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Abstract

Assimilation of mfratc in plants is strictly light dependent. Light rcgulates the activity of the first
m,.m!y. nitrate rf!duﬂasa, indirectly by blocking the mitochondrial oxidation of NADH. thus
making it avmlab}e .for nitrate reduction. Subsequent assimilation of nitrite is carried out it; the
chloroplasts by mtmc_rcductasc, glutamine synthetase and glutamate synthase which are all light
dcpcnd?nt. ‘ l?feocnt evidence also suggests that NADH for nitrate reduction is generated by the mito-
chondrial citric acid cycle dehydrogenases and NAD+-malic enzyme. It has also been shown that in
light, carbon skeleton for citric acid cycle turnover is perhaps provided by 2-carbon compounds
generated during photorespiration. Thus, combined activities of chloroplasts, mitochondria, cytoplasm
and perhaps peroxisomes regulate nitrate assimilation in plants.

Key words : Nitrate assimilation, regulation by light ATP and mitochondria, source of NADH, higher
plants.

1. Introdaction

Nitrate is an impaortant source of nitrogen for almost all higher plants’. Itis assimilated
in two steps. The first reaction, i.e., reduction of nitrate to nitrite is catalysed by the
enzyme nitrate reductase and the second step, the conversion of nitrite to ammonia is
catalysed by the enzyme nitrite reductase. The ammonia thus formed is tncorporated
into amino acids vig carbon skeleton derived from CO, fixation in light®3.. The first

| step in the nitrate assimilation process is considered to be the rate limiting step and 1s

i

thus likely to be regulated at different levels.

Several reviews on various aspects of nitrate assimilation have appear ed in the P“tz’_"s'
However, the precise role of light was not well understood until recently. The physio-
logical reductant for nitrate reduction in plants is also better understood today. The

present article reviews the recent developments in these fields.
Abbreviations used : NR, nitrate reductase ; NiR, nitrite reductase : GS, glutamine synthetase;
GOGAT, glutamine-2-oxoglutarate amino-transferase.
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2. Localizatiops of nitrate assimilation

The enzymes involved in the assimilation of nitrate into amino acids are nitrate reductase
(E.C. 1.6.6.1), nitrite reductase (E.C. 1.7.7.1), glutamine synthetase (E.C. 6.3.1.2)
and glutamine: 2-oxoglutarate amino transferase (E.C. 2.6.1.53). 1t has been showy
that nitrite reductase in green leaves is located in the chloroplasts and the reductapg
required for its activity is reduced ferredoxin generated in the photosynthetic reactionse
GS and GOGAT, also chloroplastic enzymes, depend on ATP and reduced ferredoxin,
generated during photosynthesis for their activity?. Thus, the three enzymes responsible
for the assimilation of nitrite into glutamate are present in the chloroplasts and are

largely light dependent.

As regards nitrate reductase, it is gencrally believed that it is present in the cytoplasm®e,-
However, there are some reports which suggest that it may be loosely associated with
the outer membrane of the chloroplast!). In spite of these conflicting reports about the
localisation of nitrate reductase in plant cells it is generally agreed that NADH present
in/or supplied to the cytoplasm 1s used as a reductant for this enzyme.

3. [Inhibition of i» riro nitrate reduction by oxygen

The assay of nitrate reductase developed by Klepper er al'? depends on incubation of
leaf discs under anaerobic conditions in the dark. Nitrite accumulates in the tissues,
because in the chloroplast, nitrite reductase which depends on reduced ferredoxin for
activity cannot function in the dark. Sawhney efal'®* observed that reduction of
nitrate to nitrite during dark incubation is extremely sensitive to oxygen and is completely
inhibited at less than one per cent of the normal atmospheric oxygen concentration. It
was also observed by them that even in air, NO;~ could be reduced to NO;~ provided
mitochondrial electron transfer chain is inhibited by specific inhibitors, such as rotenone
and amytal. They 2lso found that a brief exposure of wheat leaves to carbon monoxide,
an inhibitor of mitochondrial electron transfer chain, at the cytochrome oxidase step,
is sufficient to obtain rapid reduction of nitrate to nitrite even in the presence of air,
Carbon monoxide effect could be casily reversed by a brief exposure of wheat leaves to
light, which dissociates carbon monoxide cytochrome oxidase complex. Subsequently,
Canvin and Woo'* also observed that inhibition of mitochondrial respiration by anti-
mycin A stimulates nitrate reduction in the dark aerobic conditions. The above obser-
vations show that inhibition of oxidation of NADH via the mitochondrial electron
transfer chain is essential for nitrate reduction. In other words there is a competition
for the reducing equivalents from NADH between oxygen and NO,~. Recently Mann
et al'® also observed that oxygen suppresses nitrate reduction and for in vive nitrate
reductase assay anaerobic conditions are necessary, They also observed that some
respiratory inhubitors and uncouplers are able to partially overcome the oxygen inhibition
of nitrate reduction. They suggested that the reversal of oxygen inhibition by these
inhibitors and uncouplers could be due to their effect on membranes rather than on
respiration as such, |
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4. Role of light in nitrate assimilation

As mentioned ecarlier, threz enzymes namely,

: NiR, GS and : _
assimilation are chloroplastic and are nd GOGAT involved in nitrate

strictly dependent on light. Several re
| el _ ; : : orts are
available which implicated light as a crucial factor for the activity of nitrate feductase

also®>%. Evans and Nason' isolated from soybcan an NADPH-dependent nitrate-
reductase and demonstrated that a reconstituted system, consisting of the enzyme, grana
and NADP could reduce nitrate in light. On this basis, they concluded that light is
coup.led to nitrate redu.ctl_on via an electron transfer system. This implied the location
of mtrz_ue reductarie within the chloroplast, which is contrary to present knowledge.
Later, 1t was C{)nsmtently obscrved that nitrate reductase from almost all higher plants
is NADH-specific?®. t!'hc problem was further complicated by the observation of
Klepper et a!‘f that nitrate could be reduced to nitrite by leaf discs even in the dark
under anaerobic conditions. They also observed that under dark anaerobic conditions
several glvcolytic intermediates could stimulate nitrate reduction. They concluded that
triosephesphates synthesized during active photosynthesis are metabolised in the cyto.
plasm to producc NADH through the glycolytic dchydrogenase. According to them,
this NADH is utilized for nitrate reduction. They argued that nitrate reduction is
essen.ially a dark reaction. Free nitrite is rarely detected in leaves kept in dark under
acrobic conditions. Thus it was suggested that either nitrate is not reduced in dark or
the nitrite formed under physiologcal conditions is rapidly assimilated. The exact
role of light was still unknown. However, it was the pioneering work of Canvin and
Atkins!?, which conclusively demonstrated that nitrate assimilation in wheat, barley,
corn and bzan leaves is strictly light dependent. Using “NO,;~ they observed that
reduction of NO; to ®NO, ceases abruptly when the light i1s extinguished. The
relation between light and nitrate reduction was rather quite direct and as the enzyme
levels in these leaves as such undergo only a slight change in dark the authors were
unable to explain the exact mode of action of light in the regulation of nitrate reduction.
If nitrate reduction was a dark reaction as suggested by Klepper er al'®, the instanta-
neous effect of switching off light could not be explained because the reduction of nitrate
would have continued even in dark, till the triosephosephates accumulated dur‘ng photo-

synthesis were exhausted.

Under normal physiological conditions when plants ar¢ grown tL i, 1696 mifriie l;s
rarely detected in either light or dark. Thus rcduction of nitrate to nitrite and its Sub-
sequent reduction to ammonia are tightly coupled. In the R I ;
reduced further and nitrate is also not reduced. This type of contro! EREL cr;s:!fel
that pitrite, which is highly toxic to plants, does not accumulate to any SRR I

in the cells.

In light, rapid assimilation of NO;~ to NQS_ CORURENSS i sac obse;vz(tiiob;’ ;z:v;;l
and Atkins!”. Hence 2 mechanism must exist which triggers nitrate TC‘H“i b1 yilstis
the presence of oxygen (air). This suggests th'a.t oxydation oli; NA[I) 1 nshown o
chondria is inhibited in light. Recent work reviewed by Heber'® hasclearly
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during photosynthesis the cytoplasmic ATP concentration increases considerably oy
account of transport of triosecphosphates synthesized in the chloroplast. 1t is known
that very little direct transport of ATP across the chloroplast membrane takes place
since they are almost impermeable 10 adenine nucleotides. However, as shown by
Heber!®, a very rapid indirect transport occurs by the exportof triosephosphates, parti-
cularly, dihydroxy-acetone phosphate from the chloroplasts. The glycolytic dehydro.
genase namely glyceraldehyde-phosphate dehydrogenase generates ATP in the cytoplasm
which results in 2 dramatic increase in the cytoplasmic adenylate energy charge. This
in turn is known to inbibit mitochondrial oxidation of NADH. On the basis of his
knowledge Sawhney et al/'* proposed a switch mechanism to explain the role of light.,
According to them as mitochondrial respiration is in progress in the dark, NADH is
not available for nitrate reduction. In light, when increased adenylate energy charge
brings about inhibition of mitochondrial clectron transfer chain, nitrate reduction
starts, and as such NADH is not oxidised in thc mitochondria and is thus available for

cytoplasmic nitrate reduction. |

5. Physiological source of redactant for nitrate reduction

The source of reductant (NADH) for in vivo nitrate reduction has always been a contro-
versial issue. However, the widely accepted view is that of Klepper er al'?. Based
on their observation that glycolytic intermediates stimulated dark anaerobic nitrate
reduction they had suggested that NADH generated during the reaction catalysed by
the cytoplasmic glyceraldchyde-3-phosphate dehydrogenase is utilised for in vivo nitrate
reduction. They had also observed that citric acid cycle intermediates did not stimulate
nitrate reduction in vivo. But later Sawhney et al'® reported that pyruvate, phosphenol
pyruvate and some citric acid cycle intermediates did stimulate dark in vivo nitrate
reduction in wheat leaves. The difference in observation of these two groups of workers
arose probably because of the different pH of the infiltration medium used by them.
Sawhney et al'® used a more acidic pH (pH 5-0), at which the entry of organic acids
in the leaf tissue is significantly higher. At pH 7-0, the pH used by Klepper et al'?,
organic acids do not enter into the leaf tissues in significant amount. Sawhney et al*?
also reported that malonate-inhibited dark anaerobic in vive nitrate reduction and this
inhibition was partially reverscd by fumarate. Bascd on these observations they
suggested that NADH generated subsequent to glycolysis by the citric acid cycle
dehydrogenases, in the mitochondria, is also utilised for in vive nitrate reduction.
Malonate inhibition of in vivo nitrate reduction in sorghum leaves was also reported by
Kadam er al*®. Thess workers and Subbalakshmi et a/?! reported that leaves subjected
to freezing in liquid nitrogen completely lost in vivo nitrate reductase activity, but in vitro
activity was not affected. They suggested that probably NADH utilized for nitrate
reduction is of mitochondrial origin. Thus, inhibition of nitrate reduction by freezing
in liquid nitrogen could be explained on the basis of the disruption of mitochondrial
membrane structure during freeze thaw treatment, which inhibits NADH generation
and supply. Similar conclusions were also drawn by Srinivasan and Ramarao®
based on their fluoride inhibition studies of nitrate reduction. They observed that
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fluoride inhibits in vivo nitrate reduction consi

They suggested that fluoride could bring about this inhibition b
NADH supply required for in vivo nitrate reduction. Further basid
that pyruvate could partially overcome fluoride inhibiti ,
could inhibit pyruvate supply for the citric acid cycle
. enolase, thus indirectly blocking NADH supply

adversely affecting
on the observation
on they suggested that fluoride
by its well-known action on
requitred for in vive nitrate reduction??,

Some workers*-* have also suggested that cytoplasmic malate dehydrogenase
could function as a source of reductant for in vivo nitrate reduction. But this seems
unlikely on two accounts. Firstly, the equilibrium of this reaction lies far towards the
formation of malate and thus significant amount of NADH could not be geneiated
unless the oxaloacetate formed is rapidly removed. Secondly, this reaction is not known
to be inhibited by malonate, which completely inhibits in vive nitrate reduction?’.

Recent observation of Ramarao er a/?? have further substantiated the view that
- NADH utilised for in vivo nitrate reduction is exclusively generated in the mitochondria.
These conclusions were based on the following two important observations:

(i) In vivo nitrate reduction could be completely inhibited by malonate.

(1) CO, evolution during in vivo dark anaerobic reaction is directly related to the
extent of mitrate reduction. In order to study CO, evolution during nitrate reduction,
leaves were allowed to assimilate #CQO, both in dark and in light so that endogenous
substrates were labelled. Evolution of M¥CO, from these leaf discs during dark anacrobic
conditions depended on in vive nitrate reduction. When nitrate reduction was inhibited
by either tungstate or cyanide, CO, evolution was also correspondingly inhibited.
Conversely, malopate, which inhibits citric acid cycle and thus CO, evolution also,

inhibited nitrate reduction.

Although these studies do provide evidence that NADH for the in vivo nitrate reduc-
tion is of mitochondrial origin, it was not clear which reactions are involved. Sawhney
et al® reported that under anaerobic conditions significart levels of succmatf accumu-
late in wheat leaves. Recent unexpected observations of Ramarzo e al*® showed
that succinate itself significantly inhibited dark in vivo nitrate requcthn. 'Ihus,‘mathn_atc
inhibition of nitrate reduction could not be explained on the basis of its known inhibition
of citric acid cycle at the succinate dehydrogenase step. 1t was also found that D-malate
inhibits in vivo nitrate reduction and that this was partially overcome by pyruvate and
fumurate. Inhibition of NAD+-malic enzyme (decarboxylating) by malo_natc and
D-malate has been reported®: 3. Thus it was suggested that NAD+ malic enzyme

(decarboxylating) present in the mitochondria cou!d be a probable sot;.rffc gfifNNAf]:}){.
for in vivo nitrate reduction®. CO, evolution studies also could be explain€

malic enzyme is involved in the supply of NAPH for'in vivo nitrate reduction, becausg
besides NADH, CO, is also produced in this reaction.
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Thus it is becoming increasingly clear that NADH generated in the mitochondria 3
an important source of NADH for nitrate reduction. Mitochondrial membranes are
not permeable to NADH. Hence, a mechanism must exist for the transport of tpe
reducing equivalents of NADH to cytoplasm. Canvin and Woo 20 proposed that
dicarboxylate shuttle (malate/oxaloacetate) could perform this function. Alter natively
plapt mitochondria have been shown to be capable of transmembrane hydrogen trans:
fer. Day and Wiskich®® have shown that plant mitochondria can oxidise external
NADH and similarly internal NADH gencrated by citric acid cycle dehydrogenases
can also be made available to the cytoplasm, becausc these enzymes can reduce exterpal

NAD*.

6. Effect of photosynthesis on dark mitochondrial respiration

There are conflicting reports about the cffect of light on mitochondrial respiration which
is also known as dark respiration, in order to distinguish it from photorespiration,
Inhibition of dark respiration in actively photosynthesising tissue has been reported by
Heber*. According to him the light dependent increase in the adenylate energy change
which is transmitted to mitochondria inhibits electron transfer from NADH to oxygen.,
Inhibition of mitochondrial respiration by ATP in light has also been observed in bean
leaves®. Similarly, it was shown that in moss spores the cytochrome oxidase pathway
does not function under high light intensities as it is under the control of ATP/ADP
ratio®. These reports thus show that oxidation of NADH via cytochrome oxidase
pathway is inhibited in light. However, various other reports have shown that citric
acid cycle does function in light® 37 It has been demonstrated that individual enzymes
of the citric acid cycle are active in light®. Hence the turnover of the citric acid cycle
which results in the generation of NADH and evolution of CO, is not inhibited in light.
The rate of turnover would obviously depend on the rate of recycling of NADH under
conditions when its oxidation via oxygen is blocked. One of the reactions by which
NADH could be oxidised is by the cytoplasmic nitrate reductase. Hence, the rate of
turnover of citric acid cycle would depend on the rate at which NADH is oxidised by
nitrate reductase. As explaincd in the previous section, evolution of CO, during in vive
nitrate reduction is strictly dependent on the functioning of nitrate reduction. Thus
it appears that citric acid cycle can turnover in light by making use of NOy~ as an
electron acceptor far the oxidation of NADH.

7. Carbon source for citric acid cycle in light : Possible role of photorespiration

In the dark, pyruvate generated during glycolysis is the source of carbon for citric acid
cycle. However, Kent®: 3® has shown that export of triosephosphates from chloroplast
may not at all be a significant source of carbon for citric acid cycle during active photo-
synthesis. Since these are mostly utilised for sucrose synthesis in the cytoplasm, he
also suggested that serine or some unknown anapleurotic carboxylation reactions may
provide carbon for citric acid cycle, which is an important source of keto acids, indepen-
dent of ATP synthesis. Palmer?”.4° has suggested that a modified citric acid cycle
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functions in light, making use of malate as
He argued that mitochondrial NAD+
which can subsequently give rise tg

$ @ source of both pyruvate and oxaloacetate.
-malic enzyme (decarboxylating) generates pyruvate

acetyl CoA. Oxaloacetate is also ithi
; . generated within
the mitochondria by malate dehydrogenase. Thus the citric acid cycle can function as

long as malate Is ‘avalla.ble. Plar}t cells are known to accumulate large quantities of
malate. T!IUS, It 1s clear that this modified citric acid cycle can function independent
:fdg;yif;ﬁll)i’;; Silf::v :f; p);l;luvg.tc. However, during prolonged operation of citric acid
y ’ ynthesis of mala:tc 1s €ssential.  Alternatively, some other source
of carbon would be necessary to replenish the carbon skeletons consumed in amino acid
synthesis. The source of the carbon is not yet clear. It is known that two carbon
compounds such as glyc{olat'e and glyoxylate are produced in large quantities in C-3
plant? during PhOtOchletl_On. also known as glycolate oxidation pathway. In these
rt?a.ctmns, phosphoglycolate is synthesized in the chloroplast by the action of ribulose 1,5
biphosphate¢ oxygenase. Subsequent oxidative decarboxylation of glycolate in the
peroxisomes or mitochondria is assumed to be the source of photorespiratory CO,. It
is suggested by Tolbert! that glycine synthesized in the peroxisomes by fransamination
of glyoxylate 1s transported to the mitochondria where 2 moles of glycine generate one
each of serine, CO,, NH; and NADH. Photorespiration is considered to be a wasteful
process and no definite physiological role has yet been indicated. Naik and Singh®?
suggested that photorespiration could function as a source of carbon for citric acid cycle
during photosynthesis, Two mechanisms are possible. Firstly, glyoxylate and acetyl
CoA can form malate by the action of malate synthetase. This could be a source of
de novo synthesis of malate making use of glyoxylate derived from photorespiration.
However, the presence of malate synthetase in plant mitochondria has not been reported.
The second possible mechanism is the reversal of reaction catalysed by isocitrate lyase.
This enzyme is present in the leaf mitochondria®®. Although the equilibrium of this
enzyme reaction favours cleavage of isocitrate to form succinate and glyoxylate, it is
known that this reaction is reversible in the presence of high concentration of succinate
and glyoxylate. Thus it is likely that glyoxylate could be used for the synthesis of
isocitrate which can be metabolised further in the citric acid cycle.

It thus appears that the reduction of nitrate to nitrite in the lea.vcs'is regulated by
light indirectly by inhibiting mitochondrial oxidation of I:QADH. It is demonstrfited
that citric acid cycle dehydrogenase including NAD+-_- malic enzyme (decarbox?latmg),
which generate NADH and CO, simultancously, are 1n.v011_.'ed in nitrate reduction as 3
source of NADH. Thus citric acid cycle can turnover in hg.pt by mé.lkll.lg use of nitrate
as an oxidant for NADH. The source of carbon for citric acid cycle in light is, however,
not known with certainty. It is suggested that a 2-carbon comp.nognd s_uch a'ls gly&o:;t.c
derived from photorespiration could be a source of cm_‘bon 'for cn'r:c'a.c.ld cyc :l. s 1s
is correct then this pathway indicates a possible physiological funl:‘ftl{lfl fa} p t(;; aspx.
ration in the sense that glycolate could serve as a source of carbon in light for X fi gencf
ration of carbon skeleton in the citric acid cycle. _It_ _thus appears that 3333:22 ;00:111- i(;
nitrate in plants is regulated by the integrated activities of chloroplasts, ml ndria,

: e & . \ = Fie 1.
cytoplasm and perhaps peToxisomes. This is schematically depicted In Fig
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Fig. 1. Role of chloroplasts, mitochondria and peroxisomes in the assimilation of nitrate in plant
cClls.

RuDP—Ribulose 1,5 biphosphate ; DHAP—Dihydroxyacetone phosphate ; G3P—Glyceraldehyde-3-
phosphate ; GPDH—Glyceraldehyde-3-phosphate dehydrogenase ; ME—NAD™* Malic Enzyme
(decarboxylating) ; MDH—Malate dehydrogenase ; ETC—Electron transfer chain ; OA—OQOxaloacetate ;
Pyr—Pyruvate ; Glin—Glutamine ; Glu—Glutamate,

References

1. Harrer, J. E. AND Pl. Physiol., 1972, 49, 146-154.
HAGeEMAN, R. H.

2. BEeevers, L. AND Ann. Rev. Pl. Physiol., 1969, 20, 495-552.
HAGEMAN, R. H.

3. SAwWHNEY, S. K. AND Biochem. J., 1972, 130, 475-485.
NaIkK, M. S.

4. Beevers, L. AND Photophysiol., 1972, 7, 85~113.

HageMAN, R. H.
5. Hewirtrt, E. J. Ann. Rev. Pl. Physiol., 1975, 26, 73-100.
6. LEea, P. J. AND MIFLIN, B. J. Nature, 1974, 251, 614.
7. MrrLIN, B. J. Planta, 1974, 116, 187-196.
8. MLy, B. J. AND LEA, P. J.  Ann. Rev, Pl. Physiol., 1977, 28, 299-329,



NITRATE ASSIMILATION RY LIGHT IN HIGHER PLANTS

9. RATHNAM, C. K. M. anD

10.

11.

12.

13.

14.

15.

I6.

17.

18.

19.

20.

21.

22.

24,

25.

Zl.

28,

Das, V. S. R,

BuTrz, R.G. AND
JACKSON, W, A,

CAMPBELL, W. H. AND
SMARELLY, J.

KeeppPer, L., FLESHER, D.
AND HAGEMAN, R. H.

SAWHNEY, S. K., NaIk, M. S.
AND NicHoLAs, D. J. D.

CanviN, D. T. anD
Woo, K. C.

Maxs, A F., Huckuesey,
D.P. AND HEewrTT, E. J.

Evaxs, H. J. AND NAsON, A.

Caxvin, D. T. AND
ATKINS, C. A.

Heser, U.

SAWHNEY, S. K., Naik, M. S.
AND NicHoras, D. 1. D.

KADaM, S. S, JoHARI, R. P,
RaMarao, C. S. AND
SRINTVASAN

SUBBALAKSHMI, B'!
SINGH, S. P. AND
Naix, M. S.

SRINIVASAN AND
RamaraO, C. S.

Ramarao, C. S,
SRINIVASAN AND Naik, M., S.

NiICHOLAS, J. C., HARPER,
J. E. ANp HAGEMAN, R. H.

RATHNAM, C. K. M.

Woo, K. C. AND
Canvin, D. T.

RaMARAO, C. S,
SRINIVASAN AND NAIK, M. S.

SAWHNEY, S. K., NICHOLAS,
D. J. D. AND NaIK, M. S.

Can. J. Boy., 1974, 52, 25992605,

Phytochem., 1977, 16, 409-417,
Pl. Physiol. (Suppl.), 1979, 63, 249.
Pl. Physiol., 1971, 48, 580-590.
Nature, 1978, 272, 647-648.

Can. J. Bot., 1979, 57, 1155-1160.
Planta, 1979, 146, 83-89.

Pl. Physiol., 1963, 28, 233-244,
Planta, 1974, 116, 207-224.

Ann. Rev. Pl. Physiol., 1974, 25, 393-421.
Biochem. Biophys. Res. Commun., 1978, 81, 1209-1216.

Phytochemistry, 1980, 19, 2095-2097.

Indian J. Biochem. Biophys., 1979, 16, 326-328.

Experientia, 1980, 36, 634-635.
Indian J. Biochem. Biophys., 1980, 17, 475-476.

Pl. Physiol., 1976, 58, 736-1739.

Pl. Physiol., 1978, 62, 220-223.
Can. J. Bot., 1980, 58, 517-529.

New Phytol., 1981, 87, 517-325.

Indian J. Biochem. Biophys., 1979, 16, 37-38.

79



80

29.

30.

31.

32.
33.

35.

36.

37.
38.
39.

41.

42.
43,

RAMARAOQ, C. S., SRINIVASAN
AND Nax, M. S.

CoLEMAN, J. O. D. AND
PALMER, J. M.

Davies, D. D. AND
PatiL, K. D.

WisKICcH, J. T.

DAY, D. A. AND
WiskicH, J. T.

MANGAT, B. S., LeviN, W. B.
AND Bowels, R. G. S.

CHevaLLIER, D. AND
Douce, R.

CHAPMAN, E. A. AND
GraHAM, D.

PaLMER, J. M.

KenT, S. S.

KenT, S. S.

PALMER, J. M.

ToLBerT, N. E.

NaAIK, M. §. aND SINGH, P.

Hunt, L. AND FLATCHER, J.
McFADDEN, B. A.

SRINIVASAN et al

Pl. Sci. Lett., 1981, 20, 219-223.
Eur. J. Biochem., 1972, 26, 499-509.

Planta, 1975, 126, 197-202.

Ann. Rev. Pl. Physiol., 1977, 28, 45-69.
Pl. Physiol., 1974, 54, 360-363.

Can. J. Bot., 1974, 52, 673-681.
Pl. Physiol., 1976, §7, 400-402.
Pl. Physiol., 1974, 53, 886-892.

Ann. Rev. Pl. Physiol., 1976, 27, 133-1517.
Pl. Physiol., 1977, 60, 274-276.

Pl. Physiol., 1979, 64, 159-161.
Biochem. Soc. Trans., 1979, 7, 246-252.
Ann. Rev. Pl. Physiol., 1971, 22, 45-74.
FEBS Lett., 1980, 111, 277-280.

Pl. Sci. Lett., 1977, 10, 243-247.
Methods Enzymol., 1969, 13, 163-170.



