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f rom ra t s  wh ich  h a d  received infus ions  of b o t h  U B  a n d  
Novobioc in ,  d id  no t  f ind  a n y  i n t e r a c t i o n  b e t w e e n  t he  2 
subs tances .  Therefore,  we used Novob ioc in  to conf i rm our  
hypo thes i s  t h a t  t i le  passage  of U B  occurs  f rom t he  l iver  
cell to  t he  bile. 

I n  our  exper imen t s ,  t he  t o t a l  p l a s m a  b i l i rub in  concen-  
t r a t i o n  was h ighe r  in  Novob ioc in  t r e a t e d  r a t s  t h a n  in t he  
cont ro l  group,  and  t h e  c o n c e n t r a t i o n  of T B  in t i le  bi le  was  
lower. S ta t i s t i ca l  ana lys i s  of va r i ance  showed  t h a t  these  
differences were  s ign i f ican t  (p lasma:  F = 13.8, p <  0.01; 
bi le:  F = 6.7, p < 0.02). I f  t he  passage  of b i l i rub in  to  t h e  
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Fig. 2. Gunn rats. Infusion of 30 mg of unconjugated bilirubin. 
Mean changes of total plasma and total  bile bilirubin after i.v. 
infusion of uneonjugated bilirubin (below) and uneonjugated bili- 
rubin + Novobiocin (above). Vertical bars indicate standard errors. 

bile did  no t  occur  t h r o u g h  t he  l iver  cell, p l a s m a  a n d  bile 
b i l i rub in  c o n c e n t r a t i o n s  would no t  be  af fec ted  b y  
Novobioc in .  

I n t r a v e n o u s  infus ion  of CB pe rmi t s  b i l i a ry  a n d  
u r i n a r y  excre t ion  of U B  1~,13. Our  expe r imen t s  sugges t  
t h a t  u n d e r  ce r t a in  cond i t ions  U B  m a y  be excre ted  in t h e  
bi le  even  in t h e  absence  of C B ~ .  

Rdsumd. L ' a b s e n c e  d ' u n  T m lors de per fus ion  en q u a n -  
t i t6  c ro i ssan te  de b i l i rub ine  n o n  conjugu6e chez le r a t  
Gunn ,  a ins i  que  la d i m i n u t i o n  de la c o n c e n t r a t i o n  bi l ia i re  
de la b i l i rub ine  to t a l e  lors d ' i n fus ion  s imul t an6e  de bili-  
r u b i n e  non  conjugu6e  et  de Novobiocine ,  sugggren t  la 
possibi l i t6  d ' u n  t r a n s f e r t  passif  de la b i l i rub ine  n o n  con-  
jugu~e du  sang  darts la bile, & t r a v e r s  la cellule h @ a t i q u e .  
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Genetic Variation of Supernatant and Mitochondrial Malate Dehydrogenase Isozymes in the Teleost 
Fundulus heteroclitus 

Tile s t u d y  of i sozymes  has  p rov ided  cons iderab le  
i n s igh t  in to  t he  s u b u n i t  s t r u c t u r e  of enzymes  z as well  
as p r o v i d i n g  gene m a r k e r s  for t he  ana lys i s  of p rob l ems  
in d e v e l o p m e n t  S an d  evo lu t ion  3. T he  i sozyme s y s t e m  of 
m a l a t e  d e h y d r o g e n a s e  (L-malate:  N A D  oxidoreduc tase ,  
EC 1.1.1.37) is r ep r e s en t ed  b y  2 m a j o r  forms in ver-  
t e b r a t e s  a n d  i n v e r t e b r a t e s :  1) s u p e r n a t a n t  m a l a t e  
d e h y d r o g e n a s e  (S-MDH),  and  2 ) m i t o c h o n d r i a l  m a l a t e  
d e h y d r o g e n a s e  (M-MDH). Il l  a d d i t i o n  to t h e i r  d i f fe ren t  
subce l lu la r  locale these  M D H s  differ  in  t h e i r  e lectro-  
phore t i c  mob i l i t y  ~, k ine t ic  b e h a v i o r  4, a m i n o  acid com- 
pos i t ion  5, a n d  an t igen ic  proper t ies% Bot t l  t he  S - M D H  
a n d  M - M D H  of v e r t e b r a t e s  h a v e  been  s h o w n  to  exis t  as 
d imers  b y  in v i t ro  molecu la r  h y b r i d i z a t i o n  ~ a n d  allelic 
i sozyme v a r i a t i o n  8-10. Ma la t e  dehydrogenases  exis t  as 
c o n f o r m a t i o n a l  i sozymes  in some o rgan i sms  1, t~. 

Tile m a l a t e  d e h y d r o g e n a s e  isozymes of Fundulus hetero- 
clitus were  i nves t i ga t ed  because  th i s  species is p o t e n t i a l l y  
va luab l e  for  s t u d y i n g  d e v e l o p m e n t a l  a n d  b iochemica l  
genet ics .  The  p r e sen t  p a p e r  descr ibes  t i le m a l a t e  dehydro -  
genase  isozymes of F. heteroclitus, t h e i r  subce l lu la r  dis t r i -  
b u t i o n  and  discusses t he i r  possible  genet ic  a n d  molecu la r  
bases.  

Methods. Sexual ly  m a t u r e  F. heteroclitus of b o t h  sexes 
were t r a p p e d  f rom Mill P o n d  in W o o d s  Hole,  M a s s a -  

chuse t t s .  The  subce l lu la r  d i s t r i b u t i o n  of M D H  isozymes 
f rom freshly  ki l led F. heteroclitus was d e t e r m i n e d  b y  
d i f fe ren t ia l  cen t r i fuga t ion .  F re sh  un f rozen  l ivers  were 
homogen i zed  in a loose-f i t t ing  Dounce  homogenizer ,  in  
2 vo lumes  of 0 . 2 5 M  sucrose in 0.13/I Tris-HC1, p H  7.7. 
Cen t r i fuga t ion  was car r ied  ou t  in an  SS-34 ro to r  in  a 
Sorval l  RC 2-B a t  4 ~ U n b r o k e n  cells, cell f r agments ,  
a n d  nucle i  were  r e m o v e d  b y  480 g for 5 min.  The  mi to -  
chol ldr ia  were p r ec ip i t a t ed  b y  12,100 g cen t r i f uga t i on  for 
10 rain.  The  s u p e r n a t a n t  r e su l t ing  f rom cen t r i f uga t i on  a t  
105 ,000g  for  40 m i n  con ta ins  t he  s u p e r n a t a n t  M D H  
(S-MDH).  The  i so la ted  m i t o c h o n d r i a  were twice  washed  
a n d  sub jec t ed  to 12,100 g for 10 ra in  and  t h e n  Dounce -  
homogen ized  in one v o l u m e  of 0.12VI Tris-HC1, p H  7.0 
followed b y  cen t r i f uga t i on  a t  105,000 g for 30 mill.  Th i s  
s u p e r n a t a n t  con ta ins  t he  m a l a t e  de t lydrogenase  re leased 
f rom the  m i t o c h o n d r i a  (M-MDH).  

Tile ske le ta l  muscle  f rom each  of 245 frozen Funduh~s 
was homogen ized  in a Dounce  homogen ize r  in  one v o l u m e  
of 0 . 1 M  Tris-HC1, p H  7.0, cen t r i fuged  a t  4S,000 g for 
30 ra in  a t  4~ pr io r  to  t he  e lec t rophoreses  used for t i le  
p o p u l a t i o n  analysis .  

All  e lec t rophoreses  were pe r fo rmed  in a 14~o ve r t i ca l  
s t a r ch  gel a t  p H  6.9. Tile s tock  buf fe r  was  0 . 7 5 M  "Iris + 
0 . 2 5 M  ci tr ic  acid (monohydra t e )  ad ju s t ed  to p H  6.9. 
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This  s tock  buf fe r  was  d i lu ted  1 : 60 for  t he  gels a n d  1 : 20 
for  t h e  electrodes.  E lec t rophores i s  was  a t  12 V / c m  for 
18 h a t  4 ~ The  gel was  sliced a n d  t h e  isozymes v i sua l ized  
b y  i n c u b a t i n g  t he  gel a t  37 ~ in t h e  d a r k  in  t he  fol lowing 
s t a in :  60 m l  of 0 . 2 M  p H  8.0 Tris-HC1, 12 m l  of 0 . S M  
sod ium mala te ,  6.7 ml  of 1 m g / m l  n i t r o b l u e  t e t r a z o l i u m  
(N13T), 6 . 7 m l  of 1 . 6 m g / m l  p h e n a z i n e  m e t h o s u l f a t e  
(PMS), a n d  2.7 ml  of n i c o t i n a m i d e  aden ine  d inuc leo t ide  
(NAD).  

Results  and discussion. The  d i f fe ren t ia l  c en t r i f ug a t i o n  
revea ls  t h a t  t he  m i t o c h o n d r i a l  M D H  isozymes m i g r a t e  
more  a n o d a l l y  d u r i n g  e lec t rophores i s  t h a n  t h e  super-  
n a t a n t  M D H  isozymes.  The  re l a t ive  e lec t rophore t i c  
m o b i l i t y  of t he  F u n d u l u s  S-MDH a n d  M - M D H  isozymes 
is reversed  c o m p a r e d  to  t h a t  for  m o s t  v e r t e b r a t e s  
(Figure 1). Th i s  r eve r sa l  ha s  also been  obse rved  in sea 
u rch ins  12 a n d  t u n a  12, b u t  does no t  occur  in  al l  fish, e.g., 
s a l m o n  1~ T h e  physio logica l  s ignif icance of th i s  e lectro-  
phore t i c  reversa l  of m o b i l i t y  is no t  known.  

The  3 d i f fe ren t  S - M D H  p h e n o t y p e s  r ep r e sen t i ng  t h e  
allelic v a r i a t i o n  a t  t h e  s u p e r n a t a n t  M D H  locus are  shown  
in F igure  1, left.  The  fas t  p h e n o t y p e  rep resen t s  t he  n o r m a l  
homozygo te ,  whe reas  t h e  h y b r i d  p h e n o t y p e  rep resen t s  
t he  he te rozygote ,  a n d  t he  slow p h e n o t y p e  r ep resen t s  t h e  
h o m o z y g o u s  m u t a n t .  The  n u m b e r  a n d  e lec t rophore t i c  
m o b i l i t y  of t h e  i n t e r m e d i a t e  i sozymes  are  a l t e red  con- 
c o m i t a n t l y  w i t h  t h e  genet ic  a l t e r a t i o n  of t h e  electro-  
phore t i c  mob i l i t y  of t he  c a t h o d a l  S - M D H  isozymes.  

T h e r e  are  severa l  h y p o t h e s e s  wh ich  can  be  b r o u g h t  
fo r th  to  exp la in  t he  S - M D H  isozyme p a t t e r n s  of Fundu lus .  

One poss ib i l i ty  is t h a t  t he re  are 2 func t ion ing  S - M D H  
loci a n d  t h a t  t he  s u b u n i t s  p roduced  b y  each  S -MDH 
locus (A a n d  ]3) h a v e  a d i f fe ren t  ne t  charge  such  t h a t  
t he  a n o d a l  S - M D H  isozyme (]3t3) coincides in electro-  
phore t i c  m o b i l i t y  w i t h  t h e  M - M D H  isozymes  encoded  in 
a d i f fe ren t  locus (Figure 2, h y p o t h e s i s  1). T h e  genet ic  
a l t e r a t i o n  of t he  e lec t rophore t i c  b e h a v i o r  of t he  S - M D H  
isozymes  (AA, AA' ,  A 'A ' )  also s i m u l t a n e o u s l y  a l te rs  t h e  
n u m b e r  a n d  e lec t rophore t i c  m o b i l i t y  of t h e  i n t e r m e d i a t e  
i sozymes  (BA a n d  ]3A'). Th i s  o b s e r v a t i o n  suggests  t h a t  
2 S - M D H  s u b u n i t  t ypes  (A a n d  ]3) r a n d o m l y  assemble  
to  fo rm all possible  directs ,  AA, AB, a n d  ]3]3, w h e n  b o t h  
loci are  homozygous .  However ,  if one of t he  loci is he te ro -  
zygons  for 2 d i f fe ren t  c o d o m i n a n t  alleles, e.g., A a n d  A',  
6 d imer ic  i sozymes  should  be  seen for F u n d u l u s  (Figure  2, 
h y p o t h e s i s  1). Indeed ,  t h e  3 S - M D H  isozyme p h e n o t y p e s  
in F u n d u l u s  are v e r y  s imi la r  to  t h e  S-MDI-I i sozyme 
p a t t e r n s  of t r o u t  where  2 S - M D H  loci h a v e  been  r epo r t ed  x0, 
a n d  allelic v a r i a t i o n  occurs  a t  one  of these  loci. 

A n o t h e r  i n t e r p r e t a t i o n  of t h e  i sozyme p h e n o t y p e s  can  
also be  i l l u s t r a t ed  s chema t i ca l l y  b y  h y p o t h e s i s  1 of 
F igure  2. F u n d u l u s  would  possess on ly  2 M D H  loci as in  
m o s t  ve r t eb r a t e s ,  one for M - M D H  (]3), a n d  t he  o t h e r  
for S - M D H  (A). I n  a d d i t i o n  to  t h e  2 h o m o p o l y m e r s  
syn thes i zed  (AA a n d  B]3), a h y b r i d  e n z y m e  (A]3) com- 
posed  of one S - M D H  s u b u n i t  a n d  one M - M D H  s u b u n i t  
is fo rmed  (Figure  2, h y p o t h e s i s  1). H y b r i d  isozymes such  
as A]3 h a v e  been  fo rmed  b e t w e e n  s u p e r n a t a n t  M D H  
isozymes a n d  m i t o c h o n d r i a l  M D H  isozymes b y  in v i t r o  
molecu la r  h y b r i d i z a t i o n  ~ wh ich  suggests  t h a t  such  h y b r i d s  
m a y  be  fo rmed  in t r ace l lu l a r ly  in  some organ isms .  

The  las t  h y p o t h e s i s  (Figure  2, h y p o t h e s i s  2) is t h a t  t h e  
S - M D H  isozymes can  exis t  as d imers  or monomers .  
Because  of t h e  molecu la r  s ieving effect  of t he  s t a rch  gel 
t h e  d imer s  should  be  more  r e t a r d e d  in t h e i r  e lectro-  
phore t i c  m o b i l i t y  t h a n  t he  monomer .  The  2 i n t e r m e d i a t e  
S - M D H  isozymes (A and  A') in  t h e  he t e rozygo t e  would  
r ep re sen t  t he  m o n o m e r i c  po lypep t ide  c o n t r i b u t i o n  of 2 
d i f fe ren t  c o d o m i n a n t  alleles. 

T h e  m i t o c h o n d r i a l  m a l a t e  d e h y d r o g e n a s e  i sozyme phe-  
n o t y p e s  (Figure  1, center)  are  a t t r i b u t e d  to  allelic va r i a -  
t i on  a t  t h e  M - M D H  locus. I n  t h e  h y b r i d  (pos tu la t ed  
he te rozygote )  t h e  a n o d a l  M - M D H  isozyme h as  d i m i n i s h e d  
in  i n t e n s i t y  a n d  a new i sozyme (mit.)  h a s  a p p e a r e d  more  
ca thoda l ly .  A h o m o z y g o u s  m u t a n t  M - M D H  was  no t  
de t ec t ed  in  t h e  245 F u n d u l u s  e x a m i n e d  p r e s u m a b l y  
because  of t h e  low gene f requency .  T h e  doub le  h y b r i d  

Fig. 1. Malate dehydrogenase (MDH) isozyme phenotypes from 
skeletal muscle extracts of Fundulus heteroclitus. Mit., isozymes of 
mitoehondrial origin; sup., isozymes of supernatant origin. Left: 
Supernatant MDH isozyme phenotypes; fast (homozygote normal), 
slow (homozygote mutant), and hybrid (heterozygote). Center: 
Mitochondrial MDH isozyme phenotypes; wildtype (holnozygote 
normal) and hybrid (heterozygote). Right: Double hybrid (double 
heterozygote), allelie variation at both the S-MDH locus and the 
M-MDH locus. 

1 C. L. MARKERT and G. S. WHITT, Experientia 24, 977 (1968}. 
2 C. L. IV~ARKERT and F. MOLLER, Proc. natn. Acad. Sei., U.S.A. 45, 

753 (1959). 
G. S. WHITT, Science 166, 1156 (1969). 
E. KIZN and P. VOL~IN, Biochem. biophys. Res. Commun. 22, 187 
(1966). 
C. J. R. THORNE and P. M. COOPER, Bioehim. biophys. Acta 81, 
397 (1963). 
F. C. GRIMM and D. G. DOHERTY, J. biol. Chem. 236, 1980 (1961). 
O. P. CHILSON, G. t3. KITTO, J. PUDLES and N. O. KAPLA•, J. biol. 
Chem. 2dl, 2431 (1966). 

s R. G. DAVlDSON and J. A. COgTNER, Science 157, 1569 (1967). 
9 R. G. DAVIDSON and J. A. CORTNER, Nature 275, 761 (1967). 

10 G. S. BAILEY, G. T. COCKS and A. C. WILSON, Biochem. biophys. 
Res. Commun. 34, 605 (1969). 

11 G. B. KITr P. M. WASSARMA~ and N. O. KAPLAN, Proc. natn. 
Acad. Sci., U.S.A. 56, 578 (1966). 

12 H. OZAKI and A. H. WtnTELEY, Biochim. biophys. Aeta ld6, 587 
(1967). 

13 G. B. KITTO and R. G. LEWIS, Biochim. biophys. Aeta 539, 1 
(1967). 



736 Specialia EXPERIENTIA 26/7 

(+1, 
M-MDH t - -  

BB 

BA A 

- -  BA' - - A '  

S-NDH { - -  

Origins_)-- - 

AA AA 
A~ A/~ 

- - k ' ~  - - A ' A '  

2.loci:shared subunits 110CUS: doers 
and monomers 

HypotSesisl Hypotfiesis Z 

Fig. 2. Subnnit composition of variant supernatant malate dehydro- 
genase (S-MDH) isozymes. Left: Hypothesis 1 a) both A and B 
subunits are encoded in duplicate S-MDH loci. The BB S-MDH 
isozyme coincides in electrophoretie mobility with the M-MDH 
isozyme or b) 13 subunits are encoded in the M-MDH locus and A 
subunits are encoded in the S-MDH locus. The appearance of BA 
or BA' isozymes represent sharing of subunits from different loci. 
Right: Hypothesis 2. The S-MDH may exist as both dimers and 
monomers (with the dimers possessing slower mobility because of 
sieving action of the gel). 

p h e n o t y p e  (Figure 1, r ight)  was  on ly  obse rved  in one f ish 
wh ich  was p r o b a b l y  he te rozygous  a t  both t h e  S - M D H  
locus a n d  t he  M - M D H  locus. 

I n  conclusion,  F. heteroclitus has  c o d o m i n a n t  allelic 
v a r i a n t s  a t  b o t h  t he  S -MDH locus and  t he  M - M D H  locus. 
The  genet ic  v a r i a n t s  encoded  in b o t h  loci are e v e n l y  
d i s t r i b u t e d  a m o n g  males  and  females  which  suggests  t h a t  
t h e y  are  au to soma l ly  inher i t ed .  The  h igh  degree of iso- 
zyme  p o l y m o r p h i s m  obse rved  for  m a l a t e  d e h y d r o g e n a s e  
has  also been  obse rved  for o the r  Funduh~s isozymes,  e.g., 
l a c t a t e  d e h y d r o g e n a s e  8,1~ and  es terases  15. Thus,  F. hetero- 
clitus appea r s  to  be  a n  exce l len t  o rgan i sm to employ  for  
i nves t i ga t i ng  t h e  l inkage  re la t ionsh ips  of genes encoding  
these  isozymes 10. 

G. S. WHITT 1~ 

Department o/Biology, Yale University, 
NewHaven (Connecticut 06520, USA), 21 January 1970. 

14 G. S. WHITT, J. exp. Zool., in press (1970). 
15 R. S. HOLMES and G. S. WHITT, Biochem. Genet. 4, 229 (1970). 
]~ Acknowledgements. This research was supported by NSF grant 

No. GB 5440X and a NSF Graduate Fellowship. I thank my 
thesis advisor, Professor C. L. MARKERT for his guidance. 

17 Present address: Department of Zoology, University of Illinois, 
Urbana (Illinois 61801, USA). 

Act ive  T r a n s p o r t  in the Rabbit  B l a s t o c y s t  

The  r a b b i t  e m b r y o  begins  to  a c c u m u l a t e  f luid to  fo rm a 
cen t r a l  c a v i t y  be twe en  3 and  4 days  a f te r  m a t i ng .  I n i t i a l l y  
th i s  process  is slow b u t  t h e  eff iciency of t r a n s p o r t  in- 
creases w i t h  t i m e  so t h a t  b y  t h e  n i n t h  day  each  cell t r ans -  
por t s  a b o u t  20 t imes  i ts  own vo lume  of f luid eve ry  h o u r  1. 
D u r i n g  t h e  earl ier  s tages  of deve lopmen t ,  f luid w i t h i n  t h e  
b l a s tocys t  con t a in s  h igh  c o n c e n t r a t i o n s  of p o t a s s i u m  a n d  
b i c a r b o n a t e  and  low c o n c e n t r a t i o n s  of sod ium a n d  
chlor ide  re la t ive  to serum,  b u t  l a t e r  t he  c o n c e n t r a t i o n s  of 
a l l 4  ions a p p r o a c h  those  found  in s e rum ~-~. T he  p r e sen t  
work  uses cu l t u r ed  b l a s tocys t s  to  s t u d y  some of t h e  
fac tors  con t ro l l ing  w a t e r  and  ion m o v e m e n t s  across th i s  
tissue. 

New Zea land  wh i t e  r a b b i t s  weighing  2-3 kg were kil led 
b y  t he  i.v. i n j ec t ion  of p e n t o b a r b i t o n  sodium,  exac t ly  6 
days  a f te r  ma t i ng .  The  u t e rus  was r e m o v e d  a n d  t he  
b l a s tocys t s  exposed  b y  b l u n t  dissect ion.  E a c h  b t a s t o c y s t  
was  p laced  on  a p l a t i n u m  loop to be  weighed on  a sens i t ive  
to r s ion  ba l ance  (0-50 :k 0.1 mg) before  be ing  t r an s f e r r ed  
to  1 illl t i ssue  cu l tu re  m e d i u m  '199'  (Glaxo Labs .  Ltd . ,  
Greenford,  Eng land )  c o n t a i n i n g  a n  a d d i t i o n a l  12 m M  
NaC1. The  cu l tu re  m e d i u m  was m a i n t a i n e d  a t  37 ~ a n d  
gassed w i t h  95~o ai r  + 5~o CO2. B la s tocys t s  were l a t e r  
removed ,  weighed  and  samples  t a k e n  for analysis .  To 
ana lyze  for b i c a r b o n a t e  t h e  b l a s t o c y s t  was p u n c t u r e d  and  
10-20 ~xl f luid sucked i m m e d i a t e l y  in to  a Na t e l son  micro-  
gasometer .  The  sample  was sealed w i t h  mercury ,  i t s  
v o l u m e  read  and  t he  b i c a r b o n a t e  c o n t e n t  t h e n  de ter -  
m ined  in t h e  usua l  way.  O the r  samples  were ana lyzed  for 
sod ium a n d  p o t a s s i u m  b y  f lame p h o t o m e t r y  ( E v a n s  
E lec t ro  Se len ium E E L )  a f t e r  su i t ab le  d i lu t ion  w i t h  dis- 
t i l led water .  Chlor ide d e t e r m i n a t i o n s  were car r ied  ou t  b y  
m i c r o - t i t r a t i o n  aga ins t  s i lver  n i t r a t e  us ing  a po ten t io -  
met r ic  m e t h o d  to  de tec t  t h e  end  point~.  P a r t i c u l a r  care 
was t a k e n  to o b t a i n  a n d  d i lu te  samples  as soon as possible  

a f t e r  r e m o v i n g  b l a s tocys t s  f rom the  cu l tu re  m e d i u m  to 
avo id  errors  caused b y  evapora t ion .  

The  b l a s tocys t  be ing  a closed sys t em m u s t  p roduce  cells 
b y  mi tos is  to  p rov ide  space for  t r a n s p o r t e d  fluid. The  con- 
t r i b u t i o n  new cells m a k e  to  t o t a l  f luid t r a n s p o r t  c an  be  
al lowed for b y  a s suming  t h a t  b o t h  t h e  cell size a n d  w a t e r  
in f lux  pe r  u n i t  surface a rea  r e m a i n  c o n s t a n t  d u r i n g  cul- 
ture .  T h e n  t h e  t o t a l  in f lux  in to  a spher ica l  b l a s tocys t  of 
rad ius  r is 4xr~f, where  i is t he  c o n s t a n t  inf lux  pe r  u n i t  
surface  area.  The  rad ius  increases  a t  a c o n s t a n t  r a t e  a n d  
t he  t i m e  needed  for t he  b l a s t o c y s t  to  doub le  i t s  v o l u m e  
( the doub l ing  t ime)  can  be  ca lcu la ted  as 0.26/f.r0, where  
r 0 is the  in i t ia l  radius .  I t  was  decided to use t h e  doub l ing  
t i m e  as a measu re  of t he  r a t e  of f luid t r anspo r t .  This  t i m e  
did  depend  howeve r  on r 0 and  the re fore  on  t he  in i t ia l  size 
of t he  b las tocys t .  For  b l a s tocys t s  weighing  f rom 5-25 mg, 
t a k e n  6 days  a f t e r  m a t i n g  a n d  cu l tu red  for 7 h, t he  doubl -  
ing t i m e  va r i ed  f rom 8.2 to  12.2 h. The  cor re la t ion  be-  
t w e e n  t h e  in i t ia l  we igh t  and  doub l ing  t i m e  was s ign i f ican t  
(r = 0.56, P < 0 . 0 5 ,  t = 2.8, 19 observa t ions ) .  E r ro r s  
f rom th i s  source  were min imized  b y  ensur ing  t h a t  b las to -  
cys ts  chosen  for  each  e x p e r i m e n t a l  series r ep re sen t ed  t h e  
whole  r ange  of in i t i a l  weights .  

F igure  1 shows t he  t i m e  course  of b l a s tocys t  expans ion  
in cu l tu re  m e d i u m  over  an  8-h period.  The  ca lcu la ted  
doub l ing  t i m e  rose f rom 4 h, for a 1-h incuba t ion ,  to  10 h 
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