Biochemistry 30 Spring 2000

Answers Problem Set 11
L Bnzyme Catalysis (30 points)
Shown below are three different substrates for the enzyme chymotrypsin.
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c) The k, for substrates a, b, and c are: 0.06 5™, 0.14 5™, and 2.8 5! respectively. What is the
activiation barrier for each reaction at 37°C. 'Why do you suppose these barriers are so
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d) The k., /Km values help to evaluate which substrate works “Best” with an enzyme. Which of s, ic/pee
the substrates is the “best™ substrate for chymotrypsin and why. (8 points)
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IL Michaelis Menten Kinetics (25 points)

1. Write down the general form of the Michaelis-Menten equation, identifying every term and
keeping careful track of and including all of the subscripts. (5 points)
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a) Sketch the form of the Michelis Menten equation on a graph of initial rate vs. substrate
concentration for a nonallosteric enzyme,

b) How does this graph show that the order of the reaction with respect to substrate vanes from
first order to zeroth order?

c) What is responsible for this peculiar switching of the order of a reaction?
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3. How would the graph above change if a transition state analogue was added to the mixture of
enzyme and substrate at the beginnning of the reaction. Explain (6 points)
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4. Many, many enzymes utilize peneral acid (proton donor) and/or general base (proton
acceptor) catalysis in their active sites. On a graph below, sketch how the rate of a  reaction

would vary as a function of pH for & general acid catalyst, a general base catalyst, and an enzyme
which employed both acid and base functions in its active site. (6 points)

. acid +
%lt,uxﬁ_f_ B d ﬁﬂh bt S

Vo
s i
tad
W
Vo




[ Gilycolysis (30 points)

wep Reaction Enryme Type® AG™ 4G
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1. Next to each of the reactions above, write one of the following letters which best describes

the type of chemical reaction catalyzed: (10
a Phosphoryl transfer
b Phosphoryl shift
¢ Isomerization
d Dehydration
e Aldol Cleavage

points)

f Phosphorylation coupled to oxidation

2. In each of the reactions cited above, the free energy for the reactions written under actual
cellular conditions is much more negative than the free energy under biological standard state
conditions (pH 7, 37 C). Why is that? (4 points)
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Shown above are data for concentrations of glycolytic intermediates in a resting animal
(intial) and in one deprived of oxygen for 25 seconds (ischemia).
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Exams prior to Spring 2000
. Enzymes of Glycolysis and Citnic Acid Cycle

la} The reactions catalyzed by the ten enzymes of glycolysis can be chemically classified into
the five following groups. What is the general name for an enzyme which catalyzes this kind of
chemical reaction and which enzymes of glycolysis fall into these categories. Answers for the
first group have been provided as a guide.

CLASS ENZYMES
oxidation: dehydrogenases Gly-6 or GAP dehydrogenase
phosphoryllation: kinases Gly-1 or hexokinase
Glv 3 or phosphofructokinase
Gly-7 or 3PG kinase
Gly-10 or pyruvate kinase
ispmerization: ISOMErase, mutases Gly-2 or phosphoglucoisomerase

Gly-5 or triosephosphate isomearase

Gly-8 or phosphoglycerate mutase
dehydration: enolase Cily-9 or 2-phosphoglycerate enolase
aldol condensation: aldolase Gly-4 or aldolase

1b) In as concise and compact prose as possible, compare the different mechamsms used by the
enzymes which catalyze isomerizations. ldentify catalytically active side groups and predict
how the activity of the enzyme might vary with pH.

Gly 5, TIM, catalyzes the conversion of DHAP 1o GAP, a ketone (o an aldehyde, via a “cis-ene-
diol” intermediate. Glu 165 acts as a base to abstract a dissociable proton from the carbon
adjacent to the carbonyl, and then acts as an acid to deliver it back to the carbonyl carbon,
forcing protonation of the oxyanion via His 95, The pH profile for the conversion of DHAP to
GAP is shown below, high rate requires a deprotonated glu and a protonated His. (Gly-2 similar
mechanism)

Gly &, phosphoglyerate mutase, catalyzes the conversion of 3PG to 2PG, via a HIS-HIS duo at
the active site. Phosphoryllation of the active site His is a prerequisite for the reaction, and the
isomerization proceeds by HisA abstracting a phosphate group from 3PG, at the same time that
the oxygen at postion 2 of 3PG is abstracting the phosphate from HisB. Product dissociation is
followed by an internal rearrangement where phosphate group is handed from HisA to HisB. A
Iysine at the active site pocket is necessary to ton pair with the carboxlyate of the substrate.
High catalytic rates are mainained by a deprotonated His and a protonated Lys.
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2. Schiff bese formation is & common catalytic strategy used by proteins whea interacting witha. < 7™\
carbonyl-containing substrate, Which of the following statements is not true regarding Schiff ‘
base formation in aldolase. Explain

#) The Shiff base serves to anchor the substrate in the binding pocket by forming a
covalent enzyme-substrate adduct.

(b) The Schiff base activates FBP for bond cleavage by providing electrons to stabilize
hie electrophillic intermediate.

¢) The nitrogen used in Schiff Base formation is derived from a Lys side group.
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4. In trying to elucidate the mechanism of TIM, experiments were conducted witha: . wiel: smwind 8
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¢) This experiment suggests that two basic groups in close proximity must shuttle the
trittium from one carbon to another.

5. In converting glucose to pyruvate in glycolysis, the substrate is oxidized from an aldo sugar to
a a-keto acid. Which of the statements below best describes the oxidative processes in
glycolysis. Explain.
a) oxidation occurs in gly-1, gly-3, gly-6.
b) oxidation occurs in gly-1 and gly-3.
oxidation occurs i gly-6.
none of the above.

6. In testing the catalytic mechanism of gly-8, phosphoglycerate mutase, mutant enzrymes were
prepared with each of the possible mutations below:

8) His, at the binding/active site was changed to Arg.
b) His, at the binding/active site was changed to Tyr.
(<) Lys at the binding/active site was changed to Gly.
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substrate under particular cellular conditions, Underline the correct word in parentheses in each
of the sentences below and choose one enzyme we have studied for which the statement is true.
) Km/S values (greater ordZ5s) than one mean that the enzyme is working at full speed
and that the rate of the reaction will not change rapidly with changes in the substrate
concentration.
enzyme: “Pexokinase
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Ansuwers

8. Enzyme Catalysiglirs na'ion, e i T I o mietrgiowry o9 oimbrools {“"‘Iil@lﬂ b
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infection. When combiniad with'a reverse transcriptass inhibitor, this potent “cocktail” has b 1mshon;
brought patients back from death’s door and restored them to full “health”, though the capacity -
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they are cured. | 3
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amino scid proline. In a series of experiments on various peptide substrates, the following -
catalytic constants were measured. In the table below, & dash represents the scissile bond

cleaved by the protease. ﬁ.‘l
Saeuse, Km (mM) kea(s')  keat/Km (mM's") X \Pﬂl .Ey‘vj
(H Eim'wt;r 0.60 2.4 40 fyfff 3 0&3 HJJ)
(8) RNF-PVA 1.25 0.8 0.6 4 t L
(c) LAA-PQF 0.13 19 14.6 fﬁ’ ! rf'é
¢)) LNL-PVA 0.02 22 1100 5";’& P r[\‘”l
Assume a simple mechanism, where k_, = k;, and K,=K_ 405.::% \
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1. Sketch a reaction coordinate diagram indicating the heights of the activation barriers for the
four substrates from the data sbove. A& LES]= —RThn (Vikm)
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&wm wokd select’ DY owes ofher substrates ) eorst iy E_
4, ﬂminﬂh&mr,mﬂ-iﬂl,whﬂhismpluuﬂldiniﬂ!trhhilﬁwnbﬂhm This drug is
thought to be a competitive inhibitor. How, if at all, would the presence of a competitive -
inhibitor change the expenimentally derived constants in the table ‘above?
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Problem III cont'd (_;Spt"s- Mj

1. From *'I;hl.l.n:fhn'ltiuﬁ_ on the pravious a, vhat is the
for hydrolysis of acetylcholine by acetylcholine-esterase a

25%.
£ tat = a5, 000 5!

2. How long doas each acetylcholine substrate molecule stay
attached to the enzyme?

[Fa]1™' = Housec
3. If the mechanism is a simple one such as discussed in

class (eguilibrium of E and 5, or steady state of E and §5)

what would be the activation barrier for the rate determining
step?

AG = (2.6« 1.3 loghag = UG kcat/mote @astc

4. Once the initial rate of the hydrolysis has been measured
at several different concentrations of substrate, how is k_,

caleulated? .5“ oba s
5. What would the Lineweaver-Burke plots leook like for the
case of:

a) the inhibition of hydrolysis of acetylcholine by a
protonated tertiary amine? Label all axes and lines.

b) the inhibition of hydrolysis of substrate [2] by a
protonated tertiary amine? Label all axes and lines.

Ate allachad

6. What happens to V__ and K, in each of these circumstances.

. Ser alladied
*7. Does the inhibitor bind at the active site or doesn't it?
can you offer a possible explanation of the contradictery

data? ﬁlilﬂjﬂﬂjiJLﬂ

The end.



