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Recap from last session

* Complex (instead of elementary) reactions

e .consecutive reactions:

Relative Concentration

for k1 > kz

[A1/A],

[BI/[A],

[CI/IA],

Time

K1 ko
A—- B ->C
Two cases:

Relative Concentration

for kz > k1

[CI/IA],

[A/IA],

[BI/[A],

Time




Recap from last session
 -Parallel reactions: A }v B

concentration

time

* Steady-state approximation:

e -valid, if conc. of intermediate small. Then can set: %‘éi] ~ ()

e -applied it to simple 2-step consecutive reaction with k, > k;

e -applied it to 2-step consecutive reaction with reversible first step;
with cases of 15t or 2"d step rate-limiting got different results

* Pseudo-first order method (experimental approach)



Chapter 3

Catalysis & Polymerization



3.1 Catalysis and Equilibrium

 Areaction A—-B AT e e oo

Uncatalyzed
path

will proceed faster in the g, orwaa)
presence of a catalyst C:

A+C->B+C [y

E !, (forward)

R SRR -

Reactants Transition state Products



k1
* Reversible reaction in equilibrium: A 2 B

kl
1
e Catalyzed: A+C 2 B+C

* In equilibrium, with detailed balance, we find

k! [BleqlC]

[Bleq 12

kL, ~ ldleglc] ~ [dleq k-1

* Thermodynamics remain unchanged, asis equ. const. K




haelis-Menten Mechanism

* Reaction proceeds through an intermediate (substrate docks to

1C

3.2 Enzymatic Catalysis &

the M

(b)

(a)



E+S2ES2EZ2EP2E+P
* We simplify this for MMM to

E+S 2 ES-E+P
k-1

MMM Assumptions:
* 1): only 2 steps

* 2): no reverse reaction (or restrict to initial stage of reaction where
back-reaction neglectable)

* 3): steady-state approximation for intermediate ES
+ 4): [E] <<[S]



k1 k2
E+S 2 ES>E+P

fe—1
* Using the assumptions, we can write
— kl[E] [S] — (k—l + kz)[ES]S =0

dt

T~

» simplify further using that [E], = [E] + [ES]g

~ kq[E]o[S]
ST k(S]+ k_q + k,

[ES]



k1 ko
E+S 2ESSE+P
fe—1

* Since |[ES] = [E] « [S], we can approximate [S], = [S] + [P], so that

_a[S] _a[P] _ _ kako[E] [S]
V= Yoae - kelBSls = oEn g
as [E]<<[S]
Rewrite to yield Michaelis-Menten Equation:
5 — k2 [E]o _ VUmax
1 ktk T K

ey [S] [S]



MME:

It1 }kz

E+S 2 ESH>E+P

fe—1

maximum rate vmax

k2 [Elo

o — Umax
k_,+k K

1+ 2 14 Ku

k1 [S] [S]

Michaelis constant

(units of concentration)

— (k—1 + kz)/k1
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ky[E] .
MME: V= —i T Ky
+ S 1+?
ka[S] 1]
* Two limiting cases:
* 1): For [S] « K, we find
Umax
= S
v =[S

reaction becomes 1storderin S.
* 2): For [S] > K, we find

V = Ymax = k2[E]o

reaction becomes 0" order in S.

E+S 2 ES-E+P
k-1
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k1 k
k,[E] 1

: _ _ Ymax E+S2ES—SE+P
MME: V= k_1+‘}’(2 = Ky . -
1+ 1+-4 —1
k1 [S| S|
e Michaelis-Menten Plot:
Vmax [~-"" """ TTomosommememmmmm oo onoe m—
-
:;-nax ------- ;

e But how can we extract all 3 rate constants?

12



MME:

e | ineweaver-Burk Plot: — =

—I>

_ k2 [E]O UmaX
o k_q1+ko K_M
s U]
1 Ky 1 1

v vmax[S]  vmax

k1

E+S 2 ES—-E+P

k-1

1/[S] (1/mol)

ko



k1 k2

MME: _ _kelBly _ vmax E+S @ ESSE+P
‘ V=—"%77k, — T Ky N
A TS -
ka[S] N
1% k2 v

e Fadie-Hofstee Plot:

[ET,IST ~ ku  Ku[E],

V/IE I,

14



3.3 Inhibition of Enzymatic Reactions

* An inhibitor decreases the rate of an enzyme-catalysed reaction

k1 kZ
E4+S 2 ES - E+P
k_1
competitive EI ESI uncompetitive
“mixed”

* Rate of product formation in presence of inhibitor?
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* Inhibition of

* In SSA we find

ke k,
E+S 2 ES > E+P

k_4
d[S da[P
oot g,
k;,

 Moreover, assume laststep ES —» E 4+ P is slow

* meaning all other species in pre-equilibrium

* To find expression for [ES|¢ write down mass balance again:
|[E]o = |E] + [EI] + [ES]g + [ESI]
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[E]o = |E] + [EI] + [ES]g + [ESI]
* Under pre-equilibrium condition we can define dissociation
constants (equil. constants):

¢ Kpg = %=1 = [E][S]. Kpy = [E][] Kpqp = [ES][]

N ~[EY T ESETEST)

* Substitute and simplify to

+ [E]o = [E] + L+ (5] + 2 = [E]a + [ES]a

where a=1+ﬂ anda’:1+—[l\
KE] KES]

* Further substitute using our Kgg from above |E] = [ES] K55 /[S]

. yields [E], = [ES] (a’ + a%s)
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* To finally obtain the expression for the rate:

k [E] max
V= kz [ES] - a’-zl—aK—gS - aZcx@
[S] 5]

* Let’s compare this to our MME (without inhibition):

Vmax

Ll

VM =

* Actually, the above equation is the more general case, and the MME
Is a special case of it! When do we retrieve the MME?

* We retrieve the MME, if dissoc. consts. for inhibitor become huge:

Klim a=1; Klim a =1
EI™® ESI™®
k_+ k, k_4
* 5O that lim v = “max Ky = ~ Kpc = ——
KEg[—, 1+% M k4 T ES k,
Kgsj— [ ]

ifk_, >k,



ke k,

Competitive inhibition E4+S 2 ES - E+4+P
°a=1+ﬂ>1 anda’ = 1 k1
EI T Kg
Y = ”mlglé(s El
1+a—a
5]

* If substrate conc. [S] is low, inhibitor slows down reaction
significantly: y ~ 03X [q]
CKKES

 If [S] » o the maximum rate remains unaffected (no significant
inhibition) : UV = Ymax
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k4 k-

Uncompetitive inhibition E+S 2 ES - E+P
e ~ 1 anda’=1+i>1 1
KESI T Kgq;
¢« Y = vmaE):(S ESI
al +—a2
5]

* If low conc. of substrate S, inhibitor does not change reaction rate
e , Ymax
significantly: vV~ |S]

XES
 If [S] - o0, so for very large S, the maximum rate is significantly
lowered: V = Vmax/A
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ke k,

Mixed (honcompetitive) inhibition E+S 2 ES - E4+P
*a>1 and a’ >1 o KEIk_l N Ko
El ESI
v \ ; J
*V = m?})és “mixed”
CZ,-I'CZT
8

* To quantify efficiency of an inhibitor (in all cases), i.e. to quantify the
alphas:

* measure rates experimentally with and without an inhibitor present
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3.4 Autocatalysis

* Occurs, when the product of a reaction appears as the reactant of
either the same reaction or a coupled reaction. Simplest case:

k
A+ B- 2B
* Rate equation for this?
_dx __ d[A] _
=—=———=k[A][B]
» Simplify using x = [A]o — [A]; = [Bl; — [Blg
: ° = k([Alp — ) (x + [B]o)

dt
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k

dx t

* Integrate § = | kdt how? A+ B- 2B
o (i1, ) (eetBl,) o

* Method of partial fractions:

. - = + Z yields eventually

([Alo—x)(x+[B]o) ([Alo—x)  (x+[Blop)

X dX _ 1 X dXx X dX
fo ([A]O—x)(x+:B]O) B [A]O"'[B]O {fo ([A]O—x) T fo (x+[B]O)}
. — 1 [A]o(x+([B]o)| _
= AL ABIL Bl — K

« With [B]; = [B], + x, we finally obtain

Al +[B ,
[B]t — [A] [ ]i)([l[Ax](])j-[B]o)kt But what does this

1+B_0 e mean if we plot it?
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k
[Al,+[Bl, A + B> 2B

~([A]s+[B]o ke

[Bl; = [A]
1+r570 e
Bl
* How does this look at t,?

* e-function term =1, meaning

Al +[B
¢ [Blio = o2t — [p],

[Blo
* How does this look at very

late times?
* |[Bli{so = Al + [Blo

Concentration

24



k
[B]; shows a typical S Curve: A+ B— 2B

* Induction period: rate of
reaction increases

e Rate reaches maximum at
inflection point t’ Ag+B

e Reaction then slows down
and approaches its end at v.
late times

* Example: Growth of bacteria
population with limited food B,

Concentration

supply
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