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Detection of Coliform and Escherichia coli in Spring Water by
Polymerase Chain Reaction

Ryu, Seung-Hee' - Park Seog Gee
Seoul Metropolitan Government Research Institute of Health and Environment

ABSTRACT

The polymerase chain reaction(PCR) of target lacZ and uidA genes were used to detect total coliform and
Escherichia coli for determining water quality, respectively.

Of 109 spring waters, coliform were detected from 38 spring waters by lacZ PCR method but 21 spring
waters by culture method accepted by the Ministry of Environment for water quality monitoring. The lacZ

PCR method gave the results

statistically equivalent to those of the culture method(kappa=0.62,

McNemar=17.00). The uidA PCR method gave the same results to those of the culture method. The
sensitivity and specificity of coliform and E. coli by PCR method were 100% and 80.7%, respectively.
Therefore, PCR can be used for the rapid identification of Escherichia coli and coliform in potable water

using uidA and lacZ.

Keywords: Coliform, Escherichia coli, Spring water, Polymerase chain reaction
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1. AlE STME

HgAol Aol e 10929 FPUES
ggoz wWopy 2 PCRUE olfdte] g
7 2 uAF dE A3e s

2. sfteol o8t ciEAE ¥ YD HE
YAEEe s5AEE o8& HFrR(most

probable number)ol 23} ZA&Act FAA
H& lactose broth(Difco)E AFE3 36T
48+2X7r WjFstel st2=g AT BE I
oz #AsAY. FAANG A Y BF
BGLB(Difco)ol ol4ste] 36TolA 48413+ Hi
st stxrt AAEW FANYE FHer 8
Ark,  Jpadds K¢S BGLBEIARRH
EMBifco)ii Aol 1 9z FEFg = HF
&1 36CoA 242412 wlFEte] 2 A4S
#Adsa 12947 lactose B3 LA o
22 oA st A AT

O

sl
(=]

3. PCRE o|g3 tizaas ¢ &

1) Template DNA #1]

A F9 genomic DNAE th&3 o] £}
;. 2EAE 50mlE 12,000rpmol A 1583k
AgEs F Helz, ™2
TE(Tris-EDTA ; Sigma) buffer 567utell =%
A7) AREGHLS 1.5m 2 Eppendorf tubeo

Ll
A

Ay=ol O
YT AS

do do e 2

Ho

713, 7]el  10% SDS(sodium dodecyl
sulfate ; Sigma) 30uf, Proteinase K(20mg/m ¢
in TE ; Sigma) 34, RNase (10mg/m¢ in
TE ; Sigma) 5uE 7}8til &0 &AL
37CoA 1AIZE ¥EA7 F 5M NaCl 1004,
65CY CTAB £94(0.7M NaCldl 10%
hexadecyltrimethyl ammonium bromide
Sigma) 80 E 7}sted 43 65ColA 10&3E
g2 Ak, o] whgdlo] chloroform/isoamyl
alcohol(24:1) 800w< 7}sted 41 15,000rpm
oA 5z YAEEAT. A FFAE
A Eppendorf  tube®l 71 FE9
PCl(phenol/chloroform/isoamyl 25 @ 24 : 1 ;
Sigma)g& ety &£o2 EEACT AF
15,000rpmol A 587t 94 E s A5
S Al2¢ Eppendorf tubeel &7 isopropanol
0.68(5G00u)S 718 F DNA ol A4
W= PEA E'0 Ay 15,000rpmoE
5E7 AAEYE s AAE) 70% AEES
745l M A8A Y. Vacuum evaporator(VR-1
; Heto Lab)olA ol&r&S @43 FEA7|3L
TE buffer 30u4% 713l DNAS®EE 748t
template DNAE AF&-315T)

2) PCR Primer

AT EE AEI] HF  primere  B-
galactosidase®} B#EFt JacZ AR HIIA
d 1675 AANA  1698HA HABE ZL-
1675(5'-ATGAAAGCTGGCTACAGGAAGGCC
-399}, 9714 <E 20019 Aol A 2025H Ao 3}
G3t= ZR-2025(5'-GGTTTATGCAGCAACGA
GACGTCA-3DE AT, o]E2 F 264bp
3719 #AA4E BASAT.?

WAFE A&7 AT primer A2 uidA
AR F7IME 754N A 773 A 3]
28l UAL-754 (5'-AAAACGGCAAGAAAAA
GCAG-399h, 9714 F 880w Aol A 900w #}l
FHFsl= UAR -900(5'-ACGCGTGGTTACAG
TCTTGCG-3"& AHE3t3a, ol&2 & 147bp
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719 #FARE AHAG“ 2+ primere
(%) Bioneerol 9] Alzgk AL Algatdn)

3) PCR &Z4t-¢

AT AT AES 9% DNAY PCR
TEL2 osd Feol AAEH3AT. Template
DNA 24, ZZ 50pmol primer 0.2540,
Premix Taq(TaKaRa, R0O04A) 2548 X33}
= 50ut ¥HEHE Thermal Cycler(GeneAmp
PCR system 9700; Applied Biosystem)Z =
3P oy FE2AL o gk}

g7 A$ %7] denaturation AL
94T A 387 33841, denaturation A
L # 94T A 1%, primer annealing #3003
50Col A 1% extension FAHLZ 72CAA] 2
B4 358 AT, HEHom 72CdA
783 extensionAl Zth2?

HEde FEXAL oFEed B¢ %7
denaturation Ao R 95Co|A 387 £33}

HAE 94coM 18,
primer annealing 3 extension F3 < 50T

3, denaturation

A 13 258 AASa, HEHeR 72T
oA 78 extensionAl AT gAWE XY
S 2= Z47Fo]l Hb-2-Eo] template DNAE ¥X
B2 AL ARSI

4) Agarose Gel Electrophoresis

0.5xTBE buffere] Nusieve 3:1 agarose
gel(FMC Bioproducts ; Rockland)& %o} w1t

195

Eitt. =ZF9 PCR products 549 6HIZ =
%349 sample loading dye(TaKaRa) 144& 43¢
1.8% agarose gelo|A 50VE 2417 59 A7)
AE5L AAEY o™ molecular size markers
100bp DNA ladder(Gibco/BRL)E A}-&3}9lt}.

47195 Gel2 0.5ug/ml FE9 ethidium
bromide(Sigma) &l 30&7F J4E 5 o
Al FFgdd 308 ol AAse] vgdMg 3
% UV transilluminator(Vilber Lumart)® ¥z
Sakiia=g

=

=

=

LS

PAZEF = Table 13 2t} =
BA 24 €980l 0.038MPN/100mee = 7}
% 0.029MPN/100me, &3kt
0.008MPN/100m¢, E&4 0.007MPN/100md |
E 4 0.005MPN/100me, #ebal 2 3821 7zt
0.004MPN/100m¢, 2 = £z
0.002MPN/100me ¢olRlon, tEAtsl A4t
2% HEHA &2gth. 10MPN/100me ©]%42]
Fo] =g4ta E3ak 7 2704, Bkt £ E
AF ZF 1704 & 67140l e, 10MPN/100me
ojt2 HEH Fo|l & 15MAE A 4MA,
S 374, BG4t #obat 74 2sfa, BB
b BEh g4 aga $A 2 17140

TEY
o}

pud

Table 1. Distribution of total coliform of spring water in Seoul

No. of coliform(MPN/100mi1)

Location No. of tested sample No detected 1~10 Over 10 Geometric mean

Mt. Gwanak 19 16 2 1 0.004
Mt. Guryong 7 6 1 0.004
Mt. Nam 10 6 4 0.029
Mt. Daemo 10 10 0
Mt. Dobong 8 5 1 2 0.038
Mt. Morak 4 3 1 0.007
Mt. Bookhan 21 16 3 2 0.008
Mt. Boolam 10 8 2 0.005
Mt. Soorak 10 9 1 0.002
Mt. Woomyun 9 8 1 0.003
Mt. Cheonggye 1 1 0

Total ~ 109 88 15 6 0.005
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Table 2. Distribution of total coliform detected by PCR of spring water in Seoul

No. of Tested

No. of spring water which

No. of spring water

Location Sample coliform detected by culture which coliform

method detected by PCR
Mt. Gwanak 19 3 5
Mt. Guryong 7 1 2
Mt. Nam 10 4 7
Mt. Daemo 10 0 2
Mt. Dobong 3 5
Mt. Morak 4 1 1
Mt. Bookhan 21 5 8
Mt. Boolam 10 2 2
Mt. Soorak 10 1 5
Mt. Woomyun 9 1 1
Mt. Cheonggye 1 0 0
Total 109 21 38

Table 3. Comparison of detection of coliform between culture method and PCR method

No. of spring water by PCR

Positive Negative Total
Positive 21 0 21(19.3%)
No. of spring water by | = Nooative 17 71 88(80.7%)
culture method
Total 38(34.9%) 71(65.1%) 109

lacZ primer& ©]-&% PCRe] FHEA4EL
264bpa 719l #FAAE AAdsiglen, PCR
product?] RHA7]49E A= 1 g
Figure 2%} #t}.

Figure 12 W& HALA D A 40
= yebd 2119 AM8E JacZ

Figure

primerE ©]&

3t PCRE AAIgH Arfolt}h, wjdy A4
P o FALZ UvEd 21 EF JacZ

primerZ ©|&3% PCRZA AT $Ho=
BA A Figure 22 gy AAEA3 o3
3 2402 #A4" A87F PCR  product?)
HA719% 23 bandg AT F o] FAHo=
el B8 HoFam g

Bej*” §-2 Al8.9 %% 100mL= 3tal Y=
o o]& WHOOA He' W dwigdol
A9 Agge WdETE 71¥S AlE 100meel
A BAEE RSt 971% mEolg Az8
ot zEivh g8 veke] A 7]EL 50medl A
Brhzz A% b gy B AFo)A
= 98 vEk Ao H&tsAdE 4AEEa
2 Al59] & 50meE SHeiY dAFTS A
%317 98 Bej®® Eo] :te JacZ primerE
ARt ol HAFTAHY dF3ALE HFHo] o
Fawol 93 AE  lacZzel FANEG-
galactosidase)?] activityE A&s=d &3}

7] W&ot}

rl
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24 dd#S A&7 9% PCR @" =
Figure 37 Z3tth. v o s Hxiste] o
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o) =38t uidA primerE ©]€3% PCR
AAlgk da 1178 BF gAdoez el
100%9] sensitivityE YeRd 23 dx)3l= A
FolAqtt. uidA primerE ©} 8% PCRE2 £
A el o8 gEE sAHS Ao o
z, Eﬂﬂﬁ—o— &gt A Z2ad 4 gl
Jojg}a Az},

AFolA s wdgor AAE 1090 F
1770] PCR éﬂrg} d 16121 ggten 92312
i 579 dAFelAE
2 Standard Method®"

2

rir

910 11 12

264ph

n
ol
lok

9] Plate count® ¥} Colilert ONPGH S lacZ
primerE ©]-&% PCR3} W|u3ti ¢ © I
A3 Plate countd2 9074 F 1379],
Colilert ONPGH& 907 & 7Z7%te] PCR 2
o} YXEx BE AR HuEi glof, B
A FAR ZHE JERY AT

2 dFdxe WAETE HAEsr 9
PCRY 9 wZE(sensitivity)”} 100%, SHol=
(specificity)7} 80.7%2 wl@A FA Lehdch
53 Wiy AAESE g3 dT FAEA 21739
ANE BFI7} lacZ primerE ©]83% PCR ZA3
AT FHSZ YER} PCRYe 3 EY
EHo o]&d F 3le 7t RoFa gtk

o]AbA ol AAHLE AR JAE UdxHgoF A

R [}

Zohs U= AA 4E FHoE HES
E 5ol=E EF #Fa lojof dvh. HARY
o B2 o] W= Fol=o] ool A
A, o] F JHAE BF we w2 HARS
Efgdol AR

st PCRYE S R4 dA=E A¥ET
As) A BAHE AAsgio T4 £49 2
7= Table 49+ 29k}

Figure 1. Agarose gel electrophoresis of nucleic acid amplification products from spring water confirmed
the positive coliform by culture method using lacZ primer. From lane 1 to 21 is Indeokjeong,

Deokwooam, Yongdoocheon,
Mansoocheon, Yeseong, Jangsoo(down),

Beombawi,
Bagaji, Youngshin Woman’s high school, Tongilsaem,

Jangchoong,

Namsansanakhoi, 100bp DNA ladder,

Nockcheonsaem, Soonheung, Hoam2, Hoaml, Madangbawisaem, Seokgoolammitsaem, Yongdamsoo,

Academy mit, Yonghwacheon,

respectively.
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M 91011121314 1516

264bp —

Figure 2. Agarose gel electrophoresis of nucleic acid amplification products from spring water confirmed
negative coliform by culture method using lacZ primer. From lane 1 to 16 is 2nd Boolamsanakhoi,
Sinsanggae badminton, Seokcheon, Sooamsaem, Dongmakgol, Dolsansaem, Bonghwangsaem, 3rd
yayoungjang, 100 bp DNA ladder, Pokpo, Surakgolsaem, Myeongsangsaem, Youngwonamsaem,
Suamgaegoksaem, Baeggot, Mansucheon, Sihocheon, respectively.

#

M 8 9 10 11121314

-
.

147bp —

5
-
{

-

e

Figure 3. Agarose gel electrophoresis of nucleic acid amplification products from spring water using widA
' primer. From lane 1 to 14 is Indeokjeong, Deokwooam, Yongdoocheon, Jangchoong, Beombawi,
Namsansanakhoi, 100bp DNA ladder, Mansoocheon, Yeseong, Jangsoo(down), Bagaji, Youngshin

Woman’s high school, Tongilsaem, Nokcheonsaem and Soonheung, respectively.
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Table 4. Statistical analysis of lacZ PCR versus
the culture method for total coliform

bacterium detection

Statistic (lacZ PCR vs test)
McNemar

Test
kappa

Culture method 0.62 17.00°

B dFo)Ae xae 0622 HmF dAZ=VH
=otom, EF McNemar test A3 EA|3o]
17.00, P<0.00018 ¥R =7} F3kT}.

#A9 dA=E HehE AEEE 5~67H4
AE7t AAHTL Qovt 2 F A E&A A
23> Ao] kappax|olth. k(kappa)s F+H
JHME & ¢ Adv A E(=p)E wiAsHA
A2 X9 AFo|rp’

gubH oz x>0.75¢ W YX =7} excellent,
0.4<k<0.759Q W fair or good, k<0.4Y u &
A% poor® FAFEE Hi= BoA diFA
T A& JacZ primerE ©]&3% PCRHES A&

3 4= 9= JIEAL B3k 4 Q).
avt PCR{EEE A ERRE ofbys F&
AEAA = FEHFAZ]7] Wi 9= Bl

Al AEol PCRE °l&3te g Adgd.
A AAE F2 AXE FHEY] A8 o9
717o] AgEolop §th0 B Ao ME wjg
Moz HAPS W uAET 402 JEhd
NRE & o8 o] PCREAET ddoz vy
Ebgtth o] Besly] A ATdEo] AlE Y
Hojok & Aoz Aztdh
v.z2 2

Ao L AgEe] o gy 2 PCRY
= AEge A ¥ EorE %
AW 1097 2R E BT
0.005 MPN/100mle)gle™,
% %% 2171 2:(19.3%)°] A Th.
AAbe g Ha PCR el
A X } o}, vl PCRY O o

WgTe] dEFEEET E 7F(33%),
Klebsiella 55(24%), Enterobacter 45(19%),
Citrobacter 35(14%) 2 Serratia 25(10%)<
o|ith FBAMESY WAFTS PCRE2E =
At Az, wjdHe] FAAAF 21dRT 1770)
38704 dAdez HEHJD oiFAT
3y dFde UgE 100% o=
R0.7%E JEFNSY 2™, kappa=0.62, McNemar
=17.002% ¥ 4AZE Yepdch
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