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Authors, please fill out the brief questionnaire below.   

A. Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____N_____ If yes, please list make and model of your microscope: ______________________________
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies.  
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) _______ 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_N_______ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__2.6, 2.12, 3.7, 3.9, 4.3________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  __2.12 (removal of liquid without disturbing pellet). Must avoid using too much soil sample initially, centrifuge for long enough (longer if needed), and then use a careful but confident motion to withdraw  the liquid

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the following procedure is to rapidly assay microbial extracellular enzyme activity in a variety of natural environments (Intro)

This is achieved by adding samples of water or soil slurries to microplates to yield adequate replication. (P1, pipette from the middle tube to fill the 4th circle in the 2nd column)

As a second step, artificial colorimetric or fluorometric substrate is added to the microplate wells, which allows for enzymatic reactions to occur. (P2, have the chemical compound shrink down and go into one of the colored wells)  

Next, either absorbance or fluorescence is measured in order to determine the amount of end product released during the reaction. (P3, the P2 plate turns into the P3 plate and goes into the grey rectangle)

The results show differences in extracellular enzyme activity between samples based on the absorbance or fluorescence of the final reaction (P4)
[bookmark: _GoBack]

[image: C:\Users\cjackson\Desktop\JoVE\Submission\Graphical-overview_Jackson50399.jpg]

Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   


B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Colin Jackson:  This method can help answer key questions in the field of microbial ecology, such as what are the rates of organic matter processing or nutrient mineralization in soils, sediments and waters.
1.1.1. MED:  Colin speaks toward camera, interview style.
1.2. Heather Tyler:  Generally, individuals new to using this method for assaying soils and sediments will struggle because of difficulty in separating particles from the reaction solution, especially when assaying large numbers of samples.
1.2.1. MED:  Heather speaks toward camera, interview style.
1.3. Justin Millar:  Visual demonstration of the use of this method for water samples is critical as the necessary plate layout can be difficult to learn, and measurements at multiple time intervals make the procedure more challenging.   
1.3.1. MED:  Justin speaks toward camera, interview style.


Protocol (read by voice talent at JoVE):
2. Conducting the Enzyme Assay For Soils and Sediments
2.1. Colorimetric analysis of extracellular enzyme activity for soils and sediments begins with preparation of substrate, buffer and standard solutions as described in the text protocol.
2.1.1. Title Card
2.2. For soil, prepare a slurry of each sample to be assayed in a sterile 15 mL centrifuge tube at a concentration of approximately 1 gram per milliliter using 50 mM acetate buffer.
2.2.1. MED:  Talent adds previously weighed soil to a labeled 15 mL centrifuge tube.
2.2.2. CU:  15-mL centrifuge tube as talent pipettes 50 mM acetate buffer in.   
2.3. For sediments, add enough acetate buffer to make the slurry easily pipettable.  The exact volume of slurry needed will vary according to the number of enzymes assayed, but a minimum of 5 mL is recommended.  
2.3.1. MED-over the shoulder:  Talent adds enough acetate buffer to sediments to make an easily pipettable slurry.  Use labeled tubes.
2.3.2. CU or ECU:  Tube with slurry as talent demonstrates that it is easily pipettable by pipetting it up and down.
2.4. Vortex each slurry until all clumps of soil or sediment have dispersed and note the final volume.
2.4.1. MED-over the shoulder:  Talent vortexes the soil and sediment samples.
2.5. Clip the end of pipette tips with scissors prior to pipetting as soil slurries tend to clog tips.
2.5.1. MED:  Pipette tip as talent clips the end with scissors.
2.6. Re-vortex each slurry and immediately pipette 150 µL into each of six wells on a 96-well deepwell block.  It is important to vortex thoroughly and frequently in order to keep soil particles in suspension.  Leave at least two wells per block empty to serve as a substrate control.  Prepare one 96-well block for each enzyme to be assayed.
2.6.1. CU:  96-well deepwell block as talent begins to pipette 150 µL of the slurry into each of six wells.
2.6.2. LAB MEDIA:  Figure 1.  Editors, please transition from the actual footage of the 96-well deepwell block to this illustration during the 2nd sentence.  Then highlight the two wells in the right corner of the figure as the third sentence is narrated (labeled “150 μl substrate”).
2.7. Pour approximately 5 mL of acetate buffer into a pipette reservoir and use an 8-channel pipettor to add 150 µL of the buffer to the last two wells of each sample for the sample buffer controls, and to the two substrate control wells.
2.7.1. LAB MEDIA:  Figure 1.  Editors, please highlight the wells in the 5th, 6th, 11th and 12th columns, omitting the bottom wells in the 11th and 12th columns.  Then highlight the two wells in the right corner of the figure (labeled “150 μl substrate”) as “to the two substrate control wells” is narrated.
2.8. Pour approximately 10 mL of the appropriate p-nitrophenyl, or pNP (pronounced P-N-P), -substrate solution into a pipette reservoir and use an 8-channel pipettor to add 150 µL of the substrate solution to the first four wells of each sample and to the two substrate control wells.  Note the time as the reaction begins as soon as the substrate solution is added.
2.8.1. LAB MEDIA:  Figure 1.  Editors, please highlight the wells in columns 1-4 and columns 7-10, omitting the bottom wells in columns 7-10.  Then highlight the two wells in the right corner of the figure (labeled “150 μl substrate”) as “to the two substrate control wells” is narrated.
2.9. Incubate plates at room temperature for 0.5-4 hours.  Exact incubation time will vary depending on the activity level in samples and the enzyme to be assayed.  
2.9.1. MED-over the shoulder:  Talent leaves the plates to incubate a room temperature.
2.10. While assays are incubating, prepare one clear 96-well microplate for each deepwell block in order to read absorbance.  Pipette 190 µL of distilled water and 10 µL of 1 M sodium hydroxide into each well of the microplate.  Sodium hydroxide slows the enzymatic reaction and raises the pH which enhances the color of the pNP released during the reaction.
2.10.1. MED:  Talent pulls out one clear 96-well microplate for each deepwell block.
2.10.2. CU:  96-well microplate as talent pipettes 190 µL of distilled water from labeled container into each well of the microplate.
2.10.3. CU:  96-well microplate as talent pipettes 10 µL of 1 M sodium hydroxide from labeled container into each well.
2.11. After incubation, centrifuge the 96-well blocks at 2,000-5,000x g for 5 minutes to pellet soil particles.
2.11.1. MED-over the shoulder:  Talent places the blocks into the centrifuge and turns on.
2.12. Talent:  Removal of the liquid without disturbing the pellet can be a challenge.  One must avoid using too much soil sample initially, be sure to centrifuge for long enough and use a careful but confident motion to withdraw  the liquid
2.12.1. MED:  Talent speaks toward camera, interview style
2.13. Use a multichannel pipette to withdraw 100 µL from each well, being careful to avoid the pellet.  Transfer the liquid to the corresponding well on a prepared clear 96-well microplate.
2.13.1. ECU:  Talent uses a multichannel pipette with careful, confident motion to withdraw 100 µL from a well.
2.13.2. MED-over the shoulder:  Talent transfers the liquid to the corresponding well on a prepared clear 96-well microplate.
2.14. Turn on the microplate reader and set up any necessary software.  Record absorbance at 410 nm.  
2.14.1. MED:  Talent turns on the microplate reader and pulls up software.
2.14.2. MED-over the shoulder or CU:  Screen as talent records the absorbance at 410 nm.
2.15. Following determination of the dry mass of the samples as described in the text protocol, calculate final absorbance of each sample by subtracting the sample control absorbance from the sample assay absorbance.  If substrate controls have high absorbance of greater than 0.060 then subtract those also.
2.15.1. MED-over the shoulder or CU:  Talent uses excel to calculate the final absorbance of each sample.
2.16. Proceed to calculate enzyme activity in micro moles per hour per gram of dry mass using this equation.
2.16.1. JoVE MEDIA:  Editors, please generate the following equation on a blank slide, using a horizontal fraction line where the slash is:  Enzyme activity = Final absorbance / (C x incubation time x sample dry mass)
3. Setting up Water Samples, Sample, Standard, Quench, and Substrate Controls
3.1. After organizing a black microplate for each enzyme following the example shown in the text protocol, pour approximately 5 mL of the first water sample into a pipette reservoir and use an 8-channel pipettor to pipet 200 μL into all of the wells in column 1 of the microplates.  Discard used pipet tips and repeat as needed for each water sample to fill columns 1-9.
3.1.1. MED-over the shoulder:  Talent pours 5 mL of the first water sample from a labeled container into a pipette reservoir and aspirates the sample into an 8-channel pipettor.
3.1.2. CU:  Microplate as talent uses 8-channel pipettor to pipet 200 μL into all of the wells in column 1 of the microplates.
3.1.3. MED:  Talent discards the used pipet tips and motions to repeat for the next sample.
3.2. Set up controls to account for samples, standards, substrate and quenching on the same black microplate as the samples.
3.2.1. LAB MEDIA:  Figure 2B.
3.3. Sample controls contain sample water and bicarbonate buffer, and are not used in the activity calculations but will demonstrate reading consistency throughout the course of the experiment. The quench controls consist of sample water and a standard amount of the fluorescent tag and are used to measure the diffraction of fluorescence in sample water. Substrate and standard controls are made up of either substrate-linked or the standard fluorescent tag, respectively, and bicarbonate buffer.
3.3.1. LAB MEDIA:  Figure 2B.  Editors, please highlight the green rectangle as the 1st sentence is narrated.  Then highlight the red rectangle as the 2nd sentence is narrated.  Finally, sequentially highlight the orange and then purple rectangle as the last sentence is narrated.
3.4. Pour approximately 5 mL of 5 mM bicarbonate buffer into a clean pipette reservoir.
3.4.1. MED:  Talent pours 5 mL of 5 mM bicarbonate buffer into a clean pipette reservoir.
3.5. Pipet 50 μL of buffer into microplate wells 1 through 9 in Rows D and E to form two replicate wells of sample controls per sample.  Change pipette tips then transfer 200 μL of bicarbonate buffer to wells 10 through 12 in Rows A and H.
3.5.1. CU:  Microplate as talent pipets 50 μL of buffer into microplate wells 1 through 9 in Rows D and E to form two replicate wells of sample controls per sample.  
3.5.2. MED-over the shoulder:  Talent changes pipette tips and then transfers 200 μL of bicarbonate buffer to wells 10 through 12 in Rows A and H.  
3.6. Although light is kept bright in this demonstration for filming purposes, ambient lighting should be reduced by dimming or turning off lights as the fluorescent standard is light sensitive.  Pour approximately 5 mL of 10 μM 4-methylumbelliferone, or MUB (pronounced as “M-U-B”), into a clean pipette reservoir. 
3.6.1. CU:  Labeled container of MUB as talent opens it.
3.6.2. MED-over the shoulder:  Talent pours 5 mL of MUB into a clean pipette reservoir.  
3.7. Pipette 50 μL into microplate wells 1 through 12 in Row H.  Then Pipette 50 μL into wells 1 through 9 in Rows G and F to form three replicates of quench controls per sample and overall standard controls.  Either place the microplate in the dark or cover with an opaque lid to reduce light degradation of MUB.
3.7.1. CU:  Microplate as talent pipets 50 μL into microplate wells 1 through 12 in Row H, and into wells 1 through 9 in Rows G and F.
3.7.2. MED-over the shoulder:  Talent covers the plate with an opaque lid.  
3.8. Turn on the fluorometer and set-up any necessary software to be ready to read before adding the substrate.  
3.8.1. WIDE or MED:  Talent turns on fluorometer and sets up software.
3.9. Pour approximately 5 mL of the appropriate MUB-lined substrate into a clean pipette reservoir.  Use a 12-channel pipettor to pipet 50 μL into microplate wells 1 through 12 in Row A, and into wells 1 through 9 in Rows B and C to form three replicate assays for each sample and three substrate controls.  Immediately proceed to record fluorescence.
3.9.1. MED or MED-over the shoulder:  Talent pours 5 mL of substrate into a clean pipette reservoir.
3.9.2. CU:  Microplate as talent uses a 12-channel pipettor to pipet 50 μL into microplate wells 1 through 12 in Row A, and into wells 1 through 9 in Rows B and C.
4. Recording Fluorescence
4.1. Read the initial fluorescence immediately after substrate addition to the microplate.  After reading fluorescence, incubate the microplate at room temperature either in the dark or covered with an opaque lid to reduce light degradation of MUB.
4.1.1. MED-over the shoulder:  Talent reads the fluorescence of the microplate.
4.1.2. CU/MED-over the shoulder:  Multiple takes of microplate as talent covers with an opaque lid.  Shot will be reused once.
4.2. Talent:  The incubation time required to measure the maximum potential enzyme activity in a water sample will depend on the enzyme concentration within the sample. Since this is unknown before the assay is completed, the microplate will have to be read at multiple time steps.  Typically, reading at intervals of 10-15 min over the course of an hour is acceptable for many enzymes, although samples with very high activity for certain enzymes may peak before 10 minutes.  
4.2.1. MED:  Talent speaks toward camera, interview style.
4.3. Continue reading fluorescence in the microplate at the designated intervals for at least an hour.  Be sure to keep the microplate covered or in the dark between readings.
4.3.1. WIDE or MED:  Talent approaches fluorometer and reads the fluorescence.
4.3.2. Shot 4.1.2 – Microplate as it is covered with opaque lid.
5. Calculation of Enzyme Activity per Volume of Water
5.1. For each sample at each time interval, calculate the mean initial sample fluorescence; the mean final sample fluorescence; the mean standard fluorescence; and the mean quench control fluorescence.
5.1.1. LAB MEDIA:  Figure 2B.  Editors, please highlight the green rectangle as the “mean initial sample fluorescence” is narrated.  Then highlight the blue rectangle as “the mean final sample fluorescence” is narrated.  Next, highlight the purple rectangle as “mean standard fluorescence” is narrated.  Finally, highlight the red rectangle as “mean quench control fluorescence” is narrated.  
5.2. For each time interval, calculate enzyme activity in nanomoles per hour per milliliter using the equation found in the text protocol.
5.2.1. MED-over the shoulder:  Talent calculates enzyme activity for each time interval in lab notebook or using computer.
5.3. Examine the activity values calculated for each time step.  Determine final potential activity from the time step with the highest activity.  If activity values continue to increase then later time steps may be required; if activity values fall throughout the course of the run, then run again with shorter time steps.  
5.3.1. CU:  Lab notebook or screen as talent examines the activity values calculated for each time step and determines the final potential activity from the time step with the highest activity by either circling or highlighting that value.
6. Results: Extracellular Enzyme Activity in Waters, Soils and Sediments
6.1. Soils and aquatic sediments typically have appreciable levels of extracellular enzyme activity as a result of attached microbial communities growing on the surface of particles.  
6.1.1. Title Card
6.2. This figure shows how this activity changes depending on the size of particles obtained from the surface sediment of a third order stream in northern Mississippi, USA.   
6.2.1. LAB MEDIA:  Figure 3.  
6.3. A previous study has shown that the bacterial communities on sediment particles from this stream can be separated into three distinct groups based on molecular analysis of their community structure: those on 0.063 mm particles, those on 0.125, 0.25, and 0.5 mm particles, and those on 1 mm particles. 
6.3.1. LAB MEDIA:  Figure 3.  Editors, please highlight each label on the x-axis of each graph as narrated.
6.4. Analysis of patterns in extracellular enzyme activity supports this conclusion; with phosphatase being similar on 0.125, 0.25, and 0.5 mm particles but much higher on the 1 and 0.063 mm fractions when measured using the pNP-linked substrate technique. 
6.4.1. LAB MEDIA:  Figure 3A.  Editors, please highlight the 3 center bars as “0.125, 0.25, and 0.5 mm particles” is narrated and then the leftmost bar and right most bar as “1 and 0.063 mm fractions” is narrated.
6.5. Other enzymes such as β- glucosidase… and NAGase (pronounced N-A-G-ayse) show similar peaks on the finest particles, but are not elevated on 1 mm particles, highlighting the fact that different enzymes may show different environmental distributions and these can be elucidated using this assay. 
6.5.1. LAB MEDIA:  Figure 3B+3C.  Editors, please highlight the top graph as β- glucosidase is narrated and the bottom graph as NAGase is narrated. 
6.6. The relatively low error bars show that colorimetric assays of enzyme activity on sediments are reproducible and thus amenable to statistical analysis when comparing different environmental samples.  
6.6.1. LAB MEDIA:  Figure 3.  Editors, please highlight the error bars as the 1st sentence is narrated.
6.7. Natural waters tend to have lower extracellular enzyme activity per milliliter than soils or sediments do per gram.  As such, they should be assayed fluorometrically using MUB-linked substrates.  
6.7.1. LAB MEDIA:  Figure 4.  
6.8. This figure shows how the activity of the enzymes phosphatase…, β- glucosidase…, and NAGase varies with depth in a shallow lake in northern Mississippi, USA.  The lake is known to be nutrient poor, which is also suggested by the relatively high activity of phosphatase, an enzyme that microorganisms produce in order to acquire phosphate from organic compounds. 
6.8.1. LAB MEDIA:  Figure 4.  Editors, please highlight the top graph as phosphatase is narrated, the middle graph as β- glucosidase is narrated, and the bottom graph as NAGase is narrated.  Then zoom in on the top graph as the last sentence is narrated.
6.9. For all three of the enzymes assayed, samples collected at the water surface and at 50 cm depth showed similar activity, whereas activity was elevated in the 100 cm sample.  This sample was essentially taken from the water-sediment interface, and the presence of sediment particles in the sample likely accounts for the higher activity seen in this sample, especially for β-glucosidase and NAGase.  
6.9.1. LAB MEDIA:  Figure 4.  Editors, please highlight the left-most bar on all graphs as “at the water surface” is narrated, and highlight the middle bars as “50 cm depth” is narrated.  Then highlight the rightmost bars as “100 cm sample is narrated” and hold highlight through the end of narrated point.
6.10. As with the pNP substrates, the low error bars show that even with just three replicate readings, the reproducibility of the fluorometric assays using MUB substrates is high.  
6.10.1. LAB MEDIA:  Figure 4.  Editors, please highlight the error bars as narrated.
6.11. Note that units for water sample enzyme activity are in nmoles of substrate consumed whereas those for enzyme activity on sediment particles are in μmoles of substrate consumed, even though the per unit size is comparable.  This highlights the fact that soils and sediments tend to have much higher extracellular activity than natural waters.  It also demonstrates the increased sensitivity of the MUB-linked substrate technique, and the necessity of using this technique for assaying extracellular enzyme activity in water samples.
6.11.1. LAB MEDIA:  Figure 3+4.  Editors, please zoom into the right-most figure as “units for water sample enzyme activity” is narrated and then highlight the y-axis label of nmol h-1mL-1 as “in nmoles of substrate consumed” is narrated.  Then slide over to the left-most figure and highlight the y-axis label of μmol h-1g-1 as “in μmoles of substrate consumed” is narrated.  Then zoom out to the entire figure. 

INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj


7. Conclusion (said by authors on camera)
7.1. Justin Millar:  Once mastered, this technique can be used to assay nine water samples for the activity of six different enzymes in just over an hour if the technique is performed properly.
7.1.1. MED:  Justin speaks toward camera, interview style.
7.2. Heather Tyler:  While attempting this procedure for soils and sediments, it’s important to remember to use a known mass of material, so that activity can be expressed on a dry weight basis.
7.2.1. MED:  Heather speaks toward camera, interview style.
7.3. Colin Jackson:  After watching this video, you should have a good understanding of how to assay extracellular enzyme activity in a variety of environmental samples using either colorimetric or fluorometric techniques.
7.3.1. MED:  Colin speaks toward camera, interview style.
       

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

Graphical overview_Jackson50399.ai

Figure 1

Figure 2B - Authors, please provide a separate file for figure 2B without the B label for the video.  

Figure 3 - Authors, please provide a version of figure 3 without A, B, or C labels for the video.  Also add titles to the graphs with the corresponding enzyme listed.

Figure 3A - Authors, please provide a separate file for figure 3A without the A label for the video.  Also add title to the graph with the corresponding enzyme listed.

Figure 3B+3C - Authors, please provide a separate file for figure 3B and 3C without the A and B labels for the video.  Also add titles to the graphs with the corresponding enzyme listed.

Figure 4 - Authors, please provide a version of figure 4 without A, B, or C labels for the video.  Also add titles to the graphs with the corresponding enzyme listed.

Figure 3+4 - Authors, please provide a figure showing figure 3 to the left of figure 4 (without 3, 4, or A, B, or C labels) for the video.  Also add titles to the graphs with the corresponding enzyme listed. 

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
 2011, Journal of Visualized Experiments

image1.jpeg
00000000
00000000
00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000

2

*1)

(=
=
=

Runoe swfzuz

00000000

—i 00000000
00000000

= 00000000
00000000
I 00000000

(P4

3




