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Microbial characteristics of two bacterial strains, of Alcaligenes and Acinetobacter capable 

of assimilating biphenyl and 4-chlorobiphenyl as a sole source of carbon have been studied with 

respect to polychlorinated biphenyl degradation. A variety of aromatic compounds were 

examined for the growth and 02 uptake of the organisms, It was observed that these organisms 

were able to adsorb 14C-2, 5, 2•L-trichlorobiphenyl onto the cell surface in a short time and then 

gradually metabolized the adsorped one. The metabolites were moved into aqueous layer 

from the cells. Several spots including a yellow colored intermediate, i.e. meta cleavage 

product, and 2, 5-dichlorobenzoic acid as main products were detected on a thin-layer chroma

tography and subsequent autoradiography. However, neither incorporation of "C-metabolites 

into the cell constituents nor 14002 evolution was observed.

In the recent past, biphenyl and/or 4-

chlorobiphenyl grown bacteria have reported 

by some workers. Lunt and Evans1) isolated 

a gram negative bacterium capable of meta

bolizing biphenyl to phenylpyruvate. Catelani2} 

et al. suggested that metabolism of biphenyl 

by Pseudomonas putida proceeded to benzoic 

acid via 2,3-dihydroxybiphenyl and a meta 

cleaved product whose structure was proposed 2-

hydroxy-6-oxo-6-phenylhexa-2, 4-dienoic acid. 

Ahmed and Focht" studied the degradation of 

several mono- and dichlorobiphenyls by two 

species of Achromobacter which can able to 

grow on biphenyl and/or 4-chlorobiphenyl as 

a sole source of carbon and found that chlori

nated benzoic acids formed as a result of 

degradation. Ohmori et a1." isolated several 

organisms capable of oxidizing biphenyl and 

4-chlorobiphenyl and reported that a large 

amount of ƒÁ-benzoyl butyric acid was ac-

cumulated from biphenyl and 4-chlorobenzoic 

acid from 4-chlorobiphenyl.

We have been interested in the interaction 

between microorganisms and polychlorinated 

biphenyls (PCBs) which have widely distributed 

in the environment as a serious contaminant 

throughout the world. In the previous paper," 

we revealed that biphenyl grown bacterium,

 Alcaligenes Y42 strain was capable of cometa

bolizing a variety of PCB pure isomers through 

an oxidative route. Many of PCB compo

nents were considered to degrade to chlorinated 

benzoic acids via chlorinated derivatives of 2-

hydroxy-6-oxo-6-phenylhexa-2,4-dienoic acid, 

which have a yellow color with an absorption 

around 400 nm. However, taxonomic studies 

and microbial properties of this organism has 

not been presented. In this study, we have 

made attempts to investigate microbial charac

teristics of Alcaligenes Y42 and newly isolated 

Acinetobacter P6 strain and have observed the 

interaction between these organisms and PCBs 

by using 14C-2,5,2•L-trichlorobiphenyl.

MATERIALS AND METHODS

Microorganisms and cultivation. Alcaligenes Y42 

strain and Acinetobacter P6 strain which was newly 

isolated from an aquatic sediment sample were used 

through the experiments. Acinetobacter P6 was iso

lated in the same manner as Alcaligenes Y42 as de

scribed in the previous papery using 4-chlorobiphenyl 

as a sole source of carbon. Alcaligenes Y42 was 

grown on biphenyl (well ground, 1 g) and Acinetobacter 

P6 on 4-chlorobiphenyl (leaflet, 1 g) as a sole source of 

carbon respectively in the following mineral media: 

(NH4)2SO4, 1 g; KH2PO4, 0.2 g; K2HPO4, 1.6 g; 

MgSO4.7H2O, 0.2g; NaCl, 0.1g; FeSO4.7H2O,
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0.01 g; CaCl2.2H2O, 0.02 g; deionized water, 1 liter 

(pH 7.5). The culture was carried out with shaking 

at 30°C until good growth was observed (usually 3•`4 

days). For the growth test, a variety of aromatic 

compounds were added to the mineral media instead of 

biphenyl or 4-chlorobiphenyl.

Manometry. Oxygen uptake for a variety of aro

matic compounds by these organisms was measured at 

30°C using Warburg apparatus. Resting cell suspen

sions were prepared from cultures grown as described 

above. The culture fluid was filtered once through a 

filter paper to remove the remaining solid biphenyl or 

4-chlorobiphenyl and the cells were harvested by centri

fugation and washed twice in 0.05 M phosphate buffer 

(pH 7.5) and suspended in the same buffer. The sus

pensions were adjusted such that the cells in a 10 mm 

cuvette had an optical density (OD) of 2.0 at 660 nm 

in Alcaligenes Y42 or 4.0 in Acinetobacter P6. The 

substrate used in this investigation were dissolved in 

ethanol to obtain a final concentration of 20ƒÊmoles/ 

ml; 0.1 ml of test substrates (2ƒÊumoles) were introduced 

into the main component of the flask. After the 

ethanol was evaporated, 1.2 ml of 0.05 M phosphate 

buffer (pH 7.5) was added, and 1.2 ml of the cell sus

pension (final cell concentration: OD 1.0 in Alcaligenes 

Y42 or OD 2.0 in Acinetobacter P6) was placed in the 

side arm. 0.1 ml of 1 N KOH was placed with a small 

filter paper in a center well. The oxygen uptake was 

corrected for endogenous respiration.

Incubation of 14C-2, 5, 2•L-trichlorobiphenyl and frac

tionated extraction method of 14C-metabolites. The 

washed cells were suspended to make OD 1.0 at 660 nm 

in 10 ml of phosphate buffer (pH 7.5) containing 14C-

2, 5, 2•L-trichlorobiphenyl (0.1ƒÊCi). The incubated 

mixture were shaken on a rotary shaker for predeter

mined periods. The reaction mixture was centrifuged 

to separate cell and supernatant. The cells were 

washed once in phosphate buffer, and the supernatant 

was combined with the pooled one. After measured 

the radioactivity, the supernatant was acidified with 

conc. HCl to make pH 1 - 2 and extracted with ethylace

tate. The cell portion was extracted with 80% hot 

ethanol (80"C) for 20 min. This was centrifuged to 

separate 80% ethanol layer and the cells. The cells 

were again extracted with 20% ethanol (20°C) for 20 

min, and then centrifuged to get 20% ethanol layer 

After measured the radioactivities, the ethylacetate and 

ethanol extracts were concentrated and subjected to 

thin-layer chromatography (TLC) and subsequent 

autoradiography.

Measurement of 14CO2 evolution. A modified type 

of Conway's microdiffusion apparatus6) was used to 

trace 14CO2 derived from 14C-2, 5, 2•L-trichlorobiphenyl. 

It consisted of a glass container (83 mm inner diameter

 and 26 mm deep), within which was placed a small dish 

(50 mm diameter and 13 mm deep). Small filter 

paper dipped in 2.5 N NaOH was placed into an inner 

dish to trap 14CO2 evolved. In outer dish which was 

tightly sealed, the organism was incubated in 10 ml of 

mineral medium with 20ƒÊg 14C-2, 5, 2•L-trichlorobi

phenyl for 5 days at 30°C.

Chromatographic technics. Precoated plates of 

silica gel 60 F254 (Merk Incorp.) were used for analytical 

TLC. Solvent system used for analysis of the metabo

lites was benzene-dioxane-acetic acid, 90: 20:4. The 

spots were visualized by ultraviolet irradiation. For 

radioactive extract, autoradiograms were prepared by 

exposing the developed TLC plates on X-ray film for 

1•`2 weeks.

Spectrophotometric measurements. A Hitachi 

spectrophotometer, model 624, was used for all UV-

visible spectrophotometric measurements. 

  Chemicals. 2- and 3-Monochlorobiphenyl and 2, 

5, 2•L-trichlorobiphenyl were obtained from Analabs, 

Inc. 4-Chlorobiphenyl was obtained from Aldrich 

Chemical Co. 2, 5, 2•L-Trichlorobiphenyl-14C(2•L-

chlorophenyl-U-14C) was purchased from California 

Bionuclear Co.

RESULTS

Characteristics of microorganisms. Micro

bial properties of Alcaligenes Y42 and Acineto

bacter P6 were as follows: Alcaligenes Y42: 

short rods (0.5-0.6 by 1.0 µm) with one to 

two subpolar "degenerately" peritrichous 

flagella (Fig. 1-a), strict aerobe, usually oc

curing singly, gram negative, biphenyl-mineral 

agar colonies : 0.5 -1.0 mm, circular, smooth, 

convex, entire, amorphous, light yellow, trans-

lucent, glistening, oxidase: positive, catalase: 

positive, indole: not produced, H2S: not pro

duced, water soluble pigment: not produced, 

nitrate: reduced to nitrite, agar: not hydro

lyzed. These results suggest that this organ-

ism belongs to genus Alcaligenes from Bergey's 

manual of Determinative Bacteriology (8th ed., 

1974). Acinetobacter P6; plump rods (1.2-1.4 

by 1.6 - 1.9ƒÊm) (Fig. 1-b), strict aerobe, 

usually occuring pair or short chain, non

motile, gram negative, oxidase: positive, 

catalase: positive, indole: not produced, H2S: 

not produced, nitrate: not reduced to nitrite, 

grown in mineral medium with acetate and



Alcaligenes and Acinetobacter Strains Capable of Degrading Polychlorinated Biphenyls 545

FIG. 1. Electronmicrographs of Alcaligenes Y42 (a) and Acinetobacter P6 (b),

ammonium salts, poly ƒÀ-hydroxybutyrate: not 

produced. This organism was identified as 

a strain of Acinetobacter.

Growth and Oz uptake on a variety of aromatic

compounds

A variety of aromatic compounds were 

examined for growth and OZ uptake of these 

two organisms. As shown in Table I, the both 

organisms grew well on biphenyl, 4-chloro

biphenyl and 4-methylbiphenyl. When 

Acinetobacter P6 was cultured with 4-chloro

biphenyl, a large amount of 4-chlorobenzoic 

acid was accumulated in the culture broth and 

the pH was dropped to 6.0 (initial pH 7.5) 

after 5 days incubation. Benzoic acid and 

protocatechuate also supported the growth. 

However, no growth was observed on mono-

and dichlorobenzoic acids and 2,3- and 2,4-

dihydroxybenzoic acid. 2-Phenylphenol, 4,4•L-

biphenol, diphenylamine, diphenylmethane, 

benzhydrol, benzophenone did not support the 

growth in both Alcaligenes Y42 and Acineto

bacter P6 in spite of their similar structures to 

biphenyl.

As in the case of growth test, biphenyl was 

the best substrate for O2, uptake of both 

organisms (Table II). Good OZ uptake was 

observed in 2- 1, 3-, and 4-chlorobiphenyl, 

benzoic acid, protocatechuate, pyrocatechol 

in common for both organisms. 3-Methyl-

TABLE 1. GROWTH OF Alcaligenes Y42 AND

 Acinetobacter P6 ON VARIOUS AROMATIC

 COMPOUNDS

The cultivation was continued at least four weeks 

for poor substrates, and the culture fluid was observed 

under microscope to make sure the organisms.
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TABLE It. OXYGEN UPTAKE BY Alcaligenes Y42

 AND Acinetobacter P6 ON VARIOUS

 AROMATIC COMPOUNDS

a) 2, moles of substrates were used .

~ Final cell concentration
, OD 1.0 at 660 nm:

 2.0 •~ 10S/ml.

Final cell concentration, OD 2.0 at 660 nm: 

   8.8x108/ml

catechol, 2-phenylphenol, 4-phenylphenol, 2,2•L-

biphenol and diphenylmethane were also good 

substrates for 02 uptake of Acinetobacter P6.

 On the other hand, no 02 uptake was observed 

on mono- and di-chlorobenzoic acids and 2,3-

and 2,4-dihydroxybenzoic acid, 4,4•L-biphenol, 

diphenylamine and so on in both organisms.

Adsorption and metabolism of "C-2,5,2•L-tri

chlorobiphenyl. When radioactive 2,5,2'-

trichlorobiphenyl was incubated with the cell 

suspension of Alcaligenes Y42, of the dose used 

(100ƒÊug substrate per flask, 0.1 ƒÊCi), almost all 

the radioactivity was measured in the cell 

portion showing that the compound was ad

sorped by the organism in 10 min. Release of 

the radioactivity from cell-bound "C-2,5,2•L-

trichlorobiphenyl into the water layer was 

observed gradually as shown in Table III. 

Percentage of the radioactivity in the super-

natant was increased upto 20.1 % at 24 hr with 

concomitant decreasing in the cell-bound com

ponents. Supernatant and cells were sepa

rately extracted, and the extracts were sub

jected to TLC and subsequent autoradiography. 

Several spots were observed in supernatant ex-

tracts as shown in Fig. 2. Radioactivity of 

each spot changed along with incubation 

periods. The main spot in the middle (Rf 0.55) 

was detected as 2,5-dichlorobenzoic acid and 

the tailing spot at origin was a yellow colored 

intermediate as reported previously." By 

contrast, unchanged 2,5,2•L-trichlorobiphenyl 

(Rf 0.93) was mostly found in cell extracts with 

some minor spots. Varying the amount of 

2,5,2-trichlorobiphenyl from 2.6 to 502.6ƒÊg 

(0.1ƒÊCi each), the cell suspensions of Alcali-

TABLE 111. RELEASE OF METABOLITES FROM CELL-BOUND 14C-2
, 5, 2•L-TRICHLOROBIPHENYL

 AND FORMATION OF A YELLOW COLORED INTERMEDIATE IN Alcaligenes Y42

100 jig of 14C-2, 5, 2•L-trichlorobiphenyl (0.1ƒÊCi) was incubated with the organism (OD 1.0 at 660 nm) 

in 10 ml 0.05 M phosphate buffer (pH 7.5) for predetermined periods
, and the radioactivities of the supernat

ant and the cells were measured.

a> Percentage for total cpm recovered
.

b) Percentage recovery for originally used 0
.1 ƒÊCi.
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FIG. 2. Representation of the Autoradiograms of the Supernatant Extracts (a) and the Cell 80% 

Ethanol Extracts (b) as Separated on a Silica Gel TLC .

The TLC plates were developed by using benzene-dioxane-acetic acid (90: 20: 4) .

TABLE IV. FRACTIONATED EXTRACTION OF METABOLITES FROM 14C-2, 5, 2•L-TRICHLOROBIPHENYL

a) Percentage for total cpm recovered
.

b) Percentage recovery for originally used 0 .1ƒÊCi.

genes Y42 were incubated for 48 hr. The 

incubation mixture was fractionated as de

scribed in MATERIALS and METHODS, and the 

radioactivity was measured for each extract 

(Table IV). When 2,6, 12.6, and 102.6ƒÊg of 
"C -2 5

,2•L-trichlorobiphenyl were used, the 

radioactivity was mostly measured in the 

supernatant layer , and the remaining were 

found in 80% ethanol extract of the cells.

 However only 24.3 °o, when 502.6ƒÊg was used, 

was measured in the supernatant, the remaining 

radioactivity was in the cell 80% ethanol 

extract. No significant radioactivity was 

measured in the cell 20% ethanol extracts in 

all cases. "C-Compounds of 80% ethanol 

cell extracts were mostly detected as unchanged 

2,5,2•L-trichlorobiphenyl on thin layer chro

matography and subsequent autoradiography.
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No significant 14CO2 evolution was observed 

 from the reaction mixture after incubation of 

 5 days using Conway's microdiffusion ap

paratus.

The similar results were observed when 

 Acinetobacter P6 was incubated with 14C-2,5,2•L-

 trichlorobiphenyl in the same manner as 

 Alcaligenes Y42.

DISCUSSION

Polychlorinated biphenyls are actually in-

soluble in water, however, their lipophilic 

properties seems to make possible to adhere 

 onto the cell surface of the organism as in the 

case of biological concentration of PCBs in 

the environmental samples. The adsorption 

was observed in a short time between the 

organisms and 14C-2, 5,2•L-trichlorobiphenyl. 

The bound ones were then metabolized 

gradually, probably on the binding site. The 

metabolism would proceed oxidatively with 

hydroxylation and resulting ring cleavage as 

suggested in the previous paper." Those 

metabolites became polar and moved into 

aqueous phase from the cells. Several spots 

with 14C-radioactivity were detected in the 

supernatant layer including 2,5-dichloroben

zoic acid and the yellow colored intermediate . 

The radioactivity of each spot was observed 

to change gradually. For instance, 2,5-

dichlorobenzoic acid was accumulated with 

incubation periods, whereas yellow colored 

intermediate was once increased and then 

decreased. Cell-bound 14C-compounds were 

mostly unchanged 2,5,2•L-trichlorobiphenyl with 

some minor spots. No radioactivity was 

detected in the 20% ethanol extracts of the 

cells. No significant 14CO2 evolution was ob-

served neither. These observation led us to 

consider that 14C-compound derived from 14C-

2,5,2•L-trichlorobiphenyl was not incorporated 

into cell constituents such as amino acids and 

nucleic acids.

Y42 strain used in the present study was 

small gram negative rods with "degenerately" 

peritrichous flagella and was identified as 

a strain of Alcaligenes. By contrast , P6

 strain which was newly isolated from an aquatic 

sediment sample was nonmotile, large plump 
rods and identified as a strain of Acinetobacter . 
In spite of big difference in the taxonomy , 
those two strains showed similar properties 

for growth and 02 uptake on various aromatic 
compounds. Biphenyl, 4-chlorobiphenyl, ben-
zoic acid and protocatechuate were good sub

strates in common for growth and 02 uptake 
of the two strains. Whereas mono- and di

chlorobenzoic acids and 2,3- and 2,4-dihydro
xybenzoic acid were very poor substrates. 
Acinetobacter P6 showed 02 uptake for 3-

methylcatechol, 2-phenylphenol, 4-phenylphe
nol, 2,2'-biphenol and diphenylmethane, sug

gesting the organism was capable of cometa
bolizing these compounds as well as PCBs 
though no growth was observed on these.

Biphenyl and/or 4-chlorobiphenyl assimilat
ing microorganisms seems to be widely distri-
buted in the environment. Ohmori et a1.4) 

reported that 39 strains were able to grow on 
biphenyl among 426 isolates from soils and 
leaves. Although they have not yet identified 
these organisms, most of them were short rod 

motile bacteria. It seems to be interested to 
investigate how the biphenyl or 4-chlorobi

phenyl grown organisms distributed in the 
natural environment and how these organisms 
act on PCBs which widely spread as a serious 

environmental contaminant. Work is pre
sently underway to reveal a relationship be
tween biodegradability and structure of various 

isomers of PCBs as well as their metabolic fate 
by using Alcaligenes Y42 and Acinetobacter P6.
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