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L-Asparaginase has been reported to inhibit 
the mitotic response of lymphocytes to 
phytohemagglutinin (PHA) if added directly 
to the medium ( l ) ,  or in cell suspensions 
prepared from patients being treated with 
this drug (2). Motosis of lymphocytes in 
medium without L-asparagine or L-aspartic 
acid has also been noted ( 3 ) .  We have re- 
ported that E .  coli L-asparaginase is a potent 
inhibitor of lymphocyte mitosis and second- 
ary antibody formation in vitro, while com- 
parable amounts of the L-asparaginase of 
agouti serum are ineffective (4). 

The bacterial enzyme is known to have a 
broader substrate specificity than agouti 
serum, acting on L-glutamine as well as 
L-asparagine (5).  This study expanded the 
previous observations and provided evidence 
that the E .  coli preparation's effect on lym- 
phocyte mitosis is a function of its glutamin- 
ase activity. 

Material and Methods. Methods of  human 
lymphocyte culture and quantitation of their 
mitotic activity have been describe& in detail 
elsewhere (4). Briefly, cultures consisted of 
approximately 2 million cells in 4 ml of medi- 
um (minimal essential medium with 20% au- 
tologous plasma). Mitotic stimulus was 
provided by the addition of 0.1 ml of 
phytohemagglutinin (PHA-M, Difco Labora- 
tories, Detroit, Mich.), 5 pg of tuberculin 
(PPD, Parke Davis and Co., Detroit, 
Mich.), or by the mixed lymphocyte reaction 
(6) .  E .  coli L-asparaginase (30 TU/mg; Sig- 
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ma Chem. Co., St. Louis, Missouri) was 
added to tubes as indicated. 

Twenty-four hr prior to harvesting 0.1 $3 
of 14C thymidine (sp act 54.1 mCi/mmole) 
was added to triplicate tubes. At the end of 
the incubation period, the cells were sedi- 
mented, washed with 0.85% NaCl, cold tri- 
chlorocetic acid, and cold methanol. After 
overnight drying at room temperature, the 
material was dissolved with Hyamine (Pack- 
ard Instrument Co., Downers Grove, Ill.), 
transferred to vials containing Liquifluor 
(Packard), and counted in a Packard Tri- 
Carb scintillation counter. 

Results. The effects of 1 IUJml of E .  coli 
enzyme on lymphocytes stimulated by PHA 
and by antigens is shown in Table I. E. coli 
L-asparaginase blocks thymidine incorporation 
into cells stimulated by PPD and by histo- 
compatability antigens in the mixed lympho- 
cyte redction, as well as their response to 
PHA. 

Reversibility of the effect of L-asparaginase 
on lymphocyte mitosis is demonstrated in 
Table 11. When the bacterial enzyme is 
present in the final incubation medium, nu- 
cleotide incorporation is blocked. Removal of 
the enzyme by changing the medium at  the 
end of 24 hr results in restoration of normal 
lymphocyte reactivity. 

Failure of agouti serum to inhib'it lympho- 
cyte mitosis, together with the observed mitot- 
ic activity of cells in asparagine poor medi- 
um ( 3 ) ,  suggested that the (effect of the E .  
coli enzyme might be due to its activity on 
substrates other than L-asparagine. The bac- 
terial preparation has glutaminase as well as 
asparaginase activity ( 5 ) .  Direct addition of 
L-asparagine and L-glutamine to medium 
containing active enzyme and lymphocytes 
did not overcome the mitotic inhibition. Ex- 
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TABLE I. Effect of L-Asparaginase on Mitotic Response of Lymphocytes." 

Enzyme added 

Cell source Mitotic stimulus None L-Asparaginaseb 

Normal donor PHA" 15,500 2 
Tuberculin-sens. donor PPD" 6139 8 
Normal donors : 

A B  + MS Mixed lymphocyte" 4967 0 

a Mitotic response of lymphocytes expressed as cprn (counts per minute) of I4C thymidine in- 
corporated during the final 24 hr  of a 120-hr incubation period. Cultures contained approxi- 
mately 2 million lymphocytes in  4 ml of medium (minimal essential medium with 20% auto- 
logous plasma). Results are the average of triplicate samples. 

L-Asparaginase (Sigma), E .  coiri, 30 IU/mg; 1 IU/ml was added to  each tube. 
' PHA-M, phytohemagglutinin (Difco) : 0.1 ml was added t o  each tube. 
" PPD, tuberculin (Parke Davis) : 5 pg were added t o  each tube. 
" Equal volumes of cell suspensions from donors AB and MS were added t o  each tube. 

periments were therefore performed with 
medium preincubated for 24 hr with the E .  
coli enzyme and then heated at  67" for 3 hr 
to destroy the enzyme's activity. The results 
are shown in Table 111. 

At a concentration of 0.5 IU/ml active, 
enzyme blocked thymidine incorporation by 
lymphocytes stimulated with PHA. Neither 
L-asparagine nor L-glutamine could reverse 
this. Preincubation of medium with heat- 
inactivated enzyme did not inhibit the mitot- 
ic response. However, in medium which was 
preincubated with active enzyme followed by 
heat inactivation, there was complete inhibi- 
tion of lymphocyte mitotic activity. Inhibi- 
tion was not reversed by addition of L-aspar- 

agine to the medium but was reversed 
addition of L-glutamine. 
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Discussion. The glutaminase activity of E. 
coli L-asparaginase was shown to account for 
its inhibition of HeLa cell proliferation (7 ) .  
Our results indicate that its effect on lympho- 
cyte mitosis is similarly mediated. The gluta- 
minase activity of purified E. coli enzyme is 
2% of its asparaginase activity (S), while the 
L-glutamine concentration in human plasma 
far exceeds that of L-asparagine (8). There- 
fore, despite its effect on antigenically- 
stimulated lymphocytes in vitro E .  coli 
asparaginase would not appear to be a po- 
tentially useful in vivo immunosuppres- 
sive agent. 

TABLE 11. Reversibility of Inhibition of the Lymphocyte Responsea t o  P H A  by L-Asparagi- 
nase. 

Additives t o  medium after change at 24 hrb 

Additives t o  
initial medium 

PHA + 
None PHA" L-Asparaginased L-asparaginase 

None 89 16,549 15 1 0  

L-Asparaginased 51 7025 11 9 
P H A  + L-asparaginase 4623 5309 1 0  10  

PHA" 17,669 17,919 214 168 

~~ ~ 

a Mitotic response of lymphocytes expressed as cpm of I4C thymidine incorporated during the 

bTwenty-four hr after initiation of the culture, the medium was removed, the cells were 
final 24 hr of a 96-hr incubation period. 

washed, and they were resuspended in fresh medium with additives as indicated. 
PHA-M, 0.1 ml, added to each tube. 

"L-Asparaginase, E,  coli; 1 IU/ml added to  each tube. 
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TABLE 111. Response of Lymphocytes to PHA”  in  Medium Preincubated with L-Asparaginase. 

L-Asparaginaseb Added amino acid 

Preincubated Added with L-Asparagine 
with medium” lymphocytes None L-Asparagined L-Glutamine“ + L-glutamine 

None None 20,586 26,305 19,090 18,308 
0.5 IU/ml 87 91 131 129 

0.5 IU/ml inactivated‘ None 16,873 23,102 18,295 19,454 

0.5 IU/ml None 701 237 9068 9382 

a Mitotic response expressed as cpm of I4C: thymidine incorporated into lymphocytes during the final 
2 4  hr  of a 96-hr incubation period. PHA-M, 0.1 ml, was added to each tube. 

L-Asparaginase, E .  coli. 
“Medium (minimal essential medium with 20% pooled human serum) was preincubated at 37” for 

d~-Asparag ine ,  0.1 mg, added to  each tube with the lymphocytes. 
24 hr, then heated to 67” for  3 hr  before the lymphocytes were added. 

L-Glutamine, 2 mmoles, added to each tube with the lymphocytes. 
L-Asparaginase was heated 67” for  3 hr  before adding to the medium for  preincubation. 

The role that L-glutamine plays in the 
transformation process remains to be clarified. 
Glutamine starvation is known to revers- 
ibly reduce protein and RNA synthesis and 
to diminish polyribosomal activity of liver 
cells (9). The alterations of lymphocyte me- 
tabolism in glutamine-free medium seem to be 
similarly profound. 

Lymphocyte mitosis is also reversibly in- 
hibited by mycoplasmal arginase (4, 10). 
Thus, L-glutamine and L-arginine are essen- 
tial for transformation of the small lympho- 
cyte, while L-asparagine is not required. The 
former amino acids are included in a list of 
“essential” amino acids for many mammalian 
cell cultures ( 1  1 ) .  However, the nutritional 
requirements for transformation and mitosis 
of the lymphocyte have not been determined. 

The small lymphocyte is reported to be 
enzymatically poorer than transformed lym- 
phocytes ( 1 2 )  and other mammalian cells. 
Its nutritional requirements may therefore be 
unique. Manipulation of environment by en- 
zymes or other means might inhibit lympho- 
cyte mitosis without damaging other cells. A 
precise characterization of the essential medi- 
um components for lymphocyte transforma- 
tion and mitosis should provide tools for 
the further study and control of immune re- 
actions. 

Summary. Inhibition of lymphocyte mito- 

sis by E .  coli L-asparaginase can be pre- 
vented by addition of L-glutamine to enzyme- 
treated culture medium. Like arginine, gluta- 
mine appears to be essential for lymphocyte 
transformation and mitosis, while exogenous 
asparagine is not required. 
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