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Import of Mitochondria1 Carriers Mediated by 
Essential Proteins of the Intermembrane Space 

Carla M. Koehler, Ernst Jarosch, Kostas Tokatlidis, 
Karl Schmid, Rudolf J. Schweyen, Gottfried Schatz* 

In order to reach the inner membrane of the mitochondrion, multispanning carrier pro- 
teins must cross the aqueous intermembrane space. Two essential proteins of that 
space, Timl Op and Timl 2p, were shown to mediate import of multispanning carriers into 
the inner membrane. Both proteins formed a complex with the inner membrane protein 
Tim22p. TimlOp readily dissociated from the complex and was required to transport 
carrier precursors across the outer membrane; Timl2p was firmly bound to Tim22p and 
mediated the insertion of carriers into the inner membrane. Neither protein was required 
for protein import into the other mitochondria1 compartments. Both proteins may function 
as intermembrane space chaperones for the highly insoluble carrier proteins. 

M o s t  proteins imported to mitochondria 
are synthesized with a cleavable NH,-ter- 
minal targeting sequence and are sorted to 
their correct intramitochondrial location by 
the dynamic interaction of distinct trans- 
port systems in the outer and inner mem- 
branes ( 1 ) .  The TIM system in the inner 
membrane consists of two integral mem- 
brane proteins, Tirnli and Tirn23, which 
make up the inner membrane import chan- 
nel. Complete translocation into the matrix 
is coupled to adenosine triphosphate (ATP) 

C. M. Koehler, K. Tokatlidis, K. Schm~d, G. Schatz; 

hydrolysis and is mediated by Tim44, 
mHspiO, and GrpE. However, some of the 
most abundant inner membrane  rotei ins, 

such as the metabolite carriers, are synthe- 
sized without a cleavable NH,-terminal pre- 
sequence and therefore do not engage with 
the Tim23 channel. It has been suggested 
that import of these proteins is directed by 
one or more internal targeting signals ( 2 ) ,  
but the exact mechanism is still poorly de- 
fined. In the cytosol of the yeast Saccharo- 
myces cereuisiae, chaperones escort these in- 
soluble carrier ~roteins ~referentiallv to the 
outer membrine rece'ptors ~011137 and 

Bozentrum, Universty of Basel, K~ngebergstrasse 70, TomiO ( 3 ) .  The carriers then move 
CH-4056 Basel, Switzerland. 
E. Jarosch and R. J. Schweyen, nstitut fur Mikrob~oog~e through the in the Outer 

und Genetk, Un~versity of Vienna, A-1030 Vienna. Austria, membrane and insert into the inner mem- 
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across the inner membrane (4, 5). 
Here we report that the transfer of in- 

soluble camer proteins from the TOM sys- 
tem of the outer membrane across the aque- 
ous intermembrane space to the inner 
membrane is mediated by TimlOp and 
TimlZp, two cysteine-rich proteins of the 
intermembrane space. The two proteins are 
35% identical and are essential for viability. 
They were discovered as multicopy suppres- 

sors of mitochondrial RNA splicing defects 
and were initially termed Mrsllp and 
Mrs5p (6-8). 

To identify the function of TimlOp and 
TimlZp, we constructed temperature-sensi- 
tive mutants by in vitro mutagenesis (9). 
Haploid yeast cells expressing a tempera- 
ture-sensitive timl0-1 or timl2-1 protein 
grew at wild-type rates at 25OC but stopped 
growing 6 to 8 hours after a shift to 37°C on 

A timl2-1 timl0-l 
S T D ~  IKT ] tirn1.P-1 1 tirnlo-1 -AT 

AAC -- -- - - 

Fig. 1. TimlOp and Tim1 2p are required for import of 
mltochondrial carrier proteins and Tim22p. (A) The pa- 

Timl lp  7 3 rental wild-type strain (WT) and the two mutant strains 
were grown in lactate medium for 16 hours at 25°C and 
then shifted for 8 hours to 37°C. Mitochondria were iso- 
lated and analyzed by SDS-PAGE and imrnunoblotting 

with monospecific rabbit antisera for AAC, porin, cytochrome b,, and Tim1 l p  (20.40, and 80 pg loaded) 
and PIC, DiC. and Tirn22p or Tim23p (50, 100, and 200 pg  loaded). Blots were decorated with 
['2s1]-protein A. (B) Precursors were synthesized in vitro and incubated at 25% with fully energized 
wild-type or mutant mitochondria, followed by protease K treatment, SDS-PAGE, and fluorography (13). 
Aliquots were analyzed for import after 2.5, 5, 10, and 15 rnin; p, precursor: i, intermediate form: m. 
mature form: -39, absence of a membrane potential: import for 15 min into wild-type mitochondria 
uncoupled by 25 KM FCCP. 

fermentable as well a~ nonfermentable car- 
bon sources. Return to 25OC did not restore 
growth (10). Mitochondria purified from 
heat-arrested timl0-1 cells contained dras- 
ticallv reduced steadv-state concentrations 
of several camers located in the inner mem- 
brane-including the ADP-ATP camer 
(AAC), the phosphate carrier (Pic), and 
the dicarboxylate camer (DiC) (I 1 )-as 
well as of Tim22p (1 2) (Fig. 1A). A similar 
but milder defect was found in mitochon- 
dria from the heat-arrested timl2-1 mutant, 
with the exception of Tim22p, which was 
not detectable. Both arrested mutants had 
wild-type levels of proteins sorted to the 
outer membrane, matrix, intermembrane 
space, and inner membrane that were un- 
related to the ciirrier familv. Thus. the de- 
fect in both mutants was 'specifid for the 
metabolite carrier familv and for Tim22~. 

To determine whether the import of car- 
riers was impaired, we tested mitochondria 
from the heat-arrested mutants for their 
ability to import radiolabeled precursors 
synthesized in vitro (1 3) (Fig. 1B). Import 
was assessed by protection from added pro- 
tease, which removes nonimported precur- 
sor. The observed import defects mirrored 
the deficiency in steady-state levels: import 
of AAC and Pic  was inhibited by 85% in 
timl0-1 mitochondria and bv 50% in 
timl2-1 mitochondria, whereas import of 
Tim22p was inhibited by 85% in both 
timl0-1 and timl2-1 mitochondria. All of 
the proteins whose import into isolated mi- 
tochondria was affected by the two muta- 
tions lack a cleavable targeting signal. In 
contrast, import or proteolytic processing of 
mitochondria1 precursor proteins with a 
cleavable NH2-terminal targeting prese- 

Fig. 2. Timl2p is required A B 
for insertion of AAC into the 
inner membrane, whereas hla2C0 + AV -A w 
Tim1 Op is required for trans- MP MP 

location of the AAC across STD STD P S 

the outer membrane. (A) 
AAC was synthesized In 
vitro and incubated with 

AAC + 

wlld-type (WT) and timl2-1 
mitochondria for 8 min at 
25°C in the presence or ab- 
sence of a membrane PO- 
tential ( A T ) .  Mitochondria 
were then divided into equal 
aliquots that were either left c WT I timll)-1 

untreated (-)or treated with PKI - 130 12001 - 13012001 - 1301200/ - 1 3 0  1200 

proteinase K (PK, 30 or 200 pg/ml) for 15 rnin at 4"C, followed by 1 mM PMSF. Where 
indicated, mitochondria were extracted with 100 mM Na,CO, for 30 min at 4°C. After 
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centrifugation at 100,000gfor 15 min, pellet (P) and supem;tani(s) were precipitated with AAC+ 
10% trichloroacetic acid (TCA) and analyzed by SDS-PAGE and fluorography. Standard 
(STD): 1096 of the radioactive precursor present in each assay. (B) Import was as in (A). 

STD +*' 1 -AW - -- - - 0 

The designated samples were then treated with trypsin (1 00 pg/rnl) for 30 rnin at 4°C. 
followed by addition of trypsin inhibitor (200 pg/ml). Two aliquots were converted to mitoplasts (MP) in the absence or presence of proteinase K (50 pg/ml). 
separated into pellet (P) and supernatant (S), and then analyzed as in (A). (C) Import into timl0- 1 mitochondria was as in (A). After import, three equal aliquots 
were taken: one was left untreated (-), whereas the other two were treated with proteinase K (30 or 200 kg/ml) for 15 min at 4"C, followed by addition of 1 
rnM PMSF. All samples were then analyzed as in (A). 

+AV -A' 



quence was unaffected by either mutation, 
regardless of whether the precursors were 
targeted to the intermembrane space or to 
the matrix. 

Import of the AAC precursor into wild- 
type mitochondria occurs in several discrete 
stages (5). In stage 1, the soluble carrier, 
escorted by cytosolic chaperones, binds to 
the mitochondria1 import receptors. In 
stage 2, it partially (and probably reversibly) 
inserts across the TOM pore in the outer 
membrane, becoming partly inaccessible to 
proteinase K. In stage 3, the carrier accu- 
mulates on the outer surface of the inner 
membrane, becoming inaccessible to pro- 
teinase K in intact mitochondria. but not in 
mitoplasts (mitochondria . whose outer 
membrane has been selectivelv ru~tured). , . 
In stage 4 (which requires an electric po- 
tential acms the inner membrane), the 
carrier inserts fully into the inner mem- 
brane and is then unable to be extracted 
with alkali, with only a small NH,- or 
COOH-terminal part accessible to protease 
in mitoplasts. In stage 5, dimerization of the 
inserted carrier in the inner membrane 
com~letes the Drocess. 
Tb determie the specific stage at which 

the import of carriers was blocked in the 
timl0-1 and timl2-1 mutants, we allowed 
mitochondria from the heat-arrested cells to 
import AAC and then either alkali-extract- 
ed or converted them to mitoplasts in the 
presence of protease. In agreement with 
published results, AAC inserted into the 
inner membrane of wild-type mitochondria 
only in the presence of an inner membrane 
potential, the inserted protein was resistant 
to protease in mitochondria and mitoplasts, 
and the fully inserted camer was not ex- 
tracted by alkali (Fig. 2, A and B). In con- 
trast. i m m  of the carrier into mitochon- 
dria'frof;, heat-arrested timl2-1 cells was 
blocked at stage 3 even in the presence of an 
inner membrane potential: the imported 
carrier was resistant to protease in intact 
mitochondria (Fig. 2A) but not in mito- 
plasts (Fig. 2B) and remained largely alkali- 
extractable (Fig. 2A). (Nonspecific losses of 
alkali-extractable AAC most likely were 
caused by nonspecific adherence to the tube 
wall.) Import of multispanning carrier pro- 
teins into fully energized timl2-1 mitochon- 
dria thus resembled the incomplete import 
into wild-type mitochondria lacking an in- 
ner membrane potential. 

Imwrt of AAC into mitochondria from 
the Leat-arrested timl0-1 mutant was 
blocked at an earlier stage than import into 
timl2-1 mitochondria: the precursor was 
bound to the mitochondria, but most of it 
remained protease-accessible (Fig. 2C), and 
what little was imported remained alkali- 
extractable (I I ). The import block caused 
by loss of TimlOp function thus occurs be- 

fore or at stage 2, suggesting that TimlOp is 
required for transfer of the carrier across the 
outer membrane. 

' To show directly that TimlOp interacted 
with AAC during import, we imported ra- 
diolabeled AAC into fully energized or un- 
coupled mitochondria, removed nonim- 
ported protein by protease treatment, react- 
ed the mitochondria with a cleavable cross- 
linker, and analyzed the radioactive cross- 
linked products by SDS-polyacrylamide gel 
electrophoresis (PAGE) and flumography 
(14). Import into fully energized wild-type 
mitochondria yielded only a low percentage 
of cross-linked products, presumably because 
the imported carrier was rapidly inserted 
into the inner membrane (Fig. 3A). Little 
cross-linking was detected with mitochon- 
dria from the timl0-1 mutant (Fig. 3A), 
because the carrier was not tmmorted 
acms the outer membrane. In contrast, at 
least two cross-linked products were found 

after import into fully energized or uncou- 
pled timl2-1 mitochondria or into uncou- 
pled wild-type mitochondria. Each of the 
two cross-linked products was as abundant 
as the non-cross-linked AAC. and their 
apparent masses were 10 and 20 kD greater 
than that of AAC. Both ~roducts could be 
immunoprecipitated by monospecific anti- 
serum against TimlOp in uncoupled wild- 
type mitochondria (Fig. 3B) and timl2-1 
mitochondria (I I), indicating that they 
contained TimlOp. Upon cleavage with 
2-mercaptoethanol, the cross-linked species 
yielded only the radioactive 34-kD band of 
AAC (I I ). Thus, loss of Timl2p function, 
or uncoupling of wild-type mitochondria, 
caused accumulation of Timl Op-bound 
AAC inside the outer membrane. The laze 
cross-linked bands may contain TimlZp, bi t  
antibodies against Tim12p could not estab- 
lish this point with certainty. 

To identify proteins that interact with 
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Fig. 3. TimlOp can be cross-linked to the AAC 30-1 
precursor during import and forms a complex with 
Timl 2p and Tim22p. (A) Import was performed with 
wild-type, tirn 72- 7 .  and tirn70- 7 mitochondria in the 
presence or absence of a membrane potential 
(Alp), and mitochondria were re-isolated and divid- mg 

ed as follows. One-quarter was precipitated with T ~ m l a -  

TCA (-DSP); the rest (1 mg/rnl) was cross-linked T , ~ ~ ~ -  
with DSP (74). Asterisks mark the location of two 
major cross-linked products of about 44 and 54 kD. 
(BI AAC was imported into uncoupled wild-type mi- 
tochondria. After Import, one-seventh of the assay 
was precipitated with TCA (-DSP), and the re- Tm2a 

mainder was incubated with DSP. Two-sevenths 
were precipitated with TCA after cross-linking, 
and the remainder was denatured with SDS and 
subjected to immunoprecipitat~on either with pre- Tm23, 

immune antiserum (CS) or with antiserum to 
Timl Op (74). "X" marks the two major cross-linked 
products that were detected in (A), and the aster- 
isk marks another imrnunoprecipitated fragment 
that may contain Timl Op. (C) Mitochondria from a 
strain expressing a COOH-terminal hexahistidine- 
tagged T~mlOp [Timl OH6p (14)j were solubilized at 2 rng/ml by 0.5Oh digitonin. As a control, 150 pg  
of extract was withdrawn (T), and 1 mg was incubated with Ni7+-agarose beads. The beads were 
washed, and bound proteins were eluted with 1 SDS (B). To assess the effecttveness of binding, 
150 pg  of the unbound proteins (S) was also analyzed. Proteins co-isolating with the hexahistidine- 
tagged TimlOp were identified and quantified by immunoblotting. The fraction of bound and un- 
bound protein is given below each panel. Mitochondria from the parental wild-type strain were 
analyzed as a negative control. 
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T~mlOp and Tlml2p, we searched for yeast 
genes whose overexpression abrogated the 
cond~t~onal lethality of the timl0-1 and 
timl2- 1 mutations (1 5). No suppressor was 
identified for the timl0-1 mutation, but we 
isolated one strong suppressor for the 
tirnl2- 1 mutation. After subcloning, this 
suppressor proved to be the TILM22 gene. 
Overexpression of TIM22 allowed the 
tim12-1 mutant to grow at the restrictive 
temperature 37OC hut was without effect on 
the conditional lethality of the tim10-1 mu- 
tant or a tim12 null strain (1 1). None of the 
genes for other known components of the 
mitochondria1 import system, i~lcluding 
TIM23 or TIM17, were identified in this 
multicopy suppressor screen. Even though 
TimlOp and Timl2p are 35% identical, 
overexpression of one protein did not sup- 
press the lethality caused by the tempera- 
ture sensitivity of the other (1 1 ) .  

The results presented so far suggested 
that TimlOp, Timl2p, and Tim22p interact 
functionally and genetically. To test for a 
physical interaction between TimlOp, 
Timl2p, and Tim22p, we constructed a 
yeast strain in which all TimlOp molecules 
had a COOH-terminal hexahistidine tag 
( 16). This strain grew as well as the parental 
wild type under all conditions tested, sug- 
gesting that the tag did not abolish the 
function of TimlOp in vivo. Essentially all 
of the tagged TimlOp present in digitonin- 
solubilized mitochondria was recovered on 
the Ni2--agarose beads (Fig. 3C). More 
than 90% of the Timl2p and 80% of the 
Tim22p present in the ~nitochondrial lysate 
co-purified with the tagged TirnlOp. No 
such co-purification was detected if TinllOp 
was untagged, and inner memhrane pro- 
teins such as AAC, Tim23p, Timl lp ,  
Tim44p, and Afg3p (11, 17) did not co- 

Fig. 4. Model for the im- 
~ o r t  of mitochondrial 
carrier proteins. Proteins 
5, 6, 7 ,  20, 22, 37, 40, 
and 7 0  are members of 
the TOM complex. Pro- 
t e n s  11, 17, 23, and 44 
are members of (or 
closelv adiacent to) the 

purify with the tagged TimlOp (Fig. 3C) .  
Thus, the genetic and hiochem~cal data 
indicated that TimlOp, TimlZp, and 
Tim22p are three components of a multi- 
subunit complex that mediates import and 
insertion of multispanning carrier proteins 
into the inner memhrane. 

TimlOp and Timl2p perform distinct 
functions in the import of mitochondria1 
carriers because overexpression of TimlOp 
did not substitute for loss of Tiinl2p and 
vice versa. TimlOp acted before Timl2p: 
Loss of TimlOp function hlocked transport 
across the outer memhrane, whereas loss of 
Timl2p function blocked insertion into the 
inner membrane. TimlOp was only loosely 
associated with the complex hecause most 
of it was solubilized when mitochondria 
were converted to mitoplasts (7). Associa- 
tion of TiinlOp with the inner membrane 
rnay he reversible, allowing TiinlOp to (i) 
bind precursor whose COOH-terminus is 
still in the outer membrane channel or 
exposed on the outer surface and (ii) trans- 
fer the bound precursor to Timl2p. We 
suggest the following model for the import 
pathway of a multispanning carrier from the 
mitochondrial surface into the inner mein- 
brane (Fig. 4). The carrier, after binding to 
mitochondria1 import receptors, passes 
through the outer membrane pore and 
binds to TimlOp; this step rnay be revers- 
ible. The carrier is then transferred to 
TimlZp, which is associated with Tirn22p 
on the outer face of the inner membrane. 
The membrane-embedded Tirn22p finally 
mediates the correct insertion of the carrier 
into the inner membrane. 

Because TimlOp and Tirnl2p are re- 
quired for insertion of Tirn22p, which in 
turn is required for the insertion of carrier 
proteins, TimlOp and Tirnl2p might in 

princ~ple only be needed to maintam wild- 
type T1m22p levels. This model cannot be 
excluded, but it cannot readily account for 
our findings that partly imported AAC can 
be cross-linked to T i m l O ~  in uncou~led 

~ 1 m 2 3 ~ - ~ i h l  7p c o m -  
plex that mediates i m  IMS 
port of precursors c a r v -  

ing mlna a cleavable matrx-target~ng NH,-ter- 
-&-% 12 + +A'? 

wild-type mitochondria and that overex- 
pression of Tim22p fails to suppress loss of 
TimlOp f~lnction. Thus, we favor the view 
that TilnlOp and Timl2p interact directly 
with each of the different carrier nrecursors 

sequence. Prote~ns 10, IM 

and that Tim22p, because it is a multispan- 
ning inner tnembrane protein, uses this 
same import pathway. 

Proteins similar to TimlOp and Timl2p 
are present in Schiposaccha~omyces pontbe and 
Caenorhubditis elegans ( lo) ,  suggesting that 
this second TIM comnlex has been con- 

22 

served throughout evolution. TimlOp and 
Timl2p rnay act akin to molecular chaper- 
ones: TimlOp may prevent aggregation of 

12, and 22  are members - 
of the T1m22 complex Matrix 44 
that med~ates import of 
mul t~spann~ng carrier 
proteins n t o  the inner membrane. A carrier precursor exiting the TOM channel is captured by  T m l O p  in 
the intermembrane space and delivered to  Tim1 2p ,  which is bound to Tim22p at the outer face of the 
Inner membrane. Transfer to  T i m l 2 p  triggers the Tim22p-dependent insertion of the m u t ~ s p a n n n g  
carrier Into the Inner membrane. 

the precursor in the intermelnbrane space, 
and Tiinl2p inay stabilize the precursor in a 
conformation that permits its en bloc inser- 
tion (1 8) into the inner meinhrane. 
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Helicobacfsr pyiori Ad hasin Binding 
FueasyBaBed Histo-Blood Group 
~n t igehs  Revealed by ~etaggihg 

Bag Ilver,* Anna Arnqvisf,* Jahan bgren, Inga-Maria Frick, 
Bangeruia Kersulyte, Engin T. Bncecik,? Douglas E. Berg, 

Antonells Covacci, Lars Engstrand,? Thomas BorknB 

The bacterium Helicobacter pylori is the causative agent for peptic ulcer disease. Bac- 
terial adherence to the human gastric epithelial lining is mediated by the fucosylated 
Lewis b (Leb) histo-blood group antigen. The Leb-binding adhesin, BabA, was purified 
by receptor activity-directed affinity tagging. The bacterial Leb-binding phenotype was 
associated with the presence of the cag pathogenicity island among clinical isolates of 
H. pylorj. A vaccine strategy based on the BabA adhesin might serve as a means to target 
the virulent type I strains of H. pylorj. 

-., , . 

Ht.licobnst<r p>lo~i ,  ;l human-syec~tic gastric 
pathogen, \\.;is first ~solated in l9S? ( 1 )  anc! 
h,1s emcrtrcJ as the causa t i~c  agent o t  chron- 
ic actn7e gastritis ancl p e ~ t i c  ~llcer elisease (2) .  
h'liost mfecteil ind~r-i~luals show no  cli~lical 
y m p t o ~ n s ,  i l l l~licati~lg a~lclitio~lal factors, 
such 2s genetic preLlispositioll a11ii the geno- 
type of the infecting \train, in ilisease patho- 
genesic. Chronic ~ n f e c t ~ o n  IS associated n;itli 
the del-elopment of gabtric adenocarcinoma, 
one ot the most c o l n ~ n o ~ l  types of c;incer in 
11urn;ins ( 3 ) ,  and H. p ~ l o ~ i  was recentl~- dc- 
fineLi as a class 1 carcinogen (4). 

T h e  bacreriuln co1oni:es the human a s -  
tric mucosa h ~ -  xilher~nir to the mucous et7- 
~thcl ia l  cells and the mucus layer lining the 
gabtric epithelium (5). Thc5e a~lherence 

C, s e r  D e p a ~ r e - l t  sf M crcb c c g ~  Ut7ie?, U-11verslt~. 
SE-931 87 Utile& Sl:!ede,i. 
A. 4,-q,; s- Cepartmet-t o'bl'cro::~clogy at-d Cecat:t7ie,it 
of Oral B o cgy U r e d  lJi\!ezs t; SE-982' 87 Uiie', 
S;;eder7. 
J Ogren a i s  T. 3srBr, DepaTtTelt o' Oral 3 1 o c g ~ .  
U-I-ea UI- s:ers t y  SE-93' 87 lJtne2 S,;vedet- 
I.-bA. Frcl<, Ceparttrert cf Cell a i d  Msecuar 3 s  cc;v 
LLI i d  IJti L ~ , S  - y  SE-22- SC LLI-I:: Sn:,esen, 
D. .(ersu~yie, E. T, r c e c l i ,  C, E. Ee,g. Departn-en: sf 
blo ecula, 1\A c.0:: clocl';, 'Rash IC I -o -  UI-I~:~,SI:~ Med ca 

tlrotxrties protect the h;icteri;i from the  cx- 
L L 

trcme aciciity of the  gastric 1~1mell and dis- 
vlacement trom the  stomach hv force.; such 
,is those gener;iteii by per~stalsis anLl gastric 
emptying. T h e  fucosylated h loo~ i  group an- 
tigens L c a i  1, (Lc") anti H-l  (Fig. 1.A) 
mediate ailhercncc of H. p>lou to human 
qistric epithelial cells in situ (6) .  

W e  ha\-c lionr biochem~cally c1l;ir;icrer- 
ired and icientified the H. p>lo~i  hlood group 
alitigen-bincling adhesin, BahA. Various 
5tr;iins of H.  pyloii n-ere ;malyred for binding 
to '"1Ll;ibcleil t~~cosyl;itcii blood $soup anti- 
gens (Fig. 1B) (7 ,  8). Three of the t~ r -e  
strains examined bounJ Lei' and H-1. T h e  
receptor spec~ficities of these strains for the 
soluble hlood grouk3 antigens correlate with 
their ailherencc yroperticb in situ (6) .  T h e  
pre~;ilence of lilood group antigen-hiniiing 
(Bi lB)  ;ictivity n-as also assessed anlong 95 
recmt cli~lical isolates of H. pylori, anti 66% 
(63  isolates) hound the Le" ;intigen (7). 
None of the reference strains or the 95 re- 
cent isolate. bound to the rcl;ited Lei, H-?, 
Le", or Ley antigens (Fig. 1, A ;ind B). These 
results support previous ohserl-ations o t  tlie 
receptor srecificitv of H,  bulo~ i  for the Le" -. L - 

Sci-oo S:. Lo, s MC 65.13, ~ 5 4 .  a n 1  H-l blood group antigens (6) a11c3, m 
4, Cssaccl, i i t - i ~  nc:: s cgcal Keseazcn ns t t~ l te  S e l a  
\.;a F oze i -  -a 55' 33 S e i a  t a~ \# ,  adJ~ t ion ,  iielno~lstrate the high pre\-alencc of 
L ;I-gst,aid Cecartmerr sf Cl;Ical Mc,otlcIog; at-d BAB a c t i ~ i t y  ;imong cll~lical isolates. 
Cancer Ecldem slog; Unlsersl-y tos-I-al ,  SE-731 85 Isolates of H, p>1017 are rllougllt to [{iffer 
Cippsala S;:ede~-. in virulence anil those from iniii\~iiiuals n-it11 
'T,iese au:i-srs c o i t r c ~ - e d  eclLal y -2 :i- s ';'!crl<. peptic ulcers most often ;ire type I strains 
:Preser- a::dress: Max-ssn Fette,i!cster ,ist ~ L I -  ~ L I ,  Hy- 
ge,e L1.,:: ~ ~ d ~ ~ ~ ~ ~ ~ ~ ~ , ~  M ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ,  pette,ksfe.. that espresb the v a c ~ ~ o l ~ ~ t i n g  cytotosin A 
s-:asse 9A D-81Gi7 ~ I L I  i c i -  Ge,,-iarr. i\ 'acA) and the cvtotosin-associated pelie A 
f Pteset-t ad::ress S;:eds,i I isti-L te 'or It-:ec-o~~s CIS- (Cagi i )  p r o t e i ~ ~  (9). By definition, type 11 
ease Csrtzsl S-1'23 21 Stsckicl t r  S;:ecle-. 
bTs vJhom cer,espordel-ce sheuls be adclressed, E.lna strainseespress neither marker. Twenty-one 
-1'0 - ~ ~ S . C O ~ ~ ~ - ~ T I C ~ O . L I I ~ L I . S ~  strains o t  previously defined type ( 10) anii 73 




