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Multiple forms of L-asparaginase 

L-Asparaginase (L-asparagine amidohydrolase, EC 3.5-I. i) which possesses anti- 
leukemic properties in man, has been crystallized from extracts of Escherichia coli B1, 2. 
Minor components of the crystalline enzyme have been detected by electrophoresis 
on acrylamide gels and sedimentation equilibrium analysis, however, only a single 
band is detected in gels which were subjected to electrophoresis in the presence of 
7 M urea. The present communication provides evidence that the minor components 
in the crystalline preparation are indeed the multiple forms of L-asparaginase. The 
conditions under which the multiple forms of the enzyme are formed are also reported. 

Fig. I illustrates the pattern of enzyme activity observed when a crystalline 
preparation (specific activity, 285 I.U./mg solid) of E. coli B L-asparaginase was sub- 
jected to electrophoresis on a 5% acrylamide gel at pH 8.5. Enzyme activity was 
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Fig. I. t~lectrophoresis of E. coli t3 L-asparaginase on 5% acrylamide gel. The enzynle (specific 
activity, 285 I .U./nlg of solid; 5 ° fig in io/~1 of 30% sucrose containing 0.05 M Tris-glycine buffer, 
p H  8.3) was applied to the top of 6 m m ×  60 m m  5% acrylamide gel (pH 8.5) prepared according 
to the method of Davis s with the upper  gel omitted. Electrophoresis was performed at  room 
tempera ture  at a constant  current  of 2 mA per gel column for 75 rain. The buffer was 0.05 M Tr is -  
glycine, p H  8. 3. Protein was stained with Coomassie blue. Quant i ta t ion of the protein pa t te rn  
( - - - -  - - )  was obtained by  scanning the stained gel with a Densicord densi tometer  (Photovolt-  
Corp., New York). Enzyme activity was detected by  the following procedure: a duplicate un- 
stained gel was sliced into 3 ° fractions which were incubated separately in i ml of reaction mixture  
containing 0.025 M Tris buffer, p H  8.5, and O.Ol M L-asparagine at 37 ° for I h. The ammonia  
released was determined by  direct Nesslerization ( ), and an arbi t rary  unit  equals 2 / ,moles  
of  ammonia.  

detected by placing the sliced gel fractions in a reaction mixture containing z-aspara- 
gine and then measuring the ammonia released by direct Nesslerization. Two separate 
enzymatic components were observed. By integration of the areas under the peaks 
in Fig. I, the major band was calculated to contain 90% of the total activity. The 
protein profile superimposed readily onto the enzyme activity. 

Examination of a number of electrophoretograms revealed that  the number of 
minor bands varied depending on the amount of enzyme applied onto the gels. With a 
5o-/~g sample, three distinct bands were detected by protein staining. The distances 
migrated by these bands were related logarithmatically. One can suggest from the 
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results that these minor bands are multiple forms of native L-asparaginase. Support 
for this hypothesis is provided by the fact that  upon electrophoresis on cellulose acetate 
membranes, only a single zone was obtained over a wide pH rangO. 

In light of these results, experiments were undertaken to prove that these 
multiple forms were a size isomer family of protein. A size isomer family of proteins 
(e.g. bovine serum albumin polymers) may be distinguished from a charge isomer 
family of proteins (e.g. lactate dehydrogenase isoenzymes) utilizing disc gel electro- 
phoresis 5. When the log of protein mobility relative to the dye front is plotted vs.  
acrylamide gel concentration, size isomeric proteins give a family of nonparallel lines 
extrapolating to a common point in the vicinity of 2% gel concentration. In contrast, 
charge isomeric proteins give a family of parallel lines. The isomeric forms of crystalline 
L-asparaginase were separated by electrophoresis on gels with concentration of 4-9 % 
acrylamide. A plot of log protein mobility vs. gel concentrations for these three species 
of L-asparaginase yielded three nonparallel lines extrapolating to a common point at 
2% gel concentration (Fig. 2). 

The slope of the lines in the above plot (Fig. 2) is also related to molecular weight. 
HEDRICK AND SMITH 5 have established the molecular weight-slope relationship 
utilizing seventeen well characterized proteins as standards. Using these results, the 
molecular weights of three forms of L-asparaginase were estimated to be 13o ooo, 
270 ooo, and 520 ooo which would correspond to monomer, dimer, and tetramer of 
L-asparaginase. The molecular weight of the predominating monomer has been found 
to be 133 ooo by sedimentation equilibrium studies 6 in good agreement with results 
of other workersa°, z2. 
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Fig. 2. The effect of different gel concentrat ions on the mobil i ty of  E. coli B L-asparaginase poly- 
mers. The negative slopes of the lines are noted on the figure. 

Fig. 3. Enzymat ic  activity of L-asparaginase on 5% acrylamide gel. An enzyme solution (25 /*1) 
containing 3o% sucrose, 0.025 M Tris-HC1 buffer, p H  8. 5, and 1. 5 I.U. of L-asparaginase was 
layered on the gels. The procedures for electrophoresis are similar to t ha t  described in Fig. i. 
A sensitive spectrophotometr ic  method based on an enzymatically coupled oxidation of reduced 
pyridine nucleotide was used s to detect minute  quanti t ies of L-asparaginase in this experiment.  
Sliced gel fractions were added to a reaction mixture  (2 ml) containing 5 ° ~moles of Tris-HC1 
buffer, p H  8.5, 2/*moles of (z-ketoglutarate, 15 /*g of g lu tamate-oxa loace ta te  t ransaminase,  1.2 
/ tmolar uni ts  (as defined by  Sigma) of malate dehydrogenase, and 0. 4/~moles of f l -NADH. The re- 
action was s tar ted by  the addition of i ml of 0. 4 mM L-asparagine and the mixture  was incubated 
at 37 ° for 25 rain. Differences in absorbance at 34 ° n m  taken before and after incubation represented 
the amoun t  of L-asparagine hydrolyzed by  the enzyme. Curve I, the enzymatic  pa t te rn  of crystalline 
L-asparaginase ; Curve 2, the enzymatic  pa t te rn  of crude extract  from E. coli B. 
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Attempts  to dissociate the polymeric forms into monomers  under various 
conditions, including decreasing the protein concentrat ion to o.o5 mg/ml, lowering 
pH to 4.0, dialysis against E D T A  and 2-mercaptoethanol,  and heating at 5 °o for 15 
min, were unsuccessful, in contrast  to the results of  KIRSCHBAUM et al. 12. The enzyme, 
however, does dissociate into subunits (mol. wt. 32 500) in nonaqueous solvents such 
as 4 M guanidine and 7 M urea solutions 7, a finding in agreement with results of  other 
workersl°, 12, al though the subunit  molecular weight reported earlier was considerably 
lower (19 000-24 ooo). Upon electrophoresis in gels free of  urea, the enzyme reas- 
sociated into native monomer  but  the amount  of  higher polymeric forms was reduced. 

Since multiple forms are not  present in the crude extract  (Fig. 3), it is likely 
tha t  isomers are formed during purification. In order to determine the influence of  
individual purification steps on appearance of  these isomers, the enzyme act ivi ty  
pat terns  of  preparations derived from each step were examined on gel electrophoresis. 
Identical  amounts  of  enzyme were used, al though specific activities of  these materials 
varied from 1. 5 to 125.o I .U./mg. No minor band of  enzyme act ivi ty  was detected in 
fractions after pH  5.0 t reatment ,  (NHa),SO * precipitation, and first ethanol fraction- 
at ion in several experiments. Although the enzyme with lower specific act ivi ty  (58 
I.U./mg) did not  contain multiple forms of  L-asparaginase, the preparat ion with 
higher specific act ivi ty  (125 I.U./mg) contained a minor component  identical to tha t  
observed in the crystalline preparation. Since both  enzyme preparat ions have been 
subjected to similar t reatments,  it is likely tha t  aggregation is not due to use of ethanol. 
Therefore, aggregation probably occurs during lyophilization of  an enzyme solution 
containing large quanti t ies of L-asparaginase (30-5o% of the protein content).  L- 
Asparaginase of different isoelectric point 9,1° and part ial ly deaminated forms of  L- 
asparaginase 11 have been reported, but  these charge isomers should not be confused 
with the size isomers described here. 
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