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Isolation of a Bacterial Strain Capable of Carbamazepine
degrading and Biodegradation Characteristics

CUI Chang-Zheng HU Hong-Ying* YU Ya-Qi YU Yin

(Environmental Simulation and Pollution Control State Key Joint Laboratory, Department of Environmental
Science and Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Quite recently, among new emerging contaminants, pharmaceutical and personal care products
(PPCPs) and their active metabolites are an emerging environmental issue, due to their presence in the
aquatic environment and potential for impacts on wildlife and humans. Carbamazepine is one of the most
frequently and at the relatively high concentration levels detected pharmaceuticals in surface water and even
in drinking water. Moreover, this drug has displayed high chronic ecotoxicity. A strain of carbamazepine-
degrading bacterium was isolated from activated sludge treating pharmaceutical wastewater in Suzhou,
China. It was identified as Acinetobacter sp. HY-7, based on biochemical test, 16S rRNA and gyrB gene se-
quence analysis. Strain HY-7 could grow in liquid mineral salt medium with carbamazepine as sole source of
carbon, nitrogen and energy. HPLC analysis revealed the carbamazepine degradation percentage by HY-7
after 10 days was 48% at pH 6.0 and 25°C. Among carbamazepine and the similar structure compounds, in-
dole, catechol, naphthalene, anthracene could also be utilized by strain HY-7 for growth, which exhibited a

very broad substrate profile.
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Table 1 PCR primes and sequence primers used in this study
PCR Primers Sequence (5'-3")
16S rDNAF27 AGAGTTTGATCATGGCTCAG

16S rDNAR1492

TACGGTTACCTTGTTACGACTT

gyrBF
gyrBR

CAGGAAACAGCTATGACCAYGSNGGNGGNAARTTYRA
TGTAAAACGACGGCCAGTGCNGGRTCYTTYTCYTGRCA

PCR 5 mL , 4°C 1000 r/min 10 min,
(50 pL) 10xLA PCR buffer (Mg?") 5 nL, , 200 nm~
10 mmol/L dNTPs 8 uL, 20 umol/L 1 uL, ddH,0 600 nm, 1 nm, 120 nm/min
33.5uL, LATag (5U/pL) 0.5 puL, DNA 1 pL
PCR 94°C 5 min; 94°C 0.5 min, 50°C 2 HREW®R
0.5 min, 72°C 2 min, 25 ;72°C 10 min 21 HEHNESEEEREMSO S
PCR , PCR 3 ,
,  pMDIS8-T ,
, E. coli DH5a , OD:sy4, 200 mg/L
, , PCR , ,
1.6 FSFFERINE RS NE
50 mL 20 mL ,
20 mg/L ,
HY-7 , , 1% (ODs49
=0.01), 25°C 160 r/min HY-7
; (ODs49) HY-7 30°C 2d
s , 3 mm ; s ,
30 min, ) 0.5 pm~0.8 um( 2)
R R 5 mL
40°C 5 mL
HPLC
Shimadzu VP-ODS (150 mm
x4.6 mm i.d., 50 pm); =150
350 500, viviv; 1 mL/min; 230 nm;

1.7 BE#E HY-7 X EH Ath R4 BY P& R

40°C;

) 100 mL
MSM, MSM ,
4 100 me/L Bl 2 HY-7 EkA9iEST B 5 B K (x40000)
’ et Fig. 2 Transmission electron micrograph of strain HY-7
10d (x40000)
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22 HY-THIETE 16S rRNA

gyrB

HY-7 2 Acinetobacter spp.
1 HY-7 16S rRNA gyrB 83%
, GenBank 16S rDNA
EU580738 (16S rDNA) EU681951 (gyrB) gyrB , HY-7
16S tRNA  Acinetobacter gerneri Acinetobacter sp. HY-7,
DSM 14967" 97.4%, MEGA 3.1 Acinetobacter spp. ,
.3 16SIRNA 23 -+ D FFHER
, , , HY-7 4 , HY-7
16S rRNA , pH 6.0, 25°C ,10d
gyrB 20 mg/L 48%,
DNA (DNA gyrase)B , ,

E E B

F2 RRERE HY-7 RIEIRE L4

Table 2 Biochemical properties of strain HY-7

Test Results Test Results Test Results Test Results

Bacterial shape Cocci  Gram stain Negative | Oxidase —  Catalase +
Water - D-melbiose - p-hydroxy phenylacetic acid +  L-histidine -
a-cydodextrin - B-methyl-D-glucoside - Itaconic acid —  Hydroxyl-L-proline 4+
Cydodextrin - D-psicose - a-keto butyric acid +  L-leucine -
Glycogen + D-raffinose - a-ketoglutaric acid +  L-omithine -
Tween-40 + L-rhamnose - a-keto valeric acid +  L-phenylalanine -
Tween-80 + D-sorbitol - D,L-lactic aci +  L-proline +
N-acetyl-D-galactosamine - Sucrose - Maloric acid —  L-pyroglutamic acid 4+
N-acetyl-D-glucosamine - D-trehalose - Propionic acid +  D-serine -
Adonitol = Turanose = Quinic acid —  L-serine =
L-aratbinose + Xylitol - D-saccharic acid —  L-threonine -
D-arabitol - Methyl pyruvate Sebacic acid +  D,L-camitine

Cellobiose - Mono-methyl succinate + Succinic acid +  y-amino butyric acid +
I-erythritol - Acetic acid + Bromo succinic acid +  Urocanic acid -
D-fructose - Cis-acoritic acid - Succinamic acid +  Inosine -
L-fucose - Citric acid 4 Glucuronamide +  Uridine -
D-galactose + Formic acid - Alaninamide —  Thymidine -
Gentiobiose = t[())—ngealactonic SCE D-alanine +  Phenyl ethylamine =
a-D-glucose + D-galacturonic acid - L-alanine +  Putrescine -
m-inositol - D-gluconic acid - L-alanyl-glycine —  2-amino ethanol -
a-D-lactose - D-glucosaminic acid - L-asparagine +  2,3-butanediol 4
Lactulose - D-glucuronic acid - L-aspartic acid +  Glycerol -
Maltose - a-hydroxybutyric acid + L-glutamic acid +  D,L-glycerol phosphate -
D-mannitol - B- hydroxybutyric acid + Glycyl-L-aspartic acid —  D-glucose-1-phosphate  —
D-mannose s v- hydroxybutyric acid s Glycyl-L-glutamic acid —  D-glucose-6-phosphate  —

Note: +: Positive; —: Negative.
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4 Acinetobacter bouvetii DSM 14964 (AF509827)

56 Acinetobacter schindleri LUH 5832" (AJ278311)
41 Acinetobacter johnsonii ATCC 179097 (Z93440)
75 Acinetobacter haemolyticus ATCC 17906" (293437)

Acinetobacter tandoii DSM 14670" (AF509830)

73 18 Acinetobacter parvus LMG 217657 (AJ293691)

4 Acinetobacter calcoaceticus ATCC 230557 (293434)

29 62 Acinetobacter tiernbergiae DSM 149717 (AF509825)
Acinetobacter ursingii LUH 37927 (AJ275038)
Acinetobacter Iwoffii ATCC 15309" (X81665)

42

Acinetobacter radioresistens DSM6976" (X81666)
00— Acinetobacter gerneri DSM 14967" (AF509829)

‘Acinetobacter sp. HY-7 (EUS80737)
Acinetobacter baumanni ATCC 19606" (Z93435)

80
§ Acinetobacter junii ATCC 17908 (Z93438)
Tli_ Acinetobacter grimontii DSM 14968 (AF509828)

Acinetobacter towneri DSM 149627 (AF509823)
92 Acinetobacter baylyi DSM 149617 (AF509820)

A
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3 ETEK HY-7 FIESGXRMBILERE 16S rDNA FHIRF R E K

Fig. 3 Phylogenetic tree based on 16S rDNA sequence of strain HY-7 and related species
Note: The trees were constructed by using the neighbour-joining method. Bootstrap values expressed as a percentage of 1000 replications
were given at the branching points. The scale bar represents 0.005 substitution per nucleotide site and GenBank accession numbers are in
parentheses.
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Fig. 5 The UV-Vis absorption spectra of catechol degra-

dated by stranin HY-7 (solid line) and absence of stranin
HY-7 (dashed line)
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Fig. 6 The UV-Vis absorption spectra of indole degradated
by stranin HY-7 (solid line) and absence of stranin HY-7
(dashed line)
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