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Summary 

A new assay has been described for mutagenicity testing using an L-ara- 
binose-sensitive strain of  Salmonella typhimurium. The test strain SV3 and 
several L-arabinose-resistant mutants  selected therefrom are characterized in the 
present s tudy by  3 different criteria: inhibition of  growth by L-arabinose, accu- 
mulation of keto-sugars, and activities of the enzymes involved in L-arabinose 
catabolism. Strain SV3 (ara-531) shows high levels of  inducible L-arabinose iso- 
merase (EC 5.3.1.4) and L-ribulokinase (EC 2.7.1.16) activities, but  is deficient 
in L-ribulose-5-phosphate 4-epimerase (EC 5.1.3.4), the enzyme encoded in 
Escherichia coli by gene D in the araBAD operon. Addition of  L-arabinose to 
SV3 growing in glycerol or casamino acids stops growth. D-Glucose only par- 
tially reverses this inhibition. Reversion of the ara-531 mutat ion restores differ- 
ent levels of  epimerase activity and resistance to L-arabinose. However, the 
great majority of  the L-arabinose-resistant mutants  do no t  utilize L-arabinose. 
The physiological and enzymatic properties of  these L-arabinose non-utilizing 
mutants suggest that  L-arabinose resistance is due to forward mutations in at 
least 3 other genes, araA, araB and araC, blocking steps prior to L-ribulose 
5-phosphate accumulation. 

In the screening of  environmental mutagens a reversion test using a set of 
specialized strains detects very specific mutational events. On the contrary, a 
forward-mutation test utilizes a unique strain to detect  a variety of  mutational 
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Fig. 1. T h e  L - a r a b i n o s e  g e n e - - e n z y m e  s y s t e m  o f  E. col i  [ 1 0 ] ,  

changes [1,22]. The sensitivity of such a system is directly related to the 
portion of the genome target for the mutagens. Thus, it is crucial to determine 
the number of genes involved in the phenotypic change chosen as indicator of 
genetic activity. 

In Escherichia coli B/r L-arabinose is converted to D-xylulose 5-phosphate by 
3 enzymatic reactions (Fig. 1). Genes araA, araB and araD are the structural 
genes for L-arabinose isomerase, L-ribulokinase and L-ribulose-5-phosphate 
4-epimerase respectively. These genes together with their controlling sites araI 
and araO constitute an operon, regulated by gene araC and localized betwcen 
the genetic markers threonine and leucine [8]. E. coli araD mutants are strong- 
ly inhibited by L-arabinose, and this sensitivity can be relieved by an additional 
mutat ion in several genes (araA, arab and araC) of the araBAD operon [4,9]. 

The L-arabinose system of Salmonella typhimuriurn is considerably less well 
known. Genes araB and araC have been mapped in a position homologous to 
that of E. coli [23]. S. typhirnuriurn strain SV3 is unable to use L-arabinose as 
the sole carbon source, and fails to grow in the presence of L-arabinose plus 
glycerol. The selection of L-arabinose-resistant mutants in strain SV3 has been 
proposed as a simple and convenient forward-mutation assay for routine screen- 
ing of environmental mutagens [22]. The assay has been calibrated against a set 
of mutagens using a variety of protocols, and its sensitivity has been increased 
by the addition of excision repair and/or  deep rough mutations [20,21]. 

L-Arabinose sensitivity in strain SV3 is the consequence of a mutat ion 
(ara-531) which is cotransducible with auxotrophy for leucine, suggesting a mu- 
tation in the araBAD operon which is closely linked to leu. Simultaneous muta- 
tion to L-arabinose resistance and leucine auxotrophy after N-methyl-N'-nitro- 
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N-nitrosoguanidine treatment, has suggested that the vast majority of muta- 
tions leading to L-arabinose resistance are also closely linked to leu [22]. 

The present study has two main purposes: To characterize the mutation 
ara-531 carried by the test strain S. typhimurium SV3, and to determine the 
number of genes leading to L-arabinose resistance in this system. Physiological 
and enzymatic criteria related to L-arabinose catabolism have been used with 
strain SV3 and several L-arabinose-resistant mutants selected therefrom. 

Materials and methods 

Media. Luria broth [19], mineral casein hydrolyzate and Eosin methylene 
blue (EMB) L-arabinose media [13], minimal M9 salts [19] and Davis-Mingioli 
salts [12] have previously been described. Minimal M9 and Davis-Mingioli me- 
dia contained either D-glucose or glycerol plus L-arabinose at 2 g/1 each. Any 
required amino acid Was added at 20 mg/1, and uracil at 10 mg/1. 

Bacterial strains. Salmonella typhimurium SV3 is derived from S. typhimu- 
rium strain JL386 (trp-294, thr-115, pyrB92) in which the ara-531 mutation 
was induced by N-methyl-N~-nitro-N-nitrosoguanidine [22]. Escherichia coli 
Sb3107 (araB at 37°C) and E. coli araD139 were obtained from Nancy L. Lee 
of the University of California, Santa Barbara. Lactobacillus plantarum strain 
124-2 was from the American Type Culture Collection, Rockvillle, MD 
(A.T.C.C. 8041). 

Isolation of L-arabinose-resistant mutants. 125-ml flasks containing 15 ml of 
Luria broth were inoculated with approximately 100 viable cells from a station- 
ary-phase culture of S. typhimurium strain SV3 and shaken at 37°C for 15 h. 
The cells were spun down and resuspended in 15 ml of M9 salts. Aliquots of 
0.1 ml from these suspensions were spread on M9 L-arabinose plates and incu- 
bated for 72 h at 37°C. Two colonies of different sizes were picked from each 
plate, purified, and streaked on Luria plates. Their tryptophan, threonine and 
uracil requirements for growth were confirmed on M9 D-glucose plates lacking 
the appropiated supplement. Their ability to use L-arabinose as a sole carbon 
source was checked on EMB L-arabinose plates. The L-arabinose-negative mu- 
tants were numbered 1 to 24 (Table 2). The two L-arabinose-utilizing revertants 
were designated SV22 and SV23 (Table 1). All the L-arabinose-resistant mu- 
tants were of spontaneous origin. 

L-arabinose growth inhibition and keto-sugar accumulation. 10 ml of M9 
salts containing 2 g/l of casamino acids (Difco) as the carbon source were sup- 
plemented with the auxotrophic requirements of the strains (threonine, trypto- 
phan and uracil), inoculated with 0.1 ml of a stationary-phase culture and dis- 
tributed in two test tubes (18 X 150 mm). L-Arabinose (filter-sterilized) was 
added to one of these tubes at 2 g/1 and both were then incubated at 37°C for 
4 h on a roller drum. The optical density (O.D.) at 425 nm was measured using 
a Spectronic 20 colorimeter (Bausch and Lomb) adapted to these growth tubes. 
Aliquots of 0.2 ml from each culture were then dispensed in tubes containing 
0.9 ml of 0.1 M HC1 and the keto-sugars were determined by the cysteine car- 
bazole test [5]. The color was developed at room temperature for 20 min and 
measured at 540 nm in 0.5 inch Spectronic tubes. D-Ribulose (Sigma) was em- 
ployed as a standard. The growth inhibition is expressed as: (O.D. of the cul- 
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ture  w i t h o u t  L-arabinose -- O.D. of  the cul ture  with L-arabmosei  0ivi(le(~. t~,, i~  
O.D. o f  the  cul ture  w i thou t  L-arabinose.  The keto-sugar ~,.~: -~uiat.i()¢: 
expressed  as m ic romo le  o f  D-ribulose per ml of  cult:ure divid(~d t~5 !:i~,~ ().~ ~ ~ ~ 
the  same cul ture .  

Preparation o f  cell-free extracts. Cells were grown m three i . i  Ft()ren(,~ 
flasks, each con ta in ing  300 ml of  casein h y d r o l y z a t e  med ium st~pl:,len~.(~t;,~,~i 
with the appropr ia te  auxo t roph i c  r equ i rement s  and 0.05 m M ( /  M~',Ci> f h ~  
inocu lum was 1% by  vo lume  o f  an overnight  Luria broth  cu!tur,:. "~; .  i'lasi-:: 
were shaken at 37°C unti l  the  O.D. at 425 nm reached ap p ro x im a te ly  ,). ~ !me~ 
sured in 18 × 150 m m  test  tubes).  At this t ime ~ f logaritmic growlI~, '..i)(~ !,<~r, 
binose ope ron  was induced  by adding L-arabinose at a concentrat ion) of  i ~ i  
and con t inu ing  the  incuba t ion  for  an addi t ional  3--4 h. The  cells ~.~,re the~,~ b a r  
vested by een t r i fuga t ion  at 10 000 X g for  10 min and washed with 1() mM t )o  
tassium phospha t e  buf fer ,  pH 7./1 (1 mM EDTA and 1 mM gluta~hione). ~t't~,~ ~ 
cell pel le t  was resuspended  in the  same phospha te  buf fer  to  yield a 14% sust)e~; ~ 
sion on a wet  weight  basis. The  cell suspension was sonica ted  for  10 rain in ;~ 
Sonic  300 appara tus  (Ar tek  Sys tems Co., Farmingdale ,  NY), and the cellular 
debris  was r e m o v e d  by  cen t r i fuga t ion  at 20 0O0 Y g for  20 min. 

The  p repara t ion  o f  ex t rac ts  for  L-r ibulose-5-phosphate  4-epimerase assays 
inc luded two  pur i f ica t ion  steps, MnCI~ prec ip i ta t ion  and hea t  t r ea tment ,  as 
descr ibed previously  [9] .  We assayed the  L-arabinose isomerase in these same 
part ial ly purif ied extracts .  L-Ribulokinase was assayed af te r  MnCl~ precipita- 
t ion  and 40- -50% a m m o n i u m  sulfate  f rac t iona t ion  117]o 

Enzymatic activity assays. L-Arabinose isomerase [7] ,  L-ribulokinase [18] ,  
and L-r ibulose-5-phosphate  4-epimerase [.1.1] assays were pe r fo rmed  as previ- 
ously descr ibed  for  E. coli extracts .  L-Ribulose used in L-ribulokinase assays 
was p r o d u c e d  f rom L-arabinose (Sigma) using cells of  an L-arabinose-isomerase 
h y p e r p r o d u c e r ,  L-ribulokinase thermosens i t ive  m u t a n t  of  E c(~i~ (strain 
Sb3107)  [7] .  L-Ribulose 5-phosphate  used it~ epimerase  assays was p roduced  
f rom L-ribulose using a part ia l ly  pur i f ied L-ribulokinase p repara t ion  f rom at~ 
L-r ibulose-5-phosphate  4-epimerase-less m u t a n t  (araD139) of  E~ coli [2] .  Th:~ 
coupl ing  e n z y m e  phosphoke to l a se  (EC 4.1 .2 .9)  used in the  epimerase  assays 
was a part ia l ly  pur i f ied  ex t rac t  (MnC12 prec ip i ta t ion ,  ace tone  t r ea tmen t ,  and 
a m m o n i u m  sulfate  f rac t iona t ion)  f rom Lactobacillus plantarum 114]. One unit  
of  act iv i ty  was def ined  as the  a m o u n t  o f  e n z y m e  which t r ans fo rmed  one micro-  
mole  o f  subst ra te  per  hour .  Prote in  concen t r a t i on  was de t e rmined  e i ther  by  th~ 
L o w r y  m e t h o d  with bovine  serum albumin as a s tandard ,  or by  the  m e t h o d  ot! 
Warburg in the  ex t rac t s  fo r  r ibulokinase  assay 116]. 

Results 

Inhibition by L-arabinose o f  the growth o f  S. typhimurium strain S-V3 (ara., 
531) 

The  g rowth  o f  the  m u t a n t  strain SV3 was severely inhibi ted  by L-arabinose 
in minimal  m e d i u m  con ta in ing  casamino acids as the  sole ca rbon  source  (Fig. 2, 
top) .  This inh ib i t ion  was only  part ia l ly  released by  D-glucose. The  same L-ara- 
binose inhib i t ion  and D-glucose release were observed if L-arabinose was added 
at  o t h e r  points  a long the  growth  curve instead o f  at  zero t ime.  Similar results 
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Fig. 2. Inhibitory effects of L-axabinose on cell growth. The inoculum was a washed sample from a sta- 

tionary-phase culture in Luria broth. Top: Cells in M9 salts with casamino acids (o) as carbon source were 

inhibited by L-axabinose (A) (e) and the inhibition was released by adding D-glucose (G) (4). Bottom: 

Cells in M9 salts growing in D-glucose (o) were inhibited by addition of L-axabinose (1) at the time indi- 

cated by the arrows. Casamino acids, L-azabinose and D-glucose were used at a final concentration of 

2 g/l. 

Fig .  3 .  G r o w t h  i n h i b i t i o n  a t  d i f f e r e n t  c o n c e n t r a t i o n s  o f  L - a r a b i n o s e .  L - A x a b i n o s e  g r o w t h  i n h i b i t i o n  w a s  
d e t e r m i n e d  as  d e s c r i b e d  i n  M a t e r i a l s  a n d  M e t h o d s ;  s t r a i n  S V 3  (ara-531) (e) and araD139 ( 4 ) .  
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were also obtained if casamino acids were replaced by glycerol as the carbo~'~ 
source. No loss of viability, defined as colony-forming ability on M9 D-glucos(, 
plates, was observed during L-arabinose growth inhibition. An enrichment fo~" 
L-arabinose-resistant mutants was detected, however, since the frequency o~" 
such mutants  increased from 2 to 69 per 1 0  viable cells after 4 b of L-ara 
binose exposure. The E. coli mutant  araD139 in which growth i~hibitio~ by 
L-arabinose has previously been reported [9], was used as a contro} i!~he inhib- 
itory effect of L-arabinose on the growth of strain SV3 was eve~ ~)ticeable 
with cells preadapted to D-glucose metabolism (Fig. 2, bottom). 

The inhibitory effects of different L-arabinose concentrations are shown ~l~ 
Fig. 3. The growth inhibition of strain SV3 increased with the concentration of 
L-arabinose up to 1.33 raM, at which maximal inhibition was reached, around 
81%. E. coli araD139 behaved similarly but reached a lower maximal growth 
inhibition, around 69%. 

Characterization o f  S. typhimurium strain SV3 (ara-531) 
Neither L-arabinose isomerase nor L-ribulokinase activities were detected in 

extracts from strain SV3 uninduced by L-arabinose. After induction (Table 1), 
strain SV3 showed high isomerase and kinase activities as the parental strain 
JL386. However, SV3 L-ribulose-5-phosphate 4-epimerase activity was much 
lower. This enzymatic deficiency in the L-arabinose pathway was correlated 
with high sensitivity to growth inhibition by L-arabinose. The reversion of ara- 
531 mutat ion to strains SV22 and SV23 resulted in different degrees of restora- 
tion of the epimerase activity with a concomitant  decrease in the growth inhibb 
tion by L-arabinose. The revertants maintained high levels of L-arabinose iso- 
merase and L-ribulokinase activities. 

Characterization o f  L-arabinose resistant mutants selected in S. typhimurium 
strain SV3 (ara-531) 

More than 98% of the L-arabinose-resistant mutants  selected in strain SV3 
were still unable to utilize L-arabinose as a carbon source, in contrast to the 
revertants SV22 and SV23. The L-arabinose-resistant mutants  were classified 
into 4 groups by the criteria of growth inhibition by L-arabinose, keto-sugar 
accumulation, and L-arabinose isomerase and L-ribulokinase activities (Table 2). 
Type I mutants  showed very low levels of both isomerase and kinase activities, 
accumulated small quantities of keto-sugars, and were only slightly inhibited 
by L-arabinose (about 10%). Type II mutants  showed variable but high levels of 
isomerase activity and no detectable L-ribulokinase; they accumulated large 
quantities of keto-sugars, and their growth inhibition by L-arabinose was more 
severe than in Type I mutants,  about 35%. Type III mutants  showed very low 
L-arabinose isomerase activities but very high levels of L-ribulokinase, with little 
accumulation of keto-sugar and around 25% of growth inhibition by L-arabi- 
nose. Type IV mutants  showed variable but low levels of both isomerase and 
kinase activities; they accumulated varying quantities of keto-sugars, and 
showed different extents of L-arabinose inhibition. 

Growth of Type III mutants  was inhibited on standard M9 L-arabinose plates 
in which 3% of the L-arabinose was converted upon autoclaving to keto-sugar, 
as determined by the cysteine carbazole test [5]. They were however isolated 
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Strain Ar abin ose G r o w t h  Ex p t .  E n z y m a t i c  act ivi t ies  
g e n o t y p e  inh ib i t ion  n u m b e r  ( u n i t / m g  p ro t e in )  

(%) 
I somer -  Kinase  Epirner- 
ase ase 

S. t y p h i m u r i u m  
J L 3 8 6  wi ld- type  0 1 288 67 2.56 

2 186  n t  6 .13 
SV3 ara-531 88 1 153 64 <0 .0 5  

2 218 n t  <0 .16  
3 167 33 n t  

SV22 ara-531 r e ve r t a n t  35 2 464  n t  0 .20  
3 140  74 n t  

SV23 ara-531 r e v e r t a n t  0 2 387 n t  2 .20 
3 145  50 n t  

E. col i  araD139 82 2 477 n t  <0 .16  
3 542  45 n t  

The  L- r ibu!ose-5-phospha te  4-ep imerase  in expts .  1 and  2 were  m e a s u r e d  using t w o  d i f f e ren t  phospho-  
ke to lase  p r e p a r a t i o n s  (n t ,  n o t  t es ted) .  

T A B L E  2 

P H Y S I O L O G I C A L  A ND E N Z Y M A T I C  P R O P E R T I E S  OF L - A R A B I N O S E - R E S I S T A N T  M U T A N T S  
S E L E C T E D  IN S. T Y P H I M U R I U M  S T R A I N  SV3 (ara-531) 

M u t a n t  G r o w t h  Ke to - suga r  
n u m b e r  inh ib i t ion  a c c u m u l a t i o n  

(%) 

E n z y m a t i c  ac t iv i ty  (u /mg)  T y p e  

I som erase Kinase 

SV3 88 1 .22  179 49.0  

2 12 0.07 1.0 <0.8 I 
3 14 0.03 1.0 <0.8  
4 7 0 .14  3.0 <0.8  

1 32  1 .26  67 <0.8 II  
5 32 1 .54  40  <0 .8  
6 34 1.77 137 <0.8 
7 40  1 .72  83  <0.8  

12  34 1.87 169 <0.8  
15  36 1.77 343  <0,8  
16 36 1 .70  269 <0,8  

17 25 0 .04  1.3 167 ,0  I I I  
18 23 0 .02  0.7 48 .0  
19 16 <0 .01  1.4 53 .0  
20 29 0 .04  0.7 72 .0  
21 29 0 .04  0.7 72 .0  
22 25 0 .04  0.7 47 .0  
23 22 0 .06  2.4 62 .0  
24 27 <0 .01  1.2 1 5 2 .0  

14 19 1.07 47 0.8 IV 
11 17 1 .05  29 1.6 

8 18 0 .21  75  9.3 
13 3 0 .17  31 11 .0  
10 11 0.11 7 7.8 

9 6 0 .10  4 5.2 

T y p e  I,  II  and  IV  m u t a n t s  were  isola ted on  M9 L-ambinose  p la tes  as ind ica ted  in Mater ia ls  a n d  Methods .  
T y p e  I l l ,  L-arabinose-res is tant  L-r ibulose-sensi tve m u t a n t s ,  were  isola ted b y  p la t ing  a cu l tu re  o f  s train 
SV3 on Davis-Mingioli  L -ambinose  m e d i u m  and  fu r the r  repl ica  on to  the  s ame  m e d i u m  s u p p l e m e n t e d  wi th  
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after modifying the selective medium. L-Arabil~(,se was sterihz,,~d ;~5 !~i[rati(~ 
through a 0.22 pm millipore filter and added !o Davis~.Min~,~ioti a~ar l~i;~,~,s ,<~ 
taining glycerol. 

The effect of M9 minimal salts and the autoclaving of l~-~traim~,~, ,~ ii~. 
inhibition of growth was investigated with different types ,~I i~ ~r~.~l)in(~y;, - 
resistant mutants.  The 29% inhibition of strain 20 in Table 2 inc:re~t:-~! ~.~ J i ) '  
if the g-arabinose was autoclaved but diminished to ] 9~ if l~)avis-Mingioli saii~ 
were used. No change in growth inhibition was observed wilh SXr.':~ : Jr Tv!:~( ~ I ~,~ 
II mutants. 

Discussion 

The results presented in this paper show that the strain SV3 of Salmonella 
typhimurium carrying mutat ion ara-531 is affected in the 1,-ribulose-5-phos- 
phate 4-epimerase, the enzyme encoded in Escherichia coli by gent, D of the 
araBAD operon [9]. Mutant strain SV3 displays nearly wild-type activities of 
the enzymes encoded by genes araA and araB, L-arabinose isomerase and 
L-ribulokinase, but is deficient in epimerase activity (Table 1). Additional defi- 
ciencies are unlikely since the inducilibity of the isomerase and kinase activities 
in strain SV3 suggests the presence of a functional L-arabinose transport system 
and typical araBAD operon regulation [3]. l?urthermore, the growth of strain 
SV3 is strongly inhibited in the presence of L-arabinose and a carbon source 
which allows L-arabinose utilization (Fig. 2). D-Glucose, the best carbon source 
preventing L-arabinose catabolism [3,91, partially releases this inhibition. Two 
mutants  of E. coli, araD53 and araD139, have previously been reported to 
behave in a similar way [9]. In comparison with E. eoli araD139, the growth of 
S. typhimurium strain SV3 shows stronger L-arabinose inhibition and weaker 
D-glucose release of this inhibition (Fig. 2). 

Fig. 3 shows that  50% of maximal growth inhibition of strain SV3 is induced 
at a concentration of L-arabinose around 50/aM. A similar concentration has 
been reported to produce 50% induction of the E. eoli araBAD operon [6]. 
Our data might indicate that  maximal inhibition in strain SV3 requires the full 
expression of the L-arabinose catabolic pathway. 

Besides the L-arabinose-utilizing revertants (Table 1), the L-arabinose-resis- 
tant mutants  selected in S. typhimuriurn strain SV3 (Table 2) are deficient in 
either one or both of  the first two enzymes, L-arabinose isomerase and L-ribu- 
lokinase, involved in L-arabinose metabolism. These results agree with the fact 
that L-arabinose inhibition of E. coli araD mutants is related to the accumula- 
tion of b-ribulose 5-phosphate and relative resistance is gained by any muta- 
tional event preventing this accumulation (Fig. 1) [4,9]. 

Based on the structural organization and regulation of the L-arabinose gene--- 
enzyme system of E. coli [4,7,8,10], the different types of mutants  in Table 2 
are interpreted. Most Type I mutants  with the lowest isomerase and kinase 
activities, could carry mutations in the regulatory gene araC, turning off alto- 
gether L-arabinose uptake and araBAD operon expression. E. coli araC mutants 
are similarly uninhibited by L-arabinose and fail to accumulate ketoses [7]. The 
possibility that  some Type I mutants  were initiator mutants (araI), or even araB 
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mutants  exhibiting absolute polarity on gene araA [24] cannot, however, be 
ruled out. 

Type II mutants  lack kinase activity. As typical E. coli araB mutants  they are 
slightly inhibited by  L-arabinose and accumulate large quantities of keto-sugars 
[7]. Type III mutants lack L-arabinose isomerase, the enzyme encoded by gene 
araA. They differ from Type I mutants  (araC) in their slight inhibition by 
L-arabinose and from Type II mutants  (araB) in their lack of  keto-sugar accu- 
mulation. Some Type II mutants  (Table 2) show lower isomerase activities than 
strain SV3; these might be explained by  polarity of  araB mutations on the adja- 
cent araA gene [24].  The increases in isomerase or kinase activities of  some 
Type II and Type III mutants  may be explained by: (a) bet ter  induction of  
these L-arabinose-resistant mutants  compared with strain SV3, severely inhib- 
ited by the L-arabinose used as inducer (Fig. 2), and, (b) lack of  catabolite 
repression in comparison with the Ara * strain JL386 [15]. 

Finally, Type IV (Table 2) is const i tuted by mutants less easy to classify. 
They could be araB mutants  with strong polar effect on the isomerase gene, but  
they could also carry any araC or araI mutations leading to diminished expres- 
sion of the araBAD operon [10,24].  Since 3 permeases are involved in the 
L-arabinose transport of  E. coli [8], it seems unlikely that  some of the Type I 
and IV could rather be transport  mutants. 

Mutants Type I, II and IV, but  not  Type III, are selectable on M9 minimal 
agar plates containing glycerol plus autoclaved L-arabinose. Since about  3% of 
the L-arabinose is converted into keto-sugars upon autoclaving, these plates 
might also contain I~ribulose at 60 mg/1 (0.4 mM), which should induce maxi- 
mal growth inhibition in araA araD double mutants  (Fig. 3). E. coli araA mu- 
tants had previously been reported to be severely inhibited by  L-arabinose in 
the presence of  a low ratio of  K ÷ and/or Mg 2÷ to NH~ [8]. Thus Type III, L-ara- 
binose-resistant and L-ribulose-sensitive mutants  are not  inhibited in Davis- 
Mingioli mineral salts medium whose ion ratio is more favorable than that of 
M9 for isomeraseless mutants  (if not  contaminated with L-ribulose). Hence we 
propose to modify  the selective medium previously used [20--22] to: Davis 
and Mingioli minimal agar plates containing glycerol to which L-arabinose filter- 
sterilized must be subsequently added. 

Based on the diversity of  mutant  types, we conclude that the selection of  
L-arabinose resistance in strain SV3 of Salmonella typhimurium is an assay for 
detect ion of forward mutat ions in at least 3 different araC, araB and araA 
genes. 
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