Project # 2
Enzyme Kinetics

Due Date 10/3/05

1 The Law of Mass Action

Supposc that two chemicals, say A and 7 combine to make a third, say . We wrile this reaction in the
[orm
A+BEC

The simplest model of the rate at which the reactant € is produced is that the rate of production is
proportional o the product of the concentrations of A and [2. The constant of proportionality & is wrillen
n Lthe equation descnibing the reaction.

Il @ is the concentration of A, b is the concentration ol [2, and ¢ is the concentration ol ¢, this then
implics Lhal

da

— = —Kkao

dt =
wilh a similar equabion [or b; we also have

— = kab.

7 a1k

Taken logether, these are called the law of mass action.
In most reactions, the reverse reaction also takes place, meaning that the product ' will disassociate
into the reactants A and 12, however the [orward and backward reaction occur at different rates, say ky

and £_ . We wnile this reaction as
ky
A+ B *F C

Juestions:
1. Wrile down the differential equations [or the concentrations ol A, I, and € in this casc.

2. The system will be in equilibriem 1l the concentralions ol the reaclants and the producl remain
conslanl. This equation has an equilibnum solution; hnd 1L

3. The number kg fk_ is called the equilibrium constant ol the reaction. Whalt is ils signilicance?

2  The Michaeils Menten Model (1913)

Mosl chemical reactions in biological systems lake place wilh the assislance ol an enzyme. An enzyme
15 4 calalysl thal speeds up a chemical reachion, bul 15 nol consumed by the reachion. Suppose Lthal one
chemical S, called the substrate, reacts with an cnzyme £ o form a complex €. This complex then
disassociales inlo the product ' ogether with the enzyme. We can represent Uhis by the reaclion

ky

SH;,-k_}r? b ELP
i

Here we have assumed thal the disassociabion ol the complex 1s mreversible. This model lor enzymalic
reaclions was hrst proposed by Michachs and Menlen in 1913,



Juestions:

Wnile down a scl ol [our dilTerential equabions lor the concentrations of Lthe subsirale s, complex o,
priduct p, and cneyme .

. Show thal ' + ¢" = (). Explain ils significance.

- Reduce your onginal set of [our equations o three equations [or the concentrations ol the substrale

5, complex ¢, product p.

. Explain why we can anal yze the equations [or 5 and ¢ scparalely.

3 The Quasi-Steady Approximation of Briggs and Haldane (1925)

Lel ey be the tolal amount of the enzyme available o the reaction, and lel sy be the wtal amount ol
substrate available o the reaction. Then the new vanables ¢ = s/s; and £ = /e are dimensionless,
meaning Lhal they have no umls.

Juestions:

1.
2

Wnile a pair ol dilfernential equations [or o and .

The parr of dillerential equations oblained above mn 3 can be simplilicd [urther 1l we make the
change of vanables ™ = Eypegt. Do so, and oblamn the syslem ol equalions

fileg o [ q }
rm a4+ olo+
T { N ]
e— =0 —Tlog+ kK
dT

[or appropnale chowees ol e, o, and k. Find these equations, and delermine these choees.

. The ellectiveness ol calalysts in general and enzymes in particular 15 the [act thal the amount ol an

cnzyme needed 15 much less than the amount of the substrale or producl. This imphes thal one ol
the paramelers described above 15 roughly zero. Which?

Il we scl the small parameler desenbed previously o zero, we oblain the guasi-steady approxima
tion ol the onginal system. Whal 15 the quasi-sicady approximation?

. solve the quasi-stcady approximation. Include a representlative graph.

In the gquasi-sicady approximation, how long will 1l be belore % ol the ongimal amounl of the
subsirale 15 used? Will the substrale ever be complelely used?

In the guasi-sicady approximation, how rapidly 1s the product produced?

In the guasi-steady approximabion, show Lhal il V' 1s the rale al which the product 1s produced, then

1 1 LT
—_— = _I_ —
l"rr ILI'I-:rn.ra.'.l.' ( qu:: ) S

Whal 18 the sigmhcance ol A py and Vi, 7 This relationship 15 uselul because chemists can creale
cxperniments thal allow them o measure V' oas a lunchon of 5. As a consequence, Lthey can use Lhal
mlormabion o estimale the parameters K py and V.




4 Glycolosis and Glycolytic Oscillation

The model ol a calalyzed reachion descnibed in the previous seclion 13 a protolype [or the more compli-
caled chemical reactions thal occur. One of the [undamental reactions lor lile 15 the chemical reaction
thatl converls sugar and waler inlo energy. This reachion has the [orm

E“ng{)ﬁ + ﬁ{];._l; — ﬁ{:'[:':_:_l + ﬁHg(] + CNCTEY.

The aclual reaction 15 much more complex than this mdicales, and 15 composed ol a sequence ol enzyme
bascd reachions. These reactions can be sphit intlo three major slages- glycolysis, the Krebs cycle, and the
cylochrome system. We shall contruct a simple model ol a portion ol the glycolysis reaction, and shall
sludy 1ls behavior.

An important camer of energy 1n Lthe cell 15 adenosine inphosphale, or ATP. When one ol the phos-
phales 15 removed [rom ATP o lorm adneosine diphosphale, or ADP, a large amounl of encrgy 1s released.
This reachion 1s calalyzed by the enzyme phospholruclokinase, or PFK 1. We shall model the conversion
ol ATP 1o ADP catalyzed by PFK1.

We begin by assuming that ATP 15 inlroduced o the syslem al a conslant rale, say 14, 50 Lhal we have
Lhe reaction

2L, ATP.
Unhke the previous models, here the enzyme PFK ] does nol act singly; rather il must hirst be activaled
by combimng with v molecules ol ADP; this reaction has the [orm
ks
YADP + PFK1 «— (PFK1){ADP)".

k_4

This compound then reacts with ATP o lorm a complex (ATP)(PFK1){ADP)” thal dissasociales inlo
(PFK1){ADP)™ and ADP as [ollows

ki
ATP + (PFK1)(ADP)" l_l (ATP){PFK1)(ADP)” =2, ADP + (PFK1){ADP)"
L

The resulting ADP 15 then wreversibly removed al a rale proportional o the amount of ADP present,
giving us Lhe reaction
ADP 2

This 15 the sequence ol reachions we wish o analyze. In whal [ollows, we shall use the [ollowing:
e %1 15 Lhe concentration of ATP,
e 54 1% Lhe concentration of ADP,
& ¢ 1% Lhe concentration ol the enzyme PFKI,
e rq is the concentration of the compound (PFK1){ADP)7, and

e s is the concentration of the compond (ATP)(PFK1 ) ADP)7.

Duestions:
. Wnie down a set of ive dilferenbal equations [or 5, 84, €, T1, and T,
2. Show thal &' + ) + xi, = (. Whal conclusions can you draw?
3. Wnilc down a sel of four dilTerenbial equations [or the vanables 51, 59, 1, and x4,

4. Lel eg be the wotal amount of PFK1 availlable Tor this reachon, and consider the vanables

_ _kix
* TR



