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Structure—Activity Characteristics and Spectral Analysis of Antibiotics Bound
to Humic Acid
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(College of Architecture and Environment , Sichuan University, Chengdu 610065, China)

Abstract: The bound state residues of antibiotics and humic acid (HA) are a common form that
differs from their free-state residues in natural water, and the structure—activity relationships differ
significantly. This study compared the binding efficiency of different structures of antibiotics with HA
using three-dimensional fluorescence spectroscopy and the dialysis equilibrium method. Additionally, the
binding sites of antibiotics with HA were explored through model compound comparisons, ultraviolet—
visible (UV-vis) spectroscopy, Fourier-transform infrared (FTIR) spectroscopy, and nuclear magnetic
resonance hydrogen spectroscopy (‘H NMR). The results showed that the binding of antibiotics to HA
significantly quenched its fluorescence. Tetracycline antibiotics had a fluorescence quenching rate of
25.4%, which was higher than that of sulfonamides, 3-lactams, and chloramphenicol. The binding of HA
to compounds gradually reached equilibrium after 12 hours. The interaction between typical antibiotics
and HA resulted in the formation of more stable complexes. The study further clarified that the binding
tendency of different functional groups on antibiotics to HA was in the order: carbonyl > carboxyl >
phenolic hydroxyl. This finding provides a theoretical basis for the identification and analysis of

bound-state antibiotics in aquatic environment.

HEE£WH: BERESEFHAITRTE (2023YFC3210100); ERBEARFZEESEZHIMAE (42177060); MIEAKRHEEES
FEITE (23NSFJQ0087) ; M )i & R+ %II E (2022116)
BIEEE: itk E-mail: hgguo@scu.edu.cn

« 49 -



B4 A F1TH

OE 4 K HE oK

www. cnww1985. com

antibiotics;

Key words:

compound

YA RBY AR i) 25 B, E51E
AT ) 22 8 T i 30858 v 9 7K A 0 Fof B I 1 1)
A ASTEE LA SR SCAT A T 285 PR Y J G TE . R
e I 7K Ak BRI B 175 7 T R 1228 W Joie e fe ) A 38
PEHE— 2P P88 T AR K BRI v A 23 A1 9 ) A
WD 5 A SRR AL, [RK I i
AP (DOM) 45 5 IR 2 1% W) o ik B 1 o 540 JE
3B XZR A5 287 5 B A A I KOG RE T 45
AEAT S H i e UL 41238

PUA R B R B A A R PR RE S
DOM % A A HAR T, 3 BOLAE R SRR IR 85 Kok Ak Bl
TP EARZRN B LW . o,
DOM 5 7K Wi Y W) o 45 5 X122 H im0 1) e o
bR A E A IR 27 A B R, R AR A
FFERIT , DOM A1 B T HE R BERS 225520 H An
FIREAR AR o BUA BE XK IR h SR T AR R A 4R
LR T2 25 T AR KR A i 45 e B AT F
FE , SR DOM Ay S8 A5 5 40 AR e 1A 7 A0 R 0
L7, 15 DOM 454 IR Bt A= R AR K EBRE rh i 4 25
WAFAEIE 3, e it S 45 R R W, A K 5 DOM Y
AAELAR D7 2T DL o 2 Ak bIL i ok fige B, 40455 7K
(TIN5 SAN N B AN RS R S V-
TSN - SO XA R
45 & AL S 25 A AL A DI, H DOM 5414
FUE A S MARPUE RN UV DO ATS R H 8
JCRETEAR 5 1Y B A2 AL, XA R AR HEAS I TR
S35 T/

HRABFFEK T DOM 5 HiL B¢ A= 328 W) S A
T T (45 5 R L R B DOM 1) =2 20l 3
M2 (HA)VESN BARY) , 45 = AE5 OO F B -1 i
OITOT IR T MR ZE R R R DUAE R S HA Y ZE &
PERE , HE— 20 3 T RARAL 5 W) X IR, 45 5 5L e
KR A =TT DTS (UV-vis) A L2151
(FTIR) %GR TE IR TR LA 2 AN A A [F] 2
P BALE 5 70 5 HA I ES S LT AT ORIE . 0
TAFPUA FRFE L ] 5 HA 925520008 5 R Ak
B, B BA BT AR 3R 5 HA 255 53 B2 19 6 RE T R I 5 44
RO F A HEHTT5 R WA K b M AR 50T %,

humic acid; bound substance;

multidimensional spectrum; model

RIRK I EE iz 2805 Yo W) T 1 45 A B R B 2 ik A%
R BB 7 2 bk T T R AL RIS SR .

1 #M¥EF*®

1.1 K5 EE

JEBE IR oyl ) B EE (s g F1 g (A%
)W B Sigma—Aldrich 22 7] ; U E (TC) . £ H &K
(OTC) . BT 5 P Ak (AMX) | &% P Ak (AMP) | it %
(SA) ik g FP e (SMX) K S 55 K (CHL) #4843 #r
afi, I [ L BTRL T R AT BR A ] AL S
FY b g ] 3 30 33 A BR A 1, LAl ¥ 5 4 i
a4l 356 FH K B4tk (18. 25 MQ-cem, 20 °C).

BT A3 AL 884045 UV-1780 22 4h—1] W43
JE T 5 Essentia LC—16 & S0R AR (3% 4% . PHB-4
0GR BT B 20 A8 % 41X  AVANCE NEO
600M AZ R MR P T
1.2 REHE
1.2.1 5689 RO &

Bl 1 o/l HA ¥ (pH=7. 0£0. 5) , 7£ 4 “C5 A%
FRERAT . KR R E M B S R HA TR &
JERCAFEIR A, 76 25 °C ARG 444 F LA 130 r/min
BEEBETE 24 h DL E IO SE Ak B RS E . SR ERL
458 A I WA TR S0 I B R AR 4T -

1.2.2 555N AR

K M -k IR AT ST PR R 5 HA W
GG ZITIEEE T AR R Z B R F 22 5 LA KR
A3 F 9 Y W B AS A R T, T A D B T A N A
W2 HREYIREZ BN SSWE, g 2T
5% DOM 545 L5 Yy Z (B i 45 A A5 . i
R34 Spectra/Por 6 TR Y375 A 43 UE 4735 A - i a8
¥, EATASEL R 4> RN 1000 uo 7E IR IF AR T
W BATAETE LB F /K b W 10 min, i 5 HE 467K
VRV =l . SERTAFR R B HTAS ORI HA
T, 2850 24 h R e B M A N AME G Wi W
W B AH A U B B AT A X P AR AR A ) B T
BRI L2 AN K e A TLE TS 19 10 mL HA
VES TR )33 BT AR AP AR 2R A B AL B W
Pt A R R RLAE A 0 0 Tk B R #E R S umol/L,
NaOH F1 HNO, J# 2 5 50 i pH 2 5. 0~9. 0, i H

- 50 -



www. cnww 1985. com

RETE AT L AR A SR A AR ik o T

%A1 E B 17 H

PEPRTE 25 C ARG A R LA130 /minJR7% 24 h HL &
ATV o XT3 BT 42 N A1 I VR A T RORE €53
B RS AR
1.3 SAE

K H 57 F=7000 2¢ 6B AL I A8 45 6 APk
R eSO, WO K (A, JE 2 200~500
nm, & HHK (A, 38 Bl R 300~600 nm , SR FER] [E] 7]
B K 5 s, G LA A (PMT) B s g 700 'V, Hi 7 s ]
“0.01 s

BTN AN R S RIAE G W i vk B R
Essentia LC—16 15 A0 AR 35 AN 2 , (434 R
C18FE (4. 6 mmx150 mmx5. 0 wm) , /KAH 4 0. 1% H
FR B K, A HLAH N £ B3 B, AR AR FRR 20 wL,
M E N 1 mL/min, #3440 °C.
2 ZR5®
2.1 HASHEZHNES RS

TERAE HA PR BT A8 i 7 i v, 2 632
DS AEINAE SER VT  Y(E NS SR LN (T P
", E 1R T HA 5 OTC F1TC 454 /i 5 1Y

=HETOOEE R
500 0.7 0.7
0.5 05
\E 400 0.4 \g 04
& 300 ER 03

,/,/
N b/
—

20( = 0
300 400 500 600

200
300 400 500 600
A, /nm

a. Hl HA

App/nm

b. HA 5 TC%4&

20(3)00 400 OO 600
Ay, /om
c. HA 5 OTC 454
E1 HAEREMERLEARENZ SR E
Fig.1 Three-dimensional fluorescence spectra of HA

before and after binding to various antibiotics
HA B2 63 F AL T A /A, N 280 nm/480
nm Ab , FLA B = A 7 5 3 5 Y HA 5 TC A1 OTC 45
GlF PO TR E KRG . 5 TCZ
A5 HA 7E 280 nm/480 nm A 1 35 W4 55 Y Wi 37 543 J3E
PR T 25. 4% , TiAE 360 nm/475 nm Ab A VR I 5

Wi 58 B R T 7. 0%, Xt F OTC T & , E W2
6 5 B R BT 20. 9% DRI, E R 22 A 5
o, BEFEAL T 280 nm/480 nm Ak 15 FY 25 S 1 3 58 E
YER AL HA AR AR 248 bR

L5 BT T HA 5 HABF RS A REE G R 1
YRS B, H T X HA F ISR K
BOR . ARV RS HAZES )G 6 HA B3GR
FEEE RPN B % 25 5% . Horp CHL X HA Y26 HEK
RO B IRE T 30. 1%, RGN TC(25. 4%) |
OTC (20.9%) . AMX (8.7%) . SMX (8.1%) . SA
(6.0%) FIAMP(5.1%) . X—Z5RUEL THiAERS
HA Z [BIfFFEAR EAE R, S ECHA L3 535 e iy
Fe PR, It Bl B HA 9 KRR S
HAL G W a5 105 VIR G

DIV K LG AT 53 R Bl A8 T KRR A VR K
FRSHY FESH TR A AU A= 5 't 1y 5 A 2 (7]
YRR, AN S fb et e . AL Z T, /RS
Ve K M B4R R 5 HA Z MBS0 R A= T 456 1F
FH L8 BT BAT 2t m i e & 4, BRI AT 2%
TV TCIEERR A Bt A R 5 HA Z 2 5 2 IE
KA TEAERY & i VA4 208 [F Bt
AR5 HA WEA MR S AGHET 24 : TC(0. 29 pmol/
L) >0TC (0. 26 pmol/L) >AMX (0. 08 wmol/L) >SMX
(0. 06 pmol/L)>SA (0. 03 wmol/L)>CHL(0. 02 pwmol/
L)>AMP(0. 01 wmol/L) . {H75 ¥ E Y2, L4 CHL
FEZE VR IR0 H FR B HH B = 1 2 T KR (GK
3 30. 1%) , (HFE 7 B 1 1k vh L2485 G Wk B2 LT
PLZWE AT o 32 H T CHL B 6] A 35 28 3 356 4047
AL, 2 5 HA W28 1 BRI % A 15 Rl 4
AT 3505 G HE TR K, TR 3 oAb B ™ A B i
BeA o XF T H AT AE R, B RCR 520
VERBCR—3, MR ke ARk AER S
HA IS5 GRCRIFA EEDUE . 1E NS5 Gk B B i 11
PP T, A1 L OTC, TC 5 HA 454 B JE 21 s 1Y
Yot X FEIH P T H s KT8, B 455 5 HA 8
KR RSN,

AEPUAE R S 22 7 S 8OL S HA R A
[ P2 BE 25 At o e b, DU A 2 A R AR
TSR B- N IR P R, R B 5 HA B4
A RE ST . XEF A RS ER DA
FEPUR AL, o ROF R, A ) 5 HA
KA, R DU R EPUE R R L EA R

- 51 -



B4 A F1TH

OE 4 K HE oK

www. cnww1985. com

B ORI TF 2R, S HA G5 G4 T 3
AL SR SR EE AR G R T LA A Re T Ll
(EUTEIN et Na b W RO /B B U Rl 2.9 195N B 8 1y
SRR R OIS I 5 HA 2551
2.2 BRENEWEHANGES R

R RPUE R AR IE RS HA 854 PERE
SR 3 B A R S I R RN B R A Y =28
A RIS P) IR ARSI 5 HA Z 8] () 40 BAR
FHZE 5, 83 % He 20 B HA 59586 e KR, s
B IREE LA A PN R I 2R o
DA R X FR R R 25 R LAY 1 50 R R R R 114 A5 76
G Canoimg FnoR HH R ), HLAA I 3 1 9K
R (UL 2) .

R HE AL (B
o] =) [

B
= m

i e

8-

XL L
RIS
A
XA

30

PR %
B2 AREEELEWITHAR S SRR E
Fig.2 Fluorescence quenching rates of HA by different
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Fig.6 'H NMR spectral change during binding process of
different concentrations of HA with different compounds
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different concentrations of HA with different compounds
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