4. Results

4.1 Cyclohexane Extraction of Pollen Coat
It was noted during previous work that while all of the cyclohexane can be evaporated off during the extraction of the B.  oleracea pollen coat (Doughty et al, 1993), this is not the case during the extraction of the A. thaliana pollen coat (James Dewar, January 2007 Student Project, University of Bath). It is essential that all cyclohexane is removed from the sample as it is insoluble in water so would not be compatible with the later steps in protein purification.

Experiments described here are in line with the observation that cyclohexane is retained and somehow prevented from evaporating during A. thaliana pollen coat extraction (Figure ??? (a)). This retention of cyclohexane is probably a result of the differing composition of the B. oleracea and A. thaliana pollen coats; however we can not be certain which component of the pollen coat (protein or lipid) is causing this retention
. 
To remedy this
, samples were placed in a Speedvac for 30 minutes. This treatment was sufficient to remove the excess cyclohexane and leave a brown protein pellet in the tube (Figure??? (b)). This pellet was then overlain with 0.1% Triton-X detergent (in MilliQ water), sonicated and centrifuged at 16,000x g for 1 minute, resonicated and then centrifuged at 21,000x g for 20 minutes to yield a clear infranatent and a solid white precipitate on top (Figure??? (c)).
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(Avoid use of ‘we’ believe that the Speedvac treatment has resolved the issue of cyclohexane retention in the sample which may have affected the later stages of protein purification, almost certainly resulting in the low protein yields previously reported.  CAN I SAY THIS AS I DIDN’T DO A DIRECT COMPARISON OF MY METHOD AND JAMES’ METHOD ON A 1D GEL
? This is vitally important as A. thaliana pollen coat protein has been shown by Tricine SDS PAGE to be purified at an approximately 3-fold lower concentration when compared to B. oleracea pollen coat protein samples (James Dewar, January 2007 Student Project, University of Bath). It is also critical that the highest amount of protein possible be isolated for use in 2D gel electrophoresis where detection is carried out preferably by Coomassie Brilliant Blue staining. Coomassie functions by binding along the length of the protein where anions of Coomassie Brilliant Blue formed in the acidic staining medium combine with the protonated amino groups of proteins through electrostatic interactions. The resulting complex is reversible under appropriate conditions to allow destaining of the gel. Consequently, longer proteins will be more easily detectable at lower levels, while low molecular weight proteins need to be in higher abundance for ease of detection.  
I would have a higher order title here – Something like ‘Electrophoretic analysis of purified Arabidopsis and Brassica pollen coat proteins’ then followed by the more specific subheadings
4.2 1D Analysis of Arabidopsis thaliana Pollen Coat
1D Tricine SDS-PAGE gels were used to…. as a control experiment
 to ensure that consistent yields of A. thaliana pollen coat proteins were being obtained from the cyclohexane extractions. Results were consistent with the observation that 10μl Arabidopsis pollen coat extract was comparable with 0.375μl of Brassica in terms of the low molecular weight protein component (James Dewar, January 2007 Student Project, University of Bath
). 
4.3 2D (Tricine-Tris SDS-PAGE) Gel Electrophoresis

2D gel electrophoresis is a lengthy process because of the two separate stages involved and the length of time required for fixation, staining and destaining of the gel after the second dimension. As a consequence of this, only four 2D gels were run in total (2x B. oleracea and 2x A. thaliana
) 
4.3.1 Brassica oleracea 2D Gel Electrophoresis
To ensure operator competence, initial 2D gels were run with B. oleracea pollen coat protein samples because these samples are more attainable due to the relatively vast amount of pollen produced by B. oleracea compared to A. thaliana. 

Performing the experiments with B. oleracea also presented the opportunity to characterise the low molecular weight proteins in the B. oleracea pollen coat which would then allow comparison with A. thaliana.
Both B. oleracea gels were successful and yielded good protein spots on the second dimension Tricine SDS-PAGE gel (FIGURE?*? (a) and (b)) These gels are comparable with each other and with previous gels run in the laboratory for B. oleracea (Doughty et. al, 1999; James Dewar, January 2007 Student Project, University of Bath) suggesting that the protein isolation protocols are consistent and that the IEF system is reliable.

Comparison between the two Brassica gels (Figure ?*? (a)+(b)) shows that the omission of the IPG from the sample preparation
 solution has greatly reduced the background staining of ampholines (Figure ?*? b) but has also slightly reduced the resolution of the spots in the low molecular weight range (highlighted with arrows) however the spots are still distinguishable by eye.
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4.3.2 Arabidopsis thaliana 2D Gel Electrophoresis

The first A. thaliana gel was not as successful as the B. oleracea gels due to a technical error. Figure ?*? (c) shows that there is extensive ampholine staining along the entire length of the gel. This was due to the inadvertent addition of a second aliquot of IPG to the rehydration solution used for sample preparation, meaning that there was twice as much IPG
 present as required. Even after extensive washing for over a week, the ampholine stain could not be removed meaning that no information could be obtained from the gel. There is also the possibility of sub-optimal rehydration of the IEF strip causing aberrant separation of the proteins, but this appears to have been occluded by the ampholine staining.
A second Arabidopsis gel was run with the same IPG omission
 tested with the Brassica gels. Figure ?*? (d) shows there is a greatly reduced ampholine staining with Coomassie Brilliant Blue-R; however only one spot is visible and it appears that the concentration of protein in the gel is on or below the limits of detection for Coomassie. Therefore we used a silver staining technique that had alterations in the protocol that allow compatibility with mass spectrometry. Silver staining is 100-fold more sensitive than Coomassie stain and allowed us to visualise six spots in the low molecular weight range. These spots are highlighted in Figure ?~*?.
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4.4 Protein Spot Isolation and Mass Spectroscopy

4.4.1 Brassica oleracea and Arabidopsis thaliana
The higher protein abundance from Brassica samples meant that Coomassie spots were easily visible on 2D gels. This allowed us to pick spots from the gel which could be sent for MALDI-TOF Mass Spectrometry analysis. Figure ?#? (Appendix??) shows the two B. oleracea 2D gels with the visible protein spots circled. 
Figure ?~*? depicts the silver stained Arabidopsis gel. Spots are highlighted with arrows due to their tight juxtaposition. The numbers indicate the code identifying the spots that were picked.
Unfortunately the data was not returned before the completion of this project so I cannot elaborate on the success of the mass spectroscopy or the possible identity of any of the proteins isolated from the gel.
THESE WILL GO IN THE APPENDIX I HAVE JUST LEFT THEM IN FOR YOU TO SEE THEM, THEY WILL HAVE NUMBERS EVENTUALLY TO MARK THE SPOTS
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4.5 Hydration Assays

4.5.1 Genotyping of Wild-Type and PCP-Bγ KO Arabidopsis thaliana Plants

Genotyping was done on the isolated DNA from three plants of each line. PCR reactions were run to ascertain the presence or absence of the PCP-Bγ gene in the plants to be used for the hydration assays. All plants tested showed the correct genotype (Appendix…) TAKE IMAGE TO MIKE TO SCAN IN!!
4.5.2 Hydration of WT and PCP-Bγ KO Pollen on Stigmatic Papillar Cells

32 repetitions for both WT and PCP-Bγ KO were performed yielding 48 WT and 36 PCP-Bγ KO hydrated pollen grains. Images taken over the 15 minute time course were processed with ImageJ and the measurements of pollen grain width tabulated. 
Mean values for pollen grain width were calculated at each time point and plotted in Graph 1. These data were then analysed with a 1-tailed unpaired Student’s t-test
 (Appendix ??). Time points that showed a significant difference (P ≤ 0.05) in pollen grain width are indicated by an asterisk (*) with the corresponding P-value above.

My
 results show that the mean values for WT were consistently greater than the corresponding values for the PCP-Bγ KO grains. They also indicate there is a significant difference in pollen grain size from Time (t) = 3 minutes after pollination, up to t = 14 minutes after pollination. This is encouraging as the initial pollen grain measurements at t = 1 minute are almost identical (12µm and 11.8µm respectively for WT and PCP-Bγ KO) which means that the differences seen at later time points are representative of differences in hydration and not innate differences in pollen grain size
.
These data also indicate that both wild-type and PCP-Bγ KO lines were both fully hydrated at the same time point (t = 11 minutes) where we see a plateau on both curves
.
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4.6 Analysis of Pollen Coat Morphology

To analyse the pollen coat of A. thaliana PCP-Bβ/γ DKO and PCP-Bγ KO plants, Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy (TEM) were used to compare the gross structure (SEM) and finer structures (TEM) of pollen grains from both mutant lines compared to wild-type. 

While the PCP-Bs are low molecular weight proteins thought to act as signal molecules in a receptor/ligand mechanism, we felt it was pertinent to assess the gross structure of the pollen grain to ensure that the exine had maintained its ‘wild-type’ structure in the PCP-B knockout lines, and that there were no major differences in the quantity of pollen coat observable.

4.6.1 Scanning Electron Microscopy (SEM)

SEM samples were prepared as described in methods 3.6.1 and 3.6.3 and visualised in the scanning electron microscope
. Images were taken for all three lines (WT, PCP-Bβ/γ DKO and PCP-Bγ KO) at three different magnifications (x2200, x14000 and x19000).

These images are compiled in Figure **? and show that there are no obvious structural changes in the pollen exine or discernable differences in the quantity of pollen coat present. 

4.6.2 Transmission Electron Microscopy (TEM) 
TEM samples were prepared as describe in methods 3.61 and 3.62. These samples were then viewed in the transmission electron microscope at low, medium and high magnifications, with a particular focus on the extracellular surfaces of the pollen grains (i.e. the exine and pollen coat). Figure ??? comprises representative images taken for the two mutant lines with a comparison to WT.
Low magnification images (A, A1, A2) show the complete pollen grains in transverse section while the high (x30,000) magnification images (C, C1, C2) show the pollen intine, exine and pollen coat in significantly greater detail. C, C1 and C2 indicate that there are no morphological alterations to the exine or pollen coat in PCP-Bγ KO’s or PCP-Bβ/γ DKO’s.
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Figure ???: (a) Pollen coat preparation after centrifugation at low speed to allow evaporation of the cyclohexane. It is visible that there is a considerable volume of cyclohexane remaining in the sample even after an extended period of time. (b) shows the protein precipitate after 30 minutes in a Speedvac concentrator. While the brown colour of cyclohexane is retained, the volume is significantly reduced to the point where no cyclohexane is free flowing. (c) The clear liquid phase is isolated by extraction with a microtipped glass pipette after sonication and centrifugation cause the formation of a white lipid layer on top of the sample.
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Figure ?*?: 2D (Tricine SDS-PAGE) Gel Electrophoresis. (a) and (b) Separation of Brassica oleracea pollen coat proteins yields multiple low molecular weight protein spots between 6-10kDa. (b) A reduced concentration of IPG was used to try to reduce the ampholine staining in the low molecular weight range. A side-effect of this was a reduction in spot resolution; however the spots remained discernable by eye.


(c) Arabidopsis thaliana gel. Technical issues meant that protein separation was affected and staining was perturbed by excess IPG.


(d) Shows a second Arabidopsis gel with the reduced volume of IPG tested in the Brassica experiments. A marked reduction in ampholine staining is seen but only one protein spot is visible suggesting that the protein concentrations are too low for Coomassie detection.


* Numbers in vertical alignment indicate molecular masses for low molecular weight markers in kDa.
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Figure ?#?: Brassica oleracea 2D gels.


A and B highlight the spots picked from the gel and sent for mass spectroscopy. The numbers indicate the code used to catalogue the spots while molecular weight markers are shown (kDa)





Figure ?~*?: Silver stained 2D gel of Arabidopsis thaliana pollen coat proteins. Arrows indicate visible spots in the low molecular weight range that were picked for mass spectroscopy.
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Figure**? : Scanning Electron Micrographs (SEM) of the two mutant lines (AtPCP-Bγ KO and AtPCP-Bβ/γ DKO (define DKO) of A. thaliana with a comparison to wildtype (WT) grains after pollination on A9 male sterile stigmas. Three magnifications were used to examine the gross structure of the exine and pollen coat layers. From the images, we could see no clear differences between the three lines. 
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Figure??? : Transmission Electron Micrographs (TEM). Images show a comparison of wildtype (WT), AtPCP-Bγ KO and AtPCP-Bβ/γ DKO (define DKO) mutant lines of A. thaliana after pollination on A9 male sterile stigmas. High magnification images showed no discernable differences in the structure of the exine layer or density and composition of the pollen coat (C, C1 and C2). Observation of the pollen-papillar cell interface (D, D1 and D2) shows an accumulation of material at the point of contact. This is in keeping with the flow of the pollen coat during coat conversion, but regrettably it makes determining if any components are present/absent almost impossible. PG: Pollen grain; SP: Stigmatic Papillae; PC: Pollen coat; E: Exine; I: Intine.





Graph 1: The mean pollen grain sizes for wild-type and PCP-Bγ KO at the time points indicated. Wild-type values are averages from 48 hydrated grains, while PCP-Bγ KO values are from 36 hydrated grains. Asterisks indicate statistically significant values with the P-value shown above (calculated from an unpaired 1-tailed Student’s T-Test).
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�Keep this sort of comment for the discussion section


�To use this phrase implies that you knew it would help…I would rephrase – In order to try and eliminate cyclohexane from the sample


�I think you can but state that ‘almost certainly resulting in low protein yeilds’


�Gels aren’t the experiment if you see what I mean


�Have you got a nice gel of this to show?


�Not sure I would bother with this paragraph…you don’t ned to make excuses!


�You need to state earlier in this section the problem of retention of ampholines noted in all previous studies with trice tricine gels…then describe the gels with and without the reduced IPG


Make sure you apply this principle generally as your reader does not necessarily know why you are doing things


�In the 2d figure D you refer to one spot being visible…can you mark this o the gel with an arrow?


�I think you need to (early on) describe what IPG is so that its relevance can be understood in the context of your results


�Not best choice of word


�Need a better high level title here – Phenotypic analysis of pollen hydration in Gamma KO lines or something along these lines. Then your subheadings


�You could make the title descriptive eg …Pollen Hydration rate is reduced in PCP-Bgamma KO mutants


�Justify use of this test…what are its assumptions etc regarding the data – see a stats book


�Avoid use of my


�Did James make an assessment of mean pollen sizes in his report as a separate study? Or anyone else? I have a feeling someone has done


�Did James find this too – should the grains eventually reach the same level of hydration and thus be the same size? This is worthy of detailed discussion


�Again a descriptive title may help…Comparison of pollen coat morphology between PBP-B KO lonis and WT…not this but something like it.


�I’d state what is important about the technique used for preparing samples…ie the dry fixation to retain the coat as previously carried out by Elleman et al
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