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Evidence for multiple genes coding for the isozymes of hexokinase in the
highly glycolytic AS-30D rat hepatoma
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We have compared Seuthern blots of rat hepatoma DNA probed with Types i, I and 111 hexckinase cDNAs isolated from normal rat tissues,

Hybridization patterns show several fragments recognized by both the Type I and {1 clones while no resemblance is observed between the Type

Iil probe and the other two isozymes. It thercfore appears that the Type I-like and Type Il-like hepatoma isozymes are coded for by similar yet

separate genes, while a dissimilar third gene codes for the Type 1H-like isozyme. In addition. a loss of heterozygosity was detected at the Type

HI locus in the AS-30D hepatoma when compared to normal tissue. As only the Type H-like isozyme is highly expressed in highly glycolytic tumors,
these data have implications for differential gene regulation between the tumor isozymes.

Hexokinase: 1sozyme: Polymorphism; AS-30D hepatorna

1. INTRODUCTION

Increased glucose catabolism . characterist’s of
rapidly growing tumor cells [1]. An estimated 60% of
cellular ATP is generated via anaerobic glycolysis in 1ae
highly glycolytic AS-30D rat hepatoma cell line [2]. It
has been reported that the activities of the ‘rate-limiting’
glycolytic enzymes are elevated in AS-30D cells over
normal rat liver, with the greatest incicase (over 100-
fold) being seen in hexokinase activity [3].

The conversion of glucose to glucose-6-phosphate in
mammalian tissues is catalyzed by three isozymes of
hexokinase (ATP: p-hexose 6-phosphotransferase, EC
2.7.1.1). Types 1, 11, and 1I1. These isozymes each con-
sist of a single polypeptide chain with a molecular
weight of approximately 100 kDa. They are all charac-
terized by a low K, fur glucose and sensitivity to inhibi-
tion by the product plucose-6-P. A fourth enzyme, glu-
cokinase (EC 2.7.1.2, sometimes caied Type 1V hexo-
kinase) has a high K|, for glucose, is not sensitive to
inhibition by glucose-6-P, has a molecular weight of
roughly 50 kDa. and resembles the hexokinases of yeast
{4].

Since it is not known whether the isozymes of tumor
and normal cells are identical, the tumor isozymes will
be referred to as Type I-like, H-like, and IHl-like. When
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the enzyme composition of AS-30D cells was compared
with normal liver tissue, a shift from primarily glu-
cokinase in liver to a Type ll-like hexokinase in the
hepatoma was observed [3]. Recently, Shinohara et al.
have shown that the expression patterns of hexokinase
isozymes differ between the AHI30 hepatoma and
normal rat liver, with Type ll-like being the predo-
minant tumor isozyme [5]. Very little Type I-like and no
Type 1li-like expression was reported in the wmor [5)].

[t has been proposed that the low K hexokinases
arose from the duplication and fusion of a 50 kDa
ancestral hexokinase similar to yeast hexokinase and
mammalian glucokinase {6,7). Comparisons of cDNA
sequences from the C- and N-terminal halves of the
Types I, 11 and 111 hexokinases with those from glu-
cokinase and yeast hexokinase have shown extensive
sequence similarity. especially within the prepos.d
glucose am' nucleotide binding doma..s [7-9]. This
homuiogy lends support for the cvolutionary rela-
tionship proposed above.

While it has been suggested that the Type L. 11 and
HI isozymes in normal rat tissues are coded for by
separate genes [10). no conclusive data has been pre-
sented. and this question has yet to be addressed in rat
tumor cells. The only full-length gene from this family
of enzymes characterized to date codes for rat liver
glucokinase [11]. In the present study, we provide evi-
dence from Southern blotting with cDNA probes cod-
ing for the three low X, hesokinases for the exisience
of @ separate gens ior ench isozyme. The Type 11
isozyme appears to be highly polymorphic in tumor
versus normal tissues, Tios further supports the exis-
tence of distinet genes coding for the hexokinase iso-
zymes in rats, This is the fust report of a distinct allelic
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polymorphism in tumor versus normal cefls at the Type
11 bexokinase locus.

2 MATERIALS AND METHODS

2 1. Eerpvises ond chomicals

Restriction cazyoies and the "Prime-dt” tabeling kiz wore obtained
from Strzispess. Hybridization travsfor membranes (Hybond-N")
were from Amersham Corp. [r-"PJCTP was from New England
Nuclear. v was caried ot at ~70°C using Kodak
XAR.S flm with mensifying screens. Al chemicals were of the
highes prade commevially avzilable.

33 dpimals oud tuwor oells

The AS-WD bepatoms cefl line was obtained from Dr. Peter L.
Pedersen of 1l Johns Hopkins University. School of Medicine (Balti-
maore, MD). The oells were grown in the sbdominal cavities of female
Sprague - Daniey rats from Sasoo Inc (Omaha. NE)L. Cells were col-
leczed and purified sccording to Parry and Pedersen i)

23 cDNA probes

The cDNA clones coding for the types L [L and I ssozymes of mit
hesokinase were the generous gifit of Drs. John E Wilson. David A
Schwiah, and Annehe P. Thelen of Michigan State University (East
Lansing. M.

24 DN A purification and Sowthern hybridization

Total cell DNA was isolais! by a modification [¥3] of the method
of Enrietto ¢1 ab. [14]). Sourbern blotting and hybridization with radio-
tabelad prohes was carried ot according 10 Sambrook ¢t al {15}
Radinlabeling was done by the random priming method [16].

3. RESTULTS

In order 1o determing the number and similarity of
genes coding for the hexokinase isozymes. total cell
DNA from the AS-30D hepatoma cell line was isolated
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Fig 1. Southorn bybridization of AS-3G13 DNA with Types 1L 0. and

I hoaoboa . Follvauny digevion with the cottmpoentme corvme

tBembil. B EsoREL £ HindUL, He: Bl BT and Forl, P). AS- WD

M A s anglyzed by Southorn Wolting #+ dowritied in wxtion T with
the Tepes §, 8, and HE <I¥%A probe,

154

FEBS LETTTRS

March 1992

B E HOHf K P

A g

- &% % .

Fig. 2. Southern blot of AS-30I3 versus normal rat liver DNA probed

with the Type 1 hexokinase cDNA. DNA from the AS5-30D hepatoma

and onc normal rat liver (left and right Fanes respectively in each set

of digests) was digested with BarmHI, B; EcoR1, E; Hindl11, Hd: Hinfl,

HE: Kpnl. K: and Psl. P and then hybridized with the Type 1 probe
as in Fig. 1.

and Southern blotted. As shown in Fig. 1, hepatoma
DNA digested with several restriction endonucleases
was probed with cDNAs coding for the three isozymes
of hexokinase. Comparisons of hybridization patterns
for the Type [ and 11 cDNAs revealed several fragments
recognized by both probes. Howvever, since a majority
of the bands were unigue to one of the two probes (Fig.
1}. it would seem that the Type I-like and Il-like hexo-
kinases are coded for by separate genes. The banding
pattern generated by the Type 1 cDNA prote appears
very divergent from either of the other two hexokinases
(Fig. 1). This lack of resemblance suprorts the conclu-
sion that a third distinet gene codes for 4 Tvoe Hl-like
hexokinase.

The Types 1. 11 and 111 probes were also hybridized
to Southern blots of normal rat liver DNA, and the
banding patterns generated were compared with those
of the AS-30D hepatoma. All restriction fragments re-
cognized by the Type | (Fig. 2) and Il (Fig. 3) probes
were identical between tumor and normal tissues. In
addition, the Type |l probe hybridized with much
greater intensity to the hepatoma DNA when compared
with normal rat liver (Fig. 3). However, when AS-30D
hepaioma and normai rat jiver DNA were probed with
the Type L1 hexokinase ¢DNA. an allelic loss was con-
sistendiy seen in the tumor (Fig. 4). The polymorphic
nature of the Type HE locus as well as the distinet
testriction patierns of this gene when compared with the
other two isozymes lends additional support for a uni-
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Fig. 3. Southern analysis of AS-30D vere: -~ ormal rat liver MNA

probed with the Type 1 hexokinase cLyNA. AS-30D and normal liver

DMNA (left and right lanes respectively in each set of digests) was

probed with the Type 1T ¢cDNA. (The hybridization conditions and
enzymes used are as in Fig, 1)

que gene coding for this isozyme of hexokinase in
tumors.

4. DISCUSSION

The availability of cDNAs for the Types I, 1T and 111
ioszymes of hexokinase recently cloned from normal rat
tissues has made possible, for the first time. direct
observation of the number and relationships of their
cortesponding genes in tumor cells. 1. the present study,
we provide evidence for three separate genes coding for
the individual tumor isozymes. The Type [-like and 1I-
like genes appear to be closely related, since they share
several restriction fragments and the relative numbers
of bands recognized by the two probes are comparable.
The Type 111-like hexokinase banding patterns are com-
prised of fewer fragments and are quite simple in con-
trast to the Type I-like and Il-like genes. The Type
1Hl-like hexokinase did not share any restriction frag-
ments with either the Type I-like or I-like isozymes.
consistent with its lower degree of sequence homology
compared with the latter two isozymes [7-9]. It is worth
not'ng that both the Type I and 111 probes hybridized
equally well with tumor and normal DNA while the
Type Il cDNA recognized the hepatoma DNA much
more intensely than the normal DNA. This is an inter-
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Fig. 4. Type 111 hexokinase compatison of AS-30D> and normal liver

DNA. AS-30D and normal liver DNA (left and right lanes respectively

in each set of digests) was probed with the Type [l cDNA as in Fig.

2. The arrows indicate the allele in each of the normal rat liver DNA

digests which is absent in the corresponding hepatoma digest. (The

enzymes used are BemHL, B: EcoRV, E: HindllL, Hd: Hinfl, HI: Kpnl,
K: and Fs:l: P).

esting observation since the Type I-like gene is highly
expressed {5} and the specific activity of the isozyme is
greatly increased in highly glyeolylic hepatoma cells
when compared with normal tissues [3].

The cDNA sequences have been compared for both
the C- and N-terminal halves of the three isozymes [7-
9]. The C-terminal haif of the I'vpe Il clone shows 73
and 75% homology to the Type land I: " nes. respec-
tively. However, the Type | and I ¢cDNAs are about
87% homologous vver the same region. Similasly. the
N~ terminal half of the Type HI clone is 55 and 58%
homologous with the Type I and 11 isozymes which. in
turn, share 82% homeology. These sequénce compar-
isons parallel the sunilaritics we have observed between
the restriction patterns of the Type L-like and H-like
isozymes as well as the distinet nature of the Type 1H-
ke gene.

Finally, we report for the first time a distinet Type 11
hexokinase allelic polymorphism between normal and
tumor tissucs. Since the cloning and characierization of
genes Tor the hexokinuses fvem transformed cells would
scem the logical next step o understanding the regula-
tion of their expression. analysis of the number of genes
as well as their relation would seem beneficial 1o the
compiletion of this task.
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