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From Genome to Proteome 
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Systems Biology, Integrated Biology 



Proteome Reflects Gene Expression Repertoire 
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Cleaving Larger Proteins Into 

Fragments For Sequence Analysis 



Enkephalins 

 Wondering why the human brain should have 
receptor sites for alkaloids from the opium poppy led 
to the discovery of a family of natural painkillers, 
the endorphins (from endogenous morphines). 
These substances are oligopeptides, containing from 
5 to 30 amino acids.  

 The two 5-peptide examples are called enkephalins, 
from the Greek kephale, meaning "head". These 
have four of the five amino acids the same: Tyr-Gly-
Gly-Phe, tyrosine-glycine-glycine-phenylalanine. 
One terminates in a leucine, and is known as Leu-
enkephalin; the other terminates in a methionine, 
and is called Met- enkephalin.  



Met- enkephalin 

Leu-enkephalin 





Types of Solid Phase Peptide 

Synthesis 

1. Merrifield synthesis 

This methodology is characterized by the 
use of tert-butyl based temporary a-amino 
protection and benzyl, or substituted benzyl, 
groups for permanent side chain protection.  

There are over one hundred different 
substituted resins suitable for peptide 
synthesis generally based on polystyrene 
and polyethylene glycol.   



These resins allow introduction of an 
amino acid through either substitution, 
condensation or addition reactions. 

The traditional resin used for Merrifield 
synthesis was a chloromethylphenyl 
substituted resin.  The first amino acid 
was attached to the resin through 
substitution of the chloride by the 
caesium salt of the BOC-amino acid, 
generating an equivalent to a benzyl 
ester.  
 





Deportation of the temporary BOC group uses a 
20-50% solution of trifluoroacetic acid (TFA) in 
dichloromethane and has to be followed by 
neutralization of the resulting ammonium salt 
with a hindered tertiary base.   

Final cleavage from the resin as well as 
deprotection of benzyl based side chain 
protecting groups is achieved using strong acids, 
usually liquid hydrogen fluoride or 
trifluoromethane sulphonic acid.  

Such procedures require specialized apparatus 
and the highly acidic conditions catalyze several 
possible rearrangements . 



2. Fmoc Polyamide Synthesis  
The fundamental differences between the Fmoc 

polyamide strategy when compared to the Merrifield 
approach are that the reactions are carried out under 
continuous flow and that the conditions for a-amino 
deprotection and cleavage from the resin are far more 
mild.   

This arises from the adoption of the base labile Fmoc 
protecting group for a-amino protection. The side chains 
are generally protected with tert-butyl based groups 
which, in common with the linkage to the resin, can be 
cleaved by TFA in the presence of scavengers.  

As discussed above, a large number of resins are 

available.  





Traditionally, resins with 4-

hydroxymethylphenoxy substitution were used.   

These allowed were esterified with the anhydride 

of the first amino acid.   

As a result of the mesomerically electron donating 

para oxygen atom stabilizing the resultant 

carbocation, cleavage of the peptide from the resin 

occurs under more mild acid conditions, typically 

using trifluoroacetic acid with scavengers.  

The use of continuous flow means that the 

reagents are passed through a reaction chamber 

containing the resin supported peptide. 



Having passed through this chamber, the 
reagents can be recirculated back into the 
chamber again or taken to a waste collection 
bottle.   

This allows the resin to be washed clean of 
excess reagents and unwanted reaction products, 
which in turn helps drive deprotection steps to 
completion following Le Chatelier's principle.  

In addition, the solution can be passed through a 
u.v. detector and monitored at a suitable 
wavelength for the Fmoc chromophore. 

A typical cycle consists of: 

1.   Deprotection of the preceding residue with 
piperidine.  

2.   Wash to remove any remaining reagents from 1 



3.   Acylation in a recirculatory mode. 

4.   Wash to remove excess reagents. 

In this way, the cycle can be qualitatively 
monitored.  

Such monitoring can be used in conjunction 
with automation.  

For example, a slow deprotection step 
suggests inaccessibility of the peptide amino 
terminal, indicating that the next coupling step 
may require a longer acylation time.  

If this is detected then the cycle can be 
interrupted for later manual intervention. 



Protein :Denaturation & 

Renaturation  

1. When proteins are heated, or exposed to 
acids or bases, or high salt 
concentrations, the variety of weak 
bonds holding tertiary and quaternary 
structure together can be disrupted so 
that the protein unfolds. Unfolding = 
denaturation resulting in loss of 
function.  

2. Unfolding can proceed even to disrupt 
secondary structure.  



3. Denaturation is sometimes reversible ; an 
unfolded protein can be restored to correct 
folding and regain biological activity. This is 
called renaturation .  

4. Denaturation can also occur irreversibly (as 
when egg white protein, albumin , is denatured 
by boiling to congeal as egg white). 
Renaturation is then no longer possible.  




