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Global analysis of protein folding using massively parallel design, synthesis, and testing   

Gabriel J. Rocklin, …..David Baker1,6,* 

Abstract: Proteins fold into unique native structures stabilized by thousands of weak 
interactions that collectively overcome the entropic cost of folding. Although these forces are 
“encoded” in the thousands of known protein structures, “decoding” them is challenging 
because of the complexity of natural proteins that have evolved for function, not stability. We 
combined computational protein design, next-generation gene synthesis, and a high-
throughput protease susceptibility assay to measure folding and stability for more than 15,000 
de novo designed miniproteins, 1000 natural proteins, 10,000 point mutants, and 30,000 
negative control sequences. This analysis identified more than 2500 stable designed proteins in 
four basic folds—a number sufficient to enable us to systematically examine how sequence 
determines folding and stability in uncharted protein space. Iteration between design and 
experiment increased the design success rate from 6% to 47%, produced stable proteins unlike 
those found in nature for topologies where design was initially unsuccessful, and revealed 
subtle contributions to stability as designs became increasingly optimized. Our approach 

http://science.sciencemag.org/content/357/6347/168#aff-1
http://science.sciencemag.org/content/357/6347/168#aff-6
http://science.sciencemag.org/content/357/6347/168#corresp-1


achieves the long-standing goal of a tight feedback cycle between computation and experiment 
and has the potential to transform computational protein design into a data-driven science. 
 

In Science Advances 

Production, use, and fate of all plastics ever made  

Abstract: Plastics have outgrown most man-made materials and have long been under 
environmental scrutiny. However, robust global information, particularly about their end-of-life 
fate, is lacking. By identifying and synthesizing dispersed data on production, use, and end-of-
life management of polymer resins, synthetic fibers, and additives, we present the first global 
analysis of all mass-produced plastics ever manufactured. We estimate that 8300 million metric 
tons (Mt) as of virgin plastics have been produced to date. As of 2015, approximately 6300 Mt of 
plastic waste had been generated, around 9% of which had been recycled, 12% was incinerated, 
and 79% was accumulated in landfills or the natural environment. If current production and 
waste management trends continue, roughly 12,000 Mt of plastic waste will be in landfills or in 
the natural environment by 2050.  
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Lih-Jen Chen and Hsou-min Li 
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Current Opinion in Cell Biology: Alert 21 July-28 July 
Cell adaptation upon stress: the emerging role of membrane-less compartments    Review 
Article  
Pages 34-42  
Catherine Rabouille, Simon Alberti 
The mitochondria–endoplasmic reticulum contact sites: a signalling platform for cell 
death    Review Article  
Pages 52-63  
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 Nature Methods Contents: August 2017 Volume 14 pp 753 - 825 
CrY2H-seq: a massively multiplexed assay for deep-coverage 
interactome mapping   pp819 - 825 
Shelly A Trigg, Renee M Garza, Andrew MacWilliams, Joseph R Nery, 
Anna Bartlett et al. Joe Ecker. 
doi:10.1038/nmeth.4343 
CrY2H-seq, a Cre recombinase reporter-mediated yeast two-hybrid method coupled with next-generation 
sequencing, enables ultra-high-throughput screening of transcription factor interactions in Arabidopsis 
thaliana. 
Broad-scale protein–protein interaction mapping is a major challenge given the cost, time, and 
sensitivity constraints of existing technologies. Here, we present a massively multiplexed yeast 
two-hybrid method, CrY2H-seq, which uses a Cre recombinase interaction reporter to 
intracellularly fuse the coding sequences of two interacting proteins and next-generation DNA 
sequencing to identify these interactions en masse. We applied CrY2H-seq to investigate 
sparsely annotated Arabidopsis thaliana transcription factors interactions. By performing ten 
independent screens testing a total of 36 million binary interaction combinations, and 
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uncovering a network of 8,577 interactions among 1,453 transcription factors, we demonstrate 
CrY2H-seq′s improved screening capacity, efficiency, and sensitivity over those of existing 
technologies. The deep-coverage network resource we call AtTFIN-1 recapitulates one-third of 
previously reported interactions derived from diverse methods, expands the number of known 
plant transcription factor interactions by three-fold, and reveals previously unknown family-
specific interaction module associations with plant reproductive development, root 
architecture, and circadian coordination. 
Plant, Cell & Environment Content Alert (New Articles) 
 Temperature heterogeneity over leaf surfaces: the contribution of the lamina microtopography 
Marc Saudreau, Amélie Ezanic, Boris Adam, Robin Caillon, Pascal Walser and Sylvain Pincebourde 
Accepted manuscript online: 14 JUL 2017 08:25PM EST | DOI: 10.1111/pce.13026 
 Redox regulation at the site of primary growth: Auxin, cytokinin and ROS crosstalk 
Vanesa B. Tognetti, Agnieszka Bielach and Mónika Hrtyan 
Accepted manuscript online: 14 JUL 2017 07:30AM EST | DOI: 10.1111/pce.13021 

Changing climate affects agriculture and plant biodiversity around the globe. Given that the recovery of the plants 
after abiotic stress periods requires apical meristems survival, a more thorough understanding of plant meristem 
functioning and maintenance is crucial. Therefore, in this review we provide an overview of how ROS and the main 
developmental hormones auxin and cytokinin are interconnected through redox systems to balance maintenance of 
meristematic zones upon stress. We also emphasize the need to interpret hormonal and ROS networks as 
interconnected mechanisms rather than as independent pathways. 
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Arabidopsis Nonsymbiotic Hemoglobin AHb1 Modulates Nitric Oxide 
Bioactivity  
 
Abstract: 
 
Nitric oxide (NO) is a widespread signaling molecule, and numerous targets of its action exist in 
plants. Whereas the activity of NO in erythrocytes, microorganisms, and invertebrates has been 
shown to be regulated by several hemoglobins, the function of plant hemoglobins in NO 
detoxification has not yet been elucidated. Here, we show that Arabidopsis 
thaliana nonsymbiotic hemoglobin AHb1 scavenges NO through production of S-
nitrosohemoglobin and reduces NO emission under hypoxic stress, indicating its role in NO 
detoxification. However, AHb1 does not affect NO-mediated hypersensitive cell death in 
response to avirulent Pseudomonas syringae, suggesting that it is not involved in the removal of 
NO bursts originated from acute responses when NO mediates crucial defense signaling 
functions. 
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Scientific Reports | 7: 5020 | DOI:10.1038/s41598-017-05206-2 
The glyceraldehyde-3-phosphate dehydrogenase GapDH of 
Corynebacterium diphtheriae is redox-controlled by protein 
Smycothiolation under oxidative stress 
Melanie Hillion 1, Marcel Imber1, Brandán Pedre2,3,4, Jörg Bernhardt5, Malek Saleh1, Vu Van 
Loi1, Sandra Maaß5, Dörte Becher5, Leonardo Astolfi Rosado2,3,4, Lorenz Adrian6, Christoph 
Weise7, Rüdiger Hell8, Markus Wirtz 8, Joris Messens2,3,4 & Haike Antelmann1 
 
ABSTRACT 
Mycothiol (MSH) is the major low molecular weight (LMW) thiol in Actinomycetes and functions 
in post-translational thiol-modification by protein S-mycothiolation as emerging thiol-
protection and redox-regulatory mechanism. Here, we have used shotgun-proteomics to 
identify 26 S-mycothiolated proteins in the pathogen Corynebacterium diphtheriae DSM43989 
under hypochlorite stress that are involved in energy metabolism, amino acid and nucleotide 
biosynthesis, antioxidant functions and translation. The glyceraldehyde-3-phosphate 
dehydrogenase (GapDH) represents the most abundant S-mycothiolated protein that was 
modified at its active site Cys153 in vivo. Exposure of purified GapDH to H2O2 and NaOCl 
resulted in irreversible inactivation due to overoxidation of the active sitein vitro. Treatment of 
GapDH with H2O2 or NaOCl in the presence of MSH resulted in S-mycothiolation and reversible 
GapDH inactivation in vitro which was faster compared to the overoxidation pathway. 
Reactivation of S-mycothiolated GapDH could be catalyzed by both, the Trx and the Mrx1 
pathways in vitro, but demycothiolation by Mrx1 was faster compared to Trx. In summary, we 
show here that S-mycothiolation can function in redox-regulation and protection of the GapDH 
active site against overoxidation in C. diphtheriae which can be reversed by both, the Mrx1 and 
Trx pathways. 
 
Plant, Cell and Environment (2017) doi: 10.1111/pce.12989 
Nitric oxide induces monosaccharide accumulation through enzyme S-
nitrosylation 
Zhong-Wei Zhang1†, Sha Luo2†, Gong-Chang Zhang1†, Ling-Yang Feng1†, Chong Zheng3†, 
Yang-Hong Zhou1, Jun-BoDu4, Ming Yuan5, 
Yang-Er Chen5, Chang-QuanWang1, Wen-Juan Liu6, Xiao-Chao Xu7, Yong Hu3, Su-Lan Bai3, 
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ABSTRACT 
Nitric oxide (NO) is extensively involved in various growth processes and stress responses in 
plants; however, the regulatory mechanism of NO-modulated cellular sugar metabolism is still 
largely unknown. Here, we report that NO significantly inhibited monosaccharide catabolism by 
modulating sugar metabolic enzymes through S-nitrosylation (mainly by oxidizing 
dihydrolipoamide, a cofactor of pyruvate dehydrogenase). These S-nitrosylation modifications 
led to a decrease in cellular glycolysis enzymes and ATP synthase activities as well as declines in 
the content of acetyl coenzyme A, ATP, ADP-glucose and UDP-glucose, which eventually caused 
polysaccharide-biosynthesis inhibition and monosaccharide accumulation. Plant developmental 
defects that were caused by high levels of NO included delayed flowering time, retarded root 
growth and reduced starch granule formation. These phenotypic defects could be mediated by 
sucrose supplementation, suggesting an essential role of NO-sugar cross-talks in plant growth 
and development. Our findings suggest that molecular manipulations could be used to improve 
fruit and vegetable sweetness. 
 
 
 
 
 
Minsoo 
 
1. Elife. 2017 Jul 18;6. pii: e26770. doi: 10.7554/eLife.26770. 
 
ATP sensing in living plant cells reveals tissue gradients and stress 
dynamics of 
energy physiology. 
 
De Col V(1)(2), Fuchs P(1), Nietzel T(1), Elsässer M(1), Voon CP(3), Candeo A(4), 
Seeliger I(1), Fricker MD(5), Grefen C(6), Møller IM(7), Bassi A(4), Lim 
BL(3)(8), Zancani M(2), Meyer AJ(1)(9), Costa A(10), Wagner S(1), Schwarzländer 
M(1)(9). 
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Growth and development of plants is ultimately driven by light energy captured 
through photosynthesis. ATP acts as universal cellular energy cofactor fuelling 
all life processes, including gene expression, metabolism, and transport. Despite 
a mechanistic understanding of ATP biochemistry, ATP dynamics in the living plant 
have been largely elusive. Here, we establish MgATP(2-) measurement in living 
plants using the fluorescent protein biosensor ATeam1.03-nD/nA. We generate 
Arabidopsis sensor lines and investigate the sensor in vitro under conditions 
appropriate for the plant cytosol. We establish an assay for ATP fluxes in 
isolated mitochondria, and demonstrate that the sensor responds rapidly and 
reliably to MgATP(2-) changes in planta. A MgATP(2-) map of the Arabidopsis 
seedling highlights different MgATP(2-) concentrations between tissues and within 
individual cell types, such as root hairs. Progression of hypoxia reveals 
substantial plasticity of ATP homeostasis in seedlings, demonstrating that ATP 
dynamics can be monitored in the living plant. 
 
2. Cell. 2017 Jul 13;170(2):298-311.e20. doi: 10.1016/j.cell.2017.06.038. 
 
Profiling Ssb-Nascent Chain Interactions Reveals Principles of Hsp70-
Assisted Folding. 
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The yeast Hsp70 chaperone Ssb interacts with ribosomes and nascent polypeptides 
to assist protein folding. To reveal its working principle, we determined the 
nascent chain-binding pattern of Ssb at near-residue resolution by in vivo 
selective ribosome profiling. Ssb associates broadly with cytosolic, nuclear, and 
hitherto unknown substrate classes of mitochondrial and endoplasmic reticulum 
(ER) nascent proteins, supporting its general chaperone function. Ssb engages 
most substrates by multiple binding-release cycles to a degenerate sequence 
enriched in positively charged and aromatic amino acids. Timely association with  
this motif upon emergence at the ribosomal tunnel exit requires 
ribosome-associated complex (RAC) but not nascent polypeptide-associated complex  
(NAC). Ribosome footprint densities along orfs reveal faster translation at times 
of Ssb binding, mainly imposed by biases in mRNA secondary structure, codon 
usage, and Ssb action. Ssb thus employs substrate-tailored dynamic nascent chain  
associations to coordinate co-translational protein folding, facilitate 
accelerated translation, and support membrane targeting of organellar proteins. 
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McDonagh B. 
Detection of ROS Induced Proteomic Signatures by Mass 
Spectrometry. 
Front Physiol. 2017;8:470. 
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A 2-aza-Cope reactivity-based platform for ratiometric fluorescence 
imaging of formaldehyde in living cells 
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CRISPR-Cas encoding of a digital movie into the genomes of a 
population of living bacteria 
 
Nature. 2017 Jul 20;547(7663):345-349. 
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DNA is an excellent medium for archiving data. Recent efforts have illustrated the potential for 
information storage in DNA using synthesized oligonucleotides assembled in vitro. A relatively 
unexplored avenue of information storage in DNA is the ability to write information into the 
genome of a living cell by the addition of nucleotides over time. Using the Cas1-Cas2 integrase, 
the CRISPR-Cas microbial immune system stores the nucleotide content of invading viruses to 
confer adaptive immunity. When harnessed, this system has the potential to write arbitrary 
information into the genome. Here we use the CRISPR-Cas system to encode the pixel values of 
black and white images and a short movie into the genomes of a population of living bacteria. 
In doing so, we push the technical limits of this information storage system and optimize 
strategies to minimize those limitations. We also uncover underlying principles of the CRISPR-
Cas adaptation system, including sequence determinants of spacer acquisition that are relevant 
for understanding both the basic biology of bacterial adaptation and its technological 
applications. This work demonstrates that this system can capture and stably store practical 
amounts of real data within the genomes of populations of living cells. 
 
Cryo-EM structures of tau filaments from Alzheimer's disease. 
 
Nature. 2017 Jul 13;547(7662):185-190. 
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Alzheimer's disease is the most common neurodegenerative disease, and there are no 
mechanism-based therapies. The disease is defined by the presence of abundant neurofibrillary 
lesions and neuritic plaques in the cerebral cortex. Neurofibrillary lesions comprise paired 
helical and straight tau filaments, whereas tau filaments with different morphologies 
characterize other neurodegenerative diseases. No high-
resolution structures of tau filaments are available. Here we present cryo-electron microscopy 
(cryo-EM) maps at 3.4-3.5 Å resolution and corresponding atomic models of paired helical and 
straight filaments from the brain of an individual with Alzheimer'sdisease. Filament cores are 
made of two identical protofilaments comprising residues 306-378 of tau protein, which adopt 
a combined cross-β/β-helix structure and define the seed for tau aggregation. Paired helical and 
straight filaments differ in their inter-protofilament packing, showing that they are 
ultrastructural polymorphs. These findings demonstrate that cryo-EM allows atomic 
characterization of amyloid filaments from patient-derived material, and pave the way for 
investigation of a range of neurodegenerative diseases. 
 
An immunogenic personal neoantigen vaccine for patients with 
melanoma. 
 
Nature. 2017 Jul 13;547(7662):217-221. 
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Effective anti-tumour immunity in humans has been associated with the presence of T cells 
directed at cancer neoantigens, a class of HLA-bound peptides that arise from tumour-specific 
mutations. They are highly immunogenic because they are not present in normal tissues and 
hence bypass central thymic tolerance. Although neoantigens were long-envisioned as optimal 
targets for an anti-tumour immune response, their systematic discovery and evaluation only 
became feasible with the recent availability of massively parallel sequencing for detection of all 
coding mutations within tumours, and of machine learning approaches to reliably predict those 
mutated peptides with high-affinity binding of autologous human leukocyte antigen (HLA) 
molecules. We hypothesized that vaccination with neoantigens can both expand pre-
existing neoantigen-specific T-cell populations and induce a broader repertoire of new T-cell 
specificities in cancer patients, tipping the intra-tumoural balance in favour of enhanced 
tumour control. Here we demonstrate the feasibility, safety, and immunogenicity of a vaccine 
that targets up to 20 predicted personal tumour neoantigens. Vaccine-induced polyfunctional 
CD4+ and CD8+ T cells targeted 58 (60%) and 15 (16%) of the 97 unique neoantigens used across 
patients, respectively. These T cells discriminated mutated from wild-type antigens, and in 
some cases directly recognized autologous tumour. Of six vaccinated patients, four had no 
recurrence at 25 months after vaccination, while two with recurrent disease were subsequently 
treated with anti-PD-1 (anti-programmed cell death-1) therapy and experienced complete 
tumour regression, with expansion of the repertoire of neoantigen-specific T cells. These data 
provide a strong rationale for further development of this approach, alone and in combination 
with checkpoint blockade or other immunotherapies. 
 
Personalized RNA mutanome vaccines mobilize poly-
specific therapeutic immunity against cancer 
 
Nature. 2017 Jul 13;547(7662):222-226 
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T cells directed against mutant neo-epitopes drive cancer immunity. However, spontaneous 
immune recognition of mutations is inefficient. We recently introduced the concept of 
individualized mutanome vaccines and implemented an RNA-based poly-neo-epitope approach 
to mobilize immunity against a spectrum of cancer mutations. Here we report the first-in-
human application of this concept in melanoma. We set up a process comprising 
comprehensive identification of individual mutations, computational prediction of neo-
epitopes, and design and manufacturing of a vaccine unique for each patient. All patients 
developed T cell responses against multiple vaccine neo-epitopes at up to high single-digit 
percentages. Vaccine-induced T cell infiltration and neo-epitope-specific killing of autologous 
tumour cells were shown in post-vaccination resected metastases from two patients. The 
cumulative rate of metastatic events was highly significantly reduced after the start of 
vaccination, resulting in a sustained progression-free survival. Two of the five patients with 
metastatic disease experienced vaccine-related objective responses. One of these patients had 
a late relapse owing to outgrowth of β2-microglobulin-deficient melanoma cells as an acquired 
resistance mechanism. A third patient developed a complete response to vaccination in 
combination with PD-1 blockade therapy. Our study demonstrates that individual mutations 
can be exploited, thereby opening a path to personalized immunotherapy for patients with 
cancer. 
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