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Diversity of cultivable actinomycetes associated with lichen of
Xishuangbanna, Baimang Snow Mountain, and South Bank of the
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Abstract: [Background] Apart from symbiotic fungi and algae, the lichens symbiosis system also
includes some symbiotic actinomycetes. [Objective] To collect lichen samples from Xishuangbanna,
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Baimang Snow Mountain of Yunnan and South Bank of the Baltic Sea in Germany, and to analyze the
diversity of pure cultivate actinomycetes associated with lichens. [Methods] Three actinomycetes
selective media were used to isolate actinomycetes through plate dilution method. The taxonomic status of
pure cultured actinomycetes was determined by comparing 16S rRNA gene sequence similarity and
constructing phylogenetic tree. [Results] A total of 1 123 strains were isolated and 417 strains were
identified. Among them, 107 strains of actinomycetes, including 18 potential new taxa, were isolated and
purified from 17 lichen samples of Xishuangbanna which distributed in 7 orders, 14 families and
33 genera. Sreptomyces was distributed widely. One hundred and three actinomycetes were separated from
7 lichen samples of Baimang Snow Mountain which belonging to 4 orders, 5 families and 9 genera.
Sixteen possible new species were acquired. Sreptomyces was the dominant genus, accounting for 39% of
the total number of the actinomycetes. Total 65 strains of actinomycetes were obtained from 5 lichen
samples of South Bank of the Baltic Sea which distributed among 4 orders, 8 families and 18 genera. Five
potential new taxa and Sreptomyces were the prime group. [Conclusion] In this study, the diversity of
actinomycetes associated with lichens in Xishuangbanna was more abundant than Baimang Snow Mountain
and South Bank of the Baltic Sea. Members of Sreptomycetes were predominant, and potential new taxa
accounting for 15.5% of total actinomycetes associated with lichens in Baimang Snow Mountain. The
floristic composition of actinomycetes associated with lichens in the three regions was different, which was
closely related to the geographical environment and completely different climate of the three regions.
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Table 1 Information of lichen samples

122 31 (Humic acid-vitamin agar, HV)#E47H
A Al IR R 1 53 B, JF IS ] 70 4 A ()
W& 100 mg/L, HEHERE 50 mg/L ZENE R
25 mg/L). [RIIHE ] YIM 38 1537 3L k47 B bk i
afi fb AT

YIM 171 5552560, Hh 10.0, KA 1.0,
K,HPO, 1.0, MgSO,-7H,0 0.5, CaCO;0.3, &E-&4E
A% 0.03, fHEER(FeSO,7H,0 0.1 g, MnCly-4H,0
0.1 g, ZnSO4-7H,0 0.1 g, % F 100 mL 7K) 1.0 mL,
Biflg 9.0, pH 7.2-7.4,

YIM 91 #5504, FREE AR 1.0, EIEmR
1.0, #3594 1.0, NaHCO; 4.0, K,HPO, 0.45, KH,PO,
0.45, NaCl 0.9, MgSO,-7H,0 0.09, CaCl, 0.09,
AL ZE 0.01, AEPE 0.01 mg, HrEHFT
10 mL, 3f5 9.0, pH 7.2,

HAAE A4 R AR b A A R
Lichen samples Lichen scientific name Collection location Habitat Altitude (m)
Al Bulbothrix sp. Xishuangbanna Mengyang reserve On plant 1220
A2 Anzia sp. Xishuangbanna Mengyang reserve On bark 2 500
A3 Nephomopsis sp. Xishuangbanna Mengyang reserve On bark 2 400
A4 Sicta sp. Xishuangbanna Mengyang reserve On bark 2 300
AS Sereocaulon sp. Xishuangbanna Mengyang reserve On rock 2 400
A6 Hypotrachyna sp. Xishuangbanna Mengyang reserve On bark 2 400
A7 Everniastrum sp. Xishuangbanna Mengyang reserve On bark 2 400
A8 Leptogium sp. Xishuangbanna Mengyang reserve On bark 1400
A9 Coccocarpia sp. Xishuangbanna Mengyang reserve On bark 1220
Al10 Rhozoplaca sp. Xishuangbanna Mengyang reserve On plant 1330
All Pilophorus chrysoleuca Xishuangbanna Mengyang reserve On rock 4390
Al2 Lepraria sp. Xishuangbanna Mengyang reserve On plant 3555
Al3 Bryoria sp. Xishuangbanna Mengyang reserve On soil 3270
Al4 Xanthoparmelia sp. Xishuangbanna Mengyang reserve On rock 3920
AlS Xanthoria sp. Xishuangbanna Mengyang reserve On soil 4300
Al6 Pannaria sp. Xishuangbanna Mengyang reserve On rock 3700
Al7 Cetraria sp. Xishuangbanna Mengyang reserve On rock 4020
Bl Parmotrema tinctorum Baimang Snow Mountain On plant 1 980
B2 Ramalina fastigiata Baimang Snow Mountain On plant 4 280
B3 Umbilicaria sp. Baimang Snow Mountain On stone 4280
B4 Cladonia ucialis Baimang Snow Mountain On soil 4270
B5 Cladonia sp. Baimang Snow Mountain On soil 4270
B6 Pertusaria sp. Baimang Snow Mountain On soil 4293
B7 Usnea longissima Baimang Snow Mountain On plant 3520
Cl Candelaria sp. South Bank of the Baltic Sea On plant 300
Cc2 Candelaria sp. South Bank of the Baltic Sea On plant 300
C3 Physcia dubia South Bank of the Baltic Sea On plant 500
C4 Physcia sp. South Bank of the Baltic Sea On plant 500
Cs5 Physcia sp. South Bank of the Baltic Sea On plant 800
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HV 1330 AR 1.0 ¢ W%@T 10 mL
0.2 mol/L ) NaOH #1147 ,Na,HPO, 0.5,KC1 1.71,
MgS04-7H,0 0.05, CaC0O50.02, FeSO4-7H,0 0.01,
HEYEE R 3.7 mg, I 10, pH 7.2,

YIM 38 5537 5 . Yeast extract 4.0, Glucose 4.0,
Malt extract 2.5, Z-&4i4E 1.0 mg, HE 12, pH
7.2,
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1.2.3 DNA HIERS%E

A1 Orsini"* (g J7 ¥k $2 Bk 28 78 A9 2% D 4
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Table 2 Composition of cultivate actinobacteria associated with three regions of lichens

FRETIL WP W

g ; A4 .
Oier FaTlerily Gel)fus Xifufnﬁg%j:ima Baimang Snow  South Bank of
Mountain the Baltic Sea
BERAT 1R H RRIRFT AR FRIRAT 127 + - -
Corynebacteriales  Corynebacteriaceae Corynebacterium
Wi R A A& [CE)E Gordonia + = +
Nocardiaceae Wi FC R & Nocardia 4+ = =
£1 3R & Rhodococcus 4+ 4+ 4+
SRR [C TR 8 Wliamsia + + +
TERIA H R ER ST + - +
Micrococcales Brevibacteriacea Brevibacterium
212 R AR 212k R TR + - =
Cellulomonadaceae Cellulomonas
Dermacoccaceae Flexivirga = 3 =
T R A¢FR )8 Agrococcus + - -
Microbacteriaceae HRFTF 8 Clavibacter - - +
55 /INFFH J& Curtobacterium - = 4
Glaciibacter = = +
$I VLA R )R Labedella - — +
AT 2 J& Microbacterium + + +
12T & Herbiconiux + = =
% o K B Kocuria + + -
TEFTHi R Leucobacter + = =
YA #JE Plantibacter 4+ 4+ =
Naasia = - +
THERE R T JE Arthrobacter + - +
Micrococcaceae Pseudarthrobacter A - +
"R & Micrococcus 4+ = =
Paenarthrobacter + - -
/N AL T R 2 44314 )& Cellulosimicrobium + = +
Promicromonosporaceae  J& [ 4 i /& |soptericola + - -
AT AR IMFF P = - +
Sanguibacteraceae Sanguibacter
/NERLALTR H INERLA TR e sl 4 )& Actinoplanes 4+ = =
Micromonosporales Micromonosporaceae /NI T & Micromonospora 4 = =
PERFT 1A H ZiE I RIAE S B Aeromicrobium + = +
Propionibacteriales Nocardioidaceae &K IR )& Nocardioides - - +
PNRRAT B 9345 TG Friedmanniella + = =
Propionibacteriaceae U4 BRI )8 Tessaracoccus 4+ — =
s~ R H s R PICH R )8 Amycolatopsis + 4+ -
Pseudonocardiales  Pseudonocardiaceae U5 i Kibdel osporangium + - -
fiR3%F FG 1% /& Pseudonocardia + - =
Wi £ )% Saccharopolyspora + - -
HEA R H R AR Jt L 70 %)% Kitasatospora + = +
Sreptomycetales Sreptomycetaceae HERE B Sreptomyces + 4+ +
FE %% [ J§ Sreptosporangium + + -
T2 H WA B R Rt 2k v + - -
Sreptosporangiales Thermomonosporaceae  Actinomadura
it R AR REE + - -
Nocardiopsaceae Nocardiopsis
Total of genus 41 33 9 18

TE: +: JPEE); - RO
Note: +: Strains represent; —: Strains absent.
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5, X103 BRI HES T 16S rRNA JE Y,
FE Y HA A L X S8 R AR ) BB TR AN
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., 7EXEM 103 PRI TE A 40 PREEE T, &
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LIRS 8 TR AN 4 ~H 8 MM 18 1NE
(F 2). HPEEEE . LCBRER . TR R
B RR 2 # AN 1E, Naasia, Glaciibacter |
P VR R @ AU — AT, 85 7 00 1 ik
Wo A1 5 AR S T HIFIT 16S rRNA JE [ AH U
TE 98.6%-96.4%Z[8], JEIGTEHFN, B i Lufilhy
5% B TXNBIEFF N RE LT oL, LR
T () HAh S R FR AR IEFE VAT, B 0 SOk % o iXSEK
PEVERH , I % 107 7 o A TP 2035 3 T B AT K
2R TR PR TR TRARAE SR KR AR R A i R 4
KEWRWMAE 1R,
2.4 3 PNHIXHBRNGE SR T
TGRS . FIVEEE I, 3% AR I 3
X RAE [ H AR 3T 25 A8 29 NFP L 34y
BE] 1123 N, REEE, U 417 R, K
2R 275 Bk, ENE TN 7 4~ H 16 R

41 A&, AR LR 2 FIfEl 20 3R 2 FIEl 2 AT LA
A, PRURAE)FE ARG X R P R AR, H 4R
P TR, e, & T AR SRR,
K AVEXURAN 17 J& 17 DR, 45 7 334
JE TR T, S AT AR TR X FR A i ol 5 A% 1Y)
Mok . H o Actinomadura .
Agrococcus . Cellulomonas . Corynebacterium .

Actinoplanes .

Friedmanniella . Herbiconiux . Isoptericola .
Kibdelosporangium, Micrococcus, Micromonospora.,
Leucobacter

Nocardia . Nocardiopsis .

Paenarthrobacter Pseudonocardia
Saccharopolyspora., Tessaracoccus %5 18 ~J& (i
33BN 55%)TE 75 H1 A1 XY b A P R 0 2
# o FIVESE IR B TR 4 000 m DL 15
WX, ZHEME, FHREFEUT. N 6 8
T AP HBAALIRAT 9 A8 BT TR, X R AL A X
PR, H Flexivirga IHJ& T Dermacoccaceae, H
HIA 4 D IARFP, Sy | B3 AR, X
B — U ™ FE b IX SR A B A it 4325 31, 7R 5
SN Hb DX H A B R %R B TR R
Ao W% 1M RAFE L BAEACER 558 i Y 3R TS
AL IS, BRI A, S iR ATk
28 °C, M FEZH. NESWERERN 2 8
5 R AKE S, B R] 18 MBI A,
ALk TR 22 FEME AL TP BRI S 1 2 8]
H:rp Clavibacter . Curtobacterium, Glaciibacter
Labedella. Naasia. Sanguibaacter . Nocardioides
S5 7B BATE T INPIAR (A 1A 53 B8 3] M A 4k
AR S 2 A8 5 53 AP~ X TR T R 21
BB EAR, 20055 44%, 16 3 PHX HIAKE
#F R BF 43 25 %] Sreptomyces . Microbacterium |
Rhodococcus 1 Williamsia %5 4 &I 42 M@
) 9.5%) B, BiIIX 4 ANMETEdLEs 22°% 55°
NIRRT E] 4 000 m &5 1L A R A 132 20 A
Wiliamsia J& J2&: Kampfer 2111999 4F M AE LA & B
1y, HREGA 1A, T2 mTeEE . Wi .
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100, YIM 1319157 (MK608334)
TEELLabedella endophytica EGI 6500705" (KM095501)
87 Amnibacterium kyonggiense KSL51201-037" (FJ527819)
Naasia aerilata 5116S-4" (JQ639051)
9oL YIM 131853" (MK603523)
Microbacterium maritypicum DSM 125127 (AJ853910)
100 —100[YIM 131869" (MK608325)
100, Clavibacter michiganensis subsp. phaseoli LPPA 982" (HE608962)
IYIM 1318757 (MK603524)
100, Curtobacterium flaccumfaciens LMG 3645" (AJ312209)

YIM 131905" (MK608323)
Glaciibacter superstes DSM 21135 (ATWH01000032) — Micrococcales

68 YIM 131861" (MK608324)
100 ~ Arthrobacter rhombi F.98.3HR.69" (Y 15885)
YIM 131896" (MK608326)
100 YIMI131913" (MK608327)
100 L Pseudarthrobacter phenanthrenivorans Sphe3" (CP002379)
100, YIM 1318427 (MK603522)
Brevibacterium sediminis FXJ8.269" (KX356313)
100 , Cellulosimicrobium cellulans LMG 16121" (CAO101000359)
YIM 131821 (MK608328)
Sanguibacter antarcticus DSM 18966" (PDJG01000001)
100 L YIM 131877" (MK608329)
94, Kitasatospora albolonga NBRC 13465" (AB184425)
YIM 131857" (MK608332)
100 |— Streptomyces pratensis ch24™ (JQ806215)
521 YIM 131867" (MK608333)
100 - YIM 131873" (MK608330)
100 4(_ Aeromicrobium fastidiosum DSM 105527 (Z78209) ]
Nocardioides cavernae YIM A1136" (KX815990) L Propionibacteriales
100 E YIM 131834" (MK608331)

77- 100 . Rhodococcus qingshengii JCM 15477" (LRRJ01000016) J
YIM 131827" (MK603520) N

100, Gordonia hongkongensis HKU50" (LC072670)
YIM 131860" (MK601645) _ Corynebacteriales
Williamsia limnetica 1.1505" (HQ157192)

100 [YIM 131851" (MK603521)

'_'
0.01

1 ET 16S rRNA £ FF5IH3EK T 10igr F B 0 ML E I R G

Figure 1 Neighbour-Joining phylogenetic tree based on 16S rRNA gene sequences of partial actinomycetes isolated from
lichens collected from South Bank of the Baltic Sea

FE 2 SE IR 2R BRI 1000 AT IR, /NT 50%EREE ; K7 N 0.01 BEALITES 5 355 A M B FRAY 16S rRNA

SEH)FHITE GenBank 555
Note: Bootstrap values based on 1 000 replications are shown on branch nodes, Bootstrap values <50% are hidden; Bar 0.01 substitutions
per nucleotide positions; The accession numbers in the GenBank for the 16S rRNA gene sequences of these strains are listed in brackets.

88

— Streptomycetales

100
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Figure 2 Similarity comparison of pure cultured
actinomycetes associated with lichens in three regions

T B ECFR 3 1 AR 432 3 IR s 2k o T R
Note: Numbers in the figure show the quantities of actinomycetes
genera isolated from lichens in three regions.
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