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From experiments on
coleoptile phototropism,
Darwin cancluded in 1880
that a growth stimulus is
produced in the coleoptile
tip and is transmitted to the
growth zone.

In 1913, P. Boysen-
Jensen discovered that
the growth stimulus
passes through gelatin
but not through
water-impermeablea
barriers such as mica.

In 1219, A. Paal provided
evidence that the growth-
promoting stimulus
produced in the tip was
chemical in nature.

In 1926, F. W. Went showed
that the active growth-
promoting substance can
diffuse into a gelatin block.
He also devised a
coleoptile-bending assay for
quantitative auxin analysis.



(A) (B)

FIGURE 19.2 Auxin stimulates the elongation of oat coleoptile sections. These
coleoptile sections were incubated for 18 hours in either water (A) or auxin (B). The
yellow tissue inside the translucent coleoptile is the primary leaves. (Photos ©

M. B. Wilkins.)
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FIGURE 19.6 'Iryptophan-dependent pathways of IAA biosynthesis in plants and
bacteria. The enzymes that are present only in bacteria are marked with an asterisk.

(After Bartel 1997.)



Acid growth theory

Plasma 1. IAA enters the cell either

membrane passively in the undlssm:‘lateﬁa
form (IAAH) or by secondary
active cotransport in the

Permease _ ; :
anionic form (IAA ). o

H*-cotransport

Apex

. —— Cell wall
=i —— Cytosol
2. The cell wall is maintained
at an acidic pH by the activity
of the plasma membrane H*-
ATPase,

HY 3. In the cytosol, which has a
“neutral pH, the anionic form
(1AA7) predominates.

Vacuole

4. The anions exit the cell via
~auxin anion efflux carriers
that are concentrated at the
basal ends of each cell in the
longitudinal pathway.

Base

FIGURE 19.13 The chemiosmolic model fot
polar auxin transport. Shown here is one cél
in a column of auxin-transporting cells.
(From Jacobs and Gilbert 1983.)



Gibberellin

FIGURE 20.5 Gibberellin causes
elongation of the leaf sheath of
rice seedlings, and this response
is used in the dwarf rice leaf
sheath bioassay. Here 4-day-old
seedlings were treated with dif-
ferent amounts of GA and
allowed to grow for another 3
days. (Courtesy of P. Davies.)
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FIGURE 20.6 The three stages of gibberellin biosynthesis. In
stage 1, geranylgera-nyl diphosphate ((SCSP1™) is converted to
ni-kaurene via copalyl diphosphate (CPP) in plastids. In
stage 2, which takes place on the endoplasmic reticulum,

i -kaurene is converted to Gy, or Gag,, depending on
whether the GA is hyvdroxvlated at carbon 13. In most
plants the 13-hydroxylation pathway predominates, though
in Arabidopsis and some others the non-13-OH pathway is
the main pathway. In stage 3 in the cytosol, GA, or Gy
are converted other GAs. This conversion proceeds with a
series of oxidations at carbon 20. In the 13-hydroxylation
pathway this leads to the production of GA,,. G, is then
oxidized to the active gibberellin, GA |, by a 3B-hydroxyla-
tion reaction (the non-13-0OH eguivalent is GAL). Finally,
hyvdroxylation al carbon 2 converts GA, and GaAy to the
inactive forms GA,g and GA, respectively. (OL= Open lac-

tone ring) Gy s-OL IR = H)

GBya-OL (R = OH)

Active GA lGA 20-oxidase

R

GA B-oxidase

HO
GAL (R = H) GG (R = H) FcooH
GAL (R = OH) GAsg (R = OH) Ghoa (R = H)
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Germination

(A) First faliage
leaf

Coleoptile—___

Shoot apical
meristem

1. Gibberellins are

synthesized by the —

embryo and -
released into the
starchy endosperm
via the scutellum.

5. The endosperm
solutes are absorbed
by the scutellum

and transported to
the growing

embyro.

(8)

2. Gibberellins Testo-pRericatp
diffuse to the Aleurone layer
aleurone layer.

Starchy endosperm
— Aleurone cells

== u.% —— 3. Aleurone layer cells are
Hydrolytic % induced to synthesize and
(GAS) enzymes : secrete c-amylase and
other hydrolases into the

endosperm.
Endosperm
solutes e
Scutellum 4 Starch and other
macromolecules are
broken down to small
3 mo -
 Root lecules

{C) (D)

FIGURE 20.33 Structure of a barley grain and the functions
of various tissues during germination (A). Microscope pho-
tos of the barley aleurone layer (B) and barley aleurone pro-
toplasts at an early (C) and late stage (D) of amylase pro-
duction. Protein storage vesicles (PSV) can be seen in cach
cell. G = phytin globoid; N = nucleus. (Photos from Bethke
et al. 1997, courtesy of I’. Bethke.)



1. GA,q from the embryo
first binds to a cell
surface receptor.

2. The cell surface GA
receptor complex
interacts with a
heterotrimeric G-
protein, initiating two
separate signal
transduction chains.

3. A calcium-
independent pathwvvray,
involving cGMPE results
in the activation of a
signaling intermediate.

4. The activated signal-
ing intermediate binds
to DELLA repressor

proteins in the nucleus.

5. The DELLA repressors
are degraded when
bound to the GA signal.

6. The inactivation of
the DELLA repressors
allowrs the expression of
the AIY R gene, as wvwell as
other genes, to proceed
through transcription,
processing, and
translation.

7. The newvwly
synthesized MYB
protein then enters the
nucleus and binds to
the promoter genes for
c-amylase and other
hydrolytic enzymes.

B. Transcription of
o-amylase and other
hydrolytic genes is
activated.

9. o-Amylase and other
hydrolases are
synthesized on the
rough ER.

10. Proteins are secreted
via the Golgi.

11. The secretory
pathway requires GA
stimulation via a
calcium—calmodulin-
dependent signal
transduction pathwveay.
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Cytokinin

2. Avirulent bacterium carries a Ti plasmid
in addition to its own chromosomal DNA.
The plasmid’s T-DNA enters a cell and
integrates into the cell’s chromosomal DNA.

Chromosomal

T-DNA DMNA

T-DNA &
Ti plasmid Nucleus—L

Chromosome

» Crown gall

Agrobacterium
tumefaciens

Transformed
plant cell

1. The tumor is initiated

when bacteria enter a

lesion and attach
themselves to cells.

3. Transformed cells
proliferate to form a
crown gall tumor.

4. Tumor tissue can be “cured” of
bacteria by incubation at 42°C.
The bacteria-free tumor can be
cultured indefinitely in the
~absence of hoarmones.

FIGURE 21.4 'Tumor induction by Agrobacterium tumefaciens. (After Chilton 1983.)
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FIGURE 21.6 Biosynthetic pathway for cytokinin biosynthesis. The first com-

mitted step in cytokinin biosynthesis is the addition of the isopentenyl side . = 2

chain from DMAPDE to an adenosine moicly. The plant and bacterial IPT g
enzymes differ in the adenosine substrate used; the plant enzyvme appecars to M M O—Gle
utilize both ADFP and ATE, and the bacterial enzyme ultilizes ANDP. The prod- /l

ucts of these reactions (iPMLD, iPDPF, or iPTP) are converted to zeatin by an N -N N — N
unidentified hydroxylase. 'T'he various phosphorvlated forms can be intercon- |\ | > [\ I >
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general purine metabolism. frans-Zeatin can be metabolized in various ways . &
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FIGURE 22.1 Ethylenc biosynthetic pathway

and the Yang cycle. The amino acid methionine
is the precursor of ethylene. The rate-limiting
step in the pathway is the conversion of

AdoMet to ACC, which is catalyvzed by the
enzyme ACC synthase. The last step in the
pathway, the conversion of ACC to ethylene,
requires oxygen and is catalyzed by the enzyme
ACC oxidase. The CH;—5 group of methionine

hylene C,H,

Prometes ethyiene
synthesls. :
Fruit ripening
Flowrer senescence >

i 5 Las -
is recycled via t?he Yang cyc!{ﬂ___and t}}uﬂ con- : Wounding : “Pr =
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FIGURE 23.2 ABA biosynthesis and metabolism. Tn higher lism include conjugation to form ABA-B-D-glucosyl ester or
planis, ABA is synthesized wvia the terpenoid pathway (see oxidation to form phaseic acid and then dihydrophaseic
Chapter 13). Some ABA-deficient mutants that have been acid. ZEI’ = zeaxanthin epoxidase; NCED = 9-cis-epoxy-
carotenoids dioxygenase.

helpful in elucidating the pathway are shown at the steps
at which they arce blocked. The pathways for ABA catabo-



FIGURE 23.3 [I'recocious germination in the ABA-deflicient
opl4 mutant of maize. The VP14 protein catalyzes the
cleavage of 9-cis-epoxycarotenoids to form xanthoxal,

a precursor of ABA. (Courtesy of Bao Cai Tan and Don
McCarty.)



Stomotal opening

During water stress, the
slightly alkaline xylem sap
favors the dissociation of
ABAH to ABA".

Acidic xylem sap favors
uptake of the undis-
sociated form of ABA
(AIEIEAI'-I_) by the mesophyll
cells. S

Lower
epidermis
T Guard cell /'  Because ABA™ does not easily
FIGURE 23.4 Redistribution of ABA in the leaf result- pass through membranes, under
ing from alkalinization of the xylem sap during conditions of water stress, more

water stress. ABA reaches guard cells.
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FIGURE 232.5 ((hanges in water potential, stomatal resis-
tance (the inverse of stomatal conductance), and ABA con-
tent in Maize in response to water stress. As the soil dried
out, the water potential of the leaf decreased, and the ABA
content and stomatal resistance increased. The process was
reversed by rewatering. (After Beardsell and Cohen 1975.)
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