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Energy-Converting Organelles il 3,2 ol
Mitochondria and Chloroplast

- Both are not part of Endo-membrane system
- Both are enclosed by a double membrane

- Both have an inter-membrane space

- Both are involved in ATP production

- Both have its own DNA
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Energy-Converting Organelles  aslall 4 &1 ezl

Mitochondria Chloroplast

Contains respiratory enzymes Contains thylakoid membranes and
pigment molecules.

Mitochondria generate ATP from  chloroplasts generate ATP from

glucose during cellular respiration light (via process of
photosynthesis) to produce glucose
for storage.

Found in almost all cells (plant, Usually found in plant cells.

animal, etc)

process is cellular respiration process is photosynthesis
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Cellular Respiration
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— During cellular respiration:  «siad) (uiiill dlae oL

— Cells consumes O,

DS Y AR aadis
— Cells break down glucose to CO, and H,O
slall 5 0y 5o KU 21 U iy Ja ) ey 3 sSslall Su AAl) puss

— Cells consumes only 34% of energy stored In
glucose molecule

3sSstall S e 349 s Al Gllis

— Cellular respiration produces up to 32 ATP
molecules from each glucose molecule.
IS5l IS (e Al ¢ 3 32 A &1
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Cell respiration equation
S AL (udtil) Alalea

« A cellular respiration equation is helpful to show the
changes in hydrogen atom distribution

e o) 85wy Jo U I Dl L) saae (g i) dolas @

— Glucose loses its hydrogen atoms and is ultimately converted to CO,

598 AeST G LU 3 Syt oo gyl L3 5o iy

— At the same time, O, gains hydrogen atoms and is converted to H,O
W Jsny crom ppedl) O3 o en W) sy SB35

— Loss of electrons is called oxidation 3.8Vl by ;SN s Pt

— Gain of electrons is called reduction  JIFYL ok, SV OLST avs
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Rearrangement of hydrogen atoms (with their electrons)
in the redox reactions of cellular respiration
sava) Jelii (8 (Leilis yiSlla) Cpa g el Sl )3 i i sale
4 12 il

Loss of hydrogen atoms
‘ G soned) Dl ) s \
(oxidation sx.sY)

-~ w&
Glucose ‘ T -
, ATP
oS Gain of hydrogen ato ( )

O soxed) il ) b
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Stages of Cellular Respiration
S AL (dlil) da) sa
Cellular respiration occurs in (3) main stages:

Jal e (E36) o s gAY (il iy
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— Stage (1): Glycolysis 5 U : 3,3 e
— Glycolysis occurs in the cytoplasm
2ydhgdl 3 Aol oda S —
— Glycolysis begins respiration by breaking glucose
S5 eSa el s —

— (ATP) splits glucose (6-carbon molecule) into (2)
molecules of a (3-carbon compound) called pyruvate

DS e tr A (oS s s537) 555 ATP Bl (g5 sy —
Chapldl oo 58

— A small amount of energy (2 ATP) & electrons are
produced

Sy (Bl peygr) Bl e A 45 i —

This Presentation is NOT an Alternative to the Textbook! 2" semester 2019/2020



Glucose Jes 93;3. ) s
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Glycolysis EJ)\JM‘ < J)S)j;j\ A

In Cytoplasm
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Pyruvate Pyruvate
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2 Pyruvate

JeSsldl (s 5a 2ADP +2 (P) 2 ATP
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« Stage (2): Citric acid cycle “also called “Krebs cycle”
(S 3,99) el sl aaala 5 g0 1AEN Al yall o
« Takes place in the mitochondria (matrix)
Lo o€ ginall (3 pin) (8 A pall 02 Caaad o
* The citric acid cycle breaks down pyruvate into CO2
S5 0SI anl) A ) g ) el ) (mes 350 Jlad

A small amount of energy (2 ATP) & electrons are
produced

Sy (Bl ) Bl o o 45 25 —

* Supplies the third stage of cellular respiration with
electrons <ol s Sy 431G Als jall o 3
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Cytoplasm

LS sl

Mitochondria

Pyruvate >

Electrons

Gl g i<l

O3 S (A G5y S e
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« Stage (3): Oxidative phosphorylation (electron
transport chain)

(<l g Ay J&5 Aledad) B gall 5 jduadl) SN dda pal) °

« This stage occurs Iin the Inner mitochondrial
membrane

L2 oS sizall (Jalall sLaall) 3 Als yal) oda Cuaai o

At this stage, electrons are shuttled through the electron
transport chain

A Jl Alude e il g iSUY) J Ala all o2 YA e

 Produce much enenrgy (ATP) through the oxidative
phosphorylation

3 pall 38udll YA e ATP el (o ST duS Al ghy o
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An overview of cellular respiration

NAD \ Mitochondrion
High-energy electrons L) S siae
carried by NADH
Adle Al <)y syl NAD FADH
NADH e 4 sans and
. . OXIDATIVE
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Respiration Stages — summary

CeH1,0:+60,>6C0O,+6H,0+32ATP | Note that energy can be harvested as either

ATP (for direct use by the cell) OR as
° Glycglysis NADH, for later conversionto ATP in E.-T.C.)

— Input: Glucose, NAD*

— Output: Pyruvic Acid, 2 ATP, NADH (full taxi
with electrons/H")

« Citric Acid Cycle
— Input: Pyruvic Acid (from Glycolysis), NAD™
— Output: CO,, 2 ATP, NADH

 Electron Transport Chain

— Input: O,, NADH (with e7/H")

— Output: Hgos 28 ATP ltems from the chemical

equation are underlined
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Fermentation
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* Fermentation is an anaerobic (without oxygen) energy-
generating process

(gﬂv,w{ﬂ i\l 93) Wilgn ¥ Bllall ulg &) g sl o

* Under anaerobic conditions, many kinds of cells can

use glycolysis alone to produce small amounts of ATP

Jadl adades 0l sy 1N 2 05) Jaid 5 JAE Aope ol 3383 G

a1 Zollall Sl 8V (S5 (37!
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Lii 5,8 51a1) Uil

— In alcohol fermentation: Pyruvate converts to
CO, and ethanol Jasll jads

N, §§\/88

GLYCOLYSIS

2 ADP +2( P > released

Glucose 2 Pyruvate 2 Ethanol

BTN Cagh g by (oS sl S 50

— In lactic acid fermentation: pyruvate converts to
lactate il aalall jeds

; - Q—Q
> 2 2 NADH NADH
NEN CUENgW //JEQEL\\ gEE% B§E§

2ADP +2 P~

2 Pyruvate 2 Lactate
Glucose y
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— Yeasts are single-celled fungi that not only can use

respiration for energy but can ferment under anaerobic

conditions.
(13193) st il il o L) e A1 & 5oy Ol s (2 AR
Al oy Jall st Aom oLl Jo 5,35 g 8l s
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Cells use many kinds of organic molecules as
fuel for cellular respiration

ol dglas 3 3 ghsS (o AY) A gl il ad) G el LAY addius

» Although glucose Is considered to be the
primary source of sugar for respiration and
fermentation, ATP Is generated using.

O ), il g Gudill) Cudes (B Sl pani ) jaaall ga GsS slal) ol Lale
o Ll Lgali) oy 48U ey 5

— Carbohydrates, il g1 <)
— Fats QA

— Proteins. i g yal)
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» Fats make excellent cellular fuel because they
LY el g daUall Jlias jdcae iind o sadll e

— contain many hydrogen atoms and thus many
energy-rich electrons and

diall Gl g ySIV) e el g g el ) e el e ggian
asally

— yield more than twice as much ATP per gram
than a gram of carbohydrate or protein.

Ol bl g KU e SSTal s JSEATP 220 Caria e (ssiad —

This Presentation is NOT an Alternative to the Textbook! 2" semester 2019/2020
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Glucose GBP':(> Pyruvate
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Photosynthesis
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Autotrophs and Heterotrophs 43l 43503 i)
troph = food K

Auto = self 483 & Hetero = others Cu Al

Autotrophs depend on themselves to make their own food

Heterotrophs depend on others food.

et Laiy Lewdty Lealde @M.\é.c Ug\aQO\s@mm\ M| K| vl LN B

Photoautotroph make their own food by using light

At guial) A8 A1 LIS g gal) Bl aaaid 3l Al Ay Sl e o

Chemoautotroph make their own food by using chemicals

Apdal) 413 ollSIl Al 48U anacins Al dpdedl) 461 QWO s o
@ o4 34 ‘
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Autotrophs and Heterotrophs

dodadt) 40y ety

Autotrophs depend on themselves to make their own food

Produce own food:
Food chain level:

Types:

Examples:

Definition:

What or How they eat ?:

This Presentation is NOT an Alternative to the Textbook!

Heterotrophs depend on others food.

Autotroph
Yes

Primary

Photoautotroph: use basic energy

sources such as sunlight,
Chemoautotroph: use

sulfide, elemental sulfur,

Heterotroph

inorganic
energy sources, such as hydrogen
ferrous

iron, and ammonia

Plants, algae (Phototrophs)

Bacteria, Archae (Chemotrophs)

An organism that is able to form
nutritional organic substances from

simple inorganic substances such
as carbon dioxide.

Produce their own food for energy.

2nd semester 2019/2020

No

Secondary and tertiary

Animals: Herbivores and carnivores

Fungi

Heterotrophs cannot produce
organic compounds from inorganic
sources and therefore rely on

consuming other organisms in the
food chain.

They eat plants and animals .



Photosynthesis 3,

« Most plants, algae and protists are Photoautotrophs

A gual) Aadal) 4503 & il oY) alladall g lilal) alaea o

* Photosynthesis is the process of converting to

chemical energy and storing it in the bonds of sugar. This
process occurs in plants and some algae. Plants need only

+ CO, + H,0O to make sugar. The process of
photosynthesis takes place in the chloroplasts, specifically
using chlorophyll, the green pigment Involved In
photosynthesis (Figure ).

S el e S Syl (U Jadl Guedl) ¢ g il 338 aadiud e
Sw) Aiba€ dila ) (Gl ¢ gaza) A gucall A8l et calilal) o (5 35S lal)

(558 skl
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Basic Photosynthesis

Y

(Carbon dioxide) (Water) (Light) (Gllicose)" (Oxygen)
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Why Is Photosynthe5|s iImportant?
Gpall ol

& Makes organic molecules (Sugar as glucose) out of
Inorganic materials (carbon dioxide and water).

slallS 4y pme pe 5 Al e JsSslall SuSd pune iy ja plual @
& From which begins all food chains.
A aall Judlad) e L as @
& Produces oxygen gas

sadl aled) oS 3 e 5 @

& Earth’s plants produce 160 billion metric tons of sugar each year
through photosynthesis

éﬂ\,u\é@u{@\yyj\ﬁh 160 o ! bl s
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Photosynthesis occurs in plants, algae, protists
Sl ¥y alladall 5 Clilall & (A saall Ll duasy

" Photosynthesis occurs in chloroplasts present in plant
cells

Al LAY 8 o) el Calaindlll 8 5 gaal) el Chasy

Chloroplasts are found in the mesophyll (green tissue
In the interior of a leaf)

el A s e sl gmnil) Ji s aal) WA L o) el Clasiudl) S
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The location and structure

of chloroplasts
c\‘).\'aij\ u\d&mﬂ\ L_\...lSjj U\SA

Chloroplast
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Chloroplasts consists of two membranes surrounding an inner
room called (stroma) and connected sacs called (thylakoids)
Lo ) o slite Bl Sy 58| o3 A3 5 st et e e OlagladLl S
Thylakoids are concentrated in a structure called granum
s S0l Lo 8 Rl Doy Al i 38 Sl 1 Lt

STRCTVRE OF A CHORORAST - .-

(b3
mmefnh'nne

inywr
Membnne

PARAS
gisu
| hylakeid
(ﬁﬁﬂ lamella s il
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Sun light

Absorbed
light

Why are plants green?
o) pad cliludl) 1alal
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= Chloroplasts contain several pigments  sue clia e cladudull (g sias

= Chlorophyll SXEPT NI
= Carotenoids O s )8l drva
o Chlorophyll absorbs light

s goall Adlial) Zuapdall o) 1Y) Jid g ) sIS0 (i —
— Chlorophyll reflects specific wavelength of light
(green wave length)
Lid i) oslll Jig ) SISy —
— Leaves are green because contain Chlorophyll

o Caretenoids absorb excessive light that would
damage chlorophyl

S gy IS0 Caliy 38 (g1 200 50 ¢ gusall (i g S D -
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Photosynthesis Is a redox process, as is cellular
respiration
s 1Al il Aply Jal) ga LS sadl dlee o 5 guall £ L)

* Photosynthesis, like respiration, is a redox (oxidation-
reduction) process

(el — 3481) 30 28 0 3L il § 52l ol

— Water molecules are split apart by oxidation, which means that
they lose electrons along with hydrogen ions (H)

A el e gyt bl A1 ALYl C)\bj'&:}\ L SH P AW S A Sy T —

— Then CO, is reduced to sugar as electrons and hydrogen ions are
added to it

) gyl Sy Sl SV Blob S B oSS S i ¢ -
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Photosynthesis (uses light energy)
(A gl A8 adiiany) S gual) oLl

Reduction
J) A ;

6CO, + 6H,0 =—%» CH,0, + 60,

Oxidation
3SY|

Copyright © 2009 Pearson Education, Inc.

Cellular respiration (releases chemical energy)

Oxidation
3uS]
C;H .04 + 6 0O, —» 6CO, + 6H,0

LReduction J
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Photosynthesis occurs in (2) stages

— Light-dependent reaction (Stage 1)
Lsguall OVeledl s d M gl Ml —

— Light-independent reaction (Stage 2)
(875550 ol Dl ¥l gl Jo 5ash) e ¥leledl gl o 1) —
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Stage 1 RSN

* In the light reactions, light energy is converted in the
thylakoid membrane to chemical energy and O,
oSy LS B ) ) BT 3 Aspall Bl Syt ¢pual) Nl 3
» Water splits to provide the O, as well as electrons
2y 3SIYly onS os) oll) T

* Produces ATP molecules to be used as fuel to light-

Independent reaction (dark reactions)

(AN EMels)s gl fe 5038 e ONeled) oo il dlo 3387 (ATP Slus) Bl iy
¢ D e 9 Ss G
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Stage 2 Lold) 4o L

« The second stage is the Calvin cycle, which occurs in the stroma
of the chloroplast (Dark reactions)

o) pakl DM 8p2 (3 Snd Gy ¢ BT yp0 (P Ll A L) e

— A cyclic series of reactions that builds sugar from CO, and the
products of the light reactions using ATP. Each turn of the
light independent cycle requires 1 CO2, 3 ATP, and 2
NADPH. It needs 6 turns of the cycle to make 1 molecule of
glucose because glucose has a 6 carbon atom backbone.

Plagial ool SVl 15y S a5l 3B e Sl Sl a8 I OVeledl e dp s A e sle -
(M\L €32 18 L;\ mﬁg'&)js C\.&- L;\ u\fajo- 3 L;\ C\.&- Jjﬁ- b{uyjﬁ- 6) ATP u\i:j»

— During the Calvin cycle, CO, is incorporated into organic

compounds, a process called carbon fixation

oS Sl o 1 3 dypinal) DSLL al5 550 N5 5 SV S5 3 G
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Dr. Calvin - Nobel prize in chemistry
(1961)

Copynght © 2004 Pearson Education, Inc.. pubhishing as Banyamin Cummings.
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Stages of photosynthesis

that take place in a \ 4 \/

chloroplast

e AL Sugar
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Light Dependent Reaction

-The reaction must have light to take place.

-This reaction takes place on the thylakoid membranes.

- Light energy of sun is trapped by chlorophyll molecules. This energy
IS used to:

1. Reduce ADP to ATP

2. Reduc Coenzyme NADP* to NADPH and H* .

3. Produce Oxygen

Light Independent Reaction (Calvin Cycle)

- The process does not require light and can occur in both the light
and dark periods.

- This reaction takes place in the stroma

- Chemical energy (ATP and NADPH) trapped from light dependent
reaction is used to:

1. Produce Sugqgar.

2. Produce Coenzyme NADP*
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< Dark Reaction

.

Take place in | Thylakoid membrane Stroma within the chloroplast
|H20+Light+NADP++ADP NADPH + ATP + CO,

(G 0, +NADPH + ATP Sugar + NADP+ + ADP

| Light is present ATP is present

Function ‘ converts light energy to chemical energy | converts CO, to sugar

H\ B e = i ol =
-z
%\‘%_
T OoO=amrlk

IR eamctidaors
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Sunlight energy “adli &%l | Tha connection between

% % g photosynthesis and
cellular respiration

ECOSYSTEM ~=i sl - pall gl o Jals N
Photosynthesis Eﬂ
in chloroplasts <
Uﬂ oyl el b,
ﬁ)caﬂl ARV, N
Cellular respiration

U= s o JJ
1 \W <_
4

ATP

(for cellular work 4l Jadl)

§ i Heat energy i » 4l
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rlhaall iy g2l

Cellular respiration: an exergonic process
that transfers energy from the bonds in

A LD e el dlee ga (g 91801 pudill
JsSshalles da dal 5 (84 il Al ) a3

glucose to ATP ATP Al )ad
Respiration is one of the key ways a cell 3adall ALl e J pasll AdA]) ~lida oo (puddil)
gains useful energy to fuel cellular activity Al ddaial o 8 S

A kilocalorie (kcal): the quantity of heat
required to raise the temperature of 1
Kilogram (kg) of water by 1°C

3)\)&3\:\%5‘;% (éJ}S‘SJ&\S)&,}J‘Jﬂ\SM‘
a0 elall (e ol sUS 18] A o ad )1 4 sl
(eo \) 33&‘} 3\7133.4

Dehydrogenase: the enzyme that removes
hydrogen from an organic molecule

@A a3V G gl £ 55 a3y S gl
gl e 3l (e Cpa s el da

Glycolysis JoSsladl Has
The citric acid cycle E i) (aala 3y ga
Oxidative phosphorylation S ‘gal) 3 jiuudl)
Fermentation: an anaerobic (without Aalall () 59) Lilga Y A8l Al g dlac sa jeddl)
0Xygen) energy-generating process (O 5Y

lactic acid fermentation: oxidizing of
NADH by muscle cells and bacteria

rans g Aalianll LMAT auS (_;.'\,tm uaalal) jadd
NADH ) S sa L yiSll ¢ 5

Yeasts: single-celled fungi that not only can
use respiration for energy but can ferment
under anaerobic conditions

L) cila I ¢ il 5o i kb b kel
e LI Y (L) 58) (5 1) il AL i
M\)AM\LJJJH\MM\@M(QQQ\LACEJJG
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rllaadll o) Ciy

Fermentation: an anaerobic (without Aalall (552) Lilsa Y 48Ul A 53 dolec ga padlill
oxygen) energy-generating process (S 5Y
lactic acid fermentation: oxidizing of s s Aalianll LA S5 (Adll paaalad) jpedd
NADH by muscle cells and bacteria NADH I oS e b il g il
Aerobic respiration: requires oxygen in A8l 5 ad uaaS 5Y) I zliag (3 sel) bl
order to generate ATP

Anaerobic respiration does not ALl el S g¥) I Zling Y ) oY il
requires oxygen in order to generate ATP
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s

rlhaall iy o

Autotrophs: living things that are able to
make their own food without using organic
molecules derived from any other living
thing

c_\.ua'.'\ Gﬂc 5yl 4 LS A %M\ a—\.l:‘s caLilsly
B Qgi (o Babiaa 4y guzme Gl Ja aladdil (93 \.@_M:

Photoautotrophs: the use of energy of light
to produce organic molecules by Autotrophs

Gl ya LY o guall 4k andin) 4 gual) dydacl)
A3 KNG A gae

Chemoautotrophs: organisms that
uses Inorganic energy sources.
Chemoautotrophs are

mostly bacteria or archaea that live in hostile
environments such as deep sea

& Uit (Al SLalal o b ) e Lghalle ¢ 4, guiasll
Adraal) )

Heterotrophs :organism that cannot fix

carbon and uses organic carbon for growth
(on others food)

i aadaia ¥ S Al 400 e i)
(Y

Chloroplasts: organelles consisting of
photosynthetic pigments, enzymes, and other
molecules grouped together in membranes

Glasa (e S Gluae 4 o) padd) clatudll)
&e Ao sane (5 A1 QLS ja g Dlay 3l g ¢ guiall 43 580
Apde| (S pand) Lo

Chlorophyll: an important light absorbing
pigment in chloroplasts, is responsible for

the green color of plants
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http://simple.wikipedia.org/wiki/Inorganic_chemistry
http://simple.wikipedia.org/wiki/Bacteria
http://simple.wikipedia.org/wiki/Archaea
http://en.wikipedia.org/wiki/Organism
http://en.wikipedia.org/wiki/Carbon_fixation
http://en.wikipedia.org/wiki/Organic_compound

rllaad

Photosynthesis

rlhaall iy g2
Ayl gli)

Light dependent reactions: In the light
reactions, light energy is converted in the
thylakoid membrane to chemical energy and
O,

:\.533.&3\ ) AR |
dage o Agigall Al Jsadi o pall cllelss 4
Sl 5 AilaaS Al ) g

Light independent reactions: The second
stage is the Calvin cycle, which occurs in

the stroma of the chloroplast (dark reactions)
It is a cyclic series of reactions that builds
sugar molecules from CO, and the products
of the light reactions using ATP

(Ml coleli)s gal) o Badinal) & cdlell)
Caaas ‘_“;5\} ¢ O#\S SJJJ 0 g 4,3.1\35\ :\J;JAS\ D
Aol Aluds oo 3ole el juadll Clafiudl) 6 gda S
Sl A e S aly e A Gl aolelal) (g

ATP alasiuly ¢ suall Ole i w2l 55 () 5 S

Dark reactions addall e s
Stroma 3 glal)
Thylakoid o Al
Thylakoid membrane Fomy Al SLEE
Granum o Al ol

This Presentation is NOT an Alternative to the Textbook!

2nd se1nester 2019/2020




