
The pollen race to the ovule : 
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Pollination and fertilization for food production

Arabidopsis : Mollet et al (2013) Plants 2: 107- 147

- Thou shalt grow fast!

- pollen tubes grow through the style tissue to deliver the sperm cells to the ovule
- fastest pollen tubes reach the ovules first and are able to transfer their genes to the next generation

- Thou shalt not burst!
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Pollination and fertilization for food production
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Pollen tube of Lilium longiflorum growing �D�W���§���������—�P���P�L�Q-1 for 8 min
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Cellular components and processes in the tip region (clear cap): TIP GROWTH

�ƒ Navigation System: Ca2+ gradient and glutamate receptor-like channels �«������
Obermeyer & Weisenseel (1991) Eur J Cell Sci 56:319- 327
Michard et al. (2011) Science 332: 434- 437

�ƒ Transport Logistics: cytoskeleton , secretory vesicles , protein trafficking
Hörmannseder et al. (2005) Protoplasma 227: 25- 36

�ƒ Pollen Electricity: K+ channels , endogenous electrical field
Griessner & Obermeyer (2003) J Membr Biol 193: 99- 108
Safiarian et al. (2015) Front Plant Sci 6: 47

Pollination and fertilization for food production

clear cap
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Pollination and fertilization for food production

H 2O

Biophysical Problem:
pollen tube growth = volume increase = water uptake is driven by the
water potential difference ( �'�< ) between cytosol and external medium
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I =   1/R *  U �2�K�P�µ�VLaw

Balanced uptake of water to fulfil the Two Commandments:
fast growth, no bursting
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�<pollen �������<pistil tissue



Global Problem:

FAO prediction for 2050: less water resources, but higher
water consumption for food production

Pollination and fertilization for food production

Biophysical Problem:
pollen tube growth = volume increase = water uptake
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Pollination and fertilization for food production

www.agrarheute.com , 26.7.2018

www.bauernzeitung.at , 7.8.2018

= severe drought stress during flowering

http://www.agrarheute.com/
http://www.bauernzeitung.at/


Working hypothesis:
(mild) drought stress restrains water
uptake in pollen causing low crop yields

Experimental approach:
1. Simple and accurately defined system

for reliable determination of physical
parameters

2. Measuring water transport in pollen
grains and tubes

3. Identification of involved transporters
and cellular processes

4. Modelling water transport
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Pollination and fertilization for food production
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WATERDROUGHT
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How to measure the �Äwatered �³��state of a plant?

Yara water sensor / ZIMprobe : leaf patch pressure (LPP)

https://www.yara.com/crop-nutrition/products-and-solutions/pr ecision-farming/yara-water-solution/

LPP = 1/TP
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WATERDROUGHT

seeds & 
fruits

How to measure the watered state of a plant?

Yara water sensor / ZIMprobe : leaf patch pressure (LPP)

Grapevine, Chile, South America

decreasing soil moisture

LPP = 1/TP
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T RH

PAR

LPP

Arabidopsis thaliana

control stress =
50 mM mannitol
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Arabidopsis thaliana
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Unpublished Results

Pollen viability of drought-stressed plants?
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Int J Agricult & Biol 16: 251- 260 

J Exp Bot 61: 335- 345 UWA, Inst . Agriculture

pollen is very sensitive to drought stress = low crop yield

Scientific aim:
molecular mechanism of water uptake , osmoregulation and adaption to drought
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Pollination and fertilization for food production �± Plant Physiology



experimental system Lilium longiflorum :

- large pollen grains and tubes
- synchronous germination
- easy cultivation and storage of pollen

BUT:
- non -sequenced organism

100 µm
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Pollination and fertilization for food production �± Pollen Physiology



glycerol

Unpublished Results

Pollen Physiology : water uptake

Water uptake is driven by
water potential difference
�' �<��� ���' P �� �' �3��
meaning faster uptake at higher differences
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all 0.3 osmol kg -1

compounds of
Med M:
300 mM mannitol
1 mM KCl
0.1 mM CaCl 2
1.6 mM H 3BO 3
pH 5.6

Driven by �' �< Independent of �' �<���"

Unpublished Results
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Pollen Physiology : water uptake



Independent of �' �<���"

Unpublished Results
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Pollen Physiology : water uptake



- Water uptake is more than just passive (facilitated ) transport
determined by water potential difference

- Organic compounds in the pollen wall limit water uptake, but 
germination medium or stigma exudate may abolish limitation
���Ãrelease blockage �µ��

- If organic pollen coat compounds are actively involved in water
uptake , then events during pollen development (e.g. drought ) 
influence the later water transport , and thus germination and
fertilisation.
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Pollen Physiology : water uptake
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I =   1/R  *  U

- driving force for water flux = hydraulic pressure P (const .) and osmotic pressure �S
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- water fluxes are passiv: water follows solutes

- the PM H + ATPase energizes the plasma membrane for ion and solute transport

Non-sequenced organism = identification of transporters by RNAseq and proteomics

Pollen Physiology : molecular components



RESULTS RNAseq :
- Sequence data (>37,00 new sequences)

- H + pumps
- K + channels
- aquaporins
- sugar/nutrient transporters
- enzymes of metabolic pathways

Lang, Usadel, Obermeyer (2015) Plant Mol Biol, 87: 69- 80
Pertl-Obermeyer (2014) J Proteomics 108:17- 29
Obermeyer et al (2013) Plant Physiol, 162: 1822- 1833
Pertl et al (2009) J Proteome Res 8: 5142- 5152

RESULTS metabolome :
- Simultaneous determination of >150 major metabolites
- Adaption of metabolic pathways almost immediate
- Germination and tube growth show different metabolism
- GABA shunt after inhibition of mitETC

RESULTS proteome :
- Sequence data of transporters
- Dynamic distribution of transporter in organelle

membranes
- Functional complexes of transporters in membrane

PM H + ATPase
(LilHA1)
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Pollen Physiology : molecular mechanism



Pertl et al (2010) Plant Physiology 154: 1921- 1928

298 mM mannitol =
iso-osmol

198 mM mannitol = 
hypo-osmol

398 mM mannitol =
hyper-osmol
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Pollen Physiology : molecular mechanism



Pertl et al (2010) Plant Physiology 154: 1921- 1928

iso hypo hyper

Gerhard Obermeyer Mol. Plant Biophysics & Biochemistry �± Amphacademy , Lucerne 2018

iso

hypo - alkalinisation

hyper- acidification

Higher H + ATPase activity
after hyper-osmotic shock

Pollen Physiology : molecular mechanism



PM H + ATPase = major target in pollen osmo-regulation/-stress

14 -3- 3 proteins bind only to the R-domain if the penultimate T is phosphorylated
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Pollen Physiology : molecular mechanism

Ottmann et al (2007) Mol Cell 25: 427- 440
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Preliminary results
- PM H + ATPase is phosphorylated during tube growth
Preliminary results
- PM H + ATPase is phosphorylated during tube

- PM H+ ATPase is phosphorylated during osmoshock

isohypo hyperisohypo hyper
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Water uptake

Pollen Physiology : molecular mechanism



Work done by �«��

Lab members:

Heidi Pertl-Obermeyer osmoregulation U Salzburg
14 -3- 3 proteins U Hohenheim, MPI Golm
proteomics/interactomics

Veronika Lang transcriptome U Salzburg

Minou Safiarian K + channels U Salzburg

Magdalena Pöckl osmoregulation U Salzburg
electrophysiology

Verena Kuchler recombinant CTAD U Salzburg

Ana Gimeno plant growth U Salzburg

Co-operation partners:

Waltraud Schulze U Hohenheim, Germany

Wolfram Weckwerth U Vienna

Björn Usadel RWTH Aachen, Germany
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Thank you �«��

... for your attention!
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- PM H + ATPase: LlHA1, LilHA2, regulated by phosphorylation , osmo-regulation

- K + channels LilKT1, inward rectifying K + channel Safiarian et al. (2015) Fr. Plant Sci . 

- aquaporins partial sequences of PIP1 and PIP2

- ion /H + co-transporter

- balanced water uptake requires an emergency valve to prevent bursting?

H+

H+

X

X

A
Q

P

Pollen Systems Biology �± summary

P
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H 2O

functional complex

�,�º 
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ideal situation:
2 independent transport processes
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normal situation:
2 transport processes �2�Q�V�D�J�H�U�µ�VRelation 

�?�» �	 �2�º�» 
L �?�º �	 �2�»�º

up -hill water transport?

Pollen Systems Biology �± outlook
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Pollen Systems Biology �± outlook

H 2O

- osmolytes/metabolism: non-invasive detection of metabolite concentration

Changing osmolytes by metabolism?
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What ever affects the PM H + ATPase also modulates the
germination frequency and the tube growth speed:

- fusicoccin , vanadate, AICAR, boric acid
- medium osmolality
- low frequency AC fields

PM H+ ATPase controls
germination and
growth speed

Pollen Systems Biology �± Pollen Physiology
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