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Bl1O.3.4.01.028 Describe the complementary processes of cellular respiration and photosynthesis with respect to the flow of energy and the

cycling of muatter within ecosystems, and explain how human activities can disrapt the balance achieved by these processes

Cellular processes require energy — the ability to
do work.

Thermodynamics is the study of the flow and
transformation of energy in the universe.

Compare the laws about how energy flows. Give an example of each.

First Law of
Thermodynamics

Second Law of
Thermodynamics

Defined

Energy is neither
created nor destroyed,
only transformed.

The amount of entropy
in a system is always
increasing..

Example

The body converts
stored energy in food
into chemical energy..

Some energy is changed
to thermal energy as
energy moves through
food chain.

Or to mechanical energy
when you kick a ball

Laws of Thermodynamics

First Law—The Law of Conservation of Energy: Energy can be
converted from one form to another, but it cannot be
created or destroyed.

Energy transformations

Chemical Energy

Light energy Chemical energy

Second Law: Energy cannot be converted without the loss of
usable energy; the energy that is lost generally converted to

thermal energy.
It also stated as “entropy increases”. Entropy is the measure of
disorder or unusable energy in a system.

Energy transfer and heat loss along a food chain
anergy heat lost

. / heat lost

¥ 2 . —
g caterpillar \
3 heat iost

4




= Entropy: is the measure of disorder, or unusable energy, in a system.

Explain second law of thermodynamics stated as entropy increases?

In a food chain, the amount of usable energy that is available to the
next trophic level decreases.

grass =2 zebra =2 lion

i

LS
100 Kcal

In accordance with the 2" law of thermodynamics,
there is a decrease in the amount of energy available

o I each succeeding organism in a food chain or web.




ElD.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

Autotrophs and Heterotrophs ?Qpes of Autotrophic Nutrition" |
v Directly or indirectly, nearly all the energy for life comes - e e
from the Sun. 2. Photosynthesis- makes
food from sunlight
. Autotrophs are organisms that make their own food. Some -
autotrophs, called Ehemoautotrophs, use inorganic substances such as hydrogen 67) Match each of the following definitions with ts term.
: ; organisms that make autotrophs
sulfide as a source of energy. Other autotrophs, such as plants, convert light energy their own food - —
from the Sun into chemical energy. Autotrophs that convert energy from the Sun are all the chemical metabolism

reactions in a cell T —

called |photoautotrophs.

anabolic pathway
that converts energy

frr?m ‘t‘heISun to f . photosynthesis
* Heterotrophs ingest food to obtain energy. Gee by celts
ability to do work | Energy I

organisms that need

to ingest food to - heterotrophs
\ P obtain energy
biological molecule
that provides | ATP
e = N - chemical energy
' study of the flow and .

transformation of . Thermodynamics -
energy

catabolic pathway . .
that breaks down _ Cellular respiration
organic molecules

Sunlight Autotroph Heterotroph Heterotroph




Autotrophs

PHOTOSYNTHESIS CHEMOSYNTHESIS ]

Food chain

Food chain

1. r

+ T o1 T
Tﬁ 1.

e kel

Reduced chemicals

Use light (sun) energy as a Use inorganic substances
source . such as hydrogen sulfide as
a source of energy.
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B10.3.1.02.025 Identify examples of the functions performed by the living organisms in which ATP is converted into ADP and inorganic
Autotraph

Phﬂiphﬂte Sunlight Heterotroph Heterotroph
' Figure 2 Almast all the energy in living arganisms ariginales from the Sun, and energy Nows fram
autotrophs 1o heterolrophs.

Autotrophs make their own food. Chemoautotrophs use inorganic substances such as
hydrogen sulfide as a source of energy. Photoautotrophs, such as the plant in Figure 2,
convert light energy from the Sun into chemical energy. Heterotrophs, such as the aphids

"Demonstrate Undertanding: and the ladybug in Figure 2, ingest fooad to obtain energy.

) i 33
Question 3 Metabolism

All of the chemical reactions in a cell are referred to as the cell's metabolism. As matter
and energy flow through different organizational levels of living systems, chermical

Information from text 32

elements are recombined in different wavs to form different products, A senies of
chemical reactions in which the produect of one reaction is the substrate for the next
resction s called a metabolic pathway, There are two main tepes of metabolic pathways:
catabolic (ka fuh BAH lik) pathways and anabolic {a nub BAH hik) pathways, Catabolic
pathwavs release energy by breaking down larger molecules into smaller molecules,
Anabolic pathways use the energy released by catabolic pathways to build larger
molecules from smaller molecules. As a result of these chemical reactions, energy is
transierred from one system of interacting molecules to another.

F.m_"rgu |,11n|;1mr,'||'|:u' flows between OFEAnISms, .
Photosynthesis is the anabolic pathway in which

light energy is converted to stored chemical energy

by converting carbon dioxide plus water into sugars 1 Smiight

plus released oxygen. The energy stored in glucose is |
transferred to other organisms when the molecules {autatrophs) "
are consumed as food,
B10.3.4.01.028 Describe the complementary processes of cellular respiration and photosynthesis with respect to the flow of energy and the Cellal S s catabolic pattoway in which €Oz + Ha0 O3 + Glucose

cycling of matter within ecosystems, and explain how human activities can disrupt the balance achieved by these processes onganic molecules are broken down o release energy. In Pl g J/
cellular respiration, omovgen 15 wsed to break down organic h fp'

mitleculiss, producing carbon disside and water, Notice Figura 3 Phalesymihesis and collular respiration provide

the qu;!u;.;l natume of thise Prucesses mn Fl'g“u-:lln mosd of the energy far e procesies

ATP: The Unit of Cellular Energy
W‘ F.m,'r“:,' exists in many forms, such as mechanical energy

and chemical energy. In organisms, chemical energy stored in biological moleculies can
be comverted to other forms, For 1,v|c.m||_1-i|,-, chemical CNETEY 15 comvertisd to mechanical
energy when muscles contract. Adenosine triphosphate (uh DEN uh seen  tri FAHS
fayt}—ATP—is the most important biological molecule that provides chemical energy.

e L AT T s P



BI10.3.1.02.025 Identify examples of the functions performed by the living organisms in which ATP is converted into ADP and inorganic

phosphate.

. All of the chemical reactions in a cell are referred to as the
cell’s metabolism.

A series of chemical reactions in which the product of
one is the substrate for the next is called a metabolic
pathway.

* Catabolic pathways release energy wp
ppad

by breaking down larger molecules.

ANABOLISM
© o N
P =]

o o = ENERGY =
OD-G. /;.l'- e o l':-.h

h72
P

* Anabolic pathways use energy to

build larger molecules.

Information from text

"Demonstrate Undertanding:
Question 3"

Photosynthesis: anabolic pathway in which light
energy from the Sun is converted to stored chemical
energy for use by the cell

Cellular respiration: catabolic pathway in which organic
molecules are broken down to release energy for use by

the cell |
l Sunlight
Photosynthesis

” (autotrophs) “

CO2 +H20 O2 + Glucose

QCellular respirationy

(heterotrophs)



Metabolism © s All of the chemical reactions in a cel

Metaholic Pathway

' A series of chemical reactions in which the product of
one reaction is the substrate for the next reaction.
' Metabolic pathway include 2 broad types:

0000 =

{ 3 f
Catabolism: large Anabolism: small
molecules are broken METABOLISM molecules are
down into smaller assembled into larger
ones, releasing energy ones, using energy
\ 7 \

— 0000 -

' What is the relationship between catabolism and anabolism?

*What is the relationship between catabolism and anabolism?

-Catabolic reactions release energy, While anabolic reactions
require energy.

-The relationship of anabolic and catabolic pathways results in
the continual flow of energy within an organism.

-Energy continually flows between the metabolic reactions of
orqanisms in an ecosystem.

Metabolic pathways

Anabolic: Small molecules are assembled ino large ones Energy s required.

0000 <« ==0000

Catabolic: Large molecules ar broken down into small ones. Energy is elease

0000=0000 -




Sunlight

Photosynthesis

ﬂ (autofrophs) “

Glucose

\Cellular respiration y

(heterotrophs)

Figure 3 Photosynthesis and cellular respiration provide
most of the enerqy for life processes.

* What is the differences between
catabolism and anabolism?

Anabolism:

-The buildup of complex organic
molecules from simpler ones,
-require energy .

-reactions are called anabolic .

Catabolism:

- The breakdown of complex
organic molecules into simpler
ones,

-release energy.

-Reactions are called catabolic




Metabolism

' Photosynthesis: light energy from the Sun is converted
to chemical energy for use by the cell @

Metabolism

t Cellular respiration & :organic molecules are broken down
fo release energy for use by the cell

Answer the questions 1-Photosynthesis is. 21909lc_nathway. Answer th questions A
- Z‘The reaction happen In“UTOT"OPhS l'celll.llﬂf' respimﬁon iS..Cﬁmb.OJiC.pQThWGY. (e oy
(au’ro’rrophs/he‘rero’rrophs/.alI orgaqlsms) 2-The reaction happen in AlLaxgris ’-l
3}; Induca’rg the materias involved i (autotrophs/heterotrophs/all organisms)
e gEatian. 3-Indicate the materials involved in the | IREEEERN | (1| eemupmc
Light energy,Coz and water reacton — o o] || aomomn
4-\|Nha'r results from the reaction? Glucose and 02
ounig g Gucose.and O? 4-What results from the reaction?
; (ucos)e 5T-|:Nha’r is the m;aor’ranhce olf glucose? ATP enery Co and wer
» sugar) | The energy stored in the glucose L
Carbon dloxide - 5-What s the importance of oxygen?
: :’? + | poduced by phtosyhess con be Oxygen is used TE break downxtz’rg ani @ w
Photosynthesis  Oxygen transferred to other organisms when V9 g
Water the molecules are consumed as food. mcilecules (glucose) so the stored energy
release .




Chemical energy is stored in ATP

ATP: The Unit of Cellular Energy
chemical energy is converted to mechanical

Adenosine triphosphate (ATP) is the most important energy when the muscle contract
biological molecule that provides chemical energy.

‘. Triphosphate
 ATPis a nucleotide made of an adenine base, a . il (P
ribose sugar, and three phosphate groups. . il
,
ATP releases energy when the bond mrgy &

between the second and third h
phosphate groups is broken forming a | ADP
molecule called adenosine diphosphate ’E. | n'p;?*fﬁfi
(ADP) and a free phosphate group. A

Ribose




ATP Structure

t Adenosine triphosphate (ATP):is the most important biologica
molecule that provides chemical energy.

, —_— some
Adenosine

energy

1 ATP is the storehouse of chemical
energy that can be used by cells

. . Ribose
In reactions.

itle bit
energy

alot of
energy

v ATP is found in all types of organisms.

v ATP is a nucleotide made of ......base/........ suaar/3

Vocabs: g Mg OUtcomes
ATP, ADP, Phosphate escmbe how energy is s’rored
| bond, Metabolsm, and released by ATP

. +Is there other carri o

abel TPyl and el

weses ragert 7 S

’f enerqy within cells? e |8 -can‘co‘mparephotosynthesisand
q [ Qresp|rat|on.

ATP function €}

t ATP releases enerqy when the
bond between the second and

third phosphate groups is broken,

forming a molecule called
adenosine diphosphate (ADP) and

a free phosphate group.

 When is energy stored again?

Energy is stored in the phosphate
bond formed when ADP receives a
phosphate group and becomes ATP.

Vocabs:
ATP ADP Phosphate
bond, Metabolism,
Anabolic, Catabolic

AP
" Triphospha

ppp+__

Aderine

Energy

\%

Enerey

AP

Dighosphate
(foup

BB h

Rbose

Figure 4 The
nonering el hw s n organisms

-

f

/

dhdommof AT

‘/' \‘
¢ )

LEarning
1)l J """"
Descrlbe how
energy is
stored and

released by
ATP

can [abel ATP
cycle and
explain energy
release.

- Can compare
photosynthesis
and respiration,

5 )

P releases energy for



Vocabs: \(Daam]ng PDUTCOMESH )
ATP, ADP, Phosphate Describe how

bond, Metabolism, energy is stored
ADP Anabolic, Catabolic and released by
d ATP

adenosine ﬂhm diphosphate

‘ % some
Adenosine energy

can label ATP cycle and
explain energy release.
- can compare

Ribose

ttle bit alot of photosynthesis and
© science aid.co.uk/biology energy energy res pl I’atiO n .
Q. Which of the following can be compared to a battery in need of recharging? @ o
PRV ¢ JA
O nor ATP vatbety
Ribose Adenosine
Q. Which of the following results in the storage of energy in terms of the ATP/ADP cycle? ATP e
W, 0
The breaking of the bond between the 5- OThe addition of a phosphate group e ‘:.i;'; AP ’:I:::;;
carbon sugar and the 1st phosphate group @ +0°
?
The removal of a phosphate group The addition of glucose ¥



Understand Main Ildeas Understand Main

6. Which is not a characteristic of energy? Ideas
A. cannot be created nor destroyed 6.D
B. is the capacity to do work /.B
C. exists in forms such as chemical, light, and mechanical 3.D
D. changes spontaneously from disorder to order 9. A

7. Which organism depends on an external source of organic compounds?
A. autotroph -
B. heterotroph
C. chemoautotroph —
D. Photoautotroph

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

A. the chemoautotroph B. the heterotroph

C. the Sun D. the photo-autotroph

9. What do cells store and release as the main source of chemical energy?
A. ATP C. NADP.

B. ADP D. NADPH



Which of the following paths of energy transformation can Which of the following molecules is the most abundant energy

occur only in autotrophs? carrier in cells and the main source of chemical energy?
Learning Outcomes Covered Learning Outcomes Covered
o B|23.1.02028 o BlIG30.020248
Chemical energy into mechanical energy ‘
b b )
Electrical energy into thermal energy ADP
T . . NADP*
Light energy into chemical energy
.............................................................................................. d
d NADPH
34) In cellular respiration, which of the following are products?
Mechanical energy into thermal energy [0 O3z
[ energy
0 H20
0 CO2

O CeH1206




1) Sam is building a campfire while camping with his family. Sam’s younger brother asks
how energy is generated from the burning log to make fire and heat. Sam studied
thermodynamics in science class the month before and is able to answer his brother’s
question. Which answer does he give?

(O The matterin the log is destroyed to generate excess energy.

(O The increasing entropy in the system creates usable energy.

(O Energy is continually generated by the fire’s high temperature.
(") Chemical energy in the log is converted to heat and light energy.

8) Which of the following defines metabolic pathways?

(O aseries of chemical reactions in which organic molecules are broken down to
release energy

() aseries of chemical reactions in which the product of one reaction is the
substrate for the next reaction

(O aseries of chemical reactions in which light energy converts into chemical energy

(O aseries of chemical reactions in which mechanical energy converts into chemical
energy

Correct Answer

Chemical energy in the log is converted to heat and light energy.

2) Elena is taking a guided hike through a New Hampshire forest in October to enjoy the
changing colors of autumn leaves. Her guide explains that the leaves change color as
the green pigment chlorophyll used in photosynthesis decomposes. Another hiker
asks the guide to explain photosynthesis. Which is the guide’s answer?

(O Photosynthesis is the process autotrophs use to make energy.
() Photosynthesis is the process autotrophs use to make sugar.

(O Photosynthesis is the process heterotrophs use to make sugar.
(O Photosynthesis is the process heterotrophs use to make energy.

Correct Answer

Photosynthesis is the process autotrophs use to make sugar.

Correct Answer

a series of chemical reactions in which the product of one reaction is the substrate for the
next reaction

11) Which of the following are parts of the structure of ATP? Select all that apply.
[ thymine
[ two phosphate groups
[] adenine

—
—

three phosphate groups

0 ribose

e

[] deoxyribose

17) In photosynthesis, which of the following are reactants? Select all chemical formulas
that apply.

0 0z

0 HO0

L] energy
0 €07

O CgH1206




1. Which is not a characteristic of energy?

. changes spontaneously from order to disorder
¢~ is the capacity to do work
2. exists in different forms

D can be created and destroyed CORRECT

2. Which organism depends on an external source of
organic compounds?

2., autotroph = chemoautotroph
B heterotroph M photoautotroph
CORRECT

3. Which part of this food chain — * 0

o
provides energy to just one \{ =3 ﬁ’%——, = %
other part? - % X

<., the chemoautotroph S2 “the Sun
-7 the heterotroph D the photoautotroph

CORRECT

5. Which does NOT describe photosynthesis?

> § a series of chemical ;': an anabolic pathway
reactions
B a catabolic pathway “ = a process that stores
CORRECT energy

of chemical energy?

A ATP S50 AMP
CORRECT

S ADP 2, ribose

4. What do cells store and release as the main source







B10.3.1.02.030 Describe that photosynthesis converts carbon dioxide plus water into sugars plus oxygen, which is released.

BID3.1.02 024 Explain that the hydrocsrbon backbones of the sugars formed during photosynthesis sre used to make smino scids and I som From ext o
other carbon-based molecules that can be assembled into larger molecules used, for exmmple, to form new o=lls

LESSON 2

PHOTOSYNTHESIS

FOCUS QUESTION
What do lettuce plants need to survive?

COwverview of Photosynthesis

Eecall the first Law of thermnodynamics, which states that energy can be converted from one
formm bo another, bat it cannot be created nor destroved. Photosynithesis is a complex
chemical process that converts energy from one form to ancther. It is the main way that
solar energy is captured and stored on Earth. Along with cellular respiration, it provedes
muost of the energy for life processes.

Most autotrophs. including plants, make organic compounds. such as sugars, by a
process called photosvnthesis. Recall that a basic function of photosynthesis is the
comversion of light energy inte chemical energy. The products and reactants of
photosyothesis are identifved e the overall chemacal reaction for phobosynthesis, which

i shawn beloaw,

%
6CO, + 6H,0 S C,H,0, + 60,

FPhotosymthesis ocours in bwo phases. Phase one of photosynthesis consists of reactions
called the light-dependent reactions. First, light energy is captured. or absorbed, by
organelles called chloroplasts, It is then converted into chemacal energy. which iz stored
in ATP and NADPH molecules.

Phase two of photosynthesis consists of a series of reactions called the light-
independent reactions. In phase two, molecules of ATP and MNADPH that swere formmed
in the phase one light-dependent reactions are used to make glucose, a form of sugar.

Onee glucose is produced, it can be joined to other simple sugars to form complex
carbohwvdrates, such as starch. The glucose molecules that are formed contain carbon,
hydrogen, and oxygen: their hydrocarbon backbones are used o make amino acids and
other carbon-based molecules that can be assembled inte langer molecules such as
proteins, lipids, or DNA used, for example, to form new cells.



Overview of Photosynthesis

% All life on Earth depends on solar energy. What is the benefit of photosynthesis for humans and animals?.
* Photosynthetic organisms (algae, plants, and cyanobacteria) transform Photosynthetic reaction produce oxygen which

solar energy into the chemical energy of carbohydrates. humans & animals breathe, and food (chemical
% Called autotrophs because they produce their own food. energy) in plants which humans & animals eat.

How does photosynthesis benefit plants?.

Indicate light energy and chemical energy?

Photosynthetic process enables plants to produce

ot G g | e maes Qo) which e st
-A process that captures light energy. \ ' ’
-Transforms light energy into chemical Do air(Coz),water provide energy for photosynthesis?.
e n e rgy: GLUCOSE
-Energy ends up stored in a sugar. No. o

The only source of energy for photosynthesis is

light energy.

|The overall |chemical equation for photosynthesis ‘

i, Chloroplast

6CO, + 6H,0 5 C.H,,0, + 60,

A
@ Once glucose is produced, it can be joined to other simple sugars to form complex

¥ crnoromms T carbohydrates, such as starch. The glucose molecules that are formed contain carbon,

-But this equation does not explain how process hydrogen, and oxygen; their hydrocarbon backbones are used to make amino acids and
of photosynthesis occur. 2

other carbon-based molecules that can be assembled into larger molecules such as

_Is blending carbon dioxide with the water in 9 proteins, lipids, or DNA used, for example, to form new cells.

exposed light condition results in glucose and
oxygen?




BI0 3. 102027 s & mode to illustrate how photosynthesis transforms light energy into stored chemical ensrgy

-Photosynthesis occurs inside plant cell chloroplasts.

-Photosynthesis occurs in 2 phases.
1-Light-dependent reaction (Light Reaction)
2-Light-independent reaction (The Calvin Cycle)

Phase One: Light Reactions

I'he absorption of light is the first step in photosymthesis. Plants have organelles that

capture, or absorb, light energy. Once the energy is captured, two energy storage

molecules, NMALIDPH and ATFE, are prodoced. These maolecules are used in the
light-independent reactions.

Chiloroplasts

Large organelles called chloroplasts capture ight energy in photosynthetic orgamsms,
Im E'\l]i!:ﬂ S -l_"l'l'ln.'il'l,rl_".‘-'l.ﬁ.\l_.-- are fowmnd mainlf..— iy the cells of leaves, As shown in 'ﬁgl.lf-e' :'—r_,
chloroplasts are disk-shaped organelles that contain two main compartments essential
to photosynthesis. The first compartment is called the thylakodid (THI la kowvd).
Th}"lakﬂids are flattened, saclike membranes that are arranged in stacks, The stacks of
thvlakoids are called grana (zingular, granum). The light-dependent reactions take place
within the thvdakodids. The second important compartment within the chloroplase is
called the stroma, the fluid-filled space that is outside the grana. The stroma, shosen in
Figure 5, is the location of the light-independent reactions that take place in phase two
of photosynithesis.

EGet s

Apply Look back at the photo at the beginning of the module. What cellular
structures in the plants absorb the light that passes into the greenhousea?

Leaf

N

Milo=zhondrion

Figuwre 5 Photosynthesis coours inside pigmented arganelles called chloropl asts.
Identify the iocotian of the sframe and thwokoids vathin o plonf oell




Phase One: Light Reactions

f)
Chioroplast
= The absorption of light is the first step in H,0 :

photosynthesis.

= Chloroplasts capture light energy.

.

= NADPH and ATP (energy storage
molecules) are produced.

¥

= These molecules are used in the
light-independent reaction.

Outer membrane

Inner
membrane

Leaf Chloroplast
Thylakoid

Granum

Thylakoid
space

(location of
phase one)

Stroma
(location of
phase two)

Leaf Tissue

Plant Cell wall

Cell




Chloroplast

-Large organelles in plant cell (mainly in the cells of leaves).
-Capture light energy.

-Are disk-shaped organelles.
-Has 2 membranes:* outer membrane & inner membrane.

-Contain 2 compartments essential to photosynthesis:*Thylakoids & Stroma

Compare between

Thylakoids

Stroma

The shape

Flattened, saclike
membranes ,arranged
in stacks (grana,
singular granum)

Fluid-filled space

outside the grana.

Type of Reaction

light-dependent
reaction

light-independent
reaction

Continents

Light-absorbing
pigments

Molecules and
enzyme need for
phase2 reaction

Chloroplast ~ Outer membrane

- Inner

lhes membrane
Granum

Thylakoid

space Stroma
(location of (location of
phase one) phase two)



B103.1 02027 Use a mode| to illustrate how photosynthesis transforms light energy into stored chemical energy

Pigments

Light-absorbing colored molecules called
pigments are found in the thylakoid
membranes. Pigments absorb specific
wavelengths of light energy, as illustrated in
Figure 6. Different pigments absorb different
wavelengths of light.

The major light-absorbing pigments in plants
are chlorophylls. There are several types of
chlorophylls, but the two most common types
are chlorophyll @ and chlorophyll b. The
structure of chlorophyll can differ from one
molecule to another, enabling distinct
chlorophyll molecules to absorb light at unique
areas of the visible spectrum. In general,
chlarophylls absorb light energy most strongly in
the violet-blue region of the visible light spectrum
and reflect light in the green region of the
spectrum. This is why plant parts that contain
chlorophyll appear green to the human eve.

Eﬁe‘t It?

Explain why many plant parts appear green
in color.

Absorption Spectrum of Photosynthetic Pigments
100

Percentage of Light Absorbed

400 450 500 B850 600 650 YOO
Wavelengths (nmj

Figure & Colorful pigments found in the leaves of trees
differ in their ability to absorb specific wavelengths of light.

Hypothesize the effect on light absorption if o plant did not
fave chlorophyil b,

Im addition to chlorophylls, most photosynthetic
prganizms contain accessory pigments that
allow plants to trap additional light energy from
otheer areas of the visible spectrum, D such
group of accessory pigments is the carotenoids
ikuh ROH tuh noydz). Carotenoids, such as
B-carctene (beta-carotene), absorb light mainly
in the blue and green regions of the spectrum,
while reflecting mast light in the vellow, orange,
and red regions, as shown in Figure 6.
Carvdenonds are the pigments that produce the
colors of carrots and sweet potatoes.

Chlorophylls are mare abundant than other
pigments in leaves, and thus hide the colors of
the odher i!lﬂll:l.-l,‘rl-t‘\.. Hiwvever, autumn im certain
parts of the United States can bring out shades
of :n't'|.|-.'|w, red, and (HFATgEE A8 the leaves turm
calors, as shown in Figure 7. As trees prepare to
lose their leaves before winter, the chlorophydl
maolecules break down, revealing the colors of
the other pigments

Figure T When chicrophyll breaks down in the leaves of
some trees, the other pigments bacome visshle,



Absorption Spectrum of Photosynthetic Pigment
-The major |igh1'- absorbing pigmenTs Absorption Spectrum of Photosynthetic Pigments

B I—— Vﬁ;m in plants are chlorophylls \
= N The most common 2 are chlorophyll a 3
Describe pigments?. iy & chorophl . g
-Light-absorbing-colored molecules. -In which region the chlorophylls £
absorb light energy more? ;
In the figure what is the pigment color ? Explain ey :
your answer. g
-Blue, The surface absorb all visible light E’/Get 1? | .
spectrum and reflect light in the blue region. ' 06080 B o B T
p g 9 "l'”.‘“ llf]xg(l)?;r: why many plant parts appear green o

Where pigment molecules found in plant cell, o e s

(et ot et

i
(z "

-Are found in the thylakoid membranes of chloroplasts.



Absorption Spectra of Photosynthetic Pigment

Compare between colorful pigment in
ability to absorb wavelengths of light.

Pigment Role in Absorbed Color
photosynthetic | wavelengths

Chlorophyll a | major green

Chlorophyll b | major green

carotenoids |accessory yellow-

orange

Caption Question Fig. 6 Without
chlorophyll b, the plant would absorb less
light. This might cause a reduction in the rate
of photosynthesis.

chlorophylls absorb light energy most strongly in

the violet-blue region of the visible hight spectrum

and reflect light in the green region of the
spectrum. This is why plant parts that contain
chlorophyll appear green to the human eye.

Chlorophyll a

o

i
|

chloroplast pigments

-h\
(=]
(=]

Absorption of light by

400 500

hlorophyll b

—Carotenoids

Wavelength of light (hm)

Hypothesize the effect on light absorption if a
plant did not have chlorophyll b.




Absorption Spectrum of Photosynthetic Pigment

Absorption Spectrum of Photosynthetic Pigments
100

-There are accessory pigments that 1

allow plants to trap additional light
energy such as carotenoids.

Example: [3-carotene

-In which region the carotenoids
absorb light energy more?

Percentage of Light Absorbed

- i 1 i 0
In whlc.h region the carotenoids T
reflect light energy more? Wavelengths ()
e FiQUIe 6 Colorulpigments found nthe leaves ofres
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B-carotene (beta-carotene), absorb light mainly
in the blue and green regions of the spectrum,
while reflecting most light in the yvellow, orange,
and red regions, as shown in Figure 6.
Carotenoids are the pigments that produce the
colors of carrots and sweet potatoes.

+ Tree prepare to lose their leaves before
autumn, the chlorophyll molecules break down

revealing the colors of other pigments.
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Photosynthetic pigments

Figure 7 When'chlorophyl breaks down in the leaves of
some trees, the other pigments become visible.
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i is?
1 4k e A 0 e i et R s 3) Whatis the compound that plants use to absorb the energy from light?
J Sunlight, oxygen, and sugar ot
@  CarbonDioxide
Water, soil, and oxygen
J g -
@ Sunlight, carbon dioxide, and water
O Nirogen
@  Carbondioxide, oxygen, and soil
O w
@ Sunlight, soil, and water
@ Chlorophyl
2) If plants breathe in carbon dioxide, what do they breathe out? : . .
s / 4) What color is chlorophyl? | Wiy dowe i chorpy s b e
@ Nitogen 0 R
@ Oxygen 0 B oo i .
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RS, = | Wherein the plant
REVEDW =N || celldoes
Atthe end of the Calvin cycle, | || Photosynthesis
where is energy stored? take place?
chloroplasts
A NADPH G ) : t
3 ATP . 99' apparatus

C. chloroplast C. mitochondria

glucose

Which range of wavelengths is
reflected by chlorophylls a and h?

A. 400-500 nm
500-600 m
C. 600-700 nm

Absorption Spectra of
Photosynthetic Pigments

Percentage of Light Absorbed
e
-

(0 LT . A
400 500 600 700
Wavelength of Light (nm)

Look at the following figure. Which
part of the chloroplast is a sac-
like membrane arranged in

stacks?

A. grana
B. stroma

(C)tylakids

D. Golgi apparatus




. light-independent reactions of photosynthesis
SRomn 3 occur here
thylakoid . . light-dependent reactions of photosynthesis
space = v occur here
inner membrane + > houses the thylakoids, grana, and stroma
outer . N protects the chloroplast from harmful
membrane i substances
grana + » houses numerous thylakoids
thylakoid + # traps energy from the sunlight using chlorophyll

72) Fill in the blanks 11einn the auailahla anewer choices.
Rubiscois a(n) €NzZyme _that converts inorganic carbon dioxide into

organic molecules during the final step of the Calvin cycle.

73) The major electron carrier involved in electron transport during photosynthesis is __.
O FAD

O naDP!
O Napt
O ADP

68) Where is the location of the light-dependent reactions?
(O matrix
O thylakoid
(O stroma
Q granum

69) What is the term called when referring to a stack of thylakoids?
(O stroma
() granum
O thylakoid
(O matrix

28) Place the steps of photosynthesis into the correct order from top to bottom

—
[—
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Light energy breaks down water into oxygen and hydrogen ions.

Electrons move through the electron transport and convert NADP+ into NADPH.
Hydrogen ions move through the ATP synthase converting ADP into ATF.
NADPH and ATP are used in the Calvin cycle.

Carbon dioxide is used to create glucose molecules.

Carbon dioxide is used to create glucose molecules.
Hydrogen ions move through the ATP synthase converting ADP into ATP.
Light energy breaks down water into oxygen and hydrogen ions.

Electrons move through the electron transport and convert NADP+ into
NADPH.

NADPH and ATP are used in the Calvin cycle.



Infarmation from text i
"Getit?” question il

003 L02.027 U mods! to illustrate how photusynthesi transforms ight energyinto stored chemical energy

Infarmation from text

B103.L.02.027 Use & model to llustrate how phatosynihesis transforms ight energy into stored chemical energy

Electron
Tt
electron transport. Thylakoid membranes have a large sarface area, which provides the
olecules and btwo types

nsport

structure of the thylakoid membrane is the key to efficient energy transfer during

space needed to hold large numbers of electron-transporting m

of protein complexes called photosvstems. Photosystemn [ and photosystem [ contain

ht-absorbing pigments and proteins that play important roles in the light reactions.

Follow along in Figure 8 on the next page as you continue to read about electron

transpaort.

= First, the light energy excites electrons in photosvstem 11 The light energy also causes a
water molecule to split, releasing an electron into the electron ransport svstem, a baedro-
gen ion [H')—also called a proton—into the thylakoid space, and the release of caoagen (00,)
as a waste product. This breakdown of water is essential for photosynthesis to occur.

= The excited electrons move from photosystem TTHo an electron-acceptor molecule in
the thylakoid membrane.

Mext, the electron-acceptor molecule transfers thie electrons along a series of elec
tron-carriers o photosystem L

In the presence of light, photosystem 1 transfers the electrons to a protein called
ferrodoxin. The electrons lost by photosystem [ are replaced by electrons shutthed

In.

= Finally, ferrodoxin transfers the electrons to the electron carrier NADP®, forming the
le MATTH,

Chemiosmosis AT is produced in conjunction with electron transport by the process
of chemiosmosiz, the mechanism by which ATP is produced as a result of the flow of
electrons down a concentration gradient. The breakdown of water is essential to this

fromm photosyst

werpgyv-shorage

process, not only for providing the electrons that initiate the electron transport chain,
but also for providing the protons (H) necessary to drive ATF synthesis during
chemiosmaosis

The protons (H) released during electron tranzport accumulate in the interior of the

thylakod, creating a concentration gradient. As a result of a high concentration of H* in
the thvlakoid interior and a low concentration of H® in the stroma, H™ protons diffuse

[ N T LT

down their concentration gradient out of the thylakoid interior into the stroma through
i char nbrane, as shown in Figure 8. These channels are

enzymes called ATP synthases. As H* moves through ATP symthases, ATP is formed in

nels spanning the me

the stroma.



Photosynthesis Phase One: Light Reactions

*The absorption of
light is the first

| e
*Chloroplasts capture | E,J
light energy. __Jj

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

*Use energy from light (T':'I;hl-?ifonsmcz }

to produce oxygen gas

and convert ADP and &
NADP+ into the energy
carriers ATP and "
NADPH
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Phase One: Light Reactions

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

The structure of the
Th)ilakoid
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Phase One: Light Reactions

Ik

the H+ release

during electron
ftransport

accumulate in.

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

The structure of the thylakoid @
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proteins and carrier
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Photosystems II




Lets identify the components of Eledron Transport

Complete (label) 1he flgur'e of Thylakoid

membrane.

Thylakoid space

Photosystem lI

ic
PO

Photosystem |

Stroma

Thylakoid
‘membrane

ATP
synthase

Ferredoxin




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

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
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

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

Thylakoid space

Stroma

2 NADP*

: Q

2 NaDPH



Electron Transport
* How to make up for the lost electrons by photosystem I 2.
They are replaced by electrons shuttled from photosystem II

* How to make up for the lost electrons by photosystem II 2.

Thylakoid space

They are replaced by electrons shuttled from water splits.

@ 2 NADP*
1 )

ADPH

Stroma

Chemiosmosis

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

thylakoid membrane.

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

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

Chemiosmosis

Thylakoid space

Stroma

= Explain the high concentration of protons (H+) in the thylakoid interior

1- The breakdown (split) of water.

2-The proton released durin lectron transport.
e proton released during electro anspo Thylakoid space

= On the figure, indicate
ATP synthase.

= Describe ATP synthase.

Ton channels spanning
thylakoid membrane, _ ‘
these channels are £ irhesod

OO A 2 NADP*

enzymes . vos : @
2
= What is Chemiosmosis ?

Stroma

NADPH

the mechanism by which ATP is produced as a result of the

flow of electrons down a concentration gradient.



Chemiosmosis

Chemiosmosis
—— . TN
 H+ protons diffuse down their concentration gradient out of the == + ATP is produced in conjunction with electron trans-port by
thylakoid interior into the stroma through ATP synthases % the process of chemiosmosis.
* As H+ moves through ATP synthases, ATP is formed in the stroma. + ATP is produced due to the flow of electrons down
concentration gradient.
Conclusion
X * The breakdown of water provides the necessary

protons for ATP synthesis.

-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.

o O




— In photolysis, a molecule of water is split to

replace electrons lost from chlorophyll, H*
for chemiosmosis, and oxygen. Infer How
> many molecules of water must be split
to make a molecule of oxygen gas?

1
H,O0 —2H" + 50, + 2e” H,0



2 1. Light energy excites electrons in photosystem |l

} 2. Light energy causes a water molecule to split, creating hydrogen ions and oxygen.
3} 3. Excited electrons move from photosystem Il through electron-acceptor molecules.
4], 4. Light energy excites electrons in photosystem | and transfers electrons to

ferredoxin.

5]' 5. Ferredoxin transfers electrons to NADP+, forming NADPH.
E} 6. Hydrogen ions in the stroma diffuse through ATP synthase.
7. ADPis converted to ATP in the stroma.

Hydrogen ions in the stroma diffuse through ATP synthase.

Light energy causes a water molecule to split, creating hydrogen ions and
oxygen.

Light energy excites electrons in photosystem | and transfers electrons to
ferredoxin.

Light energy excites electrons in photosystem |l.
ADP is converted to ATP in the stroma.

Excited electrons move from photosystem Il through electron-acceptor
molecules.

Ferredoxin transfers electrons to NADP+, forming NADPH.

{ Photosystem I &,

Elactron camiers




At the beginning of photosynthesis,
which molecule is split to produce
oxygen (O,) as a waste product?

Which mechanism of photosynthesis
uses the movement of hydrogen
lons (H*) across a concentration
gradient to synthesize ATP?

A. absorption

chemiosmosis

C. electron transport
D. C, pathway



Q. Where do the light-dependent reactions occur?

answer choices

thylakoid membrane stroma

mesophyll mitochondria

Q. What supplies the electron that is lost in P55 117

— —

- answwer choices -

oxXyEen water

slucose rubisco

Q. After the electron leave PS Il, where does it go next?

Electron Transport Chain NADPH Reductase

PS | Stroma




5) What is the name of the chemical where the energy is stored during the first phase of
photosynthesis?

> ATP

- ) Carbon dioxide
@ Chlorophyll

@ Oxygen

9 DNA

10) True or False: Photosynthesis is responsible for the world's oxygen supply which is
needed for animals to survive.

9 TRUE
] FALSE

8) What are the structures inside plant cells that contain chlorophyll called™?

MNucleus
Ribosomes
Chloroplasts

Lysosomes

Mitochondria




Which photosystem does the light-dependent reaction begin with?

A. Photosystem |
B. Photosystem ||

Light absorbed by photosystem Il serves to excite electrons in what
molecules?

A. Chlorophyll b molecules

B. Chlorophyll a molecules

C. Accessory pigment molecules




After NADP reductase transfers the electron from ferredoxin to NADP+, the

NADP+ required how many electrons so that it can be reduced into
NADPH?

AT
B. 2
C.3

What are the products of the light-dependent reaction?

A. Glucose

B. Ferredoxin

C. NADPH and ATP



103,102,030 Describe that photosymthesis converts carbon dioxide plus water into sugars plus oxygen, which is released.

Information from text

38

Figure 9

3

103.1.02.030 Describe that photazynthesis converts carbon dioxide plus water into sugars plus aiygen, which i relensed.

Imformation fram text

39

Figure 2

38
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1 The Calvin Cycle

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

|thrr dose Co2 fixation mean?. ‘

-Carbon fixation or carbon assimilation

is the conversion process of inorganic
carbon (carbon dioxide) to organic
compounds by living organisms.

6@ co:

12 3-PGA
RuBP
6

The joining of carbon dioxide with other
organic molecules is called carbon fixation.

Yo

'Carbon fixation,

(3-PGA).

* six carbon dioxide (CO2) molecules combine with six
5 carbon compounds (RuBP) to form —»———
twelve 3-carbon molecules called 3phosphoglycerate

3 The Calvin Cycle

In the third step, two G3P
molecules leave the cycle to be
used for the production of ———
glucose and other organic
compounds.

]How many G3P left?. ‘

\ e

s©

CO2

120 3-rca
RuBP

e cc e c

12 JATP
L 12 ADP
12 NADPH

12 NADP*

12
qoeg

2 000
ooetaee

Glucose, fructose,starch.atc

2 The Calvin Cycle

is transferred to the 3-PGA
molecules to form ———
high-energy molecules called

for forming G3P molecules,

and electrons.

In the second step,the chemical
energy stored in ATP and NADPH

glyceraldehyde 3-phosphates (G3P).
ATP supplies the phosphate groups

while NADPH supplies hydrogen ions

molecule.

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

4 The Calvin Cycle

In the final step of the
Calvin cycle,

an enzyme called rubisco
converts the remaining ten
G3P molecules into 5-
carbon molecules called
ribulose 1, 5-
bisphosphates (RuBP).
These molecules combine
with new carbon dioxide
molecules to continue the
cycle

molecules regenerated,

At converting G3P to RuBP,G3P

How many ATP would be consumed?.

6@
C0O2
12 <m 3-PGA
RuBP ,
6 (#
12 ADP
12 NADPH
12 NADP*
12
G3P
e
cO
Rubisco 12000 3-rea
RuBP
3 ADPA’\' 12 508
5-Carbon Molecules 12 NADPH
jkgenem?ed
6 HIK 12 NADP*
10 12
G3P
I 2000
!
(c clclclc c]

Glucose, fructose, starch.atc




6 CO
&

Rubisco )I ‘ 12 3-PGA

6 ribulose 1,5-bisphosphate S00 gy A
' C12ATPC

6 ADP| Py
Ty 112 ADP. ‘%
JBATP ¢

5 NADPH
g The Calvin Cycl O
6 ribulose-5-phosphate e Calvin Cycle 12 NADPH 2
5 G3p 112 NADP* :
- 900
¢
Transported from

chloroplast to make glucose,
fructose, starch, etc.

‘ Determine the compound in which energy is stored at the end of the

aIv cle
(I" dsé and other organic molecules (fructose, starch); also

accept G3P




Chloroplast

SUN
Light Reactions

Light Energy y . CalvinCycle
/

T

Overall Reaction
6 CO, + 12 H,0 + Light Energy = C,H,,0,+ 6 0, + 6 H,0

Explain rubisco is considered one of
the most important biological enzymes

Because rubisco converts inorganic
carbon dioxide molecules into organic
molecules that can be used by the cell

60,

RubkEco N 123-P6A

6 ribulose 1,5-bis;hosphate

6 ADP|
S 6ATP )

| éribulose-S-phosphate

2 G3P
?

Transported from
chloroplast to make glucose,
fructose, starch, etc.

The Calvin Cycle = N-ADP'Hj

112 NADP*

1- a@Erm. of energy

Plants use the sugars formed during the Calvin cycle both as:

2 ST .blocks for complex carbohydrates, including @EINES which
provides structural support for plants.




Compare
between light
reaction &

Calvin cycle

Calwim

Stages Light independent reactions
Light dependent reactions & P )
Differences (calvin cycle)
Location Thylakoid membranes Stroma
light / H20
Input Chlorophyll ( photosystem |, CO, ,ATP / NADPH
Requirements photosystem lIl) Rubisco (enzyme)
ADP / NADP
Out put NADPH / ATP( chemical energy stored) Suger (Glucose)
Products Oxygen ( waste product) ADP+P / NADP+
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The figure below shows Calvin's cycle, study it and answer the
question: which letter of the following refers to rubisco enzyme?

o B (A)
4 Bykad
em 8 - g
B e 1.5-hi hate W
0600 12ATPe

;ﬁ.an*"‘ ’ N\ E v
sl 12ADP

1)
gl &

Use the equation below to answer the question:
Which of the following molecules is the waste product of
photosynthesis that is released to the environment?

6C0O,+6H,0—-CsH1206+?

Learning Outcomes Covered

@ BlO3.1.02038

Carbon dioxide Q

Ammonia



1. What is a waste product of photosynthesis thatis | 5. Which best describes the role of rubisco?
i i ?
Based on the diagram below, that shows the structure ol the LB ] B i) ki | released into the environment? B T S T T,
chloroplast, which of the following refers to a stack of thylakoids? T LN 6CO, + 6H,0 ik CH O 47 w the Sun ’ ’ c .
T S
outer membrane 350 carbon dioxide & It produces the electrons that are carried along
the electron transport chain.
o water ) _ BT
c It converts inorganic carbon dioxide into  CORRECT]|
C  oXygen CORRECT organic molecules that can be used by the cell.
iv: ST S" It splits molecules of water, releasing protons.
Learning Dutcomes Covered
b:,L Lo 4. Which supplies energy used to synthesize
carbohydrates during the Calvin cycle?
| S’@ CO, and ATP S.’@ NADPH and H,0
> B ATP and NADPH 2~ H,0and 0,
CORRECT
i 3
51) Fill in the blanks using the available answer choices.
Glucose is formed during the light-independent phase of
4 photosynthesis.

58) Fill in the blanks using the available answer choices.

Inorganic carbon dioxide cannot be converted into organic molecules during
photosynthesis without the enzyme Rubisco




At the end of the Calvin cycle, where
IS energy stored?

A. NADPH
B. ATP

C. chloroplast
D. glucose

How are the C, pathway and the CAM
pathway an adaptive strategy for
some plants?

Which mechanism of photosynthesis
uses the movement of hydrogen
lons (H*) across a concentration
gradient to synthesize ATP?

A. They accelerate photosynthesis.

B. They release more oxygen.

C. They help the plant conserve water.
D. They reduce the requirement for ATP.

A. absorption

B. chemiosmosis
C. electron transport
D. C, pathway

At the beginning of photosynthesis,
which molecule is split to produce
oxygen (O,) as a waste product?

A. CO,

B. H,0

C. CH,,0;
D. 3-PGA




Which molecule helps provide the
energy that drives this cycle?

A. 3-PGA
B. CO,

C. NADPH
D. rubisco

Which product of the Calvin cycle is used
for the production of glucose and other
organic compounds?

A. ADP
B. CO,
C. G3P
D. NADP*

step 1 BV
al o
L ‘ 123-PGA
6 ribulose 1,5-bisphosphate o000 vy
12ATP.
6 ADP- vy
12 ADP-

6ATP .

6 fibulose-5-phosphate The Calvin Cycle

12 NADPH
06000 -

2G3P 12 NADP*
666
‘ 12G3P
Transported from 069

chloroplast to make glucose,
fructose, starch, etc,




3103, 0.030 escribethet photosythesis converts carbon o plu vternto sugars lus oy, which z releazed

Alternative Pathways

The environment in which an organism lives can
impact its ability to carrv out photosynthesis.
Environments with insufficient water or carbon
dioxide can decrease the ability of a photosynthetic
organism to conwvert light energy into chermacal
energy. For example, plants in hot, dryv environ-
ments are subject to excessive water loss that can
lead to decreased photosynthesis. Many plants in
extreme climates have alternative photosynthesis
pathways o maximize energy Conversion.

C, plants One adaptive pathway that helps
plants maintain photosynthesis while
minimizing water loss is the C, pathway. The C,
pathway occurs in plants such as sugarcane and
corn. These plants are called C_ plants because
thev fix carbon dioxide into four-carbon
compounds instead of three-carbon molecules
during the Calvin cycle. C, plants also have
significant structural modifications in the
arrangement of cells in the leaves. In general,

Information from text

-C1 plants keep their stomata (plant cell pores)
closed during hot days, while the four-carbon
compounds are transferred to special cells
where C"D: enters the Calvin cycle. This allows
for sufficient carbon dioxide uptake, while
simultaneously minimizing water loss.

CAM plants Another adaptive pathway used
by some plants to maximize photosvnthetic
activity is called crassulacean (KRAH soo lay
shun) acid metabolism (CAM photosynthesis).
The CAM pathway occurs in water-conserving
plants that live in deserts, salt marshes, and
other environments where access to water is
limited. CAM plants, such as cacti, orchids, and
pineapples allow carbon dioxide to enter the
leaves only at night, when the atmosphere is
cooler and more humid. At night, these plants
fix carbon dioxide into organic compounds.
During the day, carbon dioxide is released from
these compounds and enters the Calvin cycle.
This pathway allows for sutficient carbon
dioxide uptake while minimizing water loss.



Alternative Pathways

Is the environment in which an organism (plants) lives

can impact it's ability to carry out photosynthesis?

Yes, A mount of water or CO2
available is insufficient can decrease
the ability of a photosynthetic
organism to convert light energy into

chemical energy.

oy
(!

In hot, dry environments plants have
adapted to a different way to perform

photosynthesis———— Alternative Pathways

,@[

——

= C, plants = CAM plants

Adaptive pathway helps plants maintain photosynthesis while minimizing water

What is the difference in the photosynthesis pathways?

[ Cu PaTHwAY |
Cy PatHwaY Ci Prvilvany
b

%

O-C-0

\

~)

mesophyll cell

i

=
L PEP oxa\cocetote
=

Alternative Pathways

A

= C, plants

= CAM plants

-Fix carbon dioxide into four

carbon C4.

-Have structural modifications in

the arrangement of cells in the

leaves.

-Are able to make glucose in

different cells.

-Keep their stomata closed during
hot days.

-Ex: Corn and sugarcane.

-Called crassulacean acid metabolism

(CAM) pathway .

-Occurs in plants that live in
environments where access to water
is limited (deserts, salt marshes).

-AT night, CO2z fix into organic

compounds, During the day., CO:z is

released from these compounds and
enters the Calvin cycle.

—-Are able to make glucose at

different time of the day.

-Ex: Pineapples,orchids and cacti

CAt Patuway

CO,

W

(=

=5

mesophy\l cell



Explain why C4 photosynthesis is advantageous in hot, dry conditions?

The four carbon compounds are transferred to special cells where CO2
enters the Calvin cycle.

This allows for sufficient carbon dioxide uptake, while sumultaneously
minimizing water loss.

Explain why CAM photosynthesis is advantageous
in environments where access to water is limited?

At night, CAM plants fix CO2 into organic compounds.
During the day, CO: is released from these compounds and
enters the Calvin cycle.

This pathway allows for sufficient carbon dioxide uptake
while minimizing water loss.

How do CAM plants differ from both €3 and C4 plants?

CAM plants open their stomata at night, whereas C3
and C4 plants open their stomata during the day.




3103.1.02.028 Use 2 mode| to illustrate that aerobic cellular respiration is & chemical process whereby the bonds of food malecules and
owygen molecules are broken and the bonds in new compounds are formed resulting in a net transfer of energy.

Information from text

B0 3.1 02028 Use a mode] to illustrate that asrobic cellular respiration is a chemical process whereby the bonds of food moleoules and
onyge=n molecules are broken and the bonds in new compounds are formed resulting in & net transfer of =nergy.

Glycolysis

Glucose is broken down in the cytoplasm through the process of glhyoolysis, Two
malecules of ATP and two molecules of MAIDH are formed for each molecule of glucose
that is broken down. Follow along with Figure 11 as vou read about the steps of
ghycolysis. First, two phosphate groups, derived from two molecules of ATF, are joined
to glucose. Motice that some energy, two ATL is required to start the reactions that will
produce energy for the cell. The é-carbon molecule is then broken down into two
3-carbon compounds. Mext, two phosphates are added and electrons and hydrogen ions
(H") combine with two NAD" molecules to form two MADH molecules. MNADC is similar
to NADFE, an electron carrier used during photosynthesis, Last, the two 3-carbon
compounds are comverted into bwo molecules of pyruvate, At the same time, four
malecules of ATF are produced.

00600006 >
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m\) ,;.;:au
"

ave (EB8)

Figure 11 Glucose i broken down during ghecolyss mside the cyloplasm ol cells

Krebs Cycle

Glycolysis has a net result of two ATP and two pyruvate molecules. Most of the energy
from the ghecose is still contained in the pyruvate, In the presence of ONYREETL, PyTUVALe
i= transported into the mitochondrial matrix, where it is eventually converted to carbon
dicnade. The series of reactions in which pyruvate is broken down mto carbon dioxdde is
called the Krebs cyele, or the tricarboxylic acid (TCA} cycle. This cvcle also s referred to
as the citric acid cyele

Inf crmation from text

Figure 12

Preparatory reaction

Pricr to the Krebs cyele, the threecarbon pyruvate first reacts with coensyme A (CoAd
to form a two-carbon intermediate called acetvl CoA and carbon dioxide {CO,). NAD" is
converted to NADH. Carbon dioxide s given off by the cell. Since there are b
molecules of pyruvate for every preparatory reaction, it results in the production of two
carbon dioxide molecules and two NADH molecules. Acetyl Cof then moves to the
mitechondrial matrix.

Steps of the Krebs cycle

ruvate
(o ghyeolysis)

Follow along in Figure 12 as you -
continue reading aboul the steps of

the Krebs cycle. Lol -

= The Krebs cvele begine with acetyl

CoA combining with a 4-carbon MBDH
compound Bo form a A-carbon hoetyl God
compound known as citric acid. B3 o
= Citric acid is then broken down in Pt
the next series of steps, releasing k
bwor mvlecules of carbwon dioxide Ciiic acid
and penerating one AT three Foun-caray = MaD*®
NADH, and one FADH., FAD is NADH q C, MADH
another electron carrier similar to - ) - *
MNAD" and MNADP. B ! Fli it
* Fimally, acetyl CoA and citric acld molacules
are generated and the cycle .s eeeee
continues. :
Recall that two molecules of m- ., B -
pyruvate are formed during f—"| NAD®
ghveolvsis, resulting in two “turns” of FADH; - NADH

the Krebs cycle for each glucose i

5 3 i k 2 5 e Figure 12 Pytuvate is broken down inte carbon dioade
mulecule. The net vield from the during tha Kreks cyce inside the mitachondria af calls
Krebs cycle is six carbon dioxide

a5 thi vher ang

Trace Folow e poth of corban malect
molecules, two ATT eight MADH, Ieave the Keabs cpcle

and two FADH,. Ten MNADH amd

o FALDH, move on to play a

significant role in the next stage of

aerebic respiration,



' Cellular respiration occurs in two main parts.

©

1-Glycolysis

. * Inthe cytoplasm
» Do not require 02 wi /R

respiration * "eduire

Wiochondion (

l /ﬂ A/

@-Aerobic * Inmitochondrion |,
P\asma/ A

* Includes 2 steps ol |

Rbosomes

Iitochondron AIP :lTP':
m ’m‘

(g

¢\
i
Krebs cycle bt

o

g Electron
transport chain

=

Eukaryotic 36 ATP
Prokaryotes 38 ATP

®

List Steps Involved o

0 curoouss

Glycolysis
0 FoRukToN

OF ACETIL
COENZYME A

Acetyl CoA Formation

¢

Krebs Cycle

¢

@Electron Transport System

\\‘@

0 KHEBS +EH
CYCLE
2 FADH,

Elegirons

0 eccrmon (g _y 32or34‘
TRANSPORT

CHAN j)

)
0 )



Glycolysis

Glycolysis
cess in which one molecule of glucose is broken in half, Two molecules of ATP are required to start the Glucose
producing : reactions that will produce energy for the cell
-two pyruvic acid 2 ATP
-a small amount of energy in the cytoplasm ( 2 ATP +2 NADH ) 1-Two phosphate groups are joined to 1
4{produced)-2(used)=2ATP net gain glucose, » 2ADP+2P

(the 2 Phosphate are derived from 2ATP) 2000000 @./

2-The 6Glucose is broken into two 3-Carbon

& :[m; o

0000001 l l
GLYCOLYSIS oty

compounds G3°P. i

3-For each 63P: two Phosphate are added
to form 2ATP, also electrons (e) and el 000@

hydrogen ions (H+) combine with two NAD+  ¢3p 000@

\\\\\\\\\\\\\\\\\\\\ molecules to form NADH molecules
| NAD*
l ! *NAD+ is an electron carrier that is AADP
l l Gyl : similar to NADP (an electron carrier used

2 PYRUVATE Y 2 E} conesfom e ek word during photosynthesis) 2NADH < l > 4ATP

000 il 4-The two 3-Carbon compounds are 000

H—— converted into two molecules of pyruvate. .
NET GAIN OF HOW MANY ATP MOLECULES? - ...................
: At this time HOW MANY ATP MOLECULES are produced? \ 000
Glycolysis has a net result of two ATP and two pyruvate. == ) pate

4 molecules of ATP are produced = =



Figure 12 Glucose is broken down during
glycolysis inside the cytoplasm of cells.

Glycolysis

Glucose
‘\-""‘i {ya{g{a{ya \-Ll‘l"
of glycolysis. AP “ATP

e:i’ [
Summarize the reactants and products _-

-The reactants are: l

one molecule of glucose, two ATP, (®) ADP. (ADP (¥
two NAD+, and four ADP. ®@?GB%G@
-The products are: 0 oot

two ADP, two NADH, four ATP, and

two pyruvates. 2ADP. D C :
“ Reading Check Explainwhy there is a net yield of two, not four, ATP mole- J2am - :'fﬂfp‘:

' . "'hi" yyv
cules in glycolysis.

Glycolysis begins with the input of two - )l IC —

molecules of ATP.
Pymvate P']lmvate



Steps of Krebs Cycle

1-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 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.

Pyruvate
(from glycolysis)

NAD*

NADH
Acetyl CoA

@@ Cor

CoA

Four carbon Citric acid
compound
NAD*
NADH Co, NADH
+ K
NAD c;‘::’: Five carbon

compound

ATP

ADP

Krebs Cycle 000G
000 Glucose
* Two molecules of pyruvate | =57

are formed during
glycolysis.

= This means that there are

two “turns” of the Krebs
Cycle for each glucose
molecule.

FADH, NADH FADH, NADH

* The net yield from the
Krebs cycle is=
-6 CO2 molecules
-2 ATP

-8 NADH

-2 FADH2.



BI03.4.01028 Describe the complementany processes of cellular respirstion snd photosynthesis with respect to the flow of energy and the
cycling of matter within ecosystems, and explain how human sctivities oin disrupt the balance achieved by these processes

Information from text

"Demaonstrate Undertanding:
Chuestion 4"

BI03.1.02.029 Investigate factors that affect the processes of farmentation or cellular respiration in living organisms. Information from text 45
Imformation fraom text 44

BI03.1.02.028 Use m model to illustrate that a=robic cellular respiration is & chemical process whereby the bonds of food miolesoules and
onygen molecules are broken and the bonds in new compounds are formed resulting in & net transfer of snergy. Figure 13 i
B10.3.4.01028 Describe the complementany processes of cellular respirstion and photosynthesis with respect to the flow of energy and the Fizure 15 35
cycling of matter within ecosystems, and explsin how human sctivities oan disrupt the balsnce achieved by these processes &

Information from text M 45
810 3.1.02.02 Investigate factors that affect the processes of fermentation or cellular respiration in fving organisms. : "

Explain Your Thinking 5

Cuestion 5

BI03.1.02 029 Investigate factors that affect the processes of fermentation or cellular respiration in living organisms.

Figure 14 + Question below it

45

BID3.1.02 029 Ineestigate factors that sffect the processes of fermentation or cellular respirstion in living organisms.

Information from et

45




Electron transport chain

Pyrunvarte

Mitochendrial matrix

Figure 13 Electron transport occurs along tha mitochondrial membrane.

Compare and contrast elech osynthess
As shown in Figare 13, electrons move along the mitochondrial membrane from one
protein to another.

* The start of the electron transport chain begins with the ten NADH molecules and
the two FADH, molecules releasing electrons. The released electrons move along the
mitochondrial membrane from one protein to another. The energy carriers are con-
verted to NAD® and FALY, and H* ions are released into the mitochondrial matrix.

The H* ions are pumped into the intermembrane space 1|'.n:-1|gh the proteins in the
mner mitochondrial membrane. This creabes an increase in the concentration of H-
oms in the intermembrane space.

As a result of high concentration in the intermembrane space and a low concentration
in the mitochondrial matrix, the H jons diffuse down their concentration gradient
back across the inner mitochondrial membrane and into the mitochondrial matrix
through ATF synthase proteins in chemiosmosis. As the H' ions move through the
ATP symthase, ADP is converbed into ATP in the mitochondrial matrix

Oxygen is the final electron acceptor in the electron transport system in cellular
respiration. The H” ions and electrons are transferred to oxygen to form water,
Cwerall, electron transport produces 32 ATP. Each NADH maolecule produces three ATE
and each group of three FADH, produces two ATP. In eukarvotes, one molecule of
glucose yields 36 ATF under ideal conditions.

Prokaryotic cellular respiration Some prokaryotes also undergo aerobic respiration.
Because prokaryotes do not have mitochondna, there are differences in the process.
The main difference involves the use of the prokarvotic cellular membrane as the

bocation of electron transport. In eukaryotic cells, pyruvate is transported to the

mitochondria. In prokarvotes, this movement is unnecessary, saving the prokaryotic
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@ Electron Transport Chain a

= 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 convert ADP to ATP.

Intermembrane space Electron transport chain

Inner
mitochondrial
membrane

Pyruvate

V4

e
-
*
e
20,
Krebs » Lt
cycle o 24+

H,

i e
2 FADH [ A
o

Mitochondrial matrix H ADP + P

Figure 13 Electron transport occurs along the mitochondrial membrane
Compare and contrast electron transport in cellular respiration and photosynthesis.

= Occurs along the mitochondrial membrane.

Electron Transport Chain

*As electrons are move
they release energy. Some
of the energy is used to
pump H+ out of the matrix
and into the inner
membrane space. This
pumping establishes an
electrochemical gradient.

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

ATP
synthase

matrix

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

*NADH and FADH2 transfer their electrons to protein
(the beginning of the transport chain).
*In this process, they turn back into NAD+ and FAD.

inner mitochondrial membrane

matrix

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

matrix.

° = Those H+ ions then diffuse through ATP synthase into the mitochondrial
* This process converts ADP to ATP in a process called chemiosmosis




Splitting of oxygen to form water.

* Protons and electrons are transferred to Oz to form H20.
= Oxygen is the final electron acceptor.




The figure below shows the electron transport chain in sukaryotic cell.

; i The figure below shows the elactron transport chain in sukaryotic cell. Which of the following steps does
Which letter of the following refers to the final electron acceptor?

not occur in prokaryotic cells?

Irisrmembasras & pas

I
Learning Qutcames Covered

Learning Qutcomes Covered

i BlaSEAaA o BIOA1.02028

A Krebs cycle

H™ ions pumping

PEEEme T N 0 -

]
]
]
T 0 T

Pyruvale transportation

D



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

@

)

Cellular
respiration
Learning
OULCOMESH
Explain the
stages of
cellular
respiration and
ATP production.

. State the cellular
respiration equation
(reactants/products)

Identify stages,
locations, and ATP
yield.

Glycolysis-Pyruvate-
Krebs Cycle-Acetyl
CoA-NADH-FADH,-
Electron Transport

(): Chain-Chemiosmosis
Wi J

Glucose Net energy yield
(Several 7
steps
Glycolysis Ps) ““*————- (2) ATP
(in cytoplasm) ) pyruva -
(2) pyruvate

(2) Acetyl groups

Preparatory

step and k‘
Krebs Cycle '
(in mitochondria) > (2) ATP
v\wmi
‘f
(a) NAD* (8) ::4:3:
Electron 2 FAD 2 @
Transport /_\\
System
(in mitochondria) ' ﬂmﬁ » (32)  ATP

system

\
e

Net:

-2 ATP
2 NADH
-2 Pyruvate molecules

Net:

*6 CO2

2 ATP

-8 NADH
2 FADH2

Net:

Each NADH =3ATP
*Each FADH= 2ATP
-02 +H20




Each Glucose Molecule

CO, 6 Electron Transport System
used to make ATP

NADH

FADH,

ATP 4



Each Glucose Molecule

Aerobic Respir'ation

co, 6
NADH 10 Electron Transport System Giveotysie Tm
used to make ATP e
ADH, Y © l Y
ATP 4 ﬁle);?olysis
; 2 ATP
Overall ATP Production .2 NADH
-2 Pyruvate molecules
Electron Transport System 34 Krebs Cycle
Citric Acid Cycle 2 Nt cos
Glycolysis 2 -2 ATP
SUBTOTAL 38 *8 NADH
+2 FADH2

When Pyruvate transport into Mitochondrion use NADH -2ATP

TOTAL 36

Electron Transport

Net:

Each NADH =3ATP
*Each FADH= 2ATP
-02 +H20




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



At the end of the glycolysis process, which molecule
stores most of the energy of glucose?

LHFMI‘IQ Ourtcomes Coversd

o BIO3.1.02028

Pyruvate

b

Acetyl CoA

____________________________________________________________________________________

Carbon compound G3P

d

NAD+ an electron carrier

respiration in eukaryotic cells?

0 32
0 34
0O 36
0 38

45) Under ideal conditions, how many ATP molecules are created from cellular

d.

The figure below shows the Krebs cycle. Study it and slipeadl 08

answer the question: which of the following does the
letter (A) indicate?
Acetyl CoA  A-winn gite Joul
@@ Cor
(A)
Col

ST R
Four-carbon

compound

NAD*
Learning Outcomes Coversd

e ElC3.1.01.083
o BlO31.02028

Citric acid

Pyruvate

Lactic acid

Acetaldehyde




Which of the following occurs during the Krebs cycle?

Learning Cutcomes Covered

¢ B|03.1.02028

Breaking down pyruvate

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

. Capturing light energy
Creating glucose molecules

Producing ethyl alcohol

35) Why is glycolysis an anaerobic process?
() Glycolysis produces carbon dioxide in its steps.
() Glycolysis does not produce carbon dioxide in its steps.
() Glycolysis utilizes oxygen in its steps.
() Glycolysis does not utilize oxygen in its steps.

37) Why is there a net yield of two, not four, ATP molecules in glycolysis?
O 2 molecules of ATP are used to begin glycolysis.
(O 2 molecules of ATP are produced from ATP synthase.
(O 2 molecules of ATP are produced during glycolysis.
(O 2 molecules of ATP are used to complete glycolysis.

39) What is the importance of NADH and FADH3?

(O These molecules are useless by-products.

(O These molecules are recycled for use in glycolysis.

() These molecules are used in the electron transport chain.
(O These molecules are used as products in photosynthesis.

38) Select the products of the preparatory reaction and the Krebs cycle after two turns
Select all that apply.
1 8 NADH
] 6COy
[] 4 NADH
[] 1ATP
[0 2FADH>
75) What is the series of reactions in which pyruvate is broken down into carbon dioxide

[0 1FADH> called?
[0 3C03 O Krebscycle
] 2ATP (O Calvin cycle

() fermentation

O glycolysis




1. Which organelle is
illustrated in the figure?

o, Golgi apparatus
B mitochondrion  cORRECT

@<, nucleus

<7, endoplasmic reticulum

& & MADH o
MNADH : L3 0
MNADH & FADH;
Crofime |

5. In which molecule is most of the energy of glucose
stored at the end of glycolysis?

20 pyruvate ¢ AP
CORRECT
3:5 acetyl CoA g;;g NADH

52) Which describes the process of glycolysis?
() aerobic process that breaks down glucose
(O anaerobic process that breaks down glucose
(O aerobic process that manufactures glucose
(O anaerobic process that manufactures glucose

Correct Answer

anaerobic process that breaks down glucose

2. Which process does not
occur in the organelle
illustrated above?

"-’;‘."".'i' * conversion of pyruvate
to acetyl CoA

<, electron transport

0 Gz

O CO2

0 CgH1206
[0 HO

[ energy

33) In cellular respiration, which of the following are reactants? Select all that apply.

Oz
energy
H20O
CO»
CeH1206

OOooao

34) In cellular respiration, which of the following are products?




Anaerobic Respiration =Fermentation

' The anaerobic pathway that follows glycolysis

Glucose

Releases energy from m
food (glucose) by

producing ATP in the s

] No 0, present; / /\ \ Oy present; i
absence Of oxygen Fermzemaﬂon [[ \\ Aerobic cellular i 2

MTOCHONDRION

2-Occurs 3-Regenerates
when

the cell’s supply

1-Occurs in 4-Produce

cytoplasm a small amount

Fermentati

Anaerobic Respiration =Fermentation

WHY IS THIS =} -
IMPORTANT T ELLS? -

Rl ce B o @
-Cell can function for a short o e

time when Oz levels are low. ) l
-Some prokaryotes are LE

anaerobic organisms (grow and {actie
reproduce without O2) Acid

2
cell can’'t rely on glycolysis for 2@ @

a long time, because it stop 4
when all NAD+ is used up if

2
@
there is not a process to ta) b

replenish.




Two main types of Fermentation

4 Y

Lactic acid Alcohol
fermentation fermentation

enzymes convert the pyruvate in | | Pyruvate is converted fo ethyl

glycolysis to lactic acid alcohol and carbon dioxide

(lucose (slucose
' 2 WD+ G\YC’O\Y"\S 200 DC??'Z
G\\’CO\\I‘S\S 2 ADP C 1 7_ )
2 \tw 3
) \ [ R
/ 2 fyewvate \,\Z\K:z
- + 1 Aceoldchyae
N AD+ 7’ NADH P\egehbim)ﬁm § )
P\ﬁ%ﬁhﬂf&ﬁon < ?' NAD* ‘t 2 NAD*




Transfer high energy electrons and H+ from
NADH (as well as NAD*)

e —
| | i ) iy Skeletal muscles produce lactic acid
1@”3@

2 Lactic aad

' ' c [ | 'd | t ’ t' 'd 3 Lactic Acid Fermentation . ' '
(Lachc goid |G o P ook o i o s Infer when your body might perform fermentation reactions
fermentation

w2 when the body cannot supply enough 02
._ }4‘
000000 e ey 2000 a
Olucose ;ym /”\ Lactic acid \ ) )
! | | Explain the sense of sore (pain)| /',
e ‘.o in the muscles after exercise? ||

\/ This happens when

Ex: Several microorganisms ‘ | your cells don't have
produce lactic acid used to enough 02 present for
produce cheese, yogurt and cellular respiration then
SOUP crea | ) |fermentation take place

W | producing lactic acid
™| which give sore muscle,




Alcohol Fermentation

GlU{ME

>lc.w

2 Pymvate

IADP

‘ATF

*Tww

200,
(C]

Alcohol Conversion of pyruvic acid into alcohol (ethanol)
. and carbon dioxide .Transfer high energy
fermentation | .. trons and H+ from NADH (as well as NAD*)
WA 4‘
2ADP 2" A'I:P ©0: O
_f B
000000 —————ep 2000 - g
Glucose / h\ Pyruvic acid q oe 00
/ v 2Acetaldehyed 2 Ethanol
|
2NAD* 2 NADH& 2 NADH  2NAD*

Ex: Occurs in yeasts
and microorganisms

>

&

C,H,,0, — 2 C,H,OH + 2 CO,




Compare and contrast lactic acid fermentation and alcohol

termentatOR rmentation replenishes (restore)the supply of NAD+ by
converting pyruvate to lactic acid.

-Alcohol fermentation converts pyruvate to ethanol and carbon dioxide
to replenish NAD+.

-Both occur without oxygen.

Lactic Acid Alcoholic Cellular respiration

glucose glucose glucose

\/ \/ \/

glycolysis (pyruvic acid) glycolysis (pyruvic acid) glycolysis (pyruvic acid)

\/ \/

carbon dioxide carbon dioxide
+ +
lactic acid alcohol water
+ + +

2 ATP 2 ATP 36 ATP



Photosynthesis and Cellular Respiration

PHOTOSYNTHESIS RESPIRATION
Chloroplasts Mitochondria

Photosynthesis and cellular respiration & , : _
are Tw! impo rtant processes ThET cells *s m Comparison of Photosynthesis and Cellular Respiration
use to obtain energy. c..m%,;daw.m Gmfr_d; Photosynthesis Cellular Respiration
-They are metabolic paThwuys that G é o iat Food synthesized Food broken down
produce and break down simple _,*;;f‘ @D Energy fomsunstoredinglucose | Energy of lucose ekeased
car'bohydm'fes (g'lICOSB). o cremicat onc Carbon dioxde taken in Carbon dioxide given off
e e - Oxygen given of Ohygen taken in

Produces sugars Produces CO
-How these two processes are related? fon?Gi nih)
-The products of photosynthesis are E;ﬂfires mgtiitg ’
oxygen and glucose, the reactants = asid
needed for cellular respiration. o M

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

https://www.liveworkshlets,com/worksheet/en/science/54270

https://www.liveworksheets.com/worksheet/en/science/769535




IJ'ucf need
the’main ideac

A

Ihotosynthesis

v

Photosynthesis vs. Cellular Respiration
Cellular Respiration

atores Energy as plucose

Releases Energy in plucose

Occurs in Living Cells

IR
S ENRAENES

Uses an Electron Transport
Chain

Occurs in Plant Cells

Orcocurs in Animal Cells

Releases Oxyoen

Releases Carbon DMoxide
Neither!

Creates Enerpy




Feature Photosynthesis ETC Cellular Respiration ETC

Location Thylakoid membrane (chloroplast) Inner mitochondrial membrane
Electron source H,O NADH, FADH,
Final electron acceptor NADP* 0,

Energy input Light (photons) Chemical energy (reduced

coenzymes)
Proton gradient site Thylakoid lumen Intermembrane space
ATP synthesis site Stroma Matrix

Main products ATP, NADPH, O, ATP, H,O




The figure below shows that photoaynthesis and cellular reapiration form a eycle,
Which letter of the following refers lo pyruvate?

S35

sarming Qutcamaes Coverad

o BI331.02028

c

D

V %



In which metabolic process
are molecules broken down At the end of the Calvin cycle,
to produce carbon dioxide where is energy stored?
and water?
A. NADPH

A. photosynthesis

cellular respiration B. ATP
C. homeostasis C. chloroplast

D. fermentation 9'UCOS€



Why is cellular respiration
a catabolic pathway?

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.

What is the overall purpose of
cellular respiration?

(A) to make ATP
B. to process H,0O
C. to store glucose
D. to deliver oxygen




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

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 energy.



Which represents the general sequence of
cellular respiration?

A. TCA cycle —»
chemiosmosis — glycolysis

glycolysis — Krebs
cycle — electron transport

C. electron absorption —
catalysis — phosphorylation

D. aerobic pathway —
anaerobic pathway —
fermentation




Which is not a process that
occurs in both cellular
respiration and glycolysis?

A.C

B.e
(©g

Nemiosmosis
ectron transport

ycolysis

D. production of G3P

Which stage of cellular
respiration is the anaerobic
process?

@ glycolysis

B. Krebs cycle
C. electron transport




What is the final step of
cellular respiration?

O2 and H* form H,O.

B. Electrons and H,O
generate ATP.

C. C4H,,06 is broken
down into CO..

D. NADH and FADH,
gain electrons.

What prevents pyruvate from
entering the Krebs cycle and
instead results in this pathway?

A. a buildup of CO,

a lack of oxygen
C. an excess of
Glucose

glucose 200000
D. an increased
demand for ATP 2ADP)

2 Lactlc acid

or<o

NAD+

NADH

2 Pyruvate



M4 v

. Mitochondrion 3 ATP SATPZ
Which molecule R ) e

generated by the Krebs )
cycle is a waste product? \j

Glycolysis

4
‘"ATP’
U » e
/ /ﬂ Electron
| gy rebs transport
*cygle ‘ e

Transition
reaction




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

A. H,O

Pyruvate
(from glycolysis)

NAD*

NADH

" Acetyl CoA
®®—CoA

oA
Four carbo Citric acid

compou
NAD*
NADH co, NADH

Five carbon

Cycle compound
ATP
; COQ
ADP _ _
NAD*
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