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Isolation of a strong antialgal Streptomyces strain and study on its antialgal
activities
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Abstract; To find a anti-Microcystis microorganism as a biological control agent, we screened all actinomycetes isolated from
soil samples of sea beach in Jiangsu Province, China. A strain YC0412 capable of strongly inhibiting the cyanobacteria
Microcystis aeruginosa PCC7806 was isolated. Growthes of Anabaena sp. PCC7120, Synechoccocus sp. PCC6803 , Chlorella
ellipsoidea and Scenedesmus sp. were also inhibited by 32.4% ,12.46% , 32.9% , 82.19% and 32.57% respectively with
1/10 volume of YC0412 broth after 3 days . The data showed YC0412 had a wide host rang of antialgal activity. On the
basis of morphological, physiological and biochemical characteristics, and 16S rDNA sequence, strain YC0412 was
determined to be Streptomyces griseinus. To investigate the property of antialgal substance produced by YC0412, we
extracted the culture broth of YC0412 with ethyl acetate or chloroform, and tested the anti-Microcystis activities of different
fractions. The ethyl acetate extract fraction resulted in an stronger inhibition of Microcystis. That implied that the active

substance should be a low polar and hydrophobic molecular.
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KEEEFRLFBWERKERECTRZAE", EREEY. KRN HBREKEERTE
RESFBER E K IR KA R N5 TR R ™ S T A R R S BUK R %
™, BRTENSN R L RS s Bk, SHAMITEM L, Y A R B
2 B R Ui KRR L R M AR 2 0 B K B K AR Y AT T B WA R A E R T M AR
F AESERHBEEEARDY, MAFENAERSHA TV EENMEYRRZ ", RAMLEEHIK
BRI ERKZEBEAMROSIR, RCALHEERR TIE PR — R A MRS ERE SN E
MR YCO412 , SHZEMR R BE M HEAT T I EETH M BEST, R i 3 B BE4T T % 8 0 G M W R i e R AT T 9026
B,

1 #HR5H®
1.1 FERPRTZR B R IR

HF IR FEBE ( Microcystis aeruginosa PCC7806) | 2 i % ( Synechocystis sp. PCC6803 ) . £ I B ( Anabaena sp.
PCC7120) ¥j5k B ¥ E BATEBTST T, i 14 B LCB-CNRS K& 2 152 B ; W18 ( Scenedesmus sp. ) A Bl/NREE
(Chlorella ellipsoidea) ARSI /P BT . MERTE YC0412 TR G HERER P 2 B IR1G
1.2 SERAB R

W41 FE 3 PCCT806, £ 13 PCC6803 , £ 23 PCCT120, M dE AT 5 /NBR ¥ Y d 5 2 F BG-11 3555
# 25C  J¢ER 4000 Ix, B L:D = 12 h:12 h ¥5%,

BAHERR AR R —SHHRR R,

1.3 RERWEHRN B 5k

BTN R P REN A BT KEZRE/KREY 10min, B E BB 1/10,1/100,1/1000
BE. NERBEPR ERBBAITERESHHSRATFEHE—5 TR, 2% 28C R 3 ~7d, kA FH
HERRER AN REEER, RENZEZER AR —ERH, SR—SAERF. BRI ERRERS
REEW B O ERRE MR, BT, A ODgs, 0.3 ~0. 5 4ikf 3% PCCT806 WAL FHYH , ImA &N 1710 {k
25 CARMTIEF, 658 4000 1x, Y6 R A 12h/12h , WLEE 3 ~7d, 0 5100 E R ERCR . @Bt LRIk, A
BB AR B T HAR S AR — IR, % LR R BES R B, INA 4 i B 3 PCCT806 1, R R
EP BTG E o RBURSMBERER A KRG, FIRERFH 2 BN B R — 5 3R 2 M 5 — bR T 34
B TR R BB BR o 2 W25 40 BS 1Y YCO0412 19 R BEV 1% 1/10 43 AN A ODgsy Ky 0. 300 2245 1 Ak
P 4d FEAAINEHSER a 5],

1.4 SEYEMHEE

BIRA XSO B BB R B AR TS B SR ARE | A A 4k OB SRR R 2 AR 4H 2 Y
WiE . BHEEEM FETEN" 1 BB FE 4 DNA, FI4H %58 Fi5| 9 primerA (5° -AGAGTTTGATC-
CTGGTCAGAAC-3" ) I primerB(5° -TACGGCTACCTTGTTACGACTT-3" ) I~ B B #k 9 16S 1DNA, PCR 1E#H %
¥R 95 CHSZ 3 5 min,95°C AR 1 min,59°C B K 2 min,72°C JE/# 2 min, 30 MEF, /5 72°C E/# 10 min,
B Spl M2 1. 0% BEfehi iR s ik , EB Yefa, AN FHFA MR, PCR F=4 B9 2i AL Fl P By B R A9
BARBRAFITER. o KR YC0412 [y 16S tDNA 3 7E GenBank B85 5 504 FE o 47 7 51 [R1 VR R A,
Ext CLUSTALX 71 MEGA #1775 51 H3d4347 , 3L Neighbor-Joining IiH 8 REKR T
1.5 MEAEEREBRBIEES MRS LT

H IR KBEPRAGRY 1 L ¥ 4000 r/min B0 10 min ZFRE K, B _EEW, TR} 2 5H R B
MEAHRER 2 h, RE 3 K, IKBUBE RSB F. B BB ES e RER T R RaE,55C , B iRER A
T, HZRENERZEFRER1/100,

KA TR ZBER BV, B OEBRKMEPH EHERD TR, SSCESRRAREEZT A
FLR IR IR PCCT806 3EFE BG-11 5#% 2 RIRFR1/100, 2B KA VR 8 1 2 BEVE R R ZE L LA 1/100
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PRBUI A B4 4% f ZE BE PCC7806 ODgyy 2y 0. 300 A4
HIER 45 B PCCT806 3EFR M, 25 COL IR I F¢ , LR
4000 Ix, Y B8 A # 12h/12h,4d ST EH G E B
PCC7806 M- E a #9784k,

2 ZR5iTe

2.1 WHERLKEME 5%

B 1 0] I, X4 BrA 73 B IRAS I R T T AR I € J5
BRI, FERR YC0412 1 KB B AR S M R BB TE
o IMAKEEWR 3d J5, fi4k % # & PCC7806 £ K &
FET,

2.2 YCO0412 SAFER A K

HE 2 771, 5 CK1 A b, /NEREE I 358, £ IR 8
PCC7120 443 15 % 3 PCC7806 142 ffi 3 PCC6803 [
HGE a SEDUBRET 32.4% .12. 46% .32. 9%
82.19% F132.57% . FHILE I, YCO412 f & B2 W St ik
A BBAMRER, R B BERRA
T
2.3 HBRMXE
2.3.1 BEHRMIEARRHE

YC0412 TEARTEVE R EIRF IR, B V&8N, 28R, 45
A YCO412 MR # BB R A F G IR T A
B, YC0412 Bkl FLEE, Bk, 24 AN
REA, LABEHAR, BTEMRRR, REE, RE
MR E T SIS IE, RRESEN A RER.
YC0412 MR T A B, TRAKRER ., BFIERAEM
RBAR, MTHERS, AT EERRIIMELKE,
B FRRME,

2.3.2 THMRAYILFRRHE AERALRHE

YC0412 B MR B IEFHME LR 1, A B A AU IE T
%2,

2.3.3 THRRM G MEE SRR A 241K SO 4
553H

Mo YCO412 £ ffa B S L 8 2H 43 F0 41 F B o 4 B R
AR BRENT 2T, R B YC0412 TR R B 4 fg
BESARAR SRR HER. KLERMN L L-—F
FEE R, M EERRR T 1 BY;YC0412 B4 Rs &
A BN TR 208 T 0 SRS RS SRR P, I 2
BT CH, FAHERHBENAHEELRR,

2.3.4 16S:DNA [¥- HeF0 M B4 51

—e— CKO
—B— CKI
51 —a— YC0412 -
23
s
~ T
=2 4 § / ]
£ ¥ / L
= X L i
S 2 4
E&%& 2L mé./.'
=il AN
A
= \
A',\ck\
g
0 | | | | 1
0 1 2 3 4 5
fif1E] Time (d)

Bl YC0412 Bbk R BRI RS M IS PCCT806 YK MK
Fig. 1 Inhibition of culture broth of YC0412 on M. aeruginosa
PCC7806

CKO: AR E I FFE R K — 5 Xt B ; Control, adding the fresh
GAU medium; CK1: T A — R0 BAE M BB & BRIk i %
8 ; Control ,adding culture broth of an actinomycetes without toxicity to

M. aeruginosa

_ MO #4A Initial
o1 B cKo
sl 8 cKl
O YCo412
S 7F
eh -
£ or I
= ]
SREIel
£ 4 JIE
= 4
SN
==y 3
2 FE
lﬂ N
0 =

B2 YCO412 [T A A R B & WA
Fig. 2 Effects of the active substance of YC0412 on different
microalgae
CKO M A R HE I FET KR —5 K% H; Control, adding the fresh
GAU medium; CK1: 1A B —RIE A FE A TR B 2 TR B 30
8 ;Control, adding culture broth of an actinomycetes without toxicity
to M. aeruginosa.
I #E/NRE(C. ellipsoidea) ; T & ( Scenedesmus sp. ) ; I £
B3 PCC7120( Anabaena sp. PCCT120) ; IV 4 4%15%3E 3 PCCT806
(M. aeruginosa PCCT806) ; V £ i3 PCC6803 ( Synechocystis sp.

PCC6803)

XTE bk YC0412 #E47 168 rRNA [ PCR ¥ 3%, K18 — & 5.— i) DNA &R, 2008 1. 4kb, EHBHB E M

B FR 16S tDNA B9 J BER/MEAF (T P 43280 1405bps) o

hitp : //www. ecologica. cn



5694 £ K5 % K 28 %

F1 YC412 HHEAFEFE LIS ST
Table 1 Culture characteristics of YC0412 on different media

HiFHE Media ::_2 filament ]%as%l filamentpigment Sﬁiﬁﬁs ®

K — B4 RIUE Cause defined agar No. 1 B2 Grass yellow B Tiny yellow 5 None

2XCHUE Caapek Dox agar 2 5 Milky white B2 Tiny yellow F None

FRAH 1 S3UE Clinton defined agar No. 1 £ White B2 Tiny yellow F None

TER b 753 Ammonium salt starch agar JRK#& Dust yellow RUNME Tiny coffee 7 None

FHLEEVER H5 352 Mineral salt starch agar ¥ Tiny yellow ¥ Tiny yellow % None

EERFEPVA %52 Tiny yellow %38 Tiny brown %38 Tiny brown

LR H3IE Potato dextrose agar VR4 K Tiny disheartened red £ JK disheartened red I None

R E L3R Emerson agar F White # vellow I None

#8857 5 Blast 7E GenBank (48 PEHE1THH F2OYOMI2 EEREA A LE

I 437, 45 R E M FE GenBank #1 5 AR, K B # Table 2 Physiological and biochemical characteristics of YC0412
YC0412 BE#k 100% FEIHKA 4 4~FF, HAhFy 1y 99% A3 A 4L R BT YC0412
HIR, 399 B B B (Actinomycetales ) , 658 MR} RORH Limefacton of e o
( Streptomycetaceae ) , 55 % B J& ( Streptomyces) ;Zﬁiiﬁf fl‘y::l:i:i? of milk +++

Ehj:%m‘ﬂ] s —':J YC0412 %%m 165 rRNA %'ﬁ}% LR LK Grow of cellulose
5 100% HEIA 4 FHEEHE B THERRE, K 0,574 Poduct of H,S -
5“%%%?%%% ( S. grl,sel,nus) , ﬁﬂé%%% ( S. B4 E 724 Product of melanin -
mediolani) 1R 25 55 B (S. pluricolorescens) FHTE AHERBEIE IR Nitrate reductase *
21555 (S. rubiginosohelvolus) , L5 YC0412 B ASTCER 45T growth )

W IEA ] Carbon utili
BT S ESRE LR BRI gy

FER B, BRI BB A ZHER (S D4 D-xylose *
mediolani) ,JRZ M55 E W (S. pluricolorescens ) F1 FHTH D-H #& ¥ D-mannose + 4+
ZI55 B (S, rubiginosohelvolus ) 5 YC0412 HIRA TR Sucrose -
KA, TRBHEBH (S groeime) 55 YCU412 8 TR
BRITHLAS SRR ORI RETI L e v, )
FRERA—Z HICH YCO412 BHRENKEBREE 23 Lactose x
B (S. griseinus), S48 Fructose ++

M Genbank AT $RIR1G ) ZFh6EE B 16S rDNA
3, BT REKEN (B 4) o NEHRLERTI, & E—i 14 tREFEFERWHELE, BHET IR
R RETESFIAHE | YC0412 5 8. pluricolorescens H—5E ZHE (B FIEB MBI, EX—4RIIR
T BB FPIE] 16S rDNA FZE AN /N RARKERSHINE 4 Fim,
2.4 BABERKBEREERIEHES B R

HE S T, HZRCERMEPTEBUS K YC0412 BEMRIY AR 4 Bl M 4k T J& 3 PCCT806 A —E R E
BIHPRIVERT , 520 BRME L, 4R B BE PCCT806 4d G4 K a S B33 T FET 88.0% 71 82.8% , it I
BWLIA N, ZBROBETT LB AR YC0412 BREIA SO N K B 2 ) YCO412 BRI AR, B
M, FARBETE M= Y DL B — AR MR D AR S IR, AL SR R — B TR
3 g

R B IR — ST BE WV, F 20 42 70 4F (UK RRUE WY ALE DR IS TR A Chainia
sp. 7B BIPLAE R SS-228Y LIsk, AT H AR PRzt & 3 L B S FHARABEEEY R, K+
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B3 YCO0412 Btk 16S rDNA PCR =¥y B e SR i bk I 1
Fig.3 Agarose gel electrophoresis of PCR products of 16S rtDNA gene

in Strain YC0412

100

#3 JLF%EE 16S rDNA F5IHE L
Table 3 Similarities of 16S rDNA sequences of several Streptomyces

species

M Fos FEUUEE (% )
Specific name Serial number Identity
S. griseinus AB184205.1 100
S. mediolani AB184674. 1 100
S. rubiginosohelvolus ABI184240. 1 100
S. pluricolorescens ABI184262. 1 100
S. albovinaceus AB249958. 1 99
S. anulatus AB184875.1 99
S. olivaceus AB184793. 1 99
S. sindenensis AB184683. 1 99
S. praecox AB184293. 1 99
S. anulatus AB184195.1 99
S. flaveus AB184083.1 99
S. parvus AB184756. 1 99
S. badius AB184114.1 99
S. californicus AB184755. 1 99
S. viridochromogenes AB184088. 1 99
S. tricolor AB184759. 1 99

Streptomyces fimosus subsp. Rimosus A..
Streptomyces praecox AB184293.1
Streptomyces anulatus AB184195.1

49 | Streptomyces anulatus AB184120.1
Streptomyces olivaceus AB184736.1
Streptomyces anulatus AB184875.1

39 Streptomyces flaveus AB184083.1
Streptomyces viridochromogenes AB1840. ..
Streptomyces olivaceus AB184793.1

100 | Streptomyces griseinus AB184205.1

87

Streptomyces globisporus subsp. globi...
Streptomyces griseus subsp. Rhodochro...
Streptomyces californicus AB184755.1

87
Streptomyces griseus subsp. Rhodochro (2)

Streptomyces anulatus AB184644.1
r Streptomyces albovinaceus AB249958.1

100 Streptomyces parvis AB184756.1

100 — Streptomyces lavendulae subsp. Lavend...

28

L Streptomyces cavourensis subsp, Washi...

Streptomyces sindenensis AB184759.1

99

91 Streptomyces mediolani AB184674.1
100 | Streptomyces rubiginosohelvolus AB184...

I Streptomyces viridochromogenes AB1840 (2)
Streptomyces tricolor AB184683.1

Streptomyces pluricolorescens AB184162.1

YC0412

B4 RAN SBHRKRSEHELK

Fig.4 Phylogenic tree based on 16s rDNA sequences of Streptomyces species by neighbor-joining method

90% LA EF=E T AR P ERRE" . RENEUTN, 205 F SRR, SRR b IREH
B A TS Y R R S R A O A S A T AR Oy L R O R VT g VR O
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B B, IR RS — M SR RO R T EER
71538

A KR ST E DR A X E
BAEYERNRRHEBRKEE T RENIMEE HiER
P, BB AR R B B T A
LKE LY, Gk A A T3 h A BRI 3%
FEYEWIN R YA K, IR R B i T LA
SIS YT BRI R R A R R
%", Yamamoto 1R3E T 1 ¥R M AR BB LB
B2, 7E R 8 ¥k & O 5000 ng/ml B B8 40 il 4k 2 #E 1Y A
&[22] ,Choi 25 A TH1ES] 1 MRS (S. neyagawaensis) ,
HAT DR B K i s A A K 1P AUk
BB E YC0412 1y R B BB TR 47 B R TR B
ANEREE M A R B 5 K AR R A SR PR TE B B
K, NTE YRR PR BN, 8l SR SR
R R B P A USRS A SO SR B R , X AR
MR B RBAIRG R R KB ELHY RRE T
Ci):
4 Hig
4.1 MHIEPED 1 AR SR BEREEER

Bk B Rk O &k OKE Ok
35

-
=

30

20 -

-4 2a Chl a (mg/L)
Ui

o
E
=
[

B 5 SEMZRZIRHRYIEEILE
Fig. 5 The comparison of active factors extracted by chloroform and
ethyl acetate
fig-7K 8 Z.BR Z. T 01 42 T8 4% B K ¥ 4tk 7l 20 s Products remained after

being extracted by ethyl acetate ; §-7K 3 &5 BT SR A B R
43 ; Products remained after being extracted by Chloroform; J§-f§ %y 2,

BR 2. B IR P BRI IE ¥ 1 B 43 ; Products extracted by ethyl acetate;

K-MEH & 5 42 BT 8 10 BB 38 £ B 45 Products extracted by
Chloroform

THERTE YCO0412, 33 /NEREE, i BE , £ 3 PCCT120 FEEHEHEE PCC6803 5| HEK 4K A IR IITH AR
4.2 SEERAIESMEEA LKL, Bl X 16S rDNA FFI B LA 4R, B YC0412 Sy K BREBH (S

griseinus) o

4.3 YCO0412 j=AH= B4R BRIE Mhy= W1E — R iR AR 7 W R
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