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Photosynthesis

. <3 Autotrophic Nutrition

—energy of light is converted into chemical bond energy of
organic compounds

—-most of the chemical energy used by all lving organisms
comes ﬁom photosyntheﬁc ability qf autotrophs such as
4 plants, algae, and phytoplankton.

‘, Photosynthesis can occur due to the ability qf speciﬁc leaf
pigments to absorb certain wavelengths of light, making this
light available for the plants to convert to chemical bond
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Photosynthetic Pigments s
&5 Photosynthetic organisms absorb red and blue wavelengths of light
the best.

&> The most common photosynthetic pigment is chlorophyll which is
green in color.

&5 Accessory pigments include carotenes and which are
present in most leaves but are masked in the spring and summer by

the abundant presence of chlorophyll (remember chlorophyll gene gets
turned from the intensity & duration of sunlight.

In the fall, the chlorophyll gene is turned off (less sun) and the other

phot@theﬁc leaf colors become more evident.

NOTE: the masking of accessory pigments by chlorophyll during the spring and
summer is an example of how GENEACTION is INFLUENCED by the
ENVIRONMENT!




Photosynthetic Pigments

Photosynthetic leaf
pigments absorb the
spectrum of visible
white light: ROY G
BIV.

Chlorophyll aand b
absorb  and

wavelengths of
light the best.
Chlorophyll reflects
GREEN light, so it
gets the least amount
of energy from -
wavelengths of green &
light

Photosynthetic Pigments and Absorption of Specific
Wavelengths of Light

Chlorophyll a

Chlorophyll b
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Chloroplasts

Photosynthetic leaf pigments are found in structures called
plasmids.
Chlorophyll is found in structures called chloroplasts.

&> Other photosynthetic ptgments are housed in plas’ads called
chromoplasts ~—~ SEERSE PR S

_ Chlooplasts in E[odea cel[s




Structure of Chloroplast

Anatomy of the Plant Cell Chloroplast
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@[oroplasts are made up of grana )
(thylakoid membranes) which ave sacs of

_ e parallel membranes in which chlorophyll
Stroma L= A WY and enzymes are embedded. Light reactions
== § = g of photosynthesis take place in the grana.

Space

[ DThe regions surrounding the grana are A -

called the stroma which contain the enzymes

necessary for the dark or carbon fixation T S
\_ reactions. Y,




Overview of Photosynthesis

Raw materials: water & carbon dioxide
Also necessary: enzymes, chlorophyll & light energy

Process: light energy is converted in the chloroplasts though a series
of enzyme mediated reactions into chemical bond energy of food

molecules such as glucose
¢ Products: Glucose
1' Metablic Wastes : oxygen and water.

Chemical Equation for Photosynthesis.
Sunlight, chlorophyll, enzymes
6CO, +12H o i » CH_ o.+ 6Ho0+60,




Results of Photosynthesis

Glucose formed during photosynthesis may be:

>

,\? —used as an immediate energy source during aerobic respiration

% --used to synthesize other organic compounds such as lipids & proteins
W —converted into starch for storage

\
&5 When plants used their stored materials, they must first break down
‘starch into soluble materials such as glucose. This digestion occurs
INTRACELLULARLY (within each cell)

I & Once digestion of the starch is complete, te simple sugars may be used I
m within the same cells or may be transported to other cells of the p&m‘fér
us@l further storage.




Light Reactions of Photosynthesis

Light energy is absorbed by the chlorophyll embedded in the grana.
& SPart One of the Light Reactions:
\ | D Photolysis— the splitting of water with light
—some of the absorbed light energy is used to split water into hydrogen

= 2

and oxygen atoms
" —oxygen from the splitting of the water is released from the leaf as a

carrying the hydrogen to the dark reactions in the stroma. _l!
Part Two of the Light Reactions:
So
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) metabolic waste
:gj ~the hydrogen is picked by a hydrogen carrier NADP to become NADPH,
=
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the captured light energy is used to synthesize ATP, converting S
ergy into chemical hond energy. The ATP is sent to the stroma. =-:~||\
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Light energy is absorbed by
the chlorophyll

Thylakoids

Photo[ysis

“ ATP-ase

ADP +P > ATP+ HO

Light energy is changed to chemical
bond energy with the synthesis of ATP

ATP and Hydrogen go to the stroma

where the rest of photosynthesis occursV

—

GRANA of chloroplast

To atmosphere

>2H' + 0 Carriesthe hydrogen to the

\ dark reactions in the stroma
NADP + NADPH

Hydrogljn carrier

ATP goes to the
stroma to the

dark reactions
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Light Independent Reactions (Dark Reactions)

The dark reactions require no light, but do take place during the day
in the stroma of the chloroplast, using the products of the light
reactions.

These reactions are also referred as the carbon fixation reactions or the

Calvin Cycle.

During the dark reactions, CO, taken from the air, hydrogen atoms
ﬂ from the light reactions, and chemical energy stored on the bonds of
y | the ATP are combined in a series of chemical reactions which produce
a number intermediate compounds including a 3 carbon sugar

phosphoglyceraldehyde, commonly known as PGAL.

cose and other organic molecules are synthesized from PGAL.

er is released as a metabolic waste.

——



Carbon Fixation Reactions (Calvin Cycle)

Dark Reactions —in the Stroma of the chloroplast

NADPH drops off hydrogen
ATP is hydrolyzed to release chemical bond energy
CO2 from the atmosphere enters in the dark reactions

i2H + CO, + chemical bond energy PGAL > CHO,+HO

3 carbon compound

—PGAL must be created first through carbon fixation.

~Frpm PGAL, glucose or other organic compounds the plant needs

can be synthesized (protein, lipids) ,
—Once glucose is made, the plant must go through cellular ﬂ

respiration to release energy for its life activities.



Overview-Photosynthesis

LIGHT REACTIONS CALVIN CYCLE

Light

Photosystem | 3-Phosphoglycerate

Electron transport chain
Photosystem |

Starch
(storage

Amino acids
Fatty acids

Chloroplast Vv

9 Sucrose (export)
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Summary - Calvin Cycle

e PGAL (phosphglyceraldyde), G3P
T: or glyceraldehyde-3-phosphate
s (several names, 1 compound) is one

oot | o e I the most important intermediate

3[aop 5 compounds made during the
Sl three molecules 3 CalVi.n C}’C[e.
rouioss 5C six molecules

m‘mm e RUBISCO - RuBP (ribulose
2(P) ——\ I NADPH | blf?ho.??é&fe cazrbo,g/ézse
\\ e oot - o oxygenase)is an enzyme necessary
Yoo, | & oyceiganie [ o for the Calvin cycle to occur.

Rubisco is probably the most
abundant protein on Earth.

three molecules of
CO; fixed give a net
yield of one molecule ona moleculs

H—C=0
of glyceraldehyde | .
3 nosphat at et o From PGAL, sugars, fatty acids,
of ATP and six cH,0(®) \ .
molecuies of NADPH and amino acids can be

SUGARS, FATTY ACIDS, AMINO ACIDS

synthesized.



Research

Current understanding of the metabolic pathways of the light and
dark reactions come from the use of carbon and oxygen isotopes.

Oxygen-18
~by using water synthesized with oxygen-18,
scientists were able to trace the pathway of water as it entered the leaf.

ﬂ —-Oxygen released during the light reactions comes solely from the
y photolysis of water during the light reactions
Carbon 14

— Radioactive carbon has been used to trace the metabolic pathway of
on dioxide in the Calvin Gycle (dark reactions)

sults indicate that the carbon found in glucose and other

hesized organic compounds comes solely from the carbon dioxide ‘
fromtheair. R -

——



Leaf Structure

PLASTIDS Leaf surtacas are coated with a
The colors in leaves are contamad in / WAXY CUTICLE to prevent
tiny structures within the cells called J/ warer loss.

plasbas. Plastids with green chiorophyll
___ are callad chioropiasts, those with
yeliow and orangs colors ars_ 2
called thromopiasts. -~

-
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_The EPIDERMIS is a layer of
/ spacialized fiattanad calis which
/ appear on all plant surfaces.

PALISADE PARENCHYMA cells are rich in
chloroplasts and are & primary site of
i pholesynihess in the leal

i The SPONGY MESOPHYLL cells are also
photesynihetic, and the large spaces
belween the cells allow diffusion of
tarbon dioxide

XYLEM and PHLOEM

o I 2 4 Xylem transports watar and minerals 3
- e = r AP i from roots while phicem moves the
y doors called guard i B : N
¢ L parmit the axchangs of Wt “--”'.'t‘/ products of photosynthasis througho X
moistura bon aoxide Datwesn the ree.
the leat al 3



Leaf Structure (cont

leat vein or wascular bundle

15 Qﬁﬂ Xy |— lower epiderrmis
cuard cells

fbndle sheath cuticle
cells
(o X 3 Yo Y § _ |——upper epidermis
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Leaf Structure (cont'd)

Large surface area permits maximum absorption of light energy
Cuticle: protective waxy covering of the leaf.
Epidermis: outer single layer of cells that lies beneath the cuticle.
—Generally contains no pigment to allow light to reach the photosynthetic layer below.
The cuticle and epidermis together function to:
—protect the inner tissues of the leaf from water loss
—increase the leaf’s ability to resist invasion of inner tissues by fungi

=1 N

—protect the leaf from mechanical injury
- & Palisades Layer: made up of elongated cells filled with many chloroplasts.
—Located directly below the upper epidermis, site of photosynthesis

Spongy Layer: has many interconnected air spaces with cells that have moist cell

surfi
dio

to encourage the circulation and exchange of gases including oxygen, carbon

and water vapor.

d directly beneath the palisades layer, has some chloroplasts



Leagc Structure (cont'd)

Stomates: openings typically found in the lower cuticle and epidermis.
— generally continuous with the intercellular spaces of the spongy layer

— permit the exchange of gases between the leaf and the environment
Guard Cells: regulate the opening size of the stomate

— there is a pair of guard cells around each stomate

j — these cells are kidney shaped and contain chloroplasts
1 — when guard cells LOSE water, the stomates CLOSE, stomates OPEN when
guard cells gain water & swell.
— Stomates are CLOSED during the HOTTEST parts of the day to prevent
loss from leaves.



Guard Cells (contd) b

.

1)

Cells turgid/Stoma open Cells flaccid/Stoma closed
""“;H;c-iﬁi'éﬂy.g‘rie';]ted N ’ fey
N / cellulose microfibrils / \* &When guard cells LOSE water, the
Ny (f /I / \—| stomaCLOSE, while the stoma
wall | [ ROY ,
(‘D 1 ‘i@%‘ | OPEN when guard cells gain water &
/,.‘ ) I.'I‘
W | el
[ I \ W .
PIWA QY D /A &5 Stomata are CLOSED during the
o Guardeell S~ HOTTEST parts of the day to prevent
(a) Changes in guard cell shape and stomatal opening and closing water loss ﬁ'om leaves
- (surface view) '
Copyright & Pearson Education, Inc., publishing as Benjamin Cummings.
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Root Structure

& Root hairs

Xylem

root halr

Al epidermis

endoders
Pericycle .‘i‘.f‘l. ] gvlem
stele —

i.i-;

pericycle

Endodermis phloem

cortex

Roots develop by both cell
division and elongation. As
the number and size of

SR | cells increases, the root
' grows in length and width.
e A
e
1 If'- Apical meristem
Root cap




Root Structure (contd)

&3 Roots are specialized structures that anchor the plant, store
nutrients, absorb water, nitrates, and other dissolved

minerals and carries these materials to the stem.

Growth of the root into the soil occurs through the cell

division at the root tip.
Root Functions:
—anchor plants into the soil
—absorb water and dissolved minerals
nay store carbohydrates (Le. carrot, turnip, pota’co)

y store water during dry periods _—



Root Structure (contd)

oot Cap:

— forms a protective covering for the

cells known as the meristematic zo
root tip.

— the root tips is pushed through th
the addition of cells behind it.

— The outer cells of the root tip are
this process and release a lubricatin.
aids in the passage of the root tip th

soil.

—new cells are continuously being fo

the embryonic region. As they elong

begin to differentiate and become




Root Structure (contd)

— the root has an outer [ayer, the
epidermis, which is one cell layer thick.

—just behind the root tip, epidermal
cells produce hairlike extensions of
their cell membranes. These root hairs
penetrate the soil and increase the
surface avea for greater absorption of

water and dissolved minerals.

—water and dissolved minerals from
thesoil enter the root hairs and

epidermis of the root by diffusion, Root Hairs

@smosis, and active transport.




Root Structure (contd)

Cortex: located just beneath the epidermis of the root.

—consists of loosely packed cells which store food and transport water
absorbed through the epidermis and root hairs to the conducting
tissue of the xylem and phloem.

Central Cylinder: consists primarily of xylem and phloem cells.

— xylem: specialized vascular tissue that extends from the roots to the
A leaves.

e

—transports water and dissolved minerals wpward in the plant.
omposed of continuous tubes of thickened cell walls of dead cells.




Phloem: vascular tissue that is involved in the transport of

organic food materials from the leaves throughout the rest of
the plant for immediate use or storage.

Root Structure (contd)

ONE-w 2y 0Ny water and food
g water and
’ minerals cells ha_ve end
wealls with
i perfarations
no end walls
betw een cells
thick walls b D 2y Tl o
stiffened
with lignin L g
YouTube - Roo
0 : Xylem vessel phloem vessel j
SMosLs




Transport in Stems

c’cions of stems: \
—house a continuation of the xylem and phloem

—Stems are adapted to support leaves and expose
them to light

—transport water & minerals between the roots
and the leaves and between various tissues of the

plant

—transport sugars (usually sucrose) from source
(where they're made - leaves) to sink (where they're
stored — roots )

—tubers (potatoes) underground food storage

stems

—stems grow from the tip or apical meristem
(vertical growth)

~-Leaves are attached to stems at nodes & have

lateral buds that can develop into new stems or
\@hes /

Leat

Node

Internade —

SHOOT S5YSTEM

RGOT SYSTEM

ICAL MERISTER




Vascular Bundles

Monocots vs Dicots — Vascular Bundle Arrangements in Stems

-~ Vascular Tissue is arranged in bundles with xylem toward the inside &
phloem toward the outside.

Vascu

ar bundles are scattered throughout monocot stems.

\
Vascu

ar bundles are arranged in rings in dicot stems.

y

Monocol stem Dicot stem

A
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Transport of Water

Cohesion Theory

& Transport of water and minerals occurs in
the xylem.

It is believed that water movement in the
xylem is driven upward with the help of the
following forces:

— transpiration: the evaporation of water from
leaves & stems

—capillary action: cohesive forces of water
molecules attraction for each other (like—like)
and adhesive forces of water molecules
attraction for the walls of the xylem (like—
unlike).

—-As water evaporates from the roots, more water
enters the roots.

& Transpiration produces a
pressure in the xylem pulling water

>Water is “helped” wpward with the forces of

adhesion and cohesion.

L~ Xylem
sap

=-Mesaphyll
cells

i) S0 Stoma

5]
I o
os o] Water
2l maolecule
Transpiration
Atmosphere

Xylem Adhesion Cell

2, .
ol o g
Y hd | o
X £lPMFl  Cohesion,
o Cohesion and by
«| adhesion in hydregen

o the xylem bonding

Water
molecule

£l —Root
) hair

2 Soil
B, particle

- P Water
Water uptake
from soil
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Gas Exchange

Leaves:

. @gas exchange takes place in the spongy layer of
~ theleaf where interior air spaces connect with the
environment through the stomates.

Stems:

&> Lenticels — stems of woody plants contain
4 small areas of loosely exposed cells that permit gas
‘; exchanges with the environment.

Roots:

Gas exchange occurs in the moist membranes

of the poot hairs and other epidermal cells.




Chemical Regulation

Hormone

Major Functions

Where Produced

Auxin

Cytokinin

= Ethylene

Abscisic Acid

(Gibberellin

stimulates cell elongation; involved in
phototropism, gravitropism, apical
dominance, and vascular differentiation;
stimulates ethylene synthesis and induces
adventitious roots on cuttings

Stimulates cell division, reverses apical
dominance, involved in shoot growth,
delays leaf sequence

Stimulates fruit ripening, leaf and flower
senescence, and abscission

Inhibits growth, stimulates stomatal
closure, maintains dormancy

stimulates shoot elongation, stimulates
bolting and flowering in biennials,
regulates production of hydrolytic
enzymes in grains

Meristems of apical buds,
embryo of seed, young
leaves

Synthesized in roots and
transported to other organs

Tissues of ripening fruits,
nodes of stems, senescent
leaves and flowers

Leaves, stems, green fruit

Meristems of apical buds
and roots, young leaves,
embryo




Tropisms

Tropisms

© the responses of plants to certain environmental stimuli

& responses are usually directional (with respect to the stimulus) and involve some sort of
movement.

- & Usually involve growth hormones - auxins
Seedling turned

Geotropism on side
i plant’s response to gravity
auxins accumulate on the top side of the roots,
E‘ elongating the cells, causing them to grow downward. Q@ St provs
dpvrarcs, roofs
. & Auxins accumulate on the underside of the stem, _grewe downamnds

elongating the cells, pushing the stems wpward.

; Ris
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Tropisms (cont'd)

Phototropism

&>When one side of a stem is better lit, auxins are accumulated on the dark
(unlit) side. The dark side grows disproportionately faster than the let side,

the plant bends toward the light.

\ side of
g ) | il
. “ cn eoptile

Numinated
side of
coleoptile

SUN

J

! d
A IlI_..I II
Control / Tip /: Tip covered | || Tip covered ’ Base i Tip <( Tip separated
i % removed [ | by opaque cap by trans- covered M separated by mica
| love ey { | parentcap (|l by opague | || by gelatin \
the light! ) #{ shield “block
[ PN
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