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Diversity of culturable thermophilic actinobacteria and their
producing cellulase activity in several dry-hot environments
in Yunnan Province
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Abstract: [Objective] This study focus on the diversity of culturable thermophilic actinobac-
teria isolated from Dong Chuan dry hot river valley, Yuan Mou soil forests, and some
high-temperature composts, hot springs nearby Kunming in Yunnan province, and exploring
their cellulase producing activity. [Methods] Over five hundreds strains were isolated by the
plate dilution method. After dereplication and removing the similar strains based on col-
ony-characteristics, more than three hundreds strains were sequenced for further research. The
cellulase producing activity of 451 strains were further detected by Congo red solution. [Re-
sults] BLAST analysis of the partial 16S rRNA gene sequences revealed that these strains have
the highest similarity with 33 described genera, which were distributed in 15 families of 9
suborders. Among of them, five actinobacterial strains were selected as potential candidates
for further polyphasic taxonomic research, based on the lower similarities of 16S rRNA gene
sequences. Cellulase screening results showed that the positive rate was about 57% in total 451
strains. Most of them were distributed in three genera of Streptomyces, Micromonospora and
Nonomuraea. [Conclusion] There are considerable diversity of culturable thermophilic acti-
nobacteria in dry hot environments of Yunnan province. Meanwhile, these strains exhibited
higher positive rate and stronger activity of cellulase, which will provide high-quality experi-
mental materials for future research.

Keywords: Dry hot environment, Thermophilic actinobacteria, Biodiversity, Cellulase
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H i BT A BB e Ui AR R 22 88h 2 TR A oy
B, AR, HEE R s A KR AN T
65 °C!Y, AR IEGEERAE 75 °C LA IR A
PP A B B 1R TR TR (Thermophilic
actinobacteria) - E — 4325 EEE, Bl
SRS T P A KR EELE 45 °C—65 °C Z [l
— AR FAE 19 AT e R NI MR A
A, NI 2 30— v R ke e T e 5 T
(R A . Gadkari 55 MIRBET 1A cHE B 4325
Hh—tkrEAY, JRRREL CO, I Hy & M1k RE
PLE R S REE —M A RSN
(Streptomyces thermoautotrophicus)®',

H AT F2AE LT R h R BB 1Y R R
FR: =R B (Thermomonospora)™™ |
IR WIS B J8 (Thermobifida)™ | iR £ 0 & &
BB J&

W2 Mfw s
(Saccharopolyspora)” . 4575 1 )& (Streptomyces)™) |
B K1 & (Pseudonocarcardia) . 2514 R
J& (Nocardioides) . 5 ¥ Hi jt £k &
(Actinomadura) ./)N AL H J& (Micromonospora)<

XoF v Y SR e M 32 R,
TR AE YR A28 RS E B U0 R B it
E R AER MU HZ BRI R E R, Ko 4E
Foe IR b Ak i 2R, R i A
R YRR WO =, X R A A R R T
oA AR, RERSIRSE Rk BE TR AL,

ARSCVA R iR A BT A GRS 42, i
M AEEE SRR AV O, IRRZMIL
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1.1 #&
AR T#HI45 (Dry hot river valley,

(Thermopolyspora) .

(Saccharomonospora)'® |

DHRV) -4 (3R 1), #EMESTE A i M ITIE 1k
(Soil forest, SF)#)Z (R 1)LLK R IRBIX VDA
SHENCHE, EEWIVDI £ HENCHE foREE T 2008 4F
10 A, ZRNTHGTA 5 Toi ARk RS
2009 4 5 H o SREEBIREG T R ACEAE P ORAE
1.2 HEBEERE

(1) Gauze No.1 (g/L): Sol starch 20.0, KNO;
1.0, K;HPO, 0.5, MgSO,7H,0 0.5, NaCl 0.5,
FeS0O,0.01, Agar 20.0 , pH 7.2—7.4;

(2) 2K ISP 5 (g/L): L-asparagine 1.0, Glyc-
erol 10.0, K,HPO, 1.0, Agar 20.0, pH 7.2-7.4;

(3) HV (g/L)"": Humic acid 1.0, Na,HPO, 0.5,
KCl 1.7, MgSO,7H,0O 0.05, FeSO4,7H,O 0.01,
CaCl, 1.0, Vitamin mixtures 3.75 mg (containing
0.5 mg each of thiamine-HCI, riboflavin, niacin,
pyridoxine-HCl, inositol, calcium pantothenate
and p-aminobenzoic acid and 0.25 mg biotin),
Agar 20.0, pH 7.2;

(4) R8 (g/L): MgCl,-7H,O 5.1, Yeast extract
5.0, CaCl,2H,O (5 mol/L) 10.0 mL, L-proline
(20%, W/V) 15.0 mL, NaOH (1 mol/L) 7.0 mL,
Agar 20.0, pH 7.0-7.4;

(5) CCMS (g/L)!"?: Cellulose 10.0, Casein 0.3,
KNO; 0.2, MgSO,47H,0 0.05, K,HPO, 0.2, CaCOs
0.02, FeSO, 1.0, Agar 20.0, pH 7.5;

(6) GTY (g/L)"': Glucose 1, Tryptone 0.5,
Yeast extract 2.0, CaCOs 1.0, Agar 20.0, pH H#X;

(7) GYM (DSMZ medium 65, g/L): Glucose
4.0, Yeast extract 4.0, Malt extract 10.0, CaCO; 2.0,
Agar 20.0, pH 7.2;

(8) CM (g/L)!"*: Galcium malic acid 10.0,
Glycerol 10.0, NH4C1 0.05, K,HPO, 0.5, Agar 20.0;

FAT BTG IR 3L 2 i

(9) TPA (g/L): Trehalose 1.0, (NH4);PO,4 4.0,
L-proline 1.0, NaCl 1.0, FeCl, 1.0, FeSO, 0.5,
CaCl,-2H,0 0.5, K,HPO4 0.5, MgCIl-7H,0O 0.5,
Agar 20.0, Trace salt solution 1.0 mL, pH 7.2;

(10) 30# (g/L): Sol starch 3.0, Yeast extract
0.15, Sucrose 0.15, CaCO; 0.3, Trace salt solution
1.0 mL, Agar 20.0;

Trace salt solution (g/L): FeSO,7H,O 0.1,
MnCl,-4H,0 0.1, ZnSO47H,0 0.1,
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Table 1 Samples from Dong Chuan DHRYV and Yuan Mou SF

FEfh Sample

FEAZEH Type of sample

MR E{FE Site information

DHRV-1 BNV N25°54 563' E103°16.744'
DHRV-2 NN Subepay=2 N26°10.001" E103°07.247’
DHRV-3 WA H A N26°12.672" E103°06.090’
DHRV-4 IS IEAE AR R A4 N26°12.672" E103°06.090’
DHRV-5 WA RAEHERR A A A N26°12.672" E103°06.090’
DHRV-6 S HARE N26°14.957' E103°05.617'
DHRV-7 FAHYI R A N26°14.957" E103°05.617'
DHRV-8 A TR N26°14.957' E103°05.617'
DHRV-9 ARy N26°00.645' E103°12.763'
SF-1 Kb+ N25°51.112' E101°48.635'
SF-2 Kb+ N25°51.114' E101°49.621'
SF-3 Kb+ N25°51.112' E101°49.625'
SF-4 Kb+ N25°51.128' E101°49.630’
SF-5 Kb+ N25°51.164' E101°49.624'
SF-6 Kb+ N25°51.202" E101°49.620'
SF-7 ISR AR B N25°51.212" E101°49.620'
SF-8 Kb+ N25°51.120" E101°49.582'
SF-9 W+ N25°50.907' E101°49.437'
SF-10 Cigan N25°50.907' E101°49.437"
SF-11 Kb AEA + N25°50.903' E101°49.511"
SF-12 )7 O e N25°50.903' E101°49.511"
SF-13 R N25°50.946" E101°50.798'
SF-14 ERuanl N25°57.727' E101°52.886'
SF-15 KUk N25°57.697' E101°52.351"
SF-16 JCiE 1 N25°54.451' E101°52.661'
SF-17 JCIRE R Ak N25°53.117' E101°52.879'
SF-18 JoHEA N25°52.423' E101°52.989’
SF-19 A TAR R N25°50.912' E101°49.393'
NEAE 132 DBAESEREZEN: RNMBRAMESD

1.3

1.3.1 HFSFCIE: FHIJC P Rz G TSR 5,
AT 28 °C HARK T (R 3 d). FREL 2 g WTHE
A TR 18 mL JORE KR R B RS ER AT R
H1, 55 °C, 200 r/min $%3% 30 min, {#Z5 &7EREM
AR P 3 A R, [ 2 A T 5 3k ) 24
N R0 EX7/B
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14 RBEEENH
1.4.1 EF%H DNA 1Z2BUE 16S rRNA EF 1.
DNA #2072 MOCHR[13], SR A e 5 14
PEFT 16S rRNA KK 314

PA: 5'-CAGAGTTTGATCCTGGCT-3', X}
T E. coli 1 7-24;

PB: 5-AGGAGGTGATCCAGCCGCA-3', %}
NF E. coli B 1540-1522,
1.4.2  MFF: i BVA TAY TERARAR &It
OUH B AP HARA FRA w5
143 FFHILERE: SeRENT IS 16S rRNA JEH
SFFEF, I—AN VR 650 bp 247751, FIF
BLAST # &% {4 7E GenBank, EMBL, NCBI %
B v R AT AR R L F A L X R s A

EzTaxon server 2.1 (http://147.47.212.35: 8080/)""¥
F1 NCBI-BLAST (http://blast.ncbi.nlm.nih.gov/

Blast.cgi).
144 RFELZERIMES S EHBURITEER
AR T R A S X 42, L Clustal XU
PEAT PN X, IR TE R S 2 R R Z 18]
MFE SRR I . SR FI4BH% 12 (Neighbor-Joining)!'),
MEGA 4" R 5 2 R 2 ) R Geilk Ak
W o FH TR0 S0 B A ECH 1000 1K
1.5 AHEZREEEIFMN

L AER TG TRV 2 BOE F e FE BRI R
W b AR A K 96 h TR AR IE RN B 5 A
JEEMII 92435 335, 45 °C 1B 1535 96 h ),
HfEIA 0.1% Congo red solution F i EEHFFEHER
T, Jet 1 h 5, FRUGREE, A 1 mol/L NaCl
VWL, R 1 ho W5V ARV 2% 3137 ]
NGB (AT N BE V1% 0.1 cm I
PR TCEEYE, RT4T 0.1 ecm MM ATEE),

92# (Trypticase soy yeast extract medium)$5 33
3L (g/L): Peptone 15.0 , Soya tryptone 15.0 , Yeast

extract 3.0 , Agar 15.0 , Distilled water 1 000 mL,
pH 7.0-7.2,

2 R

2.1 FHRIMNESRMEEZHMN

XHI T 300 XK 16S TRNA [ 751
AR AT AR B LU R 255 R i T
AT 9 AT H 15 AR 33 AR 2), H
Hh 52 B H (Suborder Streptosporangineae) il
{45 QB8 H (Suborder Pseudonocardineae) 2
FEMERC R, s 9 A 8 AR
MY BERE . e 8 2 4~ (YIM 75507 . YIM 75000) .,
BT 3 AS(YIM 75635, YIM 75677, YIM
75980) . S B BIEERE R 155 Bk, SHERE IR 36
MIH BRI REL T KRR, XA RN
ERTEZEHE; YO MNARREEA 63 R, HixE
1) 19 MR RE L B RR, BATHE M
PN TR, RN RE R A
481k, SIZEN 4ANFIRAERIINAGZ LT R
Fo HAR 133 BRIAE M TR E T T HE 30 1 &
Mo MEERER M KRB R B, = TIIREE
A re T A TR R A T /)N LT R R
R IR B 2 5 AR S, X 5 %R IR
RO, 1B R 33 MR AR
F R (B G 5e1ET J8 ) 5 H AR A RO R T
FIAFET 16S IRNA FEH P AR B RGEHEER

T LA RO SE FP s R A A 0 B R B
TR THENCIAES, BT LAAHIESE LAHENE A BE 1 h
X HE, K T HRIAT 25 R0 R i R 25 % R RS
PR 2 FEE S HERE RS UEA T HU AR (3 3).

SR WREERE R . DNAIREEE . BFEA G
WA . SIPEREE . B RIREE . R
[CHE . #hEAE T HE . W RIRERE . rshis
A TEE . RICEIREE . R KR E
WEHL R R E . LIEREAIR . R TR ST R
16 A& AR T4 5 TR - ARER B AL &
LA IR, AR N BER T . /DA B A
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Table 2 The numbers and distribution of diverse isolates

I H #t B4 Ui TR R EL
Suborder Family Genus No. of specie  No. of strains
s~ IRE W H fBot~ IR UTC R FR T 8 Amycolatopsis 2 6
Suborder Pseudonocardineae ~ Pseudonocardiaceae WERAITE B Saccharomonospora 1 1
B K H & Pseudonocardia 4 17
YN & Actinophytocola 1 1
WL R} SR & Actinokineospora 1 1
Actinosynnemataceae WL F & Alloactinosynnema 1 1
W22 8 Saccharothrix 4 7
PR ELFN & Lechevalieria 1 1
AT TR E FEFF AL Corynebacteriaceae #8411 )& Corynebacterium 1 1
Suborder Corynebacterineae 4T ##} Mycobacteriaceae 4341 /& Mycobacterium 1 2
¥ R [CH R Nocardiaceae KA ICIHE Gordonia 1 1
Z1LEKEA & Rhodococcus 3 5
Wi~ K& Nocardia 4 7
i 7% FQ B} Dietziaceae MY [CIH & Dietzia 3 3
/NERF P H /N P AR P E Verrucosispora 1 1
Suborder Micromonosporineae  Micromonosporaceae INEHITR B Micromonospora 19 63
sl # &8 Actinoplanes 3 4
PR BE H KR IRER R RICHE Nocardioides 4 13
Suborder Propionibacterineae  Nocardioidaceae whE A T8 Kribbella 3 9
AR H R SRR & 1 3
Suborder Kineosporiineae Kineosporiaceae Kineococcus
FEAIFE W H iR IR 1R R AU B J& Thermobifida 1 3
Suborder Streptosporangineae Nocardiopsaceae LR R H & Nocardiopsis 1 2
e AR AR W8 Actinocorallia 1 1
Thermomonosporaceae LR PIiZE 8 Actinomadura 5 19
W21 TR & Spirillospora 1 1
EIRPAITE 8 Thermomonospora 4 4
FEf R BRIOFEFH R Sphaerisporangium 1 1
Streptosporangiaceae WA [C & Nonomuraea 14 48
EHRZ AR E Thermopolyspora 1 4
3h =2 5 [ I H W b Bz TR W& iy Fz TR ) 2
Suborder Frankineae Geodermatophilaceae Geodermatophilus
B RIAE] TR RiLinzl 4 4
Suborder Micrococcineae Micrococcaceae Arthrobacter
HE W H HER R HER AR 36 155
Suborder Streptomycineae Streptomycetaceae Streptomyces

http://journals.im.ac.cn/wswxtbcn
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ﬁ[YIM 75904 (JN188936)
-Amycolatopsis sacchari K24" (AF223354)
YIM 75524 (JN188937

100 'Saccharomonospora glc)luca DSM 43769" (238003)
YIM 75033 (JN188933)
100! Pseudonocardia zijingensis 6330" (AF325725)
YIM 75635 (JN188938)
Actinophytocola oryzae GMKU367" (EU420070)
YIM 75948 (JN188939)
Actinokineospora fastidiosa IMSNU 20054 (AJ400710)
97 FYIM 75687 (IN188940)
Alloactinosynnema album 03-9939" (EU438907)
100 1 YIM 75947 (JN188941)
Saccharothrix longispora NRRL B-116116" (AF114809)

38 YIM 75849 (JN188958)
47— Lechevalieria atacamensis C61" (EU551684)
100 YIM 75940 (JN188928

Corynebacterium vitaeruminis NCTC 20294 (X84680)
YIM 76425 (JN188929)
Mycobacterium insubricum FI-06250" (EU605695)
100, YIM 75629-1 (JN188957)
Gordonia lacunae BS2" (EF151959)
100 [YIM 75461 (JN188943
Rhodococcu(s ruber DS)M 43338" (X80625)

YIM 76027 (JN188942)
100 LDietzia psychralcaliphila ILA-1T (AB049630)

YIM 75597 (JN188931
100 'Nocardia cygiacigeorgi)ca DSM 44484" (AF430027)
99 (Verrucosispora gifhornensis HR1-2" (Y15523)
YIM 75959 (JN188959)
100;YIM 75008 (JN188930)
13 8 Micromonospora chalcea DSM 430267 (X92594)
1 5 YIM 75366 (JN188944)
99“-Actinoplanes regularis DSM 431517 (X93188)
100 [YIM 75417 (IN188934)
83 Nocardioides luteus KCTC 95757 (AF005007)
[YIM 75307 (JN188945)
100 “Kribbella swartbergensis HMC25" (AY995147)
YIM 75677 (JN188946)
99 I—Thermobiﬁda alba JCM 3077" (AF002260)
'YIM 75039 (JN188951)
YIM 75976(JN188952)
100 'Nocardiopsis trehalosi VKM Ac-942" (AF105972)
Kineococcus marinus KST3-3" (DQ200982)
YIM 75000 (JN188954)
100 [YIM 75388 (JN188953)
Actinocorallia libanotica IFO 14095 (U49007)
99 rYIM 75700 (JN188935)
-Actinomadura cremea subsp. rifamycini IFO 14183" (U49003)
Spirillospora albida ATCC 153317 (D85498)
YIM 75477 (JN188950)
YIM 75507 (JN188955)
Sphaerisporangium flaviroseum YIM 487717 (EU499338)
98 —YIM 75057 (JN188932)
Nonomuraea fastidiosa IFO 14680" (U48844)
99 [YIM 75076 (JN188948)
Thermopolyspora flexuosa DSM 43186 (AY039253)
[T hermomonospora chromogena ATCC43196" (AF116558)
100 YYIM 75085 (JN188949)
Geodermatophilus obscurus DSM 43160 (X92356)
YIM 75980 (JN188947)
100 [A rthrobacter phenanthrenivoran Sphe3™ (AM176541)
YIM 76402 (JN188927)
61 rYIM 75358 (JN188956)
100Streptomyces brasiliensis NBRC 101283 (AB249981)
Thermoactinomyces vulgaris ATCC 43649" (AF138739)

24

100

0.02

1 ETFHEEMEN TE TAINEMEE 33 MERER 16S rRNA EEARFA EH
Fig.1 Neighbour-Joining tree based on 16S rRNA gene sequences showing the phylogenetic
relationships of culturable strains in dry hot environments in Yunnan
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TE: H55 NN BRREY 16S rRNA JENFFSITE GenBank RS k5 7330 BRI IR GERIN 1 000 U5 I i
TRB AT FRREZIEE 0.02 13K 2% 16S rRNA JERF 51 AL 22 5.
Note: The numbers in parentheses represent the accession numbers in the GenBank for the 16S rRNA gene sequences of those type

strains and the new isolates. The numbers in the branching points are bootstrap values (expressed as percentages of 1 000 replica-
tions). The scale bar indicates 0.02 substitutions per nucleotide position with their 16S rRNA gene sequences.

x3 BITHREEMHEMEIRIXR

Table 3 Diversity of thermophilic actinobacteria isolated from each sampling sites

Ezicd T#I 4 Dry /N AT g RIEFMEH
Group hot river valley  Soil forest Compost Hot spring  Number of discovered strains

WAk 2 F 8 Actinocorallia 1 0 0 0 1
ShE R 1A & Actinokineospora 0 1 0 0 1
LRI LA 8 Actinomadura 3 15 0 0 6
TEY N AR & Actinophytocola 1 0 0 0 1
WEsh i H & Actinoplanes 2 2 0 0 3
RN B Alloactinosynnema 1 0 0 0 1
UATCIEFR A 8 Amycolatopsis 2 4 0 0 2
B Arthrobacter 2 2 0 0 4
AT R 8 Corynebacterium 1 0 0 0 1
MR [CIH)E Dietzia 1 2 0 0 3
W& Hh 7 TR J& Geodermatophilus 1 2 0 0 3
I N Gordonia 1 0 0 0 1
SIEREJE Kineococcus 3 0 0 0 1
i [ 4 TIHJE Kribbella 6 3 0 0 3
YT FLSN & Lechevalieria 1 0 0 0 1
/NS JE Micromonospora 30 28 0 1 17
SIRiATIE @ Mycobacterium 1 1 0 0 1
W RINEJ® Nocardia 5 2 0 0 4
Kt R ICH B Nocardioides 7 5 0 0

% [C T 8 Nocardiopsis 0 2 0 0 1
WY [QER B Nonomuraea 15 27 3 1 13
B R ICH 8 Pseudonocardia 10 1 6 0 4
213K J& Rhodococcus 3 2 0 0 3
WA JE Saccharomonospora 1 0 0 0 1
W22 R B Saccharothrix 5 2 0 0 4
FRIBETR @ Sphaerisporangium 1 0 0 0 1
V2B )® Spirillospora 1 0 0 0 1
R AR Streptomyces 92 46 17 0 31
125 i SUEL T & Thermobifida 0 0 3 0 1
=R SRS B Thermomonospora 0 0 4 0 4
EIRZ IR 8 Thermopolyspora 0 0 4 0 2
YA Verrucosispora 0 1 0 0 1

http://journals.im.ac.cn/wswxtbcn
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FPEPRT TR o LA BRI ZEREI MR N A 45 20
RS I B BB E . R | A
PINA T . R rds . BrmE . X
BRIRHE . AR E . BEIR R . BRI
WE . IBEES 10 MEMEK. JoIE AR
BeRESh PR AR BRI R IR E . Shfidk i
J& eI R AE 3 B IR AR A, 12
60 TR R A o I 0 B S 7 12 7 DA (R BIF 5
I ARMGE S IR, RTINS SR
NE R B AR B TRTTT 6 A&, il s
PR . s RICHE . B CHE . MR
PRJE e Ui LA R AR R U T

A HAR e TR 2R )1 3] 23 L) e+ Ak
IR & B R TR AN A B i 1t
IEHENEIAEE, R LA R, HENLER
B R T M IR R AT, 0 i g
B IR . BRSNS
THIATE e R BA T B 2], HAR MR A
PR R FEHE AR SR8 Pt R o 2 3
2.2 AHZREGEMITM

Xof 43 S A5 B 1) TR PR 1A T 1 A 28 T T O
ILAGH] 451 BRI RS R . HoA L4 R RG
IR b TR BRI 57% . A IR TR AR AT
B 110 Bk, GoE T4 E R s
PRECE I 71%, o HAT 2 4E 22 B PR 4 5Bil y &
PRAY 48%; /INFAFIRE 39 Bk, Hiabd rer 2 R Gk
i e ) /N PR B B AR B EE R 81%, R AF
Y B R T A BRI PP B AR Y 17%, BFPET AT EC TR 37
R, o R T AT 2 2 TG M 07 22 17 S A PG R R A
I 84% i HLAT 2T 4 Z S M 40 I B AR 11
16% X = ANFEHEE A 21 4 2 B 1 10 TR AR 2
FER AL AERR (R 4 K 2 WoR T HA A g R
T P %) TR R 2 T RS i LA % [R) A rp L Tl
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Table 4 The proportion of each genus strains which can produce cellulase in all screened strains

Grow
eroup active strains in the group (%) eroup (%)
/NEHT R R Micromonospora 48 39 81 17
BEFEH B Streptomyces 155 110 71 48
PFHFAT B B Nonomuraea 44 37 84 16
#i A T s Kribbella 9 7 78 3
W22 R B Saccharothrix 7 6 86 3
WS & Actinoplanes 4 4 100 2
UTC R FR T & Amycolatopsis 6 3 50 1
RS B 8 Thermobifida 3 3 100 1
I FEhI R I8 Actinomadura 17 2 12 0.9
Kl R I E Nocardioides 11 2 18 0.9
% [C T 8 Nocardiopsis 2 2 100 0.9
ER SR B Thermomonospora 2 2 100 0.9
&% K K& Pseudonocardia 13 2 15 0.9
SR H & Actinokineospora 1 1 100 0.4
TP N A i R & Actinophytocola 1 1 100 0.4
AP Arthrobacter 3 1 33 0.4
W 1 BB Geodermatophilus 2 1 50 0.4
REICHE Gordonia 1 1 100 0.4
YR ELSN A& Lechevalieria 1 1 100 0.4
DEATHEE Mycobacterium 1 1 100 0.4
WA KR Spirillospora 1 1 100 0.4
A& Verrucosispora 1 1 100 0.4
WAk 2 F 8 Actinocorallia 1 0 0 0
HEFFH# 8 Corynebacterium 1 0 0 0
ShEKFE & Kineococcus 1 0 0 0
W R IREE Nocardia 7 0 0 0
21 BRI )& Rhodococcus 5 0 0 0
WERAITE B Saccharomonospora 1 0 0 0
EIRZ IR 8 Thermopolyspora 2 0 0 0
RN B Alloactinosynnema 1 0 0 0
R ICIHJE Dietzia 3 0 0 0
ERTUSETH B Sphaerisporangium 1 0 0 0
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Table 5 Rare actinobacterial strains with high cellulase activity

bR SR SrEHLA B0
Designated- . Diameter of transparent
strain aumber Most closely related species Sample sources sl o)
YIM 75039  Thermobifida alba BBV B & HEA 1.1
YIM 75948  Actinokineospora fastidiosa JCE AR 1.2
YIM 75852  Amycolatopsis fastidiosa RN TR 1.2
YIM 75382  Micromonospora echinofusca R TG4 1.2
YIM 76079  Micromonospora endolithica TR 1.2
YIM 75911 Micromonospora matsumotoense T AR 1.2
YIM 76032  Micromonospora narathiwatensis JCE AR 1.1
YIM 76082  Micromonospora chaiyaphumensis JCE AR 1.0
YIM 75860  Micromonospora echinospora RN TG 1.0
YIM 75905  Micromonospora matsumotoense TR 1.0
YIM 75628  Nonomuraea coxensis RN TG 1.0
YIM 75951 Nonomuraea dietziae ToiE AR 1.0
YIM 75947  Saccharothrix longispora JCE AR 1.0
YIM 75938  Amycolatopsis fastidiosa JCE AR 1.1
YIM 75417  Nocardioides luteus RN TG4 1.0
YIM 75976  Nocardiopsis trehalosi TR 1.0
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