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Abstract-The pyruvate, phosphate dikinase activity (PPD, EC 2.7.9.1) associated with crude exttacts of kaf tissue of 
some CS and Cd plants was determined by phosphoenolpyruvate plus PPidependent phosphorylation of AMP. The 
PPD activity of all C, plants examined was > 15 nmol/mg protein/min. Several factors contributed to the 
underestimation of PPD activity in crude extracts of at kast some specks. Sign&ant PPD activity ( > 0.15 nmol/mg 
protein/min) was not detected in the majority of C, species but several C1 specks and the two CAM species studied 
exhibited activity in the range 0.4-4 nmol/mg protein/min whik the C, species Avmrr sotim showed activity up to 
8 nmol/mg proteinlmin. The oat leaf enxyme was partially purifiad; it exhibited proper&s similar to those of partially 
puritied PPD from maixe. Leaf extracts of the orchids Cymbkilvm cwnalicufutum and C. mrdidum contained high Levels 
of PPD activity similar lo the majority of C. plants. PPD activity has also been shown in other previously unstudied 
Species. 

lNlltODUCTlON 

The synthesis of phosphoenolpyruvatc (PEP) through the 
action of pyruvate, phosphate dikinase (PPD. EC 2.7.9.1) 
is regarded as an essential adjunct to the C, mechanism of 
COt incorporation in most C, plants [l]. Since PPD is 
reportedly absent or occurs in very low activity in the 
leaves of C1 plants [ZSJ, this raises the question whether 
the activity of this enzyme might afford a means of 

temGng the mechanism of CO1 assimilation in 
&&e-s in which this has not been established. This, 
however, necessitates a simpk, reliabk and specific 
method for the determination of PPD activity in crude 
kaf extracts of C,, C, and CAM plants. Methods based 
either directly or indirectly on the production of pyruvate 
from PEP are subject to high endogenous non-specific 
activity and/or interference from competing en- 
zymes C3.43. These processes could mask PPD activity in 
species in which the activity of the enzyme is very low. 
Perhaps significantly, PPD has not been reported in the 
leaf tissue of C, plants when this method has been 
employed [2,4]. 

Recently. we reported that the PEP plus PPidependent 
phosphorylation of AMP, previously descrii for 
purified PPD 183. provides a simple, sensitive and reliable 
method for determining PPD activity in crude extracts of 
maize 193. In this paper we report a survey of various G, 
Cd and CAM plants for PPD activity using the 
phosphorylation assay. Low level PPD activity was 

*Resent addrcac: Applied scieoa Department, Hobnsgkn 
Colkgc of Technical and Further Education, 900 mong 
Road, Cau&eld E., Victorix 3145, Australia. 

detected in the leaves of several C3 species and some 
properties of the enyme from Awrrcl satiw are described. 

RESULTS 

Ejkct of post-harvest storage on PPD activity of maize leaf 
tissue 

Experiments were undertaken to determine conditions 
for transporting harvestad kaf material to the laboratory 
without loss of PPD activity. The treatments described 
below were always followed by a period of 2 hr 
illumination at room temperature immediately prior lo 
extraction. Relative to freshly detached tissue., the 
extractable PPD activity of illuminated detached leaves 
(maintained with their kaf bases in water) decreased 
by co 35% over a period of 4-8 hr. The activity of 
detached leaves stored in the dark in a plastic bag at 30” 
for 6-8 hr demased by co 55% while the activity of 
material stored in the same manner at 0” decreased by ca 
45 % Accordingly freshly harvested tissue was used in the 
ensuing studies whenever possibk but when this was 
impractical, harvested material was stored on ice during 
transit to the laboratory and preilhuninated for 2 hr 
immediately prior to extraction. 

E.&d of light on the extractable PPD activity of leaf tissue 
of maize and Amanmtllus aIuli8 

The PPD of C1 plants as determined by methods which 
monitor pyruvate formation is subject to reversible short 
term light activation [lO, 111. Accordingly, the activity 
catalysing PEP plus PPidependent phosphorylation of 
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AMP was examined with respect to illumination in maize. 
Relative to illuminated plants, the activity of plants placed 
in the dark decreased rapidly (65 y0 and 73 % decrease 
after 20 and 65 min respectively). Upon re-illumination 
the activity returned to 82% of the initial activity after 
100 min. These obaetvations confirm the validity of PEP 
plus PPidependent phosphotylation of AMP as a 
measure of PPD activity. They also show that this 
characteristic could be used for documenting PPD 
activity in species which have not been investigated 
previously. 

To examine the long term effect of light on PPD 
activity, plants of Zea mays and Anwranthus edulis were 
raised under various light intensities. Expressed per unit 
of Chl, the PPD activity of maixe and A. edulis incmased 
with irradiance up to co 300 and 8OOpE/m’/sec 
respectively; at these values the PPD activity was ca 4.5 to 
5-fold greater than the activity of plants grown at 
70 pE/m’/sec (Fig 1). The highest level of PPD activity in 
A. edulis was only 40 % of n&e and only 33 % when 
expressed per unit protein. Although extraction 
diKerences between the two species cannot be discounted 
as the cause of the differing light respone curves, similar 
differences have been reported for maize and A. palmeri 
with respect to the effect of irmdiance on CO2 
assimilation [ 121 suggesting that light regulation of PPD 
activity during growth could inBuena the rate of CO2 
assimilation in C, plants. The results con&m the earlier 
findings of Yamomoto [ 1 l] and also show that plants 
should be grown at the highest possible irradiana for 
maximum PPD activity. NH&l (50mM) invariably 
enhanced the PPD activity of crude extracts of maixe and 
A. edulis ca 2.5 to 3-fold, regardless of the irradiance of the 
plants during growth NH; activation [8] and long term 
light induction of PPD activity must therefore involve 
separate mechanisms. 

Fig 1. Effect of badiamx during growth on the PPD activity of 
kavu of Zen mays (0) and Amura#klhl alIll& (El & Plants were 
grown under nuorc%Xn t tights in a growth cabinet on a 
14 hr/lO hr light/dark cyck at 3V’/24”. bradbcc was varial with 
neutral density 6ltcrs and PPD rctivity determined after 8 weeks 
growth. All plant.9 were irradtlcd in full sun light 
(2100 aE/m’/sa$ for 2 hr immediately prior to extraction and 

-Y. 

Survey of plants for PPD activity 

Tables 1 and 2 list the PPD activity of crude extracts 
prepared from pre-illuminated leaves of various species as 
determined in standard assays containing 50 mM NH&I 
and corrected for PPi incorporation in the absence of 
AMP and PEP. In Table 1, the activity in the absena of 
NH&l (corrected for activity in the absence of PEP and 
AMP) is also shown. The data show that all of the species 
previously classified as C, by other criteria exhibit PPD 
activity in excess of 15 nmol/mg protein/min in the 
presence of NH&I. Conversely the PPD activity of all 
species previously classified as C, was less than 4 nmol/mg 
protein/mitt in the presence of N&Cl. Although many of 
the C1 species exhibited insigniIicant or undetectable 
PPD activity (Table 2). several Cs plants (e.g. Avena 
sari@ and plants assumed to be Cs plants because of their 
phylogeny (e.g. Bromus m&s) contained a signilicantly 
low level of PPD activity (0.44 nmol/mg protein/min) 
as determined by the PPi incorporation technique 
(Table 1). In other experiments, some extracts of Awna 
sativa exhibited PPD activity up to 8 nmol/mg pro- 
tein/min. Both of the CAM plants investigated 
(Kalanchoe daigremontiana and Aloe arborescens) also 
showed PPD activity in the range 0.44 nmol/mg 
protein/min and therefore could not be distinguished 
from the more active of the C, plants by their PPD 
activity. Several orchids showed signilicant low level PPD 
activity (0.45 nmol/mg protein/mitt) and three species 
exhibited activity > 10 nmol/mg protein/min. Two of 
these, Cymbidium ca~licu&tum and C. madidum, had 
PPD activities which were surpassed only by four of the 
most active C, plants. 

Evidence for endogenous PPD inhibitors in plants 

The rates of PPD activity in many of the Cd species 
examined (e.g. 9.7 and 4.1 pmol/mg Chl/hr in Paspalum 
dihtawm and 7hemeda australis respectively) were 
inadequate to explain the rates of COs assimilation 
typical of C* plants. To test for the possibility of an 
endogenous PPD inhibitor in extracts of species showing 
relatively low PPD activity the effect of extracts of T. 
australis and P. dilatatum on the activity of maize leaf 
PPD (which exhibited very high activity) was examined. 
The activity of extracts of Z. mays and T. australis, 
combined after extraction, was 54% of the sum of the 
activity of the two component enzymes when assayed 
independently. The analogous value of Z. muys and P. 
dilatatum was 61% and for P. dilatatum and T. australis 
75 %, Sina the maixe enzyme was co Cfold more active 
than the extract from the other species, this implies that at 
least the maize enzyme must have been subject to 
inhibition by the extracts from the other species. When Z. 
mays was co-extracted with T. australis and Z. mays co- 
extracted with P. dilatatum the activities were 50% and 
68% of the sum of the activities when each species was 
extracted and assayed independently. Similarly the maize 
enzyme was shown to be inhibited by extracts from 
Kalanchoe daigremontiana, Euphorbfa pulcherrima, 
Capsicum annuwn, Paspalum paspaloides. Pennisetum 
c&ndestinum, Sorghum bicolor, S. sudanense and Aloe 
arborescens but not signi%antly ( < 7 ‘A) by extracts from 
Spinocia oleraceq Panicum milioides, Phalaris tuberosa, 
Egeria densa and Lagarosiphon major. 
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Tabk 1. PPD activity of crude extracts of pre-illuminated kaf tissue 

Family spazia Classification 

PPD activity 
(nmol/mg protcin/min) Chlorophyll 

cquivaknt 
With Without (Irg/mg 

Reference NH.Cl NH&I protein) 

Gymnosperms 

Stangeriaceae 
zanliaceac 

Dicotykdons 

Amaranth- 

Crassulaccac 
Crucifcrac 

Polygonaceae 
Port-e 
solanaceac 

Monocotykdons 

Gramincae 

Hydrocharitaceac 

LiliaazX 

Orchidacuz 

Xanthorrhocaaac 

Slangeria paradoxa 6.7 4.2 31.2 
Bowenia spectabilis 9.5 8.4 70. I 
Mncrozamia cwnmunis I.1 0 259 

Amaranrhus caudarus 
A. edulis 

A. retroflcxus 
Gomphrena celosioides 

G. globosa 

Kalanchoe daigremontiana 

Capsella bursa-pasroris 

Raphanus sativus 

Rumex bidens 

PorMaca oleracea 

Capsicum annuum 

Darura suaveolens 

Lycopersicon esculentum 

Solanum nigrum 

S. pseudocapsicum 

C. 
C 
C. 
C. 
C. 
CAM 
G 
C3 

PI 

p :i; 
[28: 331 
[28,29] 
[l9,20] 
1291 
c291 

C. [28.29] 

C3 
G 

[291 
PI 

23.5 7.8 173 
26.9 8.6 I71 
56.9 41.2 210 

42.4 20.6 II2 
38.2 16.7 II4 

I.2 0.3 46.2 

0.3 0.1 79.7 
0.2 0.1 1% 
0.2 0 930 

38.6 13.0 122 

I.5 0.9 383 
0.5 0 147 

0.6 0 I36 
0.4 0 295 
0.2 0 I84 

Avena saiiva 

Bromus mollis 

Chlorfs gayana 

Cynodon dacrylon 

Digitaria san@nalis 
Ehrharra erecta 

Hordeum vulgare 

Lalium perenne 

Panicum maximum 

P. milioceum 
Paspalum dilatatum 
P. paspaloides 

Penniselum clandeslinum 
P. glaucum 

Phleum pratense 

Poa annua 

Sac&rum ojibnarum 

Sorghum bicolor 

s. sudanense 

Slenotaphrum s~undawm 

l%emeda australk 

TMcum aestivum 

Zea mays 

Egeria densa 

Lagarosiphon major 

Agapanthus ajiianus 

Aloe arborescens 

Cattleya x Mary Jane 
Celoevnr V- 
cymbydlvm canaliculolum 
c. modidum 
c. sualw 
Phaius ~ancarvilkae 
vanilla panwna 
Lamandra lon&lia 

c3* P, 321 

C. 
C. 
C. 
C3 
G 
c3 

G 

G 

G 

G 

G 

G 

c3 

c3 

G 

c. 

G 

G 

G 

c3* 

c. 

1289 291 

Ez %“I 
wi 
[2% 311 
PI 
[ % 291 

12;; 
A 

E z 

::;j 
[28,29.31.34] 
[28,29.31] 
[28.29.31] 
[28.31,32] 

[28,31] 
c29.311 
[28,29,3L34] 

CAM 119,2q 

CAM 
c3 

c3 

3.6 21 120 
3.8 1.8 216 

27.3 8.7 88.6 
35.8 6.8 145 
19.6 3.8 230 
0.2 a1 220 
0.3 0.2 208 
2.9 1.9 427 

58.9 17.9 146 
44.3 I26 50.4 
27.0 11.4 168 
23.0 9.5 220 
19.5 11.4 I15 
35.3 5.3 282 
0.1 0 323 
0.2 0.1 312 

55.7 18.3 83 
16.4 4.2 265 
19.4 8.4 247 
29.1 124 I55 
17.5 5.6 289 
0.2 0.1 240 

191.2 81.3 103 
I.6 0 213 
1.0 0 191 
0.8 a3 924 
0.6 0 40.1 

121 4.6 322 
0.4 0 465 

80.5 25.1 46.5 
421 30.2 36.0 

3.8 1.4 41.3 
I.6 0.2 85.6 
3.2 a9 40.2 
4.1 3.5 99.1 

l AWM satiw and 7Micum aesrfuum also exhibit C, CO2 assimilation, mainly in the developing grains and the ti leaf [4]. 
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Table 2. Speck in which *ilbnt PPD aaivity vu not dccaxad+ incxtracu of illuminated 

kaf tissue 

F-W Spaies Ckaai6ution Refcrcncc 

GytlUlosprms 

PiMax 
Dicotykdons 

Chcnopodkue 

Compo6itac 

Monocotykdons 
Gnmineat 

Liliwx 

OrchiAmr 

Pbw rdtara 

Mesembryinuhemmm crystallinaa~ 
Beta vul&s 
chenopodiumalbmu 
Sphacta deroca 
Arrtothaca cnkndnia 
c-&Q= 
iwfalubw aamns 

L4urvco aatfucr 
sawhvr de?- 
Bra&co okracea cv c&tat0 
Lt. oleraixa cv hlk4 
-ropkonlst- 
Et&orb& ndhi 
E. wdm 
E. pukhdma 
Pelarqdvm x doaxaticum 
Kemdia mbkda 
hfai~ar~ 
hf. satha 
Pisnmsattvum 
Mdofobo 
Magdia gnatd#wa 
Edvrrtvr OMlquo 
E. rqmns 
Plantagolamce&ta 
Pdypwuatdcmlare 
AnagallLc atTmsi3 
Niwtkma talmcm 
so&twnn8eloclgro 
s. tnberosnm 

Agroslis alba 
Acem fotna 
Briza?nilwr 
Dottylk glamor0 
Festuca rubra 
P6lnhmlnu&ldu 
Phalah tnberosa 
Poa ptatensis 
Alliwn triqmetlwn 
Darjwuks excelsa 
Calauthe triphta 

119.2q 
WI 

FG3” 

WI 

iz3*’ 

1291 
PI 

u51 

v9.351 

WI 

&“I 
1321 

PI 
PI 

&“I 
PI 

Ei3*’ 

EJL1 

1311 
129,311 

1181 

l PPi aclmnge vducs c 0. I nmol/mg protcin/min were not rignibcmt. 
t‘lle CO2 assimihtion mechanism of PcrrJcvm ndhtdes is unccmin [X 27,29,31j-=c 

teat. 

PPD activity of epidermal strips of some C, species be loadized in the epidermis Extracts of whole leaves of 
Agopnnthus @conus exhibited low kvel PPi incotpor- 

The C4 mehanism of CO2 assimilation has been ation which was enhanced by PEP and AMP and NH;. 
implicated in the process of stomatal opening in C, plants Pretreatment of the tissue in the light enhanced the 
113-153. This would afford an explanation for the low activity (Table 3). These features characterize the PPi 
level PPD activity associated with some C, plants. in incorporation activity as PPD. However, the rats and 
which case most of the PPD associated with leaves would properties of the PPD activity associated with extracts 
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Tabk 3. PPD activity in extractx of whok leaves, epidcnnal strips and non- 
epidcrmal leaftissue of Agoponthus qfricrmlrs with and without illumination 

prior to extraction 

1541 

Tissue 
Incubation 
conditions 

PPD activity* 
(nmol/mg protein/min) 

Prc-illuminated Dark 

whole leaves Compkte 0.67 0.40 
Without NH&l 0.28 0.20 

Epidermal strips Compktc 0.67 0.52 
Without NH&l 0.51 0.50 

Non-epidermal Compkte 0.62 0.24 
kaf tissue Without NH&l 0.44 0.15 

l PPD is shown cod for PPi incorporation in incubations lacking 
AMP. 

prepared from cpidermal strips and noncpidermal ma- the PPD from maize cv Flat Red [9]. the oat enzyme only 
terial were similar to those ofwhole leaves, suggesting that recovered ca 75 % of its initial activity when transferred to 
the low level PPD activity found in this species doe-s not 30” after I30 min storage at 0”. This effect has also been 
have a specilic location in epidermal tissue. observed for PPD from various maize cultivars [16]. 

Properties of the low level PPD activity of oat leaf tissue 

The PPi incorporation catalysed by crude extracts of 
oats (Aue~ satioa) exhibited characteristics similar to 
those described for make [9]. They include the depen- 
dence on PEP and AMP, enhancement by NH; and an 
elevated level of extractable activity in tissue illuminated 
prior to extraction (Table 4). In addition the activity was 
irreversibly cold labile; activity decreased by 46% and 
77 % after storage for 24 hr and 48 hr at 22”. but by 72 % 
and 90% after storage for 24 hr and 48 hr at 4” respect- 
ively. When crude extracts were subjected to (NH&SO, 
fractionation and ion exchange chromatography on 
DEAE-cellulose as used previously for the partial purili- 
cation of maize leaf PPD [9], the oat enzyme was purilied 
co 16-fold. (Table 5). The final speciik activity was co IO % 
of the purified maize enzyme. The partially purified oat 
enzyme exhibited short term reversible cold lability 
(Fig. 2). Activity decreased by co 50% in 10 min upon 
transferring the enzyme from 30” to 0”. However, unlike 

Properties of the low level PPD oclivity of Capsicum 
annum 

The PPi incorporation catalysed by crude extracts of 
C. annum was dependent on AMP and PEP, activity was 
enhanced by NH; and illumination of the tissue prior to 
extraction (Table 4). Crude extracts of C. ~num strongly 
inhibited make leaf PPD. the activity of the combined 
extracts was only 63% of the sum of the independent 
activities. The C. unnum enzyme exhibited long term 
irreversible cold lability; the PPD activity of crude 
extracts stored for 24 hr at 22” and 4” decreased by 44% 
and 93% respectively. However the C. ~num enzyme 
exhibited some features which distinguish it from the oat 
leaf enzyme. Upon fractionation of crude extracts with 
(NHJJO. most of the activity (72%) was associated 
with the 040% saturated fraction (cf. 77% in 40-50x 
saturated fraction for oats). In addition, the C. annum 
enzyme exhibited considerable short term irreversible 
cold lability. 

Table 4. Substrate requirements and the effect of pre-illumination on the 
PPD activity of crude extracts of Accna satiw and Cquicvm annum 

A=Y 
conditions 

PPi incorporated* 
(nmol/mg protein/ruin) 

Prc-illuminatal 

A. satiw 

c. annullm 

Complete 7.52 2.61 
-NH&l 5.56 236 
-AMP 0.68 0.52 
- PEP 1.06 0.90 
Compkte 0.61 0.34 
-NH&l 0.41 0.23 
-AMP 0.05 0.03 
-PEP 0.04 0.03 

Dark 

*Values uncorrcctcd for endogenous activity. 
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Fig 2 Reversible cold lability of partially puriticd PPD from 
oats. The enzyme preparation was preincubatcd either at 30” ( 0 ) 
or 0” and subsequently at 30” (0) prior to determining PPD 

activity in standard assays a1 30’. 

DISCUSSIDN 

The association of high PPi incorporation activity with 
plants of established C4 status and the enhancement of 
this activity by NH; (Table 1) constitutes substantial 
evidence for attributing PEP plus PPidcpendent 
phosphorylation of AMP activity to PPD. However, 
although negligible PPD activity was detected in the 
kavcs of many C, plants (TabkZ), sign&ant PPD 
activity was detected in many C, specie-s, mostly grasses 
(Table 1). This confirms the recent results of Aoyagi and 
E&sham [7,17] who documented the presence of PPD in 
the leaves of C, specks using immunological procedures 
and partial purification of the enzyme. The presence of 
low level activity in some C, plants (Table 1) 
demonstrates that the PPD activity of leaftissue must be 
used quantitatively rather than qualitatively for 
distinguishing C, and C, plants as also reported by 
Aoyagi and Bassham [7]. The possibility that the low level 
PPi incorporation activity in C, plants could be 
attributed to some process other than PPD is rendered 
unlikely by the requirement for both AMP and PEP, 
activation by NHi,short term reversiblecold inactivation 
and light activation. all of which are specific characteristics 
of PPD from C4 plants. Furthermore, the oat enzyme was 
purified lo the same extent as the enzyme from maize 
using the same procedures (Tabk 5 and ref. [9]). 

Among the C1 grasses, low but sign&ant PPD activity 
was detected in Aaena sativa, Bromus mollis, Hordeum 

Table 5. Purification of the activity catalping PEP 
plus PPidcpendcnt phosphorylation of AMP from 

oa1 kaf L5.We 

Treatment 
Protein 

(mg) 

SpCCifk 
activity 

(nmol/mg 
protcin/min) 

Crude extract 205 8 
(Nw2so4 41.3 30 
DEAE-cellulose 8.4 122 

vulgare. Lolium perenne, Phleum pramse and ltiticwn 
aestiuua The lack of any specific association of PPD with 
epidermal strips in Agapcmthw ofriconus (Table 3) sug- 
gests that PPD is not speci6cally associated with the 
proposed C4 metabolism of guard cells in this C, species. 
Furthermore, ifall the PPD activity of the more active C, 
specks such as Auena sariw was local&d in the guard 
cells, this would result in an extremely high activity in 
these cells. It has been proposed that the low level PPD 
activity associated with the grains of C, grasses serves to 
generate PEP for use in the reassimilation (via PEP 
carboxylase) of CO2 formed by respiration in the develop 
ing seed [6], and thereby contribute to the final grain 
yield, but the function of PPD in the leaves of C, plants is 
unknown 

In theory, the PPD activities associated with C4, C, and 
CAM plants (Tabk 1) could be used to predict whether 
the C4 mechanism of CO1 assimilation is involved in 
specks in which this is unknown since all C, specks 
exhibit PPD activity > 15 nmol/mg protein/min 
(Table 1). However, the coincubation experiments of 
maize PPD with crude extracts from other specks 
provides evidence for inhibitors of maize PPD in the 
extracts of these specks. Presumably the PPD activity 
associated with theextractsoftheotber specks issimilarly 
affected, resulting in under estimation of PPD activity. 
The PPD activity of Lonwmfra longijblia is of interest in 
this regard. The leaf anatomy of this specks exhibits 
characteristics similar to those of c, plants ong Hee, K. 
and StafT, I. A., personal communication ? but the PPD 
activity in the tough, fibrous leaves was c 15 nmol/mg 
protein/min. Perhaps significantly, the PPD activity of 
this species was greater than all the known Cs plants 
examined for PPD activity (Tables 1 and 2) although 
some extracts of Avcna satiua showed activity up to 
8 nmol/mg proteinlmin. Other factors which could con- 
tribute to the under-estimation of PPD activity in some 
specks include the extraction and incubation conditions. 
For example the specilic activity of the maize leaf enzyme 
is highly dependent on the enzyme concentration [9]. 
Here it is noteworthy tbat the conditions used to 
determine PPD activity were devised iu a detaikd study of 
the maize leafenzyme [9]: theactivityofextracts from this 
specks was far in ex(xss of those from all other species 
(Tabk 1). For some species the illumination conditions 
for short term light activation immediately prior to 
extraction and the it-radiance during growth (Fig. 1) may 
not have been conducive for the maximum expression of 
PPD activity. 

Uncertainty exists whether PPD activity can be used to 
establish the mechanism of CO1 assimilation in orchids. 
Cymbidium naudidum, C. suave and Calanthe triplicata 
exhibit 6°C discrimination value-s typical of C, plants 
but the value for Cymbidium cart&ulatum is typical of a 
CAM plant [18]. However, of the former group only 
C. suave and Calanthe triplicata exhibit PPD activity 
< 15 nmol/mg/ protein/miu (Tabk 1). C. canalfculatwn 
showed very high PPD activity but other well- 
documented CAM specks (eg. Kalanchoe daigremonkana 
and Aloe arborescens) contained much lower levels 
(Tabk 1). The CAM mechanism of CO1 assimilation is 
common in orchids including Cattleya (13 species), 
Vanilla (two specks) and Dendrobium (19 specks) 
[18-203. However, within the genus Cymbidfum the 
products of CO1 assimilation have only been examined in 
Cymbfdium cv Cymdoria and found to he typical of the C, 
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mechanism [Zl]. Since the high PEP plus AMP- 
dependent PPi incorporation activity of C. mod&n and 
C. canafic~latum is not typical of well documented CAM 
plants and is also uncharacteristic of C, plants. this brings 
into question the function of PPD in these species. The 
PPD activity and the Cot assimilation patterns (and 
hence b’ 'C d’ Iscrimination) in CAM plants are dependent 
on the specific growth conditions of the plants surveyed 
[U]. Collectively, these issues highlight the need for an 
extensive survey of the patterns of CO1 incorporation in 
the Orchidaaae under a variety of growth regimes. 

The PPD activity of several other species is also of 
interest. The mechanism of CO1 assimilation in sub- 
merged aquatic macrophytes is a matter of some debate 
[23-261. In the absence of any evidence for the inhibition 
of maize PPD by extracts of Egeria densa and 
fqarosiphon @or. the low level PPD activity in these 
species (Table 1) is consistent with the C, CO2 assimi- 
lation mechanism. Similarly there has been considerable 
disagreement concerning the CO2 assimilation mechan- 
ism in Panicum milioides [26,27]. Extracts of P. milkaceum 
and P. maximum, both reportedly C, plants [28,29], 
contained considerable PPD activity but significant ac- 
tivity was not detected in extracts of P. milioides suggest- 
ing that it posses.~ a C, pathway. The significant PPD 
activity in the gymnosperms Bowenia spectubilis and 
Stangeria paradoxa merit a detailed study of these and 
other gymnosperms for the existence of either the C, or 
CAM pathway. 

EXPERIMENTAL 

Whok plants or, where this was not possibk. detached leaves 
were preilluminatcd for 2 hr before sliig and extracting under 
Nz by method 2 described in ref. [9]. PPD activity was de- 
terminaJ by PEP plus PPidcpcndent phosphorylatioo of AMP 
using the assay conditions described for method B in ref. [9] 
cxapt that activity was routinely determinal in the presence of 
50 mM NH&L Chlorophyll (Chl) was determined as in ref. [30] 
and atl other procedures were a~ described previously [9]. 
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