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Bacteria can swim
without rotating flagellar filaments

THERE are two simple ways in which the observed screw-like
propulsive motion of bacterial flagella can be understood.
Either, first, the flagellum is like a rigid corkscrew rotating
in a sort of journal bearing in the cell wall (hypothesis A)
or, second, the flagellum is firmly attached to the cell wall
and moves by the propagation of helical waves (hypothesis
B).

Berg and Anderson' argue in favour of hypothesis 4.
Their most positive argument involves the idea that in multi-
flagellated bacteria a bivalent antibody firmly attaching
itself to two neighbouring flagella would prevent motion
according to hypothesis A but not on hypothesis B. Thus,
they interpret the observations of Di Pierro and Doetsch®
on the effect of univalent and bivalent flagellar antibodies on
both peritrichous and uniflagellar bacteria as support for the
‘rotating corkscrew’ picture of flagellar motion.

Unfortunately, they have left out of their analysis a simple
geometrical factor, which altogether removes from their
argument the power to discriminate between the two
hypotheses.

Figure | (based on Fig. 1 Berg and Anderson!) shows two
cross-sectional views (Fig. la and &) along the helical axes
of two neighbouring filaments at two successive instants of
time according to hypotheses 4 and B respectively. In Fig.
la the cross sections rotate, whereas in Fig. 15 they do not.
The difference in pattern of relative motion of the spots
marked on the surfaces of adjacent filaments is plain.

But now consider Fig. 1a” and b, which show projected
‘elevations” of the situations depicted in Fig. 1q and b.
Again the spots are shown but on short segments of the
neighbouring filaments in this view. Notice the relative
motion of the spots in Fig. 15" along the local filament axis,
which is not apparent in the view in Fig. 15 alone. A bivalent
antibody attached to the two spots in Fig. 15 and 4" could
therefore inhibit motion just as strongly as it could in Fig.
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Fig. 1 A schematic view of two adjacent filaments rotating

individually (a and a’) or propagating helical waves (b and b")

at two successive intervals of time, ¢ and b Are sectional

vews in a plane normal to the helical axes (+). &’ and b’

Are elevations of szgments of the filaments, projected from
a and b in the plane of the helical axes.
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la and &’. The relative motion of the spots on hypothesis B
is an oscillatory lengthwise rubbing, and we can estimate
its amplituds easily by taking the helix angle in Fig. 15" as
about 20° and the diameter of the filaments as about 2004,
after Asakura®. Then the extreme displacement of one spot
to another is +70 A, that is a total throw of 140 A or about
three times the diameter of a flagellin subunit.

Hence, the fact that bivalent flagellar antibodies ‘lock’
adjacent filaments can only be taken to rule out hypothesis
B if the antibodies are flexible, and indeed much more
flexible than seems likely from what is known about their
size and construction.

Now antibodies have a Y-shaped form, with two arms
which attach to the host at the tips'. From an X-ray crystal-
lographic investigation of the Fab’ fragment of an antibody
Padlan et gl have determined its overall length to be 80 A.
Thus the length of an arm can be assumed to be about 70 A.
It seems likely that the tips are attached to the host with
strong restrictions on the angle of attachment, and so it is
difficult to see how such a molecule could stay attached to
two points on adjacent flagella executing the large relative
motion I have described without having extremely flexible
arms.

The arguments of Berg and Anderson therefore do not
prove that hypothesis B is wrong. Indeed, I believe hypo-
thesis B to be correct because the propagation of helical
waves in a filament requires only small relative movements
between adjacent flagellin subunits, whereas a rigid-body
motion of the entire filament would require a very specially
constructed bearing. Moreover, as Klug® has pointed out, the
problem of propagating a helical wave in a filament is largely
subsumed in the problem of assembling a helical filament
from identical flagellin subunits, which would still be an
outstanding problem on hypothesis A4.
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