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In papain-treated rat renal brush-border membrane vesicles, cystine uptake was enhanced under sodium 
gradient conditions. This effect was not observed when sodium was equilibrated across the vesicle membrane 
or when sodium was completely absent from the incubation medium. The increased rate of cystine uptake 
occurred within the first two minutes of incubation and coincided with the period of increased flux of sodium 
known to occur after papain treatment. Under sodium gradient conditions, the Vma , of cystine uptake by 
treated vesicles was 65% greater while the K,n was 25% lower than the value observed m untreated 
membranes. The increased cystine uptake after papain treatment occurred when medium cystlne was in the 
electroneutral form. In the absence of a sodium gradient, cystine uptake by control membranes was 
insensitive to changes in membrane potential and this was unaltered after papain treatment. Exposure of the 
membranes to papain also resulted in a profound decrease in cystine binding which occurs in native 
membranes incubated with cystine. The fact that cystine uptake is unchanged under sodium equilibration and 
even enhanced under sodium gradient conditions suggests that the component of cystine binding is not 
essential for cystine transport and may represent non-specific binding to membrane proteins. 

Introduction 

Proteases have been used widely to study the 
relationslup of the asymmetric properttes of 
brush-border membrane vesicles to specific trans- 
port propernes [1,2] Our own interest has focused 
on whether agents that remove enzymes and pro- 
teins from rat renal brush-border membranes alter 
the ability of membrane vesicles to transport amino 
acids and, If so, what ts the underlying mecha- 
nism Studies with trypsin and papam treatment 
indicate that removal of small amounts of protein 
may have profound effects on sodium-dependent 
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transport [3,4] A detailed study of prohne trans- 
port changes associated with papaIn treatment 
revealed that the 'overshoot'  phenomena observed 
with a sodium gradient was markedly blunted 
with no impairment of prohne uptake under 
sodium eqmhbrated condmons The renal brush- 
border uptake of a number of amino acids and 
sugars under sodium gradient conditions was also 
decreased, consistent with a primary perturbation 
of sodium ion movement Indeed, this was shown 
to be the case Papain treatment caused an en- 
hancement of sodium fluxes so that equdlbrat~on 
of the sodium gradient occurred five times more 
rapidly We were led to conclude that papaln 
affects sodium gradient snmulated transport sec- 
ondarily because of the accelerated dissipation of 
sodmm gradients by treated vesicles 

Cystine uptake by rat renal brush-border mem- 
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brane vesicles occurs by a process distract from 
most other anuno acids Although it's entry is 
stimulated by sodmm, there is no 'overshoot '  ob- 
served In addition, cystme uptake is characterized 
by 60% of binding to the membrane under sodium 
equdxbrated condmon,  a phenomenon not ob- 
served with other amino acids [7] Because of the 
umque features of cystme transport by brush- 
border membrane vesicles and the opportunity to 
enhance our understanding of the complex process 
of cystme entry, we have examined the effect of 
papam treatment of rat renal membranes on 
cystine transport Our findings that cystlne uptake 
rate is stimulated m papaln-treated vesicles and 
that cystme binding to the brush-border is 
markedly decreased form the basis of this report 

Experimental 

Preparation of rat renal brush-border membranes 
and papaln-treatment of the Isolated renal 
brush-border vesicle membranes Brush-border 
membranes were isolated from the k~dney cortex 
of adult male Sprague-Dawley rats weighing 
250-300 g by using the MgC12 precipitating 
method of Booth and Kenny [5] Papaln treatment 
of the membrane vesicles was carried out as de- 
scribed previously [4] The final papam-treated 
membrane preparation was suspended in buffer as 
specified m the legend of figures and tables, and 
eqmhbrated for at least 1 h at 22°C before under- 
taking any experiment Control membrane vesicle 
preparations were carried out by replacing ahquots 
of papam solution with buffer used m the incuba- 
tion All experiments consisted of both control 
and papam treated preparaUons 

Enzyme assays and protein concentration de- 
termination Papaln treatment was monitored by 
assessment of the removal of membrane enzymes 
The five marker enzymes measured were alkahne 
phosphatase, L-leucme armnopeptldase, gamma- 
g l u t a m y l t r a n s p e p  t~dase, g a m m a - g l u t a m y l h y -  
drolase and alpha-D-glucosldase according to the 
procedures reported prewously [4] Membrane 
protein concentration was deterrmned by the 
method of Bradford [6] using the Blo-Rad protein 
assay kit from Blo-Rad, Rockwlle Center, NY 

Uptake of L-cystme The standard uptake in- 

cubahon consisted of 0 05 ml of brush-border 
vesicles in buffer A (2 mM Tns-Hepes buffer (pH 
7 4) contammg 100 mM manmtol) or otherwise 
specified, which was added to a disposable test 
tube containing 50 /~moles of NaC1, 5 /zl of un- 
labelled L-cystme of the desired concentration m 
0 5 M HC1, 0 2 to 0 8/~CI of L-[35S]cystme, a n d / o r  
0 6 ttCl of L-[3H]glucose, 0 50 ml of buffer B (20 
mM Trts, 20 mM Hepes and 60 mM manmtol), 
and water The final mcubaUon was 88 5 mM with 
respect to NaC1 with 0 0 7 5 - 0  150 mg of mem- 
brane protein m a final volume of 0 565 ml 

The pH was checked after mixing of 5 /~1 of 
L-cystme in 0 5 M HCI, with buffer The ratio of 
HC1 to buffer ~s 1 113 under base hne condmons, 
that is not sufficient to change the pH of the 
buffer system For various L-cystlne concentration 
studies, the L-cystme was made from one single 10 
mM L-cystlne stock which was d~ssolved m 0 5 M 
HCI Therefore 5 /~1 of 0 5 M HC1 was contained 
in each sample volume of 0565 ml wtule the 
L-cystme concentration were varied 

Uptake at 22°C was measured by rapid filtra- 
tion on Sartorlus filters (SM 113, 045 ~m) as 
described by McNamara  et al [7] Total uptake 
was measured as membrane-assocmted radioactiv- 
ity present on the filter with appropriate back- 
ground subtracted Where uptake in the absence 
of Na+-gradlent was to be studied, 005 ml of 
membrane vesicles was premcubated with 88 5 
mM NaC1 and 050 ml of buffer B m a final 
volume of 0 550 ml for at least 60 mm before 15/~1 
of I-[35S]cystlne of desired concentration a n d / o r  
L-[ 3 H]glucose was added 

The extent of L-[35S]cystme bound to mem- 
brane vesicles was assessed according to the proce- 
dure of McNamara  et al [7] Tnchloroaceuc acid 
was added to a final concentration of 10% (w/v)  
to incubated samples at the designated times The 
samples were placed m ice for at least 15 mm 
before being filtered through glass fiber filters 
(No 934AH, Reeve Angel, Chfton, N J, U S A ) m 
a Sartonus filter apparatus The filtered prec~pl- 
tates were washed with 10 ml of 5% tnchloroacetic 
acid and then 10 ml of ethanol Fdters were air 
dried, placed m 4 ml of standard scmtdlatlon fluid 
in glass mml-vmls and measured for rad~oacttwty 
Net uptake, the uptake of ' free '  or unbound 
cystme, was obtained by subtracting the amount 



of L-[35S]cystlne preopltated with trlchloroacetic 
acid from the total uptake 

The effect of osmotic perturbation on vesicle 
uptake of L-cystine and L-glucose was examined 
by adding sucrose to buffer B in the standard 
Incubation mixture in order to vary the osmolahty 
of the medmm The incubation medium contained 
buffer B and was 0-280 mosM with respect to 
sucrose Brush-border vesicles were allowed to 
equdibrate for 30 mln in the incubation medta 
before uptake of labelled substrate was measured 

Materials The L-[35S]cystlne used in these ex- 
periments was obtained from Amersham (SJ-126 
Batches 6/82,  11/82, 7/83,  2/84,  4 /84)  and New 
England Nuclear Corp (NEG-020 Lot No 1622- 
021) All of the L-[35S]cystlne used in these studies 
was checked for purity by than-layer chromatogra- 
phy according to the procedure described by States 
and Segal [8] a n d / o r  hagh-voltage electrophoresls 
using a Camag apparatus as reported by States et 
al [9] 

L-[3H]Glucose and o-[~4C]glucose were 
purchased from New England Corp Unlabelled 
amino acids, sugars and vahnomycm were ob- 
tained from S~gma Hepes was from Calbiochem 

Data analvs~s In studies of concentration de- 
pendence of uptake of the substrates by renal 
brush-border membrane vesicles, net uptake data 
were plotted by the Lineweaver-Burk method and 
the data fitted by the least-squares method The 
apparent K m and Vma ~ values were deterrmned for 
each experiment 

Results 

Effect of papaln on cystme uptake m response to 
osmotw perturbatton of membrane vesicles 

McNamara et al [7] demonstrated that cystine 
uptake was considerable when the brush-border 
vesicle space was theoretically obliterated at in- 
finitely high osmolahty and concluded that ad- 
sorption of cystIne to the membrane contributed 
greatly to the total uptake of cystlne Thas was 
corroborated by the precipitation of s~gnificant 
amounts of cystine when membranes were treated 
with trichloroacetlc aod  [7] The uptake of cystme 
after osmotic perturbation was, therefore, ex- 
amined to determine the extent of cystlne entry 
into the lntraveslcular space and the apparent 
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Fig 1 Effect of medmm osmolahty upon the uptake of L-cystme 
and L-glucose by control and papam-treated vesicles Control 
(C), z~) and papaln-treated (O.A) vesicles were obtained by 
incubation at 37°C for 10 mln m the absence or presence of 
0 015 mg activated papam per ml of membrane preparation At 
the end of incubation, the membrane fractions were centri- 
fuged and washed as described m the text Membrane fracuons 
were suspended m 100 mM manmtol, 2 mM Tns-Hepes, pH 
7 4 and eqmhbrated at room temperature for at least one hour 
The uptake was detern~ned m vesicles equlhbrated wRh 88 5 
mM NaCI and increasing concentrations of sucrose in the 
incubation medmm for at least 30 mln The tomoty of the 
medium w~th respect to non-penetrating, non-electrolytes 
(sucrose) was expressed as relative osmolahty where 1 = 
~sosmolar = 300 mosM Values shown represent total uptake at 
15 s measured after incubation with 0 13 mM L-[3SS]cystme 
(0 2 p-C0 together with 0 6/ tCl  of t-[3H]glucose at 22°C, and 
are the means_+S E for four determinations The hne was 
drawn by the least-squares method Fig 1A shows the uptake 
of 0 13 mM L-[35S]cystme and Fig 1B shows the uptake of 
L-[3H]glucose m the presence of 0 13 mM L-cystme m response 
to medmm osmolahty changes 

binding of cystine after membrane exposure to 
papam The experimental design was similar to 
that of McNamara et al [7] with variation in 
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medmm sucrose to alter osmolahty In these stud- 
les, 88 5 mM NaC1 was eqmhbrated across the 
membrane and was not included m calculahon of 
relative osmolahty F~g 1A shows that the 15 s 
uptake of 0 13 mM L-cystme by both control and 
papam-treated membranes was reversely propor- 
honal to the relative osmolahty Extrapolation of 
the hne for control vesicles to an mfimtely high 
osmolahty (where it intersects the ordinate and 
there is theoreUcally no mtraveslcular volume) 
indicates that 60% of the total uptake of L-cystme 
consisted of adsorption to the membranes under 
sodium eqmhbrated conditions These results are 
almost ldenUcal to those reported earher [7,10] 
For papam-treated vesicles extrapolation of the 
hne to the ordinate representing cystme uptake 
shows an intercept very close to the origin and 
mdtcates only about 8% of the total uptake was 
due to binding to the membranes 

Ftg 1B dlustrates that papam treated vesicles 
are not altered m thexr osmotic reactw~ty The 
uptake of tracer L-[3H]glucose by papaln-treated 
vesicles with increasing osmolahty decreases along 
the same hne as that found m control vesicles 
Extrapolation of the hne to origin IS conststent 
with the known properties of L-glucose entry into 
vesicle space by diffusion and its lack of any 
membrane adsorptwe component  [11] 

Effect of papam on the uptake of L-O'stme 
Papam treatment of membrane protems was 

carried out by incubating brush-borders at 37°C 
for 10 mln in buffer cons~stmg of 0 25 M sucrose, 
0 01 M triethanolamine hydrochlonde (pH 7 6) as 
prevtously described [4] Uptake by these vesicles 
measured after spinning, washing and resuspen- 
sIon m buffer A is shown m Table I Under 
sodmm gradient condmons a marked increase m 
total uptake (bound plus free) of cystme at 15 s ts 
observed with all of the papam concentrations 
employed In the same membrane preparations 
(Table I) papam treatment caused the opposite 
effect on uptake of prohne, a d~mmutlon which 
has been extensively stud~ed in our earher report 
[4] Since the latter work was performed with 
0 015 mg activated papam per ml of membranes 
preparahon,  this concentrahon was selected as the 
standard for further studies on cystme transport 
Such treatment removed an tns~gmficant amount 

TABLE I 

EFFECT OF PAPAIN C O N C E N T R A T I O N  UPON THE 
U P T A K E  OF L-CYSTINE A N D  L-PROLINE U N D E R  Na +- 
G R A D I E N T  CONDITIONS 

The brush-border vesicles were incubated at 37°C for 10 mm 
,n the absence or presence of 0 005 mg, 0 015 mg, 0 045 mg 
activated papam per ml of membrane preparation Control and 
papam-treated vesicles were centrifuged and washed at the end 
of incubation as described m the text Membrane fractions 
were suspended m 100 mM manmtol ,  2 mM Tns-Hepes  (pH 
7 4) and equlhbrated at room temperature for at least one 
hour The uptake of 003  m M  L-[35S]cystme and 002 mM 
L-[14C]prohne was deternuned m vesicles under an towardly 
directed 88 5 mM NaCI gradient For L-cystme uptake, 50 #1 
of vesicle suspension was added to medmm containing 15 ~1 of 
[3SS}cystme n-ux m H 2 0  (including 5 /~1 of 0 5 M HC1 to 
mmal ly  dissolve the stock L-cystme and 02  ~tCl of L- 
[3SS]cystme) and 0 5 ml of buffer (60 m M  manmtol ,  20 mM 
Tns-Hepes,  100 mM NaC1 (pH 76)) The pH of the final 
incubation nuxture was 7 4 For L-prohne uptake, 50 /LI of 
vesicle suspension was added to medtum containing 15 ~1 of 
[14C]prohne mix in H 2 0  (including 0 2 ttCl of [14C]prohne 
tracer) and 0 5 ml of the same buffer used for vesicle suspen- 
ston containing 100 mM NaC1 Total uptake was measured at 
the end of 15 s mcubahon  at 22°C Values represent the 
mean + S E of four deterrmnat~ons 

Papam concn 
( m g / m l )  

Total uptake (nmol /mg)  

L-[ SSS]cystlne L-[laC]prohne 

0 0 067 _+ 0 003 0 542 + 0 020 
0 005 0 194+0  016 0 191 + 0  004 
0 015 0 254+0  066 0 296+0  013 
0 045 0 210+0  010 0 212+_0 009 

(about 2%) of total membrane protein, 85% of 
L-leucme aminopeptidase, 60% of gamma-gluta- 
myltranspeptldase and 96% of alpha-D-glucosldase 
but did not effect the fragdity of the vesicles nor 
their osmotic responses [4] 

The time-course of 0 13 mM cystine uptake 
under sodium gradient condttIons is shown in Fig 
2 No 'overshoot '  was observed with either control 
vesicles as reported previously [7] or with 
p a p a l n - t r e a t e d  vesicles To ta l  up t ake  by  
papain-treated vesicles was higher during the ini- 
tial two rmnutes of incubatton At the end of 10 
mln of incubation, however, the level of uptake 
was the same in the control and papam-treated 
vesicles The increase in uptake during the first 
two minutes appears to occur during the 2 mln 
interval tt takes sodmm to equdlbrate m papain 
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treated vesicles as compared to the 10 mln mterval 
at takes sodium to equlhbrate m control mem- 
branes [4] 

Table II shows the data obtamed when the 
uptake of 0 13 mM cystme was exammed at 15 s 
under both sodmm gra&ent and sodmm eqm- 
hbrated conditions No effect of papam treatment 
ts observed when sodmm is equlhbrated across the 
membrane 

TABLE II 

EFFECT OF PAPAIN ON CYSTINE UPTAKE UNDER 
Na + GRADIENT VERSUS Na+-EQUILIBRATED CONDI- 
TIONS 

Brush-border vesicles were incubated at 37°C for 10 rmn in the 
absence or presence of 0 015 mg activated papaln per ml of 
membrane preparation Control and papaln-treated vesicles 
were obtained as descnbed in the text The uptake of 0 13 mM 
were deternuned in vesicles under an inwardly directed 88 5 
mM NaCI gradient and when 88 5 mM NaCI is equilibrated 
across the membrane as descnbed In the legend for Table I 
Total uptake were measured at the end of a 15 s incubation at 
22°C The number of determinations are indicated in the 
parentheses after the mean value 4- S E 

L-[ 35S]cystlne uptake (nmol /mg)  Incubation 

conditions control vesicles papaln-treated ves~des 

Na +-equilibrated 0 133 4- 0 004 (13) 0 143 4- 0 007 (12) 
Na+-gradlent 0 1 6 2 + 0 0 1 4  (8) 03204-0022 (8)*  

* P < 0 001 for difference from uptake of control vesicles 

/ /  

/ /  
~0 

Fig 2 Effect of papam on the time-course of 
total uptake of L-cystine under a Na+-gra& - 
ent Control and papam-treated vesicles were 
obtained as described m the legend of Fig 1 
The ame-course of uptake by control (©) 
and papaln-treated (O) vesicles was measured 
under the condmon of 88 5 mM inward 
Na+-gradients at 22°C m the presence of 
013 mM L-[3SS]cystme (02 /~C1) Values 

shown are the mean_+S E for four de- 
terrranatlons Data points without brackets 
mdicate that the S E is included within the 
point 

Influence of monovalent wns and the specws of 
L-cystme 

The study shown m Table III  was performed to 
examine whether there is a greater enhancement m 
cystme uptake by papam-treated vesicles when 
they are mcubated m the absence of sodmm and 
whether the nature of the an;on of the salt gradl- 

TABLE III 

EFFECT OF IONIC ALTERATION ON L-[3~S]CYSTINE 
UPTAKE 

Membranes were prepared In 260 mM mannltol, 20 mM 
Tns-Hepes (pH 7 4) The incubation medium contained (final 
concentrate) 60 mM mannltol, 20 mM Tns-Hepes, 100 mM 
monovalent cation salts as indicated in the table Values g~ven 
are mean4-S E for four determinations Net uptake value of 
L-cystlne by control vesicles under towardly direct 100 mM 
KCl gradient is 0033 nmol /mg  per 15 s which is taken as 
100~ 

Ion gradient % of 0 03 mM L-[3SS]cystine net uptake 

(100 raM) control vesicles papaln-treated vesicles 

Choline chloride 101 _ 6 96 + 15 
NaCl 175_+2 * 3884-10 ** 
Sodium gluconate 194_+8 ** 2644- 9 * 

* P < 001 for &fference from uptake of control vesicles 
under 100 mM KCI gradient 

** P < 0001 for &fference from uptake of control vesicles 
under 100 mM KCI gradient 
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ent  is a factor  in the up take  process  [15] In this 
exper iment ,  the net  up take  of  cyst lne was de- 
te rmined,  that  is the free vesicular  cyst lne  present  
af ter  m e m b r a n e  prec ip i ta t ion  with t r ichloroacet lc  
a o d  This was done  to ehrmnate  any differences in 
cyst ine  up take  that  could  be due to changes in the 
b ind ing  componen t  as a result  of  papa ln  t rea t -  
ment  a l though tins c o m p o n e n t  ~s not  large at 15 s 
under  s o d m m  grad ien t  condi t ions  [7] The  da ta  in 
Tab le  I I I  show that  there is no difference in 
cyst ine  up take  be tween  cont ro l  and  p a p a m - t r e a t e d  
vesicles when chohne  chlor ide  forms the 1on gradi-  
ent  and  these do not  differ  from up take  with a 100 
m M  KC1 grad ien t  In  papa ln - t r ea t ed  vesicles, up- 
take is s t imula ted  3-fold under  Na+-g rad ien t  con- 
d l t lons  whale in cont ro l  vesicles up take  increases 
by  75% These f indings in the absence of sod ium 
are sirmlar to those of Table  II, where the basehne  
for compar i son  is the up take  when sod ium is 
equ ihbra t ed  across the m e m b r a n e  Thus,  it c lear ly 
demons t r a t e s  that  papa ln  t rea tment  s t imula tes  
sod ium-dependen t  cyst ine uptake,  while it does 
not  affect the sod ium- independen t  cyst ine up take  
Also,  the da t a  m Tab le  I I I  indicate  that  the exag- 
gera ted  up take  in p a p a m - t r e a t e d  vesicles is not  
a l tered when chloride,  a re la twely  fast diffusing 
anion,  is rep laced  by  gluconate,  a relat ively lmper-  
mean t  amon  winch suggested that  cys tme up take  
is not  a l tered by  changes in m e m b r a n e  poten t ia l  

Table  IV shows that  s imilar  effects of p a p a i n  
upon  L-cystlne up take  were observed  when 

m e d m m  p H  was 5 5 and 8 0 as that  was seen in 
m e d m m  p H  7 4 Bannal  [14] has repor ted  that  at 
p H  5 5, L-cystme is ent i rely m the e lec t roneutra l  
form,  and at  p H  8 0, 55% of L-cystlne is m a m o m c  
forms together  with 45% of e lect roneutra l  L- 
cys t ine  At  med ium p H  7 4, 30% of L-cystlne is m 
the a m o m c  form while the remaining  70% of L- 
cyst ine  is in the e lec t roneutra l  form Thus, the 
s t imula t ion  of the sod ium-grad ien t  dependen t  L- 
cys t lne  up take  resul t ing from papa ln  t rea tment  
occurred  when cys tme m the p H  5 5 m e d m m  was 
ent i re ly  In the e lec t roneutra l  form 

Effect of papam on membrane potential sensltwltV 
of L-cvstme transport 

A n  effect of the m e m b r a n e  poten t ia l  on the 
L-cystme up take  by  control  and  papa in - t r ea t ed  
vesicles was tested in the absence of a Na+-grad i  - 
ent  by  app ly ing  a p o t a s s i u m / v a h n o m y c l n  re- 
duced  membrane  dif fus ion poten t ia l  as descr ibed 
by  Jean et al [12] Vesicles were p re loaded  with 
100 m M  KC1, and L-cystme net up take  was stud~ed 
in the presence of 20 / tM vahnomycln ,  a potas-  
s ium specific lonophore ,  whose add i t ion  results m 
an reside negat ,ve membrane  potent ia l  F ig  3 
shows that  nei ther  L-cystme up take  by control  
vesicles nor that  by  papa ln - t r ea t ed  vesicles was 
sensit ive to changes in m e m b r a n e  potent ia l  Also,  
p re load ing  with po ta s s ium did  not  s t imula te  L- 
cys tme up take  s ignif icant ly c o m p a r e d  with non- 
p re loaded  controls  (da ta  not  shown) Fig  3 also 

TABLE IV 

EFFECT OF MEDIUM pH AND IONIC SPECIES ON L-CYSTINE UPTAKI ~ 

Membrane vesicles were washed, then pre-equdlbrated for 1 h at 22°C In 200 mM manmtol buffered with 50 mM Hepes-Trls (pH 
8 3) Total uptake of L-[35S]cystme and tnchloroaceuc acld-perclpltable membrane-bound L-[3SS]cystlne were measured at the end of 
15 s incubation by adding vesicle suspension to medmm containing (final concentration) 0 03 mM L-[35S]cystlne, 100 mM NaC1. and 
50 mM Hepes-Tns (pH 8 0), or 50 mM Mes-Tns, (pH 5 5) Net uptake values were obtained by subtracting tnchloroacettc acid 
preopttable L-[35S]cystme measurements from that of total uptake values Values represent mean_+ S E of four determinations 

Medium Cystlne ionic species a 
pH 

Uptake of L-[ 35S]cystme 
(nmol/mg protein per 15 s) 

Control 
vesicles 

papam-treated 
vesicles 

8 0 ( OOC)2R(NH3- )2 45% 0055+_0 013 
(-  OOC)2 R(NH2)NH ~- 45% 
( OOC)2R(NH2) 2 10% 

5 5 (-  OOC)2 R(NH~ )2 100% 0 107 _+ 0 006 

0 082 + 0 008 

0 192+__0002 

a From Bannal, S [14] 



85 

024 

~016 / i ' I ~  
f 

/ ,  

. . I  i[ 

0 05 I0 15 
[K ] l  

L~ [K]'o 

24 

i 

10~ 

o5 

Fig 3 Effect of the membrane potential m 
the uptake of L-cystme by control and papaln 
treated vesicles Control and papam treated 
vesicles were obtained as described m legend 
of Fig 1 Net uptake of L-cystme (©, e)  and 
D-glucose (A,A) by control vesicles ( © , A )  
and papam-treated vesicles (O, A) Vesicles 
were preloaded with 100 mM manmtol,  20 
mM Hepes-Tns (pH 7 4) 100 mM KC1 and 
10 m M  NaCI Uptake were measured after 15 
s m an mcubatton medmm containing 100 
mM manmtol ,  20 m M  Hepes-Tns (pH 7 4), 
10 mM NaCI, 0 03 mM L-[35S]cystme or 0 4 
mM n-[14C]glucose, 20 /.tM vahnomycm and 

KCI to get the indicated ratio [K + ] , / [ K  ~ ]o 
Chohne chloride was added to the incubation 
medmm to keep the osmolahty constant 

shows as a control the response of 0 4 mM D- 
[14C]glucose uptake to the change m membrane 
potentml The data which show glucose uptake by 
brushborder membrane to be membrane potentml 
dependent ~s in full agreement w~th the observa- 
Uons of Jean et al [12] Papam treatment did not 
alter this dependence 
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Fig 4 Lmeweaver-Burk analysis of L-cystlne uptake by brush- 
border vesicles Membrane fractions were obtained and de- 
scribed m the legend of F~g 1 Membrane fractions were 
suspended m 260 m M  mannltol,  20 m M  Hepe-Tns (pH 7 4) 
Uptake of control (O)  and papaln-treated (O) vesicles after 15 
s of  incubation at 22°C with a 100 m M  NaC1- reward gradient 
containing 60 mM manmtol  and 20 m M  Hepes-Tns,  was 
measured over a range of 0 024 mM  to 0 075 m M  L-cystlne 
The ve looty  of net uptake, V, was measured as n m o l / m g  
protein per 15 s, and [S] is the cystme concentration m the 
incubation medmm The hnes represent the best fit for the data 
by using hnear regression analysis Each datum point repre- 
sents the mean for eight determinations 

Effect of papam upon the klnettc parameters of 
L-cystme transport systems 

The kinetics of L-cystme uptake have been 
measured from 0024  mM to 0075 mM m the 
presence of 100 mM NaC1 towardly directed 
gradient The net or free cystlne uptake value at 
15 s m each medmm concentration stud~ed was 
plotted according to Llneweaver-Burk method as 
shown in F~g 4 In the concentration range studied, 
only one transport system ~s predominant for both 
control vesicles and papam-treated ves]cles i e the 
low K m, h~gh afflmty system shared by dibasic 
amino acids as reported by Segal et al [13] with a 
g m of 0 065 mM and Vmd , of 0 254 n m o l / m g  per 
15 s for control vesicles For papaln-treated 
vesicles, K m of 0049  mM and Vmd x of 0414  
n m o l / m g  per 15 s were obtained by Lmeweaver- 
Burk analysis The data suggest that papam treat- 
ment may decrease the K m but the predominant 
effect appears to be an mcrease m the Vma , for 
cystme uptake If the ratio V m ~ , / K  m is calculated 
as a measure of the efftoency of the process, the 
value of 4 for the control vesicles increases to 9 for 
papam-treated membranes 

Discussion 

In contrast to the diminished sodium gradient 
st]mulated entry of prohne and other amino adds 
into rat renal brush-border membrane vesicles ex- 
posed to papaln [4] the rate of cystlne uptake is 
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enhanced This difference between the response of 
the cystme transport system and that for prohne 
to treatment of the membrane with papam adds to 
others already known, the fact that cystme uptake 
is stimulated by a sodium gradient w~thout an 
'overshoot '  and that cystme brads to the vesicle 
membrane as the incubation time increases Both 
of these phenomena are influenced by membrane 
papam treatment 

In response to the removal of major marker 
enzyme activities but of only 2% or less of protein 
from the membrane by papam there is no change 
in the behavior of the vesicles to increasing 
osmolahty Therefore, an alteration in unspecific 
permeability does not account for enhanced cystlne 
uptake The mechamsm of the papam effect is 
clearly related to the movement  of sodium ion 
There is no enhanced vesicular cystme uptake 
after papam treatment when sodium is eqm- 
hbrated across the membrane,  only when a sodium 
gradient is imposed (Table II) The lack of a 
difference m uptake under sodium equlhbrated 
condmons implies also that there is no effect of 
papam on the 'carrier '  mechanism ~tself The im- 
portance of sodmm ion in the papam effect is also 
emphasized by the data in Table III  which shows 
that there is no enhancement of uptake when the 
incubation medium contains only choline chlo- 
ride Thus, any sodium-independent cystme trans- 
port is unaffected by papaln 

Our previous observauons that papam treat- 
ment decreased the sodmm gra&ent stimulated 
'overshoot '  of prohne and the uptake of several 
other amino acids led to experiments winch showed 
that the entry of sodmm into papam-exposed 
vesicles was five times faster than that to nauve 
vesicles For those amino acids where the energy 
for the overshoot is derived from the sodium 
gra&ent, a more rapid dissipation of the gradient 
is consistent with a decrease in the overshoot 
Since cystme entry in control vesicles under a 
sodium gradient does not occur with an overshoot 
but with a more rapid achievement of equilibrium 
than in the absence of a sodium gradient, the 
mechanism of the sodium gradient stimulated up- 
take could be assumed to be different from pro- 
line and other armno acids [16,17] The data of the 
present experiments suggest that this ~s the case 
and that cystme uptake is more closely coupled to 

the movement of sodium into the vesicle rather 
than to the energy derived from the gradient This 
assumption is supported by the fact that the m- 
crease in cystme uptake by papam-treated vesicles 
lasts about two minutes winch is the time that 
Na  ÷ takes to equlhbrate across the treated mem- 
brane The faster influx of cystme with the rapid 
entry of sodium is reflected by the 65% Increase in 
the Vma x of cystme entry whereas the Vma x for 
prohne uptake winch is gradient dependent is 
decreased 

We have explored the possibility that cystme 
uptake was electrogemc m nature and that papam 
could affect tins property of cystlne transport The 
data m&cate cystme transport not to be electro- 
genlc and that papam does not alter tins char- 
actenstlc (Fig 3) Our conclusion regarding the 
electrogemc nature of cystme entry differs from 
that of Blber et al [10] who used the E G T A /  
magnesmm precipitation method to Isolate the 
membrane vesicles [18] On the basis of their data, 
It was concluded that cystme transport Is electro- 
gemc The difference in the results may be ex- 
plained by the different methods of isolating 
vesicles Murer et al [19] have observed an m- 
crease of transport rate for Na+-H + exchange by 
membrane vesicles Isolated by the E G T A /  
magnesium prec~pltat~on method when compared 
to that of magnesmm precipitation method alone 
It may be explained also by the difference m the 
incubation systems winch the two laboratories used 
to study the effect of potassmm-vahnomycm re- 
duced diffusion potential on L-cystme uptake B1- 
ber et al [10], in addmon to the potassmm- 
vahnomycm induced potential difference on the 
two sides of the vesicular membranes, employed a 
100 mM sodium gluconate inwardly directed 
gradient However, we did not impose a Na  +- 
gradient while measunng the effect of membrane 
potentml upon the L-cystme uptake 

Bannal [14] has emphasized that cystme can 
exist as several lomc species depending on pH 
Prewous studies of cystme transport by renal 
brush-border membranes [7,10,13] as well as the 
observations of the effect of papam treatment 
were made at a physiological pH where cystme 
exists 70% m the electroneutral form and 30% with 
a negative charge [14] Whether a specific lOmC 
species participates m the papam effect was ex- 



ammed by using medium pH of 5 5 where cystme 
exists entirely m an electroneutral form and at pH 
8 0 where 55% exists as negative lomc speoes The 
enhanced sodium gradient stimulated entry ob- 
served after papam treatment of the membrane 
seen at pH 5 5 was of the same order of magm- 
rude as that seen at pH 7 4 (Tables I I - IV)  since 
the papam effect ~s observed when cystme ~s m the 
electroneutral form it appears clear that tt is not 
the amomc form of cystlne which follows the 
faster Na+ movement Whether an effect on the 
anlomc forms occurs ~s not clear due to the con- 
tmued presence of electroneutral cystme at pH 
8 0, the highest pH we employed 

Treatment of the membranes with papam causes 
a decrease in cystme binding to membranes and 
tends to make cystme behave like other amino 
aods  which are present m the mtra-veslcular space 
and not membrane bound [4] This binding which 
was described prewously [7] and is relatively small 
under sodmm-gra&ent condmons at 15 s of in- 
cubation increased with time The bound cystme 
could be freed by exposure to sulfhydryl reagents 
but the release was not lmmedmte, suggesting the 
cystine was not bound to the outer membrane 
surface but assocmted with proteins m the interior 
or mtraveslcular face of the membrane [17] Ap- 
parently papaln alters these cystme binding sites 
and affects them while leaving the cystme trans- 
porter mteractmg more efficiently wlth sodmm 
ions These findings g~ve credence to the interpre- 
tation that for the most part cystme binding ~s a 
secondary phenomena not related to the cystme 
transport process and probably occurs on the tu- 
ner membrane surface after cystlne has trans- 
versed the membrane The small amount of cystme 
binding remaining after papam treatment may 
reflect a more specific assocmtlon with a cystme 
transporting protein It may well be that the 
ehrmnation of the secondary binding may make 
the carrier mechamsm more effioent and thus 
contribute to the enhanced uptake of free cystlne 
into the intraveslcular space The ablhty of papam 
to dimamsh binding may be Important in future 
attempts to isolate specific cystme carrier proteins 
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in the membranes if our assumption is correct that 
treatment with papam appears to ehmlnate non- 
speofic cystme binding proteins Papam treated 
membranes may be a better starting point for 
purification and ~solatlon of the proteins involved 
in the transport process than natwe membranes 
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