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Community structure of lactic acid producing bacteria in the guts of
freshwater shrimps
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Abstract: The lactic acid producing bacteria (LAB) play a crucial role in the health of aquatic animals through controlling and competing
against pathogens. In this study, based on the high-throughput sequencing of 16S rRNA gene amplicons, we examined the LAB in the gut of
freshwater shrimps (Macrobrachium nipponense) and their living environments (sediment and pond water) and analyzed the correlations
between the shrimp production and abundance of LAB. A high diversity and abundance of LAB (27 genera) were observed among the
freshwater shrimp gut samples, and the results indicated that dissolved oxygen and temperature could affect the LAB community in the
shrimp guts. In addition, shared and unique LAB among the shrimp guts, sediment and pond water were further analyzed. Linear regression
analysis showed that the relative abundance of LAB was positively correlated with the levels of shrimp production. Moreover, comparison of
the LAB community among different animals indicated that some LAB in shrimp guts may also play a beneficial role in fish, houseflies,
pig and other animals. Collectively, this study provides comprehensive information for better understanding LAB in shrimp guts and their
environments and further improving the ecological management of aquatic ecosystems regarding the application of probiotics and disease
prevention.
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of various diseases has become a significant limiting factor
of the commercial aquaculture (Bachere, 2000). Probiotics
have been shown to have an important role alternative to
chemicals and antibiotics in aquaculture (Yu et al., 2005).
Potential probiotics could be obtained from various sources
such as the gastrointestinal tracts, mucus of aquatic animals
(Newaj-Fyzul et al., 2007; Tapia-Paniagua et al., 2012),
commercial products (Suzer et al., 2008) or isolated from
the aquatic environments such as water or sediment (Van
Hai et al., 2007). As candidate probiotics, LAB have
been widely used in aquaculture toimprove fish health.
For instance, some attempts have been made to increase
the abundance of Carnobacterium and Lactobacillus in
the gastrointestinal tract of fish (Ringo et al, 1998). In
addition, some LAB isolated from fish digestive tract were
considered as allochthonous probiotics, and used as potential
probiotic bacteria to enhance immune system by coloniz-
ing the intestine of rainbow trout (Nikoskelainen et al., 2003).

1 Introduction

Lactic acid bacteria (LAB) are a group of Gram-positive,
usually nonmotile, nonsporulating, rod or coccus-shaped
organisms that produce lactic acid as their major or sole end
product during the fermentation of carbohydrates (Ringo et
al., 1998; Von Wright, 2012). These bacteria are widespread
in natural environments, such as oral cavity (Gungor et al.,
2013), skin (Jeong et al., 2016), the gastrointestinal tract
of various animals (Stolaki et al., 2012), milk and dairy
products (Lee et al., 2013), seafood products (Ghanbari et
al., 2013), meat (Egan, 1983) and so on. In recent years,
LAB are have attracted growing attention because of their
potential usage as safe additives for preservation of food
products (Pothakos et al., 2014) and other applications such
as treatment of pathogenic diseases, cancer prevention and
immunity enhancement (Rajoka et al., 2017; Matsumoto et
al., 2009).

Aquaculture has been regarded as a fast-growing industry
and has been rapidly developed with the advance of
cultivation methods. However, the increasing occurrence

As one of the most important commercial aquatic
animals, freshwater shrimp is widely cultured in Asia and
other countries around the world (Rahman et al., 2016).
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Pair-wise comparisons were performed in oriental river
prawns and indicated that probiotics (such as Lactobacillus,
Streptococcus) were the core microbiota, and predicted that
these bacteria may play functional roles in the immune
and digestion systems in shrimp gut (Tzeng et al., 2015).
Although this study provided important clues about the
probiotics in freshwater shrimps, the detailed information of
LAB in freshwater shrimps and their living environment still
remain unknown. For example, how about the diversity and
abundance of LAB in shrimp gut, pond water and sediment?
How do environmental factors affect the LAB in shrimp gut?
How about the relationship between the shrimp production
and the LAB community? Answering these questions
may improve our understanding of the use of probioticsin
freshwater shrimp farming.

In this study, high-throughput sequencing of the 16S rRNA
gene was applied to characterize LAB diversity and abun-
dance in the gut of Macrobrachium nipponensis and their
living environments (sediment and pond water). Our re-
sults revealed high diversity of LAB in the gut of freshwater
shrimp its association with the LAB in sediment and pond
water. We also analyzed the shared and unique LAB among
the shrimp gut, sediment and pond water,and evaluated re-
lationships between LAB and environmental factors. More-
over,the possible correlation between the shrimp production
and abundance of LAB was also revealed.

2 Materials and methods

2.1 Sample Sites and Sample Collection

Shrimp samples (M. nipponense) were obtained from
25 shrimp ponds at five different shrimp farms (LY, SZ,
WX, XH and YZ) in Jiangsu, China between March and
September of 2016. Sediment and pond water from each
shrimp pond were also collected. At each farm, 20 shrimps
were collected from three different ponds and transported
to the laboratory within 4 hours for dissection. One liter of
pond water sample was collected from the center of each
pond at a depth of 10 cm, and five sediment samples were
collected from each shrimp pond (one from the center and
the other four from the four corners of each pond) and
transferred to sterile polyethylene bottles. Sediment samples
from one pond were mixed well to form a single sample
(approximately 200 g). After dissection, the gut contents of
the shrimps from each pond collected at each sampling time
were pooled for DNA extraction. For pond water, 200 ml
of each sample was filtered through a 0.45 um-pore size
membrane to collect bacteria. After pretreatment, all of
the samples (shrimp gut contents, membrane filtrates and
sediments) were collected and stored at -80 °C until DNA
extraction.

Total organic carbon (TOC), total nitrogen (TN) and total
phosphorus (TP) in the pond water were analyzed according
to the standard methods (APHA, 2012). Water temperature,

pH and dissolved oxygen (DO) were measured with portable
meters (Table 1).

Table 1. Information of the shrimp samples and detected water quality
parameters (pH, T, DO, TN, TP, TOC). Sampling was performed at
different sites separately in March, April, May, June, July and September.

Total
Dissolved  Total Total

Shrimp Sampling pH  Temperature organic
qample i fime e oxygen  nitrogen  phosphorus
(DO) = (TP)

(TOC)
sl LY April 7.94 2134 7.81 3.44 0.11 21.57
s2 LY April 8.56 22.10 7.92 1.86 020 15.37
s3 LY April 837 21.49 8.01 2.10 0.10 12.35
s4  PK June 7.31 20.52 229 056 0.79 13.45
S5 PK June 7.50 19.94 4.01 0.40 0.98 16.71
s6  PK June 7.75 20.26 4.05 059 0.82 17.13
s7 LY  Mach  5.08 1437 7.64 033 3.06 18.62
S8 LY  March 858 16.89 771 0.13 1.56 11.52
s9 LY  March 858 16.89 771 0.12 1.56 11.52
SI0 LY  March 852 15.72 829 0.19 197 14.96
SII LY September 7.11 23.66 7.1 0.65 231 19.71
SI2 LY September 8.8 26.04 4.97 0.60 1.98 19.10
SI3 LY  September 855 25.15 5.03 049 176 23.40
SI4  YZ September 8.12 24.67 831 1.03 0.05 11.43
SIS YZ September 831 23.94 7.87 L12 0.1 16.12
SI6  YZ September 7.54 25.85 7.09 139 0.09 13.42
S17 YZ  April 9.04 19.82 452 051 0.06 16.64
SI8  YZ  April 7.97 20.84 5.00 045 0.03 13.37
S19  YZ  April 851 18.72 429 059 0.07 14.96
$20 WX April 8.04 20.17 636 1.06 0.14 23.82
s21 WX April 8.56 20.58 7.63 1.02 0.09 53.32
$2 WX April 837 21.49 8.01 2.10 0.10 32.35
s23 LY April 8.56 221 7.92 1.86 0.20 1537
s24 LY April 837 21.49 8.01 2.10 0.10 12.35
s25 LY May 821 18.54 542 0.02 188 2236
$26 LY May 831 21.86 520 0.05 L18 13.09
s27 LY May 821 18.54 542 0.02 188 2236
S8 LY May 858 17.03 5.46 0.02 0.89 12.62
$29  PK June 7.64 20.16 225 043 0.87 13.73
$30  PK June 7.53 2024 3.1 047 0.82 19.41
s31 PK June 7.59 2020 4.03 039 0.80 16.34
$32 YZ July 837 30.66 6.86 110 121 2342
$33 YZ Tuly 849 30.50 7.32 0.76 1.09 20.13
s34 YZ Tuly 7.79 30.54 517 061 0.98 18.79
S35 YZ July 7.11 29.37 7.1 097 0.95 1631
S36  YZ July 828 28.89 4.97 201 130 18.91
$37 sz April 7.97 23.00 8.02 2.80 0.03 3237
s sz April 7.89 2328 7.93 137 0.05 29.79
$39  XH  April 7.48 20.01 2.81 430 0.07 28.79
S40  XH  April 7.33 21.86 312 4.00 0.06 26.98

2.2 DNA Extraction, PCR and Bacterial 16S
rRNA Gene Sequencing

DNA was extracted from the sediment, gut contents and
pond water samples using the Fast DNA SPIN Kit for Soil
(MP Biomedicals, CA, USA). The concentration and qual-
ity of the extracted DNA were checked using a NanoDrop
2000 (NanoDrop Technologies, Willmington, DE, USA) and
agarose gel electrophoresis. V3-V4 hypervariable regions
of the 16S rRNA gene was amplified by universal bacterial
primers 341F (5°-CCT ACG GGN GGC WGC AG-3’) and
806R (5’-GGA CTA CHV GGG TWT CTA AT-3’). The
PCR amplification was conducted in a reaction system (30
pL) containing 5 uL of template DNA (50 ng/uL), 2.5 uL of
the forward primer, 2.5 pL of the reverse primer, 5 uL of dd
H50, and 15 L of 2x Phusion ® High-Fidelity PCR Master
Mix with GC Buffer (TransGen Biotech, China). The PCR
condition was as follows: 95 °C for 2 min, followed by 30
cycles of 95 °C for 20 s, 51 °C for 30 s, 72 °C for 60 s, and a
final elongation step at 72 °C for 5 min. The PCR products
were purified with a QIAquick PCR Purification Kit (QIA-
GEN) and quantified on a Qubit 2.0 Fluorometer (Invitrogen).
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The purified PCR products were sent to Jiangsu Zhongyijinda
Analytical & Testing Co., Ltd. for library preparation and
high-throughput sequencing on a Miseq sequencer (Illumina,
San Diego, CA, USA). The sequencing data have been sub-
mitted to Sequence Read Archive database in NCBI under
accession number PRINA381860.

2.3 Sequencing data analysis and LAB iden-
tification

After sequencing, the paired-end reads were joined using
Mothur (Schloss, 2009), and potential chimeric sequences
introduced in the PCR process were then detected and re-
moved using “chimera.uchime” in Mothur. The high-quality
reads were subsequently clustered into operational taxonomic
units (OTUs) at a similarity of 0.97 using the Quantitative
Insights into Microbial Ecology (QIIME) pipeline (Caporaso,
2010). Low-abundance OTUs (<three reads) were regarded
as sequencing noise and removed from further analysis. The
taxonomy of the representative sequence of each OTU was
assigned with the RDP Classifier (Wang et al., 2007). The
OTUs affiliated with the following genera Lactococcus, Ato-
postipes, Eremococcus, Lactovum, Lactobacillus, Lacticige-
nium, Globicatella, Atopobacter, Carnobacterium, Pilibacter,
Melissococcus, Enterococcus, Trichococcus, Streptococcus,
Vagococcus, Abiotrophia, Weissella, Pediococcus, Alloiococ-
cus, Bavariicoccus, Dolosigranulum, Desemzia, Facklamia,
Aerococcus, Isobaculum, Dolosicoccus and Paralactobacil-
lus were identified as LAB according to the previous studies
(Ringo et al., 1998; Ringo et al., 2010; Maeda et al., 2014).

2.4 Statistical analysis

Non-metric multidimensional scaling (NMDS) was per-
formed to evaluate the differences in LAB among the differ-
ent samples based on the relative abundance. The correlation
between the LAB and water parameters were examined using
redundancy analysis (RDA) based on the dominant genera.
NMDS and RDA were performed using the “vegan” package
in R (version 3.2.3). Heatmap was also performed in R (Ver-
sion 3.2.3) with the “gplots” packages. The association and
linear regression analysis between the total abundance of the
LAB and shrimp production was performed using ORIGIN
8.0.

3 Results and Discussion

3.1 LAB in shrimp gut, sediment and pond
water

In this study, a high diversity of LAB (27 genera) was ob-
served in the shrimp guts, sediment and pond water. Fig. 1
illustrates the relative abundance of the LAB that were com-
monly observed in the three kinds of samples. In general,
the community of LAB in the shrimp gut samples showed
a higher level of diversity and abundance than those in the
sediment and pond water samples. The most dominant genus

in the shrimp gut was Lactococcus (2.23+£5.26%), followed
by Lactovum (0.90+2.88%) and Aropostipes (1.54+2.46%).
However, it was also found that the LAB community in the
pond water and sediment differed from the shrimp gut at
different sampling times. In total 18 genera of LAB were
observed in the sediment samples and the three most abun-
dant genera were Lactobacillus (1.03%), Atopostipes (0.71%)
and Lactococcus (0.15%). 16 genera of LAB, including
Atopostipes (1.15%), Lactobacillus (0.37%), Lactococcus
(0.30%), etc., were observed in the pond water samples.

3.2 Share and Unique LAB among the
shrimp gut, sediment and pond water

An NMDS plot (Fig. 2) based on the relative abundance
of LAB was created to compare the similarity of the mi-
crobial community composition in different samples. As
expected, the three kinds of samples (shrimp guts, pond wa-
ter and sediment) were clearly separated and formed three
distinct groups, suggesting that the LAB communities in
these samples were obviously different. However, it was
also found that some LAB were present in all of the three
kinds of samples. The shared and unique LAB were further
analyzed. As shown in Fig. 3, high diversity of unique LAB
was observed in the shrimp gut, indicating that shrimp gut is
a major reservoir of LAB. Seven shared LAB were observed
among the three kinds of samples and they represented 60.98
+ 28.65%, 72.90 + 39.95% and 69.71 + 31.46% of the to-
tal LAB abundances in the shrimp gut, water and sediment
samples, respectively. The two shared genera between the
shrimp gut and water samples accounted for 55.28 + 7.29%
and 7.89 + 21.08% of their total LAB abundances, respec-
tively. And, three genera were shared between the gut and
sediment samples, accounting for 35.58 + 27.23% of the gut
LAB and 19.69 + 29.09% of the sediment LAB. However,
Aerococcus and Dolosigranulum genera were only found in
sediment, and no shared genera between the water and sed-
iment samples were observed. These results demonstrated
that LAB in shrimp guts have certain similarities with those
in sediment and pond water, which indicates that LAB in
sediment and pond water may affect the LAB community in
shrimp guts.

3.3 Relationships between LAB and environ-
mental factors

RDA was used to investigate the relationship between LAB
communities in three kinds of samples and environmental
factors, including water temperature, pH, TP, DO, TOC and
TN. As shown in Fig. 4, two factors, DO and temperature
(T), were found to significantly contribute to the relationship
between LAB community and environmental factors. Many
LAB genera, such as Aerococcus, Dolosigranulum, Vago-
coccus and Trichococcus, were positively correlated with
temperature. It is widely accepted that temperature is an
important factor shaping bacterial community structure in
natural environments (Staley et al. 2015); however, its ef-
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Figure 1. LAB in shrimp guts and the surrounding environment (water and sediment) at different sampling times.
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Figure 2. NMDS plot showing the LAB composition differences among the
three environmental samples.
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Figure 4. Redundancy analysis illustrating the relationships of the water
quality parameters (TP, TOC, TN, T, DO, and pH) (arrows) with the abun-
dance of the major LAB in different samples. Different colors of the symbols
indicate different sampling sites.

3.4 Correlations between the shrimp produc-
tion and abundance of LAB

In this study, we also investigated the relationship between
the shrimp production and abundance of LAB in shrimp gut.
Fig. 5 shows that the relative abundance of LAB was pos-
itively correlated with shrimp production (r? = 0.89). To
the best of our knowledge, this is the first study to quan-
titatively demonstrate the correlations between the shrimp
production and the abundance of LAB, although many stud-
ies have reported that LAB and their metabolic products as
potential probiotics may have effects on the survival, im-
mune response, growth performance and yield of animals.
For instance, the strain Lactococcus lactis D1813, isolated
from Kuruma Shrimp (Marsupenaeus japonicus) intestine,
could significantly increase the resistance to the bacterial
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pathogen in term of better post-infection survival (Maeda
et al., 2014). Streptococcus phocae P180 could enhance the
immune ability of Penaeus monodon and increase the shrimp
production while it was in the pond water and feed (Pattuku-
mar et al., 2014). Enterococcus faecium MC13, isolated
from fish intestine, could abundantly secrete bacteriocin, a
synthetic peptide/protein displaying a broad spectrum of an-
timicrobial activity against pathogenic bacteria (Kanmani,
2011). In addition, Hai systemically reviewed the previous
studies and revealed that LAB and Bacillus spp., as probi-
otics, can control and compete with pathogenic bacteria as
well as to promote the growth of the cultured organisms
in order to increase production yield in shrimp aquaculture
(Hai, 2015). However, another study exploring the effects of
commercial microbial products as probiotics on production
performance and water quality indicated that no significant
differences were found in fish yield and mussel yield even
declined (Zheng et al., 2017). Therefore, further research on
the effects of LAB on pathogens and the yield production
of shrimp is necessary to better understand roles of LAB in
aquaculture.

3.5 Comparing the diversity of LAB in other
animal gut

In this study, we identified 22 LAB genera with high abun-
dance from freshwater shrimp gut. Researchers have also re-
ported that LAB are widely present in other animals. Twenty
LAB Amina were isolated from the gastrointestinal tractof
Atlantic salmon (Staley et al. 2015), and fifty-one LAB
strains, which could be classified into 14 species based on
16S rDNA sequence, were isolated from kuruma shrimp
intestine (Maeda et al., 2014). To compare the LAB commu-
nities in shrimp gut with those in other animals, Table 2 was
summarized from previous studies.

The common dominant LAB presenting within shrimps
and other animals are Lactococcus, Lactobacillus, Ato-
postipes,  Trichococcus, Vagococcus, Streptococcus
Globicatella, etc. For example, our study revealed that
Lactococcus and Lactobacillus are two most dominant
LAB genera, accounting for 2.29% and 0.31% of the total
bacterial population on average, respectively. Other studies

Table 2. A summary of the diversity and character of LAB in other studies.

LAB Abundance Host (Ref.) Function
in this study
Lactococcus 2.285% Humanl®7, chicken (], Enhance the expression of
fish(39 cytokine,phagocytic activity, and
lysozyme activity
Atopostipes 1.544% pig 34, fisht40l Metabolize valine and tryptophan to
BCFA and indole
Lactovum 0.896% Not Found
Lactobacillus 0.307% human ¥, mice (331, Enhance the expression of cytokine,
fish (1] phagocytic activity, and lysozyme activity
Eremococcus 0.066% Not Found
Atopobacter 0.036% Not Found
Lacticigenium 0.047% Not Found
Pilibacter 0.030% termite (42 Not mentioned
Globicatella 0.004% piglets 431, fish [44] Cause meningitis or bacteremiain humans
Trichococcus 0.006% penguin 1% Grow with citrate, I-malate, allantoin and
I-tartrate, and produce acid from mannitol.
Carnobacterium 0.004% pigs 151, fish (1] Pathogenic lactic acid bacteria
Vagococcus 0.003% houseflies (61, fish (1] Produce acid from glycerol, maltose,
ribose, trehalose and methyl
a-D-glucopyranoside
Enterococcus 0.005% humant#7), animal 481, Pathogenic lactic acid bacteria
fishtt
Melissococcus 0.004% honeybees 141 Not mentioned
Streptococcus 0.004% wolf 591, fish(s1] Increase in diets withstarch that have high

amylose/amylopectin ratios andalginate
supplemented diets

also reported that some bacterial species of Lactococcus
and Lactobacillus are commonly found in human, chicken
and fish, and Vazquez et al. (2017) isolated Lactococcus
lactis from human gastrointestinal tract and explored the
effect of soy isoflavones on growth of this bacterial species.
Besides, previous studies showed that Lactococcus and
Lactobacillus have the function of enhancing the expression
of cytokine, phagocytic activity and lysozyme activity (Hai,
2015; Lavari et al., 2017) Afopostipes, another LAB genus
(1.544% averagely) in shrimp gut, also constitute a part of
the gut microbiota of several pig and fish species. Another
study indicated that Atopostipes not only metabolize valine
and tryptophan to branched chain fatty acid and indole, but
also have strong positive correlation with phenol in volatile
organic compounds from chicken litter (Cho et al., 2015).
Trichococcus, accounted for 0.006% of in shrimp gut, was
alsoisolated from penguin by Pikuta et al. (Pikuta et al.,
2006) and it was reported this bacteria could grow with
citrate, I-malate, allantoin and 1-tartrate, and produce acid
from mannitol. Streptococcus was observed in this study,
and a previous study indicatedthat species in this genus
could influenced by host diet changes, increasing in diets
with starch that have high amylose/amylopectin ratios and
alginate supplemented diets (Gorham et al., 2017).

However, some LAB in shrimp guts, such as Lactovum,
Eremococcus, Atopobacter and Lacticigenium, were seldom
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found in other animal guts, suggesting that they may be
unique to shrimp guts and may play significant roles for the
growth of shrimps. In addition, some species of Globicatella,
Carnobacterium and Enterococcus in the shrimp gut could
be potential pathogenic LAB and may cause meningitis or
bacteremia in humans. This differences between shrimps
and other animals are likely driven by the different physiol-
ogy of different hosts and selectivity of their diverse living
environments.

4 Conclusions

The present study comprehensively investigated LAB com-
positions in the guts of shrimps and their living environment.
In total, 27 genera were detected in shrimp gut, pond water
and sediment samples. Correlation analysis between LAB
and environmental factors indicated that DO and temper-
ature were significantly correlated with the community of
the LAB. Linear regression analysis showed that the rela-
tive abundance of LAB was positively correlated with the
shrimp production (r? = 0.89). Moreover, NMDS showed
higher dissimilarity among the LAB of the three different
samples, and only two shared LAB genera were present in
the three different samples. Further comparison with other
animals revealed that some LAB in shrimps were also present
in fish, houseflies, pigs and other animals. Future research
may be conducted to isolate LAB from shrimp gut and its
environments to develop probiotics and provide information
for establishing sustainable microbial management strategies
for shrimp farming.
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