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A Cloning of Cytidine Monophospho-N-Acetylneuraminic Acid
Hydroxylase From Porcine Endothelial Cells

K. Ikeda, A. Yamamoto, A. Nanjo, C. inuinaka, Y. Takama, T. Ueno, M. Fukuzawa, K. Nakano,
H. Matsunari, H. Nagashima, and S. Miyagawa

ABSTRACT

Introduction. The Hanganutziu-Deicher (H-D) antigen with terminal N-glycolyl
neuraminic acid-(NeuGec) is widely distributed in mammalian species including monkeys
and apes, but is not found in humans and birds. After the knock out of «l, 3galactosyl-
transfease, the H-D antigen became a major antigen of the “non-Gal antigen.” The
expression of NeuGce is controlled by the activity of cytidine monophospho-N-acetyl-
neuraminic acid hydroxylase (CMAH). In this study, molecular cloning of pig CMAH was
performed, as the first step in producing H-D knockout pigs.

Methods. A pig endothelial cell line, MYP30, was used. The DNA sequence of pig
CMAH was queried in dbEST (NCBI) using the BLAST program to search for cDNA
fragments of pig CMAH, based on an alignment analysis of the mouse CMAH sequence.
A polymerase chain reaction experiment was performed and candidate cDNA clones were
isolated. To obtain the 5'-end and 3’-end of the open reading frame sequence, a 5'-full
RACE Core Set and 3’-full RACE Core Set were used.

Results. We cloned and characterized the pig CMAH gene. The ATG is located in exon
4, which corresponds to the mouse gene, and the stop codon is in exon 17. In the case of
the 5’ site of the gene, exon 3 was identified but exons 1 and 2 are still being investigated.

On the other hand, exon 18 was newly identified in the 3’ site of the gene.

Conclusion.
tation studies.

The results represent useful information for future clinical xenotransplan-

HE POTENTIAL FOR THE CLINICAL APPLICA-
TION of xenotransplantation has generated consider-
able interest in recent years. However, glycoantigen continues
to be a major obstacle in successful clinical use of this
technique. After the hyperacute rejection is avoided by several
strategies to downregulate the «-Gal epitope, the Hanganut-
ziu-Deicher (H-D) antigen could be a cause to make a strong
humoral response in pig-to-human transplantation.' Someone
reported for this possibility, and others were against it.

With the exception of human and chickens, the H-D
antigen with terminal N-glycolyl neuraminic acid (NerGc) is
widely distributed in the animal kingdom. The expression
of NeuGe is controlled by cytidine monophospho-N-
acetylneuraminic acid hydroxylase (CMAH) activity. The
human CMAH gene underwent a major mutation since the
time of the last common ancester with the bonobo and
chinpanzee. In this study, pig CMAH was originally cloned
as the first step of the knockout of this gene.

0041-1345/12/%-see front matter
doi:10.1016/j.transproceed.2012.01.092
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MATERIALS AND METHODS
Cell

A pig endothelial cell (PEC) line, MYP30,? was used in this study.
Culture media were supplemented with 10% heat-inactivated fetal
bovine serum and kanamycin/amphotericin B. Cultures were main-
tained in a 5% CO,/95% air atmosphere at 37°C.
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CLONING OF CMP-NeuAc HYDROXYLASE

Cloning of CMAH:

The DNA sequence of pig CMAH was queried in dbEST (NCBI)
using the BLAST program to search for cDNA fragments of pig
CMAH, based on an alignment analysis of the mouse CMAH
sequence. Primers were identified, based on the EST cloning data.

Total RNA was then isolated from the MYP-30 using the TRIZOL

reagent (Invitrogen, Carlsbad, Calif, USA). An oligoTex-dT30
mRNA purification kit was used for the mRNA preparation,
following the manufacturer’s recommended protocol (Takara, To-
kyo, Japan). A portion of the mRNA was then reverse-transcribed
using RevertraAce reverse-transcriptase (TOYOBO, Osaka, Ja-
pan) and a random oligo primer. A polymerase chain reaction
experiment was performed and candidate cDNA clones were
isolated using pyrobest DNA polymerase (TOYOBO) with the
following primers- for pig CMAH: 5'-primer: CAGCGTGT-
GTTCAACTAATG, GAAGCTTGCTCATGTTATTCTG and 3'-
primer: GTTGAAACAGATGCGGAGAC, CACAGGATGAT-
AGCAATTAACATG. ,

The amplified DNA fragments were subcloned into the EcoRV
site of the pBluescript II SK(—) cloning vector by a TA-cloning
method. The nucleotide sequences were determined by the dideoxy
chain termination ‘method using an ABI PRISM3100 genetic
analyzer (Applied Biosystems, Foster City, Calif, USA). To obtain
the 5'-end and 3'-end of the open reading frame (ORF) sequence,
a 5'-full RACE Core Set and 3'-full RACE Core Set (Takara) were
used.?
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RESULTS
Isolation of Pig CMAH cDNA

Several pig EST clones had a high homology with amino
acid sequences common to mouse CMATH, suggesting that
the porcine EST clones are partial sequences for pig
CMAH. However, those dbEST sequences did not cover
the whole sequence of pig CMAH. The cDNA fragments
obtained were then subcloned into-the plasmid vector and
the sequence was confirmed by testing the multiple inde-
pendent clones. The confirmed sequence of the ORF was in
agreement with the report.* The specified primers for
5'-RACE, #1 to #5, 3'-RACE, #6, and sequence, #7 to
#11, were next designed (Fig 1) < #1: TCAGCCTCTIC-
CAGCCAATCAG, #2: TGGGATTCAGAACCCAGATC,
#3: GAAGTGCAGATCACGTACCT, #4: CGGGTTAG-
GAGGATTTAGTTC, #5: TTGACAGAAGCITCCAG-
GAG, #6: CGTGGTAAAGAATGGTICIGC, #7. TG-
CATTTAACAGACCTTCCAT, #8: ACTACACGAGCCT-
CCATCTGA, #9: TAAAACTCCCCCTCACACCAC, #10:
ATGAGCAGCATCGAACAAACGAC, #11; CATCCCA-
GAGCACATCAGGAA >. A 5'-RACE and a 3'-RACE
were then performed to obtain the complete sequence of
the pig CMAH mRNA.

a
ATG stop
10, 2,38.,8, 6,9,
B A A 1
1734bp
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sequence are indicated. (b) The
genome map of pig CMAH. The
ATG of pig CMAH is located in
exon 4, which corresponds to the
mouse gene, and the stop codon
is in exon 17. (c) The 5' end of
CMAH gene. In the case of the 5’
site of the gene, exon 3 was
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CMAH gene. Exon 18 was newly
identified in the 3’ site of the
gene.
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Comparisom of the AA Sequence With Other Mammals
and Vertebrates

Alignment of the AA sequence of CMAH from the pig was
then compared with other mammals and fish. The homol-
ogy in the AA sequence of each CMAH was highly con-
served among mammals: 89.4% for mouse, 92.4% lor
macaca, 92.7% for chimpanzee, 93.2% for human, and
54.8% for starfish.

The Genome Map of Pig CMAH

To reveal the genome structure, the genome mapping of pig
CMAH was performed in comparison with pig chromosome
7 ([CU468933] and [CT757509]:GenBank), using the
BLAST program (NCBI). The ATG of pig CMAH is
located in exon 4, which corresponds to the mouse gene,
and the stop codon is in exon 17. While exon 18 was newly
identified in the 3’ site of the gene, in the case of the 5’ site
of the gene, exon 3 was also turned out but exons 1 and 2
are still being investigated (Fig 1).

DISCUSSION

The expression of NeuGe is controlled by CMAH activity.
A cDNA for human CMAH was cloned by two different
groups.>® The N-terminal truncation of the human hydrox-
ylase is caused by the deletion of a 92-base pair-long exon 6,
in the genomic DNA. Therefore, this epitope has the
potential to be one of the largest epitopes in pig-to-human
xenotransplantation, as a “non-Gal antigen,” after «1,3GT
is knocked out.

Concerning anti-H-D antibody production in humans,
after many twists and turns, in 2002 Zhu et al indicated that
the majority of human anti-non-Gal antibodies are specific
for carbohydrate structures carrying terminally linked
NeuGe, using flow cytometry and pig red blood cells that
had been preincubated with sialidase. Furthermore, this
anti-NeuGc activity was detectable in 85% of healthy
humans.” In addition, the sialic acid genetics and biology
include H-D antigen became clear as the genetic and
physiological changes in human evolution.®

IKEDA, YAMAMOTO, NANJO ET AL

This program, to analyze the pig CMAH gene, actually
started 3 years ago. During the delay of this project, clear
data about pig CMAH gene have already been reported by
Song et al.* They indicated a gene map until the stop codon
and two types of 5'-UTR, such as 5'UTR-1(5'pcmah-1) and
5'UTR-2(5'pemah-2; Fig 1c).

In this study, pig CMAH was cloned from a pig endothe-
lial cell line, MYP-30. In the case of the 5’ site of the gene,
exon 3 was turned out and in agreement with the 5'UTR-2.
However, exons 1 and 2 are still being investigated. On the
other hand, exon 18 was identified in the 3’ site of the gene.
In addition, the reduction of the xenoantigenicity of the
a-Gal-KO PECs and fibroblasts by the siRNA of pig
CMAH was now under investigation, to confirm if the H-D
antigen synthesized by pig CMAH is one of the major
non-Gal antigens. The results represent useful information
for future clinical xenotransplantation studies.
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