Theoretical part

PaGouwnii et Ne 3

Subject: “The Gibbs energy”

Vocabulary
» HaiinuTte cOOTBETCTBHE, 3aUIINTE CJIOBA B CIIOBAPHYIO TETPAlb.

to simplify CBOpauMBaHHUe Oelka to suggest yIpouiaTh

the Gibbs energy nproOpeTaTh non-expansion work [MOHUMaHHE

to be proportional to OBITh MOTPY)KEHHBIM assembly [EM0YKa

the criterion of TpeTuuHas/gyeTBepTHuHas | t0 remark KPUTEPHii

spontaneous change CTPYKTYypa CaMOIIPOU3BOILHOCTH

to establish aM(pHUIaTHYECKHI the folding of proteins OIUCHIBATH

to describe BHYTPCHHSIS 4acTh tertiary/quaternary OBITh TIPONIOPIMOHAIEHBIM
structure

conclusion 3aMedarhb, HaOIr01aTh well-defined yCTaHABJIMBATH

insight dochommnmn interior B3aMMO/ICIICTBHE

hydrophilic cbop, cobpanme repelling IPENATCTBOBATh

chain OTTAJIKUBAIOIINHT phospholipid sHeprus ' mboca

cage He pabora pacimpenus | amphipathic KJICTKA

to oppose YETKO ONPE/ICIICHHBIN to be immersed in TUIPOQITEHBINA

interaction npeiarath to acquire 3aKII0YEHHUE, BBIBOI

» CocraBbTe 3 NpeIOKEHHSI, YITOTPEOIIsisl CJIOBApPHBIE CIIOBA.
Examples: At constant temperature and pressure, a system tends to change in the direction of decreasing

Gibbs energy.

At constant temperature and pressure, the change in Gibbs energy accompanying a process is equal to the

maximum non-expansion work the process can do.

Main laws, equations and definitions
» IlpounTaiiTe U 3aNMIINTE PYCCKHE aHAJIOTH (BOCIIONB3YHTECh KOHCIIEKTaMH JIEKITHH, y4eOHUKOM,
UHTEPHETOM).

Definition of Gibbs energy:

Practical part and home work
» Tlpouwnraiite 1 epeBeIUTE HA PYCCKHUI SA3BIK

Fig. 2.14. When a hydrophobic molecule (in shades of gray) is
surrounded by water, the H,O molecules (with their oxygen atoms
shown in red) form a cage, of which a cross-section is shown here. As a
result of this acquisition of structure, the entropy of water decreases, so
the dispersal of the hydrophobic molecule into the water is entropy
opposed; its coalescence is entropy favored.







2.7 The hydrophobic interaction

To gain insight into the thermodynamic factors that contribute to the spontaneous
assembly of biological macromolecules, we need to examine in detail some of the
interactions that bring molecular building blocks together.

Throughout the text we shall see how concepts of physical chemistry can be used to
establish some of the known ‘rules’ for the assembly of complex biological structures. Here,
we describe how the Second Law can account for the formation of such organized
assemblies as proteins and biological cell membranes.

As remarked in the Prologue, we do not know all the rules that govern the folding of
proteins into well-defined three-dimensional structures. However, a number of general
conclusions from experimental studies give some insight into the origin of tertiary and
quaternary structure in proteins. Here we focus on the observation that, in an aqueous
environment (including the interior of biological cells), the chains of a protein fold in such a
way as to place hydrophobic groups (water-repelling, non-polar groups such as
—CH2CH(CH3)2) in the interior, which is often not very accessible to solvent, and
hydrophilic groups (water-loving, polar or charged groups such as —NH3+) on the surface,
which is in direct contact with the polar solvent. A species with both hydrophobic and
hydrophilic regions is called amphipathic*. Phospholipids also are amphipathic molecules
that can group together to form bilayer structures and cell membranes (recall Fig. F.1).

To understand the process in more detail, imagine a hypothetical initial state in which a
polypeptide chain is immersed in water and has not acquired its final structure. Each
hydrophobic group is surrounded by a cage of water molecules (Fig. 2.14). Now consider the
actual final state in which hydrophobic groups are clustered together. Although the clustering
together results in a negative contribution to the change in entropy of the system (the
solution), fewer (albeit larger) cages are required and more solvent molecules are free to
move. The net effect of the formation of clusters of hydrophobic groups is then a decrease in
the organization of the solvent and a net increase in entropy of the system. This increase in
entropy of the solvent is large enough to result in the association of hydrophobic groups in
an aqueous environment being spontaneous. The process that drives the spontaneous
clustering of hydrophobic groups in the presence of water is called the hydrophobic
Iinteraction.

“ The amphi- part of the name is from the Greek word for ‘both’ and the -pathic part is from the same
root (meaning ‘feeling’) as sympathetic.

» Tlocmotpute ¢punbM u otBeThTe Ha Bonpoc How Cells Obtain Energy?




