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ADlino-terminal processing of proteins 
A. Ben-Bassat and K. Bauer 

Recombinant proteins produced in bacteria often retain the initiation methionine at their amino-terminal 
end. This N-terminal methionine may affect the immunogenicity of the protein, necessitating removal. 

PROTEIN synthesis is always initiated with 
either methionine in eukaryotes or N
formylmethionine in prokaryotes and 
eukaryotic organelles. The N-formyl 
moiety present in the proteins of eukary
otic organelles and bacteria is normally 
removed by deformylase, leaving 
methionine at the N-terminus. In the pro
duction of many intracellular proteins the 
methionine is removed by methionine 
aminopeptidase (MAP) after the initia
tion of translation. The substrate specific
ity and universality of MAP among pro
karyotes and eukaryotes has been inferred 
from the N-terminal sequence analysis of 
mature cytosolic proteinsl.2. Recently the 
substrate specificity of MAP was verified 
using enzyme from Escherichia coli. 3 

Influential neighbours 
Methionine cleavage from the N-terminal 
end of the protein is strongly affected by 
the adjacent amino-acid residue. When 
the side chain of this penultimate amino 
acid is large, hydrophobic or positively 
charged, the methionine is retained; when 
the side chain is small and uncharged the 
methionine is cleaved (Table 1). Conse
quently, the DNA sequence of a gene can 
be used to predict the fate of the N
terminal methionine of the resulting 
protein. These conclusions are based in 
part on qualitative sequence analysis of 
endogenous cytosolic proteins i.,; partial 
removal of the methionine may be 
counted as a non-cleavage event. Partial 
processing of methionine can happen, 
especially when the penultimate amino 
acid is lIe, Val, Cys, or another amino acid 
of intermediate size. 

Although no similar studies have been 
conducted with recombinant proteins, it 
is reasonable to assume that similar rules 
apply to their processing. Our experience 
with recombinant protein expression 
generally supports the conclusions 
obtained from endogenous cytosolic pro
teins. In addition, we found that other 
factors besides the penultimate residue 
affect the cleavage of methionine and that 
the cleavage of the methionine from 
hyperproduced recombinant proteins is 
frequently incomplete3

• 

Many of the recombinant proteins that 
are produced for therapeutic uses are 
based on secretory products from mam
malian cells. The N-terminal signal pep
tides in these secretory precursors are 
cleaved during the translocation process; 
thus the mature proteins do not normally 
contain methionine at the N-terminal end. 
Examples are y-interferon (Gln-Asp-), 

tumour necrosis factor (Val-Arg-Ser-), 
and human growth hormone (Phe-Pro-). 
Production of these proteins in E. coli 
intracellularly often results in a product 
with an extra methionine. Obviously, the 
biotechnology industry has a strong in
terest in removing this methionine in 
order to avoid potential immunogenicity 
problems, and to obtain a more homoge
neous product, without incompletely pro
cessed molecules. 

Several methods have been used to re
move the extra methionine. This first is 
removal of the methionine by treatment 
with cyanogen bromide4

• This method in
volves chemical modification and requires 
extra preparation steps. It is not N-

Table 1 Cleavage ofN-terminal methionine in 
intracellular prokaryotic proteins. 

~et ~etremoval ~et 

cleaved varied retained 
Ala Cys Lys 
Gly His Arg 
Pro Met Leu 
Ser Trp lie 
Thr Tyr Asn 

Asp Phe 
Glu 
Gin 
Val 

The data show the effect of the penultimate 
amino acid on methionine removae. 

terminal specific, and therefore its appli
cation is limited to proteins lacking inter
nal methionines. 

Fusion of the coding sequence of the 
recombinant protein with a sequence cod
ing for a signal secretory peptide is 
another method'. In this procedure, the 
fused protein is secreted through the cyto
plasmic membrane and cleaved at the fu
sion site by a signal peptidase. The recom
binant protein can then accumulate in the 
periplasmic space in Gram-negative bac
teria or in the growth medium in yeast and 
Gram-positive bacteria. Unfortunately, 
secretion of mammalian cell products in 
prokaryotes and yeast is often limited. 

Enzymatic removal of the N-terminal 
methionine with aminopeptidase has also 
been used6

• Here the methionine is re
moved by incubating the recombinant 
protein with a peptidase from Aeromonas 
proteolytica. This enzyme is a nonspecific 
aminopeptidase that cleaves amino acids 
sequentially from the N-terminal end of 
proteins. The stop signals for the enzyme 
are Glu, Asp and x-Pro, where x can be 
any amino acid except proline6

.
7

• This is 
suitable for removing N-terminal methio
nine when a stop signal is close to the 
methionine. The initiation methionine in 

y-interferon (Met-Glu-Pro-) and bovine 
growth hormone (Met-Asp-Glu-) have 
been removed using this enzyme. When 
the stop signals are not near methionine, 
proteolysis by this enzyme can continue, 
digesting the rest of the protein until it 
encounters a stop signal. Examples are 
human growth hormone analogue (Met
Lys-Val-Glu-), where methionine, lysine 
and valine are removed6

• 

The latest advance 
The most recent development in N
terminal processing is the in vivo and in 
vitro removal of the N-terminal methio
nine using the MAP enzyme3

• The MAP 
gene was recently isolated, cloned and 
overexpressed in E. coli by the authors 
and their coworkers. The in vivo method 
involves expression of the recombinant 
protein in a MAP-hyperproducing E. coli 
host. The advantage of this method is that 
it does not require additional purification 
steps for both recombinant protein and 
MAP. The in vitro method consists of in
cubating the purified recombinant protein 
product with purified MAP. The peptidase 
can be purified easily from hyperproduc
ing E. coli strains, that express MAP at 
proportions of up to 20 per cent of total 
cell protein. The utility of these methods 
was demonstrated by the removal of 
methionine from interleukin-2 (Met-Ala
Pro-) and ricin A (Met-IIe-Phe-) both in 
vivo and in vitro. Recombinant proteins 
are normally exposed to the native activity 
of MAP in wild-type cells, but this low 
concentration often results in incomplete 
processing. Using an E. coli strain with 
extra MAP-bearing plasmids for the in 
vivo method increases the level of MAP in 
the cell, assuring more complete cleavage 
of the N-terminal methionine. In the in 
vitro method, proteins are incubated with 
a high concentration of enzyme, and the 
length of incubation can be adjusted to 
accomplish complete processing. 0 
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