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Research progress on biodegradation of sulfonamides

BAI Guomin, SUN Yujiao*, SUN Yujie, REN Xueqian, XUAN Yuanyan, LIU Meijun, YUN Ying
(College of Water Sciences, Beijing Normal University, Beijing 100875, China)

Abstract: Sulfonamides, a category of extensively utilized antibacterial medications, have attracted considerable attention
due to their role in the escalation of drug resistance among pathogenic bacteria and the spread of drug resistance genes.
Biodegradation plays a crucial role in the elimination of sulfonamides from the environment, serving as a natural barrier
against the accumulation of these substances. This review provides an overview of the natural biodegradation of sulfonamides,
exploring the microbial species involved in this process, and summarizes the optimal degradation conditions for both pure
cultures and bacterial consortia. The biodegradation of sulfonamides is influenced by various factors, including temperature,
pH, initial drug concentration, and the added carbon sources. Comprehending these factors is essential for optimizing
degradation conditions, which can improve the efficiency of sulfonamide removal. Moreover, diverse sulfonamide-degrading
bacteria have been observed to share highly similar genomes, which may correlate with their degradation efficiency. Different
sulfonamide types exhibit distinct metabolic pathways with specific degrading bacterial genera, which are associated with
their genomic characteristics. Currently, practices of bioaugmentation in situ for sulfonamides are still lacking, and the
relationship between their metabolic pathways and functional genes requires further investigation.
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Table 1 Common sulfonamides and their properties
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Wit fiff 3 A%, SMIX i 5 B W B i > . Ma 5517 HR 5
T VAR KR = 0 DU ) rh SAs (R TE AR
A SE T, (44+32) %1 SAs WAL Wy W A, LBk 4
A2 mw W[ (69+25) d] el R & E (12+11) d]
A 5 A A& T IR BT A A G, IR
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455 A SCHk, E 8o B alifk B AT SAs & R A
MR W W JE L 45 Pseudomonas. Enterobacter .
Paenarthrobacter , Streptomyces , Bacillus \Alcaligenes 55
X ST J L H VR Sl SAs iR S0 i VR TR A B0
o MRGE A B4R 1 2% 0, 92 56 % B B SAs [ fifk 9 4
Uk v 5 % B M 10 pe/L ~ 100 mg/L; pH B3 V8 1R 1 &
Streptomyces Hb , ¥ N 5.0 ~ 8. 0 B 3 1% #h
25~ 30 °Cs $ b B E HBLE N 1% ~ 15%. X L5
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Table 2 Degrading strains and their degradation capacity on sulfonamides
; N 2%
24 (class) H (order) T Fl (species) p 3 I il S A o i 25 2R Sk
Gammaproteobacteria Pseudomonadales Pseudomonas stutzeri strain =g iyl SAs ¥ HE e B K 20 mg/L, SQ.SDM .SCP VB fi % [37]
DLY-21 pH =5.0~6.0,40C,5% %% 2195% ,SM1 [ ik
Pl (AR LL), FeSO, & )8 90%
BTWRIENS g/l
Pseudomonas silesiensis F6a =4 i, 1t 75 Hb SMX ¥ WA BE 4 10 mg/L.,  76.95% [38]
28°C 200 r/min 1% FEFh it
(ARG, B 2% 4 B L
144 h
Enterobacterales  Proteus mirabilis sp. ZXY4 1G5 SMX ) b e B 4 5 mg/LL, 24 h N 58 4= [ fig [39]
30°C,pH = 7,15% % Fl &
M AE SR T
Enterobacter hormaechei S5 e SMX ¥ 44 & £ A 100 mg/ 98% [39]
HaG-7 L, 1% He Al i (AR L) | it
JnE (1.5 V) pH=7
Enterobacter cloacae Fg A SMX #] 4 ¥ £ 4 100 mg/ 84.14% [40]
kg,28°C 150 r/min,pH=
3.5, K fi# 30 d
Alphaproteobacteria ~ Rhodobacterales TR AL Paracoccus NA NA SMX Fl 4 A& 15 Y« ¥y % [40]
denitrifican 2R 50 Ky 449 Fi
71%
Actinomycetes Micrococcales Paenarthrobacter sp. R1 LT A 25°C, 160 r/min, BEE A 0.5 d ik 358 4 F i [29]
YRS 11 d
Paenarthrobacter sp. AO1 TS e SMZ #4100 mg/L, 72 h JLF-5¢ 4= % i [41]
25C,pH=6.0~7.8
Kitasatosporales  Streptomyces sp. CS29 E YL i K 75 Y SMX W tE e B M 7.5 mg/L, 97.90% [42]
+ H pH =3,32C,0.08 U/mL &
A FHEE 1h
Bacilli Caryophanales Bacillus cereus H38 A 4 SMZ ¥ U5 e B 5 mg/L, 70% [43]
pH =7.0,25°C % fh it
H 5%
Cystobasidiomycetes Sakaguchia cladiensis A5 YRR SMZ %] b6 e J& - 1 mg/L, 49.80% [23]
25°C, 150 r/min, $#% Fit K
1 g/LL
Betaproteobacteria Burkholderiales  Alcaligenes aquatillis FA WIS U SMD #J i ¥ i b 50 mg/l., 27.39 mg/(l,-d),ﬂéﬁﬁﬁ [44]
30°C,pH = 7.0, BB 4 9598 d
R
Alcaligenes faecalis 2l g R AT SMX #] 4Rk & 50 mg/L, 16 h [% M3 H 94.3% [45]
30°C,200 r/min, M1 414
TN 100 mg/L A VC
Tk F . SAs B fift % BE ik 5] 44% ~ 100% . Trametes T B G, {f 15 12 08 Mk 7 12 K W fige v 46 32 G TEDY

versicolor | Pleurotus Phanerochaete

chrysosporium 55 11 i EL W WL ) 12 Hie 18 B A &80
SAs BRI
2.1 HBsLEmmE

H HT 2 A 5T Ik B 3 P 35 e A 75 G4 1Y
b o B AN B T R EATTRE RS R T SAs VR S HE—
T U5 B A UR 4k 57 2E K o Microbacterium sp. BRI J& 1
T BE W 2L R i A S P R R R 2 — L B
1 14> ipso BT Iy, JIE W 45 5 23 B 88 201 A e AR
I ORI i 32 2o R VAT 5] R ARk R R ] AR

ostreatus .

g S8 HE AR 43 5 4l A6 75 B B9 Pseudomonas stutzeri

strain DLY-21 FE 5 43 Jil] LA 4 Fiv SAs Sy M — fs¢ 50 fiE
SR T AL AR [ A 5 3R 2k ARG FE SAs B U7 T 3R
LR AL o IR 4015 U 43 15 4 AL 3K 453 14 Leuconostoc
mesenteroides BE % LL 14" BE (TMP) Fl SMX Ay M — 2
Kak R, [ 5 3 00 sull 3 S B 3L 5 IR TMP -
SMX 19 2 M, 7] B B AR 900 Qi 5 4 5l A
SMX K H AR 7 4y 3- Rk -5 Yk S5 e (3ASMI)
PE Sy o — fe LA UR ORI BB U, 4l fk By SR 15 3
Paenarthrobacter sp. P27 (i 5t SMX ) —C—S-N-% #]
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Table 3 Sulfonamide-degrading microbial communities, degradation efficiency, and metabolites
i ; N . %
e s AU A fige 200 R =4 )'Céik
Plasticicumulans .Nakamurella Fl Pseudomonas W [ - 4 T e 15 W (SD )R e SR (SMX)Y 4-FR L —2-FR G LW g N 2K 2 [46]
A RN d P R BRI R 88.29% H196.76% Tk M | 4—4 K I A0 K I i K
A SD A SMX {1 F ] X 3 4
Acetobacterium Fl Piscinibacter WG SMXIREEZE 168 h N1 5.12 mg/L F [ NI O BEAE N-(4-FEFEIE)  [47]
% #1.12 mg/L & T i 5 38 T 7=
Clostridum sensu stricto 1 ,Nesterenkonia . Bacillus. Hermetia SDZ W1 Ui ¥ ¥ 4 100 mg/kg 5144 T, - [30]
Halomonas .Dysgonomonas . Caldalkalibacillus . illucens B 28 “CF 6 d i 4 i v WA il R ik &)
Enterococcus i 73.99%
Aeromonas caviae strain GLB=10 . Vibrio diabolicus {0 /K & 4 3 d N T B fif 250 mg/L SMX ARG 3-H I -5-H LT 2 [48]
strain L2-2 Zobellella taiwanensis \Microbacterium T 24 e R %o 2R — iy
testaceum F Methylobacterium i & T
Microvirga .Sphingomonas .Methylobacterium . b 15 fizy 18 7£10,20,30,60,90 d, &b FHZ] SMX 4% [49]
Bacillus fl Tumebacillus B o B T A R > T 25.1%

49.2% .35.7% .34.2% 1 35.7%

244 ) A Norcardiodes sp. N27( 1 3% 3ASMI # 43 fift
TR, SEHL T SMX 1) 58 4=
2.2 S BLLKEBAY

B 40 B A1, 40 SAs [ i BT L A BRI P
Trametes versicolor . Pleurotus ostreatus. Phanerochaete
chrysosporium % ¥ 9% 5 F H A SAs B PERE . A
J& Wi Trametes versicolor RE % X ] i #e &£ 2 10 mg/L i)
SPY A1 STZ 5 B 58 4 W gk , ) 5 W ffp I i) TG >
20 M {5 2% PASO 41 4 57 8 0 A B B R b, STZ
BB 43 W fif L 105 SPY W) JE A AP 520 . Begona %V
5% Pleurotus ostreatus X i 2P A R AU =55, HAE 14 d
WA B R 35 83% ~ 91% , 5% B P A 20 PERE IR
T 50%. [F R}, Pleurotus ostreatus 5 I B 44 3 5t 1) 45
T REAE 24 h N 5 BR 90% LA B B9 6l i 25 %) o Zhang
DB 5T Phanerochaete chrysosporium XF SDM 1 & i
VEFH 55 4 K EBRFRIRT] 74% , (R 7 2. 34 mg/(L-d) ,
I I 6 e 5 S O TR O PR AT G, ABC BB R
F1 25 SDM i B, £ 54 A0 i 400 i (5 3R P450
IR 7K St W8 2R W) o A R bl 4 G BEAE T . IR
TR B8 0 R AAT A R T AR AR A R AR ASOR

VR WEAE S PR BT AU 1 e Bl 7 SAs B figg b B
H )7 R 5 . Garcia—Galan %52 &
Trametes versicolor [ 1 [iff 7] 7€ 20 h P B % 9 mg/L 1Y
SMZ. Pleurotus ostreatus . Phanerochaete chrysosporium
S LA L S BT P AR R R S RE Y R I Y R R
VG0 ORI LT 7 AR AR g o 2 R,
il 76 40 B h R S UR R Gk T I IR Y A AL

I,
2.3 WM EMRM A DR

TERE M e A R g R g vh W Bt AE R BA T
251 Y T R T R B T A LR MR S . T K Ak P
T DR AR A e 4 IRCRY A 1B S A 7E v VR (250
mg/L) TMP Fl SMX #% 3% % 4 F 7= 4= 4l M 5 £ bl
(EPS) , HAR 47 4l 8 o 52 i Ml i A RARH , xd 2
H AT NOT-N FY 25 B 30 3 31l 3k 90% 11 87% LA 1=

T 0 T i (10 o () A DG 2R 0 s e 114 A= ) % fie
IR AEAR EAE o 7E DL SMX g ME — Bl R 19 Bk 75
etk &, SOFF B (Microbacterium ) 1) 5 3% 35 46 11 48
i~ HAE SMX B fif b #5 H EAE T, 3R AR A b
Thaurea 1) R fift V5 FH ALK T2 B bR o A 0984
B TE AN Bk IR AF AR B S5 AT Thaurea BE % [ fif
SMX %0 % T Bk i 1 R SMX A Sy o — 0
ureafaciens YL1 Fl Pseudomonas
koreensis YL2 2Z [a] 1) Az 20 N #2855 1 SMX A A= 1) B
fifp AT R e ot R o 2 TR R A ) S 3 TR B I, BE 68
PRIFRRE REVE 4507 0 AR, Reis 557 & 2U BB % %
i SMX B Leucobacter GP {¥ £ 5 Achromobacter
denitrificans PR1 3t 85 F& W 68 # % M . D
Plasticicumulans . Nakamurella F1 Pseudomonas N F B
Ty HE A AR A BN 75 6 SDZ I SMX FY - 34 25 Bk R 4y
5 A 88.29% F196. 76%
3 EYREBET&G
3.1 & &

AR W B A R A Tt JBE 2 5 e SAs 2 W) R ik 4

Paenarthrobacter



%7

PR, 55 - S 28 3R 0 24 ) e A BT 9 it e 117

FEMILNE . — 7, I Th e B T SAs %
JEEPY K SAs R EEAT N AR L s 53— O I, SAs [
i 5 VAR W 0 A B Gy W T MR AR T A T IR
JE 38 Y 0 IR B KT AR e A 3R v kA R
40, Bacillus cereus H38 T 25 “C 41 F W fif SMZ, W%
fift AR 2 LT I F 3 dJs B e R A i
P Tl 11 A ) % fige o R e R, LT B T L N A A
RE 0% 2 15 Ty Al G AN 2R (1 06 M 0 A SC AL . e Ah IR
JE 8 0% A0 AR Bl A 0 B G A R R R T T R T
Tt AR R B IE B . A AT R B, B T IR R
JEIE, SAs 2 WK, JEBE R 1] (Firmicutes) 2 JE 14
I"] (Proteobacteria) | Ji £& i I'] (Actinobacteriota) il 1
FF B '] (Bacteroidota) (5 £t #, SAs 2 52 W B AL, 2 Bk
IR B, A IE R BT IR B AR 0% 1R 1k B RE AR
K it 1% P R R R S DA AR v A ) R A 2
3.2 pH

pH 3 1 5 R By O 25 A0 G A AR K 0k T 5 R
SAs [0 A= Wy R fife . i B B Ak 25 M 7E R [R] pH 2%
8T AT RE & A AR Ak, 3 25 5% ) HL I ik B R e ok R
Pyl A HAPECY S L SMX R ], SR8 pH A T ul i T
H pKalth ,SMZ L FIERAF . BTEER T
A R 5 4 5R HAbA BT W BR8] 42 5 i 3L
A AL PR 2R IR RE 7 A% R AIC T B 1 i E K
AE TP v E DT B o A W S T RE L AR PR
pH BE % 38 13 5% m G 25 ) A BE R AL, i — 25 R
SAs BIREAR S o BF 5T & B, 5 26 ok A0 O B2 b pH R IR
V55 0 JEERE TR T 40 TR 5 4 L 1 9 SAs R [R] B 41 3]
% Y2 5 25 T (SRB) 389 58 11 ined 1 FR 2, A1 (1 246 4 vl 1t g
B DR A D AN T] 28 R ) R VA i T X R Y I A
pH 3 [ A7 75 22 521, i, &2 480 Ak B 7 v 55 e
PEIREE T HA B A SAs LACHTRE J1' . Ik, SAs
() AE AL T 25 I % fift T 19 A 5 00 2 pHL 3% i) A5 ) B i
SAsIY FZHFE .
3.3 BRI IRE

— B TR P, SAs 1 8N RE 95 12 E B A 1Y
Wi, 55 A4 g A K R B TR L R0V R VR 5% T 4
FHOG . SR, 4 SAs VR BE & T 3t — K SF B B AR AR
1 B FL TR M 45 22 B, 1 T 52w Bt AR I 2 BR AR
I TR AU W i S A IF S T B Y R R R
BE (SMD) Fl STZ 1 #] 4 e FE M\ 10 pg/L 3% 2 1000
/L, Bl SAs ) h e 3 1G5 A U 1 A R BB 2
AN, SAs B AR AAE S S SR MR B A SAs 2 it

i WA K 2 T AR R X SAs B R AR AR (AT
OS2 , Ak B A B AR R X ARGs 1 7K JE A
HEBATTEEIEAE T
3.4 SmaiR

AT 5 2 22 FpBL R SAs (0 A P B g, B
B S AR 1 A R M B T M SRR
SEFAETY L HR 4 A g i AR L R A
B VRAE Ry 2 B R VR w0 SR W 0 [T B, SI2 3 SAs B A
RIS G TR RS YR R P, AOB X SMX (1 i R
M SEFRTEAY 1545, H A W B9 AMO i i A R
2 E SMX FE Ak o SR, AR i 2o A v ) At e R
Xt A FAFAE T MR SE A E M, Aeromonas
caviae [ SMX SZI6 v, ¥ AR 2N 5 21 %) 200 it e i
FE 20 h ik B ALE I SMX 419 4 %, 1 2 4~ 32 5 41 %
SMX 1 B fiff 50 SR BE A — 350, 28 B 401 4 s U8 7 412 3 1K
VR 3 TR RE A R 0 [ A PR T SMIX Y R A A
A WF 58 W 0 U AT BE AL 28 SAs 1R W R Rl R
SMX [ fiff T % A5 o 8 v, B AR A K S SMX B i Wi )
A BB 55 40 B AR A SRR AR R T SMX 1 A= )
Rik it L A
4 EYEBEEMERER
4.1 SAsKftixiz

SAs Y A= W) R i 5 1% Tk S 00 B 5 43 1Y &5 H A
ST A Wy i 1 v ) A S N ke 1k A Y
1 35 Ak | 20 Tk b R e 6 1 K Al 2 A I N 7
Az, SDZ I SMZ 1 A= 0y Bk fife 1 BB R 4T, TR 3 1)
R E TR & A 2 N—BUR LAY S 0038 | N—C
ANFa e H 5 Wi 24 5 1 SMOX DU A5 458 5 i 7ot 361 8, HL it i
FE A 5 7E LTINS R b, f sk a0 R R e

AR W T B T 3 R IR AR R R SMX, AL G R IR I
FIE MBI B R B (IR 3EMk L 2Bk K RS i
e B (S—N) 1 W7 24 2 B3 43 o 58 4 0 Ak Al 75 2% 35
VE R B 23R4 7= S 5 e S A o N—O i g I 24
SMX F ZLA: W i 42 LI 1. 258 8 H Y SMX Y
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