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Synthesis of nanoparticles using microorganisms:
a review of its mechanism
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(School of Science, China Pharmaceutical University, Nanjing, Jiangsu, 210009, China)

Abstract: A variety of physical, chemical and biological methods have been used to synthesize
nanoparticles in which biological methods are green chemistry approachs, interconnecting organism
with nanotechnology. Microorganisms are an important group of organism which can be used in
nanoparticles synthesis, because they are growing fast, easy to culture, inexpensive and widely
available. The diversity of microorganisms and nanomaterials determines the diversification of its
synthetic mechanism. According to researches of home and abroad, this paper focus on summarizing
mechanism of synthesis nanoparticles using microorganisms. The prospects of biosynthesis
nanoparticles using microorganism have also been addressed.

Keywords: Biosynthesis mechanism, Nanoparticles, Quantum dots, Microorganism

E€WE: (No. CXLX13 312) (No.
11030830) (No. BK20140661)
(No. KYZZ_0185)
*BITIEE: X: yanzhengyujiang@126.com
kS BHA: 2014-03-26 $EZ HHE: 2014-06-17 fH7EEF H AR B #i(www.cnkinet) 2014-06-27



2517

(
(1]
F€304
[2-4]
[5-6]
1975 Blakemore
(Magnetosomes ~ MS)!"]
35-100 nm

/
)
20 nm
FC304
Science

[8]

(1

[13]

1989

[I-VI

[10]

[11]

[12]

100 nm
m-v

[13]

Nature Dameron

CdS

http://journals.im.ac.cn/wswxtbcn



2518 WA 2# ik Microbiol. China 2014, Vol.41, No.12

1.2 ‘HE SRR R T

Lengke U7 (Filamentous
Cyanobacteria) Ag’
[ Ag’
1
(
) Ag

Shahverdi  ['®

Ag
Au Ag Fe;04 ZnS CdS “CdTe TiO, Aot
g
R & A SR » Aene:
1.1 4 —_ : 4 \l\(; B
HE - e _ NO; NADH
Lengke  !% (Filamentous . B . (9]
Cyanobacteria) Moteshafi 12
Au3+
Au’ Lin U
Au,S Au(l) pH
Nair !4
HAuCly Sintubin P
AUC147
Ag
Sastry [13]
Thermomonospora sp. 1.3 AESHK
2007 He [
(Rhodopseudomonas capsulata)
pH
NADH NADH CdTe ( )
NAD" Au’ 4TeO> +3BH, =4Te> +3BO; +6H,0
Au Cd*+Te* =CdTe
B (23]
540 nm a0

CdClz NaTeO3

http://journals.im.ac.cn/wswxtbcn



2519

NaBH; Bao ! CdTe
CdTe
CdTe
2-3 nm
Yan 24 CdSe
Cui
[25) « » Cui 29
Cd Se
Cd2+
{ [(Cys-Se);,]
(Se-Met)}
Yan B4 CdSe
1.4 RSN BRAPKEF
Dennis
Fe** Fe**
Magnetospirillum magneticum
MagA (26271 Magnetospirillum
gryphiswaldense MamB  MamM
[28]
10-20 nm Fe**
( F6203'1’1H20)
pH
Fez+
100 nm

5
4 (1) ()
3 4)
15 MEEHKAE MK
Baesman (301 B.
selenitireducens  S. barnesii Te

Te(IV) Te(VI) B. selenitireducens
125-260 nm
1 000 nm
S. barnesii 20 nm
500—-1 000 nm
Prasad (31]
Ti Ti
35 nm
2 EERRAE A AL
21 BB EREINEHEMNKBVIE
CdTe Bao

B2l CdCl, NaTeO;
CdTe
2.0-3.6nm Te””
4TeO; +3BH, — 4Te* +3BO, +6H,0

cd*" T

[33-34]

C d2+

Te* [32]

http://journals.im.ac.cn/wswxtbcn



2520 WA 2# ik Microbiol. China 2014, Vol.41, No.12

CdL,+TeL, — CdTe+L,+L, 3.1 HIEHAKIR
L, L,

3.1.1 BEAARE: Mukherjee P

CdTe Verticillium (AAT-TS-4) AgNO;
25+12 nm
CdTel Ag'
Ag
CdTe Ag
CdsP cdse (2] 3.1.2 BASMEBE: Shaligram 1Y
CdTe (P. brevicompactum WA 2315)
72 h 58.35+17.88 nm
[41]
[32,36] Ag+
22 EBEEANESHENKEINE
Cui @ CdSe
HPLC-ICP-MS CdSe Philip 421 Volvariella
volvace 20-150 nm Au Ag
Na,SeOs Se0;> (~15 nm) Au-Ag SAED XRD
(GSH) GSSeSG
GSSeSG  GSH GSH
[43]
( )
GSSeSG
[(Cys-Se),] (Se-Met)!*”!

[44-45]

Cd(SG),
CdSe

[43]

[46]

Bhainsa (Aspergillus fumigatus)

Ag’
(5-25 nm)

Bhainsa

http://journals.im.ac.cn/wswxtbcn



2521

3.2  #HIFELEREN BaTiOs KK F

113

47 Bansal [

[46]

(Fusarium oxysporum) (K, TiFe)
(CH;COO),Ba
4+1 nm (BaTiO3)
[49-52] Bansal
[52]
(BaTiO;)
33 HIEANKRE
Narayanan 53]
(Sclerotium rolfsii)
10—15 min
(~25 nm)
30 g/LPY
NADPH
3.4 Hl#& CdS
CdS Sanghi
B4 Cds

(Coriolus versicolor)

cd* CdS (8-15 nm)
(SH) cd*
Cds
Sanghi P4 CdS
( ) S—H
S—Cd
Cd-S—-CH,~COOH —COOH
(-NH>)
3] (~COOH)
Bl _SH
Cds
Cds

35 #l& CdTe EF =
CdTe
LED

[57] Syed [58]

oxysporum) CdCl, TeCly

CdTe (15-20 nm)

CdTe

(Fusarium

http://journals.im.ac.cn/wswxtbcn



2522

A=Yy~ @ Microbiol. China

2014, Vol.41, No.12

4)
(24] CdSe
ZnS CdS PbSP” CdSe CdTe
( ZnSe InP InAs 1In,S;)
(CulnS, AgInS,)

http://journals.im.ac.cn/wswxtbcn

)

[60]

CdS

(1]
(2]
(3]
(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

2 % X M

1.
, 2008, 22(5): 51-54.
[7]. ,2010, 24(19): 18-21.
B 5 N . FE3O4
[J]. ,2006(z1): 322-326.
s , Yousaf MZ, :
[J]. ,

2013(10): 903-917.
Tartaj P, Morales M, Gonzalez-Carreno T, et al. Advances
in  magnetic  nanoparticles  for  biotechnology
applications[J]. Journal of Magnetism and Magnetic
Materials, 2005, 290: 28-34.
Berry CC, Curtis AS. Functionalisation of magnetic
nanoparticles for applications in biomedicine[J]. Journal of
Physics D: Applied physics, 2003, 36(13): R198.
DeLong EF, Frankel RB, Bazylinski DA. Multiple
evolutionary origins of magnetotaxis in bacteria[J].
Science, 1993, 259(5096): 803-806.
Bazylinski DA, Frankel RB. Magnetosome formation in
prokaryotes[J]. Nature Reviews Microbiology, 2004, 2(3):
217-230.
Moon JW, Rawn CJ, Rondinone AJ, et al. Large-scale
production of magnetic nanoparticles using bacterial
fermentation[J]. Journal of Industrial Microbiology &
Biotechnology, 2010, 37(10): 1023-1031.
Lengke MF, Ravel B, Fleet ME, et al. Mechanisms of gold
bioaccumulation by filamentous cyanobacteria from gold
(IIT)-chloride complex[J]. Environmental Science &
Technology, 2006, 40(20): 6304-6309.
; - M].

,2001: 51-67.

[J1. ,2014(1): 53-58.
Dameron C, Reese R, Mehra R, et al. Biosynthesis of
cadmium sulphide quantum semiconductor crystallites[J].
Nature, 1989, 338(6216): 596-597.

Nair B, Pradeep T. Coalescence of nanoclusters and
formation of submicron crystallites assisted by Lactobacillus
strains[J]. Crystal Growth & Design, 2002, 2(4): 293-298.
Sastry M, Ahmad A, Islam Khan M, et al. Biosynthesis of
metal nanoparticles using fungi and actinomycete[J].
Current Science, 2003, 85(2): 162-170.

He S, Guo Z, Zhang Y, et al. Biosynthesis of gold
nanoparticles using the bacteria Rhodopseudomonas
capsulata[J]. Materials Letters, 2007, 61(18): 3984-3987.
Lengke MF, Fleet ME, Southam G. Biosynthesis of silver
nanoparticles by Filamentous cyanobacteria from a silver
(I) nitrate complex[J]. Langmuir, 2007, 23(5): 2694-2699.
Shahverdi AR, Minaeian S, Shahverdi HR, et al. Rapid
synthesis of silver nanoparticles using culture supernatants
of Enterobacteria: a novel biological approach[J]. Process
Biochemistry, 2007, 42(5): 919-923.

[J1 ,2010, 37(12): 1798-1804.
Moteshafi H, Mousavi S, Shojaosadati S. The possible
mechanisms involved in nanoparticles biosynthesis[J].
Journal of Industrial and Engineering Chemistry, 2012,



2523

[21]

[22]

(23]

(24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

(33]

[34]

[35]

[36]

[37]

18(6): 2046-2050.

Lin Z, Zhou C, Wu J, et al. A further insight into the
mechanism of Ag" biosorption by Lactobacillus sp. strain
A09[J]. Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy, 2005, 61(6): 1195-1200.
Sintubin L, De Windt W, Dick J, et al. Lactic acid bacteria
as reducing and capping agent for the fast and efficient
production  of  silver  nanoparticles[J].  Applied
Microbiology and Biotechnology, 2009, 84(4): 741-749.
Bao H, Lu Z, Cui X, et al. Extracellular microbial
synthesis of biocompatible CdTe quantum dots[J]. Acta
Biomaterialia, 2010, 6(9): 3534-3541.

Yan Z, Qian J, Gu Y, et al. Green biosynthesis of
biocompatible CdSe quantum dots in living Escherichia
coli cells[J]. Materials Research Express, 2014, 1(1): 015401.
Cui R, Liu HH, Xie HY, et al. Living yeast cells as a

controllable biosynthesizer for fluorescent quantum dots[J].

Advanced Functional Materials, 2009, 19(15): 2359-2364.
Nakamura C, Burgess JG, Sode K, et al. An iron-regulated
gene, magA, encoding an iron transport protein of
Magnetospirillum sp. strain AMB-1[J]. The Journal of
Biological Chemistry, 1995, 270(47): 28392-28396.
Nakamura C, Kikuchi T, Burgess JG, et al. Iron-regulated
expression and membrane localization of the magA protein
in Magnetospirillum sp. strain AMB-1[J]. The Journal of
Biochemistry, 1995, 118(1): 23-27.
Schubbe S, Kube M, Scheffel A, et al. Characterization of
a spontaneous nonmagnetic mutant of Magnetospirillum
gryphiswaldense reveals a large deletion comprising a
putative magnetosome island[J]. Journal of Bacteriology,
2003, 185(19): 5779-5790.

[J1. , 2011, 38(8): 1262-1269.
Baesman SM, Bullen TD, Dewald J, et al. Formation of
tellurium nanocrystals during anaerobic growth of bacteria
that use Te oxyanions as respiratory electron acceptors[J].
Applied and Environmental Microbiology, 2007, 73(7):
2135-2143.
Prasad K, Jha AK, Kulkarni A. Lactobacillus assisted
synthesis of titanium nanoparticles[J]. Nanoscale Research
Letters, 2007, 2(5): 248-250.
Bao H, Hao N, Yang Y, et al. Biosynthesis of
biocompatible cadmium telluride quantum dots using yeast
cells[J]. Nano Research, 2010, 3(7): 481-489.
Vido K, Spector D, Lagniel G, et al. A proteome analysis of
the cadmium response in Saccharomyces cerevisiae[J].
Journal of Biological Chemistry, 2001, 276(11): 8469-8474.
Massardo DR, Pontieri P, Maddaluno L, et al. Effects of
tellurite on growth of Saccharomyces cerevisiae[J].
BioMetals, 2009, 22(6): 1089-1094.
Kang SH, Bozhilov KN, Myung NV, et al. Microbial
synthesis of CdS nanocrystals in genetically engineered E.
coli[J]. Angewandte Chemie International Edition, 2008,
47(28): 5186-5189.
Kloepfer J, Mielke R, Nadeau J. Uptake of CdSe and
CdSe/ZnS quantum dots into bacteria via purine-dependent
mechanisms[J]. Applied and Environmental Microbiology,
2005, 71(5): 2548-2557.
Vigneshwaran N, Ashtaputre N, Varadarajan P, et al.
Biological synthesis of silver nanoparticles using the

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

fungus Aspergillus flavus[J]. Materials Letters, 2007, 61(6):
1413-1418.

Sun Y, Xia Y. Shape-controlled synthesis of gold and silver
nanoparticles[J]. Science, 2002, 298(5601): 2176-2179.
Mukherjee P, Ahmad A, Mandal D, et al. Fungus-mediated
synthesis of silver nanoparticles and their immobilization
in the mycelial matrix: a novel biological approach to
nanoparticle synthesis[J]. Nano Letters, 2001, 1(10):
515-519.

Shaligram NS, Bule M, Bhambure R, et al. Biosynthesis of
silver nanoparticles using aqueous extract from the
compactin  producing  fungal  strain[J].  Process
Biochemistry, 2009, 44(8): 939-943.

Duran N, Marcato PD, Alves OL, et al. Mechanistic
aspects of biosynthesis of silver nanoparticles by several
Fusarium oxysporum strains[J]. Journal of
Nanobiotechnology, 2005, 3(8): 1-7.

Philip D. Biosynthesis of Au, Ag and Au—Ag nanoparticles
using edible mushroom extract[J]. Spectrochimica Acta
Part A: Molecular and Biomolecular Spectroscopy, 2009,
73(2): 374-381.

Huang J, Li Q, Sun D, et al. Biosynthesis of silver and gold
nanoparticles by novel sundried Cinnamomum camphora
leaf[J]. Nanotechnology, 2007, 18(10): 105104.

Shankar SS, Rai A, Ahmad A, et al. Rapid synthesis of Au,
Ag, and bimetallic Au core—Ag shell nanoparticles using
Neem (Azadirachta indica) leaf broth[J]. Journal of
Colloid and Interface Science, 2004, 275(2): 496-502.
Mandal D, Bolander ME, Mukhopadhyay D, et al. The use
of microorganisms for the formation of metal nanoparticles
and their application[J]. Applied Microbiology and
Biotechnology, 2006, 69(5): 485-492.

Bhainsa KC, D’souza S. Extracellular biosynthesis of
silver nanoparticles using the fungus Aspergillus
fumigatus[J]. Colloids and Surfaces B: Biointerfaces, 2006,
47(2): 160-164.

Teresa BM, Harnagea C, Dapiaggi M, et al. Ferroelectric
BaTiOs nanowires by a topochemical solid-state reaction[J].
Chemistry of Materials, 2009, 21(21): 5058-5065.

Bansal V, Poddar P, Ahmad A, et al. Room-temperature
biosynthesis of ferroelectric barium titanate
nanoparticles[J]. Journal of the American Chemical Society,
2006, 128(36): 11958-11963.

Shimizu K, Cha J, Stucky GD, et al. Silicatein alpha:
cathepsin L-like protein in sponge biosilica[J]. Proceedings
of the National Academy of the Sciences of the United
States of America, 1998, 95(11): 6234-6238.

Kroger N, Deutzmann R, Bergsdorf C, et al
Species-specific polyamines from diatoms control silica
morphology[J]. Proceedings of the National Academy of
the Sciences of the United States of America, 2000, 97(26):
14133-14138.

Patwardhan SV, Mukherjee N, Steinitz-Kannan M, et al.
Bioinspired synthesis of new silica structures[J]. Chemical
Communications, 2003(10): 1122-1123.

Bansal V, Sanyal A, Rautaray D, et al. Bioleaching of sand
by the fungus Fusarium oxysporum as a means of
producing extracellular silica nanoparticles[J]. Advanced
Materials, 2005, 17(7): 889-892.

Narayanan KB, Sakthivel N. Facile green synthesis of gold

http://journals.im.ac.cn/wswxtbcn



2524 WA 2# ik Microbiol. China 2014, Vol.41, No.12

[54]

[55]

[56]

nanostructures by NADPH-dependent enzyme from the Chemistry of Materials, 1997, 9(8): 1878-1886.

extract of Sclerotium rolfsii[J]. Colloids and Surfaces A: [57] Yang YJ, Tao X, Hou Q, et al. Fluorescent mesoporous
Physicochemical and Engineering Aspects, 2011, 380(1): silica nanotubes incorporating CdS quantum dots for
156-161. controlled release of ibuprofen[J]. Acta Biomaterialia,
Sanghi R, Verma P. A facile green extracellular biosynthesis of 2009, 5(9): 3488-3496.

CdS nanoparticles by immobilized fungus[J]. Chemical [58] Syed A, Ahmad A. Extracellular biosynthesis of CdTe
Engineering Journal, 2009, 155(3): 886-891. quantum dots by the fungus Fusarium oxysporum and their
Tang H, Yan M, Zhang H, et al. Preparation and anti-bacterial activity[J]. Spectrochimica Acta Part A:
characterization of water-soluble CdS nanocrystals by Molecular and Biomolecular Spectroscopy, 2013, 106: 41-47.

surface modification of ethylene diamine[J]. Materials [59] Kowshik M, Vogel W, Urban J, et al. Microbial synthesis
Letters, 2005, 59(8): 1024-1027. of semiconductor PbS nanocrystallites[J]. Advanced
Lover T, Henderson W, Bowmaker GA, et al Materials, 2002, 14(11): 815-818.

Functionalization and capping of a CdS nanocluster: a study [60] s R .

of ligand exchange by electrospray mass spectrometry[J]. [J]. ,2012, 38(10): 17-19.

AR R Y SR Y R SRY R RY RY R RY RY SR RY R SR RY R SR RY R R R RY R R RY SR R RY RY R RY R R RY R R RY R SR RY R SR RY R R R R RY R LY RY R LY R LY

3.1

cm (
3.2

(1]
(2]

(3]
(4]
(3]

E F& AT N

http://journals.im.ac.cn/wswxtbcn

.doc ( )

8 cm ( ) 17
)

3 3 3 € 77T “fetal.”” )

Marcella C, Claudia E, Pier GR, et al. Oxidation of cystine to cysteic acid in proteins by peroyacids as monitored by immobilized
pH gradients[J]. Electrophoresis, 1991, 12(5): 376-377
Bai G, Li Y, Yu YS, et al. Cloning and expression of L-cysteine desulfhydrase from Pseudomonas sp. TS1138[J]. Acta Scientiarum
Naturalium Universitatis Nankaiensis, 2006, 39(3): 12-15 (in Chinese)
, , , . TS1138 L- [J. : , 2006,
39(3): 12-15
Shen T, Wang JY. Biochemistry[M]. Beijing: Higher Education Press, 1990: 87 (in Chinese)

, [M]. : , 1990: 87
Liu X. Diversity and temporal-spatial variability of sediment bacterial communities in Jiaozhou Bay[D]. Qingdao: Institute of
Oceanology, Chinese Academy of Sciences, 2010 (in Chinese)

[D]. : ,2010
( )
(No. )
* Tel Fax E-mail:
2015-00-00 2015-00-00 (www.cnki.net) 2015-00-00

( p.2546)

http://journals.im.ac.cn/wswxtbcn



