
1 
 

First Edition 

Structural Biochemistry 
Laboratory Manual for CHEM 4134 

 

 
 

The University of Texas at El Paso 

Department of Chemistry & Biochemistry 
Ricardo A. Bernal 



2 
 

Table of Contents 
 

Syllabus .................................................................................................................................... 3 
Lab Safety Rules ...................................................................................................................... 6 
Commonly used Biochemical Standards ............................................................................... 7 
Laboratory #1, Basic Pipetting and Buffer Dilutions ............................................................. 8 
Laboratory #2, Protein Expression and Cell Lysis ...............................................................11 

Instructions for Lab Report ....................................................................................................12 
Laboratory #3, Protein Purification using Affinity Chromatography. ..................................13 

Instructions for Lab Report ....................................................................................................18 
Laboratory #4, Protein Crystallization using Vapor Diffusion - Part 1 ................................19 
Laboratory #5, Protein Crystallization Part 2, observe results and collect data.................22 

Instructions for Lab Report .................................................................................................23 
Laboratory #6, CD as Diffraction Grating ..............................................................................24 

Instructions for Assignment to turn in .....................................................................................26 
Laboratory #7, TEM Sample Preparation (split into two weeks) ..........................................27 

Instructions for Lab Report (due after we look at the sample in the microscope) ...................29 
Instructions for Lab Report ....................................................................................................32 

Laboratory #9, CryoSparc β-Galactosidase 2nd Practice Set ...............................................33 
Instructions for Lab Report ....................................................................................................35 

Laboratory #10, Independent Project - Reconstructions .....................................................36 
Instructions for Lab Report ....................................................................................................37 

Guidelines for Final Poster Presentation ..............................................................................38 
 

  



3 
 

Syllabus 
  

Course Title and Number:   Structural Biochemistry Lab CHEM 4134                                                                     
Instructor:     Dr. Ricardo A. Bernal                                                    
Teaching Assistants:   Fernando Chavira 

TA Office Hours:   by appointment (please email)  

Email Address:   rbernal@utep.edu; fchaviraguerr@miners.utep.edu  

TA Office Location:  CCSB G.0512A (ring doorbell otherwise no one will hear you 
knocking)  

TA Office Phone Number:  747-5587 (lab)  

Textbooks                      
No Textbook required for this lab. Written Instructions will be given for each lab session 

Required:  Must be purchased by the student  
• Lab Coat and a Sharpie for labeling things  
• Lab notebook/binder to insert lab reports and to keep lab notes  
 

Course Information and web-site:                 
The material related to this course (e.g., syllabus, reading material, slides, etc.) will be available through 
Blackboard. The instructor will update the information every week, therefore you are encouraged to 
consult the information available on course website (Blackboard) on a weekly basis. You are expected to 
utilize the internet to get information about details not contained in the lab manual. The lab manual in 
certain instances will be brief by design and for this purpose.  

Prerequisites:  
Students MUST take CHEM 4334 (Structural Biochemistry) concurrently with this lab.  
 
Course Description:   
This course will focus on displaying modern structural biochemistry techniques as well as introducing 
computational software used in generating 3D reconstructions of protein samples. Through this course, 
students will learn not only the theory behind each of these techniques but also gain hands on experience 
in generating their own reconstructions of protein purified in the lab. The goal of this semester will be to 
purify a recombinant protein to generate a 3D reconstruction. 
 
Grading:  
Your grade will consist of the following:  

1. 60% Lab Assignments (e.g. Lab Reports, Reconstruction Progress) 
2. 10% Attendance 
3. 10% Quizzes given during the lab session 
4. 20% Final Oral Poster Presentation 

 
For every experiment performed, there will be an assignment due at the beginning of the next lab. 

These assignments can vary in form such as being a written lab report or the completion of a 
reconstruction. These assignments will be considered late if not turned in the day they are due. Late 
assignments will automatically have 10 points deducted per day and will no longer be accepted after 2 
days. Assignments are to be done individually meaning each student must submit their own original work. 
NO grades will be dropped, and only excused absences (official University recognized) will be allowed for 
missed labs. For excused absences, the grade for that missed lab will simply not be included in the 

mailto:rbernal@utep.edu
mailto:fchaviraguerr@miners.utep.edu
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average. There will be no “extra credit” or additional assignments given at the end of the semester so 
please do not come begging to have your grade bumped up for no reason. You are in complete control 
over your grade so please try hard from the first day of class to the last. Absolutely no lab report re-do’s 
allowed.  

As a rule, there are no grades of incomplete given in this lab. If you have missed a significant amount 
of work or labs you should drop the class. This is because it is nearly impossible to make up a missed 
lab.  

Lab report plagiarism will result in an automatic zero. Do not copy lab reports from previous 
semesters or lab partners!!!!!! You will get a zero. 
 
Lab Reports Requirements:  

1. This will be due within the first 10 minutes of the following lab.  
2. You are required to work on your lab reports individually (no copying others work)  
3. Each laboratory module will require the creation of a laboratory report that contains the following 

sections 
a. An appropriate Title 
b. Abstract/Summary of entire lab report (no more than 200 words)  
c. Introduction – Gives a brief statement of what is known about the project (aka 

background), why this is important, and the approach taken.  
d. Materials & Methods – This is an important section that describes in detail the methods 

you used.  
e. Results – This section presents your results as obtained in your experiments during the 

lab. You should present all your results in a professional manner using images, diagrams, 
plots and graphs, etc. as appropriate to present a clear impression of what was done. 
Note that even negative results are important. Present your results here but Do Not 
Analyze Results (save that for Discussion section).  

f. Discussion – Here you should discuss the results obtained in the previous section. 
Compare results to others and provide an analysis of what they might mean.  

g. Conclusions – What is the major outcome of this experiment? No more than 2-3 
sentences.  

h. References Cited – Give credit where credit is due. Make sure you cite everything you 
read that others did.  

4. It is highly encouraged that you take photographs (with cell phones) of experimental results so 
that you can include these in your reports.  

5. Some data analysis may require you to use statistical methods in spreadsheets such as Excel. 
UTEP My Apps (my.apps.utep.edu) gives you access to this software. 

 
Withdrawal Policy:  
The last day for you to withdraw from any course with an automatic "W" is listed in the current academic 
calendar. Please note that it is the student's responsibility to officially withdraw from a course. We will not 
administratively drop anyone after the deadline.  
 
Class Attendance:  Lab attendance is required. Attendance will be routinely taken. Students are 

responsible for attending lab regularly and knowing what takes place during the 
lab. This includes not only the material covered in the class, but also all 
announcements, handouts, changes in the syllabus, etc. If you must miss a lab, 
you need to make a special effort to learn what occurred during your absence.  
     It is expected that the material be read over before the topic is presented in 
class. With this background, the lectures and the lab will prove to be more 
meaningful. Unexcused absences will count against your in your final grade!!!!  
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Disability:  If you have or suspect a disability and need accommodations you should contact 
Disabled Student Services Office (DSSO) at 747-5148 or at dss@utep.edu or 
come by Room 106 Union East Building. 

 
Since the schedule for each laboratory is very tight, you are expected to come to each lab 
prepared. You should read each lab before coming to class and familiarize yourselves with any 
calculations that will be required and procedures that you will need to master that day. If your 
absence is unavoidable, it is advised that you attend a different section (Monday or Tuesday) so 
you don’t miss class. Labs are impossible to make up at a later date unless you attend another 
section. 
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Lab Safety Rules  
1. Always wear eye protection in the lab. 

 
2. A lab coat MUST be worn in the lab always. 
 
3. Don't Eat or Drink in Lab 
 
4. Only authorized personnel are allowed into the lab (don’t bring your friends). 
 
5. DO NOT BE WASTEFUL with reagents and supplies. 

 
6. Dress appropriately (Closed toe shoes and long trousers must be worn in the lab. Sandals 

and shorts are not allowed.) 
 
7. Clean up after yourself. Wash all your glassware and clean (disinfect) your work area. 
 
8. Identify the Safety Equipment in case you need it in the future. 
 
9. Don't Casually Dispose of Chemicals Down the Drain. There are special containers for 

everything. 
 
10. Long hair must be tied back when using open flames. 
 
11. Always wash your hands before leaving the lab. 
 
12. Excess reagents are never to be returned to stock bottles. 
 
13. Always pour strong acids/bases into water and not the other way around. If you pour water 

into acid, the heat of reaction will cause the water to explode into steam, sometimes 
violently, and the acid will splatter. 

 
14. If chemicals come into contact with your skin or eyes, flush immediately with copious 

amounts of water and consult and report the incident your TA. 
 
15. Do not place backpacks or other personal items on the lab benches. 
 
16. Keep the lab CLEAN (it should be spotless). 
 
17. Treat all equipment with care!! 
 
18. Before using an instrument, make sure you are trained properly. 

 
19. Keep an eye out for instruments that act up. Notify someone immediately. 
 
20. Be as careful about the safety of others as for yourself.  Think before you act. 
 

 
Emergency Number 911(City of El Paso Police, Fire, EMS) 

UTEP Emergency Number 5611 (Campus Police) 
Poison Control Center 1-800-POISON-1(1-800-764-7661) 

Emergency Spill Response Coordinator EH&S Main Phone No. 747-7124 
Facilities Services 7116 
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Commonly used Biochemical Standards 
 

1.0 A260 unit ds DNA = 50 μg/mL = 0.15 mM (in nucleotides) 

The average molecular weight of an amino acid is 110 Da 

1 mL water = 1 g/cm3 

Standard Conditions 
• T = 25°C = 298K 
• P = 1 atm 
• Water 55.6 M 
• H+ conc. = 10-7 M (pH=7.0) 

 
How to make a solution from a concentrated Stock Solution 

• M1V1 = M2V2 where M=concentration and V=volume (make sure units match) 
 

Common Units 
• molarity (M, mM, μM, nM, pM, etc.) 
• normality (N, whose use is discouraged by IUPAC) 
• weight/volume (g/L, mg/mL, μg/mL, μg/μL, etc.) 
• percent weight or volume (%) 
• dilution factor (1000x, 10x, 1x, or 1:2, 1:10, 1:1000, etc.) 

 
Common Terms and Notations 

• ATP  adenosine 5’- triphosphate 
• DNA  deoxyribonucleic acid 
• mM  millimolar, 10-3 Molar, unit of concentration 
• ADP  adenosine 5’- diphosphate 
• kDa  kilodalton 
• μM  micromolar, 10-6 Molar, unit of concentration 
• E. coli  Escherichia coli 
• Apo   nucleotide-free, unbound state 
• in vivo  within the living 
• EM  electron microscopy 
• PCR  polymerase chain reaction 
• EDTA  ethylene-diamine-tetraacetic acid 
• HPLC  high-performance liquid chromatography 
• pI   isoelectric point 
• SDS-PAGE sodium dodecyl sulfate polyacrylamide gel electrophoresis 
• OD600  optical density, 600 nanometer wavelength 
• DTT  dithiothreitol, Cleland’s reagent 
• mg/ml  milligrams/milliliter, 10-3g/10-3L, unit of concentration 
• PDB  protein databank  
• in vitro  within the test tube 
• 2xTY  yeast, tryptone and salt-based growth medium 
• IPTG  isopropyl β-D-1-thiogalactoside 
• μM  micromolar, 10-6 Molar, unit of concentration 
• HEPES  4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid 
• DNase   deoxyribonucleic acid hydrolase 
• SEC  size-exclusion chromatography 
• μg  microgram, 10-6 gram, unit of weight 
• BCA  bicinchoninic acid  
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Laboratory #1, Basic Pipetting and Buffer Dilutions 
 

Objectives  
 
1. To learn how to properly measure solution volumes using serological pipets and micro-
pipettors.  
2. Learn to measure solutions of varying viscosity accurately.  
3. Learn to prepare the following solutions from stock solutions.  

A. 50 mL of Lysis Buffer containing  
a. 10 mM HEPES pH 7.5 
b. 50 mM EDTA 
c. 25 mM NaCl 

 
Experimental procedure  
 
1) You will work in groups of two so select your partners. Do not start on anything until you are 
given instructions by the TA.  
 
2) First, check that you have the needed supplies on your workbench. If not, contact your TA.  

a. Serological Pipets Pipettes (one 5 mL and one 10 mL)  
b. One Serological Pipet bulb  
c. One set of Micropipettors (P20, P200 & P1000)  
d. One box each of P1000 and P200 tips  
e. One 50 mL conical tubes (with purple cap)  
f. One microcentrifuge tube  

 
 
3) Your TA will give you instructions on the operation of the Micropipettors and serological pipet 
bulbs. Please make notes on their proper use and ask plenty of questions.  
 
4) You will now figure out how to pipet the following volumes for a dry run. Ask TA if unsure  

a. 539 μL  
b. 233 μL  
c. 143 μL  
d. 27 μL  

 
 
5) Weigh your microcentrifuge tube and write down the value on a piece of paper (2 significant 
figures) or on the tube itself with a sharpie.  
 
6) You will now pipet the following into the pre-weighed microcentrifuge tube to create a mixture 
(you will mix solutions A through D in the microcentrifuge tube).  

a. 539 μL of solution labeled A (water)  
b. 233 μL of solution labeled B (glycerol)  
c. 143 μL of solution labeled C (ethanol)  
d. 27 μL of solution labeled D (acetonitrile)  
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7) When you are done, close the cap tightly and re-measure the weight. Now subtract this 
weight from the initial weight determined earlier. The difference will be the weight of the solution 
you just made.  
 
8) Now you need to calculate how much of each component you need to make the 50 mL of 
Lysis Buffer. You will need to use the serological pipet and pipet bulb for this solution (for 
water). Please prepare 50 mL of  lysis buffer in a 50 mL conical tube for use in next weeks’ lab.  
 
o Make 50 mL of lysis buffer containing a final concentration of : 

• 10 mM HEPES pH 7.5 
• 50 mM EDTA 
• 25 mM NaCl 

 
o The Stock solutions given to you have the following concentrations.  

• 1 M HEPES pH 7.5  
• 0.5 M EDTA  
• 1 M NaCl 

 
10) You must answer the questions on the next page and turn them in instead of the lab 
report.  
 
11) Please return all supplies and equipment to your TA.  
 
12) Finally, you should wipe down your bench with ethanol provided.  
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Lab Assignment 
Since this is a short lab; In lieu of a formal laboratory report, you must answer the following 
questions which are due at the beginning of the next lab period (within the first 10 minutes). 
(please use only the space provided)  
 

1. The weight of the solution in the microcentrifuge tube has some experimental error in it. 
Calculate what the solution in the microcentrifuge should have weighed and compare 
this to your experimental value.  

 
 
 

2. Where does the error come from?  
 
 
 
 

3. What is the appropriate pipettor to use for measuring out 205 μL and why? What would 
be an alternative way to measure out this same value and perhaps with more precision?  

 
 
 
 

4. What formula do you use to calculate how to make a buffer from a more concentrated 
stock solution? For example, if you want to make 30 mL of a 25 mM MOPS buffer from a 
1.5 M stock solution. How can you calculate how much of the stock solution to add?  

 
 
 
 

5. How many micrograms in a gram? How many nanoliters in a microliter?  
 
 
 
 

6. What is lysis buffer and how does it work?  
 
 
 
 
 

7. Why is the salt necessary in lysis buffer?  
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Laboratory #2, Protein Expression and Cell Lysis 
Objectives  
 
1. To learn how to express recombinant proteins in bacteria.  
2. To learn how to lyse bacteria to extract your protein of interest.  
 
Introduction 
  

In molecular biology (genetic engineering), it is critical to be able to induce a cell 
(typically bacteria) to express or produce a protein from a gene that was introduced into that cell 
via a vector (carrier). In our case, it is a plasmid carrying the gene for β-galactosidase. That 
plasmid also contains a selectable marker typically in the form of antibiotic resistance. Any cell 
that gets a plasmid will become resistant to that antibiotic and all cells that did not get the 
plasmid will be killed off. The plasmid also contains the gene of interest under the control of an 
inducible promotor. In our case, the promotor is part of the lactose operon and is responsible for 
the induction of β-galactosidase when the cell detects the presence of lactose. In other words, 
lactose induces the production of β-galactosidase (an enzyme that degrades lactose). Instead of 
adding lactose to the bacterial culture to induce production of our protein, we add a non-
hydrolyzable lactose analog so that its concentration remains constant. After protein production, 
the cells are harvested by centrifugation and then lysed. Once lysed, the cellular debris is 
removed before the protein is purified from the crude extract. Cell lysis is accomplished using 
lysozyme, an enzyme that digests the peptidoglycan layer of the cell well. The cells are then 
placed in a hypotonic solution so that the cells burst.  
 
Experimental procedure  
 
To save time, your TA selected a colony from LB agar plates and inoculated a liquid culture in 
250 mL of media called 2XTY (see recipe below). This must be done early in the morning 
because it takes the cells about 8 hours to grow to log phage and to an Optical Density (OD) of 
0.6 at 600 nm. You will begin todays experiment at Cell Lysis step below.  
 
Prepare cells and Induce protein production:  This part has already been done for you.  

1. Prepare a 50 mL of 2XTY containing 100 μg/mL ampicillin in a baffled flask for increased 
aeration.  
 

2XTY 1 L 
Tryptone 16 g 

Yeast Extract 10 g 
NaCl 5 g 

Add 2 drops of 10 M NaOH to adjust pH to 7.0 
Autoclave for 20 minutes at 121.1⁰C  

 
2. Pick a single isolated colony from previous week’s plate and inoculate the media.  
3. Incubate the culture at 37 ºC with shaking at 220 rpm for ~ 8 hours until the optical 

density at 600 nm (OD600) is between 0.6-0.8.  
4. Induce protein production after the OD600 has reached the indicated OD by adding 1 M 

IPTG to a final concentration of 1mM. This is just a simple 1:1000 dilution.  
5. Protein induction is to proceed for 2 hours at a reduced temperature of 25 ºC. Keep flask 

shaking 220 rpm for proper aeration.  
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Cell Lysis (This is where you will start today’s experiment). 
1. After induction, the TA will give you a total of about 4ml of cells. Spin down cells at 

6000x g for 30 minutes at 4 ºC.  
2. Remove the supernatant (old spent media) with a Pipetman and discard.  
3. Resuspend the pellet/cells in a final volume of 1 mL Lysis Buffer for each 50 mL original 

culture.  
 

Lysis Buffer 50 mL 
10 mM HEPES pH 7.5 5 mL of 100 mM 

50 mM EDTA 5 mL of 500 mM 
50 mM NaCl 5 mL of 500 mM 

 
 

4. Place your sample in a 50 mL tube inside an ice bucket. 
5. Clean the probe tip with water, then submerge it in the sample, ensuring it doesn’t touch 

the bottom or sides of the tube. 
6. Adjust the amplitude setting based on the desired intensity of the ultrasonic vibrations 

(usually 20-40%). 
7. Turn on the red power switch on the sonicator. You can use the sonicator in two modes: 

continuous mode, where the sonicator remains on until you press the button on top to 
stop, or manual mode using the thumb switch to start and stop sonication. 

8. Sonicate your samples in cycles of 20 seconds and 20 seconds of rest for approximately 
5 minutes.  

9. After completing the sonication cycles, turn off the sonicator, remove the probe from the 
sample, and clean it with water.  

10. Transfer sample to two 2ml microcentrifuge tubes and place them in a high-speed micro-
centrifuge and spin down at maximum speed for 30 minutes.  

11. Carefully pipet the supernatant into a new microcentrifuge tube. Discard cellular debris 
pellet.  

12. Freeze supernatant containing protein of interest at -80 ºC for purification next week.  
13. Please return all supplies and equipment to your TA.  
14. Finally, you should wipe down your bench with the ethanol provided.  
 

Instructions for Lab Report 
• The lab report will be combined with lab 3 and so there will be no lab report 

due next week.  
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Laboratory #3, Protein Purification using Affinity Chromatography. 
 

Objectives  
 
1. To learn about affinity column chromatography for protein purification  
2. To learn about the different types of chromatography columns that are available  
3. To analyze column chromatography results  
 
Introduction  
 
Column chromatography is a very old, classical, and powerful technique for the purification of 
proteins that is still very useful today. Columns are generally made of glass or plastic that can 
withstand high pressures and are in the shape of a long cylinder that can be filled with an 
appropriate matrix or stationary phase. The matrix of a column is generally in the form of a 
microscopic bead that resembles a powder. The beads can be made to have very specific 
characteristics such that they interact with proteins in various ways. The microscopic beads can 
be used to pack a column when suspended into an aqueous liquid (generally water). Because 
the beads are spherical, they can pack together quite tightly but leave empty space between 
them the way a container full of ping-pong balls would pack. This way liquid can still pass over 
the beads and through the matrix. As the liquid passes through the matrix, proteins in the liquid 
can interact with the beads or perhaps even bind to the beads. Column chromatography of 
various types is available which exploits different characteristics of a protein to purify it. These 
different types include;  
 
a. Size Exclusion Chromatography (SEC) – This technique separates proteins based on their 
size and shape exclusively. The column matrix contains beads that have microscopic pores in 
them. The pore size can be controlled very precisely and can be of various sizes. As proteins 
pass through the matrix, smaller proteins can enter the small pores on the bead surface 
whereas larger proteins cannot enter the pores. The result is that larger proteins run past the 
beads faster while smaller proteins are retarded by all their interactions with the beads. The 
result is that proteins are separated by their size with large proteins eluting first and small 
proteins eluting later.  
 
b. Ion Exchange Chromatography (IEC) – Ion exchange chromatography exploits the charges 
on the surface of proteins to purify them. Some proteins have a net negative charge, and others 
have a net positive charge on their surface. The strength of the charge also varies from protein 
to protein depending on the total number of charges. To exploit this characteristic, one only 
needs to have a matrix where the micro-beads are charged. Anion exchange chromatography 
uses positively charged beads to bind negatively charged proteins whereas cation exchange 
chromatography uses negatively charged beads to bind positively charged proteins. The 
strength of the interactions can be controlled by making the beads either weakly charged or 
strongly charged to change the characteristics of the column required. As proteins are passed 
through the column matrix, they will either bind to the column or pass through the column 
depending on their surface charges. The proteins can then be washed by passing buffer 
through the column to remove any unbound proteins. The proteins can then be eluted by 
running a gradient of NaCl through the column from low to high concentration. Because NaCl 
completely ionizes in solution, the ions can be used to compete with the proteins for the charged 
binding sites on the matrix beads which in turn helps elute the proteins from the column.  
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c. Hydrophobic Interaction Chromatography (HIC) – In this category of column chromatography, 
the micro-beads of the column are functionalized which a hydrophobic molecule. The molecule 
chosen depends on the strength of the hydrophobicity required. For example, for weak 
hydrophobic interactions the beads can be functionalized with methyl groups and for strong 
interactions one can add a phenyl group. Proteins are passed through the column under very 
high salt conditions to encourage hydrophobic interactions between proteins and the matrix. To 
elute the proteins from the column you use a reverse gradient that starts at high salt 
concentration and drops to low concentration. Typically, this starts at 1-2 molar ammonium 
sulfate and then gradually drops to 0 molar ammonium sulfate. The idea is that at high salt you 
change the activity of water such that all the water molecules are used up trying to solvate the 
salt and so they are unavailable to interact with the proteins. Proteins are forced to interact with 
the column since there is so little water molecules available. As salt is removed, more and more 
water becomes available to solvate proteins and so the proteins no longer have to interact with 
the matrix and can actually become soluble in the water (which they prefer).  
 
d. Isoelectric Focusing (IEF) – This is a less commonly used technique, but it involves exploiting 
the surface charges on the surface of the proteins just like in ion-exchange chromatography with 
a major difference. In IEF, a pH gradient is established inside a gel matrix using charged 
molecules called ampholytes (zwitterions). With the pH gradient established in the column, 
proteins pass through the gel until they reach the pH that matches their isoelectric point (where 
their net charge is zero). At that point, they stop migrating and “focus” at that location. Isoelectric 
focusing can resolve proteins that differ in as little as 0.01 pH units.  
 
e. Affinity Chromatography – This type of protein purification includes 2 major classes. One 
uses antibodies and a column with affinity for the Fc portion of the antibody. The second makes 
use of tags that can be cloned into the protein to create a fusion protein. The tag can then be 
used to fish out the protein of interest using a column with specificity for the tag. Examples 
include  

a) Histidine tag – 6-10 histidines in a row added to the N or C terminus of a 
protein. Histidine has affinity to nickel ions and so these proteins will bind to a 
nickel-NTA column. This Histidine tag can later be removed after purification 

b) GST tag – Glutathione S transferase has very high affinity for glutathione and so 
creating a Glutathione S transferase fusion with our protein of interest will allow 
us to purify our protein by running it through a glutathione column. One purified, 
the GST tag can be removed using a protease which can cleave at a protease 
cleavage site engineered between the fusion proteins.  

c) There are many other tags such as maltose binding protein (MBP), chitin binding 
protein (CBP), FLAG-tag, and an infinite number of others.  

 
Most modern column chromatography is now computer controlled and proteins are monitored 
using UV absorption as they elute from the column. In today’s lab, we will use an AKTA Start 
chromatography system. The results of the protein purification will be analyzed next week.  
 
Experimental procedure  
 
Column Chromatography  
1. Your TA has thawed out your crude extract from the -80 ºC freezer from last week and you 
will purify the protein on a column.  
2. Before loading the sample on the column, we must spin down insoluble debris on micro-
centrifuge at max speed for 5 minutes.  
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3. Directly inject the sample into the designated column  
5. The chromatography run is completely automated (apart from sample loading) and has been 
programmed to wash the column with a large volume of Chromatography Buffer A so that any 
unbound proteins are completely removed.  
6. The computer will monitor the UV280nm and the conductivity of the buffer coming out of the 
column. This data is recorded and graphed on the screen for you.  
7. β-galactosidase will elute at a specific conductivity that you need to figure out after you 
determine which peak has it when you run the gel next.  
 

Buffer A 500 mL  Buffer B 500 mL 

10 mM HEPES pH 7.5 5 mL of 1 M 
 

10 mM HEPES pH 7.5 5 mL of 1 M 

10 mM EDTA 10 mL of 500 mM 
 

10 mM EDTA 10 mL of 500 mM 

500 mM NaCl 50 mL of 5 M 
 

500 mM NaCl 50 mL of 5 M 

40 mM Imidazole 20 mL of 1 M 
 

500 mM Imidazole 250 mL of 1M 

 
 
8. Next you will run an SDS-PAGE gel.  
 
SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE) is one of the most common analytical 
techniques used in the biochemistry laboratory. This technique separates proteins exclusively 
on their size and can be used to estimate not only protein purity but also its apparent molecular 
weight. The method is based on the separation of proteins using the gel matrix (polymerized 
acrylamide) as a molecular sieve where the proteins are pulled through the sieve by an 
electrical current. The separation is dependent on the fact that proteins must first be completely 
denatured by treating the proteins with the ionic detergent SDS, a strong reducing agent to 
break disulfide bonds (Dithiothreitol or β-mercaptoethanol) before boiling the sample for at least 
5 minutes. SDS is a very strong detergent with the formula CH3(CH2)11SO4Na. The 12-carbon 
tail inserts itself into the protein and denatures it while the sulfate group imparts a strong 
negative charge to the protein. The result is that the protein is completely linearized and is 
uniformly negatively charged, Because the protein is now completely negatively charged, when 
an electrical field is applied, it will run towards the opposite charge (anode). When exposed to 
the electric field, the SDS denatured proteins will migrate towards the anode (positively charged 
electrode) and separated by the molecular sieving effect based solely on size. After the 
visualization by a staining the proteins, the size of a protein can be calculated by comparing its 
migration distance with that of a known molecular weight ladder (marker).  
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Images from http://www.bio-rad.com/en-us/applications-technologies/protein-electrophoresis-method 

 
 

Experimental procedure  
Setting up the apparatus  
1. Today’s lab will be including the use of precast gels and so you will not have to make your 
own gel. First, get the following items from your TA  

a. Precast 4-20% gel  
b. Protein sample  
c. Electrophoresis apparatus  
d. Sample buffer  
e. Running buffer  
f. P20 Pipettor and tips  

 
2. You need to prepare your protein for electrophoresis. You need to take your protein and add 

sample buffer to it. Your TA will tell you the amounts to use.  
3. Heat your sample to 100 ⁰C for 5 minutes and let it cool on your bench until needed.  
4. Next you need to assemble your electrophoresis apparatus.  

a. Remove the gel from the storage pouch and prepare it for assembly  
b. GENTLY remove the comb: Position thumb on the indentation (middle of comb) and 

remove the comb by pulling straight upward in one smooth motion.  
c. Remove the tape: Pull gently to remove the green tape from the bottom of the 

cassette. If necessary, use the opening key or comb to help remove the tape at the 
corners.  

d. Rinse the wells: Use a syringe, wash bottle, or disposable transfer pipet to rinse the 
wells with running buffer. Leave buffer in the wells to prevent drying.  
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e. Set the electrode assembly to the open position on a clean, flat surface (A).  
f. Place the gel cassettes into the electrode assembly. Use the buffer dam (included with 

the cell) to complete the assembly.  
i. Place the first cassette with the short plate facing inward and so the gel rests at 

a 30° angle away from the center of the electrode assembly. Make sure the 
electrode assembly remains balanced and does not tip over.  

ii. Place the second gel or buffer dam on the other side of the electrode 
assembly, again by resting the gel on the supports. The gels rest at 30° 
angles, one on either side of the electrode assembly, tilting away from the 
center of the frame (B).  

 
g. Gently push both gels toward each other, making sure that they rest firmly and 

squarely against the green gasket that is built into the electrode assembly. Align the 
short plates to ensure the edge sits just below the notch at the top of the green gasket 
(C).  

h. While gently squeezing the gel cassettes (or cassette and buffer dam) against the 
green gaskets (maintaining constant pressure and with both gels in place), slide the 
green arms of the clamping frame one at a time over the gels, locking them into place 
(D,E).  

i. The wing clamps of the electrode assembly lift each gel cassette up against the notch 
in the green gasket, forming a seal. Check again that the short plates sit just below 
the notch at the top of the green gasket (C).  
 

5. Load samples and run the gels at a constant voltage of 200V.  
6. Stop the run when the dye front reaches 0.5 cm from the bottom of the gel.  
 
COOMASSIE BLUE STAINING  
Detection of protein bands in a gel by Coomassie blue staining depends on nonspecific binding 
of a dye, Coomassie brilliant blue R, to proteins. The detection limit is 0.3 to 1 μg/protein band. 
In this procedure, proteins separated in a polyacrylamide gel are precipitated using a fixing 
solution containing methanol/acetic acid. The location of the precipitated proteins is then 
detected using Coomassie blue (which turns the entire gel blue). After de-staining, the blue 
protein bands appear against a clear background. The gel can then be stored in acetic acid or 
water, photographed, or dried to maintain a permanent record.  
 
 
Coomassie blue staining solution  
50% (v/v) methanol  
0.05% (w/v) Coomassie brilliant blue R-250  
10% (v/v) acetic acid  
40% H2O  
 
Ethanol/acetic acid de-staining solution  
40% (v/v) ethanol  
5% (v/v) acetic acid  
Store at room temperature 
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Instructions for Lab Report 
 

Abstract- Summarize what you did for the day and the purpose of the experiments. 

Intro- Explain why we need to purify our proteins. 

Materials and Methods- Describe in detail the methods and materials used for this lab and the 
previous lab in paragraph form. A simple list will result in no credit for this section. 

Results- show the results that you got (ie image of the gel, etc).   

Discussion- Explain why you see the results that you see. 

Conclusion- Explain the general idea of this technique.  

Cite at least two references including any videos you watched. 
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Laboratory #4, Protein Crystallization using Vapor Diffusion - Part 1 
 

Objectives  
 
1. To learn how to prepare crystal screen on a protein sample 
2. To understand the effects each component in the mother liquor has on crystal growth 
 
Introduction  
 
Three-dimensional structural determination of biological macromolecules is an important field in 
understanding the function and role of proteins. By pushing to obtain atomic resolution of 
structures, we can map out the location of amino acid residues and understand how a protein 
may operate. 
 
X-ray Crystallography is one of the main techniques that can be used to solve a protein 
structure. This technique utilizes the diffraction of an X-ray beam through a crystallized protein 
sample to generate unique diffraction patterns. The angles, intensities and position of these 
diffraction patterns can be used to map out the exact coordinated of atoms of the protein to 
generate three-dimensional reconstruction. The technique was first successfully utilized in 1937 
by Dr. Max Ferdinand Perutz after successfully solving the structure of the protein hemoglobin 
to a resolution of 5.5 Å.  
 

 
Image from: https://proteopedia.org/wiki/index.php/X-ray_crystallography 

 
 
 
To obtain crystals suitable for crystallographic studies, the protein must be purified to high 
purity. Crystallization requires bringing the protein sample to supersaturation. The sample 
should therefore be concentrated to the highest possible concentration without causing 
aggregation or precipitation of the protein (usually 2-50 mg/ mL). The supersaturation can also 
be produced through the addition of precipitating agents such as salts and polymers or 
manipulation of the growing environment such as temperature or pH. Protein crystals can be 
grown in solution in a long two-step process. First nucleation to form microscopic crystallites 
followed by a long and slow growth process to generate a large crystal that can diffract. To 
generate the best crystals, the solution should be designed to disfavor nucleation while favoring 
the growth to allow the formation of large single crystals. To allow for this slow process of crystal 
growth to occur various growing techniques can be utilized 

https://proteopedia.org/wiki/index.php/X-ray_crystallography
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Vapor Diffusion 
In vapor diffusion, a drop containing the protein sample is mixed with an equal portion of  the 
precipitant solution. This droplet mixture is then sealed within a chamber surrounded by a large 
volume of the initial precipitant solution. By forming the mixed droplet, the concentration of 
precipitate within the drop is more diluted compared to the precipitate solution within the 
chamber. Because of this difference in concentration water vapor from the mixed droplet then 
diffuses out until osmolarity of the drop and the precipitant solution in the well are equal. The 
dehydration of the drop causes a slow change in concentration of both protein and precipitant 
until equilibrium is achieved. As the concentration changes, this promotes the nucleation of the 
protein to form crystals. 
 
 

  
Image from: Rational and Irrational Approaches to Convince a Protein to Crystallize 

 

Micro batch 
Rather than allowing for the protein sample to gradually change in concentration as seen in 
vapor diffusion, it is possible to generate crystals by preemptively combining your protein and 
precipitant together to supersaturated levels. Micro batch crystallization is a method that utilizes 
a nanoliter volumes of this supersaturated sample to generate crystals. Because of this small 
volume, the sample is often sealed under a layer of low-density oil to prevent evaporation. This 
oil can be used as a barrier to protect the sample/crystals from evaporation, contamination, and 
physical shock. The supersaturated protein droplet can then be free to crystalize without any 
interference from the environment. 

 

Image from: Rational and Irrational Approaches to Convince a Protein to Crystallize 
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Dialysis 
Rather than letting evaporation be the driving force to change the protein concentration of a 
sample, dialysis can also be used. In this method, the protein sample is dialyzed against the 
precipitant solution through a semi-permeable membrane. This semi-permeable membrane can 
allow for small molecules such as salts, additives, and other crystallization reagents to pass, but 
prevents the large macro-molecules such as proteins. This smooth gradient of solute movement 
in or out of the sample can move the system into supersaturation and allow for crystals to form  

 

 
 

Image from: Rational and Irrational Approaches to Convince a Protein to Crystallize 
 

 
 

 
 
Experimental procedure  
 
You will need the following: 

• Stock solution of Protein 
o 20 mg/ml Lysozyme in 0.05 M Sodium acetate pH 4.6 

• Stock solution of reservoir buffer;  
o 30% w/v Polyethylene glycol mono methyl ether 5000 (PEG MME 5,000), 1.0 

M Sodium chloride, 0.05 M Sodium acetate pH 4.6 
• 24 well crystallization plate with lid 
• cover slips 
• Microscope to observe crystal growth. 

1. Put a bead of vacuum grease along the top edge of the well you are going to use on the 
crystallization plate 

2. Place 100 µl of the reservoir solution into a well in the crystallization plate (make a note 
of which well you used). 

3. Without creating bubbles, place 5 µl of the reservoir solution onto the center of the cover 
slip. Make sure the cover slip is dust free. 

4. Without creating bubbles, add 5 µl of the protein stock solution onto the cover slip and 
mix the two solutions together. 

5. Invert the cover slip and carefully place it over the well with the vacuum grease and 
make sure it is sealed properly.  

6. The plate will be incubated at room temperature in a special incubator to prevent 
temperature fluctuations. 
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Laboratory #5, Protein Crystallization Part 2, observe results and 
collect data 
 

Objectives  
 
1. To observe results of the crystallization trial. Pick a crystal and then do a diffraction 
experiment.  
 
Introduction  
The process of growing crystals is highly specific to the protein sample being crystallized. Last 
week’s attempt utilized a wide variety of precipitant solutions as a shotgun approach to identify 
which components even allowed for crystal formation. Under the microscope we can analyze 
how the crystals, if any, grew within each solution. The bottom image depicts some of the 
different types of results that may be obtained. It is important to note that it is highly unlikely that 
large perfect crystals will be formed on the first attempt. However, by identifying which solutions 
even allowed for crystals to form, we can narrow our further tests and optimize these specific 
conditions to grow larger crystals suitable for diffraction. 
 
 
 

 
 
 
 
 
 
In this week’s lab, you will observe the crystal growth from last week. We will select the best 
crystals and cryo-soak them in cryo-protectant. The crystal will then be frozen in liquid nitrogen 
for data collection. Actually, we will only collect a few images for indexing and determining the 
space group. The crystals will be shot with X-rays using our home source copper anode located 
two doors down from our biochemistry lab. 
 
 
 
 
 
 
 
 
 

 
Image from: Classification of Protein Crystallization X-Ray Images Using Major 

Convolutional Neural Network Architectures 
 



23 
 

 
 
 
Experimental procedure  
 
Instructions for Lab Report 
 
 
Abstract- Summarize what you did for the day and the purpose of the experiments. 

Intro- Describe in detail the theory behind protein crystallization.  

Materials and Methods- List all the materials used for this lab. Briefly describe all the steps (in 
order). 

Results- Describe in detail the method for setting up the crystallization trials and the results.  

Discussion- What were some of the problems observed with the crystallization trial or with the 
diffraction image collection. What are some of the other problems that could have happened but 
did not.  

Conclusion- Explain the general idea of these techniques.  

Cite at least two references including any videos you watched. 
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Laboratory #6, CD as Diffraction Grating 
 

Objectives  
 
1. To learn how to figure out the spacing in the data storage grooves in a CD. We will use the 
theory of diffraction learned about in class and put it to the test.  
 
Introduction  
 
Diffraction theory describes how light and other waves spread out and bend as they pass 
through or around an obstacle. Diffraction is most pronounced when a wave from a coherent 
source, like a laser, encounters an aperture or slit that is comparable in size to its wavelength. 
Diffraction is the interference or bending of waves around the corners of an obstacle or through 
an aperture into the region of geometrical shadow of the obstacle/aperture. The diffracting 
object or aperture effectively becomes a secondary source of the propagating wave. A CD has a 
spiral, grooved track (usually composed of pits). For a small region on the surface of a CD, the 
grooves create an approximately parallel pattern. Consequently, the light reflected from a small 
portion of the surface diffracts as if from approximately parallel sources. 
 
Experimental procedure  
 
Step 1: To prepare CD to use as the diffraction grating by pealing off the reflective label 
from the front with a piece of tape 

A CD has only one polycarbonate piece of plastic on which the different layers are deposited. 
Use the label side of the CD and use a piece of tape to rip off the protective coating and the 
reflecting layer. If it does not peel, off use a sharp tool to scratch off a small portion on the edge 
of the CD and then peel off the rest of the layer using the adhesive tape. The clear plastic can 
serve as a transmission grating. 

Step 2: Diffraction pattern using the CD 

Obtain a laser and fix it to the table using tape. Affix the CD on the edge of the table just in front 
of the laser. Make sure the CD is as perpendicular to the laser beam as possible.  

Use a white board as your screen so that the diffraction pattern can be observed clearly. It is 
preferable that the room be dark so that it is easy to observe the diffraction pattern. The laser 
should be positioned about a meter (or less) away from the screen. 
 
Switch on the laser and look for the central non-diffracted beam spot on the screen. The first 
order maxima should be visible on either side of the central spot. The second and third order can 
also be observed but may not be as bright as the first order image. If the images are not on a 
horizontal to the screen, rotate the CD and change its orientation until you get the images on a 
horizontal line. 
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Step 3: Measurement and Analysis 

Measure the distance of the first order maxima from the central spot on either side and calculate 
its average. (X) Sample measurements need to be input the following data tables. 

• Measure the distance of the laser to the screen. (D) 
• The wavelength (λ) of the laser beam that is used is 532 nm 

Use the diffraction equation for the first order image and calculate the grating spacing; Repeat 
the above procedure for the second and third order images if they are clearly visible. 

 
X = distance from zero spot to first order spot on screen  
D = distance from CD grating to screen 
λ laser = wavelength of laser = 532 nm 
θ diffraction = calculated angle of diffraction 
d = grating separation (average track spacing) 
 

 

 

X 
X 

central spot 

d 
screen 

Laser 

CD grating 

 

X 
X 

central spot 

d 
screen 

Laser 

CD grating 
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Instructions for Assignment to turn in 
 
 
1. Calculate the angle θ and show the math to get it.  
2. Determine the average track spacing (pitch) “d” of the CD grating 

and input in the table below. Please also show all the math work to 
determine this value. 

3. Fill in the following table with the appropriate values. 
4.  

Order 1st order 
Distance 

left 

1st order 
Distance 

right 

1st 
order 

Averag
e 

D laser diffraction d 

Measurement 1 
 

        532 nm     

 
Measurement 2 

 

    532 nm   
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Laboratory #7, TEM Sample Preparation (split into two weeks) 
 

Objectives  
 
To learn how to prepare negative stain samples for analysis on the Transmission Electron 
Microscope 
 
Introduction  
 
Transmission Electron Microscopy (TEM) is a technique that utilizes a high intensity electron 
beam to image particles to atomic level resolution. TEM follows an almost identical format to 
optical microscopy, swapping out the visible light source for a high intensity electron beam, and 
the glass lenses with magnetic coils. The high intensity electron beam allows for higher 
resolution due to the wavelength of an electron being ~100,000 times smaller than that of visible 
light photons. With this lower wavelength, the electron microscope can achieve atomic 
resolution of both organic and inorganic samples. Free electrons are generated at the top of the 
TEM by the electron gun. These free electrons will then be formed into a beam that directly 
accelerates towards the sample. As the beam travels through the electron microscope, it will 
pass through areas surrounded by magnetic coils. These coils produce a magnetic field that can 
direct and focus the beam in a comparable manner that glass lenses would direct light. These 
magnetic lenses will focus the beam onto the sample where the electron beam will transmit 
through the specimen as its focused onto a fluorescent screen or a digital camera to create an 
image. The transmission of the refined electron beam through the sample provides a 2D cross-
sectional image, revealing internal structures, such as organelles within cells or the 
arrangement of atoms in materials. As the electron beam must transmit through the sample for 
the electrons to be detected, this also requires the samples to be extremely thin (typically 
around 50-100 nanometers thick). These ultra-thin biological samples when viewed under the 
microscope are often destroyed immediately when exposed to the high intensity electron beam. 
To survive through the TEM long enough to gather data, samples must be prepared in a way to 
protect them from the harsh environment within the TEM. 
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Negative Staining 
To properly visualize protein samples using TEM, the samples often require special 

preparation with heavy metal stains also known as negative staining. The use of heavy metal 
stains, such as uranyl acetate or uranyl formate, on a protein sample replaces the water 
molecules and coats the protein with the heavy metals. This coating helps protect the sample 
from damage due to the radiation by the electron beam as well as the vacuum from the electron 
microscope. These electron dense coatings also impart additional electron density to the 
sample that serves to scatter the electron beam and impart higher contrast between the sample 
and the background. The coating formed around the protein sample can also be thought of as a 
cast, as the coating remains intact even after the complete destruction of the protein within. 
However, while negative staining can generate a cast of the sample with high contrast, the 
staining process can introduce distortions to the protein that may be captured within the cast. 
Because of this, the negative stained sample may very likely be in a non-native state. Despite 
this issue, negative staining has still achieved great success in studying macromolecular 
reconstructions and viruses. 
 
Cryopreservation 

While negative staining introduced distortion to the sample, the preparation cryogenically 
would preserve the sample in its native hydrated state. This occurs by freezing the sample in 
liquid ethane to instantaneously freeze the specimen vitreously. The formation of vitreous ice 
must occur rapidly to immobilize water molecules in the solution and prevent the formation of its 
crystalline lattice. Vitreous ice is preferred for Cryo-EM as crystalline ice can not only diffract the 
electron beam making data collection difficult, but also prevent any damage to the specimen 
from the formation of ice crystals. While cryogenically frozen samples may have poorer contrast 
when compared to negative staining due to no heavy metal stain being used, the frozen sample 
allows for 9 to 22 times the electron ration yielding higher signal-to-noise ratio when compared 
to unstained room temperature samples. 

After preparing your samples the following week you will get the chance to see them 
under the Transmission Electron Microscope. Under the microscope, the electron beam is able 
to travel through the sample where it will interact with the trapped protein. Ideally the protein 
sample will be arranged in multiple orientations. The way the electron beam interacts with the 
protein randomly oriented sample can be visualized when the beam finally reaches the detector 
at the end of the microscope to produce a 2D image in the form of a micrograph. These 
micrographs, while two dimensional, contain all the information of the protein including their 
inner core. With this information, we can use these micrographs in the following lab to try and 
generate a 3D model of the protein being studied. 
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Experimental procedure  
 

1. Apply 4 μL of the protein sample onto the Copper grid.  
2. Using Whatman paper #1, gently tap the side of the grid to remove the excess liquid (BE 

CAREFUL NOT TO TAP TOO HARD BECAUSE YOU WILL BEND THE GRID!!!!!) 
3. After removing the excess liquid IMMEDIEATLY add 3 μL of the Uranyl Acetate stain. 
4. Using Whatman paper #1, gently tap the side of the grid to remove the excess stain 
5. IMMEDIEATLY add another 3 μL of the Uranyl Acetate stain. 
6. Blot off the excess liquid and allow to dry completely before storing to look at under 

microscope. 

 

 

This lab is split into 2 weeks because in the next lab we will look at the sample in the 
microscope 

 

Instructions for Lab Report (due after we look at the sample in the microscope) 
 
 

• You should already know what we expect to find in the lab reports so please follow the 
same instructions.  
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Laboratory #8, CryoSparc T20S Practice Set 
 

Objectives  
 

1. To understand the process of generating a 3D reconstruction 
2. To learn how to utilize the CryoSparc software to generate a 3D model of the T20S 

protein 
 
Introduction  
 
After obtaining the TEM micrographs of our protein sample, we can see the presence of 
randomly assorted particles. If the protein sample prepared is known to contain high purity, then 
we can trust that the randomly assorted particles seen in the micrographs are of the same 
protein in different orientations. These varying views can be used to reverse engineer the actual 
shape of the protein as seen below.  

 

 
 

The process to generate a 3D reconstruction off 2D micrographs can be done utilizing 
specialized programs that can take the randomly assorted particles and align them to build the 
3D model. For this lab you will utilize the program CryoSparc. Programs like CryoSparc are a 
useful tool as they can be used to automatically pick all particles within the collected 
micrographs, sort the particles based off their orientation, and then combine the particles to 
generate a 3D model.  
 
CryoSparc’s ability to automatically select individual particles and sort them based on 
orientation is an incredibly important tool that creates the foundation of the protein modeling 
process. When we look at the individual particles within a micrograph, we can immediately 
notice that they a very low in resolution. While these low-resolution views can give a general 
idea of the shape of the protein, we will be unable to produce a reconstruction that can identify 
the location of the amino acid residues. However, it is possible to improve the resolution of 
these views by averaging particles with identical views together. This averaging of particles with 
identical orientations helps boost the signal and allows for the identification of more discernable 
features of the particle. Because of this it is imperative to collect a significantly large amount of 
2D particles to average together and improve the resolution. By allowing CryoSparc to select 
each individual particle and then computationally average identical particles together, we can 
obtain the highest resolution images that will be combined to generate a 3D reconstruction. 
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Experimental procedure  
 
For this lab you will follow the CryoSparc Tutorial in generating the model of the T20S protein.  

The CryoSparc tutorial can be found: https://guide.cryosparc.com/processing-data/get-started-
with-cryosparc-introductory-tutorial 

You will also need to download the program UCSF Chimera. This program allows you to open 
the model that will be generated through CryoSparc. UCSF Chimera can be downloaded here:  
https://www.rbvi.ucsf.edu/chimerax/download.html  

In order to access CryoSparc you must be on the UTEP network. If off campus please make 
sure connect to the UTEP VPN. Instructions on setting this up can be found here: 
https://www.utep.edu/business/student-resources/calc/how-tos/how-to-connect-to-the-vpn-
using-windows.html 

Tutorial Steps 
1. To access CryoSparc, in your browser type this address: http://129.108.52.19:45000  
2. You will be greeted with a login to CryoSparc. Use the emails and passwords below to 

login 
i. Group 1 Login email = group1@utep.edu      PW = CCSBG.0704 
ii. Group 2 Login email = group2@utep.edu      PW = CCSBG.0704 
iii. Group 3 Login email = group3@utep.edu      PW = CCSBG.0704 
iv. Group 4 Login email = group4@utep.edu      PW = CCSBG.0704 
v. Group 5 Login email = group5@utep.edu      PW = CCSBG.0704 

 
3. Start a new project and title it with the names of your group and the protein you are 

reconstructing (in this case T20S Tutorial). 
4. For the Container Directory, each group should work in their own directory within  

/Raid0-Scratch/Group-X/Tutorial 
5.  Please only work in designated folders in /Raid0-Scratch 

1. /Raid0-Scratch/Group-1/Tutorial 
2. /Raid0-Scratch/Group-2/Tutorial 
3. /Raid0-Scratch/Group-3/Tutorial 
4. /Raid0-Scratch/Group-4/Tutorial 
5. /Raid0-Scratch/Group-5/Tutorial 

6. Create an initial workspace when you make your project. 
7. The test dataset is located in /Raid0-Scratch/Tutorial-Test-Data 
8. For importing movies, you must select ALL the .tif files. To do this make sure to add /*.tif 

to the end of the search directory. It should look like: /Raid0-Scratch/Tutorial-Test-Data/*.tif 
9. The Gain Reference is /Raid0-Scratch/Tutorial-Test-Data/norm-amibox05-0.mrc 
10. From here just follow the CryoSparc tutorial instructions 
11. While you’re all working in groups to generate this reconstruction, it will be important that 

you all understand the process to present individually!!!! 

 

 

https://guide.cryosparc.com/processing-data/get-started-with-cryosparc-introductory-tutorial
https://guide.cryosparc.com/processing-data/get-started-with-cryosparc-introductory-tutorial
https://www.utep.edu/business/student-resources/calc/how-tos/how-to-connect-to-the-vpn-using-windows.html
https://www.utep.edu/business/student-resources/calc/how-tos/how-to-connect-to-the-vpn-using-windows.html
http://129.108.52.19:45000/
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Instructions for Lab Report 
 
 

• You should already know what we expect to find in the lab reports so please follow the 
same instructions.  

• The difference here is that you should give some background on the protein you solved 
the structure of. Is there anything you can say about the reconstruction? Any interesting 
features, etc.  
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Laboratory #9, CryoSparc β-Galactosidase 2nd Practice Set 
 

Objectives  
 
To further practice generating a 3D reconstruction using CryoSparc 
 
Introduction  
 
Last lab you used the CryoSparc tutorial to generate a 3D model of the beta-galactosidase 
protein complex. For this week we will attempt to produce a new reconstruction of β-
Galactosidase, you will be following the same general process you used for the T20S 
CryoSparc tutorial when generating the β-Galactosidase model. 
 
Experimental procedure  
 
Steps 

1. To access CryoSparc, in your browser type this address: http://129.108.52.19:45000  
2. You will be greeted with a login to CryoSparc. Use the emails and passwords below to 

login 
vi. Group 1 Login email = group1@utep.edu      PW = CCSBG.0704 
vii. Group 2 Login email = group2@utep.edu      PW = CCSBG.0704 
viii. Group 3 Login email = group3@utep.edu      PW = CCSBG.0704 
ix. Group 4 Login email = group4@utep.edu      PW = CCSBG.0704 
x. Group 5 Login email = group5@utep.edu      PW = CCSBG.0704 

 
3. Start a new project and title it with the names of your group and the protein you are 

reconstructing (in this case beta-gal). 
4. For the Container Directory, each group should work in their own directory within  

/Raid0-Scratch/Group-X/Assignment-1 (DO NOT WORK IN THE /Raid0-Scratch directory!!) 
5.  Please only work in designated folders in /Raid0-Scratch 

o /Raid0-Scratch/Group-1/Assignment-1 
o /Raid0-Scratch/Group-2/Assignment-1 
o /Raid0-Scratch/Group-3/Assignment-1 
o /Raid0-Scratch/Group-4/Assignment-1 
o /Raid0-Scratch/Group-5/Assignment-1 

6. Create an initial workspace when you make your project. 
7. The test dataset is located in /Raid0-Scratch/beta-gal-tutorial-data/Movies 
8. For importing movies, you must select ALL the .tiff files. To do this make sure to add *.tif 

to the end of the search directory.  
It should look like: /Raid0-Scratch/beta-gal-tutorial-data/Movies/*.tiff 

9. The Gain Reference is /Raid0-Scratch/beta-gal-tutorial-data/Movies/gain.mrc 
10. From here just follow the CryoSparc tutorial instructions 
11. While you’re all working in groups to generate this reconstruction, it will be important that 

you all understand the process to present individually!!!! 
 

http://129.108.52.19:45000/
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12. Job Parameters are as follows: 
1. Raw Pixel Size (Å)= 0.885 
2. Accelerating Voltage (kV) = 200 
3. Spherical Aberration (mm) = 1.4 
4. Total Exposure Dose (e/Å^2) = 63 

13. Do Motion Correction (Patch Motion Correction) 
14. Do CTF Estimation (Patch CTF Estimation) 
15. Do Particle Picking (Blob Picker) 

o Play around with the MIN and MAX particle diameter size so that it accurately 
surrounds the particles in the micrograph. You want the size to not cutoff your 
particles but also not have too much dead background space. You can use these 
settings to start: 

o Min: 100 
o Max: 200 

16. Inspect Particles 
Play with the NCC score and Power Score so that you’ve selected as many particles as 
possible while limiting any false positives (random background selections that clearly 
aren’t particles 

17. Extract particles from micrographs 
You want to make sure that your box size is just big enough to fully encompass the 
entire B-Gal particle. However, you also want to avoid cutting off the boxed particles 
from using a box size that is too small. I’d recommend using this extraction box size to 
start but to optimize if needed 

Extraction box size (pix) = 440 
18. Do 2D Classification 

The larger the amount of 2D classes you have allows for greater separation of particles 
of differing orientations. It can also separate some of the junk particles away from the 
cleaner ones, creating a much higher resolution class. However, having too many may 
take longer and sometimes may not even be needed. Try using 50 classes as a start 
and changing if needed 

Classes = 50 
19. Select 2D classes 

Select the 2D classes that are clearly not garbage. In this step you are going to use 
these classes as templates for picking particles again. Therefore, select the nicest 
classes making sure to pick top, side and tilted views.  
 

20. Repick Particles 
a. Use the best 2D classes to repick particles using Template Picker 
b. Make sure to connect the processed Patch CTF Estimation micrographs from 

step 14. 
c. For Particle Diameter use the max diameter you used previously 

21. Inspect Particles 
Play with the NCC score and Power Score so that you’ve selected as many particles as 
possible while limiting any false positives (random background selections that clearly 
aren’t particles 

22. Extract Micrographs 
Extraction box size (pix) = 440 

23. 2D Classification 
Classes = 50 
 



35 
 

24. Select 2D classes 
After selecting 2D classes you should try and go back and reperform 2D Classification to 
try and remove as many of the poor particles as possible. When you are happy with the 
2D classes you can continue to the next step. 

25. Do Ab-Initio Reconstruction 
26. Homogenous Refinement 

 Find the symmetry of β-Galactosidase and use that to generate your refined Model 
 

 

Instructions for Lab Report 
 

• You should already know what we expect to find in the lab reports so please follow the same instructions.  
• The difference here is that you should give some background on the beta-galactosidase protein you solved 

the structure of. Is there anything you can say about the reconstruction? 
o Any interesting features, etc.  
o Symmetry 
o Features that are observable at the resolution you solved it to.  
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Laboratory #10, Independent Project - Reconstructions 
 

Objectives  

 Now that you have done two tutorial reconstructions, you should be ready to proceed 
with your unknown structure determination.  

• You will do a reconstruction of unknown origin 
• You will need to figure out the symmetry of the protein complex (if any). 
• You will use this reconstruction to prepare a poster presentation as a final for the lab 

course.  

Introduction 

  Each group will be getting a different dataset to work on. The data will not be identified 
to you and you must figure out the 3D structure with limited knowledge.  

Experimental procedure 

Steps 
1. To access CryoSparc, in your browser type this address: http://129.108.52.19:45000  
2. You will be greeted with a login to CryoSparc. Use the emails and passwords below to 

login 
xi. Group 1 Login email = group1@utep.edu      PW = CCSBG.0704 
xii. Group 2 Login email = group2@utep.edu      PW = CCSBG.0704 
xiii. Group 3 Login email = group3@utep.edu      PW = CCSBG.0704 
xiv. Group 4 Login email = group4@utep.edu      PW = CCSBG.0704 
xv. Group 5 Login email = group5@utep.edu      PW = CCSBG.0704 

 
3. Start a new project and title it with the names of your group and the “Assignment-2”. 
4. For the Container Directory, each group should work in their own directory within  

/Raid0-Scratch/Group-X/Assignment-2 (DO NOT WORK IN THE /Raid0-Scratch directory!!) 
5.  Please only work in designated folders in /Raid0-Scratch 

o /Raid0-Scratch/Group-1/Assignment-2 
o /Raid0-Scratch/Group-2/Assignment-2 
o /Raid0-Scratch/Group-3/Assignment-2 
o /Raid0-Scratch/Group-4/Assignment-2 
o /Raid0-Scratch/Group-5/Assignment-2 

6. Create an initial workspace when you make your project. 
7. The final unknown dataset is located in directory /Raid0-Scratch/Group-X/Movies 
8. Parameters for each group are listed in the table below. 

 

 

 

http://129.108.52.19:45000/
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group 
# 

Microscope 
Voltage 

frames 
per 

movie 

Total 
Dose 
 e-/A2 

pixel 
spacing 

Box 
Size 

(pixels) 

Particle 
Diameter 

(Å) 
Bin Symmetry 

Icosahedral 
image 
format Movie? Import 

1 300kV 50 30 0.83 1024 896 512 I 
(capital i) tiff multi 

frame movie 

2 200kV 30 60 0.85 256 140 256 I 
(capital i) MRC multi 

frame movie 

3 300kV 30 25 0.692 926 640 512 I 
(capital i) tiff multi 

frame movie 

4 200kV 1 90 1.06 512 270 512 I 
(capital i) MRC single 

frame 
micro-
graph 

5 300kV 30 25 0.692 768 448 512 I 
(capital i) tiff multi 

frame movie 

 

 

ChimeraX Commands 

• When you open the map, you need to control the way the map looks by dragging the 
slider line left and right in the Volume Viewer Box on the lower right of window. 

• In this same Volume Viewer Box, set the Step Size to 1.  
• Rotate the model with the left mouse button. 
• Zoom in and out with the mouse scroll wheel to make the reconstruction fit in the 

window. 
• To get rid of little satellites, then click on Hide Dust. 

o Click on Map Tab 
• For white background. 

o Click on Map tab and select white 
• For best lighting 

o Click on Graphics tab and select Full 
• For radial rainbow coloring type the following in the command line at the bottom of the 

screen 
o color radial #1 center cofr 

• For slab view 
o Select Graphics tab and select Side view 
o In the window that appears on the right, drag the line on the left side to the right. 

 
 
 

Instructions for Lab Report 
 
 

• There is no lab report for this assignment. Instead, you will prepare a poster and defend 
it. See Guidelines below.  
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Guidelines for Final Poster Presentation 
 

GENERAL INFORMATION 

• Download a poster template from https://utminers.utep.edu/rbernal/Biochemistry-Lab_4x3_Poster_Template.pptx  
• All posters will be presented on a TV screen. 
• All text and figures should be legible from distances of at least three to four feet. 
• Even though you worked in groups, each student must prepare and present their own poster. You 

must be available to explain the poster to attendees. 
• Avoid having too much text on your poster and avoid reading the text when explaining your 

results to attendees that visit your poster. 
• Make use of bullet points instead of long paragraphs of text. This makes it easier to follow without 

too much reading. 
• Practice your poster presentation so that you are prepared.  
• Anticipate potential questions so that you are not caught off guard with simple questions. 

 

 

https://utminers.utep.edu/rbernal/Biochemistry-Lab_4x3_Poster_Template.pptx
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