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I’hotosynthesis

Basic Photosynthesis

Sunshine plays a bigger role in our
lives than you may think. All the food
we eat and the fossil fuels we burn
are products of photosynthesis.

Plants turn solar energy into food
which is nice of them because
animals can’t eat sunshine.

When animals eat plants and other animals,
that original solar energy is passed along
the food chain.



Photosynthesis is the process that converts solar energy ()~ <on
into chemical energy that is used by biological systems e ~
(that means us). ENERGY
Phot thesis has 3 mai . CLORDPLAST
otosynthesis has 3 major events: '
1. Sunlightis converted into chemical ener .
g &Y C’_‘:_I SUGAR
2. Water (H,0) is split into oxygen (O,) 5 +
. e . WATER OXYGEN
3. Carbon dioxide (CO,) is fixed into sugars (C;H,,0) +
WATER

The photosynthesis reaction:

6 CO, +| 12H,0 |+ sunlight & C,H,,0,|+|6H,0 (+|60,
6 Carbon 12 Water 1 Sugar 6 Water 6 Oxygen
dioxide molecules (glucose) molecules molecules

molecules molecule



Photosynthesis is carried out by:

certain bacteria plants

These organisms are known
as photoautotrophs or
producers meaning they
make their own food and
energy from the sun.

£
.-

Consumers such as herbivores and
carnivores depend on the products
of photosynthesis that producers
make to live.




j" ~Glucose

During photosynthesis, plants
produce glucose molecules when
they convert light energy into
chemical energy. The chemical
energy is stored in the bonds of
glucose.

Plants also use the
glucose they produce for
energy. When plants
produce excess glucose
they store it in their
leaves.

When animals _
digest plants, they f'..
are breaking down h\
the glucose bonds
to release stored
‘ ﬁ energy to power

their bodies.

Glucose (CcH,,0¢) is a , on
sugar and its molecular H
H H
HO

structure looks like this.

Plants produce sugars as a source of food.
However, they produce way more than they
need to survive. This is a great benefit for all
the species that depend on glucose for energy.

All biological energy comes from glucose.
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. Plant Chef
Glucose in Plants ant e

Why do plants make glucose?
What is it plants do with glucose?

Glucose molecules can be broken
apart for energy to power reactions.

Plants can also make glucose into carbohydrate
chains called polysaccharides.

poly = many saccharide = carbohydrate
Glucose is a simple sugar Glucose is a monosaccharide. Glucose
because it is one of the smallest i
. H “ on
units of carbohydrates. mono = one saccharide Joo
1
HO H
There are 2 polysaccharide chains in piants: L
Cellulose Starch
Cellulose is the structural Starch is a long term energy store that
component of cell walls. the plant can use later.
CH20H CH20OH CH20OH CH20H

CHaOH CH20H CH20H CH.OH
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Each atom’s movement can be traced through the photosynthesis reaction.

Each letter stands for the
element the atom is nadat: olecule of
of, sgg@}%’gfter C meamwlec 12crhe s se (sugar)
ana carbon. 2h |
molecule has ) ydr energ carbon, 12
1carbonand2 =~ 2XY& %SWS Hydrogen Oxmﬁdrogen and 6

‘(O=C=0+ H R“ _— oxygen atoms.

/I/

+ 12H,0 + sunlight @ C.H,0, + 6H,0 +

/
I \

Before After

6 carbon atoms

12 hydrogen atoms
6 oxygen atoms

If 6 carbon diopfidle water molecules are

ydro
there are 6 cac@ms (12 x 2 = 24)and 12§1 24 hydrogen atoms | 12 hydrogen atoms
atoms and 12 gxygen atoms total. 12 oxygen atoms 6 oxygen atoms
atoms total (6 x 2 =12).

6 oxygen atoms 6 oxygen atoms

If you count every atom before and 24 oxygen atoms ™= 24 oxygen atoms

after the reaction they are balanced. 24 hydrogen atoms 24 hydrogen atoms



X 5 |
If 3 Through evolution, plant cells, certain bacteria

: pyr- and some algae have acquired chloroplasts to
help carry out the photosynthetic reaction.
Chloroplasts are a plastid or plant cell organelle.

Chloroplasts are full of round flattened discs
called thylakoids.

&
Both pictures are of
chloroplasts in plant

cells at different
magnifications.

A stack of thylakoids is called a granum.

/v Chloroplast

Stroma is
the space
inside

Y T D T

Chloroplasts are where photosynthesis occurs.




Where did chloroplasts come from?

Mitochondrion .
A very long time ago, plant cells were

.- Engulfing of once ancient eukaryotic cells that
\ B photosynthetic had enveloped a cyanobacteria.
52 : proxaryots Eventually, the cyanobacteria
/-:3/ became a part of the cell and
E;'lgulﬁg_g Chloroplast  dependent upon it for life which in
O aeronic HH
crolkvole - N turn gave the .ceII the ability to
| (& R photosynthesize.

Mitochondria are also W / This is called the endosymbiotic theory.
believed to have been > (endo = inside)
engulfed by ancient

eukaryotic cells through

endosymbiosis.

Host_cel |

Plant DNA There are many reasons why scientists
27 believe this theory.

Bacterial DNA Chloroplast DNA

One is that chloroplasts have their own
DNA that is different from plant DNA
but similar to bacterial DNA.

¥
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Cyanobacteria Today

Cyan comes from the Greek word cyanin which
means colored.

Not all bacteria that undergo photosynthesis are
cyanobacteria but all cyanobacteria are photosynthetic
bacteria e.g. purple bacteria are not cyanobacteria but were
the first bacteria discovered that can photosynthesize.

Cyanobacteria undergo photosynthesis in lakes, ponds, and
oceans.

Cyanobacteria lack chloroplasts - why do you think that is?




Photosynthesis in plants happens in the chloroplasts.
Chloroplasts are full of thylakoids stacked in granum.

THYLAKOID

PIGEMENTS ——

o
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ATP SYNTHETASE

The thylakoid membranes
are lined by pigments such
as chlorophyll and
cartenoids.

Chlorophyll is a green pigment
and is the most abundant.

THYLAKOID

GRAMUM

ATP SYNTHETASE

Chlorophyll absorbs all wavelength
colors except green, which is reflected

These pigments harvest off giving plants their green appearance.
light energy packets or

photons when they Sunlight
absorb sunlight.

Reflected
light

light colors




The Photosynthesis Reaction is divided into two parts:

Light Reactions

Light reactions or

“light dependent reactions”
capture light energy to power
photosynthesis.

Light reactions occur during the day time.

They take place in the thylakoids.

Pigments in the thylakoid membranes
form protein complexes called
Photosystem | and Photosystem II.

These photosystems harvest photons to
charge up energy carrying molecules
that will power the dark reactions.

Dark Reactions

Dark reactions or “light independent
reactions” do not need light energy to
power their reactions and can occur day
or night.

Discovered by three scientists, the dark
reactions are also called the Calvin-
Bensen-Bassham cycle or just Calvin
Cycle.

‘4 B K
Dark reactions occur in the stroma of
chloroplasts (the space that surrounds

thylakoids) and fix carbon dioxide into
glucose.



Energy Carrying Molecules: ATP & NADP+

Both are energy carrier molecules used in
photosynthesis and cellular respiration.

NADP+ can hold excited electrons (e)
charged from the light energy harvested
by chlorophyll to become NADPH.
Eventually, NADPH passes the electron
it’s holding to power the dark reactions
and reverts back to NADP+.

g@osin/e/’grighosphate

llATPII

- PP

three phosphate
groups

adenosine =
adenine + ribose

ATP is called the “cellular currency”

because it is used to power all the

nicotinamide adenine dinucleotide phosphate | reactions that take place in the cells
/E of all living things.

“NADP+”

20
(P

When ATP’s third phosphate is
broken off it releases energy that
the cell can use.

ATP is made when a third
phosphate group is added to
ADP (diphosphate, di = two).

NADP is a very complex molecule, this is a simplification. . . o-&-




Light Reactions

Sunlight

The energy absorbed by the

chlorophyll during the light reactions

is used to power photosystem Il that Ligh
breaks the bonds of water absorbed Reactiohs
through the plant’s roots.

Photosystem Il

A o
K mata of |

O

| in

D ut and

carbon dioxide in.



Light Reactions

Sunlight

When water molecules break apart, the
remaining two hydrogen atoms have a

. ADP
positive charge and are called protons. ' ,\J/ ¢ ¢
These protons are kept inside the ngh + \
thylakoid by the thylakoid membrane. Reactions

7
! ATP
H
Y
) \/
A H+ H+ .
kK H+

When there are more protons inside the
thylakoid than in the stroma outside, protons

want to leave the crowded thylakoid.

When the protons (H+) cross the membrane
to leave, a protein uses their passage to power
ATP production.

The protein ATP synthase attaches a phosphate group
to ADP (D = di or two) making it ATP (T = tri or three).



Light Reactions

The light energy absorbed by
chlorophyll also powers
photosystem | that charges up
the energy carrier molecule
NADP+ into NADPH.

O — 0O R"R>»r-=<>ITH

Sunlight

NADPH then carries its energy over to
power the dark reactions or Calvin Cycle.



Light Reactions
Summary

Photons are absorbed by the pigments to
power photosystem | and photosystem II.

Photosystem Il splits water molecules into
two protons (H+) and oxygen atoms are
expelled as O, gas through the stomata.

Protons cross the thylakoid membrane and
power protein complex ATP synthase to make
ATP.

NADP+ is powered up by photosystem | to

make NADPH to be used in the dark reactions.

Light dependent reactions finish with
charged NADPH, ATP, and released O,.

NADP+

NADPH




Dark Reactions

Also called the Calvin Cycle, the dark
reactions start and end with the same
products hence “cycle”.

All the dark reactions take place in the
stroma of the chloroplast.

The Calvin Cycle starts with RuBP molecules
and carbon dioxide molecules. An enzyme
called Rubisco combines them into an
unstable intermediate.

._._'_._._._. RUbiSCO unstable intermediate

: l
CO,

This is the reason plants take in .+._.
3-PGA

carbon dioxide, to start the Calvin

Cycle and begin the conversion of 3 PCA

RUBP int®elicase starting molecule and ending molecule of
the Calvin Cycle. It will be remade at the end of the
cycle so that the cycle can begin again.

-
-

Since the intermediate of
combined RuBP and CO, is
unstable it quickly splits in
half and forms 2
molecules of 3-PGA which
are stable.



Dark Reactions

The ATP and NADPH from the light reactions
provide the energy to convert the two
molecules of 3-PGA into their final form

o0 |
.—0—0—0 NADPH .—H—. . o' [ | The left overs are
3-PCA -+ + — P H + + reused in the light
._._._. NADPH .—.—H . NADF” | | reactions to remake
i’ ATP and NADPH.

2 G3P are joined to make a glucose molecule.

CHaOH

HA . oH
(Froo0o + [+ =000 AN
G3P G3P HO
H

H



Dark Reactions

Not all G3P is made into glucose. ADP.|.

. : : b g~ A
The Calvin Cycle occurs in every stroma in
every chloroplast in every plant cell every
second of every day.

That’s a lot of reactions all happening
simultaneously!

@ oo+ —-—.—o—o—ﬂgp—o—o—.++

.";3,9" .—w..

Most of the G3P made during the Calvin Cycle are
made into [RUBBJ the starting molecule, with
energy from ATP molecules.

Now the Calvin Cycle can begin again.

The spent ATP from the reaction
leaves ADP and a phosphate group.
These are reused in the light
reactions to make more ATP.



Dark Reactions
Summary

The Calvin Cycle converts the
carbon from carbon dioxide

into glucose in the stroma. /
This is called carbon fixation ¥

Chloroplast

because carbon is fixed into |
another form. "

Photosynthesis is carried out in two steps.
First, in two light dependent photosystems.
Second, in a light independent carbon fixation
cycle called the Calvin Cycle. Through this process,
the plant is able to convert sunlight, water, and
CO, into glucose (or sugar) and ATP.

As a byproduct of this process, O, is released.

o, Sugars



Summary

Plants are the producers of the biosphere creating the oxygen
and glucose needed for most organisms.

Chloroplasts are the site of photosynthesis in plants.

Chloroplasts contain thylakoids where the light reactions take
place.

Light reactions convert sunlight into ATP and NADPH.

The dark reactions or Calvin Cycle uses ATP and NADPH to
convert CO, into sugar.

The light reactions and the dark reactions cooperate to
convert light energy into chemical energy housed in glucose.

Plants and animals use glucose to power metabolic processes.



When plants absorb carbon dioxide from the air, they
are removing carbon from the atmosphere and fixing
carbon into forms usable by other organisms. The
burning of fossil fuels for energy, releases carbon
dioxide gas into the atmosphere increasing the
amount of carbon in the atmosphere.

Human'’s excessive dependence on fossil
fuels has led to an increase in the level
of CO,, a green house gas that traps
heat in the atmosphere and heats up
the earth. The rate at which human’s
are burning fossil fuels is too high for
plants and oceans to take carbon out of
the atmosphere.

Deforestation is a contributing factor to the excessive
amounts of CO, in the atmosphere and is also due to
human influence. With the destruction of entire
forests every day, we reduce the number of plants
available to reduce carbon in the atmosphere.
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is a common name used for a

place , or a thing
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one word that names a group of
people, animal or thing

An army of soldiers A bunch of keys




MATERIAL NOUN
a material noun is that what refers to a

~ material or substance from which things
.. are made such as silver, gold, cotton, iron ::
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Abstract Nouns

AnNn abstract noun is
something vou cannot...
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)

a1 UGNUT degT Segdd ST dry, @
Sifdep YUET FHIAR 3fcied] Yardld gHiaRe® fdhar
THTUTT GRaT=dT ddraRume el Ua=l dhell Sial.

grHe HIdTHed I, Sfaroll 101 Jeg o
T, 8 AR ol ST b1 uroft 3nfor 3= fdh a7 g1l
d 3nfor & fdar a9 A yataror ardaro
vd. HFT febay 3nfor Jfites uishan qrgt arg uguur f+
Td.chdes STexIel a1y UGHUTHGS .8 d ¥.33 GRICIE 3
Hid g gldTd

Ql QI Ql Q

A X g A

)

a



https://en.wikipedia.org/wiki/Air_pollution
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What are Fractions?

Definition 1: A fraction represents a
numerical value, which defines the parts
of a whole.

Definition 2: A fraction is a number that
represents a part of a whole.

Generally, the fraction can be a portion of
any quantity out of the whole thing and
the whole can be any specific things or
value.



The basics of fractions explain the top and
bottom numbers of a fraction. The top
NnumMmMber represents the number of selected
or shaded parts of a whole whereas the
bottornm NnumMmber represents the total
NnumMmber of parts.

Suppose a number has to be divided into
four parts, then it is represented as x/4. So
the fraction here, x/4, defines 1/4th of the
NnumMmMber x. Hence, 1/4 is the fraction here. It
Mmeans one in four equal parts. It can be
read as one—fourth or 1/4. This is known as
fraction.

FRACTIONS EsYJu’'s




Fractions play an important part in our
daily lives. There are many examples of
fractions you will come across in readl life.
We have to willingly or unwillingly share
that yummy pizza amongst our friends
and families. Three people, four slices. If
you learn and visuadlize fractions in an easy
way, it will be more fun and exciting. For
example, slice an apple into two parts,
then each part of the sliced apple will
represent a fraction (equal to 1/2).



Parts of Fractions

The fractions include two parts, numerator
and denominator.

e Numerator: It is the upper part of the
fraction, that represents the sections
of the fraction

e Denominator: It is the lower or
pbottom part that represents the total
parts in which the fraction is divided.

Example: If 3/4 iIs a fraction, then 3 is the
Nnumerator and 4 is the denominator.



Properties of Fractions

Similar to real numbers and whole
NnumMmbers, a fractional number also holds
some of the important properties. They
are:

e Commutative and associative
properties hold true for fractional
addition and multiplication

e The identity element of fractional
addition is 0, and fractional
multiplication is 1

e The multiplicative inverse of a/b is
b/a, where a and b should be non
zero elements

e Fractional numbers obey the
distributive property of
Mmultiplication over addition



Improper Fractions

The mproper fraction is a fraction where
the numerator happens to be greater than
the denominator. For example, 9/8 will be
an improper fraction since “numerator >
denominator”.

Mixed Fractions

A Mmixed fraction is a combination of the
integer part and a proper fraction. These
are dlso called mixed numbers or mixed
numerals. For example:

32 C[Bx3)+2] 11
3 3 3




Like Fractions

Like fractions are those fractions, as the
Nname suggests, that are alike or same.

For example, take %> and 2/4; they are alike
since if you simplify it mathematically, you
will get the same fraction.

Unlike Fractions

Unlike fractions, are those that are

dissimilar.

For example, 2 and 1/3 are unlike fractions.



Unit Fractions

A fraction is known as a unit fraction when

the numerator is equal to 1.

e One half of whole = %
e One-third of whole = 1/3
e One-fourth of whole = %

e One-fifth of whole = »

BeYJus
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(Adaptation in desert p\qn’rs)
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(Adaptation In forest plants
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IHdheld (Adaptation for food in plants)

No BN

g Waﬁamﬁrmaﬁwﬁawﬁmammﬁrm AT AR HIET
FoTET AN 3T, 3FRGeNT IR FEUTSl Bhard T ool ddAYT AT FRET
QIS ST 3794, tn?rowv&nd IFRAT TAT:T 3T Ta: AT UT R RTehc sITer;
tRHB%T‘aNch JAATAAAT WISTeT NVhged MY HUAT FTS el gV Hd I

o ST SATHATT ATICISTTAT SARAT 3T 37T & Hof areum=ar Sl aoaEdar, o1
' geYull, cgld HFITICY, gRﬂTraTaﬁm%ramquow Tad:dl ATIeroTTar IR

I\ HETAAT. 37T TACIITHEY i SN o WT—IT qarer g ?ftlﬁc—rr &qugT ITdr




ORI 3felhetel (Adaptation in
animals)
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animals)
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(Adaptation in desert animals)
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(Adaptation in reptiles)
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