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AR RS H 5 0 . PEA L A REFER
XGRS A B B B S S B,
AR5 B KA J00 Js R A BRI R as i, BR T
XIS TR Z AN, IR KR T GKAR 1 A
oy s 4 WS I {2y R T EE B A ) VA B i =
BEE DK TR A9 TRERAD R T AR SR AN
&, ZFRHIM B ETTE TG R ., T
AR Ik o R REEE . R E AR A 2
PERIGKRERER 5 R ARG TS T AT R DGR

5 HAmAA B AR E, A ) S A A OK AR
MYRIAE . ol A& iUy T HA MR L. B,
WEEP R 2, WA R, AR HIK,
TEANARER I SN G Bt R b, ZE YRR iR ok
AR E PR BB T RT AR S 9K AR A B A4
FUFIALAL R, 38 AT DUZE N i 3 v B 9 2% A R 58
PG ARARIES . R Angh S #5080 K,
BN AR R A A R &N, f5E.
ZRIEEYIR, BALG kA PR =, BT
LA P 30 i ) 5 1 A KR B A IR Y A ) 2 R
RG4S e R e 4k B0

AR TR A R A P ) i B BT, &R
A ARG vh 0 B AR TR TR TE AN [] 1Y) 46 Ja AN KR 5
WO R T E R T Bk, 6T
TR G AN A AR A I AP B, A DG AR A Bl
HLHI O ST Bt o AR AT RIS S5 104,
TETRR A T 1 & R AR & i B b, SRR
IOHA I T 2R R 5 4 A B T Il SR s WA o6 P
Wb, BT B 5 W KRBT 53 7T R4S
Ze T HA B QR BURL - FR] Ik ph ik 2k TR B 2
ORISR AT B 52 B B SR A LR S 1O S T
A B B T2 A T B AR B 9 AR A mOPLR], AR
WU VLR W B I ( Streptomyces coelicoflavus, S.
coelicoflavus ) A TR AT R id I 50) AL 4 50 1
JIANE AR o 3 RN [ R AE T Be o A KR 1
TESREERE . ARZERY | ORLEE S0 A1 . JTR AR
BRI DIE T AR AT S SO 14 &t ] ik
JERE R JERIA K (reduced glutathione, GSH )
LB BT & i, Jr S SOE T AR 2R T 1Y)
BEAST, [FIEEERT S. coelicoflavus NS ER A
JRBEIIE P, R T AOKRAR A B TR 0 A Ak S Bl
il AR AT S A SR E A
FHA MR AURAR R AL — 2 P BRI R SE I 5%

2 LIGERN

2.1 SEEHEIRALEE
2.1.1 SBMH

HIRER (AgNO, ) , i, A E[E Sigma-
Aldrich Chemicals 72w ; AN, ZA LA, 45K
M. WARFREN. WA RREEN. 3, 5- ZiEKIFIR,
i, W H EZER BEARR A IR . FhiR .
OKBETR , o Afr e, W B AR ( R )T A PR A vl
ZIFRERY) . WA . BERHREY) . AR, A4kt
M, WA Y Oxoid 24 w5 GSH AR#fEM: . 5,5~ —
TS EEZE R (5, 5 —dithiobis (2-nitrobenzoic acid),
DTNB) . Al 5 . Folin- Bl &, ZHL
Ml ARG, WA TAEY TR (L) B
BHIRAH]; =P ILAFEFE (tris (hydroxymethyl)
methyl aminomethane , Tris) . + = k¢ & i R 44

( sodium dodecyl sulfate, SDS) , 4> FAE#2FiR5],

WA ETAY TR () BMABRAF; &5
B 1 (reduced nicotinamide adenine dinucleotide,
NADH) , A:fkifGH], W H 3L Roche 22w X - 4
FORREIR, e, WAATAY TR (BiE) K
AWRAF; CIE. Wik, R, Gikad, WHE
2R B ABR AL S. coelicoflavus B THTEE Tl K
SR B AR A L5 A0 T 4 R S = 0
YSSEFFRAE (GenBank %55 : KP293775.1) .
2.1.2 SBMNE

KB EIRG %, ZD-88 T, SRR AR
AL FRAE, PYX-250S-A B, FHETT 4222 BEIT o%
WA R A BOGHRCE AN - AT WAt i, TU-
1901 74, b0 b e AN AR A BRTTAE Al k49
175 9 B F- i 60 8% ( transmission electron microscopy,
TEM ) , G2 F20 #4, SE[ FEI 2~ wl; GKRLEAL,
Zetasizer Nano %, & [E Malvern 2 ) ; {8 HLih 725
21 b S i 4L (fourier transform infrared, FTIR) ,
Frontier %Y, & [# PerkinElmer B /) A5 FR 23 Al ¥ 1%
T B W41, SPD111V %Y, ZE[# Thermo Fisher
Scientific /v ml; 3 B AR AL k1, DYCZ-24DN %I,
TR — AR A R\l SRR E B Dk AY,
DYY-2C #Y, iyl E WP H A R A\l i
FEIR, TY-80B &Y, i JH T G 32 AR AN &8 T 5 5
WA o 3% {X, EASY-nLC1200 %, 3£ [ Thermo
Fisher Scientific 2\ )5 Jii%{Y, Q-Exactive l; &[]
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Thermo Fisher Scientific /A )
2.2 8. coelicoflavus §+ SHRIME R A K 4R

¥ 3 mL S. coelicoflavus T2 ( FRZF2W S
A 8x 10° NMET) R T 100 mL L 2 171557
B (Po)y: BERE N 3 g/L B2 2R 30 10 g/L
WIS . 3 g/L MIIEREEE . 5 o/L MR, pH
fE4 7.0) 1, F30 C. 160 r/min #z % K75 72 he
FREIRATARR , B KB 5 000 t/min B> 5 min,
PRI R . e A AR E (g) 5K (mL)
LR 10:100 A9 LE 01K 8 8 (A & TR Wk b, T
30 °C., 160 r/min #R37%E4E 72 h, LAGEHE R A0 A
W, AR BRI TR BRI MR T
20 °C.. 5000 r/min &.0> 5 min DAEFREA, FIEBRAH
Whatman No.1 JE4C IEECR DL & A LE D TE )
JBT A JC A B PR AACIRE W RV Bl 1 mmol/L 1A R
WA Z IR WK (pHEN 7.5~8.0) 1, T
30 °C. 160 r/min BEEHRG S 72 h, [ BRI
TN TR AR 1) T At MRV S X R T o fs, R
SN A VR A WA B A AR Ak, 38 e A I S 1 YR 1)
LA - AL OB IS (ultraviolet-visible absorption
spectrometry, UV-Vis ) LUZGIE S WK 44 KB Fok:
FITE . H6SBEBT 12 000 r/min 2500 20 min J5 Y4
UUE, MIJOK CBERARDINE 3 Ik, BT TR
20 CTE R LRI AR R
2.3 GRIMAFRES T

1) Wb

W2 A AR 1) T3 BT 0 T e A, 25 ) ]
P F, A P AR R S P 37 S H - I O S
4 HE 5 B B 7 5 3B (high-resolution transmission
electron microscopy, HR-TEM ) K il 44 K 4R Jikr A9
P Tk A I R SR e DS R N I a1 | B N WA S
200 kV, SRBORAEECN 105 T, maPE%R 0.24
nm, Z84PHERN 0.102 nm. 39 BAS [5] F0 T I A Y
TEM [ J, % [ rh— e B30t () 40 K 0RE 14 TR A2 0
AR ST

2) Rt

TV (dynamic light scattering, DLS )
e, FHANKRLEE A AE 25 °C. FCE AN 90° B &
AT N S 4 oK R URE 1Y) 22 43 #UHE 28 ( polydispersity
index, PDI) .

3) JTLRAMS I

W A KR R ) it £ 240 I 2 TR

I X 5148 (energy dispersive of X—ray, EDX ) 44T,
DA DU A K R AR R DT 2R 20 A S & JURARXT i K
MICETEH] 5(B)~92(U), REEZMHER 130 eV (Mn 4L,
K, f5HeiR ) .

4) LLHMGIE Y

SR P HL AR S 2T A 15 SR ) 6 B T A K R
URLZR I BTN REPE LA, DL B 9 oK AR B0k 1Y
LA A I H 2140 23 AR O 1 Y D 2 000~1 000
em 5 FRALE ORI HEREN 0.4 cm ™y KIER
DTGS; f5MeLtA 11 000: 1,
2.4 PRMOELSHANTTHR
241 MRBERWBERABEEZPLBEREASN
SEER

4 S. coelicoflavus B AR HBE- Y453 AP
Horh— O I ARSI, 55—y VE X BRAA 5 il
FRAR AR FUATR T K , #e BR E 3R SOy S5 kA T K
AN G L SOVESHS, 3 BIRH 3, 5— A
Kk " DTNB fifA: - JEfE: 'l Folin- Bhist
F B A S. coelicoflavus IR AV FIj IR
HIR ISR . GSH IR 1T & s A8 1k
242 HRBBEEABDOETGREKRSW

K A e e B TR BN 2R TN T i O M PR K

('sodium dodecyl sulfate polyacrylamide gel electro-

phoresis, SDS-PAGE ) X 44 K H i fr T 4246 45 11
BEET A0 o B AR RO S B T IE K, A BT
W 0.4 /L 11 SDS [Ef&, F 100 CE ik 2 min A
ff B AR BUIOR R I R T, AN E S EE
F 4 °C. 8000 r/min .0 30 min EBFUIHE; BrIsE
) VR T4, VAR T SDS 2. TE
R FWEE 3 h, 12000 r/min BLOERIFIEE B,
RIS R A TR ) S PR . R B AR R 8
N 12%. WAR AR B Bh 5% H) SDS-PAGE 73 i
PSR IR A s) SR8 T s i e 0 1 it
e
243 EaQRAIHIWHRERE

IH O (35 — KBTI (liquid chromatography
mass spectrometry, LC-MS/MS ) 437 1 %5 12 40 K 4R
WUk R AL A 1 3 R0 Ke 42 SDS-PAGE 735§
WFEEARTOT, AT B RE, FEmA
R EMT 37 CHEHR 16 h, KRS IEEE L~
R T Ui . S EASY-nLC1200 A (3% (k474
B, BE)5 A Q-Exactive i ig (AT g /. &
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K EHTERIN KPR R E LR

[ Jo %8 E 0 Ab ¥ 2% FH Matrix Science Mascot 2.3 %X
PEREAT, B ER TS A R K 2 s A kB
FEAH B 2 i R S SOk, 155 C1L%
( protein score C.1.% ) KT 95% M4 2.

244 FEBRE REGEHAR T

Z: B8 SCHR [14] B9 5 ¥, BUS. coelicoflavus B #t
R R AR TR A T TR IS 5 16 mL $2 M0 Ml
TREAIHK, BLOBETF R RIS I O ; # 0.8
mL MR . 2.4 mL ¥ 0.1 mol/L 4 i B # W 12
2% WPRCFN 0.8 mL B e 2 mg/mL Y NADH 7K
RAEHS], 25 CFRN 30 min J5, RMZEHRIE T
BUAIA 2.0 mL sk ok 10 g/L X — 2 HAR R IR
VIR, P 2.0 mL RN 0.2 g/L Y
BRI IGRE W, WA 15 min, BE)EEOBCEIE R
T 540 nm R IGEMWOGRE, FEFEE RO I P AT AR Y
WA A, Wt DU A i 5 B A i
PR AR Jir I 1P o
RSB = 5
Kb X RSOV AL R A S BB, pg;
Vi RERICEET AR 22 R AR, mL; V, Rl N
B RS AAT, mL; WoRRIAGEESE, g5 TR
FCRESTE], ho

3 GRS

3.1 S. coelicoflavus S+ SR RAKIRE R 5

K 1K S. coelicoflavus 47 JLAME B A0 KR AT i
RSB AL . HIERTHEL, S. coelicoflavus TR
ME S 1 mmol/L il R L W AE 30°C . 160 r/min
TEESCRN 72 hJE, RO IR EH VR BB AR R 41 AR
o, HJG R AT RE R R R P 08 S5 A W s AR 43 il
TR BRI VR P AR B IR I R AR ERABORL, ARER Y
SPR FFIE VA S PR IR I 2145 A

]2 SRR BN« AR R DA S Al
BRI 5 Ah - AT WOGIRIOEIE . i IE AT AL, TE
B H 441 nm A0 H LT GUKRER PYAAAEE SPR RIS
TS PR B R A VA T A B 1 D A2 S VR TE I B 2
UL S. coelicoflavus W RTR H AR A T 5 A 7
AT TACKRA MG B FE . I HL, PR
B BN TR T R G IR 4~8 RS, KR
TR AT TG ARk, o JGRH S %) SR A1 R e
MG, KIEWM T S. coelicoflavus TR I H AT

RAEYEIEYI BT (AN, HAR s Rk
TR AT, A7 RCBH 1L T 9K A0k DR
TVl FE T R A SR AR AR RS G, AT ARIIE 1 4R
TEK I R e AR E Tk

' #
1 S. coelicoflavus & AN KR 50 5 BB WO ER 8. 351K
Fig. 1 The cell-free filtrate of S. coelicoflavus before and
after exposure to AgNO;,
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2 8. coelicoflavus & BN K 3R B B i 1Y
UV-Vis IR KL E
Fig. 2 UV-Vis spectra of reaction mixture after
biosynthesis of AgNPs by S. coelicoflavus

32 WRBHORESRAT

1) SR

I TEM Fl HR-TEM X S. coelicoflavus 1t~ F&
B AR ER FIORE A T IR A A5 HE) . RiAR I S AR B ) 3R
fiE, Z5RNE 3 PR, ERAL R R 3 4
EERIESGE Y, SN R =M
VU IE RIS A TE QUK KL . P. Manivasagan 55 [
) F LR B Nocardiopsis sp. MBRC-1 1%, MAME
BT B SRR A RIE S G KRR R, It
A, T K AR R A9 HR-TEM & F1EE X H T AT 5

( selected area electron diffraction, SAED ) & W] LI

AT b WL 28 2 G KRR R 52 22 a4l i, LAl AT o oy
226 A,
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5 1/mm
—

¢) SAED K
3 8. coelicoflavus S REBIHKERA) TEM |
HR-TEM A SAED
Fig.3 TEM, HR-TEM and SAED images of AgNPs
biosynthesized by S. coelicoflavus

2) R A GRS B

WL GE ik A ARl TEM & R g gk
HREURL, 1115 S. coelicoflavus £ AN KR IARLRE /34T
El, i 4 Fron. HIETAL,  10.15% BI9RER AR
4 0~15 nm, 87.7% MAKERIAEH 15~75 nm, 2.15%
[ 40 K BRORE A% Ol 75~90 nm, SF- $4 R1 48 2 Ol 34.50

nm, Jf H DLS 5 R E7N, KRG < VIR A PDI
B} 0.549, FHE A KEIKIBR PR hEL
AEEPE (0.08~0.7) U6

35

30

251

201

frequency/%

0-15 15-30  30-45 45-60  60-75  75-90

size/nm

4 8. coelicoflavus B BAMKRIVRLE 5 B
Fig. 4 The size distribution of AgNPs biosynthesized

by S. coelicoflavus

3) JCERARE R

FIF EDX Y35 X S. coelicoflavus & 1 B 44 K 4R
ORI TR R AT, W S s, 7E 3 keV Abth
B FRAE P WS {5 5 E S T B B 4 oK B0k R
TURMAFTE. BLAh, 2k LS fErEmk . . B, B
FILRMES, EATATRER A TR R 2 M 8T
AP 53, TARICRE 5 WK AT RE A T2
KA RURE 1) it .7 0] I

800 A
600 |
Cu

Z400f Ag

200 |

c Cu Agl Cu
OB
0 2 4 6 8 10
energy/keV

5 8. coelicoflavus & B EIAAKERA9 EDX
Fig. 5 EDX spectrum of AgNPs biosynthesized
by 8. coelicoflavus

4) LIHMERESE R M

FTIR Y35 n G 4 >R AR 0k 2 ke A 90 1
MM IE A, 45 6 frc. M E Al m, 1
KR 2 000.00~1 000.00 cm™ 47 Bl N AE7E H1 A 6]
Pl e iR sh it 5 R A el . o 1 637.58 em™
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R T E RIS B KRB AL IR ST

1 617.76 cm™" Kb 9 Wi mT 51 I F 2 1 0T Ik G 1
ATz 11 ki 5 1) N—H A1 C=0 JE3f1, 1 384.60
em ' AT 1 153.62 em 4 (14 W S 0 U AT O )i F B P SR
FR I A R R DT TR ) C—N iR 3 U7 145 Al sE,
E S. coelicoflavus 5 AN KR A b, HLA3 0 1) A
N ERHIANE (BT REA T T ORER I A i FE . AR Y
B & R SCHk AR AE M SR o WA A B 1 5 AT LA
L e B L A e R AR AR B A R i Y R
i I P 7= A e LI 3| T 5 K IR & A A A
ISR 1 [ A R SRR L B R, R SRR R
St R H AR 15— (4340 i RN R R A 1k

90

®©
=3
T

~
=
T

fo)
=
T

transmittance/%

n
=
T

1637.58

L 617.76—

401

30 1 1 1
2000 1800 1 600 1400 1200 1000

wavenumbers/(cm™")

6 8. coelicoflavus & REIAKIRA FTIR
Fig. 6 FTIR spectrum of AgNPs biosynthesized
by S. coelicoflavus

3.3 8. coelicoflavus S+ SRR E NS RGO R
331 A 5MRBERGEIREHERAYS SN

it 3, 5- AHAKIRYE . DTNB Atk - L
¥ Folin— By i 70) 4 123 70 i) A6 I 44 K R 5 BT I
PR A . GSH FIEE FIBTRY & ik, S92R IR 1
Frzse Al 1, GSH M e 94 KR 5 il 7
TR —EFEEERTHAG, TR SRR AT FE R D
AT, TE S coelicoflavus FIARR B+, HHAR
Je 2 5K B B R AR YIS L O3, TRl
GSH e e R B R . %45 R 5 FTIR 234t
L5 B ENIE

1 HRB|ESHEAEEDEEHASRIEMHEL
Table 1 Changes in the contents of bioactive components

before and after biosynthesis of AgNPs

Y4y JEWE / (pgmL™) SN I
7
V=Ll o NN s ANED, %
B N IR WD E P 1%
0 42.19 40.08 5.00
GSH 50.53 33.68 33.35
EIARE 341.25 210.68 38.26

332 ARBKBERADORT QMBI R SDS-
PAGE %% 5%

Fai b5 AR AR B0k SDS YL A TR 2, JF
W A O AR OB R T B B Y B B g 4y, R SDS-
PAGE HLUK#FA 77315, 454N 7 o, B EIATAL,
TE 18.4~116.0 kDa yu [l N, S. coelicoflavus & R 24
KRR R 25 A 8 1 R 2 NI R A5y,
H AT a 2978 35.0~45.0 kDa, 57 b 274 18.4~25.0
kDa, 4553 S. coelicoflavus G AN E R #E
AEAEAS RIS () 2 5T O3 1 R0 T 9 KR 0K (1)
I, Z590KREIE BUG it e bl 72 .

YRR
FA  Marker Qw{j;ﬁlﬁﬁr—[l !
B kDa) ek

—_

e £

1

N
(=]

5.4

AT

i

250
sy

™ 1

/

7 MRMREBBEEAM SDS-PAGE
Fig.7 SDS-PAGE analysis of proteins capped on the
surface of AgNPs

333 EABma sy LC-MS/MS ¥R R L Z 54

¥ SDS-PAGE 7} 4% 3| 19 2 1 40 1 T
LC-MS/MS F il Je %7 . 3% 2 KL 8 430l S W 2% 2
45 I LC-MS/MS %6502 25 5 K8 43 IR B g 1) e
T T, MRS RS R BN, A& a filb
O % R R 1 (transmembrane protein ) A4
BBk [ (bacterioferritin ) . 5 5 85 (1 76 40 i P 1)
I RE F BRI N I sl b 4 i AR BE A5 5, iF
T 5 | B 240 L 235 4 1 A8 . 2 Rk B 1 Y AR B
AE H AT A2, A SCERIRGE K AT B ka1 R
FEOR I B 42470 g TR fe /N 1 B0 oK
() [ 2H2EARR PO kA, Zhang X, R. %5 PUZERFS E
W Fusarium sp. NG AN REP R LM, N
KA ORI R TH 455 1 5 403 P RE 1 A QA DG Y B
ATP [i ( plasma membrane ATPase ) . 3— #j R b4 &
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1’4

11 (3-glucan binding protein ) 1 3— g H i i 8 &
1 ( glyceraldehyde—3—phosphate dehydrogenase ) 5%,

Wi WGl A 5 B <6 T A R TR 3 1T 0 28 19 2 11 5
O35 HATHRIR R AITIRE .

F2 SHREFHRALESTAMN LC-MS/MS EELER
Table 2 LC-MS/MS analysis of proteins capped on the surface of AgNPs

H A 43FHt /kDa HSELR L/l P1H JIkBEF 51
a 39.538 transmembrane protein Streptomyces coelicoflavus ZG0656 0.0021 R.LDSLER.K
b 19.222 bacterioferritin Streptomyces coelicoflavus ZG0656 3.3E-06 RILLLDGLPNYQR.L
1 MRLTDISLNW LLPGAVLLLG MLAAVAVLAR GEKRSSGKDAG ADDSWERMEE LDSLER
51 RRRRKEALYG TFSYVLLFCC AAVAAALSFH GLVGFGEQNL GLSDGWQYLV
101 PFGLDGAAMF CSVLAVREAS HGDAALGSRI LVWAFAFAAA WFNWVHAPRG g &
151 LGHAGAPHFF AGMSLSAAVL FDRALKQTRR AALREQGLVP RPLPQIRMVR = [ T
201 WLRAPRETYR AWSLMLLEGV RSLDEAVEEV KLRRREQERL ?
251 ERAQLEAISR GHGHRGFPGR GGRQVEVEVQ QVERGSERAT AEPAISTPEQ =
301 LPAGTRRPSL QPVRSGSEQM AVETVDLTAE DDTQALPRLD SLERKLKDLE T
351 QQFG-
g
l-ll.q‘l|1]llu.=i. 'y -}
100 200 300 400 500 600
a) HHZK a
1 MQGDPEVIEF LNEQLTAELT AINQYFLHAK LQDHKGWTEL AKYTRA
ILLLDGLPNYQR

51 EMRHAEVLTD RILLLDGLPN YQRLFHVRVG QSVTEMFQAD REIELE......
101 LRRGIEVMRA KHDITSANVF EAILADEFHH IDYLETQLDL IEKLGESLYL
151 STVIEQTQPD PSGPGSL-

200

1000

400 1200

b) A b
8 MAMBHURAALEERLDM LC-MS/MS £ELHR
Fig. 8 LC-MS/MS analysis of proteins capped on the surface of AgNPs

3.3.4 S. coelicoflavus Ao, 73 78 B 3T )5 B & Pk 64 €

i R Jirt A A A 0 2R 3R ARl e A v RS DG B A
o BARTED G AR AR 1 A AL DL A YRR
SerE, HIZI R LT #-0 7 E NADH & [ B4 4 1t 11

( reduced nicotinamide adenine dinucleotide phosphate,

NADPH ) | < #i B firf BR ik Jt il I o 2% I 25 W
FTEREULEAFRKNSE B2, 260, /S
coelicoflavus 1 6 TR B il 75 14 AH iV 2 Al 25 /9
TN 4.05 pg, ALY ER A S5l G P2
162.13 pg/ (geh) o HULHEM, LA E S. coelicoflavus

TR A A AE AT — 2 TR PR RO RRIC I, e
Py R A 200 1 K R AR A P AT RE PRI R 2 R R
JAh, 5 A A b 4 At A 3 P2 23 S R A
TR 7Yk IRl A

4 Z5ig

ASRIE T S. coelicoflavus AT WA B 5 Fa E
PEGURAR TR G o G G BRI AT SR
G, ANITATA SR R AR 2 7 . HAAK
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[]E AL, =F
EEETERINE MARIREE LT R

Seanh

1) b A I 0 K AR BT S A4 3 v AR 0
PR )& AT L, S, coelicoflavus TARIR H K
WA TR GSH 2R RS T 9RAR MG it 7
FP AR B TR TR AR R AR R (1 FS E f o

2)%%*%%&%@@%%%5%‘”%@%

E, EREM S, coelicoflavus 4310 B 5 B EE 11 F14H
lﬂ%ﬁ% I E AR AR JUR T B 5 i A b i e v ke 2]
THEZENER.
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Extracellular Biosynthesis of Silver Nanoparticles by

Streptomyces coelicoflavus and Its Biochemical Synthesis Mechanism

MA Liang "?, HUANG Huiwen ', YUN Peiyi ', TANG Yugi', LIU Xueying"’

(1. College of Life Sciences and Chemistry, Hunan University of Technology, Zhuzhou Hunan 412007, China;

2. Hunan Key Laboratory of Biomedical Nanomaterials and Devices, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: The cell-free filtrate of S. coelicoflavus was used as a reducing agent and a capping agent for the

biosynthesis of low-toxic, high-stable and biocompatible silver nanoparticles (AgNPs). The morphology, crystal

structure, size distribution, elemental composition and surface-capping groups of biosynthesized AgNPs were

characterized. Moreover, the biochemical mechanism for the extracellular synthesis of AgNPs was also explored by

analyzing the important roles of the bioactive molecules secreted by S. coelicoflavus during the biosynthesis process.

The results demonstrated that the prepared AgNPs presented in spherical or approximately spherical shape followed by

a small amount of truncated triangular, quadrangular and hexagonal nanoplates with an average particle size of 34.50

nm, mid-range polydisperse, with good crystallinity and polycrystalline structure. Proteins and reduced glutathione

(GSH) secreted by S. coelicoflavus were responsible for the process of AgNPs biosynthesis. Transmembrane protein

and bacterioferritin were capped on the surface of the prepared AgNPs to maintain the high stability of AgNPs in the

reaction system. Nitrate reductase was likely to co-catalyze the reduction of silver ions with other bioactive components.

Keywords: Streptomyces coelicoflavus; extracellular biosynthesis; silver nanoparticles (AgNPs);

microbiology; biochemical synthesis mechanism
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