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Director: Terje Dokland, Ph.D. Facility Manager: James Kizziah, Ph.D.

Equipment and capabilities
The UAB Cryo-Electron Microscopy Facility (CEMF) provides capabilities for high-
resolution electron microscopy and tomography of stained and unstained specimens. 
Cryo-EM allows the observation of biological samples in their native environment, in the 
absence of the distortions and artifacts associated with traditional sample preparation 
methods, and is suitable for proteins and protein complexes, viruses, fibers, liposomes 
and intact prokaryotic cells up to about 1µm thickness. Cryo-EM only requires 3 µl of 
sample per grid at a concentration of ≈ 1 µM. Many samples that are too flexible or 
heterogeneous for other structural biology approaches may be amenable to cryo-EM. In 
combination with three-dimensional reconstruction procedures, cryo-EM is capable of 
determining near-atomic resolution (<4Å) structures of proteins from ≈100kDa to multi-
MDa macromolecular complexes. Additionally, electron tomography can be used to 
generate 3D structures of pleomorphic objects like cells and organelles. 

CEMF equipment includes: 
Thermo Fisher Glacios 2 electron microscope 
• 200kV FEG with 12-grid Autoloader
• Falcon 4i direct electron detector
• Ceta-16M CMOS detector
• EPU Multigrid and EPU Tomo software
• Data throughput 600 images/hr
• Attainable resolution ≤2.2 Å

Negative stain imaging

Cryo-EM can be used for imaging proteins and protein complexes as small as 100-150 
kDa, as well as ribosomes, viruses and small cells up to ≈1 µm thickness. 

Portal proteins , a 720 kDa dodecamer 
from Staphylococcus aureus 
bacteriophage 80a. Inset, representative 
2D class averages. Terje Dokland, UAB

Porcine reproductive and respiratory 
syndrome virus (PRRSV), showing 
the internal core. Spilman et al 2009 
J Gen Virol 90, 527-535. Terje 
Dokland, UAB. 

Prochlorococcus, an oceanic 
cyanobacterium. Arrows point to 
carboxysomes. Hennon et al 2017 
ISME J 2017.189. Jeff Morris, UAB.

Cryo-EM can be combined with single-particle or tomographic reconstruction procedures 
to generate 3D structures of proteins, protein complexes, viruses and other specimens. 

… and imaged in the microscope at –180°C using EPU or the 
SerialEM interface, here showing an image of the holey film with 
sample covering many of the holes. Images can be collected 
automatically with low electron dose at each hole. 

Samples are frozen 
with  the FEI Vitrobot…

The sample (3 µl) is placed on a special 
perforated “holey film” support. Samples 
should be at 1 µM concentration in low 
ionic strength (<250 mM) solution…

Cryo-EM Procedure

• Sample preparation for negative stain and cryo-EM
• Room temperature and cryogenic imaging and data collection 
• Computational services: data processing, 3D reconstruction and analysis
• User training in sample preparation, imaging and data processing methods

• Rates (internal users§): 
• Microscope usage, room temperature:    $55 / hr
• Microscope usage, cryogenic*:      $60 / hr
• Cryo-EM sample preparation:      $50 / session
• Operator assistance/labor:      $60 / hr
• Computational services:       $60 / hr
• Grids:          $6–$20 / each

*Rates for Glacios data collection are currently capped at $480 + labor per 24-hour 
period per user
§External academic users pay 50% more; non-academic users pay 200% more. 

Location and Contact Information

Terje Dokland, Ph.D.
 Facility Director
 996-4502 (Office)
 dokland@uab.edu   
       
       
 

 James Kizziah, Ph.D. 
Facility Manager

 975-3376 (Office) 
kizziah4@uab.edu  

      
   

Services offered
(caption on next page)
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absence of Orc6, filaments were short, and Nanogold staining did 
not reveal any noticeable pattern (Figure 8, A and A′). However, 
the addition of His-tagged Orc6 greatly facilitated septin polymer-
ization and allowed the detection of Orc6. As presented in Figure 
8, B and B′ (no GTP added), and Figure 8, C and C′ (in the pres-
ence of GTP), His-Orc6 molecules specifically localize along septin 
filaments, consistent with a role for Orc6 in septin polymerization, 
perhaps stabilizing and facilitating filament growth through pro-
tein–protein interaction. Using Nanogold labeling during EM al-
lowed an estimation of the stoichiometry of His-Orc6 binding to 
the septin filaments. We quantified the number of bound Nano-
gold particles (where each particle corresponds to one His-Orc6 
molecule) per septin complex from EM images as shown in Figure 
8. Assuming that each septin hexamer contains two Pnut mole-
cules, and knowing that Orc6 interacts with Pnut, we expected to 
observe two Nanogold particles per monomer unit. The number of 
Nanogold particles associated with Orc6 molecules along 
the filaments was divided by the number of 24-nm septin hexam-
ers composing the filaments. The experimental result was 2.26 ± 
0.34 (n > 30 filaments were analyzed), which is very close to the 
expected 2:1 ratio.

Orc6 forms dimers in vitro and in vivo
We found that purified recombinant Orc6 protein behaves as a di-
mer in our biochemical assays. To test the ability of Orc6 to form 
dimers, we first purified the Orc6 protein to homogeneity and 
loaded it on a Superdex 75 sizing column (Figure 9A). The recombi-
nant, highly purified Orc6 protein produces two peaks during sepa-
ration on a Superdex 75 sizing column, corresponding to ∼60 and 
30 kDa. Silver-stained gel and Western blotting experiments (Figure 
9A) confirmed the presence of Orc6 in both peaks, suggesting that 
the larger, ∼60-kDa peak was formed by interaction of two Orc6 
molecules. Full-length Orc6 protein often shows two close bands 
during PAGE due to partial degradation. Similar results were ob-
tained when Orc6 Δ(200–257) mutant protein with deleted C-termi-
nal domain (Figure 1A) was separated on a Superdex 75 column 
(Figure 9B), indicating that the observed dimerization of Orc6 does 
not require the C-terminal domain of the protein.

linear hexamer with Pnut protein at either end of the complex. We 
previously hypothesized (Huijbregts et al., 2009) that Orc6 binding 
to Pnut may enhance linear filament assembly and stabilize the 
formation of the filaments by Orc6–Orc6 interactions. To look into 
the mechanism of Orc6’s stimulating effect on septin polymeriza-
tion, we first tried to visualize Orc6 in reactions of septin filament 
formation using negative-stain EM. We used nickel-nitriloacetic 
acid (Ni-NTA) Nanogold reagent, which binds specifically to His 
tag and allows visualization of His-tagged proteins during EM ex-
periments. His tag was removed from purified recombinant septin 
complex, and the reaction of filament formation was set up in the 
presence of His-Orc6 and GTP. After a 2-h incubation, samples 
were applied on the EM grid and stained with Ni-NTA Nanogold 
to visualize His-Orc6. The results are presented in Figure 8. In the 

FIGURE 6: Mitoses in neural ganglia of Pnut GTPase domain mutants. 
(A) The 2n metaphases in pnutXP mutant rescued with FLAG-pnut (G4) 
transgene. (B, C) Polyploid metaphases in pnutXP mutant rescued with 
FLAG-pnut (G1,G3,G4) transgene with four (B) and more than four 
(C) sets of chromosomes. Scale bar, 10 µm.

FIGURE 7: Mutations in GTPase domain disrupt Pnut membrane 
association. (A–C) Third-instar larvae eye imaginal disks. (D–F) Larval 
testes tips. Tissues presented are from wild-type (Canton S) flies 
(A, D) and fly strains carrying pnutXP mutant rescued with wild-type 
FLAG-pnut-wt transgene (B, E) or pnutXP mutant rescued with 
FLAG-pnut (G4) transgene (C, F). Anti-Pnut antibodies were used for 
immunostaining (green) in A and D–F, and anti-FLAG antibodies were 
used for immunostaining (red) in B and C. Scale bars, 10 µm.

FIGURE 8: Orc6 directly interacts with septin filaments. Recombinant 
wild-type septin complex Pnut-Sep2-Sep1 (20 ng/µl) was incubated in 
the absence of His-Orc6 and any nucleotide (A, A′), in the presence of 
His-tagged Orc6 (15 ng/µl; B, B′), or in the presence of His-tagged 
Orc6 and 1 mM GTP (C, C′). After 2 h of incubation, samples were 
applied on EM grid and labeled with 5 nm Ni-NTA-Nanogold. Scale 
bars, 100 nm.

Negative staining and room temperature imaging can be used for a wide variety of 
samples and is useful for assessing sample quality and concentration. In combination 
with immuno-gold or Ni-NTA-gold labeling, negative stain images can identify locations of 
specific proteins in the sample. 

Septin filaments in the presence of His6-Orc6, labeled with Ni-NTA-
gold. Akhmetova et al 2015 Mol. Biol. Cell 26. (Igor Chesnokov, UAB). 

Image of negatively stained GBF1, a 
member of the Sec7 family of ARF-
activating guanine exchange factors. 
Right, representative 2D class 
averages. Elizabeth Sztul, UAB. 

Negatively stained Streptococcus 
mutans glucosyl transferase GtfD. 
Right, 2D class averages. Champion 
Deivanayagam, UAB. 

Cryo-EM imaging

Streptococcus pneumoniae 
ribosomes. Terje Dokland, UAB.

Native human H2Aub nucleosomes. 
Hengbin Wang, Virginia 
Commonwealth University

Human lung exosomes. Hough et al 
2018 Redoc Biol. 18, 54-64. Jessy 
Deshane, UAB. 

3D Reconstruction

Talos F200C electron microscope 
• 200kV FEG, Gatan 626 and 698 side-

entry specimen holders
• Direct Electron Apollo detector
• Ceta-F CMOS detector
• EPU and SerialEM software

We are located in Shelby B40, 1825 Univ. Blvd.
For scheduling, consultation and more information, 
contact: 

James Kizziah at the Thermo Fisher Glacios 2 microscope

80a portal protein complex, 
3.1 Å resolution. 

The image data are processed in GPU-accelerated workstations or 
on the Cheaha cluster to produce 3D representation of the structure. 
Depending on symmetry and size, from 10,000 to 500,000 particle 
images may be needed for an atomic resolution structure.  

Apoferritin

Apoferritin reconstruction 
at 2.2 Å resolution from 
Glacios 2 microscope

3D reconstruction

S10 OD024978 (Dokland)
P30 CA013148 (Sleckman)  

Other equipment:

• FEI Vitrobot Mark IV
• Gatan CryoPlunge
• Pellco easiGlow glow 

discharger
• Tergeo-EM plasma 

cleaner
• Leica UC7 cryo-

microtome (available 
through HRIF) 

Sub-tomogram averaging 
of phage tails. 

S. pneumoniae ribosome, 
2.9 Å resolution. 

Phage Andhra 
(composite) 


