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Production of Bioactive Substances by a Myxobacterium Myxococcus stipitatus KYC4013
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Myxococcus stipitatus KYC4013 extract exhibited the most potent antifungal activity among the extracts of 207 Myxococcus
strains isolated in Korea. High-resolution LC-MS analysis revealed that M. stipitatus KYC4013 produces five antifungal sub-
stances and three other secondary metabolites that were predicted to be melithiazol and phenalamide derivatives, respectively.
The putative melithiazol derivatives were best produced in CYS medium and the putative phenalamide derivatives were best

produced in VY3 medium.
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Fig. 1. HPLC chromatograms of isolated M. stipitatus extracts. (A) CYG medium control extract. (B-E) M. stipitatus KYC4013,
KYC4174, KYC2004, and KYC2018 extracts, respectively. Extracts were separated by HPLC using separation condition 1 described in

the Materials and Methods section.

S Hole Ao Vet webi & A+t
SY EFFEES Y2 E HPLC

< AASHY X B Hole 8293 E R
At 46T EFEES Y2 U1 B4 9e
7Hg 733 g BAE B Ql KYC4013 #3792 wijeks
2520 93.958 B0 6719 u3E Bk (Table 1, Fig.

3 | 9l KYC2018 #32 A 2ntE 10|
M o|yat m A} Kol @row(Table 1, Fig. 1F),
KYC2004 o9 A2ntEdf A= Y7 gavt HEE
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Fig. 2. HPLC chromatogram of the M. stipitatus KYC4013 culture extract and UV spectra of the peaks. (A) HPLC chromatogram
of the culture extract between 40 and 50 min. (B) UV spectra of the peaks detected with photo diode array detector. HPLC was conducted
with separation condition 2 described in the Materials and Methods section.

Table 1. Myxococcus stipitatus strains used in this study and their corresponding antimicrobial activity against Candida albicans,
Staphylococcus aureus, and Pseudomonas aeruginosa.

Diameter of growth inhibition zone (mm)

Strains Geographical origin - -
C. albicans S. aureus P. aeruginosa
KYC2004 Jinan, Jeonbuk - - -
KYC2018 Namhae, Gyeongnam - - -
KYC4013 Jeju, Jeju 20 - -
KYC4174 Chungju, Chungbuk 12 - -

St th(Fig. 2B). webA ol 5 ‘:}’)\ Mo 45 5
AE FA 2L 7FsAol 2 ALE Yeigoh &

o] 84, S5, S6 W AEF O UV AHEHE M2 A (Fig.
H  2B)S1, S2,S7, 88, 89 pjAEAEN FTHEHE E T2 4
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Table 2. Antifungal activity of peak-denoting fractions col-
lected from the HPLC separation of the M. stipitatus KYC4013
extract.

Growth inhibitory

Peak Retention time -
number (min) . activity .
against C. albicans

S1 43.66

S2 44.25

S3 44.58 -

S4 45.01 -

S5 45.54 -

S6 45.70 -

S7 42.21 +

S8 46.71 +

S9 47.65 +

The M. stipitatus KYC4013 extract was separated by HPLC
using separation condition 2 described in the Materials and
Methods section.

PG FAPL Bl S1, S2 97, 181 AL YERRA
U AYHOR B2 a8 Yl S 7T B

2 2t ¥, v e AFEA7IZ2 2455 S1 1
FAEAL m/z (M+H]") ko] 471.1418F CyyHys04N5S52]
shebAlS 7h BAY Aoz BAEgon] §2 NaBYe
m/z ((M+H]") 7ko| 423.14152 2, CyoHog04N2S, 2] 3}5H4]
2 7M1 E4Y Ao EAHAH(Fig. 3). S4 HAEH L
m/z (M+H]") Fto] 508.34152 CgoHus0.NY AO 2 B A
H3Ath(Fig. 3). Foj7l AL 7|22 B4 fo|gHolx
Z 243 23}, S1 I EZL melithiazol F, S2 9§32 E2
2 melithiazol A B= EY A2 2 Yelton S4 g3 E3
2 phenalamide C¥ Ao Z BXEIct S5} S6 779 &
SHEF L m/z ((M+H]") ZEo] 492.34652 C3oHy503NY A
© 2 BAE o] phenalamide Al, A2 = A30] 4o 9 &
Aoz 2A=Yr)

Melithiazol> A MAM|F Melittangium lichenicola Me
1267} Me 146, Archangium gephyra Ar 7747, M. stipitatus
Mx s64 #Fol|A SAE FAF ELRE n|EZE o Ax}
AgA Y] EFA I Adfst= A2 d=|A SIrH12, 16].
13709 R=A7F dEA ded, FHAlAE Ahn 59
Myxococcus sp. JW154Z2F-E] melithiazol FE £&]3}t9] 4]
E ol tigt in vivo L RAIATHI]. FFE4 2
I} gJof = KYC4013 Hjf5=2E5<] HPLC £44 H&d
S1, 82, S7, S8, S9 u|7 B39 UV AHEFH0] melithiazol
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Phenalamide= M. stipitatus AJ-12587 FF A A
A" B4 2 stipiamidegh= 0522 A3 HIEITH6].
o] B4 FAH E= P2 B4 HolA FAE P-
glycoprotein® 2 QI3+ A2 A W|AS =2 HIV-
1o gt utolg A B Hols ALRE dEfA UTH15].
Phenalamide A1, A2, A3, B, C| thAl GF=A7} L&A 9
=], FYolA= Ahn 50| M. stipitatus IW117 525
E] phenalamide Al, A2, A3E E&]3}o t}kA YA LAl
Zo gt B4E A2 AFEA A3 Qo=
KYC4013 uj%¥3Z&E2] HPLC 244 #&H S4, S5, S6
13 239 UV £2H E o] phenalamide®] UV 2HEH
I FABLER o]F 13 £452 2F phenalamided]
E=AQ Aeg AmEHY

w2k M. stipitatus KYC40133} KYC4174 o-5= AJAE
2ol Joj A= Zo)7F AT melithiazol¥} phenalamide
FEAES A AT 5 e #52 Bl v
KYC2004 #3F = 4% 9] phenalamide §=H| S92 AAE
519, KYC2018 355 & £50) B3 2% A4 gt
Aoz HQlth

Alo

P
W

HHXIOfl L2 M, stipitatus KYC40132] SZAMA EXN

i zlo] wE FAPA EAE A st M
stipitatus KYC4013 #3& VY3, CY, CYE, CF, CYS,
CYC, CYG iAol A 74 et videt 5, FE255 AXs}
of S EE YAt FAE BAsHAH. S1, 82, 87, S8,
S9 WZE42 CYS HjRA|of|A 7H3 who] AJAke Wb S4, S5,
S6 B A EHE VY3 v Ao A & BAE B ATh(Fig. 4).
w2tA melithiazol2 CYS HjX[oflA 744 2 Ag4hE o,
phenalamidet= VY3 s oA 74 2 BAEE= AL Y
Efyttt. CYE, CF, CYC vjA| A= BE 73 58 E50°] CY
v zjof vlal A AL F HAE Th(Fig. 4).

CYE A= 1%9] casitoned} 0.5%% S RF=E52 &
e 5 YU TFFo] ot 4R HAANFEL o] WA
A w9 2 AAEtA g Fof whebA = SR gt
AN AdFES FEEC] LZEA Fouz o] vz
A AAAE BRI = gtk CY #iA = ofl A AN+
759 wfkel wo] AMgE= WA R 0.3%2] casitonedt
0.1%9] ARFEES TF3te] CYE vjR| 9] Blsf =
Fo| It} JHAHF FFEL HFEE o] #iA oA & At
o dAg7|7to] AUd 3o et FE 174 Al = H
+ AAAE FA57 = gt

CYG HjX]%= 0.5% casitone, 0.1% AR FEE, 0.3% T=
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Fig. 3. High-resolution MS analysis of the active fractions from M. sitpitatus KYC4013.

g, OFYULEH, cyanocobalamine® 2 FHo} glom of A= R & AN dFE0] = == Aot
RE9 Myxococcus 750 & Aetn] A7|7ke] Avd GA7IZEe] AU FFEe] LA AAA FAo] f=
AAANE B CYC Hixl= CYG wixol|l A gage  Hrh CF WA ol SuFY FFRuhS i3t 9o A
2 2reg Al 7| EARE YolE wiR| o], CYS HiAl= WAl AZES S5 A YT FEoE 22 A
g g4l 718 AESE Y olE wiA otk Myxococcus AA g0l =gt wekA M. stipitatus KYC4013-&
TFEL 7HA AdoA Ere 7|EA Be £ETO] CYES} Zro] gok& ol &2 iy CFe Zo] 4=
A of B ] ZFket VYsE 52 AZE HolZ 3 o] A9 gle HiAGAME BB dE & AR x5t
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Fig. 4. Effects of different media on the production of bioactive substances by M. stipitatus KYC4013.

o, CYS, CYG, VY39} Zo] 7)o GeAA-e siezt 371
o JerEo] LZEL WiAolH BAL 7 AL Aoz
Holt}.

=W 22 Myxococcus & AN 207 +5E 5 7P =

YA B9l M. stipitatus KYC4013 #59] ¥

B35 LC-MSZ v 243 A3} melithiazol
A5

F =& 37l o)A AMIES AASELL e AL U
E}StT. Melithiazol %4 54 E452 CYS vjx]o|A] 7}
& AAE ¢l e, phenalamide 24 4 2452

VY3 Hj Ao A 7H 2 AYArE Sl
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