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We report the isolation of a 22-kb human genomic clone (G7) that contains 8 exons encoding a partial mitochondrial presequence, the entire mature

peptide and the complete 3’ untranslated region of the Ela mRNA of human branched-chain a-keto acid dchydrogenase complex. Based on this

gene structure, exon 9 contains the Tyr*®* — Asn mutation previously identified in the Ele subunit of Mennonite and other maple syrup urine

disease (MSUD) patients. Moreover, the homozygous mutation appears to cause skipping of exon 6 in the mutant El« transcript. The information
on the gene structure for the entire mature Ela subunit will facilitate investigations into the molecular basis of MSUD involving this subunit.

Ela gene structure (human); Maple syrup urine disease; E1x mutation; Exon skipping

1. INTRODUCTION

The mammalian branched-chain a-keto acid de-
hydrogenase (BCKAD) complex catalyzes the oxidative
decarboxylation of the a-keto acids derived from
leucine, isoleucine and valine. The mitochondrial multi-
enzyme complex consists of three catalytic components:
a branched-chain a-keto acid decarboxylase or E1 com-
prised two « (M; = 67000) and two & (M; = 37500)
subunits, a dihydrolipoyl transacylase or E2 with a
24-mer structure (monomer M; = 46500) forming the
core of the enzyme complex, and a dihydrolipoyl de-
hydrogenase that exists as a homodimer (monomer M,
= 52000) and is a common component shared with
pyruvate and a-ketoglutarate dehydrogenase complexes
[1]. In addition, the mammalian BCKAD complex con-
tains two regulatory enzymes, a specific kinase and a
specific phosphatase that control the activity of the en-
zyme complex through reversible phosphorylation/de-
phosphorylation mechanism [2].

Maple syrup urine disease (MSUD) is an autosomal
recessive disorder, in which the activity of the BCKAD
complex is deficient leading to ketoacidosis, mental
retardation and a high mortality among patients. The
disease is genetically heterogeneous. Deficiencies in dif-
ferent subunits of the BCKAD complex have been
shown using cultured cells from MSUD patients {3,4].
A T—A transition resulting in a Tyr— Asn missense
mutation was described by Zhang et al. to occur in the
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Ela subunit of a compound heterozygous MSUD pa-
tient [5]. The same mutation was later shown to be pres-
ent in homozygous state in MSUD patients from a Men-
nonite population [6,7]. To facilitate analysis of muta-
tions in MSUD affecting the Elea subunit, we have
undertaken the cloning of the human Ela gene. We
report here the gene structure for the entire mature Ela
subunit of the human BCKAD complex, and the precise
skipping of an exon in the mutant Elq transcript.

2. MATERIALS AND METHODS

2.1. ¢cDNA probes

Partial human Ela ¢cDNA clones used in the present study were
described previously [4]. The regions of the human Ela ¢cDNA se-
quence present in these cDNA clones were as follows: hEla-1
(0.9 kb), bases 840-1783; hEla-2 (1.5 kb), bases 191—1783 and
hEla-4 (0.2 kb), bases 1-190, cDNA probes were radiolabeled by the
random priming method [8].

2.2. Genomic screening and subcloning

A human leukocyte genomic library in AEMBL-3 (Clontech) was
screened by plaque hybridization. Plaques producing positive signals
were purified, and phage DNA prenared from minilysates as describ-
ed previously [9]. The purified phage DNA was digested with restric-
tion enzymes, followed by fractionation in agarose gels. Exon-
containing fragments were identified by Southern blotting analysis,
and subcloned into the Bluescript KS vector (Stratagene).

2.3. Nucleotide sequencing

Plasmids containing genomic DNA or ¢DNA inserts were obtained
from the minipreparations of transformed £. coli XL-1 Blue cells [9].
Nuclrotide seauencing was carried out by the dideoxy chain termina-
tion method [10] using T7 DNA polymerase (Pharmacia) on double-
stranded templates [11].

2.4. cDNA synthesis and primers
Poly(A)* RNA was isolated from cultured fibroblasts [12) and
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Fig. 1. Restriction map and exon organization of the human Ela gene. The exons (2—9) present in the G7 clone (22 kb) are represented by closed
boxes, and numbered after the putative exon 1. Restriction fragments (horizontal bars) were generated with Sa/l (S), EcoRI (E) and BamH]I (B).

¢DNA synthesized and amplified by the polymerase chain reaction
{PCR]} [13]. The primers used in the amplification of different regions
of the Eler cDNA (5§’ —~3') [4] and restriction sites contained were
as follows: 1:CGGGGCGATCGATGCAGCGA (Clal)  (bases
1-20), 1" :CTCATAGAGGATCCGGTCCA (BamHi) (bases
339-358), 2: TGCTGCAGCTCTACAAGAGCA  (Pstl)  (bases
300-320), 2' :GTAACAGATGTCGACCCCTGTT  (Sal) (bases
680-700), 3: ACTGGCCACGCGGATCCCT  (BamHI)  (bases
618-637), 3' : GCTCAGCAGATAGTGCTGCTGCAG (PstI) (bases
1085-1105), 4: GGGTACCACAGCACCAGTGAC (Kpnl) (bases
995-10185), 4’ : TCTCGGGGTACCTGAGGATGG  (Kpnl) (bases
1356—1376).

3. RESULTS AND DISCUSSION

A total of 2.4 x 10° pfu from the EMBL-3 genomic
library were screened using hEla-1 cDNA (bases

350

840—1783) as a probe. One of the positive clones (G7)
purified contained a 22-kb insert for the Elw gene. A
restriction map of the entire genomic insert is shown in
Fig. 1. Digestion of the G7 clone with EcoRI produced
gene fragments of 3.3 and 5.5 kb. Hybridization with
hEla-2 ¢cDNA (bases 191—1783) [4], and subsequent
nucleotide sequencing showed that these two EcoRI
fragments in combination contained the 3’ end of exon
2 (bases 190 to 283 in the Elar cDNA) and exons 3, 4 and
5. The EcoRl site in exon 2 was identical to the one pres-
ent in the human Ele ¢cDNA [4]. Double digestion of
the G7 clone with Sa/l and BamHI resulted in gene
fragments of 1.7, 11.2 and 4.5 kb (Fig. 1). Hybridiza-
tion with hEla-4 ¢cDNA (bases 1—-190) indicated that
the 1.7 kb Sa/l-BamH]I fragment contained exons in the

360 370

ValMetGluAlaPheGluGlnAlaGluArgLysProLysProAsnProAsnleuleuPheSerAspValTyrGlnGluMet
acagGTGATGCAGGLCTITGAGCAGGCCCAGCGGAAGCCCAAACCCAACCCCAACCTGCTCTTCTCAGACGTGTATCAGGAGATG 1243

380 390
ProAlaGlnleuArgLysGlnGlnGluSerLeuAlaArgHislLeuGlnThrTyrGlyGlullisTyrProLeuAspHisPhelAsp
CCCGCCCAGCTCCGCAAGCAGCAGGAGTCTCIGGCCCGCCACCTGCACGACCTACGGGGAGCACTACCCACTGGATCACTICGAT 1327
400
Lys** *

AAGTGAGACCTGCTCAGCCCACCCCCACCCATCCTCAGCTACCCCGAGAGGTAGCCCCACTCTAAGGGGAGCAGGGGGACCTGA 1411
CAGCACACCACTGICTTCCCCAGTCAGCTCCCTCTAAAATACTCAGCGGCCAGGGCGGLTGCCACTCTTCACCCCTGCTCCTICC 1495
CGGCTGTTACATTGTCAGGGGACAGCATCTGCAGCAGTTGCTGACGCTCCSTCAGCCCCCTCTTCACCTGTTGTTACAGTGCCT 1578
TCTCCCAGGGGCTGOCTCAGGGCACATTCAGCACTAGAAGCCCCTCTGGGCATGGGGTGGACATGCGCAGGTCAGCCTGTGGAAC 1663
TTGCGCAGSTGCCAGTGGCCAGCAGAGGTCACCAATAAACTGCATCTCTGCGCCTGGCTCTCT 1726

Fig. 2. Nucleotide and deduced winino aeid sequentes of the exons of humun Ela gene. Exonie sequenves are in capituls, and partial intronic
sequences at exon/intron boundaries are in lower case. The approximate sizes of introns (except intron 1) are indicated. The highly conserved region
(underlinedy flanking the two phosphoserine (asterisk) residues is encoded by cxon 8. The complete 3' end of the gene, which includes

the polyadenylation signal (AATAAA) (underlined) terminates at base 1726. Nucleotide numbers are according to the human Ela ¢cDNA
sequence (4],
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Fig. 3. Subclones of the amplified regions of the Elar cDNA from a
Mennonite MSUD patient (P.K.). Open boxes represent the coding
region and solid lines the non-coding region of the Ela ¢cDNA.
Stippled boxes depict primer pairs used for PCR amplification as
described in section 2.4. The number in parentheses indicates the
number of subclones isolated and sequenced. The deleted exon 6 is
shown by a peak line. The T— A conversion at base 1307 is present
in the amplified 2—4' region.

5' portion of the gene. Probing with hEla-1 cDNA
showed that the 4.5 kb Sal/l-BamHI fragment carried
exons in the 3’ region. Further restriction analysis,
subcloning and sequencing established that exons 2 and
3 were located in the 1.7 kb Sa/I-BamH]I fragment and
exons 6, 7, 8, and 9 in the 4.5 kb Sa/l-BamH]I fragment.
The organization of exons 2 to 9 of the Ela gene is
depicted in Fig. 1.

Fig. 2 shows the complete coding sequences for exons
2-9 and exon-intron boundaries of the Ela gene. The
8 exons encode a partial mitochondrial presequence
from His-(—9) to Phe-(—1), the ontire mature Ela
subunit (Ser-1 to Lys-400) and the complete 3’ un-
translated region including the single polyadenylation
signal (AATAAA). The sizes of exon are as follows: ex-
on 2 (180 bases), exon 3 (87 bases), exon 4 (109 bases),
exon 5 (106 bases), exon 6 (206 bases), exon 7 (143
bases), exon 8 (172 bases) and exon 9 (564 bases). The
introns range from 106 bases (between exons 2 and 3) to
5 kb (between exons 4 and 5) in length, All intronic 5’
and 3’ splice sites conform to the gt-ag rule [14)].
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The G7 clone does not contain the genomic sequence
encoding the 5' untranslated region of the El« mRNA
that is not present in the ¢DNA. The upstream
mitochondrial presequence from Gly-(—43) to Ala-
(—10) in the Ela ¢DNA is also absent in the genomic
clone (Fig. 2). These two regions are putatively encoded
by exon 1 by analogy with the gene for the 8 subunit of
human mitochondrial ATP synthase [15]. In the past
two years we have isolated and purified approximately
80 additional clones from four different genomic
libraries, but none of these clones contained the
putative exon 1 and the 5’ flanking regions of the Ela
gene. The reason for the inability to clone the extreme
5' region is presently unknown. One possibility is that
this region contains inverted repeats forming a
cruciform structure, which prevents cloning in the A
phage vector [16].

Based on the gene structure for the mature Ela
subunit, the homozygous T— A transition that causes
MSUD in Mennonites [6,7} is present in exon 9. This
mutation appears to affect the assembly of the Ela and
E1@ subunits into an @ structure (Fisher et al., in
preparation). Moreover, during amplification of dif-
ferent regions of the mutant Elw ¢cDNA from a Men-
nonite MSUD patient (P.K.), a deletion that cor-
responds precisely to exon 6 was found (Fig. 3). The
deleted mutant transcript is a minor species, and ap-
pears to be a secondary event related to the homozygous
primary mutation. The mechanism for this exon dele-
tion in the mutant Ela transcript remains to be
elucidated. However, one can speculate that the
primary mutation in exon 9 may have disruptive effects
on the entire secondary structure of the mutant Elw
pre-mRNA. Exon deletions may arise as a result of the
failure of the splicing complex to recognize the correct
splice site.
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