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BhERAFSE < B B (RBREFERFEBEER AT R i SZBRT)
SERAFZeE T KRR (R B RFRFBE T SRR R ERTE S RET)
AR HEH (RBRFERFLREZH IR R ERE SRR
@Bl FEB (RBRFERFERREFE IR R IR =BT
NE BT (RBRFERFERELTIERM R EETE BT

BARPIIEINT DT AR OLELDNETIIEEACEHR L ZWEDSRE(L
T AZINWNEMRL TS, s OEFEEIIRE ETORRBERE 2 K I LR
5, L7 AZIIZEERE, BEER BEEC TR T —EEBEMFOLRMA
DEEFM 2 XA DHEREMELE L TRMERNVNEETH 5,

WMEREZED I N —TIIHEERBHEBNOR YV BKONT T LRED
1,000 FHEA0D B DNF VT AZEERNICEMET 2 2 LIKEB L. TORKE
BEE2MPAT AP 20 FERICE > TIro TEL. TOMR. BaaNFTID
LEBEBRMICEST 2 12.56kDa 3L 15kDa ONF I LERY >80 &
(VAPs) D - Rz 520 — RT2BETOI/ O—Z 2 JITHRIN L7z,

FIZTYR 11 F£EIZ. ZONFPULEGERWICHERT 2V HERD
VAPs EETIZEDWT, €BFBEREFDODAII O NRVEOEKETI &L
BIZEBA T A ROMTZTo 2.

RYHEONF T LEEY NV EVAPs) 20— RT 5B TFEHAAN
ETI9AI R2RBEICEEERRL, RRFELZTH>Z. TOKR. )V b—
2EEEY NI EMBP) EDRIE Y VN B KIEEICRE E® 5 2 LT
Uize E5ICEORMEY >NV EDH% MBP EHEAME2ET 7 IO—AL
DOERWTREL., COBRINEMEINIEENT T LAFT 2 ED
AR EZTEBIMETHRITLIZE A, FPRENBERTEIHLIN, FNIE
1ENY72D 10 200 15 BVEEDONF T AA T2 EEETH T EERM
L7z, _

RV OAEREZEA LU TERLEMARZI Y DNV EDONF T LT >
EARZAOTHLENITAHIENTEE, 58, I HITHEFZED., VAPs
ENTPTLAF D OREGEREHENITHEEDIT, EBAA 2 OMKES
RZERELREWN,
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BrsEE - B B (RBKFRFLGETFHER R iR
FRFZEE - FIU KR (RBRFERFFEFIER 118 iR 5T
REAR R (RBRZFERFLGEFIER AR R RAT)
Bt FB (RBRFERFHIEFHIER ()8 i)
NEF EF (RBRFRZFEGERFZER AR R

(B8]

HKRIZIINF O AR OLAEDRETIHIFE A EER LIZWEDER(L T AF)1)
WAL T3, =5 OEFREIIE ETORRIEREL KIEIC ERS, LT AZ)INEH
WK, BEEAR, RS TR T —SBREEME ORI ORESERAN % 32 2 D HRErTEL &
LU TRINEIRNEETH 5,

WEREED 7 )N — T JEEEEHEEY O RV KON FT DT LBED 1,000 776
10 HDONFIT L EEEIRICEET 2 Z SICEB L. %@(%ffﬁff&%%ﬁqnﬂﬂa‘émn
% 20 FESRICH » T TE =, TORER, Fil/\N TP A E @RS % 12.5kDa
BEU 15kDa ONF DT LGS 2N E(VAPS) DIt - B L ENSZE2I— R T 5E
EFOY O—= 2N Uiz,

FITER 11 FEIR. ZONFIOTAEEERTES T 5 VHED VAPs B{nf
ICEDOWT, &BHEAREZF DALY D N\VEDEREITD & EBICEEA 4 HEERED
RN 2T 1= D TIET 5,

[7i%]
(DFHNRY & —OREE

=TSy TEICEDHIH L VAP @ cDNA O2EZ1 23— NSO TIAI R
DNA 0.5 ug 28 E L TR T 51 ¥ —I12& > T PCREIEETT o 7z, KIS, £ 94C

2 ORI EITS /7. T LT, 94CT 30 #, 42°CT 45, 72°C T 45 O RiT -1
27)% 30 YA ZIATW, BBIZ 72°CT 5 ORI ET2 77, L.5% KRR Y Tu—X 7

WESKENT K> THERIL -, 100ng/ul O TA RZY—E51 5= a Uk, 1>
= "MEAZINTNWB T EZHER L7 O0—2 N5 T I AI RERHL, ¥1 - T51
R & o THRARSIOMERE1T o 12, .

U LUAEMR LTI A REDBREL ., HIBEEER EcoRl 3K Sall YIiL.
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BELS 7 HO— A7)V BLIKENCEDER L, BE Lz DNA WH SRl HIREER
EcoRl & Sall THWTL 7= pMAL-c2 X7 % — 0.1lug &%, 17— a Ui K
B TB1 ¥RICI B L 7=, b ERBRICHERSIOMRE1To 7=,

(DHAHASY 2N BDORERE R

85 N/ A Z 300ml LB-amp AT 37°C, 16 Rk 5 8 %11o
2o V% — 77— A& —H D 3] LB-amp IR EEER 28 L ARRE 1mM O IPTG
ZEINL, 37°CT 6 RfiEE L7z,

Eifk% 5000rpm, 20 20 LTIEE L. 120ml lysis buffer(10mM Na,HPO, , 30mM
NaCl, 10mM EDTA , 10mM EGTA , 10mM B-ME , 0.25% Tween20, pH7.0)I1Z &
U714, BT 217> /7, 15000rpm, 30 - DELTHEEL. EEGIAES > ND
B ZE LTz,

5 {2230 column buffer(10mM sodium phosphate,30mM NaCl, 1mM sodium azide ,
pH7.0) TEE{L L= S O0—A LY T LK U T, LEROEES >N Eilin %
column buffer THIRL T Img/ml DEEIC Lz HD EiES Uiz, KA T 1 FEKEL.
WRERD RNz, 7I0—AL Y20 10 EAD column buffer ZiiA. &L 7z,
KT 30 HREKEL. IWIRERDERWZ, 10mM <)L h—ZAZEFT column buffer 12
TIO—AL Y EME LTz, KFT 1 REREL, wiRZEIRLZ,

HHAHEZ Y VN EDFE, WBEOBEEEHRT 572010, BEBME ORI ZERY Y
2T I REIVTESIKEI L=, CBB Ik DR LTz,

RVHAMLZ & 2 INTE EINT DT L E QBRI DT

Q) TSI =AMz & > )87 8% Viskase Sales £t Dialysis Membrane,Size20
OBIEIC ANz, ZOBHEE S L — NNy 7 7 —(60mM Tris-HCL25mM EDTA,
pH7.4)21 FITIE L, 24 BfMEL THW =,

FL— NBRBOMABZ Y VNV EEBRT 572017, HERERZT> /2. BRI
120724 > )82 &% 50mM MES - NaOH,pH6.0 12%%& L 7=

UM AMA Y >N BRI %E B Viskase Sales # @ Dialysis
Membrane,Size20 OFBHHEIC WL, BHTA/NY 7 7 —(60mM MES-NaOH,pH6.0)21 1
WL, 24 RefaikE LUz, ’

SEERBTRA DT v > N—OREIDEIICY 2N BEERE . SMAID 2 DDV RIBE
DINF V7 NEREZTNTNNWN, O—F7—4%—T 48 Kfieiz S 8 &S 1o 7z,
& N7 BRIV 134ug/ml OIEET, 600ul ALz NF20 LKL 5~500_ M
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DEETE Iml R L=,

A8 R DEEETANE T L/m% WK - SHRZNTNORENE 10pl EALT, 71—
LV AFRETFESI IR L O T E 318.4nm TNF DD ADREREZETo 72,
R E LT BPRS %ﬁﬁﬁ/\% DT LEEHERE (Wako) &2 Wiz, BTN IEIE
It 2 —BTTERRESHO SAST500 TR CESH 2 L,

[#F]
(1)12.5kDa BXUN 15kDa VAP DFEAHER & >IN EEFETT 5D & —DVER]

12.5kDa BLUN 15 kDa VAP 2FBT 57T A3 REBETH0I12, TR
FLUTHRA D VAP @ cDNA OI— RiEESEBIRL7Z, 07517 —Ilck-> THREN
% cDNA WiHI3ZNZN 88 73 /BBXU 91 VI JBEZI—RLTWE, ZHUIT R
T UMRIZ L DRES Nz N K 5D, cDNA NS FHEIND C KinE TORETH
%, 738, ZOMEIBES/ cDNA OO—RT 55 /NI EDsHFEIT 9kDa BL 10kDa
THb.

BRI W SRID T 51 < —I2id EcoRI #iz %, 3D T T <7 —IZid Sall EAL
ZANL, O cDNA Wi % EcoRl & Sall S7 TUIWT L7z pMAL-c NJ7 & —IZfEA L7z
SERR LTI AR RTCI, IV h—$ERSY /X7 -E(MBP, 41kDa)& VAP ORIES >/%

DEDNEREND LD ICEREOFAEEDEZ(HE 1),

QAR & >IN B DFEE L fsHl

ZDT I A REKRIGE TB1 MICIEEI L, FEFEERZ1T/457, ImM IPTG
ZINATRAEZ M7= 3R & 6 RSB ORIGETED % — M, 50kDa (HEIZH
AR N B OFERNR S NZ(K 2), T3 MBP IZETEHIAHEZ /2 VAP O/ F&E
EINATICE LY, LT, 24U ImM IPTG ZINAIEA - = 3 I & 6 Wisasts
OXRBEHREDR— MIIR S Nah o7z, £z, BERENEL 25 ZEICRBIENS
7B TNWB T ENMN 0Tz, ‘

ARIZ 31 O LB FEHIT 1mM IPTG ZINA T8 ZMNT 72 6 RSB ORGERED R —
RS, MBP EHFIMEZFFO 7 I O—AL I 2FR LT, AR Y 2N D B
T B L& ATz, SDS-PAGE 1T X DIEHLBE DA B DRAMA & > )N E DIREEZ
AUTZ(K4), FET 5 &, 151Uy MLdiz 0, 12kDaVAP 13 17.0mg. 15kDa VAP
1 20.0mg DOFAAHLZ & >NV ERENT S 2 ENTE, JIUIREMES >/ ElEis
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DEAEEDZFNETN62%BLUN8 TN TH-7-(4 5).
GWHAHLZ & >IN EDINF DT LGS B REDIRAT

ZD VAP ONFV0 LFEEREE HEBEITEIC K o TNz, NFI AIIE—RITK
VIR TIE 5 fi& 4 . 3MED(LFEREE U THEEL D B4, AEEH T TOFED HE
RINTVD 5 li& A DVTERBRETT > /e TMRERIERTIIH 2% WId 10
BN 15 BIVEBEDN T LA A > EREET B ENDM Tz,

€:)) ,

S, RYHEDNFT I LHER Y N EVAPS) %21 — R B -ET EMBAATE
I3 RERBECHEERL, RRBELTok, TORER, I h—AEAT 2N
2B (MBP) & OBIES > /87 B KIBEICHR S E 5 ZEICRIL . E5ICE0/AY
SN BEDH% MBP EERMEAETE7IO-ALIUEHWTERL, CoEiixh
FERE S S INTBEEINF DY LA T > & DREBHEE TEBIHE TR L= &E 25, T
IEERTIIH BN, FONTE 1 BIEED 10 720 L 15 BIVEREDNF I LA F >
EREAT B ERRMLE,

HEPESELHEB D IR DK DN F D ABED 1,000 JifEA0) B DNFI L%
BRI T 5 2 EIER M S NTN DAY, T OEMHAEE A U TR L 7= s %
5 2 NTEDINF I WA & REEREED TR SNICT 5 ZENTEZ, 48, T5HIT
WRPEED, VAP ENFITIAAL T DRMATERERSNCTHEEBIT, BRBAA >
DREBERLZRE LT -
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BiEMet Nk VAP cDNA EEaRY

5l
= <@
FWD v REV
PCR
M1 AEEAEERRT 275 —DEHR
Ohr 3hr 6hr 3hr 6hr Ohr 3hr 6hr 3hr 6hr
— — — 4 4 IPTG — — — 4+ 4+ IPTG
(kDa) .

[€2. 12.5kDa VAP(/E)$ & tN15kDa VAGDPOMAZ & >/ 7 BORBL. 1mM IPTGE A =5 (H) & AR
BEODKIBEAEE 5 EIR U 7= 45 H #SDS-PAGE & CBBR 817 & - THAT L7z. WINOVAPDBEIC

b, BERENMAOhDE. 3IKEMH(Shr)P K TG (6hr) 2 £t U 72 KM I IL ORI TR U 72 i 2 R 1 B D FEBIAHR
5N5,
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(kDa)123456 1 2 3 4 5 6

[X3. 12.5kDa VAP(%) B & TN15kDa VAP(H) DA Z & > /8 7 ¥ SRR, LRKIBEOERED F— N, 2. 9[EMHE S,
SAREHUES, 4.7 I 0—A LY S IRRFES, 50IEE S, 6.kaEW S, %SDS-PAGEECBBREIC & - THEHTL
7zo WTNOVAPOBEILEH, WEBEMITRENTRULHAMLA S >N BENEWHE TH]I NS,

(mg)
450 ——
400 ™ o 12.5kDa|—
350 T ' o 15kDa
300 |

250 g ‘
200 [— E ' S
150 ‘
100

0 . ) | |_|_-LI
1 2 3

4. 12,5kDats & (X15kDaVAPDRH & O R, i1 v NUBED
0. LABHER 2 AEESOEERE, 3HESNMARA S > RYED

BERT.
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Highly Selective Isolation of a Rare Metal from Sea Water by Mimicking a
Biological Function

Hitoshi Michibata, Taro Uyama, Tatsuya Ueki, Takami Fukumitsu
and Sonoko Kawano
Marine Biological Laboratory, Graduate School of Science, Hiroshima University,
Mukaishima 2445, Hiroshima 722-0073, Japan

Summary

In sea water, rare metals including vanadium, cobalt and chromium are
dissolved in bulk but at very low concentrations. Total resource of the rare metals in
sea water are much more rich than the terrestrial resource of them. The rare metals
are necessary for new industries in the next generation as materials for
semiconductors, superconducting substances and magnetic substances.

We have focused on an unusual function that some ascidians accumulate high
levels of vanadium in their blood cells from sea water and the highest concentration of
vanadium in ascidian blood cells, 350mM, corresponds 10’ times the vanadium
concentration in sea water.

Recently we found a clue to solve the mechanism of vanadium accumulation.
Vanadium-associated proteins (VAPs) have been already extracted from the soluble
extracts of blood cells by an anion exchange column chromatography. Now, we have
cloned ¢cDNAs encoding two of those proteins, 12.5-kDa and 15-kDa VAPs. These
c¢DNAs encoded about 120 amino-acid proteins in which the content of cysteine
residues are very high. A plasmid encoding a fusion protein of a maltose-binding
protein (MBP) and each of the two VAPs was transformed into E. coli strain BL21.
The fusion proteins purified by an amyrose resin column chromatography were
analyzed by equilibrium dialysis experiments to have an affinity with vanadium ions.
The 12.5 kDa and 15 kDa VAPs bound to roughly 10 molar equivalent of vanadium
ions in the +4 or +5 oxidation state, respectively.

- Experiments to clarify metal binding sites in VAPs and binding constant with

vanadium ions are in progress.
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