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'on&ucLLLQg_pro‘lmm ( 6)&&«%39@) clr\ams_-‘
[Demaine, Langermon, 0'Rourke 2003/ 6}
R"\L)Qicvv\g = “Ynachine” L,uuf]‘ from profens & RAA
"Tav\sQaﬁg mess@ger RNA o Pro‘f@w\s

//// /(  protein, -QQJ“»
Crpr amsw tunmned NPNJT%« NSM}U

Covyecﬁ;recf aming acid attaches

E'Pm&uc}@l& chain = S\'VnPQQ geometric modle of

chans & confiyurations vesulling from vibosome

— cohe Cg of l«an—ange 3 g

— choin produced in cone, fink by fink \\W Ce

— Q(ﬂLeST Qrv\k passes 1%\(0(91« cone apex "

— When fafest vertox V; reaches cone apex,
next Qink (viavire) is inglantly created n cone
& v, can never ve-enler cone

Reollity: B=90° ( l'taQtCs(aoce) —T- —
% s #a cJosest model 7;//\/// (001
(thowgh medel s vother focal—
prafein VYIF/H extend oround ribosome
2 violate our abshackion)




Anng Oimifations B-pchucaler ' chains:
—when Wk (UiVi+0) posses throwl cone apex
C\IL Ou+$f COneq Vi1 TV\ST&Q cane)
Vi 15 i complemenitary cone B
—if (<90 then Bp=reflection of Cp Hhru X9
— i 3290° fhen Bp =camplemedfexteriar of Ca
X(VC*’i \S QChA in (C&Qcﬁ()h 0€ B[B #'ﬂ( Xy
= Vi & vy on opposite sides of Jouble -cone
of lf\aﬁ(’-angﬁe min 1 6. 130°—R%
— when (\/M«vm) created nside Cpa
both (Vc~V;+D and (vyys- Vcw\ are. in the doble-cone
= max furn agle 0 < A min{B. 186°-R}
le. %3 <P < 130°— %3

(o) = cham = chain of max. Tum anﬁfle < ¢




Canonicol configunstion for (40 —chains:
—pul Vy at origm (2.8.0)
— PWL Visg O Cone CWa ceitered ot h
—\, chesen fo maximize % coordinafe
— \iyy chosen o 3@* covrect furm aer af v;:
—\iewW on spkere cestered at Vi & odius &/
— C(x/; tnte(sects QQCW\j circle aroun& north Per
— fum*om;Qe cone intersedfs aa&y RS
‘H&QCQ CCTC.QQ of m&fus T ‘N%
— tnfersechions  overdap (ot 1 or & (afs\-)
because center of fum-angle ciele is
on Cog/; ccrcﬁe & T €
—take caudlerclockuise-mogt intersection o v,
Grelafive & ofigin
—kind of spiral
~ simar 1o nodure(S helix

\

— confomed 1 Coyy cone by induction

Co(/& & vest of chain (lay m&uc‘ﬁ‘m\\
fiest ink (by conshruchon)

—in fach strictl, wside cone Cosy
6XC@,€>1" {ér \[rrsf Qn‘hk
hecouse C\rwvi\ X (v, V5) et Pam@eQ



CanonicaQizmg (20&\~Pro&uc,sz_e (¢x) =chains:
— main_ideq: PQOCA, pm&ucﬁd% movie backwards
S as finks enter the cone. #\Oﬁ drsappear
- Vhazmtam ﬂ‘ese kas VA CanOV\TcaQ cov\@am‘h‘on,

fanslated 4o ghart ot fost existing verfex v &
(ototed to make cone os vertical as possible

while satis @Mﬁ fwm avyﬂg ol V: N\~

o ——

— Viewed on sPheJ(e caritered ot Vit Ay
?UJL %AL!WQLC@:& axis
9»’[} up ﬁvyy\ P(QWOL\S Q%e CQT\(QG’(’ Y%
toword vorth pdle (maxing ouf” ot nortl, 90903
> Copont caQ ccn‘Figaeriom s i Cpo)
becouse (Vt-b\f() is too (bg Pmcoucﬁws
—if (vee V) s verticala then
orientation of Grst Quk 1s net determined
— cl/\otces ﬁ)\f SMQQQQF &/QO\@@I "‘\‘W\es may &i%
— ‘QEG/ZQ movVie 2( continuous Spin <Vt—i~VL)
fo swifch from pYevious choice fo vext
— when v veackes cone opex. need f extend
cononcal m‘@umﬁdh & masitoin variant
— 5?7‘" C\/év:l«\/i) To make, (\/,;'\\/cH) Qas VQY"“C&Q
05 possible => new canon. comfy. voleidion
— Spin (_\/\E\\fc+1) ‘)() L,ng (V;«Vc+1> M‘f‘o
CQV\OV\TCO\Q Cd\'\\q“;umﬁm

— note’ anJy cononiC&Q = ‘ryrcl d



What is producible?
— ox—canonical confiouration s B-producible
for %5 <p< (80°-%5 (A mn;&
— canonical ccv@uraﬁo» in
complomertary cone “Ba
= produces “n}?&@" (s spinning m%ut\rec@
— (209 —chain CZoc)«Pro&uq(oQQ
> R-producible for %3 <¢B<130-%;
— varoo%ce o¢-canonical can‘@amﬁﬁh
— fevevse CMOﬂTCQQiEQ+TG“ pmcecQurQ
far away from Pm&uoﬁ\om cone Cp
— ot stotes of (¢ —charns ave B-producible
for x<R<90°
— imagine moving Cone insfead of chain

 Crede o e /mfg{

— side up o onme of’

At Jﬁm@ wafion with cone Jusf -/oudmy Pgaue,

— veped
= lat-gtote connected

— Cansnicalize. bath,  combine  motions
= for (¢x)-chans & o< B< 0°,

configuration is {Doflenable © it 1 B-producible




HP modell of profein £lding_emergetics: [Ken DI 1910
simple combinaforiol model capturing an affen
pVOYmV\OM+ -ﬁ\rce: L\y &mPL\obl\c (oOV\ (owou‘& S“"““%%)

— peotein = chomn of (H) or @ nodles
kg&ro P‘Aok Y ) L\yd\m pkiQr c/ PoQCN‘
— @ﬁiﬂ’\g = embedding on square 9rid m AD or 3D
(ds0 severod variations, avaidigg parity issue, €.,
Q%thod‘QmQ A in 2D & cannonbafl packing 1n 3D)
— score = # pars of ) nodes adjacent n Qathice
QAS\mQQg gnoviy edges of the chain —Rrced)

~ opfma £0diny = maximum score

FM(Q(@ oPWLImaQ foﬂz\j is NP-hard:
—n 3D [Beyger & Lehton 19987
— in AD [Crescenz. GoQ&maquPaolmﬁn‘ouchcﬁ%om«
— variaus  O(D)—appraxmations Yamakakis 1118
[Havt & Tshvail 19965 Mauys of ofl. 1999+ Newman 2002;
Agaruiala., Batzaslou, Dancik, Decatur, Farach, Hannenhall,
Muthukvishnan, Skiena 1%97]

OPEN‘i (1-€) —approximationd  APK-hard?

ek




HP moM a?prcxrvnaﬁoyg (scguare 9rr&) ¢
— upper bownd: &'mtv\i#evw Hls.. #069& H S%
— every bond s between odd & even H
— 23 bonds per H. but double cowitin
= 29 bonds pex” eVem H. and ditb Grodd H
— assume ¥ over H's = # 08d Hs (excess>P's)

Best approximation: 4 [Newman 2003 ]
— Works even for clbsed chains (harder)
— find breakpoint such thaf
— P(focee&ivxg cgo?kwrse,‘ O,QVJ%Q dt deast
as many odd Hs as evem H's
— proceeding cowderchekuise, afways G foast
0s many evemn H's as odd H's
— l/\omg dram  down Gom breakpoial ecQge
~ mafch wp oven Hs of fef (ccu) half
L odd Ws of cight (cw) hallf
~3ei L bands R Nery 3 H's
— bul 9N6rihg holf Ha H's
S 1 bond per 3 H's
— upper boound = H's
= Y3 appeox. |




U)m%ue OP]LIMQQ ﬁQ&ggg_s_ [ATCH\DQZ@G Bremnen Demame,
Megjer, Sacvistan, Sess Q003
exist tn QD Square gw‘cQ
— for Ml even n foc Josed chawns
\ﬁr&a%mm -ér open oL\QThs
%1
Ens
L Z
41
I

] OPEN|:  ofher grids fhan 5cKuam7, (presumaloll,)

IQ_P‘E_/\I k oPﬁ‘MaQ \QMMJ /\IPvlf\afcp among
uniquell, optima] proteins § CPTOEQLJ@)

f (&E?_ﬁ proiveim with unque op‘hmaf

folding with approximat o@ﬁ‘qu skqpe?,

n=2a0




fPrg@p olC cﬁo&d;dmmw opﬁmoﬁ \%Mttyg:
~ 2ig2og folding adveves score h- 1&
# H pedes
— GPWLIMOJQ aQwags sh (42 coifacts per H,
double countt my\
— heve, 6P+ZMGQ <h-1:
= ?Lf nomconsecwﬁve, ecgges [\ EOMcQ«nj on.,
one agoau\s\f each woﬂQ
= <2 are P-P edges
> 23 have H nodes
— Hese H nodles fose 21 contact
> QOSQ, 1 contoct (oQGuL;Qe Coum‘h‘hg)

— Parhty: A/a tle\/e,mu H hocQQ.s., Wa qu" H V\ocges
= ®\Qg ‘OOVV(Q.S Qefweem even & ochQ H vlo&eg

— o contacts externa to fosed chain
— P-P Qc%es must be on bouw&ﬂ(\j &x%

— parfitions odd & ever. H nedes %

— groph of canfacls s a lic 53
— biparfite & “naside” J %

= aroph s a poth @
— path is unigue up To reflection
_ dleaomposes M‘h) S%uqye,sz I};g;l

:>2¢\g2r% I__?oo.




