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Abstract: [ Objective] Myxobacteria were isolated from soils of the Danjiang River in Qinling
Mountains, Shaanxi,and their metabolites were collected to analyze the composition and activities. [ Meth-
od) Myxobacteria were isolated from 18 soil samples collected from Danjiang River by the living Escherich-
ia coli and filter paper methods. The metabolites were obtained by fermentation. Biological activity experi-
ments were carried out by the test bacteria of B. subtilis,S. aureus, M. luteus and E. coli. The strains with
inhibitory activities against 4 indicator bacteria were analyzed and their metabolites were separated by
HPLC and thin layer chromatography (TLC). The toxicity effect of metabolites to HepG2 on human hepa-
tocellular carcinoma cells line was tested by apoptosis assay in vitro. [Result] A total of 23 strains were i-
solated including Myxococcus(15 strains) , Corallococcus (3 strains) ., Cystobacter (1 strains).,Archangium
(3 strains) and Chondromyces (1 strains). Antibacterial experiments showed that metabolite No 2 of strain

15 had inhibition against 4 tested indicator bacteria. Component No 5 of metabolite No 2 of strain 15 ob-
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tained by HPLC was further studied,and it can significantly induce apoptosis of HepG2 cells. [Conclusion])

The diversity of myxobacteria from soil samples of Danjiang River was rich,and the metabolites of an ob-

tained strain had antibacterial and antitumor activities.

Key words: myxobacteria; metabolites; biological activities; Danjiang River
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L1 # 8
11,1 2#%4% 184 LM REAKAAR

X PHLRBGR D, Bk A RIERE 2~10
cm Ab A3 AR R S . ERERE S L S H
AR AT A 4 C kAR BRAT - LB 1R85 RT3t

F1 BHIHEMRERER
Table 1 Characters of 18 soil samples
A ZH 4K /m i/ C AR IR/ %6 T TR A
Location Latitude and longitude Altitude Temperature Relative humidity No. Soil type
1 JSZ M Brassica campestris
/AR S oro! T100°4R .
; N33°59',E109°46 844 20.2 44,7 2 FARAR B Root of pine tree
Heilongkouzhen
3 Z M Grassland
. 4 #rf1 + Sand and gravel soil
— R KR - o n - - )
. N33°55",E109°53 764 25.6 38.0 5 3 M Wheat field
Erlongshan Reservoir ol
6 159 Sludge
y 7 ] Beach land
T 7 DX N33°50", E109°59’ 673 31.5 17.8 8 BHEW L EE Walnut tree roots
Shangluo City 50", .5 . % B alnut tree roots
9 W e+ Soil along the river
e 10 HHb + Grassland soil
b L N33°26',E110°11' 770 21.4 21.4 11 M HL %L+ Soil clay
Zhongcunzhen
12 HZHMH Rose root
13 # M Wheat field soil
RSN N33°27',E110°23' 450 26. 8 27.5 14 7 0 #1 Riverbank sand
Zhulinguan
15 i B2 ¥5 78 Riverbank sludge
16 1 Rt Soil under bridge
TR AR N33°18',E109°54' 287 25.2 41.0 17 Je LR Root of weeds
Xianghedaqgiao
18 B+ Coal soil

1.1.2 344 (DHWCX B3, S48 1 g, B
g 15 g, 781 /K 1 L,pH 7. 2,

(OVY/2 ¥ K., MBS g, ®b8 1 g,
dirE & By, 0.5 mg, Biflg 15 g. 2818k 1 L,pH 7. 2,



%10

T AL S FRUE PRUL ISR AN T 10 4 B R AR 7 i g 65

(3)ST21CX Agar #5535, AW MR A
B g, BEREHR IO 20 mg. BJIE 15 g. Z& /K 600
mL,pH 7.2, BIAW IR 1 g BIREE 1 g, &AL
51 g, @ ALk 200 mg, Bt FR&f 100 mg., ZZ 1 7K 400
mL,pH 7.2, JE&JLE: MnCl, « 4H,0O 100 mg,
CoCl, 20 mg, CuSO, 10 mg, Na,MoO, « 2H,0O 10
mg,ZnCl, 20 mg, LiCl 5 mg, SnCl, « 2H,0 5 mg,
H;BO, 10 mg, KBr 20 mg, KI 20 mg, EDTA,
Na-Fe'" #£ 8 g, 281K 1 L. e A O B %
S KEIEIR A FHd I8 1 mL R & R )
A9 ST21CX Agar 554,

(DOCAS WIREEFREE . BEIR 100, LK & B R B
0.1%,Hi 10%,pH 6.8,

(5)M26 5373k, DA EIER 0.8%0, KEHE
R 0. 2% A BE 0. 220 B R I 0. 20, B KA
BREREE 0. 1% S A4S 0. 1% K E 5 A 1 38 B &
IR EICE 0. 1%,

(O HT Hrg k., nlyEEEm 3. 00 B A —
0. 1%, & AkE5 0. 01%, LKA HREREE 0. 015%,
AALT AR 0. 001 % . g ERAN 0. 25% ,pH 7. 2,

(HV-Y Kig 3k, WMk TEER: 1L oY%, ik &
B,0.5 mg/L, 5 4k45 0. 1%, LK &R EE0. 05%,
pH 7.2,

(YMX04 R # 3, L H M 1. 0%, i 4 b
0.2% BEBEH 0. 2%, AR Wh &% 0. 4%, & 1k 5
0. 1% . LKA FEREE 0. 1% . EDTA #h4kEE 0. 08%,
Hh 0.5%,SP207 ¥l 0. 02 g/mL,

(DLBR: I, EAM 1.5 g BB 0.75 g,
FAL#h 1.5 g. 7848k 150 mL.pH 7.2,

(10) MEM J:fitli 55 #5 e fl DMEM 5% 42 85 55 i
W B Hyclone, 43 51| 1 T 41 Bl 1) 3 B8 F 3% 5% .

DL bR SR & A 00 o i 2 R R
11,3 ME &M KK FRM GH4500, R
RS A IR | 9 03 R AL B g PXS, |
WAL B s 2R BRI AE HYG-A, & M T [E I
ASCE 38 A B2 W) 5 40 ML KGR 46 Thermo Scientific
8000, FEHR €A R BB (b [ED A R | 5 48] 8 411 B
WMBE Leica DMI3000B, 18 [ Pk 55 % %6 B B O-
lympus IX71, H A BB 307 5 ié 4% 25 & A RE-52, |
TR AL T 5 2 FE AR 1260 5 20 AH B35 43
LEERBH (P ED AR AR . HEE S8 645
P R FHE R 10 A R A ]

L1.4 @A Lmie MRZFMRATE (B, subtilis)
ATCC 6633, 4 B {4 1] 49 BR I (S. aureus) ATCC

6538P  BE B IR 7 (M. [uteus) NICPBP 28001, K
W FF & (E. coli) CMCC 44102, ¥ 1 B 75 48 T A
I R BT O . HepG2 4 &, th BEPY
B NREBEHR AL,

1.2 HHAENSE . SURsE

1.2.1 :2H&FALE  HBUUKFERAW LA 10 g 0F
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BUR 2 UTE.
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1.2.4 Zmieyn % WRKAESCERC2 AR UE . 98
P57 VR A S B35 X 4 5 1 280 240 T T 7 R 2 4 L
O SRIE S AT UGS AR 0 AR A H A2
L3 HAFKHEHMHNMEIEREE

L3, 1 R =aeg KT MO B PR F5 45 10
ARSI ZE M26 . HT, V-Y ,MX04 5353, 85 37
FARFHE A 50 mL/#{,30 °C.180 r/min & 10 d,
A KB WU 5 g 1) HP20 K AL WL B B B 1
R R )5 RIS L T 50 mL WY vk BB g L 35 T
HRE A5 B3 A AR e

1.3.2 AR ZomesEalX DI E AT .4
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PRI E 23 AN TR R Y 92 AR A 0 0 T IR
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DNA. F 4 Bl AT 514 27F 1 1492R X 2 44 B B bk
B DNA 347 16S rRNA §7 84, %t PCR ;=4 ¥ 47
B TS 51 45 B 7E NCBI A7 X . 5B 570
FAMW ARG R E W e A E
1.4 FHAERGE=YH HPLC FER &I (TLO
o
103,02 5 XF bk 4 FhoRg R R B EA 0 e TS
R B0 A3 ) TR e A HPLC #E 47 )
B UL G- R BB 0. 1% = 91 L R A A ¥t 8l AH ik
A58 B DRI Xk 4% U 0 0 23 Sl BORE  FE T TLC X 3k
I UEE A it R AT 2T
L5 FABRKRSE=YRHABESEEN
(DIFRAFH) HepG2 4L 22,37 “CHRE A5
1 000 r/min &[> 5 min, i MEM £ hifi 335 7 Fe v vk 2
KR TEVR VR R R AT X 4 80 A KR
B4 5 F MEM LRl 55 3 B S R0 .

(2) A DMEM 58 42 55 F5 JL R 47 15 9%, 45 K4
IR/ @ E =

(3)M%E HepG2 g A4E K AR . 7F HepG2 40
A0 Ok A A BT I, U R A ik R D 5 X 10°
CFU/mL . #4053 £ 45 T 24 fLAR, T 37 C &M
GrE 50 CO, BEFRMINRE S 24 h,

() [ HepG2 #1 Ji b 20 i I A DG B K (=5 3 %
HEO RBP4 ARG HE 37 “C RT3 5%
CO, FEFRAENHE SR 24 h, W fsi B3, AT PBS 16 2
W R B 4 00 22 B W %5 3R [ 2 30 min, Aj AL
JinA 500 pL # Hoechst33258 YLk, == MLkt L IF &
30 min*t L 2 JE s HAE SO BB T AT SR

2 RS0

2.1 HAEEMSBESEK
18 A AR AL i 35 BREE AR 2 S
SLAAL A3 B) 23 BRAG AN AR5 bR LA 1.

El Bl

A~C. KIGHF S50 B A FE A0 0 - AL ZE3R T B IR 1A C. A% 14 s D~F. U 40 5 05 4 B MO B0 40 0 - D. TR 17 E. FhER 1A 5
F. AT s AL~FL alifb 2640 18 : AL F0E Bk BT BL. 23R8 CL. Z63R BT a; DL MBAER T b E1. JRFE 14 s F1. J0 341 1

A—C. Myxobacteria isolated by induction of E. coli: A. Myxococcus;B. Corallococcus;C. Archangium; D—F. Myxobacteria isolated by

induction of filter paper;D. Corallococcus; E. Myxococcus; F. Cystobacter; A1—F1. Purified myxobacteria:

Al. Chondromyces;Bl. Myzococcus; Cl. Myzococcus a; D1. Corallococcus b;E1. Archangium; F1. Cystobacter
PEL o3 B ARAS A AT 43 2 20 T T AR

Fig. 1 Isolated myxobacteria strains
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2.2 HAEMNSE

XoFFRAG Y 23 A R A0 T 5 4K B 266 20 0 S A o
220 TE N s IPHYVL R A () A B8 A vh 20 B8 Al 4k
o B 1) 285 20 TR A R BR R B (Myzococeus) 15 #k 3l
W ER 7 B (Corallococcus) 3 ¥, 5 T B Jg (Cysto-
bacter)1 ¥k, JR T2 B (Archangium) 3 ¥, BB &R
i & (Chondromyces) 1 ¥, Va0 28 108 P} V13 48 + 458
RN RN TR B & SR H A
HERR . — R m KR B R ER LR
BRI & O 30Xt 55 128 b 40 2 O A T S T L B

I8 TR K o A B35 = 0k B AR O Sk AT
B e O R B SRR R A D R 2R
BRI R P HEL A0 RS L B B B A 22 1) A R B AR
I L3 AT RE S X O A L b AN 5y I B SR AT
BRI R B KW T 2R A Al
2.3 FHARKEHTWHINEENE

FI A FhEE IR B 7 B AR B AY 23 R B 40 AT
Je B SEAR 2] 92 A" 1. R 0 8 ik I X
SEACH = M 4 Bl g 28 R R T RS P A5 OR IL K 2
& 2.

F2 2ARAERHFDMELRLER

Table 2 Antibacterial test results of 92 metabolites of myxobacteria
- I ) 3y . R o T v .
B. subtilis S. aureu M. luteus B. subtilis S. aureu M. luteus
1-1 — — — — 12-3 + — — —
12 — — — + 124 — — —~ -
13 — — — — 131 - - - -
14 — + — — 132 + + - -
2-1 - — — - 13-3 - — — —
2-2 — + — + 13-4 — — ~ -
2-3 — — — - 14-1 - - - +
2-4 + — — 14-2 + + - -
31 - - - - 143 — — — —
32 - - - - 144 - - - -
3-3 — — — — 151 - + - -
34 - - - - 15-2 + + + +
41 - - - - 15-3 - - + -
42 — + — - 15-4 + - -
4-3 — — — - 16-1 - - - -
1 — — + —~ 16-2 + — -~ +
51 - - - - 16-3 - - - -
5-2 — + — + 16-4 - - - -
5-3 - — — — 17-1 - - - -
5-4 - + - - 17-2 — + —~ —~
6-1 — — — — 17-3 — - - -
6-2 + — + - 17-4 - - - -
6-3 - - - - 181 - - — -
6-4 + - — 18-2 + — —~ +
7-1 — — — — 18-3 — - - -
7-2 — — — - 18-4 - - - -
7-3 — + — 191 + — — -
7-4 - - - - 19-2 - - — -
81 + — — + 19-3 — + . -
82 + — + - 19-4 - - - -
8-3 — — — — 201 - - - -
8-4 — — — — 202 + - - -
9-1 - - - - 20-3 - - - -
9-2 - - - - 20-4 - - - -
9-3 — — — — 21-1 - - - -
9-4 — — — — 21-2 - + - .
101 — + — - 21-3 - - - -
10-2 - — — — 21-4 — - - -
10-3 - - — — 22-1 — + — -

10-4 — — — —

22-2 - - — —
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* 2(&) Continued table 2
. il G2 S T B " . il B 2 i) 3 i
P L LT T G o IV L I T
B. subtilis S. aureu M. luteus ) " B.subtilis S. aureu M. luteus :
111 — + — - 22-3 - - - -
11-2 — + + — 224 - - - -
11-3 - - - - 231 — - - -
11-4 + — — — 23-2 + - - .
12-1 - - - - 23-3 - - - -
12-2 — — — + 23-4 - + - -
TEVRTH 1~23 ARG S .R R 1~4 R g s . SRR A MR L R R A AR
Note:1—23 before “-” mean strain No. .1—4 after “-” mean metabolites No. . “~+"” represents antibacterial activity,“ —" represents no an-

tibacterial activity.
2 ME 2 WoR, 15 SEEKN 2 SR
(15-2) % 4 F 48 75 T8 0 30 7 Bl B L 189 AN ) 7 2
AR A

1.2 AR 153, 4. 25 X IR AL A 2 ZEHUAT 1 5
B. 4 475 %5 BR 1A 5 C. e B0 IOR 1 5 D, R A I
1 and 2. Metabolites;3 and 4. Blank controls; A. B. subtilis; B. S. aureu; C. M. luteus;D. E. coli
B2 FHANvE 15 5 s bR A ™ 4 094 i i e sk

Fig. 2 Antibacterial activities of metabolites by strain 15 of myxobacteria

Myxococcus virescens strain DSM 2260

XIRGAH TR 15 SRR TS RS Myax-
ococcus fulvus T NI (E 3, BB HFI#E
% GenBank. 57515y MK045846,

83 Myxococcus xanthus strain ATCC 25232
28 Myxococcus virescens strain DSM 4946
99 Myxococcus flavescens strain Mx f11
99 Myxococcus macrosporus strain 125-10-2
9?| Myxococcus macrosporus strain DSM 14697
83

Myxococcus stipitatus strain Mx s42

155 B #k Strain No.15

86 I—Myxococcusfulvus strain ATCC 25199

Corallococcus coralloides strain DSM 2259

0.005

Archangium gephyra strain DSM 2261

B3 ZhNE 15 SR RS K AW

Fig. 3 Phylogenetic tree of strain No 15 of myxobacteria

2.4 FEBEFERGEZWH HPLC fn TLC 47

i HPLC B AT 15-2 [RB =20 A 9 A
A S 9 Y IO 0 L 22 S XX 9 ANl 4y i AT TLC 4347
ERGLE 4, NE 4 A LIE .5 SEeEE HPLC
PG b i £ 5 ik HL 76 T2 Al T 2 RO ) g
— I BE A

2.5 FAENKH Y HepG2 MAMSHIKLRE
HR
XF15-2 SACH™ Y 5 5 47 #E 4T HepG2 4 iy
BRI SR LA 5. i 1B S Al A EO ALY
AR S A IO T AR AR I L AR K R s T 15-2 4
I Wy Ak ER A0 M A% A D O T A AR AT I K L E
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B, AT 20 L A T
500 A 5 2 B
400 _321234.5 6 7 8 9
=) *é‘ I —
< s L
g 3 300
X S
%% 200 8
H}I’é
i@“: 100 6
7
O e - -
0 4 8 I|2 16 20
£ B I [8]/min
Retention time
1~9 F3 53 & 75 AN [] £ B I 1) F) 258 M3t e
1—9 denote outflow peaks at different retention times,respectively
B4 PRI R A T I P AR S™ 9 15-2 19 HPLC (A Fil TLC(B) o il 45 5t
Fig. 4 Separation of active metabolite 15-2 of myxobacteria from Danjiang River by HPLC (A) and TLC (B)
9
FHAEX A 15240 7= b 2L 4
Blank group 15-2 metabolite group
K5 PRV RN 40 6 M A= 9 15-2 % HepG2 4H i 19 55 1
Fig. 5 Toxicity of myxobacterial metabolite 15-2 of myxobacteria from Danjiang River to HepG2 cells
3 Lj‘ A MWE & (Chondromyces) 1 #P1 . H T AR FEN
o

ZR WA A Oy e ] R b e o S 2 LR A P
FEMERNEY G2 TEFENAEYRIR.
P ZR 0 M X R AR LA L
R 75 I /T e w0 ] e o -
RS R RENESHE D, Y.
T AR A WU AR) BT B Y AR A 56 R LR IR 1Y
IR R E T 2. 103 E Ry RR
Pl DX, R 20 B A SCBF ST B RS AR D | R X 2
WA 3 DX R R A AT G AN TR Y 23 S L 2 AR 0 A A
AR 7 W 00 15 M W 5T DA ST IR A b 1 2l X
T A= 0 9 A 3 AT A L

ABIE5E N FFVL I S8 AS 7] AF 355 R vp 23 85 4l A 15
B 23 BRBH A L B35 B BR T B (Myxococcus) 15 £k
I 3K 7 )& (Corallococcus) 3 ¥, L ZEFF i J& (Cys-
tobacter) 1 ¥, JR e F J@ (Archangium) 3 ¥, K %

T ] R 2 TR L B - LA R A 2 A R 0 S T ik
HA B RR IR S 50 5 A5 B B0 65 A0 TR B PR AR R T
J& o T X TR R A AR R S T RO Al AL
ZLREE S Sk S

AT FEAE R WL Y B AR O T BRE AR A
R B Bl 2R T R AR (ELXE L 20 8 A 5B 50 ) T A )
BEUR DT A8 45 BRI B 4 38 mp A T 3% 5% 1) 246 40 o 5%
TR ENA R VARTNR o A% G20 24018 7 85 J7
EERLE T E T, BA B R A 5 Qe ok
PR A 50 I A S R DRI SO R A R O B T
I5 I 22 0 T Brdb A ME 15 5% 26 40 i1 00 0 s JC R
KT 2T 4 3R MR R A B AL O ik i AL R H R iR
TR DRI RIS, OO . R A 1 2 o P E L Dl E
Sy BRI AL 2 RE M AR IR A 5 SRR 5T P
FEWCEE T B 22 RE A AR A SR At Rk R A Y 0
T7 ik s BOIE AT 2 B 2 XERE IR B 2 20 B T vk BT R
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