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Oximinoacids  in the Inorganic Nitrogen Metabol ism 

There  is good e v i d e n c e  for t he  occurrence  of h y d r o x y l -  
a m i n e  (HA) as a n  i n t e r m e d i a t e  in  the  a s s imi l a to ry  reduc-  
t ion  of n i t r a t e  to  a m m o n i a .  Free  HA,  a k n o w n  m u t a g e n i c  
agent ,  is un l ike ly  to  be  p r e s en t  in  apprec iab le  concen t r a -  
t ions  ill t h e  cells and  v e r y  few organ i sms  call t o l e ra t e  and  
m a i n t a i n  g r o w t h  on  H A  as sole n i t r ogen  source, even  a t  
low c o n c e n t r a t i o n s  (10-*M)I,  ~. Endomycopsis lipolylica 
(= Candida lipolytica), however ,  is able  to  grow a t  10-~M - 
H A  w i t h o u t  p ro longed  l agphase  3. F r o m  s tudies  of n i t r i t e  
g rown Candida utilis VIRTANEN and  SARIS 4,~ suggested  
t h a t  H A  m a y  be  b o u n d  as h y d r o x a m a t e s  a n d  oximes  of 
e -ke to  acids. Therefore,  E. l@olytica was cons idered  sui t -  
able  tor  f u r t h e r  s tudies  of t he  role of ox imes  in inorganic  
n i t r ogen  me tabo l i sm.  

E. lypolytica was g rown in a e r a t ed  f lasks  on  a 9 m M  
HA-g lyce ro l -mine ra l  sa l t  m e d i u m  s u p p l e m e n t e d  w i t h  
g r o w t h  subs t ances  L Gas c h r o m a t o g r a p h i c  analys is  of t he  
cu l tu re  m e d i u m  ind ica t ed  t he  p resence  of 2 -oximinopro-  
pano ic  acid. The  f ind ing  was conf i rmed  b y  mass  spect ro-  
me t ry .  Also t he  log phase  cells f rom H A - cu l t u r e s  were found  
to  con t a in  2-oximi l lopropanoic  acid, a l t h o u g h  in m u c h  
lower concen t ra t ions .  T he  ox imino  acid was a b s e n t  in 
cells and  m e d i u m  of a m m o n i u m  su lpha t e  cul tures .  

A gas c h r o m a t o g r a p h i c  m e t h o d  was deve loped  for 
q u a n t i t a t i v e  d e t e r m i n a t i o n s  of 2 -ox iminopropano ic  acid 
as ace ton i t r i l e  in  cu l tu re  m e d i a  a n d  in cells 6. B y  th i s  m e t h -  
hod  t he  ox ime c o n t e n t  in  t h e  cu l tu re  m e d i u m  was found  
to increase  w i t h  g r o w t h  (Figure 1) un t i l  a m a x i m u m  of 
a b o u t  130 vg ox ime  pe r  ml  in t he  midd le  log phase,  a t  a 
cu l tu re  a b s o r b a n c y  a t  6 1 0 n m  (A~0) ot 1.0-1.2. The  a m o u n t  
of ox ime t h e n  decreased  to  a b o u t  ha l f  t he  m a x i m u m  in 
en t e r ing  s t a t i o n a r y  phase  (A~I 0 a b o u t  1.7~. 

2 -ox iminopropano ic  acid, found  in HA-cu l tu re s  a n d  no t  
in a m m o n i u m  su lpha t e  cul tures ,  m a y  be  n o n e n z y m i c  pro-  
ducts .  The  p y r u v i c  acid, a p re requ i s i t e  for t h e i r  fo rmat ion ,  
however ,  is b y  necess i ty  due  to an  e n z y m a t i c  process.  
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Amounts of 2-oximinopropanoic acid (~g/g dry wt.) calculated from the amount of aeetonitrile in cells of various procaryotic and eucaryotic 
organisms in middle log phase cultures (Fg dry wt./ml) with nitrate or hydroxylamine (HA) as nitrogen source 

Organism NO~-cultures HA-culture 

Dry wt. Oxime Dry wt. Oxime 
(~xg/ml) (~xg/g dry wt.) (~zg/ml) (Fg/g dry wt.) 

Bacillus megaterium, 8291 155 8 
Pseudomonas aeruginosa, 1085 385 169 
P. aeruginosa, 701 213 207 
P. aureoJaciens, 712 135 2 
Streptomyces griseus, 3475 31 5 
St. satsumaensis, ATCC 19242 53 1 
Cryp~ococcus albidus, J 61 320 128 
Endomycopsis lipolytica, CBS 599 
A spergillus niger 570 32 
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Fig. 1. Amounts of 2-oximinopropanoic acid in the culture medium 
(txg/ml) during growth of Endomycopsis lipolytica, expressed as cul- 
ture absorbaney at  610 nm, in 2 different experiments (@ ~ ;  
@ -  - -O). 
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Fig. 2 Amounts of 2-oximinopropanoic acid in cells ([zg/g cell dry 
weight) of Cryptococcus albidus during growth, expressed as culture 
absorbancy at  610 nm, in nitrate culture medium in 2 different 
experiments (@ ~ ; |  - -@). 
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The  ques t ion  w h e t h e r  the  f o r m a t i o n  of oximes  b y  E.  
lipolytica is on ly  a way  of d e t o x i c a t i o n  or cons t i t u t e s  a 
rou te  for d i rec t  u t i l i za t ion  of no t  ful ly r educed  n i t rogen ,  
r ep resen t s  po in t s  of in te res t .  I f  t he  l a t t e r  is of s ignif icance 
2 -ox iminopropano ic  acid could be expec t ed  to be  p re sen t  
as a m e t a b o l i t e  in  cells g rown on more  oxid ized  n i t r ogen  
sources. E x p e r i m e n t s  were the re fore  r u n  w i t h  some re- 
p r e s e n t a t i v e  p roca ryo t i c  a n d  eucaryo t ic  mic roorgan i sms ,  
wh ich  un l ike  E. lipolytica are able  to  ass imi la te  n i t r a t e .  
N i t r a t e  was s u b s t i t u t e d  for H A  a n d  glucose for glycerol  in 
the  cu l tu re  media .  Cells f rom t h e  midd le  log phase  were 
ana lysed  for ox ime c o n t e n t  us ing  t he  ace ton i t r i l e  m e t hod .  
2 -ox iminopropano ic  acid was found  in  all  m ic roo rgan i sms  
tes ted ,  a l t h o u g h  in v a r y i n g  a m o u n t s  (Table).  

Ana lys i s  of t he  l i s ted  cells g rown on a m m o n i u m  sul- 
p h a t e  a lways  gave  n e g a t i v e  resul ts .  No ox imes  could be 
t r a c e d  in ch lo rop las t s  f rom e t io la t ed  or non -e t i o l a t ed  
w h e a t  seedl ings g rown on n i t r a t e .  

The  ox ime  c o n t e n t  as a f unc t i on  of g r o w t h  was s tud ied  
in cells of Cryptococcus albidus grown on n i t r a t e  m e d i u m  
(Figure  2). I t  is obv ious  t h a t  m a x i m u m  ox ime  c o n t e n t  was 
r eached  to  in  midd le  log phase  of g r o w t h  (A6:0 a b o u t  0.8). 
A t  l a t e r  s tages  t he  a m o u n t  of ox i m i no - ac i d  decreased  ra-  
p id ly  a n d  b e c a m e  negl igible  w h e n  g r o w t h  en t e red  s t a t ion -  
a ry  phase  (A~I 0 a b o u t  1.7). The  f ind ings  s u p p o r t  t he  sug- 
ges t ion  t t l a t  t he  ox imino-ac id  is used as a source of no t  
ful ly r educed  n i t r ogen  in t he  me tabo l i sm.  

The  f u r t h e r  me tabo l i c  t r a n s f o r m a t i o n  of 2-oximino-  
p ropano ic  acid is no t  known.  I t  has  been  shown  t h a t  ox imes  
m a y  become  e n z y m a t i c a l l y  r educed  to a m i n o - c o m p o u n d s  7. 
T r a n s o x i m a s e s  s p r e s u m a b l y  p l ay  an  i m p o r t a n t  role. 

I t  appea r s  i m p o r t a n t  to  decide w h e t h e r  t h e  f o r m a t i o n  
of ox iminoac ids  r ep resen t s  a b y p a s s  of m i n o r  i m p o r t a n c e  
or an  ind i spensab le  p a t h w a y  in t he  regu la r  me tabo l i c  re- 
duc t i on  of n i t rogen .  W o r k  in t he  field is be ing  c o n t i n u e d  a t  
t h i s  i n s t i t u t e .  

Zusammen/assung. Es wird  gezeigt,  dass  in Zel len yon  
Cryptococcus albidus u n d  in K u l t u r l 6 s u n g  yon  Endomy- 
copsis lipolylica die Ox ime  bis  zur  lVlitte der  exponen t i e l l en  
Z u w a c h s p h a s e  in s t e igenden  K o n z e n t r a t i o n e n  v o r k o m -  
men,  w~Lhrend sie in  A m m o n i u m - k u l t i v i e r t e n  Zellen fehlen.  
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G l u t a m i n e  S y n t h e t a s e ,  an E n z y m e  C h a r a c t e r i s t i c  of  V e r t e b r a t e  S y s t e m s  in Inver tebra te  T i s s u e s  

The  cen t r a l  ne rvous  s y s t e m  a n d  sensory  s t r u c t u r e s  of 
coleoid cepha lopods  (e.g., squid,  cu t t le f i sh ,  octopi)  are  
h igh ly  organized,  a n d  m u c h  has  been  m a d e  of t h e  d r a m a t i c  
c o n v e r g e n t  evo lu t ion  shown  b e t w e e n  these  s t r u c t u r e s  a n d  
those  of h ighe r  v e r t e b r a t e s  (YouNG 1 ; WELLS 2, a ; :BARBER 4). 
I t  was  of cons iderab le  i n t e r e s t  to  us, therefore ,  w h e t h e r  
g l u t a m i n e  s y n t h e t a s e  (GS), w h i c h  is a cha rac t e r i s t i c  
e n z y m e  of v e r t e b r a t e  ne r vous  a n d  d iges t ive  sys t ems  
(WuS), would  also be  p r e s en t  in  large a m o u n t s  in  coleoid 
a n d  o the r  i n v e r t e b r a t e  t issues.  Because  of t he  i n t i m a t e  
r e l a t i onsh ip  b e t w e e n  t he  s t r u c t u r a l  o r gan i za t i on  of cells 
in  t he  ch ick  neu ra l  r e t i n a  a n d  t he  possible  precocious  
i n d u c t i o n  of GS d u r i n g  d e v e l o p m e n t  of th i s  t i s sue  
(PIDDINGTON a n d  MOSCONA6; MORRIS a n d  MOSCONAT), 
we were  p a r t i c u l a r l y  i n t e r e s t e d  in k n o w i n g  w h e t h e r  t he  
coleoid eye, wh ich  is r e m a r k a b l y  h i s t o typ i ca l l y  s imi la r  to  
t he  v e r t e b r a t e  eye, would  also show GS a c t i v i t y  a n d  
w h e t h e r  a n  eye of a n  en t i r e ly  d i f fe ren t  s t r u c t u r a l  t y p e  
such  as t h e  t yp i ca l  c r u s t a c e a n  eye would  lack t h e  enzyme.  

Spec imens  of m a t u r e  Octopus vulgaris a n d  Rossia pa- 
ci/ica were o b t a i n e d  nea r  t h e  Mar ine  Science Cen te r  of 
Oregon  S t a t e  U n i v e r s i t y  a t  Newpor t ,  Oregon.  The  organs  
were d issected  in sea w a t e r  a n d  fol lowing a br ie f  r inse  in  
0.01 M p h o s p h a t e  buf fe r  (pH 7.1) were lyphi l ized  a n d  
s to red  a t  - -20~  u n t i l  assayed.  F o r  compar i son ,  t i ssues  
of a d u l t  spec imens  of t he  commerc i a l  crab,  Cancer 
magister, a n d  t he  pu rp l e  sea urch in ,  Stronglyocentrotus 
purpuratus were p r e p a r e d  in t he  same  m a n n e r .  Crab  eyes 
(6 pe r  assay) w i t h  or  w i t h o u t  eye s ta lks  were homogen ized  
in a porce la in  m o r t a r  a n d  pes t l e ;  all  o the r  t i ssues  were 
homogen i zed  in  a glass t u b e  w i t h  a m o t o r - d r i v e n  Tef lon  
pest le .  Assays  for GS specific a c t i v i t y  d e p e n d e d  on  t he  
y - g l u t a m y l t r a n s f e r a s e  p rope r t i e s  of t h e  e n z y m e  a n d  were 
p e r f o r m e d  accord ing  to  t he  m e t h o d  of RUDNICK et  al. 2, as 
modi f ied  b y  KIRK 2. T he  specific a c t i v i t y  of GS was 
ca lcu la ted  as t h e  n u m b e r  of mic romoles  of y -g lu t amyl -  
h y d r o x a m a t e  p roduced  pe r  h o u r  pe r  m g  p r o t e i n  in  t he  

homogena t e .  P r o t e i n  was d e t e r m i n e d  accord ing  to  LOWRY 
et  al. 1~ 

I t  was  found  (Table) t h a t  coleoid ne rvous  t i ssue  in 
genera l  showed  re l a t ive ly  h igh  GS specific a c t i v i t y  w i t h  
t h e  opt ic  gangl ia  showing  t he  h ighes t  a c t i v i t y  while  non-  
ne rvous  t i ssue  a c t i v i t y  was low a n d  skin  h a d  no a c t i v i t y  
a t  all. Th i s  s i t u a t i o n  was ana l agous  to  t h a t  found  in 
severa l  v e r t e b r a t e s  (WuS). All  t i ssues  e x a m i n e d  in t h e  
c rab  were n o t a b l y  low in GS ac t iv i ty ,  b u t  suff ic ient ly  
large a m o u n t s  of t i ssue  were used in these  assays  to  
d e m o n s t r a t e  t h a t  t he  e n z y m e  was, in  fact ,  p resen t .  The  
neu ra l  ganglia ,  wh ich  l acked  p igmen t s ,  showed  signifi-  
c a n t l y  lower  GS specific a c t i v i t y  in  t he  c rab  t h a n  e i the r  
coleoid species. Also, t he  r e t i n a  of t he  c rab  was seen to  
show m u c h  tess a c t i v i t y  t h a n  t he  neura l  ( thoracic)  gangl ia  
of th i s  an imal .  I t  shou ld  be  noted ,  however ,  t h a t  owing to 
t h e  cons iderab le  a m o u n t  of n o n - n e r v o u s  t i ssue  in t he  c r ab  
c o m p o u n d  eye t he  specific a c t i v i t y  of GS in t he  i n d i v i d u a l  
r e t i nu l a  cells m a y  well  h a v e  been  cons ide rab ly  higher .  
I t  was  also seen t h a t  t h e  c rab  d iges t ive  g l and  revea led  
m u c h  less a c t i v i t y  t h a n  t h e  genera l ized ne rvous  t i ssue  as 
was  t h e  s i t u a t i o n  w i t h  coleoid t issues.  The  Tab le  also 
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