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1. [bookmark: _Toc203070172]Fixation Methods 

The IFM dissection methods presented in this protocol are compatible with different fixation techniques. Different experiments or specific antibodies or stains may require distinct fixatives. After following the dissection protocol presented in the main text, the samples can be fixed using any of the following fixation methods. Additional fixatives not mentioned below, including those used for electron microscopy, are also compatible with both hemi-thorax and open-book dissections. The fixation methods used to generate the samples are presented as representative data in Figures 5 and 6. Buffer recipes are included near the end.

1.1. 4% PFA in PBS (phosphate buffered saline). 8% PFA was diluted to 4% directly before use. Thoraces were fixed for 30 min in 4% PFA in 0.01% PBS-T at room temperature on a nutator. After fixation, samples were washed three times 10 min in 0.01% PBS-T. Samples were then cut with a cryostat blade. 

1.2. 4% PFA in RS (relaxing solution). Relaxing solution is an alternative to PBS used to preserve sarcomeres in their relaxed state1, 2. Thoraces were fixed in 4% PFA in relaxing solution (20 mM NaH2PO4, 8 mM MgCl2, 5 mM ATP, 5 mM EGTA, 0.1% Triton X-100) made day of use.  Samples were fixed for 30 min at room temperature on a nutator and then washed three times in relaxing solution before hemithorax dissection

1.3. Methanol fixation. Thoraces were fixed for 15 min in prechilled (-20C) methanol with gentle rocking every 5 min. After removing methanol, thoraces were put in 0.01% PBS-T at room temperature.

1.4. Glyoxal fixation. Glyoxal fixation was implemented based on Konno et al3. Thoraces were fixed overnight at 4C on a nutator in 9% glyoxal (9% glyoxal, 0.2% v/v ethanol, 0.8% v/v acetic acid, diluted in 1x PBS, pH 7.6) made the day of use. After fixation, samples were washed three times in 0.01% PBS-T before hemithorax dissection. 
2. [bookmark: _Toc203070173]Notes on Fixation Conditions

2.1. Length of Fixation. When optimizing fixation conditions, a balance must be established between ensuring the tissue is rigid enough to obtain a clean cut and retaining epitopes recognized by the selected antibodies. 15 min incubation in 4% PFA is sufficient for preservation of sarcomere morphology, but less experienced users may find thoraces still a bit squishy when cutting hemi-sections. Fixation for 30-60 min results in a more rigid thorax that will be easier to cut with a blade. The drawback to a longer fixation time is that some antibodies are fixation-sensitive4 (meaning the epitope they recognize gets cross-linked by aldehydes). In this case, test a 15-minute PFA fixation or alternatively methanol or glyoxyl fixation. 

2.2. Detergent concentration. Detergent is necessary in buffers for immunohistochemistry protocols to permeabilize cell membranes and enable penetration of antibodies and cellular dyes. Triton X-100, NP-40, and Tween20 are commonly used detergents. Triton X-100 concentrations recommended for immunohistochemistry range from 0.01% to 0.5%. We typically use a concentration of 0.1% or less when staining IFMs, as higher concentrations of detergent can wash cytoskeletal structures and cytoplasmic contents, including thin filaments of the sarcomere, out of the fixed tissue. Triton X-100 can be combined with NP-40 to increase permeability of internal membrane4.

2.3. Optimization. When establishing a staining protocol with a new antibody, first test a 30 min fixation with 4% PFA in relaxing solution and 0.05% Triton X-100. 
3. [bookmark: _Toc203070174]Antibody Staining

3.1. Staining Methods (Figure 5-6). After bisecting the thorax, IFM samples were stained overnight with rhodamine-phalloidin (labels F-actin) at 1:500 in 0.01% PBS-T on a nutator at 4 °C. After washing 3x in 0.01% PBS-T on a nutator at room temperature, samples were mounted in Vectashield containing DAPI. Images were acquired on Nikon AXR or a Zeiss LSM 710 confocal using a 60x oil objective. 

3.2. Blocking. The purpose of blocking is to pre-bind non-specific antigens to reduce background staining of primary and secondary antibodies. Blocking is usually accomplished with 5% serum (normal goat serum or normal donkey serum) or bovine serum albumin (BSA). Serum is often selected based on the host species of the secondary antibody. For example, store the sample to be stained with a goat anti-mouse Alexa 488 antibody in 5% NGS in PBS-T. Store 1 mL aliquots of NGS at -20 °C and thaw them as needed. 

3.3. Antibody concentration. Working concentrations of antibodies are determined experimentally. We standardly use secondary antibodies at 1:500. Working dilutions of primary antibodies in our experience can range from 1:10 to 1:5000. To optimize the dilution of primary antibody, we typically test several dilutions starting with 1:100, 1:200, and 1:500, and adjust accordingly. If fluorescent signal is too weak or difficult to detect at 1:100, we would test a dilution of 1:30 or 1:50. If fluorescent signal is too high or we see a lot of background noise, we would test a higher dilution.

3.4. Staining with multiple antibodies. Be sure that if you use multiple primary antibodies, those antibodies were raised in different host species. Secondary antibodies recognize the heavy chain of the primary antibody host species, and thus cannot differentiate between two primary antibodies against different antigens generated from the same host species. 

3.5. Reusing and preserving antibody mixtures. Some antibody mixtures can be saved and reused. Pipette the primary antibody mixture into a 1.5 mL Eppendorf tube and add 1 µL of 10% sodium azide to prevent fungal growth if the antibody is diluted in block solution. The number of times an antibody can be reused is determined experimentally, based on the strength of the staining and the specificity of the antibody.

3.6. Reuse of plastic staining boats. Be sure to properly clean staining boats. Glassware is easier to clean than plastic. Use each well in a 24-well plate once, unless repeating the staining with the same antibody/stain. 
4. [bookmark: _Toc203070175]Mounting Samples on Slides

4.1. Sample orientation. The resolution of fixed sarcomeres at 60x or 100x is poor when imaged through the cuticle, as IFMs tend to be outside of the working distance of the objective if the sample is not oriented correctly. It is thus imperative that IFMs be oriented towards the coverslip (designated as “IFM up” in Figure 5). As shown in Figure 5, after transferring fixed and stained thoraces to a slide, observe the sample under a stereo dissecting microscope and use a pair of #5 forceps to flip any thoraces that are upside down (ie that are oriented “cuticle up”). For open book dissections, the tissue strip is cupped, and the internal side of the cupped shape where the IFMs are attached to the epidermis should face up towards the coverslip. The coverslip is only added overtop the sample after all thoraces have been flipped and properly oriented.

4.2. Mounting medium. There are a variety of self-made and commercial mounting media available. It is recommended to use an antifade medium if performing fluorescent microscopy (see List of Materials). Mounting media containing DAPI effectively label nuclei when samples are incubated several hours or overnight, to allow time for DAPI to penetrate. They have the drawback, however, that they tend to fill the trachea which can obscure motor neuron staining. If motor neuron labeling is desired, use a mounting medium without DAPI and include DAPI staining during a wash step prior to mounting.

4.3. Self-hardening media. Cryosections or cell-culture samples are often mounted with self-hardening media that self-seal a coverslip. If using self-hardening media, select one with a set time of several hours. Quick-set self-hardening media do not work well for wet-mounts in this protocol, as they tend to harden before sample orientation can be completed. The samples cannot be easily extracted from hardened medium without damaging the IFMs.

4.4. Air bubbles. When backfilling the slide with mounting medium, avoid creating bubbles as they interfere with fluorescence imaging. If the nail polish seal cracks, it is likely the liquid mounting medium will evaporate or leak and bubbles will form. This can be remedied by first removing the broken section of nail polish, refilling the mounting medium using a pipette tip, and resealing the coverslip with new nail polish. It is also possible to completely remove a coverslip and remount the thorax samples (removing air bubbles in the process), provided the samples are not dried out. 
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5.1. 10x PBS stock solution5: 1.37 M NaCl, 27 mM KCl, 100 mM Na2HPO4, and 18 mM KH2PO4. In a final volume of 1 L, combine 80 g NaCl, 2 g KCl, 14.4 g Na2HPO4, and 2.4 g KH2PO4. Filter sterilize. Dilute 1:10 v/v in water to generate 1x PBS. 

5.2. [bookmark: _Hlk203069152]0.05% PBS-T: Prepare a stock solution of 10% v/v Triton X-100 in water. Add 50 µL of 10% Triton X-100 to 50 mL of 1x PBS to make a 0.1% PBS-T solution.  Add 25 µL of 10% Triton X-100 to 50 mL of 1x PBS to make a 0.05% PBS-T solution.  

5.3. 8% PFA stock solution: Heat 180 mL of water to 60 °C. Add a stir bar and 10 g PFA. Transfer to a fume hood and maintain at 60 °C on a hot plate with stirring. Add 1-2 drops of 2 N NaOH. Solution should clear as the PFA dissolves into solution. Add 25 mL of 10x PBS. Adjust pH to 7.3 (between 7.2-7.4). Bring volume to 250 mL. Cool to room temperature, filter sterilize, and freeze at -20 °C in 10 mL aliquots.

5.4. 4% PFA: Thaw an aliquot of 8% PFA. PFA may initially separate but will redissolve overnight. Dilute 8% PFA 1:1 in 1x PBS to make 4% PFA in PBS. Dilute 8% PFA 1:1 in relaxing solution to make 4% PFA in RS.

5.5. [bookmark: _Hlk203070145]0.1% Relaxing solution (RS)2: Make stock solutions of 100 mM Na2HPO4 (pH 7.0), 50 mM MgCl2, 0.5 M EGTA (pH 8.0), 1% Triton X-100, and 0.5 M ATP. Maintain stock solutions as separate solutions. Relaxing solution is made fresh on the day of use by using stock solutions to make a final buffer with a concentration of 20 mM Na2HPO4, 8 mM MgCl2, 5 mM EGTA, 0.1% Triton X-100, and 5 mM ATP. For 2.5 mL RS, from the stock solution add 1 mL Na2HPO4, 800 µL MgCl2, 50 µL EGTA, 500 µL Triton X-100, 50 µL ATP, and 100 µL of water. For fixation, dilute 8% PFA 1:1 with RS to a final concentration of 4% PFA in RS. 

5.6. Glyoxal solution3: This protocol uses a 9% glyoxal solution consisting of 9% v/v glyoxal, 0.2% v/v ethanol, and 0.8% v/v acetic acid diluted in 1x PBS, pH 7.6.
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