Protein denaturation by pH

* Proteins can also be denatured by pH

NN

0
w A,

Potential from the ion-pair
interaction results in a shift in the
pKa of the involved residues:

AG’ =-2.303 RT ApK

Contribution to protein stability:
- ion pairs are mostly on the surface of the protein
- the interactions are short range due to screening

- disruption of water shell reduces stability
contribution

ApK = pK(D) — pK(N) for acidic side chains
ApK = pK(N) — pK(D) for basic side chains

8-Two state transitions



pH denaturation of proteins

pK values of specific groups

5 20

E |

‘E 15+ .

510- I

2 s

TN A
D T T e
= 20 30 40 50 60

8 8 8

(8] (10° deg cm? dmol ')
g

a

B
150200 210 220 230 240 250 260 270 280

- Wavelength (nm)

O~ 1 VWU dLdLLc L diiLiviin

PK1 pK3 oKy
a-COOH a-NH3 R-Gruppe
Glycin 2,34 9.6
Alanin 2,34 9,69
Leucin 2,36 9,60
Serin 2,21 9,15
Threonin 2,63 10,43
Glutamin 2,17 9,13
Asparaginsaure 2,09 9,82 3,86
Glutaminsdure 2,19 9,67 4,25
Histidin 1,82 9,17 6.0
Cystein 1,71 10,78 8,33
Tyrosin 220 9,11 10,07
Lysin 2,18 8,95 0,53
Arginin 2,17 9,04 12,48

pH denaturation of
apo-myoglobin




Thermal denaturation

Rib(,)nuc,leas? Tl, the T-dependence of K is

given by:
0 0
£ an(T)z—AH +AS
RT R
-AHYR derivative for T:
HT- 207 dinK _AH,,
dT  RT?
dinK B AHSH
dl/T R
N D van't Hoff equation

8-Two state transitions p.3



Thermodynamic parameters of protein denaturation

Enthalpy:

Determined from slope of Van't Hoff plot
dinK  AH,,

dl/T R

within window of linear relationship

Entropy:
At T, the temperature of the mid-point of the

transition (AGY = 0)

AG’ = AH® —TAS"
AS*=AH" /T, (for AG’=0)

"' _AHYR |
2.90 2.195 3_.100 3.105
1/T - 103 (1/K)

8-Two state transitions
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Quiz 2: Thermal transitions

* Another small protein is 99% folded at 328K and 1 % folded at 340 K

* what is the standard enthalpy (4H°) of its folding transition?

» also estimate the entropy of the transition (AS°)!

8-Two state transitions
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Heat capacity changes in protein denaturation

Heat capacity: C :(8_]‘1) :(5_Qj
" \eor), \or),

Change of internal energy upon heating, property
of each global state

0 _ 0 0
A(:'P - CP,unfolded — CP, folded

Curvature in Van't Hoff relations: The native state
and the denatured state have different heat
capacities.

Protein unfolding heat capacity is large and positive

-4

-AHR

1 -

2.90

2.95 3.00

1/T - 103 (1/K)

ACPO >0

8-Two state transitions
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Heat capacity of protein denaturation

Definition of heat capacity:

AC°

p

_dAH"

dT

L

N\
]

<r

I«
2
AN

dAS° both, AHY and AS? are
dT temperature dependent

AC /T =

The molecular origin of AC ) > 0:
The native and the denatured state exhibit differences in solvation

in D, hydrophobic residues are exposed. The water structure leads to high
heat capacity (compare to Lecture 1)

ACp0 is usually 40-80 J mol* K per residue

related to m-value (also dependent on ASA)

8-Two state transitions
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Measuring thermodynamic parameters: Differential Scanning

Calorimetry (DSC)

buffer reference

reference  sample
T-controler T-controler

Measures amount of heat required
to change the temperature in the
sample vs. the reference.

For an adiabatic isolated
microcalorimeter, no heat exchange
takes place with the environment

50 =0
according to first law

dU =dW

changes in internal energy solely
depend on work within instrument

8-Two state transitions
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The partial molar heat capacity Cp

The heat capacity is defined as the amount of heat (Q) required to
change the temperature by dT with constant pressure.

c _(a_Qj _(G_Hj _an
" \er), \er), dr

Heat capacity of a protein solution C)p,
molar heat capacity terms:

- Heat capacity of the solvent Cp,

- Heat capacity of the protein (e.g. non-covalent interactions) Cp,

is @ composite of partial

sol

From Cj, we can determine the enthalpy of protein C - 0Cq,
folding/unfolding (n denotes the molar amounts) P2 8712
T,p,n;#2

8-Two state transitions



Using calorimetry to determine protein stability

Problem: Cp, cannot be directly measured

From calorimetry, the apparent molar this is the difference between the
heat capacity (Cp,,,) is obtained heat capacity of the solution (Cp,,))
and of the solvent (C))

app

C = Cpsot =M Chpy " A
Papp — with: PSol
T,p,n;#2

2 on,
_ Papp

CPZ _ CPapp + n, [ B j

n2 T,p,n;#2

\ J
this term can usually be neglected
for employed protein concentrations

sz = CPI -C

Papp

8-Two state transitions



Determining heat capacity from calorimetry

jacket
T-contro

reference  sample
T-controler T-controler

heat flux

8-Two state transitions

. L/min ¢
1-120.g1 SO(=6)M LOmM Napc pH=S .2M NaCl Vi(1) DASHA 2.11.88
l."fw\T!O.RI. RHaze T1 0.7 7ml 10 M Nafc 0.2 M NaCl pH=5 V1

€1) 2.11.88 L/min dT=0.1 80

/ reference
g

«— sample

—

g

T T T T T T
0.50 z.00 3.5 5.00 .50 8.00 .50

temperature

offset correction between sample and reference

from normalized and calibrated difference follows the
heat capacity change of protein unfolding

VP Ck Vp ! part.ial spec'if‘ic volume of protein
C — N S— h v, : partial specific volume of solvent
P2 Pl h: normalization
1 D k: calibration constant

p. 11



Determining heat capacity from calorimetry

1-120.g1 50(-6)W 1OwM Nahc pH=S .2M NaCl Vi(1) DASMA 2.11.B8. Ll/min <
’

i
l.‘-fw\T!O.RI. RHaze T1 0.7 ml 10 oM NaAc 0.2 M NaCl pH=5 V1

.l 1) 2.11.88 L/min dT=0.1
3‘ f
] rererence
x g /
jacket = 7 «— sample
T-contro )
4 T g
Qi
<
8
8
reference  sample B e P S A T P
T-controler T-controler temperature
T T T T 1
example: RNase T1
°r 7]
2 ef- -
Uh 41— -
2 —
8-Two state transitions N 20 .Io slo olo

Temperatur (9C)
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Enthalpy of conversion in protein denaturation

©
T

. From integration of the curve
the enthalpy of conversion

(folded to unfolded) AH  (cal)
is determined

o
T

-
T

. -1
Specific heat capacity Cp,pr (cal g )

dH
0.7} CP e
dT
20 30 40 50 50 70 80 % =AH N=1C dT
Temperature (°C) Qd m(ca) I .

AHm(.cal) of lysozyme denaturation as a model-free determination of
function of pH

enthalpy of state transition

8-Two state transitions p. 13



Two-state folding or multistate transition?

. -1
Specific heat capacity Cp,pr (cal g )
T

©
T

o
T

o
-~
T

o
w

n
o

L
30 40 50 60 70 80

Temperature (°C)

AH, (cal) of lysozyme denaturation as a
function of pH

comparing the areas under the

curve, an equilibrium constant can
be determined.

From K, Van't Hoff Enthalpy can be
determined immediately, using:

CﬂnK) AH®
P

v. H.
dT RT*

This assumes a two-state transition

Only in this case, AH  (cal) = AH’ ,,

8-Two state transitions



Entropy of conversion

©
T

o
T

o
-~
T

. -1
Specific heat capacity Cp,pr (cal g )
: -.f

n
o

1 1
30 40 50 60 70 80

Temperature (°C)

AH, (cal) of lysozyme denaturation as a
function of pH

At the midpoint of the

transition (T_), the entropy can
be determined

AG=AH -TAS =0

as, =AM,
Tm

8-Two state transitions

p. 15



Heat capacity difference of unfolding

©
T

ACP can directly be obtained
from the measured curve

o
T

-
T

Can also be determined from
the temperature dependence

of AH,, e.g. measured under
different pH

o
-~
T

. -1
Specific heat capacity Cp,pr (cal g )
o
w

n
o
ol
o
H
[=]
w»
o
(42}
[=]
-~
o
@
=]

90 600}
Temperature (°C)

500}

AHp, (k) /mol)
(&)

50 55 60 65

Tm (°C)

Rnase T1 denaturation data
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The protein stability curve

With heat capacity:

dd;‘f: AC,  AH(I)=AH(T,)+AC,(T-T,)
dAS r
— - T=AC, AS(T) = AS(T,)+AC, ln[ij

With heat capacity, the T-dependence of AG® becomes:

AG’(T)=AH’(T,)-TAS(T,)+AC LT—Tm —TlnlJ

m

8-Two state transitions
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The protein stability curve

With heat capacity, the T-dependence of AG® becomes:

0 0 0 0 T
AG"(T)=AH"(T,)~TAS"(T,)+AC, [T—Tm—Tln—j

m

Example
L 1 ] H T
b~
120k i AH|[TAS
Ly -1
':.3‘ n rd ~
Q
sof- 2 \
3 ™ Tg Th T. Tg
= 21
~ t
- (&}
40 -l
|
L
{ B A
0/ ——-_-N__-‘_-. |~ ‘\
. A
—20/111||1 - 0 29/ 40 60 8 10
270 280 290 300 310 320 330
T.°K Temperature (°C)
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The protein stability curve

Protein stability is maximal
at AS” = 0 (Ty)

K, (equilibrium constant)

\ ] is maximal at AH” = 0 (T)

AG (kcal/mole)
3
m—i
1
—
’l
’
S

i - The transition mid-point
0 2] 40 . 60 80 . 100 ] (T,)is at AG’=0and f,, =
Temperature (°C) Ju=05

8-Two state transitions p.19



Protein cold denaturation

(8] x 10 "Idegrees-cm7/decimole|

Protein stability curves show second Tm' at
low temperature! = cold denaturation

Can be observed for some proteins / mutants:
Cold denaturation of lysozyme (destabilized mutant)

5 4 . 5
4 1
3 4
2
|.
X
c 0 1
-1 A
-2 1 -
-3
-25 . T L
-25 0 25 50 -4

-20 -0 o o0 20 30

Te rature ["Cl
empe Temperature (°C)

40

50

60

iy
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Proteins are stabilized by ligand binding

C

) O

R,e—R, +I =R, L

Protein stabilization by
free energy of ligands

- measuring protein stability as a
screening tool

9-Two state transitions - binding p.21



Differential Scanning Fluorimetry: A high-throughput assay to
determine protein stability

Differential Scanning Fluorimetry:

Fliomacenca Pask Thermal shift assay
60000 -
gt - Addition of a fluorophore
= 4w - b.lndln.g to expgsed hydrophobic
g sites: increase in fluorescence
g — dyes: SYPRO orange
20000 - High-throughput method
10000 - ligand binding shifts Tm
e - DSC: binding thermodynamics
25 30 35 40 45 50 55 60 65 70 75 80 85 90
Temperature (C) (0]
I r— CmHam+1
3 sYPRO-ORANGE DYE w PROTEIN Oz?_(CHZ)”_NMN/
O N
CmH2m+1
SYPRO Orange

source: Wikipedia
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Case study: protein stability and pharmaceutical research for
Tuberculosis

Primary lesion M. tuberculosis

Lymph nodes
Persisting mycobacteria
in primary lymph node
lesions and in lesion-free
lymph nodes

Foamy
giant cell

Infected : )
macrophage .-._d' ) | P_os*t-pnmanr

Firm caseous core
inhibiting bacterial growth

Persisting mycobacteria
in lesion-free tissue
Cavitating lesion

Nat Rev Microbiology 2003

9-Two state transitions - binding

p.23



Screening for pantothenate synthetase inhibitors

pantothenate synthetase: new target
Pantothenate (vitamin B5)

A) o]
- essential precursor to ofg
coenzyme A ' _0"(;5'0 e
. SN ) Pa
- all enzymes absent in ”OWI\Q © “C”

mammals

- de novo synthesis
important for bacteria,
including M. tuberculosis

_OJ\L
p-alanine

NHo

- mutant can get HO\ 94 Q N
g Ho\*@_‘@ WN N:jN
pantotheate through W O
salvage pathway, but no
disease }\AMP
pantothenate
OH H -
- pantotheate synthase is a HOW Vﬂg
good target

Ciulli et al. ChemBioChem 2008
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Fragment screen to identify binders

o o O O Sy Hers O

o]
o
n=106 OH
3 4
ATy = 2. =3.0° ATn=05°C ATn=0.7°C
Ke=1.18 mM Ky=0.48 mM Kq=5.13 mM Ka=N.D.
n=164 n=31 n=91
o] o] o] o
o
HO oH  Ns OH T
S _ HO  STN
o] (o] N \
n=68 n=132 5 6 7 8
ATy=05°C ATp=2.0°C ATy, =0.6°C ATy =0.7°C

O ‘\/‘ ‘\/. K= N.D. Ky = 0.88 mM Ky= 3.48 mM Kq=0.74 mM
\ﬂ/(% /0
P &rton Ol t
\

n=12

% 11

s AT, _05°c ATm-UG °c AT, =0.5°C AT,..—GS"C a'rm-us"c
@ Ka=N.D. Ks=1.88 mM Ky=3.18 mM Kq= 10.88 mM Kq=4.88 mM
2 ) TP= 1,69 m

3 ==in presence of

3 10% DMSO 9 HO, o

‘5 e A ok O
E o

w 0 =N NHz
E ——Fragment 14 15 16 17

= AT,=05°C ATn=12°C AT,=0.5°C
£ -O-Fragment 2 Kg=11.48 mM Kd‘;ﬂ 27mM Ks=4.46 mM
= K= 1.44 mM

]

=z

Fig. 1. The hits identified in the primary thermal shift screen and validated
by secondary NMR spectroscopy screen, with Ky determined by ITC. The
Temperature ('C) fragments exhibited a varied range in both AT, (from 0.5 to 3.0 °C) and

affinities (K4 from 480 pM to 17.3 mM).
Silvestre et al. PNAS 2013
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Follow — up on hits to obtain thermodynamics of binding

HO
-0
Table 1. Thermodynamic binding parameters determined by ITC . . y
Fragment AH, kcal/mol  AG, kcal/mol Kgq, mM LE blndlng mOde Of 2 02 ?
1 139 + 0.1 4.0 + 0.1 1.2 + 001 029 Ki”‘;;éﬂnr:;
(2 -101+02 -45+03  05+001 030]
3 -11.6 £ 0.2 -31+03 51+0.2 0.26 F ” E
6 (racemate) -10.3 + 0.05 -4.2 + 0.1 09+ 0.04 0.32 ( s107 Tw 2195 P
6 (R-enantiomer) -79+0.1 -41+ 0.1 09+ 002 032 = i
6 (S-enantiomer) -123 +0.2 -43 +0.2 0.7 +£0.02 0.33 a"‘ i g {,;I K160
7 -94 + 01 -33+01 35+ 0.04 0.28 =
8 -7.51 + 0.1 -4.2 + 0.1 0.7 +0.02 0.32
10 -7.2 + 0.1 -37 +0.1 1.9+ 0.03 0.37
1" -16.2 + 0.8 -3.4+09 3.2+02 0.31
11 (in the presence -1.5 + 0.05 -38+0.1 1.7 + 0.08 034
of ATP)
12 -21.2+1.0 -27 +1.0 109 + 0.6 0.27
13 =107 +03 =31+03 49 + 02 0.26
[ 14 —87+02 -40+02 10+001 033) binding mode of 14
15 -123 £ 0.7 -23+07 11.5+ 08 0.18
16 -11.3 £ 0.02 -26 +0.1 173+ 038 0.22
16 (in the presence -1.8+04 -38+04 1.4 +0.02 0.32
of ATP) A
17 -53+02 -31+02 45+ 0.2 0.34

9-Two state transitions - binding
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From fragments to inhibitors

HO

ATn=1.6"C
Kq=1.03 mM

A fragment-linking strategy designed
for M. tuberculosis pantothenate synthetase

Hung et al. Angew
Chem 2009

9-Two state transitions - binding
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Binding interactions are the foundation of biology

David Goodsell

9-Two state transitions - binding
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Cellular signaling — Receptor ligand interactions

Plasma Kinase GTP
membrane cascade

Nuclear
envelope

e~ DNA
mRNA

Protein
Figure 12-2

Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W. H.Freeman and Company

10-Molecular associations
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Protein — protein association: Large structures

a ® 8
O
™ 47°
+end
B-Tubulin O
a-Tubulin )
Tubulin dimer
bound to GTP
Tubulin dimer =
bound to GDP =

soo)| Je

B P,
—end
v-Tubulin
Capping
proteins
2009 Nat Rev Cell Biol
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Types of association reactions

* Protein — protein binding (homo-oligomers,
hetero-oligomers)

— oligomeric enzymes
* metabolic enzymes
* ribosomes
* channel proteins and pores
* molecular machines

— structural proteins
* cytoskeleton
* extracellular proteins

* Receptor - ligand interactions
— signaling and import
— cell surface receptors
— intracellular receptor

* Protein — DNA binding
— transcription factors
— chromatin
— DNA enzymes

TATA-bin
pra

10-Molecular associations

.t“; S~ ‘ AT
‘f;é};%gz%f.
;‘(‘ég‘ oS >

f{.;’

&

acetylcholine
%

92,2105 8

s g’fﬁﬁ‘%@. receptor
i,':’ ¢ d"ks‘!“% 2
L

- Cont on bb.
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Binding curves for one site binding

0.20

0.00

1E-10 1.E-09 1.E08 1EO7 1E-06 1.E-05 1E-04 L1E-03

0.90
0.80
0.70
0.60
050
f 040
030
020
0.10
0.00

log plot

JLQ —10° M

[L]

lin plot

K,=10°M

0.E+00 5.E07 1E06 2E06 2E06 3.E06 3.ED6 4E06

[L]

R+L——RL

sigmoidal binding curve

advantage of semilogarithmic plot:

both baselines are available

10-Molecular associations
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The free energy of binding

The energy of a ligand-receptor
interaction is determined by AG: |AG=RTInK

... Whereas AG itself can be AG =AH -TAS
separated into enthalpy and {—A—\
entropy + ionic + hydrophobic effect
+ vdW - loss of ligand
+ H-bonds  entropy!
1}\.
<
degrees of — degrees O].C |
freedom freedom fixed!

10-Molecular associations p. 33



Calculation example

Helix 11

Helix |

Helix 1

C-terminal

Helix 111

N-terminal

HTH-HMG domain (1gt0)

Leucine Zipper/

’tl‘ 1TH domain Helix It
Regulatory domain
) r\‘ﬁ‘“ ¢ Regiol Max
3 elig 4™ »
i &‘0’ & T
38 4"%s X/ T
Helix 111 t g

Tetramerization region ’
Zn finger domain (4m9e) Lac repressor-DNA complex (1lbg) bHLH-leucine-zipper domain (Inkp)
https://doi.org/10.3390/genes8080192

You have a protein (transcription factor)
binding to a particular DNA sequence
with a dissociation constant of 10° M.

Now, you test a different sequence and
find that the protein binds tenfold (10x)
better

what is the free energy difference
between the two interactions?

Could you suggest what molecular
interaction could account for that
difference?

10-Molecular associations
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Binding to multiple non-interacting sites

for a single site: L+s —)E Lb Kd _ [s]IL]

s: free binding site
L,: bound ligand

H

f R+RL+RI + I:,jl per macromolecule
2 T RL.
i=0
e ;i[R][L] /K" ) ;z’[L] /K" P 0[]
SIRILI /K, SILI/K" [L]+ K,

_ RL+2RL,+3RL;+... ZZRL" fraction of ligand bound

Binding isotherm for
multi-site binding

K' =K K, KK =]]X

p. 35



Scatchard plot for multisite binding

Linearization method

binding curve

0.50

0.00
1.E-08

1.E-07

1E-06

[L]

1.E-05

1.E-04

1.E-03

n
n
e
‘—
Skatchard plot
3.50E406
3.00E+06 n/ Kd
2.50E+06
2.00E+06
ﬁ[L] 1.50E+06 I/Kd
1.00E+06
5.00E+H05
n
0.00E+00
0 1 1 2 2 3 3 4

f

Plot of the ratio of bound ligand, L; and
unbound ligand, L vs. L,

10-Molecular associations
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Cooperative binding

Binding I Unstable
L7} site I Less stable
- Il stable

Binding
site

no ligand, flexible regions at
binding site, interior low
stability regions

one site bound

protomer converted into
high affinity conformation
second binding site
stabilized

second ligand bound with
higher affinity
—> positive cooperativity

10-Molecular associations p.37



Cooperativity: Hemoglobin

free 0, bound

Figure 5-10
Lehnii Principles of Biochemistry, Fifth Editi .
il e Fun fact: 750 g hemoglobin per adult,

1022 molecules (108 molecules per blood cell).
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Cooperativity: Hemoglobin

T state
KT 02 02 02 02 02
02 02 02 02 02
T state R state
strongly 1[ | } strongly
favored favored

88"“

10-Molecular associations
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Cooperativity: Hemoglobin

pO,in pO, in
tissues lungs
1.0
( ( ) Finely tuned transition between
H'g:;::g"'ty high- to low affinity state
0.8 A
Transition from

low- to high-

affinity state - transport function of hemoglobin
0.6

- transfer to myoglobin (only high
g affinity state)
045 - blood O2 saturation: critical
parameter

Low-affinity

0.2 state
1 1
. 4 8 12 16 di : bb
0O, (kPa) iscussion on
fFigL'"‘e 5-!2' f Bioci 1 Fifth Editi

@ 2008 W.H, Freeman and Company

10-Molecular associations
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The Hill plot

binding curve Hill plots
1.20 20.00
n=3
1.00 15.00
10.00
0.280
S
Py
N
f 060 & s
g
L
0.40 0.00
0.20 -3.00 . ..
: slope: Hill coefficient
-10.00 |
0.00 ' 8 7 6 5 4 3 2 1
LE-08 1E-07 1E-06 LE-05 LE-04 LE-03

[L] log{L]
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Interpretation of the Hill coefficient

1.20
1.00
0.80
f 0.60
0.40
0.20

0.00

binding curve

K,=10°M

1E-08 LE-07 1.E-06 LE-05 1E-04 1E-03

[L]

For a receptor / protein with x
binding sites:

Total cooperativity (all-or-none
transition): n = x

No cooperativitiy: n = 1

All other cases: I <n <x

Empirical description of the
behavior

10-Molecular associations
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Effect of the receptor concentration

R+L—=RL
Kd

Up to this point, we have assumed that
[R] is much lower than the K

discussion on bb

10-Molecular associations
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Effect of the receptor concentration

R+ L——RL Up to this point, we have assumed that
K, [R] is much lower than the K

if this is not the case the fraction  [RL] K, +[R,]+[L,] \/(Kd +[R,1+[L,]) -4[R,][L,]

bound ligand is expressed as: (R ] 2 2
semilog. binding curve (linear) binding curve
1.20 1.20
K,=10°M
1.00 1.00
0.80 0.80 f
f 0.60 [R] — ]0-9 M f 0.60 )
[RI=10°M ° o srochiomety
5 A, Immeadiately Clear
0.20 [Rj - j() JI 0.20 y
0.00 0.00
1.E-09 1.E-08 1.E-07 1.F-06 1.E-05 1.E-04 1.F-03 0.E+00 5.E-05 1.E-04 2.E-04 2.E-04
[L] (L]

10-Molecular associations
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Measuring binding interactions

{ay  affinity chromatography (B} equilibrium dialysis (1 surface plasmon resonance
N light saurce detector

,-" Mg ik —_“-\ T, |

Ve Wy e -. |

P T | angle 1: |
LED S _1;2

I
\1~_:?_Qf; receptars ,,__F |
Vo

i
ligands — fh— binding

receptors

.| na binding @
ik o
glass -""'f’||"| /{f . angle 2:
"._.. } 1 r

immuohilized {/
ligands ;

tubing

[- &
dialysis -"'"}-Hfl
oy

¥
immobilized receptors ligands

bt
-
e
-
* (D) isothermal titration calarimetry
Ilght source ? detecrur

J_;ﬁ' syringe

I ligands =~ -

no binding  binding

ﬁ& |

time receptars

absorption
heat added
per second

tirme

8-Binding interactions
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Fluorescence anisotropy: Transition dipole moment

Interaction with light:

Incident light E induces Alexa 488 Alexa 594
a dipole y;, 503 503
luind = a.E
o : polarisability
O/\NH(egcine)
o

Transition dipole moment:

Ground state wave funct.:
Excited state wave funct.:

<lpb E llja> Sﬂggxfteine)

can be interpreted as a vector

Hoefling et al. PLOS ONE 2011

7-Biomolecular Spectroscopy: Fluorescence



Excitation of chromophore subpopulation

Conditions:
Immobile chromophores (e.g.
embedded in a glass)

Excitation light vertically polarized

Probability of absorption: p ~cos?6

;"L(A".,v

Excitation |

Figure 10.6. Excited-state distribution for immobile fluorophores
with r, = 0.4.

Lakowicz, Principles of
fluorescence spectroscopy

7-Biomolecular Spectroscopy: Fluorescence -



Fluorescence emission anisotropy

Conditions: I z

Emission dipole colinear ASSIEES :
absorption dipole

No molecular motion 7/ r=0.4
Excitation T
[[1

l > X

Emission is polarized

Figure 10.6. Excited-state distribution for immobile fluorophores
with r, = 0.4.

Lakowicz, Principles of
fluorescence spectroscopy
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Measuring fluorescence anisotropy

polarization filter

rating | excitation
monochromatc

polarized
light

Xe lamp

- unpelarized light
it sample polarzes g

I cell

polarization filters I
which can be rotated

unpolarized light

Anisotropy
= (I” _ Il) grating
%
(III +2 IL) .. photomultiplier
emission
For the immobile case: r = 0.4 monochromator img: enz. britannica
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Loss of fluorescence anisotropy

Anisotropy
. (I|| _IJ_)
([|| +2*I¢)

Rotational diffusion:
The Perrin equation

r T
Lo1+Zlo1+v6Dr - @®
e.g.: Perylene

B 0 g y
ro: anisotropy in the absence of motion O
7 : fluorescence lifetime r,: 0.36
0 : rotation correlation time 7:6ns
D : rotational diffusion coefficient Anisotropy in solution (EtOH): 0.005
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Loss of fluorescence anisotropy: Proteins

Rotational diffusion:
The Perrin equation

Lo1+i=1+6D1
r 0

For a 50 kDa protein the rotation
correlation time 6 =14 ns

0="1"_ 0 v+
RT RT
n = viscosity
V =volume
M = molecular weight
v = specific volume protein
h = hydration (g/g protein)

7-Biomolecular Spectroscopy: Fluorescence



Measuring protein-protein interactions with anisotropy

-
I

—— H4K5ac ':i.
—— H4K8ac Y
5. 08r +-- H4K12ac /
) —e— H4K16ac {
£ 06 | —= H4K20ac A
5 / ii i
. 0.4~ vy I
?LJ ) }? ’ ,g-";
02 «
;j, L
= ‘Jf—zﬁ ﬂ i— e
| | L Lol L Ll
1 10 100 1000
[bromodomain]/pM
Ruthenburg et al.
Cell 2011

Protein domain (bromodomain)
interacting with modified histone peptides

Peptides contain fluorophore, are kept at
the same concentration

Protein is titrated and anisotropy is
determiend for each concentration

- Kd is obtained

10-Molecular associations
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Stochiometry determined by anisotropy measurement

rr =0.033
002}
0 04 08 12
[caAM]=1078M
K, ok,

ANISOTROPY

<— r=0.170

[Rs20]=10"2M

Fluorescence anisotropy
measurements can be used to
determine binding reactions

Example: MLCK peptide (RS20) binds
calmodulin

Determining tryptophan
fluorescence anisotropy in peptide,
the binding constant can be
determined in a titration.

10-Molecular associations
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Fluorescence anistropy in HTS

Competition assays

' ' Predictor™ Tracer Red  Compound
(non-inhibitor)
Receptor
| - S —
’ " b e N
Predictor™ Tracer Red = Compound e o
(inhibitor) —* H\
Receptor Low po!aﬂzation\
compound
library
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High throughput evaluation using plate readers

Fluorescence Polarization

* Specialized optics:
* FP cube beam splitter
* Non-standard high-transmission filters

Top simultaneous:

Polarizing beam splitter

Cube # 4

Gen5™ Protocol Parameters  Top PMT  Side PMT

Gain* 9
VI,
Plate Movement Delay -
Cube # 62 - hERG Measurements|well** -
EX: 530/EM: 590 Read Height () _
| * ] Light Source -
G Factor -
* tis recommended Goin be determined for eoch reoder.

**Higher measurements/well con result in greater precision & specificity but lower reod times

119 -

- Normal
= 0

- 10-200

- 10.25

- Xenon, Low
= Fixedvalue: 1

Source: Biotek
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In cells, interactions are managed by compartmentalization

David Goodsell

8-Binding interactions

p. 56




