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The Sec61α subunit is the core subunit of the protein conduct-
ing channel which is required for protein translocation in eu-
karyotes and prokaryotes. In this study, we cloned a Sec61α 
subunit from Penicillium ochrochloron (PoSec61α). Sequence 
and 3D structural model analysis showed that PoSec61α con-
served the typical characteristics of eukaryotic and prokaryotic 
Sec61α subunit homologues. The pore ring known as the con-
striction point of the channel is formed by seven hydrophobic 
amino acids. Two methionine residues from transmembrane 
α-helice 7 (TM7) contribute to the pore ring formation and 
projected notably to the pore area and narrowed the pore 
compared with the superposed residues at the corresponding 
positions in the crystal structures or the 3D models of the 
Sec61α subunit homologues in archaea or other eukaryotes, 
respectively. Results reported herein indicate that the pore ring 
residues differ among Sec61α subunit homologues and two 
hydrophobic residues in the TM7 contribute to the pore ring 
formation. [BMB reports 2011; 44(11): 719-724]

INTRODUCTION

Proteins transport across the endoplasmic reticulum (ER) mem-
brane in eukaryotes or the plasma membrane in eubacteria 
and archaea (1). Transportation of proteins occurs through a 
protein-conducting channel (PCC) with a hydrophobic interior 
(2). During translation or posttranslation in eukaryotes, wheth-
er the final destination of proteins is the cytosol or membranes, 
the precursor proteins destined for the ER must be dis-
tinguished from those that will remain in the cytosol or that are 
targeted directly to membranes [for review see (1, 3, 4)]. To 

perform this assignment, the PCC must perform and coor-
dinate numerous functions to identify the signal sequences of 
its substrates, to open in response to them, transport the sub-
strate from one side of the membrane to the other, and finally, 
close. The PCC is formed by heterotrimeric membrane protein 
complex called Sec61 complex in eukaryotes and SecY com-
plex in prokaryotes (1). The heterotrimeric Sec61/SecY com-
plex is composed of a large subunit (Sec61α in mammals, 
Sec61p in Saccharomyces cerevisiae, and SecY in eubacteria 
and archaea) and two smaller subunits, β and γ [for a review: 
(1, 3)]. The monomeric crystal structure of archaeal SecY com-
plex (5-7), in combination with other cross-linking studies (8, 
9) suggest that a single copy of Sec61/SecY complex is suffi-
cient to act as an active PCC, although a dimmer or a tetramer 
is formed during posttranslational and cotranslational trans-
location, respectively (9, 10).
　Among the subunits of the Sec61/SecY complex, the Sec61α 
subunit homologue that forms 10 tramsmembrane (TM) spans, 
plays a direct role in the formation of the translocon and is es-
sential for viability of yeast and eubacteria (1, 11). The Sec61α 
subunit forms the pore of the PCC and is in constant contact 
with the nascent polypeptide chain that passes through the 
membrane (12, 13). This subunit is also reported to play role 
in the degradation of the misfolded secretory proteins from ER 
to the cytosol (13, 14). Extensive studies have been on the 
PCC of mammals and the yeast Saccharomyces cerevisiae and 
Schizosaccharomyces pombe (1, 3, 4). However, less is kno-
wn about the Sec61α subunit of any mycelial fungus although 
it is predicted that the Sec61α subunit of the Sec61/SecY com-
plex is present in all organisms (1).
　In the present study reported herein, we cloned the Sec61α 
subunit from Penicillium ochrochloron (PoSec61α) and its se-
quence was characterized based on the bioinformatics tools. 
To predict and compare the critical structural features which 
are important for functional properties of the Sec61α subunit 
homologues, the 3D structural models of PoSec61α were com-
pared with those of Sec61α subunit homologues from other 
eukaryotes (Saccharomyces cerevisiae, Arabidopsis thaliana 
and Homo sapiens) and the experimental structures of SecY 
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Fig. 1. Alignment of amino acid se-
quence of PoSec61α with those of ScS-
ec61p from S. cerevisiae (accession no.
NM_00118 2267), AtSec61a from A.
thaliana (AY093047), HsSec61a1 from
H. sapiens (AF346602), MjSecY from 
M. janasschii (AAB98469) and PfSecY
from P. furiosus (AAL81925). Amino 
acids that are identical in all these se-
quences are shown with a grey back-
ground. The bars at the top indicate 
the ten TM α-helices, TM1- TM10. The
cytosolic and the periplasmic connec-
ting loops are labeled C1-C4 and P1-
P5, respectively. The amino acid resi-
dues shown in the box form the pore
ring (see Fig. 4). Underlined amino ac-
id residues in loop P1 form the plug
domain. Underlined residues within 
the boxes show the position of R67 
and R74. Italicized and underlined 
amino acid residue in TM7 has been
shown in this study to contribute to 
the pore ring formation (see Fig. 4).

from Pyrococcus furiosus and Methanococcus jannaschii.

RESULTS AND DISCUSSION

Cloning and sequence characterization of PoSec61α gene 
from P. ochrochloron
To isolate the full-length cDNA of the PoSec61α of the Sec61 
complex, the cDNA was synthesized from total RNA of P. 
ochrochloron by reverse transcription-PCR (RT-PCR) and then 
amplified using degenerate primers that were designed from 
the highly conserved regions of Sec61α subunit homologues 
that are found in other eukaryotes. After cloning, sequencing 
and performing 5´-rapid amplification of cDNA ends (RACE), 
one gene was identified. BLAST, FASTA and TBLASTN search 
tools revealed that it was homologous to the Sec61α subunit 
of eukaryotes. The 1,981 bp cDNA, which encoded the PoSec-
61α (DDBJ/EMBL/Genebank accession no. AB636311), com-
prised a 161bp 5´-untranslated region (5´-UTR), a 1,434 bp 
open reading frame and a 386 bp 3´-UTR. No introns interrupt 
the coding sequence. The deduced number of amino acid se-
quence was 478 with the predicted molecular mass of 521 
49.52 Da and pI value 8.45.
　The deduced amino acid sequence of the PoSec61α formed 
10 TM spans and 9 loops, when its secondary structure was an-
alyzed by SOSUI (http://bp.nuap.nagoya-u.ac.jp/sosui/), TMp-
red (http://www.ch.embnet.org/software/TMPRED_form.html) a-
nd the tools of ExPASy (http://kr.expasy.org/tools/) (indicated in 

Fig. 1). Fig. 1 shows the alignment of the PoSec61α and the 
Sec61α subunit homologues from different organisms. In pair- 
wise alignments based on TBLASTN (http://blast.ncbi.nlm.nih. 
gov/Blast.cgi) analysis, the amino acid sequence of PoSec61α 
was 65, 67, 63, 34 and 37% identical to that of the Sec61α sub-
unit homologues of S. cerevisiae (ScSec61p), H. sapiens 
(HsSec61α), A. thaliana (AtSec61α), M. jannaschii (MjSecY) and 
P. furiosus (PfSecY), respectively. However, PoSec61α shared 
only 19% amino acid identity with SecY subunit in Escherichia 
coli. A phylogenetic analysis of PoSec61α including 25 Sec61α 
subunit homologues from eukaryotes and prokaryotes con-
firmed that PoSec61α clustered with the fungal Sec61α subunit 
homologues and resembled PcSec61α from P. chrysogenum 
most closely (Fig. 2). 

Structural characterization and comparison of PoSec61α with 
the Sec61α subunit homologues in other eukaryotes
The X-ray crystal structures of the detergent-solubilized SecY 
complex from the archaebacteria M. jannaschii (5) and P. fur-
iosus (6) provide significant insight into the function of PCC. 
We constructed the homology structural models of PoSec61α 
and its homologues from other eukaryotes. The homology 
structural models of the PoSec61α, which were based on the 
3D structures of PfSecY (6) and MjSecY (5), showed 10 TM α- 
helices (TM1-TM10), six cytoplasmic (C1-C6) and five peri-
plasmic/luminal (P1-P5) regions (Fig. 3, models constructed 
based on the MjSecY are not shown) with the N- and C-termini 
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Fig. 2. Phylogenetic analysis and comparison of PoSec61α with 
Sec61α subunit homologues from animals, plants, fungi, archaea 
and eubacteria. The deduced amino acid sequences of PoSec61α- 
encoding genes were aligned using the ClustalW computer pro-
gram (http://clustalw.ddbj.nig.ac.jp/top-e.html) and a phylogenetic
tree was constructed using Molecular Evolution Genetic Analysis 
(MEGA), version 4.0 (23). The evolutionary history was inferred 
using the Neighbor-Joining method. The percentage of replicate 
trees in which the associated taxa clustered together in the boot-
strap test (1,000 replicates) are shown next to the branches and 
the genetic distance was estimated by the p-distance method. The 
PoSec61α that we cloned is bold and underlined. The accession 
numbers of the Sec61α subunit homologues used in the phyloge-
netic tree (except the six Sec61α subunit homologues shown in 
Fig. 1) are: NP_058602 (MmSec61α1, Mus musculus), NP_954865 
(RnSec61α1, Rattus norvegicus), XP_002713130 (OcSecα1, Oryc-
tolagus cuniculus), AAF52389 (DmSec61α, Drosophila melanogas-
ter), XP_002331716 (PtSec61α, Populus trichocarpa), NP_0011-
46689 (ZmSec61α, Zea mays), AAF80449 (TaSec61α, Triticum 
aestivum), XP_002565513 (PcSec61p, Penicillium chrysogenum), 
XP_958835 (NcSec61p, Neurospora crassa), XP_002489546 (PpS-
ec61p, Pichia pastoris), CAB90210 (CaSec61p, Candida albicans), 
AAT76995 (OsSec61α, Oryza sativa), BAJ47526 (CsSecY, Candida-
tus subterraneum), YP_003815645 (AsSecY, Acidilobus saccha-
rovorans), YP_004070316 (TbSecY, Thermococcus barophilus), ZP_ 
04126757 (BtSecY, Bacillus thuringiensis), ZP_06198235 (SsSecY, 
Streptococcus sp.), YP_001666751 (PpSecY, Pseudomonas putida), 
BAI37894 (EcSecY, Escherichia coli), and YP_002236300 (KpSecY, 
Klebsiella pneumoniae).

Fig. 3. Homology modeling of PoSec61α. The 3D model of 
PoSec61α was constructed based on experimental X-ray crystal 
structure of PfSecY (PDB code 3MP7). TM α-helices indicated in 
side (A) and top (B) views are shown as cartons. The plug do-
main located in the center of the channel is colored in magenta. 
The amino acid residues that formed the pore ring above the 
plug domain are shown as sticks. Top view is presented as seen 
from the cytosolic aspect along the axis of the pore. The lateral 
gate is indicated by arrow.

located into the cytosolic site. The N- and C-terminal domains 
comprising TM1-TM5 and TM6-TM10, respectively, displayed 
a pseudo-symmetrical structure, having an hourglass-shaped 
channel in its interior. The 3D model also showed the three re-
gions termed as the central plug that gate the channel from the 
periplasmic side (6), the lateral gate and the pore ring region. 

These three regions have been shown to be functionally im-
portant (6, 7, 15). 
　The plug domain which is essential for efficient protein 
translocation (15) was formed by the region between the TMs 
1 and 2. A part of the plug region was tilted to the center of 
the pore. While the plug domains of MjSecY and PfSecY share 
less than 35% amino acid identity, the plug domain of 
PoSec61α shared about 80% amino acid identity with that of 
the Sec61α subunit homologues from other eukaryotes, which 
were shown in Fig. 1. Moreover, the plug domain of PoSec-
61α conserved two hydrophilic Arg residues, R67 and R74 
(Fig. 1), which were thought to influence the orientation of a 
signal entering the closed channel in S. cerevisiae (16). The 
N-termini of the Sec61α subunit homologues have receptor to 
recognize the signal sequence bound either to the polypeptide 
substrate or the ribosome or the SecA (1). Following the in-
sertion of the signal sequence into the channel walls, the poly-
peptide sequence distal from the signal sequence may move 
across the pore and keep the plug domain open state (5). 
However, amino acid sequences shown in Fig. 1 indicate that 
this plug domain is less conserved (＜15%) between prokar-
yotes and eukaryotes. Superposition of the 3D structural mod-
els of the PoSec61α on the experimental structure of the 
MjSecY and PfSecY showed that R67 and R74 in PoSec61α 
are substituted by Q60 and I67, respectively in MjSecY, and 
by R62 and N70, correspondingly in PfSecY (Data not shown). 
Therefore, the signal orientation might differ between fungi 
and archaebacteria. 
　As described previously (5, 6), the lateral gate is formed by 
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Fig. 4. Comparison of the pore ring of PoSec61α with that of 
PfSecY, ScSec61p, AtSec61α, HsSec61α1 and MjSecY. All 3D 
models (A-D) were constructed based on the experimental X-ray 
crystal structure of PfSecY. The 3D model of PoSec61α was super-
posed separately on the structure of PfSecY (A) and the 3D mod-
els of ScSec61p (B), AtSec61α (C) and HsSec61α1 (D). In (E), the 
3D model of PoSec61α was first constructed with the ex-
perimental X-ray crystal structure of MjSecY (PDB code 1RHZ) and 
then superposed on it. Data presented are top views as seen from 
the cytosolic aspect along the axis of the pore. The superposed 
residues that form the pore ring in the superposed structures are 
shown as sticks. The residues of PoSec61α are shown in red and 
those of the superposed structures in green. The superposed resi-
due in TM7, which has been proposed in this study to contribute 
to the pore ring formation, is shown as yellow (in all 3D models 
of PoSec61α; labeled in black) and magenta (in superposed struc-
tures) sticks. The TM α-helices to which the pore ring residues be-
long are indicated. Black ball indicates the center of the pore 
area. The RMSD values between the template PfSecY and the 
model PoSec61α, ScSec61p, AtSec61α and HsSec61α1 was 1.3, 
2.12, 1.29 and 1.28 Ǻ, respectively. The RMSD value between 
the template MjSecY and the model PoSec61α was 2.27 Ǻ (For 
color indication, see the online version).

relatively short parts of TMs 2 and 3 of the N-terminal half and 
TMs 7 and 8 of the C-terminal half (Fig. 3). Because the lateral 
gate involves the N- and C-terminal halves, the gate may un-
dergo continuous opening and closure. In the presence of the 

signal sequence, the plug moves towards the back of the chan-
nel and there is no longer interaction among the gate’s TM 
segments (6, 17, 18). 
　The pore ring which is also called the constriction point of 
the channel (1), was composed of seven hydrophobic amino 
acid residues (I82, I86, I181, I185, M291, M294, L449) above 
the plug domain from the cytosolic aspect (Fig. 3, 4 and supple-
mentary Fig. S1). Superposition of the 3D models of PoSec61α 
separately on the experimental structures of PfSecY and MjSecY 
and the 3D models of ScSec61α, AtSec61α and HsSec61α 
showed that TMs 2, 5, 7 and 10 contributed to the formation of 
the pore ring (Fig. 4 and Supplementary Fig. S1). Six hydro-
phobic amino acid residues have been proposed to form this 
pore ring (1, 6). However, we observed that a hydrophobic Met 
(M291) in the TM7 of PoSec61α corresponded to I287 in 
PfSecY and I257 in MjSecY, projected to the pore area sig-
nificantly (Fig. 4 and Supplementary Fig. S1). The amino acid 
residues at this position in ScSec61p, AtSec61α and HsSec61α 
are T291, M292 and I289, respectively. Fig. 4 shows that M294, 
which is conserved in the TM7 of PoSec61α and ScSec61p, no-
tably projected to the center of the pore and narrowed the chan-
nel when it was compared with Ile at the corresponding posi-
tion in HsSec61α, AtSec61α, MjSecY and PfSecY. Together, 
M294 and M291 in PoSec61α might have influence on the hy-
drophobic seal provided by the ring region and therefore the lat-
eral gate opening (6). Superposition of the 3D models further re-
vealed that the pore ring of S. cerevisiae has a hydrophilic Thr 
residue (T185) in TM5 and a Met residue (M450) in TM10. The 
corresponding positions in TM5 and TM10 conserve an Ile and 
Leu, respectively in all other Sec61α subunit homologues that 
are shown in Fig. 1 and 4. These data revealed that the pore ring 
in PoSec61α is more hydrophobic compared to that in ScSec61p, 
however, less hydrophobic than that in MjSecY or PfSecY. The 
hydrophobic nature of the ring region combined with the plug 
domain is necessary to maintain the membrane seal (19) and 
prevent the transport of ions and solutes (20). The TM7 is lo-
cated opposite to TM5 (Fig. 3). Therefore, using the 3D models, 
we measured the minimum aperture between the side chain of 
M294 or Ile at the corresponding position in TM7 and that of 
the pore ring residue, which is attached to the TM5. Whereas 
the side chains of I290 and I181 in the PfSecY showed mini-
mum aperture 8.60 Ǻ, the corresponding apertures in the 3D 
models of PoSec61α, ScSec61p, AtSec61α and HsSec61α were 
3.48, 4.13, 5.95 and 5.95 Ǻ, respectively. This data indicated 
that compared to Ile at the corresponding position, M294 in 
PoSec61α and also in ScSecY61p decreased the pore aperture. 
However, widening of the pore is likely required to perform the 
translocation of the polypeptide chain. Widening of the pore 
may occur by the movement of the TMs to which the pore ring 
residues are attached. Flexible Gly-rich loops between TMs 4 
and 5 and between TMs 9 and 10 are thought to contribute to 
the movement of these helices (1). 
　Based on the data reported herein, it can be concluded that 
(1) the PoSec61α gene encodes a transmembrane protein which 
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has the typical characteristics of the core component of the 
translocon complex; (2) the pore ring residues and the hydro-
phobic nature of the pore ring may differ among Sec61α sub-
unit homologues; (3) despite some disparities, two hydrophobic 
amino acid residues in the TM7 may project to the pore area, 
which in combined with other residues in the pore ring might 
have influenced translocation and selectivity profile of the 
channel. Although the results of sequence analysis and homol-
ogy modeling gave the clue of the expected translocation prop-
erties of PoSec61α, further comparative biochemical analysis is 
necessary to establish the functional characteristics and struc-
ture-function relationship.

MATERIALS AND METHODS

RNA extraction and cDNA synthesis
Total RNA was extracted from P. ochrochloron using ISOGEN 
reagent (Nippongene, Tokyo, Japan) and then purified using 
RNeasy kits and RNeasy minicolumns (Qiagen, Valencia, CA, 
USA), in accordance with the manufacturer’s instructions. Total 
RNA (5 μg) was converted to cDNA by RT-PCR using Super-
Script III RNase H− reverse transcriptase (Invitrogen, USA), us-
ing a mixture of oligo(dT)20 as primers, in accordance with the 
manufacturer’s instructions.

Isolation of gene sequence encoding Sec61α subunit
Degenerate primers (forward primer, 5´-CAAAACCCTCAAAC-
ACCTACGGT-3´; reverse primer, 5´-TTGACAGGTGATTCGT-
GACCTTG-3´) were designed using conserved sequences of 
Sec61 alpha subunit genes from eukaryotes. PCR was per-
formed with the cDNA as the template using Taq polymerase 
(TaKaRa Bio, Japan) as described previously (21). The amplified 
PCR products were cloned into the pT7Blue T-vector (Novagen, 
Germany), and then sequenced using an ABI PrismTM 3100- 
Avant Genetic Analyzer (Applied Biosystems, USA). The se-
quenced data were analyzed using the following computer pro-
grams: Chromas version 2.23, Genetyx_SV_RC_ version 7, 
BLAST and FASTA. From the sequence information, a reverse 
gene-specific primer (5´-GGCAGCTGCACTGTCCTCGACAA-
GACT-3´) was designed from the 3´-UTR for use in the 5´- 
RACE technique to obtain full-length cDNA as described pre-
viously (21). The cDNA for 5´-RACE PCR was synthesized from 
total RNA of P. ochrochloron using the GeneRacer kit (Invitro-
gen, USA), in accordance with the manufacturer’s instructions. 
The 5´-RACE PCR was done using reverse gene-specific primers 
mentioned above and the GeneRacer 5-primer (Invitrogen, 
USA), in accordance with the manufacturer’s instruction. The 
PCR product was cloned and sequenced.

Homology modeling
Homology models were constructed using the Molecular Opera-
ting Environment software (MOE 2009.10; Chemical Computing 
Group, Quebec, Canada). The sequence of each Sec61α homo-
logue was aligned with the conformation of SecY of P. furiosus 

[Protein Data Bank (PDB) code, 3MP7] or with that of SecY of M. 
jannaschii (PDB code 1RHZ) using the MOE multiple sequence 
and structural alignment algorithm, with the structural alignment 
tool and the BLOSUM62 substitution matrix. The alignment of 
the Sec61α homologue was based on both sequence and struc-
tural homology with the experimentally derived structure of 
PfSecY or MjSecY. 3D structure models were formed using the 
MOE homology program, as described previously (22). In brief, 
the 3D models were formed based on a segment matching proce-
dure and a best intermediate algorithm, with the option to refine 
each individual structure enabled. A database of 10 structures, 
each of which was individually refined to a root-mean-square 
(RMS) gradient of 1Ǻ, was generated and the best one was chos-
en as the crude template for further refinement. Comparative 
analysis of this database of structures showed that most devia-
tions were on the periplasmic side and that the TM α-helices and 
the amino acid residues in the pore ring were superimposible. 
The stereochemical quality of the models was assessed by struc-
tural analysis using the Protein Report Function of the MOE 
Protein Structure Evaluation, which searches for disallowed 
bond angles, bond lengths and side chain rotamers. Those mod-
els were then subjected to energy minimization until the RMS 
gradient became 0.01. The model that best matched these cri-
teria was selected for further use in all structural analyses. The 
stereochemical quality of the templates and the models was fur-
ther assessed by PROCHEK program (24) (Supplementary Table 
1). To evaluate how much the structural models deviate from the 
template, the root-mean-square deviation (RMSD) value be-
tween the template and the model superposed was determined 
by SuperPose Version 1.0 (25). 
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 Supplementary table 1: Ramachandran plot statistics computed with PROCHECK program 

Plot statistics PfSecY (PDB 

code, 3MP7) 
Models with PfSecY  MjSecY (PDB 

code, 1RHZ) 

Model with 

MjSecY  

 PoSec61α ScSec61p AtSec61α HsSec61α1 PoSec61α 

% residues in favourable 

regions 

81.5 75.1 74.9 73.8 74.6 73.1 78.7 

% residues in additional 

residue regions 

12.7 18.5 17.9 20.5 19.3 24.1 17.4 

% residues in generously 

regions 

3.0 3.9 4.4 3.6 3.1 2.7 2.5 

% residues in disallowed 

regions 

2.8 2.6 2.8 2.1 3.1 0.2 1.5 

% of non Proline and 

non Glycine residues 

100 100 100 100 100 100 100 

 


