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O gue saoosfitormonios?

A . hormonios sdo caracterizados
pela propriedade de servirem como
mensageiros quimicos, pelos quais
a atividade de certos orgéaos é
coordenada com a dos outroso

-Frits Went and Kenneth Thimann, 1937

Frits Went, 1903-1990 Kenneth Thimann, 1904-1997

Frits Wentimage courtesy dflissouri Botanical Garde®2010KennethThimam photo courtesy of UC Santa Cruz
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O quesaoFitormonio%

Substancias naturais, produzidas em
baixas concentracoes e gue atuam no
local onde foram sintetizadas e a
distancia, apresentando um amplo
espectro de atividades biologicas.

Reguladores de Crescimento:
Substancias sinteticas com atividades
bioldgicas analogas as dos fitormonios,
com atuacao em baixas concentracoes,
nos locais onde foram aplicadas e a
distancia.
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_Figure 17-2  Mode! for initial hormone transduction at the plasma membrane. Binding of a hormone to
IS receptor causes activation ( + ) of nearby phospholipase ¢ (PLC). PLC hydrolyzes a membrane lipid,
Phosphatidylinositol-4,5-bisphosphate (PIP,) to release inositol-1,4,5-trisphosphate (IP,) and a diacyl-
Slycerol (DAG) IP, moves to the tonoplast in plant cells, where it combines with a receptor that acti-
Vales (+)a Ca®" pump or transporter that moves Ca*" from the vacuole to the cytosol. DAG, which
'emaing membrane-bound, activates protein kinase ¢ (PKC). PKC is also activated by Ca*" released
rom the vacuole, so various enzymes become phosphorylated by PKC. Calcium also activates other
Protein kinases and other enzymes, when free or bound with calmodulin. IP, loses phosphates by
ydrolysis to form IP, and IP, which is then converted back to pho?hatidylincsitol (PI) and other phos-
phOinos.itide lipids (PIP and PIP,) in the plasma membrane. (Modified from various sources.)
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Auxinas:

Plantulas de aveia —__
com 4 dias

Coledptilo

Semente

Paal (1919)

<

Darwin (1880)

Luz
B W o P W e W

Plantula intacta  Apice do coledptilo Cobertura opaca
(curvatura) removido no apice
(sem curvatura) (sem curvatura)

Boysen-Jensen (1913) Q
N <~ ‘g%g
E —_— .
Ladmina de mica Lamina de mica Remocao Gelatina entre  Continua
inserida no lado  inserida no lado do 0 apice e 0 sendo possivel
nao-iluminado iluminado apice coledptilo a curvatura
(sem curvatura) (curvatura) decapitado fototropica
normal

A

Apice removido Apice recolocado A curvatura
em um lado do ocorre sem
coledptilo o estimulo

decapitado unilateral da luz

A partir dos experimentos de
fototropismo em coledptilos,
Darwin concluiu, em 1880, que
um estimulo de crescimento é
produzido no apice do
coledptilo e transmitido para a
zona de crescimento.

Em 1913, P. Boysen-Jensen
descobriu que o estimulo do
crescimento passava pela
gelatina, mas nao através de
barreiras impermeaveis a agua,
como a mica.

Em 1919, A. Paél forneceu
evidéncias de que o estimulo
promotor de crescimento
produzido no apice do
coledptilo era de natureza
quimica.




Auxinas:

Went (1926)
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Em 1926, FW. Went
demonstrou que a substancia
ativa em promover o
crescimento pode se difundir
em cubos de gelatina. Ele
descobriu, ainda, um ensaio de
curvatura de coleéptilo para
analise quantitativa de auxina.




Crescimento celular diferencial é resultado do
movimento de auxina para o lado sobreado

AcUmulo de ‘
auxina no lado

sombreado —
estimula ‘ |
J

alongamento e it
curvatura.

Esmon, C.A. et al. (2006) A gradient of auxin and atdépendent transcription precedes tropic growth responses. Proc. Naltl.S%¢. USA 1032361 241
Friml, J., et al. (2002) Lateral relocation of auxin efflux regulator PIN3 mediates tropisrabidopsisNature 415806-809.
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FIGURA 19.6 Rotas de biossintese de AIA dependentes do triptofano em vegetais e bactérias. As enzimas que estdo
presentes somente em bactérias estdo marcadas com um asterisco (Bartel, 1997).
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FIGURA 19.9 Estruturas e rotas metabdlicas propostas para auxinas conjugadas. O
diagrama mostra as estruturas de vérios conjugados de AIA e as rotas metabolicas
envolvidas na sua sintese e degradacdo. As setas simples indicam rotas irreversiveis;
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(A) Descaboxilacao: uma rota secundaria
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Indole-3-acetic acid 4-Chloroindole-3-acetic acid Phenylacetic acid
(1AA) (4-Cl-1AA) (PAA)

FIGURE 16.2. Structure of some natural auxins. Although indole-3-acetic acid (IAA) occurs in all
plants, there are other substances in plants that have auxin activity. Pea plants, for example,
contain 4-chloroindole-3-acetic acid. Other compounds that are not indoles, such as phenylacetic
acid, also possess auxin activity. It is not clear what roles, if any, these other natural auxins play
in plant development.
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The Rainbow Herbicides:

Are a group of chemicals used by the United States military in Southeast Asia during
the Vietnam War.

The Agents used in southeast Asia, their active ingredients and years used were as follow:

- Agent Pink (60% - 40% n-Butyl: isobutyl ester of 2,4,5-T) used in 1961, 1965

- Agent Green (n-Butyl ester 2,4,5-T) unclear when used but believed to be at the same time
as Pink

- Agent Purple (50% n-Butyl ester 2,4-D, 30% n-Butyl ester 2,4,5-T, 20% isobutyl ester 2,4,5-
T) used from 1962 7 1965

- Agent Blue (Cacodylic acid and sodium Cacodylate) used from 1962 - 1971 (in powder and
water solution)

- Agent White (acid weight basis:21.2% tri-isopropanolamine salts of 2,4-D and 5.7%
picloram) used from 1966 7 1971

- Agent Orange (50% n-Butyl ester 2,4-D and 50% n-Butyl ester 2,4,5-T) used from 1965 i
1970

- Agent Orange 1l (50% butyl ester 2,4-D and 50% isooctyl ester 2,4,5-T) after 1969

In addition to testing and using the herbicides in Vietham, Laos and Cambodia, the
US military also tested the "Rainbow Herbicides" and many other chemical defoliants and
herbicides in the US, Canada, Puerto Rico, Korea, India, Okinawa, and Thailand from the mid
1940s to the late 1960s.
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Durantea Guerrado Vietna,entre 1962e 1971, o exércitodos EstadodJnidospulverizouguase20 milhdesde
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Agent Blue; (CH;),AsO.-OH, obtained by the oxidation of cacodyl, and
having the properties of an exceedingly stable acid; is one of the "rainbow
herbicides" that is known for its use by the United States during the Vietnam
War.

Agent Blue is chemically unrelated to the more infamous Agent Orange and
other herbicides used during the war.
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Agent White: is the code name for a powerful herbicide and defoliant used
by the U.S. military in its Herbicidal warfare program during the Vietnam War.
The name comes from the white stripe painted on the barrels to identify the
contents. It was one of the so-called "rainbow herbicides" that included the
more infamous Agent Orange.

Agent White is a 4:1 mixture of 2,4-D and Picloram (also known as Tordon
101). Unlike the more infamous Agent Orange, Agent White did not contain
dioxin, which was a contaminant in the defoliants that included 2,4,5-
trichlorophenoxyacetic acid (2,4,5-T). However, it appears the Picloram was
contaminated with hexachlorobenzene (HCB) and nitrosamines, both known
carcinogens.
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Unfinished Business

Agent Orange in Vietham

From March 3 to 7,2002, an international
conference of predominantly American
and Vietnamese scientists gathered in
Hanoi under the auspices of the National
Institute of Environmental Health Sciences
(NIEHS, part of NIH) and its Vietnamese
counterpart organization to examine the
environmental and public health conse-
quences of the massive use of Agent Or-
ange during the Vietnam War. I was asked
to join the American delegation, and at
the end of the conference, also served as
co-chairman with Vo Quy, a distinguished
ecologist from the University of Hanoi, of
an additional smaller convocation of ap-
propriate botanists and environmentalists
to plan for future cooperative international
activities. At the end of all sessions, offi-
cials of both countries signed a memoran-
dum of understanding, spelling out con-
ditions under which such cooperative ac-
tivities might be undertaken. These devel-
opments followed establishment of formal
diplomatic relations between the two
countries in 1995, and the conclusion of
a trade treaty within the last year.

This meeting represented one of the
first actions taken by the United States to
recognize the existence of continuing prob-
lems resulting from our aerial distribution
of the formulated abscission-inducing and
herbicidal mixture of 2,4-D and 2,4,5-T
that became known as Agent Orange. The

development of such herbicides and defo-
liants resulted directly from fundamental
investigations on plant hormones, espe-
cially auxin, performed mainly by plant
physiologists. The defoliation campaign,
which lasted from about 1964 to 1970,
was undertaken primarily to reveal mili-
tary activities along the Ho Chi Minh
Trail, a network of pathways used to ferry

personnel and materiel from the North to
regions of the South in which military ac-
tivity was occurring. Once these activities
were revealed, they were subjected to aerial
interdiction. Under the code name Opera-
tion Ranch Hand, groups of four cargo
planes outfitted with tanks and spraying
booms would fly in formation over vast
areas of upland forest and later over man-
grove communities lining the estuaries be-
low Saigon, releasing a spray of the herbi-
cide that defoliated trees after several days.
Some areas received multiple spray treat-
ment, resulting in considerable killing.
By the time the operation was brought
to a halt by President Nixon in 1970, it
had become the largest chemical warfare
operation in history, having covered an
area equivalent to two-thirds of the state
of Massachusetts. The ecological damage
resulting from the operation was vast; in
the upland forest regions, many valuable
timber trees such as teak were killed, and
the area they had occupied was taken over
largely by a mixture of scrub bamboo and
noxious weeds such as wire grass and
Imperata grass. Mangrove communities
proved remarkably sensitive to the herbi-
cide, a single spray resulting in almost
complete killing. In view of the importance
of mangroves in the life cycles of fish and
shellfish, one of the main protein sources
for the Vietnamese people, this damage
was serious. Neither mangrove nor upland
forest communities have recovered sub-
stantially in the quarter century that has
elapsed since the end of the war, despite
energetic but poorly funded interventions

_ by the Vietnamese

arose as byproducts of the synthesis of
2,4,5-T. This herbicide is usually synthe-
sized from 2,4,5-trichlophenol and halo-
genated acetic acid under alkaline condi-
tions. When the reaction goes as planned,
the phenolic and acetic acid moieties
couple to form the desired product; but
when two of the phenolic moieties couple
in a head-to-tail fashion, they form the
unwanted highly toxic side products called
dioxins, of which 2,3,7,8-tetrachloro-para
dibenzodioxin (TCDD) is the most toxic.
This compound is highly teratogenic and
probably carcinogenic to rodents and
probably humans in the parts-per-trillion
range. Since the aerial spray of Agent Or-
ange drifted over populated areas, it con-
taminated people, water, and food, pro-
ducing still largely uncharacterized dam-
age. It is known that soil around former
airbases like Da Nang are still grossly con-
taminated with dangerous levels of diox-
ins and that various levels of TCDD have
been detected in people, fish, plant materi-
als, and soil. Obviously, there is much ana-
lytical and remediation work to be done
in both the ecological and public health
fields, but whether such work will be un-
dertaken depends on the extent to which
further activities will be funded by NIEHS.

Public health considerations became
apparent after the discovery that Agent Or-
ange was contaminated by dioxins that

It would seem appropriate for the
American Society of Plant Biologists, as
part of its public activities agenda, to lend
active support to efforts to promote such
investigation and remediation. ©

Arthur W. Galston

Eaton Professor of Botany Emeritus
Department of Molecular, Cellular and
Development Bioclogy

Yale University

New Haven, CT 06520-8103




l Membrana 1. AlA entra na célula
plasmética passivamente na forma nao-
dissociada (AIAH) ou pelo
cotransporte ativo secundario na

Permease do
forma anidnica (AIA7).

H™-AIA™

Apice

——— Parede celular

—— Citosol

2. A parede celular é mantida
em pH acido pela atividade da
H™-ATPase da membrana
plasmatica.

H 3. No citosol, que apresenta pH
neutro, predomina a forma
anidnica (AIA7).

Vactiolo

4. Os anions saem da célula
através dos transportadores de
efluxo de auxina anidnica, que
estdo concentrados nas
extremidades basais de cada

Base

FIGURA 19.13 Modelo quimiosmético para o transporte polar da auxina. Aqui é ilustrada uma célula de uma coluna
de células transportadoras de auxina (Jacobs e Gilbert, 1983).
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FIGURA 19.14 O mutante pinl de
Arabidopsis (A) e a localizacao da proteina
PINT nas extremidades basais das células
condutoras por microscopia de
imunofluorescéncia (B) (cedida por L.
Galweiler e K. Palmer).
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FIGURA 19.18 Alternancia ciclica da localizagdo da proteina PIN,
dependente da auxina, entre a membrana plasmatica e um
compartimento endossomal. Os inibidores do transporte da auxina,
como TIBA e NPA, interferem na localizacdo das proteinas PIN1 nas
regioes basais da membrana plasmética apos a lavagem com BFA (ver
Figura 19.17), sugerindo que esses inibidores de transporte interferem
na localizacao da PINT.
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FIGURA 19.34 Alteracdo da localizagdo do transportador PIN3 de efluxo de auxina durante o
gravitropismo de raiz em Arabidopsis. (A) Em uma raiz orientada verticalmente, a PIN3 est4 distribuida
de modo uniforme ao redor das células da columela. (B) Dez minutos apos ser orientada
horizontalmente, a PIN3 apresentou sua localizagio alterada para a metade inferior das células da
Columela da coifa || €Olumela. A fotografia em (B) foi reorientada de modo que o lado inferior esta na direita (a direcio da
gravidade estd indicada por setas) (Friml e cols., 2002, cedidas por Klaus Palme)
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FIGURA 19.19 A permease de auxina AUXI é especificamente
expressa nas células da columela, da cobertura lateral da raiz e dos
tecidos do estelo. (A) Diagrama dos tecidos do dpice da raiz de
Arabidopsis. (B) Imunolocalizagao da AUX1 nas células do protefloema
do estelo, em um grupo de células da columela e nas células da
cobertura lateral da raiz. (C) Localizagdo assimétrica de AUX1 em uma
fileira de células do protofloema. (Swarup e cols., 2001).
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Transporte de auxina. (a) Demonstracdo experimental do transporte polar de auxina nos caules, aqui representado pelo segmento do hipocétilo de i
plantula. Os segmentos de hipocétilo séo colocados entre blocos de dgar. O bloco doador contém auxina marcada radioativamente. A taxa de transpoils
de auxina é medida pelo actimulo de radioatividade no bloco receptor apds um certo periodo. A taxa é muito mais rapida na dire¢@o basipeta do que i
acrépeta. (b) Mecanismo do transporte polar de auxina. A auxina move-se dentro das células através da membrana plasmatica por toda a superficic (i
célula, mas é transportada para fora da célula por proteinas transportadoras, as quais estdo localizadas apenas na parte basal de cada célula parenquimatica *

*N.T.: Como o pH da parede celular é dcido, a auxina estard em sua forma protonada (sem carga elétrica), o que facilita sua passagem pela membrana plasmitic
¢ entrada na célula. Dentro da célula, a auxina torna-se ionizada devido ao pH neutro do citoplasma, precisando portanto de proteinas transportadoras para sua saidu
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Fig. 7.5. Formation of polarity in
sporelings of wrack (Fucus serratus).
The fertilised egg initially shows dif-
ferential cell growth (formation of a
swelling at the rhizoidal pole) and
thereafter a diﬂ‘eremiz}l'cell division Sddcal thizoidal pole e
asymmetrical cell division). (After fertilisation

Bentrup 1971) Oh 15 h 24 h

0,05 mm




Efeitos Fisiologicos:

Hipotese de ativacao: AlA \ i H*
A auxina liga-se a uma proteina

de ligagdo de auxina (ABP1), ABP1 — £ /—\

localizada na superficie celular ~5 <0

ou no citosol. O complexo ATP ATP ATP
ABP1-AlA interage diretamente AlA

com a H*-ATPase da membrana ABP1 — Hipotese

plasmatica para estimular de ativacdo

o bombeamento de prétons AlA )

(etapa 1). Mensageiros

secundarios, como o calcio ou

o pH intracelular, podem @

também estar envolvidos. Mensageiros Complexo

RE Rugoso de Golgi

)

secundarios

NUCLEO
Hipotese de sintese:

Mensageiros secundarios
induzidos por auxina ativam a
expressao de genes

(etapa 2) que codificam a
sintese da H*-ATPase da
membrana plasmatica (etapa
3). A proteina é sintetizada no
reticulo endoplasmatico rugoso

Processamento
da proteina

Promotor Gene da
H*-ATPase

5

mRNA /

(etapa 4) e enviada para a : TNy

membrana pela via secretora Hipotese

(etapas 5 e 6). O aumento da de sintese @ H*-ATPase em

extrusao de prétons é o vesiculas de membrana

resultado do aumento no

nimero de bombas de protons Membrana by H
na membrana. plasmatica PAREDE CELULAR Exbatising Ativacao -

FIGURA 19.25 Modelos atuais de extrusdo de H* induzido por AIA. Em muitas plantas, os dois
mecanismos podem ocorrer. Independente de como o bombeamento de H* seja aumentado, o afrouxamento
da parede induzido pela acidez é mediado pelas expansinas.
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28.21
Regulagio hormonal da taxa de expansdo celular. (a) A pressdo de turgor dentro da célula empurra as paredes celulares de dentro para fora. (b) O al
da parede celular é necessdrio para a expansdo celular mas é limitado pelas pontes de hemicelulose que cruzam as microfibrilas de celulose. (¢) O
podem causar um aumento na extensibilidade, estimulando uma quebra reversivel de pontes cruzadas de hemicelulose ou por meio da ruptur
de hidrogénio entre as microfibrilas e as pontes cruzadas de hemicelulose. A ruptura das pontes de hidrogénio é mediada por uma proteina de pu
denominada expansina. Essas modificaces permitem que as microfibrilas de celulose se separem uma da outra, resultando numa expansdo
parede.




Fig. 7.2 Organ polarity during regeneration of a willow twig
(Salix sp.) in darkness. Left A segment of willow twig in its
normal orientation. suspended in moist air. Right A similar
segment in the reverse position with respect to gravity. The
morphological basal end (root pole) regenerates roots. whilst
the morphological apical end (shoot pole) regenerates
shoots. The gravitropic orientation of the regenerated organs
is, however. always normal relative to gravity. (After Pfeffer
1904)







(A)

Figure 16.11 Lateral
roots originate from the
pericycle in the mature
region of the root (shown
here in Arabidopsis). (A)
Cell divisions in the peri-
cycle layer lead to the for-
mation of a lateral root
primordium. (B) The
growing lateral root pri-
mordium pushes its way
through endodermis, cor-
tex, and epidermis to
emerge as a lateral or
branch root. (From Dolan
et al. 1993.)

Pericycle Lateral root e m—
layer primordium 30 pm
efeito do

AlLA. A

% deinducao 1004

% deindugac  -100

—>
concentracao
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A auxina, produzida por embriées em desenvolvimento, promove a maturac@o da parede do ovdrio e o desenvolvimento de frutos carnosos. (a) Moran
normal (Fragaria ananassa), (b) morango no qual todas as sementes foram removidas, e (c) morango no qual uma linha horizontal de sementes foi rermovidi
Se uma pasta contendo auxina for aplicada ao (b), o0 morango poderd crescer normalmente.*




(A) O caule foi decapitado e Imediatamente apds a lesao,
as folhas e gemas abaixo foi aplicado AIA em pasta de
do local da lesao foram lanolina abaixo da lesao.

removidas para diminuir a
auxina enddgena.

No

AlA em
pasta de
lanolina

Lesao /%
Feixes

vasculares

Planta intacta de pepino

FIGURA 19.40 Regeneragio do xilema induzida por AIA adjacente a um tecido danificado do
caule de pepino (Cucumis sativus). (A) Método para realizar o experimento de regeneracao de
areas danificadas. (B) Micrografia de fluorescéncia apresentando o tecido vascular em
regeneracao em torno da lesao (B, cedida por R. Aloni).

A diferenciagao do xilema
ocorre em torno da lesao,
criando um via para a difusao
da auxina.




FIGURA 19.36 A auxina inibe 0
crescimento das gemas axilares em
plantas de feijao (Phaseolus vulgaris).
(A) As gemas axilares sdo inibidas em
plantas intactas devido a dominancia
apical. (B) A remocao da gema terminal
anula a dominéncia apical sobre as
gemas laterais (setas). (C) Aplicando
AIA em pasta de lanolina (contida em
uma capsula de gelatina) a uma
superficie cortada previne o
crescimento das gemas axilares
(fotografias © M. B. Wilkins).




Giberelinas

REPRESENTATIVE GIBBERELLIN STRUCTURES

20
H3C

CH,

(C) GAg (a Cq9-gibberellin) (D) ent-Kaurene

ACTIVE GIBBERELLINS

HO

COOH

CH;
(E) Gibberellin A4 (GA4) CH, COOH
(F) Gibberellic acid (GA3)

CH,

(G) Gibberellin A4 (GA,)




(A) Stage 1: Cyclization reactions Location: Proplastids
Enzymes: Cyclases

Inhibitors:
Quaternary
ammonium and
phosphonium
compounds; AMO-
1618, Cycocel,
GGDP CPP ent-Kaurene Phosphon D

B) Stage 2: Oxidations to form GA¢5-aldehyde
(8) ge : 12 y Location:

Endoplasmic
reticulum

Enzymes: P 450

monooxygenases
% Inhibitors:
COOH N-heterocyclics:
ent-Kaurene ent-Kaurenol ent-Kaurenal ent-Kaurenoic acid Paclobutrazol
Tetcyclacis
Uniconazole

COOH

ent-Kaurenoic acid ent-7a-Hydroxy- GAqy-aldehyde
kaurenoic acid




Gibberellins are products of isoprene polymerization \(

“chloroplast

5

ent-Kaurene ent-copalyl diphosphate

endoplasmic reticulum

OOH
Y A5

ent-Kaurene coo"cuo
GA,, aldehyde







