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Growth Inhibition of Toxic Cyanobacterium Microcystis aeruginosa, Using Rice Hull Methanol-
extracts. Park, Myung-Hwan, lll-Min Chung', Baik-Ho Kim and Soon-Jin Hwang* (Department

of Environmental Science; 'Department of Applied Life Science, Konkuk University, Seoul
143-701, Korea)

We examined the effects of crude and eight pure material (B-sitosterol, B-sitosterol-B-
D-glucoside, 1-tetratriacontanol, hentriacontane, orizaterpenoid, stigmas-5-en-30, 26-
diacetate, stearic acid, myristic acid), extracted from rice hull, on growth inhibition
of toxic cyanobacterium, Microcystis aeruginosa NIER 10010. Strains of M. aerugino-
sa and Daphnia magna, obtained from the NIER (Korea) and BBE (Germany), were
cultured in the CB medium with hard water. For all four treatment concentrations
(1, 10, 100 and 1,000 ug L") of the crude extract, the cell number of M. aeruginosa
was reduced by 59~ 73% during the 7-day test period. Among eight kinds of pure
extracts, B-sitosterol-B-D-glucoside, hentriacontane and orizaterpenoid (1,000 pg L)
exhibited relatively higher growth inhibition compared with other pure extracts.
The mixture of three pure extracts (B-sitosterol-p-D-glucoside, hentriacontane and
orizaterpenoid) showed the highest growth inhibition at 1,000 pg L', Therefore, the
synergistic effect was significantly highlighted by a mixture of the three pure
extracts (p<0.05). Under the condition of 1,000 ug L"! in the crude extracts, D. magna
exhibited survival rate by >85% for 96 hours. In conclusion, the growth inhibition of

M. aeruginosa was probably attributed to the synergistic effect of various compounds
extracted from the rice hull.

Key words : algal inhibition, allelochemicals, Microcystis aeruginosa, rice hull, syner-
gistic effect
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oh, 8%, APA, 3F ¥ EAWAE AZATIE= AGA
ZA19 Hgg s, o]z]g EA-L benzoic acid, ferulic
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Table 1. Chemical compositions of CB medium.

Chemical Content (mg)

Ca(NOy), - 4H,0 150
KNO, 100
MgSO, - TH,0 40
B-disodium glycerophosphate 50
Bicine 500
Biotin 0.0001
Vitamin By, 0.0001
Thiamine hydrochloride 0.01
PIV metals solution 3 mL

FeCl; - 6H,0 19.6

MnCl, - 4H,0 3.6
;P(Iiz Eitl?;ams ZnS0, - TH,0 2.2

CoCl, - 6H,0 0.4

per 100 mL)
Na,MoO, - 2H,0 0.25
Disodium EDTA - 2H,0 100

*Total volume, 1L; pH, 9.0
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1. 2% % 295 44

Aol o] 8% IF Microcystis aeruginosa (NIER
10010) strain-S ZH3A 7 slHol|A] Bk vbo} 183}
A}, B strainS CB #]X] (Table 1; Shirai et al., 1989)
Wellr] &= 25~28°C, == 100 umol photons m™2 g7*
(14h:10h LD cycle), 100 rpm FEF ZAA] wjek, 7
Aok A ek w) 25Fmfe Q2L A 90 mLej
wlok 10 mLg H7iste] AT F4al B EL
ZA ®FZF9) Daphnia magnaS =% BBE (Biological
Biophysical Engineering)Alol| A EoF Wro} ALg-5lgc).
E95 ST 20L ol ol <15 BRAL A
3t 7J4~(Table 2)F A|Z3}ed 24"]7]' e 1% &, &
% 20°C, F= 30 pmol photons m™ 51 (14h:10h LD
cycle) 27N A vl <k, A HLAT EHF] {4 Hel=
Chlorella vulgaris (A}, SHE)olA] ZFto} o] 838}
BT, dFY Aoz wiksg A A
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Table 2. Chemical compositions of hard water (USEPA

Water Quality Criterion).

Chemical Content (mg)
NaHCO, 192
CaS0, - 2H,0 120
MgSO, 120
KCl1 8

*Total volume, 1L; pH, 7.6~8.0; hardness, 160~ 180; alkalinity,
110~120

Table 3. Eight pure compounds obtained from rice hull

extract.

Code Compound name
H/6 B-sitosterol
H/23/7 B-sitosterol-B-D-glucoside
H/5 1-tetratriacontanol
HA Hentriacontane
H/9 Orizaterpenoid
E/1/Ac Stigmas-5-en-3a, 26-diacetate
KR/4 Stearic acid
KR/7/2 Myristic acid
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A, T B ALl gu) FZsch 79 AR F
o= oA (Whatman No. 1)2 A}43}e] ofztsiedw
of poll o 7] F2=ut7] (N-1000, EYELA, Japan)E A}-8-3}
of At FEAA HEHoz 150g9) Wete 22w
ANt A FE2EL AP A4
w742 €33} 20°C Adelell A B35 B abaiedo).

(crude extract)2
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7147} 2 A0S B8
I 2837] Slsted, A olebe FZE (crude extract)
= SFFe FAA oo Hole guE sls) L)
AL, AFSLINE o] g3 7 &3l oo}

d Z=riEy & ¥ A
Alstdet 12 9 4289 Ak 2~53) S&4ule
Ak ol opA e o] £.(9: 1), 6~ 113} 3] 824w o
Ab: o”lopAE| 0] 2.(8:2), 12~ 153} #38] 42 guj= 3
Ab: ol " o}AllE] 0] E(7:3), 16~203} 23] f£=8u)j= )

Ab: o olAEl o] B (1: 1), 21~223} $3] £Z4uj: o
HolA|H o] B, 23~28%} £3] L£-E40)E oeolME) o)
= o &hg(9.5:0.5), 29~32a} 23] £Z2 80 oo}
Ae] o) : mleke(9: 1), 33~343) 3 23 8uj= o=
opA e o) : W] €k-2-(7:3), 35~ 40} £F L2 4m)= )

BeS ARgs] BAE §34)7A B, AAskd T (Table
3). 9~ A9 AAHE wbE3le] AAZ B2 spectro-
scopic methodsE AFg-3le] F2EAE 319} (Chung et
al., 2007).
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M. aeruginosaoll W3t %A FE2-E] QYA oA
38 bl Na) eask WAE) e 1)
o 2 QLT Dok, ol AT AT
GFIC #2144 oAz ozt Wxz AHgshact
250 mL AHZhEekazel wiokg o7 150 mLg Y,
nrre] grAEesTdE ofn) vosed dle wg
gt F M. aeruginosaS ¢F 1X10°cells mL'2] Wxr}
Hes AEa, ATl 4A WeE F2E2(crude
extract)< 1, 10, 100, 1,000 ug L 71¢} =2 77+ AHr)s)
et 4A vee 22N ¥e), 399 44 S

& (B-sitosterol, B-sitosterol-p-D-glucoside, 1-tetratria-

contanol, hentriacontane, orizaterpenoid, stigmas-5-en-
30 26-diacetate, stearic acid, myristic acid)-2- ¢F 1 x 105
cells mL™'9] Wxr} He2 HE3) Ab-Ze}ATe) 1,000
hg LS Bz Histe] A o) Eohe zAbsleln
aElw s7b R F RS A 9A 2shE bl
371212} 3}8HE- (B-sitosterol-p-D-glucoside, hentriacon-
tane, orizaterpenoid)2 A1¥5led 1,000 ug L19] Hxo
A olE sihEe) £ Ark) we A5Este 2kl
SFL= —,ErHH"} Al8E 2% 25°C, %= 100 umol pho-
tons m?s ' (14h:10h LD cycle)?] 7oA 100 rpm.o.
= 71090 slraleleh WD 5 AE BAel
o] Lugol 4oz vA3Z o8, 42t NE 42 4004)
&le] 3338 u)7 (Axioplan, Zeiss, Germany)o|A] hema-
cytometer (Fuchs-Rosenthal, Paul Marienfeld GmbH &
Co., Lauda-Kénigshofen, Germamy)&. A 4=8}¢ic). =3t
937 veks FEFE-(crude extract) A7}l wlE EW=
(D. magna)®] A7 WIS 2A}sL7) 98] SdsolA
43 A|BE GF/C &84 —ﬂ— o] R 2. 33t 100 mL
< H]o1A 200 mLyel] 2 F, H5r)o] =gs 10704
9] D. magnad 77+e] oJagpel] HE3IT o] F B
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So= A vk F2E2 1,000pug LY FE= A
7¥8ted, &%= 20°C, 3= 30 umol photons m2 s (14h:
10h LD cycle) ZANA SR T, 24X 7t tA o= 96
A7 Bal WEF A AR

5. 2584

272 A JA&L Chung et al. (2001)2] A&
W33l ofe g} Zro] AArstgAct.

A QA& (%)=[(H 27— 2] T/ 27 X 100

g 4 AR FAF AR EAHEA (ANOVA)
o 2]3le] p-value<0.052] -§-2l4F o =2 el (SPSS,
Inc., 2003).
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1.32% W) 98 gz

Microcystis aeruginosa A% ¥ 3}

ohoFst F%(1, 10, 100, 1,000 pg LH2) A ek
F2E-(crude extract)& §3] P& Microcystis aerugi-
nosadl Ae|st A}, YA FEELS ZE FoA M
aeruginosa®] A7 A &3Pk F TUZL Wik
e Bt dazTe 343 ke A% ke vE
Yok, Al e dutstA S71ske AR kg o
ellict (Fig. 1). vl 3Y F 279 MZ5 oF 10x
10% cells mL'2A] AHF%%(1x10°cells mL YR} <o
100] o A o}, A2l 2] MESE oF 5.5x10°~
6.7x10%cells mL 12 A H2=x1nr} o 6ul] o)A} AR}
ot o) F dz27E ASH AL B9 ik 78 F
ol oF 16x10°cells mL'¢] Mz47p FFg) wbHo,
2272 Aol ok 3Y AL MEpvL wioF 7d F
742 v GAFH eF 4.3 X 10%~6.5 % 108 cells
mL '] HEH7L HEFE F 7 F GA g
FZ2E9] =4 w2 xz)& &= 1, 10, 100, 1,000pg L
o] A7l vl st 22} < 59, 64, 69, 73%<2] A=A
A& Hehd.

AF7A FH M AFH o8] 7}A] AAEE Al
B2, 233, i, e, SAAE 5 e B2 AE
AE o] 83t M. aeruginosa® WX EE 2{FEY
AA-E AAIEE A7 BaE 9o (Pillinger et al., 1994;
Barrett et al., 1996; Ridge et al., 1999; Nakai et al., 2000,
Ball et al., 2001; ¢} =, 2002; v}, 2005; Kim et al., 2006).
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Fig. 1. Effects of crude extract (RHE) on the growth of
Microcystis aeruginosa under the various concen-
trations. Data indicate the averages with SE (bars)
of triplicate experiments (®, control; 0, 1 ug L}
v,10ug L} A, 100pg LY w, 1,000 pg LY.

E Q7oA ol 437 A FE2EL FE M. aeruginosa
o] AR A EFHHeldx, ZE AF=AAM M
aeruginosa®] MEZp7} dxTe vimste] F-20 2ol
2 Zraglon, ojgjgt A= o Bl FE2ES o
23} 10pug L1e] AE =i = M. aeruginosa (UTEX
2388 strain)& A A3t Park et al. (2006)2] Zz}s}
= fAkslsn S 2 PAAEAAA e A o
A BAzA R SAgEe] F2 dHA den, o
8} 7 Eo)| = benzoic acid, ellagic acid, ferulic acid, gallic
acid, pyrogallic acid, salicylic acid, syringic acid, tannic
acid, vanillic acid 5 %2 23 o] B 3159} (Rice, 1984;
Inderjit et al., 1995; Nakai et al., 2000; Chung et al.,
2001). e} Yubd ez AdAz WEHE o &
ALY 2 AP 274N 279 AFE 2R
tdx 2373 stz P32 =%o]td(Dedonder and
Van Sumere, 1971; Newman and Barrett, 1993; Ridge
and Pillinger, 1996). Wb AlEAlA fashs AR
A AFEEE F2 F sIee] ZRA g
Aol & xHHY Aoz Bk

97 g 22804 B, BAT 8714 SAEG-
sitosterol, B-sitosterol-B-D-glucoside, 1-tetratriacontanol,
hentriacontane, orizaterpenoid, stigmas-5-en-3o 26-diac-
etate, stearic acid, myristic acid)& ‘33 M. aeruginosa
o 1,000ug L8] F=2 X]sted 109 F<t wjdstsd
o A% A, 8717 AGE 3 3719 AGE Psitos-

terol-B-D-glucoside, hentriacontane, orizaterpenoid+=
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Fig. 2. Effects of eight pure compounds on the growth of
Microcystis aeruginosa at 1,000 pg L', An asterisk
indicates significantly lower than the control at
p<0.05. Data indicate the averages with SE (bars)
of triplicate experiments. Compound names are
given in Table 3.

M. aeruginosadl WA zH2k 38, 50, 31%] A A
248 Holw {7t zo]E YR (p<0.05) (Fig.
2). I3} P-sitosterol, 1-tetratriacontanol, stigmas-5-
en-3u 26-diacetate®] 7-$oll= & A& oA ad=
Holw F28t xpelE el fx] ¢kl stearic acid 2}
myristic acid®] 7Z$-ol= 23|18 M. aeruginosad) A7
o) = P ehie

=3, M. aeruginosad] WA $-2)8 AR AA) w3}
£ YelA 371A]9] 33E (B-sitosterol-B-D-glucoside,
hentriacontane, orizaterpenoid)e 7}t z3tsle] M.
aeruginosaol] 1,000 ug L1e] 2wz Aw)sle] 109 =
b Wikttt AY AR, @5 A FelM: 6~18%,
T 7HA EF A TN E 6~22%9] A A2 s
Bglont, o] & Aol 7243 Aol el A 9ok
o} (Fig. 3). Z12jvh, A 74x) £3 22 FolAE 37%2] A
A A ZFE Belw T AYF(FE Y £ A &
& AAPES fo3 Aols eI (p<0.05). =3
2, AAT 8717 e 5 g 3dEe] =39 9
A HerE FEZ (crude extract) & 7FE X)) A)
61%°) 71 w2 A% oA w3rh B, deiA
oA 712 e 2 AEle AR dAd) gjg A%
38 veille Zloz #gHg o)gd A3te =y
2, B-sitosterol-p-D-glucoside, hentriacontane, orizater-
penoid 5-9] 23E-E 2Fste] A vleke F2E (crude
extract) 2] o} 33 E-Eo| FR M. aeruginosa? A
7 Aol AT Aoz Pz
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Fig. 3. Effects of three pure compounds and crude extract
on the growth of Microcystis aeruginosa at 1,000
ug L1 Lowercase letters indicate significant dif-
ferences at p<0.05. Data indicate the averages

with SE (bars) of triplicate experiments. A, H/23/7;
B, H/1; C, H/9; RHE, crude extract.

Chung et al. (2007)8] Ao wl=w, M. aeruginosa
(UTEX 2388 strain)9] A& HAs= 371# 352
4 FEENAM Eelslde o) o] ®ardt 371x] gt
£ (14-methyl stigmast-9(11)-en-3a-0l-3B-D-glucopyra-
noside, cholest-11-en-3B 6B 7o 22p-tetraocl-24-one-3[3-
palmitoleate, momilactone A)7} B o Foj|x] A} 14
&35 epd 371x] 3182 (B-sitosterol-B-D-glucoside,
hentriacontane, orizaterpenoid) & A2 Z3&s}e] A
2E & ul, 3F M. aeruginosacl] 3t A JA|=
&7 veh-& FZE-(crude extract)®] o] 2A3F o
A &A= Jepd Hleg 32z} Rice et al. (1980)2-
WA F25 5714 33HE (ferulic, p-hydroxybenzoic,
p-coumarie, o-hydroxyphenylacetic, vanillic acid)& ©]-&
3tod FZE Anabaena cylindrica] w3t QA oA &3
E Huslgel o]E IFE-E F 47FA= A. cylindrica
o] A7 AAlstel en, 53] 57149 3jhEEe] &3
2 A cylindrica®] A& A E=d w)$ &34 )9
o} o2l A3 A wigro =z, 27 A oA as}
£ e 35S M2 £l Fesl= 276
A Agasts vehle] 27 Alejdd HS adAd A
o2 ARG w3 %A vgke FZ-F-(crude extract)
°] 1,000ug L9 s=xT} Y2 1~100ug L9 =
X% M. aeruginosaE A AAZ A}l Einhellig
(1995)7} B3k o] A3}, o]& 2gE 71w
o= 3 Bl 27 oA ARG o]Eo] E3hg
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met A2 przx & JgAE HHE & S
o= Az¥o

AQAA NN AEAZHE WEHE o8 71A 3JgE
§2 ANES ARE ATIE A, I8 B
S SE AEES AL A 3 B
©} (Ebana et al., 2001; Park et al., 2006). 2 o172 3}
A A TR A4 e HPEEE AR B
M. aeruginosa®] A7HE-E2- A9} &x]0] Walsled 1}
ehor, @ BPEE EPALY) BHE 454l
A o]AY] AT M= B QT 9} o
A E-A) (o] A+E4M 1]: ellagic acid, gallic acid, pyrogallic

acid, (+)-catechin; ¥ &: benzoic acid, ferulic acid, fumar-

s

ft

ic acid, p-coumaric acid, salicylic acid, syringic acid,
vanillic acid)o|A] 2= A=z & FHFFESo] 27F9
Ve AASAY FAsd T, 2 AEES] TP
whe 4ousE e A} 238 3o (Nakai ef al.,
2000; Park et al., 2006). =3+ A& (52 HE9| L-
2-azetidinecarboxylic acid7} 2F 0.1~10uM Fxoj|A] o
Y 7 279 Al A8 27 ohe e Bes
Uepd 4 948 AAekIT (Kim ef al., 2006). o]2)g
NEATZREY Heee AT 44 AdANN A
294 Aele] AL T 4 AL Aoln), =¥ 159
AE 98 AEASY QPo JAA.

ZE M M2 FWS 4% W3

-3
27 Wek& F%E (crude extract)E 1,000 pg L1
=2

R EW = (Daphnia magna)dl] 2|dle] En=9)
100 r—T—
801
S
§ 60
Ei
E 404
=]
wn
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Fig. 4. The survival rate of Daphnia magna in crude ex-
tract (RHE) at 1,000 ug L1, Data indicate the aver-
ages with SE (bars) of duplicate experiments (m
control; o, RHE).

AEE H3E 20 AR B3, B S 24,484
Zb o] F74A] 100%, 1247t o] F7HA] 95%, 96A]7F o) F
7] 85%2) & AEEE RPTH(Fig. 4). $A HwE
F2E APt BEY AT fodol 2 J3¢E 74
2 718 o|EF FEEe ot AH| A4 A9 9F
JAkzke 91 5(2002)0] % AEAE olg3e =
G w3 A8 2, A A1, 2, 49, 2
'8 Selsed 96417 B4t BWED. magna) W
Au 54 A€ T 2% 27 94 238 ekl 1g
Lt spxeld a7hA) A 27 Buso) 96417 B4
100% AEeGe T A AT A £ A7 2
S vhoz $AE MER AEA 3RS 2FE
Aofshe swole e ARAA A Gapo] =4
de Aoz Amd

Qo) ABAE A A BPES ke B
S 1, o B20) Loht AT, A Wl
vt et ARsHesll AR B A el 54
w83 DA BA 7L it wek AEAe] 3h4-8 33
Eo] ¥elEA 43 AL FAFHA A9 AdAE F
AEA2 715 ZAA & Zleldh 28y olE BAL AR
A W B AE Bl olFte A EeEHE Hlez odF
A QloH(Gary et al., 1983; 713} Al, 2004). £, 27 A
7z AAE S8 A& AHEEEE W el Hish dgke
i, 938 FHFFES] MAGIE Fristd 23]
o] AR =& FevhE R 7 (Street, 1979)e] we}
9A F2E9 A 54 A9 gde Aoz AdHA
ok o] AE A5 oJ3kE RN Helol & 7
o2 QY7

AEA o2 B-sitosterol-B-D-glucoside, hentriacontane,
orizaterpenoidd T ¥I3}= A FZ2ELS 3 =
Microcystis aeruginosa®) A& Al &34 el AFE
Az AlgEw, A G442 3525 2F8H o2 7HA
IPEE HE BH oz 243l JLadE et
We Zlez 5o =3t E¥S§ Daphnia magna®)
AEo| W2 J3S u|XA] 42 AAE B2 4A
FZ2E-8 dA o A4 A= 2FE A3 92+
ZFAE g BAe] ¥R 4E Foz AT, AF
ol 94A FE2EY f3 =Rl A YA Al Tk
Adell Agt =AF Hod Aoz Y7

~

g i e 52

2 Q7 A9 vikg 2380 3 BE Micro-
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cystis aeruginosa A v|XE o3k W ARG s
Be 2T AW AT $A 22 Ul
F2E5} oF oA 2Yste] 2ol AT F AL b
sitosterol, B-sitosterol-3-D-glucoside, 1-tetratriacontanol,
hentriacontane, orizaterpenoid, stigmas-5-en-30. 26-
8717)2] gzl
QERA, OJF 22EL dx Azl Helshe] A% A
e zABIS Aol AME 2R SRS
of|A] HoF WkE M. geruginosa (NIER 10010)0) 3, 2w
=2 %—J BBEA}I A 3-0F ¥he Daphnia magna2 A,
o] &2 47t CBMA| 9} AT ofg3}e] wlek - A5
o GA wehE F28-$ 1,10, 100, 1,000 ug L8] %
2 Aste] 2F wikzs $U 24 A A7
kst AfA, 9A deke F2EL nE g
Tl 7d F 59~73%2) T A JA &dE e
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