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S U ~ Y  
~t reptomyces hvQros~pplcps mutants showing a l t e r e d  fermen- 
t a t i o n  k i n e t i c s  were i s o l a t e d  us ing a s e l e c t i o n  procedure 
i n  a chemostat~ Several  mutants were ob ta ined  which d t f  
fa red  i n  t h e i r  capac i t y  to produce the macro l ide  a n t i b i o t i c  
turimycin. 

INTROOUCTION 

The biosynthesis of the macrolide antibiotic turimycin by 

both wild-type and improved s t r a i n s  of Streptomyces ~ -  

~ o c c u r s  dur ing  s shor t  pe r iod  on l y .  A f t e r  about 

two days of  c u l t i v a t i o n  in  s t a r c h - c o n t a i n i n g  complex media 

increasing concentrations of hH 3 and cor responding medium 

a l k a l l s e t t o n  were observed. Th is  was accompanied by an 

enhanced activity of intracei!ular alanlne dehydrogenase 

and an increase in the alanine concentration in the medium. 

Since the l e v e l  o f  pyruvate  In  the mycelium decreased, a 

lack  o f  t h i s  e s s e n t i a l  p recursor  of  t u r t m y c l n  may e x p l a i n  

the cessation of  antibiotic blosynthesls at that t ime 

(Gr~fe et al., 1974),  

From p r e l i m i n a r y  growth exper iments  us ing  unbu f fe red  min- 
eral s a l t s  medium w i t h  d i f f e r e n t  combinat ions  o f  carbon 

sources and cesamino ac ids  we concluded tha t  In  ~ .  ~ -  

~ the o~-g lucos idase i s  p robab ly  repressed by amino 

ac ids  as i t  has been shown in  ~o ,ve,nezuelae (Chat ter3ee 

end V ln tng ,  1981).  I f  ~ .  hygroscop lcus  s t r a i n s  were grown 

on maltose and casamino a c i d s ,  an a l k a l i z a t t o n  of the 

medium occur red .  Th is  was caused by deaminat ion of  amino 

ac ids  and t h e i r  use as a carbon source i n  the presence of  

mal tose~ In  c o n t r a s t ,  an a c i d i f i c a t i o n  was observed i n  the 
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c u l t u r e s  i f  the maZtose was rep laced by g lucose.  

From these f i n d i n g s  one can conclude t h a t ,  i n  complex media 
c o n t a i n i n g  amino ac ids ,  gZucose, and s t a r c h ,  the amylase- 

generated maltose and maZto t r lose  are not u t i l i z e d  a f t e r  
exhaust ion  of  gZucose, As i t  has been demonstrated by GrSfe 

et e l ,  (1974)o i nc reas ing  concen t ra t i ons  of NH 3 lead to i n -  
duc t ion  o f  a lan ine  dehydrogenase and fo rma t ion  of  a l an ine  
from py ruva te .  Consequent ly ,  a lan ine  accumulates because of  
the i n h i b i t i o n  o f  p r o t e i n  syn thes is  by t u r t m y c i n  and induc-  

t i o n  o f  a lan tne  dehYdrogenase by aZanine i t s e l f .  

I n  order  to improve t u r i m y c i n  p roduc t i on  by S. hy~qroscopi- 

cu~s i t  was our aim to overcome t h i s  phys ioZog i ca l  s i t u a t i o n  

by enhancement of  carbohydrate,  u t i l i z a t i o n .  There fo re  we 

in tended ,  as a f i r s t  s tep,  to  se lec t  mutants whoseor 

sidase a c t i v i t y  i s  less  suscep t i b l e  or even not sub jec t  to  
ca taboZ i te  rep ress ion  or  i n h i b i t i o n  by amino ac ids ,  Besides 
t h i s  p r o p e r t y ,  i t  was impor tan t  t ha t  the mutants shouZd 

produce at l eas t  the same amounts o f  t u r t m y c i n  as the Im- 

proved p a r e n t a l  s t r a i n ~  

The techn ique of  cont inuous c u l t u r e  i n  chemostat has been 

found to  be very e f f e c t i v e  f o r  s e l e c t i o n  o f  mutants o f  

E. co1~ a l t e r e d  i n  the r e g u l a t i o n  o f  i n t r a c e Z l u l a r  enzymes 

( S l k y t a ,  1984).  We used t h i s  approach s u c c e s s f u l l y  to ob- 

t a i n  the des i red  mutants and t h e r e f o r e  showed t ha t  t h i s  
method can a lso be app l i ed  to f i l amen tous  microorganisms 
such as s t rep tomyce tes .  

HATERIALS AND HETHODS 

Organlsm 

The improved t u r l m y c i n - p r o d u c i n g  s t r a i n  Streptomyces ~ -  
scoplcue OA6599/PR1 from the c o l Z e c t i o n  of  the Cen t ra l  -- 
I n s t i t u t e  o f  M i c rob io l ogy  and Exper imenta l  Therapy, Dana, 
G.D.R.,  was used i n  t h i s  s tudy .  

Cu l t u re  c o n d i t i o n s  

Cont inuous c u l t u r e  of  5~ hygroscoo icus  i n  chemostat was 
c a r r i e d  out as descr ib~d p r e c i o u s l y  (Roth and Noack, 1982)~ 
H i n e r a l  s a l t s  media M1 _a~d H2 were used. D i l u t i o n  r a t e  o f  
the chemostat was 0~ h 5 the temperature  was 30~ 
Samples taken from the chemostat were p l a t e d  on HSA medium~ 
Hutants  which had been i n l t i a l Z y  seZected on t h i s  agar 
medium were t es ted  w l th  respect  to  maltose u t t Z i z a t i o n  by 
c u l t i v a t i o n  on 20 ml medium HS In  100 ml f l a s k s  on a r o t a r y  
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shaker (240 rev .  per mln,, 5 cm s t r oke )  at 2B ~ 
Tur imyc in  p roduc t i on  by these c lones was examined by over-  
laying of colonies grown for 6 d at 2B oc on AL53 agar with 
ALS3 sofr agar i n o c u l a t e d  w i t h  B a c i l l u s  e u b t i l i s  ATCC6633. 
Inhibition zones around producing Colbnies'-"~detectable 
a f t e r  B h i n c u b a t i o n  at 37 oc.  
Tu r lmyc in  p roduc t i on  by the mutants was t e s t e d  q u a n t i t a -  
t i v e l y  i n  submerged c u l t u r e s  on 20 ml AL59al I  medium in  
100 ml f l a s k s  on a r o t a r y  shaker .  A n t i b i o t i c  c o n c e n t r a t i o n s  
i n  the c u l t u r e s  were determined at 48, 72, and 96 h a f t e r  
i n o c u l a t i o n  by means of  the usual  agar d i f f u s i o n  b ioessay .  

Media 

H1 { g / l ~ :  KH2PO 4, 2.72~ Na2HPO 4 . 2H20, 3 .56 ;  NaC1, 5 . 0 ;  

Na2SO 4, t . 0 ;  HgC12 . 2H20, 0 .04 ;  FeC13, 0 .005;  HnC12, 
0 .004;  NH4CI~ O,4 ;ma l tose ,  2 ,0 ;  v i t a m i n - f r e e  casamino 
ac ids  ( O i f c o ) ,  0.15 ( g r o w t h - l i m i t i n g  n u t r i e n t ) ;  pH 6 .8 .  

H2: Composi t ion as H1 w i t h  the m o d i f i c a t i o n  t ha t  NH4C! was 

the on l y  source of  n i t r ogen  i n  g r o w t h - l i m i t i n g  concent ra -  
t i o n  (O.OB g/l). 

HS ( g / l ) :  NaCI, 4 , 0 ;  (NH4)2S04, 1.O; KH2PO 4, 0 . 5 ;  HgC12 . 
6H20, 0 .04 ; maltose~ 5,0~ v i t a m i n - f r e e  casamino ac ids  
(Oifco), 5.0; solution of trace elements (Okanishl et el., 

1974)~ 2 el; pB 6.B~ 

HSA: Composi t ion as MS and i n  a d d i t i o n  ( g / l ) :  n e u t r a l  red,  

0.006; bromothymol blue, 0.006~ agar (Serve), 20.0. The 
colour of HSA is red at acidic pH below 7.0 and green 

above 7| 

AL53 agar (Roth and Noack, 1982).  Sof t  agar conta ined 
7.5 g agar per 1, 

~ - 5 9 a I i  ( g / l ) :  po ta to  s t a r c h ,  40;  so3a meal, 20~ g lucose,  

5; molasses, 5; dehydrated yeas t ,  5; CaCO 3, 2;  pH 6 .B .  

RESULTS AND DISCUSSION 

I n  o r d e r  t o  i nc rease the p r o b a b i l i t y  of  i s o l a t i n g  mutants 

a l t e r e d  i n  the r e g u l a t i o n  o f  or  a d i r e c t e d  

~ e l e c t i o n  was c a r r i e d  out i n  chemostat c u l t u r e .  The paren-  

t a l  s t r a i n  ~.  hyqrpscpptcus OA6599/PR1 was grown in  a 

chemosZat us ing medium M1. A f t e r  the p o p u l a t i o n  had reached 
the steady s t a t e  a s i n g l e  a d d i t i o n  o f  the mutagen n l t r o s o -  

methy lurea at a c o n c e n t r a t i o n  o f  0 .6  mg per ml c u l t u r e  was 

made r induce mutat ions= In  medium Hi  ( s t r ong  l i m i t a t i o n  

481 



by amino ac ids  and excess o f  mal tose)  those mutants which 
can u t i l i z e  the maltose even in  presence of  amino ac ids  
should a t t a i n  a growth advantage i n  compe t i t i on  w i t h  the 
p a r e n t a l  s t r a i n  growing s o l e l y  on amino ac ids .  Zn the 
course of  the s e l e c t i o n  procedure a d d i t i o n a l  growth advan- 
tage f o r  the mutants was prov ided by s h i f t s  to medium H2 
(ammonium c h l o r l d e  l i m i t a t i o n ,  maltose in  excess, no amino 

ac ids )  and v ice  versa to  H1 (see Tab. 1 ) .  Dur ing s h i f t s  

between the two media the p a r e n t a l  s t r a i n  would have to 

swi tch between u t i l i z a t i o n  of  amino ac ids  or  of  mal tose as 

a carbon source whereas the mutants should cont inue to  
grow w i t hou t  d i s tu rbance .  

Several  t imes dur ing  the s e l e c t i o n  procedure samples from 

the chemostat were p l a ted  on HSA medium supplemented w i t h  

pH i n d i c a t o r  dyes. A f t e r  5 d i n c u b a t i o n  red co lon ies  ac id -  

i f y i n g  the medium were de tec tab le  among the m a j o r i t y  of  

green co lon ies  rep resen t i ng  the p a r e n t a l  phenotype.  As 

the re  i s  a s t rong c o r r e l a t i o n  between a e r i a l  mycelium f o r -  

mat ion and t u r i m y c l n  p roduc t i on  (Roth and Noack, 1982) 
on ly  red co lon ies  w i t h  a e r i a l  mycellum (Amy + ) were p icked 

because we wanted to se lec t  mutants produc ing h igh amounts 

of  the a n t i b i o t i c .  These p r i m a r i l y  i s o l a t e d  c lones were 

subsequent ly  t es ted  on AL53 agar f o r  t h e i r  a b i l l t y  to p ro -  

duce t u r i m y c i n .  The i r  maltose u t i l i z a t i o n  was examined by 

submerged c u l t i v a t i o n  i n  medium HS con ta i n i ng  maltose and 

casamtno ac ids ,  Clones causing a decrease i n  the pH of  the 
t e s t  medium and produc ing t u r i m y c i n  (Tur +) on agar medlum 

were chosen f o r  f u r t h e r  c h a r a c t e r i z a t i o n .  

The r e s u l t s  o f  the s e l e c t i o n  procedure are summarized i n  

Table 1. Hu ta t i ons  a f f e c t i n g  d i f f e r e n t i a t i o n  processes 

such as a e r i a l  mycelium fo rmat ion  and a n t i b i o t i c  p roduc t i on  

were a lso induced by the mutagen. In  agreement w i th  e a r l i e r  

r e s u l t s  (Roth and Noack, 1982) the p r o p o r t i o n  o f  Amy + clones 

decreased w i t h  t ime i n  the chemostat p o p u l a t i o n .  There fo re  

i t  was on ly  poss ib l e  dur ing  a shor t  pe r iod  of  the s e l e c t i o n  

procedure to  i s o l a t e  mutants a l t e r e d  i n  the r e g u l a t i o n  o f  

r  but which s t i l l  produced t u r i m y c i n .  Thus the 

maximum number of  mutants was ob ta ined  from the sample 

wi thdrawn from chemostat a f t e r  61 genera t i ons  of  c u l t u r e  
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under s e l e c t i o n  pressure,  from which 7 s tab le  mutants were 

detected among 945 co lon ies  tes ted  on HSA medium, Taking 

i n to  account tha t  we se lected mutants w i th  a combinat ion 

of  t ~  d i f f e r e n t  charac te rs ,  the high p ropo r t i on  of s tab le  
mutants (0,74 ~) obta ined shows the e f f ec t i veness  of the 

se lec t i on  pressure app l ied .  Less than 20 ~ of  the p r i m a r i -  

!y  picked clones proved to be s tab le  mutants which were 

Amy § Tur +. This can probably be a t t r i b u t e d  to he te ro -  

ca ryos is  w i t h i n  the mycelium of the i s o l a t e s .  A f t e r  more 

than !50 generat ions of cont inuous c u l t u r e  a l l  the co lon ies  

which appeared on HSA medium were red but they were unable 

to produce turimycin. 

Table 1 :  Results of the selection procedure in chemostat 

Time of Hediu~ Amy + clones Number of Number of 
sampling shifts in the primarily stable 
(~enera t ions  popu la t ion  se lected mutants 
a t t a r  mute- (~) c lones which were 
genic t r e a t -  ( red on Amy+ Tur + 
merit) HSA~ Amy +) 

0 H1 98,8 0 0 
26 83,7 3 0 
47 H2 37.5 12 1 
61 H1 11,2 16 7 
74 H2 2,0 11 1 

122 0.6 4 0 
143 1.1 3 0 

For e f i r s t  c h a r a c t e r i z a t i o n  of t h e  mutants t h e i r  t u r i m y c i n  

product ion  was examined in  submerged c u l t u r e s  i n  the com- 

p lex medium AL59aI i .  D i f f e rences  in  p r o d u c t i v i t y  were ob- 

served ranging from produc t ion  of on ly  very low l e v e l s  of 

a n t i b i o t i c  to concent ra t ions  tha t  were h igher  than those  

obtained wi th  the paren ta l  s t r a i n  OA6599/PR1. The mutants 

can be d iv ided i n to  5 groups i f  one considers both a n t i -  

biotic production and shifts of pH in the cultures during 

fe rmenta t ion  (Tab, 2 ) ,  The 6 mutants out of the f i r s t  four  

groups a c i d i f i e d  the complete medium in  a more or less  

pronounced manner. In c u l t u r e s  of the l a s t  group a rap id  

pH-increase and ea r l y  cessat ion of Zur imycin b iosyn thes i s  

was observed. The clones H30~ H39t and H36 are of spec ia l  

i n t e r e s t  because of t h e i r  prolonged t u r i m y c i n  p roduc t ion  
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at ac ld tc  pH values~ Indeed, i s o l a t i o n  of s t r a l n s  of t h i s  

p a r t i c u l a r  phenotype was the o r i g i n a l  elm of our se lec t i on  

procedure. Therefore these mutants w l l l  be I nves t i ga ted  in  

more d e t a l l  w l th  respect to r e g u l a t i o n  of enzymes of 
s tarch catabo l ism.  

Our r e s u l t s  demonstrate tha t  the a p p l i c a t i o n  of a s u i t a b l e  

se lec t i on  pressure in  a chemostat i s  an e f f e c t i v e  t o o l  to 

ob ta in  mutants of a n t i b i o t i c - p r o d u c i n g  streptomycetes 

which show p re fe r red  u t i l i z a t i o n  of p a r t i c u l a r  n u t r i e n t s ~  

Table 2: Tur lmycin b iosyn thes is  by mutants of ~ .  hygrosco- 

p icus in  submerged c u l t u r e s  

Mutant 48 h 72 h 96 h 

Tur imyctn pH Turtmyctn pH Tur lmycln pH 
( / ug /m l )  ( / ug /m l )  ( / ug /m l )  

aA6599/ 
PR1 791 6.8 1608 7~ 1237 7.9 

M30 401 6.4 1045 6.0 1248 5.8 
M39 677 6.5 1036 6.0 1358 5.7 

M36 766 6.7 1389 6.3 1641 6~ 

M35 645 6~ 1133 6.0 1045 6.4 
H40 722 6.5 1105 6~ 1046 6.6 

M50 0 7,0 18 6.4 0 6.0 

M34 268 7.8 289 7,9 285 8,1 
M44 351 8~ 365 7.8 252 8.1 
M,48 402 7.9 469 7.8 328 8.1 

i i  i i i I 1 [ II i i  i L I I i i~ . . . . . . . . . . . . . . . . . . . .  
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