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Summary - Transpor t  a c t i v i t y  and s y n t h e s i s  of binding p r o t e i n  f o r  the 
amino a c i d s  l e u c i n e ,  i s o l e u c i n e  and v a l i n e  i n  g. & are c o o r d i n a t e l y  con- 
t r o l l e d  by t h e  l e v e l  of l e u c i n e  i n  t h e  growth medium. Spontaneous mutants 
(Q) which c a n  u t i l i z e  D-leucine as a source  of L-leucine show derepressed  
t r a n s p o r t  a c t i v i t y  f o r  t h e  three-branched c h a i n  amino a c i d s .  The increased  
t r a n s p o r t  a c t i v i t y  is  a r e s u l t  of an i n c r e a s e  i n  t h e  b inding  p r o t e i n  f o r  these  
amino a c i d s .  A z a l e u c i n e - r e s i s t a n t  mutants have been i s o l a t e d  which have a 
d e f e c t  i n  l e u c i n e  t r a n s p o r t  b u t  normal l e v e l s  of the  b inding  p r o t e i n  f o r  
leuc ine .  

The branched-chain amino a c i d s ,  l e u c i n e ,  i s o l e u c i n e  and v a l i n e ,  are 

a c t i v e l y  t r a n s p o r t e d  i n t o  E s c h e r i c h i a  3 by a common t r a n s p o r t  system (LIV- 

t r a n s p o r t  system) ( 1 , 2 ) .  A binding  p r o t e i n  t h a t  b i n d s  these  t h r e e  amino a c i d s  

has been i s o l a t e d  from t h e  b a c t e r i a  by  osmotic shock t rea tment  i n  t h e  c o l d  

(3 ,4) .  I n  a d d i t i o n ,  a s p e c i f i c  t r a n s p o r t  system and binding p r o t e i n  f o r  leu-  

cine has a l s o  been r e p o r t e d  (5). Evidence from s e v e r a l  l a b o r a t o r i e s  has impl i -  

c a t e d  a r o l e  of t h e s e  b inding  p r o t e i n s  i n  t h e  t r a n s p o r t  of t h e  branched-chain 

amino a c i d s  i n  E .  coli K12 (3 ,4 ,6 ,7 ,8) .  

i n d i r e c t  and we have been s e a r c h i n g  f o r  mutants f o r  the  s t r u c t u r a l  gene of t h e  

b inding  p r o t e i n  which could  be used t o  provide more d i r e c t  evidence f o r  t h e  

r o l e  of the  b inding  p r o t e i n s .  Many of the  methods f o r  s e l e c t i n g  t r a n s p o r t  

mutants r e q u i r e  t h a t  t h e  s t a r t i n g  s t r a i n  be a l e u c i n e  auxotroph. We previous ly  

r e p o r t e d  t h a t  t h e  a d d i t i o n  of l e u c i n e  t o  t h e  growth medium causes  a s imul tan-  

eous r e p r e s s i o n  of t h e  t r a n s p o r t  a c t i v i t y  and t h e  l e v e l  of the  LIV-binding 

Most of  the  a v a i l a b l e  evidence is 
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p r o t e i n  (4). 

t o  produce m a x i m a l  rates of growth. This  minimal l e v e l  of L-leucine i s  s u f f i -  

c i e n t  t o  produce around 70 t o  80% r e p r e s s i o n  of t h e  t r a n s p o r t  a c t i v i t y .  The 

l e u c i n e  auxot rophic  s t r a in  des igna ted  E_. 95PR9 has been  used f o r  these 

s t u d i e s .  This  s t r a i n  is unable t o  grow on D-leucine as a source  of L-leucine.  

We used methods s i m i l a r  t o  those p r e v i o u s l y  descr ibed  by  Ams and Lever ( 9 ) ,  

KrajewskaCrynkiewicz (10) and Kuhn and S o m r v i l l e  (11) f o r  i s o l a t i n g  mutants 

capable  of u t i l i z i n g  D amino a c i d  isomers. 

p l a t e s  c o n t a i n i n g  200 mg/l D-leucine many D - l e u c i n e - u t i l i z i n g  mutants were 

obta ined .  

Leucine auxotrophs g e n e r a l l y  r e q u i r e  about  20 mg/l of L-leucine 

By spontaneous muta t ion  on agar  

These mutants w i l l  be r e f e r r e d  t o  as dlu mutants. 

About 50 of the dlu mutants were screened  f o r  L-leucine uptake c a p a c i t y .  

S e v e r a l  of these  mutants showed increased  c a p a c i t y  t o  t r a n s p o r t  D-leucine,  

L-leucine and L- i so leuc ine .  Spontaneous p r o t o t r o p h i c  r e v e r t a n t s  of t h e  o r i g i -  

nal l e u c i n e  marker were i s o l a t e d  from the  mutants and the  p a r e n t  s t r a i n  

(95PR9). 

grown w i t h  o r  wi thout  leuc ine .  F igure  1 p r e s e n t s  a comparison of the  uptake 

of L-leucine i n  one of  t h e  mutants (MR83 ) and t h e  p a r e n t  s t r a i n  

(95PR9 leu ) grown i n  the  presence and absence of L-leucine. 

These r e v e r t a n t s  a l l o v e d  us t o  s t u d y  t r a n s p o r t  a c t i v i t y  i n  cells  

+ 
+ 

Figure  1 shows t h a t  t h e  dlu mutant has increased  t r a n s p o r t  a c t i v i t y  f o r  

L-leucine a t  a l l  c o n c e n t r a t i o n s  t e s t e d ,  i n d i c a t i n g  a n  i n c r e a s e d  maximum veloc-  

i t y  of t r a n s p o r t  w i t h  l i t t l e  o r  no change i n  t h e  K va lue .  Rec iproca l  p l o t s  

of t h e  uptake of L-leucine gave Km v a l u e s  i n  t h e  range of 2 t o  4 f o r  bo th  

strains. Most of t h e  r e c i p r o c a l  p l o t s  of L-leucine uptake i n d i c a t e d  t h a t  an 

a d d i t i o n a l  component of  e n t r y  w i t h  a t e n f o l d  lower K, v a l u e  w a s  p resent .  

F igure  1 a l s o  shows t h a t  L-leucine uptake i n  t h e  dlu mutant i s  no longer  

r e p r e s s e d  by adding 25 mg/l L-leucine t o  t h e  growth medium. 

L-leucine produces from 50 t o  60% r e p r e s s i o n  of  L-leucine t r a n s p o r t  a c t i v i t y  i n  

the  p a r e n t  s t r a i n  as shown by  t h e  lower two curves  i n  t h e  f i g u r e .  

m 

This  l e v e l  of 

We next  i s o l a t e d  the  LIV-binding p r o t e i n  from the  dlu mutant by osmotic 

shock t rea tment  i n  t h e  c o l d  and compared i ts  p r o p e r t i e s  w i t h  those of t h e  LIV- 
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Figure  1. I n i t i a l  r a t e  of uptake of L-leucine by the mutant 
(MR83 le,') ( t r i a n g l e s )  compared t o  t h e  p a r e n t  s t r a i n  (95PR9 &+) ( c i r c l e s ) .  

Cel ls  were grown i n  t h e  absence (open symbols) o r  presence (c losed  
symbols) of 25 mg/l of L-leucine. 

b inding  p r o t e i n  from t h e  p a r e n t  s t r a i n .  The LIV-binding p r o t e i n  w a s  p u r i f i e d  

us ing  p r e v i o u s l y  publ ished procedures ( 3 , 4 ) .  The chromatographic behavior  of 

the b inding  a c t i v i t y  obta ined  from t h e  mutants was  i d e n t i c a l  t o  t h a t  of t h e  

p a r e n t  s t ra in .  

t o  5 times as much LIV-binding a c t i v i t y  a s  found i n  the parent  s t ra in .  The 

s p e c i f i c  a c t i v i t i e s  of t h e  p u r i f i e d  LIV-binding p r o t e i n s  from t h e  two strains 

were i d e n t i c a l .  These r e s u l t s  i n d i c a t e  t h a t  the  i n c r e a s e d  t r a n s p o r t  a c t i v i t y  

observed i n  MR83 is accompanied by a paral le l  increase i n  t h e  b inding  a c t i v i t y  

f o r  L- i so leuc ine .  S i m i l a r  i n c r e a s e s  i n  b inding  a c t i v i t y  were observed f o r  

L-leucine and D-leucine. The d i s s o c i a t i o n  c o n s t a n t s  (%) f o r  t h e  p r o t e i n -  

amino a c i d  complexes were determined from r e c i p r o c a l  p l o t s .  

L- i so leuc ine  from a number of experiments  average 5 pM f o r  t h e  parent  s t r a i n  

95PR9 and 6 pM f o r  t h e  dlu mutant MR83. 

which was r e p r e s s e d  i n  t h e  parent  s t r a i n  when L-leucine was added t o  the  growth 

medium was  n o t  r e p r e s s i b l e  i n  the  dlu mutant. 

The shock f l u i d  obta ined  from t h e  Q mutant conta ined  from 3 

The K,, values  f o r  

Furthermore, t h e  b inding  a c t i v i t y ,  
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The concentrated "shock f lu id"  from the  dlu mutant was t e s t ed  fo r  a n t i -  

genic response using the Ouchterlony immunodiffusion technique wi th  a n t i s e r a  

prepared from the LIV-binding p ro te in  i so l a t ed  from E .  a K12. 

ind ica ted  an increased l e v e l  of an t igen ica l ly  c ross - reac t ive  ma te r i a l  which 

was i d e n t i c a l  t o  the LIV-binding material. It w a s  fu r the r  s h m n  t h a t  growth 

of the  dlu mutant on L-leucine had l i t t l e  e f f e c t  on the amount of c ross -  

r eac t ive  mater ia l  which is similar t o  the r e s u l t s  obtained when the t ranspor t  

The r e s u l t s  

a c t i v i t y  was measured. 

The derepressed t ranspor t  a c t i v i t y  f o r  L-leucine renders these mutant 

strains more s e n s i t i v e  t o  c e r t a i n  amino acid analogues which i n h i b i t  the growth 

of E_.  &. 
i n h i b i t  the growth of E_. coli MR83 a t  lower l eve l s  than t h a t  required t o  

i n h i b i t  wild-type E. coli K12. 

r e s i s t a n t  mutants. One class of mutants shows a lo s s  i n  the LIV-transport 

a c t i v i t y  and a second c l a s s  shows a loss of t r anspor t  a c t i v i t y  fo r  a number of 

other amino ac ids  as  w e l l  as the branched-chain amino ac ids .  We have examined 

a la rge  number of these t ranspor t  mutants f o r  the presence of the  LIV-binding 

protein.  

binding protein.  These observations suggest t h a t  add i t iona l  components are 

necessary fo r  leucine t ranspor t .  

Analogues of leucine such as azaleucine and t r i f l uo ro leuc ine  

We have obtained seve ra l  c l a s ses  of azaleucine- 

A l l  mutants s o  f a r  examined conta in  an t igenic  a c t i v i t y  t o  the LIV- 

These d a t a  provide add i t iona l  support  f o r  a r o l e  of the LIV-binding pro- 

t e i n  i n  t ranspor t .  An increase  i n  the t ranspor t  a c t i v i t y  presumably r e s u l t s  

from a derepress ion  i n  the synthes is  of the binding pro te in .  Al te ra t ions  i n  

the l eve l  of the binding p ro te in  appear t o  c o r r e l a t e  well with  s imi l a r  changes 

i n  the  maximum ve loc i ty  of t ranspor t .  Additional components of the branched- 

cha in  amino acid t ranspor t  system have been suggested by the i s o l a t i o n  of 

t r anspor t  mutants t h a t  s t i l l  r e t a i n  normal leve ls  of the LIV-binding pro te in .  
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