
Key   average±st deviation = 42±10  (71%±16%);  high  = 57  A≥52, B≥45, C≥35 
Part A 

1) a) ∆G°=-RTlnK=> K = exp(

€ 

−ΔG°
RT

)=exp(-

€ 

7500 J
8.314 J/molK(298 K)

 )= e-3.03= 0.048 

b) ∆G= ∆G° + RTlnQ = +7500 J +(8.314 J/molK)(298K)ln{

€ 

[G3P]
[DHAP]

}  

= 7500 J – 2478 ln (

€ 

1
1200

) = 7500- 17566 = -10,070  J/mol  (“-“  thus spontaneous) 

2)a) ∆S (conformational entropy) does not favor the renaturation process described 
because it leads to greater order ,  ∆S <0. 
b) ∆S (hydrophobic interaction), does not favor denaturation since it causes water of 
hydration to “coat” the hydrophobic surfaces and form clathrate structures.  This leads to 
∆S<0 and so does not favor the denaturation described 
c) ∆H (enthalpic term) does not favor denaturation because ∆H>0 for denaturation as 
these interactions are broken. 
3) a) The hexapeptide involves: (refer to book for the structure) 
   Tryptophan-tyrosine-histidine-isoleucine-methionine-proline 
b) Chou-Fasman Rules:    to apply rules 1,2,and 3, need the averages of Pα , Pβ and Pt. 

<Pα> = 

€ 

.97 + .72 +1.00 +1.08 + .57 +1.45
6

=0.965   <1.03 thus not α-helix (rule (1)) 

<Pβ> = 

€ 

1.45 +1.45 + 0.87 +1.37 + 0.55 +1.05
6

=1.12 >1.05 & > <Pα> thus β-sheet (rule(2)) 

<Pt> = 

€ 

.95 + .51+ 0.60 +1.52
4

= 0.895  (here, use n=4, four aa’s nearest Proline).    

by rule (3), <Pt> = 0.895  <    <Pβ>   so not a turn 
c) The hexapeptide structure would have 4 dissociable proteins and the most acidic form 
would have a charge of +2: The relevant pKa’s are those of  α-COOH of proline (1.95), 
α-NH3

+ of tryptophan (9.41), the phenyl side chain of tyrosine (10.46) and the imidazole 
side chain of histidine (6.04). 
     1.95  6.04      9.41 10.46 
   H4A2+ = = =  H3A+ = = =  H2A = = =  HA- = = =  A2- 

Thus the pI = ½(6.04+9.41)=7.73 

4) a) θ lungs=

€ 

13.03

4.03 +13.03
  = 0.972  ; θ tissue= 

€ 

2.03

4.03 +2.03
 (2)3 = 0.111   =>   

∆θ = .972-.111=.861    (86.1 % of O2 delivered) 

b) θ lungs=

€ 

13.03

5.03 +13.03
  = 0.946  ; θ tissue= 

€ 

2.03

5.03 +2.03
   = 0.060   =>   

∆θ = .946-.060= 0.886      yes, more has been delivered. 
Part B 



1) a) See fig. 4-2 a) and b) 
2) Development of the biosphere (the system) is a process that leads to greater order 
within the system, thus ∆Ssystem <0.  But the 2nd law of thermodynamics states that for a 
process to be spontaneous it is ∆Suniverse that must be > 0.  Since ∆Suniv = ∆Ssys + ∆Senviron ,  
it is possible to have ∆Ssys < 0 as long as the sum, ∆Ssys + ∆Senviron ,   is >0. 
3) Sample answers: 
 a) -normally found in the brain that can be induced to change its conformation by contact 
with other prions which are malformed (i.e. incorrect conformation).  This leads to 
aggregation and eventually death. Related to “mad cow” disease. 
b) –elaborate protein complexes that assist in the folding of some cell proteins that don’t 
fold spontaneously. This is specially important during heat-stress. 
c) –binds to hemoglobin, lowering its affinity for oxygen, and enhancing cooperativity.  
Net effect is to increase O2 delivered to the tissues.  Esp. noted in adjusting high altitude 
conditions, where PO2 is less than at sea level. 
d) – also known as the proximal histidine, forms coordinate covalent bond with Fe2+ of 
the heme.  Thus securing the heme group in Mb and Hb. 
e) – cells without organelles or nuclear envelopes.  Include bacteria and archaea. 
f) –the only amino acid that can form covalent crosslinkages between polypeptide chains. 
g) –one of two methods for sequencing polypeptides, can be automated for sequencing 
one amino acid at a time starting from the amino terminal end. 
h) –consists of the protein, fibroin which has antiparallel β sheets rich in Ala and Gly.   
i) –a supersecondary structure or fold, a recognizable folding pattern consisting of 
elements of α -helix and/or β sheet. 
j) –denaturation/renaturation experiment that showed that the primary structure of a 
protein determines the tertiary structure, which is the most thermodynamically stable 
conformation given the protein sequence. 
k) –the effect of lower pH and higher CO2 concentration is to shift the sigmoidal O2-
saturation curve to the right, i.e. lower O2 affinity and higher cooperativity. 
l) –shows the allowable values of the torsion (dihedral) angles, ψ and φ for the amino 
acids in a polypeptide. 
m) – a technique that utilizes the pI (isoelectric point) of various macroions in a solution 
mixture to separate them into unique bands. 


