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1.1 #H@RARE
Rt DX T e Sl R A 10 S 4
Hymeniacidon perlevis ) » &2 I 45 FF i 37 R TN 3¢
A /K RS R, 3 O 5 28 U . g 4P e i
o [ERE A BE R ERIE 5T T 2 MBI 7 01 2 TE s
2N Demospongiae ) BikE4E H  Halichondrida) , /5
S [IZ RS =
Hymeniacidon ) » %% BHEAS Hymeniacidon perlevis ) o
1.2 EFREMIRF
7 PG AR B B IR R LR 1, B AE
TP B 20 B R SR AR AL SN — 2 i o

(Hymeniacidonidae ),

TE AT O, X SE R TG 3 AR BRI 47 T
FZA K™ Na,SiS0,55 mmol/L; FeCl, *6H,05 1 mmol/Ls;
MnSO, *H,0,2.5 mmol/L; KAl $0,,,0.2 mmol/L; CaCl,
* 2H,0, 10 mmol/L; MgSO,> 1 mmol/L; CoCl * 6H,0;
0.1 mmol/L; TiClL»> 0.5 mmol/L; Na,MoO, * 2H,0,
0.1 mmol/L, H1 0.1 mol/L HCl % FiR T st ), 5k
TC 1 S A B G BV, TR IS RS

TaKaRa IA TagE, Hha 1 10 U/uL), DNA #E/K 4L
ARF L, DNA Marker 20 A KEFEY A F . 16S
rDNA ¥ 38 519 F8 6'-GAGAGTTTGATCCTGGCTCAG-
31 R1492 §'-CGGCTACCTTGTTACGAC- 3') Hi K%
KAEY AT E B

R1 ERBREBBHLENIBERERENS

Table 1 ~ Composition of seven different media used for the isolation of actinomycetes from marine sponge H. perlevis

Medium Formula ™ Reference
HVG 0.5 g humic acid,0.5 g MgSO,» 1.7 g KCI,0.02 g CaCl,,0.5 g Na, HPO, » 18 g gellan gum, 2 mL composite vitamin 0]
§ 0.5 mg/mL)> 1 mL trace element solution,20 g NaCl and 1 L of distilled water

HVA 0.5 g humic acid; 0.5 g MgSO,,1.7 g KC1,0.02 g CaCl,»0.5 g Na, HPO, 18 g agar,2 mL composite vitamin 0.5 i2]

mg/mL); 1 mL trace element solution; 20 g NaCl and 1 L of distilled water
g cos St L tre ion, . site vitami . Dy ars : .

cv 4'540031 dust; 1 mL trace elements solution,2 mL composite vitamin 0.5 mg/mL), 18 g agar,20 g NaCl and 1 L of This study
distilled water

. 0.5 g peptone; 0.25 g tryptones 1 g glucose, 2 mL composite vitamin 0.5 mg/ml), 1 mL trace element solution; 20 g .

G2V .. This study
NaCl, 18 g agar> and 1 L of distilled water

idal chitin, > . ), > ion, agar,

CHV 5 mL colloidal chitin, 2 mL composite vitamin 0.5 mg/ml.), 1 mL trace element solution, 18 g agar, and 1 L of This study
natural seawater :

SH 18 g agar> I mL trace elements solutions and 1 L of natural seawater 3]

arch, 0. as acts 0. ) > site vitami . ), agar, ac
MIV 1 g soluble starch;0.4 g yeast extract,0.2 g peptone;>2 mL composite vitamin 0.5 mg/mL), 18 g agar, | mL trace This study

elements solutions and 1 L of natural seawater

* All the media except those prepared in seawater were adjusted to a final pH 7.0.

1.3 BHRMEENS B AL FRE

HOR AR g 45 FE i, R F AR 7Y e, 78
A T I T B 7KK B S ERPER 3 ~ 5 1K, BABR 25 4%
st 5 1 P A5 (R0 A 400 0 e 2% 0T s PR T S o T
FA TS WO AR TN T8 4H 80°CHET,1 h J5
IBCER A 4 55 s BF 200 mg B ARAE T IIA2 mL
A 0. 1% MR Y 1T 10 mmol/L ] MOPS, #4], T
27°CHR A TR IR 1 h Ja, 1000 x g #5010 min,
BCEE . B 200 pl B3 VR A 55 95 2P A 53 HL 10
mL 3 IIANEEA 100 mL HVG SRS FREE 1) = fik%
M, ¥ = AR E T 250 o/min 9835 B IR A
28°C Y% w R 24 hs WU 4R FRW 0.5 mL, I
FAT 4.5 mL LRI K IR iR IR AT, FREET &
FIRGREAE b 25 P B s 43 ) B B3 45 FH B 200 L
WA R IR IR, R BRHER 5 ~ 10 A T8 K
SPARE T 28°CEE IR A B B RS IR, W% B bk A K
Blo AR IR0 VAT B VR S PR R B VR AR T

ARG R TR bR 2 s R 2 )5 -1 i B T 28°C B
TP BV E R TR 7 d 2o, PRI TR I 4k SRR FT )
BRI PAR FR 29, X R 3 ~ 5 I R
PR ARUEAT 204k, B3 TR V& 56 42— B0 PRI AL f5 10 R
PR RN AT AR B T Bk i b, i R T
250 v/min #%37% H IR AA T, 28°C IR T 5 FF 72 W Ao Aa
I 200 pL BBUIMAEEAT 1.8 mL 209% H /K E I
HATE T, - 70°CTHERAF % -
1.4 ZE X% DNA ${2EX#0 16S rDNA B PCR ¥ 1%
H AU 2 v R BR 7R TSB 35 97 2k B AT IR
R TR 3 d oo Ja, K H 0 IR 40 B R 24 DNA 42
WO % B TR 28 T 2 R 41 DNA . AR ¥ 4154 165
rDNA £ 57 )7 5107 & 51 #): F8 6 GAGAGT
TTGATCCTGGCTCAG3') Al R1492 6’ CGGCTACCTTG
TTACGAC3'). PCR NAKZR 60 pl):25 pl.2x G+ C
ZeP Mg plus), 8 pl ANTP VG 2.5 pmol/L),
1 L 51490 F8 1 R1492 20 pmol/1), 2l B2 DNA,
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0.5 pL. IA Taqg DNA -G8 § U/pl)M 13.5 pl (4l
/Ko PCR X M. 4% F:94°C, 5 min; 94°C, 1 min, 55°C,
1 min, 72°C, 2 min, 30 MG 72°C, 5 min.
1.5 16S rDNA HIRRFIM R I KE Z S5
RFLP)FF5 247

16S tDNA 438 7 Wy 7r IR Fl e N VI8 Hha 1 1F
MR 37°C N 2 hy 88 5 3547 350 05 B fis P vk
[FI 16S rDNA §34 F=#12 PCR 7= W) 2tk il 7] & 2k
G BEAT I 2 e D 45 S 5 NCBI # GenBank
HEAT Blast LEXT, R840 BT 544 Phydit 48 R %K

7%1‘}1 ﬁs]o
2 HR

2.1 EHRSE

fHHT 7 FAS [ 0 o5t 4 R 6, NS g 2 A
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2.2 RFLP 3'4f
K 27 BRIGARTAE R 1 16S 1DNA #EAT Hha T 1)
RELP 70 #T. S5 RE W], 27 BREETAT 20 0 15 Rl
B2 & D), BRI BLC DM N )& T HE R
JEAN, AR AVECFVHV VKWL GO 43 5l 8 T
Wi T s WA 2D,
2.3 16S rDNA R334
KA 27 S 514E B 53 5l i N GenBank 1
BEAT FEHE, X 27 ANRE S BEAT 8 — G A28, IRk
RGEKREW E 2. 4RI, Pk 27 ML E
LA 1S BRJE TR T, I Ab s TR R 15
b LW w9 AN E: W R IR R R
Wocardiopsis )~ /N AT JE  Micromonospora )~ £T 4E H
MR JE  Cellulosimicrobium )~ X F W JE Gordonia )~ i
RIKE & Wocardia )~ AT 55 IR & Prauseria )« i
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Fig.1 Restriction Fragment Length Polymorphism analysis. M; DNA Marker 100 bp;
AsB, G Dy EsFs Gy Hs I, J, Ky L Ms N5 O are different samples selected .
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ASCAERT W AR [ 3ty L Y AR o 1 A
R IBCER B 2 REPERE U R IR T, Ol T B
TR DL 40 Tl G 3R 4L LSRR 2 n 3R 41
I8 M S B T B VAR N T T 3 R R
L IR B 1 IR R i BB SRR B IR B R . [
IS FEAF b THAR B T, SR T Ak BN & SR I
Mg 45, LLHVG S SRR 7 SE AT w8 SR 85 R 1Y
METRIBRELT 5 B3R T 9 N IR IR AT T
SRARW], St K 23 B B IR T VRE O T SRR
R AT TR TR (1R 73 5 487 1 Al 4 v m] B 97 i A1 T

AT FEAL S TR H 22 B e 1 23 B B IR A
BRI 4 rp oy BB 6 AR IR kA P
TSI S2 g 25 A LG, B T 203K B R S B T3 4 7 7
@SN, 7R T HAR 4 A8 BT, RN 303 8
BT 2 B G R  A 5 TR RO TR R R
MG TIOAF T 5 AN s . Bl A KR4 & 5B
2 LY g 4 21 SR IIGR I N BN T K B R A o
ST MR R 5 B2 4% Cranilla australiensis )
X BB T 23 BRI, JLrh Wi I 12 #R
Webster 25  E 0T C 340 00 00 22 RE R, 38 3 7 i
T TBCE VT 3G 77 5 v S 0 403 S WU By 1) 4y 1 5
T SEET AR BT o B BT . AT SRR
AL FEAER FRAE T U T 4R A DR IO, 3R A5 T
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U IR RO T oy B A . R g S MR R4y
KGRI AR e 2 7 7 B 2 19 BRI T AT
T3S ARHIEFU AL IR 7 A ARBL, e i A A0 v T
L T B TR N ) B T AR W . 5
AT IR 3 B T AEAR L, AR TR At 550 408 70 3%

ZHL RS T ke TG BRI TN B IR 1 4 B R R
Serb, S 45 R [ A A1 AR RIE S 4 LR T 2 R
P45 RATEE, 52 AT BTS00 A AT — il 4 v 2y
2 2 B B 2 I AT IR T 68 3D

®2 FXRBHAIEFRMLE 16S rDNA [F5F0 RFLP 7347
Table 2 RFLP analysis and sequence homology of 16S rDNA of actinomycetes from marine sponge H. perlevis

Isolate codes Accession No. RFLP group The mos-t similar species Identity/ % Sele?tive
Accession No. ) medium

C-8 EU554272 N Streptomyces sp.  £U214921) 99 CV
C-20 EU554273 B Streptomyces sp. £U368808) 99 (0%
G2-6 EU554294 B S. gougerotii 4B249982) 99 G2V
HVA3 EU554295 B Streptomyces sp. £U43781) 100 HVA
HVG6 EU554296 B S. purpurascens AM268327) 99 HVG
HVG29 EU554303 B S. microflavus €U273548) 99 HVG
HVG40 EU554304 B S. microflavus €U273548) 99 HVG
J-29 EU554303 B Streptomyces sp. £U384254) 98 CHV
HVG7 EU554297 M Streptomyces sp.  AY754726) 99 HVG
HVG19 EU554300 C Streptomyces sp. £U368815) 99 HVG
MI-10 EU554310 C Streptomyces sp. £U384265) 98 M1V
HVG23 EU554302 D Streptomyces sp.  DQ994708) 99 HVG
763 EU554269 F Cellulosimicrobium cellulans A4J784811) 98 CHV
SH-4 EU554313 F Cellulosimicrobium cellulans AY114178) 99 SH
HVG22B EU554301 J Gordonia terrac AB355992) 99 HVG
HVGl6 EU554299 A Nocardia cummidelens AF277202) 99 HVG
J-1 EU554306 H N. cyriacigeorgica EF127500) 99 CHV
J-14 EU554307 K Nocardiopsis sp. £U257253) 99 CHV
C-18 EU554275 K N. antarctica X97885) 100 (0%
C-21 EU554278 K Nocardiopsis sp. AY336509) 98 (0%
C-22 EU554271 K N. listeri %97887) 98 (0%
G2-3 EU554293 L Prauseria sp. £U368816) 99 G2V
C-6 EU554274 E Pseudonocardia sp. AY974787) 99 (0%
SH-2 EU554314 E Pseudonocardia autotrophica (AJ252824) 100 SH
M1-8 EU554309 G Saccharomonospora azurea  %38024) 9 M1v
HVG49 EU554305 I Micromonospora sp. £U437818) 99 HVG
HVG9 EU554298 0 Microbacterium oxydans £U086800) 99 HVG

A oh T JAURY 0 2 B A R A R 1 A AR A
B, A S AN B RUE TG T — AN A,
WA 5 RN R E AT A BRI G R . WESUES
R, WA o0 2 AL SN 5 AR 4 AR N Bl R
LR DIRE, B VR S5 0 7 A R 4R P9 IR G 3% 4L
HEEEVIMR, AT B g AW RCE s
FEAYE o BTG 5, A SC LS I 45 T R AL
JR T S T O B R RGBS (2 B AR

I35 A T IR A B M A B R R
Py, 51555 7 B I 5 I S U R IR AR ) T AR 7
T TN EE A 2 RN T 7t

WA EEFRET T EERES. 25N
a5 SR 4 F A W 2 7 1k, ok B T v A ) 40
TR ARSI A D A e 4 L RO IR R T
YRR AR 2 FEEREAT T WE, 45 R WoR R i 4R
NS 45 2 R ROl K20 e T AR B 7R 4
o ARFTRSE SR O T AR R T
2R TP AR 16S DNA v F , X Hogt A Z AT T
GIAT, IR A OGN S R TR R AN R
Proteobacteria) 11 [ - 7] y-3V '] 1 J58C 26 W 1]
Actinobacteria) 5 A, FLrh B4 B o 5 SO B SC R
5% . FOME A PR o 4 4L 2P B I AN 4 S 1
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Vo T AN EY 16S 1DNA Wl SRE
TR S 3R B 47 40 20 DNA T 7596 45 40 241

O 5190, TR AR BRI A SRR 340
IR, [ I PROA ARATT AR 22 1, T2 R

Do DRI, T A P 0 T 00 P 5 0 K B i 4
LR TR K 2 A L T RE 2 A i B

B EYI 2 FEVEAT B, I 4 A0 M0 N A7 AE 2 107 5
W 03%), B A R IURE T KA A7 AL W
JSRL, T RERE 7 1 AR 5 D5 ik R T N B 5 1 S A

1000 — HYG16 (EV554299)
| Nocardia cummidelens (AF277202)
1000 J-1 (EU5E4306)
—mardfa cyriacigeorgica (EF 127500}
1000— Hv G228 (EUS54301)
| Gortonia terrae (AB355992)
g4n - C-6 (EUS54274})
1000 Fseudonocardia alnf (AJ252823)
SH2 (EUS54314)
8490 Pseudonacardia auloirophica (AJ252524)
1000 | HVG49 {EUS54305)
L micramonospora sp. (EU37818)
C-18 (EUE54275)
C-21 (EU554278)
Nocardiosis sp. {AU338509)
Mocardiopsis antarctica {X97585)
G2-3 (EUs54293)
88| Frauseria sp. (ELIGERIE)
Prauseria sp. (AB188203)
J-14 (EU554307)
Nocardiosis sp. (EU257253)
C-22 (EU554271)
Nocardiopsis listerf (XBT887)

Group1
996 P

980

‘ Group?

532

Group3

Group4

464

Grouph

625 1000

Groupg

1000 M1-8 (EU554309)
| Saccharomonospora azurea (Z38024)
HVG23 (EU554302)
J-29 (EU54303)
Streptomyces sp. (DO994708)
HWAZ (EUS54295)
HVGE (EUS54296)
HWG1 9 (ELUS54300)
Streplomyces sp. (EUAGBR1S)
M1-10 (EUSS4310)
G2-6 (EUS54294)

|— C-20 (EU554273)

Streptomyces sp. (EU368805)
C-8 (EUS54272)

Strepfomyces sp. {(FU214821)
HWG7 (EU554297)
Stregtomyces sp. (AY754726)

HWVG29 (EUS54303)

HWVG40 {EU554304)

Streptomyces microflavus (EUZ73548)
1000 — HVGS (EU554298)

| Microbacterium oxydans (EU0S6800)

g’-\aﬁ SH4 (EU554313)

972

625
. Graup?

I 1000

1000

Group8

Cellutosimicrobium celutans (AJ7848113 Groupd

763 {EUS54269)
| Cellulosimicrobium celllans (AY 114178}

1000

Bififabacterunt bifidum (S83624)
Acichimicrobium ferroosidans (UT5647)

825

01

M E 16S rDNA 75 N-J RGA B 5347
BLASTn ) relatives based on 16S rDNA gene

Fig.2

&2
Neighbor-joining phylogenetic representation of cultured actinomycetes and their closest NCBI
sequences. Bootstrap values calculated from 1000 resamplings using neighbor joining are shown at the respective nodes when the calculated values were 50%
U75647) were used as outgroups. Numbers in parentheses represent the

or greater. Bifidobacterium bifidum $83624) and Acidimicrobium ferrooxidans

sequences accession number in GenBank . The number at each branch points is the percentage supported by bootstrap . Bar; 10% sequence divergence.
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Table 3 Diversity comparison of culturable actinomycetes genera isolated from different marine sponges

Marine sponges Source of sponge Diversity of genera Reference
Hymeniacidon perlevis Yellow Sea at Dalian, China 10 This study
Hymeniacidon perlevis Yellow Sea at Dalian, China 7 9]
Xestospongia muta Conch Reef, Key Largo Florida 3 B
Rhopaloeides odorabile Great Barrier Reefs Australia 3 B]
lotrochota sp. South China Sea 3 2]
Haliclona sp. South China Sea 4 p3]
Pseudoceratina clavata Heron Island Research Station 3 4]
Rhabfastrella globostellata Heron Island Research Station 2 p4]
Stelletta tenuis South China Sea 2 ps]
Cranilla australiensis South China Sea 2 ps]
Halichondria rugosa South China Sea 1 ps1]
Reniochalina sp. South China Sea 1 ps1]
Axinella sp. South China Sea 3 ps1]
Suberites zeteki Rainbow Marina in Pear, Harbor 3 p6]
Aplysina aerophoba Banyuls sur Mer 2 7]

ARG RE— KM T I PCR ¥, HTE 1w
FEFR S IR 2 T % 40 46 TR 1K 168 1DNA 3¢ [
SCIE, R I BRI 2 AR A0 A 8 (W A R
PRI 1 o 5 5 T R T SR O JL b ek
AT AP TR A B DN TR AT AT R T e FH LA 1 23
BRI TR AR BRI Al SR IR A TR R, e AT
AR R EAELE, IRV 8 LR BHE, & S od p
B 30% Aidi. WX AR BN S,
ST R B8 5 B g 4 v R A TS R TR R 2 S T 40
B IRV, AT TR 2 AR IR AR A TR B U
XL GE BRI, 4y AW 2 DV N R T A
JIANTR o SR A A2 O ) R BR PR AE T, 159 3
AR AN CAFE DR (1) T 3XA7 A, AN B3R A9 X S f A=
WISl 75, 15— Lo B U E M N 2 8 T
BRI DRIk, AR AN 7] 1) 2R A IR BE, ok oy 2 K5 9%
ST BT () 15 757 T 1% I S K U 4 302k T 1)
B TF RGP o R I B EEROR

Zr b, AR SON R S5 M8 i 4% G 2% 20 R T 1
TCEVEW, IONTBUER B IE B o B 3G R i, WL
W2 BT T 9 AN BRI R B R A I R . 5
P AN LA 4 T 2k B 2 RE PR I g R AR T,
I 2600 AT 4 v 20 59 31 (0 R i o 22 (1) ] 5 97 il 2k
BT, FLrb AT 57 DGR DR PR 57 e 2 T IR it
Uy B . R VR AT R A 4 T R Rk
W 2 B E2R S R
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Phylogenetic diversity of the culturable rare actinomycetes in marine sponge
Hymeniacidon perlevis by improved isolation media

Yanjuan Xin"?, Peichun Wu' , Maicun Deng”, Wei Zhang' *

{ Marine Bioproducts Engineering Group, Dalian Institute of Chemical Physics> Chinese Academy of Sciences Dalian 116023,
China)

¢ Graduate School of the Chinese Academy of Sciences Beijing 100049, China)

Abstract: Dbjective] Based on the molecular diversity information, seven actinomycete-selective culture media and isolation
conditions were modified to isolate and cultivate diverse rare actinomycetes from Hymeniacidon perlevis. Methods] Modified,
selective cultivation and enrichment media were used, with the addition of an elemental solution of simulating the elemental
composition of marine sponge H. perlevis. Restriction Fragment Length Polymorphism ®FLP) analysis of 16S rDNA sequence
was used to reveal the diversity of culturable rare actinomycetes. [Results] A total of 59 actinomycete strains were isolated from
the marine sponge H. perlevis. A total of 27 representative actinomycetes were selected according to their morphological feature,
color and pigments. They gave 15 different RFLP patterns after digesting their PCR products of 16s tDNA with Hha 1 . The
results showed that these isolates belonged to 10 genera: Streptomycess Nocardiopsis» Micromonospora s Cellulosimicrobium
Gordonia » Nocardia > Prauseria s Pseudonocardia » Saccharomonospora and Microbacterium .  IConclusion] The modified isolation
media and selective cultivation procedures are highly effective in the recovery of culturable actinomycetes from the marine sponge
H . perlevis; resulting in the highest diversity of culturable rare actinomycetes from any sponges.

Keywords: Hymeniacidon perlevis; RFLP Restriction Fragment Length Polymorphism); diversity: actinomycetes; 16S rDNA
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