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ELECTROPHORESIS SEPARATION I N  SPACE - APOLLo 14 

INTRODUCTION 

F l u i d  e l e c t r o p h o r e s i s  i s  a s e p a r a t i o n  p rocess  based on t h e  motion 
of p a r t i c l e s  i n  a f l u i d  due t o  t h e  f o r c e  of a n  e l e c t r i c  f i e l d .  T h i s  
p rocess  w a s  sugges ted  as one of the more promising i d e a s  i n  a survey  
of p o t e n t i a l  materials p rocesses  which could  provide  p r a c t i c a l  u s e s  of 
t h e  space environment. It uses  the nea r -ze ro -g rav i ty  c o n d i t i o n  of 
space t o  improve a w e l l  known chemical s e p a r a t i o n  p rocess  by reducing  
sed imen ta t ion  and thermal  convective mixing. It w a s  f i r s t  sugges ted  i n  
a s tudy  c o n t r a c t ,  NAS8-24683, i n  March 1970, by t h e  Genera l  E l e c t r i c  
Company (Ref. 1). T h i s  s tudy  i n v e s t i g a t e d  s e v e r a l  p h y s i c a l  and chemical 
p rocesses  f o r  t h e  p r e p a r a t i o n  of m a t e r i a l s  i n  space .  E l e c t r o p h o r e s i s  
w a s  chosen as one of t h e  s i m p l e s t  p rocesses  t o  perform i n  space wi th  t h e  
g r e a t e s t  p o t e n t i a l  b e n e f i t  t o  mankind. It w a s  p o s t u l a t e d  t h a t ,  a f t e r  
demonst ra t ion  of  t h e  b a s i c  advantages of e l e c t r o p h o r e s i s  s e p a r a t i o n s  i n  
zero  g r a v i t y ,  small but  s i g n i f i c a n t  q u a n t i t i e s  of b i o l o g i c a l  materials 
such as vacc ines ,  v i r a l  i n s e c t i c i d e s ,  and o t h e r  v a l u a b l e  materials 
could  be p u r i f i e d  and sepa ra t ed  i n  space ,  economically.  

THEORY OF ELECTROPHORESIS 

E l e c t r o p h o r e s i s  means "borne of e l e c t r i c i t y "  (Ref. 2 ) .  Most 
materials which can be d iv ided  i n t o  f i n e  p a r t i c l e s  t a k e  on a charge 
when d i s p e r s e d  i n  a n  aqueous so lven t .  The charge may be due t o  p a r t i a l  
i o n i z a t i o n ,  a d s o r p t i o n  of i o n s  on the d i s p e r s e d  s o l i d  p a r t i c l e s ,  o r  ion-  
p a i r  format ion .  P a r t i c l e s  move through a f l u i d  t o  t h e  o p p o s i t e l y  charged 
e l e c t r o d e  a t  a v e l o c i t y  dependent upon t h e i r  accumulated charge ,  s i z e  
and shape. A f t e r  a p e r i o d  of time, p a r t i c l e s  s e p a r a t e  accord ing  t o  t h e i r  
v e l o c i t y  i n t o  d i s t i n c t  zones, just as runne r s  i n  a r a c e  spread  ou t  over  
t h e  course ;  The s o l v e n t  m u s t  b e  a n  e l e c t r o l y t e ,  u s u a l l y  a b u f f e r ,  whose 
pH i s  a d j u s t e d  t o  a v a l u e  t h a t  provides t h e  optimum s u r f a c e  charge den- 
s i t y  and t h e  least chemica l ly  aggres s ive  environment t o  t h e  s o l u t e .  

The p a r t i c l e s  move wi th  a v e l o c i t y ,  U,  which is  p r o p o r t i o n a l  t o  c y  
t h e  p a r t i c l e  z e t a  p o t e n t i a l ;  t o  E ,  t h e  e l e c t r i c  f i e l d  s t r e n g t h ;  t o  D, 
t h e  d i e l e c t r i c  con tan t  of t h e  medium; and i s  i n v e r s e l y  p r o p o r t i o n a l  
to?'), t h e  v i s c o s i t y  of t h e  medium. The e x a c t  r e l a t i o n s h i p  between 
e l e c t r o p h o r e t i c  v e l o c i t y  and these f a c t o r s  i s  a l s o  a complex f u n c t i o n  
of t h e  s i z e  and shape of t h e  p a r t i c l e s .  D i scuss ion  of t h e s e  r e l a t i o n -  
s h i p s  i s  beyond t h e  scope .of  t h i s  paper,  bu t  a n  e x c e l l e n t  a n a l y s i s  
can be found i n  r e f e r e n c e  3. 



When the r a t i o  of p a r t i c l e  r a d i u s ,  a ,  t o  t h i c k n e s s , b  , of t h e  i o n i c  
atmosphere is g r e a t e r  t han  about  100, 

which i s  the  g e n e r a l l y  accep ted  Holmholtz-Smoluchowski r e l a t i o n .  When 
t h e  r a t i o  a/b i s  less t h a n  about  0 .1  ( t h e  Debye-Huckel range) e l e c t r o -  
p h o r e t i c  mob i l i t y  i s  c h a r a c t e r i z e d  by a similar r e l a t i o n s h i p :  

But between t h e s e  extremes t h e  v a r i a t i o n  of e l e c t r o p h o r e t i c  v e l o c i t y  
wi th  z e t a  p o t e n t i a l  i s  a complex f u n c t i o n  of a/b and t h e r e f o r e  o f  
p a r t i c l e  s i z e .  I n  t h e  case  of two dyes i n  t h e  Apollo 14 demonst ra t ion ,  
however, the  above Debye-Huckel r e l a t i o n  a p p l i e d .  Sepa ra t ion  of  t h e  
two dyes i n  t h e  Apollo 14 experiment can be t h e o r e t i c a l l y  c h a r a c t e r i z e d  
as a l i n e a r  f u n c t i o n  of e l e c t r o p h o r e s i s  t i m e  and d i f f e r e n c e  i n  t h e  z e t a  
p o t e n t i a l s  (o the r  c o n d i t i o n s  being he ld  c o n s t a n t ) .  A t  t h e  same t i m e ,  
s e p a r a t i o n  is adve r se ly  a f f e c t e d  by d i f f u s i o n ,  s ed imen ta t ion ,  and con- 
v e c t i v e  mixing. The s e p a r a t i o n  may be speeded by i n c r e a s i n g  v o l t a g e ,  
bu t  J o u l e  hea t ing  i n c r e a s e s  as t h e  square  of t h e  v o l t a g e .  Hence, means 
were sought t o  improve t h e  sha rpness  of t h e  r e s o l u t i o n  wi thout  thermal  
convect ion .  

DEVELOPMENT OF APOLLO 14 DEMONSTRATION 

Based on t h e  g r e a t  p o t e n t i a l  u s e s  f o r  t h i s  p rocess ,  a s imple  
demonstration of t h e  p r i n c i p l e  and p o s s i b l e  problems w a s  needed a t  t h e  
ear l ies t  poss ib l e  da t e .  S ince  t h e  s u s t a i n e d  nea r -ze ro -g rav i ty  con- 
d i t i o n s  could be achieved  on ly  on a space f l i g h t ,  a demonst ra t ion  w a s  
sugges ted  by D r .  James Bredt t o  t a k e  p l a c e  dur ing  t h e  r e t u r n  from t h e  
moon of Apollo 14. T h i s  r e q u i r e d  a f a s t  response  i n  des ign ing ,  deve loping ,  
and bu i ld ing  t h e  demonst ra t ion  a p p a r a t u s  on a s h o r t  schedule .  The neces- 
s a r y  agreements t o  cons ide r  f l i g h t  on Apollo 14 were made i n  September 
1970. A l a b o r a t o r y  p ro to type  w a s  des igned ,  b u i l t  and o p e r a t e d  i n  October 
and descr ibed  i n  d e t a i l  t o  t h e  Apollo Change Conf igu ra t ion  Boards. By 
keeping t h e  management requi rements  and t h e  p h y s i c a l  i n t e r f a c e  w i t h  t h e  
Apol lo  14 spacec ra f t  as simple as p o s s i b l e ,  t h e  i n t e r f a c e  c o n t r o l  docu- 
menta t ion  and t h e  c o n t r a c t  end i t e m  s p e c i f i c a t i o n s  were completed (Ref. 
4 )  by t h e  end of October 1970. I n  November, a q u a l i f i c a t i o n  test model 
w a s  de l ive red  and t e s t e d  t o  a s s u r e  t h a t  it would s a f e l y  meet a l l  t h e  
requirements f o r  t h e  Apollo s p a c e c r a f t .  I n  e a r l y  December, 1970, t h e  
f l i g h t  hardware w a s  d e l i v e r e d  t o  Kennedy S p a c e c r a f t  Center a long  wi th  
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t h e  complete acceptance  d a t a  package. 
specimens i n  mid January  t o  provide f o r  a s h o r t e r  s t o r a g e  t i m e  b e f o r e  
f l i g h t ,  no f u r t h e r  changes were made. 
scheduled on February 7 ,  1971, on the  r e t u r n  t r i p  from t h e  moon. 

Except f o r  t h e  replacement of t h e  

The demonstrat ion was made as 

DESCRIPTION OF THE DEMONSTRATION APPARATUS 

The Apollo demonstrat ion appara tus  as shown i n  F i g u r e  1 and drawing 
No. 56175D26 i n  t h e  end i t e m  s p e c i f i c a t i o n  c o n s i s t e d  of  f o u r  sub-systems. 
The f i r s t  was a m e t a l  c a s e  f o r  s a f e t y  and containment about  10 X 12.7 X 
18 cm ( 4  X 5 X 7 inches)  w i t h  a window approximately 5 X 7 .6  cm (2  X 3 
inches) .  
T h i s  s i z e  and weight f i t  w i t h i n  t h e  l i m i t a t i o n s  imposed f o r  s t o r a g e  on 
Apol lo  14. The a p p r a t u s  r e q u i r e d  32 w a t t s  of power from t h e  400 Her tz  
Hycon camera c i r c u i t .  Second, t h e  e l e c t r i c a l  system powered a pump - 
motor t o  c i r c u l a t e  t h e  e l e c t r o l y t i c  f l u i d ,  a f l u o r e s c e n t  l i g h t  f o r  
viewing t h e  a c t i o n  i n  t h e  e l e c t r o p h o r e s i s  t u b e s ,  and a v o l t a g e  doubler /  
r e c t i f i e r  t o  supply  270 v o l t s  d . c .  t o  t h e  e l e c t r o d e s .  T h i r d ,  t h e  
e l e c t r o p h o r e s i s  c e l l s  were i n  a polycarbonate  block,  12.7 X 7.6 X 1.27 
cm ( 5  X 3 X 1 / 2  inches)  w i t h  3 h o l e s  d r i l l e d  through t h e  long  dimension 
t o  provide  t h e  0.63 c m  (1/4 inch) d i a m e t e r  tes t  tubes.  The f l u i d  i n  
t h e  ce l l s  o r  tes t  tubes  d i d  n o t  flow and w a s  enc losed  a t  t h e  ends by 
membranes of regenera ted  c e l l u l o s e  wi th  a pore s i z e  of 4 t o  5 microns.  
Hence, t h e  e l e c t r o d e s  a t  each end of t h e  t u b e s  were s e p a r a t e d  from t h e  
specimens i n  t h e i r  s o l u t i o n .  

The weight of t h e  u n i t  was about  2.26 ki lograms (5 pounds). 

The f o u r t h  subsystem provided c i r c u l a t i o n  of e l e c t r o l y t e  through 
t h e  s i x  e l e c t r o d e  compartments. I n  o p e r a t i o n ,  t h e  e l e c t r o d e s  were con- 
t i n u o u s l y  f l u s h e d  by t h e  f lowing e l e c t r o l y t e  which had t h e  same com- 
p o s i t i o n  as t h e  s o l v e n t .  The flowing e l e c t r o l y t e  maintained a r e l a t i v e l y  
c o n s t a n t  pH i n  t h e  e l e c t r o d e  compartments by being in te rchanged  between 
t h e  anode and cathode ends.  It a l s o  served  t o  remove gaseous e l e c t r o -  
l y s i s  products  from t h e  v i c i n i t y  of t h e  e l e c t r o d e s .  G a s  bubbles  were 
removed by passage of t h e  e l e c t r o l y t e  through a phase s e p a r a t o r  con- 
s i s t i n g  of c o n c e n t r i c  h y d r o p h i l i c  and hydrophobic f i l t e r s .  The e l e c t r o -  
l y t e  passed through t h e  h y d r o p h i l i c  f i l t e r  and w a s  r e c i r c u l a t e d ,  whi le  
t h e  gas  pass ing  through t h e  hydrophobic f i l t e r  w a s  removed from t h e  
system t o  be absorbed i n  pal ladium black  and charcoal .  

Data on t h e  progress  of e l e c t r o p h o r e s i s  were c o l l e c t e d  by t a k i n g  
a sequence of photographs a t  i n t e r v a l s  of  2.5 t o  5 minutes  of t h e  a c t i o n  
i n  t h e  tubes  through t h e  window of t h e  case w i t h  t h e  70 mm Hasse lb lad  
camera normally used on Apollo.  The t o t a l  t i m e  r e q u i r e d  t o  demonstrate  
t h e  s e p a r a t i o n s  w a s  57 minutes ,  
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SELECXION OF SPECIMJlNS 

The specimens o r  samples were s e l e c t e d  t o  s a t i s f y  s e v e r a l  cr i ter ia .  
F i r s t  of a l l ,  t h e  d e c i s i o n  w a s  made t o  run  t h r e e  exper iments  i n  p a r a l l e l  
t o  permi t  experiments of va ry ing  degrees  of d i f f i c u l t y .  
t o g e t h e r ,  B r i l l i a n t  Blue and Amaranth Red, were chosen f o r  t h e i r  i n t e n s e  
c o l o r  ( t o  f a c i l i t a t e  d e t e c t i o n ) ,  t h e i r  s t a b i l i t y ,  and because it w a s  
shown by experiment t h a t  bo th  dyes are h i g h l y  mobile a t  t h e  d e s i r e d  pH 
( 9 ) .  Furthermore, they  d i f f e r  i n  m o b i l i t y  enough so  t h a t  t h e y  should  
s e p a r a t e  i n  t h e  r e l a t i v e l y  s h o r t  d i s t a n c e  a v a i l a b l e  i n  t h e  Apollo 14 
demonstration u n i t .  Of t h e  t h r e e ,  t h i s  experiment w a s  cons ide red  t o  
have t h e  h ighes t  i n h e r e n t  p r o b a b i l i t y  of success .  Although t h e  samples 
were n o t  r e p r e s e n t a t i v e  of t h e  types  of materials f o r  which nea r  zero-g 
e l e c t r o p h o r e s i s  may e v e n t u a l l y  be used, t h e  experiment w a s  chosen t o  
provide  a h ighly  v i s i b l e  demonst ra t ion  of t h e  p r i n c i p l e s  involved. 

Two dyes mixed 

A second experiment conta ined  a h igh  molecular weight b i o l o g i c a l  
material  whose n a t u r a l  c o l o r  would permi t  v i s u a l  and photographic  
d e t e c t i o n .  D r .  Ruth Rappaport of Wyeth L a b o r a t o r i e s  sugges ted  t h e  u s e  
of whole formal in ized  r ed  blood c e l l s .  However, s t o r a g e  t e s t s  showed 
t h a t  t h e  c e l l s  s e t t l e d  and agglomerated i n  a few days ,  and t h e r e f o r e  
l o s t  most of t h e i r  mob i l i t y .  D r .  Rappaport sugges ted  as a n  a l t e . r n a t e  
t h e  u s e  of t he  co lored  c o n s t i t u e n t  of t h e  ce l l s ,  hemoglobin. While 
small compred  t o  t h e  whole r e d  blood c e l l s ,  hemoglobin i s ,  n e v e r t h e l e s s ,  
a l a r g e  molecule by most s t a n d a r d s ,  having a n  e f f e c t i v e  molecular  weight 
of about  68,000. It i s  a h i g h l y  co lo red ,  n a t u r a l l y - o c c u r r i n g  material 
of b i o l o g i c a l  o r i g i n  and c l o s e l y  a k i n  t o  materials of p r a c t i c a l  i n t e r e s t  
f o r  e l e c t r o p h o r e s i s .  

The t h i r d  and most d i f f i c u l t  experiment involved  a v e r y  h igh  mole- 
c u l a r  weight material which i s  d i f f i c u l t  t o  e l e c t r o p h o r e s e  by con- 
v e n t i o n a l  zone methods. D r .  Ben Rubin of Wyeth L a b o r a t o r i e s  sugges ted  
salmon sperm deoxyr ibonucle ic  a c i d ,  DNA, w i t h  a molecular  weight of about  
20 X 106. DNA has  been e l e c t r o p h o r e s e d  by microscopic  methods, w i th  on ly  
moderate success.  Also, D r .  Rubin f e l t  t h a t  t h e  DNA might s u r v i v e  t h e  
unusua l ly  long s t o r a g e  p e r i o d  p r i o r  t o  o p e r a t i o n  of t h e  demonstration. 
The photographic l i m i t a t i o n s  on sample d e t e c t i o n  equipment made i t  
necessa ry  t o  render  t h e  DNA v i s i b l e  wi thout  g r o s s l y  dena tu r ing  it. Many 
s t a i n s  are merely adsorbed on t h e  DNA and are q u i c k l y  removed by e l e c t r o -  
phores i s .  Other s t a i n s  r e q u i r e  c o n d i t i o n s  which would p r e c i p i t a t e  and 
dena tu re  the DNA, s o  v i s i b l e  s t a i n i n g  d i d  not a p p e a r  p r a c t i c a l .  On t h e  
o t h e r  hand, f l u o r e s c e n t  m o i e t i e s  can sometimes be chemica l ly  bonded t o  
materials such as DNA. A r e a c t i o n  w a s  ob ta ined  between t h e  DNA and 
dimethylaminonaphthalene s u l f o n y l  c h l o r i d e  (DANSYL c h l o r i d e )  and t h i s  
f l u o r e s c e n t  t a g  w a s  no t  r e a d i l y  removed from t h e  DNA. No a t t empt  w a s  



made t o  determine t h e  p o i n t  of attachment of t h e  DANSYL moiety,  though 
we presumed t h a t  i t  r e a c t e d  wi th  some unhindered amine group. Detec t ion  
of t h i s  t h i r d  sample t h e r e f o r e  depended on o b s e r v a t i o n  of f luo resence  
a c t i v a t e d  by t h e  "b lack  l i g h t "  i n  t h e  demonst ra t ion  u n i t .  

RESULTS OF THE APOLLO 14 DEMONSTRATION 

The e l e c t r o p h o r e s i s  photographs were r e t u r n e d  s h o r t l y  a f t e r  t h e  
Apollo 14 splashdown and t h e  appa ra tus  w a s  r e t u r n e d  a f t e r  60 days of 
q u a r a n t i n e  a t  t h e  Lunar Receiving Laboratory.  The r e d  and b lue  dyes 
s e p a r a t e d  as expec ted ,  bu t  no a c t i o n  was seen  i n  t h e  hemoglobin o r  
DNA tubes .  While t h e  s u c c e s s f u l  completion of a l l  t h e s e  experiments 
w a s ,  o f  cour se ,  t h e  g o a l ,  t h e  success  of t h e  one experiment i nvo lv ing  
t h e  dyes w a s  s u f f i c i e n t  t o  meet t h e  o b j e c t i v e s  of t h e  demonstration. 
Although some of t h e  p i c t u r e s  were out of  focus ,  in format ion  w a s  pro- 
v ided  which could  be compared t o  p i c t u r e s  taken  of t h e  appa ra tus  on e a r t h .  

The most obvious d i f f e r e n c e s  i n  t h e  p i c t u r e s  shown as F i g u r e s  Za, 
2b, 3a and 3b are t h e  shapes of t h e  boundary. On e a r t h  t h e  boundar ies  
are  h i g h l y  i r r e g u l a r  due t o  a combination of e l ec t roosmos i s ,  thermal 
convec t ion ,  and sample dens i ty .  The tendency of  t h e  dyes t o  s t r a t i f y  
due t o  d e n s i t y  d i f f e r e n c e s ,  thermal  convection, o r  bo th ,  can be observed 
i n  F i g u r e  2b. 
i n  s p i t e  of d i f f i c u l t i e s  w i th  i n j e c t i o n  o f  t h e  samples. The impor tan t  
f a c t  i s  t h a t  no lateral  motion of t h e  f l u i d  i s  e v i d e n t  which can be 
a t t r i b u t e d  t o  thermal  convec t ion  o r  sed imenta t ion ,  i n  F igu re  2a t aken  
i n  space.  

The boundaries photographed i n  space are much b l u n t e r ,  

One measure of success  of a n  e l e c t r o p h o r e s i s  ( o r  almost any sepa- 
r a t i o n )  method i s  t h e  sharpness  of the sample  boundaries.  Densitometer 
measurements were made a t  t h e  l ead ing  edges of t h e  b l u e  dye i n  t h e  
photographs of t h e  space  and earthbound exper iments  s i m e  i t  w a s  expec ted  
t h a t  t h e  l a c k  of convec t ion  would provide a sha rpe r  boundary i n  t h e  near -  
ze ro -g rav i ty  cond i t ion .  Indeed, t h e  t y p i c a l  d a t a  i n  F igu re  4 v e r i f y  t h a t  
t h e  sample boundary i n  space  w a s  sha rpe r  and b e t t e r  d e f i n e d t h a n  on e a r t h .  
These d a t a  were ob ta ined  by making photodens i ty  measurements a long  t h e  
l e n g t h  of  t h e  tube  i n  t h e  v i c i n i t y  of t h e  boundary. 

The d a t a  shown i n  Table  I are taken from t h e  r e t u r n e d  photographs. 
The p o s i t i o n  of t h e  forward boundary of t h e  r e d  and b lue  dyes w a s  
determined from each photograph f o r  each s p e c i f i c  t i m e .  The d i f f e r e n c e  
i n  t h e  p o s i t i o n  of t h e  boundary from one photo t o  t h e  next  provided t h e  
d i s t a n c e  t r a v e l e d  dur ing  t h a t  pe r iod  of t i m e ,  and t h a t  d i s t a n c e  d iv ided  
by t h e  t i m e  i n t e r v a l  provided the  incrementa l  v e l o c i t y  d a t a  shown. The 
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v e l o c i t y  da ta  were not  reduced t o  m o b i l i t i e s  by d i v i d i n g  by t h e  f i e l d  
s t r e n g t h  because f i e l d  s t r e n g t h  w a s  a c o n s t a n t .  
of 270 v o l t s  d.c. over a l e n g t h  of 9 cm provided  a n  average  f i e l d  
s t r e n g t h  of 30 v o l t s  pe r  cen t ime te r .  
r e d u c t i o n  of f i e l d  s t r e n g t h  due t o  t h e  membranes. 

The a p p l i e d  v o l t a g e  

However, t h e r e  i s  a s l i g h t  

The v e l o c i t y  of t h e  dyes i n  t h e  space  experiment w a s  less than  
h a l f  as g r e a t  as t h e  v e l o c i t y  measured on e a r t h .  
u n l i k e l y  t h a t  t h i s  d i f f e r e n c e  r e p r e s e n t s  a fundamental change i n  t h e  
p rocess  i n  t h e  absence of g r a v i t y .  
u n i t  w a s  loaded and t h e  t i m e  it w a s  r e t u r n e d  f o r  a n a l y s i s  11 weeks 
la ter ,  a major change occur red  i n  t h e  pH of  t h e  e l e c t r o l y t e .  
change occurred p r i o r  t o  o p e r a t i o n  of t h e  u n i t  it could  
t h e  lower mob i l i t y  of t h e  dyes i n  t h e  space experiment.  It cou ld  a l s o  
account f o r  t h e  f a c t  t h a t  no hemoglobin w a s  observed, bu t  could  no t  
account d i r e c t l y  f o r  t h e  appa ren t  f a i l u r e  of t h e  DNA t o  migra te .  

It i s  ex t remely  

Between t h e  t i m e  t h e  e l e c t r o p h o r e s i s  

I f  t h i s  
account  f o r  

Upon r e t u r n  of t h e  a p p a r a t u s ,  t h e  f l u i d  system w a s  examined t o  
determine i f  t h e  s o l u t i o n  c o n t a i n i n g  t h e s e  specimens had- leaked  ou t .  
The check revea led  t h a t  t h e  s y s t e m  w a s  completely f i l l e d  wi th  f l u i d ,  
t h e r e  were no l e a k s ,  t h e r e  were no bubbles ,  bu t  t h e r e  w a s  no ev idence  of  
hemoglobin o r  DNA, e i t h e r .  It should  a l s o  be noted t h a t  t h e  p o s t - f l i g h t  
a n a l y s i s  showed no evidence of t h e  two dyes ,  though they  were obvious ly  
p r e s e n t  when t h e  experiment w a s  run. 
partment was measured. Before f l i g h t ,  t h e  pH w a s  8.95. The p o s t - f l i g h t  
pH w a s  7.55 i n  tube  No. 1 and 7.75 i n  tubes  No. 2 and 3. The pH of t h e  
f l u i d  i n  the cathode compartments w a s  7.80, 7.88 and 7.85 r e s p e c t i v e l y .  
I n  t h e  anode compartment of t ube  1 t h e  pH w a s  7.80; i n  t h e  anode of  t ube  
2,  7.98. The cause of t h e  pH change was sought. C a l c u l a t i o n s  show t h a t  
i f  a l l  t h e  DNA and hemoglobin were conver ted  b a c t e r i a l l y  t o  a n  a c i d ,  a t  
least h a l f  enough a c i d  would be produced t o  account f o r  t h e  pH change. 
Enough o the r  o rgan ic  materials were p r e s e n t  i n  t h e  f l u i d  system t o  pro- 
v i d e  t h e  a d d i t i o n a l  food f o r  convers ion  t o  t h e  a c i d .  Subsequent c u l t u r e  
tes ts  i n d i c a t e d  t h a t  t h e  b a c t e r i a ,  E. C o l i ,  w e r e  p r e s e n t  a long  wi th  
b u t y r i c  a c i d ,  a product  of t h e  c u l t u r e d  b a c t e r i a .  A d d i t i o n a l l y ,  t h e  
reduced pH could have r e t a r d e d  t h e  observed v e l o c i t y  of t h e  dye samples 
i n  space.  

The pH of  t h e  f l u i d  i n  each com- 

I n  ground tests t h e r e  w a s  no ev idence  of  pH change o r  sample 
d e t e r i o r a t i o n  a f t e r  l a b o r a t o r y  s t o r a g e  of t h e  e l e c t r o p h o r e s i s  u n i t  f o r  
up t o  t h r e e  weeks ( t h e  t i m e  between load ing  of t h e  f l i g h t  u n i t  and t h e  
Apollo 14 f l i g h t ) .  A t  one t i m e  benzalkonium c h l o r i d e  w a s  added t o  t h e  
e l e c t r o l y t e  t o  i n h i b i t  growth of  t h e  organisms, bu t  t h i s  a d d i t i o n  u p s e t  
t he  i o n i c  s t r e n g t h  of t h e  e l e c t r o l y t e .  S ince  no ev idence  of a con- 
t amina t ion  problem w a s  found a t  t h a t  t i m e  t h e  benzalkonium c h l o r i d e  w a s  
subsequent ly  omitted.  A d d i t i o n a l  p o s t - f l i g h t  tests, invo lv ing  a v a r i e t y  
of s t o r a g e  cond i t ions  are i n  p rogres s .  
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The u l t r a v i o l e t  a b s o r p t i o n  spectrum of t h e  f l u i d  i n  each of  t h e  
t h r e e  tubes  w a s  measured dur ing  p o s t - f l i g h t  a n a l y s i s .  A l l  s p e c t r a  were 
s u b s t a n t i a l l y  i d e n t i c a l  and were c h a r a c t e r i z e d  by a n  a b s o r p t i o n  maximum 
a t  about  275 m p  , t h e  r e g i o n  normally a s s o c i a t e d  w i t h  a n  a l i p h a t i c  
carbonyl.  T h i s  a b s o r p t i o n  w a s  no t  p re sen t  i n  t h e  o r i g i n a l  e l e c t r o l y t e .  
Although a t t empt s  t o  reproduce t h e  r e a c t i o n  are s t i l l  i n  p rogres s ,  it 
i s  b e l i e v e d  t h a t  t h e  a b s o r p t i o n  may have been caused by butyra ldehyde ,  
a l though  it d i d  n o t  form a 2,  4 -d in i t ropheny l  hydrozone. 

I -  
I -  

A d d i t i o n a l l y ,  u l t r a v i o l e t  f l uo rescence  of  t h e  f l u i d s  and t h e  
m r i o u s  p a r t s  of t h e  system, inc lud ing  t h e  gas  phase s e p a r a t o r s ,  w a s  
employed. T h i s  test  a l s o  i n d i c a t e d  t h a t  no specimen w a s  l e f t  i n  t h e  
f l u i d  o r  i n  t h e  system. D r .  W i l l i a m  C a r r o l l  of t h e  N a t i o n a l  I n s t i t u t e s  
of Heal th  sugges ted  t h a t  b a c t e r i a  i n  t h e s e  tubes  may have consumed t h e  
hemoglobin and DNA dur ing  t h e  long  s to rage  per iod .  H e  a l s o  i n d i c a t e d  
t h a t  t h i s  problem could  be c o r r e c t e d  i n  t h e  f u t u r e  by adding  a b a c t e r i -  
c i d e  t o  t h e  s o l u t i o n .  However, it w i l l  be necessa ry  t o  f i n d  one t h a t  
does no t  a f f e c t  t h e  pH o r  t h e  i o n i c  s t r e n g t h .  

A s  shown i n  F igu re  5,  i t  w a s  obvious t h a t  t h e  s l i d e  v a l v e  d i d  n o t  
f u l l y  open due t o  a misalignment between t h e  c e l l  block and t h e  case. 
T h i s  pu t  t h e  dye sample i n  t h e  r e g i o n  of maximum e l e c t r o o s m o t i c  s h e a r  
a long  t h e  w a l l  of t h e  tube.  Had t h e  v a l v e  o p e r a t e d  p rope r ly ,  t h e  sample 
would have been i n j e c t e d  i n t o  t h e  c e n t e r  of t h e  tube  i n  t h e  volume 
c h a r a c t e r i z e d  by a r a d i u s  of 0.25 c m  from t h e  c e n t e r .  By be ing  i n j e c t e d  
from approximate ly  t h e  tube  c e n t e r  t o  one w a l l ,  t h e  sample w a s  s u b j e c t e d  
t o  osmotic flow wi th  t h r e e  t i m e s  t h e  shea r  expec ted  a t  t h e  c e n t e r  of t h e  
t u b e .  T h i s  means t h a t  band broadening due t o  e l ec t roosmos i s  w a s  t h r e e  
times as g r e a t  as it should  have been. I n  l i g h t  of t h i s  d i f f i c u l t y  t h e  
r e s u l t s  ob ta ined  are q u i t e  encouraging. The v a l v e  problem w i l l  be co r -  
r e c t e d  i n  t h e  f u t u r e  by t h e  u s e  of indexing p i n s  o r  a l a r g e r  bea r ing  
s u r f a c e  f o r  t h e  f o o t  of t h e  screw a c t u a t o r  which d r i v e s  t h e  gage va lve .  

CONCLUSIONS 

It i s  concluded t h a t ,  (1) t h e  e l e c t r i c a l  and f l u i d  flow systems 
of t h e  a p p a r a t u s  worked as des igned ,  and t h a t  gas  bubbles were f i l t e r e d  
and absorbed  even i n  near-zero-gravity.  
r a t i o n ,  t h e  r e s o l u t i o n  i n  space  w a s  bet ter  than  on e a r t h .  (3) The 
shape and  sharpness  of t h e  advancing boundary of s e p a r a t e d  material w a s  
dmproved i n  space by t h e  l a c k  of sed imenta t ion  and convec t ion  c u r r e n t s  
which w e r e  suppressed  by t h e  near -zero-gravi ty  cond i t ion .  I n  f u t u r e  
p r e c i s i o n  s e p a r a t i o n s ,  i t  i s  t h i s  improvement i n  shape and sha rpness  of 
t h e  boundary which may prove t o  make f l u i d  e l e c t r o p h o r e s i s  i n  space  a 
v a l u a b l e  process .  
du r ing  s t o r a g e  by b a c t e r i a l  a c t i o n  which changed t h e  pH of t h e  e l e c t r o -  
l y t e .  T h i s  sugges t s  t h a t  s t o r a g e  cond i t ions  f o r  b i o l o g i c a l  samples 

(2) I n  t h e  red-b lue  dye sepa-  

( 4 )  The hemoglobin and DNA may have been consumed 
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must be improved. 
f o r  doing e l e c t r o p h o r e s i s  i n  space.  
g a t i o n s  and p r e - f l i g h t  p r e p a r a t i o n s  w i l l  be s p e c i f i c a l l y  aimed a t  
so lv ing  these problems most of which can  be s p e c i f i c a l l y  and r e a d i l y  
co r rec t ed .  

Much w a s  l ea rned  about  t h e  problems and requi rements  
Subsequent l a b o r a t o r y  i n v e s t i -  
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APPENDIX 

Ast ronauts  Debr i e f ing  - Apollo 14 

McKannan - Did you see t h e  b lue  dye g e t  a l l  t h e  way a c r o s s  t h e  tube? 

Roosa - Yes, r e d  and blue.  

When us ing  t h e  70 mm Hasse lb lad  a t  s h o r t  d i s t a n c e s  you worry 
about  focus ;  i s  it ( t h e  f i lm)  i n  focus? 

McKannan - Some s h o t s  were s l i g h t l y  ou t  of focus.  

Do you remember about where you h e l d  t h e  camera? o r  d i d  you have 
a check poin t?  

Shepherd - We measured i t .  

Roosa - I took a gage on t h e  s t r u t .  - 
I v a r i e d  a couple of s h o t s  t o  g e t  it bracke ted .  I w a s  real su re .  

Shepherd - We d i d  no t  have a y a r d s t i c k  o r  measuring dev ice  on board. 

McKannan - Did you look through t h e  view f i n d e r ?  

Roosa - No, you j u s t  have t o  hold  t h e  camera o u t  t h e r e  and snap i t .  

McKannan - I have a q u e s t i o n  on t h e  va lve .  Do you remember i f  it took 
a long t i m e  t o  open t h e  va lve ,  o r  how many t u r n s  i t  took t o  open t h e  
va lve?  

- Roosa - It took a l o t  of t u r n s  and a d e s c r e t e  amount of  t i m e .  It g o t  
ha rde r  t o  t u r n  toward t h e  end, so  I r e a l l y  torqued  down nea r  t h e  end. 
It tu rned  the  same ( torque)  u n t i l  2 o r  3 t u r n s  t o  t h e  end. It g o t  
s t i f f .  I got a couple of extra t u r n s .  It never d i d  comple te ly  snub 
down. A f t e r  a couple of minutes ,  I went back and t r i e d  aga in .  
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APPENDIX (Continued) 

McKannan - Do you r e c a l l  when s e t t i n g  up, d i d  t h e  a p p a r a t u s  g e t  bumped, 
shaken o r  turned? 

Roosa - D i d n ' t  we do something wi th  t h a t  be fo re  w e  s t a r t e d ?  

M i t c h e l l  - It had f a r  more severe handling g e t t i n g  s t o r e d  aboard  t h a n  
du r ing  zero  "g". 

Roosa - We wai t ed  10 minutes and went r i g h t  by t h e  t i m e s  ( i n  t h e  
procedures) .  Things happen p r e t t y  slow i n  t h e  s p a c e c r a f t .  Any a c t i o n  
a t  a l l  i n  c e l l  #l? (W l i g h t  on DNA) 

- 

McKannan - We haven ' t  s een  i t ,  y e t .  

- Roosa - Okay, I guess you g o t  t h e  da t a  s h e e t  t h a t  showed t h i n g s  happened 
a l o t  slower t h a n  you were expec t ing .  

. 



TABLE I 

ELECTROPHORESIS DATA SHEET 

I. Apo l lo  14 i n  Space 

Apo l lo  Frame 
A-512-76-103 

-37 

-38 

-39 

-40 

-41 

-42 

-3 

-4 

-5 

-6 

-7 

-8 

T ime 
Min. 

0.5 

- 

3.0 - 
5.5 - 
8.0 - 

13.0 - 
18.0 

2.0 - 
3.0 - 
4.0 - 
6.0 - 
8.0 - 
10.0 

P o s i t  i o n  
c m  

1.4 

2.4 - 
3.2 - 
4.. 0 - 
5.7 - 
7.1 

e d  Dye 
D i s t a n c e  

cm 

- 
1.0 

- 
0.8 

- 
0 . 8  

- 
1.7 

1.4 

- 

11. Ear thbound  

1.1 

1 . 7  - 
2.6 - 
3.9 - 
5.3 - 
- 

V e l o c i t y  
cmlmin. -- 

- 
0.40 

- 
0.32 

- 
0 .32  

- 
0 .34  

- 
0.28 

- 

B l u e  Dyc 

cm 
P o s i t i o n  

0.6  - 
1.5 - 
2.3 - 
2.9 - 
4.4 - 
5.9 

0.6 - 
1.4 - 
2.8 

4.2 

5.6 

D i s t a n c e  
cm 

- 
0.9 

- 
0.8 

- 
0.6 

- 
1.5 

- 
1.5 

- 

- 
1.4 

- 
1.4 

- 
1.4 

1.4 

V e l o c i t y  
cmfmin. 

- - 

0.32 

- 
0.24 

- 
0.30 

- 
0.30 

- 

- - 
- 

0.8 

- 
0.7 

- 
0.7 

- 
0.7 

0.7 
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Figure 2a - Apollo 14 F l i g h t ,  E lec t rophores i s  of Red 
and Blue Dyes a t  3 Minutes,  A p o l l o  Frame 
A-512-76-103-38 

Figure 2b - Earthbound E lec t rophores i s  of Red and Blue 
Dyes a t  3 Minutes 
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Figure  3a - Apollo 14 F l i g h t ,  E l e c t r o p h o r e s i s  of Red 
and Blue  Dyes a t  5.5 Minutes,  Apollo Frame 
A-512-76-103-39 

I 
F i g u r e  3b - E;;rthboLind Eieccrc1piio'resi.s o f  Red and B l u e  

7, ,>yes ac 4 M i n u t e s  
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FIGURE 4 SHARPNESS OF ELECTROPHORESIS BOUNDARIES BY DENSITOMETRY 
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