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Proline uptake was studied in human skin fibroblasts Ly simultaneous running
of kinetic and inhibition experiments on the same cell lines. Two systems for proline
uptake were shown : a high-affinity system not inhibited by a-(methylamino)isobutyric
acid and a loy affinity system inhibited by this amino acid (i.e. system A). These
results appear to be of interest, firstly because up till now, system A was considered
preferable for proline uptake in human fibroblasts, and secondly because they illustrate
the need for combined inhibiticn and kinetic studies of amino acid uptake, especially
when the substrate concentration range used and the respective Km of the systems do not
allow their detection by kinetic analysis alone. Furthermore, this high-affinity
system may have major physiological implications. e 1987 Academic Press, Inc.

We previously studied the effect of cycloleucine on the kipetics of amino acid
uptake in cultured human fibroblasts and defined one uptake system for proline only (1).
Since L-proline may be considered as a tracer amino acid in evaluating the transport
activity by system A in this cell type (2), we examined the inhibition of proline uptake
by Me-AIB, and to our surprise obtaimed results suggesting the existence of more than
one proline uptake system, We therefore conducted simultaneous kinetic and inhibition

exneriments on the same human skin fibroblast cell lines.

MATERIALS AND METHODS

Human fibroblasts were obtained from skin biopsies taken from children during
abdominal surgery. Five different cell lines were grown under perfectly standardized
conditions as previously described (3). We adopted the cluster tray method described by
Tazzola et al, (4) with minor modifications,

Abbreviations_: Me-AIB : a-(methylamino) iscbutyric scid, P.0.5-G

Phosphate-buffered saline solution, pH 7.45, supplemented with 5.56 mil glucose,
System A, alanine-preferring system, System ASC, alsnine, serine snd cysteine-preferring
system.
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For measurement of amino acid transport, about 3 X 10% cells between passages
3 and 6 were seeded in 2 cm? wells of disposable multivell trays (Costar) and incubated
for 72 or 96 h in 1 ml of growth medium, always replaced 24 H before each experiment .
At this time the cells were just reaching confluency as estimated visually with an
inverted phase microscope. The procedure for amino acid transport then began with 90 min
of preincubation with PBS5-G, after which excess liquid was removed and the experimental
cover immediately placed over the drained monolayers. The 24 tubes in_the experimental
covers each contained 0.3 ml of PBS-G, comprising 0.5 uCi of L-[U-}*C] proline (260 mCi/
mmol, CEA-Gif sur Yvette France)} plus the desired concentration of the non radicactive L-
proline (Sigma Chemical Co) and when necessary, of the inhibitor. The contents of the
24 tubes were simultaneously transferred to the monolayers in 24 wells by vigorous
horizontal shaking of the whole tray and caver, und incubusted for 1 minute at 370,
Transport assays were terminated by dumping the uptake medium in one motion and immedia-
tely washing the 24 wells three times with 2wl of ice-cold 0.1%4 1 NaCl (total vashing
time : 10 sec). The cluster trays were then drained and the monolayers extracted with
250 nl of 1IN NaOH by incubaticn and gentle shoking for ot least 2 hours al room tempe-
rature., Next, 100 pl of dissclved cells was counted for radicactivity in 15 ml of
counting liquid (Picofluor) and 100 ul was used for protein determination by the method
of Lowry et al (5). The counting efficiency of the NaOH samples was 85 %, Quenching was
assessed by external standardization with a Packard 460 ¢ seintillation spectrometer,
Average protein content was 10-15 ug per 100 pl NaDH solution, i.e 25-40 ug per well,
For experiments in the absence of sodium, choline chloride replaced sodium chloride in
the incubation mixture and washing medium,

RESULTS AND DISCUSSION

. Inhibition of proline uptake

We chose an inhibitor-to-substrate ratio of 10 (6,7). These experiments were
performed on cell lines l.and 2, As shown in Table I, six proline concentrations
vere incubated for 1 min, in the presence or absence of iphibitcr. The proline concen-

Table 1

EFfect of Me-AIB, serinme (Ser) or glycine (Gly) on L-proline uptake in human fibroblasts

L-proline INHIBITOR
concentration
(i) None Me-AIB Ser*¥ or Gly*** Me-AIB and Ser
Protein*  Uptake Protein* Uptake % Inhib Protein*  Uptake % Inhib Protein*  Uptake % Inhib
0.5 24 71.3 22 21.5 69.8 20 14,8 79,2 29 N 86.9
- 0.2 24 47.3 25 19.5 58.8 21 18.1 61.7 31 11.9 74.8
2 0.1 29 60.5 24 25.2 53.3 22 26.1 56.9 31 17,1 1.7
A 0.05 25 67.4 23 32,6 51.6 22 35.5 47.3 31 26.8 60.2
E 0.025 42 52.3 40 37.4 29.5 3z 48,0 8.0 44 34.0 35.0
U 0.010 40 71.1 34 52.5 26.2 28 65.0 8.5 a4 46.4 34.0
0.5 36 20.4 34 12,5 38.7 35 16.7 18.1
o 0.2 41 39.0 42 24.1 38.2 40 29.5 24.0
2 ) 02 38 41,2 3 2.3 36.2 34 3.3 28,0
: 6.05 38 43.8 35 34.4 21.5 34 37.5 14.4
E 0,025 39 50.1 42 36.6 26.9 36 49,3 1.6
0.010 42 57.8 38 51.2 11.4 34 57.8 0

Uptake (dpm/ug protein) was measured at 1 min incubation time in two different cell lines for proline concentrations (fS])
ranging from 0.010 to 0.5 mM in the presence of 10 [S] inhibitor, as described under Materials and Methods.

fach result is the average of & experimental values.

* ug per well
#x Effect of Ser on cell line 1
#xx Effect of Gly on cell line 2
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tration range of 0,010 to 0,50 wM allowed preferential investigation of high-affinity
systems. Three amino acids, methylamino isobutyric acid (Me-AIB), serine and glycine
were used to test the contribution to proline uptake of the A, ASC and imino-glycine
transport systems respectively, None of the three amino acids inhibited proline uptake
by more tham 30 % for the two lowest proline concentrations of 0,010 and 0,025 aM,

Cven when 10 [S] of Me-AIB and 10 {S] of serine were simultaneously added, the inhibitio
did not exceed 35 % (Table 1), This finding indicates that a system other than the A,
25C or iminoglycine systems intervenes in proline uptake.

The role of sodium-ion in proline uptake wss also tested (results not shown)
and inhibition of this uptake was found to be stronger in the absence of codium than
in the presence of Me-AIB.

We noticed that the percentage of inhibition by Me-AIB was much larger for
cell line 1 than for cell line 2. Despite the standardization of our experimental con-
ditions, we also noticed that, probably owing to the different growth rates of these
lines, the protein conient of the wells (i.e cell density) was smaller in cell line 1
than in cell line 2. These resulis are in agreement with the well-known sensitivity
to cell density of the Me-AIB-inhibited system A, whose activity decreases as cell
éensity incresses. Consequently, the greater inhibition of proline uptake by Me-AIB in
cell line 1 may be due to the fact that the denmsity of this cell Lline is lower than
that of cell line 2.

One factor limiting the study of proline upteke in human fibroplasts is that,
ot the present time, no specific substrate for the ASC system has been characterized in
these cells. Serine may be considered the best substrate for the ASC system, even though
it is known to be iransported by both the ASC and A systems (6). In Chinese hamster
ovary cells, the use of Me-AIB, serine and glutamine allowed Moffett et al (8) to define
a new system contributing to proline uptake which they called system P, In human fibro-
nlasts, the inhibition studies reported in the literature indicate thot at s concentra-
tion of 1 mM, proline is o preferential substrate for system A (v, 10}, Bussell et al (11
only observed 20 % inhibition by Me-AIB for a proline copcentration of 0.2 wlt after
i5 min incubation, and attributed this non-inhibitable uptaeke to syclom ASC, Theso
results muy be explained by the fact that, as shown here, the participation of system a
in proline uptake decreases with the substrate concentration, However, at a concentratior
of 0,1 mM Gazzola et al (12) found 80 % inhibition by Me-AIB, but their gxperimental
gonditions {preincubation in the presence of serum) were known to enhance the uptake by

system A.
. Kinetic studies

The present inhibition studies show that a system other than system A is
involved in proline uptake. It 1s probably a very high affinity system as it was
particularly effective at very low proline concentrations (0,010 and 0,025 mM). To check

this probability we conducted further kinetic studies on threc cother cell lires, 3, 4
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Figure 1.

Kinetics of L-proline uptake, in the presence of Me-AIB, in a human skin fibroblast
cell line.

Initial rates of uptake (1 min) were measured for proline concentrations ([S])
ranging from C.010 to 5 mM in the presence of 10 [S] Me-AIB as described under Materials
and Methods, Each point is the average of é experimental results. Fitting is obtained
wvith the model described under table II,

and 5. We used a wide range of 13 concentrations from 0,010 to S mM, in the absence and
sresence of 10 [S] Me-AIB and chose an incubation time of 1 min after ensuring that

at the end of this period, proline uptake was still linear with time. Kinetic transport
sarameters were determined by non-linear regression analysis (13) as previously descri-

sed (1). Different mathematical models vere systematically tested.
- In the presence of Me-AIS

The existence of a saturable process was particularly striking (e.g. in cell line 4,
Fig.1l).
(s}
The appropriate model is : v = Vmax ———— + Ky [S} , and this Me-AIB non-
Km + [S]
inhibitable system has a high affinity : Km = 0.0505 to 0.124 mmol/l (Table II)

- Therefore, in the absence of Me-AlIB, the correct model is :

s s
v = Vmax, -———————  + Vnax; ~———————— o+ X [S]
Kmyp + [5] Kmp + [S] D
This model includes five unknown constants, which could not be calculated in the absence
of fair ipitial estimates. Therefore, for the high-affinity system, we took account of
the constants obtained for the system not inhibitable by Me-AIDB., Owipg to the high
affinity of this system and to our concentration range, ve postulated that the lov
affinity system (i.e the Me-AIB inhibitable system) was preponderant. Therefore the
initial estimates for the latter system were based on the constants defined assuming the
existence of only one saturable system. Accordingly, the mathematical procedure was

modified in order to take simultaneous account of the experiments with and without inhi-
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Table 1I

Kinetic parameters of the Me-AIB non-inhibitable system

for L-proline uptake, in human fibroblasts

Cell line 3 Cell line 4 Cell line §
Vmax 1.61 + 0.24 0.866 + 0.126 1.19  + 0.20
Km 0.124 + 0.026 0.0560 + 0,0115 0.0505 + 0,0172
Xp 1.75 + 0.23 3.01  + 0.29 1.75  +0.38

Approximate initial rates of uptake (| min) were measured in three different cell
lines for proline concentrations ([Sl) ranging from 0.010 to 5 mM in the presence
of 10[S] Me-AIB, as described under Materials and Methods. As shown in figure | the

model fitting the experimental results is :

v = Vmax ———L§l——— + KD [S]

Ko + [S]

kinetic parameters are expressed & S.D. (Xm as wmol/l ; Vmax as mmol/min/mg protein)
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Figure 2. [L-Proline] , mM

Kinetics of L-proline uptake in human skin fibroblasts in the presence and absence of
Me-AIB,

Initial rates of uptake (1 min) were measured for proline concentrations
([S]) ranging from 0.010 to 5 mM, in the presence or absence of 10 [S] Me-AIB, as
described under Materials and Methods.

@ experimental points in the presence of Me-AIB ; each point in the average
of 6 results,

O experimental points in the absence of Me-AIB ; each point is the average
of 6 results,

Curves 1 and 2 respectively represent the process not inhibitable by Me-AIB

and the inhibitable one (i.e system A uptake) plus a diffusion process, fitted as
described under Table 11T,

225



Vol. 142, No. 1, 1987 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Table III

Kinetic parameters for L-proline uptake

in human fibroblasts

Cell line 3 Cell line 4 Cell line 5

Me~AIB non Vmax] 2,04 + 0,46 1.00  + 0.16 1.47 + 0.26
inhibitable
system

Km, 0.191 + 0.053 0.0697 + 0,0134 0.0889 + 0.0261
Me-AIB Vmax2 44.66 + 13.69 7.51 + 3.38 49.7 +23.5
inhibitable
system )

sz 3.74 + 1.36 1.41 ¢ 0,75 4,70 + 2.78

KD 1.49 + 0.38 2,78 + 0.35 1.51 + 0.40

Approximate initial rates (] min) of uptake were measured in three different cell
lines for proline concentrations ([S]) ranging from 0.010 to 5 mM, For each cell line,
experiments were simultaneously conducted in the presence and absence of 10 [ 5]

Me-AIB. Both resulcs were taken into account by the model .

(s}

km; + {s]

+ Vmax ———LEL——— + KD [S]

v = Vmax 2
sz + [S]

kinetic parameters are expressed t 5.0, (Km as mmol/l ; Vpax as nmol/min/mg protein).

bitor. This enabled Us to obtain correct fitting of the experimental points for each cel!
line (e.g : cell line 3. Fig 2) and well-defined kinetic constants for the inhibitable
and non inhibitable systems and for the diffusion process (Table III)},

The variability of the kinetic parameters cbserved from one cell line to the
other may be due to differences of cell density in addition to the variability inherent
to this live material. Nevertheless, the existence of the two systems is obvious for
each cell line,

The results of the kinetic studies reported in the literature are more homo-
geneous than those for inhibition, as nonpe of the investigators showed the presence of
more than one uptake system when perfarming kinetic studies alore (1,2,9,10,11,14).

One of the most striking conclusions which may be drawn from these results
for proline uptake in human fibroblasts is that system A is not the only system accoun-
ting for such uptake, neither is it the system exhibiting the highest affinity for

proline. Nevertheless, it may account for much of the uptake, and thus mask the existence
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if another system, Our search for a second system proved {ruitful, inasmuch as ve
:ombined careful kinetic studies over a large concentration range with inhibition studies.
le vere sble to demonstrate the presence of an Na+—dependent, high-affinity system (¥m =
1,07 to 0.19 mmol/1) not inhibitable by Me-AIB. This system was shown to differ from

oth the A and ASC systems. It is not used by glycine, but we have not yet been able to
‘haracterize it further. The existence of such a system seems important, as up till naw,
roline has been considered the best substrate for uptake by system A in human fibro-
vlasts, Furthermore, in view of the usual proline levels in plasma (0.060 to 0.260 mmol/l1)}

t may have major physiological implications,
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