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Heavy metal binding peptides, cadystin (phytochelatin), induced in Schizosaccharomyces
pombe: Biosynthesis, fabrication of photoresponsive semiconductors, and detection
of heavy metal environmental pollution —Review—

Akira Murasugi (Technology Department, Production Division, Meiji Co. Ltd., 1-2-10 Shin-suna,
Koto-ku, Tokyo 136-8908) Seibutsu-kogaku 89: 228-237, 2011.

The large amount of Cd-peptide complex was induced in Schizosaccharomyces pombe with the addition
of Cd ions in the medium. The main complex contains Cd, small cystein-rich peptides, named as cadystin,
and the acid labile sulphide. Cadystin and the acid-labile sulphide were discovered for the first time in this
kind of complex. The chemical structures for the main components of cadystin, were determined to be
7-Glu-Cys-y-Glu-Cys-y-Glu-Cys-Gly, and y-Glu-Cys-y-Glu-Cys-Gly, respectively. In this yeast, the main
component related to tolerance for Cd ions is cadystin, and is not metallothioneins. The CdS crystal is a
semiconductor. The cadystin-Cd-sulphide complex induced in Schizosaccharomyces pombe by Cd ions in
a certain condition was found to be nano-particle. It is made of CdS core and cadystin molecules that coat
the core. The nano-particles are monodisperse. These particles will be used to fabricate the photodiode that
absorbs the light of certain wavelength. On the other hand, the same peptides were found in many kinds of
plant cells, and they were named as phytochelatin. The main component related to tolerance for heavy
metals in many kinds of plant cells is also cadystin, not metalllothionein. An enzyme that transfers the
7-Glu-Cys moiety of glutathione to an acceptor (y-Glu-Cys),-Gly (n=1 or n>1) was found in a plant cell,
and the enzyme was designated as cadystin synthetase. The molecular cloning of the gene was performed,
and the enzyme kinetics was studied precisely using the enzyme expressed from the cloned gene. Cadystin,
or the synthetase gene is found not only in yeasts and plants but also in bacteria (prokaryote) and lower
animals. Cadystin is induced by many kinds of heavy metals. Therefore, the measurement of y-Glu-Cys-
7-Glu-Cys-Gly in leaves of a plant reveals the heavy metal contaminations in subsurface water, and air.
Cadystin may be a reliable biological marker for the contamination of environment.
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environment]
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B oxAsuFF AL Vi, EEREKEGTHIL,
BLUOESEORAFAY Y ACEE LB E 2T 5 1%
Y UNIHETHALIENEILAMOLNTVWEY, 72,
ARITLDE) REEEVEWENICAY AL L, X
yuFAAA CHFEGRIN, A FITAEZKEGLT
WAHALT 5. —h, NIV AERGORTRRIN
EERE (Schizosaccharomyces pombe) H 5, A% 1
FAAA T EFWSPITELRY, EERWEEICHET ST
TR E LThH FI T AREHEORTF OO TR
WZENTWAE D, ZOXRTF Flidcadystin & % S
nizd, TITHRIINZH FIT A2 a50EARE,
HEEMHETOTrVABA T L0 N TT 4 —Tldo
&0 L 2MIHE S, Cd-BP1 B X UFCdA-BP2 & S 7.
HoTE (HMW) #EECd-BP1 (A2 05124
4000) lXcadystin, & K37 A4 F >, BXORNLENR
HTHREINTBDY, Ky 1rE (LMW) #HEMHCd-
BP2 (A2 0% T-##1800) (dcadystin, BL U K
ISTAAFT VTR IN TS, SREFBEIZBWTI,
CAiPEICBE T 2 IEFICEE RGO —2IE A ¥ uF
F A4 Y Tld7 < cadystin TH % Y. HRBERHICB T
% cadystin DFE WA 5 448, B4 ORI ORI
BWT, ESBPEICTELM S %25 2050 & L TR
DRTF RFEHFITLOEEHRPRVIZEN, DX
7' F FIZxf L Tphytochelatin & v %) ZFRASHEIE S 729,
F72, L OHWIIB VT4 OESIEMEIC B S
DIHWICEHEREGO—DF AT uFF R A Tlal
cadystin TdHh % %9, Phytochelatin & cadystin (& [{]—®
RTFFThH5D. ZITIEIERNI, ZoOXRTFFo4
Fr& L Ccadystin Z fiv: 4. Cadystin 812813 %1 £
DD ELE G L % Table 118 L7z

HIWIZ BT 5 cadystin DFER D H 244, Ay FF
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WL, 2 0< bS5 AORMCEHASMOIFIFTR
TOWEES VX7 Ee gt ¥ — 7 Ofka L MK T
Ho7-DT, cadystin OFEAEIIIEHICRKEVEE X
EN7z?. FEHROEBRICBNTI mMoii{bs K3
A EULRER T~ ORI L, ThZhCd-BPI
BIUCA-BP2EZHBLERE,S, T, Mkzs
FWCA-BP2 G SN 525, Rk 2s8n$ %12
L7eAoT, F72, MREANOS K I 201 Ak
OBIAE-> TCA-BP1l =AML TEHH, Cd-BP2i
Cd-BP1 DHiBRATH 5 Z L 2RI E N7z, Cd-BPl B
XU CA-BP2IZEENLHRTF FIZOoWTT 3/ ERGHE
Biiolze A, TV IVE VATAUBIOTY
VUDORDBHHEN, IN5DLIEK33: 1 THoT.
Cd-BP1IZBIIEXRTF FHAzhoh FIyamid, W
HHEDOH FITLAFFFA YOG THY, Xy aF
T A4 VHEWETINE TALN TV IRKDIETH
b, Fl, VATAVHIEVDOAI NI LI ARNIY
LFF AL v OMISETH o7, T b oFHFEE,
Cd-BP1IZBF A7 FI v afatkix, #yuFt it
4V ORERR L RBR LS TVA I EEZERL TS 12,
Cd-BP1 B X U°CA-BP2 25 S, PR ASFHMIC 55
raniz, ThHIEENZNEBNZUV AR VB
LFUCDARY FIVERLA2D), BERAS gD 3R
BE2» 515920 mg @ cadystin AR I 7225, Thid, &
Wty Y2 B05% U EiChb. KHshi
cadystin® 2> H#H T2 &, H200H, 1 mMIELD F
I AR EORER M CRIAE L7 R M, (R
1kgd 720 OBAEAREIZS00 mgll L& 2%, filksE
MNBOBE L KT 5L, Bld) OAREIZ20
BZd 2D, WHAIHRLCEEERPEGR I N TS P
Bahb. FREROFEERIZ, cadystin 5 EEER OFE
B COBRBEERTOIE, BXUINH6DH F3
7 AEEEROYILA T OMELE LT, FRVE
KTOH F I AKX 2FEREOMH, S 513
WHEOMHOI2ODERE LR b EEZ L HNT.
HEITLEAERTHDEH FITLFF 44V, Cd-
BPl, Cd-BP2, BLXUH IV AT VY FF v DUE
PR, W pH 2 D SERVEICZL S5 2 LI2L D
e L7z, BEKRD50%H@EES % pHIX, £hZh 3.1,
35, 45BXU63TH-72D. Wik % & Cd-BP1IZ,
Cd-BP2 L D bHENICHEETH o7z, Lizd> TCd-
BP1iE, Cd-BP2LD b INEZL DA FIVAAF V%
IDBIHRLTVDE I IR A.

fRHEERE (C. wtilis) 7 HAFHE I/ 4 2 VRNA
AR OBREEE, HALEMTTEDTH83
UM O LS F I 7 A2 X D 60%HE S NED, R
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M Z AHHNIHKI 16 uM @ cadystin Z KOSEICHEIN L TH
L, CoMFEFBREIN LR, Thidcadystin 2’
ML CTE AR 20 B MR L 2R/ $ 2 & 2R
BLTWAD, 72 SRR (S, pombe) % 1.3 pg/ml
EWIOREEOEIALS FI A2 EHT 5 REEMT
4WEMRER L2 L 2 A, Bk 23k K3y
L DWEEIZ0.05 ug/mlZF T L7222, ZOFERHIH
PeINTHARDP LA FI T 2RO BEERZ RIS 572
DI T X W REMEAS D 5 2329, Cadystinid, EWIC
X BB (bioremediation) (2% A &ZEIIDOWT
bk s hTwng 107,

H K 27 L-cadystin BEEFEPOFLREREDHKER

Cd-BP1, Cd-BP2& {124 F3I 7 44 4 v & cadystin
DEEERTH B0, TNHIETFVAHBERA + v s a
RN TT 4B AEMAE, BAERORENE
UVBIUCDARZ MV, BIUORTFFHHVDOH
FIYAGHRGENRLR L. Cd-BP1OBE=Z0WIT
HOINREMEDFRIZED, INS50BENEFHHTE
HEIhot.

K8 L 72 Cd-BP1 ORI Z 1769 & L72BED 2
ETHADH. S K I A Lcadystinz i S 5720,
Cd-BPIAHOpH Z K F &8 722 25, W LKEDRE N
PRI NI, Z22TZTDOH F I 7 L-cadystini
WCH 72 & LT ERE D & T b 2 L 2 Ly
WCRERR L 729, 2k, 22 aF+ x4 B OBHET
5T F FOFIHICB T MO TORILTH 2.

Cd-BP1OXRTF FH7-0Dh FI v LHEREIL,
Cd-F+ A4 v OR2ETH L. HHEERNEZ 1 mME{L
7R3 AR TR L 2B O MM NAN L R #E D %
AL, I FIT AR E T HVET-ITREE L 226 o Bk
WIS % 2 AR S N2, 44ERICIE, AR I
LAEAREMTRIZY A NI Y A -REEME -cadystin
oM%K S % Candida glabrata \2B\WT b [FROH
FEDHER SN2, S, pombe X C. glabrata\ZBF % 71 F
37 L & AR E IR OB N TSR & OB L
HWARE S N7z HRERTIE, MRNAZEmEOSR
EERTECDNDL Y AFIRTINVY I VR %R, 7
F3IyAE&ARVEREICHEML CH#ET 5L, Cd-
BP2 249 % Cd-BP1 O )i A3 A B9 8 m L 7229,
72, HIRBANARZEREDFELIEHT 2 L vbitd
FA =T 2 FRRHARIML TRIE T S &, MR
IZCd-BP1 D EREDWA L7122, L7zh>T, Frih~
DY AT ¥ OFMETRERO 7 B I 7 A% 858
L, AFF=VOFMEs K3y Atz 5H0 5 L% 2
Y (S
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R OTALK R T H AR DS, W E 2 IR E oL
KRFEE, BB 7 VWETHDLEEZD
NBHIHIZRY, R THZOEEMIRHRINT
729 HAbKRFERy-INVE I N T ATA YEEBEED
WHEEREL TN T Y LNV E FHEEL LD
MonTBY, I bKFESMEOBEA b LA
T BHPHWE E LTER T4 2 L 2R LT 530,
BN TD, ErSIYAENmILKEZS AT
A2, v-ITNVIINYATA Y, BXOTVYFF Vi
ErlRkSEsrE 0D, DEDZ s, 5B
BWT, B FI7 AL F VIHBARILKEZE DA % R
L, BAbA#FEIEZ V& FF » % cadystin DG & fEAE$
hEEZOLNL., FlEoEEGHE, Cd-BP1IZHHE
BEFN TV v ) #HE2E, Cd-BPLADGRIG T
HERF VKT TH DI EIRLIMEDOmM E kol k
E S A (R0

Cadystin D{tZ#EE

Cadystin®7 3 /K7 I JWE, 7> VLS &
DIZVE I VRRERESN, AVKRFTVEKEIZE BT
TUGREICE D ) vy ERES D,

R Ze MR O fEF, Cd-BP1 & Cd-BP22idEE LT
2fED T F K cadystin A & cadystin BAYEE T3
Z 5o 7z (Fig 1) 2.

Cadystin A1, y-Z V¥ IV AT 4 VERIEOMD
BLAS3MH 0, cadystin Bix, ZO#0ELA2HTH
%. Cadystin A & cadystin BZ A VK F I T F 5 —+¥
PICLOoffdnE, Z)T v by-TNVF IV ATA
YORVELD. INHDOXRTF FOWEZ, FTHik
B % U TRAICHE SN, E 5 Zcadystin A B &
QY cadystin BAMLAMIZEEGRENT, T o DR
MR S 723, Cadystinllidy-7 VY I VT AT
A VERIEOBYRLEBO L) KREWRTF FEEFN

S

SH H SH
wh o R e, QR wu, R
HN-Z N NG N NZ N N\)J\OH
H o H o H o
07 OH 0" “OoH Q" “oH

r-L-Glu L-Cys 7-L-Glu L-Cys 7-L-Glu L-Cys Gly
Cadystin A

S

H SH
H oH o)
H o = nH = H
HZ % = >
< 7 NG 7 N
HNG N N \)J\OH
H H o
o7 "OH

O ™ on

7 -L-Glu L-Cys 7 -L-Glu L-Cys Gly
Cadystin B

Fig. 1. Chemical structures of cadystin A and cadystin B.
Cadystin A and B are the main components in Cd-labile sulfide-
cadystin complex induced in Schizosaccharomyces pombe.
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TWwaNDT, cadystin®—#H#iE X (y-Glu-Cys),Gly &
FENb (n=2F7/En>2).

PHEER cadystin DERE LV ZDHTE

S. pombe ® Cd-BP1, Cd-BP2, Zh5I2E T N5 cadys-
tin R ANLERME % EDOFLIZH LTI, b < off
FFNZ L o TH—DOFEBRTHY K LR LRI TH
. BBMWEAGEY Sz, 55 DR D®%, S. pombe
® Cd-BP1, Cd-BP2IZ¥ 2 &ADOHEIE, 19864F 12
-0y ROWZEHGrill HI2 X - TiThbh7z®., 22
TIX, P FITL2DOARTHRLGMOEEREL BIEICL -
TdcadystinGWAAFESINLZ L, BIXOAFITA
W& D, XhEAEOFE Veadystin (n=4-8) HAH
ENLZEDPRBRRENTWS, KEDReese 5B L
Reese & Winge D220 DX Tk, Bl INHA FI Y
L-cadystinf A HRIIMEZHICH L TAH—TH D,
ZFOROREND —ETIE RV EBRS N TV 53439,
Plocke & Kiigil%, 19924 AEEDITRIZOVTORER
EWMEL T2, E5I1E%RD T, SRBRICBNT,
ARITACED A R Iy ZEEREESHFES R, —
X CTn=2-4TEEN 5 cadystins T-2°Z DHEA K
CHET S L 2R L. 22 THOEAROIESY 2
UVBLUCDANRY bR ENTz. $72, IS
72ARTR O A F I A, cadysting B X OEO L
HHEHE S Iz,

Ay aFFAA Y OFFBEOMREIF 19784, 21
FE I VB LMD FREEEE Y v 37 BICH
T2E1MEEEE CTITbN. 058P 19854
WCBAflE SN2 MEIRR SR CRET &N/, 22T, A
yaFt i YEYEEA s OFF AL o
OHEEE D DORYRTF FLEREINZ, 2y S+ 4
AL T3207 7 APIRMBEN, cadystinld 3D
7 I AN END, 2D T AlZid cadystin, phyto-
metallothionein, ¥ 7z1% phytochelatin 7z & D ZHIY T
BRI AEREN, AT VFF L — MEGEZTET S
RYRTFIREEND.

Cadystin £ 7 F I VLK S UEBTRE L DEARER

SRR BT 2 F X7 A -ANREH -cadystin
BRI T 5 2% % Fig. 21278 L 72 (Akira Murasugi;
Cadystin (phytochelatin) synthesis induced by cadmium
and resulted formation of cadmium sulphide nanoparticles
in Schizosaccharomyces pombe, Current Topics in Bio-
technology, 4, 70 (2008)37, %%, Research Trends ®
AR % A TR ).
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Cd-Cadystin CdS-Cadystin
(Cd-BP2) (Cd-BP1)

Fig. 2. Model of Cd-sulphide-cadystin formation in fission
yeast. Cadmium ions induce production of cadystin peptides,
which bind cadmium ions to form LMW Cd-cadystin complex
(Cd-BP2). LMW Cd-cadystin complex and also apo-cadystin
are sequestered into the vacuoles by the ABC-type transporter
HMT]1. In the vacuole, LMW Cd-cadystin complex binds more
cadmium ions and sulphide to form more stable complex,
HMW Cd-sulphide-cadystin complex (Cd-BP1). The sulphide
is from the purine biosynthesis pathway. The figure is
reproduced from Ref. 37 with permission by Research Trends.

BEER A EEELT 5 2 vwbh s 123839, 5 K3y
AAF U, F BRI ORA R ARE T B2,
Cadystin K EFHEIZOW T, invitroTY YER{ES N5
CELoTIHMHIEEN L LI ME SN TWVDLO, H F
IV ALK UL, MIRET O cadystin EAFAELTH F 3
% A -cadystin &1k (Cd-BP2) # ¥ 5. WD »
FITAaAf4 i3Iy AThnsg. £, #HEEO
cadystin ¥ 7z 12 Cd-BP2i2 2w T 3, HMTI (heavy
metal tolerance 1) % ¥ /327 %4 L CHAZIZILY A %
NbHEEZLENZY, FHOHBTIE, SHITHFITA
A%, cadystin, B X OHEREGEAS B I 7 A -cadystin
BAR (Cd-BP2) 1KUY AEMN, & F 3774 -Fiik -cadys-
tint &5 (Cd-BP1) 2T HEEZONL. y-7 )b
T INY AT A VEBEESRIEEE, AE N o MR GR E 1C
IEESN, Tz cadystin BEZOKETH 5
TNEFH Y OREPEMT 5 EEZ 553,
DR D hmt 1 BETE, B B3I 7 AWPEICHHE
%z 5172 ABC (ATP-binding cassette)-Flo k5 >~ A
A== X7 % I3—FLTWwW5 Y HMT1KY
RTF PR, BROBIHDATIN TS, ZOMT Y
AR—%—1F, 7 KcadystinB X U'Cd-BP2 % 12 HL
DANG EnbilTwiz, IS o, ARy E
FALICE T BBl O BBV 2R LTz, L
MU, ZO b7 Y AR=Y =134 % L bz F)
ML B3I AOBREBICLHATIE R &) EERHER
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BEOLNTBY, HERPLIETH L.

A RITAMEICHHERbND A B3I A -FiH-
cadystin# &1k (Cd-BP1) OAEKICKGDOH 5, 555
BERED A NI 7 AERZWERERO—D T, 7)) V&
EHGARDBIEFIZERDD H 2 DM SN o729,
7TrF=uansig (AMP-S) GEER, BXUany
B7I)AIFS—VHVEFHI PRI LAFF
(SAICAR) ARiEEFIZE b2, Mgh RS T2 F
I 7 A -cadystin#i 51k (Cd-BP2) &5 T®A K3
L -Ffi# -cadystin Ak (Cd-BP1) ICZ¥T 272012
DETHLD. T, ThoDBIET IR H 5
tﬁb 7 AAF KT BRI 2 H. T ORR

5, MENOILKEDFAR, SREBHONFIY
Amﬁ'%%’%ﬁbfwéa%xgna

DR EOEWIIBT A, B FIT LA L Vit

WS35 B2 EH LN R TEZ, LA
#6,w@&mﬁ&%%@ﬁ®ﬁﬁ&%&kkowf@
AR ISR TBY, Ihix&Eds KT A
PEICE T 5 RO L IO 22T 5 ULENRD 5.

ARIEFEFLE LTORFILA F ST LBRT /AT

RELEALS B I A8, BRSO FEER TS
D, KGRIV ERICHES TRINT 5. LA L, B
2310 nm & /NS VAR 1, ZORFORE 12
BAF L7200 2 F 5 2 X D 122 % (B0 4 XRHL).

HERICIE, MToRESZ2HEHTLZILICEST, &
LRFEDWREDNEWINTE LX) ICHETLZLHT
EBIZHH W,

— Iz, R A f’a‘:%%i?")‘/ A —F = —)
D it ’i’nﬂﬁﬂ“éﬁ”‘@f&?ﬁ X, NSRS, XD
KE LM I D DEIEMI -Z:%%“C3?)Z> 720, fHEmd
RELBEDRTVEV) ZLTHD (KA TNV FEE).

Dameron 51, # F I AL F U2k o THEEERR
h vy (C. glabrata) \ZHFESKENLH FI 7 A-fi

# -cadystin#i &5 1kiZ, F/ A —% — X7 — VORI
]‘ T LRI T A, ENEPE T B cadystinll & o T
EALSINT2DDTHHZ LW LY.

Fig. 3121E, T F Iy A -fint -cadystin A % #
K2R L 7z (Akira Murasugi; Cadystin (phytochelatin)
synthesis induced by cadmium and resulted formation of
cadmium sulphide nanoparticles in Schizosaccharomyces
pombe, Current Topics in Biotechnology, 4, 71 (2008)37,
%*5 Research Trends DFFH] % £ THAHR). Cadystin (3
F1~2nmOH s B3I 7 208 b KELHIEL T
5. ZORFIE, ALFIITRE I NS b DIZHATE—
PN, KT OBE %> TO2HLST K I 2088
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Fig. 3. Schematic representation of Cd-sulphide-cadystin
complex nanoparticles. Diameter 1-2 nm Cd-sulphide core shown
as the aggregate of small spheres is covered with cadystin
molecules (thick curved lines). The complex is closed. The
figure is reproduced from Ref. 37 with permission by Research
Trends.

E, BETTORNLIIER SN ALY K3
LDOHALF Y ARG EEPL TV En) D
% 72, Dameron 53RO LOHT, C. glabratalZ3\»
THRBRDF I RADPERS B D OO, ZDF K+,
BdZcadystin ATHE SN HRBEROL D LELRY,
F L LT D\ cadystin BTHERK SN TW57280, 4
HEEOF 2 RTF L) DRERPHRE LR T Wi & i
LTWwa %, ZHEGREERHIER S N5 L8k R
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%9 BT, PEEAET Ry ME, XD ERIEOKR
bl 2 BT 2 720 OFMER E LGS T b,

WAE, ¥ X TR (Pichial®) OEEEREDLEZHW
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T BT, FTHRBUOREEEENPLEL D
A9, EbEmOF I NTEGLIZD, FEF/
BA DN Z TS 57201208, 52BN LT S
POBILT TFWELSUEL 257259 . HRERO
HE-R7 7 =FZ0H ML, cadystin 5 HEEE MO L
Ry N A BEICHEBIELZLRELTH 5.
HEEOF KA E TEWICEET 5720120%, 2ok
I BRFEEMERT ALENDHLEH .

HEA VRARRTF F-JERERY YBANV T T L
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(CPP-ACP) &, 7 F 3w A4 Bt -cadystin B AR R B
FIORTTHAH, L, HEOHED THLBHIKER
HL, FAKEERAEST 27209, FFEitEiahcd
ALBLOIKHOBLGNSE LTI TV,
Wi, ZOCPP-ACPORR A FCTHERT 5720, W
L ONDIERREEAFT DN TV B3, ZDF RT3,
VUBANY T AEERP AT ERSTEBY, ThEHE
A VRARRTF FPWHE LT, TONS RGN ERE
LTS, L7zA->T, BIXZOMEEIN RI T A-
it # -cadystinfl 5k E L {PTWE%9, LaL, CPP-
ACPOEIL, LELRY VB, ANT T A, BIOE
ARRTF FZHEL, ATHICHEENZHDTHS.
BOWMEOF 2 RTEALS B I AR 21857200
b —oDKEE, KL 7zcadystin, 7 FI 7 A A%
v, BLUOWMEAF v 2L, REOLEMHTAL
BB ERAL, BEEINRLF I RT2ELZ 8
ThHs9.

Cadystin & B

Cadystin, (y-Glu-Cys),Gly D&% % filllit 3 % B 1,
9 %=V (Silene cucubalus) OMINLIZHN7ZE
7219, Rea 513 Fig. 4 DFIIREN D Z OREFE O UG HE
HERRB L. COMEIIET, 7V F+ ooy
TNEINYATA VEREEGARN G y-T IV F IV R
FA VREEZI S TT Y MbE NP R E 2 Y
(KIS 1), 20k, Z0y-7Vs IV AT 4 VikEE,
SERTHD7IVEFF+ B LT (Kn2) cadystin
BEAKT 5. ZOFITE, y-I VT INVIATA VB
HOWMEEREZHEAEL TN Y FF 2V THHD, ZHE%
cadystin B & 91U, X 1) K& 7% cadystin A% 125G
Ehb .

(1) 7 -Glu-Cys-Gly+Synthetase
( v -Glu-Cys-Donor)

2 7 -Glu-Cys-Synthetase+Gly
(Acylated Synthetase)

(2) r-Glu-Cys-Synthetase+ y -Glu-Cys-Gly
(Acylated Synthetase) (7 -Glu-Cys-Acceptor)

2 7 -Glu-Cys-y -Glu-Cys-Gly+ Synthetase
(Cadystin B)

Fig. 4. Cadystin B synthesis. Reaction (1): Intermediate acylated
enzyme formation. Reaction (2): Transfer of y-glutamyl-cysteinyl
moiety. The cysteinyl residue of 56" amino acid from N-terminus
in the synthetase from Arabidopsis thaliana is one of the
acylation site by y-glutamyl-cysteinyl moiety>®. In the cadystin
B synthesis, glutathione is the donor and also the acceptor
molecule for a y-glutamyl-cysteinyl moiety, but in general, the
acceptor molecule is (y-Glu-Cys),-Gly (n=1 or n>1).
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CORFEEZH FIV AL T TR VBB X DG
Mibsnz EEZLNL 280 F7- JuAf XFXF
(Arabidopsis thaliana) D%, B X OROMLTIZ, &
R 3IY ADMEET B 0B 0L OB MEER OB e
ZHZ0OT, ZOEHREBERIIMHMICERI L TY
HLEZONLED. ZOMEDGFEIFHIS5000T, 4
ODY Ty MRS LEVDbR, RETHLI VS
FA I TBK, CERAER) 1367 mMTHh 5P
BTG 2T 2 FI A F id, ZORHEICK
DA SNRORIC X D iR S, ZofsREERIE S
RIS T 5 EEZLNSL®. F/2, Yugf X)) (4.
thaliana) OEEREZL, 73 VBES49OFDOAL F =
YO VEALIC X DIEESWRT L EFb 0. 5,
NS OFREIEREC X D IHEDEAILT 2 B OEEE O
BALHWIE S NS 725 9. N5 cadystin G HEER O
RO X H = X LD TOEKRERI S EN D
CENEIEINS.

CORBEEE R 3 — Py 2lia T, SREBEN2S D
ra—= Y END. ZOBET ML TR
THRIHSINWRIE, ISP O TV Y F4+ VAL
T (y-Glu-Cys),Gly & L7z, ZOEFRIT—ERED
ARITEAALF VLo TEOFHEMIMEME SN D Z &3
IRENT.

Cadystin &, BEaME (7 /21770 7)
Nostoc & b AFHL X 7z, K5 BUEE 2213 XGRS ol AT 12
WX sh, ZRookiEdsTRE SNz Lal,
COMRONTF PGB EIRIEFICE . Lz
Mo T, £YHROABIGEEZFFOBERICO W T = RoohHE
WHPE SN, Fl4 OGN X 2R ARORED
BALDHER I N DL ZEDNEENS.

fthDEMCE T3 cadystin & & T
ZDEREBREGFDFE

Cadystin FE WERAEO R, MWD H B3I 7 AfEE
IZ2WT, W OPDOMEMTHONT VDA, DR
ZBWTH IO EAEEROFEM 2SI fTbh T
‘(\59,60).

HNRITAAT VRMEEH-TERELLA ¥ FIER
(Rauvolfia serpentina) ORFFEMINAHIZ, 7FHBERELALT
W& T cadystin DAFENER SN, T — 1 v XO%EE
Grill 512X D 1985 EICHiGF E N7z, TOXRTF Nig,
ARITAAFT alfdE LTHA A, KEAF 2,
A AV BIOMWMA A R LIl THHESK S
% Z LAUREMN, phytochelatin & iyp E N7z, T Ol
PRI FI Y A2 SR To H MRS,
MR ER kg2 58160 mgDH KI T LA -RTFF
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BEKPESNZE W) . ZoBEAKERZ, SRR
LOPRNEDKIFTDO1ITHY, FERMDZ)ORTI
F200018 %5, ZOWXLTGrill HI2ED, A FIY
L-RTF FEEEHEOUVEB LUCD AR MV OFHE
RRTF O EVBRENTVWEDS, AT
MV, FEHELN O LIEEOAERIIHEELL 7
cadystin (B 25 ISR L 72 D LT & A LT —
THNO, F/, XRTF FOLFfEED, FHOINE
BIICHEZR L 72@m 30 TRl L 7o & AR I —C
BB, LIBoT, WWITHET S LRI NI
phytochelatinid, § TIZHREBERHIBVWTHERLINT
WzcadystinZ Db O TH 5. T OFHFHIE, Thurman
& Hardwick®”, Lauro & Plocke®, Ow 5 ¢, Prasad®,
Inoue'®, Shaw 5 '7, Murasugi®? 7 &% { OFZEH I &
DHERINTWS, T2Grill b, HERICETINSG &
BONDEAREREICOVTIE—YfhTuawn, 5
&, 4 X237 (Rosa canina), ¥7 %<7 (S. cucubalus),
X & (Discorea composita) 7z &% { OFEFH O R 5
Ml CH BB REEEZEME L Zheihlie,
cadystin ¥ 1986 4F, #INE N7z b~ MEEEMBIC B W
TOHMREINZD, F19924E121F, KiEEON K3
T AAF VAR T THEE S b MEko s K3y
LERD S, A LEME DRI N TV S0, 19874,
cadystinB & AL EME X, 21— L) (Euglena
gracilis) O FI 7 ABERICBWTH IR IO,
COBEGERIZOVTIE, S HIZFHICHIZE S TV 5 ),
=7V FEBVTIE, FRMLALA FIYA86HKIEEE
&L TEERRIIOA LTz, FmEtokksE, K-
) =7 O—H (Dunaliella tertiolecta) \ZB\WTdH, 7
FI Y AKX B8 L)L RO cadystin OEEABILE
ENTWBEY, —J, C. glabrata D¥5E121%, A+~
AU TREET L L2MOX Y aF+ 2 4 VEROR
VAT F FERAMRHE S ND A, BidD X HIZ, O
B2 FITAAF U EENLEEHM TR RS L L
cadystins&K SN, # FI v AL F VB L OREER
WEBEREET 5. 2512, EFEHMTDH S
#it (Caenorhabditis elegans) \ZH5\T¥, cadystinfy
WE# % 3 — N3 58T OWEERYIA, FikDNA
OFRFIFIZFE RSN, cadystin BEEER DS K 3 7 At
TICHEE ENAZ ENRHL NI SN, F 72,
fEIMWE R (Schistosoma mancons, Schistosoma mansoni,
B X U’ Schistosoma japonicum) RWH (Parascaris uni-
valens) 7% EOHMIKDNAIC S 2O KR EIZT O
WAERSOFENPL2IZEIN TS, 33X
(Eisenia fetida) T, cadystin®WB#HRBIs A7 10—
ZUTEN, ARITAAF VLB ZOBIETOEE
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BN 25805 MRICHEAET LA aF+ 21 v
WIETOH K I A4 F X 2EEHBICET 2858
LeylcHE s, F—h4TlE, EEEWS T/
N7 T) TIZBWTH cadystin A R I LT
%9, Cadystinid, TNSHOAEPIIBNTH E4EZ
LT H7-OICHELEEZONTWS, F72, C.elegans
(&, SREEFEFMRICA Iy AL F VEFLD720DD
ABCHID J Y AR = —DFEIWME SN TR LT

U EDZ &b, cadystinidfiy 260 s iz & &,
Fi¥IZ B 7% A Tphytochelatin & b iy % SI/zA5, 20
NTF FEBHEZ LN TV X YL AERFIHFEL
TWLZEHPWOENIE->TE T2, BEAIO cadystin
GBI TE NAL v 07 I B 2 L7
BBy R BOMBETIE, £ OFEBEWIHELSY
NI BEBRNTZESN, 2 ORFEEE T OS] % 1
L 72 cDNAIERH OME T, L0 Z < OEBAEY
D cDNA WU OHIEFRF SR I N TV L. Lk
Ao T, cadystinlE EWFICBWTEHFELTEHY,
HEBRIER ST L TREREHEZ R LD EE
Abhb.

—J, THREFEOEWITHFET S EBbNRD
cadystinid, 7 FI 7 ARMOEEE R E DMLz
DIZFICEREINLEDESL ) ? FFY) LT T
cadystin VSR IC X o THO R L LFFEGR S NE &
RO, a4 XF ZXF Tldcadystin K S L Wi
0 VSRR L TR Z 28 ) T & % & 5 cadystin
brAyuFt g v, ARCLEE SN 8RO
RAF ALV AT HEZENCONW TR SN TS,
% 7z cadystin IR DAL EOBIEI S ZOXT T
FOFAEER IOV T L DIREVERATTHI T 5 7,

EYPRRIRIER L L TOER

I—u v 2 GEEROKE 2 & O &5 EI BV THRARO A
MHEIN TS, LEMTEI SIS N IR+ F &
Y M DBRADHRENPZDOREHD—DLEZ N
B. —F, AHEBEGEOHITITANIL, FAROWA X
R L T A DT, KHIEOESETGG: b HRD D
JFEREHEZONDHS, THFE CTHBEYMNZ: FRMERE
AT EFEWN RIS SN TR o 72 Gawel 51,
Za—F—=IMOFTA F 724 ZADT A b7 e (Red
spruce, Picea rubens) &NV 24 E 3 (Balsam fir, Abies
balsamea) DA\ EEIZH E 15 cadystin B [(y-Glu-Cys),-
Gly] Z Mg L, HRIROWEE L DB 2 A L7270,

I % 2 T ST T SRR IR IS A5 BE O cadystin B & i
ZHELZEZS, WEPHRINTWDET A byl
LTI, &9 EZTORERIZcadystin BEEDOH S
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PR SN/, TSR LT, BESHERS T
TOVRWIVTAEI T, ANZNEZIT>TdbT
PREMU»BE SNk o7z S OKEIE, cadystin
BEmEMARDWELE DHHEZRT b OLEEILNS. £
7z, BRI cadystin B L T2 BI503, Bl
FIZBUF B 2 70 F F R A ¥ OFEIAASHIL B 5l <0 i 43
LI A G52 B LHEP L T2 REE D H 57778,

RTA D724 ANTRERPRS R DEET A MY
DO BRI L T2y, EhZhoXigo ik
BARDETEIZE TN A cadystin B & % Z ORI
ELTE A, BEEDEL % 513 L cadystin B2SHN$
52 ENRDLRY, TOMENLIBAOL LN L
cadystin B & O#E VRIS Nz, T X9 HilllE
%, BEE% 1000 mIZEEL TID2DIIZDOWT T, &
NS D% ZDXIEONHRMNDEIFIH LTy b
L7zEZh, ThHEAEICHELTVWEDT, T
7 e OFEIZE F D cadystin B EB IS FFEARICH 5 5E
EROEDBREERTIDNDEELEZLNS.

Gawel 513, WIZ, KETGHIZEHE L THE 4 ORFAD
TIZE M5 cadystin BOWEIZOWTHE L TW5 7.
INCO (International Nickel Company Limited) 1%,
19724F, SHOREHITIC 381 m DE KR MZe % @i L7z
COMENPORBLIz=y rveiiE, fieotiZE
W7eERITHE 2 Szl T (peat moss) (ZEFE S 17z
mELTMELAEZA, 220 510~40 kmDHh 5T,
NS OERIREOWMAHER S N7z (19954). Thz
NOHPIZHET BT X)) A>T AN (Betula papyrifera)
DOREMTH 5 HFOWE T, #%E cadystin BE =,
30 km# Sl ¥ =27 2SR 572 (19934F). BEHTRW
RIZHE LChdA DN orz, B [ARICH 4
DOMEICHETZT A) AT T AN, NUVHFLEI, B
LT A AX<F T (Populus tremuloides) 12D\
THEEDWEZE LizE 25, Ak RERIRE LN TN S,
T/, WPICEIFNLERBEOLELIRT 720, £
NZNOHKT, TOEKMZRGK Ty T 728kTT X
VA Y S hNEERSE, ZOXZED cadystin BEE%
WELIZEZH, H2EH 525 kmHipilZI1) % cadystin
BEEOY -7 PL )RS N/ (19944). L7
o T, BFEDOBADE TG T 15 cadystin BO® I,
KADFEGEHG GO LY FNEREE 2 ) 9 57259 .

S H1ZGawel £ Hemond X, % F 2 —t v VT
FHAFIZB T AT RKOERIZL HHRIZOVTD,
T2 OXIEORY D& 1 b cadystin B & & B
ZIRA L7230, DRI 54Tb T 5 T K OFH R OH
IV 7Y THONF WD LEN D)L DEE
ERHPRETH L. —J7, TOXBOEYIZEH S
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ZHGOMWEE, BT L D TESCH T RO GO
BRI BVEV) MENRDH L. L RGROTEEOD S
MBI BT, WO ROKE ISR - T, SIS T/ v
Y = —H"IT (Acer platanoides), 7’7 (Betula popu-
lifolia) B XA 4 7% (Rhamnus frangula) O
D cadystin BEAME L7225, AIGNTWLHT
KOBEFORELZ L KBLLTEY, 2B _0ibi
TAROMI A /RLTWwAH. THIZEPA [T XU I A
RERBERET (Environmental Protection Agency) ]
DBV A7 THAXY PORRES—BH LT L
7235 T, BARDOFED cadystin BE®IE, M KOESE
BHRICHLTHORWIRRE 25 L EZ LN,

DR E N FI VLA F VICRBTHELEON P
IV L-RTF FEGEPFEGREIND. FERES
KiZH F 3724, cadystin E#DOF HNERTFF, B
X AL B CHEL ST A, Cadystin B & O
ANZERE L, ZOMOBEGHAIHWZE D3
DT THb. Cadystin® EZER G OILMEER, y-Glu-
Cys-y-Glu-Cys-y-Glu-Cys-Gly, B & O¥y-Glu-Cys-y-Glu-
Cys-Gly L kg Sz, BT, & B3I A0k
WCHHE T 2 FELRES I AT FF A4 ¥ TERL
cadystinTd» 5. HifbH F I 7 A% HEARTH 5.
SEAREREIC IS SN B cadystin- 71 K 3 7 A -BREBEA R
&, FIRFERRLTWAEZ E b otz ZORT
X, A FI w208l 2haE 9 cadystin 2 5>
TBYVY—Ths. TN, FEHEEEZTINT 20
BOGE &AM E & LTHHATHAH. —F, cadystin
LH—DXRTF Fi3%  OFFEHORMPIHMILTH w72
M, phytochelatin & %40 b7z, £ OfiPIZB W
TH, 7 F IV AMEICREES 5 EERETIE A 5T F
A4 v Tld% cadystinTH 5. F V¥ FF D
v-Glu-Cys &%, ZBEEKRTH LD VT FF V1l
B3 BEEI WML R w728, cadystin 5K EEE
Ao oNiz, COBEOBETN 7 u—{Lsh,
sua—MbENBIET 2O RSN BEEHH LT
B 32 UG DN AT 7z, Cadystin 2 & K HE % HI5 T
3, HLEOEERERS  ORWIET TR, HiIBMIRT
H HAEHS TEHEBHWICHHFAEL T 5. Cadystinld %
COMBOERIFIZE > THEGREINLDT, FED
Wi D324 F 1 b y-Glu-Cys-y-Glu-Cys-Gly & % il 52
TAH5ILT, HTFARBIOKRRBOESERHIORES
JERT 52 LD T& S, Cadystinld, BREHHICHT
BEEDO R FNIEETH 2 1S 5.
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