What Are Kinetics Trying to
Telling Us?

Sam Dudley, M.D., Ph.D.
404-329-4626
sdudley@emory.edu



TThe Relationship of Kinetics tor Equiliprum

K
A+B ——— C
Ky —
» Kinetics probe the
Intermediate state
Vf B kl[A][B] Vr B kl[C] There are many
ways to get the same
At equilibrium, V, = V, Keg

ki[A][B] = k,4[C]

ky/k.1 = [AIBIIC] = Ko



Alfinity and K,

A high K., means:
A. the ligand has low affinity
B. the ligand has high affinity
C. neither



Gibbs Free Energy (DG)

K
A+B <= C
K.y

At constant temp and pressure, DG =
(Ga + Gg )- Gc
* Reactions with a positive and negative

DG are endergonic and exergonic,
respectively

« At equilibrium, DG = -RTInK|



DG and Reaction Rates

A reaction has a DG of -15 kcal/mol.:

A. The reaction will proceed rapidly
toward products.

B. The reaction will proceed slowly
toward reactants.

C. The reaction may not proceed at all.




\What Determines Rates?

k = Ae-EaRT
"he Arrhenius equation (1889)

"'he rate Is a related to some portion of
the collisions with the right geometry (A)
and with enough energy (e E&RT)

e EaRT |ooks suspiciously like the
Boltzmann distribution and tells you the
fraction of molecules with E_ energy at a
given T




Reaction Rates

You can raise a reaction rate by all
except:

A. Increasing temperature.
B. Lowering K,
C. Adding an enzyme or catalyst.



Reaction Coordinates

A
Free E. =RTIn k_,
energy
= \ 4
A+ B 4
DG =RTIn K,
C
\ 4

Progress of reaction

« DG and K, are functions of state and independent of the
reaction path

 E_Is path dependent
 Enzymes affect lower E, without affecting DG or K,



I Kinetic analysis

N 4  DE_=RTInk'/k

Free

energy

A+B f =DE./DG
C
1  DG=RTInK, /K,
Progress of reaction
f on — 1-f off

f,, = 1, Interaction forms before the transition state
f ., = O, Interaction forms after the transition state
O<f <1 is difficult to interpret



Kinetic Analysis Assumptions

 there are no intermediate states of
lower energy than the starting state

e mutations only alter the energetics
of transition and bound states not
the reaction coordinate



Interpreting| f

A mutation gave a f 4 of 0.05. This amino
acid is likely to affect:

A. the on rate.
B. the off rate.
C. both.

D. neither.
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TABLE 1 Changes in activation (AAGY) and free energies of unfolding (AAG,) on mutation of barnase

_ AAGH AAG! _
AAG, (at 4 M urea) {in H,0) AAGH/AAG, AAGH/AAG,
Mutation Function of position keal mol™ weal mol™t keal mol™? {at &M Ureal {in HQ)

Thr—=Gly 6 N cap* 1.34 0.86 101 064 0.76
Thr> Ala6 N cap* 223 1.66 1.76 0.74 0.79
“hr = Gly 26 N cap™ 1.58 1.33 1867 0.84 1.06
“ir o> Ala 26 N cap™ 214 191 219 0.89 1.02
s5=>GIni8 C cap—charge/helix dipole 160 0.23 0.36 014 0.22
Thr—Ser 18 Hydrophobic on helix surface 187 0.28 0.37 015 020
Tyr— Phe 78 Bridges loop 150 1.3% 141 0.92 0.94
Leu— Ala 14 Hydrophobic core 480 191 1.86 0.40 0.39
le > Val 88 Hydrophobic core 149 0.30 0.28 0.20 0.19
lle> Ala 88 Hydrophobic core 4. 46 0.68 0.33 015 0.07
lle > Val 96 Hydrophobic care 098 048 .58 0.45 0.56
lie » Ala 86 Hydrophobic core 3.52 0.74 0.60 0.21 017




Jcture of STX and
mutation, neos X

STX
GTX23
MNeoSTX
GTX1,4

FIGURE 1 Structure of STX and its analogs, Neo5TX and GTX1,4 have
a hydeoxyl group at N1 position, and the Gonyautoxing used have asulfule
group at C-11 position. The 7.8.9 guanidiniim gooup is essential for toxin
hlocking.
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It STX and NeoSTX for
hannel and Mutations

D400A Y401D Y401C E755A M1240A D1532N

Channel Mutation



TABLE 1 Comparison of the effects of channel mutations on neoSTX and STX blocking efficacy

Channel Mutation

H

IC,, Ratio

+ SEM (M~ s™h

ke = SEM (s™1)

neaSTX
il
D400A
Y401D
Y401C
E7355A
MI1240A
D1532N

STX
ul
D400A
Y401D
Y401C
E755A
Ml1240A
TH 532N

1068 4.2
2634 £ 253
8199.5 + 980.7

355757 + 2263.6
19249 = 155.0
169.3 = 13.7
3144 + 125
550358 £ 5277.7

127487.2 = 13078.5
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Mutant Cycles: The Basics

1nM ) 10nM 1nM ) 10nM
5nM [ ) 50nM 10nM > 10 nM
DDG = RT In (1/10)/(5/50) DDG = RT In
= 0 kcal/mol (1/10)/(10/10) = 1.3

kcal/mol



Mutant Cycles - Iselating Interactions
Between Two Residues

native mi Y401C

77-fold
STX 4.1:+05nM [C—— —314+13nM

ﬁlO.B-fold DDG =-1.3 ﬁ 1.2-fold

neoSTX 0.4:+0.1nM [ —263+25nM
658-fold

DDG = RT In W= RT In (IC50"/IC50”)/(IC50”/IC50™)

- W= 1 means there is no coupling.
- The larger the deviation of Wfrom 1, the more energy

of Interaction.



Couplingl Energies o1 N1-OF with

Various Channell Resiadues
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NeoSTX in a Model of the Na*
Channel Outer Vestibule

" D400 E755




