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ABSTRACT 

Although s i n g l e  c e l l s  are g e n e r a l l y  cons ide red  t o  be less v u l n e r a b l e  
t h a n  h i g h e r  organisms t o  v a r i a t i o n s  i n  g r a v i t a t i o n a l  f o r c e s ,  many c e l l  
exper iments  have been conducted i n  t h e  reduced gra;ity o f  s p a c e .  S t u d i e s  
i n v o l v i n g  i s o l a t e d  v i r u s e s ,  b a c t e r i a ,  y e a s t s ,  f i l a m e r t o u s  f u n g i ,  p r o t o z o a n s ,  
and c e l l s  i n  smal l  groups  ( such  a s  t i s s u e  c u l t u r e s  and e a r l y  embryos) a r e  
reviewed t o  i l l u s t r a t e  t h e  v a r i e t y  of s p e c i e s  examined. E a r l y  s t u d i e s ,  
conducted w i t h  h igh  a l t i t u d e  b a l l o o n s ,  sounding r o c k e t s ,  and p r i m i t i v e  
o r b i t a l  s a t e l l i t e s ,  demonst ra ted  t h e  c a p a b i l i t y  o f  c e l l s  t o  s u r v i v e  t h e  
space  f l i g h t  environment.  These r e s u l t s  r ev ived  i n t e r e s t  i n  Panspermia 
and demonstrated t h e  p o s s i b l e  requ i rement  f o r  s t e r i l i z a t i o n  o f  a l l  space-  
c r a f t  l a n d i n g  on f o r e i g n  heavenly  bod ies .  

Because space  v e h i c l e s ,  equipment,  and p a s s e n g e r s  a r e  n o t  s t e r i l i z e d  
b e f o r e  f l i g h t ,  it h a s  been impor tan t  t o  s t u d y  t h e  e f f e c t s ,  i f  any,  o f  
s p a c e f l i g h t  on t e r r e s t r i a l  c e l l  sys tems.  With some i m p o r t a n t  e x c e p t i o n s ,  
which a r e  d i s c u s s e d ,  s t a t i c  c e l l  sys tems c a r r i e d  aboard USA and USSR space  
f l i g h t s  have f a i l e d  t o  r e v e a l  s p a c e - r e l a t e d  anomal ies .  Some s o p h i s t i c a t e d  
d e v i c e s  which have been developed f o r  viewing d i r e c t l y ,  o r  c o n t i n u o u s l y  
r e c o r d i n g ,  t h e  growth of  ce l ls ,  t i s s u e  c u l t u r e s  and eggs  i n  f l i g h t ,  a r e  
d e s c r i b e d  and t h e  r e s u l t s  summarized. The unique p r e s e n c e  o f  h i g h  energy ,  
mul t i charged  (HZE) p a r t i c l e s  and f u l l - r a n g e  u l t r a v i o l e t  i r r a d i a t i o n  i n  
space  has  prompted s e v e r a l  i n v e s t i g a t o r s  t o  e v a l u a t e  t h e  r e s p o n s e  o f  s i n g l e  
cells t o  t h e s e  f a c t o r s .  

Summary r e s u l t s  and g e n e r a l  c o n c l u s i o n s  a r e  p r e s e n t e d .  P o t e n t i a l  
a r e a s  o f  r e s e a r c h  i n  f u t u r e  space  f l i g h t s  a r e  i d e n t i f i e d .  

INTRODUCTION 

Exper imenta l  ev idence  t h a t  organisms are a f f e c t e d  by g r a v i t a t i o n a l  
f o r c e s  was f i r s t  ob ta ined  i n  1806 by Knight  who demons t ra ted ,  w i t h  t h e  
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a i d  of  a  w a t e r - d r i v e r  c e n t r i f u g e ,  t h a t  o r i e n t a t i o n  i n  p l a n t s  was d e t e m i n e d  
by t h e  g r a v i t a t i o n a l  v e c t o r  (1). The dependence o f  an imals  upon g r a v i t y  
was f i r s t  observed i n  1883 by P f l u g e r  w i t h  d e m o n s t r a t i o n s  t h a t  t h e  develop-  
ment o f  f r o g  eggs i n  an  i n v e r t e d  p o s i t i o n  r e s u l t e d  i n  a  h igh  r a t e  o f  abnor-  
m a l i t i e s  ( 2 ) .  Many s t u d i e s ,  des igned t o  e v a l u a t e  t h e  e f f e c t s  o f  r e s u l t a n t  
f o r c e s  i n  e x c e s s  of  one g r a v i t a t i o n a l  u n i t ,  i s s u e d  from t h e s e  b e g i n n i n g s .  
I n  a d d i t i o n ,  some i n v e s t i g a t o r s  have observed organisms i n  d e v i c e s  which 
compensate f o r ,  o r  oppose,  t h e  E a r t h ' s  g r a v i t a t i o n a l  a t t r a c t i o n .  The neu- 
t r a l  bouyancy tank which p r o v i d e s  a  f l e x i b l e  l i f t  e q u a l  t o  t h e  mass of  t h e  
t e s t  o b j e c t ,  and t h e  r o t a t i n g  c l i n o s t a t  which c o n t i n u a l l y  a l t e r s  t h e  d i -  
r e c t i o n  of  t h e  g r a v i t a t i o n a l  v e c t o r ,  a r e  t h e  two most w i d e l y  used d e v i c e s  
( 3 )  

With t h e  adven t  o f  t h e  space  age it became p o s s i b l e  t o  reduce  t h e  t o t a l  
f o r c e  upon t e s t  systems t o  l e s s  t h a n  one g r a v i t a t i o n a l  u n i t  b y  removing 
them.from t h e  E a r t h .  T h i s  o p p o r t u n i t y  was recogn ized  by  many i n v e s t i g a t o r s  
who conducted exper iments  on a  l a r g e  v a r i e t y  o f  d i f f e r e n t  t y p e s  o f  l i v i n g  
t e s t  sys tems.  Those sys tems which i n v o l v e  s i n g l e  c e l l s  o r  s m a l l  g r o u p s  
o f  c e l l s  ( s u c h  a s  b l a s t u l a s  o r  t i s s u e  c u l t u r e )  a r e - r e v i e w e d  and summarized 
i n  T a b l e s  I through V I ,  i n  a n  e f f o r t  t o  demons t ra te  t h e  v a r i e t y  o f  t e s t s  
t h a t  have been  conducted i n  space .  I n  a d d i t i o n ,  g e n s r a l  c o n c l u s i o n s  a r e  
p r e s e n t e d  and a r e a s  p o t e n t i a l l y  worthy o f  f u t u r e  space  r e s e a r c h  a r e  i d e n t i -  
f  i e d  . 

S u r v i v a l  Of C e l l s  I n  Space 

P r e p a t o r y  t o  s t u d i e s  on o r b i t a l  s p a c e f l i g h t s ,  s e v e r a l  m i c r o b i a l  s p e c i e s  
were exposed t o  a l t i t u d e s  up t o  1900 Km i n  b a l l o o n  and sounding r o c k e t  
f l i g h t s  ( T a b l e s  I ,  11, 111, and I V ) .  These exposures ,  which were i n i t i -  
a t e d  i n  1935 ( 4 ) ,  were conducted t o  de te rmine  i f  microorganisms cou ld  su r -  
v i v e  h igh  a l t i t u d e  f l i g h t  and have been thorough ly  reviewed ( 5 ,  6 ,  7 ,  8 ) .  
Although rudimentary ,  t h e s e  s t u d i e s  p e r m i t t e d  t h e  i n v e s t i g a t o r s  t o  obse rve  
t h a t  a  l a r g e  p e r c e n t a g e  o f  f u n g a l  s p o r e s  and dormant v e g e t a t i v e  c e l l s  cou ld  
s u r v i v e  s h o r t - d u r a t i o n  d i r e c t  exposure  t o  t h e  s p a c e  environment a t  t h e s e  
a l t i t u d e s  (9, L O )  . 

Beginning w i t h  t h e  USSR r e c o v e r a b l e  S p u t n i k  5 f l i g h t  i n  1960 (11)  and 
t h e  USA Gemini/Agena m i s s i o n s  i n  1963,  t h e  requ i rement  t o  s t e r i l i z e  space  
v e h i c l e s  d e s t i n e d  t o  l and  on o t h e r  heavenly  b o d i e s  has  been  s t u d i e d  (8 ) .  
I n  a  typica:  example, a  v a r i e t y  o f  m i c r o b i a l  s p e c i e s  ( P e n i c i l l i u m  

, B a c i l l u s  s u b t i l i s  s p o r e s ,  Tobacco Mosiac V i r u s ,  and Tl 
c o l i p h a g e )  were c a r r i e d  aboard t h e  Gemini 9A and Gemini 12 s p a c e c r a f t  ( 9 ) .  
V i a b l e  r e p r e s e n t a t i v e s  o f  a l l  s p e c i e s  w e r e  r ecovered  f o l l o w i n g  n e a r l y  17 
hours  of  " d i r e c t  exposure"  t o  space  c o n d i t i o n s .  These same s p e c i e s ,  when 
p r o t e c t e d  from d i r e c t  s o l a r  i r r a d i a t i o n ,  s u r v i v e d  4 months s f  exposure  on 



t h e  Agena 8  o r b i t e r  ( 10) . S i m i l a r  t e s t s  on t h e  S o v i e t  Cosmos 368 E a r t h -  
o r b i t a l  s a t e l l i t e ,  and t h e  Zond 8 au tomat ic  l u n a r  s t a t i o n ,  r e v e a l e d  t h a t  

I I 

b a i l i . ,  and E s c h e r i c h i a  c o l i ,  c e l l s  were a l l  a b l e  t o  s u r v i v e  s p a c e f l i g h t  
(124,13) . 

I n  t h e  ensu ing  y e a r s ,  v i a b i l i t y  measurements have g e n e r a l l y  been  i n -  
cluded i n  a l l  space  c e l l  b i o l o g y  s t u d i e s .  A s  a  r e s u l t  it has  been e s t a b -  
l i s h e d  t h a t  microorganisms i n  and on i n t e r p l a n e t a r y  s p a c e c r a f t  may b e  
capab le  o f  s u r v i v i n g  t o  con tamina te  e x t r a t e r r e s t r i a l  b o d i e s  (8 ,  9 ,  1 0 ,  1 2 ,  
3  4  1 5  6 ,  7  The r e c o r d  f o r  v i a b i l i t y  i n  space  was r e p o r t e d  f o r  
S t r e p t o c o c c u s  m i t i s  which was recovered from i n t e r n a l  components o f  a  
Surveyor  I11 t e l e v i s i o n  camera t h a t  had r e s i d e d  on t h e  s u r f a c e  o f  t h e  Moon 
f o r  2.5 y e a r s  ( 1 8 ) .  Even though t h e  p o s s i b i l i t y  o f  s u r v i v a l  i n  s p a c e  h a s  
been r e p e a t e d l y  proved,  it was cons ide red  o p e r a t i o n a l l y  n o n - f e a s i b l e  t o  
s t e r i l i z e  space  v e h i c l e s ,  equipment,  and p a s s e n g e r s  b e f o r e  f l i g h t .  Accord- 
i n g l y  it became impor tan t  t o  e v a l u a t e  t h e  e f f e c t s ,  i f  any,  o f  s p a c e f l i g h t  
on ter res t r ia l  c e l l  systems.  

Although i n t e r e s t e d  i n  t h e  same o b j e c t i v e ,  t h e  American and S o v i e t  
space  programs proceeded d i f f e r e n t l y  t o  e v a l u a t e  t h e s e  e f f e c t s .  T h i s  
d i f f e r e n c e  i s  o u t l i n e d  by  J e n k i n s  (6)  who demonst ra ted  t h a t  i n  t h e  f i r s t  
decade o f  o r b i t a l  f l i g h t ,  S o v i e t  s c i e n t i s t s  e v a l u a t e d  56 d i f f e r e n t  s p e c i e s  
( o r  p r e p a r a t i o n s )  i n c l u d i n g  v i r u s e s ,  b a c t e r i a ,  y e a s t s ,  f u n g i ,  p l a n t s ,  
an imals ,  and t i s s u e  c u l t u r e s .  During t h e  same p e r i o d  t h e  USA e v a l u a t e d  
o n l y  35 d i f f e r e n t  s p e c i e s  and c e l l u l a r  p r e p a r a t i o n s .  More i m p o r t a n t l y ,  
s e v e r a l  o f  t h e  S o v i e t  s a t e l l i t e s  w e r e  flown p r i m a r i l y  t o  o b t a i n  b i o l o g i c a l  
d a t a  t o  q u a l i f y  man f o r  s p a c e f l i g h t .  I n  c o n t r a s t ,  t h e  e a r l y  American 
b i o l o g y  s t u d i e s  w e r e  opera ted  on a  n o n - i n t e r f e r e n c e  b a s i s  and no s u c c e s s -  
f u l ,  d e d i c a t e d  b i o l o g y  s a t e l l i t e  was flown u n t i l  t h e  l aunch  o f  B i o s a t e l l i t e  
I1 i n  September 1967 ( 6 ) .  

E f f e c t  Of S p a c e f l i g h t  On Growing C u l t u r e s  

I n  a d d i t i o n  t o  t h e  p r e v i o u s l y  mentioned v i a b i l i t y  tests  which invo lved  
s t a t i c  o r  dormant c e l l s ,  s p o r e s ,  o r  c y s t s ,  some i m p o r t a n t  s t u d i e s ,  o u t l i n e d  
i n  Tab le  V I I ,  have been conducted on growing c e l l s .  I n f l i g h t  m i c r o b i a l  
growth was f i r s t  monitored d u r i n g  t h e  f l i g h t s  o f  S p u t n i k  5 (19) and o t h e r ,  
non-recovered S o v i e t  s a t e l l i t e s  ( 2 0 ) ,  w i t h  t h e  a i d  o f  a n  automated d e v i c e  
known a s  "Bioelements".  T h i s  d e v i c e  was des igned t o  measure t h e  r a t e  o f  
g a s  p r o d u c t i o n  i n  a c t i v e l y  growing C l o s t r i d i u m  butyr icum c u l t u r e s  and t o  
r e l a y  t h e s e  d a t a  t o  e a r t h .  Data  from t h i s  t e s t ,  and from Vostok 1 and 2 
where a  modif ied  "Bioelements" was used ,  showed g a s  p r o d u c t i o n  r a t e s  i n -  
d i s t i n g u i s h a b l e  from ground c o n t r o l s .  

Growing and reproduc ing  p ro tozoans  have been v a r i o u s l y  s t u d i e d .  
P l a n e l  e t  al. (21) have r e p o r t e d  a n  i n c r e a s e  i n  c e l l u l a r  growth r a t e  f o r  
Paramecium a u r e l i a  exposed t o  h i g h - a l t i t u d e  b a l l o o n  f l i g h t  f o r  6 h o u r s .  
A d d i t i o n a l l y ,  amoebae were observed fobleswing t h e  45 hour  f l i g h t  sf B i o -  
s a t e l l i t e  I%, There were no  s i g n i f i c a n t  d i f f e r e n c e s  between f l i g h t  c e l l s  
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and ground c o n t r o l s ,  b u t  Ekberg e t  a l .  ( 2 2 )  r e p o r t e d  a  " t r e n d "  towards  a  
h i g h e r  d i v i s i o n  r a t e  d u r i n g  f l i g h t .  I t  i s  w e l l  known t h a t  amoebae r e -  
q u i r e  g r a v i t y  ( o r  some f o r c e  v e c t o r )  t o  a t t a c h  t o  s u b s t r a t e s .  Although 
t h i s  a t t achment  is  g e n e r a l l y  cons ide red  t o  be r e q u i r e d  f o r  locomot ion and 
feed ing  , t h e s e  organisms surv ived  t h e  f l i g h t  and f e d ,  a s s i m i l a t e d  food ,  
grew, and performed a l l  o t h e r  measured f u n c t i o n s  i n  a manner i n d i s t i n g u i s h -  
a b l e  from t h e  ground c o n t r o l s  ( 2 3 ) .  These r e s u l t s  g e n e r a l l y  conf i rm d a t a  
ob ta ined  from e a r l i e r  s i m u l a t i o n  s t u d i e s  aboard C-131 a i r c r a f t  i n  
K e p l e r i a n  t r a j e c t o r y  ( 2 4 ) .  

Another t e s t  system, which was u n u s u a l l y  r e f i n e d  f o r  automated 
s a t e l l i t e  s t u d i e s ,  was des igned  t o  s t u d y  t h e  d e v e l o p i n g  f r o g  egg under  
reduced g r a v i t y  c o n d i t i o n s .  T h i s  s e r i e s ,  flown aboard  t h e  Gemini 8 ,  
Gemini 12,  and B i o s a t e l l i t e  I1 s p a c e c r a f t ,  provided f o r  i n f l i g h t  growth and 
d i f f e r e n t i a t i o n  of f e r t i l e  eggs  from t h e  2  c e l l  s t a g e .  Developing f r o g  
eggs  on E a r t h  e x h i b i t  a  marked s e n s i t i v i t y  t o  d i s o r i e n t a t i o n  w i t h  r e s p e c t  
t o  t h e  normal g r a v i t y  v e c t o r ,  w i t h  t h e  e a r l y  embryo (up  t o  t h e  e i g h t - c e l l  
s t a g e )  b e i n g  t h e  most s e n s i t i v e  ( 2 5 ) .  I n  s p i t e  o f  t h i s  known s e n s i t i v i t y  
no  d i f f e r e n c e s  could be  determined between f l i g h t  and ground c o n t r o l s .  
The a u t h o r s  p o i n t  o u t  t h a t ,  t o  complete t h i s  l i n e  o f  r e s e a r c h ,  f r o g  e g g s  
should b e  f e r t i l i z e d  a f t e r  l aunch  and main ta ined  f o r  a l o n g e r  t i m e  i n  t h e  
reduced g r a v i t y  s t a t e  (25,  26) . 

I n  a s i m i l a r  manner, young K i l l i f i s h  eggs  (Fundulus h e t e r o c l i t u s ) ,  
were al lowed t o  deve lop  and h a t c h  d u r i n g  t h e  56-day Skylab,  t h e  20-day 
Cosmos 782, and t h e  10-day A p o l l o  Soyuz T e s t  P r o j e c t  (ASTP) f l i g h t s .  I n  
a l l  c a s e s  space-hatched f r y  e x h i b i t e d  no o b s e r v a b l e  tendency toward d i s -  
o r i e n t e d  swimming a c t i v i t y  (27,  28) a l though  dependence on v i s u a l  o r i e n t a -  
t i o n  cues  aboard t h e  Sky lab  and f o l l o w i n g  r e t u r n  t o  E a r t h  sugges ted  t h e  
p o s s i b l e  absence  o f  v e s t i b u l a r  i n p u t  ( 2 8 ) .  

One o f  t h e  most e l e g a n t  and complex growth s t u d i e s  t o  d a t e  w a s  con- 
duc ted  w i t h  Wistar-38 human embryonic lung  c e l l s  i n  t i s s u e  c u l t u r e  aboard  
t h e  middle Skylab f l i g h t  (Skylab 3 ) .  Cont inuous  c u l t u r e s  were maintained 
a t  36O C and photographed w i t h  t ime- lapse  motion p i c t u r e  cameras ,  t h r o u g h  
p h a s e - c o n t r a s t  microscopes  a t  20X and 40X m a g n i f i c a t i o n ,  f o r  28 d a y s  ( 2 9 ) .  
Many paramete r s  were e v a l u a t e d ,  i n c l u d i n g  growth c u r v e s ,  m i t o t i c  i n d i c e s ,  
c e l l  m i g r a t i o n  r a t e s ,  vacuo le  fo rmat ion ,  ce l l  s i ze ,  n u c l e a r  s i z e  and 
l o c a t i o n ,  n u c l e o l a r  s i z e  and number, and G- and C-band p a t t e r n s  i n  chromo- 
somes. Although t h e  exper iment  o p e r a t e d  a c c o r d i n g  t o  p l a n ,  no  d i f f e r e n c e s  
were d e t e c t e d  between f l i g h t  cel ls  and s u i t a b l e  ground c o n t r o l s  ( 3 0 ) .  

More r e c e n t l y ,  growing c o l o n i e s  o f  St reptomyces  l a v o r i s  w e r e  f lown 
aboard t h e  Soyuz 16 and t h e  A p o l l o  Soyuz T e s t  P r o j e c t  f l i g h t s  ( 3 1 ) .  The 
format ion of  a l t e r n a t i n g  r i n g s  o f  spore -bear ing  and s t e r i l e  mycelium 
allowed con t inuous  a n a l y s i s  o f  changes i n  c y c l i c  growth and p rov ided  a 
method f o r  keeping t r a c k  o f  c e r t a i n  i n f l i g h t  m u t a t i o n s .  A c o r r e l a t i o n  
between t h e  c y c l i c  s p o r e  fo rmat ion  and s p a c e f l i g h t  was rise demonst ra ted .  
Although a n a l y t i c a l  d a t a  a r e  not  y e t  a v a i l a b l e  i% should  a l s o  be  no ted  
$hat  S o v i e t  i n v e s k i g a % o r s  have r e p o r t e d  active o b s e r v a t i o n  of c u l t u r e s  of 



c o l i f o m  b a c i l i ,  f e r t i l i z e d  f r o g  eggs  and S e r i a n  Hamster c e l l  t i s s u e  
c u l t u r e s  i n  t h e  " f l y i n g  o a s i s "  o f  Soylz 17 - S a l y u t  4  (32) . 

G e n e t i c  S t u d i e s  

Bacter iophage i n d u c t i o n  has  been e x t e n s i v e l y  employed, by S o v i e t  i n -  
v e s t i g a t o r s ,  a s  a  model system f o r  v i s u a l i z i n g  t h e  e f f e c t s  o f  s p a c e f l i g h t  
on t h e  g e n e t i c  a p p a r a t u s  o f  microorganisms (Tab le  V I I I ) .  E s c h e r i c h i a  
c o l i  K-12 ( A )  bac te r iophage  have been c a r r i e d  aboard  most o f  t h e  f l i g h t s  
o f  t h e  Spu tn ik  s e r i e s ,  a l l  s i x  of  t h e  manned Vostok f l i g h t s ,  Voskhod 1 
and 2 ,  t h e  unmanned b i o s a t e l l i t e  Cosmos 110, and Zond 5  and 7 ,  b o t h  o f  
which c i r c l e d  t h e  Moon (19,  33, 3 4 ) .  T h i s  system was used a s  a  r a d i a t i o n  
d o s i m e t e r  because i n c r e a s e s  i n  phage p r o d u c t i o n  cou ld  b e  s t i m u l a t e d  by  a s  
l i t t l e  a s  0.3 rad  o f  gamma r a d i a t i o n  o r  by  s m a l l  d o s e s  o f  p r o t o n s  o r  r a p i d  
n e u t r o n s  (33,  35) .  Because phage i n d u c t i o n  i n v o l v e s  i n j u r y  t o  t h e  g e n e t i c  
a p p a r a t u s ,  t h e  l y s o g e n i c  b a c t e r i a  system was used t o  p r o v i d e  i n f o r m a t i o n  
a b o u t  t h e  p o t e n t i a l  mutagenic  a c t i v i t y  o f  cosmic r a d i a t i o n .  It was re- 
p o r t e d  t h a t  t h e  spacef  l i g h t  e f f e c t  (measured i n  t e b s  o f  i n c r e a s e d  phage 
p r o d u c t i o n  i n  space  a s  compared t o  t h e  magnitude o f  spontaneous  phage 
p r o d u c t i o n  i n  t h e  ground c o n t r o l s )  i n c r e a s e d  w i t h  m i s s i o n  d u r a t i o n  through-  
o u t  t h e  Vostok series ( 7 ,  3 5 ) .  T h i s  r e l a t i o n s h i p  i s  summarized i n  f i g u r e  
1. Labora to ry  s t u d i e s  demonst ra ted  t h a t  s i m u l a t e d  launch v i b r a t i o n  
fo l lowed by  exposure  t o  6 0 ~ o  gamma r a d i a t i o n  r e s u l t e d  i n  a n  i n c r e a s e d  
m u t a t i o n  r a t e  which was h i g h e r  t h a n  t h a t  o b t a i n e d  b y  gamma r a d i a t i o n  o r  
s imula ted  launch v i b r a t i o n  a l o n e  (33,  35) .  T h i s  was i n t e r p r e t e d  a s  i n d i -  
c a t i n g  t h a t  t h e  Vostok launch v i b r a t i o n s  " s e n s i t i z e d "  t h e  ce l l s  s o  t h a t  
t h e y  were n o t  s u s c e p t i b l e  t o  i n f l i g h t  i r r a d i a t i o n .  

Two d i f f e r e n t  b a c t e r i o p h a g e  sys tems were t e s t e d  a s  p a r t  o f  t h e  45-hour 
E a r t h - o r b i t a l  f l i g h t  o f  t h e  American B i o s a t e l l i t e  I1 (36 ,  3 7 ) .  Sa lmone l la  
typhimurium BS-5 (P-22)/P-22, and E. c o l i  C-60 ( X ) / l  were  t e s t e d  f o r  
a l t e r a t i o n s  i n  b a c t e r i a l  c e l l  growth and b a c t e r i a l  prophage induck ion  
f o l l o w i n g  s p a c e f l i g h t  (Tab le  V I I I ) .  During t h e  f l i g h t ,  d i f f e r e n t  a l i q u o t s  
of  ce l ls  were exposed t o  a  t o t a l  dose  of  from 265 t o  1648 r a d  o f  8 5 ~ r  
gamma r a d i a t i o n  w i t h  t h e  r e s u l t i n g  r a d i a t i o n  r e s p o n s e  c u r v e s  b e i n g  compared 
w i t h  a p p r o p r i a t e  ground c o n t r o l  cu rves .  N e i t h e r  u l t r a s t r u c t u r a l  n o r  
v i a b i l i t y  d i f f e r e n c e s  w e r e  noted  between f l i g h t  and g round-con t ro l  E .  c o l i  
systems.  However, w i t h  t h e  2. tvphimurium system t h e  a u t h o r s  r e p o r t e d  a n  
i n c r e a s e d  ce l l  d e n s i t y  i n  t h e  space-f  lown c u l t u r e  f l u i d  i n d i c a t i n g  i n -  
c r e a s e d  growth a c t i v i t y .  T h i s  same r e s u l t  was l a t e r  d u p l i c a t e d  i n  c l i n o -  
s t a t  s t u d i e s  which s u p p l i e d  a c o n t i n u a l l y  s h i f t i n g  g r a v i t a t i o n  v e c t o r ,  
d i d  n o t  a l l o w  s e t t l i n g  o f  cel ls ,  and k e p t  t h e  growth medium c o n t i n u a l l y  
a g i t a t e d .  Even though t h e  r e s u l t a n t  i n c r e a s e  i n  growth cou ld  be s i m u l a t e d  
i n  t h e  c l i n o s t a t  t h e  a u t h o r s  s p e c u l a t e d  t h a t  t h e  mechanism was p r o b a b l y  
d i f f e r e n t  (36,  37) .  



T e s t a b l e  numbers o f  phage were  n o t  produced  w i t h  t h e  g. coli s y s t e m  
b e c a u s e  t h e  f l i g h t  was s h o r t e r  t h a n  had b e e n  p l a n n e d .  I n  t h e  5. 

sys tem t h e r e  was no  d i f f e r e n c e s  i n  t h e  f r e e  P--22 d e n s i t y  o f  
t h e  f l i g h t  and ground c u l t u r e s ,  a l t h o u g h  t h e  space- f lown c e l l s  were  more 
r e s i s t a n t  t o  gamma r a d i a t i o n ,  a s  i n d i c a t e d  b y  a  d e c r e a s e  i n  phage  p roduc -  
t i o n .  E f f o r t s  t o  r e p r o d u c e  t h e s e  r e s u l t s  w i t h  a c c e l e r a t i o n ,  v i b r a t i o n ,  
and c l i n o s t a t  t e s t s  were  u n s u c c e s s f u l .  T h i s  d e c r e a s e  i n  phage  i n d u c t i o n  
s u p p o r t s  t h e  r e s u l t s  r e p o r t e d  f o r  t h e  E.  coli sys t em f lown  on Cosmos 110 
b u t  i s  c o u n t e r  t o  t h e  r e s u l t s  r e p o r t e d  f o r  a l l  o f  t h e  o t h e r  R u s s i a n  
c o l i p h a g e  s t u d i e s  (34 )  . 

A d d i t i o n a l  s p a c e f l i g h t  i r r a d i a t i o n  s t u d i e s  have  b e e n  c o n d u c t e d  wh ich  
d i d  n o t  i n v o l v e  phage  i n d u c t i o n  s y s t e m s  ( T a b l e  I X ) .  A v a r i e t y  o f  m i c r o -  
o rgan i sms ,  c a r r i e d  a b o a r d  t h e  Cosmos 368 e a r t h - o r b i t a l  s a t e l l i t e ,  w e r e  
i r r a d i a t e d  w i t h  6 0 ~ o  gamma i r r a d i a t i o n  b e f o r e  f l i g h t  and /o r  a f t e r  r e t u r n  
t o  e a r t h .  The re  was n o  e v i d e n c e  t h a t  t h e  s p a c e f l i g h t  had s e n s i t i z e d  
t h e s e  s p e c i e s  i n  a  way t h a t  a l t e r e d  t h e i r  v i a b i l i t y  o r  m u t a b i l i t y  ( 1 5 ) .  

Dur ing  t h e  f l i g h t  o f  Gemini X I ,  c o n i d i a  o f  Neurospora  c r a s s a  w e r e  
exposed  t o  a 3 2 ~  b e t a  s o u r c e ,  and cells o f  t h e  same s p e c i e s  were  exposed  
t o  a 8 5 ~ r  gamma s o u r c e  d u r i n g  t h e  45-hour B i o s a t e l l i t e  I1 f l i g h t  ( 3 8 ,  39) . 
F o r  b o t h  e x p e r i m e n t s  t h e  a s s a y e d  sys t em was a g e n e t i c a l l y  marked two- 
component h e t e r o k a r y o n  wh ich  was h e t e r o z y g o u s  f o r  two d i f f e r e n t  g e n e s  t h a t  
c o n t r o l  s e q u e n t i a l  s t e p s  i n  p u r i n e  b i o s y n t h e s i s .  The e x p o s u r e  o f  ground 
c o n t r o l  and i n f l i g h t  ce l l s  t o  a r a n g e  o f  r a d i a t i o n  i n  b o t h  t es t s  a l l o w e d  
f o r  c o m p a r a t i v e  a n a l y s e s  o f  dose - r e sponse  c u r v e s .  

A n a l y s e s  o f  t h e  Gemini  X I  s amples  i n d i c a t e d  t h a t  n e i t h e r  t h e  s u r v i v a l  
rate n o r  t h e  m u t a t i o n  f r e q u e n c y  o f  c o n i d i a  d e p o s i t e d  o n  membrane f i l t e r s  
was a l t e r e d  b y  7 1  h o u r s  o f  o r b i t a l  f l i g h t .  However, t h e  f l i g h t  ce l l s  
suspended i n  a g a r  d e m o n s t r a t e d  h i g h e r  l e v e l s  o f  s u r v i v a l  and l o w e r  f r e -  
q u e n c i e s  o f  i n d u c t i o n ,  i n d i c a t i n g  t h a t  t h e  s p a c e f l i g h t  a f f e c t e d  a  p r o -  
t e c t i v e  i n f l u e n c e  ( 3 9 ) .  The a u t h o r s  p o i n t  o u t  t h a t  t h e s e  d a t a  must  be 
c o n s i d e r e d  e q u i v o c a l  s i n c e  t h e y  c o u l d  have b e e n  t h e  r e s u l t  o f  a n o x i a  
caused  b y  h i g h  t e m p e r a t u r e s  i n  t h e  s p a c e c r a f t .  However, when t h e  e x p e r i -  
ment  was r e p e a t e d  12 months later  i n  t h e  B i o s a t e l l i t e  I1 unmanned o r b i t o r  
a g a r  s u s p e n s i o n s  were  n o t  u sed  and t h i s  p o r t i o n  o f  t h e  t e s t  was n e v e r  r e -  
p e a t e d .  As i n  t h e  Gemini  X I  t e s t ,  t h e r e  were  n o  d i f f e r e n c e s  be tween  t h e  
f l i g h t  and ground c o n t r o l  r a d i a t i o n  s u r v i v a l  c u r v e s  o r  o v e r a l l  i n d u c t i o n .  

I n  a d d i t i o n  t o  t h e  s t u d i e s  w i t h  i o n i z i n g  r a d i a t i o n ,  p o s s i b l e  s y n e r -  
g i s t i c  r e l a t i o n s h i p s  be tween  s p a c e f l i g h t  and s o l a r  u l t r a v i o l e t  l i g h t  have  
a l s o  b e e n  t e s t e d .  The d a t a  p r e s e n t e d  i n  T a b l e  X  i l l u s t r a t e  t h a t  t h e  T 1  
c o l i p h a g e ,  q. r o q u e f o r t i ,  and t o b a c c o  mos iac  v i r u s  (TMV) p a r t i c l e s  have  
b e e n  f lown on  v a r i o u s  s p a c e  v e h i c l e s .  From t h e s e  s t u d i e s ,  L o r e n z  e t  a l .  
(40)  conc luded  t h a t  s o l a r  u l t r a v i o l e t  i r r a d i a t i o n  w i t h  w a v e l e n g t h s  be tween  
200 and 300 nm was t h e  main  c a u s e  o f  i n f l i g h t  i n a c t i v a t i o n  o f  t h e s e  micro- 
o rgan i sms .  These  d a t a  d o  n o t  d i f f e r  from t h e  r e s u l t s  o f ' t h e  many l a b o r a -  
t o r y  W - r e s p o n s e  e x p e r i m e n t s ,  s u g g e s t i n g  t h a t  ground-based s t u d i e s  may be 
used  as  model sys t ems  f o r  p r e p a r a t i o n  of i n f l i g h t  e x p e r i m e n t s .  



En another  s tudy ,  prepared by a  group of American and European inves-  
t i g a t o r s ,  e i g h t  microbia l  spec i e s  were exposed t o  s o l a r  W and space 
vacuum outs ide  of t he  ApoZlo 3.6 command module dur ing  i t s  r e t u r n  from t h e  
Moon (41,  4 2 ) .  The use of va r ious  combinations of o p t i c a l  f i l t e r s  t o  
provide exposure of  d i f f e r e n t  t e s t  a l i q u o t s  t o  varying amounts of s o l a r  
i r r a d i a t i o n  a t  peak wavelengths of 254, 280, and 300 run, allowed f o r  a  
d i f f e r e n t  dose-response curve a t  each of t hese  t h r e e  wavelengths ( 4 3 ) .  
The T-7 bacter iophage p repa ra t ions  of E .  c o l i  which were exposed t o  i n -  
f l i g h t  i r r a d i a t i o n  were found t o  be more s e n s i t i v e  t o  W l i g h t  than were 
i r r a d i a t e d  ground c o n t r o l s  (44 ) .  There were no s i g n i f i c a n t  d i f f e r e n c e s  
reported between p o s t f l i g h t  s u r v i v a l  r a t e s  of non- i r rad ia ted  funga l  c e l l s  
when compared wi th  app ropr i a t e  ground c o n t r o l s  (45) a l though t h e  s u r v i v a l  
r a t e  of space-flown Chaetomium qlobosum, Rhodotorula rub ra ,  and 
Saccharomyces c e r e v i s i a e  was s l i g h t l y  depressed and samples of Trichophyton 
t e r r e s t r e ,  and 2. c e r e v i s i a e  demonstrated some s e n s i t i v i t y  t o  i n f l i g h t  
s o l a r  W when measured i n  terms of a  l o s s  of c e l l  v i a b i l i t y  (corresponding 
ground c o n t r o l  d a t a  were n o t  r e p o r t e d ) .  No changes i n  s u r v i v a l  r a t e ,  
mutat ion r a t e ,  o r  t ox in  product ion could be de t ec t ed  wi th  p o s t f l i g h t  
ana lyses  of B z c i l l u s  t h u r i n q i e n s i s  and Aeromonas p r o t e o l y t i c a  ( 4 6 ) .  
However, it was repor ted  t h a t  t h e  combination of s o l a r  W and space vacuum 
r e s u l t e d  i n  a  g r e a t e r  l o s s  of v i a b i l i t y  i n  d r i e d  B a c i l l u s  s u b t i l i s  c u l t u r e s  
than  wi th  W a lone ,  i n d i c a t i n g  t h a t  t h e  spores  were s e n s i t i z e d  t o  W by t h e  
vacuum ( 17) . 

C e l l  S tudies  With Multicharged, High Energy (HZE) , Cosmic P a r t i c l e s  

Experiments designed t o  s tudy  t h e  b i o l o g i c a l  e f f e c t s  of i n d i v i d u a l  
heavy n u c l e i  of cosmic r a d i a t i o n  dur ing  space f l i g h t  o u t s i d e  t h e  magneto- 
sphere  o f  t h e  Ear th  have been r epea t ed ly  conducted by  a consortium of 
European i n v e s t i g a t o r s  (47,  48 ) .  These experiments were housed i n  t h e  
BIOSTACK, a  complex package c o n s i s t i n g  of a l t e r n a t i n g  l a y e r s  of  nuc l ea r  
t r a c k  d e t e c t o r s ,  and b i o l o g i c a l  o b j e c t s  imbedded i n  po lyvinyl  a l coho l  ( P V A ) .  
Among o t h e r  spec i e s ,  spores  of B a c i l l u s  s u b t i l i s  and c y s t s  of Artemia s a l i n a  
were exposed t o  HZE p a r t i c l e s  dur ing  t h e  f l i g h t s  of  Apollo 16,  17,  and t h e  
Apollo-Soyuz Tes t  P r o j e c t  (Table XI)  . I n d i v i d u a l  c e l l s  o r  c y s t s  i n  t h e  
pa th  of HZE p a r t i c l e s  were evaluated f o r  germinat ion,  outgrowth, and pro- 
duc t ion  of abnormals. The f i r s t  vege ta t ive  c e l l s  i s s u i n g  from b a c t e r i a l  
spores  l y i n g  i n  t h e  pa th  of high energy,  multicharged p a r t i c l e s  were 
f r equen t ly  found t o  be abnormally swollen.  Artemia s a l i n a  c y s t s ,  l y i n g  
a long  nuc lear  t r a c k s ,  showed reduced hatching and l a r v a l  emergence and an 
inc rease  i n  t h e  incidence of developmental anomalies. 

I n  a f u r t h e r  a t tempt  t o  understand t h e  e f f e c t  o f  g a l a c t i c  HZE p a r t i c l e s  
upon b i o l o g i c a l  o b j e c t s ,  Sovie t  i n v e s t i g a t o r s  included t h e  yeas t  
Saccharomyces c e r e v i s i a e  i n  t h e  "Bioblock" which was aboard t h e  2 month 
Cosmos 613 e a r t h  o r b i t a l  f l i g h t .  Although many of t h e  co lon ie s  d i d  n o t  
surv ive  the  long s to rage ,  a ten-fold inc rease  i n  t h e  inc idence  of " r a d i a t b  
damaged c e l l s "  was  repor ted  ( 4 9 ) .  



CONCLUSIONS 

The above r e v i e w  h a s  i l l u s t r a t e d  t h a t ,  w h e r e a s  a  l a r g e  v a r i e t y  o f  
cell b i c l o g y  s t u d i e s  have been  conduc ted  i n  s p a c e ,  c o n s i s t e n t  s p a c e -  
med ia t ed  a l t e r a t i o n s  have n o t  b e e n  i d e n t i f i e d .  A l t h o u g h  i n d i v i d u a l  
s k u d i e s  o f t e n  produced  e q u i v o c a l  d a t a ,  e v a l u a t i o n  o f  t h e  a g g r e g a t e  r e s u l t s  
i n d i c a t e s  t h a t  c e l l  s y s t e m s  a r e  g e n e r a l l y  n o  l e s s  s t a b l e  i n  s p a c e  t h a n  
t h e y  a r e  i n  t h e  Ea r th -based  l a b o r a t o r y .  Of c o u r s e  t h e  c o n d i t i o n s  t o  
which  c e l l  sys t ems  a r e  exposed  i n  s p a c e  a r e  u s u a l l y  l e s s  w e l l  c o n t r o l e d  
(and less c o n t r o l a b l e ) ,  o f t e n  l e a d i n g  t o  more v a r i a b l e  and  e r r a t i c  r e s u l t s .  

I t  h a s  n o t  y e t  b e e n  d e m o n s t r a t e d  t h a t  t h e  s p a c e f l i g h t  e n v i r o n m e n t  
c o u l d  b e  used  t o  a f f e c t  u n i q u e  o r  h i t h e r t o  unknown ce l l  changes .  On t h e  
c o n t r a r y ,  c e l l  s y s t e m s  a p p e a r  t o  r ema in  s u f f i c i e n t l y  s table  t o  p e r m i t  
e x p e r i m e n t a t i o n  w i t h  models  which r e q u i r e  a f i x e d  c e l l  l i n e .  T h e r e f o r e ,  
t a k e n  as  a  u n i t ,  t h e  c e l l  b i o l o g y  s t u d i e s  c o n d u c t e d  d u r i n g  t h e  p r e c e d i n g  
two d e c a d e s  s h o u l d  d e f i n i t e l y  b e  c o n s i d e r e d  a s u c c e s s .  I t  i s  now p o s s i b l e  
t o  p r e p a r e  c e l l  b i o l o g y  e x p e r i m e n t s  f o r  t h e  Space  S h u t t l e  era w i t h  a 
r e a s o n a b l e  p r o b a b i l i t y  t h a t  t h e  ce l l s  w i l l  n o t  react e n g i m a t i c a l l y  t o  t h e  
u n i q u e  env i ronmen t  e n c o u n t e r e d  w i t h i n  t h e  s p a c e c r a f t .  
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TABLE I ,  - SPACE-FLOWN ISOLATED VIRUSES 

Tobacco mosa ic  v i r u s  

P o l i o m y e l i t i s  v i r u s  

V a c c i n i a  v i r u s  

I n f l u e n z a  v i r u s  

I n f l u e n z a  
(PR-8 s t r a i n )  

Canine h e p a t i t i s  

I n f e c t i o u s  bovine  
R h i n o t r a c h e  i t is  

Gemini IXA I 
Gemini X/ 

Aqena V I I I  I Dry 

Gemini X I 1  

U.S. B a l l o o n  

- 
Gemini X I 1  

U.S.S.R. 

Gemini XI1 

L o r e n z  1968 10 

H o t c h i n  1969 9  

H o t c h i n  1969 9  
I 

Unknown J e n k i n s  1968 

I H o t c h i n  1969 9  



TABLE 11, - SPACE-FLOWN BACTERIAPHAGE AND HOST 

Escherichia & Antipov 1967 5 0 
K-12/K-12 

Jenkins 1968 6 

Escherichia & T Hotchin 1969 

Jenkins 1968 6 

Salmonella 

Aerobacter 



, TABLE 111. - SPACE-FLOWN BACTERIA 

E s c h e r i c h i a  coli K-12 
( 1 

E s c h e r i c h i a  coli B P a r f e n o v  1 9 7 3  7  
A g a r  c u l t u r e s  

A e r o b a c t e r  a e r o q e n e s  
1 3 2 1  V e r e z h n i k o v  1 9 6 6  3 5  

S t a p h y l o c o c c u s  a u r e u s  

P a r e f e n o v  1 9 7 3  7  

B a c i l l u s  s u b t i l i s  
ATCC 6 0 5 2  H o t c h i n  1 9 6 9  9  

B c c k e r  1 9 7 6  48 

l e m b o t s k i y  1 9 6 2  5 2  
S t r e p t o r n ~ c e s  e r y t h r a e u s  

8 5 9 4  



TABLE I V .  - SPACE-FLOWN YEASTS AND FILAMENTOUS FUNGI 

I Kovyazin 1962 5 4 

F l i g h t  

I C e l l s  on Aqar Z yqosaccharomyces Cosmos 368 

(Zyqosaccharomyces) 
40-2587 ( h a p l o i d )  

/ Suspensions 
bo th  

u n s e n s i t i z e d  
and 

s e n s i t i z e d  

1 wi th  
I o l i c  ac id  

, On a g a r  and 
i n  aqueous 
suspens ion  

Colonies  on 
a g a r  (0 .5  - 
1.0  rnm d . )  

Cosmos 368 Gr igoryev 1972 1 5  

Saccharomyces 
( d i p l o i d )  139-B Benevolensky 1976 49 Cosmos 613 

Voskhod 1 Kovyazin 1962 5 4 Suspensions 
bo th  

u n s e n s i t i z e d  
and 

s e n s i t i z e d  
w i t h  

o l i c  ac id  

Saccharomyces 
c e r e v i s i a e  

1 

Apollo 16 W Exposure Volz 1973 4 5 

U.S. Bal loon Dry spo res  
(34 km a l t i -  
t ude  f o r  6 
h r s  .) 

Dry spo res  

Parfenov 197 3 7 

Hotchin 1969 9 
I lo tchin  1969 9 Gemini X I 1  

Gemini IXA P e n i c i l l i u m  
r o q u e f o r t i  

Hotchin 1969 9 
Dry spo res  

Gemini X/ 
Agena V I I I  

B i o s a t e l l i t e  
11 (p.-1037) 

Neurospora c r a s s a  Dry spo res  

'5sr- 
l l~ lk~~own  

DeSerres 1971 38 

1Iotchin 1969 9 
Dry spo res  

phosphorus- 
32 (32 ) - a  - 
and mefabol- 
i z i n g  spore  
suspension 
32p-b 

1900 Km 
a l t i t u d e  f o r  
28 min 
Dry Spores 

DeSerres 1969 39 Gemini X I  
Neurospora s p e c i e s  

Nerv I 
' J enk ins  1968 6 

Discoverer  
XVIII 

Chaetomium qlobosum 

Tr ichophyton t e r r e s t r e  
Apollo 16 W Exposure Volz 1973 45 

Rhodotorula r u b r a  

Cand i d a  t r o p i c a l i s  
SK-4 

On Agar Romanova 1971 1 3  Zond 8 



TABLE V. - SPACE-FLOWN PROTOZOANS 

S p e c i e s  

Colpoda c u c u l l u s  

Pelomyxa c a r o l i n e n s i s  
( g i a n t  m u l t i n u c l e a t e  
Amoeba) 

Amoeba 

Paramecium 
, a u r e l i a  

A p o l l o  17 C y s t s  i n  mono- 47 
( B i o s t a c k  1 1 )  l a y e r s  o f  

p o l y v i n y l  
I a l c o h o l  I 
I 

B i o s a t e l l i t e  I1 D i v i d i n g ,  F r e e  A b e l  1 9 7 1  I 1 2 3  
f e e d i n g  c e l l s  Ekberg  1 9 7 1  2 2 

C-131 A i r c r a f t  Growing cells McKinney 1963  24  
i n  K e p l e r i a n  
t r a j e c t o r y  

USSR B a l l o o n  Growing P l a n e 1  1975  2 1 



TABLE V I .  - SPACE-FLOWN CELLS I N  SMALI 

Frog Eggs 

Frog Eggs 

Artemia s a l i n a  
(Br ine  shrimp) 

Ca raus ius  

morosus 
(grasshopper)  

Fundu l u s  
h e t e r o c l i t u s  
( k i l l i f i s h )  

Danio r e r i o  -- 
( f i s h )  

WI-38 d i p l o i d  
human embryonic 
lung c e l l s  

Gemini 8 

Gemini 12 

1 Soyuz 17/ 
Sa lyu t  4  

B i o s a t e l l i t e  I1 

Developing egg: 
from f i r s t  
c l eavage  

F e r t i l e  Frog 
Eggs 

Dry B l a s t o c y s t s  

Apollo 16 
(Bios tack  I )  

Apol lo  17 
Bios tack  11) 

ASTP 
(Bios tack  111) 

Apol lo  17 

(Bios tack  11)  

Encysted 
b l a s t u l a  i n  
monolayers o f  
p o l y v i n y l  
a l c o h o l  

Eggs i n  mono- 

l a y e r s  o f  
p o l y v i n y l  
a l c o h o l  

ASTP 32-336 h r  
embryos i n  
s e a  w a t e r  

C 

Skylab 3  5-day o l d  
f e r t i l e  eggs  
i n  s e a  w a t e r  

Cosmos 782 32-i28 h r  
embryos i n  
flea w a t e r  

Soyuz 16 F e r t i l i z e d  

eggs  

Skylab 3 Growing 
c u l t u r e s  from 
s i n g l e  c e l l s  

GROUPS 

Young 1971 25 
I 

Young 1968 2 6  

Apenchenko 1975 32 

v o i  B o r s t e l  5  5  
197 1 

Scheld  1976 

I z v e s t i y a  8 
Dec. 1974 

Montgomery 
1974 30 

S e r i a n  Hamster 
cells 

Soyuz 17/ T i s s u e  c u l t u r e  
Sa lyu t  4  

C a r r o t  T i s sue  I Cosmos 782 
c u l t u r e  

Crown g a l l  1 and 
I I proembryonic 

- 

Apenchenko 

Scheld  1976 28 



TABLE VII. - W J O R  SPACEFLIGHT STUDIES WITH GROWING CELLS 
\ 

Biosatell i te 

No biological indications of HZE damage. 

TABLE VIII. - BACTERIOPHAGE INDUCTION SYSTEMS TESTED IN SPACE 

Voskhod 1 & 2 Simulated launch vibration plus 6 0 ~ o  7 irradiation 
gave increases higher than irradiation alone. 

ZOND 5 and 7 

Biosatell i te 

B5sr Y inflight. Flight terminated early, no 



TABLE I X .  - ADDITIONAL SPACEFLIGHT STUDIES WITH RADIATION SOURCES 

TABLE X. - INFLIGHT CELL STUDIES WITH ULTRAVIOLET IRRADIATION 

3amna 

( p r e f l i g h t  and 

p o s t f l i g h t )  

3 2 ~  
beta 

: i n f l i g h t )  

8 5 ~ r  
gamna 

: i n f l i g h t )  

FLIGHT EVENT 

6 sounding rockets I Exposed To 

Zygosaccharomyces 

baili 
(haploid) 

Neurospora 

crassa 

con id ia  

Neurospora 

crassa 

coni d i  a 

6 ba l loon f l i g h t s  I D i r e c t  UV 

Apol lo 16 

Gemini X I  

B i o s a t e l l i t e  

I I 

Exposed To 
D i r e c t  UV 

p lus  

Components 

a t  

254, 280, 

1 and 300 nm 

radiosensi  t i v i  t y  

Ne i ther  su rv i va l  r a t e  o r  mutat ion frequency 

a l t e red  f o r  d ry  c e l l s .  Be t te r  su rv i va l  and 

lower mutat ion frequency f o r  agar-suspended 

c e l l s  

No i n f l i g h t  e f f e c t  on d r y  c e l l s  

I 

TEST SYSTEM RESULTS 

T 1 Coliphage Confirms t h a t  UV between 200 and 

Escher ichia coli F l i g h t  specimens more s e n s i t i v e  t o  UV 

T-7 bacteriophage than ground cont ro ls  al though shape o f  I 
I dose response curves s i m i l a r .  I 

No evidence o f  synergism between i n f l i g h t  

Chaetomi uw globosum UV i r r a d i a t i o n  and reduced g r a v i t y  

T r i  chophyton t e r r e s t r e  

Baci 11 us sub t i  1 i s  -- 

NO change i n  su rv i va l  r a t e  a t  1 atm. 

Combined UV and vacuum r e s u l t e d  i n  greater  

l o s s  o f  v i a b i l i t y  than UV alone. 

(Spores sens i t i zed t o  UV by vacuum) 

No change i n  su rv i va l  r a tes .  No change 

i n  a b i l i t y  t o  produce tox ins  

99 



TABLE X I .  - CELL STUDIES WITH COSMIC HZE* PARTICLES 

Bac i l l us  s u b t i l i s  Swel l ing  dur ing  growth o f  f i r s t  -- 
vegetat ive  c e l l s  from " h i t "  

Apol lo 16 and 17 

Those ' ] h i t u  by HZE showed reduct ion  

Artemia sal  ina  -- i n  l a r v a l  emergence and hatching. 

Incidence o f  developmental anomali 

Z A 8 and .I2 h i t s  w i t h  

1.3% o f  c e l l s  demns t ra ted  

" r a d i a t i o n  damage" compared w i t h  

0.15% normally. 
4 2x10 c e l l s  damaged per  p a r t i c l e .  I 

* H E  = Heavy (high atomic number) high-energy p a r t i c l e s  
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Figure 1.- Ef fec t  of duration of Vostok space missions on K-12 ( A )  bacteriophage 
induction i n  Escherichia from data  compiled i n  reference 6. V t o  V denote 

1 6 
Vostok f l i g h t  number. Space-flight-effect f a c t o r  = number of bacteriophage 
p a r t i c l e s  per ground control  c e l l .  




