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Biodegradation of Naphthalene by Acinetobacter calcoaceticus R-88
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Abstract

Bacteria utilizing naphthalene as a sole carbon source for growth were isolated and iden-

tified and code named as Acinetobacter calcoaceticus R-88, Pseudomonas testosteroni R-

87 and Pseudomonas putida R-89. Among these isolates,

A. calcoaceticus R-88 found

most effective in utilizing naphthalene. The optimal pH, temperature and concentration of

naphthalene was 7.0, 30°C and 10mM, respectively. The strain degraded naphthalene to

salicylic acid as -an intermediate.

tetracyclin, chloramphenicol and kanamycin. A.

And the strain showed to be resistant to ampicillin,

calcoaceticus R-88 harbored plasmid DNA

which was believed to be involved in naphthalene degradation.
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-Z naphthalene® Sigma C».¢} AEL AH&5 4
o 2 9 A%e 2F BF mk 9FE A5

St
2. 8] X

#3924 4 F4¢ 4% FxdAE MM,
A & A ?(Minimal medium; (NH,),SO, 18mM,
FeS0,-7H,0 1M, CaCl,-2H,0 100zM, MgSO,-
7H, 0 1mM, NaCl 8.5mM/L)¢} SA¥A=zE
Luria broth(Bacto peptone 10g, Bacto-yeast
-extract 5g, NaCl 5g, glucose 2.0g/L pH 7.0) &
st

3. Naphthalene ¥3j#3=0| £2| 4l S

249 F4, 5794, 543 € £x4d% &
Zd A 2%t B¢ AHsY Kiyohara F7F
‘Sylvestre'®e] ubyg W&3te] F2 g,

0.05% naphthaleneo] o] 9 & &4 vx (na-
phthalene #29)o] A2 & A%E3e 30°Ce|A
39 S 1AM & F 23 FEo] e
A T AMFREH. AF FHNFYE A LI
B M ete] Luria A f o] =gk G F of o
Ao} 1}ehd colonyE ulg 0.05% naphthaleneo]
A28 HLw A tooth-pickz $A wjokslud A
naphthaleneg Z&3led F9o] clear zoneg
A8t colonyE FS TR Addtgch. 24
TFY AL ddbAq SAxywst APL-20E,
API-20NE kit (Analytical Products Inc., New
York)& &3ttt

4. Naphthalenel| 25 ZHHE

Naphthalene& @9 =ag o=z Hre 3o
Aol TFE ATt Mgt A AzwR 23
59 A 7A-¢3 naphthalene?] ¢ &334t
W ofA) Zhel whet wj g AHTG AL G
chlorofcrm 2.2 naphthaleneg F&3td UV-
Spectrophotometerz 24319 2HAXE £33
9 tH®, zElz naphthalenes] & 34L o)
CEEE DO PECER DEEE ELE
<hloroformo 2 & &8¢ FZ%3¥ s th4 methanol
2 AFE 2 & aluminum plateitof A
petroleum ether : benzene : acetone : acetic acid
80:20:10:4 (v/v)& AALWE AAZ F
FAAEY 44¢ 2489

5. Plasmid DNA2| £2| I curing A&

238479 plasmid DNA #2]& Kados} Liu
Bying A8yl e plasmide] curing ¢4
W] 7 o] A mitomycin C& 2] 3] naphthalene
2AEe A4 FFE 4L F plasmidd ¥4
o] curingd TFE ZREAT.

2ot & 0¥
1 g2|2el &3

BAANY #AAA AEF EL A sl
naphthaleneg $93 w4 Qo= o] & 3te HA
¥l ¢k3t % naphthalened 4 %38 & 2] =] o clear
zone®¢ PR A A uAE 165 ¢ AL
Bz ol E F BH %ol §& TF Azd A4
AES Ed%o] 4% FF R-87, R-88 %
R-89% Awrstdoi(Fig. 1). & TF+ 444

o) A4 A¥s API-20NE kitE AH-g3te] 5484
t}.

Fig. 1. Screening of naphthalene utilizing bac-
teria on minimal agar plates. The plates were
sprayed with an ethereal saluticn of naphtha-
lene and than incubated for 3days.

gy R-87, R-88 ¥ R-89 ¥F EF gram
249 7Foz glucesed A3F3hg .

R-875 R-89% oxidased] 4o Iz ¥3A4
Ay AAL %= Pseudomonas 522 ¥
2% 4 glov, R-882 motility® 2A #¥ 4
A} oxidased] 6] gz lactosed o] & &
At AA2BE Acinetobacter $2% FFHI
o} (Table 1,2).

ol 3TFE API,ZONE kitz %4 g uf R=87
5} R-89% arginine dihydrolaser -S4l
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Table 1. Morphological, cultural and bicchemi-
cal characteristics of strain R-87, R-8% and R-89

Table 2. Identification of the selected strains:
with API 20NE kit

Characteristics R-87' R-88* R-89°

Gram stain — - —

Cell shape rods rods  rods
Motility + + +
Fluorescence pigment — + -+
Catalase + + -

Growth at 41°C — — -
Growth at 4°C — — -
Casein hydrolysis — — -
Lecithinase + — —
Utilization of glucose — 4+ +
Rhamnose — —
Inositol

}

Sucrose

/

Lactate
L-Aspartate

+ + +
+ 4+
+ +

L-Leucine

1 : Pseudomonas testosteroni.
2 : Acinetobacter calcoaceticus.
3t Pseudomonas putida.

oxidasex %A olglom citrated: A3 g &= 9=
A3 7 Rl R-872 Pseudomonas testosteront,
R-89%& Pseudomonas putidaz R-88L glucose
9 lactosed A3 E 4 Sl ENoE wol Ac-
netobacter calcoaceticusz %A= g =(Table 2).

Naphthalene?] F=7F 10mM o]t A= A3
¥l ok B2 FAYFE B4} 7

Characteristics R-87' R-88° R-89%

Denitrification
Tryptophane — — —
Glucose, fermentative — 4= —
Arginine dihydrolase -+ — +
Urease — - -
Esculine — — -
Gelatin hydrolysis — - —
p-Nitrophenylglucosamine — — —
Glucese, oxidative - +
Arabinose assimilation — +
Mannose assimilation — - —
Mannitol assimilation - — —

N-Acetylglucosamine — —
assimilation

|

Maltose assimilation — — —
Gluconate assimilation

I
!
+ +

Caproate assimilation
Adipate assimilation

!

Malate assimilation

+ o+ 4+

Citrate assimilation

+ o+ + +

Phenyl-acetate
assimilation

+ o+ o+ +

Oxidase assimilation + —

1,2,3 were determined by API 20NE kit.

2532 40mMd A= Aol A9 A9
(Fig. 2).
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Fig. 2. Specific growth rate of Acinetobacier sp. according to the temperature, pH and naphthalene

concentration.
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2. Naphthalene2] 2312} Ss|AI2e| HA

Acinetobacter calcoaceticus R-88% o]-&314
mnaphthalene 10mMg 343t Q= A d
AT F 48ADAA wakitn

z
=E 2
218 A3} 238nms} 276nme] A 249 peakE: v}
B g o F peak® Azkel Aol w3k
&3tz R3¢ BoFz YoFig. 3. = J

A&} kg Ag3sle] naphthalenes] 3
% thin layer chromatographyy ez =xApgt
3 Fig. 49+ 72¢rh. Lane At B E&%A4q
naphthalenes} salicylic acide]® C¢ D= 4
WAL 484 AR WFse Edg EHELRA
salicylic acidglo} ol =]z 7847} ik o)
Zd A7) & salicylic acid o} 9o E4.2 el
A Fekrt. Doelle?® =

aromatic hydrocarbongl
toluene, xylene, anthracene @ phenanthrene %

0.8

0.6

Absorbanceé
(=]
H

0.2

190.0 2500 3500
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Fig. 3. UV scanning spectrum of naphthalene
during biodegradation by Acinetobacter calco-
aceticus R-88.
1: The culturé extracts at start time, 2,3,4,5: The
culture extracts after incubation of 1,2,3 and 4days.

-Ea e A A324 (1989)

galicylic acid

Unidentified product

start

A B C D

Fig. 4. Thin layer chromatograph of products
degraded from naphthalene by the Acinetobacter
calcoaceticus R-88.
A : Naphthalene, B : Salicylic acid, C: The culture
extracts after 2days and D : Culture extracts after
3days.

2 salicylates} cathecholg A4 ortho =& meta
A Bt n A g A o] Acinetobac-
ter calcoaceticus R-88¢) £]¥te] salicylic acids}
A A= R et

3.

siZ o

A Mot YEXE 5=

Naphthalenee] &3 FAA 7 plasmide] 9=
AL Q7] 938 curing test, = ¥ 3 plas-
mid DNAE recombinationA] A& = = recombi-
nantE 2338 Wy $54A= antibicticsel o &
WA ¢ marker®z o] &¥ & gl

Acinetobacter caleoaceticus R-88¢) g4 A 4
A& Table 35 7o}, FA4EA & streptomycin
of tisfAgt Aol dA =Hz e P
WA E A8 AFAE Ve z k. Pemberton

HI
ol

Table 3. Antibiotics resistance and minimal
inhibitory concentration (MIC) of - Acinetobacier
calcoaceticus R-88

MIC(pg/ml)

Antibiotics Acinetobacter sp.

Ampicillin R 100
Tetracyclin R 200
Chloramphenicol R 200
Kanamycin R 100

Streptomycin S. —

R : Resistant and S : Sensitive.
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s Don*™2 FA44] WAFAAS $ESH gL
34 AE transposable genetic element$} host
& 2% plasmidd] SAA o] FolAdL BIF
o o]

™
-

Acinetobacter calcoaceticus R-889)

naphthalene 284 77} plasmidol} &A=z Q)
¢ T 4 A2 Fig. 5.

4+ Plasmid L¥A

Fig. 5. Detection of plasmid DNA from the
Acinetobacter calcoaceticus R-88 which lost
ability to dissimilate naphthalene.

A 1 Cured strain (nap™) and

B : Wild strain (nap*).

4. Acinetobacter calcoaceticus R-889|
plasmid

Acinetobacter calcoaceticus R-88% Fig. 1]
218} 7o) clear zoneg & A& A ut = cured cell
2 clear zoneg PAeHx] Ho e},

Acinetobacter calcoaceticus R-882] plasmid
DNA% Kadog} Liud] wiiPe] whe} 3ejgbgich.
Naphthalene #8819 plasmid DNAZ Acs-
netobacter calcoaceticus R-88¢] naphthalenel
s £4A plasmid DNAY Ao 33
&7 91 3te) wild type(nap*)$} cured cell(nap)<]
plasmid DNAE <4 232 3} c}(Fig. 5). Plas-
mid DNA 7} wild type(nap®)e] & ZA 84 2k
cured cell(nap ))& e g= Aoz »
o} naphthaleneg 33t -%A4AA7} plasmid
DNAe] Atz gictes A4 & & Aot

Aromatic hydrocarbon®) 23 444} 9} plasmid
DNAsHS] 4% o 54L& naphthalene?, toluene®®,
= xylene®e} R #o Fd A Fo] plasmid

DNA7L o] vtz 2adz goen B o7
o] ©)85 Acinetobacter calcoaceticus R-88%
naphthalene g #&ldl: FAA7} &%= &

SIESEEEN

HA9 A AAT AEHA Bl 2T
vzgy LHEF F 28
3] g A Acinetobacter calcoaceticus,
R-88, Pseudomonas testosteront R-87 4 Pse-
udomonas putide R-892 T3 Grt. o] 37
F 20| A= Acinetobacter calcoaceticus R-880|
vzey gade] A% S5Hd=, o 59
A pHE 7.0, LEE 30°Cy =, Yxgds &
E%& 10mMol gl o] ¥+ %+ salicylic acide] A
22 E3ed ¥ sz, ampicillin, tetracyclin,
chloramphenicol ¥ kanamycine] @) 3}¢] 7d A
P AL BelEAh. Acinetobacter calcoaceticus
R-88%= vzetg 23e) o) st plasmid DNA
E 14 Az Qe AoE eyt

]
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