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Abstract- - Broactivity-directed fractionation of the methanol extract of the roots of Ratibida mexicana resulted in the
isolation of two bioactive sesquiterpene lactones, isoalloalantolactone and elema-1,3.11-trien-8,12-olide. Both com-
pounds caused a significant mhibition of the radicle growth of Amaranthus hypochondriacus and Echinochloa
crus-galli, exerted moderate cylotoxic activity against three different solid tumour cell lines and inhibited significantly
the radial growth of three phytopathogenic fungi. Isoalloalantolactone also caused the inhibition of ATP synthesis,
proton uptake and electron transport (basal. phosphorylating and uncoupled) from water to methylviologen,
therefore acting as a Hill's reaction inhibitor. The lactone did not affect photosystem [ but inhibited photosystem II.
The site of inhibition of isoalloalantolactone is located in the span of Py g, to Q4 redox enzymes because the uncoupled
electron transport from water to silicomolybdate and. from DPC to DCIP are inhibited approximately to the same
extent.

INTRODUCTION '

Ratibida mexicana (Wats.) Sharp {Asteraceae) ts a yellow-

flowered perennial medicinal herb which grows scattered

along the Sierra Madre Occidental in northwestern

Meéxico. The Tarahumara Indians refer to the plant as

Howinowa and crush the roots to use on legs for rheuma- 1
tism. Other Indian tribes use the roots for a wash and
a potion of the leaves in a beverage for headaches and
colds [1].

As a part of our search for biologically active com-
pounds with medicinal and or agrochemical importance
from plants of the Ratibida genus [2-4]. we describe the
isolation of isoalloalantolactone and elema-1.3.11-trien-
8,12-olide, the major antifungal and phytotoxic prin-
ciples of R. mexicana. In addition. the effect of isoal-
loalantolactone and three semi-synthetic dertvatives
(1a-c) on different photosynthetic activities was investi-
gated.

*Taken in part from the PhD thesis of M. R. Calera and the
BS theses of F. Soto and P. Sanchez.
|Author to whom correspondence should be addressed. 1c
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RESULTS AND DISCUSSION

Preliminary biological evaluations

The roots of R. mexicana were extracted with meth-
anol. The methanol residue was then partitioned between
hexane (F-1) and 10% aqueous MeOH (F-2). The orig-
inal extract primary fractions Fy-1 and Fy-2 were biolo-
gically evaluated for their potential cytotoxic, phyto-
growth-inhibitory and antifungal properties. The cyto-
toxic activity was determined against three human solid
tumour cell lines and with the brine shrimp lethality test
(BST) [S] (Table 1). The initial phytogrowth-inhibitory
activity [6] was evaluated on seeds of A. hypochondriacus
and E. crus-galli by using the Petri dish bioassay
(PDPIB) (Table 2). Finally, the antifungal bioassays [7]
were performed by measuring the inhibition of the radial
growth of the phytopathogenic fungi Fusarium oxy-
sporum, Phythium sp. and Helminthosporium sp. The min-
imum inhibitory concentrations (MIC) were > 1000, 200
and <50 pgml ™!, respectively.

Bioactivity guided isolation of isoalloalantolactone and
elema-1,3,11-trien-8,12-olide

According to the results summarized in Tables 1 and
2 the methanol extract of R. mexicana and primary frac-
tion Fy-1 showed significant cytotoxic and phytogrowth-
inhibitory activities. The most bioactive fraction Fo-1
was further fractionated by column and thin layer
chromatographies over silica gel using the BST and
bioautographic phytogrowth-inhibitory bioassay (BPIB)
[8] as activity directed fractionation. These procedures
yielded two active sesquiterpene lactones, isoalloalanto-
lactone (1) and elema-13.11{-trien-8,12-olide (2). and
three inactive known selinane type of sesquiterpenes.

Isoalloalantolactone (1) was identified by IR, NMR
and mass spectral analyses and by comparison with the
spectroscopic data previously described [9, 10]. In addi-
tion, the properties of the dihydro derivative (1a) and the
monopyrazoline (1b), obtained from the reaction of lac-
tone 1 with NaBH,, and diazomethane. respectively.
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were identical to those previously reported [9]. Treat-
ment of 1 with m-chloroperbenzoic acid afforded the
epoxide (1¢), not previously described, which was charac-
terized by spectral means. The NMR spectra (see Experi-
mental) of 1¢ were similar to those of 1, except that the
signals for the double bond at C-3/C-4 were missing. In
their place, bands for the epoxide group were observed at
§2.96 (H-3) in the 'H NMR spectrum and at §60.9 (C-3)
and 57.6 (C-4) in the '*C NMR spectrum.

Compound 2 was also characterized by spectral analy-
sis. The NMR and the mass spectral data were identical
to those previously reported [11, 12]. This compound
might be an artifact of isolation since elemanolide sesqui-
terpene lactones are frequently found to be decomposi-
tion products of germacranolides.

The inactive selinanes were identified as (—)-crypto-
meridiol, (—)-8a-acetoxycriptomeridiol and (—)-selin-
11-en-4x0l by comparison with authentic samples pre-
viously isolated from Teloxys graveolens (Willd.) Weber

[13].

Phytogrowth-inhibitory activity of the natural lactones and
derivatives la—¢

Natural lactones 1 and 2 significantly inhibited radicle
growth of A. hypochondriacus and E. crus-galli in a con-
centration dependent manner with higher activity at in-
creasing concentrations. The 50% phytogrowth inhibit-
ory concentrations (ICso) (Table 2) were in the range of
973 ugml™! (4.19x107°M) to 89.02 ugml~! (3.83
x 10~ * M). The phytogrowth-inhibitory activity of de-
rivatives 1a—¢ was also evaluated. Compounds 1, 1a, and
¢ at the concentration of 200 ugml ™' strongly inhibited
the radicle growth of A. hypochondriacus (Fig. 1). At the
50 ugml ™! level lactones la—c were less active than the
parent isoalloalantolactone (1). On the other hand, the
seedlings of E. crus-galli were less sensitive to dertvatives
la ¢ at both concentrations (Fig. 1). These results re-
vealed that in addition to the « methylene group in the

»-lactone, the 4*** double bond in isoalloalantolactone is

an important structural feature for high phytogrowth-
inhibitory activity.

Table 1. Cytotoxic activity of the methanol extract, primary fractions and sesquiterpene
lactones isolated from Ratibida mexicana

Cell linet
BST* HT-20 MCF-7 A-549
Methanol extract 62.27 2.60 4.00 340
Fo-1 37.40 ND ND ND
F,-2 1288.9 ND ND ND
Compound 1 45.31 1.00 2.00 1.00
Compound 2 209.28 4.00 3.10 4.50
Adriamycin ND 147 %1077 332x107! 7.94%x1073

*BST (brine shrimp test) results are expressed as LCs, values (ugml™?).

+Results are expressed as EDs, values (ugml ™).

HT-20 (human colon adenocarcinoma); MCF-7 (human breast carcinoma); A-549
{human lung carcinoma); ND (not determined).
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Table 2. Phytogrowth-inhibitory activity of the methanol ex-

tract. primary fractions and isolated lactones from Ratibida

mexicana on radicle elongation of Amaranthus hypochondriacus
and Echinochloa crus-galli

ICso (ugml™ 1)

A. hypochondriacus  E. crus-galli

Methanol extract 41.18 213.73
Fo-1 31.74 205.42
Fo-2 347.49 56347
Compound 1 9.73 55.75
Compound 2 27.72 89.02
Tricolorin A* 37.00 12.60

*Positive standard.
IC5o = 50% inhibitory concentration.
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Fig. 1. Phytogrowth-inhibitory activity of isoalloalantolactone
derivatives (1a—c) on radicle elongation of 4. hypochondriacus
and E. crus-galli.

Kaur and Kalsi [9] found that isoalloalantolactone (1)
promoted root formation on stem cuttings of Phaseolus
vulgaris. On the other hand, the corresponding enan-
tiomer, diplophyllolide, showed inhibitory activity to-
wards the germination and root elongation of rice husks

[14].
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It is important to point out that the concentration level
of phytogrowth-inhibitory activity exhibited by 1 and 2 is
comparable with those previously described for other
sesquiterpene lactones [15]. Several other eudesmanol-
ides have exhibited phytotoxic and plant growth regula-
tory properties. However, vernolepin has been the only
elemanolide whose phytogrowth-inhibitory activity was
previously described [15].

Cytotoxic activity of natural lactones 1 and 2

The cytotoxic activity of lactones 1 and 2 is sum-
marized in Table 1. Both compounds were active in the
BST [5] and showed low cytotoxicity against A-549
(lung), MCF-7 (breast) and HT-29 (colon) in 7-day hu-
man solid tumour cell in vitro test, using adriamicyn as
the positive control compound.

Antifungal activity

The radial growth of Helminthosporium was totally
inhibited by lactones 1 and 2 at the tested concentra-
tions. The minimum inhibitory concentrations were
<50 ugml~ " in both cases. Concerning the three deriva-
tives, only the epoxide (1¢) showed comparable activity
with a minimum inhibitory concentration of 75 ygml ™%,
Pythium was more susceptible to 1 and 1b with minimum
inhibitory concentrations of 125 and <50 pgml™’, re-
spectively. Finally, Fusarium was considerably less sensi-
tive and only isoalloalantolactone (1) inhibited at
200 ug ml~ ' 45% of the radial growth of this fungus. The
11.13-dihydro derivative (1a) was inactive against all
three species at all concentrations thus indicating that the
conjugated 7 lactone is an important grouping for anti-
fungal activity [16]. The potency of all the sesquiterpene
lactones examined to inhibit the radial growth of the
phytopathogenic fungi is less than that previously de-
scribed for related compounds [16].

Effect of isoulloalantolactone on isolated spinach chloro-
plasts

Photosynthetic phosphorylation from water to methyl-
violagen in spinach thylakoids was inhibited by iso-
alloalantolactone (1) and its derivatives (la—c) (Fig. 2).
Compound 1 inhibited ATP synthesis in a concentra-
tion-dependent manner, reducing it by 69% at 500 uM
(ICso was 200 uM). Also, the light-dependent proton
uptake was decreased by 63% at 100 uM (Fig. 3). The
dihydro derivative (1a) inhibited ATP synthesis by 71%
at 500 M. At this concentration the pyrazoline (1b) and
the epoxide (1c) showed a weaker effect, inhibiting ATP
synthesis only by 46 and 18%, respectively (Fig. 2). These
data indicated that the 4** double bond of isoalloalanto-
lactone (1) is an essential structural requirement for its
inhibitory effect on ATP synthesis. However, the «-
methyl-y-lactone moiety was important but not essential
for ATP synthesis inhibition. It is important to point out
that the same trend was observed for the phytogrowth-
inhibitory activity.
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Fig. 2. Inhibitory effect of isoalloalantolactone (1) and its deriv-
atives (la—c) on photophosphorylation from water to methyl-
viologen in chloroplast thylakoids isolated from spinach leaves.
Photophosphorylation was measured in the presence of
1 mM ADP and 3 mM K,HP,. Each cuvette contained 20 ug
chlorophyll per ml in the reaction medium. Other conditions as
described in experimental section. Control value rate was
80.4 umol ATP hr ' mg Chl ' Isoalloalantolactone (i),
dihydro (@), pyrazoline (2 ) and epoxide (A ).
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Fig. 3. Proton uptake as a function of sesquiterpene lactone

concentration. In each case a cuvette contained 20 ug chloro-

phyll per ml in the reaction medium. Other conditions are as

described in experimental section. Control value rate was
16.2 ueq H* hr "' mgChl 1.

The light-dependent ATP synthesis by thylakoids may
be inhibited by blocking electron transport, by uncoup-
ling ATP synthesis from electron transport or by block-
ing the phosphorylation reaction itself. Isoalloalanto-
lactone (1) could be acting at any of these levels.

To obtain further information, the effect of lactone
1 on the photosynthetic electron transport was investi-
gated. Figure 4 shows that basal, phosphorylating and
uncoupled electron flow from water to methylviologen
were inhibited in a concentration-dependent manner.
These results indicate that isoalloalantolactone behaves
as a Hill’s reaction inhibitor, since it has inhibited not
only the electron transport but also the photophos-
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Fig. 4. Noncyclic electron transport (basal, phosphorylating
and uncoupled) from water to methylviologen as a function of
isoalloalantolactone concentration. Photophosphorylating elec-
tron transport was measured in presence of | mM ADP and
ImM K,HPO,. A 6 NH,Cl was added for measuring un-
coupled electron transport. Each cuvette contained 20 ug
chlorophyll per ml in the reaction medium. Other conditions
were as described in the Experimental. Control values rates for
basal, phosphorylating and uncoupled electron transport were
536, 954.8 and 2161, respectively in peq €™ hr™! mg Chl™ 1.
Basal (@), phosphorylating (<) and uncoupled (4A) electron
transport.

phorylation and proton uptake process. The target of
this lactone is exposed when the chloroplast is energized
because in this condition the inhibition is stronger than
when the chloroplast is unenergized (uncoupled state).

In order to localize the site of inhibition, the effect of
lactone 1 on partial reactions (photosystem I and photo-
system II) was measured using artificial electron donors
and electron acceptors. Table 3 shows that the uncoupled
photosystem I electron transport from dichlorophenol-
indophenol (DCIP) to methylviologen (MV) was not
affected by this compound. However, at concentrations
of 200 and 400 uM isoalloalantolactone (1) inhibited
uncoupled electron transport in photosystem II from
water to DCIP. More specifically, this reaction was in-
hibited by lactone 1 in the span of water to silicomolyb-
date, i.e. 71% at 400 uM.

To determine the site of electron transport inhibition
between water to Q4 electron flows were measured from
diphenylcarbazide (DPC) to DCIP in Tris-treated
chloroplasts in the presence of 1. The data showed that
the target of lactone 1 was one of the redox enzymes in
the span of Py to Q4 electron transport chain (Table 3).

[t is interesting to mention that other sesquiterpene
lactones such as cacalol, zaluzanin C and ivalin [17-19],
are also able to interfere with the photosynthetic process
acting as Hill's reaction inhibitors. However, these ter-
penoids inhibit oxygen evolution. On the other hand,
a number of well known photosynthetic inhibitors such
as carbonylcyanide m-chlorophenylhydrazone (CCCP),
heavy metals jons as Cu(Il), dinoseb (a phenolic herbi-
cide) and cacalol derivatives have been found to inhibit
redox enzymes at the same level as isoalloalantolactone
does. t.e. in the span Pggy to Q4 [17, 20-26].
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Table 3. Effect ol isoatloalantolactone on uncoupled photosystem [ and 11 electron transport rate. Control
values rates in peq ¢ hr “mg Chl * for PSHDCIP to MV), PSII (from H,O to DCIP, H,0 to SiMo and
DPC to DCIP) were 2000. 680, 140 and 105, respectively

Addition

DCIP MV H,O H,O SiMo DPC DCIP
Compound (uM) (%) (%) (%) (%)
Control none 100 100 100 100
Isoalloalan- 200 100 83 71 62
tolactone 400 100 SO 29 28

The results of this study showed that natural lactones
1 and 2 posses remarkable antifungal and phytogrowth-
inhibitory activities. Therefore, they might be developed
into environmentally safe herbicide and’or fungicide
agents. Also, it is probable that 1 and 2 are involved in
the allelopathic interaction of R. mexicana [15]. In the
case of isoalloalantolactone (1) the allelopathic mode of
action could involve an alteration in the photosynthetic
process by inhibiting the Hill's reaction and. therefore.
the growth of photosynthetic organisms.

EXPERIMENTAI

Instruments. 1R spectra were obtained in KBr on
a Perkin Elmer 599 B spectrophotometer; 'H and
I3CNMR spectra were registered at 300 MHz and
75 MHz, respectively, on a Varian YXR-300S apparatus.
Mass spectra were taken on a Hewlett-Packard 599
B spectrometer. Mp: uncorr. Commercial silica gel 60
(70-230 mesh) Merck was used for CC. TLC was carried
out using precoated silica gel 60 GF 254 plates (Merck).

Plant material. The plant material (roots) was col-
lected in Municipio de Guachochic, Cusarare, State of
Chihuahua, México in December 1991 Reference sam-
ples are deposited at the ethnobotanical collection of the
National Herbarium (MEXU). Instituto de Biologia,
UNAM, Voucher: Bye and Linares 18336,

Isolation. The air-dried plant material (3.2 kg) was
ground into powder and extracted exhaustively by mac-
eration at room temp. with MeOH. After filtration the
extract was concd in vacuo. The MeOH restdue (397 g)
was partitioned between hexane (F-1) and 10% aqueous
MeOH (F,-2) After elimination of the solvent in vucuo
Fo-1 yielded 56.5 g of a brown residue and F,-2 340.5 g.

When fraction F-1 was tested by the phytogrowth-
inhibitory  bioautographic  bioassay  using  the
Ce¢Hg-EtOAc (4:1) system, the activity was found at
a Ry of 0.5-0.6. Fy-1 (56 g) was subjected to CC over
silica gel (523 g) eluted with a conen gradient of
hexane-EtOAc starting with hexane only. A total of 110
frs (400 ml each) were collected and pooled based on
TLC profiles to yield 7 major frs (F -1 - F,-7). Bioactivity
in the BST bioassay showed two active pools: F -2 (BST.
LCso=271.73 ygml "'} and F,-3 [BST. LCs, = 90.77
ugml™']. Similarly, using the bioautographic bioassay
only fractions F,-2 and F,-3 also contained the
phytotoxic activity. which was localized at R, of 0.5 and
0.4, respectively. F -3 (15.03 g} was further chromatog-

raphed on silica gel (480 g), eluted with CsHg-EtOAc
(4:1) to yield 1.70 g of iscalloalantolactone (1), mp
74-75" (Lit. mp 70°) [9] and 14 mg of (—)-selin-11-en-
4x-0l, mp 82-84°.

The toxic fraction F,-2 (14.45 g) was further resolved
on another silica gel (280 g) column eluted with
hexane-EtOAc (9:1) to yield impure elema-1,3,11,trien-
8.12-olide (2). Further purification by prep. TLC on silica
gel impregnated with AgNO; and using C¢Hg—EtOAc
(9:1) as mobile phase, rendered 124 mg of pure 2, mp
72- 73 (Lit. mp, unreported).

When primary fraction Fy-2 was dissolved in MeOH,
63.3 g of a gummy solid pptd (F4-1). Fy-1 (44.53 g) was
subjected to CC over silica gel (600 g) eluted with a concn
gradient of CgHs~EtOAc-MeOH, starting with CgHg
and ending with EtOAc-MeOH (1:1). A total of 112 frs
were collected and combined into 9 groups (Fs-1-F5-9)
according to their TLC profiles. Fraction Fs-2, eluted
with CoH¢-EtOAc (1:1) yielded a mixture (37.1 mg) of
two inactive compounds. The mixture was resolved by
prep. TLC using hexane-EtOAc (1:1) as eluant to yield
cryptomeridiol (26 mg) and (—)-8x-acetoxycrypto-
meridiol (8.60 mg), identical to standard samples [13].

Expoxidation  of isoalloalantolactone. Compound
1 (50 mg) in CHCl; (10 ml) was treated with m-chloroper-
benzoic acid (67.1 mg) for 90 min at room temp. The
reaction mixture was washed with a 10% solution of
NaHCO; and worked-up as usual to yield epoxide l1¢
{53.2 mg), mp 133-135% IR vEBrcm ™ !: 2932, 2868, 1754,
1664, 1262; 'HNMR (300 MHz, CDCl;): 66.16 (1H, 4,
J =120 Hz, H-13), 5.64 (1H, d, J = 1.20, H-13'), 4.46
(1H. ddd, J = 4.95, 495, 1.5 Hz, H-8), 2.99 (1H, m, H-7),
2.96{1H, br s, H-3),2.07 (1H, dd, J = 15, 1 Hz, H-9b), 1.23
(3H, s, H-15), 091 (3H, s, H-14); '*CNMR (75 MHz,
CDCly): 6170.4 (C-12, s), 141.5 (C-11, s), 120.6 (C-13, 1),
77.4(C-8, d), 60.9 (C-3, d), 57.6 (C-4, 5), 44.6 (C-5, d), 41.2
(C-7,d),40.2 (C-9, 1), 34.2(C-1, 1), 29.7(C-10, 5), 27.4 (C-6,
1), 21.1 (C-15, g), 20.7 (C-2, 1), 17.9 (C-14, q); EI-MS m/z
{rel.int.) 248 ((M]*, 1.0), 233 ([M — 15]%,16.0),91 (17.0),
77 (17.0), 67 (18.0), 55 (33.0), 53 (34.0), 43 (100), 41 (47.0).

Reduction of isoalloalantolactone. To compound
1 (103.5 mg) in MeOH (10 mi) NaBH, (154.70 mg) was
added and the solution was stirred for 36 hr at room
temp. The viscous oil so obtained was purified by prep.
TLC, using silica gel plates impregnated with AgNO;
and CoHg-EtOAc (9:1) as eluant to yield 94.0 mg of 1a.

Preparation of the pyrazoline 1b. A solution of
1 (70 mg) in E1,O was allowed to react with an Et,0 soln
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of CH,N, until the yellow color persisted for more than
20 min. After 24 hr the solvent was evapd and the residue
recrystallized from Et,O to yield 82.24 mg of 1b.

Brine shrimp lethality test (BST) and cytotoxicity bioas-
says. The extract, fracttons, 1solated compounds and de-
rivatives were evaluated for lethality to brine shrimp
larvae as described. Cytotoxicities against human solid
tumor cells were measured at the Cell Culture Laborat-
ory, Purdue Cancer Center, for the A-549 lung carci-
noma, MCF-7 breast, carcinoma and HT-29 colon
adenocarcinoma, with adriamycin as a positive control,
in 7-day assays [5].

Phytogrowth-inhibitory bioassays. The phytogrowth-
inhibitory activity of the MeOH extract, primary frac-
tions and pure compounds was evaluated on seeds of
Amaranthus hypochondriacus and Echinochloa crus-galli
by using a Petri dish bioassay [6]. In addition, a direct
bioautographic bioassay system [8] was employed to
guide secondary fractionation and speed up the isolation
of the active compounds.

The seeds of E. crus-galli were purchased from Valley
Seed Service, Fresno, California, and those of A. hypo-
chondriacus from Mercado de Tulyehualco, D.F,,
Meéxico. The data were analyzed by ANOVA (P < 0.05),
and ICs, values were calculated by Probit analysis based
on per cent inhibition obtained. The extract and primary
fractions were evaluated at 50, 100 and 200 ygml '
Compounds 1 and 2 were evaluated at 10, 30, 50, 70, 100,
150 and 200 ugml~!. Derivatives la—¢ were evaluated
only at 50 and 200 ugml~!. Tricolorin A was used as
positive control [27].

The direct bioautographic assay, where the seeds of the
target species grow directly on the thin layer chromatog-
raphy plate, silica gel G60 F254 glass backed plates
(20 x 5 cm, Merck), was used as previously described [8].

Bioassays with phytopathogenic fungi. The target spe-
cies chosen were Fusarium oxysporum, Helminthosporium
sp. and Pythium sp. The bioassays were carried out using
the procedure previously described [7]. The measure-
ments were made after 72 hr of incubation. The mean
value of three replications were analyzed by ANOVA
(P < 0.05). The extract, primary fractions and natural
products 1 and 2 were evaluated at 50, 100, 125, 150 and
200 pgml~'. Derivatives la—¢ were evaluated at 50, 75
and 100 ugml ™",

Chloroplasts isolation and chlorophyll determination.
Chloroplast thylakoids were isolated from market spin-
ach leaves (Spinacea oleracea. L.) as described earlier [17,
28] and suspended, unless indicated, in 400 mM sorbitol,
5 mM MgCl;, 20 mM KCl and buffered with 0.03 M Na " -
tricine at pH 8.0. The chlorophyll concentration was
measured spectrophotometrically as described [29].

Measurement of proton uptake, ATP synthesis and elec-
tron transport. Proton uptake was measured as a pH rise
between 8.0 and 8.1 [30] using a combination microelec-
trode connected to a Corning potentiometer with ex-
panded scale. The pH changes were recorded (Gilson
recorder). The reaction medium was 100 mM sorbitol,
5 mM MgCl,, 10 mM KC], 1 mM tricine pH 8.0. ATP
synthesis was measured as in proton uptake conditions in
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the presence of | mM ADP and 3 mM KH,PO, [28].
Methylviologen (0.05 mM) was added as electron accep-
tor for Hill reaction.

Photosynthetic noncyclic electron transport activity
from water to methylviologen was determined with an
oxygraph 5300. The reaction medium was the same as in
the proton uptake assay except that the tricine concen-
tration was 15 mM and presence or absence of 6 mM
NH,C1[17]. Photosystem I electron transport was deter-
mined in a similar form to noncyclic electron transport
[17, 28]. The following reagents were added: 100 uM
DCIP, 300 uM ascorbate, 10 yM DCMU and 6 mM
NH,Cl. Photosystem II was measured in presence of
50 uM DCIP, 1 uM DBMIB, 300 uM [Fe(CN)g]s and
6 mM NH,CI [17, 28]. Uncoupled electron transport
from water to silicomolybdate, was measured with a re-
action mixture as in photosystem IT except that 200 uM
silicomolybdate and 10 uM DCMU were added [31].
Uncoupled electron transport from diphenylcarbazide
(DPC) to dichlorophenol-indophenol (DCIP) was meas-
ured spectrophotometrically as reported [32], 200 uM
DPC was added to the medium. All reaction mixtures
were illuminated with actinic light of a projector lamp
(GAF 2660) passed through a 5-cm filter of a 1% CuSOy4
soln.
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