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Digeylglycerol (1G) Kinase atienuates the level of the second messenger DG in signad transduction, and therefore possibly modulates protein kinase
CPRKC), DG Kinase was puiticd to homogeneity from huaman white blood cells, showing an 87, of 86 kDa as determined by SDS-PAGE and
gel filtration. Two aminoe acid sequences of teyptie peptides from DG kinase were determined and degenerate ofigonudleotides were prepired und
wsedd in the polymerase chiin reaction. An amplitied DNA frugnient was subsequently used to clone the full-length human DG Kinase ¢cDNA,
This seqquence is the huaman homolog of i porcine 16 Kinase ¢IINA scquence teported recently {1). The sequence contains a double Ef-hand
structure typical for Cie? * binding proteins. DG Rinase further contains o double cysteine repeat that is presentin all PRC isoforms, where it consti-
tutes the phorbol ester Gand most likely dineylglyceroly binding site. Therefore we speculitte that the dotible eysteine repeat in G Kinase is involved
in DG binding, DG kinase is trunseribed as a single mRNA of 3.2 Kb, that is highly expressed in ‘T-lymphocytes, The human DG kinase cDNA
when transfected in mammalian cells (COS-7) results in i 6 - 7-fuld increase of DG Kinase activity.

Diueylglycerol Kinase; Human white blood ¢ell; BF-hund: Cysteine repeat

L. INTRODUCTION

The enzyme diacylglycerol kinase (DG kinase) is
thought to be mainly involved in the regeneration of
phosphatidylinositol (PI) from diacylglyceral (DG) in
the Pl-cycle during cell signal transduction {2,3]. In this
process, DG kinase can be viewed as a modulator that
competes with PKC for the second messenger DG [4].
Transformation of 3T3 cells by the ras oncogene results
in constitutively increased levels of DG and membrane-
bound PKC activity, accompanied by a decrease in
membranc-bound DG kinase activity, suggesting a
possible role for DG kinase in ras cell transformation
[5,6]. The demonstration that the product of DG kinase
activity, phosphatidic acid (PA), is itself mitogenic pro-
vides a second way in which the enzyme may be involv-
ed in signal transduction [7,8].

Understanding the possible role of DG kinase in
transmembrane signalling requires a thorough study of
its molecular and enzymatic properties. At present,
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most studies have been performed with cell lysates and
partially purificd DG Kinase preparations. Recent
reports indicate the presence of various types of DG
kinases, that differ in celluiar localization, substrate
specificity and molecular weight [9-13].

Here we report the purification and characterization
of a 86 kDa DG kinase from human normal white blood
cells (WBC). Based on partial amino acid sequences of
the purified DG kinase, primers were designed that
have allowed the cloning of a human DG kinase cDNA
by use of the polymerase chain reaction (PCR),
resulting in the complete amino acid sequence of the en-
zyme. While we completed the cDNA ' sequence of
human DG kinase, the primary structure of porcine DG
kinase was reported [1]. Thz DG kinase sequence
reported here is the human equivalent of the porcine en-
zymie.

2. MATERIALS AND METHODS

2.1. Materials

All materials were from either Sigma, Merck or BDH unless stated
otherwise. 2-Monooleoyl-rac-glycerol and  1-oleoyl-lyso-3-sm-
phosphatidic acid were from Serdary (Ontario, Canada); 1-O-
hexadecyl-2-0-methyl-rac-glycerol and 1,2-O-dioctadecyl-sn-glycerol
from Bachem (Bubenheim, Switzerland); adenosine 5'-[y-3*P]
triphosphate (3000 Ci/mmol) from Amersham; acrylamide from Ser-
va (Heidelberg, FRG); dithiothreitol and adenosine 5'-triphosphate
from Boehringer; R59022 from Janssen (Belgium). 1-Palmitoyl-2-
oleoyl- and 1-O-hexadecyl-2-oleoyl-sn-glycerol were prepared in our
laboratory from their respective PC homologues by reaction with
phospholipase C [14] and purified by HPLC [15].
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doa bnavere prertfivation assd anino gqerd seglienciag of tevptic
reptules

WHU were isolated feom 2550 ltets of Blood, ervihrovytes were
bysed and WBC were sedimented for 18 avincan 2000 g0 The cesulting
cell prepuration was heterogeeous in compusition, vonsisting for the
predominant pant of polymorphonuctear cetls and for a smaller pant
of lymphocytes, residuat erythrocytes smd platelets ¢« 2070),

WHC pellets were dituted in 600 b buffer A (250 mMl sucrose, |
M EDTA, 0018 NaN L 28 mM Tras - HUVpEH 7.5), 0,05 (adATE
and 0.5 M dithiothreitoly, supplemented with protedse inhibitors
(0.1 mM phenyimethylsullonyl fluovide, 2 4N leupepting 1 ag/ml
teypsin inhibitor, 0.1 11U ml aprotinin aad homogenized with
polytron mixer on ive. After centrifugation at 100000 < g for 1 h, the
cytasolic fraction was stored -+ 70°C (under these conditions en-
syitatic activity was preserved for several months), DG Kinase was
purified  from  the  eytosoliv  fractions  using  the  column
chromatography steps as outlined in Table {, which is similar ta the
procedure fram Kanoh et al. (9], except that My ™ was omitted in all
steps, Furthermore, ATE was omitted during sall gradicnt elution in
the ATP-agarose column step. This wias cvsentinl to separate DG
kindse from other ATP-agarose binding proteins, Highly purified DG
Kinise (B0 4g) was used for amino acid sequencing, ar described {16).

2.3, DG kinase axsay

Lngyme preparations (20 g1, maximally 20 g protein) were in-
cubated inan assay misture (290 0 containing S0 mM Tris-HC (pH
7.8), 10 mM Nall, 10 M MgCly, 0.5 mM dithiothreitol, 1 mM
diolein, 2 mM PS, 1 mM deoxycholate and 2 mM [y-"*PJATP. The
reaction was started by the addition of (3-“PJATP and terminated
after 3 minincubation at 30°C by mixing 2004} assay mixture with 3.6
ml chioroform/methanol/2 M NaCl (1:2:0.6, v/v/v), The formation
of PA was iincar in time for at least 10 min. Atfter vortexing, 1 ml
chloroform and 1 ml 2 M MNaClwere added, followed again by vortex-
ing. The chloroform phase  was analyzed by thin  layer
chiromatography on silica gel plates (DC fertigplatten, Kieselgel 60;
Merck) with c¢hloroform/methanol/acetic acid/H:0  (50:30:2:4,
v/v/v/v) as developing solvent. PA and LPA spots were detected by
autoradiography, scraped off and quantitated by liquid scintillation
counting. More than 909 of the ¥P-label was recovered in the PA
spot.

2.4, PCR and ¢DNA cloning

The PCR mixture contained 10 mM Tris-HCI, pH 8.3, 50 nM KCl,
1.5 mM MgClz, 0.001% gelatin, 0.25 mM of cach ANTP, 1 ug of each
nrimer, and 2.5 units of Tag polymerase (native Taq or recombinant
AmpliTaq, both from Perkin Elmer Cetus) in a total volume of 50 z!
or 100 xl. All PCR reactions were sarried out with thermocycling con-
ditions as specified by Perkin Elmer Cetus, with a 50°C annecaling
temperature, using normally 30 cycles. Two Agtl0 human cDNA
libraries were screened to obtain a full-length DG kinase ¢cDNA. A
Jurkat T-cell ¢cDNA library (Clontech) was screened with a randomly
primed **P-labeled PCR DNA-fragment. Plaque purifications were
carried out using standard procedures [17). ¢cDNA inserts from
purified plagques were subsequently digested with EcoRl and cloned

Table |
Purification of DG kinase from cytosol of human WBC and pig brain

TS LETTERS

Volume Spec. act, Activity Purifi- Protein
(ml) (nmol/min yield cation (mg)
per mg) (%) factor

Human white blood cells

cytosol 600 6.5 100 1 2160
DE 52 200 26.0 68 4 k)|
(NH4)2804 9 11.8 24 1.8 286
G150 38 53.4 10 8.2 26
ATP agarose 22 6913 6 1064 0.13
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into an LeoRD digested pGENL YA vector, A DNDGE Froeld
feuberidy vell NN ibrary (Mindly provided by B Flodhstenbach,
Barstond was setvoned with DNA Tragmients Feotn previousty ctosed
CHDNA,

28 Other provecure

SDSPAGE on 107 geols was performed aveording to Lueminly
{18]. Protein was determined aveording to Petersun (1], DNA Se-
gueneing was perfornied with it 17 DNA sequenchier Kit(Pharmacia,
Swveden) using alk ali denaturad double stranded DNAL Sequentee dita
were analysed using GUG sofpware (0], Deduced amino aid e
qitenives were wsed to scarch Tor hometoey in Gienbank, using
FANALLY [20] Total RNA and polytAd RNA were purificd with
standard technigues (17]0 RNA was separated on 1% agarose fors
naldehyde gels, transferred o nyton membrane (Hybond N, Amet-
sham) and hybridized with ¥Pabeled randomly primed probes (acs
cording to Amersham) Totad RNA from Helacells, Ad31 cells, and
GLE2 cells as well as o human actin DNA probe were it generous gift
from M, Gebbink in our institute, COS-7 cell wansfections were pee-
formed as deseribed {21, cell tysates were prepived by seraping cells
in the sine meditm as used for WHBC, followed by 10 s sopication on
ive.

3. RESULTS AND DISCUSSION

3.1, Purification and characterization of DG kinase
Jrom hueman normal white blood cells

The purification of DG kinase was undertaken
because an initial observation suggested the presence of
DG kinase activity in highly purified PKC preparations
(R.v.d.B. unpublished results), obtained after affinity
column chromatochraphy on immobilized PS {22]. To
investigate the possibility whether PRC could itself
phosphorylate the physiological activator, DG, the
separation of the two activities was the original aim.

Upon homogenization of WBC, 90% of the DG
kinase activity was recovered in the cytosol fraction,
which displayed a 2-fold higher specific activity than
the microsomal fraction. As shown in Table I, purifica-
tion resulted in preparations that were 1000-fold in-
creased in specific activity compared with cytosol.
Upon (NH4)280, precipitation, no increase in specific
activity was observed. However, omittance of this step
resulted in less pure preparations as judged on SDS-
PAGE (data not shown). In the final step of the
purification, DG kinase activity eluted from an ATP
agarose column at about 400 mM NaCli (Fig. 1) and co-
purified with a band of approximately 86 kDa as
detected on silver stained SDS-polyacrylamide gels (Fig,
1). These fractions were devoid of PKC activity
(measured as descibed in [22]). In a similar manner, DG
kinase was also purified from pig brain cytosol (results
not shown). In this case, final preparations also
displayed an 86 kDa band on SDS-PAGE (Fig. 1). After
ATP agarose chromatography the enzyme was very
unstable, 90% being lost within a few hours at 0°C.
Stability could not be improved by addition of kriown
stabilizing agents, such as: bovine serum albumin, ATP
[91 or PS liposomes {23]. Upon gel filtration of human
WBC cytosol, DG kinase activity eluted at a molecular
mass of approximately 87 kDa (results not shown). This
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Fig. 1. SDS polyacrylamide gel analysis (silver stain) of ATP agarose column fractions of human WBC DG kinase. 50 4l of each column fraction

was loaded per slot, The upper part of the figure shows the DG kinase activity and the NaCl concentration (measured by conductivity) in each

fraction. 8, buffer only; P, purified IDG kinase from pig brain cytosol Gsimilarly purified as human WBC DG kinase); S, starting material londed
on the ATP agarose column,

indicates that the native enzyme of human WBC con-
sists of a single polypeptide.

It is likely that myeloid cells are the main source of
our purified WBC enzyme as WBC preparations con-
sisted for the predominant part of polymorphonuclear
(myeloid) cells. This argues against the suggestion [24]
that, among the different types of peripheral blood
cells, the presence of DG kinase (the structure of which
we report) would be restricted to lymphocytes. In addi-
tion, the 86 kDa DG kinase could also be isolated from
blast cells from a patient suffering from acute myeloid
leukemia (results not shown).

The WBC DG kinase shows optimal activity in the
presence of PS and deoxycholate (DOC) as cofactors
and lower activity in the presence of PC (results not
shown). The observation that DG kinase itself is
stimulated by PS, and therefore presumably possesses
binding site(s) for this ptiospholipid could explain the
observed retention of DG kinase activity on immobiliz-
ed P8 during purification of PKC (see above), In the

presence of 2mM PS and 1 mM DOC, a K, for 1,2-sn-
diolein of 0.45 mM was measured, similar to the 1 mM
value reported for a bovine brain DG kinase [25], but
significantly higher than reported for a 80 kDa pig brain
enzyme (60 M) [9]. The K, for ATP with and without
1 mM DOC is 1.6 mM and 0.5 mM respectively, similar
to other values of DG kinase preparations, that were
determined only in the presence of DOC [9,25].

DG analogs containing an unsaturated fatty acid at
the sn-2 position gave optimal enzyme activity (Table
II), irrespective of the presence of DOC (results not
shown). The low but detectable activity observed with
1,3-sn-diolein can be explained by a 5-10% contamina-
tion of the substrate with the 1,2.sn isomer, as
measured by HPLC. Of the monoacylglycerols tested,
only 2-monooleoyl-rac-glycerol was phosphorylated by
our DG kinase preparation, although with low efficien-
cy (Table II). Since DG kinasc is an enzyme of the PI-
cycle, its natural substrate could be 1-stearoyl-2-
arachidonoyl-sn-glycerol, thought to be the main DG
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tested in the presenve ot 2 M PSand 1 maM DOC. The absolute

vitlues abserved varied between different sots of experiments, due to rizyme instability,
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analog generated from phosphoinositices [26,27]. In-
deed, for membranchound DG kinase in Swiss 3T3
fibroblasts and baboon brain, this particular DG
analog has been shown to be a preferred substrate,
rather than 2-oleoyl DG analogs [10,13]. However, in
the cytosol of Swiss 3T3 cells DG kinase activity did not
display this DG preterence [10], suggesting the existence
of different types of DG kinases, In WBC, we did not
find such a particular G preference for cither mem-
brane-bound DG kinasc (results not shown), or for the
purified cytosolic enzyme (Tabic II), also in the absence
of DOC (not shown). With these preparations, similar
activities are measurcd with DG substrates expected to
be formed from PI- as well as PC-breakdown [28]. As
receptor-mediated PC breakdown is now accepted to be
a ubiquitous phenomenon (for review see [29]), the
broad DG specificity of human DG kinase could also
imply a role for the enzyme in this pathway. Analogs
containing an ether-linked residue at the sn-1 position
(1-O-hexadecyl-2-oleoyl-rac-glycerol) were also
substrates for human DG kinase, but those containing
2 ether-linked residues (1,2-O-dioctadecyl-sn-glycerol
and 1-O-hexadecyl-2-O-methyl-rac-glycerol) were not
(Table 11); these compounds likewise can be generated
by agonist-induced hydrolysis of ether-linked PC [30].

Among the compounds which have been described to
inhibit DG kinase [31,32], the compound R59022 {32] is
indeed a potent inhibitor of the human WBC enzyme,
but 1-monooleoylglycerol and 1,2-dioctanoylethylene
glycol are not (data not shown). Furthermore, the en-
zyme is also inhibited by N'.ethylmaleimide and
N,N'-O-phenylenedimaleimide (data not shown). This
finding, together with the observation that the enzyme
is stabilized by dithiothreitol, suggests that one or more
free sulfhydryl groups in the enzyme play an essential
role in its catalytic action.

154

3.2, PCR ¢DNA cloning and sequencing of uman DG
kinase

Starting from about 1000 butfy coats (which is the
equivalent of approximately 400 liters of blood), 80 uz
of DG kinase was obtained in highly nurified form.
Following clectroblotting of the enzyme, tryptic pep-
tiles were prepared, and after purification by HPLC,
two of them were  sequenced: peptide A,
EIDYDGSGSVSQAEXVR (no definitive assignnent
but a likely Trp at position 15), and peptide B,
Y/9/u97/MYEGQNLAK  (two  residues  were
detected in each of the first four cycles during gas phase
sequencing)., The degenerate oligonucleotide sequence
of peptide A was divided in three regions, and the
highly degenerate middle 16 nucleotides were amplified
with PCR using degencrate primers based on the se-
quence from the extremities of peptide A, First strand
c¢DNA from Jurkat cells was used as a template, The ex-
pected 51 bp fragment was amplified, extracted from
gel, used for PCR reamplification, and then cloned.
The unique sequence of the 16 bp middle region could
thus be determined for peptide A and indeed fully mat-
ched the amino acid sequence, The 16 nucleotide se-
quence together with 6 bases at the 5’ end and 5 bases
at the 3’ end yielded a 29 bp primer that was only 8-fold
degenerate, This sequence, forward and reverse, was
synthesized with a §' adaptor CGATCGAATTC, and us-
ed in combination with B primers (deduced from pep-
tide B) on Jurkat cell first strand ¢cDNA. The combina-
tion of the 8-fold degenerate A forward primer with a
reverse 4096-fold degenerate B primer yielded a single
0.95 kb DNA fragment.

The 0.95 kb fragment was labeled by random priming
and used as a probe to screen 10° plaques from a Jurkat
cell Agt10 ¢cDNA library. The majority of the strongly
hybridising plaques contained a 2.1 kb insert. Two
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clones with inserts o1 2.0 kb and 1.0 kb were subeloned
and wsed Tor sequence analysis, Both sequences dedas
el from peptides A and B, were present within the
lurger insert. Sinve both clones start s exactly the siune
positiog, becanse various 2.1 kb clones were isolatesd,
and also because tie longest apen reading frnme did not
hive §° upstream in rame stop codons, we suspected
that our human DG kinase ¢cDNA had an internal
FeoRl1 site at the 57 -end ot both clones, Since no addi-
tional fragments had been detected after FeoRl diges-
tion of the phage PDNAs from Jurkat Agt10 clones, in-
serts used to construet the gt10 libravy probably had not
been properly methylated, A second 5010 ¢DNA
tibrary (from human DND4L leukemic T-cells) was
screened with a 1.0 kb 87 ¢DNA fragment. [nserts from
20 isolated ¢lones were clirectly amplified by PCR with
cither Agt10 primer (5 or 37 end) in combination with
an internal DG Kinase primer in reverse and comple-
mentary orientation. Two PCR products from indepen-
dent phage clones were further analysed. Both PCR
fragments were 0.9 kb long and indeed contained an in-
ternal LeoR1 site. The fragments were digested with
EeoRlI, cloned and sequenced. Both clones were iden-
deal in sequence. Birect sequencing of the two original
PCR-fragiments derived from phage DNA (not LeoRI
digested) using primer AGAGCCACTGCCATCAT
(position 609) confirmed that these clones contained the
sequence adjacent to the internal EcoRlI site (position
449), A 5' clone was ligated at the EcoRI site witha 2.1
kb clone to obtain a full-length human DG kinase
CDNA.

3.3, Human DG kinase ¢cDNA and amino acid
sequence comparison with other proteins

The ¢DNA sequence of human DG kinase contaivs a
single open reading frame of 2205 bp encoding a protein
of 735 amino acids. The leader sequence contains one in
frame stop codon followed downstream by an in
frame start codon. Although this start codon
(GACAGATGG) does not have the conserved features
of a Kozak sequence (CCACCATGG) [33] it is the only
apparent start for translation. The 3’ untranslated
region contains the canonical polyadenylation signal
AATAAA,

The deduced amino acid sequence of 735 residues
corresponds with a calculated M; of 82 671 Da, which
is close to the 86 kDa actually observed for the purified
DG-kinase on SDS-PAGE. The sequence of both pep-
tide A and B were found in the human DG kinase se-
quence at position 166 and 473, respectively (Fig. 2). In
retrospect it is clear that peptide B was contaminated
with another tryptic peptide of DG kinase, FHIM,
which was identified at amino acid position 537, and ex-
plains the double amino acid sequence obtained at the
first four cycles of degradation. As expecied, pepiide A
and B were both preceded by a basic amino acid,
necessary for tryptic cleavage.
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Fig, 2. Comparison of the human and porcine DG kinases, The se-

qucm.u of human and porcine PG kinases have been aligned, and

amino acid substitutions for porcine DG kinase arcindicated, At posi-

tion 88 for poreine DG kinase a single amino acid deletion is observed

(indicated by *x%). EPF-hand structures (shaded), eysteine repeats

(underlined; cysteines residues double underlined), and ATP binding
sites (asterisks) are indieated.

Analysis of the primary structure of human DG
kinase reveals the presence of two EF-hand structures at
amino acid positions 123 and 168, both contain the con-
served sequence ZxZxZxxxZxxZ, where Z is Ser, Thr,
Glx or Asx (for review see [34]). The presence of a dou-
ble EF-hand structure indicates a functional Ca?* bin-
ding site for DG kinase. Sequence similarity in the EF-
hands extends beyond only the Z-residues, when comt-
pared with for instance calmodulin or troponin C (an
3). Rather unexpectedly, we could not detect any Ca2*
dependence of either the purified enzyme, or of the ex-
pressed enzyme in DG kinase transfected COS-7 cells
(see below); activities of the enzyme did not vary by
more than 10% in the presence of 10 mM EGTA (in-
cluding a 1 hour preincubation with EGTA at 4°C)
when compared with varying concentrations of Ca**
the assay (irrespective of the presence of DOC). At pre-
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Fige 3. Linear structure of DO Kinase and compirison ot the B -hand steactares witl aadmedulin and troponin O, The amine avid sequenve of

the EF-hand structures of G Kinuse were aligned with the drd and sty domain of human calmodulin, or the 20 region of human troponin ¢

(3836, The comerved amino acids in the FPhand motif are indivited with astesisks, Positions of sequenve identities are shaded. The nwmber

of amino aeld residues that separate cach pair of EI7 hands is showin in parentheses, iud the position ot the otigapeptide in the protein is indivated
on the G right,

sent we do not know if DG kinase fails to bind Ca®*;
coneeivably our assay renders the enzyme Ca*" in-
dependent, or Ca*” is not required for activity of DG
kinase but rather fulfills another as yet unidentified
function. An interesting feature is the presence of two
cysteine repeats starting at positions 219 and 282,
Similar cdouble ¢ysteine repeats are also present in the
C-1 region of all PKC isotypes and in several
metalloproteins (for review sce [37]). For DG kinasc
and PKC, this homology is not restricted to the cysteine
residues within each cysteine repeat, but extends to ad-
ditional amino acids within these structures. Using dele-
tion mutants and site-directed mutagenesis, the double
cysteine repeat of PKC has been identified as the phor-
bol ester binding site. [38]. Because phorbol esters and
DG compete for binding to PKC {39], the double cys-
teine repeat of DG kinase could likewise be its DG bin-
ding site,

Finally, DG kinase contains two putative ATP bin-
ding sites (Fig. 2) one of which resides within the first
cysteine repeat of DG kinase, At present it is unknown
whether both constitute active ATP binding sites.

We specifically compared the sequence of human DG
kinase with those of other DG metabolizing enzymes,
such as E. coli DG kinase and sn-1,2-diacylglycerol
cholinephosphotransferase (CPT-1) [40,41]. These pro-
teins did not show any significant similarity with human
DG kinase, suggesting that the DG binding site has not
been conserved in the course of evolution. A
phospholipid binding protein, that shares homology
with PKC in a putative PS binding domain, referred to
as p65, did not show any homology with DG kinase
{42], even though DG kinase displays optimal activities
in the presence of PS (results not shown).

While the sequence of our human DG kinase cDNA
was being completed, a DG-kinase sequence from pig
was published [1]. The pig enzyme is homologous to the
human DG kinase with 51 amino acid differences and
one amino acid insertion at position 88 for human DG
kinase. Striking is the long stretch of 110 amino acids
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following the second AT binding site, that is fully con-
served between human and pig DG kinase (Fig, 2).

3.4, RNA blotting analysis

Northern blot analysis showed a single mRNA
specics of 3.2 kb (Fig. 4). Esxpression of DG kinase
mMRNA was high in normal human T-cells and Jurkat

1 2 3 4 5

—=289

L =188

Fig. 4. Northern blot analysis of DG kinase mRNA. Total RNA (20
ug/lane) from Jurkat cells, normal human T-cells, A431 cells, HeLa
cells, and GLC2 cells (lanes 1, 2, 3, 4 and 5, respectively) were
separated on a 1% agarose formaldehyde gel and transferred to a
nylon membrane. The filter was hybridized with a 1,0 kb DNA frag-
ment (starting at the internal EcoRI site) and exposed for 4 h. DG
kinase mRINA is detectable as a single 3.2 kb mRNA. The bottom
panel shows an overexposure (3 days) of the 3.2 kb DG kinase region
of the blot. This exposure reveals DG kinase mRNA in HeLa cells,
and a faint band for A431 cells and GLC2 cells. Equal quantities of
RINA had been loaded, as judged from hybridisation with a human
actin cDNA probe (data not shown).
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cells (human leukemic T-cellst This is in agreement
with immunological quantitation studies of DG Kinase
[24]. DG kinase mRNA was expressed at a low level in
FleLa cells (human cervix carcinoma), and barely detee-
table in A431 cells (humun epidermoid carcinoma) and
GL.C2 cells (small cellular lung carcinoma).

3.5. Expression of DG kinase in COS-7 cells

The full-length DG kinase ¢cDNA was subeloned into
the expression vector pMT-2, and transfected into
COS8-7 cells. After 2 days cells were harvested, lysed and
assayed for DG kinase activity. As shown in Fig, 8, cells
transfected with human DG kinase contained 6-7-fold
higher activity compared with control cells. Absolute
values of activities for total cell lysates were 35-38 nmol
PA/min/mg for DG kinase transfected cells. This
overexpression yields high DG kinase activities, when
compared with non-transfected COS-7 cells (4-5
nmol/min/mg), pig brain cytosol (2-3 nmol/min/meg),
or WBC cytosol (6-7 nmol/min/mg). These ex-
periments are the first to clearly demonstrate high DG
kinase activity in a eukaryotic system, associated with
the expression of DG kinase cDNA.

3.6. Concluding remarks

The cloning and expression of the human DG kinase
cDNA allows us to study enzymatic and regulatory pro-
perties of this enzyme, and to determine its role in signal
transduction. Not only as a possible regulator of PKC,
but also as an enzyme that generates PA, which may
function as a second messenger in its own right.
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