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X-ray Crystallographic Diffraction Data Collection: Laboratory Assignment

Instructions

1) To install XrayView on your computer go to the website below:
http://phillips-lab.biochem.wisc.edu/xrayviewform.html
You need to enter your UCLA e-mail address or something with .edu to get the software for free.

2) Click on the appropriate computer system: Windows, Mac, or Linux

3) If your computer does not open the file then download the trial version of the software WinRAR, to open the file you just downloaded. (Google WINRAR)

4) Extract the files to a known folder and then click on XrayView to open the graphics display
The program will display diffraction from a crystal. Set the unit cell parameters to values corresponding to proteinase K:

a=60 Å, b=60 Å, c=100 Å  alpha=90°, beta=90°, gamma=90°
To set the unit cell parameters, click on the "Options" menu and select "Edit Unit Cell".  Change "a", "b", "c" to the values given above. Then click "apply" then "OK".

The orientation of the crystal is controlled by a device called the "goniometer".  To rotate the crystal, drag any of the three vertical sliders (goniometer controls) on the right side of the display. Each slider controls a different axis of rotation; these are labeled "small", "large", and "phi."  Slide these dials to see how the diffraction pattern changes.  In the X-ray lab, the mechanism limits rotation around only one axis, phi.

Circle the most correct answer.  Circle only one answer per question.

Warning: "X Eye Point Control" must be set to zero for these problems.

Warning: "Z Eye Point Control" must be set to zero for these problems.

If necessary: Adjust "Y Eye Point Control" to see the diffraction pattern more clearly.
Problems
Problem 1. Adjust small=0, large=0, phi=0. From your knowledge of the relationship between real and reciprocal space and the unit cell parameter given above identify which direction is likely to be the c* axis in this photograph.

A) vertical

B) horizontal

C) impossible to distinguish from a*

D) there is no way to tell

-----------------------------------------------------------------

Problem 2.  Adjust small=0, large=0, phi=0. Which direction is likely to be the a* axis in this photograph?

A) perpendicular to c*

B) vertical

C) impossible to distinguish from b*

D) all of the above

E) none of the above

-----------------------------------------------------------------

Problem 3. Denzo's autoindexing algorithm calculates a "standard orientation" for the crystal.  This is a set of values of "small", "large", and "phi" angles that would orient the crystal so that a* is close to horizontal, b* is close to vertical, and c* is parallel to the X-ray beam.

Keeping "small" and "large" goniometer controls at zero, adjust "phi" until the standard orientation is obtained. What is the "phi" reading for this standard orientation?

A) 0

B) 90

C) -90

D) B or C

E) Can't produce this orientation using only phi rotation.

-----------------------------------------------------------------

Problem 4. Data collection strategy -high resolution diffraction.

Sometimes a crystallographer is happily surprised by high resolution diffraction that extends beyond the edges of the detector. Here we consider strategies to capture the high resolution data, a scenario frequently played out at synchrotrons.

Click on the "Options" menu and select "resolution".  Change the resolution limit from 4.0 to 3.0 Angstroms.  Note that the diffraction pattern extends beyond the edges of the detector.  Which of the following changes would allow the high resolution reflections to be captured by the detector?

Note: The detector distance can be adjusted by a horizontal slider at the lower right of the screen.  The wavelength can be adjusted by clicking on "Options" and selecting "edit wavelength", then "apply".

A) Increase the crystal to Detector Distance to 1.3

B) Decrease the crystal to Detector Distance to 0.7

C) Increase the wavelength to 2.0

D) Decrease the wavelength to 1.0

E) A or C

F) B or D

-----------------------------------------------------------------

Problem 5. Data collection strategy -overlaps

Diffraction patterns sometimes contain overlapping reflections. Denzo discards data from overlapping reflections since it is impossible to discern the individual contributions of individual reflections. So it is important to avoid overlaps. 

Reset wavelength back to 1.5 Å and detector distance to 1.0. Click the button labeled "Auto Rotation". It will show you the accumulation of 5° of rotation data. (Crystal is rotated 5° around the "phi" axis.)  Notice that some of the spots overlap. Now, deactivate "Auto Rotation" by clicking on the button again.

Click on the "Options" menu and select "Auto Rotation". Change the end angle from 5° to 1°. Click "Apply". Click the "Auto Rotation" button again to simulate the rotation. Notice there are no overlaps now. The rotation angle has been reduced from 5° to 1°. Now, deactivate "Auto Rotation" by clicking on the button again.

A complete data set is typically composed of a series of 90-180 of these 1° rotation images. 

Besides decreasing the rotation angle increment, which of he following actions could prevent overlaps?
A) Find a crystal with lower mosaicity.

B) Use a longer wavelength.

C) Move the detector further from the crystal.

D) All of the above.

E) None of the above.

