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The aspartate/glutamatc carrier from bovine heart mitochondria was solubilized with dodecyl-octaoxyethylene ether (CIzE ~) 
and purified by chromat¢lgraphy on hydroxyapatitc and cclitc. On SDS gel electrophoresis, the purified aspartatc/glutamate 
carricr consisted of a singlc protcin band with an apparcnt M r of 3151X1. When rcconstitutcd into liposomcs the aspartatc/ 
glutamate carrier protein catalyzcd an N-ethylmalcimide-scnsitive aspartate/aspartatc exehangc. 1( was purificd 620-fold with a 
recovery cff 17.29; and a protein yi,,ld of (1.03% with respect to the mitochondrial cxtract. The properties of the reconstituted 
carrier, i.e. rcquircmcnt for a counteranion, substratc !;pecificity and inhibitor sensitivity, wcrc similar to thosc of tile 
aspartatc/glutamate carrier as characterized in mitochondria. 

hltroduction 

The aspartate/glutamate carrier from the inner 
mitochondrial membrane catalyzes a 1 : 1 exchange of 
aspartate for glutamate and plays an important role in 
several metabolic processes like urea synthesis, gluco- 
neogenesis and the malate-aspartate shuttle [1,2]. Since 
aspartatc is transported in the dissociated ~'orm and 
g;lutamatc i~ co-transported with a proton, the aspar- 
tate/glutamztte exchange is clectrogenic : , d  depends 
on both the membrane potential and the pH gradient 
[.3]. Besides aspartate and glutamate, this carrier also 
accepts cysteinesulfinate, which is transported, like as- 
partate, as the anion [4]. It is inhibited by several SH 
reagents including NEM [I,5], by pyridox:'l 5'-phos- 
phate and by dicthyl pyrocarbonate [6,7]. There is 
some disagreement about the kinetic me.'.hanism in 
intact mitochondria [8,9]. However, studies in proteo- 
liposomes provided convincing evidence that the recon- 
stituted aspartate/glutamate carrier functions accord- 
ing to a sequential type of mechanism [10]. 

Abbreviatiuns: CxE v, alkyl(x)-polytyh)xyethylene ether; EDTA, 
ethvtenediaminetetr::aeetie acid: Pipes. 1,4-piperazinediethane- 
sulphonic acid; SDS. sodium dodecylsulphate: NEM, N.ethylmalei- 
mide. 

Ct~rresptmdcnce: F. Palmieri, Dipartimento Farmaeo-Biolo~ieo, Uni- 
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in 1986 tbe aspartate/glutamate carrier was sub- 
stantially purified from bovine heart mitochondria by a 
relatively complicated procedure involving HPLC on 
hydroxyapatite and a series of elution buffers and 
gradiens [6]. In SDS-containing gel, the purified frac- 
tion consisted of a prominent band with a M r of 68000 
and traces of contaminants mainly of M r 3111(X1. The 
68 kDa protein band was attributed to the aspar ta te /  
glutamate carrier and the 31 kDa band to the 
A D P / A T P  carrier. 

~11 mitochondrial carrier proteins so far purified 
have a similar M r of 2801XI-340{X) [11-22]. Further- 
more, the four carriers the sequence of which is known, 
i.e. the A D P / A T P  carrier, the uncoupling protein, the 
phosphate carrier and the oxoglutarate carrier, have a 
tripartite structure composed of related sequences of 
about 10(1 amino acids in length [23-26]. Since the 
aspar ta te /glutamate  carrier activity has been at- 
tributed to a protein with a considerably higher M r of 
6801X), we reinvestigated the question of the identity of  
this important carrier protein. 

In this paper we describe the identification and the 
purification of the aspartate/glutamate carrier from 
bovine heart mitoehondria using functional reconstitu. 
tion as a mon!ter ef the, L.dtlier activity during the 
isolation procedure, Upon SDS gel electrophoresis the 
purified aspartate/glutamate carrier protein appears 
to be a single polypeptide with an apparent molecular 
mass of 3 !,5 kDa. When incorporated into liposomes it 
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exhibits transport properties which closely resemble 
those described for the aspartate/glutamate carrier in 
intact mitochondria. 

Materials and Methods 

Materials. Hydroxyapatitc (Bio-Gel HTP) and Dowex 
AGI-X8 were purchased from Bio-Rad; Celite 535 
from Serva; Amberlite XAD-2, CtzE 8 :~nd egg yolk 
phospholipids (phosphatidylcholine from eggs) from 
Fluka; Pipes, CLUE., L-glutamate and L-aspartate from 
Sigma; i.-[U-14C]glutamate and t.-[U-m4C]aspartate from 
Amersham International (Amersham, UK); and 
Scphadex G-75 from Pharmacia. All other chemicals 
were of the highest purity commercially available. 

Isolation of the aspartate /glutamate carrier. Bovine 
heart mitochondria 12(1 mg protein), prepared as de- 
scribed in Ref. 27, were preextracted with I% Ct3Em~j 
(w/v), 1 mM EDTA and I1111 mM N aH,PO 4 (oH 6.5) 
for l0 rain at 0°C in a final volume of I ml. After 20 
min centrifugation at 14001111 × g, the pellet was solubi- 
lized with 2.4% CtzE 8 (w/v), I mM EDTA and II111 
mM NaH2PO 4 (pH 6.5) in a final volume of 0.8 ml and 
at a concentration of about 16 mg protein/ml.  After 10 
rain at 0°C the mixture (0.8 ml) was centrifuged at 
1(111111111 x t~ for 211 min to obtain a supernatant referred 
to as extract. 11.6 ml of the extract (t~-9 mg protein) 
supplemented with 11.2 ml ammonium acetate (I M 
final concentration) were applied to a l(I g dry itydroxy- 
apatite column (2 cm diameter) and eluted with 1.2% 
CI ,E  X, 0.5 mM EDTA, I M ::mmonium acetate and 51) 
mM NaH,PO4 (pH 6.5). The first 1.2 ml of the cluate 
from the hymt;.~,apatite column were collected, (1.8 ml 
of which were applied onto a dry celitc column (pasteur 
pipette containing 0.5 g of dry material), Elution was 
performed with 11.3% Ct,E~, 0.125 mM EDTA, 0.5 M 
ammonium acetate and 12.5 mM N aH,PO 4 (pH 6.5). 
Fractions of I1.6 ml were collected. Pure aspartate/  
glutamate carrier was present in fraction 3. All the 
operations were performed at 4°C, unless otherwise 
specified. 

Reconstitntion of the aspartate /glutamate carrier in 
liposomes. Liposomes were prepared as described pre- 
viously [16] by son(cation of 100 mg/ml  egg yolk phos- 
pholipids in water for 60 min. Protein eluates were 
reconstituted by removing the detergent with a hy- 
drophobic column [28]. In this procedure, the mixed 
micelles containing detergent, protein and phospho- 
lipids were repeatedly passed through Amberlite 
XAD-2 columns. The composition of the initial mix- 
ture used for reconstitution was: 200 #1 of the hydroxy- 
apatite or celite eluate or 45 #.1 of the extract, 31) #l  of 
111% Ct ,E  s, 100/.tl of 1(1% phospholipids in the form 
of sonieated liposomes, 14 ul  of I M sodium L-aspar- 
tate or sodium ~,-glutamate, 50 p.I ammonium acetate 
(to reach the final concentration of 1 M) in a final 

volume of 7(111 pl. After vortexing, this mixture was 
passed 15 times through the same Amberlite column 
(0.5 × 3.2 cm) preequilibrated with a buffer containing 
10 mM NaH2PO 4 (pH 7.0) and 20 mM of the substrate 
present in the starting mixture. All the operations were 
performcd at 4°(2, except for the passage through Am- 
her!ire, which was c~rried out at room temperature. 

Transport measaremalts. In order to remove the 
external substratc, 650 #1 of proteoliposomes were 
passed through a Sephadcx G-75 column (0.7 × 15 cm) 
preequilibrated with 50 mM NaCI and 10 mM Pipes 
(pH 6.51. The first 6{111 o,l of the turbid clu:.te from the 
Sephadex column were collected, transferred to reac- 
tion vessels (1511 #,1 each), incubated at 25°C (for 4 
rain), and then used for transport measurements by the 
inhibitor stop method [29]. Transport was started by 
adding I).l mM L-[14C]aspartate (1(1 #1, about 18011110 
cpm) or 0.1 mM t.-[~4C]glutamate (10 ttl, about 181100tl 
cpm) and stopped after the desired time interval by 
addition of 11.5 mM NEM. In control samples, the 
inhibitor was added together with the labelled sub- 
strate. The assay temperature was 25°C. In order to 
remove the external radioactivity, 151) t, tl of each sam- 
ple were passed through a Dowex AGI-X8 column, 
511-Ill(| mesh, acetate form (0.5 x 4 cm). The liposomes 
eluted with I ml of 50 mM sucrose were collected in 4 
ml of scintillation mixture, vortexcd and counted. The 
transport activity was calculated by subtracting the 
control from the experimental values. 

Other methods. Polyacrylamide slab-gel electro- 
phoresis of aeetone-precipitated samples was per- 
formed in the presence of 0.1% SDS according to 
Lacmmli [311]. The stacking gel contained 5% acryl- 
amide and the separation gel contained 17.5% acryl- 
amide and an acrylamide/bisacrylamide ratio of 37.5. 
Staining was perfi~rmed by the silver nitrate method 
[31]. The molecular weights were d~Lermined by com- 
parison to standards obtained from Bio-Rad. Protein 
was determined by the method of Lowry et al. [32]. All 
the samples used for protein determination were sub- 
jected to acetone precipitation and redissolvcd in I% 
SDS [22]. The activity of other transport systems was 
assayed by the inhibitor stop method as previously 
described: phosphate carrier [13], oxoglutarate carrier 
[16], diearboxylate carrier [17], triearboxylate carrier 
[18], pyruvate carrier [21], carnitine carrier [22] and 
A D P / A T P  carrier [28]. 

Results and Discussion 

Solubilization end purification 07" tile aspartate / 
glutamate carrier 

Bovine heart mitoehondria 'were preextracted with 
Ci3Et0 and then solubilized with CI2E ~, essentially as 
reported by Kramer et al. [6]. Inclusion of ammonium 
acetate in the solubilization buffer was found to be not 
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Total activity 0.099 0.097 0.094 0.089 0.077 
Specific activity 274 350 668 1091 1020 

Fig. 1. Purificatinn of the aspartate/glutamale carrier in dependence 
of the amount of hydroxyapatite: SDS gel electrophoresis of the 
eluates (first 1.2 ml) obtainud from columns containing ().6 g (B), 2,5 
g (C), 6 g (D), l0 g (E) or 12.5 g iF) hydroxyapatite. M, marker 
proteins (phosphorylase b, 9740(}; bovine serum albumin. 66200; 
ovalbumln, 45000; carbonic anhydrase. 310(~0; soybean trypsin in- 
hibitor, 2151X); and lysozYme, 14400); A, mitochondrial extract (5 
p.I); and B-F, hydroxyapatite eluatcs (50/J.I). The numbers reported 
in the figure reprc.,:ent the specific activities in ~mol/30 min per g 
protein and the total activities in p.mol/30 rain of the aspartate/ 
aspartate exchange measured in each eluate as described in Materi- 

als and Methods. 

necessary. However, when ammonium acetate was 
added to the mitochondrial extract before reconstitu- 
tion the activity of the aspartate/aspartate  exchange 
was increased 1.8-fold. Ammonium acetate was there- 
fore always included in the reconstitution mixture at a 
concentration of 1 M. 

In general, mitochondrial carrier proteins are not 
t~ound to hydroxyapatite (see Ref. 33 for a review). In 
the case of the aspartate/glutamate carrier, however, 
the trar..~port protein is retained unless the ionic 
strength is increased [6]. We found that elution of the 
aspartate/glutamate carrier applied onto hydroxy- 
apatite increased with increasing the concentration of 
ammonium acetate up to 1 M. The aspartate/  
glutamate carrier could also be eluted from hydroxy- 
apatite by addition of other saits (NaCI, Na2SO 4 and 
Na2HPO4), but in this case more contaminating pro- 
teins and less aspartate exchange activity was eluted. 

When using the 0.6 g hydroxyapatite column, similar 
a3 described for the purification of st.veral other car- 
her  proteins [13,15,16,19-21], and the elution buffer 
including 1 M ammonium acetate (see Methods), the 
specific activity of the aspartate/glutamate carrier in 
the eluate was increased 15-fold as compared to that of 
the mitochondrial extract (Fig. 1, lane B). lr~ compari- 
son to the results obtained with other carriers, the 
purification of the a spa r t a t e /g lu t ama te  carrier 
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achieved by this procedure was much less satisfactory, 
This was probably a consequence of the presence of 
the high salt concentration and of the detergent Ct2 Ea 
(instead of Triton) during the hydroxyapatite chro- 
matography. 

For improving the purification procedure a main 
factor was found to be a significant increase in the 
amount of hydroxyapatite used. in experiments investi- 
gating these conditions, the amount of protein applied 
to the column was kept constant so that the protein/  
hydroxyapatite ratio decreased progressively. As shown 
in Fig. 1, lanes B-F,  the number of polypcptides pre- 
sent in the hydroxyapatite eluate decreased on increas- 
ing the amount of hydroxyapatitc. Using 10 g hydroxy- 
apatite the SDS gel electrophoresis revealed the pres- 
ence of only two protein bands (Fig. i, lane E). Despite 
a substantial decrease in the protein content, the total 
activity of the aspartate/aspartate  exchange remained 
nearly the same on increasing the amount of hydroxy- 
apatite from 0.6 to 10 g (Fig. 1, lanes B-E).  This 
resulted in a 4-fold increase of the specific activity of 
the aspartate/glutamate carrier with respect to that of 
the eluate obtained from chrorr.atography on 0.6 g 
hydroxyapatite. 

For further purification, we have applied the hy- 
droxyapatite eluate onto various resins which already 
have been successfully used for otl~er mitochondrial 
carriers (see Ref. 33 for a review and Refs, 18-20). 
Only celite, a resin capable of binding proteins inde- 
pendently of the ionic strength, was effect!re for purifi- 
cation of the aspartate/~h~tamate carrier protein in 
functionally active form. 

The final purification of the aspartate/glutamate 
carrier was achieved by elution with increasing concen- 
trations of the detergent. Whereas in the presence of 
0.1% C,2E ~ in the elutica buffer all proteins remained 
bound to celite, we found that the aspartate/glutamate 
carrier could be specifically eluted from celite in the 
presence of 0.3% C,2E ~ in the elution buffer (Fig. 2). 
The first and the second fractions (lanes C and D) of 
the celite eluate were not active in reconstituted aspar- 
tate transport and did not contain protein. Fraction 
three (lane E) exhibited an aspartate/aspartate  ex- 
change activity of i i  752 /zmol/30 rain per g protein 
(at 0.1 mM aspartate) and upon SDS gel electrophore- 
sis showed a single protein band of 31.5 kDa. Fraction 
four (lane F) again was not active and did not contain 
protein. Lane G of Fig. 2 shows elution of the residual 
proteins from the celitc column by applying !% SDS. 
The total reconstituted aspartate/glutama,*e carrier 
activity present in the third fraction of the eelite eluate 
represented 48% of that applied to celite (0.06 
/zmol/30 rain per g protein). 

The final purification factor (Table I) of the celite 
fraction containing the aspartate/glutamate carrier was 
620 with respect to the mitochc~'~rial extract. AI3oroxi- 
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Fig. 2. Purificalitm of tile aspartate/glutamatc carrier: SDS gel 
eha.ll.ph~)resis of fractions tibia|ned by hydroxyapalile and celite 
chrnmah~gnlph~,'. M. marker proteins (see Fig~ It; A, elualc from a 
ct)lulrm containing 11.6 g h~,'droxyapalitc (5(1 /~1); 13. ehlate from a 
c~llumn comaining I11 g hydroxyapatit¢ (5It /ill; C-F. first fimr 
fracti(ms ~f celtic eluale (I11t) #1); and G, residual cluale of file celtic 

cohmm elulcd with I~'; SDS ( I11t1 pit. 

mately 17.2% of the total transport  activity was recov- 
ered with a protein yield of 0.03~/¢. 

PrrL ner t ies  O f  t h e  r e c o , s t i l l l t e d  tt,~7~artale / g h l t a m a t e  c a r -  

rier 
The experiments  described in this section have been 

performed with the celtic fraction (Fig. 2, lane E) 
containing the purified a s p a r t a t c / g l u t a m a t c  carrier  
protein. 

Fig. 3 i l lustrates the t ime course of the NEM-sensi-  
t i re [z'~C]asp:zrtalc uptake by protcol iposomcs which 
wer,: loaded with unlahclled aspartatc.  The up~.ake ~f 
aspartatc  inclcased linearly with t ime for about 5 rain 
at a rate of 733 ~ m o l / m i n  per g protein at 25°C tat  0.1 
mM asparta,~¢). In the absence of internal  substratc. 
aspar ta te  uptake was negligible. There was virtut,qly no 
activity without incorporation of the carrier  protein 
into the !ipo:,omcs (not shown). The time course of 
[ ~ C ] a s p a r t a t e / a s p a r t a t c  exchange as shown in Fig. 3 
n~presents an exponent |a!  aoproach to isotopic equilib- 
rium. which is dcmo , s t r a t ed  t,y the slraight line ob- 
tained by plott ing the natural  13garithm of the fraction 

TABLE I 

Purifi('atitm o f  the a.~I~artah' / ghtlamute ('arril'r 

° "...tZ,, " 

lime (mi,O 
Fig. 3. Time c(lurse of aspart;:te uptakt' in reconstituted liposomcs. 
ILl mM [l'~C]aspartalc was added at lime zero to reconstituted 
lipo~,omes h~adcd wilh 2q mM asparlale ( ~:~1 or with 211 mM NaCI It,,). 
Tile inset represents II~e h~garilhmic p[(It ill In A, , . , , / { ' ~n , . , , -  A,) 
where ell,,.., ix maximunl asFar~alc t:xl;llallge per g protein lind A I is 
Ihc asp;fftal,~ ~xdlange at lime l, according Io the relation In 
.4 m,~/ (  ,I ,~..~ - ,4 ~ I = kt. Tile value tlf ,4 ma~ { 17.88 mmol/g protein ) 
was exlrapolaled at infinite lime hy a computer lion-linear regressinn 

analysis. 

of equil ibrium aspartatcm,~/(aspartatc, , , ," - aspartatet  ) 
against t ime [34]. This means that the exchange of 
asl,~artatc in proteolil:, .~,mes follows first .order kinet- 
ics. The first-order rate constant,  k,  extrapolated from 
the slope of the logari thmic plot, was 0.041 rain - l .  
Similar results were obta ined when the uptake, of 
[t'~C]glntan~ate was measured in proteoliposomcs. The 
first-order constant for :[',e ~ l u t a m a t e / g l u t a m a t e  ex- 
ch~mge was 11.1134 rain ~. Furthermore.  also in this ca'~e 
there was virtually no uptake in the absence of intrali- 
posomal suhstrate. Both the absolute dependence on 
an appropriate  countcranion and the inhibition by 
NEM proved that the purified a s p a r t a t e / g l u t a m a t e  
carr ier  ha:i been reconstituted. 

Che specificity of [14C]aspartate and [14C]glutamate 
exchange with respect to intraliposomal counteranion,; 
was fltrther investigated in proteol iposomcs loaded with 

The protco|ipl~slmlcs were loaded whh 2(I mM (-asp'lr~:~e or 211 mM t.-gh~hmtale and the ex¢imng¢ was started by ad.'ling ().1 mM external 
ll4C]asparlal¢ (Asp/Asp exchange) or [l'~Cl~lulamate {G[u/Glu exchange), respectively. Other erred|lions as described in Materi:,ls arid 
Mdhods. Acli~,'ily of the rcc~lnsiilnlcd exchange is expressed in pmol/31i mill per g protein (specific acli'eily) am| p.mol/30 min (Iolal activity). 

Proleln Asp/A~p e~:change Ohl/Ghl exch:mgc Purifi¢:t!hm t fo ld) 

( ~" g) specific Intal specific tolal Asp/Asp Glu/Glu 
aelivily aclivity aclivi|y activity exchange exchange 

Milm:htmdrial extract t~ 5~" i/~.~; 7 11.1 (13 11.4 | ;;.1;';:~ I ! 
l|ydr~>~apalite e|uale 79.8 11~5 0.1185 63t) 11.(iS I 56 5h 
Celite eluale 2.4 I I (~h7 0.028 71183 0.Ill 7 hl5 620 



a var ie ty  of substratcs. The intraliposomal concentra- 
tion of the anions used was 20 mM and the exchange 
t ime was 30 min. The data reported in Table II show 
that  labelled aspar ta te  and glutamate  could be trans- 
ported nm only against  L-aspartate and i.-glutamate 
but  also against internal  t.-cysteincsulfinate. Some ac- 
tivity was also observed with the r)-stereoisomers of 
aspartatc,  g lutamate  and cysteincsuifL~ate. On the 
other  hand, t he re  wa.,, .'1o significant exchangc of aspar- 
tate and glutamate  when substrates of o ther  mitochon- 
drial carriers (phosphate,  malale,  2-oxoglutarate, cit- 
rate and ADP)  were present  inside the liposomes. This  
result is in agreement  with the narrow specificity of the 
a s p a r t a t e / g l u t a m a t c  carr ier  as characterized in mito- 
chondria [!]. 

Table  I l l ,  experiment  1 shows the effect of various 
inhibitors on the reconsti tuted a s p a r t a t c / a s p a r t a t e  ex- 
change. The reconsti tuted activity was nearly com- 
pletely inhibited by the SH reagents  NEM, mersalyl 
and p-hydroxymercuribenzoate at  a concentrat ion of 1 
raM. Likewise, pyridoxal Y-phosphate,  phenylglyoxal 
and diethyl pyrocarbonatc,  which are known to be 
rather  specific reagents  for lysine, argininc and histi- 
dine, respectively, were found to decrease the reconsti- 
tuted a s p a r t a t e / a s p a r t a t e  exchange activity strongly. 
In contrast,  carboxyatractyloside, 1,2,3-benzenetricar- 
boxylate, phthalonate ,  butyl malonate  and phenyl suc- 
cinate,  which inhibit other  mitochondrial  t ransport  sys- 
tems, were not effective. In Table  If!, experiment  2, 
the sensitivity of the a s p a r l a t c / a s p a r t a t e  exchange to 
externally-added substrates was investigated. The as- 
partatc  exchange was strongly inhibited by L-aspartatc, 

TABLE II 

Dependent'v o f  [I4C] uspartate trod [/JC] ghllamul¢ transl~ort ill 
rt, con~'tin~tt,d liposottles oa illteraal slthstnttc 

The prolcoliposomes were loaded with 2() mM of the indicated 
subslrate. Transport was initialed by Ibe addtlitm of II.I mM 
[14Clasparlate or 0.1 mM [14C]glulamale. The data are from a 
representative experiment. Similar results were obtained in flint 
different experiments. 

Internal subslratc Substrate uptake 
(2!) mM) (~.mul/30 rain per g protein) 

[ ='tC]~,spartate [ ;'~C]glntamatc 

Nnne (CI- present) 290 320 
,.-Asparlate 10470 5850 
t.-Glutamate 61 IO h280 
i.-Cysleinusulfinate 5900 ~ 26{| 
i}-Aspartate 1290 990 
t).Glutamate 820 1130 
i).Cysleinesulfinate 97{} 1160 
Phosphate 270 23() 
Malale 19l~ 240 
2-Oxogiutaratc 270 310 
Citrate 330 150 
ADP 200 280 
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TABLE Ill 

I.~[[,: cl o f  iuhihitors and exlcrtmlly mhh'd sahslralt's ¢m Ihc r('cotlslinH¢'d 
u,ff~,lrlalt' / aspartalc t'.lchallge 

Th.: proteolipnsomes were Ioad¢o wilb 2O mM aspartatc ;lad the 
exchange was started by adding i l l  mM [l"lC']aspartate, All tile 
inhibilo~ (Experiment I) were added 2 rain befi~re the labelled 
su~strale al a e~Tncentratinn of I mM tSll reagclliS), l0 nlM (pyri- 
dcxal 5'.plmsphate. phcnylglyoxal and dicthyl pyrocarhonatu), 2 mM 
(I 2,3-bunlcnetricarboxylate, phthalonale, butyl malunate ant| phvnyl 
suc¢inate) alld 0.1 mM (carboxyatractyloside). The substrates (Ex- 
p,.rimenl 2) were added togelbur witb [14C]aspartate ai ;*t t=tmcenlra- 
li.m Of I raM. The control values of uninhibited aspartale exchange: 
~¢re 10470 and 9930 ~.mol/30 rain per g protein ia Expts. I and 2, 
r.:spcctlvely. Tile data are lrom represCnlaliye experiments. SinliJar 
t~:suhs were oblained in three dilTercnt experiments. 

Addition r,¢ I nhibilior~ 

!Experiment I 
N-Et hylmalcimldc 100 
Mersalyl o4 
p-I lydroxymcrcuribenzoatc % 
Pyridox:d 5'-phosphate 9'~ 
Phenylglyoxal t) I 
Diethyl pyrncarbonate 9h 
Carboxyatractyloside 9 
1,2,3-Bc nzcrmtricarboxylale 14 
Phlbahmate 8 
ButYl malnnatc 13 
Phenyl su¢cinate 7 

Experiment 2 
t.-Aspartate 8h 
I.-(autamate 84 
i.-Cystcinesnlfinate ?7 
i)-Aspartate 2~ 
t~-Glutamate 2~ 
t)-Cysleinesulh aale 23 
N*aeetylasparla~,; 9 
N-,'%cetylglutamate 4 
¢ -A~,paraginc 13 
L-Gla~amine I0 
Phnspha,~ 8 
Malale i~ 
2-Oxo~[uial'aie 
Citrate Il l 
ADP 5 

t.-glutamatc and t.-cys~einesulfinatc, and, to a much 
lower extent,  by the D-stereoisomers of the same amino 
acids. In contrast ,  the a s p a r t a t c / a s p a r t a t e  exchange 
was not significantly affected by the substrate ana- 
logues N-acetylaspartate,  N-acetylglutamate,  aspara- 
ginc and glutamine,  and by substratcs  of  o ther  mito- 
chondria! carr iers  like phosphate ,  2-oxoglutaratc, 
malate,  cPratc and ADP,  The  same inhibition pat tern 
was observed in mitochondria  or in l iposomcs reconsti- 
tuted with partially purif ied a s p a r t a t e / g l u t a m a t e  car- 
t ier  [1,4-7]. 

In further  experiments  (not shown), we found that  
the fraction shown in Fig. 2, lanc E, consisting of a 
single protein band with an apparent  M, of 315(K), 
when reconsti tuted into l iposomcs did not catalyze the 
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exchange  reac t ions  A D P / A D P  (adenine  nucleot ide  
carr ier ) ,  p h o s p h a t e / p h o s p h a t e  (phospha te  carr ier) ,  
m a l a t e / p h o s p h a t e  (dicarbox'ylate carr ier) ,  c i t r a t e /  
c i t ra te  ( t r icarboxylate  carr ier) ,  2 -oxog lu t a r a t e /2 -oxo -  
g lu ta ra t¢  (oxoglutara te  carr ier) ,  p y r u v a t e / p y r u v a t e  
(pyruvate  car r ie r )  a n d  c a r n i t i n e / c a r n i t i n e  (carni t ine 
carr ier) .  On ly  occasionally,  d e p e n d i n g  on the l~articular 
batch of  hydroxyapatite used in the first step of purifi- 
cation, some A D P / A D P  exchange activity, corre- 
sponding to 10-15% of that of  the aspartate/:lspartat¢ 
exchange, was also present. Thus, the purified aspar- 
tale/glutamate carrier is not contamina'~cd by other 
mitochondrial transport systems, including, those which 
are normally not adsorbed by hydroxyapafite. 

The data reported above demonstrate that the 
polypeptide of 31.5 kDa, which represents the sing|c 
protein band preser;t in the SDS gel clectrophorcsis of 
the preparaHon described in this paper, is the aspar- 
tate/glutamate carrier of  the inner mi:.ochouorial 
membrane. In a previous paper [6] the aspartate/ 
g lu tamate  ca r r i e r  was  identif ied as a 68 kDa  polypep-  
tide. it  is pos.~ible tha t  in tha t  p r e p a r a t i o n  the  aspar -  
t a t e / g l u t a m a t e  car r ie r  was  presen t  as a highly active 
con taminan t .  A n o t h e r  possibility is tha t  the  68 kDa  
polypept ide  was a d imer  o f  the c a r d e r  pro te in  t o r m c d  
dur ing  the pur[f icat ion p r o c e d u r  ~ , a n d / o r  du r ing  the  
gel e lect rophores is ,  in this respect  it should  be no ted  
tha t  the  mi tochondr ia l  ca r r i e r  pro te ins  have a t endency  
to dimerize when  the gel e lcc t rophores is  samples  con-  
~ain a cons iderable  a m o u n t  o f  cardiol ipin  as in the case 
o f  Ref.  6. The  M~ of  31 500 ass igned to the a s p a r t a t e /  
g lu tamate  car r ie r  in this repor t  falls into the very 
na r row range  of  molecu la r  masses  shown by all mito-  
chondr ia l  me~abolite car r ie rs  isolated so fa r  [ i l - 2 2 ]  
and  suggests  that  the a s p a r t a t e / g l u t a m a t e  car r ie r  may 
also b d o n g  to the mi toehondr ia l  ca r r ie r  pro te in  family 
[24-26] .  i~ is hoped  that  the simple a n d  rap id  purif ica-  
t ion p l o c e d u r e  descr ibed  here  will provide a useful  
basis for  fu r the r  charac te r iza t ion  o f  the  a s p a r t a t e /  
glueamat¢ car r ie r  a t  a molecu la r  level. 
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