How to Write Materials and Methods BISC219

PLEASE double space!

General tips and cautions:

Learning to rewrite protocols as Materials and Methods is one of the most difficult aspects of mastering scientific writing.  You have had less practice in writing this section, which compounds the problem.  Protocols are written in a VERY detailed “do this and then do that” structure with little focus on using terms that give the doer the sense of how the goal of the procedure is accomplished in a step-wise progression. Materials and Methods is NOT written in protocol structure. Instead, your goal in M&M is to give a new investigator (albeit one that is savy about working in a lab) all the information needed to repeat your experiment. You don’t have to remind him or her to mix things or discard something that is never mentioned again, etc. You DO need to include where to acquire living organisms and how to make all reagents or where to buy them. Because we sometimes don’t tell you in a protocol where reagents or materials were obtained or how they were made, finding that information can be challenging and time consuming unless you have it in your lab notebook.  In addition, we almost never give you the concentration of the relevant ingredients at the time of the reaction (effective concentration), which is how concentration information should be presented. We give you stock concentrations; therefore, it is no wonder that when you sit down with the protocols to convert them to M&M, it is time consuming.
In theory, your lab notebook should be your best resource for writing M&M. For each experiment, ALL of the reagents used should be found there, with source information of supplier, catalogue number and lot number, expiration date, recipes for stock and working concentration and calculations of effective concentration of critical reagents. When you prepare for lab, read the background information in the wiki, and make your flow chart of the protocol, that’s the time to record any pertinent information about source, how reagents were made, or what was done outside of lab that was part of the experiment. The Recipes page in the wiki has some of this information, but you may need to make a note to check the reagent box for manufacture. Google is an excellent resource for needed information that you can’t find or didn’t record. If you didn’t note our source of plasmid vector or how to make TAE electrophoresis buffer and need to know its full name, a quick Google of “recipe for TAE buffer” or “pL4440 vector purchase” usually gets you the information you need. 

Specific common mistakes:

Don’t forget to include a Table of strain information. This M&M should start with a short paragraph of narrative (never start with a TABLE) that describes the general culture techniques used in the E. coli and C. elegans cultures. If you don’t want to fully describe how to grow bacteria or worms, it is fine to refer your reader to a previous published reference where this information is fully described. In this narrative, you should directly reference a TABLE that is inserted at the end of this paragraph that gives strain information about each worm, bacterial strain and the plasmid used in these experiments (in rows, perhaps). There should be a column for source (where a new investigator can buy or obtain these strains) and one for pertinent gene information (amp resistance in pL4440 for example). Putting this information in a Table allows you to refer the reader this information in all relevant protocols rather than having to repeat source information or genotype. To see models of how such tables are constructed, look at published primary studies. 
Remember that all protocols with separate section headings are independent of each other. DO NOT assume your reader reads the M&M from start to finish. Therefore, when you refer to materials that you have created in a previous separate sub-section, you must inform your reader that “this strain or vector or whatever was prepared as previously described in __________(Table #) in M&M.”

Don’t include too many sections and headings. Take a look at published C. elegans RNAi papers and note that no one separates each part of a process into many separately headed sections One could make a strong case for putting everything we have done up to the RNAi downregulation experiment under the single heading “Making the Feeding Strain for lys-2 RNAi” and then have a few subheadings: Identifying lys-2 positive transformants (that subsection would include the colony pcr and electrophoresis, cell culture, & the plasmid DNA isolation), and Inducing lys-2 dsRNA in HT115 (DE) strain E. coli. 

BE SPECIFIC in your headings and descriptions! You used particular plasmids, E. coli strains, and lsy-2 as gene of interest so say so with references to TABLE1, your table of source and pertinent gene information. Our plasmid pPD129.36 lsy-2 was provided by Dr. Oliver Hobert’s lab at Columbia University in New York.
Don’t use “tube talk” or “protocol speak”. Do explain how each goal in a multi-step experiment was accomplished. Take yourself out of M&M. It needs to be written in third person which keeps the emphasis on what is happening in the experiment rather than on what you did. I know this is a hard concept but compare the M&M version of a plasmid DNA isolation and transformation provided below to what you wrote and see if you can see the difference.

Make sure all needed information is included. Examples of frequently omitted information:  how to make TAE and what TAE stands for, what’s in loading dye, where to buy Sybr-Safe DNA stain. Information you need but don’t have includes cell density information or your plasmid isolate’s DNA concentration, etc. See what to do about that in the next section.
Calculating Effective Concentration: 

When you aren’t given starting concentration information, it is sometimes impossible to calculate effective concentration in a dilution or in a subsequent step. In such a case, you can use volume, but it is better to convert volume to ratios (eg. Diluted 6 fold or 1:6 rather than 50 (l was added to 250(l.)  However, there were many instances in which it was possible to calculate effective concentration, so do so! Don’t make your reader do the math, please!  For example, don’t describe using 10% of a 20X reagent. Doesn’t that mean the effective concentration is 2X of that reagent? Say so, please.  Don’t give ampillin effective concentration as 1:500. That is not concentration, that’s a dilution of a particular stock. Do the math and give the effective concentration. 
Sample M&M of a plasmid DNA isolation and transformation that is from a former BISC219 protocol similar to yours in essence with a few differences in effective concentration of reagents.

Plasmid Isolation of pTC001 from reporter  E. coli strain 219B2

Isolation of Plasmid pShrimp from E. coli219B2. 

To screen for a mutant with functionally defective lambda repressor, E. coli reporter bacteria 219B2 (Table 1) were transformed with a plasmid pool of chemically mutagenized p280( -35 (containing cI and ampicillin resistance genes as described in Table 1) and cultured on Luria Bertoni (LB) solid medium (1% Tryptone, 0.5% Yeast Extract, 1% NaCl, 2%agar) containing ampicillin (0.2mg/ml) and X-gal (0.04mg/ml in DFM). A less blue than average colony was selected as containing a plasmid (pShrimp) with mutated cI encoding a functionally defective regulator of transcription of the reporter gene lacZ. A concentrate of isolated pShrimp in sterile water was created by harvesting 3ml of the selected colony of E. coli 219B2 that was cultured overnight in LB broth with ampicillin (0.1mg/ml). Pelleted cells were resuspended in a pH 8 solution of glucose (50mM), EDTA (10mM) and Tris (25mM). Cells were lysed and DNA denatured in 0.132 M NaOH and 0.66% sodium dodecyl sulfate (SDS) while incubating on ice for 10 minutes. Plasmid DNA was renatured in potassium (1M) acetate (1.67M). After centrifugation for 5 minutes at highest speed, pShrimp was isolated as the supernatant from the precipatated and pelleted cell debris and trapped chromosomal DNA. The plasmid DNA isolate was isolated from the supernatant as a precipitated pellet by centrigation for 5min. at 8000rfc after exposure to room temperature ethanol (70%). The plasmid DNA was washed with ethanol (80%) and dried using a SpeedVac at medium speed. The resulting isolated concentrate of pShrimp was solubilized in 60µl of sterile water and frozen at -20C. 

Transformation of Reporter Strains of E. coli with pTC001

4ml of overnight culture of genetically modified reporter strains of Escherichia coli, 219B3-5 , designed to differentiate functional defects in ( repressor protein (see Table 1. for source & construct information), were prepared in Luria Bertoni broth (LB) containing 1% tryptone, 0.5% yeast extract, & 1% NaCl ). Cells were incubated at 37C with rotation. Intact cells were pelleted by centrifugation and made competent by exposure to 100mM CaCl2 at 40C for 1 hour. Competent cells were harvested by low speed centrifugation and resuspended in cold 100mM CaCl2 before transformation with isolated plasmid (pShrimp) DNA  in a 20:1volume ratio of competent cells to plasmid concentration (See Table 1 and M&M for plasmid construct and isolation). Transformation mixes were incubated on ice for 10 minutes to allow uptake of plasmid DNA and then heat shocked at 42C for 90 seconds to facilitate transformation and upregulate metabolism. The cells were diluted in LB broth in a 1:6 volume ratio of cells to LB and incubated for approximately an hour at 37C to facilitate expression of selection proteins in the transformants.  An aliquot of cells predicted to yield between 30-300 colonies was spread onto LB agar (2%) solid medium containing 0.2mg/ml ampicillin and incubated at 37C overnight for selection of transformants. One well isolated colony from each strain (219B3-5) that was successfully transformed with pShrimp, was inoculated into 4ml LB with 0.1mg/ml ampicillin in order to collect cells for quantitation of lambda repressor controlled expression of the reporter gene, lacZ. These broth cultures and a control of LB+ 0.1mg/m ampicillin were incubated at 37C with rotation overnight. 
