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Abstract: Antibiotics probably have different toxicity features in different exposure times. Selecting Chlorella
pyrenoidosa (C. pyrenoidosa) as a test organism, 96-well microplate as exposure experiment carrier and five an-
tibiotics, apramycin sulfate, chloramphenicol, dihydrostreptomycin sesquisulfate, neomycin sulfate and strepo-
mycin sulfate, as test chemicals, a time-dependent microplate toxicity analysis (T-MTA) was developed. Using
the T-MTA, the time-dependent toxicities of the five antibiotics on C. pyrenoidosa were determined at six ex-
posure time points such as 0, 12, 24, 48, 72 and 96 h. The results showed that the toxicities of the antibiotics
exhibited significant time-dependent features, i.e., they had almost no toxicities on C. pyrenoidosa at first, then
their toxicities increased rapidly, and finally increased slowly. However, the antibiotics had different increasing

rates for the time-dependent toxicities. The toxicities of five antibiotics were different at the same exposure
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time. Moreover, the orders of toxicity of the antibiotics at different exposure times were different.

Keywords: antibiotics; Chlorella pyrenoidosa; time-dependent toxicity; microplate toxicity analysis
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BN, AR 3 ~5 pwm, BROE s B E , BEAE R,
AT DATE B J I [] PN 28 2205 G ) o e 2 T AR A AR A 7K
O 5 A1 I R = S N o | 0 N 5 o T |
Aoy ULFE, H 575 gL ) 09 #6 ik 5 58 4. H AT, C
pyrenoidosa © 8 K E 3 A& F T3 34 4 3 P K
Witz —, WA A C. pyrenoidosa W E 4 J&
20 K A 4 B 7 M AR T B A o dod S IR Ak e 4
TS PR A LR o R A TR A 2 DL W X C
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HTWAREAEGY, 3715 T KREL G588k
BN B PEAE B . A5 AR o O B R A B
REEARETR R s HEEMG AR
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PRI 7 ik HOBR AT Bt — %% 58 I [A] 28 50101 72 h 385 96
h 19 21 RN e B ECo {8, 75 AS i 3R 75 AN [] B[] 1
15 e Wy B MR S A AL

255 54 A9 35 (pharmaceuticals and per-
sonal care products, PPCPs)HH F X F 355 (1) 5 22 5 e
A FEM Ok 4k POPs 2 )5 1 X — 2 37 il i e
P, YA R TR R A RS
FK 2 HET PPCPs Hrdi oy e TER — R " o
GER I, A AT U PR R R AE MR 2 B IR AR S
RGN IR BT PP A R AR B RSP A
SR PUA AR W Y E IR AN R g
HE AR fE B R A Isidori 2 PVBFSE T 6 i ot
RO A Wy OK AR AR 2Pk 8 s AL B R
AT mg - L'KOF B SR pg - L KOF,
WU R HA AR, NBESEPT R L AE
R LU R IR G TR PG TN [ K i it
B JEEBG R BRI T T 5K A0 R 38 25 il 55 2 i e
MG, I, A S B0 AE R 2825 W) A 38 0 B XU K L
YR A EEE L,

25 ATk , R SCHILL C. pyrenoidosa h 3% ik
¥y, UL 5 AR R R % 5 &K (apramycin sulfate,
APR). %% Z (chloramphenicol, CHL) SU& £ % % (di-
hydrostreptomycin sesquisulfate, DIH), i /2 H % &
(neomycin sulfate, NEO) Fl i i % 75 % (strepomycin
sulfate, STS) ARG, 3 5T C. pyrenoidosa
PuA= 2 B 1] 35 M SR 43 B 7 (time-dependent micro-
plate toxicity analysis, T-MTA), -1 ] T-MTA R4
M3 5 Fhi 4 X C. pyrenoidos W) FEtE, XA
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Table 1 Physical properties of five antibiotics

R i 5 (A= CAS 5 OF T i 4l B /%

Chinese name Abbreviation Chemical structure CAS registration number Molecular weight Purity /%
TR R APR Cy H,yNsO,, 65710-07-8 637.66 95.0
AHR CHL C, H,C,N, 05 56-75-7 323.13 =97

XS b DIH C, H, N,0,,°3/2 H,S0,, 5490-27-7 73071 =980
B R LR AR NEO CiHiNGO,,S 1405-10-3 71272 60.0
TR R STS CpHgyN,O4S; 3810-74-0 145738 90.0

1 ##¥ 5 Fi% (Materials and methods)
I KX

B .5 FhbAE R B R % R R (APR) VA H R
(CHL) U 5% % 2 (DIH) i B2 7 %5 K (NEO) Fl i Fi2 5
BERSTS)H M A L g 5t A YR A BRA A g
AP P L2 1o R milli-Q 7K B 1 0 4 2 6k %
W, PR TEAS R R, BT 4 CUKA & H .

% %% : BioRad M #51X (32 ¥ Bio-Rad 24 #]).
MGC-250 T4 fe % B 3240 (1l — TERHE A R A
A]).BT25S B fi v HL F K °F- (38 2 F i B} 2= AU 2% (db
HOA R 7)) 7T0SW -CI-TF #8 & TAE & R M E 5 4
b TR ¥ 454 BR 2> 7)) Dragon-lab 2418 ] 5 5% Wi 2%
(10 ~100 wWLY(K B 4B S5 AL 28 A FR A FD).

12 EFh R

HHZ/NEKRBEE (C. pyrenoidosa)ll) A H E B} B
B AR 1% SR W) R 2 D1 23 IR K B B (FACHB), 4 55 0
FACHB-5,,

SE 15 £ 30 J57:0.25 g NaNO, .0.075 g K,HPO, -
3H,0.0.075 g MgSO0, - 7H,0.0.025 g CaCl, - 2H,0.
0.175 g KH,PO, .0.025 g NaCl .0.05 mL FeCl-6H,0 .1
mL EDTA-Fe 40 mL + 12 B A1 1 mL AS %W .

EDTA-Fe:1 g Na,EDTA .81 mg FeCl, -6H,0 .50
mL 0.1 mol-L" HC1 150 mL H,O,

A5 %W :286 mg H,BO, .181 mg MnCl, -4H,0 .
22 mg ZnSO, * 7H,0.7.9 mg CuSO, *5H,0.3.9 mg
(NH,),*Mo,0,,-4H,0 1 100 mL H,O,

B R R A A A A TE IR IR AR
K48, TS5 +1) C M 5000 Ix JGHT L M h:10 h
SRR3R, BERR 10 ~ 15 d 3% 12 B A e e mh
P T N i NDC - QA o R P R VR Y = PN
T 25 0 LA O i I % T 30 (R 5% e, 2 78 1) 38 25 240 Mt
TULES), A T B R X C e . BBl
B 1 ~2 d 4 A X B502E 1 0T I o i 2 5 ff 5% o Ok

Higt 2 690 nm K NI EE (ODg) N 02 ~03 Z
], & o 7 58 200 v Dy a4 R T BT 158 22, Tl
Jn b e st
13 fob ik 5 e v o ) ik

96 FLi% B B Al v 25 1 5 75 Yl vk B e iR
B 1 TR, 1696 FLiH iy 4 FA 3L 36 A~FL R E3hm A 200
pL PIZEIRK B 1k 7= A2 3D 8005 56 6,7 B3k 12 AL
) A B A 100 L milli-Q KAE K48 11X 15 56 2 4]
6 L, i=1,2,3,4,5 6)LL &5 4 513t 6 A~ fl(c,, i =7,
8,9, 10, 11, 12)53 5 I A &4 B X 1 B 1 1 AN [R) vk B2 ¥
YL 100 wLs 55 3 F1S 51153 51 h 56 2 S FIEE 4 5]
BSFATIR R 5 56 8.9.10.11 B K26 2.3 4.5 41 () 1 42 5K
5. SR AESS AL AL 3R 60 L Hr 43 i A %
B15) WG ODg {4 020 ~0.30 19 100 wL 3, ff
A LR 200 wLs & 35 5 & TR NS + 1)
C JEMESRE N 5 000 Ix,JEHE HE 14 h:10 h (06 IR 8 55
FAT RISy B AE B EE R A1 4 0,12 h,24 h,48 h,
72 h F1 96 h B fAR R, I A Bl AR A R
ODg,o FiRfdthSesn /D HE A 3 i,

VIS4 ¥ 5F C. pyrenoidosa WA K TR w B0

i 58 (B) by 2 4 RN, T 58 A (] 5% 52 I 18] 28 5095 G 1)
E, =0 —p; i/ ) *x100% @
; =(ODyy , = ODyoy ;) OD gy, 2)

KA E TSR ¢, (i=1,2,3 -, 12)7E R #E I
] j(j=0, 12,24, 48, 72,96 h)X} C. pyrenoidosa 4K
A A s, Ry GRS e MR B AR AL P C
pyrenoidosa TF %G HFIA] j B E"J‘leﬁjﬁiﬁﬁﬁ,ﬂojjﬂ
WA HFLH C. pyrenocidosa 7 B g W [A] j(j =0 , 12,
24,48, 72, 96 h) iy V- A K B u AR AL C
pyrenoidosa TE3-—FFEWH] j(j= 0, 12, 24, 48, 72, 96
W4 A4 K3 385 OD,, , MR FLH C. pyrenoid-
osa TE5% n AR 2 (n =0, 1,2,3,4, 5, 6)f 1
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W 6 BEAE 5 ODyoy,,., M AR LY C. pyrenoidosa ¥
n-1 A~ 2 2 I R] A5 S 208 6 6 B (A

OO0

1 HESFERIRS FERMREITTIER
b, 2 Hse,, 4 i DR,
Fig. 1 Schematic diagram of the microplate design in

a time-dependent toxicity microplate analysis where b refers

to blank and ¢, to the concentration of the ith treatment

14 ] 2 4 R gl Ak B

T 48 7 A (] A @ I E] A [ R BE TS gL ) R C
pyrenoidosa =A< il B P AR AL FL AR, 5 2 X AN W] B
Vi) 75 a1 e 2 — 2% I B8 AT AR ek e/ e L
X} T ¥ B —3 0 i £k (concentration-response curve,
CROC)fY ¥ B2 — 2% Iz B4l , >R 0 2 B0k 21 oR 4L
Weibull Fil Logit #1780 &, & £ 4 A 18 5 12 56 00 )
{8 2 [8] 1Y #H 3¢ & %4 (correlation coefficient, R)5 ¥ )7
1R 22 (root mean square error, RMSE)i -/ CRC 1‘%95!
(405 08 B L R 8K \RMSE /)N, #0045 8 4™
AN FH T 3 2 0 7 P ROH B Al 2R R B Weibull %n
Logit 40z )AI@)T s .

E=1/(1 +exp(-a -pBlog,(c))) €]

E=1-exp(-exp(a +Blog(c))) )
A . B JE Weibull F1 Logit B & SHI RS, E
RSO B G W Xtk 38 C. pyrenoidosa W) HE K 4101l
Fio BT MR .

2 %5 R (Results)
2.0 (A 2D A A R i e R I kR

R T R N e () AR L B R C pyrenoid-
osa JER AL T X BUE R, RATLE e A S g rh, 4 5
M B — e 96 FLAR [F] 25 MK C. pyrenoidosa TE AL
g AR A i 2, RO 1R T T AR o B 3K 2
L BB 1 1 36 A BlefL A 200 WL ZE 1K, 7 R

A% 60 AL B AR L 100 WL Y ZE 8K, A
100 WL 255 57 4 18 0, B A RIS 21 200 WL
EBLILIE 2(A), 8% C. pyrenoidosa TETMR Th &8 B
MR K ,36 h 5 C. pyrenoidosa B <
HAPE I, 72 h 5 IT AR T R, 96 h R LT T R E
UG A R 120 h J5JLP AR R . R, I a4
ST M S 6 P 0 P T e R BB AE 96 h

1 em HefE L FE 3 4 350 ~ 850 nm v Bl Y (4%
£ K1 nmME C. pyrenoidosa B E7h— 1] WK
TR, S5 R WL 2(B). i IE 2B AT L, FE B K R

446,504 1 690 nm Ab A7 7E W Yo, Hr 690 nm W% 1
WS, BIE T H 4> Ik, 48 C. pyrenoidosa W)
SEVEFE 690 nm I 4 &b B W i

6% B OD {H B &

HEKHEE/%
Growth rate/%

1.0

B
o 2
a s
©
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05 P R R I IR |
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K /nm
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B 2 C. pyrenoidosa BIE K451
Fig.2 Growth characteristic of Chlorella pyrenoidosa
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CRC &4 TH 3,

T 2 AT A, Logit pR N 2 58 B 4] 7€ 48 ~ 96
h (5 PO UG I 45 R AP (R > 091, RMSE <0.1),
B 2 ER I 18] 5 A5 24 h A9 VR R -00 00 BHE A Rk
JERE 2%, 4 CHL By e B2 2000 B4 1Y R {H R 0.6307 , Xt
0 I 12 h By B -0 0 B4 AN Re A RO &, AT e K
FERRFERTE] 24 h LN, 30 AR AL 1 28 3R 1, B0 R
FoUE 15 B, AT RE 2 PUA RECAS KB I8, LRk
37 He JE (EC,, i) 1 % 8 pEC,, W FETETE 5,5 R AR &

R2 SHEEERE6 AN E SR BLA FEE ( Logit &

FA) 5 P 34 I o 2 i I [ (04 S K T 7 2 4 o B LA
TR (0 B ) AR A o ELAS [l 40 A= 22 7E W] — 5% 8 A
(] (% B PEAS 1R, L35 P /N Wy B o B[R] E K17 722
1k, AN e Z FE I ] 5 24 h B, S R AR R ETE K
/NI : CHL < APR < STS < DIH < NEO ; 7£ % #& I} [d]
T4 48 h B, B K/ : APR < CHL < DIH < STS
= NEO; 7F %+ £ i} [a] 45 5 72 h B, 3 M K/
CHL = APR < DIH < NEO < STS; 7& % & i} [d] 15 25 96
h B}, % K /IMIF : CHL < APR < DIH < NEO < STS,

AEE « F1 B ) A KITE (R RMSE)ML R EC,,#1 pEC, &

Table 2 The regression parameters (@ and 8 of Logit function), two statistics (R and RMSE),

EC,, and pEC,, of five antibiotics at six time points

j \ w58
kR i} [ /b ) ECs,
Parameters of fitted functions pECs,
Antibiotics Time/h /(mol-L™)
o B RMSE R

0
12
24 2.74 1.52 0.050 09156 1.575E-02 1.80

B AR %% F R APR
48 4.06 1.72 0.072 0.9520 4360E-03 2.36
72 4.68 1.66 0.077 0.9648 1.516E-03 2.82
96 594 1.92 0.087 0.9669 8.058E-04 3.09
0
12
24 1293 5.00 0.029 09764 2.57E-3 2.59

A% R CHL
48 11.75 441 0.028 0.9852 2.188E-3 2.66
72 13.62 448 0.043 0.9831 1479E-3 2.83
96 14.51 5.00 0.049 0.9846 1.259E-3 2.90
0
12
) 24 10.73 321 0.104 0.7904 4.543E-04 334
M 555 % DIH

48 8.94 247 0.069 0.9304 2402E-04 3.62
72 9.52 230 0.066 0.9683 7.259E-05 4.14
96 9.82 2.14 0.048 0.9876 2.578E-05 459
0
12
24 751 2.66 0.042 0.9654 1.502E-03 2.82

Wi R MR EE NEO
48 6.27 1.86 0.071 0.9559 4 256E-04 337
72 729 2.02 0.084 0.9532 2461E-04 361
96 7.71 2.05 0.086 0.9551 1.734E-04 3.76
0
12
24 3.08 1.18 0.050 0.8891 2 454E-03 261

BiAR R R STS

48 4.00 1.09 0.068 0.9407 2.139E-04 3.67
72 373 1.04 0.080 09127 5.295E-05 428
96 7.62 1.63 0.097 0.9488 2.114E-05 4.68
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Fig.3 Concentration-response curves of five antibiotics at six time points
6
5 | APR  CHL - DH
4 L B
Ux
9 3r 2 —= == ||
2 u g L
1 y /
0 R I | 1 N .../ 1 | A -
6 0
NEO STS -—" HﬂLlEﬂ/h
5+ - e x Time/h
4} B .//j ’ —m— PECy
g
B 3r i @ pEC30
2L / - ~x PEC40
1| / - v PECs0
0 - /\ L I L 1 L I T 1 L 1
0 30 60 90 0 60 90
IS 8] /h I} )/h
Time/h Time/h

4 STRAERSHMER AT

Fig.4 Plot of pECx versus time for five antibiotics

B3 Ll /R 5 Fhpu A 2 B R B 04 e e 4K
FEEERRAE 7F 0 ~24 h,5 FiHLAEFE X C. pyrenoid-
osa BATCEREME SR I B G 7% B I [A] (9 SE 4G, 5 7E 8
W HG I, TE 24 ~ 48 h PN EE R Y R B P, IS B
A o 3 R 1

3 iFig ( Discussion)

PRI Y i 3 M A B B 1 R AR

=

ErS

B EWE - EENE R CA RV Y
XiF K IGT Q67 M EL A B[] A AE 2 AR S
s P A EXFEREE C. pyrenoidosa W FE L B A
Y S P B AR AR AR . R T — 2D U S R R R
Xt C. pyrenoidosa B 3 14 H A B b (1) B[] 46 i 45
fiE  FR AT K A Al 25 9 19 4 A~ B A pEC {H : pEC,, .
pEC;, .pEC,, Fl pEC, Bl % B [H] 2% £k, 4 % 25 iU ] 4,
mE 4 fros, s Fidc A R 9 8 M {E pEC,, . pECy .
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pEC,, F1 pECs, 4 B & B [H] ) 42 4 T 34 A, (LA [m]
oA Z ¥ om M E A, W APR, CHL Al NEO 1
pEC,, 5 pEC, fHFEO0~12 WILF RO, 7E 12 ~24h
M IR 0, RS Y RS e 1g, T pEC,,
pEC,fHTE 0 ~24 h WJLFH 0,7F 24 ~48 h Pk
B, SR 5 S0 g . {H 02, CHL 19 4 4> 5 1
{8 pEC,, . pEC,, . pEC,, Al pEC,, Z [A] f 22 5 5 /N
STS (1) pEC, fH7E 0 ~12 h NJLFH 0,7 12 ~24 h
PR G, SR 5 4 0 B ek 4% i pEC,, L pEC,, il
pEC,fHTE 0 ~24 h WJILFH 0,7F 24 ~48 h Nl
B, 8K J5 B4 N R J % . DIH 9 pEC,, 5 pEC,,fH
TE0~24 h WILF-H 0, 7F 24 ~48 h Pyl i, 4%
S 24 o R U M2, 1 pEC,, Ml pEC,, fHAE 0 ~48 h 14
JUF2h 0,75 48 ~72 h PN TR B 0, 4R J5 15 T 33 5 ik
18 o 3% 55 M S T 3R A BIF 5T 45 18 LY

IR REE R BR V5 Qe W B PR RN R AR
A0 2 i 2 8 BF () SE LR AR Ak a3kt R 3R
HE AT 5 G i A 25 35 1 VT A B N 2F 47 52 B 43 #r
[ B 25 Rk B S A R) 2 SR 2R, A AR & T A IS
YR EEPERON, , IR AR T 35 G 0 0% 3 1 AR AL
il 5 i 1%, B RE R SE PR IR R h 5 e M) R R I 4
Fif 8, [ B i 8 A 25 XURR B4 B4 mT A P

A SCHEE S TR [A] 2 8% B RN 15 Y ) 0 4
C. pyrenoidosalt) A= il 75 P 19 S0 AR 0 32 53 B 7
25, JF R b T PR B b e A AR Y S BBt AE R
APR .STS.DIH,NEO Fil CHL X%} C. pyrenoidosa
P[] A P D K, 5 FP T AR R X &R C. pyre-
noidosa W 75 14 ¥4 i 45 I 8] 9 SE 177 38 s 78 T 46
() 24 h N HEA TG 35 1 , SR 5 Bl A I TA) 09 48 K, BE P
TR B T, S B B 0A RE N . S A
HZEXF C. pyrenoidosa Tr 7] — % & I [A] (9 55 1 K/
AN, BAEA 7] (0 2 5 i 18] 95 5, 5 A2k RN &
PN E A A ) o D2 BOR000E Yk BE (EC, ) 1 B % 4K
pEC,, M M8 b, 76 24 h B 55 i 6] 7 5 A9 2 1
J¥ :CHL < APR < STS < DIH < NEO, 48 h [ 7 ¥4 Il
J¥ : APR < CHL < DIH < STS = NEO,72 h ) £ ¥ i
J¥:CHL = APR < DIH < NEO < STS,96 h i) 7 ¥4 It
¥ :CHL < APR < DIH < NEO < STS,
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