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Spatlal Distribution of Qulnolone Antlblotlcs and Its.- fCOrrelatlon Relationship with
Mlgroblal Community in Soil ‘of ShlJlazhuang City ‘
ZHAQ, Xin- YU, JUiZe-jia, CHEN Hui, FU Yu, SONG Yuat-r meng, ZHAO Bo ZHANG Ji-yuan, LU Meng-qi, CUI Jian-sheng, ZHANG Lu-lu”

(Pollution Prevention Bioteehnology Laboratory of Hebei Province, School of Environmental Science and Engineering, Hebei University of Science and Technology,
Shijiazhuang 050000, China)

Abstract; Microbial communities are an important component of soil ecosystems. Long-term low content antibiotic pollution will affect the structure and function of microbial
communities in soil. Therefore, Shijiazhuang City was selected as the study area, in which twelve sample points were set up in September 2020. These sample sites were
divided into four areas (SI, S2, S3, and $4) according to spatial orientation. Ultra-high performance liquid chromatography-mass spectrometry ( HPLC-MS/MS) was applied
to determine the content of typical antibiotic-quinolones ( QNs) in the soil. 16S rRNA high-throughput sequencing technology was used to study the microbial community
structure and diversity in the soil. The results showed that; (D the total detected contents of QNs in the four areas were S3 (3133 pg-kg ™) >S4 (65.54 pg-kg™") >8I
(46.19 pg-kg™") >S2 (12.63 pg-kg™"). The content of norfloxacin (NOR) was the highest (91.99 wg-kg™"), whereas the content of oxolinic acid (0XO) was the
lowest (0.448 6 pg-kg ™" ). @ For grain size, the proportion of powder (2-50 wm) was the highest (66.7%-93.2% ) , whereas the proportion of clay (less than 2 wm)
was the lowest (2. 50%-9. 109% ). For physical and chemical parameters, total phosphorus (TP) and ammonia nitrogen (NH," -N) showed non-significant spatial differences,
whereas nitrate nitrogen (NO, -N) , nitrite nitrogen (NO, -N), and grain size showed significant spatial differences. (3) For microbial community composition, there were six
dominant bacteria phyla and five dominant bacteria genera, among which Actinobacteriota (18.3%-34.6% ) and Proteobacteria (13.6%-34. 1% ) were the dominant bacteria
phyla, and Arthrobacter (3.24%-8.61% ) and Nitrososphaeraceae (2.93%-9.46% ) were the dominant bacteria genera. The diversity results showed the highest value in the
S2 area (6.48) and the lowest value in the S3 area (5.89). @ QNs and soil physical and chemical parameters significantly changed the structural composition of microbal
communities, and 0XO, NO; -N, and soil particle size affected the diversity of microbial communities. FLU, NH," -N, NO, -N, and soil particle size affected the function
of the microbial community. Therefore, it is necessary to further strengthen the risk control of antibiotics in the soil of Shijiazhuang City.

Key words: quinolones ((QNs) ; microbial community; soil; community diversity; functional genes; spatial distribution; correlation analysis
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Table 1 Spatial location of 12 sampling sites in Shijidzhudng City

SRAE XI5 PRI G A
ARER(MQ) 115. 162 224°E,, 37. 839 839°N
s1 AR (MLC) 114. 822 108°E, 37.928 370°N
3k (ST) 115. 187 237°E,, 38.059 593°N
P (XS) 114. 548 915°E, 38. 356 786°N
2 1EEL(ZM) 114.756 412°F,, 38.442 131°N
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J & (FT) 114. 364 156°F., 38. 065 789°N
S3 KB (SY) 114. 630 788°F, 38. 018 835°N
HE(GY) 114. 656 251°E,, 38. 113 970°N
FETET (NQH) 114. 389 553°E, 37.779 320°N
S4 JtE B (BWL) 114. 638 838°F., 37.763 509°N
EEINE(CYCG)  114.614 774°E, 37.619 037°N
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FFfdH Tlumina MiSeq ~F {5 #F 17 28 L 17, R H
Trimmomatic #4545 DNA 751 i 4%, 1 FLASH
A BHEAS BV R 50 )l i 98 35 A 05 = 4T
BUATRUE YRR o ZREEHT | T YIRS 4L
A3 M AT PICRUSE T fiE 3 R 3.
1.5 s

SR F AR R AT R B R R HY B KO W
(CHREE: K =101 IRBRLE ) 38 0 38 G R s i 75
(1.0 mg-L™ ") il & KK N 0.1, 0.5, 1.0,
5.0, 10.0 F1100. 0 mg-L ™" BIbRIE RG], 288 = 3L
VAR (03 R 15 AL ( HPLC-MS/MS) 23 B il %2 )5
PR BT T QNs it 1 at 55 04 1T FR A B o 1T £ (R OC
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K 3R A% (33. 3% ) ; FLU 7E S2, S3 il S4 X AYHS:
W H (¥ 100% ), 1 16 S3 XA R A ik
(66.7%). ¥k & = 5, H P o (OFL) .
o(NOR) . w(CIP) ., ( ENR) il & ( FLU) {8 5>
Wk 16.17. 91.99. 9.156. 4.476 F1 6.457
pg kg™ B4 QNs M ILFR 2.

BAEE QNs (K2 KT 50% ) i 25 18] 73 A Rk
M= (E 1), ®(OFL), o (NOR)., o (FLU) HI
w(0XO0) 7E S3 X FI{E fe 5 (55.72, 224.5, 13.17
10.6232 pg-kg™ ), 1M 78 S2 X i X (0.367 4,
0.5854 . 0.088 2F11.224 pg-kg™"). w(CIP)7E S2 [X.
SEHE R (10,15 pg-kg ™), TM7E S3 X e fik (6. 449
pekg™). o (ENR) £ S4 XV 35918 F i (11,75

—
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Fig. 1 Spatial distribution of main QNs in soil of Shijiazhuang City

pe-ke ™) MTE S2 IXEAK (0. 4215 pg-keg ™). B 5
Z, o (B QNs) £ S3 X F ¥ {8 i K (313.5
pgkg ™) M7E 2 KB AK (12.63 pg-kg™'), 4 X
(B QNs)FEXIE /58 S3(313.5 pg-kg™) >S4

(65.54 pg-kg™') >S1(46.19 pg-kg™') >S2(12.63
p,g-kg'1 ). BRI, A R EA X 3 QNs & &
P (P <0.01) B AR RPN rh & i m, it
BB AR AR R S AR .
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Table 2 Detection rate and content of QNs in soil of Shijiazhuang City

. Bl(100) o | T 75 gk |

/ng-L /ME oo R
OFL 0.12 100 0. 081 163.7 16.17
PIpP 0.98 41.7 0. 300 35.59 8.516
MAR 0.46 8.33 — 30. 19 30. 19
FLE 0.10 16.7 0.213 0. 545 0.379
ENO 0.04 50.0 0. 136 4.832 1. 403
NOR 0.33 75.0 0. 585 380.3 91.99
CIpP 0.20 91.7 1.263 25.50 9. 156
DIF 0.25 50.0 0. 050 1. 300 0. 637
0X0 0.32 75.0 0.088 0. 906 0. 449
FLU 0.23 91.7 0. 636 18.72 6. 457
SAR 0.15 8.33 0. 240 0.240 0. 240
SPA 0.18 8.33 0.182 0.182 0.182
ENR 0.15 58.3 0. 056 23.29 4.476
ORB 0.19 — — — —

D) gkt ~
i prs’ I: 7 ,“’

2.2 IR SR A ) o3 A RE
kA (i 40 FLOR ) AR 90 FE i 75 [ PR 268) ]

AT A HERBRL (2 ~ 50 o), 1Y AL 55

(66.7%~93.2% ) ﬁﬁﬁa*“(d T2 ) 10 7 H A

(2. 50%~9. 10%) ?7[*1

%H%*JB’J Hj"kiémt S3 X fz (ﬁﬂ}ﬁ‘

86.8% ) , i fk 541X Eﬁttmﬁ&(ﬁésu;ﬁ;r-z 67%

67 8% ) @ﬁ(jcﬂﬁ 50um ) 7E| SA4/ [X’.Eutéfm ,

(29"'P%ﬁ T 76 33 Do HE R A (6. 77% ) %1

i %E%wﬂﬂ’ ii;%*z BUH 5 R B (P <0, ,05?’/

Eiﬁiii% AL 2 B A R AE T [ 2
IUU
(a) C #iki(<2 pm)
B H(2-50 pm)
B W (>S50 pm)
80 F
60 F
E.’,
Y
4
40 F
20 F
0
S1 S2 S3 S4
FAE R
(a) AFET LR 2

Eﬂéﬂ‘ﬁ?‘”‘ﬂi =
e

(b) 1, w(TP)«al%lja 348.9 ~ 1062 ‘mg kg™ S
HAES2 [ZFI—J(739 Simg-kg™'), Wﬁ7r’£-’S4 i

(505.5 mg kg ) (NH+—N){E‘,[§]j\12€,89f

39.55 mg'kg SHERE 2 Brﬁ(ﬂ 43

mg kg )f,*ﬁ'ﬁz_%ra l:%:‘fli& (7.666 mg-kg } V).
w(NO; -N)z‘m w (NO, -N)ﬂJT S3 X 5 (40. 82?
mg ke 1%111;680 mg kg ), Ti7E S2 HEAIE (1. 975
mg-kg” '*HO’ 074 mg-kg "), it Bl 5 B4 ?3"‘583
1 ~59.33 mg-kg 'F10.011%1.398 mg-kg ' Z[H]. %
PRI, TP FINH, -NJFJC i 25 25 W] 22 5% MINO; -N
FINO, -N7%5[B] 22 53 B3 (P <0.05 1 P <0.01).

750 (b)
650 |
550

TP EENO-N
-NII4 N NO N

FHFE

40 1
35

W
=

Friitmgkg™!
oo o e 7
o & oo = N =

I
L

SII3A ; (b) AR e EE IS &5 Al 43 A

B2 BARESHTEELSHEZES AR

Fig. 2 Spatial distribution characteristics of soil physical and chemical parameters in Shijiazhuang City

2.3 I RUEYREK S S Z AR A5 ]
53 SRR

UE IR AR = [ & 3(a) F3(c) ], L
PR AR = B2 43 501 i T4k B 1] ( Actinobacteriota,

18.3% ~34.6% ) . S 1( Proteobacteria, 13. 6% ~
34.1% ) . &5 E ] ( Chloroflexi, 7.21%~16.0% ) .
ROl W T 2.28% ~
B.1%) . i . 3.45%~

(' Crenarchaeota,

"7 ( Acidobacteriota



9 # TR AT R RS BT A 2R A () 43 A R R B S T M P AR DG 4689
B Actinobacteriota
5l B Proteobacteria (b) Venn(1 12k )
B Chloroflexi
@ B Crenarchaeota
i B Acidobacteriota 4
- 32 Firmicutes %
2 B Gemmatimonadota
it B Bacteroidota
B 3 B Myxococcota
B Nitrospirota
W unclassified k_ norank d_ Bacteria
® Methylomirabilota
s4 B Verrucomicrobiota
W others
1 ! 1 1
0 20 40 60 80 100
HIXFEHE(T TR F) %
W Arthrobacrer
S] B Candidatus_Nitrocosmicus
W norank_f _Nitrososphaeraceae
(c) B Bacillus
B Sphingomonas S4
52 norank_f JG30-KI-CM45
g B norank_f Gemmatimonadaceae
e B norank__norank_o__ Vicinamibacterales
a B norank_f Vicinamibacteraceae
S3 B Gaiella
W norank_f Roseiflexaceae
W norank f norank o __norank ¢ KD4-96
B Microvirga
54 B Candidatus_Nitrososphaera
W others
1 1 L 1
0 20 40 60 80 100
HIX OB ACP) % §
. . P e ¥ W Pl
o\ I ke g o) Lo Rk v M, _ &
F i | Tk I
N <c>)%7k¢1$zmﬁwﬂﬁz MR (d)J%7J<$5FZL 4R Vet T4 Vs
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~ 3 A3 5 R LR S EN | " F
{ .-'"- .'N\ .'F_' = Fig. 3 Mi(‘mblal .com.munlfy struc _}lfe cotnpo%ltlon in soff of Shl]lazhuang City .-'J
ol i 'i" = ) “"‘.l'" I____,-
o
13. 9% )ﬁ ?‘é%ﬂ (Firmicutes, 2. 03% ~15. 2¢ OTU %iim (K 4). HHp Coverage $6 80 KT 0.98,
P lﬁﬁ TR 5 50RO BTN SRF B W P 4 S T LA AR R o B 4 1 2
(Arthrobacter 3.24% ~8.61%) . WEIMMERE LG4 SUE L. Chao 1 F8EIYME M3 332, HHTE S2 KK

& ( Candidatus-Nitrocosmicus, 2.93% ~9.46% ) . .
fid 3 5 Bt B ( Nitrososphaeraceae, 1.93% ~
7.19% ) . W i ZF AT B ( Bacillus, 2.26% ~
4.89% ) 1 # W H ( Sphingomonas, 2.03% ~
4.98% ), Horp i i 1) AR TR TR 1) o F2 2P0 3
I}, Arthrobacter Fll Nitrososphaeraceae K % EAf H
JA. BT TAE ST X f g (30. 1% ), M TE S4
XA FERAR(21.1% ) ; IR IE S4 X F s
(24.0%), Wi 75 S3 X F B & ik (18.6%).
Arthrobacter £ S2 X f¢ &, M 76 S1 X = & 5 fi%
(3.24% ) ; Candidatus_Nitrocosmicus 1F S3 X F & %
775(2.93% ), MAE S2 KA (9.46% ). Venn K53
7 K Kruskal-Wallis 1 5 ZHEAG 1 255K B, 177K
A e O 0 0 3 A 1) 22 S T J 7K P 45 T 22
S E(P<0.05).

WA ZREETT & AT T o ZHE1E
SHHTR OTU SR2E50Hr 1551 4 A BRI 4 Ff 2R
F8%4( Chao 1 Coverage . Shannon Fil Simpsoneven ) £/l

(3456) , M 7E S4 X $5/IN(3 182) . Shannon F8EIME
4 6.20 , K/NFAKIK A - S2 (6. 48) >S1(6.22) >
S4(6.18) > S3(5.89). Simpsoneven 8§ £ 3 {H Ky

I Shannondfd; I Coveragedf$ 3 oTu
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Fig. 4 Spatial distribution of diversity index and OTU
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quantity in soil of Shijiazhuang City
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0.044 , HAEAE S2 XK (0.072) , MiFE S3 X f /)
(0.022). OTU ¥ 34{E M2 589, HAH T S2 X f /5
(2713) ,TMAE S3 XAk (2485). MG 2, AFKE
i 3 rp Z2 B 45 %4 ( Shannon 1 Simpsoneven ) %%
B 225 B 3% (P <0.05) , 1 OTU st I G i 3 %5 ]
£
2.4 HIEPRUEMIREE COG TRERER 23 [H) 43 FARE
2% PICRUSt g T 43 775 2] COG ThHEKF
1) 10 FPOIREEER AR XS 5 (BT S) o =E B d e
B 4325 A 38 FH Dy BE T 28 56 R (19. 9% ~20.3% ) ,
HRIERE R A P 525 (17. 6% ~ 18. 6% ) |, 5%
e RHLHIZE (12.0% ~ 15.5% ) . B, REBEIARLS 1
SRR (12.7% ~ 14. 4% ) FIEH . BH 5B
BI(12. 7% ~13. 0% ) DIRESEH. Horp BB A= 5
MR ie LN TE S3 X FEFE = (18.6% ) , 1M 7E
S4 KEFERM (17.6% ) ; 1555 FHLHI 2D
[T S4 X FBERR (15.5% ) T 7E S3 X Rk
(12.0% ) ; B . MRS 5 4 % A T e
BITE S3 X B i (14. 4% ) | TiAe'S1 X 3B 1%

(12.7% ) ; ST 516 2 F A3 I Sy TXe

L (13,09%) JT1E S4 1X R (12079)
FLYA 07 S s e 01, 4 B LA

0 b B ) 2 o [
o i 3 IH. ' ‘
W R S a2 Sl WAL e
W A e W A E 'y
W RS SR (DD &

W {555 L
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REigkia
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O EMkE
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Fig. 5 Relative abundance of main COG functional genes

in soil microbial communities in Shijiazhuang City

2.5 QNs MIALSECGREEY Z IR B
HBESFE QNs e 2 B S BN A W iE TS 2
FEVE R D RE Y52 0, 8 5 5 QNs FI B AL S 80tk AT
VIF J5 ZE M2 2 i 0k 5 2547 PCA 1o o3 B (K
6). ZIREH ONs A HIEIASH S MEL

BEVESE B D) e JE A7 A S A OGE.  6 i e
Sy A Skt 1 A 2 BB AR B Bt QNs At
B SRS A Y RIS Z REbE A e MR =, e
0XO 5 Shannon 1 OTU 2 & HAHE (P <0.01, r
= -0.980 F1 r = —0.987),5 Simpsoneven £ i
ZERMA (P <0.01, r=-0.99); NO;-N5
Simpsoneven 5 £ &2 2 & i AHE (P < 0.05, r =
-0.958) ; Coverage 8405 Zf b FUky AL 2 A% i 2 1
HHFK(P<0.01, r=—-0.992 Fl r = -0.998) , 1M 5
WP B IEHIDE (P <0.05, r= ~0.998). %t QNs
PR S S TR W e T D 8 36 AR e M f 75,
e TS5 5 B 1 F R | RS 5k
Yk HEZRIhREREIN S CIP B W FE AL (P <0.05,
r=-0.954 il r = —0.983), 5NO, -N& i # 1FH
K(P<0.01, r=0.995 Fl P <0.05, r=0.97T) ; f
S L H5 3 RS IR 5 NO; N5 I S R (P
<0.05, r=10:957) ; AEUA PRI I
§18 SR F A RE AP FLU 52 b . G (P
<0.01, r =0, 997 )5 NHY N5 4 iz R
S . T A S A R L SR e P <
0.05, r=0:963 Fl r £0.983) ; %E*j%_éﬂﬁlﬂ’giéz‘jl%[
UL Pz, A A T RS R
U P <0105, r="10.964 il r= ~0.979) "
S QNS f A S B FRAL B AR BRI T

{5 B R AL R ST VIF J7 2%

R Rk 22 B0 8 J5 10 3R 5% B 5 A W B R AT
Pearson fHIPEMT (E 7). ZER R ,QNs, TP F1+
R 5 £ 5eh KR YRS B B A G
. Horp CIP 5828 405 ] ( Patescibacteria ) A1 J& B
BT B FEIEME (P <0.05, r =0.601 Fl r =
0.580) , 1M 5 PEM T ( Verrucomicrobiota ) 5 i 2 11
AX(P<0.05, r=—0.653); TP S5 THIZE
FFET] ( Bacteroidota ) 2 . 3 IEAH X (P <0.05, r =
0.582 Ml r = 0.608); Hb ki 5 ZF Ml B [
( Gemmatimonadota ) % . & 1A & (P <0.05, r =
—0.601) , ik 5 H 5 W2 IEA O (P <0.05, r =
0.612). lt#k,QNs, TP, NH, -N, NO; -N, NO, -NA
TR JE AT YRR A A ) 2 A G n
0XO, FLU, NO; -NFHINO, N5 Roseiflexaceae 5 1.
FEHMMIE(P<0.05, r=-0.645, r= —-0.831, r =
—-0.762F1 r = —0.654) ,FEWIE 7(b).

3 it
3.1 FREMET 4 QNs 153K 5P

BEHE R B QNs I &, A R BT 4 HE p L
w(NOR) & (FH1H K 91.99 pg-kg™), Hik Hh
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Fig. 6 Principal component analysis (PCA) among QNs, physicochemical parameters, microbial diversity index,

and functional genes in soil of Shijiazhuang City
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Fig. 7 Correlation analysis between QNs, main physicochemical parameters, and microbial community composition in soil of Shijiazhuang City



4692 ®

B 43 %

ENR Al CIP, X 5 O 4 MBFsE 45 R — 3, nlfig 5
NOR 7 -3 s i o Wi B 0 R 0 563,
KM, Ghirardini %5 AURF5E 2 1 ENR 24 2600 AN
A PR AR op S e = 1K) QNs, 1 AR 4 0 (ENR)
BARCFEIME N 4.476 ng-kg™') , Vb AR IE T K
b A 7= 3 Bl A 2R A it gD B A, S3 X @
(ONs) FH4E KT 300. 0 pg-kg ™", HAZ T B
i B3 T 83 IX 3, B ONs B9 & & A
Al AES 25 Al A %

BRI AR ETT X A o (B QNs) %
FCEYIME M 313.5 pg-kg ™), & 8K & T R AL
AE b X B A6 SR I EEAR R 0| IR T
A, AR BV S O (R 3) e

HE MK H o (B QNs) F ¥ H N 169.3
pg-kg VNS A 3 P w (B QNs) S (E
M 62.50 pg - kg™ T AR BUM BE R 2k L+ 4
(5 QNs) FHME H 50. 06 wg-kg 17 111 V5 g HiL X
T 4 QNs B AR, 40 L BH RS M - 1
(B QNs) FEHEAL K 15.20 pg-kg ' " ONs 7E
T - 2 (8] 25 53 0T B 5 Y Mo AR ROl i
A, 112013 4EFR [E L (6 700 t) FIFEZR (7290 t)
HIX 1 QNs fif F &z = TAE R HLIX (1970 t) AP
FAHLIX (3 850 1) " 1A 58 HE T AR b Al X L 7
il 23R, T BRSPS W R A 7
i, SR XMt RS e R e T HE
HoIX.

£3 RETRBXTER QNsHEE

Table 3 Detection content of QNs in soil from different regions of China

. - Kt a R BRI B s o e
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st ND ~32/03 5.920 il ] ("37‘.;1; .
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A Z et i e O =Yg 6250 /g |~ F ] % o
- iy #19(10 ~802.0 144.0 g | S (10T
~ L WHTT J 002700 ~45.70 8.970 ' A 431
-~ ) ‘ LR I ND ~209.6 49.77 e [44]
‘.? ﬁég ¥ ‘fzr;mn 0. 4600‘255".:2.'(”):'__,:"" 14.00 iy [45]
W P EM 5.110 ~272.9 50.06 E2) (467
i JUHRASE 0 ~554.1 50. 23 M [10, 47]
P St S 0.3100 ~32.75 5. 130 A H [41]
] — 15.20 3 [10]
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