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We hive lemtd 4 human genomic clone hgBild cunmiﬂing exons 5, & 7 and 8 of the branched chain a-ketaucid delydregenase E2 trnnsa:ylnse :
gene. Sequencing of exan B and its surrounding intronic sequencex reveals camplete idéntity with the peevieusly reported truneatéd E2 eDNA (hE2-
1) sequence between nucleatides 938 wnd 1521, We have identified consensus iplics site junetions flanking exan 8 und uigo o eryptic 3° sphice site
370 basex upstream from the atart of exan § in the gene, In additian, twe. polyadenylation signals locdted in the hE2-l cDNA are also present
in the intranic sequence duwnmenm of exon 8 which promoie iermisation of trunseription. The data indicate thal shortened humnn liver E2 tran-

seripts undergo ultcmntwu splicing to yicld mRNA of the BE2-1 type.

Genanic elone; cONA; E2 gene; Aliernative splicing

1. INTRODUCTION

The branched chain a-keto acic dehydrogenase com-

plex (abbreviated branched chain complex) catalyzes

- the rate-limiting step in the oxidative decarboxylation

“of the branched-chain e-keto acids derived from
leucine, isoleucine and valine, It is a mitochondrial.
multienzyine complex that is both structurally and

mechanistically analogous to the pyruvate and «-

ketoglutarate cehydrogenase complexes [1].  The
branched-chain complex consists of three catalytic com-
ponents; a branched-cha:n a-keto acid decarboxylase or
El, a dihydrolipoyl transacylase or E2 and a dihydro-
lipayl dehydrogenase or E3 [2,3]. The E3 componem is
comrmon to all three a-keto acid dehydrogenase com-
“plexes, The branched.chain complex also has two
regulatory erzymes, a specific kinase and 'a specific
phosphatase {4-8]. The E2 subunit forms a 24-mer
cubic core to which El, E3, the kinase and the phos-
- phatase are attached through non-covalent interactions.
‘Studies on the human and bovine E2 subunits have
revealed that the E2 subunit contains three distinct de-
mains: a lipoyl-bearing domain, an E3-binding domain
and an inner-coté domain [%,10]. Similar E2 domain
structures are also found in other a-keto acid
dehydrogenase complexes from both cukaryotic and
prokaryotic organisms {11,12].
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Wé and ot"hers (10,13] have previously isolated a
human liver E2 ¢cDNA clone. This clone (hE2-1) is 1577

‘bp and contains a poly(A)* tail preceded by 2

pelyadenylation signals [10]. The amino acid sequence -
predicted by its nucleotide sequence codes for the
lipoyl-bearing and E3 binding domains of the E2
polypeptide; however, it lacks the inner-core domain of
the E2 polypeptide as described later by the isolation.of -
the full-length hum» *2 ¢DNA [14}. During the ¢ourse

. of cloning the huniaii E2 gene, we isolated a genomic

clone (hgE2-14).that contains intronic sequences flank-

 ing the eighth exon of the E2 gene which are identical to

the rucleotide sequences of hE2-1 bases 938-1521.
Within this genomic region is exon 8 consisting of 78 bp
coding for Asp-253 to Lys-278 (Lau and Chuang, un- -
published results). In addition; two polyadenylation

signals are present downstream of exon 8. We propose
©that premature termination of E2 gene transcription

followed by alternative splicing accounts for the oceur-
rence of the truncated hE2-1 mRNA species in the
human hver as a normal event

2. MATERIALS AND METHODS

2.1, Probe prepararian ) '
A ¢DNA probe {1436 base pairs) for E2 was prepared from human
fibroblast mRMNA isolated as described previously [15] using the

-polymerase-chain reaction (PCR} technigue. The primers were -

designed to allow amplification of the human E2 mRNA from base |

‘through to base 1436 [14]. Primer 1: CGCTGCAGTCCGTATG

CTGA (5'-3') encoded bases 1-20 and primer 4': CTAGTAGCAT-
AACAGCTOOQOT (5'-3") encoded bases 1416~1436 of the human
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EZ mRNA. The amplifivd ¢DNA product wat subgloned. inte the
Rivescripl K veetor. Reyultsof nucicoude sequenciog exiabiivivs the
fidediy of 1he amphified B2 ¢DNA. The Rtter was radislabelid by the
randem priming methad (18] wing |n—"'PldATP undl Klenow en-
wme.

3.2, Serdening and .wbdunmr :
A human XEMBL- Y genamie libeary 6bmm¢d from Sutntagene was
* qeredmed by plague hybridumion using the human B2 ¢DNA prabe.

Plagues producing positive slgnals were purificd as dowribed by {17).

Phage DNA was prepartd fromy 16 m) minilyintes as deseribed by
Oavlt et al. [17) with the emisslon of the PEQ precipitation step.
Restriclion mapping of the purified ADNA wus performed and
Southern analysis carried oul to determine fragments ecamaining exon
soding sequences f17). Bxon containing genomiv DNA inseris were
subelaned inta the Blues:rlpt KS vector from Stratagene (La Jolla,
CAY.

1.3, Mucieotide uquenc.‘un

Plasmids containing amplified E" cPNA probe or senmmc DNA
inserts were prepared From minipreps of transformed XL-1 F, colf
cells [17). Sequenclnu wis carried aut by the dideaxy ehain termina-

tien methed using T7 DNA polymcrnsc (Pharmacin) on dﬂmlured

" double. slramted cempla(cs

3. RESULTS AND DISCUSSION

A total of 5 x 10! pfu from the genomic library were
plated and screened with the E2 ¢DNA probe. One of
the positive clones purified (hgE2-14) contained & 16.3
kb genomic insert. Within this insert, was a single
BamHI restriction site separating the clone into 10,3 kb
and 6 kb BamHI-Sall testriction fragments (Fig. 1).
Restriction "analysis, subsequent subcloning and se-
quencing of these fragments showed that exons 5, 6 and

7 of the E2 gene wete located in the 10.3 kb BarmHI-Sall
fragment and exon 8 in the 6 kb BamHI-Sa/l fragment.
Using specific sequencing primers based on the hE2-1
‘cDNA sequence, we sequenced 644 bases in both direc-
tions of the genomic region surrounding and including
exon 8 (underlined region, Fig. 2). Fig. 3 shows the se-
quence obtained. Exon 8 (coding for Asp-253-Lys-278)
is coded by bases 371-448 and is bounded by the con-
sensus ag-gt 3'~5" splice sites (points II and III in Figs
2 and 3), Upstream of the ag 3' splice site (point II) are
153 bases of intronic sequence which are identical to the
hE2-1 ¢cDNA sequences 938-1521 (points I-11). Point [
is a consensus ag 3‘ splice site which is followed im-
medjately by sequence identical to hE2-1 ¢DNA.
‘Downstream of exon 8 are 153 bases of sequence that
are again identical to downstream sequence of hE2-1
point IIi, Beyond this sequence at point IV there is no
consensus gt 5’ ‘splice site in the genomic sequence.
However, immediately upstream of point 1V are found
two polyadenylatmn signals of the type ATTAAA in
the genomic and ¢DNA sequences. ‘

It was previously suggestéed by Danner st al. [14] that
the presence of noncoding DNA sequences in hE2-1

- ¢DNA might have arisen from failure to correctly
remove the intronic sequence from E2 liver transcripts,

~The results presented here confirm that human liver E2
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"Fig. |, Disgram of hgE2-14 ¢16,3 kb)shawing pwhiﬂh ul 400 SQI. \

The 6.0KB RomH 1-Sall fragrmént containing exan 8 was subeloned ine
10 Bluescript KY vectar (Stratagene).

transeripts are capable of producing mRNAs af the
hE2:1 type by using the alternative splice site at point 1.
In Fig. 4, a mechanism is praposed for gencration of
hE2-1 mRNAs, E2 liver transeripts ar¢ synthesized with
premature termination of transcription oceurring short-
ly after the two polyadenylation signals, As a result of
premature termination of tramcnptlnn the aliernative -
splice site at point [ is used in preference to site 11 to
yield the mRNA containing exons 1=7 correctly Sphced ‘
and exon 8 attached to upstream intronic sequence, In
the prematurely terminated E2 gene transeript, the lack
of any ¢onsensus 3* splice site sequence downstream of
exon B prevents the removal of the intronic sequence
(II-1V), The 153 bases of intronic sequence (II-1V)

- thus remain unspliced in the hE2-1 mRNA (bottom
line, Fig. 4). Polyadenylation of the mRNA takes place

nsing the two polyadenylation signals found in the in-
tronic region [[1-1V. The function of the hE2-1 mRNA
and its protein product is not known and remains to be
established. The above mechanism explains how the
truncated hE2-1 mRNA occurs in normal human liver
and adds to the list of ¢ukaryotic genes that also

- undergo alternative splicing [18].
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Fig. 2. Schematic representation of hE2-1 cDNA and the 1.5 kb Sacl- -
HindlI1 fragment of hgE2-12 genomic clone. Shaded boxes represent
exon containing sequences. Thin bar represents intronic DNA. The
complete hE2-1 ¢cDMNA has been sequenced [10], The region of
hgE2.12 sequenced is underlined; The open white intronic sequence
represents identical sequences in hE2-1 and hgE2-14. Points I, I and
L1 contain cohsensus splice site junctions, Point IV is the pmnt of
transcnptlon termination,



Velume 219, muiniber 2 FEBS L.ETTERS February 1991

hgE2~§2 ﬂ19191t!gntcctag!attauutcu!gglgg!u!aagau:uncnlgtcugtgaggantuu!n 70
hE2+§ S -1 tutt&:ucicatggaggtci1segatcaacotgimgtgugguua!cucna 990
-thZ-lz‘ ‘ gaatttagscalmctnggauttttggctggtctgtattuttMIttgaaaalclc:ngtgttlaca | 141
REZ-1 gaaﬂ\agacatmctnggaacutgguggtctgtntcunmtttgnauatctccngutgtnucn ‘ 10&1
hgEz-12 0gcla:ctgcctactttn1cttttauctnaMganagggtgacctagHccucatggcctgaaggm ‘ :‘ AR
hE2-1 agctacugatte:tttm:tHtatlctttaatgailagggtgacctaguccacatggutgauggm 1131
hgE2-12 ucaugg:bglaatglgactnggtacutgtngt\cugauuttoanctcugwinne-taagagtt:t:t 279
nEz-1 . ucuﬂggtagtautgt‘gact‘aggtacetg-taga:ttgaaatt‘aauctcagcntauafuugcgttctct’ . F1e4q
hgE2-12 clctccctcctmataccttttattgmcaaat!ctcmtcctl!ctaagttaamagiactunauttgcu : 351
"BE2=1 ctctccctcuHtatncctctluitgttunuanclctutccmciaagttnmagtactaanaﬂgcu 272
: i1 '

hgE2-12 uctttttctgnaaacagucwcncCTTGGGHTTRCTHCHGTHCCTMCCHHRCBCTTCTGTGBHT ‘ : 421
"hE2-1 ncttutcigitanacagﬁcmcﬂcCTTGGiGHTTRCTRCﬂGmcCTnTCCI'THRCGCTTCTGTGERT 1341

‘ ]

‘hgE2-12 GARRACTGCCAGAATATARCATATAAGQttggctatggaaggegienaantgttcttattattantog 489
hE2-1 GﬂﬂﬂﬂCTGCCﬂrﬂRTﬂTﬂﬂchﬂTﬂﬂGguggctntggaaggagtnaonutgucnmmuuatug 1409 .
hgE2-12 uagntggggcanotgtgct1gtugattugagucuctattgtucctcuuntngtgatcttmtagnctu 559
hE2-1 negatggggcnaatgtgcttglagattagagacncttauttgtacctcnautagtgatcttttnagocto- 1479
hgE2-12 gag_mgg,ggtatggggtaaaa:m:uaagt:taattcatlgttgtigtttttgtgttuutuaM 629
hE2-1 geattanaggtatggggtassscattasacitoagtcioattn(se) : . 1587?
hgE2-12 ctgttttagagotic L - - ' . sas .
hE2 1 o ‘

I‘lg. kB lecoude sequence af hgE2-14 (as underlined in Fig. 2. Consensusg spiiee shes at pomH TR nnd U1 are indicated. Paint 1V denotes the
- transeription termination site. Intronic sequuence isin lower ¢ase and exon R sequence Is in upper eave, hE2-T1 gDNA sequepce 938-1521 |s presented
under the hgki2-14 sequence,
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