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<Short Note>
16S rRNA 47+ £4 = o] &3k AZ-Alstg -7kl
Aee wiepy AT chakd
23" - 0|7 . o|22"

ISTiEtm x| TEz e
*Ciystm o)A

Mo 0

o O
i =

2 AFoM e AU T sligtHolA AHE A #4, A Bka-R] F4= £ Hhyporheic zones) H R] 5}
o= A&l AAlske B vES ERlst7] Y3l 16S rRNA §-82F PCR W& AE-Sto] 55k A
WA WA v AldsE S A3}, A B8k EFTZIA 2.5%10° CFU/MIE A F4
9} A)sk4=e] v 108 o] Mlat=7F BR1E STt B3t 5714, H7)/3 v AES EEst AldE 533
Ao A= 714 AldEe 2714 Aol 10-1008] ©f gro] &<l =81t} 16S rRNA 3% G714 E &4
= 7% 578 A T 37N Al 4070 &, F71A Al 2100 o2 5 Helew, 378 Al &
20| A Pseudomonas £°] F 29.3% = A3}, Flavobacterium £90] 9F 15.3%=2 2}-4 stk X &
&, Astoll A BEjd &5 AlQotal, T AT et &2 & 5714 3170, 714 167] £22 &l
ek A #-A| 8t EZE AR A] Pyrosequencing 0.2 S 53 vlEbA| = 2ot 2 AFE F
3 Z=3 aord nAAET Bl w4 hH STl AAste nAEEY AEH §4 2 7)s gl
sl Hot HEzt 7|2 ARE AT 5 312 Aol ot AFER] 7| 2ARE AT 5= & A LR A

FRO}: A\ ES- A5 SHTLE (Stol£), 94 A2, 165 rRNA
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ABSTRACT: This study identified 76S rRNA genes using PCR to find out culturable microorganisms living in
the samples of surface water, surface water-groundwater exchange zones (hyporheic zones), ground water collected
in the Haean bain, Yanggu-gun, Gangwon-do. Bacterial count of culturable microorganisms was 2.5x10° CFU/ml
in the hyporheic water, which was over 10 times higher than those in the surface water and the ground water.
Moreover, measurements of bacterial counts by separation into aerobic and anaerobic microorganisms found
10-100 times more aerobic bacteria than anaerobic bacteria. Identification through sequencing of 76S rRNA gene
resulted in 40 genera of acrobic bacteria and 21 genera of anaerobic bacteria in the hyporheic water. Of the acrobic
bacteria, the Pseudomonas genus was most dominant with about 29.3% in proportion, followed by the
Flavobacterium genus with about 15.3%. Excluding genera separated from the surface water and the ground water,
a total of 31 aerobic genera and 16 anaerobic genera were identified in the hyporheic water. It is expected that a
comparative analysis between metagenomics data obtained from samples in the hyporheic water by pyrosequencing
and culturable microorganisms of the present study should be able to provide more solid fundamental data on
physiological characteristics and roles of microorganisms living in hyporheic zones and would enable to conduct
more quantitative study.
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1. ME

A A vAES A, A, 27 X
9 ZHIE 53 39, s (streambed) ]
2kstAY Hio| @ I EE AAshs Aoz HuEg]
tHMugani et al., 2015). X|3}4=9} 2| #4> Afo]of| &
Ashe E3-7HHyporheic zone)2 YR 3}Feh2 o
2 et 2 AHAE 7Y, g4, QFE Y
ot Edof) ke e Ao 2 d2iA JlriGraham
et al,, 2016). AT 51 BTN et A=
1) =SS E5o) 7H g Ash= #HGrimm
and Fisher, 1984), 2) 37| A 2] A3} & 23
3} ool whet A FE) Ao o] el
AY(Triska et al., 1993), 3) A E47} 22 | P& Ue
= 712 v s7kR7} ek B3 b RJsis 4
1A Eo] A Fa=A]ol= £t F/d(Hendricks,
1993) <] TRt T olIA o] FA| AL UTk(Storey et
al., 1999).

durE o2 s A| R tigt mAE dRieR
A G71M B A& = BA5k= AAHHE7]
MBS Wol AREET o] R o= AAIZE
A7) 4 EE4(Single-molecule real-time sequenc-
ing) (Murray et al., 2012), o] 2 EHE H7|AEE
4 (Ion Torrent sequencing) (Quail et al., 2012), 3}
o| 2 A|FA)(pyrosequencing) (Kim et al., 2018a), ¥
71XE T4 4 (Sequencing by synthesis) (van Vliet,
2010), B71X ¥ F2 £4(Sequencing by ligation)
(Huang et al., 2012) 52 v]ujFA oy & £ 7
Hol 2 o|FX| 1L §lom HA| Alt2] thF/d (Feris
et al, 2003a) @ EA 7|54 vy EL] E4(Pei et
al., 2010)0f] ARE-E 3L Qleh. EZF HA Fuf S o]
|3 7195 2= DNA G714 E9] Fx24] Zol5
sk WA 7l A 7195 (Denaturing Gradient
Gel Electrophoresis) (Iwamoto et al., 2000) B =
ArEREeE BHE wj R R E Y] A4S A #4, 5
T, Aok Al &o] tigt A7F == o]FA| AL 3le
o, A #5-A|8l Sl A 9] v E Ate A
2 710 2 215 th(Hendricks, 1993).

EAMYETH] A7 o W= of2] 2ol &4
Sh= teRE P ES] T2 7PH51L 57 (Identification)
@ A ==, 7 ribosomal RNA 732

AR Ao)% ol gatel BB 2HFE R HA
=9 55 otk 4 At (Lee et al., 2018; Kim
and Lee, 2019). £3] 2| E4=2|3}4 EFF7HE 7]
4 Y A 5fepof| A2 Sk n|AEo Blste] A2
W ZAYAE chepA S whdalt] g o H
B74L 713 QJeHKim and Lee, 2019). 9HA] gt
o] Al EA WS o83 1 W mAEY]
I ik A #5 W Ak Aol vl &4 U
EPATHKim et al., 2015; Kim et al., 2018a). o]} 2
o] njge] tabg e 1A T o= thlsick. 5}
Ak A 7| E A W F sl Zho| 24
HA S BA0] gle F2 AETA = T3t
ohe who] 91, ] 9 Bz} Tojolch Bt
cheet ) £A1% Selskn 159 RS T
23] ek YA IA B2 Zzke] BB E
of 1Al B4 W 7157 3] sl ATe]
o= n)Eat Fo] wr(Bae, 2011). 2 BE wr}
A ATE SE ARAols T
O] Aol A uieF/d mlAg ol thEt =714l A7t
Basp

YT A B0} A3t FUH O W)
sl HolTze s sk ok olzfo] ZAjstn, %)
5} % cmollA] 4 k74 HA 770l ch(Feris
et al., 2003b; Kim et al., 2014). Z|3}4= £} X F= A}
oo A LFAES s, LR FY E= AR
& ak7, Aol A SUE G712 Agto] Aol

= 293 Az A7 A ch(ones et al., 1995).
TEFE =2 AESE E50] gojup= X2
dEA o, 5HH A o FUE FEAGgLe=
& A Qlck(Storey et al., 1999). EgH13F g3
EAsk= P ES A2 E A skpo A fiTE 2
F=2 o Eali7t 7Fs sttt o] B A=
of 292 AAEL ofzol] Nl 2R, B
T 3ANEE L WS AE T s AHAE
TS FAENA 38R FFS A= AL
2 B x| QItKBarlocher and Murdoch, 1989; Pusch
and Schwoerbel, 1994; Kim et al., 2018a). &g+
7re] mPE S 95% ol4fo] 2|4 e A <] 217
of ¥ wom, gejsty oz 2 A YA &
THGraham et al., 2016). B o] A7} EF77H
o] mjgEo] thsl A3t 2t (Jeon et al., 2018;
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Kim ef al., 2018a; Kim and Lee, 2019), 3] <29t
AFERL, 3P, 2 EG R s EA N o
3t A7} 2 oA ITHBrunke and Gonser, 1997;
Storey et al., 1999). & AL A= wto| 2A|EA] v
Ho B HASiIA MBS, A\ E Ao E
Y3t 2 AL Z|3lof| A A4Sk B mE
= ZUSIAT o] & Bl 98l 165 rRNA #-4
A} PCRE B3} 543k AgS Aashelct.

2. i Wiy

2.1 AT

AP AR AUE P ke
2 3= 0] AFdoll YIx|eth sfiehd A= 7H
31,242 m), =£4K1,147 m), tf--%K1,056 m) 2 &
4Fg(807 m)at Zo| STt w2 FEI A
2 9127} Baine] YT it Weke RAAE
2 3oHEX|etal E-tHLee, 2009; Kim ef al., 2018b).
L BB vhgolaka skt 62587 B 213
9] FH7At 7B olA =& X BEA7F e &
22k 42] % Wk 27 3hA)25(Punch Bowl)3}
Gttt shof o] 9} T2 X|go] ot

B¢t EX] 9] A A-E At globy] A7 Huet &
A e, WY 9 Averoz P 0% &
2}7] giEsteto] TASHATHLee, 2009; Kim ef al.,
2018b). F72}7] thE 3RS #R] 9] ol F
SHA| E3EZ5kal 11 Q&2 AZE ol HAE AU
o] S| th(Won et al., 1987). djjot EX]2] A
gle 2P Alo] 213 B4 E|9ITH(Lee, 2009). 7]
Woll= A4, =54, WAt 3 o9 21H
o] WA £X] viZE o 2 {55k SHHE
T2 shjolch. Telsko] e 2ol ulsted o
$ Thet 52l 728 AT ok s opyet
A} Egt o] speR Sesto] M Uzh(2
1), AFA G o]zt g0 AL gk
o} slaI7ke] AT, 2| ES |5} ST A
Aot E2UAE EE SHTA 2 dEe)
e 9 Azel gt Aol & o]ch(Lee, 2009; Kim
et al., 2018a; Lee et al., 2019).

22 XES-X|Sl T2 AZAMF R B

o Mz 28
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AW, AEASE EFFZ 1) Aok
o] wjHd vBE 54& =AY flste], A&
A& 170(SW), EFTZHHW) EA| & 107§(P1~P10)
% A8l AR 1/0(GW)E A2stsch 20164 89
54(1270)=F 20161 12 13Y(127]) & 2470 A&
£ Aok BT A2 AFAE 9190 1A
oo 2384 10718 AXstRH2H 1). £
TR A BAF 712 e Hold 2EAtEE E
A A4S Agste] 17 ZlolE 57437 Kim
et al. (2014)0] AL WS AFEBIAT) LEAR
£ o]&sto] Aikd 210](9.2~14.9 em)E EFF1E
olzfal st AR A FstATh A= AT
2 Kim et al. (2018a)9] 7|&H U&L w2t 233}
ek Al ofolsthac] 4T & fAls}e Agalz
=2 F, M mldE B4 2AL0 ARS8 A3
T A= DASIA S ARE5lo] 8]4 % Reasoner's
2A agar (R2A agar, Oxoid, UK)ujZ]o]] =2a}oq uf
A PBES Bttt 3 A7 rES =
2]3}7] 9J3ted BD BBL™ CO; generators (BD, USA)
2} CO; indicator (BD)E AMESFILE HjF 2AL
25C ol 4 2207k ek e A e) 22t A
£ &8l Alets= (CFU/ml)E 34513t 2 A2 9

27 9 22 10749) H2he B,

23 37|14 9 EI1M HiYY Mz SH

Halg u)gEe] £4E 93] InstaGene'™ Matrix
(Bio-rad, USA)Z o] &3e] SlAke 22517, 165
rRNA {372} PCRE Z1343t5 . PCR ¥-g-of At
43t zalo]H = universial primer?l 27F, 1492R
2 o] &3}gtk PCR 24L& AccuPower® HotStart
PCR PreMix (Bioneer, Korea), & &A1 ul, 3
gtolm 2 ul (gaF 1 ul, J3F 1 ul; 20 pmole/ pl),
nucleic acid free water 17 ul2 % 20 ul2 F+A3}
gl PCR 24L& 94C 18 0|3 94C 30%, 55C
30z, 72°C 1528 304 HHE & npxjato g 72T 5
B BRSAIF T 1.2% agarose gel Aol A71%9%
3led 1.5 kbe] Hi=E Fols}% T} 165 rRNA 84
A} FEo] Eoly FE AME-2 Macrogen (Korea) o]
sequencing o|sto] F7|AE E4S s
t}. Sequencing ©]% BEA ¥ H7]4 L Eztaxon
program (Yoon et al., 2017) o]-83}o] E2|H A
o] T4 5HE W c.
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3. 40 o nE
3.1 X|E-Klots E87ZH0| HILM Mol EA

A $, TR, ASeolA AFHE A2 24

o) A48 S A3}, AES9} 5k et &
FRFel A 2.5:10° CFU/mI2 71 w2 Al 47h
S UTHE 1). 2714 L @718 AE4E 374
A A H ez 3714 ATt 87148 A

China ] .
East sea Japan

Korea <

Pacific
Ocean

o GW Groundwater sampling point
@® S\ Stream water sampling point

Q HW Hydraulic head measurement point
and hyporheic water sampling point

o AWS Automatic weather station

A 9854 Mountain, elevation (m)
—s00—  Topographic elevation (m)
N~ Stream

0 0.5 1 1.5 2km
[ S— S

Fig. 1. Location of the Haean basin and water sampling points.
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Table 1. Counting results of culturable bacteria from surface water, hyporeic water and groundwater.

Colony Forming Unit (CFU/ml)

sample ; = : —
Aerobic condition Anaerobic contidion Total
3
Surface water 7.6%10* 1.0x10 7.7x10*
Hyporheic water 2.0x10° 2.1x10* 2.5x10°
Groundwater 6.2x10* 3.2x10 6.2x10*
10x10° TE0 S
Surface water %,
* Anaerobic* Aerobic 6.0x10°
s 56x10° .
"‘_ —— Aerobic
yporhe 5 .0x10° i
e 3 24A0¢ 20:40F 50x10 Anaerobic
(Avg) 4
4.0x10°
Groundwater ;;12;105 B2610° 3.0x10°
0 5.0x10¢ 1.0x10° 15x10° 20x10% 25x10%

Fig. 2. Average of culturable aerobic and anaerbic bac-
teria concentration in surface water, hyporheic zone
water and ground water.

Hr} o 1008 A= o B2 Aes SRl
(£1). £ 4E 37) D @7 Ald5E 2335

A, 3714 AP 2.2x10° - 5.6x10° CFU/ml, &
714 A& 1.3x10° — 6.5x10* CFU/mlIZ &2 =
k. A FE=of Blsf EQ'?J ko] 5714 M= o
2,74}, @714 n)YEL oF 1994 =A Yehton,
A5kl H8l g7t _,] S7)1A u|EL ok 3.3,
7182 ok 6474 A Uehdth 2" 2). Ul A=
(P8)E Al <Jatar HA Q] Al A5k 9@ A&
ol vlsf EA Hebsten, 27] (5.6x105 CFU/ml)
2 &7]4(6.5%10" CFU/ml) 2% P6 A& 7}
F =2 A7t 1= @714 nEY 3

< A o2 P1, P3, P5 9 P6 Al 2olA] =2 Al
F7h I ATHTH 3).

32 X &Kot 2T 37| I
=9l 22| 33

T 24709 A5, EFRE F A5 AIEP: —‘f'*
] 5714 Al 15270, 714 Al 85742 Ealaty
. o] T eI 271 Al 1317H %J%h =
714 Al 7071 Hghe g % 201719) ke Bals)
AL} A Ep= 2714 970 5L B71 70 %‘Jf’* A3}
T 2714 1270 2 @714 87K A= EEsk
(F2). 53] 2016'3 8d 5 A FeH MEOM 22

14 Ml

2.0x10°

1.0x10°

Fig. 3. Culturable aerobic and anaerobic bacteria con-
centration at 10 points of hyporheic water samples.

= 3714 9 @7ANFY == 20161 129 13Y
off T A RAA EElgt Al = Bop A e
=2 Wtk A= AF A5 ek 7hse vAES
HA] A= AT op 2t Ald o= B FFe
W e E2E J=e] 578 28l 27F, 1492R
Zlo|HE 0]835}e] 16S rRNA §-AHAE PCR 3}
L, B7IAE BAS X8R At SOl &
714 Al 407] <5(3& 3), €713 Al 2170 £(F 4)
o] TN CH, A ;O] H- 37N At 1371 &,

A7)/ At 571 o] 578 H Atk A 5142 7:‘
2714 Ml 570 &, @717 Al 37 &0l T4 E
Atk o] T RN T ehd £2 5714 Al
o 3170 & 9 F714 167 02 SIS £
T2 57173 At Pseudomonass(2F 29.3%) 2
Flavobacteriaum2(2F 15.3%) Aldo] 4 sh= A
o2 IRIFeH, F oA gt da £
F7ke) & HEL Pseudomonas extremoreintalis X
Pseudomonas fragizt ¢ 5.3%2 4 sh= A=
BFolE|QiTt. Pseudomonasss-& thokst 7o) &4
skt 53] 9 B 183 AE ZHA Xl%
FAE o] £2 2HE, olE% %:‘%EHO}

&4

o] ¢ E]-(Mazzola et al., 1992). &
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Table 2. Isolation of culturable bacteria from surface water, hyporheic water and groundwater.

Number of isolates

Aerobic Anaerobic
Sample I o " o
(2018.08.05) (2018.12.13) 2l 2018.08.05) (2018.12.13) ol
Surface water (SW) 7 2 9 6 1 7
Pl 6 3 9 4 2 6
P2 9 2 11 4 3 7
P3 9 2 11 6 2 8
P4 12 3 15 7 3 10
Hyporheic water p5 13 1 14 3 1 4
(HW) P6 11 3 14 3 1 4
P7 8 3 11 6 2 8
P8 14 1 15 7 - 7
P9 13 3 16 6 2 8
P10 12 3 15 5 3 8
Groundwater (GW) 11 1 12 8 - 8
Total 125 27 152 65 20 85

[T A S WL YAMEES AN H e
v 29 QRS BEshs JaS so] 2
o2 FasltTambong ef al., 2017). Egamberdieva
et al. (2013)2] A+A=}of| W= Pseudomonas ex-
tremoreintalis= BEEFT 22 I3 FH M=
AET 4= glom T A1F9] Aol FHHA
FS Uk Skt AR Y RSk gt
Eu] 9 letH|gARE 2 e o] JYEIL glomn,
AL&A AAA| ARg-o] RIHSITHKim et al., 2015). &
A7 A A& 3= Pseudomonas extremoreintalis
£ G7A 27 A 3-AQ] FFE A 5
U= Al o= e

Pseudomonas fragi= A-Fetekra L HE2 0] A
E38H7] Bal7} 7Fs3t Alatol™(Adelowo et al., 2006)
ik 3HY vhg|gloto] 7| = Sltk(Jayaraman et al.,
1999). SHike) SRS 0] pAbed B 7k of
Ueh ] Aaky A BHES) 9 280 o
& 1|2k Kim et al. (2018a)°] <J31H nj 383t 5
SIAAAR B3 BAS B A7AY ERTT
2zRgo] dojutar Qa2 ERISISITE Pseudomonas
fragite BT FAAGol FL MR Ao
= PRI Qi ER10] BV AR Peeudomonas
22(2F 51.4%) 9 Rahnella2;(15.3%)Ald-o] $-4 3=

Ao g2 ERIEHGeH, F s &g 23 =
7] SHEe Pseudomonas fragiZt 2F 17.1%
2 9 sl= A2 IRIEHATHE S, 4).

2
=

4 4 2

B AFoME A B, T 9 A|EkRof A
Ash= WA v|AES FIEHA °]8 Ha A
3t A R2RE nAYES £ L 165 rRNA 7
A} PCRE 53l 548t v v 2] Al
$5 243 27, T4 25%10° CFU/ml
2 &5t Aslof| vlE| 108 o]Afe] Aldt4=r}
FRIFUT 3714, 714 mAES £t Al
#++E 3% A, 714 AR 3714 Al
o] 10-1008] © Wo] ElElon, Egt7te] &
714 m| o] 2.0x10° CFU/ml2 71 wek}. vk
H #|8149] 79, @714 vgEe] 3.2x10° CFU/ml
2 7P AA A=A EghE 5714 4 F
718 Ad4E 233 A, 5714 AFe 2.2x10*
—5.6x10° CFU/ml, @7|4 A& 1.3x10° — 6.5x10*
CFU/mIZ BRIE| 11, P6 A& 71 w2 A
F57FERIEIT v @714 v ES Ao
2 P1, P3, P5 9 P6 AlRolq 7] Uehd A &

=
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Table 3. Identification of isolation bacteria at aerobic condition from surface water, hyporheic water and groundwater.

Genus Surface water Hyporheic water Groundwater

Aerobic condition

Acidovorax

Acinetobacter

Aeromonas

Albidiferax O
Aquitalea
Arcicella
Arthrobacter
Bacillus
Brevundimonas
Chromobacterium
Chryseobacterium
Cloacibacterium
Clostridium
Comamonas
Cryobacterium
Curvibacter
Deinococcus
Duganella
Dyadobacter
Enterobacter
Erwinia
Flavobacterium
Glutamicibacter
lodobacter
Janthinobacterium
Klebsiella
Kluyvera

Knoellia
Lampropedia
Massilia
Microbacterium
Micrococcus @)
Mitsuaria

Noviherbaspirillum

Novosphingobium

Paenibacillus

Pantoea O
Paracoccus

Pedobacter

Polaromonas

Pseudoclavibacter

Pseudomonas

Pseudorhodobacter

Raoultella

Rugamonas

Sphingomonas

Stenotrophomonas [

OO
00 000000000000 00 © 0000 0O 0000 © 0 00000 00

@, only isolated from one water sample; O, isolated from over two water samples
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Table 4. Identification of isolation bacteria at anaerobic condition from surface water, hyporheic water and

groundwater.

Genus Surfacewater

Hyporheic water Groundwater

Anaerobic condition

Acidovorax

Aeromonas

Arthrobacter

Bacillus

Citrobacter

Clostridium O
Dyadobacter

Enterobacter

Erwinia o
Flavobacterium

Hafnia

Janthinobacterium

Klebsiella

Kluyvera [
Leclercia

Lelliottia

Pantoea

Pedobacter

Pseudomonas

Rahnella

Raoultella O
Rhizobium

Serratia

Stenotrophomonas o

[ N N NORENON NON N N N N )

0000000
O

@, only isolated from one water sample; O, isolated from over two water samples

olsict.

3714 9 HA7A Al 7] 2714 Al
w 13171 A=, 7148 Al 7070 Fehe Z3sto]
Z 2377 A2 259 e, 165 rRNA §H=}p
H7IAE AL 58 54 A £t 2714
AN 4070 &, @718 AlE- 2170 o2 54 =gl
™, 271/ Alet-& & =F ol Al Pseudomonas<;0] oF
29.3% 2 A3}9a1, Flavobacterium<30] 2F 15.3%
2 23 sttt £ =Fo| A= Pseudomonas ex-
tremorientalis @ Pseudomonas fragiZ} F 5.3% 2 -
“dat3ict. g @71/ ARt & g=ollA] Pseudomonas
20| 9F51.4% 2 A3} 11, RahnellaZ0] 2F7.1%
2 224 st} F S0l M= Pseudomonas fragi

7F ok 17.1% 2 3tk A&, AslroA] £
E &2 Asky, ETlAE Ueht 2o
2 3714 3170, @714 167 o2 gelEglon,
= LFo| = S 7)A P. extremorientalis 33} 773,
H7|1 A4 P. fragi 23} 33522 At

£ Aolrs T B2 AAE] o]8sh= 2
AAHE7IAE 24 B 5 shuel glo| 2 A1 EA 3
WO FHAME FESIAL i S AR
o gpo| 2A| A W o= 53 et x| 1] 2k R
oF & A¥S Fol 5% i mAdE BluE
A 51 2| E4 A5 ST AAJSHE 0 e
£0) A2 H9l B4 U 7153 3o thaf met
o572 AR S ATR 5 Ye AOZ oA,
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ZAe| 2

o] ik AATAAIURY AR AUAF
AFFATARIE=AUA 7 &5 7H) 9] A 1
o} 22335 ALY THNo. 20168510050070).
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