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Basic plant anatomy

)

L

= Tissue = group of cells with
a common

function and/or

structure o\ ' \Shoot
Py, A system

N

=  Organ = several types of
tissues that
together carry out
particular
functions for an
organisms =

= Plants draw resources
from two environments:

1.  Water and minerals from
below ground

2. CO, and light from above
AP Biology 9round

>Root
system
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Basic plant anatomy

N
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=  Plants have 3 basic organs:

N

1. Roots
2. Stems
3. Leaves

=  These organs form a ROOT
SYSTEM & a SHOOT SYSTEM

= ROOTS
¢ Multicellular organ with
various functions:

1. Anchors a vascular plant in
the soil

2. Absorbs minerals and water

3. Often stores carbohydrates
as a way of storing carbon
AP Biology and energy
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Plants Exhibit Various Adaptations

e  Remember what you need to evolve via Natural
Selection

1. Variation must exist in a given characteristic across
organisms in a population.

2. The variation in this characteristic must be inheritable
(it must be controlled by the alleles of genes the
organism inherits)

3. Because some more beneficial variations help
organisms better survive and reproduce in a
particular environment, differential reproductive
success causes the alleles for certain variations to
get passed down to the next generation proportionally
more often than alleles for less advantageous

AP Biology Variations.



Different Root Structures Have Evolved as
Adaptations in Different Environments

e  Fibrous Root System
= Fibrous roots (1)
= A mat of thin roots spreading out
below the soil surface with no root
functioning as the main one
= Many small roots grow out from stem
Each small root forms its own lateral
roots

= Roots spread in many directions
(but stay in the shallower soil,
allowing the plant to absorb rain
water easily and quickly.

N

= Benefit to ecosystem: help
prevent soil erosion FIBROUS
(loss)production ROOT




Different Root Structures Have Evolved as
~ Adaptations in Different Environments

e Taproot system
= Tap roots (2) 3 (=
¢+ Consists of 1 large vertical root '

with many small lateral or
branch roots

N
\J

= Root can reach for water
deep in ground

= Root anchos plant against
” strong winds

S = Taproot may store sugars
and starches for later

use during flower and fruit
production

TAPROOT




Roots Hairs Increase a Root Cell’s Surface
) Area for Mineral and Water Absorption

¢ Most absorption of water Apical bud
Petiole

N

and minerals occur near the(terminal bud)
tip of roots C N

¢ Root tips have (1)
= Thin tubular cytoplasmic e — ¢
extensions of root epidermal S
(outermost dermal) cells g Node

(root hairs are not a multi-cellular Axillary bud

: Internode
organ like lateral roots are) AR Node
= increase absorptive surface /@

area (increase the cells surface PR N
to volume ratio) 2

¢+ Some plant have modified —
roots as well that provide R G
more support or anchorage, N - Lateral root
store water and nutrients, or .
allow for better absorption o

Primary root
oxygen in water-logged soil ;
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lary bud : Terminal
Shoots ™
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: /:r‘ bud
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¢ | SHOOTS (stem & leaves)

= A stem is an organ
consisting of an
alternating system of
nodes and internodes

¢+ Nodes = the points at
which leaves are

N

iy,
AN

attaChed ’ _ - , Taproot
+ Internodes = the stem 7 =
segments between nodes | ;_,Jl_

toots ' W
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Shoots

N

¢ BUDS
= In the upper angle between
the leaf and stem is an

axillary bud

¢ A structure that can form a
lateral shoot, a.k.a. a branch

= Usually dormant in young
shoots
= Elongation of shoots occur
near shoot tip which

contains an apical or
terminal bud

¢+ Contains developing leaves
and a compact series of
nodes and internodes

=  Flower buds form flowers
AP Biology

Terminal

Axillary bud fud

Vegetative

branch
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Apical dominance

N
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¢ |Apical dominance

N

* Due to the signal molecules

(hormones) secreted by apical bud
cells that travel down the plant shoot

inhibiting cell division in axillary buds.

¢ Apical Dominance is an adaptation
that increases the plant’s exposure
to light

= If light becomes more intense on
the side of a plant or if an animal
eats the end of the shoot (and the
apical bud), axillary buds break
dormancy and start growing into a
AP Biology = new lateral shoot or branch
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Modified shoots

stolons (strawberries) rhizome (ginger)

- horizontal shoots that grow along . horizontal shoots that grow below

N
GV

the surface (allow plants to the surface with vertical shoots
reproduce asexually from nodes) emerging from axillary buds

tuber (potato bulb (onion)
- eyes are clusters of axillary buds - underground shoots of mainly
] bases of leaves that sore food
AP Biology
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Shoots & Roots are Interdependent systems

d A\
UV

= Both systems
depend on each
other

¢ roots depend on
produced by
photosynthetic
leaves

>Shoot
system

——

¢ shoots depend on |

absorbed from the ; .

soil by roots water & e
AP Biology minerals /"

>Root
system




Plant TISSUES of plant organs

1. Dermal tissue system o \\
¢ Outer protective covering 3}, // O\
¢ epidermis (“skin” of plant) | Il

\ Al
= single layer of tightly packed \'7-';3_1
cells that protects plant and v
prevents water loss B
= Trichomes = cytoplasmic //‘;’\
exhension or an Iciplidermal e @ "'I\'J
cell or a multicellular YW@ e W
" outgrowth of shoot \:;-_-._-:.-:://
B4 epidermis that reduce water
‘)| loss by reflecting excess
8 sunlight, keeps plant warm
by trapping air, function in Vascular

| defense by forming barrier tissue

to herbivores or by
secreting toxins etc...

¢ Cuticle = waxy coating on
plants prevents .‘
water loss toouo.

[l
Dermal—,

tissue \ //

AP Biology



Plant TISSUES of plant organs

N
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2. Vascular tissue system

¢ Long distance transport
system in shoots & roots
= xylem
¢ Conducts water and minerals

upward from roots into
shoots

= Phloem ' @ |
¢ Transports sugars from L
photosynthesis S

¢ Stele = (Greek for “pillar’)
vascular tissue of root or stems

= Vascular cylinder of xylem
and phloem in roots

= Vascular bundles = separate N \ a7 N\
strands containing xylem 1B\
and phloem (aka: VEINS)

AP Biology

Ground
tissue



Plant TISSUES of plant organs
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3. Ground tissue system

= Pith = ground tissue
internal to vascular
tissue

= Cortex = ground tissue
external to vascular
tissue

¢ bulk of plant tissue

= Includes....
¢+ The photosynthetic

mesophyll cells
¢ Cells for storage

AP Biology



Leaves

N
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N

= Function
¢ Main organs for photosynthesis

= energy production
¢ Allow for gas exchange

¢ Allow for Transpiration

= Though too much water loss is bad, some water loss is
necessary in order for the plant to be able to carry
the stem at a node

minerals up from the soil
= Many monocots lack petioles and the base of

= Structure
the leaf forms a sheath that envelops the stem -

¢ Flattened blade
¢ Petiole = stalk that joins the leaf to

AP Biology
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Leave Morphology

P
= |eaves can be simple or compound
o
= Single undivided blade
o
= Blade consists of multiple leaflets
= Each leaflet is missing any axillary bud at its base
+ Allows leaves to withstand strong wind with less tearing
+ Confines pathogens to a leaflet
o

Each leaflet is itself divided into smaller leaflets

Leaflet
Blade

~ <. Axillarybud - Axillary bud

—

AP Simple leaf Compound leaf Doubly compound leaf




Stomata are structures in the epidermis of tree leaves and
needles where carbon dioxide, oxygen, and water are
exchanged between between plants and the air.

SCHEMATIC STOMATA

Opened Stomata

BN
@ 5.

Closed Stomata

AP Biolog!



high water ’

vapor content

4

upper epidermis

palisade parenchyma

quard cell
water vapor

low water high CO,
vapor content content

choroplasts

CO, mesophyll g
xylem

phloem

Figure 25. Stomata open to allow carbon dioxide (CO,)
to enter a leaf and water vapor to leave.

lower epidermis

spongy mesophyll
cuticle
upper epidermis

palisade layer
—> chloroplasts
|__vascular bundle

spongy mesophyll

intercellular chamber

' lower epidermis
guard cells stomate
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Modified leaves

tendrils (peas) spines (cacti)

AP Biology



Parenchyma Collenchyma

ells

Fiber cells (sclerenchyma)

Plant CELL types

N

hPNA\/

. Parenchyma
. Collenchyma

a) Parenchyma and
collenchyma

. Water-

conducting
cells of the - ih

X I () Xyem shmin vessel elements and tracheids in longim'mal
y e m (left) and transverse (right) sections

5. Sugar-

conducting
cells of the

Phloem
AP Biology

sieve-tube members and companion
nal (left) and transverse (righty:ections

(d) Phloem showilég
cells in longitudi




Pit Plasmodesmata

Parenchyma

Primary

= Parenchyma cells are unspecialized """

Secondary

¢ Primary cell walls are thin, flexible “ceii wan
¢ Lack secondary walls Plasma

membrane
= carry out many metabolic functions
+ “typical” plant cells = |east specialized piasmodesmata

N

Cytosol
2
. Stem cross-section showing tissue systems.
. -« Ground Tissue
+ tissue of leaves, stem, fruit, ., ™
(Parenchyma)
storage roots Epidermal
Tissue

= all other cell types in plants
develop from

arenchvyma

Vascular Tissue
(Xylem and
Phloem)




Collenchyma
= Collenchyma cells have thicker primary walls &
provide support to young parts of plant shoots
L 4
L 4
L 4

 Parenchyma
cells

Can elongate to help support
without restraining growth

 Collenchyma
cells

the strings in celery stalks
are collenchyma
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Sclerenchyma
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" Cells for support

¢ very thick, “woody” secondary walls
= Cell wall strengthened with lignin

¢ rigid cells that can’t elongate
= Occurs in tissues that have
stopped growing
= Dead at functional maturity
(missing protoplast)

= Two types of Sclerenchyma

¢ fibers
= Rope-like threads
4
¢ sclereids
= Shorter with very thick lignified secondary walls

*

AP Biology
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Xylem’s water conducting cells

Two types: °
©
®©
e ®
1. Tracheids _ HEEIES °lo
Vorcuier sems | | (functions in ®
Elongated and both support
tapered tubular cells £ :‘“d Watret’ ®
Dead at functional maturity (anspot) ®
@
" Sect ®
lignin
©)
Chief water-conducting 2 8
element in and g
lower , also
found in xylem.
. @
AP Biology ®




]
Xylem’s water conducting cells

Vessel elements
(specialized for
water transport)

2. Vessel elements

Elongated tubular cells

Wider, shorter, thinner walled
than tracheids

Dead at functional maturity

Vessels
¢ End walls of vessel elements have

Allows water to flow freely
through the vessels in the
xylem

Found additionally to tracheids
in angiosperms (a few
gymnosperms and seedless
vascular plants)

AP Biology *




pit

Xylem cell pits

N

L

= Secondary walls of both
these cells are interrupted

by pits

= PIT = thinner regions
where only primary walls
are present

= Pits allow water to
migrate out of these
cells laterally

vessel

—vessel element

xylem
parenchymal tracheid

AP Biology <:e'|Xylem Structure of Hardwood|




... tttttH: L — N SNNISS
vessel elements Vascular tissue

= Xylem
e ¢ move water & minerals up from roots
¢ dead cells at functional maturity

Only lignified cell walls remain
need empty pipes to efficiently move H,O

vessel
element

(b)Vessel elements
with partially
perforated end walls

: e, Pl
{ /i : - 1 ;
(c)Tracheids and vessels (colorized SEM)

tracheids
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Sugar-conducting cell of the Phloem

0 living cells

Aaaah...
Structure-
Function
again!

¢ They have a cell membrane & cytoplasm

= Cells
Sugar Conducting cells

+ more room for easier specialized transport of
liquid nutrients (sucrose)_

Sieve cells
¢+ Long narrow cell

Sieve tubes

+ Contain as end walls: have pores to
facilitate flow of fluid between cells
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Additional cells of the Phloem

= Companion cells
¢ Non-conducting cells alongside sieve tube element

¢ Nucleated cells connected to the sieve-tube
through plasmodesmata

= Nucleus and ribosomes of companion cells also serve

sieve tubes
v

S
Cell
Nucleus
Companion cell '
- Sieve tube
element
Sieve tube .

Fgmj

| -

Sieve Plate

Sieve-tube
Elements

Sieve-Tube

Cytoplasm



Phloem: food-conducting cells

= carry sugars & nutrients throughout plant

I | { %} L8
Nucleus \ sieve tube NS [ \ ‘é\
Companion \ / Sieve-tube ¢ N
cell member ‘ S A
Y S ’ ‘ <

Companion —p—=
cell i

———

Sieve-tube —

member
companion cell Iasmodesmgta
- I Sieve plate
Sieve plate | / /
100 um
sieve plate (b) Transverse section (LM)

0

(a) Longitudinal view




Shoot architecture and light capture

N

N
U

AP Biology

= Stems serve to support leaves and allow for the transport of
water and nutrients.
o
L 4

= Water is scarce
= Evaporative water loss a bigger problem

¥

Alternate Spiral Opposite Whorled

= Phylotaxy is very important for light capture
+ Phylotaxy

= One leave per node = alternate or spiral
= Two leaves per node = opposite (most angiosperms)
= More leaves per node = whorled

* Plants reduce self-shading to increase light capture!
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Shoot architecture and light capture

= |f leaves are in too much shade, cellular respiration occurs more
than photosynthesis.

¢ Self-pruning
= Non-productive leaves or branches may undergo programmed
cell death and be shed

= | eaf orientation affects light capture as well.
L 2

N

N
\J

*

= Finally, branching (bud growth and stem elongation) help a plant
capture light and CO,




What is transported? _© 3

= H,O & minerals H20
+ Transpiration = loss of water
mostly through leaf stomates

= Causes negative pressure

2

N
GV

¢ \Water diffuses into roots

= Water & Minerals are transported

in xylem as xylem sap

¢+ Water rises by
(water above tugging on water below) A

+ Water doesn’t drop because of
(water sticking to cellulose cell walls)

¢+ Minerals are brought in Tv
/e 77,
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CO» 02

What is transported?

= Sugars
o phloem

= Calvin cycle in leaves loads £

sugary phloem sap into phloem{
¢ Transported sugar is mainly

N
\J

¢+ Phloem sap flows both ways
between roots and shoots

= From sites of sugar production
or release to sites of sugar
storage or consumption H
. bulk flow
= Movement results form positive pressure T |
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CO, 02

What is transported?

Light
= Gas exchange 0 [{%ﬁ
¢+ Photosynthesis
= CO, in; O, out i !
stomates b P

¢+ Respiration
= O, in; CO, out

= Roots also exchange gases for
cellular respiration with the help of
air spaces in soil

Why does
over-watering
kill a plant?

Yet another thing
you now know!
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Three Basic Transport
Mechanisms in Plants

N

U

1. Diffusion
2. Active Transport
3. Bulk Flow

AP Biolog

ol

g° Cohesion and
Ot adhesion in
% the xylem

oo“ ;‘ oy,

Water uptake
from soil

~ Water

molecule
ranspiration Atmosphere
3
4
° Xylem Adhesion Cell
(3 wall
=
L o = 1
o
N (e}

Cohesion,
by
hydrogen
bonding

Water
molecule

Root
hair
Soil
particle

Water



Selective permeability of the plasma membrane controls
the movement of substances into and out of the cell

N
U

= | Passive Transport
¢+ Diffusion of solutes down their electrochemical gradient

1. Solutes move down chemical concentration gradients
2. Solutes move down their electrical gradient

N

. = charge difference across the membrane
EXTRAC
* NOT FLUID HEIAR G O~ O
@)
L

=  Simple Diffusion = does

not II'I.VO|V9 transpor_t ) Channel protein Solute

protein at all. Just diffusion Q G CYTOPLASM

across plasma membrane. [(@) A channel protein . .

- . . (b) A carrier protein

= Facilitated Diffusion = e o

involves a transmembrane o ® O O

protein that assists in

passage of solute
L

.
AP Biology = Ex: Aquaporins Carrier protein OO e/Solute

............ i
T 1 l

®

----------

ARBHBA




Water & mineral absorption

N
U

N

= plants

oOSMosSIs

¢ Aquaporins (in root
hairs) facilitate water

diffusion & increase

the of water’s

diffusion
AP Biology




Osmosis & Water Potential iirownic  Hypertonic

solution solution

N o - £ 2
% i

= | Animal cells

¢ Water moves from solution
with lower solute
concentration to solution

with higher solute
concentration

=  Plant cells

Selectively permeable membrane

¢ Must also take into account the cell wall pushing back against
expanding protoplast

= Water potential = incorporates the effects of both solute
concentration and physical pressure \l} (Units: Pressure)

*

= FREE higher

lower h
AP Biology



Water Potential

N

N
U

= | Water potential refers to water’s potential energy

¢ Water is able to perform work as Cell wall
it moves from a region with
higher to lower water potential

= Ex: Expand the cell wall

= | Water potential depends on
ressure and solute concentration [¥ = ¥s+%p

1. Solute / Osmotic Potential of a Solution
=  Proportional to solution’s molarity (M = mol/L) LPS

*

= Adding solutes lowers water potential making it NEGATIVE

2. Pressure Potential of a Solution

= Physical pressure on the solution LP

¢ Can be POSITIVE or NEGATIVE P

AP Biology



Solute potential is the tendency of water to move
by osmosis.

Solute potential inside Cell is placed in pure water.
cell and in surrounding Its solute potential is low
solution is the same.No relative to its surroundings.
net movement of water. Water moves into cell

via osmosis.

Solute Pure water
TR

"'*0 |

. Water
movement




Pressure potential is the tendency of water to move
in response to pressure.

Turgor pressure is

an important Inside of cell

source of pressure / Expanding volume of cell

on water in cells pushes membrane out.
S Turgor pressure

POOOCOOOOTIOOOOCOOOOO0OBOSOOOOO00C0OOTOO00O0OOOOOOOC00OS

a f ottt h

Wall pressure

Stiff cell wall pushes back with
equal and opposite force.

Outside of cell




_ The pascal (Pa) is the of

defined as one per :
Other units of pressure include standard atmosphere (atm),
pounds per square inch (psi), Bar (bar)

Solute potentials differ.

Solute and pressure
potentials differ.

Pure water Solution
Pure water Solution
¥ =0 MPa Y,= O0MPa
¥s =-1.0 MPa ¥ = 0 MPa ¥, =+1.0 MPa
¥ =-1.0 MPa
\

, =-1.0 MPa
é’ g ¥ = 0.0 MPa

Water moves left to right—from
area with high water potential to

AP Bio area with low water potential

Water potentials are equal—
no net movement



Water Potential & the movement of water

N
U

N

Water moves from an area of
to an area of

Cell wall
Distilled Plant cell immediately Plant cell after being
water after being put into in distilled water
distilled water for some time
\.lfp =0 b = 0 wp = +2
+ Y. =0 + YL =-2 + Y =-2
qf — 0 W = '2 q‘- = 0
Outside 0, inside -2 Outside 0, inside 0
Water moves No net water
i | |
AP Biology inward! movement!




Calculating Solute/Osmotic Potential

N
N>

V=W, +W¥,
W . =-iCRT
| = The number of particles the molecule will make in water

(sucrose or glucose = 1; NaCl = 2)

» C = Molar concentration (usually provided in the problem)
- R = Pressure constant = 0.0831 liter bars/mole K
« T = Temperature in Kelvin = 273 + °C

For problems in megapascals, R is 0.00831 liters megapascals /moles
K. R in this case is 10 times smaller because 1 MPa = 10 bars.

AP Biology



Tips To Remember Regarding Osmosis &

Water Potential
L2 ) O
W, =-iCRT

N
GV

» | = The number of particles the molecule will make in water
(sucrose or glucose = 1; NaCl = 2)

» C = Molar concentration (usually provided in the problem)
» R = Pressure constant = 0.0831 liter bars/mole K
» T =Temperature in Kelvin = 273 + °C
e In the absence of pressure pushing on the water, water tries to
diffuse from areas of higher free water concentration (LOWER
TOTAL SOLUTE CONCENTRATION) to areas of lower free water
concentration (HIGHER TOTAL SOLUTE CONCENTRATION)

= Most solute molecules (with their covalently bonded atoms) do not

dissociate in water so in solutions where the solute is a molecule i = 1

= lonic compounds (metal ions that are ionically bonded to nonmetal ions)
do dissociate in water so their i = 2 (ex: NaCl) or i = 3 (CaF2) etc...
depending on how many ions separate when the compound enters water

e Temperature must be in Kelvin & pressure in bars!
e Always show all units when plugging numbers into formulas!
e Remember, the unit M (molar) is the same as mol/L




Tips To Remember Regarding Osmosis &

! Water Potential
e Water diffuses (osmosis occurs) from area of high Y= ‘PP +‘I‘S
water potential W to area of low water potential ¥ .
* W of solution 1 > W of solution 2 Wy =-iCRT

e | Osmosis (the net diffusion of water) stops when WATER
POTENTIALS (not necessarily solute concentration) of two

fluids or regions within a fluid are EQUAL!!!
* Y of solution 1 = WY of solution 2

e Y=Y+ Yp
=  Ysis 0 (0 bar) in pure water (water with NO solutes)

=  Ys only become more and more negative as solute concentration
increases (Ws can NEVER be positive)

=  WYpis 0 (0 bar) in an animal cell (no cell wall), in an open-aired beaker, or a
flaccid plant cell (no pressure exerted on the cytoplasm by the cell wall)

=  Yp is a positive when positive pressure is added to a solution (by an
external device on a solution in a beaker or when the turgid plant’s cell
wall is pushing on the cytoplasm)

=  Yp is a negative when negative pressure (suction) is experienced by a
solution




Now It’'s Your Turn to Try a Few Problems

N
GV

Y=Y +W,
W, =-iCRT
+ i = The number of particles the molecule will make in water

(sucrose or glucose = 1; NaCl = 2)

» C = Molar concentration (usually provided in the problem)
» R = Pressure constant = 0.0831 liter bars/mole K
» T =Temperature in Kelvin = 273 + °C

= What is the Solute Potential of a 1.0M sugar solution at 20C
(assuming standard atmospheric conditions)?

1. Ws==iCRT

2. LI"s='( 1)(1.0m_o|)(0.0831 L*bars)( 293K)
L mol * K

3. Ws==244 bars

AP Biology



Now It’'s Your Turn to Try a Few Problems

N
GV

Y=V, + W
W, =—iCRT

» i = The number of particles the molecule will make in water
(sucrose or glucose = 1; NaCl = 2)

» C = Molar concentration (usually provided in the problem)
* R = Pressure constant = 0.0831 liter bars/mole K
+ T =Temperature in Kelvin = 273 + °C

= The solute potential in a plant cell is -7.25 bars and the pressure
potential is 0 bars. What is the water potential of the plant cell?

= |f this plant cell is transferred to a beaker with a 0.5M NaCl salt
solution at 12C, will osmosis occur and in what direction?

AP Biology



I v,

Now It’s Your Turnto SemmeE
+ i = The number of particles the molecule will make in water
;rrv a Few P ro b I ems (sucrose or glucose = 1; NaCl = 2)

+ C = Molar concentration (usually provided in the problem)
T * R = Pressure constant = 0.0831 liter bars/mole K

+ T = Temperature in Kelvin = 273 + °C

= The solute potential in a flaccid plant cell is -7.25 bars. What is the
water potential of the plant cell?
1. Woiant = Ws + Wp

2. Wyant =-7.25 bars + 0 bars
3. Wpiant = =7.25 bars

= |f this plant cell is transferred to a beaker with a 0.5M NaCl salt
solution at 12C, will osmosis occur and in what direction?

1. Wheaker = Ws + Wp
Wiheaker = Ws + 0 bars

2
3. Ws beaker = = iCRT
4

Ws beaker= = ( 2 )( 0.5 mol ) ( 0.0831 L* bars ) ( 285k ) = - 23.684 bars
L mol *

Wheaker = = 23.684 + 0 bars = = 23.68 bars

Woiant > Wheaker Since =7.25 bars > = 23.68 bars so water will diffuse out
of the plant cell and into the beaker (plant cell may plasmolyze).

o o



W, =-iCRT
) S
Now It's Your Turnto . | N
e + i = The number of particles the molecule will make in water
(sucrose or glucose = 1; NaCl = 2)
;I: rV a F QW P rm + C = Molar concentration (usually provided in the problem)

\‘/ » R = Pressure constant = 0.0831 liter bars/mole K
« T = Temperature in Kelvin = 273 + °C

= At 23C, a yeast cell containing 0.75M sucrose is in equilibrium with its
surrounding solution, which contains 0.45M sucrose. What is cell’s

pressure potential? (Remember, yeast cells are single-celled fungal cells and
so have cell walls made of chitin)

1. At EQUILIBRIUM: Wsurrounding = W yeast cell
2. W=Ys+ Yo soat EQUILIBRIUM:

LPS surrounding + Wp surrounding = t|"S yeast cell + Wp yeast cell
Ws surrounding = = iCRT

Ws surrounaing = = (1) (0.45 m_|<_>l) (0.0831 L*olciar:‘.() (296 k) = - 11.069 bars
Wp surrounding = 0 bars
Ws yeast = = iCRT
Wsyeaee= = (1)(0.75 mot) (0.0831 L* bars) (296 k) = - 18.448 bars
L mol * K

"PP yeast - ? barS
qJS surrounding + Wp surrounding = LPS yeast cell + Wp yeast cell

= 11.069 bars + 0 bars = = 18.448 bars + Wp yeast cell
We yeast cel = + 7.38 bars
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Active transport

= | Pumping solutes across the membrane against their

electochemical gradients

¢ Requires metabolic energy!

N

= | Transport Proteins

= Carrier Proteins (Active or Passive Transport
¢+ Selectively bind solutes, change
shape, and carry the solute to the
opposite side of the membrane

= Channel Proteins (Passive Transport)
¢ Provides a selective channel
through which specific solutes
can travel to opposite side of the
membrane
= May be gated, opening and closing
in response to a specific stimulus

1. Pressure
2. Chemicals
3. Voltage

AP Biology



Mineral Absorption in Plant Roots

= Mostly by

¢ Most important transport protein in plant plasma
membrane = Proton pump

= Uses energy from ATP to pump hydrogen ions (H+) out of cell.

¢ Resultsin a with a higher H+
concentration outside the cell than inside

= Represents stored potential energy.

N
GV

CYTOPLASM == EXTRACELLULAR FLUID

@ Proton pump

generates mem-
@ brane potential

and @ gradient.
proton pumps @ @

AP Biology S ¥
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Mineral Absorption in Plant Roots

=  Proton pumps provide energy for solute transport.

¢ Proton pumps pump H+ out

N

1. Produce an
2. Produce a charge separation or voltage called a

¢ These two forms of potential energy can be used to drive in/
transport into the root hair cells solutes.

= Cation Uptake CYTOPLASM - > +  EXTRACELLULAR FLUID

¢ Charge difference @ Cations ((K?), for
across plasma @ + @ example) are
. driven into the cell
membrane drives S mEmb e
cation uptake @ @ potential.
= Negative charge @ @
inside cell causes -5 3+ Mransport protein

K+ to enter root cells = e =
da) viemprane potential ana cation aKke
AP Biology @ e O
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Mineral Absorption in Plant Roots

N

= | Co-transport of negative and neutral solutes

N
\J

¢ a transport protein couples the downhill passage of
one solute to the uphill passage of another

against its concentration gradient.

= The “coattail” effect of co-transport is also responsible for
the uptake of the sugar sucrose by plant cells from the
phloem.

Cell accumulates

anions ((NOz 7],

for example) by
coupling their

@ @ transport to the
Ay inward diffusion
% @ through a

:@ @ @ cotransporter

¢ This role of proton
pumps in transport
is an application of

AP Biology (b) Cotransport of anions



Absorption of water & minerals occurs at

= Absorption is a surface area phenomenon
L 4

= Root hairs

¢ Plasma membranes have
aquaporins, proton pumps,
proteins, proteins etc..

= Mycorrhizae

Root hairs

¥ — Soil air
- Soil water

; @ )- )
) ’ ‘.kg&\IIQQ?A%SOH particles

Epidermis




Two types of Mycorrhizae

Symbiotic
relationship
between fungi
& plant
¢+ symbiotic
fungi
greatly
increases
surface
area for
absorption
of water &

minerals
¢ increases

volume of
soil
reached by
plant

¢ increases

transport
to host
plant

AP Biology

Epidermis Cortex __— Mantle 100 pm
W i (fungal I |
> ) sheath) A ‘
f ! A ‘ . i ’
/ 1 ‘

Ui
| = Endodermis 4 .°
\ i ' 4 »_'_

between
cortical
cells (colorized SEM)

Mantle | —
(fungal sheath)

(a) Ectomycorrhizae

Epidermis Cortex

/=
B

Cortical cells

SA=Y

(b) Endomycorrhizae



The three types of Plasmodesma
mﬁhOl’t distance transport

= Water and solutes move along
the continuum of cell walls and
extracellular space
= Apoplast = the continuum

formed y cell walls, extracellular
spaces, and dead interiors of tracheids and vessels.

Apoplastic pathway (through cell wall)

Symplastic pathway (through cytoplasm)

= Water and solutes move along the continuum of cytosol within a
plant tissue

= Solutes must cross plasma membrane only once this way

= Symplast = the continuum formed by the cytosol of cells connected
through cytoplasmic channels called plasmodesmata

= Water and solutes move out of one cell, across
the cell wall, and into the neighboring cell and on
Solutes must cross multiple cell walls this way




Li)ng-Distance Transport in plants

= Long distance transport occurs through
Bulk Flow

= Xylem moves water and minerals up the
shoot

= Phloem moves dissolved sugars

= These characteristics of the cells involved in
making xylem allows for efficient bulk flow!



Direction of Transport

N
GV

epidermis
cortex
pith
cambium

AP

Xylem: One way flow of water
and minerals

Phloem: Two way flow of sugars

one-way only

water and
minerals

no end walls
between cells

thick walls
stiffened
with lignin

Elizabeth Morales

S

phloem vessel

[ —— two

water and food

cells have end
walls with
perfarations

-ty flow
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Ascent of xylem sap

N
U

N

vascular tissue

= From here, bulk flow transports xylem sap through the
plant veins to the leaves:
: Much faster than diffusion
or active transport
i 15to45 m/ hr
= Moving xylem involves:
Root Pressure
Transpirational Pull

AP Biology



Transpirational Pull: The major mechanism of
~moving water and minerals, using negative pressure

N

U

A.k.a. Transpiration-Cohesion-Tension Mechanism

¢ Uses negative pressure to pull Xylem Sap up the Plant
Stomata open up during the day to let CO, in for photosynthesis
and inadvertently let H,O (in gas form) escape that was located

in the leaf air space.

High
water potential

Low
water potential

J—
—_— —



Transpirational Pull: The major mechanism
using negative pressure

N

= | The water that was in the leaf air space (as a gas) is replaced by new

of the

= | Water has strong cohesive properties

¢ As the water leaves the cell surface, it is replaced by water in the xylem.

*

Cuticle
Upper

epidermis— '

” B

Mesophyll <

Lower

epidermis —aC D A e AU (SIS

Cuticle/ coz' - o,

Water vapor

Xylem

Evaporation

T

Water vapor

negative pressure potential

waters that enters the leaf air space in the leaf space by evaporation

creates

¥

Evapor
"~ Water f

- Airspace

R ~ —— Cytoplasm

| = Cell wall
ation -
ilm - _‘ — Vacuole



Transpirational Pull: The major mechanism
1 using negative pressure

- water
is gently pulled toward the direction of water loss
1.  Water from water film evaporates
2.  Waterfront in cell walls of
mesophyll cells retreats into
cell wall
3. High surface tension of water
causes hegative pressure
potential in water in cell walls

4. Water molecules in xylem are o .
pulled towards cell wall areato oo "‘ .
M|

Adhesion

cells

TP Water-conducting ’\\
‘n " i '_r" "' .a
0 4 ". ’

Cohesion

i of water
reduce tension movemen

¢ The cohesion of water is strong
enough then to transmit this pulling
force all the way down to the roots

. to the cell wall also aids in resisting gravity




1. Negative pressure

potential lowers Outside air ¥
water potential in = -100.0 MPa
leaves :

Leaf W (air spaces)

2. Water moves from =Gt
areas of higher Leal:® (ealalle)
water potential to o
areas of lower water £
potential ‘

3. Water potential is
highest in the soil
and much lower at
the air-water
interface in the Trunk xylem ¥
leaves, being the ==0.8 MEa

lowest (usually) in
the air outside the
leaf.

4. More negative water

potential of leaves . xylem ¥

provides causes the =-0.6Mpa
osmosis of water —
(and thus xylem = 0.3 MPa

sap) upward

SE
i

Xylem
sap
_—>Mesophyll
cells
Stoma
Water
molecule
Transpiration
g P Atmosphere
£
4
Xylem Adhesion Cell
cells wall
VA‘ ~
[Sh9 J 000 o
0o o
Ch2
o o
o [e)
oo o°
Ofllo
o(%
BEKIE

Cohesion,

o, Cohesionand by

%4 adhesion in
% the xylem

O

from soil

Water uptake

hydrogen
bonding

Water
molecule

Root
hair

Soil
particle

Water
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Controlling Stomates regulates transpiration

Opening Stomata: Epidermal cell

¢ Uptake of K* ions by Guard cell thoroplasts ., Nucleus
guard cells a G, > —

= Involves proton
pumps

¢ Stimulation of the
blue-light receptors
activates an ATP-
powered proton (
pump on the
plasma membrane \

| .
N\

of guard cells q
+ creation of proton - : w® v
Jead 10 forae the | Thickenedinner |
uptake of K+ into ¥ cell wall (rigid) .
guard cells -y
= Water potential, y A y
;he_refore, decreases [ F A —
inside guard cell too H,0 «H,0 H,0

¢ water from

neighboring cells :
and between cells Stoma open Stoma closed

nter mosi
enters by osmosis water moves water moves out

* As aresult, guard into guard cells of guard cells
cells become turgid
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Controlling Stomates regulates transpiration

m Closing Stomata: Epidermal cell
¢ Ig_agfdogeil(lslons from  Guard cell H__(_)hlro_!olasts \ !\lucleus
The passive transport of K+ : / \

out of the guard cell and K+
getting pumped actively into
the central vacuole raises
the water potential in the
guard cell cytoplasm.

= Water from guard
cells cells leaves cell
by \

= Guard cells become  -—

= Aquaporins in guard cell cell wall (rigid)
plasma membranes allow T e
rapid entry or loss of -~

water molecules. V- 3 771\
al‘ «-H0
> ‘+',- —— 4

= Recall that guard cells H.O
can also become 2]
flaccid by the direct ro—
loss off too much

water by evaporation Stoma open Stoma closed
that speeds up guard
cell close during the water moves water moves out

hottest time of the day into guard cells of guard cells



Control of transpiration

N
U

N

*

¢

Balancing stomate function

there is always a compromise between photosynthesis &
transpiration

= |eaf may transpire more than its weight in water in a day...this
loss must be balanced with plant’s need for CO, for photosynthesis

Three cues contribute to stomatal opening at dawn:
Chloroplasts
1. Light

*

2. CO, depletion
3. Internal “clock” in guard cells
= Circadian Rhythms:

Environmental stresses like droughts and hormone abscisic acid
signals stomata to close to reduce wilting.

AP Biology



Transport of dissolved sugars in phloem

d A\
UV

= Dissolved sugars in
phloem =

+ Most prevalent sugar is
sucrose

acids. hormones. and
minerals

= The transport of the
product of
photosynthesis in the
phloem is called
Translocation

AP Biology

+ May also contain_amino

Sucrose is

high sugar

actively transporled AWARS ) concentration

into phloem, and
water follows |

by osmosis | , e @
< ‘:
R}

flow of sugar
flow of water~—

This creales a
posilive pressure
polential that
causes sap 1o
flow within phloem. |
R

companion cell ———— g5

cell

— sieve-lube

] . ~~ sieve plale

Sucrose is aclively '

transported out of
sieve-tube cells,
and walter lollows
by 0SMosis.

-

B

. .f
%t N

low sugar

concentration




Mass flow hypothesis

N

>In contrast to the unidirectional
movement of xylem sap, phloem sap

moves from sites of sugar production

to sites of sugar use or storage

¢ Sugar Source = plant organ that is a
net producer of sugar

1.

2.

¢+ Ex: Full grown leaf or tuber in early

spring
Sugar Sink = plant organ that is a net
consumer or depository of sugar

+ Ex: Growing roots or leaves, forming
fruits, tuber in late summer

*

*

What is a sink or source may change
depending on season

Flow is from “source to sink”

¢ direction of transport in phloem is
AP Biolo%spendent on plant’s needs

Vessel
(xylem)

Transpiration strea™

Sieve tube
(phloem)

Source cell

can flow
1m/hr

Sink cell
(storage
root)

")

Sucrose
* ]




Starting Translocation

1. Phloem loading

¢ May involve active transport of
sucrose into companion cells

that are connected through
plasmodesmata to phloem cells

= Proton pumps and secondary

active transport (cotransport)
pumps sucrose secreted from

mesophyll cells into companion
and phloem cells.
¢ Sucrose becomes more
concentrated in phloem &
companion cells than in
photosynthetic cells

= Therefore, Water Potentia
in phloem decreases

2. Water flows into phloem as a
conseguence from next door xyler

= volume of sugar solution then
increases due to the increase in
H,O causing positive pressure tha
pushes the sugar solution down
through the phloem.

Companion SOURCE
cell (leaf cell)

Companion SINK
cell (root cell)
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The sugar co-transporter

N
U

N

= A is responsible for the
active transport of sugar into companion cells and, thus, sieve-
tube elements (phloem cells) connected by plasmodesmata

& against
down
High proton concentration H* Exterior of Phloem Cells Low sucrose concentration
o
©0 © Sucrose
(@) —
Proton pump ) © Sucrose-proton
(H*-ATPase) cotransporter
.

Proton gradient

|ODUONOI
L AAAAAG
\ADP +P,

O ~<4— — 0
+ H*

Low proton concentration Interior of Phloem Cells High sucrose concentration




Transport of dissolved sugars in phloem

N
U

N

= At the site of the Sugar Sink
o

= Free sugar in sink cells is always lower than in sieve tube

L

AP Biology



Bulk Flow by Positive Pressure = Phloem sap moves through
sieve tube bY positive
pressure called pressure flow

Source cell

Sugar loaded into sieve
tube

2. Water potential is reduced
3. Water uptake by osmosis
4. Water uptake generates
5

6

positive pressure

Sap is forced to flow along
tube

Pressure relieved by
unloading of sugar and
loss of water as a result

7. Water is recycled from sink
back to source through
xylem

Plants can undergo self-
thinning

*

Sieve tube (phloem)

Xylem vessel

ranspiration strea™

Sink cell

Water '



Experimentation

= Testing pressure flow hypothesis
4

Sap droplet

Severed stylet
exuding sap



Maple
|sugaring

collecting
phloem to make
syrup out of




