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Isolation of a Bacterium Inhibiting the Growth of Microalgae
and Characterization of the Produced Inhibitors

Kazuo Mocuma, Yoshihisa Ozoe, Toshiie NaAkAMURA
Shun-ichi Matsupa and Norio YAMAGucHI

A bacterium which inhibited the growth of a green alga Chlorella sp. was
isolated from upper-layer water of the brackish lake Nakanoumi and identified
as Ewnterobacter aerogemes. The bacterium produced relatively stable algal growth
inhibitors (AGI) which decreased dramatically the chlorophyl content of Chlorella
in the initial growth stage under continuous illumination although the cell number
The partially purified AGI also inhibited the growth of other

green algae and diatoms as well as Chlorella.

was unchanged.
From the behavior in gel filtration
(Sephadex G-100 and Sepharose 4B), paper partition chromatography, and ion-
exchange chromatography (DEAE Sephadex A-50), it was suggested that these
AGI were high molecular substances containing saccharides as the constituent.
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EEOIX, 2B KBECET5HMEEYPOLE Lic
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REMRBLUEE
1. =
BREEE LT, RETEZSCETEWREL 0,
BEINIBEE (4%8) Chlorella sp., Planktonema

lauterbornii, Selenastrum capricornutum ¥ X 0% Sc—-
enedesmus dimorphus, H# (21%E) Cyclotella nana
¥ L O Skeletonema costatum, ¥ X O'BEEE Microcysits
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Table 1. Composition of BBM*
(1) NaNO;, 10. 0g/H,0 400m¢
(2) KH,PO, 7.0g/H,0 400m¢
3) K,HPO, 3.0g/H,0 400m¢

(4) MgSO,-7H,0
(5) CaCl,-2HO
(6) NaCl

(b) FeSO,:7H,0 4.98 g,
1m¢é

3.0g/H,0 400m¢
1.0g/H,0 400m¢
1.0g/H,0 400m¢

(a) EDTA 50g, KOH 31g, H,0 1,000m¢
H,0 999m¢, H,SO,

‘Table 3. Composition of Fitzgerald medium

(c) HyBO, 11.42¢, H,0 1,000m¢

(d) ZnSO,-7H,O 8.82g, MnCl,-4H,0 1. 44g,
MoO, 0.7lg, CuSO,-5H,0 1.57g, Co(NO,),
6H,0 0.49g, H,0 999m¢, H,SO, 1m¢

* (1)~ (6) each 10mé+ (a)~(d)each 1mé+H,0
936m¢

aeruginosa, T b 0N KIR IS AL B B SR BR 26
BY WHEIh-EE Euglena gracillis % F\ fe.
I bEEDOEFE X, Chlordla XU Sc-
enedesmus Zo\WTCik BBM £ (88 13%), Plank-
tonema, Cyclotella % LU Skeletonema >\ ~Tix
BREEzH (58 23), Microcystis 1o\ ~T Y Fitzgerald
B (85 338) e b Euglena iwo\~Cit MAL £

H (43 BRI

Table 2. Composition of Sudo’s medium

NaCl 20.0g
MgS0,-7H,0 8.0g
KCl1 0.7g
CaCl,-2H,0 0.37g
NaNOQ;, 0.1g
Na,HPO,-12H,0 0.0125¢
NaHCO; 0. 168g
Na,SiOg 0.008g
Reformed P1* 1.0m¢
Vitamin By, 0.002ug
H,0 1,000m¢
*Reformed P1 solution
EDTA 3.0g
Fe(Cl) 0.08g
Mn(CI) 0.12¢g
Zn(Cl) 0.015¢g
Co(Cl) 0.003g
" Cu(S0y) 0.0012g
B(H;BO,) 0.6g
Mo(Na,MoO,) 0. 05g
H,0 1,000m¢

NaNO, 0. 496g
K,HPO, 0.039g
MgSO0,-7H,0 0.075g
CacCl, 0.025g
FeCgH;0, 0. 006g
CeH;0, 0. 006g
NaHCOq 0. 046g
Na,SiOg 0. 008g
EDTA 0.001g
PIV solution* 3m¢
H,0 1,000m¢
* PIV solution

FeCly«6H,0 194mg
MnCl,-4H,0 82mg

ZnCl, 10mg
CoCl,-6H,0 4mg
NaMoO, 8mg
EDTA 1,500mg

.H,0 1,000m¢

Table 4. Composition of MAL medium

KH,PO, 0.4g
(NH,S0, 0.2g
MgS0,-7H,0 0.5g
CaCOy4 0.2g
pL-Maleic acid 2.0g
Na glutamate 5.0g
Na, EDTA 50.0mg
ZnSO, 22.0mg
MnSO, 5.8mg
FeSO,-7H,0 3.99mg
Nay,Mo0,-2H,0 1.5mg
CuS0,-5H,0 1.6mg
CoCl,+6H,0 1.58mg
H,BO; 11.4mg
Vitamin B; 2.5mg
Vitamin B, 0.001lmg
H,0 1,000mé

2. EEEEREME (AGD ELXBO®RE RES

L UBEFEDOREE

HEAOER = A5 (F5%K) 2HAVCIBEOF
WfmRE (30C) k-1, EP@@%EK#B&H%’S:ﬁ
BEL7c. BEEMBEOREX, Bergey’s Manual %8%&

DHBERPEHEHCH » TT 7.
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BRRERETHREE $215

BUEEIREEE OREL, BEE =% A8EME AV TG
BB LU CHAERRRREARE L T3 TimoREC
ol Thebb,

PREEM, RABRE (.20 x9cm) i Chlorella ¥
fn BBM #5# (8.0 mé) & XU BRERRK (0.5me) %
Iz T, 25°C, 4,000lux FHFREIT CHEEER,
Chlorella D¥ETEE% Chlorophyl D#&YEHRE%HIE
(Turner HA&YEHEESF, Model 111 %713 B 4G
B3, F-3000) F3Ckick-»Tke, 0HBR#EE
LT BAERIEHAE THER L. BEWRJEUT, haema-
cytometer &\ Az BB T T MIZEGHUE S 6iH
L.

3. AGI EERHDRE

(1) AGI & st

AEFHCIE, B Ao, TBEREM ;
buillon 0.5g, peptone 1.0g, NaCl 0.5g, H,O 100
mé, i~ 4 = v ; buillon 0.5g, peptone 1.0
g, NaCl 0.5g, K,HPO, 0.5g, H,O 100 m¢, #Zi#FER
B ; yeast extract dried 0.25g, peptone 0.5g,
glucose 0.1g, H,O 100 m¢, Spizizen £y ; K,HPO,
1.4g, KH,PO, 0.6 g, (NH,),SO, 0.2 g, Na;CeH;0;:2
H,0 0.1g, MgSO,-7H,0 0.02 g, glucose 0.5 g, H,O
100 m¢, Drigalski #%ih ; bouillon 0.5g, peptone
1.0 g, lactose 1.0g, H,O 100 m¢, &\ 7. A8
T BAREMET (E. aerogenes, E-1-1) % &1L, 30°C T

Table 5. Composition of Yeast extract medium

KH,PO, 3.4g
NazPO412H,0 2.52¢g
(NH),S0, 1.0g
Yeast extract dried 1.0g
Glucose 0.8¢g
Mineral stock solution* 10mé
H,0 1,000m¢

* Mineral stock solution

MgSO, 3.0g
MnSO, 0.5g
NaCl 1.0g
CaCl, 0.1g
ZnSO47TH,0 0.1g
CuS0O,-5H,0 10.0mg
K,;A1,(80,),°24H,0 10. Omg
H;BO,; 10.0mg
Na,Mo0,-2H,0 10.0mg
H,0 1,000m¢

4 BHMEREER, EOHE 3,000 rpm, 205) LTHE
e LB D AGI OEHEFROFECH TR E L
7.
(2) b AGI EERF

B = ABHMDBBR D T b 7 v a — R, EGiRE
=% AR IOHEES (mineral stock solution) D
FhThEBR o &8, BEEME (E. aerogenes,
E-1-1) %4/ LT 30°C T4 HEGBEREER, BL0H
(3,000 rpm, 20%)) LCHEERD AGI OFE# %I
IROFEGE - THE Ule. ERBER =% 2 OFM
BER0.25, 0.5, 0.75, 1.05 5\ \%2.0% & Lizhs o
AGI DiEH b R RE L.

4. FEHE AGI Q¥

1) #REHE
BEERES (E. aerogenes, E-1-1) %R} =% A K%
AT 30°C, 7 HREEE Licts, &0 (7,000 rpm,
205) L BB LBREBIEF (50, 703k X 0890
°C) ThnEh (304, 1Mk X O 3B L, BEEH
T L.
() BEICHTBERRARZ ML
MBS (E. aerogenes, E-1-1) R} =% A 5%
FAVLT 30°C, 7 BRSEEER Lictk, FO2HE (7,000 rpm,
20%) L B3 EBRETRTEN BRREME 20-
80%) %, ZEEIKITH L T 248 3% #7 (SPECTRA
PORE 3,500 , SPECTRUM #&) L. FOBHFA
ROTIEERER (UTETZREREKT ) A,
BB O EMRIEE & BLOFE GEEREY 3 fFe Lic
IRE 5HEE) CHBECHTAERARZ P ARIER
L.
(3) h3Lvn< M5 700EE
1) Sephadex G-100 H 5L~ BT FF'F57 41—
LEEBITEIRESR 200 mg % 2 mé DEFKCEHEL
7-#% Sephadex G-100 » 5 4 (3¢x98cm) TFEL,
AGKCHEH (HE 0.4mé/min) L. £HE7Sy (2g)
1t AGI OFEMRBIE LA, EHES (No. 60-100)
wEDTHREZR L.
2) Sepharose 4B hF 4L/ 07 5574 —
FE D OTEEEERS (82.5 mg) & 2.5m¢é DF
BKZ s Ui- % Sepharose 4B 7 5 2 (2.5 ¢ x90 cm)
CHREL, EHKTEE (#E 0.4mé/min) Lic. &
H (2g) wowT kit Rk AGL OEEEREIEL
7ok, EMEES (No. 36-167) R EDEHEHME L.
3) DEAE Sephadex A-50 hS 4407 M5
T4
LEE 2) oiEHES (53.5 mg) A ED 0.2M ) v
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iz (pH 7) wfig L, DEAE Sephadex A-50
#3554 (2.5¢ x50 cm) wFIE L7, 0.02M Y ke
#e (PH7) gLy 0-1M NaCl =X % linear
gradient ETEH L. ZEy 2g) o\ T Lpﬂt
Ff#ic AGI o)(%ﬁt*‘zzﬁl‘tl, IHIL7 =/ —/LEILE’“&‘
X aENER (0. D. 480 nm K TER) &iT-7.
TEHEE S (No. 90-124) %4, #HH7 LT NaCl &R
T BRI L.

RBRERBLUER

1. EFEHEEEWME AGD EE£MEEORTE

8 Chlorella w35 AGI EEAE%, BE DT
MHREIC L - T, FHEORBANLHEEL . COHW

(E-1-1) oBTHEMBEEEH 1 l‘Zl)K m L KHE
DO[FIZEIL, Bergey’'s Manual £ 8 R 3 HHRLEHF
THIZGE - TITV, TORRZEERICED T & D .
AL, 184%0.5-0.8 um, £ XA 1.2-2.5 um DFIEE
T, FAFEREE Lic\. ¥ 5 2k, BE
R LRSI AR, B e b AR EED
Part 8 I 4%, EEMECKBEOERABOE R %,
Part 8 EE oYUM L L, AEBAMEO—&ET
% % Enterobacter aerogenes t [R5E L7:.

2. E4£ AGI oAl

FEO%ETSH AGL OfFAitkiiy, #F2Rm L
iz, W4T Chlorella DREFETIE I 35\ T

Fig. 1. Electron micrograph of the isolated
bacterium, E-1-1.

chlorophyl GEDOZMLE T2 bicb T kM, Mk
LRI EDEERITEINEE 5B b1,
I bl OZE{LiZ %12 - T chlorophyl BAMETF 3
BT EnD, AYEIKEGRERICERCEEYRITL
TwaEBbhie. Lad ZOfFRIRREEG T Ciisge
NTHBHOT, KOBHTCREIhBEELBRS.

3. AGI FE4rHh

A AGI DRI LicEita IR 5701, 6%
BOBRELY A TABERIEE LERERO AGL 0F
HERFNI (BE3R). FUHEEREM S B =+ A
12 AGI DiFEWZRDID, BEOFH I -7z, WE
BT DD THHHMERER=F 20K AGI E4AR
FTHAHIREMEIEL BRI, ZDOZ %D 5 129
2, B AEMOBRE S D 73— A, iR
B AFRMEERY Thth B Sihs 5k

Table 6. Microbiological properties of the

isolated bacterium, E-1-1.

Item Property
Morphology :
Shape Rod
Dimension 0.5-0.8 by 1.2-2.5um

Spore -
Gram’s method -

Culture :
Action for oxygen Facultatively anaerobic

Gelatine liquefaction —
Catalase -+
Starch hydrolysis -
Indole production -
Methyl red -
Voges-Proskauer +
Citrate usage +
Nitrate reduction +

H,S from TSI agar

+

Acetoin from glucose

Acid formation from
Glucose
Lactose
Glycerol
Sorbitol

o+ o+ +

Gas formation from
Glucose
Lactose
Glycerol
Sorbitol

+ o+ + o+

+ : Positive, — : Negative
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0.1 i ]
O chlorophyl 0.25
3.0f O cell number 0.5 1
0.75
¢<————control 1.0 —
2.0
Concentration of t') l‘u éo :;0 " ’:'IO 8IO
Yeast extract(%) Relative Growth(%) to the control
20 Fig. 5. Influence of concentration of Yeast
3 extract on the A.G.I. production.
1)
[
g B L2 BRICO. 5% T » 7o, X DICEEMTs B DS R
& b, UEOERTIIERERG -+ ADREI0.7%&
1.0 L.
4. EE AGI O
0
(dark) () s
A.G.L addition & AGI 13, 50°C LIFTIZOiEwEIFEA EHEL
/ BT BB RETH B, T0°C %z 5 LERID

0 24 48 72 96
Time (hr)

Fig. 2. Effect of A.G.I. on the cell number
and chlorophyl amount of Chlorella sp.

Nutrient agar ]

Spizizen ]

Standard agar

Dried bouillon ]

Drigalski

Yeast extract

Medium 0

I

50
Relative Growth(%) to thecontrol

Fig. 3. Influence of media on the A.G.L
productivity of E. aerogenes.

Glucose D

Yeast extract ]

Mineral stock solution ]
1 1
Component removed 0 25 50

Relative Growth(%)
to the control

Fig. 4. Influence of components of Yeast ex—
tract medium on the A.G.I. production.

L, &HHD AGI EAENOEELFHN: (FE4X).

FRER = F A IR\ ERE T AGIL oEMA L L
fo. TeRZOREEETHIAREIICEF Lie. ¥1AGI
BEEDI D DR % A DB IEEET, £5KH5

Rl & 3R h T D ECIESE R L L BT7H).
() BHEICHTBHEARRY ML
FEWEZRESE AT, K AGL OB 5 FH
AR P AR L BB6K). & AGI %, ®EL
7o A OGRS CTEMHIEE YR L, FTh Ch-
lorella Wit UCHREMER R Lz, 2REOHE I
TEINEITEM D B b, & <12 Cyclotella i=kt LTI 1 ppm
THEMEXYR L. L L Euglena & Microcystis 1T
HLTRELBEEERIh 7. KYPBEIRHEBRD &3
DY DESTHETHD EHBIhB b, &
B oM ES OHENEERBCHEE LTV 50 Th
A5, lewBilERDI: Chlorella, Selenastrum ¥ X
O° Scenedesmus 543 % BN RZIRER AR D50 % HETAIA E
BEE (ICs) 13, Fh¥h 2.6, 104.7 35 X 08 60.6 ppm
THote.
) ASLsO= M T TIHES
HHTE R E SRS V7. Sephadex G-100 » 5 A7 m
<7574 BT, EHEEESDIL void volume fif

Table 7. Thermo-stability of A. G. 1.

Time Residual activity (%)
(hr) 50C 70C 90C

0.5 920 80 55

90 70 25

3 80 55 <10
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(Chlorophyta) T T T

1
Chlorella 10
100

1:::::::;:
Sel trum 10
101

100

1
Planktonema 10 :::_—:?
0

10
(Bacillariophyta)

1
Cyclotella 10
100

1
Skeletonema 10
10

(Euglenophyta)

Euglena 10 ]
100 J

(Cyanophyta)

1
Microcystis 10 ]
100
1 1 1
Algae Concn. 0 50 100
ofA.GI  Relative Growth(%) .
(ppm) to the control

Fig. 6. Algal growth inhibitory activity to
some algae.

EREH S hic, T2 THEGE O X b Kk ¥ Sep-
harose 4B # T, FOEMHESOHF I/ r< 735
T4 —%fTole ETR). L ZorZATHiEN
4 (No. 36-167) i3 void volume fHFicEH I H,
AGI hleh ORHSTFHETHB LemBELic. %
ToiEVEES % 4N HCl T24B5RTInEL L 7o ik 4 4L,
n-BuOH/AcOH/H,0 (4/1/5, v/v/v) % BB &3
BHR—=R= R IFT 4 =BT, T=ATAT
e FREAFICH LTHERE—ARy b (R=0.19) %
Lzt FhbbA AGI BEERS E LTHEELEET

Vo
v

0o
=3

Relative growth
-
>

0.0
0

100 150 200
Fraction number

Fig. 7. Sepharose 4B gel filtration column
chromatogram
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Fig. 8. DEAE Sephadex A-50 ion-exchange
column chromatogram.

DEREMED DD, T THHERF I 7 VBB EE
T DEAE Sephadex A-50 %\ /oA 4 V37 r <
F7Z T4 =T, DR L DEREKT S LR ER
BT =/ —VRBETER Lo -7 L —5T
DEERR L B8 RD. HEHEESE, RBEMY
EBbhsES (No. 1-7) Digd, HOoBHE -7 &—
T 5 2 2o0HE) (No. 90-113 ¥ X 0" No. 114-124)
CHBELI.. ThODREREMD, FEOEETS AGI
DEFIIEL T OBBBSY & T 5070 ) OBHTFHWET
HDC ENEIRBEI R,

#E BERSHE LTGRO £ R
BI7s b O EFEMEFTELRY L TR E T
BIESIRCEROBERT 5. L ERCHE I LT
HRE, BFNEEBCERHT S LA REOREYERT
5. IBARRO—MIHERENAHDE GREE
5 61440096) =X b fTbhicZ L &L, REtoE%:
x£75.
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