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Summary. Preliminary genetic studies of pleiotropic ehl-r mutants of Salmonella typhi- 
murium LT2 were performed, which lead to the description of a new chl locus at 123 rain on the 
chromosomal map. By analogy with Eseheriehia eoli K12, it is called ehl-B. 

I n t r o d u c t i o n  

I n  Salmonella lyphimurium L T  2, n i t r a t e - r e d u c t a s e  A (Nl% A), t e t r a t h i o n a t e -  

r e d u c t a s e  ( T T R )  a n d  f o r m i e - d e h y d r o g e n a s e  ( F D H )  can  be los t  s e p a r a t e l y  by  

specif ic  m u t a t i o n s  a f fec t ing  o n l y  one  of these  ac t iv i t i e s  (unpub l i shed  d a t a ;  F .  Casse 

et al., 1972 ; M. C h i p p a u x  et al., 1972) or  t o g e t h e r  b y  s ingle p l e io t rop ic  m u t a t i o n s .  

Seve ra l  genes  in wh ich  m u t a t i o n s  h a v e  such  a p l e io t rop ic  ef fec t  were  desc r ibed  
in  t h e  gal r eg ion  b y  S t o u t h a m e r  (1969). 

I n  th is  paper ,  we descr ibe  p l e io t rop ic  chl-r m u t a t i o n s  m a p p i n g  in a n e w  locus. 

M a t e r i a l  a n d  M e t h o d s  

a) Strains. All the described mutants were obtained from strain number 638 of our 
collection, and str-r derivative of SalmoneUa typhimurium LT 2, SL1092 (P. H. Makela). 
Spontaneous mutants were selected using the chlorate method described by Piechaud et al. 
(1967). The genotype and sex type of strains used for the mapping are described in Table 1. 

b) Mating Experiments. Exponential cultures of both Hfr and F -  strains were mixed in 
the relative proportion of one donor for 10 recipient cells. This mixture remains for two 
hours at 37 ° C without agitation and is then concentrated by centrifugation; small volumes 
of the concentrated suspension are spread on appropriate selective plates. 

c) Transduetion Experiments. The exponential culture of the recipient strain was 
placed for 10minutes at 37 ° in contact with the lysate of phage 1)22 grown on the 
appropriate donor strain; the ratio phage/bacteria was 1:1. 

d) Media. Selection of recombinants was performed on: 
- -  minimal medium containing per liter: carbon source, 2 g; required amino-acids or 

bases, 40 mg. 
- -  EMB complex medium containing 10 g/1 of sugar. 
When necessary, streptomycin was added to the final concentration of 100 ~zg/ml. 
The production of nitrite was determined by the Griess Isolway reaction. 
The accumulation of H e was tested in Durham tubes containing glucose supplemented 

rich medium. 
The ability to reduce tetrathionate was determined on EMB medium supplemented with 

tetrathionate as described by Le Minor et al. (1970). 
e) Enzyme Assays. NI~ A, TTR, formic hydrogenlyase (FHL), F D H  and hydrogenase 

(ttYD) activities were estimated according to Pichinoty and Chippaux (1969). 

* The study reported here will form part of thesis to be submitted by F. Casse to the 
Facult6 des Sciences of Marseille in 1973 for Doctorat ~s Sciences (C.N.R.S. n ° A.O. 7027). 
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Table 1. List of strains 

No Polarity Genotype Origin 

630 Hfr t t l 0  r/x SH3052 P. H. Makela 
631 Hfr H1 met aro rib str-r Stt3585 P. H. Makela 
632 Hfr H2 met aro str-r SW1403 P. It.  Makela 
633 Hfr H7 SH633 P. H. Makela 
683 F -  his trp gal xyl str-r SL1092/str P. H. Makela 
667 Hfr K3 ser-A r]a SA486 Ph. Hartman 
669 Hfr K6 ser-A r]a SA536 Ph. Hartman 
670 Hfr K2 pur-E SA540 Ph. Hartman 
714 I-Ifr K10 ser-A SA722 K. E. Sanderson 
717 F -  his trp gal xyl str-r chl-B 638/C10 a 
718 F -  his trp gal xyl str-r chl-B 638/C10 a 
783 F -  pur-C pur.I pro-A ilv-A met-E SA1361 K. E. Sanderson 

/la rha cya str-r 

Results and Discussion 

A to t a l  of 97 i n d e p e n d a n t  ch lora te - res i s tan t  m u t a n t s  were selected under  
anaerobic  condit ions.  All  were ple iotropic ,  having  lost  s imul taneous ly  N R  A, TTR,  
and  F H L  act ivi t ies .  

They  were m a t e d  with  Hf r  H1 (Fig. 1). A t  least  200 gal + recombinan t s  were 
rc iso la ted  f rom each mat ing ,  and  t e s ted  for the i r  ab i l i t y  to reduce n i t ra te ,  t e t r a -  
t h iona te  and  to  accumula te  H~. 

F o r  95 of the  97 chl- s tud ied  mutan t s ,  chl + unselected recombinan t s  were 
found  among  gal + selected ones ; as l inked to  gal, genes affected belong a p p a r e n t l y  
to  the  chl-A region prev ious ly  descr ibed in Salmonella t yph imur ium b y  Stout -  
hamer  (1969) and  corresponding to the  s imi lar  region descr ibed in E. coli K 12 b y  
Pnig  et al. (1969). These m u t a n t s  were d i scarded ;  we on ly  s tud ied  fur ther  the  
two mu ta t i ons  whose percen t  of cot ransmiss ion wi th  gal was ~ 0.2 when using 
I t f r  t t l  as donor.  

E n z y m a t i c  ac t iv i t ies  of these two m u t a n t s  (strains 717 and  718) and  of the  
wild t y p e  chl-s s t ra in  (638) are  r epor t ed  in  Table  2. Like in o ther  p le iot ropic  
mutan t s ,  the  loss of F H L  a c t i v i t y  is due to  the  loss of F D H  ac t iv i ty ,  H Y D  
being unaffected.  

St ra ins  717 and  718 were therefore  m a t e d  wi th  di f ferent  t t f r  s trains.  No 
l inkage was found  be tween  unselected chl marke r  and  selected gal, trp or his 
markers  when using Hff  H1 or t t f r  t t2  ; these resul ts  (Table 3) exclude the  0 to  
80 rain region as a possible loca t ion  for these two chl muta t ions .  

H a v i n g  only one m a r k e r  (xyl) between  80 and  138 min we used several  Hf r  
s t ra ins  whose origin and  di rec t ion  of t ransfer  cover this  region. 

As shown in Table  3, chl + unselected r ecombinan t s  were found when using 
Hff  H ]0, I t  7, K 6 or K 3  as donors,  and  none when using I t f r  K2  or K10.  

These resul ts  indica te  t h a t  the  mu ta t i ons  of s t ra ins  717 and  718 are  loca ted  
be tween  the  origins of t ransfer  of t t f r  H10 and  t t f r  K10,  t h a t  is to  say  be tween  
123 and  130 min on the  chromosomal  m a p  of Salmonella typhimnrium.  

P22 m e d i a t e d  t r ansduc t ion  exper iments  were per formed  to locate the  muta-  
t ions more precisely.  
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Fig. 1. Chromosomal map of Salmonella typhimur ium (Sanderson, 1970). The outer  circle 
shows the location of the used markers. Origins and directions of transfer of Hfr  strains are 

indicated on the inner circle 

Table 2. Specific activities 

Strains N ~  A TTR F H L  F D H  HYD 

638 146 85 9.2 8 186 
717 1.9 0 0 0.49 191 
718 1.5 0 0 0.25 237 

Activities are expressed in Fmoles of substrate /h/mg of proteins except for FH L  which 
is expressed in Fmoles of substrate /h/mg of ceils (dry weight). 

Table 3. Results of mating experiments 

Donor Sex Selected 
s t ra in  type recombinants  

Percent of chl + unselected recombinants  

Recipient 717 Recipient 718 

631 HI  gal + met + aro + ~ 0.2 ~ 0.2 
trp+met+aro + ~ 0.2 ~ 0.2 
his+met+aro + ~ 0.2 <: 0.2 

632 H2 hie+met+aro + ~ 0.2 ~ 0.2 
trp~ met+ aro + ~ 0.2 ~ 0.2 
gal+met+ aro + ~ 0.2 ~ 0.2 

667 K3 xyl+str-r 30 22 
gal+str-r 20 22 

669 K6 xyl  ~str-r 34 50 
gal+str-r 25 28 

670 K2 xyl+str.r ~ 0.2 ~ 0.2 

633 H7 gal+str-r 7 10 

714 K10 xyl+ etr-r ~ 0 . 2  ~ 0.2 

630 H10 xyl+str-r 90 95 
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St ra in  783 was used as a recipient in  t ransduct ions  with P22 lysates of these 
two chl-r mutan t s .  No eot ransduct ion was found between ilv and  chl markers ;  
among the met E + selected t r ansduc tan t s  10% were eya+ and  4% were chl- with 
either 717 or 718 as the donor;  moreover none of those which were cya + had 
received the chl- allele. This indicates t ha t  the two studied chl- muta t ions  are 
near  met E bu t  out  of the cya-met E segment.  We can thus postula te  t ha t  the 
relative order of the genes is: ilv-cya-met E-chl; at  the present  t ime these two 
muta t iona l  chl sites cannot  be genetically dist inguished. 

We propose chl-B as a genetic symbol  for these muta t ions ,  by  analogy with 
the E. coli chl-B gene previously mapped  in  the homologous region (F. Casse, 1970). 

AcIcnowledgements. We would like to thank Dr. P. H. Makela and Dr. K. E. Sanderson 
for providing strains and useful comments all along this work. 
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