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INDUCTION OF THE PLASMID TYPE I V  DIHYDROFOLATE REDUCTASE 

H i la ry -Kay  Young and S.G.B. Amyes, Department o f  B a c t e r i o l o g y ,  Medical School, 
U n i v e r s i t y  o f  Edinburgh, Tev io t  Place, Edinburgh EH8 9AG, U n i t e d  Kingdom. 

An unusual group o f  t r i m e t h o p r i m  [ T p l  r e s i s t a n c e  plasmids, i s o l a t e d  f rom 
u r i n a r y  pathogens f rom South I n d i a ,  confer  o n l y  moderate l e v e l s  o f  Tp 
r e s i s t a n c e  on t h e i r  hos t  and t h e  minimum i n h i b i t o r y  c o n c e n t r a t i o n  o f  Tp f o r  
s t r a i n s  ha rbour ing  them v a r i e s  c o n s i d e r a b l y  (5-160mg/l) depending on t h e  
composi t ion o f  t h e  medium (Young & Amyes 1985). On t h e  o t h e r  hand, these  
p lasmid bear ing  s t r a i n s  a re  a b l e  t o  grow i n  t h e  presence o f  160mg/l o f  Tp i n  
l i q u i d  media, i r r e s p e c t i v e  o f  i t s  composi t ion.  The r e s i s t a n c e  mechanism o f  
these unusual p lasmids i s  t h e  p r o d u c t i o n  of t h e  new t y p e  I V  plasmid-mediated 
d i h y d r o f o l a t e  reductase [DHFRI  (Young & Amyes 1986). Th i s  enzyme i s  t e n  t imes  
l e s s  s e n s i t i v e  t o  t h e  a c t i o n  o f  Tp t h a n  t h e  chromosomal enzyme and i t s  syn- 
t h e s i s  i s  induced t o  h i g h  l e v e l s  i n  t h e  presence o f  Tp (Young & Amyes 1986). 

The s p e c i f i c  n a t u r e  o f  i n d u c t i o n  was determined by c h a l l e n g i n g  Escher i ch ia  
c o l i  w i t h  o t h e r  a n t i f o l a t e  drugs. DHFR was prepared f rom l i t r e  
m u r e s  grown o v e r n i g h t  i n  Oxoid I s o s e n s i t e s t  b r o t h  [ I s o l  i n  t h e  presence and 
absence o f  Tp (10mg/l) , pyrimethamine [ P y l (  10mg/l) and sulphamethoxazole [Sx] 
(100mg/l) by t h e  method o f  Young and Amyes (1986). The DHFR s p e c i f i c  a c t i v i t y  
(enzyme uni ts /mg p r o t e i n )  was then  c a l c u l a t e d  f o r  each c l e a r e d  l y s a t e .  The 
r e s u l t s  ( t a b l e )  show t h a t  n e i t h e r  Sx n o r  Py was a b l e  t o  induce t h e  s y n t h e s i s  
o f  DHFR t o  a l e v e l  s i m i l a r  t o  t h a t  ob ta ined  i n  t h e  presence o f  Tp. 

The e f f e c t  o f  Tp on DHFR syn thes i s  was a l s o  
i n v e s t i g a t e d  i n  Davis M i n g i o l i  min imal  Media S p e c i f i c  
medium [DM]. The DHFR s p e c i f i c  a c t i v i t y  o f  A c t i v i t y  
c l e a r e d  l y s a t e s ,  prepared from one l i t r e  Is0 3.65 
o v e r n i g h t  c u l t u r e s  grown i n  s u i t a b l y  supple-  I s 0  + Tp 105.34 
mented DM medium c o n t a i n i n g  Tp (10 m g / l )  was I s 0  + Sx 5.20 
found t o  be o n l y  t h r e e  f o l d  h i g h e r  than  I s 0  + Py 4.10 
s i m i l a r  c u l t u r e s  grown i n  t h e  absence o f  Tp. DM 1.76 
DHFR syn thes i s  i s  t h e r e f o r e  n o t  induced s i g -  DM + Tp 4.95 
n i f i c a n t l y  i n  DM medium. However, when t h e  DM + Met,Gly,Ad 1.27 
a d d i t i o n a l  supplements me th ion ine  [Met], DM + Met,Gly,Ad + Tp 26.86 
q l y c i n e  [ G l v ]  and adenine [Ad] were p resen t  DM + FUdR 2.01 
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i n  DM mediim c o n t a i n i n g  Tp, DHFR s y n t h e s i s  DM + FUdR + Tp 12.98 
was induced s i q n i f i c a n t l y .  The e f f e c t  o f  Met 
Gly and Ad i s  t o  p rese rve  t h e  t e t r a h y d r o f o l a t e  pool and t h u s  t h e  bac te r ium 's  
a b i l i t y  t o  s y t h e s i s e  p r o t e i n s  i s  r e t a i n e d  (Amyes & Smith 1974). 5 - f l u o r o - 2 ' -  
deoxyu r id ine  [FUdR] a l s o  prevents  t h e  d r a i n  o f  t h e  t e t r a h y d r o f o l a t e  pool .  When 
FUdR was s u b s t i t u t e d  f o r  Met, Gly and Ad comparable i n d u c t i o n  o f  DHFR was 
observed. These r e s u l t s  suggest t h a t  c o n s e r v a t i o n  o f  t h e  t e t r a h y d r o f o l a t e  pool  
i s  a requi rement  f o r  i n d u c t i o n  a l l o w i n g  t h e  necessary p r o t e i n  s y n t h e s i s  needed 
f o r  t h e  i nc reased  p r o d u c t i o n  o f  t h e  t y p e  I V  DHFR. 

Increased p r o d u c t i o n  o f  DHFR c o u l d  be accounted f o r  by m u l t i p l e  d u p l i c a t i o n  o f  
t h e  DHFR gene, i nc reased  m u l t i p l i c a t i o n  o f  t h e  whole p lasmid  r e s u l t i n g  i n  an 
i nc rease  i n  p lasmid copy number o r  d i r e c t  i n d u c t i o n  o f  t h e  enzyme by a p r o t e i n  
inducer .  DNA a n a l y s i s  o f  s t r a i n s  grown i n  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  Tp show 
n e i t h e r  an i nc rease  i n  p lasmid s i z e  n o r  an i nc rease  i n  p lasmid  copy number 
(es t ima ted  by i nc reased  f l uo resence) .  Thus, i t  appears t h a t  i nc reased  DHFR 
syn thes i s  r e s u l t s  f rom d i r e c t  a c t i o n  o f  an i nducer  p r o t e i n  on t h e  DHFR gene. 
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