CH250 Fall 2012 Biorganic Chemistry,    Mid Term Examination        October 23, 5.30 – 6.40 pm

Name: …………………………………………………..
                                 Student Number: …………………………………………..

Part A. Multiple Choice Questions.  Answer all 25 questions using Scantron Card (1mark each, total 25 marks)

1. Proteins are comprised of

A) D - amino acids

B) L - amino acids

C) Non-chiral structures

D) A majority of D – amino acids and a small percentage of L – amino acids
2.
What is the biological advantage to the sigmoidal binding curve of hemoglobin for oxygen? 

A) 
It ensures that hemoglobin has a high affinity for oxygen.

B)
It allows hemoglobin to bind oxygen irreversibly. 

C)
 It ensures that hemoglobin can bind oxygen only weakly. 

D)
It allows hemoglobin to shift between low and high affinities for oxygen.
3.      All of the amino acids EXCEPT _________ have both free α-amino and free α-carboxyl groups. 

A)

Glu
B)

Pro
C)
Thr
D)
Leu
4.
What is the concentration of H+ in a pH 2 solution of acid? 

A)
10-2 M
 
B)
1 M

 
C)
1 × 102 M

 
D)
2 × 10-2 M
5.     Roughly how many amino acids are there in one turn of an α helix? 
A) 1 

B) 2.8

C) 3.6 
D) 4.2 
6.
Amphipathic amino acids are those that

A)
Are usually found buried in the protein interior

B)
Do not interact with water

C)

Have both polar and non-polar chemical characteristics
D)

Are mainly hydrophobic
7.
How does hemoglobin bind O2 cooperatively? 

A)
The binding of one molecule of O2 to one subunit of hemoglobin enhances the assembly of other subunits to form a complete hemoglobin protein.

B)
The binding of one molecule of O2 to one hemoglobin protein enhances the binding of a molecule of O2 to a different hemoglobin protein. 


C)
The binding of one molecule of O2 to one subunit of hemoglobin enhances the affinity of the same subunit for more molecules of O2.

D)
The binding of one molecule of O2 to one subunit of hemoglobin enhances the affinity of other subunits for O2. 
8.
Hydrogen bonds between amino acids in a polypeptide occur between which chemical groups?

A)    the C=O and C-H groups
 
B)    the C=O and C-R groups

C)    the C=O groups

D)    the C=O and N-H groups
9.
When immunoglobins are treated with papain the immunoglobin protein is cleaved into



A)
3 fragments, 2 identical Fc fragments and 1 Fab fragment



B)
2 identical heavy chain fragments and 2 identical light chain fragments



C)
2 identical variable domains and 2 identical constant domains



D)
1 Fc fragment and two identical Fab fragments
10.     Where Cα is the α-carbon, N represents the amide nitrogen and Co is the carbonyl carbon of amino acids in a peptide, the peptide backbone of a protein consists of the repeated sequence:
A) -Cα-N-Co-

B) -N-Co-Cα-

C) -N-Cα-Co-

D) -Co-Cα-N-
11.     Based on the Henderson-Hasselbach equation (shown below) calculate the pH when the ratio of acetic acid to acetate is 2 to 1 (the pKa of acetic acid is 4.76)
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A)
5.06
 
B)
3.76

 
C)
4.46
 
D)
5.46
12. 
Which of the following statements about protein-ligand binding is correct? 

A)

The Ka is equal to the concentration of ligand when all of the binding sites are occupied. 


B)

The larger the Ka (association constant), the weaker the affinity. 
C)

The larger the Ka, the faster is the binding. 
D)

The larger the Ka, the smaller the Kd (dissociation constant). 
13.     All of the statements about the classification of these amino acids are correct EXCEPT:
A)
Asp and Asn are acidic amino acids
B)
Ala and Val are neutral, nonpolar amino acids
C)
Ser and Gln are polar, uncharged amino acids
D)
Lys and Arg are basic amino acids

14.     Carbon monoxide (CO) is toxic to humans because: 

A)

it binds to myoglobin and causes it to denature. 
B)

it is rapidly converted to toxic CO2.  
C)

it binds to the Fe in hemoglobin and prevents the binding of O2. 
D)
it binds to the heme portion of hemoglobin and releasing the heme from hemoglobin 

15.     The aqueous solution with the highest pH is: 
A)
0.01 M HCl.
B)
0.1 M formic acid (pKa = 3.75). 

C)
0.1 M HCl. 

D)
0.1 M NH4Cl (NH4+  pKa = 9.25)
16.      Because of its highly polar nature, water is an excellent solvent for polar substances, but NOT for:
A)
salts


B)
aldehydes and ketones


C)
hydrocarbons


D)
alcohols and amines
17.     Cysteine residues play an important role in the structure of many proteins by 

A)
linking two protein chains through hydrophobic interactions

 
B)
reducing two cysteine residues 

C)
providing covalent links between parts of a protein molecule or between two different protein chains
 
D)
forming disulfide bonds with another amino acid
18.
Sickle Cell Anemia is a


A)
genetic disease that results when the hemoglobin heme group loses the Fe atom


B)
genetic disease that results when His 93 is replaced by a Lys residue


C)
genetic disease of hemoglobin when CO bind to the Fe of the heme group in place of O2

D)
genetic disease of hemoglobin where Glu6 is replaced by Val
19.     The peptide AlaGluGlyAlaLeu has: 
A)       two free amino groups 

B)       five peptide bonds
C)       four peptide bonds
D)       no free carboxyl group
20.
The prosthetic group in myoglobin is 



A)
a porphyrin ring having four amino groups that chelate FeII


B)
four pyrole rings that chelate oxygen



C)
a porphyrin ring in which the pyrole rings can chelate FeII


D)
a porphyrin ring that chelates iron in its FeIV form

21.      In an α helix, the R groups on the amino acid residues: 
A) alternate between the outside and the inside of the helix 

B) are found on the outside of the helix spiral

C) cause only right-handed helices to form
D) generate the hydrogen bonds that form the helix
22.     Which of the following statements is true?
A)

α keratin is a fibrous protein rich in non-polar residues such as



Glu, Ser, Lys, Asn, Cys, Thr

B)

α keratin is a fibrous protein rich in non-polar amino acids such as



Ala, Val, Leu, Ile, Met, Phe
C)

forms a strong dimer from an interaction between a left handed α helix and a 



right handed α helix

D)
       is the protein found in connective tissues
23.      pH = pKa when:
A)
[A-]/[HA] = 0


B)
log ([A-]/[HA]) = 1


C)
[A-] = [HA]


D)
log ([HA]/[A-]) = 1
24.
β sheets are comprised of


A)
antiparallel β strands running in opposite directions that are joined together by short β turns


B)
parallel β strands running in same directions that are joined together by short β turns


C)
parallel β strands running in same directions where the NH - - - O=C hydrogen bonds are linear

D)
antiparallel β strands running in opposite directions where the NH - - - O=C hydrogen bonds are non-linear

25.
An α helix would be destabilized most by: 
A)
an electric dipole spanning several peptide bonds throughout the α helix. 
B)
interactions between neighboring Asp and Arg residues. 

C)
interactions between two adjacent hydrophobic Val residues. 
D)
the presence of two Lys residues near the amino terminus of the α helix. 
END OF PART A, MULTIPLE CHOICE QUESTIONS.
PART B: 
Do either Question # 26 or # 27  (10 Marks)

pH  =  pKa  +  log [conjugate base] / [acid]

Kw    =    [H+] [OH-] 

pH   +   pOH   =   14

26. 
A buffer contains 0.020 mol of lactic acid (pKa = 3.86) and 0.060 mol of sodium lactate per liter. 

(a) Calculate the pH of the buffer.
(b) Calculate the pH when 5 mL of 0.3 M HCl is added to 1 L of the buffer. 
a) pH  =  pKa  +  log [conjugate base] / [acid]

pH  =  pKa  +  log [A-] / [HA]

pH = 3.86  +  log (0.06)/(0.02)  =  3.86  +  log (3)
pH  =  3.86  +  0.48  =  4.34
4 marks
b) number of moles of H+ in 5 ml of 0.3 M HCl 

=  (5 x 10-3)  x  0.5  =  2.5 x 10-3  = 0.0015 (1)
Lactate concentration decreased by 0.0015 mol/litre

Revised concentrations of lactate and lactic acid

[lactate]  =  0.06  -  0.0015  =  0.0585  mol/litre (1)
[lactic acid]  =  0.02  +  0.0015  =  0.0215  mol/litre (1)

pH  =  pKa  +  log [A-] / [HA]  =  3.86  +  log (0.0585)/(0.0215)  =  3.86  +  log (2.7)(1)
=  3.86  +  0.43  =  4.29 (2)


6 marks
27.
(a) What is the pH of a mixture of 0.055 M NaH2PO4 and 0.069 M Na2HPO4? (pKa = 6.86)
(b)  If 1.0 ml of 12 N NaOH is added to a liter of the buffer prepared in (a) above how much will the pH change?
(a)

pH  =  pKa  +  log [conjugate base] / [acid]

pH  =  pKa  +  log [HPO4 2-]/[H2PO4 -]
        =   6.86  +  log (0.069)/(0.055)
       =   6.86   +   log 1.25 
= 6.86   +   0.1   =   6.96

4 marks
(b)
1.0 ml of 12 N NaOH is contains  {(1/1000) x 12}  = 0.012 moles of OH- ions (1)
the hydroxide ion will react with H2PO4 -   to form HPO4 2- (1)
new [H2PO4 -] = 0.055  -  0.012  =  0.043 (1)
new [HPO4 2-]  = 0.069  + 0.012  =  0.081 (1)
new pH   =   6.86   +   log (0.081)/0.043   =   6.86   +   log 1.88   =   6.86   +   0.28  =   7.14 (1)
pH changes by 0.14 pH units (1)

6 marks
PART C:
Answer two of question # 28, # 29, or #30 (six marks each, total 12 marks)
28.
         A                             B                              C

         D

          E

Tyr-Lys-Met
Gly-Pro-Arg
Asp-Trp-Tyr
Asp-His-Glu
Leu-Val-Phe
Which one of the above tripeptides:
__D__(a)  is most negatively charged at pH 7?
__E__(b)  contains the largest number of nonpolar R groups?
__A__(c)  contains sulfur?
__C__(d)  contains the largest number of aromatic amino acids?

__D__(e)  is the most polar peptide?

5 marks + bonus of 1 if all 5 are correct
29.
Name and briefly define three types of noncovalent interactions that occur between biological molecules. 

Hydrogen bond formation(1): Hydrogen attached to an electronegative atom is weakly bonded to another electronegative atom or atom containing lone pairs of electrons(1)

Van der Waals interactions(1): are dipole induced dipole interactions(1)

Electrostatic interactions(1): formation of ion pairs between the side chains of opposite charge(1)

Hydrophobic interactions (1): weak bonding between non polar side chains, usually excluding water (1)

Hydrophilic interactions (1): weak bonding between polar residues, dipole-dipole type (1)


6 marks
30.
Draw the resonance structures of the peptide bond and indicate two important properties of the peptide bond that result from these structures.
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4 marks
Important properties (any two of the following three): planar peptide bond; permanent dipole (drawn on the structure above); partial double bond character. (2)
Part E:  Answer two of Questions # 31, #32, or #33 (6 marks each, total 12 marks)
31.
Discuss some of the features of an α helix and the reasons for its stability.
The main feature of the α helix is the hydrogen bonding between the n C=O and the n + 4  H—N. And is the main feature that stabilizes the helix (must include the above statement) (2)
Other points: (1 mark each to a maximum of 4 marks) 3.6 residues per turn









100° between residues









rise 1.5 Å








pitch 5.4 Å






permanent dipole with δ+ at N term end and δ- at C term end







ion pair formation between neighbouring residues


total 6 marks
32.
What is meant when one states that an α helix is amphipathic, and how would such an α helix be oriented in a folded protein?
An amphipathic a helix is one that has one side of the helix being polar and the other side being non-polar (3 marks)

The polar side is oriented to the outside of the protein, and the non-polar side is oriented towards the interior of the protein. (3 marks)
33.
There are two general types of β strands, briefly describe them in general terms.


Antiparallel, with one strand running from N to C and the strand to which it is H bonded running C to N.


Strands are joined at the C-terminus of one strand to the N-terminus of the other strand through short β turns. (2)
Parallel, with one strand running from N to C and the strand to which it is H bonded running in the same direction, N to C. The strands are joined at the C-terminus of one strand to the C-terminus of the other strand through long loops or α helices. (2)
The antiparallel β strands have linear H bonds between N—H of one strand with C=O of the other strand, which is more stable than the H bonds in parallel β strands, which have non-linear H bonds. (2)

6 marks

Part F:  Answer two of Questions #34, #35, or #36 (8 marks each, total 16 marks)
34.
Draw the oxygen binding curves for myoglobin and hemoglobin given that



θ    =    [binding sites occupied] / [total binding sites]



      =    [L] /([L]  +  Kd)


How can you find Kd?
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A curve something like the above with only the solid curves showing. The Y axis can be labelled as θ.

1 mark for labelling both axes, θ or YO2 and pO2.

1 mark for identifying one curve as myoglobin

1 mark for identifying one curve as hemoglobin 

1 mark for stating that the hemoglobin curve is sigmoidal
2 marks for 

Kd is pO2 when θ = 0.5

2 marks  Then mark on graph how Kd is found for each oxygen binding curve

35.
Discuss the structural and conformational changes that take place in the neighbourhood of the individual heme groups when O2 binds to the heme Fe
In the FeII deoxy state, the T state (1), the porphyrin ring is puckered (1). The proximal His (1) from the F helix (1) is coordinated to the FeII
When O2 binds to FeII it does so at an angle to the axial bond of the FeII, (1) the porphyrin ring becomes planar (1) and the proximal His residue and attached F helix is pulled down and across the flattened ring (1). The proximal His shifts by 0.4 Å. (bonus 1 mark) This new state is the R state (1).

8 marks + one possible bonus mark

36.
Discuss the cooperativity of O2 binding in hemoglobin.
 In the T (1/2) state no O2 is bound to any of the Hb subunits. O2 binding to one of the subunit heme residues causes a change in conformation in that subunit, (1) breaking electrostatic bonds with other subunits (bonus 1 mark) resulting in a conformational change in the rest of the protein (1). The R state (1/2) is formed. Binding of a second mole of O2 to another subunit is facilitated by the conformational change from the binding of the first molecule of O2 (1). Additional conformational changes occur (1) facilitating the binding of the third molecule of O2 (1). Again further conformational changes occur (1) with the fourth molecule of O2 binding 300 times more effectively (1) than the binding of the first molecule of O2. This changing O2 binding affinity results in a sigmoidal O2 binding curve for hemoglobin (bonus 1 mark).


8 marks + two possible bonus marks.

Part H:  Answer both of Questions #37 and #38 (6 marks each, total 12 marks)
37.
Briefly describe the information that a peptide helical wheel may provide regarding the properties of an α helix.

The helical wheel is a top down view of an α helix with residues at every 100° around the helix (1).

(bonus 1 mark)
If a figure is included.

The helical wheel will inform as to whether the α helix is amphipathic (2) – has both polar and non-polar properties (1). One side of the helix has a majority of polar residues (1) while the other side of the helix has mostly non polar residues (1).


6 marks + 1 possible bonus mark
38.
Summarize your understanding of the terms primary, secondary and tertiary structure of proteins.
Primary structure: is the linear sequence of amino acids in a protein (1), which has all the information for the protein to fold into its native structure (1).

Secondary structure: short structures found in the protein prior to it folding into its native functional structure (1). It includes such structural features as α helices, β sheets, and β turns (1).

Tertiary structure: the folded native active structure (1) of a single subunit protein (1).

6 marks
.  
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