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INTRODUCTION 

A STUDY of the incorporation of l4c from %Os ~ucos~-l-~% and D+cw~~-~-W into 
the polysaccharides of plum leaves ls2 has indkted the exi&nce in the leaves of specific 
interrelationships between the polysaccharides and precusor pools, rather than a situation 
in which polysaccharide synthesis draws on a common supply of precursor monosacc halides. 
These previotls investigations were - mainly with starch, pectin and hemicellulose 
polyW&alides, althoughthelabellinginD-~~syl~~ofcellulosefo~owingincorporation 
ofthe labelled glucoses was also determined.2 To obtain more information on cellulose bio- 
synthesis in the leave& cellulose-con taining leaf fractions from the W02 incorporation 
expe+ents, from further experiments involving incorporation of labelled gluco~ and from 

the incorporation of ~glucuronic acid-6-l4c by plum leaves3 have 

RESULTS AND DISCUSSION 

In expebents involving the incqoration of WO2, plum leaves were allowed to 
photosynthesize initially in the presence of 1%02 and then in those experiments of more than 
6 hr duration in a normal atmosphere, for total periods ranging from l-5 to 48 hr. (cf.3. 
Cellulose was isolated from the leaves, hydrolysed, the resultant D+lucose was purified, and 

l Forplut3seeRef.2. 
tPraasntaddrsss:Na~InatiMeforRcssrvchin~Shin&ld,ReadinREngland. 
$ Prcsnt address: Dept. of Chcmiey, Ohio State University, Columbus, Ohio, U.S.A. 

1 P. ANDREWS and L. HOUCM, J. Ch. Sot. 4483 (1958). 
~P.ANDRE~~,L.H~~GH~~~J.M.PI~KEN,-.J.~,~~(~~~~). 
3J.D.a,P. ANDREWS and L. HOUGH, Biockm. J. 84,140 (1962). 
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its spcc& activity determirA2 From these results and a knowledge of the specik activity 
of the f%Q supplied to the leaves, the proportion of carbon in the celldose which or@ated 
from the fWOz was calculated. The exteut of incorporation of “*c into celhxlose was pro- 
portional to,* period of photosyntheSiS up to about 24 hrS after which it increa& even 
further but at a slower rate (Fig. l), although the intake of l’COz by the leaves had ceased 
after 6 hr (cf. 1). These results contrast with those obtained for the constituent monosac- 
charides (~glucuse, D-galactose, trhamuose, L-arabinose, D-xylose) of the water-soluble 
and voluble leaf ~I~~~, whose specific activities reached maximum v&es 
after about 15 hr photosynthesis and then declined.4 

0 10 20 30 40 30 
Period ef photosynthesis, ht 

~~~y~~~~~~~o~r~~ ~~~f~~a 
thesis of ceU&ose and of the other poiysaccharides, and in the metabolic activity of the poly- . 
ksambdm tlwpselm. The experiments involved the a@miMkm of large amounts’ of 
carbon~ebythe~a~duing~~hours,sothpttheprecursorpDolewacpte9um- 
ably heavily labelled. If the puol for cellulose synthesis is &rge but is drawn on only dowly, 
~dreplcnisfpsdwith~~whichforaw~isstiUq~~~la~~bccauseofthe 
amount of isotope in other metabolic pools in the leaf, net incorporation of isotope into 
cellulose could well continue steadily for a long period, especially if simultaneous breakdown 
oftheccll~osedoesnotoccur. Ontheotherhand,ifthe m pools for other poly- 
sac&rides are snudler, and they are drawn on more rapidly, then the ~g spe&c 
activity of material with which they are replenished will soon aiikct label&g in newly ~yn- 

‘P.ANDmws. uflpublMcdwe& 
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theshed powde. If the degradation of the polysaccharides also occurs, the contrast 
with Cellulose will be further enhanced. AlthOUgh OUT lESUltS are iI&ikiieat t0 atlOw wh&br 

ornotthe14Cwaskeversi blyincorpotatedintocellulose,thisisclearlyapossibility. Margerie 
and Lenvel s adduced evidence against the biologically inert nature of cell~ose in the root tips 
of germinating wheat, by showing a continual exchange of radioactivity between this celhdose 
and alcohol-soluble material of the plant, but a difference in metabolic activity may exist 
between c&dose in a rapidly growing tissue such as root tip and that in mature plum leaves. 

The distribution of i% in D-ghrcose obtained by hydrolysis of cellulose labelled in the 3 
hr photosynthesis period was de&mined by a method2 which gave the specific activity of 
eachterminalcarbonatom,andameanvaluefortheotherfourcarbonatoms. Thepercentage 
distribution of ‘4c along the carbon chain was calculated from these values. The results 
(Table 1) showed no marked asymmetry of Welling as between the terminal carbon atoms 
and the other carbon atoms of the ghrcose units. 

D-Ghrcose-l-W, D-glucose4PC and Dghuurok acid4PC were incorporated into 
the leaves ofplnm tree spurs through the cut ends of the stems, and subsequently metabolizd 
by the lea~ear.~*’ ~-Glucose was isolated as before from the leaftilhdose, and the distribution 
of l%Z along the carbon chain determined. The results are shown in Table 1. 

Incorporation ofnghrcose-1-W resulted in cellulose-glucose in which about 75 per cent 
of the l4c was retained at Cl, the remainder being mainly at C-6. An analogous situation 
followed incorporation of n-glucose-WC, with retention of 75 per cent of the label at G6 
and transfer of 22 per cent to C-l. Similar redktributions of isotope from labelled ~-glucose, 
occurringinbothdirections,havebewo~intracer~~on~~~~~s 
bycottonbo~,6barley~~s,7w~tseedli~8andwheatplan~e12 Theyaregenerahy 
attributed to the rapid equilibration of hexose phosphate with the Embden-Meyerhof 
glycolytic pathway, involving its &ion to 1,3dihydroxypropa&-one l-phosphate and 
oglyceraldehyde Zphosphate, isomerization of these compounds catalysed by D-glycer- 
aldehyde 3-phosphate ketol-icsomerase, and reconstitution of hexose phosphate. In most 
experiments, including our own, only 12-23 per cent of the label in cellulose-glucose was 
located at the terminal carbon atom opposite to the one originally labelled, despite the variety 
of experimental conditions employed. In no case was isotope evenly apportioned between C-1 
and C6 by the redistribution. Apparently the isomerixation of triose phosphate occurs 
slowly compared with the rate of hexose phosphate resynthesis, or else only 24-46 per cent 
of the labelled hexose phosphate molecules utilixed for cellti synthesis in these expekuents 
had been through the Embden-Mcyerhofpathway. 

Ifthe~tof~explanationsoftheo~labellingpattetnaiscomd,agreater 
retention of isotope at its original position might be expected in cases of rapid cellulose 
synthesis, such as occurs in growing cotton bolls,6 than in comparatively HOW C&IIOSC 

synthesis, as presumably occurs in mature plum leaves. Similarly, less randomixation might 
be expeckd in wheat seedlings 8 than in more mature wheat plti.%12 However, allowing for 
d&mnces in experimental conditions, this does not seem to be the case. 

5 c. hdruto~lnr and C P. Lavaa, Bioddm. Bcqd~p. Acta 47,275 (l%l). 
6 F. SmmmDsE and ha. L woLFIn+& J. Am. chcnr. sot. 77,5182 (1955). 
‘S.SxumcoandJ.~, BkbcMnl. Biophys. Acta 25,642 (1%7). 

Gmsmta and W. Z. HAXUD, J. Biol. Chm. 213,843 (1953). 
: ;.=‘A A C. NEISH, Cm. J. B&&em. Phydoi. 32,170 (1934). 
10 A, C. Nma~, Can. J. Biockm. Phydd 33,638 (1935). 
11 H. A. ~~E.RMATT and A. C. NEEW, Cim. J. Biockn. P&s&l. W 403 (1956). 
12 A. C-Nmi, Can. J. Biochm. Pkysfol. 36,187 (1938). 
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wosuggestthatthesimilarityinlabellingpa#ctnsobeervedinsomanycxperimentscaa 
be better explained ifthe precursor pool for cellulose synthesis is supplied from two distinct 
sources. Some of the glucose incorporated into cellulose has clearly been through the 
Embden-Meyerhof pathway, so this is one source of supply. Assuming that the glucose units 
from this source have equal distribution of l4c between C-l and C-6, the cellulose must also 
contain glucose units whose labelling pattern approximates to that of the lQ&cose fed to 
the leaves. Tho supply from both sources of labelled glucose of high specific activity to tho 
precursor pool may well last for only 8 short time compared with the experimental periods 
allowed for isotope incorporation into cellulose, since labelled glucose entering the plants 
probably I4oon passes out of the translocation m and isotope circulating in the Embden- 
Meyerhof pathway also could be quickly dispersed. The labelling patterns in the short 
b~ofhighs~activityglucosefromthetwosouKxsthenare~~~trapped~~ 
enter the precursor pool for cellulose synthesis, particularly if the pool is relatively large, as 

Cell surface 
SUcySO 

\ 
i 

M- 

~-Glucose 6-phosphotr 

11 
o-Glucosa I-phosphoh----- 

!I 
D-Fructose l-phosphate 

o-Fructou I ! diphosphote 

‘t 
t 

IJ-Dihydroypmpan-, o-6 mh* 
2-one l-phosphate -3-phosphate 

m3.2 

sqgested above, and its turnover is slow. Any isotope subsequently added to the pool is 
present only in glucose with a lower specific activity, and coming possibly from the Ehnbden- 
Meyerhof pathway. As a result, cellulose synthesis draws on a pool of glucose which changes 
little in its labelling pattern over a long period. 

Figure 2 illustrates diagrammatically the spatial separation envisaged between the two 
sources of pmcursor, the precursor pool, and the synthetic site itself. Work on cell fraction- 
ation l3 indi&es that the glycolytic pathway enzymes are located in the cytoplasm or soluble 
fraction of the cell, and are not associated with any ofthe partkxdate components. Therefore 
the sugge&ion is that the endoplasmic reticulum of the cell forms a partition between the 
enzymes of the Bmbden-Meyerhof pathway and the precmsor pool which, together with the 
synthetic site, seems likely to be at or near the cell surface. 

The metabolism ofu-glucuronic acid4J4c by plm leaves resulted in celhdose-glucose 
bearing a labelhng pattern (Table 1) which di&red from that resulting from D-glucose@~ 
incorporation and from ‘4COs incorporation. The mrminal au-bon atoms were equally 
labelledasinthe14c0 s experiment$ but a lower proportion of the activity in the molecule 

13 I-I. HoLrsR, AdvQnc. Ensymol. l3,1(1952). 
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was~a.tG2t.oG5. ~resultsartsimilartothoscofNeishl2on~ianorporationof 
th~gpme lab&d compound by wheat plants, in that considerable labelI@ sppwrs in the 
middle -bon atoms, but differ in that Neish found a greater concentration of isotopo at C-l 
than at ~6. me dgcarboxylatioa of ~glucuronic acid by plant tissues is well known,lll I4 
and is a major ~‘oute for its metaboliana by plum lea~es.~ Some of the “CO2 arising in this 
way from ~6 of the glucuronic acid is evidently reutilized by the leaves for hexose synthesis, 
since the labelling pattern chara&%ic of this mode of synth- namely an initial high 
co~ofisotopeatC3andG4ofthehmose(cf.15,16),istrappedinsorbitolofplum 
leaves following incorporation and metabolism of D-glucuronic acidd-l”C by the leave~.~ 
The labelling at C-2 to C-5 of cellulose-glucose following incorporation of D-glucuronic 
acid_6_14c presumably arose at least in part in a similar way. Equal labelling at Cl and C-6 of 
cell~l~~eg~uco~~ following the ghcuronic acid incorporation indicates that the precursor 
pool for cellulose synthesis received isotopically labelled glucose from the Embden-Meyerhof 
pathway, but no uniquely labelled glucose derived from the glucuronic acid by direct reduc- 
tion. The likelihood is, therefore, that glucuronic acid is utilized by plum leaves mainly, if not 
entirely, by pathways which involve its degradation. 

EXPERIMENTAL 
Isotope Ii#coqmatb?l 

Labelledwmpo~wtrepurchasadfPomThe~~~Ccntre,~Bucks. 
Foreachexpcrimentnon-fiuitingspurs,eachbearing~ornineleaveswerecutfromaplum 
*cm domaptiw var. Giant Prune) and kept with the cut ends of the stems in water until 
required (usually l-2 hr). 

The labelkd monosacchakk (Table 1) were dissolved in water (1.5 ml) and portions 
~3mI)fadfromasmall~cuptothecuteendofc;ach~. Thesolutionwasimbibedakr 
about 10 min when twofurtherO*3 mlportions ofwater were allowed to be takenup by each 
spur, then water was freely supplied from large containers. Constant illumination of about 
400 ftrcandles and a gentle current of air was maintained over the leaves during the experi- 
ments. 

For the incorporation of l’CO2, the leaves were kept in the dark for 24 hr. They were then 
plaa~I in a glass photosynthetic chamber under steady illumination (4W &candles) and WON 
liberated by a&Hcation of BalTO~l. The leaves incorporated all of the TO2 afker &g hr 
when,ifaeaslsary,the~wueremovtdfromthechamberandleftintheopenwiththeir 
cutcMsstillinwaterandunderthesameillumination. 

In each experiment metabolism was terminated after the required interval of time by 
breaking up the leaves and plunghq the laminae into boiling ethanol for 2-3 min and then 
extracting them in a Soxhlet apparatus for several hours with methanol and then with ether. 
The insoluble leaf residue was dried at 50”, powdered, dried to constant weight over phos- 
phoric oxide and assayed for 1% 

Radioactivity M~ernent8 

The ‘4Clabelledcompoun~wereburntinasltreamofo~andthe1~O28o~~ 
was con- into Bal’co3 disks of infk6t.e thickness for counting with a thh.d-ti&ow 
0eigercounter.2 
14w.c3.L3l.maalldH.~Pls#Plrvsid.~146 (1958). 
‘SM.~andO.~~.~~.~sEi.43.846(1951). 
16 J. A. BASSHAM, A. A. BENSQN, L. D. KAY, A. Z. Hm, A. T. W- and M. CALVIN, J. Am. a. Sot. 

76,176o (1954). 



Isolation of &Glucose from Celkidose 

The insoluble leaf residue was extracted exhaustively with 2-S N-sodium hydroxide at 80” 
and the insoluble residue (2-S % w/v) heated as a suspension in N-sulphuric acid at 100” until 
no further radioactive material was released (- 8 hr). The insoluble c&dose was then 
hydrolysed to ~gl- by the method of Monk-Williams,17 which involves treatment of 
the material (200 mg) with 1 ml of 72 % (w/w) sulphuric acid for a week at room temperature, 
dilution to 50 ml and then heating at loo” for 8 hr. After de-ionization, evaporation gave 
crystalline ~-glucose, which after recrystallkation from methanol/ethanol was assayed for 
its specific activity.* 

Degradation of 14C-Lubdkd~Ghmse 

The aldose (O-48 m-mole) was dissolved in a little water and mixed with a solution of 
iodine (280 mg) in methanol (8 ml) at 40”. A 5 % (w/v) solution of potas&n hydroxide in 
methanol(6ml)wasthenaddeddropwisewithstirring. After15min,thereactionmixture 
was cooled, the cry&Uine potassium D-glmte atered off, washed with methanol and 
ether and dried over silica gel. 

Asolutionofthealdonatewasthenoxidizedwith~~~~andthe~~, 
carbon dioxide from Gl, formic acid from G2, C3, G4 and C5, and formaldehyde from 
G6, separated and each converted to CO2 and assayed as BaC03, as described previously.* 

“I G. W. Ithamt-N J. Chum. Sue. 803 (1921). 


