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From experiments on coleoptile phototropism, Darwin concluded in 1880 
that some sort of signal is produced in the tip, travels to the growth zone and 
causes the shaded side to grow faster than the illuminated side.



In 1926, Went showed that the active growth 
substance can diffuse into gelatin block and can 
cause the bending of coleoptile in absence of a 
unilateral light source

Because the substance promoted the elongation 
of the coleoptile sections it was eventually named 
auxin from the Greek auxein, meaning άǘƻ ƛƴŎǊŜŀǎŜέ 
ƻǊ άǘƻ ƎǊƻǿέ

Lƴ ƳƛŘ мфолΨǎ YƻƎƭ ŀƴŘ IŀŀƎŜƴ-Smit isolated several 
active substances from human urine and the most 
potent one Indole-3-acetic acid turned out to be the 
one synthesized and used by the plants
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Auxin Transport

Auxin Signaling



Woodward and Bertel, 2005
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Plants use both tryptophan (Trp)-dependent and Trp-independent routes to synthesize IAA; 

several Trp dependent pathways have been suggested.

Trp - dependent IAA biosynthesis

The IPA pathway [Trp - IPA - indole-3-acetaldehyde (IAAld) -IAA] is important in some IAA-

synthesizing microorganisms and may operate in plants as well. The previous finding of  existence of 

enzyme AAO1 and the recent finding of TAA confirm that IPA pathway is functional in arabidopsis.

The IAM pathway [Trp ïIAM-IAA] is a second microbial pathway that possibly acts in plants. IAM is 

found in arabidopsis and and an arabidopsis amidohydrolase (AMI1) converts IAM to IAA in vitro.

The Tryptaminepathway [Trp-TAM - N-hydroxyl-TAM - indole-3-acetaldoxime (IAOx) -

IAAld - IAA] could also convert Trp to IAA. The identification of yucca, an IAA-accumulating mutant with 

classic high-auxin phenotypes (Zhao et al., 2001), suggests that a tryptamine IAA biosynthetic pathway 

may operate in some plants. The yucca phenotype derives from overexpression of a flavin monooxygenase

(FMO)-like enzyme that oxidizes tryptamine to Nhydroxyl-tryptamine in vitro. However tryptamine has not 

been found in Arabidopsis



The Indole-3-acetonitrile pathway [IAOx -IAN-IAA]- Nitrilases that can hydrolyse IAN to IAA 

are found in several plant families including Arabidopsis. There are four  nitrilase genes in Arabidopsis.

Trp - independent IAA biosynthesis

Analyses of Trp biosynthetic mutants demonstrate that plants also can synthesize IAA without using a Trp 

intermediate. The arabidopsis trp3-1 and trp2-1 mutants are defective in Trp synthase aand b, 

respectively.These mutants accumulate amide- and ester-linked IAA conjugates, despite having low soluble 

Trp levels.

An independent method to clarify biosynthetic pathways involves feeding plants isotopically labelled 

substrates, which, in a linear pathway, will result in isotopic enrichment of a precursor relative to its product. 

Intact arabidopsis seedlings do not efficiently convert [2H5]Trp into IAA, but the Trp precursor [15N]anthranilate 

labels IAA more completely than Trp , confirming the importance of Trp-independent IAA biosynthesis during 

normal growth.

The IAOxpathway [Trp - IAOx - IAN or IAAld - IAA] The support for this pathway comes from the 

genetic evidence where p450 monoxoygenase mutants (CYP79B2 and CYP79B3, CYP83B1) show  a 

change in auxin level. CYP79B2 and CYP79B3, oxidize Trp to IAOx and CYP83B1, converts IAOx to its N-

oxide, the first committed step in indole-3-methylglucosinolate biosynthesis





Indole-3-acetic acid (IAA)

ÅMol wt 175

ÅA weak acid (pKa = 4.8)

ÅL!!I ƛǎ άƳŜƳōǊŀƴŜ ǇŜǊƳŜŀōƭŜέΣ L!!-impermeable.

ÅTransported through shoots and roots towards 

root tips through parenchyma (also phloem?).
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ά!ŎƛŘ ǘǊŀǇǇƛƴƎέ

If the IAAH concentration is in equilibrium, 
the cytoplasmic auxin concentration is 70x
higher than the cell wall.



Chemiosmotic theory

Rubery & Sheldrake, 1974
Raven, 1975

Goldsmith, Goldsmith, & Martin, PNAS 1981

Mitchison, Proc. Roy. Soc. Lond. B, 1980 & 81 Net 
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Auxin fluxes in the root
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From: Ohwaki and Tsurumi, 

Plant & Cell Physiol. 17: 1329-

1342 (1976). 

To make the figure at right, 

they applied radio-labeled 

auxin to Viciaroot tips in the 

region between 4 and 5 mm 

back from the apex. After a 

wait of 20, 30, or 60 minutes 

they sectioned the roots and 

exposed autoradiographs.



Arabidopsis root tip anatomy
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Our current understanding of the transport system originated from the analyses of two 

mutants

aux1 (1996):  The roots are agravitropic and resistant to IAA and 2,4-D but 

sensitive to NAA. AUX1 encodes a permease-like regulator of root gravitropism. 

Also shows a resistant to ethylene induced root growth inhibition, but the sensitivity 

of the roots toward ethylene can be restored by applying a very low concentration 

of NAA exogenously. The uptake assay confirmed that this mutant has a reduced 

uptake capacity compared with wild-type. AUX1 is expressed in the LRC and 

epidermal cells in the root meristem and in the phloem of root vascular tissue. In 

the phloem AUX1 is polarly localized whereas in LRC and epidermal cell files it is 

axially localized. 

AUX1 cellular localization
in Arabidopsis root



eir1/agr1/pin2 (1998): roots are agravitropic but has a normal sensitivity to exo-

genous auxins. EIR1 gene of Arabidopsis is a member of family of plant genes

with similarities to bacterial membrane transporters. Like aux1, eir1 also shows a 

resistant to ethylene induced root growth inhibition, but the sensitivity of the roots 

toward ethylene can be restored by applying a very low concentration of exogenous

auxin. The basipetal transport of auxin in this mutant was found to be less compared 

to wild-type. PIN2 is localized in the epidermal and cortical cell file of roots with a 

reverse polarity 

Cellular localization of 
PIN2



Seven genes (PIN1-PIN7) belonging to 

PIN family have been identified so far 

Each of them has a tissue specific 

expression pattern and distinct functions 

during plant growth and development

PIN1- mediates organogenesis and 

vascular tissue differentiation

PIN2- root gravitropic growth

PIN3- shoot differential growth

PIN4-root meristem activity

PIN7-early embryo development

Auxin uptake carrier

AUX/LAX family

AUX1

Auxin efflux carrier

PIN family

Jones A, Science 1998

Swarup et al, Plant Cell 2005

Firml J, Curr. Opinion in Plant Biol. 2003



Auxin Inhibitors

Auxin influx inhibitors

Chromosaponin I

1-Napthoxyacetic acid (1-NOA)

Auxin efflux inhibitors

Flavonoids

Triiodobenzoic acid (TIBA)

Naphthylpthalamic acid (NPA)

Auxin action inhibitor

p-chlorophenoxyisobutyric acid (PCIB)



Vesicle trafficking, PIN recycling and actin 

organization


