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1 – Linux Terminal, PHENIX, and Coot 
(handout created by Susanna Huang on August 14th, 2024, for STARS collegiate branch located at the Georgia 
Tech campus) 

 

INTRODUCTION 

As you may know, there are four stages of crystallography: 

1. Protein expression and purification 
a. Where the desired protein manufacturing instructions (or essentially the DNA 

coding the desired protein) is given to bacterial strains in the form of 
plasmids for the bacteria to mass produce the proteins, so that the high 
quantities of proteins can be obtained for crystallography experiments 

b. (but if you are working with just crystallizing nucleic acids, one advantage is 
that you can simply purchase the nucleic acid sequences and not have to 
worry about the expression and purification part) 

  
Figure 1. Left flask: an example of bacteria, which are manufacturing the desired protein, growing well 
in broth. Right flask: an example of bacteria that has just started to grow or is growing poorly in the 
broth. Source for photos and further reading: https://bitesizebio.com/28882/optimize-bacterial-
protein-expression-by-considering-these-4-variables/ 
 

2. Crystallization and crystal-growth optimization 
a. Where the protein and/or DNA samples are used for crystallization into 

beautiful crystals and where their crystal-growing conditions (experimental 
conditions) need to be optimized for best crystal quality growth (this is what 
we had worked on during the spring 2024 semester) 
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Figure 2. Left photo: lysozyme crystals grown for a STARS experiment (week 7, set up on March 14, 2024 by 
Susanna). Right photo: DNA crystals (CGCGCG) grown for an outside project (set up on 7/5/2024 and checked 
on 8/5/2024 by Susanna). 

3. Crystal harvesting and diffraction of crystals 
a. Where the good crystals are harvested, cryo-protected, and shipped off to a 

synchrotron facility and where the crystals are then diffracted at the 
beamline for X-ray diffraction data collection on the crystals’ structures 

  
Figure 3. Left photo: a lysozyme crystal being harvested onto a loop. Right photo: An example of good 
lysozyme diffraction data (one snap) from a different lysozyme crystal. (photo credit: Susanna Huang 
with the support of LBNL) 

 
4. Diffraction data solving, model building, and model refinement 

a. Where the diffraction data is scaled and integrated into electron density 
maps, and where these electron density maps are used in conjunction with 
model sequences to build the protein and/or DNA models and refine these 
models 

   
Figure 4. Left photo: Example of PHENIX GUI interface. Right photo: Example of Coot GUI interface, 
specifically for a 12-position methionine residue on lysozyme. (Susanna Huang) 
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AIMS FOR THIS HANDOUT 

This handout aims to: 

- Contextualize PHENIX and Coot with respect to the other three steps of 
crystallography (INTRODUCTION) 

- Provide a general introduction of model building and refinement in the 
crystallography process and its significance 

- Guide students through the download, installation, and set-up process for a Linux 
subsystem 

- Provide students with the basic understanding on how to navigate through a Linux 
subsystem, such as basic commands and typing into the Linux terminal 

- Guide students through the download, installation, and set-up process for PHENIX, 
Coot, Python3, and Rosetta 

This handout can be used for initial instruction to students and can be used for students’ 
self-guided download of these important programs. 

 

MODEL BUILDING AND REFINEMENT and THEIR SIGNFICANCE 

You have your beautiful crystal, which is a co-crystal of HDAC6, a cancer target protein, 
and a small molecule inhibitor of HDAC6. You wanted to see how the small molecule 
inhibitor was interacting with HDAC6, in terms of its mechanism (or essentially, what is 
occurring at the atomic level). You had decided to go with crystallography because the 
other two prominent methods for structure determination: (1) Solution NMR and (2) cryoEM 
just did not quite seem suitable for this specific system. Solution NMR is only really good 
for high atomic resolution for smaller systems that are around less than 100 kDa in mass 
(but HDAC6 on its own is already 130-150 kDa, so Solution NMR would not be possible 
here). cryoEM is really good for obtaining the general structure of large macromolecular 
systems, requiring the studied system to be at least 50 kDa, which is good news, but only at 
relatively low resolution (only around 10 Å and maybe 3 Å resolution at best for most 
cases), which would not be useful for obtaining atomic resolution (1 Å) information of the 
molecular interactions occurring between the HDAC6 and the small molecule inhibitor. X-
ray crystallography was the best bet here because it frequently provides atomic or near-
atomic resolution and can work for small systems as well as larger macromolecular 
systems.  

You have your beautiful crystal, and you harvested it, cryoprotected it, plunged it in liquid 
nitrogen, and shipped it off in a black puck (a hockey puck-sized puck, which has little 
holes for placing the crystal pins into), packed the pucks inside of a dewar (a shipping 
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container that is filled with a stack of pucks and lots of liquid nitrogen to keep it cold), and 
shipped it off to a synchrotron facility, such as the Advanced Light Source (ALS) at the 
Berkeley Lab.  

Several months later, when the ALS notifies you about available beamtime that you can 
use, you hop onto your computer, open a remote connection, obtained access to one of 
their macromolecular crystallography beamlines (such as 5.0.1 or 5.0.3, further reading 
here: https://bcsb.als.lbl.gov/beamline-overview/), and shot your crystal with X-rays to get 
some pretty diffraction patterns. 

ALS automatically helped you integrate and scale the diffraction patterns into an electron 
density map. You now have the HDAC6 sequence information in a .fasta file format, your 
crystal electron density information (with phasing information as well) in a .mtz format. 

What do you do now? 

Currently, the .fasta file is a string of alphabetical numbers that are each associated with 
an amino acid in HDAC6. This file needs to be converted into a .dat file format before it can 
be used in conjunction with the phase information (.mtz file) by PHENIX and Coot to create 
a new HDAC6 protein model based on your HDAC6 diffraction data. 

Why do we need this specific model? Other HDAC6 models will not have your special 
inhibitor compound, so the HDAC6 protein model may not adopt a specific conformation 
that we are investigating into. This HDAC6 co-crystallized with small molecule model can 
provide great information and insight on how the small molecule inhibitor affects HDAC6’s 
protein and residue conformation at the atomic level, providing insight on if the small 
molecule may be doing its job or if the small molecule can be improved to have better 
binding with HDAC6 for improved protein inhibition. 
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DOWNLOADING LINUX SUBSYSTEMS: 

Before we can do PHENIX and Coot work, we need to prepare the system format that they 
are compatible with: Linux.  

This will be a step-by-step guide on how to download and install everything for a Windows 
11 system, but each of the steps are largely applicable to Mac systems and other Windows 
systems as well. 

 

Here are the main instructions websites that will be referenced: 

1. https://github.com/phenix-project/phenix_html/blob/master/wsl_instructions.md  
2. https://phenix-online.org/  
3. https://phenix-online.org/download 
4. https://phenix-online.org/documentation/install-setup-run.html  
5. https://phenix-online.org/documentation/reference/rosetta_install.html  
6. https://rosettacommons.org/download/  
7. https://downloads.rosettacommons.org/software/academic/  

Most of these pages are linked pages to each other. I just put them here to delineate them 
clearly. 

Other documentation: 

Phenix Documentation (phenix-online.org) 

 

Main steps: 

- How to download Linux 
- How to use Linux subsystem 
- How to download Phenix 
- How to download Coot 
- How to download Python3 

 

 

 

 

https://github.com/phenix-project/phenix_html/blob/master/wsl_instructions.md
https://phenix-online.org/
https://phenix-online.org/download
https://phenix-online.org/documentation/install-setup-run.html
https://phenix-online.org/documentation/reference/rosetta_install.html
https://rosettacommons.org/download/
https://downloads.rosettacommons.org/software/academic/
https://phenix-online.org/documentation/
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To start, we first need WSL to run Linux on Windows: 

1. Reference website 1 (https://github.com/phenix-
project/phenix_html/blob/master/wsl_instructions.md): 

 

 

https://github.com/phenix-project/phenix_html/blob/master/wsl_instructions.md
https://github.com/phenix-project/phenix_html/blob/master/wsl_instructions.md
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Open Command Prompt and type wsl --install -d ubuntu-22.04 

 

This will be Windows Subsystem for Linux, as the host process for Linux service on 
Windows. 
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Now it will ask for the creation of your username and password. Beware, your password will 
not have anything show up when you are typing into it (but the computer is remembering 
what you are typing). 
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Click enter 

Lower case letters only 

 

Click enter 
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Now enter a new password 

We know it looks very weird when the cursor stays in the same place, but trust it, it is 
recording your new password, press enter 

Now retype the password again, and press enter: 
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Now, do the second command on the website, you can enter into the Linux subsystem by 
typing bash into the top: 
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You can also enter by going into the command prompt this way: 

 

 

Follow other steps on website: 
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Y or n, so of course say Y, click enter 

 

It is now done: 
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STARS collegiate branch  |  Susanna Huang  |  August 26th, 2024                                                       17 
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Time for some basics: 

1. How to change directories (or go into different folders) 
a. To go to the root directory, you simply type “cd”: 

i.  
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ii.  
iii. “cd” means change directory, it will bring you to the root directory 

iv.  
v.  

2. How to list things out that are in a folder 
a. To see what is in the folder, simply type ls to list the items out: 
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i.  

ii.  
iii. There is nothing in the Linux subsystem folder just yet, which is why 

nothing is there. 
iv. If you opened the downloads folder and wanted to go to the desktop 

folder, this is how you do it: 
v. Open the downloads folder in Windows, type bash at the top, cd .. on 

folder below, like so: 

vi.  
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vii.  

viii.  

ix.  

x.  

xi.  
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xii.  

xiii.  
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xiv.  
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xv.  
xvi. Notice that text with spaces have half quotations around them. If you 

wanted to cd into those folders, you would have to reference them 
with full quotation marks around the full term: ex: Local Settings is 
displaying as ‘Local Settings’ but if you wanted to cd into Local 
Settings, you would need to cd “Local Settings” with full quotation 
marks. Make sure to keep all the other capitalizations, punctuations 
exactly the same as listed. 
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xvii.  
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xviii.  
xix. Now you are in your Local Settings folder 
xx. You can ls in the local setting folder to see what is in it 
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xxi.  
3. A list of key commands in your Linux Windows subsystem: 
- cd 

o goes to the home directory 
- ls 

o list out the items in the folder 
- cp 

o the copy file or directory function 
o a file: 

▪ cd  <file name> <copy-to-folder directory> 
o an entire directory 

▪ cd -r <file directory name> <copy-to-folder directory> 
- pwd 

o print current directory name, useful for copying the directory name for cp’ing 
things 
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- mkdr 
o makes a new directory or folder  
o Ex: mkdr PhenixProjects 

▪ This makes a new directory, called PhenixProjects, in your current 
directory 

Now you just need to download the PHENIX files: 

Go to the third link.  

 

 

Email that is received: 

To download the Phenix distribution with a web browser go to: 
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        https://phenix-online.org/download  

 

When prompted for a user name and password enter: 

 

        User Name: download 

         Password: 3c55hyu 

 

The password is changed on the 1st of each month at 00:05 PST/PDT. 

If the password is expired, simply request a new one at: https://phenix-online.org/ 

 

This is an automatically generated message. Please do not reply to 

this email. If you experience problems please contact: 

 

            download@phenix-online.org 

 

Citing Phenix: 

Macromolecular structure determination using X-rays, neutrons and electrons: 

recent developments in Phenix. Liebschner D., Afonine P.V., Baker M.L., 

Bunkoczi G., Chen V.B., Croll T.I., Hintze B., Hung L.W., Jain S., McCoy A.J., 

Moriarty N.W., Oeffner R.D., Poon B.K., Prisant M.G., Read R.J., 

Richardson J.S., Richardson D.C., Sammito M.D., Sobolev O.V., Stockwell D.H., 

Terwilliger T.C., Urzhumtsev A.G., Videau L.L., Williams C.J., and Adams P.D. 

Acta Cryst. D75, 861-877 (2019). 

 

This software is controlled by the U.S. Government and authorized for export 

only to the country of ultimate destination for use by the ultimate consignee or 

end-user(s) herein identified. Software may not be resold, transferred, or 

otherwise disposed of, to any other country or to any person other than the 

https://phenix-online.org/download
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authorized ultimate consignee or end-user(s), either in their original form or 

after being incorporated into other items, without first obtaining approval from 

the U.S. government or as otherwise authorized by U.S. law and regulations. 

 

With the temporary username and password, you can now go back to website 3 and click 
“Download official release” and paste the login information inside 
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It will bring you to the below page. Click on the Linux download command-line installer at 
the top of the page. 
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Save the downloaded tar.gz file into the downloads folder: 
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Meanwhile, while we get the phenix thing working, we can go ahead and download Coot: 

https://www2.mrc-lmb.cam.ac.uk/personal/pemsley/coot/binaries/release/coot-0.9.8-
binary-Linux-x86_64-ubuntu-20.04.4-python-gtk2.tar.gz and save it into the downloads 
folder. This link will directly download the Coot directory 

While that is installing 

go to the downloads folder 

 

 

about:blank
about:blank
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Now, type pwd into the terminal to print the working directory (essentially the directory that 
you are currently in) 

We need this working directory so that when we go to the root directory, we can extract the 
tar ball file (which is currently in the downloads directory) into the root directory, where the 
PHENIX program can reside in the Linux subsystem and operate correctly. 

 

In this case, the operating directory is /mnt/c/Users/steve/Downloads 

This will be used in the next step: 

Go to the root directory, this is where you will extract your PHENIX file into. 
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There most likely is nothing in it right now: 

 

While you are in this root directory, extract the Linux installer: 

 

tar -xf /mnt/c/Users/<Windows username>/Downloads/<Phenix installer file> 

where <Windows username> would be “steve” in this case. 

Where <Phenix installer file> is … well we don’t know 

How do we find the file name? 

Go to the downloads folder and type “ls”: 
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In this case, it was listed as “phenix-installer-1.21.1-5286-intel-linux-2.6-x86_64-
centos6.tar.gz” 

Copy the name of this directory (which in this case is /mnt/c/Users/steve/Downloads), the 
name of the file (which in this case is phenix-installer-1.21.1-5286-intel-linux-2.6-x86_64-
centos6.tar.gz) 

Next, navigate back to the root directory and type in this into the terminal: 

cd 

tar -xf /mnt/c/Users/<Windows username>/Downloads/<Phenix installer file> 

 

 

or in this specific case: 
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cd 

tar -xf /mnt/c/Users/steve/Downloads/phenix-installer-1.21.1-5286-intel-linux-2.6-
x86_64-centos6.tar.gz 

 

 

 

Now type in your command 
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This might take a quick second or a bit of a while. It is just extracting the zip file (or in the 
case of Linux, the tar file) into the root directory. This process may be fast or slow 
depending on your computer (this example computer had Windows 11, 6 cores, 8 
processors, 8 GB of memory, 4 GB of dedicated GPU and it only took a couple of minutes) 

You will know when it is done when the “$” comes back again: 
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Now you can check to see if it successfully copied over by typing ls 

 

If it copied over successfully, now you can run the installation process: 

 

cd phenix-installer-<version>-<platform> 

./install --prefix ${HOME} 

 

You need to cd into this folder. You can do so by typing “cd phenix” and then click tab to 
autofill the rest. If you don’t want to autofill, you can simply type the full folder name. 
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If you hold it down, this accidently happens: 

 

But don’t worry if that happens, there is nothing wrong with it. 
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Now that you are in the correct folder, start the installation process by typing: 

./install --prefix ${HOME} 
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So, now if you want to open PHENIX, you just bash into any folder, for this example, type: 

source /home/steve/phenix-1.21.1=5286/phenix_env.sh 

Then type phenix 
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If it doesn’t work, cd to the root directory, go into the phenix folder and find out the list of 
items in the directory. 
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It seems that it is here: 

 

You just need to make sure that the directory is correct, in the first command, an equals 
sign was used when a dash was supposed to be used. When you fix this error, it can be 
fixed: 

Get the new one: source /home/steve/phenix-1.21.1-5286/phenix_env.sh 

And then type phenix 

This time it worked because there was no error: 



STARS collegiate branch  |  Susanna Huang  |  August 26th, 2024                                                       47 
 

 

Now type phenix 

The Phenix GUI shows up, but not the full screen. This may be because it is missing code or 
may be because of limited memory space. 

We are just going to go ahead and install coot: 

 

cd 

tar -xf /mnt/c/Users/<Windows username>/Downloads/coot-0.9.8-binary-Linux-
x86_64-ubuntu-20.04.4-python-gtk2.tar.gz 

 

cd 

tar -xf /mnt/c/Users/steve/Downloads/coot-0.9.8-binary-Linux-x86_64-ubuntu-
20.04.4-python-gtk2.tar.gz 
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It has extracted the files successfully into the root directory you can check: 
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Coot is extracted now. 

 

 

As you can see, it says no lib libstdc++ available, so we are going to download this library. 

Actually no it is because the <phenix directory> was not replaced. 

ln -s -f /usr/lib/x86_64-linux-gnu/libstdc++.so.6 <User>/conda_base/lib/libstdc++.so.6 
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ln -s -f /usr/lib/x86_64-linux-gnu/libstdc++.so.6 /home/steve/phenix-1.21.1-
5286/conda_base/lib/libstdc++.so.6 

 

It has to be the full phenix folder 

So that is done. 

Then this part: 
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export LIBGL_ALWAYS_INDIRECT=0 

source <Phenix directory>/phenix_env.sh 

 

export LIBGL_ALWAYS_INDIRECT=0 

source /home/steve/phenix-1.21.1-5286/phenix_env.sh 
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And you may have to set up tutorial data first before you can open the phenix window, but 
now the phenix window is working perfectly fine. 

And now you just need to link Coot to Phenix: 

/home/<linux username>/coot-Linux-x86_64-ubuntu-20.04.4-gtk2-python/bin/coot 

 

/home/steve/coot-Linux-x86_64-ubuntu-20.04.4-gtk2-python/bin/coot 
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To check to see if Phenix is running properly, you can run the p9 build tutorial data model 
building project. 
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And you can see that while you were doing the Phenix stuff, there were errors that occurred: 
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This PhenixProjects folder is where you will put your PHENIX projects into (because they 
cannot be out in the open in your root directory) 

You cane make a new directory in your root directory by typing: mkdir PhenixProjects 

Now your new directory is called PhenixProjects. You can save your Phenix Project folders 
in here. 
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The only tutorial data under BUILDING:  
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Now click ok and go to this one, double click. 

Then click Model Building and go to AutoBuild: 

and click on it 
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Follow the tutorial here: https://youtu.be/og3TM9Cwve0?si=iqtepsk4G8bu0VZ1 or follow 
along on this document as well: 

 

https://youtu.be/og3TM9Cwve0?si=iqtepsk4G8bu0VZ1
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And click open  

 

Now you will modify the file data type so that the pd_data_and_phases.mtz will be the 
experimental data (where the phases are) 



STARS collegiate branch  |  Susanna Huang  |  August 26th, 2024                                                       60 
 

And change the setting so that the p9_hires.mtz will be the high resolution map data type: 
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This is the original 

Just check “quick mode” 

Change the “max iterative build cycles” to 1 from 6 

Change the “max iterative rebuild cycles” to 1 from 15 

Un-check “build outside model” 
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Now click run 
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While this is loading, you can check the terminal, and there might be a lot of errors: 
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STARS collegiate branch  |  Susanna Huang  |  August 26th, 2024                                                       66 
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And now you can go to summary and open Coot to see what is going on to the model in 
Coot: 
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STARS collegiate branch  |  Susanna Huang  |  August 26th, 2024                                                       70 
 

 

This run on average only takes around 20 to 30 minutes: 
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If you would like to, you can try phenix.refine as well (to test Coot further) 

As we can see though, there were those errors that happened when clicking in PHENIX, but 
no errors when we were running coot: 
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So, to fix this, let us see if downloading python3 will fix the PHENIX errors (also at this point 
nano already works) 

https://docs.python-guide.org/starting/install3/linux/ 

as you can see, it already has python3 

 

$ sudo apt-get update 

$ sudo apt-get install python3.6 

about:blank


STARS collegiate branch  |  Susanna Huang  |  August 26th, 2024                                                       78 
 

 

 



STARS collegiate branch  |  Susanna Huang  |  August 26th, 2024                                                       79 
 

 

 



STARS collegiate branch  |  Susanna Huang  |  August 26th, 2024                                                       80 
 

 

So now let us try doing the same p9 and see if the errors are still there: 

 

Now there are no more errors!! 
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To check if Coot is running fine, you can take the p9 build and run .refine: 
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If you press space and you can go from amino acid to amino acid, then that means Coot is 
successfully working! 

And no more errors in the terminal for PHENIX!! 

 

Congratulations you have successfully download PHENIX and Coot!!!! 
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