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I l lus t ra t ion  of b lood  e x c h a n g e  accompl i shed  b y  in jec t ion  v ia  the  
co rpus  c a v e r n o s u m  of the  penis  a n d  b leeding  t h r o u g h  the  orb i ta l  
s inus of the  mouse.  

An imals  wh ich  su rv ived  t h e  f irst  2 h a f t e r  t r ans fus ion  
( >  90%) showed no obse rvab le  ill effects du r ing  the  fol- 
lowing 3 m o n t h s .  W h e n  n o r m a l  male  C57BI mice were 
t r ans fused  w i t h  2 vo lumes  of fresh n o r m a l  hepa r in i zed  
blood, the re  was a 19% drop  in the  1 h pos t - t r ans fus ion  
h e m a t o c r i t  (Table). This  decrease  was p r o b a b l y  t h e  re- 
su l t  of leakage  of g rea te r  t h a n  t h e  0.2 ml  c o m p e n s a t e d  
for, an d  is dif f icul t  to  avoid.  W h e n  cor rec t ions  were m a d e  
for the  change  in h e m a t o c r i t ,  a p p r o x i m a t e l y  14% of t he  
in i t ia l  59 Fe- label led  red  cell coun t s  r e m a i n e d  in t h e  a n i m a l  
a f te r  t r ans fus ion .  

A m e t h o d  has  been  descr ibed  for t r an s fu s i n g  mice b y  
in jec t ion  of f resh whole  b lood in to  t h e  corpus  c a v e r n o s u m  
of t h e  penis  while  b lood  is c o n c u r r e n t l y  r e m o v e d  f rom 
t h e  venus  p lexus  of t h e  o rb i t a l  cav i ty .  B o t h  these  rou tes  
are easi ly accessible an d  w h e n  reasonab le  p recau t ions  are 
t aken ,  t h e y  fac i l i ta te  r ap id  a n d  re l a t ive ly  safe b lood 
t r an s fu s i o n  in smal l  an imals .  T h e  h igh  su rv iva l  r a t e  w h e n  
syngeneic  b lood is used m a k e s  i t  a useful  p rocedure  for 
l o n g t e r m  studies .  Based  on  a 7% blood v o l u m e  per  we igh t  
mouse,  on ly  2 vo lumes  of b lood were t r a n s f u s e d  in th i s  
s tudy .  However ,  i t  seems l ikely t h a t  la rger  a m o u n t s  can  
be t r ans fused ,  an d  a c o n c o m i t a n t  r educ t ion  in the  endo-  
genous  b lood ob ta ined .  I f  necessary,  the  p rocedure  could 
be r epea t ed  a t  f r equen t  in t e rva l s  w i th  no  d a m a g e  to  t he  
penis. T h e  o rb i t  is more  p rone  to i n j u r y ;  however ,  as 
RILEY 5 n o t e d  1-2 b leedings  of smal l  vo lumes  v ia  th i s  
rou te  pe r  week  seem to be ha rmles s  to  the  a n i m a l  a n d  
da i ly  b leedings  are even  possible.  F u r t h e r m o r e ,  a l t h o u g h  
chlora l  h y d r a t e  resul t s  in  a decreased blood flow to t he  
ta i l  of the  mouse,  i t  is possible  to t r ans fuse  b lood v ia  t he  
ta i l  vein.  Thus ,  t h o u g h  more  difficult ,  t r an s fu s i o n  is pos-  
sible in ch lora l  h y d r a t e  anes the t i zed  female  mice. 
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Summary. Accura t e  e s t ima te s  of t he  equ i l ib r ium concen t r a t i o n s  in  t h e  n o n - i n t e r a c t i v e  r eac t ion  of severa l  l igands  w i t h  
severa l  classes of b ind ing  si tes w i t h  u n i v a l e n t  s t o i ch iome t ry  can  be r ap i d l y  o b t a i n e d  b y  a s imple m e t h o d  of successive 
a p p r o x i m a t i o n s  on  a p r o g r a m m a b l e  desk  calcula tor .  

B i n d i n g  reac t ions  b e t w e e n  macromolecu les  and  o the r  
c o m p o u n d s  (ligands) are c o m m o n  b iochemica l  pheno-  
mena .  W e l l - k n o w n  examples  are t he  f o r m a t i o n  of enzyme-  
s u b s t r a t e  complexes ,  t he  specific a n d  nonspecif ic  b in d i n g  
of h o r m o n e s  to p l a s m a  or cell p ro te ins ,  t he  an t igen-  
a n t i b o d y  reac t ion ,  etc. I n  t he  "n • m' case2, m indepen-  
d e n t  classes of n o n i n t e r a c t i n g ,  u n i v a l e n t  b i n d i n g  si tes 
r e a c t  w i t h  n u n i v a l e n t  l igands  s i m u l t a n e o u s l y  to r each  an  
equ i l i b r i um def ined b y  n • m equa t i ons  g iven  b y  

Bij - -  Kij (Nj - -  Cj) (Si --- Di) (1) 

where  Bi j  is t he  equ i l ib r ium c o n c e n t r a t i o n  of t he  i t h  
l igand  b o u n d  to  t he  ] t h  class of b i n d i n g  si tes (i = 1,2 . . . . .  
n ;  ] : 1,2 . . . . .  m), Ki~ is t he  co r r e spond ing  equ i l ib r ium 

n m 
assoc ia t ion  cons t an t ,  Ca = X B~j, D,  ~ 27 B,~, and  N~ 

i = 1  ] _ 1  
a n d  Si are t he  t o t a l  c o n c e n t r a t i o n s  for t he  ] t h  class of 
b i n d i n g  si tes and  t he  i t h  l igand,  respect ive ly .  For  a g iven  
pos i t ive  in tege r  m, i t  is possible  to  e s t ima te  t h e  va lues  of 
Ki j  a n d  N j  f rom e x p e r i m e n t a l  b i n d i n g  d a t a  and  k n o w n  

S, ' s  b y  t h e  m e t h o d  of leas t  squares  as appl ied  to  non l inea r  
regress ion 3. Severa l  c o m p u t e r  p rog rams  are ava i l ab le  for  
th i s  k ind  of p a r a m e t e r  f i t t i ng  4-s, inc lud ing  ours  t h a t  in-  
corpora tes  a goodness-of-f i t  t e s t  to  decide (for n = 1) 
wh ich  of severa l  va lues  a s sumed  b y  m bes t  descr ibes  t h e  
e x p e r i m e n t a l  da ta% 

E q u a l l y  i m p o r t a n t  to  researchers  is t h e  converse  p rob -  
lem of ca lcu la t ing  t h e  equ i l ib r ium c o n c e n t r a t i o n s  of b o u n d  
an d  u n b o u n d  l igands  a n d  of filled a n d  e m p t y  b ind ings  
sites w h e n  t h e  associa t ion  c o n s t a n t s  an d  t o t a l  concen t r a -  
t ions  of r e a c t a n t s  are  k n o w n  or al lowed to a s sume  g iven  
va lues  ( s imula t ion  or model ing) .  S'r~cKI10 h a s  descr ibed  
an  a l g o r i t h m  for impl ic i t ly  solving th i s  p r o b l e m  w h e n  
n = 1. O the r s  h a v e  used var ious  c o m p u t e r  p r o g r a m s  
based  on  l inea r i za t ion  (Taylor  series) or d i f fe ren t ia l  
equa t ions  w h e n  n > 111-1a. The  p r e s en t  r e p o r t  descr ibes  
a s imple r  m e t h o d  which  requi res  on ly  a p r o g r a m m a b l e  
desk ca lcula tor .  

S u m m a t i o n  of t h e  n •  equa t ions  g iven  b y  (1) to  
o b t a i n  t h e  m c o n c e n t r a t i o n s  of ] t h  l igand b o u n d  to  all  
s i tes an d  t h e  n c o n c e n t r a t i o n s  of i t h  class of b i n d i n g  si tes 
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filled b y  all  l igands  results ,  respect ively ,  in m equa t i ons  
of t y p e  (2) a n d  n equa t i ons  of t y p e  (3) : 

Cj = Nj- Z Kij- (S~ - -  Dd 1 + 2: K~j (S~ --- D d (2 
i ~ l  i ~ l  

D~ = S ~ Z K i i ( N j - - C i )  1 + Z K i I ( N j - - C y )  (3) 
j = l  ] ' ~ 1  

which  c o n s t i t u t e  a s y s t e m  of m -F n non l inea r  equa t ions  
in m + n u n k n o w n s .  No q u a n t i t y  in equa t ions  (2) a n d  (3) 
c an  be  n e g a t i v e  and,  since t he  t o t a l  c o n c e n t r a t i o n  of a 
species exceeds  the  c o n c e n t r a t i o n s  of i ts  b o u n d  f ract ion,  
N t  > Cj and  S, > D~. These  cons ide ra t ion  and  the  sym-  
m e t r y  of equa t i ons  (2) a n d  (3) p e r m i t  t he  appI ica t ion  of 
t he  fol lowing i t e r a t ive  m e t h o d  b y  successive a p p r o x i m a -  
t ions :  Le t  X j  be  a n  in i t ia l  guess or a p p r o x i m a t i o n  of Cj. 
S u b s t i t u t i o n  of the  m a p p r o x i m a t i o n s  of th i s  t y p e  in t he  
n equa t i ons  (3) yields t he  n app rox ima t ions ,  Y,,  for  Di. 
The i r  s u b s t i t u t i o n  in t he  m equa t ions  (2) t h e n  yields a 
second set  of m a p p r o x i m a t i o n s  for X i. This  process  is re- 
p e a t e d  un t i l  t h e  fol lowing cond i t ion  is sa t isf ied:  

[ 2: Y,.-- Z X~l < 6  (4) 
i - ;  j - ]  

where  d, t h e  to le rance ,  is pos i t ive  and  smal le r  t h a n  the  
leas t  s ign i f i can t  d ig i t  of accu racy  desired. S u b s t i t u t i o n  
of the  so lu t ions  in (1) gives all i nd iv idua l  va lues  for B~.  

A p r o g r a m  based  on  th i s  algorithm_ was w r i t t e n  for use 
on  the  H e w l e t t - P a c k a r d  mode l  9810A calcula tor .  The  
p r o g r a m  consis ts  of 1123 steps.  The  s torage  c a p a b i l i t y  of 
th i s  ca Icu la to r  (111 d a t a  registers  in op t ion  001) places 
ceilings for m and  n which  m u s t  sa t i s fy  the  express ion  
m n +  2 (m + n) < 95. A l is t ing of t he  p r o g r a m  a n d  in- 
s t ruc t i ons  for use will be ava i l ab le  f rom t he  a u t h o r  on 
reques t .  The  p r i n t e d  so lu t ion  consis ts  of the  c o n c e n t r a t i o n  
of filled b ind ing  sites and  pe rcen t  o c c u p a n c y  for each  
class of s i tes;  t he  c o n c e n t r a t i o n  of b o u n d  l igand,  pe r cen t  
t o t a l  bound ,  a n d  the  ra t io  b o u n d / u n b o u n d  for each  l igand ; 
a n d  all t he  i n d i v i d u a l  va lues  of B,~. The  m e t h o d  of i te ra-  
t i on  is no t  g rea t ly  af fected b y  the  values  of t h e  in i t ia l  
guesses wh ich  in the  p r o g r a m  are Ni/2.  Using the  associa- 
t ion  c o n s t a n t s  a n d  c o n c e n t r a t i o n s  for the  b i nd i ng  of 6 
s te ro id  h o r m o n e s  a n d  3 p l a s m a  p ro te ins  p re sen ted  b y  
FELDMAN et  al. 11 in t he i r  t ab les  2A a n d  2B as inpu t ,  and  
speci fying b = 10 n M  -4, the  p r o g r a m  converged  to  a 

so lu t ion  iden t ica l  to  the i r s  in  28 sec. The  i t e r a t i on  t ime  
increases  as art a p p r o x i m a t e l y  l inear  f unc t i on  of - log& 
A l t h o u g h  t he  i t e r a t i ve  t e c h n i q u e  used in t h i s  a l g o r i t h m  
is no t  v e r y  fast,  i t  is qu i te  a d e q u a t e  for l a b o r a t o r y  use, 
and  i t  is safe p r o v i d e d  t h a t  the  m a g n i t u d e s  of the  con-  
c e n t r a t i o n s  of si tes and  l igands  are no t  so d i spa ra t e  t h a t  
the  d ig i t - ca r ry ing  capac i ty  of t he  ca lcu la to r  is exceeded.  
I n  our  l a b o r a t o r y  i t  has  p r o v e d  useful  in s imu la t i ng  t he  
nonspecif ic  and  t he  specific b i n d i n g  of p roges te rone  a n d  
cort isol  to  the  two classes of h igh -a f f in i ty  si tes t h o u g h t  to  
be p r e sen t  in r a t  u t e r ine  cytoso114. I t s  app l i ca t ion  to t he  
v a l i d a t i o n  of a f i l t r a t ion  t e c h n i q u e  for t he  e s t i m a t i o n  of 
these  h igh -a f f i n i t y  sites, a modi f i ca t ion  of t he  m e t h o d  of 
SANTI e t  al. ~s, will be r epor t ed  separa te ly .  
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C O N G R E S S U S  

F r a n c e  

17th I n t e r n a t i o n a l  C o n g r e s s  of  P h y s i o l o g i c a l  
S c i e n c e s  

in  Paris ,  78-23 J u l y  1977 

The  f i rs t  two days  will be devo ted  to  genera l  lec tures  
and  d u r i n g  t he  las t  four  days  special ized mee t ings  will  
t ake  place. F u r t h e r  i n f o r m a t i o n  can  be o b t a i n e d  f rom the  
N a t i o n a l  Phys io log ica l  Socie ty  of each  c o u n t r y  or b y  
wr i t ing  to  the  Congress Sec re ta ry :  Prof.  J. Scheerer,  
Sec r6 ta r i a t  du  17. Congr6s In t .  des Sciences Phys io lo-  
giques, U. E. IR. Pi t i6-Salp6tr i~re ,  Cedex 1300, F - 75300  
Pa r i s -Brune ,  France .  

S w i t z e r l a n d  

13th E U C H E M  C o n f e r e n c e  on  S t e r e o c h e m i s t r y  

at the t3i2rgenstoc#, Near LucerNe, 1-7  3/[ay 7977 

The  n u m b e r  of p a r t i c i p a n t s  will be l imi ted.  Inqu i r i es  
and  app l i ca t ions  (no special  fo rms  are required)  should  
be addressed  before 15 J a n u a r y ,  1977 to t he  C h a i r m a n :  
Prof.  P. Pino,  L a b o r a t o r i u m  fiir Techn i sehe  Chemie, E T H ,  
Univers i t / i t s s tzasse  6, CH-8092  Ziirich. 


