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A new antibiotic, azirinomycin, has been discovered in the culturejbroth
of newly isolated strains of actinomycetes. It was produced by submerged

culture in shaken Erlenmeyer flasks in complex organic media. Azirinomycin
and its methyl ester were found to exhibit broad spectrum antibiotic activity,
in vitro, against both Gram-positive and Gram-negative bacteria. Both azirino-
mycin and its methyl ester were toxic to mice, and failed to protect them against

lethal bacterial infections.

Azirinomycin, a new antibiotic, has been found in the culture broth of newly
isolated strains of actinomycetes. The original isolate from soil found to produce it

has been identified as a strain of Streptomyces aureus. It was produced by submerged
culture in shaken Erlenmeyer flasks in complex organic media. It exhibits activity
against both Gram-positive and Gram-negative bacteria in agar diffusion assays.

This report will present biological data relevant to a description of the antibiotic,
its preparation by fermentation, and the nature of producing microorganisms. Puri-
fication and chemical identification of azirinomycin as 3-methyl-2-(2H)azirinecarboxylic
acid are reported by Miller, et al.l). Although the antibiotic is unstable in solution,
especially when purified, it was possible to determine biological activities of freshly-
prepared solutions. Biological charcteristics were also determined for the more stable,
chemically-prepared, methyl ester.

Materials and Methods
Taxonomic Studies

The cultural characteristics of the organism which produces azirinomycin were deter-
mined by the use of the media and methods described by Waksman7), Pridham, Hesseltine
and Benedict35, Pridham and Gottlieb2), and the International Committee on Bacterial
Nomenclature65.

Fermentation Studies
The antibiotic was produced in submerged culture in 2-liter baffled Erlenmeyer flasks

which contained 350 ml of medium and were incubated for 3~4 days on a rotary shaker
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(145rpm) at 28°C. The fermentation flasks were inoculated with 2.5% of vegetative
growth. The inoculum was developed for 24~48 hours ,at 28°C in shaken 250 ml baffled
Erlenmeyer flasks containing 50 ml of a yeast autolysate dextrose broth inoculated with a
suspension of cells scraped from the surface of an agar slant culture.

In Vitro Studies

The antibiotic potency of broth or purified samples of azirinomycin was determined by
disc-plate, agar-diffusion, assays in nutrient agar supplemented with 0.2 %yeast extract
and seeded with a suspension of cells of Proteus vulgaris MB-838as described previously^.
A slope of approximately 4.5 to 5.0 was observed in these assays with the samples diluted
with distilled water.

The biological characteristics of azirinomycin were investigated by the use of standard-
ized antibacterial spectrum and cross-resistance assays performed as previously described4).
These tests were sufficient to distinguish it from known antibiotic compounds. Final
identification of the antibiotic was achieved by extraction and chemical characterization as
described by Miller, et al.l).

The presence of antibiotic on paper-electrophoresis strips was determined by bioauto-
graphy with the use of thin-agar plates prepared in the same manner as the assay plates.
Paperstrip electrophoresis was performed in a refrigerated unit operated for 2.5 hours at
600 volts with 0.165m phosphate buffer at pH 7.0 on strips of Schleicher and Schuell SS-
598 filter paper, 52 cm in length.

In Vivo Studies

For the in vivo tests female white swiss mice weighing from 19 to 21g, were infected
intraperitoneally with 5-50 LD50of the test organism and were treated by the same route
at the time of infection and again 6 hours later. Five mice were treated with each of the
three or four concentrations of antibiotic used, and controls for the virulence of the test
organisms and the toxicity of the antibiotic were included in each test. All untreated

control mice died within 36 hours of infection. Surviving mice were observed daily over
a period of 7 days, at which time the test was considered complete.

Results and Discussion
Taxonomy

Taxonomic studies of actinomycete culture MA-2941revealed that it was a Strepto-
myces which formed sporophores with compact spirals as side branches of the mycelium.
Spores were spherical to oval averaging 0.9ju in diameter to 0.9^ in width by 1.2[i

in length. The culture grew well at 28°C, moderately at 37°C, but did not grow at
50°C. These characteristics, plus those reported in Tables 1 and 2 were compared
with those of known species, as described by Waksman7yand presented in Bergey's
Manual of Determinative Bacteriology (7th Edition). Good agreement with these
descriptions of Streptomyces aureus was found with the exception that a brown, soluble
pigment was observed in our culture on some synthetic, as well as organic, media.
Under our test conditions there was no coagulation but complete peptonization of

milk and no reduction of nitrate to nitrite. The significance of these differences is

questionable on the basis of the differences in descriptions in the cited references. On
the basis that the differences observed are not sufficient to justify a new species, we

have named our culture Streptomyces aureus strain MA-2941.
Fermentation

The presence of azirinomycin in the fermentation broth samples was determined by
disc-plate assay against P. vulgaris MB-838. The response in this assay was linear
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Table 1. Cultural characteristics of Streptomyces aureus MA-2941-Producer of azirinomycin
M e d iu m  V e g e ta tiv e  g ro w th  A e r ia l m y c e liu m  S o lu b lepig m e n t  O b se r v a tio n s

T o m a t o  p a s t e - o a t m e a l
a g a r

G ly c e r o l-a sp a r a g in e
a g a r

C z a p e k -D o x  a g a r

E g g  a lb u m e n  a g a r

Sy n t h et i c  s ta r c h  a g a r

Nu trie nt s tarc h ag arpl ates

Flat, brownTan to brownTan to brownTanReverse-orangeFlat, dark brown Moderate-beige centerwith cream edgingvery sparse-whitishvery sparse-whitishvelvety, cream-colored, moderateModerate-mostlyalongr edêe of growth.

a lo n g  e d g e  o f g r o w th ,
v el v e ty ,  pi n ki s h  b e i ge

B r o w n  N o n e

B r o w n D a r k  b r o w n

D a rk  b ro w n

T a n

B r o w n

B r o w n  I H y d r o ly s is of s ta r ch -

B r o w n

B r o w n

NoneDark brownto black Melanin positive,H2S produced

D ar k  b r o w n D ar k  g r e y -  N o  l i q u e f ac t i o n

D a rk  b ro w n  N o c o a g u la tio n ;complete peptoniza-

D a rk  b ro w n  tio n ; p H  6 .4 5(C o n tro l p H  6 .2 0 )N o c o agu lat ion;
complete peptoniza-tion; pH 6.2

Skim milk agarNutrient tyrosine Good, flat, darkbrownGood, flat, dark Sparse, whitishNone

agarcalcium malate agarpeptone-iron-yeast browncream, flat,spreadingDark grey- NoneNone

e x tr a c t a g a r

P o ta t o p lu g "      G o o d , w rin k le d   N o n e
b r o w n

L o e ff l e r 's  b l o od s e r u m s l a n t M o d er a t e ,  g r e y  N o n e

S k im m ilk  D a rk b r o w n r in g  S p a r s e , w h itis h
I                   I

L it m u s m ilk  H e a v y d a r k brownrin g  i S p a r s e ,  w h itish

M ic r o a e r o p h ilic  D a r k  b r o w n  ; M o d er a t e ;  g r e y is h
g r o w th  (Y e a s t              w h ite
e x tr a c t- d ex tro s e

stabs-40  m m  d e p t h s )G ela ti n  s ta b      F la k y  b r ow n   I  N o n e D a r k  I c o m p le te liq u e f a c tion

g r e e n is h -bro wn

B r o w n  L iq u e fa ct io n - g o o dN u tr ie n t  g e la tin
a g a r  p la te s

vegetativegrowth settlingto bottom of tubeDark brow n  N o n eg r o w th  se ttlin g

D a rk  b r o w n

Table 2. Carbohydrate utilization by Streptomyces aureus MA-2941*

C om pou n d    G row th C om pou n d    G row th C om p oun d    G ro w th

CelluloseGlucoseArabinoseFructoseInositol ++++ �����������������������������������������������������RaffinoseRhamnose

S u crose
X ylose

I +

+

+
+

G

rowth tests performed in Pridham-Gottlieb Basal Synthetic Medium plus 1 % carbohydrate, incubated for
3 weeks at 28°C.
Symbols : +=utilization ; -=no utilization.
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when plotted as a function of the log
of the drug concentration over a range

from100^-1,000 micrograms per ml. The

most active preparation of azirinomycin,

estimated to be 50% pure on the basis

of chemical analysis, prepared by ex-
traction and purification, produced a

zone of 25mm diameter at a concentra-
tion of 600-700 mcg/ml. The inhibition
zone diameter for four fermentations

averaged 27 mm which corresponds to
400 jug/ml of antibiotic.

Media utilized for various stages of
culture handling and production of
azirinomycin are detailed in Table 3.
In the usual experiments, initial inocu-

lum was a slant culture which was used

Table 3. Media used in fermentation
for azirinomycin

M e d iu m C o m p o s it io n

D is ti ll er 's  s ol u bl es    4 0 .  0  g

A g a r s l a n t  D e x t r o s e  2 0 . O g

m e d iu m  A g a r   2 5 . O g
 D i s t i ll e d w a t e r  1 , 0 0 0 m l

  p H  7 . 0
A r d a m in e

( Y e a s t  P r o d u c t s  C o . )  1 0 . 0  g

I n o c u l u m m e d i u m  D e x t r o s e p h o s p h a t e b u f f e r * M g S O 4 - 7 H 2 O  1 0 . O g 2  m 1 0 . 0 5 g

Distilled water      1 ,  0 0 0  m l

p H  :  a d j u s t  t o  6 . 5

Fe rme nt atio nme diu m T oma to pas teo atm eal  (G erb er' s)D ist ill ed wat er 20. 0 g 20. 0 g l , 0 0 0  m l

! Phosphate buffer solution : KH2PO4 91.0g, Na2HPO4
95.Og, distilled water 1,000 ml.

to inoculate a primary seed medium flask; this was incubated on the shaker for 1 day
at 28°G. Second stage seed flasks were inoculated from the first stage, shaken for 1
day at 28°C, and used to inoculate production flasks. Production fermentations were

performed in the tomato paste oatmeal medium under conditions outlined in methods.
Activity was monitored by the disc-plate assay during fermentation and the fermen-
tation broth was normally harvested after 3 or 4 days of incubation.

Antimicrobial Activity
The antibacterial spectrum of azirinomycin was determined by the agar diffusion

method. Results obtained with the acid and chemically-prepared methyl ester
of azirinomycin are presented in Table 4. Tests performed against 15 cultures,
representing 13 genera, revealed 10 of these organisms representing 8 genera, to
be sensitive to azirinomycin. It is of interest that the spectrum of activity includes

both Gram-positive and Gram-negative microorganisms and even extends to a strain
of Pseudomonas aeruginosa which is resistant to a wide variety of antibiotics. The
methyl ester of azirinomycin demonstrated an even wider spectrum of antimicrobial

activity since it inhibited all of the 15 strains tested. On the basis of these data it
is clear that both azirinomycin acid, the natural product, and the chemically-prepared

azirinomycin methyl ester are broad spectrum antibacterial agents. However, the
antibacterial spectra of these two agents are quite different. The acid is most active

versus Staphylococcus aureus followed by Proteus vulgaris, Bacillus subtilis and Strepto-
coccus faecalis. In contrast, the methyl ester shows its lowest activities against one

of the Staphylococcus aureus cultures and Streptococcus faecalis.
The pattern of cross-resistance of azirinomycin and its methyl ester was inves-

tigated with a series of E. coli strains resistant in vitro to a variety of antibiotics
(Table 5). These data are useful for the evaluation of the characteristics of the

antibiotic and for use in differentiation of one antibiotic from another. Since these
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Table 4. Antibacterial spectrum
of azirinomycin

T e s t  o r g a n i s m

I n h i b i t io n  z o n e
[( d ia m e t e r ,  m m ) *

A c i d

0 . 3

M e t h y l

e s t e r
m g / m l 10  m g / m l

E s c h e r i c h i a  c o l i  M B - 6 0 l l     2 7

B a c il l u s  s p .  M B - 6 3 3 1 5     3 2

Proteus  v u lg a r i s  M B - 1 0 1 2 1 9     2 2

Pseudomonas  a e r u g in o s a  M B - 9 7 9 1 3 2 7

Serratia  m a r c e s c e n s  M B - 2 5 2 7 2 8

Staphylococcus  a u r e u s  M B - 1 0 8 2 4 2 3

B a c i l lu s  s u b t il i s  M B - 9 6 4 1 9 2 9

Sarcina  l u t e a  M B - 1 1 0 8 1 4 2 4

Staphylococcus  a u r e u s  M B - 6 9 8 2 4 1 6

Streptococcus  f a e c a li s  M B - 7 5 3 1 9 1 4

Alcaligenes  f a e c a l is  M B - 1 0 7 2 4

Brucella  b r o n c h is e p ti c a  M B - 9 6 5 7 2 9

Salmonella  g a l l in a r u m  M B - 1 2 8 7 1 3 2 9

Vibrio  p e r c o la n s  M B - 1 2 7 2 7 2 9

Xant homo nas  v e s ic a to r i a  M B - 8 1 5 7 2 5

* Assays were performed with 7 mm filter paper discs
on nutrient agar +0.2% yeast extract medium.

Table 5. Cross-resistance spectrum
of azirinomycin

I n h ib i t io n  z o n e
( d ia m e t e r ,  m m ) * *

E s c h e r ic h i a  c o li  s t r a in * A c i d  1  M e t h y l

Acido.3 Meth } e s t e rmg/ml  I  1 0  m g / m lS u s c e p t i b le  p a r e n t  c u l t u r e l l      2 7
( M B - 6 0 )

1 3 3 1S t r e p t o m y c i n - r e s i s t a n t

S t r e p t o t h r i c i n - r e s is t a n t 1 6      2 8

D - C y c l o s e r i n e - r e s is t a n t 1 3 2 8

P l e o c id i n - r e s is t a n t 1 6      3 1

C h l o r a m p h e n i c o l - r e is t a n t 1 4 3 0

C h l o r t e t r a c y c l i n e - r e s is t a n t 1 3 3 7

O x y t e t r a c y c l i n e - r e s is t a n t 1 8 3 4

N e o m y c i n - r e s is t a n t 1 7 2 0

T e t r a c y c l i n e - r e s is t a n t 1 2 1 7

V i o m y c i n - r e s i s t a n t 7 2 8

P o l y m y x i n - r e s i s t a n t 1 5 2 5

G r i s e i n - r e s i s t a n t 1 4 2 7

! Tests were performed against a series of E.coli
strains isolated from the same parent culture
after exposure to the individual antibiotics.

: Assays were performed with 7mm paper discs
on nutrient agar +0.2% yeast extract medium.

resistant cultures are prepared in vitro,
the interrelationships do not neces-

sarily have any significance for in vivo
tests of antibiotics. In general, both

the acid and methyl ester are broadly
active against all the E. coli strains
tested. The acid appears to be cross-
resistant with viomycin, while the
methyl ester is cross-resistant with

neomycin and tetracycline. Differences
in antibacterial spectrum and cross-
resistance response between the acid

T a b le 6 . S p e c ia l  e ffe c ts  s p e c tr u m
o f  a zir in o m y c in

E s ch er ich ia co li M B - 6 0

w it h a d d itio n n o te d

In h ib itio n z o n e
(d ia m e te r , m m ) *

A c id
0 . 3

m g /m l

Me thyle ster

10 m g /m l
C o n tr o l ( N u trie n t a g a r + 0 .2 % l l 2 7

2 4 6 2

y e a st e x tr a c t)

0.1M P h o sp h a te b u ffe r , p H 5 .0

0.1M P h o s p h a t e b u ffe r , p H 7 .0 2 3

0.1M P h o s p h a t e b u ffe r , p H 9 .0 7 1 4

B lo od p la s m a , 2 0 I 7 l l

C a tio n - e x c h a n g e r e sin , 1 4    4 9
1% ( D o w E T 9 1 )

As s a y s w er e p er fo rm e d w ith 7 m m fi lter p a p e r d isc s.

and the methyl ester might be expected on the basis of differences in stability and
solubility characteristics of the two substances.

The data on antibacterial activity and cross-resistance spectrum for both azirino-
mycin acid and azirinomycin methyl ester have been compared for profile of response in
a computer comparison program. The results of these tests demonstrated that azirino-
mycin was distinct from all antibiotics previously tested in our laboratories. This proce-
dure for comparison of azirinomycin with previously observed antibiotics was facilitated

by the inclusion of information presented in Table 6. These data indicate that both
the acid and the methyl ester are considerably more active at acidic pH and are
somewhat less active in the presence of 20% blood plasma. The addition of a soluble
cation-exchange resin to assay media results in some increase in activity. This pattern
of results has been quite frequently observed with acidic antibiotics. In addition to

the foregoing data, one further, very interesting, characteristic of the acid was its
rapid movement in paper strip electrophoresis. This result might be expected, in
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retrospect, since the compound is a small acidic molecule. Broth samples and partially
purified preparations of azirinomycin were normally found to move approximately
12cm under the conditions of electrophoresis employed. This rate of movement by
electrophoresis is very unusual and has been observed, in our laboratory, with only
one other antibiotic compound (phosphonomycin).

In Vivo Activity
Sodium salt was tested in mice by scheduling the fermentation, extraction, and

testing to proceed without delay to avoid the problems caused by the chemical insta-
bility of azirinomycin. A 50% pure sample of azirinomycin was toxic when 2 intra-
peritoneal injections, of 6mg each, were given 6 hours apart. Two doses of 3 mg
each were tolerated, but this level failed to protect mice against lethal infections of
Staphylococcus aureus or Proteus vulgaris.

The methyl ester was found to be toxic at 5mg per dose and failed to protect
mice against a lethal Proteus vulgaris infection at non-toxic levels. The urine of mice
dosed with 3 mg of ester was examined by thin-layer chromatography and bioassay.
Neither the ester nor the free acid was detected. This result is taken to indicate that
either the substance is degraded in vivo or rapid excretion does not occur.

Failure of azirinomycin to protect against infection at non-toxic levels may be a
reflection of its reduced activity at neutral pH and in the presence of blood plasma.

Acknowledgements

We express our appreciation to the many people whose work made this report possible. In parti-
cular we thank Sara A. Currie for taxonomic studies, Ann P. Germain, Ruth M. Baldwin, and

Sagrario Mochales for technical assistance.

Literature Cited
1) Miller, T. W.; E. W. Tristram & F. J. Wolf : Azirinomycin. II. Isolation and chemical charac-

terization as 3-methyl-2-(2H)-azirinecarboxylic acid. J. Antibiotics 24 : 7~9, 1971
2) Pridham, T. G. & D. Gottlieb : The utilization of carbon compounds by some Actinomycetales

as an aid for species determination. J. Bact. 56 : 107~114, 1948
3) Pridham, T. G.; C. W. Hesseltine & R. G. Benedict : A guide for the classification of Strepto-

mycetes according to selected groups. Appl. Microbiol. 6 : 52~79, 1958
4) Stapley, E. 0. : Cross-resistance studies and antibiotic identification. ,Appl. Microbiol. 6 : 392

~398, 1958
5) Stapley, E. 0.; D. Hendlin, J. M. Mata, S. Hernandez, A. K. Miller, M. Jackson & H. Wal-

lick : Antibiotic MSD-819. I. Microbial production and biological characteristics. Antimicr.
Agents & Chemoth.-1968 : 249-254, 1969

6) Subcommittee on Taxonomy of the Actinomycetes : Recommendation of the International Com-
mittee on Bacterial Nomenclature. Intern. Bull. Bacteriol. Nomen. Taxon. Volume 13 : 169~
170,1963

7) Waksman, S. A. : The Actinomycetes. Volume 2, Williams and Wilkins Co., Baltimore, 1961


