
This article was downloaded by: [Universiteit Antwerpen]
On: 22 June 2015, At: 01:14
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Plant Signaling & Behavior
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/kpsb20

UV radiation reduces epidermal cell expansion in
Arabidopsis thaliana leaves without altering cellular
microtubule organization
Eveline Jacquesa, Kathleen Hectorsa, Yves Guisezb, Els Prinsena, Marcel A.K. Jansenc, Jean-
Pierre Verbelena & Kris Vissenberga

a University of Antwerp, Biology Department; Wilrijk, Belgium
b Department of Biology, Molecular Plant Physiology and Biotechnology, University of
Antwerp; Antwerpen, Belgium
c Department of Zoology, Ecology and Plant Science, University College Cork, Distillery Field,
North Mall; Cork, Ireland
Published online: 01 Jan 2011.

To cite this article: Eveline Jacques, Kathleen Hectors, Yves Guisez, Els Prinsen, Marcel A.K. Jansen, Jean-Pierre Verbelen &
Kris Vissenberg (2011) UV radiation reduces epidermal cell expansion in Arabidopsis thaliana leaves without altering cellular
microtubule organization, Plant Signaling & Behavior, 6:1, 83-85, DOI: 10.4161/psb.6.1.14127

To link to this article:  http://dx.doi.org/10.4161/psb.6.1.14127

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the “Content”) contained
in the publications on our platform. However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness, or suitability for any purpose of the
Content. Any opinions and views expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the Content should not be relied upon and
should be independently verified with primary sources of information. Taylor and Francis shall not be liable for
any losses, actions, claims, proceedings, demands, costs, expenses, damages, and other liabilities whatsoever
or howsoever caused arising directly or indirectly in connection with, in relation to or arising out of the use of
the Content.

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any
form to anyone is expressly forbidden. Terms & Conditions of access and use can be found at http://
www.tandfonline.com/page/terms-and-conditions

http://www.tandfonline.com/loi/kpsb20
http://www.tandfonline.com/action/showCitFormats?doi=10.4161/psb.6.1.14127
http://dx.doi.org/10.4161/psb.6.1.14127
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


©2011 Landes Bioscience.
Do not distribute.

www.landesbioscience.com Plant Signaling & Behavior 83

article addendum
Plant Signaling & Behavior 6:1, 83-85;  January 2011; © 2011 landes Bioscience

Addendum to: Hectors K, Jacques E, Prinsen E, 
Guisez Y, Verbelen JP, Jansen MAK, Vissenberg K. 
UV radiation reduces epidermal cell expansion 
in leaves of Arabidopsis thaliana. J Exp Bot 2010; 
61:4339–49; PMID: 20702567; DOI: 10.1093/jxb/
erq235.

Key words: arabidopsis, cell expansion, 
GFP-TUA6, leaf development,  
microtubule cytoskeleton, UV radiation

Submitted: 11/05/10

Accepted: 11/05/10

DOI: 10.4161/psb.6.1.14127

*Correspondence to: Kris Vissenberg; 
Email: kris.vissenberg@ua.ac.be

Upon chronic UV treatment pave-
ment cell expansion in Arabidopsis 

leaves is reduced, implying alterations 
in symplastic and apoplastic properties 
of the epidermal cells. In this study, the 
effect of UV radiation on microtubule 
patterning is analysed, as microtubules 
are thought to serve as guiding rails for 
the cellulose synthase complexes deposit-
ing cellulose microfibrils. Together with 
hemicelluloses, these microfibrils are 
regarded as the load-bearing components 
of the cell wall. Leaves of transgenic 
plants with fluorescently tagged micro-
tubules (GFP-TUA6) were as responsive 
to UV as wild type plants. Despite the 
UV-induced reduction in cell elongation, 
confocal microscopy revealed that cellu-
lar microtubule arrangements were seem-
ingly not affected by the UV treatments. 
This indicates an unaltered deposition 
of cellulose microfibrils in the presence 
of UV radiation. Therefore, we surmise 
that the reduction in cell expansion in 
UV-treated leaves is most probably due 
to changes in cell wall loosening and/or 
turgor pressure.

Photosynthetic functions such as solar 
light capture and carbon fixation are 
highly evolved features of plant leaves. 
To fulfil these functions in an optimal 
way, leaf development needs to be tuned 
to environmental conditions. Leaves are 
continuously exposed and subjected to 
environmental influences, which serve 
as co-regulators of leaf and plant devel-
opment.1 This ability of plants to adapt, 
secures the plant’s survival, even under 
non-optimal conditions. An example of 
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a regulatory environmental parameter is 
solar light, indispensable for photosynthe-
sis but potentially causing photoinhibition 
and/or UV-radiation stress. The highly 
energetic ultraviolet B (UV-B) rays of 
short wavelengths (280–315 nm) can both 
cause damage, as well as induce a range of 
specific metabolic and morphogenic plant 
responses. It was reported before that 
exposure to low dose UV radiation reduces 
Arabidopsis leaf size due to a decreased 
cell size.2 Expansion of leaf epidermal 
cells of Arabidopsis thaliana is the com-
bined action of promotion and restriction 
of growth, resulting in the typical irregu-
lar sinuous pavement cells. It has been 
postulated that cellulose microfibrils are 
responsible for generating a force oppos-
ing isotropic expansion by creating neck 
regions in between outgrowing lobes.3 As 
the microtubule cytoskeleton is believed to 
serve as guiding rails for the cellulose syn-
thase complexes (CESAs),4 the deposition 
of the cellulose fibrils is intimately linked 
to the cortical microtubule arrangement. 
We have studied the UV-effect on micro-
tubule organisation in leaf epidermal cells 
whose expansion had decreased upon this 
UV radiation. Microtubules in the adax-
ial pavement cells of the fourth leaf were 
monitored on several successive days in a 
transgenic line containing GFP fused to 
tubulin A6.5 The chronic UV treatment 
was started on day 0 when the plants were 
2 weeks old, using UV exposure condi-
tions as described in reference 2. First the 
responsiveness of the GFP-TUA6 plants 
to UV radiation was evaluated. Similar to 
wild type (WT) plants,2 the GFP-TUA6 
plants had smaller leaves following 8 days 
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be detected during the development of 
pavement cells, and throughout the UV 
treatment period. As shown in Figure 2 
at day 2, pavement cells with comparable 
areas are similarly shaped in control and 
UV-irradiated plants and contain similar 
microtubule arrangements (Fig. 2 and 
marked cells). This means that microtu-
bule organization is not directly affected 
by the UV exposure and that shape devel-
opment proceeds in an analoguous man-
ner as under control conditions. This lack 
of alteration in the microtubule arrange-
ment can be observed for cells at the leaf 
tip, which were already in the process of 
lobe formation at the start of the exposure 
period, as well as for cells at the leaf base. 
Under our growth conditions, and in the 
monitored leaf number 4, cell prolifera-
tion still took place in this part of the leaf 
and lobes only started to appear on the cell 
surface. As microtubules are linked to the 
deposition of cellulose microfibrils, it can 
be assumed that no alterations in cellu-
lose deposition occur upon UV treatment 
either. We can therefore conclude that the 
process of lobe formation and microtubule 
patterning is not impeded and that only 
the extent of cell expansion is restricted 
upon UV exposure.

According to the Lockhart equa-
tion,6 cell (wall) growth is modulated 
by wall biomechanics and turgor pres-
sure. Concerning turgor pressure, no 
clear differences in this factor between 

the treatment started onwards (data not 
shown).

As GFP-TUA6 leaves were as respon-
sive to UV radiation as wild type leaves, 
confocal microscopy was used to visualize 
the organisation of the cortical microtu-
bules facing the outer periclinal wall of 
the adaxial epidermis. No clear difference 
in microtubule (re)organization could 

of UV treatment (t-test, p < 0.01) (Fig. 1). 
This was caused by a significant reduction 
in the generalized cell area average of all 
measured cells, irrespective of the location 
within the leaf (Fig. 1; t-test, p < 0.01). In 
more detail, the average cell area within 
the base, middle and top zones of the 
GFP-TUA6 leaf was systematically lower 
in UV-treated leaves from 8 days after 

Figure 1. effect of uV radiation on leaf and cell area after different days of uV radiation. Open 
asterisks indicate a statistically significant difference in leaf area between uV-treated and control 
plants, black asterisks indicate statistically significant difference in cell area (t-test, *p < 0.05, 
**p < 0.01, ***p < 0.001). error bars indicate the standard error for five different leaves at all mea-
sured time-points and 600, 170 and 180 cells at day 0, 8 and 12 respectively.

Figure 2. microtubule pattern in control and uV-exposed leaves visualized using GFP-tua6 and confocal microscopy. Both images are from cells at 
the mid zone of the fourth leaf at day 2. microtubules are similarly arranged in equally shaped and sized cells of control and uV-exposed leaves. the 
marked cells show a pattern whereby the tubules are centred in the neck regions between two outgrowing lobes.
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UV-exposed and control plants of Lactuca 
sativa L.7 and Pisum sativum8 could be 
observed, reinforcing the idea that espe-
cially the modulation of cell wall proper-
ties is the main factor causing the observed 
UV-induced reduction in cell expan-
sion. Some reports indicate differential 
expression of wall loosening enzymes like 
expansins or xyloglucan endotransglyco-
sylase/hydrolases (XTHs),9,10 or cell wall 
strengthening enzymes as particular per-
oxidases7 after UV exposure. Another key 
event could involve UV-mediated changes 
in the phenylpropanoid pathway, which 
may cause changes in the lignin biosyn-
thesis. As shown by the literature11-14 lig-
nin may well be an important modulator 
of cell wall architecture in Arabidopsis 
and therefore alterations in lignin synthe-
sis could form the basis for morphological 
modifications. Further research on the cell 
wall properties of UV-treated plants may 
resolve this uncertainty.

As a general conclusion we can state 
that the patterning of microtubules is 
not altered, but that alterations in cell 
wall composition or arrangements are the 
most plausible candidates for the observed 
reduction in pavement cell expansion 
upon chronic UV treatment.
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