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Synthetic Biocomputing & Smart Vaccines
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During the past twenty years, the field of synthetic biology has
experienced a parabolic acceleration of development and growth. Within
it, new types of cellular sensors have been established for in vivo (in the
cell, body) applications. These biological sensors (biosensors) are now
paired to electronic computer chips, and transplanted or injected in
tissues for monitoring, and computations using logic-gates (YES, NOT,
INHIBIT, NOR, NAND and OR), and for targeted drug delivery applications
such as vaccines.

Glucose Meter a Logic-Gate Responsive Device

These accelerated advancements in synthetic biology and thus,
biocomputation tools have produced new genetic circuits operating as
logic functions. Digital circuits in cells are based on RNA regulators
(riboswitches, toehold switches, etc.) and recombinases.
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Within synthetic biology, research has focused upon the construction of
circuits of biological components such as genes and the proteins they
express. Circuits receive input signals from inside or outside the body.
Encoded within circuits are so-called "rules”, mimicking those found in
conventional, classical computing based upon electronic logic circuits. In
synthetic biology, logic circuits are derived from genes and the control of
their activities, or the silencing of them.

These are both digital and analog circuits responding to a variety of
inputs. Genetic circuits process digital-to-analog, analog-to-digital
conversions, while counting, comparing and processing quantities of
inputs.
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The naturally-derived biosensors within our bodies employ elements
such as nucleic acids (DNA, RNA), proteins, enzymes, and antibodies
from our innate and adaptive immune systems, as recognition layers.
These layers then produce an output signal as found in standard
electronic logic circuits.
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Over twenty years ago, the first synthetic gene circuits were
developed in E. coli. Biologists have produced standardized genetic
pieces and devices that are then arranged into modules and systems
for reprogramming living organisms. The field now is more aptly
viewed as bioengineering.
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Bioengineering gave rise to biocomputing using molecular parts for
the hardware. Biological systems have what are referred to as
hard-coded, pre-defined "rules”. Functional devices are built from
molecular tools and biological motifs. This began with the small
molecules of genes, arranging (engineering) them into designed
genetic circuits patterned after electronic functions known as logic

gates.



There are two primary categories working together in synthetic
biocomputing. First, the genetic parts, the hardware and second, the
cellular metabolism. Genetic components work in conjuction with
the remaining metabolic cellular machinery. The result is whole-cell
biocomputing utilizing both the transcriptional and the metabolic
circuits. This increases the volume and type of information
processing, and the implemenation of control mechanisms.
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Within cells, genetic and metabolic systems work together. There is
a concept known as heterotic computing (i.e., the coordination
between different types of computing), which is inherent to
biological systems. Metabolic networks operate as conserved
principles that can be implemented to repurpose biochemical nodes.



Within the present context of developing vaccines based upon
DNA/RNA, RNA is now encoded with synthetic gene circuits. The RNA
is regulated using programmable antigen/adjuvant circuits. These
are designed so as not to stimulate the innate or adaptive immune
system responses in such a manner that works against the regulatory
components of these circuits. At least that is the stated and
published goal of the vaccine developers.

_'-,"
Biomaoleeules Svnthetic gene Engincered designer cells Implantation of
circuits confaining synthetic designer cells into
therapeutic circuits mouse models

Functianal TN A

The postinoculation reports indicate otherwise, specifically with
respect to the more severe side effects such as anaphylaxis, Bell's
palsy, sepsis, major organ failure and sudden deaths.
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In silico mathematical design of RNA circuits results in their assembly
in a top-down manner. This has completely changed the manner in
which vaccines today are designed. In addition, programmable,
individualized vaccines regulating the antigen/adjuvant expression
levels are being produced.

000~ Abk

1. Sequence viral 2. Select vaccine targets based 3. Clone vaccine targets 4, Express & purify vaccine targets
and host genomes on bioinformatic analysis
7 Conduct clinical trials 6. Screen immune sera for 5. Immunize mice with vaccine targets
with selected final antiviral activity and
vaccine candidates aptimize vaccine candidates

These are designed as alternatives to the more traditional vaccines
employing an attenuated virus. This production and regulation of
antigen/adjuvant expression is accomplished by delivering small
molecule drugs as triggering mechanisms.
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Genetic circuits work in a complementary fashion with small
molecule drugs. These are oscillators, toggle switches and cascades
designed in software, in silico, modeling logic-based networks.
Working top-down from an examination of a gentic circuit, its
high-level behavior of sensing-processing-actuation is used in the
design process of constructing genetic circuits. While the physical
action of these circuits is facilitated by the bottom-up assembly of
the constituent biological parts. These logic circuits function as
transcriptional, translational or posttranslational devices.
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Over the past year, SARS-CoV-2 RNA-based synthetic vaccines have
been developed and administered. These are vaccines with
programmable adjuvant expression and prime-boost immunogen
behavior. Meaning, these vaccines are designed and meant to be
administered as one-shot injections, either by syringe and
hypodermic needle, or microneedle array patches.



Within synthetic RNA circuits, singular inputs and outputs can be
linked in producing complex modules. To accomplish this, the
output of the first device must be compatible and convertable as
the input for a second device. These can be integrated into systems
of more advanced operations, beginning with in silico mathematical
modeling of RNA circuits.
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Simplified programmable logic device

A programmable logic device (PLD) is an electronic component
used to build reconfigurable digital circuits. Unlike integrated
circuits which consist of logic gates and have a fixed function, a
PLD has an undefined function at the time of manufacture.
Before the PLD can be used in a circuit it must be programmed
(reconfigured) by using a specialized program. A device
programmer is used to transfer the Boolean (a binary variable,
having two possible values called "true" and "false") logic pattern

into the programmable device.


https://en.wikipedia.org/wiki/Programmable_logic_device

Today, engineered cells operating as biosensors are delivered by
inoculation to the human body. Using messenger RNA (mRNA) levels as
inputs, biosensors combined with a computational module, are able to
evaluate logic expressions. The relationship between computer science

and natural, biological computing is often synergistic 1.

BIOSENSOR STRUCTURE

£R
TARGET  oRECEPT OR  rRANSDUC

A biosensor is a small circuit that transduces a specific input signal into a
prescribed output according to a pre-programmed input/output relation.
When combined with an electronic nanoscale computation module
running Boolean switching functions, a variety of computational models
emerge leading to types of cellular features exceeding transistor-based
logic circuits. Deployed on a global scale, DNA and mRNA-based vaccines
are acting as micro-scale drug precursor production plants and miniturized

biosensors 1.



In addition to drug production, nanoscale computational units utilizing
both genetic materials and metabolic processes operate in tandem

with arrays of biological sensors 1.

Bioretrosynthesis, a technique for synthesizing organic chemicals from
inexpensive precursors and so-called 'evolved' enzymes, is an approach
based on generic represenatations of reactions, known as reaction
rules. These expand the design space of metabolic circuits by
predicting new syntheic pathways connecting metabolism and gene
expression. Artificial intelligence, known as machine-learning, is

applied by such retrosynthesis algorithms to select the best candidate

reactions 1.
Forward Recruitment Bioretrosynthesis Selection
Selection O
Selection
/\ ==\ -\ /
Selection
A== O |A=»O»T )

As in most computer architectures, the working relationship between
gene expression and metabolism is akin to memory systems. For
example, DNA is relatively stable, thus operating as long-term static

memory. While metabolism is a short-term volatile memory system.



The current definition of digital computation is based on the abstract
model defined by Alan Turing in the 1930s 2 and the John von Neumann
architecture 3used to implement the types of computations performed by
the Turing Machine 1. Although Turing's model provides a framework for
answering fundamental questions about computation, "...as soon as one
leaves the comfort provided by the abundance of mathematical
machinery used to describe digital computation, the world seems to be

packed with pardoxes" 4.

Turing Machine

Although genetic circuits may appear to behave digitally, it is only the
collective behavior of a large number of inherently analog components
that give rise to this property 1. The following are examples of cell-based

computation.
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The cell as a “physical” computer. A model of computation formally
defines inputs and outputs, as well as how an algorithm processes inputs
into outputs. Though the same theoretical model of computation can be
physically implemented in many different ways, the nature of

computation remains the same 1.

Electronic implementations receive electronic data for inputs/outputs,
while cells are able to sense/deliver a wide range of physical, chemical
and biological inputs/outputs. The encoding of information into inputs
can be done in different ways. Temperature, for instance, can be encoded
as the height of mercury in a tube, the voltage of an electronic

thermometer or the state of a DNA thermosensor 1.
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Mathematical models of computation and their properties inform the
engineering of their physical manifestations . Many such
implementations may be possible, but all inherit the characteristics of
their abstract counterparts—both their abilities and their limitations.
The fact that the nature of computation within a given model is
independent of its implementation allows the application of
theoretical computer science to all kinds of physical systems, including

cells 1.



A variety of computational processes exist within cellular systems
exceeding that of the Turing Machine. Biosensors represent only part of
the picture of cellular activity. Individual cells or self-organized groups of
cells perform extremely complex fuctions that include sensing,
communication, navigation, cooperation and even fabrication of
synthetic nanoscale materials. In natural systems, these capabilities are
controlled by complex genetic regulatory circuits. Research efforts mimic
the functionality of man-made information-processing systems within

whole cells 6.




Information processing systems wthin biology are qualitatively different
from those of classical computing. The overlaying of digital systems of
logic is not easily accomplished within cells. This involves the mapping of
sequential logic circuits onto seemingly equivalent genetic circuits.
However, these same logic circuits are overly simplistic in comparison to

the often hidden complexities of biological systems 1.

At the same time, designs for synthetic biological sensing and computing
take inspiration from these same man-made systems. The relationship
between computer science and natural computing is often synergistic.
Yet, biological systems also consist of computational features that are

unavailable to those based upon silicon 1.



For example, it has become increasingly clear that a number of biological
processes show quantum mechanical properties 7.8. In particular, there is
strong experimental evidence that long-lived quantum coherence is
involved in photosynthesis 9, and that quantum tunnelling is active in

enzyme catalysis 10.

Evidence for quantum coherence

«Engel 2007: Quantum Beating: direct evidence of quantum
coherence

«Lee 2007: “correlated protein environments preserve
electronic coherence in photosynthetic complexes and allow the
excitation to move coherently in space”

«Sarovar 2009: “a small amount of long-range and multipartite
entanglement exists even at physiological temperatures.”
*What does this mean for other biological systems?

Classical Mechanics, -

Electrons must climb
the potential hill to
appear on ather side,

Ouantum Mechanics allows
electron with less energy to
tunnel thru the barrier and
appear on other side
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Since most quantum computing devices are built and run under stringent
environmental conditions (at temperatures approaching absolute zero),
the opportunity to control quantum effects in a biological system that
“runs” at room temperature, through the emergence of a “quantum
synthetic biology”, could turn out to be a game changer in the quantum
supremacy race. More to the point, realising models of quantum
computation 11 using quantum biology could yield a cellular computer

capable of a radically different kind of computation than silicon 1,9.

The more common forms of computation are digital; that is, information
represented as a set of discrete values. Within electronic circuits, the
continuous-value voltages (electron flow) must be broken into discrete
forms representative of digital values (0,1). While analog computation
allows for continuous signals to be used directly in the computational
steps of an algorithm, and for represenation of information as

continuous values 1.
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Although many cellular computations involving binary “yes/no” decisions
may be interpreted as digital computations, and digital logic computations
are certainly suited to applications such as biosensors, cells often exhibit
graded responses to stimuli that are more appropriately viewed as
analogue computations 12,13. Furthermore, the biochemical processes
responsible for cellular computations involve discrete interactions of
discrete molecules, but are also inherently stochastic. Cellular computing
may, therefore, be viewed as both digital and stochastic, or as analogue

computation with noise 14.

'computing'
strain

A=0, B=0 A=0, B=1 A=1, B=0 A=1,B=1

There are physical connections between chemistry and electronics 15,
however, the cellular environment is a radically different computing
substrate than silicon. Aside from gene regulation, which has been useful
in engineering biological logic circuits, a number of processes and features
exist in natural systems which offer computational capabilities. The

following are four such resources 1.
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Cellular information-processing fundamentals that
go beyond combinatorial logic circuits.

a Whole-cell computations, merging genetic and metabolic circuits,
could achieve more ambitious goals than genetic circuits alone.
Cells have evolved intricate networks that make simultaneous use
of the varied features of both genetic and metabolic processes. In
terms of information storage, metabolism presents a volatile
memory, while DNA sequences are able to store information in a
more stable fashion. Coordinating the use of different types of
memory is a fundamental aspect of complex computer

architectures.

The dynamic difference is also a potential source of complexity if
coupled; metabolic reactions operate on a faster timescale relative

to genetic regulatory networks 1.
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b Multicellular computing (right) is currently implemented by
connecting the output of one strain to the input of another.
Social interactions among cells (left), such as cooperation,
mutualism, competition or commensalism, are not considered in
general. However, social interactions are fundamental in natural
communities—they provide stable architectures executing a

desired computation 1.
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¢ Gene expression noise is intrinsic to living systems; the panel

figure shows different patterns for gene expression. Despite the

fact that all are described as being on, there are different types
of expression—thus different on/off standards 1.
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d The cell as a general-purpose machine. As the basis for a model
of computation, the central dogma of molecular biology can be
expanded to include metabolism. Evolutionary processes may
also be included as major forces guiding information-processing

in cells, since they allow the purpose of cellular computations to

adapt over time 1.



Natural cellular computing operates at vast scales, in a distributed
manner, and in the presence of considerable noise 1 (stochastic).
Consequently, biological metaphors have served as inspirations for

models of amorphous computation 1.

Robotics has also drawn inspiration from biological computation,
particularly in relation to morphological computing, which takes
advantage of the physical properties of computing agents in order to

achieve more efficient computations 1,16.

In the context of embodied artificial intelligence, morphological
computation refers to processes, which are conducted by the body (and

environment) that otherwise would have to be performed by the brain.

circuit computation

e L |-

morphology

*

By using intrinsic physical properties of the computational substrate to
“outsource” parts of the computation, increasingly complex
computations can be carried out while maintaining relatively simplistic

control structures 1,17.



Living systems are an ideal implementation technology for
morphological computation (biological systems using their bodies to
control basic actions) since they not only (naturally) compute solutions
to individual instances of problems, but continuously compute and
adapt in order to embody an efficient general solution. Conventional
silicon computers have inflexible architectures by comparison, which
must sacrifice efficiency for generality. These qualitative differences
between cellular and conventional computing suggest that applications
such as terraforming and smart material production may remain
beyond the reach of silicon computers, but in contrast, strategies for
both applications based on living technologies have already been

proposed 1,18,19.
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Controlling gene expression with sophisticated logic gates has been and

remains one of the central aims of synthetic biology.
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However, conventional implementations of biocomputers use central
processing units (CPUs) assembled from multiple protein-based gene
switches, limiting the programming flexibility and complexity that can be
achieved within single cells. A CRISPR/Cas9-based dual core processor
that enables different sets of user-defined guide RNA inputs to program a
single transcriptional regulator (dCas9-KRAB). It is able to perform a wide
range of bitwise computations, from simple Boolean logic gates to
arithmetic operations such as the half adder (a combinational logic circuit
which is designed by connectin on EX-OR gate an one AND gate. The half
adder circuit has two inputs: A and B, which add two input digits and

generates a carry and a sum) 2o.



In the physiological context, cells sense environmental inputs, such as
metabolites, growth factors, or bacterial toxins, and respond through
outputs, such as development, differentiation, or an immune response.
These outputs are modulated via the regulation of specific gene switches
by intrinsic programmed gene circuits. This introduces synthetic gene
circuits into cells to achieve a range of desired nonphysiological outputs
including the use of suitably engineered cells to conduct computational
operations. Gene circuits performing basic Boolean logic operations in

mammalian cells are already available 20,21.
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Synthetic biology devices and circuits for
RNA-based “smart vaccines”: a propositional review

Oliwia Andriest1, Tasuku Kitadat2, Katie Bodner2, Niek N. Sanders§*1 and
Ron Weiss8*2 1Laboratory of Gene Therapy, Department of Nutrition,
Genetics and Ethology, Faculty of Veterinary Medicine, Ghent University,
Heidestraat 19, B-9820 Merelbeke, Belgium 2Synthetic Biology Center,
Department of Biological Engineering, Massachusetts Institute of
Technology, Cambridge, MA 02139, USA

Article in Expert Review of Vaccines - January 2015 DOI:
10.1586/14760584.2015.997714 - Source: PubMed

Abstract/Summary

Nucleic acid vaccines have been gaining attention as an alternative to the
standard attenuated pathogen or protein based vaccine. However, an
unrealized advantage of using such DNA or RNA based vaccination
modalities is the ability to program within these nucleic acids regulatory
devices that would provide an immunologist the power to control the
production of antigens and adjuvants in a desirable manner by
administering small molecule drugs as chemical triggers. Advances in
synthetic biology have resulted in the creation of highly predictable and
modular genetic parts and devices that can be composed into synthetic
gene circuits with complex behaviors. With the recent advent of modified
RNA gene delivery methods and developments in the RNA replicon
platform, we foresee a future in which mammalian synthetic biologists
will create genetic circuits encoded exclusively on RNA. Here, we review
the current repertoire of devices used in RNA synthetic biology and
propose how programmable “smart vaccines” will revolutionize the field

of RNA vaccination.


https://www.researchgate.net/publication/270661402_Synthetic_biology_devices_and_circuits_for_RNA-based_'smart_vaccines'_A_propositional_review

Excerpts

Synthetic biology is a radically new style of genetic engineering in which
living organisms are “programmed” using genetic circuits to
systematically engineer novel and useful biological properties. The
earliest accomplishments in the field included the construction of simple
genetic circuits such as oscillators [1] and toggle switches [2] in bacterial
species using mathematical modeling and rational network design. Since
then, increasingly more complex circuits have been engineered in
prokaryotes as well as in mammalian systems using principles of

synthetic biology [3-13].
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This process typically involves the top-down decomposition of the

high-level behavior (sensing-processing-actuation) of a genetic circuit
followed by the physical implementation of the circuit via bottom-up
assembly of categorized or novel biological devices with standardized

functions [14,15].



The construction of synthetic gene circuits has been greatly facilitated
by drastic improvements in our ability to assemble large DNA
constructs as well as by the increase in the number of well

characterized devices from which we can build such circuits.

More recently, mRNA-based approaches have become increasingly
popular as an alternative to DNA-based methods. We have previously
shown that unlike DNA, which needs to enter the nucleus, mRNA offers
immediate expression of a protein of interest even in non-dividing cells
[23]. (Editor's note: See evidence to the contrary specific to the

alteration of host DNA within past issues of this magazine).

Furthermore, the transient nature of the vector and the extremely low
risk of insertional mutagenesis make RNA a safer alternative to DNA.
With the recent development of modified RNA-based expression
strategies [24] and rapid advances in replicating RNA technologies
[25-27], we anticipate the arrival of a new era of mammalian synthetic
biology in which synthetic gene circuits will be encoded on RNA rather

than DNA.



An attractive area of application for such RNA circuits is the emerging
field of RNA vaccination. While RNA-based vaccines are completely
synthetic, provide compositional control, and cost five to ten times
less to manufacture than protein-based therapeutics [24], the creation
of effective and universal nucleic acid-based prophylactic solutions is
still challenging.

Priority allocation stages for vaccine roll-out
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Additionally, researchers aim to create vaccines that would simplify
the process of immunization and increase accessibility around the
globe by offering effective one-shot injections, as booster injections
can pose a challenge to communities with limited means of access to
vaccination clinics. We propose here that “smart vaccines” with
programmable adjuvant expression and prime-boost behavior could

provide a solution to these problems.



With this in mind, the purpose of this review is to accomplish the
following two objectives. First, we would like to introduce to the
vaccine community the concept of synthetic gene circuits and how they
could help create more effective vaccines with sophisticated
programmable behavior. Second, we would like to challenge the
mammalian synthetic biology community to engineer sophisticated
gene circuits for vaccination by using the emerging modified or

replicating RNA technologies.
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Towards this aim, we begin this review by providing a brief overview of
the rapidly developing therapeutic mRNA platforms. Then, in the rest of
the review, we examine the different categories of regulatory devices

that can be used to create RNA encoded gene circuits.

Finally, after a brief discussion of how regulatory devices can be
composed into genetic circuits, we conclude by proposing specific ideas

for “smart vaccines” with programmable RNA circuits inside.



We hope this review will help establish a new paradigm for vaccine

development in which immunologists will conceive ideas for “smart

vaccination” strategies, and synthetic biologists will implement them in

the form of gene circuits using the rational design principles of synthetic

biology (as conceptualized in FIGURE 1). While a comprehensive

discussion of the basic concepts of immunology or vaccine/adjuvant

design is beyond the scope of this review, for those readers that are not

specialists in these fields, we recommend the following articles that

methodically cover these issues: [28- 30].
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Figure 1. The RNA “smart vaccine” paradigm. Composable devices
for post-transcriptional gene regulation can be assembled into
synthetic gene circuits in the form of RNA. Such RNA circuits may

be used to control the expression kinetics of antigens and

adjuvants using small molecule drugs to create potent RNA “smart
vaccines.” m7G: 7-methyl-guanosine; AAAn: poly(A) tail; RBP: RNA

binding protein

; DD: destabilizing domain.




Modified mRNA and replicating mRNA are two of the most promising
platforms on which therapeutic circuits may be encoded. One of the
challenges that must be overcome when using such mRNAs for gene
expression in mammalian cells is the antiviral innate immune response.
The innate immune response is particularly problematic when carriers
such as cationic liposomes or polymers are used for the delivery of

MmRNASs into cells.
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RNAi modulation

Since its original discovery over two decades ago, RNA interference as a
technology has transformed into one of the most predictable and
effective tools to silence gene expression (reviewed in [112]). Most
commonly, RNAi based silencing is induced by either delivery of small
interfering RNA (siRNA) duplexes which consist of ~20-30 nucleotide
long RNAs characterized by perfect base-pairing or in the form of
primary miRNAs (pri-miRNAs; long single RNA molecules which contain
characteristic stem loop structures) or short hairpin RNAs (ShRNAs;
engineered single RNA molecules which consist of minimal stem loop
structures that resemble either pri-miRNAs or precursor miRNAs
[pre-miRNAs] with perfectly base-paired stems) expressed from a

vector.
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Sensor modules

Biological sensor modules sense endogenous or environmental signals
such as small molecules, proteins, miRNAs (microRNAs), mRNAs, or
enzymatic activity and relay information to other devices within a
circuit. Thus, sensor modules are the interfaces between input signals

and insulated processing modules of a circuit.

The concept of using RNAi for complex Boolean logic evaluation was
demonstrated by Benenson and colleagues in collaboration with our

group [135].

Definition

® RNA interference (RNAI) is a mechanism that inhibits
gene expression at the stage of translation or by
hindering the transcription of specific genes.

® RNAI targets include RNA from viruses and
transposons.




In the study, logic gates were created by incorporating up to five
different siRNA (small interfering RNA) target sites into 3'UTRs of two
reporter mRNAs or alternatively, by incorporating siRNA target sites
into lacl or lacl-KRAB fusion repressor-encoding mRNA(s) which in turn
repressed a reporter mRNA. Subsequently, Benenson and colleagues
demonstrated that such Boolean logic gates can similarly be
implemented in mammalian cells using artificial miRNAs embedded
within the introns of genes regulated by transcriptional activators or
repressors [136]. Finally, Benenson and colleagues and our group
created a miRNA-classifier circuit which “senses” the distinct miRNA

expression pattern of certain types of cells and identifies them.
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RNA circuits The RNA devices discussed thus far with single inputs and
outputs can be connected with one another to create modules with
more complex behavior. A key aspect to consider when connecting
devices is their “composability.” For instance, in order to directly connect
device 1 (which operates in the form of: input 1 - > device 1-> output 1)
with device 2 (input 2 -> device 2-> output 2), output 1 of device 1 must
be able to become input 2 of device 2. Thus, only devices with

compatible inputs/outputs are considered composable.
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In over a decade, researchers in the field of synthetic biology have used
composable devices to create numerous circuit modules including
oscillators, toggle switches, and cascades. These modules can be
assembled further into integrated systems with more sophisticated

functions.



There are two complementary approaches by which devices can be
assembled into modules and modules into systems: the first approach
involves the rational matching of parts based on mathematical
modeling and the other involves experimental testing of many circuit
configurations by screening variations of individual parts. In actuality,
gene circuit optimization cannot be accomplished solely by model-based

methods and still involves a significant amount of experimental trial

and error.
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Synthetic gene circuit ideas for “smart vaccination”

Over the years, mRNA and replicating RNA have become well
established as platforms for vaccination and immunotherapy (reviewed
in [25-27,141,142]). RNA based devices such as aptamers or aptazymes
have also been used for immunomodulation ([110] and reviewed in
[143]), cell specific targeting of antigens [144] and presentation of de
novo antigens [145]. However, such efforts to improve
vaccines/immunotherapies using RNA-based tools have thus far been
limited to the use of standalone devices. Here, we propose how
RNA-based “smart vaccines” with complex regulatory gene circuits
inside may be used to solve unmet needs in this area, highlighting their

potential as an enabling technology.

Figure 1: RNA Vaccine Technology
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“One-shot” vaccination

The development of one-shot vaccines that do not require booster
shots would be particularly beneficial in communities with limited
means of transportation. Chadambuka et al. reported that a
significant number of children (~35%) drop-out from vaccination
programs in rural Zimbabwe due to transportation barriers [146]. Here
we propose a “smart vaccine” solution to this problem in which

prime-boost expression of an antigen can be achieved using a small

molecule drug rather than a follow up injection of the antigen.




Editor's Note: The above-cited paper, Synthetic biology devices and circuits
for RNA-based “smart vaccines”: a propositional review, does not reflect the
viewpoint and conclusions of the publishers of Entangled Magazine. It is
presented as evidence of the current research into and development of

so-called "smart vaccines". The publishers do not endorse, nor promote
the use of such vaccines.



MICROSOFT, 2016: “WE CAN PROGRAM COMPLEX
BEHAVIORS USING DNA". 3-STRAND DNA CONFIRMED

by Silviu "Silview" Costinescu March 1, 2021

Excerpts:

To me, the most striking part in this video is the confirmation that they
are after the three-stranded DNA technology Anthony Patch brought up
in that sensational 2014 interview, which also earned us a ban from

Youtube.

“Imagine a biological computer that operates inside a
living cell”
- Dr.Andrew Phillips, head of bio-computation at Microsoft
Research.

“The problem we're trying to solve is really trying to have
a more sophisticated diagnosis that can happen
automatically inside cells... In this project, we're trying to
use DNA as a programmable material” according to
Dr.Neil Dalchau, a scientist at Microsoft Research.

“[Microsoft] are essentially trying to sense, analyze

andcontrol molecular information”

Georg Seelig, Associate Professor at theGates-funded
University of Washington.


https://silview.media/author/onemanmall/
https://silview.media/author/onemanmall/
https://silview.media/author/onemanmall/
https://silview.media/2021/03/01/microsoft-2016-we-can-program-complex-behaviors-using-dna-3-strand-dna-confirmed/
https://silview.media/2021/02/24/latest-youtube-ban-man-made-coronavirus-and-people-begging-for-dna-altering-vaccines-in-mind-bending-2014-interview/
https://silview.media/2021/02/24/latest-youtube-ban-man-made-coronavirus-and-people-begging-for-dna-altering-vaccines-in-mind-bending-2014-interview/
https://silview.media/2021/02/24/latest-youtube-ban-man-made-coronavirus-and-people-begging-for-dna-altering-vaccines-in-mind-bending-2014-interview/
https://silview.media/2021/02/24/latest-youtube-ban-man-made-coronavirus-and-people-begging-for-dna-altering-vaccines-in-mind-bending-2014-interview/
https://silview.media/2021/02/24/latest-youtube-ban-man-made-coronavirus-and-people-begging-for-dna-altering-vaccines-in-mind-bending-2014-interview/
https://silview.media/2021/02/24/latest-youtube-ban-man-made-coronavirus-and-people-begging-for-dna-altering-vaccines-in-mind-bending-2014-interview/
https://silview.media/2021/02/24/latest-youtube-ban-man-made-coronavirus-and-people-begging-for-dna-altering-vaccines-in-mind-bending-2014-interview/
https://silview.media/2021/02/24/latest-youtube-ban-man-made-coronavirus-and-people-begging-for-dna-altering-vaccines-in-mind-bending-2014-interview/
https://silview.media/2021/02/24/latest-youtube-ban-man-made-coronavirus-and-people-begging-for-dna-altering-vaccines-in-mind-bending-2014-interview/
https://globalhealth.washington.edu/news/2017/01/25/seattle-times-gates-foundation-gives-279-million-university-washington
https://globalhealth.washington.edu/news/2017/01/25/seattle-times-gates-foundation-gives-279-million-university-washington
https://globalhealth.washington.edu/news/2017/01/25/seattle-times-gates-foundation-gives-279-million-university-washington
https://globalhealth.washington.edu/news/2017/01/25/seattle-times-gates-foundation-gives-279-million-university-washington

Moderna described mRNA as “aninformation molecule”
and even trademarked the name “mRNA 0S” - meaning
‘operating system’, according tobigtechtopia.com
We have Moderna’s head honcho “on tape” describing the
MRNA vaccine as “information therapy”:

“Molecular devices made of nucleic acids show great potential for
applications ranging from bio-sensing to intelligent
nanomedicine. They allow computation to be performed at the
molecular scale, while also interfacing directly with the
molecular components of living systems. They form structures
that are stable inside cells, and their interactions can be precisely
controlled by modifying their nucleotide sequences. However,
designing correct and robust nucleic acid devices is a major
challenge, due to high system complexity and the potential for

unwanted interference between molecules in the system.


http://bigtechtopia.com/

To help address these challenges we have developed the
DNA Strand Displacement (DSD) tool, a programming
language for designing and simulating computational
devices made of DNA. The language uses DNA strand
displacement as the main computational mechanism,
which allows devices to be designed solely in terms of
nucleic acids. DSD is a first step towards the development
of design and analysis tools for DNA strand displacement,
and complements the emergence of novel

implementation strategies for DNA computing.”

Microsoft Research



https://www.microsoft.com/en-us/research/project/programming-dna-circuits/
https://www.microsoft.com/en-us/research/project/programming-dna-circuits/

For more information, please visit: https://www.anthonypatch.com

Copyright 2021 Anthony Patch. All Rights Reserved.
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