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Abstract—The heterotrimeric (αβγ) translation initiation factor 2 of archaea and eukaryotes (a/eIF2) supplies the P-site of
the ribosome with the initiation tRNA. Its two subunits (β and γ) contain the Cys2-Cys2 motif, which is capable of forming a stable zinc finger structure in the presence of zinc ions. In this work, comparative analysis of the fragments containing
Cys2-Cys2 motifs in the aIF2β and aIF2γ structures from different organisms was carried out and their environments in
crystals was analyzed. Based on the obtained data, a conclusion was made that the conformation and role of these fragments
in the β- and γ-subunits of the aIF2 are different.
DOI: 10.1134/S0006297921080101
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INTRODUCTION
The classic zinc finger domain consists of two
β-hairpins and one α-helix. The zinc atom coordinated
with the Cys2-His2 motif [1] is located within the structure and stabilizes it. Non-classic types of zinc fingers can
have other combinations of the coordinating atoms, in
particular, Cys2-CysHis or Cys2-Cys2 [2]. The role of
such structural domains in the cell is versatile. They are
involved in recognizing DNA nucleotide sequence [3],
can bind to RNA [4], as well as promote protein–protein
interaction [5].
The translation initiation factor 2 of archaea and
eukaryotes (a/eIF2) consists of three separate subunits
(α, β, γ) and contains one Cys2-Cys2 motif in each βand γ-subunits [6, 7]. The largest γ-subunit is functionally a GTPase. It is bound to the α- and β-subunits, whereas the latter two subunits do not contact with each other
[8, 9]. During initiation process, the translation initiation
factor in its active GTP-bound form participates in the
translocation of the methionylated initiator tRNA
Abbreviations: a/eIF2, translation initiation factor 2 of archaea
and eukaryotes; aIF2β, β-subunit of the archaeal translation
initiation factor 2; aIF2γ, γ-subunit of the archaeal translation
initiation factor 2; NMR, nuclear magnetic resonance.
* To whom correspondence should be addressed.

(Met-tRNAi) onto a small ribosomal particle [10]. After
the codon-anticodon binding, GTP is hydrolyzed to
GDP, and the factor in the inactive GDP-bound form
leaves the ribosome leaving tRNA in its P-site.
Amino acid sequences of the β- and γ-subunits of
a/eIF2 contain the Cys2-Cys2 motif, which in some cases
coordinates a zinc ion. Thus, it was shown for the γ-subunit of the translation initiation factor 2 from Pyrococcus
abyssi (PabIF2γ) that there is a structure in the region
between the switches 1 and 2, which contains four closely located cysteines comprising a zinc finger. The presence of zinc atom in this structure was confirmed by
atom-absorption spectroscopy [7]. Similar structures
were found also in the γ-subunits of Methanococcus jannaschii (MjaIF2γ) [11] and Pyrococcus furiosus
(PfuIF2γ) [12].
The zinc finger structure containing the Cys2-Cys2
motif and the coordinated zinc atom was also described in
the structure of C-terminal domains of the β-subunits of
the archaea M. jannaschii (MjaIF2β) [6] and Methanobacterium thermoautotrophicum (MbtIF2β) [13] determined by nuclear magnetic resonance (NMR), and of
P. furiosus (PfuIF2β) [12] and Sulfolobus solfataricus
(SsoIF2β) [8] determined by X-ray crystallography.
According to classification presented in [14], zinc fingers
(ZnF) of the a/eIF2 belong to the RanBP type because
they consist of two β-hairpins containing four cysteines.
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Similar structures have been described for a number of
eukaryotic proteins, but their function is poorly understood, therefore, the role of zinc fingers in the a/eIF2
functioning has not been elucidated fully. At present, it is
known that replacement of the second cysteine by serine
in the γ-subunit [15] or disturbance of the integrity of the
cysteine cluster in the β-subunit are critical for the cell
growth and IF2 activity in the yeast systems [16]. Some
mutations in the β-subunit increase the rate of GTP
hydrolysis in yeast and make it independent on the
eIF5 [17]. Deletion of the zinc-binding motif in the
β-subunit leads to defects in the translation initiation [18].
Among the all known aIF2 structures, the SsoIF2γ
structure is the most studied. The structure of this subunit
has been investigated in all functional states: the GTPbound, the GDP-bound, and the nucleotidefree state [19]. Moreover, the structures of heterodimers
αγ [20], βγ [12], and of the incomplete (containing fragments of the α- and β-subunit and the full γ-subunit) and
of the complete αβγ-heterotrimer [8, 9] are also known.
The produced crystals belong to different groups of spatial symmetry, which makes it possible to study in detail
protein–protein interactions specific for the Cys2-Cys2
motif of this subunit.
In the present work, it was attempted to summarize
the available information about the structural fragments
of the β- and γ-subunits of a/eIF2 containing the
Cys2-Cys2 motifs and possessing the conformation corresponding to the RanBP type zinc fingers. The structure
of the motif from the γ-subunit of S. solfataricus was
found to be fundamentally different from the structures in
the other aIF2γ. Based on the study of the known structures and their arrangements in the crystal, the following
conclusions are made:
1) The zinc finger of the β-subunit is necessary for
additional protection of GTP in the nucleotide-binding
pocket and for decrease in the internal GTPase activity of
the factor. The sulfur atoms of the β-subunit four cysteines in all known structures are located in the apices of
the regular tetrahedral pyramid with a coordinating zinc
ion in its center, whereas the C-terminal domain of the
subunit that contains them exhibits high lability. The
ordered structure of the zinc finger of this subunit cannot
exist without the coordinating zinc ion;
2) The Cys2-Cys2 motif in the γ-subunit is a part of
the subdomain, which forms the β-subunit binding site.
In the known structures of the archaeal aIF2γ, the subdomain either has a zinc finger conformation, or, as in the
γ-subunit of SsoIF2, forms two stabilizing S-S bonds
between the neighbor hairpins and is unable to bind zinc
ion. In the latter case, the subdomain conformation is
determined by amino acid sequences after the second and
fourth cysteines;
3) Presence of the Cys2-Cys2 motif in the amino
acid sequence is not sufficient condition for formation of
the zinc finger structure.

MATERIALS AND METHODS
In the work the structures of free β- and γ-subunits of
the translation initiation factor 2 of archaea were used as
well as of their complexes determined by methods of Xray crystallography and NMR (table). All structures were
taken from the PDB database. The border of the zinc finger domain in the β-subunits was determined at two
amino acid residues (aa) before the first cysteine, as it was
done in the previous works [6]. In the γ-subunits, the subdomains containing the Cys2-Cys2 motifs, also begin two
aa before the first cysteine.
The sequences were superimposed manually using
the data of the structure. Fragments of the structures were
superimposed using the O program [21].

RESULTS
It was shown earlier [8, 11, 12] that the structures of
the β- and γ-subunits of aIF2 from different organisms
have a high degree of similarity, especially in some elements of the secondary structure. Therefore, for the convenience, the structure of the βγ-complex from P. furiosus
(PDB-code: 2d74) is presented in Fig. 1 with the indicated structural elements discussed in the text of the article.
Fragments of the β- and γ-subunits containing the
Cys2-Cys2 motifs are indicated with half-transparent
spheres and the Cα-atoms are indicated with white
spheres. According to the existing practice, the short
β-hairpins of the Cys2-Cys2 fragments are not shown in
Fig. 1. These hairpins marked with prefix f (e.g., fβ1) are
shown in comparison of the sequences of the fragments
from different organisms.
Zinc fingers in the b-subunits of aIF2. As mentioned
earlier, the structures of C-terminal domains of the aIF2β
containing the Cys2-Cys2 motifs are known for four
organisms: M. jannaschii [6], M. thermoautotrophicum [13], P. furiosus [12], and S. solfataricus [8].
Sequences of these domains contain 35 aa and can be
described by the same common formula: 2x, C, 2x, C,
17x, C, 2x, C, 8x, where x is any aa. The sequence of
S. solfataricus has the highest number of substitutions
(33.3% identity with the other sequences), whereas identity of the sequences from M. jannaschii, P. furiosus, and
M. thermoautotrophicum is 54.5%, and for the sequences
of the C-terminal domains MjaIF2β and PfuIF2β the
identity reaches 70%.
All C-terminal domains of the β-subunits of the
above-mentioned structures have the zinc finger conformation with zinc atom in the middle of the tetrahedral
regular pyramid and sulfur atoms located in its apices.
The edge of the pyramid in the structures determined by
the NMR method is 3.81 ± 0.02 Å, whereas the edges in
the structures determined by X-ray crystallography show
a somewhat lower average length and a significantly
BIOCHEMISTRY (Moscow) Vol. 86 No. 8 2021

Cys2-Cys2 MOTIFS IN aIF2

1005

Structures of aIF2 and its subunits used in the work
Object

Ligand

PDB-code

Method

Symmetry
group

Resolution,
Å

Reference

GDP

2pmd

X-ray

P31

2.65

[22]

GDPNP

2aho

X-ray

P212121

3.00

[20]

SsoIF2(αβγ)incomp

GDP

2qn6

X-ray

C121

2.15

[8]

SsoIF2γ(∆37-47)

GDP

3pen

X-ray

I23

2.30

u/p

SsoIF2γ

GDPCP

4rjl

X-ray

I23

1.64

[23]

SsoIF2γ

GDPNP

4rd4

X-ray

P212121

1.30

[24]

SsoIF2γ

GDP

4rd6

X-ray

P21212

1.94

[24]

SsoIF2γ+formate

GDP

4m4s

X-ray

H32

2.25

[19]

SsoIF2γ

GDP

4m0l

X-ray

P21

2.60

[19]

SsoIF2γ

–

4m2l

X-ray

P3121

2.15

[19]

GDPCP

4m53

X-ray

I23

2.00

[19]

GDPCP

6h6k

X-ray

P1

2.00

[25]

PfuIF2(βγ)

GDP

2d74

X-ray

P212121

2.80

[12]

PabIF2γ

GDP

1kk3

X-ray

P21

1.90

[7]

MjaIF2γ

–

1s0u

X-ray

P21

2.40

[11]

MjaIF2β

–

1k81

NMR

i/a

i/a

[6]

MbtIF2β

–

1nee

NMR

i/a

i/a

[13]

SsoIF2αβγ

–

3cw2

X-ray

P21

2.80

[9]

GDPNP

3v11

X-ray

P3221

5.0

[26]

SsoIF2γ
SsoIF2(αγ)

SsoIF2γ
2+

SsoIF2γ(−Mg )

SsoIF2αβγ+tRNA

Notes. Designations: Sso, S. solfataricus; Pfu, P. furiosus; Pab, P. abyssi; Mja, M. jannaschii; Mbt, M. thermoautotrophicum; GDP, guanosine diphosphate; GDPCP, 5′-guanosylmethylene triphosphate; GDPNP, 5′-guanilylimido-diphosphate; incomp, incomplete complex; X-ray, X-ray crystallography; NMR, nuclear magnetic resonance; formate, formiate; u/p, unpublished; i/a, inapplicable.

greater variations (3.43 ± 0.25 Å), possibly, because of the
rather low resolution. The zinc atom position in these
structures is also different from its ideal coordination
observed in the NMR-structures. However, it should be
noted that slight rotations of the sulfur atoms of the cysteines around the Cα-Cβ bond make it possible to
arrange them in the apices of the regular tetrahedral pyramid without leaving the electron density limits.
It was shown earlier that zinc is required for stabilization of the C-terminal domain of aIF2β [27]. The
structure of the complete factor [9] confirms that the
absence of zinc atom in the crystallization solution leads
to disordering of this domain. The most clear representation of the secondary structure of the zinc finger can be
obtained by analyzing the NMR-derived structure of the
MjaIF2β fragment (PDB-code: 1k81) [6], because this
fragment is free of distortions caused by the packing of
molecules in the crystal. The base of the zinc finger structure is an antiparallel β-sheet consisting of three
β-strands (Fig. 2). The β-hairpin formed by two last
BIOCHEMISTRY (Moscow) Vol. 86 No. 8 2021

β-strands contains two cysteines. Two other cysteines in
the composition of the zinc finger are at the ends of the
distorted helix containing a single turn with axis parallel
to the β-sheet surface. Unlike in the NMR-derived structures, the crystal structures contain two β-hairpins (h1h2, h3-h4), with two cysteines in each. The hairpins are
arranged in two approximately parallel planes; the zinc
ion is located between them. The zinc finger surface is
mainly hydrophobic, however, a significant number of
oxygen atoms of the major chain are accessible for the
solvent molecules in the cysteine cluster region.
Despite the high degree of identity (67%) of the
amino acid sequences and the identical mutual arrangement of sulfur atoms, superposition of the NMR-derived
structures (MjaIF2β and MbtIF2β) is associated with the
difficulties, because interaction of the N-terminal
domain of the β-subunit with its central domain in one of
them [27] leads to dramatic distortions in the structures
of both the β-sheet and the N-terminal part of the zinc
finger. The crystal structures of the zinc fingers of the
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β-subunits from SsoIF2 and PfuIF2 also demonstrate a
high lability, however, in these structures the β-hairpins
(h1-h2 and h3-h4) retain their conformation (Fig. 3).
Mutual arrangement of the Cα-atoms and sulfur atoms of
all four cysteines is also retained within the margin of
experimental error. However, conformation of the central
part of the zinc finger changes significantly depending on
the position of the C-terminal part relative to the γ-subunit. The γ-subunit region containing the nucleotidebinding pocket is covered by the zinc finger of the β-subunit (SsoIF2), or by its central domain (PfuIF2); in both
cases, the bound nucleotide is protected.
The zinc finger of the β-subunit in crystals of the
βγ-heterodimer PfuIF2 [12] and of the incomplete heterotrimeric complex SsoIF2 [8] has different environment and interacts with different regions of the γ-subunit

symmetric molecule. In crystals of the incomplete
SsoIF2βγ3Dα heterotrimer [8], the zinc finger of the
β-subunit is shifted to the domain III of the γ-subunit and
essentially covers the nucleotide-binding pocket. The difference in the crystal packing of these two structures is,
apparently, the main cause of the changes in the conformation of their zinc fingers.
It should be noted that the structures of the β-subunit zinc finger have significantly different conformations
in the crystal and in the solution. It has been mentioned
already that it is impossible to compare the two structures
obtained by the NMR method. An attempt to superimpose β-hairpins of the crystal structures onto the regions
of the structures with the corresponding amino acid
sequence in solution, at best, makes it possible to obtain
standard deviation of ≈3 Å with pronounced displace-

Fig. 1. Structure of the aIF2βγ complex from P. furiosus (PDB-code: 2d74); stereopairs. Elements of the secondary structure and functionally important regions are shown, which are discussed in the text. Structures of the β- and γ-subunits are shown in white and gray colors, respectively. Zinc-binding motifs are indicated with half-transparent spheres. The Cα-atoms of cysteines are shown as white spheres, zinc ions are
shown as black spheres, the polypeptide chain, which forms the zinc-binding motifs, is shown with black color.

Fig. 2. Comparison of amino acid sequences of zinc fingers of the β-subunits from M. jannaschii (PDB-code: 1k81), M. thermoautotrophicum
(PDB-code: 1nee), P. furiosus (PDB-code: 2d74), and S. solfataricus (PDB-code: 2qn6). Amino acid residues common for all the four
sequences are shown in white color on the black background, and those common for three sequences except the SsoIF2β sequence are shown
on the gray background. The α-helix and three long β-strands correspond to the zinc finger of MjaIF2β, the β-hairpins (h1-h2 and h3-h4)
correspond to the zinc fingers of P. furiosus and S. solfataricus.
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Fig. 3. Superposition of the crystal structures of zinc fingers of the β-subunits from the SsoIF2 (shown in white color, PDB-code: 2qmu) and
PfuIF2 (shown in black color, PDB-code: 2d74); stereopairs. Superposition is performed for 17 Cα-atoms [103-113 (104-114) and 127-132
(128-133)] in the SsoIF2 and PfuIF2, respectively; the Cα-atoms are shown as white and black spheres, respectively, with σ = 0.534 Å. All
four cysteines occupy approximately the same positions in the two structures (maximum deviation of the Cα-atoms in the Cys106-Cys107
pair is 0.64 Å), whereas positions of the β-hairpin h2-h3 and the C-terminal part of the finger are very different and are fully determined by
the crystal packing. Zinc ions are shown as light-gray (2qmu) and dark-gray (2d74) spheres.

ments of the Cα-atoms of all four cysteines. Thus, even in
the presence of the coordinating zinc ion, the zinc finger
of the β-subunit is a highly labile structure and is capable
of acquiring different conformations.
Zinc fingers in the aIF2g structures. Zinc atom in the
structures of γ-subunits from P. abyssi [7], P. furiosus [12],
and M. jannaschii [11] coordinates four sulfur atoms, as it
is observed also in the β-subunits. A fragment of the
structure containing the Cys2-Cys2 motif is a subdomain
linked to the molecule body by two β-strands and is
described by the common formula: 2x, C, 2x, C, 8x, C,
2x, C, 6x. The zinc fingers of PabIF2γ and PfuIF2γ are
identical, except one residue. Identity of sequences of the
zinc fingers of PabIF2γ and MjaIF2γ is 67%.
Similarly to the zinc fingers of the β-subunit crystal
structures, the zinc fingers of the three γ-subunits under
consideration are also formed by two β-hairpins (Fig. 4).
The hairpins are linked by the second order symmetry
axis, which passes through the zinc atom and is approximately parallel to the axis of the finger. There are four
oxygen atoms of the major chain on the plane surface of
every hairpin, which are exposed to the solvent. The cysteine containing regions of the zinc fingers in the β- and
γ-subunits crystal structures have similar conformations.
In particular, they can be superimposed on each other in
the PfuIF2βγ structure with the mean standard deviation
1.05 Å for 18 Cα-atoms, whereas for nine N-terminal
Cα-atoms this value is decreased to 0.47 Å. The region
between the N-terminal and C-terminal pairs of cysteines
BIOCHEMISTRY (Moscow) Vol. 86 No. 8 2021

in the γ-subunits is two times shorter than in the β-subunits, that, apparently, essentially affects stability of the
zinc finger structure.
The β-hairpin containing the C-terminal pair of
cysteines has a close contact with the central domain of
the β-subunit in the PfuIF2γ crystal, whereas the apex of
the hairpin containing the N-terminal pair of cysteines
contacts with the α1-helix of the β-subunit. Both the
apex of the C-terminal hairpin and the apex of the Nterminal hairpin have contacts with the surrounding

Fig. 4. Comparison of the Cys2-Cys2 amino acid sequences of
the subdomains of the archaeal IF2γ S. solfataricus (PDBcode: 4rd4), P. abyssi (PDB-code: 1kk3), P. furiosus (PDBcode: 2d74), and M. jannaschii (PDB-code: 1s0u). The singleturn helices in the SsoIF2γ structure are shown as fα1 and fα2,
β-hairpins – as h1-h2 and h3-h4. The residues, which coincide
in all four cases are shown in white on the black background,
those that coincide in three cases – are shown on the gray background, and those that coincide only in two cases – are marked
with the gray rectangles.
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molecules in the PabIF2γ and MjaIF2γ crystals, respectively. Never-theless, all the 24 Cα-atoms, which form
the zinc finger of the indicated structures, can be superimposed on each other with the standard deviation not
higher than 0.57 Å.
There are several PabIF2γ structures in the PDB
database, which have been determined with the resolution better than 1.9 Å. These structures make it possible to
assess the mean distance between the sulfur atoms coordinated by zinc as 3.69 ± 0.25 Å that is close to the assessment of this value in the aIF2β structures based on the
data produced by NMR. It should be noted that the
change in conformation of the side chains of cysteines in
these structures within the electron density limits makes it
possible to easily arrange the sulfur atoms in the apices of
the regular tetrahedral pyramid.
The Cys2-Cys2 motif in the SsoIF2g structure. The
cysteine cluster of SsoIF2γ involves amino acid residues
in the positions 57-85 and, similarly to the Cys2-Cys2
motifs of the earlier considered γ-subunits of the archaeal
initiation factors 2, this region comprises a separate subdomain, which contains two β-hairpins. However, the
subdomain of SsoIF2γ is significantly different in the
structure from the zinc fingers of other aIF2γ. It contains
additionally three amino acid residues between the second and third cysteines and two aa after the fourth cysteine and is described by the formula 2x, C, 2x, C, 11x, C,
2x, C, 8x. The Cys2-Cys2 extension of the SsoIF2γ subdomain by five aa relative to the zinc fingers of the other
aIF2γ causes significant change in its conformation in
comparison with others.

Superposition of the SsoIF2γ and PabIF2γ subdomain structures is shown in Fig. 5. The insertion of three
aa in the N-terminal β-hairpin of SsoIF2γ resulted in formation of the single-turn helix involving amino acid
residues 64-68 and stabilized with two hydrogen bonds
Lys63 O – Ala67 N and Pro65 O – Tyr68 N, whereas
conformation of the remaining part of the hairpin was not
essentially changed. Position of the Cα-atoms of cysteines is practically identical in both proteins. Insertion of
two amino acid residues after the last cysteine in the
C-terminal β-hairpin of the SsoIF2γ sequence changed
conformation of the sequence at the 73-83 positions displacing both cysteines to the ends of the 74-78 single-turn
helix. For the Cys77 of Cα this displacement was 3.91 Å
relative to the corresponding Cys75 in PabIF2γ.
Convergence of cysteines of the N- and C-terminal
hairpins in the Cys2-Cys2 subdomain of SsoIF2γ and
change in the orientation of their Cα-Cβ bonds has led to
formation of two S-S bridges, Cys59-Cys74 and Cys62Cys77, stabilizing the subdomain structure. Comparison
of the high-resolution SsoIF2γ structures has shown that
the sulfur atoms are located in the apices of the irregular
tetrahedral pyramid with the sides S59-S74 and S62-S77
equal to 2.05 ± 0.01 Å and the sides S59-S62, S59-S77,
S62-S74, and S74-S77 equal to 4.80 ± 0.08, 3.92 ± 0.09,
5.42 ± 0.14, and 4.77 ± 0.07 Å, respectively. Obviously, in
this case coordination of the sulfur atoms by the zinc
atom is impossible, which is corroborated by the absence
of zinc ion in all the SsoIF2γ structures.
Analysis of the SsoIF2γ crystal arrangements confirms high stability of the Cys2-Cys2 subdomain of this

Fig. 5. Superposition of the structures of SsoIF2γ subdomains (shown in white, PDB-code: 4rd4) and of PabIF2γ (shown in black, PDBcode: 1kk3); the stereopairs. Amino acid residues at the positions 57-62, 67-70, and 82-85 of the 4rd4 structure and amino acid residues at the
positions 58-63, 65-68, and 78-81 of the 1kk3 structure (σ = 0.516) are superimposed. The Cα-atoms of cysteines are shown by spheres of the
corresponding colors, the zinc ion of PabIF2γ is shown as a gray sphere. Insertion of three amino acid residues into the N-terminal β-hairpin
of SsoIF2γ and of two amino acid residues to the C-terminal β-hairpin resulted in formation of two single-turn helices 64-68 and 74-78, two
S-S bonds, and a significant displacement of the hairpins relative to each other. For the Cys77 of Cα this displacement was 3.91 Å relative to
the corresponding Cys75 of PabIF2γ.
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protein, which contains two S-S bridges. The known by
now SsoIF2γ structures are crystallized in nine spatial
groups (table). Among the considered structures there are
some corresponding to all three states of the protein (the
GTP-bound, GDP-bound, and nucleotide-free), including those containing αγ-heterodimer and complex of the
γ-subunit with the α1-helix belonging to the β-subunit.
The highest density of the environment of the cysteine
subdomain has been found in the crystal from the P1 spatial group. In this structure the subdomain contacts with
two neighbor molecules: the hairpin β19-β20 of the
domain III of one molecule and the interdomain constriction of the other molecule between domains II and
III. The domain III of the neighboring molecule covers
the cavity on the SsoIF2γ surface within the subdomain
on which the binding site of the β-subunit is located. A
similar contact with the domain III of the symmetric
molecule has been found in the 4rjl crystal structure
belonging to the cubic spatial group of symmetry I23, and
in the 2pmd and 4m2l crystal structures belonging to the
space groups P31 and P3121, respectively. In the rest of
the SsoIF2γ- and SsoIF2αγ-heterodimer crystals the
binding site of the β-subunit is also occupied by different
parts of symmetric molecules, e.g., by the hairpin β12β13, the N-terminal part of the switch 2, by the switch 1,
or by the α-subunit domain 1. Only in crystals of the
γ-subunit complex with the α1-helix belonging to the
β-subunit (PDB-code: 2qn6) there are no intermolecular
contacts in this region. Thus, it follows that the
Cys2-Cys2 subdomain set boundaries to the “sticky” cavity on the γ-subunit surface, which is used for binding α1helix of the β-subunit. Moreover, affinity of this helix for
the γ-subunit is higher than the affinity of other regions of
SsoIF2 involved in the crystal contacts.
Comparison of the SsoIF2γ structures belonging to
different groups of symmetry has revealed that, despite
the different environment, there are no significant
changes in the conformation of the major chain of the
Cys2-Cys2 subdomain with the change in the arrangement of molecules in the crystal (standard deviation is no
more than 0.85 Å even for the pair of low-resolution
structures). Displacement was the greatest for the
Cα-atoms of the Cys77; the distance between these atoms
in the low- or medium-resolution structures can reach
2.2 Å. However, it should be noted that this displacement
virtually does not affect mutual arrangement of the sulfur
atoms of all four cysteines, the distances between which
remain practically unchanged. The subdomain region
facing the molecule body (amino acid residues at positions 57-69) is its most conserved region.
The Cys2-Cys2 structure of the SsoIF2γ subdomain
demonstrates that the presence of four closely located
cysteines does not ultimately lead to the formation of a
zinc finger. Unlike in the other aIF2γ, in the SsoIF2γ
structure cysteines of two neighboring hairpins form two
S-S bonds that provide high stability and prevent
BIOCHEMISTRY (Moscow) Vol. 86 No. 8 2021
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rearrangements in the locations of the sulfur atoms,
which are necessary for docking of zinc ion. It may be
concluded that part of the aIF2γ molecule, which exhibits
a zinc finger shape in the PfuIF2γ, PabIF2γ, and MjaIF2γ
structures, is not intended to perform the functions of this
finger known from the literature, but is used only for creating binding site of the β-subunit. The SsoIF2γ subdomain, which does not require binding of zinc ion for stabilization, is more preferable for this purpose than the
zinc finger used by the other archaea. Analysis of the corresponding regions of the amino acid sequences of the
initiation factors 2 of yeast and human allows us to conclude that the specific for the SsoIF2γ insertion of five
amino acid residues into the Cys2-Cys2 sequence of the
subdomain is an evolutionary acquisition, which is used
also by eukaryotes.

DISCUSSION
It seems that the zinc finger of archaeal IF2β is necessary for additional protection of the nucleotide in the
nucleotide-binding pocket and does not have a structural
function. In the presence of coordinating zinc ion, the sulfur atoms of all the four cysteines retain their mutual positions unlike the finger conformation as a whole. Analysis
of the structures of the C-terminal domains of β-subunits
from various organisms allows us to suggest high lability of
this fragment. Superposition of all Cα-atoms for the crystal structures of PfuIF2β and SsoIF2β gives σ = 1.6 Å,
whereas for the structures obtained by the NMR method
it is virtually impossible to perform superposition. In the
absence of zinc ion, the finger is unable to retain the
ordered structure, and its β-sheet is disrupted. The strand
β3 initiates immediate contact with the N-terminal part of
the switch 1 of aIF2γ [9] that leads to shifting of the zinc
finger relative to the nucleotide-binding pocket of the
γ-subunit and reduces the degree of protection of the
nucleotide from collision with other molecules during
Brownian motion, although does not prevent it completely. Apparently, absence of the zinc ions is just as critical for
functioning of the zinc finger of IF2β as the replacement
of one of the cysteines by another amino acid residue [18].
Protective role of the β-subunit zinc finger is confirmed
also by the finding that mutations in this region increase
the intrinsic rate of GTP hydrolysis in the IF2 from
S. cerevisiae even in the absence of eIF5 [17]. Moreover,
the cryo-EM structure of the complete initiator complex
of the archaeal ribosome [28] also demonstrates that in the
case when the tRNA anticodon is far from the ribosomal
P-site, the β-subunit zinc finger is located across the
nucleotide-binding pocket of the γ-subunit and moves
aside with the codon-anticodon pairing eliminating additional protection of the nucleotide.
The Cys2-Cys2 motif is retained also in the
sequences of the β-subunits of eukaryotes that speaks in
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favor of the similarity of functions of these motifs in both
domains of the life. It is assumed that in eukaryotes the
β-subunit zinc finger together with the lysine repeats participate in the binding of mRNA [29]. Nevertheless,
analysis of the archaeal ribosome structure in the state
before the codon-anticodon binding and in the state of
the codon–anticodon interaction [28] does not reveal any
contacts between the β-subunit and mRNA.
In the γ-subunit the subdomain containing the
Cys2-Cys2 motif sets a boundary at one side of a deep cavity that forms the β-subunit binding site, the other side of
which is formed by the α4 helix. Such cavity is absent in
the factors containing one subunit, such as EF-Tu [30].
Formation of the cavity in the heterotrimeric translation
initiation factors 2 facilitates necessary orientation of the
recognizing helix of the β-subunit that can be oriented
only parallel to the β7 strand (Fig. 1). The use of a small
but stable structure of the zinc finger as a boundary seems
to be an evolutionary acquisition of some aIF2s accelerating formation of the heterotrimer. However, the structure
of the zinc finger containing the Cys2-Cys2 motif is stable
only in the presence of zinc ion [9, 27]. In archaea, which
use the zinc finger as a wall of the β-subunit binding site,
the βγ-heterodimer generation can be inhibited or very
difficult in the case of zinc insufficiency in the cell leading
to disruption of the aIF2 function. Apparently, this could
be the reason for replacement of the subdomain zincmediated stabilization by stabilization due to formation of
two S-S bonds in S. solfataricus during the evolution.
Moreover, the N-terminal helix of the SsoIF2γ subdomain
is perpendicular to the α5 helix and enhances its attachment to the body of the molecule. It is noteworthy that the
conserved Tyr68 position (numbering according to
SsoIF2γ nomenclature) is identical with respect to the
helix α5 in all known aIF2γ structures, regardless of the
subdomain conformation. This residue is a component of
the hydrophobic core between the subdomain and the
body of the molecule. Strengthening of the subdomain
bond with α5 and reducing the distance between the subdomain and α4 increases the probability of recognition of
the SsoIF2γ binding site by the β-subunit. It should be
noted that the sequences of the γ-subunits of eukaryotes
do not contain the Cys2-Cys2 motif, however, it is very
likely that a similar region of their binding site with the
β-subunit is also stabilized by S-S bonds. Thus, the yeast
subunit sequence contains five cysteines with minimal distance of four amino acid residues between them, whereas
the sequence of the human γ-subunit contains only three
cysteines. Thus, it is very reasonable to assume that this
subdomain performs only structural function. This conclusion is also confirmed by high stability of the zinc finger of the archaeal γ-subunit that fundamentally discriminates it from the zinc finger of the β-subunits, which
apparently does not perform the structural function.
Our analysis has shown that conformations of the
subdomains containing the Cys2-Cys2 motifs in γ-sub-

units of aIF2s from different organisms can be significantly different. Conformation of the zinc finger in three
known aIF2γ in the presence of zinc ions is produced due
to coordination of the zinc atom in the center of the regular tetrahedral pyramid by four sulfur atoms in its apices,
whereas in the SsoIF2γ structure sulfur atoms form two SS bonds and do not need zinc ion for stabilization of the
subdomain. Thus, despite the similarity of the formulas
describing amino acid sequences of the subdomains, the
presence of the Cys2-Cys2 motif is not sufficient evidence of the presence of zinc finger in the structure.
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