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the exposure experiments

IS EL S R T
Pollutant type Concentration setting
pogit:
. . CK 0
Control group
TC 100 ng/L TC
L—fb ¥
b , M SMX 100 ng/L SMX
Single )
contamination Cdl 0.001 mg/L Cd*"
Cd2 0.5 mg/L Cd**
TC+Cdl 100 ng/L. TC+0.001 mg/L. Cd**
AR )
?‘ RAE TC+Cd2 100 ng/L TC+ 0.5 mg/L Cd*"
Compound
contamination  SMX+Cd1 100 ng/L SMX+0.001 mg/L Cd*"
SMX+Cd2 100 ng/I. SMX+0.5 mg/I. Cd*"

Pk (DMF ) S 005E , ¥ 20185 5 7 & 10 min, FHK
B0 (12 000 r/min, 2 min) , BCEE R . 66
JEH T K K 663,645,450 nm AW GAE , 25 1%
N DMEF, 4% a(Chla) & & JEH % b &K (carot-
enoids) & T A S HIANT

Cua=12.7 X Dggzom — 2.35 X Digysm (1)
Ccﬂmlem)ids =4.1X D45() nm 0.553 —
Dissom T 0.118 X Dygys (2)

QYA TEPEI S A ol A 485 X i
L E VAL (PAM-2500) I 5 45 Hft i 1 -4 25
WS HE,/F, ERG RO 1 5 KOG A3
) o HUEFR 96 h () B 2 mL, B 1% [ 10~15 min
Jei AR F/F oo

PUEARSGE . AWTEH ROS M iR 50 HI T
PRI & (L B = RAEYRHE AR . SOD
it % 0 22 A P SOD J PEAG 57 £ (b 3 o
RADRHEL AT o 40 IR g 23 404k 43 Br £
MDA & sl & (ALt B = RAEYRHE A F) .

4) ARG R S . OBREEE M. AR 7%
JEFE T TR TR 25 4 M e €0 119 Ty vk A T TR 8 3 1 1 DU
E B R A M A BE B R . FDA R &
fifi FH S ERLAE A7), W R 1 mmol/L, 667 T
—20 “CYKA P . BUER 96 h 38 2 mLL, 48 48 pm
DEMFE L I, A FDA, fifi 8 ¥ B 4y 25 pmol/L, & T
37 ‘CHe 5 3244 L # G A 10 min, FDA 256 i
FITC 38 Y o A0 e AR Hhe 40 i F s 2 5
BlAM B4 40 i R0 43 K FEDA - FDA 2 Rh 40 H R 4%
HI# FH 100 “C/K v b 38 5 FH FDA Y, 5 5 L H: H
FDA G (0 A AT AT 2b B 5 GE it s 2 F0 i A i 2 1



152 LRI I NI <3 4

943 %

4 FDA 4 M i F- 4 20 B2 (E, 45 R LU 50 4
DGR B 5 IR R B 1 ol FROR .

Q2 AR e Rt L 200 0 58 5 e P ol P L A T i
(propidium iodide, PT) #E47 40 i 44 €5, , ] i =X 40 i A
KBS R . P& DMSOE R
VAR A A5 WO 2 4 1 mmol /L, REOGEEAE T 4 “CUkAH
Hro HUL mL AP 96 h AR M, 25 48 pum U8 3o 1§
J& , RO A PL A 244 & 24 10 pmol/L, F 25 °C
WG 10 min, PI9¢YGH PEME IS . 20)L4h
S3MT 55 R T 1 25 SR 43 M I AH ]

QEPS &t . EPS v Z2 8 & il 2 {8 -
BRREE . AP 96 h Y4 I 2 mL, B0 (2 500
r/min, 15 min, 4 “C) , e £ I3 ; 1 0.05% NaCl¥# i
B AR, B0 (5 000 r/min, 15 min, 4 °C) Y 4
38 5 PR 0.05% NaCl i ik 5 8k 70 4 e (401 T #4
(60 °C,30 min) , &.0>(15 000 r/min, 20 min, 4 “C) , ¥
£ LW RS WIS, W EPS & atar, gt
T TC KA R VEAR VA, I DL o il o A A
R T 5 VA FE (mg/ L) s y BlA Do o T 225 1 7 205 47
PRtk o F A R T RE S 1 Do o 1L FRA
IR E M 240055 EPS B9 20 &5 it
1.3 IMeeEEFE

MAHEEFR 96 h i A A S P R B RNAL
HiScript Il Q RT SuperMix for qPCR (+gDNA wip-
er) (Vazyme, China) 3% 71 £ 19 f# FF 5 Hh 9 5% 4 DNA
PL3kA% cDNA, qPCR B3 412 7% Hu 45 SR8 1 7
Bio TEqPCR Il mpBAE NS LA
1.4 HESWH

AR RIE S 0 rstatix TR £ )5 22
BT, 1 agricolae £ #E17 41 8] Z2 5 Hb 8¢ #r , 1 1
RiE 5 W ggplot2 L2 K]

2 HREDMH
21 AR CHE—REATRIEMEEKY

A

P12 H LTS e T Wk B2 (100 ng/L) By B —Hit
A FRAN [ e s B 11 B — Cd™ T WP e A K i
M F P LA BT, TC AR BRLR 6 D sy 145 6] BEZH TC
i 22 5, SMX 4 H 4 2% 7 T 6 B4 (P<
0.05) . Z5H KM, 100 ng/L TC &b PHXT 4 it i 19 4=
K TE A R T SMIX ORI CH AR K o TR vk
(0.001,0.01.,0.1 mg/L) Cd*" 5§ IR JC . & 2% 5%,
T4 R e B (=>0.1 mg/L) Cd* " X 48 M e iy A= K

EIHVER . BEE Cd® o W B T v, R M A
ARG Y Cd® B R A ) 1 mg/L i 4R
LB A K LTS8 gt il (B 1B) . Cd™ X 42 fifd i
[ 96 h-ECy5, 1 0.53 mg/L. R THREF IR MEmE
B ¥5 e 0t B E I R o B 2 AN HLA AR Rk
Cd*" e i, BR824 o i v (0.001 mg /L) Fl3fE
RN R E (0.5 mg/L) $EATiEG , 900 B v &4
HCAIFCd2, HEIARE C* E AT 4 £
EAERKAEN (K 1C. - 1D), 4R ER, TCHCd1
4 5 ) B2 AT Cd1 gl 35 T8 8 3% 25 5%, i SMXH-Cd 1
2H I T B2 A Cd 1 2H (P<<0.05) , 8] TC 5
Cd1 A7 8 f9 A= K JE I B 2 i SMIX 5 Cd1 3%
A7 B ) A b 38 17 A KR AR RV T 1A 1A FH L %
e SMX 5[, TCHCd25 Cd241 i & # 5+,
SMX+Cd2 4 2w T Cd2 41 (P<<0.05) , 3B SMX
FEBT Cd2 X 4 e A= K i Pl B L 1 TC X Cd2 41
il £ L 3 2B K i VR R JC A S 5
22 MEZRCIBE—RESTHRINEMEXEE
AR

M2 ROOESHE/F, il LU e 25 PS i e
WD A 22 W N 2 (= i) - = W L1 o o A A SR T i
MG AR BELHATCEHEHMEEY T, Y7
Jolp e B L o 2 R AR AR AL BB IR HR R BRI AR K
ARZS , BRI B WEE M DR 5 Y i o s 25 3 v i A 1k
Hebr. MIRFTPUA R CA> T 18— e 58 A5 Y v
JRLEEEA VE RIS, U T Ab PR A5 F T 258 96 h
EMEER SRS F/F, (K 2A),CA14A5
X HRA ()t RO SO0 i 3 25 5, i TC .SMX
HF,/F, 853 (P<<0.05) @& T X B, I 435 4 %
MR T 5 14.26 %0 ,17.56 %0, U BH IR B 22 W T 1Y
FEXT AR RO R G0 1 RIS A B R H 5T
GYHRE T, TC . SMX WH4E M Ot 245 11 A6 PR
e . 02 A AL RS, SMX+CA1 41/ F,/F, &
BT TR T 22.75%, 3% (P<<0.05) & T Cdl
41,55 SMX A %25, X SMX 5 Cdl
AP R E RN E RS T, H SMX £ T 2%
fER . CA2 i) F,/F, il HxF BT FE IR T 65.75%
(P<C0.01) , 3X Ui SR I Cd* ™ S 2O R 56 11wl
W EAIEER S EIE . TCHCA2 M F,/F (8
5 Cd2 41 8 % 2 5, 1 SMX+Cd2 415 Cd2 4147
TE IR % 22 5% (P<<0.05) , iX U B TC B A7 FEXT i e i
Cd™" 3 i 2 40 11 495 78 BH i 52, 1fii SMIX g



4l KB 55 . HuA: 2N A B — A A5 Y R B PCC6803 152 153
08r —e— ZECK 0.7- —— Omg/L Cd™
—v— 100 ng/L TC ¥ 0.001 mg/L Cd*
07 100 ng/L SMX 0.6 A~ 0.0l mg/lL Cd*~
-<- 0.1 mg/L. Cd*" E
-»— 0.3 mg/L. Cd* A
051 —&— 0.5mg/L Cd*" ,,/
—&- 0.7 mg/L Cd** P
. _ 04F - 1mgrca”
A g I 2 {
< S o3f -
0.2} -4 1
01l 2Z b33
e —— 3 ———
0.0 1 n 1 .
0 24 48 72 96
[ 8] /h Time I [A]/h Time
0.8 _g—zs11 (K 08r o spcx )
—%-0.001 mg/l, Cd* —v- 05 mg/L Gl
0.7 |4 100ngLTC 0.7k -4 100ng/L l,(' )
| —e100 ng/L SMX -« 100 ng/l. SMX .
=100 ng/L TC+0.001 mg/L Cd*™ 0.6 —»- 100 ng/L TC+0.5 mg/L Cd™
0.6 |- —m-100 ng/L SMX+0.001 mg/L Cd™ -OF  —m- 100 ng/L SMX+0.5 mg/L Cd™
0.5F
C Q,’ 0.4} D Qr
0.3F
0.2F
0.1F
0.0 L L L | 0.0 L 1 L '
0 24 48 72 96 0 24 48 72 96
[ 18] /h Time [ [8]/h Time
1 MER.CRE—REGTEIMNEMBERNZM

Fig.1 Effects of single and combined contamination of antibiotics and Cd*
on the growth of Synechocystis sp. PCC6803
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Fig.3 Effects of single and compound contamination of antibiotics and Cd*
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Fig.4 Effects of antibiotics, Cd** single and compound contamination on other

defense of system Synechocystis sp. PCC6803
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Fig.5 Effects of antibiotics, Cd*" single and compound contamination on the expression of

functional gene of Synechocystis sp. PCC6803
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Effects of single and combined pollution of antibiotics and cadmium
on growth of Synechocystis sp. PCC6803

LIU Yuewei, CHEN Wenli, WANG Li

National Key Laboratory of Agricultural Microbiology,
Huazhong Agricultural University, Wuhan 430070, China

Abstract Antibiotics and heavy metals are persistent pollutants in the environment, and the assess-
ment of their toxicity to organisms has always been a hotspot of study. This article investigated the effects
of single and combined pollution of tetracycline/sulfamethoxazole and cadmium ions on the growth of Syn-
echocystis sp. PCC6803. The results showed that a single exposure to 100 ng/L sulfamethoxazole (SMX )
stimulated the growth and photosynthetic activity of Symechocystis, whereas treatment with tetracycline
('TC) had no significant effect. Cadmium ions (Cd*") at 0.001 mg/L did not significantly affect the physiol-
ogy of Synechocystis, but Cd*" at 0.5 mg/L significantly inhibited the growth and photosynthesis of Syn-
echocystis. This concentration downregulated photosynthesis-related gene (psbA2) , disrupted the antioxi-
dant system of Synechocystis, damaged its cell membranes, and stimulated the secretion of its extracellular
polysaccharides. When 100 ng/L. TC coexisted with 0.001 mg/I. Cd*" synergistically, the cellular esterase
activity was stimulated. 100 ng/I. SMX alleviated oxidative damage caused by 0.5 mg/L. Cd*", resulting in
the reduced production of reactive oxygen species (ROS) , the decreased activity of superoxide dismutase
(SOD), and the low content of malonaldehyde (MDA ) compared to the group treated by single 0.5 mg/L
Cd*". When both were present simultaneously, they synergistically stimulated the activity of esterase in
Synechocystis. L.ow concentrations of tetracycline had minimal impact on cell growth and did not significant-
ly alter the cytotoxicity of Cd*" on cells. In contrast, low concentrations of sulfamethoxazole promoted cell
growth and mitigated the cytotoxic effects of Cd* on cells. It is indicated that it is necessary to comprehen-
sively consider the combined pollution of antibiotics and heavy metals when pollution is assessed.

Keywords Synechocystis; tetracycline ; sulfamethoxazole ; cadmium ions; ROS; Cyanobacteria; an-

tibiotic
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