
Outline and ROUGH NOTES for lecture 4b 
1) Quiz 5 is on Wednesday (HW #2 (5pts) due Tuesday at 4:30 pm- 2 questions) 
2) Midterm is on Monday, Feb. 8, 2010  
 

Last time:  
Ways to view 3° structure of protein 
Diverse motifs encountered. 
We had a departmental Ferguson lecture last week 
  which was about the problem of protein structure/denaturation 
 
Today: globular proteins    
 
1) ways to present 3° structure of globular proteins (power point) 
2) diverse motifs encountered (power point) 
3) thermodynamic factors contributing to stability  (see below) 
 
Note that the stability of a protein is based on cooperative factors holding the protein 
together.  Melting expts show a sharp transition as T increases.  Presence of this “melting 
point” is indicative of cooperative forces at work. 
 



2) Native struc. physiological and active structures. 
denaturation factors: 
1) heating – thermal denaturation, over narrow T range. 
(cooperativity) most proteins melt below 100°C (except 
thermophillic bacteria). 
2) pH variations changes charge distribn, and Hbonding 
rqments. 
3) detergents assoc with nonpolar residues 
4) chaotropic agents: guanidinium,  
H2N-(C=NH2

+)-NH2  and urea H2N-(C=O)-NH2 
   (5-10M; increase solubility of nonpolar substances in 
water; disrupt hφ intxn in protein) 
 
Denaturation-renaturation experiments by Anfinsen, 
Christian (1957): 
used ribonuclease (RNAse), a single subunit.  124aa.  
added 8M urea with 2-mercaptoethanol, (HSCH2-CH2-
OH) which reduces the Cys-Cys disulfide bonds breaks 
the S-S linkages, to –SH groups.  Protein loses catalytic 
activity; “random coil” conformation. 
To renature, need to re-form the exact same S-S by 
oxidizing the –SH groups. 
RNase has 8 cys.  # of possible combinations:  
(7)(5)(3)(1) = 105 ways.  (correct is only 1/105 or 1%) 
After denaturation, to renature: 
dialyze out the urea+ β mercaptoethanol: random coil is 
reversible coverted to native conformation. active.  
I.e. dialyze out β mercaptoethanol at pH8 (oxidizes SH 
groups to form disulfides), renaturation is ≈  100% 
active. 

 
 

 



 
But if RNase is reoxidized in presence of 
8M urea, then 1% activity after removal of 
8M urea. What if we introduce a trace of 
mercaptoethanol? 100%  activity 
reversibly obtained.  indicates that proteins 
can fold spontaneously into its native 
confomation under physiological 
conditions.  => proteins 1° struc dictates 
its 3° struc. 

Reversible thermal denaturation expt: shows 
that native state is most stable. Suggests 
thermodynamics of folding: 
Thermo factors: 

a) conformational entropy:  works 
against uniquely correct folding into 
the native state. 

Recall: ∆G=∆H-T∆S.  since ∆S<0 for the 
single folded state vs the more random 
random coil state,  it makes a negative(-) 
contribution to entropy (S) (i.e. greater 
order) which goes against spontaneity (i.e. 
∆G becomes more + thus less spontaneous) 

 
 

b) ∆H: works in favor of uniquely 
correct folding due to more favorable: 
i) charge charge intxn. Between + and 
– charge side chain groups.  
    Eg, Lys –Glu salt bridge.  
ii) Internal H-bonds. eg Ser, Thr: 
iii) VdWaals intxn between 
uncharged groups.   

c) Hydrophobic interactions:  
introduce favorable entropy change 
due to burying hydrophobic groups 
within the protein molecule.  (this 
causes the water to be less structured 
since they don’t have to form a cage 
around the hydrophobic regions).  ∆S 
more positive and thus ∆G more 
negative 

Further stabilization by use of disulfide 
bonds. 

 

SOME TERMS AND CONCEPTS: 



*protein folding: not random conformational search but directed folding pathway, 
stability increases sharply as folding proceeds 
*molten globule=result of hydrophobic collapse (likely scenario since proteins have 
hydrophobic cores) 
* prions (proteinaceous infectious only) – 
discuss creutsfeldt-jakob disease (mad cow) 
* molecular chaperones - shelters the hydrophobic sidechains of heat-denatured 
chaperonins. Hsp = heat shock proteins.  Chaperonins are more elaborate.  
* look at ribbon representation of proteins(Fig 4-18) 
* domains, (Fig 4-19);  stable globular units of proteins >200 aa ≈1000 unique domains  
*Motifs (Fig 4-20) = common folding pattern of 2° structures also called supersecondary 
structure 
* go over the heating curves. Fig 4-26: shows cooperativity. Differentiate the curves. 
*Quaternary structure = proteins >100 kD MW:composed of more than 1 polypeptide 
chain. Multimers. Oligomers. Spatial arrangement of these subunits = 4° struc 
 
Simple prediction of 2° , 3°  structure: 
Chou Fasman rules for prediction:  based on propensity of aa’s to being in either α-helix 
or β-sheet. 
(1)Any segment of 6 or more residues with <Pα>≥1.03 as well as <Pα> > <Pβ> and not 
including Pro is predicted to be a -helix. 
(2)Any segment of 5 or more residues with <Pβ>≥1.05 as well as <Pβ> > <Pα> and not 
including Pro is predicted to be β -sheet.  
(3)Examine the sequence of tetrapeptides with <Pα> < 0.9, <P t > > <Pβ>. They have a 
good chance of being turns.   
Eg.  (Ala)6 will have <Pα> = 1.29  
and <Pβ> = 0.90.  fulfills (1).  It’s α-helix. 
Compare with Val.  High propensity for β sheet structure.  4° structure 
 
 


