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Fig. 1. Infrared spectrum of graphinone (KBr disk). 

Bioassay' revealed that the weakly acidic-neutral 
fraction was biologically active. The extract was analysed 
by thin-layer chromatography (silicic acid developed in 
ethyl acetate/hexane, 1 : 1) and the active component was 
located at Rp value 0·6-0·7. The weakly acidic-neutral 
fraction was chromatographed on a silicic acid column 
d eveloped with ethyl acetate/benzene, 1: 9, and the 
active fractions were combined and reduced under vaCUl.un. 
The residue was recrystallized from benzene-hexane to 
yield colourless needles. We propose to call this sub­
stance "graphinone". 

Graphinone has a melting point of 93°_94° C and 
[0(]~2-75° , where 0= I, methanol, and gave a positive 
reaction with ketone and epoxide reagents. The ultra­
violet spectrum had an absorption maximum at 275 nm 
(e: 78) and the infrared spectrum, illustrated in Fig. 1, 
had bands at 3,480, 1,739, 1,382, 1,252, 1,106 and 835 
cm-'. The molecular formula, C'6HuOs, was determined 
by high resolution mass spectroscopy: m/e observed 
= 296·1631; calculated mass for C"H .. O. = 296·1624. 

Graphinone stimulated lettuce seed germination at a 
concentra tion of less than 1 p.p.m., and maximum 
stimulation was obtained between 10 and 50 p.p.m. 
(Table 1). Higher concentrations resulted in a decrease in 
the stimulatory effect. The growth of lettuce seedlings 
was inhibited by concentrations greater than 25 p.p.m. 

Table 1. EFFE(lT OF GRAPIUNONE ON THE GERMINATION OF LETTUCE SEEDS 
'WAYAHEAD' IN DARKNESS AT 26° C -

Concentration (p.p.m.) 0'1 2 10 25 50 100 
Per cent germination 51 59 69 74 78 78 53 

Dark control 36 
Light control 82 

Table 2. EFFECT OF GRAPIUNONE ON THE GROWTH OF RADISH LE.~F DISKS 
IN LIGHT AT 30° C FOR 20 HOURS 

Concentration (p.p.m.) 0 '1 1·0 10·0 100-0 
Growth (fresh weight)" 155 165 184 173 

Control (medium) 149 

• Growth is shown relative to fresh weights of radish leaf disks before 
Incubation. 

Graphinone will promote the growth of radish leaf 
disks2 , and Table 2 shows that maximUIll promotion was 
given by 10 p .p.m. These effects of graphinone resemble 
those of gibberellin and kinetin, but graphinone showed n o 
activity in the rice seedling or oat senescence tests at 
concentrations of up to 100 p.p.m. Gibberellin, kinetin, 
thiourea and nitrate ions are known to promote germina­
tion of seeds requiring light such as lettuce or tobaccos. 
A naturally occurring germination stimulant has recently 
been isolated from cotton root exudates4 • This substance, 
strigol, is effective in witchweed (Striga lutea Lour.). 
Graphinone is a new, biologically active substance, quite 
distinct in its physicochemical and biological properties. 

We thank Dr H. Sakai for identification of the fungus . 
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ATP in Sieve Tube Sap 
from Willow 
HYPOTHESES explaining the mechanism of longitudinal 
sieve tube transport in higher plants can be divided 
into two groups. .First there are the hypothcses, typified 
by the pressure flow hypothesis of Munch', in which energy 
for the transport process need only be applied at cit,her 
end of the transport system, thc sieve tubes themselves 
being metabolically incrt. On the other hand, hypotheses 
such as the electro-osmotic mechanism proposed b~' 
Spanner', or the transcellular streaming hypothesis of 
Thaine', would require a continuous expenditure of ellergy 
throughout the whole length of the sieve tubes. Ultra· 
structura l studies on phloem havc as yet failed to produe:n 
any unanimity as to the metabolic capabilities of sie \'e 
elements4 •5 . 

~ obvi~us method of determining whether energy IS 

readIly avaIlable for transport in sieve tubes is bv measllr­
ing ATP concentrations in sieve tube exudate~ Kluge 
and Ziegler' have already analysed exudates from a 
variety of species, and have found concentrations of 
ATP within the range 0·03- 0·30 [Lg/[LI. Kluge's dat,)" 
however, may be subject to error, because the exudates 
were obtained from gross incisions into the phloem, and 
the ATP concentrations measured may not have been a 
true reflexion of the concentrations within the sie\'() 
tubes. W c therefore decided to measure ATP concentra­
tions in sieve tube sap obtained from willow through the 
severed sty lets of the aphid l'ube7'olaohnus salign'U.s 
(Gmelin), because we believed that t his method would 
yield unadulterated samples of sieve tube sap. The 
samples of sap were obtained from stylets situated Oil 

segments of 2-3 year old willow stem, and the ATP 
concentrations were determined using Firefly Lantern 
Extract (Sigma Biochemical Co.). Light output from the: 
reaction mixture was measured b~ a pulse counting 
technique using a single photomultiplier system connected 
to a scaler7. 

Table 1. ATP OONCENTRATIONS IN SIE VE TUBE SAP 

Date of experiment 
3.3.69 
6.3.69 

10.3.69 
11.3.69 
13.a.69 

Rate of eXUdation 
(,ul./h) 

1·231 
1'482 
1-900 
2'676 
1'683 

ATP concentration 
(,ug/,ul.) 
1·335 
0'584 
0'603 
0·892 
0·837 

Table 2. ATP CONCEtI'TRATIONS OYER A PERIOD OF HOURS 

Time (h) 1 2 3 4 5 6 
Rate of exudation 

(,ul./h) 
1·808 1'469 1'416 1 '765 1·788 1'415 

ATP concentration 
(,ug/,ul.) 

1·063 0·939 1·081 0'839 0'643 0-61)4 

Table 1 presents the concentrations of ATP found in 
sieve tube sap from a number of experiments. These data 
show that the ATP concentrations are higher than those 
found by Kluge and Ziegler. Moreover, the data in Table 2 
show that the high concentrations of ATP are not merel y 
transient phenomena produced by severance of the aphid 
stylets, but can be maintained over a period of hours. 

High concentrations of ATP are present in sieve tuoo 
sap; how the energy from this substance is applied to 
the translocation mechanism remains to be discov~red. 
Clearly, however, energy supplies are available within the 
sieve tubes to drive a cytoplasmic streaming system. 
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