


[bookmark: B18B8BCE]Finding and annotating aligned structures
This procedure shows a method for aligning the spike proteins from two structures and using the alignment to show where an antibody binds to the spike protein relative to the site where ACE2 binds to the spike protein.  Aligning structures is helpful because it puts the structures in the same position making them easier to compare. You will also learn how to add annotations and how to save a link to your annotated structures so you can use them again.
Go to the NCBI and search for 6M0J. (Note:  this PDB ID contains a zero, not the letter O).
Click the title of the structure. In this case, the title is “Crystal Structure of SARS-CoV-2 spike receptor-binding domain bound with ACE2.”
This structure contains a small portion of the SARS-CoV-2 spike protein and the ACE2 protein. Different letters are used to identify the protein chains in this structure. 
Use the information in the table to determine which protein chain (A or E) corresponds to the Receptor Binding Domain (RBD) from the spike protein and which protein chain corresponds to the human ACE2 protein.  Record your answers in the data sheet.
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Scroll up to see the top of the page. Click the Vast+ button.
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Type “neutralizing” in the “Search within results” area and click Go. This will allow you to search through the VAST+ results for aligned structures that contain neutralizing antibodies. 
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We are searching for neutralizing antibodies because those are the antibodies that are most likely to be protective, at least against some variants of SARS-CoV-2.
Look through the table and find the row with 6XE1 (below).  We will use 6XE1 for this example. Towards the end of this part, you will look at an alignment to a structure that contains a different neutralizing antibody. [image: Picture]

Click the + button on the left side of the PDB ID to view a diagram showing the protein chain from 6M0J aligned to a protein chain from the structure in the table (in this case the protein chain is the spike protein from 6XE1).  

A diagram of the protein chains in the structure will open below the row. 
This diagram shows that 6M0J contains the spike protein and ACE2.  It also shows that 6XE1 contains the spike protein and the Fab portion of the CV30 antibody.  The blue highlighting shows the aligned protein chains. In this case, the aligned chains are from the spike protein. 
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Click Visualize 3D structure superposition to view the aligned structures in iCn3D.
Annotate the structure to make it easier to identify and see where the ACE2 protein and antibody proteins are binding to the spike protein.  
Open the Analysis menu and choose Seq. & Annotations.
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Click the name of the ACE2 protein chain (6M0J_A). This action selects the chain and highlights it in yellow.
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Open the Style menu. Choose Proteins, and then choose Sphere. 
Selecting a protein chain and choosing the Sphere drawing style will cause atoms in the selected protein (ACE2) to be drawn as spheres.  
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Open the Color menu. Choose a light color. 
This will change the color of any selected protein chain (ACE2) to a light color.
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Annotating is the process of adding extra information to a document or image. Sometimes images are annotated with labels.  In the case of molecular structure models, annotations can include colors and drawing styles.
Annotate the heavy and light chains of the antibody. 
Select the heavy chain of the antibody and use the same process as above to change the drawing style to spheres and the color to brown.
Select the light chain. Change the drawing style to spheres and the color to blue.
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Compare the structure of the spike protein bound to ACE2 with the structure of the spike protein bound to an antibody by doing the following:  
Press the “A” key on your keyboard or click the Alternate button to alternate between the structure containing ACE2 and the structure that contains an antibody.
If ACE2 and the antibody bind to the same part of the spike protein, then the antibody is likely to block binding to ACE2 and prevent infection.
Does this antibody look like it would interfere with the ability of the spike protein to bind to ACE2?
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Return to the VAST+ table at the NCBI (step 6).
Choose a different structure from the VAST+ table. This will contain a different neutralizing antibody.
Record the PDB ID for your new structure alignment.
Annotate ACE2, and the antibody in your new alignment, as you did in steps 10c – 11 to determine if the antibody in your new structure might neutralize SARS-CoV-2 by blocking binding to ACE2. 
Open the Style menu and choose white.
Alternate between the structures and save one image showing the spike protein bound to ACE2 and one image showing the spike protein bound to your new antibody.
Paste the images of your spike protein and ACE2 and your new antibody and the spike protein in your data sheet.
Open the File menu and choose Share link.
Copy the Lifelong Short URL and save it in your notes. 
[image: Graphical user interface, text, application

Description automatically generated]



3

image3.png
Search within results: neutralizing Go | | Reset 2

A Aligned A A Aligned A Sequence A
Taxonomy Protein Vv RMSD y  pegidues V Identity V

Others 2 0.78R 791 100%




image4.png
PDB ID Description Taxonomy 4 phgned §

Structure of SARS-CoV-2 spike protein receptor binding domain in

1 |
+] © 6XEL complex with a potent neutralizing antibody, CV30 Fab

Others 1




image5.png
PDB ID Description
1 O 6XEL Structure of SARS-CoV-2 spike protein receptor binding domain in
complex with a potent ﬁ antibody, CV30 Fab

Aligned & A Aligned A

A
Taxonomy §  protein v RMSD y  Residues V

Others 1 0.61& 194

Sequence A
Tdentity ¥

100%

Aligned Molecules (&
Query structure 6M0J

@ Spike protein S1 194(229)
@ Angiotensin-converting enzyme 2 0(603)

Matched structure 6XE1

@ spike protein 51 194(273)
@ cv30 Fab Heavy chain 0(224)
@ cv30 Fab Kappa chain 0(215)

*Select schematic circles £ o highlighted molecule names to view matches

structure super





image6.jpeg
Analysis Help Toolbar -

Seq. & Annotation

Niged Seq
2D Diagram
(2D Cartoon>
Defined Sets

Interactions
Contact Map
Mutation

DelPhi Potential
Load PQR/Phi >
Download PQR

Distance >
Surface Area
Label >
Label Scale >

Chem. Binding»
Disulfide Bonds »

Cross-Linkages >

Symmetry >

Window Title
Links >

All atoms

Sequences and Annotations

Annotations:
Oan ® Conserved Domains () Ciinvar (OFunctional €
Ocustom (3D Domains Osnps Ointeractions

(Opisuifide Bonds () Cross-Linkages

Show All Chains.

Proteins:

Annotations of 6M0J_A: Angiotensin-converting enzyme 2 Add Track Custom Colc
Protein 6M0J_A 19 | 621

+ domain: M2_ACE 572 Res 572 Residues

Annotations of 6M0J_E: Spike protein S1  Add Track  Custom Color/Tube  Helix
Protein 6M0J_E 319 6M0J_E 547
+ domain: SARS<C... 223 Res ERSEIT] 223 Residues

Annotations of 6XE1_H: CV30 Fab Heavy chain ~ Add Track  Custom Color/Tube
Protein 6XE1 H q 294




image7.png
Proteins:

Annotations of 6M0J_A: Angiotensin-converting enzyme 2 ~ Add Track  Custom Colc

ProteinGMOLA 19 w0 621
+ domain: M2_ACE 572 Res [ o I 572 Residues





image8.jpeg
Style Color Analysis H

? Ribbon E
ns , Side Chains» Strand
Nucleotides > Cylinder and Plate
€ Chemicals » Schematic
Glycans >  C Alpha Trace
lons > Backbone
Water» B-factor Tube
Preferences Lines
5 Stick
Save Style
Ball and Stick

SR Apply Saved Style

Surface Type » Hide
Remove Surface
Surface Opacity »

Surface W\relrame? 8

]
72

Background »
Dialog Color>




image9.jpeg
Color Analysis Help [ o] :
Selection

Unicolor > Red>

« Color Picker | Pink> [N e

Orange>
Rainbow (RV)» 9 Summary | Details
Yellow >

Spectrum (V-R)

Magenta > Annotations:
Secondary> =
Green> Al
Charge
Cyan> ”
Hydrophobicity » Custom
Blue>
e Disulfide Bonds
Brown >
Solvent
Accessibility White > White
Chain Gray> Snow
Defined Sets > Honey Dew
Residue > Mint Cream
Atom Azure
Identity Alice Blue
Conservation Ghost White
White Smoke
Save Color -
Apply Saved Color Solge

Old Lace




image10.jpeg
Invariant Core Structure Alignment of ~ and  from VAST+





image11.jpeg




image12.png
File Select View Style Color Analysis

Search Structure Save iCn3D H-Bonds & View Toggle Remove
Search Similar> | PNG Image Interactions Selection Highlight Labels

Retrieve by ID >

Open File > Copy a Share Link

Align»
9 Please copy one of the URLs below. They show the same result.
Realign Selection » (To add a title to share link, click "Windows > Your Note" and click "File > Share Link" again.)

DG Original URL with commands:

Save Files » 6VSB_A_SARS:CoV:2_Spike_51_RBD or 6VSB_A_SARS:CoV:2_Spike.S1_RBD or 6VXX_B_SARS:CoV:
2_Spike_S1_RBD; set labels off; set background white; set annotation all; hide annotation all; set
annotation all| | |{"factor":"1.000","mouseChange":{"x":"0.000","y":"0.000"},"quaternion":

Replay Each Step » {"_x":"-0.3818","_y":"-0.5119","_z":

e

.5957","_w":

48721}

Lifelong Short URL:(To replace this URL, send a pull request to update share.html at i
https://structure.ncbi.nl h.gov/icn3d/share.htm(?YCqM4va3sMouE15q7





image1.png
Label | Count

Molecule

Proteins (2 m:

olecules)

(7] 1

1 Protein
3D Domains
Domain Families

Specific Hits
Super Families

Angiotensin-converting Enzyme 2

H—l—i—l—l—u—l—ul—u—u—l—u—u—l—u—l—d
ey T —

1 Protein
3D Domains
Do Families

specific Hits
Super Families

Spike Protein S1

=
T -, )
— e —





image2.jpeg
PDB ID: 6M0J  Download | @
MMDB ID: 186262 3

PDB Deposition Date: 2020/2/21 @
Updated in MMDB: 2020/05 @
Experimental Method: x-ray diffraction @
Resolution: 245 A

Source Organism: Severe acut.. v g
Similar Structures: @
Download sequence data [Ed]





