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ABSTRACT. Streptomycesfelleus resistant  to the herbicide bromoxynil  (BX) took up 95 ~o of the 
initial am o u n t  of BX from the solid or liquid medium containing 100 Ezg of the herbicide per m L  
during a 5-d incubation. 50 ~o of the amoun t  taken up was degraded and  45 ~/o deposited in the 
cell (90 ~o in the cytoplasm, 10 ~) in the cell wall). A prolonged incubation t ime did not  result 
in any further  decrease of BX concentration. The addition of KC1 (the effect of NaC1 was less 
pronounced) increased the affinity of BX for the cell wall and  slowed down both  the  up take  and 
degradation of BX. Though P-14 was capable of growing a t  5--  to 10 t imes higher concentrat ions 
of BX in comparison with sensitive Streptomyces strains, the herbicide caused its physiological 
{growth rate decrease, antibacterial antibiotic production, pigmentat ion,  dehydragenase activi- 
ties), morphological and ul t rastructural  changes. 

About 10 ppm of the total  bacterial population present in nonsterile soil 
participate in the biological degradation of bromoxynil  (3,5-dibromo-4- 
hydroxybenzonitrile; BX) (Cullimore and Kohout  1974). Only two pure 
cultures of microorganisms degrading B X  have been described so far, a strain 
of Flexibacterium marked BR4 (Cullimore and Kohout  1974; Smith and 
Cullimore 1974) that  was not characterized in detail, and Streptomyces 
P- 14 (Kri~tfifek and Blumauerovs 1983a), later classified as S. felleus (Kri~tfi- 
fek et al. 1987). In contrast  to the strain BR4  transforming B X  in two major 
products, 3,5-dibromo-4-hydroxybenzamide and 3,5-dibromo-4-hydroxy- 
benzoic acid (Smith and Cullimore 1974), P-14 degraded BX by  direct splitting 
of the aromatic ring catalyzed by  an intracellular Fe~+-dependent decyclizing 
dioxygenase (Neu~il --  to be published). Physicochemical analysis of the 
extracts of the P-14 cultures grown on solid media tha t  were incubated 10 d 
in the presence of B X  showed a nearly two-fold decrease of the herbicide 
concentration in the  medium (Kriw et al. 1987). 

This paper presents detailed results on the t ime "course of the degradation, 
fate of the nondegraded remainder of B X  in the P-14 cultures on solid and 
liquid media, and the effect of B X  on the physiological act ivi ty and morpho- 
logical properties of the strain P-14. 

* Second paper of a series on Streptomyces felleus resistance to bromoxynil.  
** Present address: Institute of Dairy Research, 198 00 Prague 9, Czechoslovakia. 
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M A T E R I A L S  A N D  M E T H O D S  

Microorganism and cultivation. The origin and the characteristics of Strepto- 
myces felleus 1)-14 were described in previous papers (Kri~tdfek and Blu- 
mauerov~ 1983a; Kriw et al. 1987). All cultivations were carried out  
using the malt extract-yeast  extract  medium at  28 ~ The cultures on solid 
media were grown for 10 d on cellophane discs (diameter of 90 mm) placed 
on the surface of the agar medium in Petri  dishes. The discs were inoculated 
with 0.1 mL of an aqueous spore suspension. Submerged cultures in 300-mL 
Erlenmeyer flasks containing 50 mL of the medium were incubated on a 
reciprocal shaker (1.6 Hz) for 5 d. A solution of B X  in methanol (0.5 mL) 
was added to the medium, the final concentration being 100 ~g/mL. 0.5 mL 
of ethanol was added instead to the control cultures. 

Analyses. Intact  mycelium was used to determine the dry mass and for 
the extraction procedures. The mycelium was separated from the solid 
medium by  removing the cellophane and from the liquid medium b y  centri- 
fugation. The content of B X  in the extracts was est imated by  using TLC, 
UV-spectrometry and H P L C  (of. Kri~tfifek et al. 1987). The antibiotic 
production in the submerged cultures was determined b y  using a plate 
diffusion method with Bacillus subtilis as the indicator. The total  dehydro- 
genase activity of the submerged cultures was estimated b y  using a modified 
method of Novikova and Makarevich (1984): methylene blue (0.01 ~o in 
distilled water) was added to the mycclium separated by  centrifugation in 
calibrated tubes (0.5 mL of the methylene blue solution per mL of the myee- 
lial sediment), the samples were stirred properly and the t ime necessary for 
complete bleaching was measured. 

Intracellular localization of BX .  A mycelium collected from eight cellophane 
discs was suspended in 30 mL of distilled water and disintegrated by  soni- 
cation (MSE Ultrasonic Disintegrator, 20 MHz, 3 • 1 min with l-rain cooling 
intervals). The cell-free extract  and cell-wall fraction, separated by  centri- 
fugation (Sorwall, 10 000g, 15 rain) were extracted and analyzed as described 
above. 1 and 10 % water solutions of NaC1 or KC1 were used for washing B X  
from the intact  cells (distilled water was used as the control). The liquid 
phase was then extracted and analyzed as other samples. 

Microscopic observations. Preparations for optical microscopy were stained 
with carbolfuchsin. Transmission electron microscopy was done in a J E M  
100B microscope at an accelerating voltage of 60 kV. Morphological proper- 
ties of the aerial mycelium were observed in preparations obtained by  a 
direct impression of the cultures. The samples for ultrathin sections were 
fixed with 1 %  Os04 and embedded in Vestopal (Kellenberger et al. 1958). 
After polymerization the blocks were sliced using a L K B  4800A Ul t ro tom 
(glass knives). The sections were contrasted with 5 % aqueous solution of 
uranyl acetate and stained with lead citrate (l~eynolds 1963). 

R E S U L T S  

Effect of B X  on growth, morphology and physiological activity. When cul- 
t ivated on a solid medium without  BX, the strain P-14 grew and sporulated 
very well. The substrate mycelium appeared after 1 d, the aerial mycelium 
after 2 d, spores and a brown pigment in the mycelium 4 d after inoculation. 
The maximum yield of dry biomass was obtained after 5 d (Fig. 1). I f  a 



1987 I N T E R A C T I O N  OF S. felleus W I T H  B R O M O X Y N I L  307 

r~ 

o 

o 

o 

~4 

> 

o 

�9 

,.~ 

,.~ 

o o 

�9 

�9 

A A 

A 

A A 

c~ 

c 

o~ 

o 

v 



308 V. KI~I~TI~FEK et al. Vol. 32 

6D 

mg 

1 l 1 J. l 

4 0  ~ 

20 ! 

T : T  T _T 
0 2 4 6 ~ 10 

d 
FIG. 1. D~y mass (rag) of S. felleus cultures grown on yeast 
extract-malt extract agar non-supplemented (closed 
symbols) and supplemented (open symbols) with BX (100 
Fg/mL) at  28 ~ Sterile cellophane discs, previously 
dried and weighed, were placed on the medium and 
inoculated with spore suspension (10 s of cells in 0.1 mL). 
After incubation, the whole cultures (cellophane plus 
mycelium) were taken off, dried and weighed. Individual 
data represent a mean of five parallel values. 

medium containing BX was used, the growth phase was delayed by  1 d, 
less aerial mycelium was formed, sporulation (Plate 1) and pigmentat ion 
were suppressed. Maximum dry mass yields (after 8 d) were reduced by  
50 ~ in comparison with the 5-d control culture (Fig. 1). The macroscopic 
appearance of these cultures after 10 d was similar to tha t  of a 3-d control 
culture. The electron-microscopic observations revealed in the cells grown in 
the  presence of B X  more frequent occurrence of electron t ransparent  vesicles 
(Plate 2), irregular septation, and also a great number  of electron-dense 
microbodies tha t  were not  observed in the control cells (Plate 3). 

B X  inhibited germination and growth of a spore inoculum in submerged 
cultures (the mycelium did not  grow after as many as 4 d). Therefore, in the 
other experiments, the media were inoculated with a l-d vegetative inoeulum 
grown in a medium without BX. Under these conditions, maximum growth 
yields were reached both  with the control without  B X  and with the culture 
growing in the presence of B X  after 4 d, the lat ter  being decreased by  20 ~o 
only (Fig. 2). The control cultures grew in the form of oval, compact  pellets, 
whereas in the presence of BX, large, irregular forms exhibiting less compact  
structure with long protruding bundles of filaments were observed (Plate 4). 
Comparison of the physiological activities of both  cultures showed tha t  B X  
suppressed the production of the antibiotic and brown pigment and also 



1987 I N T E R A C T I O I q  OF  S, felleus W I T H  B R O M O X Y k N I L  309 

6 

mg/mL 

I I I I I 

2 

I i [ I ! 
0 ~ 2 3 /,- S 

d 

Fro. 2. Dry  m a s s  (mg / mL )  of  s u b m e r g e d  cu l tu res  of  S. felleus grown  
in liquid yea s t  e x t r a c t - m a l t  e x t r a c t  m e d i u m  (50 m L )  n o n - s u p p l e m e n t e d  
(closed symbols) a n d  s u p p l e m e n t e d  (open symbols) wi t h  B X  (100 ~tg]mL) 
on a reciprocal shake r  (1.6 Hz) a t  28 ~ Media  were inocu la ted  wi th  a 
1.d vege ta t ive  i n o c u l u m  (2.5 mL)  g rown  in t he  absence  o f  BX.  Af ter  
incubation,  m y c o l i u m  of  each  cu l ture  was  fi l tered (paper  filter), w a s h e d  
three t imes  wi th  dist i l led wa te r  a n d  i ts  d ry  m a s s  de te rmined .  I n d i v i d u a l  
data represent  a m e a n  o f  five paral lel  values.  

TABLE n .  Effect  o f  w a s h i n g  of  i n t ac t  m y e e l i u m  on  t he  c o n t e n t  o f  B X  in cell f r ac t ions  of  t he  s t r a i n  
P.14 a 

B X  (%)b in 

W a s h i n g  Concen- W a s h i n g  Cell C y t o p l a s m  
agen t  t r a t i on  l iquids  walls  

None --  --  10 90 

NaC1 1 55 15 30 
10 61 18 21 

KCl 1 45 41 14 
10 30 58 12 

Water - -  38 20 42 

aMycelia of  8 cu l tu res  g rown  on a B X - c o n t a i n i n g  solid m e d i u m  for 10 d (see Fig. 1) were com- 
bined, s u s p e n d e d  in 30 m L  of  the  wash ing  a g e n t  a n d  cen t r i fuged  (2000 g ,  10 rain). Af t e r  re- 
peating the  procedure  s ix  t imes ,  the  m y c e l i u m  was  r e s u s p e n d e d  in dist i l led wa te r  a n d  d i s r u p t e d  
by sonicat ion (3 • 1 rain). Cy top lasmic  a n d  cell-wall f rac t ions  s epa ra t ed  b y  cen t r i fuga t ion  
(10 000 s  15 rain) an well as  t he  eor respond ing  w a s h i n g  vo lumes  were e x t r a c t e d  a n d  ana lyzed  
as described p rev ious ly  (Kri~tfifek st aL 1987); in t h e  las t  w a s h i n g  v o l u m e  t races  o f  B X  were 
only found.  

bpereentage o f  t he  to ta l  a m o u n t  o f  B X  e x t r a c t e d  f rom u n w a s h e d  in tac t  cells. 
eThe sum of  6 va lues  ob ta in3d  in the  ind iv idua l  s t eps  o f  w a s h i n g  procedures .  
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FI(~. 3. Fa te  of B X  in cul tures of S. felleus 
grown on solid medium.  Cultivation con- 
ditions, see Fig. 1. After a 5-d incubation,  
the whole cultures (unwashed intact  myco- 
l ium on cellophane discs) and the agar  med ium 
were ex t rac ted  and  analyzed (cL Kri~tflfek 
et al. 1987). The  resul ts  are expressed as the 
percentage of  the total  a m o u n t  of B X  
ext rac ted  f rom the non- inocula ted media a t  
zero time. The B X  content  in cell fractions 
(separated f rom sonicated mycelium) was  
calculated as the percentage of the total  
a m o u n t  of B X  ext rac ted  f rom the intact  
cells. W h e n  analyzing the subs t ra te  v~. 
aerial mycelium, B X  was found evenly 
dis t r ibuted in bo th  cell types.  

negatively affected the dehydrogenase activity tha t  was decreased by as 
much as 7-fold (Table I). No significant ultrastructural  differences, however, 
were found between the cells in the submerged cultures growing in the presence 
or absence of BX. 

Uptake and degradation of BX during cultivation. By analyzing the extracts 
from the medium, unwashed mycelium and its fractions we found tha t  the 
agar P-14 cultures took up about 95 % of the initial amount  of BX during 
5 d. Half  of the amount  taken up was decomposed, while the remainder 
accumulated intact, prevalently in ~he cytoplasm (Fig. 3). Similar exper- 
iments with washed myceliu m showed tha t  30 to 60 % of the total amount  
of the accumulated BX could be washed out (depending on the solution used 
and on its concentration), which was parallelled by an increase of the BX 
content in the cell-wall fraction. The affinity of BX for the cell wall increased 
especially after the cells were washed with 10 ~/o KC1. I f  NaC] was used, the 
content of the herbicide in the washing solution was raised (Table II). 

The supernatant  of the submerged cultures did not contain any BX after 
a 4-d incubation. Analysis of the mycelial extracts showed that ,  as in the 

TA~Lg I I I .  Effect of NaCI and KC1 supplements  to solid media  on the uptake  and  degradat ion 
of  B X  in cultures of the s t ra in  P-14 a 

A m o u n t  of B X  (%)c 

Salt added b Degraded Nondegraded 

Total  Accumulated Remainde r  
in cells in me d ium 

:None 50 50 45 5 
:NaC1 42 58 36 22 
KC1 9 91 67 24 

hAlter a 5-d cult ivation under  the condit ions given in Fig. 1. After 10 d similar results  were 
obtained. 

bl ~/o final concentrat ion (0.5 ~ NaCI or KC1 were present  in the medium as the regular com- 
ponents).  

eExpressed as the percentage of the total  a m o u n t  of B X  extracted f rom non-inoculated media 
at  zero t ime of  incubat ion (cf. Fig. 3). 
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agar cultures, only half of the original amount  of the herbicide was decom- 
posed. I f  B X  was added to the control cultures after a 5-d cultivation, a s  
much as 60 % of the herbicide was bound to the mycelium during 30 min. 
The BX, however, was not degraded. 

A prolonged cultivation, either in the solid or liquid medium, did not  
result in a further decrease of  the BX concentration or in a change of  the  
proportion between the B X  pre~ent in the mycelium and in the medium. 
If the solid medium cultures (preincubated without  BX) were transferred on 
a herbicide-containing medium as late as during the exponential phase of 
growth (ef. Fig. 1), a more rapid uptake of BX could be seen. The final result, 
however, was the same as in Fig. 3. 

No degradation products of B X  were detected in the submerged cultures 
by chromatography. 

Effects of KC1 and NaCl on growth of t~-14 and degradation of B X .  The 
inhibition effect of BX decreased after 1 ~/o KC1 was added to the medium 
(growth yield and antibiotic act ivi ty increased by  20 to 50 %, sporulation 
efficiency also increased, etc.). At the same time, the uptake and degradation 
of BX slowed down. After 5 d about  90 % of BX, which was not decomposed, 
remained in the cultures, a par t  of it in the medium (24 ~/o)- The addition 
of 1 ~ NaCI affected, in a positive way, mainly growth and sporulation of  
the control cultures but  its effect on the degradation of B X  was less pronounced 
than that  of KC1. The uptake of BX from the medium slowed down bu t  the 
degradation was reduced by  only 8 ~o (Table III) .  In the presence of KC1 
most of the intact B X  in the myeelium accumulated in the cell wall bu t  no 
changes in ultrastructure of the cell wall were observed. 

D I S C U S S I O N  

The results of this work not only confirmed a previous finding that  cultures 
of S. felleus P-14, if grown on a solid medium containing BX, were able to 
decompose as much as 50 % of the total  amount  of the herbicide bu t  they  
also showed that  (1) the degradation process was confined to the phase of 
exponential growth, (2) the degradation was preceded by  the uptake (adsorp- 
tion, absorption) of the herbicide by  the cells, (3) the uptake of B X  was 
always greater than the degradation of the compound, (4) imbalance between 
the rates of the two processes was increased in the presence of potassium or 
sodium ions, (5) the degradation of BX occurred even in the submerged 
culture. 

A more rapid uptake of BX in submerged cultures might result from a 
more efficient adsorption by  the mycelial pellets caused by  a direct contact 
of their relatively large surface with the environment. This capability, how- 
ever, did not  influence the final degradation. 

A simple cultivation technique on cellophane discs provided general 
information on the  uptake of B X  and the localization of the nondegraded 
remainder of the compound in the solid medium cultures. Though the 
morphological differentiation of these cultures excluded all the possibilities 
of a direct interaction of the aerial mycelium with the herbicide in the 
medium, the intact  B X  accumulated both in the primary and secondary 
myeelium. We can hypothesize tha t  the cells of the lower layer of the  sub- 
strate mycelium served as a pump taking up the herbicide across cellophane 
from the medium. BX was then translocated across the cell septnm to the  
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later formed aerial hyphae in the same way as, generally, herbicides were 
supposed to penetrate through plant tissues (Ashton and Crafts 1973). If  
this is true (i.e. if B X  is not excreted later from the cells and adsorbed on its 
dry outer surface), it follows from Table I tha t  the intact  BX accumulated 
mostly in the cytoplasm where it was not firmly bound and could be part ly 
washed out  of the intact cells. With respect to the fact  tha t  B X  exhibits a 
typical "salting-in" effect (Edsall and Wyman  1958), i.e. its weak solubility 
in water is increased in the presence of salts (Carpenter et al. 1964; Smith 
1971), we chose KC1 and NaC1 solutions as the washing agents (in comparison 
with water). As compared with NaC1 acting as expected, KC1 also helped 
us to wash out  BX from the cytoplasm but,  on the other hand, significantly 
increased the binding of the herbicide to the cell wall. The BX content  in the 
cell wall also increased during growth in the medium to which KC1 was 
added. At the same time, however, the rate of B X  degradation decreased 
(Table III).  Though the total concentration of the herbicide in the myeelium 
under these conditions was higher by  20 % than in the cultures grown in the 
medium without  KC1, the inhibitory effect on the morphological properties 
and physiological act ivi ty of the cultures was decreased. These results 
suggest tha t  (1) the intracellular dioxygenase known to decompose BX in 
P-14 (Neu~il, to be published) can a t tack only free molecules of the herbicide 
in the cytoplasm and not  those bound in cell wall; (2) the cytoplasmic portion 
of BX is primarily responsible for B X  toxicity; (3) growth improves if the 
inhibitory effect of BX is weak; consequently, the number  of cells capable 
of binding BX increases; (4) since a 4-fold concentration of B X  remains in the 
soil in comparison with the medium without  KC1, a limited (possibly bY the 
number  of the B X  receptor sites) capacity of the cell wall for the binding of 
B X  is indicated. 

The mechanism of binding the herbicide to the cell wall cannot be explained 
on the basis of our results. 

The preceding papers (Krigtfifek and Blumauerov~ 1983a,b) showed that 
Streptomycetes (both fresh soil isolates and collection strains) were very 
sensitive to BX and did not grow at as low concentrations as 80 ~g /mL 
(and even lower). 8. felleus P-14 isolated from soil, the only strain of the total 
of about  100 tested, tolerated as high a concentration as 400 ~g B X  per mL. 
A four times lower concentration of BX, however, already slowed down 
growth, affected morphological properties and decreased the physiological 
act ivi ty of the strain P-14, in the same way as the sublethal herbicide con- 
centrations did in the case of the sensitive strains (Krifitfifek and Blumauero- 
v~ 1983a). Recent  studies of the other microorganism capable of decomposing 
B X ,  a Flexibacterium designated BR4 (Cullimore and Kohout  1974; Smith 
and Cullimore 1974), focused on the degradation process itself, has not  yet 
yielded any data  on the effect of B X  that  would enable us to compare the 
results. I t  cannot be excluded tha t  during the interaction between B X  and 
the microbial cultures, mechanisms similar tO those of the plant--herbicide 
interaction can be involved, e.g. the inhibition of oxidative phosphorylation 
and electron transport  in the respiratory chain (of. Ashton and Crafts 1973). 
Some phenomena Observed in this work (a higher sensitiviy of spores to BX 
in the liquid medium, suppressed dehydrogenase activity, etc.) suggest an 
effect of B X  on oxidative metabolism. However,  precise biochemical teeh. 
niques will be necessary to explain these observation. 



1987 INTERACTION OF S. ]elleu~ WITH BROMOXYNIL M 3 

R E F E R E N C E S  

ASHTON F.I~., CRAFTS A.S.: Mode of Action of Herbicidee. Wiley-Interseience Publication, John  
Wiley and Sons, New York- -London- -Sydney- -Toron to  1973. 

CARPP.~TgB K., COTTR~, H.J. ,  D~- SILVA W.H., Hm'WOOD B.J.,  LEEDS W.G., RIVETT K.F.,  
SOU~DY M.L.: Chemical and biological properties of two new herbicides --  ioxynil and bromo- 
xynil. Weed Re~. 4, 175-- 195 (1964). 

CULLIMORE D.R., KOHOUT M. : Isolation of a bacterial degrader of the herbicide bromoxynil from 
a Saskatchewan soil. Uan.J.Microbiol. 20, 1449-- 1452 (1974). 

EDSALL J.T., W y ~  J.:  Biophysical Uhemistry, VoL 1. Academic Press Inc., New York 1958. 
KELLE~'RQER E., R ~ E B  A., Sr J.:  Electron microscope study of DNA containing 

plasms. II. Vegetative and phage DI~A as compared with normal bacterial nucleoids in 
different physiological states. J.Biephys.Biochem.Gytol. 4, 671--678 (1958). 

K R I ~ F E K  V., BLU~AU~ROVX M. : Effect of Labuctril 25 and three other herbicides on wild soil 
isolates and mutant  strains of streptomycebos. Folia Microbiol. 28, 179-- 186 (1983a). 

KRI~Tf~F~K V., BT.tr~AtrERov~ M.: The herbicide Labuctril 25 reduces the number of actino- 
mycctes in forest soil. Folia Microbiol. 28, 237--239 (1983b). 

KRIgTffFEX V., BERAN M., DUFEK P., KHA~r M., BLUMAUEROV~[ M.: Resistance of Streptomycea 
felleus strain P-14 to the herbicide bromoxynil. Folia Microbiol. 32, 297--304 (1987). 

LINDEI~BEII~ W.: ]~bor einige chemische interossante Actinomyceten-Stamm und ihre Klassi- 
fizierung. Areh.Mikrobiol. 17, 361--383 (1952). 

NOWKOVA L.M., MAX~Rt~VICE V.G.: Interrelationship of dchydrogenase activity of myeolium 
of Streptomyces aureofaciens. Antibiotiki 29, 735--740 (1984). 

REYNOLDS E.S.: The use of lead citrate at  high pH as an electrooptie stain in electron micro- 
scopy. J.Cell.Biol. 17, 208--212 (1963). 

S~TK A.M.: Degradation of bromoxynil in Regina heavy clay. Weed Res. 11, 276--282 (1971). 
SMITH A.E., CU~HMORg D.R.: The in vitro degradation of the herbicide bromoxynii. Can.J.  

Microbiol. 20, 773--776 (1974). 

The Plates will be found at the end of the issue. 



V . K R I ~ T ~ F E K  et al. INTERACTIO N  OF S. felleus W I T H  B R O M O X Y N I L  

r162 .--2 



V.KI~I~TI~FEK et al. I N T E R A C T I O N  OF S. felleus W I T H  B R O M O X Y N I L  

PLAT~ 2. Cell u l t ras t ruc ture  of  S. felleus grown 5 d on solid media non- 
supplemented  (top) and  supplemented  (bottom) with B X  (100 ~g/mL).  
Cultivation conditions, see Fig. 1. Bars  represent  0.5 izm. Note the increased 
occurrence of eleetron-txausparont  vesicles in cells grown on BX-eont, aining 
media. 



V. K R I ~ T I ~ F E K  et al. I N T E R A C T I O N  O F  S. ,felleus W I T H  B R O M O X Y N I L  

PLATE 3, Cell u l t r a s t r u c t u r e  of  S. felleus grown  5 d oil solid med i a  silpple- 
m o n t o d  wi th  B X  (100 [zg/mL). Cu l t iva t ion  condi t ions ,  see Fig. 1. Ba r s  
r ep resen t  0.5 ~m. Note  t he  i r regular  s ep t a t i on  (top) a n d  a h igh  n u m b e r  of  
e lec t ron-dense  bodies  (bottom) in compa r i son  wi th  the  control  cells (Plate 2, 
top). 
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P L A n  4. Morphology  of  s u b m e r g e d  m y c e t i u m  of a 5-d cu l tu re  o f  S. fel leus 
grown  in med i a  n o n - s u p p l e m e n t e d  (top} a n d  s u p p l e m e n t e d  (bottom} with  
B X  (100 Ezg/mL). Cu l t iva t ion  condi t ions ,  see Fig. 2. The  pel let  l eng th  
was a b o u t  1 to 2 m m  in t he  cont ro l  m e d i u m ,  a n d  4 to 6 m m  in t he  
B X - c o n t a i n i n g  m e d i u m .  The  p repaea t ions  for optical  mic roscopy  were 
s t a ined  wi th  carbol fuchs in .  


