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Isolation and Characterization of Bacteria
Which Can Grow in High Strength
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Az 2 HH
1. AR EY &Y
1.1 AT VMAE F&

HqEAe= JhY AFse A=Y K, S, )9 #H+ Az B=987]9 &9
AR kA mAE AABIE AT PAAEY wRE ] e 7
Z+e] HF Y-S phosphate buffered saline(NaCl 8 g, KCI 0.2 g, Na,HPO, 142 g,
KH,PO, 0.26 g, distilled water 1 L)& S Alg3sto] &0z 34(10°! - 108}t
ATH10). 343 A]EE plate count agar (pancreatic digest of casein 5 g,
glucose 1 g, yeast extract 2.5 g agar 15 g, distilled water, 1 L)o 27 4 =
Tsle] HEs T 35T wigrlolAl 481 wiks & owjx]o] AT HE
(colony)S AT tH4). £84 5 vAEY s+ J=FFAdE2 (colony forming
unit, CFU)Z SA A, viAel A AT Hehs T4 2 sty EeTSL zxA

of Mz WA Ah wste] AFHOoE 26749 el VYR #5 HFS F
#Aahsiet.

1.2 A= WA nAE 239

Hgol WAAS Zte vAES g2lst7] 938l plate count agardl Al agar &<
Alelgt oA wjF B A (plate count broth)ol HE3dte] h4=FA 7| 7kA] w3t 5
AAD 8 AXNA ¥ A3t A A 100 mLel ZH7+e] 8 nAE
Higs 1 ml¥ HEFsA L, 3B5TCAAA 69z & #l7I(SIF 6000, Jeio
tech)oll Al & wjgstArt. 24A12F HA o2 3P =A(DU 730, Beckman)E&
o] &3t FFE(BHB mE FA3ATh. FAlel  phosphate buffered salines

ol-g3te} A< 31415}o] plate count agarol W EHe] wjF F A WA
Agstel PeAARR BARAL, T2 VAR F A50l Yol A 14719
MR e Felshglth



T mAEY d@Ee FLd wmE A oFE glstr] 913 sea water
agar(yeast extract 5.0 g, peptone 5.0 g, beef extract 3.0 g, agar 15.0 g, NaCl
240 g. KCl 0.7 g, MgCl-6H-O 5.3 g, MgSO47HO 7.0 g CaCl, 0.1 g, distilled
water 1 L)olA agar &S A3t A=A vjF vf =] (sea water broth)ol] #+2] 3k 1
AEES A7 AFAAL AT A 0 A 35T DY A4 62
B ogetgon, 47 HHoR ERREAS ol g FHEE SAsA,

] (e}
sea water agar°l] ='d3ste] dEs AFEA

Ao e T #H 141 F7lEs Féllsle vHs S99
gt# A4 2@ 7 (chemical oxygen demand, COD)«] 3=

Ast7] 98l COD kit(HI 93754A, Hanna)oll ®gos THF=Z g4ste] 2
mLE ¥ % COD reactor(HI 839300, Hanna)oll A 150C = 2A17F &2t 71 A A
WSS fweth 7tE 2y COD kitE 9F 3083 A2 2% 3 COD
3313, Hanna)& ©]-&3te] 433t

N
o
N
=
o0



ag 94

g nAEe FEHEA 545 FRlstr] & 74z mAES oy dMg
S ##EA T plate count agaroll A BlFE mAES WA colonyE W HolE 9]
&3t AAS I Eghol= Fetx fo FRTe dY F EdS Tlste] 14 &
crystal violeto.Z 12 94 gram’s iodineo. 2 ZA % ethanol® ©A3¢t). v}
At o 2 safranine OF ©]&3dte] =AM sAHH6).

WAEA g4

w2g PAAEY WA xEA(endospore)d] FHE skl f& 27 mAES
Schaeffer-Fulton method® ¢ 218} thH(18). plate count agaroll Al ] kst 1] Ay E <]

@ colonyE WwolE o]&ste] AMF S Edtol= =k 9o A& kst 1
4 % malachite green®. 2 12} @A, SHFAFA Ex Ao d = =
= 715 7HIFATO). FFTE 1A %S Aol §, nA Yo 2 safranine

OF ol&3sto] =A< statt4).

3. £ HMAEY T4
31 DNA & % &

14709 wAE F2 759 16S rRNA F#2 71 del] 7128 ZA =
A4S Yall, AccuPrep Genomic DNA Extraction kit(Bioneer, Korea)S A}-& 3}
v g WAEZYEH  genomic DNAE FEdth FET DNARYH 16S
RNAFAAE =Z37] 98] bacterial universal primer set?l 27F (5'- AGA
GTT TGA TCC TGG CTC -3¢ 1492R (5'- GGT TAC CTT GTT ACGA
CTT -3)<& AF&3}le] thermalcycler (Bio-rad, Singapore)® PCR<S <=3§3}lt}.
PCR %72 Sensi 2x PCR premix(Taq polymerase, dNTP mixture, reaction
buffer)(Lugen Sci, Korea) 10 pL, 10 pmole primer 2 uL % template DNA 2 pLE
Y 5 33 SRTE JE EEFS 20 uLE gk

PCR <% AL 94ToA 383F pre-denaturation, 94ColA  30x%3F
denaturation, 50Coll A 30%3%} primer annealing, 72Co|4 1%3F extensionS
3038] WHESFaL, 72T A 1023 HF WA AT



< %3 PCR product® 1.2%(w/v) agarose gelol 7] g3ty th=f 15 kb
4 A719] DNA =S gelssitt.

>%3% PCR producte= Accuprep PCR purification Kkit(Bioneer, Korea)E&
ol &3ato] AAAY. 27F / 1492R primerE ©]&3to] ol 16S rRNA

A A7IMdEs 463

gk mAERSEH  4& A7 16s rRNA  gened @VIAYEE
BioEdit(version 7.7.1)¢] Contig Assembly Program(CAP)S A}-&3&to] wjd3te]
Basic Local Alignment Search Tool(BLAST)S ©o]&3}o] National Center for
Biotechnology Information(NCBD9] GenBankel|l S3% 97| E3 Hlushe]
closest match& elstaitt. £ AeA g3 mAEY 749 Korea
Collection for Type Cultures(KCTC) A=Al A&3FA S, accession
number % #F 7|8SS S e o] tH20).
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Figure 1. Schematic view of experimental procedure for this study.



1 MgE 29 43
4399 MAE 5=

HEdez 8o Afstet A=W K, S, ) dAE At Aews7]
97 F sgAE MAEAABE JTIoR AMEEA Azl EA 8=
nAEe] TRE st il A474e HITAdEs dF5o= 4“0}04 plate count
agar WA HFS F 35CelA 48A17F Y okaam ik S Aol AAG
Ao 5 S48 olE FIAIAAARE st EEA 9 AR s&=E
#oll et tH(Tables 1-4).

HqEdoz g3 &89 FEE K Aol A (1.79+0.55)x10* -
(25+0.5)x10" CFUs/mLZ =A%, S Aol A (1.9£0.3) x10? -
(3.465+0.135)x10* CFUs/mL®  2A%HJew, H  &%39 Z e A ol A
(7.175+0.025)x10" - (9.5+0.5)x10" CFUs/mLZ ZAHAt}t. vwiAtoz njAE
AA e FEE (95£15)x10° - (1.015£0.025)x10° CFUs/mLZ =4 = 9}

Ao A AAGE Jehs FAYR dYste] K 349 SelAE HEg wiA| ol A
INEK-1 - K-9), S 389 &dAE HE3 wixolA 671(S-1 - S-6), H &<
Z8AE ZEF v HH-1 - H-8), WAL AA BE HAE3F wix|olA
37/M(B-1 - B-3)e] 5 26719 w55 28t oFids gyt
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1
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AL}
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Table 1. Microbial concentrations in K sludge. (*Uncountable > 1,000)

K
Dilutions
# of colonies CFUs/mL

10° Uncountable -
107! 179.5(£5.5) 1.8(x0.6) x 10
1072 19(+2) 1.9(x0.2) x 10*
1073 25(+0.5) 25(+0.5) x 10*
107 - -




Table 2. Microbial concentrations in S sludge. (*Uncountable > 1,000)

S
Dilutions
# of colonies CFUs/mL
10° Uncountable -
107! 346.5(£13.5) 35(£0.2) x 10*
1072 19(+3) 1.9(+0.3) x 10*
1073 2(1) 2.0(+1.0) x 10*
107 - -

_10_



Table 3. Microbial concentrations in H sludge. (*Uncountable > 1,000)

H
Dilutions
# of colonies CFUs/mL
10° Uncountable -
107! 7175(£2.5) 72(£0.1) x 10*
1072 82(£7) 8.2(£0.7) x 107
1073 9.5(+0.5) 9.5(+0.5) x 107

10 1 -

_‘l‘l_



Table 4. Microbial concentrations in microbial agent. (*Uncountable > 1,000)

B
Dilutions
# of colonies CFUs/mL
10° Uncountable -
107! Uncountable -
1072 Uncountable -
1073 101.5(£2.5) 1.0(x0.1) x 10°
107 9.5(+0.5) 9.5(2£0.5) x 10°

_‘|2_



A W4 vdE £

#Hgoll tistel #ed mAEe] WA FFE gotrRy] da AA" FA
AAA e AF3st #H5 Ll 100 mLel Z4zte] B mAEo wjgy
mL¥ HFsto] 35TCA 647F & wigstAnt 244 (P02 #FFFE=AE
3 FH=ES =AY FAo plate count agardl FHEFste] Fgo FE=
=A43At. K 339 S#AzRYH 23 s +F 97
K-7, K-8, K-9)¢} H %9 &ex=5Y Fgg nAdE 45 & 5 670(H-1,
H-4, H-5, H-6, H-7, H-8)¢} "|AE AAZHE H3 vdE 5 370B-1,
B-2, B-3)& 1¥%E #HF oA FFEde F5 §lo] AtEee $x7F =g AY
APEEHA] g S FJSAAIRE S FFe SFHAREH e vAE TF

671 =5 AFE s o (Figures 2-4).
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285k 5o wYg 2o Wsle wE A AolE o]
15C, 35C % 55CelA wFatsich. 15C 2 55T 4% 4% oRg s
= oF

o
98 plate count agarel Z+ #& #FE g4 =@ T 7 &

48X < w gt tH(Table 5). 35Ce A 44 oAF+= HELY v% g
AN gele] HA] W, WF Azt me #Fe) 4Y AR Hlstuz
stdch. A WG wiAel 4 BFEE HEShe] 647 AFMEL AL, 2443

[e]
Ao R FFFEAE .
saline®® A% 3|4 ste] Hol FAujgelA Aepd Fdete] F£E F45t
AP G2 kel ch(Figures 5-7).

1470 &8 #F= 55T ofFelA 3 Aebx &k, 15T o]stol A K-9,
H-4, H-8& AehA efshth 35Tl RE e MG F 24404 4843
Abolell =32 7] (exponential phase)® &1 L, 48A17kol| A 72417 o] F-F-H
A A 7] (stationary phase), L ©]$-oll= A} 7](death phase)®] AlZtoz g2l 5 ),
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Figure 5. Growth characteristics of isolated microorganisms from K sludge at

35TC.

_20_



# of Cells (log CFUs/mL) # of Cells (log CFUs/mL)

# of Cells (log CFUs/mL)

10 20 -~ CFUs/mL
H-1
-o- 0O.D.
8_
1.5 o)
o °
1.0 @
+ g
3
. 0.5
0 ¢ T T T T 0.0
0 1 2 4 6
10 2.0 10 2.0
H-4 H-5
87 L1587 1.5
6 6
-1.0 -1.0
4 4
2 0.5 2 0.5
0 Y T T I I 00 0 hd T I T T 00
0 1 2 4 6 0 1 2 4 6
10 2.0 10 2.0
H-6 H-7
8 L15 8 1.5
6 6
-1.0 -1.0
4 4
2 F05 -0.5
0 Y | T I | 00 0 hd T T | T 00
0 1 2 4 6 0 1 2 4 6

Incubation time (day)

Incubation time (day)

(wuges) 'a'o

(wuges) "a-o

Figure 6. Growth characteristics of isolated microorganisms from H sludge at
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Table 5. Growth of isolated microorganisms at different temperatures.
* (++): Good growth. (+): Growth , (-): No growth

Isolates Incubated at 15C Incubated at 55C
K-2 ( ++) (=)
K-4 ( ++) (=)
K-7 (+) (=)
K-8 ( ++ ) (=)
K—-9 (=) (=)
H-1 (++) (=)
H-4 (=) (=)
H-5 ( ++ ) (=)
H-6 (+) (=)
H-7 (+) (=)
H-8 (=) (=)
B-1 (+) (=)
B-2 (+) (=)
B-3 (+) (=)
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Table 6. Gram staining and endospore staining of isolated microorganisms.

* (+): gram positive, (O): spore formation

Isolates Gram staining Endospore staining
K—2 (+) (O
K—4 (+) (O
K—7 (+) (O
K-8 (+) (O)
K-9 (+) (O
H-1 (+) (O)
H-4 (+) (O
H-5 (+) (O)
H-6 (+) (O)
H-7 (+) (O)
H-8 (+) (O
B-1 (+) (O
B—-2 (+) (O)
B-3 (+) (O)
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Table 7. Molecular identification of isolated microorganisms.

Sequence ) e
Isolates Closest match (accestion no.) Similarity (%)
length(bp)

Bacillus cereus strain CCM 2010
K-2 1423 1421/1421 (100%)
(NR 115714.1)

Bacillus cereus strain CCM 2010
K-4 1424 1424/1425 (99%)
(NR 115714.1)

Baclillus proteolyticus strain
K-7 1424 1424/1424 (100%)
MCCC 1A00365 (NR 17735.1)

Bacillus sp. strain ILR 58
K-8 1442 1441/1442 (99%)
(MK 696376.1)

Brevibacillus fluminis strain CJ 71
K-9 1411 1403/1408 (99%)
(NR 116293.1)

Bacillus cereus strain CCM 2010
H-1 1420 1418/1418 (100%)
(NR 115714.1)

Brevibacillus fluminis strain CJ 71
H-4 1410 1400/1405 (99%)
(NR 116293.1)

Bacillus sp. strain ILR 58
H-5 1443 1442/1443(99%)
(MK 696376.1)

Lysinbacillus bronitolerans strain
H-6 1421 1413/1423 (99%)
NRBC 103108 (NR 144027.1)

Bacillus cereus strain CCM 2010
H-7 1422 1422/1423 (99%)
(NR 115714.1)

Brevibacillus parabrevis strain PS
H-8 1424 1425/1427 (99%)
12 (MN 326592.1)
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Table 7. Continued.

Sequence . o
Isolate Closest match (accestion no.) Similarity (%)
length(bp)
Bacillus tequilensis strain 10b
B-1 1420 1419/1420 (99%)
(NR 104919.1)
Bacillus subtilis strain DSM 10
B-2 1420 1420/1421 (99%)
(NR 027552.1)
Baclillus subtilis strain DSM 10
B-3 1420 1418/1418 (100%)

(NR 027522.1)
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Abstract

Wastewater generated from the petrochemical industry typically exhibits a high
concentration of organic matter and contains toxic substances. The treatment of
high-strength petrochemical wastewater traditionally relies on physical and
chemical methods such as liquid incineration and wet oxidation. However, these
approaches incur significant maintenance and operational costs and contribute to
secondary environmental pollution through the disposal of used chemicals. Thus,
a shift towards a biological treatment method is imperative, aiming to mitigate
operational expenses and minimize environmental impact.

The purpose of this study was to contribute to the biological treatment of
high-strength petrochemical wastewater by isolating microorganisms capable of
thriving in this challenging environment.

As the first step, we successfully established 26 pure cultures of bacteria
which showed growth on solid medium at 35°C. Subsequent inoculation of these
microorganisms into petrochemical wastewater revealed the resistance of only 14
strains. These 14 microorganisms exhibited robust growth at 15°C, while only
three strains capable of growth at 55°C. Moreover, their adaptability was
demonstrated by thriving in a medium with a 3% salt concentration, with only
five strains capable of growth at 6% salt concentration. Resolution
measurements in a medium containing high concentrations of petrochemical
wastewater confirmed the utilization of wastewater substances as carbon and
energy sources by the isolated microorganisms.

All 14 1isolated microorganisms were Iidentified as Gram-positive bacteria
capable of forming endospore. Molecular identification based on the 16S rRNA
gene sequences revealed that nine belonged to the Bacillus genus, with Bacillus
cereus (4), Bacillus subtilis (2), Bacillus proteolyticus (1), and Bacillus
tequilensis (1) as closest matches. The remaining isolates were identified as
Bacillus sp. (2) without a specified species designation. Three isolates belonged
to the Brevibacillus genus, with Brevibacillus fluminis (2) and Brevibacillus
parabrevis (1). Additionally, one isolate from the Lysinbacillus genus was
identified as Lysinbacillus bronitolerans.

This comprehensive microbial characterization underscores the potential of these
strains, particularly within the Bacillus, Brevibacillus, and Lysinbacillus genera,
for the biological treatment of high-concentration petrochemical wastewater.
These findings contribute valuable insights toward developing cost-effective and

environmentally sustainable solutions for the petrochemical industry.
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