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Phage capsids collect by CDW on JEOL 1230 TEM



• Negative Staining Beyond UA
–What is Negative Staining
–How to Negatively Stain Samples
–Which Stain to Choose
–Troubleshooting

• Return to Lab Q&A
–COVID Research at BioCryo
–Making Sense of Reopening
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Charlene
“Bene”
Wilke

they/them/she/her
Office: Hogan 5-125

“If you ever have a 
chance to work on 

Bacteria-Phage, 
jump on it!  You’ll be 

amazed what you 
see.”

Eric 
“W.”
Roth

they/them/their’s
Office: Silverman B545
“Mastery through 

endless repetition”
“Happy 

Microscopy!”
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Grid with a support film: 
Carbon Film, Graphene

Oxide, etc.

Grid material:
Cu, Ni, Au?

Glow Discharge / Plasma 
Cleaning

Why, When and How long
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Sample
Wash solution, di water
Stain
Grids
Parafilm or petri dish
Pipetter P10, P200
Forceps, preferably negative 
action and anti- capilary
Filter paper
Grid box for storage
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Example micrographs of Tobacco 
Mosaic Virus stained with  
(A) 1% UF (B) 2.5% TmAc
(C) 2.5% ErAc. (D) 1% UA 
(E) 2.5% GdAc and (F) 2.5% SmAc. 
Scale bars are 100 nm

Scarff, Charlotte A., et al. "Variations on negative stain electron 
microscopy methods: tools for tackling challenging systems." JoVE
(Journal of Visualized Experiments) 132 (2018): e57199
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Supramolecular particle formation in E1C phase

Dai, Min, Jennifer Haghpanah, Navjot Singh, 
Eric W. Roth, Alice Liang, Raymond S. Tu, and Jin 
Kim Montclare. "Artificial protein block polymer 
libraries bearing two SADs: effects of elastin 
domain repeats." Biomacromolecules 12, no. 12 
(2011): 4240-4246.
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Sample: Justin Modica (Mrksich Group, Northwestern)
TEM: Sonali Dhindval (VPD Group, Northwestern)
Captured on JEOL ARM300 TEM

Macro Molecules imaged 
with UF prior to cryoTEM



Images collect by CDW on JEOL 1230 TEM
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Negative stain of SARS-CoV-2 VP in focus (a), and 
defocus (b) to resolve virus envelope in finer 
detail, (c) high mag and processed image 
illustrating ‘stalk’ connecting peplomer to virion
surface
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Unstained cryoTEM (a) Vs. Negative Stain cryoTEM (b) of 
tobacco mosaic virus.  Staining allowed for higher resolution 
imaging without destroying morphology. 

Adrian, Marc, et al. "Cryo-negative 
staining." Micron 29.2-3 (1998): 145-160.
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“This strategy yielded high contrast and fine detail with very 
little non-specimen background.” 

Chance, Deborah L., and Thomas P. Mawhinney. 
"Using Negative Staining TEM to Study 
Structure/Function Relationships of Cystic Fibrosis 
Host-Adapted Opportunistic Pathogen Pseudomonas 
aeruginosa." Microscopy and Microanalysis 23.S1 
(2017): 1354-1355.

Negative staining of Pseudomonas aeruginosa, a key 
player in Cystic Fibrosis infections. 
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NanoVan used as a negative stain in combination with 
immuno gold labeling to identify DRP1 (a protein 
resposible for mitochondrial membrane fission) 
molecules (A) prior to cryoTEM analysis and 3D 
reconstruction (B, C, D)

Basu, Kaustuv, et al. "Molecular mechanism of DRP1 
assembly studied in vitro by cryo-electron microscopy." 
PloS one 12.6 (2017): e0179397.
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Scarff, Charlotte A., et al. "Variations on negative stain electron 
microscopy methods: tools for tackling challenging systems." 
JoVE (Journal of Visualized Experiments) 132 (2018): e57199
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Collagen Fibers
Collect by CDW on 
JEOL 1230 TEM

Inconsistent 
Staining

Positive Vs. 
Negative 
Staining Effects 
with (UA) on 
same grid
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Phages
Collect by CDW on 
JEOL 1230 TEM
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Inconsistent 
Staining

Positive Vs. 
Negative 
Staining Effects 
with (UA) on 
same grid



Inconsistent Staining
Gradient effect as stain settles and 
pools unevenly.  Staining spans from 
slightly positive with a dark 
background (upper left), to stongly
stained background (middle band), 
to pure negative (lower right)

Macro Molecules Collect by CDW on JEOL 1230 TEM
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Buffer Salts Collect by CDW on JEOL 1230 TEM
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Mistaking Buffer Salt for Sample
Work with a high salt concentration 
sample or insufficiently rinsing 
sample prior to negative stain can 
result in the formation of salt 
crystals on the grid.  
No, this is not your sample.



Surprises of electron microscopic imaging 
of proteins and polymers covering gold nanoparticles 
layer by layer

Gold Nano Particles with Polymer Coating
1) No Staining   2) Uranyl Acetate  3) PTA pH 0.5
4) PTA pH 3.0    5) PTA pH 5.0       6) PTA pH 7.0

Polymer shell invisible 
with UA and higher pH PTA
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• Yes, we are accepting COVID samples (infected tissue and 
virus particles)

• Virus Particles must be deactivated (tissue or VP’s 24 hours in 
Glutaraldyhyde)

• We are not a BSL 2 or BSL 3 lab, -NO LIVE SAMPLES-
• Clear communication is required
• Must disinfect outside of tube/container prior to delivery
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A/B- only access through elevator, Limited capacity in Hogan 5-150 
(4 people maximum) and Silverman B555 (2 people in room, 1 at bench)
PPE & Hygiene

Must wear gloves and mask on equipment
Wipe down high-touch areas with 70%ETOH and paper towel

Microscope Usage
Only usable by researchers with 24/7 access
Reservations made by staff 2 days in advance, 9AM-6PM
Please, start sessions with your phone
No Trainings
1 Person/Room, Follow Traffic signs
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