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To investigate a quantitative evaluation of the actinobacteria, we have collected samples from various
kinds of bamboo forest soil. Each different layers contained 2.7% 10°-2.7x10° CFU/g of actinobacteria
which was the highest in litter layers of Sasa boreali forest soil. We obtained 330 actinobacteria from
different layers of bamboo forest soil; litter (100 strains), humus (70 strains), and rhizosphere soil (160
strains). Based on the colony morphology (aerial mycelium, substrate mycelium, and soluble pigment),
isolates were divided into thirty-six groups and we selected 50 representative isolates. 16S rRNA gene
sequence analysis showed Streptomyces was major actinobacteria (94%) and they were categorized as
cluster I (2 strains), II (35 strains), III (6 strains), and IV (7 strains), respectively. The diversity index
of 50 Streptomyces collected from the bamboo forest soil was calculated with the Shannon-Wiener
method. Bamboo litter showed higher diversity index level of 3.33 than that of humus and rhizosphere
soil. Also, antibiotic activities of our isolates were investigated against Botrytis cinerea, Xanthomonas
campestris, Xanthomonas axonopodis pv. vesicatoria, and Bacillus cereus and found in 74, 16, 25, and

24 strains, respectively.
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Table 1. Some characteristics of Bamboo and Quercus forest soil

Sample pH Water concent Log No. of actinobacteria Is.olation ot.“
(%) (CFU/g) actinobacteria

Bamboo Litter
Phyllostachys nigro var. henonis 6.4 62.0 6.4 20
Sasa boreali 6.4 373 8.7 50
Phyllostachys bambusoides 6.6 59.9 6.6 30
Bamboo Humus soil
Phyllostachys nigro var. henonis 5.0 19.5 7.0 30
Phyllostachys bambusoides 5.1 22.4 7.0 40
Bamboo Rhizosphere soil
Phyllostachys nigro var. henonis 5.1 23.0 7.2 50
Phyllostachys nigra f. punctata 5.8 15.6 7.7 30
Sasa boreali 6.4 16.0 6.4 50
Phyllostachys bambusoides 4.8 48.6 7.0 30
Quercus forest soil
Litter layer 53 23.8 53
Humus layer 5.6 48.2 6.2
Rhizosphere soil 5.2 38.7 6.5
Total 330

T84 1L in vitro ST AW ] w2} PDA HIA]
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slo] A FHo A A@I"ﬂﬂﬂﬁﬂ(growth inhibitor clear
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Table 2. Morphological classification of actinobacteria collected from different layers of bamboo forest soil

Morphologyical characteristics

No. of Actinobacteria

Colony Type - - - -
Aerial mycelium Substrate mycelium Soluble pigment L H R
1 gray, black / ws white none 6 - -
2 gray / ws white none 7 11 3
3 gray / ws yellow yellow 1 5 8
4 light gray/ ws white none 5 8 14
5 white ivory brown 5 5 9
6 white (circle) white none - 5 11
7 dark brown / ws white none 5 4 4
8 light brown / ws white none - 2 4
9 orange / ws orange brown - 1 2
10 none ivory light brown - 3 4
11 white / ws white none 2 2 9
12 ivory ivory light brown - - 5
13 gray white none 3 2 12
14 light pink light pink none 2 - 3
15 light black white none - - 1
16 yellow /ws yellow yellow 14 6 14
17 white ivory dark brown - 1 4
18 none yellow yellow 1 - -
19 yellow / ws yellow yellow 1 - -
20 pink pink pink - - 1
21 none white light brown 14 - 2
22 pink white none 11 - -
23 none ivory none 1 - -
24 none white none 1 - -
25 light brown brown none - - 3
26 light brown / ws brown none - - 1
27 kaki/ ws white none 9 10 25
28 white white none - - 2
29 kaki white none 1 2 5
30 gray / ws brown light brown - - 6
31 White (irregular) white none - - 2
32 light pink / ws white none 3 1 6
33 dark gray white light purple 1 - -
34 red/ ps purple dark purple 1 - -
35 light brown light brown none 1 2 -
36 dark gray brown none 5 - -
Total 100 70 160

WS, white spot; L, Litter; H, Humus; R, Rhizosphere soil

W
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i3 AT 50950l ik 16S tRNA F-3#} o:‘7]/\‘]0&g

CLUSTAL XZ Multiple sequence alignment $+ ¥, MEGA
4.0 (Molecular evolutionary genetics analysis)= /\]»8-0}04
Phylogenetic tree w413+ 23, 4719 groupoZ EFH AT
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Fig. 1. Phylogenetic tree showing relatedness of Streptomyces by neighbor-joining grouping of the aligned sequences of the 16S rRNA gene.

Z} group®ll 3= Streptomyces 9] FEZuFo} vlust 2
3}, Streptomyces alni, Streptomyces violaceolatus & X3t
3= group Il 2757 £319.2.M, Streptomyces acidisca-

bies, Streptomyces capoamus, Streptomyces graminofaciens,

Streptomyces griseochromogenes, Streptomyces olivochromogene,

Streptomyces nojiriensis, Streptomyces olivochromogene, Strepto-

myces pulveraceus, Streptomyces tauricus 5 X H3h=
group 119 357857} &38= 542 YEITL Streptomyces
pensis, Streptomyces Ildicus ‘o= X38h= group III9 675

7V XFE O™, Streptomyces purpureus, Kitasatospora

azatica, Kitasatospora kifunensis 52 3= group IVIl=
7F7) 2= ACKFig. 1).
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Z 19709] major group¥} 40702] minor group 1|1 187§<]

single member 1522 HF3FTH32). 1 ¥, Streptomyces
o] fHA A7IME HE7} FYHEWA Stackebrandt T
Streptomyces<:o| 3= 69dFE I OSZ 165 rRNASH
23S rRNA FAA ARE nlgto g 77)9] 0 508 5
SFATH25). T Lanoot 52 F8 Streptomyces 158TF2]
16S rRNA 34} @714 3143 Fall 97-98% = cut-off &k
Az} 4719 clustere} 25709] subcluster 7315321, 16S-
ITSE BstUIY} Haelll A|3&4E ©]-83) finger printing 4
ol JAs 59709 cluster2 AE-F3ITH14).

B AFoA iy AHREESGC ZRE F3E Streptomyces
& WA 50355 Lanoot2] 16S rRNA %A} FRE nlg;
o Z BF3E 4709 cluster 2 25709 subcluster AlET3 H]
. AES 2, e HESeERE " T
cluster I, 11, III, IVl 5 &390 U A= 3.33,
55 AFE 0.892 FRIF] w2 TS etk of
Uy Bezo g2 39 60F= 247 cluster I, 101, IV
o &slHom, ZHEYCRRE F£dd AT 88%7t
cluster 119 &3t TR A4+ 1.68, S5 = AF= 0.75S
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Table 3. Delineation of clusters with closely related species among 50 Streptomyces based on the Lanoot’s classifying, the diversity index
was calculated with the Shannon-Wiener method.

Cluster I Cluster I Cluster I Cluster IV
Strain S E
St 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Litter

WL-1 o
WL-3 [ J

WL-11 o
WL-13 ]

WL-15 o

WL-19 [ ]

JL-1
JL-3
JL-4 [
JL-6 (]

JL-7 @

JL-8 [ ]

JL-9 (]

JL-11 o

JL-12 [

JL-14 [ )

JL-19 [ )
JL-22 [

JL-30 [

Humus

WH-1 [ )
WH-5
WH-8
WH-12
WH-15 o

BH-10 [
Rhizosphere

Soil

WR-7

BR-1

BR-17 o
JR-2 [ )

JR-3 [

JR-4 (]

JR-9

JR-10

JR-11 o
JR-12

JR-13 [
JR-19

JR-21 [
JR-24

JR-25 [ )
JR-29

JR-35 [ )
JR-36 [
JR-39

JR-41

JR-43

JR-44 [ )
JR-45

JR-46 @
JR-50 [

S, shannon-wieher; E, Evenness

3.33 0.89

1.46 0.61

1.68  0.75
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Table 4. Isolation of novel actinobacteria based on 16S rRNA gene sequence by BLAST search

Strain No. Best match Match / Total nt Similarity (%)
JL-6 Streptomyces turgidiscabies ATCC 7002487 1319/1338 98.5
JR-4 Streptomyces recifensis NBRC 128137 1371/1396 98.3
JR-11 Streptomyces turgidiscabies ATCC 7002487 1327/1346 98.5
JR-12 Streptomyces lucensis NBRC 130567 1361/1385 98.3
JR-19 Streptomyces lucensis NBRC 130567 1360/1384 98.3
JR-24 Streptomyces lucensis NBRC 130567 1361/1385 98.3
JA-41 Streptomyces bungoensis NBRC 157117 1334/1358 98.2

JR-43 Streptomyces recifensis NBRC 128137 1263/1288 98.1
JR-50 Streptomyces recifensis NBRC 128137 1158/1183 97.9

e, subcluster 9, 10, 139 +dAHoz HE¥34ct
(Table 3).

ATl 438 16S rRNA 302 97144 &4 2y,
vt_"ﬂ‘& = 9TF= Streptomyces & <-AE T} 98.5% ©|5H]
35S Yeplo] AFom At & 7 e dFE A=A
THTable 4). 01”4 AHRERE Ijol] Apsks tivk: A

Eoke) Uei%, P45 2 2UEY Uels B dwe) WA
Tol sl TS S AR AT A
9 Y a3, 243 2 SREgo v £

21t2] 96%
o o]

o]x o] Streptomyces <0l &3 54 YER
Streptomyces & WIS SER S A
ool BE& S & 5 ATk
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OLL=20 O L

- AHEFeERY w39 WAd F 330055 27
Al g A (Botrytis cinerea), Al dS v At (Xantho-
monas campestris) “12]al 1A TAAH T A (Xanthomonas
Jd3ss HES A7,

S. alni, S. violaceolatus, S. graminofaciens, S. olivochromo-

axonopodis pv. vesicatoria)®l| t3t

gene, S. acidiscabies, S. capoamus, S. olivochromogene, S.
griseochromogenes, S. nojiriensis, S. pulveraceus, S. tauricus,
S. platensis, S. ldicus, S. purpureus, K. azatica, K. kifunensis
£ F3ole 7407 271 FZo ATl e dae
T2 YERSITE AlaSviE el sl da8d5S vERd

Table 5. Screening of antibiotics-producing actinobacteria
isolated from different layers of bamboo forest soil

No. of isolates

Pathogen
Litter Humus Rhizosphere soil

Botrytis cinerea KACC 40963 30 - 44
Xanthomonas campestris 6 R 10
KACC 10913

Xanthomonas axoopodis ) 12
pv.vesicatoria KACC 12872

Bacillus cereus KACC 11240 4 6 14

167 S. capoamus, S. tauricus, S. acidiscabies, .
platensis®l| 3= 545 YRl ow, 1A
Aol A S. olivochromogene, S. violaceolatus, S. capoamus,
S. griseochromogenes, S. graminofaciens, S. acidiscabies, S.
tauricus, S. nojiriensis®| 3= 250F7)F S SAHTE A
WAk 28)aL 8. capoamus, S. acidiscabies, S. griseochro-
mogenes, S. olivochromogene, S. tauricus, S. pulveraceus, S.
purpureus, K. azatica, K. kiﬁmensis‘ﬂ] &=31= 24157} Bacillus
cereus®] 3t TS YERNITHTable 5). oo A
S by AREE Hole AT BE 4 3t
A WAFS BaE 4 9l 928 alxlgla ddw
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A A, 2.7x10°%2.7x10° CFU/gE AFEHR0H,
o 3= el 2.7x10° CFU/ge] vl$- e dxg B
Sk ¥ ATOE Y GO 2R 10085,
TORFEH 07T 2PN SAEGORRH 16002
BT PAFS FHIAT o5 Beln #7597
AL 71ETA R MArEA] =8 A&t Ay} 367) AT +F
_E Qoqq_ 74— :Lw«_&—,—lﬂ EH:}_ HL}H-T{— SO‘W‘ZE )ﬂul—
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