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SUMMARY 

NH20H was l a b e l e d  w i t h  a B'emitter (13N, 4, = Q396 min.). 
H y d r ~ x y l [ ~ ~ N ] a m i n e  wa? syn thFSized f rom HSO, an8 [ N l n i t r i t e  
(produced v i a  t h e  6 0 ( p , a )  N r e a c t i o n  by p r o t o n  bombardment o f  
H L O ) .  The s y n t h e s i s  
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NO + 2 HSO 
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3 2  

r e a c t i o n s  a re :  

t - - 
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2 3 4 

H y d r ~ x y l [ ' ~ N ] a m i n e  was p u r i f i e d  by ion-exchange chromatograph on 
Dowex-1 x 8 (AcO') t o  remove unreac ted  I3NO; and "NO;. 
Radiochemical  y i e l d s  o f  50-90% werelgbtained i n  25-30 min. The 
p u r i t y  and s p e c i f i c  a c t i v i t y  o f  NH,OH were de te rm ip fd  by HPLC 
a n a l y s i s  and spec t ropho tomet r i c  assay. The b i n d i n g  o f  NHzOH t o  
p i g  h e a r t  g lu tamate-pyruvate  t ransaminase and t o  p i g  h e a r t  
g lu tamate -oxa loace ta te  t ransaminase was measured. T h i s  work 
demonstrates t h a t  q u a n t i t a t i o n  o f  t h e  b i n d i n g  o f  hydroxy lamine (an 
a c t i v e - s i t e  d i r e c t e d  enzyme i n h i b i t o r )  l a b e l e d  w i t h  a 
p o s i t r o n - e m i t t i n g  i s o t o p e  i s  t e c h n i c a l l y  f e a s i b l e .  

13 Key Words: Hydroxy l [  NJamine, I 3 N - l a b e l i n g ,  G lu tamate-pyruvate  
Transaminase, G lu tamate-oxa loaceta te  Transaminase 

INTRODUCTION 

Hydroxylamine (NH20H), a p o t e n t  n u c l e o p h i l e ,  forms a w ide  v a r i e t y  o f  

c h a r a c t e r i s t i c  d e r i v a t i v e s  such as hydroxamic a c i d s ,  oximes and amidoximes. 

Such d e r i v a t i v e s  have proven u s e f u l  i n  unders tand ing  t h e  s t r u c t u r e  and f u n c t i o n  

o f  many b i o l o g i c a l l y  a c t i v e  molecules.  Hydroxylamine r e a c t s  w i t h  S c h i f f  bases, 

0362-4803/84/090803-12$01.20 
@ 1984 by John Wiley & Sons, Ltd. 

Received March 13, 1984 
Revised April 27, 1984 



804 D. S.  Kaseman et al. 

aldehydes and " a c t i  vated" ca rboxy l  groups i n  p r o t e i n s .  Hydroxylami ne i s  a1 so  a 

v e r s a t i l e  s y n t h e t i c  reagent  i n  o r g a n i c  chemis t r y ;  i t  undergoes condensat ion  

r e a c t i o n s  w i t h  many compounds c o n t a i n i n g  r e a c t i v e  ca rbony l  groups. However, t h e  

use fu lness  o f  NH20H as a b iochemica l  t r a c e r  i s  l i m i t e d  because i t  c o n t a i n s  no 

atoms t h a t  can be l a b e l e d  w i t h  commonly a v a i l a b l e  8 -  e m i t t e r s  ( H would 

exchange r a p i d l y  w i t h  p r o t i c  s o l v e n t s ) .  We r e p o r t  he re  t h e  syn thes i s  o f  13NH20H 

w i t h  h i g h  rad iochemica l  p u r i t y  and t h e  use o f  I3NH20H as an a c t i v e - s i t e  

d i r e c t e d  reagen t  f o r  l a b e l i n g  t h e  p y r i d o x a l  5 ' -phosphate  c o f a c t o r  o f  two 

t ransami nases. 

3 

mo lecu la r  we igh t  

(6), E =  99,000 ( 

GOT used i n  b i n d  

phenyl  hyd razone 

standard.  

) ) .  The 

ng s t u d  

d e r i  v a t  

EXPERIMENTAL 

M a t e r i a l s  - Hydroxylamine hyd roch lo r i de ,  pheny lhyd raz ine  h y d r o c h l o r i d e  and 

sodium n i t r i t e  were ob ta ined  f r o m  J.T. Baker. Hydroxy lamine h y d r o c h l o r i d e  was 

r e c r y s t a l l i z e d  f r o m  100% e t h a n o l  b e f o r e  use. Sodium b i s u l f i t e  was purchased 

f r o m  A l d r i c h .  P y r i d o x a l  5 ' -phosphate  was purchased f r o m  Sigma. A l l  o t h e r  

chemica ls  were ACS reagent  grade. P i g  h e a r t  g lu tamate -py ruva te  t ransami  nase 

(GPT), 140 U/mg (37" C) ,  and c y t o s o l i c  p i g  h e a r t  g lu tamate -oxa loace ta te  

t ransaminase (GOT), 380 U/mg (37" C ) ,  were ob ta ined  f r o m  Boehr inger  Mannheim as 

3.2 M (NH4)2S04 suspensions. Enzyme s o l u t i o n s  were d e s a l t e d  b e f o r e  I3NH20H 

b i n d i n g  s t u d i e s  e i t h e r  by d i a l y s i s  a g a i n s t  0.2 M po tass ium phosphate b u f f e r ,  

pH 7.8, o r  by t h e  c e n t r i f u g e  ge l  f i l t r a t i o n  (Sephadex 6-50-40) column procedure  

o f  Penefsky (1). 

Assays - GOT and GPT a c t i v i t i e s  were measured as d e s c r i b e d  ( 2 ) .  

Hydroxylamine was assayed s p e c t r o p h o t o m e t r i c a l l y  u s i n g  8 -hyd roxyqu ino l i ne  ( 3 ) .  

P r o t e i n  c o n c e n t r a t i o n s  were c a l c u l a t e d  f rom absorbance a t  280 nm (GOT: 

= 93.000 (4),E= 130,000 (5 ) ;  GPT: m o l e c u l a r  we igh t  = 115,000 

p y r i d o x a l  5 ' -phosphate  c o n t e n t  o f  t h e  d e s a l t e d  GPT and 

es was measured by spec t ropho tomet r i c  assay o f  t h e  

ve ( 8 ) ,  u s i n g  c r y s t a l l i n e  p y r i d o x a l  5 ' -phosphate  as a 
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Rad io i so tope  Count ing - I 3 N  decays by p o s i t r o n  emiss ion t o  I 3 C ,  and t h e  

p o s i t r o n  a n n i h i l a t e s  w i t h  a nearby e l e c t r o n  t o  y i e l d  a p a i r  o f  0.511 MeV gamma 

photons. Samples c o n t a i n i n g  13NH20H were c o l l e c t e d  i n  g lass  tubes and counted 

w i t h  a Packard Auto-Gamma s c i n t i l l a t i o n  spectrometer,  Model 5986, as desc r ibed  

(9).  A l l  13N counts were c o r r e c t e d  f o r  p h y s i c a l  decay and n a t u r a l  background. 

1 3  13 Synthes is  o f  HydroxylC Nlamine - HydroxylC NJamine was syn thes i zed  by a 

rap id ,  m ic rosca le  adap ta t i on  o f  t h e  procedure desc r ibed  by Raschig i n  1887 

( l o ) ,  and used l a t e r  by Semon (11).  [ N I N i t r i t e  was produced by t h e  

I60(p,a)  N r e a c t i o n  by bombardment o f  H20 w i t h  14.5 MeV p ro tons  f rom t h e  

c y c l o t r o n  a t  Memorial S loan -Ke t te r i ng  Cancer Center  as descr ibed (12).  The 

t a r g e t  water  c o n t a i n i n g  I 3 N  ( t y p i c a l l y  5-15% 13N02-, 85-95% 13N03- and ~ 0 . 1 %  

13NH4+ (12 ) )  was passed th rough  a 1 x 10 cm column o f  a c t i v a t e d  b a s i c  alumina 

t o  remove t r a c e s  o f  l8F-. The 13N02- and 13N03- were concen t ra ted  by a d s o r p t i o n  

on a 0.1 x 1 cm column o f  Dowex-1 x 8 (AcO-, 200-400 mesh). The column was 

washed w i th  5 m l  o f  d i s t i l l e d  water,  and then e l u t e d  w i t h  2 m l  o f  0.5 M KC1 i n  

0.1 M Na ace ta te ,  pH 4.5. Unlabeled NaN02 was added t o  g i v e  a f i n a l  

c o n c e n t r a t i o n  o f  2.5 mM and 1 M NaHS03 was added t o  y i e l d  a HS03-/N02- molar  

r a t i o  o f  between 2 and 24. 

13 

13 

The r e a c t i o n  m i x t u r e  ( vo l .  2.2 m l )  was i ncuba ted  a t  4" C f o r  10 min.; t h e  

r e s u l t i n g  hyd roxy l [  Nlamine d i s u l f o n i c  a c i d  was hyd ro l yzed  by adding 0.4 m l  o f  

12 M HC1 and b o i l i n g  f o r  5 min. The m i x t u r e  was cooled i n  i c e ,  n e u t r a l i z e d  w i t h  

10 M NaOH, and passed through a 1 x 6 cm column o f  Dowex-1 x 8 (AcO-) t o  remove 

unreacted 13N02- and 13N03-. An a l i q u o t  o f  t h e  13N r e a c t i o n  m i x t u r e  was passed 

through a 0.5 x 8 cm column of Dowex-50 x 8 ( T r i s  ) and t h e  e l u a t e  was counted. 

No s i g n i f i c a n t  r a d i o a c t i v i t y  was bound t o  t h e  Dowex-50, which i n d i c a t e d  t h a t  

t h e  I3NH20H r e a c t i o n  m i x t u r e  was f r e e  o f  13NH4+. Radiochemical  y i e l d s  (based on 

convers ion o f  t o t a l  n i t r i t e  t o  hydroxy lamine)  o f  50-90% were c o n s i s t e n t l y  

ob ta ined  i n  a p roduc t i on  t i m e  o f  25-30 min. The y i e l d s  a t  t h e  end o f  t h e  

syntheses were 0.4-1.0 mCi and s p e c i f i c  a c t i v i t i e s  were 1.0-2.5 Ci/mmole 

13 

+ 
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(n=9).  S ince  t h e  t a r g e t  water  c o n t a i n s  c o n s i d e r a b l y  l e s s  13N02- than  13N03-, i t  

shou ld  be p o s s i b l e  t o  g r e a t l y  improve t h e  y i e l d  o f  13NH20H hy c o n v e r t i n g  t h o  

I3NO3- presen t  i n  t h e  t a r g e t  wa te r  t o  13N02- by r e d u c t i o n  on a cadmium column, 

as desc r ibed  by McEl f resh ,  sz (13 ) .  

NH20H 

- 200 

- 
0 

-150 . 
Y 

Fraction # 

F i g u r e  1. HPLC e l u t i o n  p r o f i l e  130f H y d r ~ x y l [ ’ ~ N ] a m i n e .  To 1.0 m l  o f  f i n a l  
p roduc t  c o n t a i n i n g  0.32 mCi  o f  NH20H was added 1.0 m l  o f  a s o l u t i o n  
c o n t a i n i n g  250 ,,moles o f  u n l a b e l e d  hydroxy lamine.  A p o r t i o n  (20 ,,1) o f  t h i s  
s o l u t i o n  was i n j e c t e d  i n t o  t h e  HPLC system 14  min. a f t e r  t h e  end o f  t h e  
syn thes i s  and was chromatographed on a 25 cm Whatman P a r t i s i l  PXS-10/25 SCX 
c a t i o n  exchange column (mob i l e  phase: 10 mM po tass ium phosphate, pH 6.5, f l o w  
r a t e  1.1 ml /min) .  The HPLC system c o n s i s t e d  of  a minipump and p u l s e  dampener 
(Labora to ry  Data Con t ro l ,  model 711-31) and Rheodyne i n j e c t i o n  va lve .  Pressure  
was ma in ta ined  a t  750 p.s.i. F r a c t i o n s  (30 sec., 0.55 m l )  were c o l l e c t e d  and 
counted, t h e n  assayed f o r  NH,OH. R e t e n t i o n  t i m e s  f o r  a u t h e n t i c  NH20H, NO;, and 
NH; 
- a1 (14) ,  ammonia was d e t e c t e d  w i t h  N e s s l e r ’ s  reagent .  Counts a r e  
decay -co r rec ted  t o  t h e  s t a r t  o f  t h e  HPLC run ,  44 min. a f t e r  t h e  end o f  
c y c l o t r o n  bombardment. 

a r e  i n d i c a t e d  by arrows. N i t r i t e  was de termined by t h e  method o f  Csaky 
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I n  p r e l i m i n a r y  s t u d i e s  w i t h  un labe led  NH20H, t h e  o v e r a l l  y i e l d  o f  NH20H 

was found t o  be approx imate ly  cons tan t  when t h e  HS03-/N02- mo la r  r a t i o  was 

between 2 and 24, b u t  t h e  y i e l d  decreased s u b s t a n t i a l l y  i f  t h e  HS03-/N02- mo la r  

r a t i o  was l e s s  t h a n  2 o r  more t h a n  24. It was necessary  t o  add un labe led  NaN02 

t o  t h e  r e a c t i o n  because a t  NO2- c o n c e n t r a t i o n s  lower  than  2.5 mM t h e  r a t e  o f  

f o rma t ion  o f  hydroxy lamine d i s u l f o n i c  a c i d  was t o o  s low t o  ach ieve  maximal 

I3NH20H y i e l d  i n  t h e  10 min. t i m e  i n t e r v a l  chosen f o r  s t e p  1 o f  t h e  syn thes i s .  

The p u r i t y  o f  t h e  syn thes i zed  13NH20H was con f i rmed  by  h i g h  per fo rmance 

l i q u i d  chromatography (HPLC), as shown i n  F i g u r e  1. HPLC ana lyses  o f  t h e  

13NH20H p roduc t  f rom seve ra l  syntheses showed t h a t  i n  each case about 90% o f  

t h e  t o t a l  r a d i o a c t i v i t y  e l u t e d  i n  a s i n g l e  peak c o i n c i d e n t  w i t h  a u t h e n t i c  

NH20H; i n  t h e  HPLC a n a l y s i s  shown i n  F i g u r e  1, t h e  s p e c i f i c  a c t i v i t y  (1500-1800 

cpm/nmole 13NH20H, decay c o r r e c t e d  t o  t h e  s t a r t  o f  t h e  HPLC r u n )  remained 

e s s e n t i a l l y  cons tan t  over  t h e  e n t i r e  w i d t h  o f  t h e  peak. The t o t a l  recove ry  o f  

1 3 N  r a d i o a c t i v i t y  (decay-cor rec ted)  f rom t h e  HPLC column was 97-982 o f  t h e  

amount i n j e c t e d .  

13 B i n d i n g  S tud ies  w i t h  HydroxylC Nlamine and P u r i f i e d  Transaminases- 

G lu tamate-pyruvate  t ransaminase (1.5 mg, 13.0 nmole d i m e r i c  holoenzyme) o r  

g lu tamate -oxa loace ta te  t ransarninase (1.5 mg, 16.1 m o l e  d i m e r i c  holoenzyme) 

were i ncuba ted  i n  1.4 m l  o f  0.2 M po tass ium phosphate b u f f e r ,  pH 7.8, 

c o n t a i n i n g  13NH20H syn thes i zed  as desc r ibed  above. A f t e r  i n c u b a t i o n  a t  23" C 

f o r  10 rnin., t h e  m i x t u r e  was a p p l i e d  t o  a 1 x 18 cm Sephadex 6-50-40 column and 

was e l u t e d  w i t h  0.2 M po tass ium phosphate b u f f e r ,  pH7.8.Fract ions (0.7 m l )  were 

c o l l e c t e d ,  counted, and assayed f o r  NH20H and p r o t e i n .  The ge l  f i l t r a t i o n  

p r o f i l e s  ob ta ined  f rom these exper iments  a r e  shown i n  F igs .  2 and 3 .  

The d e s a l t e d  enzyme s o l u t i o n s  were assayed f o r  p y r i d o x a l  5 ' -phosphate  t o  

de termine t h e  amount o f  holoenzyme a v a i l a b l e  f o r  r e a c t i o n  w i t h  l3NH?OH. The 

d e s a l t e d  GOT used i n  t h e  I3NH?OH b i n d i n g  s t u d i e s  con ta ined  1.16 moles p y r i d o x a l  

5 ' -phosphate/93,000 g (d imer )  and t h e  GPT con ta ined  1.26 moles p y r i d o x a l  

5'-phosphate/115,000 g (d imer ) .  A l though these  va lues  a r e  l ower  than  t h e  
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F i g u r e  2. B i n d i n g  o f  13NH OH t o  g lu tamate -oxa loace ta te  t ransaminase. Counts a r e  
decay-cor rec ted  t o  t h e  s t g r t  o f  t h e  g e l  f i l t r a t i o n .  

expected maximum p y r i d o x a l  5 ' -phosphate  con ten t  o f  2 moles p e r  dimer,  t h e y  a r e  

comparable t o  t h e  p y r i d o x a l  5 ' -phosphate c o n t e n t  o f  GPT and GOT r e p o r t e d  i n  

p rev ious  s t u d i e s .  P u r i f i e d  GPT was r e p o r t e d  t o  c o n t a i n  1.53 moles p y r i d o x a l  

5'-phosphate/115,000 g enzyme when assayed w i t h  pheny lhyd raz ine  ( 6 ) ,  and t h e  

p y r i d o x a l  5 ' -phospha te  con ten t  (measured by spec t ropho tomet r i c  assay o f  t h e  

2,4-dinitrophenylhydrazone) o f  GOT (es t ima ted  t o  be 81 f 3% pure )  was 1.27 

moles/93,000 g p r o t e i n  ( 1 5 ) ;  t h e  l a t t e r  va lue  i s  about  9% h i g h e r  t h a n  t h e  

p y r i d o x a l  5 ' -phosphate  con ten t  o f  t h e  GOT used i n  t h e  I3NH2OH b i n d i n g  s t u d i e s  

r e p o r t e d  here.  

The amount o f  13NH20H bound t o  p r o t e i n  i n  t h e  exper iments  shown i n  F igs .  2 

and 3 was 0.17 nmole 33NH20H/nmole GOT p y r i d o x a l  5 I -phosphate  and 0.32 nmole 
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F i g u r e  3. B i n d i n g  o f  '"NH OH t o  g lu tamate-pyruvate  t ransaminase. Counts a r e  
decay-cor rec ted  t o  t h e  s t g r t  o f  t h e  g e l  f i l t r a t i o n .  

NH20H/nmole GPT p y r i d o x a l  5 ' -phosphate.  Hydroxylamine r e a c t s  r e v e r s i b l y  o n l y  

w i t h  t h e  bound p y r i d o x a l  5 ' -phosphate  o f  GOT and i s  a c o m p e t i t i v e  i n h i b i t o r  o f  

t h e  amino a c i d  s u b s t r a t e s  (16). To demonstrate t h i s  compe t i t i on ,  a r p a c t i o r ,  

m i x t u r e  c o n t a i n i n g  2.5 mg GOT (26.8 nmoles d i m e r i c  holoenzyme), 1.1 r m o l e s  o f  

13NH20H, and 10 r m o l e s  o f  L -g lu ta rna te  i n  1.1 m l  o f  0.2 M potass ium phosphate 

b u f f e r ,  pH 7.7, was i ncuba ted  a t  23" C f o r  10 min., t hen  chrornatographed on a 

Sephadex G-50-40 column as desc r ibed  above. A c o n t r o l  m i x t u r e  con ta ined  no 

L-glutamate.  Q u a n t i t a t i o n  o f  t h e  b i n d i n g  o f  13NH20H t o  GOT f o l l o w i n g  ge l  

f i l t r a t i o n  showed a 22% decrease i n  NH20H b i n d i n g  i n  t h e  m i x t u r e  c o n t a i n i n g  
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L-g lu tamate  as compared t o  t h e  c o n t r o l  m i x t u r e .  The r e l a t i v e l y  decrease 

i n  NHZOH b i n d i n g ,  even i n  t h e  presence o f  a l a r g e  excess o f  t h e  amino a c i d  

subs t ra te ,  r e f l e c t s  a seve ra l  hundred - fo ld  d i f f e r e n c e  i n  t h e  d i s s o c i a t i o n  

cons tan ts  o f  t h e  enzyme- inh ib i t o r  complex and t h e  enzyme-substrate complex. Fo r  

GOT, t h e  Km f o r  L -g lu tamate  i s  about  4 mM, whereas t h e  K i  f o r  NH20H i s  

app rox ima te l y  0.01 mM (16).  The b i n d i n g  o f  13NHZOH was s u b s t a n t i a l l y  l ower  t h a n  

t h e  t h e o r e t i c a l  maximum: t h i s  i s  i n  accord  w i t h  t h e  f a c t  t h a t  oxime f o r m a t i o n  

smal l  

13 

i s  r e v e r s i b  

5 ' -phosphate  

5 ' -phosphate  

oxime) a r e  a 

e (16) ,  and t h e r e f o r e ,  d i s s o c i a t i o n  o f  13NH20H f rom t h e  p y r i d o x a l  

c o f a c t o r  d u r i n g  g e l  f i l t r a t i o n  may occur.  The pyr idoxamine 

form, as w e l l  as o t h e r  non -cova len t l y  bound d e r i v a t i v e s  (e.9. t h e  

so  more e a s i l y  r e s o l v e d  t h a n  t h e  p y r i d o x a l  5 ' -phosphate a l d i m i n e  

fo rm ( 1 7 ) .  Thus, some o f  t h e  13N- labe led  p y r i d o x a l  5 ' -phosphate  oxime may be 

l o s t  d u r i n g  ge l  f i l t r a t i o n .  I n  v iew o f  t hese  f a c t o r s ,  i t  i s  p robab le  t h a t  t h e  

i n i t i a l  b i n d i n g  o f  13NH20H t o  GOT and GPT p r i o r  t o  g e l  f i l t r a t i o n  i s  h i g h e r  

than t h a t  r e p o r t e d  above. 

DISCUSSION 

Spect rophotomet r ic  s t u d i e s  o f  t h e  r e a c t i o n  o f  NH20H w i t h  

g lu tamate -oxa loace ta te  t ransaminase showed t h a t  i n h i b i t i o n  i s  accompanied by 

fo rma t ion  o f  an a c t i v e - s i t e  p y r i d o x a l  5 ' -phosphat  

r e p o r t e d  here  show t h a t  t h i s  p ro te in -bound  oxime, desp 

r e a d i l y  q u a n t i t a t e d  by t h e  use o f  I3NH20H, and t h a t  

these exper iments  i s  adequate t o  d e t e c t  t h e  b i n d i n g  o f  

t h e  nanomolar l e v e l .  

D u r i n g  t h e  pas t  few Years, I 3 N  has 

s t u d i e s  ( rev iewed by Cooper, e t  a1 ( 

i n c l u d e  i n v e s t i g a t i o n s  o f :  1) a s s i m i l a t  

-- 

oxime (16) .  The r e s u l t s  

t e  i t s  l a b i l i t y ,  can be 

t h e  p r o t o c o l  employed i n  

13NH20H t o  p r o t e i n s  a t  

been used as a m e t a b o l i c  t r a c e r  

8 ) )  o f  p l a n t s  and microorganisms 

on ( i n c o r p o r a t i o n  o f  n i t r a t e ,  n 

n many 

These 

t r i t e ,  

o r  ammonia i n t o  amino a c i d s ) ,  2)  d i s s i m i l a t i o n  ( l o s s  o f  n i t r a t e  o r  n i t r i t e  as 

n o n - u t i l i z a b l e  ammonia), 3)  n i t r o g e n  f i x a t i o n  ( c o n v e r s i o n  o f  N2 t o  u t i l i z a b l e  

ammonia), 4 )  d e n i t r i f i c a t i o n  ( convers ion  o f  i n o r g a n i c  o r  o rgan ic  n i t r o g e n  

compounds from an o x i d i z e d  t o  a more reduced s t a t e  w i t h  subsequent loss o f  
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n i t r o g e n  as N2 ( o r  p o s s i b l y  N20)) ,  and 5 )  n i t r i f i c a t i o n  ( convers ion  o f  

i n o r g a n i c  o r  o r g a n i c  n i t r o g e n  f r o m  a reduced t o  a more o x i d i z e d  s t a t e ) .  

C e r t a i n  spec ies  o f  t h e  n i t r i f y i n g  b a c t e r i a  A r t h r o b a c t e r  (19,20) c o n v e r t  

i n o r g a n i c  ammonium s a l t s  i n  a 2e- t r a n s f e r  r e a c t i o n  t o  NH20H (-1 o x i d a t i o n  

s t a t e )  v i a  N-oxygenat ion (21).  Most o f  t h e  NH20H formed does n o t  immed ia te l y  

undergo f u r t h e r  o x i d a t i o n  by t h e  organism, b u t  i s  e x c r e t e d  i n t o  t h e  medium. It 

has been found t h a t  hydroxy lamine f o r m a t i o n  occu rs  most r a p i d l y  d u r i n g  t h e  

exponen t ia l  g rowth  phase (19) ,  and, indeed, s t u d i e s  c a r r i e d  o u t  i n  t h i s  

l a b o r a t o r y  on two  spec ies  o f  A r t h r o b a c t e r  showed t h a t  w e l l - a e r a t e d  log-phase 

c u l t u r e s  (104-105 c e l l s / m l ) ,  produced NH20H c o n c e n t r a t i o n s  as h i g h  as 2 mM i n  

t h e  medium. 

P r i o r  t o  t h e  development o f  t h e  chemical  s y n t h e s i s  o f  13NH20H p resen ted  i n  

t h i s  work, we a t tempted s e v e r a l  syntheses u s i n g  c e l l  suspensions o f  

A r t h r o b a c t e r  and I3NH4+ (p repared  by r e d u c t i o n  o f  13N02- and I 3 N O 3 -  w i t h  

Devarda 's  a l l o y  ( 2 2 ) ) .  However, t h i s  m i c r o b i o l o g i c a l  approach has t h u s  f a r  

proven unsucces fu l  f o r  seve ra l  reasons: 1) A l though we used log-phase c e l l s  

(ha rves ted  by c e n t r i f u g a t i o n ) ,  t h e  c e l l s  were resuspended i n  t h e  

13NH4+-containing r e a c t i o n  m i x t u r e  a t  10 7 8  -10 c e l l s / m l ,  a c e l l  d e n s i t y  t h a t  i s  

i n c o n s i s t e n t  w i t h  exponen t ia l  growth-phase c o n d i t i o n s .  Under these  c o n d i t i o n s ,  

we observed an o v e r a l l  conve rs ion  o f  13NH4+ t o  13NH20H o f  l e s s  t h a n  1% i n  10 

min. i n  t h e  c e l l  suspension, as compared t o  50-90% convers ion  o f  13N02- t o  

13NH20H i n  t h e  chemical  syn thes i s .  2 )  A l though NH20H i s  known t o  be t h e  ma jo r  

n i t r o g e n - c o n t a i n i n g  m e t a b o l i t e  o f  A r t h r o b a c t e r  t h a t  i s  re leased  i n t o  t h e  

c u l t u r e  medium, o t h e r  p roduc ts ,  such as acetohydroxamic a c i d  and 

1 - n i t r o s o e t h a n o l ,  a re  a l s o  formed (19).  Format ion  o f  t hese  compounds d u r i n g  

i n c u b a t i o n  o f  c e l l  suspensions w i t h  13NH4+ comp l i ca ted  t h e  p u r i f i c a t i o n  o f  

13NH20H. 3 )  The c e l l  suspension re leased  l a r g e  amounts o f  s o l u b l e  p r o t e i n  i n t o  

t h e  r e a c t i o n  m ix tu re ,  which,  a l o n g  w i t h  p r o t e i n  f rom l y s e d  c e l l s ,  r e s u l t e d  i n  

con tamina t ion  of t h e  p u r i f i e d  I3NH20H s o l u t i o n .  
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C e l l - f r e e  e x t r a c t s  o f  A r t h r o b a c t e r  do n o t  c a t a l y z e  t h e  n i t r i f i c a t i o n  o f  

ammonia (23), and t h e  enzymology of  NH20H f o r m a t i o n  remains obscure. Thus, 

desp i te  t h e  apparent u n s u i t a b i l i t y  o f  A r t h r o b a c t e r  f o r  use i n  t h e  syn thes i s  o f  
... 
IJNH20H, t h i s  unusual bac te r ium remains an i n t r i g u i n g  candidate f o r  f u r t h e r  

s tud ies  o f  ammonia o x i d a t i o n  u s i n g  I3NH4+ as a t r a c e r .  

Many microorganisms (e.g. Nitrosomonas europaea) n i t r i f y  by d i r e c t  

convers ion o f  NH4+ ( - 3  o x i d a t i o n  s t a t e )  t o  NO2- (+3 o x i d a t i o n  s t a t e )  by a s i x  

e l e c t r o n  t r a n s f e r  (24) .  Th i s  t r a n s f e r  i s  thought  t o  proceed v i a  t h r e e  2e- s teps 

(25).  I n  t h e  presence of hydraz ine,  complete o x i d a t i o n  o f  NH4 t o  NO2- does n o t  

occur,  b u t  a 2e- t r a n s f e r  r e s u l t s  i n  accumulat ion o f  NH20H (26,27). These 

f i n d i n g s  p r o v i d e  evidence t h a t  NH OH i s  an i n t e r m e d i a t e  i n  t h e  o x i d a t i o n  o f  2 

NH4+ t o  NO2-. The reverse r e a c t i o n ,  i.e. a 2e- r e d u c t i o n  o f  NH20H t o  NH4 , has 

a l s o  been r e p o r t e d  t o  occur  i n  seve ra l  b a c t e r i a  (e.g., Pseudomonas aeruginosa)  

and f u n g i  (e.g., Neurospora c rassa )  t h a t  c o n t a i n  hydroxy lamine reductase (28).  

t 

+ 

The a v a i l a b i l i t y  o f  l3NH20H may be expected t o  f a c i l i t a t e  f u r t h e r  

e x p l o r a t i o n  o f  t hese  d i v e r s e  o x i d a t i o n - r e d u c t i o n  r e a c t i o n s ,  and a l s o  t o  

c o n t r i b u t e  t o  t h e  s tudy o f  NH20H-protein i n t e r a c t i o n s .  A l though I 3 N  i s  

a v a i l a b l e  o n l y  a t  i n s t i t u t i o n s  possess ing a c y c l o t r o n  o r  a Van de G r a a f f  

generator ,  The p resen t  syn thes i s  o f  I3NH20H may have a w ide r  a p p l i c a b i l i t y ;  

15N02- i s  a v a i l a b l e  commerc ia l ly ,  and t h e  method shou ld  be u s e f u l  f o r  t h e  

syn thes i s  o f  15NH20H. 
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