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Cloning and expression in E. coli usually results in much higher amounts of the
recombinant proteins than in eukaryotic systems. But the protein structure can differ
considerably, according to the reducing conditions in the cytoplasma of the prokary-
otes. The spontaneous disulfide formation after isolation often causes problems in solu-
bility such as formation of inclusion bodies. Additionally, posttranslational modifica-
tions, for example glycosylation, are lacking in bacterial expression products.

The biosynthetic pathways in eukaryotes are much more complex and enable the
formation of disulfide bonds and posttranslational modifications. But the posttransla-
tional modifications also depend on the kind of the host cells. Here, we expressed grass
pollen allergens in E. coli and in COS cells and analyzed structural differences. The
expression in the mammalian system was performed to study the specific products that
are synthesized upon allergen DNA vaccination.

Resu/ts

For the investigation of natural versus recombinant allergens we focused on two
major allergens of the grasses. Table 2 summarizes the characteristics of Phl p 6 (1.2)
and Phl p 1 (3,a) from timothy grass pollen extract.

Tabfe 2. Molecular properties o.f the major grass pollen allergens

P h l p ó

Phl p 6 and Phl p l.
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glycosylation

hydroxylation
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13 kDa
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110 amino acids
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35 and 37 kDa
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240 amino acids
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The properties of natural and recombinant t imothy pollen allergens were compared
by physicochemical, biochemical, immunological and functional methods. Cloning in
E. coli was performed using the pMALc and pProExHt vectors (New England Biolabs)
(5). For cloning in mammalian cells we used the vector pCEP4 (Invitrogen), which is
described as a highly efficient expression system (6).

Determination of molecular masses and isoelectric points
To obtain a general view, the recombinant allergens from lysates of transfe cted E. coli

and COS cells were compared with their natural counterparts by 2D-PAGE immu-
noblotting using allergen specific monoclonal antibodies. Concerning Phl p 6, the main
protein spots revealed similar sizes and isoelectric points in each of the three experi-
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Conclusions and prospects

The two major grass pollen allergens Phl p 6 and Phl p 1 differ considerably in com-
plexity. Phl p 6 is a small allergen (13 kDa) with no cysteine residues and no posttrans-
lational modifications. It bears a high degree of stable secondary structure which seems
to form the correct conformation spontaneously independent from the expression sys-
tems. Thus, natural and recombinant counterparts are quite similar. Phl p 1, in contrast,
is rather complex, an allergen of about 35 kDa with no stable secondary structure and
an odd number of cysteine residues. The cysteine residue with a free sulfhydryl group
can cause a dimerization. Additionally, the natural allergen bears glycosylations that
are lacking in prokaryotic expressions. Because of these peculiarit ies in the conforma-
tional structure the expression of the recombinant allergens is difficult, which becomes
obvious in the low solubil ity of rPhl p 1.

The decrease in IgE reactivity by only 50% is caused by the fact that Phl p I bears
some linear IgE-binding epitopes that are not affected by alterations in the conforma-
tion. In contrast, for example the IgE reactivity of Der p 1 decreased more than 100-
fold. Der p 2 lost more than 100-fold of its IgE reactivity after one cysteine residue
involved in disulfide formation was deleted by site-directed mutagenesis (10). This indi-
cates the strong influence of the conformation on the IgE reactivity of Der p 2.

Our results demonstrate that the analyses of the important allergens are necessary
to get an impression of their conformational structure and to find out, how to overcome
problems of expression. This knowledge is also mandatory to perform selective muta-
tions in lgE-binding regions to improve the reagents for hyposensitization therapy. The
number of available vectors and expression systems increases rapidly. Probable aspects
of how to improve the expression of complex recombinant proteins are given in Table 3.

Table 3. Improvements.fbr the expression o.f c.omplex recombinant allergens.

prokaryoticsystems: forcysteine-containingproteins

eukaryotic systems:

' expression under oxidizing conditions (thioredoxin-lacking mutants

or periplasmatic expressions)

for cysteine-containing and/or posttranslationally modified proteins
. insertion of signal sequences into the vector
. expression congruent structures are only obtained if the system is

closely related to the natural source

We are confident that more efficient expression systems to obtain a correct folding
of the recombinant protein with consideration of posttranslational modifications wil l
soon become available.
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