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A B S T R A C T   

The 21st amino acid, selenocysteine (Sec), is synthesized on its dedicated transfer RNA (tRNASec). In bacteria, Sec 
is synthesized from Ser-tRNA[Ser]Sec by Selenocysteine Synthase (SelA), which is a pivotal enzyme in the 
biosynthesis of Sec. The structural characterization of bacterial SelA is of paramount importance to decipher its 
catalytic mechanism and its role in the regulation of the Sec-synthesis pathway. Here, we present a compre-
hensive single-particle cryo-electron microscopy (SPA cryoEM) structure of the bacterial SelA with an overall 
resolution of 2.69 Å. Using recombinant Escherichia coli SelA, we purified and prepared samples for single- 
particle cryoEM. The structural insights from SelA, combined with previous in vivo and in vitro knowledge, un-
derscore the indispensable role of decamerization in SelA’s function. Moreover, our structural analysis corrob-
orates previous results that show that SelA adopts a pentamer of dimers configuration, and the active site 
architecture, substrate binding pocket, and key K295 catalytic residue are identified and described in detail. The 
differences in protein architecture and substrate coordination between the bacterial enzyme and its counterparts 
offer compelling structural evidence supporting the independent molecular evolution of the bacterial and 
archaea/eukarya Ser-Sec biosynthesis present in the natural world.   

1. Introduction 

The crucial micronutrient selenium is essential for the well-being of 
animals (Rayman, 2000; Stadtman, 1974). Selenium assumes a critical 
role within proteins such as its incorporation into the 21st proteinogenic 
amino acid, referred to as selenocysteine (Sec). In selenocysteine, the 
sulfur group of cysteine is substituted by a selenol group (Cone et al., 
1976; Serrão and Scortecci, 2020; Stadtman, 1996). Sec plays a crucial 
role in various redox enzymes, and it is encoded by a UGA stop codon, 
found in all three domains of life (Gonzalez-Flores et al., 2013). Notably, 
Sec does not possess its own aminoacyl-tRNA synthetase and is instead 
synthesized through a tRNA-dependent conversion of serine (de Freitas 
Fernandes et al., 2020; Gonzalez-Flores et al., 2013; Serrão et al., 2018). 
The initial step in Sec synthesis involves the formation of Ser-tRNASec by 
seryl-tRNA synthetase (SerRS), yielding an intermediate L-ser-
yl-(Ser)-tRNA[Ser]Sec. Typically, aminoacyl-tRNA synthetases are highly 

specific enzymes that recognize and charge tRNA molecules with their 
corresponding amino acids. However, SerRS, a class II aminoacyl-tRNA 
synthetase, exhibits a unique recognition pattern for the acceptor arm 
and the long variable arm, of both Ser and Sec tRNAs, which results in a 
lack of specificity towards the anticodon (Böck and Thanbichler, 2004; 
Schimmel and Söll, 1979; Serrão et al., 2018). 

The conversion from L-seryl-(Ser)-tRNA[Ser]Sec to L-selenocysteyl- 
tRNASec varies across different domains of life (Böck et al., 1991a, 
1991b; Forchhammer and Böck, 1991a; Manzine et al., 2013b; Serrão 
et al., 2018). In bacteria, Ser-tRNA[Ser]Sec is delivered to a 
homo-decameric enzyme classified as a fold-type-I pyridoxal 5′-phos-
phate (PLP)-dependent enzyme (Eliot and Kirsch, 2004; Itoh et al., 
2013), named Selenocysteine Synthase (SelA, E.C. 2.9.1.1), or 
phosphoseryl-tRNA kinase - PSTK - in Archaea/Eukarya) for the con-
version of Ser to Sec (Engelhardt et al., 1992; Forchhammer and Böck, 
1991b; Itoh et al., 2013; Manzine et al., 2013a, 2013b). This enzyme was 
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initially identified in E. coli in the 1990s (Engelhardt et al., 1992; For-
chhammer and Böck, 1991b), where it was found to convert Ser to Sec in 
a two-step process. In the first step, a Schiff’s base is formed between the 
α-amino group of L-serine and the formyl group of a covalently bound 
PLP located in the catalytic lysine residue of SelA. This reaction leads to 
the dehydration of Ser and the formation of an intermediate state known 
as aminoacrylyl-tRNASec, which becomes covalently linked to SelA in 
the acceptor arm (de Freitas Fernandes et al., 2020; Forchhammer and 
Böck, 1991b). The second step involves selenium transfer through 
nucleophilic substitution, resulting in the creation of Sec-tRNASec. The 
biologically active selenium in the form of monoselenophosphate 
(H2SePO3− ) is supplied by selenophosphate synthetase (SelD in Bacteria 
or SPS in Eukarya, E.C. 2.7.9.3) (Noinaj et al., 2012; Silva et al., 2015). A 
1.3 MDa transient complex assembles through the interaction of SelA. 
Ser-tRNA[Ser]Sec and SelD, which delivers the selenium, as mono-
selenophosphate, and provides the catalytic pocket for the production of 
mature Sec-tRNASec (Serrão et al., 2018; Silva et al., 2015). 

In 2013, Manzine et al. (2013b) determined that the stoichiometric 
ratio between E. coli SelA decamers and tRNASec as 1:10, consistent with 
the crystal structure of Thermocatellispora tengcongensis tRNASec–Aquifex 
aeolicus SelA, which shares only 30% amino acid sequence identity with 
E. coli SelA (Itoh et al., 2013). Itoh and collaborators demonstrated that 
the N-terminal three-helix bundle of each A. aeolicus SelA monomer in 
the homo-decamer has a strong affinity for the D-arm region and the 
TΨC loop of tRNASec, with no interactions observed with either the extra 
arm or the anticodon arm (Itoh et al., 2013). The D-arm region of 
tRNASec was identified as the primary recognition determinant for SelA 
in Ser–tRNASec, distinguishing it from Ser–tRNASer. These crystallo-
graphic structures at 3.9 Å (AaSelA) and 7.5 Å (AaSelA-tRNASec) were 
the first tridimensional structural evidence in a subnanometric resolu-
tion to describe the complex formation and function. 

It is imperative for all Sec-synthesis systems to accurately discrimi-
nate between Ser-tRNASec and Ser-tRNASer. tRNASec is notably the 
longest tRNA (Schön et al., 1989; Serrão et al., 2018), and its tertiary 
structure differs significantly from that of a typical tRNA (Itoh et al., 
2009; Palioura et al., 2009). In Archaea and Eukarya, PSTK functions to 
discern between Ser-tRNA[Ser]Sec and Ser-tRNASer for the phosphoryla-
tion process (Chiba et al., 2010; Serrão et al., 2018). Following this, 
SepSecS identifies Sep-tRNA[Ser]Sec in a phosphate-dependent manner 
(Palioura et al., 2009). 

Initial cryogenic electron microscopy has suggested that SelA is a 
homo-decameric enzyme with a molecular weight exceeding 500 kDa 
(Engelhardt et al., 1992; Fischer et al., 2007; Manzine et al., 2013b; 
Serrão et al., 2014), however, the lack of SelA high-resolution structural 
data has left the discrimination mechanism in bacteria unclear. In this 
study, we present high-resolution single-particle cryoEM reconstruction 
of full-length decameric Escherichia coli SelA covalently-bound to PLP 
(SelA, full-length construct defined from residue 1 to 463) at an overall 
gold-standard resolution (FSC0.143) of 2.69 Å and local resolution 
varying between 2.2 and 6.0 Å. Additionally, profound structural anal-
ysis in high-resolution details corroborates the previous crystallographic 
and low-resolution cryoEM data. 

2. Materials and methods 

2.1. Selenocysteine synthetase expression and purification 

E. coli Selenocysteine Synthase (SelA) has been extensively studied 
and its expression and purification protocol were previously established 
by Manzine et al. (Manzine et al., 2013a, 2013b). The selA gene (UniProt 
#P0A821) was inserted in pET29a (+) vector and transformed into a 
modified E. coli WL81640 (λ-DE3). Cells were grown for 3 h until O. 
D.600nm 1.0 followed by the addition of 0.1 mM IPTG. After cell lysis by 
sonication, the protein extract was submitted to salting-out precipitation 
in 25% w/v ammonium sulfate, then the sediment was suspended and 
desalted on a 5 mL-HiTrap Desalting column (GE) followed by size 

Table 1 
CryoEM data collection, single-particle reconstruction maps, and model 
statistics.  

Data collection information PNCC #160058 – Krios-3 

Nominal magnification 105,000x 
Voltage (kV) 300 
Electron dose (e− /Å2) 45.4 
Physical pixel size (super-res) (Å) 0.826 (0.413) 
Movies amount 4592 
Defocus average and range (μm) 1.7 (0.6–2.8) 
Frames 60 

Single-particle reconstruction information EMDB-42845 
Initial particles picked 868,381 
Particles in the final map 223,410 
Initial model used Ab initio 
Symmetry imposed D5 
Map overall resolution - FSC0.143 (Å) 2.69 
Map resolution range (Å) 2.2 to 6.0 
Map sharpening 

B-factor (Å2) 
93.5 

Built model information PDB 8UZW 
Chains 10 
Atoms (non-H) 28,258 (H: 0) 
Protein residues 3713 
Ligands 240 (H:0) 

Bonds (RMSD) 
Length (Å, # > 4σ) 0.011 (12) 
Angles (◦,# > 4σ) 1.154 (35) 
Mean B-factor (Å2) 28258/0 
Protein (min/max/mean) 0.00/183.56/88.13 

MolProbity score 1.63 
Clashscore 9.14 
Rotamers outliers (%) 0.67 

Ramachandran plot 
Favored (%) 97.24 
Allowed (%) 2.76 
Favored (%) 0 

Rama-Z (Ramachandran plot Z-score, RMSD) 
Whole (N = 3625) 0.78 (0.14) 
Helix (N = 1443) 1.18 (0.14) 
Sheet (N = 472) 0.31 (0.23) 
Loop (N = 1710) 0.14 (0.16) 

Rotamer outliers (%) 0.71 
Cβ outliers (%) 0.00 

Peptide plane (%) 
Cis proline/general 0.0/0.0 
Twisted proline/general 0.0/0.0 

CaBLAM outliers (%) 1.83 

Occupancy 
Mean 1.00 
occ = 1 (%) 100.00 
0 < occ <1 (%) 0.00 
occ >1 (%) 0.00 

Model vs. Data 
Mean CC for ligands – 
CC (peaks) 0.61 
CC (volume) 0.80 
CC (box) 0.65 
CC (mask) 0.81  

Molecular interfaces 

Monomer 1 Monomer 2 Area (Å2) ΔG (kcal.mol− 1) 

A B 2797 − 23.7 
B C 1058 − 4.5 
C D 3010 − 25.4 
D E 1077 − 4.4 
E F 2883 − 26.3 
F G 1061 − 4.4 
G H 2960 − 26.6 
H I 1050 − 3.8 
I J 2924 − 25.8 
J A 1050 − 4.3  
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exclusion chromatography using GE Superdex 200 16/60 in buffer 20 
mM potassium phosphate pH 7.5, 100 mM sodium chloride, 2 mM 
β-mercaptoethanol, and 10 μM pyridoxal 5′-phosphate (PLP). The re-
combinant SelA fractions were collected and concentrated by ultrafil-
tration using a cellulose matrix 30 kDa-cutoff filter (Amicon). Final 
concentration estimation was obtained spectrophotometrically at 280 
nm by considering the predicted aromatic amino acids content and the 
predicted molar extinction coefficient (ε = 35410 M− 1cm− 1). 

2.2. Single-particle cryoEM sample preparation and data collection 

Purified SelA was concentrated to 77 μM at 4 ◦C and a 3.5 μl aliquot 
was deposited onto Quantfoil R 1.2/1.3400 mesh grid (EM Sciences) 
after undergoing a glow discharge with an Easy Pelco Glow-discharger. 
Any excess sample was blotted for 2.5 s using a force of − 10 and 100% 
humidity at 22 ◦C and then swiftly plunged frozen into liquid ethane 
using the Vitrobot Mark IV (Thermo Fisher) located at the Biomolecular 
cryoEM facility at UCSC Biomolecular cryoEM facility. The frozen grids 
were screened in a Glacios microscope (Thermo Fisher) operating at 200 
kV and equipped with a Gatan K2 Summit direct detector. Top-selected 
grids were used for data collection at the Pacific Northwest CryoEM 
center (PNCC proposal 160058 – Oregon/US). 

Data collection was performed on a Titan Krios G3i at 300 kV 
equipped with a Gatan K3 direct detector coupled to a Bioquantum 
energy filter at 105,000X at a super-resolution counting mode with a 
physical pixel size of 0.826 Å/pix (super-res 0.413 Å/pix). A total of 
4592 movies were collected in a stack of 60 frames, and a total dose of 

45.4 e− /Å2. 

2.3. Single-particle cryoEM data processing 

The 4592 movies were preprocessed using cryoSPARC v4.2.1 (Pun-
jani et al., 2017) by patch motion correction and CTF correction. After 
movie curation (3821 selected movies), 1281 particles were manually 
picked for generating templates for the automated particle picking. After 
two rounds of template picking, the particles were further selected 
through 2D classification, resulting in 688,602 particles used at the 
initial 3D classification. Particles belonging to the representative group 
were submitted to another 2D classification round for further cleaning 
and submitted to non-uniform refinement followed by homogeneous 
refinement using D5 symmetry. A final cycle of local-CTF refinement 
and local refinement was conducted in order to improve the map quality 
with the automatically generated mask in the previous steps, using the 
file 223,410 top-selected particles. A final “gold standard” resolution of 
2.69 Å was achieved for the reconstructed map and a local resolution 
range between 2.2 and 6.0 Å. 

2.4. Model building and structural analysis 

The initial model for E. coli SelA was generated by AlphaFold2 
(Jumper et al., 2021) and docked into the map using Coot v0.9.4 
(Emsley and Cowtan, 2004). Further modeling, coordinate refinement, 
and energy minimization were performed using Coot v0.9.4 and Phenix 
v. 1.20.1-4487 (Afonine et al., 2012; Liebschner et al., 2019). The 

Fig. 1. Bacterial SelA single-particle cryoEM reconstruction. (A) Single particle cryoEM 3D reconstructed map using D5 symmetry colored by chain (A–J). (B) 
FSC0.143 overall resolution estimation resulted at 2.69 Å. (C) Local resolution estimation (2.2–6.0 Å) heat map from the entire molecule and the cross-section at z =
− 24 Å, related to half of the map depth. The dashed boxes represent the z plane in each section (D) 2D classes are used for map reconstruction and structure 
determination. 
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flexible N-terminal (1–76) and flexible loop (122–127) were not 
observed in the reconstructed map. Validation was performed using 
FSC-Q (Ramírez-Aportela et al., 2021) and model-to-map criteria (Afo-
nine et al., 2018). The electrostatic potential calculation was performed 
using eF-surf (PDBj) server (Kinoshita and Nakamura, 2004). The mo-
lecular interfaces were analyzed using PDBePISA (Paxman and Heras, 
2017) and represented in Table 1. 

The maps and model were deposited in the Electron Microscopy 
Databank and Protein Data Bank, respectively, with accession numbers 
EMDB-42845 and PDB.ID 8UZW. Data collection and model refinement 
parameters are reported in Table 1. Figures were generated using UCSF 
Chimera-X (Meng et al., 2023) and PyMOL Molecular Graphics System 
(version 1.7 Schrodinger, LLC). 

3. Results and discussion 

3.1. CryoEM reconstruction of bacterial SelA 

Low-resolution structures of bacterial SelA have been solved using 

single-particle analysis from negative stain (NS-TEM) or cryogenic 
samples (cryoEM) (Engelhardt et al., 1992; Fischer et al., 2007; Manzine 
et al., 2013b; Serrão et al., 2014). The low-resolution of negative 
staining techniques limited our ability to directly visualize the stoichi-
ometry and connectivity of the subunits, as well as their interaction with 
the tRNASec for the analyzed complexes (Engelhardt et al., 1992; Serrão 
et al., 2014). Only using principal components analysis (PCA-EM) from 
negatively stained data, Manzine et al. were able to unequivocally define 
the SelA.tRNA[Ser]Sec stoichiometry (Manzine et al., 2013b). Crystal 
structures provided snapshots of SelA macromolecular assembly and its 
complex with tRNASec (Itoh et al., 2013), however, we used cryoEM 
methods to elucidate the fine detail of this macromolecular machinery 
and gain a deeper understanding of its molecular structure at a 
high-resolution (Table 1). 

We obtained a 3D-reconstruction E. coli SelA map (Fig. 1A) and 
consequently a model containing 10 protomers associated as a unique 
D5-symmetry decamer at a final overall resolution of 2.69 Å (Fig. 1B). 
The analysis of the local resolution of the map (Fig. 1C), showing local 
resolutions in the range 2.2–6.0 Å, suggested that SelA presented an 

Fig. 2. Model built and structure analysis. (A) Map-to-model fit and structure details showing SelA homo-decameric conformation (A–J). (B) Canonical fold-type-I 
PLP-dependent enzymes and dimeric interaction. (C) Dimeric conformation is responsible for the Ser-tRNA[Ser]Sec binding pocket, This unique orientation results in a 
considerable gap between the core and C-terminal domains, facilitating interaction with the neighboring intimate dimer for the formation of the decamer and the 
creation of a substantial cleft between two dimers. 
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inherent flexibility, particularly with respect to the movement of the N- 
terminal domain. 

SelA 2D-classes clearly presented D5 symmetry (Fig. 1D), previously 
elucidated by several reports (Engelhardt et al., 1992; Manzine et al., 
2013b; Serrão et al., 2014), we, therefore, imposed a D5 symmetry in the 
homogeneous and local refinements cycles in order to improve the 
quality of the map and also the overall resolution. 

3.2. Structure determination and analysis 

Bacterial SelA is a homo-decamer, where the ten subunits assemble 
into a pentamer-of-dimers configuration (Fig. 2A) similar to previous 
observations from the crystal structure of A. aeolicus SelA (Itoh et al., 
2013). Each subunit comprises four distinct segments; the N-terminal 
domain (residues 1 to 66, not observed in the reconstructed map prob-
ably due to flexibility in solution), the N-linker (residues 67 to 89), the 
core domain (residues 90 to 338), and the C-terminal domain (residues 
339 to 463). Hence, the quaternary structure of a pentamer of dimers is 
pivotal for SelA’s function. The pentamer of dimers formed by subunits 
A/B; C/D; E/F; G/H and I/J presented extensive buried area, in agree-
ment with previous observations from Itoh and collaborators (Itoh et al., 
2014). SelA decamer is exclusively observed in bacteria (Itoh et al., 
2012, 2013; Silva et al., 2015). 

Within the SelA dimer, two catalytic sites are established at the 
interface between the subunits (Fig. 2B). These sites involve the covalent 
attachment of the cofactor pyridoxal 5′-phosphate (PLP) to a conserved 
K295 residue (Fig. 3A). Moreover, there is a significant positively 
charged crevice between two SelA dimers (Fig. 3B) that accommodates 
the 3′-terminal region of Ser–tRNASec, including the acceptor stem and 
the G73 discriminator, although it was not entirely visible in the crystal 
structure (Itoh et al., 2013). 

Furthermore, the N-terminal domain is crucial for SelA oligomeri-
zation (Itoh et al., 2013; Silva et al., 2015). In the previous crystal 
structure (Itoh et al., 2013), the N-terminal domain extends outward 
from the central pentagon, displaying intrinsic flexibility, which agreed 

with our 3D reconstruction and limited its visualization using 
single-particle cryoEM. Apart from its role in decamer formation, the 
N-terminal domain of SelA also contributes to tRNASec recognition, 
while the SelA dimeric sub-structure is essential for constructing a 
functional active site between the dimer interfaces (Itoh et al., 2013, 
2014; Kaiser et al., 2005). Interestingly, the genome of the Archaea 
Methanocaldococcus jannaschii contains a putative SelA gene that lacks 
an N-terminal domain (Kaiser et al., 2005). Structural studies have 
revealed that this form of SelA assembles as a dimeric structure without 
known biological activity and does not interact with tRNASec (Fig. 2A 
and B) (Itoh et al., 2014; Kaiser et al., 2005; Silva et al., 2015). 

On the other hand, the well-resolved C-terminal domain revealed 
that its orientation, concerning the core domain, significantly deviates 
from the arrangement observed in other fold-type-I PLP-dependent en-
zymes (Eliot and Kirsch, 2004). This unique orientation results in a 
considerable gap between the core and C-terminal domains, facilitating 
interaction with the neighboring dimer forming the decamer and 
creating a substantial cleft between two dimers (Figs. 2B and 3B). 
Comparatively, E. coli SelA presents a canonical fold-type-I PLP-de-
pendent as putative archaeal selenocysteine synthase (PDB ID 2AEU) 
(Kaiser et al., 2005) and the depentamerized mutant of N-terminal 
truncated selenocysteine synthase SelA from A. aeolicus (PDB ID 3WCO 
and 3WCN) (Itoh et al., 2014). Moreover, the structural comparison 
shows that E. coli SelA presented similar folding as observed for dimeric 
putative archaeal SelA from M. jannaschii (PDB.ID 2AEU) and A. aeolicus 
dimeric SelA from Y220P-D199R-T191Y-T192Y mutant (PDB.ID 3WCN) 
and N-terminal (1–61) truncation (SelA-ΔN, PDB.ID 3WCO) (Fig. 4). 

SelA’s dimeric core conformation was proposed as a “SelA ancestor” 
(Itoh et al., 2014) and may have been an enzyme involved in sulfur 
metabolism. The ancestral dimeric SelA engaged the tRNASec acceptor 
arm in the cleft between the core and C-terminal domains, relying on the 
Sep-phosphate group at the monoselenophosphate binding site for 
interaction with Sep-tRNASec, making the Sep-to-Sec reaction and tRNA 
discrimination contingent on the Sep-phosphate group. Moreover, the 
PLP-pocket comparison in the close state from E. coli SelA with 

Fig. 3. Structure highlights. (A) Canonical SelA dimer showing the K295-covalently bound PLP active site. (B) The electrostatic potential surface of two consecutive 
dimers highlights the positively charged Ser-tRNA[Ser]Sec binding pocket between dimers. 
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A. aeolicus SelA and the superposition showing the highly conserved 
sequence and r.m.s.d. of 0.413 Å and similar to A. aeolicus SelA.tRNASec, 
also found in a closed state and 23 Å distant from the 3′-CCA-tRNASec 

(Fig. 4C). 
Interestingly, bacterial SelA catalyzes the Sec formation using a 

distinct set of K295-PLP bound active-site, distinct from the Arg residues 
present in the Archaea and Eukarya paralogue SepSecS (Palioura et al., 
2009). E. coli SelA’s unique C-terminal domain orientation positions the 
N-terminal specifically, allowing its participation in the catalytic site 
and facilitating the interaction between Arg97 and Lys295. The 
distinctive tertiary and quaternary structures of SelA are essential for its 
specialized catalytic activity in hydroxyl group elimination. Compara-
tively, human SepSecS-Arg75, occupies a space corresponding to SelA’s 
Arg97, however, in the core domain. Notably, Arg75 in SepSecS engages 
in inter-subunit interaction with Lys-bound PLP, whereas SelA’s Arg97 
interacts intra-subunitly with PLP-Lys295. Furthermore, SepSecS, due to 
the inability of PLP-Lys284, cannot protonate the β-hydroxyl group of 
the Ser moiety, preventing it from binding Ser-tRNASec, as the phosphate 
group is crucial for substrate Sep-tRNASec binding. 

Itoh and collaborators suggested that tetramerization allows the 

formation of an A76-binding pocket in A. aeolicus SelA, and decameri-
zation enhances stability among close dimers (Itoh et al., 2014). The 
N-terminal plays a crucial role in distinguishing tRNA[Ser]Sec from 
tRNASer by interacting with the unique D-arm of tRNASec (Itoh et al., 
2013). This secondary-binding pocket and tRNASec discrimination 
enabled Ser-to-Sec conversion, making SelA independent of the Sep 
phosphate group (Itoh et al., 2013; Manzine et al., 2013b; Silva et al., 
2015). Conversely, the dimeric SepSecS interacted with the extra arm 
side of the tRNASec acceptor arm, lacking a cleft between the core and 
C-terminal domains (Palioura et al., 2009). On the other hand, the tet-
ramerization of SepSecS stabilized tRNASec binding by interacting with 
its TΨC and extra arms without recognizing the unique D-arm structure, 
leaving SepSecS unable to become independent of the Sep-phosphate 
group of Sep-tRNASec (Palioura et al., 2009). 

In E. coli SelA, this secondary binding pocket responsible for the 
tRNA[Ser]Sec-variable arm recognition is comprised between the N-ter-
minal Q77-G88 from the first subunit (i) and E430-R449 from the sub-
sequent (n+1) subunit, forming a positively charged binding pocket 
(Fig. 3B). 

Furthermore, the dissimilar structures and distinctive catalytic 

Fig. 4. Fold-type-I PLP-dependent canonical folding. (A) Overall fold-type-I PLP-dependent structural comparison of dimeric putative archaeal SelA from 
M. jannaschii (PDB.ID 2AEU), bacterial cystathionine β-lyase (CBL, PDB.ID 1CL1), archaeal Sep-tRNA:Cys-tRNA synthase (SepCysS, PDB.ID 2E7J) and A. aeolicus 
dimeric SelA from Y220P-D199R-T191Y-T192Y mutant (PDB.ID 3WCN) and N-terminal (1–61) truncation (SelA-ΔN, PDB.ID 3WCO). (B) Decameric SelAs from 
E. coli, A. aeolicus (PDB.ID 3W1H), and SelA.tRNASec complex (PDB.ID 3W1K). (C) From left to right, PLP-pocket comparison in close state from E. coli SelA with 
A. aeolicus SelA and the superposition showing the highly conserved sequence and r.m.s.d. of 0.413 Å. PDB.IDs are represented in the figure and the molecules are 
colored in a rainbow from N-(blue) to C-(red) terminal. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of 
this article.) 
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residues found in bacteria and archaeal/eukarya Sec synthases serve as 
evidence for the convergent evolution of two distinct Sec synthesis 
systems present in nature but do not clarify the remaining question 
regarding the oligomerization state and conformation for its activity. 

Itoh and collaborators suggested that the evolutionary collaboration 
of two SelA dimers potentially resulted in the development of an A76- 
binding pocket at the dimer–dimer interface, enhancing substrate 
binding efficiency (Itoh et al., 2014). However, in a tetramer, only two 
of the four catalytic sites were functional, reaching a “half-of-the-sites” 
stage, with subsequent stabilization of dimer orientations through a 
decameric ring closure (Fig. 4). The dimeric mutant and N-terminal 
depletion SelA exhibited a non-productive catalytic site conformation 
similar to other fold-type I members, suggesting a more primitive state 
and the evolution of the catalytic site may have taken advantage of the 
decameric quaternary structure, with the N-terminal domain acquired 
for increased affinity for tRNASec and discrimination from tRNASer (Itoh 
et al., 2014; Silva et al., 2015). 

3.3. Concluding remarks 

Here, we have presented the cryoEM reconstructed map and model 
structure of the bacterial Selenocysteine Synthase (SelA), containing 10 
subunits - pentamer-of-dimers assemblies - into a ring-like structure 
capable of binding ten tRNASec molecules and resulting in a molecular 
weight of ~0.5 MDa, at a near-atomic detail. The unique homo- 
decameric and highly symmetrical arrangement are unique in bacteria 
and its function is still not fully understood. Why do bacteria require a 
huge homo-decamer complex and Archaea and Eukarya do not? 

Moreover, SelA N-terminal domain plays a pivotal role in recog-
nizing the specific D-arm structure of tRNASec, thereby enabling the 
discrimination between Ser-tRNA[Ser]Sec and Ser-tRNASer (Itoh et al., 
2013, 2014; Kaiser et al., 2005). However, the inherent flexibility of the 
N-terminal domain does not allow us, at present, to obtain the entire 
model, which may reveal the dynamic in solution for the Ser-tRNA[Ser] 

Sec recognition and its activity during the Ser-Sec conversion, being the 
next target for future study. Observed the canonical fold-type-I 
PLP-dependent at high resolution, allowed to present the PLP in-
teractions at a closed-state with high accuracy, corroborating with the 
dimeric crystal structures as well the A. aeolicus homo-decameric 
structure. The interdimer interaction and the presence of the second 
positively charged binding pocket are also highlighted at 
high-resolution even in the absence of the flexible N-terminal (1–76) 
region. The Ser-Sec conversion mechanism is still lacking at atomic 
resolution, however, this structure brings us one step closer to the full 
understanding of Sec biosynthesis and why it requires a large supra-
molecular machinery in bacteria. 
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