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Michaelmas Term, Tutorial 2
Title: Biophysical Methods 2 — Scattering and Microscopy (Lincoln)

This week’s work will concentrate on methods of determining shape and size
using techniques based on electromagnetic radiation rather than bulk
measurement (week 1).

You should cover (make notes on) the following areas:

1. Microscopy:

Experimental factors; types of radiation that can be used (light, electron),
experimental details (keep it very brief), difference between standard and
scanning microscopy, nature of sample needed (depends on technique used),
resolution (scale on which things can be studied), contrast (under-focussing to
improve contrast), filtering.

Sample preparation; embedding, staining, shadowing, freeze-fracture, imaging in
ice, immunolabelling, artifacts due to sample preparation method.

Specific techniques; light microscopy, fluorescence microscopy, transmission
electron microscopy, scanning electron microscopy, scanning tunnelling
microscopy, atomic force microscopy.

Image reconstruction to obtain 3D models.

2. Scattering:

Types of radiation that can be scattered (X-rays, UV, IR, neutrons, etc.). What
causes scattering, intensity of scattering from different species. Elastic, quasi-
elastic and non-elastic scattering. Relationship between scattering, particle size,
shape and wavelength (Bragg and Guinier equations).

Fibre and solution scattering. Refractive index and birefringence. Raman
spectrscopy. Determination of size, shape, radius of gyration, diffusion, etc. from
elastic and quasi-elastic scattering studies. Variable contrast (changing
scattering power of solvent, particular for neutrons).

Optical tweezers and their applications.
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Problems

All submitted material to be attached as one bundle from each separate student,
to be clearly marked with the title of the tutorial, the date, the name of the
student, and to clearly display “FAO Dr. Mark Leake, Clarendon Lab” on the first
page. To be handed in to either the receptionist, or placed in the “L” pigeon-hole,
of the Clarendon Laboratory, Dept of Physics by 12 noon the day before the
tutorial.

1). Discuss the contribution that microscopy has made to the study of biological
membranes.

2). Briefly describe the principles of

a) atomic force microscopy

b) scanning tunneling microscopy

c¢) confocal microscopy

d) optical tweezers

Have any of these techniques made a significant contribution to our
understanding of biological systems?

3). Plasminogen is a single chain polypeptide of 790 amino-acids located within
six domains (five kringles and a serine protease). There is one strong lysine



binding site which can also be occupied by 6-AHA. A series of Guinier plots of
low-angle neutron scattering from plasminogen in the presence and absence of
50mM 6-aminohexanoic acid (6-AHA) and in 1H20 or 2H20 are shown below.

Discuss the form of the data
10 and the structural information
1 that can be extracted.
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What extra information could be obtained from the high-angle scattering data?
In the presence of 6-AHA, the radius of gyration of plasminogen increases from
39 to 56 A. Phosphoglycerate kinase (PGK) is a two-domain protein that binds
ATP. The radius of gyration of PGK decreases from 23.9 to 23.3 A on binding
ATP. Comment on these values.



