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Summary. It has been found that synthesis of D-amino acid dehydrogenase in Salmonella 
typhimurium is stimulated by cyclic AMP and crp gene product. This indicates that catabolic 
control of the dehydrogenase resembles other bacterial systems of catabolic repression. We have 
isolated S. typhimurium mutants, dadR, which are resistant to L-methionine-interference with 
D-histidine utilization and are able to utilize D-tryptophan as a precursor of L-tryptophan. 
Mapping data indicate that the dadR locus is closely linked to dadA coding for the structure 
of D-amino acid dehydrogenase. The synthesis of the dehydrogenase in dadR mutants is 
completely insensitive to the repression by glucose, but remains inducible by L-alanine. We 
conclude thereof that dadR mutants have changes in the promoter region which increase the 
expression of the dadA gene in the presence of glucose metabolism. A likely possibility that 
induction of the dad operon by alanine might be under positive control is discussed. 

Introduction 

In  our previous report D-amino acid dehydrogenase of Salmonella typhimurium 
has been described (Wild, Walczak, Krajewska-Grynkiewicz and Ktopotowski, 
1974). The enzyme catalyzes oxidative deamiaation of D-alanine, D-histidine, 
D-methionine, D-phenylalamne and several other D-amino acids. Mutants dadA 
lacking activity of the dehydrogenase were shown to be unable to utilize D-histi- 
dine and D-methionine as precursors of the respective L-amino acids. This fact 
has implied that  D-amino acid dehydrogenase plays an essential role in race- 
mization processes of these two D-amino acids and very likely of the others which 
are substrates of the enzyme. We have also found that synthesis of D-amino acid 
dehydrogenaso is inducible by L- or D-alanine and repressed by glucose. 

Kuhn and Somerville (1971) have isolated in Escherichia coli t ryptophan 
auxotroph mutants which are able to utilize D-tryptophan as an L-tryptophan 
substitute. The dadR mutants have increased activity of an enzyme deaminating 
D-histidine and D-phenylalanine. 

In  this paper we report on isolation by a different selection procedure of 
S. typhimurium dadR mutants in which synthesis of D-amino acid dehydrogenase 
is no longer repressed by glucose. The mutations map in close proximity of the 
structural gene coding for D-amino acid dehydrogenase and very likely make the 
promoter locus insensitive to an effector of catabolic repression. 

* This work was supported by the Polish Academy of Sciences within the Project 09.3.1. and 
by the U.S. Public Health Service, grant no. 05-032-1. 
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Tabelle 1. Description of strains 

Strain Genotype Source or 
isolation 

TAB12 

TA3302 

TK63 

TK630 

TK901 

TK904 

TK909 

TK925 

TK931 

TK938 

TK939 

TK940 

TK941 

TK942 

TK943 

TK944 

TK1000 

hisDC129 

crp-403 

dhuA13 hisDC129 

HfrB2 dadA1 dhuA1 gal.50 
hisCBHAFIE3501 trp-1057 

HIrB2 dhuA1 gal-50 hemA207 
hisCBHAFIE3501 trp-1057 

HfrB2 dadA1 dhuA1 gal-50 hemA208 
hisCBHAFIE3501 trp-1057 

dadR6 dhuA13 hisDC129 

dadR6 dhuA13 hisDC129 trp-1060 

dhuA13 hisDC129 trp-1061 

dhuA13 trp-1061 

dadR6 dhuA13 trp-1060 

dadR16 dhuA13 hisDC129 trp.1061 

dadR17 dhuA13 hisDC129 trp.1061 

dadR18 dhuA13 hisDC129 trp-1061 

dadR19 dhuA13 hisDC129 trp-1061 

dadR20 dhuA13 hisDC129 trp-1061 

N. D. Zinder's LT2 strain (wild type) 

B. l~l. Ames 

B. N. Ames 

K. Kraj ewska- Grynkiewicz 

W. Walczak 

as neomycin 
resistant in TK657 

as neomycin 
resistant in TK630 

as L-methionine 
resistant in TK63 

by NG mutagenesis of TK909 

by NG mntagenesis of TK63 

by transduction of 
TK931 with TK1000 

by transduction of 
TK925 with TK1000 

as L-methionine 
resistant in TK931 

B. N. Ames 

Materials and Methods 
Bacterial Strains. All strains used in tile present study were derivatives of Salmonella 

typhimurium strain LT-2. They are presented in Table 1. The genetic nomenclature used 
obeys the general rules proposed by Demerec, Adelberg, Clark and I-Iartman (1966). 

Media and Growth Conditions. Minimal media wore prepared using the complete salt 
mixture C of Vogel and Bonner (1956) or the modified mixture iNC which was devoid of citric 
acid (Berkovitz, Itushon, Whitfield, Roth and Ames, 1968). Rich media were made of nutrient 
broth, Difeo or Biomed. For other details see Wild et al. (1974). 

Genetic Procedures. The mutant  int-4 of phage 1)22 isolated by Smith and Levine (1967) 
was used for transduetion. Phage cultures and transductions were performed as previously 
described (Krajewska-Grynkiewiez, Walczak and Ktopotowski, 1971). Mutants hemA re- 
quiring 6-aminolevulinie acid for growth were isolated using the neomycin procedure of 
Sasarman, Sanderson, Snrdoanu and Sonea (1970). 

Preparation o/ Toluenized Cells. The toluenization of washed bacterial suspensions was 
performed in an ice bath as described previously (Wild et al., 1974). 

Assay el D-amino Acid Dshydrogenase Activity. Activity of the enzyme was assayed in 
toluenizod cells. The assay was performed as previously (Wild et al., 1974) with some modi- 
fications. The reaction mixture contained 15 Ezmol of pyrophosphate buffer, p i t  9.0, 15 Ezmol 
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of D-histidine, pH 9.0, an aliquot of toluenized cells in phosphate buffer, pH 7.4 and water 
added to the final volume of 0.50 ml. The reaction was stopped after 30 rain incubation at 
37 ° C by adding 1.0 ml of 1.67 M sodium hydroxide. Controls contained the complete reaction 
medium, but substrate was added after the alkalization. The alkaline reaction mixtures were 
incubated at 37°C for 30-40 rain before optical density at 310 nm was measured. The molar 
extinction coefficient of 4 000 M -x cm -1 was used for calculating amounts of imidazolepyruvate 
from net optical density values. 

Chemicals. All chemicals used were commercial products of reagent grade. 

Results 

Isolation o/dadR Mutants 
I t  was noticed that growth of the strain TK63 (dhuA1 hisDC129) on minimal 

plates supplemented with D- but not L-histidine was inhibited by L-methionine. 
A series of S. typhimurium strains carrying various mutations in the histidine 
operon and in the dhuA locus was examined in spot tests. The latter mutations 
increase activity of the specific histidine permease and enable thereby utilization 
of D-histidine as a substitute for the natural L-amino acid (Krajewska-Gryakie- 
wicz et al., 1971). I t  appeared tha t  only a few other  strains were sensit ive to  

the  L-methionine  inhibi tory  effect. 
The  condit ional  L-methionine-sens i t iv i ty  was not  clue to  the dhuA13 allele 

present  in TK63 as its t ransfer  to some other  hist idine auxotrophs  gave strains 

res is tant  to  L-methionine.  On the  o ther  hand,  s t rain TK274 const ructed by 

t ransduc t ion  of dhuA1 f rom TK51 to  hisDC129 was sensit ive to L-methionine.  

Strains der ived f rom TK63 in which muta t ions  hisCBHAFIE3501 (TK919) or 

hisC630 (TK273), but  not  hisF645 (TK912), had  been subs t i tu ted  for hisDC129 
were sensit ive to  L-meth ionine  on D-hist idine plates. I t  was therefore concluded 

tha t  the  sens i t iv i ty  is due to  a non-ident if ied gent  allele in the  genetic background 

of TK63 and tha t  i t  is ful ly expressed in the  absence of hisC product ,  i.e. imidazole- 

acetol phosphate  aminotransferase.  Ev idence  has been presented  indicat ing t h a t  

the  enzyme funct ions in the second step of D-hist idine racemizat ion  process 

(Walczak, 1974). 

In routine tests 0.5 ~mol of L-methionine or glycyl-L-methionine applied on filter paper 
discs put on soft agar overlayer with bacteria and 3 lzmel of D-histidine produced inhibition 
zones of about 3.5 cm in diameter. The same amount of D-methionine did not inhibit the 
growth. There was not any inhibition with either L- or D-methionine on plate containing 
L-histidine. 

L-Methionine did not inhibit D-histidine transport nor the activity or synthesis of D-amino 
acid dehydrogenase (data not shown). Therefore, biochemical basis of the inhibition remains 
nnknown.  

When D-histidine minimal plates inoculated with TK63 on which paper discs with L- 
methionine were put on, were incubated for three days colonies growing within the inhibition 
zones could be found. The growing clones were picked and purified by single colony restreaking 
on nutrient agar plates. Most of the isolated strains appeared to be resistant to L-methionine 
and glycyl-L-methionine. 

Since L-methionine sensitivity was observed only on D-histidine plates, the enzyme 
involved in its metabolism was assayed in the L-methionine-resistant mutants grown in 
glucose minimal medium. Some of the mutants had the activity of D-amino acid dehydro- 
genase increased by a factor of 4 to 30. 

K u h n  and Somervi l le  (1971) used the  designat ion dadR to  E. coli m utan t s  

isolated as D - t r y p t o p h a n  utilizers and hav ing  increased ac t iv i ty  of an enzyme 
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Table2. Inducibility of D-amino acid dehydrogenase in dad/~ mutants by L-alanine a 

Strain Pertinent 
genotype 

Specific activity of D-amino acid dehydrogenase 

Pyruvate Pyruvate Glucose Glucose 
-t- L-alanine -~ L-alanine 

TK931 wild type 7 80 4 8 
TK925 dadR6 25 101 53 169 
TK940 dadR16 37 66 128 250 
TK941 dadR17 46 66 124 174 
TK942 dadR18 40 91 93 267 
TK943 dadR19 22 71 17 51 
TK944 dadR20 75 114 63 166 

a Cells were grown overnight in NC medium supplemented with 0.1 m_~ L-histidine, 0.03 ml~I 
L-tryptephan and other additions indicated in the Table: sodium pyruvate 10 rail/I, L-alanine 
5 mM or glucose 0.5%. Cells were collected and washed with NC medium on membrane 
filters. For the assay ceils resuspended in 0.1 M phosphate buffer, pH 7.4, and treated with 
toluene in an ice bath were used. 

b Specific activity is expressed as nmol of imidazolepyruvate formed per min per mg dry 
weight cells. 

deamina t i ng  D-hist idJne and  D-pheuyla lan ine .  Because  our mu tan t s ,  t hough  
i so la ted  b y  a d i f ferent  select ion procedure ,  h a d  increased  a c t i v i t y  of D-amino  
ac id  dehydrogenase  and  were able  to  ut i l ize D - t r y p t o p h a n  (manuscr ip t  in prepa- 
ra t ion)  we n a m e d  t h e m  dadR.  

The  ab i l i t y  to  grow on D - t r y p t o p h a n  was used  as a screening procedure  for  
m u t a n t s  wi th  e l eva t ed  a c t i v i t y  of D-amino  acid  dehydrogenase .  F o r  th is  purpose  
s t r a in  TK931,  a double  h is t id ine  a n d  t r y p t o p h a n  auxo t roph  was used. I t  t u r n e d  
out  t h a t  abou t  15% of al l  L-meth ion ine- res i s t an t  clones were able  to  give pos i t ive  
p r in t s  on glucose min ima l  p l a t e s  supp l emen ted  with  0.3 mM D - t r y p t o p h a n  af te r  
4 -5  days  of i ncuba t ion  a t  37°C. Our  a t t e m p t s  to  isolate  on D - t r y p t o p h a n  p la tes  
m u t a n t s  of S. typhimurium able to  ut i l ize t he  D-s tereoisomer  as a subs t i tu t e  for 
L - t r y p t o p h a n  have  failed.  

D-Amino Acid Dehydrogenase Activity in dadR Mutants 

Specific ac t i v i t y  of D-amino  acid  dehydrogenase  was measured  in to luenized  
cells of the  dadR mutan t s .  D-His t id ine  was used  as subs t ra te .  The  m u t a n t s  had  
been  ~ o w n  in l iquid  NC m e d i u m  supp l emen ted  wi th  p y r u v a t e  or glucose as carbon 
source. Para l l e l  cul tures  con ta ined  L-a lanine  as an  inducer.  As a reference s t ra in  
TK931 was used. T h e  resul ts  are  p resen ted  in Table  2. Non- induced  act iv i t ies  
of t he  dadR m u t a n t s  grown on e i ther  carbon source were h igher  t h a n  those  of t he  
reference dadR+ s t ra in ,  3 to  10-fold on p y r u v a t e  and  4 to  32-fold on glucose. There  
was p rac t i ca l ly  no effect of dadR m u t a t i o n  on D-amino  acid dehydrogenase  
a c t i v i t y  in cells grown in the  presence of L-a lanine  and  py ruva t e .  However ,  when 
m u t a n t s  were i nduced  in the  presence of glucose t h e y  had  a c t i v i t y  of the  dehydro-  
genase 6 to  41-fold h igher  t h a n  t h a t  of the  dadR+ strain.  W h e n  glucose and  
L-a lan ine  were presen t  in cu l ture  med ia  the  s t ra in  wi th  wild t y p e  allele of dadR 
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Table 3. Partial reversal by cyclic AMP of catabolic repression of D-amino acid dehydrogenase 
by glucose a 

Strain Pertinent 
genotype 

Specific activity of D-amino acid 
dehydrogenase b 

- -  G l u c o s e  Glucose+cAMP 

TK1000 crp + 86 6 57 
TA3302 crp-403 34 10 17 

a T h e  bac te r ia  were g rown  in NC m e d i u m  con ta in ing  10 ml~  p y r u v a t e  as  ca rbon  source  a n d  
10 m M  L-a lan ine  as t h e  inducer .  O the r  s u p p l e m e n t s  ind ica ted  in  t h e  Tab le  were 0.5% glucose 
or  5 mM cyclic AMP. 

b D-Amino acid dehydrogenase was assayed in toluenized cells. Its specific activity is 
e x p r e s s e d  as nmol of imidazolepyruvate formed par rain per mg dry weight cells. 

gene had D-amino acid dehydrogenase activity reduced by  90 %. In  the mutan t  
dadR19 it was reduced only by about 30 %. In  all other dadR mutants  the activity 
was rather  increased from 50 to almost 400%. Hence in dadR mutants  glucose 
does not repress D-amino acid dehydrogenase synthesis and even, in most eases, 
apparently increases the extent of the induction by L-alanine. 

Because expression of many  operons regulated by glucose repression is affected 
by  cyclic AMP and the product of crp gene, effectiveness of cyclic AMP in reversing 
the catabolic repression of D-amino acid dehydrogenase synthesis was examined. 
As wild type the strain LT-2 (TK1000) was used. The mutant  crp-403 (TA3302) 
has a defective cyclic AMP receptor protein. Table 3 shows tha t  the presence of 
cyclic AMP in glucose minimal medium increased the dehydrogenase activity 
almost 10-fold in the strain with wild type crp gene. Therefore catabolic control of 
D-amino acid dehydrogenase formation involves cyclic AMP as an effector. In  
the crp mutan t  cyclic AMP could not even double the activity of the enzyme. 
This is again in line with the accepted model of catabolic control involving crp 
gene protein product in the process of induction by  cyclic AMP. 

Histidase was chosen as an enzyme under catabolic control to examine whether 
dadR mutations affect only D-amino acid dehydrogenase or all enzymes the 
induction of which is repressible by glucose. This experiment is shown in Table 4. 
No significant difference between glucose effects on histidase specific activity in 
dadR+ and dadR strains can be seen. Although other enzymes undergoing catabolic 
control were not examined, it seems likely that  the dadR locus is involved in 
catabolic control of only dadA product formation. 

In  several experiments question was asked whether the increased activity of 
dadR mutants,  routinely assayed with D-histidine as substrate, was due to the 
same enzyme, i.e. the inducible D-amino acid dehydrogenase. K m values for 
D-histidine were practically the same, 26 and 20 raM, with toluenized cells of 
strains dadR+ and dadR6, respectively. At 90 mM D-histidine the effect of another 
substrate of the enzyme, D-alanine, present at 50 mM concentration was the same, 
i.e. 65% inhibition. Cyanide, 2 raM, inhibited D-amino acid dehydrogenase of 
either origin by more than 90%. Therefore, it has been concluded tha t  dadR 

5* 
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Table 4. Catabolic repression of histidase in strains carrying wild type or mutant alleles of 
dadR gene a 

Strain Pertinent Specific activity of histidase b 
genotype 

- -  L-Histidine Glucose Glucose 
-[- L-histidine 

TK938 dadR + 2.1 6.6 0.1 0.5 
TK939 dadR6 1.2 5.5 0.1 0.6 

a The bacteria were grown in NC medium containing 10 m ~  sodium pyruvate as carbon 
source and 0.1 mM L-tryptophan. Other supplements added as indicated in the Table were 
0.2 mM L-histidine or 0.5% glucose. Cells were collected and washed with NC medium on 
membrane filters. For the histidase assay they were resuspended in 0.1 M phosphate buffer, 
pH 7.4 and treated with toluene at room temperature. The reaction mixture contained 
100~mol of diethanolamine-hydrochloric acid buffer, prig.6, 20~mol of L-histidine, 
toluenized cells and water to the final volume of 1.0 ml. The reaction was started by adding 
L-histidine solution, run at 37°C for 30 rain and stopped by adding 0.1 ml of 36% per- 
chloric acid. Precipitates were removed by centrifugation. Urocanic acid in the supernatants 
was determined by measuring optical density at 277 nm. 

b Specific activity of histidase is expressed as the increase of optical density at 277 nm per hour 
per mg dry weight cells. 

mu ta t i ons  increase ~he ac t iv i ty  of D-amino acid dchydrogenase and  not  of 
another  enzyme of similar subst ra te  specificity. 

Genetic Mapping o/dadR Mutations 

Because dadR muta t ions  al ter  the catabolic repression of D-amino  acid 
dehydrogenase one can expect t ha t  they  map  near  to the gene daclA which has 
been shown to code for the  s t ructure  of D-amino acid dehydrogenase.  The dadA 
muta t ions  are 3 % l inked to hemA in  P22-media ted  t r ansduc t ion  (Wild et al., 1974). 

To examine  this  point ,  the  s t ra in  TK630 (I-IfrB2 dadA1 dhuA1 gal-50 his- 
CBHAFIE3501 trp-1057) was used as recipient  in  crosses on D-histidine-con- 
t a in ing  min ima l  agar plates with phage grown on dadR donors. For  screening the 
recombinan t s  advan tage  was t aken  of the  abi l i ty  oI dadR trp m u t a n t s  to  utilize 
D - t r y p t o p h a n  as a source of L- t ryp tophan .  W h e n  the s t ra in  TK909 (dadR6 
dhuA13 hisDC129) was used as the  donor  85% of dadA + recombinants  had  the 
dadR marker.  The l inkage of other dadR muta t ions  with dadA varied from 

85 to  93 %. 
To check whether  the  dadR locus is cotransducible with hemA gent ,  a cross 

was made  on nu t r i en t  b ro th  plates with a hemA trp recipient (TK901) and  phage 
groom on the  dadR6 s t ra in  (TK909) as donor. Eight  percent  of hemA + recombinants  
had  the  dadR marker.  

The  result  of a three-point  cross performed to establish order of the genes 
hemA, dadA and  dadR is presented in  Table  5. Among  259 dadA + recombinants  
ob ta ined  on D-hist idine plus 5-aminolevul inate  plates, 196 had the  dadR character, 
21 of those became also hemA +. The cotransducibi l i ty  values with dadA1 calculated 
from these da ta  were 75.7% for daclR6 and  10.4% for hemA208. The rarest  class 
of 6 recombinants  was dadR + hemA +. I t  would have resul ted from a quadruple  
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Table 5. Genetic mapping of dadR locus by three-point cross a 
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Nonselective Numbers of Number of 
markers crossovers reeombinants 

for the given 
gene order 

Percent of 
recombinants 

dadR hemA A B C 

-[- -k 4 2 2 6 2.3 
q- 208 2 2 2 57 22.0 
6 q- 2 2 2 21 8.1 
6 208 2 4 2 175 67.6 

Total 259 100.0 

a In the transduction cross dadA + was the selective marker. The cross was performed on the 
plate containing D-histidine plus 6-aminolevulinic acid using phage grown on the strain 
TK909 (dadR6 dhuA13 hisDC129) and the recipient cells of the strain TK9O4 (tIfrB2 dadA1 
dhuA1 gal-50 hemA208 hisCBHAFIE3501 trp-1057). Designations of possible gene orders are: 
A = dadA dadR hemA, B ~ dadA hemA dadt¢ and C = dadR dadA hemA. 

crossover if the  gene order  was dadA dadR hemA. W e  therefore  conclude t h a t  th is  
is the  gone order.  

None  of t he  th ree  marke r s  could be co t ransduced  using phage  P22 w~th trp 
or purB.  Mojica-a  (1974) used phage  P l  for t r ansduc t ions  in this  region.  H e  found  
t h a t  hemA was 10 and  2 % cot ransducible  wi th  trp and  pyrF,  respect ively .  Analo-  
gous values  for dadA were i and  0 %. Fig.  1 shows the  local izat ion of dad  operon in 
respec t  to  o ther  marke r s  on the  genet ic  m a p  of S. typhimurium. The m a p  is d r a w n  
to  scale. The  phys ica l  d is tances  were ca lcula ted  using the  equa t ion  der ived  b y  
K e m p e r  (1974). The  two  bars  represent  D N A  length  of phages  P22 and  P1. One 
gone length  is assumed to  be 1/40 or 1/s s of P22 or P1 DNA,  respect ively .  

K u h n  and  Somervi l le  (1971) m a p p e d  the i r  dadR m u t a n t s  on the  gal-proximal 
side of trp. This cannot  argue aga ins t  possible  i d e n t i t y  of S. typhimurium and  
E. cell dadR loci as t he  trp region is i nve r t ed  in one species in respect  to  the  o ther  
(Sanderson,  1972). 

Discussion 
I n  th is  pape r  we repor t  on isola t ion b y  a novel  p rocedure  of dadR m u t a n t s  in  

S. typhimurium and  the i r  insens i t iv i ty  to  ca tabol ic  repress ion of D-amino  acid  
dehydrogenase .  Our  select ion procedure  is feasible in cer ta in  s t ra ins  car ry ing  at  the  
same t ime  hisC and  dhuA muta t i ons  and  which cannot  ut i l ize D-h i s t id iae  in the  
presence of L-meth ion iae .  The  procedure  is empir ica l  and  no exp lana t ion  how i t  
works  can be p roposed  a t  the  moment .  A b o u t  one seventh  of m u t a n t s  res i s tan t  
to  L-meth ion ine  on D-his t id ine  p la tes  h a d  increased  ac t i v i t y  of D-amino  acid 
dehydrogenase  and  were able to  ut i l ize D - t r y p t o p h a n .  I n  bo th  respects  t h e y  
resembled  dadR m u t a n t s  i so la ted  prev ious ly  b y  K u h n  and  Somervi l le  (1971) in 
E. coli as D- t ryp tophan-g rowers .  W e  also in te rp re te  t he  genet ic  local iza t ion close 
to  trip operon as po in t ing  to  a possible i d e n t i t y  of S. typhimurium and  E. coli 
dadR loci. 



70 J. Wild and T. K_topo~wski 

dud t rp  
his AR hemA CDERAO pyrF gal 

- -  I I mm I 

I I P22 (40gene lengths) 

I IPl(88gene lengths) 

Fig. 1. Localization of dad operon on the genetic map of S. typhimurium. The Figure repre- 
sents the segment of the bacterial chromosome at about minute 52 of the standard 8. typhi- 
murium genetic map (Sanderson, 1972). The intergenie distances are drawn to scale. The 
physical distances were calculated from percent linkage values obtained with phage either 
P22 or P1 using the equation developed by Kemper (1974). The distance of 52 average gene 
lengths for the segment hemA-trp and other distances measured with P1 were taken from 
the data of Mojiea-a (1974). The distance dadA.hemA was calculated from P1 (45 genes) and 
pooled P22 cotransduction values (32 genes) of this paper and of the data of Walczak (1974). 
The distance trp.pyrF calculated from P1 data of Mojica-a is 24 genes and from P22 trans- 
ductions of Winter and Ktopotowski (1972)--22 genes. The distance dadA-pyrF calculated 
from different combinations of P22 or P1 data is long from 106 to 121 average genes. The two 
bars represent P22 and P1 DNA lengths drawn to the same scale as the chromosome segment 

In  wild type S. typhimurium synthesis of D-amino acid dehydrogenase is 
induced by either L- or D-alanine and repressed when glucose is the carbon source 
(Wild et al., 1974). In  this paper we show that  cyclic AMP added to growth medium 
largely reverses the repressive effect in a strain with functional gene crp coding 
for cyclic AMP receptor protein and is much less effective in a crp mutant.  
Experiments with in vitro protein synthesizing systems have shown that  RNA 
polymerase attaches to promoter DNA and that  this determines initiation of 
transcription process (Chambers and Zubay, 1969). Cyclic AMP bound to crp 
gene product was demonstrated to function in vitro in stimulating the transcription 
process of E. cell lac operon (Emmer, deCrombrugghe, Pastan and Perlman, 1970; 
Zubay, Schwartz and Beekwith, 1970). Silverstone, Goman and Scaife (1972) have 
described E. cell mutants alt in which expression of lac operon was independent of 
the presence of cAMP-CRP complex. This finding allows to presume that  a product 
of alt or of another gene must be present in wild-type form for the expression of a 
catabolic operon depended on the presence of cAMP-CI~P complex. Effectiveness 
of cyclic AMP in stimulating synthesis of D-amino acid dehydrogenase repressed 
by glucose indicates that  expression of dadA gene follows the pattern described 
for catabolic repression of/ac operon. 

In  most of the S. typhimurium dadR strains induction of D-amino acid 
dehydrogenase by L-alanine was completely insensitive to catabolic repression 
by glucose. This has indicated that  dadR function is involved in catabolic repres- 
sion. Because the glucose repressive effect on histidase synthesis was unchanged 
in the mutants and dadR mutations were located at a very close distance, one to 
three average gene lengths, from the structural gene of the dehydrogenase, dadA, 
it is concluded that  the two dad genes belong to the same operon. 

I t  should be noted that  all our dadR mutants remained sensitive to the 
inducing effect of L-alanine on D-amino acid dehydrogenasc synthesis. In  other 
words, none of the dadR mutations produced constitutivity of dadA expression 
and hence none of them could fulfill the essential element of the definition of an 
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operator mutant .  We conclude thereof that  dadR mutants  have changes in the 
promoter region which increase expression of the dadA gene. 

There are several reports on promoter mutations which increase expression of 
catabolic operons or genes. In  lac operon promoter-up mutat ions are clearly 
distinct from operator mutations. In  many  lac promoter-up mutants  fl-galactosi- 
dase was inducible to practically the same level in the presence of either glycerol 
or glucose used as carbon source (Arditti, Grodzicker and Beckwith, 1973). 
Berman-Kurtz,  Lin and Richey (1971) isolated in E. cell promoter-up mutants  
with partially reduced sensitivity to catabolic repression of glycerol kinase operon 
and still inducible by  L-~-glycerophosphate. In  S. typhimurium the best studied 
promoter-up mutants  are those in hut operons coding for enzymes of L-histidine 
degradation (Smith and Magasanik, 1971). Some of the promoter-up mutants  
were no longer inducible by  L-histidine (Brill and Magasanik, 1969). Newell and 
Brill (1972) isolated catabolic repression-insensitive mutants  for put operon which 
codes two enzymes of L-proline degradation. Only partial insensitivity to the 
glucose effect was observed in the putR mutants.  

I n  many  respects our dadR mutants  resemble promoter-up mutants  in other 
catabolic operons. This implies that  the dadR locus is the site necessary for the 
initiation of transcription of the structural gene dadA and for interactions of 
regulatory molecules involved in catabolic repression. The inducibility of D-amino 
acid dehydrogenase by alanine persisting in eatabohc-repression-insensitive 
mutants  suggests that  an operator locus must  exist adjacently to the promoter. 
However, in spite of our efforts any mutants  which would have regulation of 
dadA expression independent from the presence of L-alanine in growth medium 
could not be isolated, on plates with either glucose or any of several poor carbon 
sources. In  other words, neither operator-constitutive or unlinked regulatory 
mutants  could be found. 

The easiness of obtaining dadR mutants  indicates tha t  their promoter-up 
character may  result from random mutations. This could most likely happen if 
the indiscriminate changes in the promoter  prevent binding of an alt-like factor 
and release thereby transcription of dadA f rom dependence on cyclic AMP-CRP 
complex rather than  increase the effectiveness of RNA polymerase interaction 
with the changed DNA sequence. 

A change of the presumed operator to constitutivity, i.e. to an inability to 
bind a represser should not be very stringent, either. A random mutat ion of a 
represser gene, unless essential for another function, should also result in an 
inducer-independence. Therefore, the difficulty of isolating operator or represser 
gene mutants,  suggests tha t  the dad operon is under positive control. In  such a 
case random mutat ion in either nnlinkcd regulatory gene or the operator would 
produce lack of dadA expression and inability to grow on the selection medium 
in which D-histidine was the only possible precursor of L-histidine. More specific 
changes in structure of the activator or the operator which would allow expression 
of dadA at high constitutive level could be very rare. 

Beelen, Feldman and Wijsman (1973) have described E. coli mutants  lacking 
alaninase, an enzyme which deaminates D-alanine. They map in two loci distant 
from each other in the thr-leu region of the chromosome. Because the enzyme 
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is inducible by  ei ther  L- or D-a lanine  a n d  repressible by  glucose it  could be 
homologous if no t  ident ical  with D-amino acid dehydrogenase of S. t yphimur ium.  
I n  a temperature-sens i t ive  m u t a n t  alnR alaninase  could no t  be induced by  L-alanine 
in  non-permiss ive conditions.  The authors  discuss the  possibili ty tha t  alaninase 
product ion  is regulated positively. Other authors  have described D-alanine 
oxidase, a s t ruc tu re -bound  e n z y m e  of E.  cell inducible by  L-alanine  (Raunio and  
Jenkins ,  1973; Raunio,  D 'Ar i  Straus and  Jenkins ,  1973). I t  m a y  well be t ha t  
D-amino acid dehydrogenase of S. t yph imur ium which is also bound  to cell 
s t ructure  (Wild et al., 1974), a laninase and  D-alanine oxidase of E.  cell are 
different names  for the enzyme of the same funct ion  and  regulation.  The genetic 
da ta  of Beelen et al. (1973) will be used in  our s tudy  aimed at  f inding more evidence 
for posit ive regulat ion of D-amino acid dehydrogenase in  S. typhimurium.  
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