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Plasma-membrane vesicles prepared from the liver of rats fed either a iow-(LP) or a high-protein (HP) diet exhibited 
Na+-dependent active transport of alanine and serine. The process gave apparent kinetic parameters compatible with a 
single saturable component for both amino acids. Na,K-ATPase (EC 3.6.1.37), marker of the basolateral domain of the 
hepatocyte plasma-membrane, was chosen as reference for the expression of amino acid transport in vesicle prepara- 
tions. The high-protein diet induced a significant increase in liver Na,K-ATPase activity also found in corresponding 
plasma-membrane preparations, in parallel with an increase in the capacity towards amino acid transport. This suggests 
that in rats fed the high protein diet, transcellular Na + exchange, although increased, remains well balanced. 
N-Methylaminoisobutyric acid (MeAIB), due to its poor velocity, proved unsuitable to distinguish between systems A 
and ASC in the experimental model. Comparing Na +- and Li+-driven transport, a family of carriers with strict 
Na+-dependency (A-like) was evidenced in LP vesicles but not in l iP  vesicles. The sensitivity to the lowering of the pH 
from 7.5 to 6.5 in the external medium was similar in both type of vesicles when Na ÷ was the driving ion. In the HP 
vesicles the Li +-tolerant, pH-insensitive component (ASC-like) was increased in parallel with overall Na+-dependent 
transport. These functional properties suggest that the carriers involved in the stimulation of transport in HP vesicles 
are composite in nature. Increasing concentrations of an amino acid mixture mimicking the changes of portal 
aminoacidemia inhibited the transport of alanine and of serine. The degree of inhibition was correlated with the relative 
concentration of substrate and was independent of the nutritional treatment. 

Intreduction 

It has been recogmzed for a long Ume that amino 
aods are transported across the plasma-membrane of 
the hepatocyte by several earner systems [1,2] Isolated 
hepatoeytes have been a most useful model for the 
functtonal charactenzatton of the two mare Na-depen- 
dent earner systems (A and ASC) revolved m the trans- 
port of neutral amino acids. However, the capaoty of 
the liver for amino acad catabohsm is tughly suscepUble 
to adapUve regulation and can interfere through changes 
m mtracellular armno actd concentrattoa w~th tracer-de- 
termined fluxes m intact cells [1-3] To avoid such 
interferences, many authors have resorted to using non 
metabohzable synthetic amino acad analogs or to block- 
mg amino acid catabohsm by specific mtubltors [4-9] 
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The development of techruques for the lsolauon of 
plasma-membrane vesicles with transport acttxaty [10- 
12] has added another tool for the study of amino aod 
transport at the hepatac level One attracuve feature of 
the model is that, being free of cellular metabohc acttv- 
lty, it allows the unrestricted testing of any of the 
natural arnmo acids L~ver plasma-membrane vesicles 
have been shown to retain the sttmulatlon of amino acid 
transport reduced m intact cells by cychc AMP [13], 
glucagon [14], daabetes [15] and starvaUon [16] 

In the hrst part of the work reported here, we present 
evadence for the maintenance of sttrnulated transport 
activity m plasma-membrane vesicles derived from the 
hver of rats adapted to tugh-protem feeding, a nutn- 
ttonal sttuatton that enhances hver amino actd transport 
capaetty [17,18] 

The second part of the work was designed to m- 
vest,gate whether, as m intact hepatocytes [17], the 
stlmulatton of armno acid transport reduced by lugh- 
protein feeding could be accounted for by a specific 
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stimulation of system A medaatlon To dastingutsh be- 
tween system A- and system ASC-medlated transport, 
the method most widely used is through the use of 
N-methylammolsobutync acid (MeAIB) Bemg a sub- 
strate specific for system A, this non metabohzable 
analog allows the evaluation of both systems, system 
ASC being defined as the Na+-dependent uptake re- 
tamed m presence of excess MeAIB [4-6] For reasons 
presented below such strategy proved not to be feasible 
under our experimental condations We thus turned to 
other dascnnunatory means, namely to the use of hthium 
as the dnvmg ion and to the lowering of the pH of the 
incubatton medium Although there is still some debate 
on the subject, system A is generally vaewed as havmg a 
strict Na+-dependency and as being inhibited at pH 
values below 7 0 [1,9,19-21] 

In the last part, Na+-dependent active transport of 
alamne and of serme was assayed in the presence of 
other competitor amino acid added m graded con- 
centrattons, roughly covenng the range of physiological 
vanataons observed at the portal level Such a situation 
represents an approach closer to what actually occurs in 
vavo where portal total amino acidemaa exhibits im- 
portant quantitative variations related to dlgestwe activ- 
ity and levels of protein intake [22-24] 

Materials and Methods 

1 Matertals 
L-[G-aH]Alamne, L-[G-3H]serme, N-methylarmno[1- 

14C]lsobutync acid and D-[1-14C]manmtol were 
purchased from New England Nuclear Nitrocellulose 
filters (pore stze 0 45/~m) were from Sartonus (Palaaseau, 
France) and L-amino acids from Merck (Nogent-sur- 
Marne, France) 

2 Ammals and dtets 
Adult male rats of the Wlstar strain weighing 200 g 

at the start of the experiments were used They were 
kept m mdavldual cages under controlled condattons of 
hght (12/12 hght-dark cycle) and temperature (24°C) 
whde fed either a low- or a high-protein diet The 
low-protein diet had the following composition (% 
w/w) casem (13), sucrose (20), maize-starch (52), pea- 
nut oll (8), cellulose (2), vatamm mixture (1), salt nux- 
ture (4) The high-protein daet contained casein (80), 
matze-stareh (5), no sucrose, the other components being 
present m amounts identical to those m the low-protein 
diet After 4 weeks on etther one of the 2 diets, the 
ammals were killed by decapitation without anesthesia 
m state of prandaal rest, 3 (L + 3), 6 (L + 6), and 9 
(L + 9) hours after the onset of the hght-penod In each 
experiment 8 to 10 rats fed either one of the two daets 
were used. The rehabthty of the techmque was ascer- 
tained m two ways. First L + 3 and L + 9 experiments 
were duphcated 5 months (L + 3) and 1 year (L + 9) 

apart Second, in an additional experiment the hver of 
each animal was cut m two halves processed m exact 
parallel except that for one half, homogenization and 
first two rounds of centnfugauon were performed m 
presence of aproUmn (005 U/ml)  and of phenyl- 
methanesulfonyl fluonde (PMSF 1 mM) 

To slmphfy the presentation of the results and the 
dascusslon, vesicles prepared from the hver of low-pro- 
tern-fed rats will be referred as LP vesicles, those from 
the liver of high-protein-fed rats as HP vesicles 

3 Preparatton of boer membrane vesicles 
Vesicles were prepared following a method which 

combines differential centnfugatlon and punficatlon on 
a sel-forrmng Percoll gradient, all preparative steps being 
performed m 1so-osmotic conditions at 4°C [25] The 
hvers were quickly excised and rmnced in 5 vol of cold 
buffer (0 25 M sucrose, 0 2 mM CaC12, 10 mM Hepes- 
KOH, pH 7 4) to which 0 02% hthium azade was added 
Homogenization was performed m a Dounce homo- 
gemzer After filtrataon through a nylon cloth the homo- 
genate was diluted 4-fold with buffer to which EDTA 
was added to actueve a final concentration of 1 mM It 
was centrifuged at 30000 × g for 20 nun The super- 
natant ($1) when not used for enzyme assays was dis- 
carded The pellet was resuspended in buffer with EDTA 
and centnfuged at 700 × g for 10 mm The supernatant 
(S2G) was collected The pellet was resuspended m 
buffer with EDTA and centrifuged again as above The 
supernatant (S2G) resulting from this second round of 
centnfugatlon was saved while the pellet (P1) was dis- 
carded when not assayed for enzyme actxvlty The two 
collected supernates (S2G) were pooled and mixed with 
isotomc Percoll (Pharmacia, Bols d'Arcy, France) to 
gtve a final concentration of 11% The mixture was 
centrifuged at 30000 × g for 30 nun The membrane 
fraction was collected from the top of the gradient after 
exclusion of the first 1 5 ml, by pumpmg Maxadens 
(Nyegard, Oslo, Norway) into the bottom of the centri- 
fuge tube for 5 mm at a flow rate of 2 ml/rmn with a 
peristaltic pump (LKB, Orsay, France) The membrane 
fraction was washed with EDTA-free buffer (0 25 M 
sucrose, 0 2 mM CaC12, 10 mM Hepes-KOH, pH 7 4) 
with three cycles of suspenslon-centnfugation at 30 000 
× g for 30 mln The fmal pellet (M) was suspended m a 
small volume of the same EDTA-free buffer as above, 
divided m small portions, quickly frozen m hquid 
nitrogen and stored at - 8 0 ° C  Storage for up to 3 
months dad not cause any sigrnflcant loss m transport 
or enzyme activity 

4. Enzyme assays 
5'-Nucleotldase (EC 3 1 3 5), Na,K-ATPase (EC 

3 6 1 37), Mg-ATPase (EC 3 6 1 4), monoamme oxtdase 
(EC 1 4 3 4), N-acetylglucosamvxtdase (EC 3 2 1 30) and 
glucose-6-phosphatase (EC 3 1 3 9) were assayed as de- 



scribed previously [25] Phosphodiesterase I (EC 3 1 4 1) 
was assayed according to Touster et al [26], serme 
dehydratase (EC 4.2 1 13) and alanme ammotransferase 
(EC 26  1 12) were assayed according to Snell and 
Walker [27] and Segal and Matsuzawa [28] Protein m 
homogenates and plasma-membrane preparations was 
determined according to Peterson [29] 

Protein yield, distnbutaon and recovery of marker 
enzymes dunng the fractionatlon procedure were as- 
sessed in two prelmunary expertments. In these experi- 
ments the processing buffer did not contain hthlum 
azade In the first expemnent  (Expt I m Table I), 12 
adult male rats fed a laboratory chow were used to 
follow the distribution of p lasma-membrane markers 
(Na, K-ATPase, Mg-ATPase, phosphodiesterase 1, 5 ' -  
nucleoudase) In the second one, 10 rats fed either the 
13% or the 80~ casein diet (Expt II  A and IIB m Tables 
I and II) were used to assay plasma-membrane markers 
in parallel with the three enzymes associated with lyso- 
soma l  (N-ace ty lg lucosamin idase ) ,  m i t o c h o n d n a l  
(monoamme oxadase) and nucrosomal (glucose-6-phos- 
phatase) membranes 

5 Transport assays 
A rapid rmxmg/fd t raUon method was used For each 

assay 10 #1 membrane  vestcles was added to 40 #1 
buffer (0 25 M sucrose, 0 2 m M  CaC12, 10 m M  MgC1 z, 
10 m M  H e p e s / K O H ,  p H  74)  containing 1 #CI of 
either t rmated alanme or tnUated serme The reaction 
rmxture contained lmUal gradients of either 100 m M  
NaSCN, 100 m M  LISCN or 100 m M  KSCN and alamne 
or serme m concentraUon ranging from 0.1 to 5 m M  
The two amino acids were tested alone or m assocIaUon 
with three different concentrations of a m~xture of 15 
amino acids (M1, M2, M3) obtained by  adding ap- 

p ropna te  amounts of the same concentrated solutaon to 
the mcubataon medium At  the lowest concentraUon 
used (M1), the amino a o d  mflllmolar final concentra- 
tion was the following, L-prohne (0 73), L-threonme 
(0.55), L-glutamme (042), L-glycme (033), L-vahne 
(0 33), L-lysme (0.31), L-leucme (0 27), L-tyrosme (0 21), 
L-lsoleucme (0 19), L-asparagme (0 17), L-phenylalanme 
(0.13), L-argtmne (0 09), L-methionme (0 09), L-aspar- 
tate (0 06) When alamne was the amino acid to be 
tested, the mixture contained L-serme 0.60 m M  When 
serme was tested, 1 0 m M  alanme was added m place of 
serme, so that total final concentrataon of amino acids 
In the mcubat lon medium was 4 48 and 4.88 m M  for 
M1, 8 95 and 9 75 m M  for M2, 13.44 and 14 63 m M  for 
M3 depending on the substrate m use In all cases, the 
components  of the mcubaUon medium were adjusted to 
constant imtial concentrattons of N a  + and K + Con- 
stant osmolanty  was achieved by varying the amount  of 
sucrose m the incubation medium ReacUons were car- 
ned at 25 ° C  and stopped after 5 s by adchtton of cold 
stop solutaon (0 25 M sucrose, 100 m M  NaC1, 0 2 m M  
CaCI2, 10 m M  Hepes-KOH,  p H  7 4) [10,25] In each 
experiment (L + 3, L + 6, L + 9), the assay were per- 
formed four times in tnphcate  on pooled samples of 
p lasma-membrane  vesicles prepared from either 13% or 
80% casein-fed ammals  

Results  

1 Dtstnbutton of  protein and marker enzyme actwzttes 
during plasma-membrane punficauon m prehmmary ex- 
periments 

In Expt I (Table I) no sigmflcant loss of protem or 
of enzyme activRy was observed during the first steps of 
p lasma-membrane preparation.  95% of protein xmtial 

TABLE I 

Protein and marker enzyme recoveries tn prehmlnary experiments 

Values are given m percentage of total homogenate protem or enzyme actlwty+S E For H, values m brackets mchcate nag protem/g hver, or 
~mol/mm per g hver In Expt I rats were fed chow, m Expt IIA they were fed the 13% casean &et whtle IIB amrrlals received the 80~ casein diet 
Note the 53% increase m Na, K-ATPas¢ m homogenates from rat IIB fed the lugh-protem dtet when compared to IIA 

Frac- Protein Na,K-ATPase Mg-ATPase 5'-Nucleoudase 

uons Expt Expt Expt Expt Expt Expt Expt Expt Expt Expt Expt Expt 
I II A IIB I IIA IIn I IIA lie I IIA lie 

H 100 100 100 100 100 100 100 100 100 100 100 100 
(192 (183 (213 (2 3 (2 8 (4 3 (20 (27 (34 (11 (11 9 
+6) +6) +6) +03) +04) +02) +04) -1-03) +17) +05) +05) ,1,04) 

Sl 43,1,1 9,1,2 10,1,1 195:1 
P1 23,1,3 20,1,5 31,1,2 20,1,2 
S2G 29,1,2 37,1,2 44,1,2 53+7 57-1-12 69,1,12 44,1,2 56 - t -3  65,1 ,4  654-5 67+3 69+2 
Total 95 :t: 2 85 + 14 85 ,1, 4 103 ,1, 5 

M 27 34 28 30,1,4 26,1,5 24,1,2 8,1,1 6,1,04 6-1-1 22,1,2 25,1,1 215:2 
,1,03 ,1,02 +02 

M/S20 
(%) 9,1,2 9,1,1 6,1,1 59+5 45,1,3 37+4 19+1 11+1 9+1 32,1,3 36,1,2 31,1,3 
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TABLE II 

Recovery and relatwe spectfic actway of lysosomal, mztochondrtal and mlcrosomal marker enzymes m plasma-membrane preparat,ons from low-protmn 
fed (IIA) and high-protein-fed (liB) rats 

FracUon N-Acetylglucosanmudase Monoarmne oxtdase Glucose-6-phosphatase 

Expt II A Expt II a Expt II A Expt 113 Expt II A Expt li  B 

~G(%H) 96 ±10 96 ±11 102 ±13 103 ±17 41 ±3 45 ±6 
M(%H) 12± 02 10± 01 180± 02 142± 02 3 8 ± 0 4  4 1 ± 0 4  

RSA 02 04 04 05 12 14 

amount ,  85% of  N a , K - A T P a s e  and  Mg-ATPase ,  100% 
of  5 ' -nucleoladase  homogena te  actlvaty was recovered 
b y  summing  up S1, P1 and  S2G contents  The  ba l ance  
sheet could  no t  be  d rawn  fur ther  due  to the u n r e h a b l h t y  
of  the assays pe r fo rmed  m the Percol l  g rad ien t  f rac t ion  
remain ing  af ter  recovery of  f rac t ion  M In  f rac t ion  M, 
the  lughest  yield was tha t  of  Na ,  K - A T P a s e  wluch 
a m o u n t e d  to 30% of  the  homogena te  ac t iv i ty  or  60% of  
that  m S2G In  Expt  I I  A and  II  B, the a m o u n t  of  
Na ,  K - A T P a s e  recovered in S2G c o m p a r e d  well  w~th 
tha t  ob ta ined  m Expt  I However ,  greater  losses oc- 
cur red  be tween S2G and  M lead ing  to  lower  f inal  
recovery (45 to 37% for M I I  A and  M I I  B, respect ively)  
Tab le  I I  shows that  con t anuna t l on  b y  lysosomal  and  
m t t o c h o n d n a l  m e m b r a n e s  was min ima l  m these frac- 
t ions Gaven the lugh levels of N-ace ty lg lucosamtmdase  
and  of  m o n o a m m e  oxadase still  p resen t  m fracUon S2G, 
the Percol l  g rad ien t  s tep a p p e a r e d  very eff icient  In the  
c lear ing off of  these two types  of  con t ammalaon  I t  was 
less so in the  case of  endoplas rmc  re t lcu lum as f rac t ions  
M I I  A and  M I I  B still  c o n t a m e d  a s tzeable p r o p o r t i o n  of  
g lucose-6-phospha tase  o n g m a l  ac t lwty  

2 Protem content and enzyme acttvtttes m the hver and m 

plasma-membrane preparatwns from rats fed  etther the 

low- or the htgh-protem dtet and kdled at dtfferent ttmes 

durmg hght-ttme 

In t ake  of  the  l ugh -p ro t em diet  s ignif icant ly  increased 
l iver p ro t e in  conten t ,  serme dehyd ra t a se  and  a l amne  
anuno t rans fe ra se  act lwt les  (Table  I I I )  The  adapta lave  
response  was mos t  s tn long  with  senne  dehyd ra t a se  
wluch increased  40-fold over  the  level observed  m rats  
fed the  low-pro te in  daet, whale a l amne  ammot rans fe ra se  
ac t iv i ty  was mulUphed  on ly  b y  4 The  nu t r i t iona l  im- 
pac t  on  the activaty of  the enzyme marke r  of  the  baso-  
la te ra l  doma in ,  N a , K - A T P a s e ,  was also c lear-cut  In  the 
hxgh-protem fed group,  the enzyme actlvaty was m- 
creased  b y  60% as c o m p a r e d  to that  m the low-pro te in  
fed one  Un l ike  Na ,  K-ATPase ,  the  o ther  three enzymes 
wbach are  p r e d o m i n a n t l y  loca ted  m the canahcu la r  area,  
were no t  s lgmf lcan t ly  af fec ted by  the d ie ta ry  change  

I n  the  p resen t  e x p e n m e n t s  the  value  of  M g - A T P a s e  
acUvaty in h o m o g e n a t e  was dras t ica l ly  r educed  (by  abou t  
70%) when  c o m p a r e d  to those ob t a ined  m Expt  I and  
Expt  I I  (Table  I) Tins  was due  to the a d d m o n  of  0 02% 

TABLE III 

boer protem content (rag~g) and enzyme actzmttes (l~mol / mm per g) m rats fed either a low U3 % casein) or a high (80 % casem) protein dtet 

F~rst column L + 3, L + 6 and L + 9 refer to rats killed 3, 6 or 9 hours after the onset of the hght period, between brackets number of rats Values 
are means of mdtwdual assays + S E 

Protein Serme Alanme armno- Na,K-ATPase Mg-ATPase 5'-Nucleo- Phospho- 
(rag/g) dehydratase transferase tldase dlesterase I 

13% Casein &et 
L+3 (16)  154+4 116 + 135 + 320+015 a 738+037 103 +04  a 208+0 12 a 
L+6 (8) 164+6 188+15 163+15 255+0 17 b 863+033 108 +04a 248+0 12s 
L+9 (18)  163+7 161+04 140+13 227+0 13 c 843+050 120 +04 b 400+025 c 

80% Casein &et 
L+3 (16)  204+4** 480 + 457 + 447+022** 850-t-035 997+018 a 177±0 lOa* 
L+6 (8) 200+7** 537+31"*  544+29** 443+023** 810+027 108 +04 a 3 00+0 2Oh* 
L+9 (18)  196+7"* 406+30** 640+32** 3 63+0 20~'* 815+040 116 +04  b 482+040 c 

+ Assayed on pooled samples 
* and * * Slgmficant ¢hfferences ( * P < 0 05, * * P < 0 01) with 13% casein-feeding 
a, b, c Different subscripts mchcate slgmficant differences (P < 0 01) m relation to kdhng-ttme 
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TABLE IV 

Protein content (rag/ml), protein yield, enzyme activity (pmol / mm / ml), recovery (% homogenate activity) and purification (relative specific activity) in 
plasma-membrane preparations 

Values are the means + S E of the five experiments performed at L + 3, L + 6 and L + 9 

Protein Na, K-ATPase Mg-ATPase 5'-NucleoUdase Phosphochesterase I 

13% Casein diet 
nag or U/ml 6 4 + 05 
R(%) 32+02  
RSA 

80% Casein diet 
nag or U/ml 5 1 + 0 5 
R(%) 21+01 
RSA 

083+002 137+017 275+020 033+003 
259 +22 144 +07 204 +10  101 +010 
76 +09 48 +07 66 +06 33 +03 

158+003 117+008 257+033 041+002 
286 +07 117 +10 188 +22  123 +32 
140 +11 60 +09  95 +05 62 +17 

h t h m m  azade to the processing buffer  Tbas addRlon had 
only a shght effect on  Mg-ATPase  act lwty measured in 
fraction M and no effect on  Na ,K-ATPase  activity 
either m homogenate  or  fraction M Table IV presents 
protein 3aelds, marker  enzyme concentrat ions,  levels of  
recovery and punf ica t lon  m plasma membrane  prepara-  
uons  Since no sxgmficant tune-related changes m en- 
zyme acttvaty were detected m p lasma-membrane  pre- 
paratxons, da ta  f rom L + 3, L + 6, and L + 9 experi- 
ments  were pooled for presentat ion m Table IV In  spite 
of  Ingher p ro tem content  m homogena te  (see Table III) ,  
protein 3aeld was slgmflcantly lower in p lasma-mem- 
brane  preparat ions derived f rom the hver of  rats fed the 
Ingh-protem chet Tins resulted m a better p u n f l c a u o n  
of  all marker-enzymes Of  impor tance  was the con- 
s tancy of  the pat tern  of  recovery ~rrespectwe of  the 
nutri t ional  conchtlon, recovery of  Na ,K-ATPase  was 
tugher (25 to 30%) than that of  the canahcular  enzymes 
Mg-ATPase  and phosphodlesterase 1 (14 to 10%) with 
that  of  5 ' -nucleoUdase being mtermedmte  (19%) As m 
homogenates ,  the activity of  Na ,K-ATPase  was slgmfl- 
cant ly Ingher m H P  vesicles (1 58 versus 0 83 # m o l  A T P  
h y d r o l y z e d / r m n  per  ml) It  thus appears that  Na,  K- 
ATPase  acUxqty m purified preparat ions  was repre- 
sentative of  the lmual  acUvlty m the homogena te  How-  
ever, in the 80% casein-fed group, Na ,K-ATPase  actlv- 
~ty m homogenates  was increased 1 5 + 0 7-fold over 
that observed m the 13% casein-fed anunals  In  frac- 
tions M, the ratio was increased to 1 84 + 0 9-fold, 
suggesting greater e rmchment  m basolateral  membrane  
( + 2 0 %  compared  to LP) m H P  preparat ions  As a 
correction for tins techmcal bins, it was dec~ded to 
express the amino acid t ransport  acUvaty m terms of  
Na,  K-ATPase  actlv:ty Other  reasons based on physio- 
logical considerations that will be developed later, con- 
curred to the justif ication of  tins mode  of  expression 

3 Na  +-dependent actwe transport o fa lanme  and o f serme  
present as sole substrate tn the mcubatton medium 

Uptake  of  a lanme or  serme was measured over the 
same range of  concentraUon (0 1 to 5 m M)  In  presence 

of  100 m M  K S C N  uptake  increased linearly with sub- 
strate concentra t ion (not  shown) Na+-dependen t  active 
t ransport  calculated as the difference between uptakes 
m presence of  100 m M  N a S C N  and 100 m M  K S C N  on 
the contrary,  was dea r ly  saturable as shown m Fig 1 
When  t ransport  activity, as m tins case, ts expressed per 
umt  Na,  K-ATPase ,  the strtlong parallehsm of  a lanme 
and of  serme Na+-dependen t  actwe transport ,  is clearly 
evxdenced It is also clear that  the two armno acids are 
taken up with equal aff tmty and velocity by both  types 
of  p lasma-membrane  preparaUons Eadle-Hofstee plots 
of  the data  m Fxg. 1, 3aelded supenmposable  single 
straight hnes for each amino acid and each nutri t ional  
sltuaUon ( P  < 0 01 in all cases) Tins means that  m 
vesicles derived f rom rats fed the 80% casein chet, 
t ransport  capaci ty  rose m parallel with Na, K-ATPase  
activity That  high-protein feeding induced an intrinsic 

nmollSsecl 
U Na,K- 
ATPase 

8,00 

 ,oo 

,,oo 

 ,oo _ , f  
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Fig 1 AcUve Na+-dependent transport of alanme and of serme by 
vesicles derived from the hver of rats fed either low- or ~gh-protem 
chets Transport acUwty, calculated as the difference between uptake 
m the presence of Na + gradaent and uptake m the presence of K + 
gradient is expressed as nmoles transported for 5 s per umt Na,K- 
ATPase m vesicle preparaUons (0 83 and 1 58 U/ml for low- and 
lugh-protem feeding, respeetlvely) Values are the means of 60 to 75 
determmaUons S E were less than 5% of the corresponding mean 
value n, Alanme, •,  serme transported by vesicles from rats fed the 
13% casein chet, A, alanme, ,t, serme transported by vesicles from rats 
fed the 80% casein chet The hyperbolas were drawn from V ffi Vm..~ 
S/ (K  m + S), Vm~ and K m were calculated from Eache-Hofstee plots 
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Fig 2 Time-course of alanme uptake m sochum- or potassium-con- 
tinning mechum Plasma-membrane vesicles from rats fed the 13% 
casein (open symbols) or the 80% casem (closed symbols) diet were 
incubated for the ttme mchcated m mechum containing eather 100 mM 
NaSCN (O, I )  or 100 mM KSCN (O, #)  and 0 25 mM alanme Each 
point represents the mean of the SLX determmattons from a representa- 
tare expertment (L + 6) Slgmhcant chfference between low- and high- 
protein feeding is indicated by * ( P < 0 0 5 )  and ** ( P < 0 0 1 )  
Uptake at equthbnum (60 ram) was s~mflar m both groups 8 565:0 6 
and 9 065:1 4 pmol/10/~1 for low- and lugh-protem feeding, respec- 

tively 

sttmulataon of amino acid transport  is best illustrated 
by comparing the tame-course of Na+-dependent  uptake 
observed m the two types of vesicles preparatxons (Fxg 
2) In the figure, alanme mtraveslcular concentraUon at 
each trine-point ts expressed m relataon to the volume of 
the mtraveslcular space defined by the respectwe levels 
of alamne accumulataon at eqm hbnum  (60 nun) HP  

vesicles had a faster and a greater concentratave power 
than LP ones Maxtmal alanme concentratton (3.8-fold) 
was adueved m less than 5 s 

As menUoned before, duphcate expertments were 
performed at L + 3 and L + 9 A close agreement was 
obtamed for alamne transport  both  at L + 3 and L + 9 
Duphcatxon for senne transport  was more at variance, 
particularly at L + 3 for LP vesicles (Fig 3) and L + 9 
for HP  ones (not shown) 

4 MeAIB mhtbttory capacity and transport m plasma 
membrane oeswles 

In experiments with hepatocytes, whether freshly ~so- 
lated or cultured, most authors use 100-fold excess 
MeAIB to evaluate ASC transport  In the new context 
prowded by the expenmental  model used here, the 
relative amount  of MeAIB most  appropnate  for ttus 
purpose had to be determined Therefore the ml~bRory 
effect of 5- to 500-fold excess MeAIB on 0 1 to 5 0 m M  
alanme transport  m Na  and L1 mechum was ftrst as- 
sayed (Table V). MeAIB concentration had to be at 
least 20-fold that of alamne to exert a sizeable mtubl- 
tlon of Na+-dnven  transport  However, f rom there on, 
there was no clear stabthzatlon of the mtubltory effect 
Moreover, even with as low as a 20-fold excess some 
kind of unspecific mtubltaon could already be suspected 
as h t luum-dnven alanme transport  was also mlublted 

In  the face of these unexpected chfficultles, we de- 
cided to assess MeAIB transport  darectly The time- 
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Fig 3 Active Na+-dependent transport m duphcate experiments performed at L+ 3 O, Expt 1, I ,  Expt 2 * (P < 0 05), * * (P < 001) indicate 
slgmflcant ¢hfference between expenments The transport actiwty ts expressed as m Ftg 1 



TABLE V 

Percent znhzbztton of alamne actzve transport by excess MeAIB 

Numbers m brackets mchcate the number of assays MeAIB addltaon (2 to 50 mM) was made at the expense of the sucrose content of the 
mcubatmn buffer (basal composmon 0 25 M sucrose, 0 2 mM CaCI:, 10 mM MgCI 2, 10 mM Hepes-KOH, pH 7 4) The mlubltory effect of 
MeAIB on alamne transport was tested over the usual range of alanme concentratmn (0 1 to 5 0 mM) m presence of lmtaal gra&ents of 100 mM, 
Na, Ls or KSCN, and ~s expressed m percentage of alamne transport tested alone at corresponding concentrations For a gwen MeAIB/alanme 
ratzo, several combmaUons of concentrations of mbabltor/substrate were tested Uptake was measured over 5 s at 25 o C The reactmn was started 
by ad&tlon of 10/xl veszcles to 40 #! meubatmn medium (both prewarrned) and was terrmnated by addltaon of 1 ml cold stop solutmn (0 25 M 
sucrose, 100 mM NaC1, 0 2 mM CaCI 2, 10 mM Hepes-KOH, pH 7 4) The whole content of the tube was qmckly filtered through a mtrocellulose 
filter (pore sw.e 0 45/~m), washed with 3 ml cold stop solutzon, dned and counted 

Percent mlubmon at [MeAIB]/[alarune] 

5 10 20 50 100 200 500 

Na-medmtaon (36) (36) (30) (24) (18) (12) (6) 
Ll-medlaUon (12) (12) (12) (12) (9) (6) (3) 

13% Casein Na medium 15 ± 8 29 + 10 43 ± 15 54 ± 10 71 5- 8 75 ± 5 81 
chet LI medium 0 0 10± 10 15 5-10 145-17 61 5- 20 53 

80%Casein Namedmm 105-8 315- 7 41+11 625- 6 75+ 7 855- 9 85 
diet Llmechum 0 0 45- 3 165- 7 255- 3 38+ 1 51 

course of the mtraveslcular  accumula t ion  of e~ther 
MeAIB,  alanlne,  or senne  added at the same concentra-  

t ion  (0 25 mM)  to incuba t ion  mechum conta in ing  either 
100 m M  N a S C N  or 100 m M  KSCN,  was assayed m 

parallel  and  compared with that  of 0 25 m M  m a n m t o l  

wluch is considered to chffuse freely through the 

p l a sma-membrane  The results are presented m Fig 4 
In  LP vesicles no  concentrat ive uptake of MeAIB m N a  
mechum was observed In  H P  vesicles an  overshoot was 
seen but  it was half  of those observed with a lamne  and  

serme. It  was also much  slower maxtmal  accumula t ion  
was at 20 s when efflux already took precedence over 
reflux m the case of the two na tura l  amino  a o d s  The  

low velocity of MeAIB crossing of the p lasma mem-  

b rane  also documented  m experiments  with hepatocytes 

[14,19-21,30], p robab ly  explains the low efficiency with 
wtuch MeAIB was d n v e n  in to  the vesicles Diss ipa t ion  

with tune of the Na+-gradlent  is the mare  h n u t m g  step 
in  the experimental  system used here [10,31]. The use of 

S C N - ,  selected m preference to less hpoptuhc  amons  

[14,32] because of the low t ranspor t  c a p a o t y  of the LP 
vesicles, may  have enhanced  the chsparlty be tween 

MeAIB t ranspor t  and  that  of a lamne  and  of serlne 

5 Ltthzum-drzven alanme and serme acttve transport 

The effect of subs t i tu t ing  LI + for N a  + on  actwe 
t ranspor t  of a lanme and  serme, is presented m Fig 5 In  

LP vesicles, Li + induced a drastic reducUon In trans- 
port  c a p a o t y  ( P  < 0 01) at all substrate  concentraUons 
tested Li+-actlvated t ranspor t  was roughly half that  
supported by  N a  The s i tuat ion was totally different  
with HP  vesicles. LI + was clearly less effective than  
N a  + m promot ing  acUve t ranspor t  at low a lamne  a nd  
serme concent ra t ions  (0 1 to 0.25 raM) At  these con- 
centra t lons  t ranspor t  capacity was reduced by  half  as 
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Fig 4 Tune-course of uptake of &fferent substrates by LP vesicles 
(13% casein &et) and HP vesicles (80% casein &et) At tune zero 10/tl 
vesicles were added to 40 ~1 mcubauon medmm containing either 100 
mM NaSCN (closed symbols) or 100 mM KSCN (open symbols) and 
0 25 raM alanme ( , ,  O), serme (a), MeAIB (I), manmtol (*) 
IncubaUons (25 ° C) were terminated at the tune m&cated on the 
abscissa by ad&Uon of I ml cold stop solution Uptake at equdlbnum 
(pmol/10 ~1) was as follows LP vesscles alanme 1475-07, serme 
16 9 + 0  4, MeAIB 15 3 +0 7, manmtol 10 3 +  1 0 HP vesicles alanme 

12 7 + 0  3, serme 17 15-0 5, MeAIB 16 4 + 0  9, manmto110 4 + 0  9 



wxth LP veszcles The  gap be tween  N a  +- and  Lz+-dnven  
t r anspor t  t ended  to close wi th  the n s m g  of  subs t ra te  
concen t rauons  so that  the differences became  uns~gmfl- 
can t  f rom 2 5 m M  up In  H P  veszcles, all  hver  a l amne  
a n d / o r  senne  c a r e e r s  were able  to accept  Lz + even 
though the a f h m t y  towards  the  subs t ra tes  was lowered  
A t  tlus point ,  it  was thought  necessary  to a sce r t am tha t  
thas effect was no t  a p rocedura l  a ru fac t  due  to poo r  
cont ro l  of proteolys ts  d u n n g  sample  prepara tzon  tt has  
been  shown that,  a t  least  for cer ta in  types  of  N a + - c h a n  - 
nels, nuld  proteolysxs can affect  lon-select :v l ty  [33] 
Therefore,  the zon-selecttvtty of  vesicles p r e p a r e d  wi th  
or  wi thout  p ro t emase  mhabl tors  and  der ived  f rom the 
same hvers were c o m p a r e d  In  mhabt tor - t rea ted  L P  
vesicles, Lt + stdl faded  to suppor t  as much  t r anspor t  as 
N a  +, whale with H P  vesicles t r anspor t  kmeUcs with  L~ + 
or  N a  + were undis t inguishable  except  at  0 1 m M  sub- 
s t ra te  concen t ra t ion  ( P  < 0 01) as seen xn Fzg 6 whach 
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Fig 5 Lz+-dependent acUve transport of alanme and of senne by LP 
vesicles (13% casein chet) and HP veszcles (80% casein ¢het) Actzve 
transport corresponds to 5 s uptake m 100 mM L~SCN m.mus uptake 
m 100 mM KSCN medium The values are the means of 60 to 75 
deternunaUons of alanme and senne transport from five expermaents 
13, Alanme, • ,  serme The hyperbolas were drawn from V = Vma ~ 
S/(K m + S) Vm~ and K m were calculated from Eadte-Hofstee plots 
The dotted hne corresponds to Na+-dnven active transport of alanme 
and senne computed together given as reference * (P < 0 05), * * 
(P < 0 01) mdacate significant differences (calculated by analysm of 
vanance) between expenmental values for Na +- and Ll+-dependent 

transport 
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Fig 6 Na +- and Ll+-dependent acuve transport of alamne by LP 
vemcles (13% casein dzet) and HP vemcles (80% casein &et) prepared 
m the presence of protemase mlub~tors • ,  Na+-dnven transport, n, 
Ll+-dnven transport The values are the means of 12 determinations 
* (P < 0 05), * * (P < 0 01) indicate mgnffleant differences between 
Na +- and Lz+-dnven transport at corresponding substrate concentra- 
tion Na, K-ATPase concentration 0 62 and 1 13 U/ml m LP and HP 

vesicles, respectwely 

d lus t ra tes  resul ts  for  a l amne  The  same observa t ion  was 
m a d e  wi th  ser lne as well  (not  shown) 

6 Effect o f p H  on actwe transport capacity 
W~th L P  veszcles, l ow e nng  of  the externa l  p H  to 6 5, 

r educed  by  ha l f  N a + - d n v e n  t r anspor t  at  all subs t ra te  
c onc e n t r a uons  (Fzg 7) F o r  L + - d n v e n  t r anspor t  al- 
r eady  c u r t a d e d  b y  ha l f  at  p H  7 5, no  fur ther  r e d u c u o n  
was obse rved  I n  H P  vesicles, N a  +- as well as L l+ -dnven  
t r anspo r t  was r educed  at  low p H  C o m p a r e d  to  N a  +- 
dr iven  t r anspo r t  a t  p H  7 5, the  decrease  (40%) was of  
the same o rde r  as the  one observed  wi th  LP  vesicles 
Thus  act ive t r anspo r t  m H P  vemcles, whether  N a  +- or  
L l+ -dnven ,  was as sensmve to the lower ing of  the p H  as 
it was m L P  vesicles The  only  d i f ference  be tween  the 
two types  of  vemcles was m the degree of  L + accep-  
tance  at  p H  7 5 

7 Alamne and serme Na +-dependent actzve transport m 
presence of other armno acids 

Actzve t r anspo r t  of  a l anme  and  serme m concent ra -  
tzons rang ing  f rom 0 25 and  5.0 m M  was tes ted m 
presence  of  three  g raded  concen t r auons  of  the same 
a m i n o  ac id  nux ture  Measures  were p e r f o r m e d  m sttua- 
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Fig 7 The pH-dependent actwe transport of alanme by LP vesicles 
(13% casein diet) and HP vesicles (80% casein diet) Lowering of 
external pH from 7 5 to 6 5 was obtained by momtormg the pH of the 
buffer component (10 mM Hepes-KOH) of the incubation medium 
(0 25 M sucrose, 0 2 mM CaC12, 10 mM MgC12) The values are the 
means of 24 determlnaUons from two experiments (rats kalled at L + 6 
and L + 9) Closed symbols correspond to mcubatmn at pH 7 5, open 
symbols to incubation at pH 65 ([3 I ,  Na +-, O e ,  Ll+-dnven 
transport) The slgmficance of differences ( * P < 0 05, * * P < 0 01) 
was tested by analysis of variance For LP vesicles the comparison 
was between Na+-dnven transport and the other expertmental condl- 
uons taken together For HP vesicles the test was between Ll+-dnven 
transport at pH 7 5 and transport at pH 6 5, whether driven by Na + 
or Ll + Na,K-ATPase coneentratton 0 67 and 1 24 U/ml m LP and 

HP vesicles, respectively 

t lon of  zero mt raves lcu la r  concen t ra t ion  for  bo th  sub- 
s t ra te  and  compe t i t o r  a m i n o  acids  

Subs tan t ia l  m inb l t l on  of  a l amne  and  senne  act ive 
t r anspor t  was observed  b o t h  wi th  LP  and  H P  vesicles 
Owing to the  compos i t e  na tu re  of  the  compe t i t o r  rmx- 
ture, no  kinet ic  analysis  was a t t e m p t e d  However  the 
exper imenta l  des ign resul ted m the test ing of  t r anspor t  
over  a large range of  relat ive concent raUon of  subs t ra te  
f rom less than  2% (0 25 m M  a l anme  or  senne  + M3) to  
more  than  50% (5 0 m M  + M1) Thas a l lowed to see tha t  
the minb~tory pressure  of  the anuno  acid  mix ture  was 
c lear ly  dependen t  on  the amino  ac id  mix ture  concent ra -  
t ion used m re la t ion  to the  concen t ra t ion  of  subs t ra te  
and  was the same m L P  and  H P  vesicles as shown m 
F ig  8 

per cent relative concentration 

Fig 8 Percent inhibition of alamne and serlne active transport as a 
funcUon of relative concentrataon of substrate Values are the means 

of five experiments D, low-protein diet, m, high-protein diet 

Discussion 

The  m e t h o d  used to p r e pa re  p l a s m a - m e m b r a n e  
vesicles is r a p i d  and  does  no t  requtre  special  equ ipmen t  
I t  a l lows the recovery  of  p repa raUons  enr iched in vesicles 
der ived  f rom the baso la te ra l  d o m a i n  of  the  hepa tocy te  
p l a s m a  m e m b r a n e  and  able  to gave r ep roduc ib l e  esti-  
mates  of  a m i n o  acid  t r anspor t  capac i ty  Two o ther  
p rocedures  for  the isolataon of  hver  p l a s m a - m e m b r a n e  
vesicles, also based  on Percol l  g rad ien t  punficatxon,  
have been  p u b h s h e d  winch gave lower  p ro te in  con- 
tamanalaon bu t  also lower  y~elds of  5 ' -nuc leo t ldase  or  
N a , K - A T P a s e  [11,12] However ,  yield is of ten a h rmtmg 
fac tor  m a m i n o  ac id  t r anspor t  s tudies  

Relattonshtp between Na.K-ATPase and ammo actd 
transport acttotty 

Liver  N a , K - A T P a s e  actavaty was c lear ly  increased  by  
Ingh-p ro tem feed ing  To ta l  laver ac t lwty  rose f rom 30.2 
# m o l  A T P  h y d r o h z e d  per  m m  m low-pro te in- fed  
an imals  to 49 5 m Ingh-p ro tem-fed  ra ts  Ltkewase, the 
ac twl ty  of  the  enzyme  was increased  2-fold  in vesicles 
der ived  f rom the hver  of  ra ts  fed the  Ingh-pro tem &et  
Tins  increase  bo re  a d t rec t  re la t tonshap with  the increase  
seen m h o m o g e n a t e  smce no  more  than  20% of  i t  could  
be  a t t r i bu ted  to be t t e r  enzyme recovery I f  N a , K - A T P a s e  
ac t iv i ty  m vesicles closely reflects  the acUvaty m hver,  it  
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can be assumed that the same occurs regarding amino 
a o d  transport activity In thxs case, it is clear that 
amino acid transport capao ty  rose following high pro- 
tern feeding However, the increase paralleled that of 
Na, K-ATPase so closely that the relatlonstup between 
the two systems was kept constant irrespective of the 
nutritional conditions This Is unportant  from a physio- 
logical point of vxew The Na,K-ATPase or Na ,K pump, 
is umque in its ablhty to pump lntracellular N a  + ions in 
excess out of the cell against the physiological gradient 
that it so contributes to maintain Thus such an m- 
crease, m exact coordination with that of amino a o d  
transport activity, should insure the full efficiency of 
sumulated hver transport m the rats recewmg a lugh- 
protein diet Van Dyke and Scharschmadt [34] have 
presented evidence that cation pumping by Na,K-  
ATPase increases m response to the stimulation of 
alamne transport m hepatocytes In HeLa  cells the 
relatxonstup was found so tight as to suggest that amino 
acid transport xs the major determinant of pump activ- 
ity [35] Conversely, in normal flbroblasts cultured m 
presence of ouabam, amino acid transport is increased 
m parallel with Na, K-ATPase [36] However, the paral- 
lelism between changes m Na+-pumplng and amino 
a o d  transport is not obhgatory For example, it was not 
observed by Pastor-Anglada et al [25] in 12-day preg- 
nant rats In thts case, alanme transport  was increased 
without change m Na, K-ATPase activity The mecha- 
msms of hormonal and of nutnUonal stimulation may 
thus be different Liver Na,K-ATPase is much higher in 
females (7 0/~mol ATP hydrolyzed per nan per g hver 
m non-pregnant females fed a 17% protein diet) than m 
males (4 2 /xmol m the males fed the high-protein dwt) 
and might not be as readdy lnduoble  

Functional charactertsttcs of  alanme and serme actwe 
transport m LP and HP veswles 

High-protein feeding reduced a stimulation of active 
transport which was of similar magnitude for alanlne 
and for serme The increase occurred with no change in 
affimty toward the substrates as suggested by the find- 
lng of xdenucal slopes m Eadle-Hofstee plots for LP 
and HP vesicles These results are consistent with an 
increase m the number of transport s~tes inserted at the 
plasma-membrane level 

Probing active transport with Na  + as the motwe ion 
gaves an overall evaluation m wluch the respectwe con- 
tnbutlon of system A and ASC cannot be dlstmguxshed 
since both systems are dependent on Na-mediaUon It  
has been suggested that system ASC could be dls- 
tmgtushed from system A by its tolerance for L~ + as a 
substitute for Na  ÷ [9] and by its weak pH-dependency 
at pH above or equal to 6 5 [19-21,30] While the value 
of the f r s t  of these two criteria has been cntlclzed [19], 
the second has gamed wader acceptance 

In LP vesicles, Ll+-drlven active transport of alamne 

and serlne whether measured at pH 7 5 or at pH 6 5 was 
of comparable  magmtude  and represented 50% of Na  +- 
driven transport  at p H  7 5 If  transport  at p H  6 5 is 
equated to transport  through system ASC, then the 
suggestion by Edmonson et al [9] that L1 ÷ may be used 
to e h o t  directly the contribution of hver ASC system 
seems warranted Accordingly and in agreement wxth 
what has been observed with hepatocytes [4], alamne 
transport  m LP vesicles (and that of senne as well) 
distributed equally between system A (strict Na  ÷ de- 
pendency, p H  sensitivity) and ASC (L1 + tolerance, pH 
msensmvlty) 

This is no longer true when results from HP vesicles 
are considered In this case, the pH-sensltlVe component  
(A-hke) appeared to have a tugh degree of Li + accep- 
tance Kllberg et al [4] have mentioned that stimulation 
of Na+-sustamed AIB transport  which m cultured 
hepatocytes is a speofic test-substrate for system A, 
often went with an increase in the acceptance of a Ll + 
medlaUon Our results so far agree wxth this conclusion 
m that the broademng of Ion-acceptance m HP vesicles 
was observed xn conjunction with a stimulation of over- 
all Na+-drlven transport  For the pH-lnsensmve, L~ +- 
tolerant component  assignment to ASC medlat~on seems 
justified Its contribution (60%) to total Na+-dependent 
transport  remained s~rmlar to the one observed with LP 
vesicles I t  increased m parallel with overall Na+-dnven 
transport  Our results thus suggest that, in the long-term, 
lugh-proteln feeding can stimulate anuno acid transport 
through system ASC as well as through system A 
System ASC is generally considered to be unresponsive 
to nutritional as well as to hormonal stlmuh [1,2,5-6] 
Results that challenge this paradigm can be found 
Krlstensen et al [8] observed an increase m alamne 
transport  resxstant to MeAIB inhibition in hepatocytes 
from starved rats Pastor-Anglada et al [25] also found 
an increase in MeAIB-res~stent alamne transport m 
hver p lasma-membrane  vesicles from female rats at 
mid-pregnancy Moule and Bradford [37] recorded a 
stimulation of ASC-mediated transport for alamne m 
hepatoctyes sumulated by cAMP Increase m ASC 
capacity was also observed m hepatocytes freshly iso- 
lated from diabetic [38] and adrenalectomazed [39] rats 

Our studies with laver plasma-membrane vesicles 
confirm that, in the long-term, high protein feeding 
increases the number  of carriers for alamne and senne 
transport  The properties exhablted by these carriers 
preclude their unquestionable classification as A or 
ASC 

Alanme and serme active transport m presence of other 
amino actds 

In presence of other amino acids, Na+-dependent  
transport  of alanme and of senne was lnlublted m 
plasma-membrane  preparaUons The degree of mhabi- 
tion, similar for both anuno acids and m both nutn- 



tional situations, was a functaon of the relative con- 
centration of the substrate This is of interest when 
viewed m perspective with the type of amino acid 
variations observed at the portal level in relation to the 
composmon of the diet and the stage of digestive activ- 
ity Indeed, m vlvo, while portal ammoaclderma Is highly 
vanable  m absolute terms, its amino acid profile in 
terms of relative concentration of individual anuno 
aods,  remains rather stable For instance in rats fed a 
13%casein diet, amino a o d  total concentration in the 
portal vein can rise from 3 (hght-penod) to 5 mM 
(mght-perlod) Ingestion of a protein-rich meal can bnng  
~t from 4 to 8 m M  m less than 3 hours [22] Portal 
anuno acid concentrations as high as 14 and 20 m M  
have been reported m rats recewlng 50% or 90% casein 
in their diet [23,24] In all these s~tuatlons, notwiths- 
tanding the huge differences in portal amino acid con- 
centratlon, alanme contribution represented 15 to 20% 
and senne 6 to 12% of total amino acids Our results 
suggest that whatever the nutritional status, alanlne 
transport will be less impeded than that of senne be- 
cause alamne is the anuno acid found in highest con- 
centrat~on m the portal vein However, the conclusion 
that hepatic transport is stimulated by high-protein 
feeding still holds because vesicles from high-protem-fed 
ammals, being enriched in transport sites, are able to 
take up greater amounts of alanlne and of serlne 

The question as to whether transport across the 
membrane is rate-hrmtlng for hepatic UtdlZatlon of 
alnlno acids and particularly of gluconeogemc ones has 
often been discussed [8,40-43] Following high-protein 
intake, hver mtracelhilar gluconeogemc amino acid con- 
centratlon falls in VlVO [22-24] In vitro alamne does 
not accumulate in hepatocytes from high-protein-fed 
rats when external alamne is kept around 2 raM, a level 
corresponding to the portal concentration observed after 
high-protein feeding [23,24,43] In the present work, 
adaptation to a high-protein diet resulted in a 4-fold 
increase in hepatic alanme amlnotransferase activity 
while transport capacity was only doubled The tmbal- 
ance was even greater with senne as senne dehydratase 
activity was mulaphed  by 40 Thus, our results can be 
regarded as adding support to the view that despite its 
capacity for adaptation, hver amino acid transport  is a 
rate-hmitmg step for amino a o d  catabohsm 
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