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SUMMARY

Through composting process, biosolid wastes are gradually transformed into compost material which can
be used as soil fertilizer. Among microorganisms involved in composting process, fungi play important roles
because they break down complex substrates, such as ligno-cellulose. Recently, PCR-DGGE technique has
been considered as a useful tool for analysis of fungal diversity in environmental samples. Among other
factors, primer set selection is necessary for successful of the PCR-DGGE analysis. There are several PCR
primer sets targeting fungal variable regions of 18S ribosomal DNA (rDNA) and internal transcribed spacer
(ITS) for the use in community analyses, however there exist just few reports on efficacy of these primers in
studying fungal communities in compost materials. In this study, four different primer sets were tested,
including EF4/Fung5 (followed by EF4/NS2-GC), EF4/ITS4 (followed by ITS1F-GC/ITS2), NS1/GC-Fung,
and FF390/FR1-GC. Extracted DNA from compost materials often contains co-extracted humic substances and
other PCR inhibitors. Therefore, the primers were tested for (i) tolerance to the PCR inhibitors presenting in
the DNA extracted from compost materials, and (ii) efficacy and specificity of the PCR. The results showed
that of the four primer sets, only FF390/FR1-GC achieved both criteria tested whereas the other three did not,
i.e. primer EF4/ITS4 had low tolerance to PCR inhibitors, primers EF4/Fung5 was low in PCR amplification
efficacy, whereas primers EF4/ITS4 created unspecific products. DGGE analyses of PCR products amplified
with the primer set FF390/FR1-GC showed single bands for reference pure cultures Penicillium sp.,
Aspergillus sp., and Trichoderma sp., as well as distinctly separated bands for the fungal communities of three
different composting materials. Thus, the primer set FF390/FR1-GC could be suitable for studying structure
and dynamic of fungal communities in compost materials.
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INTRODUCTION

Composting is an effective method for treatment
of municipal solid waste. During composting
process, organic matters undergo decomposition by
bacteria, fungi and invertebrates. The end product of
composting process could be used as a fertilizer for
agricultural soil. In composting process, fungi play
important roles because they break down complex
substrates, such as ligno-cellulose, enabling bacteria
to continue the decomposition process. Therefore,
understanding of structure and dynamic of fungal
community involving in composting process is
important for improving the degradation efficacy and
compost quality.

The application of molecular techniques such as
PCR-DGGE has been proven successful in the
investigation of microbial community structure in
environmental samples, at the same time enables
comparison among many samples (Muyzer et al.,
1993). For fungal communities, the 18S rDNA and
ITS regions have been widely used for PCR-DGGE
technique applied to variety of environmental samples
(Van Elsas et al., 2000; Kowalchuk et al., 2006).
However, it is remained unequivocal about efficacy of
primer sets for PCR-DGGE analyses of fungal
communities in compost materials (Anderson,
Cairney, 2004). The primer sets suitable for this
application should be (i) highly tolerant to humic
compounds and other PCR inhibitors co-extracted
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from compost during DNA extraction (Tebbe, Vahjen,
1993) and (ii) highly specific, i.e. do not produce
products of other sizes than the target DNA fragments.

The present study aims to re-evaluate four
previously published fungal specific PCR primer sets
targeting 18S rDNA and ITS regions for (i) their
tolerance to PCR-inhibitory agents in the extracted
DNA, and (ii) the amplification efficacy in creating
PCR products for the DGGE analyses.

MATERIALS AND METHODS

Sample collection

Composting materials were collected at municipal
waste composting plant in Binh Duong province. The
biosolid waste was dumped in 100 ton piles, supported
by active aeration. The compost samples for the study
were collected at the surface and 25-cm depth of six
different piles from the IOﬂ‘, 25“‘, 42'h, and 60"
composting day. The samples were quickly transported
to laboratory for analyzing. Temperature at each
sampling point was recorded with a thermometer.
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Extraction of total DNA

Two gram of composting sample were mixed
with 15 mL phosphate buffer (0.1 M, pH 8, 2%
Polyvinylpolypyrrolidone (PVPP)), shaken for 30
min, then spin down at 500 rpm in 1 min. The
supernatant was collected, then subsequently
centrifuged at 8000 rpm in 5 min, the pellet was then
collected for DNA extraction. From this point, DNA
extraction was performed according to LaMontagne
(LaMontagne et al., 2002) with a modification, in
which PVPP was added to the final concentration of
2% into lysis buffer (150 mM TrisCl pH 8.0, 3 mM
EDTA, 1.5% CTAB, 1 M NaCl). Extracted DNA
was dissolved in 100 pul of sterile distilled water.

Primers and Polymerase Chain Reaction (PCR)

The PCR mixture (25 pL) containing
approximately 50 ng template DNA, 0.5 U MyTaq,
1xMyTaq Buffer (Thermo scientific), 20 pmol of
each primer. The thermo-cycling was performed
using a MyCycler Thermal cycler (Bio-Rad, UK).
The thermo cycles for PCR with different primer set
were presented in table 1.

Table 1. Primer sets and PCR conditions used in the study. Size of nested PCR amplicons of primer set number 1, and

number 2 are in parentheses.

PCR product

No Primer sets References PCR conditions
length (bp)
EF4/Fung5 . First round: 95°C/180 s, followed by 30
1 (followed by 600 (400) \évmh::eef;/a’q;ggm cycles of (94°C/30 s, 48°C/45 s, 72°C/90 s),
EF4/NS2-GC) v then 72°C/5 min
EF4/ITS4 White et al., 1990) First round: 95°C/180 s, followed by 40
2 (followed by 1500 (290) Smit et al. cycles of (94°C/30 s, 55°C/30 s, 72°C/60 s),
ITS1F-GC/ITS2) 1999/Gardes, 1993)  then 72°C/5 min
95°C/180 s, followed by 30 cycles of
3 NS1/GC-Fung 500 May et al., 2001 (94°C/15 s, 50°C/30 s, 72°C/30 s), then
72°C/5 min
95°C/180 s, followed by 30 cycles of
4 FF390/FR1-GC 500 Vainio, Hantula, 2000 (94°C/15 s, 50°C/30 s, 72°C/30 s), then
72°C/5 min
Tolerance to PCR inhibitors assay electrophoresis.

Different volumes (from 1 uL to 5 uL) of DNA
samples extracted from composting materials at days
10™, and 60™ were added into 25 uL PCR reaction
mixtures to assess tolerance of the four different
primer sets to PCR inhibitors presenting in the DNA
samples. Humic acid concentration was determined
by spectrophotometric analysis at 340 nm. PCR
products were then analyzed on 1.2% agarose gel
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Denaturing gradient gel electrophoresis

The PCR amplified 18S rDNA/ITS fragments
were analyzed by DGGE according to Muyzer et al.
(Muyzer et al., 1993) on DCode Universal Mutation
Detection System (Bio-Rad, UK). Gel -casting
conditions were acrylamide 7.5%, size 22 x 22 cm
and 0.75 mm thick with denaturant concentration
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ranging from 65% at the bottom to 30% at the top of
the gel (100% denaturant agent was defined as 7 M
urea and 40% deionized formamide). Thirty
microliter loading mixture (15 uL PCR product and
15 uL 2x loading buffer) was loaded on each well.
Electrophoresis conditions were 8 h, 150 V, and
60°C. Afterward, the gels were stained with ethidium
bromide 0.5 mg/L for 30 min, rinsed for 10 min with
Mili-Q water, and observed under UV light.

RESULTS AND DISCUSSIONS

Recently, molecular biological techniques have
been proved as useful and reliable tools for
investigating of microbes in different environmental
samples, including compost material. However, it is
known that humic acid contamination in the DNA
extracted from environmental samples is the main

problem for downstream application of molecular
techniques, especially PCR (Miller, 2001). Humic
acid in soil and compost samples could be co-
extracted and interfere with DNA detection because
of their physico-chemical similarity with nucleic
acid and their inhibition capacity of PCR reaction
(Zhou et al., 1996). This contamination can inhibit
the activity of Tag DNA polymerase during PCR
amplification of targeted gene regions (Luo et al,
2003).

In this study, we used the modified DNA
extraction procedure based on CATB according to
LaMontagne (LaMontagne et al., 2002) which
allowed to obtain high yield of DNA with high
integrity and purity for biological molecular PCR—
based analysis (Pham Thi Thu Hang ef al., 2015).

Table 2. Result of DNA extraction from composting materials. Two gram composting materials of each samples were
extracted according to LaMontagne proposed method. Extracted DNA was dissolved in 100 pl of sterile distilled water.

Sample DNA concentration (ng/ul) A260/A280
Compost 10" day 22.50 1.80
Compost 25" day 182.80 1.94
Compost 42" day 89.33 1.91
Compost 60" day 107.00 1.74
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Figure 1. Electrophoresis of PCR products of three primer sets (A) EF4/Fung5, (B) NS1/GC-Fung, and (C) FF390/FR1-GC.
In each gel, from left to right are PCR products of a specific primer set with different DNA templates including DNA from
Aspergillus sp. (+) as a positive control, and four DNA samples from composting materials at day 10", 25", 42", and 60"

(lane 1 to 4).
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It has been reported that humic acid level in
biosolid material is increasing during composting
process, therefore two extracted DNA from
composting material at early-phase (10" day) and at
end-phase (60" day) were used to determined the
tolerance capacity against humic acid and other PCR
inhibitors of the four primer sets. The concentration
of humic acid in the two extracted DNA samples
from 10", and 60™ day compost materials were 0.4
ng/uL and 4.5 ng/uL, respectively. The level of co-
extracted PCR inhibitors was gradually increased by
increasing the total added volume of the extracted
DNA solution into the PCR reaction mixtures. The
results showed that except primer set EF4/1TS4, all
of three others have created PCR products with DNA
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extracted from the 10™ day compost material added
at volumes in range 1 uL to 5 uL (Fig. 1). The
primer set FF390/FR1-GC showed best tolerance
capacity toward PCR inhibitors, created PCR
products even when 2 uL of DNA extracted from the
60™ day compost material was added in total 25 uL
PCR reaction mixture (Fig.1C). The primer set
EF4/ITS4 was fail in amplifying PCR products with
any DNA template extracted from compost samples,
but could amplify DNA from a pure-culture of
Aspergillus  sp. Moreover, EF4/ITS4 targeted
sequence was 1500 bp in length, the result suggested
that PCR inhibitory effects of co-extracted inhibitors
from compost material might be magnified with the
length of targeted sequence.

Table 3. Tolerance of different primers to inhibitory effects of humic acid and other PCR inhibitors existed in total DNA extract
from composting materials. DNA sample from cultured Aspergillus sp. was used as positive control. The symbol (+)/(-) refers

successful/not successful of a PCR reaction.

Compost 10" day (ul) Compost 60" day (nl)

Order Primer sets Length (bp)  Aspergillus sp.

2 3 4 5 1 2 3 4 5
1 EF4/Fung5 500 + + + + + + + - - - -
2 EF4/ITS4 1500 + - - - - - - - - - -
3 NS1/GC-Fung 350 + + + + + + + - - - -
4 FF390/FR1-GC 350 + + + + + + + + - - -

Four extracted DNA samples from materials
collected from composting piles at day 10™, 25™
42™ and 60™ were used for testing the PCR
amplification efficacy of three primer sets
EF4/Fung5, NS1/GC-Fung, and FF390/FR1-GC.
The primer set EF4/Fung5 created PCR products
with DNA extracted from 3 compost samples, at day
10™, 25" and 60™, except DNA from the 42™ day,
however the amplified products were not strong and
varied in length (Figure 1A). The result indicated
that the primer set EF4/Fung5 might below in
amplification efficacy, and specificity. Both primer
set NS1/GC-Fung and FF390/FR1-GC showed high
amplification efficacy, the PCR products from all
four extracted DNA samples had strong signals at
the expected size (Figure 1B,C). Comparing the
specificity, primer set FF390/FR1-GC was better
than primer set NS1/GC-Fung which created some
unspecific PCR products with DNA samples
extracted from compost materials at day lOth, 25‘h,
and 60" Of the four primer sets evaluated, the
primer set FF390/FR1-GC showed high PCR
inhibitors tolerance capacity, high amplification
efficacy and specificity, therefore was selected for
performing DGGE analyses in the next step.
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Three DNA samples from fungal pure cultures
including  Penicillium  sp., Aspergillus  sp.,
Trichoderma sp., and three compost DNA samples at
day 10™, 25" 42" were used as templates for PCR-
DGGE analyses with primer set FF390/FR1-GC. On
the DGGE gels, each fungal pure culture showed one
clear band (Fig 2-A), while many sharp, well
separated bands were observed in DGGE profiles of
all the three compost samples (Fig 2B). Number of
DGGE bands was gradually decreased from the 10"
day sample (7 bands) to the 25™ (6 bands) and the
42™ day (4 bands), reflecting higher fungal diversity
in compost material at the early day in comparison to
the later day of composting process. Obviously, the
sample at 10™ day had some distinct DGGE bands
that were not observed in the other two samples
(Figure 2B). Higher fungal diversity in the compost
sample at day 10™ might be due to more biologically
feasible conditions at this stage (such as mesophilic
temperatute, high humidity, high concentration of
organic carbon) in comparison to more extreme
conditions at later stages (high temperature, low
humidity, lower organic carbon conent). The
observation in this study was in consistence with
previous reports, showing that fungi were more
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dominant in early mesophile phase, and lower in
thermophile phase of composting process (Dehghani
etal.,2012).

Ribosomal RNA genes, especially the small
subunit ribosomal RNA genes, i.e., 18S rRNA genes
in the case of eukaryotes, have been predominant
target for the assessment of microbial community.
The primer set FF390/FR1-GC targets two variable
regions V8 and V9 of fungal 18S rDNA which have
high discrimination capacity of different fungal
species (Kowalchuk et al., 2006). The result of this
study is in agreement with previous study that primer
set  FF390/FR1 has high amplification

A B

efficiencies, applicable for analysing a wide range
of different ascomycetous and basidiomycetous
taxa (Vainio, Hantula, 2000). Moreover, the primer
can detect high fungal diversity, maintaining
specificity for fungi (Hoshino, Morimoto, 2010).
Results of this study have indicated that there exist
many factors of considertion when evaluating
primers to use for PCR-DGGE analysis of fungal
communities in complex environmental samples
such as compost. In order to better examine the
usefulness of the primer set FF390/FR1-GC for
investigating fungal diversity of composting
process, the DGGE bands of compost samples
should be examined at sequence level.

Cc D

Figure 2. DGGE profiles of PCR products created by using primer set FF390/FR1-GC (A) From left to right, DGGE profiles
of three pure-cultures Penicillium sp., Aspergillus sp., and Trichoderma sp., and (B) DGGE profiles of three total extracted
DNA from composting material at day 10", 25", and 42". For easier observation, DGGE profiles of pure-culture fungi (A) and
compost samples (B) were schematically illustrated at the same positions on (C), and (D), respectively.

CONCLUSION

Taken together, the experimental data of this study
showed that primer set FF390/FR1-GC appeared to
have high tolerance to PCR inhibitors co-extrated with

DNA from compost samples, high amplification
efficacy and specificity toward V8-V9 regions of fungal
18S rDNA. Therefore, the primer set was suggested for
the use in investigating fungal diversity in municipal
composting process via PCR — DGGE technique.
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SO SANH HIEU QUA CUA CAC CAP MOI KHUECH PAI VUNG ITS VA 18S rDNA CHO
VIEC XAC PINH SU' DA DANG CUA VI NAM TRONG VAT LIEU COMPOST BANG KY
THUAT PCR-DGGE

Pham Ngoc Té Anh, Pham Thi Thu Hing, L& Thi Quynh Triam, Nguyén Thanh Minh, Pinh Hoang
bing Khoa

Vién Méi trieong va Tai nguyén, Pai hoc Quoc gia Thanh phé Ho Chi Minh
TOM TAT

K§ thuit PCR-DGGE da duoc tmg dung trong viéc phan tich sy da dang vi ndm trong nhidu miu méi
truong. Cac cip mdi sir dung phd bién nhit ding dé khuéch dai cac ving bién dong cua 18S rDNA va ving
ITS. Tuy nhién, chi c6 mdt vai bdo bdo vé hidu qua cia cac cip mdi nay trong viéc khuéch dai ving 18S
rDNA/ITS ctia cac mau DNA dugc tach chiét tir cac vat liéu compost. Trong nghién ciru nay, bén cip modi
dugc st dung bao gdm (EF4/Fung5, EF4/NS2-GC); (EF4/ITS4, ITSIF-GC/ITS2); NS1/GC-Fung va
FF390/FR1-GC. DNA téng s6 duoc tach chiét tir cac vét liéu compost thudng s& bi 1an tap acid humic va cac
chit irc ché phan tmg PCR, didu ndy gy tro ngai cho cdc phén tich sinh hoc phén tir ¢6 sr dung phan tmg PCR
sau d6. Do d6, dAu tién cac cip mdi dugc kiém tra kha nang chong chiu v&i cac chat e ché co trong miu DNA
tach tir vat liéu compost, bing cach 1in lugt gia tang thé tich mdu DNA vao hdn hop phan tmg PCR va quan sat
san phim khuech dai trén gel agarose. Sau do, hiéu qua khuéch dai va do ddc hiéu cia cac cip mdi dbi voi
mau DNA tdng s6 dugc tach chiét tir cac vét liéu compost ciing dugc kiém tra. Cac két qua thi nghiém cho thiy
cip mdi EF4/ITS4 c6 kha ning chiu dung cac chét tc ché kém, cip mdi EF4/Fung5 co hiéu qua khuéch dai
thap, cip mdi EF4/ITS4 tao cac san phdm khong dic hidu va chi c6 cip mdi FF390/FR1-GC dap tmg duge cic
yéu clu vé kha nang chéng chiu chét e ché, hiéu qua khuéch dai, va tinh ddc hiéu. Két qua chay dién di
DGGE cic san phdm PCR duoc khuéch dai bing cip mbi FF390/FR1-GC cho thiy vach don dbi véi DNA ciia
cac mau vi ndm thuln (Penicillium sp., Aspergillus sp., va Trichoderma sp.,), va cac vach phan tach rd ciia
DNA tdng s6 dugc tach chiét tir ba miu compost khac nhau. Két qui nghién ciru nay cho thdy cip moi
FF390/FR1-GC la cap mbi thich hop cho cic nghién ciru vé da dang vi nim trong compost bing ky thuat PCR-
DGGE. Két qua cia nghién ctru nay c6 thé phuc vu nhu tai li¢u tham khao hitu ich cho v1ec chon lya cip modi
thich hop dé tién hanh cac nghién ctru sdu hon ve sy da dang va cAu tric ciia cong ddng vi nim trong qua trinh
i compost, va su thay déi ciia cong ddng vi nim theo thdi gian va cac didu kién méi truong khac nhau vai k§
thuat PCR-DGGE.

Tir khéa: Compost, cong dong vi nam, ITS, PCR-DGGE, ddnh gid cip méi, 18S rDNA.
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