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Protein, DNA & RNA Structure 
 
Super-secondary structure – (Shape of combinations of α-helicies and β-strands) 
α-helicies and β-sheets can form >300 stable structural motifs, 6 important ones: 

 
 
Can you see how hydrogen bonding stabilizes the β turns? 

 
  
Some Special Amino Acids : 
Glycine – achiral, very small side chain volume, confers backbone flexibility 
Cystein – reactive side chain forming disulfide bridges (only when extracellular! intracellular 
reducing environment breaks S-S bridge); binding sites for metal ions like Zn, Cu 
Histidine – pKa = 6 makes it a partner in reactions where proton exchange is 
important; binds ions like Zn, Cu, heme (Fe) 
Proline – alpha helix breaker, 30o hydrophobic turns 
Serine – alpha-helix breaker, phosphorylation of proteins 
 



Tertiary Structure – Overall structure of a single folded amino acid chain (protein) 
Globular protein = water soluble protein 
Properly folded protein = native fold = active conformation 
Hydrophobic effects govern tertiary structure.  Hydrophobic areas like to hide inside the core of 
a globular protein.   Hydrophilic areas stick out and make the protein soluble. 
Dipole moments can be calculated for whole proteins. 

 
 
DNA & RNA Structure 
 
DNA is made of 2’-deoxyribosyl-triphosphate attached to 1 of 4 different bases of two types. 
In other words, a circular sugar (ribose) with a chain of 3 phosphates attached to the 5’-
carbon, an –OH removed from the 2’ carbon, and variable base attached to the 3’ carbon. 
 
RNA is DNA with the –OH group attached to the 2’ carbon. 
 
DNA Bases 
Adenine A Purine 
Guanine G Purine 
Thymine T Pyrimidine 
Cytosine C Pyrimidine 
 

RNA Bases 
Adenine A Purine 
Guanine G Purine 
Uracil   U Pyrimidine 
Cytosine C Pyrimidine 

 
DNA Watson-Crick base pairs form a double helix conformation with purine and pyrimidines 
hydrogen bonding with each other (A to T or G to C). 

 

Residue Globular protein Membrane proteins 
non-polar 
V, L, I, M, F, Y, W 

in interior, hydrophobic core surface, lipid anchor 

polar, charged 
R, K, D, E, H 

surface, in interior function often as 
catalytic sites 

extra membranous, electrostatic 
interaction, functional group of 
channel proteins, forming a 
hydrophilic core 
 

polar, neutral 
S, T, N, Q, Y, W 
 

surface & interior (H-bond network) surface, inside part of channel, H-
bond network 

A-T Bonds = 2 Hydrogen Bonds (weaker)

G-C Bonds  = 3 Hydrogen Bonds (stronger)



Temperature of double helix dissociation (Tm – melting point) increases with % GC content. 
For short strands, Tm = 2oC per A-T bond and  4oC per G-C bond. 
Melting curve is a sigmoid.  Non-linearity due to cooperativity in stabilization (if a few base 
pairs separate, the swinging ends help further separation) 
 
3 forms of DNA helix 
A-DNA  Wider, flatter than B-DNA.  From RNA-RNA or RNA-DNA strand pairs. R-handed 
B-DNA  Physiological.  Major Groove vs. Minor Groove. R-handed 
Z-DNA    Long and thin. L-handed.  Synthesized. 
 
Restriction Enzymes recognize 6 base pair palindromic sequences by feeling the pattern of 
hydrogen bonding possibilities and methylation along the major groove of double stranded 
DNA.  They specifically cut the DNA at those sites. 
 
RNA has many uses.  It can store information, recognize sequences and catalyze reactions,  
sometimes it can form complexes that cleave itself! 
 
3 major types of RNA 
 
messenger  (mRNA) - coding template, transcribed from DNA, translated into protein. 
transfer  (tRNA)  - short RNAs that identify DNA base-pair triplets for translation. 
ribosomal (rRNA)  - structural component of ribosomes (the translation engine). 
 
tRNA – ~76 nucleotides with complex L-shaped structure.  1 specific amino acid can link to a 
tRNA, though multiple tRNAs may link to the same amino acid.  Tip of stem-loop structure 
contains an anti-codon triplet that recognizes a small # of coding triplets on a single stranded 
mRNA. 
 
Handout 2 Questions:   

11. Using the single letter code, design a 15 amino acid peptide for each of the following properties (write 
the sequence only). You can choose only among the following 10 amino acids types (more than once, of 
course):  

Ala, Val, Phe, Ser, Thr, Met, Glu, Asn, Lys, Pro  
(a) Sequence of a peptide that shows a bend in the alpha-helix  
(b) Sequence of a peptide which contains a sulfur group  
(c) Sequence of a peptide which is soluble in a phospholipid membrane  

 12. You study the helical structure of a short piece of double stranded nucleic acid, diluted in water buffered 
and pH 7.4, with sequence:  

5' A G G T C T A A C T 3'  
3' T C C A G A T T G A 5'  
Give the name of the helix type, the number of base pairs per turn, and the length of the particular piece of 
nucleic acid in Angstroms.  

 3. Transfer RNA contains a high amount of unusual bases. During the synthesis of a tRNA molecule, 
however, only ATP, GTP, UTP and CTP are used, and are enzymatically modified after transcription. 
Imagine a cell that is defective in an enzyme that methylates guanine bases in tRNA's. What would the 
effect be on tRNA-mRNA interaction?  

5. Explain in your words the melting temperature of DNA? Would you expect a melting temperature behavior 
of tRNA? What makes the base pairing of nucleotides in DNA precise? How does the base pair stacking 
contribute to the stability of hydrogen bonds in AT and GC pairs?  



10. Chargaff's rule says that the G+C content of DNA differs from organism to organism. You have extracted 
the DNA from two bacterial strains ('F' and 'H') which you found in a soil sample from Cuyuamaca State 
Park. A denaturation experiment shows that strain 'F' has a higher G+C content than strain 'H'. Draw the 
melting curves for both DNA's on a single figure and indicate them with 'F' and 'H'. If the melting temperature 
(Tm) of strain 'H' is 76 degrees Celsius, what could you say about the corresponding Tm of strain 'F'?  

 
Answers to handout 1 questions: 
1. Create a sequence of peptides containing 10 amino acids. Chose any of the 20 amino acid types in any 
combination. You can choose an amino acid type more than once. Make the peptides  
- hydrophobic example VAFLIMLAAF  
- hydrophilic use S T C N Q Y  
- positively charged use K R  
- negatively charge use D E  
- neutral (one with a glutamic acid, and one with no charged residues).  
 
2. What molecular properties determine the solubility of polar molecules in water? dipole moments, 
charges  
What is the importance of electrostatic interaction in protein secondary structures? hydrogen bonds 
restrict torsion angel rotation  
Which type of interaction is mostly involved in the presence of chemical groups containing oxygen, nitrogen, 
but not carbon atoms? hydrogen bonds  
Which amino acid residues should you avoid when designing a water-soluble peptide? Hydrophobic amino 
acids  
How many amino acids do you need in a peptide to span a distance of 30 Angstroms in alpha helical 
conformation? >20 amino acids form 30A alpha helix  
 
3. Draw the water structure around a: 
a) Na + ion b) Cl - ion c) oil droplet 
 
What major difference in solute-solvent interaction would explain your solutions to problems a, b and c 
respectively?  

hydration shell of ions: water dipole interact with charge/electric field of ion in a and b, water 
molecules do not H-bond with each other. 

structured water layer of oil drop: water can interact only through low energy Van der Waals 
binding with solute  
 
4. Give an example of a process that is largely entropically driven and one that is enthalpic. What property of 
the process distinguishes it as entropic or enthalpic? 
 
Entropy is a measure energy stored in of the randomness of a system 
Enthalpy is a measure of energy stored in the number and type of bonds in a system 
 
Dissolving a solute in a solvent increases the entropy of the system and is entropically favorable. 
Dissolving a hydrophobic solute in water requires the breaking of hydrogen bonds between molecules 
without forming any new bonds, increasing the enthalpy (which is unfavorable.) 
Dissolving a hydrophilic solute in water also requires breaking of hydrogen bonds, but this is 
compensated by the new bonds from the solute-water interactions.  There is little change in enthalpy.  
 
 
5. What is the pKa of myoglobin? Why doesn’t this question make sense? 
 

Myoglobin is a protein composed of a long chain of many different amino acids.  Each amino acid’s 
side group may have a different pKa than other AA’s.  Thus the overall molecule has many different pKa’s, 
which cannot be summarized with a single number. 
 
6. About how many residues would it take to make an a-helix as long as a 5 residue b-strand? 
 

5 residue b-strand = 14 A = ~ 10 residue a-helix    
 
7. How does the hydrogen bonding structure in parallel b-sheets differ from anti-parallel ones? Draw an 



example of each. 
 

Hydrogen bonds in anti-parallel sheets are more linear than in parallel sheets, and thus stronger.     

 

 


