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Abstract: Myxobacteria are a group of medical microorganisms showing complex multicellular
behaviors. On one hand, they produce a variety of natural bioactive compounds with novel
structures through secondary metabolism. On the other hand, they can secrete diverse functional
enzymes. Therefore, myxobacteria are valuable for basic research and applications. However,
the research on them has been impeded by the difficulties in resource mining and the low yield
of secondary metabolites. This review introduces myxobacteria in terms of the biological
characteristics, bioactive products, regulation on biosynthesis and applications in medicine,
agriculture and food industry. Based on available results, the problems in the research on
myxobacteria and the possible countermeasures are presented. This review is expected to
provide reference for the in-depth research and the resource development and utilization of

myxobacteria.
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Table 1

Distribution of different myxobacteria in major habitats

A5 - Z 0 L DL

Habitat General Most Common Rare

-5 Nannocystis exedens Sorangium cellulosum, Polyangium spp., Myxococcus fulvus,

Soil Archangium serpen, and Cystobacter spp., and Myxococcus virescens, and
Corallococcus coralloides Melittangium spp. Myxococcus stipitatus

EAMshY ki Myxococcus fulvus  Myxococcus virescens, Nannocystis exedens, Stigmatella erecta,

Herbivore dung Cystobacter Cystobacter fuscus, Cystobacter Myxococcus xanthus, and

pellets coralloides Cystobacter errugineus, and  violaceus, and Melittangiu spp.
Archangium serpen Polyangium spp.

AR B AR Sorangium aurantiaco, Myxococcus fulvus ~ Cystobacter pedicul atus

Trees or decaying Chondromyces apiculatus, and Haploangium spp.

wood Sorangium cellulosum, and

Cystobacter coralloides
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e 2 poos, KRG AR A B R B N RS 1L
B LRI YEMESER B, A soraphens,
chivosazols . leupyrrins. carolacton. epothilones .
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Soraphens J&—2K T /\JL K NEER G,
HARPUCEIR 0, EREW RO & T o

R2 HAESBIMNEZEUNSYRELEYEN

HYIRIGIT N B98¢ , HiHp soraphen A, 43
THEAR Mok B BUTERRI BERE ) TR A R
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A TENR 7 20 B rb 4 i Big B AR 2251 BT 4501k
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G, XEAGY Z A S F AT A
Y55 M B B (B 1), chivosazol A X
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W INEERALS Py A KA [R] e 40 M RGBT
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Table 2 Some important compounds isolated from myxobacteria and their biological activities

WA s

Time Compound

LERIETY

Structure type

e YT PR

Source strains

A=W Tk U g

Bioactive functions

1977 Ambruticin Lactone
1985  Corallopyronin a-pyrone
1993  Soraphens Macrolactone

Sorangium cellulosum

Sorangium cellulosum So ce26

Anti-fungal; Interferes with osmoregulation
via the HOG pathway

Corallococcus coralloides CC c12 Antibacterial; Antifilarial; Inhibit of RNA

polymerase
Antimicrobial; Antiviral (HIV/HCV);
Inhibitor of acetyl-CoA carboxylase(ACC)

(#2k)
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(832 2)
WHE RS Gtk e PR TR R APy e
Time Compound Structure type  Source strains Bioactive functions
1995 Chivosazol Macrolactone  Sorangium cellulosum So cel2 Anti-fungal; Cytotoxic; Inhibit actin and
tubulin polymerization
1995  Epothilones Macrolactone  Sorangium cellulosum Cytostatic; Antimitotic; Stabilises
microtubules; Antiviral properties (HIV);
Promotes axonal regeneration
2003 Leupyrrins Macrodilactone Sorangium cellulosum So ce705  Anti-fungal; Cytotoxic; Inhibits
and 609 DNA, RNA and protein synthesis
2005 Spirangien Spiroketal Sorangium cellulosum So ce90 Anti-fungal; Cytotoxic; Antiviral (HIV);
Modulates IL-8 expression
2008 Sorangiadenosine  Nucleoside Sorangium cdllulosum So ceKMO0141 Antibacterial; Antimalarial
2010 Carolacton Macrolactone  Sorangium cellulosum So ce960  Influence on membrane integrity; Cell
division; Cell wall synthesis through
interfering with PknB signaling
2012  Aetheramide Depsipeptide  Aetherobacter rufus SBSr003 Antiviral(HIV-1); Cytotoxic; Moderate
antifungal activity
2012  Eliamid Polyketide Sorangium cellulosum So ce439  Cytotoxic activity; Moderate antifungal
and So ce241 activity
2012  Icumazol Polyketide Sorangium cellulosum So ce701  Antifungal effect; Inhibition of NADH
oxidation
2012 Noricumazol Polyketide Sorangium cellulosum So ce701  Inhibitory activity on the potassium
channel KscA; Antiviral (EBOV, HCV)
2013  Maltepolid Macrolactone  Sorangium cellulosum So ce1485 Moderate cytotoxic activity
2013 Microsclerodermin, Cyclic peptide Sorangium cellulosum So ce38 Antifungal; Inhibition of NF-kB and
pedein apoptosis induction
2013  Sulfangolid Macrolactone  Sorangium cellulosum Antiviral HIV-1
2013 Chondramide Depsipeptide ~ Chondromyces sp. MSr9030 Antifungal; Cytotoxic; antimetastatic;
Antiviral (Ebola virus, EBOV);
antiparasitic; Inhibit actin polymerisation
2014 Cystobactamid Peptide Cystobacter sp. Cb v34 Antibacterial
2014 Macyranone Peptide Cystobacter fuscus MCy9118 Moderate cytotoxic activity; Antiparasitic;
Proteasome inhibitor
2015 Nannocystin Macrocyclic Nannocyctis sp. ST201196 Strong antifungal and cytotoxic activity
epoxyamide
2021 Myxadazoles Unreported Myxococcus sp. SDU36 Strong vasculogenesis promotion effect;
Moderate antithrombotic activity
2021 Sandarazols Unreported Sandaracinus sp. MSr10575 Cytotoxic and anti-bacterial
2021  Archangiumide Macrolide Archangium violaceum SDU8 No activity reported
2021 Myxochelins N1-N3 Catechol Corallococcus sp. MCy9049 No activity reported
2022 Myxochelin Catechol Myxobacterial strain MSr12020  Antibacterial; Moderate cytotoxic activity
B-succinate
2022 Sandacrabins Terpenoid- Sandaracinus defensii MSr10575 Inhibit the SARS-CoV-2 RNA-dependent
alkaloids RNA polymerase complex
2022 Thiamyxins Peptide- Corallococcus sp. MCy9487 Inhibition the RNA-viruses in cell culture
polyketide models of corona, zika and dengue virus

infection
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Structures of chivosazol A (A) and carolacton (B).
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Figure 2  Structures of aetheramides.
R Spirangien A R=CH,
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Figure 3  Structures of corollapvronins, spirangien and myxochelin A, B-succinate, N1, N2 and N3.
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(&l 4), B AKX RAGY R EYTE M E
FORIE T AR, FAALHKFE R Y) sandarazol
C SHAMAEWM L E/R T R HPTREE,
& %t B35 43 4% FT % (Mycobacterium smegmatis)
) S5 AP A TR VAR BE 3K 3] 14 wmol/L
222 MEBRXREKIF=Y

K2 A TR IR A ™ W) A AE DT L RS
Pk, 1 ambruticin 1 pedein SEfL- &YX EH A

Sandarazol C

&l 4 2-hydroxysorangiadenosine. sorangiadenosine 1 sandarazol C By 4514
Figure 4 Structures of 2-hydroxysorangiadenosine, sorangiadenosine and sandarazol C.
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5 Ambruticin #1 pedein A. B HJZ5H
Figure 5 Structures of ambruticin, pedein A and B.
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Figure 6  Structure of epothilones.

TR R AR AT R 29 T A, HETIE
RIRIBNE T R FAH AT AW 42 7 /A TE
W FT (e,

EAZIEMIAF 1A (eukaryotic elongation
factor 1A, eEF1A)A[ETTZMHAE A& NS
Y g 2R g E A NG, 6] eEF1A 7]
DIARUBHET mRNA PRI ARE, DA S B0 il fp
98 A ML A R B ORBE MR A B Y, Rk
eEF1A BIA Ny & B A TS ) PR in YT 5
Mz—P3 2015 4 Hoffmann %PV LAY
nannocystin A, H—~ = KAI—A~H A Ak
J LR SRR L L& 7), BER M eEF1A,

Epothilones F

Cl

7 Nannocystin A BJZ5H4
Figure 7 Structure of nannocystin A.
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TEAR YN BE IR Wk BE T 38 o 1975 S A4 L 1 DA
P ANEIEAE . 2019 4F Liu FEPEM T —&
4] nannocystin A ZERU4, M4 MTT iL 53 Hr il
B 1B B 8 B 3 AT T T B AT B A5 AR RN T
B ZR, DAL G ZR R i il ) 21 45+ 7 1k Y
nannocystin A 25 LQ18; W5 A, LQIS
X0 A4 AR e B v K BT AR TS v, R
il A HEs 40 AS49 A & b eEF1A YRk,

16 G2 BBl 7 A I, I DA R
# PR 7 28 iR caspase-3. caspase-9 Fil bax
HEHAFRIEKFEST AS49 MIEHETS, R EFE
k7 B kB4R -2 SN RE . DMH
Z, LQ18 HA Ik M T IRYT 45t vosr
A eEF1A 789 /155, Nannocystin Ax &
4] M\ Nannocystis sp. #1435 H A —F 21 JC
BERE, Hou Z:07% ¥ Nannocystin Ax X} eEF1A
WAATEM IR, SRR S 7E 25 H i 4 A v i
ST EABER DI RES GL 4R
1k, FHEHE T H IR A caspase RS
PEVTZ. 2021 4F Sun ZPYHEZR T nannocystin
Ax Xt TGF-131 5Bl 4. EMT #5
e, AT TR FH 2 11 5T 28 B0 RN SR g8 D G TE A
W8 1 A Feak FUE A, 26 a6 Fn 4 11 A
HIR BTG TR A RS SO, AL SCEF PCR
ME TGF-13 ZMKIAR) mRNA F£ik, KIH
REFN TGF-131 5509 A i 4 A A% B K -]
kel . TR FIEEM, JE5/8 T NAN B
YEFFHLE]

3 KW AN S KR EFK

FIRT, JLFBr A kS48 1) PKS/NRPS ST
LHERLL 1995 HFRIFNERIEHTIA R soraphen A
(4 2 0 L A H 25y Ay FE A B

RGP 5 Ll (polyketide synthases,

PKS)EZINEEE M, BaSELN. YHEM
SRR IV A - <Dk Y VA=A £ 7197 > R £
rh R AR A7 B AR AL — > 0 B Y SR B 2 ik
SIE A JE] 01 FNAE OC D) B L AT p B, g R
4 Wi (6-deoxyerythronide b synthase, DEBS)
() PKS H 7 iXFER ACP fa5(K 8), 1 4]
TR ARG B, 6 MH T K
B0 nlEl 8 FR, LIS A BRI R
fif(acyltransferase, AT). M3ZRIALE [ (acylcarier
protein, ACP). [iil}:4 il (ketosynthase, KS).
i 7K M (dehydratase, DH) . & Mt 3 if 5t [
ER) fil B- W JE & 5 [
(ketoreductase, KR)®'\, #£ PKS ™', Kiil#
£ 7 A 0 P R R i (thioesterase, TE),
TR R EN B PKS KRk, J07EH
Al it 5 B B R PR RIRINER IR, X SR )
AW IR R

AE & bl A BK & BY S (non-ribosomal peptide
synthetase, NRPS)J& —F Z it B I, 254
BrEUMRE HIDREF & 20, B XTI A SR
AT R BTG — MUY & 2 A B &
Fs v AR AR KT, anlEl 8 B, A
NRPS Y F AL 3 AT L, R
1 RR T ®E1L (adenylation, A)Z5E a4 . 1 AKIE
AR TE 1 (peptidyl carrier protein, PCP)Z {41
F1 1 464 (condensation, C)Z5 38, KH4FEE A
IR G BHE M IREE o AL, IBAEAE
RERS 3G N = W 45 ¥4 22 FEE A TR BB T R

Epothilone A4 BUE PR 7% © 8 40 15 .
J¥, IR RBHSS 6 MEZINREE R, XEE N
9 A REIAPKS) & MBS 1 S AERORHA S
(NRPS) % i He 2 i, Epothilones (1%
BCZkvb B — A~ Bt i) B R BT AP R, Bl S A
—ZRYN 8 MEEM . k- EEIE AP IR, BE
2 \bE & HFE epothilone F [X3d,, 7ERFAIHELL T

(enoylreductase,
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A

Initiation Elongation

Elongation

Elongation s
N Termination

= ‘g—

B Elongation
[ermination

8 BEAEMIEXEAKESHREBESHRNEREMTIMI R

—_— A , A N\
: S é S o S

DEBS

A: ZI% ZE 1K DEBS 449

F A PKS. B: B8 R K EERATA ACV LY Y NRPS
Figure 8 Examples of modular structures and biosynthetic processes®”. A: Polyketide synthases DEBS. B:

Non-ribosomal peptide synthetases ACV.

ARG, 3R 580 TN Ie RNERD,
Epothilone A J&REI1b G )G B 1) 3 A
He, epothilone B JEMENEIE i, E1H 57
BB AR B A SRR IR AT AR, SRS
WEMEILIE £ NRPS/PKS FLii 44 #% %] epothilone C
B KS g, HAxR PKS BN epothilone
D—F DU A 945 19— B s Y P — T B TR S
K5k, ERCREA A, —BHEEFH5E, W
epothilone F A (A R BG4 i FRBERL, A2 1K
TRTERIANEERAL S, B epothilone C %
D, HAEEZR P450 HALREEIETT A L
Al 435 i epothilone C B D 4:h¥ epothilone A
gy B L A 2021 AER BT A M
(myxadazoles), JHEMITZ A B 42 Hh “fik-R 28 X
AR A, AT By | 5
PRI A G2 | [R5, 28 B 28 R R A PR 37 9 1

HE RS T M AR AR RS 2, 35 1 4%
WA T IR TR A P& M AE 2 . PKS/NRPS

REFENFE i, =5 0HA B8R % 221
(fatty acid ligase, FAL). Mi/KMiff(dehydratase,
DH). MtJE# /A% [ (acylcarier protein, ACP),

Fiil A B Wi (ketosynthase, KS). M35 i
(acyltransferase, AT), ZIEHF4Mf#(aminotransferase,
AmT) ., #4508 (condensation, C). [ilid J5
(ketoreductase, KR). Jilitif )i fiff(enoylreductase,
ER). %Atk (oxidase, Ox)F14i g (thioesterase,
TE), mdzl EAHE—HEER TE S5fn]
RESETCIETERY; 2 2 SR WNAEZE R BI12 AR
AR A N-IEREEL-5,6- U EEARIFIRME, ribG
35 TR G e 4 LA W R A A R A W R P

Okoth ZEPV% T 2-hydroxysorangiadenosine
BB T 5 sorangiadenosine HUZNAEEEME, [F]
IHER T —FP A kL. Wkl 9 Fon, W
B HB v e SR R Bl A 1 R S AR IR (farnesy]
pyrophosphate, FFP), i &% ¥ LB ™ A= (1) FFP
SEAR AT B 0 , ARA N  RR R
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DMAPP
+ 5 > FPP > 2
PP .l'alin‘ca:}*l Terpene cyclase |
transferase Eudesmadiene NH,
intermediate N N
a
] ) N N
Eudesmadiene C_.( HO O
transferase \
HO  OH
HO.,,

Cytochrome
P450 enzyme

N
HN
1)
HO ’Y;N N/)

HO OH

&9

SRR BRI RUAE 0 by FERB IR AL
FEETREZH0AEY H, FlfeE S SR A
AR PR BRI I B A TS AL A I A )
e Ak SEFE,  2-hydroxysorangiadenosine
2E¥ i sorangiadenosine FY¥EFALFr S8, H
TR EZEA G W) 6 s AR # w5 S o 4
MitazE P450 FEFRIEAL R <E B LB, FrLLiA
3 2-hydroxysorangiadenosine )4 4)& i 1
g — B L RA e L M AR P450
Tt Ak A S B 600)

4 R AETE A A TE 7 A B BT R

it 25 R SRk 20 R AR T T Pk ke BRI
L7 A U ARG 7 ) S G W R TS A B
AR AT E S TR N, I B EUR
TR
41 EFAF@E

£ 2 M TR T SRS U N T
KRR AL REVEVE T, BT AR RE L 1 4

S ¥

HO

gﬁ i

_— HN

N—” =N
\
¢ N4

HO" b

EFUHEREVEREEREMN 172 WEYSHREELED

Figure 9 Proposed biosynthesis route to 1 and 2 based on retrobiosynthesis considerations

[36]

Y FEFR, DL sy R . BUbh
S FNPE = I I MIVER, DR R R R B R AT
T HL B ALY R 2 it & 0 5 FV 1A
Bt MR AL S YIR R R KL
WA RS PUE A LS . RIEER D
REAE X B0 1 b 2o AR R AR /R Y, B
il R TT M A2 RE 25 s T . REE R B
C7E 36 [ o U R, S [ PH BRI
A I IEAE#E AT FH T 99 559836 97 A9 T I R 3K
5. BRIHER B AT YD T (ixabepilone)
E 4 5 £t 24 o B A R R L A Sy B — )7
55 R R A I G R YT R A I sl e B L
g R YD DT B 7 3R T LR 9 A AR
FIIF AL, HSCERGE, & T RES R b & B A
RS, PRI 22 04 25 W) i A v il e ax A ]
B E R ZE, EAMEA RS, B
WEMEAN B C21 b A SRR I A AR 25 2 A
A WA AEY) BMS-310705 2 — R il 2 1 5
G, HAKEME IR IR R B & 10 £, HRIE
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%R D HAWRIAMEEEYE, mHAR BRI
PRI P S B0 75 AT A K 52 751 5t (maximum
tolerated dose, MTD), Kl 7E B [ IR IT
FEAR SRS T ASEELY T, BMS-310705 (175
PEFFAE S5 0H VD DT AR Y, T elidk s PV A 2
VIR AN & R IR BRI A B 5, DA AT LA ke
TWAZ, R ICEERS 1 e d AR
3R ER B Y. KPR LER SRS
THABR RS R e R Ry, R
e Z 2 A h AR R iG M, 5 R EEA
A, VI PCRE O ik B AT DLZE S o i e B, 3%
HA e BRI 25, Itk
U2 J5 £ 241 90 0 PR R R 28 R G e B ) DA A AR
TR I TR T, R AR K
Jibges i A AE I — A SR E, HRTvb X It
B IE ZE U0 I PR e iR gk A T o A, 4
FTREAR R . AR/ N AR . FLARE AR AR
T A

R A0 B R IR AR P T 2 it B i
GEMZ R . EME R E TG falcipain-2 R4
e — A E LA PUEZ Y 5. Somanadhan
2 [TU MKl 2 7 (Chitinophaga sp.) Y23 1432
) MeOH #2& HUW) 9 %5 2y — g i It Y ik
falcitidin, X falcipain-2 #9 ICso{E 6 pmol/L;
HIR falcitidin A7 767 AFEE DL BEARAY ]
B, AR ERAE O PUE Y R . Il
Z R N JIK 88 % % (prolyl endopeptidase, PEP)#{
Iz ST R OUIRIAIT ALEETE ), Gass %7
KIAE) Mx PEP 2 8 {4 kL BR I8 (Myxococcus
xanthus) 73 1 (1) — i il 220 % 3 BRI, 25 A X
Tt 1) 24 3L ) 2 1) D 7R g AK e 2 2 B L R
PR b el 1K T e ke 15t ) 2 1 Tl LA R R iR T L BE
EHREWERARN T, THAETR RS
ZEGNERE ARG EE 2 fl(severe acute respiratory
syndrome coronavirus 2, SARS-CoV-2)J&5 | dZ#r

56 IR R B B G (corona virus disease 2019,
COVID-19)1) 25 J5i4 . Bader %"E B T3k
1 KiiZH i Sandaracinus defensii MSr10575 F4 38T Y
i 284 W8 sandacrabins, JLH' sandacrabin B
#1 sandacrabin C X A 28 B 4 5 IR s 5
HCoV229E WHuha s G YEITE 3 17 Bl e R
J& FEl N ; sandacrabins HE 4 ] SARS-CoV-2
RNA &) RNA REBE G, 450 %
PYARAZ T RNA G RG], A3k 5k i )
B2 Ak = A 4R T — A R4 a9 £
Haack 25UV 5% 3 76 -4 57 BURS 41 18 KK 7= 4
R A BT thiamyxins, ‘B2 & BERE A
I AR IR 1 A AZ R IR - SRS AL S, B iR
KPR RGP FERBRNEE . 28 0 B A
PR T R Y A M R SR AR R h , thiamyxins
Xt RNA JiagRC AT 55 560 nmol/L, HA7 i —
HIFRIRLYIMET] . Panter 55UV 2022 4R
M 24 177 (Cystobacterineae) 1 73 25 215 19 1 5
¥) myxoquinones, MFFEERE /R, BT HAKRE
PERIEE TN, myxoquinones HA T & UG 4E4:
R K AR R A A A PR G . A
B JRVRN A DA S AR BT A= 2R A T 24 M g i A
LA 2H 2 A Ry — T KA A R f R R
BT BRI PLRA 25 W) W B 2 75 5K 4338810 Koller
U B HIE A Y myxovalargin X 254% 204
FERBA R AR, B T R ik 1
BUH AT f1 . Corramycin J& Couturier %57
NI IR TR v 43 5 R AR B R AR, xR
TR (E. coli)fEAEdMfil sk s ZE R /N
JRYLARE R p - BRI S) 30 mg/kg B9 corramycin
a il 60% Y 3 Wy A7 TG LG EE RIE T, [k
corramycin ] LAY & B — AT 30 BT TR 259
XL B B A PR
42 RAFE

LR 3 B IR e ALy T — R R T
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), Kim 27V AL H KYC 1126 B9GPV R
SEA TN T A BRI . ST P RRE SR TR
f T8 & AL 224 K . Dahm Z500% B
A g b B R B AR R I 2 Myxococcus F
Corallococcus i H B 4 7K A LU B (Rhizoctonia
solani) A 4¢3 M 5 B AE T, HH a) 5t 36 3 WY RS
0 TR )T K R SURG I TR R R AR Y BT A S
AR E . Li PR 8] 0 Bk R
(Corallococcus) I k- H A R 4 19 Bt 214 16 1
FEPACR TS F AL I, AT TSR 2 T %
A4k 7] TR (Fusarium: oxysporum) =LA = 24 A:
P iE e, S R T B D TR 2 1 R
OJEe T HoE A EAE . itk Corallococcus
PRI A T 5 ) A 0 s D TR T A N R A
J1o Li FEPL BT — kA ER B Myxococcus
BS, T LUE i i A0 2 I Y B - B AR B
FH A 280 6 A1 38 2 88 95 19 2 3 R s 3 4
B, PR AR R A KACE R AR 0t
TR EA 2R 2, A T REIT & AR
— R A A A ST A s R L ST RS A
TRV E 1) AR B 8O B 5T E— 2D O R T ]
R . 78 2 22 A Y HH B) R = 8, R A
LT YEHE R TR (S cellulosum) KYC 1126 %t
SR IF 975 5 S5 A A ) R B S 7 2 i M
FEHI (S cellulosum) KYC 3262 75 H ] & 4% 3 48
I FH T BRAR A I . LR 8 A A5 il e
R A7 B & B 2225 K, I8 B4R BB B
PR, ER I R ROR  H Ta) A G 24 50 R
(R 9 & A I LTS Kk 4 T 9 B R B
(Corallococcus sp.) B AR RE 15 . 25 FRAK # TN T T
R AR, BRI B IR soR
KL, Kl 20 B8 22 IR AR = ) LA BT kg
P RIR AR FE R 55,
HEBENRWKE, BERTFZAgRSL
W UNRE B RS FF S LUK R 329 19 T8 ek R

B Rz, HE AT AR 5 o A A
FIF, X AT FEA B U5 ™ B R 2, B,
SCIRAEDIRE A X R G R BV R T &
AP XT38 4388 F2 0y . R R IEY R
Ko LA RSk R AAEH RE L. 44
e TR A R 41 4 25 S (LB A8 A 00 B A 0
4L, W REPLIE 5E 4 Hh B AR 2T 4E R 0T BT LUK
TR 53 WA 1Y) 21 4 R iy T RETE2F 4 2= 240 % 5%
Wy 8 0 i AR e B S 1 T
43 BmAE

TE R B — PO B T B, R TE
WL RBESFES . B 1995 4R WA
PR KL BR 7 (Myxococcus coralloides) D Hi43
alifb S S50 a-JER I, AT A 20 R I XRG4
BRI VR A T8 A A 5 ). AmyC 2 ABHRES R
EGB sl — e I, FHAERE
Mg ik, &R B A R e BB R
VEE Z N RETE R IE™ . AmyM & —Fha] LATE A%,
FIENPEN o-TERIEE, XA AYER L YRS
A A DL A B A BN 52 1k, iSRS
A YIPUAACIERE, X LERRIER ] AmyM 7
Tl R AR K A P, TsoM 2B
B SEIEREE, 5 AmyM BCA AL B &5
ZAFNBE L, B BN TE R AU A s
V12 T TS X K SR [ 59 75 SR R B
s, AT bR -4 EL A B R A0 7
Mty , HORSER TR 23 W A IR VR N 2R 11 I AT DAATE BR
M T 2% k-BE BT 1Y Phe-Met £, MM
PRI B e i A A= e 2%, o AT iz N IR
WA AR A RIED S Ak, A Bk T B 1
Ttk 25 475 B L it ) 75 SRS WS, RS T 3h
BEFLMG, AR MIEEFLEAS b iR H B e 2l
LA AE T8 S = i S5 Y. Poza SR B
Myxococcus xanthus strain 422 43 A9 7% P 5E 7L
M RE e 2 4 = AR W B e 1, AR A UIRR AR
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PREEFLEER IR T . BINE 2, KRR
an b A B RN AE, BE AT LASGE & dh 1
B R, REREARCR, WA
ARITR

5 Zw5R%

K AT T R AR i & PR
FKHE, HAERMAESR, B EFE 2
H A5 F 8700 A DTG 72 0 o R A T R G A
PR ZHEEAPURE . AR . AN AR
YESEZFIVERT, D3 ok BA Rk A Wi v 1k
Y, WEEHNE RNA RA B corallopyronin
P08 G TS EAY noricumazol g N E 4
AR I 457 2B RN I A Y AL BE 1Y myxadazoles
o RNAMTRTERYT . AR RN i S 0 Y 1
I Z. FEEYT b, KA R A P AME
LA Rk, T X 22 P 1 N A4 TR R R
TP s b, BOA R IR A YIS R A
B R i A AR DG 25 W B AL TR B SRR . K 2
T8 A2 03 PR 7 e ROy TR RE FH T L T
WG, 7E AW R B R AP AR ROR . 2
AEHE TR A 1Y 27 4 3R A EAA T R AR
B S R LA IR 1. Ji Ak, A
TR A B K i I AE B T B R HEE R AE
M, AMERLASGE B IR, [k 12, @6
R UE A T R B LI A T R AT R R . 1E
PRUARI , AT A 240 B R A R ™= W i ik 5t B
tn AL, (HHEDRAFEVE Z XMERT, ikl 4
BRI B AR 1 0 5 Ak o IREDST L ik AR g
P45 IR AF o AR E AR R 20 TR 1 43 28 2 R
A BT R B KRR o DRI 3 1) d5e 8T
RN T A 7 R B AR U A 1 5 K] 2 G
Wae 1 SRR MR Z A EE R ER, 2
B AR LA RS 20 B R 9K 7 0 18 4G DN 3 R
A E

A AT BN B SRR 40 R O T R LR, 2
2 A P B SR AR R 2 S5 4 16 S M T
WMRANERA G ZHiE R . 4Rt
UL, 3K ARG AR TR B AR i M ) Y T
ZARACLA K M Ak 1y 46 Dy T S it 1 — 2 i 3
whkah . ARSI (1) kR
T EFM LA LA i R A P 1 B9 455
B4 6 S TR F W TR % I 25 B T 1A (atmospheric
room temperature plasma, ARTP)iIEZH Rt EH
TZPWER AW, e WSR2 RE R
B T 36.34%, TEMCIEAN EXHREIREEGE T
DAL AR o 2250 B8 3 1 A 9 2 K BY
P T AR N B . A A BA SR T HE 3
B HRET M E 4R R A W, R
R AR A 5 R R AR R T
23.4% ERER 2011 H)E P IRMER m)
R T E G 2ok R T 2 M AR K B B AR R B R
(oxygen uptake rate, OUR)IHAT T FT4ERH % B,
(4 5t K T T R AR 50 K W R = R T
TK(ARTP) ., ZEAHMHNEAS N EFE B HAR 5
HIAAR . FRR O 615 SR B T A RS A
DA 7 HEORG 40 P R PR A5 00 v 77 T ik
TEUC LA b6 FLRE SRR R W AR kA Tk 1%
TS = BAR IR B L W R K. (2)
77l Ak 2 R A B AR S PR W TR 2
i AR AR = R VAR B4 RT3 . SR LA
7 2 TR A R 5 A U AR U W A R BRI 7 AR
Ik, FRABEAL A T A 35 35 S R B AR o AN J
W BEE AL o3 B B, — 8 R RE B R e S B
el RS AT 77 4 Z — epothilones FlBA] £
W R AR T T /SIU R NERRA G, TE R
WERZAL B Y T oy B alifb i, A A
K PR A B 08 M i . P 2R N & T R
bR DL S IBTAE TR 22 Bo,, FRAT B 45 & B 4
R By, A B 2R B EOK, TZAME ., &
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IO BR T AR L RE YA
RS D7 TR S IR R IR AR = P iy 7
VIFH R 5 AL & i o s e r ik n 2%, &
FTI B 5 25 B X ORG  ER A A T e
Py 52 B b A B AT — 1 B S A S AE T o [
I, BERE R 20 2 R0 AR W) A A2 S A Y
Bk, Fiv B REE A X LEFR T B OB 40 TR F
FE P RERT . B, (1) 32 R R AR R
A PRI TR SR FY , S22 48 ) T R B R 4%
T R B TR R 15 5% A5 1R R A7 AR 10 25 S R IR
I, ARG IR REPE R e AT A SC L N, LA
25 5 R HE MR 4 B PR R e 1 R, R
e o, B RS AR AL A
W i, BOR B 2 ) RIS AL R A TR 2 v 3R
PFrERIE . (2) W TAAAEAYS A TR 5
FHBR A TE o RIKFEN R, (5258
AR BACH = Yy R 3 0B H AR )
AP R L], 42 4 SRR R P A 1
fie it Hbn W R s e E R R s s . R
FACH PRI TR, o BE DAL 195 3l A
SCBEEA SEINFR B e A8 7, e A
PR A AE ST 4 5 FR AN R 16 AR 5k
Wi, RN R G R, AT AR &
WA =Wy 7=, () U RO 8 i 32 BE IR 7%
LI e AR IR R AR 7 W e i A
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