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I. Here’s a peptide to sequence.  Remember the notation: amino acids separated by commas indicate composition
only, not order; they’re generally listed alphabetically when composition only is indicated.  To designate order,
write the amino acids with dashes between them.
Also remember your Greek: di = 2, tri = 3, tetra = 4, penta = 5, hexa = 6, hepta = 7, octa = 8, nona = 9.

The starting peptide is a nonapeptide of composition (ala2, glu, gly3, lys, met, phe).

Dansylation of the starting peptide followed by acid hydrolysis yields DNS-gly.
It’s likely that th e N-term inus is gly

If the starting peptide is exhaustively digested with trypsin and then the reaction mixture is dansylated, only DNS-
gly is obtained after ac id hydrolysis.

There’s either an internal lys and a lys-gly sequence or lys is C-terminal

If the starting peptide is reacted with cyanogen bromide and then the reaction mixture is dansylated, only DNS-gly
is obtained after acid hydrolysis. 

There’s either a C-terminal met or there’s an internal met and a met-gly sequence.

If the starting peptide is digested with chymotrypsin and then the reaction mixture is dansylated, only DNS-gly
is obtained after acid hydrolysis.

There’s either a C-terminal phe or there’s an internal phe and a phe-gly sequence.

If the starting peptide is digested with Staphylococcal V8 protease  and then the reaction mixture is dansylated,
DNS-gly and DNS-met are obtained after acid hydrolysis.

There’s an internal glu-met sequence.

If the starting peptide is digested with carboxypeptidase A, no amino acids are released.
This result eliminates the possibility of a C-terminal m et or phe, and su pports the possibility of a C -terminal lys.

The products of cyanogen bromide cleavage are a tripeptide which is not retained on a cation exchange column
of carboxymethyl cellulose and a hexapeptide which is eluted more slowly.  The hexapeptide is also bound to an
affinity column of phenyl sepharose more tightly than the tripeptide.  Digestion of the tripeptide with
carboxypeptidase B yields no free amino acids, but one amino acid is liberated after digestion of the hexapeptide
with carboxypeptidase B.

The tripeptide p robably  has glu  in it, while  the hexapeptide probably has lys in it, accounting for the pattern of

elution of a cation exchange column.  The hexapeptide also probably has phe in it.  Since we already know that

lys is C-terminal (the only amino acid released by CBP-B) in both the hexapeptide and the original peptide and

the C-terminus of the tripeptide is met (actually homoserine lactone), the N-terminus of the hexapeptide is gly,

and therefore the N-terminus of the tripeptide is the N-term inal gly  of the original nonapeptide.  The tripeptide

must ha ve the seq uence g ly-glu-m et.

The products of V8 protease digestion are a dipeptide which is not retained on a cation exchange column of
carboxymethylcellulose and a heptapeptide which is eluted more slowly.  The heptapeptide is also bound to an
affinity column of phenyl sepharose more tightly than the dipeptide.  Digestion of the dipeptide with
carboxypeptidase B yields no free amino acids, but one amino acid is liberated after digestion of the heptapeptide
with carboxypeptidase B.

This confirms that the sequence of the tripeptide above is correct.  The dipeptide still contains the glu (doesn’t

bind to a cation exchange column) which must be C-terminal.  The N-terminus is the N-terminal gly from the

original nonapeptide.  The heptapeptide has the sequence:

met-gly--phe-gly--lys .  We have to  figure out the rem aining pieces, nam ely two ala’s.

The products of chymotryptic digestion are a pentapeptide which is not retained on a cation exchange column of
carboxymethylcellulose and a tetrapeptide which is eluted more slowly.  Digestion of the pentapeptide yields no
free amino acids, but one amino acid is liberated after digestion of the tetrapeptide with carboxypeptidase B.

The pentapeptide must have the sequence gly-glu-met-gly-phe (it’s got the glu and the other peptide has the C-

terminal lys).  This leaves the tetrapeptide as necessarily having the sequence  gly-ala-ala-lys (it has to have an

N-terminal gly and a C-terminal lys).
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Give the amino acid sequence of the original peptide:

GLY       GLU MET     GLY         PHE  GLY        ALA ALA     LYS
________-________-________-________-________-________-________-________-________

II. Isoelectric focusing is a an electrophoretic technique which permits the separation of peptides through a pH
gradient.  The peptides cease to move towards the anode or the cathode when they reach their isoelectric (isoionic)
point.  On this isoelectric focusing gel, indicate the final location(s) at which the products of chymotryptic
digestion cease to move.  Be sure to label your products on the diagram as P (for pentapeptide) and T (for
tetrapeptide).

The pentapeptide has an "-COOH (pI = 2), a (-COOH (pI = 4), and an "-NH2 (pI = 9).  At pHs between 2 and

4, the charge on the "-COOH is -1, the charge on the (-COOH is 0, and the charge on the "-NH2 is +1.  The pI

for the pentapeptide lies between 2 and 4.

The tetrapeptide has an "-COOH (pI = 2), an "-NH2 (pI = 9), and an ,-NH2 (pI = 10-11).  At pHs between 9 and

10.5, the charge on the "-COOH is -1, the charge on the "-NH2 is 0, and the charge on the ,-NH2 is +1.  The pI

for the tetrapeptide lies between 9 and 10.5.

III. It has been said that the accumulation of discarded unsuccessful experiments from the organic chemistry labs
on the main campus into Roth Pond has led to the formation of a diversity of mutant species.  Here are
descriptions of the hemoglobins from some of these species.  Indicate which property is most likely to be true for
each of the mutant hemoglobins by clearly circling the letter of the best answer.
1. This monomeric hemoglobin has its heme iron stabilized in the ferric (Fe+3) state.

a. It is likely to bind oxygen with a low affinity hyperbolic saturation curve.
b. It is likely to bind oxygen with a high affinity hyperbolic saturation curve.
C. It fails to bind oxygen at all.
d. Its oxygen binding curve will be hyperbolic but the information is insufficient to judge affinity.
e. It will bind oxygen but will fail to undergo an oxygenation-linked conformational change.
Oxygen cann ot bind at all to the ferric iron (as in methemoglob in).

2. This tetrameric hemoglobin binds oxygen with a sigmoidal saturation curve.  The C-terminal residues in the
" and the $ chains are tyrosines.  The side chains point towards arginine residues in the deoxygenated protein and
in the oxygenated protein, the side chains are buried in pockets within the interior of the protein.

a. This hemoglobin appears to have all the components needed for increased oxygen affinity at high pH
and decreased affinity at low pH, just like human hemoglobin A (the normal adult protein).
b. This hemoglobin appears to have all the components needed for increased oxygen affinity at high pH
and decreased affinity at low pH, a situation which is the reverse of that found in hemoglobin A.
c. This hemoglobin appears to have all the components needed for decreased affinity at high pH and
increased affinity at low pH, just like human hemoglobin A.
D. This hemoglobin appears to have all the components needed for decreased affinity at high pH and
increased affinity at low pH, a situation which is the reverse of that found in hemoglobin A.
e. The C-terminal amino acid substitutions in this hemoglobin should result in a pH-insensitive oxygen
binding curve.
There are two parts to this question.  You should recognize that the nature of the salt bridges in the mutant

protein, which stabilize the deoxy structure, leads to preferential deprotonation of the lysine pheno lic side chains,

while  in the oxy structure, the tyrosines are buried, uncharged, and therefore  protonated.  This means that the

direction of the Bohr effect will be reversed, namely decreased affinity (stable T state) at high pH, which favors

ionization of the tyro sines.  You also need to know that decreased affinity at high pH is the opposite of the

situation which prevails in normal human hemoglobin.
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3. This tetrameric hemoglobin has a cavity into which pesticides can bind when the protein is fully saturated with
oxygen.  The deoxygenated protein fails to bind pesticides because the cavity is too small.  The pesticides which
are dumped into Roth Pond will probably:

A. increase the affinity of the hemoglobin for oxygen but not necessarily eliminate sigmoidal oxygen
binding.
b. convert the oxygen binding curve to a hyperbolic curve without affecting the affinity of the protein for
oxygen
c. decrease the affinity of the hemoglobin for oxygen but not necessarily eliminate sigmoidal oxygen
binding.
d. decrease both the affinity of the hemoglobin for oxygen and the sigmoidicity of the oxygen binding
curve.
e. prevent the protein from releasing oxygen.
This is an example of a positive allosteric effector, which binds to the R state preferentially and increases affinity.

Only  if the protein were truly saturated with the posit ive effector wil l the shif t in the R-T equilibrium be so

extreme as to eliminate coop erativity, and unde r those circumstances,  the affinity would be markedly elevated.

4. This tetrameric hemoglobin binds oxygen with a characteristic pattern in which the apparent affinity for the
first oxygen to go onto the protein is greater than that of the second, which is in turn greater than that of the third,
which is in turn greater than that of the fourth.

a. You would not be surprised if everyone failed to detect any oxygenation-linked conformational changes
in this protein.
b. You would not be surprised if only two conformational states of this hemoglobin could ever be
detected.
c. You would not be surprised if this hemoglobin had a hyperbolic oxygen binding curve with no Bohr
effect.
d. You would not be surprised if it could be shown that the conformations of this hemoglobin were always
in equilibrium, regardless of the presence or absence of oxygen.
E. You would not be surprised if someone were able to isolate multiple intermediate conformations of this
hemoglobin, but only from solutions in which the protein was partially saturated with oxygen.
This is an example of negative cooperativity, which is explained only by the KNF model, in which the presence

of multiple intermediate conformations is an essential feature.  Since all the intermediate conformations in the

KNF mode l are associated with  partial saturatio n with liga nd (exten t of confo rmation al chang e is strictly

proportional to ex tent of ligand bind ing), they can be  detected only in p artially saturated solutions.

5. This hemoglobin has been isolated from a Roth Pond species which employs carbon monoxide released by
automobile exhausts in the surrounding parking lots to survive in exactly the same way as we use oxygen.  Its
hemoglobin appears to be identical in all aspects to that found in adult humans.  The only difference in the way
human hemoglobin (as well as the hemoglobin from this mutant species) binds oxygen and carbon monoxide is
in intrinsic affinity of the heme iron for the two gases (carbon monoxide is bound two hundred times more tightly
to the iron).  All other aspects of binding of the two gases to the hemoglobin from this species are identical.

a. Because of the affinity difference, the hemoglobin from this species will bind carbon monoxide with
a hyperbolic saturation curve.
b. The hemoglobin will bind carbon monoxide with a sigmoidal saturation curve, but the Bohr effect will
be dramatically reduced.
C. The cooperativity and Bohr effect for binding of carbon monoxide to the hemoglobin of this species
will be about the same as that for human hemoglobin A, but the value of the p50 for carbon monoxide
binding will be much lower than that for oxygen.
d. The cooperativity and Bohr effect for binding of carbon monoxide to the hemoglobin of this species
will be about the same as that for human hemoglobin A, but the value of the p50 for carbon monoxide
binding will be much higher than that for oxygen.
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e. The features of the carbon monoxide binding curve for the hemoglobin of this species will ensure that
the pressure of carbon monoxide in the peripheral tissues is maintained at a value of 40 mm Hg.
If the only  difference between O2 and CO binding is the intrinsic affinity of the heme iron fo r the two ligands,

then the binding curves will display equivalent cooperativity (since L and c are the same for both) and an

equivalent Bohr effect (since the conformational changes induced by both are identical).  The lower the p50

(pressure of the ligand required to achieve 50% saturation), the higher the affinity for the ligand.

6. This hemoglobin has mutations in the so-called “stop codons” which tell the protein synthesis machinery that
the end of a polypeptide chain has been reached.  (Such mutations are not unusual and some mutant human
hemoglobins with mutations of this sort have been identified).  As a consequence, there are fifteen additional
amino acids attached to the C-terminal end of both the " and $ chains.  

A. If the side chains of the amino acids at the positions normally occupied by the C-termini have not been
altered, some of the salt bridges may still form but others will not, and the hemoglobin will have a higher
than normal oxygen affinity, especially in the absence of organophosphates like 2,3-DPG.
b. If the side chains of the amino acids at the positions normally occupied by the C-termini have not been
altered, the salt bridges will all form normally, since it is the side chains which participate in such salt
bridges, not the C-terminal carboxyl groups.  The functional properties of the hemoglobin will be
minimally altered.
c. Extensions onto the C-termini of the polypeptide chains are likely to disrupt the interactions which
stabilize the high affinity form of hemoglobin, and the protein may bind oxygen with significantly reduced
affinity.
d. Extensions onto the C-termini of the polypeptide chains are likely to disrupt the salt bridges which
control oxygen affinity of hemoglobin but the Bohr effect is not likely to be altered since other salt bridges
not involving the C-termini are involved in the Bohr effect.
e. Extensions onto the C-termini of the polypeptide chains are likely to disrupt the ionic interactions
through which polyanions such as 2,3-DPG are bound.
The salt bridges sta bilizing de oxyhe moglo bin invo lve both  the side chains and the C-terminal carboxyl groups

of both " and $ chains.  The Bohr protons arise from salt bridges involving the side chains of the $ C-termini

(histidine imidazoles) and the C-terminal carboxyls of the " chains  (which interact with the N-terminal amino

groups of the neighboring " chains within the tetramer).  Therefore, blocking the normal C-terminal carboxyl

groups by elongating the chains would break some, but not all, of the salt bridges a nd elim inate some, but not

all, of the Bohr proto ns.

IV. You are examining some other mutant proteins isolated from organisms growing in Roth Pond.  Indicate what
the most likely functional consequences of their structural properties are:
1. This organism concentrates very high levels of selenium in its tissues and has a virtually inactive lysyl oxidase.

a. It is not capable of forming the stabilizing crosslinks in the N- and C- propeptide domains of
procollagen.
B. It lacks the modifications needed for forming the desmosine and isodesmosine crosslinks in elastin.
c. It cannot process procollagen into tropocollagen.
d. It cannot complete the synthesis of either the procollagen polypeptide chain or the tropoelastin
polypeptide chain because synthesis of the polypeptide chains will terminate prematurely in the absence
of allysine.
e. All these defects are likely to occur if lysyl oxidase is inactivated.
Lysyl oxidase catalyzes the formation of allysine, which participates in the formation of lysinonorleucine bridges

in crosslinked collagen and desmosine and isod esmosin e bridges  in elastin, all of which form in the extracellular

space only after a ll other processing and postranslational modifications are complete.  The stabilizing crosslinks

in the N- and C - propeptide do mains are disulfide b ridges.

2. This organism has a defect which results in the frequent replacement of glycine residues in proteins with valine
residues.

a. This defect will have catastrophic consequences for formation of the "-helices in collagen.
B. This defect will have catastrophic consequences for the formation of the coiled-coil structure of
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collagen, but may be less devastating for synthesis of elastin.
c. This defect will destabilize the native structure of collagen because it will disrupt the salt bridges
between the polypeptide chains.
d. This defect will lead to increased van der Waals interactions between the individual polypeptide chains
of collagen.
e. All these effects on collagen are likely to be encountered.
The characteristic -gly-X-Y- sequence of the triple helical domains of tropocollagen permits formation of a

coiled coil structure because any side chain bigger than the H of glycine would not allow the three collagen

helices to pack together due to steric hindrance.  The collagen fold is not an "-helix, but resembles more c losely

a polyproline helix.  Elastin has many valines, which are sites for cleavage by elastase.

3. This mutant organism has mutations in an intrinsic membrane protein which normally functions as a cation
channel.  

a. If a number of valine residues in the normal protein were replaced by leucines in the mutant protein,
it might not be able to form an open channel anymore, since hydrophobic residues tend to face the interior
of proteins and leucine is more bulky than valine.
B. If a number of aspartic acid residues in the normal protein were replaced by lysines in the mutant
protein, it might now function as an anion channel, but might still fit in the membrane, since the charged
residues are likely to face inward.
c. If a number of leucine residues in the normal protein were replaced by prolines in the mutant protein,
it might no longer form the structure it normally assumes in the membrane because proline is more polar
than leucine.
d. It is likely that the interior of the normal protein is lined with residues such as lysines and arginines to
facilitate cation movement, but their replacement by glutamic acid residues would no longer
accommodate cations.
e. Since this protein is normally found in mem branes, it cannot be stabilized by hydrogen bonds, but
replacement of several amino acids by serine residues in the mutant protein would provide for the
possibility that the mutant protein could now be stabilized by hydrogen bonds.
Ion channels are typically membrane-spanning proteins with hydrophobic residues facing outwards into the

nonaqueous membrane interior and polar residues lining the channel.  The specificity of the channel i s

determined by the nature o f the charges: cation ch annels are lined with anionic side chains (e.g. glu and asp)

while anion channels are lined with cationic side chains (e.g. lys and arg).

4. This mutant organism concentrates urea in its cytosol to reach a concentration of 8 M.  Several of the proteins
which have distinct globular structures in the normal organism are found to be in the random coil state in the
mutant.

a. This is because urea molecules squeeze between hydrophobic side chains in the proteins and thereby
disrupt the hydrophobic bonds between the side chains.
b. This is because urea molecules lower the entropy of the aqueous cytosol, causing the proteins to assume
the random coil and thereby increase the entropy.
C. This is because urea molecules raise the entropy of the aqueous cytosol, counterbalancing the reduction
of the solvent entropy which occurs when proteins assume the random coil state.
d. This is because urea molecules break the hydrogen bonds which stabilize the globular structures of
proteins in the normal organism.
e. This is because urea molecules break the electrostatic interactions which stabilize the globular
structures of proteins in the normal organism.
While  it is true that the ran dom c oil is an ense mble  of all possible conformations of a polypeptide chain and has

high entropy, the effects of inserting hydrophobic side chains into the aqueous environment produce extensive

solvent orderin g with  a significant net decrease in entropy.  The elements of this ordered phase of water

(clatherates) are disrupted and converted to disordered water by addition of urea.

5. This mutant organism has a series of substitutions in the protein which is known to form the distinctive amyloid
plaques of prions in the normal organism.  The substitutions make it difficult for the protein to fold into $ sheets.
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a. The protein may spontaneously form into amyloid plaques more rapidly because $-structure cannot be
accommodated in amyloid  plaques.
B. The protein may be less likely to form amyloid plaques because amyloid plaques are generally formed
from stacked elements of $-structure.
c. The protein may spontaneously form into the distinctive amyloid plaques more rapidly because any
disruption in the native structure leads to aggregation into amyloid.
d. The conversion of the prion protein into the pathologic structure of prions in amyloid plaques is
controlled only by mutations in chaperones, not by  differences in structure of the prion protein, so such
changes should have no effect on amyloid plaque formation.
e. The prion protein is normally helical, so it does not adopt $ structure anyway.  The substitutions will
have little to no effect.
Most  amylo idogen ic proteins h ave elem ents of $ structure which do not form closed $-barrels.  These ele ments

of $ structure can then fo rm very ex tended insolub le stacked aggreg ates which give  rise to insoluble plaque s.

6. This mutant organism is a small mammal which succum bs at an early age to distinctive plaque deposits in the
brain.  The amino acid sequence of the protein in the plaques indicates that it is a fragment derived from a larger
protein which is normally anchored in the neuronal membrane.  This pathology could have arisen as a  result of
which mechanism(s):

a. A mutant proteinase with abnormal $-secretase activity is present.
b. A mutant proteinase with abnormal (-secretase activity is present.
c. The membrane-anchored protein has a mutation which makes it especially susceptible to proteolytic
cleavage within the trans-membrane domain.
d. Accessory proteins which normally prevent the fragment of the larger membrane-anchored protein from
aggregating and target it for degradation are mutated and are no longer functional.
E. All of the above mutations have been implicated in different plaque-forming diseases of the central
nervous system.
(a), (b), and (c) have been implicated in the pathogenesis of Alzheimer’s disease or early-onset Alzheimer’s-like

paque  formin g diseases o f the cereb ral vascula ture.  (d) has been suspected in some of the genetic differences

controlling time o f onset of spong iform encep halopathies.  

V. Answer True (T) or False (F) to the following  questions:

1. ___T_____ A major difference between HIV protease and pepsin is that the active site is created by a single
subunit in pepsin but by two subunits in HIV protease.

HIV protease is a dimer; each subunit is about half the size of pepsin or renin.

2. ___F_____ Substrate analog inhibitors of HIV protease resemble similar inhibitors of pepsin and renin because
the active sites of all three  enzymes preferentially bind symmetrical inhibitors.

The dimeric str ucture of  HIV p rotease m akes its active  site much  more sy mme trical than those of pepsin and

renin, and permits design of symm etrical inhibito rs which  are therefo re very sp ecific for the HIV protease and

not any of the h ost aspartyl proteases.

3. ___T_____ Unique amino acid analogs introduced into inhibitors of renin and HIV protease are statines, which
do not form authentic peptide bonds.

The statines have hydroxymethyl groups which are tetrahedral and, while they are bound tightly as transition

state analogs, they cannot be cleaved by any proteases.  This makes them excellent components of asp artyl

protease inhibitors.

4. ___F_____ You have been trying to design a protease inhibitor to retard the development of emphysema in
smokers.  A desirable candidate for such a drug would inactivate both "1-PI and TIMPs, thereby protecting two
classes of connective  tissue proteins.
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"1-PI is a major e ndoge nous inh ibitor of ne utrophil e lastase wh ile the TIM Ps are m ajor inhib itors of ma trix

metalloproteinase s.  As such, these two antiproteinases protect connective tissue from excessive degradation by

inflammatory  cell-derived proteinases.  An agent which inactivates these inhibitors would favor pathological

tissue destruction as a result of unopposed proteolysis of elastin and collagen.

5. ___F_____ You are trying to evaluate the properties of a multisubunit enzyme and have determined the
substrate concentrations at which 90% of maximal velocity and 10% of maximal velocity are achieved.  The ratio
of these substrate concentrations is approximately 10.  The enzyme therefore probably displays no cooperativity
and binds its substrate with  classical Michaelis-Menten kinetics.

The ratio of the substrate concentrations required to achieve 90% of Vmax and 10% of Vmax is 81 in a classical

Michaelis-Menten type enzyme, regardless of the Km.  This enzyme displays positive cooperativity.

6. ___F_____ Part of the strategy employed by lysozyme to achieve specificity in substrate binding is selective
placement of small amino acid side chains in the enzyme to accommodate a bulky tryptophan residue in the
polypeptide which comprises the bacterial cell wall.

Lysozyme cleaves the  polysacc haride of  bacterial cell w alls which  is composed of alternating sugars NAG and

NAM.  It steers the sugars into the app ropriate subsites of its substrate binding site with bulky tryptophan

residues.

7. ___T_____ The principles of “induced fit” which are the basis of the conformational changes in individual
subunits of oligomeric enzymes in the Koshland-Nemethy-Filmer model are exemplified by the dramatic rotation
of a tyrosine side chain seen when carboxypeptidase A binds a model substrate.

Carboxy peptidase  A is indee d a classic ex ample o f an enzy me w hich fits Ko shland’s “ induced  fit” model of

enzyme action.

VI. Circle the phrase which most correctly  completes each statement, or cross out the other phrases.
1. You have been offered a reversibly binding inhibitor of HIV protease which contains a transition state analog
in its design, and are testing its capacity to inhibit cleavage of a peptide substrate.  The performance of this
inhibitor will be [less effective] [more effective] [unaffected] [there is insufficient information to conclude the
nature of the effect] as the concentration of the substrate is increased.

As long as a transition state analog inhibitor binds reversibly, its effect will be diminished as one approaches

infinite substrate concentration; hence Vmax is unaffected.

2. The kinetics of cleavage of the peptide substrate in Statement 1 by HIV protease have been determined, and
the Km for the peptide has been found to be 10 micromolar.  The value of Ki for the HIV protease inhibitor in
Statement 1 is most likely to be [around 10 micromolar] [no larger than 0.1 micromolar] [variable, with a small
value at low substrate concentrations and a large value at high substrate concentrations] [there is insufficient
information to predict anything about the value of Ki but it is not likely to change as a function of substrate
concentration].

The key here is “most likely”.  While one cannot be sure abou t the actual value of Ki for the transition sta te

analog, we know  it is a comp etitive inhibito r and is likely  to be bou nd orde rs of mag nitude m ore tightly  than true

substrates, not simp ly just as we ll as true substra tes.  K i values are  not variab le.  The in formation is indeed

sufficient to m ake it extrem ely unlike ly that K i could be greater than Km.

3. You have generated a series of Lineweaver-Burk plots for the cleavage of the peptide substrate in Statements
1 and 2 by HIV protease  in the presence of several fixed concentrations of the inhibitor  described in the same two
Statements.  The multiple Lineweaver-Burk plots most likely [intersect on the X-axis] [intersect on the Y-axis]
[form a series of lines with progressively decreasing slopes as the fixed concentration of inhibitor increases] [form
a series of parallel lines].

This describes the Lineweaver-Burk plots of com petitive inhibitors.  Noncompetitive L-B plots intersect on the

X-axis and uncompetitive plots form parallel lines.  Decreasing slopes indicate activation, not inhibition.

4. A series of inhibitors of neutrophil elastase all bind to an arginine residue which is not part of the active site
of the enzyme but which, when it interacts with the inhibitors, perturbs  the conformation of the “catalytic triad”
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of serine, histidine, and aspartic acid sufficiently to diminish the rate at which small peptide substrates can be
cleaved.  The binding of small peptide substrates to neutrophil elastase is not affected by this series of inhibitors.
It is likely that [addition of one of these inhibitors at a concentration equal to its K i will produce 50%
inhibition, regardless of the concentration of the small peptide substrate supplied to the enzyme] [the family
of Lineweaver-Burk plots obtained for neutrophil elastase at several fixed concentrations of one of these inhibitors
will intersect on the Y-axis] [these inhibitors are probably competitive, but since they don’t bind any of the
residues in the catalytic triad, they have Ki values greater than the Km for the small peptide substrates] [the
Lineweaver Burk plots for these inhibitors will be a series of parallel lines]. 

Inhibitors which affect catalysis but not substrate binding are classical noncompetitive inhibitors.  The extent

of inhibition by a given noncompetitive inhibitor is independent of substrate co ncentratio n; Vmax is lowered by

the noncompetitive inhibitor, while Km is unaffected.

5. You are trying to determine the Km for a particular substrate for neutrophil elastase, recording the rate of
generation of a colored product as a function of substrate concentration.  Experimental determinations are:

    S      v
100 mM 9.8 mOD/min
 50 mM 9.6 mOD/min
  2 mM 5.1 mOD/min
 0.1 mM 0.3 mOD/min

Even without graph paper or calculator, you can estimate that the Km for this substrate is most likely to be [around
5 mOD/min] [around 2 mM] [smaller than 5 mOD/min but larger than 0.3 mOD/min] [none of the above  is a
reasonable estimate of Km].

Since v doesn ’t change  much  at high sub strate concentrations, it looks like Vmax has nearly been reached (maybe

it’s around 10 mOD /min).  The definition of Km is the substrate  concen tration at w hich half m aximal v elocity

is achieved.  It looks like half maximal velocity (around 5 mOD/min) is reached at around 2 mM substrate

concentration.

6. You have been given two preparations of neutrophil elastase, one of which has twice as much active enzyme
in it than the other.  Which statement about the rate of cleavage of substrate by the two preparations is true?  [The
preparation with twice as much enzyme will cleave the substrate twice as fast as the other preparation,
regardless of substrate concentration] [The preparation with twice as much enzyme will cleave the substrate
twice as fast as the other preparation only when both preparations are provided with a concentration of substrate
equal to the Km.] [The preparation with twice as much enzyme will cleave the substrate twice as fast as the other
preparation only when both are saturated with substrate; otherwise the rate of cleavage will be determined by the
substrate concentration alone] [since Vmax is an intrinsic property of the enzyme, the effect of doubling the enzyme
concentration will gradually diminish until Vmax is reached] .

The velocity of an enzymatically catalyzed reaction is always a function of the en zyme co ncentration beca use

the concentration of the ES complex is itself a function of the enzyme concentration.  ES is only a function of

the substrate concentration at low substrate levels, but ceases to become a function of substrate concentration

when virtually all the enzyme is in the form of the ES complex.

7. You have been given a graph with three Lineweaver Burk plots, labeled A, B, and C.  The values of the slopes
of the three plots are 2, 1, and 0.5.  Which statement about the plots is true?  [Plot A could have been obtained
by doubling the enzyme concentration over that in B, and plot C could have been obtained by adding a
noncompetitive inhibitor at a concentration equal to its K i, but only if the plots did not intersect on the Y axis]
[Plot A could have been obtained by adding a noncompetitive inhibitor at a concentration equal to its Ki,
and plot C could have been obtained by doubling the concentration over that in B, but only if the plots did
not intersect on the Y axis] [Plot A could have been obtained by doubling the enzyme concentration over that
in B and plot C could have been obtained by adding a competitive inhibitor at a concentration equal to its K i, but
only if the plots did intersect on the Y axis] [Plot A could have been obtained by adding a competitive inhibitor
at a concentration equal to its K i, and plot C could have been obtained by doubling the enzyme concentration over
that in B, but only if the plots did intersect on the Y axis].
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The slope of a L-B plot is equal to Km/Vmax.   Doubling the enzyme concentration doubles the velocity at any

substrate  concentration, including Vmax.  A noncom petitive inhibitor added  at a concentration eq ual to its K i

halves the velocity at any substrate concentration, including Vmax.

VII. It’s time for an enzyme which binds two substrates in obligate order.  The substrates of the enzyme are
chicken eggs and jalapeno cheese, which are combined to form a Western omelet.  The enzyme can bind other
kinds of eggs, e.g. duck eggs, and other kinds of cheese, e.g. Swiss cheese, but no omelet results in the absence
of chicken eggs and jalapeno cheese.  Indicate whether each statement is true (T) or false (F).

1. ___T____ If eggs are bound before cheese, addition of duck eggs will increase the slope of a Lineweaver-Burk
plot in which 1/v is graphed as a function of 1/[chicken egg], but the Y intercept will not be affected.

Duck eggs are competitive inhibitors of chicken eggs, regardless of order of substrate addition.

2. ___F____ If cheese is bound before eggs, addition of Swiss cheese will decrease the slope and the Y intercept
of a Lineweaver-Burk plot in which 1/v is graphed as a function of 1/[jalapeno cheese].

Swiss cheese is a competitive inhibitor of jalapeno cheese, regardless of order of substrate addition.

3. ___F____ If eggs are bound before cheese, addition of Swiss cheese will decrease the value of the Y intercept
of a Lineweaver-Burk plot in which 1/v is graphed as a function of 1/[chicken egg], as well as the absolute value
of the X intercept.

Any compound which decreases the value of the Y-intercept in a L-B plot is increasing Vmax and is therefore a

catalytic activator, not an inhibito r of any ty pe.  It’s rem otely conceiv able that Sw iss cheese is sim ultaneou sly

a competitive inhibitor of chicken eggs as well as a catalytic activator, but it’s extremely unlikely.

4. ___F____ If addition of several different concentrations of duck eggs were generate a series of parallel lines
in the Lineweaver-Burk plots of 1/v vs 1/[jalapeno cheese] at a fixed concentration of chicken eggs, you would
conclude that eggs bind before cheese

These parallel L-B plots are indicative of uncompetitive inhibition, which arises when a competitive inhibitor

of the substrate which is bound second is present and the L-B plots are determined for the first substrate (which

is bound with an apparently increased affinity).

5. ___F____ If eggs and cheese are bound in obligate order, duck eggs and Swiss cheese would both represent
examples of uncompetitive inhibitors of jalapeno cheese and chicken eggs respectively.

Regardless of order of binding, competitive inhibitors of each substrate cannot be uncompetitive inhibitors of

the other sub strate simu ltaneously (only a competitive inhibitor of the second substrate is an uncompetitive

inhibitor of the first).

6. ___T____ If eggs are bound before cheese, addition of Swiss cheese will increase the apparent affinity of the
enzyme for chicken eggs.

This is a classic situation of uncompetitive inhibition, in which a comp etitive inhibito r of the seco nd subs trate

increases the apparent affinity of the enzyme for the first substrate.

7. ___T____ If cheese is bound before eggs, Swiss cheese cannot be an uncompetitive inhibitor of either of the
two substrates.

Only  a competitive inhibitor of the second substrate can be an uncom petitive inhibitor, and then  only of the first

substrate.

VIII. Let’s separate some amino acids and oligopeptides by chromatography on an anion exchange column of
DEAE-cellulose.  The amino acids are glutamic acid, arginine, phenylalanine, and the dipeptide aspartyl-lysine.
The column is eluted with solutions of the organic solvent pyridine in water which have been adjusted to
progressively decreasing pH values.  Remember that the backbone of cellulose is hydrated.  List the order of
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elution of the four components of this mixture, from first off the column to last off the column.  If two or three
components come off the column together, indicate this by listing them with an equal sign between them.  (Write
your answer on the next page.)

ARG    ,    PHE    ,    ASP-LYS    ,    GLU

FIRST                                                                                                                         LAST

The anion exchange column binds the cationic Arg most weakly and the anionic Glu most tightly.  Phe and Asp-

Lys are both zwitterionic, but Phe is more hydrophobic, and is eluted more readily by the aromatic base,

pyridine.

Now you are going to separate another mixture on a gel filtration column of tightly crosslinked Sephadex, an
uncharged dextran gel.  The components are alanine, tryptophan, the tripeptide glutamyl-leucyl-arginine, and the
tripeptide glutamyl-leucyl-glutamic acid.  List the order of elution from first off the column to last off.  If two or
three components come off together, indicate this by listing them with an equal sign between them.

GLU-LEU-ARG = GLU-LEU-GLU    ,    TRP    ,    ALA

FIRST                                                                                                                         LAST

The Sephadex column (dextran gel beads) separates on the basis of molecular w eight only, with the larg est

molecules coming off first and the smallest eluted last.  The two tripeptides are very close in size, but both are

larger than the fre e amino  acids.  Try ptopha n is much  bigger th an alanin e, and w ould  be expected to come off

sooner.


