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Problem 1. Short answer. 
 

(a) What is the purpose of immunostaining? 
 

 
(b) What are antibodies and antigens? Describe how they are related. 

 

 
(c) What does it mean to fix a cell? Why is it necessary? 

 

 
(d) For Western Blots, the samples are washed with PBS. What reagent do we use to wash the 

samples in an immunostaining procedure? Why is this necessary? 
 

 
(e) Why is it important to work in a dimly-lit environment when we are imaging? 
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Problem 2. You are performing an immunostaining lab that requires antigen-X to be diluted by a 

factor of 𝜉. If you start out with 𝛾 mL of solvent, ​approximately ​what volume of antigen-X 
is required? 
 
Denote the volume as V​X​, and assume V​X​ ≪ 𝛾. Also, please express your answer in µL. 
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Problem 3. Your friend from U$C wanted to run an immunostaining experiment last week, but he 

realized he ran out of reagents in his lab. As a nice and helpful person, your Principal 
Investigator offered him some spare antibodies from your lab. After driving over to UCLA 
and picking up the antibodies, your friend decides to roll down the top of his convertible 
to enjoy the beautiful Southern California weather on his way back. 

 
The next morning, your friend attempted to perform his immunostaining experiment again. However, 
the data that he obtained from the microscope was dark and unclear. ​Come up with an explanation as 
to what went wrong. What can he do to fix this? 
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Problem 4. As an aspiring entrepreneur, you decide to open up a rolled ice-cream shop in  

Westwood as the COVID-19 pandemic is coming to an end. Of course, the first step to 
operating a successful business is designing the best recipe for your product. 
 

Unfortunately, your first attempt in creating an ice cream solution was unsuccessful. You realized your 
solution was too concentrated with Matcha powder. Being the brilliant bioengineer you are, you took out 
a concentration meter and measured the initial concentration of matcha powder to be C​1, matcha​ [mol/L]. 
You then proceed to find the ideal concentration for matcha in milk. After consulting an online food blog, 
you learn that you want to bring down the concentration to C​2, matcha​ [mol/L].​ In order to reach this 
concentration, how much of the original solution ​V​*​1​ ​[L] ​should be added to the milk if you only had 𝛾 ​[L] 
of milk left in your inventory? 
 
The next week, you came across several Yelp​Ⓡ​ complaints saying your ice cream was still not tasty. To 
address this issue, you reached out to one of your customers who also happened to be a food scientist. 
He suggested that you should add V​2, honey​ [L] of C​2, honey​ [mol/L] honey syrup to your solution. ​What is 
the total concentration of solute​ C​*​2, total​ ​[mol/L] ​after this step? Also, what is the total volume of ice 
cream solution ​V​*​2, total​ ​[L] ​after this step? ​Assume that the initial volume of your C​2, matcha​ ice cream 
solution remained the same despite the fact that a week has passed. 
 
After months of using this new honey-based recipe, the health department decided to conduct a 
random check-up on your business. They decided that you should bring down the total concentration of 
matcha and honey to C​3, total​. Since your business is booming, you are fortunate enough to have an 
excess of milk in your inventory. Thus, you decide to combine the entire volume of your current ice 
cream solution V​*​2, total​ with a large volume of milk from your inventory for a total of V​*​3, total​ [L] of the final 
solution. ​Since ​V​*​3, total​ is not known, solve for this value in terms of the known parameters.​ Assume the 
volume of milk in your inventory is much greater than V​*​2, total​. Also assume that the volume and 
concentration of the ice cream solution before this step (V​*​2, total​ and C​*​2, total​) remained the same as what 
you derived in the previous two questions, despite the fact that months have passed and that business 
is booming. Note that all variables with an asterisk (*) in this problem are not known. 
 
Have fun! :)) 
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