
Confermahirnalfquilibrium
Last time, discussed

At B Z Gt H reactions
,

exchanging # of moles of atoms
between chemical species

But the same kind of analysis
can be useful for biological systems
Here we have non covalent

interactions taking use between
different States of a molecule

This includes classic ⑤ i.⇐ ⑥T
reaction



There is one kind of reaction scheme

ever simpler , which is

A- ⇒B

A- avg.hnportent example of this
kind of reaction is the

"

folding
"

of polypeptide chains (proteins)

on
,
H

Garrow.

→ :÷
Folding controlled by BG -- SH -TAS

in general DH fold <O ← more favorable
✓ Interactions

hbond , DS fold Lo ←
"
more order "

Coulomb P smaller number of microstates
considerH2O also



This means protein folding is
a competition between entropy
and enthalpy . Many proteins have
DG n - to kcayarol because of cancelation
of large DH and -T05

this chapter is about how to
measure and extract these quantities
from experimental data

start with 2- state model
N

G
to.

So reaction is D⇒ N

e
denatured

T
native

with key = CN%p, and
DG%d =-Rthkear



KENAside:

↳¥wmbarrier
controls rate of folding

can be too high for large proteins
so folding may need to be catalyzed
by a

"

chaperone"

But how can we measure [ Nycpeg?

Need some spectroscopic technique
that can distinguish
between D&D

Lets first imagine what this
could look like in general



one ended MD
to distort

y * N

whatif we have a mixture?

yobs G) = fnynlxltf.Y.CH
f- µ=fp= 0.5

as↳
But new consider fu

-_ 1.0
,
uso.gg

us 0.98

|#tdistinguish!



Hence realistically we can only
evaluate k = [ N%p]

when fu = CI
[D) t cry

is intermediate

this applies to other measurements

• FRET - can be used to infer
distances like abone

• Circular Dichroism (example in book)

absorption r 220 nm shows

secondary structure vs unfolded

• NMR - different pattern of peaks
when in native conformation

so when can we use this combination
idea to measure k?

first, lets connect fw , fptokf.ae



fu -_cf and ka:{Is
⇐ [D) k k

Eater,
- Fi
"

told

£D= IT , St faut f-D= I

if fw=O .
I ⇒ .lk t .l=k

⇒ k= Yann -
l 'll

fu -_ 0.9 -7.9kt .9=k

⇒ k=q

so f- aka 9=7 - ln9slnk4n9



I

-2.2C Ink 52.2 dG= -RT Ink

⇒ 1.3206oz -1.3kcal
Tx -GKI

not
Trot

whereas for a stable ng-→
protein expect SE - to Kal

te
mo'

Rule of -thumb : I-3=10
RT I 0.6 so DG = - 2.3RT or

II. z - 1.4 is a factor of LO

so States
less stable than

-2.4kcal knot will hone

a lot of unfolded protein



Typical protein kg,a
703

& at room temp !

Key is to
" denature "

the protein with temperature
or chemicals m order to

" melt
"
the protein , and extract

SH & DS fran this analysis
T

Y n -
m k temp at

-

Yobs
y , -

-

T(K)

We will see later, like a phase
transition , but not sharp



How do we get kfoid

Yobs = fnYou + ( I- fu)
-

Y
,

= Yd t fn (Yu - Yp)

⇒ f n = yobs - YD partial4¥. .
i :÷:

✓
= k fold

ltkfocd
GN tuff YD

=
'

= In
.# it



Yobs = Y D t you e
-
SEAT
-

I t e
- dGERT

r - -

can sub in D8 = SHO -Teso

to fit these terms

also Dto_o@fw-o.s
'

so Tm = dtT%jo
How steep is the transition? Get derivative

%- IT
simplemodel, Shoal

soda't

depend onT
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OH HT

|¥¥, l l te"'re-Mri ) ftp.T.ywedslre-dttni)- (yw f-
SIR et" ht t y D)

+ ( east e-Mkt. f¥)

¥¥t\ = dtkkkMu-Wtz÷
Itk)-

=L 's n - Yoffe, FEI



and 'II. --
'Ii Ttt

gy -

o

so = ( yn-%) fu to Atl
RTL

Enthalpy or entropy control steepness

of the transition

Going back to Yobs= YD t ( Yu -b)I
Itk A

= YD t

AGE SHO -T DSO = DH
'

- T dH%m

k.es"

Can fit to get Tm, D Ho ⇒ as
° & D8



In reality, better model is
constant heat capacity
for each stable state

d t w = Epd T

ten -- Hiett Ep (T -Trefl
also for Renewed state

SIT = S t t dip CT -Tret)
re f

eg ret temp at Tm

can do some far d 5 = EPADT

05 = DSrept DEP In (Thr )

and use this AE = Ati
-Tds . to fit




