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ABSTRACT

Florfenicol has a significant therapeutic effect on animal bacterial diseases, most of metabolites enter
the soil in the form of metabolites in feces or urine and pollute environment. Soil ecological model was
established by experiment to investigate the effects of florfenicol residues in soil on 16S rDNA sequence
diversity of phosphorus-solubilizing bacteria. Five different concentrations of florfenicol (0 mg-kg', 0.1
mg-kg', 1 mg-kg', 10 mg-kg' and 100 mg-kg™") were used to collect soil samples on the 7 d, 21 d and 49
d after dosing. The effects of florfenicol on 16S rDNA sequence diversity of soil phosphorus-solubilizing
bacteria were determined by amplifed ribosomal DNA restriction analysis (ARDRA) and enterobacterial
repetitive intergenic consensus-polymerase chain reaction (ERIC-PCR) method. The results showed that
the number of Operational Taxonomic Units (OTUs) types decreased with the increase of florfenicol
concentration, and the percentage of OTUs number to bacteria were the lowest at 100 mg-kg™! florfenicol
concentration after 21d treating, which was 8.33%. The phosphorus-solubilizing bacteria were amplified
by ERIC-PCR after 21d treating, the fingerprint type of ERIC-PCR decreased with the increase of drug
concentration, and the diversity index of the drug group was significantly lower than that of the blank
control group. This indicated that florfenicol had an effect on the dominance, richness and evenness of soil
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INTRODUCTION

he soil microbial species are large and complex

extremely. Phosphorus-solubilizing bacteria as one
of the functional microbial groups, which can secrete a
variety of organic acids and enzymes to convert insoluble
phosphates into usable form (Alori et al., 2017), thus
promoting the growth and development of plants and being
an important member of the soil phosphorus cycle (Kannan
et al., 2021). The distribution and quantity of phosphorus-
solubilizing bacteria are related to plant species, soil
environment and human disturbance. The microorganisms
with phosphorus-solubilizing ability included bacteria,
fungi and actinomycetes, and more than 20 genera of
phosphorus-solubilizing bacteria had been Areported,
and the species and quantity of bacteria accounted for the
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majority among them (Sharma et al., 2013). In recent years,
the diversity of soil microbial community structure had
been destroyed seriously by the extensive use of antibiotics
(Kotzerke et al.,2011; Liao et al.,2019). t present, isolation
and identification of bacteria, phosphorus-solubilizing
ability and plant growth are focused on the studies about
phosphorus- solubilizing bacteria (Parastesh ef al., 2019),
however, there are no reports on the impacts on the impact
of antibiotics on the community structure of phosphorus-
solubilizing bacteria.

Florfenicol has a significant therapeutic effect
on animal bacterial diseases in livestock, poultry and
aquatic animals (Dinos et al., 2016). It is often applied
in veterinary clinic as veterinary antibiotic. In 2013,
the widespread use of florfenicol in China reached
nearly 10,000 tons, ranking second among all veterinary
antibiotics (Zhang et al., 2015). However, florfenicol
may be causing pollution, because of difficult to be
completely digested and absorbed, and most of it will
enter the soil environment in the form of metabolites in
feces or urine. Zong et al. (2010) believed that florfenicol
residue could lead to changes in microbial communities
in the environment, florfenicol was detected in 6 of 11
seawater samples affected by aquaculture discharge, with
concentrations of 64.2 ug-L!, 390.6 ug-L!, 1.1x10*pg-L-
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1,29.8 ug'L', 61.6 pg-L", 34.9 pug L', respectively. It has
been reported that florfenicol degrades slowly in soil, such
as Xu added 5 mg-kg'florfenicol to three kinds of soil (soil
from nanchang, hangzhou, changchun) after sterilization
and sterilization, respectively. The degradation rate of
florfenicol in unsterilized soil was close to 100% after 60
days, florfenicol was more stable in neutral soils than in
acidic or alkaline soils, with half-lives of 8.1 d, 7.0 d and
8.5 din three soils (Nanchang, Hangzhou and Changchun),
respectively (Xuetal.,2015). Currently, florfenicol affected
the phosphorus-solubilizing bacteria community structure
was unclear. In this experiment, soil ecological model was
established and phosphorus-solubilizing bacteria were
isolated. ARDRA and ERIC-PCR were used to investigate
the effects of florfenicol residues on the diversity of 16S
rDNA sequence of phosphorus-solubilizing bacteria, in
order to provide a theoretical basis for the ecological risks
caused by antimicrobial residues in the environment.

MATERIALS AND METHODS

The selected soil

The source of the soil was high-quality brown and
yellow soil with a depth of about 20 cm in the campus
of Guangdong Ocean University, fertile and suitable
for growing vegetables and flowers and other plants,
no veterinary drug residue. The physical and chemical
properties of soil were as follows: PH 5.42, Alkali-
hydrolyzed nitrogen 22.16 mg-kg'!, Salinity 88 us-cm’,
Total nitrogen 0.55 mg-kg!, Available potassium 263.25
mg-kg'!, Available phosphorus 46.80 mg-kg'!, Organic
matter 10.97 mg-kg.

Drug and reagents

Florfenicol (Content of 98%) was provided by
Shandong Guobang Pharmaceutical Co., LTD. (Batch
number: 701-2005101). Inorganic phosphorus liquid
culture medium and solid culture medium (PVK) were
purchased from Qingdao Haibo Biotechnology Co.,
LTD. LB medium was purchased from Beijing Lugiao
Technology Co., LTD. Premix LA Taq™ Version 2.0,
DNA Marker, restriction enzyme Msp I and Afa I were
purchased from Takara. The primers were designed and
provided by Sangon Bioengineering (Shanghai) Co., LTD.

Soil treatment and sample collection

The collected fresh soil was dried and filtered through
a 4 mm-sieve in the shade. The soil divided into 5 groups,
3 replications were performed for each treatment. The
soil samples were treated with florfenicol to 0 mg-kg?!,
0.1 mgkg!, 1 mgkg!, 10 mgkg' and 100 mg-kg!,
respectively. Soil moisture content was adjusted to 50%,
which was the maximum water holding capacity in the

field and cultured at 26 C. Soil samples were collected
from each group on day 7, 21 and 49 after dosing, and
bacterial suspension was prepared by 10-fold dilution
method.

Bacterial suspension was coated on PVK solid
medium, and cultured at 32°C for 3 days. Single colonies
with transparent phosphorus-soluble cycles were selected
and inoculated in LB liquid medium at 32°C and 180 rpm
for overnight, then stored at -20 ‘C with 30% glycerol.

DNA template preparation

The phosphorus-solubilizing bacteria were inoculated
into 2 mL of LB liquid medium, cultured at 30C for 18
h with shaking at 180 rpm. Following centrifugation at
12000 rpm for 5 min, the supernatant was discard and 1
mL sterile water was added, centrifuged at 12000 rpm for
5 min after mixing fully. Finally, 100 pL deionized water
was added and boiled at 100C for 10 min, placed on ice
for 3 min, centrifuged at 12000 rpm for 5 min, supernatant
was absorbed and stored at -20 C in a new centrifugal tube.

PCR amplification of 16S rDNA

The following universal primers were used.
27 F:  5-AGAGTTTGATCCTGGCTCAG-3’ and
1492 R: 5’-ACGGTTACCTTGTTACGACTT-3".
A total of 15 pL reaction including 7ag polymerase 13
pL, primers 0.5 pL for each and DNA 1 pL was set up
with the reaction parameters of 94°C 5 min, 30 cycles of
94C 30 sec, 56C 30 sec, and 72C 45 sec, followed by
extension for 10 min. PCR product was visualized after
electrophoresis.

Digestion of the PCR product

Restriction enzymes Msp I and Afa [ were used for the
digestion of the PCR product with the following reaction.
PCR product 8 uL, Msp I 1 pL, Afa I'1 pL, 10xbuffer 2 pL,
0.1%BSA 2 pL and deionized water 6 pL. After incubation
at 37C for 3 h, 10xloading buffer was added to terminate
the reaction, and electrophoresis at 1.8% agarose was
performed before imaging.

ERIC-PCR fingerprint analysis

ERIC specific primers were used.
F: 5’-ATGTAAGCTCCTGGGGATTCAC-3’ and
R: 5’-AAGTAAGTGACTGGGGTGAGCG-3".

A total of 20 pL reaction including Premix LA Tag pol-
ymerase 10 pL, primers 1 pL for each, DNA 2 pL and
ddH,O 6 uL was set up with the reaction parameters of
94°C 5 min, 30 cycles of 94C 30 sec, 56 C 30 sec, and
72C 45 sec, followed by extension for 10 min. PCR prod-
uct was visualized after electrophoresis. The amplification
bands of each sample were counted.

The community structure diversity of phosphorus-
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solubilizing bacteria was analyzed by ERIC-PCR
fingerprint, and the diversity was measured by the
following indicators:

(1) Shannon-Wiener index (H"): ni represents the
number of individuals of the 7 species, N represents the
total number of all individuals.

H’=—ZS:P11nP, P i

(2) Simpson index (D):

D=1—ZP.2

i
i=1

(3) Margalef index (dMa): S represents the number of
species in the community.

d‘/fa = u

(4) Pielou index(Jsw): H_ is the maximum species
diversity in the community.

__H
B Hum=InS

RESULTS

ARDRA analysis

A total of 826 phosphorus-solubilizing bacteria were
isolated from soil. PCR amplification of 16S rDNA of
phosphorus-soluble bacteria and enzyme digestion of PCR
products, ARDRA types can be obtained, and different
ARDRA types were derived from different Operational
Taxonomic Unit (OTU). Part of the ARDRA atlas was
shown in Figure 1. The number of OTUs obtained after
enzymatic digestion by phosphorus-solubilizing bacteria
was shown in Table I.

The number of OTUs types decreased gradually
on day 21 and 49 after dose-adding. When the drug
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concentration was 100 mg-kg', the percentages of OTUs
and bacteria were the lowest in the group, which were
8.33% and 9.26%, respectively. After 21 days of treatment,
the percentages of OTUs and bacteria were 10.53%, 8.47%
and 8.33% in 1, 10 and 100 mg-kg! groups, respectively.
The sampling time point at which drugs had the greatest
influence on phosphorus-solubilizing bacteria ARDRA
type was 21d among them.

1000
700

-

M, 1000DLmarker.1-10, partial enzyme digestion types of phosphorus- solubilizing bacteria.

Fig. 1.
bacteria.

Types of ARDRA of phosphorus-solubilizing

ERIC-PCR fingerprint analysis

ERIC-PCR was used to amplify phosphorus-
solubilizing bacteria on day 21 after dosing, and the
fingerprint of bacterial genome structure was obtained.
The results of ERIC-PCR amplification and diversity
index were shown in Table II. As the concentration of
the drug increases, bacteria and types of ERIC-PCR both
declined, group I was 65(30), group II was 49(19), group
IIT was 57(18), group IV was 59(14), group V was 60(9),
respectively. The Margalef index, Shannon-Wiener index,
Simpson index and Pielou index all decreased significantly.

Table I. Analysis of ARDRA patterns of 16S rDNA gene of soil phosphorus solubilizing bacteria.

Concentration 7t d 21t d 49" d

(mg-kg") Bacteria OTUs OTUs/ bacteria Bacteria OTUs OTUs/ bacteria  Bacteria OTUs OTUs/ bacteria
0 61 8 13.11 65 8 12.31 49 6 12.24

0.1 59 8 13.56 49 5 10.20 50 5 10.00

1 61 7 11.48 57 6 10.53 56 6 10.71

10 48 5 10.42 59 5 8.47 50 5 10.00

100 48 6 12.50 60 5 8.33 54 5 9.26

Table II. Diversity of ERIC-PCR patterns of soil phosphate-solubilizing bacteria after dosing for 21d.

Concentration Bacteria Types of ERIC- Margalef index (d,, ) Shannon-wiener Simpson Pielou index
(mg-kg") PCR index (H") index (D) Jd.)
0 65 30 6.95 3.12 0.96 0.92
0.1 49 19 4.63 2.59 0.82 0.88
1 57 18 4.20 2.11 0.78 0.73
10 59 14 3.19 1.62 0.59 0.61
100 60 9 1.95 0.98 0.39 0.45
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DISCUSSION

ARDRA analysis has been widely used in the study of
environmental microbial diversity, which for the analysis
of microbial diversity by using restriction endnuclide
enzyme digestion of 16S rDNA fragments (Kirk et al.,
2004). Recently, Didari et al. (2020) isolated 87 strains
halotolerant bacteria from a seasonal high salt lake in
Iran, and identified 30 bacterial species by using ARDRA
analysis. Wu et al. (2018)isolated 1081 endophytic bacteria
from the roots, stems and leaves of Dendrobium nobilis
from three sample sites in Guizhou, and identified 41
OTUs using ARDRA analysis method. In this experiment,
ARDRA analysis was used to classify 90 OTUs from 826
soil phosphorus- solubilizing bacteria.

Antibiotic residues in the environment would
increase the risk of resistance, and the increase in
antibiotic concentrations and types may also change the
structural diversity and function of microbial communities
(Proia et al., 2013). Microbial activity was significantly
affected even at very low antibiotic concentrations
Xu et al., 2021). Girardi et al. (2011) explored the
degradation of ciprofloxacin in water and soil, and found
that ciprofloxacin could significantly inhibit microbial
activity and affect microbial community structure, and
the inhibition effect in water environment was stronger
than that in soil environment. Zou et al. (2018) applied
aureomycin mixed with pig manure into soil and found that
the relative abundance of dominant bacteria and microbial
community structure in soil would be changed. Toth et
al. (2011) found that sulfadimethazine could periodically
inhibit soil nitrification, and microbial activity would also
be significantly affected. In this experiment, different
concentrations of florfenicol were added into soil, and it
was found that with the increase of drug concentration
and the extension of action time, the number of OTUs
types of phosphorus-solubilizing bacteria decreased
gradually. At the florfenicol concentration of 100 mg-kg™,
the percentage of OTUs and bacteria was the lowest at
8.33% after 21 days of treatment. The results showed that
high concentration of florfenicol inhibited the activity
of phosphorus-solubilizing bacteria in soil, and thus
weakened the diversity of bacteria community.

ERIC-PCR amplification was performed on
phosphorus-solubilizing bacteria after 21 days dosing. It
was found that the higher the florfenicol concentration, the
lower the Margalefindex, Shannon-Wiener index, Simpson
index and Pielou index, presenting a dose-dependent
effect. Fan et al. (2018) explored the effects of colistin
sulfate on the genetic diversity of soil denitrifying bacteria
nirS and nosZ, and found that the higher the colistin sulfate
concentration, the lower the overall diversity of microbial

community. Zhang et al. (2014) explored the impact of
roxarsone residue on soil microbial community and found
that the higher the concentration of roxarsone in soil, the
more significant the impact on the structural diversity
of soil microbial community.The results showed that
under the stress of florfenicol, the community structure
diversity of phosphorus-solubilizing bacteria decreased,
and the diversity index analysis showed that florfenicol
had an effect on the dominance, richness and evenness of
phosphorus-solubilizing bacteria community.

Phosphorus-solubilizing bacteria are important
microorganisms in phosphorus cycling, which can
decompose insoluble phosphate in soil and provide available
forms of phosphorus for plant growth and development.
However, some studies have found that the phosphorus
solubilizing ability of the bacteria become weakened, and
some even lose the phosphorous solubilizing ability after
rifampicin treatment (Zhang et al., 2015). Veterinary drugs
containing heavy metals, such as arsenic preparations,
which have an inhibitory effect on soil phosphorus
solubilizing bacteria (Van et al., 1976). Florfenicol reduced
the community diversity of phosphorus solubilizing
bacteria in soil, and affected the dominance, richness and
evenness of phosphorus solubilizing bacteria community.
Whether it affected the phosphorus solubilizing ability of
bacteria needs to be further explored.

CONCLUSION

To summarize, based on the findings of the above
experiments, this study obtained 826 phosphorus-
solubilizing bacteria from soil. The results of ARDRA
analysis showed that high concentration of florfenicol
inhibited the activity of phosphorus-solubilizing
bacteria, and weakened the diversity of bacteria. ERIC-
PCR fingerprint analysis showed that florfenicol stress
reduced the diversity of phosphorus-solubilizing bacteria
community structure, and diversity index analysis showed
that florfenicol had an effect on the dominance, richness and
evenness of phosphorus-solubilizing bacteria community.
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