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MULTIPLE CHOICE. (45 points)
Choose the BEST answer to the question by circling the appropriate letter

A good transition-state anal og:

A
B
C
D

is too unstable to isolate.
bi nds covalently to the enzyne.

binds to the enzyme nore tightly than the substrate.

bi nds very weakly to the enzyne.

/100

Below is a plot of vy vs. [S] for a specific allosteric enzyme under

di ff

erent conditions.

[S]

Whi ch of the follow ng best describes the graph?

moow»

Curve 3 represents the effect of a negative effector added to #2.
Line 4 is valid exclusively for curves 1 and 2.

Curve 1 represents maxi muminhibition
Addi ng a positive effector to #2 would result
Addi ng a positive effector to #1 would result
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in curve 3.
in curve 2.



NANME

Whi ch of the followi ng statenents is true of enzyne catal ysts?

A.  To be effective, they nust be present at the same concentration as
their substrate.

B. They can increase the equilibriumconstant for a given reaction by a
t housand-fol d or nore.

C. They lower the activation energy for conversion of substrate to
product .

D. Their catalytic activity is independent of pH

E. They are generally equally active on D and L isoners of a given
substrate.

A D-amino acid would interrupt an o helix nmade of L-am no acids.
Anot her naturally occurring constraint on the formation of an «
helix is the presence of:

A.  a negatively charged Arg residue.
B a positively charged Lys residue.

C. two Gy residues side by side.

D. a nonpol ar residue near the carboxyl term nus.

E a Pro residue.

The a-keratin chains indicated by the diagram bel ow have under gone one
chemical step. To alter the shape of the a-keratin chains--as in hair
wavi ng- - what subsequent steps are required?

chem cal reduction and then chenmi cal oxidation
chemi cal oxidation and then shape renodeling
shape renodel i ng and then chem cal reduction
shape renodel i ng and then chem cal oxidation
chem cal reduction and then shape renodeling

moow»

Determ nation of the precise spacing of atonms within a large protein is
possi bl e only through the use of:

a Ranachandran plot.

nol ecul ar nodel buil di ng.
x-ray diffraction.

Iight microscopy.

el ectron m croscopy.

moow»
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7.

10.

11.

NANME

One of the assunptions stated by Mchaelis & Menten is called the
steady state assunption. This assunption inplies:

Ky, = Kg-
t he maxi mum vel ocity occurs when the enzyne is saturated.
the ES conplex is formed and broken down at equival ent rates.

the K, is equivalent to the cellular substrate concentration

moow »

the enzyme is regul at ed.
In an o helix, the R groups on the amino acid residues:

are found on the outside of the helix spiral

generate the hydrogen bonds that formthe helix.

stack within the interior of the helix.

cause only right-handed helices to form

al ternate between the outside and the inside of the helix.

moow»

Wiich of the follow ng statements about a plot of vy vs. [§] for an
enzyne that follows M chaelis-Menten kinetics is false?

A Kpis the [S] at which vg = 1/2 V4.

B. the shape of the curve is a hyperbol a.

C. the y-axisis arate termwith units of uMmn.

D. as [S§] increases, the initial velocity of reaction, vy, also

i ncreases.
at high [S], the velocity curve becones superinposed on a horizonta
l'ine which intersects the y-axis at Vg,

m

To cal cul ate the turnover nunber of an enzyne you need to know the:
initial velocity of the catalyzed reaction at low [S].

initial velocity of the catalyzed reaction at [S] >> K,

Kq, for the substrate

enzyme concentration.
both B and D

mo O w»

Studies with nmutated forms of tyrosyl-tRNA synt hetase showed t hat
changi ng sonme active-site am no aci ds decreased the enzyne's turnover
nunber but not the K., of the reaction. The best interpretation of

these results is that the:

A. reaction's Ky, does not depend on which amino acid side chains are

found in the active site.
two terns, K, and turnover nunber, are inversely proportional

w

C. transition state for this reaction is formed prior to the formation
of the ES conpl ex.

D. two substrates, tyrosine and ATP, nust enter the active site in a
speci fic order.

E. amno acids involved with the transition-state conplex are different
fromthe ones that affect enzyne-substrate association
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NANME

12. The slight right-handed tw st of p-sheets causes super-secondary
structures such as the Rossmann-fold to

A. extend in a left-handed helix to nake stronger fibers

B. curve around maki ng helical bundl es possible

C. curve back on thensel ves naking p-barrels and p-saddl es possible

D. curve in a zig-zag way to make repeated structures with nmore tensile
strength

E. lay flat

13. For many enzynes, the slowest (rate-limting) step is the reaction that
ko
actual ly rel eases the product, ES — P. Under these conditions k, can
be ignored, and Ky, beconmes equivalent to:

the [S] where vy = V-

the turnover nunber.

Kcat -

the dissociation constant, Kg, for the ES conpl ex.
t he maxi mal vel ocity.

moow »

14. Wiich of the followi ng kinetic paraneters renains the sane for S — P,
whet her the reaction is enzyme-catal yzed or uncatal yzed?

Ak

B. Vv

C vy
D Keq

15. Enzynme X exhibits maxi numactivity at pH = 6.9. X shows a fairly sharp
decrease in its activity when the pH goes nmuch |ower than 6.4. One
likely interpretation of this pH activity is that:

the reaction relies on specific acid-base catalysis.

a His residue on the enzyne is involved in the reaction
a @u residue on the enzyne is involved in the reaction
the enzynme is found in gastric secretions.

the enzyme has a netallic cofactor

moow»

1. SHORT ANSWER (35 points)
G ve a brief answer to each problem or question bel ow

16. What is the significance of kgat/ Kyw? (3 pts)
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17.

18.

19.

NANME

I'n normal people collagen provides a matrix for bone, which is then solidified by the
deposition of crystals of calcium hydroxyapatite. A connective tissue disease called
osteogenesis imperfecta i s caused by defective collagen. Anong the synptons of this

di sorder are skeletal deformities caused by nutliple fractures due to brittle bones
Anal ysis of the gene coding for one of the collagen chains in an affected person shows
that the glycine residue normally |ocated at position 988 in the prinmary sequence is
changed to a cysteine residue. The alteration disrupts the collagen helix and causes
it to unfold at roomtenperature. How could the substitution of cysteine for glycine
cause helix disruption? (3 pts)

For each of these nethods of separating proteins, describe the
principle of the nmethod, and tell what property of proteins allows
their separation by this technique. (6 pts)

(a) ion-exchange chromat ography

(b) size-exclusion (gel filtration) chronmatography

(c) affinity chronatography

In purifying an enzyne that converts Binto Ain a single step, you

di scover that your enzynme activity disappears when you subject it to

i on- exchange chromat ography; none of the fractions fromthe

i on- exchange col um cont ai ns detectabl e enzyne activity. However, if
you conbine the nmaterial that passed straight through the colum with a
fraction that came off the colum later, enzyne activity is again
detectable. This is true even if you boil the first fraction (the
"pass-through") before conbining it with the second. G ve a reasonable
expl anation for these observations. (3 pts)
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20.

21.

22.

23.

NANME

Name and briefly define four types of noncoval ent interactions that
occur between a substrate and an enzynme (or a ligand and its binding
protein). (8 pts)

Predict the pHof a 0.1 MHO + 0.2 Mglycine solution. The pKa' val ues
for glycine are 2.4 and 9.9. How can you increase the buffer capacity
of this solution? What is the average net change on the glycine

nmol ecul e at this pH? (6 pts)

Suppose you are asked to evaluate a new schenme for the purification of
an enzyne. What are your criteria for a "good" purification nmethod?
Be specific and concise. (2 pts)

Draw two ways in which parallel p-strands are connected and two ways in
whi ch antiparallel p-strands are connected. Be sure to |abel your
drawi ngs. (4 pts)
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24.

a- hel i x
B- sheet
p-turn

25.

N

©NO O

__10.

26.

el

MATCHING (20 points)

NANME

Mat ch each amino acid or class of amino acid residues in the right
colum with the secondary structure el enent

it

is nost likely to occur

Ay

Pro

du

Mat ch each term or
termor
used nore than once or

moow?>»

Al a

phrase in the right colum
not at all.

Fruct ose 1, 6- bi sphosphate ==>

gl ycer al dehyde 3-phosphate +

di hydr oxyacet one phosphate

E+ A==>EA==>F +P==>F + B
==> FB ==> E + Q

ki nase
al cohol dehydr ogenase
circul ar dichroism

car boxypepti dase A

2D- NMR spect roscopy

sedi nentati on equilibrium
ultracentrifugation

E+ A==>EA + B ==> EAB ==> E +
x-ray crystall ography

(5 pts)

in the left cloumm in which

Anino acids with branching at the f carbon

phrase in the left colum with the nost appropriate

. ltems in the right colum can be

(10 pts)
A

w

IoOmMmmoO

P

LI

determ ne secondary structure in
pr ot ei ns

det ermi ne nol ecul ar wei ght of

pr ot ei ns

EC 3.4.17.1

pi ng- pong, ordered, uni, bi
sequential, ordered, uni, bi
pi ng- pong, ordered, bi, bi

transferase
determne the primary structure
of proteins

EC1.1.1.1
sequential, ordered bi, uni
sequential, random bi, uni

determine teritary structure of
pr ot ei ns

Match the levels of protein structure in the left colum with the best

descriptions in the right

primary A
secondary B.
tertiary C.
super - secondary D. spatial
quat er nary E.

Page

columm. Use each item once.

(5 pts)

associ ation of protein subunits
aggregates of a-helica
I i near am no acid sequence

and p-sheet structures

arrangenent of amino acids that are near
each other in the linear sequence

7

necessary for the catalytic activity of an enzyne



Test
Question

Correct
Answer

Answers for Exam 2 10/ 18/98

O©CoO~NOOOUOTA,WNPE

17

18

19

20

Mul ti pl e Choice

WooOmMmMMmM>O00MO>0

Short Answer

The ratio of keat/ Kyallows one to estimate the catalytic
efficiency of an enzyme. The better enzymes have higher
kcat and | ower Ky which nmeans they achieve their maximal
vel ocity, which would be higher, at a | ower substrate
concentration than other enzymes with larger Ky The

upper linmit for this value is 109 M1s-1 and is set by
the rate of diffusion of the substrate in the solution
which limtws the rate at which it encounters the
enzyme.

In the helical region of collagen, glycine occupies
every third position in a sequence of just over 1000
am no acids that constitute the typical collagen chanin.
Each glycine residue is | oacted on the inside of the
three-chain helix, where there is no roomfor |arger
side cahins. The substitution of a cysteine residue at
one | oaction probably disrupts the helix because the

| arger side chain (-CHy-SH) cannot fit inside.

(a) lon-exchange chromat ography separates proteins on
the basis of their charges. Proteins have a pH dependent
charge that varies for each. (b) Size-exclusion or ge
filtration chromat ography separates on the basis of

size. Proteins vary greatly by size. (c) Affinity

chr omat ogr aphy separates proteins with specific, high
affinity for some ligand (attached to an inert support)
fromother proteins with no such affinity.

The "pass-through" contains a heat-stable coenzyne or
cofactor, and the later-eluting fraction contains the
enzynme itself. Neither is active wi thout the other

(1) hydrogen bonds: weak electrostatic attractions
bet ween one el ectronegative atom (such as oxygen or
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Test Correct
Question Answer

nitrogen) (acceptor) and a hydrogen atom covalently linked to a

second el ectronegative atom (donor). (2) van der Wals

i nteractions: weak ineractions between the electric

di pol es that two cl ose-spaced atons induce in each

other. (3) electrostatic/ionic interactions: relatively weak

charge-charge interactions (attractions of opposite

charges, repulsions of |ike charges) between two ionized

groups. (4) hydrophobic interactions: the forces that

tend to bring two hydrophobic groups together, reducing

the total area of the two groups that is exposed to

surroundi ng nol ecul es of the polar solvent- gain of entropy for water.

21 -The addition of 0.1 MHO to the 0.2 Mglycine titrates

the zwitterionic formhalf way back to the fully

protonated form (net charge +1). The concentrations of

HA (net charge +1) is then 0.1 Mand the concentration

of A- (net charge 0) is then 0.1 M In this case pH =

pKka' + log 0.1M0.1M or pH = pKa + 0, or 2.4

-This is at the pKa' and the buffer capacity cannot be

i ncreased.
-The net charge is +0.5.
22 Answers will vary, but the key criteria are that each

step nmust result in increased specific activity and
reasonably good recovery of enzyme activity.

23 Two antiparallel arrows connected by a | oop, B-turn, or
a-helix for the antiparallel p-strands and two parall el
arrows connected by a loop or a-helix for the paralle

B- strands.
Mat chi ng
24 1) CE 2) D 3) AB
25 EL F, G I, ACL B J L
26 C Db E B A
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