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METHODS 

THE EFFECT OF COLD SHOCK ON A.THALIANA: A PROTEOMICS STUDY FROM GEL SEPARATED  
ROSETTE LEAF HOMOGENATES USING LABEL FREE QUANTITATIVE LC-MS 

Mark Ritchie(1), James Langridge (1), Keith Compson (1), Therese McKenna(1),  Steffen Amme (2) Hans-Peter Mock (2).  
(1)Waters MS Technology Centre, Manchester,M22 5PP, UK  

(2) Institute of Plant Genetics and Crop Plant Research, Corrensstrasse 3, D-06466 Gatersleben, Germany 

• The effect of cold shock on rosette leaves from Arabidopsis thaliana 
is studied using a label free LC-MS technique. 

• Rosette leaf protein extracts were separated by 1D SDS PAGE be-
fore being subjected to simultaneous quantitative and quantitative 
proteomic analysis.  

• Responses in protein expression were observed by comparison to 
non cold shocked controls. 

• Plants deal with a wide range of stresses during their life cycle and 
have developed a variety of defence mechanisms in order to 
survive. 

• Characterisation of various plant systems has revealed 
considerable overlap of responses when challenged with different 
stresses. 

• Quantitative proteomics plays a role in determining protein based 
responses.  Here we show the application of a label free LC-MS 
method for the assessment and characterisation of responses to 
cold shock in rosette leaves in Arabidopsis thaliana. 

 
 
 
 

Plant Growth and Harvesting 
• 5 week old (2 weeks germination, 3 weeks growth) Arabidopsis thaliana 

(ecotype Col-o) plants were split into two groups; control and cold stress 
• Cold stressed plants were kept at 6oC for one week while the control 

remained at 20oC 
• Rosette leaves from half the plants in each group were harvested and directly 

frozen in liquid nitrogen 
• The remaining plants were kept at 20oC for a further week before their 

rosette leaves were also harvested and frozen 
Protein Extraction and Gel Separation 
• Plant material was ground under liquid nitrogen then suspended in 10%TCA 

and 0.07% 2-mercaptoethanol in acetone (1)  
• Precipitated material was washed in acetone then dried in a vacuum 

centrifuge. 
• Proteins were solubilised in in 8M Urea, 2% CHAPS 30mM Tris-HCl pH 8.5 
• 20ug samples from each condition were diluted in 1xDTE buffer, then loaded 

on to a 12.5% Acrylamide gel and run at a constant voltage of 175V for 1h. 
• The gel was stained with colloidal Coomassie G250 (GelCode Blue Stain 

Reagent, Pierce 24592, Rockford, USA) for 1 h, washed with water for 5 
min and stored in water 

• Gel bands were excised as shown in fig 1, and proteins were extracted and 
digested manually (2).    

Figure 1.  Coomassie blue stained gel of 
rosette leaf protein extracts from the control; 
(left hand lane) and cold shocked 
experiments (right hand lane). Excised 
bands are shown and numbered. Bands 
labelled A-D were used to optimise the 
extraction procedure.   

LC-MS  
• Liquid chromatography was carried out using a nanoACQUITY UPLCTM 

System (Waters, Milford, MA) with a 75um analytical column packed with 
BEH dC18 1.7µM stationary phase.  

• A 90 minute gradient of 0-40% ACN containing 0.1% formic acid was 
used to separate peptides.   

• The Q-TofTM Premier (Waters, Manchester, UK) was set to acquire LC-MS 
data in an alternating normal and elevated collision energy mode as 
described in Bateman et al (3) 

• Proteins were identified and relative quantification was carried out using 
Waters® Protein Expression System informatics (WPES)(Waters, Manchester, 
UK) as described previously (4) 

• Cultivation of Arabidopsis plants under cold stress conditions leads to 
reduced growth, as shown in figure 1 

• Other than differential growth rates, no obvious morphological differences 
were observed between the experimental groups. 

Figure 2 -  Differences in growth rate due to different temperature regimes. 
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APPENDIX 

Figure 3. Chromatogram from one gel extract.  The main plot shows an 
overlaid mass chromatogram for 5 ions eluting between 39 and 40 mins. By 
use of HPLC these peptides can be partially separated, and each has a 
unique profile.  This chromatographic profile is used in the matching of 
fragment ions to precursors.  Sample complexity is illustrated 
chromatographically (inset A) and spectrally (inset B). 

LC-MS Analysis 
• Gel extracts analysed revealed moderate complexity in the bands 

• Typically 10-20 proteins were identified per band depending on density of 
staining 

• Peptides were identified across approx. 3 orders of intensity. 

Qualitative Proteomic Analysis 
• Protein species present in each gel extract were identified using the Waters 

Protein Expression Informatics (ProteinLynx Global SERVER 2.2.5), 
searching against an Arabidopsis thaliana protein database obtained from 
the European Bioinformatics Institute (www.ebi.ac.uk). 

• Results were filtered using the following criteria;   Each protein had to 
contain at least one unique peptide at 100% confidence (i.e. that peptide 
could not be accounted for by any other protein in the database) and be 
present in 2/3 replicates. 

• Over 230 different validated proteins were identified from all bands (see 
appendix).  Some proteins spanned multiple bands. 

Quantitative Proteomic Analysis 
• Expression changes were measured on a protein basis, with all identified 

peptides contributing to the fold change of a particular protein (5). 
• 20 proteins were identified to have clear regulation changes, but the fold 

change could not be measured.  These are assigned as “unique” to the 
condition in which they were identified. 

• Around 40 proteins were identified to have significant and quantifiable fold 
changes. These expression ratios ranged from a four fold down regulation, 
to a three fold up regulation under cold shock, Figure 5. 

 
 

• Both cell division and energy production appear to be down regulated 
(ATP’ase, ftsH), correlating well with the decreased growth observed. 

• Ribosomes appear to be up-regulated, indicating a change in protein 
production, as does catalase which may indicate that cold shock also brings 
oxidative stress. 

• A number of observations (e.g Dehydrin) agree with a complementary study 
on the same samples, quantifying from staining in 2D Gels (publication in 
press) 

Figure 5. Protein expression changes between control and cold shock experi-
ments. Fold changes are expressed as Ln ratios with error bars.  All fold 
changes are statistically significant to at least 97% confidence.  For more ex-
planation of the quantitation method see ref 5 

CONCLUSION 

• In this study we have used a combination of 1D PAGE separation 
and exact mass LC-MS to study cold shock induced changes in the 
protein complement of  A. thaliana. 

• This method has been able to confidently identify over 230 
proteins and simultaneously highlight approximately 40 individual 
fold changes in this experiment. 

• A further 20 proteins were to be unique in expression, either in 
the control or under conditions of cold shock.  

Ln Ratio cold/control 

Down regulated 
in cold shock 

Up regulated 
in cold shock 
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