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We have studied the relationship between the methylation and the expression
of the gamma-glutamyl transpeptidase gene in adult rat liver and kidney. In
the liver, where the level of expression is very low, the 5' flanking region
of the gene appeared fully methylated, whereas in the kidney, where the gene
is expressed at the highest level, it is undermethylated. In addition, kidney
chromatin showed a DNase I hypersensitive site located near the origin of
transcription. These results support a strong correlation between DNA
undermethylation, DNase I sensitivity and tissue-specific gene expression.

© 1991 Academic Press, Inc.

Gamma-glutamyl transpeptidase(GGT) [E.C. 2.3.2.2] is a membrane bound
enzyme, involved in the metabolism of glutathion and other gamma-glutamyl
compounds (1). The enzyme is widely distributed and shows a tissue-dependent,
ontogenic-dependent activity (2,3). GGT is frequently used as a marker for
several hepatobiliary disorders (4) as well as in hepatocarcinogenesis (5).
Although several GGT cDNAs have been isolated (6,7) and the structure of the
rat gene has recently been reported (8,9), little is known about the
regulation of GGT gene in different tissues. Methylation of specific bases in
DNA has been considered a possible mechanism in the regulation of gene
expression (10). DNA methylation can alter the local configuration of a gene
and affect the binding of regulatory proteins {(11). In the present study we
have analyzed the level of methylation of the GGT gene in liver and kidney,

two tissues with different levels of expression.

MATERIAL AND METHODS

DNA probes. Genomic DNA probes covering the 5' end and flanking region of
the GGT gene (Figure 2) were a gift from Dr. D. Goodspeed, University of
Wisconsin-Madison. Probes were S2P-labeled by nick translation, using the
Boehringer Mannheim kit.

* To whom correspondence should be addressed at Department of Molecular and
Cell Biology, Pennsylvania State University, University Park, PA 16802.

Abbreviations used: GGT, gamma-glutamyl transpeptidase; Kb, kilobase; bp,
base pair; SDS, sodium dodecyl sulfate.
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RNA isoclation and Northern blot procedure. RNAs from rat liver and kidney
were isolated by the guanidinium thiocyanate procedure (12), Fifty ug of liver
and 10 ng of kidney total RNA were electrophoresed in a 1.2% agarose gel
containing 2.2 M formaldehide (13). The RNAs were transferred onto a nylon
membrane (Hybond-N, Amersham) and probed with a 32p-1abeled GGT cDNA clome
(6). Prehybridizations and hybridizations were carried out at 42° ¢ in a
solution containing 50% formamide as described (13).

Nuclei isolation. Rat liver and kidney nuclei were isolated as described by
Fritton et al. (14) with minor modifications. Isolated nuclei were used to
prepare high molecular weight DNA and for DNase I digestions.

DNA isolation and Southern blot procedure. High molecular weight DNA was
prepared by digesting the nuclei suspension with a volume of buffer S (20 mM
Tris pH 7.6; 0.6 M NaCl; 10 mM EDTA;1% SDS and 0.5 mg/ml proteinase K} at 379C
overnight. The DNA was extracted with phenol, phenol/chloroform and
precipitated with ethanol. The DNA was dissolved in TE (10 mM Tris pH 7.6, 1
mM EDTA) digested with RNase (1 ng/ml) for 1 hour at 37° C, extracted with
phenol, ethanol precipitated and dissolved in TE. About 40 ug of DNA were
digested with HindIII, MspI or Hpall (Boehringer Mannheim, 3 units/ug DNA)
overnight at 37° C in the recommended manufacturer's buffers. DNA fragments
were electrophoresed in 1% agarose gels and transferred onto a nylon nembrane.
Prehybridizations and hybridizations were carried out as described previously,
using different genomic GGT probes.

DNase I digestion. Isolated nuclei (150 ul, 1 mg DNA/ml) were digested with
different concentrations of DNase I (Sigma Chemical Co.) for 10 minutes at 0-
4° ¢ (14). Digestions were started by the addition of 5 mM MgCl:z and
increasing concentrations of DNase I. Digestions were stopped by the addition
of a volume of buffer S and the DNA isolated as described above. The DNA was
digested with Hind III, run on 1.2% agarose gels and transferred to a nylon
membrane. DNA isolated from nuclei treated with MgCl: and no DNase I was used
to check endogenous DNase I activity.

GGT activity and protein were measured as described (15,16).

RESULTS AND DISCUSSION

We have studied the relationship between the expression of the GGT gene and
its methylation status in adult rat liver and kidney. GGT is an enzyme that
shows variable levels of expression depending on the tissue and the
developmental status of the animal. The enzyme is expressed at high level in
fetal liver, but its activity decreases rapidly after birth, showing very low
levels in adult liver (2). On the other hand, the kidney shows the opposite
ontogenic pattern, low levels of expression during the fetal period and high
levels in adulthood (3).

In our hands, both the activity (4.9 + 0.23 U/mg protein) and the levels of
specific GGT nRNA in the kidney (Figure 1, lane K), were significantly higher
than those in liver (0.6 + 0.14 mU/mg protein and Figure 1, lane L),
suggesting that the regulation of this gene occurs at a transcriptional level.
These results are in agreement with others (2,17).

Present evidence suggests that methylation of the cytosine in the CG
dinucleotide plays a role in gene regulation (10) and embryonic development
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Figure 1. Northern blot analysis of liver (L) and kidney (K) RNAs. The RNAs
were analyzed as described in Material and Methods. The arrow head indicates
the 2.2 kb band corresponding to the GGT mRNA detected with a cDNA probe (6).
The position and size of E.coli and mammalian rRNAs are indicated on the left.

=

Figure 2. GGT genomric probes used in Southern analysis. H, HindIII; M, MspI/
HpaIIl. The open box represents the first exon. The arrow and arrow head indi-
cate the transcription start site and the kidney DNase I hypersensitive site
respectively. Redrawn from (9).

(18), even though the relation is far from clear. Some genes show an inverse
correlation between methylation and expression, whereas others do not show any
correlation (for a review, see ref. 19).

To assess the role of DNA methylation in GGT gene expression, we have used
the methyl-sensitive restriction enzyme HpalII, that fails to cut the sequence
CCGG when the internal C is methylated, in contrast to its isoschyzomer, MspI,
that is not affected (20). Double digestions with HindIII were performed to
futher map the Mspl sites.

When digested with MspI, liver and kidney DNAs revealed a band of 1.9 kb
when probed with clone 223 (Figure 3, lanes 6 and 8) corresponding to the
fragment M1-M2 (Figure 2), a band of 420 bp when probed with clone 225-2
(Figure 4, lanes 6 and 8) corresponding to the fragment M2-M3, and a band of
660 bp when probe 226 was used (Figure 5, lanes 6 and 8) corresponding to the
fragment M3-M4.

The HindIII/MspI digestions showed a band of 1.5 kb with the probe 223
(Figure 3, lanes 2 and 4) corresponding to the fragment H-M2 (Figure 2), and
the same bands showed in Mspl digestions when probes 225-2 and 226 were used
(Figures 4 and 5, lanes 2 and 4).

When the DNAs were digested with HpaIl or HindIII/HpaII, the liver and

kidney digestion patterns were completely different. In all cases the kidney
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Figure 5. >outnern pLOL analysls OI Qlgested 11VeI anu kKianey UNAS propeua with
clone 223. Lanes: 1, liver HindIII; 2. liver HindIII/MspI; 3. liver HindIII/
Hpa II; 4. kidney HindIII/MspI; 5. kidney HindIII/Hpall; 6. liver MspI; 7.
liver HpalIl; 8. kidney MspI; 9. kidney Hpall. Arrows at the left denote the
mobility of HindIII-digested lambda DNA fragments:a, 23.13 kb; b, 9.416 kb; c,
6.557 kb; d, 4.361 kb; e, 2.322 kb; £, 2.027 kb; g, 0.564 kb.

Figure 4. Southern blot analysis of digested liver and kidney DNAs probed with
clone 225-2. Lanes and size markers as in Figure 3.

showed the same bands present in MspI or HindIII/Mspl digestions (Figures 3,
4, and 5, lanes 5 and 9), indicating that those sites were not methylated.

In contrast, liver DNAR showed two bands of 6.5 and 3.6 kb (Figures 3, 4,
and 5, lane 7) when digested with HpaIIl and a band of 4 kb when digested with
HindIII/Hpall (Figures 3, 4, and 5, lane 5). This band corresponded to the
HindIITI-HindIII fragment containing the 5' end of the gene {Figure 2).

A problem we found in using these probes was a high background in the
Southern blots, that forced us to use in some cases, astringent washing
conditions and long time exposures to improve the signal/noise ratio. This

problem was acute when using clone 227-2. In spite of the high background, we

were able to detect the fragments M4-M5 and M6-H in kidney HindIII/HpaIl
digestions (data not shown).

Our data did not show a Mspl site located between M2 and M3 (8,9} (Figure
4). That could be due either to a polimorphism or to a methylation of the 5' C
in the recognition sequence CCGG (21).

Another feature that characterizes transcriptionally active chromatin
is a hypersensitivity to digestion to DNase I and other nucleases (22). This

preferential nuclease sensitivity has been interpreted as a reflection of the
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Figure 5. Southern blot analysis of digested liver and kidney DNAs probed with
clone 226. Lanes and size markers as in figure 3.

Figure 6. Southern blot of DNA isolated fron DNase I digested nuclei. 1-5,
liver nuclei; 6-10, kidney nuclei. Nuclei were digested as described in
Material and Methods with none (1,10), 400 U/ml (2,6), 800 U/ml (3,7), 1,600
U/ml (4,8) and 2,400 U/ml (5,9) of DNase I. The DNA was isolated, cut with
HindIII, separated on agarose gel and transferred to nylon. The blot was
probed with clone 223. A, HindIII-HindIII 4 kb fragment; B, 2 kb fragment
generated by DNase I digestion. Size markers as in Figure 3.

accessibility of the DNA within those regions to the transcription machinery,
due to a more relaxed or open conformation of the chromatin (23).

Using and indirect labeling technique (24), Figure 6 shows that kidney
chromatin presented a DNase I hypersensitive site located 2 kb from the 5'
HindIII site. This site, that is absent in liver, mapped near the origin of
transcription (Figure 2).

Our results show that in the adult liver, where the expression of the GGT
gene is very low, the 5' region of the gene is fully methylated, whereas in
kidney, where the expression is much higher, the gene is undermethylated. In
addition, a DNase I hypersensitive site present specifically in kidney mapped
near the origin of transcription. These data support a strong correlation
between DNA undermethylation, DNase I sensitivity and tissue-specific
expression of the GGT gene.
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