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22 FUlke e Bglew, CAS wixldl FAg wlok A3 delA siderophores] Wi} Z7}5e Bt} P.
sp. PY0029] genomic library & A|Z3}ed, exotoxin AS HH|3h= 2709 228 Al pETA237} pETA422 =
W ¥, ihAo] A3 pETA2E Aweigith. pETAL2E ¢ L7kb Z7]9) insertE 7w, ofzutee] cloning
site?l Pstl site7} ZA3 2702 Neol, 17§¢] Pvull, 17§2] S, 3/02] Smal, 17)¢) Kpnl, 3712] Haell, 1742]
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Pseudomons aeruginosas ¥33F v} 13 LATE
= WA periplasmic ThASS FAEA Hu)dlc)
Liu(20)7} P. aeruginosaol| 4] exotoxin AE %73} o]a) &
Thel dpAge) EEAToNt ZAvE A4 ol &5
. 9Jek. Exotoxin A7} WHAE %7]el= 0]& PA-toxino|2}
woslglon], o] toxin in viroAle] ZAw|oFoAU in
vivo Aol Al # 2] 7|3hellA] whild o] gAd-S whallate] uha
Hom, oF 66,000 dalton?] Hx}akS k= oo ksl
AR (6), QALY wioFA MEEAL Yehie o5
o ZfEEE AR AlFo] 20 gal FellA] exotoxin
A®] LDse 0.2 ugolr}. Exotoxin A8 EAJo] o]zke] =&
AAHaE veblls 212 pAdo] sl AlEelA] shaAd g
A& Adlshs 5HolA 7136, 21). ] toxine nico-
tinamide adenine dinucleotide(NAD)] adenosine diphosphate
ribosyl moiety(ADPR)E- elongation factor 2(EF-2)Z A3}
of 2]RE %ol polypeptider} Z3tslE AL Wil
Iglewski®} Kabat(13)= exotoxin A7} diphtheria toxin®} -6-
AR 7158 2 AeE BT sk o), o]5 % toxin A}
Bkl e Wgetal e g wapikgo] dojuA] eki=t}. Diph-
theria toxine &AddH o7 BA3}E adenosine 5'-di-
phosphate-ribosyl transferase] A-2 Hohslz 7}4A]7)=
dl H]s] exotoxin A ZAE% adenosine 5'-diphosphate-
ribosyl transferaseo]t}(14, 15). ©] toxing 2] Aal|sl= =}
%ol 7+% ADP ribosyl transferase -8 zb= #]|Bz}ak
of sl (16)0] Yelsle] A71E sht, o) A exkeke] chuy
3} exotoxin A9 AJFTAE o} walA9lx] ot} Ex-
otoxin A®] ADPR- transferaset= G0

+ mouse L-cello]
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v} mouse Al EFA ol S v|=)=] ¢r o), diphtheria tox-
in®} 73-9-= 24J3}5 ADPR-transferase ©]9]o)| t}Z wto]
EA13to] mammalian cell?} animal cello] S48 Jeldic}
).

Exotoxin A<} diphtheria toxin7} AJ3}shal o2 QalghA]
L 2= ME B8t 2712 719 (18), sulfhydryl?] S &4
817 erond, 4709] disulfide bridge sl whelrjehe]
polypeptide§- #1]8+c}(22). ADP-ribosyl transferase= 4]
3} H715ef| ekzke] F37} WA s ojok #1i= proenzyme &
el 2 #8]%(28), EF-29] §43 ¥-¢|2 wdsle] NAD
of gt vldt APA,E ZHerhS). o)L He] Algkd
=] el| A Whado] A Hrh).

Exotoxin A<} diphtheria toxino] A3}8tael Zm oAl o}
BAlEE HE o olnxalo g FAFe] 9l on(13)
Hosteor wambgelr] grerh(18). =3, FAsEs
WAje] thE e (22), & Th receptorel] ZgHghch(28). Di-
phtheria toxin- ATPel| Z3}s}e NAD-glycohydrolase 2]
< Hebll= qbHe exotoxin AR o)2|dt EAdo] lth(22).

upebr, & dFolx Pseudomons sp. PY0029)4] exo-
toxin A9 XA 7o} AL Fu] opibe HAEe, A
of o3 2 walo] =AY siderophores}e] Abw A
d3le] exotoxin A Aol tigh =4 7])2-E kst
31913, exotoxin A FAAE Azdsie] o EAs} oy
A& AA ] FFH 0 25 exotoxin Adl] 93 ofr|H =
Are] Aol dojo] Huat L AFE 588} =g}

M= 5 gy

5 U B
2 AYeld AR #FE B AR 5] Heluw
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iron(Fe™) chelating agentc’l siderophore & 4
o] WA w| AR o] A =
A A7)+ 3334 Pscudomonads(PGPR, Plant Growth Pro-
moting Rhizobacteria)yg $-2] vz} 5 Aulol Bxg 24
L8 e =oluf, ;& wE Fo| wxlmo xHHHE} =]
oo 2Rl A H2leh P sp. PYO2E AHg-3ich(2e)

Exotoxin A &l of4-2 Modified King's B ulj %] (MKB,
1.5g MgSO; - 7TH:0, 12 g K:HPO,, Sg Proteos Peptone
NO. 3 or 7 g Casamino acid, 0.2% glycerol, per liter, pH
6.8, 12)2} CAS ujj#] (Chrmoe Azruol S, 2),0l] AE3s}e] A
& 319don], exotoxin A §HALe] ZZ o) ARLH vector

+ pBluescript SK(+)(24)0]w, A3}t <5 E coli DH
‘oa(24ﬁj_— ARg-shod ).

Hlste] Eof &
2o o%x]]ac} = /H A 5ol Mz]— =

Pseudomonas sp. PY0020{|M exotoxin AQ| Hi&E QA D&t
Pseudomonas sp PY0022] ©]&u] bl 50 ugS 10%
SDS-PAGE A17]¢d5 WRi(17)el olsfo] Felgh o} e
g w28 Bio-Rad immunoblot kit(Bio-Rad)S- o]&-3}o]
96 mM glycin, 12.5mM Tris-HCI3} 20%(v/v) methanol-2- &}
3+ transfer buffer(pH 8.5)¢ll4] nitrocellulose membrane
filter(NC filter)ell ©]5-A1Zt}. 2L o} NC filterE 3%(wiv)
skim milkE 3§35t TBS(]U mM Tris-HCI, 150 mM NaCl)
ol Al 1A1ZF Fok WFXFE 3, 0.05% Tween 20(wiv)7} 3H4-
% TBSZ AlH s}9lx, goat anti-exotoxin AZ 1%(w/v)
skim milkE -3k TTBS 4ol 16 pgmiv} 552 A7}
sle] NC filterel] 7}8}3 1(w~18}~}7} Fok kA 7). NC
filters TTBS M o2 A]38F & peroxidase- con]ugatcd an-
ti-goat 1gG= NC filtero] 2*]7& ok Agsiei}. o
NC filterZ- TTBSZ 23] TBSE 13] AAs}7, ECL—enhanc-
ed chemiluminescence kit(Amersham)]2] soultion A$}
1118 Egs}e] NC filtere] H-0]F F (187} &5 ~?3}
t}. NC filterE Saran wrap 0.2 b4 cassetteol] 2 9bal
oA 2~3%7F 7hadsle] Absled exotoxin AS] R oA
< FHasleicl

S

CAS &t HHX| &FAHH0|| 2|8t siderophore| &X

Bernhard®}  Neiland(2)2] #FHE W3 XA CAS agar
plateE AH|2}5}e] gel puncherd A}-§-8to] CAS agar platero]
AE 35mme] wellS Eol wf 847F 7kA o wfek Ak
N 200 plE wellol]l ¥-& 2 307 gF-27)ollA 291 wl
oFste] well Sl WA E= 24 hollowe] A -2
siderophore 458 3bsleic).

EZTE 0|28} siderophore MEMSs =X

Siderophore®] &#-& Marugg = (25)2] whHl-S ¥ 33}
A Alskedct. Pseudomonas sp. PY0O02E 5 ml2] ang's B o
A iAol HEstol 30TelA] B A5 wleR
mlg 12,000 pmell 4 1370 914} $elsle] aAds 24z
£ 0.85% NaCl o8 1 ml2 33 aeksiolv). sete
pyrydyle] Oell4] 500 uMe] H7be M9 22 #] o]
mio] ¥ =% 4%}l 300eI4] eFsiRiAl SHac).

wjoFel | mlg 12,000 rpmoll 4] 137+ 914 ¥ejate] &4
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0.2 M Tris $+3-891(pH 7.4)0.2 1/100.% 3]
#}5}e UVICON 930 spectrophotometer i 200 nmel| 4] 500
7S] FHEE FAsheich

Pseudomonas sp. PY0020{|M exotoxin A RHX}Q| 2zL]
Genomic library A|Zof] A18-8F chromosomal DNA<] tjef
2]z Litde(19)2] & o] g-3kaic), pBluescript SK(+)<]
2F ¥-2]3= Bimboim3} Doly(3), Maniatis +(24)2] whle
=3to] AAJskolet. 824 8-S Hanahan(10)9} Alaxander(1)
o) Hbyg8- w3slo] A}43leict Dot blot hybridization}
immunoblot hybridizationel] 4] A% Z-20]4 22]¥ DNA
£ z8EE A Pstl, Neol, Puull, Ssil, Smal, Kpnl, HaellEcoR],
HindllI®} Xbalo# tlo] Ao} ul ol At # 1.0%

r—[\l£r~{:z

O

agarose gel A7] GF o &l ¥ A3 as A xS 248}
siek,

Za g o
Pseudomonas sp. PYO020{|A| exotoxin AQ| HIS{ QA Thxt

In vitroo) 4] exotoxin A2} A oF& 2] o]&A o),
Ao gms} bl B apel ol gk wh-vks),
On, &%, alanine®] T 3 2& Qo] Eadlon 2
TEEIL exotoxin A A1k} el o FS- A 24T
off thall 41 ofA] waha] ¢dch. Exotoxin A Hol| 2% di-
phtheria toxin®| =4 welx]2] d544l repressor-operator
modelol] 2]8] exotoxin A7} ZAE AL}, & 2ol o Fu]o]z]
cholera toxin*¥] =4 € 7b5Alo] glrh(23). w] A&l <
Rl dekee] 2158 SelHey Aeldel 37
o els) 24 5= Azt SRR exotoxin A E ]
] Bh49l, aeration Yz, 2} H ]2 ko] 9
elofo] 2AFTE 53], "ol 82| Fx P acruginosao)
Al U5z elastase, alkaline protease, pyochelin, pyover-
din, outermembrane proteins3} pigment®] 2JAJ=FS A3}
= AeR ByE T 9lrk30).

Exotoxm AS] WHy ofrk-S- Wabs)7) 9)ste] MKB o Alnl
Aol Pseudomonas sp. PY002Z % Zs}o] v 82]7te] 744
o2 Axez PnjEe whlAsl P oaeruginosa PAO1S)
anti-exotoxin A2} immunoblot hybridizationg 4 A5}l ).
Pseudomonas sp. PY0022] <]¥E#1] thilzl 50 ug-8- SDS-PAGE
A71d5 wp o 33 3 3 goat anti-exotoxin AS NC
filterol] 16 pg/ml7} H == A 7kslo] 16~18417F o uke
AlAek. A wjekAzke] dojAdel whe} whA| o] S-&
7Fs3k Aol 312l 0 7 exotoxin A°] W oFE Al o g
7Bk ok wodowd, CAS ol HAgl ujef Al
4] siderophore?] HFelers Z713H8- ¥ olth(Fig. 1). CAS
FhfAlol| ] vl Eel ©fs] 49 siderophore= H3} =
FAE A olu WhEEE Aay xS H oA 3
Mo g W3l 7ick(ie, Fe Dye’ “+L° — Fel’ |’+Dye L
a strong ligand <e.g., a siderophore>, Dye: Chrome Azurol
S, 27). Fig. 104 exotoxin A2] & oFA=} siderophore]
el obAlS wlsatel] abe} 2714 Sele] siderophore ol
A1 o gel2] siderophore} AFE TA 7} 9li=x] s}y
Slsted M9 oAluiAlel stebd o AR H-Adwolelal
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Fig. 1. Identification of Pseudomonas sp. PY002 protein which
is immuno-logically related to Pseudomonas aeruginosa PAO1
exotoxin A protein and relationship of siderophore production in
MKB. Extracellular protein of P. sp. PY002 were prepared every
8 hrs., electrophoresed on 10 % SDS-polyacrylamide gel (A), im-
munoblot hybridization (B) and siderophore production analysis
on CAS plate (C) were performed as described in Materials and
Methods. Lane M, Protein size marker; 1, 8 hrs. culture; 2, 16
hrs. culture; 3, 24 hrs. culture; 4, 32 hrs. culture; 5, 40 hrs. cul-
ture; 6, 48 hr culture; NC, Negative control.

dipyridylE- 0141 500 uMe] = =2 H7lgh F 36417 Ft
wjekste] exotoxin A9 Wyl RS HlFEcHFig. 2).
100 pMe] dipyridyl& #7}81%1-& o, exotoxin A2] iHlo]
F| 3 3o) =2, pyochelin HA] # 2] W ofA}S- 1}
ehllet, pyoverding] a2 200 pMe] H7bE g of
79| FER wEEcht Ao R kg o] AAs
w]F-o] exotoxin A2] EH-& pyochelinell 2|3 AJulg-S- oF
4 9ledu}. o] 19790 BJom Z(5)°] P. aeruginosa PA-
103& Z§et 709 F5E gako g el S ug/mie)
FrE Yoy ZMHPME o= 0.05 pg/mle] w2 A
0] 2% Ayl e w Mo} 7 TE FFo|A] exotoxin A
2] oFo] 85% 7‘*?‘{}£ Bwsto] ARk AR A 5 Q)
Qrt. wdh, o]5-e 9 Eu]E = haemagglutinin®] ‘%ﬁi%"”
< E3L 7]\_°1] Rl ojfu] whalo] Hole] Fr
o & 2Hg& Falatolrt.

Pseudomonas sp. PY0020{|A exotoxin A FAXIQ| 22|
Pseudomonas sp. PY0022] genomic libraryi= E. coli clon-
ing vectorq] pBluescript SK(+)& AMg3lo] Azsldc).
Pseudomonas sp. PY0028] A DNASE28F 5 Psdz
Aekslo] 0~8kb Pstl TS 713 wo] 98 4 9l A3k
Ea v A fse] Agas iE 26 3] Al= o
gk 2 Aoks AAsle] 1pg DNAE Psd 0.03125 unit
=2 A ) 0~8kb =7]9] DNA o] 713k wo] 34
o] Pseudomonas sp. PY0022] <1445 DNA 300 pgg Psil
9.375 unit 2. Aetalsich. 10~40% sucrose = =g o)

Exotoxin A 47422 22y o EA 9
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Fig. 2. Identification of Pseudomonas sp. PY002 protein which
is immunologically related to Pseudomonas aeruginosa PAO1 ex-
otoxin A protein and relationship of siderophore production in M
9 minimal medium. A fully grown P. sp. PY002 was diluted in
steril saline solution to obtain a cell density of ca 10" CFU per
ml. From this bacterial suspension 1 ml was inoculated in 10 ml
of M9 minimal medium containing of 0 to 500 uM dypyridyl to
obtain cell density of ca 10° CFU per ml and incubate at 30°C.
After 36 hrs later, the supernatant of the bacterial culture were
analysed exotoxin A production (A) and siderophore production
(B) The relative intensity of the fluorescence was measured at
200 to 500 nm with UVICON 930. Panel A: Lane 1, 0 uM dipy-
ridyl; 2, 10 pM dipyridyl 3, 20 uM dipyridyl; 4, 50 uM dipy-
ridyl; 5, 100 uM dipyridyl 6, 200 uM dipyridyl; 7, 300 uM dipy-
ridyl; 8, 400 uM dipyridyl 9, 500 uM dipyridyl. Panel B: O-O,
pyochelin; ®-@®, pyoverdin.

43l 0~8kb w+#-S pBluscript SK(+)°]| cloning 3=t
4Fe]l DNAR o]-831sdch. o] uf pBluscript SK(+)= Psd 2

g+ & phosphatase A2 & §' QA7) E AA3L] 0~8kb
43 1 UgS excess T4 DNA ligase(400 unit/plys o]-g-3}o3
A3 A7) % E. coli HB101o] &A15kA]71 A3} 2,0007)2]
ANFZAE d9len] genomic libraryZ HE] Jo)z AAEH
clonegel|4 ANZ3¥ plasmidZ H-g]}e] AFel=l insert DNA
2 2715 glg A9 Fd 27|+ o 13kb AEch
o5 A)2F FEoA] exotoxin A FHAS 9tFEEE=
ANz3t 8¢ Adsly] ¢ste] dot-blot hybridizationg Al
At ANe] B2 s3] B ela o

Xlr-Y‘-
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Fig. 3. Detection of exotoxin protein-producing recombinant clones
by dot hybridization. Extracellular proteins of genomic libraries
were prepared, spoted on nitrocellulose filter using by Bio-dot mi-
crofiltration apparatus, and isolated cross-reactive clones to anti-
exotoxin A produced by P. aeruginosa PAOL. Arrows indicate
positive clones.

Fig. 4. Immunoscreening of Pseudomonas sp. PY002 exotoxin
protein-producing recombinant clones. Extracellular protein of re-
combinant clones were hybridized with anti-exotoxin A produced
by P. aeruginosa PAO1. Arrows indicate exotoxin A produced
by P. sp. PY002.

Bio-dot microfiltration apparatus2- ©]-&3}le] NC filterel]] %1
o] A7) % goat anti-exotoxin AZ- 16 ug/mi7} H T2 A7)}
&to] 16~184]7F F<F "F2-A]# 4], goat anti-exotoxin A%}
uk-gshs 28709 F8-& E53psiv(Fig. 3). 52| exoto-
xin A A4S A ElEr] ¢)ste] A A immunoblot hy-

Kor. J. Microbiol.

Fig. 5. Restriction map of the recombinant plasmid pETA42.
The plasmid pETA42 contains a 1.7 kbp fragment of P. sp. PY
002 DNA. Various restriction enzyme recognition sites were
mapped. P, Psfl; N, Neol; V, Pwll; S, Ssil; Smal; K, Kpnl; H,
Haell; E, EcoRl.

bridization-& A A|8leir}. Fig. 404 B nle} 7o) 3
lane#} 491 lanee] goat anti-exotoxin A%} HHgo] 7}&h8-
Al ©]% goat anti-exotoxin A%}9] HFSAo] 7l 4
lane®] &5 Aleislo] pETA42® wwsly =% Ao
AHE-sRodeh. pETA429] AlFE &4 #| 2 2 2Hdsh7] 31314
plasmid DNAS £e|alo] ola] 7}A] AGEAZ o] L5}o]
Aekgt & A 24 A AAskdThFg. 5). okatl
cloning sited] Psi site7} £243b4 2702] Neol, 1702] Puull,
170e] 884, 3702] Smal, 1702] Kpnl, 3702] Haell, 17)2]
EcoRI site7} Ea18}odt}. Lory $(23)& P. aeruginosa PAK
ol 4] pUCYE o] g5lo] 8kbo] exotoxin A §HA}E 7Y
3kod E. coli K38¢|4] exotoxin A2] cellular locationg- im-
munoblot hybridizationg ©]-$-8}o] periplasme]] $]%]3-& X,
3L st o] Aske B A#elA] E. coli DH50.2] extra-
cellularel| exotoxin A7} $ x| 5}= 7= Arold A2 1.
o= o] A<4&}l exotoxin A7} extracellular2 H}EE] 7]
Hell proenzyme &€ 2 peroplasme] 9] x]ali= A2 34
v, Gray $(9)°] P. aeruginosa®) exotodxin A A2
E. colio 4] 88l A7) S uf extracellularel|X] Z&=E iy B
a3 Aol Aolsh B Aas AR Anke vepyt
v}, Hedstrom (11} exotoxin A &4 FA1A7} dolg]
Wo|F P. aeruginosa PA103-293} P. geruginosa PAO12| 3
kb =7}2| Xhol T+#3} complementation 7]%]-S- o]-&3}o]
TE AR 229 stelen, Wolfrl oY N} ex-
otoxin A2] H&le] 10v] AE Frishd, Heo] el wiA|
oA ¥R o 1 Akee] 24 & M slginh wehA,
FFol| Tn5 55§ ©]83}o] exotoxin A M3 127} 4
ol wolF2 A Alslo] pETA429}2] complementation-3-

R )
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o] g3t} wlo)Fe} opAlE FFE7bel| exotoxin A FHARY]
uly] okale) wsle}l oJ il Aol exotoxin A H-A1A}2] ¢
24 So| AYE FAstofor T Aol

T
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ABSTRACT : Effect of Ferrous Ion on the Formation of Exotoxin A from Pseudomonas sp. PY
002 and Cloning of it's Gene

Sun-Ah Choi, Ho-sang Kim, Ji-Young Choi, Jeong-Suk Kang, Chun-Sung Kim,
Duck-Lae Kim, Young-Ju Kim, Myeong-Gu Yeo, and Yeal Park* (Department of
Biological Science, College of Natural Sciences, Chosun University, Kwangju 501-759,
Korea)

By SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and immunoblot analysis that a protein
with 66,000 daltons in size was recognized by P. aeruginosa anti-exotoxin A from P. sp. PY002. The
yields of exotoxin A in P. sp. PY002 culture were influenced by the concentration of iron in the cul-
ture media. Increasing of the exotoxin A production and siderophore production was made slight in-
creasing in the MKB medium. On the other hand, to clone the genc encoding the exotoxin A genomic
library of P. sp. PY002 was constructed in pBluescript SK(+). From this library a exotoxin A homo-
logous gene was isolated by immunological hybridization method using P. aeruginosa anti-exotoxin A
as a probe. Two putative clones were isolated and designated pETA23 and pETA42. The restriction
analysis of pETA42 demonstrated that the 1760 bp insert contained one Ncol, Pvull, SstI, Kpnl and
EcoRlI site and three Smal and Haell sites.





