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Development of a novel method for synthesis of nano-semiconductors using
microorganisms and its optical and electrical control
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This study aimed to establish a microbe-based synthesis method of
low-toxicity chalcopyrite-based semiconductor nanoparticles, which has not yet been reported, by
attaching low-toxicity semiconductor quantum dots via the conductive nanowires (cilia) of
microorganisms. In order to achieve the purpose of this study, we investigated the conditions for
accumulating sulfide ions, which are the materials of chalcopyrite-based semiconductors, from the
culture of useful microorganisms (Thiobacillus species), and obtained good results under the
conditions of oxidation reaction from pyrite (FeS) as the main electron source and amino acid
cysteine. In addition, we further investigated the sulfur source and metal ions added to the culture

medium, and established a preliminary synthesis method of nanoparticles that could be significant
semiconductor candidates.
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1. WFERMLIDOE &
M4, coP2l (IRUHE]) HFTHLHE SN D X O ICEFE LV TORERREL IR & [BR5E
Rae) chxE ATz B rlfeietby” OFEEABE HRMICEER TN D, IF, ZOHM
BRI 72 A J O (EMDFFD) BEREZFTEN LA ME O &pE (BH#) X
TARRREEL AT LORE] hEORA AT /) a VU —3BHOERNPERE LW
(https://www. jst. go. jp/alca/kadai/bnk_02. html). #ilziX, 7+ F LT A& OLEBR
b &R H U7 8 ko —FE) & LCohitfbl RI v A [CdS) ICHER L, Y AT A V& hi k)i
\Z CdS AW AEAR E 7 TALWR =3 X —RER O GEXAGREMIZL D) @
fLIRFDOFEE EGHME~OEBR AT L) 2 EHLERE N TS (Sakimoto, et. al.,
Science, 351, 74 (2016)). Z DX I RIEREZELWT U —2/KRUA A AT 7 7 v o—Hif
MHE v NERS, RFERE T (Y4FEETINE THAOMICIIEZ BT T\ 5) EWsEr
2R & AR O 8K T VR A K D =Rk F—C Ko THRE S Z L 25l L7z, 4
VRIS HER R R D TR A 7 V] MERFOLDICO RERBE R m XA THY, 5
(ZIREE RN RA CO, D 300 LA b &b Db ER (N,0) ZMELL N, T A~LEIE - WENT D
TENTELRGS, AREBR AT O WAEMBENOBERIZ L > TORBARR TSN 2.
HEHILINET, TUOMET R RICULE L SNHMFEELE BB OV TEEMIZS
T R LUV TRET L TR Y, OBFIEA R DS AR JERR AT 200 U CTHERIRSL T L R
TEL2DTIFRWNLBE T, BUE, FEEMESTFICEBN TS ZZ2OH FI U LD HENE
MHOWRAICEOFAFH B E > TETVDLLEDBURE H Y, ARAFFRIRE CTIL CdS 1T ~aE )
WARFEMED TH Va8 T4 FRYER) IZHEB Lz, Ivansg 74 bRPEREE, &
HEDSI RAATEY REPREERNDIE L CTEXI2 B8RO 12 Th D, ZOREMESEIL ZnS
R THOND (FIRF D EMEAEDOE TG L
72) TPAMgh TG ) 2 L0 (A, Zn R
PYIZJEBIFER 13 %o TAL], [Ga) = TIn), £L T
11D TAg] = [Cu) CTEMINIZbOEIET. £
NOHAINDEBEOENSCEIIC L - COREER

TRAF =N Ry v 7OREXINRRY, I ® Cu!
WECHO, BN PR 2 R E A R S O Galn™
BONEMTH S, BUE, B LR RS - O s.se"

e b BOMAER EOBES S HhAITITD
NTEY, REQBENIEONLEEMBRD1STHS.

2. WHEDHK

AAFGED B L, Bl ORFEME SR E T Ny M2 EMD R OEENET ) U A v — (')
ZALTHESE, TOMAEMREORE o 228+ Fy hBARINT AT RrLF—LZ
DE%DEBEABEICL > THB I TR 52T EIFA2FEBIOFOERKEIELIZLTHD (Th
AT AN —2HH LERER TREHFIEALS AT AT L] LS. £, Jix
FNAX—ZHNTHEZBREEB ST ORIERT R 51E, T TICHREF OS5 CdS FORT
Ry h&MEHLTH#DRV. LLARRL, ABFFERESERS L OPAM R X 258+
e, S0 HICERERER O EBEOIN 2L T4 D RPEES 2 RTFOMAE
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3. WD IE
ARFFERRETIE, BF Py b EREMREWR OMRN B cEL TRICT 2MAEmE LT,
Thiobacillus denitrificans Z R\ 2. AREMRIZMSIAL A BRI 088 S IR I BLBRZE
PEEZ RO, TIUTRETOSEEIE (FeS) REIBEBEZN L THELZZNDLEFZ2H,
BER SR TICB W TS A 2 EEMICE LT 2 (M%) L TEEFTHZELETHD
(http://genome. jgi. doe. gov/thide/thide. home. html). AAFZEFRE CIXHESILON IV 14
[, B ERT DN 3NA T A MR IR F B Ry & LT, REKRDPE
OMEEEN LB BB L IEMNESEL txhRb o, £T0E, Hra s T4 FR}PE
KO VLER Sy DR 2 4G T 2 BB R ORFT EIT o 72, HW T, ffbA 4> (HS) Z&H
U 72 R BRI & 72 B A P T A (In), 4R, $i7e & & W\ o IR A o & BRI
MOREANT U ABEO pl FAFH L TRIML, LIELHEBEHIWIEFHET L2 LICXD
fAgInS,| X [CulnS,) 72 E BN a/f T4 FRFER (EF Ny b)) T/ KA db & G Rk
AR i i AVAL DY
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RERIERIFIZIT D N a3, T A FHERT K ORI E LT, EITHEEKIL (FeS)
HDOLWIT I W AT A aR I, B H NTHER D D VIR T 78 E DR R %
FERBICRRET LTz, ZORER, VAT A U EMWVER T ORETR B Z kA 4 & LTE
T2 LBbholz. KWT, @BIROFEL IRINIEZR EER % 2 RMERET 21TV, BRI
VTR T HiEEHESL L. O TRICHFERO > AT A > L RIFICHA A 2FRNL, X
I DOIRZESRE T T4 ~5 HREHR T2 2 & CTREMAAT IS, Filv T, @F ZIC 13 k4
BAZ (2T, TAI=ULAA Ty, HIVTAAF L ZLTA VT AL T ) Zbl
AF L OFEIMZ, IHICHKRTERELZ 3 MR T 2. 22T, E@O00HEHC X0 Bk Z R
L, 0.9% NaCl THifkZ LX< L, BERKREICAE LIz /b FRiBRA Z & E K 4 [EIX
T 5. WICAREREHE R 5 & BIRZ R W 282 072 I HE L, £ ~&FE T/ kL 1-aikk
RS LTz iR & A, i
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