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Biological activity and diversity of alkali tolerant actinomycetes in
northern Tibet alpine grassland

YIN Ming-yuan, HE Jian-qing, ZHANG Ge-jie

(Tibet Agricultural and Animal Husbandry College . Linzhi, Tibet 860000, China)

Abstract: [Objective] This study analyzed biodiversity, enzymes producing potential and antagonistic
activity of alkali tolerant actinomycetes to provide reference for exploration of related resources. [Method])
A total of 22 soil samples were collected from saline-alkaline fields in northern Tibet Alpine grassland. Ac-
tinomycetes were isolated with plate dilution method. According to morphological characters, 36 typical
stains were selected. The alkali tolerant actinomycete strains were identified by sequence analysis of 16S
rRNA. The antimicrobial activities of 36 strains were tested against plant pathogenic fungi and bacteria by
measuring the mycelium growth rate. The activities of enzymes including amylase, proteinase and cellulase
were also detected. [Result] A total of 36 representative strains were separated from 22 samples and 16S
rRNA sequence analysis showed that they were grouped into 5 genera (Streptomyces,Saccharothrix, Mi-
cromonos pora s Promicromonos pora , Kribbella)of 5 families belong to 5 orders of actinobacteria. Among the
36 strains,25.0% could produce cellulase,8. 3% could produce amylase and 16. 6% could produce protein-

ase. Among the obtained alkali tolerant actinomycetes,33. 3% showed antibacterial activity and those with

high activity (diameter of inhibition zone was =20 mm) were J10,J14,]21,J48,and J65. [Conclusion) Di-

(Yehs BT 2015-07-02

(R H] EEARPHEREEIH (31260005) s P4 R 27 4 12 e B1F 5 A AR 74 1 1 (Y] S2015-02)

[fEE A FHEE 991 —) B NSt R A Wt 32 % A S o PR B R TR B 9T . E-mail : 397598979@qq. com
CEEESE] MG QI71—), L, IR A HUEZ, 2R A AW B A 95T . E-mail: hejiangingxz(@163. com



543

THUIE + 45 ¢ 1Y v TR B i 2k T 4 22 R e B A A A 143

verse alkali tolerant actinomycetes with high enzyme producing activity and antagonistic activity against

bacteria were discovered from saline-alkaline environments in northern Tibet grassland.

Key words: alkali torelant actinomycete; 16S rRNA ; biological activity;northern Tibet alpine grassland
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Table 1 Basic features of soil samples from northern Tibet alpine grassland
~ wIR
R N s, s A kY
FE in 4 o 4 BB 4 /m (g kg1) LRAKE/
Sample . ; . ; pH . Soil moisture
Sample site Main vegetation Altitude Organic
number content
matter
24 e i LT R G A s
! Damxung County Kobresia pygmaea ,Carex thibetica Franch 4279.1 8.52 12.7 9.3
T LI . )
2 At Nagqu Kobresia pygmaea »Leontopodium alpinum 4523.8 9.05 12.5 8.4
BEOL AL LB
3 =4 HALH P IR _ _ 4508.0 7.65 50. 6 19.8
Sog County Stipa purpurea sLeontopodium al pinum
LR P P . . .
! Amdo County Kobresia pygmaea ,Carex thibetica Franch 1638.0 8.91 344 7.3
" COE RS POk b
5 P N J’%‘MH%\ HOR A 4701.0 8.71 11.3 14.2
Bangor County Stipa purpurea , Androsace tapete
6 HFLE Xainza i AL K B 4673.9 8.97 13.1 10.4
Kobresia pygmaea , Leontopodium alpinum ' : ' :
L Al e L P Y -
! Tanggula Mountain Kobresia pygmaea ,Carex thibetica Franch o 1434 8.33 64.2 8.5
HEH EVIZIE N Aoy - -
8 Pakistan Qingxian Stipa purpurea ,Carex thibetica Franch 45348 7.37 4.7 20.3
" L e
9 BIE RILHE FMEE 4 662.5 8. 95 13.9 12.4
Nyima County Stipa purpurea ,Carex thibetica Franch
1.1.2 4Bt SEEFLENNES4%E 1K DNA Polymerase,dNTPs,DNA Marker DL-2000,

R LR (CCMS) | H Il K 1714 Bt B 3 Big (ISP5) Fl JE
WYl F g 3 FhLREEE RIS, DL IR T 121
CHKE 30 min J5, ] 10 mol/L NaOH ¥ pH =
9~10. 0, g 410 1 4 P4 A L TR ARG L AE o B B AR SR R
BIm AL W B2 70 mg/L B SR .

1.1.3 & RX A FE BRI K WAL IR .
R TE R B £ 4 2R S50 X o I 4 A

pMD18-T vector I H TaKaRa 2 &, i BRI &
A QIAGEN A w] s PCR AUA AR k23 ) 77 it

L1.4 ymRE @A B HIE bR S B0 8 4 BRI
(Sta phylococcus aureus) . T ih K B B8 (Botrytis ci-
nerea) \Fa AN ZE W (Fusarium oxysporum) Ny 41 5
Vi ffl ( Trichothecium roseum) | /N 2% H J& B (Bipo-
laris sorokiniana ) » Y5 B VY K K 27 R 02 B L R 52
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BRATRE i 2 T W 4 B B RO A Rk Y
Bebr 120 W .2 450 Hz I AL H 40 s, I B iR
Bl mL 234 9 mL BEKBIKE b, HEE
107%, B 0. 2 mL ¥4 T34 CCMS. ISP5 #1¥E B ik
ES Y i SiL R - O s OF (SR S e e
BRI 14 d. WETE TS R VR TR A RN BLE
PEAT R0 25 43 5 0 1 » LA 3 b I % 2L 10 40 B AR L
FH 3 B BOR B U 1 15 5 ik 2 A I D8 78 T A
1.3 HHREKEH

PLHI R RE R R 3L, S8 LS 15k, Al
FH pH6. 0~12. 0 2% vl i 2 . 45 43 25 B Ak 1) pH
ARIEE KRS pH, T pH ZpiE 20T
pH6.0~8.0,0. 1 mol/L. KH,PO, + 0. 1 mol/L
NaOH;pH 9. 0~10.0,0. 1 mol/L NaHCO, +0. 1
mol/L Na,CO,; pH11. 0,0. 05 mol/L Na, HPO, +
0.1 mol/L NaOH;pH12. 0,0. 2 mol/L. KCl1+0. 2
mol/L NaOH , 2z o i 1) i 5 2 BOSCHRL 10/ 7 i .
PR3 IR K 45 R 15 IR 5 5 T 22 iR A
SRIG A B E W B B i b . R R AR AR S
T 28 CHigr 2 A WA B MR I A K 0L
1.4 THEAMZE 16S rRNA £ E

Fie B2 2% SCBRL 11 ]y 7 242 B R 5 DNA )
FHAN B @ 519 (PACY R E. coli B 7—24)5-CA-
GAGTTTGATCCTGGCT-3") ,PB(X} i E. coli (¥
1 540 —1 522)5-AGGAGGTGATCCAGCCGCA-
3% 16S rRNA J# %1347 PCR ¥4, 15 %] ) PCR
7 B % B AT R R AR ) B R BR 2 ]
Je, 7 40 - Clustal XY™ B 44 3 47 e st 28 5 H
MEGA4™ # f Neighbour-Joining 30 # 4T & 4
HEAGA K £ TR 56 S R R 00 F A AR B

1000 ¥,
1.5 MEEHREFE
1.5.1 B & EKEEKE. D4R R A

T PR 0 2 245 2 R SCHR 15 ] i O ¥ 64T o

15,2 RWREE SRR R EARE D E Ml Lk
T A TR R 490 T A D T8 D 0 T Oy 46 0 ) 4 3K
W (Staphyloccocus aureus) , {¥) IR JR BB N T
X 5 1 (Botrytis cinerea) . 5 JA i 25 B (Fusarium
oxysporum) K 41 8 ¥ f ( Trichothecium roseum )

F/NFE AR JE # (Bipolaris sorokiniana), H+ 7%
I D B E AR (D), # IR 30 mm > D =20
mm,20 mm>D=>10 mm } 10 mm>D & X [#HEk$5
R EEE

2 AR5

2.1 MHEMEZERKNEZE

AIRKI N 22 {3 1A o A5 B AT B 89 BRI LR
T FRIE P SRR AR R0 B SRR AE 25 8 4 R 3R A 36 R
BB TR . X3 36 Bk AR i Bk 46 1 E AT 16S
rRNA B 75000 72 77 51 - A7 7E GenBank 4 1 %4
i lE . H Blast 8 28 N GenBank 258048 /% iF
AT RRARLEE 48 2R, I AR AL i e 19 AR OC 1 T RR 1Y
16S rRNA 3 H F %, J§ ClustalX bt % 5 H
MEGA4 # it Z G AL (B 1D 8 T 36 Bkt i
AL E W = L AR 2 IR IS e =
Jit 58l 3 A 3 ) T 2k T LR T B, IR 36
TR TS BB 30 £ 11 23 A T IR I T TR T 5 M H
54085 A JE . B #E A R B (Streptomyces) Wi 22 1
J& (Saccharothriz) . /) B # & J& (Micromonospo-
ra) JR/NEIAE JE (Promicromonos pora) Fl gl [H A=
T & (Kribbella) . H 4 % B & 9 AL 55 A
PR 7 BB 83, 2% 5 /NIRRT JE M 22 TR
JB 43 T Ay BT 5,500, 8. 394 5 JEL/IN B 700 7 JiE A
i [ A TR A O BTN 2. T 06

36 B T 6 2k T 5 H 2 LL B R A RH AL EE DL R
2, W1 2 A0, B 36 AR N BRI T 16S rRNA
B F 5 5 2 LT bR G AHALEEAE 98, 00 ~99. 024,
LA 16S rRNA [ 7 81 A LU =98. 020 4F g il — 4>
PR AR AED AR 1 AT LA X 36 AR i £k
WP A B KR J46 5 Streptomyces albovinaceus
HBUM 175136 (FJ532408. 1) M {8l ) A 98. 0% ; H:
b Ak 55 AR BL TRk 08 A ARLEE 25 0 99 005 AT LA 46
FIEX 36 MR TERG KT HAL BB T 2 RMA R
& . Kasai U85 2, /N E & (Micromono-
spora) F Z [8] 16S rRNA Ft A 7 %) AH 0L B & ik
99. 3%, T [ AE 2 A Fh 1y DNA-DNA [5] J K4 /)N
T 70% X KB /N T JE (Micromonos pora) Fi[H]
16S rRNA JE [ 7 51 MBI A 5 T 99. 320 i AT B>
BiAh AR g 3k oy B B 2 bR/ B B (Microm-
onospora) AR /2 153.J93(Fk 2), HiX 2 ¥R E
P55 1% 8 B i T o AR R AN Y 16S rRNA JF
SUAALEE ¥ /N F 99. 3% . R BHIX 2 MRIZk B AT e 2
/NBASEL TR & (Micromonos pora) BV TE B 5 A .
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99 Micromonospora saelicesensis (AJ783991.1)
991 1153(KP292603)
Micromonospora sagamiensis sub sp. flava(FN552409.1)
J93(KP292604)
54 Kribbella endophytica PIP 118(NR 117980.1)
J50
99, Saccharothrix saharensis Sal 52(NR 108320.1)
J82(KP216749)
99| J52(KP216740)
J17(KP216728)
99 |Promicromonospora umidemergens 12618 5(JN180227.1)
J96 (KP216754)
_|J65(KP216743)

Streptomyces deccanensis HBUM82870(EU841582.1)
‘[J73(KP21 6747)

78

9

L2

9

5]

J40(KP216736)
Streptomyces aurantiacus cfcc3151(FJ792565.1)
I9-5J46 (KP216738)

Streptomyces albovinaceus HBUM175136(FJ532408.1)
195 (KP216753)

Streptomyces chryseus 173624(EU593575.1)

J27(KP216733)

94| | Streptomyces agglomeratus (AB184447 .2)

68 J9O0(KP216751)

J10(KP216724)

J5(KP216720)

J18(KP216729)

J83(KP216750)

Streptomyces graminofaciens NBRC 13455 (NR112404.1)

J21(KP216731)
99 rmou@zlemz)

6

S}

96

Streptomyces nitrosporeus 173886(EU570583.1)
Streptomyces nitrosporeus 173836(EU570546.1)
Streptomyces olivoviridis 173356 (EU570542.1)
J72(KP216746)

Streptomyces graminofaciens NBRC 13455 (FJ792545.1)
Streptomyces anulatus HBUM 174206(FJ486354.1)
JA1(KP216737)

99

J9(KP216723)

Streptomyces goshikiensis 173636(EU570692.1)
J55(KP216741)
J19(KP216730)
J14(KP292602)
J28(KP216734)

J13(KP216727)
Streptomyces pseudovenezuelae HBUM174623(EU841712.1)

Streptomyces bobili NBRC 13199(NR 041121.1)
96lll 177(KP216748)

Streptomyces galilaeus XSD-102(EU273538.1)
Streptomyces flavovariabilis cfcc3160(FJ792572.1)
J11(KP216725)

J12(KP216726)
J70(KP216744)
Streptomyces bambergiensis NBRC 13479(NR 041230.1)
Streptomyces prasinus 174494(EU593736.1)
| 18(KP216722)
Streptomyces daghestanicus SCSIOZ(KC747470.1)
[I34(KP216735)
,T, 99 L J48(KR816225)

\O
o0

J6(KP216721)
q Streptomyces virginiae cfcc3126(FJ792556.1)

Micromonospora. /NSEM & s Kribbella. i [ 1 T8 J& ; Saccharothrix. ¥ 22 # & ;
Promz’('rumunos/)ora. E/J\ﬁ?ﬂ—[%ﬁ ;Streptomyc'es. %E%E
B 1 T AR 16S rRNA 3 K 3843 e 51 i) 2 1 R e it Ak i

Fig. 1 Phylogenetic tree of alkali torelant actinomycetes based on 16S rRNA sequence
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Table 2 Similarity of 36 alkali tolerant actinomycete strains with their relative strains %
e — TR i
s HIAH B wpg | EHED HILE B HILIE
Strain . . o Strain . . .
Similar strain Similarity Similar strain Similarity
number number
J53 Micromonospora saelicesensis 99 J90 Streptomyces agglomeratus 99
J93 Micromonospora sagamiensis subsp. flava 99 J10 Streptomyces agglomeratus 99
J50 Kribbella endophytica PIP 118 99 J5 Streptomyces agglomeratus 99
J82 Saccharothrix saharensis Sal52 99 J18 Streptomyces mediolani cfcc3065 99
J52 Saccharothrix saharensis Sal52 99 J83 Streptomyces chryseus 173624 99
. . o« Streptomyces nitrosporeus 173836
- P o7 ¢ I~ Q
J17 Saccharothrix saharensis Sal52 99 J21 (EU570546. 1) 99
. . . Streptomyces nitrosporeus 173886
C P ~ 9 ¢ P " oy c 5 QC C
J96 Promicromonospora umidemergens 126185 99 J60 (EU570583. 1) 99
J65 Streptomyces deccanensis HBUMS82870 99 J72 Streptomyces olivoviridis 173356 99
J70 Streptomyces prasinus 174494 99 J41 Streptomyces anulatus HBUM174206 99
J40 Streptomyces aurantiacus cfcc3151 99 J6 Streptomyces virginiae cfcc3126 99
J46 Streptomyces albovinaceus HBUM175136 98 J9 Streptomyces goshikiensis 173636 99
J95 Streptomyces gramino faciens NBRC 13455 99 J55 Streptomyces goshikiensis 173636 99
J27 Streptomyces agglomeratus 99 J19 Streptomyces goshikiensis 173636 99
J12 Streptomyces flavovariabilis cfcc3160 99 J14 Streptomyces goshikiensis 173636 99
3 o PR R Streptomyces pseudovenezuelae
J73 22; eptomyces i}]amZyrg,zm‘mzs NBRC 13479 99 J28 HBUMI74623 99
Streptomyces daghestanicus . . ) e . <.
J8 SCSIOZ-SHO1 99 J13 Streptomyces bobili NBRC 13199 99
J34 Streptomyces deccanensis HBUMS82870 99 J77 Streptomyces galilaeus XSD-102 99
J48 Streptomyces galilaeus XSD-102 99 J11 Streptomyces flavovariabilis cfcc3160 99

2o KM & B, 36 KR KA pH A K B h
7.0~11. 0, f% & pH K 9. 0~10. 0, K 4> & 3 7F
pHB8. 0 LLF AN A K I il 26 1, 1T 0 Jr 15 36 4% B4 ik
8 Sy it B JC 2 T
2.2 3THEFEXM CKMEMEATRKPS S

HE

f 3 Al L. H CCMS Ky g He 3L 73 s 3] 7 B it

TR TR A3 A 7E 4 A& s Bl ISPS #5372 554 25 51 6
PRTE A AE 1 A8 5 FHUE B s 28 B 4 55 2k 43 5 5]
23 BREA . AR TE 3 AN JE . o] DL E R I R B 8 R
B EA RN HER SR Z . HY R —; CCMS #53%
EOoBEEANEKE D BYREZ. 5 B8O &
it

RI3 ITHEFENN CHMEMEEERNSBHRILE

Table 3 Separation of alkali tolerant actinomycetes isolated with three media

Gy E IR A

Isolation medium

I3 5 R R 23 A5 GRR KO

Strain numbers and taxonomic distribution

IR 7 4 R B E BilE CCMS
Hh R T A& B B 1SP5
TEHR % E Bilg Starch-casrin

Streptomyces(6)

Streptomyces(3) ,Saccharothrix(2) sMicromonospora(1) . Promicromonospora(l)

Streptomyces(20) , Kribbella(1) , Saccharothria(2)

2.3 S EBEWMEMLEEKNEETREIENE

XF o B 36 MR TR B ik 2k R 2E AT 21 4E R M LT
oy Tt 7K A 0 AR O R 0 L 4R (3R 4D R I
T T XF A [ AR BT 8 410 ) P 2 S D o ) 4 B
07 7 TR A R /D 22 AR B 5 DUSOR IR A PR

FREEB 43 503k 2] 8. 3% A 11, 1% . X g JI A 25 B Al
e it K 5 PR A P TR AR L IR 2, 35 B 5. 6 %0 X R AT
5 v F0L 475 BU A AR EG B R AIGL SR B 2. 7060, MR BB
%>20 mm P BERA 5 Bk ARG R ILE 5,

R4 EHMEMERENREERE NS

Table 4 Antagonistic activity of 36 actinomycetes

HUAR

TEYUR L I/ % Ratio of antagonistic actinomycetes

Target microbia 10 mm>D

20 mm>D>10 mm

30 mm>DZ>20 mm 3t Total

LW HRE Staphyloccocus aureus
Fe i KB W Botrytis cinerea

MMM ZEE Fusarium oxysporum
INEMIB® Bipolaris sorokiniana
21 B Uil Trichothecium roseum

[SCII NCR CR 7]
~N o 0o O =

0 5.6 8.3
0 0 5.6
2.8 0 5.6
0 8.3 11.1
0 0 2.7
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HI2 5 nl UL, 36 BRI G ZE i P AT O BRELA ST BREEIM /N 22 MR B 2E 1< . 2 R RE 0 1) 78 i K 55 1
e R MG VE o5 AR 25. 00053 MREATEREE A K. 2 BR A G IR 28 18 25 1L 1 BRAE A0 M 41
WP Uk A8, 30056 R A B MG E. o R AR, wT L R e S AR R AT AR
PR bR 16,600 MBI SRR 36 B F W AR HURZ A B, v b A R 0 IT R AR
i B LR A 12 R EAT R PTIEYE . S AR TR ]
(133, 300, Hor 3 bk Rl 00 ) 4 B €4 0 45 BR A AR KL 4
RS OHMBMMRE RIS REBE

Table 5 Antagonistic activity and enzymatic activity of 36 strains

T, T TRy —= T TR
number aureus cinerea oxysporum sorokiniana roseum Cellulase Amylase Proteinase

J5 0 0 0 0 0 — — —
J6 0 0 0 0 0 - - -
J8 0 0 0 0 0 — — +
J9 0 0 0 0 0 - + +
J10 20 0 0 0 0 — — —
J11 0 0 0 0 0 + + -
J12 0 0 0 0 0 - - -
J13 0 0 0 0 0 - -+ -
J14 0 0 0 20 0 + - -
J17 0 0 0 0 0 - - -
J18 0 0 0 0 0 — — —
J19 0 0 0 0 0 — — —
J21 20 0 0 0 0 - - -
J27 0 0 0 0 0 — - -
J28 0 0 0 0 0 — — —
J34 0 0 0 0 0 + - +
J40 0 0 0 0 0 - - -
J41 0 0 12 0 0 — — —
J46 0 0 0 0 0 — — —
J48 0 0 0 20 0 — — +
J50 0 0 0 0 0 + — —
J52 0 0 0 0 0 + — +
J53 0 0 0 0 0 + - -
J55 0 0 0 0 0 - - -
J60 0 0 0 0 0 — +
J65 0 0 0 22 0 +++ - -
J70 0 0 0 0 0 — — —
J72 0 0 0 0 0 - - -
J73 0 0 0 0 0 — — —
J77 0 0 0 0 0 + - -
J82 0 0 0 0 0 — — —
J83 0 0 0 0 0 - - -
J90 6 7 0 3 0 — — —
J93 0 0 0 0 0 — — —
J95 0 0 0 0 0 + - -
J96 0 8 4 0 5 — — —

T :0~22 Jy i BBl E AR (mm) , 0 SRR TCREHUIE M S Ae Rl —. DIk +. BEME s ++ L DRARA R =2/3. G/ WERms: —. Btk +.

FHPE
Note:“0” — “22” represent the diameters of inhibition zone (mm),“0” no antagonistic activity; Cellulase:“—". Negative; “+”. Positive;
“+ -+ +7. Degradation of the filter paper=2/3. Amylase/proteinase:“—",Negative;“+”. Positive.

(R PETR LR 3 36 BRI A0 T IO 5 40 5 A4

R S )

3 G T 5 AL 5 AR I AL 7 9 - M 2 AL
DL 7 T 55 22 G - RE TP AN B T 36 Bk el M T A TR B R IR B AT BT 4
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PR R —3, $F— B0 R 55 0 8 L b =
ESSN/ZEIN Eﬁéﬁxﬂic%@ﬁh,L 5 Lee %" (52 45
AR Xt R T X R — A B R
BIIK 36 BRIF IO LR # 25, 0% 1Y T bk EL A 2T 4k K
T M 8. 3 00 I TR AR EL AT JE W3 I 4 L 16. 6 20 1) P Ak L
A B RS P O Bk (i J65) BLAT 5 A £F 4 R
T3 P, AN 90 B Rk (A J9 . J11.J34.J52) af PLF= A 2 Fb
fitf . 23 B0 36 REEBR A 33. 3 %0 B A 4B ML Hp
PRPR 110,014 .J21 .J48 1 J65 A5 fe R B 146 1 (I e P L
& D=20 mm), IF ¥k JOO 1 J96 #k ELA ik 5 P i
'ri,izihbzéﬁ.%wﬁ%mjmﬁﬁﬁ R T A T i 4%
IR A TR — 0 & ST

[ 5 % 3Tk ]
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