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T-cell antigen receptor is a heterodimer of disulfide-linked «- and f-chains. Although the essential features

of T-cell receptor seem to be rather similar to those of immunoglobulin, the amount of T-cell receptor ex-

pressed on the surface of a T-cell is not large enough to be analyzed physico-chemically. In this study, the

DNA fragment encoding 120 amino acids from the 116th to the 235th of the murine f-chain which corre-

sponds to the presumed constant domain was inserted into an expression vector in E. coli. A large amount

of this 18 kDa protein was observed to be synthesized in E. coli, and might be a good source for the three
dimensional analysis of the T-cell receptor molecule.

T-cell receptor; Expression vector; Structural analysis

1. INTRODUCTION

The T-cell antigen receptor is a heterodimer of
disulfide-linked a- and #-chains [1]. Each chain
seems to be composed of five functionally dif-
ferent regions: a variable domain; a constant do-
main; a connecting peptide; a transmembrane
region; and a cytoplasmic region [2]. In contrast to
Ig, TCR recognizes an antigen that is present on
the cell surface in the context of molecules encoded
by the MHC genes [3]. There have been few
reports directly showing an interaction between
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TCR and an antigen associated with the MHC
molecule [4]. Although the TCR is associated with
the T3 molecule, the complex of a pair of a- and
(B-variable domains is believed to form an antigen-
combining site {5]. For understanding the
molecular mechanism of antigen recognition by
TCR, it is necessary to examine the three dimen-
sional structure of the TCR. The TCR gene family
is part of the immunoglobulin superfamily. The
extracellular portions of the molecules belonging
to this superfamily consist of one or more domains
homologous to each other. Each domain is ap-
prox. 110 amino acids long and has several aa con-
served at similar positions (e.g., two conserved
cysteines linked a 60-75 aa span). X-ray
crystallographic analyses of the Ig and
B>-microglobulin showed a conserved tertiary
structure named the ‘antibody fold’, composed of
3- to 4-stranded antiparallel #-sheet bilayers [6,7].
Computer analysis of the TCR’s primary aa se-
quence, deduced from the nucleotide sequence,
predicted essentially the same features for both the
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TCR domains and the Ig domains [8]. However,
the amount of TCR expressed on the T-cell surface
is not large enough to be analyzed physico-
chemically.

In order to obtain a larger amount of TCR, we
tried to produce the TCR molecule in E. coli. This
study reports the production of the constant do-
main of murine TCR g-chain in E. coli.

2. MATERIALS AND METHODS

E. coli W3110 was provided by T. Okazaki
(Nagoya University). Plasmid 86T5 containing
murine T-cell receptor Cs gene was kindly supplied
by M. Davis (Stanford University). Plasmids
pKYP26, containing trp promoter and /pp ter-
minator; pTrS3S, containing ¢frp promoter; and
pKYP200, containing double trp promoters, were
constructed at Kyowa Hakko Kogyo Co. as
described [9]. A Bg/ll linker, T4 DNA ligase,
Klenow enzyme, and restriction enzymes were pur-
chased from Takara Shuzo Co. The conditions of
SDS-polyacrylamide gel electrophoresis (PAGE)
were essentially the same as those described by
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Laemmli [10]. Prokaryotic DNA-directed transla-
tion kit was purchased from Amersham.

3. RESULTS AND DISCUSSION

The murine Cg is encoded by four exons [11]. In
contrast with the Ig constant genes, however, these
exons do not correlate with the presumed func-
tional domains. As shown in fig.1, the first exon of
the constant gene is 375 bp long. The 113 aa from
Asp at the 116th to Thr at the 228th seem to corres-
pond to the constant domain [5]. In order to pro-
duce the constant domain in E. coli, we
constructed a recombinant plasmid as shown in
fig.2. A BgllI site was created by inserting the syn-
thetic linker g’;g?AGA(é into the EcoRV site of
pBR322. The 394 bp Sau3A fragment which en-
coded the 116th to the 260th aa residues was
isolated from 86T5 [2], and recloned in the Bg/ll
site of this plasmid, resulting in the plasmid
pMCGBAG6. Bglll sites were newly created at both
ends of the insert. Plasmid pKYP26 including a
terminator was first digested with Kpnl, reacted
with Klenow enzyme, and finally digested with
Pstl. The PstI-Kpnl fragment of pKYP26 was
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Fig.1. Nucleotide sequence of murine T-cell receptor S-chain. The nucleotide sequence and the deduced amino acid

sequence are shown as based on the published data of 86T5 [2]. The boundaries of exons are shown by vertical lines.

Amino acids are numbered from the N-terminus of V domain. The polypeptide produced in E. coli corresponds to the

region sandwiched between vertical dashed lines plus Met at the N-terminus and Ala-Lys at the C-terminus. Restriction
sites used in this study for the construction of plasmids are underlined.
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replaced by the PstI-Stul fragment of pMCGASG. In
this case the Stul site not at the 175th but at the
234th aa residue indicated by an arrow in fig.2A
was digested under partial digestion conditions.
The pMC@FG11 was obtained. A ¢rp promoter and
two tandem f¢rp promoters were inserted into this
clone as follows: plasmid pTrS35 including the ¢rp
promoter was digested with Sacl, reacted with
Klenow and finally digested with PstI. The
pMCAG11 was partially digested with Bg/II (in this
case the Bg/lI at the N-terminus indicated by an ar-
row in fig.2B was digested, but that at the ter-
minator was not), reacted with Klenow enzyme,
and finally digested with PstI. The PstI-Bg/II frag-
ment of pMCBG11 was replaced by the above Pstl-
Sacl fragment of pTrS35. pMCg#J11 was obtained.
The Pst1-Clal fragment of pKYP200 including two

—Pstl 1 1

I~ Stul partial
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tandem frp promoters replaced the PstI-Clal frag-

ment of pMCEFIL1. The resulting plasmid,

pPMC@KS, includes two tandem #rp promoters; a
Shine-Dalgarno sequence (AAGG); a 14
nucleotides spacer; the following coding sequence:
Met, 120 aa from the 116th to the 235th residue,
and Lys; and a terminator. The structure was con-
firmed by nucleotide sequence analysis according
to the M13 chain termination method [12]. E. coli
W3110 was transfected with pMCGKS8, and grown
in M9 casamino acids medium. When total pro-
teins from the cells were analyzed by SDS-PAGE,
a thick band was observed at 18 kDa which was
not from either W3110 or from pBR322-infected
W3110 (fig.3A). To assign the 18 kDa band to Cg;
polypeptide, the pMCBSK8 DNA was incubated in
the transcription-translation mixture in vitro [13].

Clal ~Find M Sacl
AAGGGTATICGATA A& ratcaceTc -
Bgl Il partial Sac | Met
Kienow EKlenow
Pst | Pst [

Fig.2. Construction of plasmid pMCGK8. The details are given in the text. T-cell receptor gene-derived region, trp
promoter, double ¢rp promoters and /pp terminator are shown by stippled boxes, open boxes with an arrow, open boxes
with two arrows and open boxes with a dot, respectively. The nucleotide sequence of downstream of each promoter
is shown. Abbreviations: P, Pstl; Bg, Bglll; E, EcoRl; S, Sacl; C, Clal; K, Kpnl; H, HindIlI; Ap', S-lactamase gene.
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Fig.3. Production of Cz domain in E. coli. (A) E. coli W3110 (lane 1), pBR322-infected W3110 (lane 2) and
pMC@AK8-infected W3110 (lane 3) were grown in M9 casamino acids medium. Total proteins from the cells were
analyzed by SDS-PAGE. The proteins were stained with Coomassie brilliant blue. The 18 kDa protein is indicated by
a thick arrow. The position of size markers is indicated in kDa. (B) Autoradiograph of the SDS-PAGE of proteins
labelled in vitro with [>*S]methionine. Prokaryotic DNA-directed translation kit (Amersham) was used for in vitro
protein synthesis from the plasmid DNA templates. Lanes: 1, pMCGKS; 2, pKYP200. The size markers indicated by
arrows correspond to 45, 31, 21.5 and 14.4 kDa. (C) SDS-PAGE of partially purified Cs protein under reduced
conditions (lane 1) and non-reduced conditions (lane 2). The size markers are the same as those in A.

SDS-PAGE analysis of the products showed an in-
tense band at 18 kDa in addition to a 30 kDa band
which corresponds to A-lactamase as shown in
fig.3B. This clearly indicates that the 18 kDa pro-
tein is encoded by pMCGFKS.

The inclusion bodies containing the Cg
polypeptide were partially purified as follows [14].
Extracts of pMCGKS8-infected W3110 cells were
centrifuged in Percoll density gradient. The white
thick band was recovered from the gradient, and
precipitated by centrifugation at 12000 x g for
5 min. The precipitate was suspended in 7 M urea-
containing buffer (50 mM Tris-HC] (pH 8.0),
1 mM EDTA, 50 mM NaCl, 0.1 mM phenyl-
methylsulphonyl fluoride) at a concentration of
400 xg proteins/ml. The suspension was dialyzed
against PBS (1.15 g Na;HPO,, 0.2 g KH>POq,
8 g NaCl, 0.2 g KCI/1), for two days and the in-

soluble materials were removed by centrifuga-
tion at 12000 x g for S min. The soluble fraction
was analyzed by SDS-PAGE under non-reduced
and reduced conditions (fig.3C). The appearance
of two bands under the non-reduced conditions
may reflect the existence of three cysteine residues
in the Cs; domain and their illegitimate link. To
examine the physico-chemical nature of the Cg,
domain, it might be necessary to replace cysteine at
the 185th residue with another aa by site-specific
mutagenesis. In order to determine whether the E.
coli-made Cg, polypeptide had the same epitope as
that of a natural TCR, the antiserum was prepared
by immunization of rabbits with the partially
purified E. coli-made Cg; polypeptide. In pre-
liminary results, it reacted with 90 kDa protein in
a fraction of the surface molecules of murine T-cell
hybridomas (F.N., unpublished). The E. co/i-made
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Cs 1 protein might be a good source for the three
dimensional analyses of TCR. The protocol for the
production of the Cg; protein described in this
report should also be applicable to the synthesis of
other parts of TCR molecules.
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