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ABSTRACT

In this work, an indigenous microbial consortium was obtained by selectively cultivating microbes using a long-aged
petroleum-contaminated soil (Kuwait) containing recalcitrant petroleum hydrocarbons. The obtained microbial consortium
was able to grow on and degrade the remaining petroleum hydrocarbons which could not have been utilized by the
indigenous microbes in the original Kuwait soil. The following microbial community analysis using 16S rRNA gene
sequencing suggested that the enhanced degradation of the remaining recalcitrant petroleum hydrocarbons by the novel
microbial consortium may have been attributed to the selected bacterial populations belonging to Bacillus, Burkholderia,
Sphingobacterium, Lachnospiraceae, Prevotella, Haemophilus, Pseudomonas, and Neisseria.

Key words : Kuwait petroleum-contaminated soil, Bioremediation, Total petroleum hydrocarbons(TPH), Selective
enrichment, Microbial community analysis

1. M E

gk 3 g ARl olrE Tl UThRadwan,
2008). o]Eg IAA Aol tiA-sty] flEiA FolE
2 FAHKuwait Petroleum Cooperation [KPC]y= T
TR ARLHEEY ASKIGS U5 Folat FolE
AL AES Aol disire Ui ozt sjj¢] 24
2H Fobe] #ilo] Eot YfE 2E9E A Yol B
A EAF 5] E8)ae gskeH Boks B
Z1H (land-farming), ¥1X] AAEE2 EYSA S} (in-situ soil

bioremediation) 2] FIMES o|§sk= AESY 3l

O 2 E=X]

ARl FSolEE HA A= 3 fF 53] ¢
froll 23k E%Q o] Azkslth(Al-Awadhi et al., 1996).
TS0 ES] EY RS IAAEA Bt o 417}

T

rlo

FA: SR, AAETY
AR DA, el YA, AT H9A, AT
A79); 7IThY, AR gY; ol3el, A4

AR WEE, Jas
Email: parkj@yonsei.ac.kr

Received : 2021.04.06 Reviewed : 2021.04.13
Accepted : 2021.08.19 Discussion until : 2021. 10. 31

20

Hell KPC7F Bt o B 2k Sle Ales welt
(Ali et al, 2020). SR F=2 AF7F Aol <
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9 Basal Media(BM; DSMZ GmbH, Germany)®] 2
Autoclaved ¥ Distilled water(DW)oll 2.5 g/L. Na,HCO;,
0.25g/L NH4Cl, 0.6 g/L NaH,PO,-H,O, 0.1 g/L KCI,
10 mL/L Vitain Mix(10 mg Biotin, 2mg Folic acid,
10 mg Pyridoxine HCI, 5mg Riboflavin, 5mg Thiamine,
5mg Nicotinic acid, 5mg Pantothenic acid, 0.1 mg
Vitamin By, 5mg p-aminobenzoic acid, 5 mg Thioctic
acid, 1L DW), 10 mL/L Mineral Mix(1.5g NTA, 3g
MgSO,, 0.5g MnSO,H,O, 1g NaCl, 0.1 g FeSO,
7H,0, 0.1 g CaCl,2H,0, 0.1g CoCl,'6H,0, 0.13 g
ZnCl,, 0.01 g CuSO45H,0, 0.01 g AIK(SO4), 12H,0,
0.01 g H3;BO;, 0.025g Na,MoO,4, 0.024 g NiCl,-6H,0,
0.025 g Na,WO,2H,0, 1L DW)E o]Foj¥on, BM
o] pHE 7.2-7.52 A8k}
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71§84 500 mL AzREERA=e] A wiA9] BM 297
mLell autoclaveZ Bt st FH°|E AFLAEY 30 ¢}
fr71Ee] e HELAEY 30 g@GHES) 283 {7]
0] HrE AREY 30 g @5 dES Pl ER VA= bl
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vl e mES] AEFAR] wsE ST E
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e Z7L shaking incubatorE ©]-8-8}] 30°C, WK
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2.3. TPH HEX 24 44

B o) RalE YFLAEY A8 U TPH T5%
ZAE 28] ELQATAHARIEES 07552, 1bpl A
¥ I Flame Ionization Detector(FID)7} A1 ¥
Gas Chromatography(GC)E &85l % 42 53
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T4, EF A 100 EY U 8 AAE s F
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EG AZe It EFE S 2ou5ETE
10527t = £ Kuderna-Danish =712 o]&3) =
o] 10mL7} & wWi7HA] =3t viAee R, FE3
E=9< 1mL vialol F48to] GC-FIDE ©]-§-3}ed
TPH =5 5734tk GCFIDY & ZHoZE
2 uLE Injection volume® 2 3} o QE9 2n=
50~300°C, Hold time 30 min, rate 10°C/min, equilibration
time 2minZ AASIHOH, Inlete] F7SZ splitless
mode® 2%+ 290°C, total Flowe= 7.0126 psiz A3}
AL, Detectord] 2=+ 300°CE F-A39t}E Column
(DB-TPH, Agilent Technologies)®] flow+= 1.5 mL/min
2 AASYIL Carrier gas2E= No= ARSI
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HAE ] AR A4S flste] AFe oREebA
2FEH A AXEEHS E8siatt xdEY
< o]83l mAE A AP B4 sISE, E
2 u|AE WA HZE 1mLE F3393L, Vortex
mixers ©]-&sl] MES EFSIATE DRI EHIA| (G
Atg HEZFE[AC plate, SM™))ell A|IZZ 1mL 3
Fato] A7 HEZZES 20 o= o}
35+ 1°CollA 24A13F wllgslant. viAERe = AJA3E CFU
TE S NG A, ATE aelsl HE
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5159 EA nAESY] v wotslal 7 7=
o] ¥z} AR5 BEsP] fJal FHolE A dEYH
EZ vAE oA ZHE FastDNA Kit for Soil(MP
biomedicals, OH, USA)E ©|-83ld x| DNAS =
S 333, NanoDrop ND-1000(Thermo Scientific,
Wilmingyon, DE, USA)S ©]-£8}] A260 nm/A280 nm
A= HlEY FEMmgul)E X519 H(Dineen et al.,
2010). 165 rRNA(16S ribosomal RNA) 534S PCR
(Polymerase Chain Reaction)® 5-Z3}3t}.

H A= forward primer Bakt 341F(5-CCTAC
GGGNGGCWGCAG-3)9} reverse primer Bakt 805R
(5‘-“GACTACHVGGGTATCTAATCC-39)Z ARl 168
RNA FAAE eHloE F3PsI¥th(Herlemann et al.,
2011). PCR Z71& Predenaturations 93l 94°Col A
I min, DenaturationS $J3 94°Coll4] 1 min, 30 cycles,
Annealing2 93] 50°C, 1min, 30 cycles, Extension2
3l 72°ColA 2 min, 30 cycles, Final extensions $13
72°ColA 5 min, Z18]3L HoldE 4°Collq X151t 2X
Tag PCR Pre-Mix(Biofact Inc)E A}F83}4] Thermal
Cycler C1000TM(Bio-Rad, California, USA)Z PCR=
TRt 5% BES] DNA 97148 Macrogen
oA Illumina Miseq(Illumina Inc, San Diego, USA)S
ggsle] 235190 Miseqo 2 B9 EZF n|AYE-
&A19] 16S tRNA dataS Mothur 4 Z2 T3S 2§
3t RDP ¥ Silva®] 16S rRNA database®} Hluls}d
3 W F2 /WAES OTU(Operational taxonomic
wit)s RIS 59 B vjAE v #Re
2SI THChoi et al., 2020; Lee et al, 2011). 7
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Hlﬂ S ST

B2 nEe] tlzre] EY fUES V1A= &8s}
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1008 o] & A4S HolXe eSith ol FoJE
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Fig. 1. Time-course microbial growth (log[CFU]) results in the
Kuwait petroleum-contaminated soil (Contaminated Soil) and
non-contaminated control soils (Control Soil 1 and Control Soil
2). Error bars represent the standard errors of duplicate samples.
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Ag‘:’ = o8} HlAFH IS 2] Bk ulok 142
% ESF Ul TPH %59 WP} o] YepA] ko,
12} Aldjui el A E59 B3 vAE iYAIE FellolE
LFOHEY s 27, 7] ES Ul TPH &%=
(15,307 mg/kg-soil)7} 144 ¥ 5,841 mg/kg-soil= FoFx
A] Z7] TPHO] 60%7} A% =RaL, 2xF Alhel g 23,
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Fig. 2. Enhanced TPH biodegradation by the microbial consortia in the detachment, 1st and 2nd selective enrichment experiments,
respectively (Day 0 indicates the initial TPH concentration, Day 14 indicates the remaining TPH concentration after 14 days incubation
with the added microbial consortium). Error bars represent the standard errors of duplicate samples.
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7] EY Ul TPH %9 73%(3,608 mg/kg-soil)7}
7 EAk(Fig. 2). o]l Ajel oJsir F5H EZ} v
AE HFA ] FH0E AR Y U I =2
(TPH) Eals0] 99=50aL, TPH Ealiso] 12} Alchaior
< AA 2AF AdiuidelA B FES RIS ol
25+ TPHE 9 ehdo= sl Alduide S8 a5
TRLA=EEES B3l + Je EEF vAESe] HA93

o= wjFENES AArdtt

33. &5E EE O|4E A JH-1) H 74X kel o
Xl

-

FHolE Afed EY U A7 sl
AL 7dR B3 9 AR = de BEF vAE A
A W sk A 2 2R 54 RS fleiA
16S rRNA FZA 4714 <E EX(relative abundance
cut-off > 1%y 33Tt FH0lE ¥H72E EY Y
M FRLAEES ek Xl 71E EX v
& TR BAo] B Aqte] AeA Alulks AXEA
ojugt 54 B nEEe] dudom ekl H=
AS FHACE dotel st FA°lE A dE
ol EABlE 71E B mAEEY] o 50%e RS
Balol= Aoz IR MtE(Dietzia, Bacillus, Pseu-
domonas, Phenylobacterium, Sphingobacterium, Burkholderia,
Azospirillum)®} Z5(genus) T(G71XE AE 97% ©]
HelA Akt Ao 2 B HTHGuo-Liang et al., 2008;
Hamzah et al., 2010; Izmalkova et al, 2018; JALILZADEH
et al, 2014; Kavynifard et al., 2016; Okoh et al., 2001;
Wang et al., 2010). FSI°|E AFQdEY W ZF F
FoEEAS o83t H94 Adujdos g59 X
v AE WA FHEA A, Bacillus, Burkholderia,
Lachnospiraceae, Sphingobacterium, Prevotella, Haemophilus,
Neisseria®] ZFP=7} Alcpali¢F 213 Blalste] AZEHA
S7PIAY. ©l5 Fol A Bacillus, Burkholderia, Sphingo-
bacterium, Haemophilus WA S FE314 polycyclic
aromatic hydrocarbons(PAHs) +3l5°] A= AlTdE3}
& FollA FARE AoZ B At Andreolli et al.,
2013; Carmichael et al., 2001; Ejoh et al., 2012; Haritash
et al, 2009; Lu et al, 2011). o] AthEjFS F3)A
BRI AASHA S7RE RS HE AiAEClE
< Helx] FHolE AFHdES W Hidhe frred
4 falol]l 71eg s ANASY Aol =tk vE
W, Lachnospiraceae, Prevotella, Neisseria }(family)
e & Fale AdsS rReds Edleke Aol o

o =
6] ()
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Table 1. Dominant bacterial populations and their relative
abundances (RAs, the numbers in the parentheses) in the
microbial communities in the Kuwait petroleum contaminated
soil and the microbial consortium JH-1 finally obtained after the
selective enrichment (relative abundance cut-off > 1%)

Microbial Communities

Petroleum-contaminated soil JH-1
(before selective enrichment)  (after selective enrichment)

Dietzia (15.9%) Bacillus (22.0%)
Bacillus (11.2%) Burkholderia (9.3%)
Pseudomonas (6.1%) Lachnospiraceae (5.9%)
Phenylobacterium (5.7%)
Sphingobacterium (5.2%)
Burkholderia (2.4%)
Azospirillum (2.3%)

Sphingobacterium (5.3%)
Prevotella (3.7%)
Haemophilus (3.6%)
Neisseria (3.3%)

3 &eizl vt gllems 7Rl A9t B esit

FHoE AR AEY SAleke 7€ B =
7o) I AREES Od e &85t Ay
HjES AAHEA Fxole EdllshA] £ FH d=wsl
A FRAEEES AIAR S8l arHog
A de EF fRELR vdE 25 s
Adeiroz wjgEdso] RIS At 4 de] 717t
B AdARe = a7t A edar 2R kA Ea
d A Ae EYC AR IE okl FEH dAo)A|
YHRaymond et al., 2001), 5H &2} v]AE v
o3 FHolE Yo EY U IR ARGEHe] &
SES B

71 EF mAESo] O ol ElE sk Xehd
ZH AR EEdEd st dide] EY AAE &8st
el Al Agolx 5E EZ v]AE w7t
1€ EZ mAlESo] E8lishA] X239 2 AR eE
ASS g o A 2 S vk SR Fdolth
HAE 73 B4 2, 71E FYY0E A dEYel $
ke vAE AL 50% d=7F 48R fReEd &
3 AFECIRAIE, o] FFIh= FFLUEE £
o 7|oekA] Esidtt. ole B vAE F 2R R
A=4 e & F e JIAS WErt vu|skEAY, B
EZ vE WAE] o Wel el s+ Utk
(Haritash et al., 2009). B2 v]AE 3 ol 5
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ol FREERS 9 Y H ARTEAR ARE-
sle A wigfe] HAok B ER RAE JRAIE 9
sk sl PRS- HAslel] SAsiA Al ARggE B

)
4
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