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N fertilizer enhances crops production
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Haber-Bosch Process "4 /£

N,+ 3 H,~> 2 NH,
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N fertilizer synthesis consumes 2% of
energy supply worldwide

Produced by fiXation of N, frorgairg—'HaberBosch




Environmental problems

* Only 30%~50% N fertilizer applied is utilized
by crops

* The remainder lead to generate green house
gas nitrous oxide N,O which is 300X more

potent than CO.,.

e Eutrophication




Eutrophication & &1t

Dead Zone: Fertilized to death

NASA



—
—
-
—
—
w
Z

WORLD RESOURCES




N
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N Why study nitrate?
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T NATIONAL ACADEMY OF SCENCES

congratulations, thats so great to see that you are a NAS fellow!
Happy to see that after going through tough times, you received
this honor!!!

-Wolf Frommer
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Identification of the first nitrate
transporter CHL1 (NRT1.1)

FAF, HeF). AFOD

Nitrate uptake mutant cA//7 was isolated by
~eenstra group in Netherlands in 1971

Kenneth A Feldmann developed the T-DNA
tagging technique. e —

1990-1993, UCSD

. Gl » o : ks, "'49.
Chlorate selection



Cell, Vol. 72, 705-713, March 12, 1993, Copyright © 1993 by Cell Press

The Herbicide Sensitivity Gene CHLT
of Arabidopsis Encodes a Nitrate-Inducible
Nitrate Transporter

Yi-Fang Tsay,* Julian |. Schroeder,* as'
Kenneth A. Feldmann,t and Nigel M. Crawford* Car
*Department of Biology ger
and Center for Molecular Genetics trat
University of California, San Diego latc
La Jolla, California 92093-0116 Kin .
tDepartment of Plant Sciences Ca Julian Schroeder
University of Arizona :_ed (Ervin Neher’s PhD student)
Tucson, Arizona 85721 .I.?nr Nigel Crawford
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A¥=-120 mV

pH 5.5 Plant Cell
Tsay et. al.,1993, Cell
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Two nitrate uptake systems
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CHL1 is a dual-affinity nitrate transporter
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CHL1 is a dual-affinity nitrate transporter
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identification of a Mobile Endogenous Tranposon
in Arabidopsis thaliana

Yi-Fang Tsay, Mary J. Frank, Tania Page, Caroline Dean, and Nigel M. Crawford*



Proc. Natl. Acad. Sci. USA
Vol. 95, pp. 15134-15139, December 1998
Plant Biology

The Arabidopsis CHL1 protein plays a major role in high-affinity
nitrate uptake

RONGCHEN WANG, DONG Liu, AND NIGEL M. CRAWFORD*
Department of Biology, University of California at San Diego, La Jolla, CA 92093-0116

Edited by Maarten Koornneef, Wageningen Agricultural University, Wageningen, The Netherlands, and approved October 5, 1998 (received for
review July 1, 1998)

The Plant Cell, Vol. 11, 865-874, May 1999, www.plantcell.org © 1999 American Society of Plant Physiologists

CHL1 Is a Dual-Affinity Nitrate Transporter of Arabidopsis
Involved in Multiple Phases of Nitrate Uptake

Kun-Hsiang Liu,2? Chi-Ying Huang,® and Yi-Fang Tsay?!

3 |nstitute of Molecular Biology, Academia Sinica, Taipei, 11529 Taiwan
b Department of Botany, National Taiwan University, Taipei, 10660 Taiwan




This is marathon, not a 100 M short run



Two uptake modes of CHL1 are switched by

phosphorylation
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Anthony Glass, UBC

Plant Physiol. (1997) 114: 137-144

NO,~ and ClO;™ Fluxes in the chl7-5 Mutant of
Arabidopsis thaliana’'

Does the CHL1-5 Gene Encode a Low-Affinity NO,;™ Transporter?

Bruno Touraine and Anthony D.M. Glass*

Laboratoire de Biochimie et Physiologie Moléculaire des Plantes, Ecole Nationale Supérieure Agronomique de
Montpellier (ENSAM), Institut National de la Recherche Agronomique, Centre National de la Recherche
Scientifique, Unité de Recherche Associée 2133, 34060 Montpellier Cedex 1, France (B.T.); and Department of
Botany, The University of British Columbia, Vancouver, British Columbia, Canada V6T 1724 (A.D.M.G.)

Plant Physiology®, November 2013, Vol. 163, pp. 1103-1106,

Scientific Correspondence

A Reevaluation of the Role of Arabidopsis NRT1.1 in
High-Affinity Nitrate Transport'

Anthony D.M. Glass* and Zorica Kotur
Department of Botany, University of British Columbia, Vancouver, British Columbia V6T 174, Canada
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Nitrate sensing
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Nitrate also serves as a signhal molecule

/

Root prolification leaf expansion

(Walch-Liu et al., 2000 )
(Zhang and Forde, 1998 )

Seed dormancy ABA-independent
(Alboresi et al., 2005 ) StOmata Open I ng

(Guo et al., 2003)

primary nitrate response
(first reported: Deng et al., 1989)




Microarray analysis of Wild type and mutant ch/1-5

KA 2

CIPK8

Inactive

‘substrate ;
: | protein | i e S

26 CIPK in Arabidopsis

31



CIPKS8 is involved in primary nitrate response
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Comment we got from PNAS

Remarks to Author:

The difference in nitrate response between wild
type and the CIPK8 mutant requires high levels
of nitrate (25 mM) and is rather small. It is not
clear that this is a nitrate primary response.



Kinetic analysis of primary nitrate response in cipk8
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How does a sensor detect
concentration changes?



High affinity transporter

fold

[NO5] Ho et. al.,2009, Cell
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Think positively and constructively about
reviewer’s comments
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Guard cell
@ NRT1.1
: SLAH3

NRT2.1

: NRT2.2
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A classical statement of nitrogen
transport in text book:

Inorganic nitrogen, e.g. nitrate, can only be
transported in xylem; while organic nitrogen,
e.g. amino acids, are transported in phloem.
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NRT1.11 and NRT1.12 & %Wﬁﬁ@iéﬁﬁfﬂ%ﬁﬁ@ﬁ%%
R RE R FE P Fiepy A

A A

FHE3 A
AR 1K
EnERS

Hi) #
7B (BR3F)

Bl 5% Xylem

éf & Phloem
(O NRT1.11 NRT1.12
> f¢ #&ﬁﬁﬂiéﬁﬂﬁ@é&%

. =P F 6T ik e R LR
1% 9L 2013 Plant Physiol.



RH IR B R BE BB AL R BT 0 AW
ho f7] BB el g B




NO;

~40-70 mM
~99%

Vacuole
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Se A 2009 Plant Cell
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NRT1.11/12 and NRT1.7 play different roles in nitrate allocation

High nitrate Low nitrate
NRT1.11/12 NRT1.7
Mature leaves Old leaves
Leaf 5,6
Leaf 1,2
NoIB\IRT77

Xylem
=== Phloem

Xylem-borne nitrate Stored nitrate

51



Summary 3

NRT1.9, NRT1.7, NRT1.11
and NRT1.12

e Root-to-shoot xylem transport is
the primary route of long-distance
nitrate transport

e Phloem nitrate transport provides a
secondary route by which to
modulate local nitrate
redistribution.
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NRT1.9, NRT1.7, NRT1.11
and NRT1.12

Soilline |  ({iml |

o IRALML EIRENEARE £
T P8 AR Ef Xylem

o B3R 0% R BR ER & 3714 B
1% %8 &5 & Phloem

53



314, 2002

il

1st, 1991

LINCOLN TAIZ - EDUARDO ZEIGER

4t 2006

i

CHL1: Nitrate transporter
1993

CHL1: Dual Affinity
1999, 2003

2nd, 1998

Plant PhyS|ology~
and Development

SIXTH EDITION

meoln Talz « EduardoZeiger i
Jan Max Mgller ® Angus Murphy

(Eduardo Zeiger

5th, 2010 6t 2015

il

CHL1: Transceptor
2009




7th, 2021 or 2022

NRT1.7, EH35, 2009
NRT1.9, se# &, 2011
NRT1.11 and NRT1.12, #1401, 2013
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Phloem nitrate transport
Plant Cell, 2009
Plant Cell, 2011

Plant Physiol. 2013




NO,

NRT1.7

Young leaves

NO;

= Phloem transport
= Xylem transport
O NRT15

© NRTL9

O NRTL7

O NRT1.11/12

NO,

NO,

NO;

NO;

NRT1.9, NRT1.7, and
NRT1.11/12

Taiz et al.
7th 2022

* Nitrate can be transported in
both xylem and phloem

* Phloem nitrate transport is
important for plant growth,
nitrate distribution and NUE



Believe your data, more than the paper
and the text book

---your data need to be believable



Theme 4

From basic research to application
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Efficient source-to-sink nitrate remobilization is

Old leaves (Source)

Young leaves (Sink)

High nutrient demand

B Xylem
Phloem
(O NRTL7
==J Root-derived nitrate flow
== Nitrate redistribution

NO;
~6-75 mM

~99%

Vacuole




Research Achievements in 2020

Improving nitrogen use efficiency by
manipulating nitrate remobilization
in plants

Kuo-En Chen'?, Hui-Yu Chen’, Ching-Shan Tseng® and Yi-Fang Tsay'?

'Institute of Molecular Biology, Academia Sinica
2Graduate Institute of Life Sciences, National Defense Medical Center
3Biotechnology Division, Taiwan Agricultural Research Institute

b Rice

c Tobacco NRTI1.7p:NC4N:3'
W38 # #2 #3

2020 Nature Plants






Summary 4
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NUE > imﬁ”’flﬁﬁ%éﬁ % 7 EE A MY

L‘&’f%
* |n addition to N assimilation enzyme,

modulating remobilization provide a
new strategy for NUE improvement.
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