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properties of these proteins there is a pressing 
need to produce recombinant proteins in se-
creted form. Trimeric soluble ENV GPs are 
also better immunogens for production of virus 
neutralising antibodies. 

Purpose of this review is to provide an over-
view of problems and potential solutions to 
the production of secreted trimeric viral ENV 
proteins for structural studies, clinical or dia-
gnostic purposes. 

 
2. Virus envelope proteins

Most of the enveloped viruses are characteri-
sed by specific envelope proteins that give rise 
to virus tropism toward specific cell types and 
also impart specific antigenic properties to a 
given virus. These proteins are necessary for 
recognition of specific epitopes on the surface 
of target cells but also play an important role 
in the process of virus entry. Being exposed 
on the surface of the virus they form also an 
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1. Introduction 
Many proteins in cells exist and work in 

monomeric form however many proteins are 
known to form dimers to execute their inten-
ded role. Transcription factors dimerise as 
well as growth factor receptors. Another, not 
as well-known multimeric complexes are tri-
mers. Trimeric proteins are not as common as 
dimers but they still form substantial number of 
protein complexes. Among proteins that need 
to form homo-trimers belongs PCNA (PDB 
1AXC), a protein forming part of DNA replica-
tion complex. Clathrin forming trimeric units 
involved in formation of clathrin coated pits 
during vesicle internalisation. Collagen fibres 
are another good example of trimeric protein. 
There are also trimeric signalling molecules 
such as TNFα [1] and many more.

Most of the viral envelope glycoproteins (ENV 
GP) are transmembrane trimeric proteins. In 
order to study biochemical and biophysical 

Varies viral envelope proteins are formed by trimeric modules that are highly stable while 
anchored through the transmembrane domain in the virus membrane. Unfortunately, to raise 
vaccines against the whole viruses could lead to the production of antibodies against hijacked 
cellular proteins that can cause adverse effects. Therefore, pure protein preparations are used 
for vaccines production. It was found that the use of monomeric immunogens is insufficient 
in induction of neutralising antibodies. Protective antibodies were more often produced 
when trimeric ENV proteins were used. Here, we describe technical aspects of ENV proteins 
processing in host cells, the way to construct stable trimeric immunogens, and recent progress 
with construction of soluble trimers of ENV from Ebola, HIV, rabies, and influenza viruses.
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excellent target for host immune system to 
produce virus neutralising antibodies. Due to 
their critical function during virus entry they 
are a desired target of designing new antivirotic 
drugs or peptides.

Envelope proteins of most enveloped viruses 
are type I transmembrane proteins forming 
trimers. Depending on the virus, these trimers 
are either composed of three single chain mono-
mers (VSV, rabies, Mokola) of the ENV protein 
or such as in the case of HIV, Ebola or influenza 
the ENV pre-protein is proteolytically processed 
into two subunits that often remain attached 
together through disulphide bridges. Processed 
dimers then form trimeric ENV protein.

Practically all know viral ENV proteins are 
glycoproteins. Glycosylation is thought to pro-
tect the viruses from antibody recognition and 
in some cases the polysaccharide chains can 
be important for recognition of virus receptor 
proteins. Interestingly, the virus ENV specific 
glycosylation can be also used for virus concen-
tration for diagnostic purposes or even removal 
from the blood stream. 

Research has shown that a unique lectin pro-
tein (Galanthus nivalis agglutinin, GNA) from 
Galanthus nivalis (the common snowdrop) has a 
high affinity for the mannose-rich GPs that are 
universal constituents on the surface 
of enveloped viruses leading to the 
development of ELISA using immo-
bilised snowdrop lectin for detection 
of envelope proteins of HIV and SIV 
[2]. Recent case report describes re-
moval of Ebola virus from the blood 
plasma of a patient by lectin affini-
ty plasmapheresis [3] reducing the 
amount of circulating viruses over 
60 times.  Virus carbohydrate specific 
lectins can provide an invaluable tool 
in the design of new diagnostic tools 
for enveloped viruses. 

Efficient production of mature ENV 
protein is rather complex and compli-
cated process. The nascent protein 
has to be properly targeted to endo-
plasmic reticulum where signal sequence is 
removed. Pre-protein is proteolytically clea-
ved and the glycosylation is initiated. Partially 

modified protein is then moved to trans-Golgi 
network where glycosylation is finished and 
proteins assembled to proper trimeric forms. 
Budding vesicles are then transported toward 
plasma membrane and fusion process initiated. 
Understanding of each step is crucial to produce 
recombinant proteins as similar as possible to 
the native forms for practical purposes.

3. Synthesis of transmembrane 
proteins

In order to understand how to engineer vi-
ral ENV proteins we have to know how trans-
membrane or secreted proteins are processed 
and produced in a host cells. In general, trans-
membrane proteins can be divided into se-
veral groups – type I, type II, and multiple 
span transmembrane proteins (Fig. 1). Type I 
TM proteins are single span TM proteins with 
carboxyl terminus (C-) in the cytoplasm of the 
cells. Type II proteins are proteins with amino 
(N-) terminus oriented to the cytoplasm and 
C-terminus exposed to extracellular space. 
Majority of viral ENV proteins belong to the 
type I group of TM proteins with N-terminus 
facing extracellular space or in case of mature 
virions on the surface of virus particles. 

Figure 1: Principal types of transmembrane 
proteins.

Pekarik  et al.
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Fig. 1. Structural topology of transmembrane 
proteins. For single span TM proteins is impor-
tant orientation of the amino- and carboxy- 
terminus of the protein. 

The proteins are characterised by a signal se-
quence that is recognised by signal recognition 
particle that binds hydrophobic sequence at the 
N-terminus of newly synthesized protein as it 
emerges from the ribosome and brings the ri-
bosome to the surface of endoplasmic reticulum 
(ER). Upon docking, the nascent peptide chain 
is inserted into the translocon channel where 
it enters into the ER. The synthesis continues 
up to a moment of reaching transmembrane 
domain. This domain remains imbedded in the 
membrane of ER and the remaining part of the 
protein is synthesised without translocation 
into lumen of ER forming cytoplasmic tail of 
the ENV protein. 

Proteins in the ER are subject to protein fol-
ding, removal of signal sequence and multimeri-
sation. Partially processed proteins are moved 
through trans-Golgi network where HIV, Ebola 
and influenza HA proteins are cleaved by furin-
-like proteases. The proteins are also glycosyla-
ted with N-linked oligosaccharides attached in 
the lumen of ER and further expanded in Golgi. 
O-linked glycosylation takes place entirely in 
Golgi. ENV Processing: While ENV proteins 
of some viruses, namely Rhabdoviridae family 
(VSV, rabies, Mokola) that are commonly used 
for pseudotyping lentiviral vectors  are not 
proteolytically cleaved many other viral ENV 
proteins require further processing. 

3.1 Influenza 
The major determinant of influenza virus in-

fectivity is hemagluttinin (HA). This protein is 
produced as a single pre-protein HA0. Despite 
correct processing (glycosylation, folding, tri-
merisation) the HA0 is incapable of mediati-
on of membrane fusion. HA0 must be cleaved 
into HA1 and HA2 by host proteases. Both 
subunits remain associated as heterodimers of 
HA1 forming the globular head and the HA2 
transmembrane stalk of the protein. HA can 
be processed either by host protein conver-
tase furin or, as recent progress in research 
has shown, the activation of HA can occur by 

other proteins such as transmembrane serine 
proteases, secreted serine proteases, plasmin, 
urokinase, and many other (reviewed in [4]) 
after the virus release from the host cell.

3.2 HIV 
ENV glycoprotein is produced in infected cells 

in a form of 160 kDa precursor. This pre-protein 
is subject to signal sequence cleavage, folding 
and trimerisation. The maturation process is 
terminated in trans-Golgi network where furin-
-like protease cleaves 160 kDa precursor into 
120 kDa exterior subunit and 41 kDa trans-
membrane subunit, both remaining associated 
together. The proteolytically processed mature 
form is transported to the cell surface mem-
brane and incorporated into budding virions. 

The proteolytic cleavage can play an impor-
tant physiological role. For example uncleaved 
gp160 membrane bound trimer has nearly in-
distinguishable structure from GP120/41but 
proteolytically processed GPs have greater sta-
bility and reduced conformational flexibility 
[5] important for effective virus recognition 
and entry. 

3.3 Ebola virus (EBOV) 
ENV glycoprotein, compared to ENV of in-

fluenza or HIV, is interesting due to a fact that 
the mature pre-protein can be produced only 
after RNA editing [6]. Translation of unedited 
RNA leads to the production of smaller 60 kDa 
precursor glycoprotein that is proteolytically 
processed into dimeric secreted form of the 
protein (sGP). The secreted from is thought to 
play a role in evasion of the host immune system. 

Edited RNA (insertion of a single non-template 
adenosine) is translated into transmembrane 
glycoprotein that facilitates binding to the host 
cell receptors and membrane fusion during vi-
rus entry.  The mature GP1,2 is processed simi-
lar way as HIV ENV protein into two associated 
polypetides cleaved by intracellular proteinase 
furin – GP1 (140 kDa) and transmembrane 
GP2 (25 kDa) that produce membrane bound 
trimmers [7]. 
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4. Signal sequences
Signal sequences are peptides at the N-termi-

nus of nascent protein that direct the growing 
polypeptide into the lumen of ER. Choice of 
appropriate signal sequence is very important 
for efficient production and secretion of the 
proteins of interest. 

Wild-type signal peptides can be 
used for recombinant protein pro-
duction however there are many 
sequences that surpass in effici-
ency native viral sequences. These 
sequences are often derived from 
other transmembrane or secreted 
proteins. Commonly used signal 
sequences are derived from human 
interleukin-2 (IL-2), albumin, tryp-
sinogen-2, and other proteins. Re-
cent progress in cloning of reporter 
genes has expanded the range of 
useful signal peptides for sequen-
ces derived from secreted lucife-
rases of species Gaussia (GLuc), 
Metridia (MLuc) [8]. Surprisingly, 
it was shown that GLuc signal pep-
tide is probably one of the most 
effective signal peptides known 

so far [9]. It is difficult to explain why a pep-
tide derived from marine organism is far more 
effective in mammalian expression systems 
compared to commonly used IL-2 or albumin 
signal sequences. Useful secreted protein that 
has found its way to laboratories is placental 
alkaline phosphatase [10]. This enzyme is 
normally attached to the outer cell membrane 
through glycosylphosphatidylinositol (GPI) 
anchor. Mutation of the C-terminal aminoacids 
abolishing glycosylphosphatidylinositol site led 
to production of secreted enzyme [11] SEAP. 

Wild-type secretion signals are commonly 
used but there is still a space for improvement. 
Zhang et al. [12] has shown that modification 
of basicity and hydrophobicity of IL-2 secretion 
signal can dramatically improve protein se-
cretion over 3 times of wild-type (ILco2, ILco3). 

Tissue plasminogen activator (tPA) is another 
secreted protein. Uncharacteristically, the sig-
nal sequence cleavage site is formed by proline 
in position -1. It has been found that small polar 

15

3.3.1 Production of soluble or secreted 
trimeric GPs.

In order to design a construct for production 
of recombinant secreted trimeric proteins the 
individual parts have to be optimised and 
effectively combined together. Comparison of 
membrane bound and secreted GPs is in Fig. 2

Figure 2: Structure of transmembrane and se-
creted ENV GP.

Fig. 2. Transmembrane ENV GP is attached 
in the membrane of the virus. In order to trans-
form ENV proteins into secreted forms, the 
transmembrane domain has to be removed 
and replaced with a trimerisation domain. 
Affinity and recognition tags can be attached 
to the C-terminus of the protein. 

From the figure is evident that from the ori-
ginal GP remains extracellular part (ectodo-
main). The transmembrane domain has to 
be removed and replaced with trimerisation 
motif. In order to facilitate protein purification 
an affinity tag can be attached to the C-ter-
minus of the protein. An affinity tag can be 
accompanied also by a recognition tag such as 
FLAG, HA or any other tag that can be easily 
distinguished. 

In next paragraphs I will describe individual 
steps that have to be considered during design 
of any secreted recombinant protein. 

Pekarik  et al.
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table 1: Secretion signal sequences.

residues with short, neutral side chains, such as 
alanine (A), glycine (G), serine (S), or threonine 
(T), are preferred at positions -1. Wang et al. 
[13] have replaced proline in -1 position of tPA 
signal sequence with alanine and/or glycine. 
Replacement of proline with alanine led up to 
50 % increase in protein secretion. 

A good choice of signal sequence can gre-
atly improve yield of secrete proteins. Kober 
et al. [14] have screened many various signal 
sequences for efficient production of recombi-
nant antibodies and among tested sequences 
found leaders derived from human albumin 
and azurocidin the most effective.

Another signal of cluster of determinant CD5 
protein found on subset of IgM secreting B-cells 
was used to improve the expression of HIV 
ENV [15].In another work, Wen at al. [16] have 
replaced signal sequences from native hepatitis 
C virus glycoproteins with computer designed 
sequence and sequences derived from human 
tissue plasminogen (tPA) and GLuc. All recom-
binant proteins were produced more effectively 
when carrying the new signal sequences. 

For many purposes it is more effective to 
produce recombinant proteins in insect cells 
(Spodoptera frugiperda, Sf9). Tsuchiya et al. 
[17] have tested signal sequence derived from 
chicken lysozyme and several synthetic se-
quences based on the chicken lysozyme signal 
peptide (CLSP). The authors have found that 

the chicken signal is effective in insect cells and 
its derivative L9 where most of hydrophobic 
aminoacids in the core region were replaced 
with leucine is even stronger. Choice of optimal 
secretion signal can greatly enhance chance of 
successful secretion of recombinant proteins 
into cell culture media. 

Sequences in bold represent wild-type or con-
sensus motives. Shading represents substituti-
ons in consensus sequence, usually improving 
function of the signal sequence. Different sha-
dings of proteins indicate individual protein 
groups.  The cleavage site of the signal peptide 
is indicated by // symbol.

5. Codon optimisation:
Aminoacids in proteins are defined by triplets 

of bases in DNA called codons. Certain ami-
noacids are coded by a single codon (Met) but 
some aminoacids can be coded by as many as 
6 different codons (Arg, Leu, Ser). Despite the 
fact that all living organisms utilise 64 available 
codons (43) each organism utilise codons for 
a given aminoacid with different frequencies 
meaning that bacteria will use different codons 
for coding the same protein than mouse or 
human cells. In order to improve recombinant 
protein expression in ectopic expression system 
the codon composition has to be optimised for 
cells that produce the protein. Even though, the 
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viruses are produced from eukaryotic cells the 
codon usage might still be suboptimal and can 
pose a limiting factor in recombinant protein 
production. This was clearly demonstrated for 
HIV envelope protein subunit gp120 [15] whe-
re codon optimisation have greatly enhanced 
expression of mature protein. 

6. Trimerisation motives 
Because the viral GPs are firmly anchored in 

the cell membrane and the sterical confinement 
stabilises protein trimers the earlier attempts 
to produce native soluble GPs was met with 
many problems. 

The breakthrough came with the introduction 
of trimerisation domains derived from other 
proteins naturally forming trimers in the cells. 
The most commonly used trimerisation do-
mains are derived from GCN4, which is a trans-
cription factor responsible for the derepression 
response upon amino acid starvation in yeast 
[18]. The transcription factor under normal 
circumstances forms dimers but the leucine 
zipper structure responsible for oligomerisa-
tion was modified to favour trimers formation 
[19] and the domain was designated GCN4pII. 

Another, even more often used, trimerisation 
domain is derived from bacteriophage T4 pro-
tein fibritin. This protein forms whiskers at the 
base of viral head and its structure is coiled-coil 
trimer [20]. Fibritin motif was used to produce 
recombinant trivalent single-chain variable 
fragment antibody directed against rabies virus 
glycoprotein with improved neutralizing poten-
cy [21] in comparison to bivalent antibodies. The 
design takes an advantage of trimeric structure 
of rabies GP. Trimeric antibody can at the same 
time block all three subunits of the GP leading 
to enhanced avidity and greater neutralising 
potential. The trimeric antibody was shown to 
have apparent affinity constant 75-fold time 
higher compared to single chain antibody. 

Similar mechanism to improve the function 
of recombinant proteins targeting trimeric 
receptors was used in trimerization of murine 
TNF ligand family member LIGHT that has 
increased the cytotoxic activity against the 
FM3A mammary carcinoma cell line [22]. 

The use of trimerization domains for vaccine 

development can be hampered by the fact that 
these domains are inherently strongly immu-
nogenic. The immunogenicity can be reduced 
by protein engineering of foldon sequence that 
introduces glycosylation sites [23]. Four sites 
for N-linked glycosylation were introduced into 
GCN4-based isoleucine zipper and modified 
trimerization domain (IZN4) was fused to HIV 
ENV or influenza HA. IZN4 strongly reduced 
the antibody responses against the IZ, but did 
not affect the antibody titres against HIV ENV 
or HA.

Naturally occurring trimerization domains 
might be replaced by synthetic constructs ba-
sed on rational design. Mason and Arndt [24] 
have defined parameters of coiled coil domains 
that has been used for rational design of new 
trimerization domains [13]. The authors have 
found that coupling of HA or gp120 to MTQ do-
main leads to 75 % production of these proteins 
in stable trimers. Interestingly, MTI domain is 
less efficient forming only up to 56 % of proteins 
in trimeric form. 

Tetranectin, a trimeric plasminogen-binding 
protein with an alpha-helical coiled coil motif 
[25] belongs to a class C-type lectins. The tri-
merisation potential of tetranectin domain 
was used to target death receptor 4 (DR4) with 
constructed trivalent antibody [26]. Tetranectin 
itself can be used as a design scaffold to produce 
proteins with high affinity toward trimeric tar-
gets. Random mutagenesis and phage selection 
was used to modify structure of loop 1 and 
loop 4 of C-type lectin-like domain (CTLD) in 
order to develop selective antagonist of  tumor 
necrosis factor α (TNF α) [27].

It is difficult to determine what trimerisa-
tion domin works better because the direct 
comparisons are scarce. Yang et al. [28] have 
systematically compared GCN4 and fibritin 
foldons. They found that both domains can be 
effectively used to produce stable HIV gp140 
trimers. The fibritin construct was more stable 
to heat and reducing conditions than the GCN4 
construct. In general, the fibritin foldon is the 
most commonly used trimerisation motif but 
direct comparison of GCN4, fibritin, tetranectin 
and synthetic foldons and their derivatives shall 
be conducted.  

Pekarik  et al.
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Different colours of shadings correspond to 
individual protein groups. Bold sequences in-
dicate peptide consensus. Red letters in IZN4 
indicate introduced glycosylation sites. 

7. Linker sequences:
The assembly of protein domains into func-

tional whole has to respect certain criteria on 
spatial dimension, topological constraints, pro-
tein folding etc. These criteria can be met by the 
design of peptide linkers that connect indivi-
dual functional domains. Careful linker design 
can improve folding, solubility, bioactivity and 
stability of fusion proteins [34]. Use of flexible 
linker can be recommended when the joined 
domains require a certain degree of movement 
or interaction. The length can be optimized to 
achieve appropriate separation of the functional 
domains, or to maintain necessary inter-domain 
interactions. Rigid linkers can be on the other 
hand applied when a strict domains separation 
is required. For the design of secreted trimeric 
glycoproteins were, with a measure of success, 
used flexible linkers based predominantly on 
the (Gly-Gly-Gly-Ser)n structure. Lu et al. [33] 
have found that placement of GSGSGS linker 
between the HA and foldon and placement of 
GSGSGSGS linker between the foldon and His 
tag greatly improves protein trimerisation. 

8. Soluble trimeric viral envelope 
proteins:

The usefulness of secreted ENV proteins has 
been demonstrated in many previously pub-
lished papers. 

There were attempts to produce ENV proteins 
in ectopic expression systems such as bacteria. 
The advantages of E. coli are well known gene-
tics and easiness to work with. There are many 
strains that were engineered in order to improve 
yield of recombinant proteins. However, bacte-
rial production suffers from many drawbacks. 
In most cases recombinant proteins are seques-
tered into inclusion bodies that require strong 
denaturation to release soluble proteins and 
artificial refolding protocols have to be applied 
in order to obtain properly folded proteins. 
Another problem is associated with a lack of 
protein glycosylation that can severely hamper 
the use of recombinant proteins. Nonetheless,  
E. coli produced HA stem domain was used to 
produce broadly protective influenza vaccines 
[33]. Fibritin foldon was used as trimerisation 
motif. 

Influenza hemagglutinin is a common target 
of recombinant protein design. HA ectodomain 
consist of a head domain (HA1) and a stem 
domain (HA2) and it is the head domain most 
of antibodies are raised against. Because the 
HA head domain evolves with a high mutation 

 table 2: Trimerisation foldons.
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rate, the influenza vaccine has to be regularly 
updated. The stem domain, on the other hand, 
is much more conserved, therefore it is reaso-
nable to assume that antibodies raised against 
stem domain can provide broader protection. 
However, the production of recombinant stem 
domain faces several challenges. The domain 
is not evolved to trimerise as an independent 
unit. Protein folding occurs as co-translational 
process therefore is associated with intramole-
cular formation of disulphide bridges. Absence 
of the head domain exposes aminoacids that 
are normally buried under the head domain 
and can lead to undesired protein agglomera-
tion, insolubility or epitope distortion.  These 
problems were addressed by the group of James 
Swartz [33] when they used bacterial cell-free 
translation system to redesign the stem domain 
that can serve as an immunogen. The trimer 
formation was accomplished by the use of fib-
ritin foldon attached to the C-terminus of HA 
ectodomain. The trimeric form was further sta-
bilised by introduction of new intermolecular 
disulphide bonds. Several exposed hydrophobic 
residues were mutated. The proper formation 
of stable trimer was confirmed by reaction with 
antibodies known to recognise the stem of HA. 
Interestingly, formation of stable trimers was 
greatly improved by replacing of Ala14 and 
Lys18 in the foldon with Cys residues allowing 
formation of intermolecular disulphide bonds. 
Introduction of flexible linker in between the 
foldon and His tag and the HA domain facilita-
ted trimerisation even further. HA was effecti-
vely trimerised with GCN4pII domain and the 
authors have found that trimerisation greatly 
enhances immunogenicity and stabilises the 
immunogen  [29] [30]. Majority of antibodies 
are produced against the globular head domain 
of HA. Recently, a new class of broadly neutrali-
zing anti-influenza virus antibodies that target 
the stalk domain of the viral hemagglutinin was 
discovered. Findings of Krammer et al. suggest 
that a carboxy-terminal trimerization domain 
is a necessary requirement for the structural 
integrity of stalk epitopes on recombinant so-
luble influenza virus hemagglutinin, therefore 
indispensable for production of novel stalk 
targeting antibodies [35].

Importance of trimeric proteins stabilisati-
on for effective vaccine development was also 
confirmed in a case of severe acute respiratory 
syndrome coronavirus (SARS-CoV) spike pro-
tein. SARS-foldon induced a significantly higher 
titer of neutralizing antibodies compared to 
monomeric protein [36]. 

Ebola is extremely dangerous virus therefore 
the research in most laboratories has to be 
conducted with isolated parts that are not dan-
gerous in itself. In this way many characteristic 
of the EBOV GP were deduced. With the use of 
GCN4 foldon was found that Niemann-Pick 
C1 protein is essential for EBOV infection [37]. 
After the virus internalisation, the EBOV GP 
is cleaved with cathepsin L or B (CatL or B) 
in the endosome. The role of cathepsin L for 
ENV cleavage and mechanism of cell entry was 
investigated with EBOV ectodomain fused to 
fibritin foldon [31]. Published data suggest that 
CatL cleavage of EBOV GP exposes its receptor-
-binding domain, thereby facilitating access to 
a putative cellular receptor in steps that lead to 
membrane fusion.

As in previous case, HIV ENV was subject to 
extensive protein engineering. Stabilisation of 
soluble HIV trimeric ENV with fibritin foldon 
was shown already in 2002 [28].

GCN4 connected monomers were able to eli-
cit antibodies of greater neutralizing capacity   
[38].

Interestingly, trimeric proteins or peptides can 
be used not only to induce immune response 
but as direct inhibitors of virus entry. During 
the virus infection GP120 domain binds to 
the receptor CXCR4 or CCR5. After binding, 
gp120 dissociates and the N-terminus of GP41 
is exposed. The core structure of GP41 ecto-
domain consist of N-terminal and C-terminal 
heptads. N-terminal heptads are inserted into 
the membrane of target cells enabling fusion 
between viral and cellular membranes. A pep-
tide derived from N-terminal heptad trimerised 
with T4 fibritin foldon was shown to be a strong 
inhibitor of virus fusion [32].

Effective production of stable secreted tri-
meric ENV proteins can play an important 
role in discoveries of viral cellular receptors. 
Rabies virus glycoprotein (RVG) is a 65 kDa 
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single type I transmembrane trimeric pro-
tein. In order to facilitate virus entry the virus 
glycoprotein has to interact with it cognate 
receptor. So far there were several candidates 
as to what is the virus receptor, such as the 
nicotinic acetylcholine receptor (nACh), the 
neural cell adhesion molecule (NCAM) and 
the neurotrophin receptor (p75NTR). Sissoeff 
et al. [39] have demonstrated that recombinant 
RVG ectodomain forms unstable trimers that 
dissociate into monomers in a concentration-
-dependent manner. C-terminal fusion with the 
foldon induces stable RVG trimerization, which 
is concentration-independent. Furthermore, the 
fibritin foldon maintains the native antigenic 
structure of the carboxy part of RVGect. Cell 
binding experiments showed that RVG trimeri-
zation is required for efficient interaction with 
p75NTR.

  

9. Conclusions 
Stable trimeric ENV proteins of different vi-

ruses are important tool for production of be-
tter vaccines against these pathogens. Foldon 
stabilised ENV ectodomains can be more easily 
crystallised allowing better understanding of 
the virus entry mechanisms. There is a potential 
to develop new antivirotics based on trimeric 
peptides that interfere with fundamental viral 
life cycle processes such as entry to the host 
cells. 
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