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How do we get our energy from food?
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The connection between food and energy...

Molecular Energy —

We've figured out that we somehow get
energy from food... and that it has to do
with chemical reactions where matter is
rearranged.

Draw an energy diagram that represents
& the rearrangement of food in our bodies
in Doodle Box A.

Remember to label INPUTS
(reactants=food) and OUTPUTS (products),
and write what we know about them.

TIME —*
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The chemical reaction inside of us...

o

We know that we get energy from food
through some kind of chemical reaction.

We know the reaction has different
reactants and products (molecules are
rearranged) and that energy is released.

But what are the reactants and products?
What atoms are they made up of?

What do we know or wonder about the
specific reaction in our bodies?

6».51.:_:";
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How do we get the energy from food?

Hmmm.
Q How do we actually get energy from food?

Biclogy

www, g*c!m

delb :
wmm.modg]ga%e%sblollogy.com

Food is our fuel....

OUTPUTS
(emissions)

How does a car get energy from it’s fuel?

What’s the reaction?
(Or at least, what is the reaction called?) -

Biclogy

www.modelba; 10/0gy.com
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Food is essentially our fuel.

We talk about:
e “Burning calories”
e “Burning carbs”

e “Burning Fat”

But we are still
trying to figure out:
How do we get
energy from food?

Does this help?

www.modelbasedbiology.com

Let’s see what burning (oxidizing) food looks like!

| y
/ V ; MO o
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What makes something a fuel?

C} What do these substances have in common in terms of
Q energy?

What do they have in common in terms of matter?

@ Record your ideas in Doodle Box E. :
. mber
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What makes something a fuel?

. Heptane g
Paraffin (WAX): Lhnnywen (gasoline) TELE
U 1 | | | 1 |
SRR Propane
e e w-in Methane Fuel
HHHHHHHHHHMHHHMH HHHHH b (naturalgas)

Lots of Carbon-Hydrogen-Oxygen!

What else do these fuels need in
order to burn (release their energy)?
What is the other reactant when
something burns?

0,

What else do WE need to take in
besides our fuel (food!)?

So Oz is definitely one of the
reactants in our energy- releasing
reactions.

biclogy
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What exactly is burning?

FUEL

What other reactant do
™\ we need again? Record
in Doodle Box F.

are the likely products? Record in Doodle F.

(Do you see any products when stuff burns?) n”ll.lﬁel'

www.modelbasedbiology.com

% Following the conservation of matter, what
[

What exactly is burning?

FUEL + O,

u - 2 3
A ‘ v S :‘
74 |-

% Record this definition CO,+H,0
N

for burning in Doodle F.

Carbon fuel (c, H, some 0) + O, T) CO, +H,0

12
biclogy
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What happens when we eat food?

Carboc, H, some 0) + o, V CO, +H,0

O

(o) 3

ENERGY

How does our definition of fuel and burning fit
our understanding of what might be happening
with carbs, proteins and fats in our body?

Write your ideas in Doodle Box G. %

What questions do we still have?
Record these in Doodle Box G too.

é Be prepared to share out to the class.

www.modelbasedbiology.com

Class Driving Question

What is the reaction in our cells and
how in the body is it the same as and
different from burning?

& Write this question in Doodle Box H.
[\
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Investigation:

What is the connection between
increased energy demand (exercise) and a
the rate of burning (output of CO,)?

6.5.51.:”
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Burning for Energy

We've seen that we produce more CO, when
we exercise.

So there’s a connection between exercise and
the rate of the reaction that gives us energy.

O But is there a connection between
exercise and matter? What happens to

(@]
° .
our mass when we exercise?

6.5.51.:”
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What we’ve figured out so far...

FOOD + O,

And now we know that:

00D s made of s ENERGY for LIFE

proteins, fats and
carbohydrates.

Co, + H,0

Let’s try to narrow it down. Which of these molecules

provide our energy? In other words, which is our “fue'I"’t%,,,ﬂ,w
er

www.modelbasedbiology.com
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Plant uses
carbon to
make sugar

molecules

i,
- Photosynthesis:

1\'\ BCO2+EH20+ energy = C6H1206+602
W
£

M

s
COZ+H20 chloroplast sugars
\ @ mitochondrion
/ T 0,
energy Respization:

CEH1206+602 = 6CO2+6H20+ energy

Figure 16 - With the photosynthesis, the solar energy is cumulated
by the chloroplasts as sugar molecules. With the glycolysis and the
respiration, made by mitochondria, the energy is liberated and sup-
plied to the cell for its biochemdcal processes.

bialogy
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Let’s step back...

2

[=]

What happens to that
hamburger or veggie burger
after we eat it ?

What is the burger made of ? /

absorbed
into
bloodstream

Recall what we know
about the components of
food.

e skl

What'’s
happening while
it’sin here?

?

absorbed
into
bloodstream

bialogy
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‘ FOOD '

Carbanyarates

Digestion breaks them down to...

FATTY ACID & GLUCOSE
GLYCEROL

Do you think it stops there?

No, the “polymers” get broken into “monomers”. 68!'
Then THOSE monomers are absorbed in to bloodstream. www.modelbasedbiology.com

Matter and Molecules: Carbs, Fats, Proteins

protein
(zoomed in on amino acid chain)

carbohydrate

fat molecule

a 6mmgy

www.modelbasedbiology.com
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Polymers Monomers

2

> ] . .
2 amino acids

protein
(zoomed in on amino acid chain)

; t glucose
x

glycerol

fatty acids

wiww.modelbasedbiology.com

.& Record these ideas in Doodle Box K.

; amino acids
protein

(zoomed in on amino acid chain) >
; t ﬁ glucose
o &

glycerol

fatty acids

wiww.modelbasedbiology.com
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Which monomer is the fuel?

y Which one (or ones) do you think is

our fuel? Why?

amino acids

glucose

%’@ Y

fatty acids + glycerol 68!’

www.modelbasedbiology.com

What’s the carbon-containing fuel?

Our bodies work to supply
'ée- GLUCOSE to all of our cells,

glucose every minute of every day!

» People who have difficulty regulating the amount of glucose
in their blood and the amount that gets into the cells have a
condition called diabetes.

» Our brains in particular require a very consistent supply of
glucose.

» Muscles have a need for lots of glucose all at once, so they
store it right in the tissue. They even store extra oxygen
which makes them red!

6.5.51.:”
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The importance of glucose...

The Human Brain

Our brains use about 50%
of the energy we require
each and every day!

The evolution of increased blood
supply and delivery of glucose to
our brains is thought to be a key
step in human evolution.

It allowed our brains to
become larger than

most mammals (but we
burn more energy!)mﬁmw

www.modelbasedbiology.com

The importance of glucose...

When we exercise, we don’t eat as we do it.
We also don’t have to eat right before we
exercise...

Q So where is the fuel coming from in that
moment when we are running, jumping, or
swinging a bat?

o)

Complete the reading about glucose and
exercise and answer the questions at the end.

6».51.:_:";
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The importance of glucose...

When we exercise, our muscles
and heart (a muscle!) increase
their “demand” for glucose.

Muscles

Biceps brachii
(prime mover)

We actually store glucose in muscle!

Brachioradialis
(synergist)

* Glycogen

glucose units!

The importance of glucose...

When we exercise, our muscles M ,
and heart (a muscle!) increase uscies
their “demand” for glucose. :

Biceps brachii
(prime mover)

We store oxygen in muscle too! ,
Brachioradialis
(synergist)

Why is muscle red?

An iron group “holds” the oxygen.

This is the same structure is seen in
blood cells that carry oxygen!

(a protein) (hemoglobin protein)

bisiogy

www.modelbasedbiology.com
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The importance of glucose...

blood glucose serum insulin
mmol/L pmol/L
8.0 400
751 o — glucose blood levels b
' et — insulin blood levels < - 350
126 7.0+ = starch™-rich food (*[glucose],)
IS st sucrose”-rich food (*glucose-fructose) L 300
651 i
108 6.0+ 250
551 - 200
90 5.01
+ 150
451
- - 100
72 401
- 50
351
3.0 S ey e e B e B B L s s e e o e B B L 0
7:00 9:00 11:00 13:00 15:00 17:00 19:00 21:00 23:00 1:00 3:00 5:00 7:00
mg/dL 6.>mw
Tbreakfast Tlunch Tdinner based on [Daly98] e'.

biology.com

We have a reaction!

o ° H V24
Cellular Respiration
Co H,,0,+ 60, P

Glucose and Oxygen

B ENERGY for LIFE

6 CO, + 6 H,0

Carbon Dioxide and Water

www.modelbasedbiology.com
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Where does cellular respiration happen?

In our cells, Nearly all cells have mitochondria,
. but muscle cells have tons of

in the MITOCHONDRIA.  mitochondria (so they can use all
of that glucose and oxygen they
are storing)!

Cell Membrane
Vacuole

Rough Endoplasmic Reticulum

Golgi Apparutus

Cytoplasm

Lysosome

Ribosome

Centrosome

Smooth Endoy ic Reticulum

Mitochondrion

bialogy

www. modelbasedbiofogy. com

Burning gives a lot of energy!

CARBON FUEL + O,

LOTS OF
ENERGY!

Coal

O What form does the energy take in burning?
2  (What evidence do we have for energy?)

biclogy

www.modelbasedbiology.com
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Burning FOOD gives a lot of energy!

Ce Hy,0, + 0O,
LOTS OF
,ﬁ, _____ BT
glucose

Co, + H,0

The calories from glucose in a bowl of cereal is the same type of]
energy as we saw in the burning gummyyea'r demonstration!

delbasedbiol ﬁg
Burning FOOD gives a lot of energy!
If we think that carbs give us this much
energy, what’s the problem if this is
happening inside our cells?

www.modelbasedbiology.com
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What is the problem with having a
reaction like this happen in a cell?

In combustion reactions, the fuel molecules are
rearranged all at once, in one big step, so all of the
energy is released at once!

Wood or coal or wax + O,

(B

LOTS OF
ENERGY!

CO,+H,0
www.modelbasedbiology.com
Break it up!
C.H..0. ¥D Many small
6°'12%6 / 2 rearrangements,
‘ R each releasing a
smaller amount of

energy!

6».51.:_:";

www.modelbasedbiology.com
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But wait...

The energy from burning fuel is released as heat and light.
Can cells use HEAT to do the work of life?

Some helps heat our bodies, yet most is lost to the environment.
BUT cells can't use heat to do work.

How can a cell move energy from the mitochondria to where it's needed??

These problems are solved by a little molecule called

ATP
Adenosine Triphosphate

Think of it as the transport molecule for energy in the cell!

biclogy

www.modelbasedbiology.com

ATP transports usable energy inside the cell!

ATP is a molecule that starts as ADP.

When it comes in contact with an energy-releasing reaction, it gets energized and transforms
into ATP.

ATP captures energ eased when glucose is rearranged
This is the only kind of ener u i o work.

ATP moves the energy from mitochondria to wherever it may be needed in the cell.

biclogy

www.modelbasedbiology.com
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ATP Structure

H—C y = (IJ Ii Ii
N N o HZ('_70——|li—O~O—P-—0v—O—P—O'

ADENINE

PHOSPHATE
GROUPS

OH OH
RIBOSE

High energy bond
o! o)
I} 1] 1]
O’—F|>—O—I|3—O—F|’—O

H,N

6]

IMI TRA rbiclogy
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Remember:

* Releasing energy from food is a multi-step
process. Each step re-arranges the atoms,
creates new molecules and releases some

energy.

You are not responsible for knowing the
enzymes involved in all of the step and the
intermediate molecules that are built.

bialogy

www.modelbasedbiology.com
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Anaerobic vs. Aerobic

Lungs

Heart rate (beats per minute)

30 40 50 60 70 80
Age

Oxygen is the key...but what’s the
difference? mber

www.modelbasedbiology.com

Some living things get usable energy from
food (matter) without oxygen at all.

They were likely the first to evolve. They
can live of this relatively low ATP output.
We still have the ability to do this, but this
is just part of the equation. (and a step in
the process you DO have to know)

6&.5«:”

www.modelbasedbiology.com
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Fermentation Reactions
ThT*Péﬁib@ﬁ‘Sei’n

Glucose 0 1

e
You get these two ATP
with or without oxygen. Mm hélya 9§ O |

Without oxygen,

you don’t get any more.
Pyruvate (2) :‘ If oxygen present, go to

Fermentation R I Fermentation
/ In Human In Yeast
Muscle Cells
,. Carbon
J Dioxide (2)

)
\ Lactic Acid (2) / Ethanol (2)

veww. modelbasedbiology Zom

Fermentation Reactions

You get these two ATP
with or without oxygen.

Pyruvate (2) # l
Fermentation R I
/ In Human In Yeast
Muscle Cells
,. Carbon
3 Dioxide (2)
)

\ Lactic Acid (2) / Ethanol (2) mﬁ,

veww. modelbasedbiology Zom

Fermentation

23



Fermentation Types

Lactic Acid Fermentation

ADP AR fare]
+ BR BN

Glucose

jf Y w Produces a 3-carbon
BEVE
e 2Pyruvate  compound called

MNAD*

U J LACTIC ACID.
2 Lactate -

6.smmgy

www.modelbasedbiology.com

Fermentation Types

Alcoholic Fermentation

ADPADP /P

e
Glucose
m 2P w te
yruva
e 030 o Producesa 2-carbon
L — “  compound called

\__/ 2AcCiEEnee  ETHYL ALCOHOL.
2 Ethanol <

6.smmgy
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bilogy
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* Fermentation is an anaerobic process —
happens in the absence of oxygen

 Cellular Reparation is an aerobic process —
requires oxygen

bilogy

www.modelbasedbiology.com
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OK...Now What?

If you don’t have enough oxygen, aerobic
respiration can’t occur, but fermentation
can.

CcHy,O0, + —> 6COMBH,0

6.5.51.:”

www.modelbasedbiology.com

OK...Now What?

If you have oxygen, aerobic respiration can occur.

CcH,,O¢ + —>6C0, + 6H,0
6' 1126 —2 2

A lot of Energy
(ATP)

www.modelbasedbiology.com
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ATP “captures” the energy from the burning of glucose!

C¢H,,04 + 60, The 36 ATP
N « ATPx 2 molecules are then
= able to transport

energy about the cell!

releases a small amount of
USABLE energy to an ADP
molecule, transforming it to
energy-carrying ATP!

In the rearrangement of
glucose and oxygen to
carbon dioxide and water, =
we produce 36 ATP this x 36

way. mﬁer

+ 36 ATP in total

www.modelbasedbiology.com

ATP transports usable energy inside the cell.

ADP is continually being made into ATP in our
mitochondria. ATP then delivers energy to other parts of

the cell to do “work”.
Cell Membrane

Vacuole

Rough Endoplasmic Reticulum

Golgi Apparutus

Cytoplasm

Lysosome

Ribosome

Centrosome

Smooth Endoplasmic Reticulum

6maiagy'

www. modelbasedbiofogy. com

Mitochondrion

Then what happens to it?

12/7/2018
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ADP->ATP ... ATP>ADP

When the energy in ATP is used to do work, it
returns to being

In this way, more ADP is ready to pick up energy
and become ATP once again. It's a cycle!

6.5.51.:9;;

www.modelbasedbiology.com

ADP->ATP ... ATP>ADP

When the energy in ATP is used to do work, it
returns to being

Hmmm, so how do these two processes, indicated by the arrows, relate
to our energy diagram and our understanding of chemical reactions?

—_—

Products Reactants:

Energy added Bine
or absorbed = dusing M"“"lm‘i
Reactants during reaction

Products

. S bisiogy
ME — er
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Molecular Energy
Energy —

Moleculu

TME —




Watching ATP being made

biclogy

www.modelbasedbiology.com

7

————  8-10 seconds (100 m)
Sprinter

—
—  1.3-1.8 minutes (400 m)
Swimmer

Marathon runner Unlimited time (15 Km)

©2000 How Stuff Works

biclogy
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Summing it all up...

Glucose
taken in Fermentation
(Anaerobic process)
(EAT)
Oxygen
available
(BREATH)

Cellular Respirationsy

(Aerobic Respiration

www.modelbasedbiology.com

Summing it all up...

The equation that summarizes the complete
oxidation of one glucose molecule:

CcH{,0¢ + 60, === 6CO, + 6H,0
ﬂ

www.modelbasedbiology.com
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How do animals get oxygen to their
cells?

A circulatory & respiratory system

www.modelbasedbiology.com

Vertebrates

mammals
whale
birds ‘

groundhog

amphibians

m hurman

@“

& 2006 Encyclopadia Eritan

www.modelbasedbiology.com
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aflerent  efferent
branchial ardery | branchial artery

oxygen-depleted water,

il fiaments

oxygen-rich water

gil arches

sialogy:

moer
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Bl

=

=

=

Connective tissue ——

Frontal sinus — L&

Mucous gland

Mucosal fining —%I

Imonary artery | Atrium

Superior lobe
: kG Lingular division bronchus
Right superior - o Carina of irachea
Intermediate bronchus
Main bronchi (right and left,
Lobar bronchus:
> Leh superior
Oblique fissure { 0 Left ml:o(
Middie lobe & ) Oblique fissure
. Cardiac notch chest
Lingula of lung expands
Infefior lobe

Right inferior

Horizontal fissure breathing in

Diaghragm

© 2006 Encyclopadia Britannica, Inc

I:] Superior Lobes
[C] Middle Lobe
|:| Inferior Lobes

Cardiac
notch

Hilum of trachea
breathing out

diaphragm

relaxes 1' biology

www.modelbasedbiology.com
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Oxygen Uptake

bilogy
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Zlamellae

Microscopic
blood vessels

efferent artery

to dorsal aorta afferenl artery

from ventral aorta

Blood OMBF

www.modelbasedbiology.com
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mesanteric
arteres

iiac artery

Circulation

VESSELS OF ADVENTITIA
TUNICA ADVENTITIA

EXTERNAL ELASTIC MEMBRANE
INTERNAL ELASTIC
MEMBRANE

ARTERY ,
3 CIRCULAR MUSCLES

CIRCULAR MUSCLES

FAT CELLS

www.modelbasedbiology.com
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subclavian artery
subclavian vein

SUPErior vena cava
pulmonary artery

pulmonary vein
inferior vena cava

www.modelbasedbiology.com

Aorta
Ductus arteriosus|

L Pulmanary artery

Foraman ovale

Umbilical cord
attaches to
baby's circulation

www.modelbasedbiology.com
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HEALTH

Doctors Aren’t Sure How This Even Came OQut of a
Patient

Somehow, a man coughed up an intact blood clot shaped like a lung passage.

HALEY WEISS DEC6, 2018

rasedbiology.com

GEORG WIESELTHALER / THE NEW ENGLAND JOURNAL OF MEDICINE ©2018
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