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Abstract: Gold nanoparticles (AuNPs) possess unique optical and electrochemical properties, thus they
have been used in various fields such as information storage, chemical sensing, medical imaging, drug
delivery and biological labeling. In recent years, microbes-mediated biosynthesis of AuNPs has
attracted broad attention due to the nontoxic and eco-friendly nature. Various microorganisms such as
bacteria, actinomycetes, fungi and viruses can produce AuNPs. The characteristics, synthesis
mechanisms and potential applications of biogenic AuNPs are summarized, and the future research
trends on biogenic AuNPs are also prospected.
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KR AuNPs) HAT 15 BE RS PE RIS I . FEL
JeHWERED, TEfs BAEE . LR 2R
AL S DL S AE IR e A — R A G AR B I
P4, 551 AuNPs & 807 s Bk Fifk 2
oo AW G BT LT B 2 A S = REFERY
I SPFANEZS | B, fhadr b i Y
BRI A HLA R F AuNPs 7ZEAY) R 400
SR AT, I PR B A i s O AR
K, WHIRAE &R Ao IR o] LAAE AR XA 5%
&L AuNPs, HA MG FERA IR A LS |
RSP, FEARZ AR, BeEYTE AR
BNz RISy, el
Z T AuNPs (4904 st

MAEYI G A AuNPs S # , T T ——
WUEYI EARE N . e AT
PR S, EASA AT AuNPs JESIAASAHRTE], dn
B . =M. NIE . 9ORESE . X eeIEsn]
LB X N RE ) pH L R . YRR | IR
Yk B S B0 TR, NI SEIANRTE 40 AuNPs
FE AR, Tz A TFAYEE. Y.
15 YA PR S . 154, UZE A L AuNPs
PIAILE AN, T eas etttk F B S
FLEENA . A5 2 A 2R AR S R 7S A AL
B, R, ASSCEEM AuNPs S A AE Y BEE
BIHLE . TR Y-AuNPs R AE K N 455 T
WATERIR, FERTARAZIITT 7 10 ) R S A T B
1 AuNPs &Rt A 5 IR

eI AR AL R b, SR 4 e 5 1
AT MR IR FEAILE] , BENESAE 20 A sl P AL
e AT KA B U VAR S N1 7/ A =X 7/ G 1 IRl
KPR BET R, WndnE . ik
. EUA . RS E N T AuNPs BB A

21 BgE Tk T AuNPs 5 A5 A0 BB i3 Ak P s
JRAIMIY. AuNPs BORFE
1.1 &% AuNPs FUZHTE

JERZAEI T AuNPs & E AT I 24k1E , Ho
HMEMEIL AuNPs JE R S50 SOk I =L E A
T AuNPs & IR . FL7E 1980 4F, Beveridge
A FH Bacillus subtilis 168 7 4f it BE 14 A
AuNPs , JFfF F B 68 A5 5 M 48 1 19 O 15 8
Au(TIDIR JF7 S A RE RN, He ZHIESE
Rhodopseudomonas capsul ata fiEfi% & 4N K ER 4K
F UL R g ok 2 U1 Lengke 45 1) FH W 3 40 14
Plectonema boryanum UTEX485 435115 Au(S,03),"
M AuCly KWL, G T BA S I RS
AuNPs DL NTHAAGK e, 3 HA U IS TR
BEYEREIRE), AIAE 25-100 °C R4, b A
FH X SRS 1 255 (X-ray absorption near edge
structure, XANES)/MHr&B, SO e Au(IID)-
S E e mE A TIE AL Au(D)-BRfkd, Bl
& Au(D)-fAb i —P iR AuNPs, X —HF5E
HIRME AR SCHE T AuNPs A il B Hh 4 fp
AR BLE0 . ARSI S R M B4 T e - 3
i1t 43 275 8] — R TH 1A Cupriavidus sp. SHE, 7]
WA SRR AN AuNPs®!,
1.2 AR AuNPs FIRIZLH

R e — A HA 224K 57 SR AR, AR T
AT S, 22 R, AT B gk
R AT WA PR AR B T B R R OC T
LA AuNPs UGB ARXTH D Ahmad 557
Thermomonospora sp. & - - RIARTE 8 nm 47 1)
AuNPs, X2 7 A AL AE D TE A6 4 e
gk ok BRI A & B
Rhodococcus sp. FI LATE A IRE DL K A i o i 145 A%
FLE 5-15 nm [ AuNPs, I HAEGPKRRIE 2 J5
20 AT fE 4k 2k % 5 U . Kalabegishvili 25 ¥
Arthrobacter sp. 61B #1 Arthrobacter globiformis
151B #5358 36-48 h J&5 W % 3 M AP B Bk B
AuNPs!"”),
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x1 SHKFN(AuNPs)E BB A METR

Table 1 Typical microorganisms for gold nanoparticles (AuNPs) synthesis

[DEXYTES Rof TEAR B LA EEPUN
Microorganism Size (nm) Shape Localization Reference
2l Bacteria
Sirulina platensis 6-10 = Extracellular [7]
. . <10 - Intracellular [8]
Sulfate-reducing bacteria 5 _ Extracellular
~ . Periplasmic space, [9]
Shewanella algae 10-350 Triangular, hexagonal extracellular
Bacillus subtilis 168 - — - [10]
Bacillus licheniformis 10-100 Cubic Extracellular [11]
Escherichia coli K12 Around 50 Nanoplates Extracellular [6]
Rhodobacter capsulatus = = Plasma membrane [12]
<10-25 Cubic Membrane vesicles [13]
s e e .G <10 Octahedral platelets Intracellular
10-400 Spherical, triangular, Extracellular [14]
Rhodopseudomonas capsulata nanoplates [15]
10-30, 50-60 . . -
Spherical, nanowire
Bacillus megatherium DO1 1.940.8 Spherical Extracellular [16]
TR Actinomyces
Thermonospora sp. 7-12 Spherical Extracellular [17]
Rhodo us sp. 515 _ Cell wall, cytoplasmic [18]
membrane
Arthrobacter sp. 8-40 Spherical Extracellular [19]
Sreptomyces viridogens 1820 Spherical, rod shaped Intracellular [20]
Saccharomonospora sp. 40-100,6-8  Triangular, thick - [21]
E# Fungi
_ . . Intracellular [22]
Neurospora crassa 3-100 Mainly spherical Extracellular
Colletotrichum sp. 8-40 Spherical Extracellular [23]
Schizosaccharomyces cerevisiae  >100 = Cell wall [24]
Pichia jadinii <100 Spherical, triangular, Eiiaiisi [25]
hexagonal
Yarrowia lipolytica NCIM 3589 15 Triangular, hexagonal Cell wall [26]
Penicillium 30-50 Spherical Extracellular [27]
SP- 50 Spherical Intracellular
' . 20—40 Spherical = [28]
Candida albicans 60-80 Nonspherical -
JiEE Virus
. . 9.243.9, . . [29]
Cowpea chlorotic mottle viruses 2384145 Spheroidal Viral surface
e - KIGA.

Note: —: Not reported.
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1.3 AR AuNPs FUEH
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BE % A A 4> BOME R B G BROIR AuNps™T
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WERETE AL A4 B, AuNPs, 44 52 i A U Y
AuNPs tAVTF 8 h, XULIA B SANE . i
Ho, 78 AuNPs R0 ERARKEHRE. S
B2, FOWAA R pH AT LA 500 L A
AuNPs [IES AN 5. Yarrowia lipolytica NCIM
35897 pH 7.0 Ml pH 9.0 T & ) AuNPs 24 15 nm
HIERAFN], T7E pH 2.0 554 T Pk R~k
TEMANRIWT R A, I8 RN = f T Sl e
2t ) L
1.4 AR AuNPs BUfH S

W BE | TR AE Y, R My, HA—Ew)
PRI A HLfF, CRP AR ) B R T FNES A4S L
AT AR R O AR AT AR IR
iR . RIERR AW/ Ny FAE AR A il s A
Fe 230370 ST A A R RIF 5T 2 B 6 2 [ R — 2K
A I AuNPs B9 AE P985 - Slocik 5541 Cowpea
chlorotic mottle 355 & AKX 7o 55 1 SubE /E MR & %
AuNPs, Au’ (R J5 5 P o A 7 4K 1 2 1 5%
FRFRIEN P RS, PR EA NS
FEARM, A 8K Bk R F R —8, EBERE
Pichia pastoris 1A/ SubE FIHFA: 7 SubE & A,
) AuNPs Hi 42 4% 5] & 92439 nm LI K&
23.8+14.5 nm™’,

FEA B AuNPs BT oe i, 4008 ik A

4 AuNPs 13 A8 E , 4 TERNTE L AuNPs
T BRSO . O FE TR T
M IE A, AuNPs B ROT B — | A BLEEE R,
G AuNPs BRI 7= 3047 R F AR AR P e
EGURAI N o AR, SEEEVE R —JEHT BN AuNPs
AW ORI RIS R BIBESE, (AR TR
AKFERRE
2 AuNPs #5446 Bl

A B4 T AR AR T A AR I A Ak 2
R, AR . SEE IR, WEY R
THBONA G R B EEE, RRSR AR TR
WM ESIE ARG T KNESY, LIkits )R
BT A BRI R S S ek AP E
ER BB T, B A B9 3 24 XHR 7 )
AuNPs & 37 . Au® W4 T3808, LA
P DR 5y TR S R B AL A TR RIS, A
KN B R LA 1,

T2 AT LAAE I P A B S AR5 A’ IF
JE % AuNPs, & A7 5 o] BEB T2 518 5 A )
A E N7 . FLEE Penicillium sp. AT 7E APl i N &
HERIE AuNPs7, £k % Rhodococcus sp. 2B
AuNPs W Z A FARMIAR -, BFF0 8 HE A s 72
H K 3 A 40 RE P 0 0057 20 s U
B TR 5 A’ T R PR AN E A2 Ah, pH B
SRR 7 T A A B R, AT RE R
F pH S AL AN RS ek A, T Aw’™
HEAZHMILL K2 AuNPs ZMIER S RE

RS 585 Av ' IERE AuNPs HIHIR
AILUEEAR . 2N T . Sastry 554
i 2k & Thermomonospora sp. 5@ 4R 120 h
25, WIRREEE 4 FhrFHE7E 10-80 kD EE
B, XEEEAFTARERER A SRS S Uy
AuNPs B %Lk Hansenula anomala 1| FFL
R UEATIR A8 K T , 7 A A NADH AT LU Au™
AR T i R Sk SR 2 b S R KR, AR
fiz £} Saccharomyces cerevisiae i J5 Au® i Fi e 5|
FHEAEHPY, Feng 2 WMELFEA41 14 Rhodobacter
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Figure 1 Microbial synthesis mechanism of AuNPs
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synchrotron based X-ray fluorescence , uXRF)#l
XANES W58 Au st m & i MSULE S
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R E IRR IR EIRFR, iR A2 AR T
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Konishi 2% K4 # Shewanella algae it )5t Au™"
TR T IMA Hy MAE7E, JF i sl =ik
55T Ac’ A YA R

AN, RARAS SRR E R B AL 22 R R Y
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FERGE I BRE pH (M E MR I A | RIE
S E T REAE T E 2 I ey, TR )RR
W, SOV SRR, I AuCly SR 2R E E RE
AT P85, AuCly AT DL X S5 4
P, I AuCly BRI R Au i Ja REREE
BCAAK F 5 TSR Y pH A W 3 It e T 35 |
IR, AN Hb A AT 2 R BRI 44
kiR He S ) FH 20 MR U 15 A v
(250 umol/L) Auw’* S, 13%] 10-20 nm [ERIE
AuNPs, 51 (500 pmol/L) Au T 153 MR 25 44 1)
SKL A, WAL T AT LUK AuNPs
FIFES R RIVE A . Bacillus megatherium DO1 A%,
A B AL B 79 B 43 BUKOE. AuNPs, Rif2
1.9£0.8 nm!"); FESE BRI B AT LAFE A AuNPs
fokaE RS (HNV TR AuNPs () LA TR HLHI
WA E—T . i, pH™'™ . Au* w1
Te AR /NG TV OBV AT N R A ) 4 B AuNPs
FRPEMEENE

3 YA AuNPs IHRHRAE
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P FRAE KA 8037 T B WA E L o S B B i A
Hr, TR AR R R T B A AP e
M RAEF B, -7 WK (UV-vis
spectroscopy , UV-vis)h AT 12 . B FRED&
Ji AuNPs ROSFAEPEZEST:, 20 AuNPs 210155 2 1
A FPR (Surface plasmon resonance, SPR)ANA], S/
RREBH a2 @M R POl PO RILER
FZiE, 7T LG UV-vis 24700 250 AuNPs
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Cupriavidus sp. SHE & i) AuNPs JF7 74874 3¢
fiE, AuNPs [ KMIIELE 550 nm 2470, X5

HAMAH TG ) AuNPs 250 (i B AR SR 2 TS
(Fourier transform infrared spectroscopy, FTIR)#%H]
T s 5 A’ B R RE AR AR B
Thermomonospora sp.if i s 4R 120 h J5, FTIR &
e B BB T (1 660 cm )FITI (1 530 cm™")
F% B2 Rhodopseudomonas capsulata 4142
HUYE I8 A AuNPs 76 1 450 cm™' 4 H BB 2K 115
O3 R SEBTIPR S A i), sk eI ST SR R
R A RERR 2455 IFFa 2 AuNPs I9VER . X Sk
1755 61% (X -ray diffraction spectroscopy, XRD)A] L)
XTAE A L AuNPs () S AL RS- 3 RGT gk
137437, Yarrowia lipolytica it J5 Au* 74 XRD
PR B0 T MR P [T LT TS O 37 T 4 T S5 A T
S, UEBH AuNPs DA 90K IE SR, FH s
Scherrer AZAGIHAAFR A 15 am>, X
B 2R 6 L T BE T £ R (X-ray photoelectron spectral
techniques, XPS). figit (AL X Ot {L (Energy
dispersive X-ray, EDX/Energy dispersive spectrum,
EDS). XANES REFEXI TP M= ik T oo R
A 250, Wen Z:%F Bacillus megatherium DO1
4 B AuNPs ) XPS 5B T30 HT, IS G REN
84.0 eV Fl 87.7 eV HUEIFHIHIET Au 4f;, Fl
Au 4f5,' ) HL1E Rhizopus oryzae i J5/5 4 1 5 % 5%
(%) AuNPs-AE LB BB AT LIS A HLIE A 253361 7
Wz B, EDX 43#7r R BIX Al AuNPs-A= Py SL8u Atk
RIMA S AP TR, KRIAPIBERZ >+
W MHERRER T, XANES #%KUiH] Shewanella
algae RARZNAE AT LB P 9 Au(TIDIE S5k 4 P
iR, WXRF AT RS NGRS .
Reith %I pXRF 73t &30, Bl SOV a4,
Au JLE B 451E Cupriavidus metallidurans CH34 4
M AR R, BES 53 2 A e i IR A
AuNPs™®,

AuNPs FIFESLRIITEE IR E . B
H, - {2 3% (Transmission electron microscopy, TEM)
ATLAMZE AuNPs [IESIT A rkife KN, Konishi
ZFFH TEM [K15495) AuNPs 7£ Shewanella algae
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AR A B B TR R HP), Lengke 25 M52
# AuNPs [ff# 1£ Plectonema boryanum UTEX 485
e, | 2 BN T IUEMIA R AuNPs B L
D172 Cupriavidus sp. SHE 5 ) AuNPs Kk
ZNERIRIESL, RHRZH0 20 nmPY J5ET 47 26%
% (Atomic force microscopy, AFM)IITT LI =2
J£ L B AuNPs KR HOUE S - 11 40 Das 23813 AFM
FUG B A ) IR AN [ 4 25 53 F J5 - AuNPs-
AL P A T AR AR oAt P A i
TERNMEE AR5+ B 5E (Scanning electron
microscopy, SEM). & $1494H H + i i 5% (Field
emission scanning electron microscopy, FESEM), /&
¥ BT L% (High resonance transmission electron
microscopy, HRTEM), ¥Ju]%f AuNPs JES 1T
AP,
4 YA AuNPs BN 5 R E

AuNPs FEEEEIDE T . A FIAER Y, 7R
AR Tl R 258, Bl U A
AT Z RN RS TF R Y A B AuNPs

B2 REPERB SRR R

Figure 2 Typical morphologies for biogenic gold
nanoparticles

e A BBMY B SABREOENY, 0 gk D X
HIR= I,

Note: A: Sphere!™; B: Triangle and sphere!"; C: Nanowire!"”; D:
Hexagon and triangle!"*.
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