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1. Binku e oguH 3 TPbOX OCHOBHUX THIIB 6i0JI0TIYHNX MOJIEKyYJL. Berin 3a po3mudpyBaHHIM reHOMY JIIOAVHH,
npo6sieMa 3’1CyBaHHS TOTO SIK O6iJIKM 3rOpTalOThCsl Ta SIK B3AEMOJ{IOTh OIUH 3 OJHMUM CTaJjla y>ke HarajbHOIO.
TeopeTnyHi MeTOIM BOJIOZIIOTh HU3KOIO IIepeBar HaJl eKCIIepUMeHTaIbHUMMU MiIX0AaMU i 32 OCTaHHI POKY 110Yaun
IIMPOKO 3aCTOCOBYBATUCS B IOCIPKEHHSIX Oi/KiB. B naHiil qucepraii npencrasieHi pe3yibTaTiB HU3KY HAIINX
POOIT 3 BUBUEHHSI IPOGJIEM 3rOpPTaHHS Ta arperatlii 6isikiB. Y BUOOpi 3a7,a4 MU KepyBaJILCsl HACTYITHUMU
Kkpurepisgmu. [To-nepie, HeobXigHO OO 171 3a7a4i OyJia HasiBHA eKCIlepUMeHTaslbHa iHpopMallisi, Ha OCHOBI SIKOi
copmoBaHi nesHi rinoresu. [Io-gpyre, eKCIEpUMEHTAIbHI MiIXOIX 4O BUBYEHHS 3a/1a4i 3yCTPivaloTheCs 3
icTOTHUMU BUKJIMKamMu. Hanpukiaz, e MoXyTb OyTy TPyAHOLILi cTabisizyBaTu 06'€KT AOCiIKEeHb Ha [IPOTs3i 4acy
IOCTaTHBOTO JJ1s1 BUMIpIOBaHb, Opak po31isbHOI 3MaTHOCTI MeTony. Moziesti BUKOpUCTaHi B aHiil pobOTi CUIBHO
PI3HATBCS 332 CBOEIO PO3AIIBHOIO 30ATHICTIO B 3aJI€5KHOCTI Bif], LOCIKYBaHOI Ipo6ieMu. 30KpeMa, MU
BUKOPHCTOBYEMO OJIHY YaCTHHKY JIJIs1 IPEICTaBJIeHHS MOJIEKYJIH OiJIKa B JOCIIIKEHHAX KOJIEKTUBHUX

BJIACTMBOCTE OiJIKiB y BOJSIHUX pO34MHax. [Ijis1 IpoLieciB 3ropTaHHs Ta arperatlii BAKOPUCTOBYIOTbCSI GiybLI



neTanizoBaHi mozesi. OCHOBHI pe3ysIbTaTh OTPMMAHI B aHiil pOOGOTI MOXKHA MiJCyMyBaTH HACTYIIHUM YAHOM.
3anpoBamkeHo HechepuyHy MOZeb [JIs JTi301UMY, SIKa 33JJ0BIJILHO ONUCYE SIK (Pa30By Aiarpamy, Tak i CTPYKTypHi
dyHKLUiI OTpUMaHI 1711 pO34MHiB L1bOro 6is1ka y Bozi. [lokaszaHo, 10 CUCTEMHU SIKi B3a€EMOIIIOTh Yepes I100abHO
BiZJIITOBXYBaJIbHUI MOTEHLaJ 3 JIOKAJIbLHUM MiHIMyMOM Ha KOPOTKUX BiICTaHAX YTBOPIOIOTh PiBHOBAXKHI KJIaCTEPU.
[IpoBeneHo geTanbHUM TEPMOIVHAMIYHII aHali3 KacTepiB. 3HaNAEHO, 10 [P MaJIUX TYCTUHAX KJIaCTepU
BUHMKAIOTb 3aBJISKM CIPUSHHIO €HTPOIII] a TPY BEJIMKUX I'YCTUHAX — €HTaJbIIii. JJOCIiIKeHOo IpoLec 3ropTaHHs
6inKa 110 BifOyBaeThCs 32 OCEPENHMLITBA MOJIEKyIspHoro manepoHa GroEL/ES. Po3risiHyTo KoMipKy manepoHna
SIKQ M€ $IK BiJJIITOBXYBAaJIbHI TaK i IPUTSTaybHi CTIHKU. BUSIBIEHO, 110 BILJIMB KOMIPKU OY’K€ CUJIBHO 3aJIEXXUTD Bifl
piBHA dpycTpauii moBepxHi BisibHOI eHeprii 6isika. 3aporOHOBAHO HOBY MOJEJIb CKOPOYEHOTO OIUCY [JIs1
IOCJiI)KEeHHS Ipolecy arperauii 6iyikiB. Moziesib IpOTeCTOBAHO [1Jis NENTH B [10JliajlaHiHy, 1 IKUX BOHA
[IPaBUJIbHO OMNMCY€E TEHMEHII0 0 IOCUJIEHHS arperauis 3 po3MipoM NENTUIHOTO JIaHLora. JOCiIP)KeHO BILJIMB
30BHIIIHBOTO €JIEKTPUYHOTIO I10J1A Ta TI0KA3aHO, 110 I10J1€ CTUMYJIIOE [IEPEXi]] B CIipaJIbHUM CTaH Ta MOXe
CIIpUYMHUTHU po3nah Gpiopu. JocaimKkeHo cTpUOOK BiHOBIEHHSI B MOTOPHOMY 0iIKy Mio31H. 30y10BaHO MOZEJb
CKOPOYEHOTO OIIKCY SIKa BIDHO BifTBOPIOE LeH CTPYKTYpPHUM Iepexiz,. JocmimkeHo BB MyTauii E22Q Ha nponec
OCiIaHHS NenTUAY XBOpoOU AJblLreriMepa Ao Ha iCHyI0uy aMusIoinHy (pi6puiy. [TokasaHo, 10 el BIJIUB €
€HTPOMIMHUM Ta IPU3BOAUTD IO MPHUIIBUALIEHHS ITpouecy. [Io6ynoBaHO MIKpOCKOIIYHY Mogesb Gibpuin
dparmeHTy A0 IeNTUAy WO MiCTUTH 3anuiiky 11-25. 3HaleHo, 10 PeeCTp O-JIUCTIiB B OTPUMaHii MoZeJi 3MiHIOETbCS

3 BEJIMYMHOIO pH 3aBIsIKU €JIEKTPOCTATUYHUM B38€MO,ZIiHM.

2. Proteins are one of the three main types of biological molecules. Following the decoding of the human genome,
the problem of how proteins fold and interact with one another has gained a sense of urgency. Theoretical
approaches play a key role in the studies of proteins, as they offer a number of unique advantages over the
alternative methods. In this dissertation, we present the results of a number of our theoretical projects aimed
specifically at the problems of protein folding and aggregation. The specific tasks were chosen using the following
criteria. First, we asked that certain experimental information be available for the problem under study, sufficient
to lead to the formulation of physical hypotheses. Second, experimental approaches to the chosen problem had to
meet significant challenges. These could be, for instance, difficulties stabilizing the object of the study long enough
to perform measurements; insufficient resolution of the method; or ambiguity in the interpretation of the results.
We use a wide range of theoretical models in our study that vary greatly in their resolution depending on the
specific problem. While one interacting particle is used to represent an entire protein in the studies of collective
properties of proteins in aqueous solutions, more advanced models are employed to study protein folding and
aggregation. Our main results can be summarized as follows. A non-spherical model is introduced for lysozyme
that describes well both the phase diagram and the structural functions of this protein seen experimentally. It is
shown that systems interacting via a globally repulsive potential with a local minimum at short distances form
equilibrium clusters. A detailed thermodynamic analysis of the clusters shows that a) at small densities, clusters
are stabilized by entropy, and b) at high densities, by enthalpy. Folding of proteins mediated by molecular
chaperonin GroEL/ES is studied by computer simulations. A repulsive and an attractive chaperonin cavity are
considered. The effect of the repulsive cavity is found to be strongly influenced by the level of frustration in the
protein folding free energy landscape. A new model for simulations of protein aggregation is introduced. The
model uses all-atom architecture but treats electrostatic and non-polar interactions in approximate ways. For
alanine polypeptides, the tendency toward aggregation with the growing size of the peptide chain is correctly
reproduced. Effect of external electric field on folding and aggregation is studied. Recovery stroke in myosin motor
protein is studied by computer simulations. A reduced model is introduced that is able to reproduce correctly this
structural transition. The effect of E22Q mutation on the adsorption of Alzheimer’s disease peptide Ao on amyloid
fibrils is studied in computer simulations within all-atom approaches. It is shown that this effect is entropic and
leads to accelerated reaction. A microscopic model is built for fibrils made by 11-25 fragment of An. The registry of o-
sheets in the model is controlled by two C- and N-terminal groups and, in agreement with experiment, changes
when pH is varied.
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