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Thee mitochondrial prohibiti n complex consists of two subunits (PHB1 of 
322 kDa and PHB2 of 34 kDa), assembled into a membrane-associated super-
complexx of approximately one MDa. A chaperone-like function in holding and 
assemblingg newly synthesized mitochondrial polypeptide chains has been pro-
posed.. To further  elucidate the function of this complex, structural informatio n 
iss necessary. In this study we use chemical cross-Unking, connecting lysine side 
chainss which are well scattered along the sequence. Cross-linked peptides from 
proteasee digested prohibiti n complexes were identified with mass spectrometry. 
Fromm these results, spatial restraints for  possible protein conformation were 
obtained.. Many interaction sites between PHB1 and PHB2 were found, whereas 
noo homodimeric interactions were observed. 

Secondaryy and tertiar y structural predictions were made using several algo-
rithm ss and the models best fittin g the spatial restraints were selected for  further 
evaluation.. From the structure predictions and the cross-link data we derived a 
structura ll  buildin g block of one PHB1 and one PHB2 subunit, strongly inter-
twinedd along most of their  length. The size of the complex implies that approxi-
matelyy 14 of these buildin g blocks are present. 
Eachh unit contains a putative transmembrane helix in PHB2. Taken together 
wit hh the unit buildin g block we postulate a circular  palisade-like arrangement 
off  the buildin g blocks projecting into the intermembrane space. 

Introduction n 

Thee two structurally related proteins PHB1 
andd PHB2, previously referred as prohibitin 
proteins,, localize to mitochondria in mam-
mals,, plants and yeast (1—6). In yeast, levels 
off  PHB1 and PHB2 have shown to be inter-
dependentt and have been shown to physi-
callyy associate with each other to form a 
largee multimeric complex in the mitochon-
driall  inner membrane of mammals and yeast 
(4;5;7).. The molecular mass of the so-called 
PHBB complex is estimated to be one MDa 
byy migration in Blue Native Electrophoresis 
(BNE)) experiments. PHB constituent pro-
teinss are ubiquitously expressed in mamma-
liann tissues and have been highly conserved 
throughh evolution, suggesting a vital function 
amongg eukaryotes. To date various functions 
havee been attributed to both PHB proteins, 
includingg cell cycle regulation, receptor-
mediatedd signalling at the cell surface, age-

ing,, apoptosis, and a role in the assembly of 
mitochondriall  respiratory chain complexes 
(3).. Although the now clear localization of 
thee PHB complex to the mitochondria has 
alreadyy provided the context where to place 
itss function, the exact role of these proteins 
stilll  remains unclear. Based on recent results 
wee propose that the PHB complex forms a 
novell  type of membrane-associated holdase/ 
unfoldasee chaperone for the stabilisation of 
mitochondriall  proteins. Because the abil-
ityy of the PHB complex to stabilise newly 
translatedd mitochondrial gene products via 
directt interaction, it was proposed that the 
PHBB complex could form a barrel structure 
wheree proteins could be contained (7). In 
thee yeast Saccharomyces cerevisiae the PHB1 
andd PHB2 subunits have molecular weights 
off  32 and 34 KDa respectively, varying very 
littl ee among other eukaryotes. Assuming a 
molecularr mass of one MDa, between 12 and 
166 subunits of each PHB1 and PHB2 would 
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bee needed to form such a complex. Beyond 

thee interdependence of PHB1 and PHB2 to 

formm the PHB complex, which suggests that 

theyy probably associate in a 1:1 ratio (further 

substantiatedd by the equal staining intensity 

off  the protein bands upon blue native 2D 

electrophoresiss (7)), nothing is known about 

thee structure of the complex. More detailed 

structurall  information of the PHB complex 

iss required to further elucidate the molecular 

mechanismm of action of the PHB complex. 

Resolvingg the structure of a protein with 

unknownn function wil l give valuable clues 

too its role in vivo. Three-dimensional protein 

structuress have been traditionally determined 

byy X-ray crystallography and N M R spectros-

copy.. X-ray crystallography is limited to the 

availabilityy of analyte crystals and N M R to 

smalll  protein complexes. These techniques 

requiree relatively large amounts of pure pro-

tein,, and this becomes especially labor-inten-

sivee in the case of membrane proteins. 

Also,, despite the increasing number of deter-

minedd macromolecular structures, structural 

genomicss and protein modelling are still l im-

itedd to known folds or structures. Although 

PHBB proteins are highly conserved in evolu-

tion,, their low sequence similarity to known 

proteinn folds makes them difficul t to model. 

Ass an alternative approach to structure deter-

minationn we have generated amino acid 

distancee information using cross-linking 

technologyy and mass spectrometry for the 

identificationn of cross-links (8). Although 

thee atomic distance information provided by 

cross-linkss might be of low resolution, a lim-

itedd number of distance constraints (9) can be 

off  valuable help to solve the tertiary structure 

off  a macromolecule. Our cross-linking results 

suggestt that the PHB complex is built from 

heterodimers,, where PHB1 and PHB2 run 

parallell  and intertwined for a long distance 

throughh their primary structure, raising the 

conceptt of a PHB 'unit cell'. We predict the 

unitt cells to be organized into a large palisade 

shapedd macromolecular complex. 

Methods s 

StrainsStrains and media. For overexpression of the 

PHBB complex the Saccharomyces ccrevisiae 

strainn W303/1A (AphblAphb2) transformed 

withh the multicopy shuttle vector YEplacl95 

containingg both PHB1 and PHB2 genes was 

usedd (7). Yeast was grown on W O minimal 

mediaa (0.67% Yeast Nitrogen Base, 2% galac-

tose)) complemented with amino acids and 

lackingg uracil for selection of the plasmid. 

PreparationPreparation of mitochondrial fractions. Yeast cells 

weree grown as described above. Highly puri-

fiedd mitochondria were obtained following 

thee protocol described by Glick et al (10), 

withh slight modifications. 

BlueBlue native electrophoresis and Electro-elution. 

Bluee native gel electrophoresis was per-

formedd according to Schagger and von Jagow 

(11).. Electro-elution was performed basi-

callyy as described by Schagger (12). In some 

instancess the electro-elution buffer was sup-

plementedd with 0.01% lauryl maltoside and 

2.5%% glycerol. 

SecondarySecondary structure prediction. For predict-

ingg transmembrane helices we used the 

T M H M MM 2.0 algorithm (13) available at 

h t tp : / /www.cbs.d tu .dk /serv ices/TMHMM--

2.0// . Secondary structure was predicted 

usingg the Jpred2 algorithm (14;15) avail-

ablee at http:// jura.ebi.ac.uk:8888/ and 

3D-PSSMM V2.6.0 (16) available at ht tp: // 

www.bmm.icnet.uk/~3dpssm// . Al l pro-

gramss were used at default settings. 

ChemicalChemical cross-linking. Dithiobis (succinimi-

dylpropionate)) (DTSP) was purchased from 

Sigmaa (St Louis, MO). SulfoBID, a water-

solublee analog of BID (17), was synthesized 

ass previously described for BID, with the 

replacementt of i \-hydroxysuccinimide by 

sulfo-N-hydroxysuccinimidee (Pierce, Rock-

ford,, IL) . The sulfonate groups introduced by 
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Figuree 5 - 1 : Re-electrophoresis of electro-eluted 
PHBB complex. PHB complex was cut out of a first 
dimensionn BNE gel and electro-eluted as described 
inn Methods. Upper blot: control incubation of 
ann aliquot of complex in cross-link buffer for the 
samee duration as a cross-linking experiment. After 
incubationn the complex was run again on a native 

CTRLL first dimension and subsequently on a denaturing 
(SDS)) second dimension. Protein was visualized 
byy anfi-PHBl antibody. Approximately 90% of the 
loadedd amount of protein is still in intact complexes 
runningg at 1 MDa. Lower blot: Cross-linking with 
sBID.. An aliquot of electro-eluted complex was 

sBIDD incubated with 1 mM sBID as described in Methods. 
Westernn analysis after BNE2D revealed bands 
runningg at 1 MDa in the first dimension (size of the 
PHBB complex) that dissociated into 70 kDa bands in 
thee second dimension (size of PHB dimers). 

thiss procedure render the cross-linker water-
soluble. . 

Cross-l inkingg of electro-eluted complex was 
donee at a protein concentration of 0.5 mg/ml 
inn 20 mM sodium phosphate pH 7.8, 1.25% 
glycerol.. Cross-linkers were added to a final 
concentrat ionn of 2 m M. The solution was 
keptt at room temperature for 25 minutes. 
Cross-l inkingg in Blue native gel pieces was 
performedd as follows. Pieces of gel were cut 
outt and washed 5 times for 1 hour with cross-
l inkingg buffer (50 mM tri-ethanolamine 
pHH 8.0) at 4°C. Then an aliquot with a vol-
umee equal to the gel pieces of 4 mM DTSP 
inn cross-linking buffer was added and incu-
batedd at room temperature for 30 minutes. 

TrypticTryptic digestion and sample preparation for mass 

spectrometry.spectrometry. Digestion of proteins and cross-

linkedd products contained in polyacryl-

amidee gel pieces was performed according 

too Shevchenko (18) with sequencing grade 

trypsinn (Roche, Basel, Switzerland). Peptides 

weree collected in 20 mM N H . H C O, and 
44 3 

desaltedd and concentrated on ZipTip fj,C 

tipss (Millipore, Bedford, MA) , and eluted in 

100 (II 60% acetonitnle/ 1% H C O O H. 

MassMass spectrometry. For MALD I analyses 0.5 |Xl 

off  peptides were mixed with 0.5 (J.1 OC-cyano 

hydroxycinnaminicc acid (10 mg/ml in 

ethanohacetonitrilee 1:1), spotted on target 
platess and allowed to dry. 
Reflectronn MALDI -TO F mass spectra were 
recordedd on a TofSpec 2EC mass spec-
trometerr (Micromass, Whyttenshawe, UK) 
equippedd with a 2 GHz digitizer. Electro-
sprayy MS and low energy collision induced 
dissociationn (MSMS) analyses were per-
formedd on a Q-Tof (Micromass, Whyt-
tenshawe,, UK) mass spectrometer with a Z-
Sprayy orthogonal ESI source. Fragmentation 
off  peptides was performed using argon as a 
collisionn gas at a quadrupole pressure gauge 
readingg of 4 x 10"5 mbar. 
Forr direct infusions, peptides were intro-
ducedd using gold-coated nano electrospray 
capillariess (New Objective, Woburn, MA) . 
Afterr mass calibration ( better then 40 ppm), 
thee MALD I and electrospray MS spectra were 
chargee deconvoluted using the MaxENT 3 
algoritmm (MEDC solutions, Cambridge, UK) , 
whatt resulted in the mass list of principle iso-
topee ions with single charge. 

AnalysisAnalysis of mass spectrometric data. For each 

experiment,, the above-obtained MS data 

weree scanned for digest fragments which were 

modifiedd with the used chemical cross linker. 

AA custom-made software tool called Find-

Linkk supported these analyses. The FindLink 
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programm generates a mass/fragment database, 

basedd on the input of the residue sequence 

off  the proteins in the complex, the selectiv-

ityy of the digest cleavages, and the amino acid 

residuee chemical selectivity of the chemical 

cross-linkk reagent molecule. Database entries 

includee all fragment candidates for surface 

labell  modifications, for intramolecular cross-

linkingg within a fragment, and all fragment 

combinationss for cross-linking within and 

betweenn proteins in the complex. Each data-

basee entry is automatically matched within 

aa definable mass tolerance with the experi-

mentallyy obtained mass lists. The matches for 

surfacee labelling, intramolecular cross-linking 

withinn a single digest fragment, and inter-

molecularr cross-linking between digest frag-

mentss within and between proteins in the 

complexx are systematically documented as 

outputt of the analyses. 

Results s 

IsolationIsolation of the complex. Highly purified mito-

chondriaa from yeast cells overexpressing 

thee PHB complex were extracted for blue 

nativee electrophoresis as described previously 

(7).. After the first native dimension the pre-

dominantt high molecular weight band cor-

respondingg to the PHB complex was cut out. 

Thee stability of the complex after electro-elu-

tionn was tested by re-applying the unmodi-

fiedd electro eluted complex to 2 dimensional 

bluee native electrophoresis. Approximately 

90%% of the electro eluted complex remained 

stablee as seen with Western analysis of its 

migrationn as a high molecular weight entity 

(seee figure 5—1). 

Cross-linking.Cross-linking. Cross-links were introduced 

intoo the PHB complex with the Afunctional 

lysinee reactive cross-linkers DTSP and sBID 

ass described in methods. For cross-linking 

inn solution, the PHB complex was electro-

elutedd from the gel slices. In other experi-

mentss DTSP was applied directly to the gel 

pieces. . 

Afterr cross-linking the complex still migrated 

inn BNE at one MDa. In the second (SDS) 

dimensionn the band at 32 kDa was replaced 

byy a new band at approximately 70 kDa (illus-

tratedd for sBID in figure 5—1). Peptide mass 

fingerprintingg showed this new band to con-

PHBll  MSNSAKLIDVITKVALPIGIIASGIQYSMY D 
PHB22 MNRSPGEFQRYAKAFQKQLSKVQQTGGRGQVPSPRGAFAGLGGLLLLGGGALFINNALFN 

PHB11 VKGGSRGVIFDRINGVKQQWGEGTHFLVPWLQKAIIYDVRTKPKSIATNTGTKDLQMVS 
PHB22 VDGGHRAIVYSRIHGVSSRIFNEGTHFIFPWLDTPIIYDVRAKPRNVASLTGTKDLQMVN 

PHB11 LTLRVLHRPEVLQLPAIYQNLGLDYDERVLPSIGNEVLKSIVAQFDAAELITQREIISQK 
PHB22 ITCRVLSRPDWQLPTIYRTLGQDYDERVLPSIVNEVLKAWAQFNASQLITQREKVSRL 

PHB11 IRKELSTRANEFGIKLEDVSITHMTFGPEFTKAVEQKQIAQQDAERAKFLVEKAEQERQA 
PHBB 2 IRENLVRRASKFNILLDDVSIT YMTFS PEFTNAVEAKQIAQQDAQRAAFWDKARQEKQG 

PHBB 1 SVIRAEGEAESAEFISKALAKVGDGLLLIRRLEASKDIAQTLANS SNWYLPSQHSGGGN 
PHB22 MWRAQGEAKSAELIGEAIKKSRD-YVELKRLDTARDIAKILASSPNRVILDNEALLLN T 

PHB11 SESSGSPNSLLLNIGR 
PHB22 WDARIDGRGK 

Figuree 5-2 : Aligned sequences of PHB1 and PHB2. The region expected to be membrane spanning in 
PHB22 and membrane associated in PHB1 is underlined. Lysine residues (possible targets of the cross-
linkerss used in this study) are set in bold. It can be seen that lysines are well distributed along the 
chains. . 
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Exper iment3 3 MH + + Error r 
(ppm) ) 

Fragmentt 1' Fragmentt 2 cross-link*1 1 

1.3.6 6 1117.555 32 
PHB1:: 73-76 

TKPK K 
PHB2:: 102-105 

AKPR R 
PHB1K74 4 
PHB2K103 3 

1.3,6 6 1485.711 9 
PHB2:: 11-21 

YAKAFQKQLSK K 
PHB2K13 3 
PHB2K17 7 

.2,3,4,6,7.88 1646.83 32 PHB1:: 152-159 
IRKELSTR R 

PHB2:: 102-105 
AKPR R 

PHB1K154 4 
PHB2K103 3 

1.3,4,6,7,88 1777.93 PHB1:: 147-154 
EIISQKIR R 

PHB2:: 175-179 
EKVSR R 

PHB1K151 1 
PHB2K176 6 

,2,3,4.5.6,7,88 1874.99 4 PHB1:: 147-160 
EIISQKIRKELSTR R 

PHB1K151 1 
PHB1K154 4 

9,10,11 1 1888.06 6 
PHB1:: 147-160 

EIISQKIRKELSTR R 
PHB1K151 1 
PHB1K154 4 

1,2,3,4,5,6,7,88 2398.20 4 PHB1:: 200-209 
FLVEKAEQER R 

PHB2:: 227-235 
AAFVVDKA R R 

PHB1K204 4 
PHB2K233 3 

1,2,3,4,6,7,88 2442.26 10 PHB1:: 73-85 
TKPKSIATNTGTK K 

PHB2;; 264-270 
DYVELK R R 

PHB1K76 6 
PHB2K269 9 

1,3,4,6 6 3212.70 0 25 5 
PHB1:: 189-204 

QIAQQDAERAKFLVEK K 
PHB2:: 262-270 
SRDYVELKR R 

PHB1K199 9 
PHB2K269 9 

Tablee 5-1 a : l , DTSP cross-link in blue native gel; 2, DTSP cross-link in solution; 3, DTSP MALDI-TOF + 
FindLink;; 4 , DTSP ESI-QTOF-MS + FindLink; 5, DTSP ESI-QTOF-MSMS; 6, reductive alkylation of DTSP + 
MALDI-TOF;; 7, reductive alkylation of DTSP + ESI-QTOF-MS; 8, reductive alkylation of DTSP + ESI-QTOF-
MSMS;; 9, BID cross-link in solution; 10, BID cross-link + MALDI-TOF + FindLink; 11, BID cross-link + ESI-
QTOF-MSMS;; b: measured m/z for MALDI-TOF or charge deconvolved ESI-QTOF-MS; c: protein chain, 
peptidee fragment, residue numbers and peptide sequence, d: positions of the cross-linked lysines. 

tainn both PHB1 and PHB2 (data not shown). 
Figuree 5—2 shows the aligned sequences of 
thee homologous PHB polypeptides. Also 
indicatedd are the positions of the many lysine-
residues,, scattered along the peptide chains, 
providingg numerous cross-link opportunities. 
Afterr cross-linking the complex was digested 
withh trypsin in solution, or in gel pieces cut 
outt after second dimension denaturing elec-
trophoresis.. Peptide mixtures were mass-
mappedd by MALDI-TO F and ESI-QTOF 
masss spectrometry. Subsequently MS data 

weree scanned for digest fragments which 
weree modified with the used chemical cross 
linker.. These analyses were supported by a 
custom-madee software tool called FindLink 
(seee methods section). The cross-links found 
inn this study are summarized in table 5—1. To 
validatee our identification method we per-
formedd low energy CID MSMS of some 
proposedd cross-linked peptides and con-
firmedd the identification. This is illustrated in 
figuree 5-3 for the fragmentation of the DTSP 
cross-linkedd peptide in which PHB1 K204 
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Figuree 5 -3 : ESI-QTOF-MSMS analysis of a DTSP cross-linked peptide. P1K204 is linked to P2K233. 
Thee singly charged peptide was seen in MALDI-TOF at m/z 2398.2 (deviation from calculated mass 
== 14 ppm). In ESI a triply charged ion was seen at m/z 800.1 and fragmented by low energy CID 
ass described in methods. A: structure of the cross-linked peptide, the lysine residues are linked by 
theirr e-amino groups through DTSP. Observed fragment ions are indicated (Roepstorff & Fohlman 
nomenclature).. B: ESI-QTOF-MSMS spectrum: fragment ions corresponding to the ions marked in figure 
5-3AA are annotated. 

linkss to PHB2 K233. For DTSP linked pep-

tidess reduction and alkylation of the disulfide 

bridgee in the cross-linker and retrieval of the 

alkylatedd products (19) also yielded additional 

confirmations. . 

Ass expected, in addition to the cross-links, 

wee found a large number of surface-labeled 

peptidess (where lysine has reacted with one 

endd of the cross-linker and the other reactive 

moietyy has been hydrolyzed). 

Foremostt it is noteworthy that all but two 

(PHB11 K151-K154 and PHB2 K13-K17; 

linkagess spanning four and five residues 

respectively)) cross-links observed are between 

residuess in a PHB1 and a PHB2 chain. We 

havee neither observed any cross-links from 

onee PHB1 molecule to another PHB1, nor 

fromm a PHB2 molecule to another PHB2. 

Thiss leads directly to the hypothesis that the 

complexx consists of heterodimeric PHB1-

PHB22 building blocks. 

Fromm the observation of the cross-link 

pairss PHB1K74-PHB2K103, PHB1K151-

PHB2K1766 and PHB1K204-PHB2K233, 
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PHB1 1 

PHB2 2 L_l_ _ 

I3U17 7 

74.76 6 

r r 

1103 3 269 9 

Figuree 5 - 4 : Predicted secondary structure of the PHB proteins. Solid blocks indicate a-helices, filled 
arrowss indicate B-sheets. Alignment is the same as in figure 2. Cross-links found in this study (see also 
tablee 1) are indicated. Most cross-links connect residues in PHB1 to residues in PHB2. 

whichh align in primary and secondary struc-

ture,, we hypothesize both chains to run inter-

twinedd for long stretches. This fits the results 

inn that it would give extensive possibilities 

forfor interchain cross-linking, and render the 

chancess of residues within the same chain to 

bee within cross-linking distance less likely. 

Ass can be seen in figure 5-4 cross-links are 

foundd predominantly in the C-terminal heli-

call  region. In the central beta sheets only 

PHB1K744 links to PHB2K103. This latter 

PHB2K1033 is also close to PHB1K154, as 

doess PHB1K76 with PHB2K269. 

Figuree 5-5: 
Modell of an unit-

celll building block. 
Ann elongated three 
segmentt assembly 

consistingg of a 
membranee anchor, a 
centrall p-sheet and a 
protrudingg four a-helix 
bundlee (similar to the 

fourr helix-bundles 
off Snare proteins) is 

postulated. . 

IntegratingIntegrating predicted secondary structure and 

observedobserved cross-links. The lack of suitable model 

templatess with high homology to prohibitins 

andd other members of the so-called Band 7 

proteinn family prompted us to use predic-

tionn methods as starting point. To check for 

possiblee transmembrane regions, we used the 

T M H M MM algorithm (13). The suggested evi-

dencee for a possible transmembrane helix for 

PHB22 (positions 37-59) seems adequate (data 

nott shown). The homologous helical site in 

PHB11 may not quite fulfil l the requirements 

forr transmembrane spanning helices. Yet, 

thee similarity to PHB2 is so high that in our 

modell  it is considered membrane-associated. 

Ass we did not find cross-links that contrib-

utee structural data in the region N-terminal 

too the putative membrane stretches, we can-

nott experimentally derive a structure in this 

region. . 

Too predict possible fold formation, we used 

thee algorithms Jpred2 (14;15) and PSSM 

(16)) at default settings. From the output a 

modell  for both chains was built, in which we 

assignedd similar secondary structure to aligned 

portionss of both molecules. This structure is 

depictedd in figure 5-4. It is clear that the pro-

teinss belong to the mixed a/fj fold family, a 

veryy broad group of proteins with many pos-

siblee fold formations. 

Thee PSSM fold recognition algorithm subse-

quentlyy suggested homology of the C-termi-

nall  domain of prohibitin to the PSSM super-

familyy with founder ID clfioa, consisting 

off  the four-helix bundle proteins syntaxin 
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Figuree 5 - 6 : 
AA representation of the super-
structuree of the complex. 
Thee membrane associated 
elongatedd building blocks 
assemblee in a ring shaped 
structure,, probably acting asa 
holdase/unfoldasee for newly 
synthesizedd mitochondrial 
proteins.. A: dimeric building 
blockk (top view). B: proposed 
circularr arrangement of the 
buildingg blocks (top view). 
C:: a section of four building 
blockss and the mitochondrial 
innerr membrane (side view). 

Matrix x 

1AA and T-Snare protein SSOl. For PHB2 

thiss structure ranked first, scoring a PSSM 

E-valuee of 0.513, for PHB1 this structure 

rankedd third, scoring an E-value of 1.81. 

Althoughh these values are not convincing 

inn itself (confidence interval approximately 

50%),, many of the cross-links found in this 

studyy were superimposable on this template, 

whilee other possible solutions were ruled 

outt because we could not fit in the observed 

cross-linkss in the corresponding 3D models. 

Thiss further increases the confidence inter-

vals,, although it cannot be yet expressed in 

numbers.. To our knowledge this is the first 

reportt on a hitherto unknown protein struc-

turee where computed structural predictions 

weree substantiated via chemical cross-links 

ass distance restraints. Still, all precautions 

thatt are to be taken with structural modeling 

aree valid, and the model presented should be 

viewedd as a best approach given current limi -

tations.. Therefore, the model is not refined 

too high resolution, but only a fold designa-

tionn of the predicted secondary structure is 

presented. . 

Thee output of the structural prediction algo-

rithmss was imported into 3D viewers. The 

suggestedd regions of homology, comprising 

twoo OC-hehces and a connecting pj-strand were 

selectedd and positioning was constrained by 

thee span of the cross-links found. We used a 

lengthh of 8 A (  1 A) for the length of DTSP, 

ass computed by Green (20). It is plausible 

thatt the four-helix bundle present in Snares 

iss represented by a two-helix contribution 

fromm both PHB1 and PHB2. Taken together, 

aa model depicted in figure 5-5 is constructed. 

Inn this model a (3-sheet region (contain-

ingg the cross-link between PHB1K74 and 

PHB2K103)) is close to the membrane and 

thee four-helix bundle protrudes further into 

thee mitochondrial intermembrane space. 

57 7 



Discussion n 

Inn this study we have proposed a partial struc-

turee for the prohibitin complex. The require-

mentt for both PHB1 and PHB2 to be pres-

entt stoichiometrically to form a complex (7) 

alreadyy indicates a strong co-dependence 

off  both subunits. The striking finding that 

hardlyy any contacts within the same poly-

peptidee chain are observed, nor any cross-link 

betweenn two PHB1 chains or between two 

PHB22 chains leads to the concept of a PHB 

'unit-cell '.. While the lack of observation of 

cross-linkss between two chains of the same 

typee does not entirely rule out the possibility 

off  contacts between them, the prevalence of 

linkss between chains of PHB 1 and PHB2 sug-

gestt that these are in closest proximity. In this 

modell  the complex is built from heterodimers, 

whichh run parallel and intertwined for a long 

distancee across the primary structure. 

Predictionn methods (13) propose a transmem-

branee helix for PHB2 (residues 37-59). By 

analogy,, in our model the hydrophobic helix 

inn the N-terminus of PHB 1 (residues 14-30) 

iss expected to be membrane associated. Both 

chainss are on the same side of the membrane 

(3),, as is exemplified by our finding of an 

extensivee number of cross-links between the 

twoo chains. A model in which an assembly 

off  PHB 1 is found on one side, and an assem-

blyy of PHB2 on the other side of the mito-

chondriall  inner membrane is ruled out as has 

alreadyy been suggested (3). A model best fit-

tingg our experimental results is presented in 

figuree 5 -5. We propose this assembly to pro-

jectt into the mitochondrial intermembrane 

spacee based on previous observations (5). It 

shouldd be kept in mind, that this structure is 

builtt based on computed predictions. 

Combin ingg the proposed function of the 

PHBB complex as a holdase/unfoldase for the 

assemblyy of respiratory chain protein com-

plexess (3) with the elongated unit-cell build-

ingg block and the expected size of the PHB 

complex,, we arrive at a tentative model of 

thee super structure, as given in figure 5-6. 

Thee molecular mass of the complex (one 

MDa),, suggests an intact complex to be 

builtt from approximately 14 (range 12-16) 

off  these unit cells. While this wil l be a fixed 

number,, the exact count does not affect the 

palisadee shaped model. Large multimeric 

assembliess consisting of a number of identical 

structurall  units usually arrange in a circular 

fashion,, which in this case lines the cavity to 

holdd newly synthesized mitochondrial poly-

peptidee chains. 
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