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In general, for growth and survival the majority of the microorganisms use iron uptake
systems that involve siderophores (iron carriers). After being transported to cytosol as
Fe*'-siderophore complexes via cell surface receptors, iron must be released from the
complexes for mobilization. It can occur in two major pathways: in the destruction of
siderophore or in the enzymatic reduction of iron. The later pathway is probably more feasible
because siderophores have a rather low affinity towards ferrous forms of iron. Many of such
ferric chelate reductases have been reported in different microorganisms. Concerning V
anguillarum, a plasmid-mediated iron uptake system is well characterized and is reported to
have strong relation to its pathogenicity. The presence of ferric chelate reductases in ¥
anguillarum has been also reported, however, its property was hardly characterized. It is of
growing interest that the ferric chelate reductases can play vital roles in iron uptake and in
release of iron from siderophore complexes after uptake. In this study, the author characterized a
~ major ferric chelate reductase in the soluble fraction of ¥ anguillarum E6-5. In addition, some
of the iron uptake properties were also studied.

Supplement of iron in the growth medium did not give a clear effect on the total activity of
ferric chelate reductase, whereas the cellular distribution of enzyme activity was considerably
changed. In cells grown in CM9 medium without iron supplement, the most of the enzyme
activity (47%) was found in the cytoplasmic fraction with an increase of its specific activity. On
the other hand, in cells grown in the same medium with supplement of iron, most of the activity
was recovered in the membrane fraction but its specific activity was unchanged. The above
result suggests that supplement of iron may be unrelated to regulation in the synthesis of basal
ferric chelate reductase, however, it may lead to alteration in the cellular distribution of enzyme.

Gel electrophoresis revealed the presence of at least five bands with ferric reductase activity

in the crude enzyme preparation. One of the ferric reductases, that probably contributed to the
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major activity in soluble fractions of V. anguillarum E6-5, was partially purified to about
500-folds n a good yield (about 40%) by conventional chromatographic procedures. The
enzyme was stable in range of pH 6.5-8.5 and showed optimum pH of activity at pH 7.4. The
enzyme activity was strongly inhibited by Cu**, Co®", Hg”", Ni¥’, or Zn** at 1 mM.

By using partially purified enzyme preparation, we tried to clarify previously unexplained
stimulatory effects of flavins. When NADH was used as an electron donor, ferric citrate was
reduced at a rate of 280 nmol/mg/min in the absence of FMN, whereas the reduction rate
remarkably increased to 4210 nmol/mg/min when FMN was externally added. Riboflavin as
well as FAD also gave similar stimulatory effects. On the other hand, when NADPH was as the
electron donor, the ferric reduction was observed in the presence of FMN or riboflavin, and not
with FAD. The reason for poor potential of FAD is still unknown, however, it may be explained
by sterric hindrance that disallows the transfer of electron from NADPH to ferric iron via FAD.
The enzyme showed lower apparent K, for NADH than that for NADPH, accompanying with
much higher apparent V.. The apparent K, for NADH did not differ much even in the absence
of flavin, however, the V... was greatly reduced. These results suggest a possibility that the
present enzyme preparation may contain both enzyme activities of NADH-dependent ferric
reductase and NADH (NADPH)-dependent FMN reductase, and the latter plausible reaction
product, FMNH,, can serve as an electron donor in a spontaneous (nonenzymatic) reduction of
ferric iron. This may be the reason why this enzyme could reduce many ferric chelates such
ferric citrate, or ferric-cEDTA. Now, whether a single enzyme or two separate enzymes can
catalyze the above two enzyme reactions was unknown. Considering rather constant ratios of
the ferric reduction with or without FMN through purification steps, a single enzyme may
catalyze both reactions. _

The major enzyme activity in Sephacryl S-100 gel filtration was cotresponded to a size of
about 26 kDa. The molecular size was similar to those for flavin reductases from Eschericia coli,
Vibrio harveyi, and Vibrio fischeri. N-Terminal sequence of 26 kDa polypeptide showed a high
homology with the N-terminal sequences of flavin reductases from V. harveyi and V. fischrei.
Above data can provide a possibility that the 26 kDa polypeptide chain may correspond to ferric
chelate reductase. Several degenerated probes were designed in combination of N-terminal
sequence information obtained in this study and several reported DNA sequences encoding a
C-terminal consensus for similar enzymes (bacterial ferric or flavin reductases). Isolation of
ferric chelate reductases and their molecular cloning can provide better knowledge in the
understanding biological roles of ferric chelate reductase.
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—RIZ, MEDRIETOHEBMLAFICSLARSEA TV 2HERTDIEDIC
siderophore L FEITN DI HHILEDE S A A LV ERAE L LTHFIAL, BERE
—siderophore HAKEZER L. MIERA~BMYVIAAR, A AV 2HELTBE
BOZ U RI7EADEGRICERALTVD LEFRIEIA TS, 12, 1A %
MEAN~RYVACEBEO— D& LT, MEAYOHRRBICHFETIHEN 2%
BRI FEZI L TE —siderophore HABLZHMBRECRETIBRIRE S
T3, ZOBE, MBE~OEBXE®KIZ, REGEEED L&A A OBEHN
VEERD, FAIRERBEAFT L OHEHMBE L LT, AV ERBOSBRER I
HELTVWIHEA AV OBITEEIBBETFRHA I TS, ATHOERESEIC
CBLTIE, ZL<OHEBRITOLATEY, TOHFMAREEBEIRRBRIN TV SR,
BAFT L EBRAEDOLMEEATEY, TRXALF—BHICERA2BETCHL LT
HaehTnd, thh, BEOBRTEEIGA AV HERBOBEE 2 TR T 5#
HREBREET LIV, AR E>-TRLT . SHE,. FARABEELEENT
w5, |

AWXTIE, RBBREDO—>TH D Vibrio anguillarum (28 584 4
VOMDRBYATAORAEFRAMEL TS, B1ic.8@HKD V.
anguillarum (281} % siderophore AERE L & x L — FR(EDDAYD /A E
BEMICO)ZREL, £/, 77 XIFOHFELZRFL, ThooBEEEZ R
HLTWS, TORE. BRELESEHKIEILT siderophore 24 E T 5 2, *
DEEBRBICKERERPEETDILNHALE, £/, TORNO2EKIXT
TFAIFNEXETLIH, MOMICHEZRL, Zh b OFEKD siderophore 4 B )
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X7 T7AIPFPETIEARL, 2645 DNA Lt — FERA TV A EAENB D -
LEHLNC L, TRLORBIZESWT, V anguillurum V-116 B L O
E6-5 ZRVEK L LTEBRL, G4 0BELELIRIEITEBL S LICRK
L. 81 F % siderophore £E XM T3 FMICIEAT B - & 2B 5 M
LTWng, 2, ThOoDHEKOARBIUNBICHFEET 2&BLICHEET 5
ETRHENDZ U RIBORBRARBGA A RZICHECEMNT B2 L 2050
LTwa, |

#2112, #& —siderophore MEBK L L THRECBEINERERELS B
bEAA T EHMIEIBBICEE T 5 LA SN 388 5% BEE (ferric
chelate reductase) Z i - SREL T, TOBMENBRBEIRFL. TOHEEOH
BAECHEDILTWVS, IEMNBROBIBFIBRD CERMARELBRERL L Cabh
TRY, e, ZRL2MRANBEREZ R THUOSBABEREET DI L h
LLEORE - PEORBEIRNTH IR TWE, LrL, SEXERTEREIT
V. S OO0RICETHRLEL, CORITHMBREMATI LT, IhE
TAATH-7mBTHEEE NADH THY FB IS LU FEBEN OB LK
WERETDHIZILEZHOLNPIILTWVD, &6, BELABEOT I/ KA
FERSHIZREL TW3S,

B3, LROXTF FRIIOERLBEHNO 7 7 v VB uBERICREN AR
PIERICESHNT.DNA 7o —T7 2 ERLC. SR cBRXE* 2 — FT 3 8EF
DyFIr7u—=V72EHELTVD, TORR, B0 TEXHIN, EHLT
SHBABRLa—FITIB8BEFORELZRAL TWV5,

INODOMARREBEAT, 4%, MRNBEH2R TR ETHRN
D REZITV., &b, ThoBEBEFOFFIn—=VT - BERBH
HEBOMPTEZRBEIEDIZILTC.INETCFKATHEHFEA AL OB AR
VATARCBIOIEBABMBEOBELZHLOLCTHIKERERINPV LR LD
LHIWEhD, ZTOXHRGBTBMERHOBEMEMATIZ LT, MEDH O
REREER, EXBHOMEBANTOEM, MAT, BERKE BT L&A T
BEBBOBAICKELIFETI VDO LEbNR S,

FEEB BRI ThooRREESFML., F-HREL L THRE,LOBAL
ThY, RERBBICBITHI2MBACREEMN L2 b e, FEESBEL (K
RERY) OFMNEXTIQORIREREATOIVDOLHAELL,
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