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Note  on helical  s t ruc tu res  in some bac te r ia  and viruses* 

This note  is in tended  to call a t t en t i on  to s t ruc tu res  seeu ill e lectron mic rographs  of some bacter ia l  
viruses  and  a p l eu ropneumon ia - l i ke  organism which appea r  to the  wr i te r  to have  a helical form 
a l though  t h e y  have  not  been so descr ibed by the  inves t iga to r s  who publ i shed  the  electron mic rographs  
ment ioned .  In a prev ious  report ,  hel ical  s t ruc tu res  in E. coli considered to be ana lagous  to the  
c h r o m o n e m a t a  of h igher  p l an t s  and  animaIs  were described 1. The electron micrographs  of the Proleus 
" d w a r f "  show lobu la t ions  of the  surfaces a long the long axis  of the  cell which resemble  the unresoh 'ed  
helices of the  E.  coli par t i c les  2,a. The i m m a t u r e  forms of the  l-. co/i-T bac te r iophages  (1() not  a p p e a r  
to be closed r ings or " d o u g h m l t s "  bu t  seem r a the r  to be helices hav ing  somewha t  more than  I rew,-  
lution4, s and the Staphylococcus  K bac te r iophage  has a s imi la r  appea rance  ~. t te l ical  s t ruc tu res  have  
been found in biological  s t ruc tu re s  unre la ted  to chromosomesLS l int  the i r  presence in viruses is ()f 
pa r t i cu l a r  in te res t  in re la t ion to the prob lem of the fine s t ruc tu re  of chromos{mles. 

If the  helical  form of the s t ruc tu res  in these o rgan i sms  be accepted,  it 1)ecomes possible t() 
examine  them fur ther  to  de te rmiue  w he the r  in add i t ion  to general  s i ln i la r i ty  in configurat i (m t h e y  
show any  d imens iona l  regular i t ies .  \Vhen the  d iameter ,  p i tch  and number  (~f rcv~)lutions (ff the helix 
can be ob ta ined  the  length m a y  1)e ca lcu la ted  from the  equa t ion  

5" [(d/2)~ I p 2 ] ! e ' ' ~ t t  

w h e r e  d is the d iameter ,  p is the  pitch,  and n the number  of revolut ions .  
In  the  case  of the  Proleus  dwarf  and  bac te r iophage  T,~ l inear  scales are g iven on the pub l i shed  

reproduc t ions  so t h a t  the  magni f ica t ion  can be checked a,4. \Vith the  T 4 and K bac te r iophages  no 
l inear  scale is g iven  a n d  the  magni f ica t ions  are s ta ted  to be a p p r o x i m a t e  s,6. No l inear  scale is given 
wi th  the  po l iomye l i t i s  v i rus  e lec t ron mic rog raphs  bu t  both the  magni f ica t ion  and the abso lu te  size 
are s ta t ed  u. A series  of m e a s u r e m e n t s  of a r r ays  of a to ta l  of 49 par t ic les  made  along 3 axes  of the  
p laque  gave  an average  l eng th  per pa r t i c le  in ti le i l l u s t r a t ion  of 2.o ram. The size of tile par t i c l e s  
as g iven by  the  au tho r s  was  27 nail from which the  magni f ica t ion  could be ca lcu la ted  and fouud 
to  be 74,o74 d iameters ,  in good ag reemen t  with the  74,00o given wi th  the i l lus t ra t ion .  Measu remen t s  
were made  wi th  a steel rule with engraved  m a r k i n g s  at  o. 5 mm wi th  the aid of an ap l ana t i c  magni f ie r  
g iv ing  an en l a rgemen t  of 7 d iameters .  

Using the  s a m e  t echnique ,  m e a s u r e m e n t s  were made  of the d i ame te r  and pitch of the helices 
in those  pa r t i c l e s  in which tile helical  s t r uc tu r e  seemed apparen t .  In  the  case of the po l iomyel i t i s  
virus,  d i ame te r s  could be ob ta ined  on 1o par t i c les  and  the  pitch on ~-', t he  mean d i a m e t e r  be ing 
I. 5 m m  and  the  mean  p i tch  o. 5 ram. For  the  u ther  organisms,  with the  excep t ion  of the  E. cell 
c h r o m o s o m e s ,  only  -,-6 m e a s u r e m e n t s  could be made.  Because  of the crudeness  of the  tec lmique,  
and  the  l imi ted  n u m b e r  of m e a s u r e m e n t s  possible,  the  d imens ions  ob ta ined  can be assumed  to be 
only app rox ima t ions .  I t  is therefore  r a the r  su rpr i s ing  to find the  regula r i t i es  which appea r  in the  
resul t s  shown in Table  I. 

"1".\ I~IA~; 1 

D i m e n s i o n s  o I hehccs ,  i n  zo  " c m  R e l a t i v e  

~. E.  cell, p r i m a r y  3o.o ~ 7. ~ 5.7 848 
secondary  4.8 8.o io0.u 5,56" 37o.8 

2. P .  morgan i i ,  p r i m a r y  33.0 l o.o ".5 303 zo.- 
secondary  4. z 

3. Bac t e r i ophage  "1" 2 8.5 5-5 1.25 45 3 .0 
4- B a c t e r i o p h a g e  T~ 0.8 4.8 1.25 4 o 3. i 
5- B a c t e r i o p h a g e  K i o . o  6.0 I. 5 78 5.2 
6. P o l i o m y e l i t i s  v i r u s  2 .o  0. 7 z .o 1.5 i .o 

d ~ d i a m e t e r ,  p -- pi tch,  n -- n u m b e r  of revolut ions ,  S x l ength  of hel ix  in io 6 cm, S~/Sp 
l eng th  of he l ix  r e l a t i v e  to  t h a t  of the  pol iomye l i t i s  virus.  

Source of m e a s u r e m e n t s :  i .  Ref. 1. 2. Ref. 2, Fig. 12; Ref. a, Fig. to. 3. Ref-4, Figs. 4, 4 \ ,  and ¢). 
4. Ref.S, Fig.  4; Ref.a,  Figs .  V I I I  32 and  34. 5. Ref-6, Fig .  3 ° . 6. Ref .  9, Fig.  t. 

T h e  d iame te r s  of b o t h  the  p r i m a r y  and  secondary  coils of the  A .  cell chromosonms and  t he  
Proleus  " d w a r f "  are very  s imi la r  in size which  is to  be expec ted  if as TULASNE has  s u g g e s t e d  the  
" d w a r f "  is l i t t l e  more  t h a n  a free ch romosome =. The mos t  s t r i k i n g  and unexpec t ed  re la t ionsh ip  is 

* Aided by  a g r a n t  from the  Amer ican  Cancer  Society.  
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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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