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July 10, 2018 
 
JoVE 
1 Alewife Center, Suite 200,  
Cambridge, MA 02140 
Attn: Ronald Myers, PhD., Senior Science Editor 
 
 
Dear Dr. Myers: 
 
I am pleased to submit an original research article entitled “Preparation of Prokaryotic and Eukaryotic 
Organisms Using Chemical Drying for Morphological Analysis in Scanning Electron Microscopy (SEM)” for 
consideration for publication in JoVE.  We previously described methodologies we use in our lab in a recent 
publication (Trotter MB, Stephens, TD, McGrath JP, Steinhilb ML. The Drosophila model system to study tau 
action. Methods Cell Biol. (2017) 141: 259-286) and I was invited to submit an article that uses some of these 
techniques for JoVE. 
 
In this manuscript, we describe how to fix, wash, dehydrate, dry, mount, sputter coat, and image three 
organisms: cyanobacteria (Toxifilum mysidocida, Golenkina sp., and an unknown sp.), two euglenoids from 
the genus Monomorphina (M. aenigmatica and M. pseudopyrum), and the fruit fly (Drosophila melanogaster).  The 
purpose of this protocol is to describe a fast, cheap, and simple method to obtain detailed information about 
the structure, size, and surface characteristics of specimen that can be broadly applied to a large range of 
organisms for morphological assessment.   
 
We believe that this manuscript is appropriate for publication by JoVE because it describe methods for 
examining specific morphological details of three representative types of organisms that would be broadly 
applicable to examining features of many organismal and tissue types. 
 
This manuscript has not been published and is not under consideration for publication elsewhere.  We have 
no conflicts of interest to disclose.  If you feel that the manuscript is appropriate for your journal, we suggest 
the following reviewers:  
 
Dr. Brian Leander, University of British Columbia (bleander@mail.ubc.ca) – SEM expertise 
Dr. Mark Farmer, University of Georgia (mfarmer@uga.edu) – SEM expertise 
Dr. Ken Colodner, Mount Holyoke College (kcolodne@mtholyoke.edu) – fly expertise 
Dr. Karl Johnson, Pomona College (karl.johnson@pomona.edu) – fly expertise 
Dr. Greg Colores, Central Michigan University (color1gm@cmich.edu) – cyanobacteria expertise 
 
Thank you for your consideration! 
 
Sincerely, 
 
 
Michelle L. Steinhilb, Ph.D. 
Associate Professor, Department of Biology 
Central Michigan University 
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SUMMARY: 25 

SEM analysis is an effective method to aid in species identification or phenotypic discrimination. 26 

This protocol describes the methods for examining specific morphological details of three 27 

representative types of organisms and would be broadly applicable to examining features of 28 

many organismal and tissue types. 29 

 30 

ABSTRACT:  31 

Scanning electron microscopy (SEM) is a widely available technique that has been applied to 32 

study biological specimens ranging from individual proteins to cells, tissues, organelles, and even 33 

whole organisms. This protocol focuses on two chemical drying methods, hexamethyldisilazane 34 

(HMDS) and t-butyl alcohol (TBA), and their application to imaging of both prokaryotic and 35 

eukaryotic organisms using SEM. In this article, we describe how to fix, wash, dehydrate, dry, 36 

mount, sputter coat, and image three types of organisms: cyanobacteria (Toxifilum mysidocida, 37 

Golenkina sp., and an unknown sp.), two euglenoids from the genus Monomorphina (M. 38 

aenigmatica and M. pseudopyrum), and the fruit fly (Drosophila melanogaster). The purpose of 39 

this protocol is to describe a fast, inexpensive, and simple method to obtain detailed information 40 

about the structure, size, and surface characteristics of specimens that can be broadly applied to 41 

a large range of organisms for morphological assessment. Successful completion of this protocol 42 

will allow others to use SEM to visualize samples by applying these techniques to their system.  43 

 44 
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INTRODUCTION:  45 

A scanning electron microscope (SEM) uses a focused beam of high-energy electrons to generate 46 

an image from secondary electrons that shows the morphology and topography of a sample1. 47 

SEM can be used to directly determine the physical size of a sample, the surface structure, and 48 

the three-dimensional shape, and offers greater resolution and larger depth of field compared to 49 

light microscopy. Another form of electron microscopy (EM), transmission electron microscopy 50 

(TEM) uses focused electrons that pass through the sample, generating images with fine details 51 

of internal structure. While TEM has higher resolution than light or SEM and can be used to 52 

resolve structures as small as single atoms, it has three major disadvantages: extensive sample 53 

preparation, a small field of view, and a shallow depth of field2,3. Although other visualized 54 

protocols exist using SEM to examine specific cells, organelles, or tissues4-10 , this protocol is 55 

unique in that we describe methods that can be broadly applied to a large range of organisms for 56 

morphological assessment. 57 

 58 

SEM has found broad applications for examining inorganic materials including nanoparticles11,12, 59 

polymers13, and numerous applications in geological, industrial, and material sciences14-16. In 60 

biology, SEM has long been used as a method for examining biological samples ranging from 61 

individual proteins to whole organisms17,18. SEM is of particular value because morphological 62 

surface details can be used to inform scientific discovery. SEM analysis is a fast, inexpensive, and 63 

simple method to obtain detailed information about the structure, size, and surface 64 

characteristics of a wide range of biological samples. 65 

 66 

Because an SEM normally operates under high vacuum (10-6 Torr minimum) to support a 67 

coherent beam of high-speed electrons, no liquids (water, oils, alcohols) are permitted in the 68 

sample chamber, as liquids prevent a vacuum from forming. Thus, all samples examined using 69 

SEM must be dehydrated, typically using a graded ethanol series followed by a drying process to 70 

remove the ethanol. There are several methods of drying biological tissues for use in the SEM, 71 

including air drying, lyophilization, use of a critical point drying (CPD) device, or chemical drying 72 

using t-butyl alcohol (TBA) or hexamethyldisilazane (HMDS)19-22. Most often, selection of a drying 73 

method is empirical since each biological sample may react differently to each drying method. 74 

For any given sample, all of these methods may be appropriate, so comparing the advantages 75 

and disadvantages of each is useful in selecting the appropriate method. 76 

 77 

While air drying a sample at room temperature or in a drying oven (60 °C) is the simplest method, 78 

most biological samples show drying-induced damage such as shriveling and collapse, resulting 79 

in distortion of the specimen. The process of lyophilization also removes water (or ice) from a 80 

sample, but requires samples to be flash-frozen and placed under vacuum to remove the ice via 81 

the process of sublimation, potentially damaging the sample. In addition, the user must have 82 

access to a lyophilizer. The most commonly used method for dehydrating samples for SEM is 83 

critical point drying (CPD). In CPD, the ethanol in a sample is replaced with liquid carbon dioxide 84 

(CO2) and, under specific temperature and pressure conditions known as the critical point (31.1 85 

°C and 1,073 psi), CO2 vaporizes without creating surface tension, thereby effectively maintaining 86 

the morphological and structural features of the sample. While CPD is generally the standard 87 

method, it has several drawbacks. First, the process requires access to a critical point dryer, which 88 



is not only expensive, but also necessitates the use of liquid carbon dioxide. Second, the size of 89 

the sample that can be dried is limited to the chamber size of the critical point dryer. Third, the 90 

exchange of liquids during CPD can cause turbulence that can damage the sample.  91 

 92 

Chemical drying offers many advantages over CPD and serves as a suitable alternative that is 93 

becoming widely used in SEM sample preparation. The use of chemical dehydrants such as TBA 94 

and HMDS offers a fast, inexpensive, and simple alternative to other methods, while still 95 

maintaining the structural integrity of the sample. We recently showed that there was no 96 

difference in the integrity of the tissue or the quality of the final image captured when using CPD 97 

or TBA as the drying method in adult Drosophila retinal issue23. Unlike CPD, TBA and HMDS do 98 

not require a drying instrument or liquid CO2 and there is no limitation on the size of the sample 99 

to be dried. In addition to obtaining the chemicals, only a standard chemical fume hood and 100 

appropriate personal protective equipment (gloves, lab coat, and safety goggles) are required to 101 

complete the drying process. While both TBA and HMDS are flammable, TBA is less toxic and less 102 

expensive (approximately 1/3 the cost of HMDS) than HMDS. 103 

 104 

In this article, we describe how to fix, wash, dehydrate, dry, mount, sputter coat, and image three 105 

types of organisms: cyanobacteria (Toxifilum mysidocida, Golenkina sp., and an unknown sp.), 106 

two euglenoids from the genus Monomorphina (M. aenigmatica and M. pseudopyrum), and the 107 

fruit fly (Drosophila melanogaster). These organisms represent a wide range in size (0.5 µm to 4 108 

mm) and cellular diversity (single-celled to multicellular), yet all are easily amenable to SEM 109 

analysis with only small variations needed for specimen preparation. This protocol describes the 110 

methods for using chemical dehydration and SEM analysis to examine morphological details of 111 

three types of organisms and would be broadly applicable to examining many organismal and 112 

tissue types.  113 

 114 

PROTOCOL:  115 

 116 

1. Preparation and Fixation 117 

 118 

1.1. Prepare cyanobacteria. 119 

 120 

1.1.1. Grow unialgal cultures in F/2 media24,25 at a temperature of 28 °C on a 14:10 h light dark 121 

cycle. Transfer sufficient culture to a 1.5 mL microcentrifuge tube such that after allowing 15 min 122 

to settle, the bacterial pellet is approximately 0.05 mL in size. Remove the media and replace 123 

with 1.5 mL of fixative (1.25% glutaraldehyde, 0.1 M phosphate buffer pH 7.0), gently invert 124 

several times, and incubate overnight at 4 °C. 125 

 126 

1.1.2. Transfer the fixed cells into a 10 mL filtration rig (Figure 1) using a polycarbonate 25 mm 127 

filter with 0.8 or 0.2 µm pores, depending on the size of the cells. Seal the side arm and funnel 128 

with rubber stoppers to contain the culture in the funnel. Remove the fixative by gentle vacuum 129 

on the filtration flask, after removing both stoppers.  130 

 131 



Note: If the cell density on the polycarbonate filter is not optimal, adjust the amount of starting 132 

culture used. 133 

 134 

1.2. Prepare single cell algae (euglenoids). 135 

 136 

1.2.1. Grow unialgal cultures in AF-6 media26 with 150 mL L-1 of commercially-available soil-137 

water medium added to the media, at a temperature of 22 °C on a 14:10 h light dark cycle. 138 

Transfer 2 mL of low density (OD600 < 0.5) culture into a 10 mL filtration rig (Figure 1) using a 139 

polycarbonate 25 mm filter with 8 µm pores. Seal the side arm and funnel with rubber stoppers 140 

to contain the culture in the funnel.  141 

 142 

Note: If the cell density on the polycarbonate filter is not optimal, adjust the amount of starting 143 

culture used. 144 

 145 

1.2.2. Add three drops of 4% osmium tetroxide (OsO4) directly to the culture and allow to 146 

incubate for 30 min. Remove the fixative by gentle vacuum on the filtration flask, after removing 147 

both stoppers. 148 

 149 

Note: OsO4 is an acute toxin (dermal, oral, and inhalation routes), corrosive to the skin, damaging 150 

to the eyes, and a respiratory sensitizer. OsO4 should be handled in a chemical fume hood using 151 

appropriate personal protective equipment including gloves, lab coat, and eye protection. 152 

 153 

1.3. Prepare Drosophila melanogaster (fruit fly)23. 154 

 155 

1.3.1. Anesthetize adult flies using 100% carbon dioxide. Place anesthetized adults (about 10 to 156 

30 flies) in a small plastic screw cap vial or 1.5 mL centrifuge tube.  157 

 158 

1.3.2. Immerse anesthetized flies in 1 mL of fixative (1.25% glutaraldehyde, 0.1 M phosphate 159 

buffer pH 7.2) for 2 h (or overnight) at 4 °C. If the flies float to the surface of the fixative, add a 160 

few drops of 2.5% polyethylene glycol tert-octylphenyl ether to weaken the surface tension of 161 

the fixative allowing for total submersion of the tissue. Remove the fixative using a glass pipet.  162 

 163 

2. Washing and Dehydration 164 

 165 

2.1. Wash and dehydrate cyanobacteria. 166 

 167 

2.1.1. Wash the fixed sample three times with 5 mL of 0.1 M phosphate buffer pH 7.0 at room 168 

temperature for 10 min each. Keep the flask and funnel stoppered to hold the wash. Remove 169 

each wash by gentle vacuum on the filtration flask, after removing both stoppers. 170 

 171 

2.1.2. Dehydrate the sample while maintaining continuous immersion using a graded ethanol 172 

series, for 10 min in a volume of 5 mL in the funnel. The graded ethanol concentrations are: 25%, 173 

50%, 75%, 95%, and 2 changes of 100% ethanol. Keep the flask and funnel stoppered to contain 174 



the ethanol in the funnel, preventing loss both via evaporation and passive flow through the 175 

filter. 176 

 177 

2.1.3. Remove ethanol by gentle vacuum on the filtration flask, after removing both stoppers. 178 

Transfer the filter/sample to a disposable aluminum weighing dish containing just enough 100% 179 

ethanol to cover the sample before drying. 180 

 181 

2.2. Wash and dehydrate single cell algae (euglenoids). 182 

 183 

2.2.1. Wash the fixed sample three times with 5 mL of deionized water at room temperature for 184 

10 min each. Keep the flask and funnel stoppered to contain the wash in the funnel. Remove each 185 

wash by gentle vacuum on the filtration flask, after removing both stoppers. 186 

 187 

2.2.2. Dehydrate the sample while maintaining continuous immersion using a graded ethanol 188 

series for 10 min in a volume of 5 mL in the funnel. The graded ethanol concentrations are: 25%, 189 

50%, 75%, 95%, and 2 changes of 100% ethanol. Keep the flask and funnel stoppered to contain 190 

the ethanol in the funnel, preventing loss both via evaporation and passive flow through the 191 

filter.  192 

 193 

2.2.3. Remove the ethanol by gentle vacuum on the filtration flask, after removing both 194 

stoppers. Transfer the filter/sample to a disposable aluminum weighing dish containing just 195 

enough 100% ethanol to cover the sample before drying. 196 

 197 

2.3. Wash and dehydrate Drosophila melanogaster (fruit fly). 198 

 199 

2.3.1. Wash the fixed sample three times with 1 mL of 0.1 M phosphate buffer pH 7.2 at room 200 

temperature for 10 min in a 1.5 mL microcentrifuge tube. Remove each wash with a glass pipette, 201 

being careful not to remove the flies. 202 

 203 

2.3.2. Dehydrate the sample using a graded ethanol series, for 10 min in a volume of 1 mL in a 204 

microfuge tube. The ethanol concentrations are: 25%, 50%, 75%, 80%, 95%, 100%. Remove the 205 

ethanol with a glass pipette, being careful not to remove the flies. 206 

 207 

2.3.3. Retain the sample in the 1.5 mL microcentrifuge tube with just enough 100% ethanol to 208 

cover the sample before drying. 209 

 210 

3. Drying 211 

 212 

3.1. Perform chemical drying using hexamethyldisilazane (HMDS)20. 213 

 214 

3.1.1. Replace the 100% ethanol solution with a 1:2 solution of HMDS and 100% ethanol for 20 215 

min. Replace the 1:2 solution with a 2:1 solution of HMDS and 100% ethanol for 20 min. Replace 216 

the 2:1 solution with 100% HMDS for 20 min. Repeat once. 217 

 218 



Note: HMDS is flammable and an acute toxin (dermal route). HMDS should be handled in a 219 

chemical fume hood using appropriate personal protective equipment including gloves, lab coat, 220 

and eye protection. 221 

 222 

3.1.2. Transfer the sample in HMDS, if in a 1.5 mL microcentrifuge tube, into a disposable 223 

aluminum weighing dish. Once in the aluminum weighing dish, replace the 100% HMDS with just 224 

enough fresh 100% HMDS to cover the sample. 225 

 226 

3.1.3. Transfer the sample to a plastic or glass non-vacuum desiccator with fresh desiccant (5-6 227 

cm deep) and place into in a chemical fume hood. Alternatively, place the sample directly in a 228 

chemical fume hood to dry with a loose lid, such as a box, to prevent debris from falling on the 229 

sample. Allow the sample to dry for 12 to 24 h.  230 

 231 

3.2. Perform chemical drying using t-butyl alcohol (TBA)27. 232 

 233 

3.2.1. Replace the 100% ethanol solution with a 1:1 solution of TBA and 100% ethanol for 20 234 

min. Replace the 1:1 solution with 100% TBA for 20 min. Repeat twice. Keep the solution at 37 °C 235 

so that TBA does not freeze. 236 

 237 

Note: 100% TBA has a freezing point of 25.5 °C; the 1:1 solution will not freeze at room 238 

temperature. TBA is flammable, causes serious eye irritation, is harmful if inhaled, and may cause 239 

respiratory irritation, drowsiness, or dizziness. TBA should be handled in a chemical fume hood 240 

using appropriate personal protective equipment including gloves, lab coat, and eye protection. 241 

 242 

3.2.2. Transfer the sample in TBA, if in a 1.5 mL microcentrifuge tube, into a disposable 243 

aluminum weighing dish. Once in the aluminum weighing dish, remove TBA and replace with just 244 

enough fresh 100% TBA to cover the sample. Freeze the TBA at 4 °C for 10 min. 245 

 246 

3.2.3. Transfer to a vacuum desiccator (bell jar) with frozen gel packs to keep TBA frozen. 247 

Evacuate and maintain vacuum with a rotary pump to allow the sample to dry by vacuum 248 

sublimation of the frozen TBA for at least 3 h or overnight. 249 

 250 

4. Mounting 251 

 252 

4.1. Mount cyanobacteria and euglenoids.  253 

 254 

4.1.1. Label the bottom of either a 12- or 25-mm aluminum mounting stub to indicate what is 255 

being placed on top. Cut the polycarbonate filter with the dried cells into quarters with a clean 256 

razor blade or scalpel if using a 12 mm stub, or place the entire filter if using a 25 mm stub.  257 

 258 

4.1.2. Place each filter on adhesive or a carbon adhesive tab secured to the top of a stub. 259 

 260 

4.2. Mount Drosophila melanogaster (fruit fly). 261 

 262 



4.2.1. Label the bottom of the aluminum mounting stub to indicate what is being placed on top. 263 

Place the dried flies in the desired position on adhesive or carbon adhesive tab secured to the 264 

top of a stub under a dissecting microscope with precision tweezers. 265 

 266 

4.2.2. Apply silver conductive adhesive, i.e., silver paint, around the outer edges of the stubs. 267 

Connect the silver paint to the flies using a toothpick to ensure conductivity. Do not allow the 268 

paint to touch the desired imaging area.  269 

 270 

4.2.3. Place the stubs in a stub holder box and place the open stub holder box in a desiccator. 271 

Allow the silver paint to dry at least 3 h or overnight for best results. 272 

 273 

5. Sputter Coating 274 

 275 

5.1. Prepare the sputter coating apparatus by performing four to five flushes of argon gas. If 276 

the humidity is high (i.e., the room air feels moist, usually about 50% relative humidity), perform 277 

six to seven flushes. Sputter coat the stubs following the manufacturer’s instructions. 278 

 279 

5.2. Coat samples based on specimen used: 280 

 281 

5.2.1. For filters with cyanobacteria, set the timer to sputter coat for 180 s straight on. 282 

 283 

5.2.2. For filters with eukaryotic algae, i.e., euglenoids, set the timer to sputter coat for 120 s 284 

straight on, then 20 s on three sides at a 45° angle. 285 

 286 

5.2.3. For large samples, i.e., fly heads, set the timer to sputter coat for 60 s straight on, then 30 287 

s on each side at a 45° angle.  288 

 289 

Note: After coating is complete, stubs should be light gray in color. 290 

 291 

6. Imaging 292 

 293 

6.1. Image samples using a scanning electron microscope that includes a secondary electron 294 

(SE) detector. 295 

 296 

6.1.1. For cyanobacteria, apply the following settings: 3-5 kV accelerator voltage (AC), 20-30 297 

probe current (PC), and 5 mm working distance (WD). For euglenoids, use 3 kV AC, 30 PC, and 5 298 

mm WD. For flies, use 5 kV AC, 30 PC, and 5 to 10 mm WD. 299 

 300 

6.2. Adjust magnification depending on the size of the detail or object to be visualized. Adjust 301 

the stigmators, apertures, and focus until a clear image is produced. Capture the image using 302 

high-resolution settings according to the manufacturer’s instructions of the SEM. 303 

 304 

REPRESENTATIVE RESULTS: 305 



Cyanobacteria are a prokaryotic group of organisms that are critical to the global carbon, oxygen, 306 

and nitrogen cycles28,29. Of the estimated 6000 species of cyanobacteria30, most have a 307 

mucilaginous sheath that cover and connect the cells together and to other structures31, which 308 

along with the shape, can be resolved microscopically32. Cell size, shape, and pigments present 309 

distinguish individual species and in aquatic habitats, can be visualized as cyanobacterial 310 

“blooms”28. The modern cyanobacterial classification combines all morphological features 311 

possible using light microscopy, TEM, and SEM, as well as molecular data33. Similar to the 312 

mucilage sheath of cyanobacteria, pellicle strips of euglenoid species aid in phylogeny 313 

determination. Euglenoids are aquatic flagellates that possess a great deal of morphological and 314 

behavioral diversity, and SEM analysis has proven useful in classifying distinct species. 315 

Specifically, euglenoids possess novel structures beneath their plasma membrane that are 316 

composed of parallel proteinaceous strips and microtubules, called the pellicle34-36. The number, 317 

arrangement, and size of pellicle strips are critical morphological comparators, and together with 318 

molecular phylogenetic data, are used to construct the phylogeny for Euglenozoa37.  319 

 320 

The first step in preparing both cyanobacteria and euglenoids requires filtering the organisms 321 

from their growth medium and is accomplished by assembling a filtration rig (Figure 1A). 322 

Aspiration is used to pull the medium through a polycarbonate filter, leaving the organisms on 323 

the surface of the filter. The pore size of the polycarbonate filter should be selected such that the 324 

intact organisms will not pass through (compare Figures 1B and 1C). Figure 2 shows 325 

representative results of three different genera of cyanobacteria. Two are freshwater and one is 326 

marine. Details of the cell, including shape and texture of the surface are visible, as well as a 327 

sheath of mucilage or projections from the cells. Figure 3 illustrates how SEM is used to visualize 328 

the pellicle strips of two different euglenoid species. The helical arrangement of the pellicle strips 329 

that merge at the posterior end to form a tail aid in phylogeny determination when comparing 330 

Monomorphina aenigmatica (Figures 3A and 3B) with Monomorphina pseudopyrum (Figures 3C 331 

and 3D).  332 

 333 

In addition to morphological characteristics that identify species, the external morphology of 334 

model organisms such as Drosophila melanogaster can be used to identify genetic modifiers using 335 

the photoreceptors neurons that comprise the compound Drosophila eye38. Since the eye is a 336 

non-essential tissue in flies, it is possible to express toxic proteins in retinal cells and use SEM to 337 

examine the morphological changes that genetic modification has on the eye. Normal fly eyes 338 

are characterized by an ordered array of bristles and lenses (Figure 4A), however expression of 339 

proteins associated with Alzheimer’s disease create what is called the ‘rough eye’ phenotype 340 

(Figure 4B). Genes that suppress (Figure 4C) or enhance (Figure 4D) the rough eye phenotype 341 

may play a physiological role in disease progression and have potential for drug targeting39. Also 342 

shown in Figure 4 are examples of potential pitfalls to avoid including an example of the collapsed 343 

structure of the eye from improper drying technique (Figure 4E) and electron charging from 344 

insufficient sputter coating that appears during image acquisition (Figures 4F and 4G). 345 

 346 

FIGURE AND TABLE LEGENDS:  347 

Figure 1: Schematic representation of the filtration rig and SEM of a polycarbonate filter. (A) 348 

This apparatus is used to separate small or single celled organisms such as cyanobacteria and 349 



euglenoids away from their growth medium. Application of a vacuum to the side arm of the flask 350 

will pull the contents of the funnel through the polycarbonate filter and into the base of the 351 

filtration flask, leaving the organisms on the surface of the filter. (B) SEM of a 0.8 µm pore filter 352 

with no sample as the sample was lost because of mishandling. Scale bar = 20 µm. (C) SEM of a 353 

0.8 µm pore filter with cyanobacteria present. Scale bar = 20 µm. 354 

 355 

Figure 2: SEM micrograph of cyanobacteria. (A, B) Toxifilum mysidocida, a filamentous 356 

freshwater species from Colorado with a visible sheath of mucilage (M). Scale bars = 5 µm. (C, D) 357 

A freshwater Golenkina sp. from Ohio. Individual cells sometimes form colonies held together by 358 

a thin layer of mucilage (M). Filament-like protrusions (white arrows) extend for the individual 359 

cells. Scale bars = 10 µm. (E, F) Unknown filamentous species from a high salinity estuary in Texas 360 

coastal waters. Individual cell (black arrows) and dividing cells (white arrowheads) are visible. 361 

Scale bar in panel E = 2 µm. Scale bar in panel F = 1 µm. 362 

 363 

Figure 3: SEM micrograph of the pellicle strips from two species of euglenoids. (A, B) 364 

Monomorphina aenigmatica. (A) Low magnification images of the entire cell. Scale bar = 5 µm. 365 

(B) High magnification of the posterior end. Scale bar = 3 µm. (C, D) Monomorphina 366 

pseudopyrum. (C) Low magnification images of the entire cell. Scale bar = 10 µm. (D) High 367 

magnification of the posterior end. Scale bar = 5 µm. 368 

 369 

Figure 4: SEM analysis of phenotypic modification of the Drosophila eye. Compared to the 370 

normal external appearance of the ordered array of bristles and lenses of the fly eye (A), 371 

expression of the toxic protein tau causes the death of the photoreceptor neurons, generating 372 

the ‘rough eye’ phenotype (B). Expression of genetic modifiers that either suppress (C) or 373 

enhance (D) the tau rough eye provides evidence of genes that may play a role in tau 374 

neurotoxicity. Improper technique during drying steps can lead to a collapse of the structure of 375 

the eye (E) while insufficient coating of the sample will cause charging, which appears as either a 376 

white (F) or black (G) band during image acquisition, as shown by the arrow. Scale bar = 400 µm. 377 

 378 

DISCUSSION:  379 

Here we described a protocol using SEM to obtain detailed information about external 380 

morphological characteristics of three types of organisms that others can apply to examine 381 

features of many types of organisms or tissues. Within each step of the protocol, there are 382 

potential points of error that may arise and are discussed in detail below.  383 

 384 

While the volumes for fixative and washes given here are specific, in general the fixative and 385 

washes should be 5-10x the volume of the specimen. All fixation, washing, and dehydration times 386 

are based on our experience, if problems arise, e.g., shriveling of the sample, you may need to 387 

increase the times at each step of dehydrating or drying. Depending on your single cell sample, 388 

you may need to do both a glutaraldehyde fixation and a post-fixation in osmium tetroxide. If a 389 

duel fixation is needed after step 1.1.2 of the cyanobacteria procedure cover with an equal 390 

amount 2% OsO4 in the same buffer and proceed from step 1.2.2 of the single cell procedure. 391 

From work not shown here, we have found that Drosophila can either be directly placed into 392 



fixative following anesthetization or can be frozen indefinitely at -20 °C in a microfuge tube and 393 

placed into fixative at a later time with no difference in finished image quality.  394 

 395 

During the washing and dehydration steps, it is imperative to move through the graded ethanol 396 

series slowly and without skipping a noted concentration. If samples are dehydrated too quickly, 397 

it negatively impacts the underlying structural components in the tissue and specimen will 398 

shrivel, wither, or collapse. An example of tissue collapse is shown in Figure 4E. In addition, to 399 

prevent the introduction of artifacts such as clumping and flattening of morphological features, 400 

it is critical to leave just enough ethanol to cover the sample between steps during dehydration 401 

and drying. 402 

 403 

When using the filtration rig, a drop of water on the base will hold the filter in place when 404 

assembling. Also, the filter should be placed with the shiny side up and all liquids should be added 405 

gently, being careful to handle the filter with care to prevent washing away the sample. Although 406 

we have found the results of drying using either HMDS or TBA to be of equal quality, we 407 

recommend using TBA: while both HMDS and TBA are flammable, TBA is about one third the cost 408 

and less toxic than HMDS.  409 

 410 

During mounting when using silver conductive adhesive (also called silver paint), be careful when 411 

applying as your sample can easily be covered (buried) in the paint, thereby obscuring fine details 412 

in morphology. Sputter coating times may vary based on your sample, and values given here are 413 

based on our experience. One potential negative outcome of insufficient sputter coating is a 414 

phenomenon called charging, which often appears as a white or black line (sometimes a flash) in 415 

the final image (see Figures 4F and G for examples). If the amount of charging observed is 416 

minimal, it may be possible to mitigate the effects by adjusting various microscope parameters, 417 

such as lowering the accelerating voltage or beam current, increasing the condenser lens 418 

strength, and/or using a smaller objective aperture. Most SEMs used for biological samples have 419 

secondary electron detectors, however some SEMs may also be equipped with backscatter 420 

detectors or environmental secondary electron detectors, all of which can be adjusted to 421 

diminish or eliminate the effects of minimal charging. If the charging effects are more 422 

pronounced, it is likely that there is poor grounding of the sample or too little sputter coating to 423 

produce the secondary electrons, causing the charged electrons to build up in the specimen and 424 

be spontaneously released, producing distortion in the image during acquisition. Pronounced 425 

charging is most often resolved with a thicker coating or better grounding with silver paint. 426 

Because both too much and too little sputter coating can negatively impact the quality of the 427 

image, it is best to optimize the amount of coating applied by adjusting the variables of time (10 428 

to 180 s) and pressure (70 to 150 mTorr) of the sputter coater to achieve an optimal coating. As 429 

the coating cannot be removed once applied to the sample, a test run is recommended with a 430 

single sample before coating all of the samples. 431 

 432 

SEM parameters such as accelerating voltage (in kV), probe current (PC), and working distance 433 

(WD) must be adjusted to get the best image possible, as the settings given here are suggested 434 

starting parameters based on our experience. While the quality of the sample is dependent upon 435 

the care taken in preparation, the quality of the final image relies upon the experience and skill 436 



of the SEM operator. Thus, we recommend working with an SEM technician or spending time 437 

developing your own SEM skills. All of the data (including sample preparation and imaging) shown 438 

in this paper were generated by undergraduate students in the Biology Microscopy program at 439 

CMU, with guidance from faculty and our microscopy technician. 440 

 441 

The protocols described here include the use of potentially harmful chemicals, and the 442 

appropriate safety measures should always be observed to protect users, particularly students 443 

who may be handling these chemicals. While the protocols specify safety concerns associated 444 

with each chemical upon first use, users should always: (1) use a chemical fume hood, (2) have 445 

access to an emergency eye wash and safety shower, (3) use appropriate personal protective 446 

equipment including nitrile gloves, lab coat, and eye protection, and (4) know where to find 447 

written safety procedures inclusive of handling procedures, designated use areas, spill 448 

procedures, decontamination procedures, and waste disposal procedures.  449 

 450 

In conclusion, these organisms illustrate how information about the three-dimensional 451 

topography of the external surfaces of each is useful for phylogenetic grouping or modifier 452 

analysis. For cyanobacteria, features determined from the SEM can be used in combination with 453 

additional data from light microscopy, TEM, and molecular studies to identify, characterize, and 454 

name the cyanobacteria. For euglenoids, the number, width, arrangement (helical or straight), 455 

and ornamentation, if present, of the pellicle strips can be used with other morphological data, 456 

and if necessary molecular data, to identify, characterize, and name euglenoids. Moreover, other 457 

types of single-celled algae and protozoans or micro-invertebrates can be prepared and 458 

examined in a similar manner to determine external morphological features such as flagella, 459 

feeding structure, external ornamentation, or details of appendages in the case of micro-460 

invertebrates. Finally, SEM has broad applications for examining morphological details, such as 461 

the eye of the model system Drosophila, to characterize genetic modifiers of disease pathology. 462 

The protocols described here utilize organisms that vary greatly with respect to complexity, yet 463 

all are amenable to SEM analysis to gather useful morphological information that is critical for 464 

scientific discovery spanning many different subdisciplines of biology. 465 
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 gold–palladium

Silver conductive adhesive 503
Whatman Nuclepore Track-Etched Membranes; diam. 

25 mm, pore size 8 μm, polycarbonate
Whatman Nuclepore Track-Etched Membranes; diam. 

25 mm, pore size 0.8 μm, polycarbonate, black
Whatman Nuclepore Track-Etched Membranes; diam. 

25 mm, pore size 0.2 μm, polycarbonate

aluminum weighing dish 

aluminum mounting stubs (12 mm)

aluminum mounting stubs (25 mm)

Adhesive tabs 

conductive carbon adhesive tabs

F/2 media

AF6 media

Soil water medium

Polyethylene glycol tert-octylphenyl ether (Triton X-100)

Hummer 6.2 Sputter Coater

Hitachi 3400N-II SEM 
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Company

Ted Pella, Inc.

Electron Microscopy Sciences

Sigma

Sigma

Sigma

Fisher Scientific

Electron Microscopy Sciences

Electron Microscopy Sciences

Electron Microscopy Sciences

Electron Microscopy Sciences
Culture Collection of Algae at the University of Texas at 

Austin

Bigelow - National Center for Marin Algae and Microbiota

Carolina Biological Supply Company

VWR

Anatech USA

Hitachi
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91212

12686-15

WHA110614

WHA110659

WHA110606

08-732-100
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75186

76760

77825
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153785

97062-208

http://www.anatechusa.com/hummer-sputter-systems/4 No Catalog number given - see link 

https://www.hitachi-

hightech.com/us/product_list/?ld=sms2&md=sms2-1&sd=sms2-1- The company doesn't appear to sell this model any longer 



The company doesn't appear to sell this model any longer 
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Aug 21, 2018 
 
JoVE 
1 Alewife Center, Suite 200, 
Cambridge, MA 02140 
 
Dear Dr. Cao: 
 

In the section below, please find our point-by-point responses to the editorial and reviewer comments for 
our manuscript submission entitled “Preparation of Prokaryotic and Eukaryotic Organisms Using Chemical 
Drying for Morphological Analysis in Scanning Electron Microscopy (SEM)”.   
 
We would like to thank the reviewers for contributing their valuable time to evaluate our manuscript.  We 
sincerely appreciate their input and we feel the manuscript is substantially improved because of their 
comments, suggestions, and valuable insight. 
 
Two reviewers had major concerns that we should include additional information to compare chemical 
drying (the primary focus of our protocols) with other common techniques that are widely used (especially 
critical pint drying, CPD), including highlighting the advantages and disadvantages of these procedures.  We 
substantially revised the introduction to address these suggestions and included additional information in 
the discussion to also expand upon these points.  Reviewer #1 requested that we include a low 
magnification image of a pore filter that has retained the sample, so we added a panel to Figure 1 to show 
an SEM image of a filter with cyanobacteria present (now Figure 1C).  All of the remaining minor concerns 
are addressed specifically below (the red text indicates our response to each item). 
 
Thank you in advance for considering our resubmitted manuscript for publication in JoVE. 
 
Sincerely, 
 
Michelle L. Steinhilb 
 

 
 

Manuscript title: 
Preparation of Prokaryotic and Eukaryotic Organisms Using Chemical Drying for Morphological Analysis 

in Scanning Electron Microscopy (SEM) 
 

Manuscript ID: 58761 
 
Editorial comments: 
Changes to be made by the Author(s) regarding the written manuscript: 
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no 
spelling or grammar issues. 
We ran spell and grammar check and resolved all issues.   
 
2. Figures: Please change the color of panel labels, scale bars and arrows to make them easier to read. 
We made the panel labels and scale bars larger, but we did not change the color.  Since all of the images 
have both light and dark areas, we used black labels with a white stroke to make them as clear as 
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possible.  If these still appear unclear, please provide specific directions (size/color/position/Figure 
number) on how to improve them and we will gladly make the necessary changes. 
 
3. Figure 4: Please provide panel D of Figure 4. 
We added panel D of Figure 4. 
 
4. Please provide an email address for each author. 
Additional email addresses were added for all authors. 
 
5. Please use SI abbreviations for all units: L, mL, µL, h, min, s, etc. 
Changed all SI abbreviations to match format above. 
 
6. Please include a space between all numbers and their corresponding units: 15 mL, 37 °C, 60 s; etc. 
Any missing spaces are now included. 
 
7. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols 
(™), registered symbols (®), and company names before an instrument or reagent. Please remove all 
commercial language from your manuscript and use generic terms instead. All commercial products 
should be sufficiently referenced in the Table of Materials and Reagents. For example: Millipore, 
Whatman, Triton-X 100, Hummer, Hitachi, etc. 
We removed the commercial language including Millipore, Whatman, Triton-X 100, Hummer, and 
Hitachi and replaced them with generic terms instead. 
 
8. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For example, 
1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from using bullets, 
dashes, or indentations. 
Protocol was renumbered following the format specified. 
 
9. Please add more details to your protocol steps. There should be enough detail in each step to 
supplement the actions seen in the video so that viewers can easily replicate the protocol. Please ensure 
you answer the “how” question, i.e., how is the step performed? Alternatively, add references to 
published material specifying how to perform the protocol action. Some examples: 
Line 104: What density is considered to be low to moderate? How long is it allowed to settle? 
We changed this step to now read: ‘Transfer sufficient culture to a 1.5 mL microcentrifuge tube such 
that after allowing 15 min to settle, the bacterial pellet is approximately 0.05 mL in size.  Remove the 
media and replace with 1.5 mL of fixative (1.25% glutaraldehyde, 0.1 M phosphate buffer pH 7.0), gently 
invert several times, and incubate overnight at 4 °C.’ 
 
We also added this note to the end of step 1.1.2 and 1.2.1: (Note: if the cell density on the 
polycarbonate filter is not optimal, adjust the amount of starting culture used). 
 
Line 116: What density is considered to be low? 
We defined low density to be OD600 < 0.5 
 
Line 124: Please specify the concentration of carbon dioxide used. 
We added that the CO2 is 100% 
 



10. Please combine some of the shorter Protocol steps so that individual steps contain 2-3 actions and 
maximum of 4 sentences per step. 
Protocol steps were combined to contain 2-3 actions and a maximum of 4 sentences per step. 
 
11. Please include single-line spaces between all paragraphs, headings, steps, etc. 
Spaces were added between all paragraphs, headings, and steps. 
 
12. After you have made all the recommended changes to your protocol (listed above), please highlight 
2.75 pages or less of the Protocol (including headings and spacing) that identifies the essential steps of 
the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the 
Protocol. 
We are unsure how to calculate pages, but based on line numbering, it appears there are 44 lines per 
page, so 2.75 pages would be equivalent to 121 lines of text.  We highlighted 98 lines of text. 
 
13. Please highlight complete sentences (not parts of sentences). Please ensure that the highlighted part 
of the step includes at least one action that is written in imperative tense. Please do not highlight any 
steps describing anesthetization and euthanasia. 
We highlighted complete sentences and every step includes at least one action. We did not include 
steps describing anesthetization, euthanasia, or growth of cultures. 
 
14. Please include all relevant details that are required to perform the step in the highlighting. For 
example: If step 2.5 is highlighted for filming and the details of how to perform the step are given in 
steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be highlighted. 
We included all of the relevant details required to perform the step.  We did want to note that since the 
steps for 2.1.1-2.1.3 are the same as 2.2.1-2.2.3 just using a different organism, we only highlighted the 
steps for 2.1.1-2.1.3. 
 
15. Discussion: Please also discuss any limitations of the technique and the significance with respect to 
existing methods. 
We added additional information in both the discussion and introduction to address limitations of the 
techniques described in the context of existing methods. 
 
16. Please revise the table of the essential supplies, reagents, and equipment. The table should include 
the name, company, and catalog number of all relevant materials in separate columns in an xls/xlsx file. 
The table was updated to (1) include more information about the Whatman filters; (2) have separate 
lines for items that we previously had listed together; (3) add Polyethylene glycol tert-octylphenyl ether 
(Triton X-100); (4) add the Hummer sputter coater and Hitachi 3400N-II SEM. 
 
17. References: Please do not abbreviate journal titles. Please include volume and issue numbers for all 
references. 
Thank you for sending the updated JoVE EndNote Output Style.  We used the new style to format the 
bibliography.  The full name of journals is now displayed.  Volume and issue numbers for references are 
included (note that some references do not possess either a volume or issue number, depending on the 
journal). 
 
18. Please follow the book citation example below to reformat book references: 
Kioh, L.G. et al. Physical Treatment in Psychiatry. Blackwell Scientific Pubs. Boston (1988). 
Despite using the new EndNote Output Style that you sent, the output format for books does not match 



the style you are requesting above.  I tried to format them manually within the references section, 
however manual changes in EndNote are problematic.  Would it be possible for you to send a new 
EndNote Output Style file for us to use?   
 
 
Reviewers' comments: 
 
Reviewer #1: 
 
Manuscript Summary: 
Koon et al. describe a methodology to prepare and image a range of specimens for SEM visualization, 
including unicellular, multicellular, prokaryotic, and eukaryotic organisms. This article is useful to a 
broad biological sciences audience and is well-suited for publication in JoVE. 
 
Major Concerns: 
No major concerns 
Thank you 
 
Minor Concerns: 
- Fig. 1 - a low magnification image of a pore filter that has retained the sample would be helpful to 
include, so that the reader can directly compare to 1B. 
Excellent suggestion – we added an SEM image of a pore filter that has cyanobacteria present (now 
Figure 1C) to compare directly to Figure 1B. 
 
- The Drosophila eye images in Fig. 4 appear grainy and lack the clarity/focus of the other SEM images in 
Figs. 2-3. 
We suspect that because this image is in landscape format, it may have been sized-down during the 
review process, causing the image to appear grainy.  The original image is a .psd file at 350 ppi (JoVE 
requires 300 dpi). 
 
 
Reviewer #2: 
 
Manuscript Summary: 
Overall: I was disappointed that the authors did not compare their results with those of other drying 
techniques. Since "Chemical Drying" was prominently featured in the title of the paper I fully expected 
the authors to make a comparison of HMDS and TBA drying techniques to those of CPD. If one of the 
selling points of this technique paper is to demonstrate that a wide variety of biological samples can be 
prepared with less effort, and less costly equipment, then making a direct comparison to alternative 
drying techniques (or at the very least discussing them) would seem to be in order. 
This is an excellent suggestion and we significantly expanded the introduction to address this concern.  
In addition to describing more about CPD and comparing this drying technique to chemical dehydrants 
like TBA and HMDS in much greater detail, we also referenced our published work that shows no 
difference between TBA and CPD in Drosophila. 
 
Major Concerns: 
The drying techniques used are helpful but not novel. They show that these chemical drying techniques 



can be used on a variety of organisms but without comparing the advantages and disadvantages to 
conventional SEM preparation techniques the paper loses its impact. 
We agree that the techniques we describe are not novel, however there is not currently a good visual 
protocol that illustrates how to effectively use chemical drying for analysis in SEM.  We purposefully 
selected a variety of organisms to make these protocols useful to a broad biological audience.  The 
introduction now compares advantages and disadvantages of several techniques to boost the impact of 
this paper. 
 
Minor Concerns: 
Ln 14: Of the keywords the authors have chosen I feel that "phylogenetic grouping, species 
identification, phenotypic discrimination" are not appropriate as none of these represent a central 
aspect of the paper and are therefore unhelpful. However I do feel that "critical point drying, CPD" 
should be included as the researchers are looking for an alternative to CPD would be most interested in 
this paper. 
We removed the keywords ’phylogenetic grouping’, ’species identification’, and ’phenotypic 
discrimination’ from the manuscript and added ’critical point drying, CPD’. 
 
Ln 26: 'specimen' to 'specimens' (same in abstract) 
Changed ’specimen ’ to ’specimens ’ at both places mentioned in the Long Abstract. 
 
Ln 33: 'cheap' to 'inexpensive' [the word cheap can translate into worthless in other languages] 
Changed the word ‘cheap’ to ‘inexpensive’ in both the long abstract and the introduction. 
 
Ln 43: eliminate 'higher magnification' since greater resolution is the principle advantage of SEM, not 
higher mag. 
We eliminated the words ‘higher magnification’ – the sentence now reads: ‘SEM can be used to directly 
determine the physical size of a sample, the surface structure, and three-dimensional shape, and offers 
greater resolution and larger depth of field compared to light microscopy’. 
 
Ln 44: eliminate 'and focus' since an SEM does not form an image using an image forming lens (e.g. 
objective lens) there is technically no 'depth of focus' in an SEM. It does however create an image with a 
very large depth of field. 
We eliminated the words ‘and focus’ – the sentence now reads: ‘SEM can be used to directly determine 
the physical size of a sample, the surface structure, and three-dimensional shape, and offers greater 
resolution and larger depth of field compared to light microscopy’. 
 
Ln 47: change 'scanning microscopy' to 'SEM' to avoid confusion with other scanning microscopies such 
as STM. The abbreviation SEM was already established on Ln 40. Use it! 
Changed 'scanning microscopy' to 'SEM'. 
 
Introduction: The authors fail to mention the principle reason why specimens must be dried in the first 
place. Namely the demands of a high vacuum environment that is required in a conventional SEM. 
Without this information the parts comparing SEM to TEM make no sense to those who are not already 
familiar with SEM and CPD. 
We expanded the introduction to describe the high vacuum environment in better detail. We also added 
several paragraphs to further describe the types of drying methods available and their advantages and 
disadvantages. 
 



Ln 55: Again, magnification is a meaningless term whereas resolution is not. ANY image can be 
magnified a million times (or even a billion for that matter). Instead tell the reader what the smallest 
objects are that can be visualized in an SEM. Tell us about resolution, not magnification. 
We removed the words ‘up to 1 million-fold magnification’ and the sentence now focuses on the 
smallest objects that can be visualized – proteins.  The sentence now reads: ‘In biology, SEM has long 
been used as a method for examining biological samples ranging from individual proteins to whole 
organisms’. 
 
Ln 69-92: Is all this necessary? The paper deals with a SEM preparation protocol, the organisms used are 
not really relevant. Mentioning them already (Ln 61-67) is sufficient. I would remove all of this from the 
Introduction. 
We agree that it doesn’t quite fit in the introduction, but we do feel that the information is critical for 
giving context to the organisms that are imaged and the utility of SEM for each (shown in Figures 2-4), 
therefore we removed these paragraphs from the introduction and used much this information in the 
Representative Results section. 
 
Ln 106: Do not abbreviate 'fixative' to 'fix' Fix means to repair or to freeze in place. A 'fixative' is a 
solution used to accomplish this. Fixative is the correct term. 
The word ‘fix’ and replaced with ‘fixative’. 
 
Ln 111: A 'gentile' is someone who is not Jewish. I believe the word you are searching for here is 'gentle' 
The word ‘gentile’ was replaced with ‘gentle’. 
 
Ln 119: again, clean up the wording of 'fix' and fixative (which is used correctly in Ln 121) 
Th word ‘fix’ was replaced with ‘incubate’. 
 
Ln 121: GENTLE 
The word ‘gentile’ was replaced with ‘gentle’. 
 
Ln 129: change 'to cause the tissue to sink to the bottom of the tube' to 'to weaken the surface tension 
of the fixative allowing for total submersion of the tissue.' 
Changed 'to cause the tissue to sink to the bottom of the tube' to 'to weaken the surface tension of the 
fixative allowing for total submersion of the tissue.' 
 
Ln 138: 'the GRADED ethanol concentrations…' 
Changed from ‘the ethanol concentrations are’ to ‘the graded ethanol concentrations are’. 
 
Ln 139: Do you mean 'to prevent evaporation of the ethanol'? If so then state it that way. 
We clarified the sentence to now read ‘Keep the flask and funnel stoppered to contain the ethanol in 
the funnel, preventing loss both via evaporation and passive flow through the filter.’ 
 
Ln 174: More detail is needed here. What size desiccator? How much fresh desiccant? Would a vacuum 
desiccator be appropriate? Why or why not? 
We clarified this step by adding additional details – it now reads ‘3.1.3 Transfer the sample to a plastic or 
glass non-vacuum desiccator with fresh desiccant (5-6 cm deep) and place into in a chemical fume hood.  
Alternatively, the sample can be placed directly in a chemical fume hood to dry with a loose lid, such as 
a box, to prevent debris from falling on the sample. Allow the sample to dry for 12 to 24 h.’ 



 
Ln 178: The point about warming the TBA should be made earlier unless the 1:1 solution can be made 
below the freezing point of 25.5 C. 
The sentence was clarified and now reads ‘3.2.1 Replace the 100% ethanol with a 1:1 solution of TBA 
and 100% ethanol for 20 min. Replace the 1:1 solution 100% TBA for 20 min. Repeat twice. Keep the 
solution at 37 °C so the TBA does not freeze (100% TBA has a freezing point of 25.5 ˚C; the 1:1 solution 
will not freeze at room temperature).’ 
 
Ln 185: change 'alcohol' to 'TBA' to avoid confusion with ethanol (which is also an alcohol) 
Changed 'alcohol' to 'TBA'. 
 
Ln 217: I believe that CMU has a "Hitachi 3400N-II" SEM 
We were asked to remove the trade name Hitachi from the manuscript, however we did correct the 
model number in the Material document. 
 
 
 
Reviewer #3: 
 
Manuscript Summary: 
The authors present two easy and low-cost methods to process different sample types for conventional 
Scanning Electron Microscopy. They give a detailed description of consecutive steps of sample 
processing, also indicating artifacts that might be observed. Fundamental fixation, post-fixation and 
dehydration steps are included, with alternative drying procedures suggested for both prokaryotic and 
eukaryotic organisms. 
 
Major Concerns: In the introduction at least a summary of other (widely accepted) techniques such as 
Critical Point Drying (CPD) and lyophilization should be included, to motivate the exploration of 
alternative methods. Aspects of instrumentation, sample size, continued gas supply and safety for 
students should be included. 
We revised the introduction to include information about other widely accepted techniques, including 
CPD and lyophilization, as well as the rationale for selecting chemical dehydration over other methods.  
We also included more information about instrumentation, sample size, and gas supply.  To address the 
concern about student safety, we added specific safety instructions within the protocol for HMDS, TBA, 
and OsO4 upon first use, and added the following section to the Discussion: 
 
Safety 
 
The protocols described here include the use of potentially harmful chemicals, and the appropriate 
safety measures should always be observed to protect users, particularly students who may be handling 
these chemicals.  While the protocols specify safety concerns associated with each chemical upon first 
use, users should always: (1) use a chemical fume hood, (2) have access to an emergency eye wash and 
safety shower, (3) use appropriate personal protective equipment including nitrile gloves, lab coat, and 
eye protection, and (4) know where to find written safety procedures inclusive of handling procedures, 
designated use areas, spill procedures, decontamination procedures, and waste disposal procedures. 
 
Minor Concerns: Indicate where toxic substances are used, and that a fume hood is essential when 
working with reagents such as osmiumtetroxide (OsO4) and hexamethyldisilazane (HMDS). 



We more clearly indicated where toxic substances are used by expanding the information in the 
protocol for OsO4, HMDS, and TBA – these now read: 
 
1.2.2 Add three drops of 4% osmium tetroxide (OsO4) directly to the culture and allow to incubate for 30 
min.  Remove the fixative by gentle vacuum on the filtration flask, after removing both stoppers. (Note: 
OsO4 is an acute toxin (dermal, oral, and inhalation routes), corrosive to the skin, damaging to the eyes, 
and a respiratory sensitizer; OsO4 should be handled in a chemical fume hood using appropriate 
personal protective equipment including gloves, lab coat, and eye protection) 
 
3.1.1 Replace the 100% ethanol with a 1:2 solution of HMDS and 100% ethanol for 20 min.   Replace the 
1:2 solution with a 2:1 solution of HMDS and 100% ethanol for 20 min.   Replace the 2:1 solution with 
100% HMDS for 20 min.  Repeat once.  (Note: HMDS is flammable and an acute toxin (dermal route); 
HMDS should be handled in a chemical fume hood using appropriate personal protective equipment 
including gloves, lab coat, and eye protection) 
 
3.2.1 Replace the 100% ethanol with a 1:1 solution of TBA and 100% ethanol for 20 min.  
Replace the 1:1 solution 100% TBA for 20 min. Repeat twice. Keep the solution at 37 °C so the TBA does 
not freeze (100% TBA has a freezing point of 25.5 ˚C; the 1:1 solution will not freeze at room 
temperature). (Note: TBA is flammable, causes serious eye irritation, is harmful if inhaled, and may 
cause respiratory irritation, drowsiness, or dizziness; TBA should be handled in a chemical fume hood 
using appropriate personal protective equipment including gloves, lab coat, and eye protection). 
 
Also indicate that air-drying of specimens during dehydration steps, using vacuum flltration, should be 
avoided, since the surface tension of evaporating reagents will introduce artifacts of clumping and 
flattening of morphological features.  
We added the following sentence to the discussion: ‘In addition, to prevent the introduction of artifacts 
such as clumping and flattening of morphological features, it is critical to leave just enough ethanol to 
cover the sample between steps during dehydration and drying’.  In addition, we added more 
information in the context of the actual step by saying ‘while maintaining continuous immersion’ in 
steps 2.1.2 and 2.2.2. 
 
Also briefly include how SEM parameters can be adjusted to avoid charging artifacts - e.g. lowering 
accelerating voltage, or using an alternative noise reduction algorithm (frame averaging vs pixel 
averaging) - or a mixture of detectors e.g. InLens with SE2 (Everhart-Thornley detector), depending on 
SEM manufacturer. 
We modified the discussion to include these helpful suggestions, including about lowering accelerating 
voltage and various types of electron detectors.  With respect to the suggestion about the noise 
reduction algorithm, we felt that a noise-reducing algorithm as suggested would not work, as charging is 
usually continuous and would not be able to get parts of the image to make a composite (pixel 
averaging) image.  The section now reads:  
 
Drying, Mounting, and Sputter Coating 
 
During mounting when using silver conductive adhesive (also called silver paint), be careful when 
applying as your sample can easily be covered (buried) in the paint, thereby obscuring fine details in 
morphology. Sputter coating times may vary based on your sample, values given here are based on our 
experience. One potential negative outcome of insufficient sputter coating is a phenomenon called 
charging, which often appears as a white or black line (sometimes a flash) in the final image (see Figure 



4F-G for examples).  If the amount of charging observed is minimal, it may be possible to mitigate the 
effects by adjusting various microscope parameters, such as lowering the accelerating voltage or beam 
current, increasing the condenser lens strength, and/or using a smaller objective aperture.  Most SEMs 
used for biological samples have secondary electron detectors, however some SEMs may also be 
equipped with backscatter detectors or environmental secondary electron detectors, all of which can be 
adjusted to diminish or eliminate the effects of minimal charging.  If the charging effects are more 
pronounced, it is likely that there is poor grounding of the sample or too little sputter coating to reflect 
the electrons, causing the charged electrons to build up in the specimen and be spontaneously released, 
producing distortion in the image during acquisition. Pronounced charging is most often resolved with a 
thicker coating or better grounding with silver paint. Because both too much and too little sputter 
coating can negatively impact the quality of the image, it is best to optimize the amount and time the 
sample is sputter coated. As the coating cannot be removed once applied to the sample, we recommend 
a test run with a single sample before coating all of the samples. 


