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tha t  which appears  in the ratios of the helical lengths in the various organisms to tha t  of the polio- 
myelitis virus. In each case it is close to being a whole number .  This may  be jus t  a coincidence, 
part icularly in the case of the Proteus helix, and it might  be expected tha t  its secondary helix, 
which has as yet not  been resolved, would be the s t ructure  tha t  would more probably  be analagous  
to the viral helices. If this s i tuation is actually a coincidence, it mus t  be a rare one, for the probabi l i ty  
of the 5 ratios all falling within two tenths  of an integer by chance is of the order of IO -4. On the  
other  hand, if the results are not  accidental, they suggest tha t  the helices of the viruses and possibly 
also those of the larger organisms may be made up of multiples of some basic uni t  tha t  is abou t  
15oo A long. I t  appears  significant tha t  only the DNA-containing viruses have thus  far shown these 
helical s tructures.  Lengths  of DNA molecules have been est imated to be in the range 4,5oo-9,6ooA TM,11. 
Of course, molecules of considerably greater length than  15oo A could be contained within the 
hypothet ical  unit  mentioned above if they were coiled or folded. However, the observat ions suggest 
the possibility tha t  the orientation of the DNA molecules may  not  be in a position parallel to the 
long axis of the fiber const i tu t ing the helices. 
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The biosynthesis of the pyrrolidine ring of nicotine* 
I t  has been suggested by  ROBINSON 1 tha t  the amino acid ornithine might  be a precursor  for 

the pyrrolidine ring of nicotine in tobacco plant  metabolism but  no conclusive evidence has ever 
been presented to subs tant ia te  this suggestion. KLEIN AND LINSER 2 w e r e  able to show an increase 
in nicotine content  of tobacco plants  when solutions of proline and ornithine were injected into 
the s tems of the plants,  bu t  it was not  clear whether  ornithine had actually entered the nicotine 
molecule or had merely s t imulated metabolism. In the experiments  to be described in the present  
communica t ion  it was shown, using ornithine-2-14C, tha t  pa r t  of the ornithine molecule is incorporated 
into the  pyrrolidine ring of nicotine. 

Two groups of about  4 ° tobacco plants  (Nicotiana rustica) were administered ornithine from 
a nu t r ien t  solution the composit ion of which has been described previously 3. Prior to the hydroponic 
feeding of the amino acid the roots were removed from each plant  and new roots were allowed to 
develop in the nut r ient  medium for a two week period. This experimental  technique was employed 
since DAWSON 4 had demonst ra ted  t ha t  nicotine is synthesized in growing roots. Each plant  was 
then fed 1. 5 #moles of DL-ornithine-2-14C hydrochloride** (0.25 mg) having a radioactivi ty of 4'  lO5 
counts  per  minute.  All counts  were made in an internal gas-flow counter and were corrected for 
self absorpt ion.  At the end of 5 days a similar quan t i ty  of the amino acid having the same radio- 
activity was again administered to each plant.  Nine days following the second feeding of ornithine 
the plants  were removed from the nutr ient  solution and the nicotine was isolated as the dipicrate 
as previously described 3. The nicotine dipicrate possessed sufficient radioact ivi ty so tha t  it could 
be mixed with 9 par ts  of non-radioactive nicotine dipicrate to obtain enough material  for the degra- 
dations described below. 

For  degradation of the pyrrolidine ring the nicotine was isolated from the dipicrate by  an 
azeotropic distillation from a sodium hydroxide solution. The distillate was t reated with aqueous 
permangana te  according to the method of LAIBLIN 5 to oxidize nicotine to nicotinic acid. The MnO 2 
formed by reduction of the permangana te  was filtered from the oxidation mixture  and the filtrate 
evapora ted  to dryness under reduced pressure. The residue was acidified with dilute nitric acid, 

* Exper iments  presented in this paper  were done under contract  No. AT(I  1-1)-161 with United 
States Atomic Energy Commission. 

* *  Purchased from Tracerlab, Inc. Boston, Mass. 
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aml  t i e  l i l )cra te( l  ('().), ~ h i t h  p r c s u n l a h l y  ar( ,sc so le ly  from the  3, 4 a n d  5 p()si t i (ms ()1 the  pyrr~) i idmc 
r ing  (,f ui('~)linc, w a s  lmbl)ie(I  in to  a s a t u r a t e d  s o l u t i o n  ()1 b a r i u m  h y d r o x i d e .  The  r e s u l t i n g  b a r i u m  
Cal-h(<!aic was  c()llecte(l,  washt-d,  (Iricd and  c(mnte(I  for r a d i o a c t i v i t y .  The  n i t r i c  ac id  s , ) lut i (m of 
th(. n ic( , t in ic  m:id was  ncutr ;~l izcd wi th  aque( ,us  a m m o n i a  a n d  the  s i h ' e r  sa l t  ~)f nic() t iniv ac id  was  
p r e c i p i t ; t t e d  by a d d i t i o n  e l  a M l \ e r  n i l r a t c  s (dut ion .  Thc  n i co t i n i c  ac id  was  lil)eI;~ted l'rt,m t i le  s i l ve r  
s~tlt bv  t r { a t m e n t  w i t h  h3dr()~cn sulf ide,  alqt] th( '  frcc ac id  w a s  r c c r v s t a l l i z c d  frt)lll wa te r ,  d r i ed  nu([ 
c - u n t c d  for r a d i ( ) a t t i \ i t v .  T h e r e  was  n() depress i (m in m e l t i n g  p~)int xvh(m a s a m p h '  (d' t h i s  ; u i d  
v. as  mix~M w i t h  }/l~ a u t h c n t i {  s a m p l e  ~)1 nic~)tinic ac id .  

%ilwe t he  n i co t in i c  ac id  was  r a d i o a c t i v e ,  i t  was  d e c a r b ( , x y l a t e ( l  I)v h e a t i n g  w i t h  c a l c i u m  hv-  
(h-(,xi(h' a c c o r d i n g  t(, \V~.:IIH,:I_'S pr ( )ecdure  ~ a n d  t he  p y r i d i n e  whc ih  d i s t i l h ' d  ~ v e r  was  co l l ec t ed  in 
a s~;luti ,m ,)f m e t h a n o l  s a t u r a t e d  wi th  picr ie  ac id .  The  r e s u l t i n g  p y r i d i n e  :)it:rate was  co l l ec t ed  and  
r c c r y s t ; d l i z e d  lr(m~ wa te r .  

. \ha l .  calc .  I o r ( ' l l H s N 4 ( ) 7 :  (', 42.8601,;  11, 2.()0(!i,: N, S.~S",, .  
f ound :  ('. 4-'.04(~o; H, 2.51 '{o; N, S.o3",  ,. 

Thc  p y r i d i n c  p i c r a t c  w . s  co | in | e ( [  a l i a  WaS fl)tlll([ to  C(/lltaill ll() r a d i o a c t i v i t y .  The  c a r b o x y l  ca r l ) e l l  
,ff t h e  ni{( , t in ic  ac id  w a s  rcc{)vered fr(ln~ the  c a l c i u m  ca r l ) rma te  in t h e  d i s t i l l i n g  f lask b y  a c i d i f i c a t i o n  
of t he  r e s idue  w i t h  d i l u t e  n i t r ic  ac id  and  t he  
l i b e r a t e d  CO 2 was  pvcc ip i i a t e ( l  as  b a r i u m  c a r b o n  
a t e  b y  l m l l b l i n g  in to  a s a t u r a t e d  b a r i u m  hydr , )x  
|de  s() lut ion.  The  1)arium c a r l ) o n a t e  was  co l lec ted ,  
washc ,  l, d r i ed  a n d  c()untcd fl)r r a d i o a c t i v i t y .  

The  p o s s i b i l i t y  t h a t  some  ,)f the  r a ( l i ( ) ac t i v i t y  
e l  t he  ~dc()tine m i g h t  llc l oca t ed  in the  N m e t h x l  
g r o u p  was  i n \ e s t i g a t c d  1)v d e m e t h y l a t i ( m  of a 
s a l n p l c  ()1: t he  llit?(itill(~ / l( :(or(l ing t() ;t Inetho( l  
p r ex i ( )u s ly  ( lesc r ibed  :l whe rc l )v  t i le  m e t h y l  gr( ,up 
was  rec( ,vcred as  n /c thyl f l - ie t  hy la lnn l (  m i u m  iod ide  
wh ich  is a s u i t a l ) h , c ( ) m p ( ) u m l  for c (mn t ing .  

Fr~,m t h e  d a t a  p r e s e n t e d  in T a b l e  1. which  
are  t i l t  axeI-agc e l  t w o  s e p a r a t e  e x p e r i m e n t s ,  i t  
can  be seen t h n t  a l l t w o x i m a t e l y  ha l f  ()f t he  ia(li()- 
a c ' t i v i t y  ~1 the  nic() t inc synth( ' s iz(M l ly  p l a n t s  fed 
orlf i thinc 2-11(" \Vt/S r e c o v e r e d  in t h e  n i ( o t i n i c  
ac id  fr()m the  p c r m a n g a n a t ( ~  (~xidati(m. All of t h i s  
r a d i o a c t i x i t v  in t h e  n i co t in i c  acid was  loca ted  in 
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.lla ~ i mum ~peti/h" 
(',,mp,,u~!d aclivilv 

, [~m m 3 1  ' i , ,  a 

Nico t ine  d i t ) i c r a t e  15._, 
Nico t in i c  ac id  7. I - 
]~;aC(_):~ (from n i c o t i n e  

p c r m a n g a  h a t e  o x i d a t i o n  ) 7.4 ~) 
l ' y r i d i n c  p i c r a t e  o 
IIaCO:~ (from n ico t in i c  {~ci(/ 

d e c a r b / ) x y l a t i o n )  ,S.2 l 
M e t h y l t r i e t  h y l a m m o n i u m  iod ide  (l.33 

t he  ca r l )oxy l  g r o u p  a n d  none  \v~/s p r e s e n t  in the  t )y r id ine  r ing .  There fore ,  ab( /u t  ha l f  of t h e  c a r b o n - I  4 
in the  ~)riginal n i c o t i n e  was  I(~cated in the  2q)os i t ion  of t i le  py r r ( l l i d ine  r ing .  

If it is a s sume( l  t h a t  t he  N - m e t h y l  g r o u p  of n i c o t i n e  is los t  as  m e t h y l a m i n e  in t he  p e r m a n g a n a t e  
( )x ida t i (m,  and  t h a t  , . f i x  the  3, 4 a n d  5 p o s i t i o n s  of t i l e  p y r r o l i d i n e  r i n g  are  r e c o v e r e d  f r o m  t h e  
( )x ida t i (m m i x t u r e  as  b a r i u m  c a r b ( m a t e ,  it ~xill be n o t e d  fr(lm the  d a t a  in  t h e  T a b l e  t h a t  t h e  r e m a i n i n g  
h a l f  ()f t he  r a d i o a c t i v i t y  e l  t he  nic() t ine  was  loca t ed  s o m e w h e r e  in t h e s e  t h r e e  p o s i t i o n s  of t h e  p y r -  
ro l i d im ,  r ing .  S ince  the  a (hn i l f i s t e r ed  o r n i t h i n e  was  l abe l ed  in t he  ~e-position w i t h  c a r b o n - r 4 ,  i t  s e e m s  
log ica l  t() a s s u m e  t h a t  t he  5 -pos i t i on  of t he  p y r r o l i d i n e  r i n g  m i g h t  c o n t a i n  ha l f  t h e  r a d i o a c t i v i t y .  
, \  nwth( )d  is n()w b e i n g  d e v i s e d  in t h i s  l a b o r a t o r y  t() i so l a t e  t h e  5 -pos i t i tm  for c o u n t i n g ,  a n d  t he  
r e s u l t s  (d t h e s e  e x p e r i m e n t s  will I)c r e p o r t e d  la te r .  

I .ess t h a n  2",, (,f t he  t o t a l  r a ( l i ( m c t i v i t y  ()f t he  n i c o t i n e  was  r e c o v e r e d  in the  i n e t h y i t r i e t h y l -  
a m m ( m i u m  i()dide. Thc  (t-carl)~m e l  ( ) rn i th im' .  theref i / re ,  is a v e r y  inef f ic ien t  p r e c u r s o r  of t he  N - m e t h y l  
gr()llp ()f llic()till(!. 

l"rHm these  r e s u l t s  i t  can  be c o n c l u d e d  t h a t  o r n i t h i n e  ( lees s e r v e  as a speci f ic  p r e c u r s o r  (if t h e  
p y r r o l i d i n e  r i n g  <)f nict) t inc,  l : u r t h e r l n o r e ,  il" t h e  a s s u n l p t i ( / n s  i / l ade  a b o v e  are  co r rec t ,  i t  see lns  
n e c e s s a r y  to  p o s t u l a t e  t h a t  s o m e  s y m m e t r i c a l  i n t e r m e d i a t e ,  such as  p y r r o l i d i n e ,  is f o r m e d  in  t he  
c (mvers i (m ()f ()rnithil~e t,, nJc()tine to  a c c o u n t  for t he  d i s t r i l m t i o n  (ff t h e  c a r b o n  14 found  in t h e  
i s (da t ed  nic() t inc.  
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