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ABSTRACT—We report here the isolation of histamine N-methyltransferase (HMT) cDNA from the guinea
pig brain by the polymerase chain reaction on the basis of nucleotide sequences of rat and human counter-
parts. Guinea pig HMT consists of 292 amino acids, with homologies of 75.6% and 79.1% to rat and human
HMT, respectively. Northern blotting analysis indicated that the 1.6-kb guinea pig HMT transcript was
expressed at various levels in different tissues at the following relative abundance: jejunum, brain > lung,
spleen, stomach > liver, kidney. HMT mRNA localized throughout the jejunum, and it was mainly expressed

in epithelial cells and in Auerbach’s plexus.
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Histamine physiologically functions as a neurotransmit-
ter in the vertebrate central and peripheral nervous systems
(for review, see Ref. 1). Histamine N-methyltransferase
(HMT, EC2.1.1.8) is the enzyme that catabolizes hista-
mine to N ‘-methylhistamine to terminate histaminergic
neurotransmission (1, 2). Thus, it is important to elucidate
the tissue distribution and molecular mechanism of HMT
expression to better understand the process of termination
of histaminergic neurotransmission in the mammalian
body. The rat kidney HMT cDNA was cloned (3), followed
by the human counterpart (4, 5). Guinea pigs have been
used as an in vivo and in vitro model for pharmacological
analysis of the histaminergic system, especially for studies
on allergic reactions (6, 7). The primary structure of its
HMT protein and its genetic structure will be useful com-
paring the histaminergic system in this animal with those of
other mammals, including humans. The human HMT pro-
tein shows 80.3% identity with the rat counterpart. Based
on the molecular characterization as well as the high cross-
reactivity among species of antibodies against purified rat
HMT protein (8), the HMT protein structure seems to be
highly conserved among species. In line with these obser-
vations, we attempted to clone HMT cDNA from the
guinea pig using the rat and human HMT ¢cDNA sequences.

A male Hartley guinea pig (7 weeks of age, about 350 g;

"The complete coding sequence reported in this paper is available
under the DDBJ/EMBL/GenBank accession number AB032693.
*Corresponding author. FAX: +81-798-45-6332
E-mail: takemura@hyogome.kugi.kyoto-u.ac.jp

105

Nihon-Doubutsu, Co., Ltd., Osaka) was killed by decapita-
tion and the whole brain was quickly removed. Total RNA
was isolated from the brain by the acid guanidinium
isothiocyanate-phenol-chloroform extraction method (9).
Aliquots of 10 g of total RNA were transcribed into
cDNA with the anchor primer, 5-GCA ATT AAC CCT
CACTAA AGA ATT CAG TCA GTC A(T)7-3', using a
Superscript II reverse transcriptase (Life Technologies,
Inc., Rockville, MD, USA) in the presence of RNase inhi-
bitor (Toyobo Co., Ltd., Osaka). Aliquots (0.5 ul) of cDNA
were applied to the first PCR mixture containing 0.25 U of
Ex Taq DNA polymerase (Takara Shuzo, Co., Ltd., Kyoto),
0.2 mM of dNTPs, 1 x buffer supplied by the manufacturer
and a primer set [20 pmol each; forward primer: 5'-
GAG GAG CTT ATT TTC TGA CC-3', corresponding to
the region between nucleotide 23 and 42 of the rat HMT
cDNA (GenBank accession number D10693); reverse
primer: 5'-CAA TTA ACC CTC ACT AAA GA-3']. PCR
was initiated by incubation at 94°C for 5 min, followed by
30 cycles of 94°C for 1 min, 58°C for 1 min and 72°C for
2 min, with a final extension at 72°C for 15 min using a
GeneAmp PCR System 9700 (Perkin Elmer-Applied Bio-
systems Japan (PE-ABI), Urayasu). Then, the second round
reaction (“nested” PCR) was performed with 0.5 u1 of the
first PCR reaction mixture as a template in a 10-ul PCR
reaction mixture with the same thermal cycle profile and
addition of the next primer set (20 pmol each; forward
primer: 5'-GGA ATT CAT GGA TAA GAA GC-3', corre-
sponding to the region between nucleotide 107 and 126 of
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the rat HMT cDNA; reverse primer: 5'-CTA AAG AAT
TCA GTC AGT CA-3'). The single band at about 1.1 kb
was cut out from the 1% agarose gel after electrophoresis
of the second PCR mixture and cloned into pBluescript
II-KS(+) (Stratagene, La Jolla, CA, USA). Sixteen clones
were selected at random to exclude the misincorporation
and incomplete elongation during PCR and both strands of
the cDNAs were analyzed by the cycle sequencing method
using BigDye terminators (PE-ABI) in an automated DNA
sequencer (model 377XL, PE-ABI). Nucleotide sequence
analysis was performed with the DNASIS-Mac program
(Hitachi Software Engineering Co., Ltd., Yokohama). Next,
we obtained the 5'-end of the cDNA by 5'-RACE (rapid
amplification of 5'-cDNA ends) as described previously
(10). For Northern blotting analysis, total RNAs of the
kidney, jejunum, stomach, brain, liver, spleen and lung
were obtained from male Hartley guinea pigs (5 weeks of
age, about 300 g) by the previously described method (9).
Northern blotting was performed by the previously de-
scribed method (11) with a 0.7-kb DNA fragment corre-
sponding to the region between nucleotides 131 and 821 of
guinea pig HMT (GenBank accession number AB032693)
or a 1.0-kb DNA fragment (containing the full coding
region) of the rat glyceraldehyde-3-phosphate dehydroge-
nase gene (G3PDH) labeled with [@-*"P]-dCTP (111 TBq
/mmol; NEN Life Science Products, Inc., Boston, MA,
USA) by the random priming method. For in situ hybridiza-
tion, pieces of the jejunum were removed quickly and

used for frozen sections (5 gzm). The desired fragment of
cDNA, corresponding to the region between nucleotides
1 and 362, was subcloned into pBluescript. cRNA probes
were prepared by using a digoxigenin RNA Labeling Kit
(Boehringer Mannheim, Mannheim, Germany). For hy-
bridization, jejunal sections were incubated at 50°C over-
night in hybridization buffer with the probes (12).

We isolated two species of guinea pig HMT cDNA with
poly (A)" tails at different positions of the 3' non-coding
region. Three possible polyadenylation signals (AATAAA)
were found at reasonable positions (8 and 12 nucleotides
5'-upstream in one species and 15 nucleotides 5'-upstream
in the other from the poly (A)* tail) for the two mRNA spe-
cies. This is the first experimental evidence that several
polyadenylation signals on HMT mRNA are actually func-
tional in vivo. Figure 1 shows the predicted amino acid se-
quence of guinea pig HMT as compared with rat and human
homologs. The guinea pig HMT mRNA encodes a protein
0f 292 amino acids, with 75.6% and 79.1% homology with
rat (3) and human (4) HMT, respectively, indicating that
our PCR clones were guinea pig HMT ¢cDNA. The estimat-
ed molecular weight of guinea pig HMT is 33,710, which is
consistent with the apparent molecular size (33 kDa) deter-
mined from Western blotting analysis (8).

As shown in Fig. 2A, HMT mRNA is most abundant in
both the jejunum and brain, as predicted by Western blot-
ting analysis (8). The result supports the suggestion that our
PCR sequence seems to be functional in vivo because of the
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Fig. 1. Amino acid sequence comparison of the HMT of various species. The deduced amino acid sequences of the human and
rat HMT are aligned with that of the guinea pig. Dots and hyphens indicate identical and deleted amino acids, respectively, com-

pared with those of the guinea pig.
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high HMT activities in the guinea pig brain and jejunum
(8). The transcript size was 1.6 kb, which was consistent
with the size of human HMT mRNA (4), although three
transcripts (1.3, 3.8 and 4.0 kb in length) for human HMT
were reported by another group (5). Guinea pig small intes-
tine preparations have been used extensively to analyze
histamine H; receptor-mediated contraction (13, 14). In this
tissue, HMT gene expression seems to have an important
role in the regulation of contractile responses to histamine.
Thus, we visualized HMT mRNA in the jejunum by in situ
hybridization histochemistry. In the jejunum, HMT mRNA
seemed to be expressed throughout the tissue (Fig. 3A) and
localized mainly both in the Auerbach’s plexus (Fig.3: A

Fig.2. HMT mRNA expression in guinea pig tissues. Total RNA
samples, 5 pg per lane, were subjected to Northern blotting analysis
with the **P-labeled 0.7-kb cDNA fragment of guinea pig HMT (see
text) as a probe. The autoradiogram was developed after a 30-day
exposure at —80°C with an intensifying screen (A). After stripping
the radioactive probe off the membrane, the membrane was rehybrid-
ized with the rat G3PDH probe and then exposed for three days at
—80°C (B). Rehybridization of the same membrane with a rat G3PDH
probe demonstrated its ubiquitous expression throughout the tissues.
Positions of guinea pig 28S (4.7 kb) and 18S (1.9 kb) ribosomal
RNAs are indicated.

Fig. 3. HMT mRNA localization in guinea pig jejunum. The hybridization signal is purple in the picture (A — C). The positive
signal was observed throughout the tissue section (A) and present mainly in Auerbach’s plexus (B, arrow heads; also see Fig. 3A)
and in epithelial cells (C). Use of a sense cRNA probe did not show any signal (D), as compared with the antisense probe (A).
Bars: A and D =500 4m, B and C =100 gm.
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and B, arrow heads) and in the epithelial cells (Fig. 3C).
Using a rabbit polyclonal antibody against purified bovine
HMT, Tahara et al. (15) showed strong immunoreactivity
in almost the same localization as that in the present study,
suggesting that HMT has a crucial role in the jejunum. In
guinea pig stomach, lung and spleen, the 1.6-kb transcript
was also observed (Fig. 2A), but its level of expression was
lower than that in the brain. The levels of HMT mRNA ex-
pression among the tissues were quite similar to the HMT
protein expression levels (8). Thus, the tissue distribution
of HMT protein in the guinea pig may be a result of the ex-
pression level of the mRNA. In the rat and mouse, HMT
protein is most abundant in the kidney and liver, respective-
ly (8). This is of interest because in the guinea pig, the ex-
pression levels of HMT mRNA were quite low or undetect-
able in the liver and kidney (Fig. 2A). The reason why the
tissue distribution of HMT protein differs among species
remains to be determined in further studies, especially by
analysis of the mechanism of HMT mRNA expression. For
this purpose, comparative analyses of the genomic informa-
tion in 5' flanking regions of the HMT genes from several
mammals are currently underway in our laboratory.

In conclusion, we cloned the guinea pig cDNA homolo-
gous to rat and human HMT genes and demonstrated that
the HMT protein structure is highly conserved among
human, rat and guinea pig. The tissue distribution of HMT
mRNA is uneven and the mRNA expression seems to be
localized to the tissues in which histamine has a critical
role(s). The abundant expression of HMT mRNA in both
the jejunum and brain of the guinea pig suggested that
HMT is an important factor in termination of histamine
actions in these tissues because there is no evidence for ex-
istence of a high affinity transport element for histamine,
although the mechanism(s) by which histamine is taken up
from the extracellular space into the cytoplasm need to be
elucidated because HMT is a cytosolic enzyme. The cDNA
sequence presented in this study will be useful as a molec-
ular probe to analyze the detailed expression pattern of
HMT mRNA in guinea pig tissues.
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