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Interference Microscopy and Mass
Determination

‘WE are interested to find that Dr. R. Barer, in
his letter dated October 20, 19511, has evolved the
method of mass determination in cells by interfero-
metry. We have already described what is apparently
this method at a meeting of the Society for Cell
Biology in September 19512 ; but, as our conclusions
may not be generally known, we would like to state
them briefly here.

Cell interferometry provides a new method of
measuring growth, and we have been trying the
method with the view of obtaining, in living cells,
measurements of total substance (other than water)
so as to correlate these with measurements®* of total
quantity of ultra-violet absorbing substance. In
contrast to ultra-violet microscopy, cell interfero-
metry will not iInjure living cells, and hence a
quantitative record may be obtained of the change
of substance in one cell during a long period of time,
and during intracellular changes.

The usual formula, for solutions, connecting quantity
of dissolved substance with optical path-length applies
also for concentrated gels and dry substances, and
may be expressed in the form

where M is the mass of substance per unit area,
¢ is the optical retardation produced by the sub-
stance. 3 for solutions is 100 «, where « is the
specific refractive increment. y for a dry sub-
stance is (u, — pg)/p, where p, is the refractive
index of the substance, w, is the refractive index
of the immersion medium, p is the density of the
substance.

As Barer has pointed out, values of « for solutions
of proteins and deoxyribose nucleic acid are~ 0-0019
(x = 0-19). The figures in the accompanying table
show, however, that for other cell constituents ¥
does not vary much, and hence one may expect cell
interferometry to give approximate dry weights of
cells and cell constituents, independent of composition.
In fact, the very non-specificity of light refraction
makes cell interferometry a useful complement to
specific cytochemical methods. Large proportions of
lipoid in protein, even fats themselves, and carbo-
hydrates will seldom introduce an error which is
likely to be greater than that involved in the optical
measurements. Ovalbumin and tobacco mosaic virus
contain, respectively, small and large proportions of

aromatic amino-acids, but the value of y is not
significantly different. Salts sometimes give markedly
different values of y, but this will seldom introduce
error as the concentrations are low, and the effect is
likely to be cancelled out by similar concentrations
in the isotonic medium in which the cells are im-
mersed.

The second important aspect of the method is that
it gives dry weights endependent of concentration.
Even in cells where much of the nucleus and cyto-
plasm contains as little as 10 per cent or less dry
weight, the nucleoli may contain ~ 70 per cent dry
weight. If the substances involved obeyed the Lorenz—
Lorentz relation®, x would increase somewhat as
the concentration increased. However, such approx-
imate data for dry proteins as exist indicate
that y decreases instead of increasing with con-
centration.

Inhomogeneous distribution of substance, and
resulting light scatter, diffraction, ete., will introduce
errors in cell interferometry in much the same way
as in microspectrography, and an analysis of these
errors is in progress. However, from what has been
said above, a general rule of some importance to
microscopists emerges. In cells, differences of com-
position (with dry weight per unit area remaining
constant), such as difference in proportion of nucleic
acid and protein, will not produce large percentage
differences of optical path-length. Hence, interference
microscope and phase-contrast pictures of cells are
generally pictures of dry-weight variation.
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