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Molecular recognition is ubiquitous in biology

proteins, lipids, sugars, nucleic acids, metabolites, antibodies



The Inner Life of the Cell = Drs. Viel and Lue,

https://www.youtube.com/watch?v=FzcTgrxMzZk

8 minute video — watch it while you are running an experiment



Basic language of binding interactions
from 20.110

Affinity: strength of the interaction, measured by the
corresponding decrease in free energy upon binding

Specificity: relative strength of interaction for a
‘cognate’ and ‘non-cognate’ receptor-ligand complex



There are two basic types of non-covalent interactions:
simple binding and allosteric

simple interaction

Ingand protein - ligand
) ] . ] complex
Some binding interactions are
simple” equilibria — each
encounter is independent ot
P+L

Adapted from Kuriyan, The Molecules of Life, Chapter 12, Molecular Recognition



There are two basic types of non-covalent interactions:
simple binding and allosteric

simple interaction

ligand protein - ligand
) ) ) ) C complex
Some binding interactions are -
simple’ equilibria — each
encounter is independent bl
PtL — peL

allosteric interaction
||gand A l|gand B

Others are more complex,
involving allostery, where one
ligand binding event alters

allosteric binary complex

the affinity fOI’ another llgand protein (conformational change) ternary complex
P+lpa+lp ——= Plpa+lp ——2 Pelplp

Adapted from Kuriyan, The Molecules of Life, Chapter 12, Molecular Recognition



Thermodynamic analyses provide insight into
molecular interactions

As you learned in 20.110, we can think about the
following binding-related terms thermodynamically:

e affinity and specificity
e contribution of entropy and enthalpy
® dependence on temperature

* contributions of chemical groups on the ligand
and/or the receptor

This information can in turn be used to understand a
system and to alter the system (e.g. drug design)



Relationship of ligand binding free energy
to association constants

combined free energy of ligand and protein

free energy of ligand

AG bind

free energy

| of complex

From 20.110:;
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Concentration of
Protein — Ligand Complex [PeL]

(nM)

Binding isotherms are half maximal at

[L] = Kp

'binding isotherm plot’
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Logarithmic vs. Linear display of data
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as a corollary, choose your concentrations wisely:

1, 3,10, 30, 100, 300 nM
Vs.

50, 100, 150, 200, 250, 300 nM



A range of affinities enable biology

Type of Interaction Kb (molar) AG,, , (at 300K)
kcal/mol
Enzyme:ATP ~1x10-3 to ~1x10-6 -4 to -8 kcal/mol
(millimolar to
micromolar)
signaling protein ~1x10-6 -8 kcal/mol
binding to a target (micromolar)
Sequence-specific ~1x10-° -12 keal/mol

recognition of DNA
by a transcription
factor

(nanomolar)

small molecule
inhibitors of proteins
(drugs)

~1x10-2t0 ~1x10-12
(nanomolar to
picomolar)

-12 to -17 kcal/mol

biotin binding to
avidin protein
(strongest known
non-covalent
interaction)

~1x10-15
(femtomolar)

-21 kcal/mol

Adapted from Kuriyan, The Molecules of Life, Chapter 12, Molecular Recognition




Specificity in molecular recognition
discrimination among targets

Proteinase K HRV 3C Protease

low specificity high specificity
Aliphatic/X
Aromatic/X Leu-Glu-Val-Leu-Phe-GIn/Gly-Pro

Lab Use - DNA/RNA preps Lab Use - cleaving fusion proteins



Specificity in molecular recognition — kinase drugs

PKC-412

CGP-52421

Adapted from Zarrinkar et al, Blood (2009), 114: 2984-2992
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Specificity in drug binding — fractional saturation

deliver the drug at a concentration below the Kp for non-cognate target

drug

‘ KD = c

desired
target

drug

Kp = 10-5 M
.
«—

nonspecific
target

Adapted from Kuriyan, The Molecules of Life, Chapter 12, Molecular Recognition

drug concentration = 0.1uM




Specificity in drug binding — fractional saturation

deliver the drug at a concentration below the TDsgj in patients

impact therapeutic effects?

drug ‘Therapeutic Window’
P
KD =109M
' Therapeutic Toxic
" effect effect
desired Therapeutic
target - 50%| index
©
drug i
Kp=10-5 M
e
D E— :
nonspecific EDs0 TD50
target

EDsgq = effective in 50% patients
TDsp = toxic in 50% patients

Adapted from Kuriyan, The Molecules of Life, Chapter 12, Molecular Recognition



But how do we go about measuring these
Kp values in a laboratory setting?



Methods to find or evaluate binding interactions

Virtual screening
» Large chem space
* Hypothesis-

) Bioassays
generating * High functional L 1 2 3
relevance y e y
* Prone to artifacts
DSF
* Fast assay
development SPR/BLI
- * Indirect readout » Kd, stoichiometry
a * Immobilize protein
]
o " Mass spectrometry
3 Ll\?vagdl NMRI. bl « Site-directed Tethering
£ Sty spplicable « Native MS in development
prov} « Slow, material-
012) intensive
E Protein NMR
&, L3 + Structural information
+ Size and material
o limitations Crystallography
+ Label free, high

* Label free, Kd and
stoichiometry

» Material, solubility
limitations

resolution
* Prone to false -ves

Relative information content
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Measuring a thermal melt profile for a protein

Fluorescence (R)

peak fluorescence
cjife 5,
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Dyes used to detect protein unfolding

0o 1)
Ho\g;OHN

ANS

8-anilinonapthalene-1-sulfonic acid
(1965)



Dyes used to detect protein unfolding

rCH3
0 [
1.0
B¢ T
CH
(™ 3

ANS Nile Red

8-anilinonapthalene-1-sulfonic acid 9-diethylamino-5-benzo[a]phenoxazinone Nile Red under visible and
(1965) (1985) UV light in different solvents




Dyes used to detect protein unfolding

rCH3
0 [
1.0
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ANS Nile Red
8-anilinonapthalene-1-sulfonic acid 9-diethylamino-5-benzo[a]phenoxazinone
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© CmH2m+'I
Na*
SYPRO® Orange
Most common dye for DSF/TS
(2004)

binds nonspecifically to hydrophobic surfaces;
water quenches fluorescence

Nile Red under visible and
UV light in different solvents



Dyes used to detect protein unfolding

rCH3
0 [
1.0
B¢ T
CH
(™ 3

ANS Nile Red ' or
8-anilinonapthalene-1-sulfonic acid 9-diethylamino-5-benzola]phenoxazinone Nile Red under visible and
(1965) (1985) UV light in different solvents
o) cr (CHgCH,,),N
I +_ CmHam+1
O=S—(CHy)—N _ /
& \_/ N,
CrmHam+1
Na*
SYPRO® Orange CPM
Most common dye for DSF/TS N-[4-(7-diethylamino-4-methyl-3-coumarinyl)phenyllmaleimide
(2004) (2008)

binds nonspecifically to hydrophobic surfaces;

only fluoresces after reacting with Cys residues
water quenches fluorescence



What happens when you add a small molecule?

Fluorescence (R)
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Thermal shift assays with small molecules
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Adapted from Dr. Salemme at thermofiuor.org



Real thermal shift screens with small molecules

Data for 25 proteins
4.5 million data points
~ 3500 cpds ATm>5deg C
~ 9300 cpds ATm<-5deg C

Typical conditions
0.2-1.- ug protein (~1 uM)
~50 uM cpd in 5% DMSO

4-6 uL volume

Number of Assays

ATm

preferential ligand binding to unfolded states?

Adapted from Dr. Salemme at thermofluor.org
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Real results from thermal shift studies
assay development

Melt Curve
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consider optimizing buffer conditions — pH, cofactors

Adapted from Collaborative Crystallisation Centre



Real results with thermal shift assays

three replicates for a single experiment

Melt Curve
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[
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Melt Peak

Temperature, Celsius

raw fluorescence thermal curves

Adapted from Collaborative Crystallisation Centre

first derivative representation



Real results with thermal shift assays

Melt Curve
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raw fluorescence thermal curves

Adapted from Collaborative Crystallisation Centre



Protein disorder continuum

intrinsically < > highly
disordered structured




Protein disorder continuum

b

intrinsically disordered » highly structured
i 1 bHLH Zi 151
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Determining apparent dissociation constants
hexokinase (receptor) and glucose (ligand)
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Experiment 1:

test a wide range of glucose
concentrations

Kp is likely between 0.2 and 1.7 mM



Determining apparent dissociation constants
hexokinase (receptor) and glucose (ligand)
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Experiment 1:

test a wide range of glucose

Kp is likely between 0.2 and 1.7 mM

concentrations

Experiment 2:

test 16 concentration of glucose
fit to single binding event model (red)

apparent Kp ~ 1.12 +/- 0.05 mM




Target engagement in cells:

cellular thermal shift assays (CETSA)
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Anticipated results from CETSA assays

ITDRF curves
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so'hermal Dose Response Fingerprint
‘apparent potencies’ at single temp




Fraction non-denatured

1.4+
1.2
1.0
0.8+
0.6+
0.4
0.2
0.0

Real results from CETSA assays
thymidylate synthase drugs in K562 cells

T,qq CuUrve ITDRF curves at 50 °C
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quadruplicate data from one independent experiment



I I I I Massachusetts Institute of Technology

MIT News

ON CAMPUS AND AROUND THE WORLD

NEWS = VIDEO = SOCIAL FOLLOW MIT -....

e ) 9. Q x LA T
v 1% L) e . s - - -
TN IR onpoa t M LR e M 7
. - . ® . s -
B, €58 20w e M L e gt WU N sma
B T an e ARG Dy BRI RON. T g e e
R, P a. & f % Sputhadart L ? 00" B o’ ,
e 7 2 9 &L e . “.g PSR | A BN DA Alveolar rhabomyosarcoma, a soft tissue
o "’i ..‘ % & ':\ © v L. - " g' z o - . ™ 2
o A s»‘,‘; " ..‘} . ’%_fa' o & '” 3 Ban s : ;'ﬁ, - 4 cancer
~ g e 7 e *N ’ -
» .04?"‘ 2(5 g:‘ ..‘!‘?i Qt.’l 'a ° ‘,‘ 2= AR e e RS L) c‘\‘.’/ \
- 0P RS ARG WOV SRS w i Rl e ey S i
e e o 1000 ‘f =gt 8 retad . P e % agett S X/ @’ Image: Michael Bonert/Wikimedia Commons
- _— 6'*;,50 AP . 3% 38" ’ M‘{-;‘ whe (e G "1 ]
Tt Tf AR gt s X R P T A W Pt
g = &% ’ ™y 2l e \ i T # R
e« al o5 .53.1-€ 5. an PR ‘.\‘4', P
I RN S LS AT AR J oS SOl R

Taking a moonshot at a rare childhood cancer

Team of researchers including MIT Professor Angela Koehler obtains $5.8 million
grant to study fusion-positive alveolar rhabdomyosarcoma.



PONDR"®

Predictor of Natural
Disordered Regions

PAX3-FOXO1

pathognomic fusion in alveolar rhabdomyosarcoma
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PAX3-FOXO1

pathognomic fusion in alveolar rhabdomyosarcoma

Preliminary SMM screening data for PAX3-FOXO1 from

HEK293T cell lysates

Pilot: ~10,000 small molecules
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Shelby Doyle, Becky Leifer, Marco Wachtel, Beat Schaefer



CETSA for MAX Binder KI-MS2-008

transcriptional transcriptional

activation repression

\_'_I \ '

growth /)*8 arrest & diff
N\

stimuli Y\ signals

Max Myc ~— Max Max __ Max Mad

—

CACGTG

dose-dependent
cellular thermal shift assays (CETSA)

in live cells

1 hour

Max|~~~~....| 60°C.

[KI-MS2-008] (uM) 0 0.08 0.16 0.3 0.6 1.25 2.5 5

Struntz et al., Cell Chem Biol, 26, 711-723 (2019)



CETSA for MAX Binder KI-MS2-008

transcriptional transcriptional

activation repression
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EXPERIMENT FOR FUTURE 20.109
STUDENTS EVALUATING YOUR
MAX SMM HITS?

Struntz et al., Cell Chem Biol, 26, 711-723 (2019)

1 hour,
60°C



Upcoming Lectures

2/28/23  Lecture 5 An SMM ligand discovery vignette for sonic hedgehog

3/2/23 Lecture 6 KB-0742: A Phase 2 clinical candidate discovered by SMMs

3/7/23 Lecture 7 Wrap up discussion for Mod 1 experiments and report



