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Short Communication

Subcellular Localization of Asparaginase and Asparagine
Aminotransferase in Pisum sativum Leaves'
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ABSTRACT

Protoplasts isolated from young and mature pea leaves (Pisum sativwm
L.) were broken and their contents fractionated by differential centrifuga-
tion or on sucrose-density gradients. Asparaginase was found only in the
cytosol of young leaves. Asparagine aminotransferase was found in both
young and mature leaves and was localized exclusively in the peroxisome.
This corroborates the observation that asparagine transamination is cata-
lyzed by the serine:glyoxylate aminotransferase.

Expanding legume leaves receive most of their nitrogen in the
form of asparagine (10). Pea leaves possess two enzymes capable
of metabolizing asparagine (4): asparaginase (EC.3.5. 1.1), which
produces NH3 and aspartate, and an aminotransferase
(EC.2.6.1.14) which produces 2-oxo-succinamate and either gly-
cine or alanine (5). Asparaginase activity is high in young leaves
but decreases rapidly as the leaf expands; aminotransferase activ-
ity, however, remains high throughout leafdevelopment (4). Feed-
ing studies have shown that when the leaf is half expanded, and
the two activities are approximately equal, most of the asparagine
is metabolized by the aminotransferase. The presence of two
metabolic routes for asparagine in the same tissue suggests that
regulatory mechanisms must be in operation. Asparagine amino-
transferase, like aminotransferases in general, is not highly regu-
lated, and the properties of pea leaf asparagines have not been
examined. One important method of regulation in plant metabo-
lism is subcellular compartmentation, and it seemed possible that
this could be involved in asparagine metabolism.
This report describes the subcellular location of asparagine

transamination and deamidation in pea leaves.

MATERIALS AND METHODS

Plant Material. Pisum sativum L. (cv Little Marvel; McKenzie,
Steele, Briggs Seeds, Brandon, Manitoba, Canada) were grown
hydroponically as described previously (5).

Isolation of Protoplasts from Mature Leaves. Fully expanded
leaves (4-12 g) were removed from 3-week-old plants (leaves three
and four from five-leaf plants), and protoplasts were isolated by
a procedure modified from that of Wallsgrove et al. (18). The
lower epidermis was removed with forceps and the leaves floated
on 0.4 M sorbitol containing 1 mm KH2PO4 and 5 mM MgCl2 (pH
5.5) in a Petri dish. After 5 min, the leaves were transferred to
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another dish containing 1% (w/v) Cellulysin (Calbiochem-Behring
Corp.) in the same medium. The dishes were placed in a controlled
environment (dark) at 30°C, and were gently swirled every 30
min. After 3 h, the mixture was filtered through a coarse nylon
net: the leaves were washed with buffered sorbitol (as above), and
the washings also poured through the nylon net. The filtrate was
centrifuged at 200g for 2 min, and the pellet was resuspended in
15% (v/v) Percoll (in 50 mm Tricine, pH 7.5, containing 5 mM
MgCl2, 1% BSA, and 0.5 M sucrose). This was placed in a centri-
fuge tube and overlayered with an equal volume of 10%1o (v/v)
Percoll in the same buffer, followed by an equal volume of 0.5 M
sorbitol in 50 mm Tricine (pH 7.5) containing 5 iM MgCl2. After
centrifugation at 200g for 10 min, intact protoplasts were removed
from the upper interface with a pasteur pipette.

Isolation of Protoplasts from Young Leaves. All solutions in-
volved in the preparation of protoplasts from young leaves con-
tained 50 mm KC1. Young leaves (1 d after emergence from
stipule) were harvested from 3-week-old plants, and abraded on
both surfaces with carborundum, and floated on buffered sorbitol
as above. After 5 min, they were transferred to the Celluysin
medium and sliced into 2-mm strips with a razor blade. They were
then subjected to vacuum infiltration for a few min, incubated for
3 h, and their protoplasts harvested and purified as above.

Subceliular Fractionation. BSA was added to the protoplasts to
give 0.1% (w/v), which were then broken by five passages through
a 20-pm nylon mesh attached to the tip of a 20-ml syringe.
Subcellular organelles were then fractionated by differential cen-
trifugation or on sucrose-density gradients. Differential centrifu-
gation consisted of a 2,200g spin for 2 min followed by a 20,000g
spin for 10 min. Sucrose density gradients consisted of 5 ml 60%o
(w/w) sucrose in 50 mm Tricine (pH 7.5, containing 0.1% BSA)
overlayered with 25 ml of a linear 60 to 25% (w/w) gradient of
sucrose in the same buffer, over which the broken protoplasts (6-
8 ml) were directly layered. After centrifugation at 25,000g for 2.5
h in a Beckman SW 27.1 rotor, the tubes were pierced with a
syringe needle and 1.6-ml fractions collected.
Enzyme Assays. Asparaginase was determined by measuring

aspartate formation, and asparagine aminotransferase by meas-
uring alanine formations from pyruvate or by spectrophotometric
determination of 2-oxosuccinamic acid production as described
previously (4). Fumarase was determined by the method ofRacker
(13), catalase by the method of Luck (8), and Chl by the method
of Wintermans and De Mots (19). All assay mixtures contained
0.1% (v/v) Triton X-100.

RESULTS AND DISCUSSION

We have previously shown that, although young leaves contain
high levels of asparaginase, mature leaves contain very little (4).
Inasmuch as the aminotransferase levels are similar at all stages
of development, it would have been desirable to use young leaves

1127



IRELAND AND JOY

2 4 6 8 10 12 14

Fraction number
16 18 20 22

3'

E
O_

4

(.

4-_ Plant Physiol. Vol. 72, 1983

0.08,

E
0.06 o

N

4c
4

0.04 :£
U

m

ID
m

0.02 E

FIG. 1. Distribution of enzyme activities in sucrose density gradients of ruptured protoplasts isolated from mature pea leaves. Chl (0), sucrose (V),
asparagine aminotransferase (U), catalase (O), fumarase (0).

Table I. Distribution ofEnzyme Activities in Organelle Fractions Separated by Differential Centr!fugation of
Broken Pea LeafProtoplasts

Enzyme Activity
Protoplast Fraction
Source Catalase Fumarase Chl Asparaginase Asparagine

aminotransferase

% of total recovered
Young leaf 2,200g pellet 7 2 94 NDa 7

20,000g pellet 87 95 4 ND 91
Supernatant 6 3 1 100 2

Mature leaf 2,200g pellet 7 ND 98 ND 8
20,000g pellet 90 97 2 ND 91
Supematant 3 3 ND ND I

a Not detectable.

as a protoplast source. However, although protoplasts were readily
prepared from mature leaves, preparations from young leaves
proved far more difficult. It was not possible to remove either
epidermis by peeling and thus the procedure of abrading/chop-
ping/infiltration was adopted. This produced poor yields of pro-
toplasts and so, where possible, mature leaves were used as the
protoplast source. Pea leafasparaginase showed complete depend-
ency on K+ for activity, as described by Sodek et al. (15). It was
therefore necessary to add KCl to all solutions used in preparing
young leaf protoplasts.

Differential centrifugation provided a convenient method for
the separation of broken protoplasts into three discrete fractions:
a chloroplast-enriched 2200g pellet, a mitochondrial and peroxi-
somal-enriched 20,000g pellet, and a cytosolic (supernatant) frac-
tion. Table I shows that only slight breakage of the organelles
occurred, very little of the Chl or marker enzymes being found in
the supernatant. The aminotransferase from both young and
mature leaves was localized in the 20,000g pellet, whereas the
asparaginase was found in the supernatant, and thus appears to
be cytosolic. Sucrose density gradients of broken protoplasts from
mature leaves revealed asparagine aminotransferase to peak with
catalase, and thus localized exclusively in the peroxisome. This
was as expected, as we have recently shown (5) that asparagine
aminotransferase is the same enzyme as the serine:glyoxylate
aminotransferase, which resides in the peroxisome (14) and plays
a key role in photorespiration (17).

Asparagine is thus metabolized in two distinct subcellular com-
partments in pea leaves. In young leaves, when both enzymes are
active, asparaginase will produce aspartate and ammonia in the

cytosoL whereas peroxisomal transamination will produce 2-oxo-
succinamate and either glycine or alanine. In mature leaves,
asparagine metabolism is restricted to the peroxisome. The prod-
ucts of asparaginase activity can be dealt with by well established
routes, but the location and nature of 2-oxosuccinamate metabo-
lism is not clear. The product of 2-oxosuccinamate reduction, 2-
hydroxysuccinamate, has been detected in high levels in pea leaves
(7), but we have also detected 2-oxosuccinamate deamidase activ-
ity (unpublished).
Although asparagine aminotransferase has been well docu-

mented in animal systems (e.g. 3,9), there are few reports of its
occurrence in plants (6, 16). Cincerova (2) described an asparagine
aminotransferase from wheat which used a-ketoglutarate prefer-
entially to pyruvate as an amino acceptor; and Nahler and Ruis
(12) reported an asparagine aminotransferase from germinating
castor bean that was associated with glyoxysomes and mitochon-
dria and also was active with a-ketoglutarate. We have been
unable to find asparagine:a-ketoglutarate aminotransferase activ-
ity in peas, and it is possible that this activity may be due to
aspartate contamination of the asparagine used in the earlier

experiments.
Inasmuch as asparagine is found in high levels in leaf tissue

(11), it is interesting to speculate on the possible role ofasparagme
in photorespiration. Serine, glutamate (17), and alanine (1) have
all been implicated in the animation of glyoxylate, and it now
appears that asparagine should be added to this list.

Acknowledgments-We thank Catherine Cousineau for technical assistance.

1128

- ¢ 60

X 40

T

u
40

u

en

0

a)
a20

0

C,)

0.4

7 r_

- 0.3
4

4

_ =

.)

0
_

.4.

60

E

40

0

= 20

0' 01 J o



LOCALIZATION OF ASPARAGINE METABOLISM IN PISUM

LITERATURE CITED

1. BETSCHE T 1982 Study on the role of alanine in photorespiratory nitrogen
metabolism. Plant Physiol 69: S-445

2. CINCEROVA A 1969 Effect of trophic conditions on asparagine transamination in
wheat plants. Biol Plant 11: 139-148

3. COOPER AJL 1977 Asparagine transaminase from rat liver. J Biol Chem 252:
2032-2038

4. IRELAND RJ, KW Joy 1981 Two routes for asparagine metabolism in Pisum
sativum L. Planta 151: 289-292

5. IRELAND RJ, KW Joy 1983 Purification and properties of an asparagine amino-
transferase from Pisum sativum leaves. Arch Biochem Biophys 223: 291-296

6. KRETOVICH WL 1958 The biosynthesis of dicarboxylic amino acids and enzymic
transformation of amides in plants. Adv Enzymol 20: 319-340

7. LLOYD NDH, KW Joy 1978 2-Hydroxysuccinamic acid: a product of asparagine
metabolism in plants. Biochem Biophys Res Commun 81: 186-192

8. LUCK A 1965 Catalase. In HU Bergmeyer, ed, Methods of Biochemical Analysis.
Academic Press, New York, p 885

9. MEISTER A, HA SOBER, SV TiCE, PE FRASER 1952 Transamination and associated
deamidation of asparagine and glutamine. J Biol Chem 197: 319-330

10. MIFLIN BJ, PJ LEA 1982 Ammonia assimilation and amino acid metabolism. In
D Boulter, B Parthier, eds, Encyclopedia of Plant Physiology (New Series),

Vol 14A. Springer-Verlag, Berlin, pp 5-64
11. MiLLs WR, KW Joy 1980 A rapid method for isolation of purified, physiologi-

cally active chloroplasts, used to study the intracellular distribution of amino
acids in pea leaves. Planta 148: 75-83

12. NAHLER G, H Ruis 1973 Isoenzymes of aspartate aminotransferase from the
endosperm of germinating castor beans. Monatsh Chem 104: 1505-1512

13. RACKER E 1950 Spectrophotometric measurement of the enzymatic formation of
fumaric and cis-aconitic acids. Biochim Biophys Acta 4:.211-214

14. REHFIELD DW, NE TOLBERT 1972 Aminotransferases in peroxisomes from
spinach leaves. J Biol Chem 247: 4803-4811

15. SODEK L, PJ LEA, BJ MIFLIN 1980 Distribution and properties of a potassium-
dependent asparaginase isolated from developing seeds of Pisum sativum and
other plants. Plant Physiol 65: 22-26

16. STREETER JG 1977 Asparaginase and asparagine transaminase in soybean leaves
and root nodules. Plant Physiol 60: 235-239

17. TOLBERT NE 1980 Photorespiration. In DD Davies, ed, The Biochemistry of
Plants, Vol 2. Academic Press, New York, pp 487-523

18. WALLSGROVE RM, PJ LEA, BJ MIFLIN 1979 Distribution of the enzymes of
nitrogen assimilation within the pea leaf cell. Plant Physiol 63: 232-236

19. WINTERMANS JFGM, A DEMoTs 1965 Spectrophotometric characteristics of
chlorophylls a and b and their pheophytins in ethanol. Biochim Biophys Acta
109: 448-453

1129


