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Characterization of Biosurfactant Produced by
Pseudomonas fluorescens PD101
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Biosurfactant-producing bacteria, showing strong crude oil degrading activity, were isolated from the caverns
of National QOil Storage Basement. From the results of biochemical and molecular biological tests, the isolate
was identified as Pseudomonas fluorescens PD101. It grows well on liquid media at temperature range from
20T to 377, but it does not produce biosurfactant when grown at 37°C or at higher temperature. The biosurfactant
was stable at broad pH range from 5 to 11 and under heat treatment condition of 100°C for 30 min. The biosurfactant
produced dark blue halo around the colony when grown on SW agar plates, which could confirm the biosurfactant
as one of rhamnolipid group. The 700 bp of PCR product could be amplified from DNA of P. flurorescens
PD101 by using PCR primers designed from rh/A gene of P. aeruginosa, and it showed 99% of sequence homology
with rhIA gene of P. aeruginosa encoding rhamnosyltransferase 1.
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HAEA Soll 84 & Ak AEFEAY <]
o kF A ZHof, Al FA| 2R}, SFEAZE
318t AlF Aok, Af AERECE 5 o
(Georgiou et al., 1992). &1} A3
o= o]lgHi J'E FA A2 EA A =4& e
W AR 4A =2 5 5 498 71A 2AE A
Atk AEFIAES F40] A GA AE37T ot
E3] 7 §2A1a A AE83 WA (bioremediation) 2}
2F (dispersion) G2 BAHQ] & Lo sl A EFSHA
2 A7 F9 vYE 3] ALH g RS AHA
Ao} 7| BH FRE vy o g ARHQ 51 £
zlolof) w2} glycolipids Al¥, lipopeptides AlE, 18] 31
I¥A} biopolymerA 89 A 7HAR ERE £ U
(Fiechter, 1992; Sullivan, 1998). Glycolipid biosurfactant &
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Pseudomonas aeruginosaZ -] AArEE AEH3AQA
rhamnolipid caprillic acid &9 3l T2 FH9

rhamnose?l A3+ o] 91t} (Burger et al, 1963).
P. aeruginosa®} ] rhamnolipid®] AgA HZ7} olw] &
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2 23! (Burger et al, 1966), rhamnolipid &} A gAol| #eds}
£ A9 rhamnosyltransferase 1-2- $&.38}sl= rhlAB 54}
7} #1852 (Ochsner et al, 1994a) RhiA @l (325
KDa) & periplasm®] 9] X8} RhiB ©i& (47 KDa) &
78 9] membrane-spanning domaing- 7}A|= F+FH ¢ EAL
uhsizl ot zh gl A o] walkel Bxla=Follxe] 7iFo] tigh
AT A= Qe AA o)tk Rhamnosyltransferase 1-& TDP-
rhamnose (thymidinediphospho-rhamnose)ll A rhamnoseZ
B-hydroxydecanoyl- 8-hydroxydecanoateol] &3}l hamnose
7} 152 A%3) rhamnolipid 2 (L-rhamnosyl- 8-hydro-
xydecanoyl- 8-hydro-xydecanoate)E & 4] 3T}, Rhamnolipid
24l TDP-rhamnose 28] rhamnose £2}7} 3l } o Frl=l=
Fre-& o2 849 rhamnosyltransferase 27} Boddha]
rhamnolipid 1 (L-rhamnosyl-L-rhamnosyl- 8-hydroxydeca-
noyl- 8-hydroxydecanoate)-& 8dsl= A2 dHA Ut}
RhamnoseZ} 282 A%t o] = dirhamnolipidE A2k
FAdte plC FAAE BEAH o™ (Rahim et al, 2001),
rhamnolipid®] AB§HAdoll H 3 HA}F AR} (transcrip- tion
activator) & U3.3}8h= rAlR F-AAM Hg 7|5 % 93
(Ochsner et al., 1994b). =3} rhamnolipid®] A AL =438
rhll A A7 autoinducer® 7]%2 zk= Rhll 9§91 &S
A3 2¥3} (Ochsner and Reiser, 1995) RhIR- Rhll B34 =
A rhamnolipid®] AJ3H4] 7 o}ujE} alkaline protease,

1

i



Pseudomonas fluorescens PD1010] A 4bst= B E K314 EA 231

elastase, haemolysin, pyocyanin, lectin, chitinase & superoxide
dismutase 5 kgt E2o] AT ZE-3h= quorum-
sensing systemS Z A5t 32 el A 9t} (Pearson et
al., 1997; Whitehead et al.,, 2001; Whitehead et al., 2002).

B AZdME 17 fElE 71AY AR 5FOZRE
AHG AzolA AfEsl B ES Belsty, 2 #F
FollA &dol AdHAl el Pseudomonas  fluorescens
PD101& Adste HA AZ2109 o Y20 3}
o ZALERa AakE AERsA 0] 548 gdstant At
¥ AER3HA 7} rhamnolipid YU-& SW agar plateol] 4] 23k
Fago] A== Aoz e £ AT P aeruginosa
o rhlA FRAY] A7 E FREZRE primerE A 23l
P. fluorescens PD1012] genomic DNAE o] §3}o PCRE
A A8k rhamnolipid 4ol #st= FAzpol] ol g vl
¥ 3t stk ®3F rhamnolipid A4kl i3k 7]%t
o] & AHA P acruginosa®t E AFqA EHFE p
Fluorescens PD1012] rhamnolipid A4+ st FARE
B uldtey P fluorescens PD1018] E4-& elstaxt s+¢

.

ME ¥ oy

NERE

NEE 27} AF WH7)AY A% A% TFO
A%, F25 F4AASENA 2D AL ol§ahe]
ANSAT, AHD ABE 4TE FANA Y

MERSHE Miksl= n|dEe 22

NEE 313 108% A3 = 100CTE LB L)
Z] (bacto-tryptone 10 g, bacto-yeast extract 5 g, NaCl 10 g,
agar 16 g/ in D.W.)o| B2, 1 9o ¢ 200 uLE
Hrvsked 30Col| A} 24A12F vt vl & D57 H7F
d LB WA olA FHIS Yeplle TAE FeEZ £73)
o, o]& LBHj A A wjgFste BEFFAE Aakste w4
S BHstdth Al 79 JA vAE U HE A
Zw#A717) 93t Al2E N2K HAu A (NHLC 05 g,
KoHPO4 0.5 g, NaH;PO, 0.1 g, - 100 #l/L in D.W)ell HZE
g3 30T 1579 T AR wjdste] 9 5UT gye
2 AERAE Adete vAES EEsldnh

MESIHE Malsts MR S
2 ARSA ANTEES BOE A5 B
165 IRNAS o1 &8 95900 Be} B3e $4¢ 93}

o] ID 32 GN (Automatic Identification System for Gram
Negative Rods) KitE& ©]&3}a 248t} PCR (polymerase
chain reaction)& ©]&38le 2zt w|AYE 2| DNAZFE 16S
IRNA F32 45-& £33 § PCR &S A d7iM€g

E49e AAsant deolxl @714 €L NCBI (National
Center for Biotechnology Information)€] BLAST searchZ 4
B ojn] ¢l t-E pAAEFY 16S rRNA E71XEH §A
e ZAlY  fAHgel e dEFE RARBIAG
Eubacteria®] 16S rRNA f3x}e] G714 E7HY] FAM S
ZAbslel B HEE R 47192 Uehd £ colie] 168
rRNA -FZ A ol A 22} 49-68 nt, 1510-1492 ntol] sF3l= 2
2] DNAE 43} primer2 PCRol ©]-83}4ch
71219 PCRE A% primere] G711 G e et 2k,
Forward primer (21 mer):
5'-TNTANACATGCAAGTCGAICG-3'

Reverse primer (19 mer):
5'-GGYTACCTTGTTACGACTT-3'

A g WgolE o &3t AFHstL BTl
F BT A 283t 7hdste] AEE HEd &
2719 A 12,500 rpmol| A 58 A4 F-E S
PCR HH-8-& 913 7142 A&t whg &9 |
mM MgCL7} 39 10X PCR ¥H&-89-& o] &35 o,
1 mM dNTP, 100 pM forward primer, 100 pM reverse primer
£ 718k o719 Tag polymeraseE 2.5U H7}slbed
PCREFS-& R =3FQch w3272 94Col| 4] 28-3F ¥Eg-31
T 94°Co A 183F, 50TeA 18 3023, 72°Coll A 38719
= 403 A& AR T2TAAN HFHOE 208

HHested PCRE FZsIMTL S3E DNAE 0.7%
agarose gelollA] A71GE3] 213y},

AL 2

tlo > >

)

MERSIH AMALZE (biosurfactant productivity)2| &

Aoz A AEFeA AatEel 4L hexa-
decane/2-methylnaphthalene H'H-S o] &8} =34 3}¢ Tt} (Van
Dyke et al,, 1993). #j%Fe8-2 13,000 rpmofl A 1583+ A%
&lod Aojzl =R L 045 um AR A Akste] A|RE o]
23l Al@ ol 20 mM Tris $H2294/10 mM MgSO4 (pH
7.0) 4.4 mL, hexadecane/2-methyina- phthalene &3] (1:1
v/v) 0.1 mL, A& 0.5mLE ¥ 3021 Z§S F 3083
AAAZITE o] EFENY BHEE BFFEAE o] &3}
540 nmo A ZA3%He), o] AAEE | units EFE 1.08 v

Bl A ke AERSIAY Yo gt

Pseudomonas fluorescens PD1018] & A&tz gl
MEFSIM Q] =& MAZA ZA

P. fluorescens PD1019] HZA AALT S =A3}7] 98t
LBHI A& 7)& wiR]& slo] a7)9] €% (20T, 25C, 30C ¥
37C) 3ol 28 wiekslith 30T oA 2= kel sk
NG A2 viA] o) 2% HFste] zhzbe] 2o wiYksle
g FAAEE 7 AT AR S AlFSH 600 nmoll A F
B FAH o ko] B ol 99| hexadecane/2-
methylnaphthalene -5 ©]-§3to HEFEA YHFS =
BT, SA2AE 24817] Aake] FolN 1T FE
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Ho

< FPHAA LB A} Pseudomonas spp.&] BEF3HA]
AP A2 gld 4M H2 R (KHPO, 0.65
g, KH,PO4 0.17 g, MgS04-7H,0 0.1 g, NaNO; 0.5 g, NaCl
0.5 g, FeSO4-7H,O 0.01 g, CaCl, 0.02 g, Glucose 20 g/liter
in D.W., pH 6.8, crude oil 0.5%, DMSO 0.02%)°l 2%% &
3led 30T oA 150 rpme.2 EEPEA HH“G}‘}iT:} (Guerra-
Santos et al., 1986). A|Ztol] W& FAHT EfeAl A
2S99 iy FYskAl S Rhamnolipid A4k
< 98 P source} A @lo T HAHE PPGAS HiX]
(NH,CI 20 mM, KCI 20 M, Tris-Cl 120 mM, Glucose 0.5%,
Proteose peptone 1%, MgSQO4 0.16 mM in D.W., pH 7.2),
Rosenberg®] #4BlA} (Rosenberg et al, 1979) ¥ P2
aeruginosa®] M)A (Wild et al, 1997)F A3 HF
AazAE vt

MEFEH 2l SMZAL

P. fluorescens PD1010] A 23l= A E7-3)4] 2]
AF87) §isked pHel 4EE ZASET S48 A5 S
10 mM citrate-phosphate buffer (pH 3.0-6,0), 10 mM Tris-
HCI (pH 7.0-8.0), 10 mM glycine-NaOH buffer (pH 9.0-
NOE 23 2H§ 500 wLF 75t F2AA 30

PN AT RS AaEe SEsdt 4%
FretAl Aitarel exo dig dEFS A fAstd 10
mM Tris-HCY/10 mM MgSO; (pH 7.0) o] 53 8&94& é‘ﬂﬂ

th2- 4°C, 25°C, 50T, 100TCH A 3057 AXAZ] = AE

E/R

2.
= =

=
oo

=

shA) gass S5t
Rhamnolipid2| =0l
A E Y E 53147} rhamnolipidd 2 #¢1317] 913}

o] rhamnolipid &<1-8 ¥} X]2] SW agar plate o] &34t}
(Siegmund and Wagner, 1991; Wild et al., 1997). A8 A
of CTAB (cetyltrimethylammonium bromide) 0.02%%}
methylene blueZ 0.0005% % 7}3}a] SW agar plateE & H|
3tal 7)o AEFIAAE WA TS JESte wfotsh
o AHGAAA QA CTAB EAA) &g So]248 =HA 5

Ao

M

o
o
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o
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& rhamnolipid7} ol4 G2 A1kl methylene bluest A
gt B S o]2A) =1, thamnolipidS AJAbss 74
FHoll A A FAsA drt

Pseudomonas fluorescens PD1012f DNA 22| 2 rhiAB
(rhamnosyltransferase) F& A2 PCR £

P fluorescens PD1019] X % rhamnosyltransferaseol] 2]3}F
A A oM BEFIAL AEHEAE ZFAKSH
38t P fluorescens?] DNAE E8)8F1 (Festl et al., 1986)
PCRE ©]83}l rhiA B rhlB FrRAAE Z2EA 7|51, £ FH
A2k DNA @714 ¥ES FstArt. NCBI (National
Center for Biotechnology Information)®} Entrez nucleotide
database| Al rhl F-AAS AL P aeruginosa®) rhl -3
Aol 71 E-E FRIFAT (Ochsner et al., 1994a), rhiA
R rhiB FAAE FEFAF)7] 913t GENETYX-
MAC program (SDC software Development Co., Tokyo,
Japan)< ©]8-3} primerES AASn 489 PCR
E3H8A2 1" DNAE 7|2 & &to 10X ®vH-&-&9 (10
mM MegCl, 3, 1 mM dNTP, 100 pmole primer, 2.5U Taq

polymerase®] B3l EF{FE SO;zL% DT Z)EEHQ

PCR ¥H5-& WA 94TollA 5 #7F vH-235F & 94Tl M 18,
62TCANAM 18, 72T 1 & 05‘&% 403] wHEdle §k-g-5)
Fow 95CAA sEZF vHe-3 & k3-8 23t o))

annealing 2% ZZA-L& AMEEE primerol] Wb vlto] AR
B3t o whg-o] ¢ & 0.7% agarose gelol| A 71953}
o FASAT A4 B s AL BRE TES)) 913}
o AM8-3 primer®] ¥71AEL Table 19} 71&3tAch.

PCR &t22 HIIMLE &l

ABI 310 Genetic Analyzer (Perkin Elmer, USA)Z ©] &3}
o 471449E Z2gsy e ABI PRISM™ Dye Terminator
Kit-g ©o]-83sl] wH3-3tH Tt PCR E£FF-L terminator ready
reaction mix 8 gL, double stranded DNA (0.2 pg/mlL) 1.5-2.5
pL, primerS 3.2 pmole® Al 718 & A A ¥hg-&%L 20
#LEA H7rskach SvlE 9F3-8-9-2 thermal

o)

Z2 22
ST T =

Table 1. Primers used for PCR amplification for rhamnosyltransferase gene, rAlA and rhiB
Primer name Sequence
Afl 5'CGGCGCGAAAGTCTGTTGGTATCG3'
rhlA forward direction
Af2 S'CATGTCGAGCGCGTTGGGCAGGAT3'
Arl 5'CGTCCTCGGCGGTGGTGTATTCGTCCCS'
rhiA reverse direction
Bfl 5'TGCACGCCATCCTCATCGCCATCGG3'
Bf2 5'CCGGCGACGTATTTCCCTTCATCGGC3'
Bf3 5'CGGAATTCATGCACGCCATCCTCATCGC3' rhIB forward direction
Brl 5'GGGAAGCCGGTCATGTGCAGGGGTTG3'
Br2 5'GGACGCAGCCTTCAGCCATC3' rhIB reverse direction

Br3

5'CCTTAAGTCAGGACGCAGCCTTCAGCC3'




Pseudomonas fluorescens PD101 0] A3 A+3}

cycler (GeneAmp PCR Systems 2400, Perkin Elmer)Oﬂ gy
96C (10%), 50T (5%), 60T (4z)2] WF3-& 253 whE-3}
o ihg FEZAZ T PCRO] B H, HJ%O] HA X

dye terminators 5-& A A7) Ysled der&Z HAAZ]
5 70% ANEEE oA Mt F PRI)dAM Az
T} o] 7)o 25 #L 2] template suppression reagentE A 7}5k]
AZ"H HAS & QA 3 95T A 287 7EEte] ARE-
A7A 4ATAM RARPT FVIMLEEARLS ABI 310
Genetic Analyzer?] X FHIg o) walr] AA|8L4G )

2o % &

MEBRSK MM 0)MS0| 22 Y £
AT AFAEE LB iAo =2 ohs 97
7¥ated 30°CollA 24A13F v kst &, FA Tl {7 F3t
o] £u3ke el e 309 £ AFES 289t &
2 E Mol gt AEslE £ 08 Peudomonas spp. 14
2, Bacillus spp. 8% X Acinetobacter spp., Corynebacterium
spp. 59 PIAEC] HEHUW AEE 4 T VYER E
colig WZT O AHSste] LB ALF | A] el A o] F3hA)] A
S ¥sldth LB @A Aol TES FE3 6417,
12717k 9] F8tA] Aot JEe W PDIOL TF7 T
& g3l vzt el =4 vehde & 4 AR (Fig
1. PDI01TF9 A HFE Z 6 XA 9671 3150
Gehts FRES B3 5 ARem, 1247 FolE PD20)
(Corynebacterium spp.), PD701 (Bacillus spp.), PD801
(Acinetobacter spp.) A% FH$to] AALJQO Y, £
coll e ER@E BEHA keh. PDI0I FF AL

12 hr

6 hr

Fig. 1. Comparison of biosurfactant-producing activity
on LB agar plate after inoculation from 6 hrs to 12 hrs.
(E: E. cofi strain as control, a: PD101, b: PD201, ¢; PD701,
d: PD801).
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CEEREE DR
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Table 2. Biochemical characteristics of Pseudomonas
fluorescens PD101

Characteristics Results| Characteristics Results
Gram stain - Glycogen -
Shape rod |L-Serine +
Motility + Mannitol
Indol - D-Glucose +
MR - Salicine -
VP - D-Melibiose -
Oxidase L-Fucose -
Catalase D-Sorbitol -
Gelatinase + L-Arabinose +
Rhamnose - Propionate +

N-Acetyl Gluucosamine + 3-Hydroxy benzoate -

D-Ribose Caprate

Inositol - Valerate

D-Sucrose - Citrate

Maltose - Histidine -
Itaconate - 5-Ketogluconate -
Suberate - 3-Hydroxy-Butylate +
Maltose + 4-Hydroxy-Benzoate +
Acetate + L-proline +
DL-Lactate + Growth at 4C +
L-Alanine + | Growth at 41T -
2-Ketogluconate + Spore -
2 ZAAE 5 9llen (Table 2), ] A= 16S rRNA

(Fig. 2-A) PCR ¥Hg-89} 3u), 68l Z7}3tod 7|9 538l
Y B 5ol G E teh 1.5 kboll S FEte T ol
9 PCR AAEYLS & 4 UATh (Fig. 2-A, lane 2 2
3) 1.5kbol 3Fste R gk F7IXES EASHS o]
Z BLAST d7]44< "glo]Euo] A2 BE] GAAlo] =2 ¢
71X EE FAVS B Pseudomonas 49 A8 =3 =&
A BAom, 53] P fluorescens$} 7V &2 FAMIS
VERIA T (Fig. 2-B). ¥ A& NA @A £ fluorescens
PD1019] 16S RNAS] 9714892 Nazaret 5°] NCBI
databased] 523} P, Ffluorescens 16S ribosomal RNA A}
(=93 AF511433.1) T 97%9] FAHSE A (un-
published data). ©]2|g A2 & AFolA &3 FEfF
A5 ALse
o2 gk

P. fluorescens PD1012| & & H&Z7 A MERSHA|
B AT ZA

HA 4ALEE A7) 948t LB 9
AZ33 20T, 25T, 30T 2 37CE L& S 2ejat v s}
Aok, A7) HHOE BNAES &

B
ABHEA AALE ZRF AW FAFHE BE 270

") A E-& Pseudomonas fluorescens PD101
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EETH-EHE- 598

(A)
2.3 kb
1.9 kb
(B) PD101: 1 gcggacgggtgagtaatgectag-aatctgectggtagtgggggacaacgtttcgaaagg 59

R RN R NN RN R AR NN R R R RN R R A R R NN R RN RR AR
AF511433.1: 75 gcggacgggtgagtaatgectaggaatetgectggtagtgggggacaacgtttcgaaagg 134

PDI101: 60 aacgctaataccgcatacgtcctacgggagaaageaggggaccttcgggecttgegetat 119

R R RN AR RN A RN R R RN RN AR RN AR RAREN
AF511433.3152 aacgctaataccgcatacgtcctacgggagaaagcaggggaccttcgggecttgegetat 194
1

PD101: 120 cagatgagcctaggtcggattageta-ttggtgaggtaatggctcaccaaggetac-atc 177

FETTEERTTEEEE b bRt et bbb e e e e e ey 1 et
AF511433.9151 cagatgagcctaggtcggattagctagttggtgaggtaatggetcaccaaggegacgate 254
1

PD101: 178 cgtaactggtctgagaggatgatcattcacactggaactgagacacggtcea 229

PELECEVTERE TR e brerrerrerreetrerteerinnt
PD101: 178 cgtaactggtctgagaggatgatcagtcacactggaactgagacacggtcea 306

Fig. 2. Identification of Pseudomonas fluorescens PD101 using PCR amplification of 16S rRNA gene and BLAST search
analysis. Panel (A) shows the electrophoresis pattern of PCR product. M is the size marker and the arrow indicates
the 1.5kb of PCR product. Panel (B) is the result of DNA sequence homology search.

H|=8HA] Uebg o), 37Tl A9 A3 O& 229 B3| 3.00 -

M HAEFE X 5 AT (Fig. 3). T wiFo] B F 275 o 3¢

AERIA AREE 24T A9 20-30TANE vl A 250 v_0C

AbRS YeRIgl o) 37Tl E AL A4t R] it o]y 2.25 -

3 A= P aeruginosa®) 73-5-olA v 26 CAA 40C7HA & § 2.00 4

2lo] 71531 biomasse] Y= HIS=EA UEREOH 40T 7HA] § 1-754 Biosurfactant Productivity

= rhamnolipid7} A4teE]E Zlo 2 ¥ 3 Aaps Ao)7} it 2 150 - 20°C : 2.064

(Guerra-Santos et al., 1986). P. aeruginosa®} P. fluorescens _-g 1.25 - §3:g§§.'3§3

PDIOIS] HERSAS) A4 2 dgew ol Aozt Yo 3 100 oo

™, P. fluorescens PD1019] Z4-$- 37T olA AAo+= & H&F 0.75

o] glou} 37CAM AEFREAL Aite] AL HA & 0.50 1

RE AEFHAE Aibetes dAHY Fo 5T 4R 025 1

7b £mel dish it Abs A, oo 0 5 10 15 20 25 30 35 40
9 kTl mE FFe] ST} HEH5R ] A Time (hours)

WS 5437 fiste] GEEIAIQ LB Agul A9} M & Fig. 3. Influence of temperature on growth and bio- surfacnt
AA =)o) FAE HEsIL AFLEE 30CE A3} 5 productivity of Pseudomonas fluorescens PD101.
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Fig. 4. Growth curve of Pseudomonas fluorescens PD101
on LB broth and 4M minimal media.
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Fig. 5. Comparison of biosurfactant productivity of
Pseudomonas fluorescens PD101 cultivated on LB broth
and 4M minimal media.
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Z 9] FH7 e ALEE S0
7 A 25 50402 I ol 3
£ vehd ‘219—”% A Fuf A A TS 2 A4S VERY
gio 1 eF 204] 7]'—;—E1 blue pigments”} HAE 7] A&tk
(Fig. 4). AERFSA A LB G R]olA] m-¢ =7
Lebeo L}, aM A2 E A9 e esteh (Fig
5). P. aeruginosa®| A A E = BE-F3AQ] rhamnolipide
AM FHau Aol A HFHAAZAE R} P Ffluorescens
PDI01Y] B$E P acruginosah= zpol7) oS 4 & ¢
o gagoz olguE 149 R 29 4 Aol
Wage) ol 85Tol me} GATFe) AEHIAL] A
o] galdtty B H o7} 9o} (Zhang and Miller,
1994), B Ao} AVR-3 F3¢) P fluorescens PD101¢] 74
= 4M Fau Aol A GAE 7HEsHARE AERIAE A
Be) @ 1 AzAE Age] Baiol AR A
AR R] ke Ao R AlgHT

N
B
flo |o

ZHMLS 21T F AHHIK|ZAL

AEFsHA ] Aol GFE Al s F¢RAES
ZAVele] HAGA RS ZAVsl o 3T}, Pseudomonas spp.
o AERSIA Y HAYAS Aste] o] &3 HAMAE o] &
gt} JRAEES BEFIA ) BIFEE S43AT (Fie.
6). N source”’} gH4 Q010 7 2L 3|= P aeruginosa vl A

AX 713 22 AL JeEhI9T 2 t& 2.2 P source7}
42900 g3k PPGAS WA L 448 viehy
Atk 2#HU NoK 1] ]9} Rosenberg] A Ko A= A9
A4S Ve A ottt wide] € & BERSHA Ak
S 3% A3, P acruginosa?] AR M= & A4S
el Ao BEF3HAlE AR A] 2o PPGAS Hi A
e AEREA L BibFo] A SHHA EeE P
Fluorescens PD101& P aeruginosa’} N source’} S H =
Aastf A AERIAE HFH A= A (Deziel et al,
1996) 7= &2 P source?} 3P E BA0MAN H=FFAAE
2 At AEFSIA Y kol o] &3le 7] H o} Eo)
el A zolE JERAATH

—&— PPGAS media

40 y —O0— Py gin: imal media
~—g— N2K media
35| o Rosenberg's minimal media

productivity

30 0.274
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Fig. 6. Growth pattern and biosurfactant productivity of
Pseudomonas fluorescens PD101 on several minimal media.
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Fig. 9. PCR amplification of rhlA gene fragment of
Pseudomonas fluorescens PD101. Lane M indicates DNA
size marker (lambda-HindHI cut). The size of PCR pro-
ducts as shown with arrow in lane 1 and 2 are about 700
bp.
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Fig. 10. The Nucleotide sequences of rhlA gene fragment obtained from Pseudomonas fluorescens PD101 (rhlAf) by

PCR amplification and the alignment with rA/A gene of Pseudomonas aeruginosa (rhlAa)
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