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to  r ap id  m e t a b o l i s m  of th i s  c o m p o u n d  in t he  liver~~ ~ 
a n d  exc re t ion  in  t h e  k idneyS ' .  

The  s igni f icance  of th i s  p a t h w a y  in t he  overa l l  m e t a b -  
o l i sm of t h i s  t r y p a n o s o m e  is p r e s e n t l y  obscure.  The  
in i t i a l  t r a n s a m i n a t i o n  of t r y p t o p h a n  could  serve to 
increase  t he  i n t r ace l lu l a r  c o n c e n t r a t i o n  of g l u t a m a t e ,  
t h e r e b y  s t i m u l a t i n g  convers ion  of p y r u v a t e  to  a l an ine  
b y  a lan ine  a m i n o t r a n s f e r a s e ,  a n  e n z y m e  p r e s en t  in h i g h  
levels in  th i s  p a r a s i t e  ( unpub l i s hed  da ta) .  T he  resul t ,  ill 
a d d i t i o n  to  de tox i f i ca t ion  of i n t r ace l lu l a r  p y r u v a t e ,  

m i g h t  be  a n  increased  ra t e  of glycolysis  due  to r e m o v a l  of 
t he  e n d - p r o d u c t  la. 

Rdsumd. Les t r y p a n o s o m e s  on t  c o n v e r t i  les s u b s t r a t s  
L - t r y p t o p h a n  et  D L - 5 - h y d r o x y t r y p t o p h a n  en  m6 tabo l i t e s  
t r y p t o p h o l  ( indole-3-6thanol)  e t  5 - h y d r o x y t r y p t o p h o l ,  
deux  compos6s  qui  p r o d u i s e n t  le sommei l  chez la souris  
e t  le poussin .  Les d i e t s  possibles  de ces compos6s 
sopor i f iques  chez un  h o m m e  infect6 p a r  ce p a r a s i t e  et  
leur  r61e darts le m 6 t a b o l i s m e  du paras i te ,  son t  discut6s.  
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C O G I T A T I O N E S  

T h e  M e c h a n i s m  of S p e c i f i c  P r e c i p i t a t i o n :  A n o t h e r  

The  ' l a t t i ce '  ( =  f r a m e w o r k  = a l t e rna t ion )  t h e o r y  of 
specific p rec ip i t a t ion ,  p roposed  b y  MARRACK 1, Was l a t e r  
a d o p t e d  b y  HIglDELBERGER a n d  KENDALL 2,a, b y  PAU- 
LInG 4, a n d  b y  var ious  o the r  workers  in t he  field. Brief ly,  
i t  supposed  t h a t  (assumed) m u l t i v a l e n t  a n t i b o d y  un i t -  
ed w i t h  m u l t i v a l e n t  an t igen ,  each  such  u n i o n  i nvo lv ing  
on ly  a single c o m b i n i n g  group  of each  reagent ,  t h a t  t he  
b imo lecu l a r  c o m p o u n d  t h u s  fo rmed  t h e n  u n i t e d  w i t h  
a n o t h e r  molecule  of an t i gen  or a n t i b o d y  (or w i t h  a n  
a n t i b o d y - a n t i g e n  c o m p o u n d  a l r eady  formed) ,  a n d  t h a t  
th i s  process  c o n t i n u e d  u n t i l  t he  r e su l t ing  aggrega tes  
were so large t h a t  t h e y  perforce s epa ra t ed  ou t  of t h e  
so lu t ion  as a p rec ip i ta te .  T he  idea h a d  a re f resh ing  
mechan i s t i c  s impl ic i ty ,  and  to  workers  t r a i n e d  m a i n l y  in 
chemis t ry ,  and  no t  ove r - fami l i a r  w i t h  t he  ear l ier  l i t e r a t u r e  
of immuno logy ,  t h e  t h e o r y  seemed a l m o s t  se l f -evident ,  as 
indeed  some of i ts  p r o p o n e n t s  c la imed  i t  was. Th i s  l a t t i ce  
theory ,  in sp i te  of some oppos i t ion ,  ha s  become  t h e  
genera l ly  accep ted  theory .  

Never the less ,  i t  was  clear  f rom t he  b e g i n n i n g  t h a t  t h e  
la t t i ce  t h e o r y  was no t  a n  a d e q u a t e  e x p l a n a t i o n  of all  t h e  
k n o w n  facts.  R a t h e r  su rp r i s ing ly  for a t h e o r y  sugges ted  
b y  chemis t s , i t  t ook  no  a ccoun t  of solubi l i ty .  HEIDELBERGER 
a n d  KENDALL 5 expl ic i t ly  s t a t e d  ' . . . aggrega t ion  would 
occur  regardless  of t h e  a f f in i ty  of t he  g roup ings  for 
water .  ' 

But ,  c o n t r a r y  to  th i s  idea, i t  was  a l r eady  k n o w n  t h a t  
a f f in i ty  of t h e  g roup ings  for water ,  i.e., solubi l i ty ,  d id  
p l a y  a role. Fo r  example ,  i t  h a d  been  found  t h a t  prec ip-  
i t a t e s  m a d e  w i t h  p ro t e i n  and  horse  a n t i - p r o t e i n  an t ibod ie s  
were soluble  in  excess an t i body ,  whereas  such  p rec ip i t a t e s  
m a d e  w i t h  r a b b i t  a n t i b o d y  were not .  Clear ly a so lub i l i ty  
effect. BoYI) a n d  PURNELL 6 s tud ied  t he  p r e c i p i t a t i n g  
b e h a v i o r  of t he  d i f fe ren t  k inds  of a n t i b o d y  ill detail .  

The  l a t t i ce  t h e o r y  d e m a n d e d  t h a t  a n t i g e n  be  mu l t i -  
va l en t ,  w h i c h  was n e v e r  in  m u c h  doub t ,  a n d  wh ich  sub-  
s e q u e n t  i n v e s t i g a t i o n  has  a m p l y  conf i rmed  (cI. 7), a n d  
a s s u m e d  a n t i b o d y  also to  be m u l t i v a l e n t ,  a more  d o u b t f u l  
po in t .  L a t e r  work  ha s  in  f ac t  no t  con f i rmed  it, b u t  i t  
does seem t h a t  m o s t  a n t i b o d y  is d i v a l e n t  (cf. 7), a n d  
d i v a l e n t  a n t i b o d y  can  be  v i sua l ized  as f o r m i ng  ' l a t t i ces '  
w i t h  m u l t i v a l e n t  an t igens  or h a p t e n s .  

The  lowest  va l ence  t h a t  can  be  cal led m u l t i v a l e n t  in  
t h i s  sense is three ,  a n d  in fac t  some t r i v a l e n t  h a p t e n s  
h a v e  been  obse rved  to  p r ec i p i t a t e  w i t h  a p p r o p r i a t e  

L o o k  

(divalent)  an t i body .  B u t  w i t h  d i v a l e n t  h a p t e n s  and  
d i v a l e n t  an t ibod ie s  l a t t i ce  f o r m a t i o n  is h a r d  to  visualize.  
R a t h e r  awkward ly ,  some d i v a l e n t  h a p t e n s  h a v e  been  
obse rved  to p rec ip i t a te .  However ,  some of these  h a p t e n s  
are p r o b a b l y  aggrega ted  in so lu t ion  s , a n d  t h u s  become  
effect ively  m u l t i v a l e n t ,  wh ich  m a y  be an  exp lana t ion .  

I t  was suggested  t h a t  d i v a l e n t  hap t ens ,  even  w h e n  t h e y  
did  no t  p rec ip i ta te ,  should  fo rm long . . . h a p t e n - a n t i b o d y -  
h a p t e n - a n t i b o d y . . ,  chains .  Th i s  shou ld  confer  on  t he  
m i x t u r e  a p r o n o u n c e d  b i re f r ingence  of flow, b u t  a careful  
e x a m i n a t i o n  of such  m i x t u r e s  b y  HOOKER a n d  BOYD 9 
did  no t  revea l  a n y  such  bi ref r ingence .  I n  fact ,  l a t e r  
s tud ies  b y  EPSTEIN, DOTV and  BOYD 1~ us ing  t h e  l igh t  
s ca t t e r i ng  t echn ique ,  i nd i ca t ed  t h a t  t he  cha ins  fo rmed  
in t h e i r  m i x t u r e s  were short .  T h e y  d i d  n o t  p rec ip i ta te .  

I t  was obv ious  t h a t  t he  b e h a v i o u r  of di- a n d  mul t i -  
v a l e n t  h a p t e n s  w h e n  m i x e d  w i t h  a n t i b o d y  would  be  a 
cr i t ica l  t e s t  of t h e  l a t t i ce  theory .  BoYD 11 s tud ied  t he  
r e a c t i v i t y  of 34 d i f fe ren t  h a p t e n s  c o n t a i n i n g  f rom i to  6 
specif ical ly  r eac t ive  groups,  and  found  t h a t  6 d i v a l e n t  
hap tens ,  4 t r i v a l e n t  hap t ens ,  and  1 h e x a v a l e n t  h a p t e n  
failed to  p rec ip i ta te .  H e  was able  to  connec t  these  observa-  
t ions  p l aus ib ly  w i t h  t h e  so lub i l i ty  of t he  hap tens .  He  
conc luded  t h a t  t he  poss ib i l i ty  of l a t t i ce  f o r m a t i o n  is b y  
no  means  suff ic ient  to  ensure  t h a t  a h a p t e n  wi l lp rec ip i t a t e .  

BOYD n s ta ted ,  'As an  e x p l a n a t i o n  of p rec ip i t a t ion ,  i t  
would  seem t h a t  ne i t he r  t he  a l t e r n a t i o n  no r  t h e  B o r d e t  
t h e o r y  is adequa te .  The  a l t e r n a t i o n  t h e o r y  seems to  be  
s imp ly  incorrect ,  and  t h e  BORDET t h e o r y  too  vague  to 
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accoun t  for t he  v e r y  def in i te  fac ts  p r e sen t ed  here.  Fo r  
t he  t h e o r y  suggested  above. . ,  namely ,  t h a t  the  p rec ip i t a -  
t i on  is due  to t he  lowering of so lub i l i ty  b y  neu t r a l i z a t i on  
of po la r  groups  of a n t i b o d y  and  h a p t e n  (or an t igen) ,  and  
c o n c o m m i t a n t  s ter ic  h i n d r a n c e  of o the r  po la r  groups  of 
n e i g h b o r n i n g  molecules  in  t he  complex,  I wish  to propose  
t he  name ,  occlusion t heo ry . '  

PAULING n e v e r  refer red  to t he  occlusion t h e o r y ;  he  
a n d  co-workers  ~2 la te r  found  t h a t  20 hap tens ,  each  
c o n t a i n i n g  two or more  c o m b i n i n g  groups  per  molecule,  
a lways  p r ec ip i t a t ed  w i t h  each of his  4 ant isera .  PAUI, ING 
el al. ~2 d ismissed  BOYD'S c o n t r a r y  resu l t s  b y  saying,  
'... we cons ider  i t  l ike ly  t h a t  his  e x p e r i m e n t s  were car r ied  
ou t  u n d e r  cond i t ions  u n f a v o r a b l e  to  p r e c i p i t a t i o n  - his  
an t i s e ra  m a y  h a v e  been  too weak,  or h is  an t igens  m a y  
h a v e  c o n t a i n e d  m o n o h a p t e n i c  impur i t i e s . '  T h e y  ev iden t ly  
d id  no t  compa re  t he  r epo r t ed  s t r e n g t h  of B o Y n ' s  sera  
w i t h  t h e i r  own, or t h e y  would  h a v e  no t iced  t h a t  B o v n ' s  
s t ronges t  se rum c o n t a i n e d  more  a n t i b o d y  per  ml  t h a n  
did  t he  weakes t  of t h e i r  se ts ,  wh ich  t h e y  never the les s  
found  to  p rec ip i t a t e  all t h e i r  hap t ens .  As to  t he  o the r  
ob jec t ions ;  I s t ick  to m y  guns ;  m y  c o m p o u n d s  were 
pure,  and  m y  cond i t ions  ideal  for  p rec ip i t a t ion .  

As a l r eady  said, t he  l a t t i ce  t h e o r y  was e v e n t u a l l y  
v i r t ua l l y  un ive r sa l ly  accepted.  B u t  t he re  are ind ica t ions  
t h a t  op in ion  is b e g i n n i n g  to change.  MARRACt< ~a, a lways  
one of t he  c leares t  a n d  mos t  ob jec t ive  t h i n k e r s  in  th i s  
field, expressed h imse l f  in 1961 as no  longer  en t i r e ly  
en t i r e ly  sat isf ied w i t h  his  own la t t ice  theory ,  and  s t a t e d  
t h a t  '... we are  now b a c k  to  BOYD'S occlusion t heo ry . '  

The  t he re  are some recen t  e x p e r i m e n t s  t h a t  bea r  
i m p o r t a n t l y  on t he  ques t ion .  I t  was  a lways  obv ious  
t h a t  if specific p r ec ip i t a t i on  should  ever  be observed  w i t h  
a univalent hap t en ,  t h e  la t t i ce  t h e o r y  would  h a v e  to be 
modi f ied  or a b a n d o n e d .  For  i t  is imposs ib le  to  imag ine  
la t t i ce  f o r m a t i o n  w i t h  a n t i b o d y  a n d  a molecu la r ly  

dispersed u n i v a l e n t  hap t en .  W h e n  t he  t h e o r y  was p ropo-  
sed, however ,  t h i s  had  neve r  been  observed ,  even  in the  
ex tens ive  i n h i b i t i o n  s tudies  car r ied  ou t  b y  LANDSTEINER 
and  his  m a n y  followers, i nc lud ing  myself .  B u t  a t  l as t  t he  
u n e x p e c t e d  seems to h a v e  h a p p e n e d .  SPRINGER a n d  
DEsAI ~4 r epo r t  t h a t  t h e  7S g lobul in  of eel s e rum t h a t  
possesses specific b lood  group  a n t i - I t  (0) a c t i v i t y  Preci  p- 
i t a tes  specif ical ly  w i t h  e i the r  of 2 m o n o h a p t e n i c  mono-  
sacchar ides ,  viz.,  3-0-Methyl-D-fucose  a n d  3 -0-methy l -D-  
galactose.  The  possible  ob jec t ion  t h a t  these  monosaccha -  
r ides m i g h t  be aggrega ted  in so lu t ion  was disposed of b y  
v a p o r  pressure  o s m o m e t r y  a n d  freezing p o i n t  depress ion  
measu remen t s .  W i t h  a d m i r a b l e  r e s t r a i n t  SPRINGER a n d  
D~sAI r emark ,  ' I t  is d i f f icul t  to  reconci le  these  f ind ings  
w i t h  t he  l a t t i ce  t h e o r y  of i m m u n e  prec ip i ta t ion . . . ' .  

I t  seems poss ible  t h a t  t he  whole  ques t ion  of t he  
m e c h a n i s m  of specific p r ec ip i t a t i on  ough t  to  be  re- 
considered.  

Zusammen/assung. Neue  Beweise fiir eine Theor ie  der  
P r ~ z i p i t a t i o n s r e a k t i o n  (BoYD'S <(occlusion-theory ~>). 
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S T U D I O R U M  P R O G R E S S U S  

Morphological and Enzymehistochemical Changes 
Adult Guinea-Pigs During Prolonged Exposure to 

I n  m a m m a l s  t he  func t ion  of b r o w n  a idpose  t i ssue  has  
been  descr ibed  as the rmogenic ,  b o t h  in t he  i n f a n t  or 
w h e n  t h e  a n i m a l  is exposed to cold ~. 

I n  t he  n e w b o r n  guinea-pig,  t h e  i n t e r s c a p u l a r  ad ipose  
t i ssue  is t yp i ca l  b r o w n  fa t  w i t h  mul t i locu la r  cells and  has  
r e m a r k a b l e  t h e r m o g e n i c  abi l i ty .  However ,  a f t e r  3 or 
4 weeks, t he rmogenes i s  becomes  i m p a i r e d  as t he  mul t i -  
locular  fa t  cells change  to  un i locu la r  ~. Th i s  cytological  
change  is assoc ia ted  w i t h  a d i s appea rance  of the  h is to-  
chemica l  r eac t ions  of c y t o c h r o m e  oxidase,  fl-OH b u t y r a t e  
a n d  succ ina te  dehydrogenase ,  and  m o n o a m i n o  oxidase  
f rom t h e  f a t  cells. Thus,  a f te r  3 weeks, t he  m o r p h o l o g y  
and  the  enzyme  p a t t e r n  of i n t e r s c a p u l a r  fa t  cells resembles  
more  t h a t  of t he  wh i t e  fa t  cell t h a n  of t he  b r o w n  fa t  celIa. 
Thus ,  t he  gu inea-p ig  differs f rom the  r a t  wh ich  r e t a in s  
some b r o w n  adipose  t i ssue  t h r o u g h o u t  life, i r respec t ive  of 
age or a m b i e n t  t e m p e r a t u r e .  

However ,  t he rmogenes i s  in  t h e  un i lozu la r  i n t e r s c a p u l a r  
adipose  t i ssue  can  be r e a c t i v a t e d  b y  expos ing  t he  guinea-  
pigs to  p ro longed  cold. This  effect  is more  p r o n o u n c e d  in 
y o u n g  an ima l s  t h a n  in older  ones. ~Vhen the rmogenes i s  is 
increased,  a t  leas t  p a r t  of t he  fa t  cells in t he  i n t e r s c a p u l a r  
fa t  p a d  are mul t i locular ,  be ing  s ca t t e r ed  a m o n g  the  nni -  
locular  fa t  cells 4. 

Based  on the  above  observa t ion ,  adu l t  guinea-pigs  
ra ised a t  room t e m p e r a t u r e  were exposed to p ro longed  

in the Interscapular Adipose Tissue of 
Cold 

cold s t ress  a n d  t he  h i s tochemica l  r eac t ions  of some oxi- 
da t ive  enzyme  were s tud ied  in t he  i n t e r s c a p u l a r  f a t  in  
assoc ia t ion  w i t h  morpho log ica l  changes .  F u r t h e r ,  t he  
a p p r o a c h  was e x p a n d e d  to  inc lude  e l ec t rophore t i c  
cha rac t e r i za t i ons  of two of t h e  enzymes  wh ich  d i sp lay  
s t rong  h i s t oehemica l  r eac t ions  in b o t h  t ypes  of f a t  cells. 
W e  h y p o t h e s i z e d  t h a t  if t he  r e a p p e a r i n g  mu l t i l ocu l a r  f a t  
cells were indeed  b r o w n  fat,  t h e n  some of t he  enzymes  of 
b r o w n  adipose  t i ssue  t h a t  are n o r m a l l y  assoc ia ted  w i t h  a 
h igh  p o t e n t i a l  for ox ida t ive  m e t a b o l i s m  should  be d i rec t ly  
ver i f iable  b y  h i s tochemis t ry .  

Material and methods. Before t he  m a i n  expe r imen t s ,  a 
p i lo t  t e s t  was m a d e  w i t h  2 guinea-pigs  a t  5 ~ =h 2 ~ for 
i m o n t h  and  1 con t ro l  a t  24 ~ • 2 ~ Af te r  acc l imat iza -  
t ion,  samples  f rom the  i n t e r s c a p u l a r  ad ipose  t i ssue  (IAT) 
were excised and  t he  w o u n d s  were left  to  heal  for 1 m o n t h .  
These  guinea-pigs  were t h e n  inc luded  in t he  f i rs t  longer  
acc l ima t i za t i on  test .  Tile samples  showed  no changes  in 
m o r p h o l o g y  d u r i n g  t he  1 m o n t h ' s  cold acc l ima t i z a t i on  
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