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Transformation of Antagonistic Pseudomonas stutzeri YPL-1
against Root Rotting Fungi Fusarium solani by Plasmid DNA

Kim, Yong-Su and Sang-Dal Kim*

Department of Applied Microbiology, Yeungnam University
Gyongsan 713-749, Korea

For the genetic multipurpose of antagonistic abilities of Pseudomonas stutzeri YPL-1 aganist Fusar-
ium solani causing root rot of many important crops by genetic engineering, optimal conditions for
transformation of P.stutzeri YPL-1 by pKT230 were investigated. Maxium frequency of the transfor-
mation was achieved when cells were harvested at early exponential growth phase. The highest trans-
formation efficiency was obtained when the competent cells were exposed to chilled transformation
buffer containing 20 mM RbCl, 100 mM CaCl, and added 1 zg/ml of plasmid DNA. The pH optimum
for transformation was 6.5. When the bacterial cells that were incubated during 60 minutes for the
competence were brought in contact with plasmid DNA, the {ransformations were obtained in the best
frequency. It was formed that transformation frequency was 2 ~ 6 x 10 -6 under the optimal conditions.
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eudomonas putida (14,21,22), Pseudomonas phaseoli-
cola (23), Pseudomonas savastanoi (24) 5 =% HiE
o] glet AdwkHoR  Pseydomonas 52} transfor-
mation ¥ cloning system & E. coli 59 E} v])4E-0
gl EgAde] B TAHE < ok deh4,

A AeuAltes Awsl  Pseudomonas stuizeri
YPL-1§ host& &4 broad host range vector<l
pKT230(25)ell Waislel 2= drug-resistance gene S
A sl st om o] wf Hadt ofe] spx] 271

5e 2gozd $AA 2380 g AFRAT
o #RFHR §5ol N\ 2F cRIFTA SHee,
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|8 A3 At AEAlT  Pseudomonas stut-

[ R transformatlon

plasmid += Pseudomonas putida o WA= <

zeri YPL-1(6)-% host & »-8-3}
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broad host range vector 91 pKT230(Km~®, Sm¥, 11.9

kb)-& AH&-3std e,

Ulx] N stz

Plasmid #AAZ $1% Pseudomonas putida (pKT
230) 2] wiakoll= kanamycin sulfate & HEx= 7} 100
ug/mi A 27HE LB brotheollA 30C, 160 rpm 2.2
15417} Aetuliokgior]  AEBRAA  Pseudomonas
stutzeri YPL-12] A &ol= LBG(LB broth sup-
plemented with 20mM giucose, pH7.2) & A-&-3le] &
NS 1% (v/v) AESt] 30CA 160rpm 22 A
el eFstadct, Transformants A¥¥|x| 23 100 ug/
m{ ¢ kanamycin sulfate & 333t LB agar plate &
AREstder]  300ColA 297F sRekEl F A AElE

colony & AT8H3 T,

Plasmid & 22 % &

Plasmid 5418l Pseudomonas putida .5-¥]
pKT230 2] #2]+= Kado 5¢ u#H (21)e.2 plasmid
DNA lysates & Al=3lg3 PEG(4000) precipitation
o] sl Alstair}(22, 23),

Plasmid DNA HX<
o8l =AMt (29), Transformants 2FE plasmid 5
2|+ Bimboim 52 ¥ (30)0l Fshd F8)3te o
0.89% horizontal agarose gel AollA 5V/cm & ¢F 34
7} 2218l & ethydium bromide(l gg/mi) . 3 A5}o]
UV transilluminator Arelj4] &3]},

spectrophotometric assay o]

Transformation

LRt Pseudomonas stutzer: YPL-12] HAA
g2 Bagdasarian & Timmis & #H (18)2 k7 wig
sted dlsiodct, &, 30Cel| A AAwwiofdt w5 4Co
A Al el ste 8lsl & wfekollel 1/2 vol & ice
~cold MRM solution(10mM MOPS, pH7.0, 10mM
RbCl, 100mM MgCly) 22 Hojgn, YAE3 & &
Ak ice-cold MRC solution (100 mM MOPS, pH 6.5,
10 mM RbCl, 100mM CaCl,)oll #HElsled (OCellr] 45
74 uk3 519 o,

Cell & 4CoIA HAr-AS I 1/10 %2 cold MRC
solutionel] AEAA]A 02miS I o2 A
plasmid DNA & 150~300mg #7Fsleq 0CollA] 60 &
Zb Aelstedt, o] mixture & 42.5CoA 90 & F<F o
Aelsls vbA 1099] LB broth & #7ksbed 30°Cel 4
12057 wfekél ¥ selective medium 22 transfor-
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Fig. 1. Development of competence for P.stutzeri YPL-1
in LB broth.

Growth was started at an ODgg,=0.02, corresponding
7% 105 CFU/ml.

O~ 0; Growth of P.stutzert YPL-1
®-®; Number of kanamycin sulfate-resistant transfor-
mants per 108 CFU of the recipients

mants & A3t}
Zo 3 DE

MEAlIZ|19] H8

Host ¢l A3l Pseudomonas stutzeri YPL-1 9
A 7171 FAZ ol Huldl kg vx=rE o
old 7] #3844 LB brothell FufklS O.D.(660nm)7}
0.02 HA FF3ld 30CA 160 rpm 2.8 A ghelj oksl
Al 7Zb wjorAziH g FS 43laled Bagdasanan 59
o2 FAAAAA L A9 Fig lelx] 2= Az 7
o] & J'Qﬂﬁ' Pseudomonas stutzeri YPL-1 9 Eﬂzéiﬂ
ol i "-‘17] Z2718] A7} 7 HAsiobs AL
& UdTh o] A= digFAlr) Fualr)e] F8 8
21 2 glo] 4%3} Pseudomonas aeruginosa (13} o<
FA7] EHEo| HAAZ v «JDHE Xl Azoto-
bacter sp.(27)8] 7¥oh= Ao} tj4-EA17) 29} &
- Fuk7|e] & %%ﬁ%ﬂ] ol 238} F coli BAAE
A& S (28-30) %  early exponential phase o]4]  maxi-
mum transformants -2 < -&

(31) 8 Arpels wAFSRST)

Staphylococcus auveus

Plasmid DNA E&AZte] H&
Plasmid DNA 2} P, stutzeri YPL-19 competent
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Fig. 2. Effect of DNA concentration on the transfor-
mation of P.stutzeri YPL-1.
Various concentrations of pKT230 isolated from P.puti-

da (pKT230) were added to competence population of
P.stutzersi YPL-1 and incubated for 60 minutes at 0°C

1 i L

cell #9] AZA7ke] FAAZ vixe] v|XE d3s =
skl 98l 0.2mi 9 competent cell suspension ©ll
300ng & DNA -5 A7}ste] 0ColA ZF A|zbd e AH&F
AZch, 2 74 Fig 200 vepgt Zzk Fo] 601 o4
HEA Aokl FHAAZgo| 7wt Hemophilus
nfluenzae & 25~30 -2 (32), Staphylococcus aureus &
208-(31)# Bacillus sp. & 15%(33) Foll #Hze| 3
A 8e-S Vepicks RaEae Aolsix|qt, FAA
2] contact time & 60 % &t ARS8 Pseudomonas
aeruginosa{13)2} R-factor DNA | &3t F. coli &
HA 3 AgofA] 60 & 59k contact time 2.3 Y
o] HEAAMIA S Aglvke ¥ 3 (34) 9= AU 2|Fgch, o]
ANEL v|Bo] Bl Pseudomonas 58] 7A-%7 ohE
4o] AR o= DNA uptake o HE3F A|7ke] AHrlkn
At g =y,

Plasmid DNA S0l e I&

ZE A P ostutzeri YPL-19] competent cell o]
A 71% plasmid DNA 2] 557} 27 8lof] v]x] = 48k
2 zAps17] #all competent cell suspension 0.2 m/ (¢F
1x108/mi)oll A A% plasmid DNA-S 7t $x4H2 3
7bstol FAASAA Bskel, 2 A@ Fig. 3ol4 2
At 7ol 1 ug/mi 74219 plasmid DNA & 3718515+
A FAAZR vizrt o} vEHEA Foksig e,
2 oj&e] Fror Frlae| Fha=Eglct, o] Ar=
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Fig. 3. Dependence of transformation upon RbC(l con-
centration.

Cells of P.stutzeri YPL-1 were treated with different con-
centrations of RbC(l, and samples were incubated at 0°C
for 60 minutes. Inset, Results obtained when very low con-
centrations of RbCl were used are shown on a different
scale

plasmid-rinked drug resistance factor DNA ol 2| &
Psendomonas putida &) FAAZ Ag (18)# plasmd
DNA ol 218} Pseudomonas aeruginosa & FAAZ A
& (13)9] 2~3pug/miolvt Sug/mi7kz] wlEHAHoR
Zrlgichs ¥ ke A2 gkelx|al Pseudomonas
stutzervi IM302-& wiale 23 wild type DNA & &4
23 A (35)2 A}t Bacillus subtilis & host & At
.31 FAA3 AYA (44) o= FABH Eebstet, o
2 ulFo] Hol AEWAT Pseudomonas stutzeri
YPL-1¢ dAAZFAHAM= 1 pg/ml 52 plasmud
DNA 5 AH33le Aol 713 Ajsickn Abax,

Rubidium chloride(RbCI) S=2| I

ABulAlF  Pseudomonas stutzeri YPL-12] #AHA
3} #1& Z plasmid DNA 7} competent cell HE
uptake sHe #HAoll4l rubidium chloride 557} #AA
g-gof olugt 23S nXErkE =AY SEA 100
mM MOPS(pH6.5)9% 100 mM CaCl, & & -+ &
chilled bufferol RbCl & 7zt s=¥3 Arisle] AR
3lol] AH23) 2 73 Fig 4o ekt A3 Fhe]l 20mM
o]Abe] ExollA] Ao FARAZ Hl=FE ERHIUC
w3l B Aldo)| ALS-5l A-ZulAlqt P ostuizeri YPL-1 9
F2Asloll= RbCl7} requirement element & 2474
olg} AMA =gl Uk},
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Fig. 4. Effect of the concentration of CaCl, on the
transformation of P.stutzeri YPL-1.

Competent cells (P.stutzer: YPL-1) were suspended in cold
transformation buffer (100 mM MOPS, 10 mM RbCl}) con-

taining different concentrations of CaCls before pKT230
was added

Calcium chloride S=2| ¥

DNA uptake & Zx8l= Ca?te] 43t g B
k2] ¢tov} divalent cation < A9 YH—’?*‘?“—‘?’J 2] 7 5}
Aol A ARRE| 3w 9leb(13-22, 31-35), 53|, FAAFH
Al A Ca?te] &o| gram negatwe bacteria 2]
outer membrane 2| lipopolysaccharide 2} protein ¢
dramatic rearrangements 2 ©F7|A]7 DNA molecules
9] binding & inward transport % ‘che B2 (40)2}
DNA binding protein S X% 4|74 cytoplasm &5
DNA % transport ¢ Haelalels R (4], 42)l vt
2} A-EwlAlT P ostutzeri YPL-12] A A S olx Ca*t
gl sl ofwdt S v|XrbE ZAR] S
transformation buffer (100 mM MOPS, 10 mM RbCl)el|
CaCl, 5 s=¥2 AHristed §HAIA|A & AH Fig.b
of| A velt A 7e] P stutzeri YPL-12] &2 A §lof
= 0.1M CaCl,7} 7k 8332l plasmid DNA uptake
< of7| A7l 7 A4Sk

o] A= P aeruginosa &l HAAZ Aol A e
CaCl,®l &57F 0.06MelA #HAHF 2]l Mercer 52
M (16)9F 30mMe CaCl,s A A3 23
Sano $9| AF (13)3 ozke] xolE MoiFgle
0.1M9 CaClL& A83t P savastano: BAAZ ""é%
(24)3 P putide §AAE Aglx 0.1M CaClyoll A
Hole] A8 #lx 5 Jepd Chakrabarty 52 X3
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Fig. 5. Effect of pH on the transformation of P.stut-
zeri YPL-1.
The competent cells were mixed with pKT230 at differ-

ent pH in transformation buffer containing 100 mM MOPS,
10 mM RbCl and 100 mM CaCl,
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Fig. 6. Kinetic of DNA uptake.

A competent population of P.stutzeri YPL-1 was incubat-

ed at 0°C with pKT230 (0.3 ug/ml) for various intervals
of time
O—; Viability e—e ; Relative transformation

(21) 8= FUEE A,

pH2| &%

ALl AF P ostuteeri YPL-1 2] AR S| vlzxe
pH 2] o ek ZAISE 27| 8l transformation buffer
(100 mM MOPS, 10mM RbCl, 100mM CaCl;)8 pH
% 0INNaOH % =Asled 7t pHEHE FAHEAAA
2gkeh, 2 A3 Fig. 6o viEkst A3 2ol pHE.5 A
el FAAGuEE el Yo ofF F7tx pHel
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Fig. 7. Stability of pKT230.

P.stutzer: YPL-1 carring pKT230 was subcultured on LB
agar plates with kanamycin sulfate (100 « g/mli) and without

colony number on selective medium
colony number on non-selective medium

Stability = x 100

FA3] 7ZdAsle]l pHES oAl
ok 80% ] } 7tas]o] pH9.0olAE transformants 7}
Vehdal gt o= Bacillus subtilis &) A ASA
& (43) 3 Staphyiococcus aureus{35)oll 8] FAHT-o
A Ao FAANEE el o™ pH75 o] 4ol A+
HAAggo] FAS AEH ok Aol o7k
o] 7} gl ot ekt R (pH6.4~6.8)0lA4 & shol
2] peakol =23lch= Chung 59 232 (34)9=
ol FARSE Azt ol ATy Aol 7 HEE
ARl pH odde] ol DNA uptake +#% 714
ibsicke ez AT 4 AURH,

Plasmid 2| oH8M ¢ &9l

ot plasmidell 28] transformation ¥ transfor-
mants HellAl2] pKT230 2] <HAAS 24 Yl
A A 7F SRl A o vl el x]o| A ABFA T H A B
AA dAdFEAE AdSE dxg wlAd"elx|e]l LB
agar plate Al ERG colony 5 W82 sfA &2}
i = A Fig. 7oA B Az Fo] 64 AAsod e
50% ol WHAFAE wAsI

o[ Ate] AgAnollA] ozl PAzZS] HA 2o
Halo] o
A% pKT2308 EAE
medium o4 & colony &

A2 transformants oA 2l
zlaolsl7] #H3  selective
#e]sted  alkaline lysis

transformation <
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Fig. 8. Agarose gel electrophoresis of pKT230 plasmid
DNA obtained from the transformant of P.stutfzeri
YPL-1.

Lane 1; Standard pK'T230, 2; P.stutzer: YPL-1, 3; Trans-
formant of pKT230, 4; P.putida (pKT230)

method & 2 plasmid & &x-+-5-5 #lgt 43 Fig
goll viebt Aat 7o} AAE pKT230 # 24 i3]l
band 7} #els 7o g Heol =78 W3glel transfor-
mant ¢l P stutzeri YPL-1 WoljA] ¢tASIA] BAHE

F 4 glodoh, ghE, FHAZRsolMe FAAE A
2.0~6.0x10"% Ax=5 ElRic},

G
=
L .
L.

2 9

A\ 5250 Fusarium solani & 52 74 3] é%ﬁ‘}
= A&t Pseudomonas stutzeri YPL-1 ol 52] =
Az 24€ B3 wATEA 55 7125 8EE
ozt gk, olE #dl plasmid pKT230% vector
“57}031 HAASL] rlsAdS 2ABIH o o] o, FAA

slo W23l HAH=2AAL AR A3 P ostutzeri YPL-1
94 FAA Gl = HgFA 7] =71 fwA|7F 7 A s
i, 20mM RbCl3} 100mM CaClLE i3 2%
Mol 1ug/mie] plasmid DNA & H7}519S of 2o
o] AAS vl FE HeEPH T, EFF plasmid DNA 2
competent cell & 3 F 0Co4] 603 Helsl=
o] 713 AapHoll o ofet L ol FA AR
HlY = 2~6X10-°22 vieputrt,

5=
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