&88: 330 E7EEAE 114 BEEHETHREEHSE
FlH: HJ¥EN(H): RERIES i 330
BR: 5 - HIEZE1H

In the following questions, we will focus on English writing for academic purposes more than knowledge of biology.

1. Assuming you are applying for 2 PhD in the Department of Life Science, write a paragraph about your research
interests. (30 points)

2. Read the following article about synthetic cells and complete the following tasks.

A. List key sentences from the article. (10 points)

B. Write a main message about this paper in a couple of sentences. (20 points)

C. Write an abstract (one paragraph) for this article. (20 points)

D. Write a short version (2-3 paragraphs) to introduce this article to the general public (20 points).

--memmm-——-—- Article
What it means to be alive: a synthetic cell perspective

1. Synthetic cells: a brave new ‘bio’ world

Advances in bottom-up synthetic biology have ushered in a new era of bio-design, transforming researchers from mere observers of
jife to potential creators of it. Synthetic cells, also known as artificial cells or protocells, are cellélike entities fhat- cldsely resemble
their biological counterparts in terms of building blocks, behaviours and morphological attributes. These cells are typically
constructed using biomolecular components such as DNA, RNA, proteins, small molecules and lipids, but can also incorporate
abiotic components and supramolecular machineries [1]. The assembly of these components into rationally designed microsystems

leads to the emergence of new properties and life-like functionalities [2].

Since its nascent days in the late 1990s, the field of synthetic cells has experienced rapid development. In the past five years in
particular, an influx of new tools, technologies, techniques and concepts from various branches of science and engineering has
accelerated progress in this area. Researchers from diverse disciplines are now actively contributing to the field, and multinational
consortia have been established to drive further advancements [3—5). Recognizing its potential, research funders, academic
institutions, industrialists and policymakers are increasingly acknowledging that creating synthetic cells from inanimate molecular
building blocks—making life from non-living matter—represents one of the greatest scientific challenges of our time. At the
forefront of this multidisciplinary endeavour lies Engineering Biology, a field that applies engineering principles to the design,

construction, and modification of biological systems.

2. Why build synthetic cells?
Beyond pure scientific intrigue, the pursuit of building a synthetic version of a living cell is driven by an understanding-by-building

philosophy, aimed at unravelling the fundamental rules governing life. Synthetic cells serve as invaluable tools for advancing our

' comprehension of biological processes, as they allow us to deconstruct cells into their modular components and explore the

intricate webs of interactions that govern living systems [6]. Another significant driver, steadily gaining prominence, lies in the
potential of synthetic cells as a new class of programmable biologically powered machines. These cells hold promise in various

biotechnological applications, particularly in healthcare, sensing and environmental remediation [7,8].
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3. What is living?

Away from the sciences however there are several philosophical implications of this research area. Primary among them is the
age-old philosophical question: what does it mean to be alive? This question has been applied to varied research areas, including
artificial intelligence, robotics, virtual worlds and simulations, al}! of which involve the creation of complex, dynamic systems with
the potential to exhibit lifelike behaviours. When applied to the context of synthetic cells, the exploration of ‘aliveness’ takes on a
unique character and was subject to intense debate during the discussions held at the Royal Society in London in November 2022. A
Clear consensus on the matter remains elusive, with various individuals proposing different definitions at different times. Broadly

speaking, two main flavours of arguments have emerged from the discourse.

B.1. Autonomous existence

A cell is considered living when it exhibits autonomous self-replication, without the continuous need for human intervention, while
sustainably acquiring and metabolizing components from its envirbnment. It must possess the ability to adapt to varying
surroundings and not be confined by the constraints of human-designed programming. Once a cell reaches the capability of
self-replication and regeneration of its machinery, it can be likened to a ‘universal constructor’, akin to von Neumann's
Self-Reproducing Automata scheme [9]. In this state, the cell becomes a machine capable of generating copies of itself [10],

exemplifying the essence of life in its self-sustaining and evolving nature.

3.2. Biomimicry - ' T : ot R o T
A cell is deemed alive when it exhibits behaviours characteristic of living systems. Examples include metabolism, energy generation,
motility, communication, division and evolution. In line with the central dogma of biology, the ceil's capacity to pass on hereditary
(genetic) information to its offspring over successive generations is also considered relevant. In relation to this viewpoint,
[communication’ has been proposed as a potentially quantifiable measure of life-likeness [11]. A cell may be regarded as alive when
biological cells cannot distinguish synthetic cells from naturally occurring ones, akin to a cellular-leve! Turing test [12]. The current
research trend in the community follows a biomimetic approach, where academic groups strive to replicate behaviours associated
with life in the context of synthetic cells, one behaviour at a time. Researchers are increasingly combining multiple life-like

behaviours to create synthetic cells with enhanced complexity and functionality.

4. Is it living and why does it matter?
The question of ‘what is living” holds not only philosophical significance but also has wider scientific implications. Firstly, if synthetic
cells are used as models to approximate living cells, the closer they resemble their living counterparts, including their emergent

properties, the more confidently we can rely on these models and draw conclusions from experimental findings.

Secondly, the definition of ‘living’ has regulatory implications. Current regulations governing engineered biological systems and
genetically modified organisms (GMOs) apply to living entities. As synthetic cells are inanimate materials that do not self-replicate
and lack vital signs of life, they do not fall under this category (at least for now). This quality is one of the attractions of using
engineered synthetic cells in real-world applications. Related to this point is one of public perception and public acceptance of
synthetic cell technology. Understandably, the highest level of public scepticism and societal resistance arises when the entity being
engineered is alive, and therefore self-sustaining, autonamous, and evolving. Therefore, researchers in this field have a

responsibility to proceed with caution, particularly given the rapid pace of advancements in this area.
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Thirdly, achieving the milestone of creating something widely accepted as living can be seen as a natural endpoint in the guest to
onstruct synthetic cells. This achievement has the potential to unite the research community and provide a clear goal, guiding
themn in a cohesive and well-coordinated manner. An affirmative answer to the question ‘is it living’ could serve as an answer to the

hroader question of ‘when are we done?, as discussed Prof. Stephen Mann's commentary in this volume [13].

5. Summary

Although there is wide consensus that the synthetic cells currently under development in academic laboratories around the world
are not yet living, we are entering an era where this question is becoming increasingly relevant. As such, a community-level
discussion and acceptance of the criteria of life, and quantitative methods to assess the extent to which a system is indeed living, is
needed. To do this, we will have to bring ethicists, philosophers and social scientists into the fold, and a concerted and

community-wide effort needs to be established.
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