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Phormidium sp.2| Geosmin 0] D|X|= Z0le| Hek
Sl - 28|S% - ORIS! - WP
METBIITA EHMSATIOITA BIRTED |40 METIET, AYCistm Mt

Cyanobacteriag} WA o] 98] BAEE HEA 371524 geosming] A4 F AF FAPS 38,
cyanobacteriagl Phormidium sp. NIVA-CYA72] A3} geosmin®] AAL 9 ulkZo]| o3FE L g7 8¢lel &)
ZAF3t o). Geosmind] 42 M A2 A o] ZHH 813, purge A LM 1A L2 =8l purge & trap concen-
trator7} &35 gas chromatograph2. £4 314}, Phormidium®] A#-& pH 7.9, &% 20°C, 35 120-140 pE/
ms, Z8 viA|2] Wik AN §U7IA| FE71E, o)F 1497H AFHAINE, 149 o] Foll = A Byl wiA]
W Ao T 250 pMeM 100 = 25 pMZ FANRHE o), Phormidium®} 332 A2] of3kg WA sl
uhdel] WijA]9) ¢ FES 25 pMelM 10 E= 2.5 uMZ FAAIZE o), Q9] =7} A E AL A=
Wiz Qo] FEZ 25 uMelA 10 uME AN o, B8] shaw} == QFad geosmin®] #2747} 35%
9} 68% Z7V81elct. Phormidium®) geosmin§s-2 pH 9.4 4] 0.0824 pyg/mg CZ pH 6.4, 7.9¢] w3 T wj o]A}
Wk}, whetA] Phormidiume] geosmin $eke AATHA, 29| 5%, pH 5ol we} & B2, geosmin®] WE
L o E 89l 93le A QA g ALz AR
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T Bojoksle b o A Al o)8lEhy, e e
AN ohe} A EZFaES AAERT I o]E
& AARE 2420 £F #7185 (dissolved organic com-
pounds, DOC)] 5715 zgsh= Aotk FEAEIAlNA o]
218t DoCe] AT AnlE A, P F R 5 AL A%
ol BEE]y] WEol F23 el HHolrt. 53] =1l 2
o] JFolA DOCT}F B B V1S frEstAY AeHgelA
AE BAE-S FAshs AFAY) H7) iz & % =8
ojlelde] fxol HatA| Brh(18). S-E&5ollA F71¢] F4 4
2B cyanobacteria, 2F L83 AT T2 RIS
(12,13,14), A= s B4 42, S ¢F, gusls, AE,
o2HZ, XQlAs2 agx A=A RHER dHA 3l
thg.21). ©1213 H718- FollA FEAU AFANE FEsh=
geosmin(trans-l,10—dimethyl—tra.ns-9—decalol)% Z7 WX cya-
nobacteria®l] 2|8 ABAFE](12,13,14), 10 ng/e] vl B2 FH 7]
ARzkS TR, BN GA dstEA] Fot 4 #
gle] Sl F23 FFolth(). o|2F T AR B8l
geosming] 34 2 Hlzo) B3 AFE AR ERsh,
B BAHIE e R she 59 olgo® <ldt A7t
v &3 Aol
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Geosmin®] A3HITA-L Bentley?} Meganathan(2)ell 23] A
& AtE ], 0)52 WAFlA geosmin®] isoprenoid 78 F
=2 Ax] FAEE sesquiterpene DTAZFE 3 el eyl @
o1z efekar Akt Geosmin®] A3A 7782 cyanobac-
teria2] Oscillatoria brevisAINE 2 ARZE AX ATt
Q7] om, 53] cyanobacteria®l A isoprenoid FRE BFA
-at} carotenoids, 18] phycocyanin®} 22 A AYrke] F9
ARo|m g B%7} geosminTAo FFE F= 2%0Yo] HilE
24 TH12,13,14). Geosmin®] A4k} W& MZe] 437 wet
walEtn 2eiF QL(19), E3]) At e §HaRles
= A9 Hel©26), 5@), 122 FE(12) Tol EHA 3
t}. Geosmin®] A4t WHEe AE7}F F0 376 28317] ¢
& A Ve olsiHa o, 53] 7 2E# 2 el
zZ7latkn g8 drkes). 2 FA71EDo] o I, Al
) U2 Mol P47 BEse] HY1EA ol oEA
ZAE R E o}d A BEsHA FHEA ¥ AT

A, B AFE cyanobacteriaZ}t AAkehs tlEF #H71=d
2 2e7 geosmin®] HEHE AY3}, geosming A4S
cyanobacterial Phormidium sp.2] 8733} geosmin®] Axke] m)
e DA @789 FTE AL BAEHH
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trichome®] Z]70] 5.8~87 um= BT 7.1 pme|3L, HE2] Zo]
= ZRo g2 A4S ke AMFE cyanobacteria®]TH3). B3
BAA) trichome®] B3 9F algal matE: BAJ3}1H, flaske] EH
o] Bapet= EAol vt Phormidium®) ¥l AR&E wWiX]=
NIVA Culture Collection®l|A] AF&-3F 78 viR|9] Aig} 9 FEE
HPsln, pHE 792 XA AMSSATh. PhormidiumE
shaking incubator(KSI, 200FLYE A}8-3}od, & 120-140 uE/
m¥s, LEE 20°C 22]T shaking rateS 50 rpme) 2O 4f
st

Mg Azl 24

vl FEl Phomildium A B2 12,000 rpmellA 30 7+ 94 &
stk 45 d2 membrane filter(pore size 045 um,
Advantec MFS, Inc)2 o735 & HE9] geosmin®] FAe] A}
K319t ZIHE-E 10 mM 2-mercaptoethanol®] X3 10 mM
potassium phosphate buffer(pH 7.0) 10 pioll %1 ¥, AEF
Aslsl7) sl -2 ululal]7)(Lab-sonic System, 600W)Z k&
Al(tapered microtip, 50% duty cycle, 30 sec) 23] H3l] =
Z=-a, phycocyanin 4o AMESIATH F FI1EA, AT
geosmin, & DA BAL NFE HEE tufferl] 55U T, 2
S} 712 73} (replaceable titanium tip, 50% duty cycle, 3
min) 58] Z25ted ARGSIRATE

Mo gl MEFHERS EY

B2 a5 A7) Yl E81E A8 100 wE Whatman
GF/C filter2 33+ & o] filterS chloroform:methanol(2:1, v/
v) 4 9 el Fol EAE FEITE 45 Aol A F,
S5 54 mi& F7Ist 4°ColA 12 AIHERE BTt o
LAAA chloroform =9HS Z3) fluorometer(Sequoia-Turner,
Model 4505 ¢85t FF4-aF FHSATHRS).

Phycocyaning Z783t7] 913t FHIE AlE 100 WE 80%
acetoneC. 2 23] £&3l1u Y4AEDT S, pelletd 02 M
sodium acetate buffer(pH 5.5)°] 4A3] =Tk o] buffers
spectrophotometer(Shimadzy, UV-160A)S ©l&3lo] Z2t 625
nm, 678 nm, 725 nmo|A FFEE =338} phycocyanin®] &
S ARESIATHIL.

F FRAE A SlEked ERlE AR 1 mE SRTE
A8 F F47|8 224 7](Shimadzu, TOC-5000A)S ©|-&-3}
Z e s AsiEn) F WEAe S Y8k A8
100 wE A% WHA Lowry Holl wha} A7) F, spectro-
photometerZ ©]-8-31] 660 nmol|l A FHEE SH3t] L3
th9). ¥z EFEZZ = bovine serum albumin(Sigma Co.)S

AFEEIATT

FIIE=9 24

Algo] Zolde= FH7IEZEL purge & trap concentrator
(Tekmar, 3000)S A}83}o] &F38l% .20, gas chromatograph
(Varian, 3400CX)E ol-§3l] A4 2 AF Bt Algel
Z3E FH71EAY purge 27 Stahld} Parkin(22)9] HH-E 2

Phormidium sp.2] Geosmin A4t 53

B Agste] HH3le3c). Purge AR 60 £ AL,
gas chromatograph®} A= o] 55 A& A5oE TH8=
729129 ev= 170°CE AABIYTE Purge’l BV tenax
trapoll FEH O A FHAY [UEFEL L2 o3 g
(desorption)s)©] gas chromatograph® FU= =), olnf E32%
o} A7k Zhz} 245°C, 2 Ho = AAE

Gas chromatograph®] ¥XZ7A-& &3y o] AAsHr).
Column-& fused-silica capillary column®] XTI-5(Restek Co.,
30 mx0.32 mm, 25 pm film thickness)S AME3IF L,
injector®} detector % ZH7] 270°C, 280°CE AA 3 A
Column®] F&Z21L& 120°Cl A 10 &7 FASAL, olF
B 10°c8 F718le] 225°ClA 10 #7F FA8I=E H7gst
Atk A1 8ol HolE geosming] BHEAL EFEEZ(Sigma
Co.)9) retention timed HlWE ¥, A|Bo) X2EAS My}
of Felslgon, FaEAe peakd] HAS V|ESZ ALSH
At

&

ANE| 2 geosmin2| Hitn} Y&

Phormidium®] A3 W2 geosming] A2k} BFE-S 2AS}
7] 98) 78 wiXIolA 20 B3 FEHGFEIEA 5 A¥E 3
Ao g AXE 3)531e] 259t Biomasss EobR 7] 9
3 & WAy F FRAE ADIAT) Geosmind AU
geosminT} ME2] geosmin® F o] BT wiAel &
AH=)e AT geosming HAIE membrane filter® 73}
cell-free AlES D& F, o] A& 20 miZ FH7IEAE AR
AFgata . AEZW geosmind FHIE AR 2 ml& 12,000
pmell A 15 B3 4R A SHES JAA0 F,
SATHE #3] membrane filter2 AFHE F, o A|RE
Z247 345l A X2 geosmind] B3} FUI WHoE
TR =

Geosmin2| i3} WE0| 0|X= &2

A2t Q9] B2} Phormidium®) 77 geosmin AJ4tel] o]
w3k G FeA| Yol 3 47 .1, AL 78
HiA] el AAe) Q1o B Eldle] IEuElEA 2 A THF
© 2 biomass?t AEL] geosmin T HEW geosminS FTHF
gt Axel BEE 54 FPUs QU 71E 03
mg/l21 uM)E Tsted 250 uM, 100 uM, 25 uMZ 283
t} 9le] F= gA] AkEd 715 0.02 mgl(0.65 uMYE 11T
3] 25 uM, 10 pM, 2.5 pM=E 233G -2yl 3¢
9] FxE 25 uME 1A, A4 FEE 250 uME 1L
3kt

pHOl W37} Phormidium®] 273 geosmin A4kl ojw gl
FFE FuA| Dotry) 3l z8 WX %7] pHE &7 64,
79, 948 23t 3|EujFstAch. AEe] Aol A7)
(exponential phase)S A\} & 4}7|(stationary phase)ll =&&
Aozt A== ik 15 Yo =4 -q, phycocyanin, F F7)
gBAas 235, HE9 geosminT MFEU] geosmins FHF
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Fig. 1. Gas chromatogram of geosmin.
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Fig. 2. Changes of protein and geosmin concentration in the culture of
Phormidium sp. Each symbol represents a mean value of triplicates.
Vertical bars represent standard deviation.
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Cyanobacteria®} Aol oJsf AAtsElE i FH71EEY
geosmin BFEA¢] chromatograme Fig. 137 2t} H71E4S
E23l7] 918t purge AlZF 15 B, 30 ¥, 60 B, 90 ¥ 171
180 o= g3t AP% &, A 582 Hol= 60 T2
2 251 AE A2, Geosmin®] gas chromatograph #4314
T} retention time 14 208 ZALE ]}

B Ao HAHE geosmin®] purge & trap-gas chromato-
graph BAHE {7180 270l HIsted WA ezgo) 21
sl1, 78R w=U|2 3] AMEHI = CLSA(closed loop
stripping analysis)® (6)3 B3} purge AlZHS 1 AIRROE
23l HeE)3 By oz FoE
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Fig. 3. Changes of total organic carbon (TOC) concentration and
geosmin content in the culture of Phormidium sp. Geosmin contents
were normalized by TOC and protein content of Phormidium sp., sep-
arately.

MEHf| 2 geosmin?| 4413} WE

Phormidium®] A73& 8 Y7HA] 57 (lag phase)E H.o]1l ©]
3 14 YA AFAVE HolH 14 Y o]F = AYTIE HA
thFig. 2). A7 B3 AR BEHE M E2] geosmine
AR wiRlol F2 o] Ggrldl t TR 3 4
A 2 HE AFS 29t AFY geosmin 47171 F13)
HHA (17 Y o]F) o] MK} 2 vl o]} B2 Fo] HEHAU

AFY & frler Wale AATAE el 49 A5
7] )% & freAE A SVFRe BES BAtkFg 3). ©
9] B2 geosmin®] TS A7 7 Erivt 847
Z HolEHA] A3l 0.038 ug/mg CE LAsHA FAE=
AZFS Bg T, o) gl A ZE geosmin®] FHE A
A719] Z710) AT SHEHJTE T 21E FTkEE B
£ By} o)#]d AE Bowmer 5(5)9 A FARE At
2 Anabaena circinalisW*] geosming A|54377]0l A|3ELf, 9]
of 2HYn] Q244 T U$ & AHHAE Hlvdn
gha]zl uf gl

Geosmin®| MAtm} =0 O[X|= A4l olo| HE

Hjx]9] 91 BEE 25 uME AT Q-1 Wi A G4
a, phycocyanin 502 YERA Phormidium®] 4732 Al-sTol
o 2L FFL WA ¢sitkTable 1). BaFEe] WE
Phormidium®) 7o) A71el] £28 wjeF 15 Yol 250~25
M) AEENM AHES| geosmin®] WS 3.88~4.30 pg/[= H
£33} ofo] A&EY oL}, AEW geosming] FEE T4 X
7} 250 uMQ) 732 478 ughE 7FF =ich @9 frleid
geosmin®] L 25 uMollA 0.049 ugimg C= 718 Bk
W, A7 ARl AR vt A= AEHAT, ©
9 20T geosmin®] FFE E Zol7t ATh

gukzlo g 2R AR AR o] & FFE mHvn
AZ e E @A optimal NP ratio®] i, WA E cyanobacteria®]
79 optimal NP ratioe= 15 ©)3t2A Th& ZRHET @32 30
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Table 1. Pigment and geosmin concentration in the culture of
Phormidium sp. grown for 15 days in P-fixed (25 uM) Z8 medium.

N concentration (UM)

Item

250 100 25

Pigments

Chlorophyll-a (ug/l)  556.8433.7" 43224332  410.6+30.8

Phycocyanin (mg/l)) 3.14+0.64 2.45+0.20 2.71+£0.32
Geosmin

Extracellular (ug/l) 3.88+0.16 4.30+0.34 4.04+0.40

Cellular (ug/l) 4.78+0.03 3.05+0.08 4.08+0.08

Geosmin (ug/l C) 0.037 0.036 0.049

Geosmin (ug/{ Chl-a)  8.77 7.20 9.93

“Each value was expressed as mean+SD.

Table 2. Pigment and geosmin concentration in the culture of
Phormidium sp. grown for 15 days in N-fixed (250 uM) Z8 medium.

P concentration (uM)

Item

25 10 2.5

Pigments

Chlorophyll-a (ug/l) 2412412 60.642.6

868.3£22.0*

Phycocyanin (mg/l) 297043 161039  1.17+0.23
Geosmin

Extracellular (ug/l) 2741015 2.11#0.17  N.D.

Cellular (ug/l) 272005  2.36+0.04 N.D.

Geosmin (ug/mg C) 0.038 0.058 N.D.

Geosmin (ug/mg Chl-a)  3.15 9.81 N.D.

“Each value was expressed as mean+SD.

Z dEA AvH16,17,23). 1-1 AFoA o] ratior A|7FA|
AaEo s ZH2t 100, 4:1, L1 o] HEE FAi7} Q¢ 1)
A A Ageclez AL FolF d4T 4 Utk
Phormidium®] AN HE7} A54738715 A Gl =
S 15 UA HAv) ARIESE &, Aot s

Posiel ABAME olsh Hsd P4 B 4 Asd),
Oscillatoria brevis7} &-A| 8 Jeoll ] ZAA3 Az Aghe
WA P40 o] Bashe AE NAT

Aol FEE 250 pME 183 A3 wlge] B, o
o] F=oll 23| Phormidium® MA 2 geosmin®] L =A)
FES IUATKTable 2). FEA-q, phycocyanin®E ERH
Phormidium®] 247 WA 1] FX7F 25 uMellA] 2.5 uM
2 A we A ANE AT A FEI) 2.5 Mo 735
Mae] Aol A A= 7] wlEol] AEQ geosmindE o}
2} AEW geosmin A MF7|1ZHEL B AEEA olslE A
ZEATE M) o] Havlol =t vk 15 Uof] A
geosmin®| FE== 25 uM Bl A 2.74 ugll2 10 uMuj =0l

Phormidium sp.2] Geosmin A4+ 355

H3l =UTHTable 2). F3F Q19| F=7} Gollol] we} Ao
7ol Aah=]o] §E4z-a, phycocyanin, F F7|HA0] FEE 2
25 uM v Aol B1] 10 uM EiX] A ml9- WA ZALE S0

Ah-a17g w el A 1] Asto] AstEsE MEY A&
he TR ol AT Ao)aL, EF geosmin®] HHA 7
22 U#HA = isoprenoid AE7}F Q18 T =7 AR
ES Bol x¥8h= HZEo)7] Wl geosming®] FAJo] A=
Zlolg} ol d3lHT). 281, Table 20041 #aE uvie} 2o AlE
Y] geosmin®] & 25 uMel HI3] 10 uMAAA O =4 53
HATE o)A 10 pMA A A AFY geosmin®] FE7} 25 uM
I nuste] 13%9] ZAE Bl W Q5 4eE 2% 2,
T A7EAE 299 A HYorva ARHoz oy ea
F e B9 9246 geosmin®] FELS 10 Mol A ZHz}
35%2F 68% F7FetAtt. mEbA 1At 2 JFdFe] 2B
#23lol| A H329] geosmin T Ve A Z AuETE

Cyanobacteria®l X geosmin?} -2 23} tiAliHE-2] Az &
ol AT =AM F7Isite e A2 Microcystis
aeruginosa®l 218l AJ1F== 7H5422] microcystin®] 799 o]
u BuE v Qokds). A-Alg el A] 23k diAREE Y] A
T o] FUHEE A2 gAhagEo] BolA)7] WjEe] Ax
9] A7po] AAF ] microcystin} -2 23} tlAlHEQ] T 7
ZFRT o] FUEE Ao FAHE.

Geosmin2| M0t W& 0jX= =7| pHe| Hg

Er-09t F F718AES FEE JYEPH Phormidium®] A7
< pHHIS}e] & F2 WAl F3oh phycocyanin®] FEE
pH7E S7hal whe} 234 dhs AES BCHFg. 4). o
Ao X" MEL geosmin®] FEE Al7}A] pHOlA zhzt
281, 2778, 2.56 ug/l2 AZHATKFig. 5). AT &9 @AF
geosmin®] &2 pH 94914 0.0824 ug/mg CE pH 27} ub
2 AA FUekEem, T GE 4 -aF geosmin®] FHE o9}
Ak HEl e BTt & pHONA geosmin®] AJAto] F71
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Fig. 4. Effect of initial pH on chlorophyll-a, protein, and total organic
carbon (TOC) concentrations in the culture of Phormidium sp. grown
for 15 days. Each symbol represents a mean value of triplicates. Verti-
cal bars represent standard deviation.
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Fig. 5. Effect of initial pH on geosmin concentration (A), and cellular
geosmin content normalized by TOC and chlorophyll-a content (B) of
Phormidium sp. grown for 15 days. Each symbol represents a mean
value of triplicates. Vertical bars represent standard deviation.

& BAL Strepromyces halstediil = Rl vl =), S.
halstedii®] AEW &9 AZZFFY geosmin®] FHFL F pH
oA o] E3rH4,20).

dpkzlo g cyanobactena«] 3¢ e pH HHlolA 4 4= 9l
om E3| @e pHETh= 2 pHE A3310). EyF 34
A Al A= cyanobacten'a«] -r§]-/\] 7]°ﬂ pH7} 8 ol & F7t
3, st FPA HgolA Co,% HCO, & JFF3tEE pH
= g2 ZolAA ok webA cyanobacteria®] A-F- %9 ¥
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phycocyanins-2] §a= pH¥S}| U}a} B Alolg HolA] o
RO T (Fig. 4) Ao APAHEL] isoprenoid BRHA7F &
AstEe AL ofd oz FAPAG wEtA FL pHOA
geosmin®] A4to] F7hHEE B4 isoprenoid FEF geosmin®]
A BEEE X A2} T8 pHolA EASIE A 5
9] & pHell U3l AEW pHE FAIBH F8elA 2443
= Rz Azt
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ABSTRACT : Effect of Selected Environmental Factors on the Production of Geosmin in Phormidium
sp.

Dae-Kyun Park, Hee-Mock Oh,* Chi-Yong Ahn', and Jueson Maeng®> (Environmental
Bioresources Laboratory, Korea Research Institute of Bioscience and Biotechnology, Taejon
305-333, 'Department of Biological Sciences, Korea Advanced Institiute of Science and Tech-
nology, Taejon 305-701, and *Department of Life Science, Sogang University, Seoul 121-742,
Korea)

A method for quantitative and qualitative analysis of geosmin, odorant produced by several actinomycetes
and cyanobacteria, was established and optimized. The effects of environmental conditions on the growth of
Phormidium sp. NIVA-CYA7 were examined and the production and release of geosmin by the species was
analyzed by using the purge and trap-gas chromatographic technique. One of the major advantages of the
technique established in the present study is that the preparation of sample is simpler and purge time is
shorter. Under the culture conditions (pH 7.9, 20°C, 120-140 yE/m%s and Z8 medium), Phormidium showed
growth characteristics with a lag phase for 8 days and an exponential phase for 14 days followed by a sta-
tionary phase. Reduction of inorganic nitrogen concentrations in the culture medium from 250 to 100 or 25
UM brought no significant effect on the cell growth. However, the cell growth was significantly inhibited with
decreasing concentrations of inorganic phosphorus from 25 to 10 or 2.5 uM. When the inorganic phosphorus
concentration in the medium was lowered from 25 to 10 uM, the levels of geosmin in the organism expressed
as percentages per unit TOC and chlorophyll-a increased by 35% and 68%, respectively. When the initial pH
of the medium was 9.4, geosmin content was 0.0824 ug/mg C, which was 2-fold higher than that at pH 7.9.
Consequently, the level of geosmin in Phormidium was found to vary with growth phases of the culture,
external inorganic phosphorus concentration and external pH, while the release of geosmin was not sig-
nificantly affected by the factors.



