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Screening and identification for antitumor actinobacteria
isolated from the soil of Nyingchi in Tibet

XIE Jing LIDa-Pan LIN Ai-Yang YANG Xiu-Ping"

(School of Life Sciences, Capital Normal University, Beijing 100048, China)

Abstract: [Objective] This study was aimed to isolate and identify the actinobacteria with an-
titumor activity isolated from a soil sample collected from the Ba-yi town, Nyingchi, Tibet,
China. [Methods] Actinobacteria were isolated and purified by agar plate dilution method
planting in Gause 1 and glucose/asparagines agar media. To test the biological active effects in
vitro of the actinobacteria fermentations and its’ crude extracts, we used MTT assay with 5
human tumor cell lines to monitor the antitumor activity, paper-dish method with 7 indicative
microorganism strains (bacteria and fungi), and 4 antibiotics to detect the antimicrobial activ-
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ity and resistance. The polyphasic taxonomies of the antitumor active strains were studied ac-
cording to morphological, cultural, physiological, biochemical characteristics and 16S rRNA
gene sequence analysis. [Results] We isolated 29 actinobacteria strains of which 6 strains with
good antitumor activities were obtained (20.7%). All of the crude extracts of the 6 strains had
remarkable inhibiting effects against the 5 human tumor cell lines and different degrees of an-
timicrobial activity against the indicator microorganisms. The crude sample of 4 of them had
the inhibition rate of more than 80% on Hela cell line. Only one active strain had good toler-
ance for 4 kinds of antibiotics. Taxonomic studies showed that all of the 6 antitumor active
strains were related to Streptomyces. These 6 strains may be variants of the three known
Streptomyces species (Streptomyces galbus, Streptomyces mirabilis, Streptomyces olivochro-
mogenes) respectively. [Conclusion] The actinobacteria in Ba-yi town of Nyingchi are rich in
Streptomyces with antitumor activities and may be a potential microbial resource for antitumor
drugs.
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BAEALIER TR, 28 °C $55% 7-14 d ERETEH
Mo Bl R VR R A R S RS IR 5
', 28 °C Bk EA KR & 4 °C W AFRFH -
1.2 BB RIETE

SA AR, G AR/ i
A549 iR &R . ANFLIE MCF-7 iR . N5
i HeLa AR . AZ5Mp0E HT-29 QRS
AR 25 B i ges HCT-116 40 5, 4k e #f
U R A 2R B 22 2 BV 26 B B 7 Mk
A= WA N (AR S LT, A3 4 B (0 A 2K
I# (Staphyloccocus aureus) ATCC 25923 . Hii% 4l
fit 38 A A= 347 T (Listeria monocytohenes) ATCC
19115 . 78 J& #T 1 (Proteus mirabilis) ATCC
49132, TP (Salmonella) ATCC 14028 . [
6, &%k % (Candida albicans) ATCC 10231, JR4T
%+):(Rhodotorula rubra) ACCC 20252 FilAki B4
#4F 1% (Bacillus subtilis) ATCC 6633, Hi & #RIf
TR AP A A B2 B SR R I D I AE )
LI R,
1.3 EMAE

KR IR I W (g/L): /NI I 2, B
BRky 3, AHEREN 1, BIKE 10, #iA5HE 10, mufbey
0.1, Z&18/K 1.0 L, pH 7.2-7.4. ¥4 85 4k i 7%
LR M TR 50 mL KR FRIEAY 250 mL
=, 28 °C. 180 r/min FEKIRFH HEFE 7 d.
KWL, W R B 25O B R 45
14 BEMAEGEEBRDEEINMLEE
{2 gyl

K MTT Lk USRI o b & e 1 3
(U8 R AT ) A AR S0 ok e T e, O S A A o) e
Jed 240 L 14 B A P A0 TR R AR S e R TG R T .
XIARRI A LA A ENEE(CROEE . T
it e U7 ) VT PR TR A R R L T SRR AR 3 IR,
WAEBOR A G T 45 °C W4 T4, %M
FEWNE A R DA b o RGN s D P 2 A A O

T DMEM 4 ifd 3% 57 V0K HoR B 10 A e (4
L 5% 5 R P R B LR R 1%), A
PRHNEE SRR 5 A i 2R 988 A48 L1 7 0 40 1 3
1.5 EEMEEN

SR FH AR Yk G 100 &2 T YR 0 VAR 0 A AT AL
PEYAE o (5 it 0 o R Ao e 05 PR A DU )% 7
B8 A B AR RIVE T o R uR Al TR S iR e
A, R EEE e AR ARG HE TS AR
B IR I b, T 37 °C IR P i
7% 24 h JE WEREE AL, IR0 R P B AR
1.6 EMESRIEFIFENE

bR T e AT B TG T B, R RN B
[C— 5P, PG A 2 WAL T vk M 22 T8 A 45
Mo 7 ARG IR — S TR . DR E B
BE . HEMESSIRTRAE . WA ) AW SE .
PLERVE M 3R . B R BUR 5 Hh R 1T 4 IE 2 B
BE)iHEAT A2 R, 28 °C 535 7. 14 M1 21 d J5 W
BEILN TR 22 . SR 220 A K O B T Vs
FI A g,
1.7 EMA IR (CHEHE R UG

2 BESCHR [ 14140 OC J5 v6 47 A= 3L AR fB R AR
WL, [R]EHRGI & AT TR 11 R IR B A
JFE S 5 RO EE DA R R 50,
150, 300, 500 1 800 mg/L, 435I & 1 1 1 %
AER. FIRER . ABZHER NP,
1.8 HEFLEAREE (L FE R 5

M REfL A LAY 40 M 15 B8 Li T
BT
1.9 16S rRNA EREFINER ZH A B/
&
1.9.1 EMES DNA RYIEEL: #ikH&0W A
g AR AN E] ) U BH T 43 8 Al Ak i T M R 2R T
FEIRZH DNA $2HC.
1.9.2 16S rRNA EFE1&: KA 16S
rRNA JEH 8 51 91(27F #1 1492R)i#E4T PCR 4
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K4 . 5% 27F (Escherichia coli position 8-27)
7 4 & 5-AGAGTTTGATCCTGGCTCAG-3',
1492R (Escherichia coli position 1492-1510)f]
FF51k 5'-GGCTACCTTGTTACGACTT-3' . [ Jiif
S BRSCHR[16]#E1T . PCR I 0.8%3ifR
BEE I FL DK RGN, 16S rRNA JE [R] 2 41l <2 42
At S8 R

193 RAHZAXBERMBME: I NCBI ¥
GenBank W'iffT BLAST 7%, MH 5% M
16S TRNA Kk K] 471 A AR B v A9 A G T ik 1Y)
16S rRNA K 31, F ClustalX #E17 X
1 PAUP*4.0b10 #1755 K& 2943 #r(Maximum
parsimony analysis, MP), & K%k 100",
BT 2 0225 SCHR[18]

2 GFR55H

21 MEERSBLEL

PR FR B as aifh il 29 DRBIA
[l B R R TR R A R
22 MEBEABEREELEELZEHEEYNR
E & R 1

29 R TR ARSI E 18 Bk TE B AT AN Rl L
AR TG, b 6 BRIAT A I i ] Ik A 41

il (R &1 i 928 248 i 394 L 3 1 R VR L WE R
TR, 45 LZ201001-1Z201006.

MTT 3460 75, 6 BRIE PR TR & T O£ 4
X5 AR ANEE %  rIR 20 B 2R A G S YA AN TR
FEREWADHRIVE R, Hodg 5 kIt R R0 Xt
Hela 211 R B30 HIVE i o, 4 BRI 288 10
80%, L5 UWLFE 1o T ELFTA T3 1 R AR 100 1l Fie g
200 L 164 B %) T - A A 2 A R B
3 AR RERIETEGR 2R, FI, 72U Xt
R TR AT 40 I 9o 15 4 o A B B, AT LA
FHAL[R) 4550 09k 7L 28 A T 1R 45 78 TR B BR T
PR R B 53 15 o

T2 WORT 6 MRIGMETA AY K TR M ALY
BT IR0, WA R A
2.3 TEMEBESRIEFHE

6 RIS TERRAE 7 PSR BER3E LN
KAWL KT IROS ErTEEER B0
W3 3. BNERZHOG R FAK R, HEA
W22 KE R4, dMEnk, NIEBHE, <
TR 2k, BT, B TR 226 7
T2 H . W sIEEEY, BT AERIE . HETE
BT, REDGH . DAETWE Y HA MR 5
R BNESRE. Z2HA A EEaE,

F 1 RMEREERAERY RS AT E & AR AR TE R RSN FIE R

Table 1 Bacillus subtilis and tumor cell growth inhibition effects of the crude extracts in vitro

5 P A1 e TR YROREL B2 XA 1) 9 2 e 1% 4 /0 i T (R i %2, %)

bk ﬁﬁﬁéﬂ;@g@ e Tumor cell growth inhibition effects of the crude extracts in vitro (inhibition rate, %)
. Diamoter of inhibi. AEIE/J;éIE@E@Hﬂi%SE )\jLEzfi A;E.L’ ?’ZTE‘? Aiﬁgg% J\ﬁéﬂ?ﬂ?féﬁ%ﬁ
tion zone (mm) A5(E9 cell MCiili-7 cell Herlldﬂa cell HT’-E239 cell H(Elf"-l 16

LZ201001 22.0 51.74 57.68 90.66 66.79 69.69
LZ201002 14.3 50.50 58.30 90.10 70.95 69.62
LZ201003 16.7 44.67 47.84 72.31 54.40 64.74
LZ201004 16.1 44.76 47.84 82.15 54.40 64.74
LZ201005 16.9 79.68 66.45 63.96 61.14 73.63
LZ201006 12.8 68.54 45.36 80.34 73.65 57.93
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Table 2 Antimicrobial effects of the active strains

FooR FiFk Strains
Indicative microorganisms LZ201001 Lz201002 LZ201003 LZ201004 LZ201005 LZ201006

S EME R B B _ . B B
Staphylococcus aureus ATCC 25923

4] i A A 2oyl
iﬁf%%ﬂﬂ@ A 2T R A . . . . . .
Listeria monocytohenes ATCC 19115
AR AT G
LA . + + + + + +
Proteus vulgaris ATCC 49132
i Eal
T IR . . . B B .
Salmonella ATCC 14028

AT
R @“_“ R ) + + + 4 4 4
Candida albicans ATCC 10231
TRLT R - ) - ~ ~ ~
Rhodotorula rubra ACCC 20252
52 2 AT N N N . . N

Bacillus subtilis ATCC 6633

T+ PHPESR, — BIvESSR.

Note: +: Positive results; —: Negative results.

# 3 IEMEREIEFEHE
Table 3 Cultural characteristics of the active strains
yri3 T
H%% NH LZ201001 LZ201002 1LZ201003 LZ201004 1LZ201005 LZ201006
Medium Item
B Aerial mycelium Tan Tan Black Chestnut Black Brown
" Substance mycelium  Lightyellow  Yellow White White White White
Gause 1 Soluble pigment None None None None None None
. . . Sandy- Sandy-
Aerial mycelium Lightyellow  None None None
Ry y ghty!
g‘ EE}:T:?E Substance mycelium ~ White None None White gzzwn gzzwn
zapek’s agar :
Soluble pigment None None None None None None
HENE-RAERDE  Aerial mycelium Lightyellow Ea;loogl_ Burlywood  Tan Brown Black
Glucose/asparagines Substance mycelium White lOV%/ ty White White White Chestnut
agar Soluble pigment None Brown Chestnut Brown Chestnut Black
TR TERY BN Aerial mycelium Yellow E’('ell lowl d- Black Black Black Black
Inorganic salt/starch Substance mycelium  Lightyellow er?rfﬁo White White White White
agar (ISP 4) Soluble pigment None None None None None None
Tan . . .
. = Aerial mycelium Moccasin Lightyel- Lightyel- Lightyel-  Lightyel-  Black
Eeisinlils . . low low low Darkgray
Nutrient Substance mycelium  Lightyellow  low Gainsboro  Silver Lty Dok
utrient agar : _ 3
Soluble pigment Goldenrod rC(};()ilden Goldenrod  Peru Peru sl
HhFRA © . . . Palegold- Lightyel-
TMRAZEBUR Aerial mycelium Lightyellow Burlywood Cream Tan
) . . enrod . low . .
Glycerol/asparagine Substance mycelium ~ White White White Tan White White
agar (ISP 5) Soluble pigment None None None None None None
S 5 Aerial mycelium Sandybrown Chestnut ~ None None None Lgiie
ThAR AR I B IR . low
Substance mycelium  Yellow Yellow Black None None Black
Potato extract agar Soluble pigment Peru Brown Chestnut None None Brown
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2.4 TEMHEBSEIBE (LEHE

6 MR TG 1 B Y 2R BAE b R A AN DR R
MILFE 4, £S5,

MR 4 ATLLE W, T AT Y KR4
S 7 BH P 5 55 BH P BRI 5BE BH M 9 R AR 45
33.3%, JUEiALE . WRAL |« A 1 R
B TR 6 0 D 245 5\ s BH P P TR PR o 83.3%, i
A TR A K S E R

M 5 ATLIE H, B 3 1 o AR Be A1) 45 4
BE. 2505 ILALEE . WK . BRRREN . M. Dk
FLBE S AT TE R, KZ8ae M ZLE . AT
FIFIRERE . MUK |, LZ201004 JEA AT LLA T A 1Y
Ak R, HK & LZ2201001,

25 TEMEERE

XA R PTERIN & B, Bk LZ201006 A,
FOE RN PR A R MR BE 1Y 4 Rtk R IR
it %, 1 LZ201006 Xf 4 Fdi K47 — E R
TR 321, 1L 6.

W 6 Al LLFE H, LZ201006 fE % it 52
300 mg/L FIZLEEE M1 500 mg/L AEE . FIRE
Z5HER, (BT 500 mg/L L155 Z M
800 mg/L MR . RIBER. MiEEnEsR
HEEARAEK,

26 EMHEAMMEELER D

2 M RE SRR A A R D, BT R DU
(4 I RE K R & L-DAP, RAHR. &
A Z R, J&TAeE 178, 440 i e
B AT BN, A T T AR ER A FLbE
Gkl N Y NN R
2.7 EMEAR 16S rRNA EREFIR ARG A
Bt

6 MRIGTETE Y 16S rRNA JE[R 741 K EEHAI7E 1
400—1 500 bp Z [, SARRIEEHA T HIHEXT . AL
PETE R, BN RSE L ERILE 1. 1
ZEREM B, HHk LZ201001 S5HEHR
(Streptomyces)f*J Streptomyces galbus (X79325) (fif
BEHEFEIH X79325)L) 99.3% AR RAE—iE, H
TH B BRI FCERRE, 108 nT RIS
HOHETS TR 7SR, 12201002 LA 100%E A IE 5
Streptomyces mirabilis strain NBRC 13450 (#5744
B NBRC 13450)FH4, (HHA KA i 55 E Y
AT SRR T I AN, A AT AR R AT SR R Y —
AR, Btk LZ201003, LZ201004, LZ201005
WULARSE, BT Z I ARRIPERF] 99.6%, HiX 3
MR RGE LT X R B VI IE Streptomyces

x4 HEEPRRYEIRE LERE

Table 4 Physiological-biochemical identification of the active strains

Ti H

i LZ201001 LZ201002 LZ201003 LZ201004 LZ201005 LZ201006
em
BH By

LT 3 S 3 < = 3
Gelatin liquefaction
NESSIAS
VER K fi 3 < 3 < < 3
Starch hydrolysis
21 4
UK N N ) N ) N
Cellulose hydrolysis

g N S
T A ) N N N N N
Nitrate reduction
R A ) N N N N N
Milk peptonization

S

e - + + ++ + ++

Hydrogen sulfide test

TE: 4 PPESER, — DIPESS R, £ S5 PR IEEA] BE FHAE.

Note: +: Positive results; —: Negative results; +£: Weak positive or questionable positive results.
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Table 5 Utilization of the carbon source by the active strains

B}
IJt\ H LZ201001 LZ201002 L7201003 17201004 L7201005 LZ201006
em
i 1 + + + + + +
Glucose
B + - + + + +
Sucrose
A + + + + + +
Synanthrin
H%M% + + - + - +
Sodium citrate
N s
L *.H; + + + + + +
Sorbito
s + + + + + +
Dextrin
i s
P ﬁf‘%m + + + + + +
Sodium acetate
7L + + + + + -
Lactose
EE R + + + + + +
Maltose
D-2- L + + + + + +
D-Galactose
AT EER) + + + + + +

Soluble starch

TE: 4 PHPESERY, — PAPESS R, = 55 FH R an] BE FHAE.

Note: +: Positive results; —: Negative results; £: Weak positive or questionable positive results.

F 6 EIHEBERE LZ201006 X i =R

Table 6 Resistance of the active strain LZ201006 to different antibiotics

N VUL BRI
*ﬂ‘f% The concentration of antibiotics (ug/L)
Antibioti
MHDIONES 50 150 300 500 800
2 =
ABH + + + - -
Erythromycin
=3
AT + + + + -
Paraxin
=
RS + + + + -
Kanamycin
VA=
L ) + + + + -
Neomycin

VE: 4 PHEGERS — DIREZER

Note: +: Positive results; —: Negative results.

olivochromogenes strain xsd08157 (#Mia4%%5 1  LZ201006 F1 Streptomyces olivochromogenes strain
xsd08157), MMM 99.1%. 99.2%. 99.6%,  HBUMI75138 (M (0545 # HBUMI75138) L)
A FARITESFREFREAE, o HABAERR:  99.1%07 16S TRNA JEK FF SIAR U AE R — 4~ R 4
ik, 3 PRIGPE R MR S B BRI A R S0h, A A A RE, B e e o 6
125 5%, AIRE MM a1 3 DASHR, BERE AT

http://journals.im.ac.cn/wswxtbcn
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Bacillus subtilis (EU257436)
Streptomyces sp. (FM998026)

31 Streptomyces bottropensis strain xsd08097 (FI1481054)
—|f|: Streptomyces sp. (AM889486)
26 Jl Streptomyces sp. (F1546733)
Streptomyces sp. (AJ278759)
100———— Streptomyces turgidiscabies (AY207583)
] i‘t Streptomyces turgidiscabies (AB301483)
Streptomyces sp. (AM889495)
Streptomyces melanogenes strain NRRL B-2072T (DQ442527)
Streptomyces fimbriatus strain cfcc3133 (FI883744)
Streptomyces niveoruber strain NRRL B-2724 (NR 043855)
Streptomyces galbus strain DSM 40089 (NR 026178)
82 44 ?‘Z Streptomyces sp. (EF012095)
_‘K Streptomyces rameus (AB184798)
56 Streptomyces sp. (EU080961)
54 —‘E Streptomyces galbus (X79325)
LZ201001 (JX534225)
U3 100 Streptomyces sp. (HQ992728)
Streptomyces sp. (EF063452)
L7201002 (JX575751)
Streptomyces mirabilis strain NBRC 13450 (NR 041137)
36—— Streptomyces mirabilis strain DSM 40553 (AY999730)
Streptomyces mirabilis strain 3662 (EF371431)
Streptomyces sp. (AF101414)
LZ201006 (JX575752)

Streptomyces sp. (AB634831)
Streptomyces sp. (AF112159)

16 Streptomyces sp. (FR692114)
Streptomyces olivochromogenes strain HBUM175138 (FJ532459)
7 Streptomyces mirabilis strain 2468 (EF371422)
Streptomyces sp. (AB609053)
17201003 (JX534226)
{ 5 — 17201004 (JX534227)
27 L7201005 (JX534228)
4|I|: Streptomyces sp. (AF112167)
83 Streptomyces olivochromogenes strain xsd08157 (FJ481073)
_E Streptomyces sp. (EF524061)
Streptomyces minoensis (AB184154)
10

B 1 ET 16SrRNA EEFFIMER 6 tkEKREEXH. BHRZLXBEHLH
Fig. 1 Phylogenetic tree constructed showing the phylogenetic relationships among 6 strains and other related
Streptomyces strains based on 16S rRNA gene sequences downloaded from GenBank
TE: 55 BT 5 RR GenBank GRS 7332 BRI 3RIR Bootstrap i b REKR/R 78 S0 K
Note: The numbers in parenthesis represent GenBank accession numbers. The numbers on each branch indicate the bootstrap
values (100 bootstrap replicates). The scale bar defines branch length.

3 Wik T D SR AL B, IR AT
MR 1 AT 2 3 R ZREE | LT AR L

Bt TR WK IR TR O N ITHE i 2 R PR BRSPS 19 24 P I
N, LA B B S G, T RN AR MR\ — B K B R TR
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M B E B R 29 MR R R T L
LA PER] 6 PRBUMIR T EY B A TE, BH
PERN 20.7%, 5 Ho A9 R 3% P TR 3R 5 R R
B | IS R o XA O W i P 45 £ T ) O
PESE TR, X IT LS R T R T
B B S A 0 0 DR AE BT e T 1 B Y
AR BT Ty, B RS O\ — IR B
FEXT 22 F0 0 b DXt qn ok, T 0k BRATS AN 2R kg 7
A A T ) I ) R B A W
MHEIEE BB, 408 RN 29 PR
HK J& T4k 75 14 J& (Streptomyces) . AR 4 17 Fi i T
A . AEFRALERAE . AUMIBE ST S5 R, MK
I Otk 24020 )M, 255 R kB SR, ol
PLHIRE 6 PRBUIMRS M bR 23R T .
HTF 16S rRNA FEHFHI R G LT 50
WoR, W LZ201001 5 & 0 & 8% 65 5
(X79325)Lh 99.3% A L1 R FE— 2, H 3
HA W B AR RAE, ik LZ201001 7]
FIRE g R, N, Ar-Aamfe s, 7
ZROGFRIE EATHERNE AR, (U E SR
B M L G aE AL A G B R R )
A, SRR T I RN, g A A KAy
fiE te et A X G, iR AT REJE T B BE A A Y
AR, LZ201002 55 A 5555 @ NBRC 13450
) 16S TRNA FEHF 5] 100%A1 M), {HH A K4
ST AT R U BN, BRTEZEIG S
FRIE PR ERAN, HdsE s B R E K
RA4f, A RER AT e m w0 — 8 M, bk
LZ201003, LZ201004 F1 LZ201005 F7E—itL,
BTSN (A B TR xsd08157 BYARLIE 43 51 N
99.1%. 99.2%. 99.6%; 454 HRRIIE SR 57
FRAE, A0 A oA AR AR R AR, 5 MO 0554 B AT
P AR 25, Filin LZ201003 76 H
REEBRELTAELREBI AW .
LZ201004 /KffeF 4R R4F . LZ201005 AA] LA

WALIE, H LZ201004 A1 LZ201005 78 th4% 5
Bigrdk BYORRE AR s A RS, e
Al RE SR LA B R Y 3 A8 R, LZ201006 Fil
MM (0 BE RS T HBUMI175138 DL 99.1%F4 16S
rRNA S5 K 7 0 AR R R 7E — AN K43 3 h, 25
G A A ACRHIE, 55RO 5 2 TR K EBUH [,
B T H RGO R A B Pk, B DL E
SO s R T AR . 25 LA, 6 ANBUE TE
PEPIYER AR AT REACZR T 3 AN B AP 1 AE Fl,
X — 25 A UL B T RERR AR (A5 L h i S E
HATFEE YR 2R E N Z R, fE—ut
FEER PN T AT RBAELE SR R 8 10 AT BE 95 A
Y2 BT, X — 25 R SO SE PR i 58 45 1
Ko

PR AN TG PEAS I R, 6 AN TG T AR
FLAT T3 440 o) ek 2 e AR K AR, 2 B0
PERREAR XS Hela 40 HO/E FSR®, 4 4 PRI
1 80%LA I, Hid 2 ¥R7E 90% LA |, AIAE b B 3
FEALTT 25T R VB AEBEUR . LZ201005 TjXT R
NARE I AS49 A/ F d5cii, 41 il %k
80%Z4: A, ¥ HCT-116 5 MCF-7 A3l 1E F
2B R 7R O O VAN Nl e
R FZRPUR, LZ201005 75 1] B8 A il A R fif
JeR HIR T B2 AL T SR AT e A BB 25 R BRI
LZ201006 X {4 & i 240 f 15 H A A [R) 7% B Y
MHI/ER, Bk Hela 140, X5 A 45 d 4i i
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