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Lecture 3: Making Proteins. Bigger Peptides. Solid-phase Methods. Segment
Assembly. Natural Peptide Synthesis. Ribosome Mechanism. The Proteome.

Lecture 4: Other Natural Acyl Transfer Mechanisms. Proteases. Sequencing for
Proteomics. Inteins and Native Chemical Ligation. Modified Proteins. Post-
translational Modifications. Chemical Methods of Modifying Proteins.

Good books:

J. Jones, Amino Acid and Peptide Synthesis, OCP 7, 2™ edition, 2002

J. Jones, The Chemical Synthesis of Peptides, Clarendon Press, 1994

C.T. Walsh, Posttranslational Modification of Proteins: Expanding Nature's
Inventory, Roberts & Co, 2005
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Merrifield Method
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Scheme Conditions: i, EtzN/EtOH/80°C/48 h; i, HCI/AcOH, then
Et;N/DMF; iii, DCCI/DMF; iv, seven similar cycles of deprotection, neutral-
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The genetic code Remember Uin mRNAand T in DNA

5 base Middle base - 3’ base
U C A G

u UUU Phe  UCU Ser UAU Tyr UGU Cys U
UUC Phe UCC Ser UAC Tyr UGC Cys C
UUA Leu UCA Ser UAA Stop* UGA Stop* A
UUG Leu UCG Ser UAG Stop* UGG Trp G

C CUU Leu CCU Pro CAU His CGU Arg U
CUC Leu CCC Pro CAC His CGC Arg C
CUA Leu CCA Pro CAAGIn CGA Arg A
CUG Leu CCG Pro CAG GIn CGGArg G

A AUU lle ACU Thr AAU Asn  AGU Ser U
AUC lle ACC Thr AAC Asn  AGE Ser C
AUA lle ACAThr AAA Lys AGA Arg A
AUG Met"  ACG Thr AAG Lys AGG Arg G

G GUUVal = GCUAla GAUAsp  GGUGly U
GUC Val GCC Ala GACAsp  GGCGly C
GUA Val GCA Ala GAA Glu GGA Gly A
GUG Val GCG Ala GAG Glu GGG Gly G

*Stop codons have no aming acids assigned to them.

"The AUG codon is the usual initiation codon as well as that for methionine residues else-
where. The code is almost universal but differences have been found in mitochondrial
DNA from some organisms
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Site-Directed Mutagenesis
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Serine Hydrolases
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A representation of the expected free energy diagram for serine proteinase
catalysis. From evolutionary principles  the free energies of all the transition
states are expected to be similar, and the energies of all the intermediates are

anticipated to be similar
* The amide bond could equally be an ester bond and the same mechanism is used by many

lipases:
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Protein Splicing - Inteins
and Exteins

* The same principles apply
in natural, post-translational
protein splicing
mechanisms.

* These autocatalytic
processes involve
nucleophilic catalysis and
proximity effects.

* They lead to the ‘chopping
out’ of a peptide segment
called an intein and result in
the joining of exteins. The
system is in some ways
analogous to exons and
introns in pre-mRNA RNA.
* In this example, an Asn
amide side chain acts as a
nucleophile to cleave the
intein by forming a
succinimide. Examples with
GIn are also known.

‘Native Chemical Ligation’

* This can form the basis for
a method for a chemical
method of making proteins
with a ‘native’ amide bond
from peptide fragments:
one a thioester (Peptide 1:
how would you make this?)
and the other a peptide with
an N-terminal Cys residue
(Peptide 2).

* These fragments could be
made using standard
methods and then
assembled into larger
structures, even proteins.
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Common proteases

and their preferred cleavage sites.

Protease Type Preferred Cleavage Sites
o-chymotrypsin and Ser | -Trp(Tyr,Phe,Leu,Met) 4 Xaa-
subtilising

elastase Ser -Ala(Ser,Met,Phe) 4 Xaa-
pepsin Asp -Phe(Tyr,Leu) L Leu(Phe)-
thermolysin metallo  -Phe(Gly,Asp,Leu) 1 Leu(Phe)-
papain Cys -Phe(Leu, Val)-Xaa | Xaa-
trypsin Ser -Arg(Lys) 4 Xaa-

clostripain Cys -Arg J Xaa-

endoprotease Lys-‘C Ser -Lys 4 Xaa-

(Achromobacter)

endoprotease Glu-C Ser -Glu (Asp) & Xaa-

(V8 protease)

- carboxypeptidase Y Ser -Xaa { Xaa-OH
carboxypeptidase B metallo  -Xaa { [Arg,Lys]-OH
carboxypeptidase A metallo  -Xaa [Asp,Glu,Phe,Leu]—éH
aminopeptidase M metallo  HpN-Xaa | Xaa-
pyroglutamate- Cys pGlu & Xaa-
aminopeptidase :
cathepsin C Cys HyN-Xaa-Xaa | Xaa-

proline iminppeptidase ~ Ser

Pro | Xaa-

Enzymatic conversion of porcine into human insulin.

porcine insulin
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Digest followed by Mass Spectrometry

* Protein sample are often cleaved beforehand (typically by enzyme but could use other chemical
methods) and MS is a complementary method in many cases

» Once a protein has been digested by a specific protease (e.g. trypsin) then these chunks can be
examined by further fragmented by MS to get detailed sequence data

» Two main ionization methods: Electrospray lonization (ESI) and Matrix-Assisted Laser
Desorption lonization (MALDI)

* MALDI is popular with crude samples e.g. cell fractions or lysates but ESI often gives better
precision

* lons can be selected on the basis of m/z (mass/charge) and then diverted into a separate
chamber or second MS. Thus this technique is known as MS-MS. The first MS to measure all
ions, the second to measure the ‘mass selected ions’

» Sequencing can be achieved by Collision Induced Dissociation (CID) of peptide linkages.

* This can be achieved by varying the potential on the ions formed to accelerate them with good
control when exposed to a collision gas introduced into the spectrometer.

* Cleavage can result in an acylium (C=0+) — so-called Y series ions — or ammonium (NH+) — so

called B-series ions.
by by bj

PR R

H,N-CH-CO:NH-CH-CO;NH-CH-CO

F4
NH-CH-CO,H

]
' 1
' ]
' 1
H 1
. Cmme

Examples

Ry Ry

| +
H,N-CH-C=0 }13;1-(':}1@02}[
by ion Y, ion
» Databases now exist of common fragmentations linked with known sequences such that most
modern sequencing spectrometers will not only sequence but also identify your protein from
genome information.
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This fragment came from an EndoLys cleavage.
The MH22+ peak (m/z 727) was ‘mass selected’





