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Phylogenetic and physiological diversity of actinomycetes isolated from plant

rhizosphere soils in the Qilian Mountains

MA Aiai'**, XU Shijian', MIN Yuxia', WANG Peng', WANG Yajuan', ZHANG Xinfang' "
1 Key Laboratory of Cell Activities and Stress Adaptations, Ministry of Education, School of Life Sciences, Lanzhou University, Lanzhou 730000, China
2 Life Science and Engineering College of Northwest University for Nationalities, Lanzhou 730030, China

Abstract; Actinomycetes are important producers of bio-active metabolites, including antibiotics, plant growth factors,
enzyme inhibitors and many other beneficial compounds. Alpine extreme habitats that contain low temperature-, anoxia-,
and stress-adapted plants, and rhizosphere soils may harbor novel actinomycete strains with unique metabolic characteristics
and new secondary metabolites. The Laohugou Valley of the Qilian Mountains, in the northeastern of the Tibetan Plateau, is
characterized by its high elevation (>2000 m) and a distinct vertical distribution of vegetation types, ranging among desert
steppe at 2200 m, mesophorbium at 2800 m, alpine shrub at 3350 m, alpine meadow at 3800 m, and alpine cold-desert at
4200 m. However, little is known about the diversity and distribution of actinomycetes in these habitats. Thus, we analyzed
15 rhizosphere soil samples from different vegetation types at increasing altitudes in Laohugou Valley to investigate the
diversity and physiological characteristics of actinomycetes. We recovered 78 strains of actinomycetes with representative
phenotype using glycerin arginine medium with potassium dichromate and penicillin. The morphology of colony hypha, small

subunit 16S rRNA sequences, phylogenetic relationships, and physiological heterogeneity of these isolates were determined.
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The results revealed that 73 strains were closely related to Streptomyces spp. (93.6% of all isolates) , which grouped into 21
species. Streptomyces spp. were found in all samples, where the abundance and diversity varied at different altitudes among
rhizosphere soils. The highest diversity of Streptomyces spp. was found in the rhizosphere soil of Astragalus licentianu at 4200
m and the lowest in the rhizosphere soil of Poa annua at 3800 m. Four isolates (5.1% of all isolates) in the genus Nocardia
were found in the rhizosphere soils of Salsola collina at 2200 m, Potentilla saudersiana at 2800 m and Arenaria kansuensis at
3800 m. We also isolated a strain from the rhizosphere soil of Stipa glareosa at 2200 m which shared 92% sequence
similarity to its nearest match Micromonospora saelicesensis from database, indicating that it might be a new actinomyces
species. The physiological analyses of the isolates indicated that strains producing catalase, lipase 2 ( Tween-40) , urease,
proteinase, lipase 3 (Tween-80), amylase, H,S, lipase 1 (Tween-20) , diffusible pigment and organic acids accounted for
89.7%, 82.1%, 70.5% , 62.8% , 53.8% , 52.6% , 48.7% , 44.9% , 32.1% and 17.9% of the total actinomycetes isolates,
respectively. Amylase, lipase 1, pigments and organic acid were produced only by Streptomyces isolates. The antimicrobial
resistant patterns of the isolates were tested with Escherichia coli ( ATCC 25922) , Staphylococcus aureus ( ATCC 25923) ,
Candida albicans ( ATCC 66415) , and a Pseudomonas aeruginosa strain isolated from clinical sputum. The results showed
that 29 strains isolated from the rhizosphere soils of 12 plants at different altitudes exhibited antimicrobial activity, i.e.,
37.2% of the total isolates. The isolates from the rhizosphere soils of two medicinal plants ( Astragalus licentianu and
Rhodiola quadrifida) comprised 60% of the total antimicrobial strains. The distinct antibiotic resistant patterns and
physiological traits were detected among strains within the identical species. Our results suggested that the rhizosphere soils
of alpine plants in the Qilian Mountain may be potential sources of new actinomycetes strains with novel bioactive

compounds.

Key Words: actinomycetes; diversity; physiological activity; plant rhizosphere soils; Qilian Mountain
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Pl N4 A a ki 1
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Fig.1 Relative abundance of three phylogenetic isolates at

increasing altitudes

2547 16S tDNA 781 TR AP 25 S B BURRAE, BT
SYES 73 MREERE TR AT IR 21 SRR A R S A 2
IR SR 3350 m AR 22, O 9 Fi33800 m AbdR
b, 6 Fi1;2200,2800 4200 m JE R, 3900 8 i, 4
i W TEAN AR AR PR 1 1 7341 0 14200 m H i 81
PR rh o BRI Z O 6 71153800 m FLARR PR
Ffe b A1 Bl AR 2200 m AR 95 SR PR
T BRI FI A Streptomyces albolongus , V0
FARBR L B BRI A Streptomyces rectiviolaceus |
Streptomyces bottropensis ;2800 m AZbET #1252 AR FR 1
o B B 1 F Streptomyces  bobili , Streptomyces
specialis; 3350 m Kb KB 2 MR bR + 0 B B WA
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rhizosphere soils in the Laohugou of the Qilian Mountain, rooted using the 16S rDNA sequence of Streptomyces ambofaciens
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Fig.4 Phylogenetic relationship of nearly complete 16S rRNA gene sequences of members of the genus Streptomyces isolated from plant
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HH R 8 AR FPR A0 55 b 2 Bk o351 4388 F IO 24T 5
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HUWAES, 5 S.aureus FHIPEIR 99% , M —3C
2.2 SEHABINREZREE T
221 SrEERKGACHY B A

78 MR T DI RE R A ALIR R H,S 77 A= S5 45
BR(KS) ,H,0,8 JEREE 2 (Tween-40) JKEE & H
fit; B B 3 ( Tween- 80) . V€ 1 M, H, S, Jif B 1
(Tween-20) AT M €8 28 KA AILRR 7™ A2 18 43 1) o it
R R B 89.7% . 82. 1%, 70.5% . 62.8% , 53. 8%,
52.6% 48.7% 44.9% 32.1% 1 17.9% , H:H, 7€ H;
Mt AT 165K FA DR BE R R 7 A

80 -

20 H
0
: ; Q@ oxn @z
o o
& E =T .8

D
(=}
T

producing strains/#k
o~
o
T

BRI T B
Number of secondary metabolites

3 <

Ts
Cat
Lip.2
Pig.

TR PR 2

Types of secondary metabolites

B5s BERERGPFU=EHHE
Fig. 5 The number of various secondary metabolites
producing strains
Ts: Total strains ft 12 B #£ & % ; Cat.: Catalase H, O, fiff; Lip. 2.
Lipase 2 JgM§ 2; Ure. ;: Urease IR ; Pro. ; Protease 2 I fif§; Lip.3:
Lipase 3 J8H# 3; Amy. : Amylase J€ ¥} 8 ; Lip. 1: Lipase 1 f5 ¥ 1;
Pig. : Pigment {43 ; Oa: Organic acid A M2

10 R FAC = A AR 5 AR S o
A ARTEAS TR AS TR A AR B £ rp 52 22 S Pk 4y
i, BAR S A f5 B an i 6 (&1 7 ik, H, 0, B | IR il
FEATE 15 MR AR bR 3496 40 A, IR T 2 H,S |
AR A 14 MR AR BR b oA SE R
fitg ARG 1= AR BN A T 12 FESIR R £, (%
MG 3 ;=R B LE 11 MR PR £ b /0 A, T HILIR
FEAE AL A T 9 MR bR £ sb Ak, HOR E
(2800 m 14200 m) PUBLIHK KB EIHEZ
SR E FEMEAR B A 10 2R = A W 3 A 40 A
ELZE R B RN DU 441 5 RAR B -+ v 45 2R 4 7=

S
AR R Z
26
24| I 2200m
g 22t A Y 2800m
£ H E=13350m
we, OTH § g 722 3800m
HEE 187 ER- B2 4200m
EE g 16 H B 8 H
H s X H B H H
igF M @ N BB
Rswl2 N N B
e N K B H
=ag 10 N N 1f 8 s
g5 g Nl L Y Y
K2 g N, K K B
w8 =6 NN RN K
E NN KN K
4 N =l = Y R
z NN KRR
A2 NN KKK
0 AR R AN NE N 7
b~ N o o [3¢] > @ — o S
S g 5 £ =N & a g O
© 5 5 & 3 E = 5 A
PARB = 2 5l

Types of secondary metabolites

6 10 XRFM-EREARBRUSNIHIHER
Fig.6 Distribution of secondary metabolites producing strains
at increasing altitudes
Cat. ; Catalase H, 0, fiff; Lip.2: Lipase 2 I§§ 2; Ure. ; Urease X [iff;
Pro. : Protease 75 17 ; Lip.3 : Lipase 3 JRHS 3; Amy. : Amylase JE#}
fiti ; H,S: H,S production Biifb 2 4= ; Lip. 1 ; Lipase 1 G 1;Pig. :
Pigment {62 ; Oa; Organic acid £ HLER

WFFE A IR, (Rl — A B A [ bk =2 8], A L fig
WA, Wi bk QLS06 , QLS87 , QLS18, QLSS5
QLS02 7 & H A [F] g #&, A [ KL 9 R b £, 5
Streptomyces cavourensis FLLIEIL 100% , 5 Ny [6] — 53
S Ja ) — TR (E R A ) 4 2 B R T T
P AHING] 3 5 Streptomyces durmitorensis 38 Ry [7]— 43
SCHY 5 BRTE B E R — R A R AR AR P 1,
o 4 Bk (QLS45 QLS50 . QLS76 . QLS77) 43 &5 | H il
BECMRPR £, 1 Bk (QLS33) 73 B A BT HE Z2 b SRR P
4, HAR P REAS AR A | (H 25 BCAR B+ P iy 4 R
NHEA LRI A B AR, iy - s R A
PUREmETE (R 2,8 4)

http ; //www.ecologica.cn



Sy AF AR L LAY AR PR i 2 v A ) 2 A 2923

111
& %
% ‘o & -
i s 55E 5
N @ s 2
! wm S o |S Y
(9 3-8 S5
B 635 #2335
i 4 L3¢ g S 3
b 225 N
s ; BE g
&5 €22
N =}
o) 0 = = - g
R
sit
1@
¢ YSK 3’5‘56@ D A @
7 T -
%é M\\“\
47| ~
v 8 > ]
Y =
| E 5
ia s BS & &S o
e #H 85 S .=
N
= /5ﬂ%€ Hal
1 i85 £ f@; °g
= O 9]
SEEs £y
2 iJZ: = 4 5 2
;7 ©22
W) 0 5 ]
350 . 5] I
“qf\uﬂ“ @ & g
>
AKC

E7 10 XREU=EBESRBRUREWRELHIFRER
Fig.7 Distribution of secondary metabolites producing strains in rhizosphere soils of 15 plants on increasing altitudes
Al: Astragalus licentianu H 7 # £ ; Sg: Stipa glareosa V> A= %t 35 Sj: Saussurea japonica A T %4 ; CL: Ceratoides latens B¢ 4 % ; Ps: Potentilla
saudersiana 1 FEZEBE K ; P Potentilla fruticosa 4xF&H§ ; Sc: Salsola collina ¥ 3 ; Rq : Rhodiola quadrifida V541 5K ; Ak ; Arenaria kansuensis H
B 5 LL: Leontopodium leontopodoides K28 ; Au : Androsace umbellate IR S HiME ; Pa . Poa annua F-3K ; Cd ; Cancrinia discoicea /NH 245 Dn
Draba nemorosa Z5JJj ; Cat. ; Catalase H, 0, fiff ; Lip.2: Lipase 2 JEif 2; Ure. ; Urease IR ; Pro. ; Protease 4 [ fiif; Lip.3: Lipase 3 R/ 3; Amy. .

Amylase JEHERF; H,S: H,S production BHifb 5™ 4 ; Lip. 1 ; Lipase 1 IGH# 1;Pig. : Pigment {42 ; Oa. ; Organic acid £ HLFZ

K2 FA—HEAEWARKZ BEENEER

Table 2 Physiological diversity between different strains of the same species

Streptomyces durmitorensis

%r?ifrjjcetes AR EERE T Streptomyces cavourensis

il s ia=s

Isolate no. QLS06 QLS87 QLS18 QLS85 QLS02 QLS33 QLS45 QLS50 QLS76 QLS77
FRA Cl Al Ll Au Al Ps Al

Source of strains (2200 m) (2800 m) (3350 m) (3800 m) (4200 m) (2800 m) (2800 m)
WRYPARET=H) Secondary metabolites

JIRHE 1 Lipase 1 - + - + - + + - + +
E1iF 2 Lipase 2 + + + + + + + - + +
G 3 Lipase 3 + + + + + + + - + +
VENIEE Amylase + + + + + ¥ " + n N
H B Protease + - ¥ + + " + + _ N
JIKF Urease - + + + + + ¥ + + i
i E AL E i Catalase + + + + + + + + + +
A HLER Organic acid - - - - - + - - + _
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BERE AR FALIR B Streptomyces cavourensis Streptomyces durmitorensis

Streptomycetes

il s A= . . . . . . . .

Isolat QLS06 QLS87 QLS18 QLS85 QLS02 QLS33 QLS45 QLS50 QLS76 QLS77

solate no.

HFRAIR cl Al Ll Au Al Ps Al

Source of strains (2200 m) (2800 m) (3350 m) (3800 m) (4200 m) (2800 m) (2800 m)
H,S £ H,S production - + - + - + + + + -
BR BER HER BEx HER B HEER  EEOAR  HER WER
Pigment brown brown brown yellow yellow yellow yellow yellow
PUHE M Antimicrobial activity
PN 7SN B ~ ~ ~ ~ ~ . ~ ~ B
Escherichia coli
4 (0 A 2 B TR

- - - + + - - + + +
Staphylococcus aureus
S BR TR
- - - + + - - + - +

Candida albicans
il 2l A T

Pseudomonas aeruginosa

Cl: Ceratoides latens ¥ 9528 ; Al :Astragalus licentianu H s Ll ; Leontopodium leontopodoides KYLEL; Au: Androsace umbellate TR 55 HF ; Ps .

Potentilla saudersiana ¥]FEZBR SR “ +7 R FAYE, “ =7 FFAME

222 SrESEONE R AR U]

78 BRI WAL BT e 4 R AR ], A 29 Bk
LR B YIRS, Hob 2 MR REVE K Escherichia
coli "4 19 ¥REEIN Hll Staphylococcus aureus 415 | 1
PR BE 1 | Pseudomonas aeruginosa . 14 F£ g 1l 1l
Candida albicans =4 ; BE [F] BF 4170 1) PR b g S g 7

ARBERER TR (K 3) , G584 R, 3
PUPERAR IR A5 R A e, 7E40 1 o4l 2 19 10 26
BEERA S04 302 0 A6 T 5 AN IR AL AR 12 Fh
FEYIARER £, v, D24 ARG ) H A 3 R i 284
ZLECRMPR - 3 B BN BT Pk R 20 ) o F5 Bk ik
2R B B 40% 20% , 315 60%

R3 BFLZEAEYRE L HEEINEEE

Table 3 Antimicrobial activity of the actinomycetes isolated from rhizosphere soils of plants in the Laohugou of the Qilian Mountain

UG£ Antimicrobial activity

1H/m HRBR e 95 itk S
Altitude  Rhizosphere soil source Strain No. WA BMEMARE AOSHKE  WARILE
E.coil S. aureus C. albicans P.aeruginosa

2200 ¥ B3k Salsola Collina QLS04 - - - +
BEYBE Ceratoides lateens QLS80 - - + -

YWEERF Stipa glareosa QLS83 - - + -

2800 Hlr B Astragalus licentianu QLS45 + - - -
QLS50 - + + -

QLS76 - + - -

QLS77 - + + -

QLS68 - + - .

QLS67 - - + -

QLS69 - + - .

ETHEZEREZE Potentilla saudersiana QLS81 + - + -

3350 R EH Saussurea japonica QLS17 - - + -
QLS20 - + - -

458 MF Potentilla fruticosa QLS13 - + - -

ML 5K Rhodiola quadrifida QLS35 - + - -

QLS65 - + - .

QLS58 - + - )
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it /m R 4R P PUH T Antimicrobial activity
Altitude Rhizosphere soil source Strain No. ~ AMRAINE SWOMERE HOSHE SRR
E.coil S. aureus C. albicans P.aeruginosa
QLS59 +
QLS64 +
QLS74 +
3800 BOR S M Androsace umbellate QLS85 + +
QLS93 +
H 7l 2 4% Arenaria gansuensis QLS30 +
#255 Draba nemorosa QLS88 + +
4200 H il ¥ Astragalus licentianu QLS02 + +
QLS09 +
QLS08 + +
QLS24 +
QLS63 +
it 12 29 2 19 14 1
E.coil; Escherichia coli; S. aureus: Staphylococcus aureus; C. albicans: Candida albicans; P. aeruginosa: Pseudomonas aeruginosa;* =" 7R 45T

W+ FORAT R

3 it

skRe i A w200, B AR 9 A9 18 1
MRk 2 FhORE BR A BE R B RS
Streptomyces sppf}ﬁj'i]ﬁlﬁé‘ﬁ:}‘% B, Nocardia spp.fl
LT 3 AN FREIR A7 S0 3 A AR BR 1= 1 W E#T
Fo3ES A 2200 m ARV AEEFSPARBR L, 73 BREERE A
TEARIEEARAL A [F)AE AR B 4 v 68 0 A By —
JE W 22 SRR S TR A 22 S R S v 0 A
AP R, — J T AT BB J2 X LU B A R R ( Nocardia
spp. .Micromonospora spp.) % £ H A= 55 1Y) 151 BEAR
b0 SR BN WA R | P B S N T = K7 B3
SR BT 4 o3 B AN [6] | (533 6 Gl A 40 il A 20
FRBI DS RN BE U5 40 Jo A 7 22 5, SO A 119 22 5 e
SRRSO 5 Sy — D T, I A R LU R B A ) AR
PR T R o0 AT B R, At s R B, vk
D20 A3 3 7 2 0 R R B A S AN R A 5
LPREE KHILT 5 AR PR A= Hh 2 359% 114 200 T A 4580 (1Y)
FAIRAE T, 3X AT AR 5 H R WOME IS 07 51 T 3R ANBE % AN
A4y ARBFAE Y 10 AR h, R AL
R TERYEEAAGEE 1| {0 rh 8 5 i AR S PUIE E pRl
ok A 4R T, U] B 22 RF B U0 P 0 B A R
T L PR A EE R X, AN, S e T R
SR R G MR S S IR i 0 5 R e A T N R
S, IE AN 5 R 7R 1 BRBE (1Y Streptomyces griseus,

FEARTRNR LA A B8 P = S AR A, DT 7= A 1 &2
A HRRSEVE BRI A0 TR IR AR ST
1 Streptomyces cavourensis WL R ACH = ¥ F & 2,
T2 T 5 ASAS R AR A7 55 R AE P AR B £
Xof v L PR 6 PR AR B 1 7 1 . Zhang 2517 %
PR, b F OGRS (4R 5970 m) A [F) IR J3E il — 2 41
P HAR 16S tDNA JFFIAHIT B 58 A0 [F) , (H A PR
PEHIRI — & 0 55 Bk, XS R A RN, &
FER i BT PR B4 7 A R A A QR
AAFIAREE SRR G Y BRI

UTAE , (Rl N A2 3 0 — el i A B A IG IR L
Bl R R P AR B AT T Tl R s e AR
R, BTEASE Y NS EASE A
1 (3500—5137 m) Al H ) £ 37 X (3400—3500
m) 3 60 PRACFMERE TR T HEA T B Re AN, 2
UK | U K AT H, S 77 A B 40 ) o 43 B R Y
81% 12%F1 11% ; 8 % >4 2020 WBrmtng 2 b X G £k
WIh B3] 63 MR B, b e Ry i | B AN T
it A TR 4 ) o R TR R Y 73% (4.7% F 22% 5 f1
SF e T NP R 43 B 208 BRI PR B,
v ety 2R R DR A 43 i o R R 1
78% \58% .33% ; M\ T J = R 2 4F Uk + v 43 B 3] 54
WREEF W, PR KA m R I F 5 28 K
WEFEH , H, 0, = A B AR o o 07, 57 98 e R 241
VR IR B o BRI, 3 AT BE S5 AR Bl A, TR L5
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FRSTAF BT A T R B R A OC AR T
FIE S LA b ) O DX IR A L SRR h 0 Ay
LOBRES VR E BRI ZEE 7 | DRI H A DR 0 il 4k
TR VM, LA 5 7 TR R 8 R R B v A
FER i 22 B W), FLRR I 7= 26 TR 50k o AR X i e
AWIFFE NG W | IR 2 B H, S 7 AR T B 1 )
B —F Ll b AT aE SR ER + 2 R sCA ML Y
G FEOIEIAI A OC oA & 2Rk
WAEA R AN [R]HE P AR PR = rp 9 0 A A A
[, FoE B0 4ok 2 R B 2R T B A
IEo3nsIve- 3-8 , FH LA SEAE P iR i A4 4K 53 4,
VFZ MR LU Y] R 2 IR B, HT LA & 26
By Fe™ 7EME 2 B B A KT R By Rl B fg i T
PRI B T Wi > DR, R AR B - s 2%
BRI B R 2 7 1 5 BT AR 4 ) AR R
Al 4y, ARG, 5 Streptomyces durmitorensis FHALAE
K 99% WITEMEA 5 ¥k, 7341 TRl — IR AL, oA
FitE AR (8 AR PR P iy 4 BRI ORI
ARARLAY A= SRR AR TR 7 B (0 2R AR AT P IS P T
ST ES A ETAE 2 R SR B 9 QLS33 T JC b A
Germida 55" FYRIF5T 25 F R I RE ) X HAR PR 5
AEYIVER KT LA SR s, R it
AL UL v LR AR s s 4 TR Ak ARG I L R A B AR
SNSRI LT IR ORI R — SR PR R )
BT IR (4 A A A B 3R R O ke
E T HACE - YR e v 2R
AT T AE UL LAY 4 PRASER 1234 4 i IR
HOR TR, BUESE R R, A 29 MRS TR IR R
PRI TS, BN TE R 37.2%, Ho,
INZL AR H b 8 RO 44T 55 RAR B e 23 2 %)
AOBTIE TR RE o5 55 UM il 2 T B ) 60% . 10 2R
GARII Y R A X PR 2 PR AR 28 P O K
W%, WFoE R MR ek 8 ) ) — 2
TR 3 WA 05 TG T PR ) T, 410 o — 265
JRE B A, 4 Ouhdouch 5517 WA 25 AL PIAR P +
4y B ) 10 ¥k X Candida  albicans 1 Candida
tropicalis 3 UM 4 il 2% TR A% ; Thangapandian 5557 A
25 FIAEY AR B 45 21 8 bR X 1L TR AT P M 1Y i
o XEELIR G — L UL, 25 FIRE ) AR R nT RE 2y
WA—LEHFIR 1 ML B TEHLY) , 2 5 A DG T2 G
PEVI BT & I, B2 AR AR R 52 i A1 15 1L 4 ) AR

P bk B S R R A R 05
R —FE b T 47 19 A AR R AETR B IR
GEIREE =, A T 1 il LE TR A i 40
FLR L2 — SO AR T, DT AE S 4 o UL B
I, AL A Y 328 5 1 T R e S8 R 58 1) T g v L
PR 28 i 2 H A 7 3 B A s AL S W Y
w1,

L5 LRI R 112 B VA 3l XA [ T 4R A AR
PR R IR AU 2, S A R A
L RE AR i L DR 4 A 28 BRI B UIAR G T 2k v
Xl PRECRS BB A SR . 4008 T R LU
3t DX AR A B S A AR PR P T 2 T 2 e
L LB A T e R AL
gt P E L BE € KR XCERE S TR 5T BT R4
FEOL R BT T O KA 3 L ok T A 285 L0 3t 7 SR A
L EPOMA A TAE R4 T 5055, FHAHE#Z  Duncan E.
Jackson T -3 BB SCEE R I EUSL
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