
Journal of Chromatography, 235 (19~~) 249-255 
Elsevier Scientific Publishing Company. Amsterdam - Printed in The Netherlands 

CHROM. 14,267 

RADIOISOTOPE ASSAY FOR GLUTAMINE SYNTHETASE USING THIN- 
LAYER CHROMATOGRAPHY 

SHAM L. PAHUJA and TED W. REID* 

Yale (Inirersity School of Medicine. Department of OpAihahnolog_v and Science. Xew CT 
((/‘.S.A.) 

(First June 1st. revised manuscript received August 6th. 1981) 

___-- - -- -__ _---- 

SUMMARY 

A simple radiochemical method for the determination of glutamine synthetase 
activity by thin-layer chromatography is described. The assay involves the separation 
of glutamine from glutamic acid on anion-exchange resin [Dowes 1 (CH,COO-)] 
coated plastic strips. The technique described is fast, reproducible and at least 50 
times more sensitive than commonly used calorimetric methods. This method was 
used to determine the kinetic properties of glutamine synthetase and is applicable 
with either purified enzymes or crude tissue homogenates_ K,, values for glutamic 
acid. ATP and ammonia determined by the present assay were similar to the values 
obtained by calorimetric methods. 
-__---. -_. - ~~--_-_____-____--.___~___ .________._ 

lir;TRODUCTlON 

The enzymatic conversion of glutamic acid to glutamine by glutamine syn- 
thetase [L-glutamate: ammonia ligase (ADP). E-C. 6.3_1.2.] occupies a central po- 
sition in nitrogen metabolism. The presence of this enzyme has been determined in 
animal tissues. plants, and bacteria. Control and regulation of glutamine synthetase 
by hormones and various metabolites has been studied in cells grown in tissue culture 
and purified enzyme preparations’-‘. 

Assay methods generally used measure glutamine synthetase activity either by 
colorimetricY-‘o. or radiochemical methods based on the separation of glutamine 
from glutamic acid by column chromatography “- 3 Major shortcomings associated . 
with calorimetric techniques are: (1) they do not measure the physiological end prod- 
ucts; (2) they lack sensitivity: (3) they are subject to interference by substances which 
can react with ammonium molybdate or ferric chloride. Radioisotopic methods on 
the other hand are very sensitive but are time consuming and tedious. 

In this paper, we describe a simple, rapid. sensitive and specific assay which 
avoids the problems associated with the previous assays. The method involves detec- 
tion and quantitation of glutamine formed from 3H-labelled glutamic acid by thin- 
layer chromato_maphy (TLC) on anion-exchange resin powes 1 (CH,COO-)] coated 
plastic sheets. Glutamine and glutamic acid separate well due to the fact that glutamic 
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acid is strongly adsorbed while gutamine moves quite readily under the chromato- 
graphic conditions_ 

blATERl.ALS AND METHODS 

loncs SB-_4C precoated plastic sheets were obtained from Brinkmann (West- 
bury. NY, L’.S_A_). Prior to use. 1.2 x 9.0 cm plastic strips were cut and equilibrated 
with 0.05 “; acetic acid for 30 micas recommended by Devenyi’“. [3,4-3H]glutamic 
acid (40 Ciimmol) was obtained Oom New En&md Nuclear (Boston, MA. U.S.A.). 
ATP, un!abelled glutamic acid and glutamine were obtained from Sigma (St. Louis. 
MO. L’.S.A.)_ All other chemicals and reagents were obtained from the usual sources. 
Bovine retina wa used as a source of glutamine synthetase. Retina was homogenized 
lx-ith 5 m,il phosphate buffer (pH 7-l)_ 10 mJf Zmercaptoethanol_ and 0.1 m_Lf EDTA_ 
zrnd was centrifuged at 105,000 g for 30 min at 4-C. The supernatant wils used as a 

source of crude enzyme preparation. Glutamine synthetase \vas purified from the 
crude extract by ammonium sulfate fractionation followed by conventional chroma- 
tographic techniques. The purified enzyme preparation was judged to be homoge- 
neous on the basis of analytical gel electrophoretic techniques under mrious con- 
ditions 2nd immunodiffusion analysis. Details of the enzyme purification and charac- 
terizzttion will be published elsewhere”. 

The standard incubation mixture (total volume 50 111. pH 7.4) consisted of: 50 
m-11 imidazole. 20 m:lZ MgCl,, IO m&1 ATP. 4 mM ammonium chloride. 10 m-if 

[‘Hlglutamic acid (200-1000 cpminmole). The reaction was initiated by the addition 
of an appropriate amount of enzyme preparation. The reaction misture was in- 
cubated at 37-C and stopped by rapid cooling in ice. Immediately after cooling. 5 ~11 
of the incubation misture were spotted as a streak and dried at the origin 1 cm from 
the bottom of the strip. Ascending chromatogrrlphy was carried out in ethyl acetate- 
pyridine-water (S:l:91) misture till the solvent approached to within 1 cm of the top 
of the strip. Areas corresponding to glutamic acid and glutamine. as determined from 
the reference strips run under identical conditions. were cut and placed in scintillation 
\-ials. In cases \vhere reference strips were not run. the strips were cut into l-cm pieces 
and individual pieces \vere placed in separate vials. Amino acids were eluted from the 
resin by adding 2.5 ml of scintillation fluid (ACS) and 1 ml of 107, formic acid as 
recommended by Himoe and Rinne”. The unit of enzyme activity is espressed as the 
amount required to convert 1.0 pmol of glutamic acid to product per min at 37-C. 

Protein was determined by the method of Bradford” using bovine serum al- 
bumin as a standard. 

RESC;L-FS 

Sepururion of~ghruniic acid urrd ginrumine 
Fig. I shows the separation of unlabelled glutamic acid and glutamine with 

ethyl acetate-pyridine-water mixture (S: 1:9 1) obtained in 30 min. Glutamine moves 
near the solvent front, while slutamic acid remains near the origin. The contents of 
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the assay mixture do not significantly affect the separation of glutamic acid and 
glutamine. As shown in Fig _ 2, glutamine formed from radiolabelled glutamic acid by 
glutamine synthetase was completely separated from the unreacted substrate. Table I 
shows the R, values of glutamic acid and glutamine in various solvents. It is evident 
that as the concentration of acetic acid is increased, mobility of glutamic acid in- 
creases withtout any significant effect on mobility of glutamine. 

: MOLVENT FRONT 
-GLUTAMINE 

I.2 

b - 

iii 
11 
” 

-GLUTAXIC ACID 
-9RIGIN 

w 

I GLilTAMIC 
12 

6 

0 2 4 6 6 IO 

t 

MIGRATION (cm) 

1 
I-_ . Origin Solvent 

Front 

Fig. 1. Sepxation of glutamic acid and glutamine. A 2ql aliquot containing -I JIM of glummic acid 
and glutsmine in imidazole buffer. pH 7.4 was spotted. After development. the strips were dried, sprayed 
with 0.2% ninhydrin in butanol-acetic acid (95:5) and spots visualized after brief exposure at 70°C. 

Fig. 7. Separation of [3H]glutamine (0-O) formed from [‘H]glutamic acid on Dowes I-(acetate) coated 
plastic sheets. After development. the strips were dried. cut into l-cm pieces and the radioactivity counted 
as described in the text. Assay mixture was incubated with 70 JIM of crude enzyme protein for 10 min at 
37-C. 0-O. Migration of [3H]+tamic acid in the presence of assay mixture and enzyme after incubation 
at O-C for 10 min. The composition of assay mixture was the same as described in Materials and methods. 

Glutamine synthetase from bovine retina was used to test the linearity of the 
assay with time and protein concentration. Fig. 3A shows that the amount of gluta- 
mine synthesized is linear with respect to time for incubations up to 30 min. The 
amount of giutamine synthesized was also linear with respect to protein concentra- 
tion of the crude retinal extract (Fig. 3B). The assay conditions are described under 
Materials and methods and in the legends to Fig. 3. 
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TABLE I 

RF VALUES OF GLLTTAMIC ACID AND GLUTAMINE IN VARIOUS SOLVENTS 

Solwn f R, (Glut R, (Gin) 

1 Pyidine-acetic acid-water (0.5:0.?:99.3) 
2 Pyidine-acetic acid-water (0.5:0.5:99) 
-I 

; 
Pyidine-acetic acid-water (OS:1 :98.5) 
Acetic acid-water (0.Z99.S) 

5 Acetic acid-water (0.5:99.5) 
6 Acctic acid-water ( 1199) 
7 Methanol-acetic acid-water (lO:C.t:S9.8) 
8 Ethyl acetate-acetic acid-ammonium h>droside-wrtrer (510.1 :O.l 
9 EthyI acetate-pyridine-water (S:1:91) 

-.- .__~~___--~.~_~..- __ _ __ _____ __._ ~_ ~. 

:9&S) 

0.21 0.97 
0.46 0.97 
0.56 0.9s 
0.16 0.97 
0.3s 0.97 
0.49 0.97 
0.1s 0.94 
0.15 0.86 
0.04 0.9s 

In Table II. the requirements for glutamine synthetase reaction are illustrated. 
Essentialiy. no activity was obtained in the absence of ATP, Mg’+ or ammonia. 

Kinetics hi,urcteristit.ss of. retitwi glirtrmine _qxtiwtaw 
In order to test the usefulness of this simple procedure in kinetic studies. kinetic 

characteristics were determined for purified retinal glutamine synthetase. The enzyme 
sho\vs Michaelis-Menten kinetics when one of the substrates is limiting. Double 
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Fig. 3. Relationship of Slutxminr aynth&s with incubation time and protein conccntmtion. A. Etkct of 
:xious incubation times on product formation using ?.O .ug of crude enzyme. B. Effect of different protein 
concentrations on product formation during a IO min incubation time. Each data point represents an 
avcrr?gc of thrtw determinations. Other drraiIs x\err‘ the same as drxribcxi in Materials and methods. 

REQUIREMESTS FOR GLUTXMISE SYNTHETASE RE_ACTION 

The composition of complrtc ystcm was same as described in Materials and methods. 
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Fig. 4. Rbf determination of glutamine synthetase for glutamic acid (A), ATP (B) and ammonia (C). in 
each ease, 0.92 JIM of purified glutamine synrhetase and a 10 min incubation time were used. Initial velocity 

is expressed as nmoles of producr formed per min. For each determination. the concentration of all 
subsrrttes except for the one used to determine the K’hi was the same as described in lMaterials and methods 
for the standard assay. 

reciprocal plots of velocity versus various concentration of glutamic acid, ATP and 
ammonium chloride are shown in Fig. 4. Michaelis constants (K,,) for glutamic acid, 
ATP and ammonium chloride were found to be 3.6 m&f, 1.9 rnh1 and 0.34 m&f, 
respectively_ KS, values for glutamic acid and ATP were 3.4 rnlM and 2-l InkI respec- 
tively. by the 7-hydroxyglutamate determination. The K,, value for ammonium 
chloride was found to be 0.25 rn!W by the inorganic phosphate determination_ These 
values are in quite close agreement with the va!ues obtained by the present assay. 

DISCUSSION 

The separation of glutamic acid and glutamine is rapidly accomplished by thin- 
layer chromatography. Different solvent systems were tested as to their ability to 
separate glutamic acid from glutamine. The solvent system used in the present study 
had the advantages that both the components move as discrete, compact spots. l%ur- 
ther, with this solvent system it is possible to separate ;y-aminobutyric acid (GABA) 
from glutamine. The R, value of GABA was found to be 0.91 2 0.01 from five 
separate runs in comparison to the R, value of 0.98 + 0.01 for glutamine. This 
separation can be further increased by increasing development time with the solvent. 
The identity of glutamine as the only product formed under glutamine synthetase 
assay conditions has been determined by reversed-phase high-performance liquid 
chromato_maphy (HPLC) and GABA formed in this reaction constitutes less than 
1 >Ars_ Lack of GABA formation is not due to the absence of active glutamic acid 
decarboxylase (GAD) in the crude retinal homogenate, as the same retinal prepara- 
tion is capable of GABA formation under the proper assay conditions. In every case 
only one product corresponding to either GABA or glutamine was observed depend- 
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ing upon the assay conditionsiJ. The finding of no significant formation of GABA 
under the glutamine synthetase assay conditions is consistent with previous observa- 
tions that the ATP and divalent cations used in glutamine synthetase assay are in- 
hibitory for GAD reaction’*“_ 

The assay system described here appears to have many advantages over pre- 
viously used methods_ The assay is simple and allows for a rapid determination of 
multiple samples under controlled conditions. Previous attempts at separation of 
glutamine from glutamic acid by paper electrophoresis” or TLC’3*‘4 are not as 
simple to use and small differences in R, vaiues were seen for the glutamic acid and 
glutamine under these conditions. Bujard and MauronZ4 reported R, values for glu- 
tamic acid and glutamine of 0.26 and 0.39. respectively_ In the present assay. R, 
\-alms of 0.03 and 0.9s for glutamic acid and glutamine respectively allow for com- 
plete separation of the two compounds_ 

The measurement of glutamine synthetase by determination of inorganic phos- 
phateJs9 is subject to interference by substances such as ATP. ADP. AIMP, pyrophos- 
phate. proteins and low concentrations of detergents’s_‘“_ Assays which measure ;‘- 
glutamylhydrosamate formation”-‘O. are subject to interference by substances that 
cltn react with the ferric chloride reagent or giutamyihydrosamate. In addition_ an- 
other major disadvantage with the hydroxamate method is that enzymes other than 
glutamine synthetase ha\e been sho\vn to catal_yze the glutamate transferase reac- 
tion”’ and. hence_ any changes in the activity in crude cellular estracts should be 
interpreted \vith caution_ 

Radioisotopic methods involving the use of Dowes 1 (Cl-)“. alumina”. or 
Dower 1 (CH,COO-) followed by Amberlite CG-50 (ii’)” are tedious and time 
consuming. The eiution of glutamic acid and glutamine is sensitive to various factors 
such as changes in pH_ which would cause problems when changes in assay condition 
are required_ Lising the strip method we have not observed any changes in the mobil- 
ity of glutamic acid and glutamine in varying pH of the assay mixture from 6.0 to SO. 

The present assay is more sensitive than calorimetric methods. measures giuta- 
mine formation directly_ and is simpler to use than ion exchange columns. IVith 
calorimetric methods. it is net possible to accurately determine less than: ( 1) 50 nmol 
of :-ghttamylhydrosamate (.-tsjj = O.OS)“” or 5 - lo-’ units enzyme activity; (2) 100 
nmol of inorganic phosphate (=lhlS = O_O7)3’ or 1 - 10-l units enzyme activity. 
Hence. these methods are not sensitive enough to determine low concentrations of 
enzyme as ordinarily found in cells in culture_ Under the present conditions of assay. 
it is possible to detect the formation of 1 nmole of radiolabelled glutamine (1 - 10M3 
units enzyme activity) using [3H]glutamic acid (1000 cpminmol). Also. it is possible to 
make the method more sensitke by increasing the specific activity of the substrate. if 
it is necessary to add other compounds to the assay mixture which might affect the 
mobility of the product, reference strips can be run under the same conditions. or the 
strip can also be cut conveniently into l-cm pieces and the position of glutamic acid 
and glutamine can be localized accurately. Also. internal standards can be added to 
the assay mixture and the strip stained with ninhydrin reagent to localize glutamic 
acid and glutamine before counting. 

In summary. we feel that this assay offers several advantages_ The procedure is 
simple. rapid, specific and sensitive and is applicable with a large number of samples_ 
This assay technique is also useful for assaying GAD activity, and is being extended 
for the determination of glutaminase, aspartate synthetase. and asparaginase. 
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