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PROCEEDINGS OF THE PHYTOCHEMICAL GROUP 

A meeting of the Group was held at Royal Holloway College, University of London, on 20 and 
21 September, 1966, when the following papers were presented. 

Symposium on Nucleic Acids and Nucleotides in Higher Plants 

The Chemistry of Nucleic Acids 

T. L. V. ULBRKHT 

Twyford Laboratories Ltd., ‘Dvyford Abbey Rd., London, N.W.10 

THE covalent structure of nucleic acids was determined in 1952 and the double-helical structure for DNA 
proposed the following year, thereby initiating the rapid development of molecular biology which we have 
witnessed these last years. Two aspects of the chemisrr_v of nucleic acids which are currently attracting atten- 
tion will be discussed: 

(1) The determination of nucleotide sequence and the complete. primary structure of nucleic acids, with 
special reference to transfer RNA (s-RNA). The minor nucleotide components of s-RNA will be mentioned, 
and the complete sequences of alanine-, serine- and tyrosine+RNA discussed. 

(2) The secondary structure of polynucleotides, including RNA. It is now apparent that the main factor 
in stabilizing helical polynucleotides is base-stacking, not hydrogen4onding.r Experimental work has 
established that even simple nucleotides have a conformation in solution similar to that which they have in 
polymers. Secondary structure is very sensitive to environmental factors such as temperature, pH, solvent, 
and the nature and concentration of counter-ions (Na+, Mg++ etc.). It is probable that the possibility of taking 
up different conformations in slightly different environments is one of the important factors in the biological 
role of s-RNA. 

l gee review by T. L. V. ULBRICHT, Ann. Rep. Chem. Sot. 62,402 (1965). 

Quantitative Extraction and Estimation of Nucleic Acids from Higher Plants 

D. P. HOLDGATE 

Twyford Laboratories Ltd., Twyford Abbey Rd., London, N.W.10 

THE quantitative analysis of nucleic acids in higher plant tissues presents many problems to the analyst. Care 
must be taken at every stage to ensure that loss of RNA and/or DNA does not occur, and that complete removal 
of substances which may interfere with the selected procedure(s) of estimation has been obtained.r 

The three most frequently used procedures for nucleic acid analysis, namely the. Ogur and Rosen,2 the 
sChneider,s and the Schmidt and Thannhauser4 procedures, must always be preceded by a series of extractions 
to remove various compounds which may interfere with subsequent estimations. It has become the practice 
to start the extractions by treating the tissue homogenate with cold acid. Some observations concerning the 
various acids and their concentrations which have been used will be presented. Cold acid extraction is followed 
by the extraction of lipids. Again the sequence and combination of solvents used has tended to vary with the 
worker, but a much favoured combination has been ethanol, ethanol:etber (two or three times) and fhall~ 
ether. Evidence will be presented which strongly suggests that this sequence of solvents tends to be inethcient 
and generally unsatisfactory. 

Nucleic acids are extracted from the cold-acid soluble and lipid-free residue by one of the procedures 
mentioned above. The merits of the three methods will be discussed, and it will be shown that the Schmidt and 
Thannhauser procedure is the most suitable for the analysis of RNA and DNA in higher plants. The Schmidt 
and Thannhauser RNA extract frequently requires purification; procedures for purification will be discussed 
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together with the methods available for estimation. The extraction and estimation of DNA by the Schmidt 
and Thannhauser procedure will be discussed. 

1 D. P. HOLDGATE and T. W. GOODWIN, Phyrochetn. 4,831 (1965). 
2 M. OGUR and G. ROSEN, Arch. Biochem. 25,262 (1950). 
3 W. C. scHNBIDaa,J. Biol. Chem. 161,293 (1945). 
4 G. SCHMIDT and S. J. THANNHAUSER, J. Biol. Chem. 161,83 (1945). 

Nucleic Acid Changes during Cell Growth in Plants 

J. K. HEYE~ 

Department of Botany, University of Edinburgh 

IT HAS been shown that. during cell expansion in the pea root, there is not only an increase in the quantity 
of most cellular components, but also a change in the type of many components synthesized. Such a change 
can be observed in the cell wall components deposited during growth and in the enzyme complement which, as 
activity determinations show, continues to change throughout the life of a ce1l.i At least part of this change in 
the enzyme complement is accompanied by a change in the nature of the proteins synthesized during cell 
growth and development. 

Analysis has shown that the over-all composition and stability of both the DNA and RNA changes during 
cell growth2 and that the sub-cellular distribution of both RNA and protein also changes8 Such observations, 
aithough indicative of changes in the nucleic acid complement, do not enable the type of RNA mediating the 
observed change in protein synthesis to be identified. 

Using excised root tissue the effect of purine and pyrimidine analogues has been studied. The excised root 
tip, grown in sterile culture, has been used to study the etfect of I-axaguanine upon growth and metabolism 
subsequent to its incorporation into RNA.4 The observed inhibition of cell division and concomitant slight 
stimulation of cell expansion makes the interpretation of the results difficult, but proteins are synthesized 
without the normal degree of enzyme activity. 

The sub-apical 2 mm segment excised from seedling pea roots has the capacity for considerable growth 
which is entirely by cell expansion when provided with an energy source. 2-Thiouracil enhances cell growth 
considerably and the relationship between the altered pattern of RNA synthesis in this excised tissue and the 
etfects of the analogue on protein and RNA synthesis have been examined.5 

l J. K. HEYE~ and R. BROWN, In Encyclopedia ofPkwtr Physiology--XW (Edited by W. RUHLAND), p. 191. 
Springer-Verlag, Berlin (1965). 

2 J. K. HEYE% Proc. Roy. Sot. (Lotdan), Ser. B, 152.218 (1960). 
3 J. K. HEYES, Symp. Sot. Exptl Biol. XVII, 40 (1963). 
4 J. K. HEYES, Proc. Roy. Sot. (Lottdotz). Ser. B, 158,u)8 (1963). 
5 D. VAUGHAN, Ph.D. Thesis, University of Edinburgh (1965). 

The Role of RNA Metabolism in the Regulation of Growth 
and Development of Higher Plants 

J. INGLE 

Department of Botany, University of Edinburgh 

GROWTH and development involves changes in complement of enzyme activities in the cell. Such activity 
changes may be regulated at different levels in the tlow of information from the genome; this may be at the 
transcription level between DNA and messenger-RNA, at the translation level between messenger-RNA and 
protein, or by inhibition or activation of the resulting enzyme activity. Experiments using the inhibitor of 
RNA synthesis, actinomycin D, indicated that much of the regulation of growth and development of plant 
tissues was at the DNA-m emenger-RNA transcription level. Consequently studies were initiated to determine 
the types of RNA synthesized in plant tissue, with particular interest in messenger-RNA. The synthesis of a 
fraction of RNA, which had properties very different from either soluble- or ribosomal-RNA, was demons- 
trated during the growth of excised hypocotyl tissue. This fraction of RNA was called DNA-like, or D-RNA, 
and the properties of the D-RNA, its composition, its molecular size, its rate of synthesis and breakdown, 
resembled those of the messenger-RNA described from bacterial systems. 
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A fraction of RNA very similar to the D-RNA of the excised hypocotyl tissue was synthesii in intact 
roots. In the root tip D-RNA was found in association with polyribosomes; a further indication of its role as 
messengcr_RNA. 

Some aspects of the biological importance of the D-RNA in the regulation of growth and development 
have been studied. 

(a) Selective inhibition of the synthesis of soluble- and ribosomal-RNA by the analogue 5-Ruorouracil has 
shown that growth of excised hypocotyl tissue required the continual synthesis of D-RNA, but not of soluble- 
and ribosomal-RNA. There was a general correlation, in both intact and excised tissues, between the growth 
potential of the tissue and the relative amount of D-RNA synthesized, and differences within the D-RNA 
population from different tissues could be detected. 

(f~) The induction of two enzymes involved in the assimilation of nitrate by higher plants, nitrate reductase 
and nitrite reductase. required the synthesis of protein and RNA. Again 5-fluorouracil, which selectively 
inhibited the synthesis of soluble- and ribosomal-RNA, did not prevent the induction, indicating the require- 
ment for D-RNA synthesis for induction of specific protein synthesis. 

The Nucleic Acids of Photosynthetic Cells 

T. A. DYER 

A.R.C. Unit of Plant Physiology, Imperial College of Science and Technology, London 

A sTIJDY has been made of the nucleic acids of a number of photosynthetic cells and in particular those of 
broad bean leaves ( Viciafaba var. Sutton). Sub-cellular organelles were separated by differential centrifugation 
and their nucleic acids isolated and fractionated by chromatography on methylated serum albumin-kieselguhr 
columns. 

Four distinct types of low molecular weight (LMW) RNA could be distinguished in preparations of broad 
bean leaf nucleic acids. The cytoplasmic and chloroplast ribosomes each contain distinct LMW RNA compo- 
nents. There is a “soluble” RNA (i.e. RNA which is not precipitated by centrifugal forces which sediment 
ribosomes) which apparently only occurs in chloroplasts. In addition there is a soluble component, probably 
transfer RNA, which is found in both the chloroplasts and cytoplasm. 

The chloroplast LMW RNA’s are present only in small amounts in etiolated leaves and are absent in 
non-photosynthetic tissues of roots and flowers. They are present in some albino mutants i.e. they can 
apparently be synthesized without the concomitant production of chlorophyll. RNA of broad bean chloro- 
plasts and that of Ambaena variabiiis var. kiltzing were found to be dissimilar. 

The DNA of isolated broad bean chloroplasts is tirmly bound to the lamellae, and prolonged sonicdisinte- 
gration only partly removes it. Added chloroplast DNA is adsorbed onto isolated chloroplast lamellae. 

This studv was uerformed in collaboration with Dr. Rachel M. Leech with able technical assistance from 
Miss Christine Poole. 

The Nucleic Acids of P&ids 

J. T. 0. KIRK 

Department of Biochemistry and Agricultural Biochemistry, University College of Wales, Aberystwyth 

IN THE past few years a great deal of evidence has accumulated indicating that plastids contain the full range of 
nucleic acids commonly found in living systems. Electron microscope and biochemical studies have demons- 
trated the presence of ribosomes within plastids.i-4 Plastid ribosomes have a lower sedimentation constant 
than the cytoplasmic ribosomes from the same cells. 3, 5. 6 Transfer RNA6 and template RNA7 have 
also been isolated from chloroplasts. It has been shown that chloroplasts have the ability to carry out protein 
synthesis,6~ 8.9 and it appears that the function of the RNA species so far found in chloroplasts is to take part 
in this process. 

Electron microscope and autoradiographic studies indicate the presence of DNA in plastids.t0-1s DNA 
has been estimated chemically in chloroplasts isolated from enucleated cells of Acerabularia.t4* 1s In Chlorella 
two types of DNA, differing in base ratio and metabolic activity, have been found,‘” one of which is thought 
to be chloroplast DNA. DNA from chloroplasts of broad bean, 17 Chlamydomonas reinhardi,~a Euglena 
gradis19-21 and Antirrhinum majus,22 has been shown to have a base ratio different from that of the corms- 
pending nuclear DNA. DNA from chloroplasts of spinach23 and Swiss chardii has been shown to have a 
different density to that of the nuclear DNA. In its general physicochemical properties, the plastid DNA 
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resembles genetic DNA from other systems. There is enough DNA in a plastid to code for the structure of 
cetainly hundreds, and possibly thousands, of proteins. Isolated chloroplasts appear to be able to carry out 
DNA-directed RNA synthesis~~*7 indicating that chloroplasts have the machinery for translating a genetic 
message. It thus seems a plausible assumption that plastid DNA contains genetic information. There is some 
evidence that plastid DNA includes the information for the synthesis of plastid ribosomal RNA. However, 
genetic studies suggest that many of the enzymes of chlorophyll synthesis, carotenoid synthesis and photo- 
synthesis are under nuclear control. The function of plastid DNA is. therefore, still almost completely 
unknown. 

1 R. SAGER and G. E. PALADE, J. Biophys. Biochem. Cytol. 3,463 (1957). 
* A. B. JACOBSON, H. Swrpr and L. BOCORAD, J. Cell Biof. 17,557 (1963). 
3J.W.L YlTLET0N. Exptl. Cell Res. 26, 312 (1962). 
4 G. BRA~ERMAN, Biochim. Biophys. Acta 61.313 (1962). 
5 M. F. CLARK, R. E. F. MATI-HEWS and R. K. RALPH, Biochim. Biophys. Arta 91,289 (1964). 
6 N. M. SISSAKIAN, I. I. FILIPWVICH, E. N. SVETAILO and R. A. Annv, Biochim. Biophys. Acta95,474 (1965). 
7 G. BRAWERMAN and J. M. EISENSTADT, J. Mol. Biof. 10,403 (1964). 
* J. M. EI~EN~TADT and G. BRAWERMAN, Biochim. Biophys. Acta 76,319 (1963). 
9 D. SPENCER and S. G. WILDMAN. Biochemistry 3,954 (1964). 

10 H. Rrs and W. PLANT, J. CeN. Biol. 13,383 (1962). 
11 N. KISLEV, H. SWIFT and L. B~GORAD; J. Cell Biol. 25,327 (1965). 
12 R. WOLLOIEHN and K. Moruss. Exotl Cell Res. 35.52 (1964). 
13 D. M. STEFFENSON and W. F. SHERIDAN, J. Cell Bik 25,619’(1965). 
14 A. GIBER and M. IZAWA, Proe. Nat1 Acad. Sci. SO, 1164 (1963). 
1s E. BALTUS and J. BRACHET, Biochim. Biophys. Acta 76,490 (1963). 
16 T. IWAMURA, Biochim. Biophys. Acta 42,161 (1960). 
17 J. T. 0. KIRK, Biochim. Biophys. Acta 76,417 (1963). 
18 R. SAGER and M. ISHIDA, Proc. Nat1 Acad. Sri. 50,725 (1963). 
19 M. EDELMAN, C. A. COWAN, H. T. Em and J. A. S~HIFF, Proc. Nat1 Acad. Sci. 52,1214 (1964). 
20 D. S. RAY and P. C. HANAWALT, J. Mol. Biof. 9,812 (1964). 
21 G. BRA~~~MAN and J. M. EISENSTADT. Blochim. Bioohvs. Acta 91.477 11964). 
22 H. G. RU~PEL and D. VAN WYK, 2. PJyhnzenphysioZ.-g, 32 (1965): . I 
23 E. H. L. CHUN, M. H. VAUGHAN and A. RICH, J. Mol. Biol. 7,130 (1963). 
24 J. T. 0. KIRK, B&hem. Biophys. Res. Commun. 14,393 (1964). 
25 J. T. 0. KIRK, B&hen. Biohhys. Res. Commun. 16.233 (1964). 
26 J. SEMAL, D. SPENCER. Y. T. KIM and S. G. WILDMAN, Biochim. Biophys. Acta 91,205 (1964). 
27 H. G. SCHWEIGJZR and S. BERGER, Biorhim. Bioph_ys. Acta 87,533 (1964). 

Some Eflects of Light on Plant Nucleic Acids 

A. MYERS 

Department of Botany, University of Southampton 

THE growth of a tissue is controlled by its protein content, and it is possible therefore that light influences 
growth through effects (involving a pigment system) on the nucleic acids. This is the case with hypocotyl 
growth in seedlings ofhpinus &us (studied by two former research students, Dr. K. W. Giles and Dr. R. J. 
Lewington, and myself). Lupin hypocotyls reach a final length of about 25 cm in 14 days’ continuous dark, an 
increase of lOO-fold which involves cell enlargement only. In continuous light hypocotyls can only manage 
5 cm, again without cell division. Light also strongly inhibits net RNA and to a smaller extent DNA synthesis, 
and protein synthesis is found to be proportional to growth. When light-grown plants are transferred to the 
dark the inhibition is lifted and the rate of synthesis of nucleic acid is increased to the dark value, final contents 
being progressively lower the longer the plants remain in the light before transfer. Transfer of plants from 
dark to light results in immediate cessation of growth and of net protein synthesis, and this correlates with a 
reduced rate of DNA synthesis and more strikingly with loss of an RNA fraction (which seems likely to be 
polysomal), in some cases amounting to 50 per cent of the total RNA. Associated with thii is a 3.5 times 
increase in total RNAase activity (but not in DNAase) during the first 2 days after transfer. The sequence of 
events therefore is that under the influence of light, lupin cells produce a large increase in RNAase activity 
resulting in loss of susceptible RNA, so that protein synthesis is restricted and growth stopped. Preliminary 
experiments in which lupin seedlings were immersed in RNAase solution showed cessation of growth even in 
the dark. The process by which light brings about increase in RNAase activity is under investigation. 
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Minor Components in RNA from Soluble and Particulate Fractions of Leaves 

D. B. DUNN and I. H. FLACK 

A.R.C. Virus Research Unit, Huntingdon Rd., Cambridge 

Wrrrr several organisms it has been shown that the majority of the minor bases are to be found in the RNA of 
the soluble fractioni- but pseudouridine and 2-O-methylribose-containing mrcleotides have been detected in 
signiticant amounts in ribosomal RNA.19 ~4.~9 Examination of the minor components present in RNA 
from ribosomes and from the soluble fraction of leaves of Brussicu ckbwnsis and Nicofkma tabocum gives 
further support for these general conchrsions. 

Ribosomes centrifuged out of clarified sap were purified by differential centrifugation using in some 
instances deoxycholate,iO or were adsorbed onto magnesium bentoniteii and washed free of s-RNA while 
adsorbed on the clay. RNA was isolated from both types of preparation by treatment with phenol. With 
free ribosomcs this was carried out in the presence of lauryl sulphateiz and sodium bentonite,is while with 
bentonite-adsorbed particles the extraction was made in the presence of 05 M NaCl and 0.1 M tris-HCl, pH 
7.5. All procedures gave RNA which contained very similar proportions of pseudouridine and 2-O-metbyl- 
ribose-containing nucleotides. These proportions remained unaltered when the RNA was precipitated at 
0” by M NaCl. 

While the proportion of pseudouridine in s-RNA does not show great variation between different groups 
of organisms, this does not apply to the pseudouridine and 2-O-metbylribose residues in ribosomal RNA 
which have so far been shown to vary from 1.9 and 1.7 per cent, respectively, in hii molecular weight RNA 
from wheat germ’, * to 0.15 and 0.1 per cent in ribosomal RNA from Escherickia coli.3.9 The proportions of 
these two components found in the leaf ribosomal RNA’s (lel-1.4% pseudouridine and 1*4-l-7% 2-O- 
methylribose) were only slightly lower than those detected in the wheat germ RNA and may indicate that 
ribosomes from higher plants are particularly rich in these minor components. 

RNA was isolated as previously described10 from the 105,000 g sap supematant or from sap clarified by 
magnesium benton& a method which avoids the necessity for high speed centrifugation. The two methods 
gave similar yields of RNA and analyses showed that the s-RNA’s were indistinguishable in their content of 
minor components. These components were the same as those detected in s-RNA from yeast and Neurospora 
but were mostly present in lower proportion, pseudouridine representing 13-16% uridine. In addition to 
the components previously identified in the B. chinensis s-RNA,10 inosine was detected in the s-RNA from 
N. tubucum. Most components were isolated from alkaline hydrolysates of the RNA but in order to contlrrn 
the presence of 1-methyladenosine and ‘I-methylguanosine residues in the B. ckinensis S-RNA hydrolysis with 
N HClO, at 28” was used.15 

1 D. B. DUNN, Biochim. Biophys. Acta 34,286 (1959). 
2 D. B. DUNN, 5th In?. Congr. Biochem., Moscow, lo,68 (1961). 
3 D. B. DUNN, J. D. SMITH and P. F. SPAHR, J. Mol. Biol. 2,113 (1960). 
4 R. MONIER, M. L. STEPHENSON and P. C. ZAMECNIK, Biockim. Biophys. Acta 43.1 W60). 
5 G. N. ZA~TSEVA, T. M. DMITRIEVA, S. CHAN-PA and A. N. BEUIZERSKY, Doki. Akod. Nauk SSSR 147, 

1211 (1962). 
6 D. B. DUNN, J. D. SMITH and M. V. SIMPSON, Biochem. J. 76,24 P (1960). 
7 D. G. GL.ITZ and C. A. DEKKER, Biockemisfry 2,1185 (1963). 
s H. SINOH and B. G. LANE, Cm. J. Biochem. 42,1011(1964). 
9 J. L. NICHOLS and B. G. LANE, Biochim. Biophys. Acta 119,649 (1966). 

10 D. B. DUNN, J. H. HITCCHBORN and A. R. TRIM, B&hem. J. 88,34 P (1963). 
11 D. B. DUNN, and J. H. HITCHBORN, Virobgy 25,171(1%5). 
12 B. D. HALL and P. Don J. Mol. Biol. 1,111 (1959). 
13 H. FRAENKEL-CONRAT, B. SINGER and A. T~UGITA, Virology 14,54 (l%l). 
14 D. B. DUNN, Abstr. 2nd Fed. Europe. Biochem. Sot., Vienna, 275 (1965). 
15 D. B. DUNN, Biochem. J. 86,14P (1963). 

Nucleotides in Plant Metabolism 

E. G. BROWN 

Department of Botany, University College, Swansea 

IN ADDITION to being mrcleic acid components, nucleotides participate in, and control, major metabolic 
pathways. Thus, as discussed by Schmitx,i a close relationship exists between the nucleotide pattern of a 
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tissue and the type and extent of the predominant metabolism. Studies have been made of this relationship 
in higher plants with the object of obtaining information regarding the main biochemical changes accompany- 
ing germination, growth, and differentiation. Two main sources of difficulty in the work were (a) presence in 
plant extracts of non-nucleotide, U.V. light-absorbing impurities23 3 and (b) widespread occurrence of extremely 
active and persistent non-specific phosphatase activity.4, 5 

In germinating pea seeds, the main change during the imbibition phase (O-16 hr) is arapid increase in ATP 
concentration at the expense of AMP concentration; that of ADP remains constant. After this phase, there 
is a slow fall in concentration of all three adenine derivatives and, as growth starts, a rapid increase occurs in 
the concentration of UDP-glycosyl compounds.6 Several nucleotide-like substances, none of which could be 
identified with any known compound, were present in seeds in small amounts. One unusual substance was 
identified as acetyl-3’-dephosphocoenzyme A; its concentration in seeds fell during the stage at which the 
radicle penetrates the testa.6, 7 

Attempts to induce an exaggeration in certain aspects of nucleotide metabolism by infiltration of seedlings 
with various nucleotides, resulted in a rapid degradation of the infiltrated substances to their nucleosides and 
corresponding free bases. Guanosine 5’-monophosphate differed in behaviour to the other nucleotides 
examined and consistently stimulated production of an unusual uracil derivative.R 

1 H. Sc~llrrrz, In Zur Bedeutung der Frei2n Nucleotide. p. 1. Springer-Verlag, Berlin (1961). 
2 K. SeeEsrA and F. SORM, Call. Trav. Chim. Tchticosl. 24,278l (1959). 
3 E. G. BROWN, Bt0chem.J. 85,633 (1962). 
4 J. ULLRICH and M. CALVIN, Biochim. Biophys. Acta 63,l (1962). 
s R. L. BIELESKI, Analyt. Biochem. 9,431 (1964). 
6 E. G. BROWN. Biochem. J. 95,509 (1965). 
7 E. G. BROWN, Biochem. J. 88,498 (1963). 
8 E. G. BROWN and A. V. SILVER Blochim. Biophys. Acta 119,1(1966). 

The Intracellular Distribution of Free Nucleotides in Leaves 

A. J. KEYS 

A.R.C. Unit of Plant Physiology, Imperial College of Science and Technology, London 

FREE nucleotides in tobacco leaf chloroplasts have been determined by ion-exchange chromatography. 
Similar estimations were made on the whole tissue and “chloroplast depleted” tissue, so that the distribution 
of nucleotides between chloroplasts and the other cell material might be assessed. The effect of light on the 
intracellular distribution is being studied. 

Leaves of plants which were destarched by a prolonged period in the dark contained a low level of nucleo- 
tides. Exposure to 30 set of intense light caused considerable changes in the nucleotide content of the chloro- 
plasts. These changes were not observed in the non-chloroplast cell material. Prolonged illumination (10 min 
or more) of the destarched leaves caused a general increase in the free nucleotides. and especially in ATP. 
This increase took place in both the chloroplast and non-chloroplast cell fractions. 

The results are to be used to determine how readily free nucleotides. especially ATP, can pass mto and out 
of the chloroplast. The importance of this problem will be discussed in relation to the synthesis, by plant 
tissues, of starch from an exogenous supply of sugar. 

Nucleotides and Oligosaccharides 

J.B. PRIDHAM 

Department of Chemistry, Royal Holloway College, University of London, Englefield Green, Surrey 

THE isolation of UDP-glucose from yeast1 initiated investigations of the role of nucleoside diphosphate sugar 
derivatives in the biochemistry of carbohydrates. Since 1950 it has become apparent that they are intimately 
involved in the formation of mono-, oligo- and poly-saccharides in plants and animals. Using higher plant 
enzyme preparations it has been firmly established that sucrose can be synthesized from UDP-glucose and 
fructose, and sucrose-6’-phosphate from UDP-glucose and fructose&-phosphate. The latter reaction coupled 
with that of a specific sucrose phosphatase may be the more important for the synthesis of sucrose in vivo.2 
Rafiose in plants would appear to result from the galactosylation of sucrose by UDP-galactose.3~ 4 

Sucrose synthetase is probably involved in the conversion of sucrose to starch in maturing seeds.s* 6 
Similarly, in germinating seeds the enzyme may be responsible for the conversion of sucrose to UDP-glucose. 
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This system has been studied at Royal Holloway College using Viciafabo seedlings7 and its probable role in 
the utilization of sucrose and ratRnose in the early stages of germination will be discussed. 

1 R. CAPUITO, L. F. LJXLOIR, C. E. CARDINI and A. C. PALADINI, J. Biol. Chem. 184,333 (1950). 
2 E. F. NEUFELD and W. Z. HASSID, Advan. Carbohydrate Chem. 18,309 (1963). 
3 E. J. BDURNE, M. W. WALTER and J. B. P~DHAM, Biochem. J. 97,802 (1965). 
4 J. B. PRIDHAM and W. Z. Hm, Pkznt Physiol. 40,984 (1965). 
5 M. A. R. DE FJXETE and C. E. CARDW, Arch. Biochem. Biophys. 104,173 (1964). 
6 T. MLJWTA, T. SUGIYAMA, T. MINAMIKAWA and T. AKAZAWA, Arch. E&hem. Biophys. 113,34 (1966). 
’ J. B. PRIDHAM, M. W. WALTER and H. G. J. WORTH, B&hem. J. 100,22P (1966). 

The Eflect of Kinetin on the Incorporation of Labelled Orotate into Various Fractions 
of Ribonucleic Acid from Excised Radish Leaf Discs 

A. N. Bumnrrr 

Department of Botany, University College of Wales, Aberystwyth 

Drscs from senescing radish leaves were floated either on water or on a solution of kinetin and incubated in 
the dark for 11 or 21 hr. They were then fed with labelled erotic acid for 4 hr and afmrwa& two fractions of 
RNA were extracted by the phenol method. One fraction contained soluble, light and heavy ribosomal RNA 
which were separated by sedimentation on a sucrose density gradient; the other fraction contained RNA with 
similar sedimentation properties on a sucrose density gradient to messenger RNA extracted from some 
mammalian tissues.1 It was found that 21 hr treatment with kinetin causes a small but consistent stimulation 
of labelled precursor incorporation into soluble, light and heavy ribosomal RNA. Also there is a considerably 
greater stimulation of incorporation into the messenger RNA fraction. A comparable differential e&ct on 
soluble and ribosomal RNA on the one hand and messenger RNA on the other was found in discs treated with 
kinetin for only 11 hr. 

1 C. KIDSON and K. S. KIRBY, J. Ikfol. Brof. 10,187 (1963). 

Nucleotides of Potato Starch Grains 

A. C. CASSEL~S and M. A. HARMEY 

Botany Department, University College, Dublin 

Lxrorar has suggested that the nucleotides ADP-ghtcose and UDP-ghtcose are involved in starch synthesis. 
Experiiental evidence has shown however that ADP-glucose is much more active than UDP-ghrcose in the 
synthesis of starch. The enzyme for amylose synthesis is 6rmly bound to the starch grain and Re& has found 
that there are also a number of nucleotides bound to starch. From commerc ial starches he has been able to 
extract and isolate small quantities of ADP-glucose, the principal nucleotide components present being AMP 
and ADP. 

In the present study kilogram amounts of fresh starch were extracted from potato tubers at different 
times in the growing season. The nucleotides were precipitated as mercury salts and fractionated on a Dowex 
column (4 per cent cross-linked, 50-100 mesh) by elution with a linear gradient of lithium chloride. 

The principal nucleotide found was ADP-ghrcose which accounted for 70 per cent of the total. Small 
amounts of AMP and ADP were also detected but these appeared to be degradation products of the ADP- 
glucose. Another major component was found by comparison with authentic samples to be NAD. As 
reported by Rees, no UDP-glucose was found at any time. Traces of a component which could have been 
UMP were detected. 

In view of the above result we are prompted to suggest that ADP-glucose is the main sugar nucleotide 
involved in starch synthesis. 

1 L. F. LXLOIR, Biochem. J. 9l,7 (1964). 
* W. R. Rrzs and H. J. DUNCAN, B&hem. J. 94,19P (1965). 
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Recent Work on the Enzymic Synthesis of Plant Xylan and Cellulose from 
Nucleotide Sugars* 

R. W. BAtLm’t and W. Z. HA~~ILI 

Department of Biochemistry, University of California, Berkeley, California 

PAKIXULATE preparations from immature corn cobs contain enzymes which catalyse the epimerization of 
UDP-D-xylose14-C to UDP-L-arabinosei4-C and the transfer of both of these sugar nucleotides to polysac- 
charide.1 The synthesized polysaccharide has been shown to be similar to natural corn xylan as it is alkali- 
soluble and precipitated from solution by acid, and contains acid labile L-arabinofuranosidei4~C units and 
chains of l&linked D-xylosyl-1% units. Linkages between the xylosyl units appear to have a @on&nation. 
The xylan synthesizing activity of the particulate preparation is considerably enhanced by preparation in the 
presence of albumin (1%) and by assay in the presence of both albumin (1%) and sucrose (0.4 M). Activity is 
markedly depressed by UTP, UDP and UMP but not by uridine, ATP or GTP. 

A mung bean (Phaseolus aureus) particulate preparation was able to incorporate n-glucoseJ4C from 
GDP-o-glucoseJ4C but not from UDP-o-glucoseJ4C into an alkali-insoluble polymer which was shown to 
be cellulose.* Lupinus albus preparations3 have. however, recently been reported to incorporate n-glucose 
from both of these sugar nucleotides into polymer which contains alkali-insoluble material which may be 
cellulose. Results now show that crude mung bean particle9 at pH 7.0 do incorporate glucose from UDP-D- 
glucose into alkali-insoluble material provided M&+ and cysteine are added to the incubation mixture; this 
incorporation rate is markedly improved by preparation of the particles in the presence of 1% albumin. 
Synthesis of cell~ose from GDP-n-glucose by the same unwashed particles is not affected by Mg++, cysteine or 
albumin. The alkali-insoluble polymers synthesized from both substrates were not hydrolysed by a hemicel- 
lulase which readily hydrolysed laminarin and p-1,3-~1,4_glucan but not cellulose. Polymer synthesized from 
UDP-~-glucose may therefore possibly contain cellulose. 

* Investigation supported by research grant A-1418 from the National Institutes of Health, U.S. Public 
Health Service and Research grant G-23763 from the National Science Foundation. Support by the Agricul- 
tural Experiment Station is also acknowledged. 

t Usual address: Plant Chemistry Division, D.S.I.R., Palmerston North, New Zealand. 

1 R. W. BAILEY and W. Z. HASSID, Proc. Natl Acad. Sri. U.S. In press. 
z G. A. BARBER, A. D. ELBEIN and W. Z. HASID, J. Biol. Chem. 239,4056 (1964). 
3 D. 0. BRUMMOND and A. P. GIBLWNS, B&hem. Z. 342,309 (1965). 

The Biosynthesis of Saligenin Glucosides 

J. B. PRIDHAM and M. YOUNG 

Department of Chemistry, Royal Holloway College, University of London, Engletleld Green, Surrey 

THE glucoside of saligenin, salicin, has been known for well over a century in species of willow, but its isomer. 
salicyl glucoside, has not been found in nature. The latter compound is now reported to occur in considerable 
quantities in the flower oil of a number of species of Spiraea (Rosaceae). 

Although rare in nature, salicyl glucoside is known to be the major product when saligenin is fed to many 
higher plants, including willow. This led to the suggestion that helicin and not saligenin is the direct precursor 
of salicin in vivo.1’ 2 Some experiments are reported which support this theory. 

The probable preliminary step in the formation of saligenin derivatives, is the conversion of a C& com- 
pound to salicylaldehyde. In the Salicaceae, this salicylaldehyde and its glucoside. helicin. are probably 
metabolized rapidly and the end products are salicylic acid glucoside and salicin. In Spiruea flowers, there is an 
accumulation of salicylaldehyde, helicin and salicyl and salicylic acid glucosides. 

Careful examination of willow tissues shows that trace amounts of salicyl glucoside are present. Its 
presence has been confirmed in S. fragilis, S. baby/o&u and S. vitellina. The methods in general use for 
scanning phenolic glucosides, do not show up trace amounts of one saligenin isomer in the presence of the 
other. 

It is known that sahcin can be partially converted to salicyl glucoside in the presence of b-o-glucoside 
glucohydrolase preparations from almond and willow .3 This type of reaction may occur irr viva or there may 
be a direct glucosylation of trace amounts of saligenin. 
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clip studies have been made on the enzymes cata&smg reaetkms (I) and (I& These emymes 
appear to occur in most higher plants and wnsist of a pair of &LAD-linked dehya, It is suggested 
that the same or a similar pair of enzymes may eatalyse reactions (III) and IV). 

’ J. 3. Pam- and M. J, ~~, Bk&&Tx* J: s7,218 (1963). 
2 J. B. PNXIAM and M. YOUNG, B&em. .f. 92,2oP (f%4). 
3 J. D. ANDERSON, L. Houon and J. R. P~IDHAM, Biuchetn. J. 77,564 (1960). 

Biosynthesis of Curotenoids in Vertidium ah-atrum 

L. R. G, VALADON 

Dpwtmmt of Botany, Royal Holloway College, University of London, Engletiald Green, Surrey 

Vert~~l~~~ ~~~t~~ Reinke and Rertbold is a colourless fungus and usually produces a dark mehmohi 
pigment in culture.t Valadmr and Heales isolated after u,v, irradiation of the fungus an mange motant M 5 in 
which the following Cm polyenes were characterized: phytoene, &carotene, wotene, neo-lycopene A, 
lyeopene, ~r~~~n and four un~d~ti~ fractions. M 5 was subjected to further irradiation and a 
n~~rofsecondafym~~wereob~ined,andthesewe;n:~~withraspecttotheircarotencridcontents, 
Three of these mutants had the same pigments as M 5 but in different proportions; a fourth produced a new 
pigment, torulene, and lacked neo-lycopene A and lycopene, and a tifth was colourless containing only 
phytoene. The phytoene levei was more or less constant in wild type, M 5 and in all the secondary mutants 
analysed, even thaugh the amount of earotenoid pigments present varied considerably. This does not seem 
to support the Porter-Anderson hypothesis3 that phytoene is an important precursor in carotenoid synthesis; 
and also since not all of the intermediates phytoene--@carotene were identified. 

However, it is well known that precurs~ r-product ~~t~o~~ are not always reflected in their qiantities 
or even in the detectability of the compounds involved. Thus, one of the mutants was treated with various 
inhibitors of carotenoid synthesis, i.e. diphenylamine, /IJ-ionone and methylheptenone, in an attempt to obtain 
more information relating to carotenoid syutbesis in this organism. With these compoundq all the inter- 
m~jat~ phyt~e-beg in the Pock-Ande~n series were identified but in difikreut amounts. 
Also, an inhibition of the production of the most unsaturated polyenes (/3-* y-carotene, lycopene and neuro- 
sporaxanthin) and a stimulation of the more saturated ones (phytoene, phytofluene, &reacarotene, b-carotene 
and neurosporene) were observed. Furthermore, when the mutant was grown in the preseme of ~ph~l~~e, 
then washed and regrown on 1% glucose in ~~l~-K~~~~, the unsaturated polyenes seemed to be formed at 
the expense of the saturated ones. These results strongly suggest that carotenoid biosynthesis in V. alba-atr~m 
takes place along the Porter-Anderson pathway. 

This research has been aided by a graut from the Central Research Fund of the University of London. 

1 J. 3. Hw and f. fsnnc, Natmrre 202,412 (1964). 
2 L. R. G. V-N and J. B. HEALE,J. Gm. Microbfol. 41,341(196$ 
3 3. W. Poama and D. G. ANDERZK)N, Arch. Bkxbem. Bi@pbys. 97,520 (1962) 
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Crocin and Linoleate Oxidation by Isolated Sugar Beet Chloroplasts 

J. FRIEND and G. J. ACX-~N 

Department of Botany, University of Hull 

THE oxidation of the carotenoid glycoside crocin by isolated sugar beet chloroplasts at pH 7-61 and by deoxy- 
cholate extracts of chloroplasts was found to be stimulated by the addition of partially peroxidized linoleate.* 
The elfects of adding linoleate to isolated chloroplasts have therefore been examined in more detail and a 
close similarity in the patterns of linoleate and crocin oxidation has been found. Both oxidations are inhibited 
by potassium cyanide and ethylene diamine tetraacetate and are stimulated by light. Chloroplasts were found 
to catalyse. both the formation and the breakdown of linoleate hydroperoxide and crocin oxidation can be 
coupled to either process. The deoxycholate extracts appear to be more effective in catalysing the breakdown 
of linoleate hydroperoxide and this activity, and the anaerobic destruction of crocin in the presence of linoleate 
hydroperoxide, is retained after boiling. From a comparison of the pH activity curves and the response to 
inhibitors, it seems that the formation of linoleate hydroperoxide by chloroplasts is not catalysed by either 
lipoxygenase or haematin compounds; it is suggested that a copper protein may be the catalyst concerned. 

* J. FRIEND and A. M. MAYER, Biochim. Biophys. Acta 41,422 (1960). 
2 J. FRIEND and G. J. ACIDN, In The Biochemistry of Chforoplasts (Edited by T. W. Goo~wr~), Vol. 1, p. 431. 

Academic Press, New York (1966). 


