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This study examined the distribution of Actinobacterial odorous
substances (geosmin, 2-methylisoborneol), emitting moldy
and earthy odors from water and sediment in the North-Han
River watershed. The potential and expression levels of the
Actinobacterial geosmin and 2-MIB synthase gene were con-
firmed using an Actinobacteria-specific primer. The distribution
of the Actinobacteria was confirmed to be 1.04-1.79 x 10*
copies/ml in water and 2.9 x 10°~4 x 10" copies/g in sediment
of the North-Han River watershed. The distribution of the
odors synthase gene by Actinobacteria was confirmed to be
1.05-3.98 x 10" copies/ml(g), the odors synthase expression
level in Actinobacteria was confirmed to be 0.21-2.67 x 10°
copies/ml(g), and the gene expression level was found to vary
in proportion to the gene potential. Furthermore, the odors
synthase genes in sediment were 10°-10'* times higher than in

water.
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geosmin} 2-MIB= At} 25 5ol Al frefigt o] 5 u]
A2 B 1% It Gerber and Lechevalier, 1965; Medsker et
al., 1969; Bentley and Meganathan, 1981).
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= WH O & qPCRI}FNGS 5 theFet 4l HE 71
0] &2 0 7 0]F206Z|31 It (Chon et al., 2010).
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= 155 A7) 98l metagenomic DNAE ©]-8-5}7]
A ZF5} tHMartins and Vasconcelos, 2011). @& 714] 33 7]
geosmin®] A9 712K geoA gene, gys1 gene)7} LA
© H(NCBI Resource Coordinators, 2020; Schoch et al., 2020),
geosmin $Hd A2} HEE QI8 primerso] 7= o] B 1
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QFup7 A &2 2 Fob ik o] £ 8 g Eol thgk2-MIB
A A AR 7 B a1E v QItKNCBI Resource Coordi-
nators, 2020; Schoch et al., 2020). G-} 7|61e] B.41-2 E35)
5 B HAYS U A = olFn] 24 AR ARk

ASA Fhatsto] WhAlaEe] o) n] B Ay ol =g
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2018), BHA1T<] 2-MIB 33 - AAE F5F EA 8= primer

of tigh B il= Mg A oloh i Atol| A= 53 4
HEA]

U] metagenomic DNA & 8-8-5}o] W41 So] 1< o] #u] &
2 94 §79742] 4o PCR primer S A1 87 A =
834 o] Hn] B A FASH A FO| HES sots}a

7} 54k,

A=A
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ZA)317] $1a) 20201 1907 20219 109742) o el
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o) B EE ARE 27 ARk Fig 1), £ES ik
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Fig. 1. Map showing sampling sites in the North Han River.
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3} 2-MIB $H4d 342} primer& J 811 k. Primer 24
213l GenBank (http://www.ncbi.nlm.nih.gov)o]| ® 1% 16S



Molecular genetic analysis of Actinobacterial odorous substances « 247

Table 1. PCR primers for detection of Actinobacterial 16S rRNA gene and odors (geosmin and 2-MIB) synthesis gene

Gene Putative function Primers Sequences (5'—3") Reference
16S- Actino F TCG GGC AGG CTG TAG CG
16S rRNA This study
16S- Actino R GCA GTCTCC TGT GAG T
) Amgeo F GAG TAC ATC GAG ATG CGC CGC AA .
geoA Geosmin synthase This study
Amgeo R GAG AAG AGG TCG TTG CGC AGG TG
MIB F2 GAC TGC TAC TGC GAG GAC CAC G
MIBs 2-MIB synthase This study
MIB R2 TCG GGC AGG CTG TAG CG

rRNA 7412} geosmin} 2-MIB g {30412 2k 6714 2
< 53 S =2 Primer3 Plus (http://www.bioinformatics.nl/cgi-
bin/primer3plus/primer3plus.cgi) & ©]-8-51] 16~23 bp 2] primer
S A25 AT Table 1). T4 primer®] 3HB71E 414
sfag ol 2A e ATt RaE PAF EERT
Streptomyces koyangensis KACC 205617, S. coelicolor KACC
201007, S. griseus KACC 20084", Kitasatospora setae KACC
20032, 8. fulvissimus KACC 146817, B317} S=A| o] ] Hg
H WALt 3wt YRR olfvEE ALt =R
Pseudanabaena cinerea®} E. coliS A2 PCR Z£Z-2- 4]
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4
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0
+

=
3l HFA9] 16S rRNA A AE qPCR E4151 % t(Table
1). E317} A 2 5-E] E2] 5 metagenomic DNAE F3 O

DNA 5 ulo]] 16S-Act forward primer 2 pl, 16S-Act reverse
primer 2 pl, 2X GreenStar Master Mix (Bioneer) 10 ul, A=
1 WE-0.2 ml PCR tubeo]] @11 &334t} A5 qPCR £4-&
CFX96 Real-Time PCR Detection System (Bio-Rad)2 A&
shlem, gPCR 2712 95°Cof|A] SELF HE-g- 5, 95°Cof|A]
denaturation 303, 55°Co]|A] annealing 30%, 72°Coj|A]
extension 3027} 403] WHE-5191 © ™ annealing THA| o 4] &

B3 FAAAT
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% 0 2 geosmin T -F-AARS] FAE 93] 2 Aol A A|
Z+=] Am geo forward primer2} Am geo reverse primerS- ©|-&-
3l on, 2-MIB 4 S-AXEAL ¢ mib F2 forward
primer2} mib R2 reverse primerE- ©]-8-35}3th(Table 1). PCR

HE2-2- 9|3 2 AJ-2 DNA 5 plof| Ztprimer 2 pl, 2X GreenStar
Master Mix (Bioneer) 10 ul, Al 1 pl& 0.2 ml PCR tube o]
Y e3bskglnh qPCR 2712 95°Cof| A 5E7FRES- 3, 95°C
o]| A denaturation 30%, 55°Co]|A] annealing 30%, 72°Co]| A]
extension 3027} 403] WH2-5193 © ™ annealing THA|of| 4] &

W gk =k

Metagenomic RNA F£&

3 A ZHEE RNA 355 918 -3 A1 2 50 mlE 0.2
pum PC membrane (Isopore)= ©]-8-510] o] 7}s}al E| &3 A| &
=1 g A%F 3 HiGene Total RNA Prep kit (Biofact) & ©|-83}
of 223l oT) Hal) A 2 RE 25T RNAS) 55 27
<2 Nano drop colibri spectrophotometer (Titertek-Berthold,
wave length: 260 nm)&- ©]-8-5}0] =43} ch
i 72l geosmint 2-MIB RLIXI2| Helgt B

A9t fr2ff geosmint 2-MIB M -840 A= 578
2 CFX96 Real-Time PCR Detection System (Bio-Rad)-2 A&
sho] EAS AAISHITh B3 Aol A =5 RNAE &+

O 2 geosmin g FAA2] EA1-S 3] Am geo forward
primer2} Am geo reverse primer& ©]-8-3}%1 0™, 2-MIB &-A4J
AL &AL 2]3)l mib F2 forward primer2} mib R2 reverse
primerE ©|- 83} t(Table 1). =% RNAE tjAt o &2 Hhg
oF 245 9]3l & DNA (Complementary DNA: ¢cDNA) &+
A RT (Reverse Transcription)-PCR-2 2X RT Pre-Mix kit
(Biofact Co.)5 AR&SIom 2THA = throf 43§53tk
RNA template, Oligo-d(T) 20 (50 uM), Random hexamerm (50
uM), Sequence-specific primer (15 uM), Nuclease free-water
S 5] Aol A S 59 HESSHATE 0] % 50°Ce 4] 30
& &R RESE 2 95°Co)| A 54 5%F B-& 715ko] RTase & H]

2fsto] 2UDNAS S5tk THAE FYDNAL o]

= O
] 2 A A A E LS primer e} S AT S &
Hog BAsgch
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Fig. 2. The taxonomic composition of the bacterial community in Gong-Ji Cheon sediment.
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Ak Alat A71A S 5 30,3507 Egle, o5 97|
E-2 %3,401 OTUs, & E5%(Chaol richness)+3432.24
2] 31 t}oFA] Z|4>(Shannon index)+=7.07 2 E21 ] i th A
o 71D AlTEAS AAIE AT}, A A 5971 H(phylum)
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bacteria® F+8 BF0 2 Bl thFig. 2).

A EAF W AA| A0 38% 5 AR5k A W
At A%+l Planktophila B2 4= -8/ Alt(Bacterio-
plankion)©] 974 257 % bt Hag v} glovt, A}
A = B ] A E3 A2 LA Ylth(Jezberaer al.,
2009). ¥, AAY wjoFe] o] LPS (List of Prokaryotic names with
Standing in Nomenclature)of] 2 115 BA o 5 9] 21.8% S
A A| 81z Streptomyces 452 3 A7 B 25 W AA| Ao o
%191 0.002%°]) B33t A © 7 32 %] ¢ith Geosmini} 2-MIB
S Aot R s )3 A Q] WHA o Streptomycetaceae 2}

Micromonosporaceae 2] B]-&2 AA| WHA2] °F 0.005% =

0 EE A AS8Y A4
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)

& HE2 UERH I & Aol A 2A4=E

WAt 714 B2 F 564 reads 2 W Alat 319
Fde B Wrgshr]ols dA7E i ol Fv] =4
At 3 9] thkd B Al 54 2sh] ¢

2 OTUsE &4 EAH-8h2] a4 o] I @ shrhal sty
Atk
St S0 primere| Hakd 7t
= Atol| A A& -t S0] 16S rRNA -2} primer
HEA S G- geosmin} 2-MIB 3+ -4 A} primer 2] -5

A8 801317 Y5t WAt EFutF S. koyangensis KACC
205617, S. coelicolor KACC 201007, S. griseus KACC 200847,
Kitasatospora setae KACC 20032" 12318, fulvissimus KACC
146815" w0} B3y Aol A #el | WAl 3t 55 i
© 2 PCR FE-2 AAISHATE WAt 5012121 16S rRNA
AR} 22 9]3F 16S-Actino primer+= 2F 890 bp 2] ZZAHE
o] g%l o™, geosmin¥}2-MIB & -#-74F F-35-2 1%
Am geo primer2} MIB F2/R2 primer+= 212+ ¢F 167 bp<2}- 980
bp= 835 W0 4] 422 0% PCRE-E0] E|9rkFig. 3).
uhy, o] Fu| &2 AAF G2 F Pseudanabaena cinerea®} E.
coliz=PCR F3E=|A] grol A2l primer= WAltol] S04
¢l Ao = HHE QAT
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Fig. 3. PCR amplification of gene fragments of 16S rRNA and odors (geosmin, 2-MIB) synthase from Actinobacteria PCR was carried out with primers. (A)
16S rRNA gene, (B) AM geo F/R (geosmin synthase gene), (C) mib F2/R2 (2-MIB synthase gene). Lanes: 1, S. equi KACC 20561"; 2, S. coelicolor KACC
20100"; 3, S. griseus KACC 20084"; 4, Kitasatospora setae KACC 20032"; 5, S. Sfulvissimus KACC 14681"; 6, Streptomyces sp. 008; 7, Streptomyces sp.
004; 8, Streptomyces sp. 001; M, 100 bp size marker (Bioneer).

Se8 A L wMa g 10° copies/LE AZE|0] 2= 317 U b Z A S =0 7
B3} A ) AR S 525041 1.04-179 x 10 copiesiml  © o -l =/ SRl 3l AL ef Al

O =R e s, Bk 3,23 ¢ 10 copies/ml 5222 94<) 2512 50| HiMA Fef minZ} 2-MIB &M SZX}

= 2Ach B4 %] 749-2.9 x 10~4 x 10" copies/g 2] FE 2 L} :-_10 ToH o geosmini S T
o, Bt 6.99 x 10" copies/g2] =& FHolE|gich 2 ==

gAY ’ﬂ‘ﬂ‘ copy <= E| 250 25H T ok 10%-10" 2 Aol A AFRE Al 9] geosmin}2-MIB 3Hd -7

Hll o] =2 copy 2 LFEFITHFig. 4). A} primer (Table 1)E- ©]-83}0] 2020 1€HE 20213 10
YAt #74101] ZA)EHHA 0] 2] E&(geosmin, 2-MIB) 7P FRF A 57 A 9] =53 B A S A o] FHv] =

Aol e 7]0]5 Bl gItiDenisova et al., 1999). 33 A(geosmin, 2-MIB)S HAI 8= HHAl 0] B2} 752 3}

Queensland Y-5-%-2] 7}3} x|4=2) of| A Streptomyces & E-0| ofstoith. 53t oA =30l A WAl -2l geosmin 3]

primerE Al&38}o] qPCR 24 AR}, Streptomyces+= T4 FHAHgeoA) Q] w32= B37F AA| Aol A Bt 1.61 +

35~40 mE A3t BE |04 AZEOon, TZ2of A 0.34 x 10 copies/ml = YEFGTE 29 2] H(SY, CC, GJ, UA)
B 2.25 x 10% cell/L 221 2241 8.5 m Z ool A 2] 7.75 9] geosmin T A A= Ht 1.53 x 10 copies/ml, HH 2| &
x 10° cel/LZ AZ5 v} 9JchJergensen ef al., 2016). E3+7} (C1, CPO) 2] geosmin F4 - Ab= o 1.65 x 10 copies/ml

527 S22 0] W B 16S RNA 322} copy 4= 3.23 x o] s & gl gl om, 48 A 4(N1, N2) 2] geosmin §d
FAA= Ht 1.57 x 10 copies/ml 18] 31, Tt 2] <(P2, P1,

— SH, KA) 9] 7% geosmin $HA] -GZ1A}F0] =7 H1.69 x 10
SY CC GJI UA CI CPO N2 NI P2 Pl SH KA copies/ml 2 gﬂoﬁ:]‘ Ado| & Bt} 420 whAH

G-2f geosmin A A= 20 8US 7O 2 AT
oW 2149 FHA|A(Cl, CPO)L FA 0221 o] 2(6-8
D 7H(9~119) 242 Ht2.04 x 102} 1.1 x 10 copies/ml
9] = 2 Z 7151 c(Fig. SA).

B3k 222 0] M 92 2-MIB 34 982K (mibC) 2] B
L= B35 AA| R Ao A B 1.2+ 0.24x10 copies/ml LER

(3/1u1/s31d02)sa1dod jo “ou 3o

o T it Aol e B 5 S A A2 MIB 4
Bediment * Lo AF-220d =21 ALH(12~2Y) Fasklen,
Fig. 4. Actinomycetes density in the North Han River watershed. 20,21 9% E(3~59) 9] Z7}3t= EAS LEFY QItHFig. 5B).
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Fig. 5. Spatio-temporal distribution of the geosmin-producing gene (geoA) and 2-MIB-producing gene (mibC) in the water column of the North-Han River
watershed. The heatmap shows the log-transformed copy numbers of the geosmin-producing gene (A) and 2-MIB-producing gene (B).
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Fig. 6. Spatio-temporal distribution of the geosmin-producing gene (geoA) and 2-MIB-producing gene (72bC) in the sediment of the North-Han River
watershed. The heatmap shows the log-transformed copy numbers of the geosmin-producing gene (A) and 2-MIB-producing gene (B).

25174 E|xE0| UM Qaff geosmind} 2-MIB 8 @M 2 2AMIFE 7P RS sr g Uyt on, 20l E Bl of
X} 2M o) ZFz+ 4 9.11 x 107 copies/gT} 2.1 x 10° copies/g & 74

857 57 BBl K Al 7 geosmin T4 gAxp P 2018 S5 ol S H 452 geosmin TA
(geoA)©] B B5l7 A Aol A B 6.1541.92x10° AR B3 < 10° copies/g 2 1= Aol 1-10° 1] 9]}

r= Wk
copies/g o2 YEFHTE 29 x| 9(SY, CC, GJ, UA) 2] geosmin copy 5 HEHHTHFig. 6A).

] N IR DA P o RE) o all . 5kA) © i

A A= - 8.88 x 10° copies/g = UFEFE O, H T 2| 537 B 2350 At R 2-MIB 93 Trﬁ;}(mzbcm
Hyl B3 2 i i

Q(Cl, CPO)Q‘] geosmin @_)\(_)] %ﬁx}‘é rg% 325 % 103 Tr__‘:l’:_‘:'—q“{]_'7o]'¥jxﬂ Z]ﬁoﬂ/\_] ‘5‘]&415:‘:28X10 COpleS/gQ_

copies/g, A% A SI(NI, N2)©] geosmin T+ -0 g = TR SR AINEY, CC, G UA) 21 2-MIB g4 -4
6.75 x 10° copies/g 121, ' %P2, P1, SH, KA) A= B3k 2.85 % 10° copies/g © 2 U 0.1, A7 X 9(Cl,
goosmin T4 §71710] 5127 Tk 5,64 107 copiesgo.z 1 CPO)SI2-MIB B RAIAHE 3 1.04 10" copies/g ] 355
ST A 02 B HAF AR fef geosmingt T 7S B ZMIB U ik ik o 109 2
M SR 209 E AL(12Y)of B 411 x 10° copieslg = o= A A8 A SN N2) 2| 2-MIB Mg -2 4=

B 1.35 x 107 copies/g L8] 31, T x| (P2, P1, SH, KA)&

=32l A A|s8d Al4%
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Fig. 7. Spatio-temporal gene expression of the geosmin-producing gene (geoA) (A) and 2-MIB-producing gene (mibC) (B) in the water column of the

North-Han River watershed.
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= Aol A w328k vt A e AR
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aioig 2M
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7+ A A A& of| A Bt 8.88 +£2.91 copies/ml 2] E= 2 A
A5 99ITkFig. TA). 2-MIB 314 - AHmibC) ) uraley
T B3} AA) 2| Aol A Bt 9.36 +2.33 copies/ml 2] =2
gcosmin} AL} ATHE B G0 m, WL - L 7

Z ool Selwl 9lrhFig. 7B). B4 4 45 el A o] 3w] 2

ri

A B G R o] Hhe o A O] LeRA] QFA L ke ko)
o9 vhe R0 2 ek,
Sotd EXS0| 8iMA F2lf geosminz}t 2-MIB &1 |5
X} dsizk 2N

S35 =7 B & Fof| A At 52l geosmin T R A}

(geoA) 2] B = Ba17) AA| Aol A Bt 6.15+ 1.92x10°
copies/g UEFFTE 9]¢ 2] H(SY, CC, GJ, UA) 2] geosmin ¢
2 B AR = gt 8.88 x 10° copies/g 0.2 RA} 2| = 714
2 FEE HEH U A A 9(Cl, CPO)2] geosmin g
A AR Ht 3.25 x 10° copies/gd] HE 2 UEFEOH,
AFEL 2] 9I(N1, N2) 2] geosmin 314 G- A2} HH6.75 x 10°
copies/g, T X A(P2, P1, SH, KA)-2 B 5.64 x 10° copies/g
© 8 yetyltt Aol whE 537} 5459 WA f-
geosmin ¥ A= 209 = AE(1~2Y)0l FH+t 4.11 x
10" copies/g Q.2 ZA} 7|7 & 7 =2 v 2 e} O o)
209 % B3} of o] ZkzF HH9.11 x 107 copies/gx}2.1 x 10°
copies/g O & 7r45}Glth 20\ %= 89 3= o] & F3H) E| A
2.9] geosmin M4 S-AA= Hat 3 x 107 copies/g O 2 HE
2ol A 1~10° W $12] copy 5 WEFHCHFig. 8A).

5o A B2 S0l A WAl -2 2-MIB g 721
H-2 B35} KA 2| Aol A H2.13 £41.97 x 10* copies/g
T2 UeERgth ok 219(SY, CC, GJ, UA)2] 2-MIB &
A} 92 s 8.6 x 10 copies/g, A A <(C1, CPO)
9] 2-MIB FH4 G- HA a2 W 1.61 x 107 copies/g, AHE-
A (N1,N2) 2] 2-MIB §H4 541} A -2 Bt 4.64 x 10°
copies/g L&) 11, TF 2| (P2, P1, SH, KA)-& 4 3.48 x 10?

4

g

ox 10 1%
do off

©
T
o

Re

Korean Journal of Microbiology, Vol. 58, No. 4



252 -

Soung et al.

(A) 0 2 4 6 8 10 (B) 0 2 A 4 i 6 8. 10
‘ Log10 Actinomyces GeoA gene express| Log10 Actinomyces mibC gen@
| D HEN | sy
| [ cc
] H L | | oo
BN UA | |
N cl
| CPO
[ D L N2
BN \ ] | ] N1 [
. [ P2 ] I e
\ PI ]
|| l | su
T | [ A n n
‘12345678‘9101112”123456‘7§;91‘0‘ 1234‘15678910111‘212345%7{%916
L \ )
2020 2021 2020 2021

Fig. 8. Spatio-temporal gene expression of the geosmin-producing gene (geoA) (A) and 2-MIB-producing gene (mibC) (B) in the sediment of the North-Han

River watershed.
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