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Advances in microbial synthesis of metal nanoparticles and their environmental applications
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[ Abstract] Metal nanoparticles have been used in a wide range of applications in areas such as chemical
engineering, medicine, and environmental protection for their unique physicochemical properties. Compared with
traditional physical and chemical synthesis methods, which are characterized by high energy consumption,
environmental degradation, and high costs, biosynthesis methods have gradually become a research highlight because
of their lower energy consumption, environmental friendliness, and good biocompatibility. The microbial synthesis
of metal nanoparticles offers significant advantages since its biological reduction process converts metal ions into
metal nanoparticles. Characteristics of this process vary among different microorganisms such as bacteria, fungi,
yeasts, actinomycetes, microalgae, and viruses, as the microbial synthesis process is influenced by various factors
including temperature, pH, metal ion concentration, and microbial biomass. Therefore, the morphology, size, and
dispersion of the nanoparticles could be regulated given the above condition being optimized. Moreover, the
combination of genetic engineering provides new directions for the controlled synthesis of nanoparticles, plays a
crucial role in diversifying biologically synthesized nanoparticles, as well as speeding up synthesis rates and

increasing production yields. Metal nanoparticles synthesized by microorganisms present excellent stability and
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biocompatibility, which will present us a wider application foreground in environmental improvement and drug
delivery. This review summarizes the research advances in the microbial synthesis of metal nanoparticles, providing
a comprehensive analysis of the advantages and limitations of different microorganisms in nanoparticle synthesis,

researching the factors that affects its process and corresponding mechanisms, and proposing possible strategies for

controlling nanoparticle shape, size, uniformity, dispersion, and improving synthesis rates.
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Actmomycetes:
Saprophytic habt,
extracellular actives

Microalgae:
Photosynthetic,
High metal tolerance,
Low culture requirements

Bacteria:
Rapid proliferation rate,
Adaptable to extreme environments,
Conditions are easy to manipulate

Advantages of
various
microbes

Virus:
Simple structure,
Well-ordered composition,
Nanosynthetic templates Yeast:

Fungi:
High mycelial surface area,
resistance to external shear,
extracellular actives

Microbial cell factorySecretes,

W  extracellular polysaccharides/peptides

1 AT ERWKRATEME RO EMIPLL HERA IS

22 AH

BB T 2 AR B BORRIR A, AT B 6% 1 5
H5&REBETHMIEIER. tal, B/Rst s
FIFBLAL S 00E BN BB RS 40 W B AN E R
PRI B VR B TR S AR, AN e b LA R
AR RS R0 35 B3 AR PR A K ORSE [ 5 1
Biltn, R SRR BRL, 5 R
T 10 “*mol/L WSFRARH . 72 /NI g T & kA%
25412 YPKMERGUK TR, F HARGKBR 5] 5
e B FAMpEE F04, SERFRIAN, BRI
RN T & B E TR, BRmE, S
FR I A BTGB 5-15 90K ARG K Bk -
UbAh, SEEGUFHE R, BRI B T TR X He4R
YK UL (1] A AR e Hh iR 4 B O EE LR S
LA TE QR BURL IR A= 06 7 THT R 30 R e R
X 1 5 87 4 A A TR A A AR ) K . 5 4
FAHLE, B EE KA R A R IA B R A
BAKF. Ak, BEEHEAKE 53T B R g EN,

23 BH

B QIR S AT A R A T
XA W RS I 22 ML A KT P 85 < SR K 1 R 4
JEEA FRM, CLFRARAE P L O AL
Mg 2 W/ Ik & RS AN LB AN R L), W RE
EHOESERENS & AEVIIE RV B, 4R A D H AR
EEEAMENE SR ZIREREAHEA,
FERRFEHLEI — o FEZHLH P, SR B TR
WL R A3, IR, & 89K BURL & R
FERREAEGURR . A BB SE AU ikt 5 A
B, AT A REIERGCKRRURL, 1ZB0RH A
A TSN A 0 B . A oK OREL P T 24
kiiee M E N 13.8 4K. tbhh, (4 B AR 24k
(FTIR) JEib 7 HrilEsie 1 e RESE U A 134 J5 2 2k
MR W RRER AR AL 5 W55 AR 3 T AR ARG KORE
TR R P SR HIUST. KR T RT3 2 775
FLAT AR R BB B BEEAT 41 S MR AN KL T
B L R ARGKRL 1 R SRS (R o e SRR



Qiaoqing Xie

SR PURRLT A & S LIRS N T T T i e

B, BEREPIAIIEE . By FRIRAN DG 75 G K45 45 B LA
O, Hafhih, HATC 4w e 1500 FrlEzsE,
AR 24— 2 AT T AR 1) 2% 4 S8 4 oK 1200,

24 HAHA

) FH TR B 6 184 i@ 9N K L1 B I 58 A 6 3¢
Do TR R L A SIS OR 2 A g 2k
BR . 4k A HARE P gy, XL R R A A e
JRFEA B ARY, B R], Lk Egnie
B I o vy £ PR T )R TR 2k A a i g A L SR 1
FHEAER, MM E RS MM AR R, If
NI R e I VTR 1 i 1 | I E A =
(Rhodococcus spp) & T R5FZ174 5-50 44K 1
I AR 2 7 = A R 1 65V ST NS . == YA )
BN . Ak, GEKRL R & E
JRABAT- BRAE A KL IR A VW P IR e A e )
IR, B IR R A, ] DL E A AR
LR ST WS YEY) T 4 SR KRR . i, A
AR R 2> B Y ) B2 T 8 (Streptomyces sp.) # K
PLRE S B ANEE E 5T, RN I R T RARAE 13
40 GUKZ R ARG RIRL . X S ER 4 K RO AE
6.25 2 100 Z 50/ THIR LT I N, XA 520 f AT 1
AR AT R 45 4 T R R 8 TR A RO A B v e . A
H—IU T, WEFEN ORI 4R R o) R
PRI B, FF LT A5 240 M D80 AN 35 77 4 IR TR 771
B T BRI ARG IR o 1% BE gl KR FRLAR 43 3]
A 8.66+2 YK 3542 4K, FEXF 2 PP A0 A AR
PO A E R AR TR, AR
IR E AR S BEE R LR B A R IR
J& RS B A K Bk 2

2.5 W

T B 8 ORI RES HEAT G S A K AR Sl AR
M. XEEYIREA Z AU, B s, A
UM, ISR /NEREE . RSN TR I Bk
BAK, AR, &S T ke, 5
FLABTULED AL, AT PR RIURL I 25 ) & AN E
SRR RPRIEEELEN . BRMERENY (8
FEFEMPUETD nE SRR EIL)ER, 18
& 8 BT IIE I AN 4 JR 9K 25 R I i 4 G B
YERIRT, BbAh, WEHEETT. SREET IR HEE TR —
ELA A A 8 g KON (1) B 7 E R 28

2.6 A&

T3 75 DAL B R dE MO R XA AT RE
ARG A SR TRV S E RGBT FEEE 2
A, R N B S AR AR . Z5WiEE UL K
BEH RO AAR R, R R A R Ah e R i B
HRERIETEAL R, WSS EmE T, M
R 2H 2R ) A AR RO COY . g, R R P 1
Ah5E T 2130 AN R 8 F s 2R Al o 25 A oF
RIMFFE N LN ELMIhRERER . XA 7 HE5H
WA PO A A5 L R KA 5 Pl ) B ABLBE AR B
FEMI AR, SRR T SRR E A
&S, W R UORER BRI, T OR
F-SAKRFEEEY. K, BERLH 32 9
K H R T P 2 AT 1R G0 OK UKL & R (14 45
W FERFREZCAME T, 2R AT R R < 9 oK
RiLo IXEEGRBURLZAE PG T 285 T AR R A S
RS T B R TR ). R B & 8 B T 1E
RSN LR, BT O -8 E R A 9K
MR AZAPRHEGR R BRI &35 A 1
SBAL, R A AR i 1 < R 0 oK R AT B ) 3t 1 2
WIRIBE T IX—HRp A5 25 15 10 R AR R (1Y
W TR AW U — AN SR BRI FT 7 [P SR
M7, B SR 50 25 100 5 5 e R 9 K TR (1
WEFAIIREE = o BELASH B KRR A 7 FR) — A I 25
PR F e Hond g AR AT B TR IK A AR

3 A BHIR N E R K RS SRR

AR IR A 5 14 SR AN KORL T — Rl A 85
KA A RER S TT 0 S E L, BV
T E S RACKRL TR E, H TAEER MR
7. AR, BT RAEYAEGES N EREULS S
RS R R R TR 2R, Y
AL B U 425 <22 G KORE 1 K AL DR M RUST T v
Philo BRAh, AP E G RARAN A AR R ELAG 1
TR A AR TN A R AL 75 G AR
VRGN T AR S0 AT Bl L R AR AN 1 T
FOREE, LA ORFLAE SE PR N (3 PR AT A
Rk, 2 G B R s gKoR T IR B
R JeiiERIR RS T 52 &R & )
AR RS AT AR I E TR, AT it — 25
(AR R S BN I Al E PP Siibus
BRI Al . FE DR TR S S5 5 A R AR A
PEER,



Qiaoqing Xie

SRR T A & S LIRS N T T T i e

3.1 AR AL

AR PRI RE 9% 2% A DA IR St AR KB E DL K
HorwriE R Canlg. S|, 2% 1
K HGEANVEMA REMEW . kR, X5 %Y)
Ji 2 500 4 JB oK ok 1 A kB M, Bk A
TR AR P PR AR A 2R A R B B4 B 0 K SRE (1) S 2%
M CanIA SRR  pH {HE &R IRFER A A D,
AT DURS B 42 G 4 8 4R oK RIORE () T 5 AR A2 08
L S AR AR T DU A A= M 5 0 W o3 2 1) B 4 B o
TR, XM G KPR R E ., R
FATEFE SR AN AR AE R T FF AR AR C R UE S 1]
DA e Jir 285 e 0 e B T e 91,

3.1.1 R

A 5 2 5% o 3 i PR P SR 22 S AR K il
FAMRAIRE (Lactococcus lactis) FIHE A KR E N
30 °C, MRZLEAIFFR (Bacillus caldotenax) HHI&E
ALK N 65°C, TMZEMFFE (Bacillus sp. LY) [
G AEKIR VG 80~85 °Co FEMMAE M oG iR
AT, BT e AT 0 R 4 4 K RO R
WA, BN, WK, AR TR EE
(Arthrobacter sp.) Hi#h 2 B -& BUER G K BURL 52 30 HY
I a]-im B Hh 2. BRI &, £ 70 °C R AR 2 10
min, 7£ 80 °C FFFZ 5 min, [MfE 90 °C N FHE A
F| 2min. CUFSE, EREDNBRERE T, A
TR S s, AT 4 & B 1 (138 R AN
R, (& B YK B A 1Y, FEREY BE
WS, AR FEETE, T 4 )8 21 1)
W JFEFIRR 2, AR dE & JE AR ORI Y. SR
BT R SRR AR A RS, PG GR R
FORTE S B IRIBIRIAR ™. MR, wim &tk
< JE AN K IORE IR BSORZ A 8 IR <82 Ja I 9K A ) Pk
HFE, FIRE S E G ER R SF NS, R, B
(100 U 5 4 T T S v R A RN AR E o B AR OC EE
7.

3.1.2pH

CUUESE pH AEX A R G E BT & 8 4K b
BHOTES . Ritt. SRR FMALE A BE 5. 5
n, pH{EN 4.0 B, i ZRABCHR I B A ) e oK
PIRLAR 22 200 992K, 11 pH {EA 7.0 B & B 640
KFORLFRLAR N 10-20 goKB4, FE 2614 T,
P. cloudii &% [ 5 RGN K BIURL 75 22 72 /NS, T AR

PERAE T, AR R E R m RN 1 /A, pH
B4 7.0 71 pH {E N 2.8 B, S 4NoK R0k 32 75 41 B 48
HLR & iR X T . pH EA 7.0 B, SR BRI
TELH TR AR b, 7= A5 1) g K BRI RSV B A 15-
200 4k, FEFAF. 4 pH N 2.8 B, PIAE R
A R G R RURLF- 35 RUST D 20 492K, R DAAE 4
BE FWEES]. [EAERNE, YpHEN 200, &
YR FIURLTURRAE 20 B RE L, 8K ) A 4 K SR (24
350 42K TTEAN B AT RIS, pH B X 4 8 4 K
K& sl e 5 FIREEA G, fE T HER
BIAEE, A RIE R TR S E S
TEHAT o 3K SO SR X 2 520 4 B - I Bt . AR R
AL G R, FEABOERBEMENY. ok, Wimig
PEFIRENE 2% A CAE UE B 2 5200 2 5 A )& il 72
(MR 2 AN A TS P 0 A P o . IR AR R IR
AT 6 AR 20 B R PR, 3T 5 T 4 K R
BRIEA . EEMALEW, Rt pH A2 2
WA G RS BYIRR TR REBR R —.

3.1.3 SR IERIIRE

CLIE S 4 Ja8 VA Y0 B X A Al K SR 1) 2 3 N
AR EARERW, B, SRR
F{E Na2SeO3 iR EVEHIA 0.3 & 2.0 mmol/ L B4
FCERTEAR AN K IRL, TIAE 2.5 & 4.0 mmol/L %=
W A PR IRI R BRI 8 3 Rl IR
B4 0.5 2 1.0 mmol/L B, S-G9 RBURL 1) A k32 2
RAAEREREA I, M4 E&S FIRET SR 1.5 5
2.0 mmol/L Ff, JI7ESH L BE A A Al E € T2 29K i
RO b Ak, BEE G B TR EE G N, goK R AR
BHER, WESAAVEEME . & EmRIR XA
Y& RE REREmN, FAESRES5 6 AR
SEMIED 7y T AN T &8 B TIREEM Lu . BLATRE
LR A R — 0 I T X R oe R A, &
E B I 5 0 & B A R R O A AR A R T 32 R
8, FEAEDAIM 20 SR TR0, &4
SEGEMIET . X R R 2T AR 9K R
(G BB BRI, R B T G VA VROAR B T s A
AP A B4 SR N K IR 2 G EE

3.1.4 HEYIEIRE

CLIE BH AR 42 o A FE 1738 A 22 2 M R K ORE 7 (1) R
SR A . B, ERI SRR E S RSN
KR IIREFE, SN 1 ek 2 Siit, 4494



Qiaoqing Xie

SR PURRLT A & S LIRS N T T T i e

KRLF HIRLAR 3 A VG A T LAK 2] 300 449K . 81T,
LAY G E] 8 TR, HIE 98% [ &g KAL T 1)
FLAR/NT 50 G200, SR BA AR )50 3 in vl i S48
FIVER B8 1~ 20 P 2% 1 L 2 4 B P SR O Bt o 24 40 S
EWIRAE 600 KA IIROGEE N 1 I, AR Pd-
Ag/rGO RUSFHE/IN, A5 BEAEL, xR, & 438
A AT DL S 4Kk 0 RS A3 ik

3.1.5 HTEEA R

TLAE A e 0% ) FH AR5 AR A7 78 1 B4 B B B
(R BRI, (B N Ah P 6 RS . IX R
Jo 38 W RO B AL IR A BB T AR A . AEIX R
W JE ML) A, TR H) A B PN A R B H - AR AR,
gulh)E, BTFRE¥BTHRELEEREBE T, N
M 58 48 R SR FE . RS, BT R E 5
JRAEIRZS, AT JE Bl 5 22 1) T E A G A0, 4l dn,
BR-2,6- 1#RE: (AQDS) FIiZ#E & O gL 5
RES et FLIKE  (Shewanellaspp.) & lfilighoK
WAL, AR R AR B T SR e, R kA B
Y11t A1 G JB AR PR JS2Y A i i RS A T 3 R A
T FEH, AQDS [N 22 WA FAR 25 111
. Xl TRMIE R E A ER, $REET R —
FHTRIEEA. AR, R T WERRE T ik
i, FRERE T AR A, HARRRSS,
BLFE PR RAERR-2-B R 5L, CHE A B2
R TRE, AT 2 2 5 1 K AT Be1 o AT R AR
NG A R AR (A3 J 4 TRk, U031 S 1 i e S A
MM T ERAE &, 7T LMEdEgn i oh i 7 72
SIRETHIEFIER, T & A& R

32 AR ITAEKE

AR TR, &R ARRL T A& AT
TERSE AT & U RS S at, PHAS T H
SERRLFH o BRI, SR 2 R R A i e Bk R AR
BT ERIR T . BN TR, AMTE2EE
RCH SO A PR Al X B e . H AT 7S EAE
JE T B DR DU BR R R T TN 2 R 7E 4 B A KR T 1k
HEPER, DA AN B AR 5 G KR AL B BOAH 5K
Rz OHLHID) . SRR, 7157468 B ik SR R A
55 IR s ) 0/ 5 D B 1 G ) R R (1) T DA
T 42 B B T HISE A R iR R RE fy . X
IR SR HE T SR gKRL T IR A, TR
T DA R RGERRLF I 5. Biln, CAEsE

K B RGN KT R R G R 60 2 FHANIF 1 9H
KARE, CHERITTRBRARIRL, W, . £,
& W UL HALE R R G9KARE gk k-
Bl CUESEAE I E A R WAT BREAT AR A B B
I TR AE 72 A B AR R KM AT T AT AR AR S R
3.5 fE7, RS — TRt Fi b, ff PCR HAK At
PRVE & R AL A 1 5L A e A2 2K B DHS 4
LERRY], D TRE R AT 3 7 A ARG K RORE (1 T
FELEH pUCTO 23 BT AR B AL ) K i T 1 240 i 5
PRo Bedb, DI TR AT B 20 15 1l (4 BR 40 K
FLI RN ATEARTE I —B8, iesh, AR 5R A
RIE y- A IR G M (v-GCS) B HEH Ak
R (GS) I E ALK o AT KRB A &
Jfo R AURL ™ R 2 N B AE AR 2.5 A5,
b, JER R AL O OR (e R 9N K UL ) T 4
B S O R TSR SR, EAER
(R, XTI T AL T2 DB B, Tl 5Pk
BIEEMZE R 2 ARIES EREE R R 6i%

JE AR W T XL A e R AR T 1)
SOM N B AT 1T 2 BT, (HX R G e R
ANARRL T BAZ oML IR T TS Ak TR R B BLs
T3 AR 4 R 42 e IR AR KL T [ A & R R
o B, ASCRAE 5 S22 55 o0 4 T L F 7T
FRHEIRREAT B A5

4 EE BANLEH

WA & B RN L AR 2 k. H
S b RIMEAE R — R, X R th T Rl [
AL FRAE A . A E Al s = K
RALEYIARS: BEYIS Bom A BRI 1%
PEMR A TE L R AT D9 8 TR R LK A A7 M F JE AL
YIOL R R RE . A A EESRE N, Bk
YT DL 4 5 R A A0 A AL ) 3 5 L A2 4
U4, XAMRGT B 5 HAL AR DIRE A %, B
AR BRI S GHRREE RN . U A 2R FAR L
Jod it IR 2 B AR T AT B S . AN, TR
Yigehsild Eahism ARG (AE ATP B L]
AR FPUERIE R G0 R 5L < Jm MUK A4 i A 4
00, i, KA B A S shisi R SR e T
2 PN A B B AN, AT DR R R AR
PIREEIEAE N, AHEEZ N, A R R B R A
[ L RIRIE H B B . el )RS T



Qiaoqing Xie

SRR T A & S LIRS N T T T i e

BEON &R AR, RS S RGN, AT e/ 4
UE LS

RYE G AL E, WEYE e R ARk T 1
FERERAI 0 AP A & AT A S k. &
AR e T E M A R I R m B T,
TR A0 R T R R IR B A B IX— TR . EAh,
H R 1 J A 2 R 2L S 20 A 2R W i L 5% B
<R T IURS B AR AR R R B . R4
WaE AR, &FE TEEMEEEE ARG 5T
AT, BE SRR BT RO RO, RN AR
R JR 2 B R T AR R SRR B R, il
AR B PEAMEIERR, AW T AN
SR T, AR BEGNRRL 1 IR PRI Az A A K

AEETE, CHRMAEYEERE, R
KAET AW G B A R Z I TN i
WEFC. Bilhn, R SEIREAE O T 20Tk (R IR 3 Ji I
AR SRR A BAR DKL 710, BELEAH R 14 PR

Extracellular synthesis
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O
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such as Carboxylic acid = = various shapes
Extracellular ﬁ :'<_>
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