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BBA 43178
Intracellular localisation of phosphoglycollate phosphatase and glyoxalate
reductase

The mechanism of formation of glycollic acid in photosynthesis is as yet un-
certain. It is most probably derived from a sugar phosphate of the photosynthetic
carbon reduction cycle!»? although some workers have suggested that it is derived
de novo from an as yet unknown carboxylation reaction3:4,

A possible precursor of glycollate is phosphoglycollic acid and a specific phos-
phatase (phosphoglycollate phosphohydrolase, EC 3.1.3.18) has been described by
RICHARDSON AND ToOLBERT®. Whilst this enzyme has been reported to be predomi-
nantly cytoplasmic, its site of action has not been rigorously established.

A glyoxalate reductase (glycollate:NADP+ oxidoreductase) which catalysed
the reduction of glyoxalate to glycollate by NADPH has been described and partially
purified by ZELITCH AND GOTTOS. Apart from the observation by ZELITCH AND
BARBER” that NAD glyoxalate reductase activity was present in dilute suspensions
of chloroplasts, its site of action has not been investigated in higher plants.

The distribution within the cell of phosphoglycollate phosphatase and glyoxalate
reductase has been determined and the results discussed in relation to glycollate
synthesis and metabolism.

Chloroplasts were isolated from freeze-dried spinach leaves on a non-aqueous
density gradient as described by Birp, PORTER AND STOCKINGS. A suitable discon-
tinuous density gradient which gives high yields of chloroplasts with minimal cyto-
plasmic contamination consisted of 15 ml of density 1.36 g/cm?® containing 50 mg of
homogenised and filtered leaf material followed by an equal volume of density
1.34 g/cm? and 2 ml density 1.32 g/cm3. The solvents used in making up the different
densities were carbon tetrachloride and hexane. The yield of chloroplasts on a dry
weight basis was between 4-6 % of the initial freeze-dried material. More than 55 %,
of the total cell protein remained with the chloroplasts. No mitochondrial activity
(for which fumarase and succinate dehydrogenase were considered as characteristic)
was detected in these preparations. Under the light microscope, cell debris could not
be seen in these preparations. The chloroplasts appear to have the stroma matrix
intact®10, Chlorophyll was measured by the method of ArRNON!! and protein by the
method of Lowry et al.}2.

The distribution of enzyme between the chloroplast and the cytoplasm was
calculated by the method of HEBER!. From the specific activities of chloroplasts,
intact tissue and chloroplast depleted tissue, it is possible to obtain a value for the
specific activity of pure cytoplasm. The percentage of the total enzyme activity of
the homogenate present in the chloroplast fraction could then be calculated. The
intracellular distribution of phosphoglycollic acid phosphatase and glyoxalate re-
ductase is shown in Tables I and II. Between 89-g7 % of the total cell phospho-
glycollate phosphatase and 86-98 9% of the whole cell glyoxalate reductase were found
to be localised in the chloroplasts.

Neither enzyme could be detected in chloroplasts from a glycerol gradient
(prepared as described by LEECH! and JaMEs aND Das!%). Assuming that the loss
of activity was not due to solvent inactivation it was concluded that both enzymes
were localised in the soluble stroma of the chloroplasts rather than in the lamellae.
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The enzyme localisation is consistent with the view that glycollate is synthesised
in a chloroplast sited reaction from both phosphoglycollate and glyoxalate. The
chloroplast is also most probably the site of phosphoglycollate synthesis. KEARNEY
AND ToLBERT! found phosphoglycollate as well as glycollate in the supernatant fluid

TABLE 1
ACTIVITY AND DISTRIBUTION OF PHOSPHOGLYCOLLATE PHOSPHATASE

Reaction mixtures contained in a final volume of 0.31 ml the following components in gmoles:
Mg2+, 0.3; Tris buffer (pH 7.5), 30; enzyme suspension and water. The reaction was started by
the addition of 2 umoles of phosphoglycollate and the amount of inorganic phosphate released
was measured colorimetrically by the method of HursT1®,

Expt. No.
I 2
Chloroplast protein in total protein (%) 73.5 56.0
Specific activity (umoles Py/min per mg protein)
in chloroplasts 3.2" 4-46
* %k
3.53 5:3
in intact tissue 2.64 2.63
in chloroplast depleted tissue 2.00 1.73
in cytoplasm 1.08" 0.3

0.202** 0.057
Yield of isolated chloroplasts

(% of total chlorophyll content of tissue) 32.5 45.0
Total enzyme present in chloroplasts (%) 89.0" 94.5
96.8™*  98.7

* Results uncorrected for cytoplasmic contamination.
** Corrected values assuming that not more than 109, of the total cytoplasmic activity is
associated with the chloroplasts.

TABLE 11
ACTIVITY AND DISTRIBUTION OF NADPH GLYOXALATE REDUCTASE

Enzyme activity was measured according to ZELITCH AND GoTTo®.

Expt. No.
I 2
Chloroplast protein in total protein (%) 71.6 72.0
Specific activity (mpymoles NADPH/min per mg protein)
in chloroplasts 21.53" 6.0
24.5%" 6.86
in intact tissue 16.3 4.5
in chloroplast depleted tissue 14.4 3.63
in cytoplasm 3.11° 0.64
6.2*" 0.204
Yield of isolated chloroplasts
(% of total chlorophyll content of tissue) 49.7 35.0
Total enzyme present in chloroplasts (%) 94.0" 96.0
86.0"*  98.2

* Results uncorrected for cytoplasmic contamination.
** Corrected values assuming that not more than 109, of the total cytoplasmic activity is
associated with the chloroplasts.
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after separation of chloroplasts. It is probable that phosphoglycollate and glycollate
are both derived from a sugar diphosphate of the photosynthetic carbon reduction
cycle.

The function of glyoxalate reductase in chloroplasts is as yet unknown. It may
be involved in the synthesis of amino acids within the chloroplast. Both SmiTs,
BassaaM aND KIRkY and STEWARD, BIDWELL AxD YEMM!® have found that although
glycine was a frequent constituent of plant leaf protein, the free acid was synthesised
very slowly. It was suggested that the glycine residues in chloroplast protein were
derived from the cytoplasm—perhaps from a 2-carbon compound such as glycollate.
KEARNEY AND TOLBERTI® have demonstrated glycine and glycollate formation in
chloroplasts from glyoxalate.

One of the authors (C.M.T.) wishes to thank the Ministry of Education for
N. Ireland for the award of a studentship during the course of this work.

Department of Botany, C. M. TuomPsoON™
Imperial College, C. P. WHITTINGHAM
London (Great Britain)

1 J. A. BassuaMm, A. A. BeExson, L. D. Kay, A. Z. Harris, A. T. WILsoN aND M. CALVIN, J. Am.
Chem. Soc., 76 (1954) 1760.

2 R. BresLow, J. Am. Chem. Soc., 80 (1958) 3719.

3 M. STILLER, Ann. Rev. Plant Physiol., 13 (1962} 151I.

4 1. ZerrrcH, J. Biol. Chem., 240 (1965) 1869.

5 K. L. Ricaarpson AND N. E. ToLBERT, J. Biol. Chem., 236 (1961) 1285.

6 1. ZeritcH AND A. M. Gotto, Biochem. J., 84 (1962) 541.

7 1. ZELiTCcH AND G. A. BARBER, Plant Physiol., 35 (1960) 626.

8 I. FF. Birp, H. K. PorTER aND C. R. STOCKING, Biochim. Biophys. Acta, 100 (1965) 366.
9 U. HEBER anD J. TyszkIEwICZ, J. Exptl. Botany, 13 (1962) 185.

10 C. R. STOCKING AND A. ONGUN, Awm. J. Botany, 49 (1962) 284.
11 D. I. ARNON, Plant Physiol., 24 (1949) 1.
12 O. H. Lowry, N. J. RosEBrOUGH, A. L. FARR AND R. J. Ranpary, J. Biol. Chem., 193 (1951)

265.

13 U. HEBER, N. G. Pox anD M. HEBER, Plant Physiol., 38 (1963) 355.
14 R. M. LEECH, Biochim. Biophys. Acta, 71 (1963) 253.
15 W. O. James anDp V. S. R. Das, New Phytologist, 56 (1957) 325.
16 P. C. KEARNEY AND N. E. ToLBERT, Arch. Biochem. Biophys., 908 (1962) 164.
17 D. C. SmitH, J. A, Bassuam aND M. Kirx, Biochim. Biophys. Acta, 48 (1961) 299.
18 F. C. STEWARD, R. G. S. BioweLL anD E. W. YeMM, J. Expil. Botany, 9 (1958) 11.
19 R. O. Hurst, Can. J. Biochem., 42 (1964) 287.

Received August 2nd, 1967

* Present address: School of Molecular Sciences, University of Warwick, Coventry (Great
Britain).

Biochim. Biophys. Acta, 143 (1967) 642-644



