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Table III. Synergistic effects of Inethylbenzylamine-hydrochloride and sodium nitrite on mouse liver protein synthesis 

23 

Treatment No. of replicates Mean SH-leucine incorporation 4- S.E. ~ 
(% of control values) 

Control 
Sodium nitrite (100 mg/kg) 
Methylbenzylanfine-hydrochloride (1200 mg/kg) 
Sodium nitrite and methylbenzylamine-hydrochloride 

53.4 4- 4.8 
52.6 4- 2.3 (99%) 
56.3 4- 4.S (105%) 
40.4 21:: 4.2 b (76%) 

�9 Expressed as cpm/mgP; b Statistically significant interaction, p < 0.01. 

The  effects of D M A  a n d  N a N O  3 on  u p t a k e  of 3H-leucine 
in to  mouse  l iver  p ro t e i n  are s h o w n  in Tab le  I I  N e i t he r  
DMA no r  N a N O  2 a lone  i nduced  a n y  s ta t i s t i ca l ly  signifi- 
c a n t  inh ib i t ion .  However ,  D M A  a n d  NaNO2 toge the r  pro-  
duced  63 a n d  33% i n h i b i t i o n  of leucine u p t a k e  a t  6 and  
18 h a f t e r  t r e a t m e n t ,  r e spec t ive ly  (Table  I I )  C o m p a r a b l e  
i n h i b i t i o n  of leucine i n c o r p o r a t i o n  was p roduced  b y  com- 
b ined  a d m i n i s t r a t i o n  of M]3A and  N a N O  3 (Table  III) 

I n  t h e , p r e s e n t  expe r i m en t s ,  D MA  or M B A  w h e n  ad-  
min i s t e red  in c o m b i n a t i o n  w i t h  N a N O  3 p roduced  syner-  
gis t ic  acu te  i n h i b i t i o n  of l iver  p r o t e i n  and  nuc lea r  R N A  
syn thes i s ;  s imi la r  i n h i b i t o r y  effects  are also induced  b y  
d i m e t h y l n i t r o s a m i n e  i~ and  m e t h y l b e n z y l n i t r o s a m i n e  18. 
These  d a t a  conf i rm a n d  e x t e n d  f ind ings  of p rev ious  s tudies  
on  i n d u c t i o n  of synerg i s t i c  acu te  t ox i c i ty  and  hepa t i c  ne- 
rosis  in  mice  fo l lowing oral  a d m i n i s t r a t i o n  of D MA or 
M B A  t o g e t h e r  w i t h  NaNO214 a n d  a f f o r d  s t rong  p r e s u m p -  
t i ve  ev idence  of in  v ivo  n i t r o s a m i n e  syn thes i s  f rom n i t r i t e  
a n d  a m i n e  precursors .  The  re levance  of these  f ind ings  to 
p o t e n t i a l  h u m a n  h a z a r d s  f rom c o n t i n u e d  use of n i t r a t e  and  
n i t r i t e  as food add i t i ve s  a n d  f rom d r ink ing  of w a t e r  w i t h  
e l eva t ed  n i t r a t e  mer i t s  f u r t h e r  cons idera t ion .  

Zusammen/assung. Orale  Gabe  yon  D i m e t h y l a m i n  oder  
M e t h y l b e n z y l a m i n  z u s a m m e n  m i t  N a t r i u m n i t r i t  bewi rk t e  
eine synerg i s t i sche  H e m m u n g  der  P r o t e i n - S y n t h e s e  in der  
Lebe r  von  M~iusen. Ausse rdem h e m m t e  die k o m b i n i e r t e  
Gabe  yon  D i m e t h y l a m i n  und  N i t r i t  synerg i s t i sch  die Syn-  
these  nuk l ea r e r  1RNS in der  Leber .  
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E n c e p h a l i t o g e n i c  
F o r m  of  a S e r o t o n i n  R e c e p t o r  

CARNEGIE 1 ha s  r ecen t ly  sugges ted  t h a t  a specif ied 
s e g m e n t  of t h e  bas ic  A1 p r o t e i n  composes  one of t he  
se ro ton in  recep tors  in  t h e  cen t r a l  ne r vous  sys tem.  The  
c o n f o r m a t i o n  sugges ted  b y  CARNEGIE is based  on  a 
p rev ious  mode l  of ours  3. W e  wish  to  sugges t  an  a l t e r n a t i v e  
mode l  t h a t  a ccoun t s  for t h e  m o d e  of ac t ion  of t h e  u n u s u a l  
a m i n o a c i d  me thy l - a rg in ine .  Tile mode l  suggested  b y  
CARNEGIE is ba sed  on  a coil c o n f o r m a t i o n  for t i le poly-  
pep t i de  a n d  t he  role of m e t h y l  a rg in ine  is no t  a ccoun ted  
for. An  ~-helical c o n f o r m a t i o n  would  be  un l ike ly  owing to 

Prote in:  a ~ - P l e a t e d  Sheet  C o n f o r m a t i o n  (102-120)  Yie lds  a P o s s i b l e  M o l e c u l a r  

Leu-ser-Arg-Phe-ser-T_Ep_-6ty-Ata 

ser- LeLl-ObJ- - 6[y-L,/s- Gty-6tn 
10?. 

Fig. 1. The suggested conformation of the encephalitogenic polypep- 
tide. The dots indicate CO..HN hydrogen bonds. 

t h e  two  glycine moie t ies  in  t h e  sequence  and  t he  p ro t e in  
i tself  con ta ins  no  ~-helix 1: b u t  a / / - c o n f o r m a t i o n  is possible.  
The  c o n f o r m a t i o n  is i l l u s t r a t ed  in F igu re  1 for t h i s  seg- 
m e n t  of t he  p ro t e in  i tself  w i t h  3 t u r n s  a n d  11 cross C = O . . .  
H N  h y d r o g e n  bonds .  This  locates  t he  3 key  aminoac ids  
- -T rp ,  Arg  (Lys) and  G i n - - i n  a c o n f o r m a t i o n  capab le  of 
b i n d i n g  5IKT (in i t s  p re fe r red  conformat ion)  3 in  t he  m a n n e r  
s h o w n  in F igure  2. T h e / J - s t r u c t u r e  gives a r igid molecule  
a n d  t he  b i n d i n g  groups  for 5 H T  are r e l a t ive ly  fixed. As 
m a y  be  seen in F igure  2, t he  m e t h y l - A r g  a n d  Phe  moiet ies  
a n d  t he  Gln (120), Arg (121) a n d  Lys ine  (104) hydro-  
ca rbons  form a l ipophi l ic  ' bed '  a t  t he  b o t t o m  of wh ich  lies 
t he  indole  r ing  of t he  T r p  moie ty ,  f ixed  b y  l ipophi l ic  
i n t e r ac t i ons  a n d  s ter ic  h indrance .  I f  t he  5 H T  molecule  in  
i ts  p re fe r red  c o n f o r m a t i o n  is b o u n d  b y  =-a  s t ack ing  to t he  
T r p  molecule,  i t  a t t a i n s  t he  fol lowing add i t i ona l  con t ac t s  : 
1. l ipophi l ic :  / J -hydrocarbon  to  T rp  a c loud a n d / J - h y d r o -  
c a r b o n  and  Arg  y - h y d r o c a r b o n :  ~ - h y d r o c a r b o n  to  Arg  
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Fig. 2. CPK molecular  model of the polypept ide  forming a possible receptor  site for 5HT shown bound.  Aminoacids  107-112 are left  out.  ] 'hey  
form a s imple/J- turn .  

&hydrocarbon: ring hydrocarbons to Methyl-Arg, 2. 
Polar: - -NH~+ to Gin O: hydroxyl O from Arg = NH~+ 
and ring NH to Gln (102) O. Note that  the Gln-Arg 
carbon-carbon bond (120-221) is twisted by a break in the 
fl-conformation. The /3 CO = NH hydrogen bond is re- 
placed by a hydrogen bond from Ser (114) OH to peptide 
O (Pro - 122) and possibly a second from Arg (112) to the 
next peptide O (123). This twist is necessary for the Arg- 
5HT interaction described. Gln (120) binds by a hydrogen 
bond to the carbonyl O of Ala (117). 

The complex (Trp-Gln-Arg) somewhat resembles in 
size, form and charge distribution the molecule of strych- 
nine. This may explain the convulsant activity of the 
basic protein when injected intraventricularly 1. The 
function of 5HT in this position might be to maintain 
this segment of the protein molecule in its /j-conformation 
or to disrupt it by a charge transfer operation (to Trp). 
This hypothesis can be tested by direct physical investiga- 
tions using NMR, ORD and CD techniques of the con- 
formation of these polypeptides ~. 

Zusammen/assung. Es bestehtc die Annahme (CARNEGIE 
1970), dass das basische Gehirnprotein als Rezeptor fiir 
Serotonin wirkt, und es wird der Vorschlag fiir molekular- 
biologische Reaktionen yon Serotonin-Rezeptoren ge- 
macht. 

J.R. SMYTHIES 5, F. BENINGTON and R.D. MORIN 

Department o/ Psychiatry, 
Universities o] Edinburgh and Alabama, and 
Neuroscience Program, 
University of Alabama Medical Center, 
7979 Seventh Avenue, Birmingham 
(Alabama 35233, USA), 5 July 1971 

4 F .C .  WESTALL, A. B. ROBINSON, J .  CACCAIN, J: JACKSON and E. 
H. EYLAR, Nature .  Lond. 229, 22 (1971). 

5 Acknowledgments .  We are mos t  grateful  to Dr. D. URRY for advice 
on pro te in  conformation,  to Dr. P. R. CARNEGIE for helpful  dis- 
cussions and  the Ea l ing  Corporation for the generous loan of mole- 
cular  models. 

The Linear Amino Acid Sequence of-~aAcid Glycoprotein 

Although el-acid glycoprotein (orosomucoid), a human elucidation of its primary structure has been hampered 
plasma globulin (for review see ref. 1), is probably the most by the inability of investigators to establish the amino- 
extensively studied protein with regard to the structure ~ terminal sequence, since digestion of el-acid glycoprotein 
and biosynthesis 3 of its carbohydrate moiety, it is only by specific (chymotrypsin and trypsin) and nonspecific 
very recent that  significant information concerning its (pronase) proteases does not yield overlapping peptides, 
amino acid sequence has been reported4,5. The complete but affords the same pyrrolidone carboxylic acid, PCA- 


