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Newantibiotics belonging to macrocyclic were discovered and namedmegovalicins A,
B, C, D, G and H. The antibiotics were accumulated endogeneously by a newly isolated
myxobacterium identified as Myxococcusfiavescens. Tank culture of the bacterium for 4

days gave 8.8 g cells/liter on a wet basis, and 4^8, 7.1, 20.0, 0.4, 3.75 and 15.0 /jg ofmegovalicins
A, B, C, D, G and H respectively were obtained from 1 g wet cells.

Myxobacteria are a rich source of new antibiotics. Recently new antibiotics such as myxin0,
sporocytophaga antibiotics2), inhibitory lipid-factors3), anbruticin4), G1499-25), myxocidins6), myxo-

thiazol7) , pyrrolnitrin8) , althiomycin9) , antibiotic TA10), myxovirescinsn), M-230B12), myxovalargins13),
myxalamides10 , stigmatellins15) , myxopyronins16) , corallopyronins170 , angiolam A18) and sorangicins19)
were reported to be produced by myxobacteria. Isolation of the bacteria from nature and cell purifica-
tion, however, are very difficult due to their complicated life cycle. Using isolation techniques de-
scribed previously20), we obtained new strains and examined them or antibiotic production. Con-
sequently, we discovered new antibiotics named megovalicins.

Materials and Methods

Micro organisms
Soil samples collected from forest area of Kanagawa, Japan were applied to isolation of myxo-

bacteria. Twenty two strains thus purified and Myxococcus fulvus ATCC25199, Myxococcus virescens
ATCC25203, Myxococcus xanthus IFO 13542 and Myxococcus stipitatus ATCC2961 1 were examined
for their ability to produce antibacterial substances. Escherichia coli 508, a temperature-sensitive
cell-wall mutant was employedas an indicator strain in the antibacterial assay.

Culture Media
Myxobacteria isolated, cultivated and maintained in the following medium; raffinose 0.1 %,

sucrose 0.1 %, galactose 0.1 %, soluble starch 0.5%, Casitone 0.25%, yeast extract 0.1 %, MgSO4-
7H2O0.05% and agar 1.5%. Medium pH was adjusted at 7.0 with aq NaOH. The medium used
for megovalicin production was as follows; Polypepton 0.5%, yeast extract 0.1 %, MgSO4-7H2O
0.05%, K2HPO40.025% and NaCl 0.5%. Medium pH was adjusted at 7.0.

Isolation of Myxobacteria
Filter paper was put on the Stanier's agar medium21},then a small piece of soil sample was placed

on it. Incubation was carried out at 30°C. After more than 7 days, fruiting bodies of myxobacteria
could be observed. A small portion of fruiting bodies was scraped out with a platinum needle and
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placed on the growth mediumfor cell purification. Pure cultures were obtained after repeated transfer
on this medium.

Taxonomical Identification of Myxobacteria
Myxobacteria were grown on the growth mediumat 30°C for 6 days, then their morphological

observation including fruiting bodies, microcysts and vegetative cells was made. Congo red test was
done according to the method described by McCurdy22). Quinone system was determined by the
method of Yamadaet al.2Z\ Other physiological tests were carried out according to our previous
paper20).

Culture Condition for Megovalicins Production
The microorganisms were grown on the growth mediumat 27°C for 3 days and transferred to the

production mediumat the inoculum size of 10%. The fermentation was performed aerobically at
27°C for 4~ 12 days in 500-ml flask with working volume of 200 ml.

Extraction of Megovalicins
Cells for a 200-ml fermentation were harvested by centrifugation and then added with 10 ml

MeOH.The MeOHsuspension was agitated for more than 30 minutes at room temp and the MeOH
extracts used for assay.

Antibacterial Assay
Quantitative determination of megovalicin produced by the organism was done with the disc

assay method using E. coli 508. Diameter of inhibition zone was proportional to the logarithm of
antibacterial activity (Fig. 1). One u of antibacterial activity was defined as purified megovalicin
C concentration giving 12 mmof inhibition zone.

MICtest was conducted by the usual serial agar dilution method using a Nutrient agar. Test
microorganisms of approximately 106 cells were streaked on agar plates containing 2-fold decremental
dilutions of the antibiotics. The inoculated plates were incubated for 18~ 24 hours at 37°C.

Results and Discussion

Antibiotics Produced by Myxobacteria
Twenty two strains of myxobacteria were newly isolated from nature including M. fulvus, M.

stipitatus, Myxococcusflavescens and Myxococcuscoralloides. In addition to these strains, four strains
of ATCCand IFO cultures as listed in Table 1 were examined for their ability to produce antibacterial
compounds.The activity of both culture liquids and methanol extracts of the cells was assayed.

Amongthem two strains, No. 53 and No.
L54 were found to accumulate endogeneously an-
tibacterial compound which could be extracted
with methanol. The antibiotic was not detected
it all in the culture liquids. Twocompounds were
considered to be similar to each other on the

both antibacterial spectra and HPLCretention
;ime.

Furthermore, these two compounds were
considered to be similar to but not identical to

;he myxovirescins. The myxovirescins are not
ictive against Pseudomonas aeruginosa.

No. 154 was applied to further detailed

Fig. 1. Standard curve of megovalicin C.

Escherichia coli 508, a temperature sensitive cell-
wall mutant was employed as an indicator strain

in the assay.
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Table 1. Screening of new antibiotics-producing
myxobacteria.

Antibacterial
activity *

Myxobacteria iv /r^rmCulture MeOH

filto* "cells
Myxococcus fulvus No. 2 - -
M. fulvus No. 4 - -
M. /«/v«5 No. 5 - -
M. fulvus No. 25 - -
M. fulvus No. 27 - -
M. fulvus No. 28 - -
M. fulvus No. 29 - -
M. fulvus No. 30 - -
M. fulvus No. 33 - -
M. fulvus No. 41 - -
M. /w/v^ No. 50 - -
M. fulvus No. 60 - -
M. fulvus No. 64 - -
M. /«/vjw ATCC 25199 - -
M. virescens ATCC25203 - -
M. xfl«//z«5 IFO 13542 - -

M. stipitatus No. 18 - -
M. stipitatus No. 21 - -
M. stipitatus ATCC2961 1 - -
M. flavescens No. 9 - --
M. flavescens No. 38 - -
M. flavescens No. 53 - +
M. flavescens No. 62 - -
M.flavescens No. 63 - _ -
M. flavescens No. 154 - + + +
M. coralloides No. 44 - -

* Determination of antibacterial activity was done
by the disc assay using Escherichia coli 508.

E. coli 508 is a temperature-sensitive mutant of
cell-wall biosynthesis.

-: Negative, +: positive, +++: stronger
positive.

studies including its taxonomical identification,
purification and structure analysis of the anti-
biotics.

It will be reported elsewhere that the an-

Table 2. Characteristics of strain No. 154*.

Cultural and morphological characteristics
Grows at pH 6- 10

Maximum growth 37°C
temperature

Vegetative cell Gram-negative rod
with tapering ends,
move by gliding

Swarms Stainable with
Congo red

Microcyst 2.0-2.5x2.0-2.5 ^m
Fruiting body

Size: 60- 600 jum
Color : Deep yellow to orange

Physiological characteristics
Enzyme:

Catalase ; ~f
Urease ; +

Nitrate reduction ; -
Cellulose degradation ; -

Casein degradation ; +
Starch degradation ; +

DNAdegradation ; +
Bacterial cell degradation ; +
Major quinone MK-8
GC content 67. 1 %
Formation of diffusible pigment H-

Light yellow
* Identified to those defined with Myxococcus

flavescens.

Fig. 2. The structure of megovalicin.
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Fig. 3. Effect of initial pH of culture medium.
à": Megovalicin produced, O: growth, A: pH,

-: initial pH 6.0, -à"-: initial pH 7.0, -: initial
pH 7.5.

Fig. 4. Time course of production of megovalicin
by Myxococcus flavescens AJ12298.

à": Megovalicin produced, O: growth, A: pH.

Megovalicin producing Myxococcusflavescens
was cultivated in the mediumshown in Materials
and Methods except that initial pH of the medium
was varied at 27°C for 12 days.

tibiotics consisted of six components, megovali-
:ins A, B, C, D, G and H (Fig. 2). Among
them, megovalicins D, G and H are new com-
innnric 1V1V»anva1iritis TK and C*. xw&rPi irlfintirpil

with antibiotic M-230Band myxovirescin A: respectively. Megovalicin A had been already derived
from myxovirescin Axin the study of its structure analysis.

The fermentation was carried out in a 300-liter
jar fermentor. M. flavescens AJ12298 was cul-

tivated in the medium shown in Materials and
Methods at 27°C.

Table 3. Effect of Polypepton concentration on the
production of megovalicin.

Polypepton Growth Megovalicin
concentration /ruV \ PH produced

( %) (OD562) (u/ml)
0 0.05 7.1 <0.1

0.25 1.20 7.9 3.0

0.50 2.20 7.9 6.4

1.00 4.10 7.9 6.9

2.00 4.00 8.0 6.0

Composition of the culture medium was indicated
in Materials and Methods except that the concen-
tration of Polypepton was varied.
Myxococcusflavescens was cultivated at 27°C for

4 days.

Taxonomic Identification of No. 154
Morphological and physiological characteristics of No. 154 are listed in Table 2 and compared

to those of M. flavescens IAM13189. The comparative study shows that No. 154 is identical with
M. flavescens. No. 154 excreting light yellow pigment did not belong to M. virescens, producer of
myxovirescin Al9 that formed green pigment.
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Table 4. Antibacterial spectra of megovalicin.

437

MIC Og/ml)
Microorganism Megovalicin

D

Staphylococcus aureus FDA209P
Bacillus subtilis ATCC6633
Pseudomonas aeruginosa NCTC 10490
Escherichia coli NIHJ JC-2
E. coli 508

>25 >25 >25 >25 >25 >25
3.1 0.8 0.8 1.6 1.6 1.6

>25 >25 >25 12.5 6.3 1.6
12.5 3.1 1.6 1.6 1.6 1.6

0.8 0.8 0.8 0.4 0.4 0.2

MICwas determined by the serial agar dilution methodusing Nutrient agar medium.

Fermentative Production of Megovalicins
As shown in Fig. 3 presenting an example of the fermentation kinetics, megovalicins production

occurred after sufficient cell growth. When the fermentation was carried out at the initial pH of 7.4,
culture-pH began to go up in parallel with the cell growth. Whenculture-pH became more than
8.0, the cell growth ceased and gradual lysis of the cells took place.

Effect of initial pH on the cell growth as studied in Fig. 3 clarified the optimum of pH 7.0. Initial
pH of 6.0 did not allow the cell to grow at all and the pH 7.5 caused the cell lysis.

Polypepton also had a marked effect on both cell growth and the product formation as shown in
Table 3. Culture mediumcontaining more than 10 g/liter of Polypepton supported both sufficient
cell growth and megovalicin accumulation.

The fermentative medium containing 10 g/liter of Polypepton with an initial pH of 7.0 for the large
scale performance of megovalicins production. An example of the production using a 300-liter fer-
mentation tank is shown in Fig. 4. Tank culture of the bacterium for 4 days gave 8.8 g cells/liter
on a wet basis, and 4.8, 7.1, 20.0, 0.4, 3.75 and 15.0 ^g of megovalicins A, B, C, D, G and H were
obtained from 1 g wet cells.

Biological Activity of Megovalicins
Each component of megovalicin fermentation was isolated and applied to MICtest as shown in

Table 4. Antibacterial activity of six components of megovalicins was similar to each other in that
the antibiotics were toxic to Bacillus subtilis ATCC6633, E. coli NIHJ JC-2 and E. coli 508, but not
to Staphylococcus aureusFDA 209P and PseudomonasaeruginosaNCTC10490. An exception
was that only megovalicin H showed strong antibacterial activity to P. aeruginosa NCTC10490.
Megovalicin H was chosen for in vivo study and these structure are reported elsewhere.

Acknowledgment

Wethank the late Dr. Y. Hirota, National Institute of Genetics Japan, for his helpful discussion and sup-
plying Escherichia coli 508.

References

1) Weigele, M. & W. Leingruber: The structure ofmyxin. Tetrahedron Lett. 1967: 715~718, 1967
2) Graef, W. & D. Sukatsch: Wassermyxobakterien (Sporocytophaga cauliformis) und ihr antibiotischer

Wirkstoff. Arch. Hyg. Bakteriol. 149: 694-707, 1965
3) Noren, B. & G. Odham: Antagonistic effect of Myxococcus xanthus on fungi. II. Isolation and charac-

terization of inhibitory lipid-factor. Lipids 8: 573~583, 1973



438 THE JOURNAL OF ANTIBIOTICS APR. 1988

Ringel, S. M.; R. C. Greenough, S. Roemer, D. Connor, A. L. Gutt, B. Blair, G. Kanter & M. von
Strandtmann: Anbruticin (W7783), a new antifungal antibiotic. J. Antibiotics 30: 371 - 375, 1977
Evans, J. R.; E. J. Napier & R. A. Fletton: G1499-2, a new quinoline compound isolated from the
fermentation broth of Cytophagajohnsonii. J. Antibiotics 31 : 952-958, 1978
Clapin, D. F. & D. R. Whitaker: The structure of myxocidin A and B, antibiotics of myxobacter 495.

Proc. Fed. Biol. Soc. 21: 29-31, 1978

Gerth, K.; H. Irschik, H. Reichenbach & W. Trowitzsch: Myxothiazol, an antibiotic from My-
xococcus fulvus. I. Cultivation, isolation, physico-chemical and biological properties. J. Antibiotics 33 :
1474- 1479, 1980

Gerth, K.; W. Trowitzsch, V. Wray, G. Hofle, H. Irschik & H. Reichenbach: Pyrrolnitrin from
Myxococcusfulvus (Myxobacterales). J. Antibiotics 35: 1101 - 1103, 1982
Kunze, B. ; H. Reichenbach, H. Augustiniak & G. Hofle: Isolation and idetification of althiomycin
from Cytobacterfuscus (Myxobacterales). J. Antibiotics 35 : 635 - 636, 1982
Rosenberg, E. ; S. Fytlovitch, S. Carmeli & Y. Kashman : Chemical properties of Myxococcus xanthus
antibiotic TA. J. Antibiotics 35: 788-793, 1982
Trowitzsch, W.; V. Wray, K. Gerth & G. Hofle: Structure of myxovirescin A, a new macrocyclic
antibiotic from gliding bacteria. J. Chem. Soc. Chem. Commun. 1982: 1340- 1342, 1982
Onishi, N.; K. Izaki & H. Takahashi: A macrocyclic antibiotic M-230B produced by Myxococcus
xanthus. Isolation and characterization. J. Antibiotics 37: 13- 19, 1984
Irschik, H. ; K. Gerth, T. Kemmer, H. Steinmetz & H. Reichenbach: The myxovalargins, new peptide
antibiotics from Myxococcus fulvus (Myxobacterales). I. Cultivation, isolation, and some chemical and
biological properties. J. Antibiotics 36: 6- 12, 1983
Gerth, K.; R. Jansen, G. Reifenstahl, G. Hofle, H. Irschik, B. Kunze, H. Reichenbach & G.
Thierbach : The myxalamides, new antibiotics from Myxococcusxanthus (Myxobacterales). I. Produc-
tion, physico-chemical and biological properties, and mechanism of action. J. Antibiotics 36: 1150-

1156,1983

Kunze, B.; T. Kemmer, G. Hofle & H. Reichenbach: Stigmatellin, a new antibiotic from Stigmatella
aurantiaca (Myxobacterales). I. Production, physico-chemical and biological properties. J. Antibiotics
37: 454-461, 1984

Irschik, H.; K. Gerth, G. Hofle, W. Kohl & H. Reichenbach: The myxopyronins, new inhibitors
of bacterial RNAsynthesis from Myxococcusfulvus (Myxobacterales). J. Antibiotics 36 : 1651 - 1658, 1983
Irschik, H.; R. Jansen, G. Hofle, K. Gerth & H. Reichenbach: The corallopyronins, new inhibitors
of bacterial RNAsynthesis from Myxobacteria. J. Antibiotics 38 : 145- 152, 1985
Kunze, B. ; W. Kohl, G. Hofle & H. Reichenbach: Production, isolation, physico-chemical and biolo-
gical properties of angiolam A, a new antibiotic from Angiococcus disciformis (Myxobacterales). J. Anti-
biotics 38: 1649- 1654, 1985

Irschik, H.; R. Jansen, K. Gerth, G. Hofle & H. Reichenbach: The sorangicins, novel and powerful
inhibitors of eubacterial RNApolymerase isolated from myxobacteria. J. Antibiotics 40: 7- 13, 1987
Yamanaka, S.; A. Kawaguchi & K. Komagata: Isolation and identification of Myxobacteria from
soils and plant materials, with special reference to DNAbase composition, and with a description of a
new species, Myxococcusflavescens. J. Gen. Appl. Microbiol. 33 : 247-265, 1987
Stanier, R. Y. : The cytophaga group: A contribution to the biology of myxobacteria. Bacteriol. Rev.

6: 143-145, 1942

McCurdy, H. D.: A method for the isolation of myxobacteria inpure culture. Can. J. Microbiol. 15:
1453-1461, 1969

Yamada, Y.; K. Aida & T. Uemura: Enzymatic studies on the oxidation of sugar and sugar alcohol.
V. Ubiquinone of acetic acid bacteria and its relation to classification of genera Gluconobacter and Ace-
tobacter especially of so-called intermediate strains. J. Gen. Appl. Microbiol. 15: 181 - 196, 1969


