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1. How enzymes work
Enzymesarepotert catalysts becaise they:

A) areconsumedin thereactonsthey catlyze.

B) arevery specific and canprevent the converson of products backto substrates
C) drivereactonsto completion while other catalysts drive reactions to equilibrium.
D) increa® the equilibrium constarts for the reacions they catalyze.

E) lowerthe acivation energy for the reacionsthey catalyze.

2. How enzymes work
Therole of anerzymein anerzyme-catalyzedreacton isto:

A) bind atrarsition state intermedate, such thatit camot be converted backto substrate.
B) emsurethatall of the substrate is convertedto product.

C) emsurethatthe productis more stale thanthe substrate.

D) increa® therate at which substrate is convertedinto product.

E) makethefreeenergy changefor the reaction more favorale.

3. How enzymes work
Which one of the following statemertsis true of erzyme caalysts?

A) Their catalytic activity isindependert of pH.

B) They aregereraly equally aciveon D and L isomersof a givensubstrate.

C) They canincrease the equilibrium constart for a givenreacton by athousand fold or more.
D) Theycanincrease the reaction rate for a givenreacton by athousand fold or more.

E) To beeffective,they must be presert atthe same concentration astheir substrate.

4. How enzymes work
Which one of the following statemertsistrue of erzyme caalysts?

A) They bind to substrates but arenever covalertly attachedto substrate or product.

B) Theyincrease the equilibrium constart for areaction, thus favoring product formation.

C) Theyincreasethe stahility of the product of a dedredreacion by allowing ionizations,
resonance, ard isomerizaions not normally availalde to substrates

D) Theylowerthe activation energy for the converson of substrate to product.

E) To beeffectivethey must be presert atthe same concentration astheir substrates

5. How enzymes work
Which of the following statemertsis false?

A) A reaction may not occur atadeteciabe rate eventhough it hasa favorable equilibrium.
B) After areacton, the ereymeinvolvedbecanesavailable to catalyzethe reacion again.
C) For S— P, acatalyst shiftsthe reacion equilibrium to the right.

D) Lowering the temperature of areacion will lowerthe reacton rate.

E) Substrate bindsto anerzymes acive site.
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6. How enzymes work
Enzymesdiffer from other catalysts in that only erzymes

A) arenot consumedin the reaction.

B) display specificity toward a single reactart.

C) fail to influencethe equilibrium point of the reacton.
D) form anacivatedcomplex with the reactarts.

E) lowerthe acivation erergy of the reaction catalyzed

7. How enzymes work
Compare the two reacton coordinate diagamsbelow and selectthe arswer that correcty describes
their relationship. In each ca®, the singleintermedate isthe ES complex.

Free energy, &
Free energy, &

Reaction coordinate Reaction coordinate

(a) {b)

A) (a)dexribesastrict Obck and keyOmodel, whereas(b) describesa trarsition-state
complemertarity model.

B) Theactvation erergy for the catalyzed reacion is#5 in (a) and is#7 in (b).

C) Theacivation erergy for the uncatalyzed reacton is givenby #5 + #6 in (a) and by #7 + #4
in (b).

D) The contribution of binding erergy isgivenby #5in (a) and by #7 in (b).

E) The EScomplexisgivenby #2 in (a) and #3 in (b).

8. How enzymes work
Which of the following is true of the binding erergy derivedfrom erzyme-substrate interactons?

A) It camot provide enough erergy to explain the large rate accelerations brought about by enzymes
B) It issomeimesusedto hold two substratesin the optimal oriertation for reaction.

C) ltisthereallt of covalent bonds formedbetweenerzyme ard substrate.

D) Most of it isderivedfrom covalent bonds betweenerzyme and substrate.

E) Most of it isusedup simply binding the substrate to the erzyme.
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9. Enzyme Kinetics as an approach to understanding mechanism
The concept of OnducedfitOrefersto the factthat

10.

11.

12.

A)
B)
C)
D)

E)

erzyme specffi city isinducedby enzyme-substrate binding.

erzyme-substrate binding inducesanincrease in the reaction ertropy, thereby catalyzing the reacton.
erzyme-substrate binding inducesmovement along the reacton coordinate to the transition state.
substrate binding mayinduce a conformaional change in the erzyme, which then brings catalytic
groups into proper oriertation.

when a substrate binds to an erzyme, the erzyme inducesaloss of water (deslvation) from the
substrate.

Enzyme Kinetics as an approach to understanding mechanism
The berefit of measiring the initial rate of areaction 7 isthatatthe begnning of areaction:

A)
B)
C)
D)
E)

[ES] canbe measured accurately.

changesin [S] are nedigible, so [S] canbe treaked asa constart.
changesin K, are nedigible, so K, canbe treated asa constart.
Vo = Vmax-

varying [S] hasno effect on 7%.

Enzyme Kinetics as an approach to understanding mechanism
Which of the following statemerts about a plot of 7, vs. [S] for anerzymethat follows Michaeis-
Mentenkineticsis false?

A)
B)
C)
D)
E)

As|[S] increases theinitial velocity of reaction 75 also increags

At very high [S], the velocity curve becanesa horizontal line thatintersects the y-axis at K.
Knisthe[S]atwhich V= 1/2 V.

The shape of the curve is a hyperhola.

The y-axisis arate temm with units of um/min.

Enzyme Kinetics as an approach to understanding mechanism
Michaels and Mentenassumedthatthe overall reacion for anenzyme-catalyzedreacton could be

writtenas
k1 ko
E+S ? ES - E+P
ka

Using this reaction, the rate of brealdown of the erzyme-substrate complex canbe described by the
expression:

A)
B)
C)
D)
E)

ki ([B] - [ES]).

ki ([E] - [ES][S].
k2 [ES].

k1 [ES] + ks [ES].
k1 [ES].
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13.

14.

15.

Enzyme Kinetics as an approach to understanding mechanism
The stealy state assumption, asappliedto erzymekinetics, implies

A) Kn=Ks

B) theerzymeisregqulated

C) theEScomplexisformedand brokendown at equivalent rates
D) theK: isequivalert to the cellular substrate concertration.

E) themaxmum velocity occurs when the enzymeis saturated

Enzyme Kinetics as an approach to understanding mechanism

An erzyme-calalyzedreaction wascariedout with the substrate concertration initially athousand
timesgreater thanthe K, for that substrate. After9 minutes 1% of the substrate had beenconverted
to product, and the amount of product formedin the reaction mixture was12 umal. If, in a separate
experiment, one-third asmuch ereyme and twice asmuch substrate had beencombined, how long
would it take for the same amount (12 umal) of product to be formed?

A) 15min
B) 13.5min
C) 27min
D) 3min

E) 6min

Enzyme Kinetics as an approach to understanding mechanism
Which of these statements about erzyme-catalyzedreactionsis false?

A) At saturating levels of substrate, the rate of anerzyme-catalyzedreaction is proportional to the
erzyme concertration.

B) If enough substrate is added, the normal Vs Of areacton canbe attained evenin the presnce of
acompetitive inhibitor.

C) Therate of areection decreasessteadly with time assubstrate is depeted

D) Theactivation erergy for the catalyzedreacton is the sameasfor the uncailyzedreacton, but
the equilibrium constart is more favorabe in the ereyme-catalyzedreacion.

E) The Michaeis-Mentenconstart K, equals the[S] atwhich V'=1/2 V.
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16.

17.

18.

Enzyme Kinetics as an approach to understanding mechanism
The following data wereobtainedin a study of anenzymeknown to follow Michaels-Menten
kinetics

Vo Substrate added
(wmol/min) (mmal/L)
NNN NNNNNN NNNK
217 0.8
325 2
433 4
488 6
647 1,000

The K, for this enzymeis approximatly:

A) 1mM.
B) 1,000 mM.
C) 2mM.
D) 4mM.
E) 6mM.

Enzyme Kinetics as an approach to understanding mechanism
For erzymesin which the slowed (rate-limiting) stepis the reaction
kz
ES —- P

K becanesequivalert to:

A) kea

B) the[S] where V5 = Viax-

C) thedissociation constart, Kg, for the ES complex.
D) themaxmalvelocity.

E) theturnover number.

Enzyme Kinetics as an approach to understanding mechanism
The Lineweawer-Burk plot is usedto:

A) determine the equilibrium constart for anerzymatic reacton.

B) extrapolate for the value of reaction rate atinfinite ereyme concertration.

C) illustrate the effect of temperatre on anerzymaic readion.

D) solve,graphically, for the rate of anerzymeatic reaction atinfinite substrate concertration.

E) solve,graphically, for theratio of products to reactarts for any starting substrate concertration.
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19.

20.

21.

22.

23.

Enzyme Kinetics as an approach to understanding mechanism
The double-reciprocal trarsformation of the Michaels-Menten equation, also calledthe Lineweaer-
Burk plaot, isgivenby
Vo = K |(Vinax[S]) + 1/ Vinax-
To detemmine K, from adouble-reciprocal plot, you would:

A) multiply thereciprocal of the x-axisintercegt by -1.
B) multiply thereciprocal of the y-axisintercegt by -1.
C) takethereciprocal of the x-axisintercef.

D) takethereciprocal of they-axisintercept.

E) takethex-axisintercep whereVy=1/2 V.

Enzyme Kinetics as an approach to understanding mechanism
To calculate the turnover number of anerzyme, you needto know:

A) theemzyme concertration.

B) theinitial velocity of the catalyzedreaction at[S] >> K.
C) theinitial velocity of the catalyzedreaction atlow [S].
D) theK:, for the substrate.

E) both A and B.

Enzyme Kinetics as an approach to understanding mechanism
The number of substrate molecuesconvertedto product in agivenunit of timeby a single erzyme
molecue at saturation is referred to asthe:

A) dissociation constart.

B) half-saturation constart.
C) maximum velocity.

D) Michaeis-Mentennumber.
E) turnover number.

Enzyme Kinetics as an approach to understanding mechanism
Vmax fOr anerzyme-catalyzedreection:

A) gereraly increagswhenpH increags

B) increa®sinthe presence of acompetitiveinhibitor.

C) islimitedonly by the amount of substrate supplied

D) istwicetherate observed whenthe concertration of substrateis equal to the K.
E) isunchangedin the presnce of auncompetitive inhibitor.

Enzyme Kinetics as an approach to understanding mechanism
Enzyme X exhibits maximum activity atpH = 6.9. X shows afairly sharpdecra initsactivity
whenthe pH goesmuch lower than6.4. One likely interpretation of this pH activity isthat

A) aGluresdueonthe erzymeisinvolvedin the reacton.
B) aHisreddueonthe erzymeisinvolvedin the reacton.
C) theerzymehasametallic cofactor.

D) theerzymeisfound in gagdric secretions.

E) thereation relieson specific acid-bas catalysis.
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24.

25.

26.

27.

28.

29.

30.

How enzymes work
Draw and labkel areacton coordinate diagr.amfor anuncatlyzedreaction, S — P, ard the same
reacton catalyzedby anerzyme, E.

How enzymes work
The differencein (standard) free erergy conternt, AG'j, betweensubstrate S and product P may vary
considerally among differert reactons. Whatisthe significarceof thes differences?

How enzymes work
For areacton that cantake place with or without catalysis by anenzyme, what would be the effect of
the ereymeon the:

(a) stardard freeenrergy change of the reacton?

(b) activation erergy of the reaction?

(c) initial velocity of the reacion?

(d) equilibrium constart of the reaction?

How enzymes work
Sametimesthe differencein (standard) freeerergy content, AG’j, betweena substrate S ard a product
Pisverylarge, yettherate of chemical conversion, S — P, is quite slow. Why?

How enzymes work
Write an equilibrium expression for the reacion S — P and briefly explain the relationship between
the value of the equilibrium constart and free energy.

Enzyme Kinetics as an approach to understanding mechanism

Two different erzymesareahle to catalyzethe samereacion, A — B. They both have the same Vi,
but differ their K, the substrate A. For ereymel, the K, is 1.0 mM; for erzyme 2, the K, is 10 mM.
Whenerzyme 1 wasincubated with 0.1 mM A, it wasobservedthat B wasproducedat a rate of
0.0020 mmalegminute. a) Whatis the value of the Vi of the erzymes? b) What will be the rate of
production of B whenernzyme 2 isincubatedwith 0.1 mM A? c) Whatwill be the rate of production
of B whenerzymel isincubatedwith 1 M (i.e.,, 1000 mM) A?

Enzyme Kinetics as an approach to understanding mechanism

An erzyme cancatlyze areacton with either of two substrates S, or S,. The K, for S; wasfound to
be 2.0 mM, ard the K, for S, wasfound to be 20 mM. A studert determinedthat the Vo, wasthe
samefor the two substrates Unfortunately, he lost the page of his notebook and neededto know the
value of V. He cariedout two reacions: one with 0.1 mM S, the otherwith 0.1 mM S,.
Unfortunately, he forgot to label which reaction tube contained which substrate. Determine the value
of Vmax from the reaults he obtained

Tube number Rat of formation of product
1 0.5
2 4.8
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Enzyme Kinetics as an approach to understanding mechanism
Write out the equation that describesthe mechanism for ereyme acton used asa model by Michaelis
and Menten List theimportart assumptions usedby Michaels and Mentento derive a rate equation
for thisreacion.

31. Enzyme Kinetics as an approach to understanding mechanism
For thereection E + S — ES — P the Michaels-Menten constart, Ky, is actually asummary of three
terms Whatarethey? How is K, determinedgraphicaly?

32. Enzyme Kkinetics as an approach to understanding mechanism
An erzyme catalyzesa reaction ata velocity of 20 umol/min when the concertration of substrate (S)
is0.01 M. The K, for this substrateis 1 x 10° M. Assuming that Michaels-Mentenkineticsare
followed, what will the reaction velocity be whenthe concertration of Sis(a)1 x 10° M ard (b) 1 x
10°M?

33. Enzyme Kinetics as an approach to understanding mechanism
Give the Michaels-Mentenequation and define eachtermin it. Doesthis equation apply to all
erzymes? If not, to which kind doesit not apply?

34. Enzyme Kinetics as an approach to understanding mechanism
A biochemist obtains the following set of data for anerzymethatis known to follow Michaelis-
Mentenkinetics

Substrate Initial
concertration velocity
(uM) (wmol/min)
NRN NNNRNRN NNNR
1 49
2 96
8 349
50 621
100 676
1,000 698
5,000 699
NRN NNNRNRKN NNNR
(8) Ve for the erzymeis . Explainin one sentence how you determined V.
(b) K, for the enzymeis . Explain in one sentence how you determined Ky,

35. Enzyme Kinetics as an approach to understanding mechanism
Why isthe Lineweaver-Burk (double reciprocal) plot more useful thanthe standard V'vs. [S] plot in
determining kinetic constarts for anerzyme? (Y our answer should probahbly show typical plots.)
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36. Enzyme Kinetics as an approach to understanding mechanism
An erzyme catalyzesthereacton A — B. Theinitial rate of the reacton wasmeasired asafunction
of the concertration of A. The following data wereobtained

[A]l, micromolar Vo, nmoledmin

0.05 0.08
01 0.16
05 0.79
1 16
5 7.3
10 13
50 40
100 53
500 73
1,000 76
5,000 79
10,000 80
20,000 80

a) Whatisthe K, of the erzymefor the substrate A?
b) Whatisthevalue of Vo when[A] = 43?
The above data wasplottedasl/ ¥, vs. 1/[A], ard a straight line wasobtained
¢) Whatisthevalue of the y-intercept of theline?
d) Whatisthevalue of the x-intercept of theline?

37. Enzyme Kinetics as an approach to understanding mechanism
The turnover number for anereymeis known to be 5,000 min™. From the followi ng set of data,
calculate the K, and the total amaunt of ernzyme presert in thes experimerts.

Substrate Initial
concertration velocity
(mM) (wmol/min)
1 167
2 250
4 334
6 376
100 498
1,000 499
(@) Km= . (b) Total ereyme= umal.

38. Enzyme Kinetics as an approach to understanding mechanism
When 10 ug of anerzyme of M; 50,000 is addedto a solution containing its substrate ata
concertration one hundredtimesthe K, it caalyzesthe converdon of 75 umal of substrate into
productin 3 min. Whatisthe erzyme's turnover number?

39. Enzyme Kkinetics as an approach to understanding mechanism
Fifteenug of anerzyme of M, 30,000 working at V. caialyzesthe converson of 60 umal of
substrate into product in 3 min. Whatisthe erzyme's turnover number?
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40. Enzyme Kinetics as an approach to understanding mechanism
How doesthe total erzyme concertration affect turnover number and Via?

41. Enzyme Kinetics as an approach to understanding mechanism
Enzymeswith ake / Ki ratio of about 10° M*s* areconsideredto show optimal calytic effi ciercy.
Fumarase, which catalyzesthe reversble-dehydration reacton

fumarte + H,O =— malate

hasaratio of turnover number to theﬁhaelis—Menten constant, (kea / Kin) Of 1.6 x 108 for the
substrate fumarae and 3.6 x 10 for the substrate malate. Becase the turnover number for both
substratesis nearly idertical, what factors might be involvedthat explain the diff erert ratio for the
two substrates?



