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Table 1. CITRATE AND SUCCINOXIDASII ACTIVITIIIS OF MITOCHONDRIAL 
FB.&.OTIONS I'ROJII LOCAL V ABIKTIIIS OF Mangijera indica (PRECIJllACTERIO) 

O, uptake/pl./k/mg 
Variety protein 

Succinate Citrate 
'Kalapahar' 30 9 
'Totapuri' 52 19 
'Chlttor Yamin!' 62 11 
'Titar Pasand' 85 8 
'La! Pasand' 30 5 
'Pairi' 40 9 

(The values are averages of four independent observations) 
Each W arburg fiask contained: phosphate 30 pmoles; sucrose 800 pmoles; 

substrate 20 pmoles; cytochrome c 4 mg; MgS0,.7H10, 10 !'moles; final 
volume 3·2 mi., pH 7·4, temp. 28" air phase. 

Table 2. DEHYDROGENASE ACTIVITIES OF MITOCHONDRIAL FRACTION FROM 
PULP OF 'PAIR!' VARIETY (PRECLIMACTERIC) 

NADH 
Dehydrogenase Isocitrate Oxaloacetate Diaphorase Cyt. C 

+NADH reductase 
Units• 0·025 0·676 0·932 1·87 

(The values are averages of four independent observations) 
• Optical density change/minfmg protein. 

Malate and pyruvate oxidations were also studied for the 
'Pairi' variety in the Warburg apparatus and the respira
tion rates obtained were between 5 and 10 [Ll. 0 2/h/mg 
protein. The dehydrogenase activities are reported in 
Table 2. Isocitrate and oxaloacetate + NADH reactions 
were followed in a Beckman 'DU' spectrophotometer•. 
Diaphorase and NADH-cytochrome c reductase were 
assayed by the method of Mahler et al.•. 

The results presented here have shown the possibility of 
isolating an actively respiring mitochondrial fraction from 
the mango fruit. Further, these mitochondria showed 
respiratory control when tested with the vibrating 
platinum electrode technique7 with succinate as substrate 
in the presence of adenosine diphosphate. Further work 
on respiratory control and. the biochemical properties of 
mitochondria during various stages of ripening of the fruit 
is in progress. 

I thank Mr. H. Subrahmanyam for providing the fruits. 
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Anthocyanins in Ferns 
THE water-soluble red pigments present in young fern 

fronds do not seem to have been investigated since Price, 
Sturgess, Robinson and Robinson' in 1938 reported that 
unusual flavylium salts, resembling 6-hydroxypelargonidin 
or 6-hydroxycyanidin in their colour preperties, occurred in 
eight ferns. Recent phytochemical interest in the phenolic 
constituents of lower plants2 and the discoveries of 
luteolinidin (I, R = OH) in the moss Bryum3 and of an 
unidentified anthocyanidin in a fungus• suggested that 
the fern pigments would bear re-investigation. 

Two ferns, Adiantum veitchianum and Pteris quad
riaurita, closely allied to those examined by Price et al. 1 , 

were investigated. Extracts of juvenile fronds were 
hydrolysed with acid and the aglycones produced com
pared by chromatographic and spectral analysis with 
authentic anthocyanidins (Table 1). The two aglycones 
present in A. veitchianum were identified as apigeninidin 
(I, R = H) and luteolinidin (I, R = OH) and that of 
Pteris as luteolinidin. Both these pigments were readily 

Table 1. CHROllATOGRAPHIC AND SPECTRAL PROPIIIRTIES 011' FIIIRN ANTHO • 
CYANIDINS 

MeOH-
Rr value in solvent• HCI MeONa 

Pigment Amax lma.x 
A B a D (mp) (Dl!') 

Pteris aglycone 0·61 0·64 0·42 0·43 •98t 555 
Adiamum aglycones 0·64 0·64 0·42 0·43 498t 555 

0·79 0·75 0·78 0·56 475 532 
Aplgenlnldin 0·78 0·75 0·78 0·56 476 532 
Luteolinldin 0·61 0·64 0·42 0·43 497t 555 
6· Hydroxypelargonldin 0·57 0·56 0·58 0·24 497 Unstable 
6-Hydroxy cyanidin 0·30 0·32 0·39 0·21 518 Unstable 

*Solvent A is the Forestal mixture, Bis HC01H-HCI-H10 (9 : 2 : 3), CIs 
butanol-acetic acid-water (4 : 1 : 5) and Dis ethyl acetate-HC01H-2NHC1 
(85: 9: 6). Separations using A, Band C were carried out on Whatman No.1 
paper, those with Don silica gel. 

t Also gives an AJCJ, shift of 52 mJl. 

differentiated by RF value from pigments having similar 
colour properties, that is, 6-hydroxypelargonidin (II, 
R = H, R' = OH) and 6-hydroxycyanidin (II, R = 
R' = OH), both of which were available for comparison 
(Table 1). That these two anthocyanidins occur in some 
unusual combined form and not as simple sugar deriva
tives follows from the fact that (a) the natural pigments 
were more resistant than usual to acid hydrolysis, and 
(b) the pigments in the frond extracts differed in RF value 
from the known apigeninidin and luteolinidin 5-gluco
sides5. The two pigments in Pteris, for example, had RF 
values that were higher in both alcoholic and aqueous 
solvents (0·71 and 0·66 in butanol-2 N HCI (1 : 1), 0·38 
and 0·28 in 1 per cent aq. HCl) than either luteolinidin or 
its 5-glucoside (0·60 and· 0·27 in butanol-HCl, 0·03 and 
0·12 in 1 per cent HCl, respectively). 

R R 

0 o~ HOWT-""- ~OH 0~~ HOOCI . < )OH 
R'~ ,/"' "== no H 

(I) (II) 

The occurrence in both ferns and mosses of these rare 
anthocyanidins, which are biogenetically related to the 
flavones rather than to the flavonols, is of considerable 
phytochemical interest. It suggests that these plants 
lack the ability to add a 3-hydroxyl group to a specific 
C15-intermediate to yield the usual type of anthocyanidin 
such as cyanidin (II, R = OH, R' = H) found in higher 
plants. The suggestion that apigeninidin and luteolinidin 
production is a 'primitive' character is not necessarily 
contradicted by the fact that these rare pigments are 
also found in the petals of one of the most 'advanced' 
families of higher plants, the Gesneriaceae•. They 
are presumably produced in this family in response to 
selection for orange-red flower colour. It should, how
ever, be pointed out that a few ferns do appear to have 
normal anthocyanins, since cyanidin and pelargonidin 
glycosides have been reported in Davallia divaricata1 and 
in Dryopteris erythrosora6 • Furthermore, many ferns con
tain the flavonols kaempferol and quercetin7 as well as 
leucocyanidin8 • Investigations of the distribution in the 
Pteridophyta of anthocyanidins, with and without 
3-hydroxyl groups, are therefore in progress. 
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