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Chapter 0: Preface

This workbook is an endeavour by the iIGEM Team of the Indian Institute of Science
Education and Research (IISER) Bhopal to create an interest in synthetic biology among
the general public, secondary and high school students.

In the early 2000s, scientists wondered if organisms could be built in the same manner that
lego blocks are being used to create a variety of toys. Publications illustrating the
possibility of running microbial genetic circuits as applets motivated this concept. In
discovery of rules and standards to compose organisms, biologists began to think like
engineers. The concept of well-defined components linked together to form modules and
networks acquired experimental confirmation. Engineering biology became a field of
study. School students who are planning to contribute in these emerging areas may find the
information helpful. It would help to have a basic knowledge of molecular biology to enjoy
the science discussed in this book. It was difficult to cover all that is relevant to synthetic
biology due to the vastness of these fields. For more in-depth information on various issues,
one should examine more specialised publications and books. We hope that this offers a
useful starting point for thinking about good problems in synthetic biology. We would
consider our efforts successful, if good research problems are identified by readers after
reading the chapters.

Chapter 1: Introduction to Synthetic Biology

What is Synthetic Biology?

Synthetic Biology is an emerging field of science that involves integrating engineering
principles and biology. The convergence of advances in various fields of science and
engineering, including but not limited to computer science, chemistry and biology, allows
us to modify cells to serve useful purposes. The main objective of synthetic biology is to
create a repository of well-characterized ‘biological parts’ (i.e. enzymes, genetic circuits,
metabolic networks, etc.) that can be modelled, tuned and optimized to behave predictably
and meet certain performance criteria such as optimized expression levels and none to
minimal side effects. The parts can then be assembled into larger systems or devices that
can be used to come up with frugal solutions to global problems. Here is an analogy: just
as engineers now design integrated circuits based on the known physical properties of
materials and then fabricate functioning circuits and entire processors (with relatively high
reliability), synthetic biologists will soon design and build engineered biological systems.

Synthetic Biology vs. Genetic Engineering

Synthetic biology is often confused with a similar field - Genetic Engineering. However,
the two are markedly different: while the former involves stitching together long pieces of
DNA (found in other organisms or completely novel) which are inserted into organisms
such as bacteria, the latter involves making changes to the DNA of the host organism itself
(Confused?? Don’t worry! We’ll tackle this in later chapters!).



The Design-Build-Test-Learn Cycle

Any system that needs to be engineered and built from scratch needs to follow a particular
workflow. What parts do we need? How should we put them together? Will they work as
we expect them to? - these are some questions that are answered by following the Design-
Build-Test-Learn (DBTL) cycle

Suppose we want to engineer bacteria to convert agricultural waste into biofuel.
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To achieve this, we will use the DBTL cycle, addressing one step at a time:
1. Design
We know the problem - turning agricultural waste into biofuel. The design phase
mainly consists of finding out answers to questions that might pop up in your head
while you think of achieving your goal. This is an example of what popped up into

our heads:
a. Which bacteria/organism (called host or host organism) should we pick to do this?
(Usually, bacteria or yeast are preferred since they can be easily cultivated and they
multiply rapidly)
b. Which metabolic pathway can we use so that the organism is not adversely affected?
C. Which biological parts should we use to construct this metabolic network in the
host? Is there data available for these parts?
d. How will we insert these parts into the host? (Design experiments)
e. Can we predict how much fuel each host cell will produce? (Mathematical
Modelling)
1. Build
We have thought about how we want to build the system. Now we actually get to
building it.

Stitch together all the parts that we shortlisted during the design phase.
Insert the stitched parts into the selected host organism.

Ensure that we can grow the host organism in the laboratory environment.
Test

After we build the system, the next step is to test it and make sure it works.

oo



a. Is the host organism producing biofuel?
b. How much biofuel is it producing for every gram of agricultural waste?
C. Is producing biofuel causing harm to the host organism?
1. Learn
The final step in this process is to analyze the data collected during the testing phase.
a. If the host organism is producing biofuel: Can we increase the amount of biofuel

each host produces? If the fuel is harming the cell, how can we alter the system to increase
cumulative production?

b. If the host organism is not producing biofuel: What went wrong? Do we need to
change a part that we used? Is the metabolic pathway we are using not the right one? If the
host is not growing, what do we need to change?

After going through multiple iterations of the cycle do we arrive at the most efficient
system that gives us the desired output - in this case, a biofuel that can be extracted from
the host organism.

Above, we have discussed the entire process of how scientists go about redesigning the
host organism. But, can we use humans as my host? If the host organism is a
bacteria/fungus, will it cause harm to people around me?

Ethical Implications

Are humans manipulating and exploiting nature by redesigning organisms using synthetic
biology techniques? How will we equitably distribute new treatments for deadly diseases
that arise out of the use of synthetic biology? What are the environmental impacts of
introducing modified organisms into the ecosystem? Scientists and policymakers are
continuously working to address these issues and this will continue as long as technology
evolves and changes. The relevant authorities always have to weigh the benefits against
the potential harm that redesigned organisms can cause while answering these questions.
Another key ethical aspect that synthetic biologists need to take care of is the possibility of
‘dual use’ - ensuring that your ideas, information and materials cannot be used by others
to cause public harm. Every individual who is working in the exciting field of synthetic
biology is responsible to ensure that their work is not misused, and does not harm the
environment or the flora and fauna around them.

(Psssst!! If you did not get it by now, just a heads-up to tell you that you absolutely
CANNOT perform experiments on humans)

In this chapter, what we have tried to do is, in layman language, try to explain what
synthetic biology is, how synthetic biology techniques are used to redesign organisms, the
DBTL cycle, and most importantly, the ethical implications of synthetic biology.

In further chapters, we dive into relevant information that one must know to engineer an
organism using synthetic biology techniques. Each chapter, including this one, will be
followed by a few questions to ensure that you have learned the concepts that we are trying
to convey. The answers to all the questions will be provided at the end of the workbook.



We have also included a feedback form at the end of the workbook and we would love to
hear from you!

Summary

o Synthetic Biology is an emerging field of science that involves integrating
engineering principles and biology.

e The main objective of synthetic biology is to create a repository of well-
characterized ‘biological parts’ (i.e. enzymes, genetic circuits, metabolic networks,
etc.) that can be modelled, tuned and optimized to behave predictably and meet
certain performance criteria.

e A Design-Build-Test-Learn (DBTL) cycle is followed for building any synthetic
biology machine:-

o

o

Design involves determining the chassis or host organism in which to
perform the manipulations to obtain the desired functioning, which metabolic
pathway to use, any biological parts needed to build a metabolic network,
how to insert these parts in the host, and the mathematical modelling to
predict the efficiency of the host post manipulation.

Building involves stitching together the parts and checking whether the host
can then be grown in the laboratory.

Testing is the phase where we check the generation of the expected product,
the efficiency of the product formed per unit of input and whether the
metabolic reprogramming caused by the manipulation is harming the host in
any way.

Learning is the process of analyzing the information obtained from testing
and remedying any problems that were found.

o Every individual working in the exciting field of synthetic biology is responsible for
ensuring that their work is not misused and does not harm the environment or flora
and fauna around them.

References:
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2. What is Synthetic/Engineering Biology?

3. The Bio-Engineering Cycle

Chapter 2: The Composition of Life - Biomolecules

Before we talk about how we engineer living organisms, we need to understand what living
organisms are made up of. When we start thinking about this, one fundamental question
arises in our minds - do all living organisms have the same chemical composition? Are we,
humans, fishes and insects made up of the same chemicals even when we look so different?
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The answer - a resounding YES!! If you take a piece of plant tissue (eg. leaf) and animal
tissue (eg. piece of meat) and try to separate all the chemical compounds present in these
two, you can broadly classify them into four major categories:

a. Carbohydrates/Saccharides (Sugars)
b. Lipids (Fats and oils)
C. Amino acids (protein components)

d. Nucleic Acids
Let us take a look at each of these components - called biomolecules - in more detail.
a. Carbohydrates/Saccharides
Carbohydrates, commonly referred to as saccharides in biochemistry, are a class of
biomolecules that have an empirical formula CrH2nOn (Where ‘m’ may or may not be
equal to ‘n’). Saccharides are classified into three major groups:
1. Monosaccharides: It is the most basic form of sugars and the building block of
carbohydrates. The most well-known monosaccharide is glucose. Ribose and
deoxyribose are important components of nucleotides (discussed later)
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Examples Of Monosaccharides.
Hexoses (Glucose, Fructose, Galactose) contain 6 carbon atoms whereas pentoses
(Ribose, Deoxyribose) contain 5 carbon atoms.
1. Disaccharides: Two monosaccharides linked by glycosidic bonds. Sucrose and
Lactose are the most well-known examples.
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Examples Of Disaccharides.
1. Oligosaccharides: A polymer of a small number of monosaccharides. For
example: raffinose, which is composed of galactose, glucose and fructose.
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Example Of Oligosaccharides.
1. Polysaccharides: It is a long chain of monosaccharides held together by
glycosidic linkages. They are most abundant in food. For example: cellulose
(present in plant cell walls), starch (energy reserve in plants) and glycogen (energy
reserve in animals).
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Figure 5
Examples Of Polysaccharides.

b. Lipids
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Lipids are generally water-insoluble and constitute the cell membrane’s building blocks
that provide structure to the cell. Fats, oils, vitamins and hormones are examples of
lipids.

Fats, a subgroup of lipids, are fatty acids that contain an alkyl group (-R) attached to a
-COOH group i.e. R-COOH. The R-group could be all the way up to 18 carbon atoms
long. If the R-group does not contain a double bond between carbon atoms, the fat
molecules are called saturated fatty acids, whereas those fat molecules that contain a

double bond are called unsaturated fatty acids.

H H H H H H H H H
O\\ | | | | | I | I |
(a) Saturated /C_C_C_C_C_C—C—C—C—C—H
O | | | | | | | [ |
I H H H H H H H H H
H
H H H H H H
O\\ | [ | [ | [ /’5’
L8 0—C =00 0=t /&
(b) Unsaturated ©) | | | | | \O //y
I H H H H H J o
H £ / \/\/
~

Figure 6
Saturated and Unsaturated Fatty Acids

Fatty acids can also become esterified with glycerol and are known as glycerides.
Depending upon the number of hydroxyl groups esterified, they can be called
monoglycerides, diglycerides or triglycerides.
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Glycerol and Glycerides
Some lipids have a phosphate group attached to them and are called phospholipids.
These phospholipids form a major component of the cell membrane giving it shape and
preventing the contents of our cells from flowing out into the environment.
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Figure 8
Phospholipid structure
Hydrophilic means water-loving; hydrophobic means water-repelling.

BOX: Mammals like dolphins and seals store lipids in a tissue called “blubber”
which also helps in increasing their buoyancy and insulating their bodies from the
cold water, especially near the poles
c. Amino Acids
Amino acids are organic compounds that contain two major functional groups on the
same carbon: an amino (-NHz) group and a carboxyl (-COOH) group, in addition to a
hydrogen (-H) atom and a variable group designated as R. Do not confuse the R that
we use while referring to an amino acid with an alkyl group. Basically, an amino acid
Is a trisubstituted methane molecule where three hydrogen atoms have been replaced
with the aforementioned functional groups.

H\N H 7 0
7/ AN
H R OH

Figure 9


https://commons.wikimedia.org/wiki/File:OSC_Microbio_07_03_phospholip.jpg

General structure of amino acids.

Based on the nature of the R group, the properties of the amino acid change and 20 of
them occur in a majority of proteins. If the R group is: a hydrogen atom (-H), then the
amino acid is called Glycine; a methyl group (-CHs), then the amino acid is called
Alanine and so on. Each amino acid can be represented by a single letter code (e.g.
Glycine = G, Alanine = A). The chemical properties of amino acids are decided by the
R functional group in addition to the amino and carboxyl groups, and can be classified
as acidic (aspartate, glutamate), basic (asparagine, glutamine), neutral (glycine, alanine)
and aromatic (tyrosine, phenylalanine) amino acids. Figure 10 shows the chemical
structure of all the amino acids, their names and their single letter code. Do not worry
about remembering the structures or the codes at this stage. You can use this figure as
a ready reference whenever we refer to amino acids.

A GUIDE TO THE TWENTY COMMON AMINQ ACIDS

AMINO ACIDS ARE THE BUILDING BLOCKS OF PROTEINS IN LIVING ORGANISMS. THERE ARE OVER 500 AMINO ACIDS FOUND IN NATURE - HOWEVER, THE HUMAN GENETIC CODE
ONLY DIRECTLY ENCODES 20. ‘ESSENTIAL' AMINO ACIDS MUST BE OBTAINED FROM THE DIET, WHILST NON-ESSENTIAL AMINO ACIDS CAN BE SYNTHESISED IN THE BODY.

Chal‘l’ﬁey: . ALIPHATIC AROMATIC . ACIDIC Q BASIC HYDROXYLIC SULFUR-CONTAINING . AMIDIC ONON—[SSENTIAL |: :l ESSENTIAL

-~ -~ -~
4 N ’ N\ ’ N\
7 : o\ ’ o\ ’ TN
l\/\Hl\oul IY\H‘\UHI 1 oH |
\ NH,  J \ NH,  f \ NH, 7
\ / N 4 N /

-~ L S N -

Chemical
Structure

 NAME 3

-
ALANINE €)) GLYCINE @ LEUCINE @B PROLINE @ vaune @
r code Ala Gly Leu Pro Val
-~
H ’ \
G = 2 teans
OH S = I Non 1
o \ 7’
-~
PHENYLALANINE TRYPTOPHAN TYROSINE ASPARTICACID () GLUTAMIC AciD @ ARGININE ) HISTIDINE ()
e
/ S\
Y o \ o] OH O o] o
i’”‘\/\/\)kowl H(J/\HJ\UH /'\rlkOH HS/\HI\OH /S\A‘)kou
\ Moy NH, NH, NH, NH,
\ / :
SN
LysiNE SERINE THREONINE CYSTEINE METHIONINE ASPARAGINE ) GLUTAMINE @
Lys Ser Thr Cys Met Asn Gin

Note: This chart only shows those amino acids for which the human genetic code directly codes for. Selenocysteine is often referred to as the 21st amino acid, but is encoded in a special manner.
In some cases, distinguishing between asparagine/aspartic acid and glutamine/glutamic acid is difficult. In these cases, the codes asx (B) and glx (Z) are respectively used.
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A Guide To 20 Common Amino Acids.
The -NH and -COOH groups of amino acids are ionizable i.e. they can be converted into
-NHz* and -COO" based on the pH of the surrounding medium. The pH at which the net
charge on the amino acid is zero is called the isoelectric point (pl).
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pl of Glycine: pKa refers to the equilibrium constant when one form of an amino acid
(protonated) converts to another form (deprotonated). The pH at which the neutral form is
present is known as pl.
Proteins are linear chains of amino acids linked to each other by peptide bonds i.e. each
protein is a polymer of amino acids. They will be discussed in detail in the next chapter.

d. Nucleic Acids

Nucleotides, the building blocks for nucleic acids, are organic compounds that consist

of three major components:

1. A 5-carbon (pentose) sugar - called ribose (CsH100s) or deoxyribose (CsH1004)

2. A nitrogenous base - these are heterocyclic compounds made up of carbon,
hydrogen, oxygen and nitrogen. The bases are named adenine (A), guanine (G),
cytosine (C), thymine (T) and uracil (U). They are classified into two categories, the
first two being classified as purines and are double-ring compounds whereas the
latter three are pyrimidines and are single-ring compounds.

3. A phosphate group (-POs*) - derived from phosphoric acid. It has three active
hydroxyl (-OH) groups out of which two are involved in strand formation.

A nucleotide without its phosphate group is a nucleoside. In simple terms:
Nucleotide = Sugar + Nitrogenous base + Phosphate
Nucleoside = Sugar + Nitrogenous base
Nucleotide = Nucleoside + Phosphate
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Nucleoside and Nucleotide

NH:z ﬁ
C C
Qg C

B Ny N HaNT Ny~

Adenine (A) Guanine (G)
(DNA and RNA) (DNA and RNA)

Purines

0
| l g
/('\C/H H N O B O

L [ L
l - .
0” \N/C\H 0% \N/L\u ) i W
| | 1
H H 1
Cytosine (C) Thymine (T) Uracil (U)
(DNA and RNA) (DNA only) (RNA only)
Pyrimidines

Figure 13

Purines and Pyrimidines

Nucleotides and nucleosides are named according to their nitrogenous bases. Hence, a
nucleoside that contains an adenine (A) base is called adenosine. Similarly, G for
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guanosine, C for cytidine, T for thymidine and U for uridine. In a nucleotide, the
nitrogenous base (A/G/C/T) is attached to the 1% carbon atom (1 position) of the sugar

molecule by a glycosidic bond and a phosphate group is linked to the 5" carbon atom
via a phosphomonoester linkage.
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Nucleotide Structures In DNA
In nucleotides, the atoms of the bases are numbered as 1, 2, 3... whereas the atoms of
the sugar are numbered as 1°, 2°, 3°...
Nucleotides, like amino acids, can assemble into a long polymer containing millions of
nucleotides which are called nucleic acids. Based on the pentose sugar, these can be
classified into two broad types: Deoxyribonucleic Acid (DNA), which contains the
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deoxyribose sugar and Ribonucleic Acid (RNA) which contains ribose sugar. Both these
sugars differ only at the 2’ position - the former contains a 2’-H whereas the latter
contains a 2’-OH.

In the next chapter, we will take a look at DNA, RNA and Proteins in detail.
Summary

The chemical compounds in all organisms can broadly classify them into four major
categories:
Carbohydrates/Saccharides (Sugars)
Lipids (fats and oils)
Amino acids (protein components)
Nucleic Acids
Carbohydrates commonly referred to as saccharides in biochemistry, are a class of
biomolecules that have an empirical formula CnH2:On (Where ‘m’ may or may not
be equal to ‘n’). Saccharides are classified into the following major groups:
Monosaccharides, eg: glucose, ribose, deoxyribose etc.
Disaccharides, eg: sucrose, lactose etc.
Oligosaccharides - polymer of a small number of monosaccharides.
Polysaccharides, eg: cellulose, starch, glycogen etc.
Lipids are generally water-insoluble and constitute the cell membrane’s building
blocks that provide structure to the cell. Fats, oils, many vitamins, and hormones are
examples of lipids.
Amino acids are organic compounds that contain two major functional groups on
the same carbon: an amino (-NH>) group and a carboxyl (-COOH) group, in addition
to a hydrogen (-H) atom and a variable group designated as R. Do not confuse the
R that we use while referring to an amino acid with an alkyl group.
Nucleotides, the building blocks for nucleic acids, are organic compounds that
consist of three major components:
1. A 5-carbon (pentose) sugar - called ribose (CsH100s) or deoxyribose
(C5H1004).
2. A nitrogenous base - these are heterocyclic compounds made up of carbon,
hydrogen, oxygen and nitrogen. The bases are named adenine (A), guanine
(G), cytosine (C), thymine (T) and uracil (U).
3. A phosphate group (-POs*) - derived from phosphoric acid. It has three
active hydroxyl (-OH) groups out of which two are involved in strand
formation.

Chapter 3: The Molecules of Life - DNA, RNA and Proteins

In the previous chapter, we studied the basic molecules that make up life. These molecules
can undergo polymerization to give rise to much larger, complex structures. In this chapter,
we will be taking a look at the three biomacromolecules that are essential for the
functioning of all life which are also the focus of attention of synthetic biologists - DNA,
RNA and Protein.



a. Deoxyribonucleic Acid (DNA)

DNA is the molecule that contains the instructions that an organism needs to develop,
live and reproduce. It is the “genetic material” for a majority of the living organisms on
earth, including some viruses. In eukaryotes, it is exclusively found in the nucleus.
Prokaryotes, however, do not have membrane-bound organelles and the DNA floats in
the cytoplasm.
(BOX: DNA is the genetic material - The Hershey-Chase Experiment

The road to the discovery of DNA as the genetic material was not straightforward.
Many scientists performed experiments that initially identified a component called the
“transforming principle”, and finally, after decades of efforts, it was proved that DNA
indeed is the transforming principle and the genetic material. One such experiment was
performed in 1952 by two scientists - Alfred Hershey and Martha Chase.

It was known by this time that nucleotides exclusively contained phosphorus and
proteins exclusively contained sulphur. They used bacteriophages, which are viruses
that infect bacteria to replicate, to prove that DNA indeed is the genetic material.
Bacteriophages have a relatively simple overall structure: an outer PROTEIN coat that
contains DNA. The DNA is injected into the bacteria while the protein coat remains
outside. They radioactively labelled or marked the protein and DNA components of the
phages so that they could be distinguished - a technique called isotope labelling. In one
set of bacteriophages, the proteins were labelled and in the other, the DNA was
labelled. These bacteriophages were then added to two separate bacterial suspensions.
Then, the bacterial suspension was centrifuged such that the bacteria settled at the
bottom of the tube. They observed that the bacteria showed the presence of labelled
DNA while the supernatant (the solution above the bacteria) contained labelled
proteins. After making careful considerations from these results, they finally proved
that DNA and not proteins is the genetic material, contrary to what was thought
earlier.)
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Figure 15

Hershey Chase Experiment

Structure of DNA
The structure of the DNA molecule was discovered by Watson and Crick who used the

data from the famous ‘Photograph 51° captured by Maurice Wilkins and Rosalind
Franklin.

Figure 16
Photograph 51
In DNA, the 3’-carbon of one sugar of one nucleotide is linked to the 5’-carbon of the
adjacent nucleotide via a phosphodiester bond.
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Figure 17
Phosphodiester Bond

DNA has a double-helical structure (a twisted ladder) with the two strands of

polynucleotides running in opposite directions. The sugar-phosphate-sugar chain forms

the backbone and The nitrogenous bases (A, G, T and C; U is present only in RNA)

project inward, perpendicular to the backbone.

Complementary Base Pairing

The A and G bases on one strand compulsorily pair with the T and C bases respectively

on the other strand by hydrogen bonding. This is known as the complementarity of

DNA bases and since the sequence present on one strand of DNA decides the sequence

of the other, the strands are termed as complementary strands. There are two hydrogen

bonds between A and T (A=T) and three hydrogen bonds between G and C (G=C).

Dimensions

Each rung of the twisted DNA ladder is rotated by 36° from the previous rung and one

full helical turn involves 10 rungs or 10 base pairs. The distance between two adjacent

base pairs is 3.4A and the diameter of DNA, i.e. the distance between the two backbones

is 20A.

Chargaff’s Rule - The Purine: Pyrimidine Ratio

Due to complementary base pairing, the total number of purine bases is always equal

to the total number of pyrimidine bases. This is called Chargaft’s rule. This was one of

the many contributions that helped decode the structure of DNA.
A+G=T+CorA+GT+C=1

Polarity of DNA

Each strand of DNA has a specific polarity. This is due to the 3rd and 5th carbon atoms

of the deoxyribose sugar. One end is considered as the 5’ end, which contains a free -

PO4* group and the other is considered the 3> end, which contains a free -OH group.
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One strand runs in the 5’ to 3’ direction while the other runs in the 3’ to 5’ direction
due to which the 5’ end of one strand lies close to the 3’ end of the other. This
arrangement of the two strands of DNA is considered antiparallel.
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Figure 18

Antiparallel Nature Of DNA

Major and Minor Grooves

The strands of a double-stranded DNA (dsDNA) molecule undergo right-handed
coiling around a central imaginary axis. This coiling results in the formation of major
(deep) grooves and minor (shallow) grooves, which are found in an alternate manner.


https://www.quora.com/Why-are-DNA-strands-anti-parallel
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Major and minor grooves of DNA

Representing DNA on Paper
A DNA molecule can be represented as a sequence of nucleotides on paper while
mentioning the polarity of the strand. If no polarity is mentioned, then the left end is
considered to be the 5’-end of the DNA strand.

5’ - ATGCGCTAGCTAGCTAGTAGCTA - 3°

3’ - TACGCGATCGATCGATCATCGAT - 5
If you observe closely, here you can see that A is base-paired with T and G is base-
paired with C. DNA can also be single-stranded and can be represented as follows:

5’ - ATGCGCTAGCTAGCTAGTAGCTA - 3°
While most organisms have a dsSDNA genome, some viruses have a single-stranded
DNA (ssDNA) genome.
(Box: A genome is an organism's complete set of genetic instructions. Each genome
contains all of the information needed to build that organism and allow it to grow and
develop.)

. Ribonucleic Acid (RNA)

RNA is a structurally versatile polynucleotide found in the nucleus as well as the
cytoplasm of eukaryotic cells. Two adjacent nucleotides in RNA are joined by
phosphodiester linkages, as in DNA. There are two main types of RNA: Genetic and


https://www.mun.ca/biology/scarr/MGA2_02-07.html

non-genetic. The former serves as the genetic material for some viruses while the latter
Is involved in protein synthesis in most organisms.

Structure

RNA is a single-stranded molecule that can be linear or variously folded upon itself due
to intramolecular complementary base pairing.

Complementary Base Pairing

The nucleotides present in RNA are A, G, U and C and A pairs with U instead of T. T
is replaced with U, which is present only in RNA and absent in DNA.

(Box: Food for thought: Why does DNA not contain U while RNA does?)

Since RNA is single-stranded, the base pairing is not definite. Hence, RNA does not
follow Chargaff’s rule.

Non-Genetic RNA

There are three types of non-genetic RNA: mRNA, rRNA and tRNA. They play an

important role in protein synthesis in both prokaryotes and eukaryotes and are produced

on the DNA template by a process called transcription.

1. Messenger RNA (MRNA)
mMRNAs are linear molecules that carry the information necessary for protein
synthesis from the DNA to ribosomes - the protein synthesis factories. A sequence
of three nucleotides on the mMRNA molecule is called a codon. Each ‘triplet’ codon
specifies a single amino acid and is called the genetic code. The codon at the 5” end
of the mRNA is called the start codon and is usually AUG (recall that RNA contains
U instead of T). AUG codes for the amino acid methionine. The codon at the 3’ end
is the stop codon and can be either UAA or UAG or UGA. Stop codons do not
specify any amino acid and lead to the termination of protein synthesis.
Thus, mRNA carries coded information about the sequence of amino acids in the
polypeptide chain from DNA to ribosomes during protein synthesis.
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Figure 20
MRNA

(Box: THE GENETIC CODE

In RNA there are four types of nitrogenous bases (A, U, G and C) that can give rise
to 64 possible combinations of triplet codons. Among these 3 serve as stop codons
(nonsense codons) and 61 codons code for the 20 amino acids required for protein
synthesis. These 61 codons are called sense codons. Due to the large number of
sense codons, the genetic code is degenerate i.e. two or more codons can specify
the same amino acid. The genetic code is non-ambiguous and universal. The most
important feature of the genetic code is that it is directional and hence each RNA
sequence between the start and stop codons can code only for a single protein
molecule.
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List Of Codons And The Respective Amino Acids That They Code For
(Food for thought: Why does a codon have three bases and not two or one? Use a
little mathematics to get to the answer)

Ribosomal RNA (rRNA)

rRNA is a single-stranded structure that is variously folded upon itself due to
intramolecular complementary base pairing. rRNAs are an essential component of
ribosomes. rRNASs provide a binding site for mRNAs and ensure that the codons on
the mRNA molecule are properly read.
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Figure 22
rRNA structure

Transfer RNA (tRNA)
The tRNA molecule is also single-stranded, and its structure is explained by two

amino
I?' acid
A{3

C+
C+
Y [~
DHU loo s
or ? Lnd TyC loop
amino acyl b1 4 or
synthetase i3] ribosomal
binding loop i bm7dmg loop
(8 —12 bases) ¢l (7 bases)

the lump

anticodon loop
(7 bases)

e —

models: the hairpin m antisadon odel and the

cloverleaf model. Both models have two features in common - the anticodon loop
which contains a triplet of nucleotides complementary to the codon present on
mRNA and the 5’-CCA-3’ end where the amino acid is attached to the tRNA

molecule.
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Cloverleaf model of tRNA

For the hairpin model, couldn’t find a good one. We can crop this and use else just
draw a simple illustration of the same.
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Figure 24
hairpin model
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Just like DNA, RNA can also be represented as a string of the nucleotides A, U, G and
C while mentioning the polarity of the strand. It is important to remember that RNAS
are single-stranded molecules and will be represented in a linear fashion like sSDNA.

. Proteins

Proteins are linear chains of amino acids linked to each other by peptide bonds i.e. each
protein is a polymer of amino acids. Peptide bonds are formed when the carboxyl
moiety (-COOH) of one amino acid reacts with the amino group (-NHz) of the
neighbouring amino acid to form a bond, releasing a molecule of H20 in the process.

H H
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H H
R O H R
AN T N
N—C—-—C—-—N-C-—-—C
H7 | | | N\ OH
H H
Peptide Bond

Figure 25
Peptide bond formation
Although proteins are a string of amino acids, they can fold to give rise to unimaginable
complexity. The structure of proteins can be described at four levels:



https://commons.wikimedia.org/wiki/File:224_Peptide_Bond-01.jpg
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Protein Structures

1. Primary Structure
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1.

It is the sequence of amino acids present in a protein, i.e. the first amino acid, second
amino acid, and so on. For example, AGLAMMKMGGMMLAKALKCMAGH is
the sequence of amino acids (represented using their single-letter codes) and it
determines the primary structure.

If you imagine a protein molecule to be a piece of string, then the left end is the first
amino acid called the N-terminal or amino-terminal amino acid and the right end of
the string is the last amino acid also called the C-terminal or the carboxyl-terminal
amino acid.

(Box: Fun fact: If a protein molecule is 10 amino acids long, there are 10.2 trillion
possible amino acid sequences.)

Secondary Structure

Just like a string, the protein molecule can also be folded in the form of a helix
(called a-helix) that resembles a spring, or B-sheets which look like the pleats in a
frock. These structures are held together by hydrogen bonds which can be
considered as supporting pillars that provide rigidity. Note that an entire protein
cannot fold into helices and sheets; only parts of it can.

(Box: A hydrogen bond is formed due to the attractive interaction between an
electron-loving element such as Oxygen, Fluorine or Nitrogen and Hydrogen. It is
weaker than ionic or covalent bonds but stronger than Van der Waal’s forces.)
Tertiary Structure

If this string containing these secondary structures and the unfolded regions of the
protein fold further, then it gives rise to a tertiary structure. These complex
structures are stabilized by electrostatic and hydrophobic interactions between
amino acids, disulfide bridges, hydrogen bonds and dipole-dipole interactions.
Tertiary structures are ABSOLUTELY NECESSARY for a protein to carry out its
functions.

Quaternary Structure

If two folded protein molecules, or polypeptides to be more specific, come together
to create a larger structure, then it is called a quaternary structure. Each protein
molecule in a quaternary structure is called a subunit. Haemoglobin, the oxygen-
carrying protein in the blood, has four subunits.

Synthetic biologists frequently deal with proteins that catalyze reactions within the cell.
These proteins are called enzymes. Enzymes are proteins that act as biological catalysts.
They act upon molecules called substrates and give rise to molecules called products. A
general enzyme-substrate reaction can be shown as follows:

E + SESE+P

(E = Enzyme; S = Substrate; ES = Enzyme-Substrate Complex and P = Product)

Central Dogma of Molecular Biology

This chapter discussed all about DNA, RNA and proteins that comprise all living
organisms. However, how DNA gives rise to protein was not very well understood in the
early days.



The Central Dogma of molecular biology was proposed by Crick. It states that “DNA
determines the sequence of amino acids in a polypeptide chain through mRNA”. Basically,
the central dogma explains the flow of genetic information from DNA to Protein. The
process of production of RNA from DNA is called transcription and the process of
synthesis of protein from RNA is called translation.
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Central dogma of molecular biology

This chapter discussed the three basic molecules of life DNA, RNA and Proteins which are
the centre of interest for most synthetic biologists. In the next chapter, we will take a look
at the functional units of DNA called genes and try to understand how synthetic biologists
use genes to engineer organisms with desired traits/functions.

Summary

Nucleic acids are long polymers of nucleotides. DNA generally helps in storing genetic
information, while RNA mostly helps in the transfer of genetic information. Though DNA
and RNA can serve the purpose of storing genetic information, DNA being more
chemically and structurally stable is more preferred. mMRNA carries information for protein
synthesis. rRNA are single-stranded structures that provide the binding sites for mRNA.
tRNA helps in decoding the mRNA. Proteins are linear chains of amino acids linked to
each other by peptide bonds. Tertiary structures are necessary for proteins to carry out their
function. Enzymes are proteins that act as biological catalysts. The central dogma of


https://www.news-medical.net/life-sciences/-Types-of-RNA-mRNA-rRNA-and-tRNA.aspx

molecular biology is “DNA determines the sequence of amino acids in a polypeptide chain
through mRNA”. Transcription is the process of production of RNA from DNA.
Translation is the process of synthesis of protein from RNA.
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Chapter 4: Genes, Gene Expression and Recombinant DNA Technology

All living organisms are characterised by the remarkable ability to reproduce and transmit
characteristics from one generation to another. This is made possible by the most
fundamental molecule that every living organism contains - DNA, the genetic material for
a majority of the organisms. However, not all the DNA present in an organism can be
transcribed and translated into RNA and proteins respectively as dictated by the central
dogma and only specific segments of DNA can do so.

DNA is organized into functional units of inheritance called genes. A gene is a segment of
DNA that contains the instructions for (codes for) the synthesis of a specific protein (via
an mRNA molecule) or a particular type of RNA molecule such as rRNA or tRNA
molecule. Genes can range in length from a few hundred base pairs to thousands of base
pairs. The process of synthesizing an RNA or protein molecule from the DNA template is
called gene expression. In other words, the process of transcribing and translating a DNA
sequence into an RNA or protein molecule respectively is called gene expression.

Gene expression can be regulated at various levels:

a. Transcriptional: The synthesis of RNA from a particular gene can be regulated by
the surrounding DNA sequences

b. Post-transcriptional: The RNA can be modified by enzymes in the nucleus or
cytoplasm

C. Post-translational: The protein molecule synthesized from a particular gene can be
modified by cellular enzymes. These modifications might enhance or attenuate protein
function, or cause protein degradation.

Understanding the concepts of genes and gene regulation is fundamental to engineering
organisms. The technique of manipulating the genome of a cell or organism to obtain a
desirable trait is called Recombinant DNA (rDNA) Technology. What’s the difference then
between rDNA Technology and Synthetic Biology? Synthetic Biology also has a greater
goal - the creation of a repository of standard biological parts which is beyond the scope
of rDNA Technology.

Upon careful thought, one would realize that it is not feasible to modify an organism’s
genome every time we want to engineer any trait into the same. For example, the most
commonly used bacterium Escherichia coli (E. coli) has a genome size of 4.6 million base


https://embryo.asu.edu/pages/hershey-chase-experiments-1952-alfred-hershey-and-martha-chase#:~:text=Hershey%20and%20Chase%20aimed%20to,solution%20and%20infect%20the%20bacteria.
https://www.yourgenome.org/facts/what-is-the-central-dogma

pairs and has about 4,000 genes. So how is it that it is so easy to engineer organisms in
20217

Plasmids - to the rescue

One indispensable component required for engineering an organism is an easily editable
piece of DNA that can be modified in the lab and easily inserted into the organism of
interest. This piece of DNA is called a plasmid.

Bacterial DNA Plasmids

Figure 28
Bacterial Plasmid

Plasmids are extrachromosomal (present outside the genome), circular, double-stranded
DNA molecules that are usually present in bacteria, fungi and some eukaryotic cells in
addition to the cell’s genome. They can replicate independently of the cell's genome and
usually give the cell an advantage such as antibiotic resistance. The genes present on a
plasmid behave just like those present in the genome. These genes can be transcribed and
translated to give rise to RNA and protein molecules respectively. Scientists have been able
to isolate and synthesize a repository of plasmids that can be used for various synthetic
biology applications.

Plasmids are the principal components that simplify reprogramming an organism, be it
bacteria, fungi or plants. We will now outline the steps for actually modifying an organism
and in further chapters go into the details of the techniques used.
1. Isolate the genomic DNA from the ‘donor’ organism. The donor can be a plant,
animal, bacteria or fungus
2. Chop the genomic DNA into small pieces using enzymes. (Note: these enzymes are
called restriction endonucleases and will be discussed in later chapters)
3. Identify the gene fragment which contains the gene of interest (eg. Insulin)
4. Insert the fragment containing the gene of interest into the plasmid or cloning
vector. This plasmid is now known as a recombinant vector.
5. Insert the recombinant vector into a competent host cell
(BOX: A competent host cell is an organism that can take up a recombinant vector)

1. Culture these cells to obtain multiple copies of or clones of the desired fragment of
DNA
1. Isolate the clones and “transform” a suitable host cell so as to express the desired

gene.
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Gene Cloning Steps.

Summary:-
e DNA is organized into functional units of inheritance called genes. A gene is a

segment of DNA that contains the instructions for (codes for) the synthesis of a
specific protein (via an mRNA molecule) or a particular type of RNA molecules
such as rRNA or tRNA molecule.
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e Transcribing and translating a DNA sequence into an RNA or protein molecule
respectively is called gene expression.

e Plasmids are extrachromosomal (present outside the genome), circular, double-
stranded DNA molecules that are usually present in bacteria, fungi and some
eukaryotic cells in addition to the cell’s genome. They can replicate independently
of the cell's genome and usually give the cell an advantage such as antibiotic
resistance.
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Chapter 5: Techniques in Synthetic Biology

Over the years, several synthetic biology techniques have been introduced and developed
to facilitate the concise and convenient execution of experiments. In this chapter, we will
be discussing three important lab techniques which are crucial for most Synthetic Biology
experiments.

1. Gel electrophoresis:
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Figure 31
Gel Electrophoresis Setup

There will be times in the experimental protocols where you would feel the need to check
whether your previous step worked or not- be it PCR (Polymerase Chain Reaction) where
you amplify the desired target DNA fragment or DNA cloning (we’ll be dealing with this
next) where you try to paste the desired gene fragment into a plasmid vector ( imagine a
vehicle for transporting DNA to the desired location).
Worry not- Gel electrophoresis will help you. ‘Electro’ implies electricity which is used
for ‘Phoresis’ which means movement or migration in Greek, and all this takes place in
Gel. Hence the name- gel electrophoresis. Gel electrophoresis is a very common lab
technique wherein you make the DNA fragments run on a gel (Jello-like substance made
up of a polysaccharide called Agarose which is derived from a certain red seaweed) full of
minute pores by applying an electrical field. The agarose gel is made by adding solid
agarose powder to an electrophoresis buffer. Usually, Tris Acetic Acid EDTA (TAE)
buffer is used.
As we know, DNA is negatively charged because of those phosphate groups present on
them. Each phosphate group contains one negative charge. Hence, as the mass of the DNA
fragment increases, its negative charge increases at the same rate accordingly. This makes
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the charge to mass ratio of the various query DNA fragments constant and hence, they are
separated purely on the basis of their size alone. The lighter DNA fragments would move
faster in the gel because of less hindrance from the pores present in the gel.
Correspondingly, the heavier DNA fragments are obstructed to a greater degree than the
lighter DNA fragments and thus move slower competitively. This forms the crux of the
fundamental idea of gel electrophoresis.

A rough outline of the above steps would look something like this:

1.

B w

o

Prepare the gel box by connecting positive and negative electrodes to two sides of
a box and filling it with a conductive buffer (water with some specific salts which
makes it resistant to any pH change) to a level where it barely covers the gel.

Place those DNA fragments into wells- which are pocket like indentations on the
positive electrode side of the gel box (These wells are formed by placing a comb in
the yet to be formed gel solution.)

Load DNA samples into wells.

After loading, add a tracking dye (Orange G or Bromophenol Blue) to track the
location of the DNA fragments while running on the gel. A solution of glucose or
sucrose is also added as a component of the tracking dye to increase the density of
the sample and thus facilitate loading.

Turn on the power for activating electrodes.

After DNA migration, stain the DNA with a DNA-binding gel. Under Ultraviolet
(UV) light, the DNA samples would glow as separate bands thus allowing us to see
the DNA present at different locations along the length of the gel.

A lot of factors can be explored here- like the shape or orientation of the molecule
that can affect their migration through the gel. For example-plasmids can move
faster than they should for their size in the gel because they can take on a supercoiled
state which is a skinny shape thus helping it quicker through the pores present in the
gel.

Box: While loading the sample DNA, one well in the gel is reserved for a DNA
ladder. DNA ladder is a standard reference that contains fragments of DNA which
are of known lengths. This makes it easier for comparison of the sample DNA on a
relative basis. The size of the sample DNA can be gauged based on its location
relative to the DNA ladder fragments. |
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DNA ladder

2) PCR ( Polymerase Chain Reaction):

Whether you’re a forensic pathologist trying to amplify suspected DNA fragments
from an extremely tiny sample or you’re conducting an RT-PCR test for a suspected
SARS-CoV 2 patient; you would always have to know the basic nitty-gritty of
Polymerase Chain Reaction inside-out. Used widely in fields like forensics, genetic
testing, molecular biology, medical diagnostics and ecology, the fundamental aim
of PCR is to create copies of a desired region of the query DNA or RNA( in RT-
PCR) invitro(i.e in the lab rather than inside the organism)- billions of them in just
a couple of hours!

You would need a PCR machine, DNA primers specific to the region you mean to
amplify and a thermostable DNA polymerase( for extending the DNA fragment
after the primer binds to the target region). Through repeated cycles of fluctuating
temperatures, the target DNA region gets amplified exponentially reaching millions
or billions amounting to up to micrograms of DNA from a minuscule sample size.
The final goal is to have such a large sample size ready at hand that any further
analysis like genetic marker analysis or experimentation like sequencing followed
by gel electrophoresis and cloning can be carried out comfortably.

Now let’s discuss a brief overview of the overall process. PCR consists of three
broad steps: Denaturation, primer annealing and primer extension.

o Denaturation: DNA strands are denatured, i.e. separated from one another
by applying a high temperature of around 96°C. This provides a single-
stranded DNA template for the next step.

e Primer annealing: The complementary DNA primers bind to the target
DNA region. This step is carried out at 55-65°C. Two kinds of primers bind
to the 3’ end of the template strand- forward primer and reverse primer.


https://www.khanacademy.org/science/ap-biology/gene-expression-and-regulation/biotechnology/a/gel-electrophoresis

e Primer extension: A thermostable DNA polymerase (usually Taq
polymerase derived from a heat-tolerant bacterium living in hot springs and
hydrothermal vents: Thermus aquaticus) extends the annealed DNA primer.
This step is carried out at 72°C. Taq polymerase is most active at 70°C.

The following figure gives an overview of the entire process:

Polymerase chain reaction - PCR
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Polymerase Chain Reaction (PCR)
There are several different types of PCR: Hotstart, Gradient, Touchdown, Nested,
Colony, Fusion, Reverse-Transcriptase (RT-PCR) etc. In RT-PCR, a reverse
transcriptase is used first to convert RNA into DNA, then PCR amplified. Each one
has its own pros and cons and can be selected according to the experimental
conditions and requirements.

3) Blotting:

Blotting is basically when you transfer molecules from one membrane to another.
Blotting techniques are used to detect a particular desired fragment from a mixture
of different fragments of the same type.

For example, Southern blotting is used to isolate a single DNA fragment from a
mixture of DNA fragments, Northern blotting is used to isolate a particular RNA
fragment from a mixture of RNA fragments whereas western blotting is for isolating
a particular protein molecule from a mixture of protein molecules. The principle of
Northern and Southern Blotting is very similar.

We’ll be discussing Northern blotting here.

Northern blotting has 6 broad steps:

1. RNA isolation.
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2. Separation of RNA molecules using gel electrophoresis. The specific type of gel
electrophoresis used to separate RNA molecules is formaldehyde agarose gel
electrophoresis.

3. Blotting (Transferring RNA molecules from agarose gel to nitrocellulose
membrane.) The setup looks like a giant burger as shown below:
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Legend:
1- A weight of about 0.5 kg
2- A plate, made of glass, PVC or similar.
3- A stack of dry paper towels
4- A sheet of pre-wetted nylon blotting membrane with a double layer of pre-
wetted gel blotting paper put on top
5- The gel
6- The wick: a double layer of pre-wetted gel blotting paper
7- A plate similar to 2
8- Two open containers filled with 0.4M NaOH
9- A supporting empty container, upside down.
Figure 34
Blotting Setup

1. Probing (Labelling with radioactive or fluorescent tags attached to cDNA-
complementary DNA probes)
1. Washing of excess probes.

1. Visualization (By using Autoradiography- x-ray film produced by tracing the
pattern of decay emissions from the distribution of a particular radioactive substance.)
The entire process can be visualized with the help of the following figure:


https://www.bioinformatics.nl/molbi/SimpleCloningLab/blotting.htm

Northern blot

Figure 35
Northern Blotting

Box:

Southern Blotting was named after its creator- Edward M. Southern at
Edinburgh University in 1975. Two years later, a biologist with a sense of
humour- J.C. Alwine discovered a method to identify a particular RNA
fragment within a complex mixture of RNA molecules using a radiolabeled
DNA probe. And guess what he named it as an allusion to Southern Blotting.
Yes, he named it Northern Blotting! And from here started the tradition of
naming further specific isolation methods- some based as allusions to
previous methods and some referring to the geographical locations of the
places where the technique was discovered- as Western (for specific protein
isolation- named by W.Neal Burnette), South-western (for specific DNA
binding proteins’ isolation- named by Bowen) and Far-eastern (for lipid
analysis) Blotting.

Here are some interesting questions. Feel free to give them a go.
1. What is the typical voltage used for carrying out gel electrophoresis?
Answer: 80-120 V
1. Arrange the following from fastest to slowest:
a. Open circular DNA or oc (DNA which has been nicked in one strand to release any
superhelical turns present)
b. Linear DNA

C. Covalently closed circular DNA or ccc (Supercoiled)
Answer: c, b, a
1. In the annealing step, won’t the separated DNA strands reanneal with each other

rather than annealing with the DNA primers given that their complementarity would favour
stronger bonding?
Answer: The DNA primers are taken in an excess concentration and so the
probability of reannealing with the same strand after separation is very low.
1. At which temperature is Taq polymerase the most active?
Answer: Around 70°C.
1. Why is formaldehyde used in the gel electrophoresis step of Northern blotting?
Answer: RNA molecules are single-stranded but form self-loops. These
loops are formed as a result of self-complementarity and for separating


https://commons.wikimedia.org/wiki/File:Northern_Blot.jpg

1.

different RNA molecules, they need to be denatured, i.e. in a single-stranded
form. Formaldehyde helps break these self-complementarity bonds.
Why is nitrocellulose used as a popular matrix for protein blotting?

Answer: Because of its protein-binding efficiency, its ability to immobilize
proteins, glycoproteins and nucleic acids and its compatibility with a variety
of detection methods like chemiluminescence(the emission of light during a
chemical reaction), chromogenicity (involving the production of colour or
pigments) property and fluorescence.

Summary:-

Gel electrophoresis: Here, the negatively charged (due to the phosphate group -
PO.*) DNA molecule migrates through an agarose gel having minute pores to give
the sieving effect under an applied electric field (from cathode to anode).

o The rate of flow of DNA fragments in the gel depends on the size and
conformation of the DNA molecule because the sieving effect or drag
provided by the agarose gel pores slow down the movement of the heavier
or less compact DNA fragments.

Polymerase Chain Reaction: In this, a DNA polymerase amplifies a DN fragment
demarcated by the primers as the polymerase merely extends the primers till the
time the denaturation step is repeated. Denaturation, annealing (of primer and
template) and extension (of primers by polymerase) are the 3 steps in a single cycle
of PCR. Denaturation, primer annealing and primer extension.

Blotting is basically when you transfer molecules from one membrane to another.
Blotting techniques are used to detect a particular desired fragment from a mixture
of different fragments of the same type.

References:

Gel Electrophoresis

More on Gel Electrophoresis
Polymerase Chain Reaction

More on Polymerase Chain Reaction
Blotting

More on Blotting
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Chapter 6- Genetic Circuits:
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A genetic circuit is a collection of biological components that encode RNA or protein and
allow individual cells to respond and interact with one another to accomplish logical
operations. Utilizing biological synthetic systems, scientists expect to design functioning
biological parts to produce biochemicals, biomaterials, and biofuels. Genetic circuits could
be developed using synthetic biology technologies, allowing host organisms to work as
sensors. Environmental contaminants are detected and broken down using biosensors and
bioreactors.

A wide range of cellular regulating systems have been studied using genetic circuits (a
synthetic biology form of metabolic engineering). Many cellular regulatory systems,
including promoters, repressors, oscillators, and others, are known to be encoded as
regulatory motifs on the DNA level. Intrinsic and external stimuli can influence gene
activity, including transcriptional regulation and posttranscriptional pathways. It's one of
the hottest issues in the field of manipulating metabolic pathways to produce more products
of industrial interest. Several researchers have attempted to modify existing biosynthetic
processes, while others have attempted to establish biological processes in model microbes.
In most cases, the metabolic pathways were engineered or redesigned to increase the
bacterial productive capacity.

Gene expression is the process through which information stored in our DNA is translated
into instructions for protein synthesis or other elements. The process through which the
instructions in our DNA are transformed into a useful molecule, such as a protein, is known
as gene expression. Gene expression is a strictly controlled process that allows a cell to
respond to changes in its surroundings. It serves as an on/off switch for controlling when
proteins are created as well as a volume control for increasing or decreasing the amount of
proteins produced. Transcription and translation are the two most important steps in the
synthesis of a protein (Transcription is when DNA is converted to RNA, and translation is
when RNA is converted to protein.)

Components of a typical genetic circuit are as follows:

1. Promoter- It is a DNA sequence that initiates the transcription of RNA from the
downstream DNA sequence. Proteins or RNA can attach to it to regulate its
expression.

2. Ribosome Binding Site(RBS)- An RNA sequence found in mRNA that ribosomes
can attach to and activate translation.

3. Gene of Interest- It is a fragment of DNA that codes for the desired trait that the
experimenter wants to express.

4. Terminator- A terminator is an RNA sequence that causes transcription to cease at
the ending of a gene.

Feedback:

Positive and negative feedback loops, which operate as switches, oscillators, and excitable
devices, are significant genetic elements in gene regulatory networks. Genetic circuits will
undoubtedly operate as more precise regulation modulators in the future, as a combination
of varied feedback loops.

Figure 36



Positive and Negative Feedback loops
Summary:-
o Components of a typical genetic circuit are:-
o Promoter - where the RNA polymerase binds and begins transcription
o Ribosome Binding Site - the site where the ribosome binds and begins
translation (from start codon)
o Coding sequence - the sequence of DNA that actually gets expressed as
amino acids of a protein
o Terminator - the sequence which causes the RNA polymerase to stop
transcribing
o Feedback refers to the looping back of the signal or the effect of the expression of a
gene that causes its own regulation. Feedback can be positive - where gene
expression reinforces further expression via downstream effects, or negative - where
it is downregulated via downstream effects.

Chapter 7: BioBricks™ and Gene Expression Cassettes

Recall from the first chapter that the objective of Synthetic Biology is to create a repository
of standard ‘biological parts’. Each part in this repository is called a BioBrick™. A
BioBrick™ is an artificial elementary DNA sequence that codes for RNA or Protein and
can be readily assembled to produce more complex biological systems.

BioBricks™ are Modular DNA Sequences that can be Easily Assembled like Lego®

To better understand BioBricks™, think of them as Lego® blocks. Each block has
standard-sized protrusions on its surface and grooves below, allowing any two blocks to
be put together with relative ease. Similarly, each BioBrick™ is constructed such that two
compatible parts (with the same protrusions and grooves) can be readily assembled. This
compatibility is governed by the assembly standards. Each BioBrick™ can conform to
multiple assembly standards and two parts that conform to the same standard(s) can be
assembled readily.

What is the advantage of having BioBricks™?

Suppose that you want to create a bacteria that produces the smell of apples. To achieve
this, you assemble BioBricks A to D as shown below and BioBrick C produces a protein
that gives you the smell of apples.

i AKX



Figure 37
General Biobricks Assembly
Now if you decide that you don’t like this smell and want the bacteria to produce the smell
of lemons. Then what you simply have to do is replace BioBrick C with BioBrick E that
produces the protein to give you a lemon smell. Here, it is important to note that for
BioBrick C or E to function, BioBricks A, B and D are essential.

Let’s breakdown the function of each of the five BioBricks that we discussed:
1. BioBrick A: Promoter - Recruits the transcription machinery (recall from Chapter
3 that transcription is the process of synthesizing RNA from DNA)
2. BioBrick B: Ribosome Binding Site (RBS) - Site on the synthesized mRNA where
the ribosome binds
3. BioBrick C or E: Coding Sequence - Encodes amino acid sequence of the protein
4. BioBrick D: Terminator - Causes transcription to stop
The assembly of BioBricks A, B, Cand D or A, B, E and D is called a gene expression
cassette.

It is not always practical to show a gene expression cassette as pieces of DNA. Therefore,
Synthetic Biologists have agreed upon standard symbols to show various parts of a gene
expression cassette. These symbols are dictated by the Synthetic Biology Open Language.
The figure below shows the commonly used symbols for various parts of an expression
cassette.
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Figure 38
Commonly Used Symbols in an Expression Cassette

So, the assembly of biobricks that we had shown to you earlier would now look something
like this:
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Figure 39

Example Of A Gene Expression Cassette
(BOX: It is important to remember that the Promoter and RBS should be present at the left
end of the CDS and the Terminator should always be present after the head of the CDS
Any change in the order shown in the figure will not give you the desired result)

In addition, the use of BioBricks also:
1. Speeds up the designing process
2. Reduces the chances of error during assembly
3. Enables sharing data in the synthetic biology community

The RFC10 Assembly Standard

The most widely used assembly standard is the Assembly Standard 10 (RFC10) and was
developed by Tom Knight. The RFC10 standard involves the use of restriction enzymes
which were discussed in detail in the previous chapter. Each BioBrick™ part is a DNA
sequence carried by a plasmid which acts as a transport system to carry the part. Each DNA
sequence is flanked by defined restriction sites or cutting sites at the 5’ and 3’ ends and are
known as prefixes and suffixes respectively. It is important to note that the prefixes,
suffixes and the plasmid are not a part of the BioBrick™ and are only required for the
assembly of multiple parts. For the RFC10 standard, the prefixes are EcoRI (E) and Xbal
(X) and the suffixes are Spel (S) and Pstl (P). To facilitate the assembly process, it is crucial
to ensure that either of the E, X, S and P restriction sites are not present in the BioBrick™
DNA sequence itself
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Standard Assembly
The X and S sites are isocaudomers, i.e. the one DNA fragment cut with Xbal and the other
with Spel have the same overhangs and can be ligated (stuck together) to give rise to a
single DNA fragment. This results in the formation of a 6 base pairs long scar site that
cannot be cut with any other restriction enzyme.

Suppose you have an RFC10-compatible composite part that contains an RBS, a coding
sequence and a terminator and you want to ligate a promoter to it to create a gene
expression cassette. Then you would digest the promoter part with EcoRI and Spel and
the composite part with EcoRI and Xbal. The EcoRlI sites are complementary and can be
ligated to each other. The Xbal and Spel sites, as mentioned earlier, are also
complementary and can be ligated to each other. So, effectively, you would have added the
promoter part to the composite part before the RBS creating a functional gene expression
cassette.

3A (3 Antibiotic) Assembly Method

This assembly method involves two parts and a third vector called the destination plasmid.
The destination plasmid contains a toxic gene that can kill the bacteria upon transformation
and also has a different antibiotic resistance gene.

For example, if the BioBrickTM parts contain ampicillin and tetracycline resistance genes
then the destination vector can contain any other antibiotic resistance gene (e.g. kanamycin


https://images.app.goo.gl/JZdTjeopf75d21mP9

resistance). All three plasmids are digested with the appropriate combination of restriction
enzymes and then allowed to ligate. Only the correctly assembled part will produce a viable
composite part contained in the destination plasmid allowing easy selection of the
transformed bacteria.

Summary:-
e A BioBrick™ is a man-made elementary DNA sequence that codes for RNA or
protein and can be readily assembled to produce more complex biological systems.
e Assembly methods:-
o The most widely used assembly standard is Assembly Standard 10 (RFC10).
Each DNA sequence is flanked by defined restriction sites or cutting sites at
the 5” and 3’ ends and are known as prefixes and suffixes respectively. It is
important to note that the prefixes, suffixes and the plasmid are not a part of
the BioBrick™ and are only required to assemble multiple parts.
The prefixes and suffixes need to be compatible for the different parts to be
ligated for successful assembly.
o 3A (3 Antibiotic) Assembly Method: This assembly method involves two
parts and the destination plasmid’s third vector. The destination plasmid
contains a toxic gene that can kill the bacteria upon transformation and has a
different antibiotic resistance gene.
Here again, the prefixes and suffixes of different fragments must be
compatible and the destination plasmid will get linearized upon successful
ligation which will help in the survival of the transformed bacteria upon
screening.
References:
1. BioBrick
2. 3A Assembly
Chapter 8: Mathematical Modelling:-
Synthetic biology is an engineering discipline that builds on our mechanistic understanding
of molecular biology to program microbes to carry out new functions. Such predictable
manipulation of a cell requires modelling and experimental techniques to work together.
The modelling component of synthetic biology allows one to design biological circuits and
analyze their expected behaviour.
Modelling can provide a mechanistic understanding of a given system. Models that can
predict the behaviour of a system correctly, allowing engineers to program new cellular
behaviour without having to perform large numbers of trial-and-error experiments.
When building models of metabolic networks, signalling pathways, or gene regulatory
networks, one of the most common assumptions is that the molecular species are uniformly
distributed inside the cell; this assumption allows one to eliminate diffusion rates from the
model altogether because there are no concentration gradients. It should be noted, however,
that this assumption may become invalid in some situations. Models involving enzyme
Kinetics or transcriptional regulation often make additional assumptions that some of the
chemical reactions are at equilibrium or steady-state. These assumptions can further
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simplify the model without significantly affecting its ability to reproduce observed
behaviour. When models fail to reproduce observed behaviours, some of the assumptions
must be revisited.

Simple example:-

A classical example of a chemical reaction model is an enzyme-catalyzed reaction:-

J -

S P

Figure 41 ES

Suppose the system of interest has four species: the substrate (S), the enzyme (E), the
product (P), and the enzyme-substrate complex (ES). There are three reactions in this
system:-

Reaction Reaction rate or velocity of reaction
E+S—ES KI*[E]*[S]
ES—-E+S k2*[ES]
ES—-E+P k3*[ES]

Here, [E], [S], and [ES] are the concentrations of the respective species, and k1, k2, and k3
are the rate constants of the respective reactions.
The deterministic chemical reaction model:-
Deterministic mathematical models do not include any random fluctuations. Differential
equation models are one of the most common types of deterministic models.
o Differential equation model:-
Once the rate equations are formulated for each of the reactions, then a deterministic
model can be constructed by defining the rate of change for each of the species in
the following way:-
dX/dt = production rate - consumption rate
In the above formula, X represents a particular species in the system; the term
‘production rate’ represents the sum of the rates for all the reactions where X is
produced; the term ‘consumption rate’ is the sum of the rates for all the reactions
where X is degraded or consumed as a substrate.



For example, the differential equation for the species S would be as follows:-
dS/dt = (Kz*s)) - (ke*[er*spWhere:-

(kaxespis the production rate of S from the reaction ES = E + S and ki+ej+sis
the consumption rate of S from the reaction E + S — ES

The complete differential equation model would consist of four such differential
equations, one for each of the four species.
Gene regulatory network (GRN) modelling:-
GRN models make use of the fact that transcription factor binding and unbinding are much
faster than transcription and translation of genes. Owing to this difference in speed, one
can assume that the transcription factor binding and unbinding reactions are always at
equilibrium. Thus, the protein production rate becomes a function of the equilibrium
concentrations of bound and unbound transcription factors.
As an example, consider a situation where a transcription factor regulates a single gene.
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Figure 42 S
The following formula captures the fraction of transcription factors that are bound:-
u = TF/(Kd + TF), where TF is the monomeric transcription factor, and Kd is the
dissociation constant.
If TF is an activator that increases the production of the protein, P, then the rate of
production of P will be proportional to u. If TF is a repressor, then the rate will be
proportional to (1 - u).
When there is cooperativity or multimerization of the transcription factor, an additional
parameter called the Hill coefficient, h, is included in the equation: u = TF"/(Kd + TF"),
where:-

e h>1, Positively cooperative binding: Once one ligand molecule is bound to the
enzyme, its affinity for other ligand molecules increases. For example, the Hill
coefficient of oxygen binding to_haemoglobin (an example of positive
cooperativity) falls within the range of 1.7-3.2.

e n <1, Negatively cooperative binding: Once one ligand molecule is bound to the
enzyme, its affinity for other ligand molecules decreases.

e n =1, Noncooperative (completely independent) binding: The affinity of the
enzyme for a ligand molecule is not dependent on whether or not other ligand
molecules are already bound.
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Using this formula, one can model the dynamics of a gene regulatory network by
formulating the rate of production and rate of degradation or dilution for each protein in
the network. A typical equation for the rate of change of a protein, P, is as follows:-

dp/dt = (KL(TF" /(Kd + TFh)) - (O p * P), where TF is the transcription factor that
positively regulates the production of protein P, k1 is the rate of expression of the
protein (transcription and translation) and 0O p is the degradation rate for P. The
equation becomes more complex when multiple transcription factors are involved

in the regulation of the same gene.

Summary:

A model is a mathematical representation that permits to predict the dynamics of a system
(i.e., how species concentrations change over a given time interval) under precise
assumptions and after defining the system’s initial conditions. The modelling component
of synthetic biology allows one to design biological circuits and analyze its expected
behaviour.

Differential equation model: a differential equation model is based on the equation that
relates one or more functions and their derivatives.

Gene Regulatory network model: It is a model of genetic circuits that is a collection of
molecular regulators that interact with each other and with other substances in the cell to
determine the gene expression levels of mMRNA and proteins.

References:
Introduction in Synthetic Biology (springer) by Mario Andrea Marchisio
Mathematical modelling and synthetic biology

Chapter 9: IGEM and iGEM IISER Bhopal 2021

The International Genetically Engineered Machine (iIGEM) Championship is an
international competition dedicated to advancing synthetic biology, education, and
developing an open community and collaboration. It gives students (high school,
undergraduate, and overgraduate) an opportunity to push the boundaries of synthetic
biology by tackling everyday issues faced by the world, with multidisciplinary teams
working on designing, building, test, and measure a system using interchangeable
biological parts.

IGEM projects can span a wide variety of applications such as therapeutics, diagnostic,
environment, food and nutrition, energy, and manufacturing, to name a few. Over 350
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teams from over 40 countries participate in iGEM every year and contribute to the
advancement of synthetic biology and spread awareness among the general population
about synthetic biology.

IGEM IISER BHOPAL - 2021

BLAST

B. Longum induced Apoptosis using Smac and Trail

Figure 43
Our team name and logo

This year, our team is working on a project that aims to reduce the cancer load by
significantly regressing tumour size, using an effective antitumour therapy that will lead to
tumour-cell-specific apoptosis while ensuring no damage to normal cells. Our solution uses
Bifidobacterium longum, an obligate anaerobe shown to localize in hypoxic tumour
regions in vivo, and secrete tumour-specific apoptosis-inducing peptides in the tumour
microenvironment.
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A simplified form of our solution if it would be performed in the case of breast
cancer

We plan to transform a fusion of the TRAIL-Smac gene, the human TRAIL gene (mediates
apoptosis via extrinsic pathway), and a cell-permeable Smac/DIABLO gene (mediates
apoptosis via intrinsic pathway) in our chassis. We will design an AND gate for the
promoter of TRAIL and Smac/DIABLO fusion peptide such that secretion occurs only in
tumour cells where high lactate concentration and hypoxia are present. Furthermore, to
prevent the environmental release of the engineered bacteria and ensure patient safety, we
will include a lactate-inducible Holin-Antiholin Kill Switch to ensure that bacteria would
only survive in an environment where the lactate concentration is above a certain threshold
level. This would kill bacteria that localise at the vicinity of normal tissue where the high
lactate level condition is not satisfied thereby preventing damage to normal cells.

Chapter 10: Applications of Synthetic Biology

Now that you have taken a look at what iGEM is and what we are working on this year, it
Is time to look at a few other exemplary iGEM projects that have worked to solve local
problems with immeasurable consequences.

A unique solution to the widespread problem of paan/catechu stains
From railway stations to walls or streets to random corners, the ubiquitous paan stain has
always haunted most South Asian countries, including India and the issue seems to have



spiralled out of control. The IGEM team from Ramnarain Ruia College Mumbai in 2018
devised an outstanding solution to tackle this problem. They designed Catechewing coli,
an engineered bacterial system that degrades the stubborn red stains returning the
disfigured places back to their pristine state.

Figure 45
Catechewing Coli

The nefarious red-brown colour of paan stains mainly comes from catechu and slaked lime
- the former gives the red colour while the latter intensifies it. The genetically engineered
E. coli produces a concoction of enzymes that are secreted into the environment. These
enzymes work to degrade the coloured components of the paan stain within a few hours of
application to the same. To increase the enzyme’s affinity towards the stain that contains
calcium due to the slaked lime, they also added a calcium-binding domain to their enzymes.
We have learnt in earlier chapters that releasing genetically modified bacteria can cause
harm to the environment. They have incorporated a kill switch activated by the paan stain’s
degradation products to counter this issue. So once the bacteria finishes its work, bye-bye!
This makes their project environment friendly, time-saving, non-labour intensive, and a
wide area application system without the involvement of large quantities of water and
corrosive chemicals.

A remarkable endeavour to solve the sombre issue of Colony Collapse Disorder of
bees
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Straight out of an episode from Black Mirror, the Colony Collapse Disorder threatens to
wipe out entire bee populations, which would mean an inevitable collapse of entire local
ecosystems. One of the causes of CCD is infection from the spores of Nosema ceranae,
also known as microsporidian fungus, which is a unicellular parasite. The infection
spreads by exchanging substances via mouthparts or feeding food to sac broods.

The IGEM team of National Yang Ming University (NYMU), Taipei in 2013 came up
with an innovative take to help eradicate this issue. They genetically engineered the

bacteria E. coli into Bee coli!
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Figure 46

Bee Coli

The team aimed to encapsulate the Bee. Coli, suspend it in a sugar solution and then feed
it to bees. The Bee coli would then proliferate in the bees’ midgut to build up immunity
against Nosema ceranae. The capsule dissolves exclusively in the bee’s gut and does not
spread wantonly to other body parts. Nosema’s polar filaments, which are needle-like
protrusions, are key in infecting the bees. Bee coli blocks the production of these polar

filaments and thus curbs the infection from spreading, ultimately saving the bees!


http://2013.igem.org/Team:NYMU-Taipei/Project

Furthermore, if the modified bee is killed or ingested by any other organism, the team
incorporated a blue light-induced kill switch, which would lyse the Bee coli and prevent

any contamination of the natural environment.
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A GUIDE TO THE TWENTY COMMON AMINQ ACIDS

AMINO ACIDS ARE THE BUILDING BLOCKS OF PROTEINS IN LIVING ORGANISMS. THERE ARE OVER 500 AMINO ACIDS FOUND IN NATURE - HOWEVER, THE HUMAN GENETIC CODE
ONLY DIRECTLY ENCODES 20. ‘ESSENTIAL AMINO ACIDS MUST BE OBTAINED FROM THE DIET, WHILST NON-ESSENTIAL AMINO ACIDS CAN BE SYNTHESISED IN THE BODY.
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Note: This chart only shows those amino acids for which the human genetic code directly codes for. Selenocysteine is often referred to as the 21st amino acid, but is encoded in a special manner.
In some cases, distinguishing between asparagine/aspartic acid and glutamine/glutamic acid is difficult. In these cases, the codes asx (B) and glx (2) are respectively used.
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Shared under a Creative Commons Attribution-NonCommercial-NoDerivatives licence.
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Amino acids

Primary Protein structure
sequence of a chain of

animo acids
Pleated sheet Alpha helix =—— Secondary Protein structure
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Polymerase chain reaction - PCR
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@) Denaturation at 94-96°C
e Annealing at ~68°C
o Elongation at ca. 72 °C

O0ooo 33
000000 oo ooodoooo(@oionn)

oot oo ooboob gobt: bobuobuobd, bhogboobod,
gooood, bbgbooo,

00000, 00000, tooooooo-uoooooogoooogoo (Dooa-
O0000o0o) 0. 000o0-000000 ooodn, oooooogo
gogoooobgobobgd

oot bbby bbb bbb nogbhooboobo obdon
oot obgo, oy bbob g bugbudo oo, gbhuobuobuob
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| Positive Feedback | | Negative Feedback

| !

e  Amplification or growth of e Inhibition or slowing down the
output signal process

e Inducers are used for this type e Inhibitors are used for this type
of feedback of feedback
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goudd ggooga:-

gutootdb oo bbb gbuobouoou obhuood
oot obugobo-ougougoudb ohuogbuoouon:-

ES

0000 00000 000000000000 000 0000000 0D000:
000000000 (00), 000000 (0), 0000000
(00), 000 000000-000000000 00000000000 (00D0).

b goooobooboob obbu obhuoboboooo boof:-

gog Joogouoouoo gd
gogogoudo | ogood
ougoooouoood
oo

0+ 00 — Rl 1) R 1N
oo

ooo—o+ | 02700
als




0o — 0o+ | 893*[80]
aln

0ooo, [E]L[S] 0OO [ES] 0000000 0000000000 00000000 0000
000 k1, k2 000 k3

0000000 00000000000000 00 00000000 0000,

00000000 00000000 00000000000 00000:-
000000000000 00000 0000000000 000000000
000000000 0000000000 000000 0000, 000000

000000 00000 00 000000 0000000 00000000 00000000
00000 0o00.

e 000000 000000 ODOOOO:-

D000 00000000 D0O0000000000000 00 0000000 D000 0000
00, 0000 00000000

D000 00000000 00000000000 000000 00 0000000 0000
00000 0000 0000 000 D000

00000 00D0O:-

00/00=0000000 00 - 0000 00

D000 0000000, X 000000000000 000 0000000 000000000
000000000000 0000; 00

'0000000 00' 0000 000 0000 0000 0000000000000000
00000 00000 0000000
D0O000000;'00000 00' 00 000000 0000 0000000000000000
00000 00000 000

D000 X 00 0000000 0000000 000 00000 000000000
000000 000000 0o00.
0000000000, 0000000 SO0000 000000 000000
000000000000 0D000:-

00/00 = (02 * [00])- (01 * [0] * [O0]) 00O0O:-
(02*[00)ES—E+S 000 00000000000 00000 S 000000000 00
000
(01*[0]*[O])E+S— ES 00000000000 00000 S 00 0000 00 000
0000000 000000 000000 0000000000 000 000 000 00000
000000, 000 000000000000 000000000 00.

000 00000000000 0000000 (GRN) 00000000:-

000000 00000 000000000000000 000000 00000000 000
00000000 0000 00 0000000000000 0000 00000

0000000 000000000000000 000 0000000 000000 D0000O.
0000000 00 00000000, 00 000 0000



gud oo oo gb oobobbuob oo ohouobhuob oob
gutootdto goboobobuob ooy obuoo

guudu ot gouooud, oo ghuobuo g buobuob oobga
gouud

ot ot gt oo ghuobua
guggogon.

gouugod oogobd, g toouoobud oo oo auao
gutdoouoouoouobo buobud b oo ohuobuobou obud.

®

Uubod oo ooub bbb gboobooob gbogbobod oad
gupbodat gbbd:-
u=TH@w+TH,DDDDTFDDDDDDDDDDDDDDDDDDDDDDDDDD
000000 000D, 000 Kd OO 0ooooooo oo

gooddg

OO0 TFOO OOO0O00O00000 000 o0 Doooooo, o oo ooooooga
goupoodu, o0 bogbobdd gu

POOOOOOOOuOOO0OODOOOOOOO O0OO0Lo.O0TFOOOD DOOOOoO Dooo
DDDD(l%DDDDDDDDDDDDDDDDD.

Uioogt guboouboooboooogn oo oo bogoo
ubooobboouooon oood, boouoo boooogao

000 0Dooooo, h, 000 00000000 D0000o00 oooooooo oood
Odd:u=TFh

KDDDD+DDDDDD

),

good:-

oh>LDDDDDDDDDDDDDDDDDDDD:DDDDDDI@mdDDDD
ooogood bodg
DDDDDDDDDDDDDDDD[IIIIIIII]DDDDDDDDDDDD,DDDI@M@
upooobubodun oo oo oguoo, goooooooodo, ooood



Joooouooobooob obooboooob obooooooo obooood
(DO0DOO0OO00 DOo0DooooOoo oDooooo)

1.7-3.2 0000 0000000 0oOoo.

<N <1, 000000000 0000000 0o0o0d: 0000 o0 ooooo oooo oog
gopoooo oood
DDDDDDDDDDDDDDDD[IIIIIIII]DDDDDDDDDDDD,DDDl@mﬂ
go0poooupoooD 0bogod ogoooboo oo oooo.
on=1ﬂII}DDDDDDDDDDD(DDDDDDDDDDDDDDDD)DDDDDDDD
00 gopoooood

o000 oo booooo oL googbooo oooboob oo boooo
000 Oo0obo goooopoo oogo

U000 0oobo goooopoog ogoo.

00 0opooouodo ooob obog, bboobo goooooo oo oboooo
gopooouooo gbopboooon obbo boboo Oboob oboo oboog
0000oooooD 00 000 ooooooooboob oooooooo
O000ooooooo ooooo ooooo ooooooo 0od. O

ooogooo, o0, 00ob oo o000 oooooooooooood
000000 oooooooooooo ooo:-

dp/dt = (k1 (TFh

/(Kd + TFh)) - (@ p *P), LI TE D0 DOV I G0 E e I (I

gogoooobg odgo
0000000 0000 0000000 0OoooooobD booo, oo 1 00
00000000000 000000000000 00 ooo(Uoooooood

000 000000)0000p 00 00 0000 000000000 00 000.000000

oo gobg good
ooy bbb bbb ugb bbb bobho obuobuoog
ot oogobobob gbogo.

goggon:

gutob o g gbhuobuobobuo bob o buobgobuob
guuobuobuo bbb bbby obogbo obgd

(000000, 0000000 00000000 0000000 Dooooooooo
00000000 000 000o0) ooooooo

oot b pgbhugbugbg bbb nobh gobuobud
gugobuobud. g buobuobu obd

gotoouob gooogb ooty oo obhoobo oogood
gugootob oo gbuobuob gobgbobb obhuobuob oobobooo
gutoouob ooboobg oo,

ooy oogobg oot by obgbuo bobboo oobog ooon
gugootobd ouooudg ogg



g gough gy ooy o buobhoob gobuobuood
gugoogo.

gut bugogougbob gbhuobob nobgh: b gobodobdo
guyobyuobdo g ooy g bbb oo oo
guyouy ooty by bbb b nobhouobu oog
gutoouobudo ooy ouooud

gutoudo g ooy o oo oo w
gudouogood oud.

guugon:

Judot gongougo oo guobug ouoouood oboooood
(D00DO0Doon) Doooo ooaoo

Mathematical modelling and synthetic biology

OOOO00 90 IGEM T IGEM HSER 10101011 2021

000000000 000000000 00000000 0000 (oooooo)
guuoogoouot 0o obouoobbooobb 0odd

gogoogob ooooouoo, 0buobtu oo oo boobooooooo
gogootd booogao

gogood oo oogoodoo. oo oobhuobooboooboob oood
(0Ooooooo, ooooog, ooo

000000) 0000000000000 0000000 000000oooooooood
gouootd boobg ouoobooo oooo

gogdb googoboobobbo bbb obuobb, oo -buobo ood
gogobouobudb oob 0oob obod,

oot bgobgobobud bbby oo bbb nobhoobu oboo
gogd, bgotd bgob oobo gbooo,

IGEM 0000000 00000 DO000000000 000ooogooooooo
ool oo oobud oo oo buobodg, buobg,

gogoogdo, oo o ooy, obuob oo obhuobod, oot goboa.
350 000000 0DOo0oo oog

ODO000D00000000 000000040000 0000 000 000000 0oogo
ot oogoboobo bugbuobobotdo bbb oobod

gogootdb ooboobob 0ot obhuobobo oohuobhuobu bboouood
gogdo bbb bbb gouobuooooo.



IGEM IISER BHOPAL - 2021

BLAST

B. Longum induced Apoptosis using Smac and Trall
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A GUIDE TO THE TWENTY COMMON AMINQ ACIDS

AMINO ACIDS ARE THE BUILDING BLOCKS OF PROTEINS IN LIVING ORGANISMS. THERE ARE OVER 500 AMINO ACIDS FOUND IN NATURE - HOWEVER, THE HUMAN GENETIC CODE
ONLY DIRECTLY ENCODES 20. ‘ESSENTIAL AMINO ACIDS MUST BE OBTAINED FROM THE DIET, WHILST NON-ESSENTIAL AMINO ACIDS CAN BE SYNTHESISED IN THE BODY.
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Note: This chart only shows (hose amino aci ids for which the human genetic code directly codes for. Selenocysteine is often referred to as the 21st amino acid, but is encoded in a special manner.
In some cases, inguishing between aspar tic acid and glutamine/glutamic acid is difficult. In these cases, the codes asx (B) and glx (Z) are respectively used.
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35S-labeled protein coat

@ One batch of phage @ Bacteria were infected @ The cultures were Bacteria infected
was labeled with 32P, with the phage. The blended and centrifuged with phage containing
which is incorporated researchers were to separate the phage 32p_labeled DNA
into the DNA. looking to identify if from the bacteria. The produced 32P-labeled
Another batch of viral DNA or viral centrifuge separated the phage. Bacteria
phage was labeled protein entered the lighter phage particles infected with
with 3°S, which is host cell. from the heavier bacterial 35S-labeled phage
incorporated into the cells. produced unlabeled
protein coat. phage.
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Primary Protein structure
sequence of a chain of
animo acids

Secondary Protein structure
hydrogen bonding of the peptide
backbone causes the amino
acids to fold into a repeating
pattern

Tertiary protein structure
three-dimensional folding
pattern of a protein due to side
chain interactions

Quaternary protein structure
protein consisting of more
than one amino acid chain
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A GUIDE TO THE TWENTY COMMON AMINQ ACIDS

AMINO ACIDS ARE THE BUILDING BLOCKS OF PROTEINS IN LIVING ORGANISMS. THERE ARE OVER 500 AMINO ACIDS FOUND IN NATURE - HOWEVER, THE HUMAN GENETIC CODE
ONLY DIRECTLY ENCODES 20. ‘ESSENTIAL' AMINO ACIDS MUST BE OBTAINED FROM THE DIET, WHILST NON-ESSENTIAL AMINO ACIDS CAN BE SYNTHESISED IN THE BODY.
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Note: This chart only shows those amino acids for which the human genetic code directly codes for. Selenocysteine is often referred to as the 21st amino acid, but is encoded in a special manner.
In some cases, distinguishing between asparagine/aspartic acid and glutamine/glutamic acid is difficult. In these cases, the codes asx (B) and glx (Z) are respectively used.
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gogoogoboobobuood Jooooboboobt good
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gogoouoo oogd oogoogg gouoogg


https://www.news-medical.net/life-sciences/-Types-of-RNA-mRNA-rRNA-and-tRNA.aspx
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guggouoo Jouoouobuobobyuoodon gougooood
guyoboyobuo ooy oo bbb nobuobuood
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Hershey and Chase experiment
Central Dogma of Molecular Biology
Biology - Class XII; MSBSHSE
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https://embryo.asu.edu/pages/hershey-chase-experiments-1952-alfred-hershey-and-martha-chase#:~:text=Hershey%20and%20Chase%20aimed%20to,solution%20and%20infect%20the%20bacteria.
https://www.yourgenome.org/facts/what-is-the-central-dogma
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https://commons.wikimedia.org/wiki/File:Plasmid_(english).svg
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https://www.onlinebiologynotes.com/gene-cloning-steps-involved-gene-cloning/
https://www.onlinebiologynotes.com/gene-cloning-steps-involved-gene-cloning/
https://www.onlinebiologynotes.com/gene-cloning-steps-involved-gene-cloning/
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https://microbenotes.com/gene-cloning-requirements-principle-steps-applications/
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1. Plasmid
2. Recombinant DNA technology
3. More on Plasmids and Recombinant DNA Technology
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https://en.wikipedia.org/wiki/Plasmid#:~:text=A%20plasmid%20is%20a%20small,in%20archaea%20and%20eukaryotic%20organisms
https://www.vedantu.com/biology/recombinant-dna-technology#:~:text=There%20are%20six%20steps%20involved,and%20isolation%20of%20recombinant%20cells.
https://aklectures.com/lecture/biotechnology-and-recombinant-dna-technology/plasmids-and-recombinant-dna-technology#:~:text=Recombinant%20DNA%20technology%20involves%20manipulating,form%20novel%20recombinant%20DNA%20molecules.&text=Plasmids%20are%20small%20double%2Dstranded,to%20the%20cells%20main%20genome
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https://www.flickr.com/photos/yourgenome/26344970413
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gooon goooouo goooud gbooougobon gooon ggooboogdo
gubobgoooobooobbooon, Hogoon Jogg ooood
gogoooobgobood Jooobouobuobdd goooot
gogobgobuobooobdg,. gbuoboob gbhuobooboobh obuobuobd
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(Dooooo dd Jougobogood Jougoogoogg Ooo0)
Joogoogo. Joouoonoodoot gougoogd
Jouugouoougouobgoboouon googoy googoot
Jouugouobougooboby gbououobuobhy oouoot oo
ooy gbugbuobud obgougbudt bgbuobouoouoo
o gougbugb gobuobgooon,

5 000O00O00ooooog gonuoouobogoooougoongot oot
Joogoooo.

6. [0 Jougoouooouoogg goooo-ugongoud oot
O000000000 0oood ooood. ooogoooooooog (Dooo)
Joogoonoouootd nobud gooud gouoodoodd goooodon
Jooooogoon goouooooood. gooood  oogooboogd
Joooootd oooudg ohougoooodg boodo ohoogod bogdo
Joouoouoooogo.

Jooooododn gobootd bogogbodoobon bougooboogo
Joouoogooood Jooon Jooooooogd ooooodoon
Joooootd boodod oogoougoobn oooud boogooboogo
oo oobodgb. bugbuobuoboh, bbobbobbobnobonob
Joogoboboby gobobbobuobuoud gbuobuob buobgoo
goooon.  ougod Joooouon goo Jouoobooboobgd
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5000 bp

\500 bp

500 op
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2. 000000 (00000000 DoDooD oooogoao):

oot gon gougo ooougouot goougon gouoouoooood
googo bgoboob gobobuoobuoboo oobbobboogob goo
Joogoboo  oboobobuobuobuo  obooboob, bobooooood
Jooooboooood SARS-CoV 2 googobgd goooot oo
Jobogoboobd buobuob gouobubbobbuoboobuob obooboobd
Joogo bogbouobuoboboboob gbhouoboob buobuobd ooboobd
Joogobuobgouotb boobuobuboobod, gbuobuot,  ogood
Joogoobd, obgobgood googo, oogoogd
Jobgoboobooooobg, oogouon oogoogg gougouon
Jobgobooby buobubuobuobubobobbo, bobhod bobooboood
oogd ood (CooooDoooooon) oogbouobgd
Joogobooboouob  boobuobty gbobubboob booboobgobd
Joogobogn  gbougbdobgh bgbuobud bgobdot. googod
Jobgobgobgouobuobood Jougonobongbogn gougoogg
Doooogooooo!

Jobogoogood oo oogon goog, oogot
Jobgobgboboouood ougonobuobuon Jogonooooot
Joogobgo gouoty bobboboob, b ghugbouobouboouob ougod
000000000 (00000 oooooooon oooono oooooooooooooo

Jobgobooboouooug gotg googd good
00000000000000000000) googot
Joogobgon, Jopgoouobuoodobgobroot gouoogoogn

Jopgobuongouob bobuobooboob boobooboobn ooood
ood Jopgobooogod Joogouobuoboon, oot ooy


https://www.khanacademy.org/science/ap-biology/gene-expression-and-regulation/biotechnology/a/gel-electrophoresis

guyoody gobgobobouoh ooy gobhuobuob goobuobooobd
gug Joogobooongongoog gougoogood gouoouoouon
guyooyood, ougbob gobuobd gbouobud obobuobuogo bgd
guygoboygooyoogoogo, g obuoh ghuobuoooood
guyooyuobyot oo bbb bbby buobuobod
guggogd Joogoy Oooooooooon/oooooooon googood
ooy bbby bbb ohuobod.
gugogouyd ougougt obhboobubbobuogb obhuobuobuoob ood
guyouyd ooy ooty ogboobdg. googobdo gouood
gugoodon  ougobgouoouoo: gogbuobooouobod, gooood
gugoogood, buobud bgougoouoooo,.

o JOUUOUUOOUL: Ooougho ouobuoboobuo  ougooood
no00o0oooogo, oooooo ooooog 9% ooooon oooooood
Joogog Joogon goooodoogon gooogoog
Joouoogoooogoon. minln Ooooon oonoodooood
Joooon gooboodooby goobb oghoouogoon goobooo.

o [JUODDO Hooooogoo: onoooogooood gooog
oooooogdd Jonoooooooodoonon gooog
Jooooogagd Jooooouoooooogooo. O Oooon 55-65
Joooon pgggbooouoboy oggbooogoooo. oogdgo oo
Joogoogoo Joooobnobuon Joooobooooood 3
Joooooboood Jonobuobuonoboobi- gooooog
Jobooboo ogbogbub gobuobgn,

o IUUOOUO LDUOLOOLUOOLO: Oob obuobbobbobddo buoobd
Joogoogoo (DDOoooooooo good googoogon -
Jobgobooboouobgd gooogoboobt ouoobobonobog
Jopgobobobgn gobd-obubutby bobhooboobbub gobuon
O000000000ooooon: 000000 ooooooooooooog) oooo
00000 00000 000000 D00oooooooooooooo. 72000000
0D000ooDoooono 0 ooodo. 0ooo oooooogoo 70 oooood
Jopgoboob gbuobub gobuobgh,

guygobyuobygooy bgobgh gobudgb gbhugboobuobuobb ood
ooy bgobuood:



Polymerase chain reaction - PCR

original DMA HHH, /
1o ge replicated 5 2 & 3 / “ \.
» - e I -
5-' 0
& ?! /, ,.m.l: wz 5 \- m z
5 3 © hhkbddy 0.
I o ) @ a3
s S
vE SO S T i N
,4 » T R T HH
DNA primer 3 5 3 5
nucle¢|:\tide \‘ Imln/
\.

@) Denaturation at 94-96°C
e Annealing at ~68°C
o Elongation at ca. 72 °C

O0O0000 33
Polymerase Chain Reaction (PCR)

goood Jod Hogoon Jooon: Joonoooogoooooogood,
gogogogobogoo, oboobogodg, booboobdgo, gobooo, oboobd,
O000000o-00000o0ooooonoogn (Dooo-uoooog) ooooood

gogobouobud gbuobuobtud oboboboobo gobuobuooobooh,
gogoooobgobd Joooobobbobuobgd Joouoonobbnobbon
gogobuobtd bobbobuobuobuobgon.

3) Douoooooooo:

gogood oooooobuon HN oogobooon oooot
goggbuobuoboboby bobhobobobuobuo bhoobhubbobbo buobd
gogoo. Hoo Jopgobooogg opgoogon ougbouobog
guygobgobyoody boobgo ggb gbuobuob ghuobuobob gobd
gugoutobgoboobudo otoouobodon gougogg
gugobouobgoogon.
guyobyuobyuoboy bbby bbb ohobuobuobuon obuobd
gugood oogd oooogg Jogouobngoogot good
guygoouoogdo Jooobouobuobogb, googd gougbuooug
guyoogobrtoon bouobodg boug bogbougbt gbouob ggougod
Juogoooobgobooogd Joooodon gougonoooon
gutoogobuoooob. tobuobty bbbt obuoogobdo ood
gutootob ooty obobobubuob goboobuobuob obuood
gutoogoogobooooyg gbhuooboobooboobn, dobodon, oooodd
gutobouobiobobud ooy bbb obhoobooo,


https://commons.wikimedia.org/wiki/File:Polymerase_chain_reaction.svg

guygoouogt  ouobuobuobobbobgobuobuon oot buobd
oot gbougood.
00000000 0000000000000 6 DOODOO0OD O0DOOdDooonoono:

1. 00000 Dboooooo

2. 00 Jougouobougoooogg gougoogood googg
Jouogouobougouo bbby, dobddo gbuobgobgoo
Jouogobobbgoy bbb gobuobug oo gow
Jouugouoougouobdn U gbhuobuobuoby oot oo
Joogougouooooboo oo,

3. JnoUoooooooon (bOoooD DOoooDoonooo Doonon opooooo
Joogog Jougouoouoogoogn ouoonoouooogn
O0oooooooo)
ooy gougouobugbououoouoooobyg gbhugboogon  gog
ooy oo ooy bugbouooogooo:

gougon:

1- 00000005 000000000 0D0Oo

2- 000000, 000000 0000000000 0000000 000 000oogoog
3- 0000000 000000 00O00000onD 000 ogood

4- 000000 0DOO0ODO 0OO0O0O0O0OO0 00000 00000 0O00oooooodo
gugobogobuogt by buobuoud gobgob obgo-bgobgob obd
guooiobyob ooobuoboob oo obhog buobgood

5- 000

6- 0000 000000 DOO000 000000 00000 000 ooooooooogo
guogoouobuob gobgb oo

7-200 0000000000 00000000

8- 0.4M NaOH DO 000 00O 00 000000 000oooood



9- 000 0DOODOOooooonD oonooooo oonooooon, oonooooo.

000oood 34
Joogoygoggo googgooon

1. Ooooooooo(ooiooo-00b000 DoooooooDooUuD Dooooo
oodoodo ooooddoood bouuoodood doouono gooodooodo
OO0 OO0 OO L0 — complementary dna probes).
1. U000 ouooduod ououdood ouooodoao,.
1. O0000000000 (Dooooooooooonooon oooogooooo -
oguoo-on goodo  oodooodooo odd goodoodd  doodoo
ooooogo Ooooooodooouoon Ooooooodoo Oooooooon
000000000000 0000000 gooooooan).
Joooooooonod oooooouooooodn ooooooooud ouodot
Jo0ooooooog oo ododooogo:

Northern blot

A
i

O00oooo 35
Northern Blotting

oogoo:

1975-11 oogobgd Joooobobuobdd gougougog-
oogoogd HINR good good oogoogg good
Joogobobonoouob boobgobdgb,. gobud obuobuobdgoo
Jood, gbugbuobuobuotb bgo bbhuobhuobuobuob - ogoo
oogd oogd ougongbuobodd gougoogod
Jopgobobougoiobdoby bud nobuobud ooy buobgon
Jopugoooougouobdn gy tobd gbuogbogbo, gobdod
0000 00000 DNA 00000000, 0000 0oooooooooooood
oo oogoogd gogoogn googd gougoug
Joogooooongoodo ogbugodgo. god oogbogb gogog
00000000 00000000000 oooogd oogooooo! oooogd
Joogd oogon oooot googoogood ouooun
Jobgoboobo ooboobobuo gobgooboby oooooogo-
Joogo oob gobgobd bugbobuobuobuobdbon obogoo


https://www.bioinformatics.nl/molbi/SimpleCloningLab/blotting.htm

Joogobogood gogoogoooy gouoouoouon
Joogobgongouoogd gougoogoy
Joungobgobuouobugon, Jooooooot (DDoooooooo
Jouogobobot noboudo- bugbuglh oo nobuoou. oo
Ooooooog), oooood ooooooooo(ooooooooo ooooo
oot gbhugougoobubby gobuob - oy bgobogoo
O0oooon), Doo-000oo0n0nD (Do0DoD ocooooooooooooo)
ooy bboobuobobuon.

Judoodd ooy oououooy oo, tgbhugoy oo ooy good
gugood.
1. 000 000DOoooooooooooo oooobooo ooooooooooooo

000000 0DooDooooo ooooooa?

OO0 80-120 V
1. Jooooouooooot ooooo ooooooogoon godd
goboogooooog obougoooooogoo:
a. Joooooogooouoooon ooon ooooooogd god
(0000000000 0ooDo0ooD0Do00D Doooon0 oooooo ooooood
ot bogoooboudo obhouoobooobooy o obood
b. Joooob 0o0.00.0o
C. Joogoooooon  bgobg gbuoboboobboobbobo oogoo
0000000000 Dooooo (oooooooooogn)

googoo: oy, oo, o

3) Joogobgoo Joogoooot oogoboood gougn
gogobgobgobd oo Jougonobbobuon
goggbuobuobooboobooua googood
00000000000 oooooooooon?

JoogoL: ooty bobbobbdb gbud gbooboobobboo
Joogobooogot bbb ggbugbuobuobuoooby oo
Jopgoooouy oo gbhugboboobobooboboobogn
oo gbug bugbogo,
4) 000 0OO00000OO00ooo oodo ooy oobdon
Oooooogoo?

O00000d: oooooo 70 ° C.

5) 000000 0OO000000000ooodn 000 J0oooooooooooogod
gogoooood Joonobouobgogd ongonobnoonoot
Ooooooooogn?

gugoot: oo poboogboogbn ghooboobooboooon, oooot
guton ougbuobtd gobuobobouoogo. O ogobogobd gobogd
gougoogobygooog  obgobgo oot gbobob bgobgobgood
guobuobuobobbobobgb tobubooboobooh,



gutooy ooy bbb, gobhuobuoboob 0 bgobg-
gutobdo oo ghuobob ohuobooboobod.

6) Jobgoboobouood Jougouobdobouobogg gougooood
gudoudobuobogoud ooy googood gougoogood oot
Oooo0Dooooooooan?

gouugon: Jougougou-gouoogon Jougouoouooog
guyogoygoouoog,  booboboboobobuobuobudg,  uobuooouood
gutoodd gobououot ghuobgbobobhuobuoby bubuo nobuood
gudoudobuobogoud (OOo Jougoongougon gougoug
Oo00oooooonooood  oooooon), oopooooooooooooo (oo
00000000 00000000y 0000000 ooonooooo Dooooooo
gudoodoouooooug ouoogoogo,

n000000;:-

e 000 0000000000000000: 00000, 000000000 0000000
(0000000000 00000000 00000 -P043-) 00000 00000000
000 0000000 0000000000 0000000000 0000000000
000 0000000000 0000000000 0000000 00000
0000000000000 0000000 00000 (000000 0000 00000
0oo).

e« 00000000 00000 0000000000 00000000000
0000000 00000 000000000000 0000000000000
00000000000000000 00000000000000000000.
0Jgod  00oooo0 000 2 000000000 0000000
0000000000000 0000000 0000000000 00000
0000 0000000 0000000 00000000 00 00000
0000000000 0000000 0000000000000000000.

e 000000000 D000000000000D: 0000 00000000000000
000000000 0000000000 00000 0000
000000000000000000. 00000 000000000
00000000000 00000 00000000000000 0000 000
000000000 00000000000000000. 00000000000,
000000000 (000000, 00000000000), 00000000000
(000000000 000 D00000000) 000000 00000000000
000000 00000000003 00000000000.

00000000000, 000000 00oooooon, 0o00o0og
00000000000.

e 000000 00000000000 000 000000000 000000
000000000000000 00000000000000 00000000000
00000 000000000. 000 00000000000 000000000
0000000000 000000000000 000000 000 00000000
0000000000 0000 0000000000000000 00000000000
0000000 00000000000000.



gooogoogon:

Gel Electrophoresis

More on Gel Electrophoresis
Polymerase Chain Reaction

More on Polymerase Chain Reaction
Blotting

More on Blotting

Box Reference

OoooDooe- 00000 oonoooooooog:

gudogo oo oo obgo oo ouooouoog
gugogod Joogoogog Joogodoon googoot googoot
goouoogoooobgoon Jogoouoooon oobooooooood
gobooooooogol bugoobugoobuooobby oob bogooboooo
ot oggooood,. obhougoooon oboogooboud gbhougoobooogo
goboodooon oo bugoobhooudood, oo puogbouuoooon, ggo
guooooggd Hogoon Jonoogoonoooboogogbooogn
goboogooooougoooy ogb bougooon ogoobbodo oboogdo
gogoogoogao Jouobuobubnobnobn. gouoonoooon
gogood Joooobnobnobooboboo googoboood googd
gouobuobuoog buobuobuobubuo buobud. ogb gobgobgo
googogd Jonoboobood Joouoonobbnobbon
gotoboobuobgon,. pobooboobbobb bod gobubobgobuobd
gogoboooogd Joonoobnobdon googooboon googooboon
gogobuobugboob.

00000 0oouoooooooo(0oooooouogn ooooooooooooooood
O0ooooooooo  odoooo  0dod) oooooogood  oooooood

gogoogood Jouoooouood gouoouobdon
gogobuobugboob. Joobogbogbog, gougbooobogd,
gugobgobgong ogbugbuobgbngboogot oogot
guyobyoby gobuobgbuob bgbhuobuobud obuob obuobd
guygoouoogdo gouoogodon oot oogot

gugobdobuobobugbugogo,. oogobgood gougogoogn
gugooobgobgogd Jougonobuobuobodg gougbuobogd
gugoogot gbuobuobuobobbob obubobuh gobubobgobuobd
gouf Joooonobooogn oongonoonoooo
gugood. Joooobooood Jougobooogoogg googot gd
gutoogobtd bobougbbobuobubuobuobn ghubobo buobuobod
gouygoogot  googoooby  obgbuobt  obgobdo ooooood
gogoouoogoo. oogon oogon gougoogood
gugougobgobood Joogooobogd Jougouobuooooot


https://www.khanacademy.org/science/ap-biology/gene-expression-and-regulation/biotechnology/a/gel-electrophoresis
https://www.bioinformatics.nl/molbi/SimpleCloningLab/electrophoresis.htm
https://www.khanacademy.org/science/ap-biology/gene-expression-and-regulation/biotechnology/a/polymerase-chain-reaction-pcr
https://www.bioinformatics.nl/molbi/SimpleCloningLab/PCR.htm
https://www.bioinformatics.nl/molbi/SimpleCloningLab/blotting.htm
https://www.thermofisher.com/in/en/home/life-science/protein-biology/protein-assays-analysis/western-blotting/transfer-proteins-western-blot/membranes-transfer-buffers-western-blotting.html
https://bitesizebio.com/639/southern-northern-western-and-eastern/

guygooyood, ooy ghubuo ghuobhuobuobgobdo obd
gugoouoogd Jougouobgog gougoogo, googg
guougoboobg Joogoooot googoy good
guggoyooyoooobgobgon bbby obgdo bbgobgobod
ooy bbb gbgbugbbog buobod.

guyugodg  gougougto  ogbbubuobuobuobuob bgoogood
gugoouood Jougoooot gougoogood googg
gugoygoboyuooooby  gobobbubuobuobuobuh bbgobgood
guyouyuooy gouboboboboobdg oud obuobgoobgb. goouood

gugoogood Joogoonoogoot Joogoooon googoot
Judoogoodood oo gbuobuoouoot ougbogbuoougoouood
gudoogoogoog oo gougoogood

goooodoooooooooodo. . oo ogooboooo  boooooboooog
Joooojoooooo gnoooobnooob oooooooooo0o oobooog
goooogooon oooooooooo god
gouoogoooo. Jooooooooood ooooudooooooon
00000000000000000000000 000 00/000 oooooooo ood
ot pggoboougooobgooon. goobbn gobhoogogboooobooogo
goouoogoooobgoon mininln Joooooogd oooooooooo

goouoogooooboooobuooo Hogoon ooooo godd
gougbgobuobooboon. goo googboooogon
gogoooobgobood googood goongoboobooood googd
gogoogoogao Jouoobobbnobbnoboon

O00oooooooo(oooooooooo).
god oogoo oogd gooogoboooobt gooooog
gogoogobgobobuood:

1. 00O00D00O0D0O0O- DOO0OO0000O0 00000 OD00ooooog gooooo
oogd Jogoooboobbood oogobobogot googd
Joogobgood HNIER oogoooon
Jopgobobnoobobuobuoy bobhooboobooh bboboobbob
Jo.0d.b. gbhugbug buobuobuobuobuobuobuo .

2. 000000 00000000 oooood (RBS)

Jopgoouobugodol gbuobuobubuobuobuy gboobbuon
0000000000000 00000000 mRNA 000 0000000000 OO0
RNA OO0,
1. O00000000000oooodon 000 (000 000 Dooooooooan)-
guyooyoboy boudg bgbbubob gbuobudb gbhoobuobogboobd
guyoodobiobob gobgobuobubuo bbb gbhooboobooo,
1. Joogoonoongo- o oogoogg googot
guoouobyobooby obuoboouobbnoh gbhugbouoboob s ood
gutdb gobgoboobd buoboobgoo.

gugoogood:



guy gouuobuobd  obdobdouobobobobbo ouobdo  bogobd
gugoouoogd Joogougoogd, Joogoogon gougouoogd
gugoogogo. b gohugouooudg, nogbhuobuobugtb, ogoogood
guuooygooy  oobuobgoby  thugbuobuobuobdgob. ogood
guygoyuoboyoon oo gbuoby buobuoot obgobgoobd
gudouuoouoooooaa, Joooodoogood gougodoodg
gudoouoogoy Jougouoogg Jouugouoouoonoonooonood
guggougon.
D000 36
Joooonooud, ougouooug ooy oogoogon

guoggoog:-
o [I[I[] Joogog googg Jougoonooogoogg gooogoog
Hogoon:-

o [JUODUDOOOD - OULOOL Uhooobud boougooboodonn
Jooooogoooodooh boooboooooooo.

o [JUOOOOUO Hoooooo Hoooo - oooogn
Joooooogooouoooon gooooogod
Jooooouoooood Joooooogo ogoon (CooO
000000 ooooon).

o IJOOOHOLO ODOLODObLOO - 4Oobouoboboboobdg Obooo
Joooooboood Jooooboboobd
Jooobobobbobbbobuob obhooboubbo boobo.

o UOOOOLOOOOO - oot googooboon
Jobgobobboouood Joougobobobgoogo

Jobgobobobob gobgo,

o JUOOUOLUOL DOoobOob bLuobbobubobo obbobbobbood
oogoogd Joogood oogouoboug ougbouobog
Joogood Jogoooboobuoot ongobooogg goo
Joogoogd Jougoonobuobdon oogot
Jopgoogbougbgobdo. bbby ghuobuobudo ogon -
oy ggbugbugby  gouobuoguotb  bgobdobudotb ogo
oogoo Jougoooot ogouobougouobugbo.
Joogoonoony gbhuobooug - gougbuobud boobuobdgon
Job by obgobuobgobobuobubouoon,

gogoooood 7 ooooooooooo™ & goo gougoogood
gogoooood



guyoouoogoo Jougoooogg googood gudougoogogd
'‘00000000o0n ooooopoo'ocooo  ooo Ooooono ooooooooood

gutooygoboyuooy oy bgbugboouoh obuobgdo gouobooo. -
O000000oonD 0bo oooooooooo 0oo ooooooooooo™ ooooo
gutgouoougod. RNA Jouogouoogd gougooood goud
Ooooooooo  0Ooo  ooooooo  oooooooo  DNA G Dooooooo

Ooooooooooa™, goog oooon goouoodoogoot oo
gudoodoodog gounoougouoogg gugoougoogod

gudoodoouoooougoogod.

O00r0® Jood Jooooogooon oonoodooboodooboood
0000000 00000 0000000000000 Doooooooooo ™,

O00ooo0oooo™ 000000 000oo0ooood oooooooooo0oo0 oood
O000® 000000000 oOoooooooooodoo. oo ooooooooo

gogoogdg  gooobbobdgob  bouoobo  gobg oobodo  oooobod
gogobuobuooooL, bbb booboboobod. gobobb oboobd

gogoogoogao Joooobobobuobuao Jotobuobuou.

goggogd, 0o Oo0o0ooooooog™- gd
guggbuobuoboboboobobuob ohouobh nobhouobubbob noboobd

oogduoooot boodgguuooooguoooooooy oogouoooood. O
ooooooon oooon oooooooooooon o (assembly - standards)

O000000ooDoooooobDoooon. 0oo oooooooooog ™- ooo

gogobouoogd Joooogg obgobobbobbgoog
guygoboygobygobooL buobugbub. by gbhoobuobooboood
gugoutobgoboobudo googd oogoogg gougobogoogg
gugobuobuobobbob gobuobubn,

gugoogg noooooooogo™ Jougbugbugbygongongbdon

oooooogo?

Juotooyuobyon by bobugbuoboob o gobuobougb oogood
gougoogobuooooboobgodn gougbu,. oo ghuobuooouood
00000 00000000000000000000000 00000000000 AD0000D



000 DO00000D00oodDood. ooooooodo € ooooooooogo goo
gutobud gt bobugbuob gobhobuobuobuobogo,.

‘ BioBrick A ‘ BioBrick B BioBrick C BioBrick D

0ooooo 37
gubb goobhboodoob boogobo

guoon goobbooooot ooobtb uoobbobuod bbougooboooo

gouon guboooogd ooooooogd oot
goubugoobuoooobobuooobd Hogoon oobooooogoood
000000 DO0Oo0O 0Ooooooooooo ooooopooo € oooogo
goooogooon gooot ooooo Joooooogd

OO0O00DOoo0oo0obo0bo0 0Dboopboob B O0DOOoOooo Dooooo
goooogooo. gounoooooooogo Oooon ooooooooon C
goooogoooo E Jooooodooooogo A, B, D goood
guboboooobboo obgooboougooo,.

goboodooon gooot oobbouobbouoobon gobobougoobooooo
gooon:

1. 00DO00Doooooo A Ooooooooo - 0ooooooooboobon
000000000 Dooooooooooo ooooooooooooo. (DNADOO
000000 RNA 0O000000O0O000OD0DO0OOOO 0OO00O0O0DOOooCoOO
0oooooooooobodo . oogoo  ooooooo 3 O Oobgoo
ooooooo)

2. DoOoooooo B: Ooooooo dooooooo oooood (RBS) -
0000000 00000000000 00000 00000000000 mRNAOOOO
g,

3. DOoooogoo C/E: DO000O00 O000000O- 000oOoooooood
oot googb bobug bugbug bubuobogb .,

4. Noooodoog b Dopooooodoo - 0oooooooooodood
ooy gugoouobogbugn, ooooooooooo ABCD
Oooooooooood ABED DOO0O0D0O0O0OO0O OO000O0O000O0O0OO0OOO
ot oogoogoogD bobhoobo oo booboobooo o,

000 D00 0000000000 00000oooo DNAODOO Dooooonoooon
gogootoboobgo Jougonobdobdon Jonugobngoogood.
gogoogg gogoodoogon gogoogoboouoot oot oot



Jouogobgoby buobubobuoud tobud oot obdobgood
Jouogobgobny  ougbdobutb  bgbuobuobdd. U obuoooood
Jubgoboooogd Joogot googd Jouugouoougod
Jubgobubobgoobobgouoouo. ghuobuobud gobdon ood
Joogoogood Jouoouoogon googd Jougougoogood
Jougobgougouo oo gy buobuobdooo .
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Joonoouobbobbg ouon

ooty gobgobooboouoby oobd obooboo-bgobgot ooobd
gogobuobugt boobuobbobuoy bhooboob obhuboobb booobd
gotobtobty bbb ogbubbob - ggbhugboobtb noboood
gogd Jougoogn, oogobooogon goo
gogobuobugooobd. Joogobooogg oogobooon googd
0.0000(E. coli) Joogobobobgobuobgd obgoboooobd
gogobuobuob ooy bbb gbhubobubobuobob. o buobuobd
ot obgobooboobubty bbby bobbuobu bnobouoboobd
gogood Jobgoboboboboobobuoot oogd oogoogd
gugoogobgo. oogoogd oogoogg googood
guobuobyuobgobgo buobuouoh gbhuobuoboud gobgobd
guggbuobugbogobuobgogad gon ogougbogoogod
ooy bbby buobuoboug buobuou.,

guyoouoogon gougoogod Jogonooooot
gugobuobuoboobgn ghuobhoobugobuth oy bgobgobuobd
gutot tgh pgoogoougobgh ooy gbhooboobooboobo, o
guyoouobodd gobobud o bbgbugbouobuobo nobugouood
gugoogobuooo gbuobuobootb oot oogb ooobgood ood
gujooiobuobobuobuoogon, oogoogon gougogg
O0o00Dooood 0oooogoooooogooog, og-ogl goo  googoo
gugoouoogoo Jougogoog googoogd good



guyobogoboyoogoy pobhuoboudg  ogbboobooooobg o good
guyoboyoboy gbobouobb bbby ohubhuobuoooobd
guoudobgobooud Joooouon gouoouoouon
gubbotgobuobgobb oogbbooooo,

gubbogoooogd Hooon ooboooogy goooogo
gubbogooobboobbbuoob bgoobhboooob bogog

'‘J00000dd0 oooo0'o Doo0000do 000 DooDDDoDoLD bboboo
OO ooon goooorr(Colony  Collapse Disorder)  CICICICICE CICCIEICIET]

guooooogd oobooouogbboonooobod
guubogoouoboooobuo. oo ogoon Joooooggd
gubbooooboooooogod onoouoooon ooooggo

O0000ooooooooon. CCh 0000 Dooooopoooooong ooogo
goooogooon obhoogooby boooooooty oooogooood. odgd
goboogooooogooon bouod gobhooy bogoobouggbood, god
gog gooot Joooooo. ooooo ooooooogoon
gouooogooon ooooooboooooooo gooogg
goboogooooogoon gobhoodg boogooboooooood ooogdo
goooogod.

2013 -0 OO0 OonOo ooo0o ooooooooooooooooon (NYMU) IGEM
gog, OO0 000(Taipei) [ ooooon Joooooobooogo
goboogooooug oo by oo buoooo. ggo
goouoougooon H.0oon oo Joooougooon od
000000000000 000000o0Doo oobooooot
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guyooyoboy bbby bbb bbb nobhuoboood
gudd obgobgbbgobob. by ooy oobgobgo buobuobd
gugdy good Jougouobuoogd gougbouoogd
O000ooood. Dopoooooooo ooooooD oooooooo(oooooooo)
g oo oo oo oy bobhuohuonobooood

gudougobogoog Jouugouoodobodoodood
gugogodd. bugouoouo gbugbugbuob buobuo obugoouood
gudoudobuobogoud googg
gudobuuobuobobouoogg gouugbouobuobgougougodon
guugoogoo. Joogoogood Jougoonooogoogg good
gugoogg Joouoouoouoogoog Joogoooon googoot
gudoodoodog Jodoogooogn. od oo [

gugoogoogoooongoouon oogouooy ogougoud. googod
gugogod Jougouoouooooogn googon gougoogood
OO0000o00D0o0ooo booobooooot

goooot Joooougooon Joooooogd ooooodooooogo
gooood  gooooogon oougobouggoot oogooot godd
goooog-ggooongooon obn goboougoo ogooboogooon go
goon Hooooood Jogoooogoon oooood-ggboogonn
oot boooboooo obooooo.

gogooooood:

1. IGEM Team: Ruia-Mumbai - 2018
2. IGEM Team: NYMU-Taipei - 2013

9)Language: Greek.


http://2018.igem.org/Team:Ruia-Mumbai
http://2013.igem.org/Team:NYMU-Taipei/Project
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Kepaiaro 0: TIpéroyog

Avtd 10 PipAio eivan pio mpoomdBeio g opddag iIGEM tov Ivoikov Ivetitovtov
Emomuovikng Exmaidevong xor ‘Epesvvag (IISER) Bhopal va dnpovpynoetr éva
evolapépov ot ocvvletikn Proroyia peta&d tov Kooy, TV PadNTOV Yopvaciov Kot

Avkeiov.

Ync apyég g dekaetiog tov 2000, ot EMGTAUOVEG AVOPOTIOVTAV OV Ol OPYOVIGHOL
UTOPOVV VO KATOOKELOGTOVV LLE TOV 1010 TPOTO TOV TOVPAGKLIA lego ypnoipomolovvTot yio
N Onovpyio TOWKIAING o VISLDV. ANUOGIEVGELS OVOTAPIGTMOVTOS TNV TOAvOTNTA Vol
tpéEovpe UIKPOPLOKE YEVETIKG KUKADUOTO OTTMC €PAPUOYEC E0vVOV KivTpo G& avTtd TO

oKeMTIKO. Me TV avakdAvyn Kavovmv Kot HOVAS®V Y10, TOV GYNUATIGUO OPYAVICU®Y, Ol



BloAddyor dpyoav va oképtovtalr cav unyovikoi. H 1déa tg évoong tov KoAwmg
kafopiopévav otoyyeiov peta&d toug yio T ovvieon HovAd®V Kot SIKTOMV ATEKTNGE
nepapatikn emPepaioon. H pnyoavicn Poroyia €yive medio Epgvvag. Mantég oyoreimv
7oV oyeotdlovv vo cuuPdArovy ce avTtd Ta avadvopeva media uropel vo Bpovv avTég TIg
TAnpoopieg ypnowes. Oa Ponbodcoe va vdpyel a Pactkn) yvoon poplakng Proioyiog
v vo evyoptotnodv v emomun o€ avtd o Pipiio. Hrav dvokoro va kaiveBovv e
BaBog dtdpopa BEpaTa, Bo propovce KAmo10g va eEETAGEL O EEEIOIKEVUEVES ONUOCIEVGELG
kol Pipiia. EAriCovpe avtd vo mpoceépel va xpNoLUO EVOPKTIPLO CNUEID Y100 OKEWYT
OYETIKA e wpaia TpofAnpata otn cvvletikn Proroyio. Oa Bewpodsape TIc TPooTAOELES
HOG EMTLYELS, €AV KOAQ €PELVNTIKA TPOPANLATA AVAYVOPIGTOOV OO TOLG OVOYVMDOTES

HETA TNV aVAYVOGCT TOV KEQPOAAI®V.



Kegpaiaro 1: Evocaymyn otn XovOetuki) Broloyia

Th givan n LovOeTiki) Broroyia;

H ZuvBetucq Broloyio eivor €va avadvopevo emotnuovikd medio mov meptlapPavet
EVOOUAT®OTN apydv pnyovikng kot Proroyiag. H ocvykiion tov egerifewv oe moikila
EMOTNUOVIKE TTeEdio Ko TEdTOL UMY OVIKNG, CUUTEPIAAUBOVOUEVOL OALL YWPIg TEPLOPIGUO
KOl TNG TANPOPOPIKNG, TNG ¥NHElag Kot TG Proloyiog, Lo EMMTPETEL VO, TPOTOTOIGOVLLE
KOTTOPO Yo Vo, EEVTNPETOVV YPNOIUOVS GKOoVS. O KUPLOg 6TOYOG TNG GLVOETIKNG
BloAoyiag eivor va onpiovpynet éva amobetplo amd KaAmS YoPpoKTNPIGUEVA «Bloloyikd
pépn» (Mrot évlopa, Yevetikd KukKA®UATO, HETOPOAIKE OlKTLA, K.0. OV HITOPOVV VO,
povtedomomBodv, va cuvtovieToOv kot vo PeATiotomomboldv yio vo, GUUTEPLPEPOVTOL
TPOPAEYILLO KOt VO TAT|POVV GUYKEKPLUEVE KPLTHPLOL 0tOO0GTG OTTMC Ta PEATIOTA EMimEd QL
EKepaomng kKot Koo €wg eldylotec mapevépyeleg. To pépn pmopovv TOTE Vo
ocuvapporoynfovv o€  pHeYOADTEPOL GCUOTAUATO 1] GOLOKEVEC 7OV  UTOPOVV v
ypnoorombovv yua va Bpebodv pkpés Aoelg o maykoouo tpofAnuata. Opiote pio
avaloyio: OTMS o1 UNYaVIKol TP 6YeO1AL0VY EVOOUATMOUEVE KUKADLOTO, BOCIGUEVO OTIG
YVOOTEG PUGIKEC OLOTNTEG TOV VAIKMOV KOl TOTE EPEVPIGKOVV AEITOLPYIKA KUKAMLOTO KO
OAOKANPOVG emeEepyaoTéc (Le oyeTkd peydAn olomiotia), ot cvvOetikol ProAdyor

ocvvtopa Ba oyedialovy kot Ba kataokevdlovy floloyikd GuoTHHATA.

Yovletikn Brohoyia vs. I'evetucn) Mayovikn

H ovvBetikn Prodoyia cuyva cvyyéetal pe va mapdpoto medio - ) Ievetikny Mnyavikn.
[Tapora avtd, Ta 000 media eivar a&looNUEIMTA SLUPOPETIKA: EVED TO TPMTO TEPIAAUPAVEL
ocuvévoon peyaAwv tunuatov DNA (mov PBpickovior oe GALOVG opyaviopovs 1 givat

EVIEAMDG KavoOPLol) TOV EVEGOUOTOVOVTIOL GE 0PYAVICUOVS OTTMC TO PakTnpia, To de0TEPO



nepthapPdvetl T dnpovpyia odiay®v 6to DNA tov opyavicpov Eeviot (Mmepdedtnkeg;;

Mnv avnovyeic! Oa 1o avtipeTOTIGOVUE GE ETOUEVO KEQAALA!).

O xvKhog Xyediaon-Kartaokev)-Teot-I'vooon

OmolooMmote cLOTNUO OV YPEWALETOL UNYOVIKT] KOl KOTOOKELALETOL Omd TO UNOEV
ypedletal va akolovdnocetl éva cuykekpipévo tpdmo epyaciog. Tlowa uépn yperaldpaocts;
[Tdg Ba ta toroBetnoovpe poll; Oa AeltoLPYNGOLY OTMG TO TEPIUEVOLLE; - QVTEG elvarn
KATOEC EPMTNCELS MOV OMOVTIMVIOL LE TO VO okoAlovOncovpe tov KOKAO Zyedioon-

Koataokevn-Teot-I'voon (XKTT).

Ag vmoBécovpe 0Tt BEAOVLLE VO KATOGKELAGOVUE BOKTIPLOL TTOL VO LETATPETOVY YEDPYIKA

amopPipUATO GE PLOKOVGILAL.

Euwova 1

["a va To Katagépoovpe, Ba ypnoiponomasovpe Tov kKokAo XKTT, éva Brjpa tn eopd:

1. Xyediaon
Eépoope tO0 TPOPANUE - M HETATPOT|] TOV OYPOTIKMOV AmOPATOV CE
Brokavowa. H @don oyediaong amoteleiton kvpimg amd v gvpeon

OTTOVTICEMV G EPMTNOELG TOV UTOPEL VO ELPAVIGTOVY GTO KEPAAL GOV EVD



okéPTESAL TNV €MiteLEN TOL GTOYOL cov. AVTO gival v TOPAELYLLO TOV

EUQOAVIOTNKE GTO OKA OGS KEQAALOL:

a. [Towa Bakmpro/opyavicpog (ovopalodpevog EEVIGTNG 1} 0pYavIGOG
Eeviotng) ypewaleton vo dtohéCovpe Y Vo TO KOVOLUE OTO;
(ZvvnBomg, Ta Paxtpla 1 1 Loyl TPOTIUOVTOL POV UTOPOVY EVKOAN

va koAAepynBovv kot moAhamAacidlovrol paydaio!
B. IToto petaforikd POVOTATL LWTOPOVLE VO, YPTCLOTOMGOVUE DOTE
0 OPYOVIGHOG VO UnV emPapiveTan,

y. [Mown Proroywcd pépn yperdletor vo ypNGLLOTOCOVUE Yol VoL
KOTOOKELAGOVUE OVTO TO HETOPOAMKO OikTvo OTOV  EEVIOTN;

Ynapyovv drodéoiia dedopéva o ovTd To LEPT;

0. Ilog Ba ewwdyovpe avtd to pépn otov ECeviotn; (Zyedioom
TEPAUATOV)
€. Mmopovue va mpoPréyovpe moca kovouo Bo mapdyer KAOe

KutTapo Eeviotg; (Mabnuatikn Movtelomoinon)

2. Kataokeon

‘Exyovpue okeptel moc BEhovpe va ptidEovpe to svotua. Topa pével va to

KOTAOKEVAGOVLE TP LOTIKA.

3. Teot

o. Zuppagn OAOV TOV UEPMOV TOL KPATNOOUE KOTA TNV @Aom

oyedioonc.

B. Elcaymyn t@v cuppapIéveOV HEPDV GTOV EMIAEYUEVO OPYOVIGUO

Eeviom).

Y. Z1YOUPELOUOOTE OTL UTOPOVUE VO UEYOAMGOVUE TOV OPYOVICUO

Eeviotn 610 TepPAAAov Tov epyacTnpiov.



A@QoV KOTAGKEVACOLIE TO GCLOTNUO, TO €MOUEVO Pruo &lvar vo 1O

TEGTAPOVLE KOl VO, GIYOVPELTOVE OTL AEITOVPYEL.
a. [Tapayet o opyoavicopdg Eeviotg Brokavoiua;

B. Tloca Proxkavoywo mopdyet yoo kGOe YPOUUAPLO OYPOTIKOV

amofAntwv;

y. Hoapdyer Prokavoipo mov mpokadovv PAAPN oTovV 0pyoviouo

Eeviotn);

4. T'voon
To televtaio Prua og avtn ™ drodikacio eivotl va avaADGOVE To dEdOUEVOL

OV GLAAEYON KAV KATA TN PACT) TOV TEGCT.

a. Av o opyoviouog Ceviotng mopayer Proxodoiuc. Mmopodue vao
avENoGovpE TO0 TOGO TV BLOKALGIHWOV TOV TOPAYEL KAOE EEVIGTNG; AV
ToL KOO0 BPAATTOVV TO KOTTAPO, TMOC WTOPOVLLE VO TPOTOTO|GOVLE

T0 GUGTNUO DOTE VO AVENGOLVUE TNV CUCCOPEVTIKT TOPAYWDYN;

B. Av 0 opyavicuog Ceviotns dev mapayet froxodoiuo.: Tt mye AdBog;
Xpewdletor va, aArldEovpe to pépog mov ypnoipornomoape; Eivar to
UETAPOAKO HOVOTATL TOV YPNOLUOTOLOVHE AAB0G; AV 0 EevioTnig dev

UEYOAMVEL, TL ¥PELELETOL VO OALAEOVE;

AoV mepAcovpe TOAAEG ETAVOAYELS TO KOKAOV QTAVOVUE GTO MO ATOSOTIKO
cvoTNUa OV pog Oivel 10 Bepitd amoTéAECHA - GE QTN TNV TEPITTOOT, Eva

Brokavoipo mov pmopel va amopovobet omd tov opyoviopd Eeviot.

[Moapomdve, ocvinmooape oAOKANPM TN JlOOIKOGIL TOL TAOC Ol EMOTHUOVEG
enavacyedldlovv Tov opyavioud Eevioti. AAAG, UTOPOVLE VO, YPTGLUOTO|COVLLE
avOpoOToVG ¢ ToV EEVIOT; AV 0 opyoviopdg eivor éva Paktniplo/pokntog, Oa

TPOKOAEGEL KAKO GTOVG avOpMTOLG YOP® HOV;



HOwéc ouvémereg

Mnnwg ot avBpwmotr yelpaywyobv Kol EKUETOAAELOVTOL TN (LG UE TO VO
EMOVOOYEOIALOVY OPYOVIGHOVS YPNGLOTOIDOVTOS TEXVIKEG GLVOETIKNG Proloyiag;
[Iog Bo xatavépovue eEicov véeg Bepoameieg yioo Bavatneopec acBiveleg mov
wpokvIToLV amd TN cvvleTikn Proroyia; [Torog eivar o TepPariioviicodc avtikTvmTog
TOL VO €GAYOLUE TOLG TPOTOTOUUEVOLS OPYAVIGHOVUS G6TO owkocvotnua; Ot
EMOTNUOVEG KOL Ol SHOPPMTEG TNG TOATIKNG OLVEXDS epydlovionr Yo vo
aVTIHETOTIcOVY ovTd Ta Béuata kol avtd Ba ocvveylotel 6o m TEYVOLOYiN
eCeMooetar ko aAAdlel. Ot oyetwkéc apyés mavta mpéner vo (uyicovv Ta
TAEOVEKTNHOTA EVAVTIOL 6TV OV BAGPN TOV Ol ETAVACYKESIOGUEVOL OPYOVIGHOL
UmopovV va. TPOKOAEGOVY KOOMC OmAVIOUV GE aLTEG TIG EPMOTNOELS. AAAN uio
onuovtikn NOum mievpd eivon 6Tt o1 cuvOeTiIKol Broddyot ypetdletol va ppovticovv
vy v mbovotnta TG “OmANGg ¥pPNonS” - Vo GLYOLPELTOLY OTL O1 10€EC GOV, Ol
TANPOPOPIES KOl TOL VAMKA OgV UTOPOvV Vo, ypNoHoromBoiy amd GAA0LS Yo va
npokarécovy onuocta PAAPN. Kdébe dropo mov epydleton 610 cuvapmacTiKd medio
G ovvleTikng Proroyiag eivar vevBuvo Yo va Gryovpetel Tl 1| SOVAELD TOV dEV
Oa ypnopomomBel pe AdBog tpoémO, Ko OTL Oev Ba mpokoAécel PAAPN oto

wepPairov N T yAwpida Kol TV Tovido yOPw Tovg.

(ITIooot! Av dev 10 Katdlafec usypt tpa, Oa nOela vo. cov ww ot ue timoto AEN

MIIOPEIX va kaveig meipouoto o avlpamong)

e a1l TO KEPAAL0, OVTO TOV TPOSTUONGAULLE VO KAVOLLE Elval, LLE EPACLTEYVIKT] YADGGO.,
Vo TPOGTOONCOVLLE VO EENYNOOLLE 0TO TToV €ivart 1) cuVOETIKN Proloyia, TOC Ol TEYVIKES
oLVOETIKNG PLOAOYIOG YPNOILOTOIOVVTOL Y10, VO, ETAVACYEIAGTOVV Opyavicuol, Tov XKTI

KOKAO, Kol Kupimg, TIg N0k emmAOKEC TN GLVOETIKNG Proloyiog.



Xe emopeva kepdiara, Bo eppabivovpe ce oyeTIKEG TANPOPOPIEG TOV TPETEL KAVEIS VOl
EEpel Yo va oYEQLAGEL £VOV OPYAVIGUO YPNOLUOTOLDVTIONG TEYVIKEG NG CLVOETIKNG
Bloroyiag. KdéBe xepdioro, cvumeprropPavopévou kot owtod, Bo akoAovbeitor amd
HEPIKEC EPMTNGELS YLOL VO GLYOVPEVTELG OTL £xe1g ndbel Tig £vvoleg mov poomafovpe va
petoiapmadevcovpe. Ot amavtnoell 68 OAEG TIG EPMTNOELS TAPEYOVIOL GTO TEAOG TOV
BipAiov. Emiong éxovpe coumepthdfet pio @oppo oyolMwv 6to téAog tov PiAiov kot Oa

0¢Ahape TOAD vo. aKOVGOVLLE TN YVAOUN GOL!

Mepiinyn

e H cvuvBetikn| froroyia elval éva avepydpevo medio Tng EMGTHUNG TOL TEPLAAUPEVEL
TOV GLVOLOGUO OPYDV UNYOVIKNG LE TN ProAoyia.

e O Kx¥p1og 6TOY0G TS cLVOETIKNG Proroyiog elvorl va dnuovpyncet Eva amobetiplo
and  KOADG yopaxtnpopéva  “Proroyikd pwépn”  (nAadn Evivpo, YEVETIKA
KUKAOUOTO, HETOPOAIKE OiKTva, K.0.) 7TOL UTOPOVV Vo HOVIEAOTOOOoVV, Vi
oLVTOVIGTOUV Kot Vo BEATIGTOTOMO0VV Y1a VO GUUTEPLPEPOVTOL TPOPAEY IO KO VL
TANPOVV GUYKEKPIUEVO KPLTTPLOL OITOO0CNC.

e 'Evoc xdxiog Xyediaon-Kartaokeun-Teot-I'vooon (EKTT) axolovBeitar yio v
KOTOOKELY] OTTOL0GONTTOTE UnyoviG cuvOetikng Proroyiog:

o H XZyediaon meprhapPdverl tov kabopiopd tov chassis 1 opyoavicpov Eeviom
TPOYLOTOTOIOVIE TOVG YEPICUOVS YO VO OTOKTAOCOLUE TN Ogu
Aertovpyia, mowo petafoikd povomatt Bo ypnowwomombel, omoradnToTE
Broroyikd pépn yperdlovral yio vo KATooKELACTEL TO LETOPOMKO LOVOTATL,
TG VO EVGOUATMOGOVUE OVTA T UEPT OTOV EEVIGTY], KOl TN HOONUOTIKY|
povteAomoinon yio vo TpoPAEYOVE TNV ATOS0CT] TOV OPYOVIGHOV HETE TOVG
YEPLGLOVG,.

o H Kartaokevn meptiappdvel m cuppapn Hep®V LETAED TOVE KoL TOV EAEYYO

TOV OV 0 EEVIOTNG UTOPEL VO LEYOAMGEL GTO EPYOGTNPLO.



o To Teot eivar n @don Omov eA&yyovpe T Yevid Tnv Oomuovpyia. tov
OVOLLEVOIEVOD  TPOIOVTOG, TNV OmOO00TIKOTNTA TOL  TPOIOVIOS TOV
onuovpyeitor  avd  povada  Tpoeodociag kKot €4V 0 UETOPOAKOG
EMOVOTPOYPOUULATIGULOG TOV TPOKAAEITOL OTO TOVS XEPLOUOVS PAATTOVY TOV
EeVIOTN e KATO10 TPOTO.

o H I'voon givon n dradikacio avaAvong Tmv TANPOPOPLOV TOV OIoKTHONKOY
amd tov €AeYY0 Kot 1 S1opBwon mpofAnudTmv Tov 1omg BpEdniay.

o Kdabe dtopo mov gpydletor 610 cuVOPTACTIKO TEDIO TNG cLVOETIKTG ProAoyiag elval
vevBvvo va cryovpevtel OTL 0L SOVLAELE TOL Ogv PAdmTEL TO TEPPAAAOV 1| TN
yAopida Kot v wavido yopw Tov.

Avagopég:

1. Synthetic Biology.

2. What is Synthetic/Engineering Biology?

3. The Bio-Engineering Cycle



https://www.genome.gov/about-genomics/policy-issues/Synthetic-Biology#:~:text=Synthetic%20biology%20is%20a%20field,in%20medicine%2C%20manufacturing%20and%20agriculture
https://ebrc.org/what-is-synbio/
https://biofoundries.org/design-build-test-learn#:~:text=In%20simple%20terms%20the%20DBTL,using%20an%20engineered%20gut%20microbiome




Kegpaiaro 2: H XovOeon g Zong - Biopopra

[Tpwv piAncovpe yio to mwg oxedrdlovpe {OVTOVOUS 0pYaVIGHOVGS, TPEMEL VO, KOTAAAPOVLE
and T amotehovvion ot {wvtavoi opyavicpol. Otav apyicovpe vo 10 GKEQTONACTE, o
BepeMdong epd@TNON EPEOVICETAL GTO HLOAD HOG - £xovV OAOL Ot {wVvTovol opyaviGHol TV
o1 ymuuen ovvBeon; Eipoaote ot avBpwmot, ta wdplo Kot tor VIO TIOYUEVOL Ao TIG

101eg yMUIKEG 0VGieg TAPOLO TOV PUVOLOGTE TOGO OLPOPETIKOL;

H amdvinon - éva nmpd NAI!! Av wdpeilg Eva KOPPATL QUTIKOD 1610V (.Y, eOALO) Kot
ool 16To0(T.y. va KOUUATL KPENS) KOl TPOGTOONGELS Vo Olaywpicel OAM To yNUKA
OLOTATIKA OVTAOV TOV dV0, UTOPEIS GE YEVIKEG YPOUUES VA TIC TOEIVOUNGELS GE TEGOEPLS

peydieg katnyopieg:
a. YdotdvOpakeg/Zdiyoapa
B. Auiola (Almm ko Edona)
v. Apuvo&éa (Zuotatikd TpmTEIVOV)
0. NovkAegika oEéa

Ag pi€ovpe (o patid o KaBéva amd aVTA T GVOTATIKG - TOL AEyovion Plopdpla - Ue

LEYOADTEPT) TTPOCOYN.
a. YootavOpakes/Taxyapo

Ot voatdvOpakeg, mov Guyvd avaeépovior oG cdkyapa otn Proynpeio, elivor pio Taén
(13 2

Bropopimv mov €xovv Tov gumelpkd V0 CmH2nOn (60V 10 “m” pmopet va 1covTon e TO

“n”). Ta caxyapo TaEvopovVTOL G€ TPELG LEYAAES OLAOEG:

1. Movooaryopiteg: Etvol n mo Boacikn pLopen cokydpmv Kot T0 doUtkd GTotyElo TV
voatavipdkwv. O mo Yvowotog povooaxyapitng ivor n yAvkdln. H pioln ko n

deoup1Poln elvar ta O ONUAVTIKA CLGTOTIKE TV VOLukAEoTIdi®V (B culntnOet

apyotepQ).



CH,OH CH,OH
CH,OH

o (e o
H H OH HO OH
HO OH CH-CH H H
H OH OH H OH
Glucose Fructose Galactose
(a) Hexoses
O (@]
HOCH, OH HOCH, OH
H H H H
OH H OH OH
Deoxyribose Ribose

(b) Pentoses

Ewova 2

Hoapadsiypnoto MovocsoKyopLT®V

E&0leg (TAvkoln, Dpovktdln, IN'okaxtoln) mepiéyovy 6 dtopa avOpako eved ot
nevtoleg (PPOLN, Ago&uppoln) mepiéyovv 5 dropa dvOpaka.

2. Miooryapites: AVO HOVOGAKYOPITEG TTOV EVAOVOVTOL LLE YAVKOGIOKOVG deaovs. H

covkpoln Kot 1 Aaktoln eivor To To YVOO T TOpadEly Lot


https://commons.wikimedia.org/wiki/File:217_Five_Important_Monosaccharides-01.jp

(a) The monosaccharides glucose and fructose bond to form sucrose

CH,OH
CH,OH
o H £ 0
H O
OH CH,OH
(o]
H OH OH H
Sucrose
(b) The monosaccharides galactose and glucose bond 1o form lactose,
CH.OH
O
OH
CH,OH
0
OH O
CH
Lactose OH
(c) Two glucese monesaccharides bond 16 form maltose.
CH,OH CH,OH
o] (o)
H H H OH
]
HO H
H OH H OH

Maltose
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Hopadsiynoto AlGoKYopLITOV

Olryooaryopiteg:  'Eva molvuepéc omd wkpd aplbud povooaxyoprtdv. o

napaderypa: n paevoln, mov amotedeitan amd yoloktoln, YAukoln Kot povktoln.


https://commons.wikimedia.org/wiki/File:218_Three_Important_Disaccharides-01.jpg

Oligosaccharides

.. Raffinose
OH 0—CH,
o o) 0 CH0H o
CH,0H
OH 0 OH
Galactose ©H CH,OH
OH OH
Glucose Fructose
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Hapdadsrypo OMY0GOKYOPLTOV

4. Iloivearxyopiteg: Eivon pio pokpid aAvcidoo Lovocakyapttdv mov Kpotiovvtal poli
pe yAvkooudtkovug oecpovg. Eivor ov mepiocodtepo apbovolr oto @aynto. T
Tapadeypa: n Kuttopivy (Topodco 6TO KLTTAPIKO TOIYOUO QUTOV), TO GHLAO
(evépyero amoBnkevuévn oe PUTA) KoL TO YALKOYOVO (gvEpyela amodnkevpuévn og

o).


https://www.nutrientsreview.com/carbs/oligosaccharides.html

starch
(o] 0 0, 0 (] 0
NIRRT NI
OH o o i ’ [2]
OH OH OH OH OH OH
repeai

cellulose

OH OH OH
o] o] 0
H
OH CH,OH oM CHOH H
repeat

gm M_MH mx&

repeat
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Hapaodsiypozo Holvcoxyoprt@v

B. Auriowa

To Mmidwa etvon yevikd un StoAvtd 6to vepd Kol amoteAobV To SOUIKE GTotyEln
NG KLTTOPIKNG HeUPpdvng mov apéyovv doun oto kOtTapo. Ta Alnn, ta £éloa, ot
Brrapiveg kot ot oppdveg eivon mopadeiypota tov Amidiov. Ta Aan, pio
vroopdda Twv Mmdiwv, eivar Mmapd oEEa mov mepiéyovv pia aAkaAkn opdda (-
R) mpocodepévn oe pia -COOH opdda onradn R-COOH. H R-opdda pmopet va
&xel unkog péypt kat 18 dropa avOpaka. Av n R-opdda dev mepiéyet SImAd oo
avaueca ota atopa avopaxa, ta poplo Mmovg ovopdloviol Kopeouéva Mmrapd,
0&éa, VO av To LOPLOL MIovg Oev TEPEYOVY ANIMAO OGO ovoudlovial aKOpEGTO.

Mmapa o&éa.


https://socratic.org/questions/599a3c0e7c01493de6f3bdd5

H H H H H H H H H
o (I Y I A e e R
(a) Saturated /C_C_C_C_C_C—C—C—C—C—H
o (R I R I R e e
I H H H H H H H H H
H
H H H H H H
o I I I 0 I I
/C—C—C—C—C—C—C\O/ //9
(b) Unsaturated ) | | | | | g /ﬂ/
I H H H H H %
H 7 C
Y o/ TN
~
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Kopsouéva kol ak0pesto Mmopd 0EEa

Ta Mmopd o&éa pmopovv va eotepomomBoliy pe YALKEPOAN Kot €ivol YVOOTH ©C
YAvkepiowa. Avaroyo pe Tov aptBpd tTov opddwv vopoLLAIOL OV £6TEPOTOIOVVTAL,

umopel va ovopdlovrat povoylvkepiota, dtyAvkepioa 1) tpryAvkepiona.

CH,OH CH,OCOR; CH,OCOR; CH,OCOR,
| | ]
CHOH CHOH CHOCOR, CHOCOR;,
[
CH,OH CH,OH CH,OH CH,OCOR;
Glycerol Monoglyceride Diglyceride Triglyceride
Ewova 7

T'Aokepoin kol F'hokepiowa

Kdanowo Mmidwa £xovv pion oc@opik] opddo cuvoedepnévn o€ avtd kot ovoudloviot
ooopolMmiown. Avtd to POCEOMTISI ATOTEAOVV €vol GNUAVTIKO GLGTATIKO NG
KUTTOPIKNG HEUPPavNg mov g divel oynua kot EUTodifEL T0 GVOTATIKA TOV KLTTAPOL

va eEEMBovY mpog to mEPPAALOV.


https://commons.wikimedia.org/wiki/File:221_Fatty_Acids_Shapes-01.jpg

@)= —@er — phosphate

hydrophilic head

| | — glycerol
(0] (0]
| |
C=0C=0
) saturated n
fatty acid
— hydrophobic tails
— unsaturated
| fatty acid
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Aouny @®OGOOMTLOLOV

Yopogrio onpaivel 6T T0 EAKVEL TO VEPO, VOPOPOPO onuaivel 0TL TO aTMOEL TO

vepo

KOYTI: Ta Oniaoctikd 6nwg to deApivia Kot 01 9aKileg amodnkevovv Mmtidia 6e Evav
1616 ov ovopdletan “blubber”, mov erniong Ponbdel oty avénon g TthevoTdTTOG

Kot 6TV LOVOGOT| TOV GOUAT®V TOVS 0d TO KPVO VEPO, 10101TEPO KOVTE GTOVG TOAOVS
v. ApvoEéa

Ta apvo&éa givar opyavikég EVvOGELS TOL TEPEXOVY dVO PaCIKEG AEITOVPYIKEG OUADES
otov i1d10 avOpaka: pio aptvoudda (-NH2) ko pio kapBo&viopdada (-COOH),
emmpocheTa vOC atdov VOPOYOVoL (-H) kot piog petafAntg opddag wov opileton
o¢ R. Ag unv umepdevovpe 10 R mov ypnoipomolovpe 6tov avapepOUaoTe G Eval

apvo&y pe pio oAkviopddo. Baowkd, éva apvold eival éva popto pebaviov


https://commons.wikimedia.org/wiki/File:OSC_Microbio_07_03_phospholip.jpg

VIOKOTESTNUEVO GE TPELS BEaElg Omov Tpia dtopa VOPOYOVOL £xovV avTiKataoTaOE]

amd TIC TPOUVOPEPOUEVESG AEITOVPYIKES OUAOEC.
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I'gvikn doun apuvoéEmv

Baoilopevec otn @oon g opadag R, ot 1010t teg tov apvo&éog aAralovv kot 20 omd
OLTO ATOVTOVTIOL TNV TAEOVOTNTO TOV TPOTEIVOV. Av 11 R opdda givat: éva dtopo
vopoydvou (-H), tote 10 apivod ovopdleton I'hokivy, pio pebviopada (-CHz), tote
10 apvo&d ovopaletor Adaviviy kou ovtw kofeéng. Kabe apvofd umopel va
avamapootodel pe Evo povadikd kmotkd ypaupa (m.y. I'Avkivn=G, Alavivn=A). Ot
ANUIKEG 1010TNTEC TV apvo&émv amopacilovtor and v R Aettovpywkn opddo
EMMAEOV  TOV  OQUIVOUAd®V Kot TV KopPoSvAopddwv, Kol UTopovvV  va
KatnyoplomomBovv ¢ O6&wva  (aomaptikd, yAovtapikd), Paocikd (aocmapoyivn,
yAovtapivn), ovdétepa (YAvkivn, aiavivn) Kot apoUoTiKd (TOposivy, EAIVOAGAQUIVY)
apwvo&éa. H ewcdva 10 deiyvel T ymuukn cbotoon oAmv TovV apuvolémy, to, ovOuoTd
TOVG KOl TO HOVAOIKO K®OKO ypappo. Mnv avnovyeig yia 1o va Bopdoot tig Sopég 1
TOVG KOIKOVG 6€ aTO T onueio. Mmopeilg var ypNOLHOTOGELS VTN TNV EIKOVOA (G

pia £Toun ovapopd OTOTESNTOTE AVUPEPOLACTE GE OUIVOEEQ.


https://commons.wikimedia.org/wiki/File:Amino_acid2.png

A GUIDE TO THE TWENTY COMMON AMINQ ACIDS

AMINO ACIDS ARE THE BUILDING BLOCKS OF PROTEINS IN LIVING ORGANISMS. THERE ARE OVER 500 AMINO ACIDS FOUND IN NATURE - HOWEVER, THE HUMAN GENETIC CODE
ONLY DIRECTLY ENCODES 20. ‘ESSENTIAL' AMINO ACIDS MUST BE OBTAINED FROM THE DIET, WHILST NON-ESSENTIAL AMINO ACIDS CAN BE SYNTHESISED IN THE BODY.

alﬂl'l?‘ey.‘ . ALIPHATIC AROMATIC . ACIDIC . BASIC HYDROXYLIC ‘7 SULFUR-CONTAINING . AMIDIC ONON-ESSENTIAL |: :l ESSENTIAL

il - it -~
/ N / N\ 4 N
B ’ 2 8
o ) )\/LDH 1
\ NH, 4 \ NH, 7
\ /7 4
-~ S
NAME ALANINE €) GLYCINE © ISOLEUCINE @) PROLINE @ vaune @
three letter code Ala Gly lle Pro Val
e
I 4 \
i L : Y, i V4 o\
NH, i Ho : L HN NH,
N \ ’
-~
PHENYLALANINE TRYPTOPHAN TYROSINE GLUTAMIC AciD @ ARGININE ) HISTIDINE )
s e
)
V4 A Y
Y o \ (o] OH O o
| "‘ﬁ\/\/\ﬂ\cn ] Ho/ﬁ/‘kOH /k(LQH % OH
\ -y NH, NH, NH,
\ /’ /
R S st
LYSINE @ SERINE THREONINE CYSTEINE () METHIONINE () ASPARAGINE )
Lys o ser ‘Mjmr CyTs rAnTef A::sn‘c

Note: This chart only shows those amino acids for which the human genetic code directly codes for. Selenocysteine is often referred to as the 21st amino acid, but is encoded in a special manner.
In some cases, distinguishing between asparagine/aspartic acid and glutamine/glutamic acid is difficult. In these cases, the codes asx (B) and glx (Z) are respectively used.

O © COMPOUND INTEREST 2014 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: www.facebook.com/compoundchem @ 0 e e

ared under a Creative Commons Attribution-NonCommercial-NoDerivatives licence
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"Evac 00nyoc yio ta 20 cuvn0éctepa apvotia

H -NH2 ko1 -COOH opéodeg tov apivocémv givar wovildpeveg, onaadn pmopodv va
uetotpamovy og -NH3" kot -COO™ Bacilopevec oto pH tov mepipdArovtog pécov. To
pH 610 omoio 1 @dpTion Tov apvocéog etvar undév ovopaletor 1IGONAEKTPIKO onpeio

(pD).

X (ljozH oKa, , O
HN——H = I—IBN+H
R

o,
BB
E E

acidic media neutral basic media
low pH form high pH

pEa,
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https://i0.wp.com/www.compoundchem.com/wp-content/uploads/2014/09/20-Common-Amino-Acids-v3.png?ssl=1

pl tTnc N'hokivne

To pKa avagépeton otv otabepd 1coppormioc Otav pio popen &vog apivo&eog
(TpoTOVIOUEVO) peTOTPETETOL GE . GAAN popen (amompwtoviopévo). To pH oto omoio

1 0VO&TEPT HopeT| eivan mapovca ovopaleton pl.

O TpmTeiveg eival YpopkéG 0ALGIOEG amd aUvoEED TOV GLVIEOVTOL TO £va. LE TO GAAO
HE TEMTIOWOVG O0EGHOVS dNAadN KEOe mpwTeivn elval Eva molvpepég omd apvoséa. Avtd

Ba ta cu{nToove LE AETTOUEPELEG GE ETOUEVO KEPAAOLO.

0. Novkieika O&éa

Ta voukheoTidna, To SOLKA CLOTATIKE TWV VOUKAETK®OV 0EEWMV, Elval 0PYAVIKEG EVAOGELS

7oV omoteLoVVTOL atd Tpio PoCIKA GVGTATIKA:

1. 'Eva 5-avOpakixé (mevroln) eaxyapo - Aéyeton ptpoln(CsHi1005) i deo&vpifoln
(CsH1004)

2. Mia wizp@on faon - avtég elvol ETEPOKVKAIKEG EVGELS TOV OMOTEAOVVAL OO
dvBpaxa, vopoydvo, o&uyovo kot dlmto. Avtéc ot Bdoelg ovopalovtor adevivn (A),
yovavivn (G), kvtocivn (C), ko ovpoakiin (U). Ta&vopodvtal e dvo katnyopieg
01 TPMOTEC 000 TAEIVOLOVVTOL MC TOLPIVEG Kol EIVaL EVAOGELS OITAOD SUKTLAIOL, EVGD
o1 dALeg TPELC elval TVPLUOTVEG Kol Elval EVAOGELS LOVOD OOKTLALOV.

3. Mia pwoepopixy oudda (-POs>) - npoépyeton amd 10 pocPopikd o&D. 'Exet Tpeig
evepyég vdpo&uiopdodeg (-OH) dVo amd Tig omoieg EUTAEKOVTOL GTI SLUUOPPOGCT TNG

alvoidags.

"Eva voukAeotido ywpic ™ ¢wc@opikn Tov opdda eival Eva vovkieosioto. Me amhoig

Opovg:
Novkieotiolo = Zaxyopo + Nitpadng paon + wapopiko

Novkleoaioio = Xaxyopo + Nitgpwong faon


https://www.news-medical.net/life-sciences/Overview-of-the-Isoelectric-Point.aspx

Novkleotioio = NovkAeooioio + @wopopixo

0
\_io
/E e ///,/ O
O “5 {cOm=P " ~p~ Base
© ] S /
O o o)
©

-------- nucleoside ------

nucleotide---—---

nucleoside diphosphate---------- ]

nucleoside triphosphate---------- i

Ewova 12
NovkA£06io10 Kot NOvKAE0TIOLO
e 2
C H C
T/ \ﬁ/N\ \[I\/ \ﬁ/N\\C )
B Ry N HaN7 Ny~ N
H H
Adenine (A) Guanine(G)
(DNA and RNA) (DNA and RNA)
Purines
NH,

0
¢ ! ¢
PN B IO BTN M

C C C
0” \N/C\H e O o O Nl
| | 1
H H H
Cytosine (C) Thymine (T) Uracil (U)
(DNA and RNA) (DNA only) (RNA only)
Pyrimidines
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https://commons.wikimedia.org/wiki/File:Nucleoside_nucleotide_general_format.png

Iovpivec ko [Huprynodivec

Ta voukAeotidia Kot To, voukAeosiowa ovopdlovtat avaroya pe tic almtodyes Pacelg
TOVG. LVUVETMG, £V, VOUKAEOGTO10 Tov tepieyet pio Bdom adevivng (A) ovopdleton
adgvooivn. [Topdpota, G yua yovavooivy, C yia kotidivy, T yio Oopdivy ko U yio
ovprdivn. Xe évo voukheotidro, n almtovyog Baon (A/G/C/T) eivan cuvdedepévn oto 1o
dropo dvBpaxa (1° B€on) Tov popiov cakydpov pe YALKOG1O1KO deGpd Kot pio
QPOGPOPIKT ORLAda Elvarl cLVOEIEUEVT] GTO S0 ATOHO AvOpoKa LEGW EVOG

(POGPOLOVOECTEPIKOD OEGLOV.


https://commons.wikimedia.org/wiki/File:Nucleoside_nucleotide_general_format.png

Hydrogen bonds
Nitrogenous bases:

Thymine Adenlne .
3 5 Adenine O O‘ OH
=X Thymine

S Guanine

0 2
E==xX Cytosine

\P.O
O. \"O
HoN
O, ) KN O N/ g)
: OO0 - 0O
Base pair e o_ N /__ NH O>_N OPﬁO
.-==="~ Cytosine o,
Sugar- © Guanine H3 ©5
phosphate | Il || I
backbone | | |
Sugar-phosphate Bases Sugar-phosphate
3 5’ backbone

backbone

NH5

Nitrogenous base
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NovkAeoTOKEC donéc 6to DNA

27T0 vovkAeotiola, to droua v faoewy optBuodvior wg 1,2,3 ... evo to. dtouo tov

oaryopov optBuovvror wg 1°,2°,3°...

Ta voukdeotidia, 6T®G T apvoléa, LTovovy Vo GUVOPHOAOYNO0VY GE LeYAAN TOAVUEPT
OV TTEPLEYOVV EKOTOUUDPLO VOUKAEOTIOI TOV ovopaloviot voukAelikd oféa. Baciouéva

070 ohKY0PO TEVTOLN, TaEvorovVTOL GE dVO gVPElg TOTOVG: AgoEVPLPovOVKAETKO 05D


https://commons.wikimedia.org/wiki/File:0322_DNA_Nucleotides_Numbered.jpg

(DNA), mov mepiéyet to odiyapo deo&upioln kot Pipovovkieiko o&o (RNA) wov
mePLEYEL TO0 cakyopo pLPOln. Kot ta 600 chxyapa dapépovv povo otn 2’ 0o - 10

TpaOTo TEPLEYEL £va, 2°-H evd t0 devtepo epiEyet éva 2°-OH.

210 endpevo KepdAaro, Ba piovpe po potid oto DNA, 10 RNA ko t1g tpmteiveg pe

AemTOpEPELOL.
Xovoyn

o O yMuKég eVOOELS 6€ OAOLG TOVS 0PYAVIGUOVS KOTNYOPOTOLOVVTOL YEVIKA GE
té60ep1g Paciég Kot yoplec:

A. YdatavOpakes/Zakyapites (Xdyopa)
B. Auidwa (Almn o Elona)

C. Apwvo&éa (6uoTatikd TPOTEIVOV)

D. Novxieikd O&éa

o OvvdatdvOpakeg cuyvd avapiépovtol mg cokyapites otn Proynueia, eivor pio Tédén
Bropopiwv mov £yovv tov eumelptkd THmo CmH2nOn (6oL TO ‘M’ pmopel va eivon
{60 pe to ‘n’). Ot caxyoapiteg Taivopovvion oTic ENg Pactkéc opadeS:

a. Movocakyopiteg m.y.: YALKOLN, p1oln, deo&upoln KA.

b. Awcaxyapiteg, w.y.: covkpoln, Aaktoln KA.

c. OMyocakyapiteg - molvuepn amd Evav pKpo apldud LoOVoGaK OPLITOV
d. ToAvcoxyapiteg, m.y.: KuTTOPIVN, AUVAO, YAVKOYOVO KAT.

o To Amidia ivor yevikd pn véatodo0AVTA KO ATOTEAOVY TO SOLUKO GLGTATIKA TNG
KLTTOPIKNG HEUPPAvNS ov Tpocdidovv doun oto kKottopo. Ta Alnn, Ta élota,
TOAAEG Prrapiveg Kot o1 oppoveg etvon mapadeiypoto AMmdiov.

e To apvo&éa ivar opyavikég ovcieg mov mePLEYovv dVo peiloveg AEITOVPYIKES
ouadec otov 1610 avOpaka: pio aptvopdda (-NH2) ko pia kappo&viopdda (-

COOH), emumpodcheta evoc atdpov vopoyovov (-H) kar pog petafAntg opa dag



mov onuedveTot oG R. Ag unv urepdevovpe 10 R mov ypnopomotodpe dtov
avaQEPOLLACTE GTO OVOED LE Hio AAKVAOUESO.

e To vOUKAEOTIOW, TO OOUKA GUOTATIKA TV VOUKAEIKAOV 0EEWMV, VOl OPYOVIKES
EVOGELG TOV amoTeAovVTOL amd Tpia facikd oToryeio:

1. "Eva 5-xapPo (mevioln) cakyapo - mov ovoudletar pipoln (CsHio0s) 1
deo&up1Poln (CsH1004).

2. Mia vitpmon Pdaon - avTég eivar ETEPOKVKMKES EVOGELS TOL OTTOTEAOVVTOL
and avlpaka, vVOPoyovo, o&uyovo kot dlwto. Ot facelg ovopdalovrot
adevivn (A), yovavivn (G), kutocivn (C), Bouivn (T) kat ovpaxiin (U).

3. Mio pooeopikf opdda (-PO4*) - mpoépyeton amd 10 poo@opikd o&d. ‘Exet
Tpelg evepyéc vopoSuiopdoes (-OH) amd Tic omoieg o1 000 eumAékovron
OTOV GYNUOTIGHO 0AVGIONG.

Kepdaharo 3: Ta popra g Cong - DNA,RNA ko Ipmteiveg

210 TPONYOVUEVO KEPAALO, LEAETOANE Ta Pactkd LOpila Tov cuvBETovy T (®1). AVTd TO
popLoL UITopovV Vo VITOGTOVV TOAVUEPIGUO Y10l VAL OMCOLV TOAD UEYUAVTEPECS, TEPITAOKES
douéc. e autd 10 KeEPAAao, Ba pifovue o potid ota Tpio Propakpopdplo mov eivol
amopoaitnTa yio ™ Asttovpyion OANG TG LN Kot mov eniong Ppiokovial 6To EXIKEVTPO TNG

TPOGoYNG TV cLVOETIK®VY ProAdymv - DNA, RNA ko [Ipmteivec.

a. AgoSuprpoovkieiko oo (DNA)
To DNA egivon éva pdplo mov mepi€yel tig mAnpopopieg mov yperaletar €vog
opyaviopog yio va avantuyfet, va {noet kot va avorapoyBel. Eivarl 1o “yevetikd
VMKO”  yw TNV mAEwovoTNTa TV {OVTOVOV  OpYOVIGUOV  oTn Y1,
CLUTEPTAAUPAVOLEV®VY K KATOI®V 10OV, LTOVE EVKUPLMTES, PPIOKETOL ATOKAEIGTIKA
otov Tupnva. O TPOKAPLAOTES, ®GTOGO, OEV £YOVV opyavidla Tov eplopilovtot amd

uepPpavec kot to DNA mAéel 610 KUTTOPOTAAG L.



(KOYTI: To DNA &ivou to yevetiko vliko - To meipouo. twv Hershey-Chase

O Jpduog mpog v avordlown tov DNA wg 1o yevetiko viiko oev nray ev0og. [loilot
EMIOTHUOVES OLECHYOYOYV TEIPOUATO. TOV OPYIKO. TODTOTOINGOY EVO. GUGTATIKO TOD
Aeyotoyv n “‘uetopoppotikny opyn’’, Kol TEAIKA, UETO. OTO OEKOETIES TPOooTalelag,
amooelyOnre 0t 1o DNA 0vtag eivar ) UETOUOPPOTIKT 0p)H KOl TO YEVETIKO DAIKO.
Eva tétoio weipopa d1eénytn o 1952 amd dvo emariuoves - tov Alfred Hershey kai
v Martha Chase.

Hrtav yvwoto 1016 0TI T00 VOVKAEOTIOO. OTOKAELOTIKG. TEPIELYAV POTPOPO KOl O1
TpwTEIVES omoKAgioTiKG TEpielyay Oelo. Xpnayomoinaay Poxtnplopayons, mov givai
101 TOV LUOADVOLY BaKTHPLA Y10, VO. TOALOATAAGIOGTODY, Yi0. VO, Ar00EICovy otl To DNA
eival Ovtwg to yevetiko vAiko. O1 BaKTnPLOPAYOL EYOVV UG GYETIKG AN VEVIKN OOUN .
Eva eéwtepixo mpwteiviko kaivuuo mov mepigyer DNA. To DNA evieton oto. faxtipia
EVO TO TPWTEIVIKO KOADUUO UEVEL EKTOG. LHUOVAY WUE POOLEVEPYELD, TIC TPWTEIVES KOl
70 DNA twv pdywv wote va tovg Eeywpioovy - uia teYvikn mov AEYETOL GHUAVGH
100TOTTWV. 2TH U0 OUGOO POKTHPLOPAY®DV, Ol TPWTEIVES THUAVONKOY Kol GTHYV OAAN
onuovlnike to DNA. Avtoi o1 Poxtnpiopayor mpootednkay e 000 Ol0QPOPETIKES
Paxtnpioxéc katriépyeres. Tote, o1 Poxtnplokés KaAliEpyeies pvyokevIpnOnkay waote
0. foxTiplo. vo ueivovy atov wato tov awinvopiov. [opatnpnooy ot o faxtipio
Ederyvay Vv mopovaio, 1ov onuaciuévov DNA eva to vmepkeiuevo (1o 016A0U0. TAV®
Omo Ta foxthpia) mEplEiye TIC OHUOOUEVES TPMTEIVES. APov oKEPTNKOY TO
OTOTEAETILOTO. TIPOTEKTIKG, AmEOEICAY €V TéAEL 0Tl To DNA Kot Oyt o1 mpwteiveg eivai

70 YEVETIKO DAIKO, avTiBeta amo To Tl TOoTEVAY TPIV.)



353-labeled protein coat

@ One batch of phage @ Bacteria were infected @ The cultures were @ Bacteria infected
was labeled with 32P, with the phage. The blended and centrifuged with phage containing
which is incorporated researchers were to separate the phage 32p-labeled DNA
into the DNA. looking to identify if from the bacteria. The produced 32P-labeled
Another batch of viral DNA or viral centrifuge separated the phage. Bacteria
phage was labeled protein entered the lighter phage particles infected with
with 35S, which is host cell. from the heavier bacterial 35S-labeled phage
incorporated into the cells. produced unlabeled
protein coat. phage.
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To neipono tov Hershey-Chase

H dop} Tov DNA

H doun tov popiov tov DNA avoakaidednke amd tovg Watson ko Crick mov

ypnowonoincav ta dedopéva and v mepionun ‘Potoypaeio 517 twv Maurice

Wilkins kot Rosalind Franklin.

Ewova 16

doroypooio 51



https://commons.wikimedia.org/wiki/File:OSC_Microbio_10_01_HersheyChase.jpg
https://en.wikipedia.org/wiki/Photo_51

>10 DNA, 0 3’-avBpoakagc Tov VoG GOKyYEpOoL EVOC VOUKAEOTIO0V GUVIEETAL LE TOV 5 -

dvOpaka Tov SmAavoh VOUKAEOTIO0V HEGH EVOC POGPOJEGTEPIKOD OEGLLOV.
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DOGPOIEGTEPLKOC OEGUOC

To DNA éyet doun oming éakog (pio mepleotpappévn okdia) peE TIC dVO0 aAVGIdEg
TOAVVOVKAEOTOI®OV va kotevBhvovtar mpog dtapopetikés Katevbivoels. H alvoida
COKYAPOV-POGPOPIKOV-CAKYAPOV OAUOPPOVEL TOV OKEAETO Kot ot alwtovyes Pdoelg
(A,G, T xor C - n U givan mopovoa povo oto RNA) va tpodirovy ecwtepikd, Kabeta

TPOG TOV GKEAETO.

Xoprinpopatiko Levyapopa pdosmv

O1 A ka1 G Bdoeig g piog aluoidag umoypewtikd ouvdéovtat pe Tig T kar C
Baoeig avriotorya tng dMng aluoidag pe Seapoig udpoydvou. Autd eivat YvwoTo
WG 1) CUPTIANPWHATIKSTNTA TV fAoewv Tou DNA kat agou n adnlovyiat tng piag

aluoidag DNA kaBopifer tnv alknhouyia tng dAng, ot aluoideg ovopdlovrat


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

OUpTIANpwHATIKES. YTIdpyouv SUo Secpot udpoyovou avapeca otig A kot T (A=T)

Kat Tpetg deopol udpoyodvou avapeoa otic G kar C (GEC).

Awotdcelg

Kd&be oxoli ¢ mepleotpappévne okaiag tov DNA mepiotpépetan katd 36° amd 1o
Tponyovuevo okaAl kot pio TANpNG otpoen éhkag meptiapfPavel 10 oxaid 1 10 Cetdyn
Bacewv. H andotoo avapsso oe d00 yettovikd (evyn Pacswv sivar 3.4A ko 1) Sidpetpog

tov DNA, dnAadi N andctoon avauesa 6Tovg dVo okeretong sivan 20A.
O xavovag Tov Chargaff - H avaioyio moupivov:Topipiotvay

Ady® TV suuTANpOUATIKGOV (evydV BAoemy, 0 cuvolikds apiBuog facewv Tovpivay eivol
TavTa i00g e ToV o0VOoAIKO 0p1Ouod mopiuiovov. Avtd ovoudletal o kovovag tov Chagaft.
Avtn elvan pio amd Tig TOALEG GLUVEICPOPEG TTOV PorONGaV GTNV ATOKPLTTOYPAPN O TNG

doung tov DNA.

0+ 0
=1
40

A+G=T+Cor

H molkotnta Tov DNA

Kabe aivoida tov DNA €yel ouykekpiuévn moMkotnTo. Avtd opeideton oto Tpita Kot
néunta dropo dvOpoaka Tov cakyapov deo&upPoln. H pia dakpn Bewpeitonn 5° dkpn, mov
nepiéyet pio elevdepn -POs3 opddo ko n dGAAN Oswpeiton 1 3° dkpn, mov mepiéyel pia
elevbepn -OH opada. H pio olvsida katevbioveton amd v 5° wpog v 3’ katevbouvon
avd M GAAN amd v 3’ oy 5’ katehBvvon Aoyw Tov omoiov 1 57 dkpn TG piag aAvGidog
Bpioketan kovtd oty 3’ dxpn g GAANG. Avt 1 didtaén Tov b0 aAvcidwv oo DNA

Oewpeiton avrirapdiinin.
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H ovtimapdaiinin oven Tov DNA

Meiloveg Kol ELAGGOVES GOAIKES

Ot aAvoideg Tov diklmvov popiov DNA (dsDNA) vodAietal e deE100TpOQPN oneipa
YOp® omd Evav QovVTaoTIKO KEVIPIKO dEova. Avtn 1 onelpa odnyel 6tn Stopdppmon
tov peilovov (fabidv) avAdkov Kot ToV eAaccOvVeV (pNY®dV) CLAIK®OV, TOL

EVOALAGGOVTOL LETAED TOVG,.


https://www.quora.com/Why-are-DNA-strands-anti-parallel

Minor Major
. groove -

groove - groove
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Meilovec Kol eEAdGeeovec aVAaKES Tov DNA

AVTITPOGOTEVGT 6TO YOPTL

To puoépro tov DNA pmopet va aviumpoconevtel wg pio 6elpd amd voukAeotiolo 6to yopti
HE OVOPOPA KOl GTNV TOAIKOTNTO TNG 0AVGIdNS. Av 0ev ava@EPETAL 1) TOAMKOTNTO, TO

aplotepd dxkpo Bewpeitar to 5’-dKkpo g arvoidag tov DNA.
5" - ATGCGCTAGCTAGCTAGTAGCTA -3’

3’ - TACGCGATCGATCGATCATCGAT - 5°

AV mopatnpnoES TPOGEKTIKE, pmopeic va og1g 0tL 1 Pdon A eivon Cevydpt pe v T ko n

G pe v C. To DNA pmopet eniong va givor HOVOKA®VO KOt OVTUTPOGMOTEVETAL OG EENG:

5’ - ATGCGCTAGCTAGCTAGTAGCTA -3’


https://www.mun.ca/biology/scarr/MGA2_02-07.html

Evo o1 mepiocdtepor opyavicpoi Exovv yovidiopo dsDNA, kdmrotot 101 £xovv povokiAmvo

DNA (ssDNA) ywa yovidiopa.

(Kovti: To yovidiopo €ivar To GOVOAO TV YEVETIK®OV 0NV €vOG opyavicpov. Kabe
yovidlopa TePEYEL OAES TIG TANPOPOPIEC TOV YPELALOVTOL Y10 VO KOATOCKEVOGTEL OVTOC O

0PYOVIGUOG KOL TOV ETLTP TELE VO LEYOADVEL KOL VO OVOTTTOGGETAL. )

b. Pipovovkieiko o&v (RNA)
To RNA egivor éva dopikd ev€MKTo TOAVVOLKAEOTIOW oL PpickeTon GTOV TULPVA
TV KLTTAPOL KAOMG KOl GTO KLTTOUPOTAAGLO TOV EVKOPVOTIKOV KLTTAP®V. Ao
yerrovikd voukAieotiole oto RNA cuvdéovian pe gmopodlesteptkods dEGUOVS |,
onw¢ oto DNA. Yrdpyovv dvo kvpilot tomort RNA: 1o yevetikd kol To pun-yeveTiko.
To mpdto Aettovpyel ¢ YeEVETIKO LAIKO Y100 KATOOVE 10VG VD TO OEVTEPO

EUTAEKETONL OTY) GVHVOEST TPOTEIVOV GTOVE TEPIGGATEPOVS OPYOVIGLOVG,

Aopi

To RNA eivar povokimvo péplo mov pmopel va, eivatl ypoppkd 1 vo Towkiiel og
OAMUEVO LE TOV EAVTO TOV AOY® TNG EVOOLOPLOKNG CUUTANPOUATIKOTNTOG TWV
Cevyov Bacewv.

Yoprinpopatikotnte (evyov fdocmv

Ta vovkAeotidio mov givor mapovia oto RNA givan ta A, G, U kot C kou 10 A
Cevyapovet pe 10 U avti yia to T. To T avrikaBictoton and to U, mov givon mopdv

povo oto RNA kot anov oto DNA.
(Kovrti: Tpogn yia okéyn: I'ati to DNA dev mepiéyet U kot 1o RNA €yet;)

A@ov 10 RNA givar povokiwvo, 1o {evydpopa towv facemv dev eivar amoivto. 'V

avtd, 1o RNA dev akorovBel Tov kavova tov Chargaft.



Mn-T'evetiko RNA

Yndpyovv tpeig tomot pun-yevetikod RNA: mRNA, rRNA kot tRNA. Avtoi nailovv
ONUOVTIKO POAO OTN CLVOEGT TPOTEIVOV KOl GTOVG TPOKOPVATEG KOl GTOVG

EVKOPLOTEG KoL Tapdyovtot pe Tpdtumo to DNA pe pia dtadikacio mov ovopaletot
peTaypagm.

1. Ayyehopdpo RNA (mRNA)

Ta mRNA givotl ypoppikd popia mov HETAPEPOVV TIG TANPOPOPIES TOV €lvart
amopoitnteg Yo T ovvbeon npoteivav and o DNA ota pifocodpata - ta
€PYOCTACIO TOPOYMYNG TPOTEIVOV. Mia aAAnAovyio omd tpia vovkAieotion
010 popto tov mMRNA ovopdletar k®otkovio. Kdébe ‘tpumdéta’ kmotkdvio
pocolopiletl Eva Lovadikd apvosd Kot oVOUALEToL YEVETIKOS K®MOKac. To
K®OlKovio oto 5° dxpo tov MRNA ovopdletalr Kmokovio EvapEng Kot
ocvvnBwg eivar o AUG (Bopnoov 0tt 1o RNA mepiéyer U avri yia T). To
AUG kwokomotel to apvo&d pebetovivn. To kwduovio oto 3° dkpo eivar to
KOOKOVIo MEng kot propel va eivan 1 UAA 11 UAG 1 UGA. Ta kowdikdvia
MENG 0ev TPocdlopilovy KAmolo aptvoEd Kot 0dnyovv og ANEN TG ovvOeong

TPOTEIVOV.

Eto1, 1o mRNA petopépel KwdikomoueEves TANPOPopIeS yio. TV allniovyio.
TV aUIVOCEDY otV TolvmenTtioiky aivaioa oo to DNA ora pifocwuoro

Kata v Tpwteivoadvhear.



Cell

Nucleus

T e
UACUGCCUAGUCGGCGUUCGCCUUAACCGCUGUAUU
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mMRNA
(Kovti: O TENETIKOX KQAIKAX

¥10 RNA vrdpyovv 1éc0epig tomotl alwtovywv Bdcewv (A, U, G kou C) ko divovv
64 mBovodc ocvVOLACUOVE TPUWAETOV KOOWK®Viov. Avduecso o€ avtovg, 3
AELTOVPYOVV MG K®OKOVIA AENG (U1 KOSKOTOMTIKA K®OKoVia) Kot 61 kmdikovia
Kwduomrolovv ta 20 apivoléa mov amattovviot Yo T 6VVOEST TPMTEIVOVY. AvTd Tl
61 kwdowovia. Adym tov peYdAov aplBpod TOV KOIKOTOMTIKOV KOOKOVIoV, 0
YEVETIKOG KOOGS eivor eKQUALGPEVOS dNAadn 000 1 TEPLOCOTEPA KOOUKOVINL
pocdlopifovv 1o 1810 apvo&y. O yevetikog KOOGS ivol pui EMKOAVTTONEVOS

Kot Kafoikog. To mo onuavtikd yopoKTNPIGTIKO TO YEVETIKOV KMOWKO eivar OTL


https://www.genome.gov/sites/default/files/tg/en/illustration/messenger_rna.jpg

elvar ovveyng Ko emopéveg kabe aiiniovyioc RNA oavdépeco oto KoIKOVIO

EvapENG Kot 10 KOSKOVIO ANENG WTopEl VoL KOIKOTOLEL LOVO Eva TPMTEIVIKO pop1o.

second letter

UUU}Phe ucu’ UAU}Tr UGU}CS u

uuc ucc | g, [uac" uec [ |c
UUA}Leu UCA UAA stop|UGA stop| A
UUG UCG)  |UAG stop|UGG Tip |G
CuU ) ccu)] |cau }His CGU u
cuc cce CAC CGC C

c 1€ cua [“ [cca [ CAA L g1, [COA A9 Al g

£ CUG . CCG | CAG CGG G| %

% | ]Auu ACU ) AAU}ASH AGU}Ser ul e

& [alAuc tile [acc | |AAC AGC c|E
AUA | ACA AAA}LS AGA}Ar A
auc met|ace)  [AaG S |ace /™ |G
GUU GCcU)] |[GAU } sy | GOV u
euc |, |ecc|,,. [eact™ Jeec]  |c
GUA GCA GAA } e |GGA[TY | A
GUG GecG)  |GaG GGG G
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H MoTo TOV KOOLKOVI®MV KUl TO OVTIGTOLYN GULVOEEQ TTOV KOOLKOTOLOVV

(Tpopn v oxéym: Twoti éva kwowkovio €xel tpelg Paoelg kKo Oxt 6vo 1M pios

Xpnotpomooe Ayo pobnuotid yio vo Bpeig tnv amdvinon)

2. PiBocouikd RNA (rRNA)



https://upload.wikimedia.org/wikipedia/commons/1/14/OSC_Microbio_11_04_GenCode.jpg

To rRNA etvon pio povoximvn dopr mov SIMADVETAL TOIKIAOLOPPO. [LE TOV
€auTO TOV AOY® TOV gvdopoplakoV Levyopaopatog tov Bdoewv. To rRNA
elval amapaitnto cvotatikd tov plocopdtov. Ta rRNA wapéyovv éva
onpeio mpocdeong yoo T MRNA kot e€ac@aiilovyv 0Tt Ta KOIKOVIX GTO

puopro tov mRNA Oa defactovv cwotd.

o ol ?
A,"‘" -
&% 3
ey s ":} -
S S\
kd z g \
w o or 12
":);: e
v e
Ewoéva 22

H ooun tov rRNA

3. Meropopikd RNA (tRNA)

To pépro tov tRNA eivan emiong povoximvo, Kot 1 Sopn tov eEnyeitan amd
V0 HOVTEAN: TO LOVTELOD TNG POVPKETOG KO TO LOVTELO TOV TPLPVAAL0D. Kot
o OV0 povtéda €yovv 00O KOWE YOPOKTNPIGTIKA - 1) AOVTO TOL
aviikoowoviov  mov  mepi€xel o tpuwtAéta omd  voukKAeotidw
CUUTANPOHOTIKA TOV K®dtkoviov Tov MRNA kot to 5°-CCA-3’ dkpo 6mov

10 opvo&l Tpoodévetal 6to poplo tov tRNA.


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

amino

acid
A%
C+
C+
5' e
DHUloo e
or g e TyC loop
amino acyl " or
synthetase A ribosomal
binding loop &l m?gmgloop
(8 —12 bases) (7 bases)

the lump

anticodon loop
(7 bases)

(S
anticodon

Ewova 23

To novréro TpLeviilov Tov tRNA

Acceptor end

Anticodon loop

Anticodon


https://biocyclopedia.com/index/genetics/expression_of_gene_protein_synthesis/structure_of_trnas.php
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MovTELo @OVPKETUC

Onwc koaw oto DNA, 10 RNA pnopel va avtimpoconevtel wg éva okowvi and to
vovkAieotiowa A, U, G kar C eved avagépetal Kot 1 molkotnta g aAvcioag. Eival
onuovtikd vo Bopopacte 6tt oo RNA givar povokiova poplo kot pmopovyv va

OVTITPOGMOTELTOVV LUE YPOUUKO TPOTO OTwG T0 SSDNA.

c. pomteiveg

O mpoTEiveg elvor Ypoppkeg aAvoidec amd apvoséa mov cuvoéovtol HETAE) TOVG
LE TEMTIONKOVE OEGOVS OMNAadN KdBe TPpMTEIVN ivan Eva ToALVIEPES amd apuvoea.
Ot mentidikol decpoi dtapopemdvovratr 6tav 1o KapPosviud fucv (-COOH) evig
apvo&gog avtidpd pe v aptvouddo (-NH2) tov yertovikov apivo&éog yuo va

Stpoppmbel Evag decuds, amelevbepmvovtag Eva poplo H.O oty mopeia.

H H
Ha I ,° AN | 40
N—C—C N—C—C
H” 1 YoH H | OH
H H
O H R
AN T I A
N—C—C—N—C—C
HO | NOH
H H
Peptide Bond
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H 010pn0p@®en TETTIOKAOV OEGUOV



https://hi-static.z-dn.net/files/db7/d6eb708476dd27140d56eaa79dfebb4e.jpg
https://commons.wikimedia.org/wiki/File:224_Peptide_Bond-01.jpg

[Tapodro mov o1 mpwteiveg eivan pa advcida and apvoééa, pmopodv va omAmbodv yia
v dnNpovpyncovy aedvtactn moAvmiokotnta. H doun tov mpoteivov pumopel va

TEPLYPOPEL GE TEGOEPQ EMITEDL:



Amino acids

Primary Protein structure
sequence of a chain of
animo acids

o TN

2

Pleated sheet =—— Alpha helix =—— Secondary Protein structure
hydrogen bonding of the peptide

pattern

gy

\ backbone causes the amino
acids to fold into a repeating

Pleated sheet Tertiary protein structure
three-dimensional folding
pattern of a protein due to side
chain interactions

Alpha helix

Quaternary protein structure
protein consisting of more
than one amino acid chain
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AONEC TPOTEIVAOV

1. Ilpwrtotoync Aoun

Etvor n dopn tov apuvo&émv mov givon mapovca og pia mpwteivn, Oniadn o
TPAOTO apvoby, dgvTeEPO aptvobd, Kor ovte Kabetng. T mapdderypa,
AGLAMMKMGGMMLAKALKCMAGH eivan 1 aAAnhovyio TtV
aptvoEEMV (avTITPOSOTEVETAL YPNCULOTOLDVTOS TOVG KMIKOVS LOVAIIKMDV

YPOoUpaTOV) Kot KabBopilel v mpwtotoyn dour).

Av @avtaotelc éva TPOTEIVIKO HOPLOo GOV Eva KOUUATL KAMOTNG, TOTE TO
ap1oTePO AKPO €ivar To TPMTO apvold mov Aéyetat o N-0Kpo 1 oUIVOTEAIKO
aptvobd kol to deEl akpo g KAWoTg €ivol To TEAELTOO OUIVOED TTOV

ovopaleton C-dpo 1 kapPolutedikd apuvoly.

(Kovrti: Tlepiepyo yeyovos: Av éva mpoteivikd poplo éxet unkoc 10 apivo&éa,

vrdpyovv 10,2 tpioekatoppvpia mhavoi GLVOLAGHOT AUIVOEE®V.)

2. Agvtepotarync doun

omog pia KAwot, to mpotelvikd pnopro pmopsi kat avtd vo Suthwbei pe ™
popen g EMKog (mov ovoudletol o-€AIKO) OV OVTITPOCMTEVEL Uil
KMo, N B-oTpdpOTA TOV HOLAloVV UE TETES GE POPEUD. AVTEC O1 dOUES
ocvykpat@vtal ond decHoVS VIPOYOVOL TOL UTOPOVV Vo BewpnBodv g
VIOGTNPIKTIKEG KOAMVES TOV TOPEYOLV AKAUYio. EZNUEIDGTE OTL OAOKANPN
N mpwteivn dev umopel vo SmAwBOel 6e EMKeEG Ko oTp®OUATO, HLOVO HEPT
OVTNG UTOPODVV.

(Kovti: "Evag decpdc vdpoyoévov OSlopopOVETOL AOY® 1TNG EAKTIKNG

aAAnAemidpaong avipesa o £vo GTOLXELO TOL EAKVEL TA NAEKTPOHVIO OGS

10 O&uydvo, to POGp1o N To Alwto Kou t0 Ydpoyovo. Eivar mo addvopog


https://commons.wikimedia.org/wiki/File:Figure_03_04_09.jpg

0O TOV 10VIKO 1) TOV OLLOLOTOAKO OEGUO AL 10 1GYVPOG OO TIG OVVAELG

tov Van der Waal.)

3. Tprrotoync Aoun

AV 1 KAOGTN TOV TEPIEXEL TIG OEVTEPOTAYEIC OOUES KOL TIC U1 OITA®UEVEG
TEPLOYES TG TPOTEIVNG IMA®BOVY TEepaUTEP®, OIveEl TNV TPLTOTAYY] OOUN.
Avtég o1 mepimAokeg OOUEG oTOOEPOTOIOVVTOL OO MNAEKTPOGTOTIKES KO
VOPOPOPIKES OAANAETOPAGELS  OvVAUESH  oTO  opuvogéa,  YEQUPES
OlGoVAPOioV, OEGUOVE VOPOYOVOL Kol OAANAEmOpdcel; Omoiwv. Ot
tprtotayeig  oopég  eivor  AIIOAYTQX AITAPAITHTEX vy va

TPOYLLOTOTOMGEL Hia TPOTEIVN TIG AEITOVPYiES TNG.

4. TetaptoTaync ooun

Av 800 OmMAOUEVO TPOTEIVIKA UOPLAL, 1) TOAVTETTIOW Y10 VO EIPACTE TO
akpeic, oynuoticovv poli pio peyoddtepn oour, tOTE OvoudleTol
tetoptotayng oour. Kdabe mpwrteivikd poplo oe pio tetaptotayn Ooun
ovopaleton vopovéada. H awpocearpivn, pio mpwteivn tov oipotog mov

HETAPEPEL 0EVLYOVO, EYEL TEGTEPLS VTTOLOVADEG,.

Ot ovvBetikoi ProAdyor ocvyvd ooyoloOVIOL e TPOTEIVEC TOVL  KATOADOLV
OVTIOPAGELS LEGH GTO KVTTAPO. AVTEG 01 Tpwteiveg ovoudlovtatl évlvpa. Ta éviopa
elvan mpwteiveg mov cvumepeépovtal g Proroywkol kataidteg. Apovv mhve ce
pépo. mov ovopalovial VTOCTPOMETE Kol divouv popla mov ovopdlovrton
apoidvro. Mia yevikn avtidpoon evOUOV-VTOGTPOUATOS UTopel Vo YpaPel oG

egng:

U+ - U0 >+

(E="Evlupo, S= Ymootpoua, ES= Xoumieypa Eviouov-Ynootpopotog kot P=I1poidv)



Kevtpwo Adypa tng Moprokng Broloyiog

Av16 10 KEQAANI0 cvlNnoe ta tavta Yo 1o DNA, RNA kot tpmteiveg mov anoteAodv
OAovg ToVg Lwvtavoig opyavicovs. 261060, T0 T T0 DNA divel Tic mpwteiveg dev

Nrav ToAd KaTavonTd TOALOTEPA.

To Kevrpikd Adypa g popraxng Proroyiag tpotdnke and tov Crick. Anhavel 6Tt “10
DNA xaBopilet v arAniovyio TOV aUvOEEDV GTNV TOAVTENTIONKT 0ALGId0 LECH TOL
mRNA”. Bacwkd, 10 kevipikd 06ypa eEnyel T por| g YEVETIKNG TANPOQopios amd To
DNA otig mpoteives. H dradwkasio g mapaywyne and to RNA oto DNA ovoudletan

pETAYPOPN Kot 1 dadikacio Tng cvvleong twv Tpwteivov amd To RNA ovopdaletot

petappoon.
! ~— F
\‘ > 4 .—
~4h
e h
\ — \
A Transcription Translation
Replication |~

\‘_ <Reverse transcription 4%

—\ C PROTEIN
\ \

DNA RNA
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Kevtpiko 00yno poproknc Brorloyiog



https://www.news-medical.net/life-sciences/-Types-of-RNA-mRNA-rRNA-and-tRNA.aspx

Av10 10 KEPAAAO cu{NNoE Yo Ta Tpia Pacukd popia g Cmng, 1o DNA, to RNA kot t1g
TPOTEIVEG TOL £IVOL GTO ETIKEVTPO TOL EVOLOPEPOVTOGS Y10, TOVG TEPIGGOTEPOVS GVVOETIKOVG
BloAdyovg. Xto emdpevo KePAAaio, Ba piEovpe pia Hatid 6TIG AEITOVPYIKEG LOVAOES TOV
DNA mov ovopdloviar yovidin kot 0o mpoomafncovpe vo. KATOVOT|GOLUE TMS Ol
ouvBeTIKOl BloAdYOl ¥PMNOLUOTOLOVV TO YOVIOLX Y1 VO, KATOGKELAGOVY OPYOVIGLOVG LE TO

emMOLUNTA YOPAKTPLOTIKA/AEITOVPYIES.

Xovoyn

Ta vourAeikd oéa elvan peydio molvpepn and vovkieotiown. To DNA yevikd Bon0d otnv
OO0 KEVOT) YEVETIKMV TANPOPOPLOV, ev®d T0 RNA kupiwg fondd o1 petapopd yeveTikKdV
minpogopidv. Eved to DNA kot 1o RNA g&vnnpetodv tov 6Komd g amodnkevong tov
YEVETIKAOV TANPOoPop1dv, T0 DNA apob eivar mo otabepd ynuikd Kot oK TpoTILATOL.
To mRNA petapéper tig mAnpogopieg yoo ™ ovvheon mpwteivov. Ta rRNA eivar
HOVOKA®VEC doUEC TTOV TapEYOVV TIg B€aelg ohivoeong yia to mRNA. To tRNA Bon6d otnv
anokwolkomoinon tov mRNA. Ot mpmteiveg eivan YpopKég aAvGides aUvoEE®Y TOL
OLVOEOVTOL HETOED TOVG UE TEMTIONKOVE deGOVS. Ot TprTotayeig dopég elval amapaitnTeg
Yo Vo EKTEAECOVV TIC AglTovpyieg Tovg ol mpowteivec. Ta évlvpa eivon mpwteiveg mov
Aertovpyovv ¢ Proroyikol kataAvTeC. To KEVIPIKO dOYHA TNG Hoplakne Proroyiog givar
“r0 DNA xaBopilet tnv aAlniovyio Tov opvoEEDV GTNV TOALTERTIOKT] OAVGION HUEGM
tov MRNA”. To petaypaen eivai n dadikacio g mapaywyns tov RNA andé 1o DNA. H

petdepaon givar 1 dadikacio g odvheons towv TpoTeivedv and to RNA.
Avagopég

1. Hershey and Chase experiment

2. Central Dogma of Molecular Biology
3. Biology - Class XII; MSBSHSE



https://embryo.asu.edu/pages/hershey-chase-experiments-1952-alfred-hershey-and-martha-chase#:~:text=Hershey%20and%20Chase%20aimed%20to,solution%20and%20infect%20the%20bacteria.
https://www.yourgenome.org/facts/what-is-the-central-dogma




Kegpaiaro 4: T'ovidrwa, l'oviowekn 'Ex@pacn kot Teyvoroyio Avacvvovaopévov DNA

Olrotr ov {wvtavol opyavicpol yoapokmnpilovror amd v afloonueimm kovotnTa vo,
OVOTTOPAYOVTOL KO VO LETAOIO0VV YOPOKTNPLOTIKA o T pio Yevid oty GAAN. Avtod
yivetor dvvatd amd 1o mo BepeMmdeg poplo mov weptéyel kébe Lwvtavog opyavicuog - 1o
DNA, 10 yeveTiko DAMKO Y10 TV TAELOVOTNTO TV 0PYAVICU®V. 26T0C0, OV Umopel GA0 TO
DNA &vdg opyaviopod vo petaypoeel kor vo petappoctel oe RNA ko mpoteiveg
OVTIOTOLY0 OTMOC VITAYOPEVETAL OO TO KEVIPIKO OOYUO KOl LOVO GUYKEKPIUEVO TUTLLOTOL

tov DNA pmopodiv.

To DNA opyavdvetonw 6€ AEITOVPYIKES LOVAOEG KANPOVOUKOTNTOG 7TOL ovopdlovtol
yoviora. 'Eva yovioio givan £va tpumpa tov DNA mov mepiéyet odnyieg (kmotkomotel) yio )
oVvBeoN LG CLYKEKPIUEVN S TPMOTEIVIG (LEGm evO¢ MRNA popiov) 1§ evog cuyKekpiuévon
TOmov RNA 6mwg éva rRNA 1) tRNA popto. Ta yovidia propel va mokiAovv o€ uniKoc omd
nepkéc ekatovtdoeg Levyn Pdoeswv péypt yraddeg (evyn Pdoewv. H dadikacio g
ovvBeong tov RNA 1 pia mpoteivng omd 1o Kadovmt tov DNA mov ovopdletal yovidrakn
ékppaon. Me Ao A0y, M SodKacio TNG UETAYPUPNG KOl UETAPPACNC LG
aAniovyiog DNA oe popio RNA 7n mpoteivn avtiotoryo mov ovopdletor yovidlokm

EKQPOO.

H yovidiaxn ékppaomn eAéyyetan oe dtdpopa emimeda:



a. Metaypapwo: H obvvBeon tov RNA and éva cvykekpiuévo yoviolo pmopel va
pvOotet amd Tig yOpw adiniovyiegc DNA
b. Meta-petaypoeikd: To RNA umopei va tpomomombei and évivua otov mupiva 1
TO KUTTOPOTAAG LA
C. Merta-petappactikd: To mpoteivikd poplo mov cuvtibeton and Eva GUYKEKPIUEVO
yoviolo pumopel va tportomomBel amd kvttapkd Eviopa. AVTEG Ol TPOTOTOMGELS
UmopohV Vo EVIGYOCOLV N VO HETPLAGOVV TN AELTOLPYiD TNG TPOTEIVNG, 1 Va
TPOKAAEGOVV TPOTEIVIKY AMOGVVOEDN.
H xatavonon mg 1déac tov yovidiwv Kat g Yovidlokng EK@paocng eival BepeMaong oy
KOTOOKELY] TV opyavicu®v. H texvikn g ¥pMong Tov Yoyvididpotog evOg KVTTAPOL 1)
OPYOVIGLOD Yol TNV OmOKTN oY €VOG emBuunToL Yapoaktnplotikod ovopdletal Teyvoloyia
Avacvvovaopévov DNA (rDNA). TTowa givar n dtapopd tote avapeso otnv Teyvoroyia
rDNA xot ™ ovvBetikn Broroyio; H cuvBetikn Prodoyia £xel évav anmmdtepo 6TOYO - N
onuovpyia evog amobetnpiov amd Proroykd pépn mov Ppioketon EKTOG TOV PAGUOTOS TNG

Teyvoroyiag rDNA.

Metd amd mpoocektikny okéyrn, Ba cvveldntomolovoe kavelc OTL dev eivol €QIKTO va
TPOTOTOLOVLLE TO YOVISI®UO EVOC 0PYOVIGHOD KAOE popd oV BELOLLLE VO ONULOVPYNGOVLE
&va yopoKINPLoTikd o€ avtdv. ['a mapaderypa, To o cuyva ¥pMoIUoTotodUEVo PakTiplo
Escherichia coli (E. coli) éxet yovidiopa peyébovug 4,6 exatoppvpiov (euydv Bacemv Kot
éxer mepimov 4.000 yovidwa. Apo mo¢ yiveton vo givor 1660 €0KOAOC O YEPIOUOG

opyavicpov to 2021;

Mlaopidona - otn SO

‘Eva anapoitnto 6uoetatikd Tov omatteital Yoo TNV Tpomomoinon evog opyaviGrol gival
éva, evkoAa Tpomomo oo Tuue DNA mov pmopet va petafAndei oto epyaotiplo kot
gbkola vo gloaybel otov emBountd opyavioud. Avtd to tunuoe DNA ovoudleton

TTAOOPiON0.



Bacterial DNA Plasmids
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Boxtnproko Hiocnioro

To mlaopidw eivar eEwopopocopotikd (mapovia E€® and to YOVIdSI®Ua), KUKMKA,
dikhovo poplo mov eivor cvvnBwg mapdvto ota PakTnplo, TOVG HOKNTEG Kol KOTOL
EVKOPLOTIKA KOTTOPO EMTAEOV TOL YOVIOUOUOTOS TOL KLTTAPOL. Mmopolhv va
AVTLYPOPOVV OVEEAPTNTO TOV YOVISIMUATOS TOL KLTTAPOL Kot cLviOwg divouv KAmolo
TAEOVEKTNLOL 6TO KOTTOPO O®G avtiotaon o€ avtiplotikd. Ta yovidia mov givon mapovia
o€ éva mAacuidlo cvumepLpépovTal Om®S oVTA oV Ppickovtal 6To yovidiopo. Avtd ta
Yovidla UmopovV Vo LETOYPOPOVV Kol VO, LETOPPASTOVV Yo va. ddcovv To RNA kot T1g
npoteiveg aviiotoyya. Ol EMOTNUOVES £YOLV KOATOPEPEL VO ATOUOVAOGOVV KOl VO
ovvBécouy Eva amoBETPLO 0O TAAGLISIO TOL UTOPOVV VO, XPNGILOTOINB0HV Y10 S1APOPES

EQUPLOYES TNG cLVOeTIKNG Proroyioag.

Ta TAacpidla eivol To KOPLOL GLGTATIKE TOV ATAOTOLOVY TOV ETOVOTPOYPOUUOTIOUO EVOG
OPYOVIGLOV, €lT€ aLTOG elval BakTiplo eite pOKNTOG €ite PUTO. B0 TEPLYPAYOLLLE TOPO. TO
VILLOTO Y10, TNV TPOYLOTIKY) TPOTOTOINGT EVOG OPYOVIGHOV KOl GE ETOUEVA KEQAAaLa Oa,

UTOVUE GE AEMTOUEPELES Y10 TIC TEXVIKEG TTOV YPTCLUOTOLOVVTOL.

1. Amopdveoon tov yevopukod DNA and évav opyaviopd “60t”. O 86tng pumopel va

elvar euto, (Do, foktnplo 1 LHKNTOG


https://commons.wikimedia.org/wiki/File:Plasmid_(english).svg

. Tunom tov yevopwod DNA oce pkpdtepo Tunpota yxpnoipomolovtos evivpo
(Znueiwon: avtd to €viopa ovopdlovtol vOovouKAEACES TTEPLOPIGHOV Kot Oa
ocu(ntBovv ce emdUEVA KEQPAANL)

. Avayvopion tov yovidloko TUNHOTOG TOV TEPLEYEL TO YOVIOL0 EVOLOPEPOVTOG (TT.Y.
IvoovAivn)

. Evoopdtowon tov TtUNUOTOC TOUv TEPLEXEL TO YOVIOO0 EVOLOQEPOVTIOS GE £val
TAOGUIO0 1N @opéa KAmvomoinong. Avtd 10 mhacpidlo topo ovoudletal
avVaoLVIVACUEVOS POPEN.

. Evoopdtwon tov avasuvovaspuévov gopéa o va, 1Ko KOTTAPO EEVIOTY
(KOYTI: 'Eva tkovd kOtTopo EEVIOTAG gival évog opyavicroc mov pmopel va AaPet

&vay avacLVOLAGUEVO POPEN)

. KaAhiépyelo avtodv tov Kuttdpov yio TV amdKTNoN TOALATADV OVILYPAP®V N
KAOVOV ToL entBuuntov Tunuatoc DNA
. Amopovoon Tov KAOVOV Kol “UETACYNUATIGUOS” €VOG KOTAAANAOL KLTTAPOL

Eeviotn) Yo va ek@paletl To emBounto yovidto.
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Capyright & Pearson Edueation, Ing., publishing as Benjamin Cummings.
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Online Biology Notes Gene cloning-Steps involved in gene cloning - Online Biology

Notes


https://www.onlinebiologynotes.com/gene-cloning-steps-involved-gene-cloning/
https://www.onlinebiologynotes.com/gene-cloning-steps-involved-gene-cloning/

E. coli bacterium

Plasmid
Cell with DNA
Bacterial OIsIoIate| d z‘f,?r:taei:‘;gtg o5
chromosome prasm O Isolate :
DNA

/
‘e Cut plasmid

with enzyme ( Gene of interest
@O Cut cell’'s DNA

‘, with same enzyme

Gene ,
/ of interest

l © Combine targeted fragment
O and plasmid DNA

© Add DNA ligase,

which closes

the circle with

covalent bonds
Recombinant
DNA Gene
plasmid of interest
Copyright © 2009 Pearson Education, inc.
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Recombinant [

bacterium
Allow bacterium
to reproduce
Clone
of cells
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2TAOLY YOVIOLUKNC KAMVOTOINGNE

Xovoyn


https://microbenotes.com/gene-cloning-requirements-principle-steps-applications/

e To DNA opyavovetar oe AelTOvPYKEG HOVAOES KANPOVOULIKOTNTOG 7OV
ovopaZovtat yoviora. ‘Eva yovidio eivon éva tunua DNA mov mepiéyet tig odnyieg
(kodwomotel) yro tn ocvvBeon Hog cLYKEKPLUEVNG TPOTEIVNG (LEC® €V Hopiov
mRNA) 1] evo¢ cuykekpipuévov Tomov RNA popiov 0mwg éva rRNA 1) tRNA popio.

e H petaypaen kar n petdopaocn pog aAiniovyiog DNA og éva RNA 1 npoteivikd
poplo avtioToiymg ovordleTon YOViolaK EKQPOoT).

e To mlaouiola eivarl eEoypopocopotikd (rapdvra EE® amd To Yovidimpa, KUKAKA,
dikhova popra DNA mov eivanr cuvnBwg mapovia ce Paxtipila, HOKNTEG KOl GE
KATO10 EVKOPLVAOTIKE KOTTOPO ETUTAEOV TOV YOVIOLDLOTOG TOV KVTTAPOL. MmTopovv
va roAlomAactaloviotl aveEapTnTo TOL YOVIOLOUOTOS TOV KLTTAPOL Kot cLVNROmG
dtvouv 610 KOTTOPO Eva TAEOVEKTN LA OTMOG OLVTIGTOOT GE OVTIPLOTIKAL.

Ava@opég

1. Plasmid
2. Recombinant DNA Technology

3. More on Plasmids and Recombinant DNA Technology



https://en.wikipedia.org/wiki/Plasmid#:~:text=A%20plasmid%20is%20a%20small,in%20archaea%20and%20eukaryotic%20organisms
https://www.vedantu.com/biology/recombinant-dna-technology#:~:text=There%20are%20six%20steps%20involved,and%20isolation%20of%20recombinant%20cells.
https://aklectures.com/lecture/biotechnology-and-recombinant-dna-technology/plasmids-and-recombinant-dna-technology#:~:text=Recombinant%20DNA%20technology%20involves%20manipulating,form%20novel%20recombinant%20DNA%20molecules.&text=Plasmids%20are%20small%20double%2Dstranded,to%20the%20cells%20main%20genome

Kepdraro 5: Teyvikég otn XovOetikn Broroyia

Me 10 TéPAGHA TOV XPOVDV, TOAEG TEXVIKEG cLVOETIKNG Prodoyiag Eéxovv cuotabel Kot
avamtuyfel yio va eELTNPETHGOVY TNV GUVOTTTIKY Kot BOAKY] SeEaymY TV TEPAUATOV.
e autd T0 KEPAANLO0, Ot GLINTICOVUE TPELS CNLULOVTIKES EPYOSTNPLUKES TEXVIKES TTOV £ivat

OMNUOVTIKES Y1a TOL TEPLGGHTEPQ TTEWPApLaTA GLVOETIKNG Proloyiag.

1) Hlektpo@opnon o€ yEAN



Power supply

sample
wells

© electrode

direction

of movement @ electrode

buffer/

solution Electrophoresis tank
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EEomouoc yio nAEKTPOOOPN G GE YEAN

Oa VITAPEOLY POPES OTA TEIPAUATIKA TPMOTOKOAAN OOV B0 VIDGELS TV avayKn Vo
eléyEelc edv To mponyovevo Prpa dovAeye i Ot - €ite av eivan PCR (Alvoidm
avTidopao™ moAvpepAoNS) 6mov ToAlamAactdlelg o embountd tunpo DNA otdyo
elte elvanl KAhwvomoinon DNA (Ba acyoinbolpe pe avtd petd) émov mpoomadeic va
EMKOAANCELS TO EMBLUNTO TUN LA YOVIOIOV GE EVOV TAAGLLOIOKO POPEN (PAVTATOL

éva oynua yu ) petagopd tov DNA oty embBount tonobecia).


https://www.flickr.com/photos/yourgenome/26344970413

Mnv avnovyeic- H niektpopopnon ce yéAn Ba oe fondnocet. To ‘HArektpo’ vmovoel
OTL NAEKTPIGUOGC YPNOLUOTOLEITAL Yoo TO ‘@OpNon’ oL onuaivel HETAPOPA T
LETOVAGTELGON OTO EAANVIKA Kol Ol avtd cvppaivouv otn YéAN. EE’ ov kou 10
ovopa - niektpo@dpnon oe YéAN. H niektpopdpnon oe yéAn eivan pio moAd couyvn
gpyaotnplokn texvikn 6mov kdvelg tumuato DNA va tpé€ovv og pa yéAn (ovoia
ocav (eAé mov amoteleital amd Evav moAlvcakyapitn mov ovopaleton ayapoln, mov
TPOEPYETOL OO €VA GLYKEKPIUEVO KOKKIVO @UKl) YEUATO OO HUKPOGKOTIKOVG
TOPOLG UE TNV €QAPUOYN NAEKTPIKOV tediov. H yéAN ayapdling dmuiovpyeitan pe
TPOocONKN 6KOVNG 6TEPENS Yo pdlng o€ £va dtAvpa NAEKTpopOpNnonS. Xvvnbwg,
Tpro&ucod o&H EDTA (TAE) ypnowomnoteiton og dtdAvpa.

Onwg yvopilovpe, 10 DNA givor apyntikd @opTicpévo AdYm TOV QOCEOPIKOV
opddwv mov vrdpyovv ce avtd. Kabe poopopikn opdda mepiéyet Eva apvnTiko
@optio. Apa, kabmc n pdla tov tunpoatog DNA avéavetal, To apvntikd Tov goptio
av&avetan pe tov 1010 pOUd avarldymc, AvTo KAVEL TV 0vOAOYiol TOV GOPTIOL TPOG
™ pélo tov deopov Tunudtov DNA otafepd kot cvvenmdc, dwaywpilovrol
amokAEloTIKG e Baom o péyefog toug. Ta mo Aepapid Tpuuate DNA Oa ktvnBotdv
YPNYOPOTEPO OTN YEAN AOY® TNG ALYOTEPTG TOPEUTOOIONG OO TOVG TOPOVS TTOV
vdpyovv otn YEAN. Avtiotowa, to peyoAvtepa Tpumquato DNA eumodilovrol oe
peyaATEPO PabUd amd T o EAQPPLE TULOTO KOl ETOUEVMOS KIVOUVTOL TTLO OPYAL.
Avtd onuovpyel 1o kVpPLo onueio g BepeAdOOVE 10€0¢ TNG NAEKTPOPOPNONG GE
YEAN.

"Eva adp6 oyeoraypoppo TV taparave fnpatov 0o tav kdrog £tou:

1. TIpogtoyasio Tov KOVTIOL TNG YEANG LLE GUVIEST] TV BETIKMV KOl 0PVNTIKOV
NAEKTPOOIV GTIC dVO TAEVPEG EVOG KOVTIOV KOl YEUIGLAL TOV LE £VOL YDYLLO
dtdAvpa (vepd pe KATOL0 GUYKEKPIUEVO AAATO TTOV TO KAVOLV aVOEKTIKO GE
omotodnmote aAAayn Tov pH) 6to onueio mov vo KAAVTTEL pLaKa Tn YEAN.

2. TomoBémon tov tunuatwv DNA ota tnydota - mov eivar fabovidpata cov

TGEMEG GTNV TAELPA TOL BeTIKOV NAEKTPOSIOV TOL KOVTIOV YEANG (OLTA TOL



Yoo SnpovpyovvTal pe TNV TomofETNON Hog YTEVAS 6TO SIOAVILA YEANG

OV TPOKELTOL VO OLALUOPPOED)

3. Tomobétnon tov derypdtov DNA ota tnyddio.

. Metd v tomoBétnom, mpocBétovpe pion ¥pOOTIKY TOPOKOAOHONONC
(moptokari G N pmie g PpopoBLUOANG) Yia v aviyvevon ¢ torobeoiag
TV Tunpdtov DNA kabfng tpéxovv ot véAN. 'Eva didAvpa pe yAvkoln 1
covkpoln tpootiBetal emiong OC GVOTATIKO TNG YPWOTIKNG Y10 Vo avENDEL N
TLUKVOTNTO TOV JElYHOTOG Kot Vo 01evkoAVvvOel 1 TomoBETn o).

. Avolyovpe 10 peda YO0 TNV EVEPYOTOINGT TOV NAEKTPOSI®V.

. Metd v petavdotevon tov DNA, ypopatiCoope to DNA pe pio yéAn mov
va pocdévetar 6to DNA. Me vrepiddeg (UV) pwg, ta delypata DNA Oa
Ehapmay o¢ Eexwplotég Ampideg, empénovtdg pag va dovpe to DNA mov
elvon Ppioketan og d1apopeTikég BEELS KT L KOG TNG YEANG.

[ToAlol mapdyovteg umopodv va eEepguvnBodv €d® - OTMC TO oYNUO 1 O
TPOGOUVATOMGUAC TOV HOPIoL OV UTOPEL Vo EXNPEACEL TN HETAVAGTELON
KaTd unkog ¢ véAnG. Io mopddetypo - to mAaouidl Kivovvtot
ypnyopotepa an’ 6t Ba Empene yia to pEyeBOg Tovg emedn Aaupdvouv pia
VIEPGVUTVKVOUEVT) HOPpPN OOV TO AEmMTO TOLG oYU To Ponbdel va

KWvoOVTOL YpNYopoTEPa LEGH OO TOVG TOPOLG TNG YEANC.

Kovti: Kabd¢ torobetodpe to detypa tov DNA, éva mnydot otn véAN pévet
yio po okdio DNA. H okdAa DNA givon pio otafepn| avapopd mwov mtepiéyet
tunuatoe DNA yvooto uinKovs. Avtod KAVEL TO EDKOAN TN GUYKPLOT EVOG
deiypatog DNA oe po oyetikn Paon. To péyebog tov deiypoatog DNA
umopel va exktiunBei pe Paon tv tomobecio Tov G GYéoN LE TN OKOAW

tunpétov DNA.



Loadder PCH® ceackion

5000 bp

\500 bp

500 op
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Xkahia DNA

2) PCR (Ahvordmt Avtiopaon Iolvpepaonc):

Eite eloor évag eykinuotoroyikdg maboroyoovotdpog mov mpoomabel va
noAlamAacidost vomta Tunpote DNA and éva pukpo detypa gite kdvelg éva test
RT-PCR an6 é&vav vrontevdpuevo acbevi) SARS-coV 2 acBevn| - Oa énpene mavta
va E€pelg ta Pacikd yia v AAlvcidmt Avtidpaon TloAvpepdong péca ki €.
XPNOLOTOLOVUEVT]) OTNV EYKANUOTOAOYIO, OTOV YEVETIKO EAEYYXO, TN HOPLOKY
BloAoyia, TV 1aTpikn didyvoon kot Ty okoloyia, o Bepeiidong otoyog e PCR
elvar va Onpovpynoet avtiypoea amod po erbountn meployn tov {nrovpevov DNA
n RNA (1 RT-PCR) in vitro (dniadn oto epyasthipto ovili yw péca oTov

0OpYAVICUO)- EKOTOUUVPLOL OO AT LOVO GE Kava dvo MPeC!

Oa ypewaldocovv éva unydvnuo PCR, vroxivntég DNA cuykekpiuévoug yio tnv
eEPLOYN OV OEAEIC Vo TOAAATAOCIAGELS Kot i Oeppootadepn molvpepdon (yio
Vv eméktaon tov Tunuatog DNA a@od o vrokivnti¢ mpocdebel otnv meployn

o016%0). Me emavorapPavopevoug KOKAOLE ME KuUovOopeveg Beppokpacies, m


https://www.khanacademy.org/science/ap-biology/gene-expression-and-regulation/biotechnology/a/gel-electrophoresis

neployn o10yog Tov DNA moldamdacialetor eKOeTIKO QTAVOVTOG TOL EKOTOUUOPLO
N OloeKATOUPDPLO TOL PTAVOLYV pHEYPL Kot puKpoypoapupdpla amd DNA and éva
anepoerdyloto deiypo. O 1eAkdg o1dY0C €ivor va €xovpe €va peydro péyedog
£TOULO Y10 OTOLOONTTOTE TEPUUTEP® OVAAVGT OIS TNV OVAALGT YEVETIKAV OEIKTMOV
1N TOV TEPAUATIGUO OGS OAANAOVYIoN OV aKoAOLOEITOL Ad NAEKTPOPOPNON OE

YEAN KOl KA®VOTOINGM Tov PUmopovv va dteEayBovv dvera.

Topa ag dovpe ev cvvtopio v O0An owdikacio. H PCR amoteleiton and tpia

evpeio Prjpata: peTOVGI®OT, GHVOEST VTOKIVITOV KOl ETEKTACT] DITOKIVITMV.

e Metovsioon: Otv olvcideg 100 DNA  petovcidvovror,  OmAaon
dtympilovron | pio amd TNV GAAN HE TV EQOPUOYN VYNANG Beprokpaciog
YOopw otovg 96°C. Avtd mapéyer éva povokAwvo kaiobvmt DNA yuw 10
enOUEVO Pripa.

e Yyvoeon vmokivntOv: Ot ocvpumAnpopotikoi  vmokivntég  DNA
TPOGOEVOVTOL GTNV TEPLOYN-0TOY0 Tov DNA. Avtd t0 Prina yivetal otoug
55-65°C. Ao TOTOV VITOKIVNTAOV TPOGOEVOVTOL 6TO 3’ dKpo TG AAVGIONG-
KOAOLTTLOV - O UTPOGTIVOS VITOKIVITIG KOl O 0VAGTPOPOG VITOKIVITIG.

o Enéxktaon vroxivnmy: Mia Oepupooctabepy DNA molvpepdon (cvuvinbmg
Taq molvpepdon mov wpoépyetar amd Eva Beproaviektikd faktplo mov (et
oe Oepuég mnyég ko vopobepuikovc mOpove: Thermus aquaticus) emexteivel
tov tpocdepévo vrokvnty DNA. Avto 1o Brpa yiveton otovg 72°C. H Taq
moAvpepdon elvar mepiocdtepo evepyn otovg 70°C.

H axdiovdn gwcodva divel pua yevikn ikova yio oAOKANpN T dtodikocior:



Polymerase chain reaction - PCR

/'
original DMA / & ul
to be replicated » 5 3 5 3 \-
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nucleotide \ lnl i /
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@) Denaturation at 94-96°C
e Annealing at -68°C
a Elongation at ca. 72 °C
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Alverooty Avtiopaon IHolvpnegpaonc (PCR)

Yrapyovv moAloi diagopetikoi tomor PCR: Hotstart, Gradient, Touchdown, Nested,
Colony, Fusion, Reverse-Transcriptase (RT-PCR) ktA. Xtnv RT-PCR, pio avtictpoen
petaypoapaon ypnowonoteital tpmta yuoo vo petatpéyel to RNA oe DNA, kol petd
molhamiactaleton pe PCR. KaBepio £xetl ta 01K TG TPOTEPUATA KO LELOVEKTILATO KO

umopel va emiey0el avdloya pe TIG TEWPAUATIKEC GUVONKEC KO OMOLTNGELS,

3)Blotting:

v teyvikn blotting petapépoovpe popla amd pio pepPpavn otnv aGAAN. Ot Teyvikéc TG
YPNOUOTOLOVVTOL YOl VO, OVIVEDGOVUE €Vol cLYKeEKPIUEVO embBountd Tuquoa omd €va

HETY Lo STOPOPETIKMY TUNUAT®V TOL 1010V THTOV.

[No mopaderypa, To Southern blotting ypnoipomoteital yio TV amopévVOON VOGS TUNUATOG
DNA an6 éva peiypo tunudtov DNA. To Northern blotting ypnoiponoteitatl yuo v

OTOUOVMGT €VOC cuykekpipévoy Tunpotog RNA and éva petypo tunpatov RNA evo 1o


https://commons.wikimedia.org/wiki/File:Polymerase_chain_reaction.svg

Western blotting ypnoipomoteiton yio tnv amopdvecon GUYKEKPLLEVOL TPAOTEIVIKOD Lopiov
and éva petypo mpoteivikov popiov. H apyn tov Northern kot Southern blotting eivon

TOAD TOPOUOLOL.
®a cu{ntoovpe €d® to Northern blotting.
To Northern blotting €yet 6 evpeia fripota:

1. Amopdvoon RNA

2. Awyopiopdg tov popiov RNA ypnowonoidvtog niektpoedpnon oe yéin. O
OLYKEKPLUEVOG TUTOG NAEKTPOPOPNGNG OV YPNCLUOTOIEITAL YI0L TOV SO MPICUO
TV popiov RNA eivar n niektpopdpnon og yEAN ayapolng Le QopraAdEDHON.

3. To Blotting (1 petapopd twv RNA popiov and ™ véAn ayoapding oe pepPpdvn
vitpoxvtTapivig.)

O eEomAMoNOG HOALEL LE YLYAVTIO UTTEPYKEP OTMOC TOPOKATO:

1- Bapog mepimov 0,5kg
2-ITidto amd yvari, PVC 1 mapopoto viiko.

3-Z10ifa amd oTEYVEG YOPTOTETCETEG



4-OOAA0 amd mpo-gpuypapévn pepfPpavn blotting pe oA otpmomn amd mPo-

epuypapévo yopti blotting amd ndvw
5-I'é\n
6-To @itidl: At oTpdoN Amd TPO-£PLYPAGUEVO YapTi blotting
7-ITwdto cav o 2
8-Avo avorytd doyeia yepopéva pe 0,4M NaOH
9-Yrootpiktikd adeto doyeio, avamodoyvpiouévo

Ewovo 34

Eéonmicuoc Blotting

. Aviyvevon (EMuavon pe podlevepyd M @o@opovyo ypwotikny oe cDNA-
ocoumAnpopotikovg DNA aviyvevtéc)

. ATopdKPLVOT TNG TEPICGELNG AVIYVEVTMDV.

. Amewcovion (Me ypnon Avtopadloypapiog- GLALL aKTIVOYPAPiog TOV TAPAYETAL LE
oYEOCUO TOL HOTIPOV TOV EKTOUT®OV OMOGHVOESTG OO TNV KOTOUVOUY| HIOGC
OLYKEKPLUEVNG PAOIEVEPYNG OVGING. )

OLOKANPN M Owdikacio umopel vo oameikoviotel pe t Pondel ™ mopakdto

EIKOVOC:

Northern blot

Prote
hybridized to
complementary

I

kS
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Northern Blotting



https://www.bioinformatics.nl/molbi/SimpleCloningLab/blotting.htm
https://commons.wikimedia.org/wiki/File:Northern_Blot.jpg

Kovri:

To Southern Blotting ovopdoetnke om6é tov onuovpyé tov- Edward M.
Southern oto mavemoetTiuo Tov Edipfovpyov to 1975. Avo ypovia apyotepa,
évag Prordyog pe ypovpop - o J.C. Alwine avaxdivye pio pédodo Yo va
avayvopilel éva coykekpiuévo Tunpa RNA péoa og éva moAvmTAoko peiypa amo
RNA popra ypnoponor@vrag évav aviyvevty DNA paoevepyd oceonpaocpévo.
Kol pavreye nog to ovopooce og pveia tpog to Southern Blotting. N, To
ovopaoce Northern Blotting! Kov omé exei Eexivnoe v mapddoon g
OVOLOGLOG TOV EMOpEVOV peBOO®MV amOPOVMONG- KATOLES (OG AVOQPOPES GE
PO YOVNEVES NEDOOOVS KOl KATOLES OVUPEPOUEVES OTIC YEMYPUPLKESG
Tom00£GiEC TOV TEPLOYAV OTTOV N TEYVIKY] AvOKOAVQPONKE- 6tmg Western (yio
TNV ATOUOVMOT P0G CUYKEKPLUEVIS TPMTEIVIG- ovopalopevn amod tov W.Neal
Burnette), To South-western (yio. TNV amopOvVOGT GUYKEKPIUEVOV TPOTEIVAOV
nov tpocdévovtal 610 DNA- ovopaocpévo amod tov Bowen) kot 1o Far-eastern

(Yo v avaivon Amodimv) Blotting.

Opiote kKamoleg evoraQEpovoeg epmTNoELS. N1og Ehe0gPOC VO TIS ATAVTI|GELS.

1) TTow givor 1 cuvnOoUEVN TAGT] TOL YPNCIUOTOLEITOL Y10 TNV EKTEAECT] TNG

NAEKTPOQOPNONG GE YEAN;
Amdvinon: 80-120 V

2) Ta&wounce to TopoKdT® oo TO To YPYOPO GTO O apYo:
a) Avouytd kvkAkdé DNA 1 oc (DNA mov €xetl komel ot pia olvcida
v vo, amelevfepmBohv 06Eg VTEPEMKOUEVES GTPOPEG VITAPYOVV)
b) I'pappkdé DNA

¢) Kvkiikdé DNA mov éxel KAEIoEL OLO10TOAIKA ) CCC



3) Xto Prpa g 6vvOESoNC, Y10Ti dEV ETOVAGVVOEOVTAL O SLOYWPIGLEVES OAVGIOES
DNA peta&d tovg avti va ovvogbobv pe TOLG VTOKIVINTEG QQOV 1

CUUTANPOUOTIKOTNTA TOVG EVVOEL TNV TTLO 1OYLPT] GLVOEST);

Amdvinon: Ot vmokivntég AapPdvovtor e mePIGOEID GLYKEVTPOOT Kol £TCL M
TOAVOTNTO TNG EMOAVAGVUVIESNC HE TNV 10100 0ALGIda HETE TOV OYWPIGUO Elvan

TOAD HIKPN.
4) Ze mown Oeppokpacia eivon meprocdTEpO evepyn | Taq molvpepdon;
Amavinon: Ilepinov otovg 70°C.

5) Twri ypnowomnoteitor @oppaAdeon oto Pruo g MAEKTPOEOPNONS GTO
Northern blotting;

Amdvinon: Ta popia RNA givar povoxiwva addd dSnpuovpyodv ONAEG e Tov €00TO
Touc. AvTég ot OnAlég  dnuovpyovvTol  ®G  OMOTEAECUO. TNG  OVTO-
CUUTANPOUOTIKOTNTOG KOl Y10 TOV Sy ®mpiopd Tov dtapopetik®dv RNA popiwv,
ypedletal vo petovotmBodv, oniladn va PpeBodv e povokAwvn poper.. H

QopUaLdeHON Ponbd vo 6TACOLY OVTOL 01 VTO-CLUTANP®UATIKOL OEGLOL.

6) Totl elval 1 vitpokvTTAPIYN ¥PNOIUOTOLEITO OC SNUOPIANG KOAOVTL Y10 TO

blotting Tpwteivv;

Amdvinon: A6y TG amodoTIKOTNTOS TG CUVOESTG TOV TPMTEIVAOV, N KAVOTNTA
TOV VO AKIVNTOTOLEL TNG TPMOTEIVES, TIC YAVKOTPMOTEIVES KO TAL VOUKAETKA 0EEn Ko
N ovpPatodtta pe mowidio SayveooTik®v pefddwv dnwg o ynuetoefopiopog (m
EKTOUT QOTOC KOTA TN SIPKEW OGS YNUKNG avtidpacng), N YPOUOYEVELD

(Teprlapfavel TV Tapoy®yn YPOUATOS 1} XPOOTIK®V) Kot 0 pOopiopogs.

Yovoyn):--



e Hiextpopodpnon: Ed®, 1o apvnrikd @opticpévo (AGYm g @mGPOPIKNG OLAdOS -
PO+*) népro DNA petavactevet péco and tied ayapolng mov £xel KPOoKOmIKODG
TOPOLG Y10 VAL OGOLY TNV 10€0 KOGKIVOL 1) TPIPNG mov £pOGOV 01 TOPOL Tov TLEA
ayapolng emPpaddvouv v kiviion tov Papdtepmv 1 AYOTEPO GLUTAYDOV
tunuétov DNA.

o Alvowwt) Avtidpaon Ilolvuepdong: Xe oavtr, pia DNA  moivuepdon
noAlamAactdlet Eva Tpupa DNA mov mpocodlopiletat omd Toug VToKivTEG KOS N
TOAVUEPACT] QA EMEKTEIVEL TOVG VIOKIVINTEG UEYPL TO PriHol TG KETOLGIMONG
emavaAnefel. Metovoiowon, mpocdedn O(tov vmokvnt oT0  Jdelypo) Kot
EMUNKLVOT (TOV LTOKIWVNTOV od TNV ToAvUEPACT)) elvar Ta 3 Pripato vOg KOKAOL
PCR. Metovcimon, cuvOEST] LITOKIVITMOV KOt ETUNKLVOT).

e To blotting givan Pacikd étav petapépovror popto amd pio pepPpdvn oe aGAin. Ot
TeXVIKEG blotting ypnowomolodvtal yoo TNV oviyvevon v GLYKEKPIUEVOL
emBounTov TUNHOTOG amd £val PETYIO SLLPOPETIKAOV TUNUATMV TOV 1810V TOITOV.

References:

Gel Electrophoresis

More on Gel Electrophoresis

Polymerase Chain Reaction

More on Polymerase Chain Reaction

Blotting
More on Blotting

N o gk~ w e

Box Reference

Kepahiaro 6: I'eveTika kukAOpota

‘Eva yevetikd kOkhopa eivon pion culdoyn amd Proloyikd cuoTatikd Tov K®OKOTO100V

RNA 7N mpoteivn kol emtpémovv € UEUOVOUEVO KOTTOPO VO OTAVIOOV KOl VO


https://www.khanacademy.org/science/ap-biology/gene-expression-and-regulation/biotechnology/a/gel-electrophoresis
https://www.bioinformatics.nl/molbi/SimpleCloningLab/electrophoresis.htm
https://www.khanacademy.org/science/ap-biology/gene-expression-and-regulation/biotechnology/a/polymerase-chain-reaction-pcr
https://www.bioinformatics.nl/molbi/SimpleCloningLab/PCR.htm
https://www.bioinformatics.nl/molbi/SimpleCloningLab/blotting.htm
https://www.thermofisher.com/in/en/home/life-science/protein-biology/protein-assays-analysis/western-blotting/transfer-proteins-western-blot/membranes-transfer-buffers-western-blotting.html
https://bitesizebio.com/639/southern-northern-western-and-eastern/

OAANAETIOPOVV pE TOL VITOAOUTA Y10 VO EMITELEOVY AOYIKEG AELITOVPYiEG. XPMOLULOTOIDVTOG
T ovbvleTkd PloAoyikd GCLOTNUOTO, Ol EMGTNUOVEG TEPUEVOLV VO, GYESAGOVV
Aertovpykd Brodoyikd péEpn yu va mapdayovv Proynuikd, Provikd ko Prokovoipa. To
YEVETIKA KuKA®pato 0o pmopovcav vo avamtuyfodv ypNGILOTOIDOVTOS TEYVOLOYIES
ocuvBeTIKNG Ploroyiag, EMTPEMOVTIOS OE OPYAVIOUOVS EEVIOTEG VO AEITOVPYOVV ®G
aeOntpeg. O mepiParrovtikoi pOmot aviyvehoviol Kot arocuVTIOEVTOL YPGULOTOLDVTOG
Broatstnmpeg ko Proavtdpactipec. ‘Eva peyddlo €0pog puOoTikdv Kuttopikaov
cvoTnNUateV €xel  pehetnBel  ypnolpomol®vVTag YeveTikd KukAopato (pio  popoen
peTaPoAKNG KotaoKevng TG ovvletikng Proroyiag). TToAdd pvBuicTiKd KLTTOPIKE
GLCTHLOTO, GLUTEPIAOUPAVOUEVOV VTTOKIVIITOV, KATOGTOAEWV, TOAAVIOTOV Kol GAA®V,
elvar yvootd 0Tt kKmdkomoovvtol ¢ puOuiotikd potifa oto emimedo tov DNA.
Ecotepikd ol eotepikd  epebiopato  umopodv  av  €anpedcovy  Th  YOVIOLOKN
OpaocTNPLOTNTO, GULUTEPIAOUPAVOUEVNG TNG  UETAYPOQIKNG pLOUIONG KOl T®V
HETOUETAPPACTIKMOV povomatidv. Eivarl éva amd ta mo Aéyovta {ntmuota oto medio g
YEPAYDYNONG UETOPOAIKOV LOVOTATIOV YO, TNV TOPAYOYN TEPLGGOTEPMOV TPOTOVIMV
Bropmyovikod evolapEépovtoc. ApKETOl EPELYNTEC £YOVV EMYEIPNOEL VO TPOTOTOIGOVY
VILapyovoeg PlocvVOETIKES dLodIKOGIES, EVAD AALOL £Y0VV EMLXEPNGEL VO £YKOO1OpHGOVY
Bloloywcéc Oadikaciec oe pkpoProkd HOvTELQ. XTIG TEPLOCOTEPEG MEPUTTMOGCELS, TO.
peTofoAlkd  povomdTiol QTIdVOVIOL 1 EmAvVAcyESIALoVTOL Yo Vo avEnoovv TV

TOPAYMOYIKT OLVATOTNTO TOV PaKTnpiov.

H yovidiaxn ékgpaon elval n dtodikacio pécm g omoiog mANpopopie omodnKevUEVEC
oto DNA petappdalovror 6e 0dnyieg yia m ovvheon mpoteivav 1| dAAwv otoryeiov. H
drdikacio péow g omoiag ot odnyieg amo to DNA petatpénovion o€ éva xpriioieo pnopio,
Om®G o TPOTEIV, givat yvootn g yovidtakn ékepaoct). H yovidiaxn ékepaon givor pio
ovoTNPd eAeYYOUEVN SLOOIKOGTIO TOV EMTPENEL GTO KOTTOPO VO OVTATOKPIOEL OTIG aAayEG
TOV TEPIPAALOVTOG TOV. Apa ¢ £V SLOKOTTNG Y10 TOV EAEYYO TOV TOTE ONULIOLPYOVVTOL
01 TPMOTEIVEG KAOMDG KOl TOL OYKOV, Yo TNV avénomn 1 LEImOT TOL TOGOV TOV TPWOTEIVOV

nov mopdyovtat. H petaypoaen kot 1 petdepacn givor o 600 mo onuUovTikd Pripato ot



ouvBeon pog tpmteivng (m petaypaen eivarl 6tav to DNA petatpénetor oe RNA, ko m

petappaon gtvor 6tav to RNA petatpénetol oe mpoteivn).
Ta cvoTATIKA EVOC TLTIKOD YEVETIKOU KUKAMUATOS £ivan ™G €ENG:

1) Ymoxivntig- Eivor o aAiniovyio DNA mov apyiletl t petaypoen tov RNA arnd
v emopevn aliniovyic DNA. Ow mpwteiveg 11 1o RNA pmopobdv va cuvoebovv oe
avTOV Ko vo. puBuicovy v Ekepoct) Tov.

2) Oéon ovvoeong prpoocdparos (RBS)- Mio aAiniovyic RNA mov Bpicketar 6to
mRNA 6mov ta ptfocs®UATo TPOGOEVOVTOL KOl EVEPYOTOLOVV TN LETAPPAOT).

3) Tovidwo evorwopépovrog- Eivar éva tuiuo DNA mov kwdwkomotel to emibountd
YOPUKTNPLOTIKO TOV O TEPAUATIOTNG OEAEL Vo EKQPACEL.

4) Meproyq Méns- H meproyn Anéng sivar pia odiniovyio RNA mov mpokaiei tov
TEPLOATIGUO TNG LETAYPAPNS OTO TEAOG VO YOVISiov.

Avatpo@odotnon:

Ot kOKAol BeTiknG Kol apVNTIKNAG avATPOPOOATNONG, TTOV AETOVPYOVV MG SLOKOTTEG,
TAAOVTOTEG, Kol OSIEYEIPOUEVEC GUOKEVES, EIVOL CUAVTIKA YEVETIKA GTOLXElD GTOl diKTLA
yvevetikng pvOuionc. Ta yevetikd kvkAopato 0o Asttovpynoovv avoueifoio ®g o

axppeic puOuoTéc 6T0 PEALOV, OGS CLOTATIKO TOIKIA®Y KOKAMY 0VaTPOPOSOTNGT|G.
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Kvkhot OeTikig Ko apvnTIKNG avaTPOPOdOTNONG
Xovoyn:-

e To cvotatikd vOg TUTKOV YEVETIKOD KUKAMDUOTOG Elvat:-
o Ymoxwntig - 6mov n RNA molvuepdon mpocdévetor kot opyilet
HETAPpOON
o0 ®¢éon ohvoeong pPOCOUTOS - 1) TEPLOYN OOV GLVOEETOL TO PPOCHOLL KOt
Eexwvd ™ petdopaot (amd To KOIKOVIO EVapPENG)
o Kodwomomtik] oAAniovyio - m oaAiniovyic tov DNA mov dviwg
exppaletal ¢ apvocéa oe TPOTEIVN
o TIlepuoyn MEng - m oAAnlovyio mov xdver tv RNA movpetdon vo
OTOUATNGEL VO LETAPPALEL
e H avatpopoddtnomn avagépetal 6Tov KOKAO TIGM TPOG TO GNUO 1} TO OTOTEAEGLLOL
™G EKEPOoNG €VOG Yovidiov mov mpokaiel v 1dw Tov T pvOworn. H

ovaTPOPOOATNOT UITopel va eival Betikn - dtav 1 YOVIowokY EKppact emiPdiiet



TEPLGGOTEPT] EKPPACT] HECH OMOTEAEGUATOV GTO HOVOTATL, 1 OPVNTIKY - OTOV

LELDVETOL LEGH OTOTEAEGUATOV GTO LOVOTATL

Kegdaiao 7: BioBricks™ ka1 Kacéteg Tovidraxiig Exepaocng

Ouudoolr ond TO TPMOTO KEQAANO OTL oKOmOg NG ovvletikng Proroyioc eivar va
onuovpynoet éva amobetnpilo and ‘Proroyikd puépn’. Kabe pépog oe avtd 1o amobetnplo
ovopdleton évo BioBrick™. 'Eva. BioBrick™ eivan pia cuvOetin otoryetdmdng oAiniovyio
DNA mov kwdikomotel éva RNA 1 pa mpmteiv ko pmopet €dkola va, cuvapproroynoet

Y10 VO TOPAYEL TEPICTOTEPO TOAVTAOKN BLOAOYIKA GLGTNHLLOTOL.

BioBricks™ kan Ap@portéig meproyéc DNA mov pmopodv £0kora vo cuvapporoyn0ody

oav Lego®

o va kotavonoelg koddtepa to. BioBricks™, okéyov ta cav tovprdxia Lego® . Kabe
TovPAAKL £xEl TPOEEOYES GVYKEKPLUEVOL LEYEDOVG GTNV EMLPAVELDL TOV Kol OOAUKES KATW,
emrpénovtag dVo TovPAdkia va TomoBeTnBovv pali pe oyetikn evkoAia. [apopoimg, kabe
BioBrick™ xatookevaletar étot dote §00 cvpPotd puépn (ne Tic 1dieg mpoeEoyée kar

OOAOKEG) VO LTTOPOVV EDKOAN, VL GUVOPLOAOYNO0VV. AvTi 1 cuuPatdTNTo SIETETOL OO TA



npoéToma cuvapporoynons. Kade BioBrick™ umopei vo mpocopuootel oe molhomhd
TPOTLTO. GLVOPLOAOYNONG Kot dVO LEPN OV TTPpocaprdlovion ota 110 TPOTLTTO. UTOPOVV

gvKola vo. cuvappoAoyndovv.

Iow givon To TheovekTRpoTo TV BioBricks ™ ;

YnéBeoe 0t1 B6Ae1g va dnpovpyncelg £va Baktiplo mov mapdyel T popmotd pnAwy. T'a
va 10 TETHYELS 0VTO, cuvappoAoyeig ta BioBricks A éw¢ D dnwg gaiveton mapakdto Kot

10 BioBrick C mapdyet pua mpwteivi mov cov divel T popmotd pniAmv.

e XX XX D

Ewova 37
I'evin} cuvappoioynon BioBricks

Topo av amopacicelg 0Tl 0ev GOV OPECEL LT 1| LLP®ALL Ko BEAELS Ta PakThplo vo
Tapayovy ™ Hopwold Acpovidv. Tote avtd mov mpémel amAd vo kdévelg eivor vo
avtikataotoelg o BioBrick C pe 1o BioBrick E mov mapdyet v mpmteivin mov cov divet
™ popwdld Aspoviov. Edm, elvol onupovtikd vo tovicovpe 0Tt Yoo vo. dOVAEYOLV T

BioBricks C péypt E, ta BioBricks A,B kot D givan amapaitnro.

Ag avoldcovpe ™ Asttovpyia kabevdg and ta mévte BioBricks mov cuintioaype:

1. BioBrick A: Yroxiwvntig - Emtotpatedetl ta pnyovipato g petappoong (buunocov
omd TO KEQAALO 3 OTL M HETAYpOPT| eivan 1 dradikacio cvvieonc RNA and DNA)
2. BioBrick B: ©®fon ovvoesong piposcoparog (RBS) - To onueio mave ot1o

ocuvtiféuevo mRNA 6mov tpocdévetar 1o pipdcmpa



3. BioBrick C 11 E: Kodwomomtikyy aiiniovyia - Kodikonolel v aAiniovyia
apVOEEMV TNG TPOTEIVNG
4. BioBrick D: AMiovyia AMENG - Ztapoatd v peTaypoen
H ocvvappordynon tev BioBricks A,B,C kot D1 A, B, E ka1 D Aéyeton kaoéta yeveTikng
ék@paong.

Agv glvar mhvta TpoakTiko va deifovpe TNV KOGETA YEVETIKN ¢ EKppaong o¢ Tunpata DNA.
IV avtd, ot cvvbetucol ProAdyor €xovv GLUEOVNGEL GE cLYKekpLUEVA GOUPOAN TTOV
delyvouv Ta d1bpopa LEPN LOG KAGETOG EKQPaoTG Yovidiwv. Avtd ta cOpupora opilovtan
and v Avoyyty I'loooa Lovletikys Broloyias. H eixdva mapokdtm delyvel to cOUPoA

OV YPNCLUOTOLOVVTOL GUYVA Y10 SLAPOPOL LEPT LG KAGETOS EKPPOCTC.

Sequence Feature Glyphs

—— —
— —
Assembly Blunt Restriction  (recommended) (alternate) Engineered 3’ Overhang
Aptamer Scar Site cDs cDS Composite Region Sticky End
-~ ™ ™ e ~ A -
—
= |—| |—| Ol [ ] AN J
AN AN . AN
5’ Overhang 3’ Sticky 5’ Sticky Non-Coding
Sticky End Restriction Site_ Restriction Site Insulator No Glyph RNA Omitted Detail Operator
' YaaYd e N N e
O @' AAA | > ( \ |x_| >
. /L AN N Y NS AN
. Primer Binding Rihosume Recombination
ORI ORI-T Poly-A Site Site Promoter Entry Site Signature Site
e ™ N, i aYd i N (7 [ N ™
= AN S/ A\ J / J
Terminator (recommended) (alternate) (recommended)  {recommended) [recummended) (alternate) (alternate)
Unspecified Unspecified DNA Location RNA Location Protein Location DNA Location RNA Location
e \/::\f::\ ::\ ?\ [g\ i\
N g AN AN / J AN / J
(alternate) DNA RNA Protein DNA RNA Protein Transcription
Protein Location Cleavage Site Cleavage Site Cleavage Site Stability Element  Stability Element  Stability Element Stop Site
N 4 !
\ J\ N\ J
Translation Chromosomal Circular

Stop Site Locus Plasmid
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2VYVA YPNGLULOTOLOVUEVE GOUBOLO GE MO KOGETU EKQOPAGTC

Omnodte, n ovvapuordynon twv BioBricks mov cov deiape vopitepa topa Ba potale

KAmme £Tot:
Hybrid lambda phage — Ribosome Double Terminator T1 from E.
lac operator promoter Binding Site coli rrnB (16SrRNA) + TE from
(BBa_RO011) (BBa_B0034) ) ) coliphage T7 (BBa_B0015)
LacZa peptide coding
\ seguence -
Smal (BBa_E0038) Smal

Vector — pSB1C3

Chioramphenico)
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MHopdoctyno KocEToC YOVIOLOKNC EKOPUGNC

EmunpdcOeta, n yprion tov BioBricks:

1. Emroybdvel T dadkocio oxediacon
2. Mewwvet 11ig mBavotnteg AdBovg Katd T cuVapUOAGYNoN

3. Empénet tov dtoporpacpod dedopévav oty kovotnto e cuvheTikng froroyiog

To npoTvmo cvuvapporoynong RFC10

To mo ovyvd ypnotipomolovpevo mpdTLO GuvapUoAdYNoNg eivar to Ilpotvmo
2ovapuoloynons 10 (RFC10) xor avontoydnke and tov Tom Knight. To tpotuvmo RFC10
nepthapPdvel ) ypnomn TEPLOPLOTIKAOV eviOU®Y Tov cu{nminkay pe Aemntopépelo 61O

nponyovuevo kepdAoio. Kade uépog BioBrick™ eivar pio aAAniovyio DNA mov @épetan


https://sbolstandard.org/visual-glyphs/
https://images.app.goo.gl/8xnZDu2fEdqne53a8

o€ £V0 TAUG 010 TOL AELTOVPYEL OC GVGTNA LETAPOPAS Y1 VO LETAPEPEL TO LEPOG. Kabe
oaAAniovyio DNA agopileton amd kabopiouéveg BEcelg meplopiopod 1 B€celc Konng ota
57 ko 37 dkpa Ko givar yvootd og tpodnuota kot embnpato avrictotya. Eival onpovticod
Vo GNUEWOCOVE OTL TO TPOoOMpata, embuate Kot To TAAcuidlo dev gival Eva LEPOS TOV
BioBrick™ «a1 yperdlovror povo yia v cuvappordynon morlamidv pepdv. o 1o
npotvmo RFC10, ta mpodnpoata sivar EcoRI (E) ko Xbal (X) kot ta emOnpota stvon Spel
(S) and Pstl (P). T'ia va dtevkoAvvBel 1 dradikacio tng cuvaprordynong, ival cnuavtiko

va eEacpaiicovpe 0Tt omowadnmote and 1§ E, X, S and P 6éce1g meplopiopov dev sivan

napovoeg oty alkniovyia Tov BioBrick™ .
E X s P E X s P
| | ] | | | | [ |
(11||) (HW..)
Cut with Cut with
E&S E&X
E X s E X sP
ﬂ
Mix &
Ligate
E X s P
II. B0034 COD10 III
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To tpOTLVTO GLVOEPUOAOYNONC

Ot Béoeig X kar S elvar 1ookowdopepn, oniadn to éva tunue DNA koppévo pe to Xbal

Kol To AALo pe o Spel €yovv ta id1a dipa Kot puropoHv va cuvdefoHv yia va ddcovy Eval


https://images.app.goo.gl/JZdTjeopf75d21mP9

tunpo. DNA. Avto odnyel otn dtapdpemon evog onpeiov 6 (evydv Bdoswv mov dgv pumopet

va Komel amd KavEVa GALO TEPLoploTiko EVEVLO.

YnéBeoe Ot €xeig éva ovvleto pépog ovpPato pe to RFC10 mov mepiéyel o RBS, pia
KOOKOTOMTIKY oAAnAovyio kot po aAiniovyia ANéng kot BEAelc va cuvoéoelg Evav
VTOKWVNTY G€ aVTO Yo Vo, ONOVPYNOELS Mo Kacéta yovidlakng Ekepaone. Tote Ha
énenteg 10 LEPOG Tov vrokvn T pe T EcoRI kot Spel kot 1o ovvOeto pépog pe 11 EcoRI
ka1 Xbal. Ot 0éce1g ™ EcoRI eivan copmAnpopotikég kot pmopodv va cuvoebodv n pia
pe v GAAnN. Ouv Béoeic twv Xbal kar Spel, 6mw¢ mpoavaepépOnke, eivor emiong
CUUTANPOUOTIKEG KOl LITOPOVV VO cLVOEBOVV HeTalh Tovg. Apa, omotelesatikd, Ba eiyeg
TPocOEcel TO PEPOC TOL LITOKIVNTH 6T0 6VVOeTO UEPOC TPy TV RBS dnovpydvrog pia

AELTOLPYIKT KOGETO YOVISIOKNG EKPPACTC.

M£00060¢ cuvapporoynong 3A (3 avriprotika)

Avt 1 puébodog cuvapupordoynong mepthapPdvel dvo puépn kot Evav Tpito Gopén oL
Aéyetan mAacopidlo mpoopiopds. To mhacido Tpoopiopog mepiéyet Eva toikd yovidlo Tov
UTOpEl VO OKOTMGEL PAKTNPLOL OE HETACYNUATICUO Kot ETIoNS £XEL £valL O1APOPETIKO YOVIOL0

avOEKTIKOTNTOC.

o mopdostypa, av ta pépn BioBrickTM  mepiéyovv yovidia avBektikdtntog oty
OUTKIAATYY KO TNV TETPAKVLKAIVI) TOTE O QOPELOG TPOOPIGUOG Umopel va meptéyet
OTOLOONTOTE AALO YOVIOl0 avOeKkTIKOTNTOG O0€ avTIBloTIKO (). avOekTIKOTNTO TNV
kavopokivn). Kot to tpia mhacpidl mERTOVIOL HE TOV KATOAANAO GLVOLOGUO

TeEPLOPLoTIK Pv evEOU®VY Kot aprpvovtot vo. cuvdedovyv. MOvo Ta coTd GUVOPUOLOYUEVOL



pépn 0o mopdyovv Eva PLdGIo GUVOETO HEPOG TOV TEPIEXETOL GTO TAAGUIOIO TPOOPLIGHLOD

EMTPEMOVTAG TNV EVKOAT EMAOYY| TOV LETACYNUATIGUEVOV Paktnpimv.

Yovoyn:-

e 'Eva BioBrick™ givon pio otoyeiddng ovvletikry oAiniovyic DNA mov

kwotkonolel RNA 1 mpoteivn kol umopel €d0koAda va cuvapporoyndel yo vo

Tapayel o mepimAoka BloAoyikd CLGTHLOTA.

o MéBodol GuvaproAOdYNONG:-

O

References:

To mo Kowd ypnoomoloduevo mTPOTLTO GLVAPUOAdYNONG €lvol TO
Ilpotomo Xvvapuoioynens 10 (RFCI10). KdéBe aidniovyic DNA
apopiletal amd opiouéveg BEoelc meploptoov 1 Bécelg komng ota 5° ko 3°
dkpo Ko €ival Yvootéc og mpobnuato kot emOnupato avtictorya. Eival
ONUOVTIKO VO OTUELDGOVHE OTL TO, TPOOLOTO, ETONUOTA KO TO TAOGHUIO0
dev etvar pépog tov BioBrick™ ko eivan amopaitnTa povo yio tm cvuvieon
TOALATTADV LEPDV.

Ta pobfpata kot embfpato Tpémel va eivon copPotd pe to dtdpopo peEPN

Y10 VoL 6GVVOEDOVV TTPOC LU0 ETLTLYT] GLVOPUOAOYNOT).

Mé£00oog Xvvapporoynons 3A (3 Avtifrotikd): Avty n puéBodog
ouvapporynong meptapPdver 000 uépn Kol TOV TPiTO POpEd TOV
mhaopdiov mpoopiopod. To mAacuidio mpoopiopod mepéyel Eva ToEKo
YOVIdL0 TOV GKOTMVEL YOVIOLO GE HETAGYNUATIGHO Kot £XEL EVOL SLUPOPETIKO
yovidro avOekTiKOTNTOG 0 OVTIBLOTIKA.

Kot médAr €00, o mpobuoto kol to emONUATO SLPOPETIKAV TUNUATOV
npémeL va, eivar ovpuPatd kol To TAacuidlo Tpoopiouod Ba gvbuypappiotet
pe emrvoyn  ovvdeon mov  Bo  Ponbhoet  omv  emPioon TV

UETOCYNUATICUEV®VY YOVIOT®V KOTA TNV aviyvevon).



1. BioBrick
2. 3A Assembly



https://en.wikipedia.org/wiki/BioBrick
https://parts.igem.org/Help:Assembly/3A_Assembly

Ke@daharo 8: MaOnpatu povreromnoinon:-

H ovvBetikn Broroyia elvatl o KAGSOS TNG Uy aviKNG Tov XTileL TN UNYOVIGTIKT] KOTOVONoN
™G HoplaKkNg Proloyiog yio ToV TPOYPOUUATIGHO TV HIKpoPiwv yia va diedyovv véeg
Aertovpyiec. Avti 1 TPOPAEYIUN YEPAYDYNON EVOC KVTTAPOL YPELALETOL LOVTEAOTOINGN
KOl TEWPOUOATIKEG TEXVIKES Yo Vo, dovA&youv pall. To koppdtt ¢ povrelomoinong g
ouvBeTikNg Proroyiog emtpénel oe Kabévay vo oyxedtdlel PloAoyikd KUKADUOTO KOl Vo

OVOAVEL TNV TPOPAETOUEVT) CLUTEPIPOPAL.

H povtehomoinon pmopel va mapéyet pion unyavioTikn Kotovonon evog cuotnuatoc. T
HOVTEAD UopohV Vo, TPOBAEYOLV T1 GUUTEPLPOPA EVOC GUGTNUATOS GMGTA, EMTPETOVTOG
GTOVG UNYOVIKOVS VO TPOYPAUATiCOVY VEX KUTTOPIKT CUUTEPLPOPE YOPIG VO TPEMEL VO

deEayBovv TOALG TTEppLaTa SOKIUNG KO COAALLATOG.

Otav ytiCovpe povréla petaforlk®dV SIKTOMV, CNUATOOOTIKOV HOVOTOTIOV, 1| OIKTV®V
YEVETIKNG pUOong, wia amd T o ovyvEG LIToBEaelg eivatl OTL To LopLakd &10n sivae
OUOLOLLOPPOL KOTAVEUNUEVA LECO 6TO KOTTOPO. Avti N vtdbeon emTpénel oe KabEvay va

eCalelyel Tovg puOUOVE StdyVoNG OO TO LOVTELD GUVOALKE ETELON OEV VTLAPYOLY KAIGELG



ovykévipoongc. [pénet va avapepBel ®o1060 0TL vt 1 VIOBeoN pmopel va yivel dkvpn
oe KAmoleg meputdoels. Ta povieAa mov meptlapuPdvouv evOLUATIKY] KIVNTIKY 1)
HETAYPAPIKY) pOOIoN cvyvad Kdvouv emmAéov VRTOOECELS Yol TO OTL KATOLEG YMULKES
avTdpaoelg etvat og 16oppomia. Avtéc ot vmoBéceic Mmopohv TepaITEP® VO, ATAOTOMGOVY
TO HOVTEAD YWPIC Vo EMNPEACOVY GNUOVTIKE TNV 1KOVOTNTA TOVL VO avomopdysl tnv
TaPATNPOVUEVT] SvuTePLPopd. Otov To HOVIEAN OMOTLYYXAVOLV VO OVOTAPBEYOLV TIC

TOPOUTNPOVUEVEG GUUTEPLPOPES, KATOLEG A0 TIG VITOOEGELS TPEMEL VAL TIG EOVAOOVLLE.
ATLO Tapdostypo:

‘Eva khocoikd moapdderypo evOC HOVIEAODL yMUK®V ovTidpdoewv ivar pio avtidpaon

KataAvopevn and Evivpo:

» w

ES
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Ac vmoBécovpe 0TL TO0 GVGTNHA EVOLAPEPOVTOS £XEL TEGGEPA €10M: TO VIOGTPOA (S), TO
évlopo (E), to mpoidv (P) ko o soumieypa eviopov-vrootpopatos (ES). Yrdpyovv tpeig

aVTOPACELG GE OVTO TO GUGTNLOL

Avtidpoon PvOuédg avtidopaong i taydnTa




avTidpao™mg
E+S—ES 1 [0] =[]
ES—-E+S 2% [00]
ES—-E+P (13 = [11]

Edm, 10 [E], T0 [S] ko T0 [ES] €lvar o1 cuyKevip®doEelS TV avticTory®mv 100V, Kot ta k1,

k2 xon k3 etvar o1 otabepéc puOpov TV aviicToty®Vv avTiopacE®V.
To kK000pLoTIKO HOVTELD YNUIKOV OVTIOPAGEQY :-

Ta xaBopiotikd podnuotikd poviéda oev mepthapfavovy toyaieg otakvpaveels. To
HOVTEADL OlOpOPIKAOV eElocE®V glvar évag omd tovg 7o ocvvnbiouévovg THTOLG

KaBOPIOTIKOV HOVTEAWV.

e Movtéro dlapopikng eiowong:-
MoAg ot e€lomaetg puOpov £xovv kKabopiotel yia kabepid amod Tig ovTdpAcELS, TOTE
éva KaBoplotikd povtérlo umopel va dnuovpyndet pe tov kabopiopd Tov pvopov

aAAayng kéBe eidovg pe Tov €ENG TpdmO:-
dx/dt= pvuog mapaymync - poOuUoS KATavAA®GNG

2TOoV TOpATIvVO TOTO, TO X AVATOPLOTO VA GLYKEKPIUEVO 100G 610 cvotnua. O
Opog 'puouodg katavaioong' etvat To ABpotopa TV pLOUGV Yo OAEG TIC AVTIOPACELS

OOV TO X AMOGLVTIOETAL 1] KATAVOADVETOL MG VTOGTPW L.
[Mo mapaderypa, n dapopikt| eicmon ya To €100¢ S Ba oy ©g eENG:-
dS/dt = (k2*[ES]) - (KLI*[E]*[S])

Omnov:



(k2*[ES]) etvar o puBpds mapaywyns Tou S ot v avridpaon ES — E + S
kat (k1*[E]*[S]) elvar o puBpog katavahwong Tou S amd v avtidpaon E + S

— ES

OAOKANpO TO HOVTELD dLopopIkn§ e€lomang Ba amoteAovVTaY amd TEGGEPIS TETOLEG

dtapopikég eElomoelg, pia ylo kabéva and ta téooepa 10m.
Movtelomoinon dktvov yeveTikng pvOpong (GRN):

Ta GRN povtéda ypnolomolodv 10 yeyovog 0Tt 1 GOVOESN Kol OTOCGLVOEST] TMV
LETOYPAPIK®V TOPOYOVIWOV £ivol TOAD o YP1yop™n Ot T UETOYPOPT] KOl TN LETAPPOCT)
TOV YoVdiwv. Ao avth TN dopopd 6ty ToyvTNTo, B Propovce Kaveilg va vmob~cel 0Tt
Ol OVTIOPACELS GUVIESNC KOl OTOGVUVOEGTG TOV UETAYPUPIKAOV TopayOvIov Ppickovion
ouveymg o€ 1eoppomia. 'Etot, o puOudg mopaywyng mpoTeivdy yivetar Asttovpyio TG
1GOPPOTIOG CLYKEVIPMOEWV TMOV TPOGOEUEVAOV KOl UN TPOGOEUEVOV  UETOYPOPIKDOV

TOPAYOVIWV.

S

INo Tapaderypa: ckéyou pio KaTaoToon Omov £vag LETOypaplkoc mapdyovtag puOuilet

éva povadikd yovidio.
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O mopoKdT® TUTOC EMONUAIVEL TO KAACUO TOV UETAYPUPIKDOV TOPAYOVTIMV TOL £XOVV

ovvoelel:-



u = TF/(Kd + TF), 6nov TF givar o povopetrpikdg petaypapikog mapdayovrag, kot Kd sivan

N otafepd amopdKkpvVong.

Av o TF givon évag gvepyomomn g mov avéavel v mopaywyn g npoteivng, P, t6te o
puOudg mapaywyng e P £ vor avdroyog mpog to u. Av o TF eivon katacstoréag, 101 0
pvOud Ba eivor avdroyog oto (1 - u). Ota vrdpyer cvvepyacio 1| TOALUEPIGUOS TOV
HETOYpaPLKOVG TopdyovTa, pio emmAfov mapapeTpog mov ovopdleton cuvieieotg Hill, h,

ovumepthappavetar otny eéicwon: u = TFY/(Kd + TF"), 6mov:-

e h>1 OeTikd ocvvepyaTiKy] 60voEST: MOMG éva HOPLo-TtPocdETNC cLvdebel 6To
évlupo, M mpoTiUNoM Tov Yo AAALO GVVOETIKO HoOpLo avEdvetat. o Tapddetypa, o
ocvvteheotc Hill yio tn 60vdeon tov o&uydvov oty atpos@atpivn (éva mapadery o
Betikng cuvepyatikdTTog) Ppicketol 6to gvpog tov 1,7-3,2.

e h<1, ApvnTiKd cvvepyatiky] 60vvoesn: MOALG £va cLVOETIKO HOP1o TPoodebel 6To
évlupo, 1 TPoTiEN G| TOL Yol GAAL GLVOETIKA LOPLOL LELDVETOL.

e h = 1, Mn-ovvepyatikn (rhpos avegaptntn) ovvdéeon: H mpotiunon tov
evlOpoL Y1 éva GUVOETIKO LOP1o Oev givarn eEapTnUéEVN amd TO €6V AALX GUVOETIKA

puopla ivor oM cuvoedepéva.

XPNOHOTOLDOVTAG VTGOV TOV TUTO, UTOPOVUE VO LLOVTEAOTOM|GOVUE TIC SVVOUIKEG EVOC
OkTHOL PHOIONG YOVIdlWV pEe TNV TLTOTOINGTN TOL PLOUOL TOPAYWYNS Kol TOV PLOKOD
amocvvheong N dthvong ¢ Kabe mpwteivng oto diktvo. Mia Tumikn e€lowaon Tov puOUoD

petafoing wog mpoteivng, P, etvor n e&ng:-

dp/dt = (KI(TF" /(Kd + TFh )) - (O p * P), 6mov TF &lval 0 PETAYPAPIKS G
TIopa yovTog Tov puBuiel BeTiK& TNV Tapaywyn g mpwTteivng P, k1 givat o

PLOUO ¢ €KPPACNG TNG TIPWTEIVNG (METAYPOPR KOl HETA PPacn) Kot O p eivat o



puBuo6 ¢ amoouvBeong Tng P. H e€iowon yiveTal TIEPLOCO TEPO TIEPLTIAOKN & TV
TIOMOL  HETAYPAPIKOL TIOPA YOVTEG EUTIAéKOVTOL OTNn puBuwon Tou idlov

yovidiov.

Xovoyn:

‘Eva povtého elvar pior pofnuotikny avamopdotacn mov emTpénet v mpofAeyn g
SVVOUIKNG €VOC GLOTNUATOGC (ONAAON TTAOC €101 CLYKEVIPMOOEWV OAAALOLY avd KATO10
YPOVIKO Oldotnua) kKt ond axpiPeig vmobéoelg kol apov KaboploTovV Ol aPYIKES
ocvvOnkeg tov ocvotiuotog. To ocvotatkd cvvletikng Proroyiog ot povieAomoinon
emTpénel oe KAmowov vo oyedldlel PloAoyikd KUKAMUOTO KOl VO OVOAVGEL TNV

TPOPAETOUEVT) GLUTEPLPOPE TOV.

Movtého dSwopopikng e&icwone: éva poviého olapopikng eElowong Pacileton otnv

eElomon mov cvoyetilel pia N TEPIOCOTEPEG AEITOVPYIES KO TV TOPAYDY®OV TOVC.

Movtého dikthov yovidtokng puBuong: Eivar éva poviého yeveTiKdv KUKA®UAT®V Tov
amotelel pion GLAAOYN aTd POPLAKOVG PLOCTEG TOL OAANAETIOPOVV PETAED TOVG KOt UE
GAAEG ovoieg 6TO KVTTAPO Yo Vo Kabopicovv Ta enimeda yovidlokne Ekppacns Tov mRNA

Ol TOV TPOTEIVOV.
Ava@opég:

Introduction in Synthetic Biology (springer) by Mario Andrea Marchisio

Mathematical modelling and synthetic biology



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5102263/

Kepaiaro 9: iGEM ko iGEM Bhopal 2021



O IMaykoouog Awoyoviopog I'evetikog Tpomomompuévng Mnyovig (1IGEM) eivan évag
TOYKOGHOG Sl0y®OVIGUOG aPLEP®UEVOS TNV TPO0do NG ouvheTikng ProAoyiag, v
EKTOLOEVOT KO TNV OVATTLEN LG 0VOLY TS KOWVOTNTOS Kot cuvepyasiog. Alvel oe pobntég
(Avkeiov, TPOTTLYIOKOD KO HETAMTUYIOKOV) pia gvkaipio vo mBncovv ta chvopo g
ouvBeTIKNG ProAoyiag e TNV OVTILETOMIOT KaONpePvOV TPOoPANUdT®Y TOV KOGUHOV, LE
OLEMGTNUOVIKES OUAOES TTOL OOVAEVOVV GTOV GYEOLAGLO, TNV KOTAGKEVT], TO EAEYYO KOl TN

HETPMNOTN EVOG GLGTNOTOG XPNOLUOTOIMVTOG EVAALAELLO BloAoyuKd HEPT).

Ta mpoypappota iIGEM pmopet va ekteivovtal og pio peydAn motkido epoproydV Ommg
OepamenTiKeg, SloyVOOTIKES, TEPPUAAOVTIKES, SLOTPOPIKES, EVEPYELOKES KO BLOUNYOVIKES,
Yo vo. ovopdoovpe pepikeg amd avtéc. [lepiocdtepeg amd 350 opddeg amd meplocOTEPES
and 40 yopeg ovppetéyovv otov iIGEM kdbe ypdvo Kot Guvelsépovy atnv Tpdodo TG
ouvvBeTikng Prodoyiag kot evoucOntomolovv Tov Yevikd TANBLGUO Yoo TN ocvvOETIKN

BloAoyia.



IGEM IISER BHOPAL - 2021

BLAST

B. Longum induced Apoptosis using Smac and Trail
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To évopa kor to logo g iGEM Bhopal

détog, 1 opdda iIGEM Bhopal gpydleton mve o éva mpdtlekt mov otoyedel 61N peiwon
ToV TOco» TOL KOPKivov HE TN onuavtiky peimorn tov peyéBovg Tov  OYKOUL,
YPNCILOTOLOVTOS Mi0L OTOTEAECUATIKY OovTIKOPKIVIKY Oepomeioa mov Bo odnynoetr oe
OOTTOCN TOV KOPKIVIK®OV KVTTAp®V, Yopis PAAPN ota puoioloywd kvttapa. H Adon
avt tepthappdvet To Paxtipro Bifidobacterium longum, éva vroypemtikd avaepofio mov
éxel amoderyBel va evromiletal e VIOEIKEG TEPLOYEG OYKMV in VIvo, Kol v eKADEL £101KA

TOV OYK®V TENTIO TOV TPOKAAOVV OOTTMOOT GTO UIKPOTEPIPAAAOV TOV HYKOV.



Plasmid construct
with the inserted gene

P

@

Injecting the bacteria
into the tumor

N

Transformed B. longum
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Mia amhomompévn popen TS AVGNG EGV VT TPOYILOTOTOLOVVTAV GTOV KOPKIVO

TOV LOGTOV

YKOTEVOVIE VO UETACYNUATICOVUE TOV QOPEN OGS HE IO GLYYMVELGN TOL YOVIdIOL
TRAIL-Smac, tov avBpomivov yovidiov TRAIL (odnyel ce andntwon péow eEMTEPIKOV
povomatiov), kot to yovidolro Smac/DIABLO mov odwomepvd 10 kvtTapo (odnyel oe
OmONTOON HECH E0MTEPIKOD HOVOTATIOV). Oa oyedidoovpe pia moAn AND yio tov
vrokwvnt) tov TRAIL kot mentidio ovyywvevong Smac/DIABLO ®ote n ékkpion va
TPOYLOTOTOLEITAL LOVO OTO VEOTAUGLATIKG KOTTOPO OTTOL VIAPYEL VYNAT) CLYKEVTPOGN
yoAakTikoD kot vo&ia. Emumiéov, yio va mpoidBovpe v mepiBailoviikn amerevfépmon
TOV TPOTOTOMUEVOV BakTnpimv Kot Vo dlac@aAIGOVUE TNV AGPAAELN TOL 0c0evovg, Ba
ocvoumeptdfoope évav dtakdmtn Holin-Antiholin gvepyomotodpevo omd 10 yohokTiKo yio
va dtwcparicovpe 0Tt To Baktipla Oa emPudcovy povo oe €va mepiPdAiov émov 1

OLYKEVIPOGON TOV YOAOKTIKOV glval peyordtepa amd €va O6pro. Avtd Ba okotdoel To



Baktrpla mov evromilovial KovTd 6€ VY1ELG 16TOVG OOV TA VYNAAL EMTEON YOAAKTIKOV OEV

vrdpyovv, tporappdvoviot tn PAAPN o€ PLGIOAOYIKE KUTTOPOL.

Kepdararo 10: EQappoyéc tng ZvvOetikng Broroyiog

Topa mov €pi&eg o patid oto T eivar 0 IGEM kot mhve og 1 dovAgvovpe pETog, pde N
opo vo dovpe pepkd GAlo mopadeiypota and mpdtiekt opdowv iIGEM mov €yovv

SOVAEYEL Y10 VOL ADGOVV TOTIKA TTPOPANLOTA LLE AVVTTOAOYIGTEG EMMTMOGELG

Mia povadiki) Avon yia 1o evpv apoPfAnpa Tov Aekéd®v amd paan/catechu

A6 T0VG 6TABUOVS TPEVOVY UEXPL TOVG TOLYOVG 1) TOVE OPOUOVS KOl YWVIEG, O TOVTAYOV
TOPOV  AEKEG £€YEL  OTOWEWDOCEL TIS TEPLOGOTEPES Ympeg TG NoOTwg Aociag,
ocvumepthapPoavopevne kot e Ivoiog kot to mpdPAnua eaivetor va £xel EePUyel EKTOC
eréyyov. H opada iGEM amd to KoAréyio Ramnarain Ruia ot Mumbai 1o 2018 emvonce
plo. eKTANKTIKY ADOM Yoo TNV OVIIHETOTICT LToV TOL TPoPANRpaToc. Xyediacav Tto
Catechewing coli, éva kotackevacpévo PBoaktnplokd cOGTNHO TOV ATOGVVOETEL TOVG
EMIHLOVOVC KOKKIVOUG AEKEDEC EMOAVOPEPOVTIOG TO TOPUUOPOOUEVE WEPT THC® OTNV

TapOEva Lope1 ToLG.
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Catechewing Coli

To €1deyBég KOPEKOKKIVO YpOUO TOV AEKEO®MV paan mpospyeTon amd 1o catechu kot to
slaked lime - o Tp®TO divel TO KOKKIVO YpdLOL Kot TO dEHTEPO TO EVIGYVEL TO YEVETIKMDC
tponomomuévo E.coli mapdyel éva cuvovBOievpo eviouwmv mov €xovv ekkplBel oto
nepfairov. Avtd to Evilupo dOLAELOVV YioL VO OTOGLVOECOVV T YPOUATIGUEVO
OLOTATIKG TOV AEKE paan oe Alyeg Mpeg petd v epappoyn. [a va avénbei n mpotipmon
10V eVEOHOV TPOG TOV Aeké oL TtepLéyel acPéotio Adym Tov slaked lime, mpdcsbecav emiong

010 £vlupo pia mepLoyn mTov TPocsdével acPECTIO.

‘Exovpe pabet og mponyodpeva kepaiota 6Tt 1 aneAev0EPOOT YEVETIKDG TPOTOTOMUEVDV
Baktnpiov pmopel vo mpokoAécel kakd oto mepPailov. Exovv cvumepiddfer Evav
olako6mTy OavaTov mov evepyomoteitar amd Ta TPoidvTo amocHvOESNC TOV Aeké paan yio
va ovTippomcovy 10 TpoPAnpa. Omote 6tav To PakTiplo. TEAEUOVOLY T SOVAELNL TOVG,

avtio! Avto kdvel To TPOTLEKT TOVS PIAIKO TTPOg TO TTEPIPAALOV, EE0KOVOLEL pOVO, dEV


http://2018.igem.org/Team:Ruia-Mumbai

YPEWBLETal KOTO KOl £YEL CVUGTNUO EQPAPUOYNG O €VPEiD TEPLOYN YWPIC TNV EUTAOKT

HEYEAA®VY TOGOTNTOV VEPOL KOl SLUPPOTIKAV YNUKOV.

Mio oloonueiotn zmpoondBeio Yoo T Avon Tov cofapod mPOPANpATOS TG

Awrtapayms Katappevong tov ATolKi®OV TOV HEMGOAOV

Yav va €xel Pyer and emewsodo tov Black Mirror, n Awtapoyn Koatdppevong twv
Amoidv ametlel va eEarelyel ohdkAnpovg mAnbuopots peAsomv, mov Bo onpove v
aVATOPEVKTY KATAPPEVGT OAOKAN POV TOTIKOV 0O1KOGVOTNUAT®V. Mia and T1g outieg g
AKA eivon n poivvon and omopovg tov Nosema ceranae, yvootd Kot MG UWOKNTOGC
piKpoomopdiov, mov eivon éva povokvttapo mapdctto. H pdéivvon emekteivetan pe v

OVTOALOYT] OVCIDOV HEGH GTOUATOV 1 TO TAIGHO TOV TPOVUUPOV.

H opdda iGEM tov EOvikov IMavemomuiov tov Yang Ming (NYMU), a6 v Tainétl 1o
2013 oxépmke pio Kovotouo mpocEyyion Yy va Pondncer v e&dAetyn Tov

npoPfiquatog. Tpomomoinoav yevetikd ta Paxtrpia E.coli ota Bee coli!
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Bee Coli

H opdda otdyevoe va mepiddfetl oe kbwya 1o Bee Coli, va 10 mepiddfet oe £va dtdivpa
Cayapng kot petd vo to taicel oe péMoces. To Bee coli o moAlhamhacialotov 610
HEGOKOLO TV HEMGGOV Yo Vo avarmtvuéel v avocio kotd tov Nosema ceranae. H
KOWOLAQ OLIAVETOL ATOKAEIGTIKA GTO KOAOV TNG LEMOGOOG KoL OEV EMEKTEIVETAL AGKOTA GE
Ao copatikd pépn. Ta molkd vipota tng Nosema, mov eivor cav Pelovoegldeig
npocekPorés, eivar kAedl yuo ™ poAvvon tov pelmocwv. To Bee coli gpumodilel v
TOPUYMOYN TOV TOMKOV VIUATOV KOl GUVERTMOC TeEPLopilel TV enékTaom NG HOALVOTG,

o®lovTag TEAIKA TIC LEAMGGEC!

EmnpocOeta, av n tpomomomuévn péMcca okotwblel 1 meebel and xa'molov Ao
opyoavicpd, n opdda coumeptélafe Evav dtoakoOTTN BovATov EVEPYOTOIOOUEVO OO TO UTAE
em¢, mov Ba €éAve 1o Bee coli kat Oa mpoAdpPave oroladnmote ENUOAVLVOT] TOV PLVCTIKOV

nepPAAAOVTOC.
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1. IGEM Team: Ruia-Mumbai - 2018

2. IGEM Team: NYMU-Taipei - 2013



http://2013.igem.org/Team:NYMU-Taipei/Project
http://2018.igem.org/Team:Ruia-Mumbai
http://2013.igem.org/Team:NYMU-Taipei/Project
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