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channel is uniqgue because iti g@atpead ti oonf ichhicaénundeiyl Bsy
nicotinic acetylcholine r ecepacoh , raGASBpdRhd natnadi ngeldu t
contras-Hbag-cdohe | ® dmea roitred nt he pore can couple to s
are inepanadl §TheoEEDNmai nly contains -@aandawil olstlesady

wi tbnsi der abGABA,l exliwtidmatye, serotonin, dopamine,

all osteric binding site and activate allosteric t
passage of i ons tPhstowshbhul he i membharme. focused on
parameters from the automatically predicted value

vi a ‘PEPpietsea i ngsaromaomgeé noft direc pratsrt a tsii ohnudladcty ii ovras ed it ch
5HEBaand the pehgsicadrodSlepiiadn spect i opnraedit d viae oA of t h
causecdhamyge st he pore | ining ttrharns neeshshpinathi éa®ifisys open
transition too&wagmpruotniamhatse leypbioa nplo wk évths aedot ent al
theorecti vabedassatehe serotonin had interaaxnded wit
altered téhe TM pores

12.Qonotoxins I nhnbi tbtHMagept or s



Seveweklhowni mal, specheas spider s, snakes, jell:
fish, have devel oped of fOnres iawedo maen, dssndakhite we heeokhawne
t hneost potsemt t\wneéffdwins | deswethl bcerki t bompbnents on nerve
cel l metnob rparnegvsetny @ b ap i ntgh eb esfnoariel "Begins to feed.

Some of these peptide venoms have therapeutic
addi t°Piepeéviedneo ms have thoeefni nsdt ude w dhbtertetaetrme n b d e rasntda 1
envenomation process. By utnrdeaarmd tsa rschiorud dh dwe tatbd et d
toespond to the dif fWaréntt hwee naodnvoeunst porfe dFixttp @mt, i d
increasingly powssed bMR 4 iomulnsat! iyaees vatnhals prlodte r epr ese
geometacewsatditn®ii s news st odsgciothiolmdtnes and urhckeerest an
peptides can do differently from small mol ecul e d

The conotiexamk @& niomotslheea dtloypgWteemsanidd yi ncl udes ove
known conopeptides i%Thseneildosn uSes vtedoe sddadtdeemagspetye by
the nervous system toamteppearecismdntadli ont udPy eivihvast
receptors foPThbBeutgsétthe pepdrwipkeys ef n compledkes anct
that the venom had -Hikigqgrho tsepienc i d d mpnlbey>e.f eltd veemved nbe t e
needed to determine if there are other interactior
member s, GABRt odli o gled aaArtecch.o ugh K &tshse rpaeppetuitdiet prsop e
only examined for its neurol oBétcaill proaolpeut itelse | Mi
shdawat this is competiti V&HWEhitsh iont Hehre ssmarel fmaarid g
|l oop suptemdtamihgl udes several Ni cotinic Acetylct
beha#%d ommdne cobonhdxitwost HéTsherree mept amags.ycpoasi bttt
engineering these adeg enmodvgoi emxiesti ingg npevp piegpe $ ders t h
the signaling regi oRass twictohnopuutt iaabcr Kol neadl &l agbegc ktuhse nv.e |y
f oc wne d-thlesadd s er oHtooweivrer, my current work focused

i on f Il ux 5Hkk conng hc htamen e |
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The peptudided in thik-&Vti saeconetoki hbethierst to
inhibit serYChaiactrerciepttioss.that stood out- about
transl ati onail ncnmouddiifnigc aa i bn®mi nated tryptophwgn an
deactdt heHTEr eceptor and not any other r eoa e petvoerns ,
chi meras °8ffhet teo xtiwmo.was found to be competitive a
ondansedaonpri de. |t aimeamanhandy a hcaotmp et iwtaisv @ h si c al
t he channel in addi tRadm ol abkd widag chacoddr gtdlea f  omo t @
by det eéhromi ntihneg ¢ lhamge coincent hat formacit mpac tdadhdulsound
cal ¢ ntghaeg | IChiéo YdRe.sear c lnd res aes taicrh u a | t hbeyr npordeydni acniicn
the reactiohm WKechgnoi s mma®dMt-t o a

The search for activating and dewacst icwantmomg taol |t
FGF an#iEiPastS5fwo®@mK| adkiébi nted that allosteric movel
the current f orcethfei efiodyiiniAt bt b et Heacnaruoshdi roghcabninvealt i n ¢
all osteriRy moowmpnemitng t he dynami &6BEopfi acivbavwapedsa
test for de alchteby ®tditoirgy éadcits)@@otieyk adali @ g @ymanrbii cass eadf t
5HEfpOte compare wi,t @fddhxeertvieigooposebinding in an
the all ost arsi d hleiondinteigdaDigdda thex i nT kb i froidrijsetgvit d veect i v
the mevadrcalpbeal structbDur.esGuwod, &ldsii Mmual autpeo mtihteh open
i mproved equi, ®dma@abiohyptr beéofciohgeirct amlziecaodd that er i
t hrough t he meambrriragnpet¢ ntehdr bpusteheecan d o bj acciome | ws héd,
di spl ace the serotonin and could alter the all ost
12. Ty aumati c BGlauthamantjeuG&peonept boon

Fi br odvnloaaibht or (t6 BFecempd ors (TLR) are wuswually wu
being associated wirtedH aicrerdd ruibtay an d’itsh e nl. atTthery ar e
charged gl yc,esami asghgpansn haantd hhaeypea oah wtitsgubeirargat e

hypoxi & B@Fkeseswn to regul ate cel l-gurloawt hmi gTrLaR iiosn ,e Xxc
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on sentinel i mmune cells and detects foreign chen
but al so b%®Hepoal c RNAaumatic brain HhHepgadrikre ( TBI
glycosaminoglycan pgPo#undttikontas od meowemsd.actor a
i nj*tir while knockouts of TLR are beneficial durin
sensitize t hteodrmmuunsB! Shtressesmsensi ti zati on schemes
they might requirlet dias lynkmgvwrcti dowstki nits obectéeemnr
sensitization of the TLRs ameéf howiurheyg iampgaatls bta
infections.

Several offdd adewicedtrdeghdt ent i amolte calt enmdfitdeno s ¢ i ed
1,-d6i phosphat e °3&n d%Telfhtorxea palr g pnantahmaesd leemMinsdmsconsi der al
efforts to epeps$ opbaktehawavyasr,i eetvwye noft hough there is no
Somaep pr oiarcchlessde i mpr §TRgpbbdaodtnidea wacelf.¥%uT%ea [ Ca
work assumes that the cdtcautsresp [Gled i mnde@reéeohinr a m$ mia t &
caavactivate gl utcamastieangr exepttorntoxi C neur al depol
increases in?ji“mhracdalylpoltares|[ €a FheEBPahepboeapl i noh
neur ol ogwliia¢h cmdy snot havdhegrleut@analtce ulmee aktpiMdE S
everyordieort ghanfle@dP a&Bod henFoxaparin st?@bibcizedtt bhesi
prove thosbéheorwyect, then it could motivate the e
TBI as was-1d@PnedDmM@BT h beEcause DMSO is known to supp
several ion transport receptors. DMSO is not idea

The <current treat ments for TBI are unacceptal
unaccepttahlrloembaritiice £$ dtedcit @mé ntlitoni st heaxti sRGF nr etcheep t borr
hawceiuaxlosl ei n t he | ¥¥a3%hu chige prhoavees spr oven -1t 6Pt ankde ad
enoxarpadimed the?1l avebhsetbutaeasp€adi nd®Tloebetieginal
studies i ndgiugat etio tt thaet mehbeult calhiastnyebveesa |l ed t hat phos
C, a Btl/p2,inis % stsemmitliiazatioorCa This process coul c

M M



i nter act?inogn wcihtabinded ispl e showdings hawe F Ip,rcoBrieadgrfdlect i
cebfPl 8 STh¥e%cdMcentration of F1,6BP needed can be
grams (as | owl -BBF B8e guiMja naf-ltilfee hoaf&w é€d U g &krnso wha%?t o be
making compliance wi?t 5 tWhPisl'é rneaant ymeanstp edcitfsf i ocfultthe
knowro,r e gue snteiean st os thjel Isaudcdhr easss etdbhwe-1HBP | soomi inwga t ekHs
phosphol i paBee < temizsy mpearp pkdeBBPi it ¢ d tglgye r B mktienpt evrinae d
| P32*'Chaa n?H®lws much amplificatidn of the signal is il
ldentifying thess egthta@mexaltomasatgnse natns f or TBI .
above, anot herenaxmmp@aadm ito °ftonokeae@tri heabhdahepar i
bl ood ,onvmhatcthi 'wgoul d make medi cal procedures overl.y
di agnose the |l evel of bl eeding before treating h
exclude the treatment of hemardr HFaugigch eshheoscek |aonndg ehry |
activate side reactions such as!°¥me ciommdtositd mmu
carbohydrate mol ecublechordada m pagg itehr amnglh atchhd vat e
pat hWawiil e preventing unwanted side reactions wi
The fibroblast growth factor i sEmrlt/u2dipeadt htwa yi dtel
have notabl e di fA eurrefnecactsu rfer oosfh btekppaot® @GF.pr i mary bi nd
that is known to prevent degrdaednaati uorna tciadure.wewvhbiys psri
not essential Y8&8hanyeosaar cphr ot e sHyepdo t hw i bstyiit oet h e s ¢
pol ysacR3®saraibdd iasiitmses ipsrtoper f ol ding of F&F with
Hy pot héAsicd az.h bet ween the bFGF and the receptor i

and deacti vatTehde OAFGH prodtnagi mMmut at i onvwsi twkpe RWGEHF | tay

compare the past crystal structure sugatrtteéenteraet
t umtighe gl ycosmampnogkgses will enabl e the better
cellular defense medthem sms rather than against



130vervi ew

The second chapter detail s tthreormali .d@dlel asreppyomdr
chaptmed udes t he micresdaatqaisatl i fomrsc € ofrd cadlindfesfr,e ramdc epw
| i ke cal culcaltti@fngdstpheer iPOVbFi,c b Ola dtah iy redtoanildagy i heanws dt h e
-0 f ormesmbr ane contact sitesSebveetrvad e nheysipstthiefsbeast me imé
i mportant was that this was a dedicated aeimbs ane
could be mutated to disrupt the capacity to bind.
al dtehre bi ndi ngutf rmer enesamyl n nwe ri st hriexq udhdee gfucduaetiady c h
f ocsione t he ALPS npdpteifdienambrgta paetp tnmidgeht pl ay a rol e
bet ween membrane kelmpoditeonh certain Obbh&hapbéeeri ns
focustelke omrea per |l i pid and the bi hdhiengt ofpr elei nednier
membrane in the Osh4 was dlihfef ericeondti nfgrapnnuei fcbaetece®@ s B 5 f |
one membrane Dherfitfhteh odthaept er is a study on ant
membrBame .chaptewitd suppoimedtal results and det ai

yielded simulations that -mawi mbeexdfabeoreraod bat

refl ectometry data. Chapter six dpdcrebeal a Howkt
was bwmumidasred | Jocked. The doc Oedn ds ipneurltautriboend rtahne fi
structure in ways that could disrupt the ion chan

Addi titomealpgre opened fromnancApo ngr yhtaal thter
field worked had &iodifd i detatkdwixihésngut er bsudtée dl not t +
seem to disrupt the mechtame smajso gintcyhefaost syact dmier
pocket were not actually E£hapiuetri seviemt droxatsiean on
traumatic brain i nj uarnyd wveixtpha nddiifnfge rtehrett iceodnepoosnipradust id 18
bind to Tthadiptrioomaln.compounds were stutbedhowl|l bhgt

alternative binding sites exist where the peptide






Chapt®agt h2ods

2. MD and Statistical Thermodynamics

2. Miktrostates RRadomenaacr o

Phy s sitesd t hestapnbgi swlen d wn connection bet ween
states and macrwistclopt lte phleadDmmehactariec gefofuemdt
excited statAkrmsaloofgoalsl catmpmas.i sons have grown
statisticalsaneerhalni Psacdodes t he simplest examp
el ectrong,r amlsd rt @ eotnd ift reotin datomavtea tea beepghgo tsotnast ewi t |
di fferent,swawe laesngithhosste ons8ldlghphaéase space i s
probability density of findinQEatchhe psayrsttiecm ei nh.
momentum variabl es ah% htehrpeoes i g d 0ink vaarr ti mebit i@éslo ke
potential energy and tded mom&n @i onu &% tein atbHgey s
bi ophysics of protai mgspyv omieammedsDt actoeosr dfi oncautse so n( |
energy) and momentffihme r( & iganaeru inbaeoantf @r gna)t i ons and
conformati onA daifstrmhiebptkiobmnmfa ss taant heeansdefsud | eo f s
wi || be much more domi nanwi Itkepte oa hheirgsh i pnr a bhaeb
some pidbeeidosmi nance of whey ttari aan ssittaiccam | setegthbeasn g
to obsdheg can be relatively, rahes esdcowtirkdleest
t teit mescal es of tr ansAnt ieoxnceexX bl eepnhicereucefksead atbel de sstt aa
is the opening and <c¢cl osWnghtohig iporno peiranlnieglasndi
gl maae, serotonin,t de piaaom neh a mmre |IGA Bvit lali ¢€rhe ma i 1
the i on pore closed. tHeweVv ®m,e rti Mei gilacend pa heasnemecl e

excited statdéiwedyepen tilse mbdereee xtch aark HoldtssaeC ai t
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ions to enter the neurons via diffusion and
informati orfAcitm vaehedbrmraidndeactivated forms of
states to a mBor oe goanpep treidcirsoesatsaet e corresponds
correspond to a normal functioning protein.
2. Fozce Fields

The force field contains parameters that d
in the system. Some of tleennfddrmdess (SLJIMNUl eadq u @mis
performed in the dl9'80s|l bpkRasedbbyuyeibhgéiBeesnt e
Todayt he LJ equations cornegp unlusei otno irnetperreascetnnto ndsi
useful to stBdybowi omot behYelaR&Mhi ehdcosedi ns

and varioudtother ter ms
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Il n the ab,bvae sedthet itomn atlh ee nGhregnyi dtert ye ca te dH aryv
Mecha(@HARMM f or caendf iietl di ncor por ates ,darhce ddtomalrs ,
par amedeadsoar y he topol oAgy tohfe tshdeeemiotdieiceutl wo parr
are the LJ and coulombic interactions.

CHARMMn pyograms 124 of the (62®ft83st satoofm LJ
specific sets of LJ parneameetrerisntuesreadctti @ nde g tir
hydr althieonL.®Breegrnthz2| ot combi nati onss ®lIsatdilenattee altJo
pair e€oi madtei ons tion ctldwed ef mircge MmMeprad mWlaodf Mmor s e
rather than Beirnhetbe tombhhati ons, and this
targets and corrects specific -adjastacbtbes Wb

par améhkoBonde (NBFi)gXor recti ons to tWhevadlowecse as ¢

was done with the CUFI X parameters. The 0612

—— can be easily cal ecu+ ahadc has st hceo mpquu artea omf

Additi onafhowapprhoexilat es therPaepiul,sempalohinbiygr
we l |
2. NVE Hamil tonian Equations of Motion

Thei mpl est way to defsimal dt fbaremagegecbet w
defining the Hamiltonian of a system as the s
noting that al | MD s ii msilt ®tamd edsfe ramien | dsd ti er monni
Simul.amDi darss determinhi ctaractbeembbaadf mataheshe
space of the ensembl e, wh i p er dfiohnyise cc@8tr gar may o
Thikami | t oncioamb iinsattihoen of the coordinateesti(cpot e

energi es) worfi eisheen syst em

MT



onBmmMmMMm -B — Ynmm Qg8
whea ¢ést he m&ss e coorrdistntad emamelnt a of t he par
n — — Qg p
n — — O Q8 g
Th®i s the force on any igiSclnvipnag ttihcd see ieng u

particles | eads to the trajectory of all part
T S © NI
Oi ¢ O((IYQ)QQ%QO T MOQWI € | idM i QNG Q o8 o

rr N eryy "O B \ [y P A AN N J N e Tr ey ry Ty N e ¢, 4
'O‘Qdmow@j;—b mTQE QIiQQKD ¢ "ADIDE £ &l UMM Q Qs T

f
01 £ O0E WO ROWRUADH I VN g QM *x Q~  Qrgdru

Canoni cal e af si exnebdl ensu nmhboelrd of particl es.
2. Modeling Membrane SyBtems For NPAT, NP
For many membr ane sy,sttheemst hiemr mohliysh adni € s e1r to;
sstem's aressametimes different tlhredmwealn dihree d ta
These ensembl es T&r ewi NRATcoamrsd amMtP | ater al ar e
respecéltfihweellyat er alx doirr eyc,t i mds tahsee zn.o rTnhad fdiirrsetc
thermodgnanambes wixtt e nd ke eéw steoc bynidetlhde f undament al
explain the different ensembl es:
Q0 "YQYOQou [ Q6B Q) (o] §: 180
Ei s the i nTies ntall e etr&mpmerhaet wvdsr aphye,l naofduenee qu a't

aboverifalsl ¢ he i nterf aciheael nsuurbfeac eo ft epmasCitars,l e s
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the number oandciosmptomentbBemi cal potléhsi @glivefh:

generally by:

b — Q& a 0 a Q18 X
0 O Qs Y
Q0 0 Qs w

wheG s the noramall Otipjsees b er & an ghe nptliaafdare ' rseusrs ar ma
pressur e,biug urhief daraamgent i al pressure depends
nor mal andreaageasoafghbgc @dma gle wat ntehgemtii nvtee r |
This results from how surface tension is def

interface Wef dteWd nfel uihdes .si mu Q@ HQ@m dbhaefl edad me n s |

define the PdV workTaed Gi bbssphbaéecéareaseshen.n
degrees owhifchiermaddeemar vabl es needed tbarbac tsepreic:
equilibriThm sysmbem. ol odde gd efle L wb £aistheee number o
compompenst s he numhed ohepldaegesespeoedi freeddoyn icm
propertiTes,Psadwhaisl e N i s aldfeRatensi ecalpsopeen
of the Gibbs phase rule that appIlPy, Tsoy sitretnesr f a
becatsv®omp otnweghta s e s yasltleinveo ndl eyf ti wmionttieonns iovfe v ar i
as i ssdam@®mMiThe four most used ensembles i n t
NVT: Hamil tonian, Phase Space PRaolaRBuinlointiyo,n Fr ¢

A few addit ioofn atlh ep rporpeevH tomessl tyo nd eafni neeqdu at i on

incl ude:

onfF MR B — YAl  fen



The Hamiltonian equati oergs irsemai PVt hweo rka meo
i nt o t HEBescyasutseenlod Hamisl t oni an of the system r
NVT systems. Along with the other properties
0 @Ay O O Y'Y QEd p
The expression for Rihse deeflinmhefixgazb e sreawane tnfiedrrig gtnh

function of stldeféemeaemibled ow

¥ 0QOQ0QQ O NQ 4AQ 4 Q QP ¢
Temperature is held constant with a thermost a
NPT: Hamil tonian, Phase Space Probability, Fr

Thexpr essiHamifldard niNd@éh o s e mblbe liosw defi ned
ORMM MBEM  -B — YA 0 QQQ Qfso
A significanRV cwharmdg ett esms yvsatre na.t i @tnlserof t he

will also hav,e bsutmedaeh Povndsertms di fferent freece

Because the NPT ensemble all otwse(fVorn evaol ume
nomeg!l ieyismmifeh xed preesuemeer gndofltf he system i s
00 RY O 0 YYD O YY OQwai ‘@2 Qi OGP T
The partition functilbwel:oWw t he ensemble is
0000000 O Q AQ 4 Q QP L
The pressure is he(Udacoesi aldMd i ioarMBA nbtaor no2s,

anRlar r iRmehimaor Gtildmadtss



NPAT: Hamiltonian, Phase Space Probability, Fr

The Hamil thomhAdars eaonfb | tehbeed:odve f i ne d

~
~ , ,

onmBmmMm -B — Yp 0 0Q QP @

3(

Thed0d™nsemble is slightly dthhegenmpsteam t

of P because of thel''tonstant area requirement
606 WO O "YYDoQ QP X

TeOODO¥ystem barely €thaeepgexecdmtymt IGatbbtshere i s &

so those do not c onreterdiebdu tien ttoh et hsei nib\bsaw & rokne b o

energy. The partition fbetbwon of the ensembl

® 0000000 K AR AQ 4 0 QA Y

NPET:Hami |l t oni an, Phase Spao&EnRreanbd kei, | iptay,t i Rri eoen

The Hami |l tMohT aem soefmbtlhbeei:9o wdef i ned

on MM mBm 2— YaR 0 Q0 ¢ QQ QkP w

P
C
Final Gy évhbembl e free energy f[a@Gtceorum tfsorf otrh
i mposed sut'face tension.
60rA’Y 'O O "YYO0w [ 6 Qg T
By changlinlge Asy®it@sneri st o an NPhespoxkemshbd

const,r abwtelds hvifdi dmerBe true NPT thatlfTddmseriat e



because t he Igdtearm It Ratfeiansshdpgi et htehe si mul ati ons

of the ensembliewi s defined
¥ 0QOQ0QQ O NQ 4AQ 4 Q Q& p
2.1 n9 egrators
Numerical i ntegration is requirledgitwesol miet
posi,tivoenlsorcd ta ethiemeo rsdtienpary di fferential equat.
al gorithms, '$&anah LA VYEmdgever |l et al gorithm wus
expansionscltassdgerive the
N6 106 ¢gnd No 1701 no 07160 Qrpdt t
The dndasnt centoallc Wh#@#tfeew leociet | es,
N6 —nNno 710 RO T O VIO Qrp8t p
while the Leapfrog integrator differs by o
by integrating wahdcpbsiebtd amst amet i me
no -1 6 o0 -1 6 —00 Qrpdt ¢
RO 106 RO 140 % o Q8o
The velocity computed hatl ftmmemes tteposy. aver agi
N0 -no -1 06 o -1 0 Qrpdt 1
216Peri odi¢c Boundary Conditions
Si mul faddiilnzged systems with Avogsadnobts feramsbé:

periodic bouWthasy embddt taersfsiymimieenr | afomu mi t ¢

continuous cEombdeadds endy striteet enyt st emmcuum effects a



would otherwise exist withoDhe chhdwmugdiade ngf atnhi
is that it is only, posessibohanmnel stodyowa@eeopr oh:
pl aced i n thelLipmiitnaatroyd aupnmpto tcienlgd .make the upper
syst ems50a0r,o0un0d at cmbBoWwevieragnfeiewant ed to,run se
troubl eshoot simalapeohopmr &jhehtemsd ynrud mitd ofMMF sv
to be 5M0A@AWMNA00 at oms haond erelsmOaflSers ( <
217Cut of f Met hods

The nonbonded f or cteissmeam upuasmug lolfy tthhee Mo scta l
Usuatlhheygse can be acclét fldt edampieg aheuwvahf der
decay quickly adhdaissetdmmereiiciahonr ebaessesppl i ed so
i nteractions bieygmoedi @ndri esd.anAkreo totheer Laempmraaac hl o
PMEwhi ch is an appr oafc ha tThhad o lfadvnoni-R&iM&v ¢ Jhders euss e t
only for electrostati?¢sHtwev erl,sosifrooce Lpearnamedt
op mi zat i eePMEwi tthheLJ i pid force field stildl req.
was not wused in this work.
218Ther most at

Il n MDss emes t @ampemaatnurae ned con Ctoamptl i inmg mds
system to a thermostat with a fixed temperat
Several algoriitnkmmauidempgl dyhet MiPsiBesends @8’ mbet o
No®Hoover tR%P momsd atangevin (SRAMDawssds )t Iter elram
ther melsitlag t he wor k with-Hdmotven?2 tihrewanowddtt héd h
t he -NosWer i's that t his the,smostthaetr edicraenc thhey o

bet ween them, and the system typically needs



t heangevin thermost ati efiser aenhat erirhs rtacndtolmé ye qyp @
account for frictional RrReapgreaamdiom hererse mhlae.
that this ther moasntdati necgoartrbeatvid y n da tnie€ g cii @lt i on o
are set too high.
219Bar ost at s

There must al so be ways -proe scsounrter ofirgasttmeemsp r
barostats used in the si mwlratNiAdWDs awelr & hteh eMalr &
and Klein (MTK) BAbhtbettgh €achAma&er2. di fferen:
reasonabl e approxisiidhtccog®aobsthhe essembleat i al
on btaregetenmotstiag .si mi | ar | n,whdmer wasy sant e xttlree
MTK met hod except for the friction damping an
identical Acorrect o enkaenmgbebvaeisno shdt er eomdergaead
oscisl llastses due to the stoch¥sha cMTckol appslioed
corrections sitmi leaquato ondhhe Ander son and Hoov
incompressibility clhhadhattonmomaa ddtoa dtelrd yssicrmuelsd
bogo there can be oscillati!®®ns between the sy
211 Enhanced Sampling PMF

The basic theory is thadepédiredd rert iemelrygyom
energy that i's .Tyei e@alele yd i onrel PEVid-esa saerde s uf f i ci
PMFs heavriéygt coinfaderf attiheenst ar get mo | etchud e . T
mol ecul e forfaum fidnexd eowtéi enrgt t own Imus o it ihanit ssrtei b a

spediifme;nsi ons being probed and varied in the



The sum of the poteddfitaheesmanrtgiyt ICloa t g a rdtiitt ti io

function captures chanage Peipn itdlee | o tuertoiuanld d

L BRE

1 . m BT H, M, Qnrdtn

AL
= 4

A simple relation converts The panrttiiti om ff
would incorporate those effects 1 f the ensemb
area or surtheecbensesponnding free energy wil/l

some variant with enthalpic contributions

J

o By Q8o

=y
Thidel mhol t z tfhreene debrfea rpEy® b ab i i tTyh eo fx & hies styys
used to denote the extracdmead wergiraebkel eofi sf radjdu

eacctoioorndi mat ® wandhidcdy arhye f olEus of the PM

]

Fox m T Q8¢

The WHAM inemphloadnbeyn trednni ng t he MD simul ati o
probabilityTlhd naw MDPsdaetms.cal cul,btem fahee bbat
ener gyl cdall @theg teh eA pcohoaflidlremigees emd t shatnhpel i snigmuilsa ttil
gsstuck in the | owesd emkrglyl aved ¢ mp amndg Irteqaun g
sampl epaacttisenpdst ethteher wi se, therecwobkbkings be e

b QYad ® Yo O Q8o

Ud(x) is the umbrella biasih@ potadMmtesnmafmaid at e od

simul,eacbodwi f Br enptl aodfifi msged xst @ mn al fhoiracsee st.h aHeoewd sm uacphp

to be incorporated i ndteot etr im® w ea thlesei inmeutl iad n 0.n s WH AaM

combiinrecdees probabil ity distribution profile is con

Hp



0o Q8T

0 QYaB 0oAogp—-= Q8 v

The Valmwepresmuwmmisernt hef . sThal pgadbamaneds f or t
number of counts in histdhreamibididcapsose matt dt
bi asing potenti al and freBhenfeommygaetpisdrs tenstts r b me
estimate of unbi as.edTIlpe op@itdalra & rye dui nsktimraivbnusteiean
tbeal cul @ahedsolutioni i eavasedan ssaltwinty by
2.pecific Computational Methods:

St anmatrlods i nvolved CHARMM Force Field, NAMD,
mol ecul ar dynaThisssf ttwaarj eeucstimhigé lewe @ nt f or c,® flflel ds
| i pte ds%udi®hvatiéralrtl 19 g'@8e®éral systems probed the
usi nCgFd X f o,r ciencflivedidng pepti de¥$he@hAR MG b ovheyldsriatt ee
generated .s yGHAFRBMM npuoscsesses the input PDB and gen
and input files compatible with the CEARMMIe mg cte
scaldedlermegpveventihmatait oms cl osest Stol danythoevenanl am
t he rlaommgge el ectrostatics invol Y3vd t s ibrad ead cwawi tticcli e
function set to switcHPtati 40t 9o amastloyctud o dmpat 4
for -sdhroge Ldemear dThe most primitive approach is toc
but causes discontinuity at the cutopdt emtdii auls. b &)
a specific cutoff to represent interAcgwiotnch mbiret a
funmcdiifof ertelméainatdetdr dVmat Be col umbiid idsimsnecrea cstcirerea.s 1
only paisr sviothiat @amc wptrcefstemndi sbmpoeer Thiem cycling t

pair. This 1 ist tiest ephse.n Tuhped aePd Elu Ss mribgr npgesoilaxan tdl e a



PMEGri dSpacing of 1. 0heStameéasddma@idRobat stysd ®tmest
sethe titnoe 4sficépb-a7e pused tNEER hamdged@TER ter mi nal pat
because there was.The ©WehidcAaPISe npNEblae €TAI mald @at
match the experi mentbald poerdentiomaggspegaitfiooal IOy her
patches, but mo s5tH Bwea tek tnfeau t treardl mi nin weéiree t oo f ar a
Software | ike Pymol , Chi m®&Bastandt VMBs mahi pal By ec
software such as Roheftecaedld bhphapeptidiaamiebnweaani @:
NAMD s o#’t arsEmuli‘adt ed most of t heAndymrtecess siend t
t hedBSwor kand 6fFroomhased the REMD. ajkeensom@mé¢ a@mptroalc ht
studi es wasuntbo as e arftb il widimenggbsr ,atneeesc e pt or sP,| aacred tphreot
peptide, protein, or i on NWTanorel &b ftahnee saqgueous p
The membranes with the O6GMMMwdueée |l dakMeihlodmye det
Bui loderCHA-RBMM with wvarious orientations of the pe
involves replacing the |ipid tails with DCLE sol v
of the | ipids by an or dtere orhe antaagmii & fr d dfeSwa tt thd @itk e
potassium ions were added to the simul ati6Gehemi Xt ut
equilibration procéoegtainedorai preoegquicki bmatraeadsstruc
Os¢ 0 -20®sThe HMMM algorithm required setting value
ter miyhatamabon posartouondde fIAn3eal s deofl i pi d area scal.i
across all the projects. A val uleheofHENMM @fgi MNdPAT Lt h
ensembid@®eAntAdrd 2nul ati ons used the SHAKE al gfvei t hm t
si mettater yt hheg CWARMMBG ( C36) l i pid f oatcem fpredtde ian
f or cebefciaeulsde i advantcdde membiianiéihfédtl d egf hebdmul at i c
essentially the same dsHl d gt HMMMmMEelxateipdn st hdaa | ethee
replace the DCLE with the acht@uuwlldngttdmmd adbf obhheseés

i nsteadbedaWNPATNPT el i minates the art.i ficial rest |

HT



The conversion fr ons elhMMM tnoe nsbtraanndeasr di nkvueliMv & d t a
fi mMmadam pos f d.ngdf i IThE€HARMGIU I webascseepwptead these files
system from HMMMThe CHNRMBengeh essentially remov:e
the | ipid tails. The tails then need to be equild.i
peptide orientations and structur eg enn tnhddobmeammbersa i
me mb rsaenteu ps r equi fipedobarno m NRAS B lori aAppthhialFiob dat @ ait N an
sol uAlilonof t heaiswe NRBtluts -ws othoapi Bheemdli utt ban al so
to neutralize the system and si mul astoeusnpday $ii mlgo @io € 4
for the aFGF and the TLR di mer systems. The ECDs
Al phaFold structures to generate full structures.

To estimate the free enevagy aadfdedytaldea mg, saheatt
of atoms with a s'P€Ekéefpesdi sipoih® gof onasreea pragad rcd eed c:
high frequency and compared against taepleigaud Iti drt
selection. The WHAM method is required to combi |
equilibrium positions to p’Fovi dne mbmaneom®MFsed tdmre
i s restraih@d IWintoh .Briteesotpirrgoit retin was forced i nto the
by uRNS\y coll ective variabl e ordmdhtiast iucrdt @ phrae mom
constaketdInndispr i ng cdrks a(hjiWMhooMatby picsadpyt be pepti de

of f the. membrane

H'Y



Chapt®s b8,

The contents of this chapter awiet mordiifdredadijrwant md

results to showcase free energy calculations to s
T Reprinted (adapted) with permi.ssB.onl rhpam A
Lipids, Force Field Parameters, andUuBMut at.i
U7’/DomaimlThe Journal of P2 &112cba2l0 ) G5 850289s6t DY I B
10.1021/ acsCppegbi b0 0826821} American Chemi

3. llIntroducti on

Since all cells have | ipid membranes, it
protieni mai membnang chmpelkie¢ewlaryotic cells suc
li pranspoettdangporting |ipids between &hd wit
Since |lipid transport proteins are in control

they also regul at,e nmanuyi gl Ivelsarcupraccaesadd i ck
l'i pid mét d&bloilpisdn.t rafficking is controhled b
addi tion, | i piuc ctomaoesgpaamniticlbeeseweicea | ar transpor
such as the mit oc hAolnsdor ikan oawwh & gsé tohkaict s o fnle py d  t r
avitrale in totadill I'FuintBtYlt yangperrte. i s evidence
transmplhasatemembrane contact si-20 snm whhath faarem s

orgarél f5%s 156, 157

|l ntracell ul ar membrane composition is part
oxysthendhomp | ogy (OwhdherbaepiiAsg hoalgdst he Osh
protiesipnesci fi mammaysabaye hofifAl bgpubeptotei ns t
the proteins &pecniembe fahien ictoynp thaast g aorhésl sl aemsd.

l ocalizes to the’*amdo@odlagih’Atommliee stamempli amema

H



me mbrhaanse an adsfh i t@s HEBIT haen dOshs hf7ami | y consi st
protwiitnls t he f iOssht3 )t breeeng( @sshglni fi ¢4Aa00l yebkodge
compared HoptlpwheiCshs 4ar e smal | er3 (b~i483d0t rgelsu ddeu e s
the phosphatidylinositol (PI)?>4%iithidi @Qsgh pd = ckis td

sel ect i piendfstor €®AGd | Pish proteins have an oxyster

hassmaf finity for | ipids with t wolpph ams2pibagibeyd, st
sw!| ygpearosphoi noissph adep BETthei s( Pdhafiajisn | i pials and
they shuttle between organelles during the 1

Ths work dmcase of the I ipid transport pr of
composed of multiple domains that are involve

functiaxry.stbeEmea prmogrdedandemdai n ( ORD, 31r)evyi si nr eFsipgounrs
f otrhiept ake and ptaeempontted ktihei ds. cahbeOséd p
at t ri%bnuwttehner common domain is the amphipathic
31fhecessaryt bomembmansmgheungature or | ipid pe

amphipat h?% structure



g3t Ehis image shows Gthhe | AxPiStriedd )airet) i raen dOs h 4
il ver) .

The binding region in questionWforl| 856 wor |
(red i31)Fi glutr ei s wlhckamawinn iifndependent |l y intera
buetvi dence shows these residuesn hEapybaect uwiealo
resear dmvwast itgoat e t heseFiirnstte,r afcrtoino ntsh ef ulrotchaetri ¢
crystal s demaire,i ¢ htear away from the |ipid
that | oss of function is not nece*Ssxapearliymernetlsa
showed3B8bBawas*%es®eathse@ K336 muptoaltairo salgaon ihnben a n't
changed the binding affinity and.Molreolvabel d&cdc
E312K mutant result?®linihha obosgi mdl famtcitd loea .

oM



strusesuufapse bound to K336 and potentially min
phosp*latt eisss al so noted that the region surroun

featurRsec@btain homol ogy (PH) domai n, whi ch

l i ptPHY s .

o7

I324 A321 W317

#aMi B2
T\‘mm :

K325 D319 K315

Fi gB82Fhaarpepti de is oriented so t hatantdh e 3fla2ci r
tend to have |l ess interaction with tamBI3th8 mbr ai
interact near eblegawi tdley membr gerce . &rdp, m®i taicv alsy
charged amino bhlkueds wlkereeciosohgdr ophobic, and
havepabar residues on the oppheit @r $itadns ynoof t h
acid residue interacting waddi ttihoen arde nrbersaindeu e ss
and R344 hover above the membr anen shiugt esntti | vi ti
simul ations.

A limited scope ofl-Uheesle(afecghu,nvdicli.ex)dt bar t the
on Oisrhtder act with the membrane before consi de

r e s etag scths twhhiest hceamai n can bind to model me mb r ¢

membr anes havilpg!| smi2mb p-dpluy S8@rhd s p h o(ch®@R C)reand



pal m2obgdplyy e3ho@s phi dyyYIOPer)i nlei pi ds and the pre
| i pOsis4 extracts Pl 4P frmutthmemlicragpraeds | fi 4 1yc twiasn
becaubbérhel ical domain is away!®ftoimst k@eoRh4Phb
l i pids are not®%nldoehdeevde rf,orPIbPi2ndiisngep e puloatesd t
by increasing the dwell time*owhd%tchhe ipse pwh yd et hoi
was included i amiorudc a&diudly .t Batneiak el yh yatrtorpahotbd
me mb rhaanve® 24, A321, and W317. Simulations wil/
the peptide drive the binding process and t he

binding.

Folry potthheaste swer e pr obed Cemrr ttahins rwosritkdadiessc |pu c
in the bimdi Tlgepmeclkansism of pepti dtehhdeiln ciandg
appr o®elpthiofbend ori entation differs i ndh mB8mbt ane

bridge interactions between the two helices s

This report i s organized into a Methods Se
the Conclusion. The Methods Sectuiponanhedgp bl 85
needed to reproduce the worKk. Specifically, t
builds for equilibration, sa nmaul lwastreieso p ea d o d imteid o
Results and Discussi on-P$d2t ibomddingc y scsrea sha Rclal 3
mechani sms, force field dependence, structure
resimeumdr ane imetaenri anagtfilbd md-s pgci Pl ®2i nt eracti ons

analysis theubmdedsth@angr ocess.

3.Met hods



MDsi mul ations were Usatthebi sesdynP@R@OshAQ
POPS, and PILPZ heeeMDr sanenul ati ons were divided
and the other without. The simulations withoul
POPS in bilayers of 50 |ipids per | eafl2t (80
|l i pids were composed of 40 POPC, 10 POPS, and
the | ipids were evend yl edafsltertisb u(t7esd. 4% t BMERQG), t 1h8
PI PR)t hough the simul atjion woaosx swafsf ircealeatti vieolry

there were no interactions between the pri mar
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The membrane models were buil't WM etnhb rtahnee H M

Bui loder CHABMMWW. ¢ h-gu mho rt§® wf2 h either 83 or 1

of water per I|lipid for either the hot4fmant al
wateaNtralizing potassium ions were added to
accelerates the simulation with a simplified

groups and replacing the tails wgithcD€iHigog!| v
di ffiwéitomns known that the HMMM model accelera
of magnitude wi tahdwtchmmémhectmercdhramnihem, t her eby
resources without2*l &8chg obi ndiengnodletl si Iwsas eq
standantaéps i CHARIMMph*dt ocol Therpepbi gs. coordinat
from E312 to 1355 were extracfed 6i omdb-thhe f lud
hel Thxe. ter mi nal group was patched with the ¢
acetylation or methylation. The NTER and CTER
t hieni ti al results of simulations that did not
these charged terminal resi dues. Next, the p
di fferent orientations and AIRMMaUIc ewi talwawyt ffr ol
maj or -membi amee .iTrhtee rsaycsteigam déwialst eavt e r all 2-B52t50 rpts

segmenthB graduall wefeodweced mwast paiemptas ed to r ul
Dynami cs)f?2NeNYWIDcomp!l et i ng t he-Glilx esqtua n d arrdatG M
also usedhéENAMDcess i nvolved minimizing the ¢
decreasing | elvhed sl iodi d esrteainndadasl.i ng factor wa
car bbaoammdrlt‘dhese settings help accelerate the

tails to the solvent and allowing ¥48Trhei ncre


http://www.charmm-gui.org/

equilibration and Rfedudtmeomtreppns Ot dhrer wisteh t a 1
include a restart freqpaundrxy enfded0Bystepns ouad ptu
100Dt eps. The frequend@yO0f art exlsl fwas tdchhea mpg ed utcd
initial equilibration and production runs use
Temperature (NPAT) ens @Dl ensf orf apptdd xAShfartud layt

simulations used the SHAKE at’Earciht hme mbo anen sty

has ten replicates that have five unique initi
with det aAll. s Fiom Taklse five initial pl acements
provalhletter sampling of t he binding to mo d e |

CHARMM36 (C36) 1wasdufedcsei hceldt has the mos
Pl P I§fphied sC.3 6 ma kbt dimt ipweot ei n L& rafelo rfgt émeidtTiv®S Pu
wat er 'fhordfénlal |y, the force fi elldi paads scihmaunl gaetdi o
CUFI X patlametcédr ssas run for an additional 150

of ionic interactions so that the results of t

Van der Waals and electrostatidohescésr wve
switching functi%me otvemper0attwr el 2wg¥ kepensaoanmnet
fluid phase me mb rHaonoev ew s itnhge r moes t &Nto s @ h°%l|l ILange
simulations were run with periodic boundary c

range electrostatic interactit3ns using the Pa

Four of the HMMM simul ations from each mem
to -feedrdth simul at-GYMHMMMI ca -IfCLHHARIMM onverter and
NAMD for 150 addiattioom asly sntesenpsEoat the wéas$ hel d ¢

HMMMsi mul,autobhbBe box-issiozter ovpairciaeld ys e(mXi=Yt bbert no:



pressure at a value of 2201i®PRi5F<dbalrl owedgf ar Lah
to more closely resemble naPuP2l smenmbaéanenki w
based on differences in orientation from the ¢

sel etcot eddetpa cftul | range of interactions between

For the analysis of peptide binding to the
graphs were generated by measuring thel*Vertic
around t he é&ntdheki my ereagieoqphosphate position ov
used for the minimum position graphs and the &
Tachyon internal®Pme nwoarsy dpertoecrensisniendg.t hat t he bi
di fferent anglesdandet @AerglheqgdE( @Pdp)e.o aTahbei pann g(l €
appr cdaeehas(ures the angle between the peptide
measured betlBeeln ameas iNBa3dg | ew ha fl eaap phremlegutde da tse | y

for each helix bet weenlkarneds irdeusei sd uke3sl 5N B¥300 Lt302 6K 3

A steep angldeneamsapmradcadihe( trailing ends o
from the membr ane.ddlehtee rammign eessanrh ditiditecart li toe t  t
membrane. A flat angllUgpantdhel ocasi amemaans hehat
the pepti Greqt awvthiidre UpziOeV éksbteh @@ xt h&hi s orientat.i
h e lbiexicnigpser to the membrane and is referred t
on theheiadeghécwhated using the VMD orient pa

several, rsediecitdasng o nlnyd tshueb t%r accot nmpnogn e9n0t |,

oy



FigB4leeft shawgl ehedefined by the vect,or from
and its angle wiwhhméhheubes aylee aovwgimal of r ot at |
angheefined by the vector of residues N330 to
measures the anghheelbfixsaperoaechd cfi Miharly exce
to L32&GhemhitxheThe colorisahiemei dofbthe) pepni d
polar (white), and polar (green).

The interaction energy (calculated with th

the van der Waals and the electrostamii@ cont:
cutoff amgl @@ QWt of f using Tthiee dVED aHobendsep! o @
hydrogen bond cutoff is defined as the distanc
to the hydrogen on ViMDe dreiffd mepgethaoah eaomgbe. be
the donor andThe cepltbhetbwméaeamess he peptide and
measured with CHARMM, and the CHARMM program
bonds becausecuwdif@he s5al hobandbes nge afau mdatoicoas a |
in CHARMM, but only salt bridge interadhieons
di stance cutfodrdf whemnesmpeptoe edailftf edrriindgg efsr om t h
peptide salt jbriTdhege ec wtasf fnoofangl e cutoff set,
examined i ngdnmudPRti-#peewinfaincceat oms i nclude OP43,

along with 013, 014 which are the two resonan

0



O13A and 0O13B that are on the POPS lipid. Ther

incl e®@PB8gand POPC named N.

Anesseagpeadt of the PIP2 bound simulations
in the trials where the pept iTdhee bpoeupntd mdeit rdogomcut n ¢
of the RPINP2rliiapisds/ 2 a,iPnldPi2c aatnidn gV 2tbh aPtl Pt2her e |1 s
the peptide binds on top of the PIP2 |lipids b
membr ane i s too hi ghtlhye epnerpitcihdeed di dneysPwPo2i d biivprh dd
there is justheé hpeptighe Rimodgiwiitnlg RPItP2a dre etplea
than it would have without the PIP2 I|ipids.

3. RBesults and Discussion

Thi s esvtadduyat es the role of PlIP2 WWmpepptsi et
andf utbbbyuynd state (tfoc ushiengmeddpretxmel i ¢ 1 nteracti
structur e, andt hbee sridi me@suceditd cad tlat help or
before binding appear to be determined by a f
t he membrane phosphates. Sever al parameters o
peptide ori ent atfitem dumidngga the deepest resi
t he salt ibmrigtgaebiplliazgisng t he peptide, PI P2 sen
influence of binding with an updated force fi
evaluated to determine where the PIlIPRedd pi ds
simulations are noted based on their i nitial
relative to the membrane surface.,aRdv&Rérient
duplicates of t hetbkllve ranhdaltdliodh ssiammel ssttdadv®ong p

varied trajectories.



3. Pebtide BiiwRdPR2gLti @i WloMembr anes
Peptide Bi nmithog HMMNM ani s

The following section was includedvhi @ahgai n
addsehy pot h(etshieyi hdi ng ragpot é&stshieannlec hani sm of
bindiTmgge show the bindiTvwo pdiofcfeesrse mtn db imedcihrag i
observed during the HMMME pfhias®et odpprheach mu% @%
with the peptide on its sidea&d5a}; i FAlA4pspheoswac he d
the position of the instant amweaouwsse dd eteop evsits urael si
binding process. I n the second approach, t he
|l evel asappeotpled émedebr 85 B) d Fhgrms ebdue t hat was
K32i5s positi omwehdathleadwthhee pseipde de t o iand egracup swi
astomes closer ,¢9pe¢dicalmeynbad amieng 36h)e. sK 3d2e5 aapnpc
R314 are the only charged resi dklhes i an ®tise tbhel
pol ar residues | odge deep in theasmembeanen KB

36 .



18ns 22ns 27ns

FigBBbsdhe binding approach for the rolling mot
peptide tr anMintgil ®n o #ftrheem dahinG rx i s Wme ltiox) otfo
OA(t hehelwioces at A)hepespatnedel ervoellIB3 (piepewags appr t
flat and rotat@angie anl ¢iSa. edXtheemg dr spyhaorbi ¢ L
with-tsahdretd | i pids in silver (c,ammorm)  uer ddi(taox



Figd6ellahowlse three key r esilduedsi,x,R3alnddJ KK333265
helaisx t he peptide approaches hydbopmlolmine oD@L Be
shown avs tdy g#thei Isedadrlti pids in silver.

Due to equilibration and eventual binding
original cryst,alsl ogr eaxlpiect ®tdr wd tt hr eMD si mul at i
The RMSD of the peptide was calculated to il
( Fi cAG-AZe) . Generall yv4 jt hiehetR®IEPt i en30f the V2a
deformat Udrel okx.t Adis indicates that nearly al

crystal,astrhbcs uRMYpPircangd oirs MD si mul ati ons.

Based on the simutharged, rebrdeepobRBLEELI K.
t he bi ndjnnagr rpohwa pnegs Bteos itshelse t hree residues. T
reveal ed that the passage of the peptide throc

|l ysine residues that make first contact due t

Regarhdyippogd heshe @rientation of the peptide
the binding process. The rolling motioennof th
Fi g AFAS , but nothing noteworthy was identifi e

no



variation duangheboflidamgasdmded i ndividually fc
and after binding, which revealed that some si
binding. SpecsHZd2a adndy ,Hxhb nhuad dattihoen | owA-A8) angl e
after binding. AII of t he mMBALSOu.r eAdl tahnogul gehs tchaen
mechani sm varied wiashr ¢ediese! anméebanlidtoeurref bi
tesyeodt heassd sslRPown t o bAddAlRv alhiodv. t Riegdi ems | bou

nomRl P2 HMMM si mul ati ons.

Structure of Peptide-Mamdriatne Pl acement in the

The -Ifeunlggt h | i pid simulations were wused to
under sitsanpde ptthi d é'i sn dmermgb rd dormer e o FP IWRM2Zehsnamu | at i on s
H2 a, Hib, and H2b) chosen. The decision to us
in the HMMM results in the ThrglRMSDofofapgmreo el
calcul ated-l fagt al i mo&ha kthos a(nFail gyzreeshow t he r
structadorveerv atrfimee f i nal bounldersgtah esi md | athieon swvo

Fi g37,e al ong with an i megpgeetdfdet lbeal e btrii deg evsi.t |

I n FBQYgADr,e t here are several end snapshots
di fferent orientations refer to the high and |
are wide variationdgduni hpet hegbemofaappnsaahd
states accordingly. The dainghvéeamiglee fafad 201§ M1 a
ot hedas Ithvan goliev er adie All4dt.Mdough t heg poe¢ shelciasi su p phee
orientation of the peptide can vary based on

the PI P2 is needed and included | ater i n this
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E Original Conformation Conformation Change 1  Conformation Change 2

More Charged Higher Placement
Juamad g 1adaaq padaey) sso']

FigB8rkemages 4 eomt hubkA. mulsattihoensf i naB. biosuntdh es t fait
bound st &tei 9fnélmal,y t he D.i niad rbearnldy stthad ef iorfe
H2HkE.J s an i mage showing the structure of the p
| abel ed t o spheopu itcheats almthiorhirdaged pesxrigstttashgialbinz eo ft
the peptide There was one simulation where t
salt bridges, Hla.

Whi thep ot haesssiesr 61p e ¢ritefssiticd u ecsr upcl imdyle , 4 oestnrearg y
resitdhuaets suppoateilmpowivedit org how they are pl ac
Theerresi due i nteracAli5on emer diiyaels dAgRihg bmedst (&
bridgesAl1(Fi gueeshown in the supporting mater:i

values for al/l three parameters and are thoug



bring the hydrophobic portion into the hydroc
appeaotéedeenti al because of their placement,
membr ane surface, as oppwhsiedh tar R31 el | KBEd ,t @
peptide. The other r-essdoei ahatsaldpPebrsihoebe
of interaction in simulation H2a. Upon furthe
i's believedultteedPaed M i pid hydrogen bonding to

there are only a few salt bridgeag ewimphd ytolgee nc h

Regarhy magt hestihse 4si mul ati ons were examined
interactionsofwhéehméembranabbindyng structure. .
series ofthmaregeacfti @eomspdd pteicdke psegltti dler i dges (H
peptide interaction but all ow for i nteractio
conf ormation was the one in tB& mwihddalheshafdg htt h
rearrangement from the originahssbobsetued. ofh’
and that occfurllrdendytihn stimaultkltd on buthswadghssst ai
first spontaneous transition from a state of
closer conformation wi-Ehh3 8, saytd fhianvadigleyt beaatva e
up. This conf hyme t thHeoswi esvaddri.,d itipgye sdefi e pitntder act i
essential for maintaining the structuare tofe t h
conformati onal chbegpetpeepdébdekesml atpbri dges ma
in the aqueous phase by GWhmi hgeeat@iywWedet i on
motliHe four amino acids involmerdked dxelBiegiptoleye

37, i . e. K315, Ohe9 dikdiIiAhceasndbeEWw&Nn t hese a



shown forPlaP2 dihmunanierad. i MmhEi goesest hat are L
enough to be sal tbeblroowdgde si hanwdke driestlamsesfr equ
E33®hich bridge&&Uhet wees. tibere i s-madi aitnedd c
inter,aantdi ahhe maj grheérwye odr ¢ hei tthere direct salt
alTThe most stable siPmPRhtingd hosi anblvahtihvednd®n owa s

bri dgesulddamgtnly si mu4 agteitome elheSMBS 1t9h5an% of t he ti

K3 1-53 38, 35% o fb etthnwesS Hd 3nBed,, odln6debh e t i me. Al | of
occurrences for al | sA3u maftdc ama sbeed i fadomuensd cil no sTea bel
gualify as salt bridges.

Il n terms of peptA2d 5plschmwevmd rite, rkil @qur e pos
Il n genkhalixthebhhy mostaofsit pemetirerabasd yt lme pi
of Whheel i xomptiemeact with the membrane, and mos
Anex ciatsipnegct of the peptide is that R347 and R
and interact withThtehepllaicpimke nheagd agpheu pve.r e al
di fferences ih5tthe expliaimnwhhy KEBme si mul ati on
but did not interact with them. S ptetcdiitfdi cradtl y ,
interact with K315. The reason why the POPS |
hi gher placement,aabshewhhenmembrphacement gr aj

residue that may specaiisciagnryiyfbiednavretelmycs i mu It &t P

3. Pedtide Binding to PIP2 Lipid Membranes
Peptide Binding Mechanism to HMMM
Il n general, the peptide had the same tend

appr oacsiegnidfTiicceertence i s that PIP2 | ipids can

ny



on both helices before the peptide fully bind:
interact with the PIP2 |lipids first dtiefoerennt

figures that feat ur e,itnhcel ubdoi uigdeABsBigautreess of t he

n o



101ns

C

72ns

48ns

A

F

a
(0]

ng t

oni

represent
Mul ati on
meaeicmag idndgv

t

V1an duetselthiat s

trans

on
S

components

mu |

RThiei psircdasiugd c &\ C) h g s

s
K32%hahd xi

| elnaarIgkeasre d

sa nRil
resul tUlodl iPX PlR2e fl o pe disi
at

ng

et shee

z

n th
DCLE,i
t he

-

resi dudisanthet h2FR s .
I

B8 e |
e i s
pl ays
stabi

(@) BN )]

was

L oo

pn



Al t houRJIhP 2t hlei pi d ot rsiaaripd eaiamednany di fferent

t hat ha®dl P2 plti plied i nteracti on, only four stat

close enough for PIP2 Ilipid interaction. Thes
an addnals BBE@fuéed | ipids amd9aAdr@W.shown in Fig
Structure of Pepti ddemmrdandg s Pl acement in Ful

The placement of the peptide in the membr a

| i padst hese interacdt hwe thepthiedCd) Ehleni pad ece@dsi on
t teer neinndasl of t hél pesptriadédehieen eFit her eeepest res
| 3XK82&nd the higher resi duse nnudmis¢ talmesgnmbérraenaed i |
Not all simul ations. h&ee oP|l Phel spimdl!| iani enac tia
helices, Hia PI P2, Vla Pl P2, n®Xa tshielsZet Wrld, PV
Pl Pnf oadetthet pbei ppbsefble stabil iThiengl| aaletmelmtt i
the peptide in the membrane can belshdeelsicx itbrealt
i mbed deep into the membrane with the assist
mut ation section beTbw)pthaémgondamefdbhbe pp® pkeas
byt he many positively charged residues that i

interface and have greater selectivity for in

ThegheldiiX f etbhbefcmrame the posieia@ami ne &dcigdhere
point down and | i e aboveDurhien gnetntbe ainrei t(iRa3l4 4b ian
K325, and R314 gue dessdret ipalpt isd g niiaid retarmiltmaicteo ra
after binding to keep ltshoe preepstiidduee so nK 3t1hSe anmedm bk
and tilt to i m@mner @OP Swil i Ipi tihee | B IXP vars e rdele,p etr h &

heldmxd the connection r egilanUhoefl itxhei spetphtei diee et

p ™M



pl acement of these r &sigd3B34lictaenr kbgeteisnigbwea | K2 & ¢
shewome variatiomi fheie¢nst pvViaewsmmeand snapshot s
fourl dngitlthul at € o%dad wgnARIeAS 0, AABTMhRMSD f or i MMM

shown i A4 %i 450.e s

Il n t erynso tohtehpee p thdduend or i ent ati ons were mea:

PI'P2 1 ipids had any ,mmpact petchief haemagolkrey eonft aa g prn
angle of approach does appear to increase 1in
resul t is |ikely caused by PIP2 |lipids that

membr ane. The phosphat s kpmenpgt gRIBe4edr aacntd WVR3 47 hi
thUesi de@i ti al interactcoonsdwitheR34heandgR840f
peptide and Thkebevalifhgpot gdcewdunsd not bee pwasenoa

di fference in orientation BPetPwe emme npberpatniedse b o u

Pl P2 Specific Interactions and | mportance to

Whi |l e hyepsati meys ide ttdhremiinmpact of PI P2 interac
that the PI P2 can compete for the same residu
Anex cidtiisncgpovery of thethHaRguenmylkeagidbnosfwadhe i
resi due K3bxteawkReBRoped POPS compared ttlhe ot he
freqgwdndyi s warst enroac tfioaumd t o bbaes esdi-goens fai @&la & @ mi(
unequal variance and a hypoihésraedi mgamwidihf &ad
This hiaglhee ips believedepenkdendgeeaotsa npHe nige aovf:
and the fact whataltl jweiithht BR3a4d4 pandds R347. These
occur in a peptide state similar t3da,wthat tdfe t

side chains tilted even more outf ulol t hex Eli drees

PH



interactiondwiet h ot sé¢ opve Pt P@e and POPSgdnktfastsio

scope of the project.

Of t hlee nfgutlhl | i pi d si mul ati ons, H1laj Pdwer hac
the enltenmget Hullilpi &pecmBIadfi bghtewd @ mer eB3 dues K
and% of tlkee weiendB8334 The HMMM salt bri Ahg,e dat ¢
and t-henguhldata cad. b#@heeponsi hi dabVversus tim
the simulations c AB ADSE. sk riete QF ifgeuarteusr e f u
conformational changes and K315 imdérabowsagt i
specific conformati onawhicchha nognd ydhn thrheesriBdcuPe®? H 3 Ip
AA0 shows simulation V1b beforeAdOhes howsf ot matf
conformati onal change with | Adp2 da\a& os hsotva bt th é
conformati onal chewehgehowasemudhel E884frequent

sampl ed.

3. Re3idues Critical for Binding
WhiHypot hessiesd e dibfaitadues umlodaye b ididfifnegr enc e s
are caused by pheametersacsuoh asergy, hydr og
bet ween the peptiSdemeand b mbnevaepsetriagnaetteedr si na rteh i
energy per A4£4) diuedi(datgars etthhheo we breo sate 8r d o e 5 v &
energy are at the ends of theswpehptaBe&E t ha
hi gher Fegad®yshawme xprectedly high | evel of hyd
and R347 with the membrane because these resi

are not tightly bound to the membrane. Additi



for the residues RHAHAe amidgR3IATmbien Fothadtebtth g e

residues are important but not as essential a

Additionally, there were | ow |levels -0of hyd
E340) and higher | evels of hydrogen bonds amo
i nterestingobseepedafonroewa dsyhder ogen bonding i n t
|l ysine reebdbduestadeto interact with the membi
membr ane and the peptide indicate Fhagtur ¢ ieA4d

and A48 for the Plp@sisi i mohaof onBereeepedst hees,|

3. Ef4ect of Mutating the Key Binding Residues

Mut ations were performed to verify the ef
researching HAwpotohedgihse Xkey biKild ) wersea dmetsat
confirm their rollen itnhtayhpes Idi mdiil mg i prnescg e $sh.es e
down underneath the membrasmsemeé ooft htethe@ hlbypsgphap lec
with.ti®Semul ations with the K325D/ K336D mutat.
extent ont o, tthheu smepmborvainneg t heir Kbhg ebdbfects o
mut ataippewahei suppor,t ianngd ntahteeriinaalgse of peaetifdaal

i sn FAX.r e

3. Efect of Changing Fa&ari peé dFilealteéractAminso Aci

The force fiedyhdwast icphgamigfeide corbreecdadns
interactions between -dtar qgand na&migm ® ugpc iods parsd t|
carboxyl ate) Aibws ashaGUElI Xesulted in a drast
interbhasednen simulations thadatngtartsednufimadmomn
for an additional 1 5b0ys indse wa d rhp aCrUiFsl aXxn  fTahre bhsyi ddre

pn



found isAl6FiAgnmviei | e the salt brdAddeAhGma hsehrown

factor is the interaction energy per resi due
interactions. The CUFI X force field provides
hydrophobic interactions

Tab3leDemonstrates that there i 8t areanceyrngoyh i whaennt

switching o the CUFI X force field. [whheerneost
the PI P2 | pi ds atrtree | macsatt edt-RdbP 2 isdifmatrihaet iimbems i

t
i
which has a comparable free energy.

I nteractio|lgc(kcal/ mol
(kcal/ mol)
H1la 28 7N3® . 8 -19N20. 03
H2 a -358N474 . 7 34N00. 03
H1lb -351N50D . 3 25N20. 03
H2b -288N4% . 3 23N50. 03
Hia Pl P2 -4 25N3@B. 0 36.2 N 0.0
Vib PI P2 -4 05N54 . 0 31.3 N 0.0
V2a PI P2 -331N3B. 1
V2b PI P2 374N5B . 1
Hia CUFI X |[-155N3%. 4
H2a CUFI X [-221N4D . 9
Hib CUFI X [-210N33%. 2
H2b CUFI X |-151N3® . 3
Hla Pl P2 C|-206N5&. 4
V2a PI P2 C|-171N3B. 9
Vib PI P2 C|-210N32. 8
V2b PI P2 C|-225N4® . 9

Thgs vawhes analyzed with naiRalttez mdPrrP 2a \heer ¢
simul ation and t hwe mteoyg hPIIyP 2e gsu arlu.l aTth eornes wer e
cal cul ati ons, but t hat i s not -PhBughllheammlsist
explanation i s thaPl P@ansyi mud rad i ywsna b dweelr eew esra mgn
configuration was found while ¢heemRSiPaelser mul a

| ess sampl ed welrRRu gh Ilmu | éad wadlea sip d eRdhRe2o ns i, mul at i o

pp



makes sense that the PIP2 |ipidsheasree resuildtsin
that the PIP2 is much <cl| osPelrP2 nt hfarne ewoceunledr gbye cec

the total interaction energy alone.

Anesseagpeadt of the PIP2 bound simulations
in the trials where the peptidkheboondradctieachl
PI' P2 ddourdrsed i n trial, s nd2z aPRliP2y amatVathePleP2 :
if the peptide binds on top of the PIP2 1|ipi
i mportant to note here that VR® Pl pR2dLUKROXe dva
under it. When the membrane is too highly enr
deleyhowever, at a more phys,i otflhogi geage ecpbentcHeinn d s

PI P2 on the sides.

The results of the total Dbinding energy 1in
val u85MfA®k Zal / mol, and t he -1QUFE2BX. 8h aksc aan/dmarilai e
correlation between the angl e of apcpreocaarclhy. hTahc
| ower energll Phasi mhleatmiomns. SpecificalllRy, th
syst enB2 lwaes kc &818/4mdl karmmd / mol for thosethweth P
di fference-184. 8 md tolreelt ImRaZ-2808d 6 kcal / mol for PI
weak statistical Si g rAPilfPi2c ammecreb riam etsh @ nPIth2e wy
(p=0.068) bastdassum Mg unequal variance and
al most md dtidtfiegteincTet eussti nign tthhee .sGUkeet Xs{( arOada
fipredact adgerwhi ¢herediceates the Pl P2t pd ayed
overl apping r o*ehse oPfl P®s hl ippriodt emennsb.r ane i s capa

the peptide can achieve ®I|f2mimeanbr ainedi ng ene

pcC



On the ottlthere hwagd,evidence that certain am
PI' P2 and POPS |l ipids and were out of reach of
K334, R344, antdh eR3Aurm oOff ttthee sient eracti on ener ¢
statistically highest (psOumMilB8) wuseqggala viari al
di fference of 0 under tThheet Hisd n dhahdidgatin® ne wseind m iefl ic
using the same statistical 9t ewitt hunRleR2 tlhiep iCdUsF
nolRl P2 simulations with the same force field.
frequenmdgtt benPeP2 | ipids were inter.acitimegr i n
of these was statistically significant 1in the
wi t Pl OPS and PI P2 head group over the 013 and
|t i's Iinteresting that the only exceptions t
mut ated and found to ,prwhviecnit naankye sl esveed s eo ft hbaitl
bridge with the Thee xernnexytg em odtedmse.en t he ami

and the effestfofthataehnppdenhbestis®s &upport



A , Salt Bridge Selectivity for PIP2 and POPS Head Group
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Fi gudl®d) mages of t he
bound statebBhefi tase C
Ais Bilia, g@Hda Pl P, anc
Dis V2BHPFEW2IGV1Db,
andVv2b.

Salt ibmtia@rgacti ons
found to pr omotthee t he
tertiary strukbure o
peptHidgeur e 3. 10 shows

bound states of the p

Pl P2 | ipids interact
and where the pept iTdhee rceo nitearcet ss atlhte bnreindbogrea nien.t e
D31K3 15, -ERBBE aKI3I£338Bs s hAwWRA2 1 nA HFA3BAIrelsough

the salt bridges were not al ways present, t h
ther,ptayesome rol e in .t hlen stthaebiclaistey ooff Hlhae, pteh
rel axed $plopt pdpt jidnecerreaacstiinogn st he number of con
K315 and K334 coultdheademppt idieer i @axamplcéeé)j ons ex
forcdke, fhbwtl as soon as the ftohrec es dlitel bdr iwdagse cshpa
helicekewas|hbrotURledycahaee, hel ped tofspepddapt

were already interacting with the peptide.

3.88oncl usions

Of t htey g otuhteaste swer e pr ., dlbhed ei wetrkei ¢ woonkhat
t o beHytprowteh.Spesridsicduewi tpallagg ian the binding p
est abilnisthieall | y by obser vat i-noenmb rtahneen ivnetreirfaicetd o

and | ater by mutatingrtwecaluedet ohfeaedpt apd
p



severely reducdeyg pbit hkise gmeapani s . of peptide
t he ahnhgheel iocfa l approach; this wwaaa pwiode nr dmg &
angles for boRINP 2P IHY2p ad el e pébmo@end ori entati on
membr anes with and without PIP2,; there was da
of the peptide was affected by the presence
alt edrygpdb.t h8absi dige i nteractions between the tv
binding structure; thijast wWaesasftound tthoe boer ipgairntailz

and there are indications of the same for t he

Understanding the way eissmemhieatt pepphéedies abs
overall me c hani slplddmaacnt i wans. adslhed 6tso bi nd t o
criticadiRBMidno K325t hyainedd dKd38@86g me mbr arha sbibn didn
caadnsertion of much of the hydr cpltobd g€&®ims no
| oc abteitonmneen t he twbhédemémesase abi {IEBBBg sweac twied
ot her salt bri dgesD3dm tamd3 X&8BeAHbalkever K355 me |
bridge pairs destabilized in some ssmalmadi ons

drastic unfolding.

From past experiment al wor k, it is known t
that the protein wildl preferentially transpor
accelerated t'fP@Qwmrspoirmulodt isarerrodsul ts demonstr
of feeddsi ti onal s tUdlbdiolmafi pne.a octehgate ®©$ P2 | i pi ds st
bi nd&iurppptores i dea that PI P2 | ipids signal | ipid
Specifically, toluK8 1Irbe,s ukK3 34 ,i nRI3 &4 ti drdesd IdRIEAS7 fa

interactions with the PIP2 and POPS | ipids bu



mut ation of t he wil dteytpheatt ot hk3 2p5elp/tK 3d3e6 Dh asdh onwc

removal of cthhaer gpeadR el tryosvienney. ¢ dvref il rymss ntehat t hese
residues are positioned to interact specifical
al | the simulated | ipids. There is experi ment
Il i pid transifterwapsr cicyepdodt d easm dz re ahaadsdn @itaru ssepge ebdg ni n g
the dwell timar bdcethweleppopsome Bnteraction en
the peptide can be stable in membranes withou
compared to PNhPe2 anbeimbirtayn ecsf. t he peptide to bi:
PI®P2 in line with the idea that t H&dyp@sph imreot
was capable of similar binding energy and str
details on the free energyswiflgbirredi eghancedr s
and replicas due tweisaéd yyond itphae gddgea sofont laing \

The current work shows thathUhrl adeéist aor @o
membr ane bindih*gT%hios i Wwook WshW.guide-l ragt Bi mu
Osh4 that membrane binding wi-¢d e’lsneto ube ewil lyl &
probing hchve ltites si multaneous!| ybchiemd et ¢ hme mbn
occur during binding events Fbaureower Et wofl t
simul ate ot her pgarutcsh aafs tthhee @sLhP4S psrecctteaiom t o |
sense | ipid packing.

Acknowl edgement s:

Al | simul ati ons ran on t he Extr eme Scienc

( XSEDE) supercomput erl 0OVBAHtraa namaduynpoeesf oMCABd o



University of Ma rwhliacnhd 6iss Dmaipn toaligmhe ® by t he

Technology. This research -1 %5 -k4udHp.orted by the
Supporting I nformation:

Appendhisxe Aer al di fferent ihichndsgi ofg dat ar matg
simul ati ons, andr ¢garilzd&d PRAyndmameyl Brlkeength f i
the mut alheoersalFrgehwoshawipepg the distance bet we
the peptide center of mas3hecothabhastvhe de mai la
of the peptnicdadbinmgditrhg ti me of binding, minim
and the center of mass relative to thé&l-bil aye
A2 shows the deepest ami nA3-Adcisthowsesitdhee RMSD
simul atA5Ad ®, sdows the different aAldgAle2s snmeoanws u r
the final bound statesAL@NL 4t lssd bivMBRM SDi -lod h @ thie o N ¢
simul at i AInBA1 Fisghuaovwe st he i nteraction energy per
and salt bri dgeAl 8pesrhorwess itdhuee . a ckciegsusriebi | ity of
bonding with POPS I|ipids unddA2lhshowr tdet dc¢ a
bet weenrrtenet driefsfi duegsepbhintief saht3pepiliges .t fabé.
frequency of salt bri,dgvwehif®b d%asdfi otnh eAlt2A@mbd .r akit ¢
show the placement graphs that are useful for
and show that there i s someA26Grddws ns nap sthhoet
peptide binding witAZPBAB Isihpiwdg har ¢ u madt leistb,0 ua
of the PI P2 A29absd A3Quskow the final bound
Figur A8 4A HThew pl acement graphs of PlIP2tdiemul at

final bouwnddA¥ILad tger8 &8B show the salt bri,dges f



wi ThbA5e showing the salt bridge A3RMABU esrhcoyw a sh e
di fferent conformations that appear to be st al
peptpiepe i de sal tA4dBA4i6d gehso.w Rihgguriend er acti on ener
bonding per residue, and A4l 8s aslhto wb rt ihdeg gn® sp d ri
of the COM of the deepestA405i0n s hooow d hree sRiMISWe ,0

PI P2 si rnilhlea tf im@i@d gASr1le h o wsnutt lae e dn epweert.i deeu n d



Chapter 4: ALPS Domain of Osh4 and

4.1 I ntroduction
The building blocks of cells are proteins
transporters at specific membrane organell e j

their membranes to functionudcderteoecthys Ipirpice sy
Osh lipid transporters to the specific membr art
the role of selective transport of hydr ophot
Ther modynami cdir vaen dt hdewfitftrdesmisdpmotr te use of ATP. T
this mechanism one of the most fundament al pr
Each Osh protein targets a different pair of

i's someg @awmemdg at he Osh proteins so thatThknocko

o
<
(¢
=

ilsapone, in part, by expl oit®fP T&°édiOfsthelr @m oe
favors the endopl asmGael gietmeuwoamk (ERENandThe a
the part of the ER that borders the plasma m
(ALPS) is a domain on vahmh4 opsotpeion eimem timel w
similar to mammalian | ipid transporters. Ot he
proteins to the tdddomean e, - iddhel Pethieeagdehaand t he
si‘be 168
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insertion. The thermodynamic explanation 1is
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Figurd&@ahnel) A shows the Osh4 peptide structur
structure. The region of similarity is depict

This oekamitares det ail ed membrane interactio
ALPS peptides. The chapter,whegbnsy e wtltemgHRMMMI
me mbranes. The time series demonstrates the tr
bil ayer. Snapshots of the Osh5 reveal the dif
depths. The proeeiorf@btdédngnbba@dbbais al so st
mut ations and diffealihy, i@anf coencemer@y i amal y $i

in |ipid packing affect the binding free ener



4. 2 Met hods

Theameguilomrptocess frombkthiBecltaotin Sfea2t)i,on,s
t seprotein. sThecsugaes fi dame mi & e ©3@:e2 Grisailddh
( SDPOPS, -POPE, -PPOWPPSC -BPMPS). The chemical struc

are shown below in Figure 4. 2.
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Figur&hdw)the types of Il ipids studied in thi
essewei ampl oyed BRGfS,xeadndr actniloy otfhe | i pid tail:
tightest packing | ipid due to its shortened ¢
SDPC and PhPC are the mPOPCdewbhecth pachedopdl

mi ddl e.
Th éi g hmoy imMeenbr mineet i ¢ ( HMMM) bui |l Membifam@aé ur

Bui loderCHABMMvwWw. ¢c h-gu mpbowriglt the model me mbr an

manusirit¥ffhese membrane mo@l@! molhadulagso umfd WOt

depending on the area peY*floirpiwda &ardeuusread itzh en
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potassium ions to the mixture. The HMMM bui l
simplified approach by modeling only the indi
tails with dichloroethane (DCLE)s, solncertas wh g
di f fu§SiendHMMM model accelerates the diffusion
without affecting the binding mechanism, ther
detail bi mdpirnrbgé®& sB&ch model was equil i bsrtagped u

CHARMGBIUI** p¥*6dt ocol ThepepPlR8epsoor di2n0atfeosr rCasnhgde &

1-25 forrTh@shpeptide structures studied in this
protein (PDBI D: 1lzhy40 for Osh4 aAldl ApeppiFdée
empl oyed (heud\niNdEIUBT2t YyYpbaticbnto prevelhhe aNNEWg
and CT2 cappafr agheasptdiro desx peri ments that use th
done withNewtr, WOHKGAIRMMIef i nes aar agqueéotubephapt
di fferaht sygstem sedderemaclrwienhati ons and di
CHARMGIU I was used to set up the Nah*dscldfe I
Ssimul ahe omsocdss involved minimizing the syst
|l evel s ofheebtpadntasea scaling factof Iwas dvar
ot her than pHPC, which was nbenguh membMMMe bi

beginning, wh% ¢ hplha ds yasiteeBn® nwgals wd t-GUICHARKRMMg a

termi nal naucnymdrcérfoom &FfWhes enus eatttiiomgss. hel p acc

process by exposing the lipid tails to the so
me mbrldfiere equilibration anidf prtoidmetstoap.r u@tsh e
the equilibration include a restart frequency

out put frequenciMNAMD pr O000amt ephe ed odhaidz0 Owistthe pas

cy



for the production runs. These initial equil i
Number , Pressur e, Ar ea, and Temper a2l en s( Nd®fA T
total si mdfarl4fonsitmuneati ons used the SHAKE al
at olm#Al | of these simulations-l esegth em¢ mmdanle s
CHARMM36 (C36) 1wasduf$edckofialld simulations
parameters fldthe he3®mPaddipti dse a1 amd otmher DIt R3
water modell'? were used.

A Lenhardads-s wWiorclkei ng function oVvectdlOstatil@
van derf oWa'8lshse temperature was kept constant
membrane using the Langevin t2fRernmosdiantdaalyd
conditions (PBC) defi saedaud hteh éo aminrdraari eismadge ao f
t he opposit e vsaildleasn.g@ nfghee ePIBeCct r ost at i ¢ i nteract
Ewal d 3P ME) .

The <converlseinognt ht o efquli IrHeMIMMs esli entud et § eoimaau r
each membraannde inmmopdué H AlRMMGH) HIMAVEM o -Ifiupild coAfeet er
conversion, the sysd@ai n nwiuttls MWANME fsomuéamat add
temper atur e wa satcoom sstyasntte nisora st hien atlhle HMMM si m
variedseemopically (X=Y but not Z) while keep
using a pliatw’pevVPmi's® all owed the membrane to mo
membrane | i pid packing.

Calcul pooiteqt iaal of mreaaqu pfuderdd en g ( RMFes )pept i
me mbrane using an external biasing force. The

over 1 j increments to A nrcerpeeaastep dtl htey asheeft shrea tpieop

c o



1 § and rel xinngumfuard O.hOmmpdeeptt e Idyer s ptaheat mamb r |
Har morneisct s aipm event edf rtchre gnernmebtrcamien @ atoirngbeadict
separatpeptioibent hdre. mEmbranwas al so a RMSD res
prevent unfolding and maintain a steady, cont

To analyze the peptide binding to the memb
dynami cs$*t(rvadx)ed the vertical positions of alll
region and the average phosphate position ov
mi ni mum penetrat.Rendevengsti mégudlegineenapBonyee d
wi tThmc hyon internal !°*féamoriynt praceéeés osnng.ner gy (
CHARMM progr am) per resi due i s the sum of t
contributions.

2Struc was used to calcul ate the sTeceondar:
2StiYtwebserver iampett PdB anopl dadwerdal yze the pe
secondary structure. The secondary structure
RMSD cdhearconst antmeRMSID thaltv arh e wiarsp tetq URPC B | ®tnr

t hset ruct PrM&.i n t he

4. 3 Results

Al simulations of the ALPS peptides with
chapter focuslesnghhtéaiembiatti ohsl With the | owe:
type shown in the main document(n(#thot Amapegeasi =
ot mordalppear Appendi x B. There were a variety c
HMMM of Osh4 in Figures B1 and B2 and the fulll

series position of M™Mheissi ma SegueEredBSFbapdnB86



B7 and B8. The particul arpptdiamerssgBroBeadmgagiet i o
Blshows the p-pmmeaclkirmngsbFet3dweteon dlnbonstrate t ha
Snapshop-pstoodckihmg are pr dAsnemtlackrinmtFiveure el 2
from the one preappteaddFiBBwirted marmedexobn conc
the different mutations F13S and K15L. The PN
shown i nd&ndufrer Btlhe mbt alhhtes HMMN ifgar et lBBeL Os h -
penetr ataip@m ad epitghu raen dB-lltemeg tfhu lclappe mr7a8Bllpha M1

position eppaareskF O§ bt bteh eB liFdisn pFa s§iutr an dBiL F4 gur e
B20 Finally, the alternative free emerpgyarisands
Fi gu2le BThe OshbaPgda pFio@durmhesB2mperature repl

hi story for the system olfhei nrteesruel satts itssu gsgheosvirs ti

variability bet weleenn gthhe hHeMMM caansduespTiAddReSi ng fr e
enewgg computed with replica exchange to comp
complairredi ng fneéhensiguyl ations with the wet | :

4. 3.1 Osh4 ALPS
Osh4 HMMM

The HMMM structures dfhimtbhedOsb4t AP &Gembp@in
to those shown in Figure 4.1. The first five
separating them-hferrdam .t hFe gruasets oif. 3t Me and D sho
refol daheki anwith a bend, while Figures 4.3 B

peptide.



ur EMMM3) mages of the peptide featuring the
i | iAdirsatDBDECS risHi3ss0 SHCES r 2si2s0 OROCRES r 2
8Di,s F1BS PZhsEl50 K1-PE PGns()150
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However, only two of the five simul al

ned 5 bel ow the phosph®tOfS ROl w@s

rest.i

| ati o

ng bechujsepodi teiacart ham@dl t h& hnet fbienfaolr ep
nijiwafal daroempd i @as & ppied MMEBGR 2AauU It ehtei o n
nstkeensi muedtion in -panahgee€d otf o Fhgawa
ee energy simulation. Another differ
nNt o the membr anTh easse ablMNMNhngsrnmetoadr @aln e

cted HMiM&dBme & £ inlet K i net i ¢ b atrhpeepn s dwelsi' |

ucture and placement.
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Figur&8hdwd)t he HMMM simul atiomrddd hee mpteert | alfe rmar
bouammMd can movsesudéaper APOBBPECO 80 %1, B) SDPC
20% r2, C) POPC 80% POPS 20% r2, D) F13S POPC
POPS 20% r3. Y=0 is the phosphate plane defin
si mwlhhat in panel E is a peptide fullycaunskedted
ALPS pepardetion into the membrane core. The
surface due to the charge that anchored them

Figure 4.4 is an excellent representation
phosphate P over time. The pHRGQQgmddesli nmd mkri am

converting the HMMM dHMQEtmo dwldse | bsa ovka st d nfpwlsls i
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Figur&hdws$)the | owest free ener
POPSBr 4, PPhOPRCSCr &4 , SD@RESDr 8, ROOPRESE
i s K1-PBE PG.

y Ai muDMPCons
2, F1BS RZ,

g
r

The final snapshots of the-altowe gtunfsr eag ee rde
above in Figure 4.5. The aopmpumlaetFel gBi46etsg aBF3e p e n
B5-Blneasure the same atomsPhse, i Blet ppandabelind
shown above are those used to start the PMF p
by burying the hydrophobic side in the I ipid
pepti des piefnfedtrreattiest Weonaat h the phosphate | ayc¢
folded more than others. The one excepaion wa

hel i x was fully inserted i nto the membrane

Tp



transmembrane hel i x. Figureod. 6hesehpwptithe @ee

indicates PPb®S mhegt POPChad the deepest penetr

PMF.
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Theéeat aFigome 4.6 indicates that aSljlotthep bi
than pHPC Thrd KKBEL mut ant essentially became a
|l ot of wvariation in the penetration depth amo

simul ations appear more consistent.orAdtdh e i Menta

1, Phe 13, and Leu 14 aBnitho acids shown in Fi



Table 4.1 displays two other par ameter s:
parameter varied across the different si mul af
| owest free energy pr ofbioluemsd wersessi mi |l ar for

Tabl eThHe 1i nding free enerigbyouwnd tthoe vQasrhide dA LnPeSm

Those in red are the | owest free energy state
DG Boltzm Ar ea
Membr ane|RurOsh|(kcal Averag¢Lipi?d %
DG (kca Hel
1 WT 29 . ¢ 61.-B.+ 75
80% DMPC / 2 WT 21. 4 -29. 9166 .-0.+4 55
3 WT -19. 4 66 .-0.+ 45
1 WT 29 . 3 80.-M.+4 50
80% DpHPC [/ 2 WT -19. 2 -29. 2|75 .-M.4 50
3 WT -28. 1 79 .-.H 70
1 WT 24 . ( 71 .-6.H 55
80% SDPC / 2 WT 26 . ¢ -26. 9|69 .-6.H 35
3 WT -23. 1 72 .-6.H 40
1 WT 22 . § 68.-06|] 50
80% POPC / 2 WT -38. 1§ -38. 5|65 .-04.4 55
3 WT -28. 1 66.-06.+ 60
1 F13 -19. ¢ 68.-M.+ 75
80% POPC / 2 F13 -26. 1 -26. 1|66 .-00.H 75
3 F13 -21. 17 65.-00.+4 55
1 |[K15 29 . 4 63.-6.+ 75
80% POPC / 2 |K15 17 . ] -38. 6 |64.-04.+4 50
3 |K15 -38. 65.-®.+4 50

OsMdPS Peptide Free Energy of Folding in Watei

I n Prof. Kiarddlsaamos simalh CD) measur ements s hi
unstructured in the agqueous phase. Ul ti mately
ALPS binding with experiment al fluorescence.

transi obmobhbheguhfol deda-béehteali nsivat er ohWet héeme
must consider t he bt eaehseenuenrbgiyn doifn guinphaqgit ddpatimagl & t a

stru€tguee 4.7 shows the reference structures

TT



F13S, amRelKkr@mLexchaaddr s mul & eii mfnadronh dti hneg caonndp ;
bet ween I TC and simulated PMFs. Our restrainec
simultaneously account f or tfhoel dinreegggpantdisvbaay di r
independent, stae¢ estgram®d B not matter. Separat

unbinding with a fixed peptide structure and

realistic and | i kely simultaneous unbinding a
A \‘ B
. ) =
2
f } ¢ >
't ;‘/\‘/ h\/
( <l (S
C

ur8hdwg)the reference structures used for t
s from the snapshot-POREoRest mel MForfi or wh ihe
e energy of the Osh4 simulatiombstaPgreels. B
Figure 4.f8r eseh oewmse e gtgth ptr otf h ¢ efso | diedp &njeedy w
t he pr esefhcee fodivedlebdn s50% hel icity expansls wi tt
|l nterestingly, the point mut at iflvadil nF 1b3aSt he fif cer

condiThenesl i mi nat ifwmedclou!l dhéef ocladeeéd by disrup

surface and removing a bul ky hydrophobic am
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2200 f.Thaemefsinrssatd i8 Osi wmelr @&t dossarded to ensure o
systems wer daanrdl|l Bzesdhows the same with only o
composd®0of r 4d2nelksc alA/ ol eexn ertgsy floar rtiheer unf ol de
Panels C and D show the F13S mut atlioOdn fwiatme san

Panel D is F13S with 0.15 M KCI. Panel E show
Despite having a broadedi bel i ewall | weltlhet Hh:;
neutralizing counter ions further increased 1t}

l ower free en®rdy kmiahi/ mom. bAs atoont he hEL &S wpes
hi gher 2 kcal/ mol ener pypsecasctki ng belk dvethet per
could cause this. Finally, thet P p@40&KQL S LI pept
helical well was broader than the well with a
at the deepekltapbmolt, wi amworing 0O helicity. Th
the RMSD came from the final membrane simul at
work that | ackeddany othall | gyt r a dteurceant eresd o tt

Figure 4.9,
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Figur&hdwd9)the alternative energy wells as de
probability. Panel A shows Osh4 ALMPMS. wiPtamed B
shows the Osh4 ALPS with only minimal counter
of 0.8 and an RMSD of 0. @mapplKiamapanyel ta ewiOsh 4a
0.54 and an RMSD of O0.615.



Osh4 ALPS Free Energy of Binding to Membrane

Osh4 simulations quantify the ther modynami
The C: PS headwaggs ofwphxddetitcne PC | ipid tails were
designed the wumbrella sampli Mg hao maoi daltlhye
RMSD <col var mai ntained the initialewemptadei s
separ atdéee fmreonhr ane. Several specific |lipids w
DMPC, DpHPC, SDPC, and rRh@rRCipeéeEme i Byl teamdan meanba
|l owest free energy simulation. The | owest fre
the dominant eptéemdemembreameti ons, such as p
pinching. Although npMMNM ge nohfa nAcLePdS tbhienodsoang t o
sampling is requiredsémblapgptrdeldocweon@rugwea b
there is sufficient sampling to provide an ap
|l i pydes. BFdrRgllrdhoow t he compl ete PMF profiles f
to demonstrate fulll convergence.

Table 4.1 shows that the weakPeGPS.biTnhdei nDgMPnt
and DpHPC | ipid components were near the medi
simul ati oD& oifvahse tHiyghatelsdl h3siv)arying binding
indicate that the peptide favors one membrane
or introduction of PI' P2 | ipids. The simulatio
were approxi magklthege al wo AmMéembuanes di ffer s
they have roughly wequal free energies. The F
membr ane by 12 kcalypmolOsthr dommtt had swi Idd d not

noticeabeéyl awedtn ftrheyepe neirmgy! amiil adn. The K15L



t rans me(nibM)a p eTihdee .c hangehii gh Ifiugnhctts otnhe | mport ar
l ysine amino acid to keep the peptide on the
ALPS I nteraction Energy per Residue with Memb
The AwmhePnSbr ane interaction energy i s a more
peptide residues and the membrane (Figure 4.1
acids, the tryptophan and phenyil@alamti m&| @ime¢ nloi
The W10 had the most vital i nteraction energy

F20 had very | ittl eDPCt erracPtOGPCn memboa campeasr if saovno

|.a
5yl
Apia
B

the phenyl alanine amino acids.
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Figur eAverla@)ed i nteraction energies between th

types. The peptides were attachedrtepr@@®nPOP (
standard error Thfe telme otr h baeassr et@iree csatgalncdualr adt eedr r

The K15L and F13S point mutations wgbBe s o0mi
The K15L removed a dominant amino acid from t
reduction in the absolute value of free energ

point mutations play signifecadher maes ipmoi hhe



F13S mutation does not alter the interaction
the peptide, whi ch, in the worst caselbhecoul d
interaction energiTéhe Kdpdeamuitmt Fiogurepéalkrd t
percent helical nature because the energy well

Binding Energy per Amino Acid
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Figur Averhgled interaction energies for the F1
POPS .20T% e error bars represent the standard ¢
calcul ated as the standard error of 3 trials.
4. 3.2 Osh5 ALPS

Ot her proteins in the Osh family have ALPS
me mbr ane Dbinding from different family membe.l
sequence. Osh4 and Oshb5 have a spanimutaat sequen
Y4 H. Due to this muttadri minnuasn dt atihle, etxhtee n@sh5 N

di fferent organelle from the Osh4 ALPS. The r

membr anes and how it compares with Osh4 ALPS



Osh5 HMMM

Thet ruct Wrsén 50 fpiesgpiraodset adretd i cally and tends to
the first five amino acids. However, Osh5 ALTF
shown in Figure 4.12A and B appear deeply |
approximately in tlhaheslaimealpomeépti iohe Farkbktiruat e

carbon ptohkei pi dnantl thus at the interface betw

FigureFidnal2)HMMM si mul ati ons of thePOB&52@®pti
ri, PBOPA sBOPS 20% r 2, anidPAPS i2s0% DP2C 80 %

The distance versus time graph of the HMMM
manmer shown i.n Alilguofe 4hda 3t op Osh5 peptides &
which might be necessary if ther®2iBheancompgler

set of HMMM biappeaagr SegB2z2easebBl
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FigureThe 1&9ima gpethetration di stances beneath
Osh5 ALPS indicate that the | owest free ener
arowndThe delpitcdkst!l y di ffer from the Osh4 ALPS.
cl os-6Br AJDMPC &$OBS 20 % BPsChPSC r810 % POP S C2MD% COs h 5
80% POPS 20% Oshb5 r 2.
Oshb5 Full Length Membrane

The final simulations show that the peptic
slightly more compared to the other peptides.
that in DMPC. The sl ant in thebgpeptirde ndrirarmct
the membrane, as shown in Figure 4.12A. The

composed of-28B%W OMPLC t he Osh5 histidine point

and had littl e i nteractS onouwdid hh avhee cnmeeurshe da nlec

yp



because the POPS protrudes above the POPC. Th
the histidine evimenetuhoaghiarmhteloihsaBiyladkddea eend i mi
nitrogen are more polar than a single OH gro
However, this unfolding did not appear to occ!
ALPS simul ations appaareeasatrdeginacgee da eisrs bfgeit gnorr ee

fol ded tTthen doshdien e X toidmgo lmtfddue to the initial

more helical
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Osh5 ALPS Folding Energy in Water

The Osh5 ALPS was thoroughly ssREMDedt ovi t
determine whether it was thermally unstabl e.
point mutation and several additionafoamiobda
the Oshb5 peptide is the RMSD; the target for

previous simulation shown in Figure 4.16.
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Figur eThde. 1Bs)h5 t arget camelhfer csmh r SI@IR @or st fweanst iOrs
hel i cal I n structure.

This Oshb5 peptide was sl ightl ps@dkicgadr/ ntodt
because fwkeilsf od edeepder t livaedFlt ber Snftpkdsdngl y, i f
is the only parameter of interest, the true m
0.3As with the Osh4 ALPS, two main wells in t|
corresponding to the completely unfoOdéd asd

shown in Fheguabkt fddv.el 7f.r ee aempepayryscFi gndscage whi

yy



an energy | ah@éasciape ofi tdhyrati on and the RMSD.
varying interpretations of the dat a. Based on
and a reasonable amount of folded peptdame. At
show one energy well and a higher free ener g)
di fference in the interpretation of the free
helical coqnugedhdsetdpfeppt aorogl &t el y f ol ded al pha he
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Figur eEnderlgly) of folding 1LdXcahkem®@bhéneegyidar h
unfold closest to the target RMSD. However, if
to be helical w0t h3aktawkmolenargyhefl owest po
The calcul ation f or2,t20d & hdoavses s hwaegller sri sntc | 8u0d e d

Notably, t

he

Osh5 ALPS has an energyheel |

structurki gth®evnd .i In
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FigureTheelp8)i de3Weh®% |lamclay RMEDhof 0. 54 nm.

Osh5 ALPS Binding Free Energy to Membrane

The area per | ipid increases as follows: DI
ousri mul ations that were mixed with POPS, as st
similar beROGRSE nandREEMP Chbecause the mixture's
from the trend for pure membr aneus .usOtamedr rprgopd

t he membrane, might track better with the fre

Tabl eFrde& )en
mostly prefe
|l ess favored

rgy of the Oshb5 peptide, showing
red the DMPC and t he PcOPnCs ins txeerdt Iw
compared to the others.

e
r

DG DG (kca Area
Me mbr ane|RulOshf(kcal|l Boltzrn Lipi|% He
Avera| (fF

80% DMPC 1 1 WT -36 . 4 62.-M®.4 48
80% DMPC 2 2 WT -16. 7 -36.4|65.-.4 76
80% DMPC%3P| 3 WT 24 . ¢ 59.-00r4 68
80% POPC 1 1 WT -2 3. 5 66.-0..4 80
80% POPC 2 2 WT -2 8. 4 -28. 2|65 .-00.4 84
80% POPC 3 3 | wWT 21. ( 67.-6.4 56
80% SDPC 1 1 WT -15. 3§ 69 .-04.4 88
80% SDPC 2 2 WT -20. 4 20. 2/69.-0.4 72
80% SDPC3, 3 WT -1 9. 6 70.-M®.4 80




All of the | owest free energy simulations F
was very close bet welacttdires ftiag sft uratnide rt he x @l arr
penetration dept h, percdmte cfompobedendMFampdodr
Figure A5 to demonstrate the full convergence

Osh5 ALPS Interaction Energy with Membrane pe

Perhaps the most <critical hu esdtiidd mei amti me
the overall interaction ohethet ALRStpep? eder g
can addguessst itcdhn.s The results indicate that t he
the interaction, resulting in | ess membrane

protonation state for histidinel d obnesilsawenrt iwn

cell Tharup#.i matskdli wnwdafmmfgeats t he pKab . f.r histidir

AE

-20 -

-25 -

I Oshs POPC 80%
[ Osh5 DMPC 80%
30 [ oshsspPc 80% | |

35 1 1 1 1 1 | 1 1
QG FXE P D P DO DGR e R DD P P

Figurel ndt.elr9%)cti on energy between the peptide &
20% had the | ower free .@#hergyamdaprde antby otmh &
toroi S

4. 4 Discussion

Il n summary, the Osh4 ALPS structure bound

tested. The results indicate 1| nacacrugiasti erst liyn

™



DG<20kcal/ mol . However ,-t ylpTeC Qsehsd4u | ftrso no nDrt. h eA myi
indicat-8 &o&acad/ mol overal/l compar-28 Kk oals/omel
The differences iln ktetHeg fimee cemarcgiess i ard he f
generic algorithm of predicted trends rat he
contribution of this approach is to sample s

simul ati cemssu.l tBhensiel Ir pllayiratreolne iinth efatturen

because preliminary data on this peptide with
in the Klauda | ab) suggest binding disagr eeme

Peptide folding is a crucial factor in the
peptides with complete disorder (0% helical).
field suggests a second fAwell parwéhadHiyc aldi icmat |

soluCommared to the CD these results could ma
50% unstructured would appear 25% helical oV e
Howetdére overall average from summd3n% helei xrfod
0. 15M ions and neutThd ifzrianmge 9 oner mespaercdii v | tyc
al |l folded or partially folded. The mutants t
folding, and the ioneéd sbirenghhtb®tbkekeesehbotil
are taking place, |ike the folding of the pepi
alone woul €dclaé /atol masntd 22oes not fully resolve
and the e&lx pregd urletng

The Osh4 ALPS interactiobD wshodws hehlate mbh ar

amino acids @drhe elgirgnhdeitno sheer inmaen @ bhavérhicg e e di



energi es. The other half of the peptide i s mc
segment tends to be more dominated by the pre

The Osh5 ALPS interaction energies -$@Gow we
amino acids tThhen rOsahs4omALWIBY di fferent ami no a
energi bse aoptdpert yi mbde ctalues ep @ phtei dOes hfSolwcas over
the Osh4. Another point of comparison was t ha:
an interat0i @&oabf mdE-2d0o rkxrarlddnotlo for the | owe:
One coutllatargureeutral Y4H does not make enought

charged PM membr anY¥4dH |Imuwitataide o iihreehnds g 8dpepti d

|l onger by five amino acids, but overall, the ¢
kcal / ( mol amino acid) for the | owest Osh4 and
Just | ooking aterghe pent eresdtdiuen d@ he extra a

i nteraction enerr2gy atnh anfoh eahce hdasn.d d | e n Inli ngthetr abcet i
caused by the I Yeomneabeéei hhasoiendigyers the e
acids to find their energy mini ma.

The simulations with Osh4 in various PC |
binding freé -2Wekgalpsmoifng the mini mal change
wat er. plhtasies I mportant bet nteheer dsiifgfneirfeincta nsti nvualr
The Boltzmann average of the replications ess
The | owe s tsifnrudiesstiafnmeir gyieg mlgy f avored i Rl.r7eda2l i ty
kcal / mol | owepru Ee@rbe® fg yt hset attoet gplo st ates i n a gi\
reference bel ow
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The force field appears far fromddheéi aotal

i mprovement stwettebemndetdegdgrotein interaction
Osh5 pepExamisning the interaction energy per

i's not responsible for all energy differences
di fferent fol ds, pl acement s, and compemteat i oonf
mammal i an membranes commoanegs.f olumtderiensty engdty,
mi xXture has the | owest free energy o OPBe Ost

could mimic the packing of POPE and sphingomy
P M. DMPC and the | oeprefeaeée ehergwptoaoal dtarge
t he |IDSweslthe bottom I[ine is that the Osh4 an
membr anes and that the histidine amino acid |
more charged plasma membrane. There camdd al

phenyl al anine amino acids to determine if the



Chap®hwWkBU2 Antimicrobi al Peptide

The contents of this fohdmptwemgamea brho ciaftiied :fr o

T Reprinted (adapted) wi t h per mi ssi on from

Sal yapongse, A. M. ; Gillil an, R. E. ; Di, Y
C. ; TNiaggt eamS. Antimicrobi al Peptduded eMe c h ¢
Md ecul ar Dynanfihces JSiumunladt ioofn . RPMyY®PEab) Chen
692035}. Copyright {2022} American Chemica

5. 1Introducti on

While traditional anti bi ot i loac thianvfieead toinogn parr
all owed surgical i nterventions to save |ives,
mot i vreathne/s r esear chertrasr nAot ceeplrerhensi ve report
antimicrobial resi stance has predicted that b
d ueartoi mi-rceg ibg tad n't’.®> pGunteh oagpepnrsoach t o sol ving thi
design to synthesize antimicrobiléc gheagdtieda aal (
resi stance is slower to devedroapw sa@ihre ntMben b enl a
human cat h®7,i ca dhens,pelet 1 utmr ampg hi paantihnioc apceipdisi dwe
12 positivel Y2 cM’dsregceodn dr eisni sdpadrsaot G douny rwiansg tAMP o
end oft etrhme n@ | t di If usfi othdien ,HI VL P 1, which 1 s &

cont asienvippang i t i vely charged %*Blsé dluieghlowtc atfi ®rBi

these peptides is thought to impart selectivi
cells and |l ower their %“WadkeciDepl Dmchastatudmp t
di scover keycauwospedtBaoteAMRBRI killing by synthe

onthrnegepes afciaminwal ine ,avd, at giy’pit@eséa R)a(dW)o f
15 typelB37arinl tylpiemi aisngnt hé PAumber of type

ictasie@et eomine which physical propertiieagt hhyd

Gpp



and charge of peptides are essenfThal presemer nve
hafsocused on the rationall y°%esigmeids mawi omi
clinical triaf®% for wound healing.

The primary st rRRVWRBR& WYR WMBVWRRWMWRRwi t h
13 R residues (shown in bold type) out of 24
Uhelical, the helical wheel dhegdirgmp hwoulcd faced
Vés |ine the hydrophobic Wodscecl owar d ot hérel i mit

t hese twoblffaces (Fig.

Figur élebi tal wheel diagram of wWbBUZ epr epared
(he

heliquest.ipmc.cnrs. fr). Arrow geHhows the di
The stability of the AMPiIinmprovead i &iewdi t he
human '9’bhdeg . det ai l ed secondary structure of W

membr anes @laMMs)ouasnd ol uti on was obtained usin
and was publ ®3Mhed ep WL BiURU SIny .water or 15 mM p
(PBS) adoptrsanpoimbsbieky oat Whuecltiucrael, ctohnet ent i ncr
in Gregmt i)ve i(nG(er me mbrpaxei t(ilwe (0G( t§gr)a nL MMs

|l i popol ysacchmatraidrei n(gh PISMMs . Al t hough WLBU2 i ¢
det er midintatii®nstill primarily helical -whandin

G(+) L MMs, partially confirming WhBUR dhcealtii coanls
dc



wheel ratTbernt vwaadiogwn lUheevieilciotfy (~20%) when add
membr ané@ hiumi,c t he secondary setsrsueentduimse o mfli Wy B U
toxicity to host eukaryotic cells while remai

Mol ecul ar dynami cs ( MD) simulations i mple
interacting with f oulrhedisftfaerrteinntg bpaocitnetr ifadr LtMiv
constraining the thickness of Xtrhaey ddiiffffeurseents cla
(XDS) and the | ocations of the peptide to thos:s
by simulating for an additional ~0.5 micr ose
surroundwerd I opwieds t o e g u imeimbrr-paenget it e . Tshtersufcit nuar
structure pleducod aemnidtyRpdakir@ames f OFa@ER )Y on
cont iXruays m facflbe @ECqracy of t he scionmplaatiinogn
t hsei mul ajf edi FHlgt he ¢x poebrtiamedretdayludhi (hdfucx¥DS).att e
This comparisanomn¢thAA)y sMDhei mbl ati on to the e)
thickness and structure. Mol ecul ar details o
insights into the mechanism ot pecteaerbatibnll
5.Met hods
MD simulations

GE i nner menkbarcahn e i (MulM)anteindorr ainnevso Iwieech | i pi d
of POPE/ POPG/ TOCL in a 7:2:1 molEachasiomul asi.i
haadne or twd ageptidesi WifieheatthecaldOnsyr 160
simulations we66 dtePa8Pedwdaied83pBonmeppndi ng
on tnmud astii.orSisnudazeti ons were run on the Extr eme

Environment ( XSEXDEg AV aamgcadcheComputing Cluste

PpT



and ComEexpaannsde at the San Diego Supercomput e

Si mul etrfi @ams 300 ns for t he sur f ace simul ati on.

simulations to probe stability. It was known |
of the membrane and that it was a challenge tc
remained in the membr ane ,awhck nt bsas rsftarcuec tt lernes i aogr
t heexperi ment . The neleds ufrofra ceadydti énagy feabdmd mhd ro n a

inaccuracies inlitpmiedfahadtppdotedid®dddc tpii@dna) . de't
concerning the stability of the | C&en@fed pept

The-)Gtreaquismed!| no.elstThmd nonly bias was addi
Reduciagr ftehcee t eorpstiiam zheaulsphtestshef iltasdky 100 ns for
i niltoadti on and number of peptides were varie
dyne/ cm) . Al gwmf abe NPT mylsatbiadread ing o 8 o tNiPe r ma
i sobaric with | ateral surface tension). The
measure of success for thecded$véear @mti ngismylzatriof
on tahxei sx and r el at i vedcrd mper filXeD@& ntex pees mantd .t hA
details concerning the stability of €®e. i nser

The peptides were simul at-edusdpar atesgriad]j
the system size, unwant.ed Thnet eguwarcftd wen st e rmnido
surfhbaued or inserted states of WLBU2 differe
i nsertedormptepit gaddrircoasneeme s ammé aslpoanc eq when t he s
tension was t hebocwmk Sstyvactrda.é surface madmrchi on
the form factor crossing points (see below),

erroni weee/ cns Urofbodehee and 15 dyne/cm for the I

Py



MD si mul at-) ome miorf a nG(s ut i-2.0 24 d d e&NAeviiDd i 2n.gl 20
reso?wiciel,e also using the CHMRAEMAKRMMSEBGme f Oir €lec
field fd?Thaiomweliantsi,ons2 frsant iunsel nYtgdappwn @ h g e
el ectrostatics i nteractions evaluat e&dvakdery

met Hd®herratngebomared i nteractions wefroerbcaesued of f

switching funct i bee nbpeegriantnuirneg V\aats'écmﬁ)asi;iin.m @li hbadgav
dynami teBespPure was maintai nee!| aemmar atwehleyn inmo t:
tension was appdrithdgg@amalls miigrbea@athiaonngevi n pi st o

El ectron density profiAesomgBRe)y atedmAisSi Ma
creates the form dearcttiofrises Tdalkei ISAMems deengt it hes
Si mt oExpléfTonfe wraoruer.i er HDFPass BXeroafymr sof f aheor, al so
using the SimtoExp softwaseeclgiuahe fHioowidensEisg
bet ween the experimental and simulated form f

Robetta mbhel CHERWM pr ogr ami mietqiualr epr @atnei n
structure fwer udgiimulzatti? s®fv Robeodot@aroduce initi
Robetta is an online protein prediction servel
of Washington. Robetta uses the Ginzu predic
domains with readds dmnantwll @ ggo mfoidced n me&-Dappuobohe
using compari poaottehvatst filohoviehde rst MTehbet useBU Ot UT €
prediction methods desngokde byumnmien@®Roblest @& oGCa
make energeticall.y nRorbiemitzae d estturruncetdurweist h conf
for wWdBpPp2cted .in Fiigwe ab dthile aod e b s n §2s(keae)l ,iF x(gb.) )

wer e pr ediecttead NnWwigt t he Robetta server, bot h w

¢



structures for the simulations in this work.
secondary structure obtaf’ilked sismumigatci oos | maddi

the helical secdddaty ontadudtettmae !l s apmiererrilng

(a) (b)
™

‘ v“"" I"“ y N & v
- ) B C W

Figb2a&S&tructur al predi esbifowarerom(bahe Bobaitgat
Colors: R, Dblue; W V, white.

5 Resul ts

Comparison of experiment &l¢ alnmdnen mdé mlireadnd o( Iml

| ni ti aalp pelfifeodr tnso tsair diamwel a tee) stillddn ncoodne Ir onhe n&(
CHARMGIUI 6s Membr*8né32Boutitihidie®8t r epl iad asn onfe médbm aack
used in. thpe.@Bdtighdeg beement bet ween the simul at e
experiment al for-mpfiadh®r aripleidt) udiess soufb t he di
reasocnlaobd dyley wha¢ ue F(gqz) goe®s etro goermd sditt h &lgo s
comparison indicates that the simulat&db)il ay

shows the samdl Biteg)d ghDoPws t he VMD visuali zatio
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e Experimental
Simulation ]

o S
w IS

o
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IF(q,)| (e/A%)
Electron density (e/A%)

o

o
=3

00 01 02 03 04 05 06 07 08 09 T30 20 -0 0 10 20 30
q, (A“) Distance from bilayer center (A)

Figu3dda®n unsueatetesmpwulto match-)théed sSomml aa etdon
surface tension (black Iine) and experiment al
dadappasran average of 3 simulations, with stail

Total , bl ack; phosphate 9l goeceeol heaedrolbhy,drb
water, cyan. (c) VMD-)vilsMiabiilzaayeP&En g pG o |IPOORsE| a

bl ue; TOCL, red.

Various minor surface tensions werne /ampltioe
match the experimental . DPhéagerf aesckeaessomorsé
the positienwsrofpotimag scr osfshe best agreement wi
the cont EDdPc uwiheerd a surface tensionbS4fa)9.dymredm
54(b) shows theaendgiSBgpatelddo&dHPt he VMD v-) subliza

The inclusion of pot ddsishieungoiodmse scsawsfed i.no toha



Tab3leThe sum of squares @&r rlovt/ WLBIIR) sficfsﬁiulchitfifoewr
The amplitudes of the three didfifducsoempliaattmead | iyn
t oodolf t he si mul altheédd Ef oorf m efaaccht drosh.e was comput

SSE of the entire curve as described in Mater
model : 15 dyne/ cm for nihdg roee/ndm ifnosre rttheed BALMBtU 2s
Theompositiabm®@@f WL IB& 2mu | had dnooad a r ratio of 87 : !
Ssimulation at a molar ratio of 80:1 produced

P’Lob24Lob|3Lob/Tot al SSE (|

Combi ned?® (sh

5 5(d,e)) 0.53/0.16 (1.00(3.07
Bent inserted (1.36/6. 71 (10.0(19. 72
Bent inserted J]1.04/1. 74 |1.60|5. 66
Bent surface 0|0.741.75 |2.52|6.70
Bent surface 9/0.37/0.18 (1.13(3.13
Straight surfa¢(0.66/1.32 |1.38[4.86
Straight surfa¢(0.39/0.20|1.34|3.52
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GM si mul ated EDP. Colors: Totaar bbdhwnl k;
rol, red; hydrocagbayn., @ckreVMD waitVe caplnit @t
s: Oxygen at oms, red:) / WLBUR¢g arsh amu |,ah &idn
X ri mental form FWIcBUO2 ssiimeldatced cEBB) .C
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The best agrepmmembwanhé mhmi G(experi ment o1
densitlyemtf d$hrefacdgmebdem ahd a bent inserted
Table 1). The weighting of the surface and ir
62.8% surf &4ea)()s eemaskidg.on fitting the NR resu
S gnificant oxygen-catrdmn yflr, om htolsapnhda It wea tdeera Idegnrt oe

bil ayer i mdeg)i.orfalmwaiighe Sum of Squares Erroc



| ocations and surface tensions. Note that thi:

and inserted assumes there is no interaction |

we have previously per ffoaateanti np it dhe€ichEs eSPf t
A visual i zatpi cof OANML BaJ2c li-inssieeM e gMiivie ianm t5-8( @G (.

The presence of the Rs i nphtohsep hcaetretsg d Korfa ti @dimes , m

t he membiirha(nbe). sdhhoiggs.i fi cant el ectron density of

in the case of i nserted WLBU2 but not for the

035

—— Inserted

— Surface, bent
Surface, straight

0.30 -

025

0.20 -

Electron density (e/A%)

o 30 20 -10 0 10 20 30
Distance from bilayer center (A)

Fi g®5.e(a) VMD visualization-)of MWLBIM2 Co$s$ersed
ribbon + 1licWrigrdyR)s,Klyee ;] ow, spheres; phosph
water, red aTmhde whiiguer esctyicikishadns héom cl arity.
densi t)y IoM b3(l ayer with WLBU2 either inserted
conformations (green and black I ines (superim

The MD simulation gives information about

across tToe skeiel ayheers.e visually, we,amalv e plno tFti ¢d

56. These amino acid | ocations were obtained
SimtoExp program, which calcul ates dedfsilt3y in
For the two surface model s, R is closest to t
i s closest to the interface between -headgroup



gl yec
hydr
t he
hydr

hydr

erol group). These | ocations of amino ac
oph¥di cthe inserted model, R stretches th
gpacboolThweigs omear t heanaditdderefpaciinatlo rtehgei or
ocarbon reberoami ndbhacefloresidbbuensoti i otlH e wi

ophobi &6(thi)gtsh(ecl) mhdspmphate + out-ccar themylgr ouy

component §6(feromrki gs.uperi mposed on the amino a

rel ative | ocations.
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Fi gb6. é al)he mol ecul ar | ocations relative to the
acids i ntWeBURembr anki gb{f mp) cshows the surface
model s superé6(rbposead,wsFitdh.e Awod 5Buag)f axcheo w dteH e

inserted model . The positions of th-e phospha
carbonyl (black I ine) are superimposed (lines
density (notThiehaovwm htadt es ctaloeu)t.ae) haadgaogbwypmeg¢ oéed
(bl ack line) are superimposed (lines not draw

drawn to scale).

E.Dd scussi on

While MD simulation is a powerful t ool t o
di st ances, equilibration of unbiased simul at:i
membr ane cansiaeuiwag *®. 8i rcumovedoob-bsai pedbl
simulations on mi®Thesetchandkfto meaa sgiad EPak rsem
grained to atomistic simulation can be perfor

l i pid and peptide mcolEkhiust esiulati dcagherapesodah



yielded many i nnr8Ysanadtvhee rp unbeltihcoadt itommsshorten t
time of adding peptides to membraneesmblse ttoo (ad
into a | i pboduptsiplsd®™eeot Wwietr h met hMDb i imu |weahta toentey e al
peptide is pulled into the‘Smembraeenanidveal dpp
compare -bi amepeptil de si mmdmbdriasome pid e mpemtt itde
fully equilibratteddeepgehiamentcalmpadata.-aantgolnel st i
x-ray scatterdtngmi(cSAIXBrge nficunolseapy mg Qe i c
( NMRYc,i rcul ar di chr cfasnmal (yGD)caandi | NiWRXMEY ri fug
sum frequency genieornaatli o & p e(cXF GFsTcloRd B ruaatn @ s cAeTnRe
mi cr o°Sacrodp yCD sp¥Thesscepperi mental techniques
helical content i n t he pepti de (CD and N MR
ul tracent rii€f WNgWRt)i,ont heendori entati on of a-pepti
FTIR), or multimer formation (SAXS and AFM).
For WLBU2 to,ikilmushadtreamisd ocate across the
periplasmic space, and thenbpetteurb.tFRFerioner
mi mi c, NRE d)n iIFnadji,cates that WLBU2 is ITdhdast ed
interior locati-pnowoubkf fi pWiaEKW@2 att ler swedH t he o
t hat must occur for i Wheon tkachi ghkyi paosrt meaea
residues embed deep into the hydrocarbon phas
The outer membranebg®hlin s htaleer temdaajdo 1t | perrarhd ayb |
to antibiotics. ,fookhehschbhatnd | atad eednitoetri ctshe OM
pores formed ®bybporgenprateynsonly hydrophil i

can diffuse thrnougdditthheonportihnes. OM has an wunu



hydrophobi® wmol ebetaeamimenit ¢ maMP < ameéi heaWe BURe
similardpeneéor ateillg peptides due to their i nt
headg®foups

Al t hough our study did noWwLB8d@r édent bai hex
and enters theTlperpediapmasmsipacemany functi on:.
and folding, environmental sensing, peptidogl
pressur e, and stosé¢atgi amidc r @t Wintalmicebi hé pepi
space is a | ayer of crosslinked sugars and anm
membr ane throughocottal ent el i mevinld & d nceo mpiopnoepnrt o tpt
complsexeers t he two membranes,. Daech oag ttshe omhlsag
periplasmic spacd Donmamotiqualliyraawatm co®ntrol s
from the cytoplasm or t he®3*enxd rtaliek & epl earrg pft!ausi nd
beel apevemkeuable to small mol eules | ike antibi

For-) Gpba,dtheer iAaMBesncount er the i nOuer NnRe nibersaunle
reveal e@Ql3 hat Ft e bent conformation of WLBU2 f
the headgroup and 37% in the hydroessaeiwminali nt
WLBU26s function of perturbi ndlhteh es umefnabcrea nset aat
that R spans the range famd Wlspans806 it o V23 pijar
centTéare. outermost position for R it§° R onpdrms eant
region from the proxi mal monol ayer's headgrou
t he | n<selrhtuesd, setvaetn when R is in the hydrocar bc
to the phosphhte é&dkeadgrosfpati c binding must b

the | ipid headag)r ounpn erre gnieomb riann et hweh i @ pee pheyndert or caat 1

MYy



regiWwnhas a component -qlty déeireolbiilmtyerrf accairablo nryd g

both the surface and inserted states, whi ch
penetrating the hydrocarbon interior.
G( +) membr ane/ WLBU2 interalfxtimembianes,i mwhi

reasonabl e since WLBU2 '%ulrl sNRo aotehs ub a Stetreitee ad fe
the bent conformation of WLBU2 finds two | oca
t he hydr ocaWw biosn aigmatienr iadri.gned with the interfa
centWhren WLBU2 is in thesbiwliawnwet hienseriface R
a continuous positivEhe hamalel alclrdve st it eh ep dodg il taiy
Ws . The continuous | ine of positive cihmtrgreisoral
creating a pathway for water and ions to | eav

Il n t hjwse vwWarvkk not explored the question of
WLBU2s might interact SMiuci @&d eofbatch &y an g imeidnbea
for a role for aggregation in selectivity bet
studiesnuoabedthi gphbeptildeinwol ar ratio than this \
peptide concentration to the highelsnt apdedriniiisosn
fengycin contains ad Iciapuospehidg gr etgaatli owh ivciha cvoal
i nteracti pgsntsu.diS®ismiolfarAMP pol ymyxi mplBn@aolii gt idn
composed obl LBBIIRCponpihtihl iia stseaciall ,e icnd dussct eesr i lnagr gaes
out ®EPiSnce WLBU2 is highleg ,positbsveddgrekddaytgieds
woul d occur , even whheenadlgirliomiipesd d oM guh amssd aa ti eo n
expttome i nteraction of WLBU2 with a LMM of th

phosphatidyl choline, phosphhadi dhloéebBarolbami ne

M N



5.5 Conclusi ons

To summarize, twhsisnegvor b-napapdir K6§uenm scatter
the time r-agomréd fsomuéhblti ons of the AMP WLB
LMMsBy constraining the thickness of the si mul
that obtaimed mMgniXdHDSarac by constraining the |0
to match that o-botraimeld ibsye cNoR,d msiicmmddmatoiramant &y
equilibration i s addrmwterdaifnars boyn Ompeenpaaenadmrtg | o c
mol ecul ar result in this investigation is the
WLBU2 is in the sitnusdefretserde sk vafeRt .evdoO tptloeegaes®s iU m ¢ h
and the HI%f olutd pwatteeri nwi th charged amino aci
buried in the hlyndrtohceardaosne | mft efdiiBsdt2s, r etohnet i innutoa
with the headgroup water due to a dual anchc
interfacisalwepbégaasngn ai nto the Amygdiromicae®®nbi md
phosphate residues, plus trypmapkbhbadasclhdc atnigo!
mechani sms. WLBU2 causes apemaliide(mbl ay thtno
both @Gnd G( Aho blsMMsv.edease i n ARLs uWw@gfehdaWwlohB GZ +)
LMMsThus, the dual | ocation of WLBU2 in the
presence of waantderi,onpsh oisnp htalteesi nterabrt hehphosrg
tryptophans at the interfacial regi on, and th

destabilization thus | eading to bacteri al kil



Chapé®HTzd on Channel Activation and

6.l Introducti on

TheH®A on channel iI's part of the gausledneoho
channel s (cpoLnCGa sCsskfnutrltadlti ons hee homanobk awnificeoltsi niincc
acetyl cholsiilmeACHh Bhmdaputscerc ot i ne a d eaimd tniodbru,t y g B omma
receptors (GABAR) critical atepncisdteed, widthie gt
i nteractions bet ween neurotransmitters and h
chall enging problems trehrateogwl @ gl dadl etds s@adi\da@&m
the allosteric @dgaeshwaiwdampad siscdude capediof.i ¢ al l
Toxins represent a weatohtofgg@bblldetteomiab ye&tnlow

Past woii-ko nwittohx i n GVddnmpretshdwed bet ween tt
Zacopri di€comrod otxhdén G¥Il 4 ¢ Anat itvlee erxepd eemtad ni doins i asl
it is nlectonmlteoaxri ni fGVI 11 A could be closing the
siginaleject the Zacoprriasponsoen ofh eZ a;,@eocperpit does . i

more potent phasECHDC coM®832np al eadl Caisd® & m M O-f

conot oxi®Th&VvVIING50. of the conotoxin GVIIIA is a
all ostery, but iif instead it were @i measutuhe
met tdhhee Woxalnter the all ostery

Pat h waiykse a tebsesseénd d aad s en dihdehp b iD2ne ecept or s i n

brai narpeas p® n svialrlifeuufcotri domp.aMi2Zhe ecept ors 1 n one
brain redycedanigti hemausoend | ear nildy Batdt enre mdtr g mi
understanding of pLGI C <couldd | eadcotmp!l icc &tae d
neurological diseases.



Thesur vimany oadsiumal as beraskespi dreajgdlesp,e nadnsd |
orn hteo x iodihteyie nAl t h oouxgibnrperteval ent amouna@acicloe nwo
many accident atlhaedygpead hsy anftdwd piymg ds mal | peptic
hel g ongd er stiampd oavred t heo fierf digh ttihveeyn ersesv e a | new n
di srupti on

One aspectidét enhmBhamgdwyns haavlet ecronmaptlievxe al |
si gmmales . motivation for this is that some toxin
ovarctivate a receptor. | < otul @r en oda nyan d &aeo vladnte!
l ead to new ways to ?Theat saddychiasesntaedf ol $ e a
Hy potsh d&l®it er mi ni ng the toxi n-Hskarar tawuhanmeld if 3 ng
It cirsutbahave access to the i on channel compl e:
i on chvanreslthy poh héAxsihg ey ng an unbiased pore o
possHypet hési $ héd) toxin can bijtmatt ovitithe moereotde
prove that the toxin competitively displaces
activation.

Ths chaptecnfoo dursoens coomaer £maiglmati ¢ a.ni mal
There arepepérir d8s 006 atth et amogsedtl rbd oy ogfi c al proc
mammalnsc| udi ng 8fToey chrma@ned senigmatcecmpesuslef t
amino acids I|ike hydomoctypwnjptt o mkea ahiaghhd tnhuemb e r (
di sul fide bonds holwtsainsi gduefnfoiecawllitohsetdoh & nTolwe st p |
goal i's to use these highl yns pgflaumstdilicoan eadn d e
modi Thédonotoxin GVIIbAGdeactchamadainedpnieseht $ he

first toxins found to TtharsgetpetgdmEewilioX i maws OB



t hatd41li tamisnd eanqitchs ism | ong a hsahto ritt pbeoprtdiedes abned
Dur i ng dtibse otveexiyn phriogvheldy tcoo nhpaevtei tai ve binding ¢
Zofran ( OY’d amsa&ntraouns)ene di c.atTih@n sequence f o
GCT RCGGORBT GTTCTNS €& LRYNVHP SGXASCSNH, wher e B i s f
bromotr yagntdopChams f orWhiyldé ioske pm @4 s aaret s ha,ve num
dr uigiske tZlodtr ambHEMmmaviehal most !5 oAl8f deu e d 2eftrsan
nottr eat diefpmerssieoensymptoms in mild cases. Addi
wth other dreuge®e ®©®d &.EUstibncge conot oxins fier amedi
potential application of conotoxins.

TheH®A on chpmeeadl @8t | hahnedst iersise nttriiadger i ng |
Drugs | i ke Zofran imaognani o ica stshiemietf& erca sd eotfr i mi
targetTsheaxi sits evidence that drugs | ike Zofrar
anxiety l°fihpatrensesfwhhpecqnessinanl s benefit f
speci fic Siomc e dfmimemhe d ivcoarilty, t hat | eads us to b
of this epealmdaleax sgriheov dirdttsibmgy p aTnhec kfiancgt t hat f i
vomi t i ndiheateesi st haatgompea p tcihdhelr'se ittndsragdeett di dteh eb r a
p e p tpisdeeshbel olorda i n Tbhaer rcioenro.d @ X € Ntmaveamme t i t 1 vel y i n
5Hkeameani ngt okah bhepds to the saamethegieomwaads et
that the toxin dijisuplpoaced ngt hdbi bmmpeiht ecosmel us

Past researcher sHBhwaeoeece ptpamvasedr o heni5Sn bi nd
pocket that “MPsismalnian icidchaeteepoc ket i s open mor
expedtedl|lt bridge behealepsn ¢wossaoi he agpecaidegtht h

the serotonin trappednshefsorde ttthe Paolctkehr ifdge s



pocilkeast shown6in Fhgumest r echkeapiacuirsycB2z@@%dctr uct
position to interact with tipe ew hdadinudg éngocté modr e oef n tt

enough to interact.

Fi g6l fhe extraceltlhbdll 4 odomahiannet with the ori
serotonin moleculAg)idephek dowhnenlgelpiolcikleitty of
extr acdolmawElgdits andwihdiich hassoskaowenconfor fdti onal

20ByYlepi cesot bei,mi gplolcikght ed in orange tob-show t
sandwich conf or etpiimntasle adlkeamagéed €) ew of t he
binding pocket .

Asiganfiemilestone in understanding all ost ¢
deactivatesdtraoctemddesnnhahgi ng the intermediate

channeélss wo¥T kt @ai gno o nkey srteespe afrucrhtihregr t he ef fect
bi ndi ng tpag opgredmé st memt ur al f uncdn otnheanidormrstahlan
Anot her aspect orhodelle trhees eiacg it hc hwardhedasle nptd rye

publicationerysepakt s tHitpema poednet hpr obl em wi t

approach is the use of artificial rness ttroa irnetlsa :
the pore with speci al restraints. Qur approac
an open state. In one simselafioasthai?p@rereel t
of gosswas teedset hstructures' actualThieon ooh armnae



conduct @aficexdataa el Ilwalsa ra viddrhmdil ret, u mentcartei aosnesd t |
ion condbethncet simulations tested NaGne sol ut
reason is that the pore did not stabiThieze i n
hi ghest conduct-3a& cagesdwatsy pai rcoaul F5dINa3| 743 d@hg\elsu tw etr hee
agueous phases usual |l y.Omd we Na Criixty & rthee masf c fospaev ec
study.

6. Met hods

Sever al projects were attempted, including
with Anton2, and unbiased binding with Anton?2
docking with a more comprehensifvVecensde mbhedoad
the peptide to the ion channel and running unt
invol ved generating sever al new peptide struc

Tabl . 6The docked oslidreurl a6 HIoM cursyesdt aaln st ruct ur €

the docked simulati on. The occlusion simulat.i
structure. The unbiased simulations all used
Protein ToxiLi piWat el Serotl onsgTi m
Crystalli (s8)
Docked|6HI N 1 360(6840|0 POT |~15
201
CLA
176
Occl us|6Y509 1 360(7200/0 POT |~15
217
CLA
187
Control6HI N 0 360(6840|0 POT |~9
206
CLA
176
Unbias|{6Y59 Apo |6 480(1104/24 POT |~4.
288
CLA
307




Unbias|{6y59 Apo |6 480(1104|6 POT |~2
288
CLA
289
Unbias|{6Y59 Apo |6 480(1104/36 POT |0
288
CLA
319
Unbias|{6Y59 Apo |6 480(1104|18 POT |~0.
288
CLA
301
Unbi as|{6Y59 Apo |6 4801104/ 36 POT |~1.
288
CLA
319
Unbi as|{6Y59 Apo |6 48011104214 POT |~1.
288
CLA
307
Succes|6Y59 Apo |12 480,11104|36 POT |~1.
Unbi as 287
CLA
348

6.2.1 Structure Prediction for Anton2 Work
Robé%atnad Al pPwaFeltbs e@d edi ct t he t BixgiuRestruct
To ensure sufficient diversity posshbl si mulat
Robetta and td&ter dotpurAd .phBiFed cdmp @aceé i bhe b Wp e dhe
shownFiignér. €el.Ome choice I n t he model i ng pr o
bromotr awmdophanhydroxyproline with standard t
the peptide has theve fpolcanrv ddakedildb e stioddetleum

interact in the system.



</

Model 1 Model 2 Model 3 Model 4 Model § Alpha Fold

Figérndhe different predicted structures produ
structure at tMhseheeatd fparimatiitdamre.eadvearhea di sul fic

6. Bt2ucture Prediction for Extended Docking

Advanced settings included using Al phaFol d
dependence on known examples and rely more on
true to enable the stochastic pxatrtfuotfundse. mba e
Al phafold from crashindghesNbmamel ax ng de@dine bert
and the num_r edtylcrbBys. speatrtaimmeg etrh @ onumber of see
model s for each seed, it was podsieblsel ect gen:e
' imited to 160 models because generating more
MSA. eTnhsee mb| at?dédc pegE dmodeased withsnpdahodd M
the initial Al phaFol d pthpat deubasededni delliam
Ensemlsleptacgrat ed the peptides into two gr-oups m
15 amino afiirulretsiiamuse saof ubhadtehr sdalansdt e dhsedd el ppaeca
theséeobws
6. 2.3 Bppkbagh

The Al pbatohds created faomr efnsre@ilbd sep otf u g o kuic
qgui ckl y guenndeerriashtghadoodll f f er e ntmipglhac a maretrsf ace wi tF

bi ndi ndglhpo cskeid.y odo&UW ndi Cd°BssPr oonclomdgd Cl siisiPg «

MMT



to dock sevbdHrkal sipnegf DiVNiE E EC€or i ng. CIHARMGIU n
generated systemsi mwnldaotNeAaMtDe raanneaweener gy mi ni |
the s@PlHARK#MTd CUFI X ufserdce fi el d
6.2.4 Simulations of Docked Toxins

MD simul ations of con?Whixlien altsid iwseidn gN AtMDe
force fi é¢3achtdh®HARMMS3i6ds f or ce f3NAIMD feonp Rpyedeiar
fs time stapgwi ehetbngstatics interactions ev
part i cHvealnke sHfSthieoatn g é omalred i nteractions were

af orbcassed switching f urmMcAAtMDo rmab eng tammpiemda t antee 1 @ t |

AC,and al | saunsu lnagt i0o. hIEth eM sN an@nl autsiionngs Lrangevin d
and pressure was maintai-pednarepanadtrenbymgbaakt h
direcsimep a LangevCHARPMBUIONg ecaReMAstadtdma m s naps hc
the 3D coorddhméeéecgE bdaddledaddi@apPgnd fully sol vat
ECD araowrad er box. The sol utit o\NeP ®rosxe miolre .PMFs w

Further stutdwe sdd olkcalbesdedmohu€lkessPr.ohdockin
selection was based primarily on the ClusPro
Many new cowefriegurngteicdenssh s ngepti des bl ocking on
purpose of studyifnogc utsh eo ne nasl et nebrlnea twlavse ctdov e k e & h 8
ot her mechani sTmse weeo ek e stsuisheddeswatelr & ftrheeen ene
bi ndiisngPpdFaThd erature value eMmARpaesdl twasr abkby
possi bl e to sfnwlw diofwf esrueccte schosen peptides wol
testing. There could certainly be altewenlalti ve

to the | iterature value.



6.2.5 Free Energy Calcul ations

| ni twealtlesMFe damphaaclal | owed f.Dhe af féxixblbé ep
approach worked WBneoasunlaecguasedhdreft bet wi
pr otTdhiknt on2 d o chbkeende fpietpeed dfer om havi.ngFar mohe dtl
trifadwer segments NwAdWDe rersha @atérnaidn eadb. aci ds i n
pr evenitn drcicfutr.ate PMF requires a uniform and ¢
PMF appgmdachaflllayt ed t headAPMFesal aepbskaeto $dem
mi ni mi . He wewnviefrtt some st D@ cualrwees htalda ts-uigth nwasy n ¢
them with the i mproved fi-X.ed koeale/pmolr .wa yftrho m
andpmr@celdeseidh.put distance intpr MpliadMt asmce ghead e
peptide would reach btehienegmavgdtf domethe ghe tvep i
of wvariabil iTle idreartg ) ireandvhairggale!|l d ond knead egle pt i ¢
phase of t hfeorPMPaMpirmg keaes-2hidghkemral t mah

The final binding-pfroeeieanemgyrafcttiloen sl iwgan c
systems with fre2. £nlkacagli/emoll owsirnd hanPMF*8wi t h
141. T¥¥ése final PRMRstpdopdeadmni died ween the refe
iBeing pulled off winhlombhtopmptedetaod coenti
i mpl emented with t°% ea?ptraonadcahr du sGrnogs stfhieel adent er
positions for the spring to calculate the for
6.2.6 Anton2 Simulations

The Apobowm#Eonhe work invol vedi mwlnenonihdgisf ul |
setup mamd rminetoufr ePOPC: SDPCi:iChal en®t arolrati o of

approxi mately IThe waxtacrts spyert elmspiach.d cToarnploes i t i

M M



6. These simulations differed from the PMFs r
Langéuincontrolled by the Marty'dhe Tdbf et emm
t hatlL atnlgebar ost at | s. mivhiTaa Isg oorcihtahbsmh i mor @ od it rheec t |
exter nBhle bsatmu.ldd thieo ACPusaend CNEU group tags an
peptide to match the éRhthotghmihal sxantthezk
varied, apgpgo0owiepatdeolnye | eafl et .
6. 2.7 Asymmetry Measur ement

The asymmetry measurement was <calculated b
core ion channel t hat wer eVMD os abk t udtiadgteal nhceeh e
bet ween t hesiepeaonvo . YskeBimieent s f i ed protein at oms
to measur e orlhy rtdh eo fu ptihegee ti comie ecsshraeashied ami no aci
that selection. The selection was hard coded i
from changi ng bettweeonutgtheofuté mehtatirons or
6.2.8 Conductance Measurements

The i on channel ¢ ondaitcttiamg eu p taund i eegsu ii Inivborl avts
and convertingoi tmat it aiefliegitd owsxaretl d.t Tehe NA
el ectric fijelledguairvea |lkecnatl NoMiD)/ . Dptfelsitegda A a por e t
prevent it fr om udtoas8 énege rbad c asuiahme fl i@t eavess dh
propeot omiohi mwm whoilltea gset iildniocb spasvs angge. tThhreou g h
val u@®. kIckal y me-l-40 -16 nVi n a 24 Mhhej vind % &a g aneaclsal ues e
40 mV is actually usedVming hwetb e adon etxhpee rh ingehnetrs
enough to extrapolate 1 f needed. Even i f 150

has never been measur ed befor e and o.tPchiernr ts ca



mut ations to twer @ ntaecquwierlddiltac isnadreease t he cc¢
Thei muluasteidonp hysi ol ogifc. all5 iIMiNeochld ¢ sajolly over a
So point mutations, hi gher i1onic strength, an
i on countcommut dtoivverea lyatad eneer mi oe ¢ fhiash hterl uil y i
t he acti vatfewhatoreno mchwdct ance d hiadn coaomes@ptoardcse
ser ot oni n ahsasrinsoteasntceen iubsheed e nt iirrec |li totinie ncgharnen ewi t
kcal / molQDiM@imutT A ieensded on the intracell ul ar
adjusted theThenQdbédnguetsbaserhgsponded taondR416Q
R424A i n t heTh6ey 508p eprr 0 ecraund. iomogrme  npi onn ael restraint
kcal /mol/ ij”~2 on the NH3 of théeHZaeNAMDnONU e dGna

st anGQHARMMINT orce fi el d dfiodr ntohti € Updl dekm eanntd
6 .RBesul ts

By better defining whedTEr ¢beprconoa oxemnt &i n
of the conotoxin function and MD force field
a chance that the conotoxin could havé@hias$l ost
hypotwassimot concl db s p ebbvyeenp rtohvoeung hort he t oxi n b
strength to known inhibitors it is difficult
of the «chalhoneslt uddiyr etchtwleyagidi basit o ynlde st axien oénd
stability with a docki ng/TéwD sdiaaqibiradgd @@avsr € bax a
probe if the tbei ml bosderic bindi nghep oRMEg a
compdathe | i kel g dionpsrice vis hoeutsd vy nfeiamsadiMieydyv val aleisz e

the structur all acthigpsneaael se ibnidnudciendg .by



6.13 Al phaFol d Structure Prediction

Th e Al p2h asFoofgtevwnaercent @dh s esmbrluet thdaft ed t he pepti d
5HBA on channel. There was one main structural
t hat appearEnisre nfbilgauroa 6 .d3ximt ttbhkee d at dulédf eorre 8 € e
1-20 amis.o AlcphdaFol d d@pee ssrted cuaugkss daenifmeoe mcl ds
can péayeradiitwooimmdi ng

t-SNE Dimensionality Reduction

i

Cluster 0 Cluster 1
Figu3)8héws-SNEedt mensional ity reduction on the
figure represent;sheachl proter nebipo adldookiong het
att e mpstaemdp lotéeoh cl ust er s, but onlTwocdustéencti bh
di ffered primarily whi dhec deisrgsdtredyli &@alm mi ho wa ¢ ihd
cont acH%artelceepd or. The <clustering program fir:
region generaatded i meidng/. 44 fjurc¢c hteof fpoloesfeerse nd
structures

The <clustering indicates -THhhaamitrhe adifder e

significant because they dabpbeestruouot mué empitdlb:
configurations. Additionally, it was interest
toxin. I n general, Al phaFol dp pdme dribcgtergly rseo me t

6. 4 plhaecetdwvo unus@utahatamvow!| & bevdes £tp | talmeemat lhree



simulatibohg top nacfl utdher gt diearmd otmoe r Fptdopkapr c

predicted binding orientations indicate that
the pocket. I nsueadioedhey magyacaeséhase amino
and become polar after posttransl ational mo d i

s (one red and @rnaengbel ue)

Fi gwor¥rhe two ¢ er
hi ghl i he most difference in the

i rgeng isorn hwe

st
t

[ u
t h
6 .20ver viDeow kafmd Unbi ased Binding Results

This chapter considered both unbheaswemrdbiba s16ac
structure iftigwakem dHechleusatleFi qu e g@.t3 | ook si mi
Figberwi tiwo charged amino acids attacheerfaced
with the receptor.,thercrehipvepsShepkrafFal chtwornk t h
unbi ased bindi ntgerpreipriud =l eofhatdhd hteoXNi n (shown i

and directly interfacing with the allosteric

pocket in some docked peptides.
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6.33 Conotoxin binding free energy

The ther modynami ci nbdiincdaicregdpfartheadt i eree Bajsotc ki ng
|l iterease@archeasKcavalulatleyl making assumptions
binding. The Ki value is essentially an equil
of DbiQ@Qldi aRr.o gedh@opatphed sdbder f e & rr otghraefssretdh d ro
anal@se sdocked osanmtuacn 21 rteo rsdpeetceirami nael liofst ery r e

toxin'"s binding
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A subsfeaurofdockedquitlriubcrtautreeds f or 240 ns 1
configuration. The | gmeod kigrogwd € ke rsce vseer a l al ter
arrangemeiret snost unexpect ed Ro rg@aimpcrleudd ec tpaabnl eel ss

and F. Panel A is bound much higherKeaemnpd ngr d e

pocketooapenstil]l have an inhibitory effect. P
could still effectively block the pocket. Fin
si,dlel owihreg unusual amino acids to interact wit|

6.43 Ther modynamic Binding Free Energies

Sever al toxins rearramngned ad v edd utsht @ef ilr satn dl
rearranged significantly from €hestsedeWaPeseo
rearranged and bmawnadwec llygod sesaenfetdb ut hei ghkasnpt eem
ofearrangement sThe mdn5d dek aldecskg pgi.ldee | rissoul t s be
this bindsatigtiviageevieaeasand more polariandabyeér é&p
indimaareraal i stic increat$ethe AMRdtdbDAdompnftnree
equil i br ateadvi ftt(hrr CU&F0 X, but t h& Aonft opnr2i odro cekgeudi |
The unreali otfi ¢ hfer dAevt ems&rggyechk ad t hadeenywoeé ahydr
interactions were more mismatched for that gi
compared to electrostatic salt bridge3heén t he
rec@UEIliXMprovemémrtcs riost adtilcesr market tAret on2 dock
wel | potentially dlecaturses ttahhenyd adbrlegs t mMaurter ¢ m z e
i mpr ov.em@initdesl {f orce field may not be perfectly

hydr ophobFrceeorenpeorlgasgrt esmebhsuuetom how cl ose a



t he experi mentTah d yd oocbkseedr vpeads eosn ewe me welk ax €d F1 ¢

to reach equilibrium as shown in Figure 6.7.

w& NN y3ISYSyida FTNRY KFas53PIABR

[ f dzantl B MH

N

(0p})

[t dz NJ

QX

gBT7e Shows t he rtewsx rmaud cad meomtss adft er running
ach a new enesgmumani owsmakBpereaenebefore th
Fs The final round of simulationsl2®RQvol ved
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The binding free eneragpipeflofv d&an@HTehtdel luinnbd iansg
binding pose is within the erperimenstalienf by
the Ant ond2o ckeadk ebd)ndi ng pose is close and mig
binding poses. An equal number of docked pos:

sampling was still | owlevemnud!| Ipodredtiialnatolernol
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Tabé §Phé& bbs free energy of bin
simulations used the C36m with
The nhmbers di fferentiate the s
binding pose came cl-6%$eb6t khahtdém

di ng AtlHe ope ptthiec
CUFI X force fie
corMoref tthtaem mo
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strong hydrophobic contacts tha resul ted in
Trial PG (kcal
Literature Goal 116N 0. 7
UnbiasedCluster 1 -12.2N0 . 0 2
Anton2 Docked -319N 0. 07
MO C1 4 99N0. 02
M3 CO _2 00NO. 02
MO _ C1 _ 2 -15N0. 02
M1 CO 1 24N0. 02

6.3.3 Possible ECD Conformational Change

Even though the docked Anton2 si mulhatsi on
Si mulsahte@wedm i ntlearegdciosngad remat iiotnhad exhtarngeel | ul a
The conformational chdmiger tappaetadlgy nag ttheguvael i
conformati onal change witphobhématabhesased biomdki
mi croseconds. tAot atchhei esvaemet htiisme, t he suhmderad i st i
work | ¢ oneenpedbve thre ppfatfpa meatee mi 2 aattier acti ons.

had some hydr,opholbi mi giwterplapy a role in the ul
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ECD that is unperturbed. Panel B shows a pert
C shows the perturbed ECD with the toxin in

channel
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what was previioaslld Ke ocoavngorudia p e ha @ rofo iheexsdi astgl vy
wh etrheti ax i nwlbii odd sfi fbieccuatuhseer e ar e no. eWymutsa |l r<tl ryu
the thermodynamic .Data odnd heheAnftom@ersfeimelsd i n
asymmetry compared to the control trial. We w
l igand binding. We calculated this by compar.i |
comparing the differende ichosféustt d&sd a dooemsai b
asymmetry data indicates that just arse sthowinn
i n Fi gHioowee v6er9, t his could also be the result o
too tightly and alteredThbke rseu@plat&iCd aan dtolsdre r
effect due tlof |tilmesasnddd Idi nbdei nngo.r e ,t b b g & tnbdyi ccaot nef i
t he vemeaobhdadifti onal pfuarce otrhse rbneoydoynnda mide¢ sr upt ¢ o n

efficiBntfyyerent poses might disrupt the toxin



Toxin Induced Asymmetry in the Upper Half of ECD

14 F * 1 Toxin Bound
= Control
12 * Toxin Oeclusion

10

Asymmetry (A)

Time (us)

Figu9Aasgmmetr yHmidf ot heh dnnel increases when a
domai n.
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An al tmealanivem of i nhibitidénkayg sr ¢@.e pWea dwea rotc
to test all possiblewaschams $ansd 1sblhd ts Hti mwd tnwgr
the ion conductance of the pore. We did not r
t he npoosleonger seems as | ikely because the PMF
agreed solofxaworbadholcyk.i ng the allosteric pocket
free energy agrees and could occur instantane
breaking the i on channel compl ex apanutloambsii ch s

shows a toxin interac-HikBRECDwiwhhi cthh ec ooup edn icnogu na f
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The simulation depictedninhkisgwsrnaeanué aX¥®Tman hen
was al so pproorbedrbhge3 The contjr olf app®@@etsr ya
woul d bientgontkenroewsti f the asymmetry is |inked to

of the structur e.

Figur eAn6.ilnla)ge of -HBWweomcach aaidrea@l 5compl ex. Thi s
ECD on ajvebruatget 3¢ maxi mum def ormati on was al mc
the allosteric nature of the channel even if

deactivati on.
6 .5Fompetitive allosteric toxin blocking.
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Anton2 gewneral emiodr ossi entuol taet si omtuanibn atsteed bi nd
evaewhere the peptides diff uswed oaarlygunddetnhia f$ien
i mpartially bound to.the $bdeotsearmicessBhadnmgmpo
Fi gbrldd t he peptide bound to the membrane first
t he membrane rat her tThhan sfurcacm stsifeail a du enadu sn gp hag:
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prerequisite to under sthAntdiimmeg stehrei easl |porsofgerreys soif
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i nteractions over the functional all osteric s
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The unbiased binding resulted in approxi ma
showRi g@Rbel ow nadnidchaedt he unbiased binding p

findings generated from the docked results.
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