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Olange Calolénoid Po/ein[J(OCPL) aleé phololTlilchable maclomolecllelIplaling an impolTan[’]
‘ole in non-pholochemical qlenching of elcelTlenelgllin clanobacléial ligh-halTelTing. Upon
ablo[plion of a blCe pholon (450-500 nm) OCP[[hdelgo a [Tc(Tal change flom he glohd [Tale
OCPO [0 e aclile [Talé OCPR, b[ T high-[elol[Tion [ ¢c[IlelJof ke aclile [Talé OCPR ale noll &[]
alailable. Hele [le [T¢é [mall-angle [¢algling mehod [ combined [i'h [im[lalion [00l 0 delemine
lol]-lelolTion [TTcITeof he aclil'e [Tale allol] plolein concenTalion[lia (Mo apploache!l: filll,
dilecIblin-[1ill Cminalion of [Jild-Tpe OCP achieling a [Mnolel[]0 [he aclile [Tale of >90%,
and [écond, b[I[Ting (he m[Tan OCPW?384 anlicipaleéd [0 mimic [he aclil e [Tdle [IIIc(Ile. Dala filll
alllming [he [hape of an ellipfoid [ield hlee elliploidal [adii of abo119, 29 and 5101 [J,
‘e[peclil’ell] in [he cale of e glolnd [ldlé OCP°. In [he aclile [lale, hollel&l) he moleclle
becomelJlomel[halnalloJel][Jilh he [To [MmalleJladii being 9 and onl119[3 [, [e[peclilell]
Chile He hild dimen(ion of [he elliploid i ignificanIl lelongaléd [0 85 (1925 [1. Recon[TilTlion[]
of [he aclile [Taleé [TMc(lle collobolalé MaJOCPR il]lignificanll]elongaeéd compaled [0 [he
glolnd [1ale OCPO and chalacleliled blla [épalalion of (he N-[é[minal and C-[é[minal domain[]
Tilh [nfolded N-lé[minal ellenlion. Bl diléc[lcompalilon of [mall-angle [¢alleling dala, [le
difec [hol] Mhallhe m[Tan[JOCPW?38A can be [1ed alla [Illc(I]al analogle of [he aclile [Tdle
OCPR. The [mall-angle e[pelimenTale [epealéd fo[JIOCPC and he m[Ian IOCPWZ84 a[Thigh
plolein concenllalion[] of 50-65 mg/ml [eqliled follnelllon [pecllolcopl] inlelligaling [He
moleclalld[hamic[Jof OCP ((¢e accompanling papel). The [e[I1[l] e[eal [halllhe OCP® and
OCPWY28A [amplel Ifol 'd namicl e[ pelimen([la’e plefelenlialllIdimelic and [lidel | le[emble [he
(lclllelof e glolnd and aclile [lalel[]of OCP, [elpeclilell] Thillenablel ][ 110 plopeldl]

chalaclelile (he molec[lald'hamicllof bo'h [Talé[Jof OCP in he accompanling papel.
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Manl Iclanobac!élia emplo[/Olange Calo/eénoid Plolein [ (OCPL) fol The p[Ipole of plolecling heil
fenlilil e pholo[lTlem[ ‘again[1The halmfl1 effec/lof el cell lighl enelgl lin a plocell e med non-
pholochemical qLenching (NPQ) of phlcobililome (PBS) anlénna flL 0 é[¢ence . OCP[Jale ligh[-
Tiggeled phololTlilchellemploling kelocalo/eénoidJal icofacloll) [Thich [ndelgo pholocon(ellion
flom (e balal, dalk-adapled olange [Tale (OCP®) [0 [he aclile [éd [Talé (OCPR) [pon ablo[plion
of a bl e pholon (450-500 nm) 2. OCPR i[Jable [0 in'é[ac[Jilh ph[cobililome anlénna comple[ &[]
0 conleqlenlll ! qlench heil Ifllolél¢cence, Helebl]plelenling pholodamage of he [ndellling
pholo[1Tlém[Ib[IdilTipaling e[ celTilelJablobed lighlene gl lin[0 heal . S[Ic(Talll] he abol 1]
35 kDa [laleldlol[ble OCP[lale [Tbdilided inlo [lJo domain[lof abolkeqlal [il¢, an N-[eé/minal
and a C-lé[minal domain (NTD and CTD, [¢[peclilel), [Thich almol[llTimme!Ticallllencap(llale
a lingle [anhoph(1l moleclle in a common cen(Tal cali7 8 The plédominan Tanhoph[11i[ 3[4

hidlo[T+echinenone [hen pllified flom nalil' e c[anobaclelia (e.g. [[TITTTTTTIIp. PCC 6803 ol

CICITTEL I DR, bl pholoachililllillallo plelelled [ilh onll14(4))-kelolaled [anhoph[11l]
(eilheJechinenone, callling a [ingle kelo glo[p in 4-polilion of [he [é[minal [ing, ollhe 4,4[4
dikelolaled can/halan(hin, [Then e[plelled in apploplialeé [1 [TTIIA&inl), [Thel¢allinle!lion of B-
caloléne ol[(3,3=h[dlo[Tlaléd) [ealanhin [¢[I1Jin non-pholoconle(lible ploleéin’. While [he
OCP®—OCPR conl&[Tion i[ITigge éd b Ipholon ablo[plion > (albeil [Jith [e[llo[] qLanlm [ield
of [0.2 % % ' making OCP an eltellen[ligh[linlen[i(Tl [en o Jo[e[Ihe [ange of ambien[ligh!]
inlen[1[l flLc[Talbnl), he back-conlellion occl Il [ponlaneol11[](hemalll) elen in [he dalk,
lince (he OCPO [Idlé i[lhe helmodhamicall[][lable one. In c[anobac(élia, he OCP-[¢laléd NPQ
il [é(minaled b[1[he aboT16 kDa Fl[ol¢[¢ence Recole[T/Plo/¢in (FRP) 1215, [Thich ele[Mla d[&l
aclion b(][peeding [p deldachmenlof e qlenching-aclile OCPR flom he PBS and accelelaling
he OCPR—OCPP back-conle[Tion, e lalE[b[Imainl[linc éaling he ple-eponenlial faciollin
he Allhenil [ folm[lalion of (he [émpelalllle-dependen(laleé conllan! [ hile lealing e aclilalion

ene(gllof he ploce T almol[ Il hchanged '°.

ACS Paragon PI%IS Environment



oONOULT A~ WN =

The Journal of Physical Chemistry

C-domain N-domain
y |
TYR-201 | .
QL y® -);\TRP 110
L S _,k'_"i-{\ "',':-_-.\"
/@TRP-Z&S r&'ﬂp-l!l
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QM1 C0CPO monomeCaccolding [0 [he c[I11al [TIIt(Te of Lelelén[Jelal. (pdb-code 4XB5)!7: he N-
leé[minal domain i[1ho[n in gléen, (he C-lé[minal domain in o’dange, [he N-[é[minal e[ Tenlion in blle and
(he caldlénoid in clan. The folTplolein [élid ellinlelacling [1ih [he calolenoid ale highlighléd in p[iple

colol) [ée ([T

In he balal OCPO [Iale, (he ploléin adop(la compac[ [1IIc(Ile ([¢e Fig. 1), [Jhich halbeen knol[n
in alomic de(ail folman(][eall-!7-18, While (he NTD i[mainl[Jcompo’éd of a-helices alimajol]
[IcTTal elemenl(l) he CTD il of mil ed a-helical/B-sheet chalac/el and belong[ 0 he [lide-[plead
famil[Jof n[cleal ) lanpo(lifaclo[ 2 (NTF-2)-like ploléin[(PFAM 02136). The OCP© [IIl¢c(Ilé il
abililed bl Imll1lple plolein-plolein inlélaclion[laclo[TIlhe NTD-CTD inlglface, bl]he NTD-
CTD linkel,) and b[|hHe N-/elminal el lenlion (NTE) of he NTD encompalling he aA helil|hal’
allachel](0 a [pecific [ile on [he B-sheet [[Iface of he CTD !% 20, The onll[] [pecific inlélaclion[]
belllleen [he calolénoid and (he plolein ale (o H-bondl[Ibellleen [he 4-kelo ollgen of [he
calolenoid and he h{dlol[ 11 glolp of T 12201 allllell alllo [he imino nillogen of T(p-288 in [he

CTD (amino acid n[mbeling accolding [0 [ITTTITTIIIINT] PCC 6803) 2! 22, Thel¢ amino acidl]
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ale highlIconle(Ted in all knol'ln OCP [eqlencel, and m[Talion[Jaleifhellof he Mo polifion[]
inle[fele dlalTicall1TJilh Te abili(lll0 phololTJilch, [Jilh calolénoid plefelénce, [iTh [pecllol¢opic
chafacléliTicl) olI[Jilh olhellimpofanIph[Tico-chemical plopelTie[Jof he plolein. Wilhin e
NTD, T[T1#41 and Tip-110 ale allo in inlélacfion dillance [0 he olhellle[minal [ing of He
calolénoid and in[olled in e.g. m-stacking, b[ Tim[Tafibn[lin hel¢ polifionmolhale le[TIfelele
conleql encel18. RelTl(lof a [écen  [11d 'emploling d hamic X-[alc(TTlalloglaph(lon fl1l-lengh
OCP [TggelThallhe afolémenfioned H-bond[Jale he filll)o bleak pon pholoaciilalion. Thil]
Tigge(lla [Thole [eliellof elen(TIhalelen(Talll1le[T1[in he folmalion of he OCPR [Ta[e!% 2324,
The lal[@[ i chalaclelied bl lcomplee [épalalion of he domain[)delachmenlof (ie NTE flom [he
CTD, and [Man(localion of e calolénoid inl0 (he NTD 8 17-25. Thele [T1die[lalléad[Jindicale Hall
he [¢heme OCPO—OCPR folllle [pholoclclelJof OCP illan olellimplificalion '°. Allead(]in
2008, Willon elal. ° [é[ealed bl Ifllablo[plion [peclo ¢op I halaflé decallof he el ciléd hECN
TaléJon a p[limel¢ale, a pholoplodclTéemainalTelTlo[] amplillde [Thich il Tlighled rhifled
alJcompaled [0 he abloplion of OCP indicaling hallhele [Tale[lof he chlomophole mallbe
[imilal bl Tnolldenlical [0 e [Tdle in OCPR and hallTbléqlen[Iélalalion of e plol€in [akel]
place on [imel¢ale llonge[han nano’econdl] A [écen[m[1li-palamel(lic [pec(Tol¢op] [TTd[Thall
TholIn Mallelelal [peclol¢copicalllldil¢emible inlémedialélel[ilTon he [Tal] and halThele il
conlidelable alThchlonl] beTeen he [pecol¢opic [Tale of e caloleénoid cofaclolland [he
(IIcllal olganilalion of Me [T1Io nding plolein **. Th(I) on [he limelcale of picolecond!’
immedialelJfollo[Jing pholoeltifdlion >, chalacleilTiclof he [pecTallllled-Thifléd inlémediale
ale alleadl] oble(Ted, [Thich illlong befole he lalge confolmalional changel’leading [0 Te
el Tended configlTalion of e OCPR [Tal¢ [lilh [épalaléd domain] On he conTa(T] d[Ting back-
‘el elTion, (hele ale allead[[pec(Tal chalac/elilTicfol Tome olange [Ta'e, befole e final [TcTTal
‘éolganilalion [0 folm He compacl,Jdalk-adapled OCP° [1lc[leé comel[ ][0 complelion °.
UnfolTThalél’] a high-TélollTion [TM¢cile of he OCPR [Tale il [Till ellTile, allholgh [Tch
infolmalion TJol1ld be mandalo[T]l0 [mdel[Tland e plinciple of pholoploleclil e aclion of he OCP
ploléin and of iTcolo[[Thing. The plocelTlof pholdconle(Tion and folmalion of he OCPR [Tale

elenlTallJlead[ ][0 (i) complele [eépaldlion of he domain[) [Thich alé onll]connecléd [Ha He
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fle[ible NTD-CTD linkel,)(ii) a lalge inc[éale of [he h[dlodmamic [ollime of he pld€in, clealing

plopellielJof a molleén globlle [Taleé [ilh enhanced confolmalional fle[ibiliT!!, and (iii) fT1l

Tan(localion of [he calolénoid cofaciolbl112 [T inlo he NTD !7. Sich elTenlile caloleénoid

‘epolilioning hafi(Tlbeen hpoheliled baléd on [he ellcidalion of he X-[alJc[TTIal [McTTe of
Te NTD of OCP, [Thich hallpleliolTl[1been oblelTed alla caldlenoid-conl@ining [ponlaneol T
hCdlolTilplodclin nalile OCP pleépalalion(land [Nalleémed Red Calolénoid Ploléin accolding

0 il cololJ appealance. A [écen[ ] FRET [Tang[lalion [IId[] [holJed Mal] il calolenoid

Tan(localion indeed occ[ TT'd hamicall[Jin The fT1l-lengh OCP ploléin 2°. Belide! Ie conlidelable

difoldel) e med[TabiliTof e OCPR [Tal¢ i[Jploblemalic folhigh-lelol Tion [TMcTTal [TTdiel)

lince [he plolein [Jolld hale [0 be pelmanen(l]illlminaléd [Jilh inleénle blle lighll Hollelel)
feqlence [alilan(lTale alleadJahand, TThich mimic e plope(Tieof e [eéd lignaling [Taleé of OCP.

One of Mele [alian(Ti (he OCP-W288A mllan( ploléin (iniliall[]lémed [OCPWZ8A[Io [ pliple

calolenoid ploleinl), [Thich halbeen TholIn [0 hale [elT][imilaCh[dlod hamic plope(Tiellike He

OCPR [Tdlg, [0 inlélacI[Jilh FRP and [0 be capable of phlcobiliflome fllblél¢ence q enching

CiholTTeq iling pholoaclilalion, and, helefole, hol1d be an ideal model foThe [T c[TTe of he

OCPR Tignaling [Tale 3.

In hilJlegald, mall-angle nelTlon and X-[all [¢al@ling (SANS and SAXS, [é[peclilell) ale

Tallable e[pelimen(al [échniglelploliding [T c(Tal infolmalion in aqleol TI[ol[Tibn, i.e. [hdel]
The fame condilion[lalapplied in [pecTocopic e[ pelimenT(folleliel1[) [ee 27-28), [Thile ne[1lon

‘peclol¢oplIplobel he molecllal d hamicof biomolec[le! ?*3!, [ée accompanl( ing papeJSANS

and SAXS ale elpeciallll pollef’]1 in inlelTigalion[Jin he cal¢ of complel] folmalion o Tlof
ploleinl] [Jilh knoIn c[IITal [T0I¢c[ITel]3% 33 a[lllell allin [he deléminalion of in(linlicall[]
difoldeled [TMTc(TTel like dele[gen[micellel o[ bel(Tof (ol bililed memblane plolgin[ 3435 FlThel]
applicalion[Jin pholo[Th(helil]lélealch (folla [elie[] [ée 3°) encompalllne[1lon [IIdieJof [he

olganilalion of plan[Jh[lakoid memblane[Jin [ol[Tion 3738, of [he hldlalion dependence of [he

PS I memb ane [pacing 3, (he [1I¢(M1al allangemen! of clanobaclélial [ lakoid memblanel 10

41 b[Tallo [Talé Man{Fonin CCIIT CELT CITTCIIIT LITTT#2,

6
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In [he plelen[1Id[] [Je appl[JSANS and SAXS follinlelTigalion[Jof he [TIc[TTe of he aclile
Tdle OCPR [Ting [To diffeléenapploachel? filTT] [ia ill minalibn of [Jild-[Tpe OCP, and [écond,

emploling (he m[Tan[OCPW288A_ [Thich ilJe pecled [0 [lidel[[e[emble e [TTc(Te of OCPR [ee

oONOULT A~ WN =

9 abole. The [e[T1Mconfiim MhalJOCP ndelgoella domain [epaldlion along [Jih a conlidelable
11 elongalion [pon illCminalion. Moleo e[, (ke [ol[Tion [TIIcITe of he m[TanCOCPW284A ilhol[In
13 '0 hale a highl[1limila [TTcTTe al lOCPR in aq eo[ T [ol[Tion. Compalalil'e ne 1Ton [pec o cop!]
15 ‘Idiel chalacléliling (he molec(lal fle[ibili[Tlof OCP and of lie molien glob!le [Tae of OCPW?884
17 on [he picol¢cond [0 nanolécond limel¢aleale [épo Ted in (he accompan(ing papelJIn he plelenl]
19 papel, [le [elifl1haboh OCP and OCPW288A [¢(din [heil ol Tion [III¢(ITe e en alThe [eélafil el

21 high plolein concenTalionof 50 [165 mg/ml [éq[iled fonelTIon ‘pecllol¢copl]

7
60 ACS Paragon Plus Environment



oONOULT A~ WN =

The Journal of Physical Chemistry

2. 0 OMIMiIo O 000

O O OO T (OO0 LTI (T O T Fo e el plelTion of OCP and [he pink

peciel of he OCP-W288A m[Tan[(PCP) [Je [Ted a plalmid haboling (he DNA [éqence of OCP
accolding 0 [he plblithed amino acid leqlence (P[bmed/UniPlollen(l! P74102) Thich [all
oplimiled follcodon [Tage in E.coli bl allificial gene [Thihelil](GeneOplimile[T] algo[ihm,
GeneA [T Life Technologiel). The OCP-DNA [Talcloned in0 [he filTlm[1fiple cloning [ile of e
pRSFDe[Hl [eclo[(Nolagen) bllelcilion [Jilh BamHI and No. The [¢[T1ling N-[é[minal amino
acid leqlence [Nal[i MGSSHHHHHHSQDPATM(1)..., [Thich [allrelified blJDNA [éqlencing
(E[Tofin(IMWG Opelon, Geman[). The OCP [Jild Tpe ploléin [Jallcloned inl0 a modified
pRSFDreHl [eclol] [Thich encodella [pecific hfman [hino[i[TT13C ploléale clealage [ile
(LEVLFQ/GP) follclealing he Hil6-ag (plalmid called [(pRSFDeMI). Aflé[linc[balion [Jilh
3C ploleale he N-leélminal amino acid leqlence folllhe OCP-WT [Jalz GPDPATM(1)[] . The
W288A mllanl] [Jall geneldaléd bl [Ting MHe QLikChangel] T[ilé-dilecled mlTagenel[il] kil]

(STalagene) accolding [0 man(facITe[TTin[ T clionl]

(IO COT I (1) (IO [ Fo e ple Tion of [he holo-plolein e pRSFDI&M-OCP o]

pRSFDIe-PCP plaimid [allfanfolmed in echinenone plod cing BL21(DE3) L[ TTTcell[(Nel
England Biolabl). The calolenoid e plellion illellenfalll] del¢libed in 22. The elplellion
condifion[] [el¢ e [ame folJall conl[1l ¢ 500 ml of medilm [Tpplemenled [ilh 34 g/ml
chlofamphenicol (cald/enoid pfodting plaimid) and 50 [g/ml kanam[cin (fol OCP plalmid) [Jele
inoclaled flom an olemighlc1[TTe [0 an OD of 0.05 and glon in an o[bilal hakea[B7 [C and
220 pm [nfil (he OD [eéached 0.7-0.8. Aflé[The ind[clion [1i(h 0.5 mM IPTG e cell[JlJel¢ glo[n
fol[48-72 h al25 [C. Cell[J[Jele haTelled bl Icen!Tif galion al110,000 g a4 [C fo[20 min[Tel]
and flolen [nfil [Te.

The flolen cell pelle[Mele e[TIpended in pholphale blffe[((137 mM NacCl, 2.7 mM KCL, 12
mM pholphale, pH 7.4) and Tpplemenied [Jilh 100 mg 1[Tol[Time and ploléale inhibiloT]
(Comple’e], Roche). The cell 1TTi I Hallpelfolmed bl13-4 fleele/hall clclellon dTlice [Jilh
abloll1e elhanol and a [aleéllbalh allloom [empelalllle. Aflel[émolal of he cell debl bl

cen[TifT galion (18,000 (g, 4 [C) He clalified [TpemalanTlalp[Tified blJaffiniTchlomaloglaph
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Tilh a pelilTallic plmp [Ting 5 ml Co**-HiT(ap Talon c(lde col mn(GE Healllicale). The ploléin
TallellTed bl an imidalole conldining pholphaié bl ffe[1(250 mM imidalole). Afle[affini(ll
chlomaloglaph(]eilhel1lhe Hil{-lag clealage olJa h[dlophobic-inlé[aclion-chlomalogaphl [Jal]
pefolmed. Folclealage [ilh 3C ploleale e plTified 3C ploleale [alladded in a 1:1000 dil[Tion
(fefelTed o e [o/al plolein malT) [0 e el Téd plolein [ollTibn and inclbaleéd fol[ 118 h a[# [C in
3C ploleale biffe[1(20 mM TGl 100 mM NaCl, 2 mM DTT, pH 7.5). Afle[THil4-clealage Te
ploléin [0l Tion [Tallapplied [0 an affinillchfomaloglaph[icollmn folllle fécond [ime and he
flo[] hlogh Dalcolleciéd foldial[Tilin HIC bl ffe[ (500 mM (NH4),SO,4, 100 mM NaCl, 10 mM
pholphale, pH 7.4) olenigh[al4 [C. The hf dlophobic-in'eaclion-chlomaloglaph[][Jallcallied
o[TJlon a HiPlép 16/10 Phenl1 HP collimn (Ge Heallhcal¢) [Jith an ['KTA FPLC pITificalion
[TTTem (GE Healhcale). The plolein [alellTed [Ting a bl ffegladien[TJi’h a [écond bl ffe[ T hich
conlained 10 mM pholphaleé and 100 mM NaCl. AfleHIC e plolein [Nalldial'Ted in pholphale
bffe"and finallJa [{i[e-elcl[Tion-chlomaloglaph[]Jallpe fomed on a S[pelde T] 200 Incleale
10/300 collimn (GE Healhcal¢). The lalge amolnh[Jof ploléin halli[lnecelTalll follQENS
e[ pelimen[/Jalplod ced b1 Ting a [ich minimal medilm 43. Finall[} abo[ 16 lilé [lof MTM [Jal’

'Ted [0 obldin a [0[dl of 100 mg plolein fo[IQENS el pelimen(T]

OO CTT T (T O 000 CE COO0 O T The biffeallel changed flom H,O [0

D,0 in oldel 10 [TppleTlhe [dllenTc¢alEling in e cale of QENS elpelimen(Tland [0 decleéale
The incohelénlIbackgiolnd in he calé of SANS elpelimen(ll Thill[Tallachieled b[] [Ting a
pholphale bl ffellin D,O plépaled blldilTolling a PBS [@ble[(Life [échnologiel) in 100 ml D,O
(Sigma Aldlich, 99.9% D conlénl). The p[Tified ploléin[IJelé concen[Taleéd in a cen[Tifl galion
concen(Talion fille[(PALL colpolalion Maclolep[]) [0 400-500 [1and dil(Teéd [Jith D,O pholphale
bffefol[B-4 [imel[ill a D,O conlénlof 99.9% [allléached. The plolein [ol[Tion[IJele [¢aled in

[iall TbelJand ffolen alt80 [C il [Te.

U IR T ) 0 =00 (LI T The SANS el pelimen(lon OCP and OCPW2384
famplel][Jele callied olllalllhe KWS-1 [mall-angle diff’aclomele[ I((JCNS allMLZ, Galching,

Gelman[). KWS-1 il pelfecll][Tiled [0 pefolm high-leloll Tion mea Tlemen![hank([ o i[1110%
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Talelenglh [plead. The nel [Ton [Jalelengh [Ted in (he plelenlelpelimen[Jal5 (1. B[lmeallling
alIlo [ample-delecioldillancel lof 8 m and 20 m, [Je col1d colelhe Q ange flom 0.006 [0 0.45
(1!, The [ample[ 1 lele keplin [landald 1 mm Helma cellJala con[lan[lempelalllé of 15 [C. We
‘Ted [amplellin he 100% D,O conllallal /o concenlalion[ lof abol 164 mg/ml and 1 mg/ml,
le[peclilell] The dala [éd[ clion plocedl [¢ incll delhe colléclion accolding [0 deleclol [en (il
malk. The dald [lealmen[ilcallied o[ [ Ting (he QGKWS ploglam 4. Mol¢ de(dil abo[ ] he KWS-
1 can be folnd in %,

The SAXS mealllé¢menl(lll[el¢ pelfolmed on he difflaclomele/ ISmallLabTM (Rigak[) alllhe
InllilTle of Phllicl) Unilellill) of Talllll b[] [Ting he SAXS oplicll and CuKa [adialon
(A=1.56098 [, [o/dling anode X-[al I[['lbe [Joking al180 mA and 45 kV, [ample-delec(o[ dil lance
of 300 mm). The ploglam NanoSoll e[ (Rigak[) [JalllTed [0 ple-plocelllhe [¢callgling dala, [0
[IblTacl The bl ffel I ¢calleling ([ee [ample plepalalion) and [0 collec! [lil Imealing effec!ll

OO0 Oo0 00 00 CECm

The [mall-angle [¢allgling flom a dillléd [olllion of monodilpelle palliclelIfollo[ 1 /he mallgl]

eq [alion 27,28

e

o0 = [Ap* (DD, (1)

TThele n il Jhe n[imbellof palficle[) Ap i[1The diffelénce in [¢alleling lengh denlilie[be(lleen [he
pallicle[land e [0l enlJand V i[Jhe [pecific [ol[ine of [he pallicle. P(q) 1[1he folm faclol, [Thich
illa finclion of he alelaged [hape and [he alelaged [ile of [he [¢all@ling palliclel] The effeclile
(MrellTe faciollillplelenled in (he folm[la al1S(q), [Thich illeqlal [0 [ilTlfolldil[Ted (ol Tion ]

Cilho[Tinlélaclion be[Tleen [he indilid[al palTiclel.

0
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The paillcollelalion fihclion P(R) and pallicle malim[im dimenlion Dy, [Jel¢ deleélmined b[]
filling [He dala [Ting [he indilec Follie[ [Tanfolm (IFT) melhod allimplemen(ed in he ploglam
GNOM 46,

In cale of pallial agglégalion, (he SANS dala [lel¢ filled [Ting a lineal![Ipelpolilion of [[o
inlenlillIplofilel: a) he [¢alleéling plofile of an elliploid [Jilh [hifolm [¢alleling lengh den[illl]

colle[ponding [0 [he OCP ploleinl)and b) a pollellal]

I(qQ)=Aq" )

leplelenling [he [calleling flom agglegalell
The [callgling plofile of an elliploid [Jilh he [adii of i[l/hieée alel being a, b, and ¢ (alllming

a<b<c) and [li(h a [hifol(m [¢allEling lengh den[i[[lli[igilen b[]he eqlalion 4/

E(D)=D'%mj£¢2 E[choﬁ(%[ﬁman%%a— ﬁ)ﬂ*ﬂz T, )

1
o

[lhele

fin() - Ccol( DJZ .

¢(D=9( =

and

U= 3 LLL, (5)

The global filling of SANS cl1Telalpefolmed [Ting he SANS [oflal¢ del eloped al NCNR

(NIST) 4.

1
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LolJ-lfelollTibn [ollTion [c[TTel [ Jele obldined [Ting (he ATSAS [écon(lilTlion (6ol DAMMIN
deleloped blllhe STelglh glolp baléd on a [e[elle Monle Callo minimilalion apploach 430, The
[Irc(TTal modelldeliled [lilhin (hiI[1Id[ [ Tele genelall[lalelaged ole[ 20 ileélalionl]

SAXS dala [lel¢ allo anallTed [Ting [he [of[lale¢ package CORAL (COmplelel][lilh RAndom
Loop!), [hich allo[[ 10 define fle[ible polfion[fin a kno[In c[Illal [TIIc[TTe, [Thile he [émaining
pallof (he moleclle il modeled ala [igid bod[ P!, In o[ [ anal ([i[NTD ([élid[&[119-163) and CTD
of OCP (lelidlel[1171-311) [Jele pledefined al lligid bodie! baled on he 3MG1 pdb code of [he
OCPO° dime(!8. In [1In, (he N-[e[minal collé ponding [0 [he fi(1[18 [eélid[ e[ land e linke I égion
(felide[1164-170) ale alllimed [0 be [ hfolded and flelible in he Co'al anall il

The CRYSON ploglam 32 [Ja[l[Ted [0 calcllale heolelical SAXS and SANS clIle[lbaled on
[IcTTel (pdb codel) delied flom he DAMMIN and CORAL anallT¢l) Thililkelpeciall (1T Tefl]
0 compalé¢ CORAL [llcllel 1[0 SANS dald and h[1]lelifl] (heill[alidil] [Thile CORAL il]

olhe[ile [e[1lcled [0 (he anal[TilJof SAXS dala.

2
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28 COMTITI20SANS elpelimen(Tlof OCP Thdelblle ligh[ill minafion. A: Illfminalion feMp foTOCP allhe
KWS-1 SANS in[1MmenIB: An OCP fample aflé [SANS elpelimen[T]iTh illCminalion alKWS-1: While
31 Te [ppelnon-illlminaléd palTlof e [ample [éldin[JilTlolange cololIchalaclélilTic fol IOCP®, Mhe lolel]
33 illlminaleéd palllelealla colo[change alle[pecied folJOCPR (ill minaled [égion ilJlindicaléd b[]Te blle
34 féclangle). OnlThe lofe{(illCminaleéd) palTof Te fample cell iCplobed in Te SANS elpelimenl.

DO T CIITESANS el pelimen(Tof OCP [ilh and [ithol Till minalion [ele callied ol T al]
42 KWS-1. Follhele elpelimen(l/lhe SANS inlllmenl[Jallinléfaced [Jilh an illlminalion [e[lp
44 conlilling of a lalel emilling al 480 nm and a fibel oplicl [0 glide [he el cilalion lighl [0 he [ample
(lee Fig. 2A). The lighllinlenlillll [JalJabol 115 mW/cmlJon (he [I1face of he cllelle. AlJhil]
49 inlénliTa [Tnolellof OCPO [0 e acfile [Tdleé OCPR of mo’¢ han 90% illachieled all15[C, [0
51 hallhe ill minaled pallof [he lample appealed clealll]led, ['hile he non-ill[minaled pallof he
33 lample, [hich [JalJolllide of he nelllon beam, [émained olange ([ee Fig. 2B). Conleqlen/ll]

56 SANS el pelimen(lfolall lamplelIlele callied o[ Tal15[C in olde[ o en[l1¢ compalabilillllof he

3
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dala. The SANS c[Ile[Jof OCP® obldined [Jilh hilllé[lp in e dak (gléen cil¢lel) and of
illCiminaléd OCP idenlified [Jith OCPR (léd [qlalel) alla lo[] ploléin concen[aion of aboll]
1 mg/ml al¢ TholIn in Fig. 3. The [[o c[1le el hibila cleal diffelénce in he [ange of inle[mediale
Q-lallellUponilllminalion, (he c[1Te il [hifled [0l ]aldl malle[ Q-[all el indicaling an elongalion
of he OCP molec(le in illlaclil & [Td/e. The SANS dala of e OCPWY?83A m[Jan[lobldined fo la
plolein concenlldlion of abol 11 mg/ml ale allo [holn in Fig. 3 (clan [fiangle[). A compalilon
‘eéleall] (halllhe SANS dala of OCPW?384 ale (e[l [imilalll0 holé of OCP meallled [ndel]
illCiminalion. Thilfinding i[lin qlalild[il & agléemen[ ] li(h (e alllimplion ha IOCPW28A clolél[]
mimicJ(he [1IIc(ITe of [he aclil e [Talé OCPR. Allkol[gh [he dald of OCPW?384 al¢ [ligh(1l Inoiliel]
han [he ohelldald [¢[1] a [mmall de[ialion flom (he OCPR dald i[J[ilible in (he Q-lange be[lleen
0.07 and 0.10 [-'. Thilldel[ialion cannol[be alllib[Ied [0 a po libl[]Jincomplele [no ellof OCP
Cpon ill[iminalion, becal e Mileffec[Ilol1d lead [0 a [hiflof (ke c[[Ie alllibl led [0 OCPR (o[ Jald[]
highe[ Q-lallel,i.e. (he oppolile of (he oblelled delialion. The dala [holIn in Fig. 3 appeallo be
flee of [ndeliled effec/lflom [ample agglegalion. Thil il impo(fan( lince agglégalion il knol[n [0

‘el elelJaffec[Ipecllol¢copic plopellieof pigmen[-ploléin comple[ &35,

4
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OCP°®
OCPR

OCPW288A
—— Fits ellipse
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Intensity [arb. u.]

0,01+

21 , \
22 0.1 04

” QA"

27 OMTITI3CSANS dald of OCP ala plo/ein concenTalion of abol[T1 mg/ml oblained in The dak (gléen cilélel)
29 and [mdelcon[Tan[illCiminalion al480 nm (led [qCalel), lepeclilell] mealTleéd alllempelallle of 15 [C
30 Ting e in[TMTmen KWS-1. SANS dala of OCPWV?84 meallTed [hde[ e lame condilion[Jale [holn al]
32 cCan Mangle[) The black Tolid line[féplelenThe filing c[TTeof e elliploid model ([ée Table 1).

;g A 24 B 0.025 -

ocP°® — OCP°

37 LI TP R R
LI . OCP —

38 0,020 oce

39 ' i 2

0.0154

2
L

0,010+

‘I.I‘ s

]
Intensity [arb. u.]
P(R) [arb. u.]

0,005

o
e
I

0,01 Dj‘l 0.5 0 50 Laﬂ 'I.'I‘)D 260
49 QAT R[A]

50 CMTTTI47A panel: SANS daf@ of OCP ala plol€in concen[afion of aboT65 mg/ml oblained in e dalk
52 (black do™) and mdelcon(TanillCminalion al480 nm (eéd do), [é[pecilel’] meallTed allempeallle of
33 15 [C [Ting he in[IMimenIKWS-1. The elpelimenlal eloJillin (he olde[Jof [he [Timbol [le. B panel:
55 Compalilon of P(R) fihclion[Icalcllaleéd flom SANS dala foT OCP? (black line) OCPR (Téd line) [amplel]

5
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SANS dald fol'a dlalTicall[Thighe[ plolein concen(falion of abol 165 mg/ml a’e [hol[In in Fig. 4A
folJOCP in [he dak (black do(l) and [hdelicon[lan[ill minalion a[480 nm ([eéd do(l) alll5 [C.
Thel¢ condilion[ al¢ iden(ical [0 [hol¢ emploled in nel1Ton [pecllo ¢opl o [1Td[ Iploleéin d hamicl]
in [he accompanling papelJand, [h[ 1) chalaclelile he [0l lion [llc(lle of he [ample[ /[ Ted in
hele complemen(alllel pelimen!l] The dala [ho[n in Fig. 4A ale idenlical [Jilhin e[ pelimen/al
ellol]lo hole of [he lo[ ] concenlTalion [amplel]([eée Fig. 3). Thillcollobolale[]halllhe effecl of
illlminalion on [he [ol[Tion [1lc[Ile of OCP [émain[[i[llalll]he [ame al highellconcen!/[dlion.
A [elll [lighllincleéale of SANS inleén[illll [0l Jald[he lolJe[T1Q-[allellindicalé[ lonll]a [mall
conl(lib[Tion flom polenlial [ample agglégalion al Thil /[ e[l high plolein concenllalion. Olelall, (he
effecl of lighl el cildlion on he SANS dala halla [imilal qlalildlil e effecl alllepolled pleliol [1[]
bIG[pld elal 3, [Thile (he effec[appeallllo be molé plonolhnced in Fig. 3 and e[peciall[lhe dald
of highlllconcen(laled OCP [holIn in Fig. 4A al¢ chalacleliled bl Jan [hpalalleled [ignal-l0-noile
falio. Thillcan be mainl[] allliblled [0 [he calefl]l inlelligalion of elcildalion condilion[([ee
Mehodl) leading [0 an almo[Icomplele [Inolel ol lald JOCPR, bl allo [0 [he high dala q[alilll]

achieled on he KWS-1 SANS in[1limen[]

Baled on [he SANS daa [holIn in Fig. 4A, he [ol[Tion [1lc(ITe Jof OCP in he dalk and [nhdel]
illminalion can be chalacléliled bl1(he collelponding pail collelalion fThclion P(R) allTholn in
Fig. 4B. An in[peclion of [hele [e[T1[1][elealll halIOCP elongalell[ol]ald/longellladii [pon
ill minalion, [Thile (he malim[m of (he P(R)-fnclion [énd[ /o[ ald[a [Tigh[lI[mallel I alle. Thill
indicale! /[hal The moleclle becomel longel ‘and le[T'compac( on one hand, bl T allo loole[/[ile in
he inle(mediale dimenlion(lalo[ hd (he malim[im of P(R). Thilillallo [eflecléd in [he [e[T1[lof a
model dependen(fi[ 1 Ting (ke [hape of an elliploid compiled in Table 1. OCP© ilichalacleliléd bl
‘adii of [He elliploid of a=9.4 and b=29 [ alllell alla [adi[ [1c=50.8 [I. In con@[l,/boh OCPR and

OCPW288A el hibilJa conlidelabl(]lage[]ladi[Tlc of 85 and 92 [, [e[peclilell] b[Ila [mallel]

6
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dimen(ion of 'he elliploidal [adil11b on [he oldellof 19 [1. Allholgh he dimenlionJof [adilllc
appeal o be [lighlldiffelen[in OCPR and OCPW?384 [Tpgelling a pollible [T1Ic([Tal diffelénce,

Clenoleé halThe [allellale [imilal [ Jilhin e[ pelimen(al eTo[,) [¢e allo dald [TalilTic[land filqlalilll

in Fig. 3. S[Ic(TTé [écon(TillTion[Jof OCPR and OCPW28A  [¢(peclilel[] ale plelénled belol].

O[T, Palamelé[Toblained b filling he OCP SANS dald [ho[In in Fig. 3 (plo/e€in concen([alion

of abol Tl mg/ml) [Ting an elliploid model

BRR R BRIR I RRE

CRIR R RRE

Bkl E"EEI BIRER

CRRIERIR] FRRERR

0.00E0.0001

0.00034(0.0001

@.401
Eia]e)

B.1E3

BL.EE3

20R.0@11
Eia]e)

1R.ER3

1R.E=3

20.2r1
R

.OER

@12.0ER

CRRERRRE Ap FLE-B B3
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SANS data:
i . e OCP°
- T e, Fit Dammif

—
>
Yol
| -
M, By
>,
.=
@
cC
O
-
=
= 0,01+

OIS CAnal [TiCof SANS dald of OCP ala plolein concenllalion of abo[T1 mg/ml meallTéd in (he da’k
al15 [C (clan do(T): The fil(black line) collepond[ 1[0 e [eécon[lllcled (ol Tion [1cTe of OCP (depiclied
be glephelelin [he inle))obldined [Ting (e [of(Talé package DAMMIEF. The c[l11al [TIIc[TTe of dimelic
OCP° b[JWilLon '® (PDB-code 3MG1) illlho[n in [he in[é[Ifo compalilon.

CCTIOI L (IO 0 CThe [ollTion (ITeTelof he OCP [amplel[ [ Jele genelallJobldined
flom he SANS dala meallled alllhe lolle[Tploleéin concen([dlion of abol1 1 mg/ml in oldel [0
‘edl ce he infllence of plolein-ploléin inlelaclionl. Thillillbecalle effec[llflom plolein-plolein
inlélaclion['mallbe elpecleéd al highe lconcenlaion3% 57, SANS dala of OCP meallléd in [he
dalk alll15 [C [Ting [he in[llmen KWS-1 ale [holln allclan cil¢le[lin Fig. 5. The [olllion
[icTle of e [ample depicled bllglel | [pheleJin he inlellof Fig. 5 illleconllillled flom [he
SANS dald [Ting ie DAMMIN [of(Talé package ([¢e Table 2 fol f[ 1l [¢[ of palamelé[T). The
lalle [T elMTe [Held[1he SANS cl1le [holIn alla black line in Fig. 5. The collg ponding c[T 114l
[rc(TTe of dimelic OCP il allo [holInin he infelof Fig. 5, A compalilon [¢[eall Thal The [1c(Te

‘econ(lillled flom (he SANS dala [lidel ! le[emble[/lilé and 'hape of an OCPC dime! 1ggelling
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Thal The OCP [ample i plefelenliall[ ldimelic. I[hal o be menlioned hal pleliol T TIdie I'épolled
he plelence of diffe’en[ OCP oligome!T) b[ T e[peciall 'monomeTand dime(l)in [6l[Tion [ample[]
8. Alholgh Mildi(Tlb [ Tion i nolTilible hele, o[ model halJh[T10 be conlideled alla minimal

del¢liplion of he SANS dala.

® OCPWZBSA
— OCP°
-} —Fit
o)
| -
S, o
>
Shed
()]
C
()]
e
C
0,014

T 1
0,1 04

QA"
CIITITI6JAnal [ TilJof SANS dala of OCPWY2884 alla ;IE cbdir:ll concen(Tafion of abol[T1l mg/ml mealTTed al
15 [C (pLIple cildlel): The fil(black line) collé[pond[ 0 [he [éconlIllcled [ol[Tion [IIc(lle of OCPW288A
(depicled be glelI[phelellin (he inlé[) obldined [Ting he [ofalé package DAMMIN. The colle¢[ponding
dimelic [Ilc(Ile oblained [1ing CORAL flom SAXS dald belo[] ([ée Fig. 9) and idenlified [Jilh OCPR i[]
allo (ho[In in [he in[é[JFleible aléalin (he OCP [IIl¢[1I¢ alé indicaléd in blCe, NTD and CTD ale ho[In
in gléen and olange, [¢[peclil el[ | Fol compalilon, (he gle[line [hol ][ The SANS c[ 1€ calcllaled folan
OCPO dimel, [¢e Fig. 5.

CCTCNT L CHEOC T C OO0 O 1) 28854 [al [éad [Jmenlioned in [he in[lod [¢lion, OCPW2884

illoflien [ielled alJa [1MIc(TTal analogl e of he aclil e [Tale¢ OCPR 3°, The SANS dala of (lie m[ lan[]
OCPW2884 al¢ [holIn in Fig. 6 bl IpLiple cilclel|(Lee allo Fig. 3). Fol compalilon, [he fi[ flhclion

delé/mined fo[ IOCP® abol ¢ ilJall6 [holIn alla gle[line in Fig. 6, [Thich clealllldelial¢[ flom [he
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dala. The filobldined [Ting DAMMIN ([¢e Table 2 fol {1l (e[ of palamele[) 'holl[lan el cellenl]
agleemen(J[Jih (he dala in Fig. 6 and collepond[1[0 (he [eéconllilTlléd [0l Tion [TITc(lTe of he
OCPW2884A [ample gilen blIglé[][pheléllin (ke in[é[of Fig. 6. In conTall)o he [ael lcompac!]
folm of OCP° (Lee Fig. 5), (e [econ!lilllled [1Ic(Ile of OCPW28A appealllelongaled, b I [ligh1l]
nalllolJel.] Thilli[l(he [ame effec[ alloble[led [Then applling [he elliploidal model ([ee Table 1)
and conlillen[1li(h plelio[ [IIIdie[Jof OCPW2884 39 The molé deldiled LIl c([al model [ho[n in
e inlelof Fig. 6 illoblained [Ting CORAL flom SAXS dala of OCPW?84 and dil¢[[1éd in molé
delail beloll. A heolelical SANS clIle can be deliled flom he CORAL [Illc/lle [Ting (he

CRYSON (ol line and [ield[a fil of (he [ame qlalill'al ke black line in Fig. 6 (no Thol n).

OO CHOOCeD (0 0 00 COOHmeD OO [ O (000 [0 In oldeD0 [@M10He eCpecled

(imilalillJbe [Leen e [ol[lion [Ilc[Te of OCPW?8A on one hand and halof he aclile [lale OCPR
on [he olhel, [e allo modeled he SANS dala of OCP [ndelill minalion [hol'n allgléen dol(lin
Fig. 7. Allol[Ilined abole, [le achieled a conle[Tion of OCP [0 OCPR of [Jell abole 90% b(]
illCminalion [li(h blle-lighlal 15[C ([¢e allo Fig. 1 folla picllle of he conlelled [ample) [0 hal
e [ample [hde 1 10d[ 1 Jidel[J[eéflec[TOCPR. The [ample [JalJhe (ame alhalTTéd [0 plod[ce [he
dald of OCP in [he dalk [hol[In in Fig. 5. Folcompalilon, (ke fi flhclion of dimelic OCP© ilJgilen
alaglelline in Fig. 7 (thili[he [ame filf hclion [Ted fol OCP in (he dalk in Fig. 5). I[iappalén( ]
hallhe SANS cl1Te calcllaled baled on (he glolnd [Tale [Tc(lTe of OCP cannolldel¢libe [he
dala collecled [hdel illl minalion. In con(la[1]] he fil f hclion obldined bl IDAMMIN ([ee Table 2
foIf[11 [é[Jof palamele[) [nde[Ihe [ame condilionJallde ¢(ibed abole fo[JOCPW28A [holllla
Celllgood agléemen[Jilh e e[ pelimen(al dala of OCPR ([ée black line in Fig. 7). Thalil] he
TrclTTal model defiled fol The m Tan[OCPW?384 {["al (o [alid fol The aclil e [Tdlé OCPR al‘achieled

bl in-[1[1]illl'minalion of an OCP [ample. The obl¢[Talion of a genelalll elongaled [1llc(lTe of he

0
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aclil’e [Tale of OCP illin agléemen [ TJilh ke [¢[T1Tof G[pla elal. 8 fol monomelic OCP [Ting [ile

elcllTion chiomaloglaphl(]
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10 SANS data:
o e OCPF

ocp°
——Fit

Intensity [arb. u.]

0,01 -

28 0,01 0,1 0,5

30 Q [A1] |

33 LTI 7 CAnal [Tillof SANS dala of OCP [ndelill[iminalion ala plolein concen(alion of abol 11 mg/ml
35 meallTed all15 [C (gleen do(M): The fil(black line) coMepond1[0 e [econlltldd ‘ol Tion [MMcTe of
36 OCPR (depicled be glel] (phelel]in [he inlel) obldined [Ting [He [of(llalé package DAMMIN. The
38 colle[ponding dime'ic [1MIc(Tle obldined [Ting CORAL belo(] ([ee Fig. 9) and idenlified [JiTh OCPR i[‘allo
'ho[In in [he in[e[ Fle[ible aléa lin he OCP [1lI¢(I1¢ a'e indicaléd in blCe, NTD and CTD ale [ho[n in
41 gleen and olange, [e[peclilell] Fol lcompalilon, e glelline (holl[1he SANS c[ e calcllaled follan
43 OCPO dime[, [¢e Fig. 5.
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CCIIT2. Filpalamele T obldined flom DAMMIN [II¢(1lé [écon[ ¢ ionJof SANS dala of OCP©
and OCPW2884 (¢ peclil el (]

PIERERR FREE 20008
(@) 283 40 32.4

(@) 170 170

= () 0.01 0.01 0.01
(@) 0.3 0.12 0.3
RIRIE 0.01 1.203 0.02

(IO [T CT IO T [(TTITT] OO O o IO HCA L poinled ol 1

in [he In(lod[clion, (ke aclil e [Tale OCPR mallnolonl[lbe chalacléliled blla [pecific [III¢clIle, bl 1]
allo blJa high deglée of molecllallflelibilillll [efelled [0 alla [mollen globlle [laleé[] Plolein
dnamic(/flelibili[lcan be dilecll Jin[e[ligaled bl Inel [Ton [pec(lo cop/lal demon[ITaled fol OCP
in (he accompan(ing pape[ *°. Alla genelal dlalback, ne[[lon [pec(lo/¢op[lléqlile[Ja [aTel high
plolein concenTalion of > 50mg/ml in oldell/o incléale¢ e conllib[lion of ploléin [¢alleling
compaled [Jilh halof (he (6l enl]S[ch condilion/malllead [0 folmalion of highel[loligome 1%
8 ollelen [ignifican[ mon-TTlémalic [ample agglégalion. In [[1n, He [ample [III¢c[IT¢e mallbe
Hgnifican(ll'] affecled [0 halllhe meallled dhamicllcanno/be [hambigl ol 11l [¢laled [0 [he
infellled [1Ic[lel lof he glolhd and aclil'e [lale[ lof OCP, [e[peclilell ! Thelefole, (he [oll lion
(lc(Tellof he OCP and OCPW28A [amplellemploled fol QENS [Jelé [elified [[ing SANS and
SAXS, [elpeclilelll SANS dala of OCP meallled [Ting [he in[llmen[ IKWS-1 alla plolein
concen/[alion of abol 1165 mg/ml and al'a [émpelalllle of 15 [C ale [holn al blle do(llin Fig. 8.

The dald [Jelé filled [ling [he [econ(lillled [Ilc[le of dimelic OCP°® obldined alllol]
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concen![dlion abole ([ee black line in Fig. 5), [Thich [e[T1[Tlin ke [éd line in Fig. 7. In addilion, a
pollelllal] [éplelenling a minol flaclion of agglegaleélI(blle line) halllo be [dken inl0 accolnl[ o
del¢libe he dala. The fT11 filill[ho[In alla black line in Fig. 8. Th[T, i can be concll ded hal The
OCP [ample fol IQENS el pelimen(lilIplefelenliall[ | dimelic (glel! [phelellin Fig. 5) and onl[]

ligh(l Jaffecled bl lagglégalion delpile of [he [¢lalil el[Thigh plolein concen/lalion.

2 - SANS data:

o OCP°

Sphere structure
—— Oligomers
——Fit

Intensity [arb. u.]

0,01 4

OO T8 Velificalion of he CollTion [Ilc[le of he OCP [ample alla ploléin concenTdlion of abolT]
65 mg/ml [Ting SANS dald mealTTed al15 [C (blle cilclel). The fil{black line) [JalJobl@ined alllhe [Tim of

e fécon(Tcled [olTibn [McTe of OCP (Ted line) [Ting e [oflMale package DAMMIF (Tee Fig. 5) and

a polJelal] accolhling follagglegalion (blCe line).

In a fillTallemplof QENS el pelimenTon OCP, OCPW28A [Jill be [1éd ala [Ilc[[al analogle of
e aclile [1dlé OCPR. SAXS dala of OCPWV288A meallled alla ploléin concenl[alion of aboll]
65 mg/ml al 20 (C alé [holIn allgléen poin[lin Fig. 9. The SAXS dala of OCPW2884 [lele filled

[Ting [he [ame dimelic model al 'hol['n in Fig. 6 ([ée black line in Fig. 9) fol [he m[lan[Tample al’

3
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a plolein concen/lalion of 1 mg/ml elhibiling he e[ pecled elongaleéd [1T¢c(lle. Thil lconfiimIhal]
he OCPW2884 [ample plepaled fol IQENS i[IillTall[Iflee of agglégalion and colle[pond[]o [he
aclil’e [Tale [ clITe OCPR, i.e. he [ample[can be [Téd folnel1lon [peclo¢copland (he meallled

moleclaldhamic[Jcan be [élaléd [0 [he abol& [ol[Tibn [TIcMTel]

2 5
SAXS data:
1 < ® OCPWZBBA
OCP°
— Coral fit
-]
ol
| -
(¢4] 0,14
| S |
>
-~
(7))
cC
QO
e
(-
- 0,01
e
0,01 0,1 0,5

QAT
LTI T Velificalion of (he [ol[lion [TII¢c(Ileé of OCPW2884 a[a ploldin concen([alibn of abol 165 mg/ml

[Ting SAXS dald (gleen cilc¢lel). The fil(black line) [Nallobldined accolding [0 he CORAL [TI¢c(TTe of
OCPR [holn in Fig[l 5 and 6. Fo compalilon, e gle[Iline [hol[ [ ke fil fl hc/ion of OCPC [holn in Fig. 5.

QOO0 DI IE I H O DI ofdel 10 achiele a bellg limplelTion of he [ITc(lal

changel) [Je al[6 modelled Tie SAXS dald of OCPW?384 [Ting he CORAL (o[ Tine. ThilJpackage
can be [Ted fol SAXS dald onl[and allo[I['defining fle[ible and [1igid domain[ of (he kno[n c[I1]al
(Tc(lTe of dimelic OCP (Willon elal. '3, PDB-code 3MG1), [é[peclilel[] [Tholé allangemen[il]
[Ibleqlenll oplimiled [0 [ield (he bellfilof [he e[ pelimenlal dald ([ee Melhodl). In o[ Tanal [T1[]

NTD (lelidle[119-163) and CTD of OCP (lelid[e[1171-311) [Tele pledefined alIigid bodie baled
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on He 3MGI1 pdb code of he OCP? dime('3. In [[1n, (he N-[é[minal collé[ponding [0 he filT118
‘elidelJand [he linke[[égion ([e[id[e[1164-170) ale alllmed [0 be [nfolded and fle(ible in he
Colal anal[Ti[) ThilJapploach i[l[e[l] [imilalll0 hole [Ted befolé fo[JOCP ® and OCPW?88A 10,
Follo[ling Mak[imo(Je[al. *°, holle[el, (he [Mlo OCP molecllellof [he dimellalé allocialed [ia
hei ICTD[I([¢ée olange [lc(lle in Fig.1). Thillalllmplion illbaled on he obleé[lalion [hall
lepalale CTD[Ifolm dime(llin [ol[ Tion, [Thile dimelilalion il noloble/led fol NTD[ A [imilal
allocialion of e [[Jo monomelllil][époled molé [écenll b IHallille[Jal.®!. F[1helmole, [he
[lcTTel of he [Tlo OCPLIJihin he dimel al¢ oplimiled independen(1l ] i.e. no alllmplion[ abol I
he [Tmme!lllof [he dimel al¢ impoled. Since SANS illa lo[J-e[ol[ [ion [eéchniql e, (he localion of

he chlomopho!¢ i nol conlideled in (he model [ plelenied hele.

Since [he c[111al [1Ic[ITe of OCPO [Tggelllidimelilalion [ia NTD(lin [he inaclile glo nd [Tale of
OCP, an allocialion of OCPR dimel[l[ia (hei (CTD appeallI[[[pliling a[ filll glance. Holle[ &L,
Tele ale a nLmbellof alglimen([I[Jhich [[ppo[llke [III¢cIal olganilalion of OCPR all[ho[In in
Fig. 9: i) a CORAL model of OCPR al[llming allocialion [ia NTD[J(nollholIn) conlillen[1]
elhibillllhe [ame balic feallll¢[ like domain [¢palalion and NTE [nfolding al lhe model [ho['n in
Fig. 9, bl halla highe[IChi*>-[alle and i[lh[]le[TIplobable, ii) e inlélaclion belleen OCPC
monome/l[lappeallll0 be [leak and [eliellon a fel] chalged plole€in [elid[e[onl[] [Thich ale -
accolding [0 X-[al]c[ITal [(Ilc(Te info malion®? [Iplé énlin dime[dfolming [ép élenlalil e of (he
OCPI1 clade, b[Tablénllin membe(llof he OCP2 clade occl1ling onlJalla monome[9%, and iii)
hlT,)1lia [pecllalile bl leéalonable algl men(lo alllime hal lhe ligh/-ind[ced [1llc(TTal change!l
Uilhin (he NTD affec! 'he [Jeak allocialion of he monomelic [I bl hillllia (heil NTDl land lead [0
a [¢allangemen! of [he dimellallocialion allllell. The lallellalllmplion illallo conlillen[ [ Ji(h
ahellong conlelTion [ime 10 OCPR 16, [Thich ho(ld allo[] lalge [¢ale [1IIc[ITal [éalangemen([]

Cilhin OCP 1llelf, bl [ allo [lilhin he OCP dimel.
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The CORAL filill[ho[In alJa black line in Fig. 9 and plolidelJan elcellenagleemen( I li(h he
SAXS dala (e[ A compalilon of (he obldined [TIcTTe (fee infelof Fig. 9) [Jilh (he [econ!Tilllibn
oblained abole b[IDAMMIN ([¢e Fig. 6) allo [eé[eallla good agleemen el cep[follhe highl
fle[ible NTE. Thil il nol[ Il Tpliling al lhe [écon[Illc/ion (0ol DAMMIN il inlended fo[ applicalion
‘0 compac_moleclalllhapel] The oplimiled [III¢c(Ile of OCPW238A [¢[eallall e[ pecled fealllel]
of [he aclil e [1ale OCPR 3 10]ike: i) [¢palalion of [He [[[lo domain[[e[I1ling in a gene(all[ lelongaled
[IlcTle, and i1) [hfolding of (he NTE [h[ 1 becoming a highll[flelible enlilll([ee elpecialll ]l he
OCP monomel o [he leflin [he inl¢[ of Fig. 9). The diffelénce bellleen he [lo OCP monome!1]
TholIn in Fig. 9 can be [ie[led alla mealllé fol Ihe fle[ibililllof he OCPR [l ¢[Ile allo[led [Jilhin

he el pelimenlal [hcelldin/TJof he SANS dala.

O] e

Alpoinied o[ Tin e inTod clion, c¢[T1Tal [lc(le[of (he aclile [Tdle OCPR alé nol el alailable.
In il [égald, [mall-angle [¢alléling melhod[] combined [lilh [im[lalion [ofllale like He
‘econlllclion [0ol DAMMIN and oplimilalion [o[line CORAL foll flelible [Illc(lTel,
‘e[peclilell] ale [allable e[pelimenlal (00l 1[0 deleltine lo[]-[e[ol[Tion [ITcTellin aqleol 1]
[olTibn. In addifon, SANS [lcMTeélale obldined in [6lTibn and M[T]hdeidelDidenlical
condilion[ ) Ted folIpeclo copic e[ pelimen(l[0 inlelligale (he flhclion of OCP. In [TmmalT] e
confilm [hallhe [Tlc[le of [he aclile [Talé OCPR ilichalacleliled bl e [epalalion of he [To
domain[ INTD and CTD [¢[11ling in an el lended [1lc(ll¢ along [li(h [nfolding of (he NTE. The
NTE appealllllo be highll] flelible allolJing [aliolI/local confolmalionl) OLI1[e[T1[]algell’
collobolale [hole of 8 19 folllhe caleélJof OCPR and OCPW2884  [epeclil elll Hollelel, [le can

dileclcompale [he lalle[ ][0 [he [ol[lion [III¢[ITe of OCPR ind[ced b[lin-[ill liminalion (1]
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confilming ha[JOCPWV?88A can be [Ted alla [TIc(al analogle of e aclile [Tdlé OCPR. We can
allo confilm [hallhe lallglaclile [Tdle [Tc/TTelllemain lalgel Il alid folllamplealhigh plolein

concen!ldlionof >50 mg/ml al [ Ted fol nel1lon [pecTolcoplle pelimen/lon plolein d hamiclin

oONOULT A~ WN =

9 he accompan/ing papel.

14 OO T e
16 Financial S[(ppo(lbl]he Ellonian Releal¢ch Colncil (Glan[I/PRG 539 and SLOKT 12026 T) il

18 glalefl 111 acknollledged. J.P. ill allo deepll] indebled [0 MHe Ellopean Social F[nd[l!
20 Inlé[nalionalifalion Ploglamme DoRa fol financial [Tppol(lll We allo [hank JCNS and MLZ
23 Galching, Gelman!(] folllhe allocalion of beamlime, and folllechnical [Tppo!lllthen [Ting (he
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27 01DJ15007) allllell al ICOST MP1205.

7
60 ACS Paragon P%us Environment



oONOULT A~ WN =

The Journal of Physical Chemistry

Refeléncel?

1. El Billali, K.; Delphin, E.; MlIala, N.; Elienne, A.; Kililo[Tk[] D.
PholollTlem Ii Fllole ¢ence Q[ enching in (he Clanobacleilim Sl hechocl [il Pcc
6803: Inlollemenllof T lo DiffelénMechanilm/[] [T, CIITTTT) CETT 2000,
1450] 229-242.

2. Gllildala, M.; Willon, A.; Killo[Tk[] D. In Villo Recon[lilllion of [he
Clanobac/élial Pholoploleclile Mechanilin Medialed bl] (he Olange Calolénoid
Plolein in SChechoc TNl Pcc 6803. LTI TTICII2011, 23, 2631-2643.

3. KililoTk] D.; Kelfeld, C. A. The Oflange Calolénoid Ploléin in
Pholoploeclion of Phold[I1lém Ii in Clanobaclelia. [IITTTIM. CITETLT] CE1T12012,
1007] 158-166.

4, Maklimo[] E. G.; Schmi([J'F. J.; Shi(Thin, E. A.; SCilin, M. D.; Elan(kala, I.
V.; Fledlch, T.; Fadee[] V. V.; Pal¢henko, V. Z.; R(bin, A. B. The Time Co[1l¢ of
Non-Pholochemical Q[ enching in Phl cobililomellof S[hechoc il Sp. Pcc6803 al!
Relealed b1Picolecond Time-RelollCed RICoOmelI DT, OO 12014,
1780] 1540-1547.

5. Willon, A.; Plnginelli, C.; Gall, A.; Bonelli, C.; Ale[andl¢, M.; Rollabol(l, J.
M.; Kelfeld, C. A.; [an Glondelle, R.; Robe[lB.; Kennil]J. T., e[al. A Pholoaclil’ e
Calolenoid Plolein Acling al ILigh[ Inlen[1[1Seno L) (TS DI OO L0 ) (L
2008, /05, 12075-12080.

6. Sqlilel) A. H.; Dahlbelg, P. D.; Lil] H.; Magdaong, N. C. M.; Blanken lhip,
R. E.; Moelnel] W. E. Single-Moleclle Tlapping and Spec(lol¢opl] Releall]
Pholoph(Tical Helelogeneillll of PhlcobililomelQlenched bl 1Olange Calolénoid
Plolein. (1 OCDOT] 20105 10, 1-12.

7. Kelfeld, C. A.; Sallala, M. R.; Blahmandam, V.; Cal¢io, D.; Ho, K. K.;
Tlelihick-S[1on, C. C.; Klogmann, D. W.; Yealel) T. O. The CII1]al S{lc(lle of
a Clanobaclelial Wale[<Soll ble Caloleénoid Binding Plolein. [TIITII1172003, /1, 55-
65.

8. Glpla, S.; Gl Ilman, M.; Lelelen[JR. L.; Zh[madilola, K.; PalJlo[I[ki, E. G.;
Pellold, C. J.; Lee, K. K.; Rallon, C. Y.; Kelfeld, C. A. Local and Global S{Ic[Tal
Dlile(Tifol lhe Pholoaclil alion of he Olange Caloleénoid Plolgin. (11T CICT T
(0. O L2015, 112, 5567-5574.

9. PInginelli, C.; Willon, A.; Rollaboll, J. M.; Kililol[Tk[] D. Infllence of
Zeal an'hin and Echinenone Binding on [he Aclilillll of he Olange Calolenoid
Plolemn. LTI, COIEETL) CICT2000) 7011 280-188.

10. Maklmol] E. G.; Slichanko, N. N.; Slonim(ki[] Y. B.; Sl 1Tkala, E. A.;
Slepanol] A. V.; Algenlola-Slelenl] A. M.; Shillhin, E. A.; Tlolael] G. V.;
Klemenliel] K. E.; Slalinlkala, O. V., el al. The Pholoclcle of Olange Caloleénoid
Plolein Conceal] Dillincl] Inlé'medialé! and AlThchionol ] Changel] in [he
Calolenoid and Plolein Componen!(1) [T1LICICT) 2017, [] 1-12.

8
ACS Paragon P%us Environment

Page 28 of 34



Page 29 of 34

oONOULT A~ WN =

The Journal of Physical Chemistry

11. MakOmol] E. G.; Shillhin, E. A.; SlCchanko, N. N.; Zlenko, D. V.; Pallhina,
E. Y.; Tlolae[] G. V.; Klemenlie[] K. E.; BCd[lin, G. S.; Schmi[llF. J.; Fedlich,
T., elal. The Signaling Sldle of Olange Calolenoid Plolein. [ITITTL) [12015, 100]
595-607.

12. Bollal] C.; Willon, A.; D'Haene, S.; Kililo[Tk[] D. Iden(ificalion of a Plo[€in
Reqliled follRecolell]of F[1l Anlenna Capacillllin Ocp-Relaled Pholoploleclil e
Mechanim in Clanobaclelia. [T DO D) OO0 0. O 1 2010, 100) 11620-
11625.

13. GLllildala, M.; Willon, A.; Omaili-Nalle[JA.; Kililo[1k[] D. Chalacleli alion
of he Sl[nechocl Ml ] Pcc 6803 Fllol¢lcence Recolelll Ploleéin Inlolled in
PhO@p@EC[ibn. CIITTT, DO CIErm2013, 10210 348-354.

14. Maklimol] E. G.; Klemenhel] K. E.; Shillhin, E. A.; Tlolael] G. V.
Elan(kala, I. V.; Pal¢henko, V. Z. Fealllle[lof Tempolal Behaliol of Fll ol¢ ¢ence
Recolelllin SThechocl THIISp. Pcc6803. [ITTTITTITL (712015, 125, 167-178.

15. Slichanko, N. N.; Slonim(ki[] Y. B.; ShilThin, E. A.; Moldenhalel] M.;
Fliedlich, T.; Maklimol] E. G. Ocp-Fp Plo/ein Complel] Topologie! /Sl ggellla
Mechanilm fol Conl(lolling High Ligh[Tolelance in Cl anobaclelia. [I[ 1] T[T
2018, [} 1-15.

16. SliCchanko, N. N.; Klemenlie[] K. E.; ShillThin, E. A.; Tlolae[] G. V.
Fliedlich, T.; Maklimol] E. G. The PlIple T(p288ala M[lan[of S[hechoc[ Tl Ocp
PelTilTlen11Qlenchel IPhl cobililome Fllolel¢ence and TighIl /Inlelac(TI[ ik Flp.
CITICTTI, OO CIEy) DTy 2017, 1650) 1-11.

17.  Lelelenl] R. L.; S M.; Willon, A.; Gl pla, S.; Thi1ollk, A.; BolIg¢iel de
Calbon, C.; Pelllold, C. J.; Ralllon, C.; Pelleal] F.; Killo[1kl[] D., ellal.
PhololTnhhelil] A 12 a Caloleénoid Tlan[localion in a Pholo[lilch Allocialed [Jilh
Clanobaclelial Pholoploleciion. [[ITIT1112015, 34[] 1463-1466.

18.  Willon, A.; Kinne[] J. N.; Z[lall,]P. H.; PChginelli, C.; D'Haene, S.; Pelleal ]
F.; Klein, M. G.; Kililo[Tk[] D.; Kelfeld, C. A. S{Ic[llal Deléminan/[/Undelling
Pholoploleclion in (he Pholoaclile Olange Calolenoid Plolein of Clanobaclélia. [
OO 2010, 205, 18364-18375.

19. Thllole, A.; Lopel2Iglal, R.; Willon, A.; Comolel,/L.; BolI¢ie[de Calbon,
C.; Xiao, F.; Kililo[Tk[] D. Regllalion of Olange Calolénoid Ploléin Aclililll/in
Clanobaclélial Pholoploleclion. LT TTICTTINLI201S, 161] 737-747.

20. Zhang, H.; Lil] H.; L[] Y.; Wolf, N. R.; Glo[l) M. L.; Blankenlhip, R. E.
Nalil'e Mall]Spec(lome!(ll] and Ion Mobilillll Chalacleélile [he Olange Calolenoid
Plolein Flnclional Domain() [T, DT CICIT2016, 1050 734-739.

21.  Willon, A.; Plhginelli, C.; Col lllie[, M.; Pelleal ] F.; Kililo[ k[ ] D. ElTenial
Role of Tl lo Tl Tolinelland T o T[ITpophan(lon (he Pholoploleéclion Aclilillof [he
Olange Calolenoid Plolein. [T CIOTTTL) CC1012011, 7000) 293-301.

22.  MakOmol[] E. G.; Moldenhalel] M.; Shillhin, E. A.; Pallhina, E. A,
Sl chanko, N. N.; Klemenlie[] K. E.; Tlolael] G. V.; TalTal] N. N.; Willo[lei[,]M.;

9
ACS Paragon P%us Environment



oONOULT A~ WN =

The Journal of Physical Chemistry

SchmilllJF. J., e[al. A Compalalil ¢ S{lId[]of Thiee Signaling Folm/[lof he Olange
Calolenoid Plolein. [T TTITITIN (1) 2016, /30, 389-401.

23. Bandala, S.; Ren, Z.; L[} L.; Zeng, X.; Shin, H.; Zhao, K. H.; Yang, X.
Pholoaclil alion Mechanilm of a Calolenoid-Baled Pholdleceplol) LILI 1] LTI CITT
CTLL 0 L2017, 114, 6286-6291.

24. Konold, P. E.; [an Slokk[im, I. H. M.; M1 Topappa, F.; Willon, A.; Gloo[,]M.
L.; Kililo[Tk[] D.; Kennil]J. T. M. Pholoaclil alion Mechanilm, Timing of Plo/ein
Seconda(l] S(T¢cllle Dlhamicl] and Calolénoid Tlan[localion in he Olange
Calolenoid Plolein. [J [0, CICTTL [11) 20103 141, 520-530.

25. KillolTk[] D.; Kelfeld, C. A. Clanobac/elial Pholoploleclion bl /he Olange
Calolenoid Plolein. [I[1ICIITI2016, 2, 1-7.

26. Maklmol[] E. G.; SlCchanko, N. N.; Milonol] K. S.; Shillhin, E. A.;
Klemenlel] K. E.; Tlolael[] G. V.; Moldenhalel[) M.; Fliledlich, T.; Lol D. A.;
Allakhleldiel] S. I., ellal. Fllolel¢cenl|Labeling Plél¢[ling Ocp Pholoaclilill]
ReleallI[IReolganilalion D[ Iing (he Pholoc[ cle. [T TTT] 12017, 112, 827.

27. Jacqlel)D. A.; Tlel hella, J. Small-Angle Scallgling fol S[lc[llal Biologl I-
E!panding [he Flonliel While Aloiding [he Pilfalll] [T T1)2010, /1] 642-657.
28. Kikhnel] A. G.; Slelglh, D. I. A Placlical Glide [0 Small Angle X-Ral]
Scallgling (Sall) of Flelible and In(Tinlicall['Dilo deled Plolein) [IICICICTT2015,
501} 2570-2577.

29. Krhn, P.; Piepel,/J.; Kamin(kala, O.; Ecke[lJH. J.; Lechne[,R. E.; Shi Talo[]
V.; Rengel,) G. Reaclion Palleén of Pholo[T1lem Ii: Olidalil ¢ Waleé[IClealage and
Plolein Fle[ibili(Tl] CCTIITTTTL (T 20058, (4, 317-323.

30. Piepel, J.; Rengel, G. Plolein DI namicl/Inlelligaléd bl INelllon Scalle/ing.
CICTTITTT T [T 2000 102, 281-293.

31.  Piepel,)].; Tlapp, M.; Skomolokho(] A.; Nalkaniec, I.; Peléll] J.; Rengel, G.
Tempelalllle-Dependen( Viblalional and Confolmalional D[ hamic[lof Pholol[T1lem
[i Memb(ane Flagmen([l'fiom Spinach Inlelligaled b JElallic and Inelallic Nel [lon
Scalleling. UL OO D) D) 2012, 70710 1213-1219.

32.  Gollb, M.; Combel-Jeancenel, S.; Laile[] D.; Wieland, F.; Sololo[] D.;
Kklin, A.; Lok[lein, H.; Schmi(ll F. J.; Hechl,] M.; Eckell,] H. J., e[Jal. Solllion
S(lc(lle and Elcildlion Enelgl] TlanlfelJin Phlcobiliploléin']of Acallochlolil]
Malina Inle[figa'éd bl ISmall Angle Scalleling. LTI, DML OCI12017, 1050
318-324.

33. Tiede, D. M.; Lilllell, K.; Malone, P. A.; Zhang, R.; Thilagaljan, P. Soll lion
S{Tcllle of a Biological Bimolecllal ElecTon Tlan/fel Complel[t Chalaclelilalion
of he PhololThhelic Reaclion Cen/e[ZCllochlome C2 Plolein Complel bl Small
Angle Nel [lon Scalleling. [J [ TLICICITIONIITT.) 2000, 33, 560-564.

34.  Gollb, M.; Hejali, M.; Koll¢h, A.; Lokl lein, H.; Wieland, D. C.; Zolni, A.;
Piepel,] J. Solllion S(icllle of Monomelic and Tlimelic Pholollllem I of

0
ACS Paragon P%us Environment

Page 30 of 34



Page 31 of 34

oONOULT A~ WN =

The Journal of Physical Chemistry

ThemollhechococcllElongallll /Inlelligaled bl]Small-Angle X-Ral|Scallgling.
OO ) 2017, 133, 163-173.

35. Caldolo, M. B.; Smolen'k[] D.; Hellel,] W. T.; O'Neill, H. Inligh[inlo He
Silleclllle of Ligh-HalTelling Comple! i and I[[IS[abililalion in Dele[gen[ Sol! lion.
OO CETT. (12000 113, 16377-16383.

36. Nagll G.; Galab, G.; Piepel,) J.,, Nelllon Scallgling in Pholo[lhlhelil]
Releal¢h. In (LTI OO ITH O COOCT T ITI T Allakh [ eldiel] S.; Ribin,
A. B.; ShiTalol] V. A., Edll In[TilTlTe of Comp[le[Science: IThel Tk, 2014; Vol. 1,
pp 69-121.

37. Nagl] G.; Pollell,/D.; Kolacl) L.; Holm, J. K.; Slabo, M.; Ughl(] B.; Rolla,
L.; Pelell, J.; Timmin[, P.; Galab, G. Rele[lible Memb/dne Reolganilalion[ D[ ling
Pholo[Thnhelillin Vilo: Relealed bl1Small-Angle Nel [lon Scalleling. [I[ITTTTT]. [
2011, 436, 225-230.

38. Kilkenlgaald, J. J. K.; Holm, J. K.; Lallén, J. K.; PolTell,]D. Sim[lalion of
Small-Angle X-RallScalleling flom Thl[lakoid Memblane. [] [T L] CICLTITITIIT L
2000] 42, 649-659.

39. Piepel,) J.; R[Ielich, L.; Halll) T.; Rengel) G. Lamellal] Spacing of
Pholo[Tllem Ii Memblane Flagmen!l] Upon Dehldlalion S(ldied bl] Nel llon
Memb lane Difflaclion. CICIIIIIT2015, 2, 36-40.

40. Libellon, M.; Page, L. E.; O'Dell, W. B.; O'Neill, H.; Mamonlo[] E.; Ulban,
V. S.; Paklali, H. B. Olganilalion and Fle[ibili(l] of Clanobaclelial Thllakoid
Memb(ane Elamined b[INellon Scallgling. [J [ILICICTTIL 2013, 201] 3632-3640.
41. Li, Y.; Lin, Y.; Gallel] C. J.; Bilch, D.; Colkell] R. W.; Lolghlin, P. C.;
Scheel,, H.; Willoll[] R. D.; Chen, M. Chalaclélifalion of Red-Shifled
Phlcobililomel | Ilolaléd flom [he Chlolophl1l F-Conldining Clanobac/glilim
Halomiclonema Hongdechlo i) LTI DL CCIT12016, 7050] 107-114.

42. Nag[]G.; Unnep, R.; Z[1[0[)O.; Tok[ 1] R.; Takilal Ja, K.; Pol¢al,JL.; Mol ¢l,]
L.; Pellol1lol)D.; Galab, G.; Finalli, G., e[al. ChloloplalIRemodeling D[ ling Slale
Tlan[1ion[in Chlam[domonalReinhaldfi al Relealed bl /Nonin[alile Techniqlel]
in Vilo. D) OO CILI0L O [ 2014, 111, 5042-5047.

43. TllelJR. C.; Sleenah, H. K.; Singh, S.; Aceli, D. J.; Bingman, C. A.; Malkle[]
J. L.; Fol] B. G. Allo-Ind[clion Medilim fol [he Plod[clion of [U-15n]- and [U-13c,
U-15n]-Labeled Plolein[Ifol INm[IScleening and S(cllle Delélminalion. [T
OO T 20058, 40, 268-278.

44.  Pipich, V. Quk ) [J[1[].qlik[[.de (accelled Ocl B, 2017).

45. FeoklllIo[] A.; Flielingha! [ H.; D1, Z.; Jak[¢h, S.; Pipich, V.; Appalol] M.-
S.; Babcock, E.; Hanllik, R.; Engell, R.; Kemmelling, G., elJal. K[ 141 High-
Relol Tion Small-Angle Nelllon Scalleling In[lllmen(JalJenlJ ClTlen[ISlale. [
O] DCLTITIITTT) 2015, 405 61-70.

1
ACS Paragon P%us Environment



oONOULT A~ WN =

The Journal of Physical Chemistry

46. Slelglh, D. I. Delelminalion of he Regllalilalion Palameléllin Indilecl-
Tlan[folm Melhod[Uling Pelc¢epllal Clilelza. [J LTI OIS 1012, 25, 495-
503.

47. Feigin, L. A.; SCelgln, D. 1. CIOCCITC CICTIII C1 CI CIHOCT CR CEE L
CICCIO CETTIIT ] Plenfm Plel1d Nel Yolk, 1987.

48. Kline, S. R. Redlclion and Anall lillof San[Jand Ulan[ Dala Uling Igo[ Plo.
O OCTLI O 2006, 310) 895-900.

49. Flanke, D.; SCelgln, D. I. Dammif, a Ploglam folJRapid Ab-Inilio Shape
Dele/minalion in Small-Angle Scalleling. [J LTI DT 2000 42, 342-346.
50. Konalel] P. V.; Volkol] V. V.; Sokolola, A. V.; Koch, M. H. J.; Stelg/n, D.
[. Pm[TJ A Windo[][Pc-Baled S[Tlem fol Small-Angle Scallgling Dald Anall Til]
O OCCL) OO T 2003, 36, 1277-1282.

51. Pelolkhol] M. V.; Flanke, D.; Shkfmalol] A. V.; Tha, G.; Kikhne[] A. G.;
Gajda, M.; Golba, C.; Mellen) H. D.; Konalel] P. V.; Slelgih, D. I. Nel]
Delelopmen!lllin [he AllallPloglam Package follSmall-Angle Scallgling Dald
Anal (T30 [J OCTLT OCTTIOIT T 2012, 45, 342-350.

52.  Slelglh, D. I.; Balbelalo, C.; Koch, M. H. J. Cll1ol - a Ploglam [0 Elallale
X-RalISoll Tion Scalleling of Biological Macomolec!lel Folm Alomic Coo!dinalel]
O OO OO0 L) 1608, 20 768-773.

53.  Valilel]S.; Illgang, K. D.; Schlo(lg[JT.; Be[gmann, A.; Eichle[JH. J.; Rengel,
G. Qlenching of Chloloph1l Alpha Fll ole[cence in [he Agglégalel of Lhcii: Sleadl
Sfale Fllolel¢ence and Picolécond Relalalion Kinelicl. CITTTTTIIIIN 1C17, 36,
7503-7512.

54.  Piepel,)].; Illgang, K. D.; Rl 1llep, M.; Janko(liak, R.; Schlollgl,) T.; Voigl,!J.;
Small, G. J.; Rengel, G. Effeclllof Agglegalion on Tlimelic Lighl-Halle[ling
Complel 1 of Gleen Plants: A Hole-BlIning S{idl] [ CICCL) CIECEL (T 1E0T) 103,
2422-2428.

55. Enliglel] M. M.; Akhlal]P.; Zhang, C.; Galab, G.; Lamble[] P. H.; Tan, H.
S. Enelgl| Tlanl[fel /Dl hamicllin Tlmel[lland Agglegaleél]of Ligh/-Hallelling
ComplelIi Plobed b[12d Elec(lonic Spec!lol¢opl] [I LTI CICTTL 2015, 142, 1-10.
56. AmeledelJF.; Radllel¢l] A.; Holdelel[) O.; Fal[L) P.; Richle[[) D.; Siadlel] A.
M. Relelance of Inleénal Fliclion and S(lc(Tal ConlIfain(ll'fol Ilhe DI nhamicl lof
Denalllled Boline Sellim Alblmin. [J DT DT (112018, [) 2469-2473.

57. Ameledel) F.; Bichl, R.; Holdel¢[, O.; Richlel,) D.; Sladlel,] A. M. Localiled
Conldclll/Lead [0 Nanolécond Hinge Molion(Jin Dimelic Boline Sellim Alb[min.
CECL CECEE] CIerr), e 201105 1-9.

58. LI, Y.; Lil]H.; Sael,R. G.; Zhang, H.; Mel¢e[,JC. M.; Li, V. L.; Shi, L.; King,
J. D.; Gloll] M. L.; Blanken'hip, R. E. Nalile MalllSpecllome!lll AnallTil]lof
Oligomelilalion Sialeéllof Fllole[¢ence RecolellIPloleéin and Olange Calolenoid
Ploléin: Tllo Ploléinl] Inlolled in he Clanobaclélial Pholoploleclion Clcle.
CIMTTTTMIT2017, 56, 160-166.

2
ACS Paragon P%us Environment

Page 32 of 34



Page 33 of 34

oONOULT A~ WN =

The Journal of Physical Chemistry

59. MakOmol] E. G.; SlCchanko, N. N.; Slonim(ki[] Y. B.; Milonol[] K. S.;
Klemenlkel[] K. E.; Moldenhale[[) M.; Fliedlich, T.; Lo[J D. A.; Pal¢henko, V. Z.;
Rlbin, A. B. The Uniqgle Plolein-0-Plolein Calolenoid Tlan[fel ] Mechanilm.
DT 2017, 113, 402-414.

60. Gollb, M.; Moldenhale[,)M.; Schmi(l['F. J.; Loh[1loh, W.; Maklimol[] E. G.;
Fliedlich, T.; Piepel, J. Solllion Sic(lle and Confolmalional Felibililll in [he
Aclile Sldle of he Olange Calolenoid Plolein: Palllli: Qlalielallic Nelllon
SC&DE[ﬂngDDHH\DHH\. U] (OI0] (T L

61. Halli) D.; Willon, A.; M[ITopappa, F.; Sl chanko, N. N.; Fliedlich, T.;
Maklimol] E. G.; Kililo[Tk[] D.; Adil,) N. Silc(llal Reallangemen!(llin [he C-
Telminal Domain Homolog of Olange Caloleénoid Plolein Ale Cllcial foll
Calolenoid Tlan(fel) LTI [JL12018, 7, 1-25.

62. Bao, H.; Melnicki, M. R.; PalllolIlki, E. G.; S[Ikl,) M.; Agolloni, M.;
Lechno-Yollef, S.; Cai, F.; Monlgome!(l} B. L.; Kelfeld, C. A. Addilional Familie[
of Olange Calolénoid Ploléin[in he Pholoploleclil e S[1lem of Clanobaclélia. [I[ L]
CIT1I2017, 3, 17089.

3
ACS Paragon P%us Environment



oONOULT A~ WN =

TOC glaphicl]

Intensity [arb. u.]

0.1+

The Journal of Physical Chemistry

« ocp°®

-........\ . OCP®?

ACS Paragon P,?GI.S Environment

Page 34 of 34



