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SUMMARY: V ib r i o  parahaemolyt icus could grow wi th  AMP. ADP or ATP as the 
sole source of carbon. In the presence of CI-.  a membrane-bound C l - - -  
dependent 5'-nucleotidase seemed to hydro lyze the nuc leot ides e x t r a c e l l u -  
l a r l y ,  and then the c e l l s  took up the r e s u l t i n g  adenosine. In the absence 
of CI-, al though no s i g n i f i c a n t  dephosphory lat ion of the nuc leot ides 
occurred, the c e l l s  could s t i l l  gro^w wi th  AMP, but not w i th  ADP or ATP. 
Moreover, in the presence of CI- ,  Zn z+ i n h i b i t e d  the 5"-nuc leot idase,  and 
i n h i b i t e d  growth of the c e l l s  w i th  ADP or ATP, but not w i th  AMP, as the 
carbon source. V__~. parahaemolyt icus was unable to grow wi th  adenine or 
ribose 5-phosphate. These resul ts suggested that the cel ls  might have an AMP 
transport system. In fact, Na + uptake was observed on addit ion of AMP to a 
cel l  suspension in the absence of CI-, indicat ing Na+-AMP cotransport. © ~987 
Academic Press, Inc. 

Vibrio parahaemolyticus, a s l i g h t l y  h a l o p h i l i c  marine bacter ium, can 

u t i l i z e  ATP, ADP, AMP or adenosine as the sole carbon source. In bac te r ia .  

ex t race l lu la r  nucleotides are genera l ly  bel ieved to be cleaved to nucleo-  

sides or bases outside the cytoplasmic membrane before uptake into the cel ls  

( I ) .  Hayashi et al.  (2) and Bengis-Garber and Kushner (3) reported the 

presence of membrane-bound 5 ' -nucleot idases that require Mg 2+ and CI- for 

a c t i v i t y  in V__~. alginolytic.us and V. costicola, respectively. V__~. ~arahaemo- 

Z ~  possesses a membrane-bound 5 ' -nuc leo t idase,  and hydrolyzes 

externa l ly  added 5'-nucleotides in the presence of Mg 2+ and Cl- (manuscript 

in prepara t ion) .  This organism also possesses a t r anspo r t  system fo r  

adenosine tha t  is  s t imu la ted  by Na + (manuscr ip t  in p repara t ion) .  Thus i t  

seemed reasonable to suppose that 5'-nucieotides are dephosphorylated by the 

5'-nucleotidase outside the cel ls ,  and then the resul t ing adenosine is taken 
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up v i a  the adenosine t r a n s p o r t  system in t h i s  organism too. However, the 

resu l t s  described in t h i s  paper suggest tha t  AMP, but not ADP or ATP, could 

be u t i l i z e d  by the c e l l s  w i t h o u t  i t s  d e p h o s p h o r y l a t i o n .  In a d d i t i o n ,  our 

data ind ica te  the ex is tence of  Na+-AMP cot ranspor t  in V__~. parahaemolyt icus. 

MATERIALS AND METHODS 

Bacterium and Growth V__~, parahaemolyt icus AQ3334 was used, Ce l ls  were grown 
a e r o b i c a l l y  in medium $2 cons is t ing  of  50 mM Mops-Tris (pH 7.5), 0.2 M NaCl, 
25 mM MgSOa, I0 mM KCI, 1 mM CaCI2, 0.01 mM FeSO 4, 0.33 mM K2HPO 4 and I0 mM 
(NH4)?SO4,-supplemented w i t h  an a p p r o p r i a t e  carbon source a t  37°C. When 
necessary ,  C l -  s a l t s  were rep laced  by S04 ~- s a l t s ,  Growth was mon i to red  
t u r b i d i m e t r i c a l l y  at  650 nm, 
Assay o f  5 ' - N u c l e o t i d a s e  A c t i v i t y  The s tandard  assay m i x t u r e  (0.6 ml)  
c o n s i s t e d  o f  medium $2 (S04~- s a l t s )  , 4 mM AMP and about 4Mg p r o t e i n  o f  
c e l l s ,  Assay m i x t u r e s  were incuba ted  at  37°C f o r  15 min, and then the 
inorganic  phosphate released was determined (4). 
Assay o f  Na ÷ Uptake Na + uptake was measured us ing a Na+ -e l ec t r ode  as 
described p rev ious ly  (5) w i th  the minor mod i f i ca t i ons  tha t  the concentrat ion 
of  the bu f fe r  was 0.2 M and tha t  of  NaCI was 50 pM, 

RESULTS AND DISCUSSION 

Growth w i th  AMP V__~. parahaemolyt icus grew wi th  AMP, ADP or ATP as the sole 

source o f  carbon in  the presence o f  C l -  (F ig ,  I ) .  In the absence o f  C I - ,  

however, the c e l l s  were unable to grow w i th  ADP or ATP. Since V__~. parahaemo- 

l y t i c u s  possesses membrane-bound C l - - dependen t  5 ' - n u c l e o t i d a s e  t h a t  i s  

or iented Outward (manuscr ipt  in preparat ion)  l i k e  the 5 ' -nuc leot idase of V. 
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Fig. I .  E f fec t  of Cl -  on the growth of V__~. parahaemolyt icus wi th adenine 
nucleotides as the sole carbon source. Ce~Is were shaken at 37% in medium 
$2 conta in ing e i t he r  CI- sa l t s  (A)  or S04~- sa l t s  ( • ) .  The carbon source 
was 20 mM AMP (A), ADP (B) or ATP (C). 

Fig. 2. Ef fects of CI- concentrat ion on dephosphorylat ion of AMP and on 
cellogrowth with AMP. For dephosphorylation assay, ce l ls  grown in medium $2 
(S04 c- sal ts)  supplemented with 20 mM AMP were used. Dephosphorylation of 
AMP (A)  and th~ growth rate of ce l ls  ( • )  with AMP (20 mM) were measured in 
medium $2 (S04C- sal ts)  containing various concentrations of CI-. The tota l  
concentration of NaCI plus Na2SO 4 was 0.2 M. 
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c o s t i c o l a  ( I ) ,  these r e s u l t s  are c o n s i s t e n t  w i t h  the v iew t h a t  the 5 ' - -  

nucleotides in the cu l ture medium were dephosphorylated by the el--dependent 

5 ' -nucleot idase outside the ce l l s  and the adenosine produced was taken up by 

the c e l l s .  Unexpectedly ,  however, we found t h a t  the c e l l s  could grow w i t h  

AMP in the absence of  CI- ,  a l though at  s l i g h t l y  lower  ra te  than in i t s  

presence (Fig. IA). This f ind ing suggested that  the Cl--dependent 5'-nucleo- 

t i d a s e  was not always e s s e n t i a l  f o r  the u t i l i z a t i o n  of  e x t e r n a l  AMP. As 

shown in Fig. 2, dephosphorylation of AMP by the ce l l s  s t rongly  depended on 

C l -  p resent  in the assay medium. In the absence of  added CI- ,  l i t t l e  

dephosphorylation of AMP was observed. On the other hand, added Cl- was not 

essent ia l  for  growth of ce l l s  wi th AMP as the sole carbon source, although 

i t  had some ef fec t .  Even with low concentrat ions of Cl- (a few mM) at which 

l i t t l e  dephosphorylation of AMP occurred, the ce l l s  grew f a i r l y  wel l .  These 

r e s u l t s  i n d i c a t e  t ha t  the re  is  no c lose c o r r e l a t i o n  between dephosphory-  

la t ion  of AMP and ce l l  growth wi th AMP. Thus i t  seemed very l i k e l y  that  in 

the absence of CI-, AMP was taken up wi thout being dephosphorylated, whereas 

in the presence of CI-, AMP was dephosphorylated, and the adenosine produced 

(and perhaps residual AMP too) was u t i l i zed .  Since addi t ion of Cl-  increased 

the growth rate, u t i l i z a t i o n  of adenosine was apparently more e f f i c i e n t  than 

t h a t  of  AMP. An a d d i t i o n a l  p o s s i b i l i t y  is t h a t  CI -  is i nvo lved  in AMP 

t ranspor t  or metabolism in the cytoplasm. 

As in animal ce l l s  (6), Zn 2+ st rongly  inh ib i ted  the 5'-nucleot idase of 

V__~. parahaemolyticus (manuscript in preparation). Thus i f  the act ion of the 

5'-nucleot idase is not necessary fo r  the u t i l i z a t i o n  of AMP, Zn 2+ should not 

i n h i b i t  the growth of ce l l s  wi th  AMP even in the presence of CI-, Consistent 

wi th th is  idea, Zn 2+ (I mM) did not s i g n i f i c a n t l y  i n h i b i t  ce l l  growth wi th  

AMP, a l though i t  s t r o n g l y  i n h i b i t e d  growth w i t h  ADP as the carbon source 

(Fig. 3). These r e s u l t s  i n d i c a t e  t ha t  the ac t ion  of  the 5 ' - n u c l e o t i d a s e  is  

necessary f o r  the u t i l i z a t i o n  of  ADP, but not of  AMP. Fur thermore,  Zn 2+ (I 

mM) did not seem to have any s i gn i f i can t  e f f ec t  on other metabolic pathways 

of V__~. parahaemolyticus. I t  should be noted that  Escherichia co l i  possesses a 
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Fig. 3. E f fec t  of Zn 2+ on ce l l  growth. Cel ls  were grown in medium $2 (Cl -  
supplemented wi th  I0 mM AMP (A) or ADP (B), in the absence (A )  or 

presence (Q) of 1 mM ZnCI 2, 

Fig. 4 Na + uptake caused by AMP. Cellscwere grown in medium $2 (SOA 2- 
sal ts)-supplemented w i th  20 mM AMP. hanges in e x t r a c e l l u l a r  ~a + 
c o n c e n t r a t i o n  were mon i to red  w i t h  a Na+-electrode under anaerobic 
condi t ions.  At the t imes ind icated by arrows, 40~M AMP (a~ ADP ( b ) o r  ATP 
(c) was added. An upward def lect ion represents uptake of Na . 

system fo r  the u t i l i z a t i o n  of nucleosides by which nucleosides are cleaved 

to bases and r i b o s e  l - p h o s p h a t e ,  and the bases produced are taken up (7). 

So, i t  seemed p o s s i b l e  t h a t  AMP was degraded to adenine and r i b o s e  5 - -  

phosphate, and then taken up by the c e l l s .  However, V_~, p a r a h a e m o l y t i c u s  

cou ld  not  grow w i t h  adenine or r i b o s e  5-phosphate (data  not  shown). 

Therefore i t  seems very l i k e l y  tha t  AMP i t s e l f  was taken up, 

Na+-AMP C o t r a n s p o r t  V__~. p a r a h a e m o l ~ t i c u s  possesses a Na+-coupled co-  

t ranspor t  system fo r  adenosine (manusc r i p t  in  p r e p a r a t i o n )  and f o r  s e r i n e  

(8), In h a l o p h i l i c  bacter ia ,  Na+-substrate cot ranspor t  seems to be a major 

mechanism of t ranspor t  of  nu t r i en t s  (9), Therefore, we tested whether there 

i s  a Na+-AMP c o t r a n s p o r t  system in V__~, p a r a h a e m o l y t i c u s .  One of  the most 

c o n v i n c i n g  and c o n v e n i e n t  methods to t e s t  f o r  the e x i s t e n c e  o f  a Na + - -  

s u b s t r a t e  c o t r a n s p o r t  i s ,  in our op i n i on ,  to  measure Na + uptake caused by 

s u b s t r a t e  i n f l u x  us ing a Na+ -e l ec t r ode  (5), Fig. 4 shows t h a t  a d d i t i o n  of  

AMP (0,112 pmole in 2.8 ml:  40 pM) to a c e l l  suspension under anaerob ic  

c o n d i t i o n s  caused uptake o f  Na +, i n d i c a t i n g  the e x i s t e n c e  o f  a Na+-AMP 

c o t r a n s p o r t  system, A d d i t i o n  of  ADP or ATP d id  not  cause Na + uptake, I t  

should be noted t h a t  the AMP p r e p a r a t i o n  used con ta ined  less  than 0. I % o f  

contaminat ing adenosine, and we could not detect  any Na + uptake on add i t i on  
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of such a low concent ra t ion  of adenosine (data not shown). Thus the 

p o s s i b i l i t y  that the observed Na + uptake was due to contaminating adenosine 

could be excluded. Furthermore, hydrolysis of AMP in the assay mixture was 

less than 0,01 ~mole/min under the present conditions, and the small amount 

of resul t ing adenosine did not cause detectable Na + uptake. No AMP-induced 

Na + uptake was observed when excess adenosine was present in the assay 

mix ture  (data not shown). Very recen t l y ,  we i so la ted  mutants w i th  a 

defective Na+-adenosine cotransport system. Since these mutants did not show 

Na + uptake when AMP was added, we conclude tha t  AMP was taken up w i th  Na + 

via the Na+-adenosine cotransport system, We also observed Na + uptake caused 

by IMP and GMP (data not shown), 

In microorganisms, membrane transport  of nucleotides has been observed 

in i n t race l l u l a r  parasites, which u t i l i z e  nucleotides of the host ce l ls  ( I0-  

13). In bac ter ia ,  an ADP/ATP exchange system has been suggested to be 

present in the membrane of heavy chromatophores of Rhodopseudomonas 

c a p s u l a t a  (14)  and in membrane v e s i c l e s  of  Me thanobac te r ium 

thermoautotrophicum (I 5), 
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