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Summary 

By nitrosoguanidine treatment of a vitamin B-6 auxotroph (KG980) of 
Escherichia coil, mutants were isolated that require for growth markedly higher 
concentrations of pyridoxine than the parent strain. One of the mutants, 
strain HN1, exhibited a severely reduced ability to take up extraceUuiar 
pyridoxine. Besides, cell-free extracts of HN1 showed an extremely low activi- 
ty to phosphorylate pyridoxine compared to that of KG980. These findings 
together with other results suggest that phosphorylation of pyridoxine is es- 
sential for the concentrative uptake of the vitamin. 

It has been shown that Escherichia coil accumulates extracellular 
pyridoxine by an energy- and temperature<iependent process [ 1]. However, 
little is known about the mechanism of pyridoxine uptake, except that most of 
the intracellular vitamin accumulated is present as pyridoxai phosphate and 
pyridoxamine phosphate [2] and also the uptake does not display typical 
saturation kinetics [3].  It remains unclear whether the intracellular metab- 
olism of pyridoxine is essential for the concentrative uptake of the vitamin. 

For use in studies of the uptake mechanism we attempted to obtain 
pyridoxine transport mutants of E. coli, since mutants with altered transport 
properties proved to be quite useful in the clarification of various bacterial 
transport systems. We utilized a vitamin B43 auxotroph, strain KG980 [1], 
derived from wild strain K12 as the parent strain, treated this auxotroph with 
nitrosoguanidine and penicillin according to the procedure for the isolation o! 
vitamin B-12 transport mutants [4] with minor modifications suitable to ob- 
tain mutants which would not grow on 0.1/~M pyridoxine but require at 
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Fig. 1. Effects  o f  pyr idox ine  concentra t ions  o n  the growth  of  HN1 a n d  KG980 .  Cel]s were g rown  
ae rob ica l ly  a t  37°C  for  20  h a f t e r  inocu la t ion  o n  the mlnqmal mad/urn o f  Davis  and Mindog lo l i  [5]  sup-  
plemented  w i t h  0.2% g lucose  a n d  var ious  concentrat ions  o f  p y r i d o x i n e .  G r o w t h  was meas t t red  tu rb id / -  
me t r / ca l l y  a t  6 6 0  nm.  o---o, HN1 ; e ,  K G g 8 0 .  One exper iment  typical  o f  three is  shown .  

Fig.  2. T ime  cour se  of  [G-SH] p y r i d o x i n e  u p t a k e  b y  HN1 an d  K G 9 8 0  cells. E x p e r i m e n t s  were  c o n d u c t e d  
as p r ev ious ly  de sc r ibed  [3]  a t  S7~C, ae rob ica l ly  w i t h  1/~M [G -3 H] p y r i d o x i n e  added to  celt s u s p e n ~ o n s  
(1 mg  d ry  w t . / m l ) .  ~ - ¢ ,  HN1 : a - - a ,  K G 9 8 0 .  One e x p e r i m e n t  t y p i c a l  of  five is shown.  

least 10/~M concentrat ion of  the vitamin for growth, and finally isolated five 
mutants  with the expected properties. 

Fig. 1 shows the growth response of  one of  the mutants,  strain HN1, to 
various concentrations of pyridoxine.  The mutant  grew only a little with 
10 #M pyridoxine and required 50 #M of  the vitamin for maximal growth, 
whereas the parent strain KG980 grew well with 0.1 #M pyridoxine. Thus, 
pyridoxine requirement  for growth of  HN1 was greater than 100-fold that  of  
KG980.  

The ability of  HN1 cells grown with 50/~M pyridoxine to take up 
[G-SH] pyridoxine was exsmined in comparison with that  of  KG980 grown 
with 0.1/~M vitamin. Fig. 2 illustrates the t ime course of  uptake when the ex- 
tracellular labeled pyridoxine concentrat ion was 1 #M. The results demon- 
strated that  HN1 cells had an extremely reduced ability of  pyridoxine uptake 
as expected from the enhanced pyridoxine requirement  for growth described 
above. It may be further noted that  the ratio of  the uptake level in HN1 to 
that  in KG980 decreased with longer incubation periods. The finding sug- 
gested that  the defect  might not  be in the initial process of  uptake across the 
cell membrane,  bu t  in some later processes of  intracellular metabolism. 

To obtain more information on the defective process, intracellular la- 
beled compounds  were analyzed after HN1 and KG980 cells were allowed to 
take up the labeled pyridoxine for 2 rain. As shown in Table I, [G -3 H] - 
pyridoxine content  was higher in HN1 cells than in KG980,  whereas the con- 
tent  of  phosphorylated forms of  the vitamin was enormously greater in 
KG980.  The results indicate that  the entry of  pyridoxine is unlikely to be im- 
paired, bu t  that  the defect  is likely to be in the conversion of  intracellular 
pyridoxine to phosphate  forms of  the vitamin. 

Of the three phosphate forms of  vitamin B-6, pyridoxal  phosphate is 
the  main species accumulated when KG980 cells are exposed to a solution of  
pyridoxine for a short  period [1] .  It is also established that  the conversion of  
pyridoxine to pyridoxal  phosphate in E. coil involves the formation of  
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T A B L E I  

INTRACELLULAR FORMS OF [G -s H] VITAMIN B-6 

1-ml al iquots  of cell suspensions (3 m s  dry wt . /ml)  of HN1 or KGgS0 were fi l tered after  ~ incuba- 
t ion  with 1 #M [G- s H] pyr idoxine  (50 Ci/mol)  and the intracel iular  labeled compounds  were ext rac ted  
as previously described [2 ] .  The extracts ,  a f t ~  pH adjus tment  to  4.7, were applied to  a co lumn 
(0.6 X S cm) of Dowex 50W X-4 equi l ibra ted with 10 mM sodium acetate buffer  (pH 5.5), and the 
co lumn was washed with the same buffer  (20 ml), 50 mM sodium acetate  buffer, pH 6.0 (10 ml), and 
100 mM sodium phosphate  buffer,  pH 7.0 (10 ml), successively to elute v i tamin B-6 phosphates,  
pyr idoxal  and pyr idoxine ,  respectively.  Radioact ivi ty  associated with unlabeled vi tamin B-6 phosphates  
and pyr idoxine ,  which were cochromato~ 'aphed  and detected spec t rophotometr ica l ly ,  was counted.  
Values are the means  from two experiments .  

Vitamin B-6 (pmol /mg dry wt.) 
Strain 

Pyr idoxine B-6 phosphates  Total  

HN1 1.7 2.7 4.5 

K G 9 s 0  0.S 46.1 48.6 

pyridoxine phosphate as an intermediate [6].  Accordingly, if the production 
of  vitamin B-6 phosphates is blocked in HN1, the defect is probably at the 
step of  phosphorylation of  pyridoxine or oxidation of  pyridoxine phos- 
phate. Activities of pyridoxal kinase (EC 2.7.1.35) and pyridoxaminephos- 
phate oxidase (pyridoxinephosphate oxidase, EC 1.4.3.5} in the cell-free ex- 
tracts of HN1 were, therefore, examined in comparison with those of KG980 
with the use of  pyridoxine and pyridoxine phosphate, respectively, as a sub- 
strate for each of  the enzymes. The data given in Table II indicate that 
pyridoxal kinase activity of HN1 is severely reduced. It was less than 1% of  
that of  KG980, although it was still significant and reproducible. On the other 
hand, there was no difference in the pyridoxinephosphate oxidase activity be- 
tween the two strains. Thus, it is clear that HN1 is deficient in the phosphoryla- 
tion of pyridoxine and the HN1 cells apparently failed to accumulate vitamin 

TABLE II 

PYRIDOXAL KINASE AND PYRIDOXINEPHOSPHATE OXIDASE ACTIVITY 

The react ion mix ture  for the assay of pyr idoxal  kinase contained the dialyzed cell-free ex t rac t  of ei ther  
HN1 or KG9S0 cells (0.2--1 me protein) ,  5 nmol  of [G -s H] pyr idoxine ,  0.5 ~mol  of ATP, 0.25 , t o o l  of 
ZnSO 4 and 5 , t o o l  of potamdum phosphate  buffer  (pH 6.0) in a to ta l  volume of 0.5 hal. After 15-rain 
incubaUon at 37°C, the mixture  was boi led for 5 rain, Its pH was adjusted to  4.25 with acetic acid and 
the precipi ta te  formed w u  removed by cen t r i fu la t ion .  The supernatant  was applied to  • Dowex 60W 
X-4 column (0.6 X 3 cm) equi l ibrated wi th  0.05 M sodium acetate buffer,  pH 4.26. and the co lumn was 
washed with 2.5 ml of the same buffer. The eluate0 which had been conf i rmed to  contain more than  
95% of pyr idoxine  phosphate  formed bu t  no pyr idoxine ,  was counted.  The react ion m i x t u ~  for the 
assay of pyr idoxinephosphate  oxidase was similar to tha t  ttsed by Henderson [6] and conte/ned the 
celi-hee extract  (3--6 ms  protein) .  90 nmol  of pyr idoxine  phosphate .  6 , t o o l  of M ~ O  4 and 0.15 nmol  
of sodium carbonate  buffer, pH 10, in • to ta l  volume of 3 mL After  incubat /on for 1 h a t  37°C. 
pyr idoxal  phosphate  formed was determined by using the me thod  of Adams [7] .  Values are the means 
from three experiments .  

Act ivi ty  (pmol /min  per mg protein)  
Strain 

Pyr idoxal  kinase Pyr idoxinephosphate  oxidase 

HNI 4.97 81.7 

KG980 630 29.0 
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B-6 phosphates because of this deficiency. The markedly reduced uptake of 
pyridoxine in the mutant seems to demonstrate the essential role of phos- 
phorylation for the concentrative uptake of the vitamin similarly as shown in 
pyridoxine uptake in Salmonella typhimurium [8] ,  although the unlikely pos. 
sibility that the entry of pyridoxine is also impaired in HN1 still exists. 

The authors thank Professor Akio Iwashima for his interest and sugges- 
tions during this work. 
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