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To find the substrate interacting site of the MCATI1, charged amino acid residues in the transmembrane
domain were changed to opposite charged amino acids and studied the arginine uptake, gp70 binding, efflux
and protein expression using the Xenopus oocyte expression method. Among the five mutants of MCATH1, the
D403K showed the most interesting characteristics, which had normal gp70 binding but low arginine uptake
function, that means the normal expression on the membrane but decreased transport function. All mutants
except K211E showed decreased arginine efflux, and kinetic study showed decreased Vmax. Together, Glu(403)
residue of MCAT1 may show the possible substrate interacting site in the transmembrane domain of MCAT1.
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I. Introduction

The murine cationic amino acid transporter
(MCAT1) is a hydrophobic membrane protein,
which was firstly known as a murine ecotropic
retrovirus  receptor.” This MCATI can
transport arginine, lysine and ornithine, sodium
and pH independently, showing the property

of system y+.2) On the basis of hydrophobic
transmembrane domains connected by hydro-
philic loops and short hydrophilic C-terminus.
We have found that the third outside loop
between fifth and sixth transmembrane doma-
ins is important for virus envelope binding and
virus infection,m also found that this Iloop
contained two glycosylation sites and virus
binding to this loop partially blocked the
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glycosylation.4) This MCAT1 has a dual
function of amino acid transport and virus
infecton. Mutations on the virus binding site
which causes no binding and no infection, did
not affect the amino acid transport.” These
results may explain the virus binding site and
amino  acid transport site are different,
although it was not known which site is
important for amino acid transport.

I tried to find out the important site in
MCAT]1 for amino acid transport by mutating
charged amino acids in transmembane domains
because I thought there should be ionic
interactions between substrate and transmemb-
rane domains. These sites are all conserved in
known cationic amino acid transporters except
one site which is changed to similar amino
acid. Actually, some charged amino acids in
the transmembrane domains are important for
their function of transporters,s‘ﬁ) permeasesm
and receptorsg‘m'u'lz) for  neurotransmitters
which have several transmembrane domains.

This paper shows some of charged amino
acid residued in the transmembrane domains of
MCAT1 are important for amino acid trans-
port function.

II. Materials and Methods

1. Construction of plasmids encoding mutant
MCAT-1 proteins

Mutations were introduced into the charged
amino acid residues in the putative trans-
membrane domains shown in Figure 1 by
using a two step PCR-based protocoL'B’
Complementary oligonucleotides that alter this
codon were used as primers in parallel PCR
reactions to amplify the cDNA encodinjg
MCAT-1. For DI107K, 107 Glu(GAG) was
changed to Lys(AAG) by using the oligonu-
cleotide,
5'-GTGACGGTGGGGAAGCTTTGGGCC-3', as
the sense primer. For D165K, 165Asp(GAC)
was changed to Lys(AAG) using 5'-

CCCAAACCCCGAAGATATTTGCTGTG-3'. For
K211E, 211Lys(AAA) were changed to Glu (GAA)
using 5'-GTGTCCGGGTTCGTGGAAGGCTCC-3'
as the sense primer. For E397K, 397Glu (GAA)
was changed to Lys (AAA) using
5'-GCCTTCCTCTTTAAACTGAAGGACCTG-
3'.  For D403K, 403Asp(GAC)was changed to
Lys(AAG) using the sense  primer
5'-GGACCTGGTGAAGCTCATGTCCATTG-3'.
For each amplification of MCAT-1 cDNA by
PCR, the sense primer bearing the mutation
and antisense primer,
5'-CGGGATCCGTCATTTGCACTGGTCC-3’
from the 3’ end of the MCATI1 ¢DNA were used
in one reaction. In separate reactons, the com-—
plementary mutant primers and the sense primer,
5'-GCGGATCCTAATGGGCTGCAAAAACC-3’
, from the 5'-end of the MCAT-1 cDNA were
used for PCR on the same MCAT-1 c¢DNA
template. The products of two matching
reactions were purified on agarose gels and
combined to provide the template for an
additional PCR using the flanking 5 and 3’
primers. The amplified product was digested
with BamH1 and the 2 Kb restriction fragment
containing the mutant sequence was subcloned
into the mammalian pJ3 or oocyte pSP64AT
expression vector.? The presence of the
mutation was confirmed by determining the
nucleotide sequence.

2. Amino acid uptake and gp70 binding assay
using Xenopus oocytes

Xenopus laevis was purchased from Xenopus
1 (Ann Arbor, M1) . The protocol for injection
of oocytes has been described previously.”
Oocytes injected with mutani MCAT1 RNAs
were incubated two days in 53% L-15 medium
before uptake and efflux study. After
preincubation in the uptake medium for one
hour, the oocytes were transfered to 0.1 ml of
01 mM cold amino acid uptake solution
containing 05 uCi "“C-labeled amino acid for
30 minuites and washed three times, then
counted the radioactivity of the oocytes. For
efflux, 5 nCi "“C-labeled amino acid in 100mM
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Figure 1. Amino acid seqguence of putative fourteen transmembrane domains. The transmembrane domains
were shown in boxes. Putative intramembrane charged amino acid residues (Glu107, Asp165,
Lys211, GIu397, Asp403) that were converted to opposite charged amino acid, such as E107K,
D165K, K211E, E397K, D403K which were shown in bold letters.

cold amino acid solution was injected to oocyte amino acid solution for 30 minuites and
and quickly transfered to 0 and 5 mM cold counted the radioactivity of the medium. For
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gp70 binding assay , the ] labelled gp 70
was added to the 5% BSA uptake solution (5
ng/0.1ml) after preincubation in the 1% BSA
uptake solution.

The oocytes were washed three times with
uptake solution followed by counting the
radioactivity of oocytes.

3. Immunoblot

Ten oocytes injected three days previously
RNA were

with MCAT-1 or mutant

gp70 binding (pg/oocyts)

(pmole/oocyte/hr)

Arginine uptake

1 2 3 4 5 6 7

Figure 2. Functional expression of mutant MCATI.
Arginine uptake and gp70 binding assay
were performed by using Xenopus
oocytes injected with 10 ng RNAs of
MCAT1 (ane 1), E107K (lane 2), D165K
(lane 3), K211E (lane 4), E397K (lane
5), D403K (lane 6) and water (lane 7).
Each value showed the mean of three
experiments and three oocytes were
used for one experiment.

extracted in RIPA buffer (50 ul) for 3 minutes
and centrifuged at 10,000 x g for one minute.
Supernatant was separated by SDS- PAGE (8
%) and transferred to nitrocellulose paper.
After blocking the nitrocellulose paper with
Blotto (50 mM Tris pH 80, 2 mM CaCl,
0.019% antifoam A, 0.05% Tween-20, 0.02%

NaN3), the paper was incubated in
affinity-purified anti-MCAT-1 antibody (1:100,
1 hr, room temperature), washed three times in
Blotto, and then incubated in '®I goat
anti-rabbit antibody for one hour at room
temperature. The paper was then washed three
times with TBST (10mM Tris pH 8.0, 150mM
NaCl, 0.05% Tween-20) and exposed to film

MI. Results

There have been found several cationic
amino acid transporters in mammals. The
sequences of these genes showed very high
homology in transmembrane domains. I looked
into the five charged amino acid in
transmembrane domains and found all sites
were conserved. So I made an assuption that
these sites are important for transporting the
substrate as there should be an ionic
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Figure 3. Western blot of mutant MCAT1. Mutant
proteins were detected by rabbit anti-
serum raised against MCAT1 C-terminal
peptide. Protein extracts from 3 oocytes
injected with water f{lane 1), 10 ng
RNAs of D403K (lane 2), E397K (lane
3), K211E (lane 4), D165K (lane 5),
E107K (ane 6), and MCAT! (lane 7),
were seperated on the 8% SDS-PAGE
and transfered to nitrocellulose paper.
The paper was exposed for three days
after treatment of anti-MCAT1 antibody
and '®I labelled secondary goat lg G.
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interaction between transporter and substrate,
and I tried to make the mutant for those sites.
As was shown in figure 1, there were five
charged amino acid residues in transmembrane
domains. These site were changed to opposite
charged amino acid by using PCR site directed
mutagenesis method. E107K was made by
changing the 107GIu(GAG) in third trans-
membrane domain to Lys(AAG), DI165K was
made by changing the 165Asp(GAC) in the
forth transmembrane domain to Lys(AAG),
K211E was made by changing the 211Lys
(AAA) in the fifth transmembrane domain to
Glu(GAA), E397K was made by changing the
397Glu(GAA) in the ninth transmembrane
domain to Lys(AAA), and D403K was made
by changing the 403Asp(GAC) in the tenth
transmembrane domain to Lys(AAG). These
PCR products were inserted into pSP64T
plasmid which has the Sp6 promoter region,

A

2-

and used to produce the RNAs in vitro.
Following the microinjection method into the
Xenopus oocytes, the amino acid uptake and
gp70 binding assay were performed using
oocytes injected with these mutant MCATI1
RNAs. Figure 2 showed the results of the
arginine uptake and gp70 binding assay.
Mutants showed over 70% gp70 binding ability
except E107K which showed 20 % gp70
binding ability. But the arginine uptake showed
quite different pattern. K211E and E397K was
similar to wild type (over 60 %), E107K
showed almost no arginine uptake, D165K and
D403K showed 30 % arginine uptake compared
to MCATI1. To know the expression in the
oocytes, western blot study was performed
using oocytes injected with mutant RNAs. As
was shown in figure 3, EI07K showed
different patern in the mobility as low as the
unglycosylated form of MCAT1 as previously
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Figure 4. Kinetic study of mutant MCAT1. A) Arginine uptake was measured in various arginine concentra—
tions by using oocytes injected with MCAT! RNA (open circle), E107K RNA (closed circle),
D165K RNA (open squire), K211E RNA (closed circle), E397K RNA (open triangle) and D403K
RNA (closed triangle). The values obtained from water injected oocytes were subtracted from
those mutant RNA injected oocytes. Each points are the mean of 3 ococytes. B) Arginine uptake

was showed to Eadie-Hofstee plot.
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reportedf” D165K showed several bands in the
gel including the same molecule as the
MCATI1. K211E, E397K and D403K showed
same pattern in the mobility as the MCATI.
These results correlated with the gp70 binding
as DI165K, K211E, E397K and D403K have
similar gp70 binding capacity compared to
MCAT1 and have fully glycosylated form,
where E107K is not. Figure 4 illustrated the
Km and Vmax of the arginine transport. The
results showed that KZ211E and E397K have
similar Km to MCAT1 but low Vmax, and
E107K, DI1656K and D403K have much less
arginine transport function. Also efflux study
showed EI07K, DI65K and D403K have
malfunction of efflux as illustrated in figure 5.
This result showed that these amino acid sites
are important for efflux not only for influx.

MW omMArg

Arginine effiux (cpm/medium)

0

Figure 5. Efflux study of mutant MCAT1. Oocytes
injected with 10 ng RNAs of MCAT1
(lane 1), E107K (ane 2), D165K (lane
3), K211E (lane 4), E397K (lane 5),
D403K (lane 6), and water (lane 7)
were reinjected 2 days later with 50 nl
of "C arginne and 10 nmole of
unlabelled arginine (cis arginine). Imme-
diately after the second injection argin-
ine efflux was measured by transferring
oocytes (3 oocytes/0.1 ml) into isotonic
solution containing 0 and 1 mM unla-
belled arginine (trans arginine). Each
point is the mean of data obtained
from two experiments.

IV. Discussion

The conserved charged amino acid residues
in the transmembrane domains seems to be
very important not only for its function but
also its proper localization or modification of
the protein. As shown in some other proteins,
the transmembrane domains are important for
its golgi localization and transport to plasma
membrane. In case of E107K, that one amino
acid change causes dramatic effect on the
amino acid transport function and the
decreased molecular weight. Although it is not
known to be in the plasma membrane, E107K
has not been properly glycosylated and may
not be properly folded so that the virus
envelope protein can not bind to its binding
site properly. DI65K does not seemed to be
properly processed to the plasma membrane,
because the small molecular weight proteins
are existed, although the fully processed
molecules also exist. The existence of fully
glycosylated form of DI165K, K211E, E397K
and D403K correlated with gp70 binding result,
but not with the amino acid transport. K211E
and E397K are quite a good transporter and
also a virus receptor. D403K showed quite a
good gp70 binding function, but not a good
amino acid transport function. Also efflux
study showed EIO07K, DI65K, E397K and
D403K have malfunction of efflux of arginine
transport into medium. These data showed that
these mutants clearly effect the amino acid
transport function both influx and efflux.
Among these mutants D403K has the most
interesting function in amino acid transport as
it transport arginine less than 40 % compared
to MCATI1, and it showed normal gp70
binding which means that protein normally
expressed in the plasma membrane. Again,
amino acid 403 residue seems to be the one of
the substrate interacting site of the MCAT1
protein.
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