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The influence of various factors such as aeration, pH and size of the inoculum on production of 

axenomycin A, B, and D and on growth of Streptomyces lisandri was studied in batch cultures. An 
investigation of the nutritional requirements showed that growth and antibiotic production are 
not necessarily correlated. The yield of acenomycins was increased to 1.7 g per liter medium by 
repeated selection for a high producing strain. Bioautography showed that these strains produced 
a hitherto undescribed antibiotic and that all strains tested differed in the total amount of 
axenomycins produced but not in the composition of the fraction containing antibiotic activity. 
Addition to the medium of extra amounts of inorganic phosphate and various nitrogen sources 
showed that both nutritional components selectively inhibited axenomycin formation but did not 
inhibit growth of Streptomyces lisandri. Good growth of Streptomyces lisandri was observed in the 
presence of sucrose and its monomers (glucose, fructose), but whereas sucrose inhibited 
axenomycin formation almost completely, its monomers did not.

Introduction

Axenomycin A, B and D are a group o f antibiotics 
with anthelm intic, antiprotozoal and antifungal ac­
tivity [1 -3 ]  produced by Streptomyces lisandri. They 
have a m olecular w eight o f ca. 1500 and a com plex 
structure consisting o f three m ain  com ponents viz. a 
macrocyclic lactone (“axenolide”), two sugar resi­
dues and a quinonoid  chrom ophore (Fig. 1). In the 
course o f studies o f the biosynthesis o f these an ti­
biotics a strain o f Streptomyces lisandri was obtained 
from the W aksm an Institute, which failed to pro-
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duce any antibiotics although it was grown under 
conditions previously reported to  trigger the ir p ro ­
duction [3]. W e therefore investigated the conditions 
o f growth and an tib io tic  form ation in this strain.

Materials and Methods

Organisms

Streptomyces lisandri 3935 was obtained from  the 
W aksm an Institute o f M icrobiology, New Bruns­
wick, N ew  Jersey, USA. Paecilomyces varioti as well 
as 11 different strains o f Saccharomyces were sup­
plied by the Institu t für M ikrobiologie der U niver­
sität M ünster.

Axenomycin B

Axenolide

Fig. 1. Structure of axeno­
mycin B.
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Media and growth conditions

Streptomyces lisandri was m aintained in Petri 
plates on a m edium  consisting o f yeast extract 
(4 g /l) , m alt extract (1 0 g /l) , m annitol (4 g/1) and 
agar (15 g/1). Before sterilization the pH  o f the 
m edium  was adjusted to 7.2 by add ition  o f N aO H . 
The inoculated plates were kept at 30 °C  for 6  to 7 
days and then stored a t + 4  °C. A good sporulating 
disk was rem oved from  the agar p late by m eans o f  a 
cork borer and used to inoculate the inoculum  
m edium  [3] from w hich after three days o f growth
5 ml suspension was w ithdraw n in order to inoculate 
the ferm entation m edium  (30 ml) in an Erlenm eyer 
flask (300 ml). The inoculum  culture was shaken at 
30 °C  and with 250 rpm . The ferm entation  m edium  
was shaken at 30 °C  and with 290 rpm. Incubation of 
liquid m edia were carried  out in an Infors gyrotory 
shaker. The com ponents o f the various m edia are 
given in Table I. M edium  1 was taken from  Ref. [3], 
m edium  12 was personally com m unicated by Dr. M. 
Bianchi (Farm italia, M ilan, Italy) w hereas m edium  
15 was taken from  Ref. [4]. All o ther m edia are 
variations o f these three basic m edia.

Saccharomyces strains were grown on agar slants 
containing “ Löflund’s” m alt extract (50 g) and Bacto 
D ifco Agar (15 g) dissolved in w ater (1 I), pH  6.3.

Bioautography
An alcoholic extract o f the freeze dried  m ycelium  

o f  Streptomyces lisandri from which lipids had been 
rem oved w ith benzene was applied  to a precoated 
silica gel th inlayer plate which was developped in 
E tA c : EtM eCO : M eOH : H zO =  60 : 40 : 10 : 5. The 
plate was covered w ith a warm  (50 °C ) suspension 
o f Paecilomyces varioti in m alt agar (see above) in a 
sterile cham ber. The cham ber was kept at 30 °C. 
Inhibition zones becam e visible after 16 to 24 h.

Determination o f  axenomycins 
Axenomycins in the culture broth were directly 

determ ined by the plate diffusion assay with Paecilo­
myces varioti as the test organism. Axenom ycins in 
the m ycelium  were extracted for six hours from  
freeze dried  m aterial w ith ethanol at room  tem per­
ature. P rior to this extraction lipids were extracted 
w ith benzene for three hours at room  tem pera­
ture. The ethanol extract was used directly for deter­
m ination o f axenomycins.

Table I. Components of media used in this investigation. Data are given in gram per liter final volume. Before sterilization 
(115 °C, 25 min; 1.1 atü) the pH was adjusted (NaOH) to 7.2 unless otherwise given.

Component Medium

1 10 11 12 13 14 15 16 17 18

Glucose 100 100 100 100 100 100 100 100 100 100 100 70 70 70 70 70 70
Soya meal 30 30 30 — — 30 — — — — — — — — — — —
NZ-Amine Type A — — — — — — — 10 10 — — — — 15 1 5 — —
Soya peptone _ _ _ _ _ _ _ _ _  1 5  1 5  _  1 5  _  _  _  —
L-Histidine 3 3 3 3 3 3 3 3 3 3 3  -  -  -  -  -  7
L-Asparagine — — — — — — — — — — — 7 — — — — —
L-Isoleucine _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ 7 —
L-Glutamine _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _
Corn-Steep
Liquor 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20
Yeast extract — 4 _ _ _ _ _ _ _ _ 4  _  _  _  _  _  _

Soya oil 5 5 5 5  — — 5 — 5 5 5  — — — — — —
CaC03 10 10 -  10 10 10 -  10 10 10 10 20 2 0  20 20 20 20
NaCl 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 -
KH2P 0 4 - - - - - - - - - - -  0.1 0.1 0.1 2 0.1 0.1
MgS04 x7H20  - - - - - - - - - - -  0.5 0.5 0.5 1 0.5 0.5
KC1 - - - - - - - - - - -  0.5 0.5 0.5 -  0.5 0.5
FeS04 x7H20  -  -  0.02 0.02 0.02 0.01 0.02 0.02
ZnS04 x7H20  -  -  0.02 0 . 0 2  0 . 0 2  0.05 0.02 0.02
MnS04 xH20  -  0.002 0 . 0 0 2  0.002 0.04 0.002 0.002
CuS04 x5H20  -  -  -  -  0.003 -
CoC12 x6HzO _  _  0 . 0 0 2  -  
(NH4)gMo70 24
x4H ,0 _ _ _ _ _ _ _ _ _ _ _ _  _  _  0.001 -

70

20

20

0 . 1

0.5
0.5
0.02
0.02
0.002
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Quantitative determination o f  dextrin 
in the culture broth

The m edium  was separated from the mycelium  
by filtration. One ml o f the broth which had been 
diluted 1 0 0  fold was m ixed with a solution ( 2  ml) o f 
iodine (130 g) and potassium  iodide (20 g) in w ater 
(1000 ml). The extinction was m easured at 620 nm 
in a Perkin Elm er D ouble Beam Spectrophotom eter 
124. A calibration  curve established with known 
am ounts o f dextrin  served to calculate the dextrin 
content o f the m edium .

Quantitative determination o f  D-Glucose

D-glucose was determ ined with glucose oxidase 
and dianisid ine hydrochloride according to Berg- 
meyer [5].

Quantitative determination o f  amino nitrogen 
in the medium

A m ino nitrogen was determ ined according to 
M oore et al. [6 ].

Results and Discussion

Quantitative determination o f axenomycins

F or the quantita tive determ ination  o f axenom y­
cins a colour reaction (H.-J. Bauch, forthcom ing 
publication) and an agar diffusion test were worked 
out. F or the agar diffusion test Paecilomyces varioti 
and 11 d ifferent species o f Saccharomyces were 
checked with respect to their sensitivity against 
axenomycins and Paecilomyces varioti proved to be 
m ost sensitive. W ith the colour reaction 0.3 nmol, 
and with the agar diffusion test 0.03 nmol o f axeno- 
mycin D  was still detectable. An inhibition  zone of 
15 m m  in d iam eter was produced by 14 ng o f 
acenom ycin A, 0.30 ng axenom ycin B and 0.39 ng of 
axenomycin D.

Selection fo r  a good sporulating mycelium

Streptomyces lisandri was grown on agar plates 
containing m alt extract, yeast extract and m annitol. 
Since it is often inferred [e.g. 7] that sporulation and 
production o f antibiotics are correlated the m y­
celium  was repeatedly selected for good sporulation. 
A fter each selection the antibiotic production  was 
checked by inoculation o f the preculture m edium

which in tu rn  was used to start a ferm entation 
culture. Axenom ycins were extracted from the 
freeze d ried  m ycelium  with ethanol and axeno­
mycins determ ined. It was found that by this proce­
dure the yield o f antibiotics could be increased to 
650 mg per liter m edium  (Table II).

Nutritional requirements fo r  growth 
and antibiotic production

V arious m edia were devised to investigate the 
influence o f d ifferent com ponents on growth and 
antibiotic production. G row th o f the m ycelium  (dry 
weight), pH , am ounts o f axenom ycins in the m edi­
um and the m ycelium  were recorded 72, 96, 120,

Table II. Selection for good sporulating mycelium as re­
lated to axenomycin production.

Repeated
Selections

Axenomycins * 
[mg/1]

1 2 0

2 74
3 181
4 255
5 458
6 663

Mean of two independent fermentations. 
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various media (see 
Tab.I)

Fig. 2. Growth and axenomycin formation in various 
media.
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140 and 168 h after inoculation o f each m edium . 
The data  shown in Fig. 2 are m axim um  values for 
each individual m edium  and represent the m ean o f 
2 independent determ inations. A ddition  to m edium  
1  or to m edium  1 0  o f yeast extract w hich favours 
sporulation on agar plates, dim inished growth and 
antibiotic production in batch  cultures (m edia 2  and
11). C a C 0 3 which was om itted  from  the m edia 
turned out to be essential for production  o f an ti­
biotics (m edia 3 and 7) bu t not for growth (m e­
dium  3). This can be explained by the observation 
that in the absence o f C a C 0 3 the pH  o f  the m edium  
decreased to 5.0 whereas in the presence o f C a C 0 3 

the pH increased to 8 .8 . The pH  has been found to 
affect axenomycin production  (see later). A lte r­
natively the C a C 0 3 m ay precip itate inorganic phos­
phate present in the com  step liquor. Inorganic phos­
phate has also been found to influence an tib io tic  
form ation (see later). O m ission from  the m edium  o f 
soya meal and soya oil resulted in a decrease in 
growth and axenom ycin production (m edia 4, 5, 6 ). 
Soya peptone (m edium  10), however, proved to be 
superior to the casein-derived N Z -am ine (m ed i­
um  9). M edium  12 was a personal com m unication  
o f Dr. M. Bianchi. V ariation o f the nitrogen source 
o f this m edium  (see m edia 13, 14, 16, 17 and 18) 
showed that a com plex nitrogen source (soya pep ­
tone, N Z-am ine) could be replaced by am ino acids 
such as L-isoleucin, L-histidin and L-glutam ine, o f 
which L-glutamine was m ost effective (m edium  18). 
Little o r no effect was observed when trace elem ents 
were changed (com pare m edia 14 and 15).

D ata presented in Fig. 2 also show tha t only 
m inor am ounts o f axenom ycins are detectable in the 
m edium , while the m ajor am ount is extractable 
from  the mycelium.

Unless otherw ise stated m edium  10 was used for 
all further experiments.

Selection o f  a high producing strain

Single cell colonies were selected on an agar- 
m edium  containing yeast extract, m alt extract and 
m annitol, w ith preference given to  those clones 
which showed good sporulation. W hen production  
o f axenomycins in 14 different strains was checked 
(Fig. 3) the antibiotic production  was found to vary 
between 200 and 1350 mg axenom ycin per liter 
m edium . (Average: 550 mg per liter m edium .) The 
highest producing strain  was again used for single 
cell cloning and the average am ount o f  antibiotics

Axenomycin [mg/1]
1500-

1000

500-

S. lis an d ri 3935

a n

550

1 2 3 An5 |6 ^ ,jB  9 1011 121314
Axenomyci 

15004 S.lisandri 3935-1

1 0 0 0 -

500-

B

630

1 2 3 4 5 6 7 8 9 1011 12131415 16171819 20 
Axenomycin [mg/1]

1500-1 S .lisandri 3935-1-18

1000-

500-

i-i 1098

1 2 3 4 5 6 7 8 9 10 11 12 1314 1516 17 1819 20 
Axenomycin [mg/l]

1500- S .lisandri 3935-1-18-9

1 0 0 0 -

500

D

760

1 2 3 4 5 6 7 8 9  1011 12 13141516171819 20 
selected strains

Fig. 3. Variability of different clones (diagram A, B, C 
and D), repeated selection for a high producing strain 
(A -*■ B -» C) and decrease of axenomycin formation 
(C -*■ D) after one year of repeated transfer of the high 
producing strain.

produced was thereby increased to 630 mg per liter 
m edium . A fter a th ird  selection an increase to 
1098 mg was attained. T he variation in productivity  
o f single clones was, however, m arkedly reduced in 
the high producing strain as com pared to  the wild 
type strain. The strain w ith the highest productivity  
was designated S. lisandri 3935-1-18-9 and repeat­
edly transferred to new agar slants for one year. A 
subsequent single cell cloning showed th a t the aver­
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age production  had decreased to 760 mg per liter 
m edium  and that the variability  am ong the new 
clones now ranged from 350 to 1350 mg per liter 
m edium .

Bioautography

Single cell colonies obtained from  strain 3935 and 
3935-1 (Fig. 3) were grown in m edium  10. C hro­
m atogram s o f extracts o f the m ycelium  o f different 
strains o f S. lisandri obtained from  these ferm enta­
tions were covered w ith a m alt agar containing a 
suspension o f the m ycelium  of the test organism  
(Paecilomyces varioti). A fter incubation  the b ioau to ­
gram s showed th a t not only axenom ycins A, B and 
D bu t also another antibiotic w ith an R f value o f 
0.28 had been produced by all strains tested. The 
bioautogram s also showed that while 'd iffe ren t 
strains varied in the total am ount o f axenom ycins 
produced, all four antibiotics were present in each 
single strain.

p H  o f  the medium and axenomycin formation

D uring growth in d ifferent m edia the pH  o f the 
culture broth rose. F rom  an initial value o f 6.5, the 
pH  had  increased to 8 . 8  after 4 days o f ferm enta­
tion. This was not observed, however, in m edia 3 
and 7 in which only negligible am ounts o f axenom y­
cins were form ed because C a C 0 3 had  been om itted. 
In these m edia the pH  dropped from  6.5 to 4.8 (7 
days after inoculation). These observations sug­

gested tha t the pH  o f  the m edium  m ight be in­
fluencing axenom ycin form ation. W e therefore 
tested the influence o f  d ifferent pH  values o f the 
culture broth  on growth and production  o f anti­
biotics. Both were determ ined  96 h after inoculation 
when axenomycin form ation reached a maximum. As 
can be seen in Fig. 4 little influence o f the initial pH 
was observed on m ycelial growth which was deter­
m ined as dry weight. A  distinct m axim um , however, 
was observed for the production  o f antibiotics when 
the initial pH  o f the culture broth  was adjusted 
to  6.5.

Size o f  the inoculum and axenomycin formation
W henever a ferm entation  culture was started, a 

cell suspension obta ined  from  a preculture was used 
for inoculation. R egardless o f the volum e o f the 
inoculum  used, the m axim um  am ount o f axenom y­
cin was always detected in the m ycelium  96 h after 
inoculation. W hen the  size o f the inoculum  was 
varied from  1  to 1 0  ml preculture m axim um  pro­
duction o f  axenom ycins was detected w ith an 
inoculum  o f 5 to 6  m l per 30 ml ferm entation 
m edium . O n the o ther hand, the size o f the in­
oculum  influenced growth only slightly (Fig. 5).

It is assum ed tha t the size o f the inoculum  deter­
mines the speed o f growth o f the organism , in which 
case these results suggest tha t the developm ental 
stage o f the culture as well as the com position o f the 
m edium  can be qu ite  different at the tim e (96 h 
after inoculation) w hen m axim um  accum ulation of 
axenom ycins is observed.

Axenomycin 
[mg/l]

1500-

1000-

500

ax.m^l

Dry weight of mycelium 
[g/l]

h30

-25

:20

r1 5

-10

-5

5.0 6.0 7.0 8.0
pH

Fig. 4. Relation between pH, amount of axenomycin in the 
mycelium (ax. myc.) and the medium (ax. med.) and dry 
weight (dw.) of the mycelium.

Inoculum [ml/30ml Medium]
Fig. 5. Relation between size of the inoculum, amount of 
axenomycin in the mycelium (ax. myc.) and the medium 
(ax. med.) and dry weight (dw.) of the mycelium.
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Table III. Relation between aeration (size of the Erlenmey- 
er flask), axenomycin production and dry weight of the my­
celium. Each flask contained medium amounting to 10% of 
the volume of the flask.

Volume 
of flask 
[ml]

Dry weight 
of mycelium 
[g/1]

Axenomycins [mg/1] 

in mycelium in medium

1 0 0 2 1 . 1 1589 173
300 2 0 . 8 1533 191
500 23.4 1822 2 2 2

1 0 0 0 2 0 . 8 535 81
2 0 0 0 1 0 . 6 189 2 1

4000 14.5 104 1 1

Fig. 6 . Relation between NZ-amine in the medium, 
amount of axenomycin in the mycelium (ax. myc.) and the 
medium (ax. med.) and dry weight (dw) of the mycelium. 
The experiment was carried out with strain 3935 (“wild 
type strain”).

NZ-Aminein medium [%]

Fig. 7. Relation between NZ-amine in the medium, amount 
of axenomycin in the mycelium (ax. myc.) and the me­
dium (ax. med.) and dry weight (dw.) of the mycelium. 
The experiment was carried out with strain 3935-1-18-9 
(“high producing strain”).

Aeration and form ation o f  axenomycins

A eration o f an tib io tic  producing cultures is 
known to be crucial for m axim um  yields o f anti­
biotics [8 ]. W e have therefore inoculated Erlen- 
m eyer flasks o f d ifferen t sizes each containing m e­
dium  which am ounted to  1 0 % o f the volum e o f the 
flasks. The flasks were shaken at identical revolu­
tions per m inute on a G yrotory shaker. As can be 
seen in Table III m axim um  growth and m axim um  
yield o f axenom ycins was obtained w ith 500 ml 
flasks. All experim ents reported herein, however, 
were carried  out w ith 300 ml flasks.

Nitrogen source and axenomycin formation

It has been repeatedly  observed that the nitrogen 
source influences production  o f secondary m etab­
olites and especially form ation o f antibiotics [e.g. 9]. 
The first indication tha t there is a correlation 
between the nitrogen source and axenom ycin pro­
duction resulted from  two series o f experim ents 
(Figs. 6  and 7) in w hich increasing am ounts o f NZ- 
am ine were added to cultures o f the wild type strain 
o f Streptomyces lisandri (selected for good sporula- 
tion) and to cultures o f the strain (3935-1-18-9) which 
had been selected for high production o f axenom y­
cins (Fig. 3). W hile no significant influence o f the 
am ount o f  n itrogen on the growth o f  these two 
strains was observed, axenom ycin form ation in the 
high producing strain (3935-1-18-9) turned out to be 
m uch m ore sensitive to  nitrogen supply than in the 
wild type strain (Figs. 6  and 7). The sam e was 
observed when N Z -am ine was replaced by soya 
peptone (data not shown).

W hen the am ount o f  N Z -am ine was doubled in 
m edium  9 (strain  3935-1-18-9) no influence on 
growth or pH  was noted  b u t axenom ycin production 
was reduced by 45% (Fig. 8 ). S im ilar observations 
were m ade when the am ount o f soya peptone was 
increased in m edium  1 0  or asparagine in m edium  
12 (data not shown). But this effect was not re­
stricted to  the routine nitrogen sources. W hen m e­
dium  9 (which contains N Z-am ine) or m edium  10 
(which contains soya peptone) or m edium  1 2  (which 
contains asparagine) were supplem ented w ith urea, 
suppression o f axenom ycin form ation was also ob­
served (Fig. 9). A ntib io tic  production is therefore 
apparently  under control o f nitrogen ra ther than a 
specific am ino acid o r pep tide present in m edia 9, 
1 0  or 1 2 .
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Carbon sources and axenomycin formation

Glucose, fructose, m annitol and sucrose were 
exam ined as carbon sources and good growth was 
observed in each case (Fig. 11). M axim um  axeno­
mycin form ation, however, occurs at an unusually 
high glucose concentration (15%).

A fairly good axenom ycin production was also 
observed with fructose, w hereas in the presence o f 
sucrose and m annitol it was negligible. The non-

Fig. 8 . Time course study of the influence of a “normal” 
and a two fold amount of NZ-amine on formation of 
axenomycins, dry weight of the mycelium (dw.) and pH.

F inally it should be noted tha t add ition  to the 
culture of increased am ounts o f nitrogen does not 
affect the pH  o f the m edium  during ferm entation. 
Thus the nitrogen source does not exhib it its in ­
fluence via a change o f pH.

Inorganic phosphate and axenomycin formation  

It is well known tha t best production  o f secondary 
m etabolites can be obtained by phosphate concen­
trations suboptim al for growth [10]. Inorganic phos­
phate is assumed to influence the energy charge o f 
the cell and the level o f glucose-6 - P w hich m ay in 
turn control production o f secondary m etabolites 
[11] (Fig. 10). W hereas m axim um  grow th o f Strepto- 
myces lisandri is observed a t a phosphate concentra­
tion o f 0.7 g /liter in m edium  12, m axim um  axeno­
mycin form ation occurs when no inorganic phos­
phate is added to the m edium . It is assum ed tha t 
com  steep liquor, one o f the com ponents o f m e­
dium  1 2 , contains an undeterm ined am ount o f in ­
organic phosphate which is sufficient for good 
axenomycin form ation.

„1300

• = 1 1 0 0£
D

■5 900u>»
E
c 700 
c
&  500-
Eo
S 300

Media with NZ-amine 
(medium 9 ),soya peptone 
(medium 10).and L-asparagine 
(medium 12).

Media 9,10 and 12 
containing urea

*E
.9500-

'300a
E0

1  
2

r y *

ED
Si

Fig. 9. Dry weight and axenomycin formation as influenced 
by urea added to different media containing different 
nitrogen sources such as NZ-amine (medium 9), soya- 
peptone (medium 1 0 ), and asparagine (medium 1 2 ).

Fig. 10. Dry weight (dw) and axenomycin in the mycelium 
(ax. myc.) as influenced by increasing amounts of KH 2P 0 4 

in the medium.
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amount of sugar in 
the medium [%]

Fig. 11. Relation between increasing amounts of different 
carbon sources on growth (diagram A) and axenomycin 
formation (diagram B).

form ation o f axenom ycin in the sucrose m edium  is 
unusual since good production was obtained w ith 
the m onom ers o f sucrose (viz. glucose and fructose). 
It is possible tha t degradation o f sucrose results in 
the preferential u tilization o f one m onom er o f su­
crose and that an excess o f the other m onom er ac­
cum ulates w ithin the cell. This m onom er or its 
phosphorylated derivative m ight then repress axe­
nomycin form ation, e.g. G lucose-6 - P is known 
to inhibit tylosine form ation in Streptom yces T-59- 
235 [11].

Time course studies on cultures 
o f  Streptomyces lisandri

Tim e course studies on cultures o f Streptomyces 
lisandri were carried out with different m edia. In a 
typical experim ent, pH , the am ount o f nitrogen and

e

time after inoculation [h]

Fig. 12. Time course study of dry weight formation (dw), 
axenomycin production (ax) in the mycelium, amount of 
nitrogen (N) and dextrin in the medium and pH of the 
medium. The experiment was carried out with strain 
3935-1-18-9 in the preculture medium.

Fig. 13. Time course study of dry weight formation (dw), 
axenomycin production in the medium (ax. med.) and 
mycelium (ax. myc.), amount of nitrogen (N) and glucose 
(glue) in the medium and pH of the medium. The 
experiment was carried out with strain 3935-1-18-9 in 
medium 1 2 .
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Fig. 14. Time course study of dry weight formation (dw), 
axenomycin production in the medium (ax. med.) and 
mycelium (ax. myc.), amount of nitrogen (N) and glucose 
(glue.) in the medium and pH of the medium. The experi­
ment was carried out with strain 3935-1-18-9 in me­
dium 1 0 .

carbon in the m edium , dry w eight o f  the  m ycelium  
and the am ount o f axenom ycin in the m edium  and 
the m ycelium  were recorded. In every case the 
ferm entation cultures were inoculated w ith a sus­
pension o f cells grown in a preculture m edium  
(Fig. 12). There are com m on characteristics o f  fer­
m entation runs in different m edia as exem plified by 
ferm entations in m edia 10 (Fig. 14) and 12 (Fig. 13). 
In each case the pH  of the m edium  shifted from  6.5

2
E
oc
E<

-100

-5 0

to 8 . 8  and only m inor am ounts o f axenomycins were 
detectable in the m edium  (com pare Fig. 2). As 
axenom ycin production began a considerable 
am ount o f the carbon source was still present in the 
m edium . O nset o f axenom ycin form ation coincided 
in every case, however, w ith depletion o f the n itro­
gen source (com pare Fig. 8 ). M axim um  antibiotic 
form ation was always observed 96 h after inocula­
tion while growth as m easured by dry weight, was 
norm ally com pleted 48 h after inoculation (Fig. 13). 
M edium  10 represents an exception to this rule 
because growth does not reach the stationary phase 
before 120h after inoculation (Fig. 14) i.e. tropho- 
phase and idiophase are not separated. The sequen­
tial appearance o f trophophase and idiophase as 
shown in Fig. 13 is the pattern norm ally expected 
and also usually observed in these experiments.
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