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Physiological Characterization of BTEX Degrading Bacteria Microbacterium sp. EMB-1 and Rhodococ-
cus sp. EMB-2 Isolated from Reed Rhizosphere of Sunchon Bay. Kang, Sung-Mi', Kye-Heon Oh?, and
Hyung-Yeel Kahng!*. 'Department of Environmental Education, Sunchon National University, Suncheon 540-
742, Korea, “Department of Life Science, Soonchunhyang University, Asan 336-600, Korea — This study focuses
on investigating roles of microorganisms in decontamination of reed rhizosphere in Sunchon Bay, Korea,
which is considered one of the marsh and mud environment severely affected by human activities such as agri-
culture and fisheries. In general, the bay is known to play the role of the buffering zone to reduce the sudden
impact or change by environmental stresses. In our initial efforts to elucidate the microbial functions in decon-
tamination process in reed rhizosphere, pure bacteria capable of degrading aromatic hydrocarbons were iso-
lated from reed (Phragmites communis) rhizosphere of Sunchon bay by enrichment culture using either
benzene, toluene, ethylbenzene, or xylene (BTEX) as a sole source of carbon and energy. Measurement of the
rates of BTEX degradation and cell growth during the incubation in BTEX media under several temperature
conditions demonstrated maximized degradation of BTEX at 37°C in both strains. Both strains were also
resistant to all the heavy metals and antibiotics tested in this study, as well as they grew well at 42°C. Identifi-
cation of the isolates based on 16S rRNA gene sequences, and a variety of phenotypic and morphologic prop-
erties revealed that the two strains capable of BTEX catabolism were among Microbacterium sp., and
Rhodococcus sp. with over 95% confidence, designated Microbacterium sp. EMB-1 and Rhodococcus sp.
EMB-2, respectively. This result suggested that in the rhizosphere of reed, one of major salt marsh plants they .
might play an important roles in decontamination process of reed rhizosphere contaminated with petroleum
such as BTEX.
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Fig. 1. Geographical location of Sunchon bay and its view with reed bed. The circle in the map indicates Sunchon bay located between
Yeosu and Goheung (A). The map in the left panel is the enlarged one of the small filled circle in the right panel A. view of Sunchon Bay
(B); reed bed in Sunchon Bay (C); and feature showing unique root structures of reed (D)
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A 2217E W7 3085 3 F SAsAH.

DAPIi ol 2|5t nOjME Al
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Fig. 2. Chemical structures of BTEX used in this study. The
BTEX mixtures were used as substrates for obtaining a consor-
tium and pure bacteria capable of BTEX degradation.
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T T 3027 I8l wAskdY o]eix] wkS-Ag- 42°C ¥
erzolA o F34-E AE3] 90x 59t 713 ¥ 1 mie] LB
WS A2 3701 1417 Bb Aleberaisic). o] wje}
A& ampicillin(50 pg/ml), IPTG, ZL2) 3 X-gale] ¥ 7}%
LB ZAxle]l =23t F 37°C wjokr)ellA] 1% E<b wjok
stodet. 71e}, SlellA dF3hA b2 W Rudos
2] 2ro)= w27l whet 3k

Plasmid DNA £2| ¥ 7[MEEN

A A ZHE] plasmid DNAY] #-2]= QIAprep-spin
Miniprep Kit& ¢]-8-8}53.20] AZ3)ALe] A 3lof ule} 43
vt I UL cloned YF-E YolFoz Ay
gk % T7 promoter primertt SP6 promoter primers- ©]-&
3le] DNA sequencings 23] 8t o} DNA sequencing2
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D. & drellA 2ARE 2 2 28 X929 pHE 6.5~6.9
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o2 oA A BAF A ol we W xfe] S vt
Wl 71a4d QJake] A5 S-2x]H6llA] 7.18 pg P,0s/g2
7P A weRd e S-5 A HeflA= 53.93 pg P,0s/g2 2
S-2 2|2 oF gul A= A vlepdel. wit TN} NH.2
FE S22 AYellA] 7P A vhE ) wk Afo]o]] $]%]
g S-4x| gl 7k A Ve, 7§18 3
= BT I B 540 A2 ez o
g A2 4705 BTEX Ead& 2elgh -8 x| B
o] A%, 7HFA AR 31.15 pg P,0s/g, 0.417 ug PO4/g,
TOC 384 pg/g, TN 1552.64 pg/g, 4.108 ug NOs3/g, 7.2 ug
NH /g2 o2 A3 Eoke] A=) e g pH
6452 7 oAl el 2 Aol A ARSEE 871 A
oz 2] BEAL 90% olAbe] silnt clayR 2AEG]
3l o] Baikg (21l I3 &A= A Ao gk B4
Fheb AR Mot

DAPIOI 28t SMEs

AMtAl = 38| 7 (Carl zeiss vision GmbH Axioskop
40)22 1000xM] &2 FHAEste] 7} Alo] Emlrt DAPI
staining g FE] 2] 20 fieldS Al5dle] 2o} HAE A
2R 1870 Hro R Fald T ML 100u8te] AlA)5}
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gt S-59 F MFFIF ESF 1 g & & AFS 24x10°8
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Table 1. Characterization of soils collected from eight spots of reed bed in Sunchon bay.

. Phosphorus . R
Sampling spots pH Py0s PO, TOC TN NO3 NH,
S-1 6.90 33.28° 0.444 256.0 1527.44 3.467 6.2
S-2 6.50 7.18 0.095 292.0 957.52 5.072 6.0
S-3 6.80 38.23 0.513 309.2 1536.77 5.712 6.8
S-4 6.70 48.38 0.647 449.5 2486.24 5.151 9.0
S-5 6.70 53.93 0.722 348.5 1317.99 4.429 7.2
S-6 6.70 50.18 0.711 322.0 1280.99 4.012 7.2
S-7 6.70 ND ND ND ND ND ND
S-8 6.45 31.15 0417 384.0 1552.64 4.108 72

*4indicates amount of pg per 1 gram of dried soil

cells/mlZ 7} @o] Vet BTEX Eall7-2 2e]dl S-8
2] Eoko] 1.5x10% cells/mlZ 7} AA vepget. a2=iv
Z 5= AE2AFHA G we 1.5x108~2.4x 10802 2
Hz} glo] viebdel, Bkl ol At Qdsks viA=
M) F 8] ekl 2t 2AA|edA A 8E A
Fgk S22 A GellA ko] 7R3 G Aoz viehd v,
AR 22 oM A 85 AHTE S-1 A Q2] ko] S-
2 A1) of 2= shk w2 Az vehgeh veA] S-3,
S-4, S-5 A9} £ FeFE oF 50~58% o], S-82 I
FeFol oF 49% A2 gl o2& HaE Ahn(l]
of o3k Eoke] w2y B4 A R ok shE
o] FEel| Azk ATellM o= ey} FEI Eoko| ¥
TRl 16.18%2 At zkel7t SlES HoF

BTEXEaH Mzl &2 & sS4

2717 FEpeks s olA BTEX consortiumo2
FE FUst whas] d oAl e® BTEXE o83k A4
A 4= Qe g e FFE FEEY 1 F ol
713 8 7 WY FFE AEEal 242 EMB-C-13
EMB-C-22} 43} ch(Table 3). TNAW R} A EMB-C-1-
AFA L =91a EMB-C2% A S e, & 45

Table 2. Determination of water content and total number of
bacteria in soils from the eight sampling spots using DAPL.

Sampling Water Bacterial ~ No. of total bacteria
spots content(%) counts (cells/ml)
S-1 64 37 1.8x10%
S-2 37 47 2.3%108
S-3 52 39.5 1.9x108
S-4 - 58 45.5 2.2x108
S-5 52 37 1.9x10%
$-6 50 48.3 2.4x108
S-7 ND ND ND
S-8 49 30.1 1.5x108
Mean 51.7 41.2 2.0x108

Fig. 3. A representative image of DAPI for bacterial count using
Carl zeiss vision GmbH Axioskop 40. The fluorescent color
indicates bacteria stained with DAPI.

BE gEekdeln] 7o 2 vehdot, EMB-C-12 24 A
7k oA wiek Al BtAlsE BekS vehisiet. o) g Ai¢
Edsle] ofg] We| dlddFE Aslast 3
ot A 22 AHRE eSS EMB-C-22 1A
L2 7] o ®ekel o] el E B TNACA
EMB-C-13} EMB-C-2& EWslo] 2wz Xaleks &4
Bl TH(Table 3). 4°C, 20°C, 30°C, 37°C 12| 3l 42°Cel| A
wioFaladct. 1 A3 EMB-C-19] 7% 19§ F¥ 30°Ce}
37°C, 42°CelA Al2l7) Al 39 F7E] 20°Cel A =
Ael7] AlAITh EMB-C-2% 19§ 30°Cek 37°ColA] =}
2}7] ARSIl 29 Fells 20°Cell A, 39 Fell= 42°Ce]
AME Al AlAsEER G T A B 4°CelM e A Aket
2] ekgkar 20°Ce} 42°Coll M= UF- A4S 31s3ANE 30°C
o} 37°CelA 7H A Ak Ao veldd Yk es

5o 37 AT T2 ATEE 42004 &
Ak e Aoz e qlu. AT B ATl e
3 EMB-C-13} EMB-C-2% EF 42°Cel|A 2+ #Abgt 31e
A ATY 7 el Al Alow vehdg, 35 42°C oA
o] IigoflAl BTEXE 71AZE 3] AT 4 ole A& o
T 87t & Aoz AlEEY. FE5F AR o
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Table 3. Morphological and physiological properties of two iso-
lates.

Test items EMB-C-1 EMB-C-2
Gram stain Gram-positive Gram-positive
Morphology Rod Rod
Resistance to heavy metals /
antibiotics(ug/ml)
HgCl(80) / ampicillin(400)® AP 4/
CdCl,(80) / chloramphenicol(100)  +++/++ o+t
PbCl,(80) / kanamycin(50) ++/ +++ ++ [+
BaCly(1600) / streptomycin(100)  +++/++ +++/+
FeCl,(1600) / tetracycline(50) e = = Sy S
Growth at
4°C - -
20°C - ++
30°C ' ++ +++
37°C +++ +++
42°C ++ ++
Growth aerobically or anaerobically both ‘ aerobically

Mindicates maximal heavy metal or antibiotic concentrations used in
this study.

g W4 AgA EMB-C-19 EMB-C-2 £ 7-i|A Al
g BE FF4 (CdCl, HeCl, PbCly, 2+ 80 pg/ml; BaCl,,
FeCly, 7+ 1600 pg/mi)y=} &4 Al (ampicillin, chloramphenicol,
kanamycin, streptomycin, tetracyclinyll dislA] 73t WAlS
zh= 7 o2 v}elytol(Table 3). EMB-C-2% streptomycin
(100 pg/mhyell M =2lA A=Y, 7 & 2F A8 34
A 7ol WS Zhe wrelehs Aol 22 7B EAI7E

EMB-C-1
0.45

==pn henzene
040 | cosmme tolune
—te— cthylbenzene
—3u— Xylenes
—— BTEX

035

030 [

0.25

Optical density (600,m)

Ha )= oAl WA (multi-drug resistance; MDR) 75+l
A5 gotal7] f13le] B ohefsl Aol disle] €] 2
Al ZARE Aol U Aoz AR Ech

BTEX vHX|olMe| MEE ¥ Edlls

BTEX &3l #= A4sl EMB-C-17} EMB-C-22 BM
wjRlel A a3t Ao 2 BTEXES A7H3F Holl 30°Co]
A} ¥ eF3te] UV-spectrophotometerol] 4 ODgponnt-& S4
3lgict. 2 A3} benzene, toluene, ethylbenzene, xylene Z+
7S 7R AMSIEE o) o= BTEX mixturess A
il of R wkE AL e (Fig 4). 7 7 7 &
I toluene?} benzenedl| A ¥ AlAFsll ot 600,904 F
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Fig 4. Growth curves of two bacterial strains, EMB-C-1 and EMB-C-2 at individual or BTEX mixtures. Xylenes indicates mixtures

of 0-, m-, and p-xylene.
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Fig 6. 16S rRNA sequence-based phylogenetic tree of BTEX-degrading bacteria EMB-C-1(A) and EMB-C-2(B) from reed rhizo-
sphere of Sunchon bay. 1482 base pairs from EMB-C-1 and 1458-bp from EMB-C-2 were used to construct this dendrogram. The num-
bers within brackets indicate accession numbers from the GenBank data library.
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