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Relationship between a subunit of NADH dehydrogenase (complex I)
and a protein family including subunits of cytochrome reductase and
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The primatry structure of w40 kD subunit of the respieatory chain NADH:ubiquinone reductuse from Neurospora erassa was determined by se

quencing cDNA, genomic DNA and the N-terminus of the matare protein, The gene which is inteerupted by 7 introns encotdes a preprotein ¢onsist

ing of 378 amine acids with w 26 amino aeid long presequence typical for 4 mitochondrial targeting signal. The sequence of the mature subunit

shows conspicuous simikirities to the recently [(19%9) Nature 339, 147-149) discovered protein family which includes subunits [ and 11 of the ubi-

quinoleytochrome ¢ reductase, and the processing proteins, nutris processing peptidase and processing enhancing protein, of mitochonddia. The
possible role of the subunitis discussed,

NADHubiguinene reductase; Ubiquinal:ieytochrome ¢ reductise; Processing protease; Mitochondrin

1. INTRODUCTION

NADH :ubiquinone reductase (NADH
dehydrogenase or complex I, EC 1,6.99.3) is the first of
the 3 proton pumping clectron transfer complexes of
mitochondria., The complex is an assembly of some 30
different subunits of which 7 (in V. crassa at least 6) are
of mitochondrial genetic origin and the remaining ones
are imported from the cytoplasm. Only a few subunits
which carry the FMN and the 4 or 5 iron-sulfur
clusters partake directly in electron transport (for a re-
cent review see [1]). The functions of the many addi-
tional subunits which do not contain prosthetic groups
are largely unknown. In this paper we report the
primary structure of a 40 kDa subunit of the NADH
dehydrogenase from N. crassa determined by sequenc-
ing of the genomic DNA, the ¢DNA and the N-
terminus of the mature protein. We compare the pro-
tein sequence with the sequences of members of a
recently discovered mitochondrial protein family in-
cluding the subunits I and II of ubiquinol :cytochrome
c reductase, the matrix processing peptidase, and the
processing enhancing protein from N. crassa and yeast
[2,3]. Significant sequence similarities suggest that the
40 kDa subunit of the NADH dehydrogenase also
helongs to this protein family.
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2. MATERIALS AND METHODS

The cloning and sequencing strategy is deseribed elsewhere 4], A
crassa CDONA libraries were ereated in Agt 11 and Agt 10, Antiserum
against the 40 kDa subunit was used to screen 2 x 10* plaques of the
Agt 1 library. Inserts of 4 positive clones were excised with EcoRl
and subcloned into the plasmid pT7T3-18U (Pharmacia) vielding the
plasmids pNUO040-2,4,5,10, Onc of the inserts was labeled with
{cr-*P)dATP by random priming and used to screen the Agt 10
library. Among § x 10* plagues one positive clone wis found con-
taining an insert of 1246 bp (pPNUO40-18), It contained the entire
¢DNA of the subunit except 54 bp in the 3' region. This missing
region was found in pNUO40-10 together with the termination
codon, a 135 nucleotide 3’-untranslated region and 10 adenine
residues as part of the poly(A) tail. Genomic clones (4] containing
parts of the entire gene were identified by Southern blotting and
hybridization with the [a-?P]dATP-labeled insert of plasmid
pNUQ40-18. Restriction fragments generated by digestion with
BamHI and Clal and containing overlapping fragments at the sizes
of 2.0, 1.8 and 0.5 kbp were subcloned in pT7T3-18U or -19U. Both
strands were sequenced twice by the dideoxynucleotide chain ter-
mination procedure using [5'-a-**Sjthio-dATP (Amersham) and
T7-polymerase (Pharmacia). Regions difficult to sequence were
established by using ¢’-deaza-GTP. For Edman degradation, the
40 kDa subunit was ransferred to a polyvinylidene difluoride mem-
brane and sequenced in an Applied Biosystems 477A instrument. Se-
quences were analysed using PCGENE and Heidelberg Unix
Sequence Analysis Resources (HUSAR),

3. RESULTS AND DISCUSSION

The sequencing strategy is shown in Fig. 1 and the
primary structures of the gene and the protein are
shown in Fig. 2. The coding region of the gene is divid-
ed by seven introns evenly distributed in the gene and
ranging in size from 57 to 93 bp. The length and the 5'-
and 3'-boundaries of the intervening sequences are
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Fig. 1. Partial restriction maps of the combined ¢cDNA inserts and
the genomic fragments. The sequencing strategy is.indicated by
arrows, Introns are indicated by boxes.

similar to introns of N. crassa genes. The consensus se-
quence for lariat formation PYGCTAACN {5] is found
in intron 1, the other introns show sequence stretches
which correspond to the consensus. sequence at

=30 GGCCAGCCCTGCCACCCCRCAACTCACAAG
M AP 1L
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equlvalent pomts. The 1solated 40 kDa’ subumt was‘
submitted to 19 cycles of Edman degradation and the
amino acids determined were in‘accordance with posi-.
tion 27-45 of the sequence deduced from the cDNA.

The mature subunit therefore is ‘preceded by a sequence
of 26 residues startmg with methlomne. ‘The subunit
consists of 349 amino acids‘and its calculated molecular:
mass is 40109 Da. (A value of 42 kDa resulted from
SDS gel electrophoresxs ) The N- terminal presequence

~of the subunit has the characteristic features of a

mitochondrial import sequence, a net positive charge,
no acidic residues-and is able to form an amphipathic
helix [6]. The processing site shows the typical motif of
2 argmmes at positions —3 and =2, alar ine at —1 and
serine at +2°{7].

Fig. 3 shows the sequence alignment of the 40 kDa
NADH dehydrogenase subunit, the matrix processmg
peptidase (MPPy) [8], the processing enhancing protein
(PEPN) which is .identical to :the .subunit I -of
cytochrome reductase [2], -all: 3 from -N. crassa, and
MPPy [9]: and PEPy [10]) ‘from :Saccharomyces
cerevisiae. Significant  similarity in the N-terminal
moieties of the § proteins exist. Direct comparison of
the region from residues 27 to 188 (encoded by the first
4 exons of the NADH dehydrogenase subunit) with the
corresponding stretches of MPPy, PEPx, MPPy, and
PEPy gave sequence identities of 10%, 18%, 19% and
15%. Comparison of this region. of - the NADH

“

ATGGCTCCCTTGACGGCCECGATGCGTCGGACTCCCAGAAT TATCGTTTCCAATGCCTTTGGCTTTCAGCGACGAGETATCTCCGACGTG

91
21
362

451
573
694
816
935

1058
177
1300
1423
1543

1665
47e8

Fig. 2. Sequence of the gene and the ‘precursor. protein of the 40 kDa subunit of NADH dehydrogenase. The N-termmus of the mature protem
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T AAMRRT®PRTI 1V SHNAFGT FQRPRA ./
ACCATCACCCGCACCGGCAAGCLEATLATCCGTAACCAGGGTGEEE G'IAATTGTTGCTkTATCTCTECTTGGGTAGMTGGGCGATTGCTMCACGTCGTCTACCTCCACAG GCTCCTCC
T1T TR TG K-P 1 1 RNAQGGE R S S.
CTCEGTGGACATACGGCEACAGTCTTCGGTGLGACCGGCCAACTCGGCCGCTACATLGTCAACAGACTAG GTACGATCTGGCGACTTTGTGGCGTAGGCCTCTATAGAGATCACCATGGCT
L 6G6HTATVFEF GATGOGLGR Y IV HNRIL
TATATCAAGAACATTTGCAG ~ CGAGACAAGGATGCACTGTCGTCATTCCCT TCCGCGACGAGTACAACAAGCGCCATCTGAAAGTTACGGGTGATTTGGGCAAGGTGGTCATGATT GTGA
. AR QGCTVVYIPFRDEYNKRH TLEKTYTGDLEGEKVVHMI
GCTTTTCCCCCACAACAAGAGTCATGTCCACACAGTCGAGGLCCACGTACGCGCAAGGATCCAGET ACTAAGCATAACCACCACTCCAG ‘GAGTTCGALT TGCOCAACACCCAATCCATEGAG
EFDLRNTQSTIE
GAGAscaTcccmmcccmercarcn\cmccrsmccsrcsceﬂcmcccmccm GTGAC\TCTGGATTTACTGGGMAGGTTGTGGTGGAGATGCACGAGTATTGACCTGGGTCCCA
E S VR HSDVVYNLIGRGDY®PTEK
G GAACTTCTCGTTCGAGGACCTCCATATCGAGGATGLT GAGCGCATCACCGARCGTGTCOCCARATACEATGTCOACCOCTTCATCEACETCTCETCTT ACAATGCAGAECCCAACT CGBAG
‘N F § F EDVHIEGAERTAERVYAKYDVDREFIHNHVSSYNADPHNSE
TGCGAGTTCTTCGCCACCAR GTACGATTACAAGACAGCCTCTTCCAGLGAGTCGCATGATTATGGET TTCTGATTGGATCTATAG  GGCGCGCGGTGAGCAAGTAGTCAGGAGCATTTTL
CEFF AT K ARG EQV VRS I1F
CCCGARACCACCATTGTCCBGCCAGCTCCCATRTTTRGCTTCGAGEACAGET TGCTTCACAAGE T TGCCAGCGTCAAGAATATCC TGACAT CCAATGAGATGCAAGAGAAGTACAACCLTGTE,
PETTIVRPAPMEFGFETDRLTLUMWEKLAGSVYKHNTILTSNGHQEEKT YNTPV
CAC GTCTTCCCCCACGATATAACCCTTTGCGCGCGGACGGTAGCATCTGACAGECGTTTTAG - 6TGATTGATGTTGGCCAGGCT CT TGAACAGATGCTCTGBGACGACAACACTGETTCG
H ‘ V1DV 6@ A LEGMLMWDDNTAS
GAGACTTTTGAGCTCTACGGTCCCAAGACCTACACTACCGCTGAGATCT CCBAGATGGTTGACCGCCARATL TACAAGAGGCGGCACCACGTGAATGTGCCCAABAAGATCCTCARGCCGATC
ETFELYGPKTYTTAETLISEMHNVDRETILIYEKRRRHIVNVPEKK I L KP'I
GCCGGTGTGCTGAACAAGGCCCTCTGETGGCCCATCATGTCTEECRATGAGATT GAGCGTGAGT TCLACBACCAGGTCATCGAT CLGGAGGECAAGACC TTCARGGACCTCGGCATCGAGCET
AGVLNKALHUPIMSADEIEREFHDQVIDPEAKTFKDLGIEP'
GCAGATATCGECAACTTCACCTACCATTACTT GTAAAGTTGCCCACMCACATTCGAGTGCAAAAGTATGATGACTGATTCCCATGCAG (GCAAAGT TATCGCAGCAATGCCTACTACGAC -
AD L AN F T Y H YL QS Y R SN AY YD
CTTCCGCCAGCGACCGAAAAGGAGAGGAGGEAGGACAGGGAGTACATTCACATGCTGTGA GTATCTTTGGGGTTGCACAGGGATGCAT GTAGATTBTAGRAATCCACCGTAGAGCATTTGGT
L'P P A T E KIE-RREDREY LT H N L *
GAGTCGACGGAACACAGAACGTCCAGACTGGATGCTGTGGTGAGMTTAGAGCMTCAAGAGATTTGCGCAACGTTTGAACGATCTGGGGTGAAATTGAAGCCTTCAACTCGACGGGGTTGTG
TTTAETGGTAT&HSSGACCAAAAAGGGGAACGGATAAGGGAAATGGCATCAATGCATCCACAAATTTTT

§ DV

is mdlcated by boldface type. Transcrlptlon termmatxon is'marked by an astensk
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‘Fig: 3. Alignmént of the amino acid sequences of the processing enhancing protein and the matrix processing peptidase of N.:crassa (PEPN,‘

MPPn) and yeast (PEPy, MPPy) and the 40 kDa subunit of the N. crassa NADH dehydrogenase (NDHn). The region between residues 271 and

333in the sequence of MPPu is left out. The simple blocked areas show similarities while the double blocked areas show identities: The bourdaries

of the exons are marked by asterisks. Cons..means the consensus sequence deduced from the sequences of PEP and MPP -of both"N.:crassa and -
yeast. PEPy is identical to subunit I of cytochrome reductase, : :

dehydrogenase subunit with a consensus sequence
derived from MPP and PEP of N. crassa and yeast
showed a degree of identity of 28%. The sequence com-
parison was also extended to the subunits I and II of the

yeast cytochrome reductase {11,12], but less similarity ‘

was found.

As with the other members of this protein family, the
40 kDa NADH dehydrogenase subunit contains no
hydrophobic region long enough to span the mem-
brane. The subunit is also -a constituent part .of a
smaller form of the NADH dehydrogenase which is

“made in N, crassa in place of the large form when the

‘hitochondrial protein _ synthesis is inhibited’ by

‘chloramphenicol [13]. Electron microscopic. studies

clearly showed,. that this small form of NADH

“dehydrogenase is located at the matrix side of the'inner

mitochondrial membrane and protrudes deeply into the
‘aqueous phase [14]. : :

Why: should mitochondrial proteins that can be
gxfouped‘ as members of the same protein family be in-

volved with ‘such different functions - as electron

transfer linking to proton translocation and processing’

of imported polypeptides. Common to these proteinsis -

their location in the matrix space of the mitochondrion, -
either tightly bound to a respiratory chain complex,
such .as PEPny=subunit Inof cytochrome, reductase,
subunit II of cytochrome reductase and the 40 kDa
subunit of NADH dehydrogenase, or in free form such
as MPPwn,y and PEPy. The common denominator with
their- function: might be that protein—protein contact
must occur. MPP has a proteolytic activity, and PEP
is required for this reaction by interacting with MPP
and the precursor protein. Subunits I and II of
cytochrome reductase, like the 40 kDa subunit of
NADH dehydrogenase, might function as a control

unit, sensing what is going on inside the mitochondria. .-

Regulatory effects of the: membrane potential on the
H* /e~ stoichiometry have been demonstrated for the
N. crassa cytochrome reductase [15]. Alternatively, the -
40 kDa NADH dehydrogenase: subunit might make
contact with ‘matrix ‘dehydrogenases. In mammalian
mitochondria substrate ‘channeling’ of - NADH from

- matrix dehydrogenases to NADH dehydrogenase has

been reporied to occur by transient’enzyme—enzyme
binding [16). The furiction of the subunit might thus be
‘to facilitate ordered sequences of reaction. ‘
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