
Michael G. Rossmann and Hybrid 

Methods: High Quality 

Interpretation of Low Resolution 

CryoEM Maps

S. Saif Hasan
-Department of Biochemistry and Molecular Biology, University of Maryland School of 

Medicine, Baltimore MD

-Center for Biomolecular Therapeutics, University of Maryland School of Medicine, 

Rockville MD

-Institute for Bioscience and Biotechnology Research, Rockville MD

Post-Doc with MGR, July 2013-January 2019

American Crystallographic Association Annual Meeting 

July 20th 2019, Covington KY



DI

DIII
DII

Why Was Michael Interested In Dengue Virus in Early 2000s?

• Enveloped, +RNA-genome containing flavivirus transmitted by Aedes mosquito

• Spectrum of symptoms: Mild fever to hemorrhagic shock and death

• Multiple outbreaks in the Americas in early 2000s:

2000- Ecuador, 23,000 cases

2000- Paraguay, 25,000 cases

2001- Peru, 23,000 cases

2002- Pan America, >1,000,000 cases

• Mature infectious form: Envelope (E) protein on surface

• E protein: Major target of neutralizing antibodies

• E protein dimer crystallized from TBEV (Felix Rey and Stephen Harrison, Nature 1995)

• No structure of mature infectious virus…



• First structure of infectious flavivirus

• CryoEM, resolution=24Å

• Michael→interpretation



CryoEM Map of Mature Dengue Virus @ 24Å Resolution
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• Icosahedral reconstruction

• Smooth featureless golf-ball

• No spikes on surface →

interpretation challenging

500Å



E-protein layer, centered ~245Å

E Protein Distance from Viral Center?



Section of Dengue Virus Map at ~245Å from Center

At 24Å resolution, 

jumbled mess of a map, 

hard to interpret for 

everyone…
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2000s: Fitting crystal 

structures by hand→

subjective + inaccurate + 

IGNORANTn, 

n=ad nauseum

At 24Å resolution, 

jumbled mess of a map, 

hard to interpret for 
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“Single Finger Fast Typing” 
Artist: Jianing “Kara” Fu

Michael’s last graduate student

Michael Pushes Technology Development



Rcrit=∑ωi si
( θ - <θ>)

σi (θ)
[          ](∑ωi)

1/2

ω, weighting factor

s, sign factor (+1 for maximization; -1 for minimization)

θ, parameter (+density, -density, clashes)

σ, standard deviation of parameter (θ)

Principles of fitting crystallographic coordinates into EM map: 

-Maximize number of atoms in high density regions

-Minimize atoms in low (or negative) density regions

-Minimize clashes between symmetry-related molecules

“Single Finger Fast Typing” 
Artist: Jianing “Kara” Fu

Michael’s last graduate student

Introducing EMfit



Dimer 2-fold axis || i2 axis

Two search parameters: rotation & translation about i2 axis
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Interpreting the Dengue Virus Map

4 experiments: Dimer facing down

Dimer facing up

Dimer facing down

Dimer facing up

Reconstructed map (“+”)

Inverted map (“-”)
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The Icosahedral E Protein Dimer

Coordinates and cavities

Unoccupied volume



The Remainder of the Asymmetric Unit

Voxels occupied by 

icosahedral dimer set to 0

Unoccupied volume



The Remainder of the Asymmetric Unit

Voxels occupied by 

icosahedral dimer set to 0

Unoccupied volume

2-fold axis



Rotation & 

translation: 

q2 axis

Orientation 

of q2 axis

• Radial quasi-2-fold axis (“q2”)

• Dimer 2-fold axis || q2

• Three parameters refined:

• Translation

• Rotation

• q2 axis orientation

The Remainder of the Asymmetric Unit



A Raft is Discovered…

General position dimer

Icosahedral dimer



…By a Sailor



Structure of Dengue Virus by Michael Rossmann
Specific domain organization of E protein:

Domain I: i3 axis

Domain II: i2 axis

Domain III: i5 axis

Confirmed by high resolution structures of Dengue, 

Zika, TBEV, KUNV, WNV

MGR: Deep understanding of symmetry, truly 

believed in viral icosahedral symmetry→guiding

principle of his career 



So Much For Michael’s Principles (of Icosahedral Symmetry)
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