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Table 1 ~ Use of various microorganisms in the production of nanoparticles

Microorganism Type of nanoparticle Location Size range/nm
Bacteria
Bacillus subtilis 168 Au Intracellular 5-25
Clostridium thermoaceticm Cds Intracellular -
Escherichia coil Au Intracellular 5-25
Desulfovibrio desulfuricans Cds Intracellular 2-10
Lactobacillus sp. ZnS Intracellular 2-5

Pd - -

Au Intracellular 20 -50
Magnetotactic bacteria Magnetic (Fe, 0, ), - -

Greigite (Fe,S,) - -
Klebsiella pneumonia Ag Extracellular 5-32
Klebsiella aerogenes Cds Intracellular 20 -200
Pseudomonas aeruginosa Au Extracellular 10 -20
Plectonema boryanumUTEX Octahedral Au platlets Cell wall 6000 to 10

485 ( Cyanobacterium)

Pseudomonas stutzeri AG259 Ag Intracellular 35 -46
Rhodopseudomonas capsulate
(' Rhodopseudomonas capsulatus ) Au Intracellular 10 -30
Shewanella algae Au Intracellular 15 -30
Shewanella oneidensis Uranium (IV) Extracellular -
Actinomycete
Rhodococcus sp. Au Intracellular 10 - 15
( Alkalotolerant actinomycete) CaCo, Extracellular -
Thermomonospora sp. Au Intracellular 7-12

( Extremophilic actnomycete )

Yeast 200
Candida glabrata Cds Intracellular 100
Pichia jadinii Au Intracellular 1-1.5
Schizosaccharomyces pombe CdS Intracellular -
CdSe Intracellular 8 -35
Sachharomyces cerevisae TiO, Intracellular 2-5
Torulopsis sp. PdS Intracellular 2-5
Yeast strain MKY3 Ag Extracellular
Fungi 5-25
Aspergillus fumigates Ag Extracellular -
Aspergilus niger Au Extracellular -
Aspergilus satito Au Extracellular 5-50
Aspergillus oryzae Ag Extracellular
var. viridis 20 -40
Fusarium oxysporum Au Extracellular 10 -25
Ag Extracellular 20 -50
Magnetite Extracellular 2-10
Silica Extracellular -
Zirconia Extracellular 4 -5
BaTiO, Extracellular 9-15
CdSe Extracellular 8 -14
Au-Ag Extracellular than 10000
PbCO, Extracellular length 2 — 6000, width 100 - 300
CdCO, Extracellular length than 12000
SrCO, Extracellular -
CaCo, Extracellular
58 +17
Penicillium brevicompactum Ag Intracellular 25 -38
WA 2315 Au Intracellular 71 -74
Penicillium sp. Ag Extracellular 13 -18
Phoma sp. 3.2883 Ag Extracellular 25 +12
Trichoderma asperellum Ag Intracellular 20 - 150
Verticillium sp. Au Extracellular 15 -25
Volvariella volvacea Ag Extracellular -

Au-Ag Extracellular
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T (Fungi) 55 Z2 B0 AR 0 F T 98 K 48RS BUBIE5E 5
HARHRIE =M 2208 LT IR DL R g oK 4 A £ Fh
TESL Au Ag G55 4 )8 98 K B KL, Silica 452 4K
TEHLA KA K}, CdSe  CdS 55 55 1 sL 44K A1 BL, LU K
Au-Ag BaTiO, %55 4 9K BB n] 9 G A= 90 5 085 kL
B2 A e 1 -200 nm; HA B B2 5 R A 44
KRGS . 1 RS TR TR G R
TR B A R AR
2 T REBAEMERPKMB T EFTR
Ak
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AT IEMT S 2 o 250 A0 5 VA TR 4 R Bl
Ja ¥ AR E AR A A R R U 4 R A R
BT A A YT S A0 R B0 A B2 R R
A LT B B 22 A AR AR I A K AR Bk
TE A0 T AR 9K AR SR Au Ag Pa i ZnS |
CdS 5. B. subtilis 168 T bk 5 5 & MR IF WL &
Ja AT A R S - 25 nm VTR Au kL, TEM 3%
IE 42 B2 K AIURE 73 A - 40 10 ) J5i 2 1) 54 2 7 200 Jif
BE S RIE R Au-41 2 Ak REKNET,
S. algae 5558 4 TR i WAL & 1T 4 1040 ML N 44 oK
Au %Jﬁ*ﬁjls] o BIREMT , Lactobacillus sp. 54 4 8
BB TS A 20 — 50 nm 40 A Au g4 K UKL,
SRS IR 7P R IR 35% A0 M T X K
PR A P PRI ARG B Al . 4 200°C M Au 44K
UKL UKL AT B 4 R o Au R R T A WS v
YRS Au' B RS R BOR AL R
A A A 5 ) kA 3 T R R 7R A5 Bl 8 o3 1 AR AR L R.
capsulate (B % N R. capsulatus) F #1815 W1 5
Au” SEREE YR A Au 9K URL . Y kAR S 4 TR

5 20 LV e ) VAR FE L 38 P AE RE R A AR N Au 2
KL, B H U Au 4K 2 2 1 4 8
wme

FAfE M M. gryphisnaldense B - #% & P17 40
JHL PN G I 2 3 1 T A oK JBURE ( BMIPS, SCFR /)
PR, e 20 BT T M O R Fe’ T B AT
JEWOL ., 5 40 M N g /AR B IR ZH A S - 120 nm
(G /NA, T8 4K Fe, 0, FI Fe, S, , B A R & H:
2% B 5 /A SRR P, AR (s sl 2 4% ) HEA
EHIE KB I NIER T E ZMIES
(E

B 1 M. magnetotacticum MV-1 B 2K Bfi (A) F
M. gryphisnaldense MSR-1 ftE gk &t (B) TEM R4E
Fig.1 TEM image of magnetosomes isolated from M. magnetotac-

ticum MV-1(A) and M. gryphisnaldense MSR-1 (B)
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mamO £ [ 3 ZEAE R AR 2F 8 /N A (9 T8 1R B
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P F %o 508 B R e 100 400 M 30 D P 3 SR A0 B ) K 4y
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ARV B A AR A R HLBE, FRATTIE ] T
Penicillium sp. . Aureobasidium pullulan } Fusarium
sp. ALEWIBRL, IR LL . oxysporum Xt B BF5E T
HA M N Au 98K BB A Y A P, K B
Penicillium sp. . A. pullulan 328 R F 40 i 38 J7 B
UG A R Au 94K BUKEL 5 Fusarium sp. 5 F.
oxysporum Ay ] Ja ELTE , 10 T 20 0 2 F 5 O 36 1k 4
RULAE Au GOKOR, 5 HEARAF T T
Yy LA KA R BIL I (9 22 e PR A2 2R 1k

&R R R 2

ARSI, 98 KA R RS R 350 O 1% e 7k
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A AR W R 45 G B R A0 K A B BB R S T
T RIFST PR 9 K 1 R A= W) & BUTE 2R AR &R b &
A B R R G R A RN A A AR ) A R
N, R LR 7 O OR [R) sk 2 5 . R4S
SRR REE B O W pH X AR A K
A B 1Y) PR ER G TR WG LA KR R A
FEAER o flan , F&ATHRI AR BE 845 Penicillium sp. &
BCAR LN Au G4 K B0 B 5% 36 W1, UL BE T SE B XS Au
gk IR R T (B 2) ™0 Y Penicillium sp. 75
Ab T 4CH BRI RS LT 4 - 10 nm FLAFHLME
BRIE Au 9K IB0RL ; 4b T 28°C & il B, TR A AT & AR
20 - 37 nm By B3 @M BRI Au g4 K UKL 7R
20 - 30°C 3 3 my & B BE 25T, WAK A B T R AR
G3AR 16 =110 nm 2253 HUPE Y Au 94 2K UKL ; L HE
F 5% 2 B, 3R B 8 2L 52 i 40 i 6E AuCly WA B
TR AuCly 76 28 M P 38 B R Au JlA% , i 1 7T
P Au gk iU RS L e Ah, pH R S algae

’

Frequencey (%)
3 8 &

. 0
5 16 30 45 60 75 90 105120136160
Particles size (nm)

2 BREEE Penicillium sp. fifa N & B A E R~ Au 49K Bidi TEM RAE
Fig.2 TEM images and size distribution of histogram (inset) of Au nanoparticles formed by live fungus Penicillium sp. at

temperature of 4°C (A) ,28°C (B) and 20 -30°C (C) ,respectively
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A B Au GRIBURL B FE 2 B, B W pH B G BURLRL A%
AREAEM MW pH H R 7 B, B AR AT A
10 —20 nm4ii g N Au UKL ; %59 pH FEARZ 1 A, )
JE 1 50 — 500 nm 404N Au JURLC . Ag e B X
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WK G LR B0 A BB 9 ST AE 2 2 R
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AePERIA T o 9K AR W AR G B AR DL S )6
YRR A RE I 1 FH I 5T 2 Bl 2 40 oK A2 ) G BB R T &
SRR R TR s i . W RGBSR AW
R MR IR BF Ty SR oK b R AT i Y A=

Y5 B, () EL AT A 0 0 T 2 WSO R 44 K b R E
SUPRAE APy B 2 R W T o R e G R 8
DA B A 355 1) LAk 3 45 44 210 197 T
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Abstract ; Biosynthesis of nanomaterials,as a novel “green synthesis technology” ,has attracted increasing interests. Many
microorganisms such as bacteria,actinomycetes ( eukaryotes) ,as well as yeasts and fungi ( prokaryotes) have been found
to have ability to biosynthesize nanomaterials intracellularly or extracellularly. A series of metal and semiconductor
nanomaterials with the excellent features of high monodispersity, stabilization , adjustable size,and biological activity,such
as Au,Ag,Au-Ag,Fe, 0,/ Fe,S, Titanium and CdS,CdSe,and Silica,have been biosynthesized. Here,we provided a brief
overview of the current research on the use of microorganisms in the biosynthesis of nanomaterials. The biological
procedures , biosynthesis mechanism, controlled biosynthesis on the shape and size, and their applications were summarized.

The prospects of biosynthesis using microorganism have also been addressed.

Keywords: biosynthesis technology,nanomaterials , microorganism
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