
“Building Your Own 3D Puzzle”

by Craig Lollin [UserName: clollin]   ~   3/21/2022



This looks pretty cool...How can 
I create a 3D Eterna puzzle?

What are the steps to creating a 3D Eterna puzzle?

The First Eterna3D Puzzle - https://eternagame.org/puzzles/11213497

About the Puzzle

Our first Eterna3D puzzle is a simple helix (stem) demonstrating 

that while our 2D layout in Eterna puzzles depicts a helix as a flat 

structure, it actually twists, much like DNA.

Bases can be mutated in either the 2D or 3D representation. Hover 

over a base in the 3D model to see the base number. Hovering over 

a base in the 3D model also highlights the base in the 2D model 

(and vice versa). The 3D model is target mode only. More 

information can be found on Eterna Wiki.

3D file borrowed from Drosophila melanogaster-the K10 transport 

localization element. PDB 2KE6

https://eternagame.org/puzzles/11213497


Overview

• My intro to this was:  “The First Eterna3D Puzzle” -
https://eternagame.org/puzzles/11213497

• I suggest you go there and read “About the Puzzle” as well as the 

“Discussion” section for a thorough background.

• Summary – I solved the puzzle and posted “I like being able to see that 3D interface! Not 

that this is a challenging puzzle, but with the PDB accession number listed, the FASTA file and sequence 

is easily accessible to solve (or at least get close).”  

• DigitalEmbrace provided a sort of challenge to me – see above...

• Well...I can’t let a good challenge go unaddressed, so I was off to figure it out.

https://eternagame.org/puzzles/11213497


Research – How did they do this?  I want to be able to do 
this!  How am I going to do this?

• Beam to PuzzleMaker – what did they do?



Research – How did they do this?  I want to be able to do 
this!  How am I going to do this?

• Beam to PuzzleMaker – “Load 3D Model”

• “WHAT 3D Model are they loading???” – basically asking for a file



Research – How did they do this?  I want to be able to do 
this!  How am I going to do this?

• Beam to PuzzleMaker – what did they do?

• “WHAT 3D Model are they loading???” –

• “3D file borrowed from Drosophila melanogaster - the K10 transport 

localization element. PDB 2KE6”

PDB is the Protein Data Bank - https://www.rcsb.org/

RCSB PDB (Research Collaboratory for Structural 

Bioinformatics PDB) operates the US data center for 

the global PDB archive, and makes PDB data 

available at no charge to all data consumers without 

limitations on usage

https://www.rcsb.org/


I am familiar with the PDB due to my involvement in the 
Waksman Student Scholars Program - WSSP https://wssp.rutgers.edu/

Originally 2Y9A – Now Obsolete and entered 

under 4WZJ – Spliceosomal U4 snRNP core 

domain

https://www.rcsb.org/structure/4WZJ

My WSSP (Piscataway High School, NJ) 

students identified one of the seven “ring” 

proteins of this snRNP complex and when we 

went to model it using jMol, we discovered 

there was RNA within the structure.  We 

decided to go ahead a model it, but needed 

permission from WSSP to go ahead with this 

since they had not modelled anything with 

RNA to date...so we were the first to do that 

within the program.

Honestly, we were very proud of ourselves!

https://wssp.rutgers.edu/
https://www.rcsb.org/structure/4WZJ


So how do we use PDB?

Just paste in the PDB 

Accession # into this field and 

usually it will show you a drop 

down of the Accession # - just 

click it.

This will take you to the main 

PDB page for that entry.

This is where you will find all 

the relevant details and files.

Every molecular model (atomic coordinate file) in the Protein Data Bank (PDB) has a unique 

accession or identification code. These codes are always 4 characters in length. The first 

character is a numeral in the range 1-9, while the last three characters can be either 

numerals (in the range 0-9) or letters (in the range A-Z in the Latin alphabet). Plans for an 

expanded identification code system that handle more entries have been announced.



So how do we use PDB?

These are the files associated with the 

PDB entry.

You will want the FASTA sequence file, the 

PDB format file, possibly the CIF file...

I recommend you download them into a 

folder for use and possible later research.



Files – FASTA Sequence file 



Files – PDB Format file 



So how did I make it a new one?  

• Go to PDB and search for anything that has RNA, but I ran into problems immediately.

• Many PDB entries have RNA and Protein and the PDB Format files have ALL the coordinate data for 

both (ALL) and so it will not work in ETERNA when trying to upload the 3D file in PuzzleMaker. 

(basically it needs to be just 1 sequence).

• My options at this point are to edit the PDB Format file and delete away any non-relevant sequence 

data – either from protein or other RNA or even hetero atoms like HOH (water).

• I tried this but when saving the file it cannot be saved as a PDB file extension (or at least I can’t do 

that) – soooo, this may be a dead end!!!

• So the other option is to search for polymer entities, which restricts your search to entries with just 1 

type of sequence.



So how did I make it a new one?  

• Within PDB, search for RNA, but restrict your search to Polymer Entities





About the Puzzle

@DigitalEmbrace

Suggested I create the 

first 3D player made 

puzzle. Obtained from 

PDB entry 17RA -

BRANCHPOINT HELIX 

FROM YEAST AND 

BINDING SITE FOR 

PHAGE GA/MS2 COAT 

PROTEINS, NMR, 12 

STRUCTURES

This is a very small, very 

simple RNA entity that I 

thought could have a 

clean PDB file so it would 

work in the Eterna 3D 

model.  It can be done!

1st - [VRNA_2]BRANCHPOINT HELIX    https://eternagame.org/puzzles/11221715 16 Feb 2022

https://eternagame.org/puzzles/11221715


About the Puzzle

PDB Entry 1A51 - LOOP 

D/LOOP E ARM OF E. 

COLI 5S RRNA, NMR, 9 

STRUCTURES

Locked the unpaired 

bases per the native 

sequence from PDB 

FASTA

2nd - LOOP D/LOOP E ARM    https://eternagame.org/puzzles/11221882 16 Feb 2022

https://eternagame.org/puzzles/11221882


About the Puzzle

PDB Entry 1AFX - UGAA 

EUKARYOTIC 

RIBOSOMAL RNA 

TETRALOOP, NMR, 13 

STRUCTURES

3rd - [EFOLD]UGAA EUKARYOTIC RIBOSOMAL RNA TETRALOOP    https://eternagame.org/puzzles/11223109

17 Feb 2022

https://eternagame.org/puzzles/11223109


About the Puzzle

PDB Entry 1B36 - SOLUTION 

STRUCTURE OF THE 

HAIRPIN RIBOZYME LOOP B 

DOMAIN RNA, NMR, 10 

STRUCTURES

https://www.nature.com/articles/

nsb0399_212

From the Abstract:  "Here we 

present the solution structure of 

the loop B domain of the hairpin 

ribozyme, which contains most 

of the catalytically essential 

nucleotides. The 38-nucleotide 

domain contains a 16-

nucleotide internal loop that 

forms one of the largest non-

Watson–Crick segments of 

base pairing thus far 

determined by either NMR or 

crystallography. "

4th - [EFOLD]HAIRPIN RIBOZYME LOOP B DOMAIN RNA    https://eternagame.org/puzzles/11223124

17 Feb 2022

https://eternagame.org/puzzles/11223124


RNA Fold

http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi

How do I get the Dot Bracket Structure for this sequence...?

http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi


• CAN I DO THIS WITH MY EXISTING PUZZLES?  And 

therefore with any other puzzle in ETERNA...

• OKAY, I can get the Dot Bracket Structure for my created 

puzzles (RNA Fold), but my problem now is created 

puzzles don’t have PDB Format files to create the 3D 

info for PuzzleMaker...sad face...stop now...never

• Natural question...how do I create a PDB Format file?



About the Puzzle

This is awesome!  Thanks 

owed to several people in the 

forum, but a little digging 

brought me to this site:  

https://rnacomposer.cs.put.pozn

an.pl/

With the sequence from my 

puzzle and the dot-bracket 

code from puzzle maker, I was 

able to create a PBD text file 

which works perfectly in jMol

and in this Eterna 3D puzzle.

What's even cooler, is that in 

3D it looks a lot like the letter A.

5th - Alpha - 3D    https://eternagame.org/puzzles/11223535 18 Feb 2022

Original Alpha Puzzle    https://eternagame.org/puzzles/451129

https://rnacomposer.cs.put.poznan.pl/
https://eternagame.org/puzzles/11223535
https://eternagame.org/puzzles/451129




RNA COMPOSER https://rnacomposer.cs.put.poznan.pl/

https://rnacomposer.cs.put.poznan.pl/








Conclusion

• 3D Puzzles can be made by anyone with a fairly straight forward series 

of steps...if you run into difficulty; I am more than happy to try and help!

• Try one and see!

• https://forum.eternagame.org/t/testing-eterna3d-functionality/4144 - DigitalEmbrace

Problems

• Puzzles that we create are rarely representations of biologically valid 

sequences and are thus NOT verified regarding folding (3D)

https://forum.eternagame.org/t/testing-eterna3d-functionality/4144


How to control 3D puzzles
I just tried some things that work with Jmol and realized that you can use the 

shift button with the mouse and it will pan. So all three options for moving 

would be directly accessible if rotate was the default. 

(For me anyway) 

• Shift and left click = pan. 

• Left click alone = rotate. 

• Scroll wheel = zoom. 

Try it out!



QUESTIONS?

Acknowledgments:  So many Eterna players have helped me in 

ways they may never know; whether it comes to solving a puzzle or learning 

something new.  Someone even recently helped my 5yr old daughter in the 

chat while she was playing on the site.  Thanks to all, especially:

DigitalEmbrace, lroppy, Eli Fisker, Anamfija, Astromon, jnicol, ETERNA DEV 

team and many others not mentioned...


