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session, presentations by students and post-
doctoral fellows were judged by all the invited 
speakers, and the top five presentations 
received prizes. The award for best-overall 
poster went to Chien-Wen Chen (Tanaka lab-
oratory, RIKEN), for the development of new 
methods to analyze changes in RNA utiliza-
tion in yeast under various stress conditions. 
Other winners were Yuhei Chadani (Taguchi 
lab, Tokyo Institute of Technology), for a 
detailed analysis of translational pausing across 
Escherichia coli coding sequences; Marziyeh 

made a substantial contribution to the success 
of the conference, including a special addi-
tional session featuring oral presentations 
from Asuteka Nagao (University of Tokyo), 
Hiro-oki Iwakawa (University of Tokyo), 
Nono Takeuchi-Tomita (University of Tokyo), 
Akiko Sato (Hiroshima University) and 
Daisuke Morito (Kyoto Sangyo University).

Each of the 47 poster presenters had the 
opportunity to present a 1-minute research 
summary in English, as an effective way to 
introduce their posters. During the poster 

On 1 September 2016, 100 scientists and 
students gathered to exchange ideas on the 
topic of nascent-chain biology research, in 
the tranquil setting of the Fuji Lake Hotel, 
situated on the bank of Lake Kawaguchi 
(pictured), which is an approximately 
1.5-hour drive from Tokyo. The meet-
ing was conducted within the purview of 
a collaborative Japanese Grant-in-aid for 
Scientific Research on the Innovative Area 
of ‘Nascent-chain biology’ (no. 26116001) 
and was organized by Hideki Taguchi (Tokyo 
Institute of Technology), Motomasa Tanaka 
(RIKEN), Kenji Inaba (Tohoku University) 
and Toshifumi Inada (Tohoku University). 
Other members of the organizing commit-
tee included Shinobu Chiba (Kyoto Sangyo 
University), Kenji Kohno (Nara Institute of 
Science and Technology) and Yukio Fujiki 
(Kyushu University). Over 3 days, partici-
pants heard 34 talks divided into four main 
sessions focused on ribosome-assisted pro-
tein quality control, nascent-chain folding 
and chaperones, nascent chains and organ-
elle homeostasis, and new methodologies in 
nascent-chain research. Young investigators 

Climbing to the peak of nascent-chain 
knowledge
Daniel N Wilson & Patricia L Clark

During protein synthesis, the growing nascent polypeptide chain acts as a positive or negative regulator of the rate 
of peptide-bond formation and ribosomal fidelity, and influences the efficiency of downstream protein-folding and 
targeting events. At a recent international meeting held on the banks of Lake Kawaguchi in Japan, scientists and 
students investigating diverse aspects of nascent-chain biology met to discuss their latest findings in the scenic 
presence of Mount Fuji.

Daniel N. Wilson is at the Gene Center and 
Department of Biochemistry, University 
of Munich, Munich, Germany. Patricia L. 
Clark is at the Department of Chemistry & 
Biochemistry, University of Notre Dame, Notre 
Dame, Indiana, USA. 
e-mail: wilson@lmb.uni-muenchen.de or 
pclark1@nd.edu

Participants in the nascent-chain biology research meeting at Lake Kawaguchi.
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by her lab to measure the effects of specific 
mRNA and nascent-chain sequences on 
cotranslational folding, then connected these 
results to synonymous rare codon usage and 
cotranslational folding mechanisms in natu-
rally occurring coding sequences. Two speak-
ers, Takashi Funatsu (University of Tokyo) and 
Carlos Bustamante (University of California, 
Berkeley) reported measurements of the force 
that is applied to  elongation-arrested nascent 
chains and is required for the resumption 
of translation, in both cases through use of 
elegant single-molecule optical-trap experi-
ments to measure force profiles. Carlos 
Bustamante further showed that folding of a 
nascent chain at the opening of the ribosome 
exit tunnel exerts similar effects in vivo. Neil 
Bulleid (University of Glasgow) described 
results from a novel cell-free translation–
translocation system developed to measure 
cotranslational disulfide-bond formation in 
eukaryotic proteins. Finally, Daisuke Morito 
(Kyoto Sangyo University) provided an excel-
lent illustration of the panoply of mechanisms 
by which translation can affect nascent-chain 
destiny, presenting a  mechanism by which 
translation-rate reduction during synthesis of 
the N terminus of a very long protein might 
space out ribosomes and consequently prevent 
aggregation of nascent chains on neighbor-
ing ribosomes within a polysome, during or 
shortly after translation.

Nascent-chain sorting and import into 
organelles
In all organisms, a sizable fraction of pro-
teins translated in the cytoplasm must be 
transported to their functional destinations 

nascent-chain polypeptide sequences that 
stall translation in vivo and in vitro. It will be 
exciting to see whether common motifs emerge 
from these studies (and, if so, how they vary 
among organisms) as well as whether stalling 
sequences identified in these selection schemes 
are found within the open reading frames of 
sequences in currently available genomes.

Translational stalling can also occur dur-
ing translation of either non-stop mRNAs 
or mRNAs encoding polybasic sequences. 
However, in eukaryotes, these stalled ribo-
somes are recognized by the ribosome quality-
control system, thereby leading to dissociation 
of the ribosome into subunits and degradation 
of the aberrant polypeptide. Toshifumi Inada 
(Tohoku University) presented results showing 
that the ubiquitination of specific ribosomal 
proteins by the E3 ubiquitin ligase Hel2 is 
critical for ribosome quality control in yeast. 
Separate presentations by Hideki Taguchi 
(Tokyo Institute of Technology) and Asuteka 
Nagao (University of Tokyo) described novel 
bacterial quality-control systems that lead to 
dissociation of peptidyl-tRNAs from the ribo-
some after translation of particular amino acid 
sequences,  misincorporation of the  incorrect 
amino acid or misreading by near-cognate 
aminoacyl-tRNAs.

Cotranslational folding
A common theme throughout the meeting was 
how mechanisms that affect the translation 
rate and the proximity of the ribosome surface 
can affect folding of the nascent protein while 
it is still attached to the ribosome. Patricia 
Clark (University of Notre Dame) described 
a new fluorescent reporter protein developed 

Karimi (Uzawa lab, Saitama University), for 
development of a novel approach to fluores-
cently label ribosome-bound nascent protein 
chains; Masaki Okumura (Inaba lab, Tohoku 
University), for studies of the dynamic assem-
bly and disassembly of protein disulfide isom-
erase during the catalysis of oxidative protein 
folding; and Tomoaki Shigeta (Imataka lab, 
University of Hyogo) for clever use of a trans-
lation reconstitution system uncovering how 
poly(A)-binding protein stimulates translation.

Each talk at the meeting inspired exten-
sive questions and spirited discussion, and 
the conference hall was packed from the first 
until the very last talk. In the evenings, discus-
sions continued over sumptuous banquets of 
Japanese delights accompanied by white and 
red wines from the Katsunuma wine region 
of Yamanashi. Conversations continued into 
the small hours of the night, as speakers and 
attendees seated on tatami mats at low tables 
enjoyed snacks, local craft beers and smooth 
Daiginjō-shu sake; the gathering drew back 
attendees even after they had taken a relaxing 
dip in the hotel’s hot spring.

Pausing, stalling and arrest
The meeting opened with a number of pre-
sentations describing the ability of nascent 
polypeptide chains to interact with the ribo-
somal tunnel during their synthesis and to 
induce ribosome stalling, thereby regulating 
gene expression. The discovery of diverse 
stalling peptides has a strong history in Japan, 
as emphasized by the opening talk given 
by Koreaki Ito (Kyoto Sangyo University), 
which highlighted how the secretion-monitor 
peptide, SecM, uses translational stalling to 
regulate the expression of the SecA translo-
case in E. coli. The diversity of nascent-chain-
directed translation-stalling mechanisms was 
highlighted by subsequent speakers, includ-
ing Satoshi Naito (Hokkaido University), 
who described the S-adenosyl methionine–
dependent stalling of CGS1 in Arabidopsis; 
Kenji Kohno (Nara Institute of Science and 
Technology), who discussed the latest insights 
into how translational stalling during transla-
tion of the human XBP1u mRNA affects endo-
plasmic reticulum targeting; and Hiroyuki 
Mori (Kyoto University), who has recently 
identified the VemP stalling peptide, which 
regulates expression of the Sec machinery in 
response to changes in salinity in Vibrio. Daniel 
Wilson (University of Munich) then presented 
cryo-EM structures revealing how polyproline 
motifs stall translation and how the elongation 
factor EF-P rescues these stalled ribosomes. 
Additionally, multiple groups described how 
they are developing a diverse range of system-
atic screening approaches to identify novel Location of Lake Kawaguchi at the base of Mount Fuji, Japan.
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profiling methodologies by Koreaki Ito (Kyoto 
Sangyo University) and Hideki Taguchi (Tokyo 
Institute of Technology); mass spectrometry by 
Yasushi Kawaguchi (University of Tokyo); and 
single-molecule optical tweezers by Takashi 
Funatsu (University of Tokyo).

Prospects for the future
One prevalent theme at the meeting was that a 
growing number of diverse nascent polypep-
tide-chain sequences are being discovered, and 
these sequences can modulate translation rate 
via ribosome pausing or stalling events as well 
as trigger downstream quality-control events 
for ribosome recycling. It will be interesting 
in the future to structurally characterize these 
nascent-chain regulatory events to understand 
the mechanistic basis for these phenomena as 
well as to identify potential common features. 
Another key message from the meeting was the 
central role that translation plays in overall cell 
fitness. Modulation of the translation rate can 
affect cotranslational protein folding, degrada-
tion, sorting and gene expression. In the future, 
it will be important to sort out the effects of 
translation-rate modulation on diverse cod-
ing sequences. Overall, the future of nascent-
chain research seems as bright as the sunshine 
on Lake Kawaguchi, owing to exciting new 
experimental methods, new understanding of 
the interplay between protein translation and 
diverse aspects of efficient production of func-
tional proteins, and the emergence of a new 
generation of brilliant scientists applying their 
intellects to these projects.
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Mount Fuji meeting continued this tradition: 
Takuya Ueda (University of Tokyo) discussed 
his current research in reconstituting ribo-
somes from rDNA in vitro using recombinant 
components, including ribosomal proteins, 
assembly factors, chaperones and modifica-
tion enzymes. In addition, Takuya Ueda out-
lined further advancements to improve the 
efficiency and fidelity of the ‘protein synthesis 
using recombinant elements’ (PURE) E. coli 
reconstituted translation system, toward the 
future goal of using recombinantly prepared 
and modified tRNAs. Nono Takeuchi-Tomita 
(University of Tokyo) presented results from 
a reconstituted cricket paralysis virus (CrPV) 
internal- ribosome-entry-site cell-free transla-
tion system using purified yeast translation- 
elongation and translation-termination factors 
and tRNAs together with human aminoacyl-
tRNA synthetases. Hiroaki Imataka (University 
of Hyogo) reported on his group’s achieve-
ments in generating a translation system, 
reconstituted from purified human initiation, 
elongation and termination factors, that effi-
ciently translates capped and poly(A)-tailed 
mRNAs. Remarkably, a version of this human 
translation system also includes at least six of 
the major human molecular-chaperone com-
plexes. Such systems will be of immense benefit 
in dissecting the mechanistic details of the fun-
damental process of efficient protein produc-
tion in eukaryotes.

In addition to reconstitution systems, many 
other state-of-the-art technologies are being 
used and developed by the Japanese research 
community for analysis of nascent-chain 
biology, including single-particle cryo-EM 
by Takuhiro Ito (RIKEN); nascent-chain- 

through import into subcellular compart-
ments. The mechanisms that control the 
sorting of nascent proteins commence dur-
ing translation; one of the best known is 
N-terminal signal-sequence recognition by 
the signal recognition particle for import into 
the endoplasmic reticulum (or the periplasm 
in bacteria). Masao Sakaguchi (University of 
Hyogo) built upon this foundation to describe 
the recent identification of features of the N 
termini of transmembrane proteins that pro-
mote specific post-translational targeting of 
the protein to the peroxisome rather than the 
endoplasmic reticulum. Ralf Erdmann (Ruhr 
University) described alternative mechanisms 
to overcome the unique challenges associated 
with post-translational sorting of folded pro-
teins into the peroxisome. Also within the sort-
ing theme, Agnieszka Chacinska (International 
Institute of Molecular and Cell Biology, 
Poland) described exciting new findings on 
cross-talk between the mitochondrial-import 
machinery and cytoplasmic protein synthesis, 
and Masato Nakai (Osaka University) reported 
progress on identifying the motor that imports 
proteins into chloroplasts.

Novel methods
A crucial component allowing progress in 
any cutting-edge field is the development of 
powerful new experimental tools. Japanese 
researchers have a long and rich history in 
developing reconstituted translation systems 
to tease out details of translation mechanisms, 
including the late Masayasu Nomura’s (then 
at the University of Wisconsin–Madison) 
pioneering ribosome-assembly maps of the 
small and large ribosomal subunits. The 
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