Biochemistry 03-232 Lecture 17 October 3, 2019

Lecture 17: Steady-State Enzyme Kinetics

Goals: M aL =ML
1. Understand steady-state

=3
approximation. f*g iC553 -: (_E)( ) = CEP} :({)-&P

2. Measure parameter (Kyv) related to \ 3.
substrate binding.

3. Measure parameter (kcar) related to = ™ M AT
catalytic efficiency. = \<'D &
Simple Enzyme Kinetic Scheme. RN 8 {EX 1 ~N = &p
o ko (also called k;) is the forward rate VoL (E S) &.—:&.
constant for substrate binding _ p
e korr (also called k. is the reverse rate constant for substrate binding D= ‘eCA-T [E S]

o kear (also called k) is the catalytic rate constant (containing terms related to the stabilization of the
transition state). It is also called the "turnover number”, since it is the rate at which one molecule of
[ES] converts to product. This will depend on particular substrate-enzyme combinations and provides
information on the mechanism.

e The (ES) complex is also called the "Michaelis complex".

Enzyme Kinetics
1. Product Formation:

()
o4

The rate, or velocity, of the enzyme T T Abs ———-D
catalyzed  reaction  can be —?| A :ced 1
determined by measuring the \
increase in the amount of product S o T
formed A[P] during a given period of T 1 ‘é‘ime- X
time At: S Suls < + 'é'\me
, _ AIP1_diP] badlor e Produx
At dt
2. Experimental Measurement of Enzyme Kinetics:
i} Use chromophoric Q H,0 o o
substrates Ci\N _@_?—Cw _— N ° o JLCH
ii) Measure v = dA/dt Y ° _ :
iii) Vary [S] p-Nitrophenyl acetate forght vellowy
(s> P, f
—

3. Empirical Derivation of Rate Law:

Assume that the rate =jkCAT[ES] S \) - IZ l ET

i) How does the rate depend on the substrate ki - Lo
concentration, [S]? i s
C ey Sof )

low [S]: /Q»':Vw. = )

. &cm—ﬁ"
high [SI: S afunrakedk

if) How does the rate depend on the total l\ ™ )
amount of enzyme, [Eror]? ZS 1 EE
s
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4. Analytical Derivation of Rate Law - Steady-State Assumption

The goal is to relate the kinetic measurements to readily measurable experimental parameters:
i) The total amount of enzyme: Eror = [E] + [ES]
i) the concentration of substrate: [S]
iii) the measured velocity (v = kear [ES])

The simplest reaction scheme is:
k

oN If we make the assumption that we are
k('AT
E+ Sk(_) ES—“L>FEP>E+P working under steady-state conditions:
O d[ES]/dt =0.
The experimentally obtained velocity of the
reaction is: v = d[P]/dt = kcat[ES] 0= +k o [ENS] —k,[ES] ~ ke [ES]
The differential equation that gives the change in and
[ES] as a function of time is:
d[ES] v=Fk., [ES]
7 =+koN[EN[S1-koprES] - kcyr[ES) gives :
b =0 -k [E]— ST
ey v=ke [E] k. +k
dES ~ 0 s—(. [S]+ OFF CAT
peth sl o kON
M S+‘*
[S]
Lesl ( = kearErua -
3 MR — I+,
® e - 5]
— "IS1+ K,
(o] S
MU E xS, Lime

The last equation is the often called the Michaelis-Menton equation, named after the scientists who first
derived a limited version of the equation.

i) The Kv or Michaelis constant: This is a/most the same as the Ko (= kog/kon), K = kyy + ke KD - )Qg(-s
the dissociation constant, except for the presence of the kear term. M - ,th
Therefore, it is related to the affinity of a substrate to an Vmay
enzyme. It is a constant for any particular enzyme-substrate M,u,.‘- VR
pair. Substrates with slow off-rates (kor) bind more tightly, and __'\‘M/,,_h Srratf
possess a smaller K. Vi —> v 2 ..

When [S]=Km the enzyme is % saturated with substrate: v=% / Kr KM ~” KD
ViMax
i) Vmax = keat[Ev]: This is the highest rate of product production [51

JV\M :'&‘M‘E possible. It is obtained at high substrate levels ([S]>>Kwm). Under these conditions alf of the enzyme

is in the [ES] form (i.e. [ES]=[E+]), the enzyme is saturated with substrate. kearis obtained from Vyax
Vupx eatT since the total amount of enzyme is known: kear=Vima/[Er].

——

arort iii) kear is the turn-over number — how many products are
produced/sec/enzyme molecule. V= Ep ke i
o S1+K
iv) Specificity constant: kear/Ky = rate at low substrate, a measure of [S1+ K,
overall substrate specifici nus mpare enzyme efficiency.
r bstrate specificity, often used to co pare enzyme efficiency r‘dﬁ L A

[S]

v=ETolalkCATS,]T ‘;—5 ME EWT &3 A'T>/
[ M Rew $5D s K ;&Kn

Example: Two substrates are presented to trypsin. _
k keat/K
i) Which substrate binds better to trypsin® Ala-Lﬁ;b__f_Ala—Ser? 2L K (uM) | kear ” car/Ku
ii) Which is cleaved more quickly once bound?Ala-Lys or Ala-Ser? [Ala-lys | 0.1 10 sec™ | 100.0
iii) Which substrate is cleaved more effectively at low [S @ Ala-Ser | 10.0 5sec? 0.5

or Ala-Ser?

Wghes  \ccnr /i
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5. Measuring Ky and_l(_cg (Vmax):

Step A. Data Collection:

Measure the initial velocity at different substrate concentrations, usually keeping the enzyme
concentration constant.

Example: The following velocity data was obtained for a Exp. #  [S](mM) -
number of substrate concentrations ([Elre=1 nM). 1 a1 9.0 = Ap/aT
. 2 0.5 334
3000 :Product Formation N i 10 -
2500 1 / T - 4 2.0 66.6
- ™y E -3
A ‘g:e']g, 2 22000 ] 7 3 5 10.0 91.1
g 1500 4 / 2 - 6 20.0 95.2
-A = 3 /- 7 50.0 99.0
fel= % 1000 1 . —
— 3 : ~ . \
£ B 500 | ~ Eret = lnM,
el B 5 "ap
o 0 : — 1 Uearied LS]
0 : 40;
Time [$econds 10 &
[5\ ] 20 — = Vony 2100
Step B: Analyze data = %) T2 —7 —_
1. [S] not limiting - Velocity Curve ﬁ 60 g | >«
(Least accurate): \)M* = o‘“ 728 ]
i) Plot vogs versus [S]. =3 £ 30 —
ii) Obtain Vumfrom v at very ‘;/ %8 + g ] T
high [S]. ol o Sl i
i) Ku is the substrate of 10 =20 3% 40 90
concentration at gives v=Vyax/2 Y e ~
Reflection: What are the problems with this approach? ~ \ ~M
Heve 3o s-durde. D 4os ~CoAPLrOUL
1) Solue ‘L\

2. Direct fitting to kinetic equation, using Solver (this is the best).
i) Estimate Ky and Vuax
i) Calculate expected Vpredgicted for all data points.
iii) Adjust Kv and Vivax to minimize 3(Veredicted — Vobserved)?

3. Double reciprocal plot-Useful graphical tool to
detect types of inhibitors (Lineweaver-Burk Plot):

i) Take inverse of velocity and [S].
ii) Plot 1/v versus 1/[S]

iii) Analysis of double-reciprocal plot:

y-intercept=1/Vuax = O, o

=00 imfe) O

Slope = Km/Vmax = 0.0} 0.08

0.06
Km = slope xVuax = 6,01% V0o >

lm oo g
kear = Vmax/Er 0.02 b

0

Rioe= 100 xig® 57" M . us]
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