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We deseribe a novel mrihcd far ¢nhnn¢|ng protein import inlu muechuudrm. hy tandemiy dup'm:aung the N- termmm cleavable leader pemme
using & gone manipulation arategy. The import into ijolated yenat mitachandria of passenger proteins (yesst mitochondrial ATP synthase subunig
-8 and 9 and seme misugenised derivatives) that show Hitle or no impsort. whr.n endowed with ane sueh leader (thal of Newraspora crossi mitoshon-
drin) ATP synthase subunit 9) is remarkably improved - when the leader is tndemly duplieated. The import of these chimasric prateing bearing
"4 double lender is xo rupid that & series of partially pmcessrd procursar intermediates accumulaiey inside the witochardrin hefare the final protealyts
ie relenss af leader sequentes from the passsnger proteins. TUis considered that the duphcmed leader groatly sceelerates dclwery ol the import precurs
8arg 1o auter membrnnc reccptor elemeints ind the nsmemtcd translocation syslcms. lhcrcby t:nh.mt:lng pm.ursor upmke into mmchondrl.\

Mlluchmdn:rl ATPnse conplex; C‘mmarrm f'usiun prmam. Imrgrnl membmne prcitcm Lcadcr pcpudc mem impart Mrrh{imnurrsz f.‘fn'vfsikl(' Co

1. INTRODUCTION

Thc subceilular dcsnnauon of many prowrm can be

systematically reprogrammed by use of suitable signal

peptides that function as cleavable N-terminal leader

- sequences {11. This approach has been especially well

developed - concerning - protein translocation into
‘mitochondria, where chimaerrc fusions can be usr:d 10

-deliver passenger proteins into the organelle both in

vitro - and' in vivo [2,3]. For example the soluble
cytosohc protein drhydrot‘olate reductase can be reaily
‘targeted into ‘mitochondria when fused to one of

various leaders from naturally imported- proteins .
- (reviewed in [1~3]). Our laboratory has adopted such
. an approach for studying the structure and funcnon of

mitochondrially - encoded protems._ The general
strategy, denoted allotopic expression [4], involves
restructunng an organellar gene ‘such that it can be ex-
pressed in the nucleocytosohc system for efficient and
. manipulable expression both in vitro and in vivo, con-
comitant with delivery to  mitochondria ~of the
-chimaeric ‘fusion ptotem bearmg a suitable sngnal

. peptide..
 We have concentrated on two hydrophoblc mn.gral‘
membrane subumts of the Fo sectqr of 'the yeast'

Abb:ewauons mtATFase mstochondr1a1 promu-translocaung ATP
synihase; pN9, precursor of Neurospora crassa mtATPase subunit 9;

- MYL, cleavable N-terminal leader from pN9: Y8 and Y9, subumts 8
and 9, respectively, of yeast miATPase; bp, baqe pairs.
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mitochondrial ATP synthase (m‘:ATPaée) that are not-- E

mally encoded in mtDNA of Saccharomyees cerevisiae.

Subunit 8 (Y8; 48 amino acids) is Involved in-the
assembly of Fo, and subunit 9 (Y9; 76 amino acids) is
demonstrably a key component of the proton channel-

- of miATPase (reviewed in [5]) For the allotopic ex-

pressron of Y8 and ¥9 a series of chimaeric precursor

. proteins has been constructed that incorporate the 66

amino acid leader (NOL) from MNewrospora crassa
mtATPa:e subunit 9 (pN9). This long hydrophilic [6]
leader has been initially fused via a 7-amino-acid bridge -

to either Y8 or Y9 passenger proteins (constructs
“denoted NQL/YS l.or N9L/Y9-1, renpectlvely) [7-9].

Direct fusions between the N9L leader and Y8 or Y9
were also constructed  (denoted ~INIL/YB-2  or

NOL/Y9-2, respectively) [9]. Both NOL/Y8-1 and:
. N9L/Y8-2 are imported into mitochondria in vitro and, .

when expressed’ allotopically in vivo in a yeast host

" lacking mitochondrially encoded Y8, lead to the func-

tional incorporation of imported Y8 into mtATPase

(albeit at dlfferent efficiencies for the two fusion con-

structs) [9-12]. On.the other hand, N9L/Y9-1 is im-
ported . relatively weakly into mltochondrla [8] ‘and

" NOL/¥9-2 does not import at all [9]; neither construct
is able to rescue a subunit 9-deficient yeast following
" allotopic expression in vivo. Similar to N9L/Y9-2 and

its import deficiencies [13}, a series’ of C.terminally
truncated derivatives of Y8 have. been constructed.

which, when fused to. N9L, are ‘either poor]y 1mported
or totally import- incompetent {111, o
It would clearly be desirable to introduce a general o

strategy for enhancing the effectiveness of the import f
funcuom 111 chlmaerlc precursor protems that are dif-

_425,
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Heult o impont. We r&per! here that. the tandem
tuplication of the leader presems an anramiw solution

to this probl“m.

2. MATEZRIALS AND METHODS

2. I. Straing imd gene mmmmx :

Savcharomyces cerevisioe siraing. J69-10 and VGL] hmw. lmn
deveribed [14]. Gene constructs encoding the chimaerie precursors
NYLAY9-1 (4], NOLAYD.Z (9], NOLAYE 7). NOL/YE-2 9] and s C-

rerminally  wruticatod  derivatives  NILAYR-AKAT—STOPR) aad

NBL:“YE- (RM-*‘%‘TOP) [lll ave been dcictibtd previcusly

2. 2 LINVA nmnlpu!unoﬂ.v ‘ o
'For constructing - genes cncudmg chimaeric  precurters  with
duplicated N9L. lenders {Fig. 1), the general sirategy is shown in
Fig. 2. Stariing with a single siranded 1emplate in Mi3mp 19 (kindly
provided by L.B. Farrell) contalning the coding reglon for pNg flank-
ed by BamH| sites (7], the following oligonugteatide was used to in-
iroduce adjucent Biskill and Psil sites al the N-terminus of the NOL
sequence: §' CATACCCAACCATGCGCGCTGCAGACAAAAT:
GGCC 27, Sie-directed mutagenasts was carried out using the Bio-
Rad MutaGene in vitro mutagenesis kit, From a mutagenised double
“atranded M3 clone was excised, using BssHII, o 207 bp DNA frag-

meni containing a sequence encoding the first 64 residues of NIL plus

4 -short N-rerminal extension: (see Fig, 28} This. fragment was in-

troduced into BssHiL.cut pUCIY vegtors containing inserts encoding

NOLZYS-1 or NOL/Y9.-2 (B.9) or into BssHil-cut pSP&IT vectors

containing NOL/YB-1 or N9L/Y8.2 and its derivatives. [2,9,11]. in ' '

cach case, insertion in the appropriate origntation (confirmed by Pstl
digestion) yielded a tandem duplication of NOL (Fig. 2). DNA ¢n-

‘codding the .double NOL leader constructs containing Y9 passenger:

prateins (Fig, 1) were then trnnsfmed as Bomtll fragments Into
- Baill-cut pSPSAT for expression in vitro {7,8). General: rccomhmant
DNA methods wcrc as described tlsl

' A'&s'uvs;a

B nouve2

C noLDve-1

D HeL-drve

Fig. 1. Chimaeric fusion proteins and their double leader derivatives
-containing Y$ passenger protein. Single leader constructs N9L/Y9-1
(A} and N9L/Y9-2 (B) werc respectively used 1o generate double
leacter constructs N9L-D/Y9-1 {(C) and NGL-D/¥9-2 (D) (as outlined

in Fig, 2). Hatched blocks, NIL; solid blocks, Y9; -open blocks, '
spacer regions; 3 denotes a ‘tripeptide - introduced. during the

duplication of NSL (sce Fig. 2); 7 denotes the bridge of the first 3

res:dues of mature N. crassa subunit 9 plus an additional 2 serine .

residues [7,8]; other nuinbers indicaie amine acid sequence jitervals:

f, ‘sites of smatrix protease ecleavage within NOL - [16]; * 4, .

demonstrated cuts -based on microsequencing: of - N-terminus of

processed Y9 mojety [17]. Processing does not evidently oceur

between the ﬁrst and qecond leaders (see text for details of clenvage
. sites).

426

: I"’E:BS LE’TTERS

A B L

May 1991

W v

LIAT ]

W W % 0 “w e
. MASTAVLAIA LASOMAABAR VARPAVAVAO VENATIGTOH PLOTLERTOM THVHATTAG

B IO D e me gk

Fin. 2. Genéric farmat cr‘gcnés encoding c'hkmn'er.‘lc brotcinx carrying

duplicated leaders. Panel A, gene organisaifon. The conslrucﬁpns are
bitsed on DNA enedding NIL/YR ar NOL/YO fusions, which ench
huve o BssHIN site just upsiream of the 3’ ¢nd of DNA cncedmg the:

“IN9L. Jeader (enzymatically cleaved berween codans for Lys*™ and

Arg® (6]}, This BrsHIL site is the site of insertion uf o BssH1I sassetie

encading an additional’ NSL leader (underlingd] which is esientially .

an éntire second N9L coding region (see section 2.2). Panel B, aming-

“atid sequence detnil. Duplication of. the NIL. cading region (as-in

Panel A) senerales two complete N9L leader’ sequences -with 1he
addition. af 3 amino -acids: at their junction {resulting from the .
gynthetic oligonucleotide containing: BssHIL and Ps! sites). In the

- amino acid sequence shown here, the inserted NIL (Lorrespondmg'to

the BssHll casseire) is underhncd. whilst the:3 amino acid bridge is.
; lnd\mled in bo!d typc.

_2 3. Imparr inro :solmed mfrochonrfrm

“Using ¥*S-labelled chimaeric precursors expressed hy transcnpucn‘
a_nd_ translation in vitro, import experiments were carried out'in vitro

*with mitochendria fréshly isolaled from .yeast strains -J69-1B or

YGL-1 (partially depleted ofcndogcnons subunit 8) [14]. In brief, im~
port mixtures (100 4l) containing 10* dpm of ratiolabelled precursor
and 100 xg mitochondrial protein. were incubated at 27°C with

- vigorous shakmg for the times indicated I8, 14]

3 RE‘SULTS

3.1, Duplication of the N9L leader sequence in chzm-.

- @eric fusion proteins :
To generate a tandemly repeated NQL leader it was

necessary to design an N9L casseite which could be in-

serted into the existing gene segmen't encoding that
leader. To achieve this a BssHI site was introduced, by
in vitro mutagenesis, into the NOL coding region Just

~upstream of the N-terminus of this gene segment

(Fig. 2). As the pN9 gene ‘already possesses. a ‘BssHII
site at the C-terminus of N9L this manipulation results
in the generation of an N9L-encoding BSSHII cassette.
This cassette can then be conveniently inserted into the
BssHIT site of a gene segment encodmg an NOL leader

- fused to the symhetxc Y8 or Y9 genes, to make the dou-

ble leader expression cassettes for these genes. (see

) Flg ZA) These expressnon units can then be subcloned
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into the in vitro expression vectar pSPﬁd‘l".l Such an fn~

~sertion resulty in the complete duplication of the N9L

sequence with the addition of 3 amine acids ar the june.

tiart of the twa leaders (Fig. 2B). In practi¢e, the only
plasmid clones recovered containing the extra copy of
~the N9L sequence represented tandem duplications of
NSL. Presumably, insertion of the 207 base pair BsskHII
fragment ‘in the opposite Grientation leads to an in-
vertéd répear siructure at the DNA level (N9L se-
- guences tail to tail) that is mh:bnory 1o the rephcmion
af mtact plaemlds.

. 3 z. Chmmenc double Ieader pm‘msws Jor :mparr
of ¥9-

Two chimaeric CONSEruUcts hzwe been mmle whmh

carry o tandem repeat of the N9L leader fused to: Y9

" (Fig. 1). These are derived from the single leader con-

COsEruets, NOL/Y9.1 and NSL/Y¥9.2, and are denoted
S NOL-D/Y9-1 and NSL-D/Y9-2, respectively. When the

38 Inbelled NOL-D/Y9-1 and NOL-D/Y9-2 precursors

were.  imported  into - isolated  wild-type - J69-1B

mitochondria the results were striking compared to the

' import behaviour of the corresponding single leader
construets (Fig. 3). Not only does the duplicated leader

'FEBS LEFTERS
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inerease the eﬂ“ewmy of import nf the prewlumly pﬁar-‘ &
ly importing pratein NOL/Y9-1 {panel A:; compare

lanes 26 with 7-9) Bt it is also capable. of delivering

4 protein which was previously unimportable, namely
. NOL/Y8-2 (panel B; compars lanes 2-6 with 7-9). Ap--

proximately 30-50% of each radiolabelled precursor

bearing & duplicated leader binds to the mitochondria -
~in the import mix, compared to 20~30% for the single .
~ leacles precuesors (data not showen), Thus, asubsmantial
proportion of the input N9L-D/¥9-1 nnd N9L- D/YQ-?.-_ :

{s imported into mitoehondria,
The dauble leader NOL-D/Y9-1 premrsor is im.

‘portcd very rapidly, with the mimehondrially.buund
' precursar being almost cmnpleteiy processed, resulting

in a protein of mature Y9 size (Fig, 3A, lane 6), Incon-
trast, the smgle leader construct N9L/Y9-1 is imported
te a much more restricied extent (Fig. 3A, lane 9) with

only about half of the bound precursor being pracessed
to the mature size ¥9 protein, Note that . a series of

- intermediate-sized partially processed import species -
are observed when N9L-D/Y9-1 is-imported, especially

prominent in lanes 2-4 of Fig. 3A. Presumably these

“species are generated by a refatively slow sequential .~
tes within.

processing al the matrix protease cleavage si

o NSL/YD2

- YO

' Time dmin)

Fig. 3. Import properties-of Y9 fusion proteins carrying double and single N9L leaders. From import mixtures (100 41} conteining -163-1B
mitochondria and radiolabelled precursors, 2004l samples were taken at the times indicated’ and processed for. gel elecirophoresis and
fluorography. ‘A, NOL-D/¥9-1 (Ianes 1-8), WIL/Y9-1 (lanes 7-9); B, N9L-D/Y9:2 (lanes 1-6), NOL/Y9-2 (lanes 7-9), Where indicated .
1mtochondr1a were pretreated (Inh) with an inhibiter cocktail [8]; Act indicates active import conditions. Positions on'the gels of unprocessed S
_ fusmn protems and the Y9 smndard are lndlca[ed ‘
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NYL itself [16], between residues The®? and !Ie" wuhm :

the first leader and between residues The'™ and 1e™

within the second leader, and also at the end of the se-
cond leader o release YV with ity Neteeminal extension
of 7. residues [8,17] (Fig. 1C). Note that for the more
extensively ' processed . forms, the abundance - of
radiolabel is correspondingly reduced.  Thus, the

number of *¥*S-labelled methionine residues in the full-

length. NSL-D/Y9-1 is 9, decreasing to 7, 4 and 3,
respectively, with gach of the inferred processing steps.

The datn in Fig. IA (lanes 3-6) are. therefore consistent
with a sequential processing of N9L-D/Y9:1, although
we have not formally demnnstrated precursor-pmduct_ -
relationships amangst the various species, particularly
between. the intermediate-sized species and the fully

processed Y9, Nevertheless, the radioactivity in fully
processed ' Y9 do¢s not accumulate markedly afier

5 min of import, suggesting a possible instability of im="

ported Y9 inside the organelle, Finally, the potential
processing site at the end of the First leader has evident-
ly been inactivated by the fusion of the two leaders
(Fig. 2B) and is no longer recognised by matrix pro-

tease, . since no intermediate -of N9L/Y91 size’ 19'

‘generated in lanes 2-6. ‘
Import of N9L-D/Y9.2 also resnhs in very cfﬁcacnt
uptake of the precursor, Here, the single leader con-

struct NSL/Y9-2 does not import at all (Fig. 3B, lanes

7-9), but the corresponding double leader ‘construct
imports with extensive processing of the precursor to a
Y9 protein (lanes 2-6). While intermediate-sized par-
tially processed import products are observed as for
NOL-D/Y9-1, a significant proportion of intact N9L-

D/Y9-2 precursor remains bound to the mitochondria. .

but not imported (lanes 4-6). Moreover, over the time
course of the import experiment the intensity of the
completely processed Y9 band appears to drop {lane 6),
indicative of intramitochondrial degradation of this

form of processed Y9. The single leader construct

NOL/Y9-2 has, by contrast, never been observed by us
to generate' a Y9-sized product inside mitochondria,
even after very short times of import (5 min or less)
(R.H.P. Law, M Galams and P. Nagley, unpubhshed
data).

Note that in thls case the processed Y9 protem has a

faster mobility on the SDS-PAGE system compared .

with authentic yeast subunit 9 (Fig. 3B, lanes 4-6). N-

terminal sequencing of radiolabelled processed Y9

‘isolated from mitochondria after in vitro import has in-
dicated the site of cleavage by the matrix protease in the

NIL-D/Y9-2 precursor [17]. The processing site lies.

‘within the N9L sequence and generates an M- terminal

extension of 8 residues upstream of the 76 amino acid.

sequence defining Y9. This M-terminal extension, con-

taining 3 basic residues derived from the C-terminus of -
N9L, may account for the aliered mobility of the Y9-2.
protein observed on SDS-PAGE, and may contribute

to the degradation of this processed Y9 derivative.
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The use of # dupliemed NSL- feader has also beenf

: demanstrmeﬂ to have considerable utility -for the
~analysls of Y8 and mutagenised  derlemives. €

terminally truncated mutant forms of Y8 have been.

- generated by site-directed mutagenesiy in which codons
. specifying - each of the positive charges near the C-

terminus of ‘Y8 have been Individually converted to

. stop codons [L1]. These mutants are either poor im-

porters .or - totally  import-incompetent, - Faetors

- predisposing 1o weak import are N9L/Y8-2 constructs,

as-opposed 1o NOL/Y8-1, and more extensive trunca-

tion of the C-terminal positively charged tail of Y8 [11].

- When the N9L leader is duplicated in representative

-mutant constructs, efficient import of the precursors is
now observed (Fig. 4), Full length Y8 constructs, N9L-

Ctane - 12 3 A
' Double Mok Siagte NeL
A neuven
B -
Y8 e t 'I’B
. ; i g t._...,;m.ml
B neuvez

C YB e

s Vesmsmisdpmmd |

Do

. YE .

D neuvez (raz-sTR)
‘ . D =

. : rgin. »-.».,a“‘“ 'Y

Y8 - : " hm YB
. : | NS DR |
0 %0 "0 30
Time {min)

Flg 4. Import properiies or full length and truncated Y8 fused to

‘double and single NOL leaders. ‘Radiolabelled fusion proteins with
_either a double (lanes ! and 2) or a single (lanes 3 and 4) N9L leader

were incubated in import mixtures containing isclated - YGL-!
mitochondria,: partially. depleted of Y8 [14); under active import

* condijtions for the times indicated and samples were processed for gel

electrophoresis and fluorography as in Fig. 3. For each pangl, the
parent single N9L leader construct is indicated. Positions on ihe gels

of double leader precursors (D), single leader precursors (S) and the

Y8 standnrd are mdlcated
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DryYa.l und NolL, -WYE*R were tested (pumls A and
- B). The truncation mutants studied here include N9L~
- DYR-UKAT<STOP) which imports poorly with a

single leader (Fig. 4C, lanes 3. and 4) and N9L-

- D/YB-2{R42~STOP) whicly does not fmport at all with
- single leader (Fig. 4!3,, lanes 3 and 4). All construes
were imported figo isolated mitochondria of strain
YGL-1 which have been partially depleted of en-
dogenous subtinit & [14}‘ anct whieh weré ¢hosen as the

_target mitochandria as they appear to be more efficient

atimport of these precursors [12]. When the import in-

1o these mitochondrin of double leader versions of the
" ahove construets is compared with the single leadey ver-

sions, angain the resulis are very striking (Fig. 4). This
duplication resulis in- extensive - conversion of the

" precursor to-a Y8 derivative protein after 30 min im-

port (compare lane 2 with lane 4 for cach individual
_construet). In general, duplicanon of the N9L leuder in
. INOL/Y® constructs resulls in little change in the

“amount of precursor which can bind 10 the isolated

~mitochondria for each Y8 variant, namely about 30%
: oF input precursor (data not shown).

“When using the double N9L leader ta target the Y8 -

protmns to the mnochondnon the imported processed

protein has apprommately the sam¢ mobility as stan-
except - for ~ N9L-

dard: Y8 in each case
D/Y8-2(R42—STOP). In this instance the Y8
derivative protein has an apparently slower mobility
than reference mature Y8 (Fig. 4D, lane 2). Protease

clcavagc of the N9L/Y8-2 protein has been shown to

occur’ within the Y8 sequence between the third: and

. fourth residues [17). Assuming the same cleavage siteis 5
- used in N9L/YB-2(R42~+STOP) the product protem ‘
would be 38 residues long, mostly hydrophobic, with.

just one positive chargc at Arg’s of the Y8 sequence.
This may explain the reduced mobility on SDS-PAGE

of this extensively truricated Y8 derivative (Fig. 4D,
lane 2), instead of the anticipated accelerated mobility.

4. DISCUSSION

'Here we have described the use of a tandemly

duplicated N9L leader to enhance greatly the import of

chimaeric fusion proteins that show little or ne import:

when endowed with just one leader. The results have
been obtained for various.conformations of Y8and Y9,

. both very hydrophobic. passenger proteins, assessing.

import by use of isolated mitochondria and radioac-
tively labelled precursors. The behaviour of the double
leader constructs, on allotopic expression in vivo, is

currently being assessed in our laboratory; preliminary

~‘data indicate that correct delivery of the passenger Y8
protein-to produce functionally: assembled mtATPase
- can occur at least with N9L-D/Y8-1 and N9L-D/Y8-2

(M. Galanis, unpublished). It will be important to -
‘assess  assembly and function of truncated Y8 .
derivatives (cf. Fig. 4) whose import with one leader is

F‘Eﬂs L !*‘;TTFR&

Mny I99|

very pom? {1, Thé ﬁelivery of Y@ 16 th’Pﬁse in
viva, after allotople expression of NOL-D/¥9-1 and
NOL-D/Y9-2, is also under investigation using host

‘straing unable to synthesize Y9 in mitochondria.

This leader duplication strategy could providé‘ 4
general solutien 1o the problem of inefficlently im-
ported: precursors, A similar strategy may not,

however, be useful for prateins exported via the en:

doplasmic retieulum pathway. The yeast invertase

~ leader was ‘used to direct the secretion of human in-
terferon ad protein from yeast cells (M, Galanis, L.-F, -

Wang, R.J. Dévenish, P. Nagley, unpublished). Yeast

carrying single leader constructs -expressed modest g

amounts of the interferon, with 40% secreted into the
culture medivm. In contrast, yeast ¢arrying the double:

leacler construct expressed lower levels of the interferon

intracellularly and’ none of this interferon could - be

~deteeted in the culture medium. There may be intrinsic .
differences between the mechanism of protein targeting . |
(1] to the endoplasmic reticulum ds oppased to -
mitachondria, such that a duplicated leader is very ef-
factive for matochondnal import but \s not - uset‘ul for .

eukaryotic protein secretion, ‘ i
What makes the duphcated NSL leader such an effi-

clent m:tochondnal targeting sequence for difficult X

passenger proteins such as Y8 or ‘Y9 and their
derivatives? Consideration of - the 'recent detailed .

- models for the import apparatus [18—20] indicates that,.

following delivery of the precursor to the mitochon-

‘drial surface by hsp -related proteins, there is inferac-

tion with the surface receptor elements that direct the

precursor to a membrane-insertion element for subse- -

quent translocation of  the -leader across .the two

‘mitochondrial membranes into the matrix. One key
‘receptor that interacts with the presequence is likely to

be the yeast equivalent of MOM19 [19]. Additional sur-
face factors may be those which are involved in
facilitatory interactions seen with passenger proteins

containing hydrophobic domains {21]. Duplication of ..

the leader probably results-in accelerated delivery of the

precursor to the outer membrane receptor and mem- .-

brane - insertion/translocation  systems. Precursor

transiocation may ‘be enhanced by improved interac-

tions with intramitochondrial hsp™ proteins [19,20].
The Y8 and Y9 moietics of the chimaeric precursors

- bearing’ N9L constitute extremely hLydrophobic do- LA

mains; hence they tend to bind non-specifically to the -
mitochondrial outer membrane {131, It could be ¢n- -
visaged that the increased overall hydrophilicity of the -

" precursor, as a consequence of the extra leader, may
decrease this non-specific Dbinding. Thus, the precursor.

is now capable of more efficiently binding to the 1rnport
receptor and import would not be so retarded due to

- non-productive membrane assocxanons Alternatively;
‘the accessibility of receptor bmdmg domains. in the :

precursor may be. 1mportant for successful-irmiport. If

‘ the precursor protem bearmg 4 smgle ]eader is folded

Ao
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tlamly in such a way 2§ t0 prevent mtemcticn wn:h ﬂw
import recepior, the presence of a tandemly repeated
lender may providé an extra, more mobile, N9L do-

main that ean now interaet with outer membrane

elernents leading to subsequent t_mns!ocfuian into the

organclie, It is furthermore possible that the trunsloca-
tion ‘drive’ generated by -.tand‘em!y ‘repeated NOL -
leaders mivgates against any  tendency of the

hydrophioble domains of the passenger proteins 1o be

divected into the lipid bilayer of the outer membrane -
(or inner membrane) during translocation af the

precursor towards the matrix [22]
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