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Abstract—Euglena gracilis Klebs (strain Z) was maintained in division synchronized autotrophic culture, receiving
either air (low CO,) or 5% CO, in air (high CO,) at 25°. These growth conditions, which alter cellular glycollate
oxidation and formylfolate biosynthesis, were assessed for possible effects on ability to cleave glycine. Glycine
cleavage was examined by comparing incorporations of glycine-{1-**C] and -[2-!*C] into products of folate meta-
bolism. Cells grown in high and low CO, converted greater amounts of C-1 to labelled CO, than C-2. The C-2 of
glycine was more extensively incorporated into RNA, adenine, serine and methionine than the carboxyl carbon in
both types of culture. Degradations of serine derived from protein were consistent with the conclusion that glycine
acted as a source of methylenefolate under these growth conditions. It is concluded that the glycine cleavage reaction
will augment folate generated through the 10-formyltetrahydrofolate synthetase (EC 6.3.4.3) reaction when condi-
tions favour glycollate formation and metabolism. During growth in high CO,, glycine decarboxylase and serine
hydroxymethyltransferase (EC 2.1.2.1) are visualized as the major enzymes for generation of metabolically important

folates.

INTRODUCTION

The glycine cleavage reaction (glycine synthase: EC
2.1.2.10), detected in Peptococcus glycinophilus by Sagers
and Gunsalus [ 1] has more recently been the subject of
detailed study. The reaction, which is folate dependent
{equation 1), is widely distributed in bacteria [2, 5],
animals [6, 8] and plants [9, 18]. In P. glycinophilus [19,
271,
Equation |
Glycine + H, PteGlu + NAD &

5,10-CH,H PteGlu + CO, + NH,; + NADH.
Arthrobacter globiformis {23, 25] and rat liver mitochon-
dria [2,26] this reversible reaction is collectively catalysed
by 4 protein components. Although such systems form
glycine in vitro, physiological conditions favour the
cleavage reaction [2]. In this respect the reaction is
acknowledged as an important source of 5,10-methylene-
tetrahydrofolate for utilization in a variety of folate-
dependent syntheses [27].

Interest in this reaction in plants was generated by
the detailed work of Tolbert’s group [11, 28]. These
workers showed that glycine cleavage was an integral
part of the glycollate pathway. Subsequently evidence
accumulated that this decarboxylation was a source of
photorespiratory CO, [15,16,29]. In common with other
cukaryotes, the plant enzyme is mitochondrial [15, 17,
30, 31] and cleavage is accompanied by ATP synthesis
[13, 32]. Methylenefolate arising from C-2 of glycine
is largely incorporated into serine by a mitochondrial

* The abbreviations used for dertvatives of folic acid are those
suggested by the TUPAC-IUB Commussion listed in (1967}
Biochem. J. 102, 15, e.g. 5,10-CH,H PteGlu = N N'%-methyl-
enetetrahydropteroyl monoglutamate.
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serine hydroxymethyltransferase [12, 13, 16, 33]. How-
ever, pea mitochondria [ 12] produce labelled formyl and
methylfolates from glycine [2-'#C]. It can therefore be
argued that at least in some cases the enzyme is not tightly
coupled to serine synthesis but produces 5,10-methylene-
tetrahydrofolate for use in other folate-dependent path-
ways.

In Euglena there is evidence that C, units are generated
in the 10-formyltetrahydrofolate synthetase (EC 6.3.4.3)
reaction [34]. Growth in 5% CO, in air {high CO,)
or in the presence of hydroxysulphonate reduced this
synthesis and the ability to oxidize glycollate [34].
However, high CO,-grown cells retained a characteristic
division synchrony and, after 4 cell cycles of treatment,
contained elevated levels of serine hydroxymethyl-
transferase and 5-CH,H PteGlu,. Considering the close
metabolic relationships between serine and glycine
and evidence for operation of the glycollate pathway in
Euglena {35, 37] it follows that high CO, may increase
the role of these amino acids as sources of methylene-
folate.

This possibility has been considered in the present
work. Contributions of glycine to folate metabolism
[18] have been assessed by comparing the incorporations
of C-1 and C-2 into RNA, DNA, adenine, serine and
methionine. Cells growing in high or low CO, had ability
to cleave glycine, and C, units resulting from this were
utilized in a variety of folate-dependent pathways.

RESULTS

Glycine metabolism during growth in high and low CO,
Euglena cells rapidly took up glycine in the light or
dark. This compound, however, was only utilized as a
sole source of carbon when the cells were illuminated.
This apparent photoheterotrophy has been noted in an
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carlier report by Murray et al.{ 38]. Division synchronized
cells maintained in high or low CO, decarboxylated
glycine in the dark (Table 1) but in each case C-2 con-
tributed little label to the evolved CO,. In more detailed
feeding experiments in the light (Table 2) it was clear
that the glycine carbon was extensively metabolized.
More total '*C was taken up and incorporated by the
high CO,-grown cells. This treatment aiso affected the
distribution of '*C, increasing that entering protein,
RNA and DNA but decreasing the amount in the sugar
and other fractions. In both cultures C-2 of glycine
labelled the nucieic acid, protein, amino acid and acetone
soluble fractions more heavily than C-1. When the latter
fractions were examined after column chromatography
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Table 1. Decarboxylation of glycine by darkened Euglena

cells
Culture '4CO, evolved {dpm/10° cells)
conditions Alr-grown 5% CO, in air-
grown
Glycine-{1-1*C] 20600 21700
Glycine-[2-1°C] 4200 41230

Cells (10° were cultured in air and high CO, respectively and
at the 10th hr of the light period were placed in the dark for
30 min at 30°. Labelled glycine (1 pCi, 0.02 pmol of glycine
[1-*2C] or-[2-14C], respectively) was then added and incubation
in the dark continued for | hr.

Table 2. Metabolism of glycine-[1-'“C] and glycine-[2[*C] in the Light by air-grown and 5%, CO,-grown cells

Air High CO,
Glycine-[1-'°C] Glycine-[2-1%C) Glycine-[1-1°C) Glyeine-[2-1*C]
v, of 1*C % of *C 4 of 1*C v ol C
dpm/10* incor- dpm;10* incor- dpm_t0° incor- dpm:10" incor-

porated cells porated cells porated cells porated
Amino acids* 56200 19.1 86 700 18.4 46 800 14.8 99 200 17.5
Organic acids 18200 6.2 18500 39 8800 28 16200 29
Sugars 14 300 49 12100 26 3800 1.2 8700 1.6
RNA 14700 5.0 20200 4.3 18 800 89 32200 s
DNA 5400 1.8 6600 14 18500 S8 25600 4.6
Protein 98900 336 156 000 RER! 179000 56.4 279000 499
Acetone solubles 86800 29.5 172000 364 41900 13.2 98200 17.6
Total '*C incorporation 295000 472000 R000 559000

* After correction for residual glycine ['*C]; see Table 3.

Cells (10”) were cultured and harvested as in Table 1. After equilibration in the light for 30 min at 25 , 5 uCi (0.1 umol) of glycine-
[1-"%C] or -[2-1%C] respectively were added. Feeding was terminated after 30 min.

Table 3. Labelling of free amino acids and adenine following glycine-[1-'*C] and -[2-'*C] feeding in light

Air 59, CO,

Glycine-[1-1*C] Glycine-[2-'*C] Glycine-[1-'*C] Glycine-[2-1C]

dpm/10° Sp. dpm/10° Sp. dpm/10° Sp. dpm;10” Sp.

Compounds cells act.* cells acl. cells act. cells act.
Gly 4590 59 000 6490 72600 7440 74600 14100 132000
Ser 4370 48300 11100 120000 3210 20400 K990 63500

Met 890 N.C. 930 N.C. 1030 N.C. 720 N.C.
Asp 3290 60500 2410 53600 5290 61100 3830 40600
Glu 8720 39200 10400 43300 5070 16 700 11700 39900
Ala 6690 21800 7040 19100 1370 6570 2960 13000
Adenine 1090 21400 5080 77000 2610 86000 10900 125000

*Sp. act. in dpm/pmol. N.C. = not calculated due to small pool size.
Experimental details as in Table 2. Individual compounds were separated by use of ion exchange chromatographs.

Table 4. Labelling of protein amino acids following glycine-[1-'*CTand -[2-'*C] feeding in light

Air 59 CO,

Glycine-[1-'4C) Glycine-[2-'4C] Glycine-[1-1*C] Glycine-[2-'C]

Protein Amino dpm/10* Sp. dpm/10” Sp. dpm’10* Sp. dpm, 10" Sp.

Acids cells act.* celis act. cells acl. cells acl.
Gly 126 000 8700 123000 9640 215000 13600 224000 17500
Ser 44 500 5540 72300 9410 54 500 6170 102000 14600
Met 840 360 13200 4550 720 260 GREO 3550
Asp 3650 260 4600 330 2840 220 3810 330
Glu 5000 290 10300 620 2890 170 15100 950
Ala 4680 270 6000 380 3120 170 12600 790

* Sp. act. expressed in dpm/umol. Experimental details as in Table 2.
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Table 5. Intramolecular labelling of protein serine following glycine-[1-'*C] and -[2-!*C] feeding in light

] Air 5% CO,
Glycine-[1-1*C] Glycine-[2-14C] Glycine-[1-14C] Glycine-[2-14C]
C'? distri- C'* distri- C!* distri- C'? distri-

Carbon dpm bution dpm bution dpm bution dpm bution
Posttion recovered % recovered %, recovered % recovered %
C]OOH (1) 1840 67.7 440 9.4 22100 799 1740 45
(EH.NH2 @ 410 15.1 2420 51.8 2010 713 26560 694
CH,0OH (3) 470 17.3 1810 38.8 3570 129 9990 26.1

Samples of protein serine isolated after glycine-['*C] feedings (Table 2) were degraded using periodate [52].

(Tables 3 and 4) this heavier labelling by C-2 was also
apparent for a number of individual compounds. In
this respect, adenine, serine and methionine (free and
protein) showed the greatest difference in sp. act.
Comparing data for glycine-[1-**C] and -[2-"%C], it is
clear that the free glycine pools of high and low CO,-
grown cells, contained more '*C when glycine-[2-'*C]
was supplied (Table 3). This tendency was more pro-
nounced in the high CO,-grown cells. Chemical de-
gradations of such glycine samples revealed some ran-
domization of '*C so that ca 6% of the radioactivity
following glycine [2-'*C] feeding was recovered in the
carboxyl carbon, The intramolecular distribution of '*C
in protein serine (Table 5) also showed some randomiza-
tion so that both carbons of glycine contributed to all
3 carbons of this product. However, the C-2 of glycine
made greater contributions to the C-3 of serine than the
carboxyl carbon. In air-grown cells C-2 and C-3 of serine
were almost equally labelled when glycine [2-1*C] was
supplied, but for high CO, cells protein serine was more
heavily labelled in the 2 position.

Formate metabolism in high and low CO,-grown cells
From the above data it is deduced that glycine is util-
ized in folate metabolism. From the nature of these
metabolic products it is clear that formyl, methylene
and methyl groups must be derived from glycine cleavage.
As earlier work [34] suggested that Euglena also uses
formate in these syntheses it was of interest to examine
the utilization of formate-['*C] in more detail. This
substrate is rapidly oxidized in Euglena, so feeding experi-
ments were carried out for short periods (10 min) in
darkness to prevent the refixation of *C that would occur
in the light via photosynthesis. Under such conditions

formate was rapidly incorporated into a variety of prod-
ucts. The nature of these (Tables 6 and 7) suggested that
formate was incorporated as a C, compound rather than
via CO, fixation. The incorporation of label into the
major products was lower when the cells had been grown
in high CO, (Tables 6 and 7). In air-grown and in 5%
CO,-grown cells large amounts of formate carbon
entered protein serine and methionine despite the
relatively short feeding period. Labelling of the free
serine, glycine, aspartate and adenine pools was also
evident in these experiments.

Table 6. Metabolism of formate-['*C] by Euglena gracilis
in darkness after growth in the presence of high and low CO,

Air 5% CO,
dpm/1.5 %of dpm/t.S % of
x 108 '*Cin- x 10* '*Cin-
cells corpor- cells corpor-
Fraction ated ated
Amino acids 217000 40.3 13000 439
Organic acids 72500 13.5 43800 14.8
Sugars 40400 1.5 12200 4.1
RNA 46000 8.5 15700 5.3
DNA 3100 0.6 5100 1.7
Protein 119000 222 63000 213
Acetone soluble 40900 1.6 26400 89
Total incorporation 539000 296000

Cells (1.5 x 10% were cultured and harvested as in Table 1
followed by equilibration for 30 min in darkness at 25°. Labelled
formate (5 puCi, 0.08 pmol) was then added and incubation
continued for 10min. During the equilibration and feeding
petiods the cell suspensions were bubbled with air.

Table 7. Incorporation of formate-[**C] into adenine and into free and protein amino acids by darkened cells

FREE AMINO ACIDS

PROTEIN AMINO ACIDS

Air 5% CO, Air 5% CO,
dpm/1.5 dpm/1.5 dpm/1.5 dpm/1.5

x 108 Sp. x 108 Sp. x 10% Sp. x 10% Sp.

Compounds cells act.* cells act. cells act, cells act.

Gily 6840 92000 20300 226000 ND ND ND ND
Ser 17900 347000 27300 384000 29500 13500 20500 2350
Met ND — ND ND 29500 71300 11200 15800

Asp 16500 878000 11300 341000 ND — ND —

Adenine 11600 723000 18000 727000 — — — —

* Specific radioactivities are expressed in dpm/umol.

ND = radioactivity not detected. Experimental details as in Table 6.
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DISCUSSION

The ability of Euglena to incorporate C-2 of glycine
into adenine, serine, methionine and unucleic acids
(Tables 2-4) and to produce CO, from the carboxyl
carbon (Table 1) shows that extensive cleavage of this
substrate occurs under autotrophic conditions. The
earlier findings that this species can utilize glycine as a
sole source of carbon in the light and that such culture
is accompanied by release of ammonium [38] clearly
supports this conclusion. Evidence for glycine cleavage
was obtained after growth in high or low CO, and when
labelled substrate was supplied in light or darkness
(Tables 1 and 3). The nature of this reaction in Euglena
remains to be elucidated by studies in vitro. However,
the products of glycine metabolism strongly suggest
that cleavage resulted in generation of methylene folate
and that this product participates in folate metabolism
irrespective of carbon flux through the glycollate path-
way. Furthermore cleavage does not appear to be tightly
coupled to serine synthesis in Euglena. The data in
Tables 3 and 4 show that C-2 of glycine participated in
the synthesis of adenine and methionine to much greater
extents than the carboxyl carbon. During growth in low
CO, it is logical that operation of the glycollate path-
way would be accompanied by a drain of C, units to sup-
port these syntheses. Thus carbon flow through a glycol-
late — glyoxylate — glycine — C, sequence could be of
central importance in these cells where intensive syn-
thetic activity precedes cell division [39, 41]. This folate
would also augment that generated through the 10-
formyltetrahydrofolate synthetase reaction [ 34].

As noted above, cells cultured in 5% CO, in air also
utilized C-2 of glycine in folate metabolism. However,
this treatment, which curtails formation [42] and oxida-
tion of glycollate [34, 36], would tend to diminish
glycine synthesis from C, compounds. Cells grown
in 5% CO, in air contain greater concentrations of free
glycine and serine (Table 3), have elevated serine hydroxy-
methyltransferase activity [ 34] and, by analogy with other
photosynthetic systems [42], would form greater amounts
of C, compounds by carboxylation of ribulose-1,5-
diphosphate. It is therefore conceivable that high CO,
would favour a flow of photosynthetic intermediates
into serine [43, 45] which with glycine, could serve as
the main sources of methylene folate. This route would
have added significance during growth in high CO,
as ability to generate more oxidized folates from formate
will be reduced (Table 7: ref. [34]).

Degradations of protein serine (Table 5) showed that
some randomization of '*C occurred during glycine
feeding. Earlier workers have reported similar effects
on serine [46] and carbohydrate [47] labelling patterns
in other species. These data suggest active turnover of the
precursor pools, with *C re-entering the glycollate
pathway via photosynthesis. In low CO,-grown cells
the labelling pattern of serine (Table 5) implies that
essentially all of the C, units needed for the B-carbon
arose from C-2 of glycine. In high CO, however dilution
of the f-carbon occurred. This could occur if a relatively
large unlabelled pool of serine exchanged with labelled
glycine in the serine hydroxymethyltransferase reaction.

A comparison of data in Tables 3, 4 and 7 suggests
that formate was a better precursor of adenine and
methionine than glycine. Although formate was supplied
in the dark, our earlier studies [34] showed a similar
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flow in illuminated cells. Interpretation of such data is
difficult without knowledge of the precise localization
of these biosynthetic pathways. However, if the glycine
cleavage reaction in Euglena is mitochondrial {32] and
the 10-formyltetrahydrofolate synthetase reaction is
cytosolic [48, 49], a channeling of formyl and methylene
folates into distinct pathways could be visualized.

EXPERIMENTAL

Materials. Sodium formate-['*C], glycine-[1-'*C] and gly-
cine-[2-*C] were purchased from Amecrsham-Scarle, Des
Plaines, Illinois. Other chemicals, were obtained from Sigma,
St. Louis and from Fisher Scientific, Edmonton. Cylinders
of air containing 5.0 1 0.1% CO, were supplied by Matheson
of Canada Ltd., Whitby, Ontario.

Culture of Fuglena. Division synchronized cultures were
grown in Na citrate medium [50] as previously described [34].
Culture densities were measured with a haemocytometer after
HCHO fixation. Cells (ca 10°/'ml) were harvested by centrifuga-
tion at the 10th hr of the hight period. After washing in fresh
sterile culture media the cells were resuspended to give the
densitics shown in the tables.

Decarboxylation of glycine-[**C] in vivo. This was studied 1n
Warburg flasks fitted with 2 sidearms and a centre well. Cell
suspension (3 ml, harvested as above) containing 10° cells were
placed in the main compartment. The centre well contained

.2 ml of 209, KOH and a small filter paper wick. The flasks were
incubated in the dark at 30" for 30 min. Glycine-[1-*C] or
-[2-'*C] was then added from the sidearm (see Table 1) and
incubation was continued with shaking for 1 hr. The reaction
was stopped by addition of 0.4 ml of 4N H,SQO, from the second
sidearm. After shaking for a further I hr. the contents of the
centre well were assayed for '“C by liquid scintillation counting
[54].

Glycine and formate feeding expts. These were carried out in
20 ml test tubes containing 5 ml of cell suspension. The tubes
were aerated with air or 5%, CO, in air throughout. Before addi-
tion of labelled glycine the cells were illuminated (3500 Ix)
for 30 min a1 25°. Following this cquibibration period 5 uCi
of glycine-[1-'“C] or -[2-'*C] were added and ncubation in
the light continued for 30 min. In formate-['*C] feeding expts,
equilibration and incubation with the label were carried out in
darkness (Table 6). After feeding, the cells were removed by
rapid centrifugation, washed in fresh ice-cold medum and killed
with 5ml20%;, TCA. Nuclei acids and protein were fractionated
by the method ref. [51]. H,O soluble compounds were separ-
ated by ion-exchange chromatography [18] and protein was
hydrolysed in 6N HCl at 110 for 16 hr under N,. Individual
amino acids were 1solated using amino acid analyser as des-
cribed previously [18]. Serine-['*C], recovered from the protein
was degraded using periodate [52]. Labelled glycine samples
were degraded with ninhydrin [S3). Radioactivitics were meas-
ured by liquid scintillation counting [54]: counting efficiencies
were ca 70°,,.

Acknowledgements -This work was supported by a grant-in-aid
of research awarded to one of us (E.A.C) by the Nauonal
Rescarch Council of Canada. The authors thank Mr. B. Blawacky
for assistance with the amino acid analyser.

REFERENCES

. Sagers, D. R. and Gunsolus, J. C.{1961) J. Bacteriol. 81, 541.

. Kikuchi, G. (1973) Mol. Cell. Biochem. 1, 169.

. Pitts, J. D. and Crosbie, G. W. (1962) Biochem. J. 83, 35 P.

. Newman, E. B. and Magasanik, B. (1963) Biochim. Biophys.
Acta 78,437,

. Jones, K. M. and Bridgeland, E. S. (1966) Biochem. J. 99, 25
P.

6. Richert, D. A, Amberg, R. and Wilson, M (1962) J. Biol.

Chem. 237, 99.

2w 19—

w



19.

20.
21,
. Klein, S. M. and Sagers, R. D.(1967) J. Biol. Chem. 242, 301.
23.

24,
25.

26.
27.

28,
29.

30.

31.

Glycine and C, units in Euglena

. Yoshida, T. and Kikuchi, G. (1972} J. Biochem. 72, 1503.
. Kawasaki, H,, Sato, T. and Kikuchi, G. (1966) Biochem.

Biophys. Res. Commun. 23, 227.

. McConnell, W. B. (1964) Can. J. Biochem. 42, 1293.
. Cossins, E. A. and Sinha, S. K. (1966) Biochem. J. 101, 542.
. Kisaki, T. and Tolbert, N. E. (1970) Plant Cell Physiol. 11,

247.

. Clandinin, M. T. and Cossins, E. A. (1972) Biochem. J. 128,

29.

. Bird, I. F,, Cornelius, M. J., Keys, A. J. and Whittingham,

C. P. (1972) Phytochemistry 11, 1587,

. Prather, C. W. and Sisler, E. C. (1972) Phytochemistry 11,

1637.

. Kisaki, T, Imai, A. and Tolbert, N. E. (1971) Plant Cell

Physiol. 12, 267.

. Kisaki, T., Yoshida. N. and Imai, A. (1971} Plant Cell

Physiol. 12, 275.

. Clandinin, M. T. and Cossins, E. A. (1975) Phytochemistry

14, 387.

. Cossins, E. A, Chan, P-Y. and Combepine, G. (1976)

Biochem. J. 160, 305,

Klein, S. M. and Sagers, R. D. (1966) J. Biol. Chem. 241,
197.

Klein, S. M. and Sagers, R. D. (1966) J. Biol. Chem. 241,
206.

Klein, S. M. and Sagers, R. D. (1967) J. Biol. Chem. 242, 297.

Kochi, H. and Kikuchi, G. (1969) Arch. Biochem. Biophys.
132, 359.

Kochi, H. and Kikuchi, G. {1974) J. Biochem. 75, 1113.
Kochy, H. and Kikuchi, G. (1976} Arch. Biochem. Biophys.
173.71.

Motokawa, Y. and Kikuchi, G. (1974) Arch. Biochem. Bio-
phys. 164, 624.

Blakley, R. L. (1969) in The Biochemistry of Folic Acid and
Related Pteridines p. 283, North-Holland, Amsterdam.
Tolbert, N. E. (1971) Annu. Rev. Plant Physiel. 22, 45.
Kisaki, T., Yano, N. and Hirabayashi, S. (1972) Plant Cell
Physiol. 13, S81.

Woo, K. C. and Osmond, C. B. (1976) Aust. J. Plant Physiol.
3,771

Moore, A. L., Jackson, C., Halliwell, B, Drench, 1. E.
and Hall, D. O. (1977) Biochem. Biophys. Res. Commun.
78, 483.

32

33

34,

35

36.

37

52.

53.

54.

1715

Collins, N, Brown, R. H. and Merrett, M. J. (1975) Biochem.
J. 150, 373.

Woo, K. C. and Osmond, C. B. (1977) Plant Physiol. 59.
Suppl. 43.

Lor, K. L. and Cossins, E. A. {1978) Phytochemistry 17,
659.

Codd, G. A. and Merrett, M. J. (1971} Plant Physiol, 47,
635.

Codd, G. A. and Merrett, M. J. (1971) Plant Physiol. 47,
640.

Murray, D. R, Giovanelli, J. and Smillie, R. M. (197])
Aust. J. Biol. Sci. 24, 23.

. Murray, D. R, Giovanelli, J. and Smillie, R. M. (1970)

J. Protozool. 17, 99.

. Cook, J. R. (1961) Biol. Bull. 121, 277,

. Edmunds, L. N. (1964) Science 145, 266.

. Edmunds, L. N. (1965) J. Cell. Comp. Physiol. 66, 159.

. Andrews, T. J., Lorimer, G. H. and Tolbert, N. E. (1973)

Biochemistry 12, 11.

. Hiller, R. G. and Whittingham, C. P. (1964) J. Exp. Botany

15, 21.

. Hess, J. L. and Tolbert, N. E. (1967) Plant Physiol. 42,

37

. Tan, C. K. (1974) Studies on the physiology and biochemistry

of Chlamydomonas segnis in synchronous culture. Ph.D.
thesis, University of Manitoba, Canada.

. Bruin, W. J,, Nelson, E. B. and Tolbert, N. E. (1970) Plant

Physiol. 46, 386.

. Miflin, B. J., Marker, A. F, H. and Whittingham, C. P. (1966)

Biochim. Biophys. Acta. 120, 266.

. Halliwell, B. {(1973) Trans. Biochem. Soc. 1, 1147,

. Hiatt, A. J. (1965) Plant Physiol, 40, 184.

. Cramer, M. and Meyers, J. (1952) Arch. Mikrobiol. 17, 384,
. Kennell, D. (1967) in Methods in Enzymology (Grossman,

L. and Moldane, K., eds.) Vol. XII, pp. 686-693. Academic
Press, New York.

Chang, W. H. and Tolbert, N. E. (1965) Plant Physiol.
40, 1048.

Daley, L. S. and Bidwell, R. G. S. (1977) Plant Physiol.
60, 109.

Dodd, W. A. and Cossins, E. A. (1969) Arch. Biochem.
Biophys. 133, 216.



