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MTAEERCHRAEMEARIERE. BFDENE. WENE. EFRES 2#HF LA
7R R T B S /D BB R E (MIC) Aok D R BR E (MBO), ARl Rl b, e T A xfix 12
AT REENME S Fdh ko WO, BTHRMBTREENEMHEERETFE, £
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SCHRFREE: A

ol A NI B U I = Ll 1 9 G = 2 7 SN = oY =
EALER AT 4B F AL GO MR X s
SRR LR T [ B KA T4 (ROS)!
sCE B R B e A R R R IR A,
FOA L P 75 4 At LA 6 40 i A T K 4 B T A
FHU, ER 13 4 4K bR il e A rp S B
EATEE T, S B0 R 22 AR R
5 Y AR Y BR A T S PR AR PR . AR,
R A UK K 15, (carbon dots, CDs) FEHH:
VU rERelr, YA R TS Z R 2 6.
e BB IBE . AP R R4 R C FEA ML
OrF R IR, A MR . AL AR
F/NF 10 nm BT B DGR AR AR, K
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BHA N TAE G & AR ORE, W%, RIS
B AN 21 B RIS B o LB s il 8 7 1 T L
B TAL G & R KB R = 5kt 5, B
TA R

Hl, Ak S YU TERe b oE 2 e
G R B FR A (Staphylococcus aureus). KIGFT
W (Escherichia coli) S5 W AR IR TR, & T 7K 775 Jir
WO A A, ik s BAR R AE A A
PEPEAS A 32 B P AR A ) DA B N VR4 I
MO TR EN A VAR AR . R, A
WFFE LA Li %07 i g i 4k 25 R C Bk £ (vitamin C-
based CDs, V-CDs) X4, 5% 7 HX 12 f 3
BRI B PR PERE R LR 2 24
Ml (Ctenopharyngodon idella kidney, CIK) F15E
1 (Danio rerio) \EJG 9% 4, VPG T 4EAE R
C ik G BEE 0 SRRt 2R 1 A WA A1k
B AR X B B G RRE RAE K 5 SR B AT M Y BF
il 5 71 S A AR AL BRI AR S

1 MRS

1.1 SRR

32 o ORIV BNl e ol vee o3t |8 i ] kel
AW Bl e A R A R e, R — 2P
AL 2F AL B AE A= 25 C KIS WG B R, L i
BE AR T AR R e A R C s I RS
290 5Snm, FA&TEBEME A 0.21 nm"",  JE v A
A 5 mg/mL,

1.2 BUREEM. MDD &RERS

ARSI SR HI Y 7K 7 37 58 3 W) SO P TR 7R T
FEWE K SR (deromonas hydrophila). 4EIGS,
FANITE (A. veronii). WA ML (4. sobria). %
N (Vibrio alginolyticus). &% ML YRS E (V.
parahaemolyticus). HZYREE (V. splendidus). FETHL
KR (V. cholerae), #33KTE (V. anguillarum) . W4k
CIRE (V. harveyi). BIVISKE (V. vulnificus). ]
WIREE (V. fluvialis) #3#R [RIE (Nocardia sp.), H
TR R A 22 e SO B SRS A 15t . CIK 48
AR H VL9548 7K A= Bl 2 9 11 B3 428 il vh e F it
ARSI EARAE . B G iR 95N RS A P ik
FEHL E RS EAR TG

13 #HEZCHRAMAREEZNZ/NMINER
& (MIC) F&z /N REKRE (MBC) JE

MIC f9 0 € 5% FH 6 BE i A Bk it A, LA
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12 oK 7 5 58 3 20 IR R AE 8 R, FH LB W
TREE R IR AR R C SRR . AR i (i
FHW (BT hr TR B A BRA R e 3 4546 5
P ke, 193] 8 ANAIEI MR BE OFR B, K PRI 4%
FEFL 295 pL A 96 FLAR H . AR5 BRI 15 4k &
XA KR TR, TR R RO E R 6x10
CFU/mL, #% & FL 5 L M B i fff H 289k 2 R
1x10° CFU/mL. ‘# T 28 °C ¥ 35461575 36 h, HL
36 h J5 RE A 40 B A K B B AR 25 0 Tk SR MIC,
M JE 5 F MIC 9 45 FL B 100 pl #5754 A 3
LB ¥ I, 28 °C 553F 24 h 5 IASK B V% -
X 17 24 vk B i MBC

14 #HE R CiailEshFEthEZ%

PL12 FoK 7= 800 mAE e R, o %G ik
FXTBOY 5 R L RO B & 1x<10° CFU/mL, TR
325 W) vk E 38 s T IV Y MIC A MBC, 28 °C,
150 v/min i35 ¥5 5%, 4351 F 0. 2. 4. 6. 8. 12
24 W BURE, 66T ODgy i MH IR 21 30 1
S

15 #EE CHRRrERSENE

SR H MTT A D032 00 22 4 248 3R C ik s X CIK
AL ETE . BU SR T 1640 40 5% 77 5 v b %t
BOE RN CIK 408, FH B I 1 J5 9 2 40 i 2
JE# 5%10° 4~ /mL, #eRAL 5 000 4~ 4HHEEERI T 96
LA, JFLURTE A 3 AN FLE R, 4a
AR T 28 °C ARG SRR TP 4k e 5% 12 h 20l
BEFS I bR R 93 . S IRE A Gk ik sT 45
PL 900 pg/mL M if Gk B, R B 3R 36 3 A5 76 Bk
ANEVR BE 4R 2R C s, BREEIRNG 24 h, FEL
20 5% 35 3 Ry s ot B R 400 e A K 7
& At ZEERHE A BR A R IR IR UL 4 ik
() S5 5 BEVEAT A M B2 PRI o, 2 60 )5 7 AR X
b BEHL ODygo 18, 4% 28 205 5 40 i A0 X A= KR
(relative growth rate, RGR, %):

FZ5HODE - H41H
22 FIZHODAR 131

L6 HHER CREMERSMNE

TE 285 °CCOKIR AT, BEEMIIE T 27
R 29 10 ho BRI, ASWFFEAE A0 T Phik
& B & 12 hpf (hours post-fertilization) fi¥ 1E 32 4%
DI HEAT BE M DN A S0 . WS R B, S5 mg/mL (1)
He: 2R C e s BTN ) 38 5 £ IR iR 42 A T
PR, % 3R B0 8 IR G 7Y Holt 22 il % 3 15k
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JEE A B DR AR R I 7 A RV B A AR R . S
5T 12 fLAEML s AR th it T, Rl 20 U SE .
WHE T HWEEA, BH3IANEEL, B
A 3mL B . [FIET, DL Holt 2% v il ol 78 X
MR, ARSI 3G IR ACE T A A R4 Th G o
WLEE, IR B E N 28.5°C, LML A 14 : 10,
B4 /DB 1 IR, DR A SRR R B S
DUV Y Tl P A O

G (%) = ek B4l f0 0 IR i R W Jig
RE < 100%

I (%) = (BIEESET 50/ IR ST < 100%
1.7 #IESH

SRR B DL BEAARE 22 R s SR
SPSS 22 B A HEAT ¢ K, HeAAL PR 53 A 2
[ R 22 5 PR, 2R MK *E/R (*. P<0.05;
*% P<0.01; *** P<0.001), A F Origin 8.0 Al
Prism S fF A T4 22

2 4

21 HEFRCHRLAMEFEZHMEEEE

YR C i SR 12 Ao I i MIC 5 MBC
M E 25 R W 1, S5 R BN, 454 R Calk Xt
TR EE . FERLINE . BB IIER . T i i i MIC
I MBC {8, 4390k 61.7 F1 185.2 pg/mL, %f
H Ay 8 Ak P2 B0 # 19 MIC Fil MBC B #84%, 43

W4 20.6 F161.7 pg/mL.,

etk R CokSAM R s 2t 4 0L E 1, L
IR 12 B RS R B 4 61.7 pg/mL 44 E C K
JIALER 24 h KRR 4206 pg/mL 4EEE C
WS A BRE , BRANEE SN . ERLINE . 85N A
W INE AN, HABYIRAER, 5 MIC e 4521 —
o SN Az FEER K )X HE A B VR BE 2 I TR RS
ODygo TEHA KT T 5

22 R CHRSNEMES RN

AN BEAEAE Z C i AR FE 24 h X CIK 4 g
) 200 M 75 1 45 R LR 2, 4% 900 pg/mL 4E4: & C
W PR , AHMIAATE AR 64.9%+3.1%, W3
R TFXT R4 (P<0.05), FHHZW BB 4L &R C ok
RO R VR B FRITE] 100 pg/mL
I, SHREAENS 28K 95.8%+2.9%, 5 X% ELH A G
EES,

A 2R C Bk ST BE T £ R A 75 ARG I &5 SR
WoR, BRSO N 1666.7 pg/mL B, R ZEBE
S is RiekE 2, JETR RIS 85.0%+
5.0%(F 2). B VEBE K 555.6 pg/mLi, RG]
KREBWED], 51.7%+2.9% IR IR . W
JE R R 185.2 pg/mL I, A 18.3%+7.6% 15 11 7¢
K-MatgH , RS EALT 61.7 pg/mLLL F A, 4t
KEFREWAC B, HAMRT 5.0% BIARIRIE 1EAE
Mgy . S, B EE A 1666.7 pg/mL B
B AR 0, WREESH 555.6 pg/mL B, HAT

1 HEZECHRAMEREEX 12 Mk~=HFEREEHAR MIC F1 MBC

Tab. 1 MIC and MBC of V-CDs and florfenicol against 12 aquatic pathogenic bacteria pg/mL
HEAz ZCBH R [[eSEES
FiE V-CDs florfenicol
pathogenic bacterium BNV e g BN E BN /AT e
MIC MBC MIC MBC
REK SR A. hydrophila 20.6 61.7 20.6 61.7
LRSS A veronii 20.6 61.7 20.6 61.7
A A sobria 20.6 61.7 20.6 61.7
WEEINE V. alginolyticus 20.6 61.7 61.7 185.2
BIVA ISR V. parahaemolyticus 20.6 61.7 61.7 185.2
WA=5KE V. splendidus 61.7 185.2 61.7 185.2
EFLIKE V. cholerae 61.7 185.2 20.6 61.7
S9N V. anguillarum 61.7 185.2 61.7 185.2
MR V. harveyi 20.6 61.7 20.6 61.7
BIGINE V. vulnificus 20.6 61.7 61.7 185.2
RN V. fluvialis 61.7 185.2 20.6 61.7
WRIKHE  Nocardia sp. 20.6 61.7 61.7 185.2
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20 ko 201 e 201
) 1.6 } A. hydrophila ) 1.6 t A. veronii 2 1.6 } A. sobria
B = o 5 Z 3
=S 1.2 s 1.2 s 1.2
g >8 o XFHE  control g >g —— XFf#®  control g >8 —— XTHE  control
8 ~ 0.8 —o— MIC (20.6 pg/mL) 8 ~ 0.8 —o— MIC (20.6 pg/mL) 8 o 0.8 —o— MIC (20.6 pg/mL)
o 0.4 —— MBC (61.7 ng/mL) ®) 0.4 —— MBC (61.7 pg/mL) o 0.4 —— MBC (61.7 ng/mL)
0 0 0
0 10 20 30 0 10 20 30 0 10 20 30
AT B R
exposure time exposure time exposure time
(a) (b) (c)
2.0 . WHEIE 2.0 . MV PEIIEE 2.0 ; JEIIE
V. alginolyticus V. parahaemolyticus V. splendidus
o 1.6 o 1.6 o 1.6
2=, 22, 22, /7 i control
Q§ ~ 08 —— X control Q§ ~ 08 —— XfI#  control Q§ "~ 0.8 e MIC (61.7 pg/mL)
20. —o— MIC (20.6 pg/mL) g 0. —e— MIC (20.6 pg/mL) 20. e .
cg 0 ~ MBC (617 ugiml) © 8 04 —~ MBC (617 ugimL) © 8 04 MBC (185.1 kg/mL)
0 0 0
0 10 20 30 0 10 20 30 0 10 20 30
SR R/ A/
exposure time exposure time exposure time
(d) (e) ®
2.0 ; EELICH 2.0 ; HEINH 2.0 ; "EYERINE
V. cholerae V. anguillarum V. harveyi
o 1.6 o 1.6 o 1.6
= = =
@; 52 b ﬁlﬂg (6(1;07n tro} L) % 5 2 b ﬁlﬂg (2(c)06n tro} L) % > 2 ~o S control
N —— 7 pg/m ° g —— .6 pg/m ° g —e— MIC (20.6 png/mL)
g 5 0.8 - MBC (185.1 pgml) 2 g 08 —~ MBC (61.7 pg/ml) 3 9 08 - MBC (61.7 pg/mL)
0.4 0.4 0.4
0 : : 0 : : 0 : : :
0 10 20 30 0 10 20 30 0 10 20 30
Z R I [H]/h Z I [)/h ZR I [H]/h
exposure time exposure time exposure time
(8 () ®
201 st 20 1 20 e
o L6V vulnificus o 1.6 V. fluvialis o 1.6 | Nocardiasp.
= = =
E; g 12 —— XM control % g 12 "o XIHE  control @; g 12 —— XFHE  control
a £08 —— MIC (20.6 pg/mL) A 208 e MIC (20.6 pg/mL) A £08 “e— MIC (20.6 pg/mL)
o 8 o4 —~ MBC (61.7 pg/mL) O 8 04 — MBC (61.7 pg/mL) O 8 04 —e— MBC (61.7 pg/mL)
0 0 0
0 10 20 30 0 10 20 30 0 10 20 30
ZR R TE]/h TR ] /h Z RN El/h
exposure time exposure time exposure time
0 (9] @

1 R CHRRXKEDMHBEERNINEN HF
Fig.1 Antibacterial kinetics of V-CDs against aquatic pathogenic

18.3%+5.8% Ak i B, 05 4k 23 Bk 25 Ik T X R 2
(P<0.05) (K1 3), HefEhy 185.2 pg/mLit, §Efbik
F 81.7%+7.6%, SXTIRAMLL, LREES., M4
WRE R R 61.7 ng/mL J5, WFALR 5% B4 JE AR
—3,

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

bacteria

ZeUe Bl 555.6 ng/mL [ 4k 2 C ik 1 R 5%
AhERIE , BT fa Ak R R S AR X
[ )5 1) ) £ R g A A HH BRI IE (] 4-a), TRTE RNy
88.3%+2.9% (IXl 4-b). Ab H ¥k FFh 1852 1 61.7
ng/mL B, W IE %)) £ 5 %)

TR, b

AT EES . T
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120 ¢ g 120
=% 100 |— §§
@; " = N M’g 100 + — T = e i
IS 80 f T2 g
= = s
5 60 Zaq 60
25 =
§g 40 =240
MZ Qﬂ% sesksk
Sg 207 TE 20
n M% *okok I—_r_l
0 U ' ' ' ' ' s g ol
0 900 300 100 333 11.1 3.7 =

B KU 5 /(ng/mL)
the concentrations of V.-CDs
B2 FRKEHERCHRAZEEUNEES
CIK B FER
**F IR P<0.01
Fig.2 Survival rate of CIK cells after 24-h exposure to
different concentrations of V-CDs

** represents significant difference at P<0.01
®2 TREREEER CHRRNHDERKLENEM

Tab. 2 Effects of different concentrations of V--CDs on

the embryonic development in D. rerio

B LI

(ng/mL) arrested WERRTER  RARAETR/%
concentration of stage of embryo embryonic
V-CDs development morphology at mortality at
arrested stage arrested stage
1666.7 R @ 85.05.0
555.6 W 2441 ‘ 51.7+2.9
185.2 -l g 31 @ 18.3+7.6
61.7 liqfs 47 @ 5.0£2.9
206 SO @ 33429

WEAE AR C kAL HS, RIIEEf, 55X
éﬁ#ﬁ o

3 Wi

Bl 5 — i HAT B JROR iG55 B8 2 40 Kb
B, SERFORAR T/ L PURTE BE L M AE M AN 2
PRI A, TR B2 U R H 457z
RS2 5 ik, B B A W5 S K e s L T 1 BE A
FEERAE P ORI A ERE . R T 5 A5 I R
BOURTE , XK 00 B DT 1k BEAS I 14 fi DL 4
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Q NN Lo,
@ S v

B R /(ng/mL)
the concentrations of V.-CDs
3 HERCHREARENHUD&EMRFLENZT
#EF IR P<0.001, T
Fig.3 Effects of exposure to Vc-CDs on
the hatchability of D. rerio embryos

*** represents significant difference at P<0.001, the same below

o ARWFGE LA 12 B 32 K= BOW B SR
X Li S i i e AR 2R C i S R AT B A M g
WE . WFFE LB, 4ed: R C s XK S R
) MIC 24 20.6 pg/mL, ZAX T Velmurugan 55!
FHNE 7 0 5 4 A BB 40 K A ) ok 98 7 /< PR
P MIC 1 250 pg/mL. ZEAEZR C filk 5 X% e I R
1) MIC A 63 pg/mL, Ik T EN£L 55" F] HAEY)
FLAT B Lp21 &% 5 1 10 40 K il K2 ot 5 3 9 1
MIC (1) 286 pg/mL. HAEAE C Bk s ¢ T 524 %
FHAE i FC R A9 MIC W35 %) 21 pg/mL, HH 2
FCBAPE TR R K S B B AR — B, X U A 4 A
C Bl SN 32 5 22 TG P A1 2 52 ) 4 L BE S i), 8
K 4 PR AZ 5 2% [ S T 0 B 5 T S R
R, e R C oS A TR 5 4 8 90K kL,
HA WG MPTETERE. Beah, #F58idRE Tk A
FRCEE IR, R, HEA R C s A
FOREE A PURATEREA Y, X ERMAgEAE C
S BEABTRPUAERME T, AR YT
I AE RIS, (R, FRIEKIREE 5
FHREE . pH AN ] gk BT PERE
PRI, 4er: R C B Y S B Ak 7= B IR T 2% 18
FRFE KR DL R R R A S

AT, TR S Y0 i DI HLBE A 58 23
o BTN, kS RES RGN R Al i RE, E
MPLELAN A DNA —20h#), MOk 258 K405 1)
BRI S S AT I AR R C s riaE!”
P ALE —2, {B)2, de Lima %" fER 5L
TR AIL R 3 2 30 A, w0 40 A s s B 2 £, ad o
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/

555.6 pg/mL

185.2 pg/mL |

BE 1 £ 4 0 (1 T 2/ %

2 120
D)
~
a 100 e
(]
E 80 |
2 60t
B
= 40
E el Dme
]
0 55561852 61.7 206 69 23
Bk SR/ (ng/mL)
concentrations of V.-CDs
(b)

4 BEZCHARBERNRI&YNBRTER
(2) VR BESEE 3R C B i B 8 5 LIS S iyt (9 R 025 1 (R Sk B di)s (b) AN RIVRBEHEA: 3 C B ml 52 R 5 1A L 1D 0 ) £ W 40

Fig. 4 Deformity observed in juvenile D. rerio after exposure to Vc-CDs

(a) deformity of the curved tail (arrow) in juvenile D. rerio after exposure to high concentrations of V-CDs; (b) the deformity rate of juvenile D. rerio

after exposure to different concentrations of V-CDs

S BAANEAE, 5 DNA M EAER, 5l
AT FrLL, GOKARIEVE IR IE T B A= 9
B ) AR SE PR A P i B AN A, S
DL CIK 4 M ANBE o)t R i 3 52, KPR
T MIC ¥ B BB S, CIK 407 24 h 284k
RZRM, MBS ARG AE 72 h W% et e E
W, AN, AR, 5N AR E R A
b4 290 K kA 1 FH G R v S s 4 R S TS
e PR AN R, X e R E
W STES YR ERS , FERFIE . DGR RS I S 2%
BB EARE, W RAUARG . SERN A K
BRI, A58 b A 4k 3 C ka2 A
M 4L Z CAKIBWCR A — kA s, 1
A DL A B sl B IR A5 R 20 d AT SE e fEAE N CO
CO, Fl H,O', XF #4535 FAE YR JL-F- o, &%
a4,

YE4 Rk, R A AR D T P T
HoK A shp e > . A58 1 Ik DL 4k
A C RIS, TRE T HXH LK 7= 90 i
(AT B 1 e S X K A s AR 2 1, 3 Ry ik st 7
K= 55 b N B RS SR AT N AE SR
B it — 25 g e e 2 C RS OB TR RE,
i I H A 2 A S R RGP
i SEBAE RS

RMAMAFEMES 5 ERHFFIRA R
BIERERELEF CBRAMM, HFREXEH
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Antibacterial activity of vitamin C-based carbon dots against main pathogenic
bacteria in aquaculture and its biocompatibility

HE Wen, TIAN Danyang, KONG Lingjiao, JIAN Panyang,
FANG Jie, SUN Bingyao, SONG Xuehong "
(School of Biology and Basic Medical Sciences, Soochow University, Suzhou 215123, China)

Abstract: Vitamin C-based carbon dots are a new class of nanomaterials with antibacterial properties, but their
antibacterial activities against aquatic pathogenic bacteria have not been verified. For this reason, the minimum
inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of V-CDs against 12 aquatic
pathogenic bacteria such as Aeromonas hydrophila, Vibrio parahaemolyticus, V. splendens and Nocardia sp. were
determined using 3-fold serial dilutions. The bacteriostatic kinetic curves of the 12 aquatic pathogens were determ-
ined. In addition, based on the potential biocompatibility of nano materials, we used MTT method to detect the
cytotoxicity of V-CDs on CIK cells. Danio rerio embryos were used as test objects to determine the embryotox-
icity after exposure to V-CDs. The results showed that V-CDs had significant inhibitory effect on 12 aquatic
pathogenic bacteria, and the minimum inhibitory concentrations ranged from 20.6 to 61.7 pg/mL, basically reach-
ing the same antibacterial effect as the antibiotic florfenicol. The survival rate of zebrafish embryos and CIK cells
was almost 100% in the range of MIC. This study shows that V-CDs have good bactericidal and antibacterial
effects on the main pathogenic bacteria in aquaculture, and have good biocompatibility, which signifies the poten-
tial as a promising alternative to antibiotics in the prevention and control of bacterial diseases in aquaculture.
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