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Abstract t 

Wee have cloned the gene of Kluyveromyces lactis and the cDNA of Schizosaccharomyces 

pombepombe encoding the mitochondrial inner membrane protein translocase Tim 17 by means of 

colonyy hybridization using the TIM17 gene of Saccharomyces cerevisiae as a hybridization 

probe.. DNA sequence analysis revealed the open reading frames coding for the protein 

sequencess of K. lactis and S. pombe Tim 17 indicating 90% and 66% identity to Tim 17 of S. 

cerevisiae,cerevisiae, respectively. These are the first identified Tim 17 orthologues able to functionally 

complementt an S. cerevisiae timl 7 null mutant. 

Introduction n 

Mostt mitochondrial proteins are encoded by the nucleus and synthesized with an N-terminal 

targetingg signal that directs them to the mitochondria. Import of these preproteins into the 

mitochondriaa is mediated by two multisubunit translocases, the Tom complex in the outer 

membranee and the Tim complex in the inner membrane. The Tom complex consists of at least 

ninee subunits that mediate the recognition of precursor proteins followed by translocation 

throughh the import channel of the outer membrane [19, 50, 67, 72, 83, 103, 175, 196]. 

Subsequentt translocation of precursors across or into the inner membrane is mediated by two 

distinctt systems of Tim proteins. One Tim system consists of the transmembrane proteins Tim 17 

andd Tim23, the matrix localized peripheral membrane protein Tim44 and the matrix chaperone 

Hsp700 (mtHsp70). Tim23 and Tim 17 are proposed to constitute the translocation channel and to 

cooperatee with the ATP-dependent Tim44-mtHsp70 translocation motor to translocate 

preproteinss across the inner membrane [45, 54, 127, 128]. While the Timl7-Tim23 complex 

probablyy mediates import of all matrix proteins and a few intermembrane space proteins, 

anotherr recently discovered system is responsible for directing a number of polytopic membrane 

proteinss such as members of the mitochondrial carrier family to the inner membrane. Seven 

componentss of this second Tim translocator complex have now been identified [101, 106-108, 

186].. The exact molecular mechanism of protein translocation is for both systems still unknown. 

Inn the case of the Timl7-Tim23 complex we do not know which protein domains or specific 

aminoo acids are important for the formation of the aqueous channel and the selective passage of 

preproteinss while preventing leakage of protons that would otherwise disturb mitochondrial 

function. . 

Heree we describe the identification of the TIM 17 orthologues from two other yeast species, 

KluyveromycesKluyveromyces lactis and Schizosaccharomyces pombe. The K. lactis TIM17 gene and the S. 

pombepombe TIM 17 cDNA were identified by colony hybridization with a probe consisting of the 

completee open reading frame of the S. cerevisiae TIM17 gene. The TIM17 orthologues were 
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subjectedd to DNA sequence analysis and their deduced amino acid sequences were compared in 

aa multiple sequence alignment with five other Tim 17 orthologues, to analyze the evolutionary 

conservationn of amino acid residues important for the function of Tim 17. Functional 

complementationn analysis showed that the Tim 17 orthologues of K. lactis and S. pombe are the 

firstt orthologues that can functionally replace Tim 17 of 5. cerevisiae. 

Materialss and Methods 

Strainss and media 
EscherichiaEscherichia coli strain JF 1754 (lac gal metB leuB hisB hsdR) was used for DNA manipulations. E. coli 
transformantss were grown in YT medium (1.6% (w/v) bactotryptone, 1% (w/v) yeast extract and 0.5% 
(w/v)) NaCl) containing 200 (ig/ml ampicillin. S. cerevisiae strain MB26 (ade2-101 trpl-289 ura3-52 
his3-A200his3-A200 timl7::LYS2 Ieu2-Al + YCplac33::77M/7) [128] was used for performing the 
complementationn analysis. Transformation of yeast was performed according to Klebe et al [104]. 
Doublee transformants were selected on minimal media containing 0.67% (w/v) yeast nitrogen base 
(Difco),, 2% (w/v) glucose, 2% (w/v) agar supplemented with adenine, tryptophan and histidine (20 
ug/ml).. Double transformants were grown overnight in YPD medium (2% (w/v) glucose, 1% (w/v) yeast 
extract,, 2% (w/v) bactopeptone) and plated on minimal media containing 1 g/1 5-fluoroorotic acid (5-
FOA)) [14], 0.67% (w/v) yeast nitrogen base (Difco), 2% (w/v) glucose, 2% (w/v) agar supplemented 
withh adenine, tryptophan, histidine and uracil (20 jj.g/ml). 

DNAA manipulations 
Thee genomic DNA library of AT. lactis (gift of Joris Heus) contained fragments ranging from 0-10 kb 
ligatedd into the vector YRpl4/KARS2 [79]. Transformation of E. coli with the library yielded about 
70000 transformants. After transfer to nitrocellulose filters, one positive colony was identified by colony 
hybridizationn with an S. cerevisiae TIM17 probe. A 7 kb Sphl insert containing the K. lactis TIM17 gene 
wass subcloned into the Sphl site of YCplaclll [63]. Further subcloning and Southern blot analysis 
revealedd that a 1.6 kb EcoRl and a 2.7 kbflwdll l fragment contained the K. lactis TIM 17 gene. The 1.6 
kbb EcoBl fragment was cloned into the EcoKL site of YCplacl 11 and the 2.7 kb HindJR fragment was 
clonedd into the Hindlll site of YCplacll l. Both constructs were used for genetic complementation 
analysiss of the S. cerevisiae timl7 null strain MB26 and only the first construct was used for 
determinationn of the DNA sequence. 
Inn the cDNA library from S. pombe (gift of John Fikes) cDNA fragments were cloned behind the 
constitutivee ADH1 promoter of the vector pDB20 [57]. The library was transformed into E. coli, yielding 
aboutt 8000 transformants which were then transferred to nitrocellulose filters. One positive colony was 
identifiedd by colony hybridization with an S. cerevisiae TIM17 probe. A blunted 950 bp HindUl fragment 
containingg the complete S. pombe cDNA insert was subcloned into the Smal site of YCplacl 1 XwADHlp 
[128].. Expression of the S. pombe TIM 17 gene is thereby under control of the ADH1 promoter. This 
constructt was used for DNA sequence analysis and complementation analysis of the S. cerevisiae timl7 
deletionn mutant MB26. 

Colonyy hybridization 
E.E. coli transformants were transferred to Hybond nitrocellulose filters which were then incubated in 
prehybridizationn buffer (6x SSC, 5x Denhardt's, 100 ug/ml salmon sperm DNA, 0.5% SDS) for 3 h. at 
655 °C. Blots were hybridized overnight at 65 °C with an S. cerevisiae TIM 17 probe and then washed with 
3xx SSC/0.1% SDS, 2x SSC/0.1% SDS and lx SSC/0.1% SDS at 65°C for 30 min. each, followed by 
autoradiographyy on Hyperfilm (Amersham). The TIM17 probe consisted of a DNA fragment liberated 
fromfrom YCplacl 1 Xv.timl7-2. This vector, which contains a mutant TIM17 gene with an EcoRI restriction 

52 2 



IdentificationIdentification of the Timl7 orthologues ofK. lactis and S. pombe 

sitee introduced 3 bp downstream of the initiator ATG, was digested with EcoRl and HindJH (HindBI 
restrictionn site is located 5 bp upstream of the stopcodon). This yielded a 473 bp £coRI-//i/idIII fragment 
whichh lacked the first 2 bp and the last 3 bp of the TIMI 7 open reading frame. This fragment was 
radiolabeledd by nick-translation in the presence of oc-32p-dATP according to standard procedures [163]. 

DNAA sequence analysis 
YCplacll  11 containing the K. lactis TIM17 gene was subjected to DNA sequence analysis according to 
Sangerr et a!. [164] using M13 primers and K. lactis TIMI7 specific primers. YCplaclW:\ADHlp 
containingg the S. pombe TIM 17 cDNA was sequenced using M13 primers, anADHJ promoter specific 
primerr and S. pombe TIM17 specific primers. The K. lactis TIM17 gene and S. pombe TIMI7 cDNA were 
sequencedd on both strands. 

Miscellaneous s 
Restrictionn enzymes were purchased from Biolabs, Gibco or Boehringer. Radiolabeled a-32P-dATP, 
Hybondd nitrocellulose filters and Hyperfilms were obtained from Amersham. A GCG sequence analysis 
packagee was made available by the CAOS/CAMM centre, Nijmegen. 

Results s 

Cloningg of the TIM 17 gene of Kluyveromyces lactis and the TIMI 7 cDNA of 

SchizosaccharomycesSchizosaccharomyces pombe 

E.E. colt was transformed with the K. lactis DNA library [79] and the S. pombe cDNA library 

[57],, yielding about 7000 and 8000 transformants, respectively. These transformants were 

transferredd to Hybond nitrocellulose filters and subjected to colony hybridization with a probe 

consistingg of the entire S. cerevisiae TIM 17 gene (see Materials and Methods). Autoradiography 

revealedd one positive colony amongst the transformants with K. lactis DNA and one positive 

colonyy amongst the colonies transformed with DNA of the S. pombe library. 

Restrictionn analysis of the plasmid DNA isolated from the positive colony harbouring K. lactis 

DNAA revealed that the clone contained an insert of approximately 8.5 kb. Southern blot analysis 

withh the S. cerevisiae TIMI 7 probe indicated that at least part of the K. lactis TIMI 7 gene was 

locatedd on a 1.6 kb EcoRl and a 2.7 kb Hindlll fragment. Both fragments were cloned into the 

singlee copy shuttle vector YCplacl 11 [63] and then used for functional analysis in S. cerevisiae 

andd the vector with the 1.6 kb Ecoill fragment was used for DNA sequence analysis. S. pombe 

TIMTIM 17 could be isolated as a 950 bp //ï/idll l insert from the positive E. coli transformant. This 

i/i/idll ll  fragment was cloned in both orientations in YCplacl 11 v.ADHlp [128] behind the ADH1 

promoterr and this vector was used for functional analysis in S. cerevisiae and determination of 

thee DNA sequence. 
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a a 
- 500 GGCCAGTGAATTCra^TCAAGGCAAATATAATCT^ ^ - 1 

11 ATC TCT GCT GAT CAT TCG AGG GAT CCT TGT CCT ATT GTG ATT CTT AAC GAT TTC GGT GOT 60 
1 M S A D H S R D P C PP I V I L N D F G G 20 

611 GCC TTT GCT ATG GGT GTC ATT GGT GGT TGT GTT TOG CAT GGT ATC AAG GGT TTC CGT AAC 120 
211 A. E &  11 £ X I S &  £ X 5S H S I K G F R N 40 

1 211 TCT CCA CTA GGT GAA AGA AGA GCT GGT GCT GTC AGT GCA ATT AAG GCC AGA OCA CCA GTT 180 
411 S P L G E R R A G A V S A I K A R A £ X 60 

1811 GTC GGT GGT AAC TTC GGT GTA TGG GGT GGT TTG TTT TCT ACT TTT GAC TGT GGT GTT AAG 240 
611 X 2 G N E 2 X H £ £ L E & j  E Q C £ X K 80 

2 411 GCC GTG AGG AAA AGA GAA GAT CCA TGG AAT GCT ATT ATT GCC GGT TTC TTC ACC GGT GGT 300 
8 1 A V R K R E DD P W N A I I A G F F T G G 100 

3 011 GCT TTG GCT ATC AGA QGA GGT TGG AAG CAT ACC AGA AAC TCA GCT ATC ACT TGT GCA TGT 360 
1011 A L A I R G G W K H T R H S h I I £ A £ 120 

3 611 TTA CTT OCT GTC ATT GAA GGT GTT GGT TTG ATG TTC CAA AGA TAG GCT GCT TGG CAA GCA 420 
1211 L L G V I E G V G L M F Q R Y A A W Q A 140 

4 211 AAG CCA ATG GCC CCA CCT TTG CCA GAT CAA CCA ATG CAA GCT TGA AGATCGGAAGAATAATCAG A 485 

1411 K P M A P P L P D Q P M Q A * 155 

4866 CTTra^TTTTCTAAACCTTGTTTaSTGCGG ^ 565 

5666 GCATCAGAGTAACTT A 592 

b b 
- 1 966 AAGGAATTCGAGCTCX»XAGCTTCGAGaXXX3CC A - 1 61 

- 1 600 GTGTGCTCTAAAGGCGAAATTTGAOGTGCAG ^ - 81 

- 800 GAAAQGTTATTTQCTTTITGATTAAATACGGAG ^ - 1 

11 ATG GCT AGC GCG GAT CAT ACC AGG GAT CCT TGT CCT TAT GTG ATT TTG AAT GAT TTC GGT 60 
1 M A S A D H T R D P C PP Y V I L N D F G 20 

611 GCT GCT TTT TCC ATG GGT ACT ATA GGT GGT GCC ATT TGG CAT TCC ATC AAA GGA TGG AGG 120 
211 A A F S M G T I G G A I tf H g I K G W R 40 

1 211 AAC AGT CCA CCG GGA GAA AAA CGA ATT TCT GCT ATT GCA GCT GCT AAA ACT AGA GCT CCC 180 
4 1 N S P P G E K R I S A I A A A K T R A PP 60 

1 811 GTT TTG QGA GGT AAC TTT GGT GTT TOG GGT GGT TTG TTT AGT ACA TTT GAT TGT GCC GTC 240 
611 v L G £ H E £ X II I  &  £ L E S I E C C A X 80 

2 411 AAA GGT GTT CGT CGC AAA GAA GAC CCA TGG AAC GCT ATT ATT GCA GGC TTT TTT ACC GGT 300 
8 1 K G V R R K E DD P W M A I I A G F F T G 100 

3011 GGT GCT TTA GCA GTT CGT GGC GGT TGG AGG GCT ACT CGT AAC GGT GCA ATT QGA TCC GCT 360 
1 011 G A L A ï E £ 2 HI  R A T R H fi fi, I  £ S &  120 

3611 TGT ATT CTG GCT GTT TTT GAG GGT TTG GGT ATT GCT TTG GGC CGT ATG AAT GCG GAA TAT 420 
1 211 C I L A X E E S Id £ I &  h fi R M N A E Y 140 

4 211 AAT CGT CCT GTC GCT CCA GTT ATA CCT GAT GCC CCG GCT TCC GGT TCC ACT TCT CGA GCT 480 
1411 N R P V A P V I P D A P A S G S T S R A 160 

4 811 CCT GCT GCA GTT TAA AAATGATTGGTA C 508 
1611 P A A V * 

Figur ee 1. DNA and cDNA sequence and deduced amino acid sequences of TIM17 ofK. lactis (Figure 
la)) and S. pombe (Figure lb), respectively. The stop codon is indicated (*). The amino acid sequence is 
givenn in the one-letter code. The four predicted transmembrane domains are underlined. 
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-- - . 154 

gn... .. 158 
5 G S T S | A || AAV 164 
L . I S T Q L II  S S P | G D| " ;  171 
L . H S S Q L HH S S P | G D | B 171 
L T B K | | G S BB A P G | P N | M | H 172 
G Y G D F N SSS G F G | ? G AOl A T A T S - 176 
SS L G Q K -S Q A E P G L DQ T B f p l i G I P T G 176 
H | G H | G H || G M P G M Q G M PG MQGMQ 178 

k . 11 154 
S . CC 1 5g 
s .pp 164 
h .ss 171 
r . nn 171 
m.mm 172 
d.mm 176 
c .ee L P N L S 181 
a .tt M G Q M Q S Q A QI R S E S Q N Q N TA S S S S S S S W FG G L F D K K K E E V Q P G SE 223 

fc.Xfc.X 154 
s .cc 158 
s .pp 164 
h .ss 171 
r . nn 171 
m.mm 172 
d.mm 176 
c . ee 181 
a .tt S K T E V L E S FD A P P V P S F E FK 243 

Figuree 2. Multiple sequence alignment of the protein sequences of known Timl7 orthologues. Sequences 
weree aligned using the GCG PileUp program (gap weight 8.00; gap length weight 3) [56]. Conserved 
aminoo acids are indicated by a black box, similar amino acids by a grey box. Gaps are indicated (.). k.1. = 
K.K. lactis Timl7 [this study]; s.c. = S. cerevisiae Timl7 [128] (ace. nr. X77796); s.p. = S. pombe Timl7 
[thiss study]; h.s. = Homo sapiens Tim 17 [20] (ace. nr. Z46191); r.n. = rat Tim 17 [92] (ace. nr. 035092); 
m.m.. = Mus musculus Timl7 (ace. nr. AAD19595 ); d.m. = Drosophila melanogaster Timl7 [20] (ace. 
nr.. L35645); c.e. = Caenorhabditis elegans Timl7 [20] (ace. nrs. D74639, D75891, D74501); a.t. = 
ArabidopsisArabidopsis thaliana Timl7 [20] (ace. nr. T45278). 
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DNAA sequence analysis of the TIM17 orthologues of K. lactis and S. pombe 

DNAA sequence analysis revealed that the K. lactis and S. pombe DNA fragments both contained 

thee sequence of a gene that could be translated into a protein with high homology to Timl 7 of 5". 

cerevisiae,cerevisiae, strongly suggesting that we had cloned the TIM17 gene of both K. lactis and S. 

pombepombe (Figure 1). 

Thee K. lactis TIM 17 gone encompasses an open reading frame of 465 bp encoding a protein of 

1555 amino acids with a predicted molecular weight of 16.3 kDa. The S. pombe cDNA comprises 

ann open reading frame of 495 bp encoding a protein of 165 amino acids with a calculated 

molecularr weight of 16.9 kDa. The cDNA sequence analysis also revealed a G to C change at 

positionn 356, resulting in an amino acid substitution at position 119 (cysteine to serine) in 

comparisonn to the DNA sequence deposited in the GenBank Database (accession numbers 

Z953955 and P87130). Since in S. pombe the TIM 17 gene is encoded by two exons, splicing will 

occur.. The predicted splice donor and acceptor sequences deposited in the GenBank Database 

wass confirmed by our DNA sequence analysis. Multiple sequence alignment of the amino acid 

sequencess of the Tim 17 proteins of 5. cerevisiaey K, lactis and S. pombe using the GCG PileUp 

Programm (Figure 2) revealed an identity of 90% between S. cerevisiae and K. lactis, and of 66% 

betweenn S. cerevisiae and S. pombe. Hydrophilicity plots of the K. lactis and S. pombe proteins 

predictt the presence of the same four hydrophobic domains such as postulated for S. cerevisiae 

Timm 17 (data not shown) [45, 114]. These features all together suggest that we have cloned the 

genee and cDNA encoding Tim 17 of K. lactis and S. pombe, respectively. 

Functionall  complementation analysis 

Alignmentt of all currently known Tim 17 orthologues shows that the protein is highly conserved 

inn evolution (Figure 2 and [20]). Despite this, however, Tim 17 orthologues of Drosophila 

melanogastermelanogaster and Homo sapiens are unable to substitute Tim 17 of S. cerevisiae (M. Meijer and 

A.C.. Maarse, unpublished results). 

Too determine whether the Tim 17 orthologues of K. lactis and S. pombe are functional in an S. 

cerevisiaecerevisiae genetic background, a complementation analysis was performed in a yeast strain 

lackingg the endogenous TIM17 gene, MB26. This strain is not able to grow on media with any 

carbonn source, but remains viable due to the presence of the single copy shuttle vector YCplac33 

(URA3(URA3 marker) containing the wild type TIM 17 gene of S. cerevisiae [128]. The single copy 

shuttlee vector YCplacl 11 or YCplacl W:\ADH'lp containing either the K. lactis TIM 17 gene or 

S.S. pombe TIM17 cDNA respectively, were then transformed to MB26 and double transformants 

weree selected on minimal media, subsequently grown overnight in YPD and finally, samples 

weree plated on minimal medium containing 5-fluoroorotic acid (5-FOA). Cells that synthesize 

thee URA3 gene product orotidine-S'-phosphate decarboxylase [14] convert the 5-FOA into the 

toxicc 5-fluoro-uracil and will die. In the case that K. lactis and S. pombe TIM17 are functional in 
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S.S. cerevisiae, the double transformants can lose the plasmid harbouring the S. cerevisiae TIM 17 

genee and the URA3 marker under non-selective growth conditions, allowing subsequent growth 

off  the cured strain MB26 on 5-FOA plates. As controls for this plasmid shuffling assay, MB26 

wass also transformed with the vector YCplacl 11 and the plasmid YCplacl 1 \::ScTIMl7. MB26 

transformedd with the plasmid containing the 1.6 kb EcoRl or the 2.7 kb Hindlll fragment 

coveringg the K. lactis TIM17 gene were able to grow on 5-FOA plates and growth was 

comparablee to cells harbouring S. cerevisiae TIM17 (Figure 3, complementation of 2.7 kb 

HindlllHindlll  fragment is not shown). This indicates that a functional K. lactis T iml7 was expressed 

fromm both plasmids. Only transformants containing the plasmid with the S. pombe TIM17 cDNA 

fragmentt in the correct orientation were able to grow on 5-FOA plates, whereas cells containing 

thiss cDNA fragment in the opposite orientation did not grow (Figure 3, complementation of 

cDNAA fragment in opposite orientation not shown). This indicates that the S. pombe Tim 17 

proteinn was only expressed when the cDNA was cloned in the correct orientation behind the 

ADH1ADH1 promoter. Cells transformed with YCplacl 11 plasmid DNA did not show any detectable 

growthh as expected. These results indicate that the Tim 17 orthologues of K. lactis and S. pombe 

cann complement an S. cerevisiae timl7 null mutant. The Timl7 orthologues of K. lactis and S. 

pombepombe are the first Tim 17 orthologues identified that are able to functionally substitute for 

Timl 77 of S. cerevisiae. 

Figuree 3. Functional complementation analysis of the Tim 17 orthologues of K, lactis and S. pombe in an 
S.S. cerevisiae timl7 deletion strain. Complementation analysis of tim.17 null strain MB26 transformed 
withh either YCplac 111, YCplac 111::ScTIMl 7, YCplac 111::KITIM17 or YCplac 111::SpTIMl 7. Double 
transformantss were selected on minimal media, then grown overnight in rich medium (YPD) and 
subsequentlyy plated on 5-FOA containing minimal medium. Growth at 23°C was monitored for several 
dayss and compared with growth of MB26 transformed with YCplac 111: .ScTIMl 7 (normal growth) or the 
vectorr YCplacl 11 (no growth). 
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Discussion n 

Wee have cloned the nuclear gene and a cDNA encoding the Tim 17 orthologues of K. lactis and 

S.S. pombe, respectively. DNA sequence analysis revealed that the TIM 17 gene of K. lactis 

encodess a protein with 90% identity to Tim 17 of S. cerevisiae. The TIM 17 cDNA of S. pombe 

encodess a protein that is 66% identical to the S. cerevisiae orthologue. Alignment of the Tim 17 

proteinn sequences of these three yeast species indicates that they are very similar (Figure 2). The 

homologyy of the proteins is also apparent from the presence of four hydrophobic domains that 

mayy function as inner membrane anchors, and from the absence of a cieavable N-terminal 

presequencee [45, 128]. Their homology is also indicated by a complementation analysis, which 

showss that Tim 17 orthologues of K. lactis and S. pombe can complement an S. cerevisiae timl7 

nulll  mutant. The Tim 17 proteins of K. lactis and S. pombe are the first Tim 17 orthologues 

identifiedd that can function in S. cerevisiae. 

Previously,, Tim 17 encoding sequences of six other organisms have been identified and 

alignmentt revealed a similarity ranging from 70 to 82% [20, 92]. The orthologues of Drosophila 

melanogastermelanogaster and Homo sapiens were cloned, expressed in vitro and successfully imported into 

mitochondriaa isolated from S. cerevisiae. Even though these species are at a large evolutionary 

distancee from each other, the imported proteins appeared to assemble in their correct topology in 

thee inner membrane. However, they were not able to complement the S. cerevisiae strain MB26 

(M.. Meijer and A.C. Maarse, unpublished results). These results imply that the mitochondrial 

targetingg signal of Tim 17 is conserved in evolution and that it can be recognized by the protein 

importt system of S. cerevisiae. Lack of functional complementation is obviously not due to 

inefficientt import or incorrect assembly of Timl7 into the inner membrane translocase complex, 

butt may possibly be attributed to an evolutionary divergence of amino acids that are important 

forr function of Tim 17 in the Tim complex. The multiple sequence alignment in Figure 2 shows 

thatt the conservation of a number of amino acid residues is restricted to the Tim 17 orthologues 

off  the three yeast species. These amino acids may be important for the function of Tim 17 and 

absencee of these residues may result in lack of functionality of Tim 17 in S. cerevisiae. 

Thee information for the import of Tim 17 into mitochondria is present within the mature part of 

thee protein sequence [128]. Recently, it was proposed by Kaldi et aL [97] that this targeting 

signall  (IS 17, internal signal 17) is located in the hydrophobic C-terminal region of the protein 

(betweenn the third and fourth predicted transmembrane segments, encompassing amino acids 

1033 to 112). A fusion of IS 17 and a passenger protein sequence results in a chimeric protein that 

cann be imported into mitochondria [97]. Alignment of the Tim 17 orthologues (Figure 2) shows a 

similarityy of this region for the three yeast species, which does not extend to Tim 17 of other 

organisms.. Since the human and D. melanogaster orthologues can be imported into 

mitochondria,, this may imply that either for these orthologues evolutionary divergence of IS 17 
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hass no effect on the import efficiency, or that IS 17 may function in cooperation with other, yet 

unidentified,, species-specific elements involved in import. It may also indicate that the primary 

sequencee is not the only determinant of a mitochondrial targeting signal and that other factors, 

suchh as the ability to form an amphipathic a-helix, are involved. Another possibility may be that 

nott IS 17, but another domain in Tim 17 is necessary for import into mitochondria [195], 

Controversiall  results have been obtained for the location of the mitochondrial targeting sequence 

inn Tim23, a protein with high homology to Timl 7 in protein sequence and structural features. 

Daviss et al. [41] showed that the Tim23 targeting signal resides in the first and fourth 

hydrophobicc transmembrane segment of the protein, whereas Kaldi et al. [97] showed that the 

internall  targeting signal of Tim23 (IS23, internal signal 23) was located in a region 

encompassingg amino acids 186 to 197. In view of this controversy and considering the high 

proteinn sequence and structural similarity of Tim 17 and Tim23, it may be speculated that 

additionall  sequences of Tim 17 may function as a targeting signal. Mutagenesis studies in S. 

cerevisiaecerevisiae showed that an insertion of just two amino acids in the region encomprising the 

proposedd targeting signal IS 17 (at position 111) gives rise to a mutant Tim 17 protein that is no 

longerr functional (J. Blom, unpublished results). Whether this dysfunctionality is due to a 

mutationn in the targeting signal resulting in inefficient import, or caused by a mutation in a 

domainn important for the function of Tim 17, remains to be investigated. Although the region 

nearr amino acid 111 is not conserved in the human and D. melanogaster Tim 17 orthologues, 

theyy are imported into mitochondria. It is therefore tempting to speculate that lack of 

complementationn of the S. cerevisiae Tim 17 position 111 mutant is the result of a mutation in a 

functionall  domain of the protein and not due to inefficient import. 

Alignmentt shows that sequence conservation is less pronounced in the C-terminal region of all 

Timm 17 orthologues, suggesting that this region may be less important for the function of the 

protein.. The finding that regions within a protein display a pronounced sequence conservation 

suggestss that these regions have a functional significance and are interesting for further analysis 

byy mutagenesis. Since the multiple sequence alignment of the Tim 17 orthologues of various 

speciess (Figure 2) reveals a high degree of homology that is extended throughout the whole 

protein,, it wil l be difficult to select amino acids that can be subjected to mutagenesis. 

Nevertheless,, site-directed mutagenesis can offer a good opportunity to further analyze the 

functionn of Tim 17. 
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