
Respiration

• Respiration Is the Means to Turn Carbs into 
Usable Chemical energy (ATP) for many other 
Plant Reactions including PS

• All Living Plant and Animal Cells Carry out 
Respiration

• Respiration Occurs
– At same Time as PS

– During the Night

– In Developing and Ripening Fruit

– In Dormant Seeds



Mitochondria

• Occurs in Mitochondria of 
Cells

• Mitochondria are 
membrane-enclosed 
organelles distributed 
through the cytosol of 
most eukaryotic cells. 
Their main function is the 
conversion of the potential 
energy of food molecules 
into ATP

http://www.science.siu.edu/plant-biology/PLB117/JPEGs%20CD/0077.JPG



Mitochondria
• Spherical to oval

– about 1 micron diameter

– # mito./cell increases with demand for respiration; 
300-1000/root tip cell

• Double-membrane bound

– outer smooth

– inner folds forming cristae

• controls movement in/out

• site of electron transportm

• Matrix

– soluble phase

– site of TCA cycle; DNA, RNA, ribosomes
matrix

cristae



PLANTS NEED ENERGY TO PERFORM MANY ESSENTIAL 
FUNCTIONS OF LIFE:

GROWTH, 

REPAIR, 

NUTRIENT MOVEMENT, 

REPRODUCTION, &

NUTRIENT TRANSPORT.

WHY IS RS NECESSARY?



Aerobic Respiration

• Requires Oxygen

• Main Type of Respiration that Occurs in most 
Situations in Plants and Animals

• Involves Complete Breakdown of Glucose back to CO2

and Water

• Not all of the Energy in Glucose Is Converted to ATP 
Formation

– Only about 40% Efficient

– Extra Energy Is Given off as Heat
• In Plants, Heat Quickly Dissipates

• For Animals, Heat Is Retained to Hold Body Temperature
http://www.kathleensworld.com/mitochondria.jpg



3 Main Respiration Steps

1. Glycolysis
• Breakdown of Glucose to a 3-Carbon Compound 

Called Pyruvate

• Occurs in Cytosol

• Some ATP and NADH Are also Formed
– Storage Energy Molecules

• NADH Is Formed from NAD

• Similar Type of Energy-Storing Rx as NADP + H2 → 
NADPH2

– NAD + H → NADH

http://www.med.unibs.it/~marchesi/glycpth2.gif
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Respiration Steps

2. Krebs Cycle
• ‘Tricarboxylic acid Cycle (TCA Cycle)’
• ‘Citric Acid Cycle’
• Occurs in Mitochondrial Matrix
• A Cyclic Series of Rxs that Completely Break down Pyruvate to 

CO2 and Various Carbon Skeletons
• Skeletons Are Used in other Metabolic Pathways to Make 

various Compounds
– Proteins
– Lipids
– Cell Wall Carbohydrates
– DNA
– Plant Hormones
– Plant Pigments
– Many other Biochemical Compounds

• The Step where CO2 Is Given off by the Plant
• 10 NADH Are Generated

http://www.sp.uconn.edu/~bi107vc/images/mol/krebs_cycle.gif



• In the Krebs cycle, pyruvic acid from glycolysis is 
first “prepped” into a usable form, Acetyl-CoA

Figure 6.10
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Respiration Steps

3. Electron Transport Chain
– ‘Oxidative 

Phosphorylation’

– Series of Proteins in the 
Mitochondria Helps 
Transfer Electrons (e-) 
from NADH to Oxygen
• Releases a Lot of Energy

– Occurs on Mitochondrial 
Inner Membrane 
(Proteins Bound to 
Membrane)

http://www.uccs.edu/~rmelamed/MicroFall2002/Chapter%205/ch05.htm



Respiration Steps

– Released Energy Is 
Used to Drive the 
Reaction ADP + P → 
ATP

• Many ATP Are Made

– Oxygen Is Required 
for this Step

– Water Is Produced

http://www.uccs.edu/~rmelamed/MicroFall2002/Chapter%205/ch05.htm



Anaerobic Respiration

• ‘Fermentation’

• Occurs in Low-Oxygen 
Environments

– Wet or Compacted Soils for Plants

– After Strong Exertion for Animals

• ATP Is still Produced from Glucose 
but not as Efficiently as with 
Aerobic Respiration

http://www.jracademy.com/~vinjama/2003pics/fermentation%5B1%5D.jpg



Anaerobic Respiration

• C6H12O6 + O2 → 2 CH2O5 + 2 H2O + 2 ATP
or

• Glucose + Oxygen → 2 Ethanol + 2 Water + 2 ATP

• Same Rx Used to Produce Alcohol from Corn 
or to Make Wine or other Consumed Alcohol

Aerobic:
C6H12O6 + 6O2 + 40 ADP + 40 Phosphates → 6 CO2 + 6 H2O + 40 ATP



Anaerobic Respiration

• Only 2 ATP Are Formed instead of 40 from 
Aerobic Respiration

– Plant Soon Runs out of Energy

– Can Begin to Suffer from Toxic Levels of Ethanol 
and Related Compounds

• Extended Periods of Anaerobic Respiration will 
Seriously Reduced Plant Growth and Yields

Anaerobic:
C6H12O6 + O2 → 2 CH2O5 + 2 H2O + 2 ATP
Aerobic:
C6H12O6 + 6O2 + 40 ADP + 40 Phosphates → 6 CO2 + 6 H2O + 40 ATP



Photorespiration
• In the "normal" reaction, CO2 is joined with 

RUBP to form 2 molecules of 3PGA 
• In the process called photorespiration, O2

replaces CO2 in a non-productive, wasteful 
reaction

• It is believed that photorespiration in plants 
has increased over geologic time and is the 
result of increasing levels of O2 in the 
atmosphere--the byproduct of 
photosynthetic organisms themselves 

• The appearance of C4-type plants appears to 
be an evolutionary mechanism by which 
photorespiration is suppressed

• It has long been the dream of biologists to 
increase the production of certain crop 
plants, such as wheat, that carry on C3 PS by 
genetically re-engineer them to perform C4 
PS

• It seems unlikely that this goal will be 
accomplished in the near future due to the 
complex anatomical and metabolic 
differences that exist between C3- and C4-
type plants

http://www.marietta.edu/~spilatrs/biol103/photolab/photresp.html



Photorespiration

• Respiration Driven by Light Energy

• Discovered when Scientists Realized that some Plants 
Have Faster Respiration Rate in Light than in Dark

• Occurs in Chloroplasts and other Structures in a 
Photosynthetic Cell

• Rubisco can React with Oxygen to Start a slightly 
Different Series of Rxs
– Result in a Loss or no Net Gain of Dry Matter for the Plant

– Less ATP Is Produced from the Photorespiration

http://www.botany.hawaii.edu/faculty/webb/BOT311/BOT311-00/PSyn/Image81.gif



Photorespiration is highly 
compartmentalized

Buchannan et al. Fig. 1.40



Factors Influencing 
Photorespiration

• O2 : CO2 Ratio

• If Cells Have Low O2 but Higher CO2, Normal 
PS Calvin Cycle Dominates

• C4 Plants Have Little Photorespiration because 
They Carry the CO2 to the bundle Sheath Cells 
and can Build up High [CO2]
– Calvin Cycle Rxs always Favored over 

Photorespiration

• If Cells Have Higher O2 and Lower CO2, 
Photorespiration Dominates

http://www.botany.hawaii.edu/faculty/webb/BOT311/BOT311-00/PSyn/Image81.gif



Factors Influencing 
Photorespiration

• Light Intensity

– Increasing Light Intensity will Increase Energy for 
the Photorespiration Process and for PS

– C3 Plants Light-Saturate at Lower Light Intensities 
than C4 Plants

• Reach Their ‘Break-Even Point’ at much Lower Light 
Levels due to Increasing Photorespiration

http://www.botany.hawaii.edu/faculty/webb/BOT311/BOT311-00/PSyn/Image81.gif



Factors Influencing Photorespiration

• Temperature
– Aerobic Respiration 

and 
Photorespiration 
Increase with Temp

– Plants Have 
Optimum, Minimum 
and Maximum Temp 
Ranges

http://www.botany.hawaii.edu/faculty/webb/BOT311/BOT311-00/PSyn/Image81.gif



Factors Influencing 
Photorespiration

• Net Photosynthesis or Net Assimilation Rate
– C4 Plants generally Have Net Assimilation Rates 

about 2 to 3 Times that of C3 Plants

– C4 Plants Are often Called Efficient Plants and C3

Plants Called Non-Efficient Plants

– A Few C3 Plants Have Low Respiration and Similar 
Assimilation Rates as C4 Plants
• Sunflower

• Peanut

http://www.botany.hawaii.edu/faculty/webb/BOT311/BOT311-00/PSyn/Image81.gif



Factors Influencing 
Photorespiration

• Net Photosynthesis or Net Assimilation Rate

– Cooler Temps Are the only Time when C3 Plants 
Have Higher Net Assimilation Rates than C4 Plants

• PEP Carboxylase Needed to Incorporate CO2 into the 4-
Carbon Structure no Longer Functions

• C4 PS Rates Drop Dramatically or Stop

http://www.botany.hawaii.edu/faculty/webb/BOT311/BOT311-00/PSyn/Image81.gif



Alternate Fates of Glucose C

• Not all C respired to CO2

• Intermediates of respiration branch off:
– amino acids

– pentoses for cell wall structure

– nucleotides

– porphyrin biosynthesis

– fatty acid synthesis

– lignin precursors

– precursors for carotenoid synthesis, hormones


























