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ABSTRACT: A yellow-green, fluorescent siderophore A3 was extracellularly produced under
iron-limited growth conditions from Pseudomonas synxantha A3. The physicochemical and
biological properties of siderophore A3 were examined. The approximate molecular weights
of the Fe(IIl)-siderophore A3-1 complex and Fe(IIT)-siderophore A3-2 complex were estimated
to be about 1,300 and 1,100, respectively, by Bio-gel P2 gel exclusion chromatography. The
molar ratio between the siderophore and the Fe(Ill) was 1.08 mole. The molecular weight
of the complex could be calculated with this ratio and the new values were 1,150 and 960,
respectively. The binding constant(K) between the siderophore A3 and Fe(I1l) that determined
by displacing the iron from the Fe(lll)-siderophore complex with EDTA was 4.12x 10" at pH
5.0. Siderophore A3 appeared to have antibacterial activity on several bacterial strains, however,
ferric siderophore A3 complex did not show that activity. The cytotoxicity of siderophore A3
was obtained from Human Chronic Myelogenous Leukemia K562 cells. Inhibition concentration
(50%)(ICs) was 0.17 ug/ml.

KEY WORDS (] Pseudomonas synxantha A3, siderophore A3, molecular weight, binding constant
(K), antibacterial activity
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(Manuell5-, 1988). o]9}3}0] Pseudomonass: A2
el Ao ZHE olF] Erwinia Trichoderma,
Fusarium&2] ®WAdd ASL A 7ed ole
Pseudomonas< Al4to] siderophored YA ste] 4%
2] FHe AL chelatingshe] HYMNFS FaHgh
SEdES A% oA Fod Egus
271, 2HEe Q&8 FEEA st Sape] 2
Habe ez o dk(Kloeppers, 1980).

* Aol M= Pseudomonas synxantha A3(Sakai
2} Jun, 1978)7} RAdsH= siderophore A3S A
st Eelsteby 9 gelsisty AL Pres)
A3 siderophore A39} Hte] A w&& =33}
A1, siderophore A3e] 2lg @A K562
cellel] W HEZ5AS e )
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2 A8 #5= Aol BES2) adeno-
sine?}  adenineAFo2 Rel®l  Pseudomonas
synxantha A3(Sakai®} Jun, 1978)% siderophore A3
o A 9 2 e A HEe) Algsted.
BHX| S ul kb

e Auleklls Wl BE o]gslden
siderophore 44 & Al M= A2 AS Ag3)
%tHTable 1). ¥iz) B7} 5 miEo{g= 15 m/ cap
tubeoll #& HFste] st Fot whosie] WF™
AAT(085% NaChZ 23] M- o}&, 5 mie) 2

T° Hd5E o) gt F Aujopelog Al s3]
Ac) Siderophore AL ¢3led 500 m/ A&k =
ke wiz] 100 miE 9F Aujekd 0.1 m/E
AEste] 30C 92 zehiokr]el A 120 Rev. X6
cm stroke® 44~48A17} wjokslaic).
AleF 7|17

8-Hydroxyquinoline, nicotineamide adenine di-
nucleotide phosphate(NADP*), hemoglobin, ferric
ammonium  citrate, 1,10-phenanthroline, a-
naphthylamine, hydroxylamine - HC12 Sigma
Chemical Company (St. Louis, MO.)ol| 4] 4] 3}e]
A-8-3t4dth. Bio-gel P2+ Bio-Rad Laboratoriesel]
A, CM-Sephadex C-503} Sephadex G-25%
Pharmacia Fine Chemicals Inc.of4] F9]3lglc}
3 9] AekEL 17 olate] £A4 AlokEg AL
slodc}t. 2F4+ UHQ deionizer(Elga Ltd. Lanc
End High Wycombe Bucks, England)Z ©]£-3}o]
59 o] 2L AAR F EE AR o) g3lglon,
BE 2A7)1E A o] E41§ 34387 $)8ted
AH8-317] #of 4 N HC13} 50 mM ethylenediamine-
tetraacetic acid(EDTA)E A & s}¢dc}.
Siderophore A32] Ax|

#5F siderophore A32] P& Rl 44~48
A17E i ok F 200 mg/I) FeCls - 6H,08 #7}3le
AHE T 10,000X gl A 3082 A4 Fe)siedr).
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Table 1. Cultivation media for siderophore A3 pro-
duction by Pseudomonas synxantha A3

Medium A L-Sorbitol 10 g
KNO} 5 g

K:HPO, 1 g

MgSO; - TH-0O l g

Distilled water 1000 m/

(pH 8.0)

Medium B Peptone 10 g
Meat extract 5g

Yeast extract 5g

NaCl 2 g

Distilled water 1000 m/

ASOT He 30Celd 1202 7t E3std

NaClZ2 7413 £34]7] & I0,0()OXgo\]/q 3087}k
A2 ek A5AL 3548 ke 0.5 volumed
CHCli/phenol (1:1, v/v)& #H7}sled 303~14]7}
auksle] &5 A Askdo) Sl volume«] diethyl
ether®} &efe] B-& Hrjslod £3d 2242 %
A8 #7158 2427 A AAs ok Diethyl ether
1 volume-& 33| &7}l phenold A A% o1&, 30
CellA zFatg3:8le] ether® A4 skdch Isopropyl
alcohol(—20T)& 4v] A= H7)}sle] —20Tel4] 30
#7b BA” thR Fe(lll)-siderophore A3 com-
plex& AAAAIZISL 10000 X goll 4] 3027 YAlEa)
st4e}. Isopropyl alcohol-g A|AG & EHAZ
dto] —20Tof 4] Bsted o} Aol o] &3)ic)
FZ2712% crude Fe(lll)-siderophore A3 complex
5 4%2 0.1 M pyridine acetate buffer(pH 6.5)cl]
=9l o Fig. 13 o] AAE AAlskdo.
Sephadex G-25& #& 7} A|E85-¢ silica gel G-60
o 10 W& H2ste] 70% ethanol LAl =7
AlA, Y spot7} PoiRl fractionES To} £ A
=5 P}
Iron-free siderophore A32| Z=N|

Meyers-9] ¥hg(Meyers} Abdallah, 1978)& o]
8-3to] S-S il Fe(Il)-siderophore A3
complex& 50 m/9] Zo]g ol et £ 10%(v/v)
aqueous acetic acid® pH 4022 FAsta 3
volume®] 5%(w/v) 8-hydr0xyquinoline/chloroform
= A7 F vPRE & AbdEela= JellA 4T,
197} 7338 anbslsdc). Azo] o] HPAL ul=
A& HAF ohg $FE FHslo oA 10%(v)
aqueous acetic acid® pH 4.0°2.2 =H3le] 5%w
/v) 8-hydroxyquinoline/chloroform £ o2 43 =
3k o] 89S 20 mIE Y F EF5E
33 3}2)7] Sephadex G-25 column (2.5X20 cm)dl]
loadingsly FF52 4%t whd peakdE P&
ta, SAAZs ] 20T AAbslain
Siderophore A32| EX}2t &3

AAEH e F-zleke Toress59 v (Toresss,
1986)2.2 Z=Asloit). Bio-gel P2 column (1.6X42
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Culture Broth

added FeCl3(200mg/!)
Centrifuge supernatant

concentrated in vacuo

CHCla/phenol extraction

Precipitation with isopropyl alcohol

centrifuged and discarded
supernatant

Lyophilization

acetate buffer(pH 6.5)
CM~Sephadex C-50 column chromatography

eluted with 0.1M pyridine
acetate buffer(pH 6.5)

Fractlon 11 Fract.lon 1y

Sephadex G-25 Sephadex G-25

Deferration with
8-hydroxyquinol ine

Deferration with
8-hydroxyquinol ine

Sephadex G-25 Sephadex G-25

Siderophore A3-1 Siderophore A3-2

Fig. 1. /solation and purification of siderophore A3

cm)€ 0.1 M Potassium phosphate buffer(pH 7.0)
2 Y3 A2 % sampled loadingsle] gel
exclusive chromatography& #sle] Exjefg &3
3tdct. StandardBAE  bacitracin(221g  1,450),
vitamin Bp(#AFF 1,350), NADP'(#A 765),
reduced glutathione(FAk2F 307)& <] 4-3le] 89
mi/hre] 4o 2 S5 AL-Ho2 280 nm
A FFEE HAsA
Fe(lll}-siderophore A32| binding constant &3
Meyer2] 1 (Meyer2} Abdallah, 1978)¢)] Z3}e
A4¥$ 3k} Fe(lll)-siderophore A3 complex&
0.1 M acetate buffer(pH 5.0), 0.1 M phosphate
buffer(pH 6.0). 0.1 M phosphate buffer(pH 7.0),
0.1 M glycine/NaOH buffer(pH 10.0)] = 50
UM EA 8kgic). Fe(lll)-siderophore A3 complex}
EDTAY #HFFx7F 22t 50 uM, 15 mM HEE
24712] buffere] =it} 7+ bufferel] A 2§+ Fe(Ill)-
siderophore A3 complex-EDTA&¢ 50 pM Fe
(IlT)-siderophore A3 &< #Hr}3ted EDTAS 2

suspended with 0.1M pyridine
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FEFZE 0 mMolA 15 mM7A) d& o g v}
A7IEA FBE e Apo)E Basloich wkgAle] A
M-S 6 mZ Y3 a1l o) Aelalel 4] Fe
(IlI)-siderophore A3 complex?] F5= <3t}
Y deholl RSl Z [ A)7F Abgel wpx|ale] 3
of =S W 450 nmel4 FFEE ZAsldc)
(Meyer2} Abdallah. 1978).
Siderophore A32| 3k M A|H

Paper disc B2 2 siderophore A32| &7 &
B& FA st A1 FFE nutrient brothel A &5
RF ekt 2 m/) nutrient top agar(0.75% agar)
o 100 we] & pour platingdt ¥ =7 7.5 mme)
papcr discE 125, 6.5, 3.125 mg/m/9) siderophore

A8l 154 mg/m14 Fe(IHl)-siderophore A3
complex §-Hojl A4 ¥ top agar)el] Eo} 30T 4
16217k wjefste] 1 AxpE Fasielch
Human @4gd Raiel 2AMIZof| cist siderophore
A32] MEZEN

K562(Human Chronic Myelogenous Leukemia
K562) AlEE Roswell Park Memorial Institute
(RPMI) medium+10% Fetal Bovine Serum(FBS)
mediumel| 4 2X10* cells/m/=/ Al & b 24 well
platee] 20 w4 #5315} o7)e) 005, 0.1, 1. 2
pg/ml2] siderophore A3 2948 20 w4 7tz Jr}
slod 37C, 5% COs3tell 4 3 7b whopalolch wioks
AEE 0.5% trypan blue® Mtz PA L2
7 ATAE Abgsted Aibsidch o2 ok ete)
combintion effectd olwr] 93te] 001 pMe
vinblastine, actinomycin, cytosine, arabinoside, 5-
fluoro-2-deoxyuridine 5-2] <fallell m/% 0.1 g2l
siderophore A3# H713F & FA% 2 A4 Ay
s,

A% o oy

CHClz/phenold&& % isopropyl alcoholof| it &
H

A A iR 44~484)7F wiokE S BAEA
(yellow-green)e] Z3tgl wlokEo] FeChE A7)}

%, CHCL/phenol(1:1, v/w)& o]&sfe] Zzg
39w Fe(Ill)-siderophore A3 complex&
CHCly/phenolel] =} A& reddish-brown-& 1}
eilch A& A9 A e crude siderophore
A3+ CHCly/phenolel| i3t &9 Axr} =3}
devt e Ay FE ago] Sul o)
Z3todrh o] Al A Fe(IlI)7} siderophore A39]
CHCly/phenolell gt $3|l28 Z7A7e o 4
slxdct. 919 F&E-) isopropyl alcohol(—20T)&
A 718kl & Fe(lll)-siderophore complext= 3 H o]
et 10,000X gl A Y% LME=]ske] isopropyl
alcohol& A3t ko] & 7)ste] gt Fof
FA7zsl] Aozl HEAE CM-Sephadex C-50
column2 2 A& stdch
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4 |- F(IV)

Absorbance at 400nm

F(D F(I11)

100
Fraction mumber

Fig. 2. Elution profile of CM-Sephadex C-50 column
chromatography of  Fe(lll)-siderophore A3
complex. Crude ferric siderophore A3 solution
was applied to a CM-Sephadex column(2.5X
90 cm) equilibrated with 01 M pyridine
acetate bufferfppH 6.5) and eluted with same
buffer. Ferric siderophore A3 was detected at
400 nm absorbance. Flow rate, 14 mil/hr;
fraction volume, 3.0 mi.

CM-Sephadex C-50 % Sephadex G-25 column
chromatography

Crude Fe(Ill)-siderophore complex 100 mg2 3
m/2] 0.1 M pyridine acetate buffer(pH 6.5)°) =<
Y buffer® 333471 CM-Sephadex C-50
column (2.5X90 cm)ol| loadingd}gir}. Fig. 29
Hepd whel o] F(I). F(I1). FUIN, F(IV)9) 4719
peak7} veptem F(II)e} F(IV) 58 7tz wo}
Y =4 3#lel4 CM-Sephadex C-50 column
chromatogrphy & #3}9i o1 tltel peakd jehlle
F(ID#-2& Fe(lll)-siderophore A3-1 complex, F
(IV) F¥&-& Fe(Ill)-siderophore A3-2 complexahil
Hrstadeh. = Fig 20 dehd F(D)s} F(IIN9)
B8 FIDet FIV)® Fa4E2 #3=4ch
Sephadex G-258 ARl gelolgollAd deizl =
A 2E silica gel G-609 10 w4 spottingdted 70%
ethano]l 8v|A % butanol: acetic acid: water(120:
30:30, vivvyEriAIZ EelFte] UVleld gelg
A3, A9 g sporr} #alElglon] £ FA#A
(Fig. 1% £3}°] siderophore A3 Ao Pl EA =
AAZE R g AlgE )
Siderophore A3-1 A3-2°| Bxjg &3

A€ siderophore A3E FE Fe(ll)& A%
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Bacitracin
Vitamin By,

15 |~

Ferri-siderophore A3-2

3
T

Ferri-
siderophore A3-1

Reduced glutathione

Molecular weight ( x 102)
o

] | ] I 1
1.0 1.5 2.0 2.5 3.0
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Fig. 3. Determination of molecular weght of
siderophore A3-1 and A3-2 by Bio-gel P2 gel
fitration. The column(1.6 X40 c¢mj of Bio-gel
P2 was equilibrated with 0.01 M potassium
phosptate buffer and eluted with same buffer.
The void volume(V,) was determined by elution
volume of hemoglobinfM.W. 64.500). Flow
rate, 89 mi/hr, fraction volume 2.5 ml

siderophore A3-1%} A3-2Z Bio-gel P2 columnel
loading?ted &3 ZH3 ZFEART " Ho
L&A 509 fractiono 2 Felsojgion ¥
FA 9] fraction& % ©F 305 nmolA HUEFFEE
vreb odek webd A ait Eaeks 2387) ¢t
ferric siderophore A3-1 ¥ A3-25 7}z Bio-gel P2
columne| loadingd}gdcl. =2 A Fe(lD-
siderophore A3-1 complex®} A3-2 complex2]
AgES- Zhzb 1.300. 1,1000.2 FA =k Fig. 3). Fe
(IDE AFAIZ Arejoll A+ siderophore A37}
3o 2 Fe(lll)%} chelatingd}Al =o] chwalzl &4}
T 3F S Hda AEfdh Ag AAAR
Aol A& siderophore} BekAsled Hxlo] =gl
oha FAsteict Wy el wkgAle] EDTA2
FET 53278 pMe]lx Fe(lll)-siderophore A3
complex®] 5%+ 4918 uMolcKFig. 4).
Siderophore A32} Fe(Il)ZFe] molar ratio= 1.08
ol webx BARE siderophore A3-1. A3-29]
FEapeke 77k 1,150, 9600 4ich.
Binding constant?| &X

Complex®] binding constant?! K.+ Rosotti%-2]
HH(Rosotti?} Rosotti, 1961)] 28] EDTAS Fe
(el A& chelator® AREste] Z33}oic}
EDTA¢€] &) 3}el] Fe(Ill)-siderophore A3 complex
(pFeye Fxlo® sejsiAd] o)

pFe+EDTA— p+EDTA —Fe (1)

BRANT K2 53 2k
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0.6 Table 2. Variation of the apparent stability constant (K)
of the Feflll)-siderophore A3 complex as a

function of pH

pH K| K\ K:

5 4.12 10" 412X 18"
6 5.20 10~ 520X 10
7 140.00 10~ 140.00 X 10°*
0 10.100.00 107 10.100.00X 10*

-
=
(o)

N

EDTA+Fe—— EDTA- Fe (3)

Absorbance

o Aol 4] HHAFE

K.— _LpFel [EDTA-Fe]
* [pllFel [EDTA][Fe]

w2k Fe(ll)-siderophore?] binding constant= K
g A obelA 9leE R free iron? FEE 4
HE, o] 4¢ [p]=[EDTA-Felo]r}
Wavelenth [pJ=[pFeliia—[pFele]w. (EDTA]=
Fig. 4 Dezermmar/ond:;f e{/]:; niro]/r;f) ratio of the Fe(lll) [EDTAJwa ~[EDTA-Felo]22 K, gt -84
o P - A~x1a 2
siderophore A3-1. Change in the absorption A,lgl [pFelel a1z A1d o %‘14' FCf“”‘
spectrum of Feflllj-siderophore A3-1 complex ~ Siderophore A3-1 complexe] Aghdaef oigh A
as a function of the amount of EDTA solution § A= Table 291 o] pHell webd hzA o}
added ebstet.
Siderophore A30 28t @A test

7t Algatel g 3a8Ae] AIE Table 3o

K;= olc}

325mM EDTA (w)

50
350 450 550

K = [pFel[EDTA]

" [pl[EDTA-Fe] vebdc).  Ervinia  carotovora, Psem{omqna.v
aeruginosa, Pseudomonas fluorescensol| A= 8184

(WA b 22 2709 28 ou)gic) o] islew Aderobacter aerogenes, Bacillus subtilis,
.. Staphylococcus aureus Sl AE 743 st Ao
pFe—— p+Fe ) 2339 siderophore A3ell A aAde JJelis

Table 3. Anuibacterial activity of iron acquisition by siderophore A3

Siderophore A3 Ferric siderophore A3
Microorganism
125 mg/m/ 6.5 mg/m/ 3.125 mg/m/ 154 mg/ml/
Agrobacterium tumefaciens PC2501 + +-* — — _
Aerobacter aerogenes 1FQ3317 ++ + + + + —
Bacillus subtilis TFO3007 ++ + + + + —
Brevibacterium ammoniagenes 1FO12071 ++ + + + + _
Erwinia carotovora 1AM12633 - — - -
Micrococcus leteus 1FO 3763 +++ + + + —
Pseudomonas syringae pv. + 4+ + + + + _
phaseolicola NPS3121

Pseudomonas aeruginosa 1AM1514 — — — _
Pseudomonas fluorescens 1AM 12022 - — - —
Proteus vulgaris TFO3851 + 4+ + + 4 + _
Staphylococeus aureus 1AMI1011 +++ + + + -

Paper disc(7.5 mm) soaked in filter sterilized siderophore A3 solution was placed on NB top agar medium
inoculated with test organism and incubated for 16 hr. at 30T.
*+. <10 mm diameter, **: 10-15 mm diameter. ++ +: >15 mm diameter. —: no zone
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Fig. 5. Cyrotoxicity of siderophore A3 for human
chronic myelogenous leukemia K662 cells

FEL H¥E siderophoreE ¥m)sl= £o3 Alg

HdrHCox, 1980: Leong® Neilands, 1982

Meyer2} Abdallah, 1978).

K562 cellofl CH3l siderophore A32| MZ EA
Siderophore  A32] 50%9] inhibition concen-

tration(ICs)->  0.17  pg/m/24]  adriamycin,

colchicineG3 wlitell Hokguw Arozm e

5;1
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Table 4. Comtination effect of siderophore A3 with
chemical agents

Siderophore A3(0.1 pg/m/)
Chemical agents

None Addition
Vinblastine 73(cells) 47(cells)
Actinomycin 68 26
Cytosine arabinoside 6! 50
5-fluro-2-deoxyuridine 88 59

AEEAC] e Ao Alm EHthEs =2 1991)
(Fig 5. 2% FElM9  siderophore A39)
combination effect®] Z3}= Table 49} 7gic}
Siderophore A3E o] A7ls) FoSuf] HE =4 0]
F7tgE o -~ 9k o] siderophore A37F M
o] &% chelatinggte. 24 b4 27} Mol 2L o] &3
T ol Ago] Az)E At siderophore A3 b2
Al s YKo HalHcty Algsch e}
ol2idh AL sto g )8 t] a7 sle) xo}
& Ao, siderophore A39] A ETEA) 7]zt w
ofe] AR 49 sbsME 94 AEs oo}
7ol

2

Pseudomonas synxantha A3 Aol Ak Z73bol 4 yellow-green®] 34 siderophore A3E X292 Zujstelc).
Pseudomonas synxantha A37} 43 8h= siderophore A3E YAjsto] Ealshat=l nl geis)elz) Yae HEstdc) Bio-
gel P2 gel exclusion chromatogrphyell 2l8] <le{xl Fe(Ill)-siderophore A3-1 complex®} Fe(Ill)-siderophore A3-2
complex®} §-2pgke- zkzk eF 1300, 1.1000]1e) Fe(Ill)-siderophore A3 complexol] EDTAE %44 ligand2 2h8-4]#
T& Fe(Il1)9} siderophore A32] molar ratios 1.080]¢] 0.0, u}z}s] siderophore A3-13} siderophore A3-22] B-zjgke
zbzt 1150, 9600193t} Siderophore A39) AgArE pH 50614 412X 10%019) 0., Aerobacter aerogenes, Bacillus
subtiliss-2) siderophores HA81=] ¢dx= AFol 4 siderophore A37} &F&Ae vehNgd. ol Eminia cartovora,
Pseudomans fluorescenss siderophores A sk Al dalde gaades Jdehdad ssiod a2elu FedlD-
siderophore A3 complexi= F#84E vt =] sbshel. Human "3 el o] K562 cellel cidh A 2E4e st

A siderophore A39] [Cy& 0.17 pg/mie]c}.

AF A

e
M

2 1990 e TR g gealE)
) §4 el 2Av)el osle] Aty

32 0
do Lo o
2
oL
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