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Influence of oxytetracycline exposure on antibiotic resistant bacteria and enzyme

activities in wheat rhizosphere soil
ZHANG Hao, ZHANG Lilan, WANG Jia, ZHU Kongfang, WANG Hongtao, YANG Qingxiang”

College of Life Sciences, Key Laboratory for Yellow River and Huai River Water Environment and Pollution Control, Ministry of Education, Henan Normal

University , Xinxiang 453007, China

Abstract: Oxytetracycline is a tetracycline that is widely used to treat animals during poultry farming in China.
Approximately 25% to 90% of antibiotics administered to animals are subsequently excreted, after which they enter the soil
as manure. Due to the persistence and accumulation of such antibiotics in soil, oxytetracycline pollution may lead to a series
of changes in soil microbial concentrations, microbial species, microbial antibiotic resistance, microbial community
structure, and soil enzyme activities. In this study, relationships between antibiotic exposure dosages and the
concentrations, species and distribution characteristics of antibiotic resistant bacteria and the activities of soil enzymes in
wheat rhizosphere soil were investigated. To accomplish this, isolation and liquid cultivation methods were employed in the
presence of different exposure dosages of oxytetracycline. Exposure to various concentrations of oxytetracycline resulted in a
significant increase in the concentrations of oxytetracycline resistant bacteria to one to three times that of control samples that
were not exposed to antibiotics. Exposure also led to an increase in the concentration of oxytertracycline-streptomycine

double resistant bacteria to one to two times that of control samples that were not exposed to antibiotics. Additionally, the
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majority of double resistant bacteria (60% —80% ) were colored bacteria. As the microbial community structures changed
in response to oxytetracycline exposure, the activities of some soil enzymes such as alkaline phosphatase, acidic phosphatase
and dehydrogenase in the wheat rhizosphere decreased; however, there was no clear relationship between the change in
enzymes and oxytetracycline dose. A total of 50 strains of dominant antibiotic resistant bacteria were isolated from wheat
rhizosphere soil samples treated with different doses of oxytetracycline. These bacteria were assigned to five groups,
Actinobacteria, Bacilli, Alphaproteobacteria, Gammaproteobacteria and Sphingobacteria, based on morphological
observations, RFLP grouping and their full length 16S rRNA gene sequences. Among them, Actinobacteria (15 strains)
was the most commonly observed genus, accounting for 30% of the total antibiotic resistant isolates. This was followed by
Bacillus sp. (9 strains) and Pseudomonas sp. (8 strains), which accounted for 18% and 16% of the total antibiotic
resistant isolates, respectively. Additionally, several important human opportunistic pathogenic bacteria with antibiotic
resistance were frequently isolated from antibiotic treated soil, including Pseudomonas sp., Sphingomonas sp. and
Stenotrophomonas sp. , which accounted for 16% , 8% and 4% of the total resistant isolates, respectively. Moreover, the
dominant bacteria with antibiotic resistance in the wheat rhizosphere were Bacillus sp.. These organisms were generally
isolated from samples of soil that had been treated with low doses of oxytetracycline (0, 100 wg/L) , while very few were
isolated from samples of soil that had been treated with 2000 pg/L. Taken together, these findings suggest that exposure to
high concentrations of antibiotics would inhibit the wheat growth—promoting bacteria in the rhizosphere, thereby indirectly
inhibiting the growth of wheat. Conversely, human opportunistic pathogenic bacteria with antibiotic resistance
( Pseudomonas sp. , Sphingomonas sp. and Stenotrophomonas sp. ) were generally isolated from soil samples treated with
high doses of oxytetracycline exposure (2000 wg/L). These antibiotic resistant opportunistic pathogenic bacteria and their

antibiotic resistant genes pose a risk because they have the potential to spread within plants and humans.
Key Words: wheat; rhizosphere; antibiotics; resistant bacteria; oxytetracycline; soil enzyme
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Table 1 Properties of 50 strains oxytetracycline-streptomycin resistant bacteria isolated from wheat rhizosphere

Hi' [::L7S IS WG LA Figm JERL RFLP /3¢H
Number Strain Cell shape Colony color Gram stain Spore stain Plasmid Group of RFLP
1 0-1 SRR H — — — B
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17 0-17 BRAR H + - - D
18 100-1 BRAR = - - + H—
19 100-2 BRIk B + - - I
20 100-3 [ERIN TR + + + F=
21 100-4 BRIk Skl — - - E
22 100-5 FRAR FEH A, + + + F=
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Fig.3 Phylogenetic analysis of 14 strains of antibiotic resistant bacteria isolated from wheat rhizosphere
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Pseudomonas resinovorans strain( EU019983 ) BRI M AHALL, 55 4 #85 1 Bk R K E W RER HEBZE I Pseudomonas
pseudoalcaligenes( AB109887 ) RIE—L) , 7340 2 BRI 5 1 #R MG &A1 b5 G4 1) 38 43 #5119 Stenotrophomonas
sp. AGL 1(EUL18770) Fbkii%

AN, AT Alphaproteobacteria 2R H Y 2000-3 (fXFRIEH A 19 4 NEEFE ) SR Mesorhizobium genosp.
U(Z94819) IARMIME S iy, X R 5 S RHE Y384 - BA7 B AURE 51 °Y 52000-20 (1R R AL G 19 4 A HIHR) 5
— Wk & R 4B i A 9P ) Sphingomonas sp. EMO332( EU448286 ) HLAT fe KA I

BARO0-1 (FRFEA B 3 DNEHK) 5N EKRRBRIRAG 1, B A YA A AE B Sphingobacterium
multivorum iso( AY787820) ' 54k 5 R filt , ¥ il T #-AL A Y Sphingobacteria 258E

EEFERNE, BN/ NERBRIUERE T, A 8 Bk Pseudomonas J& .4 ¥ Sphingomonas J& F1 P #k
Stenotrophomonas J& AN , 535 i U R B 16% 8% F1 4% 1 I A & 4 22 Fb 40 T AT 2 B 4R0E A X AR B
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Bacillus J& 4T T ZRIRTHUAE R B E A ARX AR (0,100 pg/L) BIFE S, 17 2000 /L 475 3 40 BEARE
W Bacillus JRPUHEAN R AP $7n BRI A PR 3R 38 R 50 AR 3R s VR B AR T BB ) /N A2 AR B {2 A
RS, s A AR K, S MBS S B, B A HL S B MR Pseudomonas | Sphingomonas
HiStenotrophomonas Jg& A T 32 % K YR F2000 e/ LA 75 58 85 WO RE &, 33X 28] DLUFE AH P AR s A0\ A4 410 Jifd [) 4%

R2 SOMAMEARETRLIBERNETHMESH

Table 2 Distribution of 50 strains resistant bacteria under different dosages of oxytetracycline

TRRBENE (pg/L)
exposure dosages )& Species
of oxytetracycline

Streptomyces microflavus(0-3, 0-7, 0-13) \Nocardia asteroides(0-8 ,0-16) Microbacterium(0-17) | Bacillus(0-2,0-6,
0 0- 14 ) | Brevibacillus (0- 9, 0- 10 ) | Pseudomonas resinovorans ( 0- 5) | Pseudomonas pseudoalcaligenes (0- 15) |
Mesorhizobium genosp(0-4,0-12) Sphingobacterium multivorum(0-1) \Sphingomonas(0-11)

Oerskovia xanthineolytica(100-2) | Bacillus (100-3,100-5,100-6,100-7) | Pseudomonas pseudoalcaligenes (100-1) |

100
Stenotrophomonas(100-4) | Sphingomonas(100-8)

Streptomyces microflavus (2000-8 , 2000-13) \Nocardia asteroides (2000-7) |Oerskovia xanthineolytica(2000-9 ,2000-
24) Microbacterium (2000-1,2000-19, 2000-23) | Bacillus (2000-15,2000-22 ) | Brevibacillus (2000- 12 ,2000- 16,

2000 2000-17) ,Pseudomonas resinovorans(2000-5,2000-6,2000-11) | Pseudomonas pseudoalcaligenes(2000-4,2000-10) |
Stenotrophomonas(2000- 18 ) \Mesorhizobium genosp (2000-3,2000-21) | Sphingobacterium multivorum (2000-2,2000-
14) Sphingomonas(2000-20,2000-25)
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Fig.4 Enzyme activities of wheat rhizosphere soil under exposure of various dosages of oxytetracycline
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