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The probable site of nitrogen fixation in root nodules of Ornithopus sativus 

It  has been suggested 1 that the legume root nodule symbiosis has evolved from 
rhizosphere associations between the plant and a free-living nitrogen-fixing bacterium. 
The agent of nitrogen fixation in the nodule might therefore be expected to be the 
bacterium rather than the plant. However, previous investigations2, a have suggested 
that the site of nitrogen fixation is not in the bacterial cells. This paper presents 
evidence favouring the bacterial cell as the site of nitrogen fixation. 

Ornithopus satiw~s (Brot.) (serradella) plants inoculated with Rhizobium h@ini 
strain D 25 were grown in solution culture and nodules were harvested immediately 
prior to use. Weighed samples of nodules, usually about 7 g, were flushed with argon 
and exposed to an 15N 2 enriched gas mixture. Exposures were terminated by crushing 
the nodules in a mortar cooled to --2o °, subsequent manipulations were performed 
at 4 ° . The crushed material was filtered with suction and the filtrate, undiluted nodule 
sap, was centrifuged at 2000 x g for IO rain and then I8 ooo × g for 15 rain. It  was 
established by electron microscopy that the 2000 × g and 18000 × g pellets con- 
tained bacteroids and membrane structures, respectively, as their major components. 
The pellets obtained were extracted 3 times with IO ml water. All samples were de- 
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Fig. I. E x t r a c t i o n  of amino  n i t rogen  from the  bac te ro id  f ract ion of se r rade l la  nodules.  Opera t ions  : 
l,  bac te ro ids  f r ac t iona ted  by  cen t r i fuga t ion  a t  4ooo × g for 2o min ;  2, 3 and  4 e x t r a c t e d  wi th  
equa l  vol. of wa te r ;  5, e x t r a c t e d  w i t h  cold 8 o %  e thano l ;  6, e x t r a c t e d  wi th  ho t  8o%  ethanol .  
The cross-ha tched  region corresponds  to  the  q u a n t i t y  of amino  n i t rogen  e x t r a c t e d  a t  each opera t ion  
and  the  r e m a i n d e r  is u n e x t r a c t e d  amino  ni t rogen.  Amino  n i t rogen  was  de t e rmined  by  a colori- 
metr ic  me thod  6. 

Fig. z, Time course of the  asN e n r i c h m e n t  in f rac t ions  of O. sativus nodules  exposed to lSN 2. 
The en r i chmen t s  shown are those  in t o t a l  N of w a t e r  e x t r a c t s  f rom the  2000 × g (bacteroid) 
fract ion,  A - - ~ k ;  18o00 × g (membrane)  fract ion,  O - - O ;  and  s u p e r n a t a n t  fraction,  [ ] - - ~ .  All 
e x t r a c t s  were depro te in ized  pr ior  to  analysis .  
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proteinized by  heating at 80 ° for io  rain and subjected to Kjeldahl digestion prior 
to mass-spectrometric analysis. 

The relative ease with which amino nitrogen is extracted from the bacteroid 
fraction of crushed nodules is illustrated in Fig. L I t  was thus obvious that  in the 
preparat ion of nodule fractions this loss of amino nitrogen must  be minimized and 
resulted in the fractionation procedure described in the preceding paragraph. 

The rate of increase of a tom per cent excess 15,N in the total nitrogen of aqueous 
extracts  of nodule fractions is shown in Fig. 2. A relatively high rate of ~SN incorpo- 
ration occurs in the bacteroid fraction. While this suggests an active role of the 
bacteroid fraction in nitrogen reduction it is necessary to localise the 15N in particular 
compounds to provide a more critical assessment of this. In  particular, it is required 
to know which of the 15N-labelled compounds are of pr imary importance. For 
O. sativus nodules the sequence: N 2-> NH 3 + glutamic acid has been proposed on 
the basis of pulse-labelling experiments 4. The compounds of particular interest in 
determining the site of fixation are therefore ammonia  and glutamic acid. Because 
of the mobili ty of ammonia  and the small quantities involved, it has not been p()ssible 
to examine the distribution of this compound in nodule fractions. 

The atom per cent excess 15N in glutamic acid in nodule fractions has been 
measured after short- term exposures to ~aN 2. I t  has been found that  it is the bacteroid 
fraction which contains the highest enrichment of ~aN in glutamic acid (Table I). 
I t  has also been shown that  this fraction contains isocitric dehydrogenasO and 
gtutamic dehydrogenase (unpublished). The presence of these two enzymes suggests 
the capaci ty  of the bacteroid fraction to supply the necessary carbon skeleton, ~-oxo- 
glutaric acid, and to carry out the reductive amination to yield glutamic acid. 

TABLE l 

I N C O R P O R A T I O N  OF 1 5 N  2 I N T O  G L U T A M I C  ACID ISOLATb;I )  FROM F R A C T I O N S  OF S E R R A D E L I . A  NOI)L'LP;~; 

Fractio~ 

zooo . g 
8 ooo ~. g 

18 OOO ;~ ,~' 

Supernatant 

.4tom per cent 
t!XC('SS 152\7 

0.285 
o. I84 
0.084 
O . 2 1 2  

The possibility tha t  membranes associated with the bacteroid fraction contain 
the site of aaNz incorporation a could explain the experimental results obtained. 
However,  electron micrographs indicate tha t  a large proportion of bacteroids do not 
possess the enclosing membranes seen in sections of nodule tissues ~. Correspondingly, 
there is an abundance of membrane structures in the i800o x g fraction, but some 
of this material  probably  has other origins such as disrupted plant mitochondria. 
However,  the critical comparison to be made is the relative rates of enrichment ot 
15N in the 2 fractions (Fig. 2). I t  should be stressed tha t  this comparison is only useful 
for linear rates of 15N incorporation. The comparison made in this work is consistent 
with this criterion. A further point to be stressed is tha t  the results obtained here 
depend, critically, upon the method of preparat ion of the nodule fractions. 
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In  the  absence of cell-free ni t rogen-f ixing ac t iv i ty  in separa te  nodule  f ract ions 
it is not  possible to show unequivoca l ly  t ha t  the  ni t rogenase  enzyme is present  in 
the  bac te ro id  fract ion.  However ,  the  exper imen ta l  suppor t  p resented  here for the  
bac te ro ids  as the  site of f ixat ion mus t  shift  current  emphas is  to this  f ract ion in the  
inves t iga t ion  of symbio t ic  n i t rogen fixation.  

I t  is considered t ha t  previous  evidence s , to the  con t r a ry  m a y  have resul ted 
from the loss of ~SN-labelled compounds  from the bac te ro id  fract ion dur ing prepa-  
rat ion.  

Department of Soil Science and Plant Nutrition, 
Institute of Agriculture, University of Western Australia, 
Nedlauds (Australia) 

I. R. KENNEDY* 
C. A. PARKER 
D. K. KIDBY 

! C . . \ .  [>ARKER, Natztre, 179 (1957) 593- 
2 F. V. TURCHIN, Soviet Soil Science, IO (1959) ~14~. 
3 F. J. BERGERSEN, .J. Ge~. Microbiol., 2 2  (i9()o) 671. 
4 l. R. KENNEDY, Ph.D. Thesis, LTniversity of \Vestern Australia (1965). 
5 i). K. I'2IDBY AND D. J. GOODCHILD, J .  Gen. Microbiol., 45 (1966) 147. 
~) H. ROSEN, Arch. Biochem. Biophys., 67 (1957) IO. 

Received August  I5 th ,  1966 

* Present  address:  Depar tmen t  of Biological Sciences, Purdue University, Lafayette, Incl., 
U.S.A. 

Biochitn. Biophys..-tcta, I3o (196~) 517 51(~ 

BBA 23 3O9 

Effects of glucose concentration on incorporation of [3H]leucine into insulin 
using isolated mammalian islets of Langerhans 

I t  has a l r eady  been shown tha t  there  is an enhanced ra te  of incorpora t ion  of 
IaHjleucine into insulin when slices of ox or r abb i t  pancreas  are incuba ted  in vitro 
with increasing concent ra t ions  of glucose or mannose  1. So far, however,  effects of 
this  t ype  have not  been s tud ied  in m a m m a l i a n  islet cells s epa ra t ed  from acinar  tissue. 

The m e t h o d  used for the  isolat ion of the  islets was based on tha t  of MOSKA- 
LEWSKI 2 in which the ac inar  t issue of guinea-pig  pancreas  was sepa ra t ed  from the 
islets of Langerhans  b y  the act ion of collagenase. This technique has been successfully 
a d a p t e d  by  KOSTIANOVSKY AND LACY a for use wi th  ra t  pancreas.  

In  the  present  s tudies  r abb i t  pancreas  was used. In  ear ly  exper iments  it  was 
found possible to cannula te  the  pancrea t ic  duc t  and  infuse a b icarbona te -buf fe red  
sal t  solut ion ~ b y  a me thod  s imilar  to t h a t  a l r eady  descr ibed for ra t  pancreas  3. Subse- 
quent ly ,  however,  it  was found more  convenient  to remove the splenic por t ion  of 
the organ from the an imal  in to  a pet r i  dish, and  mere ly  to d is tend i t  subper i tonea l ly  
by  local inject ion of b ica rbona te -buf fe red  med ium th rough  a fine needle. By  this 
means  the  t issue appears  to be rendered  more suscept ible  to the  act ion of collagenase. 
The pancreas  was then  cut  in to  smal l  pieces wi th  scissors and  incuba ted  with  con- 
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