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Abstract. The properties of-lysine transport in chicken by the microvillous membrane and exit into the blood
jejunum have been studied in brush border membranacross the basolateral membrane. In the intestine of ver-
vesicles isolated from 6-wk-old birds-lysine uptake tebrates, there is evidence thalysine is transported in
was found to occur within an osmotically active spacethe mucosal membrane by Nandependent mecha-
with significant binding to the membrane. The vesiclesnisms, either exclusively (Cassano, Leszcynska &
can accumulate-lysine against a concentration gradient, Murer, 1983; Stevens, Kaunitz & Wright, 1984; Satoh et
by a membrane potential-sensitive mechanism. The kial., 1989) or together with a Nalependent component
netics ofL-lysine transport were described by two satu-(Reiser & Christensen, 1973; Wolfram, Giering & Schar-
rable processes: first, a high affinity-transport systemrer, 1984; Tajima et al., 1993). In the chicken rectum,
(Kma = 2.4 = 0.7 pmol/L) which recognizes cationic L-lysine stimulates the short-circuit current (Lind, Munck
and also neutral amino acids with similar affinity in the & Olsen, 1980) suggesting that Naas some role in the
presence or absence of N@-methionine inhibition con-  transport process.
stant K5, NaSCN= 21.0 = 8.7pmol/L and KSCN = In recent years, new transport systems for cationic
55.0 + 8.4 umol/L); second, a low-affinity transport amino acids have been added to the well-knoWrsys-
mechanism (K = 164.0 £ 13.0umol/L) which also  tem (White, 1985; MacLeod, Finley & Kakuda, 1994).
recognizes neutral amino acids. This latter system showShese include the B and * systems, first described in
a higher affinity in the presence of NgK;g for L- rat blastocytes (Van Winkle, Campione & Gorman,
methionine, NaSCN= 1.7 + 0.3 and KSCN= 3.4+ 0.9  1988) and the L, first described in human erythrocytes
mmol/L). L-lysine influx was significantly reduced with (Deves, Chaez & Boyd, 1992). The different systems
N-ethylmaleimide (0.5 mmol/L) treatment. Accelerative that transport cationic amino acids can be distinguished
exchange of extravesicular labeledysine was demon- by their kinetic properties, ion and membrane potential
strated in vesicles preloaded with 1 mmolitlysine,  dependency and by their sensitivity to agents such as
L-arginine orL-methionine. Results support the view N-ethylmaleimide.
thatL-lysine is transported in the chicken jejunum by two Our laboratory has been concerned with the study of
transport systems, A and B, with properties similar tothe transport ofb-glucose and neutral amino acids in
those described for systerh®* and y, respectively. different regions of the chicken intestine (Morego
Planas, 1989; Morétet al., 1991; Ferrer et al., 1994).
Key words: Uptake — Cationic amino acids — Intestine H0\_Never,_ Iitt_Ie is kno_wn about t_he tra_nsport of cationic
— 'Arginine — Methionine — Membrane binding amino aC|ds_|n the.chlcken, and in particular the nature of
the mechanisms involvedsée Lerner, 1984, for a re-
view). The aim of the present work is to study the char-
Introduction acteristics of cationic amino acid transport in the chicken
jejunum, usingL-lysine as substrate, due to its impor-
ance in nitrogen homeostasis, animal growth and egg
roduction by laying hens (D’'Mello, 1994). The results
btained support the view thatlysine transport across
the microvillous membrane takes place through two car-
I rier-mediated mechanisms, with functional properties
Correspondence tavl. Moreto similar to those of system&’f and y'.

In polarized cells, such as those present in the small
intestinal epithelium, cationic amino acids are taken upg
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Part of this work was presented to the 13th meetingncubation media containing{C]-labeled substrate and the appropri-
of the European Intestinal Transport Group and pub_ate salts and effectors. Atthe end of the uptake period 2 mL of ice-cold

; ; _ stop solution containing 150 mmol/L KSCN, 0.02% LiNind 20
lished in abstract form (Torras-Llort et al., 1995). mmol/L HEPES/TRIS (pH 7.4) were added. The diluted samples were

rapidly filtered under negative pressure through prewetted and chilled
0.22um cellulose acetate/nitrate filters (Millipore GSWP304F0). The
filters were rinsed four times with 2 mL ice-cold stop solution, dis-
solved in Biogreen-6 cocktail from Sharlau (Barcelona, Spain) and
radioactivity was determined by liquid scintillation counting. Nonspe-
cific radioactivity fixation to the filters was obtained by adding ice-cold
stopping solution to reaction tubes immediately before addition of the
o\(esicles.
The data shown are the means from several experiments per-

formed with at least three different membrane preparations, each in

Materials and Methods

ISOLATION OF BRUSH BORDER MEMBRANE
VEsICLES(BBMV)

Brush border membrane vesicles were prepared from the jejunum
6-wk-old male Label chickens fed a balanced diet prepared by IRTA-
M.etﬁ B(t)ve(R_eus). tAn|n1?|S W;re kltl.led |r;ttlr':e _m_ormng tf)y de;:;pltagonf triplicate. The composition of the incubation medium in standard ex-
without previous starvation. A portion of the jejunum (from the end o periments was: 100 mmol/L mannitol, 0.2 mmol/L MgsQH,0,

the duodenal loop to the Meckel diverticle) was removed (about 14 9%.02% LiN,, 20 mmoliL HEPES/TRIS (pH 7.4) and 100 mmolL of a

tissue), immediately flushed with ice-cold saline, opened lengthwise, !
'salt (NaSCN, KSCN, NaCl, KCI oN-methyl-glucamine gluconate),
frozen in liquid N, and then stored at —80°C. ( g 9 )

the appropriate concentration of unlabeledysine and ofL-[**C]-

~ Brush border membrane vesicles were prepared using the mgtho@/sine (5-10umol/L) or p-[*%C]-glucose (100umoliL) as substrates.
originally developed by Kessler et al. (1978). All steps were carrledIn some experiments, the salt was partially or wholly replaced by

out at 0-4°C. Bn_efly, the intestinal segme;nt was thawed in 20-30 mI‘mannitol orN-methyl-glucamine gluconate (Glu-Glu). Intra and extra-
of a buffer containing 100 mmol/L mannitol and 2 mmol/L HEPES/ . ) . . .
vesicular media were isotonic (320 mosm/L) except for the experi-

TRIS (pH7.1) and then_ cut into pieces of 1 cm and homogenized in 8nents in which the effect of increasing osmolarity on substrate uptake
Waring blender for 5 min at low speed. The homogenate was poure

- . : .~ Wwas determined. In this case cellobiose was used to produce prescribed
through nylon stocking material and homogenized for 30 sec at high P P

speed. MgCJ 1 mol/L was added to the homogenate to produce a final zzv;;igelsnQrt:;éziz%fﬁgnzn;:?m’ which were quantified using an
concentration of 10 mmol/L with a final volume of 150 mL. After

stirring for 20 min, the suspension was centrifuged at 3,0@0cr 15

min, the pellet was discarded and the supernatant again centrifuged gtreaTMENT WITH N-ETHYLMALEIMIDE (N EM)

30,000 xg for 35 min. The pellet was then suspended in 100 mmol/L

mannitol, 0.1 mmol/L MgSQ- 7H,0 and 2 mmol/L HEPES/TRIS (pH  vesicles were preincubated with 0.2, 0.5, or 1 mmol/L NEM at 25°C
7.4). The suspension was homogenized in a glass-Teflon homogenizgs, 30 min (Devis, Angelo & CHaez, 1993). After preincubation, the

(40 strokes) and then centrifuged at 30,009 for 25 min. The pellet  yesicles were diluted and centrifuged (12,00@ for 25 min). The

was resuspended in 300 mmol/L mannitol, 0.1 mmol/L MgSTH,O,  gypernatant was discarded and the vesicles resuspended in incubation
0.02% LiN; and 20 mmol/L HEPES/TRIS (pH 7.4) to a final protein medium (final protein concentration 10-20 mg/ml) and then assayed

concentration of 10-20 mg/mL and homogenized with a 28-gaugeor amino acid uptake. Control vesicles ran parallel to NEM samples.

needle. The vesicles were frozen and stored in liquidirN150 pL

aliquots, and maintained their functional properties for a period of 5

months. Each isolation batch corresponds to the jejunum of oneQRIENTATION OF THE VESICLES

chicken and in the Results sectiomyindicates the number of chick-

ens or membrane preparations. Membrane orientation was studied from sucrase activity according to
Del Castillo and Robinson (1982), as adapted by Jamil Dalle (1993) for
the chicken intestine. Sucrase activity was determined in intact

PROTEIN AND ENZYME ASSAYS vesicles and in vesicles incubated for 30 min with a mixture of 3

pmol/L deoxycholate and 15 mmol/L EDTA.
Before uptake assays, sucrase, a brush border marker enzyme and

Na*-K*-ATPase, a basolateral marker, were systematically assayed ac-

cording to Dahlqvist (1984) and Del Castillo and Robinson (1982), CHEMICALS

respectively. Protein was determined using the BioRad protein assay,

with bovine serum albumin as standard. All unlabeled reagents were obtained from Sigma Chemical (St. Louis,
MO), exceptL-lysine which was from Fluka (Madrid, Spain) and the
reagents used to determine enzyme activity which were from Boeh-

UPTAKE ASSAYS ringer (Mannheim, Germany).-[U-“C]-lysine andb-[U-“C]-glucose
were obtained from New England Nuclear Research Products (Dre-

Rates ofi-lysine uptake were assayed for time periods ranging from lieich, Germany).

sec to 1 hr at 37°C. Short incubation times (1-5 sec) were run taking

advantage of the endogenous capacity of the experimenter to keep a

constant pace. Thus, the experimenter does not await any externdiRANSPORT EQUATIONS

signal to start or stop incubation but follows his own internal rhythm

which is continuously paced by an external cyclic timer (a lamp pro-To estimate the kinetic parameters, relative transport raths, (

grammed to flash at 1-sec intervals). This procedure results in accurate-[**C]-lysine transport with and without unlabeled inhibitor) were

incubation times with a very low margin of error (less than 5%, evenanalyzed assuming either a one-system or a two-system model by non-

in 1-sec incubation periods). linear regression from plots generated by the EnZzfitter statistical pack-

For each uptake 1QL BBMV were rapidly mixed with 4QuL of age (Biosoft, Cambridge, UK). When transport was considered to oc-
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Table 1. Enzyme activities and recoveries of brush border membrane 6800
vesicles

Recovery Specific Enrichment 500 A

(%) activity factor

400 -
Sucrase 341 +1.38 10.45+0.6 10.8 2.0

(Na'/K*)-ATPase 0.68 +0.35 0.4 £0.2 0.20+0.1
300 +

Recovery is expressed as the percentage of total activity of the original
homogenate recovered in the vesicle fraction. Specific activity is de-
fined as nmol/mg proteinsec. The enrichment factor is calculated as
the ratio of specific activity of the vesicles to that of the homogenate.
In this and the following tables, the values are expressed as the mea
+ sk In the present tableny = 5.

200 +

100 4
A ¢
0
T T T T T T T T T T T 1

T
cur through two transport systems A and B, the equations and strategies 01 4 10 30 60
described by De\set al. (1992) were followed: minutes

pnrol D—glucose/mg protein

F + 1 Fig. 1. Time course for uptake of 10@mol/L p-glucose underero-
v (1+(/Kin) 1+ (/Kg)) trans 100 mmol/L NaSCN Q) or KSCN (@) gradient. Membranes
v E+1 @) were prepared in 300 mmol/L mannitol and 20 mmol/L HEPES/TRIS,
pH 7.4. Incubation media contained 100 mmol/L salt, 200 mmol/L
I is the concentration of a competitive inhibitor aRdhe “permeabil- ~ mannitol, 20 mmol/L HEPES/TRIS, pH 7.4 and 1aMol/L b-glucose

ity” ratio which reflects the relative contribution of each system to the (100pmol/L o-[*“C]-glucose). Results were expressed in pmol/mg pro-
total flux, when the substrate concentration is very low. tein. Each value represents the measedbf 5 membrane preparations.
Only sks that exceed size of symbol are shown.

Vo

VmaxA . KmB
P " Vs Kma @
equilibrium in the presence of Naand no overshoot
phenomenon in the presence of,kKas expected.

To distinguish transport from binding, the uptake of
L-lysine in equilibrium (60 min) and under standard con-
ditions (100 mmol/L substrate) was studied as a function
DATA ANALYSIS of the external osmolarity. Figure 2 shows that there is a

linear relationship betweeanlysine transport and osmo-

The kinetic analysis was performed in the presence ofuh@ol/L
L-lysine concentration. In these conditions, binding accounted for only’
1% of the total uptake and therefore kinetic data were not corrected.

The statistical analysis of data was made using an ANOVA of the_ . b - S
appropriate model (Guttman, 1982). On the basis of the final model,Iarlty of the medium. Extrapolatlon to infinite osmolar

“populational” values and the significance of the hypotheses were !ty shows a binding O_f-'lysme to the membrane of 45.0
rejected at aw-risk level of 0.05. Confidence intervals of estimations * 3.9 pmol/mg protein (mean sE of three membrane
were fixed at 95%. preparations). These results indicate that with standard

osmolarity of 320 mosm/L and after 60 min incubation,

59% of theL-lysine taken up by the BBMV is in the
Results intravesicular space and the remaining 41% is bound to
the membrane. Vesicular volume, calculated according
to Berteloot (1984), was 0.63 + 0.08L/mg protein.
Vesicular volume calculated usimgglucose as substrate
was similar (0.72 £ 0.03.L/mg protein).

CHARACTERIZATION OF BBMV

The purity and functional integrity of the membrane
preparations were assessed prior to the studylg§ine
transport. Results indicate that during the isolation pro-
cedure sucrase is enriched 11-fold while'M&-ATPase ~ |'ME COURSE OFLYSINE UPTAKE

activity is reduced 5-fold (Table 1). Studies on mem-

brane orientation indicate that 94 + 2% of the vesicleFigure 3 shows the uptake of 1Q0mol/L-lysine in the
population is right-side oriented (out-side out oriented).presence of inwardly directed NaSCN, KSCN or Glu-
The functional properties of BBMV were examined by Glu gradients Zero-tran3. Under a N& gradient, L-
determiningp-glucose (100pwmol/L) uptake under in- lysine uptake shows an overshoot with a peak accumu-
wardly directed NaSCN and KSCN gradientge(o lation at 20—30 sec equivalent to 2.8-fold the equilibrium
trans: [salt], = 100 mmol/L, [salt] = 0 mmol/L). As value. Calculation of intravesicular substrate concentra-
shown in Fig. 1, there is a transient accumulation aboveion after 60-min incubation and after correction of the
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Fig. 2. Effect of increasing transmembrane osmotic gradient after 60Fig. 3. Time course for uptake of 10@mol/L L-lysine underzero-

min equilibrium uptake of 10Qumol/L L-lysine under an inwardly  trans 100 mmol/L NaSCN ©), KSCN (@) or N-methyl-glucamine
directed NaSCN gradieniz¢ro-trans,NaSCN 100 mmol/L). Mem-  gjyconate () gradient. Intravesicular and incubation media conditions
branes were prepared in 300 mmol/L mannitol and 20 mmol/L HEPESAyere the same as described in legend of Fig. 1 except that incubation
TRIS, pH 7.4. Incubation media contained 100 mmol/L NaSCN, 100med|a contained 10Qmo|/|_ L_|ysine (66Mm0|/|_ |_-[14C]_|ysine)_ Re-
mmol/L mannitol, 20 mmol/L HEPES/TRIS, pH 7.4, 1@nol/L L- sults are expressed in pmol/mg protein. Each value represents the mean

lysine (6.6 .mol/L L-[*C]-lysine) and variable-cellobiose concen- 1 e of 3-5 membrane preparations. Ordgs that exceed size of
trations to attain the osmolarities indicated in the figure. Results aresympol are shown.

presented as pmol/mg protein against the reciprocal of osmolarity in the
incubation medium. Each value represents the mean af 3 mem-
brane preparations. Onlyes that exceed size of symbol are shown.

Regression line was calculated by the least-squares method. 700 7

600 -

amount bound, yields a value of 1Qdnol/L, which does 500 -

not differ from the substrate concentration in the me-
dium. The transient concentrationisfysine at the peak
of the overshoot is about 450mol/L (4.5-fold accumu-
lation). g
In the presence of a KSCN gradient, there was alsos 200 4
an overshoot after 20—30 sec incubation, although someg
what smaller than that obtained with the NaSCN gradi- g 100 1
ent. L-lysine concentration at min 60, was the same asin =~ |——==—-

400 ~

300 -

lysine/mg protein

0.1 mmol/L

7 R _ & —@- —@0.01 mmol/L
the NaSCN condition. However, in the presence of a 0 - r .
poorly permeant salt, such as Glu-Glu, no overshoot phe- 0 1 R 3
nomenon was observed. Time (s)

Fig. 4. L-lysine influx (1-3 sec) in the presence of three substrate
INITIAL RATES OF L-LYSINE TRANSPORT concentrations, undeero-trans100 mmol/L NaSCNQ, solid line) or
KSCN (@, broken line) gradient. Vesicles were prepared as described
L-lysine transport was determined under short-time incuin legend _of Fig. 1 and i_ncubated in the presence of increasing unla-
bation (1-5 sec) and the results showed that initial rate?ee'fg;'ztss'”tﬁecf’n”:ae:;eg;ogz(ﬁq-gmg'g-n:[1:6C]'a'&’;'ir(‘)?é Eg;;s"tﬁgte
of ”pt"’.‘ke. W.ere linear in the first .3 Sec_at le&e{Flg' xrc):eed size of symbol are shown. Lines wgrch)irawn to linear regression
4)' This indicates that substrate influx is not yet maSkecfit, and coefficients of determination were between 0.87 and 0.99.
by efflux or by changes in vesicular volume, and ion
gradients are not dissipated. The slope of the regression
line corresponds to the initial rate of transport, while thedifferences between-lysine influx in the presence of
intercept of this line with the ordinate represents sub-either N& or K™ and that the degree of binding of
strate binding to the external surface of the vesicledysine to the membrane correlates well with the external
(Murer et al., 1984). Figure 4 shows that there are naconcentration of the amino acid.
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Fig. 5. Effect of Na" and K' gradient on 20Qumol/L L-lysine uptake (6.gumol/L L-[**C]-lysine): () influx of L-lysine after 3- or 5-sec incubation
normalized per secB) 60 min incubation. Vesicles were prepared as described in legend of Fig. 1 and incubated in the presence of increasir
zero-transNaSCN () or KSCN (@) concentrations (1-100 mmol/L). Osmolarity was maintained with: manrio®) or N-methyl-glucamine
gluconate {\). Each value represents the measetof 2—4 membrane preparations. Orsgs that exceed size of symbol are shown.

EFFECT OF MONOVALENT CATIONS fied in the presence of 100 mmol/L TISCN" or glu-
conate salts or in the presence of the equivalent osmolar
concentration of mannitol, to generate different mem-
brane diffusion potentials through the membrane (Kim-
mich et al., 1985).
The higher permeability of SCNwhen compared to

CI™ was verified in experiments in whiatrglucose (100

mol/L) transport was studied (Table 2). The results in-
dicate an increase amglucose influx in the presence of
NaSCN when compared to NaCl. Transport was signifi-
gantly reduced in the presence of alts as predicted for
a Na'-dependent mechanism and no differences were
observed between KSCN, KCI or mannitol. No effect of
SCN  is observed on-lysine influx with either N& or
K™ present and values do not differ from those obtained
in the presence of the nondiffusible salt Glu-Glu or man-
nitol. They intercepts of the slopes were not affected by
the different salts tested, thus indicating no differences
on substrate binding.

The dependence of initial rates pflysine transport on
Na* and K" was studied by incubating the vesicles with
extravesicular NaSCN or KSCN, respectively, at exter-
nal concentrations ranging from 1 to 100 mmol/L and a
0 mmol/L intravesicular salt concentration. In one group
of experiments, the external osmolarity was maintaine
with mannitol whereas in another, NaSCN and KSCN
were substituted by Glu-Glu in order to keep the ionic
strength constant. In both experimental groups there i
no evidence of Nadependency nor Kdependency (Fig.
5A). L-lysine binding was not significantly affected by
salt substitutiongee beloyw

However, values obtained at equilibrium (60-min
incubation) show that the amount oflysine in the
vesicles decreases as™Nar K™ concentration increases.
Figure B shows that when mannitol completely substi-

tutes N&, the amount of -lysine at equilibrium is about To further investigate the electrogenic natureLof

260 pmol/mg, a value similar to that obtained with Glu- lysine transport, initial uptake was studied using a val-
Glu (263 pmol/mg), supporting the view that the increase’ hort, P 9

in the concentration of diffusible ions in the incubation Lg(r)(;ncy‘t:g;"T/iﬂﬁ(e)?an?:]ﬁmsc'?gagggezgf_ifl(‘)lcljntﬁg';léernmg?'
medium decreases vesiculatysine binding. yies, y

ability (Kimmich et al., 1985). BBMV were preloaded
(2 hr, 21°C) with 100 mmol/L KCI and incubated in the
presence of 10 mmol/L KCI, 90 mmol/IN-methyl-
glucamine chloride and 10@mol/L L-lysine, either in
the presence of 1mmol/L valinomycin or the corre-
SinceL-lysine transport is not affected by the Ngra-  sponding volume of ethanol ([KGI]= 100 mmol/L,
dient, the overshoot obtained with KSCN and its differ- [KCI], = 10 mmol/l = valinomycin). The induction of a
ent magnitude when compared to the NaSCN conditiorK™ diffusion potential through the membrane of the
(Fig. 3) may be attributed to an effect of the membranevesicles was validated by studyipgglucose transport in
potential. Initial transport (1-3-sec slopes) were quantithe same vesicle preparation but with NaCl instead of

EFFECT OFMEMBRANE POTENTIAL
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Table 2. Effects of different salts on 10@mol/L L-lysine andp- Table 3. Effect of a valinomycin-induced Kdiffusion potential on

glucose influx 100 wmol/L L-lysine andp-glucose uptake

Salt D-glucose L-lysine D-glucose uptake L-lysine uptake

(100 mmol/L)  (pmol/mg proteinr sec)  (pmol/mg proteir sec) (pmol/mg protein) (pmol/mg protein)

NaSCN 111 +£8.2 256+2.4 3 sec 20 sec 3 sec 20 sec

NacCl 545+45 26.6+2.9

KSCN 24+05 21.8+x14 Control 245+ 21 298+ 9 62+14 80+ 20

KCI 3.0+0.5 19.0+1.6 + Valinomycin 502 + 25 649 + 26 49 +12 138+18

Mannitol 2.7+0.9 24.7+22

Glu-Glu 27.8+4.6 Vesicles were preloaded (1 hr, 21°C) with 100 mmol/L KCI and incu-
bated in the presence of 10 mmol/L KCI, 90 mmol/L NaCl and 15

Statistical analysis for-lysine: pmol/L valinomycin or the corresponding volume of ethanol.Lin

NaSCN = KSCN = NaCl = KCI = Mannitol = Glu-Glu lysine experiments, Glu-Cl substituted NaCl (90 mmol/b)glucose

(P > 0.05) uptake was enhanced 2-fold by valinomycin both after 3- and 20-sec

incubation. The effect of valinomycin on-lysine uptake was only
Vesicles were incubated in the presence of 100 mmol/L #anms of observed after 20-sec incubation (1.7-fdRi< 0.05,n = 3).

the corresponding salh (= 3).L-lysine fluxes were calculated from the

slopes of 1-3 sec initial uptakes anejlucose fluxes were measured

afte_r 5-sec incubation. Boths were normalized per sec to enable com- 120 - [ ] KSCN
parison. NaSCN
100 1 = i
N-methyl-glucamine chloride. After 3-sec incubation,
valinomycin caused a 2-fold increase prglucose up- 80 -
take, an effect which is maintained after 20-sec incuba-x
tion (Table 3).L-lysine influx in the presence of the 42 60 4
potassium ionophore was not yet affected after 3-sec
incubation but significantly enhanced (1.5-fold) after 20- s 40 4
sec incubation. Equilibrium substrate accumulation was
not different for either substrate when compared to stan-
dard conditions. 20 -
Indirect evidence of the effect of the membrane po- 7 ’_L‘ ‘_L‘
tential was also obtained wherysine influx (10 wmol/ 0 —onE ‘L_YT; ARG MET PHE ALA NONE GLG

L) in the presence ab-glucose (10 mmol/L) undezero-

trans NaSCN conditions was determined (Fig. 6). TheFig. 6. Cis-inhibition of L-lysine influx by other amino acids and by
results show a strong inhibition (60%, 3-sec incubation)D-qucose. Membrane vesicles were prepared in standard conditions
of amino acid influx which may be attributed to the (seelegend of Fig. 1) and incubated for 3 sec in the presence of 100

L . -[**C]-lysine and 10 mmol/L of the un-
dissipation of the membrane potential caused by-Na MMoVL KSCN, 10umol/L L-{*Cl-ly
glucc[))se cotransport P Y labeled amino acid or 100 mmol/L NaSCN and 10 mmol/L unlabeled

p-glucose (Glc). Each value represents the mease &f three mem-
brane preparations. Onbes that exceed size of symbol are shown.

SUBSTRATE SPECIFICITY OF L-LYSINE TRANSPORT

The interaction betweerrlysine and other amino acids | -[C14-lysine entry is shown in Fig. 7L-lysine andL-

was studied ircis-inhibition experiments (KSCN gradi- methionine cause a significant reduction wtysine in-
ent), using a low substrate concentration (@@ol/L)  flux, but with different inhibitory profiles. In the pres-
and a 1,000-fold excess (10 mmol/L) of unlabeled  ence of N, L-lysine influx values are better adjusted to
neutral and.-dibasic amino acids. As shown in Fig. 6, 3 model consisting of two transport systems than to a
L-lysine andL-arginine are the most powerful inhibitors model based on a single transport mechanism. When the
of L-lysine influx (99 and 96% inhibition, respectively). results were analyzed for two transport systems (named
Neutral amino acids also exerted a significant inhibitiona and B, in accordance with Déseet al., 1992), the

of L-lysine influx. Inhibitory effects ranged from 78% estimated inhibition constants farmethionine were

(L-alanine) to 90%(-phenylalanine). 21.0 wmol/L (K;,) and 1.7 mmol/L (Kg) (Table
4). SinceF represents the “permeability” ratio, calcu-
KINETICS OF L-LYSINE TRANSPORT lated according to Eq. (2) of Materials and Methods, the

value of 0.62 obtained indicates that at low substrate
The effect of increasing concentrations .6fysine and  concentrations, system B contributes more than system A
L-methionine in the incubation medium, on Mnol/L  to L-lysine entry. The kinetic analysis of the data ob-
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centration used in further experiments. Self-inhibition
kinetics of L-lysine transport (fumol/L L-[*C]-lysine)

in control vesicles indicated the presence of two trans-
port systems (K 8.5 pmol/L and K, g 156.0umol/L);
however, in vesicles pretreated with NEM only one sys-
tem could be identified (K 7.7 wmol/L). These results
strongly suggest the existence of alike carrier system

in the chicken intestine.

ACCELERATIVE EXCHANGE

Finally, L-lysine influx was studied in vesicles preloaded
with 1 mmol/L test amino acid and incubated with tracer
amounts (1qumol/L) of radioactiveL-lysine in the pres-
ence of valinomycin. The results indicate thalysine
present at therans side significantly increases its own
transport by more than 80% after only 3-sec incubation
(Table 6);L-arginine and.-methionine also stimulate-
lysine uptake (37% and 26% respectively), after 1 min
incubation. This indicates thatlysine transport shows

bols) or KSCN (filled symbols) gradient. Vesicles were prepared asgccelerative exchange by both cationic and neutral amino

described in legend of Fig. 1. The results were fitted according to Eq.
(1) and the lines represent the best fit to two transport systems. Eac

value represents the mearse-of 3—-5 membrane preparations. Osbp
that exceed size of symbols are shown.

tained in the presence of 'K(Table 4), shows that the

inhibition constants of_-methionine are K = 55

wmol/L and Kg = 3.4 mmol/L, with anF value of 1.63.
However, it should be considered that dbtained with
L-methionine in the presence of Nare probably over-

E\cids.

Discussion

One of the problems of studyinglysine uptake is its
capacity to bind to the membrane, as this may represent
a significant component of the total uptake. This phe-
nomenon has already been noted by Cassano et al.
(1983), Wolfram et al. (1984) and McNamara, Rea and
Segal (1986) in brush border membrane vesicles and by

estimated since inhibition may be due to both competi_Reiser and Christensen (1973) in isolated epithelial cells.

tive and charge movement effects.
The estimated half-saturation constantsifdysine
in the presence of Navere K,,, = 2.4pumol/L and K5

= 164.0 wmol/L and the ratio of maximal influxes

After equilibration, there is significant binding resulting
from the sum of external plus internallysine fixation.
The value obtained by extrapolation to infinite osmolar-
ity is 45 pmol/mg protein (concentration oflysine 100

(VinaxaVimaxe) Was found to be 0.009. Thus, at saturat-wmol/L), lower than that obtained by Stieger et al.
ing substrate concentrations, the activity of system B(1983) (125 pmol/mg; 10Qmol/L L-lysine). Moreover,
would exceed that of system A by more than 100 timesthe amount oft-lysine at equilibrium increases as

Substitution of Na by K* had no effect on affinity but

NaSCN and KSCN are progressively substituted by ei-

modified the maximum transport capacity ratio, which ther mannitol or Glu-Glu, as illustrated in FigB5 Such

was increased 3.7-fold. The results gfd&lculation us-

increase in accumulation may be a consequence of the

ing L-arginine as inhibitor, indicate that this amino acid reduction of diffusible salts inside the vesicle which may

interacts with two transport mechanisms likdysine,
but with different affinity (Table 4).

NEM TREATMENT

compete with.-lysine for binding sites (low penetrating
osmolytes such as mannitol or Glu-Glu do not induce
L-lysine efflux from the vesicles) or be the result of a
standing Donnan potential, as suggested by McNamara
et al. (1986).

Uptake ofL-lysine was studied with inwardly di-

The sulfhydryl-binding reagent NEM has been shown torected gradients of Naand K" thiocyanate salts and in
selectively inactivata-lysine transport through system the presence of the slow diffusible Glu-Glu, and the re-
y*, both in epithelial (Furesz, Moe & Smith, 1995) and in sults show that there is an overshoot only in vesicles
nonepithelial cells (De\&et al., 1993). Preliminary ex- incubated with N& and K ions. The overshoot in the

periments showed that the maximal inhibition_elf/sine

presence of N3 though greater than that obtained with

influx underzero-trans100 mmol/L KSCN gradient was K*, is small compared to that obtained withglucose
obtained with 0.5 mmol/L NEM and this was the con- (258 and 555 pmol/mg protein, respectively) and takes
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Table 4. Inhibition of L-lysine transport by-methionine and-arginine

Kia (rmol/L) Kig (mmol/L) F
+L-methionine NaSCN 21.0+8.7 1.7+£0.3 0.62+0.1
KSCN 55.0 + 8.4*% 3.4+0.9* 1.63+0.1*
+L-arginine KSCN 3.1+0.6 1.3+0.2 T

Inhibition constants were determined under NaSCN or KS@M-transgradient i = 4). K;
(inhibition constant) and the “permeability” ratib (seeEq. 2 of Materials and Methods) was
calculated by nonlinear regression analysis from the values of relative vaigs () Estimation
of K; in the presence af-arginine was done with af value fixed to 1.63. (in-methionine data
* P < 0.05 in each column).

Table 5. Kinetic constants of-lysine transport

Salt Kma (mmol/L) Kmg (Mmol/L) Viaxa!Vinaxs
L-lysine NaSCN 24+0.7 164.0+13.0 0.009
KSCN 27+0.6 131.0+20.4 0.033

Kinetic constants were determined under NaSCN or KStekb-transgradient. K, (half-
saturation constant) was calculated by nonlinear regression analysis from the values of relative
rates y/v,) and with the “permeability” ratio calculated in Table 4 taken as fixed value. The ratio
of maximum rates\(;,,.xa/Vimaxe) Was calculated from the “permeability” ratid=j. The statis-
tical analysis showed no significant differences between the kinetic constants in the presence or
in the absence of Na(P = 0.05,n = 4-5).

Table 6. Effect of 1 mmol/L amino acid efflux on influx of 1pmol/lL  thatL-lysine influx by jejunal BBMV is ion independent.
L-[**Cl-lysine when KCI was equilibrated across the membrane This agrees with results obtained in the intestine of other
with valinomycin animal species (Reiser & Christensen, 1973; Cassano et

Control +Lysine +Arginine  +Methionine  al-» 1983; Stevens et al., 1984; Satoh et al., 1989) but is
in conflict with other studies in which an effect of Na
3 sec 74+07 13.7+1.6* 78+0.7 58+0.8 gradient was found (Wolfram et al., 1984; Tajima et al.,
20sec  140%08 224%23* 170%11* 137x15 1993).
l1min  16.8+10 30.5+26* 23.0+23* 204+3.2* Therefore, if the overshoot is not to be attributed to

Vesicles were preloaded (1 hr, 21°C) with 100 mmol/L KCI and 1 an I-On effect it has to be the result of a membran-e po-
. . . . tential effect. The effects of the membrane potential on
mmol/L of unlabeled amino acid. After 50 min of preloading, 15 . -
wmol/L valinomycin was added to the preincubation medium to ensuretr"“jnSpc.)rt systems are well docu.memed 'n. the Ch'c!(en
equilibrated conditions. The incubation medium contains 100 mmol/L (Kimmich et al., 1995) as well as in other animal species
KCI, 15 wmol/L valinomycin and 10umol/L L-[*‘C]-lysine. Results ~ (Acevedo & Armstrong, 1987). To check this hypoth-
were expressed in pmol/mg proteim & 3—-4, *P < 0.05). esis, initial rates of -lysine uptake in vesicles incubated
with NaCl and NaSCN were compared. In these condi-
place after 20-30 sec incubation while witkglucose it  tions an inside negative transient potential is expected
takes place at 5-sec incubation or before. This indicatebecause SCNis 9-fold more permeable than Tin
that L-lysine influx in BBMV of the chicken jejunum is chicken enterocytes (Kimmich et al., 1985). The results
much slower than that af-glucose, in agreement with usingb-glucose as substrate, showing a 2-fold increase
observations of Cassano et al. (1983) in rat intestinain uptake, are consistent with a transient inside negative
BBMV. diffusion potential. However, no increase in the influx
The existence of an overshoot may indicate an ionof L-lysine with SCN gradients was observed.
dependence or a membrane potential effect. The possi- A second approach was to induce a diffusion poten-
bility of ion-dependent -lysine transport was studied in tial, preloading the vesicles with KCI in the presence of
two ways: on the one hand, by determination of initial valinomycin, which is considered the most effective
rates in the presence of NaK¥, mannitol or Glu-Glu strategy for the demonstration of the electrogenic prop-
and, on the other, by measuring initial uptakes at NaSCNerties of a transport system (Murer et al., 1984). In these
and KSCN concentrations comprised between 1 and 100onditions, initial (3 sec) uptakes were again not affected
mmol/L. The results of both experiments clearly showbut there was a significant 70% increase in uptake after
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20-sec incubation. McNamara, Rea & Segal (1992), in  In a recent review, Munck and Munck (1994) con-
rat renal brush border membrane vesicles, obtained alude that B is the only transport system for cationic
77% increase in-lysine uptake in similar conditions, amino acids, ruling out the presence of alternativé-Na
and also reported that such effects take some time (aboindependent pathways such as yrhis view is in con-
15 sec in their study) to develop. Finalgro-transgra-  flict with the belief that ¥ is an ubiquitous cationic
dient experiments comparing NaSCN and KSCN (Fig. 3)transporter, present at both the apical and basolateral
confirm that the initialL-lysine uptake is unchanged membranes of the enterocyte (Hopfer, 1987; Ganapathy
while a significant effect is observed after 20-sec incu-et al., 1994; Mailliard, Stevens & Mann, 1995). The
bation. The delay in the effects observed would suggegproperties of our system B, described in the present
that the potential is not modifying the influx aflysine,  study, are: an affinity for-lysine which is lower than
but instead is slowing one of the efflux routes. Sincethat of B; its capacity to recognize neutral amino acids
efflux can take place across the same or different pathwith a slightly higher affinity in the presence than in the
ways as those used for influx, it is difficult to assign the absence of sodium and, finally, its sensitivity to NEM,
effect of potential to the transport system(s) mediatingwhich all point to the identification of system B with
L-lysine influx. The experiments witb-glucose added system V.
some complication to the interpretation of the data. The  The presence of a Nayradient does not affect the
simultaneous incubation aflysine withp-glucose inthe K, for L-lysine transport through either system. How-
presence of Nainduces a N&influx (with the conse- ever, Nd reduces the~ constant and the&/,,,, ratio.
guent depolarization of the membrane) resulting in a proSuch changes may be explained either by a lower par-
nounced decrease inlysine influx (Fig. 6). This dem- ticipation of system A (B") or by an increase of the
onstrates that the initial rate oflysine uptake is indeed contribution of system B (§). Since the y system is a
responsive to membrane potential. high-capacity transport mechanism, strongly affected by
It therefore has to be concluded thalysine trans- membrane potential (White, 1985), the increas¥jf,g
port is sensitive to membrane potential albeit the uptakeould be explained as an effect of an inside negative
rate requires significant time before the internal concenjpotential due to the different permeability of Nand K'.
tration of L-lysine rises above the control conditions.  Similar effects were described by Eleno, Dsvend
The results of this group of experiments support theBoyd (1994) in the human placenta and by Kavanaugh
view thatL-lysine uptake is Naand K' independent and (1993) in Xenopusoocytes. It is worth noting that the
potential sensitive. Consequently, the possible presendafluence of a Na-gradient onL-lysine uptake at high
in the chicken jejunum of one (or more) Ndependent substrate concentrations is very smaké€Fig. 4).
transport system(s) such aS'BGanapathy, Brandsch & In the search for further evidence supporting the
Leibach, 1994) was not further considered. existence of a transport system shared by cationic and
Na"-independent transport ofdibasic amino acids neutral amino acids, accelerative exchange experiments
across the plasma membrane of mammalian cells hasere carried outL-lysine influx was measured in short-
been shown to be mediated by at least three differentircuited vesicles preloaded with 1 mmol/L unlabeled
transport mechanisms: system$, y*L and B amino acids. Accelerative exchange is rapidly mani-
Systems ¥ and YL also accept neutral amino acids but fested for unlabeled-lysine (already significant after
only in the presence of Na It has been shown that Nla only 3 sec incubation) and fararginine (after 20 sec),
increases severalfold the affinity of neutral amino acidsand with some delay in the caseisfmethionine (60-sec
for system y (White, 1985) and 60-90 times for system incubation). The time needed for the effects i6f
y'L (Devés et al., 1992). SystenPd is able to transport arginine andL-methionine to be significant, correlates
dibasic amino acids as well as neutral amino acids withwell with the differences observed on carrier affinity for
similar affinity in the presence and in the absence of Na L-dibasic and.-neutral amino acids. Preloadedysine
(Van Winkle, 1993; Paldo, 1994). may exit the vesicle through two transport systems;
The kinetic analysis of-lysine transport in the arginine will interact with the same mechanisms but with
chicken jejunum, indicates the presence of a high-affinitya lower affinity for system B (), andL-methionine will
carrier, here called system A, and a low-affinity transportinteract with a much lower affinity for both transport
system, called system B. The low half-saturation andsystems. These results contrast with those of Cassano et
inhibition constants obtained for system A and the way ital. (1983) who were not able to demonstrate hetero-
interacts with neutral amino acids, approaches this transeexchange of -lysine influx by neutral amino acids in the
port mechanism to system®h The presence in the rat intestine.
brush border of a transport system with similar charac-  In conclusion, the results shown in the present study
teristics to system %" has already been demonstrated support the view that the small intestine of the chicken
(Herzberg, Sheerin & Lerner, 1971; Paterson, 3egmla  can absorh -lysine by two different systems: one, ap-
& Smith, 1981; Munck, 1985). parently specific for cationic amino acids identified as
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system 3’7, and a second one, shared with neutral amino testinal Tract. L.R. Johnson, editor. pp. 1499-1526. Raven Press,
acids, identified as systenf'i New York
Jamil Dalle, K. 1993. Transporte de monoSédas en vesulas api-
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