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Upper— S
epidermis
Palisade/f

parenchyma |

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

Acidic xylem sap favors
uptake of the undis-

sociated form of ABA
(ABAH) by the mesophyll

cells.
Lower
epidermis —{{ & |
Guard cell Because ABA™ does not easily
FIGURE 23.4 Redistribution of ABA in the leaf result- pass through membranes, under

conditions of water stress, more

ing from alkalinization of the xylem sap during ABA h d cell
reaches guard cells.

water stress.
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ﬂ; School of Life Sciences 'i éﬂ"/’@
The Chinese University of Hong Kong ftﬁ,

Faculty and Staff

Faculty and Staff > Teaching Staff

D
Addr (Office): Rm G88, Science Centre South rofess

ess  Block

(Lab): Rm G90, Science Centre South
Block

Pho (Office): (852) 3943 6288
ne
(Lab): (852) 3943 6113

Fax (852) 2603 7246
Emai jhzhang@cuhk.edu.hk

Web http://www.sls.cuhk.edu.hk/index.php/fac
ulty-and-staff/teaching-staff/26-
sls/faculty-and-staff/teaching-staff/82-
professor-zhang-jianhua
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FIVE CROP RESEARCHERS WHO
COULD CHANGE THEWORLD

The current crisis in worldwide food prices reinforces the need for more productive agriculture.
Emma Marris meets five ambitious scientists determined to stop the world from going hungry.
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Zhang Jianhua

Plant physiologist at Hong Kong Baptist
University
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Research on water-saving
crop production
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Cytostolic Ca2+
concentration after
addition of ABA
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FIGURE 23.10 ABA-induced calcium oscillations in Arabidopsis guard cells express-
ing yellow cameleon, a calcium indicator protein dye. (A) Oscillations elicited by
ABA are indicated by increases in the ratio of flourescence emission at 535 and 480
nm. (B) Pseudo colored i images of fluorescence in Arabidopsis guard cells, where

blue, green, yellow and red represent increasing cytosolic Lalcmm concentration. : .
(From Schroeder et al. 2001.) and Hagiwara 1990) (see Cha
XN ATTRATI A e Taaain ol AT o il

the plasma membrane (Schroe



554 Chapter 23

1. ABA binds to its receptors.

2. ABA-binding induces the
formation of reactive oxygen
species, which activate plasma
membrane Ca?* channels.

3. ABA increases the levels of
cyclic ADP-ribose and IP3,
which activate additional
calcium channels on the
tonoplast.

4. The influx of calcium
initiates intracellular calcium
oscillations and promotes the
further release of calcium
from vacuoles.

5. The rise in intracellular
calcium blocks K*;, channels.

6. The rise in intracellular
calcium promotes the
opening if Cl=,+ (@anion)
channels on the plasma
membrane, causing
membrane depolarization.

7. The plasma membrane
proton pump is inhibited by
the ABA-induced increase in
cytostolic calcium and a rise in
intracellular pH, further
depolarizing the membrane.

8. Membrane depolarization
activates K*; channels.

9. K* and anions to be
released across the plasma
membrane are first released

from vacuoles into the cytosol.

ROS pathway IP3, cCADPR pathways

K+

'
.

\on
increase

Gl

% Vacuole

Vacuole €I |

FIGURE 23.12 Simplified model for ABA signaling in stomatal guard cells. The net
effect is the loss of potassium and its anion (CI~ or malate?) from the cell. (R =
receptor; ROS = reactive oxygen species; cADPR = cyclic ADP-ribose; G-protein =
GTP-binding protein; PLC = phospholipiase C.)
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(A) ABA absent

ABA receptor

\

Kinase PP2C
domain
e
T
Activation "\ _

loo
P Dephosphorylated SnRK2 (inactive)

)
-

ABA-responsive Other SnRK2
transcription factors substrates
AREB and ABFs

In the absence of ABA, the protein
phosphatase PP2C keeps the protein
kinase SnRK2 dephosphorylated and
thereby inactivated.

(B) ABA present ‘

.
PYR/PYL/RCAR

Phosphorylated SnRK2 (active)
N
O
! !

Gene Other
expression responses

Figure 15.32 Abscisic acid (ABA)
signaling involves kinase and phos-
phatase activities. (A) In the absence
of ABA, the protein phosphatase
PP2C dephosphorylates and inac-
tivates the SnRK2 kinase. (B) In the
presence of ABA, the ABA receptor
protein PYR/PYL/RCAR interacts with
PP2C, blocking phosphatase action
and releasing SnRK2 from nega-

tive regulation. The activated SnRK2
phosphorylates ABA-responsive
transcription factors (bZIP) and other
unknown substrates to induce an
ABA response. SnRK2, SNF1-related
protein kinase 2; PP2C, protein phos-
phatase 2C; AREB, ABA-responsive
element binding protein; ABF, ABA-
responsive element-binding factor.

When ABA is present, its receptor prevents

dephosphorylation of SnRK2 by PP2C.
Phosphorylated (active) SnRK2
phosphorylates downstream substrates,
thereby inducing ABA responses.
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» 6.1 BR ( Brassinosteroids Hi % 7 {§§ B 2R
Brassinolide, !l > 2 P i)

OH CH,
H;C CH.{
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HO O

Brassinolide

FIGURE 15.23 Brassinolide is an example of
brassinosteroid hormones.
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Discovery of Brassinosteroids

Discovered as a growth stimulator from pollen extracted from rape plant
(Brassica napus L.) -> Mitchell et al. 1970 -> called substances Brassins

H,.

1 Kg of pollen harvested.
Pollen extracts fractionated.
Assayed for inducers of pollen tube growth.

Occur in Brassicaceae (mustards, cauliflowers, cabbages, turnips, Arabidopsis)



Discovery of Brassinosteroids

Brassins induced stem elongation in beans: Mandava 1988

Bean second
Internode bioassay

Untreated
control (

Increasing brassinosteroid concentration —»




Brassinosteroids-mediated
physiological responses

Inhibit:
Root growth (but also promote root growth)
Leaf abscission

Stimulate:

Cell and stem elongation and division -> promote shoot growth
Unrolling and bending of grasses

Ethylene production

Seed germination and Photomorphogenesis

Xylem differentiation

Pollen tube growth



Cell wall

5. The activated
— receptor cornplex
phosphorylates BR
=T signaling kinases
BL {BSKs).
_—
S Apoplast
3. BR binding to the receptor
induces BRI phosphorylation,
and promotes BRIT-BAK1 —
heteradimerization, bringing
their cytoplasmic domains
e together for imteraction, BSK
transphosphonylation, and
BRI BRI acthiatiom:
1. In the absence of BRs, BRI1 and
BAK1 can form inactive
homodimers. BRI activity is
inhibited by its carbosyl terminal tail "'-‘__;:'F""u’.‘ e = EE:?'
and by the kinase inhibitor, BKI. Early endosome :ho‘;h‘;'r‘;ﬂmd ':nd ngalg:ﬂsm
— ) dissocdates from the phosphatase.
2. BEI is inactive. 14-3.3 plasma membrane. A
BRI and BAK1 also - subset of 14-3-35 may
undergo endocytosis assist its dissociation.
and recycling. j
7. Activated BSU1
dephosphorylates ®
10. Phosphorylated 9. In the absence of LR l
BES1/BZR1 proteins BRs, phosphorylated

are retained in the
cytoplasm or
exported from the
nucdeus by 14-3-3
proteins.

11. Phosphorylated BES1/
BIR1 proteins are short-
lived and are degraded in
the proteasome.

BES1 #Orthe
DNA BZR1%, TFs
1]

Nucleus

BES1/BZR1.

(F)
BES1 BES1
0, — @Dg — (&
@ 12. Phosphoryl ated
BES1/BZR1 cannot
e bind DNA.

BINZ phosphorylates
8. Dephosphorylated
BIN2 is degraded by the
:‘--_:_'_-—-_""...E proteasome system.

&

QL

13. In the presence of
BRs, dephosphorylated
BES1 and BIR1 associate

with either themsehes

or other transcription
factors and bind to DNA.

BE51
BZR1

Sm— T

Figure 15.31 Brassinosteroid (BR) signal
transduction pathway. The receptor BRI is local-
ized on the plasma mermbrane (PM). The axtra-
cellular region consists of a coiled stretch of leu-
cina rich repeat (LRR) sequences containing an
island domain {I0) that functions as part of the
brassinolide (BL) binding site. The intrace llular
portion contains a kinase domain (KO) and the
C-terminal tail [CT). Signal percaption occurs at
the cell surface andresults in changes in BR-reg-
ulated gena exprassicn. BRRE, brassincistaroid
response element. (After Jiang et al. 2013.)
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Transcription

E-box/BRRE

Gene expression

14, BES1 and BZR1 form
heterodimers with different
transcription factors and bind E-box
sequences to activate genes.

I
ERRE [ —

Repression of genes, (e.g.,
BR biosymthesis genes)

15. BZIR1 can bind to a
different prometer sequence
to repress genes.
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AR (Jasmonic Acid, JA;methyl JA, MJ)
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(+) JA (-) JA
A DN
._~COOH
“ COOH
(-) 7-1s0-JA (+) 7-1s0-JA

Inhibit growth, promote senescence and

tuberization



Jasmonic acid

0)

Jasmonic acid (JA)

Isolated from plants and fungi

Inhibits:
seed and pollen germination
root growth

Stimulates:
plant defenses against microbial and insect pathogens
wound responses
ripening
exogenous application decreases expression of genes
associated with photosynthesis
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i, /K#E (salicylic acid SA)
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Signal transduction 1n resistance to diseases of
plant (PRPs-pathogenesis-relative proteins) -

Enhance male flower .



Salicylic acid (SA)

COQH
@ Pain-relieving properties of
OH willow bark and oil of
Salicylic acid wintergreen due to SA and
related compounds

COOCH,
Methyl salicylate OCOCH.

Acetylsalicylic acid

Levels of SA increase when resistant
plants are infected



SA induces the expression of
pathogenesis-related (PR) proteins

Arabidopsis plants treated with SA Northern Blot to Detect PR mRNAs

w .- .

Nawrath et al. (1999) Plant Cell 11: 1393-1404

PR1 encodes ?7??
PR2 encodes (1,3-glucanase

} Marker genes for induction of plant defense
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« 7.1 Plant growth-promoters
» Indole derivatives : IBA, Ml TR (IR
naphthalene derivatives :NAA =4
chlorophenol derivatives: 2.4-D 2, 4— S KA LR

o Cytokinin-like :KT #3)& 6—BA.
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Hormone

Auxins

Cytokinins

Gibberellins

Abscisic
Acid

Polyamines

Product Name

Indole-3-Acetic Acid

Indole-3-Butyric Acid
Indole-3-Butyric Acid, Potassium Salt
a-Naphthaleneacetic Acid
2,4-Dichlorophenoxyacetic Acid
p-Chlorophenoxyacetic acid
Picloram

Dicamba

6-Benzylaminopurine
6-y,y-Dimethylallylaminopurine (2iP)
Kinetin

Thidiazuron (TDZ)
N-(2-chloro-4-pyridyl)-N’Phenylurea
Zeatin

Zeatin Riboside

Gibberellic Acid

Abscisic Acid

Putrescine
Spermidine

Function in Plant Tissue Culture

Adventitous root formation (high concen)
Adventitious shoot formation (low concen)
Induction of somatic embryos

Cell Division

Callus formation and growth

Inhibition of axillary buds

Inhibition of root elongation

Adventitious shoot formation

Inhibition of root formation

Promotes cell division

Modulates callus initiation and growth
Stimulation of axillary’s bud breaking and growth
Inhibition of shoot elongation

Inhibition of leaf senescence

Stimulates shoot elongation

Release seeds, embryos, and apical buds from dormancy
Inhibits adventitious root formation

Paclobutrazol and ancymidol inhibit gibberellin synthesis
thus resulting in shorter shoots, and promoting tuber,corm,
and bulb formation.

Stimulates bulb and tuber formation
Stimulatesthe maturation of embryos
Promotes the start of dormancy

Promotes adventitious root formation
Promotes somatic embryogenesis
Promotes shoot formation
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General plant hormones

Auxins (cell elongation)

Gibberellins (cell elongation + cell division -
translated into growth)

Cytokinins (cell division + inhibits
senescence)
Abscisic acid (abscission of leaves and fruits

+ dormancy induction of buds and
seeds)

Ethylene (promotes senescence, epinasty,
and fruit ripening)
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