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SUMMARY 

An enzyme, glutamohydroxamase, that accomplishes the hydrolysis of y- 
glutamohydroxamate and the deamidation of glutamine at similar rates has been 
described. This enzyme is predominantly present in rat kidney, is absent from liver, 
and is bound to the microsomal fraction of the cell. It is activated by SOa 2- and inhi- 
bited by HgC12 and reduced glutathione in a similar manner as is glutaminase, which 
it resembles in several other ways as well. However, the failure of glutaminase to 
hydrolyze y-glutamohydroxamate serves to distinguish the two enzymes. The products 
of the glutamohydroxamase reaction were shown to be glutamic acid and hydroxyl- 
amine and the reaction was found not to be reversible. 

INTRODUCTION 

Early work by ERRERA 1 and ERRERA AND GREENSTEIN 2 demonstrated the 
presence of two enzymatic activities resulting in the deamidation of glutamine. One 
was particulate and was present in liver, kidney, brain and spleen, and was activated 
by the presence of phosphate, sulfate or arsenate ions. I t  was designated as glutamin- 
ase I. A second activity present in the supernatant fraction of liver and activated by 
pyruvate was named glutaminase II.  Subsequent work disclosed that the latter en- 
zyme activity was associated with a transamination reaction which was followed by 
the hydrolysis of a-ketoglutaramate to yield ammonia and a-ketoglutarate3, a. More 
recently, work involving the purification 5 and studies on the characteristics 6 have been 
devoted largely to true glutaminase activity (glutaminase I). 

KLINGMAN AND HANDLER 5 noted that pig renal glutaminase activity was located 
exclusively in mitochondria. They were able to show that phosphate ions gave an 
apparent enzyme activation by exerting a protective effect against enzyme inactiva- 
tion, and to use this phenomenon in accomplishing a 25-fold purification of the enzyme. 

The essence of this report is to suggest that  there exists in rat kidney two en- 

Abbreviations: CETAB, hexadecyltrimethylammonium bromide; BAL, 2,3-dimercapto- 
propanol. 
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zymes capable of hydrolyzing glutamine. One (glutaminase I) is found predominantly 
in mitochondrial preparations and has a high degree of specificity for glutamine. The 
other (here designated glutamohydroxamase) is associated with the microsomal pellet 
and is able to hydrolyze both ghitamine and glutamohydroxamate.  Other differences 
between the two enzyme activities are noted. 

MATERIAL AND METHODS 

L-Glutamine and 2,3-dimercaptopropanol (BAL) were products of the Mann 
Research Laboratories, New York, N.Y. y-Glutamohydroxamate and sodium deoxy- 
cholate were purchased from General Biochemicals, Chagrin Falls, Ohio. Hexadecyl- 
t r imethylammonium bromide (CETAB) was a product of the Matheson, Coleman and 
Bell Co., Cincinnati, Ohio. 3-Acetylpyridine-adenine dinucleotide was obtained from 
P-L Biochemicals, Inc., Milwaukee, Wisc. The L-glutamate dehydrogenase (bovine 
liver), oxidized and reduced glutathione, cysteine, and mercaptoethanol were products 
of Calbiochem, Los Angeles, Calif. All other reagents were of the best commercial 
grade available. 

Male Hol tzman rats (15o-25o g) were used in all experiments, unless otherwise 
stated. After decapitation, the kidneys and liver were removed within 4 ° sec and the 
brain within 60 sec. The organs were weighed, minced, and homogenized in 9 vol. of 
either o.oi M sodium barbital  buffer (pH 8.0) with o.I ~o CETAB, or 0.25 M sucrose 
when the differential centrifugation studies were done. The tissue, kept at o °, was 
transferred to a homogenizer tube fitted with a teflon pestle (clearance 0.005 inch) and 
homogenization was accomplished mechanically with 8 strokes. Centrifugation was 
carried out in a Sorvall refrigerated centrifuge Model RC 2B. Nuclei were removed at 
700 × g for IO min, mitochondria at 5000 × g for IO min and the lysosomal fraction 
at 12 500 × g for IO min. The various cellular fractions were washed twice in 0.25 M 
sucrose and were homogenized manually in a homogenizer tube fitted with a teflon 
pestle in 4 times the original kidney weight of o.oi M barbital  buffer (pH 8) containing 
o . i %  CETAB. The post-lysosomal supernatant was spun at 145 ooo × g for 2 h in 
a Spinco Model L ultracentrifuge and the microsomal pellet was homogenized in 
barbi ta l -CETAB buffer. Unless otherwise stated, the mitochondrial fraction or the 
microsomal pellet were used as the enzyme source in all assays. All experiments were 
performed on the same day that  tissues were obtained from fasted rats. 

Enzyme assays 
Glutaminase was assayed in Conway diffusion flasks. The outer well contained 

I ml and in final concentrations, L-glutamine 22 mM, Na~SO 4 IOO mM, sodium barbi- 
tal buffer (pH 8.0) 30 mM, and 0.2 ml of the enzyme solution. After a Io-min incuba- 
tion at 37°, the enzymatic reaction was terminated by  the injection through the rubber 
stopper of I ml of borate buffer ( p H I  1.5) o. 15 M. The liberated ammonia was captured 
in 2 ml of 2 M H2SO * in the center well of the Conway diffusion flask during a 2-h 
incubation at 37 °. A flask which was to serve as a blank was treated identically except 
that  water replaced the enzyme solution. Ammonia concentration was determined 
in two o.5-ml aliquots of H2SO 4 by the Nessler reaction. NH4C1 was used as a standard. 
One unit of enzyme activity was defined as the amount of enzyme necessary to release 
I /~mole of ammonia per h. 
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Glutamohydroxamase 

The basic incubation mixture of I ml contained v-glutamohydroxamic acid 
3 mM, Na2SO 4 ioo raM, and sodium barbital buffer (pH 8.0) 24 mM. Additionally, 
when kidney and brain were assayed, 21 and 3 mM, respectively, of L-glutamine were 
added to the incubation mixture. Glutamine was not added when the activity of this 
enzyme in other tissue was assayed. The assay was terminated after a I-h incubation 
at 37 ° by the addition of 2 ml of FeC] 3 solution (8% FeC13 and lO% trichloroacetic 
acid (w/v) in 0.5 M HC1). The solution was filtered and the concentration of unreacted 
glutamohydroxamate was determined at 500 m# in a Gilford Model 2000 spectro- 
photometer. The absorbance of the reaction mixture was subtracted from the ab- 
sorbance of an identical mixture to which FeC13 solution had been added prior to the 
addition of the enzyme. The resulting absorbance change was compared to a standard 
glutamohydroxamate curve and the/,moles of reacted glutamohydroxamate deter- 
mined. The final result was multiplied by either 7 or 2 in accordance with the ratio 
of glutamine/glutamohydroxamate present. One unit was defined as the amount of 
enzyme necessary to hydrolyze i / ,mole  of glutamohydroxamate per h. 

Proteins were measured by the method of LOWRY et al. v with bovine serum 
albumin as standard. 

Evidence that the products of the glutamohydroxamase assay were glutamic 
acid and hydroxylamine was accumulated in this manner: The glutamohydroxamase 
reaction was allowed to proceed in the absence of glutamine until nearly complete 
disappearance of the glutamohydroxamate. An aliquot of the protein-free supernatant 
was used in two reactions : (I) one portion was added to the ingredients necessary for 
glutamine synthesis as described by SELLINGER AND I)EBALBIAN VERSTER 9. The reac- 
tion mixture thus contained only the supernatant described above, ATP, Mg 2+, BAL, 
Tris buffer, and a purified preparation of brain glutamine synthetase. Following a I-h 
incubation, the quantity of glutamohydroxamate formed was determined. Calcula- 
tions revealed that in excess of 50% of the previously hydrolyzed glutamohydroxa- 
mate had been reformed by the glutamine synthetase reaction. (2) A second portion of 
the protein-free-supernatant from the glutamohydroxamase reaction as described 
above, calculated to contain the products of o.25/*mole of reacted glutamohydroxamate 
was compared with a standard known to contain 0.25/*mole of glutamic acid. The blank 
contained the same quantity of unreacted glutamohydroxamate. The samples were 
incubated in the presence of 0.5/*mole of N-acetylpyridine-DPN and 0.2 mg of gluta- 
mate dehydrogenase. The reaction rate was followed in a Gilford Model 2000 spectro- 
photometer equipped with a constant temperature heating unit. Using the absorption 
coefficient for N-acetyl-DPN of 8. lO 3 M-l .cm -1 per mole, total conversion of 0.25 
/,mole of glutamic acid would result in an absorbance reading of approx. 2. At the 
end of a i-h incubation the absorbance recorded for the cuvette having the unknown 
was 1.25, for the one containing the known amount of glutamic acid was I.O and for 
the one containing the unreacted glutamohydroxamate the absorbance was o.17. 
No further change in rate was noted after 4 h and the final absorbance was 2.13 in the 
unknown cuvette, 2.1 for the cuvette containing standard glutamic acid and 0.25 in 
the cuvette containing the unreacted glutamohydroxamate. 
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RESULTS 

Initial difficulties in following the enzymatic hydrolysis of y-glutamohydroxa- 
mate were due to the occurrence of non-enzymatic hydrolysis of the compound in the 
presence of phosphate ions in an alkaline solution. Glutamine has been reported to 
behave similarly and to yield ammonia and pyrrolidorle carboxylic acid6,1°. These 
problems were largely overcome by using S042- in the place of phosphate in accord- 
ance with the report by GILBERT, PRICE AND GREENSTEiN 6. These workers showed 
that  SO42-, when compared to phosphate, effected a 94% activation of glutaminase 
activity and caused virtually no non-enzymatic deamidation of glutamine. Initial 
studies showed that  the enzymatic hydrolysis of v-glutamohydroxamate by crude 
kidney homogenates was directly proportional to tissue concentration up to 4o mg of 
wet weight and was virtually absent when homogenates heated to 9 °0 for 5 min were 
used. A time-course reaction showed linearity with time of incubation up to 12o min. 

That the glutamohydroxamase assay system could not be used to determine 
glutaminase activity became apparent when both glutaminase and glutamohydroxa- 
mase enzyme levels were determined in various tissues. Results showed that although 
the activity of glutaminase is higher in rat brain than in kidney, the activity of 
glutamohydroxamase in brain is approx, one-tenth of that in kidney. The presence of 
considerable glutaminase activity in rat liver and the virtual absence of glutamo- 
hydroxamase indicated that  the two enzyme systems were not identical. Table I 
shows the distribution of both enzyme activities in various tissues of the rat. It  can 
be noted further that  the activity of glutamohydroxamase in pancreas is about the 
same as its activity in brain, with lesser amounts being present in lung, heart and 
spleen. 

The possibility that  two different enzymes were being assayed was strengthened 
when the study of the subcellular distribution of the two activities was investigated. 
Table II  shows that while glutaminase activity predominates in mitochondria, gluta- 
mohydroxamase is present primarily in the microsomal pellet, a fact that was con- 
tinually borne out in many additional experiments not included in the table. I t  is 
quite evident that mitochondrial preparations hydrolyzed almost exclusively gluta- 

T A B L E  I 

THE DISTRIBUTION OF GLUTAMINASE AND GLUTAMOHYDROXAMASE IN VARIOUS TISSUES OF THE RAT 

Assays  on k idney,  b ra in  a nd  l iver  are ave rage  of a t  l eas t  twe lve  exper iments .  Assays  on spleen, 
pancreas ,  hear t ,  l ung  and  h e p a t o m a  are ave rage  of two  exper iments .  

Rat Glutaminase* Gl,*tamohydroxamase* 

Kidney  i 15 ° 360 
Bra in  158o 33 
L ive r  240 3 
Spleen 195 5 
Pancreas  17 ° 32 
Lung  ioo  8. 4 
H e a r t  8 4 6.8 
7800 H e p a t o m a  13 5 

* Uni t s  per  g r a m  of t issue.  
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T A B L E  I I  

THE DISTRIBUTION OF GLUTAMINASE AND GLUTAMOHYDROXAMASE IN THE SUBCELLULAR FRACTIONS 
OF RAT KIDNEY 

A v e r a g e  of  a t  l e a s t  f o u r  e x p e r i m e n t s .  

Fraction G l u t a m i n a s e  Glutamohydroxamase 

Units* % Units* % 

H o m o g e n a t e  1525 i oo  636 i oo  
N u c l e a r  145 9.5 35 6 
M i t o e h o n d r i a l  lO2O 67 6o IO 
L y s o s o m a l  16 i i o 4 
M i c r o s o m a l  260 17 284 45 
Cy toso l  4 ° 2.6 97 15 
R e c o v e r y  97 80 

* T o t a l  un i t s  in f r ac t i on .  

mine but not glutamohydroxamate,  while the enzyme activity found in the micros- 
omal pellet was able to hydrolyze both glutamohydroxamate and glutamine at nearly 
equal rates. The recovery of glutamohydroxamase was poor, a fact that  is related to 
the instability of the enzyme; enzyme activity dropped approx. 40% when samples 
were frozen overnight. 

Attempts  at purification of glutamohydroxamase disclosed that  the enzyme 
could be solubilized in I ~/o deoxycholate. Since this detergent resulted in a spurious 
increase in the color development of the assay, it was removed by passage of the 
supernatant through a Sephadex G-5o column. The enzyme was eluted in the first 
20 ml following the passage of the bed volume. Treatment of mitochondrial prepara- 
tions in an identical manner with I ~o deoxycholate completely inactivated glutamin- 
ase activity. A more extensive purification of glutamohydroxamase is now in progress 
and will be the subject of further reports. 

I t  is of interest to note that  in Table I I  the microsomal preparation contains 
apparent glutaminase activity; however, since the major part  of the activity can be 
ascribed to the glutamohydroxamase system, the real distribution of glutaminase is 
appreciably changed. 

Fig. I shows the activity of both enzyme systems at various pH values. Both 
enzymes have a pH optimum of 8, but it can be seen that  the fall in activity at the 
more acid pH value is greater for glutaminase than it is for glutamohydroxamase. 

The results of kinetic studies are shown in a composite graph in Fig. 2 and are 
represented by double-reciprocal plots 11. The Km value calculated for glutaminase 
(Fig. 2, A)was 5-5" lO-3 M when either crude kidney homogenate or mitochondrial 
preparations were used. The results of kinetic studies with glutamohydroxamase 
activity using the microsomal pellet as the enzyme source and glutamohydroxamate 
as the substrate are seen in Fig. 2, ]3. The K~, value in this case was 4" lO-3 M. When 
glutamine and glutamohydroxamate in a ratio of 7 :I were present as substrate (Fig. 
2, C) the calculated Km was 6. lO -3 M. The Km was approximately the same when either 
crude homogenates or resuspended microsomal pellet was used. Significantly, when 
microsomal membranes were used as the enzyme source (presumably measuring 
glutamohydroxamase activity) in conditions satisfactory for glutaminase assay 
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Fig. i .  The  effect of  p H  on g lutaminase  ( O - - Q )  and g l u t a m o h y d r o x a m a s e  ( O  . . . . .  O)  act iv i ty .  
E n z y m e  source was  rat -k idney  mitochondria  for g lutaminase  and the  microsomal  pel let  for 
g l u t a m o h y d r o x a m a s e .  Uni t s  are referred to  per g of original tissue. 

Fig. 2. A compos i te  representat ion of the  e n z y m e  ac t iv i ty  from several  subcellular fractions 
p lot ted  against  certain substrates  according to  LINEWEAVER AND BURK 11. A. Glutaminase  I 
from rat -k idney  mitochondria  vs .  glutamine  concentrat ions .  Kin, 5 .5"1o-3 M. B. G l u tamohy-  
droxamase  ac t iv i ty  from rat -k idney  microsomal  pel let  vs.  g l u t a m o h y d r o x a m a t e  as substrate .  
Kin, 6 .  lO -3 M. (See text.)  

24 

~0 

V 16 

/ 1 1  .,/ 

/ 

OI 02 03 04 05 
J__ 
[Gl~]lm MI 

06 

b " ~ °  * 

[Gm] I~MI 

Fig. 3. The effect of  various concentrat ions  of g lutamine  (Gln) on the rate of  the  hydrolys i s  of  cons tant  
g l u t a m o h y d r o x a m a t e  concentrat ion  (3 mM) by  rat -k idney  preparations,  v, /zmoles of  g lutamo-  
h y d t o x a m a t e  degraded per h. 

Fig. 4- The effect of  increasing concentrat ions  of g lutamine  (Gln) on g l u t a m o h y d r o x a m a s e  ac t iv i ty  at 
three g l u t a m o h y d r o x a m a t e  concentrat ions  (mM): A, 6; B, 3; C, 1. 5. The e n z y m e  source was  
rat -k idney  microsomal  membranes .  The data  are plotted according to DixoN12. The calculated K,  
for g lutamine  as an inhibitor to g l u t a m o h y d r o x a m a t e  in the reaction was  5.5 "lO-8 M. v, /zmoles 
of  g l u t a m o h y d r o x a m a t e  hydro lyzed  per h. 
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(Conway diffusion flask, only  g lu tamine  as substrate)  the  resul t ing Km value was 
6.  IO -a M. These values were considered to  be wi thin  the  l imits  of exper imen ta l  error. 
The ra te  of hydro lys i s  of a cons tan t  concent ra t ion  of g l u t a m o h y d r o x a m a t e  (3 m#) b y  
g l u t a m o h y d r o x a m a s e  in the  face of increasing g lu tamine  concent ra t ions  is demon-  
s t r a t ed  in Fig. 3. I t  is qui te  ev ident  t ha t  as g lu tamine  concentra t ions  increase, the  ra te  
of the  reac t ion  is reduced.  Fig.  4 demons t ra tes  the  results  of kinet ic  s tudies  when bo th  
the  g lu tamine  concent ra t ions  and the y - g l u t a m o h y d r o x a m a t e  concent ra t ions  are 
varied.  The d a t a  represent  the  reciprocal  of  the  ve loc i ty  p lo t t ed  agains t  the  inhib i tor  
concent ra t ions  (glutamine at  three  different g l u t a m o h y d r o x a m a t e  concentrat ions) .  
Using the me thod  of DIXON 12 the  K ,  for g lu tamine  was ca lcu la ted  to be 5.5" lO-8 M. 
The resul ts  as represented  in Fig. 4 are character is t ic  of  a compet i t ive  inhibi t ion.  
Since g lu tamine  competes  wi th  g l u t a m o h y d r o x a m a t e  in the  g l u t a m o h y d r o x a m a s e  
react ion i t  effectively acts  as an inhib i tor  wi th  a K,  of  5.5" IO-a M. When  g lu tamine  

TABLE I I I  

T H E  E F F E C T  OF V A R I O U S  I N H I B I T O R S  A N D  OF S O 4  2 -  ON G L U T A M I N A S E  A N D  G L U T A M O H Y D R O X A M A S E  

A C T I V I T Y  

Addition (M)  Inhibition (%) 

Glutaminase Glutamo- 
hydroxamase 

HgCl~ 
Io-Z 97 8o 
l O  - 3  9 ° 12  

l O  - 4  8 1  IO 

p-Chloromercuribenzoa/e 
I O  - a  98 16 
1 0  - 4  8 6  3 

lO -5 18 o 

Evans blue 
5 "  1 0 - 3  5 5  O 

Bromocresol purple 
5" IO-3 20 o 

Glutamate 
2 • 10 -8 - -  32 
5" 10-S 60 16 

I4ydroxylamine 
2 " IO - 2  O 2 3  

NH4Cl 
5" IO-S 55 13 

CaCl 2 
t o - ~  _ _  3 ° 

MgCl2 
to-~ 5 - -  

Gluta/hione, reduced 
lO -8 68 87 
5" IO-~ - -  25 

Glutathione, oxidized 
I O  - 3  6 25 

2,3-Dimercap/opropanol o o 
Mercaploethanol o o 
Na2SO4 78. 63" 

* Activation (%). 
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is studied as substrate in the glutamohydroxamase reaction the resulting Km value 
is the same. This suggests that  glutamohydroxamase hydrolyzes both substrates at 
very similar rates. Consequently, in order to perform the assay with an excess of 
substrate and yet conserve 7-glutamohydroxamate,  the reaction was routinely run 
with a set ratio of substrates (7:I, see METHODS). This modification proved quite 
practical except in situations when tissues having low glutamohydroxamase activity 
were assayed. In such cases the glutamine :7-glutamohydroxamate ratios were lowered 
to I in the case of brain and in other cases glutamine was omitted from the incubation 
mixture completely. 

The effect of various inhibitors on the enzyme activity of both glutaminase and 
glutamohydroxamase can be seen in Table I I I .  Some of the data  is similar to that  
reported by  ROBERTS 4, and SAYRE AND ROBERTS 13. HgC12 and p-chloromercuribenzo- 
ate have considerable inhibitory effect on glutaminase activity at the concentration 
of I .  IO -~ M. Evans blue and bromocresol purple at concentrations of 5" lO-3 M cause 
a 55 and 20% inhibition of glutaminase, respectively. In contrast, glutamohydroxa- 
mase activity is inhibited 80% at I .  lO -2 M concentrations of HgC12 and only IO% at 
I .  lO -3 M concentrations. The marked discrepancy in the sensitivity of the two en- 
zyme systems to these inhibitors suggests that  the two enzyme systems are of different 
molecular composition. I t  should be noted that  Na2SO a activates both enzyme 
systems to a considerable degree and CaC12 inhibits glutamohydroxamase at I .  IO -e M 
concentrations by  30 %. MgClz has virtually no effect on glutamohydroxamase activity 
in either the presence or the absence of Na2SO 4. Of considerable interest was the 
marked inhibitory effect of reduced glutathione on both glutamohydroxamase and 
glutaminase. This finding has been described s but was shown to disappear when 
purified glutaminase preparations were used. Kinetic data  subjected to reciprocal 
plots in the manner of LINEWEAVER AND BURK 11 indicates that  in both instances the 
inhibition is of a non-competitive nature. This information, along with a substantially 
smaller inhibition when oxidized glutathione was used, implies that  glutathione is not 
serving as substrate in the glutamohydroxamase reaction. 

DISCUSSION 

The above data  demonstrate that  while the microsomal membrane has en- 
zymatic capacity to hydrolyze glutamine and glutamohydroxamate at nearly equal 
rates, mitochondrial preparations are active only against glutamine and not against 
glutamohydroxamate.  Alternative explanations for the data  presented are difficult 
to exhaust but several of the more possible ones should be considered: The glutamo- 
hydroxamase system might be due to: (I) glutamine transferase activity; (2) trans- 
peptidase activity; and (3) transglutaminase activity. 

The absence of glutamohydroxamase activity in liver together with the presence 
o f glutamine synthetase-glutamine transferase activity there precludes the possibility 
that  the enzymatic hydrolysis of glutamohydroxamate is being accomplished by  glut- 
amine synthetase. I t  is possible that  the glutamohydroxamase system described is due 
to a transpeptidase activity. This latter enzyme, initially described by  I-IANES, HIRD 
AND ISHERWOOD 14, and investigated further by  KINOSHITA AND BALL 15, is involved in 
the transfer of glutamic acid bound to a protein or a small polypeptide (glutathione) 
to an acceptor amino acid (arginine). REVEL AND BALL 16 have shown that  the rate of 
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the transpeptidase reaction with glutathione as substrate increases with increasing 
glutamine (acceptor) concentrations up to 13/~moles. These workers were unable to 
ascribe deamidation of glutamine to the transpeptidase reaction. ORLOWSKI AND 
MEISTER 17 using glycyl-p-nitroanilide as substrate, accomplished a IOOO-fold purifica- 
tion of v-glutamyl transpeptidase from hog kidney. They reported a 30% activation 
by Mg 2+. Using glutamine as substrate, incubation in the presence of purified enzymes 
resulted in the formation of some glutamic acid and a series of v-glutamylglutamine 
compounds. CLIrFE AND WALEY 18 used y-glutamylglycine as substrate and reported 
that transpeptidase activity was predominantly present in the nuclear fraction of rat 
l iver .  SZCZEKLIK, ORLOWSKI AND SZEWCZUK 19, were able to demonstrate transpepti- 
dase activity in the serum of some patients with liver disease. The substrate used was 
glutamyl amino propionitrile. A transfer of v-bound glutamine of glutathione to water 
by bacterial preparations has been reported by MILBAUER 20. The variability in the 
reported results may be explained by the variety of substrates used. 

Several aspects of the studies presented largely eliminate the possibility that 
the glutamohydroxamase reaction is the result of transglutaminase activity. The 
quanti ty of glutamic acid produced was equivalent to the amount of glutamohydroxa- 
mate degraded. Also, the addition of glutamine to the glutamohydroxamase reaction 
mixture decreases apparent glutamohydroxamase activity. The activation of gluta- 
mohydroxamase conferred by SO42- has not been reported for the transglutaminase 
reaction, and the activation of Mg 2+, which has been reported 16 for the transglutamin- 
ase reaction is lacking. Glutathione non-competitively inhibits both glutaminase and 
glutamohydroxamase activity. It  is concluded that glutathione is not serving as a 
substrate in the glutamohydroxamase reaction. 

EHRENFELD, MARBLE AND MEISTER 21 isolated and partially purified from Azo- 
bacter agilis an enzyme activity that formed ~-glutamohydroxamate from L-glutamine 
or L-glutamic acid and hydroxylamine in the absence of nucleotides and metal ions, 
The enzyme also catalyzed the hydrolysis of~,-glutamohydroxamate. It  is possible that 
a similar enzyme is being described here. A definitive decision concerning these 
alternatives awaits the purification of the microsomal glutamohydroxamase activity, 
which is now in progress. However, it should be emphasized that mitochondrial prepa- 
ration purified to the best extent possible failed to hydrolyze ~-glutamohydroxamate 
while glutamine was actively deamidated. 

Entirely compatible with the results is the hypothesis that glutamohydroxamase 
is a unique enzyme, mechanistically similar to glutaminase, but differing in its local- 
ization and specificity. 
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