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Abstract

About 99% of microorganisms in the environment are unculturable. However, advances in molecular biology techniques allow
for the analysis of living microorganisms in the environment without any cultivation. With the advent of new technologies and
the optimization of previous methods, various approaches to studying the analysis of living microorganisms in the
environment are expanding the field of microbiology and molecular biology. In particular, real-time PCR provides methods
for detecting and quantifying microorganisms in the environment. Through the use of the methods, researchers can study the
influence of environmental factors such as nutrients, oxygen status, pH, pollutants, agro-chemicals, moisture and temperature
on the performances of environmental processes and some of the mechanisms involved in the responses of cells to their
environment. This review will also address information gaps in the analysis of the microorganisms using real-time PCR in the
environmental process and possible future research to develop an understanding of microbial activities in the environment.
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W3S amod mRNA9 RUBHYFig. 3)S &3] v sty
tHAoi et al., 2004).

(reverse transcriptase real-time PCR)©]

Fig. 1. Schematic representation of the quantification of specific targets from mixed-liquor suspended solids (MLSS). After
DNA extraction, the DNA template is used in real-time PCR assays. (A) TaqMan probe assay. A TagMan probe is a
linear oligonucleotide probe complementary to the target sequence, with a fluorescent dye(circle, F) attached to the 5’
end and a quencher (triangle, Q) to the 3’end. The proximity of these two dyes quenches the signal. Steps: (1)
Denaturation of the DNA at 95°C separates the template. (2) Annealing of primers (usually 18-22 nucleotides) and
probe to target DNA at temperatures of 50°C to 60°C. (3) Extension and synthesis of the DNA strand results in the
5’exonuclease activity by Tag DNA polymerase (oval, P) separating the fluorescent dye from the quencher resulting
in an increase in fluorescence at the end of step 3 (eye). Steps 1-3 are repeated 45 to 50 times. In each cycle,
additional reporter dye molecules are cleaved, resulting in an increase in fluorescence intensity proportional to the
amount of amplicon produced. (B) molecular beacon assay. A Molecular beacon probe has a stem and loop structure.
The loop section of the probe is complementary to the target and the stem results from the annealing of artificially
designed arm sequences. A fluorescent dye (circle, F) and a quencher (triangle, Q) are attached to the arm sequences.
Step: (1) Denaturation at 95°C results in the separation of the template DNA and separation of the stem in the
molecular beacon probe, separation the quencher from the dye allowing fluorescence. (2) Annealing at 60°C allows
the probe to hybridize to the template resulting in fluorescence. Alternatively, if the probe does not hybridize with
the template the stem-and-loop structure is reformed and fluorescence is quenched. The relative fluorescence is
measured at the beginning of this step (eye) and is proportional to the number of target sequences. (3) Extension
and synthesis of DNA at 72°C results in dissociation of the probe from the target and fluorescence is quenched.
Steps 1-3 are repeated 45-50 times. The final output for both assays shows relative fluorescence as a function of
cycle number. Amplification curves for template concentrations between 107 and 10 copies per PCR reaction are
shown (left to right). The threshold is calculated as 10 times the standard deviation of the background fluorescence
(dashed line). The point where the fluorescence signal crosses the threshold is threshold cycle (Cr) (dotted line) and
is lower when more copies of the template are present at the beginning of the reaction(Harms et al., 2003).
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Fig. 2. Profiles of amo4 mRNA and rRNA levels in batch-
mode incubation. Relative copies of amo4 mRNA
(@) and rRNA (l) (C./Co) and relative ammonia
oxidation activity (A) based on a value of 1-0 at
0 h are shown. Nitrifying bacteria were incubated in
an ammonia-rich culture medium from 0 to 6h.

Then, the solution was changed to ammonia-free
pure water at 6 h (Aoi et al., 2004).
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curve.
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Fig. 5. Quantification of nirS DNA in artificial mixtures of
P. stutzeri KC, P. aeruginosa, and E. coli cells. (A)
Comparison between P. stutzeri nirS gene copies per
ug of DNA measured values by real-time PCR
(gray bars) and calculated values based on cell
counts (black bars). (B) Correlation between cal-
culated and measured values (slope = 0.98, o=
0.992). Error bars represent 95% confidence intervals
(n = 3) for both panels(Veronica et al., 2001).

A2 Azl Asal FAdE S SHAY copy
number7} Zo]E 100 copies ©]4to] FHojol TS Ho|F9
a1, P. stutzeri®t E. coli® E38]7F 100%09]A 0.001% o]
o]|27]747] real-time PCRo| 93 o]l F#a HzZo

A
7VsskdthFig. 5). 2, P stutzeries 54 AA

% E
G ARAA =A Jdeboy g dASdAe YA B
ZE o, o5 Bty P sturzeri®) nirS7¢ < gl vk
gelol FelA $HFol obd F e HAFYY

(Verdnica et al., 2001).
Henrya(2004)$}F Philippot(2002)2 & A 7}A] th2 Ed
A gdg weelol #3& real-time PCRE o] &38ta] 73

i
reductase) &
A4e 2E9

of o] &7 o
bl

A3 HEd2A @88t g4 (copper nitrite
FGote nirk FAAE AHESAT mirk #
zgtolujE BFARAE F &5 st
olEejglol A ERYTF nirk F7IMEER
e FFo) iR SolFo)9)
FAatHeh AFHA SHAN nirS FAAE 01 &7
H 9 FH(Verdnica et al, 2001) I ol w3} o] Axlk
Hoz H&F FEI0 copy)F VB 3], Zof
U gaE AV BEYG AEAA ark AR 2E5E
2 A7t EGdA B& A/ EGR

»

A=)

9 FH2HY 3l FL onirk 9L FE o-proteo-
AF G o]
Nitrosomonas 4(genus)ol £3tGth stA| Uk, Bk A AL
FEY @UIMLLE ov dE wMF 7hsd 22 dHHd
ofF EHFstAE skthHenrya et al, 2004). o]9} o],
real-time PCRE ] &3 @3} v elote] FFF A&
TR 7 FA] 9EEdon, 165 rDNAY operon
copy numberZF-E M X <(cell numben)E {33l AT
2ol nirK\ nirS AAE] copy numberE HIZE A EE
dB/AZ ¢ Sle Z-E AY 9leKPhilippot, 2002).

3-proteobacteria 2)

F2 acido-
gen¥ methanogen®] F MAE o ) o]FojAH, &
8] g (methanogenesis)7t A @71 EZZANAM AHLS
A sle DAlrate-limiting step)E 4], ©igsle] A5}
A 71389 58S FUANEL F e 588 Q9o
AvhRittmann et al., 2001; Speece, 1996; Yang et al.,
2003). 2=u} o] €hA A F(methanogen)S AL E 7} uf &
sor dd A7 mAER, wgdd 712 71E e
Ze @787 o1E7] dEol(Raskin et al, 1994) B4
24 EAE ¢ gl dg A7E Esko v
d& AHgE Aol 279

F7NEEE o1&t AFALFE AHsts FFAA W
SANFE GG HeE FEg Yy )AL o) &siy
ME7tAE APt olEA AAHE Hee o 70%7}
g3k Zolm, umxl 30%7}
hydrogenotryphic methanogensel] 2]3F Zo]thSpeece, 1999).
weba] ol E4RE 7122 o]&s8l= aceticlastic methno-
HeAe] dod 93 9¢e &4 "o
(Speece, 1999).

olol & H(Yu et al, 2005)& real-Time PCRE o]&3}

aceticlastic methanogens®l]

genso)
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otk olw %9 Aeld mE PCR FFEEL V3
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g £ 919 A9 methanosaetaceae?] & FIF o A metha-
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BAFE AFF 2, oMHEMY IR E& FF
methanosarcinaceae”} methanosarcinal®] ti£2& x| s
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3 Z7bee Ag ABAcE St £ A%
Mg e 2 2ast $U5e ARALD A
AAZe Aol BB Aoz U@ HBBYEE A
o}l (washout) @] Zo)dte= AL real-time PCRE o83 3
FAT2EE Sttt Sawayama §(2004)2 fluidized
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Table 1. Primers and probes used in the study of biological treatment of wastewater

Assay Target Primer and probe Sequence Reference
Gram-positive filamentous Microthrix S-S-M.par-0828-S-21  5’-GGTGTGGGGAGAACTCAACTC-3’ (Kaetzke et al.,
bacteria (bulking and parvicella §-S-M.par-1018-A-17  5’-GACCCCGAAGGACACCG-3’ 2005)
forming problem)

Total bacteria Bacterial 16S rDNA 1055f 5’-ATGGCT GTCAGCT-3’ (Harms et al.,
1392r 5’-ACGGGCGGTGTGTA-3 2003)
16STaq1115 5'-(6-FAM)-CAACGAGCGCAACCC-(TAMRA))-3’

Ammoniaaxidizing N. oligotropha like amoNo5350D2f 5’-TCAGTAGCYGACTACACMGG-3’ (Harms et al.,

bacteria amoA amoNo754r 5’-CTTTAACATAGTAGAAAGCGG-3’ 2003)
amoNoTaq729 5°-(6-FAM)-CAAAGTACCACCATACGCAG-

(TAMRA)-3’
AOB CTO 189fA/B 5’-GGAGRAAAGCAGGGGATCG-3" (Harms et al.,
CTO 189fC 5"-GGAGGAAAGTAGGGGATCG-3 2003)
RTIr 5"-CGTCCTCTCAGACCARCTACTG-3’
TMP! 5'-(6-FAM)-ACTAGCTAATCAGRCATCRGCC
GCTC-(TAMRA)-3
Nitrite oxidizing bacteria  Nitrospira 16S NSRI113f 5-CCTGCTTTCAGTTGCTACCG-3 (Harms et al.,
rDNA NSR1264r 5-GTTTGCAGCGCTTTGTACCG -3’ 2003)
NSR1143Taq 5-(6-FAM)-GCACTCTGAAAGGACTGCCCA
GG-(TAMRA)-3’
NSR1143Beac 5-(6-FAM)-CTGCACCAGCACTCTGAAAGG
ACTGCCCAGGGGGGTGCAGC(DABCYL)-3’
Denitrifying bacteria nirS Forward primer 5’-ACAAGGAGCACAACTGGAAGGT-3 (Verdnica et al.,
(nitrite reductase gene) Reverse primer 5’-CGCGTCGGCCCAGA-Y 2001)
Probe 5°-(6-FAM)GCAACCTGTTCGTCAAGACCCA-(TAMR
A)-3
Heme 832F 5"-TACCACCCCGAGCCGCGCGT-3 (Liu et al,,
Heme 1606R 5’-AGKCGTTGAACTTKCCGGTCGG-3’ 2003)
nitk Copper 583F 5-TCATGGTGCTGCCGCGKGACGG-3’ (Liu et al.,
Copper 909R 5’-GAACTTGCCGGTPGCCCAGAC-3° 2003)

Denitrifying bacteria nosZ Nos661F 5"-CGGCTGGGGGCTGACCAA-3’ (David et al.,

(nitrous oxidise reductase) Nos2230R 5’-TTCCATGTGCAGCGCATGG-3’ 1998)
Nos661F 5"-CGGCTGGGGGCTGACCAA-3’

NosI527R 5"-CTGRCTGTCGADGAACAG-3’
Nos1527F 5"-CGCTGTTCHTCGACAGYCA-3’
Nos1773R 5’ATRTCGATCARCTGBTCGTT-3

Aceticlastic Methanogens ~ Methanosacinals ~ MSL812F 5’-GTAAACGATRYTCGCTAGGT-3’ (Yu et al,

(Anaerobic digestion) MSLI1159R 5’-GGTCCCCACAGWGTACC-3 2005)
MSL860F 5'-(6-FAM)-AGGGAAGCCGTGAAGCGARCC

-(TAMRA)-3’
Methanosacinaceae  Msc380F 5’-GAAACCGYGATAAGGGGA-¥
Msc828R 5’-TAGCGARCATCGTTTACG-3’
Msc492F 5"-(6-FAM)-TTAGCAAGGGCCGGGCAA-(TAMRA)-3
Methanosaetaceae  Mst702F 5’-TAATCCTYGARGGACCACCA-3’
M;st862R 5’-CCTACGGCACCRACMAC-3’
Mst753F 5-(6-FAM)-ACGGCAAGGGACGAAAGCTAG
G-(TAMRA)-3

Aceticlastic Methanogens ~ Methanosaeta sp.  S-F-Msaet-0387-S-a-21 5’ - GATAAGGGRAYCTCGAGTGCY-3’ (Sawayama et al.,

(Anaerobic digestion) S-F-Msaet-0573-A-a-17  5’-GGCCGRCTACAGACCCT-3 2004)
S-F-Msaet-0540-A-a-31  5’-AGACCCAATAAHARCGGTTACCACTCG

RGCC-3’
Methanosaeta MSI 5’-CCGGCCGGATAAGTCTCTTGA-3’
SAE835R 5’-GACAACGGTCGCACCGTGGCC-3’
SAET61TAQ 5’-ACCAGAACGGACCTGACGCAAGG-3’
Methanosarcina MBI 5-CGGTTTGGTCAGTCCTCCGG-3’ (Shigematsu et al.,
SARBS3R 5’-AGACACGGTCGCGCCATGCCT-3’ 2003)
SAR761TAQ 5’ - ACCAGAACGGGTTCGACGGTGAGG-3”
Methanoculleus AR934F 57 - AGGAATTGGCGGGGGAGCAC-3°
MG1200 5" - CCGGATAATTCGGGGCATGCTG-3
MCU1023TAQ 5-GAATGATTGCCGGGCTGAAGACTC-3
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