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FIG. 2.-Vaccinia virus, above unshadowed; below shadowcast
with Palladium.

EDITORiAL

The Electron Microscope and its
Application to Medical Research
The limit of resolution of the microscope was

calculated by Airy in I834 to be:
o.6IX

Ad =
u Sin x

Where Ad is the minimum separation of two
points in the object space such that they are just
resolvable in the image space, X is the wavelength
of the light used, t± is the refractive index of the
object space and a is the semi angle of the cone
of rays entering the objective lens. Microscopes
have now been developed to such a state of per-
fection that with the best models and suitable
objects, a separation of points of 2000 A (0.2tz)
nay be resolved, using visible light. By using

ultraviolet light with quartz lenses this has been
reduced to Iooo A, but there seems little prospect
that resolutions much better than this will be
obtained, although the use of X-rays, if a suitable
refracting or reflecting medium can be found,
offers great possibilities.
The brilliant Ph.D. thesis of L. de Broglie

(1924), however, showed all particles to have an
associated wave nature, and that in the case of
electrons accelerated to the modest velocity of one-
half that of light the associated wavelength was of
the order of 0o.o05 A. The practical demonstration
of this wave nature of the electron by Davisson
and Germer (1927) and by Thomson and Reid
(1927), and the theoretical calculation of Busch
(1926) of the focal length of a cylindrical hollow
magnet acting on a co-axial beam of electrons,
showed that a new technique of microscopy was
possible giving a resolving power far greater than
that of photon microscopy.

Frontispiece: Staphylococcus Aureus after mechanical disruption and washing; shadowcast. The white disc iPthe centre is the intact organism.
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FIG. 3.-Paris I stain of Influenza Virus adsorbed on to a laked avian
erythrocyte and shadowcast with Palladium. Elementary particles
and long forms are present.

The first electron microscope was built by
Knoll and Ruska in 1932, and this was followed by
several experimental models in various parts of
the world. The great possibilities the instrument
offered in the field of biological research were
quickly realized and the rapid progress of plant
virus research was stimulated by the observation
of the elementary particles of tobacco mosaic virus
(Kausche, Pfankuch and Ruska, I939), the size
and shape of which had been deduced from other
experiments. This has been followed by observa-
tion of many other particles not rendered visible
by any other instrument.
A technique of heavy metal shadow-casting has

been developed (Williams and Wyckoff, I944) to
increase the contrast obtained from specimens and
also to obtain a three-dimensional effect. A heavy
metal is evaporated from a white-hot tungsten
filament on to the specimen so that the beam of
heavy metal atoms falls on the surface of the
specimen at an angle, the projections on the surface

of the specimen casting a shadow in the resultant
metal film.

Animal, and in particular, human disease or-
ganisms have been examined by electron micro-
scopy. Bacteria often change their shape on drying
out (necessary owing to the high vacuum required
in the instrument to stop scattering of electrons by
gas molecules). In other cases bacteria are too
thick to yield useful information owing to the low
penetration of the electron beam, but here it has
been found possible to examine the separate parts
of the bacteria, notably the membrane, after
mechanical disruption (Cooper, Rowley and
Dawson, I949) (Frontispiece).

Virus research has been greatly assisted by
application of the electron microscope. Viruses of
the pox group have been shown to possess a
characteristic brick shape (Fig. 2), but digestion
by enzymes leaves what appears to be a nucleus-
like structure and a surrounding membrane
(Dawson and McFarlane, I948). There is
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no evidence of multiplication by fission however.
Viruses of the influenza group will adsorb on to
the membrane of a laked chick erythrocyte and
this has proved most useful in their study (Dawson
and Elford, I949). In addition to the spherical
particles known to be influenza virus, long fila-
mentous forms have been found to adhere to the
membrane and it has been suggested that these are
a pleomorphic form of the virus which represents
a stage in its reproductive process (Chu, Dawson
and Elford, 1949) (Fig. 3). Growth of this group of
viruses has been demonstrated in tissue cultures
(Challice and Flewett, I950) and here the evidence
suggests that the virus multiplies inside the nucleus
of the cell, although here the lack of penetration of
the nucleus by the electron beam is a serious
handicap.

Efforts are being made to develop a sectioning
technique to obtain specimens of sufficient thin-
ness for examination by electron microscopy. The
task is very difficult, the maximum thickness for

this purpose being of the order of o.Iti, but some
success has been achieved (Newman, Borysko and
Swerdlov, I949; Black, Morgan and Wyckoff,
1950). The great concentration of virus in the
nucleus of some insects has been demonstrated in
this way (Smith, I950).
The electron microscope itself has, to date, been

developed to give, with suitable specimens, a
resolution of IoA (Hillier, I947) and it is likely to
be some time before this is improved owing to the
difficulty, if not impossibility, of correcting the
aberrations in an electron lens. More complicated
techniques of combined light and electron micro-
s:opy are being developed (Gabor, I949), but so
far little success has been obtained.
The electron microscope has established itself as

an important tool in medical research and we can
reasonably expect many problems involving very
small structures to be solved by its application.
C. E. CHALLICE, B.Sc., Ph.D., A.R.C.S., D.I.C.
National Institute for Medical Research, London.
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ANNOTATION

Streptokinase
'Streptococcal Enzymatic Debridement'
Streptococcal infections in the human body

usually behave in a characteristic manner. They
tend to spread diffusely through the tissues which
seem unable to wall them off as they typically do
with staphylococci; in addition, pus when it is
formed is often thin and watery. The mechanisms
which are responsible for this characteristic be-

haviour have been gradually discovered over a
number of years, but only recently has their
practical importance been realized.
As long ago as I933 W. S. Tillett of the bacterio-

logical department at the Bellevue Medical Centre
in New Yorkl described how a broth culture of
haemolytic streptococci would rapidly liquefy the
normal clot of human plasma. The cultures he
used were obtained from patients harbouring
various strains of beta-haemolytic streptococci and
all of them produced this lysis. He also showed
that a variety of other organisms did not produce
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