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Substrate selectivity of transporters is critical to accomplish the complex
systems in biological processes. However, the molecular mechanisms of substrate selectivity of
transporters have not been fully elucidated. SWEETs play essential roles through the transport
activity for sucrose and/or glucose. In addition to sugars, SWEETs can transport GA, a hormone that
regulates many important aspects of plant growth. Sugars and phytohormones are essential to the
fundamental processes of plant development and growth. It has remained unclear, however, which
spectrum of substrates SWEETs can transport, and how SWEETs can transport substrates as different as

sucrose and GA. In this project, we investigated the substrate selectivity of GA and sucrose
transporting SWEETs using computational and biochemical approaches. We have determined the residues
responsible for GA and sucrose recognition in SWEETs and whether sucrose and GA are physiologically
relevant for male fertility in Arabidopsis.
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Plants carry out myriads of reactions, orders of magnitude more than the number of
genes in a given genome. We also know that xenobiotics are substrates of enzymes
and transporters, indicating that a single protein must be able to carry out a large
number of reactions; in the case of transporters move a large number of different
molecules across the membrane. Well-known examples are oligopeptide transporters
that can transport diverse drugs in the human body. Seo’s group at RIKEN and
others have found that members of the related plant nitrate-oligopeptide transporter
family (NPF) can transport, besides their known substrates also structurally diverse
plant hormones such as ABA, GA, JA-Ile and auxin. Recently, Seo’s group also found
that several members of a new class of sugar transporters, SWEETS, transport GA
as well. Apparently, both nitrate and sucrose transporters are critical for their role
in nutrition, and thus plant growth and development but possibly also in the context
of hormone action. These finding lead to a number of important questions: how do
the transporters recognize multiple substrates; how do the structurally very
different substrates interact with the binding pockets; are they capable of
transporting multiple substrates in vivo and are these activities physiologically
relevant? And can we separate the activities?

We have recently discovered the family of SWEET proteins as sugar transporters in
plant plasma and vacuolar membranes and the Golgi of humans. SWEETs were
shown to not only be critical for carbon allocation, i.e. phloem loading and seed filling
but also play key role in pathogen susceptibility. A more detailed understanding of
the relative role of hormone and sucrose transport is thus also relevance for practical
applications in agriculture.

2. WHFED HK

SWEETs were discovered as sugar transporters, and we have demonstrated the
ability of clade III Arabidopsis SWEETs family are essential for pathogen
interactions as well as phloem loading, nectar production, seed filling and pollen
nutrition. Recently, GA transport activity of Arabidopsis thaliana SWEET13 and 14
were detected. GA is known as the important key player in many cellular processes
where it promotes stem elongation, overcomes dormancy in seeds and induces
flowering. SWEETs could thus be critical in GA translocation. However, open
questions are: (i) How do SWEETS recognize and transport different compounds like
GA and sucrose? (ii) Can we separate these functions? (iii) Can we identify other
substrates? (iv) Can we identify inhibitors that can be used to manipulate plant
functions such as carbon allocation, GA transport and pathogen susceptibility? (v)
How does GA transport GA transport of SWEETSs contribute to plant developments
and plant response to biotic and abiotic factors? To lay the basis for answering these
questions, we propose computational approaches in addition to genetic and
biochemical approaches to elucidate the molecular mechanisms of substrate
selectivity in SWEETSs.
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(1) Molecular docking and molecular dynamics were used to predict the amino acid
residues in the binding pocket of AtSWEET13 responsible for their transport
activities.

(2) Mutations were introduced at sites predicted by molecular docking studies, and
their transport activities for sucrose and GA was measured by in-cell transport
activity assays.

(3) AtSWEET13 with shifted substrate preference has been introduced into the
mutants to test the physiological relevance of the substrates.

4. WFFERCR
(1) Investigate the substrate selectivity of the GA and sucrose transporting SWEETSs
from Arabidopsis using computational approaches



Molecular docking is known as an important tool for drug discovery. This structure-
based method can be used to model the interaction between transporter and
substrate at the atomic level, providing us with a prediction of the ligand-receptor
complex structure. We used this powerful approach to characterize the substrate
selectivity of the transporter. To understand the interaction between transport and
two substrates, we have performed molecular docking studies based on the published
crystal structure of Arabidopsis SWEET13 (PDB ID: 5XPD, Han et al., 2017) using
AutoDock 4.2. The docking studies have identified the residues of binding pocket of
AtSWEET13 for sucrose and GAs (Ser20, Val23, Ser54, Trp58, Asp76, Ser142, Val145,
Trp180 and Asn196) (Fig. 1a).

(2) Determine the residues responsible for GA and sucrose recognition in Arabidopsis
SWEETSs using biochemical approaches

Using the predicted side chains that interact with GA and sucrose we performed site
directed mutagenesis of AtSWEET13 to test the prediction and to shift the relative
substrate selectivity either towards sucrose or GA. Sucrose and GA transport
activities were quantified using transport activity assay. To quantify sucrose
transport activity AtSWEET13 and sucrose fluorescent biosensor FLIPsuc-90uol
were coexpressed in mammalian HEK293T cells (Chen et al., 2012). To quantify GA
transport activity of AtSWEET, we have developed the GA transport activity assay
using HEK293T expressing AtSSWEET13 and GA biosensor GPS1. The results of in-
cell transport activity assays indicate that AtSSWEET13N76Q@ and AtSWEET13N196Q
preferentially transport GAs over sucrose, whereas AtSWEET135142N and
AtSWEET13V145L preferentially transport sucrose over GA (Fig. 1b).

GA3 GA3 GA3 Sucrose
a Sucrose b (Y2H) (B-gal) :(HEK293T) : (HEK293T)
AtSWEET14 |4+ 44+ i ++++ n.a n.a

ASWEET13 |[+4+++ +++ ++++ ++++

N76Q  |++++ +++ |+t | —

N196Q +++ n.a +++ -

Ghs 2 NPCN S20N +++ | na +  ++++
\I‘rp.wo "«u'\
- 29 s1421 +4+ id~dd 4+ 4
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s142N ++ |+ /| A+t
v1asL + + - |[+~++

Fig. 1 (a) Sucrose and GAs binding position in AASWEET13 predicted by docking studies. (b)
Transporter activity assay using yeast two-hybrid system and mammalian cells with fluorescent
biosensors.

(3) Test physiological relevance of transport activities by introducing transporters
with shifted relative substrate selectivity into loss-of-function mutants

Fertility is reduced in the sweet13, sweet14 mutants. To test whether GA transport
activity are physiologically relevant in the context of fertility, AtSWEET13N76Q and
AtSWEET135142N were introduced into sweetl3; sweetli4 double mutants. The
results showed that sucrose transport activity, but not GA transport activity of
AtSWEET13, is required for fertility.
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