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Mn(I)E2{LE B Acremonium strictum KR21-2 23E %3 %7347 Mn F2{t4 (BMO) 1, Mn(I1)f&{bBESTEMEZ IR FFL,
WIS M 2B EER TS, ABFZETIE, Mn(I)ERLIETE BMO %\ C A THEKICBIT 58 A4 (Mn(ll),
Co(Il), Cd(11), Zn(11), Ni(Il)) BZEEIAFHE L, £7-, BMO (Z&% Cr(lIDILEREL Cr(VI) ~DELHEIZ OUN TR~
7z, A strictum KR21-2 [Z X0 HTHRTE RS E72 BMO % Mn?* %8 ¢ 3.6% A T.#E7K (100 mM HEPES, pH 7.0) T 24 15
3 [\EILERL =225, 45 08] 24 FEREIIIZTRINLIZEAE M@ 90% L B3SRBS i, AT KW TS
BMO @ Mn(INE&{LREIZ L DTATE Mn(I)DFREBIUAS AT RE T o7z, LINLZRHME, A THEKH TOMEIKL Mn(11)LEE
[ZBFD Mn(IBREEEE I, FEA TR RE L TIK FL7-, NaCl #&i%, NaNOs &R, Na,SO, i iE 1 ¢ BMO 2
£ Mn(I)LERFEERD D, NaCIVEHR R D F T DR FEITARAFE LT Mn(1)ER LR BE DR T 25380 64, J\I{’EJKEPODCI
25 BMO @ Mn(INERLIEMEDIE TIZBI 5L QWA ZEARIBS L, FHEAL BMO % H = N THfEK ik
Mn(11), Co(l1), Cd(ll), Zn(11), Ni(I) DR AR S DERERIGRERH S, Mn(1)HMEIE 4 (599%) , Co(ll), Zn(II),
Ni(11)73 85%LL DN THRERIULTHIENTE, —J7, ATHARTO CA()DOEREBEITEHEIT 55.6%L/NE<, [
A AL HUGE ([CACL] & O[CACI]Y) DT AFIN Tob LHESR ST, BERIEM A IR ST 454, N THEKR, JEA
THEAREBIZ Mn(I)ORREERZE T T, £7=, Cd(), Zn(11), Ni(I)IZx 9 DFRERENKIEIZE L, BMO 1%
FrE7z Mn(I)ER (LTSRS Z IS D4 B A A DR R BREEUCE E ChHZ LN RS, £72, BMO X, Mn(l1)
HEREIZE->T Cr(iNZh=R LS Cr(VI)~EBRETED—J5, Mn(I)FERIL SR Z 70T, Cr(ll)za S i4esik L
LCAETHIENBHLNE ST,

1. iR B BRFODIRMET AL 5L 3 — T D ASLER 5 18
PR PE LR B BEILROOSESEARTHE  BELENTND, LOLARRL, HIK T, ikZRE0E
FARBIFIASNTOBY, OO R, Rl AP DSE BRI 5 A T RALEO A e
VP AZLENTODHEOLEL, BET~OFEL EREL, HaAh ST X —2S6ELL TN,
FHOAFNZL, T RCURHEIC BT DK G RO %8 VEEBRBEICIE B 358, BlE~ A Pa— = A
UCHE B R A 5 | X o TR e CAS T L/ TRMED Mn BREAHRIZ, Ni, Co, Zn RED T4
W5, [E B S EE I (UNIP) 25 Fifet rTEZ0 BRJE B EE B 2Seil s Clgfis T a®7, 0%, Mn B LRI
(SDGs) EL CTHIFT= 17 D BEEDHI L6, 22475k EML HAKHIZBNTE, ZHHD7/D 4B ~O A D
EHR D) 114, HEOEMNSESFAD T, KOBER  TEHWILEERLTOS, IR L B ks
FAfk, BEARRLER, VA2V, WHEOTHE R ILERETS  ITFEETD Mn BIEO KRGS 13, MECEHE G T
NTHYO, KOBHDFAZEFTRICT 2708 Mn BLBED ORBHER B35 508) 2L TR S



G IR A F T ==y Mn Bk ¥ (Biogenic
Mananganese oxides: BMO, LL N 314 Mn E{b¥,
BMO E350) LN, ORGSO B S DK LB
~OJEANHHSNTNEOO, Fx 13, Mn BR(LELE
Acremonium strictum KR21-2 £k (LA F KR21-2 £k E#£qD)
ZHBEEL, EE5 BMO (2i% Mn(I)ER LEEE 2N E
BICHRFES I, ZOTEMEICEVIESE Mn®* 2l e r 2 ik b
T&5ZEM F7=, BMO 2% Co(ll), Zn(Il), Ni(ll)1 A1
KU, mWREBRIEE R T2 LICLTE
OI0) KBFZEIE, HEANSDOEEBIRE LT AZ L[]
I 7O 2 REEE L, Mn(INBR{LEE A, strictum
KR21-2 #E M AL LTI S TEME BMO O A TR HIZE
75 Mn(I)ERLAEE B4 JR-1 42 (Co(ll), Cd(IT), Zn(11),
Ni(I1)) BrEEULREDRHEZ B )& LT,
EBITANIZETIE, BMO 1255 Cr(NNVI) DR FEMLER,
BEHAVEL OO JLRE R BA 4357012, BMO 1285 Cr(ll)aL
HERE BT eo7, REPIZHE VLT Mn B2{EMIT,
Cr(ll)%& Cr(VI) LR T DME— DR LA THDHT-0,
BREEF D Cr OBREAUIET DN L7050, Lol %
B MO, 12 BT BMO D Cr(lDER L =% 7~
TR IL, R/ EETHD, 2T BMO 1285
Cr(l)DOERAL 3 L OULAE 1232 Mn(I) R LEE SR TEED

FBZOW T,

2. IRAE
2. 1 EEH%E BMO Qa8

Mn(11)f2 /L E i Acremonium strictum KR21-2 & AHF 5
(=, AL strictum KR21-2 (2% BMO OFf#i%, BE
WA Tz, RS T-H (K& BMO OiRE 7%, 100 um
FAmr L AR —F— (BD Falcon) TEINL, Milli-Q
KCUEEFLT1%, FEERIZHW,
2. 2 FHRME BMO 2&5 A TiEKA S0 A Mn**

[z [4EE

BRI 72 BMO % 0.5 mM MnSO, %% e 0.45%,
0.9%, 1.8%, 3.6%% A= A T#/K 50 mL (100 mM
HEPES pH7.0) {2 A1, 25°C T 24 BERITEEHESS (NR-10,
TAITEC) (106 strokes/min) L, #&EFHI(0, 1, 2, 4, 6, 24 h)
(2 RIEEBREU T2, ZOMEE 3 [EI1TV, § 72 IRk
L7=, 0.2 mM, 1.0 mM & MnSO, J T [RIE D EBr A
1Tz, BEILTZ T LK 2%EfR CAiRL, 515

Mn™ i JE 2 55 H kG O 7T X~ U Ry e o ik
(ICP-AES) (730-ES, Varian) % W CHIE L7z, PR
BREL T, ¥ A3 N LKA S £720 100 mM HEPES ¥
R (pH7.0) Z W CRIERICSEBR A2 T -7, F£7=, NaCl 7k
Wi (BXZ 44 mM, 89 mM, 178 mM, 355 mM),
NaNO; 7K 5% (335 mM in 100 mM HEPES pH7.0) 5L
Na,SO, 7Ki&i% (178 mM in 100 mM HEPES pH7.0) %
MnSO, #2723 0.5 mM E725 058, N MEACRIZRT
T B EBRZT -7, MRE EEEALER% O BMO FHICE
FARETE Mn() 3B LR L HE Mn(IILIV)ZRIET 5
728012, BRERER(N) KT (A4 2 fifie Mn?") LHTRRER
72X LT KRR (BB ERE Mn) 35152 e
e e (e SN S NNy
2. 3 AIBKIZHITEBMO [Z&DBERA7 > (Co(ll),
Cd(l1), zn(l), Ni(ll)) D& EYR

L BMO(Mn LT 1 mM)% 0.02 mM
CoCl, * 6H,0, 0.02 mM Cd(NO3), * 4H,0, 0.02 mM
ZnS0,4+ 7H,0 3L 1* 0.02 mM NiCl,+6H,0 % & ¢ e 3.6%%
A= N\ THfEzK (100 mM HEPES pH7.0) IZ A%, 25°CTC 24
R E1EHE LS (NR-10, TAITEC) (106 strokes/min) L, #%
K (0, 1, 2, 5, 24 h) 1T RIEA BRI 72, 2P % 3]
MO, 7 72 BRIk L7, ALBRIE (< B AT
W, BRERLIZ 9~ To BiEIE 2% THIRL, 17
Mn?, Co*, Cd**, Zn*, Ni*" &2 EE G 7T X~ 5
TFESY S HTEE (ICP-AES) (730-ES, Varian) % VT
HIE LTz, *TBREBREL T, JEA O#EKR (100 mM
HEPES &%, pH7.0) TO%EER, £7z, JXpkL7- BMO %
85°CC 2 BFIINELL T Mn(I)ER LR 2 T S B 7= R
S BMO W ERE B IR0, E2, RE M2
EEFETITBIA2INLDOAA4 L DORRERINEREFHA~H7
»IZ, 0.2 MM MnSO, % A FS 7= R TOERRE I /8>
7
2. 4 BMO IZ&% Cr(ll) D& & Cr(IV)~DEEIE ZE #t

KL BMO(Mn £LT 1 mM)iE, 0.5 mM
CrllI(NO3); 25 ¢e 50 mL ¢ 100 mM MES F&EA L
(pH 6.0) IZIRIIL, IEEH LT, L&A ICERERL,
VAR Cr IR EE R L ONALFR Mn J2FE 1T ICP-AES, 1817
Cr(VI)IEE X7 = = L A LS ORI Y B VGl E L
72 RERVHTSIR (KK R) M OVEFHR T A=k
2R e (B35 %) 9% T, Mn(I)BER &



DRBEFM LU=, F7=, JIEAL T BMO F @ Mn(l)f&1{k
B A JTR ST OINEGR, K& SF) 120
THIREE R IR AT T,

3. IRFBEREER
3. 1 AO@EKH(ZH+5 BMO D Mn(ll)ER{LEE

A. strictum KR21-2 (ZX-> CTHBITERKRSEZ BMO
(Mn LU T1mM) %, R&CFBESAIET, 045 ~ 3.6% AL
WK (100 mM HEPES pH 7.0) £7213 A Liff k&4
F720 100 mM HEPES &% (pH 7.0, FEAN TR R EFR
RO 2 AT 0.5 MM M /K IAHE T 3 [0 IR LALERL , 1A
17 M2 8 D2V 2R BRI IE L=, STRREBR T D
FENTHEACRTIL, 1 B BAERIZIW T 24 B TIRIE
425 (99.8%) DIELE M? 23D LT, HTARIRIRICE %
IRH5, IRUALERL T, 2 ALEEBRG 6 IRefH £ CTITIR
IL7Z Mn® 0> 90%LL AN LT- (R 1A) . 3 [HIALEEHE
T, BMO #5&teEAMABIL, B L7=E2
A, [EEFE Mn 1, 15.2%0DA 4 ZZHAREL 84.8 + 0.8% D
&I AR (BB L) D570 b T E MBI LT o T, 5
BRI K LIRS 7R A IR B T D 3.6% 00 A Lk
RICBTD 24 BRI EOME IR LALEE CTOWEFE Mn? i
R (WIHIPEE 05 mM) I, 1 [MA~3 [E A TENER
98.3%, 93.2%, 91.3% TV, HAHI7ZRFER Mn [BI=RI,
94.3% Ch-o7= (H1B), 3 [A] H LB IR L 7= —Br s
HhH OREEDS, EAMH Mn @ 87.1 + 1.8%AER{LkE
Mn LLTHIHER, 3.6% A LKA TS, A. strictum
KR21-2 H3£D BMO (255 Mn®* OBREIZ LD RER LI
HE1T 9D M REITZ, 0.45%, 0.9%, 1.8% A TE/KIE
i (100 mM HEPES pH 7.0) #1C 0.5 mM Mn*" LG st
TSy, 24 WE1 A5 DVEAE M I8 R 13 97% LA _EThY,
FEF Mn [\IRIL, T2 98.0%, 98.5%, 97.3%& &
WMEZAERFL7Z (R11B) . FEEKRIBIOA DR RIS
BT DWAF MR EE DR IZIEH 35 (K1A, 1B) &,
1 B EIXT_NTORTERD M2 ORD HE R TRDS
AUT=73, 2[RI H LB, 3[a] B ALBRIZIUNT, N KR E
(A LT Mn2H 85 B DA R A3sRsD HivT-, 2 [8] B AL
HLOD 6 BB HIAE M2 8 2RI, 0.45%, 0.9%,
1.8%, 3.6% A Lif /K& CTEZ i 89.6%, 66.9%,
66.2%, 41.4% CTHY, N MIVEKRENEELIZE 6 K
BICBIT BT MR SRMEL, M b s (0%

DELLT MR L) 230 L= (K1A, 1B), —
75, 3 [l B ALELO 6 BRI T, (IRE A OHEKEEE T
LIETE MR B ROMEL, T A A KR E CF
BE2RVAAE Mn? i B 2R U7 (B 1B) o FEA KR
Tb, 3 [8] B AERICRIT HIRAE M B i 1T, #5 T
FTIHEEICHHA, A DHFEACRIZASN M? 5 5
JEDAR T OB R T QDI ENHDNE R 5T,
3. 2 BMO @ Mn(I)E&{bIZE2E% RIFTE/KHES

N TR D ERL S THEAL R A (NaCl, %) 60%) T
%, A. strictum KR21-2 Hi3E BMO @ Mn* {53 B 12
%f9% NaCl DOFEZF~57-8D, N THEKIRE 0.45,
0.9, 1.8, 3.6%I\Z7% 4D NaCl #EE I ZxhinSt, 44, 89,
178, 355 mM NaCl 7K#5i% (100 mM HEPES buffer, pH
7.0) ZFHRILZ, ZHEHWT, BiifER BMO (2XL54)
I 0.5 mM Mn® O#§0IR LALERSEBR 1T ~7-, X 1C
WCREAM S T CHEUE R BMO(1 mM Mn) % 44,
89, 178, 355 mM NaCl ##i#% (100 mM HEPES pH7.0)
T 0.5 MM Mn?* LRSS T2 L E DOFEAF Mn? S Db
Znd, NLKFZRTOFER (K 1B) AL, Lt 1[5 H
Tl NaCl 2\ L DVETE M B/ 12251 3RB 0 DL
7272 (B 1C), —J7, AL 2 [A] A T, NaCl i A3
<72BIEE Mn(IER L FE 238 L, #§1Z, 355 mM NaCl
IRIBHRIZ I T 24 REfi 2O Mn(ID)I0 21X 80.2%12&
EE-2 (K 1C), ZOfEIE, xhitid D A THEK (3.6%) L
Dt Mn(I)ERLEEAME F L2 &4 R LT-, 3 [A] B ALEE
TIE, §7~XT NaCl 2 T Mn® i e b ki 3 2 [m] |
W L0H I L=, 355 mM NaCl KA+ ¢, 3
(6] i 4LEE 24 FERE % O Mn(1)J8) 213 65.5% £ T T L,
FOMOBRETHHEZ Mn(IDER{LEEDIL T A D 5
77

KIZ, NaCl @ Na'2» CloEBHEDA AN LD )
AL, Na A AR EE —EELLT NaCl, iz
F KU 2 (NaNOy) , Hili ) k)7 2 (NapSO,) 1A 4 i il
L, Mn(1)#0iK UL EER 51T 572, NaNOs, Na,SO, ¥
Iz TR, B 1 EIE S 3 | B ETTIHAN L
AR EFIZFEE 72 Mn()ER L E 2R L7= (R 1D) , 24
HOFERNG, NOWEKE SO CHE, D7adEb il
TERX BMO O Mn(I)E2 (L 4K FSH220 R dhH &
BHSNETR ST, —F7, NOTRC SOS 1, Fhlgery s i
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time(h)

Dis‘sc::lyed' Mn(I1) {an}

time(h)

1 #HHIZE BMO(Mn ELT 1 mM)I2k% 0.5 mM Mn®* 0 iR L ALERF28R (100 mM HEPES pH 7.0, K& CFE#ig)
(BT DIELE Mn(1D) 2 EE DOREZE L, (A)100 mM HEPES(pH 7.0)D 7, (B) A LifE/KIA# (+100 mM HEPES, pH 7.0)
(N /KPR 1X 0.45, 0.90, 1.8, 3.6%, FLBIOMHAENEE, ANTHE/KEEAEVY), (C)NaCl(+100 mM HEPES, pH
7.0)(NaCl 21X 44, 89, 178, 355 mM, FLEFIDO AR NEY, NaCl JEEEAEY), (D)FE 2« OFEME AR (K 355
mM NaCl, ##% 3.6 % A O¥fEK, #5356 mM NaNO;, #5178 mM Na,SO,, Kt 2 ha— L (F_TD/ T 100

mM HEPES (pH 7.0)& &¢)

T ML ~IT, 1ZEA L BN LD
nEipotz,
3. 2 AI@BKHPIZHEITSBMO IZLIERBAAUKRE
N THEK R COEREEEA AL IREDNRO LR EL
T, IEANLHEARIZITSD Co(ll), Cd(Il), Zn(11), Ni(ll)
IRETERIN O DR E N HRAAR IR AL T A~T /R,
Co(ll), Cd(ll), zn(ll), Ni(I) DIEAFIEEIX, T TOL
HRIEC TR LTz (RAH) . T ORREREDRIT, £
NZH 99.2%, 90.5%, 86.9%, 86.3% THY, - TDA
F DR U TEWBREZFL R LT, ZORE, FH K
BMO (Mn(I)E2{biE AR FF L7 BMO) 225D Mn O
HITR S Ve D -7, —J7, IEULER BMO (Mn(I1)fz
{EIE A2 A IE{E BMO) D54, Co(ll), Cd(ll), Zn(I1),
Ni(I)DFEFFREFRIL, T2 92.8%, 57.8%, 51.0%,
42.3% THY, FHIEEK BMO (ZEi: L TR El R e
720, Fio, BERBE M SRSz, ZH08E 5

5, FEAN LA RIZEBVT, BMO ~® Co(ll), Cd(ll),
Zn(1), Ni(I)A > DOFREZN=IZ, BMO H0> Mn(I1)#E{k
TEVEDN BB 2 B2 L QDI EAVRIBS T, 3 [A]
JLERAE T H O BRI E SN EA B A4 O B
B e HHfS S5, Co(I)ITE T HBEDEI & 23 &<, 2
1% Co(1)7>5 Co(H) ~DE{LI &2 Co UG D - E KT
bWz His, BMOIZLS Co?* dfigki, Kiz
R¥AE7: ColllOOH (heterogenite) #1352 &M p3 45
nTns,

MnIVO, + 2Co,*+(aq) + 2H,O —
2CollIOOH( | ) + 2H+(aq))

BMO 1> Mn(I)E&(LEEHENEEA A 554, Co™
DIRALIC IR TR L. M2, B e BR LS
Do

Mn?*(aq) + H,O + 1/20,(Mn(Il)i&{LE%35) — MnIVO,
+2H+(aq) (FHR(kick? BMO DfFA)

Mn*(ag) +



ZOFBALRISOEET N T 57280, FERTENE BMO T
A EREAE Mn(NDS SN F7- ) 8 e AR
L7z Mn(11)iZ, BMO i L CEARAA L LOREFE
ZH| &R T 72, IEVLEE BMO E~o Cd(ll), Zn(11),
Ni(I DI & TG BMO Lhbb 7410y 2
BTz,

3.6% A\ T /KK 231 HHTELE B BMO @ Co(ll)
BrEshRE DL, MR LR ERZEL TRl BRER
ZAEFFLTZ (B 2A) . B PERIL AL SR, 3.6% A AV
KFAF TOMIRKULEEE TE, Co(ll)iL, LU TEIT
fhiiREE LT BMO [EAFHIZINE L THY, NaEtEo
ColllOOH L THFAEL CBEE 2 =M, A Ak
HCh, 20 Co(I) DEEALIUGIZ LD Mn(I)DIETCES T
R EEn T (B 2A), ALK TH Mo
BB LT T D2 EDRIEE Tz, Zn(I) & Y Ni(I) D
B iheR (FEA 2528 85.4%% 85.3%) 1%, FEA THEKHR
LIFIEFRT (Z 2 86.9% 86.3%, X 2A)) T, 3.6% A
THEAKF THINDDAA N5 EOERERELFE
TRENT, —F, CAINICHOWTOREE R EL=IE, 304
+ 20%THY (K 2A), FEANTHEAKFR (90.5 + 4.2%) (Zkk
5 L CHReD TSV e B 872 - 7=, Koschinsky and
Halbach @2k L, WEK T THA A 0 MO, Fi~D W
IR L, WK T FEIRE (FRIZE M) IS8 > Tk
TEEINDEENTEY, A4 VR ROEREEH T 54
AL, BBEREAT D MO, FIA~TH A SN EE
ZHITUND, 3.6% N LRGSR DAL A A Ko B
0.474 M BT 5D, KEBAA L OEFALDEEROEE (%)
AL A A O RUE RN L H L@, cd(1)
DA X, [Cd*] = 0.00002%, [CACI* = 0.0003%,
[CACI,] = 0.24%, [CdACl;] = 75.8% (F=5%4Y), [CACL]” =
24.0% (B F=AL5Y) E720, NOHEKO CIgEE <L, cd(ll)
1%, [CACls] }e ONCACI, ) DA A &L TR ER S SFEAE
I5, FARIZ Co(ll), Zn(Il), Ni(ll), Mn(I) TZNZEHD
PERDOEIATH T 5L, Co T, [Co™] = 67.84% (FHhk
53), [CoCI]" =32.16% (Fll 5% 43 ), [CoCl] = 0%,
[CoCl] = 0%, [CoCL]* = 0%, Zn(ll) Ti&, [Zn*] =
67.84% (FER%4Y) , [ZnCI" = 32.16% (Bl F=%45) , [ZnCly]
= 0%, [ZnCl5]" = 0%, [ZnCl,]* = 0%, Ni(ll) Ti, [Ni*] =
55.25% (F2%43) , [NICI]* = 16.91% (B 3:5%45y), [NICl]
= 0%, [NiCls] = 1.65%, [NiCl,]* = 26.18% (&I E5% %)) T

otz EBIZ, Ma(I)TIE, [Mn*] = 76.98% (ERL4Y),
[MNnCI]" = 23.02% (gl 3255%47) , [MnCl,] = 0%, [MnClg] =
0%, [MnCl]* = 0% &7 %, Co(ll) LAk DA A Tl
[MZ128 R4y, [MCI 25813252y (NI Ti, [NICL]P %
Bl ERY) £720, 3.6% N HEKIER R T, A4
RRETHD, —J7, AOHEKTT BMO ~OW 353N
RIBIZAK T L7z Cd(I)iX, BA A FERE COOFFE Sl A
b TH7p<, BMO FE i _ED MnlV fi& 54 R Ffara & & E i
EHONCODREA A R~DILFE L Co(ll), Zn(Il), Ni(ll)
EHES LTRSS TRANIC AR D EE 2 B, IEVLER
BMO D34, EITIRME Mn(11) & OV LHE KB 4y DIFEAE
[2&, CAI)IXEE B H D DIFEAEIUEE T, WEH
BORBELEREZITQNDEE 2= (K 2B) ., Zn(Il)X°
Ni(IDBREN=Y, Fla BMO (2L TR (K
2B), IEICHE Mn(I) DR E B DR E 2T TnDE
EZ BN, INBOFERNES, N OHEKROENEEA
FUBRENFITIL, Mn B LEERIE S E e e B2 R
7o ZEDIRENT,
3.3 Mn(INAAEFETZAOBKRIZEITS Coll),
Cd(l), zn(ll), Ni();B&EBENLDERETE
KRG G TR BMO(1 mM Mn)% 0.2
mM MnSO,, 0.02 mM CoCl,*6H,0, 0.02 mM Cd(NO3),
4H,0, 0.02 mM ZnSO,+7H,0 F LT 0.02 mM NiCl,-
6H,O % & dedE N LKA K& Y 3.6% N Ll KR
(100 mM HEPES pH7.0) C 24 IF[i] 3 [RIALEE L 7-354, FE
N LT, N T KES R EHIT 3 [EOMLEET 99%LL
D M, 28 L7z (B 3A IS A D gk T —2 %4
i, N UK T OT —Z IR E) . 2 LR R 5
D5, WEAFEEBIZ Mn OFRIZED AL, TEF Mn
BERADOEARIR THHIERHALN -T2, — 7,
JNEGLEE BMO (1 mM Mn) D34, 3.6% A LKA,
FENTHE KR EBIT M PR 1T E A E T (K]
3B), HHENZEE Mn(I)BDRITENEN 6.8%,
14.7% CTh o7, FRIZ AN KR T, DI UALEZIC
HE L2347 M - EE 2SI RN Mn™ 8 L0 i< B
HIEH (K 3B), BMO 75 M SR L= 2 82 Bk L=,
TR, NRHEK T DA RS DA A A
(2o T Mn(Il) (Mn(I1E&{ L% R AT IC L0 PR b
N2V PRI LTSRS T, ZRDDORERMND,
BMO @ Mn(IEEALEERTEMEIZLD, N DK RDEE



(A) Newly formed BMO
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X 2 (A)FTHIZ AL BMO K TN(B)IIEY BMO (245 3.6% A T /KA (100 mM HEPES pH 7.0, K& IS4, BMO 2
FEIZ Mn &L T 1 mM) $1ic3517% Co(ll), Cd(11), Zn(11), Ni(I1)[FEIFRFLERSEER (3 [BIER0IR L) (231 DIEIEa B A A

FEDRERFIEAL

AT ARBTRHRIZ BT, Mn(I) D JE B 72 bR 2 [EIYL
(CEH B EE BT D EAURE T, BT BMO 1255
Co(INFERFRFERITOVTIE, A THEAKR, ATHEK
FEBIZ90%LL E (K 3A, 3B) Th-o7-, Bk G &
235 Co(I)IFE TEHAE S ETHY, Co(l)~DEE(LEE
HUCI DRI FETDIE R T H & 2 BTz, NN
BSLEE BMO @ Co(I) DFERERZE=RIT, 3.6% A LKA
e, FENTHEKARTENZILT.9 £3.2%, 88.0+3.4%T
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Summary

In this study, we examined the oxidation of Mn(ll) and sequestration of Co(ll), Cd(l1), Ni(Il) and Zn(ll) by
biogenic manganese oxides (BMOs), formed by the Mn(ll)-oxidizing fungus Acremonium strictum KR21-2 in
artificial seawaters (ASWs) at pH 7.0. In ASWSs, Mn(I1) was readily oxidized to insoluble Mn oxides by newly
formed BMOs with the conversion efficiency of > 90% during the repeated treatment experiments.  The Kinetics
of Mn(Il) oxidation in ASWs slightly slowed with the treating times probably due to the inhibitory effect by
chloride ions while Na*, SO,, and NO; did not affect the Mn(I1) oxidation kinetics. ~Sequestration efficiencies of
newly formed BMOQOs were >99% for Mn(1l) and >85% for Co(ll), Zn(ll), and Ni(ll) while only 55.6% of Cd(ll)
was sequestered in ASWs probably because of predomination of anionic complexes of Cd(Il) with CI ions such as
[CACI] and [CdC1,]* in ASWs.  Inactivation of Mn(I1) oxidizing enzyme(s) in BMOs (by heating or deaeration)
caused less Mn(I1) oxidation as well as lower sequestration efficiencies for Cd(I1), Zn(lI), and Ni(ll), suggesting
the important role of Mn(l1) oxidizing activity on metal sequestrations. High sequestration efficiency for Co(ll)
by BMOs was maintained even after inactivation of Mn(ll) oxidizing activity, indicating that abiotic Co(ll)
oxidation to insoluble Co(lll) is the main path for Co(l1) sequestration.  Cr(ll1) was readily oxidized to Cr(V1) by
newly formed BMOs at pH 6.0, indicating the indirect oxidation of Cr(lIl) through Mn(11/IV) redox cycles on
BMOs. In anaerobic condition, most of Cr(I11) was sequestered on BMOs without the oxidative transformation
to Cr(VI).



