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Photoautotrophs including (a) plants, (b) algae, and (c) cyanobacteria synthesize their organic
compounds via photosynthesis using sunlight as an energy source. Cyanobacteria and

planktonic algae can grow over enormous areas in water, at times completely covering the
surface. In a (d) deep sea vent, chemoautotrophs, such as these (e) thermophilic bacteria,
capture energy from inorganic compounds to produce organic compounds. The ecosystem
surrounding the vents has a diverse array of animals, such as tubeworms, crustaceans, and

octopi that derive energy from the bacteria. (credit a: modification of work by Steve Hillebrand,
U.S. Fish and Wildlife Service; credit b: modification of work by

"eutrophication&hypoxia"/Flickr; credit c: modification of work by NASA; credit d: University
of Washington, NOAA; credit e: modification of work by Mark Amend, West Coast and Polar

Regions Undersea Research Center, UAF, NOAA)
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The energy stored in carbohydrate molecules from photosynthesis passes through the food chain.
The predator that eats these deer receives a portion of the energy that originated in the
photosynthetic vegetation that the deer consumed. (credit: modification of work by Steve

VanRiper, U.S. Fish and Wildlife Service)

Main Structures and Summary of Photosynthesis
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Photosynthesis uses solar energy, carbon dioxide, and water to produce energy-storing
carbohydrates. Oxygen is generated as a waste product of photosynthesis.
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The basic equation for photosynthesis is deceptively simple. In reality, the process takes place in
many steps involving intermediate reactants and products. Glucose, the primary energy source

in cells, is made from two three-carbon GA3Ps.
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Photosynthesis takes place in chloroplasts, which have an outer membrane and an inner
membrane. Stacks of thylakoids called grana form a third membrane layer.
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The Two Parts of Photosynthesis
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Photosynthesis takes place in two stages: light dependent reactions and the Calvin cycle. Light-
dependent reactions, which take place in the thylakoid membrane, use light energy to make ATP
and NADPH. The Calvin cycle, which takes place in the stroma, uses energy derived from these

compounds to make GA3P from CO2.
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Foods that humans consume originate from photosynthesis. (credit: Associa•‹o Brasileira de
Supermercados)

 +49< 1<9-/<C=>9</=38>2/&83>/.$>+>/=+</9<1+83D/.38>9./:+<>7/8>=�=?-2+=.+3<C�
7/+>=�:<9.?-/� ,</+.� -/</+6=�+8. =909<>2��+-2 +3=6/�)6385*� -98>+38=2?8.</.=� 3089>
>29?=+8.=��90�.300/</8>�:<9.?->=�09<�-?=>97/<=�>9�,?C�+8.�-98=?7/�

�6>29?12>2/</3=+ 6+<1/@+<3/>C�/+-2 3>/7 6385=,+-5 >9:29>9=C8>2/=3=� /+>= +8.
.+3<C6385�,/-+?=/ >2/ +837+6=A/</ 0/. :6+8>�,+=/. 099.=�%2/ ,</+.=� -/</+6=�+8.
:+=>+=-97/ 6+<1/6C0<97 =>+<-2C1<+38=�A23-2 +</ >2/ =//.= 90 :29>9=C8>2/=3=�
./:/8./8> :6+8>=�(2+> +,9?> ./==/<>=+8. .<385=� �66 90 >2/=/ :<9.?->= -98>+38
=?1+<E=?-<9=/3=+ :6+8>:<9.?->� + .3=+--2+<3./�+ -+<,92C.<+>/796/-?6/� A23-2 3=
,?36>.3</->6C0<97:29>9=C8>2/=3=� 9</9@/<� 7+8C 3>/7=+</ 6/==9,@39?=6C./<3@/.
0<97:6+8>=��9< 38=>+8-/�:+:/< 199.= +</1/8/<+66C:6+8>:<9.?->=�+8. 7+8C:6+=>3-=
�+,?8.+8>+=:<9.?->=+8. :+-5+1381�+</./<3@/.0<97+61+/�'3<>?+66C/@/<C=:3-/ +8.
06+@9<38138>2/=:3-/ +3=6/A+=:<9.?-/. ,C + :6+8>+=+ 6/+0�<99>�,+<5�069A/<�0<?3>�
9<=>/7� &6>37+>/6C�:29>9=C8>2/=3=-988/->=>9/@/<C7/+6 +8. /@/<C099. + :/<=98
-98=?7/=�

Section Summary

%2/ :<9-/== 90:29>9=C8>2/=3=><+8=09<7/.630/98 �+<>2��C 2+<8/==381/8/<1C0<97
>2/=?8�:29>9=C8>2/=3=/@96@/.>9+669A63@381>2381=+--/== >9/89<79?=+79?8>=90
/8/<1C��/-+?=/ 90:29>9=C8>2/=3=�63@381>2381=1+38/.+--/==>9=?003-3/8>/8/<1C>2+>
+669A/.�>2/7�>9�,?36.�8/A�=><?->?</=�+8.�+-23/@/�>2/�,39.3@/<=3>C�/@3./8>�>9.+C�

"86C -/<>+389<1+83=7=�-+66/. :29>9+?>9><9:2=�-+8 :/<09<7 :29>9=C8>2/=3=�>2/C
</;?3</>2/:</=/8-/ 90-269<9:2C66�+ =:/-3+63D/.:317/8> >2+>+,=9<,=-/<>+38:9<>398=
90 >2/ @3=3,6/=:/-><?7 +8. -+8 -+:>?</ /8/<1C 0<97 =?86312>�#29>9=C8>2/=3=?=/=
-+<,98 .39B3./ +8. A+>/<>9+==/7,6/ -+<,92C.<+>/796/-?6/= +8. </6/+=/9BC1/8
+=+ A+=>/:<9.?-> 38>9>2/ +>79=:2/</� �?5+<C9>3-+?>9><9:2=�=?-2 +=:6+8>=+8.
+61+/�2+@/9<1+8/66/=-+66/. -269<9:6+=>=38A23-2 :29>9=C8>2/=3=>+5/=:6+-/� +8.
=>+<-2+--?7?6+>/=��8 :<95+<C9>/=�=?-2+=-C+89,+->/<3+�>2/:<9-/==3=6/==69-+63D/.

"@/<@3/A�90�#29>9=C8>2/=3=

���

/#fig-ch08_01_07


+8. 9--?<=A3>238096./. 7/7,<+8/=� /B>/8=398=90>2/ :6+=7+7/7,<+8/� +8. 38>2/
-C>9:6+=7�

Art Connections

)6385*"8 +29>�.<C.+C� :6+8>=-69=/>2/3<=>97+>+>9-98=/<@/A+>/<�(2+> 37:+->A366
>23=�2+@/�98�:29>9=C8>2/=3=�

)6385*�/@/6=90-+<,98.39B3./ �+ 8/-/==+<C:29>9=C8>2/>3-=?,=><+>/�A366377/.3+>/6C
0+66���=�+�</=?6>��>2/�<+>/�90�:29>9=C8>2/=3=�A366�,/�3823,3>/.�

Review Questions

(23-2 90>2/ 09669A381-97:98/8>= 3=not ?=/. ,C ,9>2 :6+8>=+8. -C+89,+->/<3+>9
-+<<C�9?>�:29>9=C8>2/=3=�


� -269<9:6+=>=
�� -269<9:2C66
�� -+<,98�.39B3./

� A+>/<

�

(2+>�>A9�7+38�:<9.?->=�</=?6>�0<97�:29>9=C8>2/=3=�


� 9BC1/8�+8.�-+<,98�.39B3./
�� -269<9:2C66�+8.�9BC1/8
�� =?1+<=�-+<,92C.<+>/=�+8.�9BC1/8

� =?1+<=�-+<,92C.<+>/=�+8.�-+<,98�.39B3./

�

�8 A23-2 -97:+<>7/8> 90 >2/ :6+8>-/66 .9 >2/ 6312>�38./:/8./8> </+->398=90
:29>9=C8>2/=3=�>+5/�:6+-/�


� >2C6+593.
�� =><97+
�� 9?>/<�7/7,<+8/

� 7/=9:2C66

�

(23-2�=>+>/7/8>�+,9?>�>2C6+593.=�38�/?5+<C9>/=�3=not -9<</->�

"@/<@3/A�90�#29>9=C8>2/=3=

���

/#fig-ch08_01_05
/#fig-ch08_01_05



� %2C6+593.=�+</�+==/7,6/.�38>9�=>+-5=�
�� %2C6+593.=�/B3=>�+=�+�7+D/�90�096./.�7/7,<+8/=�
�� %2/�=:+-/�=?<<9?8.381�>2C6+593.=�3=�-+66/.�=><97+�

� %2C6+593.=�-98>+38�-269<9:2C66�

�

Free Response

(2+>�3=�>2/�9@/<+66�9?>-97/�90�>2/�6312>�</+->398=�38�:29>9=C8>2/=3=�

%2/9?>-97/ 906312></+->398=38:29>9=C8>2/=3=3=>2/-98@/<=39890=96+</8/<1C38>9
-2/73-+6/8/<1C>2+>>2/-269<9:6+=>=-+8 ?=/ >9.9 A9<5�79=>6C+8+,963-:<9.?->39890
-+<,92C.<+>/=�0<97�-+<,98�.39B3./��

(2C�+</�-+<83@9</=��=?-2�+=�6398=��./:/8./8>�98�:29>9=C8>2/=3=�>9�=?<@3@/�

�/-+?=/�6398=�/+>�+837+6=�>2+>�/+>�:6+8>=�

(2C�+</�/8/<1C�-+<<3/<=�>29?12>�90�+=�/3>2/<�F0?66G�9<�F/7:>CG�

%2//8/<1C-+<<3/<=>2+>79@/0<97>2/6312>�./:/8./8></+->398>9>2/6312>�38./:/8./8>
98/ +</ F0?66G,/-+?=/ >2/C,<381/8/<1C� �0>/< >2/ /8/<1C 3=</6/+=/.� >2/ F/7:>CG
/8/<1C-+<<3/<=</>?<8>9>2/6312>�./:/8./8></+->398>99,>+3879</ /8/<1C�%2/</3=89>
7?-2 +->?+679@/7/8> 38@96@/.��9>2 �%# +8. !��#� +</ :<9.?-/. 38>2/ =><97+

A2/</�>2/C�+</�+6=9�?=/.�+8.�</-98@/<>/.�38>9���#��#3��+8.�!��#� �

"@/<@3/A�90�#29>9=C8>2/=3=

���


	Overview of Photosynthesis
	Main Structures and Summary of Photosynthesis
	The Two Parts of Photosynthesis
	Section Summary
	Art Connections
	Review Questions
	Free Response

