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Fig. 1. Comparison of multiple exposures (M) and single shots (S) in the cleaving egg. 

Fi lms,  w i t h  a t ime- lapse  be tween  f rames  of 1 sec, were 
m a d e  of t h e  c leav ing  eggs, and  as c leavage  t ook  a b o u t  
13 min,  a p p r o x i m a t e l y  780 f rames  were exposed for each  
cleavage.  Sequen t i a l  1 sec exposures  of t h e  comple t ed  
n e g a t i v e  f i lm a t  n o r m a l  r u n n i n g  speed (24 frames/sec)  
were p ro jec t ed  on  to  Agfa  r a p i d o p r i n t  F P S 1  paper .  To 
p rov ide  a s t a n d a r d  of reference,  single f r a m e  exposures  
f rom each  of t he  24 f r ame  group ings  were also made .  

B y  compar i son  of mul t ip le  exposures  (M) a n d  single 
shots  (S), i t  was  obv ious  t h a t  n o n - r a n d o m  m o v e m e n t  in  
t he  c leav ing  egg could  read i ly  be  d e t e c t e d  (Figure 1) b y  
t he  e x t e n d e d  s t r eaks  m a d e  b y  m o v i n g  sub-ce l lu la r  par -  

Fig. 2. Areas of supposed movement. 

ticles, whereas  areas  of r a n d o m  m o v e m e n t  were b lur red .  
Areas  e x h i b i t i n g  these  s t r eaks  were r ep re sen t ed  on  a l ine  
d i a g r a m  (Figure 2), wh ich  was  p r e p a r e d  b y  close e x a m i n a -  
t ion  of large p r i n t s  of t h e  mu l t ip l e  exposures  an d  com- 
pa r ing  these  w i t h  t h e  single shots ,  t h e  areas  of supposed  
m o v e m e n t  be ing  d r a w n  on t h e  d iag ram.  T h e  t echn ique ,  
therefore ,  p rov ides  a useful  m e a n s  for de t ec t i ng  sub-  
cel lular  m o v e m e n t s  t h a t  are d i sce rnab le  w i t h  t h e  n a k e d  
eye b u t  d i f f icul t  to  record  an d  quan t i fy .  

I t  would  seem t h a t  t h e  m e t h o d  is p o t en t i a l l y  versa t i l e  
a n d  capab le  of app l i ca t ion  to  a v a r i e t y  of p rob l ems  invo lv-  
ing cell m o v e m e n t s .  A more  de ta i led  analys is  of m o v e m e n t  
in  c leaving  eggs will be  pub l i shed  in due  course ~. 

Zusammen/assung. Eine  Me t h o d e  zur  e in fachen  Q u an t i -  
f iz ierung yon  ge r i ch te t en  B e w e g u n g e n  subze l lu la re r  Teile, 
zu m Beispiel  in Furchungsze l l en ,  wurde  en twicke l t .  
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Scanning Electron Microscopy of the Antigen-Antibody Complex 

T he  S c a n n i n g  E l e c t r o n  Microscope (SEM) ha s  h a d  
l im i t ed  use  in microbio logy.  The  i n s t r u m e n t  has  b e e n  
commerc ia l ly  ava i l ab le  since 1965, a n d  i ts  app l i ca t i on  to  
s tud ies  of bac t e r i a l  t o p o g r a p h y  h a v e  been  few 1-5. T h e  
pu rpose  of th i s  s t u d y  was to examine ,  us ing  SEM, t h e  
a n t i g e n - a n t i b o d y  complex  fo rmed  on t he  surface  of a 
bac t e r i a l  cell. 

Streptococcus mutans K - 1 R  was used as t h e  an t igen .  
T h e  o rgan i sm was o b t a i n e d  f rom t h e  N a t i o n a l  I n s t i t u t e s  
of Hea l th ,  Be thesda ,  Mary land .  Th i s  oral  s t r ep tococcus  
is of h u m a n  origin,  an d  has  been  shown  to  cause  d e n t a l  
caries in  e x p e r i m e n t a l  an i ma l s  ~. A n t i s e r u m  to  th i s  organ-  
i sm was p r e p a r e d  in r a b b i t s  in  our  l a b o r a t o r y  accord ing  
to t h e  m e t h o d  of KALONAROS a n d  BAHN 7. T h e  K - 1 R  



1288 SpeciMia EXPERIENTtA 26111 

A. Unaltered cells of Streptococcus mutans K-1R. • 10,000. B. Antibody-complexedcellsofSr K-1R. • 10,000. 

o r g a n i s m s  were grown a t  37~ in T o d d - H e w i t t  Bro th  
(Difco), s u p p l e m e n t e d  wi th  0.5% glucose, for 18 h in an 
a tmosphe re  of 95% n i t rogen  and  5% carbon dioxide.  
The cells were ha rves t ed  and  washed  3 t imes  in sterile 
0.85% sodium chloride, and  were t h e n  divided into 2 
groups. One group was f ixed in 1~ g lu ta ra ldehyde  and 
5% sucrose for 16-18 h 4. The remain ing  cells were mixed  
wi th  t he  K - 1 R  ant i serum.  A s t rong agglu t ina t ion  reac t ion  
occurred be tween  the  ceils and ant i serum.  The agglu t ina ted  
par t ic les  were t h e n  sed imen ted  by  cent r i fugat ion  and 
f ixed ill g lu ta ra ldehyde  and sucrose, as descr ibed above.  
B o t h  groups of cells were  washed  twice  in sterile deionized 
wa te r  to r emove  excess f ixat ive.  The samples  were resus- 
pended  in wa te r  to  a concen t ra t ion  of 1.0 • 105 ceils per  ml  
of wa te r  and t r ans fe r red  onto  circular  glass c o v e r s l i p s .  
The specimens  were allowed to  air d ry  and the  coverslips 
were m o u n t e d  on s t a n d a r d  a lumin ium SEM. spec imen 
holders.  The specimens  were coa ted  wi th  a vapor ized  gold- 
pa l l ad ium alloy prior  to  examina t ion .  A Cambridge,  
Mark II  S tereoscan E lec t ron  Microscope (Cambridge 
I n s t r u m e n t s  C om pany  Ltd. ,  London,  England)  was used 
to  view the  cells. The specimens  were examined  at  15 to 
18 kV at  a magni f ica t ion  of • 10,000 and  a specimen 
angle of 45 ~ . Polaroid pho tomic rog raphs  were ob ta ined  
to record the  results.  

The un t r ea t ed  K - 1 R  organism is shown in Figure  A. 
A chain of cells, typ ica l  of s t reptococci  was noted.  Their  
surface morpho logy  appeared  smoo th  wi th  t he  except ion  
of a t r ansve r se  s t r ia t ion,  or band,  a t  the  equa to r  of some 
cells. Such equa tor ia l  b a n d s  are cons idered  as act ive  sites 
of cell wail  synthesisS,  ~. A t h i n  intercel lular  connect ion  
was observed  be tween  2 of t he  ceils. 

The an t i se rum agglu t ina ted  ceils are shown in Figure  B. 
The chain  a r r a n g e m e n t  of ceils was  again noted.  Tile cells 
appeared  more  closely pos i t ioned  t h a n  the  u n t r e a t e d  K - 1 R  
cells. Also, the  surface morpho logy  was  not iceably  a l tered 
when  compared  to t h a t  of u n t r e a t e d  ceils. A f locculent ,  
rough  c o a t i n g  was observed adher ing  to  the  cell surface, 

in con t r a s t  to the  re la t ively  smoo th  surface of the  un- 
reac ted  cells. This  f loccnlent  coat ing  was  considered to  
r ep resen t  the  specific immunoglobu l in  to the  K - 1 R  
organism. 

Al though  the  immunological  in format ion  repor ted  here 
is no t  new, the  appl icat ion of high magni f ica t ion  and 
ex tended  d e p t h  of field, as offered by  the  SEM, has 
improved  opt ical  v iewing and resolut ion of t he  ant igen-  
an t ibody  complex  1~ 

Zusammen/assung. Elek t ronenmikroskop i scher  Bei t rag 
fiir die Verwendung  des Scanning-Mikroskops  zur Dar-  
s tel lung von Ant igen-Ant ik6rper -Bindungen .  

L. G. SIMOI~SON and I. L. SHKLAIR 

US Naval Dental Research Institute, Microbiology Division, 
Great Lakes (Illinois 60088, USA), 27 April 1970. 

1 T. R. G. GRAY, Science 755, 1668 (1967). 
2 L. A. BULLA, G. ST. JI:LIA~, R. A. RHODES and C. W. HESSELTINE, 

Appl. Microbiol. 78, 490 (1969). 
s j .  A. MrJRPHY and L. L. CAMPBELL, J. Bact. 98, 737 (1969). 
4 D. GREENWOOD and F. O'GRADY, Science 763, 1076 (1969). 
5 A. S. KLAINER and C. J. BETSCH, J. infect. Dis. 72J, 339 (1970). 
6 R. H. LARSO~ and R. J. FITZGERALD, J. dent. Res. d7, 746 (1968). 

I. V. KALONAROS and A. N. BAHN, Arch. oral Biol. J0, 625 (1965). 
s R. M. COLE, Bact. Rev. 29, 326 (1965). 
9 G. D. S~OCKMAN, Bact. Rev. 29, 345 (1965). 

10 The authors express their appreciation to Mr. JOHN BROWG 
microscopist at Alpha Research and Development, Blue Island 
(Illinois), for his help in conducting this study. 

11 From Research Project No. MR011.01 .01 0004, Bureau of Medi- 
cine and Surgery, US Navy Department, Washington, D.C. 

1~ The opinions or assertions contained herein are those of the 
authors and not to be construed as official or reflecting the views 
of the Department of the Navy or the Naval Service at large. 


