M&M for Testing a Variable Affecting the Photosynthetic Rate:

Materials & Methods: aka, avoiding “Protocol Speak”
You may use the italicized portions of this handout as a model M&M section for the Hill Reaction protocol that you performed in Lab 9.  You may use it as the basis for the M&M section that you will write up as a group and submit as a for your homework due in Lab 10.  You may or may not need to change the thylakoid concentration or light intensity but you will have to add a section that explains how you will test your variable using this basic method of measuring photosynthetic rate.(5pts)

Goal: The goal of M&M is to give a new investigator, who is familiar with lab tools and techniques, the essential information necessary to accomplish this experiment (including how to make all the reagents or know where to buy them) in a different lab with different or the same materials and equipment), but not to explain exactly how you chose to do it on a given day. 

Focus: Avoid “protocol speak”. Protocols are instructions to “do this, then that” in an exact, detailed time-course set of instructions for YOU to follow in lab. Materials in Methods should be none of that; rather, M&M sections begin with a title that states the goal of a procedure and then explains how one accomplishes that goal from the starting material to the end point that is described in the title.  In this case, the focus is on spinach leaves as the starting material and the goal of the first section of your M&M is to end with intact thylakoids in suspension. A good title would be “Preparation of Thylakoid Suspension”. Although it is important for your “new” reader, who knows nothing, necessarily, about photosynthesis or the “Hill reaction”, to be able to follow what is done to the spinach to accomplish the goal (measurement of photosynthetic rate), don’t spend time here explaining a lot of theory. M&M is a “how to do it” section; it is not so much a “why does it work this way” section. 

Preparation of a Thylakoid Suspension from Fresh Spinach

A 37.5% (wt/vol) slurry of spinach was produced by mechanically macerating fresh spinach leaves in 100mM Tricine NaOH, 400mM sorbitol and 5mM MgCl2 using a blender. A filtrate was produced by squeezing the slurry through 2 layers and then 8 layers of cheesecloth, keeping the filtrate as cold as possible. A chloroplast-rich fraction was isolated as a pellet from the spinach filtrate by centrifugation at 100 x g for 5 min. at 40C. Chloroplasts were lysed by resuspending the pellet in ~26ml of  cold 20 mM Tricine NaOH pH 7.8, 5 mM MgCl2. A thylakoid rich fraction was isolated as a pellet by centrifugation at 1900 xg for 5 min. at 40C. The thylakoids were resuspended in cold 50 mM Tricine NaOH pH 7.8, 100 mM sorbitol, 5 mM MgCl2  to form a stock thylakoid suspension that was kept on ice until it was used to determine photosynthetic rate. 
Effective Concentration: You should use concentration rather than volume or weight terms whenever possible. Concentration terms are % (vol/vol or wt/vol), molarity (in M, mM or µM), or other concentration terms indicating wt/vol, such as mg/ml, etc. For example, instead of saying that you combined 60gm of spinach leaves with 160 ml of a solution, calculate the conc. of spinach in % (wt/vol). Since % is g/100ml, make a ratio of 6/16= x/100  to solve for % spinach in 100mM Tricine NaOH, 400mM sorbitol and 5mM MgCl2.  Notice I avoided the term grinding medium since it is a non-defining descriptor; instead, I gave only the ingredients and conc. of this reagent.  

When you resuspend something “solid”, like a pellet, with something liquid like the resuspension solution or breaking or grinding medium used as a diluent, you are not changing the concentration of the ingredients in those diluents, so you don’t have to recalculate effective concentration of each ingredient as you would if you added something liquid. Note that in the Hill reaction, although you add 50µl of thylakoid suspension (a liquid) to 5ml (5000 µl) of 0.05mM 2,6-dichlorophenolindophenol (DCPIP), 50mM NaPO4, 100mM sorbitol, 5mMMgCl2 (another liquid), this dilution is inconsequential to the concentration of the ingredients in the reaction solution. This is because the reaction solution has the same ingredients and concentrations as the resuspension solution (in which the thylakoids are suspended), except for the DCPIP, which is not reduced appreciably by the addition of such a small amount of thylakoid suspension.  You need not recalculate the new conc. of the DCPIP by multiplying by the dilution factor (100/101), but you would have to do this recalculation if you had added, say 500 µl of thylakoids to 5ml of reaction solution. In that case the dilution factor 500/5500 (1/11) would substantially reduce DCPIP’s effective concentration (although the concentration of the other ingredients in the reaction mixture would not change since you have added them in the same concentration).  You do need, however, to calculate the concentration of the new thylakoid suspension used in the reaction from the dilution information given. You diluted the thylakoid concentrate 50 µl : 5050 µl, which is a 1:101 fold dilution. This is close enough to 1% to call the thylakoid suspension used in the reaction 1%. 

Sometimes it is not possible to give concentration; therefore, you must use volume. For example, when you resuspended the thylakoid pellet in 25ml of 20mM Tricine NaOH, your reader needs to know how concentrated to make the thylakoids. If you make them too dilute or too concentrated it will negatively affect the measurement of electron transport rate, but you don’t know the concentration since we didn’t weigh the pellet of thylakoids.  Volume is the best you can do there. 

Never, ever, ever, ever use the word “tube”! Tubes are just pieces of glass and they have nothing to do with measuring photosynthetic rate. If you mention that you did this or that to a tube that’s the wrong focus. If you find yourself mentioning beakers or centrifuge rotors---don’t. All of those things are equipment that can be varied without negatively affecting the experimental goals.  What is important for the reader to know is how long and how fast and at what temperature to accomplish “pelleting by centrifugation”. If you say that you that you “pelleted _____ by centrifugation” and resuspended it, it is implied that the supernatant was unimportant. You need not spell out that you discarded the supernatant. What you did is not important; following the spinach leaves to intact thylakoids in suspension is all that matters. 

Describing the “Hill Reaction”: Remember that “Hill Reaction” is a tool, not the goal to be accomplished so a better title for the section describing the Hill Reaction is, “Measurement of Photosynthetic rate using 2,6 dichlorophenolindophenol (DCPIP) as an artificial electron acceptor”. Notice that I used the full term, not just the acronym, for DCPIP. 
In this second, separately titled protocol in your M&M, the reader needs to understand that a 1% (vol/vol) thylakoid suspension was used in the reaction. Calculate concentration if you used your stock thylakoids by making a ratio of the 50 µl of stock thylakoid suspension diluted into 5ml (500microliters) of reaction mixture: 50:5050=1%. If you used a half dilution of your thylakoid stock, your final concentration in the reaction would be 0.5% rather than 1% (vol/vol). Since your reader has no idea what reaction solution is, you should, instead of that name, give its formula:  0.05mM 2,6 dichlorophenolindophenol (DCPIP), 50mM NaPO4, 100mM sorbitol, and 5mMMgCl2 .

Measuring Photosynthetic Rate as Rate of Reduction of 2,6-dichlorophenol indophenol (DCPIP) by Spinach Thylakoids in vitro
A 1% (vol/vol) suspension of spinach thylakoids, prepared as described in M&M, was suspended in 0.05mM 2,6 dichlorophenolindophenol (DCPIP), 50mM NaPO4, 100mM sorbitol, and 5mMMgCl2 .to form a reaction mixture used in a partial photosynthesis reaction. The blue colored artificial electron acceptor, DCPIP, was reduced to colorless DCPIPH, measurable by an absorbance reduction at A580nm that was proportional to the rate of electron transport in photosynthesis when fresh spinach thylakoids provided electrons and carriers in photosystem II and an artificial light source provided light at 80 . Absorbance was measured at 580nm in a spectrophotometer after blanking with 1% thylakoid suspension in 50mM NaPO4, 100mM sorbitol,  5mMMgCl2 .” Alternatively, you could call the blank a “1% thylakoid suspension in reaction solution lacking DCPIP”, if you have already described the ingredients and concentration of reaction solution. 

Rather than explaining what happened to your “tubes” and describing what you did, you should change the focus to what happened to the thylakoid /reaction mixture. For example:

The thylakoid/reaction mixture was subjected to repeated measurement of A580 nm every 15 seconds in a 90 second reaction. Ten second periods of exposure to 80 µmol photons m-2 s-1 of white light using a 150Wquartz- halogen projection lamp was alternated with 5 sec. absorbance measurements in a Spec 20 spectrophotometer. The rate of loss of blue color as the DCPIP substrate was reduced to colorless DCPIPH by the capture of electrons passed along the electron transport chain of photosystem II in photosynthesis indicated photosynthetic rate.”

Don’t end until you make sure that the goal stated in your M&M section title is accomplished. In this case it was measuring electron transport rate so you must explain. For example:

 A580 nm was plotted versus time on a scatter plot using Microsoft Excel and a linear regression trendline and equation was obtained. Photosynthetic rate was measured as slope (m) from the y=mx+b regression line formula.
Miscellaneous things to remember about M&M: 

RPM’s are not universal, so don’t use this speed measurement in a paper. However “g” force or rcf’s (relative centrifugal force) are terms that denote a centrifuge speed that can be achieved in any kind of centrifuge.  Please use these universal terms, not the ones that only are applicable to a particular rotor in a particular centrifuge. There is no need to mention the rotor or type of centrifuge.

The amount of light used in the measurement of electron transport is important to include, but figuring out the light intensity value can be accomplished in a number of ways. You don’t, necessarily, need to mention or to include a description of the light meter although you will see that equipment brands and models are often included in M&M descriptions in published articles. 

When you use effective (final) concentration in your M&M descriptions, the syntax used has to make it clear that you are giving final concentration an not stock or working concentration. For example, note that I said that “a 1% thylakoid suspension was prepared IN ______ reagents”, rather than the erroneous form “ 1% thylakoid suspension was added to 5 ml of ________reagents”. The later means that you are not giving effective (final) concentration of the thylakoids and that conc. would be need to be calculated and would be much less than 1%. 
IF you are still struggling with “protocol speak vs. M&M speak”, spend some time comparing the protocols in the wiki to the way M&M sections of published research reports are written. Remember, too, that there is more than one way to write M&M “correctly”. 

