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Properties of a Hexane-Degrading Consortium. Lee, Eun-Hee, Jaisoo Kim, and Kyung-Suk Cho*.
Department of Environmental Science and Engineering, Ewha Womans University, Seoul 120-750, Korea — It
was characterized the hexane biodegradation and mineralization using a hexane-degrading consortium, and
analyzed its bacterial community structure by 16S tDNA PCR-DGGE (denaturing gradient gel electrophore-
sis). The specific growth rate (may) of the hexane-degrading consortium was 0.2 h™' in mineral salt medium
supplemented with hexane as a sole carbon source. The maximum degradation rate (Vmayx) and saturation con-
stant (K;) of hexane of the consortium are 460 pmol-g-DCW'-h™! and 25.87 mM, respectively. In addition, this
consortium could mineralize 49.1% of '“C-hexane to '*CO,, and 43.6% of '*C-hexane) was used for the
growth of biomass. The clones isolated from the DGGE bands were closely related to the bacteria which were
capable of degrading pollutants such as oil, biphenyl, PCE, and waste gases. The hexane-degrading consor-
tium obtained in this study can be applied for the biological treatment of hexane.

Key words: Hexane, biodegradation, bacterial consortium, mineralization, denaturing gradient gel electro-

phoresis

A F71RME(VOCK: ZHE ARdAIA oV 37712
A FollA ol wiEEE SHEAR AR IS FAUEAT)
I QlAlel ofed gk m|ATH15]. vOC] -] EHEE
alkanes, aromatics, cyclic alkanes, branched alkanes,
PAHs (polycyclic aromatic hydrocarbons) 5o} Qlc}. o] 3
alkanes> B2 VOC Ald2] E4o| vl AL3=7] 4z
aeix glet, e ARES] alkaned FAdo]l T Sf®
7b 7] s Eoll AEs)7F Z=bsle6, 8]. 531, octaneX Tt
-2 alkaned o) wishpa Ha nlwof Abzd
AT o] 3R] = =t 8]

3¢l VOCs E4 5 3l Hexane2- 24 #7]-84
234, AAA, ARA, o2 5 ot AdSA T AlF
oA WHEA R AMEE 842 ofa] ARIA W A[AdeA
ez MiEHT glo] W Y TAE rEskal ol
Lm[15], B WG wMiEAl AT} ARS- e g A
o AR FAG E uE oie), " EFAE 5
NME 3] HAHE 2@E- oo

Hexane A W i3 A] 35 B3l w27 FEa &
A2 # X hexaned} A2} -8l AHE¢] 2,5-hexanedione
2 A7 FAEAR Al AHAl S w)AIT4, 1.

whebA, hexaneS §H-13F 292 A3pr|Ee] it
wi-¢- Al Al o|vh. B e dEd AspleEel 3

>

*Corresponding author
Tel: 82-2-3277-2393, Fax: 82-2-3277-3275
E-mail: kscho@ewha.ac.kr

AR FH o)l AAH ] AEFTAS =Y 2121}, hexane
2 dEAl FEsA B F shbE ARl Wigt A
= 3] =EY3, 8, 15]. Hexane 53 v]dE2] vwjot7)&ol
o] subEA] £33, ol Z 4l3) hexane®] F-3 AEA
o} BAdol) digh A)al7ube] Ao} FExEo] QlA] o+t

E dF71E hexane 38 #]AE consortiumE W3}
7] 8 fFedd EFE HEUN LR 31 hexaned Y
etalo g Fsled s3kE 58S 29, hexanes: &
02 AR5 consortium 7Htel] AFdAe. A
TFoll A= hexane 23l consortiumel] 2|8l hexane A§ %3
EAS 2AFsH7] 938l hexane-BH wiA|o|A12] hexane A5
8 £x5 AT, WA FHJAE o) &sle] F7)5)
{(mineralization) A £S5 ZA38lgch. =3t 16S rDNA PCR-
DGGE(denaturing gradient gel electrophoresis)& 3 3}
o] hexane &4 consortium®] B AE FEHEAL A}
EiprLs

ST

Hexane &3l O|l4=E consortium JHE

Hexane -84 v]4E consortium 7R3 98] o 3eqvl]
oA Ax AR P AH 7 29 B A E
HEHoz o] 83l vhga} o] FhkE a3l
24 Bok 10 goll HIE 10 miE W 200 rpmeoll A 308
Zb ik 3 A5 oF 10 miEs 11 @A Wl «7]
ol Bushnell-Hass(BH) ¥l A} 50 ml, trace element -2 50



216 Leeetal.

piE ¥ieh BH wix]9] 242 MgSO, - 7TH,0 0.409 g/l,
CaCl, - 2H,0 0.0265 g/l, KHyPOs 1 g/l, NH4NO; 1 g/,
Na,HPO;, + 12H,0 6 g/, FeCl; - 6H,0O 0.0833 g/l ot} =
8k trace element A2 FeCl; 17g/l, CaCl, 0.6g/,
ZnSOs 0.2g/l, CuSO4-7THO 02¢g/l, MnSO; 02g¢g/l
CoCl 0.8 g/l, HsBO; 0.1 g/l, Na;MoO, + 2H,0 0.3 g/t o]
v}, Hexane®] &3|X2F F7HA717] S8 A" A
Pluronic F68 (PF68, Sigma, USA)E FHF B %7} 2.5%
(wivyt SI=3 BH wiA]el H71slact{g]. dAH & Feln}
Nel oFFulE AL o] &3led A F, ARAE o4
8le] hexane (99.5%, Duksan Pure Chemical Co., Korea)
< FU3 F, 30°C, 180 rpmell A} 269 ot vk s},
olZA A A& ik Ao} FUAF A wiR|el 5%
(viv) AEsI] A719F FUsE 2A0lA Aduekslgdet. o
o} e wpg o2 43) Avujeksie] e Fhuokal &
hexane A E-3]4 consortium CHE ™93}l o
consortium®] "|AE- Z3 7} hexane &3] EAS ol 2
A2 ez zAEg.
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dAEesle d& TA 05 (FFF) 224 BIOI0]
FastDNA SPIN Kit (Q-Biogene, USA)S o] &3}
genomic DNAZ FZE3I9ic}. 3431 DNAS template® 3}
a2 16S rDNA gene primere] 341fGC[11]€} 518r primer
[12]1Z °l&3 PCRE 33} H(PCR system 2700,
Applied Biosystem, USA)[2, 13]. &F % genomic DNA
@ -& DGGEZ #4319 vt DGGEE Dcode™ System
(Bio-Rad, USAYS- AM838lod 8% polyacrylamide gete- o|-&
Bl urea FEE 40~60% (100% denaturant; 7 M urea,
40% (v/v) formamide) HZE st 50 V oA 1247 &
o} A7193% 3ldoH2). DGGE gel Aol vyeld band 1474
£ Aehlle] oA DNAE % & F 3411 9} 518r primer
£ A8l PCRE T3 S2]. FF DNAASE
pGEM-T Vector System (Promega, USA)E ©°]-8-3
cloning 3t F E.coli DHS5cell 32 A3} [2]. 312315
= 1409 clone®EHE plasmids FE31 Q7ML S 4
Aeg o2l £ " 971492 Basic Local Alignment
Search Tool (Blast) algorithmS AF&3}¢] GenBank
database$} B3} T 1, 2]. Hexane A 3-3l-%- consortium
©2HE AL (4] clone (CHI-CHY, CHII-CHIS)E
Genbankel] 55313} (AY903885-AY903898).
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gHH, 7 &b 03 hexaneS AIF8F wilR|of| A consortium
o] vgAEEE d7] s, 11 A3 BH ¥iA] 50 ml,
hexane 0.01, 0.05, 0.1, 0.25, 0.5ml (1.6 - 77.4 mM) %
HEQo=2 A ujokels 5% (viv)yE HZE3 F 30, 180 rpm
o A wieF A|Z]HA] wiekH ] F5=E 600 nmellA EA 3
o 57t ApH LR Frishe A719] vjAAE RS 71
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vjeFgt v wieFy 10 miE fAE2] (9000 rpm, 10 min)
sted 3|98k Aol BH iRl 10 méE go] FGAAH. o
A Hetl S 500 ml A Y1 Feuple} dFo)E
TRz ¥ JTFE HEslet o] o FA Feuplo
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USAYE 5 ml hexane®Z 3143 v}8 dAYol z+2- 10 pl
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$13} hexaneo| SHA Halld 2] & MCE BA il &
7} g ¥ headspacedl] HololyE 7S 1 ml FAP|E A
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Fig. 1. The biodegradation of hexane by consortium CH. @,
Consortium CH; l, Control.
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oF zHA o] EA)3}= v E £% 2] DGGE band pattern=
A gl e Aeg Hol TR S-S ¢ 4
oHFig. 2). DGGE 7} lanedl] v}el}= bandS=-2 consortium
of &3t 7 $A4EFS vepe AeE, A mAEAde] ¥
2, v, HAREE vlashed fr8ekc. &, St A
%ol DGGE band®] 91217} Wo] wiHgivhe A2 431
o] AE Fo] ol Wtk A& WL, band 47+ @Wot
Hoke A sk nAE Fo| FPRIgE AL et
e ool 7ok & 4 glu} Clone CHI -
o Eoke) FHo2 N E2¥ Wautersia eutrophaS}
99% FAFEE H ¢ I, clone CH2¥ Pseudomonas sp. 3
[14]9} 96% X3}, clone CH3: EoFo| A Bg]sl
Pseudomonas aeruginosa2t 99% 9218131}, Clone CH4E
biphenyts 2-808= Wautersia basilensis2} 98% A8 7
.2 et clone CH5%} CHI11-2 Brevindimonas sp.
GOBB3-110[9]1¢} FFAF=7} 97% ©]gle}. DGGE fingerprint
o] Al Z18F band® X9 clone CH6E fr7& +3lT &
3)= uncultured bacterium$} A=} 97%0) ¢ ok, =8
clone CH7-% #7}2 Esle] A% uncultured alpha
proteobacterium[14]Z} 99%2] -F-AFEE B3t} Clone CHS
& QAN Ee)® Brevundimonas vesicularis$h 99% -
AF819 3L, clone CH9:= alpha proteobacterium AC49[16]%}
FARE7E 97%2 e}, Clone CHI2S PCEE 2.4
Aol A 2 uncultured beta proteobacterium®} A=
7} 7HA #982, clone CHI39| 7% Symbiobacterium
thermophilum 1AM148633} 92%2] +A}=5 Bgiv}. Clone
CH15% uncultured bacterium[10]&} A=} 71 =00t

Consortium CHe| O|ME AE

fd BAYS 2 hexaneTHE 3 7}E BH ®j Ao A
consortium® AALEEE B ®E7] 98] hexaned 1.6 mM
A 77.4 mM FH7lsle] 5 AA-E A9 ch(Fig. 3).
Consortium-Z °F 5A|17F AX9] lag phase § AAsl7] A%}
31902 hexane H71ee] 71T AAEES FVI8I9.S
™ %% hexane Yl &3 AA A AL TAEHHA|
okokd. 7L} hexane 77.4 mM EEoA= Hoh AL
(ODggonm)°] 2F 2.82 38.7 mMelire} A fAlgl 7he v
o, 7|A% 57} 38.7 mM o]l A = SR A A
S & 5 AT Hexane 5= WEle) upe AAEEE
=AJg} ZzH(Fig. 3(b) AHH<] Monod modelel] 4| g&
o 4 AT, Y AREE ()t EIPK e A2
0.2 h'¢} 53.4 mM °]¢)tK(Table 1).
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Fig. 2. Characterization of microbial community profiles. (a) DGGE fingerprint of consortium CH. (b) The phylogenetic tree of clones
based on 16S rDNA sequences. The clones were obtained from DGGE corresponding bands.
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Fig. 3. Growth of the consortium CH in the liquid media containing different concentrations of hexane. (a) Time profiles of growth.
(b) Relationship between hexane concentration and specific growth rate. Hexane concentration (mM) : @, 1.6; O, 7.7; W, 15.5; A, 38.7;
L1, 77.4.

hexane-BH ¥ x]el| A & wljoksled hexane EsFEA7F = Consortium®] Hexane?] B]E#|4 %= hexane®| ¥%7}
A7) Wl AbsEe w3k Age] HE3 = 77 71l ue) 54 mM7ERE A9 Ao Zrlslaal,
mM7Z7FA = hexaned]] &3 A28 glo] Hsl)7t 7e3lsd 1 o] el M huksiAl Frlstdet 4 s xR -3
o} 7H¢ 2 hexane X2l 7.7 mME A7FE FFoll A hexane ¥ S 2R Ho FIEE (Vi E3HES
718} hexane®] wiF-3-o] 60412k o|vol Ea)= i}, (K)Z T8 A3}, Vi 460 umol - g-DCW ! - b, o] 32 K,



Table 1. Comparisons of hexane degradation rate and specific
growth rate.
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Table 2. Mass balance results for *C portion in the serum bottle
after five days’ growth (Percent of applied 'C).

Parameters Values
Maximum hexane degradation rate
(mmol-g-DCW-h') 460
Saturation constant for hexane degradation (mM) 26
Maximum specific growth rate (h™") 0.2
Saturation constant for growth (mM) 534

= 25.87mM ¢|$vk(Table 1).

Hexane £7|2}

Consortium CH9] hexane mineralization 2 3| pathway
Z 2A1817) 918l “C hexaned o]-43ted F3Yalolet. 74
F9] dx2Zo]ME hexane?] CO,29] A3 & HAHA o
ok}, ¥bHel| consortium CH7F AE% headspacedl|AE 1*C
hexane®] 71& F)A| 92 7198 Ho} consortium CHell 2
3 14C hexane?] tj¥-Ho] Bl o 4 9, oF 49.1
%7} COE F7] 2 (mineralization)=| 93 VA ¢F 43.6%
= biomassel| A ZHEF ¢ (Table 2). &, ¥31% hexane
CO,E 2H38] R3] FHY biomassE ZHE= A 0E H
o} 7} WAAHES] 4L 79 gl o= AlaF

il &t

Alkane Ald¢]l hexaned T2 2 Hajjr} £o]dlA|
S =)t W) wfjFol ngEe| ok AEsvE WA v
B3 Qlet3, 15]. 71449 2 9EAS AL 7] nlA

B2 odAabol] EASIER 7)4ke] e R &
ARG £571 AA WS EE 393l 52 2hE-

Hexane conc. in headspace (ppmv)

Time (h)

Specific hexane degradation rate

Gas phase (%) .
———— Liguid Biomass Total
Condition non-CO; phase %) Recovery
(hexane or CO; (%) o (%)
metabolites)
Inoculated
(Consortium CH) 0.8 49.1 6.5 43.6 100
Uninoculated 99.5 0 0.5 0 100

sl 2357t Y2 hexaned HAFO 2 0] o)} o]FH 7|

) Zolt}8, 15]. o|2 & FAIZ Hd3t7] $18ke] hexane®]
LT F7HA)7IT AR HA] g v E] TS

3 o2z 9l PF68 Al BAA[8]S whAlel] H7}sled
hexane 2 Bl 02 o]431= v|AE consortiums 7H
uhslgiet, B A2 X 92 consortium CHell 483 2
7 AHEAA 718 22 ME lag timee] A= E 2
B7h Bodort AWBAA fiol FAgle] 38.7 mMelA
WA £rl BE ] h'2 gl & F3ek 2
7)ol A BAA Aol hexane AJE8] &=/t FAIEHA
ov} 7R consortium HekRe A= oleidt 2 &I B
A%)7] skoke}. =31 consortium CHZE hexaned 4 ®kA&
gl s wXelM AgstR S W AgRAl FUsk
A hol® AFo] A7t MAHE H22 XHel consortium
CH A7} biosurfactant® £1|3}e] L3l x7} -
< g BellE S e AR ABHUH

2 A% hexaned A3 & 4 3= 7AE consortium

£ ksl AL, consortium®] hexane &3 544-& AN}
‘3‘1‘:}. A& A3} consortium CHE hexane %g—faﬂvo—o] |
g 722 Jepdoh(Fig. 1). Hexane 3|4 consortium®]
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Fig. 4. Hexane degradation by consortium CH in the liquid media containing different concentrations of hexane. (a) Time proﬁles of

hexane degradation. (b) Relationship between hexane concentration and specific degradation rate. Hexane concentration (mM) :

, 1.6; ¥.3.9;, vV, 54; R 7.7, ], control.
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hexaned 4 wtAlo2 3718k wix]ollAl2] o hexane
B3l £523= oF 460 pmol - g-DCW! - h'! ©]%1} (Table 1).
Hexane AJF-3flell dgt A7 502 o} ¢ A9l o
Bl Agla)e] 2|x* o] v]aE o|F ]9}, Hohener $[7]°] <
S FARE o]-851ed 243 consortium®] hexane “34-3)
£ 5= FHd 102 pmol - g'-DCW - h'.2.Z. o]o]] wls] 2 o
TFoll A W&k consortium CHE hexane A 75o] wl$- %
313}

16S r-DNA PCR-DGGE ® & ¢]8-3}e] Consortium
CHY vAE A& AR 23, BEofollA] E2]= i A
£-2 -, biphenyl ¥ PCE &3¢} o] o= A&
AL 32 mAER AR S 4 & A (Fig
2) £3], clone CHIZ f-725 Eoke] 23 o= HE| 2
gk Wautersia eutrophas}, clone CHE= - Halle-S 717
uncultured bacterium®} F-AFE7} 714 =9t} o] e
clone CH4, CH7, ¥ CHI2% biphenyl, |7} % PCE$}
2L 2953 s Belled /W AHETS fARETE B2 A
22 ARSI o]t A o]Ee] consortium CHollA]
hexane A-E-3llol F83F LS ST S-S AARRI

Consortium CHell ©]3} hexane®] ®-3l ZHZALE-E 79
37] $138le] C-hexaned o] 83 AR Ay Az
Consortium CH® 2F 49.1%%] hexanes CO,E. 37133143
3R] oF 43.6%= biomassE AR 7|E=d] ARE-slelct
(Table 2). ©]3= Arriaga 5[3]°] bacterial consortium<- o
43l microcosm’d &8k A3} hexaned <F 59% F7)3st
Aol w9 ARSI

2 A5 &3l /13t hexane AJE3)4 consortiume &
F hexane A2l5 & AEMA FA S sdsled 451
A 8= Aos AlsEd

2 %

Hexanes ¢ st o3 Hrlst 7]y wlx]of A
hexane A £3l &} vlAALEEE 7519 1, “C-hexane
& o]43ld 773 (mineralization) A =S SR s}, =
&, 168 rDNA PCR-DGGE HAM7|¥H& &-43}e]
consortium®] vjAE 3 EAL 2AMIY T} Consortium
CHe| ) PIAEE (Une)Bt 0.2 h'o]3, HT hexane
FHEE (V) ot E345 (KO 47 460 pmol - g-
DCW' - h' I 25.87mM °|%lvt. Consortium CHE C-
hexane®] °F 49.1%Z 77133} 1, 43.6%2] *C-hexane=
biomass& 577154 AMH-3193. DGGE bandZHE] ¢
< cloneg %, biphenyl, PCE ¥ s7}A 53} %22 9
HEA 25 71 ATEH fAMd el 7B EsiTh B
HATFoll A A2 hexane AE3E consortiume EF hexane
AAG B RS Ndeled 4 248 S

et

#Ale| 2

£ AT 20049 e EshExl S| 2| el ©]3}ed]
A7 AL (KRF-2004-041-D00377).
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