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14 C hapter 1

1. Cell Structure

Come on in and 
have a seat. This 

is the projection 
room.

*p
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Wow!

Loading…

The images from 
RoboCat, whom 
you ingested 

earlier, will be 
projected here.

Still 

loading…

Cool! So I’ll 
actually get to 
see what's inside 
my own body?

That's right!
We’re going 

to study your 
body's chemical 

reactions!

There’s no point in 
being beautiful on the 
outside if you have no 
idea what’s happening 

on the inside.

Intelligence is 
more important 
than physical 
appearance!

*

mind 
boggled

The Manga Guide to Biochemistry 
© 2011 Masaharu Takemura, Kikuyaro, and Office Sawa.



You learned 
about cells 
in biology 

class, right?

Yep!

Cells are like tiny 
pouches that make 

up our bodies!

Amoebae, Bacteria, and 
other tiny organisms 

are “unicellular 
microorganisms,” which 

means they’re made up of 
a single cell.

Amoeba

Bacteria

Living creatures that 
are visible to the 

naked eye—like humans, 
dogs, or plants—
are “multicellular 

organisms,” and they’re 
made up of many cells!

That’s right!

For example, a single 
adult body consists of 
an unbelievably large 

number of cells...
between 60 and 

100 trillion.

The cell is the smallest unit 
inside our bodies that can be 

classified as “living.”

I bet even the 
Professor’s cells 

are beautiful!

tee 
hee

Hey, the image 
finished 

downloading!

Eeeeeek!!!
That’s 

totally 
gross…

Kumi's cells

pretty 
snazzy, eh?

Let's try 
zooming in on a 

single cell.

Tap

Tap
Tap

Tap
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16 C hapter 1

What are the components of a cell?

The cell membrane 
plays several important 

roles, such as 
communication between 
cells, absorption of 

nutrients, and expulsion 
of waste.

Cells are filled with a thick 
liquid called cytosol. 

subunits called organelles 
float in the cytosol.

The largest organelle, 
located in the middle of 
the cell, is the nucleus.

The cytosol contains 
many proteins, 

saccharides, and other 
cellular components. 

It’s the location of many 
cellular processes 

like signaling, protein 
trafficking, and 

cell division. nucleus Endoplasmic reticulum  
and ribosome

Golgi apparatus

Mitochondria

Lysosome

cytoplasm is a general term used to refer 
to all the liquid inside the cell membrane, 

including within organelles. The cell 
membrane is a type of lipid bilayer.

Phospholipid

Hydrophilic 
(attracted 
to water)

hydrophobic 
(repelled by 

water)

Phospholipids form a bilayer 
with their water-repelled tails 
pointing inward and their water-

attracted heads pointing outward.

phosphate 
group 

Fatty 
acid
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What Happens Inside Your Body?  17

The nucleus contains 
deoxyribonucleic acid, 
or DNA, which encodes 
genes and is sometimes 

referred to as the 
“blueprint” for life.

The nucleus is referred 
to as the “control 
center” of the cell.

DNA warehouse Energy production Protein synthesis

Protein secretion Photosynthesis

Chloroplasts are 
found only in plants 
and some microbes.

Scribble

Scribble

Waste processing

Golgi apparatus Lysosome Chloroplast

Nucleus Mitochondria Endoplasmic reticulum 
and ribosome
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2. What Happens Inside a Cell?

Cells create proteins and 
generate the energy required 

for an organism to live.

They are bulding blocks that act 
in conjunction with other cells 

to construct the bodies of 
living creatures.

Ene
rgy Protein

To learn about 
the chemistry of a 
living creature...

you first have  
to learn about 
what happens 

inside its cells.

I wonder what 
my cells are up 
to right now.

Hmmmm...
Better to 
not think 
about it...

Knock

Okay Kumi, 
listen up!

Here’s what happens inside a cell!

There are other details 
we’ll learn about later, 
but for now we’ll just 
talk about these four 

main processes.

Protein synthesis

Metabolism

Energy production

Photosynthesis (occurs in plants, 

algae, and some bacteria)

knock
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Protein synthesis

When you hear 
“protein,” you 

probably think of 
the nutrients found 

in foods, but...

For living creatures 
like us, proteins are 
vital substances that 

are largely responsible 
for keeping our bodies 

functioning.

wow, are 
proteins really 
that delicious, 

er, I mean, 
important?

Absolutely! 
Our bodies are 
maintained by 

different proteins 
carrying out 
their duties.

• Maintenance of 
cellular structure

• Digestion
• Muscle creation
• Protection from viral, 
fungal, and parasitic 
infections

Protein

proteins are 
continuously 
manufactured 

by every cell in 
our body.

Remember when 
RoboCat looked at the 
DNA inside the nucleus?

Gene (protein 
blueprint)

Ribosome

Amino acid

Nucleus

Protein Cytoplasm

A protein's blueprint, or 
gene, is encoded in the 
DNA inside the nucleus.

DNA

RNA

Proteins are created by ribosomes, 
found in the cytoplasm, based 

on this blueprint.

Recipe

Pr
ote

in

Pr
ote

in

The ribosomes are 
like chefs following a 
recipe to make a meal!
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Metabolism

Once proteins are 
created, they do 

important jobs inside 
and outside the cells.

One of these 
jobs is...

Protein

...catalyzing the 
breakdown of foods 

or medicines that 
enter the body into 
something useful

and breaking down 
unnecessary or harmful 

substances into something 
that can be expelled 

more easily.

This breaking down 
of substances is 
referred to as 

metabolism.

Proteins play 
the central role 

in driving that 
metabolism.

Breaking down 
food into nutrients, 

absorbing these 
nutrients, and changing 
them into substances 
your body can use 

to replenish itself...
These are all jobs for 
specialized proteins!

Yum

For example, Since 
alcohol is highly toxic 
to the body, it's broken 
down by liver cells and 
changed into a nontoxic 

substance. 

This is also the job of a 
specialized protein!

The medicine you take 
when you're sick needs to 
be broken down as well. 
Proteins in the liver help 
your body simplify that 
medicine into substances 
that produce the desired 

healing effect in the 
right location.
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What Happens Inside Your Body?  21

(Proteins, fats, carbohydrates, vitamins, minerals, and so on)

Nutrient Metabolism

Becomes materials 
usable by the body

Creates energy

Alcohol Metabolism Detoxified

I see...Things you eat or 
drink are generally 

metabolized like this.

For instance, here's what 
happens after I drink a 

delicious glass of wine.

Metabolism

Metabolism

Detoxification

Carbon dioxide

Alcohol passes 
through the 

blood and into 
the liver.

The liver 
metabolizes 
the alcohol.

Water

The professor 
sure can hold 
her liquor...

Metabolism is 
performed by proteins.

In the cell membrane, the 
cytoplasm, the nucleus, and every 
other organelle, the roles are 
divided among many proteins so 
that metabolism is constantly 

performed.

Metabolism

Pro
tein

Wow! Proteins are 
diligently working 
away inside my body 
even when I'm eating 
dinner or sleeping 

off a cold...

Jeez, my cells 
work harder 

than I do...

MetabolismMetabolism

Metabolism

P
r
o

t
e
in

Protein

Pro
tein
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22 C hapter 1

Energy production

By the way, 
Nemoto...

you said you 
were running 
low on cash 
this month, 
didn't you?

hee
What?!

No, I’m not! 
I mean...

Well, to be 
honest, I 

guess I am a 
little strapped 

for cash.

In today's 
modern 

society, money 
is essential 

for almost any 
activity, right?

I Gotta stop telling my 
professors about 

my money problems...

In a similar way, 
cells have something 
that is essential for 

their activity.

It's like currency, 
but it's used for 

chemical reactions 
in our cells.

This is the substance 
called adenosine 

triphosphate, or ATP.

A-deen-oh...
what?

Um...let’s just 
stick with ATP.

hee

hee
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ATP is essential 
for many activities!

• synthesizing proteins
• Powering chemical reactions
• Performing photosynthesis Protein

As you can see, ATP is 
essential to cells and 
metabolism, just like 

money is essential to us!

You can’t do anything 
if you don’t have 

money to spend...it’s 
so depressing.

sniff

Has my 
misfortune 

moved her to 
tears? Amazing!

To maintain essential 
cellular and metabolic 
processes, cells must 

produce a constant supply 
of ATP. To do this, they 
require sugar content 
(that is, saccharides*) 

and oxygen.

Gotta make 
more ATP!

Another day, 
another dollar!

It's no exaggeration 
to say that we eat and 
breathe to create ATP, 

which is then used to fund 
the activities of proteins.

Just like 
working to 
earn a living, 

isn’t it?

ATP is created 
by mitochondria 

and proteins 
found in the 

cytosol.

Remember: ATP 
is the “common 
currency” of 

energy that’s used 
by proteins to 
keep us alive.

* These saccharides are also known as carbohydrates.

$
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Photosynthesis

okay...

the last topic we'll 
go over today is 
photosynthesis.

We learned about 
that in school!

Green plants 
perform 

photosynthesis, 
right?

Right!

Protein synthesis and energy 
production occur in the 
cells of all organisms...

...But photosynthesis can only 
occur in the cells of plants, 

algae, and some bacteria.

Now, look at 
this diagram.

Sunlight

Photosynthesis Saccharide

H20
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Photosynthesis is a 
reaction that uses 

sunlight and carbon 
dioxide to synthesize 

saccharides.

Snap

Saccharides were 
required to create 

ATP, right?

And oxygen is created 
as a by-product of 

photosynthesis.

So do you understand 
why plants are so 

important for living 
creatures like us?

Saccharides and oxygen 
are required to create 
ATP, which is essential 

for our bodies...

Ah!
and both of 
those things 

are produced by 
photosynthesis!

I totally get it!

If plants didn't perform 
photosynthesis, life 
would be so cruel.

I have 
no ATP.

Bingo!

One more thing to know: 
Photosynthesis occurs 
in chloroplasts, which 
are special organelles 

found in plant cells.

Photosynthesis

Saccharide

H20

Little Match 
girl Kumi

Uh, Kumi...
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3. A Cell Is the Location of Many Chemical Reactions

La la la!

I really studied a lot 
today! It looks like I’m 

one step closer to 
mastering the secrets 

of biochemistry!

Huh? But...

I've learned about  
the metabolic processes 
that occur in cells, but I 
haven’t learned anything 

about biochemistry itself!

Um... What gives?

But you 
have studied 
biochemistry!

All of the 
processes you 
learned about 
are actually 
biochemical 
phenomena!

Don't 
believe me?

I'll prove it to you!

squeak

Protein synthesis

Metabolism

Energy production

Photosynthesis

Protein synthesis

Metabolism

Energy production

Photosynthesis

The Manga Guide to Biochemistry 
© 2011 Masaharu Takemura, Kikuyaro, and Office Sawa.



Biochemistry of protein synthesis

What do you think 
happens when proteins 

are synthesized?

Amino acids
are joined 
together

then 
folded

to 
create a 
protein!

A protein is actually formed by 
many small molecules called 
amino acids joining together.

There are 20 
common types of 

amino acids used to 
create proteins.

Proteins

Muscle contraction 
(actin and myosin)

Enzymes

Antibodies

Hair (keratin)

Skin (collagen)

Amino 
acids These 20 types can be combined in 

different numbers and orders to 
create various types of proteins.

They’re like little candy 
necklaces? How cute! 
and how delicious... 

Protein synthesis is 
carried out by ribosomes, 

which float in the cytoplasm 
or are stuck to the 

endoplasmic reticulum.

Ribosome

a snowman?

Although they look 
like little grains of 
rice, if we zoom in we 
can see that they have 

a strange shape.

Actually, if we simplify it 
a bit, a ribosome looks a 

lot like a snowman.
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How does the 
ribosome make 

proteins?

The ribosome is 
the place where 
amino acids join 

together.

Oh, I see! It’s 
where the 

candies are 
strung into a 

necklace.

Actually, a ribosome looks 
more like a snowman 
standing on its head.

When these amino 
acids are "joined 

together," that's a kind 
of chemical reaction, 

right?

Scattered

Joined!

Chemical 
reaction

One amino acid

That's Right! That reaction 
sticks two different amino acids 

together. Then additional reactions 
pile on even more amino acids, and 
pretty soon you've got yourself 

a protein!

Remember, KUmi, 
biochemistry is 
the study of the 

chemical processes 
that take place 

inside the bodies  
of living 

organisms...

Hey! That’s 
exactly what 
Nemoto said 
back at my 

house!

Now you’re 
getting it!

Amino acids 
are combined by 

chemical reactions 
to form proteins...

Protein

So protein 
synthesis is in fact...

biochemistry!
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Biochemistry of metabolism

Remember when I said that 
changing one substance 
into another was called 

metabolism?

Substance A Substance B

Chemical 
reaction

Well, metabolism is 
a chemical reaction 

as well!

Mm hmm

Pyruvic 
acid

Chemical 
reaction

Glucose

For example, gluconeogenesis, 
which is performed by liver or 

kidney cells, is a chemical reaction 
that changes pyruvic acid into a 

saccharide called glucose.

Saccharide

Chemical 
reaction

Fat  
(neutral fat)

And lipogenesis is  
a chemical reaction that 

changes saccharides 
into fat when too many 

saccharides are absorbed 
into your body.

Fat?!

Argghhh! 
Disgusting!

That chemical 
reaction is 

totally gross!

and let’s not 
forget alcohol 
detoxification!

So now do you 
understand, 

Kumi?

If you’re 
studying 

metabolism, 
you’re 

studying 
biochemistry!

= one carbon atom
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Biochemistry of energy production

Energy production 
is also a kind of 

metabolism.

Substance A Substance B

Chemical 
reaction

Glucose
Pyruvic acid

To produce 
energy, glucose 
is first broken 

down into pyruvic 
acid in cytosol.

Huh? Didn't you 
mention glucose and 
pyruvic acid earlier?

Yup! This is the 
reverse version of 
gluconeogenesis, 
called glycolysis.

Glucose
Pyruvic 

acid

Gluconeogenesis

Pyruvic 
acid

Glucose

Glycolysis 
is all about 

breaking down 
saccharides!

Bing!

Glycolysis

Break it 
down, y'all!
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I totally 
understand!

Glycolysis 
is a piece 
of cake!

...
...

Well, it may seem easy 
at first, But the process 
is actually a little more 
complicated than that.

Chemical 
reactions

Glucose Pyruvic acid
Energy

Cytoplasm Mitochondria

Wow! lots 
of chemical 
reactions...

Yup, breaking down 
glucose is trickier 

than you thought, eh?

Mitochondria use 
pyruvic acid and 

oxygen to create 
energy (ATP).

This energy production is a 
complex process that consists 

of many chemical reactions 
occurring simultaneously in 

different places.

Pyruvic 
Acid

Oxygen 
(O2)

Mitochondria 
are busy little 

guys, aren't 
they?

Chemical 
reactions

Krebs

ETS

Ooh!

Ooh!
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Biochemistry of photosynthesis

Finally, let's look 
at photosynthesis 

in plants.

A complex chemical 
reaction occurs 

when light strikes 
chloroplasts in a 

plant's cells.

Carbon dioxide is used as a 
raw material by that chemical 

reaction to create saccharides 
such as glucose...

Light

Chemical 
reaction

Glucose

Chloroplast

So, Kumi, what have 
you noticed about 

all of these cellular 
processes? Do they 

have anything in 
common?

Huh? um...Well...
They’re all 
chemical 

reactions?

You got it!

Kumi gets a 
gold star!

H20

Protein synthesis

Metabolism

Energy production

Photosynthesis
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If there’s one thing 
you should get out 
of today’s lesson...

It’s that all of 
the processes 

that occur in our 
cells are chemical 

reactions!

Countless chemical 
reactions are taking 

place inside you, 
even as we speak!

Ch
em

ic
al

 

re
ac

tio
ns

Wow...

That's kind 
of scary.

Not only that, but 
they are happening 

unbelievably fast—in 
the blink of an eye!

Tight regulation of 
these processes 

ensures that 
everything occurs 

in the proper order, 
which is essential 

to cell life.

It's amazing 
to be alive...

And the fact  
that all of this is 

going on inside such 
teeny, tiny cells...
it’s mind-blowing!

Biochemistry 
really is 

interesting!
okay!

Let's end 
today's 
lesson 
here!
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RoboCat output

Well, it’s been a 
long day. You must 

be worn out.

definitely. 
But it was 

really very 
fascinating! 
Thank you 
so much!

See you lat
er!

...Nemoto?

squeeze

Are you sure 
your mind is on 
biochemistry...

...and not 
on Kumi?

Censored
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What? No way! 
I just want to get 
people interested 

in biochemistry, 
that’s all!

whatever 
you say...

But I think you 
two have some 
“chemistry” of 

your own.

That’s crazy! I’m just 
an innocent scientist! 

I would never–
Okay, Nemoto, 
say no more. 
I understand.

I haven’t seen a 
boy this head-
over-heels in 

years.

There’s 
only one 
thing I 
can do!

Just call me... 
the professor 

of love! ♪
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In this section, we’ll explain some technical terms that you need to know to study 
biochemistry.

Carbon

First, we’ll examine an extremely important chemical element in biochemistry—carbon.
Carbon is the element identified by chemical symbol C and possessing the atomic 

number 6 and an atomic weight of 12.0107. It’s the primary component of all known life, 
which is why people sometimes refer to Earth’s organisms as “carbon-based life.” Carbon is 
the backbone of all organic compounds, and the bodies of living organisms are made almost 
entirely out of these compounds. Carbon is ideal as a backbone for complex organic mol-
ecules such as biopolymers, because it forms four stable bonds, which is an unusually high 
number for an element. Proteins, lipids, saccharides, nucleic acids, and vitamins are all built 
with carbon as a framework.

Although carbon is common on Earth—in the biosphere, lithosphere, atmosphere, and 
hydrosphere—there is a finite amount of it, so it’s recycled and reused. Over time, a carbon 
atom passes through air, soil, rocks, and living creatures via biogeochemical cycles. The car-
bon in your body today may have once been inside a dinosaur!

Chemical bonds

When carbon combines with other elements, such as oxygen, hydrogen, or nitrogen, dif-
ferent chemical compounds are produced. Except for certain gases, like helium and argon, 
almost all chemical substances are composed of molecules, two or more atoms attached via 
a chemical bond. For example, a water molecule (H2O) is created when two hydrogen atoms 
(H) and one oxygen atom (O) join together.

There are several different types of chemical bonds. Some examples include: covalent 
bonds, in which electrons are shared between a pair of atoms, ionic bonds, in which oppo-
sitely-charged atoms are attracted to one another, and metallic bonds, in which a pool of 
electrons swirl around numerous metal atoms.

The four stable bonds that carbon forms are all covalent bonds.

Biopolymers

Biopolymers are extremely important molecules to the study of biochemistry.
Biopolymer is a generic term for large, modular organic molecules. Modular means 

“assembled from repeating units,” like the beads of a necklace. Proteins, lipids, nucleic acid, 
and polysaccharides are all biopolymers. Because they tend to be especially large molecules, 
biopolymers can form complex structures, which makes them very useful in advanced sys-
tems such as cells.

Biopolymers can form these complex chains because they’re more than simple beads. 
Let’s consider proteins, for example. Imagine a protein as a necklace made from a variety of 
different LEGO blocks that can all connect to one another. Since you can twist the necklace 

4. Fundamental Biochemistry Knowledge
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easily, it doesn’t matter whether the blocks are close together or far apart, but the individual 
properties of each block result in some connecting better than others. If this necklace was a 
mile long, imagine the many strange and complex forms you could build. This isn’t precisely 
how proteins function, but you get the idea.

Enzymes

Since biochemistry explains life from a chemical point of view, it is vital to understand how 
chemical reactions work, and enzymes are essential to these reactions. Enzymes are pro-
teins that act as catalysts—that is, they increase the rate of chemical reactions. An enzyme 
catalyzes nearly every chemical reaction that occurs in an organism.

In a chemical reaction catalyzed by an enzyme, the substance that the enzyme acts 
upon is called the substrate. The new substance that’s formed during the reaction is called 
the product. The activity of an enzyme is affected by the environment inside the organism 
(temperature, pH, and other factors), the availability of the substrate, and, in some cases, 
the concentration of the product.

Although almost all enzymes are proteins, it has recently been discovered that a spe-
cial type of ribonucleic acid (RNA) can act as a catalyst in certain chemical reactions. This is 
called an RNA enzyme, or a ribozyme.

Oxidation-reduction

Enzymes are broadly classified into six types, which will be introduced in detail in Chapter 4. 
Oxidation-reduction is one of the most important enzyme reactions, in which electrons are 
exchanged between two substances. If electrons are lost, the substance is oxidized, and if 
electrons are gained, the substance is reduced. Normally, when one substance is oxidized, 
another substance is reduced, so oxidation and reduction are said to occur simultaneously.

The movement of hydrogen ions (H+, aka protons) often accompanies the exchange of 
electrons in an organism, and NADPH, NADH, and similar compounds (which we’ll discuss in 
Chapter 2) work as reducing agents on other substances.

Respiration

In Chapter 2, we will examine respiration. In the broadest sense, respiration is the process 
of obtaining energy by breaking down large compounds, but this only gives us a vague 
sense of the meaning. 

More specifically, when respiration occurs, an organic substance (for example, the car-
bohydrates that make up spaghetti) is broken down into simple, inorganic components, like 
carbon dioxide (CO2) and water (H2O). Energy is produced when electrons are transferred 
between molecules (oxidation-reduction), along a sort of factory line, until they reach oxy-
gen (O2).  This process is known as internal respiration or cellular respiration. 

The oxygen we mentioned above is very important in respiration. It comes from the air 
that we breathe, and carbon dioxide is produced as a waste product of cellular respiration. 
When we use our lungs to inhale oxygen and exhale carbon dioxide, it’s known as external 
respiration. 
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Metabolism

The processes that alter an organism’s chemical substances are called metabolism. Broadly 
speaking, metabolism can be divided into substance metabolism and energy metabolism. 
However, since these two types occur together during metabolism, the distinction isn’t very 
clear. In this book, when we refer to metabolism, you may assume that we mean substance 
metabolism.

Substance metabolism  This refers to the changes to substances that occur in 
an organism, including the chemical reactions that are catalyzed by enzymes. More 
specifically, a reaction that breaks down a complex substance into simpler substances 
is called catabolism, and, conversely, a reaction that synthesizes a more complex 
substance is called anabolism.

Energy metabolism  This refers to the energy that’s gained or lost through anabolic 
and catabolic processes within an organism, including reactions in which the energy 
created via respiration or photosynthesis is stored as ATP and other high-energy 
intermediates.
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