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The mecha~sms of ~ n ~  ~anspo~ of sho~ ch in  ht ty adds by l u m ~  memb~ne veeries prepared from 
pars convoluta or pa~ ~ a  of rab~t proximM ~b~e  we~ s ~ e d  by a MiIHpo~ filWation ~chn~ue and by 
a spec~ophotome~ic m~hod us~g a po~nfiai-sen~tive carbocyan~e dy~ B~h ~min~ memb~ne verde 
preparations ~ke up prop~n~e and buWr~e by s~ictly Na%dependent ~anspo~ ~ e m ~  ~ o u g h  wi~ 
d i f f e ~  charac~fisfi~. The u~ake of sho~ cha~ ht ty adds by membrane veeries from the pa~ convdu~ 
was ~sen~tive to changes ~ membrane potential, which ~ ~ c a t i v e  of decWoneu~al ~anspo~ of these 
compounds. Fu~hermor~ ~netic s~dies showed th~ the Na%dependen~ but dec~ical~ silent Wanspo~ of 
pro~ona~ ~ samraMe (Km = l g 9 ±  1.1 mM and Vm~ = 3 ~ ±  ~2 n m d / m g  pr~e~ per 20 ~ and ~ 
unaffected by the p~sence of L- and D-lac~t~ in~cM~g that these monocarboxyfic ac~s ~d not sha~ the 
same common ~anspo~ ~s~m. In the ~ m ~  membrane veeries from the pars rect& the u~ake of 
pro~ona~ and buWrate was m e ~ e d  by an Na~dependent elec~ogenic ffanspo~ proces~ ~ c e  addition ¢f 
• e orga~c compounds ~ these v e r d e / d y e  suspens~ns depolarized ~e  membrane ve~des and the ~ n ~  
u~ake d prop~n~e and buWr~e was enhanced by K + ~ffu~on potenti~ ~duced by v ~ o m y d ~  
Competition expefimen~ reve~ed that ~ con~a~ to the ~anspofl of pro~ona~ by vesicles ~om the pars 
convdu~, ~e  Na%dependent elec~ogen~ ~anspo~ of sho~ ch in  ht ty adds ~ veeries from ~e  pa~ re~a 
occuwed via ~e  same ~anspo~ sy~em that is ~sponsible for the reabsorptbn of L- and D-lactate in t~s 
~ o n  ef rab~t ~dncy proxim~ m b ~  

~ t i ~  

It ~ known that fatty a~ds are taken up by the 
mammalian kidney in vivo [1,2], by renal cortical 
sfices in vi~o [3] and by the perfused kidney [4]. 
Howevea the mechanism of ~anspo~ of these 
monocarboxylic a~ds across the membranes of 
renal calls is not dear at present. Evidence of 

* To whom co~espondence should be addre~ed. 
Abb~af ions :  Hep~, 4-(2-hydroxyeth~)-l-pipera~neethan~ 
su~hon~ ~cd; M~, ~ m o r p h ~ m e ~ h a n ~ p h o ~ c  ac~. 

transport of fatty a~ds across the luminal mem- 
brane was obtained in microperfufion expefimenU 
by UHfich et al. [5], who demon~rated that sho~ 
chain fa~y a~ds and their analogues, when added 
to perfusate at a concentration of 10 mM, effi- 
~enfly inhibited the reabsorpfion of Dqactate by 
the proximal tubule of rat kidne~ By contrask 
Barac-N~to et al. [6] were unable to demon~rate 
any inhibitory effect of propionate on the Na+-de - 
pendent uptake of L-lactate by luminal membrane 
vesicles Nolated from whole cortex of rat kidney. 

In the present communication we have under 
taken to investigate the exi~ence of ~anspo~ 
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systems for short c h i n  fatty adds across lumin~ 
membrane vefide~ derived ~om the pa~ con- 
voluta and pars recta of the proxim~ tubules. In 
both vefide preparations we found that pro- 
pionate and butyrate were transported by Na+-d~ 
pendent processes. HoweveL there were d~tinct 
differences between ~anspo~ sy~ems of pars recta 
and pars convoluta with respect to the dec~ogen- 
icity and inhibition by L- and Dqacta~. These 
differences may in part account for the pre~ou~y 
reposed confl~ting data on inhibition of L- and 
oqactate reabsorption. 

M a t e d ~ s  and M e ~ s  

~ 

V ~ o m y d n ,  Trizma b ~  T r i ~ a  h y ~ o c ~  
rid~ Hep~, M~, D-~UCO~, p ~ o ~ c  add, and 
n~u~r ic  add w~e obt~ned from ~gma Chem- 
~ Co., St. Lo~s, MO, U.~A. Radioactive pro- 
~ o n a ~  (~ec. a~. 54 m ~ / m m ~  and bu~r~e  
(spec. act. 56 mCi /mm~)  were purchased from 
Am~sham, B ~ n g h a m s h i ~ ,  U.K. 3 , 3 ' - ~ h ~ -  
o x a ~ o ~ y a n i n e  ~ d ~ e  was ~ p ~  by Easb 
man Kodac Co., R o c h e s ~  NY, U.S.A. These 
and ~ other reagen~ were of A . ~  grade. ~ l  
s~utions were s t e ~ e d  be~re use. 

Prepara~on of M m ~  membrane v ~ l e s  
Lumin~ membrane vef id~ were prepared from 

the pa~ conv~uta Cou~r c o r ~ )  and from ~e  
pars recta Cou~r medulla') of the pro~m~ tub- 
d ~  cf rabbit ~dney by the m~hod p~¼ou~y 
described from this laboratory [7,8]. The purity of 
membrane ve rde  preparations was inv~tiga~d 
by de~ron microcopy and by measuring spedfic 
acti~ti~ of various enzyme mark , s  as p~¼ous~ 
described [1,9]. The protein concen~ation in the 
membrane fractions was determined by the m~hod 
of Lowry et M. [10], as mot t l ed  by Peterson [11], 
with human serum ~bumin as standard. 

Uptake e x p e r i m ~  
The up~ke of p ~ p ~ n ~ e  ~nd bu~r~e  w~  

~u~ed  by M i ~ p ~ e  ~ a t i o n  [12] and spe~r~ 
p h o ~ m ~  [13]. The uptake of ~ o a c t i v e  pro- 
~ o n a ~  and bu~r~e  was investiga~d by ufing a 
relativdy fimple, a~om~ed  a p p ~ u ~  o r i ~ n ~  
described by K~s~r  et ~. [1~, which may be 
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obt~ned from Innovac Labo~ AdliswilL Swi~e~ 
land. The apparatus consists of an dec~onic con- 
trol unit, a ~brator for starting the reaction, and a 
stop s~ution injector. The individu~ measure- 
ments with the automa~d apparatus were per- 
formed as follows. A drop of 20 ~1 membrane 
vefide suspens~n and a drop of 20 ~1 incubation 
medium were placed dose to but separate from 
each other at the bottom of a polystyrene test 
tube. The test tube was phced in a s~d connected 
to the ~brator and the defired reaction time was 
set on the dec~onic c o n ~  unit. The drops were 
mixed by swimhing the ~brator to the 'on' posi- 
tion and at the set time the reaction was stopped 
a u t o m a t i c ~  by the addition of stop solution 
from the i~e~or.  After the addition of the stop 
solution the content of the test tube was rapidly 
fil~red through a Sa~orius membrane filer 0.45 
~m, type SM 11106, G~ttinge~ F.R.G.) which 
was washed twice with 2.5 ml ~ c ~ d  stop buffe~ 
The filter was dried overnight and the radioactiv- 
ity was coun~d in a ~quid sdntilhtion coun~r 
(Wallac LKB 1210 Ultrabeta) in Lumagd (Luma~ 
The Nethe~andO. Co~e~ion for non-spedfic 
binding to the filer and membrane veeries was 
made by sub,acting from ~1 data the v~ue of a 
blank obt~ned by fil~ring denatured membranes 
(boiled for 2 rain) added to an incubation tube 
cont~ning radioactive propionate or butyra~. 

The spe~rophotom~ric measuremen~ were 
carried out as pre~ou~y described [13], and de- 
tails ef the indi~du~ experimen~ ~re ~ven in the 
legends to the figures. 

R e s ~  

Uptake ~of ~ho~ cha~ fatty adds by &mmM mem- 
brane vesicles from proxim~ convoluted tubules 

The time course of uptake of radioactive pro- 
p ~ n ~ e  and bu~ram by lumin~ membrane 
v e ~ d ~  h ~ e d  from pars convoluta was ~udied 
by Mfll~ore fil~ation [1~. It appea~ f o m  Fig. 
1A and B that the presence of an inwar~y ~-  
m~ed Na + gra~ent marke~y stimulamd lhe ac- 
cum~ation of the organic adds in the ve~de~ 
and the ma~m~ concentration was reached at 
about 90-120 s of incubation. Th~eafter pro- 
~ o n ~ e  and butyram concentrations decreased, 
~d~ating net efflux. After 60 min the level of the 
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Fig. 1. Uptake of [14C]propion~e (pand A) and [~4C]butyrate (pand B) by ~minN membrane vesicles p repa id  from pa~ convMum 
of the pro~mM tubMes as ~ud~d by Mi~pore filwafion. Common experimental conditions: protein concentration 5.0 mg/ml; pH 
7.5; ~mperature 20°C. The ~wave~cular meNum was 310 mM man~tol, whereas the ~cubafion media were 0.2 mM ra~oacfive 
fat~ aNd~ 155 mM NaC1 (~) or 155 mM KCI (~). In both inwave~cMar and exwaves~Mar media 15 mM Hepe~Tris was used as 
the buf~r sys~m. ResM~ are Nven as mean vMues ± S.D. of three experiments. 

organic add  uptake in the presence of Na + had 
fallen to the levd attained in the absence of Na +, 
suggesting that equilibrium was being approached 
between intra- and ex~ave~cular concentrations 
of substrate~ No ~anNent uptake Covershoot) of 
propionate and butyrate was observed in the pres- 
ence of KC1 gradient. 

Fig. 2, curves 1, 2 and 3, Hlu~rate the ab- 
sorbance changes caused by the addition of 10 
mM propionate, 10 mM butyrate and 10 mM 
D-glucose to the v e r d e / d y e  suspen~on, respec- 
tively. No ~gnificant depolarization could be de- 
tected in the presence of short chain fatty adds 
under these conditions (see Fig. 2, curves 1 and 2). 
For the sake of comparison, the absorbance 
changes assodated with addition of the same con- 
centration of D-glucose (Fig. 2, curve 3) are shown. 
According to expectations, addition of D-glucose 
to d y e / v e ~ c ~  preparation resulted in a very pro- 
nounced optical chang~ which is indicative of 
dectrogenic transport of this compound [13]. The 
results described in Figs. 1 and 2 strongly suggest 
that the uptake of short chain fatty acids in lumi- 
nal membrane ve~cles from pars convoluta is 

m e ~ a ~ d  by a strictly Na %dependenc but de~ro -  
neu~M ~anspo~ process. 

Tab~ I shows the ef~ct  of K +- and H ~gra~-  
ent on ~ e  Na~dependent  uptake of ra~oacfive 
prop~nam by Ne ~minN membrane v ~ s  from 

TABLE I 

EFFECT OF K ÷- AND H % G ~ D I E N T  ON ~ T E  OF 
Na%DEPENDENT UPTAKE OF PRO~ONATE BY 
LUMINAL MEMBRNAE VESICLES FROM PARS CON- 
VOLUTA 

R e s ~  are ~ven as mean v~ues±~D,  of at least ~ree 
expefimen~ For ~ r ~ e r  experiment~ de~ l s  see R e s ~  sec- 
t~n. 

[~4 ClPro~onam Percent 
uptake of 
( nm~/mg  protein conU~ 
per 20 ~ 

C o n ~  • 122 ± &005 
K ~ g a ~ e n t  

(K~ > K ~ )  ff118±~008 
pH-gad~m 

(pH m>pHout) ~124±~010 

100 

97 

102 

~ 5 < P > 0 . 6  

0.7< P <0.8 
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Fi& 2. Uptake of 10 mM propionate (curve 1), 10 mM butyrate 
(curve 2) and 10 mM D-glucose (curve 3) by luminal membrane 
verities prepared ~om pars convoluta of the proximal tubules 
as ~udied by spec~ophotometry. Common expefimentN 
conditions: protein concentration 025 mg/ml; pH 7.5; 
~mperature 20°C; dye concentration 15 ~M. The intravesicu- 
lar medium was 310 mM mannitol, whereas the ex~rnM 
medium was 155 mM NaCI. In both intravesicular and ex- 
~aveficular media 15 mM Hepes-Tfis was used as the buffer 
system. The break in the curves, at 0 min, indicates addition of 
solut~ Broken ~nes illu~rate the time course without the 
addition of sho~ chNn fatty a~ds. The spectrophotome~r was 
operated in the dual wavdength mode with 580 nm and 610 
nm (reference wavdength). 

the pars convNuta as measured by Millipore 
fi~ration ~chnique. In a series of experiments the 
luminN membrane veeries were prdoaded with 
me~um contNning 155 mM KC1, 15 mM Hepe~ 
Tfis buffer (pH 7.5) and ~cub~ed in medium 
contaiNng 200 ~M ra~oactNe propionm~ 155 
mM NaC1, 15 mM Hepe~tris buffer (pH 7.5). No 
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stimulatory effect of a K + gradient on the Na +- 
dependent uptake of the short chain fatty acids 
was observed. We have also ~udied the effect of 
inwardly directed hydrogen ion gradient on the 
Na+-dependent uptake of radioactive propionate 
in these ve~c~ preparations, In these experiments 
the in~ave~cular medium was 310 mM mannitoL 
15 mM Hepes-Tris buffer (pH 7.5), whereas the 
incubation medium consisted of 200 ~M radioac- 
tive propionate, 155 mM NaC1, 15 mM Mes-Tris 
buffer (pH 5.5). The resul~ of these experiments 
showed that the uptake of the fatty acid was 
unaltered in the presence of pH gradient (pHou t = 
5.5 and pHi~ = 7.5). 

Fig. 3 depicts the uptake of radioactive pro- 
pionate in the presence of a NaC1 gradient at 
increa~ng concentrations of the organic acid in 
vesicles from pars convolut~ The Na÷-dependent 
uptake of fatty add shows an increase at low 
medium concentrations. The renal accumulation 
of this organic compound increases ~owly but 
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Fig. 3. Uptake of increa~ng concentrations of propionate by 
luminal membrane ve~cles prepared ~om pars convoluta of 
the proximal tubules. At time zero 20 ~1 of a concentrated 
membrane ve~cle suspension (14-20 mg protein/ml) was ad- 
ded to 20 ~1 of uptake buffer containing unlabdled pro- 
pionat~ [14C]propionate, 155 mM NaCI and 15 mM Hepe~Tfis 
(pH 7.5~ The intravesicular medium was 310 mM mannitol 
and 15 mM Hepes-Tfis (pH 7.5). A~er 20 s the uptake was 
stopped by adding 1 ml of ice-cold stop buffer con~sfing of 
155 mM NaCI in 15 mM Hepe~Tfis (pH 7.5). in the inset the 
results are shown in an Eadie-Hofstee plot. V represents the 
rate of transport at substrate concentration S. Results are 
given as mean values± S.D. of four experiments. 
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Fi~ 4. Uptake of [~4qpropionate (panel A) and [~4qbutyrate  (panel B) by luminal membrane verities prepared from pars recta of 
the proximal tubules as studied by Millipore filtration. The intravesicular medium was 310 mM mannitol, whereas the incubation 
media were 0.2 mM radioactive fa~y acid& 155 mM  NaC1 ($) or 155 m M  KCI (~). For fu~her  experimental details see Fi~ 1 legend. 
Resul~ are given as mean values ± S.D. of three experiments. 

steadily at higher medium concentrations and ap- 
proaches saturation at a fatty acid concentration 
of 20 raM. The inset in Fig. 3 i~ustrates an 

E a d i e - H o ~ e  plot of the same expefimentN data. 
It is apparent from this plot that the renN uptake 
of propionate in the vesicles occurred via a sinNe 

~E 
C 

O 

i E 
c 

o 

0.080 

0.060 

0.040 

0 .020  

0.080 A B 

~~_c u r v e 1 ~m~ °C~°EcE~ 0.0 ~ 00060 

~ ~ curve 2 2 curve 

0020 \ i  

curve 3 curve 3 

0 ~ 0 

0' ~ ~ ; ~ 0' ; ; 3' ~' 
Ti me(rain) Time (min) 

~ 5. U p ~ k e  of 0.37 m M  p r o ~ o n a m  (pand  ~ and b u ~ r ~ e  (pand  B) ~ ~ n ~  m e m ~ a n e  veeries  prepared from pars recta of 
• e p r o ~ m ~  tubu~s  as s ~ e d  by ~ e c ~ o p h o ~ m e t ~ .  The intravesicular m e ~ u m  was 310 m M  m a n ~ L  wh~eas  the external 
m e ~ u m  was 155 mM N a ~  ~ u ~ e  lh  103 mM  N a 2 S ~  (cu~e  2) or 155 mM K ~  ~ u ~ e  ~ .  In b o ~  i n ~ a v e s ~ d a r  and ex~ave~c~ar  
m e s a  15 mM H e ~ T r i s  was used as ~ e  b ~ r  ~ e m .  For ~ r  e x ~ f i m e n ~  d e t ~ s  see ~ 2 ~ g e n ~  



t r anspor t  s y s ~ m .  The  K m and Vm~ values cMcu- 
la ted  f rom these e x p e f i m e n ~  were as fo~ows: 

p rop iona te ,  K m = 10.9 ± 1.1 m M  and  Vm~ = 3.6 
± 0.2 n m o l / m g  pro te in  per  20 s. 

The  quest ion as to w h ~ h e r  the fa t ty  a d d s  are 
t aken  up b y  the same s y ~ e m  which t ranspor t s  L- 
and  o q a c t a t e  in l u m i n ~  m e m b r a n e  vee r i e s  ~ o m  

the pars  convolu ta  was ~ s o  examine& F o r  this 
pu rpose  r a d i o a ~ i v e  p rop iona te  was chosen and 
the effect of  Other  L- or  Dqacta te  or  bu ty ra t e  (10 
m M )  on the in i f i~  up take  of this c o m p o u n d  was 
d ~ e r m i n e d .  I t  is seen f rom Table  II  that  the in i f i~  
ra te  of  p rop iona t e  ~ a n s p o ~  was uninf luenced by  
the add i t ion  of  L- and  o - h ~ a t ~  indica t ing  that  
these organic  a d d s  d id  not  share the same t rans-  
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por t  system in vesicles f rom the pars  convoluta .  

On  the o ther  hand,  the values given in the table  
show that  the presence of  bu ty ra te  inhibi ts  the 
up take  of p rop iona t e  in these vesicles. 

Uptake of sho~ chain fat~ adds by &mmal mem- 
brane vesicles from proximal ~raight tubules 

Fig. 4A and B shows the up take  p a ~ e r n  of 
r a d i o a ~ i v e  p rop iona t e  and butyra te ,  r e s p e ~ i v d y ,  
by  l u m i n ~  m e m b r a n e  vesicles f rom the pars  recta.  
I t  appears  f rom the figure that  in the presence of  
an e x ~ a v e ~ c u l a r >  in t r ave~cu la r  N a  + gradient ,  
the i n i t i ~  ra te  of fa t ty  a d d  up take  is much  greater  
than  that  o b t ~ n e d  in the presence of a K + gradi-  
ent. F u ~ h e r m o r e ,  ~ a n ~ e n t  overshoots  are ob-  
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Fi~ 6. Ef~ct of valinomycin on the absorbance changes induced by addition of propiona~ (pand A) and butyrate (pand B) to 
lumin~ membrane vesicles prepared from pars recta of the pro~m~ t u b u ~  The membrane verities were preloaded for 1 h in 103 
mM K2SO4, and the spec~ophotom~fic expefimen~ were carried out with an ex~rn~ medium of 103 mM Na2SO 4. Curve 1 in each 
panel, addition of 5 #g valinomycin per mg protein; curve 2 in each panel, addition of valinomydn and, about 30 s late~ 0.76 mM 
propionate or b u t y r ~  curve 3 in each panel, addition of solu~ in the absence of vahnomyon. For further expefiment~ details see 
Fi~ 2 ~gend. 
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TABLE 1I 

EFFECT OF VARIOUS COMPOUNDS ON RATE OF 
N a % D E P E N D E N T  UPTAKE OF PROPIONATE BY 
LUMINAL MEMBRANE VESICLES FROM PARS CON- 
VOLUTA 

Resd~  are ~ven as mean v ~ u ~ ± ~ D ,  of at ~ast ~ree 
experiment~ Concen~ation of propionate in ~ e  incubation 
me&um was 0.2 mM and of ~ 10 raM. For ~ h e r  
~ p e r i m ~ t a l  d O ~  ~ e  ~ g  3 ~gend. 

Addition [t4 q P r o p i o n a ~  Percent P 

uptake of 
(nmol /mg proton control 
per 20 s) 

None &120 ± &005 100 - 
~ L a ~ e  &l15 ±&010 96 0.4 < P < 0.5 
D - L a c ~  &122 ± &008 102 0.7 < P < 0.8 
B u ~  0.081 ±0~10 68 P < 0.01 

served on~  in the presence of Na +. Fig. 5A and B 
records the absorbance changes induced by ad- 
dition of propionate and butyrate, respectivd~ to 
v e r d e / d y e  suspenfion in the presence of a NaC1 
grad~nt ~urve 1), a NazSO 4 gradient (curve 2) or 
a KC1 gradient (curve 3). It is seen that addition 
of fatty adds depolarized the membrane verities 
only in the presence of Na +. 

The effect of a K + diffufion po~ntiM gener- 
ated by valinomydn on the Na%dependent up- 
take of propionate and butyra~  in verities from 
the pars recta is described in Fig. 6A, B, respec- 
fivdy. In these experiments the verities were pre- 
loaded with KaSO 4 and suspended in Na2SO 4. 
This resM~d in an outwardly directed K + gradi- 
ent and inwardly direc~d Na + gradient. Addition 
of vMinomydn under these conditions resulmd in 
an approx. 2-f~d increase in dye response caused 
by fatty acids (compare the difference bmween 
curves 1 and 2 with curve 3 of F~.  6A and B). The 
results presented in Figs. 5 and 6 deafly demon- 
strated that the uptake of short chmn fatty adds 
in verities from the pars recta has occurred by an 
Na +-dependent and e ~ r o g e m c  process. 

Fig. 7A and B shows the opticN changes pro- 
duced by various concentrations of propionate 
and butyra~, r e sp e~N d ~  in the presence of an 
Na + gradient by luminal membrane veNdes from 
the pars recta. The Na~dependent  uptake of fatty 
adds shows a rapid increase at low medium con- 
cen~afions (~ss than 0.02 raM) and approaches 
saturation at a concentration of 1 mM. The insets 
show the Ead~-Ho~we anNyfis of the same ex- 
pefimentM d~a.  A s~Nght line relationsNp is 
obtNned in both cases, suggesting that the Na +- 
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Fig. 7. Uptake of increafing concen~ations of propionate (pand A) and butyrate (pand B) by lumin~ membrane vesicles prepared 
from pars recta of the p r o ~ m ~  tubules as ~udied by spectrophotometry. The intraves~ular medium was 310 mM mannitol and 15 
mM Hepes-Tris (pH 7.5). The resul~ shown in the figure are the absorbance changes obt~ned with an ex~rn~ medium of 155 mM 
NaCl/15 mM Hepe~Tfis buffe~ In the inset the results are shown in an Eadi~Ho~tee plot. V represen~ the absorbance change at 
substrate concentrations S. Fu~her experimental det~ls see Fig 2 ~gend. Resul~ are ~ven as mean v~ues±S.D,  of four 
experiments. 



dependent uptake of fatty adds h mediated by 
means of a ~n~e ~anspo~ system with the fol- 
lowing K a v~ues: propionat~ 0.020 ± 0.002 raM, 
butyrat~ 0.025 ± 0~02 mM. 

To test further the question as to whether L- 
lacta~ and short c h i n  fa~y adds share the same 
~anspo~ sys~m in lumin~ membrane veeries 
from the pars recta, spectrophotom~ric experi- 
ments were performed as described in previous 
papers [15-17]. The resul6 of these experiments 
are plowed in Fig. 8A, B, C, D, E, F and G. It can 
be seen that the magnitude of the maxim~ optic~ 
response induced tither by ~multaneous addition 
of propionate and butyrate (Fig. 8E) or pro- 
piona~ and L-lactate (Fig. 8F) is approximatdy 
the same as that caused by the addition of pro- 
pionate None (Fig. 8A), ~rongly suggesting that 
all these monocarboxylic adds share the same 
~anspo~ sy~em in lumin~ membrane veeries 
isolated from pars recta of rabbit proxim~ tubu~. 
Fig. 8G shows the absorbance changes produced 
by ~multaneous addition of propionate and L- 
m~at~ It is seen that both substances when added 
None induced maximal absorbance changes by 
approx. 0.055 (propionate, Fig. 8A) and approx. 
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Fi~ 8. Absorbance changes caused by ad~fion of 1 mM 
prop~na~ (AL 1 mM bmyr~e (B), 1 mM b h c ~  (C), 1 mM 
bmM~e (D), 1 mM prop~na~ p~s 1 mM bu~r~e  (E), 1 mM 
pro~ona~ ~us 1 mM L ~ a c ~  (F) or 1 mM pro~ona~ ~us 1 
mM L-mM~e (G) to ~min~ membrane vesicles prepared ~om 
pars recta of ~e  pro~mM ~bdes .  For ~ h e r  expefimemM 
details see Fig 2 ~gend. 
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0.027 (bmNN~ F~. 8D), but when appfied to- 
gmher (Fig. 8G) the ma~mN absorbance change 
ob~rved is approx. 0.075, ~ c m ~ g  that mono- 
and ~carbox~ic adds are transposed by ~par~e 
transpo~ sys~ms ~ himinM membrane verities 
from the pars recta. 

D~cusf ion  

The understanding of segmenbspedfic kidney 
functions has been greatly advanced by the recent 
devdopments of mmhods for the ~olation of 
highly purified luminN membrane verities from 
the pars convoluta and the pars recta of rabbR 
kidney proximN tubule (for a review see Re£ 18). 
Studies in our laboratory on the mechanism of 
renM transport of a wide variety of phyfiologicMly 
important compound~ including sugars [10,19], 
amino adds [7,L1N, monocarboxylic adds [16,17], 
and Na%H + exchange [20] in verities from these 
two distinct reNons of proximN tubule deafly 
showed the exigence of multiple ~anspo~ systems 
for the reabsorpfion of these compounds that can 
be characterized in terms of affinity, spedfidty, 
cation dependence and the coupling ratio of dif- 
ferent Na + solutes. 

The experimen~ repor~d here demon~ra~ that 
both these luminN membrane vefide preparations 
take up propionate and butyrate again~ a con- 
centration gradient, Nthough with different char- 
acteristics. Observations that the uptake of short 
chNn fatty adds both in verities from the pars 
convoluta and from the pars recta is governed by 
an Na + gradient in the absence of other sources of 
energy establ~hed the exi~ence of Na+-fatty add 
co~anspo~ systems located Nong the pro~mN 
tubule. However, in verities from the pars con- 
voluta the Na~dependent uptake of propiona~ 
and butyrate was insenfitive to changes in mem- 
brane po~nfiN, which is ind~ative of dectroneu- 
~ transfer of short c h i n  fa~y adds. These 
resul~ further suggest that the coupling ratio of 
the Na~fatty add co~anspo~ in pars convoluta 
of rabb~ proxim~ tubule is probably 1 : 1. 

The characteristics of this Na+-dependenL but 
dectric~ly silent, ~anspo~ sy~em were ~udied 
by Millipore fiRration technique. The observations 
that the initi~ rate of propionate ~anspo~ was 
uninfluenced by the presence of L- and Dqactate 
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in the incubat ion  med ium s ~ o n ~ y  suggest the 
e ~ e n c e  of  a sped f i c  t ranspor t  s y s ~ m  for the 
reabsorp t ion  of  short  c h i n  fa t ty  a d d s  in p a ~  
convolu ta  of  r a b b ~  p r o ~ m ~  tubu l~  

On the other  hand,  our exper iments  showed 
that  the l u m i n ~  m e m b r a n e  ver i t ies  ~ o m  the p~rs 

recta possess an N a % d e p e n d e n t  e lectrogenic  
t ranspor t  s y ~ e m  for short  c h i n  fa t ty  a d d s .  This 
c o n d u f i o n  is based  on the fol lowing observat ions :  
(1) add i t ion  of p rop iona t e  and bu ty ra te  to d y e /  
vesicle suspenf ions  in the presence of an N a  + 
grad ien t  caused ~ a n f i e n t  depola r iza t ion  of  the 
m e m b r a n e  veri t ies;  (2) the rate of  up take  of  pro-  
p inna te  and b u t y r a ~  was enhanced by  add i t ion  of 
va l inomycin  to KzSO4-1oaded ve~des ,  which is 
ind ica tNe of e ~ r o g e n i c  ~ a n s p o ~  of these organic  
a d d s .  

Ano the r  i n , r e s t i n g  feature  of the present  s tudy  
is the observa t ion  that  the up take  of  p rop iona t e  in 
vee r i e s  ~ o m  the pars  recta is med ia t ed  by  the 
same s ~ s ~ m  which is responf ib le  for the ~ a n s p o n  

of  h ~ a ~ .  On the ba i l s  of the a b o v ~ m e n t i o n e d  
findings,  we e m p h a ~ z e  the need in future  ~ud i e s  
to se f iou~y conf ider  that  the pars  recta and pars  
convolu ta  are to be conf idered  as two ~ r u c t u r ~  
enti t ies  with q u i ~  dif ferent  f u n c t i o n ~  proper t ies .  
These will not  be r e v e ~ e d  in p repa ra t ions  der ived 
~ o m  whole r e n ~  codex ,  but  wi~ require  the ~o -  
la t ion of l u m i n ~  membranes  ~ o m  d i s c r e ~  r e ~ o n s  
of the kidney.  
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