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Biochemistry 5700 k
Fall, 2001 @ w’

Exam 1
INSTRUCTIONS:

Do not begin until 10:30 AM. The exam contains 6 questions. You are to answer only five of the
six questions. Fach of the five questions you answer is worth 20 points. Mark in huge letters “do not
grade” on the one question you choose not to answer. If you do not do this I will grade the first five
problems I encounter and ignore the sixth one. Please answer questions completely and legibly.
You may write on the back of a page if you need more space to answer a question. The exam must
be turned in by 11:20 AM. Good Luck!!

tafije 5-1
i .
{ Properties and Conventions Associated with the Standard Amino Acids
PH, values
; Abbreviated pkK, ey PR Mydropathy Occumrence .
i Amine acid names M, {(—COOH} [—NHs) {R group) pl Indox* in proteins (%)
1=
| Glycine 75 2.31 9.60
. Alanine /0 2.34 §.69
P Yatine L7 2.32 5.62
Lzuzine 131 2.36 .40
Iscléencine 131 2.36 .68
Methining 149 2.28 %21
Phenytatanie 165 183 5.13
i Tyrosing 181 220 5,11 to.o/
g Tryptophan 201 2.38 9.39
Setww: 105 2.21 %.15
Praline 115 1.9 10.98
Threonine 119 2.11 G.42
Cysleina L2l 196 10.28 B18
ASDRISEING 132 402 B.EO
Glulaminz &1 2.17 %.13
;
Lysine 146 2.18 895 10.53 ;
Histubine 159 1.82 9.17 6.04 J
Amginine 174 217 2.041 12.48 !
Asparlels 133 188 .40 3.65 :
Glularmale 47 a.le .57 4.25

*A scalz cembining hydrophabicity and hydrephilicity of R groups: it can be used to measure the tendancy of 3n 2mino acid to <eak an
aqueous enuironrrl)e_-‘nt ¢ cealuse) or 3 hydrophobic envirormant (+ values). Sze Chapter 12. From Kyte. J. & Doolittle, R.F. {1982) 4. Mof.
ol 187, 105-132

Yerage cocurrence i over L 150 proteins. From Dovlillle, R.F. (1983) Redundancies in prolein sequences, In Frediction of Pratoin
Steucture and M Preciples of Protein Conforuatios (Fasman, G.G., ed) Plenum Press, NY, pp. 599-523.
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(1) (20 points) You have an aqueous 0.1 M solution of the amino acid histidine at pH 6.8.

(a) (5 points) Draw the structure of the form of histidine that predominates (is present in highest
amount) in this solution

(b) (10 points) Determine the actual concentrations of the protonated and nonprotonated forms of
histidine in this solution.

{c) (5 pomts) Calculate the isoelectric point of histidine.
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(2) Definitions. 20 points.

/
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What structural protein forms a two chained coiled coil?

A Feradtia

Which amino acid is often found in the cis confirmation
in proteins

ﬂf‘o ,H-"-L

Whiel-three atoms in a polypeptide chain define the bond

angle phi?
Which-three atoms in a polypeptide chain define the bond
angle psi?

N Co

Lo L

What structural protein forms a triple helix?

Co}laf\Q/n

What type of inhibitor binds only to the ES complex?

UNC ompedidise

Name a protein motif that contains paralle! beta strands

AR Laerd ot I coddlq

Name a protein motif that contains alpha helices joined cooy Cf Jobin- p ol Ca
—%

perpendicularly by loops or bends

What type of motif allows two adjacent alpha helices to
be anti parallel to each other?

helot —+eon- hel iy feliy

Globular proteins are built from the 2 ° elements called
alpha helices, beta strands, and

b ds

rcmdom e { o/ A—’ﬁ‘wﬂ

A molecule containing both polar and nonpolar moieties
is called what?

d.mﬂl\{/)a—ﬂv <

Provide the one letter abbreviations for three amino acids
that absorb significant UV light

Y W F

Name two uncharged polar amino acid residues %f utamie (g },\) o Hhslok
containing a nitrogen heteroatom A SN ruine Clata) pJ
Name an amino acid containi thioether grou o y

e ino acid containing a thioether group }/]/\{“«womf\i/M{’fj M
Name a modified (nonstandard) amino acid commonly v

found in proteins

}\L"l {J‘/“')\,(','-] [/‘, D;-’ r-‘: II\‘ﬂJ/UY-v‘ l yli

+ e

Name an amino acid containing a side chain that might
form a salt bridge with Glu at pH 7

lu s aryg, Hios ok

J

The aggregation of nonpolar molecules in water is driven

largely by which thermodynamic parameter? €n 47’U ! )
Name an amino acid that is not chiral / ] | /
Qlucint ;) G4, G
Which amino acid is key to the chemistry of a hair perm? N
Custerne

“Catalytic efficiency” 1s the ratio of what two kinetic
parameters?

et] ke
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(3) 5 points each

(a) Define “proximal” and “distal” histidine as they relate to the oxygen storage protein myoglobin
and describe one role the distal histidine plays in the physiology of myoglobin and hemoglobin.

(b) Check the appropriate boxes in the table below:

Effect on oxygen binding affinity of hemoglobin
Treatment No effect | Increase affinity | Decrease affinity
Increase [H'] L
Increase {CO,] L—
Increase [DPG] L~

(c) Describe the biochemical/molecular basis for one of the effects indicated in (b) above.
(d) What is sickle cell anemia, and what is the biochemical/molecular basis for the disease?
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(4) 4 points each. During the purification of a protein, you start with a crude extract (lysate)
containing 50,000 units of enzyme activity and 3000 mg of protein. Your final purified enzyme
preparation contains 10,000 units of activity and 15 mg of protein.

(a) What is the specific activity of your purified enzyme?

(b) What is the fold-purification of your purified enzyme?

(¢) What is the percent recovery of activity for your purification?

(d) Approximately what percentage of all the proteins in the cell extract consisted of your enzyme?
(e) If your protem isa monorner with molecular weight of 50,000, what is the turnover number for
the enzyme in units of s7'?
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(5) Consider the following reaction coordinate for an uncatalyzed chemical reaction:

c+)’

&4 £T, £, A%W‘J perds
S_
(a) (3 points) What is the sign of AG® for this reaction? i sS v oL "/
© &S ir

(b} (6 points) Draw a new reaction pathway for this transformation on the above diagram that Comn
represents an enzyme-catalyzed reaction with a sequence that involves two 1ntermed1ates Label the ¢
positions of substrate, intermediates, and product on your path.

(' ,,\_}.(yme,luéé

(c) (3 points) Indicate where AG* is found on your new pathway. / A (a[ s 7" X A ﬂ
(d) (8 points) Define “binding energy” and “entropy trap™
binding £ +le eno s (rentholpn) releated
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(6) 5 points each part. The following graph shows a Lineweaver-Burke ( 1/v vs. 1/[S] ) plot for an
enzymatic reaction transforming substrate S to product P.
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(a) Determine the values of Kny and Vmax for this enzyme (remember to include proper units in

youranswer) me - Q s me( z _L O (/ [/L/mﬂ

2.5 (
—q‘ =0
(b) On the next pag’e dr&arrr?w‘gﬂph'rlep‘rm%:{qe data as v vs. [S]. Label Vax and K;yon

your new graph.

(c) Draw and label a line on the above graph representing the effect of a competitive inhibitor
present at a concentration that would increase the apparent K, by 5-fold.

appEm= Q0T 0.5, Yewmz7)
(d) Write the complete kinetic mechamsm for this enzyme in the presence of a noncompetitive
(ie. mixed) inhibitor “I”.  Lind. bodtle ~ o & <"

EA4S T=2ES = £40
=30

ST = &sT
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(6) continued
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