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Abstract
Calcium is a crucial element for striated muscle func-
tion. As such, myoplasmic free Ca2+ concentration is 
delicately regulated through the concerted action of 
multiple Ca2+ pathways that relay excitation of the plas-
ma membrane to the intracellular contractile machinery. 
In skeletal muscle, one of these major Ca2+ pathways 
is Ca2+ release from intracellular Ca2+ stores through 
type-1 ryanodine receptor/Ca2+ release channels (RyR1), 
which positions RyR1 in a strategic cross point to regu-
late Ca2+ homeostasis. This major Ca2+ traffic point ap-
pears to be highly sensitive to the intracellular environ-
ment, which senses through a plethora of chemical and 
protein-protein interactions. Among these modulators, 
perhaps one of the most elusive is Triadin, a muscle-
specific protein that is involved in many crucial aspect 
of muscle function. This family of proteins mediates 
complex interactions with various Ca2+ modulators and 
seems poised to be a relevant modulator of Ca2+ sig-
naling in cardiac and skeletal muscles. The purpose of 
this review is to examine the most recent evidence and 
current understanding of the role of Triadin in muscle 
function, in general, with particular emphasis on its 
contribution to Ca2+ homeostasis.

© 2011 Baishideng. All rights reserved.

Key words: Excitation-contraction coupling; Triadin-null; 
Calcium release; Ryanodine receptor; FKBP12; Resting 
calcium

Peer reviewers: Sheng-Tao Hou, Professor, Institute for Bio-
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DOI: http://dx.doi.org/10.4331/wjbc.v2.i8.177

INTRODUCTION
More than two decades after its discovery, and in spite a 
significant number of  studies, our understanding of  the 
role of  Triadin in muscle function has remained, for the 
most part, unclear and elusive. This family of  proteins, 
which are highly abundant and specific to striated muscle, 
have garnered a significant level of  attention fuelled 
primarily by their ability to interact with the ryanodine 
receptor (RyR), a Ca2+ release channel that plays a pre-
ponderant role in skeletal and cardiac muscle function.

The multiple isoforms of  Triadins currently identi-
fied in muscle cells seem consistent with the multiplicity 
of  roles credited to these proteins, which include among 
others, modulation of  RyR activity, excitation-contraction 
(EC) coupling, and Ca2+ homeostasis. The recent develop-
ment of  Triadin-null mouse models have provided us with 
a critical tool to understand the role of  these proteins and 
have revealed important new insights into the mechanisms 
that regulate Ca2+ homeostasis in striated muscles.

PROTEIN HETEROGENEITY AND GENE 
STRUCTURE
Triadin was originally identified by Caswell et al[1] and 
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World J Biol Chem 2011 August 26; 2(8): 177-183
 ISSN 1949-8454 (online)

© 2011 Baishideng. All rights reserved.

Online Submissions: http://www.wjgnet.com/1949-8454office
wjbc@wjgnet.com
doi:10.4331/wjbc.v2.i8.177

World Journal of
Biological ChemistryW J B C

177 August 26, 2011|Volume 2|Issue 8|WJBC|www.wjgnet.com



Perez CF. Triadin in skeletal muscle

Kim et al[2] as a highly enriched 95-kDa protein of  the 
junctional sarcoplasmic reticulum (jSR) in rabbit skeletal 
muscle. The primary sequence and structure of  skeletal 
Triadin was later deduced from its cDNA sequence, 
which predicted a 705-amino-acid intrinsic membrane 
protein containing a short cytoplasmic N terminus, a sin-
gle membrane-spanning domain, and a long intraluminal 
C-terminal domain[3,4]. Subsequent studies in rabbit hearts 
identified three unique cardiac Triadin isoforms with 
molecular mass of  35, 40 and 92 kDa[5]. Given that all 
isoforms, skeletal and cardiac, share identical sequences 
between amino acids 1-264 but have a unique C-terminal 
region, it appears that all Triadin proteins are products 
from alternative splicing of  a single Triadin (Trdn) gene. 
Recent sequencing of  the whole mouse genome has 
confirmed this perception (Figure 1). Subsequent studies 
in other species have revealed that similar tissue-specific 
patterns of  Triadin expression are also present in mouse, 
canine, rat and human cardiac and skeletal muscle[6-9]. A 
summary of  all Triadin genes currently cloned from car-
diac and skeletal muscle is presented in Table 1.

Cardiac muscle appears to express a major Triadin 
isoform of  32 kDa (CT1 or MT1), which is susceptible 
to glycosylation and migrates as a secondary 38-kDa 
band[5,6,10]. A 92-kDa isoform has also been reported in 
rabbit and canine hearts but its expression is much less 
prominent than the 32-38-kDa doublet[5,6]. Similarly, 
it appears that in skeletal muscles Triadin is expressed 
predominantly as a 95-kDa isoform[1,3,4,6,8,11-13]. However, 
recent studies in rat skeletal muscle have also identified, 
and cloned, several shorter Triadin isoforms of  32, 49 
and 51 kDa (Trisk-32, Trisk-49 and Trisk-51, respective-
ly)[7,9]. Using the same antibodies generated against the rat 
skeletal Triadin, the expression of  these shorter isoforms 
has recently been confirmed in mouse skeletal muscle[14], 
suggesting that multiplicity of  isoforms may be a com-
mon feature of  skeletal Triadin. Whether or not this mul-
tiplicity of  Triadins is associated with specific functional 
roles for each isoform is still unknown[15,16]. However, the 
wide array of  Triadin-protein interactions currently re-
ported and the diversity of  functional effects directly and 
indirectly associated with exogenous manipulation of  
Triadin expression levels seem to support this hypothesis.

PROTEIN-PROTEIN INTERACTIONS
Direct molecular interactions between Triadin and several 
protein components of  the jSR, including the L-Type 
Ca2+ channel (dihydropyridine receptor, DHPR), RyRs 
and calsequestrin (Csq), among others, have been consis-
tently reported in skeletal and cardiac muscle. As a result 
of  the importance of  many of  these components for 
Ca2+ regulation, it is not surprising that alteration of  these 
interactions has visible functional consequences for Ca2+ 
homeostasis.

DHPR α1S

In skeletal muscle, early overlay experiments have sug-

gested that Triadin has structural and functional interac-
tions with both the DHPR α1S subunit and RyR1[17,18]. 
However, with the elucidation of  the primary sequence 
and topological structure of  Triadin[4,11], it has become 
apparent that the DHPR-Triadin interaction involves 
intraluminal domains of  Triadin that are unlikely to be 
accessible in situ. To date, there has been no new evidence 
that either supports or rules out direct structural or func-
tional interactions between the cytoplasmic domain of  
Triadin and the DHPR complex.

RyRs
Immunohistochemistry studies in adult muscles have lo-
calized Triadin at the jSR in the vicinity of  RyRs, revealing 
the close association of  these two proteins in both skel-
etal[4,19] and cardiac[20] muscles. However, in skeletal mus-
cle, co-localization with RyR1 only involves the 95-kDa 
isoform of  Triadin, because the lower molecular weight 
isoforms (Trisk-32 and Trisk-49) appear to be segregated 
to non-jSR regions of  the muscle[9]. Direct RyR1-Triadin 
interactions have been confirmed using glutathione-S-
transferase/Triadin fusion proteins, which suggest that 
there is a stable multi-protein complex involving Triadin, 
RyR1 and the Ca2+ binding protein Csq[21]. More recently, 
mutagenesis analysis has suggested that the Triadin-bind-
ing site of  RyR1 may reside within the negatively charged 
residues Asp4878, Asp4907 and Glu4908 of  RyR1[22]. Likewise, 
the corresponding RyR1-binding site of  Triadin has been 
mapped to amino acids 200-232 within the intraluminal 
domain[22], a region rich in multiple clusters of  alternat-
ing Lys and Glu residues, known as KEKE motif. This 
motif  is common to all skeletal and cardiac isoforms of  
Triadin[22-24]. The direct functional effect of  Triadin-RyR1 
interaction on RyR1 channel activity is discussed below.
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Table 1  Triadin isoforms cloned from cardiac and skeletal 
muscle

 Species Cloned Isoform Mol. mass (kDa) Ref.

Predicted Observed

Cardiac muscle
   Rabbit 3 CT1 32   35 [5]

CT2    34.6   40 [5]

CT3 75   92 [5]

   Canine 2 CT1    30.7 35/401 [6]

CT3    64.8    922 [6]

   Mouse 3 MT1    31.4 35/381 [10]

MT2 33      35.5 [10]

MT3    34.3   40 [10]

Skeletal muscle
   Rabbit 1    79.1   94 [4]

   Rat 4 Trisk 32    32.1   32 [9]

Trisk 49    49.5   45 [9]

Trisk 51    51.3   51 [7]

Trisk 95    77.2   95 [7]

   Canine 1    78.3   95 [6]

   Human 3    81.5 117 [8]

Trisk 51    51.5   51 [13]

Trisk 95 95    952 [13]

1Glycosylated isoform; 2Marginally expressed or not detected.



Csq and junctin
In addition to binding RyRs, Triadin has been shown to 
directly interact with Csq and Junctin. Csq, an intra-SR 
Ca2+ binding protein is thought to be the main Ca2+ buffer 
protein of  the SR[25-27], whereas Junctin is an SR integral 
membrane protein that shares structural and amino acid 
sequence similarity with Triadin[10,23,28]. Currently, there 
seems to be a consensus that Junctin and Triadin interact 
directly in the jSR membrane and stabilize a quaternary 
complex that anchors Csq to the RyR, probably through 
their shared KEKE motifs[21,23,29]. These quaternary com-
plexes have been identified biochemically in both skel-
etal[21,30] and cardiac[23,24] muscles.

Based on the large Ca2+ binding capacity of  Csq and 
its ability to undergo significant conformational changes 
over the physiological range of  intra-SR Ca2+ concen-
trations[27,31], Csq has been proposed as an intraluminal 
Ca2+ sensor that plays a significant role in the ability of  
RyRs to sense and respond to changes in SR Ca2+ con-
tent. Even though in vitro studies in skeletal muscle using 
purified proteins have suggested that Csq and RyR1 can 
engage in direct structural/functional interaction[32-35], 
it is likely that in vivo, this functional crosstalk is primar-
ily mediated through their interaction with Triadin and 
Junctin[36-38]. Even though the use of  purified RyR1 in 
artificial bilayer membrane (BLM) studies to test the role 
of  Triadin and Junctin in intraluminal Ca2+ regulation 
of  skeletal muscle has recently suggested that Junctin 
may be the only protein involved in mediating signaling 
between Csq and RyR1[38], our studies have indicated 
that this may not be the predominant interaction in vivo. 
Indeed, Ca2+ imaging studies in Junctin-null mice sug-
gest that, unlike in Triadin-null myotubes that show 

significant dysregulation of  Ca2+ homeostasis, Junctin-
null myotubes have a nearly wild-type phenotype, with 
no significant alteration in SR Ca2+ content or [Ca2+]rest 
(unpublished data). These results strongly support the 
idea that Triadin is a key functional component of  Ca2+ 
homeostasis in skeletal muscle.

Histidine-rich Ca2+-binding protein
Histidine-rich Ca2+-binding protein (HRC) is a Ca2+-
binding protein found in small amounts in the SR lumen, 
and shares many biochemical and structural features with 
Csq[39-42]. Biochemical studies in skeletal muscles have 
found that HRC can bind to Triadin in a Ca2+-sensitive 
manner through the same KEKE motif  involved in 
the binding of  Triadin to Csq[40,43,44]. Therefore, it is not 
unlikely that binding of  HRC to Triadin could affect 
RyR activity by disrupting the Triadin/Junctin/RyR/Csq 
Ca2+ release complex. Although the role of  HRC in Ca2+ 
homeostasis in skeletal muscles is unknown, studies in 
cardiac cells have suggested that HRC is important for 
Ca2+ regulation. In the heart, overexpression of  HRC is 
associated with alteration of  both SR Ca2+ release and 
contractility, which coincidently is associated with reduc-
tion in Triadin and Junctin expression[41,45,46]. Conversely, 
HRC-null mice exhibit a significant increase in Triadin 
expression[47]. However, because cardiac and skeletal 
muscles express different isoforms of  Triadin, the pos-
sibility that disruption of  the HRC/Triadin interaction in 
skeletal muscle results in a different functional outcome 
than that observed in cardiac tissues should not be ruled 
out. In this regard, our own studies have indicated that, 
unlike HRC-null mice in which HRC and Triadin expres-
sion seem to be interlocked, in Triadin-null mice, the lack 
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Figure 1  Genomic structure of mouse Trdn gene. A: Schematic representation of mouse Triadin cDNA structure within the context of the Triadin genomic locus 
according to the Mouse Genomic Informatics (MGI) gene model[60]; B: Splicing patterns of Triadin. Exons are shown as boxes and introns as lines. The exon splicing 
pattern that gives rise to the three cardiac Triadin isoforms currently cloned (MT1, MT2 and MT3) as well as the predicted full-length skeletal isoform (Trdn95) are indi-
cated. Size and number of exon boxes in the genomic locus (blue) are not showed in actual scale.
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of  Triadin expression does not seem to affect HRC ex-
pression levels (unpublished data).

Overall, these studies suggest that Triadin is posi-
tioned to engage in meaningful structural/functional 
interactions with key modulatory components of  Ca2+ re-
lease, and thus, seems poised to play a pivotal role in Ca2+ 
regulation in muscle cells.

EC COUPLING
RyR/DHPR interaction is key for EC coupling. Since the 
early biochemical studies in rabbit skeletal muscle[1,2,17] 
showing that Triadin binds to both DHPR α1S and RyR1 
and the proposed ternary complex between the proteins, 
there have been many studies that have linked Triadin to 
EC coupling in skeletal muscles.

Although the direct interaction between Triadin and 
DHPR α1S has proven difficult to confirm, the evidence 
supporting a role for Triadin in modulating depolariza-
tion-induced Ca2+ release has been somewhat consistent. 
Early stopped-flow studies in triad vesicles have demon-
strated that the use of  an anti-Triadin antibody signifi-
cantly inhibited depolarization-induced Ca2+ release[48], 
which supports the idea that Triadin may be involved in 
the functional coupling between DHPR and RyR1. More 
recently, in a series of  functional studies, with overexpres-
sion of  different isoforms of  Triadin in cultured myo-
tubes, it has been shown that Trisk-95, but not Trisk-55, 
significantly inhibits depolarization-induced Ca2+ release 
in rat[49] and C2C12[50] cells, strengthening the idea that 
Triadin, in particular the 95-kDa isoform, plays a critical 
regulatory role in skeletal-type EC coupling. Supporting 
this line of  reasoning, Goonasekera et al[51] have shown 
that expression of  mutant RyRs that lack Triadin-binding 
ability in dyspedic myotubes dramatically impairs elec-
trically evoked Ca2+ transients, nearly ablating skeletal-
type EC coupling without noticeable effects on other 
RyR1 functions. Similarly, Wang et al[52] have shown that 
the use of  siRNAs to knockdown expression of  Tria-
din in cultured myotubes led to a significant reduction 
in amplitude of  K+-induced Ca2+ transients, suggesting 
that Triadin may play a role in facilitating depolarization-
induced Ca2+ release. However, with the recent develop-
ment of  Triadin-null mice, the idea of  Triadin playing 
a critical or direct role in skeletal-type EC coupling has 
been challenged. Indeed, despite the lack of  Triadin ex-
pression, homozygous Triadin-null (Trdn-/-) mice do not 
exhibit embryonic or birth lethality nor demonstrate an 
obvious gross functional phenotype[12,14] as has been re-
ported for dyspedic[53] and dysgenic mice[54,55], two other 
mouse models that bear significant disruption of  the EC 
coupling signaling. Triadin-null skeletal muscles, however, 
have shown a significant decay in strength that confirms 
the general thought that Triadins are important modula-
tory components of  skeletal muscle function[14].

Interestingly, Ca2+ imaging studies in Triadin-null myo-
tubes have revealed that the absence of  Triadin expres-
sion results in a noticeable reduction in peak amplitude 

of  depolarization-induced Ca2+ transients[12]. Although, 
whole-cell patch clamp studies of  Triadin-null myotubes 
have demonstrated that null cells display almost normal 
bidirectional signaling, with no changes in DHPR Ca2+ 
current densities and strong voltage-dependent Ca2+ 
release activity, they do have a moderate reduction in 
voltage-dependent Ca2+ release amplitude, and therefore, 
reduced orthograde signaling[56].

Triadin-null myotubes also display a significant altera-
tion of  the overall Ca2+ homeostasis driven primarily, but 
not exclusively, by the disruption of  the RyR1/FKBP12 
interaction[57]. Overexpression of  FKBP12.6 can over-
come this faulty interaction and almost completely 
reverse the effects of  lack of  Triadin expression on 
Ca2+ homeostasis. More importantly, overexpression of  
FKBP12.6 also is sufficient to erase all of  the differences 
in depolarization-induced Ca2+ release observed between 
wild-type and Triadin-null myotubes[56]. The full restora-
tion of  EC coupling signals of  Triadin-null myotubes by 
FKBP12.6 strongly suggests that the effects of  Triadin 
on the orthograde signal are not directly but indirectly 
mediated by its side effects on the RyR1/FKBP12 in-
teraction. Thus, further supporting the idea that skeletal 
Triadins are not involved in the bidirectional coupling 
between DHPR and RyR1.

MYOPLASMIC Ca2+ REGULATION
The well-documented interaction between Triadin and 
RyR1 has a significant impact on the Ca2+ channel behav-
ior, and consequently, Ca2+ regulation in skeletal muscle 
cells. The first indication of  a direct effect of  Triadin on 
RyR1 function came from studies of  Ohkura et al[35], who 
have reported that purified Triadin has an inhibitory ef-
fect on both 3H-ryanodine binding to solubilized RyR1s, 
and on Ca2+ channel activity of  purified RyR1 fused into 
BLMs. At the same time, Groh et al[58] have shown that a 
peptide containing a short fragment of  the cytoplasmic 
domain of  Triadin not only reduced the open probability 
of  native and purified RyR1 channels in BLMs, but also 
inhibited the overall Ca2+ release from SR vesicles, identi-
fying one of  the first discrete domains of  Triadin directly 
involved in a functional interaction with RyR1.

Our studies on native RyR1 channels reconstituted 
from Triadin-null skeletal muscles have revealed that the 
absence of  Triadin significantly increases sub-conduc-
tance states of  RyR channels, which in turn result in el-
evation of  overall open probability. This enhanced chan-
nel activity seems to be directly associated with loss of  
FKBP12 binding capacity of  RyR1, because the addition 
of  exogenous FKBP12.6, that has a higher affinity for 
RyR1 than FKBP12, significantly reduces channel activ-
ity[57]. However, in a recent study, Wei et al[38] have found 
that, unlike previous studies, addition of  purified skeletal 
Triadin had instead an activating effect on the channel ac-
tivity of  purified RyR1 fused into BLMs. It is still unclear 
whether these differences in functional effect account for 
differences in experimental protocols or actual functional 
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differences in Triadin-binding sites at the intraluminal 
and cytoplasmic domain of  RyR1. However, what all 
these reports seem to agree on is the idea that changes 
in Triadin expression result in modulation of  RyR1 Ca2+ 
channel activity.

Consistent with the enhanced basal activity observed 
in RyR channels from Triadin-null muscles, Trdn-/- myo-
tubes are characterized by reduced Ca2+ release response 
to caffeine[12,14,57] and the sarcoplasmic/endoplasmic re-
ticulum calcium pump inhibitor thapsigargin[12,14], both 
suggestive of  alterations in the SR Ca2+ content. Similar 
observations have been reported in Triadin-knockdown 
myotubes, where in addition to reduced SR Ca2+ load, 
there is an increased frequency in Ca2+ spark activity[50]. In 
agreement with these reports, reduced caffeine-induced 
Ca2+ release responses are also observed in dyspedic 
myotubes expressing Triadin-binding-deficient RyRs[51,59]. 
Overall, these results seem to support the idea that loss 
of  Triadin expression leads to loss of  negative regulation 
on RyR channels, which in turn, results in enhanced SR 
Ca2+ leakage. Accordingly, overexpression of  Triadin in 
skeletal myotubes, a condition that should increase the 
negative regulation on RyR1 and suppress SR Ca2+ leak-
age, appears not to have a detrimental effect on caffeine-
induced Ca2+ release and SR Ca2+ load[49,50].

Myotubes and adult muscle fibers from Triadin-null 
mice also show chronically elevated [Ca2+]rest

[12,50,57]. This 
elevated resting myoplasmic [Ca2+] is partially reversed by 
inhibitors of  RyR1 activity (ryanodine and FKBP12.6) 
and RyR1 leakage (bastadin-5). Similar effects have been 
observed with Ca2+ entry blockers (Cd2+ and La3+) and 

TRPC/Orai-1 blockers (2-APB and BTP-2)[57]. This 
pharmacological profile is consistent with the idea that 
elevated resting Ca2+ in Triadin-null muscle cells involves 
both RyR-mediated SR Ca2+ leakage and enhanced ex-
tracellular Ca2+ entry at rest[57]. The effect of  2-APB and 
BTP-2 on [Ca2+]rest in addition to the elevated intracellular 
[Na+] observed in Triadin-null cells (unpublished data) 
strongly suggests that the extracellular Ca2+ entry pathway 
activated by the lack of  Triadin may be, at least partially, 
mediated by TRP channels or Orai-1.

In summary, the current accumulated data from 
Triadin-null muscle cells support the molecular model 
depicted in Figure 2 in which the lack of  Triadin expres-
sion significantly destabilizes the FKBP12/RyR1 interac-
tion, causing increased basal activity of  RyR Ca2+ chan-
nels. This in turn results in increased SR calcium leakage, 
which contributes to elevate the myoplasmic resting free 
Ca2+. On the other hand, this increased Ca2+ leakage leads 
to partial depletion of  SR calcium stores, which drives 
TRPC- and/or Orai-1-mediated Ca2+ entry, further con-
tributing to elevation of  resting Ca2+.

Although many questions remain, a clear picture of  
Triadins playing a relevant modulatory role in Ca2+ ho-
meostasis of  skeletal muscle has emerged. Triadin control 
of  RyR Ca2+ channel activity has the potential to unravel 
a cascade of  events that can ultimately adjust Ca2+ flux 
equilibrium in muscle cells, resulting in permanent modi-
fication of  [Ca2+]rest. Hence, it appears that although not 
directly involved in Ca2+ transport Triadins may contrib-
ute a significant role to fine-tuning Ca2+ homeostasis in 
skeletal muscles.
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Figure 2  Proposed model of Ca2+ regulation by Triadin in wild-type and Triadin-null skeletal muscle. Lack of Triadin binding to type-1 ryanodine receptor (RyR1) 
indirectly affects FKBP12/RyR1 interaction causing, on the one hand, an increase in RyR1 channel gating and, on the other hand, a weakening of the DHPRα1S/RyR1 
orthograde signaling. Dysregulation of RyR1 activity of Triadin-null cells leads to enhanced SR Ca2+ leakage and subsequent reduction in SR Ca2+ content. In addition, 
lack of Triadin expression activates Ca2+ entry pathways that are both store-dependent and store-independent (sensitive to TRPC/Orai-1 inhibitors). Ca2+ entry and SR 
Ca2+ leakage could contribute independently to elevate myoplasmic [Ca2+]rest.
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Abstract
Methionine is a highly susceptible amino acid that can 
be oxidized to S and R diastereomeric forms of methio-
nine sulfoxide by many of the reactive oxygen species 
generated in biological systems. Methionine sulfoxide 
reductases (Msrs) are thioredoxin-linked enzymes in-
volved in the enzymatic conversion of methionine sulf-
oxide to methionine. Although MsrA and MsrB have the 
same function of methionine reduction, they differ in 
substrate specificity, active site composition, subcellu-
lar localization, and evolution. MsrA has been localized 
in different ocular regions and is abundantly expressed 
in the retina and in retinal pigment epithelial (RPE) 
cells. MsrA protects cells from oxidative stress. Over-
expression of MsrA increases resistance to cell death, 
while silencing or knocking down MsrA decreases cell 
survival; events that are mediated by mitochondria. 
MsrA participates in protein-protein interaction with 
several other cellular proteins. The interaction of MsrA 

with α-crystallins is of utmost importance given the 
known functions of the latter in protein folding, neuro-
protection, and cell survival. Oxidation of methionine 
residues in α-crystallins results in loss of chaperone 
function and possibly its antiapoptotic properties. Re-
cent work from our laboratory has shown that MsrA is 
co-localized with αA and αB crystallins in the retinal 
samples of patients with age-related macular degen-
eration. We have also found that chemically induced 
hypoxia regulates the expression of MsrA and MsrB2 in 
human RPE cells. Thus, MsrA is a critical enzyme that 
participates in cell and tissue protection, and its inter-
action with other proteins/growth factors may provide 
a target for therapeutic strategies to prevent degen-
erative diseases. 
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INTRODUCTION
Molecular oxygen is indispensible for survival of  aero-
bic organisms, which use oxygen for energy pathways 
in mitochondria and numerous other processes, but the 
use of  oxygen is also associated with the generation of  
reactive oxygen species (ROS)[1]. According to free radical 
theory, ROS promote oxidative damage to many cellular 
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constituents, including amino acids, lipids, and nucleic 
acids[2]. Oxidative damage to proteins and other biomole-
cules by ROS has been implicated in a variety of  diseases 
and in aging and senescence-associated disorders[3]. The 
modifications caused by oxidation may or may not be 
reversible. Oxidized proteins may become non-functional 
as a result of  structural changes and catalytic malfunc-
tion. The sulfur-containing amino acids methionine and 
cysteine are the major targets of  ROS in proteins and are 
also the amino acids most susceptible to oxidation[4]. As a 
universal initiating amino acid for protein synthesis, me-
thionine has additional importance for cellular functions. 
Both free methionine and protein-based methionine are 
readily oxidized by ROS to form methionine sulfoxide, 
which could alter protein structure and function[5]. To 
counteract ROS damage, organisms have evolved mul-
tiple defense systems, including low molecular weight 
compounds and antioxidant enzymes that protect against 
oxidative stress. The antioxidant system includes glutathi-
one peroxidase[6,7], superoxide dismutase[8,9], catalase[10,11], 
thioredoxin reductase (TR)[12], methionine sulfoxide re-
ductase (Msr)[13-17] and several other proteins, including 
but not limited to small heat shock proteins, particularly 
α-crystallins[18-21]. Msrs are prominent among these anti-
oxidant enzymes because of  their roles as repair enzymes 
and indirect scavengers of  ROS[4,22]. Although different 
ROS scavenging systems/enzymes are present in the 
cells, in the case of  methionine oxidation, a more energy-
efficient mechanism involves the action of  the Msr en-
zymes, MsrA and MsrB[23,24]. MsrA and MsrB can catalyze 
the reversion of  the methionine S-sulfoxide and the 
methionine R-sulfoxide, respectively, to the reduced form 
of  methionine within proteins[25]. Methionine can be eas-
ily oxidized into methionine sulfoxide, and its reduction 
by Msr could represent an efficient antioxidant system 
because, in proteins, the surface-exposed methionine 
residues can act as scavengers of  a variety of  oxidants[26]. 
Methionine oxidation denatures proteins and converts the 
hydrophobic properties of  Met into hydrophilic proper-
ties, resulting in structural alterations[27]. Although MsrA 
and MsrB enzymes have the same function of  methio-
nine sulfoxide reduction, they differ, not only in substrate 
specificity, but also in active site composition, protein 
folding, subcellular localization, and evolution[28,29]. Msrs 
have wide tissue distribution and are present in multiple 
sites in the eye[14-17]. Msrs interact with other proteins and 
protect cells from oxidative-stress-induced cell injury[14-17]. 
In this review, we address specifically the role of  MsrA 
in protecting the eye against various types of  oxidative 
injury. Furthermore, the regulation of  MsrA and MsrB 
is illustrated in chemically induced hypoxia in retinal pig-
ment epithelial (RPE) cells in vitro. 

Msrs: GENE STRUCTURE AND ISOFORMS
Msrs are expressed in most organisms and catalyze the 
thioredoxin-dependent reduction of  free and protein-
bound methionine sulfoxide to methionine[29-31]. Msrs, as 

well as glutathione and TRs, are ubiquitously expressed 
in cells[29,32] and, acting together with their substrates and 
co-factors, form repair systems that protect cells from 
oxidative stress and maintain cellular redox homeosta-
sis[29,33,34]. According to current literature, there are three 
types of  Msr: MsrA, MsrB and frMsr[10]. However, frMsr 
distribution is limited to unicellular organisms; multicel-
lular organisms, including mammals, lack this protein[35]. 
The human MsrA gene is located on chromosome 8 and 
is coded by one gene regulated by two distinct promoters 
resulting in different isoforms: the long form and short 
form[36]. The long form is localized to the cytosol, mito-
chondria, and nucleus, while the short form is localized 
to the nucleus and cytosol[28,37,38]. The long form of  MsrA 
encodes a peptide containing an N-terminal mitochon-
drial targeting sequence, a catalytic cysteine containing 
sequence, and a C-terminal thioredoxin-binding domain. 
The short form of  MsrA lacks the mitochondrial se-
quence, but the cysteine-containing sequence and thiore-
doxin domain are active. Expression of  MsrA is found in 
almost all human tissues with the exception of  leukemia 
and lymphoma cell lines[39]. MsrA is specific for the re-
duction of  free and protein-based methionine-S-sulfoxide 
in mammals[10,40]. MsrA can also reduce compounds such 
as N-acetylmethionine-S-sulfoxide, dimethyl sulfoxide, 
and ethionine-S-sulfoxide[22]. However, the functional dif-
ferences between the long and short forms of  MsrA have 
not yet been characterized.

Three mammalian MsrBs exist[10]. MsrB1 is present in 
the cytosol and nucleus and exhibits the highest catalytic 
activity because of  the presence of  selenocysteine in its 
active site. MsrB1 occurs in two forms, 14 kDa and 5 
kDa, in mouse tissues and human HEK 293 cells, and 
both forms are selenoproteins[10,41,42]. MsrB is encoded 
by three different genes and their products are: MsrB1, a 
selenoprotein found in the nucleus and cytosol; MsrB2, 
which is present in the mitochondria; and MsrB3, which 
encodes for two splice variants, MsrB3A and MsrB3B, lo-
calized to the endoplasmic reticulum (ER) and the mito-
chondria, respectively[37,43]. The MsrB enzymes are present 
in all eukaryotic tissues, but their level of  expression var-
ies[37]. MsrB is specific for the reduction of  protein-based 
methionine-R-sulfoxide, and reduces free methionine-
R-sulfoxide with very low efficiency[10]. Among the three 
MsrBs, MsrB1 has the highest catalytic activity because 
of  the selenocysteine in its active site. MsrB2, also known 
as CBS1, is targeted to mitochondria with the guidance 
of  its N-terminal signal peptide and has cysteine as the 
catalytic residue. It shows high activity with methionine-
R-sulfoxide but is inhibited by elevated concentrations of  
the substrate[43-45]. The two forms of  MsrB3, MsrB3A and 
MsrB3B, are generated by alternative first exon splicing in 
humans. MsrB3A is targeted to the ER with the N-termi-
nal ER signal peptide and an ER retention signal at the C 
terminus, whereas MsrB3B is targeted to mitochondria by 
its N-terminal mitochondrial signal peptide. Interestingly, 
mouse MsrB3 also has the ER and mitochondrial signal 
peptides located consecutively at the N terminus, but it is 
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targeted only to the ER because the mitochondrial signal 
is masked by the upstream ER signal[10].

CATALYTIC MECHANISM OF Msrs
Although structurally distinct, MsrA and MsrB share a 
common three-step catalytic mechanism[46,47]. Enzymatic 
studies have shown that the MsrA domain possesses two 
essential cysteine residues to carry out its function[48]. The 
catalytic mechanism of  MsrA and MsrB is based on three 
steps. In the first step, the Msr catalytic cysteine resi-
due interacts with the methionione sulfoxide substrate, 
which leads to the product release and formation of  the 
sulfenic acid. In the second step, an intramolecular disul-
fide bridge is formed between the catalytic cysteine and 
the regenerating cysteine. In the final step, the disulfide 
bridge is reduced by an electron donor, the NADPH-
dependent thioredoxin/TR system, leading to the regen-
eration of  the Msr active site. The catalytic mechanism 
varies between different Msrs, especially in the number 
of  recycling cysteines[49,50]. However, the selenoprotein 
MsrB1 is believed to use an alternative recycling cysteine 
residue located in a different position[28].

COMPARTMENTAL DISTRIBUTION OF 
MsrA IN THE EYE
The bulk of  the work in the eye on MsrA has dealt with 
its function in the lens[51]. MsrA has been found to be 
highly expressed in the lens epithelium and fiber cells[14]. 
Its expression in the photoreceptor inner segments and 
in the inner nuclear layer of  the retina and in the RPE 
has also been characterized[16,30,36,52]. In the monkey retina, 
MsrA gene expression is detected mostly in the macular 
RPE-choroid region, whereas its activity is detected main-
ly in the soluble fractions of  neural retina and RPE-cho-
roid[30]. MsrA protein is distributed throughout the retina 
but is abundant at the photoreceptor synapses and in the 
ganglion and Müller cells. MsrA expression is higher in 
macular RPE cells than in the peripheral RPE cells of  the 
retina[30]. Our work has shown that MsrA is localized to 
sub-RPE macular drusen from patients with age-related 
macular degeneration (AMD)[16]. Our subcellular localiza-
tion studies have revealed that MsrA is expressed in the 
cytosol and in mitochondria of  human RPE cells[16]. 

MsrA IN OXIDATIVE STRESS
Cells and tissues possess a number of  antioxidant sys-
tems to prevent oxidative damage that causes protein 
aggregation and cell death. The enzyme MsrA plays an 
important role in the antioxidant response by reducing 
the S-stereoisomer of  methionine sulfoxide (MetSO) 
to methionine[4]. Accordingly, cells with increased or 
decreased levels of  MsrA are highly resistant or vulner-
able to oxidative stress, respectively[14,16,17]. MsrA not only 
protects cells from oxidative stress by repairing proteins 
damaged by methionine oxidation, but it also functions 

by engaging in a sequence of  methionine oxidation and 
reduction cycles that eventually results in ROS scaveng-
ing[17]. The MsrA activity is determined by the two active-
site cysteine residues: 72 and 218[48]. Cysteine 72 carries 
out a nucleophilic attack at the sulfur atom of  the me-
thionine sulfoxide substrate, leading to the formation of  
a covalent intermediate, whereas cysteine 218 attacks cys-
teine 72 to trigger breakdown of  the covalent complex[48]. 
Evidence that MsrA has a role in protecting cells against 
oxidative damage was first shown in Escherichia coli where 
MsrA mutants are more sensitive to H2O2

[53]. Overexpres-
sion of  the MsrA gene predominantly in the nervous 
system markedly extends the lifespan of  the fruit fly Dro-
sophila by 70%[54]. In addition, MsrA transgenic flies are 
more resistant to paraquat-induced oxidative stress, and 
the onset of  senescence-induced decline in the general 
activity level and reproductive capacity is delayed marked-
ly[54]. MsrA null mutants of  yeast[55] and mice[56] are more 
sensitive to oxidative stress than wild-type organisms, 
and their lifespans are shortened by about 26% in yeast[57] 
and 40% in mice[56]. Compared with the wild type, MsrA 
mutant mice exhibit enhanced sensitivity under hyperoxia 
and have a shorter lifespan under both normal and hy-
peroxic conditions. Mutants also accumulate higher tissue 
levels of  oxidized protein under oxidative stress, and ae 
unable to upregulate expression of  TR under oxidative 
stress[56]. Adenovirus-mediated overexpression of  MsrA 
significantly diminishes the hypoxia-induced increase in 
ROS and facilitates cell survival in neuronal cells by pre-
serving mitochondrial membrane potential and apoptotic 
events[15]. MsrA is protective against hypoxia/reoxygen-
ation stress in cardiomyocytes, suggesting that it may 
be an important therapeutic target for ischemic heart 
disease[58]. The resistance in MsrA-overexpressing human 
fibroblasts is accompanied by a decrease in intracellular 
ROS and is partially abolished when cells are cultured 
with suboptimal concentrations of  methionine[17]. These 
results indicate that MsrA could play an important role 
in cellular defense against oxidative stress by catalytic re-
moval of  oxidant through the reduction of  methionine 
sulfoxide and in protection against death by limiting, at 
least in part, the accumulation of  oxidative damage to 
proteins.

Our laboratory examined the protective role of  MsrA 
in human fetal RPE cells[16]. Oxidative stress from H2O2 
exposure results in the generation of  ROS and activa-
tion of  caspase-3 in RPE cells. In addition, an increase in 
MsrA expression in cytosol and mitochondria was also 
observed. Silencing of  MsrA resulted in further induction 
of  caspase-3 and accentuated cell death from oxidative 
stress[16]. Similar results have been reported in ARPE-19 
cells in which MsrA gene-silenced cells were susceptible 
to oxidative stress[30]. Kantorow et al[14] have shown that 
overexpression of  MsrA protects lens cells against H2O2-
induced oxidative stress, whereas decreased expression 
of  MsrA results in increased sensitivity to oxidative stress 
and decreased lens cell viability. This is attributed to the 
increased lens ROS levels and loss of  mitochondrial func-
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tion. Furthermore, severe cytochrome c oxidation and 
lens cataract have been reported in hyperbaric oxygen-
treated MsrA deficient mice by the same laboratory[59]. It 
is of  interest that the isoforms of  MsrB have also been 
shown to prevent oxidative damage to lens cells and RPE 
cells[60,61]. 

Thus, the protective effect of  MsrA seems to result, at 
least in part, from an antioxidant mechanism, by preserv-
ing mitochondrial functions and inhibiting subsequent 
activation of  caspases as seen during its deficiency[16]. 
Indeed, other studies have pointed out the protective 
role of  MsrA against the deleterious effects of  ROS in 
Drosophila and mammalian cells, emphasizing the impor-
tant role of  this enzyme in both maintenance of  proteins 
under oxidative stress and overall redox cellular homeo-
stasis[15,54]. Moreover, oxidized methionine may also be 
a critical component in redox signaling. For example, 
sulfiredoxin and sestrins that repair cysteine-sulfinic acid 
in peroxiredoxins are likely important, not only for their 
antioxidant function, but also in signaling pathways sensi-
tive to peroxiredoxin hyperoxidation[62-64]. Similarly, MsrA 
could modulate signal transduction through the regula-
tion of  methionine oxidation/reduction within specific 
proteins, and MsrA modulation would expect to affect 
such redox-sensitive signaling pathways.

INTERACTION OF MsrA WITH OTHER 
PROTEINS
MsrA is involved in the repair of  methionine residues 
in several proteins. α-crystallin and cytochrome C have 
been identified as major targets of  MsrA in the lens[59,65]. 
This finding is of  significance because of  emerging evi-
dence about the role of  α-crystallins in ocular health. A 
direct link has been identified between α-crystallin me-

thionine oxidation and age-related cataract formation[65]. 
α-crystallins are major proteins of  the small heat shock 
protein family and are expressed in several tissues[66-68]. 
α-crystallins have been studied extensively in the lens for 
their chaperone function, but α-crystallins are now gener-
ally understood to have additional non-lens roles[18-21,69,70]. 
In addition to being a molecular chaperone, α-crystallin 
functions in cell death inhibition, neuroprotection, 
proteosomal interactions, and regulation of  angiogen-
esis[18-21,70,71]. αB crystallin is more abundant in the RPE 
cells where it provides neuroprotection. α-crystallins are 
predominantly cytosolic proteins; however, mitochondrial 
and nuclear localization has also been reported[19,72,73].

Methionines of  αA- and αB-crystallins are oxidized 
in human lenses between the ages of  45 and 65 years[74,75]. 
The methionine in αA-crystallin is oxidized to methio-
nine sulfoxide in rat hereditary cataracts[76], and interest-
ingly, substitution of  methionine 68 in αB-crystallin with 
a less hydrophobic residue (Thr) results in loss of  chaper-
one activity[77]. Development of  cataract could be the re-
sult of  protein aggregation caused by loss of  α-crystallin 
chaperone function. Methionine oxidation damages 
α-crystallin chaperone activity, but MsrA can also repair 
oxidized methionines in α-crystallin and restore the chap-
erone function (Figure 1)[65]. Therefore, loss of  MsrA 
activity upon aging or oxidative stress could result in loss 
of  α-crystallin chaperone function and contribute to the 
development of  cataract and other age-related oxidative 
stress-associated disorders, such as AMD[78], Parkinson’s 
disease[79], Alzheimer’s disease[80] and desmin-related my-
opathy[81]. α-crystallins also possess antiapoptotic proper-
ties[18-20]. Whether methionine oxidation could also affect 
the antiapoptotic function remains to be established. 

We and others have shown that α-crystallins are lo-
calized in different retinal layers and in drusen of  AMD 
samples[20,78,82]. We have further found that MsrA is local-
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ized as a component of  drusen samples[16]. Our immuno-
fluorescence data, shown in Figure 2, indicate that both 
αA and αB crystallins co-localize with MsrA in the AMD 
retinas, especially in the drusen, suggesting potential 
interaction between the two types of  proteins. This ob-
servation is consistent with the phenomenon described 
above that methionine residues of  crystallins undergo 
oxidation and lose chaperone function with aging and 
oxidative stress. MsrA is involved in the repair process, so 
that the interaction or association of  both these proteins 
in the AMD retina is a critical process for further investi-
gation at the molecular level.

In summary, repair of  oxidized methionines in α- 
crystallin is necessary for the maintenance of  chaperone 
function. MsrA is required in eyes and other tissues for 
maintenance and repair of  α-crystallin chaperone func-
tion. The chaperone activity is essential for a number of  
significant functions ranging from protein folding to cy-
toskeletal remodeling, apoptotic control, neuroprotection, 
and angiogenesis regulation[18,21,70]. Loss of  α-crystallin 
chaperone function probably results in protein aggrega-
tion, which may account for the cataract formation found 
in the absence of  MsrA in mice[65]. Given the role of  
MsrA and α-crystallin in the health and disease of  retinal 
and other tissues, these results are probably applicable to 
our understanding of  the oxidative-stress-associated and 
aging disease mechanisms, and these results may provide 
a basis for the development of  well-designed interven-
tions for these conditions. 

Msr REGULATION UNDER HYPOXIC 
CONDITIONS IN RPE CELLS
Msrs are able to protect cells against oxidative damage, 
thus as discussed above, and because of  the importance 
of  oxidative damage in retinal tissues after hypoxia/re-
oxygenation[83], we wished to study the regulation of  Msrs 
(MsrA and MsrB2) in RPE cells in hypoxia. The retina 
is known to be the most metabolically active tissue in 

the body, and it is highly sensitive to reduction in oxygen 
tension[84]. Therefore, the role of  the oxygen microenvi-
ronment in the retina may be of  importance in under-
standing AMD and other retinal degenerative diseases. 
RPE cells were subjected to chemically induced hypoxia 
(100 μmol/L CoCl2, 4 h) in serum-free medium[20]. CoCl2 
stimulates the hypoxia responsive pathways and has been 
shown to induce apoptosis by mitochondrial pathways 
and hypoxia-inducible factor (HIF)-1α-dependent and 
-independent mechanisms[85,86]. CoCl2-induced hypoxia 
in RPE induced upregulation of  HIF-1α and vascular 
endothelial growth factor (VEGF) (Figure 3A-C). Gene 
expression analysis of  MsrA and MsrB2 showed initial 
upregulation for up to 1 h with hypoxia and a decline 
thereafter (Figure 3D and E), without affecting cell vi-
ability. Our findings in RPE cells are in accordance with 
several previous studies. For example, Msrs are reported 
to behave in the same manner in mouse embryonic cells 
under anoxia and acidosis[87]. MsrA is protective against 
hypoxia/reoxygenation stress in multiple cell types. Ad-
enovirus-mediated overexpression of  MsrA in primary 
neonatal rat cardiomyocytes subjected to hypoxia/re-
oxygenation reduced apoptotic cell death by > 45%[58]. 
Further support comes from studies using PC12 cells, 
in which overexpression of  MsrA lowered the level of  
ROS[15], and in lens cells, in which depletion of  MsrA us-
ing siRNA resulted in increased levels of  ROS[14,16]. The 
lower ROS level conferred by MsrA overexpression in 
PC12 cells was associated with greater cell viability[15] af-
ter hypoxia/reoxygenation. As discussed above, MsrA in-
teracts with α-crystallins, and we have shown that under 
prolonged hypoxic conditions, α-crystallins in RPE also 
showed a significant decrease, at both the transcriptional 
and translational levels[20]. It should be noted that retinas 
of  αA or αB crystallin knockout mice are highly suscep-
tible to hypoxia-induced cell death and that this could 
partly be due in part to decreased Msr expression. The 
finding that overexpression of  MsrA reduces hypoxia-
mediated apoptosis suggests that the endogenous antioxi-
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Figure 2  Immunohistochemical localization of αA-crystallin (red), αB-crystallin (red) and methionine sulfoxide reductase A (green) in the retina of patients 
with AMD. Retinal cryosections were air-dried, fixed, and processed as described[18] using αA-crystallin and αB-crystallin rabbit polyclonal antibodies (Stressgen, 
Ann Arbor, MI, USA), and mouse monoclonal methionine sulfoxide reductase (Msr) A antibody (Novus Biologicals, Littleton, CO, USA). Sections were viewed under a 
confocal microscope (Carl Zeiss, Thornwood, NY, USA). Arrows indicate co-localization (yellow) of αA-crystallin or αB-crystallin and MsrA. AMD:Age-related macular 
degeneration; *: Drusen; Scale bar = 50 μm.
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dant mechanism is not sufficient to counteract the oxi-
dative stress caused by hypoxia. Thus, MsrA and MsrB, 
which reduce the S and R forms of  methionine sulfoxide 
in proteins, respectively, may be viable therapeutic targets. 

FUTURE PERSPECTIVES
A great deal of  attention to MsrA has been directed to-
wards its functional properties in the lens. Detailed stud-
ies on the action and importance of  MsrA in the retina 
are scarce. As an important reductant, MsrA is likely to 
have a beneficial role in retinal diseases such as AMD, 

diabetic retinopathy and oxygen-induced retinopathy, 
which are associated with oxidative stress. The emerging 
role of  other proteins such as the chaperone αB crystal-
lin in retinal as well as choroidal angiogenesis[21] suggests 
that interaction of  MsrA with such proteins may prove to 
be a critical area of  investigation. α-crystallins are crucial 
molecules with multiple functions, and whether MsrA has 
a direct role in protecting their chaperone function will 
be worthy of  study in vivo. Both MsrA and α-crystallins 
share antiapoptotic properties and both are present or 
translocated to the mitochondria during stress, therefore, 
it is hypothesized that their interaction occurs in mito-
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Figure 3  Regulation of methionine sulfoxide reductase A and B2 in retinal pigment epithelial subjected to chemically induced hypoxia. Hypoxia-inducible 
factor (HIF)-1α (A) and vascular endothelial growth factor (VEGF) (B and C) were used to validate hypoxia from CoCl2. Confluent human fetal retinal pigment epithe-
lial (RPE) cells were serum starved overnight and treated with 100 μmol/L CoCl2 for 4 h. Western blot analysis shows HIF-1α (mouse monoclonal, Novus Biologicals) 
upregulation in nuclear extracts of CoCl2-treated RPE cells (A). VEGF expression was significantly upregulated both at the mRNA (B) and protein levels (C). Real-
time polymerase chain reaction was performed as described[19] in a light cycler (Roche, IN, USA) using β-actin as normalizing gene. A polyclonal antibody (Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) was used for the detection of VEGF. Methionine sulfoxide reductase (Msr) A and MsrB showed initial upregulation but, at 4 h, 
showed significant downregulation (D and E). Data presented are mean ± SE. aP < 0.05 vs control. 
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chondria which is the major source of  endogenous ROS. 
Recent findings indicate that, in AMD, both MsrA and 
α-crystallin accumulate in the drusen, and the nature of  
their physical and molecular interactions under patho-
logical conditions is not known. Further, α-crystallins 
are neuroprotective in multiple neurodegenerative 
diseases[71,88-92], and given the fact that oxidation of  the 
methionine residues inhibits the chaperone function of  
crystallins, it is plausible that modulation (by overex-
pression) of  the Msr activity may be beneficial in the 
treatment of  these diseases. In addition, aging contrib-
utes to increased oxidation of  methionine in proteins 
so that MsrA alone or in combination therapy could 
offer significant and long-term protection.
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GENERAL INFORMATION
World Journal of  Biological Chemistry (World J Biol Chem, WJBC, online 
ISSN 1949-8454, DOI: 10.4331), is a monthly, open-access (OA), 
peer-reviewed journal supported by an editorial board of  523 ex-
perts in biochemistry and molecular biology from 40 countries.

The biggest advantage of  the OA model is that it provides free, 
full-text articles in PDF and other formats for experts and the public 
without registration, which eliminates the obstacle that traditional 
journals possess and usually delays the speed of  the propagation and 
communication of  scientific research results. The open access model 
has been proven to be a true approach that may achieve the ultimate 
goal of  the journals, i.e. the maximization of  the value to the readers, 
authors and society.

Maximization of personal benefits
The role of  academic journals is to exhibit the scientific levels of  
a country, a university, a center, a department, and even a scientist, 
and build an important bridge for communication between scientists 
and the public. As we all know, the significance of  the publication of  
scientific articles lies not only in disseminating and communicating 
innovative scientific achievements and academic views, as well as pro-
moting the application of  scientific achievements, but also in formally 
recognizing the "priority" and "copyright" of  innovative achievements 
published, as well as evaluating research performance and academic 
levels. So, to realize these desired attributes of  WJBC and create a 
well-recognized journal, the following four types of  personal benefits 
should be maximized. The maximization of  personal benefits refers 
to the pursuit of  the maximum personal benefits in a well-considered 
optimal manner without violation of  the laws, ethical rules and the 
benefits of  others. (1) Maximization of  the benefits of  editorial board 
members: The primary task of  editorial board members is to give a 
peer review of  an unpublished scientific article via online office sys-
tem to evaluate its innovativeness, scientific and practical values and 
determine whether it should be published or not. During peer review, 
editorial board members can also obtain cutting-edge information in 
that field at first hand. As leaders in their field, they have priority to 
be invited to write articles and publish commentary articles. We will 
put peer reviewers’ names and affiliations along with the article they 
reviewed in the journal to acknowledge their contribution; (2) Maxi-
mization of  the benefits of  authors: Since WJBC is an open-access 
journal, readers around the world can immediately download and 
read, free of  charge, high-quality, peer-reviewed articles from WJBC 
official website, thereby realizing the goals and significance of  the 
communication between authors and peers as well as public reading; 
(3) Maximization of  the benefits of  readers: Readers can read or use, 
free of  charge, high-quality peer-reviewed articles without any limits, 
and cite the arguments, viewpoints, concepts, theories, methods, 
results, conclusion or facts and data of  pertinent literature so as to 
validate the innovativeness, scientific and practical values of  their own 
research achievements, thus ensuring that their articles have novel 
arguments or viewpoints, solid evidence and correct conclusion; and 
(4) Maximization of  the benefits of  employees: It is an iron law that a 
first-class journal is unable to exist without first-class editors, and only 
first-class editors can create a first-class academic journal. We insist 
on strengthening our team cultivation and construction so that every 
employee, in an open, fair and transparent environment, could con-
tribute their wisdom to edit and publish high-quality articles, thereby 
realizing the maximization of  the personal benefits of  editorial board 

members, authors and readers, and yielding the greatest social and 
economic benefits.

Aims and scope
The major task of  WJBC is to rapidly report the most recent devel-
opments in the research by the close collaboration of  biologists and 
chemists in area of  biochemistry and molecular biology, including: 
general biochemistry, pathobiochemistry, molecular and cellular 
biology, molecular medicine, experimental methodologies and the 
diagnosis, therapy, and monitoring of  human disease.

Columns
The columns in the issues of  WJBC will include: (1) Editorial: To 
introduce and comment on major advances and developments in the 
field; (2) Frontier: To review representative achievements, comment 
on the state of  current research, and propose directions for future re-
search; (3) Topic Highlight: This column consists of  three formats, in-
cluding (A) 10 invited review articles on a hot topic, (B) a commentary 
on common issues of  this hot topic, and (C) a commentary on the 10 
individual articles; (4) Observation: To update the development of  old 
and new questions, highlight unsolved problems, and provide strate-
gies on how to solve the questions; (5) Guidelines for Basic Research: 
To provide guidelines for basic research; (6) Guidelines for Clinical 
Practice: To provide guidelines for clinical diagnosis and treatment; 
(7) Review: To review systemically progress and unresolved problems 
in the field, comment on the state of  current research, and make sug-
gestions for future work; (8) Original Articles: To report innovative 
and original findings in biochemistry and molecular biology; (9) Brief  
Articles: To briefly report the novel and innovative findings in bio-
chemistry and molecular biology; (10) Case Report: To report a rare 
or typical case; (11) Letters to the Editor: To discuss and make reply to 
the contributions published in WJBC, or to introduce and comment 
on a controversial issue of  general interest; (12) Book Reviews: To 
introduce and comment on quality monographs of  biochemistry and 
molecular biology; and (13) Guidelines: To introduce Consensuses and 
Guidelines reached by international and national academic authorities 
worldwide on the research in biochemistry and molecular biology.
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Instructions to authors

the paper, including t-test (group or paired comparisons), chi-squared 
test, Ridit, probit, logit, regression (linear, curvilinear, or stepwise), 
correlation, analysis of  variance, analysis of  covariance, etc. The re-
viewing points include: (1) Statistical methods should be described 
when they are used to verify the results; (2) Whether the statistical 
techniques are suitable or correct; (3) Only homogeneous data can be 
averaged. Standard deviations are preferred to standard errors. Give 
the number of  observations and subjects (n). Losses in observations, 
such as drop-outs from the study should be reported; (4) Values such 
as ED50, LD50, IC50 should have their 95% confidence limits cal-
culated and compared by weighted probit analysis (Bliss and Finney); 
and (5) The word ‘significantly’ should be replaced by its synonyms (if  
it indicates extent) or the P value (if  it indicates statistical significance). 

Conflict-of-interest statement
In the interests of  transparency and to help reviewers assess any poten-
tial bias, WJBC requires authors of  all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests  
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular 
paper. Before submitting, authors are suggested to read “Uniform 
Requirements for Manuscripts Submitted to Biomedical Journals: 
Ethical Considerations in the Conduct and Reporting of  Research: 
Conflicts of  Interest” from International Committee of  Medical 
Journal Editors (ICMJE), which is available at: http://www.icmje.
org/ethical_4conflicts.html. 

Sample wording: [Name of  individual] has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names 
of  organizations], and has received research funding from [names of  
organization]. [Name of  individual] is an employee of  [name of  or-
ganization]. [Name of  individual] owns stocks and shares in [name of  
organization]. [Name of  individual] owns patent [patent identification 
and brief  description]. 

Statement of informed consent
Manuscripts should contain a statement to the effect that all human 
studies have been reviewed by the appropriate ethics committee 
or it should be stated clearly in the text that all persons gave their 
informed consent prior to their inclusion in the study. Details that 
might disclose the identity of  the subjects under study should be 
omitted. Authors should also draw attention to the Code of  Ethics 
of  the World Medical Association (Declaration of  Helsinki, 1964, 
as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should follow 
the highest standards and the trial should conform to Good Clini-
cal Practice (for example, US Food and Drug Administration Good 
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines 
Research Council Guidelines for Good Clinical Practice in Clinical 
Trials) and/or the World Medical Association Declaration of  Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If  doubt exists whether the research was conducted 
in accordance with the above standards, the authors must explain the 
rationale for their approach and demonstrate that the institutional 
review body explicitly approved the doubtful aspects of  the study. 

Before submitting, authors should make their study approved by 
the relevant research ethics committee or institutional review board. 
If  human participants were involved, manuscripts must be accompa-
nied by a statement that the experiments were undertaken with the 
understanding and appropriate informed consent of  each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If  experimental animals were used, 
the materials and methods (experimental procedures) section must 
clearly indicate that appropriate measures were taken to minimize 
pain or discomfort, and details of  animal care should be provided.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book 

Antiqua with ample margins. Number all pages consecutively, and 
start each of  the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion, 
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the 
opinions expressed by contributors. Manuscripts formally accepted 
for publication become the permanent property of  Baishideng 
Publishing Group Co., Limited, and may not be reproduced by any 
means, in whole or in part, without the written permission of  both 
the authors and the publisher. We reserve the right to copy-edit and 
put onto our website accepted manuscripts. Authors should follow 
the relevant guidelines for the care and use of  laboratory animals 
of  their institution or national animal welfare committee. For the 
sake of  transparency in regard to the performance and reporting of  
clinical trials, we endorse the policy of  the ICMJE to refuse to pub-
lish papers on clinical trial results if  the trial was not recorded in a 
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored 
by the United States National Library of  Medicine and we encour-
age all potential contributors to register with it. However, in the case 
that other registers become available you will be duly notified. A 
letter of  recommendation from each author’s organization should 
be provided with the contributed article to ensure the privacy and 
secrecy of  research is protected.

Authors should retain one copy of  the text, tables, photographs 
and illustrations because rejected manuscripts will not be returned 
to the author(s) and the editors will not be responsible for loss or 
damage to photographs and illustrations sustained during mailing.

Online submissions
Manuscripts should be submitted through the Online Submission 
System at: http://www.wjgnet.com/1949-8454office. Authors are 
highly recommended to consult the ONLINE INSTRUCTIONS 
TO AUTHORS (http://www.wjgnet.com/1949-8454/g_info_ 
20100316155305.htm) before attempting to submit online. For 
assistance, authors encountering problems with the Online Submi
ssion System may send an email describing the problem to wjbc@
wjgnet.com, or by telephone: +86-10-85381892. If  you submit your 
manuscript online, do not make a postal contribution. Repeated 
online submission for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must 
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample 
margins. Style should conform to our house format. Required in-
formation for each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should 
be provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of  data, or analysis and 
interpretation of  data; (2) drafting the article or revising it critically 
for important intellectual content; and (3) final approval of  the ver-
sion to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete 
name of  institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of  Pathology, Chengde 
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George 
Sgourakis, Department of  General, Visceral, and Transplantation 
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical 
Department, Korgialenio-Benakio Red Cross Hospital, Athens 
15451, Greece
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Instructions to authors

Author contributions: The format of  this section should be: 
Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  
supportive foundations should be provided, e.g. Supported by Na-
tional Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should be 
provided. Author names should be given first, then author title, af-
filiation, the complete name of  institution, city, postcode, province, 
country, and email. All the letters in the email should be in lower 
case. A space interval should be inserted between country name and 
email address. For example, Montgomery Bissell, MD, Professor of  
Medicine, Chief, Liver Center, Gastroenterology Division, Universi-
ty of  California, Box 0538, San Francisco, CA 94143, United States. 
montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, 
country number, district number and telephone or fax number, e.g. 
Telephone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJBC, review-
ers of  accepted manuscripts will be announced by publishing the 
name, title/position and institution of  the reviewer in the footnote 
accompanying the printed article. For example, reviewers: Professor 
Jing-Yuan Fang, Shanghai Institute of  Digestive Disease, Shang-
hai, Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong 
University, Shanghai, China; Professor Xin-Wei Han, Department 
of  Radiology, The First Affiliated Hospital, Zhengzhou University, 
Zhengzhou, Henan Province, China; and Professor Anren Kuang, 
Department of  Nuclear Medicine, Huaxi Hospital, Sichuan Univer-
sity, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no more than 256 words) and 
structured abstracts (no more than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no more than 480 words 
should accompany each manuscript. Abstracts for original contribu-
tions should be structured into the following sections. AIM (no more 
than 20 words): Only the purpose should be included. Please write 
the aim as the form of  “To investigate/study/…; MATERIALS 
AND METHODS (no more than 140 words); RESULTS (no more 
than 294 words): You should present P values where appropriate and 
must provide relevant data to illustrate how they were obtained, e.g. 
6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; CONCLUSION (no more 
than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, 
which reflect the content of  the study.

Text
For articles of  these sections, original articles and brief  articles, the 
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and DIS-
CUSSION, and should include appropriate Figures and Tables. Data 
should be presented in the main text or in Figures and Tables, but not 

in both. The main text format of  these sections, editorial, topic high-
light, case report, letters to the editors, can be found at: http://www.
wjgnet.com/1949-8454/g_info_20100316160646.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a sepa-
rate page. Detailed legends should not be provided under the 
figures. This part should be added into the text where the figures 
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples 
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is 
necessary in line-art image. Scale bars should be used rather than 
magnification factors, with the length of  the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured 
areas. Please use uniform legends for the same subjects. For ex-
ample: Figure 1  Pathological changes in atrophic gastritis after treat-
ment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is our principle 
to publish high resolution-figures for the printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. Detailed 
legends should not be included under tables, but rather added into 
the text where applicable. The information should complement, 
but not duplicate the text. Use one horizontal line under the title, a 
second under column heads, and a third below the Table, above any 
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, each 
curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain se-
quence.
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square brackets in superscript at the end of  citation content or after 
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narration, the coding number and square brackets should be typeset 
normally. For example, “Crohn’s disease (CD) is associated with 
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in the text, they should be put together within the text, for example, 
“From references[19,22-24], we know that...”

When the authors write the references, please ensure that the 
order in text is the same as in the references section, and also ensure 
the spelling accuracy of  the first author’s name. Do not list the same 
citation twice. 

PMID and DOI
Pleased provide PubMed citation numbers to the reference list, e.g. 

III August 26, 2011|Volume 2|Issue 8|WJBC|www.wjgnet.com



Instructions to authors

PMID and DOI, which can be found at http://www.ncbi.nlm.nih.
gov/sites/entrez?db=pubmed and http://www.crossref.org/Sim-
pleTextQuery/, respectively. The numbers will be used in E-version 
of  this journal.

Style for journal references
Authors: the name of  the first author should be typed in bold-faced 
letters. The family name of  all authors should be typed with the ini-
tial letter capitalized, followed by their abbreviated first and middle 
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR). The title of  the cited article and italicized 
journal title (journal title should be in its abbreviated form as shown 
in PubMed), publication date, volume number (in black), start page, 
and end page [PMID: 11819634   DOI: 10.3748/wjg.13.5396].

Style for book references
Authors: the name of  the first author should be typed in bold-
faced letters. The surname of  all authors should be typed with the 
initial letter capitalized, followed by their abbreviated middle and 
first initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, 
Bo-Rong Pan as Pan BR) Book title. Publication number. Publica-
tion place: Publication press, Year: start page and end page.

Format
Journals 
English journal article (list all authors and include the PMID where applicable)
1	 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J, 

Kubale R, Feuerbach S, Jung F. Evaluation of  quantitative con-
trast harmonic imaging to assess malignancy of  liver tumors: 
A prospective controlled two-center study. World J Gastroenterol 
2007; 13: 6356-6364 [PMID: 18081224   DOI: 10.3748/wjg.13. 
6356]

Chinese journal article (list all authors and include the PMID where applicable)
2	 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic 

effect of  Jianpi Yishen decoction in treatment of  Pixu-diar-
rhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press
3	 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature 

of  balancing selection in Arabidopsis. Proc Natl Acad Sci USA 
2006; In press

Organization as author
4	 Diabetes Prevention Program Research Group. Hyperten-

sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462   
PMCID:2516377   DOI:10.1161/01.HYP.0000035706.28494. 
09]

Both personal authors and an organization as author 
5	 Vallancien G, Emberton M, Harving N, van Moorselaar RJ; 

Alf-One Study Group. Sexual dysfunction in 1, 274 European 
men suffering from lower urinary tract symptoms. J Urol 
2003; 169: 2257-2261 [PMID: 12771764   DOI:10.1097/01.ju. 
0000067940.76090.73]

No author given
6	 21st century heart solution may have a sting in the tail. BMJ 

2002; 325: 184 [PMID: 12142303   DOI:10.1136/bmj.325. 
7357.184]

Volume with supplement
7	 Geraud G, Spierings EL, Keywood C. Tolerability and safety 

of  frovatriptan with short- and long-term use for treatment 
of  migraine and in comparison with sumatriptan. Headache 
2002; 42 Suppl 2: S93-99 [PMID: 12028325   DOI:10.1046/
j.1526-4610.42.s2.7.x]

Issue with no volume
8	 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen 

section analysis in revision total joint arthroplasty. Clin Orthop 
Relat Res 2002; (401): 230-238 [PMID: 12151900   DOI:10.10
97/00003086-200208000-00026]

No volume or issue
9	 Outreach: Bringing HIV-positive individuals into care. HRSA 

Careaction 2002; 1-6 [PMID: 12154804]

Books
Personal author(s)
10	 Sherlock S, Dooley J. Diseases of  the liver and billiary system. 

9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11	 Lam SK. Academic investigator’s perspectives of  medical 

treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer 
disease: investigation and basis for therapy. New York: Marcel 
Dekker, 1991: 431-450

Author(s) and editor(s)
12	 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 

2nd ed. Wieczorek RR, editor. White Plains (NY): March of  
Dimes Education Services, 2001: 20-34

Conference proceedings
13	 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. 

Proceedings of  the 5th Germ cell tumours Conference; 2001 
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper
14	 Christensen S, Oppacher F. An analysis of  Koza's computa-

tional effort statistic for genetic programming. In: Foster JA, 
Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic 
programming. EuroGP 2002: Proceedings of  the 5th Euro-
pean Conference on Genetic Programming; 2002 Apr 3-5; 
Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)
15	 Morse SS. Factors in the emergence of  infectious diseases. 

Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05; 
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm

Patent (list all authors)
16	 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. 

Flexible endoscopic grasping and cutting device and positioning 
tool assembly. United States patent US 20020103498. 2002 Aug 
1

Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as 
χ2 (in Greek), related coefficient as r (in italics), degree of  freedom 
as υ (in Greek), sample number as n (in italics), and probability as P (in 
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, 
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood 
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume 
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic 
numerals such as 23, 243, 641 should be read 23 243 641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/1949-8454/
g_info_20100309232449.htm.

Abbreviations
Standard abbreviations should be defined in the abstract and on 
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful 
to the reader. Permissible abbreviations are listed in Units, Symbols 
and Abbreviations: A Guide for Biological and Medical Editors and 
Authors (Ed. Baron DN, 1988) published by The Royal Society of  
Medicine, London. Certain commonly used abbreviations, such as 
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, 
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.

IV August 26, 2011|Volume 2|Issue 8|WJBC|www.wjgnet.com



Instructions to authors

Italics
Quantities: t time or temperature, c concentration, A area, l length, 
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Examples for paper writing
Editorial: http://www.wjgnet.com/1949-8454/g_info_20100316 
155524.htm

Frontier: http://www.wjgnet.com/1949-8454/g_info_20100312 
091506.htm

Topic highlight: http://www.wjgnet.com/1949-8454/g_info_2010 
0316155725.htm

Observation: http://www.wjgnet.com/1949-8454/g_info_20100316 
155928.htm

Guidelines for basic research: http://www.wjgnet.com/1949-8454/
g_info_20100312092119.htm

Guidelines for clinical practice: http://www.wjgnet.com/1949-84 
54/g_info_20100312092247.htm

Review: http://www.wjgnet.com/1949-8454/g_info_2010031616 
0234.htm

Original articles: http://www.wjgnet.com/1949-8454/g_info_2010 
0316160646.htm

Brief  articles: http://www.wjgnet.com/1949-8454/g_info_201003 
12092528.htm

Case report: http://www.wjgnet.com/1949-8454/g_info_20100316 
161452.htm

Letters to the editor: http://www.wjgnet.com/1949-8454/g_info_ 
20100309232142.htm

Book reviews: http://www.wjgnet.com/1949-8454/g_info_201003 
12092929.htm

Guidelines: http://www.wjgnet.com/1949-8454/g_info_20100312 
093057.htm

SUBMISSION OF THE REVISED MANUSCRIPTS 
AFTER ACCEPTED
Please revise your article according to the revision policies of  
WJBC. The revised version including manuscript and high-resolu-
tion image figures (if  any) should be copied on a floppy or com-
pact disk. The author should send the revised manuscript, along 
with printed high-resolution color or black and white photos, 
copyright transfer letter, and responses to the reviewers by courier 
(such as EMS/DHL).

Editorial Office
World Journal of Biological Chemistry
Editorial Department: Room 903, Building D, 

Ocean International Center,
No. 62 Dongsihuan Zhonglu, 
Chaoyang District, Beijing 100025, China
E-mail: wjbc@wjgnet.com
http://www.wjgnet.com
Telephone: +86-10-8538-1892
Fax: +86-10-8538-1893

Language evaluation 
The language of  a manuscript will be graded before it is sent for 
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
guage polishing; (3) Grade C: a great deal of  language polishing 
needed; and (4) Grade D: rejected. Revised articles should reach 
Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/1949-8454/g_info_20100309233100.htm.

Responses to reviewers
Please revise your article according to the comments/suggestions 
provided by the reviewers. The format for responses to the reviewers’ 
comments can be found at: http://www.wjgnet.com/1949-8454/
g_info_20100309232833.htm.

Proof of financial support
For paper supported by a foundation, authors should provide a 
copy of  the document and serial number of  the foundation.

Links to documents related to the manuscript 
WJBC will be initiating a platform to promote dynamic interactions 
between the editors, peer reviewers, readers and authors. After a 
manuscript is published online, links to the PDF version of  the 
submitted manuscript, the peer-reviewers’ report and the revised 
manuscript will be put on-line. Readers can make comments on 
the peer reviewer’s report, authors’ responses to peer reviewers, 
and the revised manuscript. We hope that authors will benefit from 
this feedback and be able to revise the manuscript accordingly in a 
timely manner.

Science news releases
Authors of  accepted manuscripts are suggested to write a science 
news item to promote their articles. The news will be released rap-
idly at EurekAlert/AAAS (http://www.eurekalert.org). The title for 
news items should be less than 90 characters; the summary should 
be less than 75 words; and main body less than 500 words. Science 
news items should be lawful, ethical, and strictly based on your 
original content with an attractive title and interesting pictures.

Publication fee
WJBC is an international, peer-reviewed, Open-Access, online jour-
nal. Articles published by this journal are distributed under the terms 
of  the Creative Commons Attribution Non-commercial License, 
which permits use, distribution, and reproduction in any medium, 
provided the original work is properly cited, the use is non com-
mercial and is otherwise in compliance with the license. Authors of  
accepted articles must pay a publication fee. The related standards 
are as follows. Publication fee: 1300 USD per article. Editorial, topic 
highlights, book reviews and letters to the editor are published free 
of  charge.
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