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The mechanism of uptake of the fluorescent dye 2-(4-dimethylaminosty~l)-I-cthylpyridinium cation ( D M P " ) i n t o  cells and 
vesicles o f  the act,4 strain AS-I of Escherichia colt was examincd. Uptake ~,as cncrgizcd by suh~,tratc oxidation and di',,har,~cd 
by uncouplers. Uptakc was enhanced by the presence of tctraphenylphosphonium cation, tctraphcm Iboron amnn and trihubllin 
chloride, which may inhibit the cfflux system for DMP*. Uptake ~as inhibited by 5-mcthox$indok-2-carboxylic acid (MICL B~ 
the usc of ionophorcs with right-side-out vesicles loaded with monovalcnl cations it was shov, n th;Jt I)MP uptake could bc 
driven both by the establishment of a membrane ~ ten t ia l  across the vesicle memb,anc and b~ a I i ' / D M P  antiputt sy~,tcm. 
Attempts to demonstrate the latter mechanism in cvcrled membrane vesicles ,,',ere unsucccsstul. 

Introduction 

The f luorescent  dye 2-(4-dimethylaminostyryl ) - l -  
e thylpyr id in ium cat ion ( D M P  +) was in t roduced  by 
Bere i t e r -Hahn  to measure  :he metabol ic  s ta te  of  mito-  
chondr ia  in situ [1]. He conc luded  that  changes  in the 
f luorescence intensi ty of  the dye were  not due  to ion 
movements  or  pH changes.  Subsequent ly .  Rafael  [2] 
and  Mewes  and Rafael  [3] conc luded  that  the dye 
r e sponded  to the t r ansmembrane  potent ia l  of  mitt)- 
chondria .  Midgley and coworkers  [4,5] examined  the 
response  of DMP*  in bacter ia l  cells. They found that 
the  dye was taken up by the cells but was ex t ruded  on 
addi t ion  of  glucose. The  uncouple r  carbonyl  Q'anidc 
m-ch lo rophcny lhydrazone  (CCCP)  blocked the extru-  
sion process.  Extrusion was blocked by te t raphcnyl -  
phosphonium cat ion ( T P P " )  also. It was p roposcd  that 
TPP ~ compe ted  with DMP*  for a l ipophil ic cat ion 

c:qrusion system. This hypothesis  was further  s t rength-  
ened by subsequent  s tudies  [6]. it was suggested that  
efflux of the  l ipophil ic cat ions was driven by the trans- 
membrane  proton e lect rochemical  gradient ,  po,,sibly by 
c a t i o n / p r o t o n  ant iport .  The efflux system for l ipophilic 
cat ions has been cloned from Staphyhwocc, t .s  aureu~ 

and expressed in E. colt  [7]. 
No studies  have been carr ied out  to examine '.he 

mechanism of uptake of DMP"  by E. colt.  The svrain 
used by Midgley was nt)! suitable fl~r such studies since 
i t possessed an intact outer  membrane .  In the present  
paper  w~c descr ibe sludics on the mechanism of D M P  
uptake using an acrA strain of E. coli in which the 
outer  m e m b r a n e  is pe rmeab le  to [ipophilic cat ions 
[8,9]. We shou. that uptake is dri~.en b$ the proton 
e lec t rochemical  gradient .  

Materials and Methods 

Abbreviations: Bu ~SnCI. trihut3dtin chh~ridc: C('CP. carhon$1 csanidc 
m-chlorophcnyhydtazone: DMP'. 2-(4-dimethytamino~q~ll-l-cthsI- 
pyridinium: MI('. 5-melho~indolc-2-carl'~lic acid: PMS. phcnazinc 
methosulfate: TPP ". tctraphenylphosphonium. 

Correspondence: P.D. Bragg. Department {s,f Biochemist~'. Unt',cr- 
sity of British Columbia. 241fi ilealth Sciences Malt. Vuncouxcr~ 
B.C.. Canada. V(~T IZ3. 

f lac t t r iu l  s trains  

E. co!i W31 Ilk a wild-type E. coil K-12 strain, and 
AS-I .  an acrA mutant  der ived from V~311fl. wcrc ob- 
ta ined from Dr. Yasuo Imac. Nagoya Universit.,,. Japan.  

(;ro~:h oj cells 
Bac:crial  cul tures  ~ c r e  grown t o  s ta t ionary phase at  

37~C ~!th aera t ion  from a I t ;  ( x / x t  inoculum on 
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I 'cnassay Broth (l)il'co~ medium. Fhc cclls xscrc har- 
~cstctt by ccntrifugation and ~ashcd ,mcc by ccntrif- 
ug:ttion lrom 511 mM p ' .~la ' , , , ium pht~N~hatc buffer, pt l  
7,5, 

DMI' ~ [h~orescem'e with inn,,'t ,',.'!! ;,,~7~aration~ 
The tlt, orcsccncc t)f I ) M P  ~,,as measured at 22"(" 

wilh an Si~M-Aminco SPI:-50t)(" spcctrofluoromclcr,  
using an excitation w'avelcngth of 467 nm and an trois- 
shin wavelength of  557 nm. Washed cell pctlct.~ t)l~ 
rained by harvesting 411 ml of culturc~ were rcsus- 
pcndcd in 3 ml of 511 nlM potassium phosphate buffer 
(pH 7.5). 50 p.I of these cell suspensions were added to 
2 ml of 5(I mM potassium phosphate buffer (pi t  7.5)in 
curets of I cm pathlcngth. The resulting suspcnsiom, 
contained I m g  of cell protein. Assays ~,crc '.;farted by 
the addition of 12.5 /aM I ) M P ' .  [-ncrgy sot:rcc~, and 
inhibitors were used at the concentrations hJdicatcd in 
the legends to the figurcs. 

l'r~y~aration Of mcml~ranc te~ich'~ 
Right-side-oul membrane vesicles were prcparcd by 

t~sm~tic lysis ¢~1 sphcroplast~,. Sphcropla~,ts wcrc pre- 
pared by the method of Witholt ct al. [111]. arid were 
converted t¢~ right-side-out vesicles b.~' osmotic iysi,~ in 
distilled water. The vc,dclcs v,crc collected by ccntrd-  
ugation at 14401)0×g for 2 h. washed and tcsus- 
pcndcd in an appropriate buffcr as indicated in the 
figure legends. In some experiments right-side-out vesi- 
cles wcrc loaded wP.h K" or N a '  by resuspcnding the 
vesicles in 05  M potassium or sodium ph;~sph,~:c 
buffers at pit  8.t) and incubating the suspension at 
41)'C for 3(1 rain. The suspcnsion was cooled on ice and 
MgSOa wa.,, then added to 10 mM prior to collecting 
the "loaded" vesicles by ccnlrifugation at 30(R)()x g for 
10 minutes. The ~csiclcs wcrc ~vashcd oncc and rcsas- 
pendcd in 0.4 M Stlcrosc containing 10 toM MgSO a 
(pll 0 .4)or  in an appropriate buffer as indicawd in the 
figure legends. 

F.vcrtcd membrane vesicles wcrc prepared by !:rcnch 
press treatment of cell st, spcnsions as prc~iously de- 
scribed I11]. Vesicles wcrc v, ashcd  once ~,nd rcsus- 
pcndcd in 51t mM p¢3la.,,sium phosphate, pH 7.5. 

Aliquots of right-side-out or cvcrtcd membrane vc:.i- 
clc suspensions wcrc added to DMP ~ fluorescentc 
assay systems to give a final protein concentrat ion uf 
0.5-1J]  mg/ml .  DMP" fluorescence was measured a., 
described for intact cell cxpcrimcnts. 

iYq~aration o1 rat luer mitochondria 
Rat liver mitochondria ~,,cre prepared by the method 

of Johnson and Lardy [12] and resuspcndcd in I).25 M 
sucrose. 11)0 /.tl of this suspension was added to the 
DMP"  fluorescence assay systems as describcd in lhc 
legend,, to the figures. 

ih.wrmimltion q fpro tem 
Protein was measured by the method of I J ~ r y  ct al. 

[13] using bovine serum albumin as a standar~l. 

Resu l t s  

l-xperimenls with intact cells 
in the cxp,:rimcnts described in this papcr  wc have 

Iollowcd the uptake, an'.! ,:f!'b,*. ,~t" D M P '  from in- 
crcascs or decrcases in the fluorescence intensity of  the 
dye. The work of Midglcy and coworkcrs indicates that 
this is a satisfactory procedure [4-6]. Furthermore,  we 
have examined spectroscopically the possibility that 
DMP" interacts directly with the various reagents used 
in our  cxpcrimcnts.  No cvidcacc for interactions was  

obtained. 
Fig. 1 cemparcs  the rcsponsc of  intact ceils of  the 

parent strain W3110 with that of  it,,, acrA mutant  A S - I .  
These cells wcrc grown to the stationary phase and had 
a low rate o f  cndogcnous  respiration, in a similar 
manner  to that described by Midgley and coworkers 
[4-6]. addition of D-lactate or  glucose to a cell suspen- 
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Fi~, I. [-~|lcct ~f ~uh~lrale~ on the fl=,~resccncc of D M P "  in cell  
~uH~en~ion, of ~;3111t and AS-1. -Fh: procedure  is d~:~cribed in 
Matcriab,  and Method,,. Addition,,  to the cell  _~uspensions v, v r c  as 
Ibll,~v,~,: D. D M P -  112.5 ,uM): l.. D-lacla~c ( 10 mM): G. I~-gluco~,c (II) 
mM) The di,,~ol',cd o ~ g c n  i,, cxhau' , tcd at lhe ",lar. In (B). ( 'C( 'P{C)  
wa,, addctl  tt~ 12.5 ,u M Change' ,  In fluorc' ,ccncc intcm, ity arc ~,h~v,-n 

~m the ~crtical axi,. l h c  arrm~ indic tic:, 211t) ,, on the |i111c '.,title. 



sion of W31t0 resulted in a decrease in the fluores- 
cence intensity of D M P '  as it was expelled from the 
cell. Additionally, we observed that the dye was reaccu- 
mulated when the dissolved oxygen in the curet had 
been exhausted. By contrast, these substrates caused 
uptake of D M P '  into cells of AS-I. Uptake ceased 
and dye was lost from the cells on exhaustion of oxygen 
in the medium. Addition of 25 p.M CCCP abolished 
oxidation-dependent effiux of DMP" in W311() and 
oxidation-dependent uptake of this dye in AS-I (see 
accompanying paper, Ref. 14). We conclude that both 
oxidation-dependent uptake and efflux arc energy-cou- 
pled reactions. The initial phase of fluorescence !n- 
crease en addition of DMP ÷ to the cell suspension 
appears to haw :, non-energy-coupled component as 
weft as an cnergy-coupi~,d component since addition of 
CCCP after decay of the oxidation-dependent uptake 
resulted in further loss of DMP" but did not cause 
complete abolition of the fluorescence response (Fig. 
IB). Furthermore, addition of CCCP to the cell sus- 
penskm in the presence of D M P ' ,  but prior to the 
addition of substrate, resulted in some quenching. This 
suggested that metabolism of endogenous substrates 
maintained a certain level of fluorescence enhance- 
ment. Titration of the initial phase of fluorescence in 
the presence of CCCP gave a half-saturation value of 
0.1 #mol  D M P * / m g  protein. The fluorescence re- 
sponse following addition of glucose to AS-I shows 
biphasicity in the results shown in Fig. lB. This be- 
haviour was variable, being shown by some but not all 
cell suspensions. The explanation of this phenomenon 
has not been determined. 

Midgley and coworkers showed that cffiux of DMP 
was blocked by competition with TPP"  [4-6]. In agree- 
ment with this hypothesis, addition of TPP+ to a 
respiring cell suspension of AS-I resulted in a marked 
increase in fluorescence intensity which slowly decayed 
on exhausti~m of ox2,.'gen in the curet (Fig. 2). the rate 
of decay was slower in the presence of TPP~ than in 
its absence. This is co:lsistent with TPP* blocking the 
effiux pathway by competition with D M P ' .  Howe~er, 
the mechanism for the TPP * effect may be more 
complex than proposed by Midgley. Addition of tri- 
butyltin chloride (Bu~SnCI) and tetraphenylboron an- 
ion also increased the uptake of DMP" (Fig. 3). 
Bu~SnCI catalyzes chloride-hydrox2,l ion exchange to 
uncouple proton electrochemical gradients [15]. How- 
ever. it affected the uptake of DMP + in the absence of 
chloride ions. Thus it is unlikely that it is acting as an 
uncoupler• Moreo,,er. its effect was blocked b.~ the 
uncoupler CCCP (Fig. 3). It is possible that Bu~SnCI 
and the tctraphcnylboron anion exert their effects by 
interacting with a lipophilic site on the [ipophilic cation 
efflux system. 

5-Mctho~indolc-2-carboxylic acid (MIC} is an in- 
hibitor of lipoamidc deh.~,drogenases in animal cells 
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Fig. 2. l?ffcct ot TPP on I ) M P "  tluorc,.ocncc in a ~.'ct1 ,,u,,r,:n,,ion 
o f  AS- I ,  l h c  pr~c,cdurc :,, th_.,,crihcd in Matc : iak ,  and Mctl l~d,,.  
S~mhol,, and c~mt'cntrali~m,, ar~.' a- nl Fig. I. ] .  T I ' P -  added to 

11 125 ~,~ \ | .  

and bactcrin [16.17]. Richarmc [17] ha,, ,,hown that it 
inhibited binding protein-dependent tre~lsport in E. 
coil without affecting lactose permease or the phos- 
photranM'crase sy.,qem. MIC blocked uptake of D M P  
driven by oxidation of glucose. D-lactate. succinate, and 
formate in the prexence of TPP ~ (Fig. 4). An effect on 
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Fig. ~, | : l l cc l  o! B u ~ n ( ' l  and rctr~phcn~lb~m~n ~m D M P "  l ]uorc, -  
ccm.c m a c: t l  nu',pcn~.,n ~r &N-I  l h c  p.~otcdut~: t~ d~_',,cwtt~cd in 
M a i c n a l ,  a n d  M e t h o d -  S':,mb,~b, ~nd c o u c c n t r a l l m ~ -  ar~.' a'- m i-~g I, 

l B .  B u , S n ( !  add,.d l,, 1,25 #N| :  ] P B -  lC~raph~..n~,tN,r,m , ddcd  I,~ 
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Fig. J, t~ft¢ct l t l  5-nlclh¢~t$indtflc-2-c';irh~lx~tic tit'ltt (M I ( ' )  iln TPP - 
indt lccd I ) M P  l]ul~rc~cCileC c'h~irlTt,~ in ii cell ~u~pcnsil~n i~t A,~-] .  
The ini l i ; i l  lltllth."~t.t:licc' Ictc'l wa~ : i lh i incd i~l Ih¢ pr¢~elic'¢ o f  12.5 

~xM I ) M P  +..~t i t~Ir , i le~ ~c'rt" added to ~i l inal t 'onccnl ra l i t ln  o l  I11 
111~.|. ( i ,  i)-glllCtt~c,; L I~-Iai.'lille. ~_ .~uccinttlc: P, fOrlll;.ile. 1-. T P P  
added hi  (I. 125 taM. The ' ~)mbol intlieatc~ that  M I ( "  t4.7 mM~ ~;i> 

i)rt'~c'lll in Iht '  ~VM¢lll. I ) l~l t !~ cd iI%}'gcn '~,;i ~, c.%htluM~.'d ,;ti lh¢ M~il'. 

lip~an]i,lc dchydmgcnasc is unlikely t o  be the mecha- 
nism of action of MIC on DMP " uF!akc in our experi- 
ments. 

l:~perimenls wilh t'esich's am~ mit~whondria 
I)MP" was taken up in right-side-out mcmbranc 

vcsicl¢~ of AS-1 (and \V3110)driven by oxidation of 
tlscorbatc with PMS ( o r  i)-lactate, result nt~t shown). 
[!ptake v, as increased if T P I "  was present to block 
cft]ux (Fig. 5A). Suceinatc drovc the uptake of I )MP '  
in rat-liver mitochondria. DMP" cflluxcd on exhaus- 
tion of oxygen. Similar data wcrc obtained b~ 
Bcreitcr-Hahn [1]. By contrasl with membrane vesiclcs 
of E. coil additio, of TPP" blocked uptake of thc dye 
,u caused immediate cfflux (Fig..':'Bk This is consistent 
with the discharge of the transmembrane p~tential of 
the mih;chondrion and agrees with the proposal o |  
Mcwcs and Ralacl [3] that the transmcmbranc poten- 
tial is the driving force for DMP+ uptake in mito- 
chondria. Furthermore. the results suggest thai tin ac- 
tive cfflux system for lipophilic cal;ons, which can bc 
competitively inhibited by T P P .  does not occur in 
mitochondria in conlraM with 1-'. co/i. 

Right-~,ide-out membrane vesicles, v, erc loaded with 

p¢~tass[um ions by incubation with 0.5 M potassiunl 
phosphate, pH 8, at 40°C [18]. DMP + uptake by the 
vesicles was measured following addition to a potas- 
sium-free ch¢flinc chloride buffer at pH 8. There was 
little uptake until valinomycin was addcd (Fig. 6). Ad- 
dition of nigcricin (or CCCP) caused morc rapid efflux 
of the dye. Uptake of DMP~ on addition of valino- 
m vchl did no~ occur if the external medium contained 
potassium phosphate buffcr. Surprisingly, addition of 
nigcricin to potassium phosphate-loaded vesicles in 
choline chloride buffer also rcsulted in uptake of 
DMP +. Valinomycin caused efflux, in the first experi- 
meal, DMP + uptake must be driven in response to the 
transmcmbranc potential, ncgativc inside, formed on 
addition of valinomycin. In thc second experiment, 
nigcricin would acidil~y the vesicle interior by clec- 
troneutral K +/H " exchange. Uptake of DMP + could 
then bc driven by H ~ / D M P "  antiport. The presence 
of both valinomycin and nigericin would be expected ,.o 
discharge the ion gradients driving uptake. 
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Fig 5. l!llcct- ol ',u|'~Mlalc and I 'PP '  ~n DMP" fluorescence in a 
',u,.pcn',ii+n of righl-,,id¢ t~ul se',ictc', of AS-I (A) and rat-liver mito- 
ct'.=+ndria (B) %'c~ic'le~ plcpared a,, Oc~,cribcd in Materials and Meth- 
exl, ~¢rc rcsu~pended n, ~,~dium pho,,phale, pH 8. and assayed in S(I 
rnM sodium phosphate buffer (pli S). Mitochondria were assayed in 
In mM Ilepcs-KOll buffer (pit 7.51. containing 113 M KCI. The 
fi~th~v, ing addition,, were made: a,., indicated: AP. a~corhalc (10 raM) 
;rod PMS (~ ~uMi: I. IPP+ (12.5 tzM): S. xuccinatc (11) mM): D. 

I)MP 112.5 ~,1~. i)i',.~of,.cd oxygen ~us exhausted at the ',tar. 
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Fig. 6. [-tlecl of the ionophorc~, valinom~cin and nigcrkin on the 
DMP' Iluorescence in a ~,,~pension of K'-h*aded. zight-sidc-ou! 
vesicles. ]he ~esieles were prepared ai ptl S as described in Materi- 
als anti Mclhods. The assay system conlained 50 mM choline chlo- 
ride bufkr. Oil 8.0. V. valinomycin (1.25 #g/roD: N. nigedcin (t.25 

~ g/ml)" ('. C('UP {12.5 ,uM). 

Fu r the r  ver i f icat ion of  the  two rou tes  of  cncrgiza-  
t ion of  up take  of  D M P  * into r ight -s idc-out  m c m b r a n e  
vesicles was o b t a i n e d  using non - loaded  or  Na*- Ioaded  
vesicles.  Add i t ion  o f  val inomycin to vesicles p r e p a r e d  
in a K+-free buffer  at pH 8 and  suspended  in potas-  
sium p h o s p h a t e  buffer ,  pH g, induced  efflux of  D M P '  
in response  to the t r a n s m e m b r a n e  potent ia l ,  posit ive 
in ternal ly  (Fig. 7A). Monens in ,  which ca ta lyzes  the 
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Fig. 7. Effeci of io,mphores on DMP fluorescence :a a nus~ensi~m 
of K "-free (A) or Na '-loaded (B) righl-side-oUl ',cs,.:les. x."esick.,, 
~,'ere prepared as described in Materials and Melhods. In ~AL 
valinomycin t~ '. '..2.': ,up/~1)was added t~, K "-ire,: s',.sicles prepared 
at pl, ,,. suspended in s~ diem phosphale buffer, pll 8. and as,,a}cd 
in 50 mM I~lassium ph~ -,phal¢ bufl¢l, pi t  F.. In (B1), monennin (M. 
5(} p.M) was added lo qa ~-Ioadcd ,.e,.icles prepared al pit 8 and 
assayed in 0.4 M suew,-: '10 ,rim MgSO a (pit 6.4)(trace I). h; G;2L 
K "-loaded vesicles v,c. : ,ayed in ql mM sodium phosphale buttcr 

(pll Sl flrace 21. [,. DMP ' ( 12.5 ,uMt: ( .  ( ' ( ( 'P  { 12.5 ,uMI. 
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e lec t roneu t ra l  exchange of  Na " and It . cat ,scd I )MP " 
uptake  m right-sidc-~mI vcsiclcs loaded  with sodium 
phospha te ,  p H  8. and assayed in N a ' - f r ¢ c  bu l fc r  (l:ig. 
7BI ). The  uncoup le r  CCCP caused efflux of  the DMP . 
Up take  of  D M P '  did not occur  if K ' - I o a d e d  vcsiclcs 
were t r ea ted  with moncns in  in sodium phospha te  buffer  
(Fig. 7B2). These  results  are consis tent  ~ i th  a mecha-  
nism in which monensin  causes acidif icat ion o l  the 
vesicle in ter ior  by media t ing  exchange of  H" lor  N a - .  
D M P "  would then be taken up into the vesicles by 
H ~ / D M P +  ant ipor t .  

In a fur ther  set of exper iments ,  e v e n e d  m e m b r a n e  
vesicles p r e p a r e d  by French  press ing were examined  
par t icular ly  to establ ish the role of  l t / D M P  an- 
t iporl  in the cfflux syslcm. Addi t ion  of  D M P "  to 
overfed vesicles gave a level of  f luorescence intcnsiD 
which could not be a l te red  by oxidat ion ot N A D H  {or 
ascorbme with PMS), hydrolysis of  ATP.  o~ by a t t empt -  
ing to cstabl ish t r a n smc mbra nc  H ' or  charge grad ien ts  
in e i ther  d i rec t ion  by means  of  ionophorc  addi t ion to 
pro- or  non -p re loa dc d  vesicles, as dcscr ibcd  abnvc lor  
r ight-s ide-out  sesicles.  Addi t ion  of  "IPP" ~o block the 
efflux system had no effect. 

Discuss ion 

As previously d o c u m e n t c d  by Midglcy aad  eo\~ork- 
ers [4-6],  the react ion of D M P  ~ with E. c,l i  cells is a 
ba lance  be tween  the processes  ~f uptake  aed  efflux of  
the dye. Normal  wild-type cells are un..,uitable for s tud- 
ies of up take  as the ou te r  m e m b r a n e  imposes a pe rme-  
abil i ty ba r r i e r  to l ipophil ic  ca t ions  [q.19]. This ba r r i e r  i', 
overcome in acrA mutan ts  like strain AS-I  used in our  
intact cell s tudies,  in AS-I  the rate at which I ) M P  i,, 
able  to reach the inner  m e m b r a n e  is not ra~c-limiting. 
Thus.  it is possible  to measure  uptake  ot + the dye. The 
uptake  ra te  is g rea te r  than the rate of efflux so that ncl 
accumula t ion  of  the dye is obscrx'cd. That  efflux also 
occurs  is indica ted  by the enhancemen t  in thc rate ,d 
up take  of  D M P "  when T P P -  is present .  Midglcy and 
coworkers  [4-6]  have sugges ted  lhal  F P P  compe tes  
with DIVIP" at the efflt,x system, thus; reducing the ra~c 
of  cxlrusion of  D M P .  Bu~Sn( ' l  :rod the l ipophi!ic 
anion t e t r apheny lboron  behave similarly to "I'PP" but 
it is not c lear  if thei r  mechanism of act ion is the same 
as that  of  T P P ' .  Bu ~SnCI did not act th rough  catalyz- 
ing CI / O H  exchange,  its normal  mode  of  action 

[151. 
Up take  of  D M P -  in AS-I  is dr iven by oxidat ion of  

subs t ra tes  such its glucose.  D-lactate. suecinatc,  lor- 
male  and ascorba le  {in the presence  of  the e lec t ron  
car r ie r  PMSk Uptake  ceases,  and etflux occu,>, when 
oxygen has been  exhaus ted  in the system. The  uncou- 
p ler  C C C P  abolishc,,  uptake  suggest ing that  the elec- 
l rochcmical  grad;enl  oi pro tons  set up by re, ,piratum i~ 
invohud ,n the uptake  process.  CCCP decreases  fl~c 
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Ic,,cl of I)MP' 'o bclo,,~, 111a~ ptoduccd h+~ ',uhslratc 

tY, , i t l ; l l ion ind ica l in .L '  lh :H , ' , , , . ! , 'g , ' : ' , 'u : ,  i~iuiai~i~iist] ' l  I l l t lM  

~.'tHlllil+,tllC It1 t he  u p t a k e  p r ~ c u , , ,  l h c  u n c ~ u q f l c r  tlot_,s 

not l cducc  l'lutm.',,cuncu to zero. This implies that a 
porl i iul  of  tile observed  l]tlOlCSCCllCC Call bc a t t r i b u t e d  
t o  p.assivc b ind ing  ~d/ lhc d.~t." hi the cells. 

11112 LiSt i/I unh)adcd  or IllOllO%JlClll cation-loaded 
righl-sidc-oul ~e.,,iclcs m the pl cscncc ol the iol~oph~Irc.,, 
~alinolnycin, nigclicm and inOl~ensin has shown lhal 
uplakc inl~i the vesicles, can bc energized by the trans- 
mcmbranc p, ltcnti:ll (negative i n , , i d c ) a n d  by II+/ 
D M P '  a n l i p t + l t .  I t  is t he  pr¢,,Cll l : ,,: t q  t h e  l a t t e r  sySte l l l  

which cxpl~,ins +~h~ addi l ion uf TPP + to 1:. coli ,,esi- 
clc~, th,c~, nt+t cause inhibititm ul l I M P  " uptake  such as 
oCCHI>, ~',itJl mitt+¢ht+llthia, v, hcrc  prCSUlnably the t+tllx 
tll¢.~tllS ttl upt:ikc i,, the cqu i l iNa thm ~+l the !il+-philic 
D M P  acros,, the iIlClllblalle ill lCSpttll,,C Ill lhc lllcll'l- 
l~r;lllC polcnli:d t n c g a t i \ c  innidc n l i toch( tndr ion) .  It is 
illll cJc;tr II~Hll t}tll CXpClinlClllx il x~¢ ;t!-c lllCHMll'itlg ;1~, 
;Ill uptake  :',+",";l¢lll the I I ' r'I)MI+" antiport :,,y,,.;t¢lll pos-  

t u l a t e d  t+~ Midglc$ Io bc rcH+onsible f o r  c f t t u x .  ( ) t i t  + 

hutbilii.~ It+ ~ci tip an approl+riatc of l lux s,),qelll wilh 
c \ c r l c d  I l lC l l lb l { i l l L '  ~c>ic'Ic~ St lggCMx t h a t  t he  t l p l a k c  h',  

I f ' <  D M P '  a i l l i p o r l  i h a t  x~.c.' n l ca , , / l lC  i l l  i i g h i - . q d ¢ - o u l  

v¢.qclcs is no t  thu' c t f h i x  s_~slcm. | tm~ .c~c r .  i t  b, pu~>Jblc 
t h a t  ~i., c a n n o l  I n c a s u t c  I ) M I '  t i p l a k c  d r h e n  by  l h c  

ac i d i c  i n t e r i o r  o l  l i l t  c~u ' r l cd  n l c l n b r a n c  ~c,iclc hc- 
C;.tII',C ot  it~ ~,mall h l t c l i i : l l  vo lu l l lU ' .  A g a i n s l  !tli.~ ; . t lgt l -  

t~lCilt is t he  fac t  l h a l  ~v~." Cal l  rcadil$ mc'<lsurc l h c  

f l t r m : l t i l m  of  ~ill a c i d i l i c d  ~c~i¢1c i n t e r i o r  t i l l  s t l b s t r a l c  

i ) x i t t ; i t i ( l l l  t l l '  A I P  h )d ro lbM~,  b,~, u p l a k e  o f  t h e  f l t i , , i rcs-  

c c n l  p r o b e  q t l i l l < i c t i n c  1211 ( u n p u b l i s h e d  l -csu l ls ) .  N c x -  

c r l h c l c s s ,  it ~c'ClnS u n l i k e l y  l h a l  t h e r e  ~ o t i l d  b c  b o t h  a 

I t / I ) M P +  a n l i l ~ o r t  t l p t a k c  a n d  c f l ] u x  s y s l c m .  I. lu" 

c xa l l l p l c+  l c t r a : ) c l i i l c  u p t a k e  : incl c f t ] u x  t ic 'cur  b \  d i f l c r -  

t i l t  niccl- ial~i ,ql l , ,  I:_~1. I : u r t h c r  c ' h a i a c ' l c r i / c t l i o n  o t  l h c  

c l l l u x  ,s~stcm is n c c d c d  to  csl ' , i lqi~,h t h a i  it i~ i n d e e d  a 

t t  ' i I )MP  " a l ! l i p o r l  '4y' ,h:nl 

, & l t h t m g h  u p l : , k c  ~1 i h c  l ipophi l ic  I ) M P  in l-c- 

sr~t;nsc ltl t h e  t la l lM l lC l l l l~ r . , i l lC  p t / l c n t i a l  c.'/.lll tlt.'Clll 

i h r o u ~ h  pas,@~u" d i f t t > i u n ,  ; . l i l l i p t ) r l  l l l c c h a n i s l l l S  r e q u i r e  

',i Ca l l ' i c r .  I ) l c i h l l i n a l ' y  a l l C m p l n  h i  scc i f  t he  c : t l i t , ns  

l.vsinc. :~reinin,_" ~pc :m i ;~ , : .  t ,u t rescme,  s p c r m i d i n e  a n d  
',lrcpt~mL~cin v~ouM block DMP+ uptakc  by compe l i -  
litm for the an t ipo r l  syMcnl ill i l l tacl cells of AS-I w e r e  

not ,,llCCCss|t!.[ ( resu l t s  not .shown). "fhe iden t i ty  of the  
nt~rmal sub.,,tralc for lhc  a n l i p o r t  sys lcm used  by D M P  ' 
r em a ins  Io bc idcnl i f icd .  
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