OPHS Biology Name:
Unit 4 (Cell Energy)

Unit 4 Topic 1: Photosynthesis & ATP
By the end of this topic, you should be able to...

UGHT o
e Describe how ATP is used and broken down ENERGY /CQ +
e  Describe the purpose of photosynthesis in living things Cetia0s 02

o Differentiate between characteristics of the light reactions (light g -g (Ma
- i ioht i . - F.1 ANANNES

PHOTOSYNTHESIS

dependent reactions) and the dark reactions (light independent
reactions/Calvin cycle)

e  Summarize the reactants and products of the photosynthesis reaction ! _
in words and chemical formulas CHLOROPLAST & ‘

e Describe the structure of chloroplasts © 0 /

e Define and provide examples of autotrophs and heterotrophs
AEROBIC RESPIRATION
e  Explain how the processes of photosynthesis and cellular respiration

are like a cycle
Cell Energy
o Define Metabolism:

e How do photosynthesis and respiration relate to metabolism?

Two Strategies for Obtaining Nutrients
e Autotrophs (auto = self; troph = referring to nutrients)
Definition:
Example Organisms:
o Heterotrophs (hetero = different)

MITOCHONDRIA

Definition:
Example Organisms:
Photosynthesis:
Happens In:
Goal: Convert into (glucose)
More Information: Provide the chemical formula of glucose (a carbohydrate):
CH,OH
*What is the function of carbohydrates?*
Q \|
Ho\?;”_é/ |

ll r\||

Show the Photosynthesis Equation using words. Circle the reactants’and box the products.

Show the Photosynthesis Equation using chemical formulas. (Circle the reactant’and box the products.

Why are there numbers (coefficients) in front of some of the molecules?
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Cellular Respiration

Happens In:

AND ( )
Goal: Convert into
More Information: Provide the full name and structure of ATP

Why is ATP used as the energy storage molecule?

Explain how ATP is broken into ADP (Adenosine Diphosphate) and P (Phosphate)

: high-energy bond
@ Oo~@l®

LHOO0ws @O
+@®

ENERGY!

TN

Show the Cellular Respiration equation using words. (Circle the reactants and energy from sunlight
box the products.

photosynthesis
Show the Cellular Respiration equation using chemical formulas. ﬁ \\

Circle the reactantsiand box the products. ‘> @ ‘@

cellular
respiration

)

Explain how the photosynthesis and cellular respiration equations relate to one
another in the space below:

>

e

Photosynthesis

Cellular Respiration

ce”12°5




OPHS Biology Name:
Unit 4 (Cell Energy)

Photosynthesis
e Where on the plant does photosynthesis take place? What are stomata?

Photosynthesis Location:

Stomata:

e  Where in the cell does photosynthesis take place?
Organelle:

e What are the two main processes involved in photosynthesis?
1.
2.

Chloroplasts

° are stacked to form

. take place in the thylakoid membrane

o take place in the Structure of Chloroplast
stroma Inner membrane

Intermembrane space
Stoma

Outer membrane

Dintble membrang

y

i/
ey

f44i4

Thylakoids

Stroma
(aquecus fluid)

{

Granum Thylakoid
(Stack of thylakoids) Lamella Lumen
(inside of thylakeoid)

Part 1: Light Reactions
Purpose

Location in Organelle

Requirements for process to occur

**what is NADP+?
How does NADP+ get converted to NADPH (electron carrier)?
~ ’ Light

Reactants for Light Reactions: 10 e T
_NAPD*

ADP¥ i

Products from Light Reactions:
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Part 2: Calvin Cycle
Purpose Produce from CO;

Location in Organelle

Requirements for process to occur
Does not require light directly, but does need
products from light reactions!

Reactants for Calvin Cycle:

Sunlight

Products from Calvin Cycle:

ngh
Reacti

How are excited electrons and ATP from the light reactions used in
the Calvin Cycle?

What factors affect the rate (speed) of photosynthesis? Explain how
these factors play a role.

Chloroplast

Copyright & 2005 Pearson Education, Ing. Publishing s Paargon Bengamin Cummings. All fights msened.
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[[Language Targets for Topic 1: | can compare and contrast ATP and ADP molecules; | can write the main purpose of

photosynthesis in living organisms; | can describe photosynthesis in detail with the associated sub processes using proper

vocabulary terms; | can write the equation for photosynthesis in words and chemical symbols; | can label the parts of a

chloroplast on a diagram; I can differentiate between and provide examples of autotrophs and heterotrophs; | can create a

flow chart to diagram the processes of photosynthesis and cellular respiration to show the interrelatedness.]]

1. How are ATP and ADP similar? Discuss what they are made of:

2. How are they different?

3. Which one contains energy the cell can use?

4. Not all organisms undergo the process of photosynthesis, but all
organisms rely on what is produced in this series of chemical
reactions. In autotrophs, what is the purpose of photosynthesis?

ATP - 100% renewable energy

ATP

@] @
=

Energy from food Energy for cells
\ é’-\ PD-\' PD’

ADP

All living cells rely on one source of energy to do everything from building molecules to flexing
muscles - ATP (adenosine triphosphate). Breaking down ATP releases energy, and cells
constantly replace their ATP by wacking a spare phosphate onto ADP (adenosine
diphosphate). The energy for that comes from food we eat (in animals) or make (in plants).
Enzymes control the breaking and making of ATP.

5. Provide the equation for photosynthesis in both ways: words & chemical formula:

Words:

Equation:

6. Label the chloroplast diagram AND illustrate the entire process of photosynthesis (outlining both the light

reactions and the light independent reactions):

Input

Which components make up the
light reactions?

Which components make up the
light independent reactions?

7. Define the terms autotroph and heterotroph. Provide examples of each:

Autotroph:

Heterotroph:
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Unit 4 Topic 2: Cellular Respiration
By the end of this topic, you should be able to...
e  Describe the purpose of cellular respiration in living organisms
e Compare and contrast glycolysis, Kreb’s Cycle, and the electron transport chain
e  Summarize the reactants and products of the cellular respiration reaction in words and chemical formulas
e Describe the structure of the mitochondria
Cellular Respiration: the process through which cells obtain usable energy (ATP)
Equation: Glucose (CsH1206) + Oxygen (602) - ATP + Carbon Dioxide (6CO2) + Water (6H20)
e Where does this process take place in eukaryotes?
o Where does this process take place in prokaryotes?

e The goal of cellular respiration is to produce from

o What are the three main processes that take place in cell respiration?
1.
2.
3.

ATP (Adenosine Triphosphate)
o  Where is energy stored in this molecule?

ADENINE

., spHospHATE GRours  Where in the molecule to the left is the highest energy bond?

N c N\ ﬁ
H— ’ —: oo 8 _e_‘i”_@_i'_o How is energy released from this molecule?
w1 AT

OH OH
RIBOSE

The Mitochondria

Mitochondria Structural Features

Inner
Membrane

Outer Inter membrane  M2tX

Membrane space

Cristae

\ Inner membrane
Outer
membrane
DNA

Figure 1

Notice the folds of the inner membrane. Why are these folds important?

The three steps of cellular respiration and where they take place:

Process Location
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Two Types of Respiration

Aerobic Anaerobic
With Without
Makes of ATP Makes ATP
Includes all three processes Includes

Aerobic Cellular Respiration
Part I: Glycolysis
Purpose: Break down into two smaller molecules called
(3C) and send electrons to the Electron Transport Chain (ETC)

Occurs in: Aerobic AND anaerobic respiration

Location: of cell
Reactants:
Products: (electron carrier), and (4 are

produced, but 2 were used to start the process so the gain is TWO molecules)

Part II: Kreb’s Cycle (aka Citric Acid Cycle)
Purpose: Pyruvate (3C) is broken down into ___, and electrons are sent to the ETC
(via electron carriers)

Occurs in: respiration ONLY

Location: (of mitochondria)

Reactants: (and CoA/coenzyme A)

Products: (electron carrier), ,and (waste)

Part IlI: Electron Transport Chain (ETC)
Purpose: Electrons (e-) from are passed to the FINAL electron acceptor,

ENERGY INVESTMENT

NET

GLYCOLYSIS

Glucose
2ATP

2ADP

® ®

® ‘/ \‘ ®
® ®
® ® @ ®
NAD* | —napr
NADH +D N NADH + He
2ADP |, —2A0P
2 A‘ID [>2 1P

Pyruvate (3000 Q00

4 ATP formed - 2 ATP used Glucose 2 NAD*+ de” + 4H*

2 ATP 2 Pyruvate + H,O 2 NADH + 2H"

Krebs Cycle
(Citric Acid Cycle)

; Pyruvic acid

napt
“»[nApn]

Acetyl-CoA

eCO,y

, to produce
o The enzyme ATP synthase is important here as it is responsible for producing
large amounts of ATP
Occurs in: respiration ONLY
Location: (mitochondria- remember, the folds increase
surface area)
Reactants: — Inner——————
Products: (waste) - membeans
roducts: , o Vi~ | o
ATP ml Al'r.n @3 @
. Protein ® _ 1;;,
Energy Yield itermemirare | D ®
Glycolysis __ATP ?%Jif, é_%ﬁi_\: mn@ | bR
' l\f tochrome . I mk“
Kreb’s Cycle __ATP y M Y ocheome /"‘&f ;
ETC ATP mitochondrial { ' JADH e ewh, U o
— membrane 3
TOTAL # ATP: [NADH] + 1 MAD* ADP D, .ﬂ.'I'P
{Carrying electrans LS
from food) ®
Mitechondrial o
N | ELECTRON TRANSPORT CHAIN | I ATP SYNTHASE
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All of this ATP is produced during AEROBIC cellular

respiration. However, sometimes there is not enough

Electrons Electrons carried|
oxygen to carry out this process. When that happens, comnied e
cellular respiration occurs in the absence of oxygen (think ==
about when you work out and you develop cramps!). This Gurcourss CaeN Euecrmon
is called anaerobic cellular respiration, or fermentation. Glucose . Pyruvate | \ CrcLE / RSt ATION
N
CyTtosoL MITOCHONDRION
-"Av'r‘g < -A;l_’ > < .'ALI;P >
(subsirait;-level (subsiraié-level (oxidé(}ve
phosphorylation) phosphorylation) phosphorylation)
Anaerobic Respiration (fermentation)
° only (occurs where in the cell? )
e Occursin the absence of
e Goal: break down
o Produce fewer ATP than in aerobic respiration
e Two types: and
Lactic Acid Fermentation e Aci
Lactic Acid 2 ADP + 2P 2 ATP

Fermentation

e Happensin:

Glycolysis
e Whatis produced in addition to ATP? ———— w

o Examples in everyday life: muscle cells during

exercise, yogurt, pickles

Alcoholic Fermentation
e Happensin: 2 ADP

e Produces , Glucose =mmmm=
and ATP

o Examples in everyday life: yeast (causes
bread to rise)

2 NAD*

+2H°
regenerates NAD
2ATP
(o)
l
=0
T°
CHj3

2 NADH 2 Pyruvate

CHj3
2 Ethanol

i \/ i
H—?—OH < cC=0

CHg
2 Acetylaldehyde

2CO,
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[[Language Targets for Topic 2: | can write the main purpose of cellular respiration in living organisms; | can describe cellular

respiration in detail with the associated sub processes using proper vocabulary terms; | can write the equation for cellular
respiration in words and chemical symbols; | can label the parts of a mitochondria on a diagram; I can create a flow chart to
diagram the processes of photosynthesis and cellular respiration to show the interrelatedness.]]
1. Unlike photosynthesis (where not all organisms carry out the process), ALL organisms undergo cellular
respiration. Why? Include the purpose of cellular respiration in your response:

2. Provide the equation for cellular respiration in both ways (words & chemical formula):
Words:

Equation:

3. Label the missing components (A-E) in the mitochondria diagram AND highlight the steps of cellular
respiration by including the

number of ATP molecules f[ e : D
produced in each step: Electrons Electrons carried
carried via NADH and
via NADH . FADH,
A _..> C | \
lucose S Pyruvatef | V)

]Mitochondn‘on]“ M

\j
o i o
4. Complete the flowchart linking this

unit together: Word Bank: Mitochondria, Chloroplast, Photosynthesis, Cellular Respiration,
Solar Energy (SUN), ATP, 6CO2, 6CO2, 6H20, 6H20, CsH1206, 602

CELL ENERGY CHART

e AN




