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ABSTRACT

Heavy metals contamination of soil above a threshold can adver sely affect soil ecology and health. Until
recently studies are carried out for modest levels of metals present in the sludges wher e effect of individual metal
could not be segregated. Microbial biomass and bacterial community structure was determined in an acidic soil
loaded with 0, 200, 400, 600, 800, and 1000 mg Pb kg soil incubated at 25 °C for 60 days. Decr ease in soil microbial
biomass carbon (Cric) and nitrogen (Nmic) and widening C: N ratio was noted with increasing levels of Pb in soil.
Thediversity of soil bacteria assessed by PCR-DGGE method illustrated the simplification of DGGE patternsin soil
with increasing Pb concentration, and less bacterial diversity for Pb > 400 mg kg™ compared with the control. Such
decreases in soil microbial biomass and bacterial diversity by Pb contamination may help to evaluate heavy metals
contaminated soil ecologies.
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INTRODUCTION

levated levels of heavy metals can adversely aedtmicrobial ecology due to population

loss, changes in population structure, physioldgaivity, and shifts or changes in the
composition of the microbial communities (Knigdtal., 1997; Kozdroj and van Elsas, 2000). The
natural concentrations of most heavy metals irssairy widely and are mainly related to the soil
parent materials; however, anthropogenic sourcels as smelters, power stations, industries; and
the application of metal-containing pesticidestilieers, composts, and sludges may contribute to
and at times exceed those from natural sources (Mb@t al., 1995). Lead (Pb) concentration in
normal field soil is in the range of 10 to 100 mg'k(Soon and Abboud, 1993), but in
contaminated soils especially near mines or by gewsdudge applications, its concentration as
high as 1000 mg kghas been reported (Peters and Shem, 1992; Pétlatel 2000).

Soil microbial biomass, basal regpira and enzymes activity (Campbetl al., 1997,
Trasar-Cepedat al.,2000;Yao et al., 2003) have been suggested as possible indic&tors
monitoring soil environmental quality. However thee of modern biological techniques enables
the study of microbial diversity at the moleculavél. Polymerase chain reaction (PCR) based on
16S ribosomal DNA and denaturing gradient gel etgttoreses (DGGE) fingerprinting has been
used to assess changes in experimentally altereshisoobial communities (Claudiet al., 2003).
The 16S ribosomal DNA genes have been used for stuclies since these genes are present in all
bacteria and have been taken as the base to gldksifbacteria. Extraction of total microbial
DNA from soil followed by PCR amplification of thE6S ribosomal DNA genes ideally yield a
mixture of DNA fragments representing all bactespécies present in that soil sample. DGGE is
an electrophoretic method to identify single basanges in a segment of DNA. Mette and Niels
(2002) used it as a screening method for monitochmgnges in community in response to changes
in the environmental parameters.

Nevertheless, long term field experiments haveadlyeindicated negative effects of
metals on microbial parameters in soils treatech witetal-contaminated sludge’s in the past
(Baathet al., 1998; Pichtekt al., 2000; and Renellet al., 2004). But these studies were carried
out at modest concentrations of heavy metals pteisetthe sludges or the applied sludges
contained mixtures of several metals, where thecefif individual metal could not be segregated.
Secondly, at long-term field sites the soil micedbtommunities had time gain to adapt to the
elevated metal concentrations stress (Kozdroj amdBisas, 2000). So, the direct application of
heavy metal in inorganic form under controlled, rsttierm experiments was required to assess the
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changes in soil microbiological parameters as altre$ heavy metal contamination. Therefore, in
the present incubation study different levels ofiRlmitrate form were selected to evaluate their
effects on microbial biomass and bacterial comnyunian acidic soil.

MATERIALSAND METHODS
Soil Sampling and Preparation
The soil was collected at 0-10 cm depth from thseaech field of Hua Jia Chi campus,
Zhejiang University, Hangzhou, China. Stones, discmlant residues, and large soil animals

(earthworms etc.) were removed and the sampleriagid dnd passed through 2 mm sieve. The soil
was analyzed for selected physical, chemical amdahiological properties (Table 1).

Table 1. Some selected properties of the soil used in the study.

Properties Values

Soil texture Sandy loam
pH @ 25 55

CEC 11.3 cmol kg
Total organic carbon (TOC) 19.3gkg?
Total nitrogen (TN) 1.6 gkg*
Total lead (Pb) 28.5mg kg™
Microbial biomass carbon (Cpic) 290 mg kg*
Microbial biomass nitrogen (Nmic) 50 mg kg™
Microbial biomassC: N 5.8

Incubation Experiment

Fresh soil equivalent to 250 g oven-dry weight ¥eden in 500 mL glass beakers. Total
eighteen beakers were prepared to accommodatee®sl|of Pb with three replications, and
arranged in CRD manner. The soil in the beakers fivsisadjusted to 40 % of water holding
capacity (WHC) with distilled water, and pre-inctdzh at 25°C for seven days (conditioning
period). After conditioning, 0, 200, 400, 600, 88Ad 1000 mg Pb Kgsoil was applied as
Pb(NQ,), solution, and the soil moisture was adjusted t84%66f WHC and incubated at 28 for
60 days maintaining the soil moisture at 50 % WH@rdy the incubation period.

Soil Microbial Biomass

Soil microbial biomass carbon (f) and nitrogen (i) was analyzed after 60 days of
Pb contamination. The chloroform fumigation-extiaetmethod was applied to measurg.@nd
Nmic. Fresh soil sample of 10 g was exposed to alcthel-chloroform (CHG) vapor in a
vacuum desiccator containing soda-lime a@%or 24 h. The fumigated soil was transferred into
empty desiccator and residual CHGhas removed from the fumigated soils by repeated
evacuations. The fumigated soil was extracted imately following CHCkremoval by shaking
for 30 minutes with 50 mL 0.5 M,SO, The un-fumigated 10 g soil (oven dry weight) was
extracted at the time of fumigation commencemenittofatic analyzers were used to measure
total organic carbon (Shimadzu, TOC-500) and néroAstoria, Pacific-Inc) in the samples. The
total organic carbon and nitrogen data collectedewssed to get the values of;Cand Ny
(Anderson and Ingram, 1993).

Soil Bacterial Community

Total bacterial DNA from soil was extracted andified for community analysis. For
this fresh 5 g soil was added to 13.5 mL extrachbaffer (100 mM Tris-HCI (pH 8.0), 100 mM
di-sodium ethyl-diamine tetra acetic acid (EDTAH(8.0), 100 mM NgHPQ, (pH 8.0), 1.5 M
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NaCl, 1 % hexadecyl trimethyl ammonium bromide (®JA Then 50uL of 10 mg mL*
Proteinase K was added and the mixture was incdtmt&7°C for 30 min while being shaken
horizontally at 150 rpm. Sodium dodecyl sulphatB$$was added to a final concentration of 20
% and each tube was incubated af@5n water bath for 2 hours with gentle end-oved-erixing
after every 15 min. The mixture was then centritlgé 2500 X g for 5 min. The supernatant was
collected and the debris was extracted twice miare.tProteins were denatured by the addition of
chloroform-isoamyl alcohol and the DNA was pre@jed in isopropanol overnight at room
temperature. DNA was pelleted by centrifugationshesd twice with 5 mL of cold 70 % ethanol,
and then dissolved in1QQ_ sterile water and stored af@ (Zhouet al., 1996; Brucest al., 2003).

To reduce the chimera formation, the DNA was sizetfonated by agarose gel electrophoresis
(Fig. 1a) and DNA> 20 kb was recovered using a Geneclean UNIQ-10 jtir(Sangon
Biological Company, Shanghai, China).

1 1 345678 90 UL pyy 2345678910100
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Fig. 1. DNA extraction (a) and PCR amplification results of extracted DNA from soil (b) under different Pb
treatments. M; Marker, Lane; 1-2 (Control), 3-4 (200 mg kg™ Pb), 5-6 (400 mg kg™ Pb), 7-8 (600 mg kg™ Pb), 9 10
(800 mg kg™ Pb), and 11-12 (1000 mg kg™ Ph).

The PCR mixture used for DNA amplification contadr@&2umol of each primer,
1 uL (about 5-15 ng) template DNA, 2Q0nol of deoxynucleoside triphosphateps 10 X PCR
buffer, 37.5 mmol magnesium chloride, 5 U Tag pdyase, and sterile water to a final volume of
50 pL. The primers used for PCR were R1401 (5'-GCG TGITA CAA GAC CC-3’) and F968
(5’-GC-Clamp [CGC CCG GGG CGC GCC CCG GGC GGG GOGBEGCA CGG GGG G)-
AAC GCG AAG AAC CTT AC-3"), spanning the region rglly between nucleotides 968 and
1401 of the 16S rDNA gene. PCR amplification wadqrened at 95C for 4 min, followed by 40
thermal cycles of 94C for 1 min, 54°C for 1 min, 72°C for 1 min, and final single extension at
72 °C for 7 min. The size of the PCR product was vigeal by electrophoresis in 1 % agarose
gels after ethidium bromide staining (Fig.1b). &gobands of approximately 430 bp were
subjected to DGGE analysis. The DGGE analysis waslucted using a DCode system (Bio-Rad
Laboratories, Hercules, Calif.). Samples of PCRdpod (20puL) were loaded on to 6 % (w/v)
polyacrylamide gel in 1 X TAE buffer. The polyaciyhide gel was made with a linear denaturing
gradient ranging from 40 % denaturant at the tothefgel to 65 % denaturant at the bottom. The
electrophoresis was run for 330 min at°60and 130 V. After electrophoresis, the gel waseth
with a silver staining procedure (Bassatnal., 1991). To get the clear image, the gel was
photographed by gel photo system (Gel Doc 2000RBd).
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Analysis of DGGE Pattern

Photographs were then analysed using BioRad Quafitite software package for
genetic similarities of soil bacteria among Pb timents. The structural variations of soil bacteria
for various Pb treatments were assessed by RicliBgsShannon indices (H) and Evennesg (E
according to the following equations:

S S
H :_Z pInp :_Z(Ni/N)In(Ni/N)
i=1 i=1
E,=H/H__=H/InS
Wherep; is the ratio between the specific band intensitgt the total intensity of all bands in a
lane sample, where&ss the total number of bands in each lane sanWkng@et al., 2007).

Statistical Analysis

All the data were analyzed statistically by ANOVAdameans for different treatments
were compared at 5 % level of significance usinghéan’s multiple range test (Gomez and
Gomez, 1984).

RESULTS
Soil Microbial Biomassand C: N

Soil microbial biomass C and N decreased with thergasing Pb levels in soil.
Significantly lower G, content was found in soils containing 600 mg' kg more Pb compared
to the control (Table 2). The soil loaded with 16089 kg* Pb had approximately 36 % lower,C
value compared to the control. Similarly,,Ncontents were significantly (P<0.5) lower in abi P
contaminated soils compared with control. About%2ower N, value was observed in soil
contaminated with 1000 mg kgPb compared to control. Microbial C: N increasee@mhanced
levels of Pb in soil with exception of 600 mg'kBb treatment. However, the soils contaminated
with greater than 200 mg R¢Pb had significantly higher C: N ratio comparedtte control.

Table 2. Microbial biomass carbon (Cpc), nitrogen (Nmic) and C: N ratio as affected by the Pb application level.

Pb Cn'lic Nmic C:N
(mg kg™)

Control 271a 40.0a 6.7d
200 250 ab 36.3b 6.8 cd
400 243 ab 276¢C 8.8bc
600 223 bc 27.0c 8.3 bcd
800 193 cd 21.7cd 89b
1000 174 d 15.3d 115a

Note: Means in a column following the same lettgrfe statistically non significant at 95 % confide level.

Soil Bacterial Community

Lead markedly affected the bacterial community @senced by the number of DNA
bands detected for various treatments on polyamigla gel after denaturing gradient gel
electrophoresis (Fig. 2). Profile of DGGE for 80 kg Pb was the simplest with only 8 visible
bands among the profiles for all other treatmentse highest number (21) of visible bands was
detected for the control, followed by 17 for 200 &gyt Pb treatment (Table 3). The profiles for
treatments receiving 400, 600 and 1000 md R showed less number of visible bands compared
with the control. There were several similarities banding positions among the treatments
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receiving different levels of Pb (Fig. 2) indicagimany common bacterial community members
were still present in each treatment regardlesh@imetal level. Some of the DGGE bands were
unique in each of the different treatments sugggsd change in the community. The diversity
index approach was used to estimate changes indiersity of soil bacterial under Pb
contamination. The diversity index consisting obtaomponents; the total numbers of species
present or species richness and the distributiothefnumber of individuals among different
species, called species evenness indicated tharizdiversity for all Pb treated soils was less
compared to the control (Table 3).

Table 3. Effect of Pb on soil bacterial community structure.

Pb (mg kg™) Shannon Indices (H) Richness (S) Evenness (En)
Control 29 a 2la 0.965 ab

200 2.83ab 17b 0.998 a

400 2.08¢c 9c 0.945 ab

600 2.08c 9c 0.945 ab

800 19%c 8c 0.934b

1000 2.30 bc 1llc 0.960 ab

Note: Means in a column following the same lettgrfe statistically non significant at 95 % confide level.

1 2 3 4 5 o6 7 8 9 10 11 12

40 %

\ 4
65 %

Fig. 2. DGGE profiles of amplified 16S rDNA fragments from soil with different levels of Pb contamination. Lane;
1-2 (Control), 3-4 (200 mg kg™ Pb), 5-6 (400 mg kg™* Pb), 7-8 (600 mg kg™ Pb), 9-10 (800 mg kg™ Pb), and 11-12
(1000 mg kg™ Pb). Increasing denatur ant from top (40 %) to the bottom (65 %).

DISCUSSION

Decrease in microbial biomass carbom;{Cand nitrogen (Ni) with increasing level of
Pb in soil was found in our experiment which wag do decrease in soil microbial populations
upon the depletion of readily utilized carbon stdist resulted from Pb toxicity. The differences in
Cnicand Ny.among various Pb treatments were caused by thereliff concentration of Pb added
to the soil, which inhibited the growth of soil meorganisms. Measurement of the microbial
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biomass offers a means of assessing the respornsgabficrobial populations to heavy metal
pollution in soil (McGrathet al., 1995). Previous studies (Dar, 1997) showed Rtmtaddition of
100 mg kg soil as PbGlcaused no significant change in microbial biombass Pb addition at the
level of 250 mg kg significantly decreased the soil microbial biomamsd at 500 mg kha
decrease of 16-26 % in microbial biomass occumettié soil. A decrease in the growth and yield
in response to metal stress was shown in a cheatatstdy using the marine bacterilfibrio
alginolyticus and the difference in the cellular energy budgas whought to be directed toward
physiological processes required for detoxificatiomechanism. The suggestion that soil
microorganisms under stress divert energy from ¢now cell maintenance functions may,
therefore, be the possible explanation for the el in biomass for metal contaminated soils
(Gordonet al., 1993).

The cycling and availability of nutrients in theilsés significantly controlled by
microbial biomass C: N ratio. Therefore, the mi¢abbiomass C: N ratio is also an indicator of
the effects of heavy metals on the functioning @f ecosystem. Heavy metal stress can induce
changes in the microbial biomass C: N ratio (Kbgal., 1998). Some studies have also shown an
increase in the fungal population proportion coregan bacteria in heavy metal amended soil due
to the fact that fungi tend to be more resistartidavy metals than do the bacteria (Hiroki, 1992;
Kelly and Tate, 1998). Generally, the degree oéramhce in microorganism to metal pollutants
varies in the order; fungi > bacteria > actinomgsetFrostegaret al., 1993). Hence, this change
in bacterial to fungal populations may also be ohthe reasons of changes in the C: N ratio for
Pb contaminated soils under present investigation.

Bacterial diversity in soil amended with variousdés of Pb assessed by PCR-DGGE
analyses clearly showed that control had the masiptex DGGE pattern (Fig. 2) with 21 visible
bands indicating the presence of a high numbeiftdrdnt bacterial species. The profile for 800
mg kg® Pb was the simplest with only 8 bands, among tiodiles for all treatments. Shannon
indices (H), based on the DGGE bands patternseob#étmples, provide a numerical indicator to
compare changes in the structure of dominant mesninethe bacterial community. Since is
based on the summed proportional abundance ofichdilbacterial types (DGGE bands and their
intensity), a change in Eiither implies a change in the number of bacteéyjaés or a change in the
proportional abundance of a given type. A decrdasd for Pb treated soils compared to the
control in this study (Table 3) reflected the impatPb on the bacterial diversity in soil, which
caused a decrease in the number of bacterial tyfigs.can also give partial explanations for
above mentioned decreases of microbial biomassdiNaobserved under Pb contaminated soils.
We found several similarities in banding positi@amsong the soils receiving different levels of Pb,
which indicated that many common microbial memlvegse still present in each soil regardless of
the heavy metal rates. Renedtaal. (2003) found that high concentration of heavy ahetainly
induced physiological adaptations rather than selecfor metal-resistant culturable soil
microflora. However, in our experiment some of D&GE bands were unique to each of the
different treatments suggesting a change in thetire, as some unique bacteria were forced to
adapt to the changed environment, and could exittd stressed habitat.

We combined two different techniques (traditionadl anodern) to investigate the effect
of Pb on soil microbiological parameters and fotimat soil contaminated with more than 200 mg
Pb kg' soil adversely affected the soil microbial ecologe changes noted in soil microbial
biomass and bacterial community as a result of &taenination would be helpful for future
studies on soil microbial ecology under metal stiersvironments.
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