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Review Article

Multiple High-affinity Iron-uptake Systems of Vibrio vulnificus

Sung-Heui Shin”

Department of Microbiology, Chosun University Medical School, Gwangju, Korea

Vibrio vulnificus is a Gram-negative halophilic bacterium that causes necrotizing wound infections and fatal septicemia,
which mainly occur in patients with elevated serum or tissue iron levels. Accumulated experimental data clearly show
that V. vulnificus is a ferrophilic bacterium that requires more available iron for growth than other pathogenic bacteria,
has multiple iron-uptake systems, which play important roles in the pathogenesis of the V. vulnificus infections. This
review summarized the composition, regulation and significance of V. vulnificus iron-uptake systems. These iron-uptake
systems may be attractive candidates for the development of V. vulnificus vaccine. Iron-chelating therapy can also be a
promising modality for the prevention and treatment of V. vulnificus infections.
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1. H9| 712M (iron availability)

BE AES f8 wEA dasith A
b7t EAskE el A= gl Abst
XE]?_]_ oxyhydroxide (FeOOH) %372

Age), web A A7E A o8 5 e 7R

(freely available iron) F5 oF 10 M AE2 ]9 wir)

A N(in vivo) EAHE tIFE(SF 99%)2] H2> A
Z~(hemoglobin)9} o] AEZ o] EA)3tc). ol A&

=

Fe] Fnto] Aol Y 5 A Hioll EAgt T
T T} A Hhel] EAlEE H o] diFEE Edadd
(transferrin), =FEH H(lactoferrin) ¥} -2 A3} A= o]
Fo G A3te PR A A=, FA
<l AA W 3PS Al v E v =l
7HEH FE7F wg- v FAY o) 1
Ao o8] 7k A<l 27 (pathological conditions)ol] 4]
= 7 FEo) Aseta Edad#e] H ¥ 3k (iron
saturation) SA| “d53kA H} (1~3).
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Figure 1. The five iron-uptake systems (IUS) of Vibrio vulnificus. Vulnibactin (VuuA)-mediated IUS (purple), hydroxamate siderophore-
mediated [US (white; the question mark means "unknown yet."), heme receptor (HupA)-mediated TUS (deep blue), acrobactin receptor
(TutA)-mediated TUS (sky blue), and Ferrioxamine B receptor (DesA)-mediated IUS (green).

Lu
g
_1
—
Y
HU
_%
it
mE >
;O
fu)
P
)
)
)
)
~
il

Azl HE dE3 = 9} ). PN

=
=
E
{/\_ﬂ]ﬂ EJ—E)ﬂa]_q. 7o AA% childy ZHF o g

SIAAE e 2
o7+ AoR AHZ Neisseriat Haemophilus= A& E
=

sy} FEAbRtRt Sold S 2t FEAE T
dste] o] &8 4= Sk w3 B2 AtES F(heme)©ll
5ol 84 dls wdstom Fulat dAsot
T2 Peha) Ao deste] & d5d 5 Q)
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e} H3p ARt AldE ok AlE 9
of EAfshs 5ol F&AE Tl AE toR A F
"ok B2 Aol 3 7HA] o] el A= arotE Ak
Shoh (8~11). T3k 2 2 A2 'Ald| 230} &4 8¢
(siderophore piracy)2til B2l @S Fdl thE Al
olu} FFol7k AT o FH wi 9914 Alv= ol
(heterologous or exogenous siderophores, or xenosiderophores)
2 Ao AHY o] &3 4= At} (12~17). o] 8 Al
23xol AAk B o dEE fdAte| %?itﬂoli
FEAIZ ZFoll= A W Aol el =3k
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Figure 2. Coordinate regulation of AupA expression by cyclic AMP-receptor protein (CRP) as an activator and ferric uptake regulator
(Fur) as a repressor. (A) High glucose prevents the binding of CRP and high iron facilitates the binding of Fur, resulting in the repression of
hupA expression. (B) High glucose prevents the binding of CRP but low iron prevents the binding of Fur, resulting in the low induction (or
de-repression) of hupA expression. (C) Low glucose facilitates the binding of CRP but high iron facilitates the binding of Fur, resulting in the
repression of hupA expression. (D) Low glucose facilitates the binding of CRP and low iron prevents the binding of Fur, resulting in the high
induction (or de-repression) of hupA expression. RNAP (RNA polymerase) and ORF (open reading frame). Quoted from the reference 23.

3. HESIHO Y xT

HJow FgH FE& ARt AE oA At 2zt
(free radical) B35 T = A7] witel 238]8 =4
< vekd 4 Qo) webA] Alte] HE71d e A
A st wet dAsta WzksiA 24 x o
of ghth. HI7HA HEFF71Ae] 242 Ho o9&l &4
o] ZH == Fur (ferric uptake regulator)2} &2 HAMS
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Fe-Furel]l oJ3l] Alate] HEr7]do walo] 941
“éo] AgE M= Fur25E Ferl &
717 9] @& o] e A|(de-repression)® U HT} ]
]‘:‘ A7 Hee mokae AP Ad0A
(transcription activator)’} =A|3o] jHF vH|H TS
o R AT HE Al AE7F UAE Bk 28
Hom whEolur] QM= & 8

o=
O

Y

FHnLu H rr
N

i

2o}, waA,

—|~
rir
e

e sk de) de Ad Axe Fute) @
A5} AR o] 51 S el e el )

£ oFo] oUR|7} WHEO] Aok Bl AL W7 )
ol B @2 2 el g5k Gelel selon- o)
212} = 37} eyclic AMP-receptor protein
(CRP)e|t}. o] CRPol| ol S EF nlBe] et HEF7]
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o oleiM®= HEF RlEe e HFrr]1He] o]
AleAl 224 Qlgo] Barsal Qi) (24,25)

[e]
2~
T
1=

NAZ el o a7 4 £94 AFonA
Sbg et AR A NS U
@ vHee RYFe due 5, 1

T =2-l-=

(hemosiderosis)?} 2 714 A eHS 7H Skafol| AlA



[ron—uptake Systems of Vibrio vuinificus

FE7F s A (29~31). = A (capsular poly-
saccharide), -8-3 2~(hemolysin or cytolysin)@} THall-3] &
Zx(metalloprotease) & E33H TRFSE AlZ =4 AL TR
& AE714d, 84 T oY 7 FYAApt HEdE
H Bt 7HFo] Wl #ofdho]l deA] 3l
(26~28).

Fol 7HE w2t ES vlBe et e
Aol Fagh 94Tt A5 2l A
A gt (32). FAE A7EAE sk
olxl 7H-H F:rt HET vl el
A AAo® Ate] 9lrt (29~31,
3 7HE TS A ew £ Ag HES vEge
ol that vh§-2 50% AFEE(LDs)°] 6 < 10° colony-
forming unit (cfu)olA] 1 cfuz #A 3] ol (32). AH2
2, el AEE HES v et 7 ol A
= A¥5EEA HE JFEIAZ] vul$-Z(iron-overloaded
mice)”} AH&E o] Sttt (31). F HAR Fopxl 7HEH
b ES vBe o] AESA S FXAT
ok SEE vEe o] tEAS] AEHA &9
(hemolysin H== cytolysin) @} T3] & Ax(metalloprotease)
o] AYrto] Hgieo] whg-ste] S71ghe]
FEAT (34, 35). Al AR AT BB oS T
g AFFHE 2 = Aol & ekalFig 1)
B AES

e the WY AFuY o old
A EES Waw s Oy SRy wE

A
(ferrophilic or iron-sensitive) A1t} (36, 37). WHZ W]
B Qqto] olygt THAS Y= olf= FET7I
Aol gekslrle st 84 e afde Hduyez
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1) Vulnibactin 0470 &H&471d (Fig. 1)

HEZ 1] H2] 23 vulnibactin®] 2} H2]=
o] m9- F2 AR EolE AT o] AlHEXEol=
TZZH O =R catechol =i phenolate AU Z o}z EFF
o} (38, 39). 5Eo] ZFek(virulent) HEF HIBE| QA ES
A2 2L vulnibacting A2kl EdAwH AgH
A& maHor g ste] o] & = glovt o] of
SHavirulent) 75 vulnibacting AY4FE}A] ¢kol EdA
HHel A3te A& o]&ahA| ot o= dEx 9l
T} (40). Vulnibactin 2]ol| = T2 AJH|ZXo}E AYLFSHA]

H3} A3}
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ok Hol 4
tlolli= vulnibactino] 71 2 9 vt} 41).
Vulnibactin *3401]

%‘%}Q ?‘;—r vulnibactinS- *@48]—21 23l Ed
of A%¥ H& o] &% F glof, A= ;IS
BEjee] 58 A st TS vulnibactin
Aakel #rofsh= 54 5 3R] isochorismate synthase
& d5sleh= vis TRl EAWolE fdgk Aol
T oHle A7 JeRdch 43, 44). olEldt ARES
vulnibactin®] el gk stelo] Edw Hr}; s}
7] wzel @S HHF -2 vulnibacting S35l Ez
29| el Agd S GHT F Arh S5 QA A&
S E=ste] AT 4 Q= S¥olobd g gjd= v|HE Q.
o 58E& Yehlle AR T 7P 8% Aol

A3t A vulnibactin A2 2Jutel] 91X]§F So] &
|AE Tl AE W2 Solet o
vuud A2kl oJs)] ke stE o] 9lom 72 kDa®| 17|
E 7R o w Hol| o] Wilo] 2w n Hsko|
HHE-ahe HAFIAIARR] Fure] FAjAlel] dptrd w= o
o|t} 45, 46). ©] vuud AR EAWOIE e -
W EZ W) H2] Q2 vulnibacting: HAHeH st o
o]’ Ay} AE3t vulnibacting MXE =2 7HAE 4 9
= ogs At

Vulnibactin "7} A&F571A @HHS Aoz 4
5

s | KR RS PARSE PR B )| Fur°ﬂ olgl] Hatol w
2} A hFig 2). AR vud FAA] Aol =
HAAFI A ALl Fur7b A 38ke] RNA polymerase®] 2188<-

R
5 = A9 Fur box'ehal =2l 54 7MLl
AR kA fir AR EAROIA A AR AR
E gl vuud A= A= A1, vulnibactin v 714
Ao He] EAdo] Holx EdAd P AdhE AL
sl o8 £ Sl Selol A5 oAl A5
(@5~47). o|sh Tl¥ol, QoA AFe sk o] ol
= vwd AR HEAS ST 5 Qe HAF DgR1A
7b g E ek Gt defals tEAQl AARIAL 5
SRl CRPO of 8l vuud rd#ke] o] - = ar gl
THFig. 2). ©] CRPE wuud fr7d2ke] 2HESel = &

O }:1

A% =
4 A71M el Ajlste] RNA polymerased] 3-8 =3
= Ao s AZELL CRPE o5 dlels §-Axl 54
HolE et A5 vuud A2k IS A3 A5t
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¥ Edavde] A3 Ae @Fsl] o8k v
&3 AA3) Akt 0). 0P @ Ak HHF uln
gogtel Ao i Ao Fe At Az Jriit &
43} Ete] ARS AHe 28H T 98 v
Jick.

2) Hydroxamate A|C| 230} Of7H
5Eo]

HE4IIH™(Fig. 1)
A3 dds vBgedELS vulnibactin}

hydroxamate Al 23EotE B AAbsA|RE melo] oF

Sl 752 hydroxamate A Z3¥o}qhS Aakstcia o
H 4 2t} (38). Hydroxamate A|H|Z 3o} HA] Ho| A
2= o)

H oA S E8T nEged TS FAAA
T} (38, 41). 231} o}2]7}A] hydroxamate A E|Z 3o} UH
N A&7 A3 BEE f1AE50] dE AR &k
hydroxamate AW 230} 73 Hgk 9|4 QQA] git). wh
A ¥ F vBE o] W&l 219 hydroxamate
Ald|2 ol w7 HEF7]1He] A4 A off] B
rgaith

3) 0|5Y AHZEOIE 0|8 + U= BEIIH
(Fig. 1)

Deferrioxamine B (ferrioxamine B, Desferal®)
Streptomyces”} AY~+8+ hydroxamate A]H| 2 X o}ZA
59F A 2F3}A(iron-chelating agent) 2 HF 5] 2| 5ol
gsto] gt sidS njEE oS BIES B2 B A
A5 o] AHIRIEoLE o]&sto] & &

T} (16, 32, 48). o] AJH|Z¥o}= DesAdt HH
kDa =17]¢] Hgieol| whgsh= Al o9t whafd
|A = o] &3t} (13). AraC A AAFRIAR] DesRol
desd Fr7Ate] el sttt webr desd RS

b

deferrioxamine B7} & 48l=
AR} desROTY desA2] ZAF-9o+= Fur box'7| =413}
3l DesRo|Y DesA H5 f‘d_itoﬂ Hk-2-5lo] A ¥
AL} desaoll EAWO)E 783 7% deferrioxamine B
& o] &3t sl AAE ¥l ol deferrioxamine B
7} EAehs olA 2ol SslE AAETt (17). o]
et H2 deferrioxamine BE H&3A| 2 X 8A2 A&
skt 2 AlgHgo] Hof ghom HTol= EF vl
glegto] o]&3 & e M= DA NEE A

i1 o]& olgste] AT HBYd FAFES st
3 A gshed $-8ska} sk wgo] o] FolA|al 3l
(49~51).

ol9 o], HEZF Bl ewd i ol kst

78kl A BT (15).

S—H Shin

= Aldl23xo}le] AF2I aerobactinS AHAlo] AJ4FSH Al
HZ23Folel AxH ARESE 4= 9t} o] aerobactine HF
Zol] WSl ntAEE B2l 76 kDa F7]9] *ﬂﬁ 9]
9 oS FRA 2 ARSI (14). ©] /\*Q“Zﬂ—e‘

= %7‘41} lutAJ WHe Ay o

olo
X o ¥ }ov
HU ()

o 2

_‘:Qﬁi

GntR ‘l‘l’/\]' Xi FAAIAFS] TutRel] gﬁ‘ﬁ x49
Al aerobacting ¥+ 7-F- IuRel ]t 9111]7} =
do| frdr) gk Htoles fdF B oo thE
HAE5714% vA7 AR w42 F3Ho] CRPY &3

p

0

o 9e® FHHAD (22). AR} iwdo] EAo)=
ke A HFZF v B FS aerobacting T o]
o]8-8 4= ¢l aerobactin®] A 0}'— 33 237
Z2o] A AT U EAE wd AR W o] 9o
Al aerobactin®] FHE A R ol E WS FFEolH]
ok w T} (22). o2 s A= ofx wHEX|R|= ko)

ARt iuAE TEAE AHESHE 85 vlBe| gt A
o AR zol7t A1 + 55 WEh ok

4) B+ iy é;#?l H(Fig. 1)

TR} furdl] EAWOlE %}21-% A A7 E
g bdo] F7hEE Al ou g Foll= A
(77 kDa)7}F At} (6). ©] *&xﬂ% o+ 3} hupd A
2ol EAHolE et A =

o1

F9o7 olgdl 2=

o

= 21,
U Agade] & Af, 5 sy X4t %‘?—__sz}
HEFYo] ohd H-oll= hupd £ 0]
< HlEZegto] FAE=H R e FEE T
3t} 3k vulnibacting H] &3 T2 2S5 #o
HA @2 Aol FA58A w7l HEr1A 3
B7rsl7] ook wiEbA, jEF njH e o] HE
Aol FA8A w7 AEF571de] 9 OVJ i
o AR hupa) 2EFHdl=
AH o7 LysR fAF AAFSIAF] HupRol 91311 1 o]
A} (52). o]¢F HEo] Hol= hupd ARk B
A% CRPO| aFatel ol 8= ATHFig. 2) (21, 23).
Hol= HvtAgt =8 A= A-8A17F 8 =3l
o] 4=8Ax= HupA 8&A|¢ 37 %‘ﬁa}ﬂ G5 HB
gloqte] dWS wrk 2 o] 83 5 A FiEth (53).
6. 783 sZo| &2 0[X = ASA
Al EA8H=

o] A2 ATl M2 g
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2 A%} dF vBg o] AxEaEEs] &9
)T S5 AEE"ES] 48HE Fste] Az J A
= FEAT)7] witel] 7HEE Fe] 2 s vH F
ATH (54). WEZF v|HE Qo] &3 no] WolEs o3
| tHaiM = obAl oAle A7} Brh (55~57). 1Evt
ST UellA w208 ofF A 4o &date A
Atol ¥l 1 Fol] ARt &S wA dokd, L A4
Hg ol AL o] AT} g} shojeke Al
o] 0|83 = = VHHS AHUA FrtskeE ARt
Zd2 5 Yk HEF vBE o §948 dEdlshs
whBA F72ke] 285916l = 'Fur box 7} EAEHe] ¥5
FaL (58, 59), HEol = fiur F-HA ] B o] Ll
T

<

2

%
ol
A9 (34, 59). o7 A 8HAT) Hol
AelA] o] Z7hElo] AE o] Ae Fex
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o
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x

2 ol UL & 4 Uee ekl Fuk

& Z vjHg] o o] Agikels TR g
4

-9,
! il
L Jo £ o

) tha g} (62). o3 A
= Ho| AFE oA ThilRs) F o] ko] A
S Ke) <

ARG mebd 7hgA el dig B Rl a3
& olA47A) =te] X7} e

z e
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