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PREFACE

This book introduces the world of biochemistry in an approachable comic format.

Biochemistry is a synthesis of biology and chemistry, which together elucidate the
processes of life at the most basic level. It is the study of the molecules that constitute our
bodies and those of other living organisms, and the chemical reactions that occur within
cells. In recent years, the field of biochemistry has been growing at an unprecedented rate.
From the end of the 19th century and into the 20th, scientists have conducted chemical
research on phenomena in the fields of medicine, nutritional science, agriculture, biology,
and many other subjects, and this research has led to some incredible discoveries.

When you consider the diversity of the fields listed above, biochemistry may seem like
a disjointed collection of different sciences. But even though the objectives differ, the con-
cepts on which they are based are the same—the chemical elucidation of life phenomena.
Therefore, the fundamentals of biochemistry must be learned by anyone who intends to
participate in any field that deals with the human body or life phenomena to any extent,
such as medicine, dentistry, pharmacology, agriculture, nutritional science, and nursing.

This book explains the most important points in biochemistry in an easy-to-understand
format. It can be used as a reference book or supplementary reader for a biochemistry
course, or for a course in medical science or nutritional science. You can use this book as
a quick refresher or to gain a better understanding of this fascinating science. Even a high
school student would certainly be able to comprehend this material.

The organization of this book differs somewhat from other existing biochemistry books.
For example, although the major cellular chemical components (substances that are present
in all living things: saccharides, lipids, nucleic acids, and proteins) are usually described first in
an ordinary biochemistry textbook, discussions of each of these substances are incorporated
organically, rather than in an independent chapter. | did this because | believe that introduc-
ing these substances in context makes them easier to understand and remember.

In addition, I've included information about biochemistry in our everyday lives in Chap-
ter 3 to highlight the significance of biochemistry by showing how it applies to subjects that
most people are familiar with.

The protagonist of this book is a high school girl named Kumi who is very concerned
with dieting. | chose this story because it relates to my own educational background as
a member of a nutritional science division in an agricultural sciences department. These
days, when people talk about biochemistry, the discussion often centers around nutrition and
health. Many people are concerned with the phenomena that make up metabolic syndrome,
a general name for the risk factors of an increasingly-common collection of disorders: type 2
diabetes, coronary artery disease, and stroke.
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WAIT A SEC!
I'LL BE RIGHT

L X
APARGH! I STILL 4/ NN
HAVEN'T LOST _ | GOAL: LOSE 5 LBS!
seaallciaiiy DOWN WITH
THE POUNDS! .
3..




I'VE GOT
TO GET TO
A HEALTHY

WEIGHT!

S Tt ot ' e e n

R e S l:-ll 'l'l: :n: :l:l:

I JUST PROFPFED BY
TO OFFER YOU SOME
FRUIT FROM MY
GARDEN, BUT-

NEMOTO?
WHERE DID YOU
COME FROM?!

UM...
HELLO?

}
I &
o WELL...

I'VE GOT TO HAND IT
TO YOU, NEMOTO...
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SCRUMPTIOUS A DIET AND

SCREWED UP

.............. SHOULDN'T BE I MAY HAVE
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EATING FRUIT. BIG TIME...

I THINK YOU cOULP
EAT WHATEVER YOU
WANTED, AND YOU'D
STILL LOOK REALLY...
UM...GREAT.

r'_

YEAH RIGHT! MY

ENTIRE BODY IS
PROBABLY MADE OF

PIZZA AND CAKE!

THERE'S NO
REASON TO
FEEL THAT
WAY, KUML.

THAT DOES IT!
I'M GOING TO
FAST UNTIL
1 REACH MY N \V 8
GOAL! | L.,

1 REFUSE TO BE
OVERWEIGHT
FOR EVEN ONE
MORE DAY!

BUT KUMI...

THAT 1S
RIPICULOUS.
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YOU'RE NOT
OVERWEIGHT,
AND...

I'M ACTUALLY ™~
RESEARCHING
THIS KIND OF

THNG AT MY A7 |
UNIVERSITY. " faaied |

IN ANY CASE,
YOU PON'T SEEM
TO UNPERSTAND
HOW THE HUMAN
BODY WORKS!

/7 IT LOOKS TOO HARD...
I DON'T THINK I'D BE
ABLE TO FOLLOW.

LET'S START
| 7 WITH SOMETHING
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CALORIES, FAT, AND
CARBOHYDRATES...

YOU KNOW
WHAT THOSE
ARE, RIGHT?

SERIOUSLY,
TAKE A LOOK,

50, FAT IS AN EXAMPLE
OF A HIGH-CALORIE
NUTRIENT, RIGHT?

SAYING THAT CARBOHYDPRATES
ARE HIGH IN CALORIES IS
A LITTLE DIFFERENT, BUT
FEOFLE OFTEN SAY THAT
YOU'LL GET FAT IF YOU EAT
TOO MANY CARBS.

AININ@ WEIGHT o

MEANS THAT FAT
BUILDS UP IN YOUR

BODY, RIGHT?  WHY DO YOU THINK

YOU @AIN WEIGHT IF
YOU EAT TOO MANY

A\ CARBOHYDRATES?

OF COURSE 1 DO!
I'M ON A DIET,
AFTER ALL.

OBVIOUSLY!

1 ALREADY
KNEW THAT!

WELL, I PON'T
KNOW WHY...BUT
MAGAZINES PON'T
LIE, RIGHT?

FROLOGUE

(FeER PRt E e ek ePeir bt




IF YOU STURY
BIOCHEMISTRY,
YOU'LL LEARN WHY!

BIOCHEMISTRY IS THE
STUDY OF THE CHEMICAL
PROCESSES THAT TAKE
PLACE INSIDE THE BODIES OF
LIVING ORGANISMS. IN OTHER
WORDS, IT'S THE CHEMISTRY
OF OUR BOPDIES!

1T DOES SEEM KIND i Y rA 435 ACTUALLY, MY 1
BUT I'M NO GOOD PROFESSORS B 2 SO 15 REALLY
AT CHEMISTRY. CAN BE PRETTY il = “5 EASYGOING, 1
SCARY. LA i PROMISE.

g,

ASSOCIATE
PROFESSOR
CHOKO
KUROSAKA...

» SHE
AUTHOR OF MY
TEXTBOOK.

TAKE MY WORD FOR
IT, SHE'S REALLY
EXCEPTIONAL.

: : e — * ABOUTZTHE AUTHOR
6 PROLOGUE it O e e W
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SO | S

CHEMISTRY ISN'T
AS DIFFICULT AS
YOU THINK, KUML.

S0 CHEMICAL
REACTIONS MUST BE
HAPFENING IN OUR
BODIES ALL THE
TIME, RIGHT?

FOR EXAMPLE, WHEN YOU
EAT DINNER AND PIGEST
YOUR FOOD, THAT'S A

CHEMICAL REACTION.

' I WAS SO BUSY
WORRYING ABOUT

MY WEIGHT AS A
NUMBER...

NO WAY!

22

CORRECT!

OUR BOPDIES (AND
THOSE OF OTHER
LIVING CREATURES)

ARE ACTUALLY MADE
UF OF MANY TYFES

OF CHEMICALS.

I WASN'T THINKING
ABOUT MY BODY
FROM A CHEMICAL
POINT OF VIEW.

THE FAT AND
CARBOHYDRATES
THAT WE TALKED
ABOUT EARLIER ARE

AP ml A _ ALSO CHEMICALS,
=Al: RIGHT?




EXACTLY!
TO SUM IT UP:

BIOCHEMISTRY 15 Nmri
THE STUDY OF WHAT'S  Niipii:\

OCCURRING INSIDE :::::: 3y > gt .::E:E:' ':_- _WITH A SPECIAL
\  OUR BODIES (AND THE  Jiiniiii: BN £
. e R PN FOCUS ON THIS
\ BODIES OF OTHER LIVING /i _ ;
1N\ Bl Lo N CHEMICAL POINT

' OF VIEW.”
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" I'M ACTUALLY PERFORMING
RESEARCH ON THE BODY'S
CHEMICAL PROCESSES
AT MY SCHOOL.

IF YOU WANT TO, YOU CAN
JOIN ME AT THE LABORATORY
FOR AN EXFERIMENT.

1F 1 PARTICIPATE_A{ A\ VA ¥ THE NEXT DAY—

IN AN EXPERIMENT, AL ) Y ‘U I/

I CAN MEET THAT
PROFESSOR!

SURE!
nioom & RLRESREIN H

NO TIMEL 75 [ ‘

* KREBS UNIVERSITY




YOU, KUMI. fiiLE amadn i

WELCOME TO

SHE'S EVEN MORE
GORGEOUS IN
PERSON!!!

.....

---------

llllllll
------

-----

-------------

UM..I'VE REALLY ' e

++++++

WANTED TO Ve b i e

ASK YOU... | | {Bita N o

-------

lllllll
------

-----

-----
-----
------------
+++++++++++
lllllllllllllll
---------------
llllllllllll
---------
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+++++
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IF I STUDY 7/~ \ >N A |

BIOCHEMISTRY... BERSS AT
WILL I BECOME / IS A
AS BEAUTIFUL
AS you?!

M

WHEN I SAW YOUR
PICTURE, I WAS
TOTALLY SMITTEN!

N[

N | WELL, BIOCHEMISTRY
) | AND YOUR PHYSICAL

APPEARANCE AREN'T
PIRECTLY RELATED...

~

BUT BIOCHEMISTRY
CERTAINLY DEEPENS
QUR UNPERSTANDING
OF THE WAY IN WHICH B

OUR BOPIES INTERACT / —\
WITH FOOPD.




WE CAN STUDY THE WAY OUR " IF YOU TRULY
BODIES CHEMICALLY BREAK UNDERSTAND
DOWN WHAT WE EAT AND HOW YOUR BODY /]
HOW IT'S TRANSFORMED INTO AL WORKS... A A}

NUTRIENTS THAT THE BODY <17 | ;l |
USES TO REPLENISH ITSELF. N | SToTARI o \..
i G, HEALTHY AND |\
BEAUTIFUL! j

THIS KNOWLEDGE CAN
ALSO HELF US CURE
PISEASES...

AND PROMOTE GOOD
SNG T o S DL Y GENERAL HEALTH.

CO000O0L!

IF 1 STUDY

BIOCHEMISTRY... THAT'S THE

SPIRIT!

I MIGHT BECOME

BEAUTIFUL LIKE THE
PROFESSOR!

AND 1 CAN UNLOCK
THE SECRETS OF

HEALTH!!

e, 1,

FIRST YOU NEED TO
PRINK THIS WATER.

_._-—-—//

AR gt
bty




WE'LL BE USING

IT TO OBSERVE

THE INSIDE OF
YOUR BODY.

IT CONTAINSG A ROBOT
SO TINY THAT IT CAN'T
BE SEEN WITH THE
NAKED EYE.

ROBOT & MASCOT
NICKNAME: ROBOCAT
DEVELOPED BY KUROSAKA LABS

NOW, AT
LONG LAST...

POWN THE
HATCH!

LET THE STUDY OF =t
BIOCHEMISTRY BE®IN! AR Y & ,_;ﬁfﬁﬁﬁm..:
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1. Cell Structure

2 8 §F B " R BN ER R RPN B B BE BN O BN BN BN BN BN BN BN BN OGN BN BN BN BN BN BN O BN BN BE BN BN BN O BE BN OGN BN BN BN BN BN BN N BN BN BN BN BN BN BN N N

< i
COME ON IN AND
§ *( HAVE A SEAT. THIS
= ) | & THE PROJECTION |
ol ‘)f ROOM. d
b Y
wl!
=1 |
E I / b
o G
o 3
PN
ol
=
.R;%
Ii.
THE IMAGES FROM THAT'S RIGHT! o e :':,'.'l-
| ROBOCAT, WHOM ' ' A
B = WE'RE GOING
= = YOU INGESTED -
: TO STUPY YOUR
2 EARLIER, WILL BE i
PROJECTED HERE. BODY'S CHEMICAL
_ : REACTIONS! N
'-F. }l i o a2
g A j%’! * .
g i ;ﬂf ST II Tttt 't
et e THERE'S NO POINT IN INTELLIGENCE 15
i BEING BEAUTIFUL ON THE MORE IMPORTANT
/ OUTSIDE IF YOU HAVE NO | &
COOL! 50 T'LL IDEA WHAT'S HAPPENING A TE?;&E:E*E:EQ%
ACTUALLY GET TO ON THE INZIPE.
SEE WHAT'S INSIDE '/
MY OWN BODY? f

14 CHAFPTER 1




YOU LEARNED
ABOUT CELLS
IN BIOLOGY
CLASS, RIGHT?

AMOEBAE, BACTERIA, AND
OTHER TINY ORGANISMS
ARE "UNICELLULAR
MICROOREGANISMS,"” WHICH
MEANS THEY'RE MADE UFP OF
A SINGLE CELL.

—~\. AMOEBA

LIVING CREATURES THAT
ARE VISIBLE TO THE
NAKED EYE—LIKE HUMANS,

CELLS ARE LIKE TINY POGS, OR PLANTS—

N | ' , K/ e ORGANISMS," AND THEY'RE
S UP OUR BODIES! ‘ A MADE UFP OF MANY CELLS!

THAT'S EIGHT!

FOR EXAMPLE, A SINGLE
ADULT BODY CONSISTS OF
AN UNBELIEVABLY LARGE
NUMBER OF CELLS...

BETWEEN 60 AND

100 TRILLION.

THE CELL 1S THE SMALLEST UNIT
INSIPDE OUR BODIES THAT CAN BE '

CLASSIFIED AS “LIVING. }gt‘v&

HEY, THE IMAGE =
FINISHED . o 7
POWNLOAPING!

I BET EVEN THE
FROFESSOR'S CELLS
ARE BEAUTIFUL!

.....................
..............

S~ EeEEEEK!
T e 21 0 THAT'S i
T T — TOTALLY o

LET'S TRY
ZOOMING IN ON A
SINGLE CELL.




WHAT ARE THE COMPONENTS OF A CELL?

CELLS ARE FILLED WITH A THICK
LIQUID CALLED cYTOSOL.
SUBUNITS CALLED ORKGANELLES

THE CYTOSOL CONTAINS
g FLOAT IN THE CYTOSOL.

MANY PROTEINS,
SACCHARIDES, AND OTHER
CELLULAR COMPONENTS.
IT'S THE LOCATION OF MANY
CELLULAR PROCESSES
LIKE SIGNALING, FROTEIN
TRAFFICKING, AND

CELL PIVISION. ° NUCLEUS ENDOFPLASMIC RETICULUM
AND RIBOSOME

THE LARGEST ORGANELLE,
LOCATED IN THE MIDDLE OF
THE CELL, IS THE NUCLEUS.

- A
GOLG| APFPARATUS o

LYSOSOME o

TO ALL THE LIQUIP INSIDE THE CELL MEMBERANE,
INCLUPING WITHIN ORGANELLES. THE CELL
MEMBRANE |15 A TYPE OF LIFIP BILAYER.

THE CELL MEMBRANE
PLAYS SEVERAL IMPORTANT
ROLES, SUCH AS
COMMUNICATION BETWEEN
CELLS, ABSORPTION OF
NUTRIENTS, AND EXPULSION
OF WASTE.

FHOSFHOLIPID

HYDROPHILIC
PHOSPHATE
- Group —¥ (ATTRACTED

TO WATER)

HYPROFPHOBIC
ﬁ} FATTY 3 (REPELLED BY

ACID WATER)

FHOSFHOLIFIPS FORM A BILAYER
WITH THEIR WATER-REPELLED TAILS
FOINTING INWARD AND THEIR WATER-
ATTRACTED HEADS POINTING OUTWARD.

T T,

! e LETITILIT] .2
S

o
.l..l"l- .

t:"
»



THE NUCLEUS CONTAINS
PEOXYRIBONUCLEIC AC/P,
OR PNA, WHICH ENCODPES
GENES AND 1S SOMETIMES

REFERRED TO AS THE

"‘BLUEPRINT” FOR LIFE.

THE NUCLEUS |15 REFERRED
TO AS THE "CONTROL
CENTER" OF THE CELL.

ENDOPLASMIC RETICULUM
MITOCHONDRIA AND RIBOSOME

NUCLEUS

DNA WAREHOUSE ENERGY FROPULTION FROTEIN SYNTHESIS

GOLG| APPARATUS LYSOSOME CHLOROPLAST

FROTEIN SECRETION WASTE PROCESSING FHOTOSYNTHESIS

SCKR/BBLE

CHLOROFLASTS ARE SCRIBBLE

FOUND ONLY IN PLANTS
AND SOME MICROBES.




2. What Happens Inside a Cell?

B BN B BN B N BN BN BN B BN R BN BN BN BN BN BN B B BN BN BN BN B BN B BN N BN BN BN BN O B O B O IN BN BN B B BN B AN 8P e F RS BFEREREERERESN

TO LEARN ABOUT
THE CHEMISTRY OF A
LIVING CREATURE...

CELLS CREATE PROTEINS AND
GENERATE THE ENERGY REQUIRED
FOR AN ORGANISM TO LIVE.

THEY ARE BULPING BLOCKS THAT ACT
IN CONJUNCTION WITH OTHER CELLS
TO CONSTRUCT THE BOPIES OF
LIVING CREATURES.

YOU FIRST HAVE
TO LEARN ABOUT
WHAT HAPPENS
INSIDE ITS CELLS.

I WONDER WHAT
MY CELLS ARE UP
TO RIGHT NOW.

OKAY KUMI,
LISTEN UP!

THERE ARE OTHER DETAILS
WE'LL LEARN ABOUT LATER,
BUT FOR NOW WE'LL JUST
TALK ABOUT THESE FOUR
MAIN PROCESSES.

C‘D PROTEIN SYNTHESIS

@ METABOLISM

@ ENERGY PRODUCTION

@ PHOTOSYNTHESIS (OCCURS IN PLANTS,

ALGAE, AND SOME BACTERIA)

&8 0 89



|

WOW, ARE
PROTEINS REALLY
THAT PELICIOUS,

WHEN YOU HEAR ER, I MEAN,
4 ; IMPORTANT?

‘PROTEIN,” YOU e vl o Ay ., -
PROBABLY THINK OF | sl o€ \ /A i pm L
. THE NUTRIENTS FOUND /F R » -
N IN FOODS, BUT...

FOR LIVING CREATURES

PROTEIN SYNTHESIS

......

Lt LIKE US, PROTEINS ARE
ﬁﬁ&?” e e e ﬁ VITAL SUBSTANCES THAT
ARE LARGELY RESPONSIBLE

. FOR KEEPING OUR BODIES A o o
- FUNCTIONING. | N

R R R R R

o .-#';Eg" o ' o
; i -.-Mqﬂ&ﬁ;%i-igi-i- e -. '-'~'-

ABSOLUTELY! REMEMBER WHEN
OUR BODIES ARE ROBOCAT LOOKED AT THE
MAINTAINED BY DNA INSIDE THE NUCLEUS?
DIFFERENT PROTEINS i
CARRYING OUT GENE (PROTEIN

THEIR DUTIES. BLUEFPRINT)

RNA

lf A
A PROTEIN'S BLUEPRINT, OR
GENE, 15 ENCODED IN THE

DNA INSIDE THE NUCLEUS.

* MAINTENANCE OF
CELLULAR STRUCTURE

* PIGESTION

- MUSCLE CEREATION

* PROTECTION FEOM VIEAL,
FUNGAL, AND PARASITIC
INFECTIONS

HLJL‘.LELJE-

PROTEINS ARE

CONTINUOUSLY
MANUFACTURED PROTEINS ARE CREATED BY RIBOSOMES,
BY EVERY CELL IN FOUND IN THE CYTOPLASM, BASED
OUR BODY. ON THIS BLUEPRINT.

THE RIBOSOMES ARE
LIKE CHEFS FOLLOWING A
RECIPE TO MAKE A MEAL!




METABOLISM

ONCE PROTEINS ARE
CREATED, THEY PO
IMPORTANT JOBS INSIDE
AND OUTSIDE THE CELLS.

ONE OF THESE

THIS BREAKING DOWN
OF SUBSTANCES 15
REFERRED TO AS
METABOLISM.

PROTEINS PLAY
THE CENTRAL ROLE
IN PRIVING THAT
METABOLISM.

...c:ATAvamm
BREAKDOWN OF FOODS -

BREAKING POWN FOR EXAMPLE, SINCE
FOOP INTO NUTRIENTS, ALCOHOL IS HIGHLY TOXIC
ABSORBING THESE TO THE BODY, IT'S BROKEN
NUTRIENTS, AND CHANGING POWN BY LIVER CELLS AND
THEM INTO SUBSTANCES CHANGED INTO A NONTOXIC
YOUR BODPY CAN USE SUBSTANCE.

TO REPLENISH ITSELF...
THIS 1S ALSO THE JOB OF A

THESE ARE ALL JOBS FOR
SPECIALIZED PROTEINS! SPECIALIZED PROTEIN!

; :cd:ﬁ:ﬁ: Bee e
R e R R Ok

.

o

P
e

OR MEPDICINES THAT
ENTER THE BODY INTO
SOMETHING USEFUL

AND BREAKING POWN
UNNECESSARY OR HARMFUL
SUBSTANCES INTO SOMETHING
THAT CAN BE EXPELLED :
MORE EASILY.

THE MEDICINE YOU TAKE
WHEN YOU'RE SICK NEEDS TO
BE BROKEN POWN AS WELL.
PROTEINS IN THE LIVER HELP

YOUR BODY SIMPLIFY THAT
MEDICINE INTO SUBSTANCES
THAT PRODUCE THE DESIRED

HEALING EFFECT IN THE

RIGHT LOCATI



(PROTEINS, FATS, CARBOHYDRATES, VITAMINS, MINERALS, AND SO ON)

BECOMES MATERIALS

é USABLE BY THE BODY
arem — (] <
-

CREATES ENERGY
/

f’ ?’ ALCOHOL —> 7 PR

THINGS YOU EAT OR
DRINK ARE GENERALLY
METABOLIZED LIKE THIS.

D —

FOR INSTANCE, HERE'S WHAT
HAPPENS AFTER 1 PRINK A
DELICIOUS GLASS OF WINE.

e

T —_— PETOXIFICATION
00O
METABOLISM %

A AL CARBON DIOXIDE
GMETAEGL!'EM WATER
, . THE LIVER
N\ eoven e\ METABOLIZES  /Tue proressor £
,..5 _ﬂ,,} BLOOD AND INTO ' SURE CAN HOLD A il-!.. i
o THE LIVER. HER LIQUOR... W ]

METABOLISM |15
PERFORMED BY PROTEINS.
WOW! PROTEINS ARE

PILIGENTLY WORKING

AWAY INSIDE MY BODY JEEZ, MY CELLS
EVEN WHEN I'M EATING WORK HARDER
DINNER OR SLEEPING THAN I DO...

OFF A COLD...

IN THE CELL MEMBRANE, THE
CYTOFLASM, THE NUCLEUS, AND EVERY
OTHER ORGANELLE, THE ROLES ARE
DIVIDED AMONG MANY PROTEINS SO
THAT METABOLISM 1S CONSTANTLY
PERFORMED.

METABOLISM

.

METABOLISM |
T

WHAT HAPFPENS INSIDE YOUR BODY? 21



ENERGY PRODPUCTION

....................................................................

e A _ | WY - YOU SAID YOU
...... A - " WERE RUNNING
ok , LOW ON CASH
BY THE WAY, i /i THIS MONTH,
NEMOTO... DIDN'T YOU?

WELL, TO BE
HONEST, 1
GUESS 1 AM A

LITTLE STRAPFED

FOR CASH.

IN TOPAY'S
MODERN

I SOCIETY, MONEY
IS ESSENTIAL

FOR ALMOST ANY

ACTIVITY, RIGHT?

FROFESSORS ABOUT
MY MONEY PROBLEMS...

IN A SIMILAR WAY,
CELLS HAVE SOMETHING
THAT 1S5 ESSENTIAL FOR
THEIR ACTIVITY.

IT'S LIKE CURRENCY,
BUT IT'S USED FOR
CHEMICAL REACTIONS

IN OUR CELLS. THIS IS THE SUBSTANCE

CALLED APENOSINE
TRIPHOSFHATE, OR ATF.

A-DEEN-OH...
WHAT?

UM...LET'S JUST
STICK WITH ATP.

Z2Z CHAFTER 1




ATFP |5 ESSENTIAL
FOR MANY ACTIVITIES/

* SYNTHESIZING PROTEINS y
+ POWERING CHEMICAL REACTIONS
* PERFORMING PHOTOSYNTHESIS

AS YOU CAN SEE, ATP IS
ESSENTIAL TO CELLS AND
METABOLISM, JUST LIKE
MONEY IS ESSENTIAL TO US!

HAS MY
MISFORTUNE
MOVED HER TO
TEARS? AMAZING!

YOU CAN'T PO ANYTHING
IF YOU DON'T HAVE
MONEY TO SPEND..IT'S
SO DEPRESSING.

::"‘iz.." K :
Y ~r? |
TO MAINTAIN ESSENTIAL iy ATP 15 CREATED

CELLULAR AND METABOLIC
PROCESSES, CELLS MUST
PRODUCE A CONSTANT SUPPLY
OF ATP. TO PO THIS, THEY
REQUIRE SUGAR CONTENT
(THAT 15, SACCHARIDES*)
AND OXYGEN.

BY MITOCHONDRIA
AND PROTEINS
FOUND IN THE

CYTOSOL.

IT'S NO EXAGGERATION

TO SAY THAT WE EAT AND

BREATHE TO CREATE ATF,
WHICH |15 THEN USED TO FUND
THE ACTIVITIES OF PROTEINS.

\GET e, I | JUST LIKE REMEMBER: ATP
— SR WORKING TO IS THE “COMMON
EARN A LIVING,

CURRENCY" OF
ENERGY THAT'S USED
BY PROTEING TO
KEEP US ALIVE.

ANOTHER DAY,
ANOTHER Dﬂiﬁ.LAE! ISN'T IT?

* THESE SACCHARIPES ARE ALSO KNOWHN AS CARBOHYDPEATES.




e .
" H :

PHOTOSYNTHESIS NN
|7 '
- =N "’? i
OKAY... TN
THE LAST TOPIC WE'LL
GO OVER TODAY 15 =
i PHOTOSYNTHES/S. T
'&_#.-‘5"'
-.-""ﬁ:l- s__,-.:-'":f
?{f ﬁf"pf
g"f: e
.{ﬁ:ff'-sfs{
.-:__,; o
f.ﬁs
g

WE LEAERNED ABOUT
THAT IN SCcHOOL!

PROTEIN SYNTHESIS AND ENERGY
PRODUCTION OCCUR IN THE
CELLS OF ALL ORGANISMS...

GREEN PLANTS
PERFORM

PHOTOSYNTHESIS, /&% W

RIGHT?

_— ..BUT PHOTOSYNTHESIS CAN ONLY
4V OCCUR IN THE CELLS OF PLANTS,
ALGAE, AND SOME BACTERIA.

NOW, LOOK AT
THIS DIAGRAM.

24 CHAFTER 1



SACCHARIDES WERE
REQUIRED TO CREATE
ATF, RIGHT?

PHOTOSYNTHESIS 1S A
: REACTION THAT USES
SUNLIGHT AND CARBON
PIOXIPE TO SYNTHESIZE
SACCHARIDES.

F 50 DO YOU UNDERSTAND '+':':'::‘Z:;_::‘:._ AHL —
WHY FLANTS ARE SO i : AND BOTH OF
IMPORTANT FOR LIVING :
CREATURES LIKE US? THOSE THINGS
ARE PRODUCED BY

PHOTOSYNTHESIS!

AS A BY-PRODUCT OF
PHOTOSYNTHESIS.

N\
} SACCHARIDES AND OXYGEN
ARE REQUIRED TO CREATE

ATF, WHICH IS ESSENTIAL
FOR OUR BOPIES...

IF PLANTS DIDN'T PERFORM
PHOTOSYNTHESIS, LIFE
WOULD BE SO CRUEL.

BINGO!

ONE MORE THING TO KNOW:
PHOTOSYNTHESIS OCCURS
IN CHLOROPLASTS, WHICH
ARE SPECIAL ORGANELLES

FOUND IN PLANT CELLS.

-/LITTLE MATCH "X
L GIRLKUMIT X

&« A

WHAT HAPFENS INSIDE YOUR BODY? Z5



3. A Cell Is the Location of Many Chemical Reactions
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LA LA LA! b ............

I REALLY STUDIED A LOT

TODAY! IT LOOKS LIKE I'M
ONE STEP CLOSER TO

MASTERING THE SECRETS

OF BIOCHEMISTRY!

: I'VE LEARNED ABOUT

THE METABOLIC PROCESSES
THAT OCCUR IN CELLS, BUT 1
HAVEN'T LEARNED ANYTHING

ABOUT BIOCHEMISTRY ITSELF!
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HAVE STUDIED
BIOCHEMISTRY!

BELIEVE ME?
@ PROTEIN SYNTHESIS

N @ METABOLISM

.'lI

@ ENERGY PRODUCTION

@ PHOTOSYNTHESIS

ALL OF THE
PROCESSES YOU
LEARNED ABOUT
ARE ACTUALLY
BIOCHEMICAL
PHENOMENA!

I'LL PROVE IT TO YOU!

Z& CHAFTER1
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BIOCHEMISTRY OF PROTEIN SYNTHESIS

-----
tttttt
lllll

WHAT PO YOU THINK
HAPPENS WHEN PROTEINS
ARE SYNTHESIZED?

T0 Rt

CREATE A  [*,*.*.*.°."

iiiii

AMINC ACIDS FROTEIN! R S

OADl BHE 0y A g
AOD

A PROTEIN IS ACTUALLY FORMED BY
MANY SMALL MOLECULES CALLED
AMINO ACIPS JOINING TOGETHER.

THEY'RE LIKE LITTLE CANDY
NECKLACES?T HOW CUTE!
AND HOW PELICIOUS...

THERE ARE 20
COMMON TYFES OF
AMIND ACIDS USED TO
CREATE PROTEINS.

FROTEINS
A
! MUSCLE CONTRACTION'

—O D = (ACTIN AND MYOSIN)
A-O{ A —> ENZYMES
P58\ —> ANTIBODIES
0 d‘:‘!: -{b—H—D—B — HAIE (KERATIN)
_U_kg:'_(?_@h —>» SKIN (COLLAGEN)

THESE 20 TYPES CAN BE COMBINED IN
DIFFERENT NUMBERS AND ORDPERS TO
CREATE VARIOUS TYFES OF PROTEINS.

PROTEIN SYNTHESIS 1S
CARRIED OUT BY RIBOSOMES,
WHICH FLOAT IN THE CYTOPLASM
OR ARE STUCK TO THE
ENDOPLASMIC RETICULUM.

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.

/




HOW DOES THE
RIBOSOME MAKE
PROTEINS?

......
T

WHEN THESE AMINO
ACIDS ARE "JOINED
TOGETHER,” THAT'S A KIND
OF CHEMICAL REACTION,

SCATTERED b W

Doy HN Q2 Ol N G oo

H‘EN H-]'N
A
Coy REACTION

ONE AMINO ACID

HEY! THAT'S
EXACTLY WHAT
NEMOTO SAID
BACK AT MY

REMEMBER, KUM|,
BIOCHEMISTRY 15
THE STUDPY OF THE
CHEMICAL PROCESSES
THAT TAKE PLACE
INSIPE THE BOPIES
OF LIVING
ORGANISMS...

-:lT-t.-"_.-"_ A A
Ty ppprarra b
Epireeaeeai ¥

28 CHAPTER 1

THE RIBOSOME |15

THE PLACE WHERE WHERE THE
AMINO ACIDS JOIN CANDIES ARE
STRUNG INTO A

|\

OH, 1 SEE! IT'S

TOGETHER.

NECKLACE.

R ACTUALLY, A RIBOSOME LOOKS
MORE LIKE A SNOWMAN
STANDING ON ITS HEAD.

JOINED!

THAT'S RIGHT! THAT REACTION
STICKS TWO PIFFERENT AMINO ACIDS
TOGETHER. THEN ADDITIONAL REACTIONS
FILE ON EVEN MORE AMINO ACIDS, AND
PRETTY SOON YOU'VE GOT YOURSELF
A PROTEIN!

AMINO ACIDS
ARE COMBINED BY
CHEMICAL REACTIONS
TO FORM FROTEINS...

NOW YOU'RE |
GETTING IT!

S0 PROTEIN
YW\ SYNTHESIS 1S IN FACT...
BIOCHEMISTRY!




BIOCHEMISTRY OF METABOLISM

REMEMBER WHEN 1 SAID THAT
CHANGING ONE SUBSTANCE
INTO ANOTHER WAS CALLED
METABOL/SM?

MM HMM

SUBSTANCE A —> SUBSTANCE B
CHEMICAL

WELL, METABOLISM |15

A CHEMICAL REACTION Jeer=="8 |
AS WELL!

= ONE CAEBON ATOM
>
CHEMICAL
PYRUVIC REACTION

ACID GLUCOSE

SACCHARIDE EAT
(NEUTRAL FAT)

AND LIPOGENESIS |15
A CHEMICAL REACTION THAT
CHANGES SACCHARIPES
INTO FAT WHEN TOO MANY
SACCHARIDES ARE ABSORBED
INTO YOUR BODY.

FOR EXAMPLE, GLUCONEOGENES/S,
WHICH |5 PERFORMED BY LIVER OR
KIDNEY CELLS, 15 A CHEMICAL REACTION
THAT CHANGES PYRUVIC ACID INTO A
k SACCHARIDE CALLED GLUCOSE.

B e |~ AND LET'S NOT
s ARGGHHH! FORGET ALCOHOL
! DISGUSTING! DETOXIFICATION! AN
THAT CHEMICAL e 3

REACTION IS
TOTALLY GROSS!

50 NOW PO YoU
UNDERSTAND,
KUMI?

A b
‘- ':EEEE..I. . : :-.: =

T a™M A 1F youre
iz 1 o, ' 7 STUDYING
SH : T METABOLISM,
YOU'RE
STUPYING
BIOCHEMISTRY!
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BIOCHEMISTRY OF ENERGY PRODUCTION

GLUCOSE

ENERGY PRODUCTION
1S ALSO A KIND OF
METABOLISM.

TO PRODUCE
ENERGY, GLUCOSE
1S FIRST BROKEN
DPOWN INTO PYRUVIC
AC/P IN CYTOSOL.

HUH? DIDN'T YOU
MENTION GLUCOSE AND
PYRUVIC ACID EARLIER?

e YUP! THIS |15 THE e
S REVERSE VERSION OF S

ey GLUCONEQOGENESIS,
ST CALLED eLycOoLYS/s.

L | oveowsis Fiiiiiiiiiiiiiinng mmeoeenee..-al'.5.':25.'525.'525.'25:?zi:.':i_":i.'ijfii:iii:ii;:;i§:.';:f';z}:;}a;z}z;z};;}e;:;a;z;a;z;a;z;e;z
bR - | Suin i

G e PYRUVIC T PYRUVIC S e,

GLYCOLYSIS
IS ALL ABOUT
BREAKING DPOWN
SACCHARIDES!

BREAK IT
DOWN, Y'ALL!




I TOTALLY
UNDERSTAND!

GLYCOLYSIS
S A PIECE
OF CAKE!

lllllllllllllllllllll
rrrrrrrrrrr
----------------

WELL, IT MAY SEEM EASY e SRR,
AT FIRST, BUT THE PROCESS e
1S ACTUALLY A LITTLE MORE
COMPLICATED THAN THAT. -~ .~ ™=
-:.HEMIL’.AL- O B
iHEMI:::AL 2
REACTIONS EE‘“’:‘T'C’”E‘ \
—p s —#-?&i-) r:.n&es- EZD 38 + CO, + H‘J.D
ETS
ENERGY
GLUCOSE P"fnuwc ACID
CYTOPLASM ¢ > MITOCHONDRIA

WOW! LOTS YUP, BREAKING POWN
OF CHEMICAL GLUCOSE |19 TRICKIER
REACTIONS... THAN YOU THOUGHT, EH?

MITOCHONDRIA
MITOCHONPRIA USE OXYGEN [/  ARE BUSY LITTLE

PYRUVIC ACID AND (0.) GUYS, AREN'T
OXYGEN TO CREATE P”Ef;": |
ENERGY (ATP). o

" THIS ENERGY PRODUCTION 15 A
/1 |/ COMPLEX PROCESS THAT CONSISTS
N () OF MANY CHEMICAL REACTIONS

ORI W\ OCCURRING SIMULTANEOUSLY IN
DIFFERENT PLACES.
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BIOCHEMISTRY OF PHOTOSYNTHESIS |/ \\K
— T T NN

1

FINALLY, LET'S LOOK -
AT PHOTOSYNTHESIS \
IN PLANTS. —

A COMPLEX CHEMICAL
REACTION OCCURS

[}
. WHEN LIGHT STRIKES
. /] CHLOROPLASTS IN A
) & PLANT'S CELLS.
fﬁf”'ff

CARBON DIOXIDE |15 USED AS A
RAW MATERIAL BY THAT CHEMICAL
REACTION TO CREATE SACCHARIDES

SUCH AS GLUCOSE...

ey e

LIGHT

50, KUMI, WHAT HAVE
YOU NOTICED ABOUT
ALL OF THESE CELLULAR
PROCESSEST DO THEY
HAVE ANYTHING IN
COMMON?

HUH? UM..WELL... THEY'RE ALL

CHEMICAL
REACTIONS?

s o B i : R

G g N £ ' ©OLD STAR!
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CELLS ARE CHEMICAL

e,

IF THERE'S ONE THING
YOU SHOULD GET OUT
OF TODAY'S LESSON...

IT'S THAT ALL OF
THE PROCESSES
THAT OCCUR IN OUR

REACTIONS!

COUNTLESS CHEMICAL
REACTIONS ARE TAKING
PLACE INSIPE YOU,
EVEN AS WE SPEAK/

IT'S AMAZING

NOT ONLY THAT, BUT
TO BE ALIVE...

THEY ARE HAPPENING
UNBELIEVABLY FAST—IN
THE BLINK OF AN EYE!

IN THE PROPER ORDER,

WOW...

THAT'S KIND
OF SCARY.

7 AND THE FACT
THAT ALL OF THIS 15
GOING ON INSIDE SUCH

o TEENY, TINY CELLS...
i ANaw P - IT'S MIND-BLOWING!
k. &
St (o o \o BIOCHEMISTRY
77, (2| © e REALLY 15 OKAY!
se=rudans INTERESTING! LET'S END
D e o TODAY'S
ol 2\ © 1919 19 [ LESSON _—
e pseosih HERE! /(1//{[N T
7 TIGHT REGULATION OF — -
THESE PROCESSES N e T
ENSURES THAT o N——— T
EVERYTHING OCCURS e e

WHICH IS ESSENTIAL

TO CELL LIFE.




WELL, IT'S BEEN A
LONG DAY. YOU MUST
BE WORN OUT.

PEFINITELY.
BUT IT WAS
REALLY VERY
FASCINATING!
THANK YOU
SO MUCH!

ROBOCAT OUTPUT

Y SRR\ o N ARE YOU SURE

Al AB g » 7 ~e ER YOUR MIND 1S ON

R SO e | b BIOCHEMISTRY...

..AND NOT
ON KUMI?

)

>
. r-t'l
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WHAT? NO WAY!
I JUST WANT TO GET
PEOPLE INTERESTED
IN BIOCHEMISTRY,
THAT'S ALL!

BUT I THINK YOU
TWO HAVE SOME
YCHEMISTRY" OF
YOUR OWN.

THAT'S CRAZY! I'M JUST
AN INNOCENT SCIENTIST!

I WOULD NEVER- SRR

SAY NO MORE.
1 UNDERSTAND.

& FEln -
=, H-
= - -
- b ]
P .

771 1 HAVEN'T SEEN A
BOY THIS HEAD-

OVER-HEELS IN
YEARS.

JUST CALL ME...
THE PROFESSOR
OF LOVE! J

THERE'S
ONLY ONE
THING 1




4. Fundamental Biochemistry Knowledge
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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 & 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 i1s an unusually high
number for an element. Proteins, lipids, saccharides, nucleic acids, and vitamins are all built
with carbon as a framework.

Although carbaon 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 {HED} 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
“assemnbled from repeating units,” like the beads of a necklace. Proteins, lipids, nucleic acid,
and polysaccharides are all hiopolymers. 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
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easily, it doesnt 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 arganism.

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
(termperature, 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 (CO,) and water (H,0). Energy is produced when electrons are transferred
between molecules (oxidation-reduction), along a sort of factory line, until they reach oxy-
gen [E]E]. 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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1. Ecosystems and Cycles
FENEERENENNENEENENNENEENNNNENNENENNNNHWN ’%’@‘3%%‘5553?5% (R S Rl BB R gus 8 8 8800 s gy
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ECOSYSTEMS AND THE BIOGEOCHEMICAL CYCLE

THIS FOOD 1S SO

DELICIOUS! AND

THIS PARK 1S SO
BEAUTIFUL!

IT'e SO NICE TO EAT

LUNCH UNDER A CLEAR
BLUE SKY, SURROUNDED
BY TREES...

EATING PROFESSOR e >N
KUROSAKA'S HOME | e M
COOKING 15 50 AWESOME!

I BROUGHT A LOT,
SO EAT AS MUCH
AS YOU WANT.

THAT'S
RIGHT!

WHICH 15
WHY WE NEED
TO PROTECT
THE GLOBAL
ENVIRONMENT
NOW AND IN
THE FUTURE.

L& & & & 8 @



ABSOLUTELY! T'LL

DO MY PART BY " INSTEAD, T'LL JUST EAT =N/

NOT USING AIR : DELICIOUS ICE CREAM %. £oi
[ . WHENEVER IT'S HOT P

SCRPHIORING: : kR : OUTSIPE. ,//fi/ 'f

50 cO0oL,
50 YUuMmy!

THAT'S NOT
EXACTLY WHAT
I MEANT...

A A A A LA A e g e

WELL, THE TERM
vavavava L . 7 "GLOBAL ENVIRONMENT” |5
i e ; Mo | ALITTLE AMBIGUOUS...HOW
3%%%%%%%%%% S | AM I SUPPOSED TO KNOW
%ﬁﬁ*w g . "V LA EXACTLY WHAT YOU MEAN?

.
P e Ry e
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S
At

'Z-'?i-i'

e
i

: '?!'

S

FoAR R e K L e e B L

S

||||||||

ARE YOU CONFUSED
BECAUSE WE'RE

TALKING ON SUCH A
LARGE SCALE?

b

VirS

OF COURSE THAT'S HER j -
PROBLEM! LET'S EXPLAIN TO
KUMI WHAT MAKES UP THE
EARTH'S ENVIRONMENT.

CLOSELY RELATED TO OUR
ENVIRONMENT |S THE IDEA OF
AN ECOSYSTEM.

THIS TERM COLLECTIVELY REFERS TO ALL
THE PLANTS, ANIMALS, AND ORGANISMS
THAT INHABIT A PARTICULAR AREA, ALONG
WITH THE NONLIVING ELEMENTS OF THE
EUERDUHDIHE ENVIRONMENT...

5 e L ‘*f ﬁ
|. .|. o .g.‘.g%.l.. ﬂﬁ'ﬁﬁ"?%.l.

IT INDICATES THAT THEY'RE
| ALL PART OF A SINGLE
|\ WHOLE, OR 5Y5TEM.
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_“_-‘_hhh_""m '™ ‘:‘1 E::B“ l-" -. HES':E":EEEEEEEEEEEEEEEEE
SINCE ALL LIFE R
ON EARTH I e
bl iyl R e R IS5 NOT AN EXAGGERATION
2 g EERECIEEY ) TO CONSIDER THE GLOBAL
. SRR AR ENVIRONMENT AS ITS OWN

g MASSIVE ECOSYSTEM. /

—-_.'-_--.-.-

' BUT HOW CAN SUCH

A VAST ECOSYSTEM ¢k RV ..HERE WE NEED TO
BE MAINTAINED? CONSIDER HOW AN

ECOSYSTEM COMES
ABOUT CHEMICALLY.

IMPORTANT—THAT INDICATES TALKING ABOUT
WHICH OREANISMS EAT WHICH E-IGEHEwﬁﬂlzﬂ
OTHER ORGANISMS, BUT... AFTER ALL!

EVERYTHING 15 /\,
LINKED THROUEH THE BIOGEOCHEMICAL

BIOGEOCHEMICAL . CYCLE

e

-
E ) e

s

r Lot

LEL

.....
mmmmm

........

THAT CYCLES AROUND
[ AND AROUND?

g

LET'S TAKE A

CLOSER LOOK AT

BIOGEOCHEMICAL
CYCLES.

i
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@ WHAT IS THE BIOGEOCHEMICAL CYCLE?

The elements of the global ecosystem, including the food chain, respiration, and
photosynthesis, are all part of a worldwide cycle known as the biogeochemical
cycle.

LIGHT

RESFPIRATION

PHOTOSYNTHESIS

._._‘?]9

C0.

; eite

EATING |

CARBON FEOM THE STARCH CARBON USED AS FUEL AND
OF POTATOES (&) EAW MATERIAL FOR THE BODY

When one organism, like a bear, eats another organism, such as a fish, the
material that made up the fish becomes part of the bear.
A very important substance in this transfer is carbon (C).

Look at the diagram above. If Kumi eats a potato, the carbon from that potato
enters her body.

And when | breathe, the carbon that was inside my body becomes carbon
dioxide (CO,) and is expelled from my body.

That's right! Then the carbon that left your body is captured by plants through
photosynthesis and is transformed into the carbon that makes up starch (which

is a type of saccharide).

Then that potato is eaten by Kumi (or a cow or some other hungry creature),
and the carbon is returned once more to the body of an animal.

-,

FPHOTOSYNTHESIS AND RESFIRATION
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Since Kumi eats beef, the carbon can also move from the cow to Kumi.

Mmm...| love a tasty cheeseburger!
So carbon really moves around a lot, doesn't it? Is this movement the
biogeochemical cycle?

Yep! The entire Earth is carrying out this cycle on a gigantic scale.

OTHER HUMAN
ACTIVITIES

-

BURYING
CONSUMPTION

FOSsIL

\\ FUEL. _//

Wow! So the rice, potatoes, and apples that | eat were originally related to
carbon dixiode that somebody else exhaled.

And it's not just carbon. Hydrogen (H). oxygen (0), nitrogen (N). and sulfur (S)
cycle around the Earth as well, going from organism to organism, getting emit-
ted into the atmosphere, dissolved into the ocean, or buried deep underground.

When this cycle works smoothly, the ecosystem and the global
environment are healthy.

CHAPTER 2
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@ crreONCYCLE

Mext I'll explain the carbon cycle in a little more detail.

Umm, carbon...? | know we've talked a little about it, but | still don't understand
what it is.

Mo problem! Nemoto, can you review some basic facts about carbon for Kumi?

Sure. Carbon is one of the most important chemical elements to living
creatures like us.

Carbon is at the center of amino acids, which are the building blocks of
proteins. It's also the element that creates the framework of saccharides and
lipids, and it's a vital part of DNA.

H 1T'S HERE.

R |w 1T's5 ALSO

OFTEN HEEE.
[ ammNoacp | | oelucose |
H
YOU'LL EVEN FIND
.« H SOME HERE.
H COOH

[ FATTY ACID |

You see? C is essential to all of them.

FHOTOSYNTHESIS AND RESFIRATION
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You're right. It looks like we'd be in real trouble without any C. It really is
important!

When carbon leaves an organism's body, it can bond with two oxygen atoms
to become carbon dioxide {CDEJ or bond with four hydrogen atoms to become
methane (CH,).

0=C=0

[ Carbon dioxide ] [ Methane ]

Also, it can accumulate deep underground and, over long periods of time, it will
become crude oil, coal, and, in some cases, even diamonds.

Oil! Diamonds! Wow, carbon is really valuable stuff!

That's true, but remember: It's not all about excitement and riches. The
way carbon circulates is extremely important. Disrupting this balance could
make carbon dioxide concentration on Earth steadily increase...

Which would be a serious problem, wouldn't it?

Oh man, that sounds like it would be a total bummer...

Well, think of it this way: If you can understand the Earth as a single circulating
systemn and your own body as a system as well, then you'll realize the impor-
tance of a healthy balance and the dangers of disrupting that balance. This
knowledge can lead to insights into the pursuit of health and beauty!
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The pursuit of health and beauty? Now you've got my attention!

(Wow, Professor Kurosaka is really good at motivating Kumi...)

Let's look at this figure again.

PHOTOSYNTHESIS LIGHT RESPIRATION
—(CO
|
@
|
' EATING
CARBON FROM THE STARCH CARBON USED AS FUEL AND
OF POTATOES RAW MATERIAL FOR THE BODY

Look at @ on the left. This is the flow of carbon in which plants pull carbon
dioxide from the atmosphere during photosynthesis and use it as a raw

material for creating saccharides.

MNow look at @ on the right. This is the flow of carbon in which those
saccharides are used by a living creature, and through this process, they
become carbon dioxide once more and are returned to the atmosphere

via respiration.

Let's talk more about these two flows. Now that we're finished with lunch,

we can really sink our teeth into the subject!

Super cool!

PHOTOSYNTHESIS AND RESPIRATION
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2. Let’s Talk Photosynthesis

MBS EESEESEE S NS SN SN REESEE S ERESNSERESRESESERESESEEEREENEESEESEESESESSSESESESEESEEELSSESSESESS BB

@ THe IMPORTANCE OF PLANTS

At the base of the ecosystem, plants, algae, and some bacteria supply food te all living crea-
tures. The majority of them use a process called photosynthesis, in which saccharides and
oxygen (0.) are created from carbon dioxide by splitting atoms of water, using energy from
the Sun. Saccharides are also known as carbohydrates and are vital to living creatures like us.

O:

PHOTO- SACCHARIDES =
SUNLIGHT e \ _ \riczis | =9 |  carBOHYDRATES

\.co.

That's why plants are called producers. In contrast, we animals are called consumers.
Photosynthesis is important not just because it creates saccharides. It also maintains a

steady, balanced concentration of carbon dioxide in the atmosphere, and it produces oxygen,
which living animals require to survive,

As you can imagine, deforestation by humans greatly reduces the number of

“producers,” upsetting the delicate balance of the biogeochemical cycle and potentially
threatening "consumers” (like us!).

Mow, let's take a closer look at the way in which plants use sunlight to create
saccharides.
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@ cHLorROPLAST STRUCTURE

This image (courtesy of RoboCat) shows green sacks, called chloroplasts, within a plant cell.

Inside a chloroplast, structures shaped like very thin pouches are stacked in multiple
layers to form peculiar structures. Each of these flat pouches is called a thylakoid, and a
stack of multiple thylakoids is called a granum.

m OUTER MEMBEANE
(LIFIP BILAYEE)
CHLOROPLAST — INNER MEMBRANE
o . —-

_\cupm BILAYER)
GRANUM

THYLAROID

[ CHLOROPLAST STRUCTURE ]

The thylakoid membrane is a bilayer composed primarily of phospholipids, just like in
cell membranes.
Mow let's look at the surface of the thylakoid membrane.

COLLECTION OF
CHLOROFPHYLL
o MOLECULES

!
GRANUM g
—

THYLARCID

[ THYLAKOID STRUCTURE ]

Do you see the groups of tiny grains that appear to be embedded in the surface of the
thylakoid? Each of these is a collection of molecules called chlorophyll, as well as various
proteins that aid in photosynthesis.

Chlorophyll molecules absorb sunlight. However, they don't absorb the entire spectrum;
they reflect the green portion of sunlight back outside, which is why plants appear green to us.
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WELL, SINCE WE I
WERE ABLE TO N|
FIND SUCH A NICE )%

o GAZEBO... ’1
:_GP_QD";?.: ¥ _f”_ > I'|I
_'_._,_,_.u:___.- .
—WHY DON'T WE bk
CONTINUE OUR o
LESSONS OUT

HERE IN THE
PARK?

BUT WE'RE GOING TO
PIsclUss PHOTOSYNTHESIS!

DON'T YOU THINK IT'S MORE
FITTING TO STUPY UNPER A BLUE
SKY THAN TO SHUT OURSELVES

OFF IN THE LABORATORY?

OH, I ALREADY LEARNED ABOUT
PHOTOSYNTHESIS! HUMANS CAN'T
PO IT—ONLY PLANTS!

THEY USE SUNLIGHT AND CARBON
PIOXIDE TO CREATE OXYGEN AND
SACCHARIDES, RIGHT?

| j & SACCHARIDE =
| Y ] | carBOHYDRATE

e

. PHOTOSYNTHESIS

1 GUESS...

2

.

LA R HT
b .-'i'.-"ﬁ'r'\.'?'a'?ﬁ'
e

Ll

S
S

—
e
#
o

-
&

UM, ARE YOU SURE
THE LAB WOULDN'T

BE BETTER?

BUT PO YOU KNOW HOW
PLANTS PRODPUCE OXYGEN AND
SACCHARIPES FROM SUNLIGHT? DO
YOU KNOW HOW THE PROCESS OF
PHOTOSYNTHESIS WORKS?

YES, THAT'S
CORRECT! |7

P

|




THE TWO MOST
IMFORTANT REACTIONS
IN PHOTOSYNTHESIS ARE
FPHOTOFHOSFHORYLATION
AND CARBON PIOXIPE
FIXATION.

I
FIRST, WE'LL LEARN

ABOUT PHOTO-
PHOSPHORYLATION.

LET'S INVESTIGATE
¥/  WHERE PHOTO-
¢! PHOSPHORYLATION 15
PERFORMED INSIDE
A CHLOROPLAST.

—
THIS 1S AN IMAGE
LOOKING POWN AT A
THYLAKOID INSIDE A
CHLOROFLAST.

e

PHOTOPHOSPHORYLATION 15
THE CREATION OF ENERGY
USING SUNLIGHT.

CARBON DIOXIDE FIXATION
USES THAT ENERGY TO
o e SYNTHESIZE SACCHARIDES.

SUNLIGHT

REQUIRED!

PHOTOPHOS-
PHORYLATION

% =
x L T -
- g
el oo

SEE THE
COLLECTIONS
OF BUMPS?

AT AR TR AT
4 L] 48 i
) ‘l

CARBON
DIOXIDE
FIXATION

N

CO 7 éﬁﬂ;\}

RIPE

J

\ WE CAN USE
LW ROBOCAT TO DIVE
~ IN AND EXPLORE
WA THE INSIDE OF A

' PLANT!

-'..-"
- FEE

EACH OF THESE IS
AN AGGREGATION OF
MOLECULES CALLED

CHLOROPHYLL AND
VARIOUS F’RE‘TE‘IEV'

a =
TR R A

DOZENS OF CHLOROFHYLL

MOLECULES ARE CONTAINED

IN EACH GROUF, AND EACH OF
THESE MOLECULES ABSORBS

SUNLIGHT LIKE A LITTLE
SATELLITE DISH.
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NOW LET'S ZOOM IN
ON THE THYLAKOID
MEMBRANE.

CHLOROPHYLL o S a S e A SN 3 5
AND PROTEIN  _ ~SPPRAA R0 G 0 AL FLOW OF 4404, a -!'
COMPLEX -’% P84 -?" ’E’E{_ﬁx Tﬁ‘%‘*f‘%‘,f“* ‘ELEETRGH‘E'! 1 ’f"f‘ L "'.': F: f-': #ﬁr
Ml S R I
(AR T TRRRRRRZ 0 Ve AR e R
P .T? . %;_-T-Tilirifl’-’i:? 1} @ 'i'ﬂ'ﬁ' I = 'Ifli- ] T
E’ ry @ ” | | /1 ){ | | | THYLAKOID
iy ' . ' - ' BILAYER
mn Hh “l. | | | | | MEMBRANE
| | ] \
!{. % IJ&L & -i-,{li ~ 058 MO 08 \ l*- ®
PHOTOSYSTEM II  CYTOCHROME B.-F ' ' —
l | i PHOTOSYSTEM 1 ATP SYNTHASE

THIS CHLOROPHYLL
AND PROTEIN COMPLEX
APFEARS AS IF IT'S
EMBEDPDED IN THE MIDDLE
OF THE THYLAKOID
MEMBRANE.

_--"'"'._'-

IT SURE DOES! BUT WAIT...
WHAT ARE THOSE OTHER
WEIRDLY SHAFED THINGS?

O ﬂ[ﬁ 4

EEEEK! FIRST WE WERE TALKING
ABOUT PHOTOSYNTHESIS IN PLANTS,
AND NOW ALL OF A SUPDEN

ELECTRONS ARE IN THE MIX?
Hf\‘?’ MIND |S OFFICIALLY BOGGLEPD...

THOSE ARE THE PART OF
THE ELECTREON TRANSFORET
CHAIN. EACH OF THOSE
WEIRP-LOOKING SHAFPES
I A COMFPLEX CONSISTING
OF SEVERAL PROTEINS THEY ARE
GATHERED TOGETHER. ESSENTIAL

''''''''

y* FOR PHOTO- L

W\ S

.I \ | . | -r-."-.l

N 4 o
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WELL, AS YOU PROBABLY KNOW,
EVERYTHING AROUND US IS MADE
UF OF ATOMS. EVERY ATOM HAS A

CENTER CALLED A NUCLEUS.. AND A GROUP
OF ELECTRONS
REVOLVING AROUND
Qlﬁ NUCLEUS.

I'LL EXFLAIN IT
WHEN SUNLIGHT IN DETAILI!

STRIKES CHLOROPHYLL,
THE MOLECULE IS
"EXCITED" BY THE |

YIKES!

LIGHT ENERGY. ELECTRON .
20 |
LIGHT \ \/
SMclelo— WHEN THIS HAPPENS,

ONE OF THE ELECTRONS
IN THE MOLECULE ENDS
UP FLYING OFF*

* ACTUALLY, ELECTRONS FLY OFF ONLY FROM THE CENTRAL REACTION CENTER CHLOROFHYLL. THE OTHER CHLOROPHYLL
MOLECULES ACT AS AMFLIFIERS TO FEED ENERSY INTO THE REACTION CENTER, WHICH ENABLES THE ELECTEONS TO PETACH.

//TQH! I GET IT NOW!
SINCE THE ELECTRONS ARE

IS THEN DELIVERED TO

ANOTHER PROTEIN COMPLEX |- i PASSED ALONG TO ANOTHER
COMPLEX, IT'S CALLED AN
"ELECTRON TRANSPORT CHAINI"

S0\ NEAR THE CHLOROPHYLL. /i

I

THIS OTHER PROTEIN COMPLEX 1S5 ALSO
EMBEDDED IN THE THYLAKOID MEMBRANE.

REMEMBER THE
woi:[ COLLECTION OF WEIRD
CiUT\ GHAPES EARLIER?

THAT ELECTRON 15
REPLENISHED BY BREAKING S0 A PLANT
DOWN WATER MOLECULES, . CAN'T PERFORM
AND O, IS PRODUCED PHOTOSYNTHES|S
AS A RESULT. \ IF IT DOESN'T
WA HAVE WATER.




THE PROTEIN COMFPLEXES PO MORE
THAN TRANSPORT ELECTRONS IN A
PREDETEERMINED ORDER.

A MOLECULE CALLED NADFH
IS SYNTHESIZED ALONG THE
WAY, AND ATF |5 CREATED AT
THE END OF THE CHAIN.

YOU MENTIONED ATP BEFORE,
BUT I THINK THIS IS THE FIRST
TIME I'VE HEARD OF NADFH...

L

e
| R
:Slr':l.'-!-l.'.' e

R

NADPH CONSISTS
OF AN ELECTRON AND A
PROTON (HYDPROGEN ION) 5
ADPHERED TO A MOLECULE
CALLED A HYPROGEN FFLTON
ACCEFPTOR. 1T IS CREATED
BY NADPH REDUCTASE.

M
— NTTN

NADFH CAN BE THOUGHT OF AS

A TEMFORARY STOREHOUSE FOR
AN ELECTRON AND A FROTON, WHICH
ARE REQUIRED BY THE CARBON
PIOXKIPE FIXATION REACTION WE

TALKED ABOUT EARLIER* E
* IN OTHER WORDPS, NADF' 1S "REDPUCEDR,Y AN NADFH IS CREATED. (SEE PAGE 37 FOR AN EXPLANATION OF REDPUCTION.)
THE ENERGY THAT'S GENERATED 15 ~ NOW LET'S LOOK

JUST A "FLOW OF ELECTRONS,” AND, IN THAT AT THE WAY ATF |15
SENSE, IT'S JUST LIKE THE ELECTRICITY YOU USE CREATED BY PHOTO-
FOR YOUR HOUSEHOLDP APPLIANCES. PHOSPHORYLATION! | .-{""“ x

THE ELECTEON TEANSFORET CHAIN ALSO CREATES
A "FLOW OF ELECTRONS." SUBSTANCES LIKE ATF ARE
SYNTHESIZED BY THIS ELECTRON FLOW.
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STEP 1 (PHOTOSYSTEM II) -

SUNLIGHT STRIKES THE
CHLOROPHYLL .*

CHLORO-
PHYLL

STEP 2 .
THE LIGHT ENERGY CAUSES
IOTOSYSTEM: VI CYIOCHROME B.-F | SyNTHASE \TT) AN EXCITED STATE IN THE
CHLOROPHYLL SO AN
ELECTRON e 15 EMITTED
AND PASSED ALONG. AT
THE SAME TIME, A PROTON
H* ACCUMULATES IN THE
THYLAKOID LUMEN.

e’ STANDS FOR THIS
ELECTRON.

'.:: A l:l l!l.

C‘}"TCFCH IDME B,E,-F

o e e e

STEP 3 (PHOTOSYSTEM 1D

THE ELECTRON (&™) AND A
PROTON ARE CAPTURED
BY NAPD', AND NADPH 15

PRODUCED.
S R L e S STEP 4 ~
() mOOSETEMI mpll WHEN THE PROTONS (H")

IN THE THYLAKOIP LUMEN

D D B e D D D D O S OCT O DS e ARSI,

o ] fouiaass’ l:ll:ll:Dl:l:ll:l:l
R e NARH (1D ARE ABOUT TO LEAVE THE
g f-s.r-ﬂ.;fp.rP.rP.;f:ﬁ.rP.;fp.;fp.;m.w.;ﬂw.mﬂ%*ﬁ-w-;az-k-:i- < B A e N THYLAKOIP ACCORPING TO THE
L S e e e e Bl L [
N e CONCENTRATION GRADIENT**
maE e e e
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i "i”.,.m_ 2] | THEY PASS INTO ATP SYNTHASE.
4 ih : S AT THIS TIME, ATP 1S

SYNTHESIZED FROM ADF.

L ..

** A FOECE WHICH cAUSES A SUBSTANCE
TO NATURALLY FLOW FROM A HIGH CON-
CENTEATION TO A LOW CONCENTREATION.
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hHaosy b WMW'*yﬁ SYNTHASE.

L3 FHGTD&Y‘E?TEM I AL-‘."?D' Hﬂﬁ r:HLGEDFHYLL ENEROY |19 RECEIVED HERE A'E WEL-L.-
AND ELECTEONS THAT WERE TRANSFORTED FEOM PHOTOSYSTEM 11 ARE ONCE

AGAIN EXCITED.

OH, I GET IT! WHEN 1
SEE IT LAID OUT STEP-
BY-STEP, IT MAKES WAY
MORE SENSE!

BECAUSE OF THIS
"ELECTRON FLOW,”
NADFH AND ATP ARE
PRODUCED!



7" THE IMPORTANT THING HERE
IS THE REACTION THAT

ADP, WHICH HAS TWO N o

CREATES THIS ATP, CALLED LR PHOSPHATE GROUPS, = 07

PHOSPHORYLATION. h BECOMES ATP (APENOSINE
e Eies LSS iy TRIPHOSPHATE) IF ONE

RN i ADDITIONAL PHOSPHATE

PHOSPHORYLATION? £ B

WHAT KIND OF W ; GROUF IS ATTACHED.
REACTION IS THAT? honnnnn e

R WELL, LOOK..HERE'S I AN T
THE STRUCTURE OF ADF BRI T
(ADENOSINE DIPHOSPHATE). 4

-\\‘I
)
TWO

PHOSFHATE
GROUPS §

ONE MORE
PHOSPHATE )
GrROUP

.................

ADP

.:\ W 1 ,
THE REACTION THAT = -
ATTACHES THIS NEW —
PHOSPHATE GROUP 15 Ny

PHOSPHORYLATION!

OH, SO THAT MUST
BE WHERE THE NAME

, "PHOTOPHOSPHORYLATION"
: COMES FROM!

-----------
SR

REMEMBER, ATP IS ALSO THE "COMMON
CURRENCY" USED IN REACTIONS OTHER
THAN PHOTOSYNTHESIS. SIMPLY PUT,
IT'S IMPORTANT CHEMICAL ENERGY!

LET ME SUMMARIZE S0 ATF 1S SYNTHESIZED BY
PHOTOPHOSPHORYLATION ) THE FLOW OF ELECTRONS
FOR YOU! 17 N i TRIGGERED BY SUNLIGHT...

I UNDERSTAND!
LIGHT ENERGY
TURNS INTO
CHEMICAL
ENERGY!

IT'S A REACTION
THAT USES

TO CREATE ATP FROM ADFP BY
PHOSPHORYLATION

.ﬁ.t'i"?-#;: mﬁ%ﬁ*ﬁm%%ﬁ&%ﬁrﬁ:
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PHOTOSYNTHESIS—CARBON PIOXIPE FIXATION '
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PHOTOPHOSFHORYLATION

=

THAT'S ALL FOR PHOTO-
PHOSFHORYLATION.

A

I
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s

L TERN 7 JUST REMEMBER: [/ |
N E SUNLIGHT 15
- ALWAYS REQUIRED!

THE FINAL STEPS OF PHOTO-
PHOSPHORYLATION IN WHICH ATP-
AND NADPH ARE SYNTHESIZED WILL
OCCUR EVEN IF LIGHT IS5 NO LONGER
PRESENT. THIS 15 KNOWN AS A LIGHT-
INDEPENDENT REACTION*

................ ch;_g_;mmm:u

b R 0

CARBON PIOXIDE FIXATION OCCURS IN
THE sTROMA, WHICH IS THE CENTRAL
= PART OF THE CHLOROFPLAST, RATHER
THAN IN THE THYLAKOID MEMBRANE.

o

i g T SEET RIGHT

e I e gl

i L HERE.
e

L | GOTCHA.

THEN DOES CARBON
PIOXIDE FIXATION
HAPPEN EVEN AT
NIGHT OR ON A
cLoupy PAY?
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CARBON FIXATION

o

NEXT, WE'LL STUDY

.

CARBON FIXATION.

ACTUALLY, NO.

\
\

- [

O-OKAY!

IT JUST MEANS
THAT LIGHT ISN'T NEEDED AT
THAT PARTICULAR STATION. THE
REACTION ITSELF OCCURS IN
THE DAYTIME BECAUSE NADFPH

1S REQUIRED AND IS NOT
MANUFACTURED AT NIGHT.
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s A

P e e
S
i

BEE 2 ek ek AsEE

g
L et
e e St b

e

i

e

STROMA

* THIS LIGHT-INDEPENDENT REACTION 15 ALSO KNOWN AS THE CALVIN CYCLE OR THE REDUCTIVE PENTOSE PHOSPHATE CYCLE.
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GRBGN FIXATION 15 A ﬁem:ﬂoh T e
THAT USES CHEMICAL ENERGY, ‘
STORED AS ATP, TO CREATE

5ACCHARIDES, USING THE
CARBON DIOXIDE IN THE AIR

K AS A RAW MATERIAL. /g

ATP | ADP @ NADPT T b

C O 2 SACCHARIPES

THAT'S THE CARBON DIOXIDE i i i g i

AND OTHER ANIMALS, ISN'T IT? SR vt L SRR

CARBON
AND THE REACTION ALSO NEEDS THE
CHEMICAL ENERGY THAT WAS CREATED FIXATION [oooomnnians

BY PHOTOPHOSPHORYLATION. R R e e L

FIRST, CO, BONDS
WITH A SUBSTANCE THE CHEMICAL ENERGY

i OF ATF AND THE REDUCING AND THIS GLYCERALDEHYDE
g;;ﬁg‘fﬁﬁf;ﬁé POWER OF NADPH ARE USED 3-PHOSPHATE 1S USED
CORM e INLE LI EE OF TO CREATE TWO MOLECULES TO PRODUCE GLUCOSE,
S PHOSPHOGLYCERATE. OF GLYCERALDEHYDE FRUCTOSE, AND OTHER
WHICH HAVE THREE F-PHOSPHATE FROM THIS SACCHARIDES.
-PHOSPHOGLYCERATE.
CARBON ATOMS APIECE. 3-PHO

ViV Vo N
&

0@ §0°H [ate]App  §-O0-® [nappd waoP GHO

X o H C-OH HC-OH HC-OH l'_‘> 5ACCHARIDES

| |
CO2+ Hl!.'f"'DH - E:Hrﬂ'® CH2-0-(?) CH2-0+P)
HC-OH

| » COOH ADP U*C 0-® [NavopHl Napp GHO
EHE‘G‘® H[!',-[)H AT . E:_DH % H'l.!_:"DH :> SACCHARIDES
(RIBULOSE-, 1 Hu ;';H -0P)

5-BISPHOSPHATE) CH.-0-P) CH.-0-(F) 2

3 (GLYCERALDEHYDE
(3-PHOSPHOGLYCERATE) (1,3-BISPHOSPHOGLYCERATE) el rasielddil

N 4%
~ / / /

BONDING OF
CARBON PIOXIPE USE OF CHEMICAL ENERGY

50 CARBON DIOXIDE
IS BOUND FIRST,
AND THEN CHEMICAL
ENERGY 1S USED.
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BUT THIS "GLUCOSE"
THAT'S MADE AT THE END...
WHAT /& IT EXACTLY?

GLUCOSE* |15 A BASIC
SACCHARIDE THAT'S
VERY COMMON IN LIVING
ORGANISMS AND IN STARCHY
FOODS ESFECIALLY.

CCHARIDE CEREATED BY

RICE, NOODLES, POTATOES... g Bl LW W
THEY'RE ALL CREATED BY THIS i B o O |
AMAZING PROCESS!

THAT'S RIGHT! PHOTOSYNTHESIS, ALL OF THOSE

PLANTS STRING GLUCOSE FOODS WOULD DISAPPEAR...
TOGETHER LIKE BEADS TO ;
FORM STARCH, OR THEY L esoenmaL NUTRIERTS, NOT
CONVERT GLUCOSE INTO | |\ T/ /' // N TO MENTION YUMMY TREATS!
SWEETER SACCHARIDES, IRTARE IR Al
SUCH AS SUCROSE** V1IN R\
OR FRUCTOSE. A AL NS 50 NOW DO YOU
TR AN AR UNDERSTAND THE

IMPORTANCE OF
PHOTOSYNTHESIS?

IF PLANTS PIDPN'T PERFORM L

_—

YES! FROM
NOW ON, T'LL BE
GRATEFUL FOR

EVERY SINGLE
GRAIN OF RICE
I EAT!

THIS STORED MATERIAL
BECOMES THE MOST
DELICIOUS AND NUTRITIOUS
PARTS OF PLANTS, PROVIDING
US WITH FOODS LIKE RICE,
WHEAT, POTATOES, AND FRUIT!

ACTUALLY, I couLp
GO FOR SOME
RICE RIGHT NOW... §

** PLANTS SYNTHESIZE SUCROSE FREOM
GLUCOSE TO MAKE THEM MOEE
APFPEALING FORE ANIMALS TO EAT.



3. Respiration
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! I

|

WHAT IS A CARBOHYDRATE?

NOW, ARE YOU
GUYS UP FOR A

HAVING CLASS
OUTDOORS
WAS FUN!

SUGAR 15 A

SACCHARIDE, WHICH 44
IS THE SAME AS ATy

CARBOHYDRATE, ¥

#Y [I' YES. CARBOHYDRATES
/' ARE SACCHARIDES AND
" 50 |5 THE SUGAR KNOWN
AS "TABLE SUGAR" OE
"BLOOD SUGAR."

60 CHAPTER 2

LITTLE TEA BREAK?

THAT REMINDS ME...
THERE'S STILL
SOMETHING 1 DON'T
QUITE UNDERSTAND.

ARGH! THAT'S THE PART I DON'T
GET! RICE IS A CARBOHYDRATE,
SO IT'S BASICALLY MADE
OF SUGAR. BUT THEN WHY
ISN'T IT SWEET?!

WHAT'S DIFFERENT ABOUT
CAKE THAT MAKES IT 50O
SWEET AND DELICIOUS?

11l

I

A



TAKE A LOOK AT
THIS. WHEN WE SAY
"SACCHARIDES,” WE'RE
ACTUALLY TALKING ABOUT
A NUMBER OF DIFFERENT
SUGARS.

THAT'S A GREAT
OBSERVATION, KUMI.

TABLE SUGAR (SUCROSE)

FRUCTOSE

LACTOSE

STARCH

50 EACH TYPE OF
SACCHARIDE 15
DIFFERENT. SHALL WE
TAKE A CLOSER LOOK?

ONE IMPORTANT TYPE OF THIS PIAGRAM REFPRESENTS WHAT'S KNOWN AS
u-P-GLUCOSE. IF THE RIGHTMOST HYDPROXYL
SACCRARIVE 15 GLUCOSE, IT Hhs | 2ooLlcose, o Tie Fieruos? Inbeox
TRAPE PLACES AROUND THEIR CARBON, IT'S
CH20H
H. C’}O OPEN-CHAIN cycLic FORM |
| FORM | c —O0O H
H-C—0H ke X 0 |
r ' C
H O—CI:“‘H OH [_l] ,-:I; ’
I
H-?_DH C wmmn C
I |
H-*Ci: ~0OH H OH
(CH.0H THE TOP CARBON ATOM

HAS THE FORM OF AN

LOOK AT THE OPEN-CHAIN
FORM. 51X CARBON ATOMS
(C) ARE VERTICALLY ALIGNED,
AND A HYDROGEN (H) AND A
HYDPROXYL GROUFP (OH OR HO)
ARE ATTACHED TO EACH OF

THE LOWER FIVE.

ALDPEHYPE GROUP ( H“C*"*D).
|
THIS 1S ONE OF THE
BASIC COMPONENTS OF A
MONOSACCHARIDE *

* SEE FAGE 83 FOR MOREE INFORMATION
ON MONOSACCHARIDES.




SUGAE DISSOLVES EASILY,
RIGHTZ IT CAN TRAVEL
THROUGHOUT THE BODY VIA
THE BELOODPSTREAM BECAUSE
HYPROXYL GROUPS BLEND
WELL WITH WATER.

GLUCOSE
0
CIJ\ -
H-C.—OH
[
H-C-oH

H—-C-0
CH-0H

WELL, IF THE OH
ATTACHED TO THE

FOURTH CARBON

ON THE LEFT SIDE...

IT BECOMES
SOMETHING PIFFERENT
PEFENDING ON WHETHEE
IT"S ATTACHED ON THE
RIGHT OR LEFT..THAT'S
SO WEIRD.

62 CHAPTER 2

CLEARLY, THE PRESENCE
OF OH IS AN IMPORTANT
COMPONENT OF SUGAR, BUT
WE ALSO NEED TO KNOW
WHERE ON THE SACCHARIDE

A Y 1 .. THE OH I5 LOCATED.

, .IT WILL NO LONGER BE
GLUCOSE BUT RATHER
A PIFFERENT TYPE OF
D . SACCHARIDE CALLED
b _ . - GALACTOSE.

=

GLUCOSE 15 ALSO -
SHAPED LIKE: |

MORE
OFTEN THAN:

MONOSACCHARIDES,
WHEN IN AN ACTUAL
BODY, TAKE THE
CYCLIC FORM MORE
OFTEN THAN THE
OPEN-CHAIN FORM.

i



@ sAccHARIDES AND THE *-O5E” SUFFIX

You've probably noticed that most of the saccharides we've discussed so far, like glucose and

galactose, end with the suffix "-ose.” There are standardized rules for naming saccharides,
so these names usually end with "-ose.”

For instance, glucose is the saccharide that's the basis of energy production, and it's the
sugar referred to when we talk about blood sugar. Common table sugar is technically called
sucrose, Milk contains a saccharide called milk sugar, which is known as lactose, and the

sugar contained in fruit is called fructose. It's important to remember that there are several
kinds of saccharides in the natural world, and the structures of sucrose, lactose, glucose,
galactose, and fructose actually differ somewhat. Also, the starch found in rice, potatoes, and
other starchy foods is made from amylose and amylopectin.

In Chapter 3, we'll examine the structures of these saccharides in detail.

@ WHY DO MONOSACCHARIDES TAKE A CYCLIC STRUCTURE?

Why do monosaccharides take a cyclic structure more often than an open-chain structure?
The secret is in an OH that’s bonded to a carbon in the molecule.

Alcohol is a good example of this: All types of alcohol are represented in the form R-0H
(where R is the variable group). Alcohol can bind with an aldehyde group or a ketone group
to create a substance called hemiacetal. Since an OH of a monosaccharide also has this
property, the monosaccharide ends up reacting with an aldehyde group or a ketone group
within the molecule, and a cyclic structure is formed as the result.

R

0 H
H

R—|OH § F{’—E< - \n:/

s R‘/ \DH

[ ALCOHOL ] [ ALDEHYDE ] [

HEMIAZETAL ]

H 0 }
xt £ | ALDEHYDE

g *r:lHEDH
B —0H -
HO r:' H IT' / {% - ¥ :
LT i H 1
1, — C C i
H—C—0H — [\OH H N . -
: HO o
i S C— —
i EI ta | [T- ALDEHYDE
"CH,OH H OH
THE CH IN THE FIFTH POSITION OF
THE MONOSACCHARIDE REACTS [ 1O Fﬁﬁiﬂﬂ’?‘m‘:&?f‘m“ ]
WITH THE ALDEHYDE... :

PHOTOSYNTHESIS AND RESFIRATION 63



WHY DO WE NEED TO BREATHE?

..BUT DO YOU
KNOW WHY?

AS YOU KNOW, HUMAN
BEINGS ARE CONSTANTLY
BREATHING...

YES! IT'S BECAUSE WE MUST TAKE IN
THE OXYGEN CONTAINED IN THE AIR
AND EXPEL CARBON DIOXIDE.

THAT'S RIGHT. BUT, MORE
SPECIFICALLY, OUR CELLS
REQUIRE OXYGEN TO CREATE
THE ENERGY THEY NEED TQ,

KEEP US ALIVE. 7

50 TO PUT IT ANOTHER WAY, WE NEED
OXYGEN TO MAKE ENERGY FROM THE
FOODP WE EAT!

P syt i _ . HEALTHY

-* P . AND
¢ 50 N i p CREATE . STRONG!
. HUNGRY.. | :

B ]
7

f.ﬂr- | ;
4 NEEDS OXYGEN

: %H{:ﬂ?-:g%_ﬁ-;.h:_:?ﬂ:‘: .'n-.,-_,-_:_:-iﬁﬁ'j':.'{':'!-ﬂ-ﬂ-_;i-:__?
"GOTTA CREATE MORE t

ATP TODAY! I NEED SOME
NUTRIENTS AND OXYGEN!"

OXYGEN IS ABSOLUTELY
NECESSARY FOR
DECOMPOSING GLUCOSE
AND EXTRACTING ITS ENERGY.

&4 CHAFTER 2




WHEN WE TAKE IN
OXYGEN AND EXPEL
CARBON DIOXIDE, IT'S
CALLED RESFIRATION.

HOWEVER, THE REACTION IN WHICH
CELLS ABSORB OXYGEN, BREAK

DOWN GLUCOSE TO CREATE ENERGY,

AND EMIT CARBON DIOXIDE 1S ALSO

CALLED RESPIRATION. // -
ENERGY?

EN! A
E SOME OXYOEN:
;:ﬁl‘lﬁﬁ SOME GLUCOSE!

A

— A

g

. Aﬂ'gg* JSELEETE%T om | | WELL, TO DISTINGUISH THEM, WE CALL
oG 1o mix Them up | | THE PROCESS OF BREATHING EXTERNAL
4 RESPIRATION AND THE PROCESS INSIDE

RO DHRE OF CELLS INTERNAL (OR CELLULAR)

RESPIRATION.
EXTEENAL
RESPIRATION

: SO WE'LL BE STUDPYING THE o
REACTION INSIDE OF CELLS, NOT
THE KIND OF RESFIRATION I'M
DOING RIGHT NOW.

THAT'S RIGHT. FROM NOW ON _—XA\

WHEN WE SAY "RESPIRATION,” f{//[S{}
WE'LL BE REFERRING TO .-
INTERNAL RESPIRATION.  \\.4

INTERNAL!
GOT THAT?

EXHALE




RESPIRATION IS A REACTION THAT BREAKS
DOWN GLUCOSE TO CREATE ENERGY

ORGANISMS LIKE US BREAK
DOWN STARCH INTO GLUCOSE,
E‘:MI.HAEIFEE THAT ARE CREATED BY WHICH 15 USED TO MAKE ATF,

\ PLANTS THROUGH PHOTOSYNTHESIS WITH THE ASSISTANCE OF THE

ARE STORED IN THE FORM OF OXYGEN THAT WE BREATHE IN.
| STARCH, WHICH WE ANIMALS EAT.

GLUCOSE

Oﬂu

THAT'S INTERNAL RESPIRATION!

HERE, TAKE A LOOK AT THIS.
IT'S THE GENERAL FORMULA
FOR RESFPIRATION. %

CeHaOp+ 60,1 6H20 & 6C0, + 12H.0 +38ATP

CARBON
PIOXIDE

GLUCOSE OXYGEN WATER WATER ENERGY

OH, THAT MAKES
IT CRYSTAL CLEAR!
GLUCOSE AND OXYGEN
ARE CONSUMED, AND
CARBON PIOXIPE,
WATER, AND ENERGY
ARE PRODUCED.

NOW, LET'S TAKE A CLOSER

I
LOOK AT THIS REACTION. AND HERE THEY ARE!

YOU CAN THINK
OF RESPIRATION
AS HAVING THREE
STAGES...

@ GLYCOLYSIS

@ CITRIC ACID CYCLE*
ELECTRON
TRANSPORT CHAIN

®* THIS IS ALSO CALLED THE KEEBS C¥CLE OFR THE T&A C¥YCLE.




38

| | aTrRIC ACID
\ CYCLE

_' GLYCOLYSIS

ELECTRON
TRANSFPORT

MOLECULES

=

CHAIN

(CYTOPLASM)

.-----‘#' - )\7

(MITOCHONDRIA)

ATP

ffffffffffffffffffff
iiiiiiiiiiiiiiiiii

'l
iiiiiiiiiiiiiiiiiiiiiii
+++++++++++++
lllll
+++++++++

++++++++++ membrane of the mitochondria.

HMMM...
THIS 1S ALL KINDA
OVER MY HEAD.

WELL THEN, HOW
ABOUT THIS?

d'....
r— ——
e =g o
i LR

e

GLYCOLYSIS,
4 WHICH DOESN'T
NEED OXYGEN

CITRIC ACID CYCLE,
GOING ROUND
AND ROUND

BUT WHAT ARE NADH AND
FADH,? THIS 1S THE FIRST
I'VE HEARD OF THEM. ARE
THEY RELATED TO THE
NADPH THAT'S PRODUCED
BY PHOTOSYNTHESIS?

THAT'S A

LITTLE BIT

MORE MY
SPEED.

Through this process, up to 38 ATP molecules are created from 1 glucose molecule.

IGH-TECH
ELECTRON
TRANSPORT CHAIN

@ Glycolysis is performed in the cytoplasm. The @ citric acid cycle is performed in the
mitochondrial matrix, and the @ electron transport chain is located within the inner

'''''''
e,

ey

HANG ON, LET'S NOT GET
AHEAD OF OURSELVES. THE
FLOW OF THESE SUBSTANCES
1S EXTREMELY IMPORTANT, SO
LET'S JUST TAKE IT ONE STEFP

AT A TIME!




FIRST WE'LL

LOOK AT
eLycoLYsis!

TO START, A CELL ABSORBS
GLUCOSE AND BREAKS IT POWN
IN THE CYTOPLASM, WHICH IS THE
GOOEY LIQUID THAT HOLDS THE

CELL'S ORGANELLES.

CYTOFPLASM

ONE MOLECULE OF GLUCOSE /74 OH, I GET IT. TO TURN ONE

15 DECOMPOSED INTO TWO ,; I MOLECULE OF GLUCOSE INTO
MOLECULES OF PYRUVATE PYRUVATE, IT'S SPLIT EXACTLY

(OR LACTATE™. A IN TWO. NICE AND NEAT!
",'..
e GLYCO Lﬁ% ; ; el

GLUCOSE PYRUVATE

GLUCOSE |15 MADE UP OF
SIX CARBON ATOMS, WHILE ' I
PYRUVATE HAS THREE. =~

GLUCOSE

* LACTATE IS CREATED FEOM FYREUVATE WHEN OXYGEN ISN'T AVAILABLE.
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ACTUALLY, GLYCOLYSIS
NEEDS 10 CHEMICAL
REACTIONS TO TURN THAT
ONE 6LUCOSE MOLECULE
INTO TWO PYRUVATE
MOLECULES.

WELL, NOT QUITE. >— 'ﬂ |
. IT'e A LITTLE MORE

' R === COMPLICATED... ﬁ‘g

TO CREATE LACTATE,

ONE ADDITIONAL
REACTION 15
PERFORMED.

......

L,
i

BEERCe

mrooks [N e
e, LIKE THIS: & i\ 7.4 -DA / “ ﬁ:ﬁﬁ?ﬁ;;f;.

5 ATP

| -8 3 GLUCOSE ) FRUCTOSE -
. | 6LUCOSE E 6-PHOSPHATE 6-PHOSPHATE e
o ] i Err e BREHBE oossee @ .

5 | FRUCTOSE

| & ONE Mc:rL.Ec.LH..E

..... B * -P 1,6-BISPHOSFHATE
h:-'."'::h'!i:-:-:a.-.-.a......- U'FLU

b L L s e - 2 ﬂTP - cmarad
L I A e e T “.
e 3-PHOSPHO- ‘ 1 ”

. 1,3-BISPHOSPHO- GLYCER- 3
L2 .FHD&PHG@W&EEME(—— il bttt i gl &P DIHYDROXY

Iﬂl 'E: 'ETD H E e
l e 3PS EIIE PHOSPHATE

Cl,\_?.:b

' ES

p i -. E % m m
e al PHOSPHOENOL-

T meme | ['P‘:-’RU*JATE —Pp LACTATE

: TWO MOLECULES

+m

:“;"-_E.;.

e

23

+

o

-

ﬁwﬁﬁ;ﬁr&?ﬂﬁ-

T

® = ONE CARBON MOLECULE .. .

............

s

Wﬁiﬁéﬁﬁ#ﬁﬁiﬁﬁﬁmﬁiﬁﬁﬁﬁﬁiﬁ?ﬁ%W+

ARE YOU KIDDING /. YES, IT IS A LONG
PROCESS, SINCE FOUR
ME? IT LOOKS LIKE -
A GAME OF CHUTES ATP MOLECULES ARE
AND LADDERS GONE <] SYNTHESIZED AND
HORRIBLY WRONG! TWO ATF MOLECULES
ARE CONSUMED...

TWO ATP
MOLECULES ARE
CREATEDP AS THE

FINAL BALANCE.




ONLY TWO

MOLECULES OF ATP MAYBE NOT INSANE

WHOLE PROCESS? INEFFICIENT.
THAT'S INSANE! £

THAT'S A GOOD POINT.

GLYCOLYSIS 1S5 THE FrUCTOSE i
MOST PRIMITIVE ENERGY ol 6-PHOSPHATE *”mgy
PRODUCTION PATHWAY BEEEEE

FRUCTOSE
,6-BISPHOSPHATE

THAT ORGANISMS HAVE.

THAT'S WHY IS 50 (i}
INEEEICIENT! |

: Wsms e ioomnpnn ot it . .- 2 LITTLE &UY.

PHOSPHOENOL- Wi Z  PYRUVATE | | ol
FYEUVATE S i ¥

s

BUT THE FACT THAT &LYCOLYSIS 50 THERE MUST BE A MORE
REQUIRES NO OXYEEN IS A NOTABLE EFFICIENT METHOD OF
FEATURE! WHEN OXYZEN RUNS PRODUCING ENERGY THAN
OUT, TWO MOLECULES OF ATF CAN _ GLYCOLYSIS, RIGHT?
STILL BE SYNTHESIZED FROM ONE
MCLECULE OF @LUCOSE.

WE PONT
NEED NO
STINKING
OXYGEN!

THAT'S CORRECT! AS TIME
PASSED, ORGANISMS
PEVELOPED TWO OTHER
PATHWAYS THAT CcOULD
CREATE ATP MUCH MORE
EFFICIENTLY, THIS TIME
USING OXYEEN.

. THIS MADE IT AN THESE ARE THE
E‘:-LTF-’.EMEL‘:’ IMPORTANT ENERGY q ) cImrIC ACID CYCLE 5

¥ PRODUCTION PATHWAY FOR ORGANISMS Sl AND ELECTRON
IN EARLIER ERAS, WHEN THERE WAS TRANSFPORT
LESS OXYGEN IN THE ATMOSPHERE. IT'S CHAIN, WHICH WE
ALSO A VITAL PATHWAY FOR ANAEROBIC WILL PIScUss
ORGANISMS* LIVING TODAY. il RIGHT NOW!

* AN ANAEROBIC ORGANISM IS ONE THAT DOESNT REQUIRE [ .

OXYEEN FOE SURVIVAL. T e \
A a1 oty
P i, .
J'i:-':;e: o _;:_-:E!'" ' -
= a;F".Jr &
e S
S o = B
:;::-i’-'“. e \:"F. .:-'J- g & F i
L o _¢ I_F.' _F.' 'FE P_ F,
i o =2 i Cn e i’
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THE SECOND
STAGE IS THE
CITRIC ACID
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ACTIVELY USING OXYGEN
TO PRODUCE ATF IS AN
IMPORTANT ROLE OF A

SINGLE MITOCHONDRION

ORGANELLE.

MITOCHONDPRION

WHEN FYRUVATE, WHICH WAS
CREATED IN THE CYTOFPLASM BY
BREAKING POWN GLUCOSE, IS
TAKEN INTO A MITOCHONDRION...

"THE VORTEX OF THE
CITRIC ACID CYCLE"?

PiZzy

Pttt

GLYCOoLYSIS ACID CYCLE

T

IT WILL BE SUCKED INTO
THE VORTEX OF THE
CITRIC ACID CYCLE.
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CO CARBON MOLECULE. THE CAERBON
2 OF CoA ISN'T SHOWN. SEE PAGE EE
FOR A DESCRIPTION OF CoA.

900

WAAAH!
MY HEAD 1S DO 1 HAVE TO
SPINNING! REMEMBER ALL
OF THIS?

s} jiu.

KUMI, YOU'VE
GOT VORTEX
EYES!

e/
X
2
AS YOU CAN SEE, AFTER PYRUVATE

HE, NOT QUITE, JUaT TRY TO CHANGES TO ACETYL-CoA AND THEN TO
% -
REMEMBER THESE KEY STEPS: CITRATE, THE CITRATE SEQUENTIALLY
TRANSFORMS INTO VARIOUS SUBSTANCES

@ PYRUVATE BECOMES ACETYL- INSIDE THE MITOCHONDRION. THEN
CoA, AND @ OXALOACETATE AND IT FINALLY RETURNS TO BEING
ACETYL CONDENSE TO FORM THE CITRATE ONCE MORE.
6-CARBON CITRATE. LATER, @ TWO "

€O, MOLECULES ARE RELEASED,
AND @ ONE MOLECULE OF ATP 15
PRODUCED, ALONG WITH & FOUR
MOLECULES OF NADH AND @ ONE

i MOLECULE OF FADH..

IT'6 OKAY IF YOU
CAN'T REMEMBER
WHICH "-ATE” WORD ]
15 WHICH. T Y | SINCE THE REACTIONS CIRCLE
d e AROUND AND AROUND, IT'S
CALLED A CYCLE. GET IT?

* EACH MOLECULE OF GLUCOSE IS CONVERTEDR INTO TWO MOLECULES OF PYRUVATE, SO TWO MOLECULES OF ATF: EIGHT
MOLECULES OF NAPH, AND TWO MOLECULES OF FADPH, ARE CEEATED IN THE CITEIC AZID CYCLE.

BE
CO2 G
PYRUNATE [ﬂﬂET‘?’L‘CDFi 1
NADH
OXALOACETATE r CITEATE
| L ‘& {
29096 NADH

MALATE CIS-ACONITATE

r BoHEED "
S50
. FUMARATE ISOCITRATE “
o FADH '''' G R O o
@ | Al p e 000000
ATP
NADH COz —
SUCCINATE sy 0 -
GDP o-KETOGLUTARATE e
(VAPH L a4 L) C_— iy
SUCCINYL-CoA EACH @ REPRESENTS A SINGLE H

------
.......

.......



NEW MOLECULES OF ATP 11/ ' &

e DT

o

.........

Pt

...........

------

------
........

ALTHOUGH ONLY TWO

ARE CREATED INTHIS b\l '

7]

CYCLE... QW7
OTHER IMPORTANT ‘ "
SUBSTANCES -

ARE PRODUCED
AS WELL.

THEY ARE THE COENZYMES
NADH AND FADH.,!

......
------
---------

-----------

WHILE NADPH |15 USED
IN PHOTOSYNTHESIS...

..IN RESPIRATION,
IT'S JUST NADH.

THESE COENZYMES
CREATE A HUGE AMOUNT
OF ATP IN THE ELECTRON
TRANSPORT CHAIN THAT

FOLLOWS.

CITRIC ACID CYCLE ELECTRON TRANSFORT CHAIN

50..THE COENZYMES NADH
AND FADH, CONTINUE ON TO
THE NEXT STAGE.

aan
b
v
&=
S
s e
oy
(="
=

BUT WHAT DO THEY DO TO ¥\
PRODUCE SO MUCH ATP? |




STAGE 3: MASS PRODUCTION OF ENERGY BY THE ELECTRON TRANSPORT CHAIN

AT LAST WE'VE MADE IT P Ll
TO THE THIRD STAGE: s
THE ELECTRON

TRANSPORT CHAIN!

THE ELECTRON
TRANSPORT CHAIN...

CONSISTS OF SEVERAL PROTEIN
COMPLEXES THAT ARE EMBEDDED LIKE
ISLANDS WITHIN THE INNER MEMBRANE
S OF MITOCHONDRIA.

T ——

INNER MEMBRANE

INTERMEMBRANE
SPACE

MATEIX

OUTER MEMBRANE

st
ik INTEEMEMBREANE
[ ,,,5“'}5' FACE

MEMBREANE OF

| .. ¥ R 1 . MITOCHONDRIA

FEOTEINS AND COENZYMES OF THE
ELECTRON TRANSFORT CHAIN

HMM...I THINK
I'VE SEEN THIS
SOMEWHERE
BEFORE...

THIS COLLECTION,
TAKEN AS A SET, IS ONE
ELECTRON TRANSPORT
CHAIN.




YES, BUT THE
CONSTITUENT PROTEIN
COMFPLEXES ARE
PIFFERENT FOR

I REMEMBER! IT WAS
PHOTOSYNTHESIS! THE

WHILE THE FLOW OF ELECTRONS
S THE SAME, EACH OF THOSE
"WEIRD SHAPES" IS PIFFERENT,

AND THEY ALL PERFORM

...........................

* IN OTHER WORDS, NAD" OR FAD |5 "REPUCED,” AND NADH OR FADH. |5 CREATED.
(SEE PAGE 37 FORE AN EXPLANATION OF REPUCTION.

PHOTOSYNTEHSIS.
ELECTRON TRANSPORT H H DIFFERENT TASKS TCO.
CHAIN ALSO APPEARED ety
THERE, RIGHT? £
YUP, THOSE SHAPES LOOK|
< F“x DIFFERENT ALRIGHT!
............ | ,
A O | | 1 i [
.................... _ - " !
NOW, LET'S GET BACK TO
NADH AND FADH..
?/” e FOUR MOLECULES OF A TRNALE
NIz NADH AND ONE MOLECULE @
(EK&}I OF FADH, ARE CREATED \.
LY FROM ONE MOLECULE vt | CITRIC
NG OF PYRUVATE. FADHJ
l.l " T —
: WHEN CONVERTING FEOM ONE
MOLECULE OF GLUCOSE, EIGHT
MOLECULES OF NADPH AND TWO
N & N MOLECULES OF FADH, ARE CREATED
p ar BY THE CITRIC ACID cYCLE ALONE.
S W THE PROTONS AND
NADH AND FADH, ARE SYNTHESIZED IN THE 7 u[ WSk | ELECTRONS THAT
CITRIC ACID CYCLE WHEN HYPROGEN ATOMS / Lol | WERE DEPOSITED
ARE DELIVERED TO BOTH NAD™ AND FAD. 1:| e e e IN M,:Ip"‘ ANDP FAD
S5INCE A HYDPROGEN ATOM CONSISTS OF A S WILL THEN EXHIBIT
SINGLE PROTON AND A SINGLE ELECTRON... 7 Nt THEIR POWER IN
THE ELECTRON
..THIS MEANS THAT 4 PROTON ANDP TRANSFORT
; AN ELECTRON ARE PEFPOSITEDP CHAIN.
HYDROGEN ATOM IN "TEMPORARY CUSTODY” OF
= PROTON + NAD' OR FAD* Pt : f'f 4
N % i A
ELECTRON RIS r 4
il RO Y / iy
® YEPG%ITIH@ FOR 5T::':|:A&9/ 3 ' i
J \J / ﬁ; .
b
NAD “FPLDJ < ROTON . < PROTON e | \
R C S ﬁ \ i
..... TT NA T TFA PRAR 2
e g DH —" DHZ Gl
B, 4 —MNidw o
A IN PHOTOSYNTHESIS, A FE
:':':‘:+:+:+:':':':':':':‘ :::: PEOTON ANP AN ELECTRON Addui | =
e e e WERE DEFOSITED INTO Nl | | ==
:::::::::::::::::::::::::::::::::::::::::'. +++++++ NADF TO FOEM NADFH. 2.5 i
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ELECTRON
TRANSPORT CHAIN

o,

~—
ALRIGHT!

WHAT HAPPENS TO THE ELECTRONS
(e?) AND PROTONS (H) THAT WERE
"DEPOSITEDP” IN NAD" AND FAD?

LET'S TAKE A LOOK!

Lo

INVHEWaW

AN ELECTRON PIRECTLY ENTERS THE ELECTRON
TRANSPORT CHAIN AND, AS YOU MIGHT GUESS FROM
THE NAME, |5 TRANSPORTED BETWEEN SEVERAL
PROTEIN COMPLEXES.

FEOTONS
COLLECTED
IN THE INTEE-
MEMBEANE

SFACE

ERMEMBRANE

EPACE T~

EYTOCHROME C

WHILE THIS ELECTRON (e?) IS SUCCESSIVELY TRANSFERRED,
THE PROTEINS UNDERGO VARIOUS CHANGES. AS A
RESULT, PROTONS (H) MOVE FROM THE MITOCHONDRIAL
MATRIX TO THE INTERMEMBRANE SPACE (BETWEEN THE
INNER AND OUTER MEMBRANES). THREE "PUMPS” PUSH

THESE FROTONS INTO THE INTERMEMBRANE SFPACE.




WHEN THIS OCCURS, A FORCE CALLED
THE CONCENTRATION GRACIENT 1S / y
GENERATED. THIS MEANS THAT WHEN THE THE CONCENTRATION GRADIENT
CONCENTRATION OF THE PROTONS (H") IN IS A FORCE WHICH CAUSES A
THE INTERMEMBRANE SPACE BECOMES g;’g‘iﬁ“ﬁz;g’;g;”fgéﬁ;;ﬁ%:
HIGHER THAN IN THE MATRIX, THE PROTONS o LRI CroM e AT
TRY TO FLOW TOWARD THE MATRIX.
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AN ELECTRON TRANSPORT CHAIN IN

SATISFACTORY CONPITION HAS A "GATE"
THROUGH WHICH THE PROTONS
e CAN MOVE INTO THE MATRIX.

OFF YOU G0, FROTONS!
E:

THAT GATE 1S THE ATP SYNTHASE.
WHEN A FROTON PASSES THROUGH IT,
ONE MOLECULE OF ATF IS PRODPUCED.

e A

"? THEREFORE, 30 MOLECULES OF ATF ARE CREATED FROM 10 MOLECULES
OF NADH (OF WHICH TWO MOLECULES ARE PRODUCED VIA GLYCOLYSIS),

AND 4 MOLECULES OF ATF ARE CREATED FROM Z MOLECULES OF FADH..

WE GET THESE NUMBERS BECAUSE THE ELECTRONS ORIGINATING FROM NADH
CAUSE THE "FROTON PUMFS" TO WORK AT ALL THREE LOCATIONS, BUT THE
ELECTREONS FEOM FADPH, CAUSE THEM TO FUNCTION AT ONLY TWO LOCATIONS.

AND FINALLY THE ELECTRON AND THE
PROTON THAT WERE USED BOND WITH
OXYGEN (OXYGEN IS REQUIRED
HERE/) TO PRODUCE WATER.




..CONCLUDES MY
EXPLANATION OF
RESPIRATION.

IT'S MUCH MORE MEANINGFUL AFTER
LEAENING THE DETAILS. IT FEELS LIKE §
WE FINISHED A LONG JOURNEY...

FORMULA, WE GET THE FOLLOWING,
WHICH WE SAW EARLIER.

CﬁHl?-Dﬁ+6O?-+6H10 660;,1‘ |2H.D +38ATP

CAEBON
&GLUCOSE OXYGEN WATER DIOXIDE WATER ENERGY

BY THE WAY, IF WE REFPLACE THE "38 ATF
MOLECULES" WITH "LIGHT ENERGY" AND
REVERSE THE ARROW'S PIRECTION WHAT

PO YOU THINK WE'LL GET?

WHOA! IT'6 PHOTOSYNTHES|S!
AMAZING!

Ce leoa"' 60+ 6 HzOg

& = % CARBON
GLUCOSE OXYGEN WATER =& & = DIOXIDE

WATER

THROUEGH THIS
PROCESS, STARTING
WITH 1 MOLECULE
OF &LUCOSE...

1

/
En‘mc ACID ELECTRON

TRANSPORT

CYCLE piipile
g J\/
]
Y

MOLECULES ARE PRODPUCED FROM 1 GLUCOSE.

GLYCOLYSIS, THE CITRIC ACID CYCLE, AND THE ELECTRON
TRANSFPORT CHAIN COMBINED CREATE 38 MOLECULES OF ATP,
WHICH BECOMES THE ENERGY FOR THE ACTIVITY OF OUR CELLSX

TO A "SHUTTLE" CALLED SLYCEROL F-FHOSFHATE. GLYCEROL 3-PHOSPHATE FASSES ITS ¢ TO FAD' IN THE MITOCHONDRIAL
MEMBREANE, AND FADH, IS CEEATED. WHEN FADH; PEFOSITS ITS o INTO THE ELECTRON TEANSFORT CHAIN, ONE STEF IN THE
CHAIN IS SKIPPED, AND ONE LESS ATF IS FORMED (TWO LESS FER GLUCOSE), SO THE NET ATF PRCODPUCED |5 36.
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CONCLUSION

WE CAN SUMMARIZE THE
INTERRELATIONSHIPS OF
PHOTOSYNTHESIS AND
‘ RESPIRATION AS FOLLOWS:

oo

Co,le

H20

AN

LIGHT

CAEBON
PIOXIPE
FIXATION

FHOTOPHOS-
FHOEYLATION

ﬁAEﬂHﬂﬂlu/

v
RETIATN
R

ﬁ.

o

'\.'.'I'\-'.
55::

g

ELECTEON
TEANSFORT
EHAIN

M s

PHOTOSYNTHESIS

CARBON DIOXIDE 1S5 USED BY
PHOTOSYNTHESIS TO MAKE
SACCHARIPES AND OXYGEN.

BY KEEPING THESE TWO
PROCESSES WELL-BALANCED
GLOBALLY, THE ECOSYSTEM 15

MAINTAINED.

RESPI-
RATION

PHOTO-
SYNTHESIS

Wlp,;-

SACCHARIDES AND OXYGEN
ARE USED BY RESFIRATION, AND
CARBON DIOXIDE IS CREATED AS
A BY-PRODUCT.

20 |F WE LOOK AT
PDEFORESTATION FROM A
BIOCHEMICAL POINT OF .

VIEW, IT'S EASY TO SEE WHY
IT'S SO DANGEROUS! :

THE WORLDWIDE
BALANCE COULD
BE RUINED...

AND FARMERS
WON'T BE ABLE TO
GROW ANY MORE
PELICIOUS FOOD.




P

WOW, IT'S
ALREADY DARK
OUTSIDE.

e o e e e s
SE

B AR ey
"3#3*3*’*3%3% *3**3*3**3‘% e
o

IT'S DANGEROUS
FOR A GIRL TO WALK NEMOTO, YOU
HOME ALONE IN  SHOULD ESCORT
THE DARK... HER HOME! RIGHT?
RIGHT! THEN IT'S

SETTLED!

OH MY, WE @OT
SO WEAFPED UP IN
STUPYING THAT WE
PIPN'T EVEN NOTICE

THE WHOLE DAY

FASSING BY!

UM..YEAH! THAT'S RIGHT! NO, DON'T

I'LL ESCORT YOU HOME! WORRY
GOING OUT AT NIGHT IS5 ABOUT IT!
SCARY AND DANGEROUS. I1T'S OKAY,
I'LL JUST TAKE YOU BACK REALLY!
TO YOUR PLACE...

80 CHAPTER Z

MY DAD 15
ACTUALLY COMING
TO PICK ME UP.




S0 CLOSE!
WHAT A TRAGEDY...

OH! NEMOTO, PO YOU WANT
Us TO GIVE YOU A RIDE?

NO THANKS...
I'LL BE FINE.

KUMI, WE SHOULD SWAP
CELL PHONE NUMBERS JUST
IN CASE I NEED TO CONTACT
YOU FOR SOME REASON.

. IVE GOT TO

' FIGURE OUT A WAY
TO GET THESE
TWO TOGETHER... -

O-0OF
COURSE!

\ 2

s
o

WOW, I GOT
PROFESSOR

- e | KUROSAKA'S PHONE

L] e NUMBER. INCREDIBLE!

aaaaaaaaa
aaaaaaaa
111111111
aaaaaaaa
aaaaaaaaa
------
oa

i 2 vy THANKS,
PROFESSOR!

fauty ]
rrrrrr
..........




4. ATP—The Common Currency of Energy
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Plants and animals use cellular respiration to turn the sugar created by photosynthesis
into potential energy, mainly in the form of adenosine triphosphate (ATP). ATP is often
called the "common currency” of energy because it's used by almost every living thing:
bacteria, plants—even complex organisms like Tom Cruise. However, individual molecules
of ATP are not exchanged between organisms, so how does it operate like currency?

As you can see below, ATP has three phosphate groups attached to adenosine. When
the outermost phosphate group is detached and becomes adenosine diphosphate (ADP)
and inorganic phosphate (Pi), 7.3 kecal (31 kJ) per mole of eneray is released. If ATP is
hydrolyzed in a test tube, the surrounding water is warmed by this energy, but in an actual
cell that energy is used when an enzyme catalyzes a chemical reaction, a muscle moves,
or a neural signal is transmitted.

ADENOSINE
ADENINE

3 PHOSPHATE
EROUFPS

THE ENERGY THAT KEEPS
THESE TWO @5 BONPED
15 STOREDP HERE.

RIBOSE

APENOSINE TRIPHOSPHATE (ATP)

WHEN THE OUTERMOST PHOSPHATE @ e
Y 7.3 KCAL (31 kI) OF
15 DETACHED TO FORM ADENOSINE R ENERGVE: oeD
PIPHOSPHATE (ADP) AND INORGANIC 4
PHOSPHATE (PD... f
; TO CREATE APENOSINE TRIPHOSPHATE
7.3 KCAL (31 xJ) OF "l,r (ATF) FROM APENOSINE PIPHOSFHATE
ENERGY IS EMITTED. (ADP) AND INORGANIC PHOSPHATE (FD.
! __________________________ \‘

2 PHOSFHATE
SROUPS

' | Pi
0 @ | T

ADENOSINE DIPHOSPHATE (ADP) INORGANIC
PHOSPHATE

A =HE HS =& &S B I - S - S S S D S N T S S S T O S S i
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5. Types of Monosaccharides
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ALDOSES AND KETOSES

We already saw that one of the basic forms of a saccharide (monosaccharide) has its first
carbon forming an aldehyde group (see page 61 for more details). Another form of mono-
saccharide has its second carbon forming a ketone group.

Monosaccharides that have an aldehyde group are called aldoses, and monosaccharides
with a ketone group are called ketoses.

Some examples of aldoses are glucose and galactose, and the most well-known ketose
is fructose. (For more details about fructose, see Chapter 3.)

CH,OH
H O | Apetype
Nt GROUP e KETONE
o i [ C=0 ] GROUP
'_%_ﬂH HO —C —H
HD_E_H H—C —OH
H—c —oH
—C Ok
CH,OH Cn
GLUCOSE FRUCTOSE
(AN ALDOSE) (A KETOSE)

PYRANOSE AND FURANOSE

Earlier we learned that when certain monosaccharides, like glucose, take a cyclic structure,
they resemble a hexagon. A monosaccharide that takes this form of a six-membered ring,
made up of five carbons and one axygen, Is called a pyranose. However, there are some
cases in which a monosaccharide will resemble a pentagon, made up of four carbons and
one oxygen. This is called a furanose.

Although glucose normally takes the form of pyranose, in extremely rare cases it
becomes furanose. To distinguish the two, the former is called glucopyranose, and the latter
Is called glucofuranose.

Fructose can also become a pyranose or furanose when it takes a cyclic structure, and
these forms are called fructopyranose and fructofuranose, respectively.

CH,OH CH0H
HOC

H OH

[ SLUCOPYRANOSE ] [ SLUCOFURANOSE ]
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D-FORM AND L-FORM

Monosaccharides, such as glucose, can exist as D-form or L-form isomers. All monosaccha-
rides that appear in this book are in D-form.

To tell the difference between the two forms, first find the asymmetric carbon. This
is the carbon for which the four bonded substances all differ—in glucose, it's the fifth one.
When the OH connected to this asymmetric carbon is on the right side in the structural
formula of the open-chain form, this monosaccharide is the D-form. When the OH is on
the left side, it's the L-form. Using this as a basis, the H and OH that are bonded to the car-
bons at the second through fifth positions of the D-form for glucose are all reversed in the
L-form.

The fact that the H and OH are reversed for all carbons from the second to the fifth
positions is important. If, for example, only the H and OH at the fourth position of glucose
are reversed, a different monosaccharide called galactose is formed (see page 62).

Mote that most monosaccharides that exist in the natural world are known to be of the
D-farm.

g \c# ; H\c //’D
H —é —OH HO —C| —H
HO —é —H H —C| —OH
H —Ll —OH HO —C| —H
H —é —OH |p-Form HO —é —H | L-ForMm
éHEDH &HEDH
[ D-BLUCOSE ] [ L-BLUCOSE ]




6. What Is CoA?
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When pyruvate, which is created by glycolysis, enters into the citric acid cycle, it becomes a
substance called acetyl-CoA. But what does CoA mean?

CoA stands for coenzyme A. Its structural formula is shown below. CoA is a substance
in which two phosphates in a row are bonded to the fifth carbon of adenosine triphosphate,
and a vitamin called pantothenic acid, as well as 2-mercaptoethylamine, are also bonded.
Within the CoA, shown in the shaded part of the figure below, is the phosphopantetheine
group, which works as a “carrier” because it transports the acetyl group (aka the carbo-
hydrate chain of fatty acids). Acetyl-CoA has an acetyl group bonded at the front of this
intimidating-looking molecule.

ACETYL-CoA
| |

0 H

I | 5

H,C—C ~ S—CH, —CH, =N —C — ==------==-
I
0

IF AN ACETYL N HE

GROUP 15

ATTACHED NZ N

HERES H  OH CH, 0 0 e -
| | | l I S N
HS —CH, —CH, —N —{|:| —CH, —CH, —N —{ﬁ —ﬁ—c fH - 0-P 0—P—0—CH,
| | |
0 0 CH, L o
l | | |
Z-MERCAPTOETHYLAMINE PANTOTHENIC ACID
PHOSPHOPANTETHEINE GROUP 0-—p—0
|
l 0 |
APENOSINE
TRIPHOSFHATE
( STRUCTURE OF CoA )

Another protein that works similarly to CoA is ACP (acylcarrier protein). ACP, which we'll
examine more thoroughly in Chapter 3, is also a “carrier.” And like CoA, it has a phosphop-
antetheine group but at a different location. The phosphopantetheine group is bonded to the
serine (a type of amino acid) of ACP rather than to adenosine triphosphate.

Since it's called a coenzyme, CoA plays the role of assisting in chemical reactions neces-
sary in the procession of a metabolic pathway.
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1. Lipids and Cholesterol

WHAT ARE LIPIDS?

llllllllTTllllill-ll-ll-lllr'llll-l‘Illllllll-lll-lll'I'llllllll.llllil‘l"

NOW I'M READY
FOR SOME
SERIOUS
STUDYING!

e ey
B
%ﬁgﬁfﬂ#ﬁiﬁ#ﬁ?ﬂ?ﬂﬁ:ﬂﬂﬂ?ﬁ: S ﬁﬁfﬁ S

=

e
i

i

e
- -
& | - .
L I'm terribly sorry, but something important -
R came up and | won't be able to make it today. ek
= J Why don't you and Nemaoto try to figure i
i i : 2 R
EMAIL FROM i *%%% out the answers to the following questions: i““i’“
PROFESSORK ek %jﬁ:i You can report back to me later. 153135
R e
KUROSAKA! o %:ﬁ:i 1. Is cholesterol really bad? L
; j imdinas . . . e
: ﬁ:%:g 2. Why do you gain weight if you overeat? e
'5&%3&3% 3. What is blood type? s
i L. Wi d Friii iy - SEa
= . Why does fruit get sweeter as it ripens? S
e 5 Wh i . ’ e
L i . Why are mochi rice cakes springy: o
TR s
L These are mysteries that can only be ]
ﬁi‘ﬁﬁ ; ; : . , i
i solved using biochemistry! Since there's no i
#.Ii'ﬁ‘.li'ﬁ' a . ) .+E+E
ii*gigﬁgfg need for you to come to the university today, S
4&@} just think about them leisurely while enjoying i
: e
- yourselves at home, okay? i
B S
o o
i e
o o
S G
WAIT..WHAT'S THIS? R G
o .
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OKAY! WE'LL WRITE A REPORT
SO GOO0D, WE'LL KNOCK THE
PROFESSOR'S SOCKS OFF!

WE’'LL BLOW HER MIND!

AW, THAT'S
TOO BAD...

BUT THESE
MYSTERIES SEEM
INTERESTING!

TWO HOURS LATER—

ALRIGHT,

ALRIGHT! LET'S

SOLVE THESE
MYSTERIES!

CuTa
ST
mgmn
S
Tk

THEREFORE, i

I'LL BE R

TEACHING
TODAY...

f
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OKAY THEN!

I WONDEE WHAT
HAPFENED TO THE
FROFESSOR SO

' SUPPENLY. I HOPE 1
CAN TEACH THIS STUFF
FROPEELY...

I'M A LITTLE WORRIED,

BUT THERE'S NO TURNING il
: BACK NOW. I'LL JUST .
8. HAVE TO DO THINGS
K. MY OWN WAY!




/ FIRST UP:

1. IS CHOLESTEROL |
REALLY BAD? , YEAH!

LET'S FIND OUT.

.'.i:.'.i
]

FAT IS UNHEALTHY,

CHOLESTEROL 1S OIL OR
FAT, RIGHT? 1 THINK IT'S AND WE DON'T L B
DEFINITELY A BAD THING. NEED IT. MY GOAL @Y P F 9

IS ZERO PERCENT P mA

BODY FA\T!/_\/

GOAL: LOSE 5 LBS! %

DPOWN WITH THE
POUNDS!

8 WAT*E NOT

REALLY TRUE,

......

I KNOW MY DAD IS5
ALWAYS GOING ON
AND ON ABOUT HiIS
CHOLESTEROL LEVELS...

FOR YOUR SAKE, WE'D

BETTER STUDY LIPIDS NEXT. WHAT? I'M JUST
ALTHOUGH WE LEARNED ABOUT WORRIED ABOUT FAT.
SACCHARIPES IN PROFESSOR WHAT ARE LIPIDS?

KUROSAKA'S LESSONS, WE ARE THEY DIFFERENT

ALSO NEED TO LEARN ABOUT FROM FAT?
TWO MORE THINGS: LIPIDS
AND PROTEINS. THESE ARE THE
THREE MAJOR NUTRIENTS.
WELL THEN, LET'S TALK
ABOUT LIPIDS!




LIPIDS IT'S LIKE
THIS:

gree NEUTRAL FATmnesg, THERE ARE VARIOUS TYPES
% §g OF LIPIDS, SUCH AS NEUTRAL
» NEUTRAL LIPID LIPIDS, PHOSPHOLIPIDS,
§ GLYCOLIPIDS, AND STEROIDS.
LIPIP 1S A TERM TYPICALLY USED
IN BIOCHEMISTRY, WHILE FAT
* PHOSPHOLIPID 15 A WORD USUALLY USED IN
NUTRITIONAL SCIENCE.
s GLYCOLIPID

R T e ﬁf

FOR OUR PURPOSES,

* STEROID THE MEANING 15
EXACTLY THE SAME.
IN OTHER WORDS,

LIPIP = FAT.

'.;.'.'. '''''

------------------------
rrrrrrrrrrrrrrrrrrrr
..............

rrrrrrrrrrrr

..WE MEAN
NEUTRAL FAT/
NEUTRAL LIFIDPS.

BUT NORMALLY, WHEN
WE'RE TALKING ABOUT
A DIET AND SAY "FAT"...

THOUGH, SO LET'S
JUST USE THE
WORPD “LIPID”

FROM NOW ON.

......
.......
aaaaaaaaaaaaaaaaaaaa
s + = = < = - /A W 'L " EML}Y 0} ¥ A _ 1w S B e R R EE R E EEEE
aaaaaaaaaaaaa
nnnnnnnnnnnnnnnnnnnn
aaaaaaaaaaaaa
........................
111111111111
.................................
.................................
aaaaaaaaaaa
...............................
aaaaaaaaaaa
..............................
..............................
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SINCE LIPID 1S A
GENERIC TERM
USED TO REFER
TO VARIOUS
BIOMOLECULES,
IT'S DIFFICULT TO
DEFINE, BUT...

ORGANIC
SOLVENTS?

ONE EXAMFLE 15
ACETONE, WHICH 15
OFTEN USED IN NAIL
POLISH REMOVER.

-~ MORE SPECIFICALLY,
ORGANIC SOLVENTS ARE
LIQUIDS CONSISTING OF

ORGANIC COMPOUNDS
WITH CARBON ATOMS IN
THEIR STRUCTURES

i ALCOHOL 15
L -\ ANOTHER EXAMPLE.

AN IMPORTANT
PROPERTY OF LIPIDS e
15 THAT THEY PON'T
DISSOLVE READILY

IN WATER BUT

PO DPIS50LVE IN
ORGANIC SOLVENTS*

* THEEE ARE EXLCEFTIONS, THOUGH: SOME GLYCOLIPIDS DO
PISSOLVE IN WATER.
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b R, B L

NOW LET'S
DIscUss THESE
DIFFERENT LIPID
TYFES, ONE

AS I MENTIONED
EARLIER, A NEUTRAL

- LIPID 15 THE SUBSTANCE

THAT WE NORMALLY

) S m CALL "FAT” , S

e e .

FIRST, WE

HAVE NEUTRAL
LIPIPS!

NEUTRAL LIPIDS ARE
FORMED FROM
TWO SUBSTANCES:
GLYCEROL AND FATTY
ACIDS.

INSIDE OUR BODIES, THE MOST
COMMON IS TRIACYLGLYCEROL,
WHICH CONSISTS OF ONE
GLYCEROL MOLECULE
AND THREE FATTY ACIDS,

0

I
CW&-D-ELH;
HU_(;:H?. H: 9
HO-CH +3 H;C W/\«’\«CD‘DH S H;QWE..D_EH
I L]
HO-CH- HgCWE-G-CH:

THERE'S ALSO
MONOACYLGLYCEROL,
WHICH HAS JUST ONE FATTY
ACID COMBINED WITH ONE
GLYCEROL...

TRIACYLGLYCEROL
WILL OFTEN POF
UP IN DISCUSSIONS

ABOUT LIPIDS.

s
""""
oy

AND DIACYLGLYCEROL, IN

WHICH TWO FATTY ACIDS
ARE COMEBINED WITH ONE
GLYCEROL.

AHA! MY ENEMY IS
TRIACYLGLYCEROL!
I'LL NEVER FORGET

/i \  THE NAME OF THIS
A ABOMINABLE FOE!

MOVING RIGHT ALONG... |
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NEXT UF ARE

Fbal PHOSPHOLIPIDS HAVE A 0
PHOSPHOLIPIDS! | )

STRUCTURE IN WHICH ONE I
AANAAC-0 -
OF THE THREE FATTY ACIDS HzC C-0-CH.

OF A NEUTRAL LIPID 15 E’: |

I
REPLACED BY A CHEMICAL H:C wANAN-C-0-CH
COMPOUND CONTAINING 0 |

PHOSPHORIC ACID. L 3C AANAAC-0-CHa

ONE OF THESE THINGS
IS NOT LIKE THE OTHERS.

BY THE WAY, KUMI, REMEMBER

WE ALREADPY TALKED WHEN WE
ABOUT PHOSPHOLIPIDS Tﬁﬁ_ﬁzﬁﬁlifm
-
. ONCE, REMEMBERE MEMBRANE?

UMM...NOT
REALLY...

IT CONSISTS MAINLY
OF PHOSFHOLIPIDS!

PHOSPHOLIPIDS HAVE
A FROFERTY CALLED
AMPHIPATHICITY. % ﬁﬁﬁﬁﬂﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
THE TWO FATTY ACID PARTS

ARE HYPROFPHOBIC, WHILE THE guuﬁu&ggguggﬂggg
CHEMICAL COMPOUND PART
CONTAINING PHOSFHOEIC

ACID IS HYPROPHILIC. — PHOSFPHOREIC = HYDPROPHILIC
% ACID
BECAUSE OF THIS, A TWO-LAYER PHOSPHOLIPID }
%

MEMBRANE CAN BE CREATED WITH FATTY ACID =% HYDROPHOBIC
THE HYDROPHOBIC PART FACING
INWARD AND THE HYDROPHILIC e

FART FACING Gw./

— =

HYPROPHILIC (|PHOSPHO-

’}E g H3CM\/‘C~O {I:H1 ”\4\ - LIPD

' 0 VARIABLE

.- POLAR

N ~———— H.0-0- P € HeAD*
HYPROPHOBIC U

HYDROPHILIC MEANS IT
READILY MIXES WITH WATER.
HYPROPHOBIC MEANS IT DOES
NOT READILY MIX WITH WATER.
AMPHIPATHIC MEANS THAT IT'S
MADE FROM BOTH OF THESE
KINDS OF SUBSTANCES.

N

* A PHOSPRHOLIPID CAN HAVE A VAEIABLE FOLAE GROUFP

| R AS ITS HEAD. A PHOSPHOLIFID THAT 15 BASED ON

el SGLYCEROL IS CALLED A GLYCEREOFPHOSFHOLIPIP.
SPHINGOPHOSFHOLIPIPS HAVE SPHINGOSINE HEADS.




S LIPIDS THAT CONTAN SAACTOCEREaRORDE
(A TYPE OF
j AEpECARIDE = A SPHINGOGLYCOLIFID)

GLYCOLIPIDS! p
COMPONENT. P

Ho 40

THERE ARE VARIOUS TYPES

oH H SPHINGOSINE
OF GLYCOLIPIDS, SUCH AS

SPHINGOGLYCOLIPIDS ANDP H H U\\Ha l-ll '::I'H
GLYCEROGLYCOLIFIPS. H OH C—re—c—H

i i | I

GALACTOSE H N cH

243 L
:::'E'-'-'-'-':':':"51515551:':1:5:5:55:::5555:555 ::EE': SACCHA- 1 ; 0={% HEI:'
. — sl ‘. : FATTY ACID {?Hi]m
e

PHOSFHOLIPIDS AND
GLYCOLIPIDS ALSO
INCLUDE FATTY ACIDS,
JUST LIKE NEUTRAL
LIPIDS PO.

LIPIDS .

HMM...FATTY ACIDS ARE

CONTAINED IN A BUNCH

OF PIFFERENT LIPIDS,
AREN'T THEY?

% NEUTRAL FAT e,

% « NEUTRAL LIPID
:

‘ﬁﬁw T A A H
« PHOSFHOLIPID THESE CONTAIN
FATTY ACIDS.
« GLYCOLIPID

« STEROID

KUMI, THE FATTY ACIDS
YOU HATE SO MUCH
ARE ACTUALLY VERY

IMPORTANT.

THAT'S RIGHT! MOST LIPIDS
CONTAIN FATTY ACIDS.

LET'S TAKE A ¥
CLOSER LOOK. /-

THEY'RE THE STARS
OF THE SHOW HERE,
ACTUALLY.

STARS?!
YEAH RIGHT!
I'D LIKE TO PUT
THEIR LIGHTS OUT...
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@ rarTy AciDs

Fatty acids are a source of energy, and they can become phospholipids, which are a
raw material for creating cell membranes. If there were no fatty acids, humans could
not live.

Wow, really? That's surprising! And | thought they were the enemy.

First, let's look at the structure of fatty acids. Although they can be constructed by
connecting a few to several dozen carbon (C) atoms together, the fatty acids that are
in our bodies always contain 12 to 20 carbon atoms.

H H H H H H 0
HCf?‘w,':f"h[':fhf':frﬁ{':f?‘x&E?H&JCHGH (CH,(CH,),,CO0H)
= H T H Y HTYT HYT H T H G
- = g g 8 Ho
CARBOXYL
GROUP
( FATTY ACID ]

At the farthest end of that long chain (which is called a hydrocarbon chain) is a
structure called a carboxy! group (-COOH).

Since only hydrogen (H) atoms are attached to each of the carbon atoms,
the fatty acid does not mix easily with water. It lacks hydroxyl groups (OH). which
saccharides have (see page 61 for information about saccharides).

Oh, | get it, like oil and water. So tough to mix!

Some fatty acids are made in our bodies. For instance, excess carbohydrates are
converted into palmitic acid. Two fatty acids, linoleic and a-linolenic acid, are essen-
tial, which means that they are necessary for good health and cannot be synthesized
by humans. On the other hand, stearic acid and arachidonic acid cannot be synthe-
sized but are not essential to good health either. All these fatty acids contain over
16 Cs!
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Yikes! So many Cs...it's like a nightmare report card!

Palmitic acid CH,(CH,),,COOH
Stearic acid CH,(CH,),,CO0H
NF; I|Fk"'.fhen there is a double
Linoleic acid CH,(CH,),(CH=CHCH,),(CH,),COOH  |bond inside the molecule.
we write it like this.

a.-linolenic acid CH;CH,(CH=CHCH,),(CH,),CO0H

Arachidonic acid  CH4(CH,),(CH=CHCH,),(CH,),CO0H

Certain fatty acids have double bonds between the carbon atoms in the middle of the
molecule, as you can see in this figure.

H H H H
o RYe
o] ML (5 bt ——C =C—--
. |
H H H H
A CARBON ATOM HAS FOUR HOWEVER, IN SOME CASES, TWO
"ARMS,” AND USUALLY A ARMS ARE USED TO BOND A
SEFARATE ATOM BONDS CARBON WITH ANOTHER ATOM.
WITH EACH ARM. THIS 1S CALLED A POUBLE BOND.

Carbons that are double bonded are called unsaturated carbons, and fatty acids that
have unsaturated carbons are called unsaturated fatty acids.

Unsaturated fatty acids don't solidify as easily, remaining as liguid at lower
temperatures than saturated fatty acids, so they are often included as a compaonent
of cell membranes (that is, phospholipids) for which flexibility is important.

So..if there are a lot of double bonds, fatty acids are harder to solidify?

That's right. Double bonds can create kinks, which prevent the unsaturated fatty
acids from forming a stable solid. This means that the melting point of fatty acids
differs significantly depending on the number of carbon atoms and the number
of double bonds between those carbon atoms.
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@ cHoLesTEROL IS A TYPE OF STEROID

Okay, before we get too off track, let's get back to cholesterol.

Yeah, that's right! I'm pretty sure | understand lipids and fatty acids, but what exactly
is cholesterol?

Cholesterol is also a type of lipid, but it has the following form:

THREE HEXAGONS

ONE PENTAGON

THERE IS A C AT

HO EACH CORNER,

The three hexagons and one pentagon combined, as shown in the above figure, are
called a steroidal skeleton, and a lipid that has this basic form is called a steroid.

~ LIPIDS

~— NEUTRAL FAT —

* NEUTRAL LIPID

* PHOSFHOLIFID

.j * GLYCOLIFID
* STEROID

Well...| guess that means that steroids are a type of fat! Weird!
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@ cHoLesTeROL'S JOB

| understand that cholesterol is a type of steroid, but what exactly is a steroid? All |
know Is that bodybuilders use them to get super buff.

Well, when we talk about "steroids,” it often brings to mind images of pharmaceuti-
cals and intimidating pectoral muscles, but there are actually a number of steroids
that exist in our bodies normally, like cholesterol.

For example, there is a type of hormone called a steroid hormone. The most
famous of these are the sex hormones—the indispensible hormones that make males
males and females females.

Sex hormones, eh? Whatever they are, I'm just glad they made me a girl. Boys are
totally gross!

Um...whatever you say, Kumi.

Anyway, testosterone, which is a sex hormone produced mainly in a male’s
testicles, is actually created with cholesterol as a raw material.

Progesterone, another sex hormone, is produced in a female's ovaries or
placenta and is also created from cholesterol.

T
OH C=0
0 0
[ TESTOSTERONE | [ PROGESTERONE |
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Vitamin D is also a type of steroid created from cholesterol. Since Vitamin D is pro-
duced when ultraviolet rays strike our skin, it's very important for human beings
to be exposed to the sun.

ULTRAVIOLET (UV) RAY

4

CHOLESTEROL =g 7-DEHYDROCHOLESTEROL =i

HO ™ OH

[ VITAMIN D5 J

In addition, cholesterol plays other very important roles, such as being a raw
material of bile acid,” which is required for digestion and the absorption of fat in the
small intestine.

Wow! Cholesterol has a ton of important jobs! | had no idea...

That's right. When people who pay attention to their health (like your father) talk
about cholesterol, usually a negative image, like arteriosclerosis or obesity, comes to
mind, but cholesterol is actually an extremely important substance for our bodies.

Jeez, now I'm really confused. Why does such a vital substance make us think of
illness, unhealthiness, or being overweight?

Don't worry, we'll unravel that mystery soon enough...

* Bile acid is created in the liver, stared in the gallbladder, and secreted to the duodenum.
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LIPOPROTEINS: BEYOND GOOD AND EVIL I'VE HEARD THAT THERE'S
BOTH GO0D CHOLESTEROL
ANDP BAD CHOLESTEROL...

AT LAST, WE'RE GETTING TO ‘
THE HEART OF THE MATTER.
NOW...IS$ CHOLESTEROL
REALLY BAD?

50O DOES THE GOOD ONE
BATTLE THE BAD ONE?

1 ACTUALLY, CHOLESTEROL
11 ITSELF DOESN'T COME IN
TWO SEFARATE "Go0OD"
AND "BAD" TYPES.

ALL CHOLESTEROL
STARTS OUT THE
SAME, BUT...

e

- TS CLASSIFIED AS
. - P GOOD CHOLESTEROL
" ri OR BAD CHOLESTEROL

4 ACCORPING TO HOW
WHAAAA?! IT'S TRANSPORTED.

NO NEED TO GET WORKED UP—
T'LL EXFLAIN EVERYTHING. SINCE
LIPIDS DON'T DISSOLVE IN WATER
DIRECTLY, THEY CANNOT EXIST
INPEPENDENTLY IN BLOOD.

SHUT UP!
GOOD AND BAD
ARE THE SAME?!

THEY ARE DISSOLVED /
TOGETHER WITH LOTS HPOPROTEINI &5
OF OTHER MOLECULES i |
TO CREATE A WATER-
SOLUBLE FORM CALLED

A LIFOFPROTEIN.

H
R )

SV N e - et
e e
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A LIPOPEOTEIN |1= A
RELATIVELY LAEGE 1TS SURFACE 1S
SPHERICAL CLUMP THAT
COVERED WITH
HAS A NEUTRAL LIPID OR AMPHIPATHIC
A CHOLESTEROL ESTER* PHOSPHOLIPIDS AND
INSIDE IT, NEITHER OF
f A PROTEIN CALLED

WHICH MIXES READILY
WITH WATER. APOPROTEIN..  AND FrREE
CHOLESTEROL **

N
i
k)

Sy

IT LOOKS KINDA
GROSS TO ME..

CHOLESTEROL ESTER
PHOSFPROLIFID
FEEE CHOLESTEROL

AFOFROTEIN

Lo -
e
T

goaen S e NG " SPECIFIC GRAVITY
LIPOPROTEING CAN N\ LIPOPROTEIN PARTICLE IN

BE CLASS|FIED INTO RERORR ERRLRoRenneRonOnar

SEVERAL TYPES sy e THAT, IF THERE ARE MORE
ACCORDING TO : SR NEUTRAL LIPIDS THAN

SPECIFIC GRAVITY, : ' 5 PROTEINS, THE SPECIFIC
AS YOU CAN SEE CRAVITY DECEEASES.
IN THIS FIGURE. IF THERE ARE MORE

: PROTEINS THAN NEUTRAL

LIPIDS, THE SPECIFIC

s TIiE ORAVITY INCREASES.

VLDL LDL HDL e
CHYLOMICRON ey Low-DENSITY  (LOW-DENSITY (HIGH-DENSITY R

LIPOPROTEINY LIPOPROTEIN) LIPOPROTEIN) =i

HIGH i

SPECIFIC |iiiis

ol LOW
Il SPECIFIC
] GRAVITY

GRAVITY S

* MORE NEUTRAL ~ , | © e FEWERNEUTRAL i
LIPIDS e LET'S FOCUS LIPIDS B

R\ * FEweR PROTEINS ON LDL AND ' * MORE PROTEINS i
: HDL FOR NOW. -

* CHOLESTEROL ESTER 15 CHOLESTEROL WITH A FATTY ACID ATTACHED TO IT.
** A FEEE CHOLESTEROL 12 A CHOLESTERCOL WITHOUT A FATTY ACID ATTACHEDR TO IT.

o s
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LDL, WHICH
CAERIES A LOT OF \| !
CHOLESTEROL, - ON THE OTHER HAND,
HAS THE ROLE OF . _ HDL, WHICH CARRIES
TRANSPORTING o A SMALL AMOUNT

CHOLESTEROL TO s e B OF CHOLESTEROL,

HAS THE ROLE OF
THE TIsSUES OF TRANSPORTING

THE BODY. " BRI CHOLESTEROL FROM
FERIFHERAL \ THESE TISsSUES BACK

o TISSUE =X 7O THE LIVER.
\ M CHOLESTEROL "

A
S T
.......

HEHE, YOU CAN
N e ) NEVER HAVE ENOUGH
o CHOLESTEROL!

...............

OH NO...A BATTLE OF
GO0P VERSUS EVIL!

.......................

........................................

I KEEF THINGS TIDY BY
BEINGING THE EXCESS
BACK TO THE LIVEE.

N oAAreee
D "n'_ 'lQ% LAY
A A e e
e
T e
R e
.:: ::.'. e o ot bl

................

o bt

i
S,

SO LDL 19 CALLED "BAD" BECAUSE
IT DISTRIBUTES CHOLESTEROL
THROUGHOUT THE BODY, AND HDL

IS CALLED "GO0D" BECAUSE IT
REMOVES CHOLESTEROL FROM
PERIPHERAL TIS<UES
AND BERINGS IT BACK
™. TO THE LIVER. O, .0

..........

I FINALLY GET IT! THE o & Dl ey
CHOLESTEROL ITSELF et g,
S ALL THE SAME. i . | --:;ez-;:rg;_ﬁ,ﬁ:_“"j’::ﬁ

i,

BUT IT'S REGARDED
AS "GO0D" OR "BAD"
BASED ON THE TYPE
OF LIPOPROTEIN THAT'S
TRANSPORTING IT!
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RN
WHAT IS ARTERIOSCLEROSIS? @’

Mow that you have a better understanding of cholesterol, imagine what would
happen if the density of LDL (bad) in the blood increases while the density of HDL

(good) decreases.

Hmmm, | guess cholesterol would be transported into the body’s tissues faster than
it could be removed, and it would pile up in the blood vessels.

Right. Cholesterol will accumulate on the walls of blood vessels, the lumens of the
blood vessels will get narrower, and the flow of blood will be obstructed. This is called

arteriosclerosis.

(o o (al
O

NORMAL BLOOD CHOLESTEROL IMMUNE CELLS ARE
VESSEL GETS RECRUITED, AND THE
DEPOSITED. LUMEN STEADILY GETS
NARROWER.

The blood vessels get thicker and harder, and as the symptoms advance, it can
lead to sickness or even death.

Cholesterol can lead to death?! Not to be taken lightly, | guess...

Let's look at a typical type of arteriosclerosis called atherosclerosis. Scientists believe
the process goes something like this: First, LDL cholesterol is deposited on the inner
wall of a damaged blood vessel. This cholesterol is then eaten by phagocytes.* such
as macrophages, and bulging cells filled with fat, called foam cells, accumulate.

When this happens, the smooth muscle cells that create the walls of a blood
vessel also end up changing significantly, getting harder and thicker.

* A phagocyte is a gluttonous kind of white blood cell that eats just about anything. They're an essential
part of the immune system.
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BLOOD
VESSEL
WALL

MACEOPHAGE

Q OXIDIZED LDL
IS EATEN BY
Q MACROPHAGES.

FOAM CELLS ACCUMULATE,

SMOOTH MUSCLE CELLS GROW

RAFPIDLY, AND BLOOPD VESSEL
WALLS GET THICKER!

MISSHAFPEN SMOOTH MUSCLE CELLS

Wow, that artery is even more clogged than the pipes in my bathtub. But at least
some hair in the drain won't kill me!

Don't be so sure. The clog in my tub practically has a mind of its own. It's a real
jungle down there!

Whoa, gross! TMI, Nemoto!

Er..sorry. Anyway, you can see some of the illnesses that arteriosclerosis can cause
below.

BRAIN CEREBRAL INFARCTION (STROKE)
CEEEBEAL HEMORREHAGE
HEART ANZINA PECTORIS

[ MYOCARDIAL INFARCTION
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MYSTERY
1 16 CHOLESTEROL REALLY BAD?

@ Cholesterol, which is transported through the blood via
lipoproteins, can be hoth good (HDL) and bad (LDL).

(@ The cholesteral in LDL is transported to the body's
peripheral tissues, and the cholesterol in HDL is

transported from peripheral tissues to the liver. The
balance of these is very important.

@ Cholesterol is an important substance that makes
hormaones, but if too much is absorbed, it can result
in arteriosclerosis, which can lead to serious illnesses
and even death.

THE IMPORTANT
THING 1S THE
BALANCE OF HDL N ey A PROPER

AND LDL. %/ KNOWLEDGE OF

IN OTHER WORDS, IT'S EGTH‘;E;ﬁ% =i
BEST TO ABSORB A MBORTANT
MODERATE AMOUNT OF [ ’
CHOLESTEROL—NOT
TOO MUCH AND NOT
TOO LITTLE. _g¢

/ 1T'S OKAY TO
EAT FOODS LIKE
MAYONNAISE IN

i G i WHO PUTS
MODERATION. d MAYONNAISE ON

PANCAKES ANYWAY?

~NRTTT™0W0n
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2. Biochemistry of Obesity—Why Is Fat Stored?

P BRSSP S R R

THE NEXT MYSTERY IS ONE THAT 1
REALLY WORRY ABOUT!

2. WHY DO YOU GAIN WEIGHT
IF YOU OVEREA

Pt :

AN EN NN

.......

el e
S a '

..........
e

ALL RIGHT! LET'S
BEING SIGNIFICANTLY 'rgt;&gﬁgtﬂﬁu::g‘r
OVERWEIGHT 15 ACTUALLY S EM e
A MEDICAL CONDITION '

CALLED OBES/TY.

TO PUT IT SIMPLY,
TO BE OBESE MEANS
THAT AN EXCESS OF

FAT HAS BEEN STORED
IN YOUR BODY.

INGESTED AND EXPENDED ENERGY

V el e e e ] r 1 MOLE OF ATF
WHEN SACCHARIDES, Nl MOLECULES CONTAINS

LIPIDS, AND PROTEINS APPROXIMATELY
ARE INGESTED, ENERGEY 7.3 KCAL OF ENERGY.
(ATP) IS CREATED
FROM THEM.

THE TOTAL ENERGY THA
IS CREATED FROM THE
SACCHARIDES, LIPIDS, AND
PROTEINS THAT WERE EATEN* IS
CALLED THE INGESTED ENERGY.

| SACCHARIDE

....................
................
...............

* MOREE ACCURATELY, SINCE SOME OF THESE PARTICLES OF FOODP ARE PIRELTLY EXCEETED
AFTER THEY ARE EATEN, INGESTED ENEREY IS THE TOTAL ENERESY THAT |15 CEEATED FROM
10& CHAPTER 3 THE SACCHARIDES, LIPIDS, AND PEOTEINS THAT WERE ACTUALLY ABSORBED BY THE BODY.



50O THE MORE YOU
EAT, THE MORE
INGESTED ENERGY

INCREASES.

THAT'S TRUE! EVEN

WHEN I'M SLEEPING
AT NIGHT OR JUST

> WATCHING TV... |

.........

~"ON THE OTHER

HAND, AS LONG

AS OUR BODIES
ARE ALIVE, WE ARE
ALWAYS USING
=

LMY BODY 15 STILL
7/ CONSUMING THE MINIMUM
REQUIRED ENERGY. THIS
CONSUMPTION IS CALLED
MY BASAL METABOLISM,
RIGHT?

THAT'S RIGHT! AND N 7
OF COURSE IF YOU

EXERCISE, YOU EXPEND
MUCH MORE ENERGY.

—7 . __ SO THE TOTAL ENERGY
| vy Ly USED |15 CALLED
& N EXPENDED ENERGY.

‘

IF EXFENDED ENERGY |
ENERGY IS LESS THAN INGESTED
STORED ENERGY...

AS FAT

THAT LEFTOVER
ENERGY |15 STORED
IN THE BODY IN THE

FORM OF FAT.

I'VE @OT TO KEEFP
ACTIVE IF I WANT
TO KEEP THOSE

POUNDS OFF.
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@ ANMALS PrESERVE FAT

Animals have a mechanism for preserving a fixed level of fat in the body. If they
overeat and fat accumulates, that triggers a signal that tells the brain to reduce the
amount that is eaten. Conversely, if the amout of fat is reduced, causing the animal
to get hungry, it will eat until the fat level returns to its original amount.

Interesting! | guess that instinct must come from animals living in the wild, where life
Is severe. If it gets too fat, it won't be able to catch food, and if it gets too skinny, it
could starve and die.

That's right. For example, the protein hormone insulin causes glucose in the blood to
be absorbed into muscle or adipose tissue and stored as glycogen or fat. The result
is that it lowers the blood sugar level. (Insulin is also used to treat diabetes.)

@ = A SACCHARIDE (GLUCOSE)

Q>0

MUSCLE
o®

FAT
HIGH BLOOD DROFFING BLOOPD
SUGAR LEVEL SUGAR LEVEL

Oh, so “blood sugar level” is just the concentration of glucose in the blood! And if
that glucose is absorbed into muscle or fat, the concentration in the blood will drop.

Also, the cell membranes of nerve cells in the hypothalamus (a special part of the
brain) contain a protein called an insulin receptor*

* Insulin receptors actually exist in the cell membranes of many types of cells in the body. not just
nerve cells.
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a
U

So insulin regulates the eating behavior and fat level of an animal via the
hypothalamus.

BRAIN
HYFOTHALAMUS

SUPFRESSES
HUNGER

O _——/ INSULIN RECEPTORS

Igﬁ%ﬂ“ ARE EMBEDDED IN THE
CELL WALL.

The urge to eat is suppressed by the nervous system when insulin binds with the
insulin receptors in the hypothalamus.

The experiments scientists have done to prove this may surprise you—for
instance, [ab mice that were prevented from producing insulin receptors ended
up becoming really obese.

Wow! Instructions go to my brain to keep me from eating too much? That's crazy—
it's like my own body is playing a trick on me!

Theres also a protein called leptin, which is only created in adipose tissue, that can
notify the brain of an accumulation of fat via leptin receptors in the hypothalamus,
much like insulin receptors. This also suppresses hunger.

| see. So both insulin and leptin are important proteins for controlling how much we
want to eat.
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That's right. And scientists have done experiments with leptin too—mice with
deformed leptin genes end up just as tubby as the mice without insulin receptors.

That's awful! | wonder why scientists are always picking on mice, anyway...

If we compare the leptin concentration in the blood of nonobese people versus obese

people, they both have a value that is proportional to the amount of fat they carry.
The amount of leptin created by people who overeat is no different than

that of people who eat normally. Although the creation of leptin is linked with the

suppression of eating in nonobese people, this is not the case in obese people. In

other words, obese people are thought to have a resistance to leptin.

p

GETTING
PRETTY FULL...

LEFPTIN
LEFPTIN WORKING LEPTIN NOT WORKING
NORMALLY NORMALLY

What a nightmare! If our insulin or leptin is ineffective, we'll eat and eat, and our
appetite will never be satisfied...

There are also a number of other substances that help balance our fat levels and
appetite, which we'll talk about next!
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EXCESS SACCHARIDES BECOME FAT! ,_h

IN SHORT...

YOU'VE EATEN TOO \-:
MUCH AND STORED
TOO MUCH FAT.

50 OBESITY IS THE
RESULT OF A SIGNIFICANT
BREAKDOWN OF THE
METABOLIC HOMEOSTATIC*

BALANCE.

IT'S A RESULT
OF FAT BEING
EXCESSIVELY
ACCUMULATED.

] i UFF.q.- -
..iﬁ-"’ o o
'.-'HE:E.J:-'-"" r.-.a:-.'FﬁE'-;' L

* HOMEOSTASIS 15 THE MECHANISM:IN: WHICH SUBSTANCES ARE i.GHTIHL!AL.L*:_"EIs:HA::'E:E e
WITH THE OUTSIDE WORLD SO KEEP AN INTERNAL! ENVIRONMENT UNCHANGED. i -

NOW LET'S STUDY THE
BIOCHEMICAL PROCESSES
THAT ARE INVOLVEPD...

..WHEN FAT
ACCUMULATES!

THERE ARE TWO MAIN INGESTED LIPIDS ¥  AND (2) WHEN
WAYS THAT FAT IS ARE DIRECTLY SACCHARIDES
ACCUMULATED. ACCUMULATED ARE CONVERTED

C B U

------
llllllll

¥ SACCHARIDE
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! et e e, NORMALLY, INGESTED
FIRAZTébuTE ;;;’:}'K R T M R L LIPIDS ARE SOLUBILIZED
"aa T e T e e e e IN THE FOEM OF
INGESTED LIPIPS ole i n et ot LIPOPROTEINS, AS WE
ARE PIRECTLY . ROttt e LEARNED EARLIER, AND
ACCUMULATED : h""h'“':f:::t::;'_:.;‘:‘:_ - CIRCULATE THROUEH THE

» ENTIRE BODY WHERE THEY
. i UNPERGEQO VARIOUS KINDS
m—t—) | : OF RESPIRATION.

RIGHT, LIKE THE SPHERES
WE SAW WHEN WE TALKED
ABOUT CHOLESTEROL!

BUT IF YOU INGEST
TOO MANY LIPIDS...

THE EXCESS ENDS UP
STEADILY ACCUMULATING
IN THE LIVER OR APIPOSE

TIS2UE IN THE FORM
OF FAT.

WHEN WE'RE TALKING ABOUT FAT
ACCUMULATION, WE HAVE TO TALK
ABOUT THE INDISPENSIBLE WORK OF AN
ENZYME CALLED LIPOFPROTEIN LIFASE.

SINCE ENZYMES ARE

VERY IMPORTANT TO
/ BIOCHEMISTRY, WE'LL STUDPY

i
FENZYME 3
LIPOPROTEIN Vv il

LIPASE =)

THEM CAREFULLY LATER!

(PETAILS AEE N
CHAFTER 4.2

ADIPOSE
TISSUE

CHYLOMICEON

PENSITY LIFOFEOTEIN

LIPOFPREOTEIN

OVER-INGESTED
LIPIDS

LIPIPS AND TRIACYLGLYCEROL
THAT WERE TRANSPORTED IN THE
BLOOD ARE HYDROLYZED* BY THIS
ENZYME TO FORM FATTY ACID AND
GLYCERQOL, WHICH ARE THEN TAKEN
INTO APIFOSE TISSUE.

* HYPROLYSIZ |15 THE PECOMFPOSITION OF A SUBSTANCZE BY AN
112 CHAPTER 3 ENZYME USING WATEE. FOR DPETAILS, SEE PAGE 172.



SMALL
INTESTINE

THERE ARE FOUR MAIN STEPS \{}
TO THE PROCESS THAT TURNS
INGESTED LIPIDS INTO FAT.

LET'S TAKE A LOOK!

VLDL AND |
CHYLOMIZEON |

\\ : TRIACYLELYCEROL
LIPOPROTEIN LIPASE Vraakt

o ENDOTHELIAL
: CELL
. | a7y Acio GLYCEROL

T o

GLYCEROL

v

[’ RECOMBINED AND STORED
\  IN TRIACYLGLYCEROL

Triacylglycerol is transported in the blood by very low-

density lipoprotein (VLDL) that was created in the liver and
by chylomicron that was absorbed and created in the small BREAK IT
intestine.

Endothelial cells, which line blood vessels, have an enzyme called
lipoprotein lipase on their surfaces. When triacylglycerol is trans-
ported through the capillaries in adipose tissue, muscles, and

@ other tissues, it encounters lipoprotein lipase and is hydrolyzed
into fatty acids and glycerol.

@ Those fatty acids and glycerol are captured in adipose tissue.

The captured fatty acids and glycerol are recombined and stored
in triacylglycerol.

AND WHEN THIS HAPPENS,
FAT STEADILY INCREASES!




INGESTING TOO MUCH
TRIACYLGLYCEROL
CAUSES WEIGHT GAIN...

SCHEME/

{ 50 T WON'T EAT
ANY OF IT!

NO LIPIDS AT ALL!
THEN I DEFINITELY
WON'T GET FAT,
RIGHT?

++++++++++++++++++
iiiii

IF YOU EAT TOO
MUCH RAMEN OR
SFAGHETTI, YOU'LL BE
INGESTING TOO MANY
SACCHARIDES, AND

llllllllllllll

THAT'S TAKING THINGS
A LITTLE TOO FAR.
REMEMBER, YOUR
FAVORITE FOODS CONTAIN
LOTS OF SACCHARIDES
TOO, NOT JUST LIPIDS.

OH YEAH, FAT IS ALSO
2\ MADE FROM SACCHARIDES!

SR B

L]
Bl
B

T S N —

S N

THERE'S REALLY NO
SHORTCUT HERE. A LITTLE
BALANCE AND MODERATION

..OUR BODIES
CONVERT THEM INTO
FAT AND STORE THAT

FAT IN APIPOSE TIS2UE

OR IN THE LIVER.

L Ol
PR e

SACCHARIDES

R 1S ALL YOU NEED!

IN OTHER WORDS, LPD SR 3
IF WE INGEST TOO A ~\
MANY SACCHARIDES... ﬂaﬂmg,%%ﬂg- \ (» \’ﬂ
00

HMM, YOU MUST BE
RIGHT. THIS MAGAZINE
SAYS 1 SHOULD WATCH

MY CARB INTAKE.

]
]
i
{
[ \
[
¥
I
i

DIRECTLY
ACCUMULATES

ey

SR

FAT!




IT WENT
AROUND AND
AROUND, RIGHT?
1 REMEMBER!

NOW LET'S TAKE A
CLOSER LOOK AT HOW
SACCHARIDES TURN
INTO FAT.

FIRST, PO YOU
EEMEMBER THE
CITRIC ACID CYCLE?

e e BACK!

SACCHARIDES, WHICH
ARE AN ENERGY
SOURCE, ARE BROKEN
POWN VIA GLYCOLYSIS
INTO PYRUVATE.

;HHHEHEHHHHE&
G

THIS PYRUVATE ENTERS
THE MITOCHONDRION
AND BECOMES ACETYL-
CoA. WE'LL STOFP HERE

FOR NOW, OKAY?

%E == sl
N

Hﬁmﬁaﬁﬁﬁﬁﬁﬁﬁﬁ H% con
S .

“CITRIC ACID
CY(ZI.-E

o
HHHHHHHHE
HH

NORMALLY, ACETYL-

CoA COMBINES WITH IF TOO MANY SACCHARIDES ARE
OXALOACETATE TO INGESTED, EXCESS CITRATE
BECOME CITRATE, BUT... LEAVES THE MITOCHONDRION,

ENTERS THE CYTOSOL, AND |5
CONVERTED TO FATTY ACID.




SINCE GLYCOLYSIS IS STILL
PROCESSING SACCHARIDE,
THE MALONYL-CoA, ACETYL-
CoA, AND PALMITIC ACID WILL
ACCUMULATE, WON'T THEY?

WHEN TOO MANY
SACCHARIDES ARE
INGESTED, CITRATE EXITS
INTO THE CYTOPLASM,
15 BROKEN BACK DOWN

INTO ACETYL-CoA, AND
BECOMES THE SUBSTANCE F—;”C‘:"E’El
CALLED MALONYL-COA. l

PALMITIC
ACID

MALONYL-
CoA

[FYIEUVATE l T
[CYTGF’LAE-EU ﬂu.'.‘:ET':-’L- J
| CoA |

ACETYL‘CD

CITRATE -

Dm LGAC ETATE 5.5. .5.5.5 5_1- 3 :::.:: i .:.::: .:.:.E .:.:.E..:.:.::.:.:..:.E.E:.:.:. .

MITOCHONDRIA

THAT'S RIGHT, AND PALMITIC
ACID IS A FATTY ACID!

IF MALONYL-CoA |15 PRODUCED,
| IT ENDS UP BEING DIRECTLY
1+ = \_CONVERTED INTO A FATTY ACID.

WOE 15 ME:‘:.H E:_ﬁf-?m\
YOU SHOULD ALSO BE FRUCTOSE PROMOTES FATTY BETRAYED" Eﬁﬁm““

CAREFUL ABOUT HOW ACID SYNTHESIS IN THE LIVER AND \  SWEET, SWEET 5u@Aﬁ%,=

MUCH TABLE SUGAR 15 ONE OF THE CONTRIBUTING
(FRUCTOSE) YOU EAT. FACTORS TO OBESITY.
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NOW LET'S BACKTRACK
A LITTLE AND ENLARGE THE

* 2%l AREA FROM THE LAST

PAGE. PALMITIC ACID |5 SYNTHESIZED FROM
MALONYL-CoA BY SEVERAL ENZYMATIC
REACTIONS. LET'S TAKE A LOOK!

ﬁ AcETYL-Con ® REPRESENTS
(- THE NUMBER OF
HsC—C -~ SCoA C CARBON ATOMS
cos OTHER THAN IN CoA
AND ACP.
R e e S A A N T TS CD; U T e e T T T
ACETYL-ACF | i MALONYL-CoA
s CHz2—C—SCoA s
SCoA ~i/5 ACP
(9= MALONYL-ACP.
I
CHz—- C—-SACP b
Cozad
0 0  ACETOACETYL-ACP
H3C -C-CH.— C-SACP se0®

THESE SIX STEPS l
ARE REPEATED

SIX TIMES. TWO I _neavﬂwnﬁxfamavmaa |
CAERBON ATOMS

ARE ADDED TO l ““
THE PATTY ACIE o W o
CHAIN EACH TIME. ___;_T@H&ﬁfﬁﬁfﬁﬂc??@fﬁﬁﬁ .....

-+ @® x |2

M
9 BUTYRYL-ACP
HEC—CHL"tHI- ﬂ._ﬁﬁcp '“,.
i - FPALMITOYL-ACF
HEC-"CHE -(CHz.)Ii = "EACP S e
$EHELHSBELDIHET

SACP 5
H3C-CHa~ (CH) @ — C—0—H| PALMITIC Aci?

SOON, I'LL BE

/
50 WHEN MALONYL-CoA 15 FATTY ACID!

FORMED* THIS CYCLE KEEPS | ~
@oiNa UNTIL FaTTY Aci 154~ (D00 O 00 [ |||

* THE SYNTHESIS OF MALONYL-CoA IS THE RATE-LIMITING REACTION IN FATTY ACID
SYNTHESIS. IN OTHER WORDS, THE FORMATION OF NEW FATTY ACIDS DEFENDS ON
HOW QUICKLY MALONYL-CoA IS FOEMED FEOM ACETYL-CoA.



@ WHeN FAT 1S USED AS AN ENERGY SOURCE

Okay, now | understand how fat is produced, but what | really want to know is how to
get rid of the fat I'm producing.

To lose weight, you just have to steadily use up your stored fat.

To do this, you need to remember one important thing: When both saccharides
and lipids are present, the saccharides will be used as an energy source first.

If you eat foods containing lots of saccharides and lipids, your blood sugar level
will rise. The saccharides are used first for energy production, and the lipids are
stored in adipose tissue.

However, when the saccharides are used up and your blood sugar level decreases,
the stored lipids will gradually start getting metabolized. So when your hungry
stomach growls, lipids are actively being consumed.

AFTER SACCHARIDES ARE USED LUP.. LIPIDS ARE USED.

Hmm, | guess that means |'ve got to exercise for guite a while before those pounds
start to burn off.
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Now let's talk about how fat is metabolized.

First, the fat in adipose tissue, triacylglycerol, is broken down into fatty acid
and glycerol by an enzyme called hydrolase. Hydrolase is a hormone-sensitive
lipase—note that this is different from a lipoprotein lipase, which we talked about

on page 112.

Fatty acid is released into the blood and transported to the various organs and
muscles of the body, where it undergoes a chemical reaction called p-oxidation

(that's beta oxidation).

TRIACYLGLYCEROL

HORMONE-SENSITIVE LIFASE

FATTY ACID @

| ENDOTHELIAL
‘ FATTY ACID ‘ @ I Zgil

FATTY ACID GLYCEROL

THROUGH BLOOD VESSELS
TO ORGANS AND MUSCLES

APIFOSE
TiIesUE

B~OXIDATION

=> B-OXIDATION

BLOOD
VESSEL
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Um..what in the world is p-oxidation?

Relax, I'm getting to it! Take a look at this diagram.

@ FATTY ACID
EIGHT MOLECULES
l OF ACETYL-CoA
s 0®
P
CYTOPLASM @ ACYL-CoA o « O
Sttty iy Pty
l PALMITIC ACID (C..)
@ ACYL-CARNITINE THIS PROCESS
15 REPEATED
i MANY TIMES.

ACYL- CDA AGAIN

THERE ARE TWO
MITOCHONDRIA < FEWER CARBON

ATDM‘E! IN ACYL-CoA.
ACETYL-COA

ri.‘r'l'lzh"_.’ ACID
C'r’:’JLE

| B-OXIDATION |

Fatty acid becomes acetyl-CoA through p-oxidation. Remember when we talked
about acetyl-CoA earlier? (See page 115.)

It's the stuff that appears in the first step of the citric acid cycle, right?
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You got it!

First, the fatty acid is activated by the attachment of CoA. This fatty acid-CoA
compound is called acyl-CoA. A carnitine is then added to form acyl-carnitine, which
is shuttled into the cell. It then enters the mitochondrion and is broken down into
acetyl-CoA.

Fatty acids are long carbon chains (10+), but acetyl-CoA has only two carbon
atoms.

The fatty acid is broken down by p-oxidation so that one molecule of acetyl-CoA
(two carbon atoms) is detached each time. The process is called p-oxidation because

the CoA is attached to the second-to-last carbon atom of the fatty acid (the p carbon).

Ultimately, all carbon atoms in the fatty acid will become acetyl-CoA. The
following figure shows the f-oxidation of palmitic acid, which has 16 carbon atoms.

FALMITIC ACID WITH 1& CARBON ATOMS

o ACETYL-CoA WITH
TWO CARBON ATOMS

o

.-.-.-.lw
IE-WL'-'

l o
NG

| o
E.O.I.‘ p
4 .'I' -
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The B-oxidation cycle is repeated seven times to make eight molecules of
acetyl-CoAl!

Right, and since they're already in the mitochondrion, they can directly enter the
citric acid cycle there to create ATP.

So when you're burning fat and dieting, this crazy process is breaking down fatty
acids inside your body. Wow!

Earlier, | told you how palmitic acid is produced from malonyl-CoA during fatty acid
synthesis. When this palmitic acid is broken down, a total of 129 molecules of ATP
are produced through the TCA cycle and electron transport chain.

Wait...if | remember correctly, weren't 38 molecules of ATP the most that could be
created from 1 molecule of glucose? 129 is an awful lot, isn't it?

GLUCOSE
(SACCHARIDE)

FALMITIC ACID
(FATTY ACID)

%6%%e%%%%"*

Yup, that's true. Fatty acid is a very efficient storage material.

Hmmm. That must be why it takes so much energy to burn it away! Biochemically
speaking, dieting is a lot of work...
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MYSTERY
2 WHY DO YOU GAIN WEIGHT IF YOU OVEREAT?

@ When expended energy is less than ingested energy,
the body stores the excess ingested energy as fat.

(@ There are two main ways that fat is formed.
One is the process in which ingested lipids (that

is, triacylglycerol) are directly accumulated as fat.
The other converts saccharides into fat.

@ Fat is an efficient energy storage material.

———y

EATTY ACID 1S BUT IT CAN BE AWFULLY
GREAT AT STORING DIFFICULT TO USE UF ALL
ENERGY. i THE EXTRA FAT YOU'VE
= STORED...

IT'S INCREPIBLE,
REALLY. IT KEEPS
US ALIVE!

FOR A WILD ANIMAL TRYING
NOT TO STARVE, FAT IS REALLY
IMPORTANT. BUT FOR MODERN
: PEOPLE WHO WORRY ABOUT
THEIR WEIGHT, IT'S A LITTLE MORE
™  COMPLICATED THAN THAT...
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3. What Is Blood Type?
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The third mystery is: What is blood type?
This should be fun!

Even if we totally avoid the science of blood
types, they can still be an interesting way
to classify people. For example, in Japan
it's common to tell someone’s fortune
based on their blood type.

That's right! A Type A person is often said
to be calm, composed, and serious.
Incidentally, | am an unconventional,
do-it-my-own-way Type B!
My father is a power-hungry Type O, and my mother is a sensitive and moody
Type AB.

Hmm, that makes sense. Children of parents with Type O and Type AB should be
either Type A or Type B but not Type O or Type AB. So if you were to have a sibling,
he or she would be Type A or Type B.

KUMI
TYPE O
DAD (00) TYPE B
(0B)
TYPE A
MOM TYPE AB (OA)
(AB) SIBLING?!

If | had a younger brother who was Type A, my family would have people of all four
blood types.
But it's a little strange, isn't it? Members of ane family can have different blood
types, but people from completely different families can have the same blood type!
What exactly is blood type, anyway?
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@ How 15 BLOOD TYPE DETERMINED?

coating’...

SACCHARIDE

Kumi, you've probably learned about red blood cells in school, right?

Yeah! They're the cells that give blood its color. They look something like this:

You got it. Blood type is determined by the type of saccharide molecules that
protrude from the surface of red blood cells. The surface of many cells, including
red blood cells, is covered by a sugar coating (glycocalyx) made up of saccharides.

Jeez, we're back to saccharides again? Though | do like the sound of this "sugar

Remember the lipid bilayer of the cell membrane? Proteins are embedded in various
spots in that bilayer, and saccharide molecules are often attached to their outer
surfaces. Collectively, these saccharide molecules make up the cell’'s sugar coating.

SURFACE OF RED
BLOOD CELL

BIOCHEMISTRY IN OUR EVERYDAY LIVES 125



How strange! They look almost like little sea anemones or something, reaching out
from the bottomn of the ocean. And they're all over our blood cells?

—~ ¢ . — =2 _~
e oA s Lt 9 A SUGAR
. = Hﬁ‘.; COATING

RED/BLOOPD. CELL

That's right. There are actually over 100 different antigens that can coat red blood
cells and be used to classify blood types, so many different blood group systems are
possible. The most famous is the ABO hlood group system, which was discovered in

1900 by the Austrian immunologist Karl Landsteiner.

That's the system that we use now, right? With Type A, Type B, Type AB. and
Type 07

Right again! The ABO blood group system is based on three types of saccharide
molecules present on the surface of red blood cells. Each of these has a structure
called a sugar chain, which consists of several monosaccharides connected together.

SUGAR

CHAIN T -
-l. I.J-‘H
0, 5F i ".', 3 II

THREE DIFFERENT

SACCHARIDE % *ﬁ_,:;a-.-r.-
TYPES MAKE UP e ;.;;;f Tl ! |
THE SUGAR CHAIN, -ﬁ}fﬁ' . R '| L
i a8 ..
| '.' e —
.ll.. T

Three types of "anemones” waving around down there, huh?
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If we look at the left side of the diagrams below, we can see that the tip for each type
of sugar chain is different.

For the sugar chain of Type A blood, the tip is GalNACc.

| GalNAC ]—Glal

Fuc

PROTEIN
GENAC = =misi=m 2= OR LIPID

For the sugar chain of Type B blood, the tip is Gal.

{ Gal ]7651[ Gl A m—=rm=ss @Jﬁg

Fuc

For the sugar chain of Type O blood, there is no tip!

________ PROTEIN
GlcNAC OR LIPID

- { Gal

Fuc

~NAMES OF SACCHARIDES

GalMAc : N-acetylgalactosamine
Gal : Galactose
Fuc : Fucose

GleNAc  : N-acetylglucosamine

Oooh, so that's where those three types come from!

That’s right! And people with Type AB blood have sugar chains of both Type A and
Type B.

Wow, that’s all there is to it? Differences in sugar chains? How weird...
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But wait...why does one person become Type A while another becomes Type B?
What decides which blood type a person will have?

Well, blood type is determined by a certain gene, and an enzyme is created by that
gene! (We'll come back to this later, but you can skip ahead to page 169 for more
details, if you'd like.)

Again with the enzymes! You mentioned them when we discussed fat, and now again
when we're talking about blood types? They must be really important.

Definitely. We'll have to get the professor to tell us more about enzymes when we
see her again later.

Yeah! By the way, is it possible that the differences in these sugar chains could
actually be related to a person’s personality? Can you really tell a person’s fortune
from their blood type?

Hmm, good question. | guess if you went out on a limb, you could say that the gene
that determines blood type might also have some kind of influence on nerve cells.
But claiming that that might actually influence one’s personality is a pretty big leap
of logic, and there's no scientific evidence to support it.

That's a relief. I'd hate to think that my entire personality is controlled by a bunch of
dinky little sugar chains.

| don't care what fortune-tellers say—there’s no one in the world with a personality
like yours, Kumi...

128 CHAPTER 3




MYSTERY
WHAT IS BLOOD TYPE?

3

@ The four blood types (A, B, AB, and 0) are based on
the ABO blood group system.

@ The ABO blood group system classifies types accord-
ing to the differences between certain sugar chains

on the surface of red blood cells.

(@ So far, no real evidence has been found to support
the idea that the differences in sugar chains affect
personality, so don't let those fortune-tellers boss

you around!

COVERS IT!

THAT

LET'S SEE, YOU'RE TYPE A,

STILL, BLOOPD TYPE
FORTUNE-TELLING IS
KIND OF FUN...

YOU WILL HAVE AN UNEXPECTED CHANCE TO GET
CLOSE TO THE OBJELT OF YOUR AFFECTION.
HOWEVER, YOUR SERIOUS NATURE WILL GET IN THE
WAY, AND IT WON'T &0 AS YOU HAP HOFED. YOUR
LOVE LIFE THIS MONTH WILL BE VERY STORMY!

. | B
0

1“1
|

RIGHT? FOR YOUR LUCK
THIS MONTH, IT SAYS...

= HA HA HA,
GOOD THING THERE'S NO

THAT, RIGHT?!
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4. Why Does Fruit Get Sweeter as It Ripens?
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‘ WHAT TYPES OF SUGAR ARE IN FRUIT?

Time for the fourth mystery: Why does 4 =
fruit get sweeter as it ripens? i
Speaking of fruit, we just got some
fresh pears at my house...
Mmmm, they are ripe, sweet, and
delicious.

Actually, that's true for many different
kinds of fruit. Mandarin oranges, grapes.
cantaloupes, and watermelons all get
tastier as they ripen.

You've got that right. When mandarin oranges are still a little greenish, they can be
way too acidic, but ripe ones are really sweet. And the melon that you brought over
earlier was in season and perfectly ripe!

Yep, but what does “ripe” mean, biochemically speaking? We know that ripe fruit is
sweeter, but why?

The reason is that three types of sugars are contained in large guantities in
fruits and berries: sucrose (table sugar), fructose (fruit sugar), and glucose (grape
sugar*).

Weird! | would have expected them to have only fruit sugar. We are talking about
fruit, after all...

* Despite the name, “grape” sugar is found in many fruits and berries, not just grapes.
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@ MONOSACCHARIDES, OLIGOSACCHARIDES, AND POLYSACCHARIDES

Earlier we said that sucrose, glucose, and fructose all have different structures.
(See page 63 for details.)

Right! There are a bunch of different kinds of saccharides, and | love eating all
of them.

Well, now it's time to learn more about those different saccharides!

The basic unit of saccharides is called a monosaccharide, which is formed by at
least three carbon atoms connected together.

Glucose and fructose are monosaccharides that consist of six carbon atoms. If
two or more monosaccharides are attached, they become an eligosaccharide.

Although sucrose is an oligosaccharide, since it's formed by connecting only two
monosaccharides, it's called a disaccharide. Here's what these saccharides look like:

CH,0H
H C—0
&/,.'| Nl
CH,OH N\OH H /
H C—o0 T8 OH HD ="
el K | ] H  OH |
{f\DH H/'f %\".‘ v FHOH
1 1 |
P70 o H N’ CH,0H |/T_|/ :]‘H\E
| |
H o B . H H\é {lj/CHEDH
| |
OH H
[ eLucose | | FRUCTOSE B 5UCROSE ]
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That's right! There are also saccharides made of many monosaccharides, which

form extremely long molecules or complex branching structures. These are called
polysaccharides.

Can you think of any polysaccharides that we might be familiar with?

Oh! We talked about potatoes and rice earlier, and they were chock-full of
saccharides. So...starch is a polysaccharide, right?

That's right. Starch consists of many glucose monosaccharides connected together.
Plants store glucose in this form after it's created during photosynthesis.

—

-

Hym, o ~
P TPo T T
- I
GLUCOSE A
[ sTARCH |

Our bodies (and those of animals) also contain a “storage material” like starch.
It's called glycogen, and it's produced mainly by the liver or muscles by connecting
together excess glucose molecules to store them for later.

Oh yeah, | remember you mentioning glycogen earlier, but now it actually makes
sense!

S - .
AN - i) ~NT) 0
S O , -
Ry %Wﬁd Ltf,i Cldlieass
T i 1~ ol
e s e

| 6LYcOGEN |

Other types of polysaccharides include cellulose and chitin. Cellulose is the main
component of plant cell walls, and chitin is the main component of the hard shells
of crustaceans, like shrimp and crabs. Mushrooms also use chitin as a structural
material.
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@ ‘How FruITS BECOME SWEET

Saccharides Saccharides
(mg/g fresh weight) (mg/g fresh weight)
100F 507 FRUCTOSE
SUCROSE
SUCROSE
- =6BLUCOSE
FRUCTOSE
T e T ki T+ 6LUCOSE
Month SEptl Oct II’wlr_wID*er: | Jan IFel:rI Month June  July  Aug | Sept
MANDARIN ORANGE JAFPANESE PEAR

Source: Saburo Ita, Editor, Science of Fruit, Asakura Publishing Co., Ltd. (1991)

Now, let's get back to fruit. Fruits, such as mandarin oranges and melons, get
sweeter and more delicious as they ripen. Why is that?

Hmm. When | was shopping for strawberries and mandarin oranges at the
supermarket earlier, there was a sign that said, "Sugar Content: 11-12%."

| suppose if fruit gets sweeter as it ripens, that just means that the sugar
content has increased, right? Biochemically speaking, we must be talking about
a change in the saccharides.

You got it. So...let's talk about saccharides!

Take a look at the graphs below. Before they're ripe, citrus fruits, such as
mandarin oranges, contain roughly an equal amount of glucose, fructose, and
sucrose. But as they ripen, the relative amount of sucrose steadily increases. In a
Japanese pear, all three types increase.

When fruit ripens, polysaccharides, like starch, are broken down into monosaccharides,
like glucose, and the activity of sucrose-phaosphate synthase, an enzyme that synthe-
sizes sucrose in fruit, increases while the activity of invertase, which breaks down
sucrose, decreases.
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Oh...so sucrose-phosphate synthase is what makes sucrose 8 by combining

glucose ¢ ; and fructose G

______ —» © INVERTASE
(LOW ACTIVITY)
@ SUCROSE-
—pp  PHOSPHATE
SUCROSE SYNTHASE
| 6Lucose 7
X FRUCTOSE 6-PHOSPHATE
_»
| FRUCTOSE I~ upP-6Lucose

So does that mean that a fruit gets sweeter as more sucrose is produced?

Well, glucose, fructose, and sucrose are all sweet. Of the three, fructose is the
sweetest, followed by sucrose, and then glucose.

DEGREES OF
SWEETNESS, WHEN
Flzu::goee > -.=.-Uc:1|zf§E > @LU?G‘E'E THE SWEETNESS
; OF GLUCOSE
IS CONSIDERED
| — I TO BE 1.

Wow!

So as fructose or sucrose increases, the fruit gets sweeter and becomes ripe. For
example, citrus fruits are best picked in winter, after their sucrose content increases
and they're at their most sweet and delicious. For Japanese pears, on the other
hand, the difference in the amounts of these sugars is more striking; as the fruit
ripens, the fructose and sucrose hoth increase suddenly, as polysaccharides are
broken down.

Similar to citrus fruits, the sweetness of melons depends mostly on sucrose
content, and they'll be most delicious when sucrose levels are highest.

When you look at the graphs on the previous page, you can see that the fructose or
sucrose increases, so the fruit gets really sweet in the harvesting season.

134 CHAFTER 3



MYSTERY
4 WHY DOES FRUIT BECOME SWEET?

MYSTERY

SO0O0OLVEP!
(@ Fruit contain three types of sweet saccharides:

sucrose, fructose, and glucose.

@ As fruit ripens, enzymes becaome active, changing
the amounts of the three saccharides.

(@ Fructose and sucrose are sweeter than glucose, so
fruit becomes sweeter as the amount of fructose or
sucrose increases!

FRUIT BECOMES IT MAKES PERFECT SENSE.
SWEETER AND MORE MORE SUGAR MEANS MORE
PELICIOUS BECAUSE i g DELICIOUS!

OF FRUCTOSE AND
SUCROSE *

BUT NOW THAT I KNOW
WHY FRUIT IS SWEET,
T'LL ENJOY EATING IT

EVEN MORE.

WHOA, POWN GIRL!

OR ACIPITY OF FRUIT.
BIOCHEMISTRY IN OUR EVERYDAY LIVES
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5. Why Are Mochi Rice Cakes Springy?
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.:: DIFFERENCES BETWEEN NORMAL RICE AND MOCHI RICE

The final mystery is: Why are mochi rice 4 N
cakes springy?

| love mochi, so this is my kind of
mystery.

First, let's talk about how maochi is made.
Did you know that mochi is made from
special rice, which is springier than nor-
mal rice?

Of course | know that! I've got serious
mochi-making experience. I've even
participated in a traditional "mochi-
pounding” ceremany!

But what makes mochi rice springier
than normal rice?

It's all because of the structural differences of the starches that make up the rice.
Rice is 75% starch, so slight variances in its starch composition can seriously
affect its physical properties.
As you can see in the figure below, "normal,” non-glutinous rice contains the
two starches amylose and amylopectin. Amylose makes up about 17 to 22% of the
starch, and the rest is amylopectin.

17-22% 100%
NON-GLUTINOUS
RICE i
pezese” ] AMYLOSE
MOCHI RICE | [] AMYLOPECTIN

COMPOSITION OF THE
STARCH CONTAINED IN RICE

However, mochi rice starch only contains amylopectin.
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Okay, the graph makes perfect sense, but what does that actually mean?

Just hang on, it should become clear in a second.
So...amylose and amylopectin are both made up of glucose molecules connected
together to form polysaccharides.

GLUCOSE C) GLUCOSE

-

| AMYLOSE STRUCTURE | | AMYLOPECTIN STRUCTURE |

In other words, they're both made up of the same raw materials!

That's right. The only real difference is the way that their glucose molecules are
connected together.

So the “mystery of springy mochi” is actually the "mystery of monosaccharides
connecting in different ways to form polysaccharides and oligosaccharides.” | guess
the name’s not quite as catchy, but it’s still a very interesting subject.

Aha! So the secret of mochi's springiness is hidden in how the glucose connects
together!

BIOCHEMISTRY IN OUR EVERYDAY LIVES
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@ THE DIFFERENCE BETWEEN AMYLOSE AND AMYLOPECTIN

So we know that the difference between these two starches is the way in which their
glucose molecules are connected. Specifically, the shape of amylose is straight, and
the shape of amylopectin is branched.

Straight? Branched? | have no idea what you're talking about...

Amylose is formed when glucose molecules are connected in a straight line via a
method called the a{1—4) glycosidic bond.

0 0 0
) 0 5|:1\ P
/\- a(1—4) glycosidic bond ]
| AMYLOSE ]

Oh, the glucose molecules are lined up in a row. That makes sense.

However, in amylopectin, there are places where glucose molecules are connected
via another process called the a(1—6) glycosidic bond.

CH,O0H CH,0H CH,0H

Q_@JQ a(1—6) glycosidic bond

CH,0H CH,0H H, CH,OH CH,0H

[ AMYLOPECTIN ]
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Oh, | see. That bond connects the molecules vertically! That must be what causes
amylopectin to branch off in different directions.

You got it, Kumi. These two types of bonds are what give amylopectin its more
complex, branched structure and amylose its straightforward, linked structure.

| totally understand! Man, | thought this stuff was supposed to be difficult.

Because of this branched structure, when amylopectin is viewed from a distance, it
has a distinct “fringed” shape.

—t
=
[ AamviopecTN | | AMYLOSE ]

Mochi rice, which is mostly made up of amylopectin, becomes very viscous when
cooked because the branches stick together. In other words, it feels very springy and
stretchy.

So since this "fringed” kind of starch is more elastic than the straight kind, mochi
made with this special rice is springy and delicious!

By the way, even in normal, non-glutinous rice, the stickiness varies according to the
amount of amylose it contains.
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@ WHAT DO THE NUMBERS MEAN IN a(1—4) AND a(1—6)7

Since we've come this far, let's take this opportunity to learn what the numbers
mean in the two types of bonds we discussed: a(l1—4) and a(1—6).

Yeah, | was wondering about that, but | was kind of afraid to ask...

This may seem a little out of the blue, but...do you like baseball?

Um, | guess so. My dad is a big fan, so | see a lot of games on TV.

Mumbering the bases on the field makes the game much easier to understand, right?

If they weren't numbered, it would make describing a game a lot trickier. For
instance, we'd have to call third base “the base to the catcher’s left.” And | don't even
want to think about how we d talk about a triple play!

It would make the announcer’s life difficult, that's for sure.

We learned that glucose and fructose have six carbon atoms each, right?
Mumbers have been assigned to each of those atoms just like the bases in

basehalll
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Look carefully at the carbon atoms (C) in the following figure. This is the ring structure
of glucose, and the numbers 1 through 6 have been assigned as shown.

®CH,0H

I {E?_D g
@é/"' \'
8 E_E/

I DH

Wait, | think | get it!
The numbers in the a(1—4) glycosidic bond and the a(1—6) glycosidic bond
refer to those numbers!

Right you are! The a(1—4) glycosidic bond means that the first carbon of one glucose
is attached via a glycosidic bond to the fourth carbon of the neighboring glucose.*

H* AND OH™ DETACH all—d) GLYCOSIPDIC BOND
AND COMEBINE TO

FORM H,0.

Okay, so the a(1—6) glycosidic bond means that the first carbon of one glucose is
attached to the sixth carbon of the next glucose in exactly the same way, right?

Yup, but when the carbon atoms at the first and sixth positions are attached, the
glucose molecules can't be side-by-side in a straight line.

* The glucose molecules are simplified throughout this section in arder to highlight the relevant bands.
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They can connect only as you see in this diagram—vertically, rather than horizontally.

0
,:"j::. -
BRANCH ) 0 a(l—&) eLYCOoSIPIC BONDP
|
®cH, )
@ L J @ @ @ @ @
---0 0 0 0 s

Oh! So that's why a branch happens at that point, and that's what makes it springy.
We're really getting to the bottom of things! J

By the way, there's another type of bond that connects carbons in glucose. It's called
the p(1—4) glycosidic bond.

Beta? What's the difference?

Beta means no starch! When glucose molecules are connected via p(1—4) glycosidic
bonds, the polysaccharide cellulose is formed rather than starch. This is the main
component for creating cell walls in plants, and it's also a type of dietary fiber.

Oh yeah! | read about dietary fiber in the latest issue of Dieter’s Digest. It's difficult to
digest, so it just passes right through the body. Heh heh.

That's correct. But dietary fiber also includes substances that easily dissolve in water,
such as hemicellulose or pectin, and these are easily digested.

Weird! Are they energy sources for us too?
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They are, but let's get back to cellulose, okay? There's an enzyme contained in our
saliva called a-amylase, which can break down starches, like rice, into pieces, but
a-amylase cannot break down cellulose.

Why not?

Well, look at the B(1—4) glycosidic bond shown in the following figure.

» @ ®) 0 K@ @] 0 (@ @4 O

| [ “

BO—rd) GLYCOSIPIC BOND

Hey, the parts that are connected are different, aren’t they? They have a strange
shape, almost like the letter N.

The B{1—4) glycosidic bond differs from the a(1— &) glycosidic bond in that the
positions of the hydrogen atom (H) and the hydroxyl group (OH) are flipped around
their carbon. This creates a bond that is N-shaped rather than U-shaped, like the
a(1—4) glycosidic bond.

Yeah, no offense to the p type, but its connection seems twisted and totally weird!

0 CARBON AT 0 Me
H POSITION 1 OH
@ @
My
OH* H
o TYPE | [ pTYPE |

The Greek letters o and B represent the position of the hydroxyl group (OH) on carbon
1. When OH is on the bottom, as shown on the left in the above figure, it is the o type.
When it's at the top, it is the  type.
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Because of this difference in structure, a-amylase, which can break down a(l1—4&)
glycosidic bonds, is unable to break down B(1—4) glycosidic bonds.

[ a~-AMYLASE }

______ CELLULOSE
Ba—a)

CAN BREAK ad—4)
THIS POWN!

Wow! That twisted connection really makes a big difference!

So cellulose, which is formed by p(1—4) glycosidic bonds, is not broken down in
our digestive system. This makes it very effective as dietary fiber. It...you know...

keeps you regular.

Well. Moving right along! Remember when we were talking about sucrose in fruit?
We discovered that sucrose is made up of one glucose and one fructose connected
together. The carbon at position 1 of glucose is connected to the carbon at position 2

of fructose, as you can see below.

0
@D
S0 H 0 OH
@ @ & @ i
®_ o/ oH @_0 £HOH 0
GLUCOSE FRUCTOSE @
SUCROSE

0 all—2)
eLYCOSIDIC
BOND
CH,OH

| get it! So sucrose is formed with an a(1—2) glycosidic bond, right?

Exactly! And now that you know how individual monosaccharides are connected
together, you should have a much better understanding of why these substances

have their unigue physical properties.
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MYSTERY
5 WHY ARE MOCHI RICE CAKES SPRINGY?Z

WE DID IT\I

AGAIN!

(@ The secret of why mochi rice cakes are springy is in
the structure of the starch in mochi rice.

@ The starch of mochi rice contains only amylopectin
and does not contain any amylose.

(@ Since amylopectin uses a connection method called
the a(1—6) glycosidic bond, it is a large, branched
polysaccharide. It becomes springy because of this
branched structure. J

NOW WE ALSO HAVE A PLUS WE
BETTER UNDERSTANDING OF
THE CONNECTION METHODS UNDERSTAND THE
USED IN CELLULOSE AND MEANING OF a(i—4)
SUCROSE, AS WELL AS IN
MOCH! RICE CAKES. AND a(1—86)!

LL THINK

OF PELICIOUS MOCHI
WHENEVER 1 SEE
BASEBALL ON TV.

BIOCHEMISTRY IN OUR EVERYDAY LIVES 145



TODAY WAS A LOT

OF FUN. PLUS WE
GOT A LOT DONE!

(AND WE WERE ABLE
TO BE TOGETHER...)

WELL, WE
SOLVED ALL THE
PROFESSOR'S
MYSTERIES!
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MY TEACHING METHODS

TOPAY'S LESSON WAS

EASY TO UNDERSTAND
AND EVEN PRETTY

INTERESTING!
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MAY NOT BE AS GREAT AS
THE PROFESSOR'S, BUT—

IN FACT,
NEMOTO, I...




.1 THOUGHT YOU
WERE INCREDIBLE!

WELL, IT WAS L g4 ; OKAY! LET'S
NOTHING... 4 - "L ¥ WRITE UP OUR
’ | REPORT RIGHT
AWAY!

2 4

& 1 NEMOTO'S SO LUCKY i
I'M DOING THIS FOR HIM!

samRA Ry D ]By WITHOUT MY HELP, THEY'D
AN TN NEVER END UP..
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CHEMICAL REACTIONS
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1. Enzymes and Proteins
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THIS REPORT |5
REALLY AMAZING,
YOU GUYS!

----
R
N

..........

HEHE...IT’S NO ey

BIG DEAL.

@A 2\ &) 22 ) i GREAT
s - WORK!

-----
-----

.....
111111

......

YOU BOTH SEEM TO HAVE
GROWN A LITTLE FROM
THIS EXPERIENCE.

IT WAS ALL
THANKS TO
YOU, NEMOTO!
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GROWN A ARE YOU SAYING f’ A

I'VE GOTTEN
FATTER?!

e Gyl il )

YOU HAVEN'T
GROWN AT ALL,
1 PROMISE.

UH, WELL, 1
GUESS WE
SHOULD START
THE LESSON. &

k k

. |
_. i Y
s, ol

THE ROLES OF PROTEINS

50 FAR, OF THE
THREE NUTRIENTS,

WE'VE
LEARNED ABOUT
SACCHARIDES
AND LIPIDS.

SACCHARIDE

TODAY, T'LL TALK ABOUT THE REMAINING
ONE: PROTEINS. YOU CAN'T REALLY STUDY :
BIOCHEMISTRY WITHOUT KNOWING SOME BASICS |
ABOUT PROTEINS. THEY'RE THAT IMPORTANT! '




@ PROTEIN SYNTHESIS

@ METABOLISM

PO YOU REMEMBER
WHEN WE TALKED
ABOUT PROTEIN
SYNTHESIS IN OUR
VERY FIRST LESSON?

PROTEINS HAVE VERY
IMPORTANT ROLES IN

KEEPING OUR CELLS

WHAT IMPORTANT
ROLES DO PROTEINS
PLAY IN OUR BODIES?

LET'S LIST THE
MAJOR ONES.

MAIN ROLES OF PROTEINS

@ Build, repair, and move body tissues
@ Organize the form of cells and regulate cell movement

@ Create and support the structures between cells, such
as collagen

@ Exchange information between the interior and exterior
of cells

® Advance chemical reactions
Protect the body by attacking foreign invaders
2 @ Transport substances like oxygen, which is carried

" \ through the blood by hemoglobin
\ k

AND THESE ARE JUST
THE MA/N ROLES!
PROTEINS HAVE MANY
OTHER ROLES, TOO.

HUMAN BODIES ARE THOUGHT
TO CONTAIN A MINIMUM OF
20,000 TYPES OF PROTEINS AND
... POSSIBLY AS MANY AS 200,000!
1"\.‘_“-_-_

SERIOUSLY?
THAT'S A LOT
OF PROTEINS!
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FOR NOW, LET'S FOCUS
ON @. WITHIN THE ENORMOUS _
NUMBER OF PROTEINS IN OUR | |
BODIES, A SURPRISINGLY LARGE

PERCENTAGE OF THEM ARE
USED TO ADVANCE CHEMICAL
REACTIONS.

WHAT IS AN ENZYME?

& Advance chemical reactions.

IN OTHER WORDS, APVANCING CHEMICAL
REACTIONS |5 ONE OF THE MOST
\ /MPORTANT JOBS THAT PROTEINS HAVE.

.....

"""" FOR EXAMPLE, LET'S LOOK AT e T T L
THE CHEMICAL REACTION THAT EEE N R TR
HAPPENS WHEN A PERSON o o b
DRINKS ALCOHOL - ANOTHER "N
PROTEIN TN
HEAVE 1
\ HO!
o ALA ulula
\:. ALCOHOL ACETALDEHYDE ACETATE
CHEMICAL CHEMICAL
++++++++++ REACTION REACTION R
:3:-.::3::._‘ ENZYMES APVANCE
. CHEMICAL EEA&T!c?Hﬁf
"':"l'.+5;:§:jf'§'+'+ ----- s WE DISCUSSED ENZYMES
ENZYMES! BRIEFLY WHEN WE
SOUNDS WERE TALKING ABOUT
FAMILIAR, FAT ACCUMULATION
BUT I CAN'T (SEE PAGE 112).
REMEMBER 4

WHY...

ADVANCES CHEMICAL
REACTIONS LIKE THIS
1S CALLED...

AND YET...

AN ENZYME OR
AN ENZYME
FPROTEIN.

THAT'S NOT ALL
ENZYMES CAN DO.

ENZYMES ARE THE KEYS TO CHEMICAL REACTIONS 153



LET'S LEARN ABOUT ALL JUMPING RIGHT
THE IMPORTANT WORK INTO THE ENZYME
THAT ENZYMES DO! PISCUSSION

MIGHT BE BITING 'ﬁ \

OFF MORE THAN

) | WE'RE TALKING WE CAN CHEW,  yzP
. R N ABOUT BIOCHEMISTRY, 50 LET'S START
""""" l AFTER ALL... SMALL AND
LEARN ABOUT THE
SR STRUCTURE OF

PROTEINS.
.20 SUBSTANCES

THAT ADVANCE
CHEMICAL REACTIONS
\ MUST BE VITAL.

P ralvVs

WELL, NEMOTO, THIS
SHOULDP BE A NO-BRAINER
FOR YOU. PO YOU KNOW

THE ORIZIN OF THE WORDP
: "PROTEIN"T

RIGHT AS ALWAYS,
NEMOTO. J

IT'Ss PERIVED FROM

THE GREEK WORD

"PROTEIOS,” WHICH
MEANS "FIRST PLACE"
OR "LEADPING PERSON." J

N

YOU'RE SO
SMAKT...

IN OTHER
WORDS, YOU
CAN TELL HOW
IMPORTANT
PROTEINS ARE

Eil JUST FROM
: g\ THE NAME!
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FROTEINS ARE FORMED BY
CONNECTING TOGETHER MANY
RELATIVELY SMALL MOLECULES

CALLED AMINO AcCIPS.

HEY, 1 REMEMBER
THOSE! THEY LOOK
LIKE BEADS STRUNG

TOGETHER.

e ﬁ\'ﬂz&r&m

FOLD
UpP

\.

ONE AMINO ACID HAS
AMING ¢ O 2 | . NS | AMINO ACIDS ARE
ACID T&m 0 CONNECTED LIKE THIS.
I - 1 THIS 1S CALLED A
[ s WV 2 = (1 PEPTIDE BOND. (FOR
v C N aZ C—=N < MORE DETAILS, SEE
Z I PAGE 158.)

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

RIGHT! AMINO .":filfffif-: g’ 1‘1
ACIDS ARE i d| |I:I . U < :; mmnnl LLONLY 20 TYPES OF
THE BUILDING o Glycine Alanine Valine Leucine  foiniii AMINO ACIP< HAVE
BLOCKS OF )i ‘ E ol BEEN DETERMINED TO
PROTEING,  Aoni C? O il BE USED IN PROTEINS.
" Linne Isoleucine | Methionine Proline  Phenyldlanine[A G M
MANY TYPES i £ O 8 D
OF AMINO :555 Tryptophan| Serine Threonine | Asparagine
ACIDS EXIST 2
N THE REAL /= GIQ . I}b [:D- =
WORLD, BUT... /i utamine yrci'ue ysteine ysine
e ] Arginine | Histidine |Aspartic acidlGlutamic acid [N

AND THIS IS THE
BASIC STRUCTURE
OF AMINO AcC/PS!

T e S
S :-;-ﬂg:};- ?}?ﬁ??ﬁﬂ- _&