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One hundred forty four bacterial colonies which were able to degrade crude oil were isolated from soil samples that
were contaminated with oil in Daejeon area. Among them, one bacterial strain was selected for this study based on
its emulsification activity, growth rate and surface tension activity, and this selected bacterial strain was identified as
Pseudomonas sp. HN37 through physiological- biochemical tests and analysis of its 16S rRNA sequence. Pseudomonas
sp. HN37 utilize the several aliphatic hydrocarbons, 3,5-dinitrosalicylic acid and 2,4-dichlorophooxyacetic acid as a
sole carbon source. And this bacterial strain showed a high resistance to antibiotics such as ampicillin and
chloramphenicol, as well as heavy metals such as Ba, Cr, Li and Mn. Also, it was found that the optimal pH and
temperature for the cell growth, surface tension, and emulsification activity of Pseudomonas sp. HN37 were pH
6.0-9.0 and 30C, respectively. The emulsification and surface tension activity was reached the maximum to 1%
(V/V) crude oil and 1% (W/V) NaCl concentration. The surface tension of the culture broth was decreased from 62
to 27 dyne/cm after fifteen hours of inoculation in LB media.
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ArdA| et 7Fgol| A Eo] AREE|AL = Bk AHEA
WY EAE YRS R AES FAste] dt A
£ AR R o7 34 ZAE o | XX v AE Al
2/ A (biosurfactant) = A A EARE 33 AHEA
A Hop AR o g 4o A1 e eE woF FELF
& FFS VAR YL, 39 2%, pH, 4= 5 £ e
Holl A= 1 eHgAdo] stekehy AMEdAlel FAA gett
(Yakimov et al., 1995).

BE AWM= F$497](hydrophilic) L}
(hydrophobic)E ¥+ 22} Woll 2L Sl= G A=,
4371+ monosaccharide, oligosaccharide, polysaccharide, peptides
T+ protein @2 LA Eo] I, 27| ZIAAL BXE
S} A HPAE 9 =AESE X HR K hydroxylated fatty acid) = Z|HF
F5-E(fatty alcohols)Z o] Fo]#] QJth(Lang, 2002). o] £}
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APIAA ) o] EAL o] gste] EEH HaiAeh LEA,
T BAAIE T = Ylo B B9, AEY, Bt Eof, SFE,
oFs}, AEA 3} 5 ThFst okl A o]-&Eth(Muthusamy e al.,
2008; Banat et al., 2010; Sober6n-Chavez and Maier, 2011).
Arobgli AL YK AR ARBAAS Fof thet
glycolipids, fatty acids, phospholipids, neutral lipids, lipopeptides,

wie] 4alo] wstelo] Er o] Zash k. ueba A2

polymeric biosurfactant, particulated surfactant 5 71 57} 0f]
9 thaFslr(Pacwa-Plociniczak et al., 2011). ©]= glycolipid=
rhamnolipid, trehalolipid, cellobiolipid, sophorolipidZ &%,
sp.,
Arthrobacter sp.o]|4|(Singh and Cameotra, 2013; Tavares et

rhamnolipid= Burkholderia kururiensis, ~Pseudomonas
al, 2013), trehalolipid= Rhodococcus sp., Mycobacterium
paraffinicum, Micrococcus luteus, Nocardia sp., Gordonia amarae,
Corynebacterium sp., Brevibacteria sp.°l|4|, Sophorolipid+
Mycobacterium sp., Torulopsis sp., Candida bombicola®| A A}

AFEITH(Van Bogaert er al., 2013). o] &2 &350 A EA &

A& FIA7|H, B EAsH: T4 AAskL, Bk
&5 ZoSHAL A 018 R 2L A3l ARg-HT 11 9
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o Lysinibacillus fusiformis S9, Ochrobactrum anthropic,
Halomonas sp. BS4X= glycolipids A€ 2] MEAHEAAZ A
A5} o5 U4 2] biofilm®) FAL ARSAL 0
2 93 9 S Teleo) SRS PAAIH ofelstE o
2% AR-EH(Donio et al., 2013; Noparat et al., 2013; Pradhan
et al., 2014). 183 Corynebacterium lepus, Penicillium
spiculisporum, Acinetobacter sp., Rhodococcus erythropolis,
Micrococcus sp., Nocardia erythropolis 50| 23] &=
fatty acids, phospholipids, neutral lipids2+ corynomycolic
acid, spiculisporic acid, phosphatidylethanolamine 5°] {1.2H
o|52 G BEFE FINZIAY, TaH0l=Y AA 5ol A
L5371 Utk (Appanna et al., 1995; Hong et al., 1998; Ishigami
et al., 2000). & Bacillus subtilis, B. licheniformis 5ol 2J3]A]
A== lipopeptides?} lipoproteinol|:= viscosin, surfactin,
serrawettin, subtilisin, peptide-lipid 5©] ¢, ©]  surfactin
= 7719 ofu|iAte 2 o] R0l ring 22 FAEE BT
7}A) 2L QItHAl-Wahaibi et al., 2014). 18]1L o]5 IA| 2F&

L $RE ogE Boke AR, BElea W A5
of HEASE FANZIL, SHE 2 Ak ARlel] AMgET}
(Jennema et al., 1983; Awashti et al., 1999). Pseudomonas
aeruginosa, Acinetobacter calcoaceticus RAG-1, A. radioresistens
KA-53, A. calcoaceticus A2, Candida lipolytica, Saccharomyces
cerevisiae®|| 23| AJA == polymeric biosurfactants= IL-EA}
E7Z 2 emulsan, alasan, biodispersan, liposan, mannoprotein®]
Qom, o|F GA| B3l F 3|7 =1] A" r(Cirigliano
and Carman, 1984; Cameron et al., 1988; Rosenberg et al.,
1988; Toren et al., 2001; Rahman and Gakpe, 2008).

2 A7 oA o7 EokollA AREHE AE AREAEA
o] 3 FFE FRE LEE EYOIA £t o] o
o] A2 - Akt EAT HH o A 21E AL, o]
#57t Adete AE AUEGA Y EAS Tofete 25 o]
Tt A AE AUSLAE Ao g Egstazt &)
KAct.

Mz
o= 22| ¥ A2 HiX|

A XA A5t Aguld, FhHa, qAA, S8 FH S
e 299 AGolA EFS AQFete) o5 EY S €@
o A2 A E4 5 mlo] Eo8lE 50 ml 4ZF EfA o] Y1
30C, 200 rpm o2 90& gt & ot BtAYO R 2% (v/v)
Fo|EA 4771 A7FE bushnell-hass (magnesium sulfate
0.2 g/L, calcium chloride 0.02 g/L, monopotassium phosphate
1.0 g/L, ammonium phosphate dibasic 1.0 g/L, potassium
nitrate 1.0 g/L, ferric chloride 0.05 g/L, pH 7.0) %4 H )%
o Werele HET 239 Wjokslo] & 144259 T 3
< 25ttt 229 9 ASEELS 1% (V/V) tributyrino]
7+ I AHRR] (peptone 5 g/L, yeast extract 3 g/L, pH 7.0)ol &
Zoto] 30 C ol A 2-3U7E wjokst &, Al A 9o &4 &

< 7P WA BAste 545 AEskE L, o] 5 F Luria-
Bertani (LB)¥l|X](tryptone 10 g/L, yeast extract 5 g/L, sodium
chloride 5 g/L, pH 7.0)0ll4] HAe &1} AJd-50] 7P 9=
slal, 9 ©@Aagoz 1% (viv) FHCIEAN ¥f7t H7HE
bushnell-hass &4~ FHa| oA F3}-50] 71 L3t & #45
£ T Adsisitt

M| A#SISER EM ZA}

2% A¥E 5= Bergey’s mannual of systematic
bacteriology (Krieg and Holt, 1984)2} Biochemical tests for
identification of medical bacteria (MacFaddin, 1984)¢f 2] 35}
o e, A7l 2 A3 EHE AL & o] #4539
mannitol, arabinose, cellobiose, fructose, glucose, maltose,
ribose, sucrose, xylose, lactose 59| T3} pentane, hextane,
cyclohexane, tetradecane, hexadecane, octadecane, benzene,
benzoic acid, 3,5-dinitrosalicylic acid, 2,4-dichlorophenoxyacetic
acid, 2,4,5-trichlorophenoxyacetic acid, phenanthrene 52| %]
WE} RS ©@8kea 0]8-5-2 bushnell-hass B x]o]] 2|F-&
E7H1% (wiv)7t =5 2470 it ehglp s ol gag e
2 Z7kskar 30 C oA 2-3Y v 3 et AERFE o8& o7
E ZAASIcE 3 a5 Oxidative-Fermentative &A1l 1]
(sodium chloride 5 g/L, pancreatic digest of casein 2 g/L,

potassium phosphate dibasic 0.3 g/L, bromothymol blue 0.08
g/L, pH 7.0)0l 2} B9] 2F =7t 1% (wiv)EA A7t
30C A 239 Hioket F HAI9] A st ol EASIoI.
Je]3 34 Ba, Cd, Co, Cr, Cu, Hg, Li, Mn, Ni,2} 34|
ampicillin, chloramphenicol, kanamycin, spectinomycin,
tetracycline, streptomycinE LB vl x]of| t}ofst =2 H7lst
T Al #3Y AARFE 55 WS A s =4

shict.

16S rRNA €7| MY ZA}

2T A 59 A3 579 18l 2F A 52 genomic
DNAE CTAB "W (Wagner et al., 1987)0.2 F&3}1, 9]
DNAE F3 o2 =618 A A4 HE(Polymerase Chain Reaction,
PCR)Z ~3§5lo] 16S IRNA |-4%} €7] MBS 2AFSHIT
ol MY #F2] 16S rRNAE FZ3}7] ¢8| forward primer 5’
-AGA GTT TGA TCM TGG CTC AG-3' (27F)9} reverse
primer 5'-GGT TAC CTT TGT TAC GAC TT-3' (1492R)E A}
4£3}31(BIONEX), @7]|A g5 ABI model 310 (Applied
Biosystem, USA)& ARS8t 4814 o] 37| 245 rRNA
A7) 4 Q-2 BLAST search (www.ncbi.nih.gov/ BLAST/)E A}
&5to] vl - B4 st

MIEIA EAL

£33} H 2= bushnell-hass 282 S, EAHAE A4
T QEES LB FFHiR|o] AE 25 HFsto] AT
A 5o 2o w2 g3 242+ 20C, 30C, 37C, 42T=
2739 w710l NG viFst] Z2ke] f3bsa, ek, O



Table 1. Morphological, physiological and biochemical characteristics
of Pseudomonas sp. HN37

RE ARSAYA BE 24+ 5 35

Table 2. Utilization and fermentation of various carbon sources in
Pseudomonas sp. HN37

Characteristics Characteristics Carbon source Utilization” Fermentation™
Gram Mannitol + +
a ) Oxidase + Arabinose - +
Spore ) Catalase + ;
Shape Rod Starch ' Cellobiose - -
Colony color Cream Fructose - +
. Urease -
Colony form Circular Glucose + +
. Methyl red -
Colony elevation Convex Maltose - -
Colony margin Entire margin Voges-proskauer . :
Y marg €M | Macconky's - Ribose - +
Flagella Polar .
Motility + Eosin methylene blue - Sucrose - -
+ - -
Indole ) E}llllorgscense Xylose
Citrate - clatin - Lactose - -
* +, growth; -, no growth

+, positive; -, negative

21 FHAE T JFES SHsHET 4E S LB
FER| A 24A17F B g S EFSt] 600 nm9
UV-Spectrophotometer (SmartSpec3000, Bio-Rad, USA)o|A]
EA5tnh. Je AL Ao 2 wiFet viFd-S
102014 10°71x)¢] =2 EFA A g5l 3A% 5, 3]
A wjeFH 0.1 mlE LB Foufx]o] E=gstar 30C oA 244
7+ vjFer & Atk 183 pHel| WE #5935,
2, BHAE B4, 4FE A= bushnell-hass 2| Al 2] 2}
LB goFii=]o] 1 N HCIZ} 1 N NaOHE Z+z+ H7}sto] pH 4-
1002 243t &, A st #A 1% (VIV)E FFsta 1%
Bjoyahe] S5tk NaCle] ol ke 22 48 370 4
2 EXJL NaCle] =7} 242 0.5%, 1%, 2%, 3%, 4%, 5%
(w/v)7F El== 37} g bushnell-hass Z]4H]Z]9} LB g FHlA]
of A ujgEt B FA 1% (v/v) FE3kaL 30C oA X% v gst
o {35, JAESe, 2UAY 24, AFES S oY)
bushnell-hass Z]AH] 2] Q] 7L 487t LB gl R o A= 24
A7k u st

S35 53

4352 Rosenberg (1993)2] B0 2 =231t} Bushnell-
hass Z|aaj oA 24 Bt v g HS HFHE2]7](supra22K,
Hanil Science, Korea)2 Y41E2](10,000 x g, 108, 4C)3}4]
A& AR5l 0.5 mloj] 2.5 m12] 20 mM Tris-Cl (pH 7.8)2 7}5}
o, 714 IEA 28 1% (0B B T, 187 Za
A wetste] {F3AIZ] Ty 1087 A204 AXAZ &
UV-Spectrophotometer (SmartSpec3000, Bio-Rad, USA)E ©]
8311 OD 610 nmol M 8] FHEE Sl olu) wjogols
HhhA e A28 272 Sl BE AT 38 v
ss10] 24elsich
mEE &Y

LB iAol 4] ODgoo=1.07}A] A gt 5 5 ml-& 500
ml LB HjZ] o]l HF % 30Cof|A] 200 rpm o 2 ZIghuj st
opAlzkol ket A2 3 mi¥ RHSHAch AAe A=E A4
£2]7](supra22K, Hanil Science)Z HA1E2](13,000 * g, 10&)

e

** 4+ positive; -, negative

3to] #A4) 2 A AT =, Surface Tensiometer (CBVP-A3, FACE,
Japan)E AR5} plate Bl (Barathi and Vasudevan, 2001)2
225Collq 38 yraate] ERige S 245 e,

Zn Y &

o
B2 AU AS0) 5 T 2FE SR

—

FE 29E EYA 7S OY S YUO R o] 8ot F 144
T+ T Hhs B d F, 1% tributyrino] FH7FE AR
o] FFsto] Al o T8 & QA BAsks 545
dzr Adsty, AdE 45 F F3sd A, aUd=Egy
o JFE Fol % T FFE ATAE Sl JF Add
w3 FHEE B4 AL Y o] de EAE AASA &
I HRE 2k o535t 37| O 24 7HEC. 2, oxidase2}
catalase®]| FJHHS-& Kol FPAES 2= A= RIS
(Table 1). 28|11 F o] 8% AP AT} 2F AHFF+= glucose
9} mannitol 2 @ A YO Z 0]-8-3}3L arabinose, cellobiose,

fructose, maltose, ribose, sucrose, xylose, lactose:= ©]-83}X]

Z31¥ Tt 284 mannitol, arabinose, glucose, fructose, ribose
£ Uast= AR Hol(Table 2), A #59] F o-& H2&
Chang 5(2011)0] B 15t #5¢} U HargE 7[x= e
2 uotdd 3 AEdTY HEet 545 3 16S tRNA
A7 E A4S 53 AR 21}, o] #F= Pseudomonas sp.
CTO073} 100% 2] 4542 H oJ(Accession No. DQ777633), ©]
T Pseudomonas sp. HN370|2} s}t

XF A8 Pseudomonas sp. HN379] A H-Za1} W} 3E= &5}
FAh 0]85S AR Z3} pentane, hextane, cyclohexane,
tetradecane, hexadecane, octadecane 2] A|HI= EFS4AE 0]
2351931, 3,5-dinitrosalicylic acid, 2,4-dichlorophenoxyacetic
acid 5 Q¥ WS ToleaE o83 4 9l&o] BATHcH
(Table 3). 18|31 A #529] 3MIA| WA A} 23} Pseudomonas
sp. HN37+= ampicillin@} chloramphenicolo]] B|xZ 735F YA
< VERY|(Table 4), |23t 275 o|A £2]E Chang 5(2011)2]
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Table 3. Utilization of various aliphatic and aromatic hydrocarbons as

a sole carbon source in Pseudomonas sp. HN37

Carbon source

Utilization

Pentane
Hexane
Cyclohexane
Tetradecane
Hexadecane
Octadecane
Benzene
Benzoic acid
3,5-Dinitrosalicylic acid
2,4-Dichlorophenoxyacetic acid
2.4,5-Trichlorophenoxyacetic acid
Phenanthrene

+

+ o+ o+ o+ o+

+, growth; -, no growth

Table 4. Susceptibility of Pseudomonas sp. HN37 to various antibiotics

Antibiotics MIC (pg/ml)
Spectinomycin 200
Streptomycin 100
Chloramphenicol 1,600
Kanamycin 5
Ampicillin 2,400
Tetracycline 5

Table 5. Susceptibility of Pseudomonas sp. HN37 to various heavy metals

Heavy metals

MIC (pg/ml)

Pseudomonas sp. Z1RtH= A UWAo]  oFsA|gL,
Acinetobacter Iwoffii I6C-1 (Kim et al., 1999)2} -3-AFat 3} A|

A 70 S-S RIS E YRtE o R fRo 2 HE
E9FS Pb, Cd, Cr, Ni, Cu, Hg, Zn, Fe 5 Tt}ofst £F<%50] 36
=|o] glth= Mulligan 5(1993)9] B, FFE Ld€ ot
E 299 EoFoA EH w#(Kim er al., 1999; Chang et al.,
201D FAKSHAl 2 AR A" Pseudomonas sp.

(A)oas

——1%
—_—2%
—3%
——a%
——s5%

—0—6%

Emulsification (OD 610 nm)

7%

8%

Time (days)

——1%
~=2%

3%
——4%
—=5%

——6%

Time (days)

Fig. 1. Effect of the emulsification (A) and colony count (B) by
Pseudomonas sp. HN37 dependent on the concentration of Kuwait
crude oil as a sole carbon source. The cell was cultured for 48 h in
bushnell-hass minimal media at 30C.

BaCl, 1,600
CdCl, 100
CoCl, 400
CrCl, 1,600
CuSOq4 800
LiCl, 6,400
MnSO, - 7H,0 1,600
NiCl, 800
HgCl, 200

HN37% Ba, Cr, Lit} Mn 59| 5% Bla3] g2 WS 2
3 Y& & SFATH(Table 5).

e Sk, ¥ 2E2t pHe| Het

H Ao A 2|2 AEE Pseudomonas sp. HN379] 4§ 5=
o WF2 §3R5} Mekae] S Fopiz] 94 bushnell-hass
220 x)of) | =4 2SE 1-8% (V/V)7HA H7He 5 30C
oA 5 B¢ F3s(Fig. 1A)T} J<(Fig. 1B)9] WsE =
ARSI 1 A3 1%9] B mol A 22 HeRe o) f3ks
3} HEt 1 $aa Ao SRIET, AeEEst 57}
o 5% 315} ek} g dhlsEc.

dutz o 2 n|AEL Sz 7Pt 2 844 agle 2n
9} pHZ ¢ A] 9lth(Atlas and Bartha, 1972; Mulkins-philips
and Stewart, 1974; Dibble and Bartha, 1979). WakA] Pseudomonas
sp. HN379] 2=of W2 wjf E44& AR A3}, 30T oflA] f
3hsat Meg4=(Fig. 2A), RS} Y& (Fig. 2B)°| 7}
A 92813 42°C oPoINE 7o) gelA) Hole F84 2o
2 ZRI= St E uiR| 9] 27 pHell w2 f3ksd} Hgke, 1
Y FHAY SA T YAES A AT}, bushnell-hass &
2HfRo] G HAUO =2 1% (viv) YHE A7EE Bol=
pH 8014 8H50] 7V 948k, pH 9014 714 Bh& W2t
Bske Aem Yehd o u(Fig. 3A), A LBolA =
pH 42} pH 102 A 2|5}3L pH 558 pH 9712] &%= H|s5t
T, BHAE FAE 2729 dyne/em A =S G| 3(Fig. 3B),
A& o] AHE Pseudomonas sp. HN37= 8|1 Z] WL pH H¢
NAE e 5 USRSt E 2 A oA HF AdE
% Pseudomonas sp. HN372] EHAS &AL Zhang 5(2012)
oA EEld -7 3l Aleto] A/dk= 40 dynejem Hr} L=
8laL, Cappello 5(2012)0] &2|3F fFEaiAlato] i 8UA
o B/dsk= 27 dyne/em®] U FUE S
Pseudomonas sp. HN37+= vl 1 whof] A3t E 2, B AFo
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Pseudomonas sp. HN372] EHEA 744 52l o] o] 2
BE 5 24t 0|8 7HstA & E115}t7] $138l bushnell-hass
Faggux1¢} LB Hjz|o] NaCl =2 0.5%, 1%, 2%, 3%,
4%, 5% = 27y 27sto] wjoketm f3bst, Mg, U
S AFES AR A3, G SAYo 2 A[E o83t
+ F& wiRolA = 1% NaCl F=olA f3kso| 7P =4 &
A=, Y= 0.5% NaClojlA 71 wo] A= UchFig.
4A). 28y Gl R o A= 2% NaCl7kR] AAE0| 4311,
EUAE FA T 27 dyne/ecmE §-A 3 2 U (Fig. 4B), 3% ©|
A9 NaCloA = A& 2 &40 2 g2 Ao
Uepde). weba 2 Aol 2elsk Pseudomonas sp. HN3T
< g NaCl =7} 3.5-3.7% <] 343 (Walker} Cowell, 1975)
of §7-2.9 Aelolle Aes}A) gk Ao Akt

E FoFufR|o| A 2] Pseudomonas sp. HN372] A&7} £H
&e G| B AIE dobr] S i FAIte] whE 2
e 4SS4T A, 29 S| dig F417] $7]9 9]
2= i OAZE o] T HE FHAE BA4o] F24 5] Faste] Hl

(A)o12 18E+10
1.6E+10
0.1
—_ 1.4E+10
€ =
S E
3 0.08 1.2E410 &
2 2
[=]
<) 110 £
= 006 £
S 1 3
= 8E+09 S
3 >
£ z
2 0.04 6E409 2
3 S
£
w 4E+09
0.02
I 2E+09
0 T 0
20 30 37 42
o
Temperature(C)
Emulsification (OD 610 nm) ~ ——Colony count (CFU/ml)
(B) 5 16
60 = - T 14
§ 50 /\ 12 =
e <
3 8
= 40— — ©
S [=]
3, 08 §
S =
- = 06 %
§ 20 ?
‘T 04 ©
=3
w
10 0.2
0 - 0
20 30 37 42
Temperature(C)
Surface tension (dyne/cm) ~—4— Growth (OD 600 nm)

Fig. 2. Effect of temperature on the emulsification (A) and surface
tension (B) by Pseudomonas sp. HN37. The cell was cultured for 48
h in bushnell-hass minimal media in 2% Kuwait crude oil as a sole
carbon source (A) and 24 hin LB (B) at 20C, 30°C, 37°C and 42C,
respectively.

RE ARSAYA G 25 54 37

&F 15X Foll= v A o] FAYE E/do] A2 30 dyne/cm ©]
S| A8tE| L, I o] AA|7|o= Al ARG B0
E=A §-R| = o|(Fig. 5), Pseudomonas sp. HN372] T HAE &
e nmE o A7 RS Sskc

wEbA B oA B2 A-EE Pseudomonas sp. HN3 7=
T g9 0 2 thFst AR el YR RS whale
25 o83 4= 91, W2 pH B et 79 Fa50l
WS 70, va A whe S B Y B o, HA|7] o]
T 32U 24E A fAske T ohdRt E4S 21 §lo,
AE AUSYA7L o] &5 = o] ol EUY /7 28 3
3lof| 97 28 4= & Ao 2 AZHEr). =Y Pseudomonas
sp. HN37& A& AHEHA| o8 Eoket L ESY {FAA
5ol Hg317] AL o] FH7F AR AE AUBAA
728 slojsha, Bk U] the o] oie 95 5ol 714
Q1 A7} M= oo 8 Ho.2 A7,

H 9

AU f7e Aole] EFomyE UfE T B
gow olgat F 144358 £41e ST, olF §3¥s3t
AE 2 gDl 7MY st 3 #5E AF A

( )o,zs 2E+10
- 1.8E+10
_ I
£ 02 1.6E+10
S £
S F14e0 E
< 2
o 015 1.2E+10
o L=
= €
s 1E+10 5
b= = <
g o1 8E+09 z
=
£ I 6E409 2
3 o
£ o
S 005 4E+09
I
T - 2E+09
0 I 0
4 5 6 7 8 9 10
Emulsification (OD 610 nm) ~ —dl—=Colony count (CFU/ml)
(B) 70 16
60 1.4
5 12
T 50 -
€ <
s -
T 40 @
k) 08 8
2 e
§ 3 s 5
o c o2
8 20 2
£ 04 G
5
@
10 Fo2
0 0
4 5 6 7 8 9 10
Surface tension (dyne/cm) —4—Growth (OD 600 nm)

Fig. 3. Effect of pH on the emulsification (A) and surface tension (B)
by Pseudomonas sp. HN37. The pH values of media were adjusted by
addition of 1 N HCl or I N NaOH. The emulsification and surface tension
were determined after reciprocal shaking (200 rpm) at 30°C for 24 h.
The cell was cultured 48 h in bushnell-hass minimal media in 2% Kuwait
crude oil as a sole carbon source (A) and 24 h in LB (B).
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(A) 0.7 1.4E+10
z
0.6 1.2€+10
€ =
o 05 1E+10  E
= =
s 2
8 0.4 8et09 &
= €
- E
S 03 6E+09 S
S z
=
2 02 4E09
2 o
&
0.1 26409
0 0
NaCl (%)
Emulsification (OD 610 nm) ~ —4l—Colony count (CFU/ml)
(B) 70 14
60 1.2
€
< s0 1 E
g <
o
T
2w 08 8
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2 s
§ 30 06 =
@ E
g °
8 20 04 &
5
w
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0 — — — — — — ]
0.5 1 2 3 4 5
NaCl (%)
Surface tension (dyne/cm) ~ —#—Growth (OD 600 nm)

Fig. 4. Effect of NaCl concentration on the emulsification (A) and
surface tension (B) by Pseudomonas sp. HN37. The emulsification and
surface tension were determined after reciprocal shaking (200 rpm) at
30°C for 24 h. The cell was cultured 48 h in bushnell-hass minimal media
in 2% Kuwait crude oil as a sole carbon source (A) and 24 hin LB (B)
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