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Development of a Monitoring System for Water-borne Bacteria by a
Molecular Technique, PCR-RFLP-sequence Analysis
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Since water borne infection causes acute diseases and results in spread of diseases by secondary infection, the
prevention is very important. Therefore, it is necessary to have a method that is rapid and effective to monitor pathogenic
bacteria in drinking water. In this study, we employed a systematic method, Polymerase Chain Reaction-Restriction
Fragment Length Polymorphism (PCR-RFLP) analysis, to develop an effective monitoring system for possible bacterial
contaminants in drinking water. For this purpose, PCR primers were derived from 992 bp region of the 16s rRNA
gene that is highly conserved through the different species of prokaryotes. To test whether the PCR primers designed
are indeed useful for detecting all the possible microbial contaminants in the water, the primers were used to amplify
16s rRNA regions of different microbial water-borne pathogens such as E. coli, Salmonella, Yersinia, Listeria, and
Staphylococcus. As expected, all of tested microorganisms amplified expected size of PCR products indicating designed
PCR primers for 16s IRNA indeed can be useful to amplify all different microbial water-borne pathogens in the water.
Furthermore, to test whether these 16s rRNA based PCR primers can detect bacterial populations present in the water,
water samples taken from diverse sources, such as river, tap, and sewage, were used for amplification. PCR products
were for then subjected for cloning into a T-vector to generate a library containing 16s rRNA sequences from various
bacteria. With cloned PCR products, RFLP analysis was done using PCR products digested with restriction enzyme
such as Hae III to obtain species-specific RFLP profiles. After PCR-RFLP, the bacterial clones which showed the same
RFLP profiles were regarded as the same ones, and the clones which showed distinctive RFLP profiles were subsequently
subjected for sequence analysis for species identification. By this PCR-RFLP analysis, we were able to reveal diverse
populations of bacteria living in water. In brief, in unsterilized natural river water, over 60 different species of bacteria
were found. On the other hand, no PCR products were detected in drinking tap-water. The results from this study clearly
indicate that the PCR-RFLP-sequence analysis can be a useful method for monitoring diverse, perhaps pathogenic

bacteria contaminated in water in a rapid fashion.
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FHZ PCR 59 EAMEESH W& AHSk v ¥
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° Zof ZA)s= Z}% microbial pathogend FHHo| =
Z3 g S B oYt HEo) dag ARME TEA —J
AoH, ZARY 1% R BolkE Y F U= WY
o2 oy AFE B8 BaE uf gope
?}?i, Restriction fragment length polymorphism (RFLP)Z t©}
F3t Al typingol]l ge] AMEET Q& Wolrh 1y
Hlibl genomic DNAE ©]8% RFLPE ¢&7 & B
%2 genomic DNAE "R 2 3= 9 A A& ¢33l
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1. Site description and sample collection

£ AFolxE WAlellA Frd, AE AAste] 20024

14 AFstdch AFAlaE 4% E3oA AFAn
ReAgE WAY A5FAE A2 358 ASsg
A5 g7)e u}— GEDEEEERET R

g2 Assln QA A=A W, A5el] A 7 AR

Mo @2 AABIL, head space”t AEF 4 LE AT
3] ice boxoll Gol &I 4T oA RASIT

2. Set—up of apparatus for sterilization

TPES A2E37] A 28 AELAE setupstATh
v AE AFAE 05 L2 Ozone, UV 212t ©E53A 7
Ozone/UV EF-3A S A48 th Ozone generator (OZONIA
A}, 2928 o} 8sle] 1 £k AlAE QFES WAIXFA 7
Agor AxH oz W8r)e] Fdatgan], rta fFS
flow meterZ ©}8-3td 0.8 mino® AAR3A A8k
FUE 0F FEE 5EL 4 mgl AR, UV 24}
= 254nme] ALALE o] gsl 417 mW/L AT

3. Water sample process for DNA preparation

AETY AREC] 7HeA] FESF 2 EFSEY high
speed-8 Nalgene centrifuge tubeZ o] &3] gL vkE A4
Blod pellet2 AATh YAZAL 4500 g (20,000 pm), 3032,
Al 20l A total volume 100 mIZ SR Y30l &t 5 A

E% 1X TE buffer 100 ploll %<1 %~ PCRE AAJsl7] Al
DNAE boiling method (523t #<Q H ¥R 3 45 o]8)
£ 53 &35+ 0.8% TAE agarose gel 2 ©]-83l4 DNA &
TE ERI% F 5~10p9] F-9E PCR vh3ol ARE-3ISITH

4. PCR amplification

PCRO| A}2-F water sample 10 pl AF8-8}3, sample)]
inhibitor®] EANE Lolr 7] & positive controlE E. coli
O157:H7 ATCC 35150 &5 3 = &7 AHE3I%itk PCRS
AAE}7] 915k 165 rRNA primers Table 1ol Ve, A
A wh-2-go8L 50 ulZ conventional PCR (Bioneer, Korea)#| &
S ARl AAEIITE PCR 2332732 DNA thermal cycler
(Model 2700, Perkin Elmer Co.)Z ©]-%, initial denaturation step
& 94T 24, 183 94°C 2%, 45°C 18 30%, 72T 283 25
cycles AAIEHAL, a& DNAZAE 72°C 10822 33ich
ZZ % PCR AHE2 TBE 9% (45 mM Tris-borate pH 8.0,
1 mM EDTA) 4] 1.0% agarose gel (Bioneer, Korea)Z #7]
353 T ethidium bromide -§%o| G438t UV lampdto]
*] DNA band& <153t

5. Cloning of 16s rRNA

Geneclean TII kit (BIO 101 System)Z o]&3} £Z% PCR
productZ elution3}32, TOPO TA cloning kits (Invitrogen, Korea)
2] plasmid vector pCR 2.1%-TOPO® plasmid vectorZ ©)-8-3)
ligation, One shotZchemical transformation kit TOP 10 com-
petent celtE 0] 23 cloningd}33 T} Cloned rRNA PCR AHE-&
Al PCR3}L7] 913 100 pl/ml ampicilline Z 3k LB plate

- 140 -



of vj¥g & 4 7R colonyS selectiondF3A T
6. Colony PCR and Enzyme digestion

9Jo)A] AA T direct PCRY FYZFAL2 colony PCRES
A8 correct-size inserts= cloningH A=A S FR13HSIC
RFLPE AA3l7] 93l AREEE DNAYS 10 ul, DNA%YC] &
2 AL AFE go gio] AA uhgE&AE 20 plE 5
o 5 U9 Hae Il (MBI Co.) enzyme2 2 37°ColA A3t &
o} A28k tH9, Restricted DNAsE 2.5% TBE agarose gel
ol A patternd EH1FCE

7. Determination of nucleotide sequence

2}7}9] libraryoll @ RFLP patterng group3}ate] H7]4]
g BALS 93 gEASQ clonesE A&t plasmid extrac-
tion kit (Bioneer, Korea)S ©]-8-8}¢] Plasmid DNA smiall-scale
miniprep& AAE F G71MEE 245

2 i

1. 16s rRNA F-22F 59 72, tpda Algel g3l

245 B9E PCR primer= AATATE o]0 o PCR
primer7} Q04 HYFE T B EAge 4F A
2 BF FEG 5 e A 4R Edstr] Hel GuiAl
7 TS P RETFE O (Table 2) PCRE
A#agich PCR AHE £ Ax 3y vpe} Zol
992 bp F719] AHEe] FEHEE HUY 5 AU (Fig. D).
olzA & AgollA] A& 2 165 r(RNA F-912f PCR pri-
mer7t 2% £ HATE AHoR FEE £ glod
ge 2% ¢ 5 U3k

2. 16s rRNA primerE o]-&38e] A7 AdFolA] A 7

Table 2. Bacterial strains for PCR

Bacterial Strains
ETEC (STET) Us-41, U9-41
EPEC H311b, Su3912-41
EHEC U4-41, H61
EIEC Guanabara, Ewing277
S. typhi

Pathogenic Escherichia

Saimonella S. paratyphi-A ATCC9150
A 22 0)i= o1 Hols &= i 2 X
H-8 5 Q= signature TS FASHE PCR primerS 4 S. typhimurium ATCC14028
A, AAsIAT) (Table 1). B &oll Exlste YT AldS )
) . ) S. dysenteriae
BT FZE £ UEE /15 BE ATl conservest) . _
Shigella S. flexneri
S. sonnei
Table 1. Primer sequences to amplify 16s rRNA gene i Y enterocolitica ATCC9610
ersinia
Primer name Sequences mer Y. pseudotuberculosis ATCC29833
Forward 519f 5'-CAGCMGCCGCGGTAATWC-3* 18 Klebsiella K. pneumoniae ATCC35657
Reverse 1492r  5~GGTTACCTTGTTACGACTT-3' 19 Citrobacter C fruendii —
%519f: 519~536 of E. coli 165 IRNA numbering; Brosius eral, 1 Seudomonas P aeruginosa
1978, Lane et al,. 1985 _ Staphylococcus S. aureus ATCC25923
%1492r: 1510~1492 of E. coli 16s rRNA numbering; Eden et
al., 1991 Listeria L. monocytogenes ATCC15313

M1 2 3 45 6 7 8

992 bp

Fig. 1. PCR products of 16s rRNA gene of diverse bacteria.

M 9 10 1112 M

13 14 15

Amplified DNA run on 1% TBE gel. Lane M, DNA size marker (1 kb Ladder; MBL Germany); Lane 1~4, E. coli strains (STEC, EPEC,
EHEC, EIEC); Lane 5, P. aeruginosa; Lane 6, S. paratyphi-A; Lane 7, S. typhimurium; Lane 8, S. typhi; Lane 9, S. flexneri; Lane 10, S.
sonnei;, Lane 11, Y. enterocolitica, Lane 12, K. pneumoniae; Lane 13, Y. pseudotuberculosis; Lane 14, S. aureus; Lane 15, L. monocytogenes
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g 4 X0 EAste nAES 52 F deAY o

25 #RIsl7] 98 ddES ol83ste PCRE AAsHAH
(Fig. 2). 71 A3} 25 AJ8E PCRZ FEH 4HEo] e
wdo)| AFAEo] @ FEEAE PCR FEo| x| g}
16s IRNA primer7} AAZ EAehe AF SFo {88 &
ASS APl o FHe] F-iEo] EAske s
u A28 AR 580 PCR S A3 PCR o
AA7E 9] PCR $EL A=A AFE &Rlelr] 4
3] o]u] 94 16s rRNA primerZ PCR F-F0] o]Fx]&= Ao
2 1" E coli T5-9] genomic DNAE positive control 2
A8t 87 PCRS AAIEH3TH (Fig. 2, lane 2). T Eoll
E. coli 759 genomic DNAE #7}6l PCRE Aldg+ A}

E. coli &5¢] genomic DNARFCE PCRE A13& A3} (Fig

2, lane 3)%} TUEA Yehd Aoz Hol i NS 25E
2L DNAdGE PCR JAA7} EA5H4] 8- AT &
A2t} (Fig. 2).
3. o]0, PCRE S-Fd 4HE0] Ut &l Exfele o™
AgozRy FHEAERAE 54817 93 532 PCR 4t

| River water | | Tap water

M 1

2 3 M 1 2 3 N

992 bp —

Fig. 2. PCR products of 16s tRNA genes of water samples.
Amplified DNA run on 1% TBE gel. Lane M, DNA size marker
(1 kb Ladder); Lane 1, S: Only water sample; Lane 2, S+P: Mi-
xture of water sample with positive control; Lane 3, P: Positive
control, E. coli O157:H7 ATCC 35150; Lane N: Negative control.
Water sample: Tap water, River water

229 9e T-dEld] 2293 E coli
Azkalgdch ol A Aol E coli colonyS PCR 4t
o] & clone? library® AFE8la] ZHE9] cloneol
e AFE $A457] Y48 PCR-RFLPE F333iTh PCR-
RFLPE 913 Z47H9] colonyZ 58] 22 DNASH 165 rRNA
primerE ©]-&8 PCRS 35t ATa ] Hae HIE A2
3] RFLP profile® ¥ AT} (Fig. 3). PCR-RFLP profiled -
Al M2 ZHL profileo] LLE cloned &2 T/9 AT
DNAE FE3 clone 2 778t} 733tk 2 A 60
o) Z9] A2 t}E PCR-profileo] L& Ao SIHZITH

4. 60997}%] 412 thE PCR-RFLP profiled Z&= colony9]
16s RNA F-HAZ sequence #4515t 2 A7} Flavobac-
terium sp., Beta proteobacterium sp., Pseudomonas sp., Actino-
bacteria, Haliscomenobacter hylrossis, Thermodesulfabacteria
9] 609 Fo] Tt 5 Aol EAlske AS #AYE
AAT} (Table 3).

2 =
HE Bol@ Bt e AHHE Ad dEdl &
M 1 2 3 4 5 6 7 8 9 10 11

Figure 3. Results of RFLP with PCR products amplified with
river water.
PCR was done with DNAs from different colonies and amplified
DNAs were subsequently digested with Hae 111 restriction enzyme
and run on 2.5% TBE gel. Lane M, DNA size marker (50 bp Lad-
der); Lane 1-11 PCR-RFLP profiles of 11 different colonies.

Table 3. Variety of bacteria detected in river water before and after sterilization

River water Number of detection

Major bacterial populations detected in river water

Similarity (%) to known sequences

Flavobacterium sp. 98
Beta proteobacterium sp. 97
ne ga‘é%gcgrium sp. Psefzdomona"s sp. 98
Actinobacteria 99
Haliscomenobacter hylrossis 98
Thermodesulfabacteria 97
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A AHE T e B B HAELE BAPe
A HAES Fos AFar7t ddEeR Bibs
AT 59 AFATFE S8k Wgel AFeHT
2uf o]g} 2 e B9 Tl o 799 eE %
Asrlolw AFsh, thdat Al 93 ofr|s &

S AR o2 Adsprlds P8z ¥t &,

TAFRE YeAe LEvAEY EAE Fsta b
HtHAM L A&shA RUE RS o] oi¢ Fositia
g = 0 Zol} wigkA ol 7 AlFe EAAY
AR ARE 722 e ohFdt EAETE Tl A
%5‘]—1— M

2 03?01]*1 AHE-& PCR-RFLPHOI A 16s rRNA 8%}
£ AFEA o) gatmat SR 165 RNA G-} T}k
T Alde) 5ol f-281A o] 82 § Ut signature A}
Foeke AL oln] o8 AFE B4 AU 6 vk
Aol A S 165 IRNA PCR primer7F thkgt Al79] 16s IRNA
& f8dtrte AL AT F AT (Fig. 1). primerZE
SEo] 1R A AFL BT U4 AgHE 4o
45 9 FAEE 7R ATER FF U TR E
g o2 PCRE 5P AS ol do] EAgte 4%
ZEE 4 7] Y3 ol& Alde] FEHEX9 RS I
g Aot

ojo] A7 AMAE & A& E FEEEL UFoE PCR
& FHsle] B Ax GAAE0 o) A 5o o3 Al
A A7t @ FEE Agol= Aol 93 16s rRNA PCR
ZEo] 57| eS8 I = AT} ol 165 rRNA PCR
primer’} 9] DNATHS ERH02 % gk A AL
gokn Azbec) § FEEo)A PCRO) HA] 8 o7}
B EAl8k= PCR AAAo 23 AQAAE Polr 7| 98
NFTEY £ coli®] DNAE & Al8e] ¥o] PCRE 5
E Aal E coli®] DNATIOZ =83 PCR Ze} SUsHA
v} A7} EAQEA] S BIE 5 AU (Fig 2).
AET B2 AEE 7Y AoE FYS AE BRYe
o, SR E| o)A AF e ES WHORE Al AFolA
T e AAE 98 F Uk b, qF ookt 579
S oo mYUEH-S AABHE APl B AgdA
AHS-¢F DNA Heiio] Ags RAor Azt
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