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p a r t i c i p a t e  in  t he  v i rus  assembly .  F u r t h e r m o r e ,  if a f te r  
i n c u b a t i o n  in guanid ine ,  in fec ted  cells are m a i n t a i n e d  in 
m e d i a  c o n t a i n i n g  F P A  or P y l l ,  n e i t he r  v i rus  pa r t i c les  
no r  infec t ious  v i rus  are  produced ,  in  spi~e of t he  r e m a r k -  
able  syn thes i s  of v i rus  RNA.  

These  d a t a  lead to t h e  conc lus ion  t h a t  g u a n i d i n e  
impai r s  t he  ab i l i ty  of caps id  precursors  to  pa r t i c i pa t e  in 
the  a s sembly  of infec t ious  v i rus  par t ic les  s. 

s This work has been supported by a Grant of the Consiglio Nazio- 
nate delle Rieerche, Roma (Italy}. 

Riassu,zto. La g u a n i d i n a  a l t e r s  i r r eve r s ib i imen te  la 
capac i tg  delle p ro t e ine  caps id iche  del pol iovi rus  di 
p a r t e c i p a r e  al la  i o rmaz ione  di par t ice l le  i n f e t t an t i .  
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C h r o m a t o g r a p h i c  E v i d e n c e  f o r  t h e  S y n t h e s i s  o f  P o s s i b l e  S l e e p - M e d i a t o r s  
i n  Trypanosorna brucei gambiense 

Trypanosoma brucei gambieme produces  a chronic  
disease in m a n  cha rac t e r i zed  b y  p ro longed  sleep s tates ,  
m e n t a l  depress ion,  and  phys i ca l  iner t ia .  T he  onse t  of 
a b n o r m a l  sleep per iods  cor responds  to t h e  p e n e t r a t i o n  of 
t r y p a n o s o m e s  in to  t he  cerebrosp~nal  f luid ~. One m e m b e r  
of t h e  p r o t o z o a n  fami ly  T r y p a n o s o m a t i d a e ,  Crithidia 
/asciculata, as well  as the  cil iate,  Tetrahymena pyri/ormis, 
h a v e  been  r epo r t ed  to c o n t a i n  t he  indo lamine ,  s e ro ton in  
( 5 - h y d r o x y t r y p t a m i n e )  2. Th i s  c o m p o u n d  has  been  sug- 
ges ted  to  be  a m e d i a t o r  of s low-wave  sleep in m a m m a l s  a. 
We  h a v e  i n v e s t i g a t e d  t h e  m e t a b o l i s m  of t r y p t o p h a n  and  
5 - h y d r o x y t r y p t o p h a n ,  two i m m e d i a t e  p recursors  of 
sero tonin ,  in  T.  b. gambieme in  an  a t t e m p t  to  d e m o n s t r a t e  
t he  syn thes i s  of se ro ton in  or of o t h e r  s leep-media tors .  
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Fig. 1. (A) Radioactivity scan (10,000 cpm range) of chromatogram 
of supernatant from incubation of trypanosomes for 90 rain with 
tryptophan-3-C 14, developed in butanol: acetic acid: water (4:1:1). 
Shaded areas 1 and 2 were eluted from the chromatogram and re- 
chromatographed in other solvent systems. (B) Scan (3,000 cpm 
range} of chromatogram of eluate from area 1 in A, developed in 
ethanol (95%): ammonia: water (16 :t :3). (C) Scan (300 cpm range} 
of ehromatogram of eiuate from peak in 13, developed in benzene: 
acetic acid : water (i 25 : 72 : 3). Abbreviations: HTAN, 5-hydroxytryp- 
tophan; IAA, i ndole acetic acid; IALD, indole acetaldehyde; ILAC, 
indole lactic acid; IPRO, indole propionic acid; IPYR, indole 
pyruvic acid; KYN, kynurenine; TAN, tryptophan; TOL, trypto- 
phoh TRM, tryptamine. 

Materials and methods. B l o o d s t r e a m  forms of t h i s  pa ra -  
s i te  were h a r v e s t e d  f rom in fec ted  r a t s  and  sepa ra t ed  
f rom blood cells b y  co lumn  c h r o m a t o g r a p h y  t h r o u g h  
d i e thy l  a m i n o  e thy l  (DEAE)  cellulose (S igma Chemicai  
Co.) 4. The  t r y p a n o s o m e s  were suspended  5n 5.0 ml  of 
0.1 M p o t a s s i u m  p h o s p h a t e  buffer ,  p H  7.4, c o n t a i n i n g  
NaC1 (0.1 21/I), KC1 (0.006 M),  MgSO 4 (0.002 M), 1% D- 
glucose, v i t a m i n  mix  (100 • concen t r a t ed ,  1.0 ml/100 ml  
buffer,  des igned for m i n i m u m  essent ia l  Eagle  med ium,  
Microbiological  Associates,  Be thesda ,  Mary land) ,  a n d  
e n z y m e  cofactors  (6, 7-dimethyl-5 ,  6, 7, 8 - t e t r a h y d r o p t e r -  
inn, 1 m M ;  p y r i d o x a l  p h o s p h a t e ,  5 • 10 .5 M ;  a-keto-  
g lu ta ra te ,  8 ruM;  N A D H ,  1.4 m M ;  N A n  +, 0.6 r a M ;  and  
N A D P H ,  6.7 •  -* M) and  i n c u b a t e d  for 90 ra in  a t  
37 ~ w i t h  5.0 ~zCi of e i the r  L - t ryp tophan -3 -C  14 (3.82 mg /  
mCi) or DL-5 -hyd roxy t ryp tophan -3 -C  t4 (2.1 mg/0.05 mCi) 
(New E n g l a n d  Nuclear) .  The  c o n c e n t r a t i o n  of t r y p a n o -  
somes was a p p r o x i m a t e l y  100 mi l l ion /ml .  Son ica ted  
t r y p a n o s o m e  p r e p a r a t i o n s  were also i n c u b a t e d  w i t h  
these  C14-substrates;  son ica t ion  was car r ied  ou t  us ing  a 
B r a n s o n  S-75 sonif ier  a t  s e t t i ng  5 for 45 sec. 

Three  vo lumes  of abso lu t e  m e t h a n o l  were added  to  
t e r m i n a t e  t he  incuba t ions ,  a n d  a f te r  c e n t r i f u g a t i o n  a n d  
r emova l  of p r e c i p i t a t e d  pro te in ,  t he  s u p e r n a t a n t  e x t r a c t  
was  c o n c e n t r a t e d  to 3.0 ml  by  evapora t ion_  100 ~zl 
a l iquo ts  of th i s  were c h r o l n a t o g r a p h e d  in one d i m e n s i o n  
a long w i t h  known,  pur i f ied  s t a n d a r d s  on  57 cm s t r ips  of 
W h a t m a n  3MM c h r o m a t o g r a p h y  p a p e r  us ing  b u t a n o l :  
acet ic  acid :wa te r  (4:1:1). The  deve loped  c h r o m a t o g r a m s  
were s canned  for r a d i o a c t i v i t y  us ing  a P a c k a r d  radio-  
c h r o m a t o g r a m  s c a n n e r , a n d  r ad ioac t i ve  peaks  no t  iden t i ca l  
w i t h  t he  s u b s t r a t e  were e lu ted  f rom the  c h r o m a t o g r a m  
and  r e - c h r o m a t o g r a p h e d  in  as m a n y  as 4 o the r  so lven t  
sys tems .  A l iquo t s  of the i n c u b a t i o n  e x t r a c t  were also 
sub jec t ed  to t w o - d i m e n s i o n a l  p a p e r  c h r o m a t o g r a p h y  
us ing  b u t a n o l : a c e t i c  a c i d : w a t e r  (4:1:1) and  e t h a n o l  
(95~o): a m m o n i a : w a t e r  (16:1i3).  Cont ro l  i n c u b a t i o n s  
were r u n  s i m u l t a n e o u s l y  w i t h  t h e  e x p e r i m e n t a l s :  these  
inc luded  a boi led p r e p a r a t i o n ,  a zero t i m e  incuba t ion ,  
a n  i n c u b a t i o n  of on ly  buf fe r  and  subs t ra t e ,  a n d  incuba-  
t ions  of cent r i fuge-pur i f ied ,  son ica ted  p la te le t s  a n d  
e ry th rocy te s .  

1 A. C. CHANDLER and C. P. READ, I~r ~o Parasitology 
(John Wiley and Sons, New York 1961), p. 144. 
K. JANAXloEVI, V. C. DE~VEY and G. W. KIDDER, Arch. Biochem. 
Biophys. 773, 758 (1966). 

a M. JOUVET, Science 765, 32 (1968). 
4 S. M. LANHAM and D. G. GODFREY, Expl. Parasit. 28, 521 (1970). 
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Results. Both  l iving and sonicated t r y p a n o s o m e  
prepara t ions  conver ted  Cla - t ryp tophan  to  2 rad ioac t ive  
metabol i tes ,  which were ident i f ied as indole lactic acid 
and t r y p t o p h o l  ( indole-3-ethanol)  (Figures 1 and 2). 
T ryp topho l  and  indole lactic acid were also ident i f ied  as 
metabo l i t es  of t r y p t o p h a n  in two-d imens iona l  paper  
ch roma tography .  Only 1 me tabo l i t e  was formed f rom 
Ci~-5-hydroxy t ryp tophan ;  th is  was ident i f ied  as 5- 
h y d r o x y t r y p t o p h o l  (Figure 3). No syn thes i s  of serotonin  
or t r y p t a m i n e  was detec ted ,  nor  was t r y p t o p h a n  hydro-  
xy la t ed  to  5 -hyd roxy t ryp tophan .  There  was no me tab -  
olism of t r y p t o p h a n  or 5 - h y d r o x y t r y p t o p h a n  in any  of 
the  controls.  

P re l imina ry  results  indica te  t h a t  the  p a t h w a y  f rom 
t r y p t o p h a n  to  t r y p t o p h o l  involves  a t r an samina t i on  wi th  
cr as amino-acceptor ,  followed by  decarbo-  
xy la t ion  of the  C-1 carbon  of t he  side chain.  The p a t h w a y  
does no t  appear  to  proceed t h r o u g h  t r y p t a m i n e .  

Discussion. 5 - H y d r o x y t r y p t o p h o l  is a na tu ra l ly  occur- 
r ing metabo l i t e  of serotonin  in the  bra in  and  pineal  of 
mammalsS,  6. The ' t r yp topho l s '  have  been suggested to  
be the  subs tances  which  t r igger  the  onset  of paradoxical ,  
or r ap id -eye -movemen t ,  sleepV,s. These compounds  have  
been repor ted  to cause sleep, convulsions,  and dea th  by  
resp i ra to ry  depress ion when  in jec ted  in h igh  doses in to  
mice, rats ,  cats,  and  chicks 7-% 

Because the  Afr ican t r y p a n o s o m e s  invade  the  cerebro- 
spinal  fluid and poss ibly  bra in  t issue of the  hos t  during 
the  late  stages of th is  disease, t h e y  m a y  metabol ize  
bra in  stores of t r y p t o p h a n  to t ryp topho l ,  which  could 
d i rec t ly  affect  nervous  tissue, causing le thargy,  pro longed 
sleep s tates ,  and even dea th .  However ,  t r y p t o p h o l  
synthes ized  outside the  centra l  nervous  sys tem m a y  have  
l i t t le  effect  on the  host ,  since it does no t  readi ly  cross the 
b lood-bra in  barr ier  unless p resen t  in h igh concen t ra t ions  10 
High levels are no t  l ikely to  be a t t a i n ed  in the  blood due 
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Fig. 3. (A) Radioactivity scan (10,000 epm range) of chromatogram 
of supernatant from incubation of trypanosomes for 90 min with 5- 
hydroxytrypfophan-3-C 14, developed in butanol: acetic acid: water 
(4:1:1). Shaded area was eluted and rechromatographed in 4 other 
solvent systems (B E). (B) Scan (1,000 cpm range) of chromatogram 
of ehlate from shaded area in A, developed in ethanol (95%): am- 
monia: water (16:1 : 3). (C) Scan (1,000 cpm range) of ehromatogram 
of eluate from peak in B, developed in benzene: acetic acid: water 
(125 : 72:3). (D) Scan (300 cpm range) of cbromatogram of eluafe 
from peak in C, developed in isopropanol: ammonia: water (100:5 : 
10). (E) Scan (1,000 epm range) of chromatogram of eluate from 
peak in B, developed in methyl ethyl ketone: propionic acid: water 
(75:25:30). Abbreviations: HIA, 5-hydroxyindole acetic acid; 
HTAN, 5-hydroxytryptophan; I-ITOL, 5-hydroxytryptophol; MIA, 
5-methoxyindole acetic acid; MTOL, 5-methoxytryptophol; SER, 
serofonin; TAN, fryptophan. 
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Fig. 2. (A) Radioactivity scan (1,000 cpm range) of chromatogram of 
eluate from area 2 in Figure 1A, developed in ethanol (95%): am- 
monia: water (16:1:3). (B) Scan (300 cpm range) of chromafogram 
of eluate from peak in A, developed in methyl ethyl ketone : propionie 
acid: water (75:25:30). (C) Scan (300 cpm range) of ehromatogram 
of eluafe from peak in A, developed in benzene: acetic acid: water 
(125:72:3). (D) Scan (300 cpm range) of chromatogram of eluate 
from peak in C, developed ill isopropanol: ammonia: water (100:5 : 
10). Abbreviations as in Figure 1. 
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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.  

11 p. DELVIGS, W. N. MCISAAC, and R. G. TABORSKY, J. biol. Chem. 
240, 348 (1965). 

1'2 A. A. SMITH and S. B. "VVORTIS, Biochim. biophys. Acts 40, 569 
(1960). 

13 Supported in part by a Research Corporation grant from the 
Brown-Hazen fund. 

H. H. STIBBS a n d  J.  R. SEED 

Laboratory of Parasitology, Department of Biology, 
Tulane University, New Orleans (Louisiana 70178, USA) 
12 May 7973. 

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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