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Undergraduate Research Experiences

The Hauptman-Woodward Medical Research institute has been 
running an undergraduate summer intern program sponsored by local 
organizations for over a decade. 

Students are paid a stipend.

Students spend 10 weeks conducting individual research projects in 
PI laboratories. Each research project is related to the PI’s research.

At the end of these 10 weeks, each student presents an overview of 
the project and their research to the institute staff and their peers.

Depending on the year numbers can range from 10-20.

Information is available at 
http://www.hwi.buffalo.edu/outreach/internships.html



Why use crystals as a ‘hook’ for this?

They are stunningly beautiful.

They link biology to many other disciplines.

For some proteins, it’s not hard to get them.



The Scientific Method



http://www.sheldoncomics.com/archive/100806.html



Practical Considerations



Practical Considerations

Logistics

• Where do I sit?
• Where are the supplies?

Time

• Get to a point where you have time to analyze results and 
make conclusions

• Ensure there is time to prepare a presentation
• Plan the experiment so that the first few days are getting used 

to the environment
• In reality, a 10 week program is 8 weeks of solid work for a 

new entry

Interest

• A student is not a pipetting robot (which are more expensive 
but really cool)



1. Define the question



Define the question (my motivation)

Undergraduate students add a dynamic component to the lab and it’s 
gratifying to be influential at this point of a potential new scientists 
career.

I have a group of new undergraduate summer students coming into 
the lab for 10 weeks (I couldn’t say no). I have limited information on 
their expertise, I don’t know how they will interact with the rest of 
the laboratory.

I have preliminary data on these but require experimental proof.

I need safe projects to test their expertise, one that identifies 
strengths and weaknesses, allows me some time to do my research, 
and one where they benefit and enjoy the experience.

My motivation 

My need 



Define the question (from a science viewpoint)

Silver Bullets are a carefully researched and designed library of compounds with 

the potential and ability to promote crystallization. 

Each Silver Bullet solution contains between 2 and 20 small molecules.

The solutions use low concentrations of these small molecules.

Science:

Searching for silver bullets: An alternative strategy for crystallizing macromolecules. Alexander 
McPherson and Bob Cudney. Journal of Structural Biology 156 (2006) 387-406.

A novel strategy for the crystallization of proteins: X-ray diffraction validation. Steven B. 
Larson, John S. Day, Robert Cudney, and Alexander McPherson. Acta Cryst. (2007) D63, 
310-318.

Crystallization – Chemistry, Physics and Biology 

Structural biology – Medicine, Pharmacy, Energy, Agriculture, Veterinary studies etc.  

Lots of hooks.



2. Gather information and resources



Gather Information and Resources (set questions)

What are Silver Bullets?

What chemicals promote crystallization?

How do they work?

Explore the commercial and scientific literature. Introduce citation 
searching

Understand the literature, ask questions, communication in the 
laboratory.



3. Form a hypothesis



Form a hypothesis (based on guidance)

What grocery store items might influence crystallization ?

What are the proteins?

What is their function?

What chemicals might interact with them?

What might promote crystallization?



Choose Proteins
(20 in our case)



Available commercially in large quantities at reasonable cost



Choose Chemicals
(96 in our case)



Our Chemical Stock Room

Note:

1. The lack of safety equipment

2. No MSDS’s

3. Presence of non-scientific staff

4. The most expensive ‘chemical’ is well under 

$10

5. Everything is available in ‘large’ quantities

6. No expensive lab equipment









4. Perform the experiment



Perform the experiment

96 stock solutions were prepared by diluting the

products with distilled deionized water.

Stock solutions were placed in a single 96 well, 
deep well plate, this plate was used as the 
mother plate.

Daughter plates were prepared by further diluting 
the mother plates with:

1. Water

2. Buffer (MES, HEPES, or                            
Bis-Tris-Propane)

3. 25% PEG 3350

Original 100% Pseudo Silver Bullet (PSB)

1:10 Diluted PSB

100% PSB:25% PEG 3350 pH 5.81

100% PSB:25% PEG 3350 pH 6.81

100% PSB:25% PEG 3350 pH 7.79

1:10 D-PSB:25% PEG 3350 pH 5.81

1:10 D-PSB:25% PEG 3350 pH 6.81

1:10 D-PSB:25% PEG 3350 pH 7.79

In total 8 unique 96 well 

source plates were 

prepared



Crystallization Screening

The 20 proteins were set up against the eight 

different formulations of different solutions, two 

proteins in each 1536 well plate.



Crystallization Screening

The plates were imaged 1 day after setup then 

weekly for 6 weeks.

Results were scored for crystals



5. Analyze the data





Proteinase K 4-Week Image

Pseudo-Silver Bullet Original Silver Bullet

Fish Sauce

12.5% PEG 3350

HEPES pH 6.81

Silver Bullet H12

12.5% PEG 3350

HEPES pH 6.8

0.16% w/v Aspartame
0.16% w/v Gly-gly-gly
0.16% w/v Leu-gly-gly
0.16% w/v Pentaglycine
0.16% w/v Tyr-ala
0.16% w/v Tyr-phe

Fermented fish



Concanavalin A  4-Week Image

Pseudo-Silver Bullet Original Silver Bullet

French’s Honey Mustard 
12.5% PEG 3350
HEPES pH 6.81

Silver Bullet A8
12.5% PEG 3350

HEPES pH 6.8

0.25% w/v

1-Pentanesulfonic acid 
sodium salt 

monohydrate
0.25% w/v 3,5-Dinitrosalicylic acid
0.25% w/v 3-Aminosalicylic acid
0.25% w/v Salicylamide

Distilled Vinegar, Water, High Fructose 

Corn Syrup, #1 Grade Mustard Seed, 

Sugar, Corn Syrup, Salt, Carrot Oleoresin 

(color), Honey, Spices, and Garlic Powder.

Used in enhancing 
mustard oil yield



Chemical diagrams for (a) tartrate used for crystallization of
thaumatin and (b) ferrous fumarate found as an ingredient in
prenatal vitamins, showing obvious chemical similarities.



The chemicals found in 

one Pseudo Silver 

Bullet

Aftershave lotion









5. Supporting data



Differential Scanning Fluorimetry

• We ran the PSB from the 

mother plate deep well 

through the Thermofluor

with 20 different proteins to 

check for stabilization/ 

destabilization

• 20 proteins x 96 stock 

PSB’s

• Twelve of the proteins run 

with the PSB gave distinct 

Tm values; some of the PSB 

stabilized the protein (the 

protein denatured at a higher 

temperature than the control)

• These twelve proteins were 

then run through Thermofluor

with real SB to compare to 

the PSB







Communicate 
Results

Each of the students 

presents to an audience 

of scientist and peers. 

Also - Goes on resume for college application!

Where appropriate they help write up the results and receive 

authorship for their work. This has one of the biggest impacts 

in encouragement and motivation.





6. The future



In progress – this years students

Do grocery store items mimic silver bullets?

Crystallize a subset of proteins with silver bullets 
and identified pseudo silver bullets.

Collect diffraction data.

Process the data.

Refine the structure and determine the ligand if any.



Where we would like to take it ….

Crystallization screening is virtual – results are seen over the internet

Identify a school or schools that can simply do the 
experiment of selecting a number of different 
compounds

Run the screening over the internet with the school 
simply sending a 96 well plate filled with solutions.

Monitor results.

Send one of our scientist to the school to go over 
the analysis of results.

In the process teach the scientific method and get 
children to discover discovery.
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