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Module 1 Task Rubric

INFO-H5: Communicate scientific and/or technical information or ideas (e.g. about phenomena and/or the process of development and the design and performance of a
proposed process or system) in multiple formats (including orally, graphically, textually, and mathematically).

SPQ-H4 Using the concept of orders of magnitude allows one to understand how a model at one scale relates to a model at another scale.

Emerging

Developing

Proficient

Sample
Student
Response

Let's start from the
beginning The nutrients
that makeup milk, such
as Fats, lactose,
proteins, and
electrolytes. When an
athlete drinks mik after
wor‘king out, mik goes
into their digestive
system, which is made
of many difFerent
organs, which are each
made of many different
specidlized cells. Each of

Let's start From the beginning The Chemistry of
Mik. ilustration showed the nutrients that makeup
milk, such as Fats, lactose, proteins, and
electrolytes. When an athlete drinks mik. after
working out, milk. goes into their digestive system,
which is made of many diFFerent organs, which
are each made of many di-Ferent specidiized
cels. Each of these has a different job. As we
look. at our class model, we can see each organ
and what is happening in these organs. Lets wak
through what happens in each of the steps
shown below.

Lets start From the beginning The Chemistry of Mik
ilustration showed the nutrients that makeup mik, such as
Fats, lactose, proteins, and electrolytes.

h‘lolecular Compoasition of Milk
Milk is made up of water, carbohydrates, fats, and proteins, as well as vitamins and minerals.

ﬁ Fats Proteins
Vitamins & Minerals

Carbohydrates
Water

Milk Chemistry. Milk Chemistry - Cheese Science Toolkit. (n.d.).
https://www.cheesescience.org/milk.html

When an athlete drinks mik after working out, mik goes
into their digestive system, which is made of many
difFerent organs, which are each made of many difFerent
speciadlized cells. Each of these has a difFFerent job. As we
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these has a different
Jjob.

5+ar‘+in3 at the mouth,
hutrients pass through
the esophagus and move
into the stomach This is
where the digestion of
mik. really begins. When
nutrients reach the
athlete's stomach, we
start to see how
specidized cells are
working to di3e9+ milk.
The lining of the
stomach has specidlized
celis that start acting
upoh hutrients with
enzymes. Fats are
broken down from big
9lobule9 to smadller
gloloulef; by gastric
lipase. Proteins are
broken down into amino
acids by pepsin, which is
an enzyme released
From Chief cells in the
stomach Iining.

Then, nutrients From
milk. move into the
athlete's small intestine.
More chemical dige';i'ion
happens as an enzyme
cdled lactase breaks
lactose down into

7

Starting at the mouth, nutrients pass through the
esophagus and move into the stomach. This is
where the digestion of milk realy begins. When
nutrients reach the athlete’'s stomach we start
to see how specidized cells are working to di3e9+
milk..

The lining of the stomach, which is dbout Gmm in
size, has specialized cells that start ac-l-ing upon
hutrients with enzymes. We can see from our
size & orders of magnitude tool that the cells of
the stomach are LO-.6 mm m in size. Fats are
broken down from big gobules to smaller
globules by gastric lipase. Proteins are broken
down into amino acids by pepsin which is an
enzyme released From Chief cells in the stomach
lining The enzyme is much smaller than the cells at
5-10 hm in size. So, we can see that diFFerent
structures of different sizes make up this
complex system

look. at our class model, we can see each orgon and what
is haPPeninﬁ in these organs. Let's wak +hr‘ouah what
happens in each of the 9+ep9 shown below.

- -

s+ar'+in9 at the mouth, nutrients pass +hr‘ough the
esophagus and move into the stomach This is where the
digestion of mik really begins. When nutrients reach the
athlete’'s stomach, we start to see how specialized cells
are working to digest milk.

The lining of the stomach, which is about Gmm in size, has
specidized cells that start acting upon nutrients with
enzymes. We can see from our size & orders of
magpitude tool that the cells of the stomach are 10-6 um
in size. Fats are broken down £rom big globules to smaller
globules by gastric lipase. Proteins are broken down into
amino acids by pepsin which is an enzyme released from
Chief cells in the stomach lining The enzyme is much
smaller than the cells at 540 nm in size. So, we can see
that difFerent structures of different sizes make up this
complex 9y9+em
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gucose and golactose.
Also, Fats get broken
down even more now
into free Fatty ocids by
the enzyme lipase. The
broken-down nutrients in
the small intestine then
get absorbed into the
bloodstream The lining
of the small intestine has
epithelial cells that
dbsorb these broken-
down nutrients into the
bloodstream

The only nutrients that
move further into the
large intestine are water
and electrolytes, like
sodium and potassium I£
any of that is left over
after the large intestine,
it's removed from the
body as waste.

) R
Chief Parietal
cell

cell

1

T\
weoss Surface
7 mucous cell

Mucous
neck cell

———Parietal
cell

Then, hutrients £rom mik move into the athlete’s
small intestine. More chemical dieen;ﬁon happens as
an enzyme called loctase breaks lactose down
into g\uco;e and 3a|ac+o;e. Also, Fats 9e+ broken
down even more now into Free Fatty acids by
the enzyme lipase. The broken-down rutrients in
the small intestine then get dbsorbed into the
bloodstream The lining of the small intestine has
epitheliol cells that absorb these broken-down
nutrients into the bloodstream

1um (height)
L N .
i - \&

EPITHELIAL CELL
WITH MICROVILLI

A roLo oF
SaimoacrerTeaL WAL e InTESTINAL v
LINING.

3-5m (length 1-3 cm (width)

mm (length) 10 - 20 um (thick)

The only nutrients that move Lurther into the
|ar'ge intestine are water and e|ec+r'o|y+e9, like
sodium and potassium. I& any of that is left over

o (o
| Chief
[ cell

| Parietal
cell

{ \
oo Surface
— mucous cell

Mucous
neck cell

Parietal
cell

Then, nutrients From mik move into the athlete's small
intestine. More chemical digesﬁon happens as an enzyme
called lactase bredks lactose down into gucose and
galac+ose. Also, Fats z_;)e+ broken down even more now into
Pree Fatty acids by the enzyme lipase. The broken-down
nutrients in the small intestine then get absorbed into the
bloodstream The Iining of the small intestine has epithelial
cells that dbsorb these broken-down nutrients into the
bloodstream We can see from our size & orders of
magni+ude tool that alucose molecules are 800 pm such a
smaller size compar'ed to the size of an epithelial cell “20
um thick. This shows that glucose could easily travel into
the epithelial cells.

A FOLD OF

ASTRORTRSYINAL THE INTESTINAL viLu
LINING

TRACT

EPITHELIAL CELL

SMALL
INTESTINE WITH MICROVILLI

3-5m (length) 1 -3 cm (width)

5 -1 mm (length) 10 - 20 um (thick)
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loody as waste.

after the large intestine, it's removed from the

The only nutrients that move further into the large
intestine are water and electrolytes, like sodum and
potassium. £ any of that is left over after the large
intestine, it's removed from the body as woaste.

How to Student completes 0-2 out Student completes 3-4 out of 5 Look Fors
Achieve This | of 5 Look Fors
Level

Student completes 5 out of 5 Look Fors

Module 1 Look Fors

Prompts to Support Students in Improving on Look Fors

Include multiple methods of communication, including models and evidence from the
module (video plus graphics/diagrams, written report plus graphics/diagrams, or video
with narration of a slideshow) (INFO-H5).
® You can use the class consensus model, data sets, and/or models from any
other resources from the module.

Ask students to return to their resources from the unit and choose appropriate
graphics, diagrams, data, or other visual resources.

Clearly communicate scientific information in a way that is appropriate for your chosen
audience (INFO-H5).

Ask students to compare their presentation language to the scientific explanations
they wrote in the module and reflect on how they modified the language to be
appropriate to their chosen audience. What terms and ideas did they simplify?
Which did they make more complex? What would their chosen audience prefer?

Describe how the hierarchical organization and function of body systems, organs, and
cells contributes to the digestion of milk (LS1.A-H3).

How did you explain the way the different parts of the body work together? How
organs, cells, and molecules are related?

Describe the scale relationships between the models you are showing using orders of
magnitude (SPQ-H4).

How did you help your audience understand the relative scale relationships shown
in the diagrams or other visual resources you used?

Describe how the function of multiple kinds of specialized cells contributes to the
digestion of milk (LS1.A-H1).

Identify at least three different kinds of specialized cells from the module
resources and incorporate those into your presentation.
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Module 2 Task Rubric

INFO-H5: Communicate scientific and/or technical information or ideas (e.g. about phenomena and/or the process of development and the design and performance of a
proposed process or system) in multiple formats (including orally, graphically, textually, and mathematically).

Emerging

Developing

Proficient

Sample
Student
Response

Lets how look more
closely at what's
happening in the Ioocl\/
dur'ing and after
exercise. After a
person works out,
+he\/ +\/Pically 3e+ hot.

The Iood\/ gets hot due
to exercise, and it has
multiple ways in which
it tries to cool down,
like sweat or changing
the blood vessels to

Let's how look more closely at what's
happening in the body dur'ing and after
exercise. After a person works out, +Ine\/

+\/P'|cally 3e+ hot.

We looked at a study that was done to show
how a persor's internal body temperature
changes dur'ing exercise. t shows that
before exercise, the Iooal\/ temperature
starts at a hormal, stable state at adbout
305+ C. When exercising, body temperature
increases by about 05-10-C. Then, after
exercise, body temperature returns to dbout
36.C.

Le¥s how look more closely at what's happening in
the body during and after exercise. After a person
works out, they typically get hot. Toke a look at this
9+ual\/ that was done to show how a person’s internal
Iaody temperature changes dur'ing exercise.
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make more heat g0

out of the Ioody.

You ﬂe-l' +hir'9+\/
because you sweat
and you pee out a lot
of water.

But, the body has
ways of preventing it
from Iosina too much
water. it tries to save
water by hot putting
too much in the urine
or by sweating less.

Mik. can help your
body recover From
these effFects
because it has water
in it, which replaces
the water you lost.

The laocly gets hot due to exercise, and it has
mul+'|P|e ways in which it +ries to cool down.
First, thermoreceptors in the skin and
muscles detect a change in temperature.
They send a nerve signal to the hypothalamus
in the brain, which then sends a signal via
nerves to the sweat g\ands to produce
sweat to cool the bod\/. The hypothalamus
diso signals the vasodiation nerves to expand
the blood vessels, allowing blood to bring heat
From the body to the surroundings. This is
one example of a feedback mechanism the
Iaody has to respond to the increase in
temperature of the body to bring the
temperature back to its stable state.

Next, let's talk. about why you get thirsty and
why your urine color migh+ change with
exercise. The loss of water in sweat occurs
because water moves £rom the bloodstream
to the skin in sweat. The body has ways of
preventing i from losing too much water.,
which is what happens when your blood
volume decreases. Osmoreceptors detect
the decrease in water in the blood and send
a signal to the brain. The hypothalamus in the
brain receives the signal From the
osmoreceptors. This results in the sensation
of thirst and increased production of ADH

Exercise ‘ Recovery l

37.6
37.4
37.2 1

37 A

Body Temperature ‘C

-30-15 0 4 8 12 16 20 24 28 32 36 10 20 30

Time (minutes)
= Room temperature
0 4°C

Before exercise, the Iaody temperature starts at a
normal, stable state at dbout 365-C. When exercising
Iood\/ temperature increases by adbout 05-.0-C. Then,
after exercise, Iaody temperature returns to about

36.6C.

The Iaody gets hot due to exercise, and it has multiple
ways in which it tries to cool downh. Il show you them

on this model.
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Lrom the pituitary gland in the brain The
pituitary region of the brain sends ADH to
the Kidney via the bloodstream to dbsorb
less water £rom the blood, leading to less
water moving to the bladder, where it is
stored as urine. The urine color becomes
darker. This process is also a neaaﬁve
Feedback loop and is how the body prevents
additional water loss.

Now, these effects of exercise on the body
might sound alarming but they are all part of
your Iaody’s hatural response to try to
maintain stable conditions. Mik. can also help
your body recover From these effects. In
recovery, when someone stops exercising
they cool down. The temperature change is
detected by thermoreceptors, which send a
siﬁnal to the hypo+halarru9, which then signals
the sweat 3Iancl9 to stop sweating When
someone drinks mik, the water in the mik
moves through digesﬁon into the bloodstream,
which brings the amount of water in the
blood back. to its stable state. The
osmoreceptors detect this change, cease
the sehsation of thirst, and send less ADH to
the kidneys. The kidneys can now absorb
more water from the bloodstream, passing it
oh to the bladder as urine. Urine is a lighter
color as a result.

-

|
l
m
B

Effects of Exercise Model Lesson 10

First, thermoreceptors in the skin and muscles
detect a change in temperature. They send a nerve
signal to the hypothalamus in the brain, which then
sends a signal via nerves to the sweat 3Iancl9 to
produce sweat to cool the body. The hypothalamus
also signals the vasodiation nerves to expand the
blood vessels, allowing blood to bring heat Lrom the
body to the surroundings. This is one example of a
Feedback mechanism the body has to respond to the
increase in temperature of the body to bring the
temperature back to its stable state.

Next, let's tak about why you get thirsty and why
your urine color mi3h+ change in exercise. The loss
of water in sweat occurs because water moves
£rom the bloodstream to the skin in sweat. Take a
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look. at this graph of blood volume changes over time
in exercise.
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Time (min) time-trial

We can see that blood volume decreased dur'inﬁ two
instances of exercise. First, during the moderate
effort exercise, it decreased by about 10%. Then
dur'ina the max effort exercise, it decreased by i0-
20%..

The body has ways of preventing it From losing too
much water, which is what happens when your blood
volume decreases. Let's again look. at this model to
see how that happens.
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Exercise Effects Model f+om Lesson 12

Osmoreceptors detect the decrease in water in the
blood and send a signal to the brain The hypothalamus
in the brain receives the signal £rom the
osmor'ecep+or9. This results in the sensation of
thirst and increased production of ADH from the
pituitary 3Iancl in the brain. The pituitary region of the
brain sends ADH to the kidney via the bloodstream to
absorb less water Frrom the blood, leadinﬁ to less
water moving to the bladder, where it is stored as
urine. The urine color becomes darker. This process
is also a negative Feedback loop and is how the body
prevents additional water loss.
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Now, these effects of exercise on the body might
sound dlarming, but they are all part of your body's
hatural response to +r'y +o maintain stable conditions.
Mik. can dso help your body recover Lrom these
effects. Let me show you.

-

[2d

Recovery model from Lesson 12

In recovery, wheh someohe 9+op9 exer‘cir;ing +he\/
cool down. The temperature change is detected by
thermoreceptors, which send a signal to the
hypothalamus, which then signals the sweat glands to
stop sweating Wheh someone drinks mik, the water
in the milk- moves through diaesﬁon into the
bloodstream, which brings the amount of water in
the blood back to its stable state. The
osmoreceptors detect this change, cease the
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sensation of thirst, and send less ADH to the kidneys.
The kidneys can how absorb more water from the
bloodstream, passing it on to the bladder as urine.
Urine is a liﬂh+er' color as a result.

How to Student completes 0-1 out Student completes 2-3 out of 4 Look Fors
Achieve This | of 4 Look Fors
Level

Student completes 4 out of 4 Look Fors

Module 2 Look Fors

Prompts to Support Students in Improving on Look Fors

Include multiple methods of communication, including models and evidence from the
module (video plus graphics/diagrams, written report plus graphics/diagrams, or video
with narration of a slideshow).
® You can use the class consensus model, data sets, and/or models from any
other resources from the module (INFO-H5).

Ask students to return to their resources from the unit and choose appropriate
graphics, diagrams, data, or other visual resources.

Clearly communicate scientific information in a way that is appropriate for your chosen
audience (INFO-H5).

Ask students to compare their presentation language to the scientific explanations
they wrote in the module and reflect on how they modified the language to be
appropriate to their chosen audience. What terms and ideas did they simplify?
Which did they make more complex? What would their chosen audience prefer?

Describe how exercise can destabilize water balance in the body and how negative
feedback mechanisms in the body and the consumption of milk can help the body
return water balance to its stable state (LS1.A-H4, SC-H3).

How did you describe the feedback mechanisms associated with water levels?
With temperature?

How did you describe how water in milk can help the body during exercise
recovery?

Describe how the functions of multiple kinds of specialized cells contribute to
maintaining and adjusting water levels in the body in response to changes in the body’s
conditions (LS1.A-H1).

Identify at least three different kinds of specialized cells from the module
resources and incorporate those into your presentation.
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Module 3 Task Rubric

INFO-H5: Communicate scientific and/or technical information or ideas (e.g. about phenomena and/or the process of development and the design and performance of a
proposed process or system) in multiple formats (including orally, graphically, textually, and mathematically).

Emerging Developing Proficient
Sample Now, let's talk about why you get Pa+iaued Now let's tak. about why you get Paﬁaued durina
SRtUde“t =M= during exercise and how mik can help you exercise and what you can do to help recover from
esponse i recover. that Fatique and keep going One thing to know going
: s into this is that when scientists study how the body

L]

You cah see in the
exercise eFfects
model that when we
exercise, our body
uses gucose to make
energy.

To make energy, the
cells use oxygen and

Intense exercise requires a lot of energy to
keep your muscles moving Our muscles
make enerqgy using cellular respiration to
moke ATP. At the beginning of intense
exercise, our muscle cells can break down
tHheir 3chogen stores into 3Iucose molecules
that can be used For anaerdbic respiration

Most of the energy generated at the
beginning of an intense workout is anaerobic
because that doesn't require waiting for
extra oxygen to be delivered into the
bloodstream

responds ‘o exercise, they typically do so by
describing the changes that happen to a lot of
diFFerent molecules in the body. So we'll be discussing
a lot of molecular details in this part of the
presentation

Exercise reguires a lot of ener'gy! Your body
transforms stored molecules or molecules in the
food you eat into cellular energy. Let me show you
how this works on this model.
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glucose. The oxygen
comes From the lungs.

After exercise, the
gucose From mik
replaces the 3Iucose
our body uses so that
we have the energy
to work out again

While anaerobic respiration is happening we
are dso breathing faster and our heart is
beating Faster. Oxygen is breathed into the
lungs and enters the bloodstream thirough the
alveoli sacs. Carbon dioxide £rom the muscle
cells makina ATP is moving in the oPPosﬁe
direction to exit the bloodstream, enter the
lungs, and be breathed out of the body.

As enouah oxygen ae+9 to the muscle cells,
+Ine\/ can use oxygen to aener'a+e energy
using aerobic cellular respiration. To keep
blood gucose levels 9+ead\/, the liver breaks
down its glycogen stores and releases the
gucose molecules into the bloodstream

After intense exercise, our bodies need to
replace the 3Iucose molecules that were
used. As mik is diﬁes+ed, lactose is broken
down into gucose and golactose molecules.
The gucose molecules can be absorbed into
the bloodstream, where they can refil the
glycogen stores inside the liver and the
skeletal muscles.

© W

il

A
)
SQ_ -

;;;: 22

To make energy to power your muscles o move
r'apidly alur'ina exercise, muscle cells need gucose.
Glucose is used in the process of anaerobic
respiration early in intense exercise. This process
occurs without oxygen present and produces 2 ATP,
which is the cellular enerqgy your muscles use For
movement. Wheh exercise continues, oxygen moves in
Lrom your lungs, through the epithelial cells, into your
bloodstream, and Pinal\y to the muscles, where the
myocy+e9 take to use in aerobic respiration This
process uses 3|ucose to Pr'oduce 38 ATP to power
the muscle cells for r'apid movement dur‘ina exercise.
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Muscle cells get this gucose from a couple oF
dif-Ferent places. First, they can get it Lrom the
bloodstream but that glucose runs out very quickly.

Next, they can get it from gycogen or a form of
stored gucose. As you can see in the model, when
the body heeds to make energy quickly to power
your exercise, the brain sends a signal along the
autonomic. heurons to the chromaf-fin cells in the
adrenal 3Iand9 to produce epinephrine and pass it to
the bloodstream. There, it moves to the hepatocytes
in the liver and to the m\/ocy+es in the muscles to tell
these organs to start breaking down their glycogen
into gucose, which can be used by the muscles in
ahaerobic and aerobic respiration to generate more
energy. The -Piﬁur'e below from Golnick, Piehl, and
Saltin demonstrates that muscle glycogen stores in
the myocytes decrease rapidly with intense exercise
(open square line), meanhing that glycogen is being
broken down into gucose, which is used in the
myocytes to produce ATP.
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Now, as you keep exercising you start to get
Fa+igued, and your muscles start to Leel like they
are burning This burning and Fatique comes from the
change in pH of the muscles during exercise.

Below is a graph of the Interstitial pH in human
skeletal muscle alur'ing and after d\/namic—gr'adeal
exercise loy Street, Bangsloo, and Juel. Each color
was a different intensity of workout. Red was the
most intense. You can see pH in the interstitial space

of the muscle dropped, especially clur'ing high-intensity
exercise.
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When the pH of the muscles drops, the brain
receives an dert of pain/burring From the skeletal
muscle as a way of +e||in3 you to slow downl When
you stop and rest, the pH of the muscle returns to
its normal level so you can keep going,

Now, let's say an athlete was doina very Iona
endurance workouts. They would hot be dble to
maintain the high intensity, but their bodies could keep
exercising For a very long time because the looal\/
can moaliFy PaH-y acids to use as a fuel source for
a process called beta-oxidation in the myocytes. This

i5 a process the body uses to create ATP From
Lats.
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What can you do to help your Ioody have enough
energy to keep 3oinﬁ? Wel, let me show you this
model.

: WlF

il
@:

f

5"
i

Drinking mik. after an intense workout helps the
body restore its Fuel sources. After the nutrients in
milk. is digee&ed and absorbed, gucose arrives in the
bloodstream There it can enter the liver
hePa+ocy+e9 and the muscle myocy+e9, which dllows
the liver and muscle glycogen stores to be
replenished. This way, an athlete has a supply of
glycogen that is avaiable For their next intense
workout to be made into ATP.
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How to Student completes 0-2 out Student completes 3-4 out of 5 Look Fors
Achieve This | of 5 Look Fors
Level

Student completes 5 out of 5 Look Fors

Module 3 Look Fors

Prompts to Support Students in Improving on Look Fors

Include multiple methods of communication, including models and evidence from the
module (video plus graphics/diagrams, written report plus graphics/diagrams, or video
with narration of a slideshow) (INFO-H5)
® You can use the class consensus model, data sets, and/or models from any
other resources from the module.

What specific evidence from the module did you choose to include in your
presentation?

Clearly communicate scientific information in a way that is appropriate for your chosen
audience (INFO-H5).

Ask students to compare their presentation language to the scientific explanations
they wrote in the module and reflect on how they modified the language to be
appropriate to their chosen audience. What terms and ideas did they simplify?
Which did they make more complex? What would their chosen audience prefer?

Describe how the energy for exercise comes from aerobic and anaerobic respiration and
how this energy is expended during exercise and recovered with milk (LS2.B-H1).

How did you describe where people get the cellular energy that is used in
exercise? How is that cellular energy replenished with milk?

Describe how the function of multiple kinds of specialized cells contributes to the
processes of cellular respiration and anaerobic respiration (LS1.A-H1).

Identify at least three different kinds of specialized cells from the module
resources and incorporate those into your presentation.

Describe how much of the study of exercise and recovery involves tracking how various
molecular factors in the body change or remain stable (SC-H1).

In what ways did you include a reflection on stability and change in your
response?

Part 2/Module 4 Task Rubric
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Page 19

INFO-H5: Communicate scientific and/or technical information or ideas (e.g. about phenomena and/or the process of development and the design and performance of a
proposed process or system) in multiple formats (including orally, graphically, textually, and mathematically).

Emerging

Developing

Proficient

Sample
Student
Response

So, why do athletes
have sore muscles
after they work out,
and how do the
muscles repair
themselves? Muscles
are composed of cell
structures cadlled
myoFiber‘s.

Wheh a muscle
contracts, its
myoFiber‘s slide past
each other in a
coordinated manner;
conver'sely, when the
muscle relaxes, these
myokivers slide past

So, why do athletes have sore muscles after
they work. out, and how do the muscles
repair themselves? First, you probably need
to understand that the muscles are
composed of cell structures called
myo-Piloers. Taoke a look at the myo-(:‘ber's onh
the diagr'am below.

So, why do athletes have sore muscles after +he\/
work out, and how do the muscles repair
themselves? First, you probably need to understand
that the muscles are composed of cell structures
called myoFiber's. Take a look at the m\/o(liber's oh
the diagr‘am below.

Postgame Analysis - Performance Task - Lesson 32




Page 20

each other in the
opposite direction.

So you're Pr'olaalaly
+hin|<in9 how exactly
do tears get
repaired? After
exercise, the body
responds to exercise-
induced damaae to
muscle Fbers by
increasing a process
called protein
9yn+he9i9 in the muscle
cells.

This process of
protein 9yn+he9'|9 is
dlso how milk. helps
you recover From
soreness. The
microtears damaae
the muscle Fibers, and
the muscle Fibers
undergo protein
synthesis to be
repaired. Proteins in
milk. are broken down
into amino acids, and
+hey enter the

STRUCTURES OF THE MUSCLE

MUSCLE FIBER Actin

MYOFIBRIL

SARCOMERE

The structure of the myo@ilver's and the
Filaments within the myo@iloer' help the muscle
Fiver Function For example, when a muscle
contracts, its myoPibers siide past each
other in a coordinated manner; conversely,
when the muscle relaxes, these myo-Piloer‘s
slide past each other in the opposite
direction

So you're probably thinking how exactly do
these tears get repaired? After exercise,
the body responds to exercise-induced
damaae to muscle Fibers by increasing a
process cdlled protein synthesis in the
muscle cells. You can see this graph From
Lesson 27 shows protein 9yn+he~;is happeninﬁ.
The studies showed that drinking protein

STRUCTURES OF THE MUSCLE

Mitochondria

MUSCLE FIBER

MYOFIBRIL

r

Z-line

Contracted muscle

Z-line M-line Z-line

Nl

Actin

Relaxed muscle

Z-line

Jip

Myosin

SARCOMERE

The molecular structure of the myoPiber‘s and the
Liloments within the myoFiber help the muscle Liber
Lunction. For example, when a muscle contracts, its

myo-Piber‘s slide past each other in a coordinated

mahnher; conversely, when the muscle relaxes, these

myoFiIaer's slide Pa9+ each other in the oPPosi’re
direction. When muscles contract and relax clur'ina

exercise, they under'go tiny microtears in their

structure. These microtears are r'esponsible Lor the
Peelina of muscle soreness. Take a look. at this data
Lrom Lesson 26, that shows microtears in the
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bloodstream where
they are +r'anspor‘+ed
to the myocy+e=:-.

Now this is the
important part For
you to khow, when
muscles recover
from exercise, they
dlso become larger
and stronger in the
Pr'OCCG;.

So basically, to wrap
it up and make it dll
conhnect, as athletes
move, their muscles
cohtract and get little
tears. These micro-
tears cause muscles
to Feel sore. The
other important part
is the Pr'o+eir|9! The
proteins in mik break
down into amino acids,
which are crucial for
repairing skeletal
muscle microtears to

drinks (at least for healthy people) increases
the rate of protein synthesis above rest.
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This process of protein synthesis is dlso how
mik. helps you recover from soreness. The
microtears d the muscle Fibers, and
the muscle Fibers underao protein synthesis
to be repaired. Proteins in mik are broken
down into amino acids, and they enter the
bloodstream where they are transported to
the myocy+e9. The myocy+es use these amino
acids in protein synthesis to make new
muscle Fbers and recover from the damage

they had.

The body dlso increases the amount of a
type of cell cdled a satelite cell at the site
of the muscle Fber injury. This is part of
9+abilizing te muscle structure.

Now this is the important part for you to
know, when muscles recover from exercise,
they dlso become larger and stronger in the
process. This happens +hr'ou3h the release

muscle.

Figure 1

A

0 h i
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So you're probably thinking how exactly do these
tears get repaired? After exercise, the body
responds to exercise-induced damaae to muscle
Libers b\/ increasing a process called protein
9yn+he9i9 in the muscle cells. You can see this 3r'aph
£rom Lesson 27 shows protein 9yn+he9i9 happening.
The studies showed that drinking protein drinks (at
least For healthy people) increases the rate of
protein synthesis dbove rest. They both showed that
protein 9yn+he9i9 remains increased For at least 210
minutes in one and 28 hours in the other.
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aid in exercise
recovery.

of several molecules called growth Factors
that send 3r'ow+h signals to the muscle cells.
The process of the body increasing its
strength in response to exercise is known as
adaptation because the body adapts to the
stress placed on it.

So basically, to wrap it up and make it all
cohnect, as athletes move, their muscles
contract and experience microtears. These
microtears cause muscles to feel sore and
we know that specidized cells, called satelite
cells, go in and repair microtears. The other
important part is the proteins! The proteins
in mik. break down into amino acids, which
are crucial for repoairing skeletal muscle
microtears to aid in exercise recovery.
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This process of protein synthesis is also how milk.
helps you recover From soreness. The microtears
domage the muscle Fers, and the muscle Fibers
under'go protein synthesis to be repaired. Proteins in
milk. are broken down into amino acids dur'ina
diﬁegﬁon, and they enter the bloodstream where they
are +r'anspor'+ed to the myocy+e=:-. The m\/ocy+e9 use
these amino acids in protein synthesis to make new
muscle Fbers and recover from the clamage they
had.

The body diso increases the amount of a type of
cell caled a satelite cell at the site of the muscle
Fiber injury. This is part of stabilizing the muscle
structure which will help the body recover From the
damaae done to the muscle cells.

So the body has several negative Feedback
responses 1o help it recover £rom the microtears in
muscle Fbers that happen during exercise. Basically,
Immuhe cells move to the site of the muscle
microtears and Immune cells help clear away
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damaged cells and reconstruct new muscle Fber
cells. satellite cells in the muscle fibers are also
activated, these cells under'go cell division to
difFerentiate into new muscle Fiber cells. Finally, the
muscle cells themselves increase their rate of
protein synthesis, which helps rebuid proteins in the
muscle Fber cells. All of these responses help the
myocytes regain a state of stability after they are
damaﬁed.

Now this is the important part for you to know,
when muscles recover from exercise, +he\/ dso
become larger and stronger in the process. This
happens through the release of several molecules
called growth Factors that send growth signals to
the muscle cells. The process of the body increasing
its 9+r'ena+h in response to exercise is knhownh as
adaptation because the body adapts to the stress
Placed on it. The body diso has several additional
adaptations to exercise, such as increased lung
capacity, cardiac output, and capillary density.

So basically, to wrap it up and make it all connect, as
athletes move, their muscles contract and
experience microtears. These microtears cause
muscles to Feel sore and we know that specidlized
cells, cdled satelite cells, go in and repair microtears.
The other important part is the proteins The
proteins in mik break down into amino acids, which
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are crucial For repairinﬂ skeletal muscle microtears
to adid ih exercise recovery.

How to Student completes 0-2 out Student completes 3-4 out of 5 Look-Fors
Achieve This | of 5 Look-Fors
Level

Student completes 5 out of 5 Look-Fors

Module 4 Look-Fors

Prompts to Support Students in Improving on Look Fors

Include multiple methods of communication, including models and evidence from the
module (video plus graphics/diagrams, written report plus graphics/diagrams, or video
with narration of a slideshow) (INFO-H5).
® You can use the class consensus model, data sets, and/or models from any
other resources from the module.

What specific evidence from the module did you choose to include in your
presentation?

Clearly communicate scientific information in a way that is appropriate for your chosen
audience (INFO-H5).

In your response, highlight direct scientific information you used from the module
that includes informal language. Use a different color to highlight formal language.

Describe how exercise can destabilize muscle structure and function in the body and
how negative feedback mechanisms in the body and the consumption of milk can help
the body return muscle structure and function to its stable state (LS1.A-H4, SC-H3).

How did you describe the feedback mechanisms associated with muscle structure
and function?

How did you describe how the presence or lack of milk nutrients can help the
body during exercise recovery?

Describe how the functions of multiple kinds of specialized cells contribute to muscle
structure and function and to exercise recovery (LS1.A-H1).

Identify at least three different kinds of specialized cells from the module
resources and incorporate those into your presentation.

Describe how much of the study of the human body involves tracking how various
molecular factors in the body change or remain stable (SC-H1).

In what ways did you include a reflection on stability and change in your
response?
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