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P R O  E X P E R I M E N T I  S 

A M i c r o s c o p i c  F i l m  of  t h e  M o v e m e n t s  of  B u l l  
S p e r m  C e l l s  in  D a r k - f i e l d  I l l u m i n a t i o n  

In the course of an invest igation of the movements  
of bull spermatozoa, it became desirable to make films 
of sperm samples. Since the results yielded by these 
films had to be coordinated with  other  measurements  
taken simultaneously on the same samples, working 
with dark-field i l lumination could not  be avoided. 

In brief, the films were further  required to give : 

(1) In ter - f rame- t ime < x]a0 s; 50 frames per s were 
chosen, because of the convenience of synchronisa- 
t ion with the mains. 

(2) Exposure t ime less than 1 ms. 
(3) Magnification, taken from sample to emulsion, × 25 

at  least, in order not  to be l imited in resolving power 
by the grain of the emulsion. 

(4) Total  length of one film at  least 30 s. 

We decided to work with a low numerical  aperture, 
which gives the advantage  of great  depth  of focus. 

The difficulty is to obtain proper i l lumination of the 
samples. From some experiments  made with a small- 
aperture dark-field condenser (a single lens, the central  
part  of which had been diaphragmed) and a incandes- 
cent  tamp, i t  appeared tha t  an energy of about  10 V¢'s 
per frame would be needed. The construct ion of a point- 
shaped light source capable of producing this 50 times 
per second is ext remely  difficult. 
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t ron with a tesla coil. By put t ing a resistor in series with 
the capacitors, the peak voltages on the la t ter  may be 
varied from 800 to 1800 V, giving an energy of 5 to 
25 \¥s. 

At a power input  of 0.3 kW, the lamp may be used for 
many hours continuously;  at the max imum input  of 
1-3 k~V, this is reduced to several minutes. Sufficient 
data  as to life are not  yet  available. The flash-time was 
measured to be 100-250 /,s, dependent  on the energy 
used. 
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Obviously it is advantageous to use light sources 
with larger dimensions. We decided to use a ring-shaped 
electronic flash ; the ring has the same dimensions as the 
opening of the condenser (see Fig. 1). This optical ar- 
rangement  is in first approximat ion independent  of the 
distance lamp condenser which implies tha t  the adjust-  
ment  is not  at  all critical, whilst at  the same time, 
geometrically, a very sat isfactory useful effect of l ight is 
obtained. 

At  our request  NV Philips E indhoven  developed a 
suitable flash-bulb, made of quar tz  and air-cooled. The 
shape of the lamp makes it  easy to do this la t ter  very 
effectively. 

The electrical circuit of the lamp is very  simple: a 
single phase rectifier charges a capacitor ba t te ry  of 
15 #F  in about  ~/4 of a period of the mains. In the follow- 
ing negat ive half period the bulb is triggered by a thya-  

Some more details about  the equipment :  
(1) The image of the object ive (× 10, A = 0-25) is mag- 

nified × 2.5 with a small (corrected) lens. 

(2) A Kodak  gun-camera,  in this case driven by a 40 W 
synchronous motor.  

(3) Emuls ion:  Kodak  Tri-X, developed with high con- 
t ras t  developer. 

Some films of sperm-samples have been made with 
this equipment .  Figure 2 shows a number  of frames 
taken  at  an energy of 15 Ws. The object  in mind, 
namely the determinat ion of the manner  of movement 
of sperm cells, can obviously be achieved in this way. 

In conclusion, we may say tha t  the making of a micro- 
scopic moving picture in dark-field i l luminat ion has been 
realised with relat ively simple means. The illumination 
employed seems to be quite  suitable for phase-contrast 
microscopy also (where the quan t i ty  of light desired is 
much lower), by  focussing the lamp on the ring-shaped 
opening of the condensers. 
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A m o r e  de t a i l ed  d e s c r i p t i o n  of t h e  a p p a r a t u s  will be  
pub l i shed  l a t e r  on. 

~ .  RIKMENSPO]gL a n d  G. VAN HERPEN 

Research Insti tute/or Animal  Husbandry T.N.O., Ut- 
recht, October 15, 1955. 

Zusammen/assung 
E i n e  A n o r d n u n g  zur  k i n e m a t o g r a p h i s c h e n  A u f n a h m e  

von S p e r m i e n  y o n  M u s t e r b u l l e n  in  D u n k e l f e l d b e l e u c h -  
t u n g  wi rd  b e s c h r i e b e n .  Die  Bi ldfo lge  v o n  50 A u f n a h m e n  
je S e k u n d e  e r f o r d e r t  e ine  L i c h t q u e l l e  v o n  e t w a  0,8 kW,  
welche y o n  e iner  S p e z i M - E l e k t r o n e n b l i t z l a m p e  gel iefer t  
wird. 

t o g e t h e r ,  e x c e p t  in t h e  a n t e r i o r  p o l a r  r eg ion  w h e r e  cross-  
c o n n e c t i n g  f ibers  a p p e a r  to  be  p r e s e n t .  W i t h  t h e  dissolu-  
t i on  of t h e  pell icle,  t h e  ci l ia  a re  d e t a c h e d  f rom t h e i r  
r e s p e c t i v e  basa l  g r a n u l e s  a n d  f l oa t  free. F i g u r e  t is a 
h i g h - p o w e r  p h a s e  c o n t r a s t  p h o t o m i c r o g r a p h  of  s u c h  
a p r e p a r a t i o n  t h a t  has  b e e n  a l lowed  to  so lub i l i ze  u n d e r  
a cove r s l ip  so t h a t  t h e  k i n e t o s o m e s  r e t a i n  t h e i r  n a t u r a l  
pos i t ions .  

P R O  E X P E R I M E N T I S  

A M e t h o d  for  the  I s o l a t i o n  of  the  P a r t s  
of  C i l i a t e s~  

M e t h o d s  h a v e  b e e n  d e v i s e d  in  t h i s  l a b o r a t o r y  for  
i so la t ing  q u a n t i t i e s  of t h e  p a r t s  of t h e  i n f r a c i l i a t u r e  of 
Telrahymena, i n  o r d e r  t h a t  t h e  s t r u c t u r e  a n d  bio- 
c h e m i s t r y  of t h e  c i l ia ry  a p p a r a t u s  m a y  be  s t ud i ed .  I n  
view of t h e  i n t e r e s t  s h o w n  b y  s o m e  worker s ,  i t  h a s  been  
t h o u g h t  a d v i s a b l e  to  i n d i c a t e  s o m e t h i n g  of t h e  n a t u r e  
of t he  m e t h o d ,  t h e  k i n d  of r e su l t s  o b t a i n a b l e ,  a n d  t h e  
poss ib i l i t ies  of u s ing  t h e  m e t h o d  for  phys io log ica l  a n d  
morpho log i ca l  ana Iys i s  of t h e  p a r t s  of c i l ia tes .  

The  m e t h o d  n o w  in use  is a n  a d a p t a t i o n  of t he  m e t h o d  
o r i g i n a t e d  b y  MAZlA a n d  DAN 2 a n d  m o d i f i e d  b y  MAZIA 3 
for t h e  i so l a t ion  of t h e  m i t o t i c  a p p a r a t u s  of d i v i d i n g  sea  
u rch in  eggs. I n  genera l ,  i t  cons i s t s  of  k i l l ing  t h e  cells b y  
i m m e r s i o n  in  a q u e o u s - e t h a n o l  a t  sub -ze ro  t e m p e r a t u r e s ,  
and  s u b s e q u e n t l y  t r a n s f e r r i n g  t h e m  to  a n  a q u e o u s  solu-  
t ion  of d ig i t on in .  T h e  d i g i t o n i n  s o l u t i o n  solubi l izes  m u c h  
of t h e  c y t o p l a s m  of t h e  cell, r e l eas ing  t h e  n o n s o t u b i l i z e d  
c o m p o n e n t s  of t he  cell so t h a t  t h e y  a re  f o u n d  free  in  t h e  
m e d i u m ,  w h e r e u p o n  t h e y  c a n  be  co l l ec ted  b y  d i f f e r en t i a l  
c e n t r i f u g a t i o n .  I n  t h e  p r e s e n t  work ,  t h e  c i l ia te  Tetra- 
hymena pyri/ormis s t r a i n  W h a s  b e e n  g r o w n  a x e n i c a l l y  
in 2 %  p r o t e o s e - p e p t o n e .  T h e  cells a re  c o n c e n t r a t e d  b y  
c e n t r i f u g a t i o n  a n d  w a s h e d  t h r e e  t i m e s  w i t h  d i s t i l l ed  
water .  T h e  ceils a re  t h e n  s u s p e n d e d  in  4 0 %  e t h a n o l  a t  
- 10 ° C, a n d  s t o r e d  a t  -- 10 ° for  a few hours .  T h e  a lcohol  
su spens ion  is t h e n  c e n t r i f u g e d  a t  - - 1 0  ° to  col lec t  t h e  
cells, t h e  a lcohol  is d e c a n t e d ,  a n d  t h e  s e d i m e n t e d  cells 
are s u s p e n d e d  in a 1 %  a q u e o u s  s o l u t i o n  of d ig i ton in .  T h e  
alcohol  t r e a t m e n t  m u s t  n e v e r  t a k e  p lace  a b o v e  0°C or  
the  c y t o p l a s m  will  c o a g u l a t e  a n d  be  r e n d e r e d  r e s i s t a n t  
to t he  so lub i l i z ing  a c t i o n  of t h e  d ig i t on in .  T h e  so lubi l iza-  
t ion of t h e  ceils in  d i g i t o n i n  c a n  be  fo l lowed b y  obse rva -  
t ion w i t h  p h a s e  c o n t r a s t  m ic roscopy .  

I t  has  b e e n  o b s e r v e d  t h a t ,  w h e n  t h e  d i g i t o n i n  suspen -  
sion is sa l t - f ree ,  al l  t h e  c o m p o n e n t s  of t h e  cell are  
d i s r u p t e d  a n d  so lub i l i ze  e x c e p t  t h e  cilia,  t h e  k ine to somes ,  
and  c e r t a i n  o t h e r  f i b rous  s t r u c t u r e s .  T h e  e n d o p l a s m ,  
pellicle, a n d  n u c l e u s  are  d i spersed .  T h e  k i n e t o s o m e s  
fo rming  t h e  m e m b r a n e l l e s  a r o u n d  t h e  m o u t h  are  held  
i n t a c t  b y  c o n n e c t i n g  f ibers ,  a n d  c a n  be  i so l a t ed  en masse 
along w i t h  t h e  a t t a c h e d  gu l l e t  f ibers .  T h e  s o m a t i c  k ine to -  
somes ( those  n o t  in  t h e  o ra l  a p p a r a t u s )  do  n o t  ho ld  

I This investigation was supported by the American Cancer 
Society, recommended by the Committee on Growth, National 
Research Council. 

= D. MAZlA and K. D,N, Proe. nat. Acad. Sei. 38, 826 (1952). 
3 D. M-AZI~ in : Symposium o] the Society ]or Experimental Biology 

9, as5 (x9~5). 

Fig. l.-Phase contrast photomicrograph of a "solubilized" Tctra- 
hymena, showing the kiuetosomes aim oral apparatus. X ~t)O0. 

T h e  s t r u c t u r e  a n d  a r r a n g e m e n t  of t h e  i n f r ac i l i a t u r e ,  
espec ia l ly  t h e  a s soc ia t ions  of k i n e t o s o m e s  a n d  f ibers  of 
the  ora l  a p p a r a t u s ,  c a n  be  seen  in such  " s o l u b i l i z e d "  
p r e p a r a t i o n s  u n d e r  p h a s e  c o n t r a s t  m i c r o s c o p y  w i t h  a 
c l a r i t y  wh ich  is a p p r o a c h e d  o n l y  by  t h e  more  t e d i o u s  
m e t h o d s  of s i lver  s t a i n i n g  a n d  t h e  " s o n i c a t e d "  p r e p a r a -  
t ions  used b y  Mv:'i'z a n d  c o w o r k e r s  4. In a d d i t i o n ,  t h e s e  
l a t t e r  m e t h o d s  r e n d e r  t h e  m a t e r i a l  i tself  u n s u i t a b l e  for  
b iochemica l  i n v e s t i g a t i o n .  P r e p a r a t i o n s  of o t h e r  p ro-  
tozoa,  b y  t h e  a l c o h o l - d i g i t o n i n  m e t h o d ,  h a v e  y i e lded  
ma te r i a l  of f u r t h e r  in t e res t .  T h e  h y p e r m a s t i g o t e  f lagel-  
la te  Trichonympha, o b t a i n e d  f rom t h e  g u t  of t h e  t e r m i t e  
Zootermopsis, has  g iven  s t r i k i n g l y  c lea r  p r e p a r a t i o n s  of 
i so la ted  a n t e r i o r  e c t o p l a s m i c  cones  w i t h  t i le f lage l la  
a t t a c h e d .  PITELKA has  used  t h i s  m e t h o d  to  p r o d u c e  
p r e p a r a t i o n s  of o p a l i n i d  c i l ia tes  wh ich  h a v e  b e e n  f a v o r -  
able  for e l ec t ron  m i c r o s c o p y  a n d  will be  d e s c r i b e d  in a 
l a t e r  p u b l i c a t i o n .  

The  d i s so lu t ion  of such  s t r u c t u r e s  as t h e  nuc l eus ,  
peilicle, a n d  m i t o c h o n d r i a  c a n  be  p r e v e n t e d  b y  c a r e f u l l y  
us ing  a d i g i t o n i n - K C l  so lu t i on  for so lub i l i za t ion .  T h e  
nuc leus  c a n  b e  p r e v e n t e d  f r o m  b e i n g  so lub i l i zed  if t h e  
d ig i t on in  so lu t i on  c o n t a i n s  some  sal t ,  up  to  0.05 M KC1. 

4 C. B. METZ, D. R. PlTELKA, slid J. A. WESTFALL, BioL Bull. 
104, 498 (1953). - C. B. METZ and J. A. WESTFALL, Biol. Bull. t07, 
106 (1954). 
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