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I. Here' s a peptide tosequence. Remember the notation: amino acids separated by commas indicate composition
only, not order; they’re generally listed alphabetically when composition only isindicated. To designate order,
write the amino adds 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 (ala,, glu, gly,, lys, met, phe).

Dansylation of thestarting peptide followed by acid hydrolysis yieldsDNS-gly.
It's likely that the N-terminusis gly

If the starting peptideis exhaustively digested withtrypsin and then the reaction mixtureisdansylaed, only DNS-
gly is obtained after acid hydrolysis.
There's either an internal lys and a lys-gly sequence or lys is C-terminal

If the starting peptideisreacted with cyanogen bromide and then the reaction mixtureisdansylated, 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 dansylaed,
DNS-gly and DN S-met are obtained after acid hydrolysis.
There's an internal glu-met sequence.

If the starting peptide is digeded with carboxypeptidase A, no amino acids are rel eased.
This result eliminates the possibility of aC-terminal met or phe, and supports the possibility of aC-terminal lys.

The products of cyanogen bromide cleavage are a tripeptide whichis not retained on a cation exchange column
of carboxymethyl cellulose and a hexapeptide whichis 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 probably has glu in it, while the hexapeptide probably has lysin it, accounting for the pattern of

elutionof a cation exchange column. The hexapeptide also probably has pheinit. Since we already know that

lysis C-terminal (the only amino acid released by CBP-B) in both the hexapeptideand the original peptide and

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

and therefore the N-terminus of the tripeptide is theN-terminal gly of the original nonapeptide. The tripeptide

must have the sequence gly-glu-met.

The products of V8 protease digestion are a dipeptide which isnot retained on a cation exchange column of
carboxymethylcellulose and a heptapeptide which iseluted 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 freeamino acids, but one aminoacid isliberated after digestion of the heptapeptide
with carboxypeptidase B.

This confirms that the sequence of thetripeptide aboveis correct. Thedipeptide still contains the glu (doesn’t

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

original nonapeptide. The heptapeptide has the sequence:

met-gly ~ ~phe-gly ~~lys. We have to figure out the remaining pieces, namely two ala’s.

The products of chymotryptic digestion are a pentapeptide which is not retained on a cation exchange column of
carboxymethylcellulose and atetrapeptide which is eluted more slowly. Digestion of the pentapeptide yields no
free amino adds, but one amino acid is liberated after digestion of thetetrapeptide with carboxypeptidase B.
The pentapeptide must have the sequence gly-glu-met-gly-phe (it’s got theglu and the other peptide has the C-
terminal lys). This leaves the tetrapeptide as necessarily having the sequence gly-ala-ala-lys (it hasto 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

I1. Isoelectric focusing isa an electrophoretic technique which permits the separation of peptides through apH
gradient. The peptidesceaseto move towardsthe anodeor the cathode when they reach their i soelectric (i soionic)
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 (pl = 2), a y-COOH (pl = 4), and an a-NH, (pl = 9). At pHsbetween 2 and

4, the charge on the ¢-COOH is -1, the charge on the y-COOH is 0, and the charge on the «-NH, is +1. The pl

for the pentapeptide lies between 2 and 4.

The tetrapeptide hasan a-COOH (pl = 2), ana-NH, (pl = 9), andan e-NH, (pl = 10-11). At pHs between 9 and
10.5, the charge on the «-COOH is -1, the charge on the «-NH, is 0, and the chargeon the e-NH, is+1. The pl
for the tetrapeptide lies between 9 and 10.5.

I11. It has been said that the accumulation of discarded unsuccessful experimentsfrom the organic chemistry labs
on the main campus into Roth Pond has led to the formation of a diversity of mutant species. Here are
descriptionsof the hemoglobins from some of these species. Indicate which property is most likely to betruefor
each of the mutant hemoglobins by clearly circling the letter of the best answer.
1. This monomeric hemoglobin hasits heme iron stabilized in the ferric (Fe™) state.

a It islikely to bind oxygen with alow affinity hyperbolic saturation curve.

b. It islikely to bind oxygen with a high affinity hyperbolic saturation curve.

C. It failsto 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 cannot bind at all to the ferric iron (as in methemoglobin).

2. This tetrameric hemoglobin binds oxygen with a sigmoidal saturation curve. The C-terminal residuesin the
« and thep chainsaretyrosines. The side chains point towards arginine residues inthe 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 componentsneeded for increased oxygen affinity at high pH
and decreased affinity at low pH, a situation whichis 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 quegion. Y ou should recognize that the nature of the salt bridges in the mutant
protein,which stabilize the deoxy structure, leadsto preferential deprotonation of thelysine phenolic side chains,
while in the oxy structure, the tyrosines are buried, uncharged, and therefore protonated. This means tha the
direction of the Bohr effect will be reversed, namely decreased affinity (¢able T state) at high pH, which favors

ionization of the tyrosines. Y ou 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. Thistetrameric hemoglobin has a cavity into which pesticides can bind when the proteinisfully saturated with
oxygen. The deoxygenated proteinfailsto bind pesticides becausethe cavity istoosmall. The pesticideswhich
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.
Thisisan exampleof apositive all osteric effector, which bindsto the R statepreferentially and increases affinity.

Only if the protein were truly saturated with the positive effector will the shift in the R-T equilibrium be so
extremeasto eliminate cooperativity, and under 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 theprotein is greder than that of the second, whichisin turn greater than that of the third,
which isin turn greater than that of the fourth.
a. Youwould not besurprised if everyonefailed 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. Youwould not be surprisedif it could be shown that the conformations of thishemoglobin were always
in equilibrium, regardless of the presence or absence of oxygen.
E. Youwould not be surprised if someonewere ableto isolate multipleintermediate conformationsof this

hemoglobin, but only from solutions in which the protein was partially saturated with oxygen.
Thisis an exampleof negativecooperativity, which is explaned only by the KNF model, in which the presence
of multipleintermediae conformationsis an essential feature. Since all the intermediate conformations in the
KNF model are associated with partial saturation with ligand (extent of conformational change is strictly
proportional to extent of ligand binding), they can be detected only in partially saturated solutions.

5. This hemoglobin has been isolated from a Roth Pond species which employs carbon monoxidereleased by
automobile exhausts in the surrounding parking lots to survive in exactly the same way as we use oxygen. Its
hemoglobinappears 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
inintringc affinity of thehemeiron for the two gases (carbon monoxideis bound two hundred times moretightly
to theiron). 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 asigmoidal 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 p,, 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 p,, 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 tissuesis maintained at a value of 40 mm Hg.

If the only difference between O, and CO binding isthe intrinsic affinity of the heme iron for 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 pg,
(pressure of the ligand required to achieve 50% saturation), the higher theaffinity for theligand.

6. This hemoglobin has mutations in the so-called “ stop codons” whichtell 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). Asa consequence, there are fifteen additional
amino acids attached tothe C-terminal end of both the « and  chains.
A. If theside chains of the amino acids at the positionsnormally occupied by the C-termini have notbeen
altered, some of the salt bridges may ill form but others will not, and the hemogl obin will have ahigher
than normal oxygen affinity, egecially 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 normaly, 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
stabilizethehigh affinity form of hemogl obin, and the protein may bind oxygenwith dgnificantly 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 isnot likely to be dtered sinceother 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 stabilizing deoxyhemoglobin involve both the sidechainsand the C-terminal carboxyl groups
of both « and B chains. The Bohr protons aise from salt bridges involving the side chains of the p C-termini
(histidineimidazoles) and the C-terminal carboxyls of the « chains (which interact with the N-terminal amino
groups of theneighboring « 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 and eliminate some, but not
all, of the Bohr protons.

V.Y ou are examining some other mutant proteins isol atedfrom organismsgrowing in Roth Pond. Indicate what

the most likely functional consequences of their structural propertiesare:

1. Thisorganism concentratesvery high levels of seleniuminitstissues and hasavirtually inactive lysyl oxidase.
a. It is not capable of forming the stabilizing crosdinks in the N- and C- propeptide domains of
procollagen.

B. It lacks the modifications needed for forming the desmosine and isodesmosine crasslinks 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 synthes s of the polypeptide chainswill terminate prematurely in the absence
of allysine.

e. All these defects are likely to occur if lysyl oxidase is inactivated.

Lysyl oxidase catalyzestheformation of allysine, which participatesin theformation of lysinonorleucine bridges

in crosslinked collagenand desmosineand isod esmosinebridges in elastin, all of which form in the extracellular

space only after all other processing and postranslational modifications ae complete. The stabilizing crosslinks
in the N- and C- propeptide domains are disulfide bridges.

2. Thisorganism has adefect which resultsin the frequent replacement of glycineresiduesin proteinswithvaline
residues.

a. This defect will have catastrophic consequences for formation of the a-helices in collagen.

B. This defect will have catastrophic consequences for the formation of the coiled-coil gructure of

4
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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 poly peptide chains.

d. Thisdefect will lead to increased van der Waal sinteractions between theindividual polypeptide chains
of collagen.

e. All these effects on collagen arelikely to be encountered.

The characteristic -gly-X-Y - squence of thetriple 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
helicesto pack together dueto steric hindrance. The collagen fold isnot an a-helix, but resembles more closely
a polyproline helix. Elastin has many valines which are sites for cleavage by elagase.

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

channel.
a. If anumber of valine residues in the normal protein were replaced by leucinesin the mutant protein,
it might not be ableto form an open channel anymore, since hydrophobic residuestend to face theinterior
of proteins and leucine is more bulky than valine.
B. If a number of aspartic acid residuesin the normal protein were replaced by lysinesin the mutant
protein, it might now function as an anion channel, but might still fit inthe membrane, since the charged
residues are likely to face inward.
c. If anumber of leucineresidues 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. Itislikely that the interior of the normal proteinislined with residues such aslysines and argininesto
facilitate cation movement, but their replacement by glutamic acid residues would no longer
accommodate cations.
e. Since this protein is normally found in membranes, 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 hy drogen bonds.
lon channels are typically membrane-spanning proteins with hydrophobic residues facing outwardsinto the
nonaqueous membrane interior and polar residues lining the channel. The ecifidty of the channel is
determined by the nature of the charges: cation channels are lined with anionic sde 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 ureain 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. Thisis because urea molecules squeeze between hydrophobic side chains in the proteins and thereby
disrupt the hydrophobic bonds between the side chains.
b. Thisisbecause ureamol eculeslower the entropy of the aqueous cytosol, causing the proteinsto assume
the random coil and thereby increase the entropy.
C. Thisisbecause ureamol eculesrai sethe entropy of the aqueouscytosol, counterbal ancing the reduction
of the solvent entropy which occurs when proteins assume the random coil state.
d. Thisis because urea molecules break the hydrogen bonds which stabilize the gobular structures of
proteinsin the normd organism.
e. This is because urea molecules break the electrostatic interactions which stabilize the globular
structures of proteins inthe normal organism.
While it istrue that the random coil isan ensemble of all possible conformations of a polypeptide chain and has
high entropy, the effects of inserting hydrophobic dde chains into the aqueousenvironment produce extensive

solvent ordering 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. Thismutant organism hasaseries of substitutionsin the proteinwhichisknown to formthe distinctive amyloid
plaquesof prionsin the normal organism. The substitutions makeit difficult for the proteintofoldintop sheets.
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a. The protein may spontaneously form into amyloid plagues more rapidly because -structure cannot be
accommodated in amyloid plagues.

B. The protein may belesslikelyto form amyloid plagues because amyloid plaques are generally formed
from stacked elements of B-structure.

c. The protein may spontaneously form into the distinctive amyloid plagues more rgpidly 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 plagues is
controlled only by mutations in chaperones, not by differencesin 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 p structure anyway. The substitutions will

have little to no effect.
Most amyloidogenic proteins have elements of § structure which do not form closed B-barrels. These elements
of B structure can then form very extended insoluble stacked aggregates which give rise to insoluble plaques.

6. This mutant organism is a small mammal which succumbs at an early age to distinctive plague depositsin the
brain. The amino acid sequence of the protein in the plaguesindicatesthat it is afragment derived from alarger
protein which is normally anchored in the neuronal membrane. This patho ogy could have arisen as a result of
which mechanism(s):

a. A mutant proteinase with abnormal p-secretase activity is present.

b. A mutant proteinase with abnormal y-secretase activity is present.

¢. The membrane-anchored protein has a mutation which makes it especially susceptible to proteolytic

cleavage within the trans-membrane domain.

d. Accessory proteinswhich normally prevent thefragment of thelarger membrane-anchored proteinfrom

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’ sdisease or early-onset Alzheimer’ s-like
paque forming diseases of the cerebral vasculature. (d) has been suspected in some of the genetic differences

controlling time of onset of spongiform encep hal opathies.
V. Answer True (T) or False (F) to the following questions:

1. 7T A major difference between HIV protease and pepsin is that the active site is created by a single

subunit in pepsin but by two subunitsin HIV protease.
HIV protease is a dimer; each subunitis about hdf the dze of pepsn or renin.

2. F Substrate anal og 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 structure of HIV protease makes its active site much more sy mmetrical than those of pepsin and

renin, and permits design of symmetrical inhibitors which are therefore very specific for the HIV protease and

not any of the host aspartyl proteases.

3. T Unigue amino acid anal ogsintroduced into inhibitors of reninand HIV protease are statines, which

do not form authentic peptide bonds.
The statines have hydroxymethyl groups which aretetrahedral and, while they are bound tightly as transition
state analogs, they cannot be cleaved by any proteases. This makes them excellent components of aspartyl
protease inhibitors.

4. F Y ou have been trying to design a protease inhibitor to retard the development of emphysemain
smokers. A desirable candidate for such a drug would inactivate both «,-Pl and TIMPs, thereby protecting two
classes of connective tissue proteins.
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a,-Pl is a major endogenous inhibitor of neutrophil elastase while the TIM Ps are major inhibitors of matrix
metalloproteinases. Assuch, these two antiproteinases protectconnectivetissuefrom excessive degradation by
inflammatory cell-derived proteinases. An agent which inactivates theseinhibitors would favor pathological
tissuedestruction as a result of unopposed proteolysis of dastin 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. Theratio
of these substrate concentrationsis 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 V ., and 10% of V, is81in aclassical
Michaelis-Menten type enzyme, regardless of the K. This enzyme displays postive cooperativity.

6. F Part of the strategy employed by lysozyme to achieve spedficity 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 polysaccharide of bacterial cell wallswhich iscomposed of alternatingsugars NAG and

NAM. It steers the sugars into the appropriate 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 individud
subunitsof oligomeric enzymesin the K oshland-Nemethy-FImer model are exemplified by the dramatic rotation
of atyrosine sde chain seen when carboxypeptidase A binds a model substrate.

Carboxy peptidase A isindeed a classic example of an enzy me which fits Koshland’'s “ induced fit” model of
enzyme action.

V1. Circle the phrase which most correctly completes each statement, or cross out the other phrases.

1. You have been offered areversibly binding inhibitor of HIV protease which contains a transition state anal og
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 insuffident information to conclude the
nature of the effect] as the concentration of the subgrate is increased.

Aslong as a transition state analog inhibitor binds reversbly, its effect will be diminished as one approaches
infinite substrate concentration; hence V., is unaffected.

2. The kinetics of cleavage of the peptide substrate in Statement 1 by HIV protease have been determined, and
the K, for the peptide hasbeen found to be 10 micromolar. The value of K, for the HIV protease inhibitor in
Statement 1 ismost likely to be [around 10 micromolar] [no larger than 0.1 micromolar] [variable, with asmall
value at low substrate concentrations and a large value at high substrate concentrations] [there is insufficient
information to predict anything about the value of K, but it is not likely to change as a function of substrate
concentration].
The key here is “most likely”. While one cannot be sure about the actual value of K; for the transition state
analog,weknow itisacompetitiveinhibitor andislikely to be bound orders of magnitude moretightly than true
substrates, not simply just as well as true substrates. K; values are not variable. The information is indeed
sufficient to make it extremely unlikely that K, could be greaterthan K.

3. You have generated a series of Lineweaver-Burk plots for the cleavage of the peptide substrate in Statements
1and 2 by HIV protease in the presence of sveral fixed concentrations of theinhibitor described inthe sametwo
Statements. The multiple Lineweaver-Burk plots most likely [intersect on the X-axis] [intersect on the Y-axis]
[form aseriesof lineswith progressively decreasing slopesasthefixed concentration of inhibitor increases] [form
aseries of parallel lines].

This describes the Lineweaver-Burk plots of competitive inhibitors. Noncompetitive L-B plots intersecton 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 residuewhich is not part of the active site
of the enzyme but which, when it interacts with theinhibitors, perturbs the conformation of the “catalytic triad”

7
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of serine, histidine, and aspartic acid sufficiently to diminish the rate at which small peptide subgrates can be
cleaved. Thebinding of small peptide substrates to neutrophil elagase 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, will produce 50%
inhibition, regardless of theconcentration of the small peptide substrate supplied to the enzyme][thefamily
of Lineweaver-Burk plotsobtained for neutrophil elastase at several fixed concentrationsof one of theseinhibitors
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 K, values greater than the K for the small peptide substrateg [the
Lineweaver B urk 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 concentration; V , is lowered by
the noncompetitive inhibitor, while K, is unaffected.

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

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

Even without graph paper or calculator, you canestimate that the K for thissubgrateis 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 isa
reasonable estimate of K ].

Sincev doesn’t change much at high substrate concentrations, it lookslikeV . has nearly beenreached (maybe

it’s around 10 mOD/min). The definition of K, is the substrate concentration at which half maximal v elocity

is achieved. It lookslike half maximal velocity (around 5 mOD/min) is reached a around 2 mM substrate

concentration.

6. Y ou have been given two preparations of neutrophil elastase, one of which has twice asmuch activeenzyme
init than the other. Which statement about the rate of cleavage of substrate by the two preparationsistrue? [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 astheother preparation only when both preparationsare provided with a concentration of substrate
equal totheK ,.] [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 therate of cleavage will be determined by the
substrate concentration alone] [sinceV ,,, isanintringc property of the enzyme, the effect of doublingthe enzyme
concentration will gradually diminish until V__, isreached] .

The velocity of an enzymatically catalyzed reaction isalways a function of the enzyme concentration because

the concentration of the ES complex isitself afunction of the enzyme concentration. ESisonly afunction 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.Y ou have been given agraph with three Lineweaver Burk plots, labeled A, B, and C. The values of the slopes
of the three plotsare 2, 1, and 0.5. Which statement about the plotsis 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, but only if the plots did not intersect on the Y axisg]
[Plot A could have been obtained by adding a noncompetitive inhibitor at a concentration equal to its K,
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 beenobtained by adding acompetitive inhibitor at aconcentration equal to its K, but
only if the plots did intersect on the Y axis] [Plot A could have been obtained by adding a competitive inhibitor
at aconcentration equal toitsK,, and plot C could havebeen obtained by doubling the enzyme concentrationover
that in B, but only if the plots did intersect onthe Y axig].
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The slope of aL-B plot isequal to K /V,.,. Doublingtheenzyme concentration doubles the velocity at any
substrate concentration, including V.. A noncom petitive inhibitor added at a concentration equal to its K;
halves thevelocity at any substrate concentration, includingV ..

VII. It'stime 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 W estern 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 resultsin the absence
of chicken eggs and jalapeno cheese. Indicate whether each statement istrue (T) or false (F).

1. T If eggs are bound beforecheese, addition of duck eggswill increase the slope of aLineweaver-Burk
plot in which 1/v is graphed as a function of 1/[chicken egg], but the Y intercept will not be afected.
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 aLineweaver-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 decreasethe value of the Y intercept
of aLineweaver-Burk plot in which 1/v is graphed as a function of 1/[chicken egg], aswell asthe absolute value
of the X intercept.

Any compound which decreaseshe value of the Y -intercept in aL-B plot isincreasing V , and is therefore a

catalytic activator, not an inhibitor of any type. It'sremotely conceiv able that Swiss cheese is simultaneously

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

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 afixed concentration of chicken eggs, you would
conclude that eggs bind before cheese

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

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

is bound with an apparently increasedaffinity).

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.
Regardlessof order of binding, competitive inhibitors of each substrate cannot be uncompetitive inhibitors of
the other substrate simultaneously (only a competitive inhibitor of the sscond substrate isan 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.
Thisis aclassic situation of uncompetitive inhibition, in which acompetitive inhibitor of the second substrate
increases the apparent affinity of the enzyme for the firg substrate.

7. T If cheese is bound before eggs, Swiss cheese cannot be an uncompetitive inhibitor of either of the
two substrates.
Only acompetitiveinhibitor of thesecondsubstrate can be anuncompetitive inhibitor, and then only of thefirst
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, phenylal anine, and thedipeptide 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 lag 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 mixtureon a gel filtration column of tightly crosslinked Sephadex, an
uncharged dextran gel. The components are alanine, tryptophan, thetripeptide glutamyl-leucyl-arginine and the
tripeptide glutamyl-leucyl-glutamic acid. List the order of elution from first off the columnto last off. If two or
three components come off together, indicatethisby listing themwith an equd 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 weight only, with the largest
molecul es coming off first and the smalles eluted last. The two tripeptidesare very closein size, but both are
larger than the free amino acids. Try ptophan is much bigger than alanine, and would be expected to come of f
sooner.
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