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T AN A Alit-s FetAn] A, o3t dvdow dkehd
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JNAE gRlg = ik Fd3w| o] 7|31 DNASH RNAC|
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A Aole Al o] HIES SAHT & Adou AAVIE] &
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© Ao He Zoltk13). o] WL nalidixic acid €]
ipemidic acid, piromidic acid 5 THEZDS Xsl Aol3)
ARt o] HE HIE-S E=0h14). ©]2ig FDC, DVC W9
} & e 3T AS 36 sgE 3R Basith
10]TH12).

2 Aoje FAAGAETSYF E53the 3 “Aoll
o2 Hi= Aot F, M2 membraneo] EAJ8H= A}
Al A HAAE Bo} formazans B8t AS wA] THEA
wA k= Welt)h of7)d AL8EE Ed2E ARt
wrom HoAS ul= 2-(p-iodophenyl)-3-(p-nitrophenyl)-5
phenyltetrazolium chloride (INT)(19), 83%& W= 5-cyano-2,3-
ditolyl tetrazolium chloride (CTC) B (17)& o]&3l Aol
A& BR1sk= Zlolt. o] W2 k4] FDC, DVC Xtk
T Aolgle Alite] vlgo] A YEth 22y o] WHe
71421 INT$} CTC7} AlEE Fsteiol stag Aol whet
SA0E Yehhes o] i, ARgske £ ARAIVE 540]
om, AuFBEA] fade out AN TOE QFHE FLE|=
FTH(17).

olglgt BHES Hstr] 18] /e WOl quantitative
direct viable count (qDVC)Ho|t} gDVCH-S DVCHS HIA|
2 AeE FNERAT glycine A 2]E F3l spheroplasts 3F/JgH
Al-g ez o2 galAl 7] ol vl Al F7H=EE glycine
< Aol 47, #Esh=s FHolA peptidoglycan®] S el
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3t AEHE =5 ke IS $HH9). o]#Sh glycined]
FeFoz Aaxdo] A3 FAEA &2 sphaeroplast=

freeze-thaw 2|5l <]3l] 83ll=]o] AR HhdHel] F2]7]0)
UAY F& Alte ofn] F9H AEHo] 310, freeze-thaw
Ao A A7} SR et o]ist dElE S-83e] 4o}
U= A& S788k= Aol vEE gDVC W oltk(13).

qbVC W F 7Y Sa3 AL Al AEE S el
= glycine®] F%°]t). Glycine =7} %o
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o] DVCE °|&3to] 4 & o] F2 Sholn, &%
9] 75 Ao oF 80% ol/do] Gram &40l &sh= ATl
tH2). Wb FAIETE Gram S40FE A8, A2
st wAYE FFAMENA Escherichia coli 10080 W= 9
ok ARE S okl A e 4N MR RS A8
1, FA7 oAt Fe AT E 244 I AL A8
At} ©]&2 acridine orangeZ GA3te] 3 FHw] A (Olympus
BX60, Exciting filter:B, Lamp:Mercury lamp HBO 100W/2)°.=
AAF A% A FRH 250 w3 glo] BH P
o] 7FssItt.

qDVCELHOIM =X glycine s =2l

7 glycine T=F 2A3}7] 218 EC brotholl A 44|13t wj ¥
St E coli 9F 24 AZF wiG%E E coli WFN 9 ml & 47 E
¥ 50 ml conical tubeo] Il 7]l cephalexin (0.01%) 1
ml, nalidixic acid (0.02%) 1 ml, yeast extract (2.5%) 50 uiE- 3
713k § glycine®] #HE FEE 05, 1, 1.5, 2.0, 2.5, 3.0%= 3}
of 2441 P MUSACE F T oAl Aze] TSk
freeze-thaw *2]E- 3k F(18), acridine orangeZ A3+ & &
avlAoe AasHr.

ofd

ZAbCH& X[ & 7|2k

243, BRI R, BiH] 23 F F 33, A4 @A
S 5 5329 ZeollA 2003 99FE 2003 109 F A
3] B3l oH, BE AR 33 HHEsle] A9t

ZAITT 24 Acridine orange direct count (AODC) HPH S

ARgBIA e, A EE o83t Attt

H=H-2 R2A broth (Difco, USA)ON agars F7}8F 314
iR S ARt EEE oA viR] Aol AlRE 1520 ul F
Y F =2l 25°c] 7)ol ol colonys FAT A
Aolle Al o2 AFSIATE Be A5 4L 33 o)
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HEE silen, 24 A7} 30~30070 Alole] AtRE ARE-St
At

CTC &

i E cap tubed] ANFHAF AR 5 miF v EHE R2A
broth 4 ml, 5mM 5-cyano-2,3-ditolyl tetrazolium chloride (CTC)
stock solution 0.2 mls 2, FFLE9] HoA 1A]3F F<F
shaking FHA] wFeE 3(17), ¥333w| 7 (Olympus BX60,
Exciting filter:G)2.2 AlF=3I5tE “Aolgle M2 F3S o
= RoZ Y.

qDVC‘ﬁ

¥ 50 ml conical tube®] AlE 9 ml¥} cephalexin (0.01%)
1 ml, nalidixic acid (0.02%) 1 ml, yeast extract (2.5%) 50 pl,
glycine (HFEE: 2%)yS H7Fet] A= olA 2413 F1t
o v §, ALl FAshs freeze-thaw A E g
(18) AODCHH 2.2 AlF=sl]tt. ‘ol Al o= Sl
T 3ol A DVCH C.Z YERd AlitE 7hate] AlLkstaTt.

2 3

Z|X glycine s Z#H

HZTTIT 4% ©1732] glycineS Aol ARS8 -5, Aol)
= Al T olde} <FAY] o] AY F2 Al o] AEEte®
glycineo] 2H-8-31e] A7} THAshe AL ¢v] A48S 53k
FRlskaT). H4 sx A8 AES =ol7] A3l glycine F
TE5 05, 1, 1.5, 2, 2.5, 3%=Z 3l EC broth ol 24A171 44]
r Bl E colidl ZV2be] FEE Yol wjddt A, <Frx]7]o]
AU F& M’ o2 FEEE 2483 vlF3t E coli= glycine
Lo Al ggkS wkx] AUATE glycine FETF 2.5% o3
A5 L dAFTY glycines BA] ZAE Z714 HIE & 13~
150 ZAshE Ao] JEFG AoRlE Aoz & 4 9]
= 4N WSS E colis 7] T 0.5% glycineS ¥
HiFalS W, glycine A EekA] & A9 oF 15 FFoE 7
231931, glycine &% SVl wel AxPH o2 7ASIA Y (Fig.
1). o] AN FE ALg3= qDVC WHEOlA glycined] %
= 2.0%=Z A3t ARSI

qDVC Yol et &ol

qDVCHol 25t “aolgl= Ml gt Ssldte AS 59
7] 918l E. coli A0l o] WS A& Kokt 4Azk
&3t E. coli, T AORIE E. coliE qDVCHOZE %3l 8
An|F oz st A3t vl AL o Al AEEHAT
Q2 2407 Bl E coli®] 75 qDVCH O Z A2]3kal 3
AuF oz AT Ad B2 59 Aol A ATKFig. 2).
o] Ago|A dojxl Axh= Table 137} 2T} F, ©] qDVC ¥H
2 glycine 2] T freeze-thaw HF-S T3t ‘SUAY &
A71Q1 Zdefe] Mt 8allEA] deths 2ls gRlE T 1

off 1T oo Z O
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12 A —@— Non-active E. coli
10 A —O— Active E.coli

Bacterial numbers ( x 108 cells/ml)

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Glycine concentration (%)

Fig. 1. Proportion of inactive and active E. coli according to glycine
concentration.
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ST AIB0M HEAH, CTC {2 gDVC WiHo| HEg

7t Zrell A Aol Al S HES] skl HeASH,
CTCH¥} qDVC WS A-8-38fe] 2ARE Ayl= Fig. 37 )
2gso] FAlTF] tigt Aolole M| vlg 747 3
AFHLE 6.1~7.9%, CTC FLHL 13.9-19.9%ch 1y
qDVCHS 283t 45 FaAFH cTcEd ol visl] 22t
6.0, 244 E=& 41.2~456%2] HlE-0|U}.

A2 soME Adse) FARE Aoo|qltt. B2 5] Tyt

50 pm

“oRle Al 578e 1% qDVC W] #8207

227G A 23 Al gl FAldgol tigh adol9lE Al e
HI &L PAAGTH 6.0~82%, CTC AW 15.4~17.2%, qDVC
W 32.0~443%2] H]E-S Bl 3 G250 AgEggow
AR E QFAEA o= FAlTgl gigh Aol Al
Hl-go] qDVCHHES A83198 7% HAAFHY 4.5, CTC
W] 2.0H) & AE 559k & 2ot gl

oz Ag, Tl gk “Aolle Alit o] vligo] 3
AATFHLE 9.1-9.9%, CTCEURH-S 20.9~24.0%0] ). 283
22 A8l gDVCHS 285 Ay}, SgATe vlgo| 327~
39.0%% YEPGTH W59 Ydel AUYs e} gEzdole tEA
HaAFHY CTCRIRE O 2 A5 “AolQle Mol Hlg<]
o2 s5ET o =9 28U gDVC WREoE 53 A
olgl= Ml 9] Hl&-S ARSI

o

BN

AAA | EAShE A= At T IR 3 240 w
2} AAH o= FA7] FHYd F AL, ol Ao AE Aol
7% 31tH(16). A= Bjdgol 3 radical A, HHZH Q] 22
ol Fal F wiol Aol FAVIZ WE = ATk (10). L
9] Yg H= T3 o] 427 st mel “Aogle A
] B¥7} gepxi),

2ds ol FAEeE DVC o R SAT Aolsles Al
o] 9 FAA Bx = MR do] BU). &, AEEHIE
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Fig. 2. Microphotograph of typical viable bacteria (up) and dead and/or dormant bacteria(down). (a : viable cells, b : viable cells - after freeze-thaw
treatment, ¢ : dead and/or dormant cells, d : dead and/or dormant - after freeze-thaw treatment)
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Fig. 3. Proportion of viable bacterial numbers detected by plate
count, CTC and gDVC methods in lakes.
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Aol AHH oz HoslE g AoQlE Al S SHs=
HAE Aegter] F83F A7 diidelqlt. 7|&e] Ao}
A& 3%k YHES A di 23 S ol&se
Holutk. o] WHELR voksk A7) gAY Af-elle gRlo]
2 @xo] . o] TS B3l Aj=2o] AgtE qDVC
= AlxEe] P48 JAsh= glycineS AElstal A<} F4
g 250 HalE MX o] &85 sk Wiolth

qDVC W 5 F23F AL glycineol] 2]+ sphaeroplast 3
A3}, nalidixic 5 A9} freeze-thaw oA sphaeroplast]
L3 7-4golt}. GlycineS peptidoglycan HTE-2-S FAIE wjjol]
alanine™} A1 AR AA =W (15), TFFOZ £JFoA
glycineS Wol& -9, Alite] Alaxso] o] ulA =}, 3+
o2 methicillin WA S. aureus®] 735, T2 glycined YolF
Hz| ol A w3 A} methicillin ZHAd0] F7FeF AL HEE A
289] gigdo] AR o] FolAA] 7] WiTolth?). &, thF
o2 dof F glycine Alve] A8 74 HSIAA, A
9} freeze-thaw *]12]¢} 22 Ipgol|A HA3] L TH9). o8
gk glycine®] A4 Ag] FEF IRIgh oHAE A7}, glycine®]
EE7F 4.0% ol A FSAY FAZIQ Al 50.0% &
Tt galEe AoE SRIFI. o] AT g3 22 7}
Aol 7Fssttt. A Ae FAY FA7IQ1 A oAM= glycine
FEVF H2 AN 24A3T vidEE T g AlEY 384
o] dojufar 91, o] A A FHH MEHo] 2o FZg
wslo] ot gajE= A oE AlREh T 02 S AE
BS TSI e alanine©] F2 9F-9] glycinedl] 93}t
glycine® & X|g=|o] EE|2] Wslol] oate] A|xH o] §3)ETh

O

)

X

Table 1. The numbers of E. coli before and after freeze-thaw treatment

Incubation Before freeze-thaw After freeze-thaw
time treatment treatment
4 hr 12.0£0.1x10° cells mI""  0.6+0.1x10® cells ml™!
24 hr 6.9+0.02x108 cells mI'!  6.620.2x10® cells ml!
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= Aot} o] AFoME glycine T} 2%Y 740l Aol]
= AtE w ol 23 AL dA) i Aol 2
EE3tel2] AAgolx sl Sa=E AL, SAY 4171
Ql Al 83l Blgo] wi-- Byt olEgt A¥= qDVC W
Holl A glycine *2] §5F ZA3= Zlo] A= ojot stf=
A& dEEh

A5 EAge @AM HlE-S 730 2 2, qDVC
HE HE3AS A AEH M vlEo] FAAFHG
CTC Aol 23 AR} oF 246,08 =& 45.6%71A] L
}, qDVCHY] &M A& 4 =UTh 22 43S &
A7, 250l 283 Afom Adse] A9t virA =
qDVCHE 535t @449 HE vlgo] BaAGHolY CTC
FAHET 2.1-550 =4 SAH], gDVCHO] EAAES Al
=t JolA] 7S] W E vls) o a9Folgl=s AES
W S ATk =3 Yokomaku er al(18)2] d7ollA qDVCH
< 3T 23X 285 A, HHAGTRHET CTC SR TE
o 23~5.50) £& 63.8%% AZFHOl ¥ AP} v HES
< YeERAAT

9] I dE ol wEr 2 o2 ST Aolsle Al
o] AEEY Aol YERA §%kar, AF HIEL FRATHE<
CTC 3<gDVC WY o2 =30tk =, qDVC Wie] 7]
Fo) bR T} AoRlE Al S HEeHE ol ©
=] At

AT Ho| A A A4 Aholfle Al s A&
o AHslA] Fafrkes 21 ov] & 48 A Aok F, BE Al
ol Al &k v x] ZAJo] o, vjde o] AASH S s}
Al A Estths 59 o7t AThS). &, CTC i
AARAGA ] & SRIshs oA thadt 2 A7 A
o] A&3t 74Z0] oYt} =, CTC= Al ANXES S35k
AENE 50 7toksh, AxY] SF§2g-8 3] AAof s,
M) AT} vl Elsledof CTC formazano] A ETH
(6). TetA CTC o] 739, HAgAS] Edo] w|ekgt 75
RS quencherdt CTC formazan©] A3 A Eo] AolQle A
Tt0] TEo] HA| P A7t UTh T TR o]fE AlE
50L& CcTCe} 1% CTC formazan®] AlE E2 thALS W6)3}
© 242 A8 F Avks Belth(17). ol oF= CTC
oAM= “Aolle Al S A& S 4= gt

qDVC W& A2 peptidoglycan AA-S Walsl= HEE
o] &3t Azt o|H AFNXME Gram S470] B TA
Foll A= vl F-83 o] AT FOFE Gram Y
o] HXEsh= EFYEA Soll 2-8317] flete] wh=A] AR
glycine &&=, lysozyme *18](4) 5 peptidoglycan 432 W3l3}
= 717 Axeks gallete] B FHES E=0lv RS %
Th= 9 WHE 83 AEE WS /st st
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ABSTRACT : Application of qDVC Method for Measuring Viable Cells in Lakes
Mi Ree Kim, Eun Young Seo, Seung Ik Choi', and Tae Seok Ahn* (Dept. of Environmental
Science, Kangwon National Universtiy, Chunchon 200-701, Korea. 'Institute of Environment
Research, Kangwon National University, Chunchon 200-701, Korea)

For measuring the viable cells in lakes, quantitative direct viable count (QDVC) method is applied. In the gDVC
process, the final concentration of glycine is fixed as 2%. For confirming the effectiveness of qDVC for enu-
merating the viable cells, the viable bacterial numbers were measured by plate count, CTC reduction method
and qDVC method at 5 different lakes. Among these 3 methods, the bacterial numbers by qDVC is 2.4~6.0
times higher than those by the other 2 methods. And by the gDVC method, the viable cells were easily dis-

criminated from dead or dormant cells.



