|Monday, January 5™
Happy New Year! We are half way through...!

Today you will take a second semester “pre-
and post-"assessment, to see where we are
with content we have seen or will tackle this
semester. Upon completion, please pick up:

* Chapter 10 (Photosynthesis) Chemiosmosis
* Chapter 10 Homework-yellow sheet

CRASH COURSE: Ps

AP Biology


https://www.youtube.com/watch?v=sQK3Yr4Sc_k
https://www.youtube.com/watch?v=sQK3Yr4Sc_k

————————————————————————
Tuesday, January 6"

| Please pick up a computer from the cart in
the BACK of the room. Pick up the Cancer
Web gquest off of the top of the cart.

* You may start while you wait for others.

* |f you have headphones or ear buds, they
may come Iin handy so feel free to use them.

* Please complete the web quest in the time
allotted. If you need extra time, you may need
to work on your own.

AP Biology



————————————————————
Wednesday, January 7t

N

N
L

Please continue your Cancer Web quest.

You will have plenty of time to finish today. If
you need additional time, you will work on
your own.

* If you finish, grab a book and the chapter 10
reading guide, OR

* Read through the Chemiosmosis packet you
were provided and start coloring.

Today I will...

1. Recall factors that disrupt the cell cycle.

2. Describe various causes of cancer in animals.
ap g 3. Provide various cancer prevention strategies.




Thursday, January 8%

Photosynthesis:
Life from Light and Alr

Review the formula for Photosynthesis.

o] m Kim Foglia
AP Biology 2006-2007



|Energy needs of life

= All life needs a constant input of energy

¢ Heterotrophs (Animals)

= get their energy from “eating others”
¢ eat food = other organisms = organic molecules

= make energy through respiration
¢ Autotrophs (Plants)

= get their energy from “self”

= get their energy from sunlight

= build organic molecules (food) fro

= make energy & synthesize sugars through
photosynthesis

AP Biology



|Energy needs of life

¢ Heterotrophs

= consumers

= animals

= fungi

= most bacteria
o Autotrophs

= producers

= plants

= photosynthetic bacteria
(blue-green algae)

AP Biology



How are they connected?
Heterotrophs

making energy & organic molecules from ingesting organic molecules

glucose + oxygen — carbon + water + energy
dioxide

CH,0s + 60, — 6CO, + 6H,0 + ATP

exergonic

Autotrophs
making energy & organic molecules from light energy

c_arb_on + water + energy — glucose + oxygen
dioxide

6CO, + 6H,0 + 9Nt s c H o, + 60,

energy
AP E"U'UU)’



vcle

Photosynthesis
plants

LH ‘ x l"j
CO, H,0O glucose ' O,

animals, plants

Cellular Resplratlon

AP Biology l ; ‘ !



What does it mean to be a plant

" Need to...

¢ collect light energy
= transform it into chemical energy

e store light energy

= In a stable form to be moved around
the plant & also saved for a rainy day

¢ Need to get building block atoms

from the environment
H,O

N

glucose

= C,H,O,N,P,K,S,Mg

e produce all organic molecules N
needed for growth Kp

= carbohydrates, proteins, lipids, nucleic acids

AP Biology



N

Plant structure chergy

® Obtaining raw materials

starch or sugar

photosynthesis, storage organ

e sunlight phejorespiation
= |eaves = solar collectors 2

H,0 vapor
¢ CO,
= stomates = gas exchange

¢ H O starch or sugar
T storage organ
= uptake from roots
e Nutrients

respiration, no

“N,P,K, S, Mg, Fe... “== 770
= uptake from roots ,

oiil Hgﬂ and
minarals
ente ;'ilrgugh
root ha

Figure 24. Photosynthesis, respiration, leaf

AP Biology water exchange, and translocation of sugar

(photosynthate) in a plant.



Stomates

JaRY

AP Biology
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upper epidermis

high water
vapor content

cuticle )
palisade parenchyma
choroplasts
guard cell stoma stoma guard cell mesophyll <
waler vapor COs xylem
low water high CO
vapor content mgmant 2 q phloem

lower epidermis

Figure 25. Stomata open to allow carbon dioxide (CO,)

sponhgy mesophyll
to enter a leaf and water vapor to leave. pongy Py

cuticle
upper epidermis

palisade layer
— chloroplasts

vascular bundle

spongy mesophyll

SN _ +—intercellular chamber

tran S p | rat| on = quard eblis i — lower epidermis




fChIoroplasts |
T _eaf absorb
sunlight & CO
8% Chloroplasts \
contain
A Chlorophyll make

energy & sugar



|Friday, January 9th
QUESTION TO PONDER:

Describe the structure of a chloroplast.
How Is this structure similar to a mitochondrion?

Today you will...
1. Describe the structure of a chloroplast and explain where
the processes of Ps occur.

2. Begin to outline the steps of the light reactions.

AP Biology



Plant structure

= Chloroplasts Chioroplast
¢ double membrane |
i = Iz-ﬂi' x.d__ﬂlrrtermemhrane space
¢ 210Ma 574 "~ | Outer membrane
= fluid-filled interior :

¢ thylakoid sacs

¢ grana stacks
" Thylakoid membrane

contains

¢ chlorophyll molecules

¢ electron transport chain

¢ ATP synthase + H*
» . - = + +H+H H H+
= H* gradient built up within @wH” +HB

thylakoid sac

N




|Photosynthesis

® |ight reactions
¢ light-dependent reactions

e energy production reactions )

= convert solar energy to chemical energy
= ATP & NADPH

" Calvin cycle
¢ light-independent reactions

e sugar production reactions

= uses chemical energy (ATP & NADPH) to
reduce CO, & synthesize C;H,,04




.Light Reactions

%Y H,0 + lght oy Atp 4+ NADPH + O,

energy

sunlight » produces ATP
= produces NADPH

=" releases O, as a
G waste product
. Energy Building
et RECHOM S
NS

AT



|Calvin Cycle

* builds sugars

" uses ATP &

-~ NADPH

= recycles ADP
& NADP back

& to make more

= ATP & NADPH

sugars
C.H,,Ox




Putting it all together

light
energy

CO, + H,O + — C4H,;,04 + O,

& Plants make both:

suanht

/ e energy
/’,\ ~ =ATP & NADPH
gnergy NADPA™ sugar | "SUQArS
I?Eﬂ'd‘ng Building
Reactions

\_,Re Tcm\

sugars
:6H12OS




D
(Light reactions (

® Electron Transport Chain
= like in cellular respiration

¢ membrane-bound proteins in organelle

Mitochondrion Chloroplast

¢ electron acceptors
= NADPH

e proton (H*)
gradient across

Inner membrane

= Where’s the double SPACE
membrane? MEMBRANEE

Mitochondrion

¢ ATP synthase

en Zy me & MATRIX I 4 ‘E, |
. Low H* H* '
AP BlOIOgy concentration

THYLAKOID
SPACE

Chloroplast

¢ structure

structure
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|Making ATP

photosynthesis respiration

sunlight breakdown of C;H,,0,

HY , -
H @ @

= moves the electrons
= runs the pump N — (PY1{ Wieannacanona
 bumps the protons AU || |
= forms the gradient &

= drives the flow of protons |
through ATP synthase ADP + P— 3

L
= attaches P, to ADP %
= forms the ATP ~

... that evolution built

AP



ETC of Respiration

" Mitochondria transfer chemical
energy from food molecules Inner
Into chemical energy of ATP

e use electron carrier NADH

mitochondrial (I
membrane p 4

Protein complex

Intermembrane< of electron T
space carriers 00000600605
5 2000080088
~
= ...l' ATP
Inner NeS synthase
mitochondrial < ,.'!.- 2 H* +1:0 '::'.-.
membrane g Borasny s
[ Slrfd) o bhder ADP + (B}
{carrying electrons A
from food) generate H,O @

Mitochondrial <
matrix

\

LAY ’

Electron transport chain

Oxidative phosphorylation



ETC of Photosynthesis

= Chloroplasts transform light
energy into chemical energy
of ATP

¢ use electron carrier NADPH

Phot nlslrstem

|

Cytochrome
complex

Photosystem |
Light

NADP*

2 H*

THYLAKOID
MEMEBRANE

H,a

THYLAKOID SPACE 2

+2 H*

STROMA

‘lllllllll‘-'IIIIIIIIIIIIIIIIIII"

raductase 9

NADP* + 2H*

To
Calvin
cycle




|Monday, January 12t

Question to Ponder

List the requirements for the light-reactions of Ps
(photosynthesis).

Where do these reactions take place within the chloroplast?

Today | will...

1. Review the light-dependent reactions.
2. Describe the visible light spectrum.
3. Differentiate between photosystems | & II.

PLEASE TAKE OUT
YOUR HOMEWORK

AP Biology



.Light Reactions

%Y H,0 + lght oy Atp 4+ NADPH + O,

energy

sunlight » produces ATP
= produces NADPH

=" releases O, as a
G waste product
. Energy Building
et RECHOM S
NS

AT



|Photosystems of photosynthesis

Let’s keep this straight...
LIGHT-REACTIONS animation

AP Biology


https://www.youtube.com/watch?v=joZ1EsA5_NY
https://www.youtube.com/watch?v=joZ1EsA5_NY
https://www.youtube.com/watch?v=joZ1EsA5_NY

Pigments of photosynthesis

Cilustertof - :hlorophyll b
pigment molecules =
embedded jpphvila
in membrane
Granum
(stack of > Por
4 phyrin ring
thylakoids) - (light-absorbing
= “head” of
molecule)

Thylakoid
membrane

Chloroplast -~ I
H2

= Chlorophyll & other pigments
+ embedded in thylakoid membrane s oot Shawh)
¢ arranged in a “photosystem”
¢ structure-function relationshi




A Look at Light

N

® The spectrum of color

1m
10°nm 10°nm 1nm  10°nm 10°nm (10°nm) 10°m
Gamma Micro- Radio
. X-rays | UV Infrared waves R
Visible light
Y OR
[ I.
380 450 500 550 600 650 700 750 nm
Shorter wavelength » Longer wavelength
AP Bio Higher energy » Lower energy




ILight: absorption spectra

® Photosynthesis gets energy by absorbing
wavelengths of light

¢ chlorophyll a

= absorbs bestinred & blue wavelengths & least in
green

e other pigments with different structures
absorb light of different wavelengths

Chlorophyll 2

nght Reflected
light
EhTumphyll b
Chloroplast 4%
\ - . — Carotenoids
W\ Absorbed R M
Irans itte v
I

Wauulanglh of Ilgh't {nim)

chloroplast pigments

Absorbance of light by

AP Biology




AP Biology

|Photosystems of photosynthesis

= 2 photosystems in thylakoid membrane

¢ collections of chlorophyll molecules
¢ act as light-gathering “antenna complex”

¢ Photosystem |l
= chlorophyll a
= Pggo = absorbs 680nm
wavelength red light
¢ Photosystem |
= chlorophyll b

= P,y = absorbs 700nm
wavelength red light

reaction
center

-~

Primary
electron
Photon acceptor

Electron transfer

> Reaction
Reaction- center
center
chlorophyll |

Transfer
of energy

antenna

Photosystem

pigments



THYLAKOID
MEMEBRANE

STROMA

tosystem Il

Rho

|

ETC of Photosynthesis

/ Photosystem |
|

+2

Cytochrome
complex

Pq P Loy
e/

2H*
-

'1+

YEiEENENEE *-llllllllllllllllllll..'

X

NADP*
reductase e

|

NADP* + 2H*

+ H*

o




Tuesday, January 13th

1. Where ¢
nere o
nere o
nere o
nere o
nere G
nere G

hat wi

© ® N O U A WN
=S =s:=s =

nere G

AP Biology

Id t
id t
id t
id t
id t
Id t
id t

Photosynthesis summary

ne energy come from?
ne electrons come from?
ne H,0O come from?

ne O, come from?

ne O, go?

ne H* come from?

ne ATP come from?

| the ATP be used for?
Id the NADPH come from?
10. What will the NADPH be used for?

Grab a Y2 sheet
of paper off the
front counter

...Stay tuned
for the Calvin
cycle



STROMA

THYLAKQID
ER
MEMBRANE H,0

THYLAKOID SPACE

Sp“t HZO iu.““._..nl'

STROMA

)
(1)

]
OO AR AR R

ETC of Photosynthesis

Photosystem
Light "‘l-lﬁ_=F
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Cytochrome
complex
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\ reductase g)
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Light
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|Light reactions

® Convert solar energy to chemical
energy

+ATP — energy

+NADPH — reducing power
®" What can we do now?

— — build stuff I!

AP Biology



How is that helpful?

" Want to make C,H,,0,
¢ synthesis

¢ HoOw? From what?
What raw materials are available?

N

CO,
NADPH
carbon fixation C reduce CO,

o &)

&

C6H12O6

AP Biology



[From CO, =& C,H,,0O,
" CO, has very little chemical energy
o fully oxidized
" C;H,,O,contains a lot of chemical energy

e reduced
e endergonic

" Reduction of CO,—> C,H,,O4proceeds in
many small uphill steps

¢ each catalyzed by specific enzyme
e using energy stored in ATP & NADPH

AP Biology



|From Light reactions to Calvin cycle

= Calvin cycle
e chloroplast stroma

®" Need products of light reactions to
drive synthesis reactions

o ATP
+ NADPH

AP Biology




O
_ 1. Carbon fixation
3. Regeneration

of RuBP _
_ _ RuBP Rubisco
ribulose bisphosphate

_Calvin cycle

N

S?thrrggé, 3 ATP ribulose 6C
cellulose ? bisphosphate
< mo{\ 3 ADP carboxylase
\\\\ used
to make glyceraldehyde-3-P
glucose G3p PGA@

phosphoglycerate

2. Reduction @ 6 ATP
6 NADPH® @ 6 ADP
6 NADP




Remember G3P? glucose

iy 2 ATP
1 <2ADF>

fructose-6P
P-C-C-C-C-C-C-P

G
X
G
X
G
e

glycolysis

a il
DHAP =% G3P
e T 2 NAD
= 2 NADH
= 4 ADP
- 4 ATP
pyruvate

AP Biology C-C-C



Stroma of chloroplast

Cal VI n CyC I e Carbon dioxide

(CO,)
Rubisco
Ribulose 1,5-bisphosphate 3-phosphoglycerate (3C) (PGA)
(RuBP) (5C) % iz
=6 ATP:
Carbon flxatlon/ \ ZANK
3 ADP 6 ADP
wi\ o s Reforming
B ATP = RUBP 1,3- blsphosphoglycerate (3C)
i 6 NADPH
Reverse of
\ glycolysis 6 NADP*
Glyceraldehyde 3-phosphate (3C) Glyceraldehyde 3-phosphate
(3C) (G3P)

Glyceraldehyde 3-phosphate (3C) (G3P)

.

Glucose and
other sugars

AP Biolog




! To G-3-P and Beyond!

® Glyceraldehyde-3-P
¢ end product of Calvin cycle
e energy rich 3 carbon sugar
¢ “C3 photosynthesis”

® G-3-P = important intermediate
G-3-P - — glucose —» — carbohydrates
— — lipids
— — amino acids

| — — nucleic acids
AP Biology



|Rubisco

" Enzyme which fixes carbon from air

o ribulose bisphosphate carboxylase

o the most important enzyme in the world!

= It makes life out of air!
¢ definitely the most abundant enzyme

\V

>
(@)
=
2
m
o
<



IAccounting

®" The accounting is complicated
¢ 3 turns of Calvin cycle =1 G3P

+3CO, >1 G3P (3C)

¢ 6 turns of Calvin cycle =1 C,H,,0O4 (6C)
¢ 6 CO, >1 C,H,,O4 (6C)
¢ 18 ATP + 12 NADPH — 1 C,H,,0O4

e any ATP left over from light reactions

will be used elsewhere by the cell
AP Biology



|Photosynthesis summary

® | ight reactions
e produced ATP
¢ produced NADPH
¢ consumed H,0
¢ produced O, as byprodtig
= Calvincycle
¢ consumed CO,
¢ produced G3P (sugar)

¢ regenerated ADP &

e regenerated NADP %
AP Biology

Light

,,,,,,
RRRRRRRR




Wednesday, January 14t

Please take out the cancer webquest you completed
using the Inside Cancer website.

YOUR TASK:

Complete 2 essays in-class using this resource.

* Use notebook paper.
* Due prior to leaving.
* Please pick up the Cell Respiration lab manual

. 2"d and 3" period: Meet in Room 803 (lab)
. 4t period: Meet here

N

AP Biology



The poetic perspective...

® All the so
was built

" All the so

Id material of every plant
0y sunlight out of thin air

Id material of every animal

was built from plant material

Then all the cats, dogs,
rats, people & elephants...
are really strands of air woven
together by sunlight!

AP Biology



10ld Light - Rxn notes

AP Biology



ETC of Photosynthesis

o
Cytochrome '?'Q

comple 28
9 to the

Energy of electrons

X
o+ Calvin
Cycle

AP Biology



ETC of Photosynthesis

f%¢
% % 9

o
Cytochrome '?'Q

Splitting of water H* comple >
releases oxygen “
>‘\/\/\w to the
+
> 4

X
DD o+ Calvin
nght ' % Electron flow provides CyC I €

energy for chemiosm

synthesis of
Photosystem Il

Energy of electrons

AP Biology



ETC of Photosynthesis

&%; electron
“'o'b’ carrier

A -
Primary & %
acceptor %, 6
‘o, NADP*
® (Pa) % © NADP* t
E (1] N #%% reductase e
g [2) Cytochrome 0.\ NADPH
T Splitting of water complex
% | releases oxygen *
= o to the
g + Calvin
b o, o
Lo % Electron flow pro\ides
energy for chemio¥Nnotic

AP Biology



ETC of Photosynthesis

= ETC produces from light energy

¢ ATP & NADPH
= go to Calvin cycle

= PS |l absorbs light

¢ excited electron passes from chlorophyll to
“primary electron acceptor”

¢ need to replace electron in chlorophyll

¢ enzyme extracts electrons from H,O &
supplies them to chlorophyll B

= splits H,O

= O combines with another O to form O,
= O,released to atmosphere )
= and we breathe easier!

N

AP Biology



Experimental evidence

" Where did the O, come from?
o radioactive tracer = Oy

Experiment 1

6CO, + 6H,0 +e'r:gpgty —» C,H,0; + 60,

Experiment 2

6CO, + 6H,0 +e'r:gpéy —» C,H,0; + 60,

Proved O, came from H,O not CO, = plants split H,O



" Light reactions
elevate electrons in
2 steps (PS 11 & PS )

¢ PS Il generates
energy as ATP

¢ PS | generates
reducing power as
NADPH

AP Biology

INoncyclic Photophosphorylation

S — =
photon \< >
=
o
O
0
=X

Photosystem Il

Photosystem |




|Cyclic photophosphorylation

= |f PS | can’t pass
electron to NADP... ‘ “rq

It cycles back to PS Il &

makes more ATP, but q
no NADPH

~ ~ INADPH
¢ coordinates light E. y
. . < 5 J
reactions to Calvin YN EINE(IG

CyC|e <r m:#ss
+ Calvin cycle uses more A\
ATP than NADPH _@E

Photosystem Il Photosystem |

((®

AP Biology




|Photophosphorylation

cyclic
photophosphorylation

Primary |
acceptor | %, .

:I.:: ::;::gr N . N @ & \-:_3 i

reductase [ “NADP*

Cytochrome

complex | NADPH

N noncyclic
oo photophosphorylation
---- Energy for
chemiosmotic
--'- synthesis of Photosystem |

Photosystem Il

AP Biology



|Photosynthesis summary

nere did the energy come from?
nere did the electrons come from?
nere did the H,O come from?

nere did the O, come from?

nere did the O, go?

nere did the H* come from?

nere did the ATP come from?

nat will the ATP be used for?

nere did the NADPH come from?
nat will the NADPH be used for?

EEEEEEEEEE

AP Biology ...Stay tuned for the Calvin cycle



