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Short Communications 

Bacteria and their flagella 

Flagel la  are difficult to observe on l iving bac te r ia  for t hey  have extreme, ly small  
d iamete rs  t. Unde r  an electron microscope,  however,  t hey  appear  to be made  up  of 
very  fine f i laments  of macromolecula r  dimensions which are twis ted  toge ther  in rope- 
like s t ruc tures  2 4. How flagella are ut i l ized by  bac ter ia  has been deba ted  over the  
years  since t hey  were first seen on fixed and s ta ined  prepara t ions .  Flagel la  genera l ly  
are found on mot i le  bac te r ia l  cells and  when cells are in mot ion the flagella, w h e n  
seen, also appea r  to be in motion.  The c i rcumstan t ia l  evidence is s t rong for the belief 
t ha t  flagella are organs of locomot ion ~, ~. On the o ther  hand,  there  is some indica t ion  
tha t  t hey  reduce the forward speed because of viscous drag  G. 

I t  has been difficult to conceive the ul traf ine flagellar f i laments  themselves  to be 
sufficiently complex  in s t ruc ture  to suppor t  inetabolic  or o ther  processes for producing  
energy-r ich molecules and at the  same t ime to conver t  the released energy to kinetic  
energy of locomotion.  Some inves t iga tors  have  suggested tha t  the source of energy 
is not  the f lagellum bu t  the bac te r ia l  cell itself. I t  is assumed tha t  the  bac te r ium 
ra the r  leisurely snaps the flage!lmn as a whip, or coils and  uncoils it  at  different rates,  
thus  propel l ing  itself forward.  

Unfor tuna te ly ,  this  suggestion also meets  wi th  difficulties. Because  of viscous 
drag  the f lagellum would be unable  to suppor t  a wave, cer ta in ly  not  one of uni form 
ampl i tude  ~1. The base end would need to cont inua l ly  execute to and fro d isp lacements  
equal  to the  amp l i t ude  of the  mldula t ions  on the flagellum and even then the mot ion 
would be d a m p e d  out  so r ap id ly  tha t  there  would be no appa ren t  waveform. A piece 
of f lagellum with an ini t ial  speed of 3 ° iz/sec in water ,  for example ,  would come to 
rest within a d is tance  of less than  i m/x. 

A th i rd  group of inves t iga tors  under  the leadership  of PUPER have suggested 
t ha t  bac te r ia l  locomotion is accomplished b y  the sinuous movement s  of the bac te r ium 
itself and  tha t  the flagella are rea l ly  t ra i ls  of mater ia l s  s loughed off a slime layer  7. In  
o ther  words, the flagella serve nei ther  as organs nor as propellers  for locomot ion;  
t hey  are s imply  inact ive  appendages .  As po in ted  out  b y  Ho[TwIx K aN t~ VAN ITV;RSON '~, 
however,  the electron-microscopic observat ions  suggest t ha t  the  high degree of 
un i fo rmi ty  in cross-section and th~ a t t a c h m e n t  of the  flagellum to the cell are not  
consis tent  wi th  this  picture.  

In this note we suggest t ha t  some means  of s tabi l iza t ion is needed by  a bac te r ium 
if it  is to undergo long range t r ans l a to ry  mot ions  and tha t  flagella m a y  well serve as 
such stabilizers.  

Trans la t iona l  Brownian  mot ion commonly  is observed among bacter ia ,  for they  
are small  enough to reveal  the effects of f luctuat ions  in the  impac ts  of molecules of 
the growth medium.  In essence, the  bac te r ia  are large "molecules"  in thermal  agi ta-  
t ion.  Pe rhaps  not  so well known is the phenomenon of ro ta t iona l  Brownian motion.  
An equat ion for the mean-square  angle of ro ta t ion  for a spherical  par t ic le  was der ived  
by  E~Nsxt,;ix s and  exper imenta l ly  verit ied by  PERRIN 9. A similar  equat ion  m a y  be 
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deduced for the rotat ion of a small cylinder about  a transverse axis through its 
center. I t  is ~ = 24 kTt/:zrll a, where k is the Bol tzmann constant ,  T is the absolute 
temperature,  ~] is the coefficient of viscosity of the medium, l is the length of the 
cylinder, and t is the time interval between observations of the angle 0 through 
which the sphere rotates. I t  must  be understood tha t  O ~ represents the resultant  
mean-square angular displacement due to a very  large number  of nudges from impacts  
of the substrate molecules. In  all observations on rotat ional  Brownian motion, 
however, the projection of the angle on a fixed plane is measured, so tha t  the fore- 
going equation should be divided by  3 in applying it to experimental  data.  

Consider a rod-like bacter ium 1. 5/x long and o.5 tx in diameter in a medium at a 
temperature  of 27 °. Set ~] equal to I cpoise, t to I sec and k to 1.38. IO -16 erg/°. Then 
the ratio of the mean-square angle of rotat ion about  a transverse axis to the time 
intorval for observations equals 24 ;4 1.38 ;,( IO -16 y, 300 :,( o.oi  x (1.5) 3 ~ lO -12 
or 9.3 radians2 sec. On the average, therefore, the bacter ium would rotate through 
approximate ly  I75 °, almost a complete about  face, during a I-see time interval. Thus 
locomotion in a given direction long enough to measure the speed, or even to allow 
the bacter ium to go anywhere,  is practically impossible unless provision is made to 
reduce the effects of rotat ional  Brownian motion. A flagellum or flagellar tress several 
tens of /, long would prevent  undue rotat ions;  in effect, it would act as a stabilizer 
for the bacterium. If  the over-all length is increased by  a factor of IO the root-mean-  
square angle is reduced by  a factor of I/3O. REICHERT'S observations that,  by  and 
large, small bacteria have longer flagella than large bacteria 1° support  this hypothesis.  
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Masked condition of ionic residues in collagen 

Physico-chemical  studies on collagen have emphasized the importance of hydrogen 
bonds in the structure. However,  the state of the ionized residues in this protein is 
still obscure, al though there is evidence, from electron microscopy tha t  they m a y  
have a special orientation in the fibril 1. Also, analysis of t i t rat ion curves reveals 
unusual  behavior  in tha t  there is slight react ivi ty over the range pH 6-1o, and a low 
alkali-neutralizing capaci ty  compared to the content  of basic amino acids 2. This 
and other  evidence mentioned by  GUSTAVSON suggests the existence of salt-like 
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