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ABSTRACT 
RANDAL DRONIUK 

'. 

SODIUM-STIMULATED TRANSPORT OF METABOLITES 
IN TWO MARINE BACTERiA 

'" 

Microbiology 

The effects o;~Na+ on the transport of a ~ariety'of metabolites 

were examined in theJ1larine ,?acte'ria Alteromonas ,haloplanktis and Vibrio 

fis<;heri. ~. haloplanktis required Na+ for the uptake of all substrates 

\ tested. -V. fischeri showea some abil ity to transport metabol ites in the . - ' 

tôabsence of Na+. Na+ was required by th'is organism for the opt,jmal uptake 
if 

of all the substrates tested except D-glucose, the accumulation of which 

was unaffected by theJÏon. L'i+, b~t not K+, was able to r:eplace Na+ in 

promoting the,up'take of sorne metabolites by'both organisms. The Na+ 

requi rement for maximum \rates of transport exceeded the Na + requirement 

for a maximum rate of respiration in both bacteria. The intracellular 
, . 

concentration~ of transported metabolites were determined, and botn 

o~ganisms accumulated all of thê substrates against their concentratio~ . ' , 

gradients. Larger gradients were accumulated by the cells at high Na+ . 
conce~~rations than at low Na+ ~oncentr;iions, even though the ext~nal 
osmotic pr.essure was the same under both conditions', When they were 

,acc~mùla~ed. the size of the gradients increased wjth time. Thes,e results 

indicate that the "lftabolites were actively tran'sported by the cells • 
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RESUME 
RANDAL 'DRONIUK 

q. " 

, . 

. STIMULATION DU TRANSPORT DES METABOLITES PAR • ,j' 

L'ION SODIUM CHEZ DEUX BACTERIES MAR~ES 

.. 

Microbiologie 

,Les effets de l'ion sodium sur 'le transport de pl usieurs 
o 

métabe 1 ites ont été étudiés chez les bactéri es mari nes A lteronoma's"-~ ~ 

,halopl anktis et Vibdo f,ischeri. A. haloplanktis requiert le Na + pour , -
le transport de tous les substrats examinés. L'ion Na + ne 'stimulait 

s' 1 "", 

nullement le transport du g1 ucose par 'i. fi scheri. Cet organisme 
, , 

:; " , 

transporta i t . l es autres substrats en l'absence "de Na +, &ma i s l a présence 
. 

de c~t ion était nêcessaire ~ l'obtention des taux maximaux ~e transport. 

d' Le Li+, mais pas le K+, pouvait,remplacer Je Na + comme stimulateur du 

,transport de certains métâbolites par les deux organismes. Chez les 
+ ,. ) 

deux bactéries, l'exigence en Na pour'les taux maximaux de transport 

~ait plu~ grande que l'exigence en Na + pour un taux max",i~um de respir­

ation. Les déterminations 'des concentrations intrace\lulaires d~s 

substrats transportés révél~rent, dans les deux cas, des concentrations· ... ~ , 

supêrieures aux celles trouv,ées d~ns le mil ieu. On trouva que . 
. ' ~ . 

• l'accumulation aes mét~o-'hites était plus efficace dans' les lnilieux 

contenant de grandes 
1 

concentrations, de Na+ que ~ans les milieux 

concentrations de Na+. Enfin;Jes concentrations 
"-........_.... .. 

-,.- c.Qrttenant de faibles 

1ntracel'lulafres des substràts augmentaient en' fonction du temps. Ces 
~ , ~ , . 

r~sul t~tl su:g~nt que les ·m'étabol ites êtaient activement transportés 

par les cellules. 
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INTRODUCTION 

Investigations of the ionic requirements of'marinè bacteriâ . . 
have shown that these organisms have a specific sodium requirement for 

growth which distinguishes them from most of their terrestrial counter-
v • ~ , J 

plrts (Macleod and Onafrey, 1957; Re1chelt and Baumann, 1974). The. 
~ , 

phys,io1og;ca1 basis of this sodium dependence has been stud;edJ~~'h-

sive1y Qn1y in Alteromonas haloplanktis, where it has been demonstrated 

that the need for sodium is related ta the function of severa1 critical 
~ 

èellu1ar processes (Macleod, 1980) .. Na+ is specifically requAred for 

membrane transport (Drapeau and Maçleoe, 1963) and ;s required less 

specifical1y for _ its osmotic action which a-ffects the retention of 
J 

intracellular solutes (Wong et ~., 1969; Macleod et A!.., 1978). Recent-

studies have defined the role of sodium in energy coupling to the 

transj30rt of a-aminoisobutyric acid (AIB) (Niven and Macleod, 1978; 0 

1980). Sodium, has a1so been shown to influence the respiratory activ~ty 
,;0 

of A~ ha1op1anktis (G. Khanna, M.Sc. thesis, 1980). 

e 
"This project was u'ndertaken to expand our understanding of the . 

role of Na+ in rnembra,,: transport by m~rine bacteri~. Most of the, " 

previous work on this topic was done using the non-metabolizable alanine 

analogue AIB as a substrate, therefore it was considered that it would be 

more relevant to examine the uptakes of metabolizable substrates which 

bacteria could actually uSe for growth. It would a1so be usefu1 to study 

another m~rine bacterium, in addition ta,~. halop1anktis, to determine 

if Na+ infl~~ncel both organisms' in the same way. Sorne of the techniques 



1-

( 

2 

" 

have been refined \lnCe previous studies were done, and,other modifications 

in experiment"l design ,Were' needed to account for osmotic effects on 
+ membrane permeabi1ity (Macleod et ~., 1978) and tbe effects of Na on 

respiration (G. Khanna, M.Sc. thesis, '1980). 0> 

The effects of Na+ on transport were studied in the marine 

bacteria Alteromonas haloplanktis" and Vibrio fischeri. The aim of this 

research was to determine 1) if there is a Na+ req~irement for tra~sport . , 
exceeding that for respiration, 2), if K+ or 'li+ can ~pare the need for 

. " 
Na+~ and 3) \f substrates are accumulated against their concen~ration 
gradients by an~active transport mechanism: 1 

The existence of ·an absolute Na+ requirement for the uptake 

'of nutrients wou1d presumab1y' be a major factor preventing marine 

bacterit from growing in the absence of Nat • 

. , 

", 
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LITERATURE REVIEW - l'-''~:';~ I:~~~~.{ ~$ \ 
• ~I 

1. The sodium requilrement f~or ,growth 

The sea is one of the most important environments on this 

planet. There is an enormous biological di~ersity witrin~ its boundaries 
" 

..... indeed, life is thought to have originated i-n the sea'. Perhaps 

the single most important physical characteristic of the' marine environ­

ment (besides an abundance of water) is its salinity, and most marine 

organisms have physiologicàl features which allow the~ to accomodate to 

the problems associated with living in a saline environment~ In most 

cases; these adaptations are associated with a dependence on salinity for 

survival. These creatures are therefore restricted to living in 'the sea 

and their marine nature often distinguishes them from similar' organisms 

found in other habitats. 

J 

That marine bacteria have a special requirement for- inorganic 
/ , 

" 
ions was first reported by Fischer (1894), who ops~rved that the highest 

~ 

plate counts were obtained from seawater samples when the' plating~ medium 
-

was prepared with sea~ater or supplemented with 3~ NaCl. Harvey (1915) 
'i) ., 

found that luminescent marine bacteria did not luminesce in fresh water. 

,The p~esence of sucrase, as well as salts, permitted the organisms ta 

luminesce. He concluded that salts were needed to provide a suitable 

. extr.acellular osmotic pressure. ' 

Richtelf .(1928) showed \tha t acmar.ine bacterium had a speclfic 
, l ' , , 

+ -Na requirement for growth, and these resul ts were conffrmed by Mudrak 

. , 

1 
\ 

" 
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~ 

.J. • 

(1933 ) and Dianova 
~ . 

and Voroshllova 
, / 

(19~5) • Othe~ résearchers r~,poY<t-ed, 
',+ ' , 

however, that the apparent Na requirement for growth waSlan unstable .. 
c~araeteristie that eould be eliminated by ··training" the:organisms ta 

of Na+ (see Macleod, 1965 and 1968 
l ' , 

l
~rVive ~n ptogressively lower amounts 

or reviews). 

Î ' 
" Using chemically defined media,' MacLeod and co-workers "inves-

tigated the nutritional reguirements of 'marine isoiates for ~he' purpose 

of resolving the controversy as to whethe'r ,there were bacteria native to 

the 'marine environment w,ith unique. ionic requirement,s that distinguished 

them from terrestrial bacteria. Seawater could be replaced by an 

artificial salts mîx,ture (MacLeod et a 1-. , 1954) and requirements for 
+2 -3 ~2 '+ + - -, , ' 

Mg ;/' P04 " S04 ,K and Na were demonstrated (MacLeod and Onofrey, 
, , 

, + ' 1956). It was the requirement for Na , however, that disti~guished these 

m~ine bacteria from·non-marine forms. Further ~tudies established the 

hi hly specùic' nature J)f this need for Na +. Two hundre/to 300 mM 

N + was required for the 'optimal growth of three marine bacteria (Macleod 
1 + +' + ' , . , 

a~d Onofrey, 1957). Li, K ,Rb and sucrase coul~ replace.some, but 
,1 , 

l , ' + + 
n,ver a 11, of the Na '" It was conel uded that the prima,ry effect of Na 

w~s not osmotic, since if this was the case, one should be able to q 

'rJplace it entirely with another solute, 
~ 

Macleod and Onofrey (1"956; 1963) were unsuccessful in their 

attempts ta train marine bac~eria tq graw in a Na~-free chemical1y 

defined medium. A marine pseuddmona'd grew slowly in a eomplex medium .. 
+ with no added Na , but analysis of the medium revealed that there was 

, . 

, " ':> \ 

.' 

1 • 
1 

1 
i 
f 

1 1 ., 
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l' 
1 

+ 28 mM Na present as contamination. Attempts to muta te marine bacteria 
" , + ' ~'! ~ 

Il>to Na ~indepen~E! have, als~ been unsuccessful" (?OW et Q.; 1981). 
o ". l 

Although they may grow insuboptimal ievels of Na+, it is evident'that ., ,} v, 

the Na+ reqUir~ment' for growth of marine bacteria ;s a very stable 
~ , 

. '-

characteristiG of. these organisms. 
~ , 

. , 

The e~;stence 'of a Na+ requirement for the growth,of marine 

bacteria has been well dQcumen~~d.Ty1er et a1_ (1960) reported that a 

marine pseudomonad needed.at lep.st '60 mM Na+ for gro~th. A marine, 
, , 

Vibrio studied by Pratt and, Austin (1963) grew only in th,e presence of 
\ 1 

Na+, although-K+ or Mg-/'2 could partial'ly spare thi's·requirement. Four 
t:>. ~ , 

, 
stratns of PhotQbacterium fischeri examined by Srivastava and Macleod . . 
(1971) required between 25 and 300 mM Na+ for optimum growth. Reiche1t 

. . , . 

5 

and ~aumann (1974) screened 700 strains of marine bacteria and found that 
. + ~ 

they grew"only in the presence of Na. Vibrio alginolyficus grew best 
, . 

in 500 mM Na + (Unemoto et ~., 1977') as did Vibrio parahaemolyti cus 

(Morishita and Takada, 1976). In th~latter case it was found that Li+ . 
o + 

could replace most ot the Na , but there was a minimum essentia1 requ're-

ment for 3 mM Na+. The authors concl~ded that there is a specifie need 
-~ , 

for Na + pl.!us a"'requirementfOrosmert;c support which may be provided by 
, ' 

Na + ;r ot~er solutes. " A psychrophi'l ic ~arine Vibrio grew best in 200"to 

300 mM Naf\ however at suboptimal Na+ 1evels addition of K+ or Mg+2 
o 

stimu1ated growth (Hayasaka an~ Morita, 1979). 

o 
Ma'rine bacteria have a characteriStically stable Na + require-

ment for growth, but it is now recogniz~d that this feature is not unique 

• 

,-
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ta -these arganisms. The'rumen bacteria, Bacteroides succinagenes 
,41 - 'd 

(Bryant et ~", 1959) and Bacteroides amy1aphi1us (Caldwell et !l., 1~73) 
have been shown to require Na+, and in the latter case ~é~ther K+,'Li+, 

+ + p + Rb nor Cs was able to replace Na. Extreme h~loph;les grow be,st in 
" 

media containing 20 to 30 percent Natl (Larsen, 1967). The moderate 

halophiles Micrococcus halodenitrificans and Vibrio costico1us were shawn . 
to have a stable salt requirement (Forsyth and Kushner, 1970). Absolute , 
Na + requi rements ~a ve been reported for Rhodopseudomo,nas spheroides 

(Sistrom, 1960), Pseudomonas stutzeri (Kodama and Taniguchi, 1976) and 

, an alkalophilic Bacil1us (Kitad; and Horikoshi, 1977). 

+ ' 
Sorne organisms do not need Na for growth, but may be 

halotolerant or are' affected by Na+ on1y under certain' conditions of 
, '. 

growth: Escherichi.a coli needed 3 mM Na+ for optimal growth 'when 

'grutamaté was the sole carbon source (Frank and Hopkins, 1999). 

Aerobacter aerogenes was shown ta have an irreplaceable Na+ requirement. 

for a"naerobic, but, not aerobic 9rawth on citrate (O'Brien and Stern, 
G ' 

1969 a, b). Salmonella typhimurium n~ecled 7 mM ~ for aerobic growth 

't t d th' . . t t d by NH+
4 

K+" Ll'+, Rb+ ar on ~1 ra e ar:l 1;.t requlremen was no spare 

Cs+ (O'Brien et~.; 1969). 

2. The effect of Na + on· marine b'acteria 

a. Transport , 
--1 

Studies ,on Na+-dependènt g~owth pf marine bacteria indiçated 

that the ion influenced more than jus.t the osmotïc pressure of the 

medium. The extreme stabi~ity of the requirement suggested that perhaps 

l' 
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Na+ wàs associàted with the function of some'e~sèntial aspects of 

cellular physiology. . .,.. 

, . + • 
In' o.rder to determi ne' the ro le of Na \n the growth of ;1 

A. haloplanktis, the effect of Na+ conçentration on the metabolism of 

organic substrates was investigated (Macleod et al:, 19S5; Macleod and < -- . 

Hori,1960). Fifty to 200 'mM Na+ was needed for the optimal oxidation of 

a variety·of carboxy1ic acids by whole cells. When cell~free extracts 

were tested, neither Na+ nor X+ stimulated oxidation of the substrates. 

'it was propbsed·tryat perhaps Na+ was required by the"cells ,to transport 

metabol ites across 'the cytoplasmlc membrane., 

d 

Payne (1960) showed that Na+ stimulated uptake and oxidation of 

glucuronate in whole cells of a marin~ bacterium. He interpreted his 
> ' '. , ' 

results as indicaHng that Na+ in'duced a glucuronate permease system. but 
, ;, 

that it was not needed for the actual uptake of substrates. 

:Drapeau and Macleod (1963) found that a-aminoisobutyric ac~d 

(AIS): a non-metabolizable analogue of alanine, was rapidly~accumu1ated by 
, + 

cells of ~. halqplanktis in the presen~e of 200 mM Na. There was no 
/ ,~ 

uptake in th~ abse~ce of Nat, and the requirement for the7~on was shown to 
+ + -'t + ' 1 

be very specifie in that neither K , Li , Rb "NH4 nor' suçrose was able 

ta stimulate transpprt. Cens began ta take up"hdioactivity immed;'ately 

after addition of 14C_AIB, and chioramp~enicol diij not inhibit transport. 

Payne's theory of & Na+-induced permease was therefore discounted. The 

uptake of D-fucose, an analogue of galactose, was also shown to b~ Nà+-­

dependent. 

/ 

~ . 

. . 

----i 

i 
1 
i 

1 
j , 

) l 



( 

/) 

\ 

o 

9 

( , 

! .. 

Another mqrine org~nism, Photobacterium fischeri, was 
~ 

8 

l ',' 
1 
1 
1 
1 

~ i 

subsequently found to require Na+ for the transport of AIB (Drapeau et 1 
" e - 1 

~., 1966). Furher studies showed that thè'rewasTreTIftfo-n-beiween------ ___ \_ 

Na+-dependent transport and growth of ~. ha1oplanktis. The Na+ requir~­

ment for oxidation of alanine and galactose .was similar ta the Na+ .. . 
requirement for transport of theïr non-metabolizable counterparts AIB 

and fueose. This suggested that the Nat requirement for oxidation 0 

, ' 

represents 'a N/ requirement for transport.' The 200 mM' Na + requir,ement 
, . 

for optimum t~ansport and' oxidation of ~lanin~ corre,sponded well to the 

requirement for growth when alanine was the sole carbon source. @nly 

50 mM Na+ was needed for the oxidatio~ and transport of galactose as 
, + + 

compared to 200 mM Na for growth. It was Usuggested that the extra Na 

needed f9r growth above the 50 mM 1evel 'represents a non-specifie neeq .... '-

for a medium of s~itab1e ion~c strength (Drapeau et ~., 1966). 

, Paul Wong (Ph.D. thesis, 1968) examined the effects o,f inotganic 
1 

ions on the transport of metabolizable subst~ates by~. h~lopl_nkt{s and 

i. fischeri. After ten minutes, both organisms had accumulated amino 
, , 

acids in a 200 mM NaCl buffer, but not in a 200 mM choline chloride buffer. 

The lack of uptake in the latter case was not due to inhibition by choline 
l, 

chloride (ChC]) since the uptake in 200 mM Ch Cl +/200 mM'NaCl was similar 

to that in 2·00 mM NaCl alone. Kt., Li+, NH4+ and sucrose.,-~i<l:"not sfim'ulâte-:-­

transport. N~~ sti~ulated ~he uptake of inorganic phosphate in both 

bacteria. ~. haloplanktis took up D-galactose best,at 100 mM Na+, 
, . + 

whereas 200 to ,300 mM Na ,was ne,eded for the optimum uptake of citrate, 

succinate and malate. 

.~ , 
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Many aspects of membrane trânsport in A. ftalop1anktis 'have been 
\, 

characterized in subsequent studies. Kinetic analysis of AIS transport .. 
showed that, between a and 50 mM Na+, the ~ dècreased but Vmax remained 

+ constant. Between 50 and 200 mM Na t the Km was constant and Vmax 
increased (Wong et ~., 1969). DeVoe et~. (1970) showed that who1e ~ 

cells and protop1asts have the same capacity to, transport AIS. Na+ was 
. + 

required in both aases and the se resu1ts suggested that Na affected 

transport at the 1eve1 of the cytoplasmic membrane. The essential role 

of intracellular K+ in transport 'has been described' (Thompson and 
\, • + + 

MacLeod,~ 1~71; 1973, 1974b) and Na -dependent K transport was reported 

by Hassan and Macleod (1975). Kinetic studies have revea1ed the \ 
" 

existence of three neutra1 amine acid transport systems in this organism 

(Fein and Macleod, 1975;,Pearce et~., 1977). 
~ 

There have been few studies on transport in o,ther marine 

" + organisms. Baumann (1979) has recent1y reported a Na requirement for 
"" , l '!\' 

the uptake of D-fructose by Pseudomonas doudoroffi. A psychrophilic 

marine Vib;io'took up both glutamate and TMG (methy~-B-D-thiogalactoside) , ' ~ 

. . + -", ln the absence of Na. Transport was greatly enhanced by the addition 

of Na+, but not bi the addition of NH~+, li+ or Rb+ (H~yasaka and Morita, 

?·1979). The.g1ijcose: phosphotransferase system of serratia-mar~norubra '. 

was unaffected by s.linity (Hodson and Azam, 1979). t:~ependent 'upt.k. 

of nitrate and urea has been demonstrated in a marine diatom (Rees ~ ~., 

1980) . 

Much of the sea is characterized by low nutrient concentrations, 

, . 
. '. 

" 
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and recent st~dies h~V~ amined the ability'of marine bacteria to take ~ 
up substrates under thesé co ditions. Akagi et!l. (1980) have1introduced . -
the concept of "01 igotrophic" an "het~rotrophic" marine bacteria. 

O'rganisms of the former group' appear to have a competitive advantage 

~ w ich enables them to grow at lower nutrient concentrations,than organisms 
\ 

group. An oligotroph and a\,heterotroph were found to have 
\ , 

\ 

Km's of .2 4M. and 1.8 uM respectively for ~roline transport. ~ndoKmls 

of 13 uM a d 3.2 uM fo,r glucose transport. At low" concentrations, both 

substrates were takèn up more rapidly by th~ oligotroph than by the 

,heterotroph, and 'substrate specificity of the olig.Otrophic proline 

transport system was much broader than that of the heterotrophic system 

(Akagi anç Taga, 1980). A high affinity neutra1 amine acid uptake 
"-system with broad substrate specificity has also been detected in 

-.. ------.. .... ---

~ halo 1 anktf s (Pearce et ~., 1977). Geesey and Mori ta (1979) found . ---~ -

tha a ~arine psychrophile has a high ~ffinit~ arginine uptake system 

1 

1 t . 
! 

! 
1 • 
1 , 

l 
1 -

In all t ee studies, the authors suggest that high affinity' uptake -----------

with à>~K~'Qf 17 nM as well as a low affinity, system with a Km oC~ 

mechan i sms y ~~o rta nt ada pt. t i o~s wh i ch al; ow ma r i ne bacter! a fa 
o 

survive in a n\ent~poor, environment:. " 

Although this concept may be val id, it seems doubtful that it 

wou1d' be appl icable on.ly to marine organisms. Bacteria, in many environ­

ments often have to cope with the extremes of "feast or famine". 

b. Energy coupl ing to transport' 
o .' 

Early studies of AIS t~a sport b~ A. haloplanktis indicate& that 
-~! 

" 
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~ 
the procé;'s i s energy dependent. The ce 11 s' kndOg;;WUS ner~y res~rves 

1 ,....- 1 

co~ld'drive uptake, but addition of an exogenous electran n9r such as 
, , , \ 

D-galactose stimulated transport even furt~~ (Drapeau and Ma Leod, 
. , 

1963). Anaerobiosis and the metabo~ic inhibitors KCN and dinit phénol 
,.( \ ' 

inhibited AIB uptake (Drape~ù'ê't ~., 1966;,Sprott and MaeLeod, '19' ).' ><.: 

. If- " "-
-E-nergy-must be expended in (}fde to c~ncent\rate a substrate âgainst ~,s. ~ " 

. ' ~ 
gradient, and cells of A, halopl ktis were shawn to acc~mulate"AIB ta 

an ,intracellular conc~n~r;ti"" of 00 mM from an j,nitial e~tracellular.·:. ~ 
concentration of-100 uM (Wong et~. 1969). Sprott af\~ MacLeod ,,(.1972) '~l 

,« ~i, 1 

reported that the transport of AIB and anfne, into membrane vesicles- , , ~ 

. could be energized by the oxidation of'the ~enous electron do~ors NADH ' 1 

~ ~~cotinamide 'adeni"ne din~Cleotide) ~and'àscorb~te-re'duced"jTMPD' , 

, . 

'~ ( 

(N, N, N', NI - tetramethyl - p - phenylenediamin~ d droch1oride). 

Cells, ef A. haloplanktis can a1so oxidize ethanol and use' as an energy : 

s~urèe fO~ tr.anspo;t(spr~tt ~ndMacLeOd. 1974).. 1 ~'.~ 
<\ '\. • 

Thompson and MacLeod (1,97.1) proposed a mode 1 exp 1 ai ni ng the', 1 

effect f Na + on ttansport which 'was based on the dbservation th'at Na + '\ ',. 1 
decreases t . ~ for ~'~ta~e (W~n9 et ~.. 1969). Na + wou 1 d i ncrease . \ 

the.affinityof he carrier'for its substrate, and the ternary complex' l 

would be translocat d to the inner face ,o'f the cytop1asmic mémbr-ane where 

the substrate would be' eleased in response to a ~eduction in affinity 

Qf the" carrier for its sUD trate •. Further experiments seemed to discount 

-the possibility that a Na+ or + gradient ~as the driving force for --------------
transport (Thompson and MàcLeod, 973). /!t was estimated that the 

.." 

intracellular Na+ and K+ concentr~tjons in A. haloplanktis were 90 mM 

('" ------------. 
~ 

, 
------ ,/ 
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and 440 mM respective1y. Uptake of AIS was not inhibited, however, wnen . 
t,he ion gradients ,we~e, s~ppOSed1Y e1iminate~ by suspeoding the Cills in a 

buffer containing 90 mM Na+ and 440 mM K+. Studies on the ability of 

e1ectron donors to stimulate transport (Sprott and Macleod, 1974; Thompson 

and Macleod, 1974) indicated tha~ perh~ps energy'coupling cou1d be 

" . 'exp1airrêCJ-..by Kaback's theorx (Kaback and Barnes, 1971) that transpC!rt 

carriers were redox proteins energized by the movement of electrons 

through the respiratory chain. 
... 

In 1971, Stock ànd Roseman presented evidence for a 'Na+-sugaf 
~ 

cotransport system in Salmonella typhimurium. ~fforts at showing a 
6 

. 1 .-
simi1ar mechanism in ~. ha10planktis were unsuccessful (Sprott et ~., 

1975) since 22Na+ cou1d not be'det~cted in the ce11s. This s~ggested 
~ , 

that the organism actively'excludeJtthe ion and that perhaps.the intra-

cellular ~a+ concentration was n~gligib1e. 'Reçent investigations have 
1\ ~ 

provided ':Jidence favoring a~ chemiosmotic interpret'at~on o~_.energy 

coupling in~. ha10p1anktis. Ce11ular'respiration establishes an 

o·~ in~ardlY directed transmembrane proton gradient, and a~]a~ - H+ antiporter 
,1 

. , f 
catalyzes an e1ectroneutral exchange of protons for Na . ions (Ni ven and 

'" "+ . Macleod, 1978). The Na gradient can drive AIB uptake via a symport </; 

mechanism (Niven and -Macleod, 1980) .. 

c. Respirati?n 'J.' 
'+ An effect of NQ on bac erial respiratidn was first observed 

by Kod~ma and Taniguchi (1976) in ttleir studies on Pseudomonas stutzeri,. 

Although cells respired in the absence of Na+ and K+, addition Of K+ 

o 

, \ 

.. 
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\ 
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stimulated oxygen uptake slightly. Addition of Na+ ~oubled the rate of' 

respiration, but oQly in the presence of K+. 

Membrane preparations of the "marine bacterium Vibrio 

alginolyticus and the ~a1ophile Vibrio costicolus, were su~seqijently 
. ' + 

reported to require 300 mM and 500'~M Na respectively for maximum ~ADH , 
, ]' 

oxidase activity (Unemoto et al., 1977). Neither Li+, K+, Rb+, Cs+, 
- - " " +2 +2 '+, + +2 Mg nor Ca was able ta replace Na , although K and Mg appeared to , . 

cooperate with Na+, Recent studies on y. alginolyticus· have led the 
c +. 1 

authors to conclude that Na exerts lt$'effect at the step of NADH: 

quinone oxidoreductase (Unemoto and Hayashi, 1979a), 

In Photobacterium phosphoreum, Na+ stimulated axidation of 
" 

NADH by acting at a point between 'NADH and cytochrome~ in the electron 

transfer system (Watanabe et ~., 1977). Bath Na+ and ~+ were shown ta 

increase the affinity of NADH dehydrogenase for its substrate (rmagawa 

and Nakamura, 1978). 

Recent investigations have estaplished that Na+ inf1uence~t~ 

respiratory activity of 12. haloplanktis (G. Khan"na, M.Sc. thesis, '1980). 

Two separate NADH dehydrogenase activities wére detected. The external 

enzymeowas unaffected by Na+, but the internal enzyme required 100 mM 

Na+ for maximal activity. rte seemed 'paradoxica1 that cells which actiV~y 

exclude Na+ should have an internal enzyme with a high Na+ requirement. 

It was suggest~d that perhaps this is a control mechanTsm for keeping Na+ 

out of the ce1ls. If Na~ were ta flood the cells, respiration wou1d be 

o 

1 , \ 
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stimulated thus resulting in increased proton extrusion. Na+ woulë 

then be pumped out by the~Na+ - H+ antip'ort • 

14 

~~------

--------­The oxidation of ethanol by an external alcohol dehydrogenase 
7 1 

peaked at 2 mM Na +. whereas the i~tracell uOlar activity was highest at 
, , 

50 mM Na+ and required the presence of NAO+. Oxidation of ethanol would 

presumably generate NADH which in turn would be a source of reducing 
" 

~ power for the respiratory chaîn: Oxidati on of ascorbate-reduced TMPD 
+ \ + ' 0 

requ i red 5 mM Na. Si nce 250 mM Na was requ i red for a .max i mum ra te of 

transport of AiB, these results indicated that there is a Na+ requirement 

foor transport which exceeds that for respiratien. 

+ The effect of Na 0!1, en~ogenous respiration was less clear. çf\ 

there was little variation in oxygen uptake between. 
~----=-----

o and the rate doubled over the 

same range of Na+ concentrations. 
<. 

, 

d. Retention of intracellular solutes and ~c 'effeèts 
~ 

Na+ has been shown to be required for the ret~ntion~f'intra­
cellular solu~es by ~. hall)fllanktis. 0 Cells preloaded with l'4C_AIB in --------.,~--< 

1 

1 

~ ____ __........_____ __ t 

, + A • -

the' presence of Na lost most of t,~e labèl:.when t_)were resuspended in 

a N/-freë salts solution ,çontaining enough Mg+2 to prevent lysis 

(Drapeau and Macleod., 1965; Wong et a 10
., 1969). No AI B was los t wh en the 

cells were resuspended in a buffer containing Na+. 'li+, and to a lesser 

~~(ent K+, were part1ally effective in preventing thè release'of AIB. 

Wong et~. (1969) discovered that there was a decrease in the viability 

" 1 

.. 
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of the ce11s which was proportiona1 to the amount of AIB 10st. This 

effect may be a long-term consequence attributable to the loss of othèr­

essentia1 intracellular solutes such as' K+. .. 

+ Sorne of the ear1y studies on A. ha10p1anktis suggested that Na 
~ ., 

( 

~"'-~ does not exert_ an' osrnotic effect ~ls of this organisrn. Takacs et ~. 
~ ~ " -------

\ 

'à,r­
\ 

~-- (1%4) showed that Na+ apparent1y equilibrated across the cytop1asmic 

~~Different ions .lso varied considerably in their ability to 

protect cel~s. Mg+2 was effective in preventing 1ysis at 

1/10 to 1/100 of the concent~ of monovalent cations needed for 

protection (MacL~od and Matula, 1962). Among mon~va'lent cations, K+ and , , 

+ ' + + NH4 were only half as effective as Na and Li . These resu1ts indicated 

that the ability of salts to protect against lysis was not due to their 
.'" 

osmotic action, since if that was the case, it would be expected that 

isomolar concentrations of the various ions would be equally effective. 
+2 Mg has since been postulated to strengthen the ce1l wall by cross-

. 
linking the side çhains of peptidoglycan (Rayman and. Macleod, 1975). 

Other evidenGe indicates that ions rnay contribute to the maintenance of 
" 

cel1 wall integrity in othe! ways. At low salt concentrations, isolated 

cell envelopes re1eased a non-dialyzable electronegative comp1~x of lipid, 

protein and carbohydrate (Buckmire and Macleod, 1965). It was postulated 

that catiol~~tgcted the cell against lysis by screening the negative 
<> ---- -

charges in the ce 11 wall. Subsequent studies showed that the vari oU? cell 

enve'lope layers can be removed by mu1tip1èwàshings in 0.5 M sucrose 
+ (Forsberg et al:, 1910). Na was two ta three times mare effective than 

----------- - - -

K+ in protecting wholë-'~Its--i om being lysed by Tri t~n-X-100 detergent; 

however neither ion was ab1; to :pr~ect mur:i.nOPlaS~~toP1asts 

o 
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(Unemoto and ,Macleod, 1975). 

It is now known that cel1s of ~. haloplanktis active1y e~c1ude . 
Na+ from the cytoplasm (?prott and Macleod" 1975; NfVèn and Macleod, 

1978). The osmotic effect of extrace11ular solutes was clarified in a 

recent study which showep that ions differ in their abil ities to' penetrate 

the cytop1asmic membrane (Macleod et AL., 1978). If the intracellular 

osmotic pressure is too great relative to the external pressure, the 

ce" wi,ll swell and low mo1ecu1ar weight soijltes could be expected to 

escape through the dilated pores in the stretched cytoplasmic memb~ane. 

At equiosmolal concentrations, Na+, Li+, Mg+2 and sucrose were more 

effective than K+, Cs+ and Rb+ in preventing the 10ss of 14C_AIB that 

had been previous1y accumulated by'cells in the presence of Na+. This 
-~, +' + + 

'phenomenon is best explained by the fact that K , Cs , and Rb have 

smaller hydrated radii than ~a+, Lit and Mg+2. Ions of the former group 
• 

would be able to penetrate a stretched cytoplasmic membrane more readily 
• 0 

than those of the latter group, and wou1d therefore be less capable of 

providing .o~mb~support for th~ cell. Consequently, higher c~ncen-, . , 

trations of small ions than large ions are requirèd ta achieve the same 

level 'of osmotic pr9tectian. If there is a sufficient difference between 
, 

the internal and external osmotic pressures, ions with small hydrated 

, rad; i wi 11 penetrate the stretched membrane better than those with 1 ar~e '. hydrated radii, and will theref0ré no longer be effective as osmotic 

solutes. 

+ • It was observed that AIS uptake increased as the Na ooncentration 

" 
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in the mëdiùm increased to 300 mM.· At suboptimal Nat concentrations, 

additron of liCl or sucrase incfeased the steady state level of AIB take~ 

up. -As an intracellular solute, accumulated AIB will contribute to the;" 

inter~al osmotic pressure. 0 ~xternal solutes such as'. l f+' or sucrose • 

presumably act as a balance to this internal pressure and therefore al10w 

more AIS to be transported before a steady state is'"achieyecf where uptake 

is ba1anced by leak~ge through the di1ated pores of the ce11 membrane 

"\ - (Macleod et~ .• 1978). These results a1so demonstrated that the .osmotic 
• 1:') , • 

action of cert~in cations can protect against cell lysis. If swelling 

precedes'lysis, larger ions such as Nat or lit will prevent lysis at 
+ + lower concentrations than K or NH4 (Macleod et ~., 1978), 

Hayasaka and Mo~ita (1979) have reported that a marine Vibrio 

ha~ a non-specifie solute requi~m~nt for growth and transport. -Their 

results can be interpreted as being due to the osmotic action of ions as 

described by Macleod et~. (1978). 'At Nat levels subopwma1 for growth, 

the addition of Kt or Mgt2 was equal1y as effective in promoting growth 

as was thé addition of Na+, The organism has a galactose transport system 

that can be.induced by galactose~ fucose or TMG, ~t only in the pr~sence 
+ ~ of Na, Cells inta medium containing 110 ~M Nai',cou1d not be 'ïnduced to 

take up TMG. Additior of 330 mM Na: allowed induction to occur, as did 

addition of 330 -mM Kt or Mg +2, although these latter ions were less ' 

effective than Nat, The abiJity of lnduced cells to transport TMG, was 

also inf1uenced by the concentration of ~olutes in the assay medium. < 

Cel1s suspended in a l10'mM Nat salts solution took up TMG, however 

~addition of 110 mM Mgt2 , Kt, Na+ or lit increased the amount of substrate 
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• . \ 

transported by 75 to 150 perèent.' Th~authors concluded that the non-.. 
specifie solute requirement has a major influence on the physio1ogy of , .'-

, j 

this organism. ' This requirement is defined as the additiona1 solute 

needed to promote optimal growth and cel1ula'r funetion after al) sRec;fic 

ion deficiencies have been satisfied. The existence of such non-specifie 

solute requirements for the growth of marine bacteria has previous1y been 
~ , 

a11uded to by other authors (Pratt and Austin, 1963; Drapeau et !l., 1966; 

Morishita and Takada, 1976). 

3. Transport in non-marine bâ,eteria 
+ -

Na has long been 'known to play an important ro1e in eucaryotic 

membrane transport (Crane, 1965; Schultz and Curran, 1970). It is on1y 

in the-last decade, however, that the. influence of Na+ on transport and 

membrane-re1ated energy metabolism in many procaryotic systems has been 
~ . 

, 
c1early elucidated (Lanyi, 1979). 

'""-
Na + affects the uptake of substrates in a wide variety of 

ba,cteria (Table 1), however many of the ,organisms 1 isted here-do not have 

an absolute Na+ requirement for growth. - Sorne of the transport systems 

are Na+-dependent, whereas othèrs are me'rely stimulated by the ion. In 
'\ 

this latter group, it has been occasiona11y found that there are multiple 
, ' . 

uptake systems for a given substrate, on1y o~e of which is Na+-dependent. 

Three glutamat~ transport systems have been reso1ved in E. co'li, but on1y - ""- . 
one requires Na+ (Miner and Frank, 1974; Schellen'berg and.Furlong, 1977),. 

Two uptake systems were found for leucine in Pseudomonas aeruginosa~ 

(Hoshino, 1979) and for glutamate in Bacil1us· subtilis (Kusaka and Kanai, 

4-
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TABLE l.a Effects of Na+ on transport in non-marine bacteria 

Organis~ 

Escherichia coli 

Escherichia coli 

Escherichia coli 

Escherichia ooli 

Escherichia coli 

Escherichia coli 

. 
Substrate 

Glutamate 

Glutamate 

Succinate 

TMG 

Melibiose 

K+ 

Salmonella typhimurium TMG 

Salmonella typhimurium TMG 

Salmonella typhimuriùm Melibiose 

Alkalophilic Bacillus 

Alkalophi1ic Bacillus 

Alka10philic Bacillus 

Alkalophilic Bacillus 

AIS 

Glucose 

AIS 

Serine 

.. 

Effect of Cations 

,Na + stimul ates 

", N + L'+ t' T t a, 1 s lmu i! es 

N + L'+ . d a or 1 requlre 

Na+ stimulates 

Na+ stimulates­
TrKA system, 
Na+ or 'Li+ stimulates 
Kdp system < 

Na+ required 

N + L'+ . d a or 1 requlre 
" 

N + L'+ . d a or 1 requlre 
+ ' 

Na requi~d 

Na+ stimu1ates 

Na,+ requ i red 

, "'-. + 
Effect of Na 
on Kinetics 

K decreases m 

~ decrease!i 

<Km decreases 

~ decreases 

K decreases' 
m l 

r 

. 
~ .. 

Reference 
'-

"-
Frank-and Hopkins (1969) 

Ha l pern et ''al ~~. (1973) 

.RaYman et~. (1972). 

Lopilato et al.' (l978) 
Tsuchiya et al., (f977) 

Tanaka et~. (1980) 

~orensen and Rosen (1980) 

Stock and Roseman (1971) 

Tokuda and Kaback (1977) ~, 

Niiya et~. (1980) 
~ . 

Koyama ~!l. (1976) 

Koyama et·~. (1976) 

Kitada and Horikoshi (1977,1980a) 

Kitada and Horikoshi (1980b) ~ 

" 
• 

, 
• 
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,) 
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TABIiR l.b 
J '\~ 

Organism 

Halobacterium halobium 

Malobacterium salinarium 

Moderate halopbile 

-Pseudomonas aeruginosa 

, Bacillus 1 icheniformis 

Brevibacterium flavum 
<il> 

Micrococcus glutamicus 

Aerobacter c10acae 

Serratia marcescens 

MycoDpcterium phlei 

~ 

-_._.- ---

<> 

"Substrate 

All amino 
acids 

Glutamate 

Praline 

leucine 
Threonine 

Glutamate 

Threonine, 
serine 

Threonine 

Threonine 

Threonine 

Proline 

q 

Effect of Catibns 
" + 
Na required 

Na+ required 

Na+ stimulates 

Na! "stimul~tes 
Na st·imulates 

'~, 

Na+ or Li+ stimulates 

Na+ or Li+ stimulates 

Na+ stiinulates 

Na! stimulates 

Na+ stimulates 

N + l·+ . de a..so or l requlre' 

4 

.,..-.. 

- " + Effect of "Na 
on Kinetics 

Vmax increases 

~ 

Km decreases 

Vmax increases 

q, 
~ 

CIl 

,.-. 

Je 

Reference 

MacDonald"and Lanyi b1975) 
Lanyi et al. (1976a.b) 
MacDonaTdet al. (-1 977a) 

Stevenson (1966) 

Peleg et!l. (1980) 

Hoshino and Kageyama (1979) 
Shiio et~. (1973) 

Macleod et~. (1973) 

Shiio et al. (1973) 

- l 

Shiio et al. (1973) 

Shiio et q1. (1973) 

Shiio et al. (1973) 

• 

Hirata et~. (1974) 

N 
o 
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TABLE l.c 

Organisrn 

, Micrococcus lysodefkticus 

Pseudomonas stutzeri 
... 

Bacillus subtilis 

Ectothiorhodospira 
T ~ 

. shaposhnikovii 

11 

f 

.. 

.. -

JI 

Substrate 

Succinate 
Glu'tose,valine 

+ 
K , ~ 
Glutamate 

Glutamate 

Succinate 
Malate 
Fumarate 

... 

,. 
" 

Effect of Cations 

N + LO+ 0 d a or l requ~re 

Na + 'stimul ates 

- Na + required-

Na + stimul ates' 

Na+ required 

--

" '-., 
) 

c> 

aimrrrnr ms T PM"~ NP 72'rUWa. 1'($ttPC_' 011 ..... • ......... ·--.---.......... 

. + 
Effect of Na 

OD Kinetics 

~ decreases 

Km decreases 

(1 

~ 

R~ference 

Ariel and Grossowicz (1974) , 

Kodama and Taniguchi (1977) 

Kusaka"and Kanai (1979) 
. 

.' , 

Karzanov and Ivanovsky (1980) 

'..4 
" ·f 

r.> ....... 
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1979), but in both cases only ohe system actually depe'nded on Nat for its 

activity. 

bit has been reported to stimulate tr~nsport in many"cases. In 
r'" • 

I.' coli, 'Lit was stimulatory, but less eff~ive than Na+ for succinate 

uptake (Rayrnan et ~., 197~) and for K+ transport via the Kdp system 

(sorenSen~nd Rosen" 1980). Sim; lar effects have been observed in studies 

on Mycobacterium phlei (Hirata et ~., 1974), Bacillus 1 icheniformis 

(Macleod et ~., 1973), Brevibacterium flavum (Shiio et ~., ;1973) and 

Micrococcus lysodeikt;~us (Ariel and Grossowicz, ,'974). L;+. was more 

effec~'ive than N/ in stimulating the uptake of melibiose and TMG 

(thiomethyl-B-D-galactopyranoside) by Salmonella typhimur;um (Niiya et ~., 

1980; Tokuda and Kaback, 1977). Li+ promoted TMG uptake better than Na+ 

in f. cQl i (Tsuchiya et ~., 1977) but inhitl'ited mel ibiase transport 
, 

(Tanaka et ~~, 1980). Praline uptake into l. coli was stimu1ated by 

~Li+ but not by Na+ (Kayama-Gonda and Kawasaki, 1979). 

'In an effort to de'termine ,he mechanism of Na + -dependent - .. 
transport, many.researchers examined the kinetics of uptake, and in most 

~~ses found that Nat~decreased ~he ~ (Table 1) w;tho~t affecting Vmax ' 

Na+ in;reased V~a~ Wi~ut affecting Km in Halobacterium halobium (.lanyi 
, ) 

et'!!., 1976a,b) and,Mycobacter.ium phlei (Hirata et~., 1974). Thompson 

and Macleod (1971) theorizëd that-Na+ acts a,s a,cofactor whith increases 

the affinity of a carrier for its substrate. and other workers toncluded 

that thts model 'best explaineQ their results (Ariel and Grossowicz, 1974; 

Kahane- et aL, J 975) • ~.tock and. Roseman (19Z1) reported that 22Na + was 

1 • 
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.. 
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cotransported with TMG into ce 11 s of ~ .. typhimurium, but attempts at , 

Qemonstrating a similar effect in A. haloplanktis (Sprott and Macleod, ,. 

1975) and E. col i (Kahane et al., 1975) were unsuccessfu1. These latter , - -- -- -.~ 

results did not disprove the existence of a Na+-substratè symporter hawever, 

since catransp'ort would be difficult ta detect if the Na+ were pumped out 

as quickly as i't entered the cells. An efficient Na + pump wou1d be 

required for maintenance of a Na+ gradient if this was to be used as the 

d~iying force for transport., 

The chemiosmotic hypothesi's (Mitchell, 1966; 1973) has recently 

ga î ned acceptance because of i ts abil ity to exp lai Ar- many experimenta l 

observations related to energy coupling and membraRe transport. This 

theary suggests that protons are autwar91y translocated across'the 

cytoplasmic membrane by respiration, hydrolysis of ATP or by lig~t­

energized bacteriorhodopsin aétivity. Energy is therefore stared in the 

form of a transmembrane electrochemical ~ or p~~t.~n motive 

force (pmf), which conslsts of two parts: an inwardly directed proton . -~ 

gradient and an interior-negat~ve mem1trane potential. The movement of 

protons down their concentration gradient can be directed through a 
J 

membrane-bound ATPase"in order to synthesize ATP, or can drive, the uptake 

of a met'abolite into the cell against its concentration gradient (i .e. , 

active transport). A1though proton circulation appears to be the primary 

form of membrane-l inked energy conservation and transmission in bacte'ria, 

< recent di s~overies have il1ustrated tOhe importan~e of Na + g~adie-nts i~ 
e~ergy coupling. A proton gradient can be converted into a Na+ gradient 

by means ~f a Na+-H+ antiporter. A low intracellular Na+ concentration 

'f 

, . 

1 
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is thus maintained by the exchange 0 extracellular protons for intra­

cellular Na+ iODs. 
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Na+-H+ antiport activity has been demonstrated in E. coli (West . ~ --, ---
.and Mitchell,. 1974), .!i. halob.ium (Lanyi and MacDonald, 1976), ~. -typhi-

, . 
"muriuml(Tokuda and Kaback, 1977), ~. haloplanktis "Niven and Macleod, 

1978), Azotobacter vinelandii (Bhattaçharyya and Barnes, 1978r and in an l' 
Q , 

alkalophilic Bacillus (Guffanti et al., 1980; Ando et al., 1980). Harold 
- - -----< 

and Papineau (1972) reported the existence of a Na+-H+ antiporter in C 

Streptococcus faeca1is, but recent eviôence suggests that,under certain' 
'" 

conditions ,the Na+ pump may be energized by an ATP-ltnked "procéss"THeef;~~ 
.... ---_ .... _-_ ................... .. 

and Harol d, 19BO). o the proton pump bactet:'io,rhodopsin,,' 

s have reéently detected a second light-energized ion pump in 

H. ha1obium. This p;gmen~Called halorhodopsin, translocates Na+'out 

of the cel1, however the primary Na+ circulation appears to be cata1yzed 
• 

by the Na+-H+ antiporter (lindley and Macqonald, 1979). 
.. ' 

It has new,been show~ in severa1 bacterip that a Na+ gradient 
, 

can drive the uptake df nutrients into cells. MacDonald and Lanyi (1975) 

demonstrated that,in the presence of an artificialQNa~ gradien~, leucine 

was taken up into vesicles of ~. halobium even though the pmf had been 

abo1ished by an uncoup1er. Inhibitors of ATP and respiration had no 

effect, but transport was inhibited by the Na+ ionophores gra~icidin and 

monensin. Vesic~es with an o~twardly~directed.Na+ graqient did not take 

" 

1 , 

l 
\ 

up glutamate. unti 1, the Na + gradi~nt wa's reversed by ~he activit~ __ -- -------~ -

~a + -H+ antipor~er (Lanyi et!!..., 1976a). Evidence has iilsb--been presente 

.1 
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for the existence of Na+-substrate symporters in~. coli (Hasan and 

Tsuchiya, 1977; MacDonald et aL, 1977b; lopilato et al'., H78), 
J -- --. ____ 

S. typhimurium (Tokuda and Kaback, 1977; Van, Thienen et ~.; 1978), 

P. aeruginosa (Hoshino and Kageyama, 1979), ~. subti1is (Kusaka and 
'. 
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Kanai, 1979), ~. halop1anktis (Nivén and Macleod, 1980) and E. s'haposh-

nikovii (Karzanov and Ivanovsky, 1980). 

4. ractica1 

'It has be€n suggested that since 1ife probably began in the 

._ .. sea.,..the. Na--:: ·depèndence··of·rtïârine bact,eria may have al so been a chârac-
" <> ) 

teristic of these origina.1 C?,rganisms. Perhaps marine bacteria were the 

conmon link between two divergent 1ines of evo1ution: salt-tolerant . 

halophiles and terrestrial bactèria lacking a Na+ requirement (Macleod 

and Onofrey, 1957). Na+-depend~nt transport in a terrestrial bacterium 

may be a vestigiaJ 'remainder f,ro~ a Na+-~quiring ancest~cLeod, 
1980). Other authors have proposed that N/ -st imulated transpo.rt in 

.... , 

~. coli 'may indicate an evolutionary step towards acquiring Na+-dependerce . 

(Niiya et al., 1980). Such theories are merely speculative, however, -'- . ' 

since little is known abeut the evoluUon of prokaryotes. ,Recent studies 

~ of bacterial phy10geny based on rRNA sequencing indicate that the 

.arc~aebacter~a (e.g. Halobacteria) and eubacteria diverged ear1y in the 

evolutiona~y process (Fox et !l., 1980): It is net inconceivable that 

Na+-dependence could have arisen independ~nt1y several times. 

--;;------ • 'Î" + .' 
Macleod (1965) has suggested that the Na requirement of marine 

bacteria is re1~ed to their abil;t~ tO'survive and grow in the sea. 
t.' 
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("'" 
, '-

Wilson and Ma1oney- (1976) have speculated that an "ATP"-driven p,roton 
·~ . 

pump,was a feature of primitive cell s" Osmoregul ation could be .. • 
, \ 

facil itated by c~up1 ing a Na + pu~p to th t' circu~ati9n of, protons. Energy 
\ ' ", , ' 

stored in these transmembrane ion gradient~~u~d be u~ed to dri~e \ 

energy-requiri ng processes such as the uptake 0,( nutrients. -
~ 

~, 

-----~ 
Skulaehev (1978) has observed that conversion of a proton '----+---

" 

+ . ~ 

Na gradient may be advantageous to ~a-'""'-t-l---u~nlS 
f 

incre'~ses the eapacity of the ransmembrane energy reservoir. The size (Ç 

--~-. ~ 
~ -------

4 

'---~--__ --.J;Qf a pH gradient that a cell cân estab1 ish is 1 imited by the Reed, to 
" -

( 

o lIJaintain 'a suitab1e cytop1asmiCj)f1.-Proton transloçation resu1ts ln .. 
alkalinization of the cytop1asm, however this obstacle c~n be overcome 

without 'affecting the membrane potential by exchanging Na+ jans fa; 
, . 

protons. Brey et al. (1978. 1980) have taken the opposite approach by -- ' , 
suggesting that,maintenance of an optimal pH is the primary function of 

Na+-H+ anti~ort activity. A mutant a1kalophilic Bacillus 1acking the 
~ " 

, ~ - " r 

antiporter 10st its abi1ity to grow in an extremely a1ka1ine medium 

(Krulwich- et ~'" 1979). These resul fsuggest that in ~hi; organi sm 

the antiporter is responsib1e for maintaining an acidic cytop1asm 

relative to the alka1ine. en~ironment. A finayconslderation, is that cel1s 
, ~ . 

must maintain int~acellular ionic cohditions that are compatib]e with 

v~rious metabo1ic proeesses. ~rotein, synthesis in the halobacteria 

requires K+ anà is inhibited by Na: (Lanyi, 1974; 19~). Na+ was a1so 
~ , 

shown to inhibit th~oxidation of earboxll ie acids by cell-free extracts 
'- ~ 

of, A. ha1op1anktis (Macleod et !l., 1958). 
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MATERIAlS AND METHODS 
" 

, \ 
:,Organi sms--::::::::~ 

---- ::::;::::::::== 
- .,.J 

, 
A1teromonas halop1anktis, strain 214, variant 3, former,ly known 

as marine pseudomonad B-16 (ATtG 19855), was maintained ,at 4°C by monthly 

transfers on slants of complex medium containing 0.8% (wt/vo1) nutrient ------- ----- , -
broth, 0.5% (wt/vôl) yeast extract, 30'0 mM NaC1, 26 mM MgS04, 10 mM kC! 

antl 1.5% (wt/vol) agar,. 

o 

Vibriq fischeri, previously known as Photobacterium fischer; 

(Baumann et al.·, 1981), was the sàme organism ~sed by Dra~eau et al. (1966) -- "'- --
and is kept in the culture collection (MAC 401) of this Department. 

1 ~~ 

Cultures were maintained at 200 e by bimonthly transfers on slants consisting 

of·O.8~ (wt/vol) nutrien~ broth, 0.1% (wt/vol) yeast extract, 3.0% (wtjvol) 
~ 

NaCl, 0.3%, (wt/v?l) glycerol and 1.5% !wt/vol) agar (Srivastava and 

Macleod, 1971). 

Growth~nditions ~--
===­.. ) 

A1teromonas ha10planktis was grown in the same medium as used 

/ 

for culture maintenance except that the agar was omitted a~d the pH was 

adjusted ta 7.2 with KOH. This medium was supplemented with 0.5% (wt/vol) 

citrate, sUfnate, L-mal~te or' D-galactos~.'"·to obtain cells for use in 

transport studi~s of these substrates (MacLeod et ~., ·1958). 

, 
Ten ml of medium contained in a 50 ml Erlenmeyer flask was 

. ~ . 
inocu1ated from ,an agar slant and fncubated at .2~OC for ,ty four hours 

~~~,iI ~ \ 

,.... ~". 
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r 
o~ a gyrotory shaker (200 rpm). A 2.5 ml portion of this starter ,culture 

t-, • ,1 .. 

was transferred to 250 ml of medium in a 2 l flask and incubated for 

sixteen hour's under thet;ame"condi~ions as the starter. ~t"""sixteen hours; 

the culture pH was 7.8 ta 8.0 (7.0 for galactose-i~duced ce11s) and the 

cells were in the stationary phase, of growth. 

Vibrio fischeri was grown in a medium containing 100 mM NaCl, 

10 mM KP, 2.5 mM MgS04J 5.5 mM N~4Cl, 0.5 mM ÇaC1 2, 100 mM tris(hydroxy­

methyl )aminomethane (Td's) .buffer, 0.5% (wt/vol) yeast extra ct and 0.3% 

(wt/vol) glycerol. The pH was adjusted to 7.5 with Hel (Srivastava and 

Macleod, 1971). The growth conditions were the same as those used for 

~. haloplanktis except that the incubation times were only twelve hours. 

The pH of a twelve hour stationary phase culture was 7.6. 

,":' 0.. .. 

.. Prepara tt:IjP of ce 11 s 

( Twenty five ml portions ~of stationary P~>~ cèll s were harvested 

by centrifugation at 40,000 x 9 (4°C) for ten m,inutes ànd washed three . t 

~times with 25 ml volumes of complete salts-tris (CST) bu~fers. These 

complete ,sa lts solutions contained 50 mM tris(hydroxymethyl )aminomethane, 

.50 mM ,MgS04, ,9 mM KG!, l mM KH2P04 (omitted from 32Pi experiments) and 
() , a 

combinations of tholine chloride, NaCl, Kt1 or liel totalling 300 mM, as 

required for the different experimental conditions. The pH was adjusted 

to,7.2;with HGl. The final volume of each stock of washed cells was 4 ml 

and th~se were stored in crushed ice. 

(j., 

Determination of cell dry weights~ 

Aliquots frqm each stock of cells were diluted 50 to 200 times 

,. 
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with the same complete salts solution used in the washin9èprocedure. The 
r 

optical density of a 'suitably diluted sample cell suspension was measured' 

at 660 nm on a Gilford 300-N microsample spectrophotometer. The dry weight 

of cells in the suspension was determined by referring to a previously 
. 

calibrated curve relating optical density to dry weight. An optical 

density of 0.260 was equivalent to 100 ug dry wt/ml of cells of ~. halo­

planktis Or 94 ug dry wt/ml of cells of~. fischeri. For transPQrt studies, 

the densities of stock cell suspensiuns were adjusted with the appropriate 

complete salts solutions so that a 1/50 djlution gave 100 ug dry wt of 

cells/ml. 

Measurement of transport 

a. 14C-labelled substrates 

Stock cell suspensions were diluted with the appropriate complete 

salts solutions and preincubated fo 

~th shaker (250 rpm). Aliquots of the suspensions were'then transferred . . 
to ,a reaction chamber maintained at 25°C by circulating water. The susp~-

, 
sions were constantly aerated by a magnetically stirred Teflon-coated bar. 

; Chloramphenicol (100 ug/ml)'was included for amino acid uptake experiments. 
n 

Ethanol (25 mM) was provided as an exogenous electron donor for ~. halo­

planktis one minute before addition of the 14C-labelled substrate. Aftèr 

all ,addit)ons, the final reaction volume was 3.5 ml, and contained approx­

imately 100 ug dry wt of cell s/ml. 

In all cases, the'final conçentration of the L_(14C(U)) - amine 

acids and a-(l _\ll,1C) ilminoisobutyric acid was 200 :M, while that of , 

\ 
\ 

-\ 
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L_(14C(U)) - malic aciü was 100 uM. The final concentration of D_(14C{U))_ 

galactose, D_(14C(U)) - glucose, (1,5- 14C)-citric acid and {2,3_14C} -
l' 

succinic acid '~as 50 uM. ~he specifie activities are ind1cated in the ~ 

figure legends. 

After addition of the substrate,O.5 ml samples were removed at 

thirty second intervals and filtered through 0.45 u HA ~illipore filters. 

The cells retained on each fil ter were washed with 5 ml of the same com-

plete salts ,buffer used for washing and incubation. Control~ were done 

where 0.5 ml 'aliquots of the same reaction mixture containing no cells 

were filtered and washed as described above. ~ The counts on these control 
( . 

filters represented non-specifie binding of radioactivity ta the filters. 

The net uptake of radioactivity into th~ cells was therefore equal to the 

difference between the control counts and those obtained on the filters 

us~d ta fil ter the cell suspensions. 

Uptakes were measured for three minutes after addition of the 
... 

substrates. In those figures where uptakes are expressed as initial 

velocities (nmol/min/mg cell dry wt}t the values used were equivalent ta 

the amount of substrate accumulated by the cells at one minute. 

b. Phos pha te 

The method was the same as that used for 14C-labelled substrates 

-----with the following modifications. ' All complete' salts buffers used for 

washing of cells t incubation and rinsing were the same as previously , 

described except that 1 mM KH2P04 was~d. The membrane ~ilters 

1 , 
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(Amicon) were pretreated by bOiling in l mM K2HP04 (Grillo and Gibson, 

1979); this resulted in greatly reduced~Pi counts on the control filters. 

Th~ reaction mixtures were contained in 5p ml disposable polystyrene 

beakers (Fisher), and these were incubated at 25°C on a water bath shaker 

(250 rpm). 

Iporganic phosphate, in the form of K2H32p04, was added to a 

final concentratiotf of 25 uM and a specific activJty of-50 uCi/umol. All 

glassware was cleaned with ~ phosphate free detergent and concentrated acid • 

. 'The half li'fe ~f the 32p i received from New England Nuclear was checked 
1 

by counting the radioactivity in a set of standard vials at twenty four 

hour intervals. 

Intracel1ular volumes 

A value of 1.6 ul/mg dry wt of ce11s was used to calculate the 

intracel1u1ar metabolite concentrations in A. haloplanktis (Thompson and 

Macleod, 1973).-

The intracellular volume of '!...: fischeri was determined by 

measuri~g the extracellular fluid volume of a paçke~ cellprepatation. 

Fifty ml Erlenmeyer flasks, containing 12 ml of washed cells~(11-14 mg ce11 . . 
dry wt/ml) in CST - 3Q~ mM NaCl and 3 mM 14C~(U)-sucrose (specific activity 

/ 

, of 0.033 uCi/umo1), were incubated at 25°C for fifteen lI1inutes on a water 

ba th sha ker (ThompGon and Macleod., 1973). Ten ml volumes were transferred 

to preweighed ultracentrifuge tubes and the-cells spun dow~r fort y five 

minutes at 5'0,000 x 9 '(4°C) in a Beckman L5-65 u1tracentrifuge (Buckmire 

f • 
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1 
and MacLeod~ 1970) .. The supernatants (S1) were poured off and the tubes· 

plus p~llets were weighed. Jhe cells were resuspended in eST-300 mM NaCl 

(final volùme 10 ml) but the ~4C-sucrose was omitted. The ce11s were spun 

down as before and the supernatants (S2) were recovered. The volumes of 
• 

extrace1lular fluid trapped in the first pellets were determined by com-
" 

parin,9 the radioactivity per unit vol~me of Sl to that of S2, as described 

by Buckmire and Macleod (1970). The total available fluid space in a ;. 

pellet was e~ tO the difference between the weight of the packed wet; 

pellet an~the total dry weight of cells in the pellet. 1 

• 
The dry weight of cells was determ;n~d Dy adding 3 ml of eST-

300 mM NaCl, or 3 ml al i quots of the same ~e 11 suspens ions used abov~,~. to 

acid cleaned 10 ml beakers that had been previously dried to constant 

weight. The solutions were dried at 800 e until constant weight ~as 
o 

achieved on three consecutive days. The residues in the beakers were 

ashed at 50QoC f.or twenty four hours and. the constant weights were deter­

mined as abovel The dry weight ~f .cells was the difference between the 

weight of the preashed mat~rial; the weight of the ash and the weight of 

entrapped water logt from th~ compl~te salts'aliquots during ashing. 

(forsberg et al., 1970). 
- --

Extraction of intracellular substrate pools after transport 

a. 14c-1abelled substrates 

The procedure was similar to that us~d by Sprott and Macleod 

(1974). Transport was measured as previously described, except that the 

final reaction volume was 1.1 ml.! Each reaction mixture at each Na + 
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concentration was sampled twice (at 0.5 and 3 minutes) •. After filterin~ 

the samples and rinsing with 5 ml eST, each filter for each time and Na+ 

concentration was \transferred as quickly as possible to a separate cen-

trifuge tube containing 20'ml water and maintained at 900 e in a water bath. 

Each 'uptake experiment was repeated six times using cells from the same 

stock suspension. Th4S, a total of six filters with 300 ug dry weight of 

a~hering cells were co'lected at each Na+ concentration at 0.5 and 3 

minutes. The tubes containing 'the filters were incubated.at 90°C for 

twenty minutes after addition of the last fil ter and then were centrifuged 

for fifteen minutes at 40,000 x 9 (4°C). The supernata~ts were cD11ected. 

A further 20 ml of water was added to each tube containing the fi1ters, and 

these were heated for twenty ~inutes at 90 0 e and centrifuged as before. 

Each supernatant was pooled with its corresponding fraction from the first 

treatment, t~us giving a total of 40 ml ~f extract ~r each time and Na+ 

concentration. The extracts were freeze dried and each was resuspended in 
... 

1 ml water. If a more concentrated extract was needeq, these ml volumes 
: ~~ 1 t4 

were dried and resuspended hi 0:2 ml water. -

b. Extraction of 32p, 
1 

Intrac~llular 32Pi Rools were extracted by ~oaking individual 
" , 

filters,containing 50 ug dry wt of cells,for one ~ur in 2 ml of 5% (wt/vo1) 

\ trich10roacetic'add (DOC) (Wilkins, 1972; Grillo and Gibson, 1'979). 
~ 

Filters from contr~l rITns (no cel1s) were a1so extracted, as significant 

amounts of radioactivity'were recovered which had to be subtracted from 

the counts obtained from the oellu1ar extracts. The extracts were cen­

trifuged for fifteen minutes in a ~linical centrifuge (4,800 rpm) and 
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the supernata~ts were recovered for analysis • . 
. "j 

Analysis of cell extracts 

a. Thin,layer chromatography of amino acids ~ 

A mi'cropipette. was used to spot 5 ul of concentrated radioactive" 

extract on a thin layer plate (0.1 nrn cellulose. MN300). Ta facilitate 

detection, 1 ul of/a 50 mM solution of the a'."ino acid to be iso1ated (oC 

of any other reference amino acids desired) was a1so spotted. The spot 

w~s dried in a stream of. warm air. The methad of Jones and Heathcote (1966) 

was used ta ~eveJo~ the 'plates ani detect the isolated amine acids. The 

) first dimension sOl~ent (80 ml propan-2-o1! 20 ml wa1:.er and 4 ml formic acid) 

was run 12 to ~,cm fram the origin and the plates were then dried in a strea.m 

of warm air. The second dimension solvent (50 ml tertbutanol, 30 ml methyl 
\ 

ethyl ketone, 10 ml NH40H and l(Yml water) ran 12 to 13 cm and the plates 

were dried as before. The spots were detected by spPâying the plates with 

ninhydrin reagent (0.3 9 ninhydrin, 20 ml glacial acetic acid, 5 ml' 2, 4, 

6 - trimethylpyridine (!-eo-l-Hd-i-ne-)--and--75 ml-ethano-l-)-and--warming them in, 

a stream of hot air.' The spots were scraped into scintillation vials and 
~ , 

the fâdiaactivity was measured. See addendum for further information ofi 
~ 

this procedure. \ 

b. Thin layer chromatography of ci tric acid cycle compounds 

The plates were spotted as above, dried ln a stneam of cool air 

and developed 15 cm from the origin in bath dimensions using the method of 

Myers and HÛang (1969). The first dimension solvent contained 70 ml 
\ 

ethyl ether, 20 ml farmic acid and 10 ml_wat~r. The second di~nsion 
/ 

solvent was composed of 83 ml liquid phenol, 17 ml water and 1 ml formic 

? , ...... t .... ~, ....... f~. ~ '''';1' 
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acid. The plates were dried and the spots detected by spraying ~th 

bromocresol green indicator. This reagent was ~repared by dissolving. 

0.04 'g bromocresoi green in 100 mlethanol and adding O.lN ~aOH unt~l a' 

blue col<ir'ation appeared. Thé spot, were scraped into vials for measure-

.,.me,flt 'of radioactivity. 
~'" J 

" 

c. Paper chromatOgrap~y(of sugars • 

D-galactose was. isolated from extra~ts by descending chroma-

tography on 40 èm strips of Whatman no. l chromatogr.ap~y paper (Hais and 

Macek, 1963; Zweig and Sherma, 1972). Ten ul of 10 mM D-galactose and 1 

5 ul of radioactive extract were spotted and dried under a stream of warm 

air. The solvent (160 ml isopropanol and 49 ml water, or 80 ml N-butanol, 

80 ml pyr.idine and 40 ml water) was allowed to run at least 30 cm from the 
~ 

origio. The isolated galactose spot was detected by spraying the dried 

chromatogram with phthalate-aniline reagent (6.25 ml butanol, 93.75 ml 
, 

water, 0.91 ml aniline and 1.66 9 potassium hydrogen phthalate) and heating 
. , 

for five-mi.nutes-at IOOoe. The ga-lac-tos€ spot was eut out and plaeed in 

a sc;ntiHaÙon vial and the radloactivity was measured. 

--., 

d. 32p; analysis , 

The 32~i in extracts was precipitated i~ the form of phospho-
, , . 

molybdate salt (Sug;no and Miyoshi, 1964). A 0.1 ml volume of 4 mM 
" , 

, . 

K2HP04 and 0.35 m~ of a reagent,containing one part 0.2 M triethylamine, 

~ ~wo parts O.OB M ammonium molybdate and four parts water,were added to 

1 ml samples of trichloracetic acid extract. The mixtures were allowed to 

stand for thirty minutes and the resu1ting precip;tat~s were filtered on 
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u membrane filters and rinsed with 5 ml water. The filters were 

36.. 

transferred to vials ,and the Cerenkov radiation was measured. 

Radioactivity measuremenis 

Filfters with 14C-labelled material were pl'aced in plastic screw 

cap vials and dried under a heat lamp for fifteen to thirty minutes. A • 

10 'ml volume of scintilla'tion fluid (Aquasol) was added to each vial and 

thes~ were counted for ten minutes each on progra~ 2 of a Nuclear Chicago 

Isocap/300 liquid scintillation spectrometer. The counts were corrected 
... 

for. quench using the channels ratios method (Wang andWillis, 1965). 

For the measurement of 32p, 10 ml of waterwas~-~dded to each 

vial and the Cerenkov light emission was measured on program l of a Beck-
, , 

man LS 7500 liquid scintillation counter. The counts were corrected by/ 
/ 

taking the efficiency of cou~ting and the decay rate of 32p jnta can~ider-

ation. 

1 

Estimation of intracellular substrate pools 

After having analyzed a known valu~e of cell extract, one can 

extrapolate baGk and determine the amount of unmodified radioactive , , 

substrate in the entire extract. Since<this extract was obtained from a 

known quantity of cells, the arnqvnt of ~ubstrate in these cells can be 

determined. The i,ntracellular volume was usëd to convert the nmol 

extracted substrate/mg ce11 dry wt to an intracellular concentration. 
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Respiration 
~ 

Respiration was measured p~larogràphica11y in an oxygen 

electrode apparatl,ls (Rank Bras., Bottisham, Cambr;dge;·En~land) where a 

co~p~e saTts solution (25°C) was aerated by a magnetical1y stirred 

T,eflon-coatèd,.bar. About l, mg dry weight of cells was added to bring the 

final volume of the suspension to 3 ml. The electrode was co~nected to a 

chart recorder (model'83860-40, Cole Parmer Instruments Co., Chicago, 

Ill.). One hundred percent air saturation of the 3 ml suspension equalled 

1410 natoms 0 (Chappell, 1964) and the 'rate of oxygen consumption was 

measured as natoms O/min/mg cel1 dry wt. 

t Flame speçtrophotometric analysis of Na 

... 

Nat contamination in buffers was determined by flame emission 

spectrophotometry using a Unicam ~P90A atomic absorptio~ spectrophotometer 

(Pye Unicam Ltd., Cambridge, England). 

Chem-i ea-l 5 

Nutrient broth~ yeast extra ct and agar were purchased from Difco 

Laboratories (Detroit, Mich.). L)4C-malic acid was obtained fJ<lQtn"'Amersham/ 

Searle Corp. (Arlington Heights, Ill.). All other ract'ioactive materials, -
scintillation counting vialS: and Aquasol were 'products ~New England 

Nuclear (Boston, Mass.). Membrane filters were supplied by Millipore Corp. 

(Bedford, Mass.) and Amicon Co. (Lexington, Mass). Tris(hydroxymethyl)­

aminomethane and chloramphenic&i we~e obtained from Sigma Chemical Co. 

(St. Louis, Mo.). Ninhydrin and 2, 4, 6 - trimethylpyridine were from 
... ~ <t _ 

Baker Chemical Co. (Phillipsburg, N.J.) and chqline chloride was purchased 

j 

1 
1 

1 

. 
j 

l 
f , 

-', 



( ~ 

. '-

( 

, 
,... ,,,, ,l-', ............... .f3'!~l'i~ ... ,'" -~''''~' ~ ... 1<:'-"'.- ~.,.._r\ ,.., .. " .......... ..,,..,,'" '_1' ~ .... "' ........... '4 II\I'~.",*,", .. _ .... _'" ~ .... _~ ___ _ 

\ 38 
... 

from Eastman ~o~ak Co. (Rochester, N.Y.). Bromocresol green and potassium 

hydrogen phthalate ~ére products of Fisher Scientific Co. (Fair Lawn, N.J.). 

Thin layer chromatography plates were supplied by Brinkman Instruments 

(Canada) Ltd. (Rexdale, Ont.). All other chemicals were of analytical 

quality . 
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l Effect of Na on transport 
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a. Alteromonas haloplanktis 
+ The effect of Na on the transport of--m le subs trates 

" ~ 
/~ 

.by ~. halop1anktis was first examin~b1Pau1 Wong (Ph.D. t esis, 1968). 

The ability to take up 14C-label1ed amino acids was eva1uated by measuring 
, 

the râdio~ctivity accumulated in ten minutes by cel1s suspended jn a 

buffer containing either 200 mM NaCl or 200 mM chol ine chloride. 9 
+ ' .. 

also determi~ed the effect of a range of Na concentrations on the uptakes 

of D-gàlactose, ,Pi (inorganic· phosphate) and three carboxylic acids, how­

ever no choline chloride was used as an ôsmotic balance when suboptima1 

Na+ concentrations were tested. , 
. 

It has si~ce ~en shown that the addition 
+ ' , 

or removal of Na has a direct influ~~ce on transport, as well as an effect 

on the retenti on o~solutes by ce11s that can be attributed to changes in 
• ! 

the osmotic pressure of t1e medium (Macleod ~t ~., 1978). It is 'impor-

tant to di~tinguish between'these two effects, therefore throughout this 

study, choline chloride was used as an osmotic balance to compensa te for 

the absence of Na+. When the co~~entration of Na+ was less th~n 300 mM, 

sufficient choline ch10r.ide was added ~o bring the total concentration of 

NaCl and choline ch1pride ta 300 mM. 

Sprott and Macleod .(19'72; 1974) have demonstra,ted that electron 

qonors such as ethanol can promoté transport in ~. haloplanktis by stimu­

lating respiration. Na + has al so been, shown to affect the .respiratory 

activity of th'is organism (G. Khanna, M.Sc. thesis, 1980), therefore it 

\ 

Cf 

, 1 

, ' 



1 
1 c 

t 
r 

, 
" ...... , ............ ~~~., ........ ~,,~_~~ ...... ~ #_ .. ___ ~.,. .... , .... ~_,...~ ....... _ ... ,""""'._~ .. ~~'f('i'~lt..-~;I. ~ fIit __ ",""",-__ '_ 

1--
7 

40 

1. 

.was possibl e that any addition of Na + resulting in increased transport 

abil ity. of' the cell s might have ~een due to a stimu,lation of respiration. ' 

The use o'f 'etnano1 as an energy source for ~. halop1anhis provided a,' 

. means for distingu;shing between the effects of Na+ on trJnsport and 

respiration. T~O mM Na+ is required for a maximal ethanol-energized 

respiratory rate (G. 'Khanna, M.Sc. 'thesis, 1980), therefore any 
T . ~ 

enhancement ~f transport by Na above the 2 mM leve1 shouT~ be attributable 

to a direct effect of the ion on the uptake system rather t'han to a 
~ 
stimulation of respiration, 

.. 
" 

+ .' 
The,,,effect of Na on the~uptake of a vp..riety of metabolites by 

A. ha10planktis is shown in Figures 1, 2 and 3. The initial rate, of 

uptake of each substrate were determined on the basis of the radioactivity 

accumulated by the cells after one minate of incubation in the presence 
p q 

of the substrate. None of the eleven subst~ates were transportedjn the 

absence of Na +, and in all .ç;~ses, uptake was stimulated by the addqHion 

of Na+. The sensiti~ity_ to N~ of ~he different transport system; va\ied 

considerably. Cells suspended in a 10 mM NaC1 buffer were capable of 

taking up substantia1 quantities of P., L-1ysine and D-ga1actose. Under 
JI " , 

the salll.e conditions, cit'rate, succinate and, L-leucin~ we~e not t~ken up 

at all. The maximum rates of transj1ort, of O':galactose and Pi' were reached 
... 

at 50 mM NaT, Jhe rates of uptake of succinate, L-lysine, L-arginine, 
o , 

L-gl u~amate and L-ma 1 ate peaked··i n "the range of 200 to 300 mM Na +. The 

maximum rate of uptake of L-alanine and L-leucine was only achieved at 
+ - . 

o~400 to 500 mM Na. The rate of citrate accumulation appeared to level 

1 • 

. , 

1.' , 
'i 
j 

'1 
l' 
! 
J 
j , 
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, off between 200 and 300 mM Na + ~ but in~reased aga in beyond this po;nt-. - ------, 
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" 1· 

High Na + éonùntrations inhibit,ed th~ uptake of D-galactose, as well as 

the uptakes of the basic and acidi~ amine acids. 

b. Vibrio fischeri 

Previous itudies on r. fischeri have demonstrated that Na+ 

stimulates' the'uptake,of AIB (Drapeau et al., 1966), amine acids and P. 
, j --, i' l 

(P. Wang, Ph.D. thesis, .1968). No exogenous energy source was provided 

for the 1e1ls in these exp~riments. The cells clearly had adequ~te 

endogenoJs energy reserves to drive uptak~ in the presenée of a sufficient 
-.... 

cencentrqtion of Na+. It was not known, however, if Na+ influenced 

respirat~on. Perhaps the inability of cells to transport substr~tes in 

the absence of Na+ actually represented a requirement by transport for 

Na+-dependent respiration. 

\ 

The effect of Na+ on endogenous respiration and AIB transport , 
, . + 

was exam:ined (Figure 4). The uptake of AIB was Na -dependent,.,however 

there was no effect pf the ion on respiratiqn~ If the respiratory activity 
- +' . 
~s t~e same at all Na concentrations, the cells should have been 

equal1~ capable of generating a' P~f (proton motive force). These result's 
1 • 
. + 

:::g~::~::::.ap:::a::O~: ::: }::.a::ea:Oe~::::':::m~:::k:a:fg:::;en:: ,~s 
has bee' demonstrated for other Na+-dependent ranspor1tsystems (MacDonald 

and Lanyi, 1975; Hasan and Tsuchiya, 1977; Niven and Macleod, 1980). 

s was the case with A. halop1anktis, Na+ had varying effects 

on the tr. nsport of different metabol izable substrates by '1. fis·chéri ' 
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(Figures 5 and 6). D-glucose was unique in that its uptake was unaffected 

by Na+. Theltransp~rt of all 'other substr..ates was stimulated by the 

addition of Na+~ Except for L-alanine, 'all' the substrates were taken. uj) 

in the absence of added Na +, but at rates which were poor in comparison to 

th~maximum ratés obta ined in the presence of Na +. The rates of uptake of 
1 

L-alanine, succinate and L-arginine peaked at' 50, 100 and 200 mM Na+ 

respectively, and then decreased at higher concentrations. The transport 

of L-glutamate levelled off between 50 and 200 mM Na+ a~? that of Pi did 

the s'a me between 200 and 300 mM Na +. In both cases, uptake was further 

stimu1ated at higher Nat concentrations. 

These resUl~llustrate that, excep~ for the transport of D­

glucose by ~. fischeri, NaT is required for' the optimal uptake of metabolites 

by these two marine bacteria. 
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Figure 1. Effect of Na+ concentration on the rate of uptake o~, 
, f 

l~ucine, succinate and galactose by ~. haloplanktis. 

Cells were suspended at a density of about 100 ug dry wt/ml 
in complete salts b~ffer (50 mM MgS04 , 9 mM KC1, l mM 

-KH2P04, pH 7.2 plus NaCl and choline chloride as required). 
At Na+ concentrations of less than 300 mM, choline chloride 
was added, as an osmotic balance, such tnat the total 
cQncentration of NaCl and choline chloride was 300 mM. 

l ' 1 • • 
Ethanol was added to a final concentration of 25 mM. The 
rates of uptake of the followin~ radioactively-labelled 
substrates were determined at each of the various Na+ 
concentrations: 

o L-al anine 
• L-leucine 
b Suecinic acid 
Â D-ga 1 actose 

The specifie activity of the substrates was 0.5 uCi/umol in 
all cases. Other conditions were as described in the 
Materials and Methods.~ 
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Figure 2.' Éffect of Na+ concentration on the rate of uptake of glutamate, 
aspartate, arginine and lysine by ~. haloplanktis. 

o L-lysine 
• L-arginine 
Â L-aspartic acid 
Â L-glutamic acid' 

The specifie activity of the substrates was 0.5 uCi/umol in 
all cases. Other conditions were as described in Figure 1. 
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Figure 3. 

" , . .., \""" -- -, 

'" 

Effect of Na+ concentration on the rat~ of uptake of citrat~,_. 
malate and 32p; by ~. haloplanktis. 

o Citric acid 
• L-mal ie acid 

il 32p. 
1 

\ 

-
The specifie activity of citrate and malate was 2.5 uCi/umol, 
and that of 32Pi ~as 50 uCi/umol. Other conditions were as 
described in Figure 1. 
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Figure 4. [ffect of Nat concentration on end~nous respiration and 
the rate of uptake of AIB ( a-amin~sobutyric acid) in 
v. fischeri. - , 

Respifation (0) was measured q,s described in the Materials 
and, Methods. The rate of uptake of AIB (e) was measured as 
described in Figure J, except that the ethanol was omitted 

1 

from the incubatian medium. The specifie activity of the 
AIB was 0.5 uCi/umol. 
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Figùre 5. Effeet of Na+ concentration on the rate of uptake of glucose, 
~.. alanine and succinate by ~. fischeri. 

o D-gl-u'cose 

6. Succinic acid 

el-alanine 

The specifie aetivity of alanine and succinate was O~UCil ~ 
umol, and that of glucose was 5 uCi/umol. Other conditions 

\ were as described in Figure 1, except that the ethanol was 

'omitted from the incubation medium. 
" 
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Figure 6. 

... . 

1 • 

. . 
~ + - .' .\ 
Effect of Na concentration on the rate of uptake of 
glutamate, ar~inine and~32Pi by ~: fischeri • 

• L-arginine -1 

~ L-g1utamic acid 

o 32p. 
l 

t • 

The specifie act-ivity of arginine and glutamate was 0.5 
uCi/umol, and that of 32p; was 50 uCi/umol. Other 
conditions were as described in Figure l, except that 
the ethanol was omitted from the incubation meaium. 
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II ~ffects of Na+, K+ and Li+ on' transport 

a& Alteromonas haloplanktis 
o • o. + 

Previous studies have indicâte~ that there is a specifie ,Na 

requirement for the transport of AIB, L-alanine, L-serine, Llglutam~te 
and L-tyrosine by ~. haloplanktis (Drapeau et !l., 1966; P. Wong, Ph.J). 

49 

. . 
thesi~, 1968). In the absence of Na+, nei'ther NH/, K+, Lit n6r sucrose ' 

could promote uptake. The 'ineffectiveness of these solutes did not 

appear to be due to inhibitory effects, sinc~ addition of Na~ restored 
, 

,the ability of the ~ells to transport the substrates. 

The specifictty of the Na + req'uirement for transport was .. 

,examined in the present study by comparing the ability of cells~of A. . -. 
haloplanktis ta take, up metabolizable substrates under five different 

,/ 

sets of ëond,itions. The total concentration of th~ cations being tested 

,was always kept at 300 mM in order to minimize the possible influencé of 

osmotic effects on transport. 

Under the conditions chosen, the cells were susp~nded i~: 
, 1 

1) 300 mM ChCl (Choline ch1oride). This served as'the Na+-fr~e control. ; 

2) 10 mM NaCl + 290 mM ChCl.! This provided mo~e than sufficienjt Nat for 

a ".Iaximum rate, of ethano~-energized resp'1ratio~. _ t(" 

3) 300 mM,.NaCL This provi'ded the levErl of Ni ~equired for optimum 

growth of the ~rganism. i A '~ate of uptake in 300 ~M Na + hi;her tha~ 
, , 

othat in 10 mM Na+ should be'du~ to a specific éffect of Na+ on the 
, 

~~~~sport system, since both concentrations of Nat permit a maximum 

rate of ethanol-energized respiration • . 
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4) 10 mM NaCl + 290 mM KC1. 

5) 

, , 

10 mM NaCl + 290 mM LiCl. These latter two conditions allow us to 
t"f 

determine i~ K+ or Li+ can replace the Na+ required for transport 
, . 

beyond the level reeded for maximum respiration. 

Uptake was followed for three minutes after addition of the 

radioactively labelled substrates to cells suspended ~ CST buffers. lIn 

the absence of Na+, the cells di.d not actively accumu1ate any of the 

e1even metabo1ites tested (Figure 7 to 17). Significant quantities of 

sorne substrates, such as L-1ysine (Figure 12)~ became associated with the 

cells under these conditions. T~s was considered to represent binding, 

rather than transport, sinc~ the process was completed by' the time the 
'c.. 

fi~st sample was taken at thirty seconds. After thi~ point, there-was no 

'change in the rate of substrate "accumulation". 

. 
Al1 of the substrates, except for t-leucine, succinate and citrate 

J 

(Figures 8, 13, 16) were ta ken up by cel1s in, CST la ,mM NaCl + 290 mM ChCl. 

In a 11 cases, the rates of transport in 3[0 niM' NaCl were superior to those 

in 10 mM',NaCl + 290 mM ChCl. The rates of-uptake in 10 mM NaCl + 290 mM 

KCl never exceeded those in l Ô mW'NaCl + .2~O mM ChCl. 

Upon comparisorr of the.uptakes in 10 mM NaCl + 290 mM Liel with 

'\. ,those ; n 10 mM NaCl + 290 ,mM GhCl, it was seen tha t Li + had var'yi rig effeçts 

'on metabolite transport by ~. hal~planktis. Li+ had no effect on the 

uptakes of L-alanine a~d L-leucine, where~s the ion inhibÙed the uptakes 
~ . 

1 

of L-glutamate and'L-a'spartate (Figures 7 to 10). The transport of \\ 

\ \ 

-, .. ~~ 

i' 
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L-arginine, L·lys';ne, L-malate and citrate appeared ta be sl ightly 

,stimulated by the ion (Figures 11, 12, 15,16). 

Cellsoof ~. haloplanktis in 10 mM,NaC1 t 290 mM ChCl did not 

take up succinate, but there c1early was accumulation of this substrate 

when the ChCl w~s replaced with L iCl, (Figure 13),.' This rate of uptake 

was approximately equivalent to that in 25 mM NaC1 t 275 mM ChCl. This 

effect was 50 prominent, that the stimulatory ability of Lit was tested 

in the, absence of Na+, however no succinate was transported by cells in 

the 300 mM LiC1 buffer. 

The transport of O·galactose was also found to be significantly 
, 

inf1uenced by Li+ (Figure 14). Ten mM NaCl t 290 mM LiC1 was much more . ~ 

effective in ,promoting uptake than 10 mM NaCl + 290 mM Ch Cl , but was 1ess 

effective than 300 mM NaCl. Unlike succinate, D-ga1actose was trans­

ported by cells suspended in 300 mM LiCl. This rate of uptake was the 

same as that observed in 10 mM NaCl + 290 mM Chel. 

In those cases where L;+ promoted t;ansport, it w~~ less 

efofèctive than ar equal amount of Na+, except in the case of Pi t~ansport 

by ~. haloplanktis (Figure 17). The uptake in 10 mM Na+ t 290 mM Li+ 

slightly exceeded that in ~OO mM Na+. fn 10 mM Nat + 290 mM Li+, the 

rat: of Pi uptake was approximately equivalent to th'at in 200 mM N/ . 

(Figure 3). At Na+ côncentrations higher than 200 mM, the uptake of Pi' 

was slightly 1ess than the maximum rate, and this may account for the­

differences o~erved in Figure 17. 6]he rat~ of transport in 300 mM Liel 

! 
f . 
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was similar to that in 10 mM NaCl + 290 mM ChCl. 
'~ 

, 
52 

The possibility had to be considered that the apparent 

stimulatory effect of Li+ was actually due to the presence of significant 

. amounts of contaminating Na+ in the stock of Liel used ln the buffers. 
1 

Flame spectrophotometric analysis of CST buffers indicated that this 

was not the case. Solutions of 600 m~1 Chel and 600 mM Lie1 both contained 

approximately 15 uM Na+. A double strength eST buffer containing either 

600 mM Chel or 600 mM,LiCl contained approximately 20 ta 25 uM Na+, 

b. Vibrlo fischeri 
< 

The effects of Na +, 'K+ and Li+ on the transport. of five meta­

bolizable substrates by 1. fischeri (Figures 18 to 22) were ex~mined under 

conditions similar to those used for ~. haloplanktis. The maximum con­

centration of Na+ tested was 100 mM, which corresponded ta the level of 

Na+ in the medium used for growth of the cells. The suspending buffers 

were balanced ta 300 mM with chol fne chloride, as was done in Figures 4 

to 6 where ii was desirable to examine transport ability over a wide 
, 

range of Na+ concentrations without variations in osmatic activity. 
- 1 

Ethano l was not added as an energy sour'ce because ce 11 s of l. fi scheri 

do not oxidize (his' substrate. Furthermore, endogenous respiration alone 

can drive transpart~ ~nd this former act;vity is not affected by Nat 

(Figure 4). 

\ 

All of the substrates, except L-alanine, were taken up to sorne 

extent by ce"ls in tHe 300 mM ChCl buffer. P. in particular was takén up , , 
\ 

, 

1 
j 
i 
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J 
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at a very appreciable rate by cells in the absence of Na+, as compared 

to the uptake in 100 mM Nat (Figure 22). It should be rioted that this 

latter rate is much less than the maximum observed in the presence of 

higher concentrations of Nat (Figure 6). Transpo.rt of succ;nate and Pi 

- (Figures 21, 22) wastB't enhanced by the addition of 10 mM NaCl. The 

u~take of L-a1anine, L-g1utamate and L-arginine (Figures 18, 19, 20) by 

cells in 10 mM NaCl t 290 mM ChC1 e:{ee~ed that JrL30Q,:mM-'ChCl. In a11 
, . , 

53 

cases, there was greater uptake of the me"tabolites in 1QO mM NaCl than in 

10 mM NaCl. The abjlity of cells to transport substrates in 10 mM NaCl tf , . . . 
90 mM KCl + 200 mM ChCl never exceeded'that in 10 mM NaCl + 290 mM ChGl. 

The Na+-sparing ability of Li+ w~s examined by comparing the , ' 

rates of. transport by cells of J... f.ischeri in 10 mM Na~l i: 90 mM LiCl + 

200 mM Chel with the rates inllO mM NaCl + 290 mM ChCl. The..-uptake of .'" 

L-arginine was similar under both conditions (Figure 20), whereas ~-alanine 

transport was slightly inhibited by Li+ (Figure lB). In the presence of 

10 mM NaCl, 90 mM Li+ c1ear1y had a,positive effect on the accumulation' 

of L-glutamate, however this combination was less effective than-l100 mM 

Na+ (Figure 19) •. The transport of glutamate in 100 mM LiCl + 200 mM Ch Cl 
-

was negligible and simi1ar to that in 300 mM ChCl. As was bbserved with 

A. haloplanktis, the uptake of succinate by y. fischeri was stimulated by 
, -

~ in the presence of 10 mM Na+ (Figure 21). The rate in 100 mM liCl + 
/ ~n; , . 

200 mM ChCl waS ~ry low but slightly greater than that in 300 mM Chel. 

The rate of Pi transport (Figure 22) in 10 mM NaCl + 90 mM Liel + 200 mM 

ChCl was similar ta the rates observed in 10 mM NaCl' + 290 mM ChCl anrl! in 
• j 'f 

300 mM ChCl. These rates were greater than thê rate in 100 mM LiCl + 200 

! . 
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mM Chel. Thus ,< in the absence of Na +, L;+ appoeared ta have an inhibitory 

efféct on Pi transport by y. fischeri: 
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Fi~ure 7. 

. ·1 .-

1 • 

'+ + + Effects of ~a ,K âfO~L; on the rate of uptr of 
L-a1anine by ~; halop1anktis. . ~ 

Cel1s Were suspended at a density of about 100 ug dry wt/m1 
in the variou~complete salts buffers. The final concen-

. tration of ethano1 was 25 mM, and that,of L-alanine 
(0.5 uCi/umol) was 200 uM. Uptake was measuned in the 
following CST buffers: 

0300 mM ChCl (Chol ine chloride) 
.300 mM NaCl 
D. la mM NaCl + 290 mM KCl 

Â la mM NaCl + 290 mM ChCl 
o la mM NaCl + 290 mM LiCl ," _ 

Other condit:ons were as described in the Mate~ials and 
Methods. 
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, + + + Pigure 8. Effects of' Na , K and Lion the rate of uptake of 
J 

L-leucine by ~. haloplanktis. 

The uptake of L-leuci..ne (final concentration 200 uM, 
specifie activity 0.5 uCi/umol) was measured in the 

1 

following CST buffers: , __ 

o 300 mM Chel 
.3°9 mM NaC1 
• la mM NaCl + 290 mM ChCl (actual data p1otted) 
• 10 mM NaCl + 290.mM KCl (a) 
• la mM NaCl + 290 mM L iCl (a) 

Conditions were as described in Figure 7. 

a - Under these conditions, the resu1ts were not significant1y 
different from those obtained when uptake was measured in 
CST 10 mM NaC1 + 290 mM ChCl (actual data plotted). 
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Fi9ure 9. Effects of Na +, ·X+ and Li + on ,the rate of uptake of ' 

L-glutamic acid.by ~. haloplankt~ 

The uptake of L-glutamate (final concentration 200 uM, 

specifie aetivity 0.5 uCi/umol) was measured in the . 
following eST buffers: 

6 300 mM ChCl 

.300 mM" NaCl 

ô la mM NaCl + 290 mM KCl 
Â la mM NaCl + 290 mM ChCl 

o la mM NaCl + 290 mM L iCl 

Conditions were as described in Figure 7. 
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+ + + - . Figure 10. Effects of Na • ~ and Li on the rate of uptake of 

L-aspartic acid by ~. haloplanktis. 

The uptake of _L:-aspartate (final 'Concentration 200 uM, 

specifie activity 0.5 uCi/umol) was measured in the 

following CST buffers: 
• 

0300 mM ChCl (actual data plotted) 
.300 mM NaCl .......... ' 

.. 10 mM 'NaCl + 290 mM Ch Cl 
0 10 mM NaCl + 290 mM KCl (a) 
0 10 mM NaCl + 290 mM L iel (a) 

Conditions were as deseribed in Figure 7. 

.J 

'a - Under these conditions, the results were not significantiy 

different fram tthose abta ined when l(ptake was measured in 
L 

CST 300 mM ChCl (actual data pl otted). 
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Figure 11. Effects of Na+, K+ and Li+ on the rate of upt~ke of 
, .' 

( 

L-arginine by ~. haloplanktis. 

The uptake of L-arginine (finpl concentration 200 uM, 
specifie activity 0.5 uCi/umol) was measured in the 
fol10wing CST buffers: 

, Q 

1 

0300 mM ChC1 
.300 mM NaC1 
Il. 10 mM NaCl + 290 mM KC' 
Â 10 mM NaC1 ~ 290 mM ChCl 
[1 10 mM NaCl + 290 mM l iCl 

Other conditions were as described ln Figure 7. 
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Figure 12. Effects of Na+, K+ and Li+ on the râte of up~ke of 

L-lysine by ~. haloplanktis. 

( 

The uptake of,L-lysine (final coneentration'200 uM, 
1 

specifie activity ~.5 uei/u~ol) was measured in the 
following eST buffers: 

0300 mM ChCl 
.300 mM NaCl 
t:. 10 mM NaCl + 290 mM KCl 
• 10 mM NaCl + 290 mM ChCl 

o 10 mM J'laCl + 290 m~Cl 

Other cohditions were as deseribed in'Fi Ure 7 • 
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+ + '+ Figure 13. Effects of Na , K and Li on the rate of uptake of 
succinic acid by A. haloplanktis. 

The uptake of succi~ate (final concentration 50 uM, 
specifie activity 0.5 uCijumol) was measured in the 
fo 11 owi ng CST bu ffers : 

0300 mM ChCl (actual data plotted) 
.300 mM NaCl 
D, 10 mM NaCl + 290 mM Liel 
p 10 mM NaCl + 290 mM ChCl (a) 
o 10 mM NaCl + 290 mM ~Cl (a) 
o 300 mM Li Cr (a ) 
~ 25 mM NaCl + 275 mM ChCl 

Other conditions were as described in Figure 7. 

a - Under these conditions, the results were not significantly 
, different trom those obta;'ned when uptake was measured in 

CST 300 mM Chel (actual data plotted). 
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Figurè 14. Effects of Na+ t Kt and Li+ on the rate of uptake of 
,1. 

D-galactose by ~. ha1oplanktis. 

The uptake of D-galactose (final concentration 50 uM t 

specific att;vity 0.5 uCi/umol) was measured in the 
following CST buffers: 

0300 mM ChC1 • 1.. 

.300 mM NaC1 

... ~o mM NaC'l + 290 mM Ch Cl (actual data plotted) 
[] 10 mM NaCl + 290 mM tiCl 
... 10 mM NaC1 + 290 mM KCl (a) 
... 300 mM LiCl (a) 

Other conditions were as describ~d in Figur.e 7. 

" a - Under the~e conditiQns, the .results were not significantly 
different from those obtained when uptake was measured in 
CST 10 mM NaCl + 290 mM ChC1 (actual data plotted). 
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Figure 15. Effects of Nà+, K+ and ~i+ on the rate of uptake of 

L-I~1alic acid by ~. haloplanktis • 

. , 

. 
The uptake oJ L-malate (final concentration 100 uM, 

specifie activity 2.5 uCi/umol) was measured in the 

following CST buffers: 

0300 mM Chel 

.300 mM NaCl 

ô. 10 mM NaCl + 290 mM KCl 

Â 10 mM NaCl + 290 mM ChCl 

o 10 'mM NaCl + 290 mM L iCl 

Other conditions were as described in Figure' 7 • . . 
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Figure 16. Effects of Na+, K+ and lit on the rateoof uptake of 

citric acid by A. ha1op1anktîs. 

The uptake of citrate (final concentration 50 uM, . 

s~ecific activity 2.5 uCi/umol) was measured in the 
fo 11,owi ng' CST buffers: .. 

0300 nÎtt ChC1 (actual data plotted) 

• 300 rJtt1 NaC1 

o li) mM NaC1 + 290 mM LiCl ' ' 

o 10 mM NaC1 + 290 mM ChCl (a) 

o 10 mM NaC1 + 2~0 mM KC1 (a) 

Other conditions were as described in Figure 7. 

, , 

a - Under thèse conditions, ~he results'were net signif;cantly 
di,fferent from thcse obtained when uptake was measured in 

CST 300 mM ChCl (actua l data plot~ed). 
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Figure 17. 
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Effects of Ne. +, K+ and u\ on the rate of uptake of 
32 p , by A. ha10p1anktis. , -

The uptake of 32Pi (final.concentration 25 uM, 
specific activïty 50 uCi/umo1) was measured in the 
fe 11 owi n9 CST buffers: ~ 

0300 mM ChCl 

.300 mM NaCl 

b. 10 mM' NaCl + 290 mM KC1 

À 10 mM NaC1 + 290 mM ChCl 
o 10 mM NaCl + 290 mM LiCl 

.300 mM Liel 

. 
Other conditions were as aescribed in"Figure 7. 
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+ + + • Figure 18. Effe~ts of Na ,K and Li on the rate of uptake of 

1 

L-alanine'by V. fischeri. ,-

The uptake of L-a1anine (final concentration 200 uM, 
'specifie activîty 0~5 uCi/umol) was measured in the 
following CST buffers: 

0300 mM ChCl 
• lOO mM, NaCl + 200 mM ChCl 
.. la mM NaCl + 290 mM ChCl '(~ctual data. plotted) 

, 
.. la mM NaCl + 90 mM, KCl + 200 mM GhCl (a) 
o la mM NaCl + ,90 mM Liel +, 200 mM ChCl 

" Other conditions were as "n Figure 7, eXcCept that the 
" 0 

"ethanol was omitted from the incubation medium. 

--
'. " 

, . 
a - Under these conditions, the results were not significant1y 

'') 

different· from those obtained when 'uptake was' measyred in 
CST 10 mMoNaCl + 290 mM ChCl (actual data plott~d) • 
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Figure 19.' Effects of N/. K+ and Li+ en the r~te of upta\kejof 

L-glutamic acid by 1. fi scheri. 

\ 
Thè uptake Of L-g1utamate (final concentration 200 uM, 

specifie activity .0.5 uC.i/umol) was measured in the 
..... 

following CS1 buffers: 

0300 mM ChCl \ 
• 100 mM NaCl + 200 mM Chel -

t:.. la mM NaCl + 90 mM KCl + 200 mM ChCl . ( 

Â 10 mM NaCl + 290 mM ChCl 

o lO mM NaCl + 90 mM Li Cl + 200 mM ChCl 

• l OO~ mM L iCl JI- 200 mM ehCl 

'4 

Other conditions 'were as described in Figure 7'- excepf that 

the ethanol was omitted from the incubatjon medium • 
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Figure 20. Effects of Na +, K+ <and L;+ on the rate of uptake of 

L-arginine by V. fischeri. 

l 

i -

The uptake of L-arginine \final 

specifie activity 0.5 uCi/umol) 

fo11owing CST buffers: 

0300 mM ChC1 

• 100 mM NaCl + 200 mM Chel 

concentration 200 uM, 

was measured in the 

r::. 10 mM NaCl + 90 mM KC1 + 200 mM Chel 

Â 10 mM NaC1 + 290 mM Che1 

o 10 mM NaCl + 90 mM Liel + 200 mM Chel 

Other conditions were as described in figure 7, except 

that the' ethanol was omitted from the incubation medium." 
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, + + ' + Figure 21. Effects of Na , K and Lion the rate of uptake of 

.w ! 

il "~. - . ' . 

• 0 

succinie acid by V. fiS'cheri. 
/ -

The uptake of succinate (final cQncentration 50 uM, 

specifie activjty 0.5 uCi/u~ol) was measured in the 

fo 1'1 owi ng CST buffers: 

. ' 
0300 mM ChCl (actual data plotted) 

• 10p mM NaCl + 200 mM ChCl 
~ 

o 10 mM NaCl + 90 mM LiCl + 200 mM ChCl 

.100 mM L iCl + 200 mM ChCl 

o 10 mM NaCl + 90 mM KCl + 200 mM Chel (a) 
1 

o 10 mM NaCl + 290 mM ChCl (a) 

Other conditions were as described in Figure 7, except 

that the ethanol was omitted fr-om the incubation medium. 

( 
/' 

J 

a' -, Undel" these cônditions, the results were not s-ignificantly . 
different from ~hose obtained when u'ptake was measured in 

CST300 mMChCl (act~alQdata plotted). 
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+ + ,+cb '" 32 Figure 2~. Effects of Na , K and 'L l l" n the ,rate of uptake of p', 
, ' l 

-----

by y. fi scheri • 
\\ 

- 32 ': .. . 
The uptake of Pi (final concentration 25 uM, specifie 

activity 50 uCi/umol) was measured in the fo11owing 
'\ 

CST buffers: ' .' . , 
o 300 mM ChCl ~ 

• 100 mM NaCl + 200 mM C~Cl 

... 10 mM NaCl + 290 mM ChCl (actual dataplotted) 

o 10 mM NaCl. + 90 mM L iCl + 200 mM ChCl 

• 100 mM li Cl ,+ 200 mM ChCl 
\ 

... 10 mM NaCl + 90 mM KCl + 200/mM Chel (a)-

Other conditiorts were as described in Figure 7, except 

that,the ethanol was omitted from the incubation medium. 

, . 

a - Under these conditions, the resul ts were not significantly 
, . 

different from those obtained.when uptake. was measured il;1 

CST 10 mM NaCl + 290 mM ChCl (actual data plotted). 
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III Evi denee for ael ive t.r~ns~ort of metabo l i ~ab.l e subs trates 

The metabolic,aetivity of cells is a factor that must be taken 
o 

int~ considerat'ion when interpreting data obtained, in transport studi~s. 

Rcidioactivity detected in cells doe:; not n~cessari~y Tepresent the 
(J • ~/ 

original 'form o,f, the substrate 'added to the medium. Without information 

----about the identity of the radioactive material ln the cells, one would be 

unable to determine if the substrate had erjtered by facil itated diffusion 

/' 

or active transport. For example,_ a 

faci'\tate~ ~iffusion mèchanism and 
b- . 

produets. One way of circumventi ng 

substrate may enter the cells bi a 

then'6e met~bolized into other 

" thi s proltl em i s to use non-metabo li zab 1 e 

b. s~bstrate ana logues such as AIB, .fucose or TMG: A,ecumu1 ati'on of Jhes.e 

substrates could not be influenced by ~ubsequent metabol ie activity. A 

second approach ,is to use membrane vesicles wh~ch ,transport substrates 

without metabol izing them. These methods do have cdi sadvantages h9wever. 
\ 

Not all substrates of interest have transportable analogues. The use o,f l' 
1 < 

analogues may also be criticized on the grounds that these are artificial 

,substrates~ the transport characteristics of which do not·represent 
\ 

, real ity. Vesicles are artificial systems which -may differ fram whole 

cells. The transport at1ility of these membrane preparations may be 
'I, 

aHered due to the inactivation,or loss of essential compo'nents of the 

uptake systems, such as binding proteins. 

The non-metabol i zaf'rle substra-te AIB has bee,n a useful tool for 

exami'ning transport in 12. ha10planktis, however vesicles of this organism 

.,. have not been satisfactory for su ch studies. Vesicles di~ not take up K+, 

and their ability to take up L-alanine was qui~e poor fn comparison to that 
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.. 
of wh"ole cells (Sprott and Macleod, 197,4). .. 

Active transp?rt impl ies the accumulation df a chemiéally' 

unmodified substrate to an intracellular concèntration which, is greater 
,. 

than that in the extracel1ular medium (Hamilton, 1975). The ability to 

conçentrate a' substrate against it~ gradient is dependent upon the expen-
, 

ditur,e of metabol ie energy. Facil itated diffusion merely results in . 
equil ibration of the solu~ across the"cell membrane and does not require 

any input ?f energy. In order to distinguish between active transport and 

facil itat.ed diffusion, it is useful to express data in SiKh a way that 
~ , 

, intracellular and extracelluar substrate concentrations can be compared 

(Maloney et ~., 1975). 

r-
-

In this study, the possibil ity had to be considered that what 

appeared to be Na+-stimulated transport of metabolizâble substrates was in' 

fact a Na+-independent facilitated diffusion process followed by Na+-

~ dependent metabolism. The ability of cells of~. haloplanktis and ~. 

fischeri to accumulate substrates against their gradients was evaluated 
+ at high and low concentrations of Na. After a substrate was transported, 

the contents oJ the cells were extracted and the unmodified substrate was 
(, > 

recovered and quantitated. Since the approximate intracellular volume of 

the cells was known, the amount of substrate could be expréssed as a ~ 

molarity and compared to the original extracellular co.ncentration. An 

1ntracellular substrate concentration greater than that in the medium 

would indicate that uptake had occured by an active transport mechanism: 
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" ... 
a. Intracellular volume of Vibrio fischeri 

The tntracellular volume of ~. haloplanktis has previously been 
" 

estimated to be 1.6 ul/mg (Thompson and ,Macleod, 1973), however no su ch 

determination has been made for cells of 'i.. fiScheri. Radioactive inulin, 

wh'ich is excluded by the outer membrane of cells, ;s commonly used as a 

marker for extracellular·water (Maloney et~., 1975). In fi. haloplanktis, . 
sucrose is thought to penetra te to the level of the cytoplasmi.c membrane 

(Thompson and' Macl:eod, 1971), and would therefore not take l'nto account 

the volume of the periplasmic space when used for measur;ng cell~volumes. 

If this method is to be used for measurin9.the intracellular volume of 

'i. fischeri, it is necessary that the cells do not metabol ize sucrose . . 
The ability of sucrose to stimu1ate respiration in cells~ of .this organism 

was examined. As was the case in A. haloplanktis (B'uckmire and MacLeod, 

1970), sucrose did not stimulàte respiration in:i.. f;scheri under con­

dition~ where D-glucose and succinate greatly enhanced respiratory 

activity. 

14c-sucrose was used as a marker of extracellular water in packed 

cell preparations of 'i.. fischeri. The total avail able fl uid space, extra­

cellular fluid and cell dry weight in the pellet weré measured in two 

separate experiments (Table 2). The intracellular volume of the cells was 

determined and an average value of 2.8 ul/mg was used for subsequent 

calculations of intracellular substrate concentrations. This estimate of 

cell volume is comparable te similar values that have been determined for 

other bacteria (Maloney et .!l., 1975). 
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Table 2. Data for the determination of the ;ntra~ellular volume of 
V. fischeri. 

" Il ~. 

The data was obtained and used to determine the intracellular 

volume, as described in the Materials a,.nd Methods. Tri-

Ipl icate .determinations were done in two separate expériments, 

and the average of these two results was used. 
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Intracellular Volume of Vibrio fischeri 

Experiment 

Weight OT Wet Pellet (g) 0.568 ± 0.003 

Dry Weight of Cells (g) 0.110 ± 0.001 

Total Available Fluid 
0".458 . ± 0.003 in Pell et (a ,b) (ml) 

Extracell ul'ar Fl uid 
Trapped in Pe~let (c) (ml) o. l 33 ± o. 008 

Intracellular Fluid 
Trapped in Pellet (d) (ml) 0.325 ± 0.010 

Intracellu1ar Volume (e) (ul/mg) , 2.95 ± 0.09 
(] 

a 

b 

-
-

(Weight of wet pellet) -(Dry weight of cel1s) 

Dens i ty of camp Tete sa l ts buffer = 1 'g/ml " , 
, 

c - Determined as described in materials and methods 

d -
e -

(Total avai1ab1e f1uid) - (Extracellular fluid) 

Intrace1lular fluid/dry weight of cells 

, 0 

74 

Experiment 2 

0.756 ± 0.030 

0.147 ± 0.001 

0;609 ± 0.030 

0.225 ± 0.018 

, 

0.384 ± 0.047 

2.61 ± 0.31 

... 

1 
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+ . , 
b. Effect of Na on active ttansport of meta,bol i zab'le' sub,strates 

Substrates were extracted ~nd recovered from' cell s at the 

beginning' and end of each tran5J3ort run. The rates of uptake by ce1,15 of 

~. haloplanktis in 300 mM Na'Cl were compared with the rates in 10 mM NaCl 

+ 290 mM ChC1 (Figures 23 to 26). The rates of transpor~ of al1 the 

substrates tested were greater in the high concentration of Na + than those 
.t-'.... . 

in the low concentration of Na +. The unm~dified substrat~s·'were accum~l,ated .. 
to intracellu1ar concentrations that exceeded the original extracellular 

concentrations, and these outwa,rdly-directed gradlents increased with time. 

Cells of '!. fischeri a1so transported substrates against their 

concerrtration-gradients (Figur:s 27, 28). The uptake of kalanine.by cells 
• ç 

in 10 mM NaC1 + 290 mM ChCl was 5imilar to that ;n 100 mM NaC1· + 200 .mM' 

ChCl, however the substrate was not accumulated by cel1s 'in 300 mM ChCl. 

The similar rates of uptake of l-alanine at 10 mM and 10q mM Na+ ar,e aho 

seen ;n Figure 5. The rates of transport of L-glutamate, L-arginine,' 

succinate and 32 p . were greater in 100 mM NaCf + 200 mM ChCl than in ]0 , 
mM NaC1 + 290 mM Che1. 

~, 
L-glutamate was accumula'ltd against its concentration 

, . 
gradient even ;n the absence of Na +. 

The abil ity of these two marine organisms to concentrate substrates 

against their g'radients indicates that the uptake i5 jndeed an ~nergy­

requiring active transport Plïocess. 
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+ Fl.gure 23. Effect of Na on the abil ity of ~. haloplanktis ta 

10.. 

a,ccumulate L-alanine, L-le~cin~ and [-glutamate 
against the;r concentration gradients. 

The substrates (final concentration 20~M~"were taken 

up by cell? suspended il1' either CST 10nmM NaCl + 290 

mM Chel ( • ) Cir CST 300 mM NaCl (.). The conditions 

of uptake were as described in Fi gure 7, except that 1 

the specifie activity of the subs.trates was 10 uCi/umol. 

After samples of the reaction mixture were filtered at 

0.5 and three minutes, the cell contents were extracted 
with hot water. The extracts were concentrated, and 

the radioactive substrate~ were reisolat~d by chroma- , 
-tography as describ~d in the Material's, and Me,thods 

secti on. 

The nmol substrate/mg cell dry wt,extracted anq 
a 

recovered"was converted t$), molarity as described ln 
the Materials and Methods '(nmol/mg ; ul/mg = nmoljul = mM). 

The horizontal dotted line represerits the extracellular 

substrate concentration at zero time. The concentration 
gradient is the ratio of the intracellular substrate 

, 

concentra~ion to t~e extracellular substrate concentration. 
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+ f19ure 24. Effect of Na on the ability of ~. haloplanktis to 

/ 

accumulate L-aspartic acid; L-arginine and ~-l,ysine 

,aga inst "their concentrati on gr~dients. 

, 

The ~ptake of the substrates (final conce~tration 
200 uM) was measured ln the following eST buffers: 

.. ' 10 ·mM NaCl + .290 mM Chel 

.300 mM NaCl 

The specifie activity of aspartate was 10 uCi/umo-l, 

and that of argînine and lysine was 20 uCi/umol. Other 

conditions were as described in Figur:e 23. 

The hori zonta.l d6t~ed li ne represe~ts 'the extrace 11 ul ar 
, 

substrate concentration at zero time. The concentration . ' 

gradient i s thè ratio of the i ntracell ul ar substrate 

concentration to the extracel~ular subst~ate cbncentration. 
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r 
'Figure 25. Effect of Na+ on the ability of' A. haloplanktis to 

.accumulate citric 'acid, succinic acid and D-galactose 

against their concentrati.on gradients. 
.. 

The uptake of the substra tes (fi na l concentration 

5~ uM) was measured in the following CST buffers: 

Â 10 mM NaCl + 290 mM ChGl 
.300 mM NaCl 

The specifie activity of citrate was 20 uCi/umole t 

that of succinate was 22.7 uCi/umol t and that of 
D-ga lactose was 10 uCijumol. Other èbndit;ons were 

. 
as described in Figure 23. 

The hori zontQ, l dott.ed 1 i ne ,represents the extra­

cellular 'Substrate çoncentradon at zero time. The' 

concentration gradient i's the ratio of the intra­

cellular substrate concentration to the extracellular , 

substrate concen~tion. 
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Figure 26. Effect of Na+ on the ability of ~. h~Joplanktis 'to 
accumu1ate L':mal\t acid a'nd 32Pi a9_ainst their 

concen'tration gradients. 

The uptake of ma'late and /32p. (final concent'ration 
, 1 

100 uM and ~5 uM respecfively) was mRsured in the 
followin9 CST,buffers: ' 

Â 10 mM NaCl + 290 mM ChCl 
{~A Pl 

• 300 mM NaCl 

.. 
,,'>-. • 

The sp.ecific activity of malate was 20 uCî/umol, and 
that of 32Pi was 50 uCi/umol. Other conditi;ns were 

as described in Figure 23. The 32Pi was extracted 

into five percent trichloroacetic ~cid, and recovered 

by,precipitation of phosphomo1ybdate as described in . 
Ma teri al sand Methods. ' 

The horizontal dotted l ;ne represents the extra­

cellular substrate concentration at zero time. 
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+ Figure 27. Efféct of Na, on the abil ity of '!... fischeri to accumul ate 

L-alanine, L-glutamic acid and ~-ârginine against 
their concentration gradients. 

The uptake of the substrates (final concéntration 200 uM, 

specifie actjvity 10 uCi/umol)' was measured in the 

following eST buffers: 

, 0 300 mM Chel 

Â 10 mM NaCl + 290 mM ChCl 

.100 mM NaCl +' 200 mM ChCl ... 
Other conditions were as described in Figure 23, except 

that the ethanal wa~ omitted ~rom. the ïnc~bation medium. 
f. • .. .. 

The h~rizontal 'd-~!:t~~_line represents the extracellular 
substrate concentration at zero time .. The concentration 

gradient is the ratio of the intracellular substrate . . 
concentration ta the extracellular substrate concentratlon. 
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Figure 28. Effect of Na+ on the ability of V. fischeri to accumul<!te 
1 . succinic acid and 32Pi ag,ainst their concentration 

gradients. 

The uptake of succinate. and 32Pi (final c~ncentration 
50 uM and 25 uM respectively) was measured in the 
following GST buffers: 

o 300 mM ChCl (data for succinate only) 
Â 10 mM NaCl + 290 "'mM ChCl 
• lOG mM NaCl + 200 mM ChCl 

The specifie activity of succinate wa's 22.7 uCi/umol, 
32 . 

and that of Pi was 50 uCi/umol. Other conditions 
were as described in Figure 23, except that ethanol 
was omitted from the incubation medium. The 32p; , 
was extracted into five percent trichloroacetic acid, 1 
and recovered by precipitation of phosphomolybdate \ 
as desçribed in Materials and Methods. l 

'\ 

The horizontal dotted line represent~ the extracellular 
substrate concentration at zero time. 
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o ISCUSS ION -
," 

The resu1ts of this study il1ustrate the important influence of 

Na+ on the membrane transport of metabol ites in the two Il)arine bacteria 

e~amined. This aspect of the physiology of mari ne bacteria ; s of interest 

as it relates to the Na+ requirement for growth of these organisms. Such 

information ,may provide insi~'hts into the mechanisms that allow marine 
(' 

bacteria to survive in the sea. 

+ Cells of A. haloplanktis required Na for the tran~port of a11 

substrate~ tested. ~. fischeri needed Na + for the optimal uptake of al1 

subs trates except D-g1 ucose, the accum~l ati on of which was unaffected by 
B " 

Na+. The various uptake systems differed in their sensitivities to Na+, 

as has been reported' by other researchers in th;s 1aboratory. Although 

there êlre similarities in the trends observedo in this study, as compared 

with previ'ou·s investigations, the results may not be entirell~comparable 

because of differen"ces in the conditions and methods of assay. For , 

example, in'Wong's study (1968) the buffers we,reCnot osmotically ba.Tanced, 'Ir. 

nor was any exogenous energy source proVided f<:>r the cens, as was done 

here. f'n my experi'!1ents, the amount of substrate tak~n up at one minute 

was used as a measure of i nitial.~·ocity. Wong determ,âned the uptakes 

pf Pi and AIB only after sixt Y mcinutes, and those of D-ga1actose and the 

carboxylic acids after ten minutes • .,. 
'\ l ' 
, ! Wong (1968) reported that the maximum rates of uptake of 

D-ga1actose and D-fucose by cells of ~. halop1anktis were attë!ined at 100 

mM Na+, while those of L-ma1ate and, Pi peaKed at 200 mM Na+. Citrate and 
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succinate trans-port was optimal at 250 mM Na+ .. Similar results were 

obtained in this survey, with- the exception of citrate. The rate of , , 

83· 

• + 1:1 
uptake of this substrHe leveled off between 200 and 300 m~1 Na , but then 

increased at hjgher Na + concentrations (Figure 3). 

Three neutral amino acid transport systems have been resolved 

in A. haloplanktis. Fein and MacLeod (1975) determined the effect of Na+ 

on the DAG and LlV-I systems, which take up 'L-alanine, by measuring AIB 

transport. It was found that uptake was optimal at 300 to 400 mM Na+. 
, 

No ethanol was provided as an energy source, and L iel was used as the 

osmo~ic balance. It should be noted that 'Li Cl is not suitable for ttiis 

purpose since it has several effect,s on the physiology ôf ~. haloplanktis, 

as will ~isc_usse~ later. In this study, the uptake of L-a1anine 

peaked at 4do mM Na. Using an osmotically unbalanced medium, Sprott 

et~., (1975) found that the maximum rate of l-alanine uptake by whole 

cells was reached at 200 mM Na+, while the maximum rate in"vesicles ' ... , . + occurred at 75 mM Na . L-leucine is taken up by the LlV-I and LlV-II , 
systems (Pearce et ~., 1977), and the pattern of uptake reported by the~ 

workers was the same,as that observed in this study. . - , 

1 

'+ ) The effect of Na on AIB uptake by, V. fi scheri (Fi gure ' 4) was ,-

similar to ~hat observed by Drapeau et,~' (1966). Pi was taken uP,bY 

J.... fischeri in the absence of Na+, however the ion clearly stimulated 

J'transport (Figure 6). The rate of Pi uptake leveled off between 200 and 

300 ,mM Na+ and then increased at high:r Na+ concentrations. Using 

carrier-free 32p., Wong (1968) also demonstrated uptake by thiS organism , 
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+ ' 
in a fia -free buffer. The maximum rate of transport was at_tained at 

+ a +' 
20,0 mM Na , ~owever, and then decreased at Na concentrations greater than 

this. 
, . 

It has previously been established that th.e osmotic, activity 
, ... 'y' 

,of the med'ium may have a significant influencé' 6n: t,he transport of sub .. 
, , , , 

strates by cells of ~'. halop1anktts (Macleod ~t.~'a":~ 1978; P~arce et~., 
ft \ 

1977), and by cells of ~ marine-Vibrio (Hayasaka and Morita, 19'79). In 
, , 

my experiments (Figures 1 to tP1, the buffers were osmotically ba1anced 

on l y to the 300 mM l Eve 1. When the ra tes of substra te upta'ke were 

mea\ured in 400 and '500 mM Na +, the total salt c.oncentration of the 
"-

suspending solutions was increased by 100 'and 200 mt4 respectively.' This 

increase in osmotic pressure may ,have had an effect on the nature of the 
, 

response obtained with certa in substrates'. 

As the Na + concentrati on increased, di scontinuous curves were 

obta~ned for the uptakes of citrate by A. 'haloplafl'ktis (Figure 3) and P. 
~ - -. , 

and L-glutamate by':{. f1s-cheri ,(Figure 6). It would be interesting to do 

'further studies to determine if this, phenomenon can be attri buted to an 

increase in osmotic pressure at 'Na+ concentrations exceeding 300 mM. If 

this is the case, the addition of appropriate solutes such as chol ine J , 

L it, M~ +2 or sucrose, wou1d be expected to give results similar to thos~ 
obtained with additional Na+, if 300 mM l'la+ is present in the medium.' ... 

It is interesting, however, that diséontinuolfs cur-ves were 

obtained for only a few of the metabol ites tested. Perhaps these substrates, 

, ,. 
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~hose accumula~ion ;s stimulated by high salt concentrations, are used 

by the cells as internal solutes which serve to prevent plasmolysis at 
1 

high ~smot;c pressures~ A cell usually maintains its cytoplasm hyper-

tonic in re-lation to the environment. Certain amine acids have been 

shawn to contribute to the regulation of intracellular osmotic pressure. 

The marine bacterium Vibrio a19inolyticu's was found "to increase its 
, i 

01 ' 

total t;nternal solute con'Centration a,s the amount Of NaCl in the medium 
) , 

increased from 0.2 to 1.~M. The concentration of glutamate increased 
'. \ P 

from 40 to 254 mM, and that of prol ine increa'sed from 6.6 ~o 72 mM 

(·Unemoto and Hayashi, 1979b). A variety of non-halophiles also responded 

to changes in N/ concentration by alter; ng the; Y' glutamate'and pro1 i ne 

pools (Measures; 1975). 

-.".f,., ..... v~, .. 
Another possibi'l ity is that the discontinuous curves are the, . , .. ' 

resul ts of combined uptakes mediated by more than one transport system. 

It i5 not uncommon that a substrate can be accumulated by two or more 
1 

. + 
separate systems which may respond differently to Na (Schellenberg and 

furlong" 1977; Hoshino, 1979J. Studies on the kinetics of Pi transport 

in V. fischeri inaicated that this organism may have high and low 
, ' 

affinity uptake systems, however the effects of Na+ were not investigated 

(Macleod and DeVoe, unpubl~shed data). It is thus evident that the 

interpretation of results such as these can be compl icated unl ess the 

in~;v;dua'l transport systems for a given .s~bstrate are reso1ved and 

the; r properties determined. ' 
R 

(~ "",,~-,,' 

The transport of D-glucose by V. fischeri \'Ias unique in that N/ 
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did not affect its activity. l'his may be because energy,cQupling is 

achieved by a phosphoeno1pyruvate: sugar pho~photransferase (PTS) 'system. 
,< ' 

Hod,son and Azam (lQ79) havè described su ch a Na + -independent t,ransport 

system 'in the marïrie bacterium Serratia marinorubra. They also report 
, , 

having found PTS systems in y. fischerî, and Beneckea harveyi, as well as 

in marine representatives of-the genera Flavobacterium, Pseudomonas'and 
\ 

Bacilrus. Studies in this laboratorY on Photobacterium phosphoreum, 
, , 

~ Vibrio natriegens and Vibrio parahaemo1yticus indicate that these marine 

bacteria may- a1sa take up D-glucose bya Na+.,independent mechanism. In 

the 'absence of Na+, additi,on of D-glucase ta cells of these organisms' 

produced a significant stimulation of ~ion. J Presumably, the sugar 

had to be transport~d for thi~ to occur. Cells of ~. ha10planktis were 

not stimulated under similar conditions (Macleod and DeVoe, unpublished 

data)'. Mor:e detailed investigatio~s ,of the mechanism of sugar uptake 

wou1d be required to ascertain the existence of PTS systems in these 
"­

bacteria. Transport via a PTS system does not require an energized 

membrane sta te and i s therefore una ffected by uncoup 1 ers, inhi bi tors 

of e1ectron transport and inhibitors of ATP synthesis. The accumulated 

sugar. must also be recovered from the cells ;n its phosphor~lated form 
'" 

(Hodson and Azam, 1979). 

Cel1s of V. fisch~ri took up succinate, L-arg~nine, L-glutamate 

and ,Pi in' 7he absence of Na +, howeve'r Na'! stimulated transport s;gnificantly 

and was required for the optimal uptake of these substrates. Recent' 

studies havé illustrated that the transport of sorne substrates by other 
+. + 

marine bacteria might b~st be described as Na -stimulated, rather tha.n Na -

j 
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dependent. + In the absence of Na ~ a marine VibriQ took up the 9"a lactose 

analogue TMG and L-g1utamate (Hayasaka'and Morita, 1979). Cells of 
~ l " ", ..-;, 

E. phosphoreum were a1so able to accumulàte Pi. under simi1ar:conditions 

(Macleod and DeVoe, unpub1ished data). As is the case with V. fischeri, 
( - 4 

su.bstrate transport by bath' of tlÎese organi sms was 9reatly enhanceq. by Na +. 

There are several possible e.<planations for the ability of cells 

of V. fi scheri ta take up substrates in the absence of added Na + •. Un der 

th,ese ëonditions,' L-argi~ine and succinate (Figures 27 and 28) were npt 
, ' 

accumulated against their conce,ntration gradients. These results are con-

" sistent with a facil itated diffusion mechani sm of uptake. L-g1 utamate, 

however, was concentrated by the cell s (Figure 27) .. which suggests that this ~ 
~ , 

substrate was actively transported. - The Pi pools were not extracted after 
• \0 

uptake ;n CST -' 300 mM ChCl, however the rate of uptake in this buffer ~as 

equivalent ta that in 10 mM NaC1 (Figure 22). Since Pi wa~ actively tra.ns­

ported in the latter case' (Figure 2~). this ,was presumably a1so true in the 

former. 

A second possibil ity is that Na + is not invo1veEl in energy 

coup1ing, but·stimu.latès transport by promoting optimal function of the 

carri.ers. Wong et~. {1969} demonsfra~ed that Na+ decreases'the Km for 

'" AIS transport in !2. halop1al1ktis, and ,similàr results have been observed 

in oth.er,Na+-dependent mi'crobia1 systems, (Tab1~,l). There is evidence 

which indicates that, in Sa 1monella typhimurium, b6th Na + and the mem­

brane potential ·can increase the affinity of the melibiose transport 

system for its substrates (Tbkuda and Kaback, 1978; Cohn and Kaback, 

1980). Lanyi and Silverman (1979) have suggested that transmembrane ion 
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gradients may regulate the activHy of transport carriers in Halobacte'riurn 
-

halobium. ,In all 'of these organisms, how.ever, the energy for transport is 

p~Dvjded by an 'electrochemicat Na + grad'irent. Thus, Na + 'may be invol ved 
-

, in both energy transduction and regulation of the carriers. 

, 
A more viable alternative i,s that V. fische..ri posses'ses both 

, , 

Na +:"dep"endent al)d Na + -i ndep1endent systems for the uptake" of sorne sub-
, r. \ 

strates. 1\nother consideration i·s t~at the level,of Na+ contamination.. 

in the ·'Na+-free·· b~ffer is sufficient to allow for sorne degree of Na+-' , 

dependent uptake. 

+ sensitive to Na • 

If this is the case, t~e ,upta'ke syste~s must be t'ery 

Fl ame spectrophotometry of a double strength eST 

buffer containing 600 mM chal ine chlorlde snowed that there was only 

about 25 uM Na+ in this buffer. 

The fact remains that alt~ough sorne -of these bacteria are 
, . 

apparently capable of transporting metabolites in th~ presence of 1 ittle 

+ ,or no Na J, they clearly do have a specifie requirement JOr:1 significant 
or 

quantities of Na + for gr~wth. l, fischeri requires Na + for ,growth in 'a : 

chemica11y defined medium with D-glucose as the sole saurée of carbon 
~ 

(S-rivastava and Macleod, 1971), despité the fact that Na+ is not requir~d 
, . 

for the uptake of. this sugar or Pr' What then is the basis of the Na+ 

requirement for growth? Perhaps there is an absolute N/ requirement for , " 
+ ' 

the uptake of K ~ as has been reported for A. haloplanktis (Hassan and 
. " 

Macleod, 1975). Similarly, Na + may be needed for the accumulation of 1 

th t , 1 . h' M +2 F +3 o er essen la lons suc as 9 or e . 

" < 
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" + 
fhat:,Na enhances the respiratory activity {)f sorne marine 

bacteria (Watanabe et~., 1977; Unemoto et~ •• 1977; Khanna. 1980) 

indicates tha~ this may be an important physiological basis ,fO:- Na+­

dependent growth. ,Unfortunately, it is not clear if these bacteria have 

+ an absolute dependence on Na for respiration. Under the conditions of 

assay. the effect Of,N;+ was merely stimulatory, however this does not 

pr~clude an absolute Na+ requirem~nt for 'respiration. Cell suspensions of 

~. haloplanktis, was.hed tnree times in choline chloride buffer. contained 
, + 

less than 50 uM Na (Niven and Macleod, 1978). The washing procedure may 

be ineffective in removing N/ from the micro-envira~ment w~~re the Na +­

activated respiratory components are located. The amount of contarninating 

~a + in the system may be' sufficient ta provide for the partial or complete 

function of Na + -dependent enzymes. 

J + The results of the present study indicate that the Na require-
~ , ~ 

ment for transport exceeds that for respiration in bath of the organi sms 

exam{hed. After sufficient Na+ (2 mM) was provided to allow for a max-

imum rate of ethanol-energized respiration by cells of 12. haloplanktis, , l''\. ,.. 
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addi tian of more Na +).conti nued ta increase the rates of substrate transpo=rtr-.-----i!c--
. 

Khanna (1980) has demonstrated that the el€ctron donor.s ethanol, NADH, 

ascorbate-reduced TMPD and succinate ëan stimul a te the uptake of AIB by 

cells of~. halopl'anktis. The organism was also able to transpo.rt AIB 

in the absence of an exogenaus energy source. Th.e enhancement of AIB 

+ uptake, by Na was not attributable to a stimulation of respiration. In' 
, + • - "-

the absence of Na • the endogenous rate of oxygen uptake by intact cells 

was 46 n atoms O/mg/min, whereas the addition' of ethanol or NADH resûlted 
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in rates of 120 and 210 n atoms O/mg/min respectively. The cells did 

't not take ,up AIB under any of these conditions. In 2~O mM Na , the 

endogenous rate of respiration was 47 n atoms O/mg/min, yet the cells 

rap i dl Y ,accum~l ated th~'";~ù,astrate. 
-1 

fi scheri • 

Na + di\not affect the end09.enous re~piratory activity of 'i. a 

- + 
however the uptake o~ AIS was Na, -dependent (Figure 4). It 

shoul d be emphasized that these results do not show that respi ration i s 
1 

not iflfluenced by Na+. More de,tailed s'tudies on the ability of c~lls to 

oxidize specifie substrates must be carried out in order to c;Tarify the 

role of Na + in the respirator'y activity of ~. fi scheri. Under the con­

ditions used to measure transport, cells of -V. fischeri clearly have 

sufficient endogenous energy reserves to drive the uptake of AIB, but 

only in the presence of Na +. Thi s suggests that Na + may be requtred to 

effect :,energy coupl in9. If this js the case, respiratory aetivity 

presurnably ma i ntains an inwardly-directed electrochemica 1 Na + gradient 

which is the inmediate energy source for a,tive transport. This .inter­

pretation is only speculative, however, since the organism has not been 

shown to have a Na+ -H+ a~tiparter, and the e~periment does not attempt' ta 

di~i nguish between thé possible mechani srns of energy coupl ing. As 

prrviOUSly mentioned. the abiJ ity of cell s of Y... fischeri to take up sorne 

substrates in the apparent absence of Na: might be explained if N/ -

increased the affin; ty of the transport carriers for their substrates 
, 

(i. e. '. deerease~ the Km) wh i l e energy, i s provi ded in a form other than a . 

N/ gradient:- There a~so migh~ be two uptake'systelTls: one powered by 

A Na + gradient, and the other b'y a proton gradient (pmf). It would be 

.. 
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'useful to study the energetics and kinetics of tr:ansport in Y.... fischeri 

in orde~ to c1arify the ro1e of Na+ ions in this proeess. 

Sorne substrates care known to be transported by ATP-dependent 

systems which may or may not require the presence of a pmf (Rosen and 

Kashket, 1978). Other metabol ites are accumulated by group translocation 
1 

meehanisms such as the Na + -independent PTS system already discussed. This 
, 1 

latter method of uptake does not fit our criterion for ~ctive transport, 

however, because the .substrates are accumulated with;n a cell in a 

ehemically modified form. As will be discussed later, the evidence 

obtained in this study suggests that all of 'the substrates tested, with 
. 

the exception of D-glucose, were "aetively" transportecl by cells ,of '!. 

fischeri, 

'The $,peei fi eity of the Na * requ i rement for transport was 

investigated by rep1acing NaCl with isomolal amounts of choline. chloride, 

KC1 or Liel. K+ was unable ta stimu1ate transport, but Li+ elearly had 

a positive effect on the uptake of certain substrates by cells of bath 

organisms. In those ca~es where L i+ promoted transport, it was generally 

1ess effective than an ;qual quantityof Na+, In sorne câses, Li+ 

appea red ta ~a ve' an 'i, i nhi bitory effect on transport. ..,'_ 

Previous studies have indieated that there ;s an absolute Na+ 

'requirernent for the transport of certain substrates by A. ha1oplanktis. 

Other cations were unab1e to spare the need for Na + for AIS uptake 
( , 

(Drapeau et "~., 1966; Khanna, 1980) or for the accumulation of sorne amino 
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acids (Wang, 1968). The substrates whose uptakes were found to be 

promoted by Li+ in this' study had not previously been tested in this . 

regard. That Li+ can partially replace the effect of Na + on sorne 

functions in~ .. halop1anktis has been documented in other .studies. 

Stimulation of D-galactose uptake by Li+ in the absence of Na+ has 

previotlsly'been observed by Gerson (1980). Li+ ?lso promotes the 

~etention of intracellular solutes,_although it is less effectî've than . 

Na + (Mé\cLeod et ~., 1978). The Na + -H+ antiporter recognizes Li+. This 

ion actual1y appears to be bound more tightly by the antiporter than is 

Na+, thus resulting in an inhibition of antiporter a~tivity ÜHven and 

Macleod, 1978). Li+ stimulates the ~xidation of NADH and ethanol by-cel1s 

of ~. haloplanktis, albeit 1ess effectively than Na+ (Khanna, 1980). The 

ability of lit to replace ~a+ in promoting transport is common1Y observed 

in many other bacteria (see Li terature Review). 

TheJge are several ways in which l i+ mi,ght affect transport. A 
~ ~ 

p-ositive influence,may be due to the fact that Li+ is a better external . 

osinotic solute than K+ or chol ine. Other evidence suggests~ however, that 

L i+ has a specifie stimu1atory effect on~. haloplanktis similar ta that 

+ of Na. The cells used in the respiration studies doner by Khanna -'1980) 

were toluene-treated ta permit free passage of solutes across the 

cytoplasmic membrane, t.herefore Li+ would not be expected to have an 

osmotic effect on cellular activity. The fact that the ion stimulated the 

oxidation of substrates indicates that it' has a specifie action simi1ar 

to that of N/ on certain components of the respiratory chain. U+ 

catalyzes antiporter activity Ca non-osmotic functio~), therefore it is 
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1 
conceivable that an electrochemical Li+ gradient might drive transport 

,in the same wa}! that a Na+ gradient does. Because the antiporter 'is 

inhibited by Li+, less energy'would be stored in a Li+ gradient than a 

N/ gradient, th us accounting for the lower efficacy of the former in 

promoting transport. 

In addition 

cytoplasmic membrane, 

carriers. Tokuda ànd 

to possible contributions to the energy state of the, 

Li+ may a',so influence the regUl~i~n of transport 

Kaback (1978) showed that Li+, as well as Na+, coula' 

promote sub'Strate binding' in ~. typhimurium .. L i+ has been reported to 
c> . 

decrease the K for melibiQse,transport in E. coli (Tanaka et aL, 1980) m - -- --
and in S. typhimurium (Niiya et ~., 1980). 

One of the most striking features about transport in' ~. haloplan­

ktis and V. fischeri is the variation in sensitivity to Na + and Li+ of the 

"rates of uptake of the various metabolites examined. The maximum ~ate of 

transport of different substrates occur at different Na+ concentrations, 

and a variety of',responses to Li+ are detected. This suggests that there 

may be a variet" of independent·llIptake systems for the different substrates, 

and that these systems"differ from one another in their properties. The 

affinity of sorne carriers for their subst~ates may be stimu1ated by both 

Li: a~d Na+ to varying degrees. Other carriers may be i~hibited by Li+, 

o~ be unaffected by the ion entirely. For example, the fact that Li+ . 
stimulates the uptake of L-glutamate by cells of :{. fischeri only ~n the 

, . 
+ + " presence 'of Na , impl ies that Na may have two effects- on transport. One 

function, ~uch as binding of the substrate, may specifical1y require 'Na+, 
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whereas bath Na + and L i+ may be capable of contributing to the electro­

chemical ion gradient. In those cases where Li+ albne promofes uptake, 

the ion would be capable of increasing the, affinHy of the carrier for 
" 

its substrate. Substrate bil')di.ng may be inhibited by L i+ in another .. 

uptake system. 

1 
It would appear that, among the alkalai metal ions, L i+ and 

Na + may have similar effects on these marine bacteria because of the 

large size of their hydrated r~di; (Macleod et~., 1978). 

" It"'should bè noted that, in a sense, the effects of L i+ can be 

regarded as experimental artifacts. The concentration of Lit in 35%0 

seawater is only 26 uM (Brewer, 1975), therefare this ion would not be 

expected to have a significant influence o,n the physiology of màrine 

bacteria in their natural environment. 

\ 

Dt:!terminations of the intrace11ular ,concentrations of the 

substrates transported by cel1s of !le haloplanktis and 'i. fischeri showed 
• 

that, at high concent;ations of Na+"the metabolites were generally 

accumulated better than at suboptimal concentrations of ~a+. The concen­

tration gradients also increased with time. The ability of a ce" to 
. 

concentra te a solute again~t its gradient is taken as evidence for_ uptake 

by an~ energy-requiring active transport process! 

• 'Previous studies on transport in !le haloplanktis have demanstrated 

the ability of cel1s ol this organism to accumu1ate substrates against 
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thei r c,Oncentration 9rad ients. Transported AI"B and D-fucose were 

extracted "from cell sand chromatographica llyo recovered by Drapeau et ~. 
, 

(1966). Wong et!l. (1969) estimated that 50 uM AIB in the medium was 
, 

concentrated by cel 1 5 to an intrace11ular concentration of 600 mM. After 

L-alanine was transported by vesic1es, 98% was recovered in its origina~ 

form. whereas only 27% was recovered from cells (Sprott and MacLeod, 1974). ., . 
~t has a150 been reported that whole cells of ~. ha1021anktis accumulated 

an intracellular concentration of 15 mM L-leucine in three minutes from 

the 5'uM concentration provided in the medium (Pearce et ~., 1977). 

This agrees very favora,bly with the resu1ts in Figure 23 that show an· 

intracellular L-leucine concentration of 13 mM at three rninutesf~ 

Methods similar ta those used in this study have been employed 

+ by other re~earchers in their studies on Na -dependent transport. As 

---is the case here, it has been found that a large proportion of the 

" metabolizable substtates taken up by cells or vesicl~s of other organisms 

can be recovered in their original form', thus demonstrating active . ' ,- -
î -. transport. Stevenson (1966) reisolated 80% of transported glutamate, 

representing a gradient of 50/1, from cells of Halobact,erium sa1inarium. 

Cells of ~. l icheniformis were found to contain 90% of the glutamate,. 

58% of the alanine and 52% of the aspartate that had been accumu1ated. 
, 

Between 82 and 85% of the same substrates were reisolated from vesicles 

(Macleod et ~., 1973). After ten minutes of uptake, 50% of transported 

glutamate was recovere-d from cell s of I. col; (Frank and Hopkins, 1969), 

and most of the proline taken up in a' Na+-dependent manner by vesicles 

of!i. phlei was recovered (Hirata et~., 1974). MacDonald et ~. (1977a) , 

conc1uded that most, if not a11, amino acids were accumulated in an 
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l' 

unaltered for":, I;>y vesicles of H. halobium. Over half of the Pi taken up 
~ 

by cells of f. stutzeri ;~ fifteen minutes was found nDt to have been 

incorporated (Kodama ~nd Taniguchi, 1977). Studies on P; transport in 

~. col; (Rosenberg et~., 19?7) and Synechococcus (Grillo and Gibson, 

1979) shDwed that 63 to 72%, and 93% respec,tively, of the Pi was 

recoverable,in the firstone to two minutes of uptake. 
Q 

if / , 
Sorne of the substrates taken ùp by cell s of A. ha10pladiktis are 

quickly metabolized in various ways. D-gaTactose is rap;dly incorporated . 

;nto lipopolysaccharide (Bilous and Macleod, unpublished data) and 

succinate is oxidized by the cells (Khanna, 1980). The radioactivity in 

the succi'nat.e and D-galactose pools represents only tWD to three percent , 

of that"taken into'the ce1ls, however these quantities of una1tered 
o , 

substrates still represent.outwardly-directed concentration gradients. 

Na + i5 ~equired for',metabol ites to cross "the cytopJasmi·c 

• membrane and be concentrated within the cel{ As previous1y discussed, " '" 
-

the exatt nature of the association of Na + with transport ;s not elucidated 

in these experiments. There is much evidence, however, that Na + promotes 

transport by cvirtue of its effect(s) on the cytoplasmic membrahe, rather 

than by stimulating ot~er metabolic processes .. In cells of ~. haloplanktis, 

'+ the Na requirement for transport exceeds that for respiration, 'as demon-

strated here and e1sewhere (Khanna, 1980}. Na+ ,is active1y pumped out 
, + + ' 

of the cytoplasm by the Na -H antiporter (Sprott et ~., 1975; "Niven and 
. 

MacL'eod, 1978), and would therefore not normally be found in the cell at 
c 

conc.entrations as high as those required for maximum rates of 'transport. 

Na+ is requ·ired for tre oxidat.ion of succinate by'li whole cells of A. halo--'-,-

-, 
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planktis. Since to1uene-'treated cells and céll-free extracts did not need 

the ion for similar activity, the requirement by intact cells most 1ikely 

represents a requirement for transport (Khanna, 1980). The oxidâtion of 

a variety of su.bstrates by cell-free extracts of ~. haioplanktis was in 

fact inhibited by those concentrations of Na + required for maximum rates 

of oxidation by whole cells, thus providing evidence for an effect of . . 
t . 

Na on membrane transport (Macleod et !l., 1958; Macleod and Hori, 1960). 

Membrane vesic1es of A. ha1op1anktis, devoid of cytop1a,smic metabo1ic 

activity and endogenous energy reserves, needed both Na+ and an exogenous 
Cl 

e1ectron donor ta drive the uptake of l-alanine (Sprott and Macleod, 

1974). Thus, while the energy for active transport was derived from the 

activity of,the e1ectron transport chain, Na+ was needed to complete the 

coupling. This illustrates clear1y that Na+ must affect transport 

primarily because of its association with the cytoplasmic membra~e. 

• The authors of other studies have interpreted their results as) 

indicat.ing that Na+ acts on the cell membranè. As ,was the case with 

A. haloplanktis, th~ transport of amino acids by vesic1es of an alkalophilic 
- - ----~ 

Bacillus was dependent upon Nat and the respiratory activity generâted by '\ 
+ . 

electron donors. The Na requiremen:t for transport exceeded that for 

respiration (Kitada and Horikoshi, 1980b). Although cells of f. stutzeri 

respired in the absence of Na+, the ion was required for 'the uptake of Pi 

and glutamate (Kodama and Taniguchi, 1976; 1977). It wa.s proposed that 
""\ 

the Na+ requirement for growth pf this organism reflected the critical 

role of Na+ in coupling respiration to energy-requir;ng membrane-1 inked 
J 0) aJ 

process'es. The active transport of substrates driven by a transmembrane 
-iIr'" ' 

electro-chemical Na=+" gradient has been demonst~ated in, a variety of 

l , , 
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bacteria, including~. halop1anktis (Niven and Macleod, 1980). The 

ability'of N/ to promote the accumulation Qf substrates against their 

gradients, as observed ;~ this survey; is best explained by the Na+ 
, 

gradient mechani sm of transport. In contrast, it is interesting that 

the PTS-mediated uptake of glucose does not reqtJire Na +. This form of 

transport is not dependent upon an energized membrane, as the energy is 

suppl ied by phosphoenol pyrurate. 
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It ;s ev;dent that there are no unique qual ities which absolutely 

define marine bacteria as being "marine" other than the fact that they are 

found in the sea, and have the abil ity to grow and survive in that environ­

ment (Macleod, 1965). These marine organism.s are taxonomically distinct . 
species, which apparently share the cOlTl1lon feature of requiring N.a + for 

growth (Baumann, 1979). Baumann has suggested that there is an ecolQgical 

.separation of 'gral1J-negative marine and terrestria1 bacteria resu1ting 

from specifie adaptations 'to their respective habitats. Organisms usually 
... 

adopt a strategy which allo~s them to exploi.t ; specifie environmental 

niche. Perhaps the Na+ requ;f~ment for growth in sorne way facilitates the 

surv;val and competitive ability of 111 a ri ne bacteria in the sea. As was 

. discussed in the l iter~ture Review, Na + in the sea represents a large 

energy reservoir that a cell can maintain without the problem of internal 

alkalinization (Skulachev, 1978). The ability to store energy in the form 

of a Na+ gradient may, be advantageous under certain conélitions in a 

nutrient-poor env~t such as the sea. 
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In A. haloplanktis, the transport of all n~trients 50 far 

examined is dependent upon Na+. This requirement appears primarily to 

reflect the association of N/ with the energyDstate- of the cytoplasmic 

membrane. The purnping of Na + out of the cell via the antiporter is 

dependent upon the expenditure of energy in the form of a pmf gener.ated 
" by respiration (Niv~n and Macleod, 1978). Respiration itself is 

i,fluenced by Na+, and it has been postulated that the Na+-stimu1ated 

internal NADH dehydrogenase of this organism may be involved in the 

regu1ation of respirator~ activity which ensures that Na + is kept out of 

the ce 11 (Khanna, 1980). 

The quesion arises as to how representative~. halop1anktis is 

of marine bacteria Jn genera1. ' Unfortunately there have been few studies 

on the physiology of Na+-dependence in other marine prokaryotes. A 

survey of the effects of ions on the maintenance of the structural integrity t 
of the cèll envelope of a variety of gram-negative marine bacteria showed 

that there was a wide spectrum of responses among the organisms to salts. 

Furthermore, there was no elear eut distinction between marine and terres­

'trial bacteria in this regard (Laddaga and Macleod, submitted for pub1i-
, -l 

cation), Considering the diverse spectrum of organisms eomprising the 
~ 

marine bacteria, it shou·1d not be expected that ~. ha10planktis, or any 

other organism" could serve as a~universal model. y. fischeri. as seen 

in this study, and a psychrophil ic marine Vibrio (Hay'asaka and MOl:ita. 

+ 1979} have sorne abi1ity to take up substrates in the absence of Na . 

There is clearly a need for more detailed studies on the effects of Na+ 

on membrane-related energy functions in these bacteria. 
( 
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There ;s a potentially sign;ficant difference between ~. halo-

planktis and ~. fischeri which may account for the dtfferences between 

these two organisms: the former ;s a 'strict aerobe, whereas t~e latter 

i's a facultative anaerobe: ' If the ability to generate a Na+ gradient is> 

dependent upon Na'+ -activated respiratiori, how would Na + be used by y. 
\- ", 

fischeri 'unde'r anaerobic conditions? Even though cells of this organism , 

could presumably generate a pmf by hydrolysing ATP, the abi1 ity to .rf 

maint~in a substantia1 Na+ gradient might be limited as compared to that 

under aerobic conditions. If this is true, the transport systems in 

V. fischeri may be sensitive to much smaller Nat gradier:lts than those of -.---
-" A. ha1op1anktis. Under the conditions used in this investigation, the 

levels of contaminating Na+ may have been sufficient to permit some 

+ transport to occur. A1ternative1y, there may be separate Na -dependent 

and Na+-independent uptake systems. If the Na+ req~irement for growth 

ref1ects a need for ~a+ fo~ respiration, perha~s ~ facultative organism 

would not require Na+ at a11 under anaerobic conditions. Baumann (1979) 
~ 

has screened the Na+ requirements of his iso1ates only under aerobic 

conditions. 

In conclusion, the marine bacterium~. haloplanktis needed Na+ 

for the active transport of a variety of metabolizable substrates. The 

~ Na+ requirement for transport exceeded that needed for ~aximum respiration, 

and would therefore appear to be a 'major factor accounting for the depen­

dency -of this organism on Na+ for growth. The situation is less c1ear in 
v , + 

V. fi scheri ~ where substrates were taken up in the ab's.~nce of Na , 
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a lthough the ion was required for optimal rates of transport. Na + did 

not affect the transport of D-glucose by cells of this,organism, which 

may indicate that thi s substrate 1s taken up by a PTS system. That the 

transport systems of the facultative anaerobe V. f;scheri differ some-. -
+ what from those of A. haloplanktis in their sensitivit,ies to Na , may 

reflect a requirement in the former organism for transport systems 

capable of functioning under anaerobic c~nditions. 
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ADDENDUM 

Since the ninhydrin reaction results in 'the removal of 

carboxyl groups (as CO2) from am,ino acids, sorne 14C label will be lost 

when extracted amino acids are reisolated by TLC and detected with 

ninhydrin. An experiment was conduçted ta estimate the reductian in 

radioactivity attributabl~ ta this proced.ure. 

Al iquots of 14C-amino aciçls were treated in the foll owing ways: 

a) 5 ul was dispensed directly into a scintillation vial (control), 

b) 5 ul was spotted on a TLe plate ,and then scraped into a vial, 

c) 5 ul was spotted on a TLe plate, sprayed with ~inhydrin and then scraped 

into a vial after development of the colour, d) 5 ul was spotted, the 

plate was developed with thé 9Ppropriate solvent systems, sprayed with 
}, 1 

ninhydrin, and the detected spot was scraped into a scintillation vial. 

'Scintillation cocktail was added to the 'vials and the radioactivity was 
1 

measured. 

The radioactive counts obtained after treatments b, c and d .. 

were compared to thosé obtained from the controls (a). The counts obtained 

und~r candi tian b a veraged. 90 percent of the control counts t and those of 
o 

conditions c and d averaged 80 percent of the control counts. Thus, of the 

radioactivity spotte.d on a TLe plate, about 10 percent is not recovered when 

the spot is scraped, into a vial, and a further 10 gercent is lost via the 

ninhy"drin reaction. 
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