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In this special issue “Tissue, cell and pathway engineering”, we aim to provide a timely snapshot of recent 14 
developments in the disciplines of metabolic engineering and synthetic biology (synbio). It is illustrated how these 15 
emerging disciplines are currently transitioning from a proof-of-concept stage into a matured phase in which 16 
technologies and organisms are engineered to tailor real-life applications. Indeed, although fundamental scientific 17 
insights are sometimes obtained as well, most developments are made with useful applications in mind. Many of 18 
these applications can be situated within the field of industrial biotechnology, in which organisms are used for the 19 
sustainable biobased production of metabolites or proteins. Climate change and environmental pollution issues 20 
create a sense of urgency that stimulates synbio research and development contributing to the transition from a 21 
classical petrochemical to a biobased industry. Microorganisms are the most widely used platform organisms for 22 
large-scale biological manufacturing. Initially, research was mainly restricted to the engineering of the Gram-23 
negative bacterium Escherichia coli and the yeast Saccharomyces cerevisiae into microbial cell factories, given 24 
that their biological processes are well understood and that engineering tools are readily available for these hosts. 25 
Recently, a trend is visible in which more an more efforts are undertaken to expand the reach of genetic engineering 26 
towards a much larger portion of the biodiversity: non-conventional host organisms are selected and designed to 27 
optimally function in an envisaged application. Therefore, several articles in this issue are focused on discussing 28 
novel and promising non-model hosts, with an emphasis on the available host-specific engineering tools and 29 
technologies. Besides non-conventional host organisms, a second aim of this issue is to illustrate recent 30 
developments of key enabling technologies for synbio engineering. 31 
In first instance, the prokaryotic domains of life are explored beyond E. coli. For example, in (van Tilburg et al, 32 
2019) it is described which tools are currently available for the engineering of the Gram-positive bacteria 33 
Lactococcus lactis and Bacillus subtilis into customized chassis strains for a wide variety of applications in food 34 
and medical biotechnology. In (Martinez-Garcia & de Lorenzo, 2019), arguments are provided why the soil 35 
bacterium Pseudomonas putida is a highly promising species for the development into an industrial chassis and 36 
which tools, including classical genetic tools but also more recently developed recombineering strategies, are 37 
available to contribute to this development. In the context of transitioning towards a circular economy in which 38 
waste streams are maximally valorized, the versatility of microbial metabolism is exploited to unlock new 39 
feedstock types. For example, recent engineering efforts to create industrial hosts that assimilate methanol for the 40 
production of chemicals is discussed in (Antoniewicz et al, 2019). Another highly promising strategy is the 41 
microbial conversion of CO2 from waste gases into valuable chemicals and fuels by autotrophic bacteria, as 42 
described in (Emerson & Stephanopoulos, 2019). When using photoautotrophic microbes, CO2 fixation is driven 43 
by the energy of sunlight, which represents an even more promising application from a commercial perspective. 44 
In that context, photosynthetic cyanobacteria are interesting host organisms although their engineering into an 45 
industrial platform organism is still accompanied by large challenges to overcome low productivities, as discussed 46 
in (Vijay et al, 2019). Another interesting class of microorganisms with a C1 metabolism are methanogenic 47 
archaea. In (Lyu & Whitman, 2019), an advanced genetic toolbox is presented for the engineering of methanogens 48 
in the context of biotechnological applications such as their use as microbial cell factories or for the production of 49 
methane as a biogas in wastewater treatments. However, these developments will also be useful in managing 50 
detrimental effects of methanogenesis in natural habitats, which contributes to global warming. Extremophilic 51 
microorganisms also gather much attention as promising new cell factories for bioproduction. (Crosby et al, 2019) 52 
discuss the opportunities of using extreme thermophiles, given the compatibility of the high-temperature growth 53 
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conditions with favorable industrial bioprocessing conditions, as well as the challenges that need to be addressed. 54 
Indeed, genetic tools such as genome editing tools, selection markers, expression elements and reporters are 55 
available but rather underdeveloped for extreme thermophiles. The archaeal genus Sulfolobus is one example of a 56 
particularly promising novel extremophilic platform organism and this is discussed in (Schocke et al, 2019). 57 
Besides the availability of genetic tools and the ease of cultivation, this thermoacidophilic organism is amendable 58 
to metabolic engineering because of a thorough knowledge of its central metabolism. Biotechnological interest 59 
lies not only in the cellular system of Sulfolobus as a whole, but also in the individual enzymes, also called 60 
extremozymes, which possess unique and industrially relevant properties because of the thermoacidophilic 61 
lifestyle of the host organism. A reoccuring theme in the articles that discuss metabolic engineering and synbio 62 
tools for the creation of microbial biofactories is the development of strategies to enhance yields and productivities 63 
of the desired product. These strategies include protein engineering for improved translational efficiency, protein 64 
scaffolding, metabolic channeling, the use of microbial consortia and the controlled supplementation of secondary 65 
metabolites.  66 
The eukaryotic domain of life also harbors many fascinating and biotechnologically interesting microbial genera 67 
and species, although their engineering brings about specific challenges. With S. cerevisiae as a key fungal model 68 
organism, a wide array of well-established genetic engineering tools is available. However, most of these tools are 69 
restricted for use in S. cerevisiae and not functional in the remainder of the fungal kingdom of life, which is 70 
characterized by a large diversity. (Mojzita et al, 2019) presents the development of constitutive and regulatable 71 
gene expression tools for use in a wider range of fungal species. In (Wösten, 2019) it is discussed how interest is 72 
reviving in the application of filamentous fungi, which have been used as cell factories for the production of 73 
enzymes and metabolites since a long time. Their rather complex lifestyle, consisting of growth in a dense hyphal 74 
network and of cellular development and differentiation, complicates genetic engineering and has led to the recent 75 
development of new strategies to improve productivities, such as the establishment of mixed fungal cultures, the 76 
targeting of developmental processes and the use of single-cell analysis tools to understand the genetic nature of 77 
individual cells in differentiated and heterogeneous cultures. Filamentous fungi have also led to a new emerging 78 
application, in which they are grown on organic substrates to produce mycelium-based composite biomaterials; an 79 
application that fits perfectly in the spirit of the transition towards a circular biobased economy. Within the fungal 80 
kingdom, other biotechnologically promising strains can be identified such as anaerobic fungi found in the 81 
digestive tracts of large herbivorous animals, as described in (Hooker et al, 2019). Just like filamentous fungi, 82 
these fungi have the interesting metabolic trait of being capable of hydrolyzing lignocellulosic biomass. The 83 
further development of genome engineering strategies specific for anaerobic fungi will facilitate their use in a wide 84 
variety of applications in agriculture and industry. (Jensen & Scharff, 2019) discusses plastids as interesting 85 
targets for genetic engineering, with the aim of converting these organelles into intracellular biofactories, not only 86 
present in algaea but also in plants. The recent developments in engineering tools for microalgae is presented in 87 
(Fu et al, 2019). 88 
Although in this issue a major focus is placed on microbial engineering, space is also provided for the discussion 89 
of the latest developments in the engineering of higher eukaryotes. The implementation of multiplex genome 90 
editing, typically using the CRISPR/Cas9 system, for metabolic engineering and molecular farming in higher 91 
plants is presented in (Najera et al, 2019). It is described how more than 100 multiple targeting events have been 92 
described in recent work, not only by targeting coding regions but also by modifying promoter regions, thereby 93 
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generating mutants with altered gene expression levels. When considering the engineering of eukaryotic systems, 94 
applications within medical biotechnology come within reach. For example, using a typical synbio approach in 95 
which synthetic genetic circuits are designed to convert sensing of specific input signals to secreting therapeutic 96 
proteins as a specific output in response, so-called designer cells are obtained for personalized medicine. These 97 
principles, nicely illustrated with several recent applications, are described in (Tolle et al, 2019). On a more 98 
advanced level, (Santorelli et al, 2019) discusses how artificial genetic programs can also be made for the 99 
engineering of complex developmental features such as morphogenesis in multicellular mammalian structures, 100 
leveraging cell-cell communication systems and multicellular gene regulatory networks. Although these 101 
developments are only recently being realized, they demonstrate nicely the great promise that synbio engineering 102 
holds for biomedical applications.   103 
Most scientific realisations described in this issue result from the efforts in developing and improving 104 
methodologies for the engineering of cellular metabolism, physiology and behavior, either through top-down 105 
metabolic engineering or through bottom-up synbio engineering. A set of articles highlight key methodological 106 
developments from the recent past that push forward the state-of-the-art. Several of these are based on the alteration 107 
of regulatory processes. For example, (Swinnen et al, 2019) introduces metabolic editing, a technique in which 108 
genetic engineering is employed to specifically target coding residues, thereby altering protein-protein interactions 109 
or post-translational modifications of metabolic enzymes. As a result, post-translational regulatory processes are 110 
finetuned to change metabolic fluxes. It should be noted that many of the used strategies and methods depend on 111 
the availability of experimental system-level data on one hand and on the implementation of computational 112 
modeling on the other hand, and on a close interplay between both. In (Strutz et al, 2019), it is described how 113 
kinetic modeling surpasses constraint-based modeling in describing and predicting the behavior of complex 114 
metabolic systems and how hurdles are overcome to enable this computationally demanding and data-intensive 115 
modeling approach. In the true spirit of synbio, the engineering of transcriptional biosensors as biological modules 116 
is discussed in (Koch et al, 2019). Metabolite-responding proteins, typically transcription factors, are exploited 117 
and engineered into biosensors, which form an important enabling technology in the context of metabolic 118 
engineering, not only for screening or selection purposes, but also for the dynamic regulation of metabolic 119 
pathways. Also in this case, it is shown how modeling approaches can advance the engineering of optimally 120 
functioning biosensors. The concept of dynamic pathway regulation is further deepened in (Shen et al, 2019), in 121 
which a variety of control systems is discussed, including not only metabolite-based, as demonstrated by 122 
biosensors, but also fermentation parameters-based and quorum sensing system-based systems. It is argued how 123 
and why these approaches, enabling to balance production with cell growth, are highly promising for 124 
biomanufacturing applications based on biosynthetic pathways. High-throughput screening and selection 125 
approaches are inherent to the development of highly productive cell factories and besides biosensors, an elegant 126 
growth-coupled selection method is presented in (Buerger et al, 2019). 127 
The collection of articles in this special issue nicely illustrates how the fields of metabolic and synbio engineering 128 
are in full development and expanding beyond a proof-of-concept stage. We hope that it inspires readers to 129 
contribute to future developments by stepping out of their comfort zone and exploring novel organisms beyond 130 
traditional platform organisms on one hand, or novel methodologies beyond classical genetic engineering 131 
strategies on the other hand. 132 


