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S e a m a n  (7, 8) ha s  devised  a m e t h o d  for t he  iso- 

l a t ion  of c i l iary  basa l  bodies  (k ine tosomes)  f r om 

Tetrahymena pyriformis a n d  has  p resen ted  d a t a  on  

the  c h e m i c a l  p roper t i e s  of  his  f ract ion.  Howeve r ,  

on ly  l igh t  m i c r o s c o p y  was  e m p l o y e d  as a m e a n s  o f  

iden t i f i ca t ion  of t he  k ine tosomes .  I n  t he  exper i -  

m e n t s  desc r ibed  he r e  the  m a t e r i a l  o b t a i n e d  af ter  

va r ious  s teps in  the  isolat ion p r o c e d u r e  was  ex-  

a m i n e d  by  e lec t ron  mic roscopy .  C o n s e q u e n t l y  it  

b e c a m e  neces sa ry  to m o d i f y  S e a m a n ' s  p r o c e d u r e  

in o rde r  to o b t a i n  a f rac t ion  w h i c h  a p p e a r e d  to 

be  re la t ive ly  p u r e  as v i ewed  in t he  e lec t ron  mic ro -  

scope.  T h e  k ine tosomes  a re  not ,  in fact,  i solated 

free, b u t  r e t a i n  a bi t  of  pe l l icu la r  m a t e r i a l  a t t a c h e d  

to the  dis ta l  r eg ion  a n d  a k i n e t o d e s m a l  f iber pro-  

j e c t i n g  at  r i gh t  ang le s  f r o m  the i r  basa l  end .  T h i s  

p a p e r  gives t he  p r e sen t  mod i f i ca t ions  of t he  iso- 

la t ion  p r o c e d u r e  in deta i l ,  as well  as some  pre-  

l i m i n a r y  nuc le ic  ac id  analyses .  

M A T E R I A L S  A N D  M E T H O D S  

Isolation Procedure 

The  following modificat ions have  been in t roduced 
into the  S e a m a n  procedure  (7). Points (A) th rough  
(D) represent  minor  changes  and  procedural  clari- 
fications; po in t  (E) includes major  modifications.  

(A) C U L T U R E  O F  O R G A N I S M S :  Tetrahymena py- 
riformis, strain B, are grown for 48 hours without  
aerat ion in cul ture  m e d i u m  conta in ing  1 per cent  
proteose peptone (Difco Laboratories,  Inc.) ,  0.25 
per cent  yeast  extract  (Difco), and  0.1 per cent  
glucose. Six to 8 liters of m e d i u m  originally inoculated 
wi th  5 ml  of cells in the  s ta t ionary phase  of g rowth  
will yield the  10 to 12 g m  of wet-packed cells for 
which  the  modified procedure  is designed. Organ i sms  
allowed to grow longer  t han  54 hours  unde r  these 
condit ions acquire  m a n y  large intracellular  in- 
clusions. Such cells solubilize either very slowly or 
not  at all when  subjected to digi tonin t rea tment ,  and  
hence  do not  yield good prepara t ions  of kinetosomes.  

(B) COLLECTION OF CELLS: T h e  organisms are  
harves ted  by centr i fugat ion at 250 g for 10 minutes  

at  0 to 4°C, and  are washed once with 300 ml  of cold 
phospha te  buffer  (0.015 M, p H  6.5). 

( e )  E T H A N O L  T R E A T M E N T :  T he  collected cells 

are suspended  in 300 ml  of 40 per cent  e thanol  at 

- -15  ° to - -20°C  and are stored at the same temper-  
a ture  for a m i n i m u m  of 3 hours.  As pointed out  by 
Watson ,  Hopkins,  and  Randa l l  (9), the  cold e thanol  
kills the organisms and  hardens  the  cilia, which  then  
readily de tach  when  the cells are transferred to a 
digi tonin solution. I t  is essential tha t  the  tempex- 
ature  of  the  alcoholic cellular suspension r ema in  well 
below O°C, for at t empera tures  above freezing the  
proteins of the  cy top lasm coagulate and  the  cells 
become resistant to solubilization (2). It  is best to 
pour  the  cold alcohol directly over smal l  quanti t ies  
(1 to 2 ml) of wet cells in the  centrifuge tubes used 
for harvest ing and  washing,  all the  while st irring 
vigorously. Cells used within  a few days seem to 
undergo  solubilization more  uniformly t han  those 
stored longer in ethanol .  

(D) DIGITONIN SOLUBILIZATION: After re- 
moval  of the  cells f rom the e thanol  solution, they  are 
washed with 50 ml  of cold 1 per cent  digi tonin solu- 
tion in KC1, resuspended in 50 ml  of digi tonin 
solution and  allowed to solubilize, all as described by 
Seaman.  The  initial digi tonin wash  is essential, since 
a small  a m o u n t  of residual alcohol will coagulate  the  
cy toplasm and  prevent  proper  solubilization. I n  
well solubilized cells the  nuclei  and  cilia disappear,  
the  cy toplasm becomes clear (2), and  only the  
pellicle with its rows of kinetosomes remains  visible 
in the  phase  microscope (see pho tograph  in Child 
and  MaMa, reference 2). Since cells react  at different 
rates, it is best to cont inue  the  process unt i l  some 
cells are oversolubilized, whereupon  even the pellicle 
begins to lose its integrity, and  virtually all cells are 
solubilized to some extent.  I n  this m a n n e r  con-  
t amina t ion  of the kinetosome fraction with cyto- 
plasmic and  nuclear  particles f rom unsolubil ized 
cells is minimized.  Oversolubil ized pellicles, f rom 
which  the kinetosomes m a y  be part ial ly lost, r ema in  
in the superna te  and  are discarded after the next  
centrifugation.  

(E) SEVARATION OF KINETOSOMES: After the 
1/~ to 21/4 hour  solubilization period, the  pellicles are 
concent ra ted  by centr i fugat ion at 1500 g for 10 
minutes .  The  digi tonin supernate ,  which  contains a 
flocculent mass of pellicular f ragments  and  released 
cilia, is decanted,  the whole pellicles are rinsed once 
with 50 ml of 0.25 M sucrose and  are g round  vigor- 
ously for a m i n i m u m  of 15 minutes  in a Potter- 
E lvehjem tissue homogenizer  with Teflon plunger .  
The  homogena te  is di luted with sucrose solution to a 
total  volume of 60 ml, and  is centr ifuged at 250 g for 
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20 minutes. This centrifugation removes oral plates, 
intact  pellicular fragments and the few remaining 
nuclei and unsolubilized cytoplasmic inclusions. The 
supernate,  which contains kinetosomes, is decanted 
and stored in the cold, while the precipitate is re- 
suspended in 20 ml of sucrose solution and ground for 
another 15 minutes to release additional kinetosomes 
from the remaining bits of pellicle. After dilution as 
above, the oral plates and other debris are again re- 
moved by low speed centrifugation and are finally 
discarded. 

The  supernates of the two preceding centrifugation 
steps are combined and centrifuged at 4000 g for 15 
minutes in order to sediment  the kinetosomes. At this 
point  the supernate is discarded and the pellet is 
examined under  the phase microscope. If  oral plates 
or other debris are still present they are removed by 
another low speed centrifugation (250 g), and iso- 
lated kinetosomes are again concentrated at 4500 g 
for 15 minutes. The final white gelatinous pellet is 
then examined by electron microscopy to determine 
its purity. 

Before chemical analysis or storing, the kinetosome 
fraction is rinsed at least once (preferably twice) with 
40 ml of Ringer 's  solution without sugar, each t ime 
spinning at 4500 g for 15 minutes. Stored kinetosomes 
retain their morphological  integrity for approximately 
24 hours. The yield of isolated kinetosomes is about 
8 mg of kinetosome protein per 10 to 12 gm of wet- 
packed cells. 

Studies on the Isolated Kinetosomes 

E L E C T R O N  M I C R O S C O P Y ;  F o r  electron micros- 
copy, small drops of suspended kinetosomes were 
placed directly on carbon-coated grids. The  grids 
were then inverted on the surface of 2 per cent uranyl 
acetate for fixation and staining. Some grids were 
air-dried, while others were carried through the 
critical point  procedure described by Anderson (1). 
Pellets were also fixed in 1 per cent OsO4 buffered to 
p H  7.4 with Veronal-acetate,  and embedded  in 
Vestopai for thin sectioning. 

CHEMICAL ANALYSES; The nucleic acid and 
protein contents of the isolated kinetosome fraction 
were determined and compared  with those of whole 
cell homogenates.  Chemical analyses were made  
directly upon material suspended in a minimal vol- 
ume of Ringer 's  solution. Protein assays were made by 
the biuret method (10). R N A  was determined by the 
orcinol procedure (6), and DNA by the diphenyla- 
mine reaction (3) using dichromatic readings to 
correct for the possible interference of carbohydrates .  

R E S U L T S  A N D  D I S C U S S I O N  

I n  the  final f rac t ion mos t  k inetosomcs are  no t  
free, bu t  re ta in  the  k ine todesmal  fiber and  a 
small  t ab  of pclliclc at  the  basal  and  apical  ends ,  
respect ively.  T h u s  they  have  a charac ter i s t ic  
flag-like appea rance ,  shown in Fig. 1. T h e  low 
magni f i ca t ion  field seen in Fig. 2 is r epresen ta t ive  

~IGURE 1 Single kinetosome (K) with attached kinetodesmal fiber (F) and pellicle fragment (P). Air- 
dried whole mount. × ~l,000. 

FIGURE ~ Low magnification survey view of material in the final fraction. In addition to kinetosomes, 
one finds fragments of pellicle and cilia as well as kinetodesmal fibers. Air-dried whole mount. X 6,700. 

B a I E F ~ O T Z S 1 5 5  



FIGunz 8 Section of a fixed pellet of the 
final fraction. Kinetosomes seen in both 
longitudinal and transverse section. OsO4 
fixation. X ~25,000. 

TABLE I 

Nucleic Acid Content of Kinetosomes 

Kinetosome preparation DNA/protein RNA/protein 

per cent per cent 

I 0.9 2.6 
II  0.9 3.6 
I I I  0.6 4.6 
IV  0.0 7.9 
V 0.5 0.6 

Average I to V 0.6 3.9 
Results of Seaman (7) 6.2 4.2 

T A B L E  II  

Nucleic Acid Contents of Whole Cells 

Whole Cell Homogenate DNA/protein RNA/protein 

per vent per cent 

Average of seven preparat ions 1.9 22 
Results of Seaman (7) 2.4 33 

of the final fraction and  gives an  impression of the 
degree of purity. A few cilia are usually present in 
the final fraction as well as some unidentif ied small 
dense bodies (nucleoli?). Only  in very impure  
preparat ions  do nuclei and  oral plates appear  in 
any  number .  In  an  occasional prepara t ion  the 
majori ty  of kinetosomes are detached from their  
kinetodesmal fibers, a l though bo th  are present 
together in the pellet. A section th rough  a fixed 
pellet of the final kinetosome fraction is shown in 

Fig. 3; Idnetosomes, pellicle, and  kinetodesmal  
fibers are seen in various orientations. In  transverse 
sections of the kinetosomes the typical 9 fibers are 
easily identifiable (4, 5). Longi tudina l  sections of 
the kinetosomes occasionally include the point  of 
a t t achmen t  of the kinetodesmal fiber. 

Tab le  I summarizes the results of nucleic acid 
and  protein analyses on five kinetosome prepa-  
rations. Each  of these was comparable  in puri ty  
wi th  tha t  of Fig. 2. T h e  D N A / p r o t e i n  and  R N A /  

1 5 6  B n i E F N O T E S 



protein ratios for kinetosomes should be compared 
with the similar ratios obtained for whole cells 
and shown in Table II. The values presented 
here agree reasonably well with those given by 
Seaman, with the exception of the DNA/protein 
ratio in the kinetosomes. This discrepancy may 
possibly be due to the omission from the modified 
procedure of the final ammonium sulfate fraction- 
ation described by Seaman (7). This step was 
believed to achieve the selective removal of 
pellicular fragments. It is not included in the 
modified procedure, however, since the bulk of 
the pellicular material remaining at this stage 
appears firmly attached to the kinetosomes. 

It is impossible to decide, on the basis of avail- 
able evidence, whether the small amounts of DNA 
and RNA in the final fraction are due to contami- 
nation from nuclear and ribosomal material. 
Observations by light microscopy on Feulgen- 
stained sections of the pellet show very little 
material which can be interpreted as nuclear 
fragments. On the other hand, ribosomes may 
well remain attached to the kinetosomes and their 
associated fibers. Extraction of the nucleic acids 
and further characterization by density gradient 
centrifugation and base ratio analyses should help 
to clarify their origin. 

The stock culture of Tetrahymena was provided by Dr. 
Norman Kerr, who kindly helped with culture tech- 

niques. Dr. Ikuko Mizukami prepared the sections 
for electron microscopy. Supported by funds from the 
National Cancer Institute, United States Public 
Health Service, (CA-03503). 
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