBEEZ OND. Fa—2DEBICH>NTIRK
BN TREEINZ 5.

bM 9 (3 leaky mutant *#Z 550, H 72—
NEEBT XS ICHMMEE A dITid catechol oxy-
genase {EHE DX SICIET LB R O FEBLET

HADH. Fl, BREBRTHWFERICKD, h5a-—
WORDPEHEKTH B VR « VRA—LaVEEIEED L
318, X DAFHBICHICEDYE A ERIE S
EWEEETHAD. T, B P TV BREEER
THEBMEMERICDT > T, TOXHBFEEXANVS
CEMEREEEL NS,

E #

1. Corynebacterium glutamicum AKU 509 /5, = k
0y /ST =YvRBICED, HF 3 - VEREERK
bM 9 2/ 7. AEOZBERFIMERE, O, HE
MTHdh5a—nvERERRICEEREL:.

2. bM9ick3hFa—vOEHL, BE10~15
B TRAICEL, DUREBIBD L. ZoTthr
5 bM 9 [3—FED leaky mutant TH3 LEZ LN 3.

3. HFa-—-VERICHTIEADREEKRE LI
VIREZEEBBEO0.5%, PHT7 H213 8, HRiKE
100~150ml CERRBIFCh 7. T, BEHEEE
UCTEERR % 2, MBIRFER L L TR I v — XD
dsEZhTH >t 57 a2 -NVEROERIT 2.68/l T
EWRIS2HTH -~ 1z,

4. LEREBORREFMERAT. TOHETIR,
A7 3 - NVERORKEBICE O TENZEEERE D100
DAL DSH 73— i BRI T HEERREAKTII46
BHiH T a—NvicEREINT.
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