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Occurrence of free basic amino acids in 5 varieties of lentil seed 

Variety~ I II III IV V 

Region Balkans USA Algeria India France 

Total nitrogen 4.10 4.49 4.00 4.26 3.80 
Lysine 0.05 0.06 0.05 0.06 0.07 
Histidine 0.02 0.02 0.01 0.03 0.01 
Arginine 0.29 0.41 0.25 0.23 0.26 
Ornithine b ll.d. ll.d. n.d. n.d. n.d. 
7-Hydroxyornithine 0.06 0.08 0.04 0.06 0.06 
7-Hydroxyarginine 0.81 0.85 0.51 0.56 0.89 
Homoarginine 0.02 0.07 0.02 0.02 0.01 

All concentrations in % of dry substance. ~For characterization of 
variety see reference ~. b Present in small concentration; n.d. = not 
determined. 

t ioned  t h a t  7 -hydroxyarg in ine  and  7 -hydroxyorn i th ine  
were fond in several  species of v e t c h  (genus Vicia), and  
homoargin ine ,  as a possible precursor  of la thyr ine ,  occurs 
in some species of the  genus Lathyrust  The presence  in 
t he  lenti l  seed of b o t h  hydroxya rg in ine  and  homoarg in ine  
m i g h t  be all incent ive  towards  a review of the  t axonomic  
posi t ion of the  genus Lens. 

Legumes  cons t i tu t e  an i m p o r t a n t  source of d ie t a ry  
p ro te in  for a considerable  percen tage  of t he  world popu-  
lat ion.  Certain peas  of t he  genera  Lathyrus and  Vicia, 
which  are of no comnlercia l  significance b u t  which  are 
ea t en  b y  sect ions  of t he  popu la t ion  of Ind ia  and  the  
N[edi terranean area, m a y  cause neurological  or muscu la r  
condit ions,  called l a t h y r i s m t  This  disease is associated 

wi th  the  presence  of toxic  amino acids in these  legume 
seeds, e.g. /~-cyano-L-alanine, a ,7 -d i aminobn ty r i c  acid, 
~-N-oxalyl-e,  f i -d iaminopropionic  acid, and tile re la ted  
/~-aminopropionitrile.  

Lent i l  conta ins  none  of these  toxic  factors.  I t s  charac-  
ter is t ic  and  domina t ing  amino acid wi th in  t he  legume fa- 
mi ly  is 7-hydroxyargin ine .  Lent i ls  have  been  ea ten  since 
anc ien t  t imes,  and  have  p layed  an i m p o r t a n t  role as a nutr i -  
t ional  base  in cer ta in  cul tures  of an t iqu i ty .  This food has  
been  p roved  'his tor ical ly '  to  be wholesome,  ye t  its value 
has always been  iudged ambiguously .  I t  is well known  t h a t  
some people  suffer f rom vomit ing ,  or allergic symptoms ,  
af ter  ea t ing  lentils. However ,  no scientific base, or experi-  
men t a l  da ta ,  exis ts  for consider ing a c o m p o u n d  like 
h y d ro x y a rg i n i n e  as harmful ,  or as responsible  for the  
p h e n o m e n a  ment ioned .  In  p re l iminary  inhibi t ion s tudies  
wi th  arginine antagonis ts ,  it  was shown t h a t  ~-hydroxy-  
arginine did no t  inhibi t  t he  g rowth  of Escherichia colt or 
Pseudomonas aeruginosa s. Of lesser in te res t  are similar 
expe r imen t s  w i th  homoargin ine ,  which  is a minor  com- 
p o u n d  ill t i le lenti l  seed 9, ~0. 

6 E. A. BELL, ill Chemotaxonomy o] ~he Leguminosae (Eds. J. B. HAR- 
BORNE, D. BOULTER and B. L. TIJRNER ; Academic Press, New York 
1971), p. 179. 
I. E. LIEDER, in Toxicants Occurring Naturally in Foods (NAS/ 
NRC 1966), Publication 1354, p. 40. 

s Personal communication by Prof. Dr. T. LEISINGER (~icrobio- 
logical Institute, Federal Institute of Technology, Zfirich/Switzer- 
land). 

9 G. M. PEYRU and W. !K. MAAS, J. Bact. 9d, 712 (1967). 
~o T. LEISI~OER, CH. O'SIJLLIV~N and D. HAAS, J. gen. Microbiol. 84, 
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Ass imi la t ion  of A m m o n i a  and Growth of Biotin Deficient Aspergillus nidulans 

J. 1). DESAI 1, 2 and  V. V. MoDI 

Department o/ Microbiology, Faculty o/ Science, M.S. University o/ Baroda, Baroda 390 002 (India), 74 July 1975. 

Summary. Biot in  def ic iency in Aspergillus nidulans has  been  found  to  increase t he  up take  of a m m o n i u m  ions, asso- 
c ia ted wi th  a ma rked  increase in the  ac t iv i ty  of NADP- l inked  g lu t ama te  dehydrogenase ,  which  is found to  be the  major  
route  of amm on ia  assimilat ion in th is  culture.  The resul ts  ob ta ined  are discussed wi th  respec t  to  the  g rowth  of Asper- 
gillus nidulans dur ing  b io t in  deficiency. 

Ear l ier  s tudies  in our l abora to ry  indica ted  t h a t  b iot in  
def ic iency in Aspergillus nidulans gives rise to increased 
cellular synthes is ,  when  grown on NH~NOa as a sole 
n i t rogen source3, 4. Fu r the rmore ,  it  was observed  t h a t  
b io t in  def ic iency in th is  cul ture caused marked  increase 
in t he  g rowth  ra te ,  while the  to ta l  per iod requi red  for t he  
comple t ion  of tile g rowth  cycle r emained  una l te red  5. We  
have  been  able to  d e m o n s t r a t e  the  r emarkab le  increase 
in tile up take  ra te  of a m m o n i a  a t t r i bu t ab le  to  b io t in  
def ic iency in A. nidulansS, 6. Since b io t in  def ic iency ill 
th i s  cul ture  causes a marked  increase (70%) in the  
p ro te in  c o n t e n t  w i th  a c o n c o m i t a n t  fall (65%) in the  
f a t t y  acid con t en t  of t he  mold,  it  was of in te res t  to s t u d y  
the  assimilat ion of a m m o n i a  by  th is  cul ture under  these  
condi t ions .  The p resen t  inves t iga t ion  suggests  t h a t  the  
ma jo r  rou te  of a m m o n i a  assimilat ion is t h rough  N A D P -  
l inked g l u t a m a t e  dehydrogenase .  The resul ts  ob ta ined  
are discussed w i t h  respec t  to  t he  g rowth  of A. nidulans 
in a s ta te  of b io t in  deficiency. 

The strain,  media  compos i t ion  and  the  cul ture  condi-  
t ions  used in t h e  p resen t  inves t iga t ion  were the  same as 
descr ibed earl ier  S, L Culture grown in t he  presence  of 
5 uni ts  of avidin (General Biochemieals ,  Ohio) has  a 65% 
lower f a t t y  acid c o n t e n t  t h a n  control .  Biot in  was no t  
t raceable  in the  mycel ia l  ex t rac t ,  using the  microbiolog-  
ical assay wi th  Lactobacillus arabinosus, according to  the  
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m e t h o d  of SKEGGS S. This  cu l tu re  is the re fore  refer red  to 
as ' b io t in  def ic ient '  in th i s  com m un i ca t i on .  

Cell free ex t r ac t s  for e n z y m e  assays  were p r epa red  as 
descr ibed earlier~. G l u t a m a t e  dehyd rogenase  (E.C. 
1.4.1.3) and  a l an ine  dehyd rogenase  (E.C. 1.4.1.1) were 
assayed b y  t he  m e t h o d  descr ibed b y  THOM~JLI~A and  
MOAT 9. The  m e t h o d  of RooN e t  al. 1~ a n d  FRY 11 was used 
for a s say  of g l u t a m a t e  s y n t h a s e  (E.C. 2.6.1.53) and  glut -  
a m i n e  s y n t h e t a s e  (E.C. 6.3.1.2), respect ively .  P r o t e i n  was 
e s t ima ted  b y  the  m e t h o d  of LowRY et  al. ~2, us ing  s e rum 
a l b u m i n e  as s t anda rd .  A u n i t  of e n z y m e  was expressed as 
t he  a m o u n t  of enzyme  wh ich  causes a 0.001 change  in t he  
O.D. a t  340 nm.  Specific a c t i v i t y  was expressed as u n i t s /  
m g  of pro te in .  

I t  has  been  d e m o n s t r a t e d  in a v a r i e t y  of mic roorgan i sms  
t h a t  inorganic  n i t rogen  m a y  be a s s imi la t ed  in to  amino  
n i t rogen  v ia  g l u t a m a t e ,  a lanine ,  a spa r t a t e ,  c a r b a m y l  
p h o s p h a t e  and  g lu tamine ,  b u t  no o rgan i sm uti l izes all 
these  rou tes  to  the  same degree TMI~. Usual ly ,  a g iven  
o rgan i sm will ut i l ize one or two p a t h w a y s  p r e d o m i n a n t l y ,  
to  t he  v i r t u a l  exclusion of t he  o thers  la. Since b i o t i n  
def iciency in A.  nidulans causes a m a r k e d  increase  in t he  
p ro t e in  c o n t e n t  of t h e  cells, i t  was  of in t e res t  to  s t u d y  in 
de ta i l  t he  ass imi la t ion  of inorganic  n i t rogen .  IncreaSed 
n i t r a t e  ass imi la t ion  as a resu l t  of b io t in  def ic iency  and  its 
r egu la t ion  b y  a m m o n i u m  ions ha s  been  d e m o n s t r a t e d  b y  
us in th i s  cu l tu re  5. 

The  resul ts  in t he  F igure  show t he  specific ac t iv i t ies  of 
a m m o n i a - a s s i m i l a t i n g  enzymes.  T he  d a t a  suggests  t h a t  
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Specific activity of ammonia-assimilating enzymes in Aspergillus 
nidnlans. Activities of NADP - glutamate dehydrogenase (0), 
NAD �9 glutamate dehydrogenase (�9 NADP �9 alanine dehydro- 
genase (A), glutamine synthetase (A), glutamate synthase (It) 'and 
NAD �9 alanine dehydrogenase (It) were determined on the different 
days of growth in normal (A) and biotin deficient (B) cultures. 

t he  m a j o r  rou te  of a m m o n i a  ass imi la t ion  is t h r o u g h  
N A D P - g l u t a m a t e  dehydrogenase .  The  N A D P - l i n k e d  
a lan ine  dehyd rogenase  and  g l u t a m i n e  s y n t h e t a s e  were 
p r e sen t  in b o t h  n o r m a l  a n d  b i o t i n  def ic ien t  cu l tu res  b u t  
t h e i r  lower a c t i v i t y  suggests  t h e i r  m ino r  s ignif icance i n  
a m m o n i a  ass imi la t ion .  Alan ine  dehyd rogenase  was found  
to  be  N A D P - l i n k e d  and  N A D - l i n k e d  a lan ine  dehydro -  
genase  was no t  de tec ted  t h r o u g h o u t  t he  g r o w t h  cycle. 
S imi lar  resul t s  h a v e  been  r epo r t ed  b y  L a m m i n n a k i  and  
PIERCE 16 and  ]~URK a n d  P A T E M A N N  17 in S. cerevisiae a n d  
N. crassa, respect ively .  G l u t a m a t e  s y n t h a s e  was no t  
de tec ted  in b o t h  t he  cu l tu res  t h r o u g h o u t  t he  g r o w t h  cycle. 
This  is in a g r e e m e n t  w i t h  t he  resul t s  r epo r t ed  b y  BURN 
et  al. zs, who showed absence  of g l u t a m a t e  s y n t h a s e  in 
N.  crassa and  A.  nidulans. Much  of the  i n f o r m a t i o n  in the  
l i t e r a tu re  conf i rms  the  role of g l u t a m a t e  dehydrogenase  
in a m m o n i a  ass imi la t ion  b y  mic roo rgan i sms  19-23. 

Thus ,  the  resul t s  p re sen ted  here  sugges t  t h a t  t he  m a j o r  
rou te  of a m m o n i a  ass imi la t ion  in A.  nidulans is v ia  
N A D P - g l u t a m a t e  dehydrogenase .  However ,  i t  is in te res t -  
ing to  no te  the  cons iderab le  increase  in t h e  a c t i v i t y  of 
g l u t a m a t e  dehyd rogenase  in b io t in -de f i c i en t  cu l tu re  as 
compared  to t h a t  in  n o r m a l  cu l tu re  of A.  nidulans, which  
m a y  be  one of t he  fac tors  for h i g h e r  a s s imi la t ion  of 
a m m o n i a  5, 6; and  f ina l ly  for t he  h ighe r  cel lular  syn thes i s  
as r epo r t ed  earl ier  a. 5. However ,  a t  p r e sen t  i t  is no t  
possible  to  e luc ida te  t he  factor(s)  respons ib le  for t h e  
a c t i v a t i o n  of t h i s  enzyme  as a resu l t  of b io t in  def ic iency 
in A.  nidulans. 

8 H.  R. SKEGGS, in Analytical Microbiology (Ed. F. KAVANAGH; 
Academic Press Inc., New York 1963), p. 421. 

9 K. W. THOMULKA and A. G. MOAT, J .  Bact. 709, 25 (1972). 
10 R. J- RooN, H. L. EVAN and I. LERIMORE, J .  Bact. 178, 89 (1974). 
11 B. A. FRY, 7. gem Microbiol ,  59, 579 (1955). 
12 O. H.  LOWRY, N. Y. ROSEBROUGH, A. L. FARR a n d  R. J .  RANDALL, 

J. biol. Chem. 793, 265 (1951). 
la A. G. MOAT and F. AHMAD, Wallerstain Labs Commun. 28, 111 

(1965). 
14 D. J. D. NICHOLAS, in The Fungi (Eds. G. C. AINSWORTH and A. S. 

SUSSA~IAN; Academic Press, New York/London 1965), vol. 1, 
p. 349. 

15 y. S. HALPERN and H. E. UMBERGER, 7" Baet. 80, 285 (1960). 
16 O. H. LAMMINNAKI and J. R. PIERCE, 7. Inst. Brew. 75, 515 (1969). 
17 R. BURK and 7. PATEMAN, Nature, Loud. 196, 450 (1962). 
18 C. M. BROWN, V. 7- BURN a n d  B. JOI~NSON, N a t u r e  New Biol.  246, 

115 (1973). 
19 L. BIGGERGHERING, 7" hen. Microbiol. 73, 45 (1955). 
~0 H. ~CIOLZER, G. HIERHOLZEk and I. WITT, Mech. Reg. Act. Cell. 

Mieroorg. 124, 407 (1963). 
~1 A. SIMS and B. FOLKER, Proc. R. Soe. London, Ser. B. 159, 479 

(1964). 
~2 ]~, ~ARRALT and W. STICKLAND, Arch. Biochem. Biophys. 702, 

66 (1963). 
"~ J. R. KINOI~ORN and J. PATEMAN, J .  hen. MicrobioI. 78, 39 (1973). 

E f f e c t  o f  X - 5 3 7 A  o n  t h e  P h o s p h o r y l a t e d  P r o t e i n  i n  S a r c o p l a s m i c  R e t i c u l u m  V e s i c l e s  1 

V. 1~. OS(SRIO E CASTRO, M. G. P. VALE a n d  A. P. CARVALHO 

Department o/ Zoology, University o~ Coimbra, Coimbra (Portugal), 22 September 7975. 

Summary.  The  effect  of t h e  an t ib io t i c  X-537A on t he  p h o s p h o r y l a t e d  A T P a s e  ( E ~ P )  was inves t iga ted .  The  resul t s  
show t h a t  X-537A depresses  t he  level  of E ~ P  wh ich  is d e p e n d e n t  on t he  Ca 2+ grad ien t ,  whi le  t he  Ca2+- independent  
] ? ; ~ P  is no t  affected.  

Sarcoplasmic  r e t i cu lum (SR) regula tes  t he  concen t r a -  p h o s p h o p r o t e i n  (E ~ P )  as an  i n t e r m e d i a t e  in t he  A T P a s e  
t ion  of free Ca ~+ in m y o p l a s m  w h i c h  cont ro l s  muscle  r eac t ion  2-5. 
c o n t r a c t i o n  a n d  re laxa t ion .  This  p r o p e r t y  of SR is gov-  I n  i sola ted p r e p a r a t i o n s  of SIR vesicles, a Ca2+ g r a d i e n t  
e rned  b y  an  A T P a s e  which,  in t he  presence  of ATP,  t r a n s -  is gene ra t ed  a f t e r  Ca 2+ accumula t ion ,  and  syn thes i s  of 
por t s  Ca 2+ in to  t he  S R  tubu le s  w i t h  t he  f o r m a t i o n  of a E ~ P  and  A T P  can  be coupled  to t he  eff lux of Ca 2+ 6-13 


