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PREFACE

ARE YOU READY FOR BIOTECHNOLOGY?
presents the foundational concepts of molecular
biology and biotechnology through a vocabulary-
first, visually structured approach. It is intended
to support learners in developing a clear and
accurate understanding of key terminology before
progressing to more complex applications of the
subject.

Molecular biology is often introduced through
terminology that is used extensively but rarely
explained in depth, resulting in students
memorising definitions for examination purposes
without developing a functional understanding of
the wunderlying concepts. Therefore, this book
introduces each key term individually,
accompanied by a gquiding question, a plain-
language explanation, real-world examples, and a
corresponding visual illustration.

To further support engagement, selected
illustrations are AR-enabled and can be scanned
using the Artivive app for additional animated
content, while self-paced quizzes are included
throughout to help learners review and reinforce
key concepts.

This book is intended for students, educators
seeking classroom-ready material, and readers
with a general interest in biotechnology. It s
hoped that this approach will support learners in
building both accurate scientific vocabulary and a
durable conceptual foundation for further study.
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Chapter 1

ENZYMES

el N
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V. ENZYMEIPOWER' &

Look around.
Biotechnology already exists at home.
Dirty clothes can be cleaned using
detergent.

Detergents contain ENZYMES.
Enzymes help remove stains.

®»
WHAT IS AN ENZYME?



LYSOZYME
ENZYME

S\ CTIVE SITE

SUBSTRATE

Peptidoglycan Transit
State Analog

This is an enzyme.
It helps reactions happen.
The ACTIVE SITE is where the reaction happens.
AMINO ACIDS like Glu35 and Asp52 form the
active site.
The SUBSTRATE binds to the active site.

Enzymes INDUCE reactions.
®

WHAT DOES INDUCE ACTUALLY MEAN?
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Oh my... e
This school : : The teacher

uniform is so dirty! |® . said to use
Stubborn mud won't YNV N soap with
even come out... S AL S ) A enzymes...

At the microscopic level,
Enzymes react with the dirt...

{Melekat] 3.

e

‘\"es, Amir! The enzyme Ohh! So it's the
e 2 N . catalytically induced the ; that “started” the |
The 5_13"" 1S \ , dirt breakdown reaction  /f=i whole chemical |

fading... b AN earlier. M reaction?! ﬂ‘
like magic! N Y ‘

: Q. /
==Scrub V-7
2 [Scrubblng] \H‘

‘ " Correct! It @
speeds up the §
,  process! ‘

that break down dirt and stains, ARTIVIVE APP OR CLICK

Enzymes are natural catalysts - SCAN THIS COMIC WITH
ESE RTIVIVE
making cleaning faster and easier! N THIS BUTTON




WHAT DOES INDUCE MEAN?
“The enzyme induces a reaction”
simply means:

The enzyme starts the reaction.

The enzyme causes the reaction to happen.

LOOK AT THIS EXAMPLE!/

LIPS
\

NATIVE PROTEIN Fe? 4
(FOLDED STRUCTURE) Lo

. 2
. .' \A .

AGH!
IT's T00 HoT! ¥l
I'M LOSING
MY SHAPE! g%

Heat can induce protein denaturation.
simply means:

Heat causes proteins to change shape.

10



WHAT DOES ACTIVE SITE MEAN?

"Express”

simply means:

The active site is a special pocket on the enzyme.

It is shaped to fit only certain substrates.

e

SUBSTRATE

Amino acids like Glu35 and
Asp52 form the

ACTIVE SITE

WHAT DOES SUBSTRATE MEAN?

"The substrate binds to the active site"

simply means:

The active site is a special pocket on the enzyme.

It is shaped to fit only certain substrates.

11



Energy

Y

In science, we often use a more specific word:
CATALYZE
Enzymes in detergent catalyze
the breakdown of stains.
Enzymes don't just start reactions.
They speed them up.
Enzymes catalyze reactions by lowering
ACTIVATION ENERGY.

*»

WHAT DOES CATALYZE ACTUALLY MEAN?

12



WHAT DOES CATALYZE MEAN?

"Enzymes catalyze the breakdown of stains"
simply means:
The enzyme speeds up the reaction.
It doesn't just start the reaction, it makes it go faster.

LOOK AT THIS EXAMPLE!/

SALIVA CAN CATALYZE
STARCH DIGESTION!

SIMPLY MEANS: ‘

SALIVA SPEEDS UP THE BREAKDOWN |

OF STARCH INTO SUGAR. o
E | N

Saliva can catalyze starch digestion
simply means:
Saliva speeds up the breakdown of starch
into sugar.

13



It feels like
: I'm pushing
the stain P
still not mme}'hmg

coming

Reactions Y 3 W2\ RN N Enzymes ¥

need energy [ oY : R Y RN "l lower this
to start... A= n Q( R TR RS e ) barrier.

Nowit's  Jof AN R/ That's how
happening NN | enzymes
much faster! A&F8 3 B catolyze

Ny W& reactions.

Enzymes are natural catalysts that speed up chemical reactions
by lowering the energy needed to get started

3‘ SCAN THIS COMIC WITH
RTIVIVE  ARTIVIVE APP OR CLICK * u
@1\.».;

THIS BUTTON




WHAT DOES ACTIVATION ENERGY
MEAN?

“Enzymes lower activation energy”
simply means:
Less energy is needed to start the reaction.

The reaction happens faster.

Some enzymes induce reactions.
But some other enzymes can INHIBIT them.

WHAT DOES INHIBIT MEAN?

“The enzyme inhibits a reaction”
simply means:
The enzyme stops the reaction.
The enzyme slows down the reaction.
The enzyme prevents the reaction

from happening.

5



It’s working!
The stain is
disappearing!

Something is
blocking the

‘This substance |
INHIBITS

the reaction.

‘So... it STOPPED

the reaction?

%) - Enzymes are natural catalysts that speed up - SCAN THIS COMIC WITH
AL chemical reactions by lowering the energy ,'~. »gg RTIVIVE  ARTIVIVE APP OR CLICK
* needed to get started. 4 THIS BUTTON

-0




LET’S LOOK AT THIS EXAMPLE/

' uem; ACID ls mwcm

) ———

SIMPLY MEANS
MICROBES CONVERT SUGAR
INT 0 LACTIC ACID

A drug inhibits a specific enzyme.
simply means:

The drug blocks the enzyme'’s action.

16



LET’S LOOK AT THIS EXAMPLE/

™ SOME CHEMICALS

SIMPLY MEANS:

SOME CHEMICALS STOP
BACTERIA FROM GROWING.

INHIBITION = LESS GrowTH i

Some chemicals inhibit bacterial growth.

simply means:
Some chemicals stop bacteria from
growing.

17



@f@ omm THEJWORDS 73
T 77777

e

Active Site

. Inducer
Molecule [

INDUCTION: An inducer molecule activates |
an enzyme or protein pathway, changing

its shape to allow substrates to bind,
triggering a metabelic reaction,

The inducer has
| arrived! The reaction
is starting!

Stop!
{ The inhibitor has

blocked the enzyme.
No product can
be formed!

INHIBITION: An inhibitor molecule binds to an
enzyme, preventing its normal function by

blocking the active site or altering its structure,
effectively stopping the biochemical process.

INPUCTION = ACTIVATE
Helps the enzyme work.
=) Starts or increases the reaction.
Example: Lactose inducing enzyme production
in bacteria.

INHIBITION = STOP
Blocks the enzyme’s action.
P Stops or decreases the reaction.
Example: Antibiotics inhibiting bacterial
Enzymes.







Chapter 2

CELLS

This is a single cell.
Cells can increase in number.

One cell can become many cells.
This means cells can PROLIFERATE.

®»
WHAT DOES PROLIFERATE ACTUALLY MEAN?

20



CELLS;INTACTION: ¥
Rowmefmvmmmmm e}

More cells, more life — growth happens every day!

They' ve
increased

%]
(=1

a lot!

—
o

CELL COUNT (Millions)
-

there so
many cells

increasing
2 3 4 very fast!
TIME (Days)

=]

When cells divide repeatedly,

et their numbers increase.
Division

\ complete!

What do we When cells increase It simply
call this quickly in number, means rapid
. rapid number, they increase.
increase? PROLIFERATE.
=1
) ;s
="/

Cells divide to increase in number. 1 ( ‘ SCAN THIS COMIC WITH I
This process is called proliferation — A\ ARTIVIVE APP OR *
i i g CLICK THIS BUTTORN!

the key to growth, healing, and life!




WHAT DOES PROLIFERATE MEAN?

“Cells proliferate”
simply means:
Cells increase in number.

Cells multiply quickly.

LOOK AT THIS EXAMPLE!/

: QJA.MQ%%/ g%ius :
’ U#cgnrs@;;m v

SIMPLY MEANS:

CANCER CELLS
CANCER CELLS
‘ MULTIPLY RAPIDLY ~ (UNCONTROLLED GROWTH) .

/

:»m/

v/Gruut mmdmt

' Stop when the body
doesn’t need more

] v Keep tissues and organs
healthy

Cancer cells proliferate uncontrollably.
simply means:

Cancer cells multiply rapidly.

21



~ All these cells ' ' o " Wait... they're
A\ look the same... M PR [ (085 W0/~ \  changing?

They're doing
different jobs!

So... they become )
specialised?

[ Differentiation is the process where cells
| change to perform specific functions.

e [ e SCAN THIS COMIC WITH
i AN! ARTIVIVE  ARTIVIVE APP OR CLICK
aw THIS BUTTON

From identical cells to
incredible functions —
that's the power of
differentiation!




Cells can increase in number.
But cells can also change.
One cell can become different types of cells.

Cells can DIFFERENTIATE.
*»
WHAT DOES DIFFERENTIATE MEAN?
“Cells differentiate”
simply means
Cells become different types of cells (e.g. nerve, muscle, blood).
Cells become specialised.

LOOK AT THIS EXAMPLE!/

‘ M CELLS DIFFERENTIATE
SISTO SPECIALISED CELLS.

/<, 1 ABSORB "\
R\ NUTRIENT

/
A

SMALL CELL..
WiNY POSSIBILITIES! YR
£y’ THAT'S THE POWER OF
S’ STEM CELLS!
Q FROM ONE STEM CELL, MANY SPECIALISED CELLS ARE FORMED. b
W THIS IS HOW OUR BODY GROWS, REPAIRS & STAYS HEALTHY!

Stem cells differentiate into specialised cells.
simply means:

Stem cells become different types of cells.

22



/ Let’s increase
\ f our numbers!

CELL DIVISION (MITUSIS'}
Splitting to make copies! |

many of us,

aII the same! V-
-.-rr‘.;:-u...h

"‘h Look' Drfferent
__ 7). jobs and forms!

Now that
we are many,
what's next?

. ’:{;*ﬁ §
Spindle-shaped = |
muscle cells

i Gl AN s [
CELL PROUFER#T!OH The process by which ‘1 CELL DIFFEREHTMTION The process where cells

cells increase in number through cell division. | change from simple types to specialized types
One parent cell creates many identical .| with specific functions. Controlled by gene

A AL W . expression, cells acquire unique features 4
daughter cells for growth and tissue repair. __ (exg, nerve muscle, blood) foricomplex functions. * |

o




A normal cell 9 Something causes 0 The DMA changes.
with healthy DNA, damage to the DMA, This is a mutation!

o The cell divides 0 Daughter cells carry o CQwer time, mutated cells
and copies the mutated the mutation. can grow and may cauwse
DMA. changes in the body.

Cells can increase in number.
Cells can become specialised.
But sometimes... something changes inside the
cell.
The genetic material can change.

Cells can MUTATE.

»

WHAT DOES MUTATE MEAN?

24



When Cells Change Forever

Sometimes, a tiny change can make a big difference. ]

What happened
to the active

“What was
that?! A
bright flash.”

This cell looks X
different... ,'
Its shape is weird! £

Observe, Emi.
This cell’s
structure has
permanently

somethmg
changed insid
1 ~ the DNA"'

The cell ha \
MUTATED.

DNA

e

Exactly, Emi!

Mutation is a

change in DNA
sequence. -

2 Mutatmns can be natural or caused by enwrunmental factors.
They drive evolution, diversity—and sometimes, disease.

e —

LA SCAN THIS COMIC WITH
AW ARTIVIVE ARTIVIVE APP OR CLICK e
e | THIS BUTTON




WHAT DOES MUTATE MEAN?

“Cell mutates”
simply means:
The cell's DNA changes.
The genetic material is altered.

LOOK AT THIS EXAMPLE!/

Some mutations
lead to cancer.

simply means:
DNA changes can
affect cell growth.

UV radiation can
cause mutations.

simply means:

UV light changes DNA.

ON CELL GROWTH, WHICH MAY LEAD TO CANCER.

8 CERTAIN MUTATIONS CAN REMOVE ﬂE'BMKES‘

25
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Chapter 3

DNA

DNA

DEOXYRIBONUCLEIC
ACID

The master blueprint

that stores all genetic

instructions.
S

DNA stores
all the
important
instructions!

A pairs with T

BASE PAIRS
C pairs with G

SUGAR-
PHOSPHATE |

BACKBONE

DOUBLE
HELIX

[ NUCLEOBASES

A, T,C,G

This is DNA.
It is double-stranded.
DNA stores genetic instructions.
[t contains the bases A, T, C, and G.
The order of these bases carries information.
This means DNA can be TRANSCRIBED to produce RNA.
This DNA is called the template strand.

»
WHAT IS DNA MADE OF?

26



WHAT IS DNA MADE OF?

DNA is made of many small units

called NUCLEOTIDES.

& (2] (3]

[ PHOSPHATE J { DEDJ(YRIEDSE] (mmoseuous]
|

GROUP SUGAR BASE
Prm.rifdels 5t}ructure A 5-carbon sugar that Carries the genetic
and links the gives DNA its shape. information.

nucleotides together.

[THE 4 NITROGENOUS BASES IN DNA ]

There are four types of bases.
We remember them as:

[A ADEHlMEj [ T THYMINE W [Ccvmsm " (5 GUANINE

| |
| I
|
|
I

. Pairs with A ‘ Pairs with & Pairs with C

* DNA is made of nucleotides.

* Each nucleotide has 3 parts: phosphate group, deoxyribose sugar,
and @ nitrogenous base.

* There are & bases in DNA: A, T, C, and G. )

WHICH DNA BASES PAIR TOGETHER?

Think of
nucleostides

as the building
blocks of DNA!

27



This rule

helps DNA stay
strong and makes |

, COpying possible!

THE BASE-PAIRING RULE

DNA has a special rule.
The bases always pair in a specific way.

1. BASES PAIR LIKE THIS:

( ADENINE ) ( THYMINE ) (cwusme " GUANINE |
= s-j '\-—_—_/ By

t_'!:l

H \ REmgmber:
L Always

\ N A > T and C « G ,.rf A with T

o, l ) C with GI
L

So, the base-pairing rule is:

2. COMPLETE THE PARTNER STRAND!

|

Fill in the missing bases using the base-pairing rule. a1
T
== Sugar-phosphate H § 2
DAEKESnS "@'-@'O 4 G
<<= Hydregen bonds 5. T

between base 6.

= e DB e | §
8 C

| 3. WHY IS THIS RULE IMPORTANT?

It keeps DNA stable.
The correct pairing holds the two strands
strong together.

',-" This is how DMA "-,I

" can pass important
information to new

] cells and new .

| organisms!

It allows DNA to be copied accurately.
Each strand can guide the correct
partner bases.

WHAT SHAPE IS FORMED WHEN
THE TWO DNA STRANDS COME TOGETHER?



Ffj THE DNA DOUBLE HELIX

Many nucleotides join together to form
long strands of DNA.

Two complementary strands twist around
each other to form a double helix.

The basic unit Many nucleotides

Two complementary
of DNA. link together to strands pair up

form a DNA strand. using base-pairing rules

(A-T and C-G).

- THE TWISTED LADDER ANALOGY

SIDES OF THE LADDER
Sugar-phosphate
backbone

Strong and stable.
Protects the DNA.

STEPS OF THE LADDER
* MNitrogenous base pairs

A pairs with T
C pairs with G

THE WHOLE LADDER
Twisted ladder

This twisted shape is
called the
DOUBLE HELIX.

@ FUN FACT!

If we stretched all the DMA in
one human cell, it would be about
2 meters long!

Joined by hydrogen bonds.

The two strands twist
around each other

to form a

DOUBLE HELIX!

# * MUST REMEMBER!

|
|

y

28
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DNA has

two strands.
They are
complementary.

The strands
twist to form
a double helix.

The sugar-
phosphate
backbone
forms the
outside.

The base pairs
are found
inside.

R

9 THINK AND WONDER!
:/- n' ] ‘ P
Where iz DNA found inside the cell? %

Let’s see how
| the pieces come
together to
build DMA!




Wow! What's DNA is made of
this long, ; small units called
twisted thing NUCLEOTIDES.

Each nucleotide

et has 3 parts:

p—— @- Phosphate
P

— Deoxyribose
sugar (S)

i's DNA! [kl P\ \ AN N @
The molecule that stores (A ]

all the instructions for life! [EES | ‘ There are four bases:
' - - L e W A T, C and G!

But the bases don't pair b ! &
B randomly! There’s a rule! e hold the two strands
. ~ eV = \ together like the
A pairs with T N j |\ steps of a ladder.

o

C pairs with G

This special rule is called the Y | {backbone) is ' When two strands twist together,

made of sugar

BASE‘PA'RING RULE; : Wiy . | and phosphate! \ they fﬂfm d DGUBLE HELI‘X!' lv

DNA is super long .. DNA is like a master
(about 2 metres in . instruction book.
one human cell!),

v "t\ but it can fit inside

the nucleus!

8| & It can be copied

accurately.

& It is stable and

It is tightly packed ¥\ : 7 3 :
and organized so it can N — = That's why DNA is so lmportant -
A be stored safely. | it keeps life running!

base-pairing rule (A-T and C-(G) and double helix structure “

ﬁ DNA is ; long, twisted molecule made of nucleotides.
Its
~ help store and protect the instructions for life.

R - SCAN THIS COMIC WITH
A ARTIVIVE ARTIVIVE APP OR CLICK =
\ THIS BUTTON




Chapter 3

r N

Scan the QR code
to begin!

L -
—

click this button




Chapter 4

RNA

RNA |
RIBONUCLEIC ACID ' g
The single-stranded =1

messenger and
maolecular hBlPBf'-r ;

3 - . 3
1 @ e
5INGLE-STRANDED
STRUCTURE

This is RNA.
It is single-stranded.

RNA contains the bases A, U, C and G.
RNA helps cells use information from DNA.
It helps cells make proteins.
Different types of RNA have different jobs.

®»

WHAT MAKES AN RNA NUCLEOTIDE?

31



WHAT IS RNA MADE OF?

RNA is made of many small units

called NUCLEOTIDES.

Each 7
nuclectide is

like a building
& block of RNA!

S R e

" PHOSPHATE | | | | | NITROGENOUS |
l GROUP ) | RIBOSE SUGAR | | BASE
Forms part of the A 5-carbon sugar Carries the genetic
RNA backbone. called RIBOSE. information.
{S’“ THE 4 NITROGENOUS BASES IN RNA
There are four types of bases:
‘ ADENINE m URACIL 0| CYTOSINE | (G | GUANINE

Pairs with U Pairs with A Pairs with G Pairs with C

* MUST REMEMBER!

+ RNA is made of nucleotides.

» Each nucleotide has 3 parts: phosphate group,

ribose sugar and a nitrogenous base.
« The 4 RNA bases are A, U, C and G.

4 ~
HOW IS RNA DIFFERENT FROM DNA? -



HOW IS RNA /[ ets compare

| RNA and DNA |

DIFFERENT FROM DNA? | sty |

RNA and DNA are similar,
but there are some important differences.

FEATURE DNA RNA
Double-stranded Single-stranded
§ Structure [ |
(like a ladder) (like a single line)
Deoxyribose Ribose
CH, Q CH, .0
® -~ @
® (o8
(lacks one axygen) (has one extra oxygen)
(3 Nitrogenous A T,Cand G A U, Cand G
[3 (5] Bases (uses THYMINE) (uses URACIL)
Mainly in the In the nucleus and
nucleus of the cell. also in the cytoplasm.
o Location — L
] Stores genetic Helps use the information
BRI information. from DNA to make
proteins.

MUST REMEMBER! 3

« DNA is double-stranded. RE"“"““‘" _ ..@f
SARHAY s ismals st e, DNA stores the information. A

RNA uses the information.
* DNA has deoxyribose and thymine (T).

« RMNA has ribose and uracil (U). Together, they help
build life!

+ RNA helps make proteins.

WHAT ARE THE DIFFERENT TYPES OF RNA #
' AND WHAT ARE THEIR JOBS? »




@ mRNA

(messenger RNA)

I\

mRNA is like a "message”
copied from DNA.

Carries the genetic
information from DMA in
the nucleus to the ribosome
in the cytoplasm,

LOOKS LIKE:

A long, single-stranded

, — S
% WHAT ARE THE DIFFERENT [ ' ¢
b/ RNA comes in , All t f RNA
sez=o\ U TYPES OF RNA? ¢ | #ores
. A En‘r.h Ilnus a special l information from
p i 100 I the oell There are 3 main types of RNA. DNA to make
by They work together to make proteins! proteing. )y

@ tRNA

(transfer RNA)

L

tRNA acts like a "delivery
person”.

JOB:

Brings the correct amino acid
to the ribosome based on the
message in mRMA.

molecule. A cloverleaf shape.
* EASY WAY TO REMEMBER!

mRNA = Message

tRNA = Transfer (delivers amino acids)
DNA is

rRNA = Ribosome (forms the machine) transcribed to
mRNA,

LY ! '

mRMA carries the message, tRNA delivers the amino acids,
and rRNA builds the ribosome.
Together, they make proteins!

¢ . Amine acid
attaches here

© rRNA

(ribosomal RNA)

rRNA is a main part of the
ribosome.

JOB: |

Forms the ribosome and helps
join amino acids together to
build a protein.

LOOKS LIKE:

A folded, complex

molecule.

L8

tRNA brings rRMNA helps join
amino acids to amino acids to
the ribosome. make a protein!

e CAN YOU MATCH EACH TYPE OF RNA TO ITS JOB? #



Let's follow
the journey of
making a
protein!

-

HOW DO THE 3TYPESOFRNA [ = * p)

Wo RK TOGETHER? mRNA = message

They all have different jobs, tRNA = transfer
but they work as a TEAM to make a protein! rRNA = ribosome

@ e MessaGe =p @) THE DELIVERY =p (€)) THE MACHINE =p ) THE PROTEIN

mRNA carries the tRMA brings the correct rRNA forms the Amino acids are joined
message copied amino acids to the ribosome, where together in the ribosome
from DNA. ribosorme. proteins are made. to make a protein.

. T

It moves out of the Each tRNA has an The ribosome holds The protein is released
nucleus to the anticodon that matches mRNA and tRNA and goes on to do
cytoplasm, the codon on mRNA. together. important jobs in
the cell!
Codon on mRNA
o T
7

Anticodon on tRNA

DNA mRNA tRNA PROTEIN
OO + s+ G + Jb 4 00
- . Y A
Information is mRNA is made rRNA builds the tRNA brings the Amino acids are
stored in DNA from DMA and ribosome (the right amino acids joined together
in the nucleus. carries the protein-making to the ribosome. to make a
message out. machine). protein!
2 QUICK SUMMARY
LD AR SN TYPE NICKNAME ~ MAIN JOB
» There are many mRNAs, but only 3 main Carries the genetic
types of RNAs! mRNA UniStesigon message from DNA,
» rRMA is the most abundant type of RMA } Brings amino acids
in the cell. tRNA ‘ The Delivery 41, the ribosome.
+ Without these 3, cells cannot make proteins Foimaithe Ghoming
and life cannot exist! rRNA The Machine  and helps build
proteins.

0 CAN YOU PUT THESE STEPS IN THE CORRECT ORDER? #



the message from
DNA and help
make proteins!

tRNA rRNA
(transfer RNA) (ribosomal RNA)

Brings the right Forms the ribosome
aming acids to and helps put
the ribosome.

mRMNA bnngs the message. tRNA bﬂngs the
amino acids. rRNA builds the riboseme.

RMA goes to
the cytoplasm.

i_,l

And that's how RNA helps bu:!d everything in your body —
from muscles to enzymes.

SCAN THIS COMIC WITH
m ARTIVIVE ‘ ARTIVIVE APP OR CLICK # n

THIS BUTTON




I'm shrinking?! r
I'm inside the nucleus... [
7 and that's DNA! &8%

Watch closely —
someone’s about
to copy me.

it’s becoming a

It's reading N : Rl ;--*".:;"s <l T g )
the message... J SN WAEY " & O [OSET: & PROTE IN /
and building g WD @A el RSN S T o T

something!

And that's how RNA helps build eve:ythmgm your body —

from muscles to enzymes.

SCAN THIS COMIC WITH
ARTIVIVE ARTIVIVE APP OR CLICK
THIS BUTTON




WHERE DID RNA

Ty
i % /" Think of RNA
) '} L] .
owem= ) + COME FROM? = (.Z5C5)
, \ s copie / DNA message! |
LY RNAU - :
g RNA is made in a process called
TRANSCRIPTION.
THE TRANSCRIPTION PROCESS
READING BUILDING RNA GOES TO THE
o PN THE TEMPLATE RNA 0 RELEASED CYTOPLASM

The DNA double helix
unwinds and cpens

The enzyme RNA
polymerase attaches
to the DA,

RNA polymerase reads

one strand of DNA
template.

It reads the bases in
order, one by one.

DNA

Stays in the nucleus.

®

Double-stranded.

DO

Has deoxyribose sugar.

Qo

Contains thymine (T).

Stores genetic
information.

POP QUIZ! =

Put the steps of transcription in the correct order.

RNA

Made in the nucleus,

works in the cytoplasm.

T,

.:"\P

Single-stranded.

Has ribose sugar.

Qs

Contains wracil (U).

o

Helps make
proteins.

[ M‘ RMA goes to the cytoplasm.

! [ ] RNA is released.

"] DNA unwinds.

Complementary RNA
nucleotides are added
to build the RNA

The RNA strand is
complete and is
released.

RMA goes to the
cyteplasm to do its
job!

strand.

A-U The new RMA leaves It will join the
T=A the nucleus through ribosome to help
é = 'é nuclear pores. make proteins,

RMA is made from DNA
by a process called TRANSCRIPTION.

RNA is a copy of the DNA message.

It leaves the nucleus and goes to the
cytoplasm.

O 00 O

Together with tRNA and rRNA,
it helps make proteins!

- 2 \

---H‘“-.. =
Amazing! \
"

ll". From DMNA message \
\ to RMA helper, \:?
%, to PROTEIN maker! —

F i

] RNA is built.
|| RNA polymerase reads the template.




WHAT DOES TRANSCRIBE MEAN?
“Transcribe”
simply means:

To copy.

NUCLEUS

RNA
vom«m‘s )

/ \ﬂ
’ll M
p Q
AT 0527 | aNA LEAVES

THE NUCLEUS

: \ 3]\

A
TO CYTOPLASM

mRNA arrives in the cytoplasm.
It meets the ribosome.

The ribosome starts reading the message.,
This means mRNA can be TRANSLATED.

®»
WHAT DOES TRANSLATE ACTUALLY MEAN?
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Here's the
|, simple idea!

Fa

1T N

I've heard
the word
transcribe”®,

but what [\
does it '{:1

TRANSCRIBE

means to make
a written or RNA copy
of genetic information

from DNA.

A )

THINK OF IT LIKE... ]

DNA is the original script
written in the cell.

| listen to my /
teacher (the original | \i
information)...

When something is transcribed,
it means the information is
copied into another form (RNA).

To transcribe is to
| convert information
from one form (DNA)

| to another form =
‘ N (RNA) g
' al (original)
> QUICK RECAP

“TRANSCRIBE

= TO MAKE AN The copy is made in RNA.
- RNA COPY OF It happens inside cells.
Ix\ DNA INFORMATION.”

©

—

@ One word. Big meaning. Remember: Transcribe! ﬁj
| Transcription is the first step in . SCAN THIS COMIC WITH
/ making proteins — the building blocks AV RTIVIVE ARTWVIVE APP OR CLICK * n
of life! THIS BUTTOM!




WHAT DOES TRANSLATE MEAN?
“Translate”
simply means:

To convert into something else.

£RNA vs mRNA

Different shapes, different jobs/

tRNA C) mRNA
(transfer RMA) " F— AMINO ACID {messenger RNA)

Delivers amino acids
to the ribosome.

Carries genetic instructions
5 P from DNA to the ribosome.
f

Matches with
= the codon el
= an mRMA, CODON
e — (3 bazes)
ANTICODON

’ AMINO ACID tRNA mRNA CODON
e " Has an anticodos that A long strard with codens W We:
N Tha building block o
o nf. w"::g matches the codon an mENA w {gresps of 3 bases) that [ﬁ I G
L and carrigs an aming soid, condain the instructions —
I group of 3 bases

10 build proter

If mMRNA carries the message...
...then another type of RNA, tRNA,
carries the amino acids.
tRNA means transfer RNA.

[t delivers amino acids to the ribosome.
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| i | 57 TRANSLATE

{making RMA ;
from DNA). [ means the cell uses

(") What happens [ the mRNA code
rext?

to build a PROTEIN'

After transcription, mRNA leaves
| the nucleus and travels to the
ribosome in the cytoplasm.

| RIBOSOME

2. mRNA CODE IS READ

The ribesome reads the mRNA
three letters at a time.
Each three-letter code is called

tRNA molecules bring the right
amine acid that matches

The ribosome links the amino acids

each codon.

together in the order of the codons.

5. THE PROTEIN IS MADE!
The chain keeps growing until
a STOP coden is reached.

To sum it up...

| TRANSLATE =
| \ USE THE mRNA CODE
N TO BUILD A PROTEIN!

quick Recap B

4. AMINO ACIDS LINK TOGETHER

L. BULD FIGHT
[4C) MUSCLES  GERMS

6. NEW PROTEIN, NEW JOB!

The new protein folds inte a shape
and goes to work in the cell!

SEHD AND
SIGNALS MORE!

B4 RNA brings the code from DNA.
% The ribosome reads the code {codans). |
B tRNA brings amino acids.
B Amino acids link together.
ﬁ A new protein is made!

the code into the building blocks
that make you YOU!

Translation is the next step
after transcription — it turns | m ARTIVIVE

SCAN THIS COMIC WITH
ARTIVIVE APP OR CLICK
THIS BUTTON!




Chapter 5

PROTEINS

[ HEMOGLOBIN |
(Guaternary Structure) |

‘Whoa, a protein,
it's hemoglchin!
That's in aur
blood cells, right?

a chain
{Globin pretiin)

I —— | Heme group
[contairs iron)

This is a protein.
It is made of amino acids.

The amino acids link together in a chain.
Each link is called a peptide bond.
This means amino acids can
POLYMERIZE.

»

WHAT DOES POLYMERIZE ACTUALLY MEAN?



WHAT DOES POLYMERIZE MEAN?

“Polymerize”
simply means:

To join small units into a long chain.

LOOK AT THIS EXAMPLE!/

AMINO/ACIDS |
“ZJOIN FORCES e
P -:_,;‘4'{ L

amive B Amino [ amino AMINO
Acio i [ Acio 2 [ Acio 3 [ AciD 4

¢ 9 ouol0 0 0

(tt ffen t;t;ftt e a.’?tr ..@Jfrr

AMINO ACIDS ARE THE BUILDING BLOCKS.
THEY LINK TOGETHER BY PEPTIDE BONDS
TO FORM A POLYPEPTIDE CHAIN,
WHICH FOLDS INTO A PROTEIN
THAT CAN PERFORM IMPORTANT FUNCTIONS!

Amino acids polymerize to form a protein.

simply means:
Amino acids link together, one by one, to
build a chain.
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LET’S LOOK AT OTHER EXAMPLES!/
Nucleotides polymerize to form DNA and RNA.

simply means:
Small genetic units called nucleotides join together
to build a long strand called nucleic acids.

OT,DES ’ POLYMERIZETODNAAnpm
RCES’ : SMALL GENETIC UNITS CALLED NUCLEOTIDES JOIN TOGETHER TO

’ - BUILD A LONG STRAND CALLED NUCLEIC ACIDS (DNA/RNA/ATP).

-

T 3. 70 8UD LONG STRANDS |
MANY NUCLEOTIDES LINK TOGETHER

 THIS CAN BE DNA, RNA OR ATP!

TOGETHER,
TNy, v 4 o
f r e
5 ) PNl — P
7 PN T AR NG
By = v
» — \ &
/ i 00}
y A N

THE BIG PICTURE!

0909

LINKED TOGETHER BY CHEMICAL BONDS FORM A LONG NUCLEIC ACID STRAND

Glucose molecules polymerize to form starch.
simply means:
Microscopic sugar units called glucose link together
to build a large storage molecule called starch.

> GLUCOSE UN, Ts, \ - Glucose molccuk; P;p;)lymerize to form starch. ;’{
o BUILD STARCH! - Qe twebmivbrpeperg s .
- P N 593

2. LINKED TOGETHER: | L} 3. BUILDING A LONG CHAIN: |5 5SS iiei
POLYMERIZATION : STARCH o

S sTARCH” L,

X VR TRy
nmough.a special bond called = ¥ (A LARGE STORAGE

Q> => SIRREE
g g &
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HQLECULES TO LIFE'S BIG BU;'LPERS!
What are : " o o P { ?’1 -
these little & oA P i

>

linking together

into a chain!

Amino acids join, one by one, to build a protein chain.
This chain will fold and become a functional protein!

s |




The amino acid chain is formed.
But it's still just a long, floppy string.
It twists and bends into a specific shape.
This means the chain can FOLD.

WHAT DOES FOLD ACTUALLY MEAN?
“Fold”
simply means:

To twist and shape into a specific 3D form.

STRAIGHT CHAIN FOLDED PROTEIN
(not useful yet) (ready to work!)

Shape determines function —
a protein can't work until it folds into the right form.

47



The chain doesn't fold all at once.
[t folds in stages, one level at a time.

Each level builds on the one before it.
This means folding has 4 LEVELS.

WHAT HAPPENS AT EACH LEVEL?

PRIMARY SECONDARY TERTIARY ‘b QUATERNARY
STRUCTURE STRUCTURE STRUCTURE STRUCTURE
Just the sequence — Local coiling — The full 3D shape Multiple folded chains
amino acids in a row spirals (helix) and of one chain joining together

folds (sheets)

g 4
a-HELIX B-SHEET
Not all proteins need
Like letters in a word — Short local patterns, This is usually the this step — only
order matters! like curls in hair ‘working shape’ multi-chain ones

(e.g., hemoglobin)

"Primary — Secondary — Tertiary — (sometimes)
Quaternary — each level builds the final working shape."
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FUNCTIONAL
PROTEIN!

A protsm can't do its Job until it folds into the nght.SD shape.

~ SCAN THIS COMIC WITH
ARTIVIVE APP OR CLICK #
THIS BUTTON




EVELS)

| ‘ g’ﬂfﬁ";‘* K_jllﬁj | vF'

SIMPLE CHAIN TO A POWERFUL TEAM!
D O\ ol 7 2 N - - M We're in the
\ s CYTOPLASM,
Proteins have PSS exploring how
more than one /NS \\ . proteins are

final protein
structure?

" WY . b LAY j&x

Eﬁﬁljmmsmm‘ LeveL 2: seconoaRy sTrucruge | | 4 [T LEVEL 3: TERTIARY STRUCTURE
amino acid sequence | Local folding into regular patterns | f One polypeptide folds into

Amino acids are linked together
by peptide bonds in a specific order. |

The chain begins Yideg ‘
to form stable J

Now THAT
looks like a

Two or more polypeptide subunits €. o Sometimes...
=g work together as a team! g /| , ! e Ve there's another I

WHAT WE LEARNED
N o Primary - the sequence
;‘ @ Secondary - local patterns
L 5| (@ Tertiary - 3D shape of one chain

Q Quaternary - teamwork of
multiple chains




The protein has folded into its shape.
It's ready to do its job.
But then... heat, acid, or other factors arrive.
This means the protein can DENATURE.

WHAT DOES DENATURE MEAN?
“Fold”

simply means:

To lose shape and stop working.

Heat, extreme pH, or certain chemicals
can cause this. Once the shape is lost,

the protein usually can't fold back.

« = C « \ S \t)?
0O a U

Y

HEAT ACID / CHEMICALS
NORMAL PROTEIN EXTREME pH DENATURED PROTEIN
(FOLDED & WORKING) N (UNFOLDED & NOT WORKING)
Has its shape Shape is lost and
and can do its job! it stops working.
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LOOK AT THIS EXAMPLE/

HEAT CHANGES
PROT EINS

2. HeaT 1s AppLIED S

1. NORMAL
(NATWESHAPE)
Uhoh'ltsgcttmg
I have a special
3D shape that helps
me do my job! 4 v A
o BN ) ‘
W \ )

N 2

€ '(f ( 00\’5 \

I WORK PROPERLY!
4. DENATURED PROTEIN

(CHANGED SHAPE)

I've lost my shape and
| can’t do my job anymore...

o Ny A -
> 1 ‘
I DON'T WORK PROPERLY!

Just like cooking an egg! When heat is too high,
the egg white changes from runny to solid.
The protein inside changes shape!

Heat can denature proteins.
simply means:
High temperature causes a protein to lose its
shape.
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LOOK AT THIS EXAMPLE/

~ TOO MUCH ACID OR BASE
BREAKS DOWN AN
ENZYME'S SHAPE.

| WORK GREAT!

3. ENZYME DENATURED

s

/f»“f/:f my Job amprors.

(CHANGED SHAPE)

~ ey I've lost my shape...
e I can't do

- o e

| DON'T WORK!

pH SCALE - FIND THE SWEET SPOT!

just-right pH. When it's TOO ACIDIC JUST RIGHT!

too acidic or too basic,

their shape gets destroyed
9  and they stop working!

Extreme pH can denature enzymes.
simply means:
Too much acid or base breaks down an
enzyme's shape.
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Wait,
why can’t it
turn back

protein DENATURED —
it lost its shape

S

r Once a protem denatures it usually can't refold back to its ungma! shape .{&

. —

([ armvive | ERTEESNE = () ]

THIS BUTTON




Chapter 6

CENTRAL DOGMA

DNA makes RNA,
RNA makes Protein!

THE CENTRAL DOGMA}

O rroTEN
Amino acids

DNA — RNA — PROTEIN
rhormation Message Product

IN SHORT: }

DNA holds the instructions.
RNA carries the message.
Protein does the work.
Together, this is called
the CENTRAL DOGMA.

®»

WHAT DOES "CENTRAL DOGMA" ACTUALLY MEAN?
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WHAT DOES CENTRAL DOGMA MEAN?
“Central Dogma’
simply means:

The main rule of how genetic information flows.

It flows in one direction:
DNA — RNA — PROTEIN

TRANSLATE @0
)

PROTEIN

Folds into a specific shape

f';él} This is the Central Dogma — the master flow of molecular biology.

Every cell in your body follows this rule.
Your hair, your muscles, your enzymes — all made this way.
Even a single typo in DNA can change the protein made.
This means the Central Dogma explains LIFE ITSELF.
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i 4
—-i‘;’;;-ﬂi&. Aladylny

-
i )

) TRAHSLATED
into prohe in

DNA to RNA to protein -
one direction, one rule.
And even one small change
can ripple all the way

through!




; ‘ Scan the QR code
) to begin!




Chapter 7

GENE EXPRESSION

.. EVERY CELL HAS THE SAME DNA... |
~ SO WHY ARE CELLS DIFFERENT? -~

@ ON (active)
() OFF (silent)

Genes can be
switched ON or OFF.

[ RED BLOOD CELL | NERVE CELL | MUSCLE CELL | IMMUNE CELL
GeneA @ ON N Gene A OFF ¢ GeneA @ ON . GeneA OFF
Gene B OFF Yol Gees @ON GeneB () OFF 2\ GeneB @ ON
GeneC @ ON "}ﬁf\ GeneC @ ON Gene € OFF e‘ GeneC @ ON
GeneD () OFF "N GeeD O oOFF . GeneD @ ON O Geed O OFF
GineE @ OFF N GeeE @ ON ~ GeneE @ ON o GeneE @ ON
N R N\ ¥
Makes these proteins: s these proteins: Makes these proteins: Makes these proteins:
¢2%- 4% oS g
2 K ve W
¥ y
Function: Funcboru 4 Function: Funiion:
Carries oxygen Sends electrical . Contracts and Fights germs and
through the body. signals. produces moveme protects the body.
? /m

<2 DIFFERENT GENES ARE EXPRESSED

Gene ON — RNA made — Protein made — Cell function 2 g
and its information is used to make RNA

This is called GENE EXPRESSION. and, ultimately, a protein.

Every cell has the same DNA.
But not every gene is being used.
Some genes are active, some are silent.
This means a gene can be EXPRESSED.

4

WHAT DOES EXPRESSED ACTUALLY MEAN?

) but use differ j WHAT DOES “EXPRESSED" MEAN?
A gene is EXPRESSED when it is switched ON
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WHAT DOES EXPRESSED ACTUALLY MEAN?

"Express”

simply means:

A gene is actively being used to make its protein.

Having a gene isn't the same as using it.

A gene only matters if it's turned on and read.

GENE PRESENT — GENE PRESENT —
NOT EXPRESSED EXPRESSED
i s
£, , is here...
/ =\ '/...and it's
; [ being used l
to make
\ ) & mRNA!V

é Same gene, different outcome — only one is actually being used.

A gene isn't always active.
[t can be switched on or off.
Something in the cell controls that switch.
This means genes can be REGULATED.

WHAT DOES REGULATE ACTUALLY MEAN?

60



WHAT DOES REGULATE ACTUALLY MEAN?
"Regulate”

simply means:
To control whether something happens,
and how much.

GENES ARE CONTROLLED LIKE SWITCHES!
OFF — no RNA made " ON — RNA being made

The switch is OFF. The switch is ON.
RNA potlymerase can't start. RNA polymerase can start
B to copy RMA!

-===~"== , NORNA

MADE
RNA
POLYMERASE

~( i‘;:v - Genes aren’t always running —
X they're turned on and off exactly when needed.

Special proteins (called transcription factors)
act like switches.

They can turn a gene ON (start making RNA)
or OFF (stop making RNA).
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SKIN CELL —  [[Fe=S SRR (Y (5 MUSCLE CELL—
Genes A+ C i L GenesB + D
switched # > L switched ON

It's not about
WHICH genes you have —
it's about which ones
are switched on!

SKIN CELL
(Genes A + C ON)

’ -- z " MUSCLE CELL
M‘Z";Ef{;ﬁm;. . (Genes B + D ON)

SCAN THIS COMIC WITH
[. ARTIVIVE | SCANTIHIS ComciwI

THIS BUTTON




LET’S LOOK AT THIS EXAMPLE/

Insulin genes are
expressed in the pancreas.

simply means:

S 1 [ Pancreas activates me!
Ih the instructions N “  I'm being copied into
to make insulin, - 4 :

D
INSULIN IS

The pancreas has insulin genes.
It activates them to make insulin,

<2 which helps our body use sugar for energy!

Insulin genes are expressed in the pancreas.
simply means:
The pancreas actively uses this gene to make
insulin.
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LET’S LOOK AT THIS EXAMPLE/

=5” A gene can sit unused
in your DNA until it’s
expressed.

When I'm
needed, I'll get
EXPRESSED!

ribosome (kitchen) and 4
"\ a protein (meal) is made!

EXPRESSED mRNA
(UNUSED) (ACTIVATED) (copy)

A gene can sit unused in your DNA until it's
expressed.

simply means:
Having a gene isn't the same as using it,
just like a recipe in a cookbook isn't a meal

until someone actually cooks it.
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UNDE'ES?ATWTNG How UFE wonxs FROM START TO FINISH!

This recipe’s
been in the book
for years... but

4"\ we never made it. {4

RECIPE COOK & USE DELICIOUS DISH
(DNA) (EXPRESSED) (PROTEIN)

e—
;

recipe isn't the
same as making it —
a gene only matters
once it's expressed!

oo
B 3

A gene sitting in DNA is like a recrpe in a book —
it only becomes real once it’s actually used.

SCAN THIS COMIC WITH
ARTIVIVE ARTIVIVE APP OR CLICK ‘

THIS BUTTON




LET’S LOOK AT THIS EXAMPLE/

ORMONES
CA’L’L THE COMMAND’ e

as needed.

NSO = SIGNAL TO STORe [N "GLUCAGON - SIGNAL TO RELEASE

Wil (GENE ON) - (GENE nu) oy
|
INSUUN' R A G !

| GﬁSM' Bnllldounpvm

S
_';%azr::;, ‘ Q )@ |
‘3' TWO HORMONES. ONE GOAL. ‘ :
KEEPBLOODSUGARJUSTRIGHT’ Low! W—w«c

Hormones can regulate gene expression.
simply means:
Chemical signals in the body can turn genes on
or off as needed.
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LET’S LOOK AT THIS EXAMPLE/

THE CELL CONTROLS

It’s not just
ON or OFF.
The cell can

MADE! D/ S G
e 1 \ “ [ N - MAX, BN S
W 2. JUST RIGHT — 3. TOO HIGH —
RIGHT AMOUNT OF INSULIN TOO MUCH INSULIN

| PROTEIN IS

1. TOO LOW —
NOT ENOUGH INSULIN

Insulin overload! Blood sugar
drops too low — hypoglycemia
(dizzy, weak, can faint).

Blood sugar stays too high.
Cell can't take in glucose

i oicet T il et
/) Blood sugar drops too low, much protein (insulin) is made —
and eventually not just ON/OFF, but the

®  HYPOGLYCEMIA

: RIGHT AMOUNT!
(weak, dizzy, can faint)!

The cell regulates exactly how much protein is
made.

simply means:
[t's not just on/off. The cell can control the
amount too, like a dimmer switch instead of a

simple light switch.






Chapter 8

GENETIC ENGINEERING

Genetic engineering is
changing an organism’s DNA
on purpose to give it
useful new traits.

> MAKING PEST-RESISTANT PLANTS "~

N
o egio =

A useful gene

is added or changed

using genetic
Normal plant engineering. Pest-resistant plant

«nerable to pests Better protected
and healthier!

Scientists can now read the code of life.
But what if they could rewrite it too?
Cutting, adding, or silencing a gene on
purpose.
This is called GENETIC ENGINEERING.

®»

HOW DO SCIENTISTS ACTUALLY DO THIS?



with the help of:

1. Add a gene —
Insert new instruction
into an organism.
£\, 2. Silence a gene —
' Turn off instruction -
that are already there.

3. Turn off instruction
that are already there.

1 — ——

2. SILENCE A GENE —
Turn off instruction
that are already there.

— W

1. ADD A GENE —
Insert new instruction
into an organism.

3. TURN OFF INSTRUCTION THAT
~ ARE ALREADY THERE.

i % —

; So, either
\| silencing, or turning
off genes changes
what gets made in
the cell!

1\ — ,
_ Genetic engineering works two main ways:
~ Add a gene — insert new instructions into an organism.

4 Silence a gene — turn off instructions that are already there.




Genetic engineering works two main ways:

Add a gene —
insert new instructions into an organism.
Silence a gene —

turn off instructions that are already there.

LET'S MEET THE TOOLS, ONE BY ONE.

SATO0L L )=

RESTRICTiON ENZYME

MOLECULAR SCiSSORS THAT CUT DNA!

RESTRICTION SiTE

Meet the first tool: the restriction enzyme.
It acts like molecular scissors.
It cuts DNA at one exact sequence.
This means restriction enzymes

RESTRICT (CUT) DNA.

HOW PRECISE IS THIS CUTTING?
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"Restrict”
simply means:

To cut DNA at one exact, specific sequence.

Each restriction enzyme only recognizes and cuts

one specific pattern.
No match here.
I won't cut! °

RESTRICTION
A ENZYME

LET'S LOOK AT THIS EXAMPLE!/

Scientists use restriction enzymes to cut out the
gene they want.

simply means:
Just like scissors following a dotted line,
restriction enzymes cut exactly where needed.
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>(TOOL 2 -

PLASMlD

WHAT iISIT? /’ ‘»\ ﬂ
A small, circular (
piece of DNA. \ 4

WHAT DOES IiT DO? ~
Carries useful PR
genes and can '

replicate onits

own inside bacteria.

Iama
plasmid —
a small,
circular DNA
molecule!

Meet the second tool: the plasmid.
[t's a small circular ring of DNA.
It acts as a carrier for the cut gene.

This means the gene can be INSERTED into it.

WHERE EXACTLY DOES IT GO?

GENE OF

INTEREST (GOI)
s \\ l / 7
Plasmid Recombinant

Plasmid

It goes into a plasmid.
"Insert”
simply means:
To place the cut gene into that vector.
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LET'S LOOK AT THIS EXAMPLE/

The insulin gene was inserted into a bacterial
plasmid.

simply means:
A human gene can be placed inside a bacterial
"carrier," ready to be delivered into the

bacteria.

S/INSERTED=
T"LEK? f\'{’EU;ZLE PIECEIFITTING IN!

H GENE (DNA FRAGMENT) n GENE SLIDES
[ 1 | pLasmio is cut oPeN! APPROACHES! INTO PLACE!

F'ﬁr' = ONLY FITS ONE WAY— PRECISE,
&POV JUST LIKE A PUZZLE PIECE.
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Meet the third tool: DNA ligase.
It acts like molecular glue.

It seals the gene permanently into the plasmid.
This means the gene can be LIGATED.

:(TooL 3 )=
DNA LiGASE:

[ join the pieces
together!

i

I seal the backbone.
Mow it's ane complete
piece of DNA!

"Ligate”

simply means:

To permanently join two pieces of DNA together.

Without ligation, the gene could simply fall back out.

Ligase locks it in place for good.



LET'S LOOK AT THIS EXAMPLE/

| GLUE

N .

GASEILIGATES =

L ENE PERMANENTLY . N5 €8
£ TOTHEVECTORIE 2 ¥

‘ DNA LIGASE THE GENE IS NOW
WITH THE GENE APPROACHES THE @ L G,‘g% e @ PERMANENTLY LIGATED

INSERTED. /4 ’ . INTO THE PLASMID!

«*’w %’xx

/ GENE “@

Y/

'°lASM\°

l

S GLUED AND
LOCKED IN...
PERMANENTLY!

A SPECIAL ENZYME GLUES THE GENE INTO THE PLASMID, L)
SO IT STAYS THERE PERMANENTLY! ‘

DNA ligase ligates the gene permanently into
the vector.

simply means:
A special enzyme glues the gene into the
plasmid so it stays there.
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LET'S LOOK AT THIS EXAMPLE/

“LIGATION JOINS THE
STICKY/ENDS OF.THE DNA

TOGETHER!""

WE HAVE TWO DNA THE STICKY ENDS ona uicas: cones v g THE DNA 1S NOW 14 0
PIECES WITH STICKY ENDS. AND GLUES THE BACKBONE SEALED SHUT — 401

~ [[PJ) THE MATCHING CUT EDGES ARE SEALED SHUT,
: JOINING THE TWO DNA PIECES INTO ONE. |

Ligation joins the sticky ends of the DNA
together.

simply means:
The matching cut edges are sealed shut, joining
the two DNA pieces into one.
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:(TooL 4]z

-HOST CELL:
i

\.

© The recom binant plasmid © The host cell carries the © The cell divides, passing the
enters the host cell plasmid and makes many plasmid to daughter cells.
copies as it grows. Now, many cells carry the

Gorn!

Meet the fourth tool: the host cell.
Bacteria are often used for this job.

The recombinant plasmid needs to get inside it.
This means the host must be TRANSFORMED.

HOW DOES THE PLASMID GET IN?

"Transform"
simply means:
To introduce new DNA into a host organism,

so it takes it up.
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The bacteria now carries a new gene.
Its own machinery transcribes, then translates it.
This means the new gene can finally be
EXPRESSED.

DO YOU STILL REMEMBER WHAT EXPRESS
MEANS?

Once transformed, the bacteria treats the new
gene as its own, transcribing and translating it into
protein

Now that we have

| ..here’s how
they’re actually used,

step by step.

usmg restriction §
enzymes

= place the gene
into an open

plasrmd

Sealythe gene mtn
the plasmid
permanently

TRANSFORM

introduce the plasmid
into a host cell

the host reads the
new gene and
makes the protein

7



The amazing tools of ,
' GENETIC ENGINEERING.

RESTRICTION ENZYMES —
molecular scissors that cut
DNA at exact sequences

-

Recogrition |
SBGUENTE
GAATTC

DNA LIGASE — PLASMID (VECTOR) —
molecular glue that seals a small circular DNA carrier that

DNA pieces together transports the gene into a host

HOST CELL (e.g, BACTERIA) — ¢
the living organism that takes up ./
and uses the new DNA

| take in the
plasmid and use
the new gene!

Plasmid enters '_'-'” .
the bacterium gl

i J
L utgd

produced!

THE JOURNEY: Putting it all together!

%gf -1 -»b

%1 CutDNAwith Join the gene Insert the gene  Put plasmid into  Host cell uses gene
9.0 restriction enzyme  with DNA ligase into a plasmid host cell to make protein!

Wow! Each tool
has a special job,
but together they
make genetic
engineering

\

0 Restriction enzymes — molecular scissors that cut DMA at exact sequences

' 9 DNA ligase — molecular glue that seals DNA pieces together

‘.‘. 0 Host cell (e.g., bacteria) — the living organism that takes up and uses the new DNA
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So far, we've added a gene.
But sometimes, a gene causes problems or
scientists just want to study it.
They may want to turn that gene off, on
purpose.
This means a gene can be SILENCED.

HOW DO YOU SWITCH OFF A GENE THAT'S
ALREADY THERE?

(| NORMAL PATH | (| PATH BLOCKED )

NO PROTEIN
PROTEIN FORMS

C All glowing, functionﬁ C No protein forms. J
The gene is still there —
it's just being stopped from being used.

"Silence” or “Knockout”
simply means:

To stop a gene from being expressed, on purpose.



Remember Central Dogma?
DNA — RNA — Protein.
If you block the RNA step, the protein never gets
made, even though the gene is still sitting there in
the DNA.

LET'S LOOK AT THIS EXAMPLE!/

NTISTS KNOCKED OUT
THE STUDY
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Scientists knocked out the gene to study its function.
simply means:
The gene was disabled on purpose,

to see what happens without it.
80



LET'S LOOK AT THIS EXAMPLE!/

GA
susncmGENE "
CAN HELP STOP.TUMOR GROWTH! / CELLS TO GROW!

THIS GENE IS ON AND TELLS
CANCER CELLS TO GROW!

THE GENE IS SILENCED MD 3 : TUMOR GROWTH IS REDUCED
NO LONGER W KS ot : —J OR STOPPED!

7 BY SILENCING A CANCER GENE, SCIENTISTS CAN YRR
pLISHED HELP STOP TUMOR GROWTH AND SAVE LIVES! &1

YISSION %

o

Silencing a cancer-related gene can help stop
tumor growth.

simply means:
Turning off a gene that causes cancer cells to
grow can help stop the tumor.



o so many plants 2 -3
| getting eaten If this keeps
" [ happening, we'll
lose our entire
W=, harvest...
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IN A VILLAGE NEAR
THE RICE FIELDS...

THE PLAN: TURN OFF (SILENCE) |
THE GENE USING NATURE'S TOOL — |
ASMALLRNAMOLECULE. |

THE PROBLEM: PESTS ARE THE IDEA: WHAT IF WE CAN
B DESTROYING THE CROPS!

-

B /0 Pt This RNA
/ N\~ can switch off

fl They attack the plants [ Y 7 e
1 because of a gene that [ /f? n l o / e
2 - HOW GE ENCING WORKS - %=
The RNA molecule It attaches and blocks The gene is silenced 4 The plant no longer

finds the target gene. the gene's instructions. (turned OFF). makes the protein that
—_— attracts the pests.

r@} —
" No Protein |
__Made |
ra THE RESULT: PLANTS ARE | ) THE OUTCOME: HEALTHY CROPS, THE IMPACT: A SMALL SWITCH 5
i s

HAPPY FARMERS! (S " FOR A BETTER FUTURE!

4 N Gene silencing helps us grow
4| | morefood, protect our crops, |
and build a better tomorrow!

. crops from pests and helps us grow more food
for a healthier and more sustainable future!




A SINGLE GENE ‘ " s
CAN CAUSE BiG
PROBLEMS. ..

BUT yYou
o HAVE A cHoIce!
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BLUCKED — gene still there, =
just muted. =

§

This gene
"] needstobe
| dealt with...

Do I mute it,
or remove it
L N cnmpdetery?

4 It can be switched back on later | AR
S e — B A

g N

{| REVERSIBLE — canbe ||
switched back on later.

[ PERMANENT —
cannot be undone.

%7 Same goal — stop the gene — but very different outcomes. f}‘
_ Silence is temporary. Knockout is forever.
Choose wisely for a healthier Futuref
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ARE You READY FOR

OTECHNOLOGY?

Dive into the amazing world of biotechnology
through clear explanations, real-life examples,
and engaging visuals.

Whether you're a student, a dreamer, or just curious,
this book will spark your interest and build your
vocabulary—one term at a time!

7S
{,_f{/“ Understand key biotechnology terms
<

Explore exciting concepts and applications
& B

g

'3',:;:‘]‘:!3 Boost your knowledge and confidence

LEARN TODAY,
" INNOVATE TOMORROW! _

eISBN 978-967-2742-60-9

7896721742609




