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Abslmct-The allitol content of Zfea leaves increases considerably during photosynthesis whereas the conyerse 
is true during metabolism in the dark. Allitol is thought to function in a reserye capacity. 

DURING investigations of the D-glucitol content of various species of green leaves, Plouvier * 
isolated from acetone extracts of I. ikijiiiu and I. virginicu a crystalline polyol subsequently 
characterized as allitol. The yield of allitol from leaves was about l-6 per cent and that from 
the stems 0.5-1.2 per cent (on a dry weight basis). As a preliminary to biosynthetic studies, we 
isolated allitol from alcoholic extracts of leaves of I. ilicifolia and I. yzmzanensis and yields > 6 
per cent were obtained.2 As these yields were much higher than those quoted by Plouvier, 
suggesting diurnal or seasonal variations, we have investigated the allitol content of Irea 
leaves in conjunction with a related study to be described later of the incorporation of ‘TO2 
into allitol and D-allulose during photosynthesis. 

Several leafy spurs of I. ilicifoliu, collected in April, 1963, and previously kept in the dark 
for 15 hr, were allowed to photosynthesise in an atmosphere containing O-5 % v/v 1“C02 for 
1 hr followed by photosynthesis for further periods of up to 47 hr in a normal atmosphere. 
One of the samples was placed in the dark for 23 hr after the initial incorporation of 14c02. 
Crystalline allitol was isolated from both the alcoholic extracts of the leaves and of the stems. 
As was evident from melting point determinations and chromatograms, the purity of the 
almost colourless, initial product was high and hence the following discussion is based upon 
yields of this non-recrystallized product. D-Allulose was also isolated, as the crystalline 
di-0-isopropylidene derivative from selected extracts. 

The yields of allitol from alcoholic leaf extracts showed a rapid increase during the first 
two hours of photosynthesis followed by a more gradual increase to 48 hr, while the yield from 
the “dark” experiment was very much lower than even the initial sample (Table 1). In 
contrast, the proportion of D-allulose in the leaves appeared to decrease with time of photo- 
synthesis, the yield of di-O-isopropylidene D-allulose being greatest in the case of the “dark” 
experiment (the true allulose content of the leaves may well be 100 per cent or more higher 
than the values calculated from the yield of the di-0-isopropylidene derivative owing to losses 
incurred in isolation). The yields of allitol from stem extracts did not show a regular increase 
with time as did those of allitol from leaf extracts but the general trend was for the yield to 
increase with time of photosynthesis uable 2). This data indicates that during prolonged 
photosynthesis, anabolism of allitol is favoured at the expense of Dallulose whilst the con- 
verse is true in the absence of sunlight. 

1 V. PUIWIER, Compt. Rend. 249,2828 (1959). 
2 L. HOUGH and B. E. STACEY, Phyrmhem. 2,315 (1963). 
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In another experiment. leafy spurs collected in August. 1963, and previously kept in lhe 
dark for 15 hr, were allowed to photosynthesise for various periods of up to 2 hr. The alhtol 
contents of the leaves once again increased with time of photosynthesis but the yields were 
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Initial yteld of do-O-w- 
Initial yreld of alhtol prop? hdcne rxtllulosc 

,______-IC_.-___ - ,.__-- - --- .-.. -- 

Cmg per g of (mg of ixrllulose 
Duration of Wt of alcohol- alcohol- per g of alcohol- 

photosynthests insoluble leaf insoluble rnsoluhle Iedf 
(hrJ rc\idue fnig) leaf resrduer ImgJ re~rdue) 

tgJ 

1 I.308 42 33 17 9 

2 I.345 92 71 5.6 3 
6 I.306 61 .lY I .h 0.Y 
8 I ,27’ 

1.1; 
ItM 85 

24 119 106 
48 I4E J 7.3 I” ..- -- 

1 + 23 in dark I.185 10 Y 1x.7 II 

TABLE 2. YKLUS or ALLITOL IWLMED FROM STFMS OF I. ilrcrholitr 

lnmal yield of alhtol 
a------ 

Duration of Wt of alcohol- tmgpergot 
photosynthests insoluble stem alcohol-msoluble 

thr) residue (mgJ (nlg) stem resrdue~ 

1 
2 
6 
8 

24 
48 

I + 23 tn dark 

335 IO 33 
373 ?, 
361 ;j 

66 
46 

311 1.5 5-I 
441 15 38 
290 16.5 6.1 
323 5-i I’) 

_- 

much higher (Table 3) than those obtained in the preb ious expernnent. This would seem to 
indicate that the leaves are more metabolically active in August than in April and recalls the 
wide seasonal variation in the mannitol content of fronds of the brown algae with a maximum 
about mid-summer.3 In young fronds, as photosynthesis proceeds. the mannitol content rise\ 
from 5 to as much as 36 per cent of the dry weight of Lumittari cloustonii. The concentration 
of mannitol within the frond is greatest at depths when the light intensity is optimal for photo- 
synthesis. In contrast to the seaweeds. the mannitol content of olive trees increases during the 
Winter.4 The leaves of Card~~~zialjarmoi~~es contain no mannitol in Summer but accumulate 
the polyol during the Winter. Lcabes detached from the plant in Summer synthesise and 
accumulate mannitol when placed m a cold environment: light ha\ 110 rtpparcnt effect on the 
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process. The Dghzitol content of plum leaves has been investigated by Anderson et ~1.~ who 
found that, under natural conditions, there was no diurnal variation, the D-glucitol content 
remaining constant at about 43 per cent. Thus, no generalization regarding the variation in 
hexitol content of leaves seems to be possible. 

The marked decrease in allitol content of Iteu leaves when kept in the dark was investig- 
ated further. Four leafy spurs of I. ilicifoku were allowed to photosynthesise for 16 hr and then 
placed in the dark. The yields of allitol, isolated from the leaves, showed a marked decrease 

TABLE 3. YIELD~OF ALLITOL ISOLATED FROM LEAVESOFZ. iiicifilia 

Initial yield of allitol 
, 

Duration of Wt of alcohol- (mg per g of 
photosynthesis insoluble leaf alcohol-insoluble 

(min) residue (mg) leaf residue) 
(n@ 

-- - 

15 912 40 46 
30 745 50 69 
45 931 62 69 
60 781 61 81 

120 452 52 120 

TABLE 4. VARLUIONINALLITOLANDALLULOSECONTENTSOF Ztea LEAVESDURING 
METABOLISMINTHEDARK 

Initial yield of allitol Yield of allulose-containing 
syrup 

< , 
Duration of Wt of alcohol- (mgpergof (mgpergof 
metabolism insoluble leaf alcohol insoluble alcohol-insoluble 

olr) residue (mg) leaf residue) (mg) leaf residue) 
(s) 

0 1.23 191 155 74 60 
4 0.935 132 141 114 120 
8 1.36 138 101 126 

24 094 63 67 189 z 

with time of metabolism in the dark, the value after 24 hr being less than half the initial value 
(Table 4). These results serve to confirm the previous fIndings and indicate that allitol acts in 
a storage capacity, accumulating in the plant as an end product of photosynthesis and being 
metabolised during the hours of darkness. 

Photosynthetic Experiments 

EXPERIMENTAL 

The apparatus was similar to that described by Folkes et aL6 Steady illumination was 
provided by twelve 150 W tungsten filament lamps mounted between a reflecting surface 

5 J. D. ANDERSON, P. ANDREWS and L. HOUGH, Biochem. J. 81,149 (1961). 
6 B. F. FOLK& A. J. WILLIS and E. W. YEMM, New Phytol. 51, 31 (1953). 
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above and a glass-bottomed water tank below which was fitted with a constant level device 
and a steady flow of cold water to serve as a heat filter.’ 

Eight selected spurs, collected April. 1963. each bearing 8-9 lea\es. were placed \i~th cut 
ends in water and kept in the dark overnight (15 hr). The spurs Mere then transferred to a desic- 
cator (4 I.) in which 14COI was subsequently generated by the action nt‘lactic acid ( - 3 ml; 
80”: v,‘v) on Ba.‘%J03 ( 145 mg: 1790 PLC). After photosynthesis had been allo\\ed to take 
place for 1 hr. one spur aas immediately extracted as described beloli whilst another spur. 
with its cut end still under water. \sas hept for 23 hr in the darh. The remaining si\ spurs. 
their cut ends under water. \\eere replaced under the light batter! for ditrerent periods of time 

(Table 1). 
After each period of photosynthesis. the leaves \vere rapidly detached from the stems: 

both were cut into small pieces and separately extracted M ith boiling ethanol ( rr 75 ml and -IO 
ml respectively; 15 min). The residues were than exhaustit ely extracted with boiling methanol 
and each combined alcoholic extract made up to a known volume M ith methanol (lea\ es. 250 
ml; stems 100 ml). The final alcohol-insoluble residues were dried at 60 . to constant weight 
(alcohol-insoluble leaf residue. C.44 per cent: alcohol-insoluble stem residue C.-1S per cent). 

Isolation of allitolar~dr~-all~rk).sc_f~c~tn leaf esrwcts. A portion (240 nd : 96 per cent oftotal) 
was concentrated to a syrup and shaken pith water ( - 20 ml) for 15 30 min. After centri- 
fug&ion. the supernatant \\a\ passed slo\\iy through a pad of activated charcoal;Hyflo 
Supercell to give an almost colourle\s solution \vhich on concentratmn y i&led crybtallinc 
alhtol. 

The mother hquor from the crystallization of (crude) allitol was evaporated to a dry syrup 
and shaken with a mixture of anhydrous acetone (9 ml 1. anhydrous copper sulphate (1 g) and 
concentrated sulphuric acid to.02 ml) for 18 hr. Crystalline di-(I-isopropylidene n-allulose 
was eventually isolated from the leaves which had photosynthesised for 1. 2 and 6 hr respec- 
tively. and also from the leaves tvhich had been alloned to metabolise in the dark for 23 hr but 

no crystalline derivative could be obtained from the remaining sample\. The di-O-i3opropyh- 
dene D-allulose was recrystallized from light petroleum t40-60. ). The yields of allitol and 
di-O-isopropylidene D-allulose samples are given in Table 1. (Note- -n lth extract of Icavec 
\r hich had photosynthesised for A hr. treatment with act ii atcd charcoal \\ as not carried out 

until after isolation of crude allitol xvhich in this case bias light bra\\ n in ‘olour in contrast to 
the almost 11 hitc product obtained from other extracts.) 

Oolatim of’nllitol.finm .~tcwl cstwcts. A 90 ml-ahquot (i.e. 90 per cent of total) \\a\ 
concentrated to a syrup and crv Qalline allitol isolated a\ dc\cribed ahnve. Yields arc recorded 
in Table 2. 

Five leaf spurs (collected August. 1963) with -- 10 leaves on each \$crc treated in a manner 
vinnlar to that described for Experiment 1 except that incorporation of rJCOZ was tcrminnted 
after I5 min. The spurs were finally extracted uith alcohol after total photosynthetic periods 
of 15, 30. 45. 60 and 120 min respectively, and allitol isolated as before. t’irlds are recorded 
in Table 3. 
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I. ificifolia (collected August, 1963) were allowed to photosynthesise under the light battery 
for 16 hr after which time one specimen was immediately extracted with boiling ethanol while 
the others were placed in the dark for various periods of time (4,8 and 24 hr respectively). 
Allitol was isolated from the alcoholic extracts of the leaves in the usual way whilst the mother 
liquors (after removal of allitol by crystallization) were concentrated to a dry syrup to give 
some indication of the amount of allulose present. Paper chromatography of the extracts 
prior to crystallization of allitol gave a general indication that the proportion of allulose 
increases with respect to the allitol during metabolism in the dark. The yields of crystalline 
allitol and allulose-containing syrups are recorded in Table 4. 
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