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to regulate auxin transport and early auxin genes
in an interlocking system with PIN proteins
and the receptor TIR1
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Compared to the past 10 years, a flurry of publications, reviews
and experimental papers on ABP1 appeared in the last couple of
years. Certainly, the reason is that new methods and conceprual
appr()achcs appcarcd to tackle the questions P()scd by this enig-
matic auxin-binding protein. Part of the enigma is the obvious
central importance of ABP1, documented by the embryo-lethal
property of the homozygous T-DNA insertion into this gene.! At
the same time, this very property hindered progress in studying
ABP1. Another delaying influence on ABP1 research was the fact
that rcgulati(m of early auxin genes was fully cxplaincd by the
mechanism Pr()vidcd by TRII, the second auxin rccc[::n'or,l"i

So, what makes a binding protein a receptor? According to
Jones and Sussman (reviewed in ref. 5) a receptor binds the ago-
nist reversibly, stereospecifically, selectively, and in a defined stoi-
chiometry. The K, should corrcsp(md to concentrations which
are able to induce responses when applicd in physiol()gical experi-
ments. Ideally, mutants of the prospective receptor should explain
why they are critical to the action of the receptor. The first action
of the receptor upon agonist binding should be to undergo a
conformational change and trigger a change of activity in the
next protein in a signal network. The 3-dimensional structure
of TIR1 binding a fragmcnt of IAA17 and auxin cxplains the
action of TIR1 even th()ugh an induced conformational changc
was not directly proven.' Recently, for the C-terminus of ABP1 a
flip-flop-ty pe of movement upon binding auxin was predicted by
modeling,®filling a long-standing gap of knowledge, even though
the mobility of the C-tcainus was indicated.” The weakness of
ABP1 research is that a mechanism of action cannot be derived
from its structure as it is a small dimeric glycuprutein binding to
the extracytosolic side of membranes.® For signal transduction,
a “docking protein” is required traversing the membrane so that
the signal can induce actions on the other, the cytosolic side.”

Recent publications provide new answers to long-standing
questions on ABP1 as bcing a rcccpt()r,“"'-” First, plants suppress-
ing ABP1 protein by ethanol-induced expression of anti-ABP1
FAB fragrncnts of spcciﬁc antibodies were dcvclopcd, These
plants exhibited a number of auxin physiology-related defects so
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that, for the first time, viable inducible 24p] mutants were gener-
ated."” Robert et al. extended research on earlier findings that
auxin rapidly inhibits endocytosis of PINT and PIN2 with the
consequence that efflux transport of auxin catalysed by PIN pro-
teins is enhanced. Inhibition of auxin efflux transport by auxin
was too rapid to be explained by transcription and translation of
new PIN proteins but required an auxin receptor which could
not be TIR1." Robert et al. showed explicitly that endocytosis
inhibition of PIN proteins is insensitive to cycloheximide so that
auxin efflux enhancement does not depend on newly synthe-
sized PIN' proteins. They showed that endocytosis inhibition by
auxin-is independent on TIRI-like receptors in quadruple #rl/
afb mutants but dependent on intact ABP1, evidenced by using
mutants for both receptors. This strongly ties ABP1 to polar
auxin transport regulation. Xu et al. investigated auxin-induced
small G-protein signaling in epidermal cell pattern formation
as another response, too rapid to be explained by TIR1. They
showed that ABP1 is the receptor for this G protein-binding
response that was detectable after 1 min. Again, using the com-
parison of wild type to @bpl mutants lead to the conclusion that
ABP1 is the receptor for this response. Similarly, tip-growing root
hairs require binding of small G-proteins coupled to the receptor
kinase FERONIA for auxin-induced tip growth of root hairs.””
Thus, auxin signaling uses a two-receptor system which is the
best known among several others in plants.'®
Ourownworkdiscovered that a heterozygous abpl /ABPI plant
is an auxin mutant in its own right.” Heterozygous abp1/ABP1
plants are defect in a range of typical auxin responses requiring
polar transport: phototropism, gravitropism, apical deminance
and basipetal auxin transport in the root. Most importantly, all
12 early auxin genes that we investigated were upregulated less
efficiently in the mutant than in wild type 30 min after NAA
application. Moreover, ABPI itself was found to be an early
auxin-regulated gene. Early auxin gene regulation was also tested
in the eirl/pin2 background, eir] being a loss-of-function allele of
the PIN2 gene. PIN2 is a major regulator of polar auxin transport
1718

in phototropism and gravitropism."* Again, in e/ almostall 12
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Figure 1. Model of auxin signal transduction. The receptor ABP1 is depicted as a dimer in
complex with a transmembrane "docking protein.” ABP1 triggers a number of typical sig-
naling pathways in the cytosol (reviewed in ref. 16). These responses include the phosphor-
ylation status of PIN proteins (not shown in drawing) and control of endocytosis/exocytosis
balance *' Several PIN proteins, including PIN1, PIN2 and PIN3 are integrated into cell polar-
ityand auxin efflux transport to regulate extracytosolic auxin concentration and, thereby,
polar auxin transport and tropisms. Indirectly, they may also regulate cytosolic auxin con-
centration as is assumed for PIN5 which is localized to the ER. This localization is postulated
to increase nuclear auxin concentration where it is sensed by the receptor TIR1. Formation
of the temary complex [TIR1 x auxin x IAA] leads to ubiquitination of IAA proteins and their
hydrolysis by the proteasome. At least PIN2 and PIN3 are regulated by phosphoryation and
rapid transcriptional responses. TIR1 is also assumed to be the relevant receptor for ABP1
transcriptional requlation so that ABP1, PINs and TIR1 are a completely interlocking system
of two receptors linked by auxin transport. Other systems of two or more receptors for one

is supposcd to enhance auxin concentration in
the nucleus although auxin diffusion through
the inner nuclear membrane was not explained™
whereas PIN1- and PIN2-directed auxin efflux
would enhance auxin concentration in the cell
wall," sensed there by ABP.!V TIR1, by tran-
scripti(mally rcgulatingABPf, would be couplcd
to ABPI1. Regulation at the post-translational
level of several PIN proteins is also described
which will make the whole system even more
complex.” The coupling to receptors of other
auxin transport rcgulatirlg proteins, AUXI
and LAX, remains to be defined but, undoubt-
cdly, thcy contribute to auxin concentration
regulaton.

Previously, we had not tested expression of
PIN genes as potential early auxin genes. PIN2
and PIN3 are rapidly upregulated by auxin
whereas PINI is (lrlly wcakly uprcgulatcd during
1 h in wild type sccdlings (Fig. 2). In hctcmzy—
gous abpl/ABPI and in eir] mutant plants these
genes are not upregulated within 1 h after NAA
application or less upregulated like PIN2 in abpl/
ABPI (Fig. 2B and C). This transcripti(mal
response is aberrantly slow as compared to the
respective wild types so that Q:E;PHABPI and eir]
plants are both rnultiply darnagcd in auxin trans-
port. PINS was downregulated by about 50% by
auxin in the Ws wild type but not in the Col wild
type but the respective mutants zzfapl/ABPf (Ws)
and eir] (Col) did not differ signiﬁcantly from

known or likely in plants.®

signal where one receptor is closely associated to regulation of proteasomal activity are

wild types in PINS transcription in the presence
of auxin (Fig. 2D and H). Qur results on tran-

genes of the genes tested were mis-regulated demonstrating that
mis-regulation of polar auxin transport leads to changes in auxin-
induced transcription. Transcription rcgulati(m is the function of
TIR1 and its AFB hornolog, Quite ﬁttirlgly, when the mutant
tirl was discovered it was named “TRANSPORT INHIBITOR
RESISTANT1" because it was screened as resistant to inhibitors
of PIN-dependent auxin transport.” Thus, we showed that muta-
tions in ABPI and PIN2 have similar consequences on gene regu-
rapid response. This suggests that they are operating
in the same signaling chain or network in a cl()scl}r linked l()gical
position in that network. In fact, there could be several auxin
transport proteins contributing to regulation of signal strength.
The general agreement is that regulation of early auxin genes is
executed by TIR1 and the homologous AFB proteins by induc-

lation as a

ing pmtculysis of TAA proteins, co-repressors of carly auxin gene
rcgulati(m, Most likcly therefore, besides PIN2 other PIN pro-
teins are mediators between ABP1 and TIRI, as indicated in the
scheme in Figure 1. Noteworthy is PINS which is localized to
the ER membranes and hypothesized to concentrate auxin first
in the perinuclear ER and somehow direct auxin into the nuclear

Lyt()sol,l" where it can be sensed by TIRI1. This PINS localisation
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scription generally agree with previous ones.”
How slight downregulation of PINS at the ER
and upregulation of PIN2 and PIN3 at the plasma membrane
is coordinating extracytosolic and cytosolic auxin concentra-
tion remains open. PIN2 and PIN3 are of major importance for
directing polar auxin transport in tropisms and PIN5 may regu-
late nuclear auxin concentration more directly. Together however,
this underscores how tightly interwoven the regulatory circuit
of ABP1, PINs and TIR1/AFBs is as a network where none of
the components is indcpcndcnt of the other (Fig. 1). C()upling
and interlocking of these components happens at the transerip-
tional level, protein Ph()sphorylati(m level, PIN protein transport
in membrane vesicles by endocytosis and exocytosis, and coordi-
nated polar auxin transport throughout the plant body.'**!

In addition to regulation of auxin fluxes or auxin concen-
tration in compartments, coupling of ABP1 to TIR1 could be
achieved by mechanisms of biochemical signal transduction to
rcgulatc the enzymatic activity of TIR1 by a P()st-translati(mal
mechanism. Prcscntly, such a P()ssibility remains cornplctcly
vague and is not supported by data. However, both ways to regu-
late genes via TIR1-mediated mechanism would not mutually
exclude each other and need a receptor.” The function of ABP1 is
prcsurncd to trigger biochemical (p()st—translati(mal) mechanisms
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Figure 2. Rapid regulation of Pl
real time P

f transcription in wi

2
qznes by auxin in the heterozygous abpl/ABP1 receptor mutantand the PIN2 mutant eir]. (A-D) Quantification by
type Ws (filled squares) and abpl/ABP1 seedlings (open squares). (E-H) Quant'rﬁcaticpy real time PCR of tran-

scription in wild type Col (filled diamonds) and eir! seedlings (open diamonds). Methods were described
with three technical repeats each were used for calculation of average and 5D. List of primers: PIN1-forw:

rev: CCA AAA GAG GAA ACA CGA ATG; PIN2-forw: TAT CAA CAC TGC CTA ACA CG; PIN2-rev: GAA GAG ATC ATT GAT GAG GC; PIN3-forw: GAG TTA CCC
GAA CCT AAT CA; PIN3-rev: TTA CTG CGT GTC GCT ATA GT; PINS-forw: ACC CTG CCG CTC TTC ACC A; PINS-rev: GCC CAC AAC GCT AAG ACCG.

eference 16. Two biological treatments
A GACTTAAGT AGG AGC TCA GCA; PIN1-

of protein activity-regulation on several signaling pathways and

the function of TIR1 is to regulatc gene activity. This model of a
two-receptor system for one signal is apparently also found to be
realized for other Plant—typical signals,

[
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