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Effect of Biofilm Formation on Soil Sorbed Naphthalene Degradation
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ABSTRACT

Naphthalene-degrading bacteria Pseudomonas aeruginosa CZ6 isolated from contaminated soil can adhere to crystal
naphthalene and produce extracellular polymeric substance. LB, YM and MSM medium were used as culture mediums to
investigate the formation of biofilm. Biofilm was developed the most in LB medium by Pseudomonas aeruginosa CZ6. In
the culture, strain CZ6 growth was rarely affected by naphthalene concentration. Optimal culture condition was 30°C and
pH 7 at 0.10% substrate and 150 rpm shaking. The effect of culture medium on naphthalene degradation in the two soil
slurry system was evaluated. The initial degradation rate of naphthalene was highest in the MSM medium of soil slurry.
However, the sorbed naphthalene was rapidly degraded at the LB medium when naphthalene availability in liquid was
limited. The results of this study suggest that biofilm formation and extracellular polymeric substance production
increased bioavailability of soil sorbed naphthalene.

Key word : Naphthalene, Biodegradation, Pseudomonas aeruginosa CZ6, Biofilm.
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vzegRll Bt Pseudomonas aeruginosa CZ6S 299 EA Esnon Eeld e 2797389 U
el Baslar 1 2890 extracellular polymeric substanceE wHIsH= 54 7Hth. LB, YM3} MSM HIA]|
S ARgSte] Hix|] FRel whE biofim Y-S Z4F 23, LB HiAIelA biofilme] 7FE Bel Ag%E slos
Uepdth vrgRls ZER g ajdzelN e 718 T s A A $aL 0.10% 7148, 150 rpm %
Ao HA e 30°C, pH 7= YERT 7 7] EQRlA wiAe] R e vrgRle] HaSA8S o
2 A3} 27l MSM HiRjellA vazeilo] 7R Bol Fali7t Hith. efu AEel8Ado] Alghs v X
A LB HjAY] vazgrdo] 7P whg] AA7E HIAoh old ZAy= biofilme] ¥/JF extracellular polymeric
substance A8/g0] B F2E T vrgRile] e o84S A7) WEl] AeR AkEEn)

FN0] =g, ABESN, Pseudomonas aeruginosa CZ6, Biofilm

1. M £ Ha oY 7] 7[sekA Feje] dAade® FAE
718}gHE-o|tH(Prabhu and Phale, 2003). PAHs= F2 ¢l

OBhRE Ek8l=Ax(PAHS, polycyclic aromatic hyd- FY FF F fU]E9 E9HdAL, oE So] YR
rocarbons)= 7 7§ E-2 1 olfe] WS gor 74 B2 7HgellA Ao A, HARkERRe] w717k, f7]
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PAHs= P97} 3H9isial A4S 7AW A&
o] HA& Vel s Edolt). vI=33% (EPA)
oA AP el LAEE FolA PAHs TRl &3
= B4o] 78 167/ Erh. PAHs= E20F HlwA
FE FEE 7HAL St ol sElEEES Bl B
< &I=EE /A we & AFAEE 7 AT
(Cerniglia, 1992). PAHs= & FUA|GolN sE=
L=} Jlom AFE 2HH A= A= w3l
49} A 2 9Eo] Atk(Wilson and Jones, 1993). 2%
¥ PAHs= BT Aob F2h6laL, F32 BEY f7l=
9] et BHE BAE 7HAH (Means et al., 1980) E
PN =2Age E2)H, sehF TE|al BESH =2
AlZ=el] of3) o] FoA|ar it

AE8H B vAES ARSI fllEl7 =] A
3 22 548 Ast ATIAY HFIRRIER oSl
4, 537} biomass 502 HIA|I= Aot} o3 E
Aol dox] LAESRA] HollX Aelsh= in-situ
Ht LAESGS 23l A2 Aesde=s 77t
A A= offsi WHOE FEETE AESH] s
93k B 9] PAHs 3l PIAEES EEslal o
Tk gt dlE E9, Arthorobacter, Pseudomonas,
Sphingomonas, Mycobacterium, Comamonas testosteront,
Janibacter, Burkholderia 2} Rhodococcus =] PAHs
£ T & e PAER] R ®auEo] QtkSeo
et al., 2007; Upyttebroek et al., 2006; Yamazoe et al.,
2004; Thakor et al, 2003; Siunova et al., 2007). .
reklle ti3AQl PAHs LEEAERE =0 g 2 830
=5 73 o 1964350 292 Pseudomonas
spoll oJgh vazekll el tAEE7F A7 ok (Park
and Crowley, 20006).

Hlo] @A E (biofilm)e] AL HiE|glolr} 9Fe] ~E
gl S oo HE S BE3E] 915 o7
Zko g deA Stk Biofilm B4 WA wdEC] wig
|7 & 3AVSEY E2 EHol| ¥2Skal polymeric
matrixZ:2] FAYE BIA|0)A cello] Fslal w=5H
A A DA (Oliveira et al., 2006). LY o} &7}
matrix form®|Y matrix A3E0] oJEA wYES IH=
Aol et 2 AR BUTHMa et al,, 2009).

B Aol M= FES] PAHSE Q8H EYO ZHE]
gl e TAES el @ ge viaEe) 4%
S4nt rerle s ode EYele) Al B
F71E o] AZ T2 EYS ARSI vzgele] &
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2.1. 0|42 22| ¥ 3

gkl Befske rlE-e AEA Y AdeA o] o
dE EdolA stk Adole F7IHIA MSM
(mineral salt medium)S A}8-3} 9 tHHarwood et al,
1994). 1 243 v 2tk 1L 375 KH,PO,
34¢g, Na,HPO, 3.55¢g, (NH4),SO, 1 g, Hutner mineral
base 10 miE X351 Hutner mineral base2(1 L S5
<) nitrilotriacetic acid 10g, MgSO4 14.45g, CaCl,
2H,0 3.335 g, (NH4)sM07044 + 4H,0 0.00925 g, FeSO, -
TH,0 0.099 g, stock salts solution 50 mL 3 §H3ic},
500 mLe] AHFEeka=0] MSM 200 mLE: Y3k 1%
o] QHEGS B 0.1%2] UZERls A3 e

o)
2 3Jo] 30°C, 150 pme] Z0NA vkt HE &
O
=]

o
o
o

SRRIgH & e X0 F Auds HA 103 o wF
B3k, vAE-o] £5e]E LB(Luria-bertani) ILAHH
Aol =k & 9xF oz st T colonys 33
ot ©] colonyS 10mle] LB AMA|(Bacto tryptone
10 gL', Yeast extract 5gL™!, NaCl 10 gL ")ollA Huj
Fe @ Tie oA Ummrle el MsM A
HEste] Fololis Helsiglnh

G RelE RS $957] A50] LB agar plae
o ke vIES SAEEP] SJzisel TR 168
RNA 711 E8S 31531990 SequencingZ¥}= NCBI2]
Blastidd) Z2IHE Falo] fFAMS st 54
A3}, 5RYE 5= Pseudomonas aeruginosa sp.=
Sgseln #ERe Cz62 WS

2.2, 80|44 &

vergl 728) Al ndES] FeEjoh vl dEE wEst
7] 98k Fskn| 7 (Olympus CX40, Japan)o &2 7473
slo] @e] £54, o] FeisE S MM )
A U o) A NS ATsIic e
|73 AZ& Dino Eye-piece @7 71¥|EHAMA423X,
TaiWan)s A8}

AL
e
"

23. 0S| HESY
gl wa #F cz6s) PAEHS 2AD) 9%
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o] 200ml MSM HjA|o] VIS 0.5%(w/v)E L
CZ6Z 1%(vivyaEste] asidt. vAEe] 4372 v
AE wjgde] FAEE B3l AR Sg33lTt.
ZA F344=7] UV 1800pc(HUMAN, Korea)S A&
3}od Optical Density(0.D.) =600 nMoI|A BjFlS- 4]
celloll Y31 wjfle] FE=E AT A
= RIsP| 5le] dHARE THECE OD.spmis S5}
Aok Yzgsle] Frd e J3e detsly] 95
0.05%, 0.10%, 0.50%, 1.00% UZe=1S Y ujokeyo]
FAEE ZA39T pH 270l wE IS dolsp]
3] wjFede] =7] pHE pH 4, pH 6, pH 7, pH 9,
pH 1002 ZH3le] A3t v =0 tigh &
S B7] Y8ke] 20°C, 30°C, 40°Ce] wikEANA A%

=
2e 2439t

2.4. O] 29| biofilm MMEM

yzell 28] vAE CZ62] biofim AJG5AdE As)
7] 95l JLEAo] T2 LB, YM(Y-medium), MSM
Hizlell CZ65 HE3H] biofime] AP S78sISh
Biofim A0 F712 AL8H YM HIAE 02%
Bacto tryptone, 0.1% NaCl, 0.2% Yeast extract, 0.025%
KH,PO,, 0.025% K,HPO,, 0.01% (CH;COO),Ca, 0.01%
(CH;CO0),MgE 1 L 5575l =olal pH 7.002 =3
slo] AL&-EFATH Morikawa, 2009). 712191 WS |
& A1z CZ6(0.D.goonm ~ 0.6)S 1.5mL e-tubedl] H|E]
A9 05mie] ZF wiRIel 2%(viv) AESH] 30°ColA
AkS FTh HE F 1h, 24h, 720 122 hell 7
ol FRGE 2A2HA AlZsl] e-tube ol 2
HA] e cellE AASTE TR, 1mLe 0.1%(w/v)2]
crystal violet ~8H O F 40 min G} Go] A7
H etuber SHTE W AHsIY ZHFE AR ES
AAZT} Celt AT dye= 1 mLe] 95% EtOHE At
3o gAAF)a @S 0.D. =570 nMolN FHES
=731 biofilm®] WS Z783IATHRoongsawang et
al., 2003).

2.5 EQF
FEAEY Bl e yazgdlle] EaAFl AR

3k B SOM(soil organic matter)°] A2 T2 35
AAFE=S] A2 st Bl @, 20070k 7
A BT Ao A AlelA AFAS frlEol
FTHE FAE)S ARSI A0 ARE EYGe 1
oM xS & 2mMe AZ A W & S
slo] ARSI Table 1914 7 7HA] EFY] SAS
e A

2.6. =4

EdEigolr vrele] w5 S48 flel] E
FeHgE AT F 4 1mLe vialdl &713L
Edl 3 JzgEle MeOHE F71872 253}
F=712 3mikt T3l Al & s 24
st EdEdE] W U=Zgalo] recovery rateT
98.49%°It}. AlEFe] vargls #49817] $18le] HPLC
pump A]2=®l(YongLin 930)3} A}2]4 7% 7](YongLin
730D)S AREH UVasyn, oA 418 315ITH E0le A
Z& HPLC E4€ 2mL vialdl &7 HPLC column
(LC-PAH 25cm X 4.6 mm X 5um, Supelcoys AR8-3}
o] B899 acetonitrile?} SFG(80 : 20)5 ©)FAS
2 ARgste] A3s etk

2.7. LHEA0|M HiX|2| ZF0)| 2 LiZER 2SN

S5A], AHEGIMY cz69] vzgle] a5
Hjx)2] E50l e Jzgd 2EeEAS 3T B
ok&Elg] A|2EE 4mL 2% vialdl] F71E o] T}
2 9 F 7 EYS A7 028 ¥al 2mLe] B
H AMZ & #iF|(LB, YM, MSM)E ¥l 27| B
2g] g9 yzgd F52 10 ppme] HEE Z7F @
FAALE odE EYEEE e A2oA 6rpmOE 484
b rollings}e] Uszg=llo] F2 el ol=A § 5 o=
£ At vzel 58S 2ARIILE HE A
B2 0.1%(w/v)e] rEils 71d= MSM HiAelA
HjoREl wjkels QAR cellZ 35Elal 160 mM
9] phosphate buffer saline(PBS) &d#°2 3¥ o]
washingg}t}. 358 HAIE-S 0.D.400mm = 2.0°] EAIH
AT - 2%(viv) FESIA BEAS 4R 0w

SRCE S

Table 1. The distribution coefficient of naphthalene in soils and the soils properties

Soil Kd TOCY pH Sand Silt Clay
Heukyeumji 10.3 13.4% 5.1 3.3% 76.8% 19.9%
Jangseong 104 9.1% 44 353% 53.3% 11.4%

DTOC : Total Organic Carbon
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Fig. 1. Growth curve of CZ6 at various substrate concentration.
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3.1 TF CZ62| MEEN

3.1.1. 7129] F5d wE AFEA

o] 7R FEo] yzgle] i z69 AIAEAES
gletslr] st Y=Z-aAlS 0.05%, 0.10%, 0.50%2F
1.00%(wv)E 2789 Yzgale 31 150 rpm,
30°Ce] wid7IolA kS Silem, Wi dRE Fig 10]
UeRAtE. Fig. 1914 5h o]F32E 532717 A1k
S Ak 5= glow, yszgl 0.05%9} 0.10%S ARESH
il Ad= ijeF 40 h ©o]F HISIEE Al7]el fR]7]6] £
MNe RS BEY = ) It o g Bl gafEo] 9l
T 0AEHe] F=) ARl oA ofF T3k A}
2 Zgsh=t) ol vlAEo] 29 gsiE 78S 9417
o2 o]g3)y] ulitoth B AgelA uje Fo] 83
o] e vzedls nEe] Aol ol ud
1 wEY] AFES HAF s wiel] e v
9] 714 ZolM A 552717 FEE AT WA
0.50%%} 1.00%2] 7185 E3sh= vjRol = 83 7]
Aol FFoz wE] P& AFS IA WA o
E Ao AlgHE) 27] 10h Yol 2E 713 5o
A T F AolE Holx| ¥al B FRME A
LT A Wl FFE AsETrl ZojEA|T, 20
h o] 1.00%9] 15T 7|1A ZAdX= 4A4E0] 7}
o] Fo] YTt =t AAt 7] He AeE U
ERith &F CZ62 Aeks} arsed] yrgsle] 24
oA EalEAde & IS 1A o= o= AlgEHTh
ol HAPFe] ] iAol Yzgl F=r) ndEe] A
Hol| A3lla8-S 34 g AHele YA|FHH( Mogil'naya
et al., 2005).
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Fig. 2. Growth curve of CZ6 at the different culture temperature
conditions.

3.1.2. £EF0) W AHEA

o5 CZ69] 4378l vy 2= o3t
$3led 20°C, 30°C, 40°CE vjd7]e] 255 ZAdk]
VeSS 0.10%, 150 rpm@] HiSF 20 F HjkEAlS
ZARslIg e AE Fig. 20 el viek
9} 40°CollA Z7] tiF52712 EolA] whkE
HIS=8HA| 2348 25 h S5EE w259
o} FA7IZ EoMar 20°ColM= 71e} vl 2R} £
717} AojA 20 hiE tig52 7100l EojA4] 30°C =
ZollA wieF & wjo} nis=sl S Hole ZoR
yepdtl 24 wjekes 27148 30°ColM ujoke w) 7}

=Zz00 2=
FFee ¢ T UM

§ -y
ghs
o
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3.1.3. pHEA W& A=A

ofe] 71A]9] pH ZAA 5 CZ6°] BIASAS &
#317] $18led pH 4, pH 6, pH 7, pH 99} pH 102
Z7] viAe] pHE XAl Cz6o] S S-S
Fig. 304 #&shd 4 Cz62 pH 771 $4 Z10lA
7P B7do] F& ZSE YERal pH 49} pH 1091 &
AP ZAd7] Z2xoM= mdEe] Aol wRIg o=
Rttt 2#u pH 6%E] pH 921 Y& pH Z7ioA =
T e APEAES Holx glth IEE EYed B
Hollx] pHell gk $-s8o] g8l 2] 71A] pH
Z319] QHEY) H87Fs & Zog AlsHnh

=0

3.2. Biofilme| A 2l EM

HgEC] AR Folo ks FASAY HAY &
Az AJ4ksl= EPS(extracellular polymeric substance)
= 700 g PAE A8 & FFOE AEL] v
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Fig. 3. Growth curve of CZ6 in the different culture pH
conditions.

e vEe] IA, SHEE, T85, %*3%% g
2O 2RE HEute] IS 3 nHrS F55}

ﬁéﬂ]‘ﬁﬂl/\i —?‘%‘—Q A 1% ~«1 032}3 sl =
3t SME m| 3t} Yz
2l 13 UVEE ] czez MSM HHx]oﬂ/H EIAA=CIRE

gllo] 370 eEEal Vel s B & o) gl
A S0 EPsE 2§35} é@*‘Eﬂ«l yazekle) §
e = Zlo] HAETHFig. 4). T3, CZ6e A= A

A biofilm cells FAI5}aL @@)‘]’EH«] vazgdl 3pdo
23 e dElE Uargle] FalEo] Qe Zlo] #E
= ACHFig. 5). o172t vzgale] Aksjol lojx] A
o2 gajEo] U UzERIE FSiE sHARE EYSEH
o] Rl FAE vrgdls g & S Aoz
ALEEtH(Guerin and Boyd, 1992; Crocker et al., 1995).
ol F&d vgkl Zal MiAUZe] = mAE
o] oJsle] HH]%= EPSE F4IOZ planktonic cell
gjo] mdEo] 3] biofim cells B8kl F3Hd
vzgRle] A os Fpsle] el ofuixele
2 AX3tHDavey and OToole, 2000; Calvillo and
Alexander, 1996). ¥ CZ62] biofilm AHEAHS Tz
s17] flsle] JFEdel el °E LB, YM, MSM
HiZIE AREsle] g Axt, 2443 Wioll LB ujA]oflA]
F2 biofilmo] 7MY ol AdEE Aew veisit
(Fig 6). Davey and O'Toole(2000) bioﬁlmO] A
& ofe] 71 201 W] WE Qopsde] E5
o w2} biofim®] Aol Geiziriar hﬁ}‘ﬁ"/‘ﬂ e,
LB HjRox = B2 biofilm#Fo] 27] 71 3 A7k
me} Fol=e= Wil 7 A% GUR] YM s R|exd=
ARRYl wt HAF S7Fske A0E Ui o= dF

Fig. 5. Biofilm on the surface of the crystal naphthalene.

=49 =7} =2 HE|g|olollA| catabolite control
protein(CcpA)e] &S FH31 biofime] B3-S =
371 W&l Ao = AR HT)(Stanley et al, 2003;
Sauer et al, 2004). Fig. 791X= e-tube ol F2H
biofilm®] FAWFEE R 7243F Fol M2 e
Hjzjo| A e-tubetholl F-2H3 biofilmE BAISI=E] LB
XS AR AFToA Galo] 7k ZA Ueht e
tube ERON TF7F AU Bo] FAE] deS & F A
om o]= Fig. 69 A} YA|3I}

3.3. HiX|e| ZF0| 2 Lt=EHilo| 25HSA =At

SoAI9t AREGS ARS EY SEielelA] uiAe
FRol wel 2447 o) Yazgle] ReEAS wEs)
At Fig. glXe 354 EQole] Yagie] Rajs
e et 352 EYel F3tEo] e Uzg
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Fig. 6. Biofilm produced by Pseudomas aeruginosa CZ6.

Fig. 7. Staining of CZ6 biofilm after 72 hours.

e 27| MSM HIAE 28-S EEeiRldA 73
= VAL, YM, LB HIAE ARSS ESF £
o2 UeRITE o= gibd o gl Qe e
2 JFEHo] TR 4 B2 Eafs] A B4
Hasl] ol 7198 Ed0] FAl EA/E 7foll=
Eeld) AAglo] FH3H EEE O] = LB uielA
g Eo] Halsly] A2 B2 52 JYERS AFHS
2 FFolal L9EES US| eAYo g ARgslal F
Z1ElAIQ1 MSM Bl RJellA] Uzl fdsh ghgo s
vazegile] Eal7) 7S ] dojuty] wiEelthtydE]
9], 2003). L2y} AlTte] Aol we} o s GRE=
yzgzle] &7t s AEol84d0] Ak v
Hc} o]Hd FoA S gl njAEe osh
Haflol] d3kS FA Hh. Fig. 894 8AIZHLE] LB Hj
AollA] AU A& 7 Vel 25 YeRldA] a1zt
tiel] Bt A7} v s YERNAL St 204
7t o]$RE] LB KoM i Yzgzlo] HEe] HXA

s

)
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Fig. 8. Residual naphthalene in Heukyeumji soil slurry at
different culture medium. Each represented value is the average
of the values obtained for duplicate.
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Fig. 9. Residual naphthalene in Jangseong soil slurry at different
culture medium. Each represented value is the average of the
values obtained for duplicate.

22Ut Fig. 9lXe f7lE ol dudoz A& 3
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eItk vIAE AE & AR odlelxE S
o9} vlis=gE ds Holal St sAZE o]F SoX
EgollXet fAHAl LB HiR|olA FHuzgdlo] AlY
w27 st 18y A EYelAe 12217 o] %
Al 71A] wiAE ARSSE EgE ol EYl RS o
el AEo] HA| &t ol ToCs®rt @ &
A BN e idEAe] gto] Z5A] B Hlsle]
ZA =7 whizolt. Al Z7EA] wR]el A 4x]7E o)
of o] yzgule 25 A|A7}F Ha B RS
gl MSM iR AlY AL 7S Holal glo]
T 7 EellM BF Z271dAlM dYEHe] e =
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Aoxe F7MIA] 2Pl R vargile] Falj7} =
k= AL & 4= Stk 28U 8AIZE o]3HE LB i
Aol|A FHrvzgle] 7P whe] 73Adl=t] Rice et
al.,(2005)°1 2J3Pd LB viAl= B4R X = v¥E
o] uljx]e] JEoF Qlet biofime] o] fFEHT
TEgE, 24417F Uloll LB v biofilme] 7 o] A3
AE7] wjitoltt, B ol AWE/dAlrt Exlst
A & o biofime] AL FEE AVILIERDS
olg3l7] fgk oz vEhdtt &8 dlol AagA
A7y EA & wolli= vE] biofilmE FAFSHA] 24|
ok AAZHIA7E 9IS WollE biofilmE BAdsle] F&kE
F7129EZ S Ea)8l7] w&Fo]tk(Seo and Bishop,
2007). PIA3E2] Biofilm /32 53 8143l Hhg-o
= biofilm?} EPSS] A FAEH I vzglle] &
e FHAI = Ao ALRHTK(Wick et al, 2001;
Rodrigues et al., 2005).

4. &

ekl Bs|i==?1 Pseudomonas aeruginosa CZ6=
Axgee] yszgal el EPSE Aol gl
A7 £l biofilm FEN= F2rspAA] vpzglle] Zaf
2 ANl ACE AlEHECH LB, YM, MSM HiA|
T FFEHY o] M2 g2 uAE ALt
biofilm s St o™ F94 o] LB uj=lel
Al biofimo] 7Hg @o] A== ASZ Uehsth
0.05%, 0.10%, 0.50%%} 1.00%(w/vys=2] Uzezs
7IAZ g el 71de] vE JEs FA BA
231 20°C, 30°C, 40°Ce] ®|Y =377 pH 4, pH
6, pH 7, pH 92} pH 102] Z7] wj=]12] pHZZA| A 1)
FA3} 0.10%, 150 rpm 270N HA vz 30°C,
pH 72 YERTH

715 o] AZ tE UzgRleg odd F 714
EFe] Aisl] A3elM= Hde] vargale i CZ6
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