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Structure-function studies and clinical data were used 
to establish a genotype-phenotype correlation for 
D-bifunctional protein deficiency, a metabolic syndrome 
resulting from nonfunctional or residually active 
multifunctional enzyme type 2 (MFE-2) of peroxisomal 
fatty acyl β-oxidation in humans [1]. A milder form of the 
disease associated with expanded life time is apparent in 
patients carrying certain types of mutations.
We are testing mutant MFE-2 variants for their stability and 
reversal of the stability/folding defect. Methods include 
urea and guanidinium chloride denaturation monitored 
with tryptophan fluorescence, thermal stability measured 
with CD spectroscopy, and chemical or pharmacological 
chaperone screening. Enzyme activities are determined, 
and results correlated with the known crystal structure and 
properties of the wild-type protein. Mutant proteins are also 
subject to crystallization trials.
Mutant proteins under study are T15A, N158D, E232K, 
R248C, W249G, which based on the available structural 
information are expected to be rather folding or stability 
defective than inactivated through substrate binding 
or catalytic site effects. All of these variants have been 
expressed as recombinant proteins and purified. Preliminary 
results on stability have been obtained. Latest results on 
stability and structural studies will be presented.
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Of the 15 – 16 non-structural proteins of coronaviruses, Nsp3 
is by far the largest. Its polypeptide chain of ≈1920 residues 
is organized into at least seven domains: an acidic domain 
(Ac), the X-domain, the SARS-unique domain (SUD, only 
present in the SARS virus), one or two papain-like protease 
domains, a transmembrane domain, and the Y domain. 
Determination of the three-dimensional structures of these 
domains by X-ray crystallography or NMR spectroscopy 

has helped derive ideas concerning their functions [1]. This 
presentation will focus on the coronaviral X-domains and 
on the SUD. Having a macrodomain fold, the X-domain 
has been proposed to have an ADP-ribose-1”-phosphate 
phosphatase activity [2] or to bind poly(ADP-ribose) [3]. 
We have shown that ADP-ribose binding is not a conserved 
feature of all coronaviral X-domains. For example, in 
Infectious Bronchitis Virus, the binding site for ADP-ribose 
is blocked by a mutation, suggesting that this module may 
also have other functions [4]. For the X-domain of Human 
Coronavirus NL63, we have demonstrated that it hydrolyzes 
NAD+ [5]. Reduction of NAD+ levels in the host cell may 
reduce poly(ADP-ribosylation), an apopotosis signal in 
infected cells. Our crystal structure of the SUD revealed 
that it contains two further copies of the macrodomain, 
bringing the number of these modules in the SARS 
coronavirus to three [6]. SUD does neither bind NAD+ nor 
ADP-ribose, but G-quadruplexes [7], unusual nucleic-acid 
structures formed by consecutive guanosine nucleotides, 
where four strands of nucleic acid are forming a superhelix. 
G-quadruplexes occur in the 3’-nontranslated regions of 
mRNAs coding for host cell proteins involved in apoptosis 
or signal transduction. This suggests an involvement of 
SUD in suppressing host-cell apoptosis (e.g, through 
inhibiting translation of bbc3 mRNA) and/or expression of 
NFκB and of the antiviral type-I interferons (through TAB3 
or MAPK). Some of these functional assignments are being 
tested using our newly established SARS-CoV replicon 
system. The latest results will be reported. 
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Despite their tremendous potential diversity, T cell responses 
directed against defined major histocompatibility complex 
presented peptides (pMHC) are sometimes dominated by 
clones bearing highly related or identical «public» T cell 
receptors (TCR) in unrelated individuals. Such a selection 
of high avidity public T cell clones is observed along 
chronic human cytomegalovirus (HCMV) infections and 
favors an efficient immune response [1]. Understanding the 
principles that guide TCR repertoire diversity is essential 
to control the efficacy of the cellular adaptive immune 
response. 
Through structural, biophysical and functional analyses of 
human TCRs recognizing a major HLA-A*0201-restricted 
antigen from HCMV, pp65495-503, we show that a public TCR 
(RA14) selected from a diverse repertoire after chronic 
stimulations, interacts with the full array of available peptide 
residues and specifically focuses on three of them. Our data 
fully support the preferred selection of specific sets of V(D)
J gene segments for the recognition of this HCMV antigen. 
Furthermore, most of RA14 TCR contacting amino acids 
are conserved by lower affinity TCRs, suggesting a shared 
TCR-pMHC docking mode and an antigen-driven selection 
of the best-fitted TCR.
Our present study thus highlights the structural 
characteristics that could explain the immunodominance 
of the RA14 TCR in response to pp65495-503-HLA-A2 in 
an immunodepressed context associated with HCMV 
reactivation [2]. The mechanism contrasts from that 
observed for the immunodominant MP58-66-HLA-A2 and 
FLR-HLA-B8 pMHC since the quasi-unique TCRs used 
for their recognition essentially interact with a unique 
feature on the pMHC surface [3,4]. Instead, the emergence 
of an optimal public solution out of an oligoclonal antigen 
specific response after repeated HCMV stimulations is based 
on a TCR with a very favorable structural complementarity 
with the entire peptide and focused interactions with 
three peptide hotspot. As these high avidity TCRs highly 
contribute to protective immunity, our findings should help 
in the development of effective vaccines against HCMV 
infection, which remains a key health issue in patients 
undergoing bone marrow transplantation.
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The SARS coronavirus (SARS-CoV) is much more 
pathogenic for humans than any other coronavirus. 
Therefore, protein domains encoded by the SARS-CoV 
genome that are absent in other coronaviruses are of 
particular interest, because they may be responsible for the 
extraordinary virulence. The most prominent such domain 
has been identified by bioinformatics as part of non-structural 
protein 3 (Nsp3) of the virus and appropriately named the 
“SARS-unique domain” (SUD) [1]. Through the efforts of 
several laboratories around the world, the structures of a 
number of non-structural proteins of the SARS coronavirus 
replicase/transcriptase complex have been determined. 
However, the SUD has escaped all attempts at crystallizing 
it because of its instability.
After construction of many fragments, we have managed 
to obtain the core of the SUD in a crystalline form, and 
determined its X-ray structures at 2.2 and 2.8 Å resolution, 
respectively. This revealed that SUDcore contains two copies 
of the so-called macrodomain. Furthermore, we have 
shown that each of these, as well as the entire SUDcore and 
full-length SUD, specifically bind to G-quadruplexes, both 
in the DNA and RNA form [2,3]. G-quadruplexes occur in 
the 3’-nontranslated regions of mRNAs coding for host cell 
proteins involved in apoptosis or signal transduction [4]. By 
mutational studies, we could show that replacement of pairs 
of lysine residues on the C-terminal subdomain of SUDcore 
abolished binding of G-quadruplexes completely.
There is also a link to poly(ADP-ribose) polymerase 
(PARPs), as the structure of the SUD subdomains show 
some distant similarity to the catalytic domain of these 
enzymes, and other macrodomains have been shown 
to bind ADP-ribose (whereas SUD does not). Further, 
PARP-1 also binds G-quadruplexes [5] and PARP domains 
exist in the antiviral protein ZAP, which is active against 
viruses containing a macrodomain (e.g. alphaviruses 
and coronaviruses). We speculate that SARS-CoV could 
inactivate ZAP by competing with it for G-quadruplex 
regions in RNA, suggesting a way for the SARS virus to 
fight the innate immune system of the host cell.
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