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Abstract 

The intestinal peptide transporter(s) is involved in the absorption of natural di-/tripeptides and peptidomimetic 
drugs. Several key aspects of peptide transport such as number of peptide transporters and structural requirements 
for transport via this carrier(s) are not fully understood. In addition, recent studies showed that interaction with the 
di-/tripeptide transporter(s) does not necessarily lead to transcellular transport. The variety of structures which 
appear to interact with the transporter could be explained by the presence of several transporters or by multiple 
binding sites in a single transporter. The objective of this study was to determine whether there is a clear difference 
between dipeptides and amino-/3-1actam antibiotics which may suggest the involvement of different 
transporters/binding sites. Experiments were carried out in Caco-2 cell monolayers grown on microporous mem- 
branes using cephalexin as the model compound. Inhibition constants (K i) were calculated from Dixon plots 
assuming competitive inhibition. The strong correlation between K i and ICs0 (independently determined) indicates 
that the assumption of competitive inhibition was probably correct. Results show: (a) that dipeptides have greater 
affinity for the cephalexin transporter(s) than antibiotics; (b) among dipeptides, neutral dipeptides seem to have 
higher affinity for the carrier; and (c) a relationship between affinity for the transporter(s) and transepithelial 
transport could not be found. 
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1. Introduct ion 

The  intestinal up take  and transepi thel ial  
t ranspor t  o f  natural  d i - / t r ipep t ides  involves di- 
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/ t r i p e p t i d e  t ransporter(s)  (Ganapa thy  and Lei- 
bach, 1985). There  is also evidence that  a large 
number  of  amino-/3-1actam antibiotics undergo  
carr ier -media ted  intestinal t ranspor t  (Inui et al., 
1988; Iseki et al., 1989). The  similarity in trans- 
port  propert ies  between d i - / t r ipep t ides  and 
amino-/3-1actam antibiotics indicates that  the in- 
testinal absorpt ion of  these two classes of  com- 
pounds  is mediated,  at "least in part,  by the same 
pept ide  transporter(s).  More  recently, the trans- 
por t  of  angiotensin convert ing enzyme inhibitors 
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and renin inhibitors has also been shown to in- 
volve intestinal peptide transporter(s) (Hu and 
Amidon, 1988; Kramer et al., 1990). These obser- 
vations suggest that the intestinal transport of 
these compounds is mediated by a transporter 
which has a broad specificity or involves multiple 
transporters. While the existence of multiple pep- 
tide transporters could explain the apparently 
broad substrate specificity of the intestinal di- 
/tripeptide transporter, the number of trans- 
porters involved in the intestinal transport of 
di-/tripeptides is not known. Existing evidence 
supports the existence of two transporters: (a) 
cefixime was found to be transported only in the 
presence of an inwardly directed pH gradient 
while cephradine was transported with and with- 
out a pH gradient (Inui et al., 1988); and (b) 
inhibition studies indicate that the transport pro- 
cess which mediates the uptake of amino-/3-1actam 
antibiotics is different from that involved in the 
uptake of glycylglycine (Iseki et al, 1989). 

The structural requirements for transcellular 
transport via this peptide carrier(s) are not fully 
understood. This information is particularly diffi- 
cult to obtain without knowing the specific num- 
ber of transporters involved. Most data on struc- 
tural requirements for interaction with the trans- 
porter(s) have been provided by competition stud- 
ies rather than by direct correlation between 
structure and transport. Mutual uptake inhibition 
between di-/tripeptides and/or  amino-/3-1actam 
antibiotics indicates that molecules from both 
classes of compounds can interact with the di- 
/tripeptide transporter(s) (Inui et al., 1988; 
Kramer et al., 1990, 1992). However, some 
molecules can bind to the peptide transporter(s) 
without necessarily undergoing transport them- 
selves (Miyazaki et al., 1982; Ryan and Smith, 
1989; Kramer et al., 1992). This lack of correla- 
tion between uptake and transcellular transport 
underscores the need to investigate these pro- 
cesses in greater detail. 

Caco-2 cell monolayers have been character- 
ized as a transport model system of the small 
intestinal epithelium (Hidalgo et al., 1989) and 
shown to express a functional peptide trans- 
porter(s) similar to that found in enterocytes 
(Dantzig and Bergin, 1990; Inui et al., 1992). In 

the present study, we have used Caco-2 cell 
monolayers grown on microporous membranes to 
investigate peptide transport. Caco-2 cells have 
the advantage that they can be used to determine 
both uptake and transcellular transport in the 
same system. Cephalexin was used as the model 
compound to assess the affinity of dipeptides and 
amino-/3-1actam antibiotics for the peptide trans- 
porter(s). The affinity of these molecules was 
evaluated in terms of inhibition of cephalexin 
uptake. We also examined the effect of electrical 
charge of dipeptides on their affinity for the 
transporter(s). Finally, we compared the in- 
hibitory effect of the antibiotics with known data 
on transepithelial transport to find out whether 
ability to inhibit the uptake of cephalexin (i.e., 
affinity for the transporter(s)) can be used to 
predict transepithelial transport. 

2. Experimental 

2.1. Materials 

2.1.1. Cell culture 
The Caco-2 cell line was obtained from The 

American Culture Collection (Rockville, MD) and 
used between passages 65 and 80. Dulbecco's 
modified Eagle's media (DMEM), Hank's bal- 
anced salts solution (HBSS), penicillin and strep- 
tomycin solution (10000 U/ml  penicillin G and 
10000 /zg/ml streptomycin) and trypsin-EDTA 
solution (0.25% trypsin and 1 mM EDTA) were 
purchased from Gibco Laboratories (Grand Is- 
land, NY). Fetal bovine serum (FBS) and non-es- 
sential amino acids solution (NEAA) were ob- 
tained from Hazelton Research (Lenexa, KS). 
Transwell culture cluster plates (miniwells), 6.5 
mm in diameter and 0.4 /zm pore size, were 
purchased from Costar (Bedford, MA). Rat tail 
collagen, type I, was obtained from Collaborative 
Research (Bedford, MA). Hepes and 2-(N-mor- 
pholino)ethanesulfonic acid (Mes) were pur- 
chased from Sigma (St. Louis, MO). 

2.1.2. Dipeptides and antibiotics 
Dipeptides of arginine (Arg-Arg), lysine (Lys- 

Lys), aspartate (Asp-Asp), glutamate (Glu-Glu), 
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valine (Val-Val), and glycylproline (Gly-Pro) were 
obtained from Bachem Biosciences Inc. (Phila- 
delphia, PA). Ampicillin, benzylpenicillin (BZP), 
cephalexin (CPX) and cephradine were pur- 
chased from Sigma. Amoxicillin was obtained 
from SmithKline Beecham. [3H]Cephalexin 
([3H]CPX, 7.78 Ci/mmol) was synthesized in the 
Synthetic Chemistry Department, SmithKline 
Beecham Pharmaceuticals (King of Prussia, PA) 
and [phenyl- 3H]benzylpenicillin (26.5 Ci/mmol) 
was purchased from New England Nuclear- 
DuPont (Boston, MA). 

2.2. Methods 

2.2.1. Cell culture methods 
Caco-2 cells were cultured in DMEM supple- 

mented with 10% FBS, 1% NEAA and penicillin 
(100 U/ml )  and streptomycin (100/.Lg/ml). Caco- 
2 cells were plated on Transwell plates previously 
coated with rat tail collagen (1.25 mg per ml of 
70% ethanol) at a seeding density of 2 x 105 
cell/miniwell. Medium was first changed in the 
apical chamber of the miniwell 24 h after seeding 
and then in both the apical and basolateral cham- 
bers every other day for 10 days and every day 
thereafter. Cells were maintained at 37°C in a 
humidified atmosphere containing 5% CO 2. Stock 
cultures were routinely maintained by changing 
the media every 2-3 days. 

2.2.2. Uptake studies 
The uptake of [3H]CPX was determined in 

Caco-2 cells grown at 37°C on 6.5 mm miniwells 
in the presence or absence (controls) of inhibitors 
such as dipeptides and antibiotics. On the day of 
the experiment, the apical side of the cells was 
rinsed with 10 mM Mes in HBSS, pH 6.0 (apical 
buffer) and the basolateral side was rinsed with 
10 mM Hepes in HBSS, pH 7.4 (basolateral 
buffer). Plates were then pre-incubated at 37°C 
for 15 min with apical buffer bathing the apical 
membrane and basolateral buffer bathing the ba- 
solateral membrane. After the pre-incubation pe- 
riod, the control monolayers were incubated for 
15 min at 37°C with apical buffer that contained 
[3H]CPX on the apical side. The monolayers 
treated with inhibitors were incubated with 

[3H]CPX plus inhibitor on the apical side. The 
basolateral sides of monolayers in both control 
and inhibition groups were maintained in basolat- 
eral buffer. Subsequently, the incubation medium 
was removed and the cells washed (4 × )  with 
ice-cold HBSS, pH 7.0 to stop further uptake and 
to remove unbound radioactivity. Filters contain- 
ing the cells were then cut out, dissolved in 
Ready-Safe scintillation cocktail and the [3H]CPX 
taken up counted in a Beckman Liquid Scintilla- 
tion Counter, LS 6000 Series (Beckman Instru- 
ments Inc., Fullerton, CA). Percent inhibition of 
[3H]CPX uptake (expressed as pmol/mg protein 
per min) due to the inhibitors was calculated 
against controls containing no inhibitors. The 
concentration of the inhibitor that produced 50% 
inhibition of control uptake (IC50) was calculated 
from a plot of % inhibition of CPX uptake vs 
concentration of inhibitors. The type of inhibition 
and specific K i values for the inhibitors were 
determined from Dixon plots (Segel, 1976). 

2.2.3. Transepithelial transport studies 
Transport studies were conducted in a side- 

by-side diffusion apparatus (Precision Instru- 
ments Design, Los Altos, CA) described previ- 
ously (Hidalgo et al., 1991). The apical chamber 
received 5 ml HBSS containing 10 mM mannitol 
and the basolateral chamber received 5 ml of 
HBSS containing 8 mM glucose plus 2 mM man- 
nitol. The pH of the apical chamber was adjusted 
to 6.0 or 7.4 as indicated in the appropriate figure 
legends. The concentrations of the model com- 
pounds ([3H]cephalexin or [3H]benzylpenicillin) 
were 100 ~M. 1 ml samples were taken from the 
receiver sides at specified times and replaced 
with an identical volume of the same solution. 
Samples from the donor sides (100/~1) were taken 
only at zero time and at the end of the experi- 
ment and were not replaced. 

3. Results and discussion 

3.1. Comparison of affinities for the peptide trans- 
porter 

Four aspects of peptide transport were investi- 
gated in this study: (a) the affinity of dipeptides 
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Fig. 1. Dixon plots of CPX uptake inhibition by Gly-Pro. The 
uptake of CPX, at two concentrations, was determined for 15 
min at 37°C in the presence of increasing concentration of 
Gly-Pro. ([]) 0.5 mM CPX; ( • )  0.8 mM CPX); CPX uptake 
was expressed as pmol/mg protein per min. Values presented 
are the mean of at least two experiments. Each experiment 
included 3-4 monolayers. The coefficient of variation within 
experiment was usually about 15% and between experiments 
about 20% (see Table 1). 

and amino-fl-lactam antibiotics for the peptide 
transporter(s); (b) the possible existence of a 
threshold K i value, below or above which, this 
paramete r  may be predictive of transepithelial 
transport;  (c) comparison of IC50 and K i values 
for the antibiotics and dipeptides; and (d) whether  
the electrical charge of dipeptides influences their 
affinity for the transporter(s). Results indicate 
the following: (a) the affinity of natural dipep- 
tides for the d i - / t r ipep t ide  transporter(s) was 
greater  than that of the antibiotics; (b) K~ does 
not seem to be a good predictor of  transepithelial 
t ransport  at either low or high affinities; (c) the 
close agreement  between K i and IC50 indicates 
that the inhibition of cephalexin uptake was in- 

deed competitive; and (d) di-cationic dipeptides 
had significantly lower affinity ( P  < 0.05) for the 
transporter(s). 

Dixon plots of CPX uptake in the presence of 
several dipeptides are presented in Fig. 1. The 
point of intersection of the two lines is consistent 
with competitive inhibition (Segel, 1976). On the 
other hand, Dixon plots of CPX uptake in the 
presence of the antibiotics are more difficult to 
interpret because they intersect very close to the 
abscissa. The equation to calculate K i values for 
competitve inhibitors is different from that for 
noncompetit ive inhibitors (Segel, 1979). Although 
uncompetitive inhibition can be ruled out, these 
plots were compatible with either competitive or 
noncompetit ive inhibition with the exception of 
cephradine (which showed competitive inhibition) 
(Fig. 2). However, results from previous studies 
suggest that inhibition by this type of molecule 
most likely is competitive (Nakashima et al., 1984). 
Thus, we assumed that CPX inhibition by the 
antibiotics examined was competitive and the K i 
values were calculated as those for the dipep- 
tides. A similar approach was necessary in a 
recent study (Daniel et al., 1992) with the renal 
peptide transporter(s). Whether  the observed dif- 
ference in mode of inhibition between dipeptides 
and antibiotics is due to interaction at different 
s i tes / t ranspor ters  or simply to mixed (competi- 
tive and noncompetitive) inhibition by the antibi- 
otics cannot be determined from results in this 
study. However, the close agreement  between Ki 
and IC50 values indicates that the equation used 
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Fig. 2. Dixon plots of CPX uptake inhibition by antibiotics. The uptake of CPX, at two concentrations, was determined for 15 min 
at 37°C in the presence of the indicated concentration of inhibitors. (A) Benzylpenicillin [( [] ) 0.5 mM CPX; ( • )  10 mM CPX]; (B) 
cephradine [( D ) 0.5 mM CPX; ( • ) 1.0 mM CPX]. Uptake was expressed as pmol/mg protein per min. Each experiment included 
3-4 monolayers. The coefficient of variation within experiment was usually about 15% and between experiments about 20% (see 
Table 1). 
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Table 1 
Inhibition of cephalexin uptake by dipeptides and antibiotics 
in Caco-2 cells 

Dipeptides K i (mM) Antibiotics K i (mM) 

Val-Val 0.41 (0.15) 
Ala-Ala 0.55 (0.06) 
Gly-Pro 0.22 (0.08) 
Glu-Glu 0.54 (0.06) 
Asp-Asp 1.27 (0.44) 
Arg-Arg 2.23 (0,96) a 
Lys-Lys 3.43 (0.69) a,b 

amoxicillin 9.60 (0.63) c 
cephradine 4.50 (1.53) d 
benzylpenicillin 15.48 (3.93) c 
ampicillin 5.79 (0.67) c 

K i values are mean_+SD (n = 3). 
a p < 0.05 compared to the di-neutral  dipeptides. 
b p < 0.05 compared to the di-anionic dipeptides. 
c p < 0.05, compared to dipeptides. 
d p < 0.05 compared to di-neutral  and di-anionic dipeptides. 

to calculate the Ki values (i.e., for competitive 
inhibition) was appropriate and that the inhibi- 
tion of cephalexin uptake by both dipeptides and 
the antibiotics is mostly competitive. 

The K i values of antibiotics differed from 
those of dipeptides (Table 1). The dipeptides 
showed K~ values ranging from 0.22 to 3.43 mM 
and the K i values for the antibiotics ranged from 
4.5 to 15 mM (Table 1). These results indicate 
that, in general, dipeptides have greater affinity 
for the peptide transporter(s) than the antibiotics 
investigated. It is likely that the dipeptides used 
in the inhibition studies with cephalexin under- 
went some degree of metabolism during the ex- 
periments. Thus the true difference in affinity 
between dipeptides and antibiotics may be greater 
than that observed in this study. 

The net charges carried by the dipeptides stud- 
ied were: Gly-Pro and Val-Val, neutral; Asp-Asp 
and Glu-Glu, di-anionic; Arg-Arg and Lys-Lys, 
di-cationic. The K i value for Lys-Lys was higher 
than that for di-anionic (P < 0.02) and di-neutral 
(P < 0.01). The K i value for the other di-cationic 
dipeptide, Arg-Arg, showed a statistically signifi- 
cant difference from the di-neutral dipeptides 
(P < 0.02) and Glu-Glu (P < 0.02) but not from 
the di-anionic dipeptide, Asp-Asp. These results 
suggest that the presence of two positive charges 
decreases the interaction with the peptide trans- 
porter. However, the role of the negative charges 
is not clear. This observation does not agree with 
a previous study which examined the uptake of 

Gly-Pro by brush border membrane vesicles 
(Wootton and Hazelwood, 1989). The conclusion 
of that study was that negative charges were more 
detrimental to the affinity for the carrier than 
positive charges (Wootton and Hazelwood, 1989). 
This apparent discrepancy may be explained in 
several ways: (a) The model compound used in 
this study (cephalexin) and that used in the previ- 
ous study may interact differently with the pep- 
tide transporter(s); (b) The current study was 
carried out in the presence of a pH gradient 
while the previous study with Gly-Pro were not. 
Thus, the two studies may have looked either at 
different carriers (e.g., pH-dependent vs pH- 
independent); and (c) interaction of the carrier 
with charged peptides at pH 7.4 may be different 
from that at pH 6. 

3.2. Correlation between K i and IC5o 

K i and IC50 have been used to quantitate the 
ability of inhibitors to interact with a specific 
carrier, receptor or enzyme. These parameters, 
ICs0 and K i, are not equivalent. ICs0 is the 
concentration of inhibitor that causes 50% inhibi- 
tion of uptake and K i is the concentration of 
inhibitor that doubles the slope of the Line- 
weaver-Burke plot (1 /v  vs 1/IS]). In our calcula- 
tion of K i values for the antibiotics we assumed 
competitive inhibition and used the appropriate 
equation. Although this assumption was made 
based on previous studies by others who found 
competitive inhibition with related compounds 
(Nakashima and Tsuji, 1985; Dantzig and Bergin, 
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Fig. 3. Calculation of ICs0 values. A plot of  the log CPX 
uptake vs inhibitor concentration was a straight line. The 
parameters  of  the regression line were used to calculate the 
IC5o values. 
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Fig. 4. Correlation between K i and IC50 values for the 
dipeptides and antibiotics studied. (©) Dipeptides; (e) antibi- 
otics (R 2= 0.981). The strong correlation indicates that the 
underlying assumption (competitive inhibition) in choosing an 
equation to calculate K i was probably correct. 

1990), we decided to compared K i and IC50 
values. A close correlation between K i and IC50 
was interpreted as an indication that the K i val- 
ues were appropriately determined and that the 
type of inhibition was indeed competitive. IC50 
values were calculated from linear transforma- 
tions of % uptake vs concentration of the in- 
hibitors as shown for ampicillin in Fig. 3. Results 
show a strong correlation between IC50 and K i 

values (R 2 = 0.981) for dipeptides and antibiotics 
combined (Fig. 4). Both IC50 and K~ may be 
useful to compare affinity for the di- / t r ipept ide 
transporter(s). However, the Dixon plots used in 
determining K i values can be used to distinguish 
among different modes of inhibition (i.e., compet- 
itive vs non-competitive). 

3.3. Correlation between affinity for the peptide 
transporter and transepithelial transport for antibi- 
otics 

Benzylpenicillin inhibited the apical uptake 
and apical-basolateral transport of cephalexin but 
itself was not transported by the peptide trans- 
porter (Fig. 5) (Ryan and Smith, 1989; Inui et al., 
1992). This observation led us to formulate the 
following hypotheses: (a) a weak binding to the 
transporter is required for transcellular trans- 
porter  (and benzylpenicillin binds too strongly); 
and (b) transcellular transport requires a strong 
interaction with the transporter (and benzylpeni- 
cillin binds too weakly). Subsequently, we exam- 
ined the transport and inhibitory properties of 
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Fig. 5. Effect of pH gradient on the uptake and transepithelial transport of benzylpenicillin in Caco-2 cells. For BZP uptake (A) 
Caco-2 cell monolayers were incubated with 0.1 mM [3H]BZP on the apical side for 15 min at 37°C. At the end cells were dissolved 
and radioactivity determined as described in section 2. (6.0/7.4) Apical uptake of BZP at apical pH 6.0 and basolateral pH 7.4; 
(7.4/7.4) apical uptake of BZP at apical pH 7.4 and basolaterat pH 7.4. Values are mean + SD (n = 4). For transepithelial 
transport (B), Caco-2 cell monolayers received 0.1 mM [3H]BZP on the apical or basolateral bathing solutions, and the amount 
transported to the opposite chamber determined at specified times. ( [ ] )  Apical-to-basolateral flux of BZP at apical pH 6.0 and 
basolateral pH 7.4; ( • ) apical-to-basolateral flux of BZP at apical pH 7.4 and basolateral pH 7.4; ( • ) basolateral-to-apical flux of 
BZP at basolateral pH 6.0 and apical pH 7.4. Values are mean _+ SD (n = 4). 
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other antibiotics to determine whether their be- 
haviour revealed a correlation between affinity 
for the transporter and transcellular transport. 

K i values for benzylpenicillin and cephradine 
were 15.5 and 6 mM, respectively. We first exam- 
ined whether this difference in K i could be re- 
lated to the type of interaction (e.g., competitive 
vs noncompetitive) with the peptide transporter. 
Benzylpenicillin, which shows low affinity for the 
peptide transporter(s) in our system, does not 
undergo carrier-mediated transport across the in- 
testinal mucosa (Ryan and Smith, 1989). 

Uptake and transepithelial transport of ben- 
zylpenicillin were also studied in Caco-2 cell 
monolayers. The uptake of [3H]benzylpenicillin 
by Caco-2 cells was minimal and pH-indepen- 
dent, suggesting that it most likely is passive (Fig. 
5A). Moreover, the apical-to-basolateral trans- 
port of [3H]benzylpenicillin was pH-independent 
and comparable to that in the opposite direction 
(Fig. 5B). Both apical uptake and apical-to-baso- 
lateral transport of benzylpenicillin were compa- 
rable to those of mannitol, the internal marker of 
passive, paracellular diffusion (not shown). To- 
gether, these data suggest that the intestinal ab- 
sorption of benzylpenicillin does not involve the 
di-/tripeptide transporter(s). In contrast, ceph- 
alexin, a compound whose transport involves the 
di-/tripeptide transporter(s), underwent pH-de- 
pendent uptake (Fig. 6) and transepithelial trans- 
port (not shown) under identical experimental 
conditions. Second, cephradine, which has a 
higher affinity for the transporter(s) in our sys- 
tem, was shown to be transported across Caco-2 
cell monolayers, at least in part, via the di-/tri- 
peptide transporter(s) (Inui et al., 1992). 

In contrast to the apparent correlation be- 
tween K i and transepithelial transport for ben- 
zylpenicillin and cephradine, data with amoxy- 
cillin and ampicillin do not support a relationship 
between affinity for the carrier and transepithe- 
lial transport. The oral bioavailability of amoxy- 
cillin is higher than that of ampicillin (Benet and 
Sheiner, 1980). In addition, while some reports 
indicate that the intestinal absorption of amoxy- 
cillin involves the intestinal peptide transporter(s) 
(Paintaud et al., 1992), there is evidence that the 
transport of ampicillin is not carrier-mediated 
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Fig. 6. pH-dependent uptake of cephalexin in Caco-2 cell 
monolayers. [3H]CPX (0.1 mM) was applied to the apical 
bathing solution and incubated under identical conditions to 
those used for BZP. Values are mean+SD (n = 4). 

(Yamashita et al., 1984). Thus amoxycillin was 
expected to possess greater affinity for the carrier 
than ampicillin, in our uptake assay. However, 
this was not the case. Benzylpenicillin does not 
undergo carrier-mediated cellular uptake (Fig. 
5A) or transepithelial transport (Fig. 5B) while 
cephradine has been reported to undergo 
carrier-mediated transport via the peptide trans- 
porter(s)) (Inui et al., 1992). Thus, the observa- 
tion that K i and ICs0 values for amoxycillin are 
closer to those of benzylpenicillin than values for 
cephradine does not support a correlation be- 
tween interaction with the transporter and 
transepithelial transport. Because of the small 
number of compounds evaluated in this study a 
definitive determination of a relationship be- 
tween affinity (e.g., K i or ICs0) and transepithe- 
lial transport cannot be made. A larger data base 
is required to establish this relationship. 

In summary, these results show: (a) that dipep- 
tides have greater affinity for the di-/tripeptide 
transporter(s) than antibiotics; (b) a trend in the 
relationship between electrical charge and affin- 
ity for the transporter(s) (neutral > di-cationic > 
di-anionic); (c) a strong correlation between K i 
or ICs0 indicates that both parameters can be 
used to evaluate the affinity for the transporter(s); 
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(d) with a limited number of compounds a from 
relationship between affinity for the transporter(s) 
and transepithelial transport could not be found. 
These results, however, indicate that the Caco-2 
cell system may be utilized to predict absorption 
and transport of antibiotics in human intestinal 
mucosa for screening purposes. 
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