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ABSTRACT

Microbial community structure analysis has devel oped on environmental
science, environmental engineering, ecology and microbiology. We need
to clarify the relationship between community structure and its growth
environment. Based on theimportant role that microbial community struc-
ture played in the river, we use PCR and denaturing gradient gel electro-
phoresis (DGGE) with primer sets targeting the V3 region of 16S rDNA
genes and bacterial abundance to reflect it. The results showed that: 1)
Bacterial diversities in Chaizhibang river were significantly higher than
others. Bacterial communities in the tests can be classified into: Escheri-
chia, Acinetobacter, Citrobacter, Trichococcus and Rhodobacter. How-
ever, thetypical rivers had dominantly higher proportions of Escherichia
and Acinetobacter. 2) The bacterial abundance has been a significant in-
crease with the pollution, thefluctuationisfrom 3.81 x10° cfu/mL to 1.244
%108 cfu/mL and average is 7.698 x10° cfu/mL. The correlation analysis
between the bacterial abundance and environmental factors reflect that
COD,,, and bacterial abundance had a significantly positive correlation.
Next wewill study the relationship between microbiol ogy and water qual-
ity, also focus on the river water microbial communities with seasonal
changes, the result provides a reference and guidance for future work.
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INTRODUCTION

Changzhouisinthesouth of theYangtzeriver, close
to Taihu lake, in the center of the Yangtzeriver delta.
Based onitsparticular geographic and economic posi-
tion, with therapid devel opment of urbanization, the
serious retention of river, thelag of water environment
facilities, river ecosystem isdisturbed and damaged by

human activities. Water ecol ogy and water environment
has deteriorated serioudly, to analysistherelationship
between ecological habitat and water quality provides
areference and guidancefor futurework.

Inaguatic ecosystems, microbesarethemost sensi-
tiveand vulnerableto environmenta impacted organisms.
They areanimportant part of thebiomassintheaguatic
ecosystem, so asto influencethe course of materid cir-
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culation and nutrient transmission™. Theprerequisitesof
andydsthemicrobid activitiesprocessaretoinvestigae
thebacterid community structureinwater. Researchers
have been concerned about the coupling relationship
between environmental factors and the change of the
microbid community inaguatic ecosystems. We study
bacteria abundancein different kindsof riversby using
traditional culturemethod. Inthisarticle, molecular bio-
logical techniquesPCR-DGGE of 16SrRNA wereap-
plied to describe the dynamic changes of the microbial
diversity and biomass. Finding out theimpact of water
quality onaguatic microbid groupswerea so expected.

MATERIALSAND METHODS

Site selection

Changzhouisthe center of theYangtzeriver delta,
thecentral urbanareais24.3km? Thereare15riversin

that regionincluding thekind of themainriver, connected
river and beheaded river, most of themarelV or V. We
set 10 sampling sitesinthedifferent typesof river. 1%is
thedownsreamfromtheYangtzeriver locaedin Zagjiang
river, it’s areference point. The main river Beitang river
setsfour sites, from upstream to downstream of theriver
named 2% 3* 4% 5% In the connected river Sanjing
river sets6*, 7%, 8% Chaizhibangriver isaheavy pollu-
tionriver hastwo Stesat both endsnamed 9%, 10%. Sam-
pling StesareshowninFigure 1.

Water samplescollection

We collect thewater samplesin June, 2013, water
collected in 50 centimeters depth for count the total
number of bacteria, sampleswereintheincubator with
ice back to lab stored at 4°C until analysis. Water
samplesfor extract total bacterial genomic DNA was
stored at -20°C until analysis. To measure the water
samplesfor other physical and chemical characteristics

Figurel: Location of samplingsitesin region of Xinbei, Changzhou
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needinthelabimmediately.
Total bacterial genomic DNA extraction

The genomic DNA was extracted from thewater
samples were using the FastDNA® SPIN Kit (MP,
Beaijing, China), gpplication spectrophotometer (Thermo
Nanodrop, China) analysisthe extracted DNA con-
centration. All DNA was stored at “20°C before fur-
ther analysig?.

PCR-DGGE analysis

TheV3regionsof 16SrRNA geneswere ampli-
fied with universal bacterial primers (341F: 5'-
GTATTACCGCGGCTGCTGG-3', 534R: 5'-
CGCCCGCCGCGCGCGGLGGGLGGGGLEGG
GGCACGGGGGGACTCCTACGGGAGGCAG
CAG-3) using the hot-start touchdown protocol de-
scribed by Muyzer et al® ., and the reaction mixtures
and theamplification program described previously by
Li et a.withminor modifications. Theobtained PCR
products were loaded onto 6% (W/V) acrylamide/
bisacrylamide (37.5:1, W/W) gels containing a40%-—
60% linear gradient of formamide and urea(wherethe
100% denaturant contained 40% (V/V) formamideand
7M urea)’®. The electrophoresiswas run for 7 hr at
150V and at aconstant temperature of 60°C, using a
DCodeUniversa Mutation Detection System (Bio-Rad
Laboratories, USA). Thesimilaritiesof PCR-DGGE
DNA profileswereandyzed with Quantity One® analy-
sssoftware.

Cloning, sequencing, and phylogenetic tree con-
gruction

DGGE gd gtripsof somedistinguished bandsamong
all treetmentswereexcised and reamplified following
previous PCR conditions. These PCR productswere
cloned by correcting insert selected fragmentsand se-
guenced by ABI 3730x| DNA Analyzer. These partial
16SrRNA gene sequences obta ned from the National
Center for Biotechnology Information (NCBI) data-
base. Phylogenetic analyses were conducted under
MEGA verson 4.0 and theneighbor-joiningtreeswere
implemented by p-distancewith 1000 replicatesto pro-
duce bootstrap values®.

Total bacteriacount
Total bacteriacount inwater with the method of
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GB5750-85, Bacterial colonies were imaged by
Shineso G6 Automated Colony Counter.

Basic physical and chemical propertiestesting

Temperaturemeasured directly with water tempera:
ture meter; NH*-N testing by ultraviol et spectropho-
tometer; pH testing by Hach pH-meter equipped.
other physical and chemical propertiesal test withthe
method of national standard.

RESULT AND DISCUSSION

Basic physical and chemical propertiesof thesam-
plingsite

The water depth at each site of themainriver is
significantly deeper than the sites of others. Nutrients
nitrogen inthewater exist sgnificant differenceindif-
ferent rivers, heavy pollutionriver 10% containsTN as
highas6.72, and DO isup to the maximum (TABLE
1). According to Environment Quality Standardsfor
Surface Water (GB3838-2002), water from the up-
stream of zaojiangriver iscleanrelatively, other rivers
areV or worseV, themain exceed pol lutantsare NH4*-
N and TN. Theseverest isChaizhibangriver, followed
by Sanjing river and Beitang river.

DGGE Profileof 16S5rRNA genefragments

Microbid diversity characteristicsof thefour river
samplesusing DGGE bands pattern dataare shownin
TABLE 2. Diversity indiceswereuseful asafirst ap-
proach to estimatethediversity of microbial communi-
ties. Inamicro ecology system, the morekinds of mi-
croorganisms, thehigher the Evennessindex (J) in spe-
cies, and the Shannonindex (H) ishigher®. Diversity
index consisted of two components: (1) thetotal num-
bers of speciespresent or speciesrichnessand (2) the
distribution of the number of individual samong those
different species, called speciesevenness.

Duringfour rivers, the sequence of Genotypic Rich-
ness (R) showsthat Chaizhibang had higher numbers
of bands, whichweresignificant higher than Zaojiang,
Beitang and Sanjing. No obviousdifferencesof R were
found between Zaojiang and Betang, becauseof Beitang
isthedownstream of Zaojiang. TheH valueof thefour
riversreveaed thesmilar regulations. Jof thefour riv-
ershad no significant difference. Ingeneral, RandH
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index showed that themicrobid diverstiesof heavy pollutionriver are higher than other Sites.

TABLE 1: Basic physical and chemical propertiesof thesampling sites

Site Depth/ Temperature/ Transparency/ H CODy/ DO/ TP/ TN/ NH4"-N/
M °C cm b mg/L mg/lL  mg/lL  mg/L mg/L
1* 24 29.6 40 6.76 2.9 341 0.216 3.36 0.357
2% 3 311 60 7.06 8 8.76 0.251 3.63 2.45
3* 34 305 70 7 55 53 0.242 3.39 1.75
4% 3 295 40 7.09 34 4 0.183 314 0.925
5% 2.6 30.2 35 7.12 54 1.25 0.253 3.61 247
6" 1.37 309 40 7.04 25 1.27 0.288 418 2.46
7* 11 30.3 50 7.05 2.6 14 0.275 4.08 244
8" 1.34 30 33 7.23 2.8 196 0228 372 1.86
9* 1.9 28.4 67 7 5.6 168 0253 403 2.04
10* 1.29 32 66 7.33 4.2 11.04 0107 6.72 0.139

TABLE 2: Microbial diversity characteristics of the four
riversusng DGGE bandspattern data

River _Shannon I_Evenneﬁs Qenotypic
index (H) index(J) richness(R)
Zaojiang 1.368 0.987 1.365
Beitang 1.369 0.988 1.366
Sanjing 1.079 0.982 1.028
Chaizhibang 1.609 1 1.737

PCR-DGGE and phylogenetic analysis of 16S
rRNA gene

From the DGGE bandsto be shown, e ectrophore-
gsbandsbadcaly represent the biodiversity, thebrighter
of the bands, the greater amounts and species of mi-
croorganisms. Therelationship between amountsand
speciesof microorganismsfrom different riversiscon-
firmed that themicrobid diversity of informationiscon-
cluded.

DGGE profilesof PCR-amplified 16SrRNA gene
segmentsof DNA extracted that from theten samples
of typica riversisshownin Figure?2. Visua inspection
of thebacteriad DGGE profilesrevededlargenumbers
of bands per lane, whereasthey failed to reveal great
variation among different sampling Sites.

It isobserved from 1% DGGE profile showsthe
characteristics of it hasless bands and dominant ob-
vioudy. With thechange of thewater environment and
the heavily polluted, it showsthecharacteristicsof the
dominant bands decreased and total number increased.
Astheheavily polluted river 9% 10% sampl es, bacte-
riashowed asignificant increasefrom them. Thismay

be duetothat 9% hasahighincidenceof algae, it limits
the growth of some microorganisms, 10*intheresi-
dential areas, it changeswater with sluiceregularly,
increased the community diversity of bacteriawith
providing moretypesfieldsfor microorganisms. Bac-
teriagroupscloseto 2% 3% 4% 5% 6% duetothey are
al inthemainriver and the downstream of 1%, 7%, 8%
become another group of microbia community struc-
ture, the characteristics of structure type of microor-
ganisms provide an obviousindication for the change
of the aquatic ecosystems.

We constructed aphylogenetic tree based on the
16S rDNA sequence data by Neighbor-Joining
Method (Figure 3), compared them with the se-
quencesavailableinthe GenBank database, accounts
for large proportion of microorganismsare Escheri-
chia and Acinetobacter, the rest are Citrobacter,
Trichococcus and Rhodobacter. Escherichiaisthe
normal flora, used asthe hygiene standard for drink-
ing water, food or drugs. Acinetobacter mainly ex-
istsin water and soil, it is easy to survivein damp
environment and the optimal temperature of 30°C.
Citrobacter and Trichococcus are al so the normal
flora, they arethe indigenous microorganismsthat
adapt to the warm and moist in water. DGGE band
S11in10%isRhodobacter, some can degrade envi-
ronmentd pollutants, to form some useful compounds
by synthetic or transformation!®. Based on 10*isin
high levelsof pollution and water quality into worse
V, itsexistenceis hel pful for the purification of water

qudlity.
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Figure 2 : Community profilesbased on DGGE of the V3

region of the 16SrRNA gene
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Inorder to comparethes milarity between samples,
calcul ated the similarity rectangular figure by Jaccard
similarity index (Cj), according to the principle of
Jaccard: Whenthe Cj in0.00-0.25isdissmilarity highly,
INn0.25-0.50isdissmilarity, in 0.50-0.75issimilarity
andin0.75-1.00issmilarity highly. Theresultsasshown
in TABLE 3, the similarity index between different
samplesof bacteriaislow, most areindissmilarity and
smilarity, showed that bacteria specieshaverdatively
low similarity intypicd rivers.

Different digribution of bacteriapopulation in typi-
cal rivers

Resultsthat the bacterial abundance showed the
count of bacteriaat different Sitehas obviousdistribu-
tion characteristics (Figure4). In Chai zhibang with the
ageeaisefrequently river, bacteriaissgnificantly higher
than the other rivers, the number isover 1.244 <108
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Figure3: Phylogenetictreebased on the 16Sr DNA sequencedata
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cfu/mL and 1.004 x10°¢ cfu/mL, itisprobably related theminimumis6*by 3.81 x10° cfu/mL. Theaverage
to near residential areas, greatly influenced by life, of bacteriafluctuation is 7.698 x10° cfu/mL. Asa
production and other terrestrial pollution. By contrast,  whole, the bacterial abundance hasbiggish divergence
the bacterid abundance of Sanjingissignificantlyless, intypicd rivers.

TABLE 3: Thesimilarity index (Cj) of bacteriain different sampling sites

Sites 1% 27 3* 4% 5% 6" 7* 8 9 10#
1# 1.0000 04286 0.3750 0.4286 04286 0.4286 04286 04286 04286 0.4444
2# 1.0000 04286 05000 05000 0.5000 05000 05000 0.5000 0.3750
3% 10000 04286 04286 04286 04286 04286 04286  0.4444
4* 1.0000 05000 05000 05000 05000 05000 0.3750
5% 1.0000 05000 05000 05000 0.5000 0.3750
6% 1.0000 05000 05000 05000 0.3750
7# 1.0000 05000 05000 0.3750
8* 1.0000 05000 0.3750
9# 10000 0.3750
10%* 1.0000
16
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Thecorrdation andys sbetween thebacterid abun-
danceand environmental factorsreflect that COD,, is
animportant factor affectsthe spatid and tempord dis-
tribution of the bacteria abundance. Bacteria repro-
ductionrateincreaseswiththe COD,, increased (Fig-
ureb),itisconsstent with Xiaet d. Thebacterid abun-
dancereflectsthe amount organic content in research
areato acertain extent. Inorganic nitrogen isheavily
utilized asnitrogen source, thereforeit al so existsacor-
rel ation with thebacteria abundance™.

CONCLUSIONS

(1) Combining the method of PCR-DGGE with the
bacterial abundance to research the diversity of
bacterid community structurein aguatic ecosystem.
Overcame somedeficienciesof using DGGE, im-
proved theaccuracy of theexperiment and ensured
therdiability of theresults.

(2) Bacterid diverstiesin Chaizhibangriver weresig-
nificantly higher than others. Bacterid communities
in the tests can be classified into: Escherichia,
Acinetobacter, Citrobacter, Trichococcus and
Rhodobacter. However, the typical rivers had
dominantly higher proportionsof Escherichiaand
Acinetobacter. Microbia community diversity
tendsto be simplethat makes the stable aquatic
ecosystemsbecome morevulnerable.

(3) Tostudy thebacteria community structurein dif-
ferent rivers, the bacterial abundance hasbeen a
significant increasewith the pollution, thefluctua:
tionisfrom 3.81 x10° cfu/mL to 1.244 x10° cfu/
mL and averageis 7.698 x10° cfu/mL. Thecorre-
lation anaysisbhetween the bacterid abundanceand
environmental factorsreflect that COD,, and bac-
terial abundance had asignificantly positivecorre-
lation.
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