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Development of a Cultivation Method for Detecting Antibiotic Resistant
Microorganisms from Various Water Samples

Oh, Hyangkyun - Lee, Jaejin - Lee, Jai-Young - Park, Joonhong

Abstract

Microorganisms often develop the way to survive against antibiotics and other antimicrobial drugs as people overuse them.
Antibiotic resistant microorganisms could threaten human health with deadly disease. In nature, microorganisms need few
nutrients to stay alive. In laboratory conditions, however, microbes from environmental samples are normally grown in nutri-
ent-rich culture media. Because of this, the currently-used and typical cultivation methods are not suitable for microbial risk
assessment of environment water samples. The purpose of this research is to develop new cultivation method to detect oli-
gotrophic antibiotic resistant bacteria. For this, one of general high nutrient media, LB, was diluted in series, and then amended
with tetracycline at 100 zg/mL. For quantification of antibiotic resistant bacteria, a standard spread plate method was modified
using the antibiotic-amended diluted LB plates. The ability of the new method to detect oligotrophics and antibiotic resistant
microorganisms was confirmed when analyzing drinking water and swine manure wastewater, respectively, followed by 16S
rDNA analysis of cultivated isolates from the plates. When this method was applied in evaluating antibiotic resistant microbial
risk in river water, microbial risk seemed to be low. However, in the case of Asian dust rain, the relative abundance of anti-
biotic resistant microorganisms in total culturable bacteria was higher than that for swine manure. This suggests that microbial
risk due to antibiotic resistant microbes could be high in the Asian dust containing rain water.

Keywords : antibiotic resistance, oligotrophic, microbial risk, Asian dust, river water quality
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A2 So] FAUA 80 Z Q13 FAA WA PIRES] Sdo= Rt e A¥ske AWEC] AU jlens §
A L JAA WA PIRES AEshe AEElE 2 B R8sl g Wbt Fasiinh. 9, AdA EAsh=
B2 MRBESS AYWIH A dorla Slrt. e GurAQl 1R WPt R $8AME W) vIdEES E29)
= A7 7] w2, 71E9] W EAAE Wl PIRE 8-S ddsketl AReHA St olEd olhE, & o
TE TR B8 W 38A W AYEE rIBEES BEls) e WS idshked BEE FaL Sivk 8L 19
¢ B4, LBE ML 100 pg/mL] tetracyclineS 7o 3t MiAE WHEaL FASPHE o 88X TRt AlE iellA,
A WA WIR8E RadS 71t e e R S8ot SIS BAR 23 EeolEdlM 2RI vilEE

AGd F2 A WA ATlIReS 16S iDNA 402 IRIeIt. 28jal HAHS i A WA e #
A w7t A, JAAE TR ZHo|EAME Bl ARHA] & AR Hol, A = A WA mdE
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1.M B o8] opi=Ele AW wiitol] Al dolt Balfral gy
3 HrPt £83 ol4rE tFEI JtH(Coleman ef al.,
AT Bo] A FgoF A3 A WA mAEE 2007). ] A= oefe ol T w3dTsie]
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BX(FHEEE, 20060 =W 3ol 3= Yol
A A F&= ppbrEel=EZ, AE ezl 23 Ao
I AR GRS AR tha HESkA] go} BRlth 1
e tike] RS TG FE AAA s 2
=0 A9 Tt 30~90%7F ol FF3 53] 5
o] Aol widEd =& $=9 AT Ba=A B
AR, ol2fgt =] FAY FHoR =Fe T
e A WA VAEY TES o] & Zolt(Jindal
et al, 2006). YA WA vE2] 8 AARTR= A
WA F3271 473 o] & (antibiotic resistant gene horizontal
transferyS B34 SAHES W] HYA vESl As)ziA
olEo] A WS 2 He Zlo] A7) He Aotk
(Dzidic and Bedekovic, 2003; Klare et al, 2003). ©]&
g A i A PR ofgt AW X 87} oY
SEE I RAREIES o Aew W & £ Uk 1
HEE S EAAN HAE fEldS A= da BFdst
Al 7] QM A WA mAES] HEel &
Q3

A, Adoll EAdhe v e f71EC] 3]
A AP AdEilA A daL, ARG el rREE
e 1YY Aeel wEHW ARAA e FE U
(Colwell et al., 1985; Kogure, 1997). SFARF #xjo] 42
04 FRANPPHEHIAANL, 20000) TAE FeI4

je i ule SlEH el DYPIAE A
7) wjze] BN RS EAlel Adeky Aeel nE
So w9k 22 8 @ 5 gl olefd skee] mAE wjk
Wl S 3957 el AP AL s

[¢]
w85 Wl vIRE feld S I3 A I el
ot HAfeidel dE A ol Bl mAES
of thet Fre AlFsIA| Fslict. veby o =
Sl frald PlES ik Wio] Fasitt. A7)
o] ATl SJaf £ dAve st & B AlRelA] v
e ol 2S 98 AWM W7ol o
Gl

& o4

¥ Jepgtslel PAA A PAES wjREEs s A)
2 WS APEIT. B el 2 A vhee
(e}

TSR SALATHESEY A 2006-94909 ).

21 A2 MH

2 AT 51 bket & A8 A A
AQEE vAES PSS Aolmz S8, WAH 4
FAHIES 3t AIRE ARSI £ Aol Zde W
ol AP Mt v welds Holr] 98 5 S
Ag3M AL o85S AIEE AMSSIY. S8
TRH R AMgdE ATl AF. FbEaE
tetracyclin-+2] YRS FoIgh SR oA YA WA
HgEe] AZe] HEE vl A7l @Y, 2005) B oA
ik Hhge] ez ik o} AP &
A WA RAES WY B 4 IS sl At

SRt FUAGE A7 PN P Aol A

- 712 -

3HAtt. olglgt 7|1A)9] A8 E o83t ASES A FHoll &
Aol A ZidE wY WS HAE felde] HIAIRl Al
(test sample)?l A o} FAPIE A0 H-83l] B3k
o} AR BIES 20064 42 9 SrFelR A3tolr 27
3% 3 mmE 531 Aol ARSI

2.2 Cfsh AA=xZI0M &N LHY ojdEe| uiY HE
HH

£ dFolie A9H B ot 1P mAERE &
Al w7 fIaiA Lut rlAER g BAH R AMEE]
© 9% 491 LB(Luria-Bertani Broth)?] 9% A%
= WHEA)7I17] Y8 107!, 1072 107, 10402 Z}zt &
A71AL agars} E3181e] vUe-S YRS $ 6-well multiwell
plates(6 TFg LZH0|E) & AWt plate(e]st S o|E )0
Hol 1S AT, FAA WS 7H vlAES]
Aed vl B2lE A, 94 A5 Tkt 8=
LBHIA]] tetracycline 100 pg/mLe Fdsle] A7} g+
fre R E A7 22 WAeE At
Tetracycline @A A F& A7 Azt g=zl
4 7HlA 7S 8ol AM8Skal JE  chlortetracycline,
oxytetracycline 72 A|lEQl, vl-¢- FHS] Al A== <l
A8 AL, ool s WS Ze Allde] BokAAl
A AR G 2 FAVE 2 7] wEel £ ATl
e A 7R A F OiEFCZ tetracyclineS A3}
o ARESISITE. 22]a AFel ARESE tetracycline®] %L1
100 pug/mL =2, 7ol disl] 2ol S8 AT
(Novais et al., 2007)o|4 AAISH tetracycline MICEES]
64 pg/mLETE ¢F 158 =2 Qejo] Folt). mehA o]
T WS 7HAE vAES vl 9183 vAEclRa
Tt & 5 A7) "ol dr1e] R AFES ST

u|zle] Alg W v RAES ARHoE HES] Sl
A F M3t phosphate buffer(NaH,PO, pH=6.7)9} 47
Ot 52 3171 & ZEo|Eof Hele Hushby
(spread plate method)S ©]-8-3] T (Sambrook and Russell,
2001). LuF 113 wljx]e] A9 B SMAE9] 4 100
plolar, gk nFuiR] Aol 30~300709] F2U7) S o
AAR1 Eeloh BHsPt 7Fssith 22 WA0E 6-well
multiwell plates(6 T LEZ0|E)Y 9= A EE
S| welld 17.6 ulvHE 573 & vl Ao 1127
EIAAA 2Aehd F2U9] =27 5~5070%1 5ol A=
2 AES 1) oA FAHAIEIT FEE SFHES
25°Co|A] 37t gt Tl FAE F2UE ERlska, 1
TE Aok ZskE dolee] 2Fd H7E HsiA 7
Alge FHA A ¥ 9 Ao EFEAE Alkkslar o]
E HTHOE LiE coefficient of variation®= AH331AT).

2.3 ik 22| E N LY O|ME S8 2y

2 AFolMe AlE7F £ iRelA ARt AlitEe]
AEeE EAS oelr] s FHOIEA EE4 9
community 14 22 morphologys H& F2UYES 3}
U] FREa B, 1 FdE)] AT <F 4070 oS
AA|ekE ASS ddsigitt. 28lar o] AEe tialiA 16S

Rt A a0k

CIHICHSt 1 | IP:165.%%%.140.30 | Accessed 2019/11/11 17:01(KST)



rDNA2] PCR(polymerase chain reactionyS <=3J3}it). &
A& 984 PCR primer= 27F(5-AGAGTTTGATCA-
TGGCTCAG-3")%} 1492R(5-TACGGTTACCTTGTTACGACTT
-3") (Lane, 1991; Marcelino and Stephen, 1996y A3}
Aok 7 PCRYMSY A R 2540 Hl, 10M B
9] forward primer®} reverse primerS ZtZb 2.5 uL, 10X
PCR buffer 2.5 gL, 20 mM2] MgCl, 2.0 L, 100 mM2]
dANTP 0.05 gL, 5U/ul®] Tag polymerase(Invitrogen) 0.625
4L, sterilized water 13. 325 uLE Xgsla o 3719
A& PCR ¥FgFEC Y1l & 4o F thermal cyclers
o3 PCR ¥h&-& HAIBIGTE 94°CE 587t vEgAIZ &
94°C(3%)-50°C(25%)-72°C(25)S 3t Mo|E= 253] WHE3]
31, 72°ColA HF WSS AFlE 2O E DNAS £E3)
SAct.

FEE DNAY Z71E ERIs] 984 PCR WHES
1%9] agarose gel, 1X TAE bufferol A 100V, 400 mAE
4087 A9 EFE AAEHTHSambrook and Russell,
2001). Ethidium bromideE ©]&3] DNAYGAS 3dlal UV
o =FAAH SZE DNAS| =77} B33 1.5kbe} AR
Z] 13t} Qiagen Purification Kit(Qiagen)S ©]-8-314]
SEE DNAS AA7I 2AEY E7ME #4498 vi=
ZA (http://www.macrogen.com)?l] 2]#]}ic}t. 22]a1 RDP
(Ribosomal Protein Database Project) 112] Classifier Z2
T3 (http://rdp.cme.msu.eduyS ARESIA] TAEL] TS 4
P3lHTt. RDP AlO|Eof|Ae] FAHPHO 2= WA classifier
Z203e]] L3I} Sk sequences YEBIE AYE A &
Al (kingdom) > - (devision) > 7J-(class) > 5-(order) > Z}(family)
Aol o] Er(genus)’ DA BT HIAES T 3l

Ytk o] wl, seqeunce matching Hl-&-2 97% oo &
S

3. MEEY U =9

3.1 Mk &N LY O|4E it HESS Hordn
=8, A, FARS, PPE AEE FHolEd
HEA v 22 &) A F2UY 5 Alo] Table 191l
7IABIATE. A2k Gy, sl Al 7 S 25
3l YA BS Z#o]ELHCFU without Antibiotic), 343
AE Egsl= ZY °]E(CFU with Antibiotic)Z Y]
LB9] %‘ AE10% 107, 1072, 107, 104 wWe 2=
Y & AEst AlA 7IARIES Hodok T3 LBY] 84
ZéEOH w2} wjR|e] FdsEs o] BUTE Kuznetsov
(1979)2} Poindexter(1981)= 1~15 mg/LY F7eA9S
sl wiAlIA Aleke HAES AYY PdEolzt A
oA, B AFelA A}%% LB wix= 18H Y
15,000 mg®] F7|&A9S TR LBE 3AA71A] &
2 ZHolEx mdd, LBE 107, 1072 1] 3]2A71
HolEx T4, LBE 107, 1074 34171 F#o|E=
AQEd A Atk o]9} 2 WPHE Wil o
S0 B, Azle= AR E@NHY] ?SVM F3sta
= LBZ 107, 1074 3]4A17] Zgo|EoA F2Yr}
ERIFJGHE ¥ZH o2 1 Agole A A AFY
4 HAEC] EAES EY F U= Aol

850 e PAES wid & B Ax B3 E3
olERe] AMEE= LBO FEE 4R 107, 107 107,
10791 Zg|o|EdA HBEo] Aepts R & F U

11?\:

U

29 m{ru

Table 1. Detection of Microorganisms from Various Water Samples (Unit : CFU/mL)
LB concentration drinking water swine manure Cheonggye cheon Asian dust rain
LB 10° 0 6,700,000 467 242,000
LB 107! 2,600 2,400,000 3,400 254,000
CFU* without - p—
e LB 10 2,740 1,200,000 4,433 288,000
Antibiotic
LB 107 2,590 1,000,000 3,300 245,000
LB 107 2,340 1,200,000 2,067 282,000
LB 10° 0 133,333 0 7,100
—1
CFU with LB 10 0 20,667 0 5,940
Antibiotic LB 1072 0 1,667 0 4,530
(Tetracyeline) LB 107 0 5,867 0 4355
LB 107 0 4,633 0 2,435

*CFU : Colony Forming Unit

Table 2. Bacteria from Drinking Water

Genus LB Concentration Characteristics References
Avcisella 1072 Ohgotrqphlc bacteria from fresh. water neuston Nikitin ef al. (2004)
biofilm and a mattock spring cave
Chitinophaga 1072 Isolated from pine litter, fresh water and soil Sangkhobol and Skerman (1981)
Rhizobium 1073 Legume root nodule bacteria, isolated from Lindstrm (1989)
(Oligotrophic) the root nudules of Astragalus sinicus Chen et al. (1991)
Pedobacter 107 keulared C““"!a‘e warmlrlg A Hwang et al. (2006)
tundra viable bacteria
F278 HOBIE - 2007 11H - 713 -
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Table 3. Identified Bacteria from Swine Manure and Their Characteristics

Genus Characteristics References
Reboli ef al. (1989)
[ 2 = . . . Weber et al. (1988
Bacillus T, HA3 2155 A2t Vacomycein, Clindamycin, Dryde and Kram(er (19)87)
Aminoglycosides, Imipenem, Penicillinol] tj4do] 31 Slimans ef al. (1987)
[saacson et al. (1976)
21zt AW o] Y214t . Clindamycin, Lomefloxacin, e
Vagococcus L =0 (;loxaeinﬂ] LH/\j)o,] s Teixeira et al. (1997)
FZ, A U, 2209%, 4,
Staphylococcus =2:019] 91013t A1k loiz Kloos and Bannerman (1994)

LBE 3|4A)A v ZgolEoM Ak -85 Yo Ay
EE0] firlgidde] 32 3AHA Al PAEYS ol
7] #181 16S rDNA #438 HAIT. Table 20 585
A B H vEY O EAS JeY. drcicellas 7l
9 FHoly s=oA HE E A f7IEe] 3
< A Ale ZoE HarEo] AP BA0NA A=
nBER B 4 Ut Chitinophaga®= 25 EA, 71523k
Eolut &3 Zo| f71E°] AL A Ae ZeE ¢
B4 UL, Pedobacter B3+ £E2} A olA A= APY
d HRER GEA Ak Rhizobiume BE EYA 2E
o] Hg] ZAolA A= PAER dHA ded & A8
Al o] HAEoe] A H ASE mjFo] Hol, o] Aol
2 Rhizobium 2 57| o Fardlsle vdE
2 AAZIL 719 ARES £ Al st o]
AGF HAES HE T F USE Hole Aol =3
e 28 A|ZE tetracycline®] TH-E HiX|ONA B 3
< W S22t FAER] @ AOZ Hol o] Alg= A
Aoz QA f3lAde]l L Aoz B 4 o

FTe v A W w-8Ee tigt #3i4d0] o]
0] A AThEHY, 2005). ol & ATllA] Zidst vk
o] A A vBES A § & AsAE WEE
7] S8iA SESE AMSSIET. A8 AT, tetracycline®]
ozt uiAell A the] F2U7) ER1Fel we(Table 1)
£ ATollA sl ihHol A W mlAES wiEE]
T F UeE BY F Utk =3 SAS U] vjAEe] &
A A ARE T3] H13 tetracycline®] E+E wiA]
A F2UE £ 3 16S 1DNA B4 3 Hla, 1
AZE Table 39 YePAT). A2 Bacillus, Vagococcus,
Staphylococcus?t 2] F| A}, FollA HE nle} 2o
Bacillus$} Vagococcus= 53 @Al tis] oju] WAS

Zka QJa1, Staphylococcuse IZNAl 2] AHE AT

-

115
PNl

A

= YA PRER dEA AT A B AellA AN
g o] AE f8id Wrlel 82  AeS Eol
3L Aok

o] AEES /A FU Az wE e W vy
9 2¥5 Btk &3] v fr1EC] Aokl wEE

2o M (Miller and Varel, 2003) #1932l 1072, 10
EH|o|E0NA HiYkE mEC] WA vAE F o 17.6%=
AABIAL St} o] B ArollA] st ol A Ul
4 HAES 2 8 uiet JojA Bz A
e AGEY F3EL B8, 7180 HES + 4 A

Fd A WG edEZA AR Al Ve dE

QT

o4

32 g4+ % A X7| 29 W D82 waiy @ot
a1
£ AFellA e s ol &3iM FITE 88 o

83k FAA Ageld A W8 PIES 243 2%
7} Table 1] UYERSITE HAR = A& HellMe ALY

4 B ol 1Pdd MAEES AEHUY. 8% T
AEEL 352 Ry R Gl osiA odd
Zolglal & 4= Sl=dl, ole A AlRelA HeEd A
UAES 34%S AISHY. o] A= vAE VA = 9
oA A RS 2 BIHdde] e mXe
FEo] AiHoR A= ZE AR

AR EAFh= v|AYESL tetracyclineol] thal ]
WS AYA ke 3oz AT, 1oy HT IS
Zapekelo] Wt Afge] mEd Evete] 40 A
oA HEE AAE FAAR] dFrtolal, 2FAR] o|R=
H, 358 AR HoelRlY] 57t vl= FDAY 7]
T2 2R Z 0 E =euithEHEEIE, 2006). wEbA
3719 Aih= A&A] 1A tetracycline H80] Aok=
AL BoFa, T3k 4719 A9} tetracyclined] th3Y
45 WS e rjAEe] gloar e

AHIE E3F B AFolA st Whies B4 3 B
UTH(Table 1). 1 23} GAF HIE dele A WS
H= vAESC] YT ARl SRR a1 &
I3kl USS E 5 At o] e FAF el A U
do] e HAES EANE RoF=r), o]9} 22 WA=
o] fldS Agxez 9 3k V|E Ay By #
vl gltt. ole 3] falde Ko AAHoE AT 5
A =SS AR

FAIS] 27179 el EAllske rAEY sHEAR
LBZ 10728 3A3F ZHolENA Tariovorax?t 4% EH
<), o5 FE50| Bl FrE EYely FditelM A
A&t oju] A#dA] Jth(Piotrowska-Seget et al., 2005).
E AL BB B2 FE5ol 2 Jn#HEE T,
1995), TE&l WAool e AFLE vd=ol tigk A+
7F olu] ¥31 © v} e AOZ Hol(Wyszkowska and
Wyszkowski, 2002), & oA ALEH wWHoz LB7}
S| ZFolENA AL HlEoA YWY vAES A

2T F s BoEn

~714 - Kt AL G e

CIHICHSt 1 | IP:165.%%%.140.30 | Accessed 2019/11/11 17:01(KST)



[- Absolute Abundance —— Relative Abundance
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Asian Dust Rain Swine Manure

Fig. 1 Microbial Risk Evaluation of Antibiotic Resistant
Microorganisms in Asian Dust Rain

d

Al el W3S 2= mAE faliide] ok gkl
H el BRBIE ) A g rlAEe] o8t £
3 A= Ao R vlw EAEHt(Fig. 1). 7 2159
A falid B3-S 98] Table 19] S3<F, A=
o thalA 10° 107, 1072, 1073, 107*2] Z}zte] Zgo|Ed]
A Uerd F2UE eIt el Hlal #4 Al 2 7]
T2 1 mLo EAlskE vAEY = FHern=, F §
A HolHE 52 Yol %F3 AIFY rBlE 2] A
S A WA wAESY] Z2Y 47(262,200/mL)yE S4
H4=(2,500,000/mL)l BI|A W} 2¥X]TE sigE )
v Sl ek A WS 71K rlAEe] A wlge
SAHIES] 739(1.86%) T FAHIFETH(1.33%)S A &
I 3t} ol JAVE 2 e PR =& Eud, &
ARLE Ul vRE falAde] SR n St As AR
Ei=g

33 MEYN B4

Fig. 2= 2 d7olx A8 585, AAIRS, S,
AHIEA AEE F2Y 4 dlolge] Ay 4 A%
E Yehla ok o7 22 AE, 22 ol tiEiA
7MY ZHolER AFS A 4 F2Y F HolE 9
coefficient of variationgkS -8l A=A & H78ILh ¥
A 8o ¢, coefficient of variationgte] 20% W
2 dlolg] 7H] 2F=r} tgE AR vl =Tt A}
BlET A 79 A5, AYE FEE 7FAA coefficient
of variationghe] 71171 SHAITF 1 3ko] 60% olujelt).
gy 229 49 LB 107, 10722 Zo]EdlA e
coefficient of variationghk> 60% ©1doZ T Alg9] d
olefel wlsiA L @7} ZiTh.

Zo|E WhgellA Yehde 23 ] gikRl o=
= 3, AgddN F=2Y $5 AP & o 2249
7], 2% 55 Bl o] 1 7IFo] FAsHA ¥oH
ZF2Y 7188 Al 22t 371 & 5 ik B, HES
FEIb w2 S AR A aliM eapt B &
At -850 79 108, AR G2 A9 1008, AL
2o 79 1,00080, FARERS] 7§ 100,00041= 24 8}
oA FEslE Fedl, Fig 2004 Re nie} o] 34

274 H6BIE - 20074 11H

4—drinking water
—e—Cheonggyecheon
—¥—Asian dust rain with tetracycline
—&— swine manure with tetracycline
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1.2 \

0.4 - Y
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LB1/100
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Coefficient of Variation
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Fig. 2 Uncertainty Analysis

o) 3 A|EYUFE coefficient of variationgke] =T}, m}A|
oz Alge] H] @AY o3 oA & ¢ Utk 4t
He} o] b §71E0] 419 Atk w3 Alg=
gz wAPEle] FEHO|BER H] o] duk B A
Fof| vlEiA =t a3 olHF AlgEY Bl dEAel W
ol v Agvict zAge] ol 4= ot

A, BAF AlBolA B0l AYY HEE 4 +5 )
olEfe] 23 g HH Axe AFE 1 & F U o]
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