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by R R SRR IR A DL A . K48 7= A A
PRI SRR I A E T AR AR, X
SO PR A AR TN T4 J 40 oK A0k 7T 38 2 T K A6
5] 2SR . MR T A e 7 AR AT A
TEVE DT GT T 3 A 455 A 800 A Jal B (1 4 o 5
2019), WFFEARIL, KITHRAKITER Y e KA+
B BE N 2.74%10"~1.21x10" iki/kg (Tou et al,
2021);  Hl A I L P 3 r R 2 14 R R N KR 1Y
We TG 1.2x108-~3.8x10° iki/L (Sanchis et al,
2020; Li et al, 2023), FEENRIFRER, HEETH 4R
YRR URL IR BE B AR RGN, X AR AR IR B 5 |
AT R,

TR VE 2 R VAR S R G 2 B e A 26
RECEZEHR, 2020), UL AIAT 5 1 /& (Pseudomonas) |
I JE (Mibrio) . f3EK % J& (Micrococcus) . /\ & BRE &
(Sarcina) . #f 7 #F B J& (Bacillus) . ¥ ¥ W /&
(Corynebacterium) 1 4% 2 1 J& (Sreptomyces) 45 £ 4~
&, EATEE A LSRG T Y IERS . BE s L
FMAEFE R AR RGN Z RS T 0 R AR
FH(FHAREE, 2024), MR LS 5 & TG G
VMWL SRR, SOf B TR AE
ARGV AR S R B R (FRIR S, 2019,
F 2L, 2020) . Fifi 5 1 FRBE 4 S 40 K OB VR BE 11
B, X I 20 A AR AR A R R T IR ALY o

BRI KA LR 2 TR 3 P 2800 B 1 A
T AR A A EARE MO TR SR
XL G [ I AR E S B P AE I L IR 22K BRAE
5 (ISR, 2021), JE4AESK , Zhang %£(2021 . 2023)
BIEE T — P B 1 20 A2 8 07 Tk ——AR Bl U
FRAGERIF(CCS)iL, HFTRMUGHR ARG AR
2 fil LS A W0 £ 2 A T A ) B R R R S R I FEER
SIEESF W, i ARAR: 04 e 5 5 SR BT S kA Y
W BE FAE A% 2R B E LU o 38 A I 55 5 A7 o2 ) e A
AR 150 BRI BRE 1T M b S A R A AR R R AR
L 25 AR AN TR] , 200 TR 40 A AR = TG P P T R 2 =2 TG )
PETR, H o 22 [ 7R 40 R L s 2= [C P M i 2 —
2 i BRI Z B (LPS) /i TA L AN, 33K
X 2 AN A FE 7 AN ] AT T AL (2R 7K iR A,
2024; X454, 2024), [FIE;, AhEZE AR (Bacillus
subtilis) A1 &l ¥ 1fiL 9K & (Vibrio parahaemolyticus)fE 4
TR IR B v T 02 A7 AR Y o 22 TR BH e T R o 22 TR B
W, EMaRET 2 FhE MM A Y
(Baker-austin et al, 2017; Effii#E, 2023), Hrp, #fi
ZEAOAT PR T P R 5T v i MY 5 AR TR, 7R e 2
it R AN AT AB 2 Jy T i # SCBRAE 5 T ) ot I o

IR P A BE T i B0R AR, AR R SR 5%
D7 HEA BB (Liu et al, 2010; EWkEE, 2021), 2T
2 FhAN AR VR E D IS h AR S M BRI RE AR
FIFGE LA B 2E AT o AN I IR o SE 6 AR, LAY
UL B4 8 g K R T SE X 4, SR CCS ¥EMT5E 4
e 20 DK SR T A B ZE AT B (=2 T BH P T8 ) A I 3
TR (8 2 PGB TR A A K RN, IR R B
12 h-ECy H , BLATFFT 45 F G R 1 v IR 5% v 4 i 4 oK
L 118 P35 IXURSE: DA 12 R 2 A i

1 #MH5TE
11 RBHRREEMUE

111 4B kB ais St H 42 )& 49 oK Fok 34
W H IR NG A A R A BR A B, FEEAAE G5 B0
1, I 4 E G0 K BURL )33 S fL T B S (TEM) 3%
TEEME L 1,

®1 SEMARFHMEEXER

Tab.1 The information of nano-metal particles

Wre 22 E=RN i e
] g RERE
. Particle size/ Mass concentration/
Nanomaterials

nm (mg/mL)
K4 Ag NPs 30 0.10
40Kk 4> Au NPs 30 0.10
K E AL Ag,O NPs 30 1.00
9K ALEE ZnO NPs 30 1.00
K E A4k Fe,05 NPs 30 1.00
g% — 48 fk %k TiO, NPs 40 1.00

112 A#BRIA  WEFHFEGERS: B10)
FRNA MR RS . V1) 8 A g, Jf
PRAF T EK P B 2E 0 53 B 00 K P B 53 i o Al 2 2
FEFT# K H Luria-Bertani (LB #7356, &I ML 91 5 %
F Thiosulfate Citrate Bile Salts Sucrose (TCBS)3##
B, BRI A T 5w R Tl R AR YRR
FRAH

STTFFERTT, SR CCS 728 il Ak 55 28 M AT 1 Al
B MR P A i £, Nl 2 AT, AR 2 AT B AN
R 1L 3TER 7F 720 min (12 h)FSEAKRIE AL KA
113 E&ME 32 g E AR R T R AL
(KLl 24 /N T)(Zhang et al, 2021);
BSA223 HUHLF RV [# 2 AR AR AL RO A RA
Al], ES-60C fHIRIFEE R IRWTH KB A FRAF]),
KH5200 AU A HE peds (B LR S A G A TR A D),
BPN-150CH 4 i iR A PR A R
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Fig.1 Transmission electron microscopy (TEM) image of a metal nanoparticle
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Fig.2 Growth curves of B. subtilis and V. parahaemolyticus

12 KBHE

121 Hikies BRI R A T TCBS W
RS IR 28 CHEFE 12 h; BEHUAERAE TCBS -t
AN I A R SR 5 BRI AR L B TR % PO B R
R TCBS WA R I 28 CHE SR 12 hy B3RS
A BB OHLP B L, 3 EiEw, FAAREERK
(0.85 % NaCl) 2 R PEH B0, IFH4 4 D0 VE AT B
FAEBRER K I S SRR T A o R 2R TR A A
T 5 R R AR R, (F R A R 5 555 LB KRk,
122 4 EHhkBEEFRis Ll Ag NPs
i, B Ag NPs BybrifEdh, MABELGH LB (3¢
TCBS)HE 77 A/ BRI 10 mg/L Ag NPs Bk it 551 (5
Ul T 88 7 20 min) , P 1 75 B 10 mg/L Ag NPs
R A A A 30 T O A 1) B o T LA A B oK
R 2 PR SR AR R s, Hip, Ag,O NPs fiff

A 50 mg/L, ZnO NPs. Fe,O; NPs £l TiO,
NPs it & Wk A HE E Ry 200 mg/L, A7) 4 & 9 >k Bk A
Ivi) e 3 VR R I o L 2.

123 &M ABES AN AKEFRER itd
i Zhang 552021 SLE P BRI THAE , DIAS R 2R
FFE AT Ag NPs Jfil . & HC 10 mL FCHI 45 Ag NPs
BT KB T BECHILF 100 pL Al s 2
FORT R R R 2 v, TR G357 FHJC TR T 9 45
I3 mL IR AR INA BRI v, R I
3, U E PEPE BT R4S 3 4 (PHEXT IR .
IR A 10 mL 555551 100 pL K ; Bﬂ'mﬂﬁ

RS Th i A SR IR0 B mE TR IR i A
Y #8357 (Zhang et al, 2021), 1X%§/)§f(5j] FE AR AL
fIRLE N 16 V, $i% N 2 MHz, 1% & {484 1 min
FAE—BE, SCERHRSE 12 h, D HAL A KA R
Hl Au NPs ., Ag,O NPs.ZnO NPs , Fe,0; NPs, TiO, NPs
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Tab.2 Nanomaterial suspension preparation concentration/(mg/L)
AP Sy il 5 25 FAT B AR A M 9ICE PE
Nanomaterial B. subtilis solution V. parahaemolyticus solution
Ag NPs 0.02 004 0.08 0.16 032 064 128 256 002 004 0.08 0.16 032 064 128 2.56
Au NPs .50 1.75 2.00 225 250 275 3.00 325 150 200 250 3.00 350 4.00 450 5.00
Ag,0 NPs 2.00 4.00 8.00 10.00 12.00 16.00 20.00 30.00 2.00 4.00 8.00 10.00 12.00 16.00 20.00 30.00
ZnO NPs 0.50 2.00 3.50 5.00 6.50 800 9.50 11.00 1.00 2.00 4.00 8.00 16.00 32.00 64.00 128.00
Fe,0; NPs  60.00 70.00 80.00 90.00 100.00 110.00 120.00 140.00 60.00 70.00 80.00 90.00 100.00 110.00 120.00 140.00
TiO, NPs 5.00 10.00 20.00 40.00 60.00 80.00 100.00 120.00 5.00 10.00 20.00 40.00 60.00 80.00 100.00 120.00

Xof il B 2 AT B R ) i I A A K 7 R AR AR
[F) ) S 56 7 s

P T B2 fioh X R T 3R AL SR il R A 7 A Y
SEV L LS S 2 i A5 5 A T E 6 H ) e O — L R A
B R TN SR N VI B &2 S K ab TSR TN (== 2 A Y = R N
JEA5 5% Hi(Zhang et al, 2023; J&%i, 2015), Kk, 4
TFF 5% SR 5 1) 14 2 DG ¥ B85 R Pl R O R A 4300
1.3 HELIE

SR A T G K U T R R ZE AT A A R
SR Y 12 h-ECyo 18, A Graphpad Prism /4, ¥
ANTA] 45 & 499 K ORI B 1 %k BO(E 5 40 T 1 A K 3
AR, ARG 2R, I A AR A
FF TR TR LS B ) 12 h-ECao fH o

UL, ASHIESE T A EE 35 R O 2 (B 45 o 22
(Mean+SD)E 7R, ~FHEFbRMEZE T Excel 2317
8 AIEEEE ] Excel #0047 22 54007, P <0.05
FoRBdE A B2, JFAIH Origin 9.1 A4
B, Ak B - AR

2 #HRGIHE

2.1 & BRI HEE A E A £ KD

AHFGER T CCS RS T H WL 42 8 98 K Bk
ol A R ZE AL PR (2 FC B P ) Y s R g, L 3 T
%, AuNPs, Ag NPs, Ag,0 NPs. ZnO NPs, Fe,O; NPs
1 TiO, NPs XA B 2EFUFT P A A= R B A RIAE AT, 24
HHRRE 354 150, 0.04. 2.00. 2.00., 60.00 F1 5.00 mg/L
B, AR 2R R AR T 4R A2 Bl (P<0.05)(B] 3A~F).
[, 24 Au NPs (& 3A)H1 ZnO NPs (/& 3D)E Rk &
435 T 1.50 mg/L F1 5.00 mg/L I, EA TR B 2
FF A 0 75 1 5 R T 55 , X 1T A -5 40 K T 1 [ 2R
G4 %, F5EEM, AuNPs Fl ZnO NPs R 5k
BA K, BN, MR, PEEWRENM, Au
YRR ZnO 4K BURL A1 3R I 5 3O A SOk AR s

K, WA B EE R L 2 9855 (Iswarya et al, 2016;
SREBTAF, 2023) 4 AN K UKL X A TR Y M R I
HoVk BE A O, e R e R ) 4 T R R B
B, TEPEESR (TR PFEE, 2020), BEE Ag NPs W YIS
T, R R ZE AR B A K A2 B B4 VR RS 5 (18] 3B).

AN, ARWFFEIE K B ZnO NPs F1 Fe,03 NPs X 4
R A B AE R FZIHE MK L (A 3D~E), mMixf
R N A K R R AL (K 4D~E), X —
5T 2 R T R I B X R R ) 7 SR oA e, HE
BRI E R A8 v T LR R R R AT D AR
ARG 2, M ARAS BE 1 A1 A K i 7 195 95 ) o
(XI5 FEAE, 2019); AR 28 AT P X 4 Ak i 75 oK
AR, BRIl AT A VR RN A A T I AR AR S
oly, (H B AR B IR PR A K A5 SE 4T (Hood
et al, 2012; Cornelis et al, 2013), H—FHZHT
ZnO NPs Fil Fe,0; NPs X 240 B (1 757 5 2 i B A i 2%
RUA SC(ERIIAE, 2012), AHLE T 95 22 [CBH R 1 (O 2
ZEAOAT IR, A =2 DG T (I 1 9 B ) 1) 4 R i 22
— )2 LPS AMEZEN, HEAMFREN, 405040 RE
() LPS fERS W B Mg™ Fl Ca* %5 BHES T, TEIEH &
ERHERZ, IR T MR 1B BB, (e
TTFE ARV I oL i 1) [R) ) BE 8 7F — i P B L FH
5347 B W0 0T (4 T 40 oK B0 A5 ) 1E N 40 Jif (5K
2022), X k@I I NG PR AL T A RPN KR 1Y
G (Fan et al, 2002; Yoon et al, 2007; Tran et al, 2010).

2.2 &RBKFBRLIXS B A 5B B9 & KA

ARG T CCS ERMFTE T8 UL 4 )i 44 K J5i
7 X B A IR (2 EG B B B A s, R 4
A1, AuNPs. AgNPs, Ag,0 NPs il TiO, NPs %}l
P I R ol o = S 1 R () R B =7 23 [
2.00. 2.56. 4.00 F1 10.00 mg/L B, FI¥% i 5% & 1) A4
K IR 2Z 201301 (P < 0.05)(Kl 4A~C., F), BB WM
KB, — WY 4 T8 40 K TR X A M PR

(Pseudomonas aeruginosa) . KAz #f &I (Escherichia coli)
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Fig.3 The growth inhibition of metal nanoparticles on B. subtilis

AR A K R B I & B4 4 (Zhang et al,
2021; A4 2021; Cavalu et al, 2011), &JBIK
SR X BRI 00 I A A T R A S 4 B A K
FIRERL (A", Ag%5)H X (Xie et al, 2020; Zhang et al,
2021), 4@ 4K B 10 R B B 0 — v e i R TR
BLHI (X EHEAE, 2023), BF5ERWT, AuNPs, AgNPs,
Ag,O NPs By Au' Al Ag" g% M 3w i 5 B 7=
AWM AROS)SFHE MY, Kkl Ak &k
I 15T B DNA #5475 F1 ATP 7KSFF R, 1517 5 | B #
VA5 10T AT 240 L R T 40 B RS 473 . 4 TR JE T (Shareena
Dasari et al, 2015; Lee et al, 2018), Wb A, &8
2 A SR X B ot I T A A A R A S 4R
KIBURL R FP 2 (R /DA, 2008; A%, 2021),
H T TiO, NPs J&—FE YT, s sl 2 E 5%
HAEKA PR ER & B & 1, & P s P £ 2
T I 4 il | 95 17 L R A 200 TR 9 T R 20 R 4 B
1M 7= 4= (Priyanka et al, 2016; Ammendolia et al, 2022),
SV R 1Y 4 R A K BURL(I Au NPs. Ag NPs
M EL, TiO, NPs X @il i 90 G (9 2 5, PRIk,
Au NPs. Ag NPs Fll Ag,O NPs Xif @I ¥ ifi 5 i i 25 1

W8T TiO, NPs,

23 EERMRTBHMNHE
ECofEHR

TE A A KB PEAG A AE S B e b, R
2 LR B R . TOMESN R BE(NOEC) Fl
X% F7 Bk B (ECx)(Beasley et al, 2015), #A 1, H1T
NOEC HUE— S0 ik B, ANREM 1S B (5 X ],
2T AR KR LR Y K ECx B4 NOEC 1E
ﬁiﬂ&ﬁéﬁmgzﬁmrgamm et al, 2001; i A 4
2019)o ECy fHJE—Fh 5 AH I, R4g 5XT
HEAH EG , 75 45 0 10 2 58 1 N e A o b %) B AR o
(AT T o 45 JB A K ORI 20% 19 32 10 A ) R B S
ML (AN s AR A S AT B OBV 44, 2022), FEEL
A IS, ECoo & FH T 25 i i5 YL Wy 1) R 58 XU P-4
(Liu et al, 2019; Gao et al, 2022), AWF5EHE L2414
e A0 K SR T A8 B 1 ) R e (B 5. 6), 1A
t0 4 4 K UK X A B ZE AT BRI R i S T
12 h-ECy fH. MIE 6 TTRIAE W, AW LN
ZnO NPs Fl Fe,03 NPs X @l 35 1L 5 09 A4 K R 2

ZF AT B A0 & A NS Y
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Fig.4 The growth inhibition of Metal nanoparticles on Vibrio parahaemolyticus sp.
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Fig. 5 The dose-inhibition curves of metal nanoparticles on B. subtilis

PEER, S 4 v )@ g K Bue 3t 8 s e po A 12 h-ECa {43124 0.16 mg/L F1 0.03 mg/L, 54 H 45
I gs RAH—2, 2 3 A%, Ag NPs XF &7 Mok FITFFR 4 Rl , 5 HAL 4 SR 90Kk 41 BHZnO NPs |
1 ZE AT T A9 AR R P AR e, X 2 FhE Y TiO, NPs Z5)fH, Ag NPs %{E LM 5 (Pseudomonas



222 woooor B % 3 R %46 %
15 100 - 150
N
<10} g Sh— S
3 & 100
ME S g % £ 100
£ § 5 £
E E= 0 1 I ! | = é =
5 0.2 0.4 0.6 0.8 c ésw
Chels lg(Au NPs)/(m, . L ' ' =
" g(Au NPs)(mg/L) 20 s 10 05 0.5
— L —20L 1 1 ] |
lg(Ag NPs)/(mg/L) 0 0.5 1.0 15 2.0
1g(Ag,O NPs)/(mg/L)
40 40 30 -
X 30r X 20l S
2 3% %m
8 20 o © 2 r
%E ﬁ;m i
£ 10} ES ] . EE
-;% ‘_§ E E ol . . é :é 10k
20 05 10 15 20 25 = £
_10 L 0 1 1 1 J 1 1 1 ]
1g(ZnO NPs)/(mg/L) 17 1.8 1.9 2.0 2.1 0 0.5 1.0 15 2.0
1g(Fe,0;NPs)/(mg/L) 1g(TiO,NPs)/ (mg/L)
Bl 6 4@ 40K ok ot B v o s 26 P A 12 h 5] il 28

Fig.6 The dose-inhibition curves of metal nanoparticles on V. parahaemolyticus

®3 WHEFRFEMEIFMINE 12h-ECxE
Tab.3 The EC,, values of B. subtilis and
V. parahaemolyticus on 12 h /(mg/L)

K F R Fili B ZE FAT T R ML KT
Nanomaterials B. subtilis V. parahaemol yticus
Au NPs 1.81 8.11
Ag NPs 0.03 0.16
Ag,0 NPs 1.71 2.97
ZnO NPs 3.53 0.68
Fe,03; NPs 118.4 43.12
TiO, NPs 54.43 81.55
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(B 11, 2012; Barros et al, 2019; B, 2021),

HT, MR E S0 50 % w4 S0 A5 th 0 2t x% 3t/
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(NOECQ) W) #tE L& s, B 4T & Wy Rl S5 88 vk 43 A
(SSD) % J5 1 2K VAl A [a] 15 4 Wy 19 ¥ 76 B4 5% XU
(Gottschalk et al, 2013; Feng et al, 2022), [A]f}, F&HE
B % AL 25 IR B A o v ] 175 G 0 0 A A 5 IR DAy
FIP P B R 2 | RIS, HE A MBS
L X TE G 4 PR B 2 A (R TTAG 9 0 (LCx/ECx
NCX) W FZER VG THE Y F1 54 (Gambardella et al, 2015,
Fazelian et al, 2019), #R1fi, Xu 5£(2015)#+53RM,
PEAR BRI 5575 Ye 5 AR 28 R G0 1 A 25 KRG i, 75k
FRFA B TR FHBE IR A B SR
W o, e A3 R GE 0 T A R AT ol Y A
, SR, S0 15 e v 78 858 RS PEAS i F 5%

X R 2 RAR T M S, iR o SR A
Ao P, IS R AR A B R i 75
WS o3 i B REVE ARV B G TE , AT AE SRR 3
e g s S Y KR DAl R e 4R it e S 4

3 #Hit

A5 38 b A [ B4k 2R A T ——AR 4 i
A FRAL AR (CCS) AT 8 UL 6 i 4 Ja 40 K ik
Xof A 2 AT R R R A A AN B A AR R R, R
BH, AuNPs., Ag NPs, Ag,0 NPs, ZnO NPs, Fe,O3; NPs
H1 TiO, NPs X Aifi 55 25 #4147 1Y A S B A dAEH]
MOHREE > 1.50, 0.04, 2.00, 2.00, 60.00 F
5.00 mg/L B, Al 50 260 AT 1R 9 26 K T IR A2 214 | (P<
0.05); HA 4 Fia/maKBki(Au NPs, Ag NPs,
Ag,0 NPs Fil TiO, NPs)XJ &l ¥ 1L 5 & 9 A 2 A 10
FEFT, 24 HHR 439 M 2.00, 2.56, 4.00 F1 10.00 mg/L
B, R R A AR T IR 32 BRI (P < 0.05) 5 FEA
SV E W EEVE BN, ZnO NPs (1.00~128.00 mg/L)
Fl Fe,03 NPs (60.00~140.00 mg/L)X & ¥ i 51 B 1 4
KR AR AR o A% G5 Je W BR 5 KU Ak 5 2 vh
KRR EE W TP R 7 o, 0 T 15 Ykt
ERRG P EZEW O EE W, AUFsEiEEd CCS
b T AR 4 T 4 A UL X A TR AR S R G R 4y i
A Chl 50 25 00T TR RT3 it PR ) g A A ) ECp 1L
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Growth Toxic Effects of Metal Nanoparticles on Bacillus subtilis
and Vibrio parahaemolyticus

CHEN Shiyu'?, XIA Bin®, ZHU Lin?, LI Shuang?,
LI Qiufenz, SUN Xuemei®", DAI Wei'

(1. Tianjin Key Laboratory of Aqua-Ecology and Aquaculture, College of Fisheries,
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2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract Metal nanoparticles have been widely used in ceramics, the chemical industry,
communication, and biomedicine because of their large specific surface area, small size, good
photoelectric performance, and other excellent physical and chemical properties. With this widespread use,
waste is inevitably produced that enters into the environment. Concurrently, organic colloids from natural
sources, dust aerosols from volcanic eruptions, and other metal nanoparticles also widely exist in nature
which can be transferred directly or indirectly into the ocean through sewage dumping, air subsidence,
and surface runoff, thereby threatening marine environments. Marine bacteria are the most abundant
microbial group in marine ecosystems and play an important role in matter circulation, energy flow, and
the maintenance of marine ecosystem diversity. With the increase in the concentration of metal
nanoparticles in the marine environment, their impact on the physiological ecology of marine bacteria
needs further research. Recently, a new type of automated phenotypic method—the non-contact
conductivity sensor (CCS) method—has been developed and applied to obtain data on the toxic effects of
nanomaterials on bacteria. The improved capacitance-coupled noncontact conductivity detector is mainly
used for online and real-time monitoring of the conductivity of microbial culture fluids. The obtained
response values are proportional to the concentration and mobility of the ionic current in culture mediums.
Since the uncharged or weakly charged substrate will be converted into highly charged small-molecule
substances during the growth and proliferation of bacteria—thus increasing the culture medium
conductivity—the bacterial growth process can be recorded quickly and accurately by detecting the
change in the conductivity of the culture medium. Bacteria are divided into Gram-positive and
Gram-negative according to their different cell structures. The cell wall of Gram-negative bacteria has a
larger outer membrane composed of tightly packed lipopolysaccharide molecules than that of
Gram-positive bacteria, which leads to different resistance effects to external stress. Bacillus subtilis and
Vibrio parahaemolyticus—Gram-positive and Gram-negative bacteria, respectively—are widely present
in marine environments and represent two important microbial categories. Among these, B. subtilis is a
typical probiotic in the marine environment that plays a key role in promoting host health and
environmental restoration. V. parahaemolyticus is a representative pathogenic bacterium in marine
environments that can have notable impacts on foodborne diseases. Based on the ecological roles and
functions of these two bacteria in marine microbial communities, this study used B. subtilis and
V. parahaemolyticus isolated from Bohai Bay as test organisms. Common metal nanoparticles were used
as research objects, and the CCS method was used to study their growth inhibitory effects on B. subtilis
and V. parahaemolyticus. The research process included preparation of the bacterial solution where
V. parahaemolyticus was inoculated in TCBS liquid medium at 28 “C for 12 h. The bacteria solution was
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dipped and streaked on the TCBS plate and cultured overnight. The single colonies on the plate were
selected and inoculated into the new TCBS liquid medium at 28 C for 12 h. The cultured bacterial
solution was centrifuged, the supernatant was poured out, washed, and centrifuged twice with normal
saline (0.85% NaCl), and the bacterial precipitate was re-suspended in normal saline for subsequent study.
The preparation method for B. subtilis was the same as described above, and the medium used was LB.
Additionally, the metal nanoparticle suspension was prepared. Finally, a growth toxicity test was done
using B. subtilis and AgNPs as examples. Here, 10 mL of the prepared nano-gold (Ag NPs) suspension
was measured in sterilized glass bottles. The prepared 100 puL B. subtilis solution was inoculated into this
and mixed evenly. The 3 mL mixed system was absorbed with a sterile syringe and added into the NMR
tube, with three tubes for each concentration and three tubes for each positive and negative control. For
the positive control 10 mL medium and 100 pL bacterial solution were added into the NMR tube, and for
the negative control, the same amount of medium was added into the NMR tube which was then put into
the CCS instrument for measurement. The voltage at the excitation electrode of the instrument was 16 V
and the frequency was 2 MHz. The instrument was set to collect data every 1 minute, and the experiment
lasted for 12 h. The results showed that Au NPs, nano-silver (Ag NPs), nano-silver oxide (Ag,O NPs), and
nano-titanium dioxide (TiO, NPs) could inhibit the growth of B. subtilis and V. parahaemolyticus. The
12 h-EC»y values of Au NPS, Ag NPs, Ag,O NPS, and TiO, NPs against B. subtilis were 1.81, 0.03, 1.71,
and 54.43 mg/L, respectively, and those of V. parahaemolyticus were 8.11, 0.16, 2.97, and 81.55 mg/L,
respectively. In the concentration range used here, nano-zinc oxide (ZnO NPs) and nano-iron oxide (Fe,O;
NPs) promoted the growth of V. parahemolyticus but showed an inhibitory effect on B. subtilis. The ECy
values obtained in this study can provide a theoretical basis for environmental risk assessment of the
construction of metal nanomaterials in marine ecosystems in China.

Key words Metal nanoparticles; Bacillus subtilis; Vibrio parahaemolyticus; EC,o; Growth toxicity



