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An ORF (OrfT) of 1911 base pairs, upstream of the hip operon in Escherichia coli at map position 33.82 has been identified.
The protein encoded by this sequence is predicted to have a molecular mass of 68249 Da and the carboxyterminal 276 residues
shows 26.8% and 25.4% identity with the import site proteins ISP42 and MOM38 from the mitochondrial outer membrane of
Saccharomyces cerevisiae and Neurospora crassa, respectively. These mitochondrial membrane proteins have been shown to be
essential components of the protein translocation apparatus in yeast. These similarities raise the possibility that OrfT might
represent the bacterial gene from which these eukaryotic genes evolved.

It is now widely accepted that, in the course of
evolution of the eukaryotic cell, mitochondria have
evolved from endosymbiotic bacteria [1]. The supposed
evolution of the mitochondria requires that a system
for protein import be established in the outer mem-
brane of the ancestral endosymbiont, since most of the
proteins in mitochondria are now nuclear-encoded and
synthesized in the cytosol. The mitochondrial protein
import machinery is localized in the mitochondrial
outer membranes and consists of a number of proteins
which include receptor-like components and import
site proteins, some of which have now been identified
in the fungi, Saccharomyces cerevisiae and Neurospora
crassa [2]. One of the import site proteins (ISP42 in
yeast [3]; MOMB38 in Neurospora [4]) has been shown
to be essential for cell viability. A number of genes
involved in protein translocation in E. coli have also
been identified (reviewed in Ref. 5). Surprisingly, to
date there is little evidence for homology between
components of the bacterial and mitochondrial translo-
cation machinery [2].
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The yeast and Neurospora outer membrane proteins
ISP42 and MOM38 show an overall sequence homol-
ogy of 53.2%, but in some regions almost 100% identity
is observed (Fig. 3). Based on the assumption that
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Fig. 1. Relationship of OrfT to the hip locus of E. coli. The
overlapping 3.9 kb EcoRI-HindIll and 3.5 kb HindIll-BamHI frag-
ments contained the 1.9 kb OrfT. The hip operon is between 3.8 and
3.9 kb downstream of the initiating ATG in OrfT, at map position
33.90. A second open reading frame (orf*) is located between OrfT
and hip, but only the 5’ and 3’ ends of this orf has been sequenced.
The promoter elements identified for OrfT are shown by the solid
arrow. The portions of the E. coli DNA sequenced is shown by
(------ ). The 590 bp probe, generated by PCR, used to isolate the
3.9 kb fragment and the 1396 bp EcoRI-BamHI fragment used to
obtain upstream sequences for OrfT are also shown.
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these highly conserved regions are essential for the
structure and function of these proteins, oligonucleo-
tide primers were designed corresponding to two such
regions (ISP42 residues 126-134 and 300-309) and
these were used in a PCR, with E. coli chromosomal
DNA template, to produce a 590 bp probe. This probe
was subsequently used to screen an E. coli genomic
library and a fragment of approx. 3900 bp was isolated,
bounded by unique EcoRI and HindIII sites. A 1390
bp EcoRI-BamHI subfragment from the 5’ end of the
3.9 kb clone was used to obtain an overlapping frag-
ment of approx. 3.5 kb with HindIll-BamHI ends (Fig.
1). Nucleotide sequence was obtained for the overlap-
ping fragments from approx. 600 bp upstream of the
EcoRlI site to approx. 2.2 kb downstream of the EcoRI
site (Fig. 1). The sequence contained an ORF of 1911
base pairs (OrfT) (Fig. 2) and the start of a second
ORF approx. 44 bp downstream from OrfT. Using
DNase to prepare deletion fragments the nucleotide
sequence at the 3’ end of the 3.9 kb clone was deter-
mined and revealed that the fragment extends into the

-281

hip locus [6] which has been mapped to position 33.90
on the E. coli chromosome [7]. Since this locus is
between 3.8 and 3.9 kb downstream of OrfT, we pro-
pose that the map position of OrfT is 33.82. The
initiation codon ATG (at position 1, Fig. 2) is preceded
by a ribosome binding site (AGG) and promoter ele-
ments at positions —35 (TTGGCG) and —10 (TT-
TAAT) with respect to the transcription start site which
show the basic characteristics of E. coli promoters [8].
There are no obvious promoter elements between OrfT
and the second OREF, raising the possibility that these
two genes are polycistronic.

A search of the EMBL/GenBank Data Libraries
revealed that part of the OrfT sequence (from residue
1740 to 2130) shows 98.0% identity with a fragment of
DNA from landmark loops of lampbrush chromosomes
from the amphibian newt, Pleurodeles waltlii [9). Since
the OrfT sequence is contiguous with that of the E.
coli hip operon, it appears likely that the newt se-
quence is in fact an E. coli sequence and therefore a
cloning artefact. The 1911 bp OrfT sequence encodes

GGGCAGAACTCTCTTCTTGAAACATTCAATATGTACGTAGG

-240 GACATCTGGTACGGGTACGTTAACCCTGACGAATAACGGTACGCTGAATGTCGAAGGTGGAGAAGTTTACTTAGGTGTTTTTGAGCCTGCTGTAGGARCGCTARACATTGGTGCTGCTCA
b

(c) (a)
120 CGGTGAGGCGGCGCAGATGCCGGATTTATCACCAATGCGACGAAAGTGGAGTTIGGTCTTGGCGAAGGCGTTTTTGTCTTTAATCATACCAATAACAGCGATGCCGGCTACCAGGTCGAT

1 ATGCTGATTACAGGTGACGATAAAGACGGAAAAGTGATCCATGATGCAGGCCATACGGTGTTCAATGCAGGGAATACTTATAGCGGTAAAACGCTGGTCAATGACGGCCTCCTGACCATT
G

M L I T GDDIEKDGI KUV IHDAGHTVTFNA AGNTYS

K T LV NDGTLTULTTI 40

121 GCGTCTCATACGGCAGATGGGGTAACGGGCATGGGGTCGAGTGAAGTAACCATTGCARACCCCGGTACGCTCGACATTCTCGCATCARCGAACAGTGCAGGAGATTACACGCTGACCAAT
T

A S HTADGVTGMG S

EVTIANZPSGTTULUDTITUL A

N S AGDJYTULTN 80

241 GCGCTCAAAGGCGATGGCTTGATGCGAGTGCAGCTGTCATCCTCCGACAAGATGTTTGGCTTTACCCATGCARCAGGGACTGAATTCGCCGGTGTTGCCCAACTGAAAGACAGTACCTTC
AL KGDGTILMZP RVY QLS S S DI XMTFGTFTHATGTETFA AGVYAQTLZEKTDSTTF 12

361 ACTCTGGAACGCGACAACACCGCTGCGCTTACTCACGCGATGTTGCAGTCTGACAGTGAARATACCACATCGGTARAAGTTGGAGAGCAATCCATTGGTGGACTGGCCATGAATGGAGGT
G G

T L ER DNTTAAULTHAMMTL Q

D S ENTTS V KV GEQ S8 I

L AMNG G 160

481 ACCATCATTTTCGATACGGATATTCCTGCTGCGACGCTCGCGGAGGGATATATCAGCGTCGATACGCTGGTTGTCGGCGCGGGTGACTACACCTGGAAAGGCCGTARGTATCAGGTAAAC
T I I FDTDTIUPAATTLA AETGT YTISUVDTUILVVGAGOGDTYTHWIZ KGRI KTYQQV N 200

601 GGGACGGGCGACGTGCTTATCGACGTGCCTAAACCGTGGAATGATCCCATGGCGAATAACCCTCTGACGACGCTCAATTTGCTGGAACACGACGATAGCCATGTCGGCGTTCAACTGGTG
D

G TG6GD VL IDVPKTP

D PMANWNPTLTTULNTILTLE H

HV GV Q L V 240

721 AAGGCGCAAACGGTTATTGGGTCGGGTGGCTCATTAACGTTACGTGATTTACAGGGCGACGAGGTGGAAGCGGACARAACGTTACACATTGCGCAAAACGGAACGGTGGTCGCCGAGGGT
K AQTVTIGSGGSILTTULRTDTZLG GDTETVTEHA ARDTEKTTULUHTIA AQ QNGTVV AEG 28

841 GATTATGGATTCCGCCTCACGACCGCACCAGGTAATGGTTTGTACGTTAACTATGGGCTGAARGCGCTGARCATCCATGGTGGGCAAAAGCTGACGT TAGCCGARCATGGCGGAGCCTAT
D YGFRTULTTATPGNTGTILTYJ VNYSGLIXKA ALNTIHGS GO QI KTLTTLAEHGSGAY 32

961 GGCGCAACGGCCGATATGTCGGCAAARATCGGTGGTGAAGGGGATCTGGCARTCARTACGGTGCGACAGGTTTCGCTTTCCAACGGTCAGAACGACTATCAGGGGGCAACCTACGTTCAG

G A TADMMSAIKTIGTGE

DL AINTUVR RZG QVSLSNGA QNDYDQ

AT Y V Q 360

1081 ATGGGGACATTACGTACCGATGCGGATGGTGCACTTGGCAACACCCGGGAACTGAACATCAGCAACGCGGCCATCGTCGATCTTAATGGATCGACGCAGACGGTAGAGACATTCACCGGG

M G TLRTDADGATLG R

L NI S NAATIVDLNGS STZGQTV T F T G 400

1201 CAGATGGGTTCGACTGTTTTGTTCAAAGAGGGGGCGCTGACGGTAAATAAAGGTGGGATCAGTCAGGGTGARCTGACAGGTGGCGGAAACCTGAATGTTACAGGGGGAACGCTGGCTATC

Q M G

T VL F X EGALTUVNZEKTGTGTI

S Q GEL TG GG NTILNVTGGTUL A I 440

1321 GAGGGGCTTAATGCACGCTACAATGCGTTAACCAGCATTAGCCCAARTGCGGAAGTCAGCCTCGATAATACTCAGGGGTTAGGCAGAGGAAATATTGCCAATGACGGTCTGTTARCGCTA
E GLNA ARTZYNALT SIS PNAEUVSILDNTZOQGLGRTGNTIAMNDGTLTILTL 480

1441 AAAAACGTGACTGGCGAACTGCGTAATAGCATAAGCGGGARGGGTATCGTGAGCGCARCCGCCAGGACAGATGTAGAGTTGGATGGCGATAATAGCCGCTTTGTGGGGCAATTCAACATT
D

K N VT GETLRNUSTISGKGIUV S ATA ATRT

vV ELDGDNSRTFV G Q F NI 52

1561 GATACAGGCAGCGCGCTCAGCGTCAACGAGCAGAAAAACCTGGGTGATGCTTCCGTTATCAATAATGCCCTGCTCACCATCTCCACTGAGCGTAGCTGGGCGATGACGCACAGTATCAGC
D T G S A LSV VNZETG QT KNTLGDASUVINNSGTLTLTTIZSTETZRTSUWAMTHS I S 560

1681 GGTAGCGGTGATGTGACAAAACTGGGTACCGGGATCCTGACTCTTAACAACGATTCCGCGGCGTATCAGGGTACGACGGATATCGTGGGGGGGGAAATTGCTTTCGGTTCCGACTCTGCC
G I

D VTIEKULGTG

L TLNND S AR AYQGTTODTIUVGGETIA ATFTGSD S A 600

1801 ATTAATATGGCAAGTCAACACATTAATATTCATAACAGCGGTGTGATGTCGGGAAATGTCACCACTGCAGGTGATATGAACGTTAGTCCTGGGGGGGGCACTGCGTGTCGCTAARACCAC
I N T

S Q H I NIHNSUSGVMSGNUVT

A GDMNVYVSPGGGTATCR - 637

1921 TATCGGCGGCAACCTGGAGAATGGCGGCACGGTTCARATGAATAGCGAAGGGGGGAAACCGGGGAATGTACTGACCGTTAACGCAACTATCCGGAARACAATGGCCTGATGACGTTCAACG
2041 CGACGTTGGGCGGCATAATTCGCCCACCGATAAGATGAACGTGAAAGGCGATACCCAAGGGAACACTCGCGTTCGGGTTGATAACATTGGC

Fig. 2. Nucleotide sequence and deduced amino acid composition of OrfT. The translated sequence is given in the single letter code. The

numbering of nucleotides is shown on the left hand side and amino acid residues on the right hand side. The initiation codon at position 1 is

preceded by a putative ribosome binding site (a) and promoter elements at — 10 (b) and — 35 (c). The potential transcription start site is approx.
10 bases down-stream of (b).



SRDVFLSQYFFTGLRADLNKAF
DTLLTNYMFSGLRADVTEAF
ALTVNKGGISQGELTGGGNLNV

2 NQIFAQGNLD 112
NAEVSLDNTQGLGRGNIA 472

(DXKNISKEVNLOIS
SDRTITETQ
TGELRNSISGKGIVS

KGEFTVGAVAS-FLQS -VTPQ!
GIFVGD-YLOA-VT
NLGDASVINNGLLT

GVSYLTRYVSKKQDWIFSGQLQ 250
SYFARY - - KAGDWVASAQLQ 226
GILTLNNDSAR-YQGTTDIV 88

LWREVAQNVEAGIE- - TTLQAGMVP ITDPL 286
KKLTDRVQAGVD - -MTLSVAP 8QSHM 259
ASQHINIHNSGVMSGNVTT AGD-M 626

Fig. 3. Amino acid similarities between E. coli ORFT, yeast ISP42
and Neurospora MOM38. Sequences starting with residue 361 of
OrfT, 13 of ISP42 and 1 of MOM38 were compared. Identical
residues and conservative replacements defined as T/S, D/E,
K/R/H,1/L/V, G/A and Q/N are shaded grey.

a protein of 637 amino acids (Fig. 2) with an estimated
molecular mass of 68249 Da. The protein is very
acidic, having a predicted pl of 4.26. Comparison of
the protein sequence encoded by OrfT (ORFT) with
ISP42 from S. cerevisiae and MOMZ38 from N. crassa
shows that the carboxyterminal half of the molecule
(residues 361 to 637) is 26.8% and 25.4% homologous,
respectively (Fig. 3). This compares with a similarity of
53.2%, between ISP42 and MOMB38. As is the case
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with the integral membrane protein ISP42, ORFT also
has no obvious a-helical transmembrane domains.

ORFT represents the first example of a bacterial
protein with a similarity to the membrane components
of the mitochondrial translocation machinery. In the
absence of functional data, we cannot assume that the
protein encoded by OrfT functions in bacterial protein
translocation, but the similarity between ORFT and
ISP42 and MOM38 suggests a potential relationship
between these genes. We believe that the identification
of OrfT provides further support for the hypothesis
that genes from an endosymbiont ancestor were trans-
muted by the host cell to create a system for protein
import into mitochondria.
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the assistance of Ms A. Wright in the preparation of
this paper.
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