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[image: image3.png]Figure 22: Creation of an average backbone model for each BH3-only protein by
superimposing all BH3 domain structures available for each protein.

BH3-only proteins isolated in mice was also evaluated. Information regarding
binding preference was collected by an extensive literature search (Chen et al.,

2005; Kuwana et al., 2005; Dai et al, 2011; Grespi et al., 2010; Inohara et al.

1997). In different studies, binding affinities can be deducted from different kinds

of experimental data such as IS0, cell viability, percent of oligomerized structures,

ete. Therefore, a unified evaluation was proposed. A compilation of the resul

given in Figure 23,

Bim, Puma and Bmf are structurally very similar, and exhibit similar
binding preference. These results suggest that the structural features in Bim, Puma
and Bmf may not allow selective binding. The BH3 domain structures of Bid, Hrk

and Noxa are each increasingly different. Noxa is the farthest, which correlates with
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Figure 23: Compilation of results from the structural comparison of BH3 domains, and
overview of binding preferences of BH3-only proteins. Approximate binding affinity
legend: “XX"=IC50<100nM; "X "=IC50<1000nM; '50<10000nM,
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Apoptosisis a form of programmed cell death. Dysfunctions in themechanism of apoptosis are directly related to cancer, neurodegenerative and auto-immune diseases. Apoptosis is highly regulated by the interplay ofproteins of the Bcl-2 family. Proteins of the Bcl-2 family are characterized by BH (Bcl-2 homology)domains. The domain is a part of protein’s sequence, which correspond with individual 3D structure in relation with their function. Bcl-2 proteins can be split, according to their function, into 2 groups: Anti-apoptotic (they can inhibit apoptosis) and Pro-apoptotic (they can evoke apoptosis). Special group of Pro-apoptotic proteins are BH3-only. In BH3-only group belong 10 proteins: Bad, Bid, Bik, Bim, Bmf, Hrk, Noxa, Puma, Bcl-G and Bnf. Through theseproteins physiological stress and signals can betransferred. BH3-only proteins are members of the Bcl-2 protein family, and are essentialmodulators of apoptosis due to their specific interaction with other Bcl-2 proteins.
[image: image4.png]pores into the mitochondrial outer membrane. This phenomenon is a decisive step
in apoptosis exccution. On the other hand, pro-survival Bel-2 family proteins bind
to Bak and Bax, as well as to BH3-only proteins, to prevent unwanted apoptosis.
BH3-only proteins are members of the Bel-2 protein family, and are essential
‘modulators of apoptosis due to their specific interaction with other Bel-2 proteins

(Marsden and Strasser, 2003)
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Figure 20: Schematic interaction network in the Bel-2 family. Dotted arrows
indicate contradictory or unexpected conclusions reached by various studies

BH3-only proteins integrate specific stress signals such as genotoxic
stress, serum-deprivation stress or stress due to the accumulation of unfolded
proteins into downstream apoptotic signals. A lot of controversy surrounds role of
BH3-only proteins (Figure 20). Originally, it was thought that stress-induced
increase of BH3-only proteins is sufficient to release Bax and Bak from their
complexes with pro-survival proteins and thus lead to pore formation. Nonetheless,
increasing evidence indicates that an additional step is necessary, namely the direct
activation of Bax and Bak (Leber and Andrews, 2007). If such a step is required,
two distinet groups of BH3-only proteins are predicted. One group is denoted as
enablers and comprises the proteins Noxa, Bad, Bmf, Hrk, and Bik. These proteins

presumably only bind to pro-survival proteins and thereby release Bax and Bak.
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BH3-only proteins integrate specific stress signals such as genotoxicstress, serum-deprivation stress or stress due to the accumulation of unfoldedproteins into downstream apoptotic signals. A lot of controversy surrounds the role ofBH3-only proteins (Figure 1). Originally, it was thought that stress-inducedincrease of BH3-only proteins is sufficient to release Bax and Bak from theircomplexes with pro-survival proteins and thus lead to pore-formation. Nonetheless,increasing evidence indicates that an additional step is necessary, namely the directactivation of Bax and Bak. If such a step is required,two distinct groups of BH3-only proteins are predicted. One group is denoted asenablers and comprises the proteins Noxa, Bad, Bmf, Hrk, and Bik. These proteinspresumably only bind to pro-survival proteins and thereby release Bax and Bak.

The second group of BH3-only proteins, denoted as activators, is believed toactivate Bax and Bak in an explicit activation step. The proteins Bid, Bim and Pumaare examples of the activators.The BH3 domain of BH3-only proteins has been found essential for thefunction of these proteins within the apoptosis pathways. The BH3 domain bindsinto special pockets on the surface of other Bcl-2 proteins, causing conformationalchanges which affect their function. The 3D structures of the BH3 domains fromdifferent BH3-only proteins were compared with the goal to investigate whetherthere is a structural basis of this segregation of BH3-only proteins into activatorsand enablers.The structures of 12 BH3 domainsfrom 6 different BH3-only proteins were obtained from PDB(Protein Data Bank) and superimposed. Superimposition is a structural comparison and this means that 2 structures are compared in 3D space, atom by atom. The matching score is evaluated as RMSD (Root-mean-square deviation)

The results (Figure 2) indicated that the activators have a veryconserved BH3 domain (RMSD < 0.25 Å = Ångström which is equal to 10–10 m)for the backbone (it is a series of hydrogen’s, oxygen’s and carbon’s atoms).On thecontrary, the structure of the BH3 domain in enablers differs across this group ofproteins (RMSD > 0.5 Å for the backbone). These results are in agreement with the hypothesis that two functionalsubgroups of BH3-only proteins, activators and enables, are present duringapoptosis.
[image: image1.png]‘The second group of BH3-only proteins, denoted as activators, are believed to
activate Bax and Bak in an explicit activation step. The proteins Bid, Bim and Puma

are examples of activators.

‘The BH3 domain of BH3-only proteins has been found essential for the
function of these proteins within the apoptosis pathways. The BH3 domain binds
into special pockets on the surface of other Bel-2 proteins, causing conformational
changes which affect their function. The 3D structures of the BH3 domains from
different BH3-only proteins were compared with the goal to investigate whether
there is a structural basis of this segregation of BH3-only proteins into activators
and enablers. For this purpose, the BH3 domain sequences collected and aligned in
a recent review were used (Chipuk et al., 2010). The structures of 12 BH3 domains

from 6 different BH3-only proteins were obtained from PDB and superimposed.

The results (Figure 21) indicated that the activators have a very
conserved BH3 domain (RMSD < 0.25 A for the backbone of entire motifs). On the
contrary, the structure of the BH3 domain in enablers differs across this group of
proteins (RMSD > 0.5 A for the backbone of even for the most conserved part of the
motifs). These results are in agreement with the hypothesis that two functional
subgroups of BH3-only proteins, activators and enables, arc present during
apoptosis. Moreover, they suggest that all activators act in a similar manner to

induce cell death, as presumably they should all activate the same two proteins Bax

Figure 21: Superimposition of backbone structures of BH3 domains of activator and
enabler BH3-only proteins. Activators (green) have a fairly conserved structure, while
enablers (blue) are more heterogenous
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Figure 2: Superimposition of backbone structures of BH3 domains of activator and enabler BH3-only proteins. Activators (green) have a fairly conserved structure, while enablers (blue) are more heterogeneous.
Further, the binding preference of BH3-only proteins is very poorlyunderstood (Figure 1). In principle, activators bind pro- and anti-apoptoticproteins, while sensitizers rather bind anti-apoptotic proteins. However, literaturereports of intricate specificity relationships within the Bcl-2 family are revealingthat a categorical classification is yet to be unanimously accepted. Moreover,sequence similarity is almost irrelevant to the way apoptosis is regulated by BH-3only proteins. Therefore, a more detailed structural analysis is required in order toidentify the structural basis of binding specificity for BH3-only proteins.

For this purpose, all amino acid sequences of known BH3-only proteinswere collected from UniProt (The Universal Protein Resource), along with all available PDB entries which containedBH3-only proteins. Many BH3-only proteins were only available as fragments andin complex with other Bcl-2 proteins. The BH3 domain was redefined here as theuninterrupted stretch of residues aligned in the area of the BH3 domain for allknown BH3-only proteins (15 residues).

The structural superimposition of the backbone of all collected BH3domains revealed that the type of experiment performed in order to obtain astructure may bias the results of the structural superimposition, but factors likeresolution, nature of the protein in the complex or species of origin seemunimportant. Thus, for consistency, an average BH3-domain model was constructedfor each protein by superimposing the backbone of all structures available for thatprotein (Figure 3).
[image: image2.png]Figure 22: Creation of an average backbone model for each BH3-only protein by
superimposing all BH3 domain structures available for each protein.

BH3-only proteins isolated in mice was also evaluated. Information regarding
binding preference was collected by an extensive literature search (Chen et al.,

2005; Kuwana et al., 2005; Dai et al, 2011; Grespi et al., 2010; Inohara et al.

1997). In different studies, binding affinities can be deducted from different kinds

of experimental data such as IS0, cell viability, percent of oligomerized structures,

ete. Therefore, a unified evaluation was proposed. A compilation of the resul

given in Figure 23,

Bim, Puma and Bmf are structurally very similar, and exhibit similar
binding preference. These results suggest that the structural features in Bim, Puma
and Bmf may not allow selective binding. The BH3 domain structures of Bid, Hrk

and Noxa are each increasingly different. Noxa is the farthest, which correlates with
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Figure 23: Compilation of results from the structural comparison of BH3 domains, and
overview of binding preferences of BH3-only proteins. Approximate binding affinity
legend: “XX"=IC50<100nM; "X "=IC50<1000nM; '50<10000nM,
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Figure 3: Creation of an average backbone model for each BH3-only protein by superimposing all BH3 domain structures available for each protein.
Bim, Puma and Bmfare structurally very similar, and exhibit similarbinding preference. These results suggest that the structural features in Bim, Pumaand Bmf may not allow selective binding. The BH3 domain structures of Bid, Hrkand Noxa are each increasingly different. Noxa is the farthest, which correlates with very limited binding to pro-apoptotic proteins (by comparison to Bim, Bmf, Puma,Bid, Hrk). Bad appears to be structurally very different from all the rest, whichcorrelates with its preference for pro-apoptotic proteins only. The exceptionalselectivity of Bad is obviously related to an exceptional structural feature in itsBH3 domain, though from the average models it is not possible to draw any specificconclusions.
Extracting the structural essence of binding preference of BH3-onlyproteins is of interest for the development of peptido-mimetic drugs that canmodulate apoptosis. The drug will work like a pulse for the cell to tell her what to do. Proteins in our body are the main future of the cure for cancer or other untreatable diseases.
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Figure� SEQ Obrázek \* ARABIC �1�: Schematicinteraction network in the Bcl-2 family. Dottedarrowsindicatecontradictoryorunexpectedconclusionsreached by variousstudies.





Figure 4: Compilation of results from the structural comparison of BH3 domains, and overview of binding preferences of BH3-only proteins.








