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Interactions of tetracycline and dissolved organic matter from freshwater lakes
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Abstract . Interactions of tetracycline (TC) with dissolved organic matter (DOM) collected from Lake Taihu and Lake Xuanwu
were investigated through fluorescence quenching. Three fluorescent DOM components, fulvic-(C1), tryptophan-(C2), and tyro-
sine-like (C3) component, were identified in DOM via excitation emission matrix spectra with parallel factor analysis ( EEM-
PARAFAC). Results from fluorescence quenching titration showed that the fluorescence of 3 components was quenched at different
degree by TC through static quenching. When the TC concentration increased to 45.5 pmol/L, the whole florescence of C2 and C3
were almost quenched, while 20% of C1 fluorescence was inaccessible. The quenching also induced conformational changes in
DOM molecules. Synchronous fluorescence spectra combined with two dimensional correlation spectroscopy (2D-COS) further re-
vealed that the complexation firstly occurred for tryptophan-like substance, followed by tyrosine- and fulvic-like substance. The as-
sociated complexing constants (1gK) of 3 components with TC were in the range of 5.05-5.85, followed the order of C2 > C3 >
C1. The strong binding ability of protein-like substances confirmed their prominent role in the TC-DOM complexation. These results
highlight the significant impact of DOM on the bioavailability and ecotoxicity of antibiotics in freshwater lakes.
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PUFR R H 254 (tetracycline antibiotics, TCs) f&—F MBI AHTA 2R, T IZ A T AR M =7 K& &
FRAH. TCs TEAE YR NI S8 42, 29 30% ~90% il i K FFEAE HE A K IR I, 330 TCs FEH K h AR B
(0.13~0.51 /L) , 5 25 AR A R PEAE A 60, A0 S HERV: 25 PR O U ™ 3
AE SR DI R L AR | TRT AP R G P 25 P 5 B 12 RIS DOM 55 e BRI TV T LU
PRy e 6 A SR GRS s, AT 38 o B A Al A | R T AR AR TR AR DL 2 BP9 P AR
DOM 1352 2 , AR D DI E S & (H R ] = 4B IS 45 6 F A7 785 ( excitation emission
matrix fluorescence with parallel factor analysis, EEM-PARAFAC) 1] DA R B4t 37 2¢ 620 43 575 Ye ¥y 22 [8]
FIVE AR IbAh , 258 — 2 AH 26961540 T ( two-dimensional correlation spectroscopy, 2D-COS) A if— 4
SEVEFRAEA R DOM 21535 75 ey 22 ) g U FRWURE . D81t 106 P 22 ol it Bl A [ )2 1 B ik DOM
5P PRZE 2 ] A A PR AR

AH ST R X B RIRI Y DOM 1EAIFFERT 4, EFRWIIN K R TS Je ) £ 52 K Bt A R TCs (SRR
AWK TC ¥y 0~87.9 ng/L, LMK TC ¥R 0~5.21 ng/L) ™" SRIFFIE I E , 2545 )
H9Eti% 2D-COS .EEM-PARAFAC L) B 856 ] WOt (UV-Vis) , BF5E TCs 5 #1311 DOM =[] () #H B4
S B R RARE AL DOM Y5 TCs AHEAEF R HOWALE] , LU 3% TCs AR S R 5 iR 4 4L
A A AU SR A BB AR AR

1 BRI %

1.1 2557/ &Fn DOM R

LR VYA 2 (Tetracycline hydrochloride, TC) 4 2A>99.9% , M H & [E Sigma Aldrich 2 5] , HAth 574 K
J3Hrat, /K Milli-Q 4t .

2017 4 6 B 73 W4 K (30°56" ~31°34'N,119°54 ~120°36'E ) A% ik i ( 32°34" ~32°50'N, 118°47' ~
118°49'E) R 27K, Fl GF/F BT AEURME (450°C Kybe 4 h) i %, 15 ) A DOM A il DOM. H 2 4~
JH DOM 7E 4°C 44 7 iEHT 24 h(3500 Da) , KERTALERAA NN+ &5, Milli-Q #8 4K Bl 15 2
ANIE DOM Fl ¥ it A BLBK ( dissolved organic carbon, DOC) ¥ & &y 30 mg/L, B AARTE
1.2 WHIFERHE

S3HHR 1S ml 2 AN ) DOM £ 50 ml AR (B B4 b, #5100 4 s in— € 4 19 TC AW AT 0.02 mol/ L
HIBETR 528 Wil (pH =7.0) , [ fR 2 W 1A 224« A& AR 30 ml, DOC ¥ J3E K 15 mg/L, TC ¥k 0~70 mg/L.
R PR B 5, 25°C T HIRRE D . B R Y DOM 5 TC 7E 8 h NIAR S M-, X BS503R I I
73 R P I R 2R /N T 1% . P4 0 E DOM-TC RG22 5 RIS .

1.3 A%

DOC {1 TOC-Veph BLECAH LR /AT (e, HAS) Jl5E s UV-Vis Jlgilk iy UV-2550 BU550 3000 BT
(B, HA) M5E , LA Milli-Q 4K 28 1, 435 I B 200~ 800 nm, [B]FF 5 1 nm, LX 700 nm bW E AT
FEAALIE. APPSR EEM i F-7000 24556005006 H( H Sz, HAS) Ml , U B 700 V AYSGHE
FESGRE A 150 WARUIRAT . [R5 P0G I A S 200~ 450 nm, (8] B8 1 nm, A5 500K K 22
{H AX =60 nm , $33# 53 & 240 nm/min. EEM #9334 % % K 200 ~ 450 nm, [8] & 5 nm , $33# & HHiE K 250~ 550
nm, [B]f§ 1 nm, {0 AR S92 580 5 nm, HHGHE 1200 nm/min. SR4E EEM J5 , #8488 ik kiR 22, It
ok B )80 N I R 2 B 3 X AR AL I B TR0 SR I Matlab (2012a) 0 fF iy drEEM T B4R T B
PRI , K5 5 i B AR A R i 1 350 nm A AL S B3 (RUg ) 7.
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L4.1 Z 4 M x F3#(2D-COS) At 4t SCBIEH IR T — 4 RS , AT 43 3% Hh 8 2 IR B e, O B vT
A A 5 0 =2 V125 A Y X R ORI 5 9 PR AR 390 B AR A ) 36 TC e JEE R ) 9 DOM [ 25 %€ e 5 it
AT 2D-COS 437, ] 2D Shige version 1.3 (JCTH K2, H A ) BAF #E47 bR AL 23 H7 , 744 45 - H] Matlab
(2012a) Frfh2 il 3.
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Fig.1 Excitation-emission matrix spectra of DOM in Lake Taihu(a) and Lake Xuanwu(b)
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222448 DOM 5 TC B3 L3 R RL

B TC R BERE N, K WA Z 5 DOM A5 56iE b 235 275 Al 350 nm 4b iy Wd5¢ s i 1 35 FEAI
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FWI,TC X 2 4~ DOM [5ERE K I g TR HERK . WS KO SO T R IR RIE IO 4 &
P AR , T R 300 2o A AT O F e R A5 (0 3 e A5 K R [l S 2 ) i R Ry sl A8, B SR AN &
OB EE. LRSS 2 ANE1A DOM AT LAY TC AL S AR, R T HAE9 e DOM-TC 4454, 5
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Fig.2 Synchronous fluorescence spectra(a,b) and UV-Vis spectra(c,d) of TC-DOM interaction
in Lake Taihu and Lake Xuanwu
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WX AR L 43 FIAE 275 F1 400 nm B3 H 3 2 A B 38 IE 0 (1] 3a) , FEBHARN 21 43 ) ik o B AR LRI 2. T oz
F 235 nm /275 nm 1 275 nm /400 nm BT 2 AN IERE L, BIA AL F 235 nm 92K E iR 78 061% T 275
nm {256 TR EIERI A, T 400 nm B2 E B IR D EIEIEIE AR Ak J7 ] — B0 (B TC YR B T i M REAIR) . AR
Noda 250N | 545 AT 4 7 AP0 AR 9% K B S MR - 1 T K AL/A2 (9 IE A8 LI H] A1
AR SETE AR b A2 AR TE PO 3 T A1/A2 By £ 38 e ] AL Ab B9 SEIE AR fLI5 )5 T A2 4b. #£ TDOM
SO RHAZE T 77 (B 3b) ,275 nm /235 nm 1 275 nm /260 nm 45 SIFELE 2 S 1E 38 L T 400 nm/235
nm 400 nm/275 nm 1 400 nm/350 nm b5 HIFEAE 3 A~ 5138 W, 3% 46 R FE R A 38 B SO0 KT Sy - 275
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TR A R Y) TN TC M BURPETE w75 X DOM il g2 3] T 28Iy 4 (18] 3c F1 d) ,IER] TC 5
PR AW AR RO SE T 255 0T, 5 DOM SR IEJEC.
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Fig.3 2D-COS plots of DOM-TC interaction: synchronous map(a) and asynchronous map(b) of
DOM in Lake Taihu, synchronous map(c¢) and asynchronous map(d) of DOM in Lake Xuanwu
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ARG 7 e n] BT B, IR Al ST 9OBAL 405 TC (M BLAE FHRR . 38 i PARAFAC 2
TSN SATOC3” K e B0 Uk, JEA5 21 3 FhoB41 sy, WnlEl 4 PR, 414% C1 # & S KAETE 425 nm, 4%
KAGAE 250 nm , 52 J8 5 J5 v (9 5 LR 9 SR AL ML 2. 414% €2 A4 2 A9k, /3517 F Ex/Em 230
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Fig.4 Excitation-emission matrix spectra of PARAFAC fluorescent components

2.4.2 2 A58 DOM %641 4 K 3 4~ PARAFAC #4145 %F TC FBLH A [F B i S HRAE (& S) . 72K DOM
BRI R TC(6.5 wmol/L) 18 ZEFRAR C2 A1 C3 RS IER A, T C1 A2 KRR B A X 3059 Bl TC
PRGN, 3 TP IT 1) F . BEFIAAR, 25 TC ¥ N 45.5 wmol/L B, C1,C2 F1 C3 443 5 T4 43 43531 Ky
79% .100% F1 99% . 51 DOM f 45 5L AR, C1.C2 FI C3 ZH 43 BT S K443 51 82% 98% Fil 96% , F N
Cl 5 TC WM EAEFSS T C2 F1 C3. [KI, TC 5B RHE 5 DOM Jhisy 28 43 25 UIAH DG, SCHRHS H 78 R R IR v
B 7 £ S T TR 2 A v M LR 0 28 TR SR >, {HL 93 — IUIF 5 e % B L4 4 R (52% ) B Lt
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Fig.5 Fluorescence quenching diagram of TC with three PARAFAC fluorescence components
in Lake Taihu(a) and Lake Xuanwu(b)

i if Ryan-Weber JELEPERIRI A 3 92 43 AR KA BEARAG 46 & 8, 036 1 7R , R® R WA A
WA AR . AR WIA Z B0 DOM rh 3 Fesit e 7319 1gK {ELY 73 3 5.29~5.73 11 5.05~5.85, 3] TC
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FH TR g B DOM , 5 ST A 3% €0 2 i R SRR 1A S I AL, 257388 T IS U . 330 T B S R g J 3



1010 J. Lake Sci.(#:a#2) ,2018,30(4)

TR 5 R 0 2, 28 11 B LM RS S 0 R 10,5 75 B M I 2
DOM 15 TC [ it B g 1 P B . 4T AL BF9E 55 DOM. 5 T PV AR T A1 o8 5 LR
e £ FE TSR BUDIR I DOM R AR T4 & (A2 22 5% JESh, BRI DOM i1 C1 L)
T C3,1H C1 9 1K (B/NT C3, BEILLSM 21 5 HotE DOM. o BB C2 1) 1K fEK T €3, B
Kt R SRR 5 TC TR 35 2D-COS 255 —B, B 275 nm AL MIFOEHEK (e T 235 nm 4.
SRR, 85 95 56 6 MR RIS LS9 DOM e 0 5 TCs % A s 2 VT TG AAL 4, WA TCs 11y
MY . RTIT, DOM AT A T ARG 76 1 8073 e 42 5 B MR FDL I, TR S B0 &
25 TCs TORTHE AT JEN TCs 7K FRBE B TS B R R FIVE BU AT R E R
2 1 Ryan-Weber BUR T # AW ATZ 25 DOM i 3 4~ PARAFAC 414355 TC ARTLAR 1) 1K 71 F,,

Tab.1 The 1gK and F_, for the three PARAFAC components in DOM of
Lake Taihu and Lake Xuanwu calculated by Ryan-Weber model

A DOM LR DOM
PARAFAC
C./ C./
15 ek L W E : w R
(pmol/L) (pmol/L)
Cl 5.29 43.02 9.78 0.9788 5.05 28.76 16.78 0.9922
Cc2 5.73 13.39 0 0.9926 5.85 16.13 0 0.9859
c3 5.58 14.34 0 0.9963 5.57 6.90 0 0.9785
3 it

1) EEM-PARAFAC Z3-#7 /s KA LK i DOM ¥ 847 3 oot 4r, Horp 2B A e dl 4 C2 J2 2 4>
DOM () FZHEAL AL, HCOH AR C3 s R C1 4147

2) R GG A 2D-COS 43 Hr R AR e FRGEMY T 5 TC AR RAEH , miZE & HLR
5% TC AEME AR

3)DOM Y TC R K ML IE F## B K, TC 78 DOM 20 F IR EE il M. 3 M2k 4r 5 TC 5
HEHEKAFA Ryan-Weber JEPE R, IF H A5 4505 TC BIE-AH B/ PIUTF 4 :C2 > €3 > Cl.
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