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1. Introduction

L-Asparaginase (L-asparagine aminohydrolase, EC
3,5.1.1, ASNase), an enzyme that hydrolyzes the
amide group of asparagine, inhibits the growth of cer-
tain neoplasms [1—4] and is used clinically for
treating certain human acute leukemias [5,6]. Al-
though ASNase sequentially inhibits protein, DNA
and RNA synthesis [7], its primary cellular and mole-
cular actions are not completely defined.

Initial work on the action of ASNase suggested
that it acted by depleting L-asparagine from tumor
cells which lacked asparagine synthetase (EC 6.3.1.1)
and that this amino acid deprivation caused the tumor
cell death [1—4]. Recent work suggests that the en-
zyme may have early effects on the cell plasma mem-
brane topography, fluidity, and electrokinetic proper-
ties [8~12].

Because of the extreme clinical importance of this
enzyme, its uniqueness as a cancer chemotherapeutic
agent, and its possible importance as a tool for the
investigation of the cell surface, it was deemed impor-
tant to attempt to produce radioactively labeled
ASNase. This report describes a method for the produc-
tion of [3H] acetyl—asparaginase ([>H] Ac—ASNase)
that is 100% active. It is suggested that this radioactive-
ly labeled ASNase will aid in the investigation of its
cellular and molecular actions.

Examples of immediate uses of [*H] Ac—ASNase
are suggested by the work implicating the action of
ASNase on cell plasma membrane topography. This
action may be due to ASNase’s preferential inhibition
of protein and glycoprotein synthesis, causing inhibi-
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tion of rapid membrane turnover [13,14]. It may also
involve a physical interaction of ASNase molecules
with the cellular plasma membrane. Use of ASNase
molecules that have been gently acetylated with
tritiated acetic anhydride may make it possible to
determine the extent of such interaction between the
enzyme and the external surface of the cell.

2. Materials and methods

2.1. Materials

L-Asparaginase (*Lyovac’, 50 000 IU, 320 IU/mg
protein, Merck Sharpe & Dohme, Rahway, N.J.) was
kindly supplied by Dr. Martin R. Klemperer of the
University of Rochester. [U->H] acetic anhydride
(400 Ci/mole) was purchased from New England Nu-
clear Corp. L-Aspartic acid-$-hydroxamate and Sep-
hadex G-25-300 were purchased from Sigma Chemical
Co., St. Louis, Mo.

2.2. Protein determination
ASNase in the form of a lyophilized powder was

solubilized in 15 ml of 0.01 M phosphate buffer, pH
7.5. The protein content of this ASNase solution was
determined by a modified Lowry procedure [9]. This
technique required that the original ASNase solution
be diluted 1:100 with glass-distilled water. From this
stock, serial dilutions were taken and made up to the
final vol of 1 ml. 2.5 ml of 17.5% Na,CO; and 1 ml
of 0.05% CuS0,4.5H,0, 0.1% X tartrate were added,
and the solution was mixed and allowed to stand for
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10 min. At this point 0.5 ml of 1:3 Folin reagent:
H, O was added. After 30 min, the absorbance was
monitored at 750 nm with a Gilford spectrophoto-
meter. Bovine serum albumin (BSA) was used as the
standard.

2.3. Acetylating reaction

Seven ml of the original ASNase solution were
reacted with 62.5 ul of acetic-[U->H] anhydride (12.75
mg, 50 mCi) in an ice bath (0—3°C) for 1 hr. The reac-
tion mixture was continuously mixed by means of a
magnetic stirrer. This reaction acetylates free amine
groups; i.e., free N-terminal ends of proteins and the
e-amino group of lysine residues (ASNase has 82
lysine residues) [15,16].

2.4, Purification of reaction product

A Sephadex G-25-300 column (2.75 cm X 40 cm)
was prepared in 0.01 M phosphate buffer (pH 7.5),
which was also used as the eluent. The flow rate was
10 ml/min. The spacing of the void volume (where
the [®H] Ac—ASNase appears) was determined by the
use of Blue Dextran.

At the end of the 1-hr incubation, 3 ml of glycerol
were added to the resulting reaction mixture containing
[3H] Ac—ASNase, [>H] acetic acid, and unreacted
acetic-[>H] anhydride. The 10-ml solution was placed
on the Sephadex G-25-300 column operating at room
temperature, at which time 5-ml fractions were
collected. The absorbance of the fractions was moni-
tored at 280 nm (fig. 1) with the Gilford spectrophote-
meter, and fractions 13—18 inclusive containing
the [*H] Ac—ASNase were pooled.

2.5. Test for radioactivity

Four 100-ul aliquots of this pooled fraction were
plated on glass fiber filters and counted in 5 ml of
toluene-based scintillation fluid by a Nuclear Chicago
liquid scintillation counter. Then to test whether the
radioactivity was due to acetyl groups covalently
bound to ASNase instead of free [>H] acetic acid, two
100 ] aliquots were each precipitated with 300 ul
of 5% trichloroacetic acid and centrifuged at 2000 g
for 10 min. 100 ui ofthe supernatant was counted as
described above.

2.6. Test for enzyme activity
Enzyme activity of the [*H] Ac—ASNase was

FEBS LETTERS

May 1974

ABSORBANCE AT 280 nm

" 13 [0
FRACTION NO.

Fig. 1. Gel filtration of the reaction mixture of ASNase and
acetic [U-*H] anhydride (60 min, 0—3°C) on Sephadex
G-25-300 at room temperature. Eluent was 0.01 M phosphate
buffer, pH 7.5. Column size was 2.75 cm X 40 cm. Flow rate
was 10 ml/min. Fraction volume was 5 mL

tested against an equal amount of unlabeled ASNase
from the same original ASNase solution, by a modifi-
cation of the colorimetric procedure of Frohwein
[17]. In this assay, L-aspartic acid-g-hydroxamate
(AHA) is used as the substrate for ASNase since it is
the only substance in the assay that will produce a
red chromogen upon reacting with acidic ferric
chioride. The technique involves addition of 100 ul
(1 umole) of AHA at 37°C to 50 ul of 0.1 M Tris—
HC1 (pH 8.0) and the enzyme sample; the final
volume is brought up to 900 ul with glass-distilled
H, O. After 5 min the reaction is terminated by addi-
tion of 1 ml of acidic ferric chloride [17]. After 2 ml
of H, O is added, the absorbance is monitored at 500
nm, the wavelength that gives the maximum absor-
bance difference.

3. Results and discussion

The protein determination by the modified Lowry
method of the ASNase solution gave a concentration
of 10.4 mg/ml. From this calculation it can be deter-
mined that 72.8 mg of ASNase was acetylated and that
the specific enzymatic activity of the ASNase was
320 IU/mg protein. From the absorbance curve in
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fig. 1 it can be seen that approximately 94% of the
original [*H] Ac—ASNase was recovered (68.4 mg) in
30 ml (230 ug/100 ul).

The 100-ul aliquots of the [*H] Ac—ASNase were
found to be highly radioactive — 2.01 X 10% cpm;
99.6% of this radioactivity was trichloroacetic acid
precipitable, showing that the radioactive acetyl label
is covalently bound.

Since the Nuclear Chicago liquid scintillation
counter displayed an overall efficiency of 40%, the
2.01 X 10® cpm can be translated into 11.2 nmoles.
Since ASNase has a molecular weight of 141 000,
230 ugis 1.6 nmoles. This results in 7 acetyl residues
per ASNase or 8% of the maximum amino groups,
using this mild acetylation procedure, but not all the
ASNase lysine groups may be chemically free to react
with the acetic anhydride under the stringently
stipulated conditions.

The test for unaltered enzymatic activity of the
[3H] Ac—ASNase was crucial in the light of reports
of conformational changes in proteins following ace-
tylation. These changes were especially found to occur
in BSA [18,19]. Also acetylation produced loss of
anti-BSA antibody’s ability to precipitate BSA [20].
But under those acetylation conditions, approximately
95% of the free amino groups were acetylated
(18~20). As is evident from fig. 2, under the gentle
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Fig. 2. Determination of ASNase activity of [*H] ASNase ()
and unlabeled ASNase (©) by measurement of remaining sub-
strate (AHA) after exposure to various amounts of ASNase
(5 min, 37°C) by the method of Frohwein, Only AHA in this
assay produces a red compound upon reaction with acidic
ferric chloride, The maximum absorbance was 500 nm,
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acetylation conditions described above, the enzyma-
tic activity of the [>H] Ac—ASNase is almost identi-
cal to that of unlabeled ASNase.

The simple, efficient procedure described here re-
sults in highly labeled ASNase that retains 100% of its
enzyme activity. This [*H] Ac—ASNase should be
invaluable for the study of the action of asparaginase,
from both clinical and molecular standpoints.

Acknowledgements

This work was supported in part by grants CA-13220
and GM-00032 from the U.S. Public Health Service.
DRS is a member of the Rochester-AEC Laboratory
Graduate Participant Program and HBB is a Research
Career Development Awardee of NIGMS.

References

[1] Boyse, E. A., Old, L. J., Campbell, H. A., and Mashburn,
L. T. (1967) 1. Exp. Med. 125, 17-31.
(2] Mashburn, L. T., and Gordon, C. S. (1968) Cancer Res.
28, 961-967.
[3] Broome, J. D. (1968) J. Exp. Med. 127, 1055-1072.
[4] Sugiura, R. (1969) Cancer Chemother, Rep. 53,
189-194.
[5] Oettgen, H. F., and Schulten, H. K. (1965) Klin, Wschr.
47, 65-171.
[6] Adamson, R, H. and Fabro, S. (1968) Cancer Chemother.
Rep. 52, 617~626.
{7] Ellem, K., Fabrezio, A., and Jackson, L. (1969). Proc.
Amer. Assoc. Cancer Res. 10, 21.
[8] Bosmann, H., and Kessel, D. (1973) Biochim. Biophys.
Acta (in press).
[9] Kessel, D. and Bosmann, H. B. (1972) Biochem,
Biophys. Res. Commun, 48, 35-—-40.
[10] Fidler, L. J., Montgomery, P. C., and Cesarini, J. P.
(1973) Cancer Res. 33, 3176-3180.
[11] Fidler, I. J., and Montgomery, P. C. (1973). Res. Comm.
Chem. Path. Pharmacol. 5, 627634,
[12] Dods, R. F., Essner, E., and Barclay, M. (1972)
Biochem. Biophys. Res. Commun. 46, 1075—-1081.
[13] Bosmann, H. B., and Kessel, B. (1970) Nature 226,
850—851.
[14] Kessel, D., and Bosmann, H. B. (1970). FEBS Letters
10, 85--88.
[15] Fraenkel-Conrat, H., Bean, R. S., and Lineweaver, H.
(1949) J. Biol. Chem. 177, 385—403.
[16] Anatoly Bezkorovainy (1970) Basic Protein Chemistry,
p. 68. Charles C. Thomas, Springfield, Illinois.



Volume 42, number 1 FEBS LETTERS May 1974

[17] Frohwein, Y. Z., Friedsman, M., Reizer, J., and
Grossowicz, N. (1971) Nature New Biol. 230, 158—159.

[18] Habeeb, A. F. S. A. (1966) Biochim. Biophys. Acta 115,
440-454,

| [19] Habeeb, A. F. S. A. (1966) Biochim. Biophys. Acta 121,
21-25.
[20] Singer, S. J. (1955) Proc. Natl. Acad. Sci. U.S. 41,
1041-104s.

89



