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B10.3.4.01.02E Describe the complementary processes of cellular respiration and photosynthesis with respect to the flow of energy and the
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7 B10.3.1.02.025 ldentily examples of the functions perfarmed by the living organisms in which ATP is converted inta ADP and inorganic
phﬂspham_ “"Demonstrate Underta ﬂlﬂl‘l:! i3
Question 3°
i BI0.3.1.02.025 Identify examples of the functions performed by the living organisms in which ATP is convertad into ADP and inorganic Information from text 33
phosphate. Figure 4 33
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14 BID.3.4.01.028 Describe the complementary processes of cellular respiration and photosynthesis with respect to the flow of energy and the
cycling of matter within ecosystems, and explain how human activities can disrupt the balance achieved by these processes Figure 2 i
15 BID.3.1.02.025 Identify examples of the functions performed by the lving organisms in which ATP is converted into ADP and inorganic Figure & 33
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BIO.3.4.01.02E Describe the complementary processes of cellular respiration and photosynthesis with respect to the flow of energy and the
cycling of matter within ecosysberns, and explain how human activities can disrupt the balance achieved by these prooesses

Information from text
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Figure 3
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Transformation of Energy

Autotrophs and heterotrophs

Sunlight Autotroph Heterotroph Heterotroph

Figure 2 Almost all the energy in living organisms originates from the Sun, and energy Mows from
autolrophs to heterotrophs

Autotrophs VS. HEtEI'DtI'OphS In a food chain, the amount of usable
‘ t energy that is available to the next trophic
_ ‘ level decreases.
Use light energy from Obtain energy from other
sun to make own food organisms

Autotrophs and Heterotrophs

Heterotrophs are Autotrophs are
organisms that need organisms that
to ingest food to make their own
obtain energy. food.

All Organisms Need Energy To Carry Out Life
Functions And Must Release Energy From Sugars
And Other Compounds!!



Which organism directly gets its energy by eating the Autotroph

‘|
a) Sunlight
@ The first consu,. - = =3 e
c) The second Hetero. ph
d) Another Autotroph

Sunlight futntragh Heteratroph Hatératroph

What is the initial source of energy for all living organisms shown in this food
chain?

a) the chemoautotroph | :
b) the heterotroph - . .
@the sSun

d) the photoautotroph




The Autotroph in this diagram is an organism that produces its own food using light energy.
Which term best describes such an organism?

a) Primary Consumer
(b) Producer

c) Secondary Consumer
d) Decomposer

The Sun

Which part of this food chain provides energy to just one other part?

a) the chemoautotroph

@ the 1% consumer
c) the 2" consumer @ @
d) the photoautotroph

Heterotroph Heterotroph
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= Metabolism - all of the chemical reactions in

How Organisms Obtain Energy a CE”
15" = Two types of metabolic pathways:
nlight . .
* 1. Anabolic — Take in energy to build
Photosynthesis

/r' (autolroph) large molecules

CO5 + H0 Dﬂse

uﬁﬁwﬂ;ﬁfgﬁ;ﬂ"y = 2. Catabolic — Releases energy when
Figure 3 Photosynthesis and cellular respiration provide breaking dﬂwn |arge mD|E’GUIEE

most of the energy for life processes

* Photosynthesis—light energy from the Sun is converted to chemical energy for use by
the cell

* Cellular respiration—organic molecules are broken down to release energy for use by
the cell
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Anabolic Reactions
(Example: Photosynthesis)

Catabolic Reactions
(Example: Cellular Respiration)

Definition

Buildup of complex organic molecules
from simpler ones, like converting
light energy to stored chemical
energy in glucose.

Breakdown of complex organic molecules into
simpler ones, like releasing energy from glucose.

Energy Input/Output

Requires energy (light energy from
the sun).

Releases energy (stored in ATP).

Simpler molecules: Carbon dioxide

Complex molecule: Glucose (CsH,20:) and Oxygen

Reactants (CO;), Water (H:0), and light energy. [(O:).

Complex molecule: Glucose (CsH1:05)

(stored chemical energy) and Oxygen [Simpler molecules: Carbon dioxide (CO;), Water
Products (O3). (Hz20), and Energy (ATP).

Primarily in chloroplasts within plant [Occurs in the cytoplasm and mitochondria of most
Location cells and some other organisms. eukaryotic cells.

To create complex organic molecules
Overall (glucose) from simpler inorganic To break down complex organic molecules
Goal/Function molecules using energy. (glucose) to release usable energy for the cell.

6CO, + 6H,0

light
—

CeH,,06 + 60,

Cﬁle{}ﬁ ar 503 =7 6(:03 o 6H20 A E.]'IE'['g}"




Vivhat does the first law of thermodvynamics state™”?
entropy iNncreases
energy is conserved

‘" metabolism decreases
- chemicals are produced

@»

00

Autotrophs that convert light energy into chemical energy are called

photoautotrophs
heterotrophs
chemoautotrophs
omnivores

)

O 0
39

All the chemical reactions in an organism's cells are called
A. © chemotrophy
¢ autotrophy
metabolism
thermodynamics

O

-~



Why is cellular respiration a catabolic pathway? | |incellular respiration, which of the following are reactants? Select al that apply.

A. Energy is used to form
glucose and oxygen.

B. Energy is converted from
water to carbon dioxide.

C. Energy that is lost is converted to thermal energy.
@ Energy is released by the breakdown of molecules.

In which metabolic process are molecules
broken down to produce carbon dioxide

and water?

A. photosynthesis
cellular respiration

C. homeostasis

D. fermentation

00

0 €0y

0 Chralg
0 HO

[ energy

Which energy transformation can occur only in autotrophs ?

electrical energy into thermal energy

light energy into chemical energyT s )

chemical energy into mechanical energy ¢

mechanical energy into thermal energy 4
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ATP: The Unit of
Cellular Energy = Adenosine triphosphate (ATP):is the most

important biological molecule that
ATP
‘% Triphosphate
group
Adenine @
_.I_

. . some
Adenosine energy

/

little bit alot of

provides chemical energy.
Ribose

Energy

ADP
Diphosphate

group
Adenine ener
—AA + A & science aid co.uk/biology gy energy
Ribose
Figure 4 The breakdown of ATP releases energy for powering

Cellular activitlies in Organisms.



‘ Which statement describes the law of conservation of energy”

A. Energy cannot be converted or destroyed.

B. Energy can be converted and destroyed.
@EHEFQ}F can be converted but not destroyed.

D. Energy can be destroyed but not converted.

In which metabolic process are molecules broken down to
produce carbon dioxide and water?

A. photosynthesis

cellular respiration

C. homeostasis
D. fermentation



Why is adenosine triphosphate (ATP) such an
important biological molecule?

Which metabolic process is photosynthesis?

A. It captures light energy from the sun.

B. It is produced in anabolic pathways.
@It stores and releases chemical energy.

D. It converts mechanical energy to thermal

J
enorgy / \

CO,+H,0 O, + Glucose

Look at the following figure. Which molecule is w B
released when ATP becomes ADP?

Adenine

Triphosphate
group H,0

-P—P—P.
phosphate group " Ribose
B. water molecule ATP

C. ribose sugar
D. energy cells

denine
Diphosphate
group )
p—p. + p. + Energy

| Ribose Phosphate  “*"

ADP




Which process is described as the breakdown of
organic molecules to release energy for use by the
cell?
Cellular respiration
ATP synthesis

Anabalism

Photosynthesis

Which of the following best describes heterotrophs?

Organisms that comvert inorganic substances to enengy

Organisms that make their own food wsing sunlight

Crganisms thal produce energy without external Sources

Organisms that ingest food (o oblain energy

Which type of organism would a lettuce plant be
classified as?

Chemoautctroph

Photoautotroph

Heterotroph

Carmmong

What is a metabolic pathway?

The movement of ATP within a cell

The process of breaking down ATP into ADP

A series of chemical reactions where the product of ang is the
substrate for the next

The flow of energy between organisms in an ecosystem

What concept explains why energy is lost as heat as
we move up trophic levels in a food chain?

First Law of Thermodynamics

Second Law of Thermodynamics

ATP synthesis

Conservation of Energy

According to the Second Law of Thermodynamics,
what happens when energy is converted?

Energy s destroyed

Energy is crizated

Energy becomes more ordered

There is a loss of usable energy

Call (o Ll

What happens to the amount of usable energy asw
move up each trophic level in a food chain?

It decreases

It mcreases

It remains constant

1t lsctuates randomly

What is the structure of ATP?
A nucleotide made of an adening Base, a nbose sugar, and threg

phosphate groups

A nucleotide made of a guanine base, a deoxyribose sugar, and
two phosphate groups

A protein made of aming acids inked by peptide bonds

& carbohydrate made DTquEDS:E molecules

How does cellular respiration differ from
photosynthesis in terms of metabolic pathways?

Bath are catabolic pathways

Cellular respiration is anabaolic while photosynthesis is catabolic

Both are anabolic pathways

Cellular respiration is catabolic while photosynthesis is anabolic

What is the primary source of energy for nearly all life

on Earth?

The Sun

ATP

Inarganic substances

Glucose

What is the study of the flow and transformation of
energy in the universe called?

Thermodynamics

Fhotosynihesis

Metabaolsm

Entrapy

When does ATP release energy?

When the band between the second and third phosphate groups
i% braken

When the sdenime Base s modified

When the Bond Between the first and second phosphate groups
is broken

Whaen the ribose sugar is broken down

Photosynthesis is an example of what type of
metabolic pathway?

Heterotrophic pathway

Entropy pathway

Anabolic pathway

Catabealic pathway

What is the main unit of cellular energy?

ADP

ATP

Ribose

Glucose

What term describes all of the chemical reactions in
acell?

Metabodism

Cellular respiration

Phatosynthesis

Thermadynamics

What is a metabolic pathway?

The movement of ATE within a cell

The process of breaking down ATP into ADP

A seres of chemical reactions where the product af one is the
substrate for the next

The fiow of energy between organisms in an acosystem
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4 BID.3.1.02.030 Describe that photesynthesis eanverts carbon dioxide plus water into sugars plus exygen, which is released. Information from text 34
Information from text 35
3 BID.3.1.02.027 Wse a model to illustrate how photosynthesis transforms light ener gy into stored chemical energy
Figure 5 + Question below it 35
Information from text 36
6 BID.3.1.02.027 Wse a model to illustrate how photosynthesis transforms light ener gy into stored chemical energy
"Get it? question 36
Infarmation from text 30
7 BID.3.1.02.030 Describe that photesynthesis eanverts carbon dioxide plus water into sugars plus exygen, which is released.
Figure 9 39
Information from text 30
8 BID.3.1.02.030 Describe that photosynthesis eanverts earbon dioxide plus water into sugars plus exygen, which is released.
Figure 9 30
16 BIC.3.1.02.024 Explain that the hydrocarbon backbones of the sugars formed during photosynthesis are used bo make amino acids and imformation from text 31
other carbon-based molecules that can be assembled into larger moalecules used, for example, to form new cells
Information from text 35
13 BID.3.1.02.030 Describe that photosynthesis converts carbon dioxide plus water into sugars plus axygen, which is released.
Infarmation from text 30
20 BID.3.1.02.030 Describe that photosynthesis converts carbon dioxide plus water into sugars plus axygen, which is released. Information from texi a0
Infarmation from text 37
21 B10.3.1.02.027 Use a model ta illustrate how photosyathesis transforms light energy into stored chemical energy
“Get itF guestion 37
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Light-Dependent Reactions Phutuwnthesig

T ]

Light energy

transfers to chlorophyil. Energized electrons provide

energy that
’ ‘ bonds Q to ADP
forming
ATP

oxygen
released

Chlorophyll

passes energy
down through the
electron transport chain.

A7

| for use in the
- I ‘d - a H
Energized e E;";‘;‘f T light-independent reactions.




34,0

Overview of Photosynthesis
Recall the first law of thermodynamics, which states that energy can be converted from one

form to another, but it cannot be created nor destroved. Photosynthesis is a complex Light-Dependent Reactions mm
chemical process that converts enengy from one form to another. It is the main way that
solar energy is captured and stored on Earth. Along with cellular respiration, it provides Son
mast of the energy for life processes.
Most autotrophs, including plants, make organic compounds, such as sugars, by a Light enery
process called photosynthesis. Recall that a basic function of photosynthesis is the ransfers to chlorophyil Erertoed sl 4
conversion of light energy into chemical energy. The products and reactants of ey tht
photosynthesis are identified in the overall chemical reaction for photosynthesis, which ‘
is shown below.
!

60, + 6HO—B% 4 CH.0, + 60, ’Ji:: / \ bonds 0 toADP
Photosynthesis occurs in two phases. Phase one of photosynthesis consists of reactions { fﬂﬁ'ﬁ'
called the light-dependent reactions. First, light energy is captured, or absorbed, by ) - AlP
organelles called chloroplasts. It is then converted into chemical energy, which is stored Chlorophyll o> re.
in ATP and NADPH molecules. doven througd the

Phase two of photosynthesis consists of a series of reactions called the light- NADPH
independent reactions, In phase two, molecules of ATP and NADPH that were formed ur

in the phase one light-dependent reactions are used to make glucose, a form of sugar. /
Once glucose is produced, it can be joined to other simple sugars to form complex /
carbohvdrates, such as starch. The glucose molecules that are formed contain carbon, Ll /
for st n the

hydrogen, and oxygen; their hydrocarbon backbones are used to make amino acids and
other carbon-based molecules that can be assembled into larger molecules such as Shrgines ectrey provisly foht-ckptodent et
proteins, lipids, or DNA used, for example, to form new cells,
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v Photosynthesis occurs inside pigmented
organelles called chloFoplasts,

v" Chloroplasts are organelles that capture
light energy.

They contain two main compartments: :}

Stroma: fluid-filled space outside the grana

Fgure5 Photnsyatness occurs imsice pigrenied ceganelies callnd chonoplasts
identity e locotion of the stramo md tiokoids witthin 0 plon! ool



Phase One: Light Reactions

Compare: Thylakoids and

Compare between Thylakoids Stroma

The shape | Flattened, saclike | ryid_filed space
memoranes ,drranged | side the
in stacks (grana, grana
singular granum) |

Type of Reaction | light-dependent light-independent
reaction reaction

Continents Light-absorbing Molecules and
pigments enzyme need for

phase2 reaction

Plant cell

/" Cellwal




Ulse the illustration below o ariswer guestions 3 arnd 4.

Which reaction takes place in the th aloid
P
discs (1) of the chloroplast?

A carbon fixation
B light-dependent reaction

C light-independent reaction
D Calvin cvcle

) Which reaction takes place in the stroma (2) of
the chloroplast?

A carbon fixation

B light-dependent reaction
C light-independent reaction
I» photolysis




WhEl‘E il'l thE plElnt EE" dDEE 1?]Iﬁ|:’phn'hnsynﬂu“mr sis, which of the following are reactants? Select all chemical formulas
photosynthesis take place? O zzn
O H2
[0 energy
chlnrnplasts ——
B. Golgi apparatus O CeHi0s
i i 18} In photosynthesis, which of the following are products? Select all that apply.
C. mitochondria O energy
O co2
D. vacuoles o
O CeH1206

Look at the following figure. Which part of O H20

the chloroplast is a sac-like membrane
arranged in stacks?

A. grana
B. stroma

(©) thylakoids

D. Golgi apparatus




1) What three things do plants need for the process of photosynthesis®?
9 Sunlight, oxygen, and sugar

) Water, soil, and oxygen
@ Sunlight, carbon dioxide, and water
) Carbon dioxide, oxygen, and soil
J

Sunlight, soil, and water

2) If plants breathe in carbon dioxide, what do they breathe out?
Nitrogen

J

@ Oxygen
J Carbon monoxide
J Hydrogen
)

Helium




3) What is the compound that plants use to absorb the energy from light?
[ ) Carbon Dioxide

[ ) H20

-] Nitrogen

9 DNA
@ Chlorophyll

4) What color is chlorophyll? Why do we perceive chlorophyll as being green?

Red
Blue 'Because it is green.

9
. ' '
Yellow dacausz it absorbs green light.
é ecause it reflects green light.
9

G
- - Because it absorbs yellow light.

Brown
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Figure B

Visualizing Electron Transport

Light-Dependent Reactions

Chloroplasts capture light energy.

*Use energy frem light to produce oxygen gas and convert ADP and
MADP+ into the energy carriers ATP and NADPH

Phase One:

* Light reaction start when pigments absorb the light along the
‘thylakoid membrane in a chloroplast.

The structure of the thylakoid @ — ==

Light Reactions

A

TreylabiDed §{add

]
Th',rlcllkm'd Thylakoid space
membrane _ _ﬂl.llil:ﬂ_}_
a large surface the H+ release
itren hold during electreon
transport
electron- Protein b
ransporting | complexes
molecules photosystems
F p

$ |

| Phu'rusﬁ*rzmsul | .Phn'mm'rems o |

-

sy Lt
\ s .
; #%‘E
o w — rarLm
wys
_— —
PRETbagna

o
regrkiara

" accumulate in. |y | IEHAY
s

"

i

phateE Rl [P RIng pral o
subntirg gy




/

Il

fl
|

i

E - trDim o e s

Flhuostosy s bsern |

Thyviakoid space




Electron Transport

First = Light energy excites electrons in photosystem II
= and also causes a water molecule to split, releasing:
1-an electron into the electron transport system,
2-H+ into the thylakoid space,
3- and Oz as a waste product.

Thylakoid space

Stroma




Electron Transport

Second * The excited electrons move from photosystem II to an
electron-acceptor molecule in the thylakoid membrane.

= As electrons move through the membrane,protons H+ are

pumped into the thylakoid space. Thylakoid space

Stroma




Electron Transport

Third *The electron-acceptor molecule transfers the electrons along a
series of electron-carriers to photosystem I.

Thylakoid space

Stroma

Fourth * In the presence of light,Photosystem I transfers the
electrons to a protein called ferredoxin.



Electron Transport

Finally = Ferrodoxin transfers the electrons to the electron carrier
NADP+, forming the energy-storing molecule NADPH

b 1e e L* A" 2 NADP*

g H

2

[ Thylakoid space




Chemiosmosis

= Describe the concentration of protons (H+) on both sides of
thylakoid membrane.

A high concentration of protons (H+) in the thylakoid interior| rpyjakoid space

(thylakoid space) and a low concentration of protons (H+) in
the stroma . B

- *b:ﬂ:‘

— b ' et 'L._"t
zH ﬂ' ! ¥ 5 ] ‘. 1-‘?1:‘\'1."'* 1
r ™ e . % A |1,|-.|_1l & i
Stroma

Sé¢ ' AHOT 2 NADP*
© Yo

2



Chemiosmosis

* H+ protons diffuse down their concentration gradient out of the
thylakoid interior into the stroma through ATP synthases

= As H+ moves through ATP synthases, ATP is formed in the stroma.

_,a_qa'-‘*- ’5'-'"1'?9-_.-

Conclusiowr

-Activated electrons are -
passed from one molecule to
another along the thylakoid
membrane in a chloroplast.
-The energy from electrons
is used to form a proton
gradient.

-As protons move down the
gradient, a phosphate

is added to ADP, forming
ATP.




Phase One: Light reaction- Electron transport C;
I_ R
(h

. emiosmosis- production of ATP
- an electron to electron transport system in PS||
- Hydrogen ion (H* —proton) into thylakoid space | |
- Release Oxygen + This happens when ight energy cause woter molecule to sol
g PS1absorbs ight and transfers electron to a protein called ferrodoxin + This resuftin high concentration of " protons) inthylakoid
[ sl o et by B oteTeneca b slo: i s e om B and ow concentraton of H” instrom,

+ protons diffuse to stroma through ion channels ihat are
entymes called ATP synthases and produce ATP




At the beginning of photosynthesis, Light-absorbing-colored molecules called  are found in chloroplasts.
which molecule is split to produce c“ pigments
oxygen (O,) as a waste product? B C stroma
A. CO, C. : rubisco
H,0 D. © ATPs
C' c‘.'EH'IEII:}E s . : ; ;
D 3-PGA Where do light-independent reactions occur during photosynthesis?

O !
Which mechanism of photosynthesis : -~ n:lmmﬂr"d"ﬂ“ ]
uses the movement of hydrogen ions . SUOMa In vachoes
(H*) across a concentration gradient C. " nucleus
to synthesize ATP? @ stroma

A. absorption heminsmﬂsis

C. electron transport D.C, pathway

Q. What supplies the electron that is lost in PS 11?

oxygen O water

glucose rubisco




Which photosystem does the light-dependent reaction begin with? @

A. Photosystem |
B. Photosystem Il

What are the products of the light-dependent reaction? What waste product of photesynthesis is released to the environmeant?
A. Glucose a] carbon dioxide
B. Ferredoxin bl water
C. NADPH and ATP B oxygen
dj ammonia

Which mechanism of photosynthesis uses the

movement of hydrogen ions (H*) across a
concentration gradient to synthesize ATP?

Which of these statements is true regarding chlorophyll?

E. ® It is not the only photosynthetic pigment.
F. & Thereis only one kind of chlorophyll.

G. ¥ |tisthe only type of pigment in leaves.
H. & Itis the rarest type of pigment in leaves.

A. absorption

chemiosmosis

C. electron transport
D. C, pathway
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Phase Two: The Calvin Cycle

b L0y

E i

6 ribulose 1.5-nﬁz'gqphate
[CICIC]

GATP

B ribulose-5-phosphate

12 3-PGA 12 ATE:

Transported from
chloroplast to make
glucose, fuctose, &
starch, etc

LCACAC)

------------------------------------- B o G G G S G

Figure 9 The Calvin cycle joins carbon dioxide with organic molecules inside the stroma of the chloroplast.

* |Inthe second phase of
photosynthesis, called the Calvin

cycle, energy is stored in organic
molecules such as glucose.

* The Calvin cycle builds sugars out of
carbon dioxide and water

using the energy stored in ATP and
NADPH.

* The Calvin cycle’s reactions do not
require sunlight, which is why they
are also referred to as light-
independent reactions.

* It occurs in stroma of chloroplast.




1 The Calvin Cycle
JC

In the first step of the Calvin cycle, CO>
called carbon fixation,

What dose Co2 fixation mean?. ‘ o

-Carbon fixation or carbon assimilation :

is the conversion process of inorganic
carbon (carbon dioxide) to organic

compounds by living organisms.
The joining of carbon dioxide with other

organic molecules is called carbon fixation. |
Carbon fixation,

* six carbon dioxide (COz) molecules combine with six

5 carbon compounds (RuBP) to form
twelve 3-carbon molecules called 3phosphoglycerate

(3-PGA).




2 The Calvin Cycle

In the"egégﬁ}ﬂd step,the chemical

energy stored in ATP and NADPH
is transferred to the 3-PGA
molecules to form ———
high-energy molecules called
glyceraldehyde 3-phosphates (G3P).
ATP supplies the phosphate groups
for forming G3P molecules,

while NADPH supplies hydrogen ions
and electrons.

The chemical energy stored in ATP and
NADPH is transferred to make a G3P
molecule.

12 JaTPF
(—V 12 ADP

_~12 NADPH

f
%

12 NADP

12

G3P



3 The Calvin Cycle

In the third step, two &3P COE

molecules leave the cycle to be
used for the production of ———
glucose and other organic

3-PGA

lf‘ATF -
compounds.
1}"_ ADP
12| NADPH
How many G3P left?.
"" 12 NADP*
10@@9

@;ﬁ@

Glucose, fructose,starch.atc



4 The Calvin Cycle

In the final step of the Calvin coz
cycle, Rubisco 12 3-PGA
- u =
an enzyme called rubisco L
at RuBP hd g
converts the remaining ten 63P 12 JATP
molecules into 5-carbon ' ( "
molecules called ribulose 1, 5- - I 12 ADP
bisphosphates (RuBP).i B Carbon Molecules 15 NADPH
These molecules combine A+ /Regenerated (
with new carbon dioxide 6 if‘.T.'i-i ﬁ"'m.i 12 NADP*
. v
molecules to continue the cycle 10 12
G3P

At converting G3P to RuBP,G3P
molecules regenerated,

How many ATP would be consumed?.

ok
ofe
c c c c c C

Glucose, fructose,starch.atc



Which molecule helps provide the energy
that drives this cycle?

A. 3-PGA I S
B. CO, B
(C) NADPH '

12 NADPH
D. rubisco

Which product of the Calvin cycle is used for 12 NADP"|

the production of glucose and other organic
compounds?

fnacioie, taich, el

A. ADP Q. How many carbons does G3P have?

1
D. NADP* ()3 6



Q. When carbon first enters the Calvin cycle, what molecule does it combine with?

PGA

O RUBP

G3P
ATP

Q. What is the product of the Calvin Cycle?

Rubisco

Oxygen

C)’;Ig,rceraldeh}rde 3-Phosphate (G3P)
Starch

Which step occurs during the Calvin cycle?

a) formation of ATP

formation of six-carbon sugars

c) release of oxygen gas

Where does

thylakeid

lumen

d) transport of electrons by NADP*

B0,
$
O
# ribukose |54 289 plddy
: w 212 ATPE
-E-ADP T
oxp f 20
:i.ﬁIFE
awmm The Calvin Cyele 2 NADPH
EE.’-F' ] mp-:
12 G3F
amnm e
chioroplict 1o make gotons
bk, 1ldh, e,

the Calvin Cycle occur?

Oﬂfﬂl‘l’la

mitochondria




At the end of the Calvin EYC'E where is a process in which energy is stored in organic molecules.
is energy stored? @ Calvin cycle
b) Carbon fixation
A. NADPH

c] glycolysis

B. ATP d) Krebs cycle

C. chloroplast

glucose

At the beginning of photosynthesis, which Which molecule is produced in the final step of the Calvin eycle?
molecule is split to produce oxygen (O,) as a
waste product?

Acetyl COA
A. 3-PGA -
B. CO, .
HEG Carbon dioxide (C0O2)
D. GE-H"IEI:}E """""""""""""""""""""""""""""""""""""""""""""""""""
.‘ Ribulose 1, 5-bisphosphate (RuBP)
T

Glyceraldehyde 3 phosphate (G3P)



Which step occurs during the Calvin cycle ?

formation of ATP .a

transport of electrons by NaDP* b

release of oxygen gas .c

Which supplies energy used to synthesize carbohydrates during the Calvin cycle?

H2O0 and O 3

CO2 and ATP n

ATP and NADPH O

MADPH and H2O 4

formation of six-carbon sugars

6) What is the Calvin Cycle?

The second phase of photosynthesis

Where energy from sunlight is stored in ATP
Another name for the water cycle

All of the above

MNone of the Above

How can environmental factors such as light intensity and
carbon dioxide levels afTect rates of photosynthesis?

Increased light and CO2 decrease photosynthesis rates

Only increased hght leads to increase photosynthesis rates

|
Only increased CO2 leads to increase photosynthesis rates



Why are NADPH and ATP not suitable for long-term
energy storage in plants?

They are not stable enowegh 1o store chemical energy lang-term [.]
¥ o e Chig ¥ Lx] L= Y
Ty o b o

What is the main purpose of photosynthesis?

To convirt ght enengy from the dun into chemical enengy a

What is the relationship between the light-
dependent reactions and the Calvin cycle?

The light-dependent reactions provide ATP and HADPH for the Cakdincycle )

What is chemiosmosis in the context of
photosynthesis?

The machanism by which ATP i produced o & result of the flow of slectrans a
down b concerination gradient

Which adaptation allows C4 plants to thrive in hot,
dry environments?

Thay fiz carbon dioxide inte fepr-carbon compownds and keep Mlemata cloded G
during hat diays

What is the role of rubisco in photosynthesis?

b comverts GIP molscules inlo RuBP in the Cabdn opche Q

o)l ;o ALl

What is carbon fixation in the Calvin cycle?

i COM

warpion of inorgank

r corhon dioaite b orgsni comgouncs

-]

Which of the following is also known as the
tricarboxylic acid (TCA) cycle?

el oyche

Where does glycolysis occur in the cell?

In the eytoplasm

What is the net yield of ATP from glycolysis?

What is produced during alcohol fermentation that
is not produced during lactic acid fermentation?

Carbon dioxide




What type of process is glycolysis?

Anporobid prodoit

What are the two main parts of cellular respiration?

Kigbs cycle and elechicn Iransgsnd
Glycaolysis and aerabic respiration

Fhotosynthess and fermentabon

Lactic acid fermemabsn and alcohal fermenlalion

o)l ;o ALl

What happens during the preparatory reaction
before the Krebs cycle?

Pyfuvali Feaita wilh Sodn s A bo Porm bobtyl Coll

Where do prokaryotes perform electron transport
since they lack mitochondria?

I the cpliular memBrang

What is the final electron acceptor in the electron
transport chain during cellular respiration?

Oorygen

What is the relationship between photosynthesis
and cellular respiration?

Thay are nierrelated and provide most energy for ele processes
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BID.3.1.02.02E Ve a model 1o illustrate that serobic cellular respiration is a chemical process whereby the bonds of food molecules and

9 Information from text az
ouygen molecules are broken and the bonds in new compounds are formed resulting in a net transfer of energy.
Infarmation from text 43
10 BID.3.1.02.02E Use a model to illustrate that serobic cellular respiration is a chemical process whereby the bonds of food molecules and
ouygen molecules are broken and the bonds in new compounds are formed resulting in a net transfer of energy. Figure 12 43
11 BI0.3.1.02.029 Investigate factors that affect the processes of fermentation o cellular respiration in living organisms. Figure 14 + Question below it a5
12 BID.3.1.02.029 Investigate factors that affect the processes of fermentation or cellular respiration in living organisms. Information from text a5
Infarmation from text 13
23 Bl0.3.4.01.02E Describe the complementary processes of cellular respiration and photosynthesis with respect to the Nlow of energy and the
" .
eycling of matter within ecosysterms, and explain how human activities can disrupt the balance achieved by these processes Demonstrate Undertanding: a6
Question 4
3 BI0.3.1.02.020 Investigate factors that affect the processes of fermentation ar cellular respiration in living organisms. Information from text A%
Infarmation from text a4
2 BI0.3.1.02.02E Use a model 1o illustrate that serobic cellular respiration is a chemical process whereby the bonds of food molecules and
oxygen molecules are broken and the bonds in new compounds are formed resulting in a net transfer of energy. Figure 13 a
- B10.3.4.01.02E Describe the complementary processes of eellular respiration and photosynthesis with respect to the fllow of energy and the ——— 5
1
cycling of matter within ecosystermns, and explain how human activities can disrupt the balance achieved by these processes B
6 BI0.3.1.02.02E Use a model 1o illustrate that serobic cellular respiration is a chemical process whereby the bonds of food molecules and Information from text a
oxygen molecules are broken and the bonds in new compounds are formed resulting in a net transfer of energy.
37 BI0.3.1.02.028 Use a model w illustrate that aerabic cellular respiration is a chemical process whereby the bonds of food molecules and Information from text az
oxygen molecules are broken and the bonds in new compounds are formed resulting in a net transfer of energy.
Information from text 44, 45
}D i B "
BI0.3.1.02.029 Investigate factors that affect the processes of fermentation of cellular respiration inliving organisms. Explain Your Thinking “

Quiestion 5




Basic Steps Involved
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" 1Glucose |

Cellular Respiration

© cLycovysis 2 {418
2 [NADH|+ 2 '
1) Glycolysis 2 Py ack
O N %
COENZYME A Y
{ L
2 Acetyl

:2) Acetyl CoA Formation S

3 A
| CYCLE

@ Krebs Cycle | o .

0 ELECTRON
TRANSPORT
CHAIN

@Electmn Transport System
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W Figure 1 Celuerrespirator nccurs i he miachondrz, lhe enercy power s

Cellular respiration It ol
pccurs in two main parts: Wiochondron
1- Glycolysis |
2- Aerobic Respiration.

Glycolysis is an -
process, meaning it does not
oxygen.

- respiration involves:

A. the Krebs cycle .
B. electron transport.

0
Vitochondin TP

0\
e
mo

Aerobic processes oxygen

Endnfplasn*it L
reficulum
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Krebs Cycle

* Also known as the tricarboxylic acid (TCA) cycle
= Also known as the Citric acid cycle

* Most of the energy from the glucose is
still contained in the pyruvate.
* The series of reactions in which pyruvate

is broken down into carbon dioxide is
called the Krebs cycle.

When oxygen is present,
pyruvate is transported into
the mitochondrial matrix.

Pyruvate

(from g'r,-mrysus]
4 -
Acetyl CoA
cYc e

RM
Citric acid

Fnre carbon

% n‘ltlléf.ulﬂi

«"*O

Figure 12 Pyruvate is broken down into carbon dioxide
during the Krebs cycle inside the mitochondria of cells

Trace Foliow the path of carbon molecwes that enter and
leave the Krebs cycle,



3efore the Krebs Cycle Pyruvate
) ] (from glycolysis)
* Pyruvate first reacts with coenzyme A (CoA) to co;

form a 2-Carbon intermediate called acetyl -
CoA. k-

* At the same time NAD+ is converted to NADH

'NAD*

NADH

and carbon dioxide is released. Aty (Con
= Acetyl CoA then moves to the mitochondria OO—coh

matrix.
* Yield per glucose molecule=2C0Oz and 2NADH are

produced. | prmste

oAy,
Glycolysis m -‘B B coa
e 75
Glucose G@G 'i::'x HEG

2 Pyruvate B ¥y



Krebs Cycle

* Two molecules of pyruvate are
formed during glycolysis.

* This means that there are two
"turns” of the Krebs Cycle for each
glucose molecule.

Steps of Krebs Cycle
-Acetyl CoA combining with a 4-Carbon
compound to form a 6 - Carbon compound
known as citric acid
= Citric acid is then broken down in the

c,c,c,c,c.c

F alw
Pyruvale Glucose if .-.r.:'r.;:;rdg.-'.m

B glycalysis)
(& &P

fl'.\v:l_"l.'

BLAD

KAaDH
Acetyl Cod

CAC pul

CitFe ek

Four carn Citre acdd

corpaund

Ll HADH

NAD" “Ive C2roan
empourd

ATRT

AP
NAD*

FADH e  NADH

next series of steps, releasing 2
molecules of CO2 and generating 1ATP,
3NADH, and 1FADH2.

» FAD is another electron carrier similar
to NAD+ and NADP+

The net yield from the Krebs cycle is=
-6 CO2 molecules

-2 ATP

-8 NADH

-2 FADH2.




Steps of Krebs Cycle

Pyruvate

1-Acetyl CoA combining with a 4-Carbon (from glycolysis

compound to form a 6 - Carbon cnmpuund

known as citric acid

= Citric acid is then broken down
in the next series of steps,
releasing 2 molecules of CO2
and generating 1ATP, 3NADH,
and 1FADH2.

= FAD is another electron
carrier similar to NAD+ and
NADP+

= Acetyl CoA and citric acid are

generated and the cycle continues.

NAD*

'NADH

Acetyl CoA

@O CoA

Four carbon Citric acid

compound
'NAD*

Krebs

o)
' Cycle

Five carbon
compound

~ATP -
ADP

FADH; ‘NADH




Pyruvate

= The net yield from the _ Gromoyolysi)
Krebs cycle is= (%
-6 CO2 molecules

'NAD*

NADH
-2 ATP Acetyl CoA
- 3 NA DH @{9—CoA
-2 FADHZ2.
Four carbon
Trace Follow the path of carbon molecules that compound

'NAD*|
enter and leave the Krebs cycle. * :

NADH 'NADH
From pyruvate to citric acid to a INAD*! Five carbon
compound

five-carbon compound to a four-
carbon compound.



What is the overall purpose of cellular Which is not a stage of cellular respiration?
respiration?
E} to make ATP Krebs cycle a
B. to process H,0O
C. to store glucose
D. to deliver oxygen

glycolysis b

electron transport chain ¢

lactic acid fermentation

Which rEprEEE'HtE the gErIE.‘rﬂl When pyruvate acid is converted to a 2-carbon intermediate
sequence of cellular respiration? o

molecule called acetyl CoA it produces......ccmmmmmmsmm

=l T3 + ST

A. TCA cycle — chemiosmosis — glycolysis

glycolysis — Krebs cycle —» electron transport ‘:) R —
C. electron absorption — catalysis — phosphorylation

D. aerobic pathway — anaerobic pathway — FADH, + CO.
fermentation

FATITI: + ATHF




?Which occurs during the Krebs cycle

breaking down pyruvate @

producing ethyl alcohol b

capturing light ener . . . , :
i S LA Which organelle is illustrated in the figure?

creating glucose d a) Golgi apparatus

Mitochondrion

c)] MNucleus

d) Endoplasmic reticulum




Which molecule generated by the Krebs
cycle is a waste product?

A. CoA
itochondri SATe JATP -
COE » Mitochondrion | #,:.;r:} }.:.:':*
JATPZ Anp
PN
C. FADH, 7
D. NADH

Glycolysis

During the Krebs cycle,
pyruvate is broken down
into what compound?

A. H,0
B. O,

Pyruvate
(from glycalysis)
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(Electron Transport Chain |

e e -

Intermembrane space Electron transport chain

inner :
mitochondral
membrane

H* H'
Pyruvate

synthase

H'
| /
. . -w 0,
E p ) 8
L]
10 NADH s ATP

L]
(1]

m " ; 20,
8

Mitochondrial matrix

Figure 13 Electron transport occurs along the mitochondrial membrane

Compare and contrast efectron transport in ceflular respiration and photosynthesis

The start of the electron transport
chain begins with the 10 NADH
molecules and the 2 FADH, molecules
releasing electrons.

The released electrons move along the
inner mitochondrial membrane from
one protein to another.

The energy carriers are converted to
MNAD* and FAD, and H * ions are
released into the mitochondrial matrix.

The H *ions are pumped into the
intermembrane space through the
proteins in the inner mitochondrial
membrane.

This creates an increase in the
concentration of H * ions in the
intermembrane space.



o — —— e

| Electron Transport Chain |

* As a result of high concentration in the
intermembrane space and a low
concentration in the mitochondrial matrix, the

H * ions diffuse down their concentration

chond
mn'mllnﬁll::]rﬁri:-ml gradient back across the inner mitochondrial
membrane and into the mitochondrial matrix
Pyruvate ' through ATP synthase proteins in
chemiosmosis.

* Asthe H*ions move through the ATP

synthase, ADP is converted into ATP in the
mitochondrial matrix.

0MAOK w

) Oxygen is the final electron acceptor in the

: ' electron transport system in cellular

m: i~ respiration. The H ¥ ions and electrons are
transferred to oxygen to form water.

Overall, electron transport produces 32 ATP. Each NADH
molecule produces three ATP and each group of three
FADH2 produces two ATP. In eukaryotes, one molecule of
glucose yields 36 ATP under ideal conditions.

tochondrial matrix




Electron Transport Chain
* The final step in the breakdown of glucose.
* Point where most ATP is produced.

* Electrons and hydrogen ions from NADH and FADH2 produced in

Acetyl CoA Formation and Krebs Cycle are used to cunvert ADP

to ATP Intermembrane space Electron transport chain

Inner Y

Pyruvate mitochondrial H* (=
membrane A

Mitochondrial matrix

* Occurs along the mitochondrial membrane.

Electron Transport Chain
Uses high-energy electrons from the Krebs Cycle to convert ADP into ATP

* Electrons move along mitochondrial membrane from one protein
to another.

o m{DH
g NAD*

What happen to NADH and FADH?



* Those H+ ions then diffuse through ATP synthase into the mitochondrial matrix.

= The H * ions are pumped into the intermembrane space through
P P P 9 » This process converts ADP to ATP in a process called chemiosmosis

the proteins in the inner mitochondrial membrane.
= Protons and electrons are transferred to O2 to form H20.

= Oxygen is the final electron acceptor.

This creates an increase in the concentration of H+ ions in the
intermembrane space.




= How many ATP, NADPH, and FADH2 are produced in each glucose

molecules?.

Glycolysis
{in cytoplasm)

| (2) pyruvate |

| (2) pyruvate |

v

[ (2) Acetyl groups |

Preparatory
step and
Krebs Cycle L
in mitochondria d', i = (2) ATP
{ } co, . Krebs J @
™. = ad
' Y
(8) NAD* (8) NADH
Electron (9 FAD (9 FTP ",
Transport 0 g
System . + X Electron
(in mitochondria) ' transport ﬁ- (32) ATP
H.,O v system

W
T

Each Glucose Molecule

Em Net energy yield
(Several
Sleps) > (2) ATP

Net:
«2 ATP
«2 NADH
2 Pyruvate molecules

MNet:
6 CO2
+2 ATP
+8 NADH
+2 FADH2

Net:
Each NADH =3ATP
*Each FADH= 2ATP
02 +H20

CO,
NADH
FADH,

ATP

6

Electron Transport System
used to make ATP




Overall ATP Production

Electron Transport System 34
Citric Acid Cycle 2
Glycolysis 2
SUBTOTAL 38

When Pyruvate transport into Mitochondrion use NADH -2ATP

TOTAL

36




Compare between Cellular respiration in Eukaryotic and Prokaryotic

Eukaryotic Prokaryotic | memeane

cedl wal
1 Glucose 1 Glucose
molecule gives Al molecule gives
Net Total
36 ATP 0 38 ATP
Inner Electron Plasma
Mitochondrion | transport membrane
membrane location
‘i —> Thi 2
Enter R Stay in the is save

Cytoplasm ( no

Mitochondrion | movement Mitochondrion)




The electron transport chain begins with the
release of electrons from which molecules?

What drives the movement of H+ ions back into the

mitochondrial matrix through ATP synthase?
a) a) ATP and ADP

b) Glucose and Oxygen

@unu and FADH,

d) Carbon dioxide and Water

‘ What is the role of oxygen in the electron transport chain?

a) a) It provides the initial electrons. a) a) The movement of electrons along the membrane.

b) It pumps ions into the intermembrane space. b) The conversion of NAD+ and FAD to NADH and FADH..

@‘ is the final electron acceptor, forming water. ¢) The high concentration of H+ ions in the mitochondrial matrix.

d) It directly converts ADP to ATP.

( d) )I'he high concentration of H+ ions in the intermembrane space.
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Photosynthesis and Cellular Respiration

Photosynthesis and cellular respiration
are two important processes that cells
use to obtain energy.

-They are metabolic pathways that
produce and break down simple
carbohydrates (glucose).

-How these two processes are related?
-The products of photosynthesis are oxygen
and glucose, the reactants needed for
cellular respiration.

-The products of cellular respiration, which
are carbon dioxide and water, are the
reactants for photosynthesis.

Figure 13 Pholosyrihesis and celifar respration feem 3 Cycle,



Comparison of Photosynthesis and Cellular Respiration

Photosynthesis
Food synthesized

Energy from sun stored in glucose
Carbon dioxide taken in
Oxygen given off
Produces sugars

from PGAL

Requires
light
Occurs only in

presence of
chlorophyll

Cellular Respiration
Food broken down

Energy of glucose released
Carbon dioxide given off

Oxygen taken in

Produces CO,
and H-0
Does not
require light

Occurs in all
living cells




What are the two main processes that cells

use to obtain energy?

a) The Calvin cycle and the Krebs cycle

b) Digestion and Excretion

c) ?hutusynthesls and Cellular Respiration

d) Replication and Transcription

What are the products of photosynthesis?

a) Carbon dioxide and water
b) Oxygen and carbon dioxide

c) Glucose and carbon dioxide

Dx-,rgen and glucose

respiration.

the products of photosynthesis serve as the for cellular

a) Products

b) Byproducts

@leactants

d) Enzymes

What are the products of cellular respiration that are also the

reactants for photosynthesis?

@Earbun dioxide and water

b) Oxygen and carbon dioxide
c) Glucose and carbon dioxide

d) Oxygen and glucose




all dlwl

How many carbon dioxide molecules are produced
from one glucose molecule during the complete
Krebs cycle?

. > Which of the following processes is an What is produced during the conversion of
anaerobic process? pyruvate to acetyl CoA?

Six o
) ’ Krebs cycle Lactic acid

Eight

Elciran transporn Owygen

Tweo Alcohol fammentation ® J Carbon dioxide (]

Four Aerobic respiration Ethirl alooho)
What is regenerated during fermentation ; ; What is the role of coenzyme A (CoA) in cellular What happens to citric acid during the Krebs cycle?

g g ver ! Which process occurs in both prokaryotes and Prlbiy Pyt
processes that allows glycolysis to continue? eukaryotes but in different cellular locations? respiration?
It is broken down, releasing two melecules of carbon dioxide o
2l Glycolysis It i the final electron acceptor in the electron transpon chain
Pyruvate Lactic acid fermentation It is converted to glucose
It comverts lactic acid back to pyruvate
Oxygen [ Electron transport 9
. ) It is stored for later use
It breakes down glucase during glycolysis
MAD* o ‘ Photasynthesis
It reacts with pyruvate to form acetyl Col 0 Itis comverted to pyruvate
What is the net yield from the Krebs cycle? What is formed when acetyl CoA combines with a
4-carbon compound in the Krebs cycle?
Eight carban dioxide malecules, six ATP. two NADH, and two FADH2 (
Citrie acid []
Two carbon dioxide molecules, six ATP, two NADH, and eight FADH2 Lictic ocid
Six carben dioxide molecules, two ATF, eight NADH, and twa FADH2 ° Pyruvate

Two carbon dioxide molecules, two ATP, eight NADH, and six FADHZ2 Ethyl aleahad



In which part of the cell does the Krebs
cycle occur?

Mitechondrial matrix

Endoplasmic reliculum

Cell membrane

Cyloplasm

What is the significance of oxygen in cellular
respiration?

It is npeded 10 form glucose

It 15 comnverted 1o carbon ditade

It is required fTor glycolysis

It is the final electron acceptor im the electren transport chain

all dlwl

What happens to NAD+ during glycolysis?

s broken down inlo carbon dioxide

[ It is converted to NADH (] ‘

It is the final electron acceplor

It combines with coenzyme A

Which of the following is NOT produced during the
Krebs cycle?

Glucose Q

ATR

NADH

Carbon dicxide

Which organisms perform alcohol fermentation?

Mitochondria

Skeletal muscles

Cyanobacteria

Yeast and some bacteria

3

What is the primary location of cellular respiration

in eukaryotic cells?

-

Mitochondria

o)

Mucleus

Gaolgi apparatus

Cytoplasm

What molecules carry electrons during cellular
respiration?

Carban dicsade and water

Glucose and axygen

ATP and pyruvate

‘ NADH and FADH; (]

Which process provides most of the energy for life
processes according to the text?

Glycolysis alone

Fermentation processes

The Krebs cycle alone

Photasynthesis and cellular respiration tegether Q




What is the relationship between photosynthesis

and cellular respiration?

They are interrelated and provide most energy for life processes

oth ocour ondy in plant cells

What happens during the preparatory reaction
before the Krebs cycle?

Glucose is braken down intd pyruvale

Pyruvate reacts with coenzyme & to form acetyl Col

ATP is converted o ADP

all dlwl

What are the two main parts of cellular respiration?

Krebs cycle and electron transport

Glycolysis and aerobic respiration

Photosynthesis and fermentation

Lactic acid fermentation and alcohol fermentation

What type of process is glycolysis?

Catabolic and anabolic process

Aerobc process

Anaerobic process

Photasynthetic process

Where do prokaryotes perform electron transport
since they lack mitochondria?

In the cellular membrane

I e cytaplasm

In specialized arganelbes

What is the final electron acceptor in the electron
transport chain during cellular respiration?

Hydrogen

What is produced during alcohol fermentation that

is not produced during lactic acid fermentation?

Carbon dioxide

Where does glycolysis occur in the cell?

In the Golgi apparatus

In the mitochondria

In the cytoplasm
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