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Venue. The 2011 conference will take place in the Eurotel Victoria hotel located in the
picturesque village Villars-sur-Ollon in the Swiss Alps. All lectures will be held in Villars I & II halls
and poster/exhibition session in the adjacent Les Diablerets Hall (Eurotel Victoria, ground floor).
Posters and exhibitor tables will be open for viewing from Monday, February 7th for the entire
meeting. Breakfast/Lunch/Dinner will be served in diverse restaurants of Eurotel Victoria. All mobile
phones must be turned off or set to vibrate during all oral sessions. Courtesy is expected.

Posters must be set up beginning on Sunday, February 6th or Monday, February 7th. All posters
need to be in place by Monday, February 7th at 20.30. Posters must be removed no later than
Thursday, February 10th at 12.00. Please consult the Poster Program for the poster numbers.

Gala Dinner will take place in restaurant Botta at the altitude of 3'000 m, on the top of a Glacier on
Wednesday, February 9th. Gala Dinner costs are included into the registration fee. There are 2
ways to get to the Glacier 3'000 (www.glacier3000.ch). First, you can ski from Villars-sur-Ollon all
the way to Les Diablerets and then take a short bus ride to the Glacier 3'000. Second, you can take
a bus ride from outside Hotel Eurotel Victoria (conference hotel) at 13.30. We will all return by the
same bus on Wednesday night to the conference hotel. You can keep your belongings in the bus.

Snow activites. The region of Villars-sur-Ollon offers a multitude of snow activities (if there is
snow ... ). You can rent the required equipment at the shop « Sport's House» (www.sportshouse.ch)
just outside the conference hotel. Mention «UppCon» to get 20% discount!

The conference secretariat can be found in the lobby of Eurotel Victoria during the entire meeting
or by calling the mobile phone number to reach us in case of an urgent question.

Mme Christine Kupper
Ecole Poly technique Federale de Lausanne
Biomolecular Mass Spectrometry Laboratory
BCH 4312 (Batochime), CH-1015 Lausanne
Tel.: +41 21 6939896; Fax.: +41 21 6939895
Mobile: +41 798226790
E-mails:christine.kupper@epfl.ch.yury.tsybin@epfl.ch
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Between a few MS techniques used for structural analysis of proteins, chemical cross-linking coupled with
mass spectrometry (CXMS) emerged as a method which can yield site-specific low resolution structure
information on the distance constraints with sample quantities that are 2-3 order of magnitude less than
required for X-ray and NMR and obtained in less time. The general principle of CXMS is the covalent
capture of juxtaposed amino acids using a variety of cross-linking reagents. CXMS can provide intra- and
intermolecular distance constraints that can be used (respectively) to resolve protein folding in a monomer
protein /subunit, and interactions at molecular interfaces in protein complexes. A new CXMS analytical
approach based on high performance mass spectrometry to generate tandem mass spectra and the open
modification search strategy to interpret the data has been recently reported (Singh, 2008, Sanowar, 20 I0).
Distance determinations obtained by CXMS technique lead to important advances in mapping the protein
topography in low resolution structures refined by computational methods. Ab initio and comparative
modeling of protein complexes result in a number of possible structure, thus distance constraints generated
by CXMS could facilitate the evaluation and/or construction of modeled structure.

Haloferax volcanii is a haloarchaeon which encodes at least three protein components associated with the 20
S protelytic core particle of proteasome system. The 20S proteolytic core particles (CPs) of proteasomes
from H. volcanii catalyze the ATP-independent proteolysis of unfolded proteins. The CP is a cylindrical
protein complex of 4 heptameric rings organized in a7p7p7a7 stoichiometry. The a-type subunits form the
outer rings are presumed to limit the access of protein substrates into and out of the central proteolytic
chamber formed by the two inner rings of p-type subunits. The archae on H.volcanii synthesizes two different
a-subunits, al and a2, having the potential to make 3 different CPs: 2 symmetric (alppal, a2pp(2) and one
asymmetric (al pp(2) (Kaczowka, 2003).

Using high performance mass spectrometry to generate tandem mass spectra and the open modification
search strategy to interpret the data, chemically cross-linked proteins in the symmetric alppal and a2ppa2
core particle of H. volcanii proteasomes were analyzed. Two commercial chemical cross-linkers: zero length
EDC and homo bifunctional amine-specific BS2G were investigated to determine the juxtaposed amino acids
in the CP and to validate three-dimensional protein models generated by comparative modeling. CXMS of
alppal by BS2G showed one interpeptide and one intrapeptide cross-links, whereas in a2ppa2 no any
interpeptide was found. Using EDC three interpeptide cross-links were found in al ppal and two in a2ppa2,
suggesting significant difference in CP's. Distance constraints obtained by CXMS were validated using a
new software platform called MSX-3D (Heymann, 2008).

[1] Singh P, et. al., Characterization of protein cross-links via mass spectrometry and an open-modification search
strategy.Anal. Chem. (2008), 80, 8799-8806.
[2] Sanowar S, et. aI., Interactions of the Transmembrane Polymeric Rings of the Salmonella enterica Serovar
Typhimurium Type III Secretion System. MBio. (2010),1 (3).pii: eOOI58-10.
[3] Kaczowka S.1.,et. aI., Subunit topology of two 20S proteasomes from Haloferax volcanii. J. Bacteriol. (2003),185,
165-174.
[4] Heymann M, et. aI., MSX-3D: a tool to validate 3D protein models using mass spectrometry. Bioinformatics (2008),
24, 2782-2783.
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lllt"oduction
BChlccn a fc\\ MS techmques used for stmclural anah,,!'; M protClns. .:1I1:J1Io.::,1 cross-lllll-iug cocpkd \\lIh llIass spc.:lrollll.'l0
(CXMS) has emerged as a mpld Il"Iclhod \\ll1Ch call ~icld Sllo:-SI»:<.lJ"a:10\\ n:solull01l Slnl •..-lllr.: lI1foml,lllOll Olllllc dISI;l1l>:CCOllSlralllh
\1 lilt sample quantIties that arc 2-" order of l1laglllludc less Ihall I ~(llIir<.'d fM X-I,'~ and N\-lR The general pnll.:iplc of ('\:\IS IS the
eO\ ••lenl CllplUre of jU"I{lposed al111110acid., IISIIl!: a \ anel\ of Cnl.,~-Illl\..lllg rc:1gClll~ ('XhIS C:111pro\ Idc 1ll!1~1'and 1ll1crlltolcetll.1r
dl";ldllce conslrdints \\hich Clll be used (rcSPCC1IH:lq 10 n.:sohc pt'Ot<:lIl f01thng JlI a 1I1011011K:1'prol"::lIl!slIblinil and illlCnlCliolls <l1
molecular 1ll1crfaces 111prolel1l cOlllplc"cs A IlC\\ CXM') :ll\,II.\ll~·al apprc,ach ba'l\:d Oil Ing,h performance mass ~pcclrOlllelr: 10
generate llI11del111ll{lSSspeclra and the opcn modification se,lrch SIr.llc~~ 10 il,erpr<.'llhe d,ll,1 has been rcc~lIll~ rcpon.::d :md \:Ilid; leG
(SlIll;h 2008. S.-nxmar. 20W) Distance delcnnlllallolls Obl,lll~d 1:'1\C\.M'; lec111Il<jue le:ld 10 11lI\}()ltllll athaoccs III 1ll.lppllll! lilt
protein lopogrnph~ III 10\\ resolution siruclllres rdilled b~ e01l1pll,;,110l1.11 lll,:t'lO<!" ill 11/1/10 and COlllp:lI'llll\e modeling of pt'Ol~'lll
COlllplc\es result III a number of possIble <;lructllres. thlls dlst:LUC<.'COlISlr:lIIllS ~~llcnllcd b\ l:\.o\IS could f.1CII:I.lIe II C\:lIUJ11011
;llId MconSlruCllon of modeled SIOlCturc
li,JI,,/erfl\' I'olctlrlll IS a halo.1rchaeOll \\ luch encodes al le:lst three prol<.',.1 ,,:olllpon..:lll<; 'ls~oci.lIcd \1 I1h the 211 S proleh 'I( core p;lnlCk
olille: prote<lso1l1e s~slel1l TIle lUS proleohllc core p<mde\ ,CPs) of pmte.I"iOl1IeS from /I. I ,,fUll/II .;,:tal~/e the J\TP-llldcpclloell\
prolcol~slS of unfolded prolClllS The CP IS" c~ 1l1ldrical prolel!' comple, of.J hepl,lIl1enC nngs Orpl1l/di In u-~-r"u-stoidllQlIk:t~
I he u-I~I)C sublimis lhal forllllhe aliter nngs Illllll the acces\ of pml:1lI sllr<;lral~'s 11l\( :Ind OUI (If lhe CLlllr.11 prolcol~tlC chamber
fOrlllcd b~ lhe 1\10 mner nngs of~-t\pc SUbllllllS The an.;hilcOllll ,,,lrw:;, s~lllhe~l/c<"I\\O dllTerCIl1 a-SlIblll,m. ol and a:!. h;I\111g Ihe
IX)I~'n\lalto make 1 differcm ('Ps 2 s~ llllllcinc {OIp~o I. o2~~rt2} and 011<.'as~ 1I11IICII"IC(0 I p~(2) (Kacloll "a ,'I al. 211(1))
LSll1~ lllgh performance mass spcclro1l1clr~ 10 generatel:llldel11 I\l,ISS spcctr<r ,Hld the open 1ll0dlflcallon <.earch straleg~ 1011ll<.:rprellhc
d,ll;I ChemIC{lI1~ cross·hnked proleills mtlle symlllelric uln~ul ,hId u2~nu2 core panicle of II \'ultan;1 prOlcasollles \Icrc ;lll:II~I('d
1'110 commercial ChClIllC:11cross·lll1\..crs I.ero length EDC and hOlllobifunctlOILll :IlIllllo.:-spccifie BS2G IIcre lmC51lgalcd 10 Jctermi:lC
lhe lU\laposcd alluno {lclds III lhc CP and 10 \alld1le Ihrce-dllllClI\10n;l1 prolCIll mod..:b L:cn.,:r:llcd b\ C01I1par.IIl\(; lIlodchn~ CXVIS or
a I~po' by BS2G slxmed one IlllCrpcptldc mxt one 11IlrJpeplHk cro.,"-llllks. \\ hereas I., a2~po2 no llll~rpeplide CroSS·hllks \\cre found
l slllg EDC Ihree 1Il1erpcplldc cross-links \\en: fourxt In al~llol .IIld tll(l in a2~I\a2 <;1l~"CSI:ng slgmfi ...1111 dlrr..:rcnce~ In these (Ps
[)1~l<lllCCconSlramlS obwlIled b~ C\:\t1S \\cre \3hd1led USlllg <II (;1\ soft",lr,;: pl;rfonlll.::l11ed \1';X-lD H" manll 201\X)

\laterial and Methods
Proleasome Purification
PrOlc.1sonlCS \\ere purified b~ landcm Ni~'·Scpharosc (HITrnp cllClmlllg~ Anc~hJ1I1 BlOsciences) {lild SIn,;pl<lCllll (Ql<1g~ll)

chro1llatograph~ as pre\"iollsly dcscribed (3)
('ron-I,inking Reac.1ion.\·
PrOlcasonlCs \\cre cross·linked \\ lIh (i) bislsllifosllccinilllid) IJ gltllari,te-d, (BS2G). (iil l-Clh\ 1-3-[1-
dllllclh)lalllmoprop~llcarbodiinudc h~drochloride (EDC) Cross·llllhmg rcag(;lIls I\cre purchased from Pl<.'rec. ThernoSelcnllfic. USA
/'t"u" .\"eetrometry und H PI.C
Pepllde digests \\crc an.11) zed b~ eleclmspr:ly loniz:.lIl0n mlhe 1)(I!il!I\C mod.:- (..II a h\ brid Irne:u ion lr.lp-Qrbmap instnnllCllt (LTQ-

Oroump.ll)Cnno Fisher. San Jose. CA. USA) Pcptides \\cre separ:u<.'d b~ n.1IlO00\\ HPLC (NanoAcqulh W:llcrs Co. i\tl1ford 1\1\.
USA) Homemade precolumns (100 11m i d ,,25 mm long) packed \lith 2llt.l A (I SlatIOn:Jr: phase (5 !Jill C1XAQ.~,hch.ro;l1l \ICrc
used for peptIde trapplng An.11)tlcal colunms (75 11m " 21tlmm lon~l packed \.nh IIlI) A (" Stallon:l~ 1111.1S<:15 1l11:. C I~AQ
MlChrom) were coupled to the mass spectrometer Pcplldc 1I1l\.lurc (tl5 ~Ig) \\;!s I(lOldcdolllJ Ihe prccolumn at.J Jlhnm ill 5"6 (\1,)
acelonllrile wnh 0.1%(\"") fomlic aCId Peplldes \\ere e1uled b~ a linear gmdlclll of A \\:lIer. (J I 6" fonme acid and B_ ;leclollllrii.
II 1"6 fonlllC acId. as follo\,s: 0 111111.A (95%), B (5%): 55 111111.A (u5°0). B ny',,): (,'lUlin. A (15"-0). B t8:'l}o). 65 min. A (5%). B
('J~6;'). 75-90 nun. A (9561,,). B (56'6) All MS SUIYC" SC<l1lS\\crc perfonned from III I.JOO-2000. at a resolutlonof 60.()(I0 (mf/) and ion
populallon of 5 " IOs. For landelll MS resoilition \\a's SCllO 1';'00. l(HI poplllaltOll10 ::1\ 10' ;llld precursor isolation \\ idlh 10.J III/I 1I1ll!S
D;ll<l dependant anal~sls \\;\S perfonned b) selection of Ihe f" e 1ll0S1ablilldalil precursors. rejeCl111g Sl1lgl~, doubly. lriplc ch:nged ions
Dala redundancy was minimized by dynamic exclusion of pre\ iOllsh selected precursor ions (-0 1/1.1 Oa) for.JS s before belllg
sclccled again for fragmcnl8uon
MS /)ula Processing
TarxiclII mass spcctml dala \\cre coO\-cned 10 dta files and deCOll\oluled 10 Ihe 2 - ch:lr!!e Still!.:precursor ,100 I~ -=IL1rg~stale
fragmcms by an in-housc wnllen Perl scnpt (bupl/goodle!! rroh;QH1!~~) For (XL se:lrcL:I dalatase I\as formed
usrng xComb \"1 I parameters sequence In UrnProt FASTA f(lnllill. ~lc;I,.lgCS b\' 1~p"lJl \\Ith up 10 2 ullssed cleavages. 1lI1r.1-and
ml('r-prolClll crossltnks Dccon\ohlted speclra \\crr searched tn Ph"ll~ >. tG· ..•:Ricl "'\ Gt'll('\ a ';\\ il/cr!ll!ld) 10 Idell'I~\ cros~ linked
PCPlldeS Seareh parameters for Pheny,< \\erc:ls follows dala'.>:\~S cr,;-:u.:d b~ ,Comb \\ere added_ t:1,;)nom~ -rocl; scon_lg model-ESI-
LlQ.Qrbilrap (CID_LTQscan_ Orbltrap_6 pplll). p.1relll cha~e· 1.1_--:...L IUJJllical OilS lI'Icludlllg IllClluonlllC III o>.ldllcd .'nd redu,:ed
forms and qSleme aklylaled by lodacelallude; e1l01OC- do nOI c1e:l\~_ llllSsed clca\il~es-(J. p.1rCnllOlemncc- 10 pp,n. peplld.:
thresholds. length ~ 6. score ~ .JO. P-\<,uue:: I 0 E-:'i. AC score of 4- Imho scoring toler-mce of WU pplll co\el'age::- II I series of
b.h t+.~:~ ++ \\ere used. File 1II mgf ronnat \1 liS subn\lltcd The \lSI'~1S fragnl<.'nl<lllOIl of cross Inked po.;plilks obl<lilled from Phcll~ \

sciln ..h \\as 3nalp.ed 10 assigu ion peaks, llsing MS2AsSlg11. \'llh Ihr<-:<;holdor so pplll.
Prolein Mruc.11lres rulif/f,tion
To I;llrdme ~D proteiulllodcls using Ill,ass speetrometl) dal<l a IlC\\ 1001 ~tSX-)D \ erSlon 1,.J21 (hllp:l/plOleollucs-ubilibcp fr/cgi-
brn/l1lsXsctup.pl). (Hc~ mann. 2008) \\lIS used PalJ'\HSC COlllp.1mOll of prolclll ,lruClllrcS lIas cSl:tt'hshcd l~il1~ DaliLilc soll\\are
I hUp '''\ In\ ebi_ac.ukfToolsidalilile/illde" hunl). (Holm, 20tlX, The cooldin:I1<:;., of hepl:Ul1 :ric COlllple,,~S of u 1_0.1 .md ~ \\ere
obl,lll)Cd b~ DaliLlte SOn\\are uSIng POB enlries Ij2p foral. a2. find I J'\"p .1n.1 1flit for jl 'l.lolccular modeling packagc Vega ZZ \I;:S
used 10 add ~drogcns on nng Slntelures and 10 calculatc ch.l,,!!e {llle!POlclllial usmb' ('h,lrIll for force filed :1111.1Gaslclgcr for c11.1rgc
(PcdrcUi. 2(02). Encl'K.' IllIlUlllued using AMMP force field i:UIlI':lIlClIled In VEGA U

Conclusion
A rc('cnt~r reported n('lI' CXMS an(l~l'tk{l1 aIJproa"h was IIsed II? e:,xl"f/r~ " mOIl.:! I mId" complex/ nWlOmUf.."hine L\fI{aled from Ihe
IHlfophi/ic archaeon N. I'olcunii (Sillgh. :O()8, SWlfnt'flr, ](jJ(j). If;n.£: 1t;l;ll per{tJr nallcc mass ~/,e,(r()",elrJ to t:e"I.'Tlll" tum/t'm
ml/\.\ .~pcc:tru a"d Ihe open mmlijh:l/lhm .~c{/rch Mrlllegy 10 j"'£"1'~(1 tilt' daf I, dH'",ica/~1 cro\.I-linJ..ell I'roru·II.~ in Ihl! .l.l'mmNriL·
fllf//lI1.J and a2f/f/a1 core parlicle (ef» oj II. I'oleanii pl't,'.:QH)J1/ '.\ I,at' tl/J11/I':.t'll. lil'f) ("1In/merdol ~h~'m;(ljl ,·rM,··li"ke.'.~: uro
lenglh ElJC and honwbijunc:timllll aminc-."pedjic llS1G Ilwe i,.I' ~ligll1ed /0 l"'termine the jllxtfl!'o\<!,1 ami",) m:id\ in Ihe CP lIntl
fo l·lIlilIate three-dimclIshmal prolein mmlels gelierule(1 bJ homo/'II:..I tomj urllli .•'e ,,;od'!liI,J.:. Sinn: Ih,' (II (//u/11. : pro/d", shflrl!
mill' 55.5'J. identity, ft signific.·uIII .\trUc.1urfi/l/if{erencl!., in Ihl' hOllmhc'p""i'uril ri"I:\'j(Jrmcd hy Int"'" tH'a {'rlJtei,,\ 11"1,' pre,lil1e,!
(A'IH-:Ilt1*U, 1003). Indcetl. sig"ifican/~1" diffl.'rent CXMS I,riifilt ••• li'l'rl' "h'tTI'ell J Ir (llf/f/alund a::PPal CP\: f/ rin1;\ remin,lell
unchanged in both symmt-1rk CPpreparution, givinx the sume .-riJs\-!inke(1 pcp:i<lt!~, wheretfs c.'1"oi.~-lillked peplitle,jrtJm al IIIId
11: tliffeu(l.ntggo1ing a (li.oJinetilJn in it_\'IlJpI,lugy. I~r J\lS.\'-31J 'I'.//w,.-re rl(/tj"rm inlrumoleu.lur (li\ldnlO in uh inti" thl!.l1Nti~1I1
strllcrure modelsfrom J"odBuse Ii't!re w4lMaledjor aI, flllnd n! prtJro!in\, •..ht'~"uS i"lermolecular l/i'Janc:l:'~ belwl't!1I c:ros_~·!iJ1l.cd
.,ilc_" oj pmteinsfrom LYlmplexe!o' orguni.:..etl in (aJ)i, ftl, /111t1(all - rbg.\ oj I'rtJl£'lfMlmalclIf<· ptfrtid •., III fl. wllc:unii lI't"re unfl~l':'cil
hy models bflSed on POll t-'11lrit:.~Ij1p. Ifni (inti Ij2p. reo."pl'··'il •..~l'. Indet'/I .. (I ~i;.:nifiellnr tliffert!/t{'" in honI(lIOl~I' modclt:(1 3D
.oJrlH.1urt!s oj prOleU!Ji(mwl al ulld 11.1 Ircl'utnreric ring ~/rltl."lurn Wl.'Te found, u'ht'rl!(15 iNfer P 'rt'l,tanreri.' r;n/:5 !>fructures
rem;lIt/e(/ unclr(mged in both alflpal untl aZppaZco"e parti •.k, /If 11. i'IIlumii I'mlt!{/."mt!~. 'flri •. \wlll' denr,)' r,"'t'df\ tlwlllI'lI
.~I'",melric 20S protemwmes di.fJer in 101'0/01..'1'. Fin(t/~r, Ihi .• 'III/~l' iholt'ul fllrlt ('i'ell a "mall fIItmll,'r ilf di,UOIIl'" c"lI.\tr(lilll_~'
tlhlainet/ ".I' CX-MS c.·an ".Ui.\·1 in the dL1ermin(llion of ".oo"'l'(ex flr'"e;r "IrU,11fT>'1 "lld fudlifuf,' f{'((lgni/ill' /1 ('11u("curaft' motld
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