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ABSTRACT: Ground bed cultivation method for shiitake mushroom (Phogo; Zentinula edodes) has been advanced to use the oak-sawdust
composted by microorganisms. This method has some advantages in saving the labors and improving productivity. The aim of this study
is to analyze microbial community in oak sawdust and to provide the information for efficient cultivation of shiitake mushroom. In process
of composting, the proportions of thermophiles increased from 10% to 80%. This results show the microbial community succession from
mesophilic bacteria to thermophilic bacteria. T-RFLP analysis and nucleotide sequencing of 165 rRNA gene demonstrated that the
change of dominant bacteria coupled with shifts in each stages. The family of £Enterobacteriaceae as a mesophilic bacteria were
dominant (100%) in oak sawdust sample, but Amycolatopsis (49.0%) and Saccharopolyspora (26.5%) as a thermophilic Actinomycetes
were dominant in the last day of composting. In hyphal growth stage, Leuconostoc (psychrophilic bacteria) was dominant (75.0%). The
composting process of sawdust is very important for growth of mushroom mycelium. Therefore, there is need for the further study for

the Amycolatopsis as thermophilic Actinomycetes.
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Fig. 1. Variation of temperature, pH and numbers of total bacteria and
thermophile during Phase L. (A) 50 cm sample, (B) 1 m sample.
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bpet 60-65 bp2] T-RF7} 271513t} Bats=2 715t A&
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e
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Fig. 2. Cluster analysis of /ipa I T-RF profiles during Phase I and Phase II. The dendrogram was constructed by Pearson’s correlation coefficient and
UPGMA method. Numbers on the branch represent the similarity value of the samples belonging to the same cluster.

=32l Al As1d A3E



ELHR S8 B0 R el njMe 2 - 225

16S IRNA X]x}—‘.'-?ﬂ-,—ﬁ dhg A L Edlo] A0 3
i

& Oﬂ A= Erwzma7]— 20.4%Z= x}A] 0]—‘11 71k
(Table 1). HatA 2349 50 cm Y59 73‘-‘% Gamma-
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o] LA 3} t). & =Fof| A= Klebsiella 2:0] 40.9%, Actino-
bacteria 52| Amycolatopsis 40| 36.4%5 A}X| 5140 H,
Betaproteobacteria 73 2] Burkholderia 45-2-18.2% ZA3}=
Ao 2 el 1 m W3R A|52] 3§ Proteobacteria %2

T A ghero, b SR 50 em ol A LERLEA|
] 1201 87.1%5 AAISH3ITE 215 F 714 Al
o2 AHA = Clostridium <:0] AA| G714 < 2] 80.6%
2 7P 4519931, 50 cm A 2o A A8t Actinobacteria
2| Amycolatopsis &%= 13.3% SR}

Hhg 40435 WHESE A| R o= Actinobacteria 0] 89.8%
£ XR|3}H 0. W, 1 = Amycolatopsis <1} Saccharopolyspora
£o] 27} 49.0%2} 26.5% 5 A5t HEEs A7kt
Tl 65°Col| A 4 A1 7E A 24 Al 7 (419) 9] w|AE 2

Firmicutes

Table 1. The variation of bacterial community during the Phase I and II of the shiitake cultivation (%)
Phase | Phase 11
Phylum Genus Oak 23 day 23 day 40 day 41 day 48 day
Sawdust
(50 cm) (1 m) (mix) (A.P*) (H.G.S+)
Actinocatenispora 4.5 8.2
Actinomadura 10.0
Amycolatopsis 36.4 12.9 49.0
Actinobacteria Curtobacterium 2.7
Microlunatus 4.1
Propionibacterium 3.6
Saccharopolyspora 26.5 3.6
Bacillus 32 94.6 14.3
Clostridium 80.6
Firmicutes Eubacterium 2.0
Leuconostoc 2.7 75.0
Sporolactobacillus 32
Beta Burkholderia 18.2 3.6
Acinetobacter 2.0
Buttiauxella 2.0
Citrobacter 2.0
Cronobacter 2.0
Enterobacter 4.1
Erwinia 20.4 2.0
Hafnia 10.2
Proteobacteria Klebsiella 6.1 40.9
Gamma
Kosakonia 4.1 2.0
Leclercia 6.1
Pantoea 12.2
Rahnella 4.1
Raoultella 6.1
Salmonella 2.0
Serratia 10.2
Yersinia 8.2 2.0
Total number of clones 49 22 31 49 37 28

* A.P, After pasteurization
+ H.G.S, Hyphal growth stage
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AR W 2ol Kl 400 89.8%F
Actinobacteria 5-2-2. 7%= G2 3] 7435} 3L Firmicutes 5=
0] 97.3% =2 FA3] Z718F9t}y & £Fof| A= Bacillus &
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0]89.3%2 S B0}, 4 o A= A
A2 2] 94.6%= 2} R 5VE Bacillus 450] 14.3% 2 ZF4~3}aL
2o B3 & Hold Leuconostoc 450] 75.0%2 97314 tt.
YA ASERSE £4: 51 IRAI7I(23Y, 409)
9 FAPYA 748 L) o Al 7ol A Q1 WHATTF2] 16S IRNA

A3kl

= Firmicutes

A} 7] 4 B2 GenBank 2} RDP 2] database 2] A &1} H]
2Aste] A5 A5} Ao Fig. 3). AlRolA kel
Aot D9 60%= Amycolatopsis 2 B =)tk 2ra 23
(50 cm, 1 m)ol|A] A3t Amycolatopsis 452 T F10] 4.
pigmentata (AB327254)2} -G-AFSFA O 1, 2Ha uR|uh40Y)
A& 2] 7 Amycolatopsis sp. OSD2 (KF218953)%} -F-AFgt
At o= o] Haleh Aa geldh o= Qlleh o] 2jof =40
A A & oll+= Saccharopolyspora rosea (AM99260), Actinoca-
tenispora thailandica (AB107233), Microlunatus panaciterrae
(AB271051) F-AMAlISE 5 ThFeh WAl sto] 2Rl = ick

& o

14 clones (40day)

Am P
40d‘n 80

is sp. OSD2 (KIF218953)

83
98r 40day-25

Ampycolatopsis helveola (AB327253)
| E Amycolatopsis taiwanensis (DQ160215)
Am, (AB327254)
10 clones (50cm-23day: 6, Im-23day: 3, 40day: 1)

Amycolatopsis sp. (KJ781281)
40day-41

Am ycnlampxis thermalba (HQ668525)

is endophytice (HM153799)

/.
40da\ =22
Amycolatopsis thermoflava (AF052390)
100°

Amycolatepsis methanolica (NR 041992 )

—— 40day-66
Antyc ) (GQ38131)
Amycolatopsi s]) (KP232902)
Ay ] ile (F1606836)
L] 40day-71
50cm-23day-20
1m-23day-17

o6 L| Armycolatopsis dengchuanensis (JN656710)
74 Am_lul[{lfllp\l\ sucnhun (AF223354)

Amycol

errsis (NR 109638)

L00 Propionibacterinm acnes (AB042288)

1 48day-3

_4‘—1

40day-36

40day-43

———— 40day-35

Microlunatus panaciterrae (AB271051)

Curtobacterium sp. (EF587758)

100 41day-36
497|——‘,7 Curtobacterium albidum (AB046363)

100' Curtobacterium citreum (X77436)

Actinoc

L

96 Actis lura ¢
40day-24

— ————————————— 40day-1

40day-104
40day-94

0.05

Fig. 3

Saccharopolyspora rosea (ANM992060)
10 clones (40day: 9, 48day: 1)

rupis (AM )

Actinocatenispora thailandica (AB107233)
40day-13

98! 40day-49

is (AB264086)

a (AJ420135)

Saccharopolyspora spinose (AF002818)
Saccharopolyspora thermophila (AF127526)

. Phylogenetic tree of actinobacterial 16S rRNA genes identified from the composting process. The tree was inferred by neighbor joining method and

Jukes-Cantor model with 1,000 bootstrap replicates. Bootstrap values of <50% are not shown. The scale bar represents 5% sequence divergence. The 16S
rRNA gene of Methanothermobacter defluvii (X99046) was used as an outgroup (data not shown). The numbers written in the front of the sample name refer

to the date of sampling.
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& njel7] Sieh BN AT D 71 2E 715
PP A L2 QP 7 AR A1 S1) AL
FltH(Fergus, 1964). 25 591 (& ofl+= Enterobacteriaceae
o 3= 12 24 A2 Erwinia, Pantoea, Serratia 2]
T2 Alto] ol #2253t Prazmo 5(2000)-2 272
HHELo)| A Enterobacter 2} Rahnella 52 Enterobacteriaceae
o == 1 24 Al ghelgh vl Qlk & Atol A
|5 = 671197 oFA E QY] wiZof] 7 g o
€| Enterobacteriaceae I}+2] A|ldo] L GE QNS 7540 )
o 24 At Fol thFshr] dlizel 7l &= & o
ARG 4= Sl A0 HR7L Ho o8] TR A71=S aE

2 7Zol|7F stk webs, 24 AlatS dazr)o] 3
sto] 27] f71E Eeflo] Tl HaE(Eh Y s =

o]=t] 7]o]& 3t Ryckeboer et al., 2003a).

50 cm W-0] 74 A 7F A vl = F2t At 7 St
Rom FAl FH o] 22k Sk A o] ElE ek
(Fig. 1). E3}, 231 2%2(9F60°C)7F F-A == 16 ol=2¢

ol w3} A7} 109 o14F 271519151 o) A7) oA
LABHEA B4 e S} AM S| ol Ao] Tk
SAth. Finstein (1983)-2 & 2 7] ThAof| A 71kst 7] A& o]
&oh= Aleto] A7 57117 diimoll A Bn] o] 227}
5HA Hokal Hushiek =3, Wraen] o] 2:=7145°C

o|/fo] B|H S22 Alet-> APEstal a1/ Alat=o] 935t
Al Febar shlek & At Aol A = FAlka ThH] a2A]
O] HE-E 9U7HAI TS = 10%0]] HEFAIRE23 Y o] A
A 80% o] AA|5k T o] Autg Wa o] e
Z2 2o n|AEZ TR Y bR Evhy n) & 3]
o] a1/ HAER Hol7F Ao iia& & = AQIHE =13k U
5 A Al A 2Rl 1S/ Altolli= R A i eato) i
329 E o] Qlo] MRl S5 7] Aol Yol H p=
9ltk(Prazmo et al., 2000). BHE TG o] AaAE 1 L =7} 713
A 239 AR A 1 SR HleE A
S3LWhA o] SR ZTkE Tejad v 12 Ao &
Aok I A oS el 2 4 9]
wra sk AR A e olgE 23e) Aol T-RF
profile™} 16S tRNA §-4A} 97|44 A= §HA v ashd
oF 4= 9tk A Iof| A 3H2HE] 493-495 bp 2] T-RF= Erwinia
%07 o et S22 Mt Erwinia= S E IS A2
] -8t 23 Y 50 em WE-FE] A A 3] APES= A o= B

(¢]

41 r

__1

oltt. o]} Hkth = 160-165 bp=23 < 50 cm A] & || A LEMY
A A A(40Y) A Zol| A L-5FA=1, ©]+=Amycolatopsis
O] T-RF 2 AAlEw wrg o] AP HA =24 =
of| A At o 2 mAE T O o7t doju= RS Eeld
= ek EE|S} apgo] [P HA Al w—%‘é Al
Ak f71ES waflsh=t ot 43S 'JEKAllgaier
etal.,2010). E3| MEZ 0= JuAlERZ 0= 2|14
B2 EA-S Bl 58 o] -3t Lacey, 1973; Ryckeboer
etal.,2003b; Tang et al., 2007). 714 <€ A AT}, vhA4+-2
S 1 R Bl A 2 s gkt w239 50
em Z00]2] 4 ALROI4 40.9%, 1 m Z00]olIA] 12.99% 77]
SRR Wi obA R 40 o] A BT 91714 ] 89.8%2
7V sk SRIolA Uehd A 5 714 93
St Alet-& Amycolatopsis 4501 3= A 0 7 FHolw| Qi)
Amycolatopsis 45223 Y 50 cm A| &0 4] 36.4%, A-2Ara+A
Al 2400l A 49.0%= 2} A5t - 5HA Tk Amycolatopsis
50 E/H RO R EO AN, HF HAE, A2, 9
248 50| thoke Aol A BelHiglon], B e
A BAE AR AT A0 B AR 9 B
elofl 221 9] Q<1 polylactide S A 3l5H A2 2o
CH(Pranamuda ef al., 1997; Bala et al., 2004). Amycolatopsis
o) B 04 AR L84 RO R ek,
2.9 4 0] 0.45°C o] Aol A, 31241 9] AL 65°C o] Ak] 2
FoH= /%]Xo]-fﬂ'z] Zol= EAS 72831 It Goodfellow et
al.,2001). 28 23U Al 7o)\ A W2 Amycolatopsis 2] )5
B2 4. pigmentata (AB327254)2} SASE Al 2 Sl 5
tt. A. pigmentata= EFN A EEEHGoH, =844 d=
8 S BAE 2tk 25°CITCoIN AATHE B8
Xl H q;pogxﬁliu]—o]gzéa— 9,_]o§ o]_Q_E_/‘:%]\q
Eul iR o] EIHE YA 2ol A2 g o = o] Haljr}
Thsato] B4 WA 22 15HA1Z 7H5410] 9leH Tamura
et al., 2010). 23 Qo] = 60°Co]| 71712 L =7 S A HE A4
o, 2 AT A] BIEL A, pigmentata §AH 2 2 1E
AT R} TH2 A 548 7V ol ek AZbEIc. 40
Qo] & A3t dmycolatopsis= 2 A1LE E3) Ha), vjers
Amycolatopsis sp. OSD28} 71 G-ARSE Ao &2 YEelytTt
Amycolatopsis sp. OSD2+= %2 (‘,‘ J%Eﬂ 40°Cel 1124
SPAIZOIE. Yu 5(2007) & 4715 o] 85 59 9% WE
2] VALE 541 MBHE quinone profle 4] 51
o5}, ofn] 2] 1S ool £ HAESQI(H)E F
il s olsk
A9 %S LENNE $7128

o

l'L

quinone AJ 20 & = 112
=

o] & AFE

foi
N
iy
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BojE 4 s, Enist 3golA Hedt e ol
(Unaogu et al., 1994; Lacey, 1997). Amycolatopsis sp. OSD2
= 4. pigmentatad]) W3} Z =R 7L10°C 04 30} 118
o2 §AE= WRTA Felo] TR B o)A Aol
71s5ke] W R upuizia] BREYYE Aow Aﬂﬂih:}
Amycolatopsis <2 E|H|3} 3ol A A5 Bl FQ3
AGEE RIS A, T2 ok ol clAkE AR
)g Ak So) B Tael, 2 Aol A W
bR S oA o) MR o A SR 3t o3he The Aole}
AZYElT) 318 HhA ol 38R = Saccharopolyspora 452
4091 A\ 2014 26 5% 2 A|5he] Eala 2 gkt o] &
Sshe S E s, A o) 4

| ZgkS- g © 7 4= 9tk gtz o] 9ltiDuchaine et al., 1999).

A5 7| HR] o S SRt A 22]H vl 9l S B = (Yassin,
2009), AT O] 8 ol e Skl AA| 2
g vk 2 4 9lck

g 2349 | m AR A= Clostridium 4:0] +7]9]
80.6%= x} A5l A3 ) Clostridium 452 WAYEXS
Zb= T2k ok A E7|A Al S 2 1 m Z0]9] A AA =
L7k oA A A YA @714 v|ABEQ] Clostridium©) $-73
6]—7—]]Q740§}\H71—Q1;} guir oz MEag ¢ =1} gy}t
e of ol B & ol Bl
=(Partanen et al., 2010)
s _"_% | A= Alto= A

s o) 1714 a2

Zii/“?ﬂr FAMEA 7|15 2T O 1= Bt
Ao A mef = A skaL B o] EeE S sHHA WAL o
A Q. 1Aﬂ7‘51— /\ 015 u]xﬂ‘%g a%s].%

1964, B W10 e w141 A1) Aol a1 212l )
= W Alat-& AlA S WAl S A A dtAP A et
= 3l=g| 1 =& 0| QlthKoo et al., 2012). 40 A| 29} #|-2
At 3(419) o] M3 oheFA A4%(H; Shannon-Weiner
diversity index) 2} -7 &=(D; Simpson dominance index)E #|
AFeL-S W] 40 Y o) A= H=2.16, D=0.323 1 O}, 41 A&
of| A= H=0.37, D=0.904 2 T}FA R4 Wolx| 1l - =
A= fpobAIis A0 Uehieh, of Ah A eAke) &
B HA0R S i A 65 AL A

el w0 njXIEo] APE 5| o] EA] X]glo]
SRCHE 28 olul ik, A e AR ¥ Urehd T-RF 2
rofile < 140145 bp+= Bacilluso| A G- E A S 2 oAt
l(Fig. 2), o] HEE Eakrol A BaE o0, AL

1o
i =

=32l Al As1d A3E

A T AE2] 168 IRNA $704 971 4% 24123} 65°Co]
e *é #yo] 7V5stckal &l X B. smithii (226935) AL Al
¢l Ao 2 shelx ity YeAlo|1l ZAE FAIGH= EALS
Z]HBaczllus 2(Nakamura et al., 1988) 2] 7 -$-+= #] 24kt 2]
2 WA 9L 202 AET Hebd ALNTE B

B E 2 AP Sl8IA E Eae] A

o

St R o] SEHA FARE HESEAL AL
= dAMIFA 7ol A 71 583 RS Trichoderma 52 =
gk o] 29 fJdo] lrh= AoltKBadham, 1991).

Trichoderma 49| YF-= FEFFo|HE Fehy by
o o]
= sl

O 2 FAHA FARS] A A sliskar AR A o] &= ¢
thar &2 A 9JthTokimoto and Komatsu, 1979). walA 5-3
@50) 1t 298 Ao} D] FaE 2 Aol
D5 Q77 B asfeh 2 Ae] FARA7IONN T $
A5t Al+-& Leuconostoc 20| th. Leuconostoc &2 53 7]
Kol BARI I S PANRTOR U A2AA U
EEGE ol ety SO Wad 4 Uk 5ol
A = of o] v F a3t
oIgt2 Bt H1E|Q)om, 5-37°Coj|A] A o] 71=3}t}
(Kim et al., 2000). A-2(18°C) T3S $-X|3}= I HALAY
A oA FHE A= stz f-el gt
SR olglal 7=, 9F O 2 Leuconostoc 50| 3£ HF-AHY
321710 7\ofste ol tie A7 Hag Aol

Steger S(2007)e S 42 242 Hulste] nhlet
Toflo] ERleke 0l A0 e FATH: 971
wol E|u] o) 448 Aok AR A ] BAHL 7143
oIe g, 2 Q1] wha ulA]ut ehA oA v 2
o] o} 90%7} YA 0.5 o] 0] A Q1Le.n, o] 2] By
7} A0 AT A FE 4 sl 2
Amycolatopsis ) 79 ¥ A1 o] Foll AL 27} AT 5
R AHOAE A ST T 2ol ks
A, T BAIA S A SaA kel v gLl Zhp
= Pﬁoﬂ FA% TS Sl At U ol = Qlck 53]
gk upX|eh40) Al 24 Amycolatopsis 43} -F-ATA 7}
2 E}i Q1 A7IAGE 2 Atoll Al =25 Amycolatopsis
sp. OSD22} 71 F-AFSII S B & o] At o] §4& 2AlsHo]
TR o] o] g3ttt e o' I FRrt A s 3
H AL a7} 7 s Aol ekar A2t

T-RFLP R AB]-g 02 g2 A2 s 8l - £A4T 5
Q=AHo] QIA|uF AH Q] 7 7|qko 7 FA-L 3| A= 51
Fol Q7] ol & dAtoll A= 16S rRNA F-4A} 22 2}o]

as H Z0
Leuconostoc &2 Q¥ £ A&

Leuconostoc 40| A3

}..

HHO{N
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Beje)o] @71 AL ST BASITE e o] whale
CHREERL P LR LR S B E
shalolels who] Slek whebd] A el A By ua
0] vl S 27 HA ) AT G714 A e
sk Alo] A 0= AzbEc,

M Q

U AS o &7t A AHAR S A S eE
g5 285k 39 A S SHAIE o Sl Wit
o W& M Eof| ofRh b e ra g o alaEA
£ AFL A 7= G Y F DAR Yol ek 2 A
To A= - EE o8]t AL XAl o 2 A
AN S ohe 78 v ES BHRlskal a8 A A
1S %t AR Algstaat shalvh Tavgo] Y=
ZE7} sl ket Y] AL Al o] HIES 10%00 4
80%71A] F7koko] F-2/3 Alatoll A AL-&/d Alat o2 5] ¢}
Zo]7} 2FQl = AUtk 16S rRNA {31412

Hip @714 G A o2 U SR
A m g E A o] IS EelFch wra A b B
Al RO M= F-&4 Mat-2l Enterobacteriaceae 12 A|-0]
L2 H(100%) 3} a1, Wi 7} A3 =)W Amycolatopsis (49.0%),
Saccharopolyspora (26.5%) 52] L&A HHAH O 2 n|YE
T319] Ao 7} HA | ity 3], Amycolatopsis £50] Z| L&
=7 A R ol A AT 2uE sk
A S Freshe vAdEoletal AZHETE FAMYEA 7] ol A
= A& Al4+¢l Leuconostoco] $-7(75.0%) 3ok FaL o
A SHTHAS SISAS R B3] W 2] o
Fasp) vge] WEAYlN $UT DLy Y@
Amycolatopsis <50l T TeFet A7 oS A o= A7t
Fr}

B o2 L2013¢ E 2B U8tw she LR QAR o] H
H] 2] o o] == A5 T
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