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SUMMARY

Composting of sawdust substrate for growing shiitake
mushroom (Lentinus edodes)

The present research is directed to a method of composting sawdust
substrate on which shiitake mushroom, can be grown. Cultivation of
shiitake has remained in a primitive state until recently. shiiitake have been
grown on logs. Growth of shiitake on logs typically requires one years

until the first crop of fruiting body is produced.

One method has been found to expedite the growth of shiitake in plastic
bags on sterilized sawdust. Cultivation on heat treated sawdust is different
than logs, due to its particulate nature. this results in high yields in a
shorter period of time. Unfortunately however, this aseptic method is ill
suited to the established equipment and procedures employed by large
scale. therefore, there is a need for a method of growing shiitake

mushrooms as procedures of white mushroom.

It is an object of the research to provide a composting of sawdust
substrate for growing shiitake mushroom. Composting is a self-heating,
aerobic, solid-phase, biodegradative process of organic-waste materials.
During the thermogenic phase of the composting process, the temperature
usually rises to a high level (65 to 80C) for a certain period of time. In
accordance with foregoing objects, oak sawdust, cotton waste and rice bran
were provided a nutrient substrate composition.

Two mesophilic microorganisms were isolated from thermogenic
composts at temperatures between 50 and 55C. The DNAs coding for the
16S rRNAs (16S rDNAs) showed that heterotrophic, gram-positive,

rod-shaped, non-sporeforming, thermophilic bacteria strain isolated from



composts was closely related to Pseudoxanthomonas sp. and Actinomycetes
strain isolated from composts was closely related to Thermobifida
cellulolytica.. The newly isolated 7. cellulolytica. strain was probably
related to growth of Pseudoxanthomonas sp. Our study suggests that
Pseudoxanthomonas sp. strain play an important role as well as
Thermobifida cellulolytica. in organic-matter degradation during the
thermogenic phase of the composting process.

It is necessary to create selective substrates which support the growth

of shiitake mushroom and suppress the weed mold like green fungi.
All experiment were performed with oak sawdust and cotton waste, which
were fermented in beaker by small-scale or in compost tunnel by large
scale facility The component ratios of compost mixture were tested from a
broad range. In a preferred formation, ratios of sawdust and cotton waste
in the compost mixture were 8 : 2 by dry weight basis.

In influence of inorganic nitrogen source, the ammonium nitrate in the
medium complex was accelerated in spawn running but, the mycelium of
shiitake was repressed when the supplement of ammonium nitrate was
increased in the medium complex. In order to increase mycelium of
shiitake as the nitrogen source is increased in the medium complex. The
rice bran was selected as nitrogen supplement. the rice bran was comprised
from 3- 12% by weight. The increase of rice bran was increased in spawn
running of shiitake mushroom.

For large-scale experiments, the compost tunnel was used to
fermentation process. The materials of medium complex were blended
together to form a compost mixture which is wetted and assembled into
piles for aerobic digestion. the mixture was wetted to a moisture content
about 80-85%.

The process of composting for mycerial growth of shiitake was
proceeded two phase. At first, The compost mixture was aerobically

fermented at an ambient temperature range between about 25C to 33C in



a compost tunnel. This period was digested by endogenous microorganisms.
After 2days, the compost mixture was pasteurized at a temperature of 65C
for two hours. At second, the compost mixture can then be cooled to
mesothermic temperature, is between about 45C-53C. Keeping the compost
at such mesothermic conditions for four days allowed degradation of the
compost by thermophilic microorganisms. The compost was then be further
cooled to ambient temperature, generally between about 20C- 30°C. The
spawn of shiitake mushroom was added to the compost. The trays were

filled after mixing of spawn with the compost.

Since An important feature of the research is not required aseptic
techniques and apparatus. the mushroom did not need Growing aseptically
in plastic bags on sterilized substrate. In sawdust: cotton waste (8:2w/w)
substrate, the yield of fruit bodies were increased when supplement of rice
bran increased. In compost mixture with supplement of 129 rice bran, the
first harvest of shiitake mushrooms were obtained after about 100 days.
The fruiting was achieved 949g yield per block at production period. 87%
of total fruiting bodies were harvested from upper phase of blocks. the

fruiting body was taken good shape as a round cap and a straight stem.
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EACEER,; UK Pyogo)v ol ZHH A (FE), v (B4R, #Egk), F
A5 oel 7HA e o]Fom EElo gtk FweAe AT (FH: Xianggu),
Ao A= Alo]EFA(MEE: Shiitake)gtal EZ]al dom, JojZi=  oak

mushroom, black forest mushroom F+& T 119 YR 2 w89l ShiitakeE 2~
7% v B3l |, A&, kel 24 FAuT Ui, Al S35
Ui )Yt Ay, iy 5 gdae o S5 7 oA A b
o H-E] glo] Hoju Fo] W Fol9k fEo] S vete 30 F8 4§ H

Moz HFHo gri(elgl4=<], 2000).
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=

2o #ek A37F FA3yEo] A (Thimmel? Kluthe, 1988, F 5, 1995;
Mattila ‘s, 2000), A1 &de] sqkst A (H 5, 1998) & AAdREAFo=E 1
o] grelAlaL lo] &Mk Frbekal Sl

o] A e A e AEFH R Frketal Jow Hw, §H T
AAME Au7bsdS HESFL o] doz MAARcRE Aitsko] Frhed
7FsA o]l At (Jong, 1992; Chang, 1996; Campbell®} Racjan, 1999). ¥ iru]Al
T2 Auiste Uebe SEueE v ke #e T, A Sold A
T A5 Aol ojgk AARe BAlE Aol wus o] &3 wiA Aurt
A THFurutsuka$} Nishokori, 1995). €% A uj
HALel Fdo #ek A% FAHNEH A5 A Fie w53
3l 5 Ca, Cu, Mn T°] W2 vk v Aujsk 1= s

, K, P, Zn 5°] ¥=ttal 3Fo](Aoyagis, 1993) AwjzAd] ug} E&o o]
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A3 AFALEY g @ A

14 s Ad #dss AE

1 ATWg % Py
7 ETEE WA A

WEE A7) A% WAL AE FUTF WS AR Syt wa
Hi 2] A 2HS 9 g A 2 FAN(w/w)E St 614, 7:3, 82, L2l 91 H]
&2 Agagth Tea BURe Agd9e g 1008 Bt S

FFe 160/kg WA ARFAE Ak

Bol "7tE wlz = 30CoNA

[\]

T 0 A FEF F 50ToA 543 TR
g, 2EuA A MAE & 53

10g 2ad wWAs "bitd Sl ¥a 1004 34 ste] YEME ulij A
(2g yeast extract + 4g malt extract + bg glucose + 15g agar / /)] =%
& F 30Tsh 50TAA 4847 W] WA MR W £8 S99
taEuA e pH 23

10g ZFad WA E 50ml SFF° ¥ Z 42 F pH meter (orion mode
1 720A)5 Abgsto] LaAZE W S35kt
G EEe #Hg3tE 124 HAEY £

FAgte]l & A wiAE Ko I F wWdH FHF AFHS
314 38ko] potato dextrose WiA = F 50TolA vkt 5 WAdae] A=
gtqlste] needle loopE AF8-8tel Al HFersieh Fele vAES 34 &

o

YHES AFEStY R AAgES 103 o] W& AT
B 79 16srDNA G714 G EA

1) Genomic DNA #¢]

Genomic DNA ##+ Fitcher® WHoz 3gctt. YEME ®iA (34 %
sucrose) oA 2 47k 71 F& g5} )\E]' 83 74 50 mge TE buffer
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(05 M EDTA (pH 8.0), 1 M Tris (pH 8.0)) 100 w9} 4% &7tz A
A TFAE dEAAY. 7)o 50 wl lysozyme (50 mg/m¢ in TE)Z} 10 wf
RNase (10 mg/m¢) & a1 37 ColA deoo] mtold uwjzhx] ul) 43}
ojwj 20 wrtrh FHA F 4ol FA
TA 7 ol Aol HolwW or]e 400 w09 guanidine solution (5 M
guanidine thiocyanate, 100 mM EDTA, 0.5 % N-laurylsacosine) & % il 1L
F oA oHA HEg fHo] s Yol A #HITE o] AS 37 TolA
10 #7F wiFsk & AFolA 5 ®3F lysates AIFTh 25 200 plo] 75 M
ammonium acetate® 7} & thA] oA 10 #3F ¥ o *‘l:*?i‘“/}. o] 7] o
400 109 phenol : chloroform : isoamylalcohol (25:24:1 v/v) & = & W
Sdo] F Ho|EE FHPoWA AU, 2H T 13,000 rpm°ﬂ"1 15 &3
|

AP sholth AA¥e F B S 3744 Fol AAel Hitv)

oo

H HY 25 72 das & 7 9o 55 2 microcentrifuge tubeol
AT AR gA 400 ©9 chloroform : isoamylalcohol (24:1 v/v) & 4
e % 9o Atk & A9 §942 13000 pmel A 10 ¥7b AR ES

=
stk 1 F 94 Bed §99 43 AL AZE wheol &7 F, oo

054 volume?] =}7}% isoprophanol (20 C) & Y& F oy A& &
13,000 rpm 4 C 15 &3t A28 E a3tk dAEe $ pellete] Eol#]A|
A2 FAAHA AAAS vl Z 500 w0 7S ethanol ( 70 % v/v )
2 9e 3 AHF F 13000 rpm 4 T 5 3 AR E Uk oA 4
NS Wil z27FE absolute ethanols ¥ & 1 #3F dgd €& F
13000 rpm 4 C 5 &3F YAEHE AT 1§ FAH NS Wl ethanol©]
AAHEE A4 125 AAT Adx27F o HJoW tubed THTE

20-40 pt & ¥ =9 % -20 Col ®ado
2) 16S rDNA %5 9% PCR x=7

16S rDNA FHdx5 337l 918 eubacteriadll 5olxog H st
primer®! 27F (E.coli numbering 8~27 ; 5'-AGAGTTTGATCMTGGCTCAG
-3¢ 1492R  (E. coli numbering 1492~1510; 5 -GGYTACCTTGTT
ACGACTT-3)% AH&3dtith. PCR RE&&9 =42 10x3H-8-& < (20mM
Tris-HCI, 100mM KCl, 0.lmM EDTA, ImM DTT, 50% glycrol, 0.5%Tween
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20 )1.5mM MgCl2, 250 mM dNTPs(promega, USA), 40 pmol primere]™ =
¥ DNA (10~80ng/ul)2t 1U Taq polymerase (promega, USA)ES 3 7}3}¢]
T 50pe] EF=S wWEIL wEE JAAZT. PCR RESS o] &5l o
PCR WH&x71& 94T A 53t 27|EA-EE g % 94T A 13, 55Tl A
13 72TCol A 224 303] wbgshal mpxjeto® 72T A 83t A3 §- 4T
A BIAsHT. SZ+%F PCR WH3E2 agarose gelolA] #olsla 15kb &
HE Z2Hd F gene clean kit (BIO 101)Z AF-g&3te] #l sttt
3) 16S rDNA®] 71X d A%

A7 d AFA AHEE X primers 27F(E.coli numbering 8~27
5 -AGAGTTTGATCMTGGCTCAG-3")ellom 7| Zz#edF4dd Al5E 9
Fole] F7IALEE EAsATE BAE A= 974 ¥ National center
Biotechnology Information(NCBI)¢] Basic Local Alignment search tool
(BLAST)E ol-&3te] Fafst3itt.
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-
s
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(50Tl A wl )

g oo 30CAA 297F HEsk o 50T A 547F Faste] 2 7Y
22 0

B g E wiR oA AdAste WAt wixE wadtr] fEAe T HA

EF okedta gy & dtaad 2uAle HAHS AXA HH(Fermord}

Grant, 1985). 2822 g T+ wAl= HARX e Ty IHoa Avkyg AL
o

s RS %J_
RO dddEs anATIL g3 FE AN HATAL] BFAQA T8
A HHTS oo MAARY BT JIR FH Fol dojrE F

= gomg 9edoz 30T L8 A
Ik gyt Agol A F2A nAEe Wi
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297k wiFetd T4 MAES 27 ®uh 600 WAL Frbste] 50TelA 1
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2. 16S rDNA @714 ¥ £4

g AellA o] FEE Hele =4 124 AdS 16S rDNA
A7 EE HAEe] EMBL/ gene bank Database$ #Hlus] =2 A}
Pseudoxanthomonas sp. M1-39} 98% HAI== YEeErYtHZd 7). o] I
ARz 7148 Ralstesd #9st= nAAEZ NCBI gene bankol] 5 0]
ook =3 @A A4S BH|[E= Pseudoxanthomanas —broegbernensis
o= 94%9 FAME S BT 2 Aol wel® w=d A Al dA s A
ojth, & AyolA st o] S  Pseudoxanthomonas sp. DK-1= 7893}
A TH
a2 WAt 165 rDNA @714 2<S #48te] EMBL/ gene bank
Database$} vls] & ZA3} Thermobifida cellulolytica ¢+ 99% o] A&
Hol B Ao Ed WA+S Thermobifida cellulolytica DK-2% ™ &}
ATHL™ER). Thermobifida cellulolyticar=Actinomycetales; Streptosporan—
gineae; Nocardiopsaceae; Thermobifida®l] <3 o <Fo] Waujz]z A}
£ ¥ =manure compostll A EHEHF 2™  lignocellulose  decomposing
actinomycete® <& % th( Kukolya.s, 2002) 16S rDNA 7|4 <¥E EA S =
af AR Ay o] FAY o B HEe] dojste mAAES Aow uE

1)
s
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Identities = 711/721 (98%)

1 tcctatgecggegagtggecggacgggtgaggagcacateggaatectacteecgtegtgggg 60
trrrrrrrrrrrrrrrrrrrrrr Ll trrrrrrrrrrrrrrrrrrrrrrrrd
| T T T T AT T T N O I A | L U T O T N T T T N A T A O O |

85 tcctatgccggegagtggeggacgggtgaggaacacatcggaatectacteecgtegtgggg 144

61 gataacgtagggaaacttacgctaataccgcatacgaccctaagggtgaaagtgggggac 120
trrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr e trrrrrrrrrrrrrrrrrd
L T I T T N T U U T N N T A O O I A L T T T T N T T I B A |

145 gataacgtagggaaacttacgctaataccgcatacgacc-taagggtgaaagtgggggac 203

121 cgcaaggcctcacgcgatggaatgageccgatgtecgattagetagttggeggggtaaagg 180
trrrrrrrrrrrrrrrrrrrrrrrrrrrrr bt rrrrrr e e
L T T T T T A T U T N U T N N T N N U T N T N T U U T N T A N O O A A |

204 cgcaaggcctcacgcgatggaatgagecgatgtececgattagetagttggeggggtaaagg 263

181 cccaccaaggcgacgatcoggtagetggtetgagaggatgatcagecacactgggactgag 240
trrrrrrrrrrrrrrrrrrrrrrrrrrrrr bt rrrrrr e e
L T T T T T A T U T N U T N N T N N U T N T N T U U T N T A N O O A A |

264 cccaccaaggcgacgatcggtagetggtctgagaggatgatcagecacactgggactgag 323

241 acacggcc gactcctacgggaggcagcagtggggaatattggacaatgggcgaaagcc 300
1
1

al
[N} rrrnn (I I T T T T T T T I R T T T T T O T I T T T S A B I O VI O |
[ ||||||||||||||||||||||||||||||||||||||||||||||||||||||||
al

1
]
324 acacggcccagactcctacgggaggcagcagtggggaatattggacaatgggecgaaagee 383

301 tgatccagccatgccgcgtgggtgaagaaggccttcgggttgtaaagcccttttgttggg 360
1 trrrrrrrrrrrrrrrrrrrrrrrrr L rrrrrrrrrrr Ll
] I L I T T N U N T U N T T T A U T N T I T U U T U T N N O B |

384 tgatccagccatgccgegtgggtgaagaaggecttegggttgtaaageeccttttgttggg 443

361 gaagaaatcctgctggctaataccecggecggggatgacggtacccaaagaataagcaccgg 420
trrrrrrrrrrrrrrrrrrrrrrrrrrrrr bt rrrrrr e e
L T T T T T A T U T N U T N N T N N U T N T N T U U T N T A N O O A A |

444 gaagaaatcctgctggctaataccecggecggggatgacggtacccaaagaataagcaccgg 503

421 t acttcgtgccagcagecgeggtaatacgaagggtgcaagegttacteggaattactg 480
1 trrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrel
] I I I I L T T T T U O T T N T U T N N N T U T T A T N T T N T N IO A

504 ctaacttcgtgccagecagecgeggtaatacgaagggtgcaagegttacteggaattactg 563

481 ggcgtaaagcgtgcgtaggtggtggcettaagteegttgtgaaagecctgggetcaacctg 540
trrrrrrrrrrrrrrrrrrrrrrrrrrrrr bt rrrrrr e e
L T T T T T A T U T N U T N N T N N U T N T N T U U T N T A N O O A A |

564 ggcgtaaagcgtgcgtaggtggtggcttaagtecegttgtgaaagecectgggetcaacctyg 623

541 ggaattgcagtggatactgggtcactagagtgtggtagagggtggcggaattcceggtgt 600
trrrrrrrrrrrrrrrrrrrrrrrrrrrrr bt rrrrrr e e
L T T T T T A T U T N U T N N T N N U T N T N T U U T N T A N O O A A |

624 ggaattgcagtggatactgggtcactagagtgtggtagagggtggecggaattcccggtgt 683

601 agccagtgaaatgcgtagagatcgggaggaacaccecgtggecgaaggeggtcacctgggee 660
[I) trrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrl rtrrrrrrrnl
] L I T T T N T T N N A T T N T N T U N N Y T T IO A | trrrrrreal

684 ag-cagtgaaatgcgtagagatcgggaggaacacccgtggecgaaggeggecacctgggee 742

661 aacactgac-cttaggcaccnaaagcgtnggggagcaaacaggattagatcccctggtag 719
rrrrrrrnl [I) Lrrn 1 rtrrrra trrrrrrrrrrrrrrrrrrnl rrrrrrrn
rrrrrrann [In] rrra 1 rtrrra trrrrrrrrrrrrrrrrrrnd rrrrrrr

743 aacactgacactgaggca—cgaaagcgt—-ggggagcaaacaggattagataccetggtag 800

¥ 7. Pseudoxanthomonas sp. M1-3 #}2] 16S rDNA @714 < v



Identities = 718/720 (99%)

1
84
61
144
121
204
181
264
241
324
301
384
361
444
421
504
481
564
541
624
601
684
661
744

cctgccectgactetgggataagectgggaaaccgggtctaatacecggatatgactectg

cctgcecectgactetgggataagectgggaaaccgggtctaataccggatatgactectyg

ctcgcatgggtgggggtggaaaggtiggtittecttccggtecggggatgggetegeggee

ctcgcatgggtgggggtggaaaggttggttttgecticcggteggggatgggetegeggee

tatcagctigtiggtggggtgacggecctaccaaggcegatgacgggtagecggectgagag
trrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr Ll
L T T T T U N U A T N T O A U T T U T N T T N U T U A O O I A |

tatcagctigtiggtggggtgacggecctaccaaggcegatgacgggtagecggectgagag

ggcgaccggccacactgggactgagacacggeccagactecctgecgggaggcagecagtggg

ggcgaccggccacactgggactgagacacggeccagactecctgecgggaggcagecagtggg

gaatattgcgcaatgggcggaagectgacgcagegacgecgegtgggggatgaaggectt
trrrrrrrrrrrrrrrrrr L rrrrl trrrrrrrrrrrrrrrrrrrrrnd
L T T T T U T N U T N T A N T A Y T I A | L T T T T T T N A T N O I O A O

gaatattgcgcaatgggcggaagectgacgcagegtcgecgegtgggggatgaaggectt

cgggttgtaaacctcttitaccactcacgcaggecttigggttttcctggggttgacggta

cgggttgtaaacctcttitaccactcacgcaggecttigggttttcctggggttgacggta

ggtggtgaataaggaccggctaactacgtgeccagecagecgeggtaatacgtagggtecga

ggtggtgaataaggaccggctaactacgtgeccagecagecgeggtaatacgtagggtecga

gcgttgteccggaattatigggcgtaaagagetegtaggeggectgtegegtctgetgtga
trrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr Ll
L T T T T U N U A T N T O A U T T U T N T T N U T U A O O I A |

gcgttgteccggaattatigggcgtaaagagetegtaggeggectgtegegtctgetgtga

aagtccggggcttaactccgggtgtgcagtggatacgggcaggcttgaggtaggtagggg

aagtccggggcttaactccgggtgtgcagtggatacgggcaggcttgaggtaggtagggg

agactggaattcctggtgtagecggtgaaatgcgcagatatcaggaggaacaccggtggcg

agactggaattcctggtgtagecggtgaaatgcgcagatatcaggaggaacaccggtggcg

aaggcgggtctctgggecttacctgacgctgaggagegaaagegtggggagecgaacagga
trrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr Ll
L T T T T U N U A T N T O A U T T U T N T T N U T U A O O I A |

aaggcgggtctctgggecttacctgacgctgaggagegaaagegtggggagecgaacagga

ttagataccctggtagtccacgccgtaaacgttgggegetaggtgtggggactttccacyg

ttagataccctggtagtccacgccgtaaacgttgggegetaggtgtggggactttccacyg

60

143
120
203
180
263
240
323
300
383
360
443
420
503
480
563
540
623
600
683
660
743
720
803

19 8. Thermobifida cellulolytica ¢+2] 16S rDNA 97144 #
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ul. Thermobifida cellulolytica DK-2¢] %2 H]#|

Pseudoxanthomonas sp. DK-12 Wby u] %] Z nutrient agar (Difco),
YEME agar(Difco), PDA agar(Difco) 22| 3L tryptic soy agar(Difco)%s ol A
2+ 2R 9 B8] Thermobifida cellulolytica DK-2 £ 4k of okul x| o]l A =
kA Eska (29 9. A) Pseudoxanthomonas sp. DK-19] #j<ko] ol 3}
tryptic soy agar (¥ 9. B)ol v AZ3t}t. 28y tryptic soy agarol] A&
v A o]l 5 AR Aw A F4 FUuTh T3 o] F F[ A
ol = Pseudoxanthomonas sp. DK-1¢} Thermobifida cellulolytica DK-2%

o] 71e Anvs A4Hst FEeA Zad

A B
¥ 9. triptic soy ¥R (A)$} Pseudoxanthomonas sp. DK-1Z wj kgt
YEME wj kool wj=] (B)ol Al A3k Thermobifida cellulolytica
DK-2

v, pHell & 124 vAEY HAFE5EA

Pseudoxanthomonas sp. DK-1= pH 5ol A AFgkx] £33l 6o A FE =&}
HY A4S 72 YElG (Y 10). Thermobifida cellulolytica DK-2+ pH
Tl M5Bl Aetr] Al Apste] 8olA HA S B 7oA By 994 ¢
Z Aped doke] 230 AdAel O e Ao® yEytth pH Wt i
T T HA ARl HEAAAAMY F A5 #AE F UHHF=

O:
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Axtolr), wEaty] &) FvlE WA e pHE o 5862 AlelE yER =Tl
a7l Aggd wel pH7F SrFekAl ®vk pH 64kl wE xRV E
Pseudoxanthomonas sp. DK-1¢] A =g}t @& 7F dsgeo] wa} pH7F =
7Febd T, cellulolytica DK-20] A2 4= &= pH7F Ho] oln gkl
Pseudoxanthomonas sp. DK-1& o] &3te] 43354 2 Aoz Aztdc) o
23t AAE HAHe pH7F 5YT w B gyHoz wgo #HoJFd o=

Azt

100
—~ 80
2
= 60
£l
= 40
0
< 20

O =, [T

pH

B Pseudoxanthomonas M Thermobifida

a3 10. pHel wWE  Pseudoxanthomonas sp. DK-19+ Thermobifida
cellulolytica DK-22] &34
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2o o2 8z

o o

100

B Pseudoxanthomonas MM Thermobifida ‘

o 11, 2% wWE Pseudoxanthomonas sp. DK-1¢t Thermobifida
cellulolytica DK-2¢] A3

AL AT E u2A vAAEY AFEA

Pseudoxanthomonas sp. DK-12 35T A =}e}7] Al ZFste] 50TCelA H A
o] A4g vebdT (29 1D, ¥ T. cellulolytica DK-2% 45C A #e7]
AlzFeto] 50ToAlA HA ol A Hda 55T 4H6THY o & At
A7 2este] mE 7 dFY HA A Aolm BEAFAA Y F HF9
EAS AYs 4 . R xv|me A wek ol dAR AU ex
7 27C Aol A AlAedvka g et Algbell Aol wel 27 Frfet
o 55T AEE FAE & F Ak olgfst dE% WA Pseudo-
xanthomonas sp. DK-12& #8257 A5t wet T cellulolytica DK-2 K
o WA A A il T cellulolytica DK-20] A& 4 e 2% o=
olul e}l  Pseudoxanthomonas sp. DK-1& ©o]|&3te] T. cellulolytica
DK-20] d%ste Zlow Azdn. odfd #As HAY 27t 54T 1

weh EypHow waEd wel¢ Aow AZH
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24 B9 2R AN FLFALF HE 29

L7 W8 % 2H
7h BAWA HEE dFAF
DR R I R
THAS A WAz FAN(w/w)z 53 80%, M 20%= Al

ottt AN EE EF
& 2483 ZAE A

o] 121 CollA 60+ At atsirh
2) wARel <k

22°Coll A 4047t vigFete] HEAom AREATH
v Z g A e o3 EuFA A

Mg A]7]7] 98 A= HHy FURE Eure Qe sy, 2
w2 Al 2He 913 Wi H 2Ad L FEAE (w/w)E o}O:l T JWs 64, 7:3,
82, 1¥] 3L 91 H &2 ARGt Th 183l FNhS AFR SIS W 1022
FAEAT FRTFS 164 /kg HHXl AzxGFAE A7st A el #7t
¥ A= 30ColA 297 BaES F 50TColA 547 Hastdt

W x]e] pHE W3t 7]7] 918 KOHE Eol #7lsle] wix<e] pHE 5, 6
aEla 72 ARl o & owfAE dEsklth
DF 7Y Frewistel] ok kg u) A A2

F71 Aagoz AMgdE AES  ammonium  nitrate  (NHiNOs)
,ammonium sulfate ((NH4)2SO4 ) “228]3 urea ( NH,CONH; )% ©|t}. 717} <]
FEE B 10 A7 2g, 4g 1E]a 6g& FHUbEke] wiAel kg B 164 E
A7tsk At

F7) 0] &8 KoHPOE AFESte] & 179 Z+7 0.1g 99 2 0.8g7+A #H
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7hstol wjAlel kg & 1.6¢ & FH7Fskaith

X,

#7] W20 AHFR AR WBCRA)ST D7)eS st wx
7

0 &2 3ol 18% = dto] Byt n| g

lo

1]

ol
et
NS
rlr
=

il

(o3
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N
-
X

S

i
o,
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o
Y
N
N
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_u

J o
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)
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. 299 Pseudoxanthomonas sp. DK-19} Thermobifida cellulo-
Iytica DK-20] %o vx& 9
1) Pseudoxanthomonas sp. DK-12} Thermobifida cellulolytica DK-22]
& Pseudoxanthomonas sp. DK-18} Thermobifida cellulolytica DK-2E Hj
%37 Y&l YEME ( 4g yeast extract + 10g malt extract +5g glucose +
15g difco agar) HIAWAE ALttt Thermobifidas W %37 93l
Pseudoxan— thomanass 24A17tF wjkgt vt Heo] YEMEE 410 vHE )
AE A3t Pseudoxanthomonas sp. DK-12}  Thermobifida
cellulolytica DK-2-& &3t st 91alA YEME B3 Aol F+ #F5 4
E=E3 A}, Pseudoxan— thomanas®t ThermobifidaS &% HE3 A5
ol = Pseudoxanthomanast W F24A kel WA zpEpcirh 2441 7F o] S 5-E
Thermobifida?t A2+7] A2+ stk
2) Pseudoxanthomonas sp. DK-19} Thermobifida cellulolytica DK-22] ¥
Holl H7ha

100g HAHS F ] Hlo|A 42} ©§e F dFuF TUR HolAE
o 121ColA 30E7F A@ste] HMEe g nAyAES d@HEY
Pseudoxanthomonas sp. DK-1¢} Thermobifida cellulolytica DK-25 &3t
¥ YEME Hduj#ol] 10mee] Batd SHFE Y UEoes 5339
TcellulolytzcaJ_ ze W og =3t 100ge WirE #HHol At
detalgp E33k & 50T A 393 Ha skt
3) Pseudoxanthomonas sp. DK-19} Thermobifida cellulolytica DK-2 2] %

] B I e o e

~

Pseudoxanthomonas sp. DK-1¢} Thermobifida cellulolytica DK-25 7}
Zy v eFste] & Jlel wiA|d 10mle] FHTE Yol d& At dgds 44

_47_



mb T

g M oF oy

oo = el —
o ‘OI 1 _,AO 11&r| ﬂ.O' mx

‘mﬂ Z.#O 0 00 &° ox ]
el Ju\_ ~ X —_

G R Ho% NI e N B

o 2 I GO 5 >z A

> -] ) R
~ W S oy B = o 5 g urﬁ_ wy ™ol < of & RoELRT
ZT S N n‘-J 2 9 E N T zT o ;u o | g
S @ a0 W N}l N N a o mO
b ! ol ML AR By

= - fo w1 Z ol BET pED = &2
oy T e 2 % H RS D

N [ — . = ~
-y e T X = B % o ﬂx%lﬁ. -~ o
o ol do 0 X cy
B MR ~ % B P ) & = o 2 Y ®o T oE 0 o
iy —_ = K Mo ~ o — o %o &S
%) o R g X of o w ¢ T N .

i 8 o = N = o Eyﬁﬂﬁwrﬂr
L A A TalerEeEl
5 £ 2 = FS <= o T2 N B E AR

I @ o Y R X ~ X B = W To
= = = . ol % 5o T w o D e
T <5 3 . O S = 0 o o R
= S ¢ o & 5 B Z oo oo o BRI
S = g = T b % X ° SR = W o

L S o3 - ol A e <° —— X o _ a0V P
=T o B < v ® TG oy T E pool N
T W B % e 3 5 Mo TR R X do B THOT
- oy o5 X = i ~I ~ # Do ~ o No
T A wp s ) A @ g doowE E X = T g,
R iof 2o x W Ly op o o B T S B B e

i Mo X T . o e o0 S 2 X X B Mo
El = i @) X0 _ N - ~ o LOL X = T Y o =

o oa s ¥ 2 5 T = No = Gl == ® ® %
o o o o 8 -~ RO ~ Xo T o K _ X

5 2 m x - I )P o Y oo =T
o R T . =X %o Mo % n,_w ™ ~ Sl %o ER o mE X o
%mem%ﬂ%@ %nzn_ o T o @@%%%m?%ﬂ%

R e
wﬁewavﬂfr%druai o 2 T ?laﬁVPELﬁ_/
em<z_o£§&ﬂ}%ﬂ G~ aqm%ude%%
= < 2 - x —~ T R s ~ % U o T
TEotASEL RS bl TEeLpileiy

w 5 WL s Ay 2 JM o] o o GO TR @M x B ko o
R T OB X CU= = Wm " ol HL ‘wo =
-SRI od Q2 — o As
=3 row . " mwu _ 0 ow Nro
,UI Gl o nH o Ju‘_ O# — Ju‘_ T D
. N Mo X =
— ny E W
~ N TR SY
o ¢y
& I

- 48 -

Bl 2] o

Q

a

3]—0:] -

= A&

o



2. A72}
DR
B A AR WA 24 27 9 AN FUHEF B

AR sadch ARE Hvlsh A7 9ol pH, ON v, A%, L%,

H

aEal A oY 7EA] adle] Zgo] B Ao Ag o

, 1999; suler$} finstein, 1977; Kuter, 1985). o2 t}oksk 22 FoA
pHSF C/N Bl & T8l Qu7F Bgo] nxs Jae dolr izl &9
AR S BlE S EA SRS W FaTA A AFolE Bzt
Atk 2E]a wjA o] pHE d94 o= ¥

g
7

ol

2

¢

o401z oo N

o
o

2ol & B Y (&

©
@

4
FITARZE pH 55 F-2oll Al & ek A wiZo] pH d el <& e
Az welrh aeas wfx e AieA Fike]
NA1 2] pH7F SEA Ho} FagtAb Aol 23
o Hl&o] 91l ®iAE Z7] pH 604 Tagh vijx]o| A 109 &< x3L

TAV} 72emz 74 Z ko)

jus)
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® 1. pH 5wl M wiA] A v gel we #A AF 54
oA 27 R 10 <] Fapm et

(%)* A3 (em)
6:4 8.2 4 ++
7:3 7.8 4.8 ++
8:2 7.3 5.4 ++
9:1 6.2 6.2 ++
10:0 4.5 5.9 ++

« 3 Fub AR v

64 wA] 5 60% B+ 40% HEE 100%2 e wA

703 WA 5 70% Fe+ 30% AWE 100% 2 k= wiA

82 WA 5 80% -+ 20% AWML 100%= 3k whA

911 Wi 5 90% FHH+ 10% WHEE 100%=2 sH= whA

10 A 5 100% B9+ 0% ES 100%% 3he wA)

t ; + week ++, normal +++, well
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‘WO
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zel

X

iy

i HlEol e

0

A

2. pH 6 iAol A 1A

++
++
+++

3.6
5.3
6.8
6.2

7.7
7.5
7.6
6.2

7:3

6:4
8:2
9:1
10:0

=

3. pH 7 wiA] el A ujA]

-
It

od
~

=l

Nd

A

++
++

3.2
4.4
3.8
5.0

=
A & (em)
5.2

% pH
8.3
8.0

7.6
7.3

(%)*
6:4
7:3
8:2

10:0

9:1

ﬁ
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a9 1 gg Ak M2 wjx e pH ¥ s}t
B 5y W64 ; B9y dde] vjgo) 6:42 A ¥ (w/w)
A Fy FAHO1) ; B A\ v go] 919 FAN(w/w)

4. 27 Az A7 29

£ wfAloll H7bstel WAl Aulel] A ARE V] 98 thad 43
So] o]FoJH T Ito, 1978; Hans, 1981: Royse, 1985; Schmidt, 1985) ¥xt
ofyet 77 AAAE HIte s wl TRl WA= G 2o WE FE
o] WAle] mx= FF Fo] ATFH A H(Bahl, 1991; Gerrits, 1970; Mccanna,
1969).



o pH7} 37hste] FAR ol AT G AR WAL (E 45678
F pHE 7ashA

5 g
TAMIAS AAEY. TE F NHis=s SAS 23k wix]el] Hrbsl=

AL sk el At
e8lE A S oA
e Ao R HRlth

53] Aol 10%34 7k 91 WA ek FkE 100%2 @ wx]el A 6g/ ¢
NHNO; d7bd s=7b |1 FAd ol A9 S4 GG 7, 8). ol vl
Aol Aol & HA g wiA 24 ®E NHWNO; &7k H7bsof
& Aol M AZCINILNO; & WA o AwshA] Fefo] EadtAl S
gAlet= Aom AZErh NHNOs H7Fe 3ol A A gel 7 #
& WA 2L 2g/0 NHNO; H7He 91 w&2] wiA= 10

[}
=
72emol ™ AL EE 7bA EQUH(E 7). o]Ed 2L W T

N
o

ol

L

47 2ol 2
wjx1 o] pH7} FadA7E AFsirlel HEd pH7E Hu 9e FEo
NILNOsE & #AgoA mAdEo] 79 v ARs7] wio MAidE T4

X8t HEE T JEE A =] 2E Aew Agdn.

2 8.7 3.6 ++
4 8.3 3.4 ++
6 8.5 2.1 +

64 wix Sk e vlEo] 6:49 A (w/w)
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NH4NO3 WE i 109 &<t A1)
s=(2) T AHE % (em)
2 8.4 5 ++
4 8..0 4.3 ++
6 8.1 3.8 +
703 wiA ;R HE e HlEe] 7:39 F AR (w/w)

NHsNO3 N 10 52t S
T%(g) A (em)
2 7.9 6.2 +++
4 8.0 5.7 ++
6 7.5 2.5 +
8 2 wiAl ; wra #HHe] HlEeo] 8:29 F AN (w/w)
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NHyNO3 WE i 10 52t S
s=(2) A % (em)
2 6.8 7.2 4+
4 6.4 5.8 ++
6 6.6 NG
91 wiA; ke #Hde] Hlse] 919 F AN (w/w)

NG; no growth

3# 8 10:0 wiA el Al NHUNO3 s Eo] m& A vl

NH,NOs A 109 &<k FArm
S=(g) A 7 em)

2 5.8 6.4 ++

4 4.9 5 T

6 4.7 NG

10 : 0 wiA RS 100% = 3 79

NG; no growth

2) (NH4)2SOy F=ol up& A7

(NH)25049] v =] Well H7k= wix] o] pHE S5+ A3 7HA ko (i
9, 10). B3 AWS H7bskx fdow pH7F H wateh. dabA o2 NHNO;
7ok Hagh wf (NH)25048] 3 7k= wi#1e] pHE 4Hd pH= WakA 53
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Ok AR S (NHY):SOsm =0l A#gle] oA7F Hdnh =3 dAEE:
NHLNOsE F7heh s =] 6ot skt

o] wojshe n A= A pHE 6-874%2] FAolA &ahe] Aol A
AetA w=d A ©] pH7F Abd o] HW wAE ] A o] o] Foj x| gro}

[e]

HE7F HA v 2 2R (NH)SOH 7k wix o] Bras= A wi = 7F
Hoz A wiAlol (NH):S50.38 7 A§shA &= Ao® yerskth

3E 9. 8: 2 wiAelA (NH4):SOs5 =l we A vlal

o

:
(NHy)2SO0,4 R 10¥ s<to S
FX(g) A3 - (em)
2 6.3 1.5 +
4 5.2 1.7 +
6 5 2.8 +

(NH4)2S04 S 10 54t A
& 5k(g) A (em)
2 3.5 3.5 +
4 3.7 4.5 +
6 3.6 NG +

NG; no growth
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3) Ureas =0l w& A7nu

Urea®l #j#] el H7F=NHNO:3 7Fek= th=A wiA 9] pHE Eol=
AN 7hA gtk T3 Urea2l F=ol A3glo] vz 9] pHE 8042
WO 11, 12). o83 23 += urea A Eo] vAES] A ol&d = U&=
Aado]7] WEel mAdEo] A FAHEA tRUot 7t E WA A )

A pH7} Hold Aew Azbdd.

WA gte] Wol B ATt o] A WA pH 8ol delA & AEtE 5
A& zra 9l7] wiioll Urea H7F= wiA 9] pHAl FFE Fof WAt e] A
FE& FANZ Ao A7, ey WAde] & AEte 5 wart 2 H
A A= ey AL BEE ol F
G A Sol = Bsta #Ag e oA
T iAo pH7F A AE AAEk7lel U =& pHE fX35H7] Wil 2
o7 AZtAt  Urea? #H7Me waujAo] @& ammoniaZl @A 3F7] wji-
of MAle] At EoF B oz g Aoz Al 9 (Beck S

Rasmussen, 1969) ¥l 7] 9] pHE S 7FA17]& 8902 ammonia?l ASo= &4
7] W&o Hix ¢ =& pHE ammonia®l G wjEo g d# 7] wfiEo
94, 1999) ammonia?] FFF7F F1AHZES JASIE A2 H

37FA] F-7lol o] A7b= wiAW e dade BEetr] AT Aew EEF

NI, gehz A@so] wasbgeld Mgge] 43 204717 Ad Aol
otk el oW ol FElE F/1AAAS AUt wE F
WA 9 pH7E 27 Aol & vheba Eaatat Yl E G v A ek

9] 37kA] F7lol HIbel o3 Ao et Az =2 o
o2 A= NHNO; 77 AAQozA 7b4 Ajtelga o=
2 A pHE U =4 AU @A st TumA S & 4 gshA

e o ey
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F11. 8 : 2 WA ol A Urea s %ol wE AR Aual
Urea R e 109 F<to A
+%(g) A3 7 (em)
2 8 2.8 +++
4 8.3 2.5 +++
6 8.8 2 +++

3 12. 10 0 0 WAl A Ureas Eoll e EAMI A Bl

f_;e(; 22 ¥ P ﬁi@i‘ﬁ;) AP
2 7.8 3.8 4+
4 8.0 3 +++
6 8.5 1.5 F++

4) phosphate # 7}l 9|3 HiiAF AAH] L

phosphatet™ WA ofujg} B wAZof Al o] e Fagh
o2 283t} 5 phosphate =7t TidtH A4S FA T =535
W A adoes gt 1
e B RadA A= Fesky] "o wjAe]  Ky,HPO4

(potassium phosphate) & 3 7}3to] A w25 ol

Aol 2g/ ¢ NHANO3E #H7F ¢ 2F7/<] wmiAE A&ttt wiA| ¢ pHE
phosphateE #H7}stA] &e iz Hu oy =& pHE ey
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phosphate’} ¢tF & H o 2ol &S 3t Ho7 AZHY. 28} pH 3}
7b A FeelE =

2 HE ®e} 7EL°] phosphate =7}

phosphate?] H71= 2318 A AES JASH=E Aoz ey, o= X
AAE AFstEE 9o o o] 49 phosphate’l 8 5HA] &= Ao =2 1}
Ehb F 3 #AL wj kS 817] 918 A phosphate: A FAIE 290 ® g}
A e Aoz Helt.

¥ 13. 8 : 2 WA ol A phosphate F=o] W& FAAG H

phosphate R 109 F<to FAuE
& () A
0.1 7.6 3 ++
0.2 7.3 3.2 ++
0.4 6.3 3 +
0.6 7.4 NG +
0.8 6.2 NG

NG; no growth
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¥ 14. 10 : 0 wjA ol A phosphate s X w& FARA A1

phosphate Wi F pH 10¢ &<t A
T (g) A
0.1 5.2 4.2 +
0.2 5.3 4.1 +
0.4 5.3 4.3 +
0.6 5.4 NG
0.8 5.3 NG

NG; no growth

o #7134 Qez v HJk &2
D vz Abel w2 82 wjA el A o] FAY A

By HHo g iR E Alzshd dAade] B HY| wite] Frdiad
& Wil drbste] Faskaloh FrIEAd S AUk A S S
Aot 7 S7hetA Q3 wAMA S JAEtE Aoz yEhY FU)F
9o Hube AEsiA @ Aow Hr ayER U)1AY Al &
7] AAa9E #Hvbste]l m3 dAMI e WA= dEFS ZAEATL P
FATFA R A, A Y, R FFol 2] JFTOE ALEHM AET)
HogE mE £xo dAG R e s oS B she IS
St Ao R dEHTH o ,1991). o] A¥NAE f7drYo uge
Aestddth n S fElvdEtelA g4 78 F dE FUHRANE BE g
AR E A= Aol Avk. WS HUke 73 wiA o] #E A pHE

pH 560191 ov g & wix| ¢ pHE w7 H7}r
o2 yetutth 2y 73 wiA A = 71 A o2 pHIF 75017 0] H %
wjA e Aol A el vlgo] FrbstH MRS Fobe] w2 mA

_|_‘
o[N
N
]
N
mj
o]

n)
N
olN
N
o

S

£
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=9 7t St Aol vlulste]l B 7.3 £4o] 82 24 B 2R
gt FgelA g v Ee] o weol TS il 37144 23elA 7
AEo] TA8H Hjx 9] pHE &7te] Az Wshy] wiol o] ute} wjx]
o] pHE d7leld oz WMaA 7= Aoz AzZtAr) 10Y B9 #FARNES

Ao Aow nlth Vg Bt #AYEE At 498 4

3150 v H7bel whE 70 3w A el A o] AR A a

1097 #4147

1] 7 (%) g S pH AN E v
(cm)
3 7.6 4.8 +++
6 75 5 ot
9 7.8 45 i+t
12 8.5 2 ot
15 8.2 2.2 et
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3E 16, " H7bel whE 8 2 wj Aol A o] AR A

w73 (%) Has pH 1097 #ARE A (em) TAFE® H| 3L
3 6.8 3.6 +++
6 6.7 4.2 +++
9 7.3 4.8 +++
12 7.6 4.5 +++
15 8.0 4 +++ (X2

2) "7 kel wE 82 wjxo) e #A

g2 wjA M= w7 A7y FUMESE pHF Skebe Bl ® UERS
ok a8y 82 wiX M 7]EH o pHIF oF At FdItel S e
o] 7:3 MjA] ®Wrh= pH7E SEotvh a2 v E o] FyF Hh sl 40084
T w7] wjEel BE I HH e g HAE dHow oEd
Uhal = g Q0] well AA wiA el A #He] o] Aotk AL A
A g dagh AEe] AT gt & F vk B
5]

pul

&
b ke e meA MRS we] A ow HA dojytria B F 9

o BAAAS WA 9% A7 W b Eehem 1 o|¥Ei: Fasd
A 73 ARG FAd o] ETh o] F A AW o] 7:3 WA
woh A7) WRel mAg 7k AAE 73 uH 1k AR $Eo] FulHe
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= Ao] pH W% A Qojuhy] wepd EREATL 446l 73 AR

O Ad Aoz B, a8y 73 WA A= w3 Ldes uET
T AAA T 82 WA M= 16% nAE H7HE Al FEAQ 530 LHe
g AR o= 73 A By nj A= d-so] Ho] ke mike]
A oAzl ols FiEd] ol &EA i Hol e o= Ao Bl

ot

=5

17. W17 Aol W 91 WX el A 8] A g

1092 #4493

1) 73 (%) g S pH AL & H] 31
(cm)
3 5.5 4 ++
6 54 6 ++
9 5.6 5.3 ++ BB
12 5.7 6 - BHA 0o
15 5.3 6.5 ++ A e 4

3) " A7t wE 91 wjA ol A o] AR A

9:1 v Aol M= mzke] b dAglo]l wjAle] o] pHYF Ao
et th 7:3 wi A e 82 wj A& TR ek n el oa uiA ¢ pHE &It
g2 WA= Ao B g lsd 91 wiA o= Bade] wiA] pHe}
76l WgtshA = Ao ® yehwth HHd o] o] &3] AR Aol

DEHAL AW g DLy gl PESANY FrAxN0R )



Fe AARHRE a4 94 gtdn @ 5 doh 2oy Baday
Ao mge] WA wakon T30l 82 WA wrh A o] Fth
WE AUE FA wgot FAYFel o F AL BE F uiAe) pHA
TA Y o etk EF W Bt EA4 @)

2 ¥
A weba WA el pht o Gebaeh WAe] pH o
FAAS Al Aow welth whyl Aue Hgo] 4e5m v

Moz wavh e} §go o9 37
sk aEEE FAYE A AL AU el vgo] 82 g
& 9%7k AFsheh e WA o) pHE
A7 % AT 9% o el A

F 18 A7 H7bel wE 82 wiA oA ) ARG 1] I

1097 A

271 (%) WE S pH (o) AR E  HaL
3 7.4 3.2 ot
6 7.2 4.5 4+
9 7.8 45 4+
12 0.7 4.8 4+
15 8.3 4 S
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4) P71 H7bell mE 82 uiAol Ao FAMI A

FNALQoZ v} o] o] §¥ = WS AMEE w A A 7tek At
o] & wlwstazl ATt wixo] Wy Hriste] E F pHE 38k
2 A7 m73E Hore Aok AA Aok Al ERAtH(E 18). o1 ¥ g A ¥}
T oow GYEE s A e 2% Ze] ofdet iAo HW H &l
M Fosy o ggo® wely dr| S dAvpukE HlstEvhel g
Atk & F Ut = FWHe T E AR SR} v B o] &3l7] 49 AT
22 o] 73% Amolm Fuhe 50% FEoli mAEo] Bajaty] IE
g1 el ghaFo]l MW 6% 1 WhH Fuhe 27% 2 WA Eo] Fybs Eash
717F 9 ol 91 g o] Hus R Hol o wAE HFLo] &olst
ARk FRe T AAZE GolE R FHol gla gl AR R el Ao
A= FeEjol7] wiite] Ao os mAE o] golshA gtk W=
Eibel va) el Had nAEe] AjHor By wio] HwWe Hlgo]
7V Fesk 1 mAEES TAAY e BE5E Aad Tl A
Aoz dasty 2 2499 FF dAE FERAHN TS A4
ATE Tkl o8 AR A} g} f71Dad MU TS E A
2 4850 g 71 sta o wE Abho Fgo] B FHolw ATt
B Aol P14 Bart dojdr Ad Ao A e® 50TE &
Aste] AAE FIol A o] Folx 7] wWiiEe] fUEAYSE TUMNAFE 1
of W akhe] FHE FAE] S8 AT B/1E AW WAL A FEH
Aok AgA ol M wjFrE o] &3 LaE 12% o4 velu WS
H7bstAl =a g1 dav dojuAy wixAzE AzxsA "ok 1y o
ek FAl= Bades & F77F 8kst] Wil ojH e EAle @
AakA] ko Ao NS TES o Fr1AaY HUle) A= &

fd
I
%
o
ko
-
i
rir
@)
X
=
o
=2
o
2
ol
)
2
o
S
ol
o)
o
v
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g2 BeERe Arkel o9 AW dm g
A @ T.cellulolytica DK-2
B: Pseudoxanthomonas sp. DK-1+ T. cellulolytica DK-2

2. B8 ¥ Pseudoxanthomonas sp. DK-19} Thermobifida cellulo-
Iytica DK-2°] @& mlX& 9T
1) Pseudoxanthomonas sp. DK-1¢} Thermobifida cellulolytica DK-22] ¥
Hell H7ha

St Ml x| ol A Thermobifida cellulolytica DK-2Z ®I%&t7] YA
Pseudoxanthomanas 7¢ Qloleprt 2 zpebe= Ao 2 vebwt7] wiitel] o]
g A7 wjAA s R 2 AFRE e =R dotR Y] ) HHE
Witste] MAES gl & gFze R AT Thermobifida cellulolytica
DK-2%& 7}‘%7]-8}5’_ & 3tye=  Pseudoxanthomonas sp. DK-19}
Thermobifida cellulolytica DK-25 #Zo] HZF3sto] &gt Az 17 2004
B vhop o] F #FE EFste] JFF AW WAde Aol A
sHAl UEbstth e R e Ao A oF mpxbrbA R a1 whE ol A
o] Ag}7] $18i M= Pseudoxanthomonas sp. DK-1 €] 9gto] F Q3 Ao
2 e

—4
of
o
ol
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+++
+++
+++
+++
+++

6
6.5
7

4.8
82 HjAlol WA=

8:2 Aol A o] ARG ] L

7k

J

%
=

=

R

A7}l
sample

hmy

=

1
82 WAl A o] FAE %

8:2 + 9% W7 + 1004
8:2 + 9% w7 + 200uL
8:2 + 9% W7 + 500ul
8:2 + 9% w7 + 10000

8:2 + 9% w7
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