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The § fHanking region of the pene coding for eytaplsmiv thymidine kinuse (TKyin the mouse (a tot) oF 490 bp upstreéam of the initiation asdon)

was tested for promoter activity using the chlotimphenivol deatyltnmsfense gene as reporter, [ was found that the region can be divided info

two parts, one of which eirries promuoter aetivity in the direction of ‘TR whereas the S-halt has premuoter wetivity in the opposite direction, A

Fragment of 140 bp was sutlicient for grow th-dependent promater activity in the direction of TR, although about 100 bp further upstream, enhunved
the uctivity, Expression from the divergent promoter was independent of cell growth,
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1. INTRODUCTION

Thymidine kinase (TK) is an enzyme of the salvage
pathway whose activity is regulated with growth and
during the cell ¢yele at the transcriptional level as well
as at several levels post-transcription [1-13]. We have
previously isolated and characterized the mouse TK
gene and pseudogene sequences from a cosmid library
and determined the sequence of about 500 bp upstream
of the initiation codon. This sequence shows little
resemblance tc other TK promoters, except for a stretch
of 18 bp which is present (with only two modifications)
in the upstream region of mouse, human and hamster
TK genes [14]. There are, however, a number of se-
quences present in the mouse TK promoter which are
known to be binding sites for transcription factors
(outlined in Fig. 4 of [14]); in particular, there are two
binding sites for transcription factor SP1. In order to
learn more about the relative contribution of transcrip-
tional and post-transcriptional processes during growth
regulation of TK expression in cultured mouse cells, we
have constructed plasmids containing various parts of
the TK upstream sequence in front of the gene for
bacterial chloramphenicol acetyltransferase (CAT) to
test for promoter activity. Surprisingly we found that
this upstream region contains, in addition to a growth
regulatad promoter in the direction of the TK gene, a
divergent promoter active in the opposite direction. In
CAT constructs the divergent promoter did not exhibit
growth regulation,
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2. MATERIALS AND METHODS

2.0, Cells

Mouse 3T6 or LMTR " cells were grown in Dulbecco-modificd
Lagles medivm containing antibjotics amnd 10% fetal boevine serum.
Cells were arrested by Keeping thew for 3 days in medium containing
0.2% serum,

2.2, CAT constructs and CA'T assayy

Starting points for the preparation of the CAT constructs shown in
Fig, 1 were the plasmid pMSG-CAT (Pharmucia-LKB) and the 2.7 kb
FeoRI fragment containing the §' end of the mouse TK gene [14).
PMSG-CA'T carries an MMTYV promioter in front of the CAT gene
whic* was removed by digestion with Smal and Findlll and cither
blunt end ligated to yield p0-CAT or replaced by either one of the
following upstream fragments: the §' EcoRI to Asp700 fragment
(- 490 to ~52; [14)) in cither direction, the Nedl 1o Asp700 fragment
(~254 10 ~52), the Ncil to EcoRI fragment (—254 to ~490), the
Sacl to AspT00 fragment (~ 145 to - 52) or the Sacl to EcoRI frag-
ment (- 145to —490), to yield the plasmids pE/A-CAT, pA/E-CAT,
PN/A-CAT, pN/E-CAT, pS/A-CAT and pS/E-CAT (Fig. 1). The
orientation of the inserts was verified by restriction analysis, For the
production of cell tines transformed by integrated CAT plasmids, the
gpr gene present in the CAT plasmids (originating from pMSG-CAT)
was removed and replaced by the neo gene from plasmid pSV2-neo
under control sequences from SV40 [15], to allow selection of
transformed cells with Genetieln,

For CAT assays, LMTK™ cclls were transfected with 10 ug of
plasmid DNA by the calcium phosphate method as detailed by Gor-
man [16]., We have chosen LMTK ~ cells because the same cells could
also be used for transfection with various constructs containing TK
c¢DNA or TK gene sequences followed by HAT selection for TK™*
clones. Extracts were prepared 48 h later and assays carried out essen-
tially as described [16] except that only 0.125 uCi of [1Clehloram-
phenicol (Amersham) were used per reaction mixture. Equal amounts
of protein from the various extracts were added in parallel assays,
After autoradiography, spots of acetylated chloramphenicol were
scraped from the thin layer plate and counted to calculate percent
conversion of chloramphenicol into the acetylated product. Ex-
periments were repeated at least 3 times. Cell lines stably transformed
with various CAT constructs were produced by transfection of
plasmids containing the reo geneinto LMTK = cells followed by selec-
tion in the presence of Geneticin (600 pg/ml).
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Fig. 1. Schematic representation of the upstream Tlanking region of
the mouse TR gene (490 bp) and of CAT constructs produced, (Top)
Locition of restriction sites used: 1 to S are aselection of binding sites
for transeription factors: (1) TATA box in the direction opposite to
TK, (2) modified octamer box arfented in the direction opposite to
TK, (3) and (5) $P1 hinding sites (GC baxes), (4) the 18mer sequence
canserved in the upstream region of mouse, hamster and human TK
senes [14).

2.4, Cloning of DNA seguences upstream of the TR gene

The cosmid carrying the total TK gene (cosmid A in [14])) carries in
addition to the TK gene more than 10 kb of mouse DNA upstream of
the TK gene, This DNA was subcloned in the form of £ZcoRI, BumH!
and EcoRI-BamHI fragments into plasmid pAT153 and the order of
the fragments determined using standard procedures {17}, Partial se-
quence data were obtained by introducing fragments into M13
phages, using M13mpl8 and M13mpl9 (Pharmacia) as cloning vee-
tors, followed by sequencing according to the dideoxy-method [18].
Soutnern and Northern transfers were carried out using standard pro-
cedures {17}, Probes to be used for hybridization of Southern or Nor-
thern blots were prepared by random primer labelling.

3. RESULTS AND DISCUSSION

The 490 bp TK upstream region (isolated from a
mouse cosmid containing the TK gene) was tested for
promoter activity in transient CAT assays, first using
the fragment from the EcoRI (nucleotide — 490 from
the ATG) to the Asp700 site (nucleotide --52; our
TKcDNA clone started at nucleotide ~ 58, [3]; for the
sequence of the 490 bp TK upstream region see [14]). If
the fragment was inserted in front of the CAT gene in
the TK orientation, it exhibited only low promoter ac-
tivity, auite in contrast to the control, namely the same
region inserted in the divergent orientation. Looking at
the sequence it became apparent that the §' part carries
sequence elements similar to a TATA bos and an oc-
tamer box oriented in the direction opposite to the TK
gene. In order to test for the possible presence of two
divergently oriented promoters in the region we con-
structed a sei.es of CAT plasmids carrying parts of the
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Fig, 2 Transient expression of CA'T, Details of these assays are

deseribed in section 2. The construets transfected into LMTR cells
are defined in Fig, 1.

sequence in either the direction of the TK gene or in the
divergent orientation (Fig. 1), These were tested foy
CAT activity in parallel assays and the results are shown
in Fig, 2, It is ¢lear that the total fragment was more ac-
tive in the opposite orientation (compare E/A with
A/E); activity in the direction of TK increased upon
removal of the §-half of the total sequence (leaving
fragment N/A), while the removed sequence (IN/E) had
at the same time stronger activity than fragment A/E.
Removing further sequences (carrying the conserved
18mer and one GC-box) in the direction of TK, and
thus creating plasmid S/A, decreased the promoter ac-
tivity in the TK direction and a similar decrease was
observed wher ...~ remaining 5’ f{ragment S/E was
tested for promoter activity in opposite direction.
Hence, the sequences between the Nl site and the Sacl
site probably contain binding sites for transcription fac-
tors which increase the activity in the direction of the
TK gene but are not absolutely required for TK pro-
moter activity. The results suggest that the TK pro-
moter and the promoter active in the opposite direction
are not overlapping.

The next question addressed was whether the expres-
sion of CAT constructs in the direction of TK exhibited
growth regulation in stably transformed cells. To this
end the gene coding for Neomycin resistance was added
to the CAT plasmids and LMTK ~ cells transformed
therewith were selected in the presence of Geneticin. As
shown in Fig. 3, expression of CAT was growth-depen-
dent in cells transformed by plasmids carrying pro-
moter sequences in the direction of TK (N/A or S/A)
whereas no such growth dependence was seen if expres-
sion was in the opposite direction (S/E in Fig. 3; an
identical result was obtained with the N/E construct,
not shown). As in transient assays, expression from the
longer comstruct (N/A) was somewhat stronger than
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Fig. 3. Growth regulation of prometer activity, EMTRK cells were

trnsfected with CAT phismals carrying the upstream region i

divinted (see Vig, D) and the neo gene, Transformed cell lines were

sélected in medium containing Genetivin, Cells were arrested for 3

days i1y meditm containing 0.29% serum, Hall of the plates then

received 109 serum for growth stimulation, and extracts were
prepared 18 b therealter.

that from the shorter one (8/A). Both exhibited
dependence on growth, which indicated that sequenees
upstream of the Swel site bind transcription factors
which increase promoter activity in the direction of TK
but may not be responsible for growth regulation of TK
gene expression, a result which is in agreement with the
report of Lieberman et al. (11].

Divergent promoter activity has recently been found
in the upstrcam flanking region of several genes:
dihydrofolate reductase [(19-22], «(IV) collagen (23], ¢-
Ha-ras {24], rat 3-hydroxy-3-methylglutaryl coenzyme
A reductase [25], rat insulin [I ([26]. The most
thoroughly studied example is that of dihydrofolate
reductase in which case an overlapping divergently ac-
tive promoter was shown to direct the expression of the
dihydrofolate reductase gene and of a gene, Rep-/,
coding for an enzyme possibly involved in DNA
mismatch repair [27,28]. We herewith add another ¢x-
ample of a bidirectional regulatory region; the mouse
TK gene 5' flanking sequence.

We subcloned some 10 kb of sequences upstream of
the TK gene which were present on the cosmid carrying
the TK gene. The restriction map of this region and the
subcloned fragments are shown in Fig. 4A. Hybridiza-
tion of these fragments to Southern blots of mouse
genomic DNA revealed the presence of highly repetitive
clements within the small Xhol to EcoRI fragment of
UP1, within UPS and UP9 and within the Smal to Smal
fragment of UP6. These repetitive elements recognized
each other, indicating that they were highly related. In-
deed, sequencing of two of these (UP9 and the small
Xhol to Ecol fragment of UP1) revealed almost iden-
tical sequence which showed 80% homology to the Bl
elements, the mouse Alu equivalent (not shovn). All
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Fig. 4, Genemic region upstream ol the TK gene, (A) Schematic driaw-
ing indiciating representative restrivtion sites used for subeloning and
the designition of clones. Abbreviations: B BamHl; E = EcoRl;
Pz Pty 8 = Smat; X Xhol, Vertical bars in the expressed region of
the TR gene (within UP2) depict exons 1 and 2. (B) Examples of
Southern blots of DNA from 3T6 cells (Janes 1, 3, 5and 7) and from
LMTK ™ cells (fanes 2, 4, 6 and 8). (Lanes 1 and 2) EcoR1 digests, pro-
bed with the UP3; (lanes 3 and 4) BamH! digests probed with UpP7;
tanes 5 anmcd 6) LcoR1 plus BamHl digests probed with UP2; (lanes 7
und 8) LeoRl digests probed with the small Xhol to £coR1 fragment
containing repetitive IDNA sequences. M = marker (Ffindl11 digest of
ADNA plus Haelll digest of ©@X174 DNA).

the other fragments hybridized to single copy DNA (sec
Fig. 4B for examples). LMTK ™~ cells which lack the
total TK gene {14] also lack the upstream sequences;
they gave signals only with clones containing repetitive
DNA (Fig. 4B). When the upstream subclones were
hybridized to Northern blots of RNA isolated from
rouse fibroblast cell lines, signals were obtained only
with repetitive DNA (resulting in smears, not shown)
but not when the probes contained only single-copy
DNA. In order to look for signs characteristic of an ex-
pressible gene, we determined the sequence of part of
fragment UP] immediately following the presumptive
divergent promoter. An open reading frame was found
which codes for 45 amino acids and ends at a splice
donor site. From this observation and from the
presence of repetitive elements, we consider it likely
that many of the sequences of the putative divergent
gene which we have subcloned may represent introns. It
may therefore be difficult to obtain conclusive signals
in Northern analyses using these sequences, and further
analysis will have to await the isolation of c¢cDNA
clones,
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