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Summary

We have isolated a 1,192-base-long cDNA which encodes the entire structure of a precursor form of human
H-protein. The tentatively calculated number of copies for this cDNA appeared to be about four times as many
as that of the antithrombin III gene specified by a single locus in the human haploid genome. Southern analysis
using H-protein cDNA probe demonstrates a deletion of the 5.0-kb Sacl fragment in the genome of a patient
with an atypical nonketotic hyperglycinemia in whom there was an inactive H-protein. This Sacl fragment
was also deleted from the genome of one of seven patients with nonketotic hyperglycinemia resulting from
the lesion of glycine decarboxylase. The remaining six patients had common aberrations identified with the
5.2-kb EcoRI and 5.5-kb Sacl fragments. Although implication of these defective fragments in pathogenesis
is unclear at present, it is suggested that rearrangements occur in multiple genomic loci of patients with
nonketotic hyperglycinemia and that this H-protein cDNA can be used for carrier screening.

Introduction

Hydrogen carrier protein (H-protein) is one of the four
constituents of the glycine cleavage system which cata-
lyzes reversibly the catabolic degradation of glycine
(Kikuchi 1973). This protein could form an enzyme
complex with another constituent, glycine decarbox-
ylase. Since glycine decarboxylase is inactive by itself,
the observed interaction has seemed to be essential for
expression of the catalytic reaction of glycine decar-
boxylase (Hiraga and Kikuchi 19804, 1980b). H-pro-
tein also has appeared to carry an intermediary prod-
uct through lipoyl moiety in the overall reaction
(Motokawa et al. 1970; Kikuchi 1973). Therefore, an
aberrant H-protein causes a complete deficit of the
glycine cleavage activity as reported in a previously
published study (Hiraga et al. 1981). Because the gly-
cine cleavage reaction plays a major role in the glycine
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catabolism in vertebrates (Yoshida et al. 1969; Yo-
shida and Kikuchi 1970), a defective glycine cleavage
system results in pathologic conditions called hyper-
glycinemia in man (Yoshida et al. 1969; Tada and
Hayasaka 1987; Nyhan 1989).

There have been two differently classified types of
abnormal H-protein so far. One is an H-protein de-
void of the prosthetic lipoic acid which is covalently
bound with apo-H-protein. This was found in the liver
of a patient with an atypical nonketotic hyperglyci-
nemia in whom there was an additional lesion, a pro-
gressive degeneration in the central nervous system
(Hiragaetal. 1981; Trauneretal. 1981). Although an
impaired H-protein is rarely involved in the molecular
lesion of nonketotic hyperglycinemia, this important
case can be used to determine whether the altered struc-
ture resides in the genome. The present analysis sur-
veys what causes the two different abnormalities in
one patient.

Nonketotic hyperglycinemia has differed from ke-
totic hyperglycinemia, in that, in the latter, patients
have had organic acidemia such as propionic acidemia
and methylmalonic acidemia (Childs et al. 1961; Ny-
han et al. 1961; Rosenberg et al. 1968; Baumgartner
et al. 1969). An inactive H-protein, which has not
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been well characterized yet, has been immunochemi-
cally detected in the liver of a patient with ketotic
hyperglycinemia (Kume et al. 1988). The genome of
this patient would be a control for the above study.

Among three essential constituents of this enzyme
system, glycine decarboxylase has most frequently
been assigned to a molecular lesion of nonketotic hy-
perglycinemia (Tada and Hayasaka 1987). It is also
interesting to determine whether patients with this
molecular lesion have the genomic alterations detect-
able by the H-protein cDNA probe, because the lesion
in the central nervous system is universally involved in
this disease (Tada and Hayasaka 1987; Nyhan 1989).

We isolated some human H-protein cDNA clones
by using a specific antibody in a previous study, but
the cloned cDNA appeared to have no initiator methi-
onine codon and poly(A) region (Hiraga et al. 1988).
Through a couple of further trials for selection by
using an immunoreactive H-protein cDNA as a probe,
we have obtained a longer H-protein cDNA encoding
the entire structure of the precursor H-protein. We
report here several features involved in the human
H-protein cDNA and its genes, in both normal individ-
uals and patients with hyperglycinemias.

Material and Methods
cDNA Probe and Other Materials

We cloned previously an H-protein cDNA from a
human liver cDNA expression library. The immuno-
reactive cDNA clone designated as pHH15B9 ap-
peared to encode the partial primary structure of the
purified H-protein (Hiraga et al. 1988). However, be-
cause no initiator methionine codon and poly(A) tail
were found in the sequence, the structures of the
c¢DNA and deduced protein have not been reported
yet. In the present study, we used the nick-translated
pHH15B9 cDNA (744 bp) for the selection of a longer
cDNA. Restriction endonucleases, DNA- and RNA-
modifying enzymes, and other reagents were commer-
cially obtained. Radioactive nucleotides were prod-
ucts of DuPont— New England Nuclear.

Selection of the H-Protein cDNA

About 5 x 10° phages of the above library were
again tested, and a longer cDNA was selected. Phage
DNA fixed on a nitrocellulose filter was treated with
a prehybridization solution composed of 50 mM
Tris-HCI buffer (pH 8.0), 1 M NaCl, 5 mM EDTA,
0.1% SDS, 50% formamide, 100 pg/ml of single-
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stranded salmon testes DNA, and 5 x Denhardt’s
solution at 42°C for 6~14 h and hybridized with the
radioactive probe in this solution. The filter was
washed at 42°C-50°C with several changes of the
solution for low or high stringency. For low strin-
gency, 100 mM Tris-HCI buffer (pH 8.0) containing
250 mM NaCl, 1 mM each of EDTA and disodium
phosphate, 0.1% SDS, and 1 x Denhardt’s solution
was used. Concentrations of Tris-HCI buffer (pH 8.0)
and NaCl were adjusted to 10 and 25 mM, respec-
tively, for high stringency. A plasmid vector, Blue-
script SK (M13 - ) (Stratagene Cloning Systems, San
Diego), was used.

DNA Sequencing

Nucleotide sequence was determined by the method
of Sanger et al. (1977) by using 7-deaza-dGTP (Mizu-
sawa et al. 1986). The promoter sequences for T7 and
T3 RNA polymerases on the plasmid were used for
the priming sites. The oligonucleotides identical to
both strands at the particular positions of the H-pro-
tein cDNA sequence were prepared using a DNA syn-
thesizer, model 381A (Applied Biosystems, Inc.,
Japan, Tokyo) and were designated as DNA 1 (nucleo-
tides 321-338 in the cDNA sequence), DNA 2 (nucle-
otides 475-492), and their complementary counter-
parts. These were also used for primers.

Northern Analysis and Southern Analysis

Total RNA wasisolated, from macroscopically nor-
mal portions within a surgically resected and cancer-
bearing liver, by the method of Fyrberg et al. (1980)
and was subjected to northern analysis (Lehrach et
al. 1977). High-molecular-weight DNA was obtained
from the nucleated blood cells of 13 normal Japanese
individuals by the method of DiLella and Woo (1987).

Portions of the frozen liver specimens from a patient
with an atypical nonketotic hyperglycinemia (patient
LS) (Hiraga et al. 1981; Trauner et al. 1981) and from
a patient with a propionic acidemia-associated ketotic
hyperglycinemia (patient TI) (Kume et al. 1988) were
ground into a fine powder in liquefied nitrogen, and
genomic DNA was isolated by a method similar to the
one described above. The frozen liver specimens from
seven patients with nonketotic hyperglycinemia re-
sulting from the deficient glycine decarboxylase activ-
ity were transported to our laboratory through Dr.
Tada, Department of Pediatrics, Tohoku University
School of Medicine. In the present study, the livers
from patients FS, VM, and DT (Kume et al. 1988),
from patient 6 in the previously published report (pa-
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tient MR) (Hayasaka et al. 1987), and from patient
JL (Hayasaka et al. 1983) were subjected to analysis.
There is no report on patients AH and YH. The small
amount of the protein reactive to an anti-chicken gly-
cine decarboxylase antibody was in the liver extract
of patient DT (Kume et al. 1988). Using this antibody
in the liver extracts from patients FS and VM (Kume
et al. 1988) and in the remaining patients (data not
shown), we confirmed that no immunoreactive mate-
rial was detected. These livers showed both H-protein
and T-protein activities at levels comparable to those
found in the control livers. A 1.0% agarose gel was
used for northern analysis, and a 0.8% gel was used
for Southern analysis. Probing was conducted as de-
scribed in the preceding section. DNA fragments with
known sizes were used as size markers.

The Number of Copies for the H-Protein cDNA
in the Human Genome

We isolated a human antithrombin III (AT III)
cDNA by using a specific antibody (Hoechst Japan,
Tokyo). This insert (1,470 bp) encompassed nucleo-
tides 13-1,482 of the known sequence reported by
Prochownik et al. (1983). Since it has been demon-
strated that AT III is specified by a single genomic
locus (Kao et al. 1984; Bock et al. 1985), we employed
the AT III gene as a standard to estimate the number
of copies of the H-protein cDNA in the human genome
by Southern analysis. Two different cDNA probes
with similar sizes and specific radioactivities would
reveal similar integrated intensities of their hybrids
on an autoradiogram. Southern analysis detected the
difference in the number of copies for certain pseu-
dogenes (Piechaczyk et al. 1984).

To avoid hybridization with the sequences rich in A
and T bases, the poly(A) region was removed by cut-
ting the pHH24S cDNA with Alul. The resultant size of
the probe was 1,120 bp. Genomic DNA from a control
individual was thoroughly digested with EcoRI. An
equal amount (20 pg for each lane) of the EcoRI-
treated genomic DNA was separated on an agarose
gel, was transferred onto a single nitrocellulose filter,
and was baked at 80°C. The pHH24L and pHH24S
inserts (1 ug and 0.3 pug, respectively) were mixed to
an equimolar concentration and were nick-translated.
The AT III cDNA (1.7 pg) was also nick-translated in
parallel. Thus, in terms of molar amount of DNA
molecule, equal amounts of the two probes were pre-
pared. Nevertheless, on the basis of the 1,120-bp size,
the H-protein cDNA probe had 1.47 times more ra-
dioactivity than did the AT IIl cDNA probe. Southern

353

analysis was carried out using these probes under com-
parable conditions. Signals were located by autoradi-
ography, and their intensities were measured using
a Shimadzu TLC Scanner CS-910 equipped with an
integrator, Chromatopac C-R1A. Integrated density
of signals revealed by the AT III probe was multiplied
by 1.47 and then was compared with that of all the
signals revealed by the H-protein cDNA probe.

Results

Structure of the Human H-Protein cDNA

By rescreening, we isolated an H-protein cDNA
longer than the pHH15B9 insert and designated
AHH24. This cDNA contained one internal EcoRlI site
at which two fragments (about 800 and 300 bp) were
formed (fig. 1A). The fragments thus formed with
EcoRI were separately subcloned and designated as
pHH24L (for the longer insert) and pHH24S (for the
shorter insert).

As summarized in figure 1B, DNA sequencing has
demonstrated that the pHH24L insert is 853 bp and
that its sequence near one end coincides with the 3’
region of the pHH15B9 cDNA (see fig. 1 legend). The
first methionine codon begins 93 bp downstream from
the other end and precedes an open reading frame
encoding 173 amino acid residues until the translation
termination codon at nucleotides 612-614. The de-
duced peptide contains both the dodecapeptide as-
signed to the amino-terminal region of the purified
human H-protein (underlined in fig. 1B) and the car-
boxy-terminal glutamate residue, which are confir-
matory of the previous observations (Hiraga et al.
1988). Therefore, we concluded that the pHH24L in-
sert encodes part of human H-protein mRNA and that
the precursor H-protein comprises a mitochondrial
presequence of 48 amino acid residues and the mature
protein of 125 amino acid residues.

The pHH24S insert is 339 bp and has a 39-bp po-
ly(A) tail at one end. The structure of the EcoRI site
at the other end, however, differs from that of the
EcoRI linker, indicating that the 1,192-bp human
H-protein cDNA sequence is reconstituted by direct
linkage of the two cDNA fragments through the inter-
nal EcoRlI site.

Two genuine consensus sequences for the poly(A)
site are found in the 3’ untranslated region (nucleotides
629-634 and 1,135-1,140). Northern analysis has
also demonstrated that the H-protein cDNA probe
hybridized to two distinctly sized RNAs (1,400 and
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GGCTCCCTCCGGCCGCGAACTGCCCCTCCCCGCCCCGCCTCCCGGCGCGGGTGGCCGAGGCGTAGCGCCGCGACCCCCG&ACCCCTGCGA 90

ACATGGCGCTGCGAGTGGTGCGGAGCGTGCGGGCCCTGCTCTGCACCCTGCGCGCGGTCCCGTTACCCGCCGCGCCCTG&CCGCCGAGG& 180
M A L RV VR S VRALULTCTULIRA AUV PL P AAUPTCUPUPR P 30

CCTGGCAGCTGGGGGTGGG&GCCGTQCGTACGCTGCGCACTGGACCCGCTCTGCTCTCGGTGCGTAAATTCACAGAGAAACACGAATGGé 270
W Q L G V GA V'R TL R TGP AULUL S V R KV F T E K HE W V 60

TAACAACAGAAAATGGCATTGGAACAGTGGGAATCAGCAATTTTGCACAGGAAGCGTTGGGAGATGTTGTTTATTGTAG%CTCCCTGAAé 360
T T E NG I G T V G I S N F A Q EAL GDV VY C S L P E V 90

TTGGGACAAAATTGAACAAACAAGATGAGTTTGGTGCTTTGGAAAGTGTGAAAGCTGCTAGTGAACTATATTCTCCTTTATCAGGAGAAG 450
G T XK L N X Q D ETF G AL E SV KA AJSETULY S P L S G E V 120

TAACTGAAATTAATGAAGCTCTTGCAGAAARATCCAGGACTTGTAAACAAATCTTGTTATGAAGATGGTTGGCTGATCAAGATGACACTGA 540
T E I N E AL A ENP G UL VN K S CY E DG W L I K M T L S 150

GTAACCCTTCAGAACTAGATGAACTTATGAGTGAAGAAGCATATGAGAAATACATAAAATCTATTGAGGAGTGAAAATGGAACTCCTAQQ 630
N P S EL D E L M S E E A Y E K Y I K S I E E *** 73

TAAACTAGTATGAAATAACéAAGCCAGCAGAGTTGTCTTAAATTAGTGGTGGATAGAGACTTAGAATAGAAACTTTTAGTATTACCGATG 720
GGGCAAAAAAAAACTACTGTTAACACTGCTAATGAAAGAAAATGCCCTTTAACTTTGTAATGATTATAGATAAATATAATATGCGTCTTT 810

TTCACAATATCCTATGATTTTTAGACTAGGCTCTAGTGTTCAGAATTCATGAAATTATCCATGGTAAAAACTAGTTATAAAAATTACATA 900
EcoR1 :

ATTCAAAGATAACATTGTTATTCTTAAGCCTTATATAATATTGTAACTTGCATGTATCCATACCTGGATTTGGGATGAAATACTTAATGA 990
TCTTTCCATTGGAAATAACTGGAAGTGAAGAGGTTTTGTTGCTTGTACAGTGTCAGATGAGGAACACCACTATCTTAATTTTGCGATACA 1080
CTGCATTTGCTGGTGCTATTTTTATACAGTGAAGCAACAGCTTTGCAGCAAAATAATAAAATACTTCTTCGTTAAAAAAAAAAAAAAAAA 1170

AAAAAAAAAAAAAAAAAAAAAA 1192

Figure | Structure of human H-protein cDNA. A, Restriction map of AHH24 insert. The open and hatched bars indicate the protein
coding and untranslated regions, respectively. The line at the 3’ region stands for the poly(A) tail. The sites for restriction endonucleases
were determined from the nucleotide sequence and were confirmed by digestion with the enzymes. The numerals with asterisks (*1 and
*2) indicate the positions of the sequence from which the two 17-mer oligodeoxynucleotides were synthesized. Arrows indicate both the
strands and the regions of the nucleotide sequences determined. B, Nucleotide sequence of human H-protein cDNA. The deduced primary
structure of H-protein is displayed under the sequence. The amino-terminal region of mature H-protein is underlined. The translation
termination codon is denoted by the triple asterisks (***), and the two genuine consensus sequences for the poly(A) sites are double
underlined. The pHH15B9 cDNA spans nucleotides 114-857.

900 bp) in liver total RNA (ﬁg 2) The distance (500 RFLP Revealed by Using H-Protein cDNA in the Normal
bp) of the two consensus sequences appearstobeequal ~ Human Genome

to the size difference of the RNAs. Densitometric esti- Prior to examination of the H-protein gene structure
mation clearly indicated that the longer RNA isdomi-  in the patients with hyperglycinemia, we elucidated
nant in abundance. There was about 50 times more of =~ RFLP detectable by the H-protein cDNA in the normal
the longer RNA than of the shorter RNA. genome. For this purpose, we chose EcoRlI, Pstl, and
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Figure 2 Northern analysis using nick-translated pHH24L
cDNA probe. About 40 ug of human liver total RNA was used.
Escherichia coli ribosomal RNA was used as a size marker.

A

100— “M’ “M - . Sacl
3 7.0 kb
B Sacl
56.0 e 6.4 kb
= 40- &3 F
& W Pst 1
g “=33kb
L&L‘ 2.0-
g e i -
; «Sacl
E N h » e “T13kb
‘B 10-
()
N
0 05—
12 345617839
Figure 3

355

Sacl. The genomic DNA digested with one of them
was probed with either pHH24L cDNA or pHH24S
cDNA.

Polymorphic PstI and Sacl sites were found. One of
13 DNA preparations had polymorphic 3.3-kb Pstl
fragments revealed by both probes (figs. 3A and 3B,
lanes §). A 1.3-kb Sacl fragment which also hybridized
with both probes has been lost in the other genomic
DNA. This DNA preparation did not reveal a 6.4-kb
Sacl fragment and, instead, appeared to possess a 7-kb
fragment hybridized with both probes (figs. 3A and
3B, lanes 9). The two 3.3-kb Ps¢I fragments appear to
exist together, and the polymorphic disappearance of
the 1.3- and 6.4-kb Sacl fragments is found to be asso-
ciated with the appearance of anovel 7.0-kb fragment.
However, the precise linkage of these individual poly-
morphisms is unclear at present.

In the EcoRI-treated DNA, the pHH24L probe (0.8
kb) detects nine fragments (about 45 kb in integrated
length), and the alternative 0.3-kb probe hybridizes to
six fragments of about 15 kb in total length (figs. 3A
and 3B, lanes 1, 4, and 7). However, no polymorphic
EcoRlI site was found in the normal genome. These
results demonstrate that the fragments detected by the
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RFLP in normal human genome. The genomic DNAs from normal individuals (20 pg) were treated with either EcoRI (lanes

1,4, and 7 in both A and B), PstI (lanes 2, 5, and 8 in both A and B), and SacI (lanes 3, 6, and 9 in both A and B). The genomic DNAs
containing no polymorphic site identified (lanes 1-3 in both A and B) and the polymorphic PstI (lanes 4-6 in both A and B) or Sacl (lanes
7-9 in both A and B) site are probed with the pHH24L and pHH24S cDNAs in A and B, respectively.
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1-kb-long cDNA sequence is coded in the extremely
long stretch of about 60 kb in the genome. This size
is similar to the integrated length of the fragments
displayed in the Pstl- and Sacl-treated DNAs. When
all of these considerations are taken into account, the
human genome is expected to contain multiple copies
of the H-protein cDNA sequence.

The Number of Copies for the H-Protein cDNA
in the Human Genome

To further examine this issue, the EcoRI-treated
genomic DNA was subjected to the estimation of the
number of copies that is described in Material and
Methods. An equimolar mixture of the pHH24L and
pHH24S probes reveals 11 fragments (fig. 4, lane 1).
In contrast, identical DNA preparation has two frag-
ments hybridized with the AT IIl cDNA probe (fig. 4,
lane 2). Their sizes are 11 and 4 kb and are consistent
with the finding reported by Prochownik et al. (1983).
These results also suggest that no fragment formed by
partial digestion with EcoRlI is included in this DNA
preparation and that the washing conditions used
were stringent enough to remove nonspecific hybrids.

Next, the integrated density of all the hybridization
signals (fig. 4, lane 1) was calculated to be 17.8 in
arbitrary units, whereas that revealed with the AT III
c¢DNA probe was 3.33 (fig. 4, lane 2). Therefore, the
latter was corrected to be 4.9 units on the basis of the
1.1-kb probe. In this context, contents of G + C bases
in the H-protein cDNA and in the AT IIIl cDNA were
44% and 50%, respectively. The calculated T, values
of the hybrids that corresponded exactly in size to
these cDNA probes were about 66°C for the hybrid
with the H-protein cDNA and 69°C for that with the
AT III cDNA under the condition for hybridization,
and they were 75°C and 78°C, respectively, for the
high-stringency washing. These values suggest that the
average efficiencies in hybridization during Southern
analysis are not largely different in either experimental
system, although, when the theoretical consideration
regarding the nick-translation is taken into account,
the actual sizes of the radioactive probes are thought
to be shorter than 1,100 bp. From these considera-
tions, we judged that the number of copies for the
H-protein cDNA probe is at least four times greater
than that of the AT III gene in the genome.

Occurrence of Genomic Rearrangement in a Patient
with an Atypical Nonketotic Hyperglycinemia

The occurrence of multiple copies in the genome
made it likely that there would be a great deal of

Koyata and Hiraga

o 100- W e
) '
= 60-
t  40- “
_ -
g 20 .
<
&
= 10—
)
N
[75) 0.5=

1 2

Figure 4 Number of copies for H-protein cDNA in human
genome. The locations of the fragments revealed by using the equi-
molar mixture of the pHH24L and Alul-treated pHH24S inserts
(lane 1) or the antithrombin IIl cDNA probe (lane 2) are shown. An
aliquot (20 pg) of identical EcoRI-treated DNA was used. The
autoradiogram was made on a single sheet of film. The 0.4-kb
fragment falls into the background under the condition for printing
this photograph.

difficulty in interpreting the results that would be
shown by Southern analysis. We, however, attempted
to determine whether a particularly altered structure is
included in the genomes of patients LS and T1. For this
purpose, the EcoRI-, Pstl-, or Sacl-treated genomic
DNAs from these patients were probed with the
pHH24L and pHH24S cDNAs.

There was no aberrant distribution of fragments
revealed by the pHH24L and pHH24S probes in the
EcoRlI-treated DNA of patient LS (figs. 5A and 5B,
lanes 1, 3, and 5). Similarly, no significant aberration
was found in the Pstl-treated DNA of this patient,
although both the 4.7-kb fragment from the longer
probe and the 6-kb fragment from the shorter probe
looked obscure (data not shown).

As to the Sacl-treated DNA, because of the disap-
pearance not only of the 1.3- and 6.4-kb fragments
from the pHH24L probe but also of the 1.3-kb frag-
ment from the pHH24S probe, and because of the
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RFLP in patients with hyperglycinemia resulting from inactive H-protein. Genomic DNA preparations (20 pg) from patient

LS (lanes 1 and 2 in both A and B), patient TI (lanes 3 and 4 in both A and B), and a control (lanes 5 and 6 in both A and B) were treated
with either EcoRI (lanes 1, 3, and § in both A and B) or Sacl (lanes 2, 4, and 6 in both A and B). The nick-translated pHH24L or pHH24S

probes were used in A and B, respectively.

occurrence of a 7-kb fragment from each of the two
probes (figs. SA and 5B, lanes 2), this patient was
found to carry the Sacl polymorphism shown in figure
3. However, it is also clear that the 5.0-kb fragment,
which is deficient in this patient (fig. 5B, lane 2), is not
included in this polymorphism. These results led us to
the conclusion that patient LS had the significantly
rearranged genome. On the other hand, the genome
of patient TI showed no abnormal distribution of hy-
bridization signals detectable by this procedure (figs.
5A and 5B, lanes 3 and 4).

Some Characteristics of Genomic Rearrangements in Patients
with Molecular Lesion in Glycine Decarboxylase

We also examined the genomic structures of seven
patients in whom there may be a lesion involved in the
glycine decarboxylase gene. The EcoRI-treated DNA
was first examined (fig. 6). Patient YH showed no
abnormal distribution of the hybridization signals re-
vealed by both the pHH24L and the pHH24S probes.
Patient AH seemed to carry a novel 4.0-kb fragment.
Patients VM and DT have lost the 5.2-kb fragment.

This 5.2-kb fragment is obscure in the genome from
patients MR, FS, and JL. Instead, signals at the regions
corresponding to 4.4-4.7 kb in size appear to be broad
in the lanes for these three patients. Because the 5.2-kb
fragment has disappeared, it is unclear whether the
genuine 4.7-kb fragment exists at its intrinsic position
in lanes 2-4. The faint 10-12-kb fragments are ob-
served in lanes 1-5. All the patients tested had no
defective and aberrant fragment detectable by the
pHH24S probe (fig. 6B).

The Sacl-treated genomic DNAs show the more ob-
vious alterations in structure of the genome (fig. 7).
Patient YH showed the normal distribution of the
fragments in lane 6 of figure 7A but showed one de-
leted fragment (5.0 kb) in lane 6 of figure 7B. The
5.5-kb fragments revealed by both probes in the con-
trol DNA are undetectable in the genomes of patients
VM and DT (figs. 7A and 7B, lanes 5 and 7). From the
findings in this figure, patient DT appears to belong to
the Sacl polymorphism (fig. 7A and 7B, lanes 7). The
5.5-kb fragments are not located at the intrinsic posi-
tion by both probes in lanes 1-4 (patients AH, MR,
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Figure 6 Rearrangements of EcoRI fragments from genomes of patients with nonketotic hyperglycinemia due to lesion in glycine

decarboxylase. Genomic DNAs (20 ug) from a control individual (lane CTR) and from patients AH, MR, FS, JL, VM, YH, and DT (lanes
1-7) were treated with EcoRI. The pHH24L and pHH24S cDNAs were used as probes in A and B, respectively.
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Figure 7 Rearrangements of Sacl fragments from genomes of patients with nonketotic hyperglycinemia due to lesion in glycine
decarboxylase. The same genomic DNAs as used in fig. 6 were treated with Sacl and were similarly probed by using the pHH24L and
pHH24S cDNAs as probes in A and B, respectively. Lanes CTR and 1-7 represent the control and the patients, in the same order as given
in the legend to fig. 6.
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FS, and JL) (figs. 7A and 7B). However, these patients
again revealed broad signals showing sizes shorter
than 5 kb in figure 7A. The 12- and 10.5-kb fragments
are also obscure in lanes 1-5 in both panels of figure 7.

Discussion

We have clarified the human H-protein cDNA struc-
ture—and thereby the deduced primary structure of
human H-protein. The precursor and mature forms of
human H-protein are deduced to be composed of 173
and 125 amino acids, respectively, and their calcu-
lated molecular weights are 18,912 and 13,815, re-
spectively. Human H-protein appears to be highly ho-
mologous to chicken H-protein of 125 amino acid
residues which was chemically determined and re-
ported by Fujiwara et al. (1986).

By comparison, there are 18 amino acid substitu-
tions within the mature protein (Ser49-Glu173). Of
these, 11 substitutions occur between Asp and Glu,
between Thr and Ser, or within branched-chain amino
acids at both the amino- and the carboxy-terminal re-
gions (Ser49-Thr62 and Leul49-Glu173). The amino
acid sequence of 54 residues between these regions
(Glu63-Leul16; fig. 1B) therefore shows 96% homol-
ogy to the comparable region in the chicken enzyme.
As a consequence, the lipoic acid binding site was as-
signed to Lys107 in the human enzyme (double-under-
lined in fig. 1B). Moreover, as suggested in a pre-
viously published study (Hiraga et al. 1981), the two
conserved cysteine residues, one of which appeared
to participate in an intermolecular disulfide bonding,
were assigned to Cys85 and Cys138. The highly con-
served structure of the H-proteins from different verte-
brates can be substantially implicated in their common
properties, such as immunochemical and enzymologi-
cal similarities.

As would be expected from the fact that the inte-
grated length of the fragments (which were hybridized
with the separate but consecutive sequences of this
H-protein cDNA [approximately 1 kb] in Southern
analysis) appears to encompass more than 60 kb, the
number of copies for the H-protein cDNA is suggested
to be at least four in the human haploid genome. This
is supported by our preliminary findings that several
cloned fragments of the human genome carry pro-
cessed sequences similar to the H-protein cDNA se-
quence and that the two clones having an obvious
overlap show an organized exon/intron-like structure
which codes for H-protein (authors’ unpublished data;
the completed results will appear elsewhere).
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Therefore, we can postulate at present that the pro-
cessed genes (Hollis et al. 1982) or the retropseu-
dogenes (Weiner et al. 1986) which hybridize to the
H-protein cDNA probe exist in the human genome in
addition to a single genuine H-protein gene. We are
unable to exclude, at present, a possibility that the
common sequence of some genes with a related struc-
ture, if any, might be included in the fragments de-
tected by the procedures used in the present study,
although the washing condition was highly stringent.

Northern analysis has demonstrated that two dif-
ferently sized H-protein mRNAs exist in the human
liver. The two types of H-protein mRNAs may result
from the alternative use of the two poly(A) sites found
in the cDNA sequence. The occurrence of the genomic
regions encoding the different structures for the 3’ un-
translated region might also be predicted.

To gain more insight into the mechanism which
gave rise to an abnormal structure in H-protein of
patient LS, we examined the RFLP of the H-protein
gene. We could first elucidate in the normal genome
the occurrence of the polymorphic Ps#l and Sacl sites
by which the 3.3-kb Ps#I and 7.0-kb Sacl fragments
are formed and by which the 1.3- and 6.4-kb Sacl
fragments disappear. The genome of this patient re-
vealed the additional, defective 5.0-kb Sacl fragment,
suggesting that this patient carried the significantly
rearranged genome. Unfortunately, because the multi-
ple copies of the H-protein cDNA probe prevented us
from a more precise analysis, it is unclear, at present,
which of the genomic fragments really encodes the
genuine H-protein gene. Therefore, what the observed
rearrangements caused in the patient is still unknown.
In this context, it is noteworthy that patient LS had an
apo-H-protein (Hiraga et al. 1981). This reported fact
complicates the understanding of the genetic lesion
in this patient, because an additional enzyme which
produces the covalent bonding of lipoic acid to the
Lys107 is indispensable for forming holo-H-protein.
This idea suggests that the observed rearrangement in
the genome of this patient may not necessarily imply
the production of an abnormal H-protein. As a com-
parable example, patient TT had an inactive H-protein
in the liver (Kume et al. 1988) and contained no abnor-
mal genomic structure detectable by Southern analysis
in the present study.

As reviewed elsewhere, most patients with nonke-
totic hyperglycinemia are associated with some neuro-
logically distinguished symptoms as part of the clinical
features of their disease (Tada and Hayasaka 1987;
Nyhan 1989). The reports indicate that the neuropa-
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thology of nonketotic hyperglycinemia consists of
diffuse alteration of myelination and gliosis (Shuman
et al. 1978; Brun et al. 1979; Trauner et al. 1981).
These alterations may occur in patients in whom this
disease is caused by a molecular lesion involved in
another component, such as glycine decarboxylase or
T-protein. In this respect, it seems to be convincing
that in those patients the elevated concentrations of
glycine in extracellular fluids could be a result of a
molecular lesion involved in the glycine cleavage sys-
tem itself.

There has never been any decisive study as to wheth-
er this molecular lesion is lethal for patients. Tada and
Hayasaka (1987) have pointed out in a review that
higher extracellular glycine concentrations might both
affect neurophysiological symptoms of the patient
with nonketotic hyperglycinemia and, to a certain ex-
tent, modify development of the glycinergic synapse
in spinal cord and brain stem. However, in consider-
ation of the unique presentation of this disease, it is
worth assuming that in the patient with nonketotic
hyperglycinemia there might be an additional crucial
genomic lesion other than the H-protein gene.

As would be expected from this idea, the H-protein
cDNA probe fortunately detected significantly aber-
rant structures in the genomes of the patients having
a molecular lesion involved in glycine decarboxylase.
It is most interesting that patients LS and YH showed
apparently identical deletion of the 5.0-kb Sacl frag-
ment. This was the only rearrangement detected by
the H-protein cDNA probe in their genomes. The re-
maining patients appeared to carry the genomic re-
arrangement identified by the undetectable 5.2-kb
EcoRI and 5.5-kb Sacl fragments. Immunochemical
analysis suggested that the glycine decarboxylase gene
of these seven patients has been impaired. Therefore,
the summarized results suggest the presence of re-
arrangements in multiple genomic loci of all the pa-
tients tested, although there is no clear implication in
the pathogenesis of this disease at present. Character-
ization of both the genuine H-protein gene and ob-
served aberrant fragments is required, including eluci-
dation of their chromosome locations.

We have already cloned human glycine decarboxyl-
ase cDNA, and it is noteworthy that no homologous
sequence, which may cause cross-hybridization in
Southern analysis, is included in the H-protein cDNA
and glycine decarboxylase cDNA. We have found by
Southern analysis using glycine decarboxylase cDNA
that rearranged glycine decarboxylase genes exist in
some of the seven patients examined in the present
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study (unpublished data). Characterization of the ab-
errant glycine decarboxylase genes is also in progress
in our laboratory. The precise studies on the glycine
decarboxylase gene and H-protein gene will lead us to
the comprehensive understanding of nonketotic hy-
perglycinemia.
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