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Table 1. Utilization of phthalic acid isomers by strains isolated from soil.

Growth o
Group Strain No. Substrate™ Phthalate Isophthalat:l Terephthalate
I 3-19 Phthalate +4++ - —
3-31 Phthalate +++ - -
I 1-6 Isophthalate — +++ —
1-19 Isophthalate — +++ —
1-32 Isophthalate — +++ —
111 2-6 Terephthalate — - C et
2-19 Terephthalate — — +++
v 1-14 Isophthalate + +++ —_
v 1-31 Isophthalate - +H+ +H+
2-5 Terephthalate - ++ ++
VI 2-13 Terephthalate +++ — .
2-23 Terephthalate +++ — 4+
vl 2-29 Terephthalate + + ++
2-30 Terephthalate + + +

*Growth substrate (0.1 %) used in isolation medium consisting of one of phthalic acid isomers,
1 g; 1 M phosphate buffer (pH 6.8), 67 ml; (NHg)2SOg4, 1.2 g; MgSO4 7 H,0, 10 mg; yeast
extract, 0.2 g; distilled water, 933 ml This medium was used throughout the present experiment.
Enrichment culture was on a test tube shaker at 30°C for 2 days. Symbols: +++, excellent
growth; ++, good growth; +, fair growth; —, no growth.
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D%, BFICABTLULERRL HEr Ed RO TelicimL, FRERBRCERL, £LT,
BIFABLLERRCONT, FNEND7 2 VERBREKR 0.1 B2 M—DRERE 32 FiREICE & -
L, 30CT2 BREHR L, 0%, HEXRLHHL LLL R UMKROFEREMICHEL MR CEREL
fro COREAIMLOBELT7 2 VBAHEEDEE L, TOKE, MEKEMEON, INSOEKI
7 A VEROBKICKT AR AEOMED L TRICHT EC ENTEx7 (Table Dy 3 BHORMKE
ATBIFCHMTAER2HKRICT &Y, OB REEERD I LD 1 D0 ElB0ENH 2 2EFAL.
C O#EEI13 HARADA » KOIWAY 0B 21213 —F L1, $UDLLHARRTR 7 Z2 VRO EZAENOD
REEAESBTIEBENENELL, 72 vBORRKEKOSBRBLTN->TELEL LGNS,

AT, 74 VvEBROEBHEKOHTRLSBREAINTV S 74 vBRE S RIFICH#E T 5No 331
BAEROCTLUTOERRETIS -0

Ne 3— 31 HOEENHEE ABtkiz 7 5 2BHET08~1.0X1.5~2.0 um OBRETHEENSS O,
HES5—EBIUATFVE RGBT, 7 V2 A0 THEISBAEALEL s, T
NOOWED S Alcaligenes BOWE EFAESN# (Table 2). & DE#kIZ RIBBONS £ EVANSS) s
72 Pseudomonas JBDMES LU HARADA & KOIWAY 0438k U7z Micrococcus [&0 R & 384
SPICHBEARIKTAIMETH 50

Table 2. Characteristic description of strain No.3-31

1. Morphological characters:
Shape and size: Cells occurring single, straight rods, having 0.8—1.0 by 1.5-2.0 um, motile.
2. Cultural characters:
Nutrient agar colony: 1.5-2.0 mm in a diamater, convex, circular, smooth, entire, yellowish, opaque.
Nutrient agar slant: growth abundant, yellowish, opaque.
Nutrient broth: turbid with sediment.
3. Physiological characters:
Gram stain: negative.
Strictly aerobic.
O-F test: negative.
Catalase test: positive.
Oxidase test: positive.
Acid porduction from glucose: negative.
4. Assimilation of substrate:
Glucose, phthalate, resorcinol, orcinol, catechol, protocatechuic acid.
5. Temperature for growth:
Good growth at 30°C.
6. pH value for growth:
Good growth at pH 6.8.

EEEEORE  No3-31HO 7 VEBILIERAED 2 1.0 ORBRHEL R L 0o 9, KR
WCEETHRE LT 212m 100mc ST 2 KEOERFEL T NENBRML T, 30CT 16 MRHIEE L7
ZOMEB, BRH ) v LBLUMERT YESY AICEBLLERSEC 7 A VBRBILE®RER LT
(Table 3)o LT, MMEERICEBULREKOFHBT ve=TEERCEBLLEEKI D bEHVENT
EHUTO e £ THRAOEBMNEL L d 7 2 VBBILEROE, >k ORMRT v £=7 LTER
LB TH 70T, UKRDERTREXRF L LTHRT vE=V sZRA T,

FEEHERAAREORBRICIIYA 4 Y2 AUBESBESLTVEDT, BFOSKSI 4 Y REL T2
NERELTEN & OBIEA, SBEED FeSO.+ 7 Ho0 % | L7 i TNo. 3~ 318k % 30 CTHR & S KL T
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Table 3. Effect of nitrogen form on phthalate oxidizing activity of strain No. 3—31.

Nitrogen source Cell yield* Phthalate oxidizing activity**
(21.2 mg N/ 100 ml) (mg/ml) O, uptake (U€/mg of cells/hr)
(NH4)2S04 0.20 275
(NH4),HPO4 0.24 220
NH4C1 0.28 260
NH4NO; 0.27 303
KNO3; 0.16 375

* Cell yield obtained after 16-hr culture in phthalate-mineral salt medium at 30°C.
** The amount of O, uptake was determined with a Warburg’s respirometer for 60
min at 30°C, using cells grown on phthalate for 16 hr at 30°C.

Table 4. Effect of iron concentration on phthalate oxidizing activity of strain No.3—31.

Concentration of ferrous ion Phthalate oxidizing activity*
(mg of FeSO4 7H,0/ 100 ml) O,uptake (U%/mg of cells /hr)
0 315
0.5 400
1.0 385
2.0 365
5.0 335
10 230
15 200

* Cells obtained after 16-hr culture in phthalate-mineral salt medium
with various concentrations of FeSO4 7H,0.

Table 5. Effect of metal ions on growth of strain No. 3—-31.

Metal ions (1 mM) Cell yield* Consumption of
(mg/ml) phthalate (%)
None 0.23 45.8
Lt 0.19 36.8
Mot 0.20 40.0
Asst 0.19 34.4
ARt 0.11 17.8
Ba2* 0.12 17.7
pb2* 0.14 22.7
Fe2* 0.12 17.7
Ccu? + 0 0
Co? + 0 0
Ni2t 0 0
Agtt 0 0
Hg?" 0 0

* Cell yield obtained after 16-hr culture in phthalate-mineral
salt medium with indicated metal ions at 30°C.
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. . Fig. 1. Induction of phthalate oxidizing activity of
7o 24WFHR T, BRMULAVEEEHELT, strain No.3-31. Cells grown for 16 hr, at
3 . o= > L 30°C, in mineral salt medium containing
#50.1m mf O RO ISR & nfzo 7 0.1% of phthalate or succinate as a sole
7 2 VERERALIEYE Y, BRI U T 7 2 Vg SR carbon source. Symbols: @, cells grown on

phthalate; O, cells grown on succinate.
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Fig. 2. Production of cells with high phthalate oxidizing activity of

strain No.3-31. Cells grown in phthalate-mineral salts
medium were harvested after 12, 18, 24, 30, and 36 hr-
cultivation. Symbols: O, residual phthalate; O, phthalate
oxidizing acitivity of cells without feeding phthalate; A, cell
yield obtained without feeding phthalate; ®, phthalate oxidiz-
ing acitivty of cells harvested after 1 hr after the time having
fed 0.05% phthalate to the culture at 11, 17, 23, 29, and 35
hr; A, cell yield obtained after feeding 0.05% phthalate as

given above.

Table 6. Enhancement of phthalate oxidizing activity of strain No. 3—31

by feeding phthalic acid

before harvest of cells.

Feeding amounts of phthalate

Phthalate oxidizing activity

(g/100 m1) ratio*
0 1.00
0.005 1.18
0.010 1.84
0.020 2.31
0.050 2.45
0.075 2.50
0.100 2.52

*

Ratio of the activity of cells harvested after 1 hr from the time having fed

indicated amounts of phthalate of the 29-hr culture of strain No.3—31

to that of cells of 30-hr culture without feeding.

»
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Hbsiedy & 15 - fo i 30 BsRAAT 1 BERICFE #« DIRED 7 2 VERAZTRINL 7o T OFER, 0.02% BREOR
METHATHY, BREOEELHRMT 2 HEIZ 8 -7 (Table 6)o
EHAAE EREMICEBEOFERLEYEENTN 0.1%% B ML T, No.3—-31#% 241 30C

Table 7. Utilization of substrates by strain No.3-31.

Substrate Growth
Phthalate ++
Isophthalate -
Terephthalate —
Orcinol ++
Resorcinol -
Catechol ++

+

p-Hydroxybezoate
Benzene

Toluene

Aniline

m-Cresol

Phenol

Grown on plates of mineral salt agar medium cont%in-
ing indicated aromatic compounds (0.1 %) at 30 C,

for 4 days. Symbols are given in Table. 1.

Compounds Relative activity
Phthalate /100
Isophthalate 0
Terephthalate 0
m-Hydroxybenzoate 0
p-Hydroxybenzoate 0
Catechol 2.5
4-Methylcatechol 5.5
4-Chlorocatechol 3.6
Protocatechuate 0
Dioctylphthalate 0

*  Cells obtained after cultivation for 16 hr at 30°C

in phthalate-mineral salt medium.
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SUMMARY
Fourteen strains capable of growing on phthalic acid, iso- and/or tere- phtalic acids
as a sole carbon source respectively, were isolated from soil with enrichment culture
method. Strain No. 3—31 with an ability to grow on phthalic acid abundantly was select-
ed for further experiments. Ammonium nitrate and ferrous sulfate enhanced the pro-
duction of cells with high phthalic acid oxidizing activity. Enzymes to metabolise
phthalic acid in this strain was inducible. It was required to add 0.05 % phthalic acid
before harvest to obtain the large amount of cells with high activity to oxidize phthalic
acid. Since cells grown on phthalic acid could not oxidize protocatechuic acid, a new

pathway to metabolise phthalic acid was estimated.



