Bi/Ch110 - Problem Set 2 Key

1. Protein Folding Methods and Concepts [15 points]

A) Givetwo reasonstha make predicting three-dimensond protein structures from
amino acid sequences so difficult. [5pts]

Current predictive programs and methods use local sequences to predict secondary
and tertiary structures, but long-range interactions are often involved in creating
these structures. Protein folding takes place using semi-stable intermediate
conformations, and these differ for every protein. Many proteins are modified after
synthesis (phosphorylation, cleaving, addition of sugars, etc.) and this affects their
conformations. Proteins aren’t always, or even mostly, at their minimal theoretical
free energy, so calculating that conformation is not necessarily predictive.

B) Suppo® you haveisolated anovd protein. What are two experimental methodsand
onetheoretical approach tha could hdp you determineits three-dimensond
structure? Give abrief, smple explanaionfor how each of these methodsworks
and explain wha they tell you aboutthe structure of the protein. [10pts]

Experimental
1) X-ray crystallography: A beam of x-rays is shot through crystallized protein and

absorbed onto x-ray film behind the protein. The electrons in the protein scatter the
x-rays, and the x-ray waves recombine in a way that depends on the atomic
arrangement. A Fourier transform is performed on the image to make an electron
density map. This method is analogous to taking a picture of the protein: the three-
dimensional structure can be deduced from the electron density map.

2) NMR: Concentrated protein in solution is subjected to an electromagnetic pulse.
This changes the energy state of the protons in the protein. Not all protons and
nuclei resonate the same, however; the electrons around a nucleus shield the
protons, and the flow of electrons around a nucleus relates to the type of atom as
well as its chemical associations in the protein. The frequencies of the resonance of
the protons/nuclei (also called “chemical shifts”) are measured. Peaks of intensity
vs. chemical shift are predictive of functional groups in the protein. A variation of
this is called NOESY.

Theoretical

“Knowledge-based methods” of prediction: The primary sequence of your protein
is compared to the primary sequences of proteins with known structures. If there
are significant sequence matches, the unknown protein may fold similarly to the
known proteins. Also, structures can be predicted de novo just from the sequence
alone. When this method is combined with other methods of prediction, it is
stronger, but of course it is only a prediction and the protein must also be subjected



to NMR and/or X-ray crystallography to more accurately determine three-
dimensional structure.

2. Protein Folding Energetics [25 points]

A) Explain why proteinsform hydrophobt coresin aqueousenvironment. How are
thewater moleculesinvolved? Refer totheformula! G=! H - T! Sto answer this
guestion. ! Gisthechangein Gibbsfree energy, ! H isthechangein enthdpy,! S
isthechangein entropyand T is thetemperature. [10pts]

A processis spontaneousif ! Gisnegdive. ! H represents all thebondenergies and
I S represents the degree of freedom of each molecules. When thehydrophobt
resdues collapse togeher, they push outthewater molecules. The! H of the
overall protein does not changemuch because there are no new bondsbeng formed
andthe! Sof thehydrophobic residues may even decrease dightly because they are
collapsed, so the! G of the protein may actudly become slighty more postive.
However, the! G of thereleased water molecules greatly decreases because they are
now free to form hydrogen bondsto other water molecules (lower ! H) and have
more degree of freedom (highe ! S; they are nolonge condrained to hydrophobt
resdues). Thustheoveadl ! G of thesystem (protein and water) decreases, making
hydrophobt collapse a favorable process.

Theenergy plot for thefolding of a hypothetical protein (Protein K) at standad
conditionis shown:

Unfolded ! G = 11kcal/mol R

Free Energy > 1 G = 13keal/mol

I G =6 kca/mol

Folded )

Folding Progress

B) Assumingtha Protein K can fold/unfold only throughthis pah, calculate the
equilibrium congant (K ') for thisfolding process (use R = gas congant = 8.315X



C)

10°kJmol™ K™). Wha does the equilibrium condant tell you abouttherate of
folding of Protein K? [10pts]

I GYa= -RT In(KQ,) [Section 8.2 DEQn()]

-13 keal/mol = -8.315X10° k¥mol/K X 298K X In(K@;) X 0.239kcal/kJ
K@, = e[-13/(-8.315X10° X 298X 0.239)]

K@ =341X 10°

Note that | GY@is negative (produd is at lower enegy state) and that activation
barier isirrelevant to the calculation of the equilibrium congant.

Theequilibrium condant does nottell you anything abouttherate of folding. (Refer
to section 8.2)

Compare two inhibitors tha bindto the active site of the same enzyme: onebindsto
theenzyme in thegroundlevel state (Inhibitor A) and the other bindsto theenzyme
in thetrandtion state (Inhibitor B; akatrangtion-state andog). Which typeof
inhibitor is more potent (i.e. bind tighter to the enzyme)? Provide a brief
explandion. [5pts]

There were several acceptable answers (some are based on student answers):

1) Inhibitor B will bemore patent, assuming it means El complex is more prevalent
at equilibriumthan E and | separate (highKeg). The mod stable interaction between
inhibitor and enzyme would hgppen when the maximal binding energy (high! G) is
released. Assumetha Ela and Elg are equdly stable (end state at same energy).
Theenzyme in thetrandtion state is more undable (because it isnotin its naura
(ground level) state). Thustheenergy jump after binding theinhibitor is bigge for
Inhibitor B than Inhibitor A. (Brief answver would have been: Trangtion state is
ungable so binding of inhibitor stabilizes the EI complex more than if groundstate
enzyme were bound)

2) Inhibitor A will be more potent because it prevents going to thetrangtion state,
while theinhibitor B may not get to the enzyme in time because trangtion state is
highly ungable.

Some thingsto note are:

- Specificity does not necessarily mean strongbording. Infact, if subdrate
and enzyme were boundtoo strong, they would nat form produds.

- Trandtion state is undable and trangent (high energy state on energy plot).



3. Enzyme Kinetics [10 points]

A) By inareasing the concentration of subgrate, onecan reverse the effects of
competitive inhibition. Explain why thisis nat true for uncompetitive inhibition.
[Spts]

In compdtitive inhibition the inhibitor reduaes the concentration of free enzyme
available for subdrate. However, by increasing the conaentration of subgrate onecan
overcome the effects of theinhibitor. This does nat work for unampetitive inhibition
because theinhibitor bindsto the enzyme-subdrate complex and notthe free enzyme.
Because theinhibitor only bindsto the enzyme-subgrate complex and notthefree
enzyme, onecannotreverse theeffects of uncompetitive inhibition by increasing the
conaentration of subdrate.

B) Consde thefollowing situaion: binding of theinhibitor influences the affinity of
enzyme for the subdrate but does not completely prevent the binding of the
subgrate to theenzyme. Furthermore, binding of the inhibitor also influences the
rate of produd formation from the enzyme-subdgrate-inhibitor complex (ESI).
Show how the Lineweaver-Burk Plot for such situation would beinfluenced by
increasing theinhibitor concentration, [1]. [5pts]

Thisis mixed inhibition (a subset of which where Ky with and withouttheinhibitor
does not changeis non-competitive inhibition).
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4. Peptide Synthesis [10 points]

50 AACGATGGGGTTATGCAAATAAGCCCATGAGGC 30
30 TTGCTACCCCAATACGTTTATTCGGGTACTGCG 50

A) Usetable 4.4 in Stryer to deerminewha peptidg(s) is (are) encodd in this stretch
of DNA. [5pts]

1. Met Gly Leu Cys Lys Stop
2. Met GIn lle Ser Pro Stop
3. Met Gly Leu PheAla Stop

B) Could any of the bases changeand still retain the amino acid sequence of the

peptide(s)? [Spts]
A AG
C A
IC A

5’ AACGATGGGGTTATGCAAATAAGCCCATGAGGC 3'
3’ TTGCTACCCCAATACGTTTATTCGGGTACTGCG 57
G T
TC

5. Enzyme Catalysis [25 points]

Pepsn is adigestive enzyme secreted by the stomach tha fundionsoptimally at pH 3. Its
active site conssts of two Asp residues, Asp 32 (pKa~1.1) and Asp 215(pKa~4.7).
Several X-ray structures show tha the Asp residues form hydrogen bondsto a bridging
water molecule.

A) Draw asimplified diagram of the pepsin active site at pH 3, induding the molecular
structures of Asp 32, Asp 215, water, and adipeptidewith sidechansR and RO



Anothe possible mechanism isdrawn outin Figure 9.18 (B) in Stryer.

B) In gened, proteolytic enzymes have three essentia catalytic components. a
nudeophile, an electrophile, and a proton donor. Describethe actionsand effects of
Asp 32, Asp 215,and water in the catalytic mechanism for pepsan.

Asp 215 electrophile to stabilize the negaive chagetha developson thecarbonyl O
atom of thetetrahedra intermediate.

Asp 32D proton donorso asto make theamide N atom of the scissile peptideagood
leaving group

Water Bnudeophile to attack the carbonyl C atom of the scissile peptideto form a
tetrahedral intermediate

C) Draw theprodudsformed by pepsn proteolysis. [2pts]
o) H H RO
>C 0~ \T‘/

H

D) In effortsto increase the catalytic activity of pepsn, you generate thefollowing
mutations D215C[this notationimpliestha the Asp (D) residueat postion 215has
been mutated to Cys (C)] and D32E. Suggest the effect of each mutation on pepsan
catalysis. [5pts]

D215Cisadramatic changetha will likely destroy the activity of pepan.
D32E will likely notalter anything.



6. Erythropoietin [15 points]

A) Erythropoietin (EPO) is a glycoprotein hormonesecreted by the kidneys tha
stimulates red blood cell produdion. Closeto 40% of itssize is dueto four
different oligosaccharide chans three N-linked chains attached to asparagines 24,
38,83 and oneO-linked chan attached to serine 126. While greatly useful in
medicine, recombinant human EPO produced, for example, in Chinese Hamster
Ovary (CHO) cellsis also used by some athletes to increase thelevel of oxygenin
theblood. How would scientists be able to tell if an athlete had been usng
recombinant EPO (be specific)? [5pts]

Normally produed EPO is N-glycosylated at three asparagines resdues and O-
glycosylated on a serineresidue Human recombinant EPO has a different glycosylation
patern. Therefore, if yourunthem throughaprotein gd, for example, they will appear
different.

B) Youwantto undestand theimportance of each oligosaccharide side chan and how
it affects erythropoietin biosynthesis, secretion and fundion. In order to answver
your question you decideto create mutant congrua cDNA then trandect and
expressit in baby hamster kidney cells, which will enable you to andyze the effects
on erythropoietin. However, no onein yourlab is sure howto effectively remove
theoligosaccharide chansfromindividud amino acidswithoutdisturbing the
tertiary structure of the protein thusallowing you to undestand therole of each
glycogylation site on the protein. Wha approaches might you use to carry outthis
expeaiment? [10pt)

This experiment was carried out by Dube Fisher, and Powell and theresults were reported
in the JBC article GGlycosylation at Specific Sites of Erythropoietin Is Essential for
Biogynthesis, Secretion, and Biological Fundion.O

First, erythropoietin cannotbetreated enzymatically or chemically to removethe
carbohydmtes Bthe protein will aggregate and lose activity thuspreventing oneto andyze
the affects of removing the carbohydiate sdechans Other methodstake all side chansoff
at once and make it impossible to andyze theimportance of each chan.

Thebest methodfor removing these side chansis througholigonudeotide-directed
mutagenesis which will changethe amino acidsthat are naurally glycosylated, which
prevents the oligosaccharides from beng added to them. Asparagineis replaced with
glutamine and serinewith alanine  These specific replacements prevent the protein from
changing conformation of itstertiary structure.



