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Abstract--The sum of thts work was to mvesttgate whether the development of iuduced resprratton durmg 
the agemg of disks (1 x 10 mm) of storage trssue of carrots (Duucur curotu L ) was accompamed by stnkiug 
chauges m the acttvtty of the tncarboxyhc actd cycle The hypotheses that the cycle 1s iuoperattve m freshly 
~re~amd disks but very active m aged disks was tested The oxygen cousumptton of fresh and 24-hr a~& 
d&s was mhtbtted by malouate audby arsemte No quahtattve Qffereuce was found betweeu fresh and 24&r 
aaed dtsks m resoect of the oattem of ‘*CO, uroductton from [l-‘*Cl- and [2-14C&a&ate, or m respect of 
the kmetlcs of lakllmg of c&c, suaimc, ani khc actds by [Si4C]-a&ate k both fresh aid aged d&s the 
labellii pattems were conswtent mth the operation of the tncarboxyhc aud cycle. It IS argued that, m carrot 
storage tissue, the cycle operates in fresh and aged dtsks and that mduced resptratton IS not caused primarily 
by a marked mcrease m the acttvuy of the cycle 

INTRODUCTION 

CONSIDERABLE changes occur in the metabolism of thm disks of many plant trssues when these 
drsks are Incubated under moist condmons at physiological temperatures.1*2 This pheno- 
menon IS called agemg and mcludes: syntheses of protem,3 RNA and DNA,4 an increased 
abrhty to metabohze exogenous substrates,5*6 and a marked increase in the rate of resplra- 
tlon, called induced resprratron, that develops gradually over the first 24 hr of agemg.5 
Latlesls’ has presented considerable evrdence that the trlcarboxyhc acid cycle IS vntually 
inactive in freshly prepared drsks of potato tuber but IS very actrve m aged drsks. A recent 
papers from Laties’ laboratory contams addrtlonal evidence for thrs view, and the authors 
have argued that Induced respu-ation m disks of storage organs drffers quahtatrvely from the 
respiration of freshly prepared drsks. Latres’ has proposed that ‘the change m physlologtcal 
competence mamfested by potato shces with time IS the consequence of the development of 
vrgorous oxrdatlve phosphorylatlon, the latter, m turn being dependent upon the upsurge m 
actlvrty of the trlcarboxyllc acid cycle’. Both fresh and aged drsks of potato yreld rmtochon- 
drra capable of oxrdlwng intermediates of the cycle9 and the low actrvrty of the cycle m 
fresh lsks IS attnbuted to a block between the steps involving cltrrc and a-ketoglutarrc 

* Deceased 25 July 1967. 
l G G LATIES, m Control Mechanrsms m Resprratron and Fermentatron (e&ted by B Wmcrrr), p 129, 

Ronald Press, New York (1963) 
2 T AP Rsss, Australian J Bwl SCI 19,981 (1966) 
3 T. AP Rsss and J A BRYANT, Phytochem lo,1183 (1971) 
4 J A BRYANT and T AP Rsss, PAytochem 10, 1191 (1970) 
s T. AP Rsss and H. Bssvsas, Plunt Physwl 35,839 (1960) 
6 G G LAlli?S, Z’ht Physiof. 39,391 (1964) 
’ G G LATILE, Plant Physwl 39,654 (1964) 
* B S JACOBSON, B N SMITH, S. l3m-m and G G. LATIES, J Gen. Physfol. 55,l (1970) 
gD P H~crm-rr,D W HAM,S.K Gmrrrrus and D. J NJEDE~~PRUEM, Plant PhyszoZ 35,8 (1960). 

1199 



1200 T AP REES and B J. ROYSTON 

acids.’ The development of mduced respnatron 1s regarded as bemg due to the escape of 
some volatde mhrbrtor during agemg.’ 

The trrcarboxyhc acid cycle IS usually held to play a central role m plant resprratron 
Induced respnatron IS so wIdespread that thrs view of the importance of the cycle may 
reqmre revision If the mechanism proposed by Latres IS found to be a general means of 
controllmg plant respiration. Thrs paper reports expenments that were undertaken to see 
whether the trlcarboxyhc acrd cycle makes a sign&ant contrrbutron to the resprratron of 
freshly prepared drsks of carrot storage trssue, and whether any very marked change in such 
a contrrbutron occurs during the development of induced respnatron. The experrmental 
approach was, m general, sumlar to that of Latres and mvolved the use of mhtktors of resprr- 
atron, and the determmatron of the drstrrbutron of label from [14C]-acetate. Investrgations of 
fresh disks were confined to the perrod unmed.rately followmg cutting so as to mrmmrze 
comphcatrons caused by the development of the ageing phenomenon. 

RESULTS 

Eflects of Malonate and Arsenite on Rate of Respvatron 

Malonate consistently mhrhted the oxygen consumptron of both fresh and aged dtsks of 
carrot (Frg. 1). The degree of mhtbitron produced by a partrcular concentration of malonate 
varied with the time that the carrots had been stored For example, with disks from carrots 
that had been stored for 5 weeks, 5 mM malonate mhrbrted the oxygen consumptron of 
fresh and aged dtsks by 32 per cent and 63 per cent of the control rates, respectrvely. The 
correspondmg figures for carrots that has been stored for 18 weeks were 9 per cent and 
22 per cent. At no time was any quahtatrve drfference m sensrtrvity to malonate found between 

Malonote. log M 

FIO 1 EFFZCr OF MALONATE ON OXYGEN CONSUMPTION OF FRESH (0) AND 24hr AGED (0) DISKS OF 

CARROT STORAGE TISSUE 

Oxygen consumption was measured over a penod of 60 mm that began 30 nun after the addltlon 
of the malonate to the Qsks The malonate was added to fresh d&s 45 mm after the removal of the 
first cy1mde.r of twue. Values are means from a number of expenments m winch agemg for 24 hr 

caused an average mcnzase of 85 per cent m the rate of oxygen consumption 
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fresh and aged tissue. Any grven concentration of malonate mhtbrted the oxygen consump- 
tion of aged lsks more than that of correspondmg fresh disks. None the less increased 
inhrbltion of fresh drsks could be obtamed by increasmg the concentratron of malonate 
(Fig. 1). These observations, and the knowledge that agemg can lead to increased uptake of 
solutes,5 suggested that the increased sensltlvity of aged lsks to malonate rmght be corre- 
lated with increased uptake of malonate. Evidence that this was so 1s provided by the data 
m Table 1. 

TABLE 1. RELATION BETWEEN UPTAKE OF [2-14C]-~~~A~ AND EFFECT OF MALONATE ON OXYOBN ~NSUMPTION 

Consumpt10n of oxygen 

Tissue Treatment 
Rate Itibltlon Uptake of [2-14C]-malonate 

(&~/20 d&s) (% of control) (counts/mm/20 h&/95 mm) 

Freshly cut Control 108 
5 mM Malonate 88 19 3305 

Aged for 24 hr Control 145 
5 mM Malonate 91 37 6544 

Six replicate samples of fresh d&s were cut m 20 mm; three of these were mcubated for the next 95 mm m 
2 5 ml 0 02 M KH2POd (pH 5 2) that contamed [Z’+Cl-malonate (77 530 counts/mm) at 5 mM and three m 
2 5 ml 0 02 M KI&PO_, (pH 5 2) Uptake of [2-%]-malonate was determmed over the whole 95 mm; oxygen 
consumption was determmed over the last 75 mm of the mcubatlon A solar procedure was used vvlth aged 
disks All values represent means of data from tnphcate samples 

Arsemte at 10-20 mM rnluhted the oxygen consumption of both fresh and aged disks 
of carrot by 30-50 per cent of the control rates. No consrstent difference in sensmvlty to 
arsemte was found between fresh and aged drsks. Table 2 shows that 13.3 mM arsemte not 
only mhrbrted oxygen consumption of fresh and aged disks but also srmultaneously stlmu- 
lated COz production. 

iUetabohsm of [14C]-Acetate 

In short incubations both fresh and aged disks produced 14C0, from [1-14C]- and 
[2-‘“Cl-acetate (Table 3). The patterns of 14C0, productron from fresh and aged drsks were 
smular. There was no mstance m whmh fresh drsks failed to release 14COz from [l-14C!]- and 
[2J4C]-acetate wlthm 20 mm of the addmon of the [14C]-acetate to the drsks. The yield of 
‘“CO, m the first 40 mm of the mcubatron of fresh drsks was low. However rt 1s emphasized 
that triplicate samples were always taken, that agreement between triplicates was good, and 
that the patterns shown m Table 3 were obtained m eight different experiments carned out 
with carrots that had been stored for periods rangmg from2-5 months and which gave drsks 
that developed characteristrc induced respnatlon.5 The 14C0, production by the fresh disks 
does not appear to be an artifact. Disks that were both prepared and incubated m [l-‘*Cl- 
acetate under aseptrc condrtrons yrelded 14C02 m 40 mm m amounts sm~lar to those grven 
m Table 3 Control experrments m the absence of drsks showed that the 14C02 productron 
was not a property of the experimental solutions. 

Although agemg produced no quahtive changes m 14C0, productron, it drd lead to a 
srgmficant increase m the rate at which the “CO, was released. Thrs mcrease was also found 
m drsks that had been prepared and aged aseptically. In order to see whether the increased 
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TABLET E~~~~~OFARDNITZ ONRATESOFRESPIRAlIONOFFRESHAND~hC AGED DIsKsOFCARRoTSlVRAOE 

lm!wJ3 

Tmsue Treatment oxygen collsumpt10ll COS production 

Freshly cut Control 137 142 
13 3 mM Arsemte 71 (-48%) 173 (+22O% 

Aged for 24 hr Control 202 
13 3 mM Arsemte 129 (-36%) g (+28x) 

Figures in parenthests represent mhrbrtton or stmmlatton caused by amemte as percentage of control 
values. Bates were measured over a permd of 75 mm that began 20 mm after the Utron of the arsemte. The 
arsemte was added to the fresh disks 40 mm after the removal of the Brst cyhnder of tissue. 

TABLE 3 PRODUCIION OF 14COz FROM [l-14C]- ,0m [2-14C]-A~~A~ suppLIED To PRESH AND AGED DISKS OF 
STORAOB TISSUa OF MATURE CARRoTs 

Tissue 

Position of 
14C m 

[14Cl_acetate 

Percentage of added 14C recovered as t4C02 m: 

20 40 60 80 100 12OmW 

Freshly cut 1 0 014 0164 0 594 1420 2707 4.130 
2 0003 0 026 0 086 0.188 0350 0611 

Aged for 3 hr : 0067 0 453 1458 3 126 5 110 743 

:z 
0047 0 154 0.383 0 749 1 19 

Aged for 23 hr 1 1 807 4 330 7 60 10 88 14 63 
2 0 034 0 322 0 953 1 85 311 474 

* Mmutes from addttton of [14C]-acetate to samples. 
All values are means of tnphcate samples, each of 30 d&s Fresh dtsks were prepared at 4” m 25 mm and 

were then transferred to reactton vessels at 23’ The tune between the removal of the first cylmder of trssue 
and the addttton of the [‘*Cl-acetate was 44 mm 

TABLB~ PRODUCXION OF 14c02 FROM [1-14C]- AND [~-~4~]-~c~~~~s~~~~~~~~O~~~~~ 
sroRAOElmsuEoFYouNOcARRoTs 

Tissue 

Wm PosItIon percentage ofadded14C recovered asl*cOz III: 

cOllsumpt10n of 1% m 
@/hr/25 Q&s) [14C]-acetate 20 40 60 80 100 12omm* 

Freshly cut 224 1 0 017 0 187 0 676 1 530 2 670 3880 
2 0009 0 035 0 107 0 255 0491 0 952 

Aged for 24 hr 234 1 0 196 1520 482 8 76 1284 16 14 
2 0 032 0 329 122 2 86 4 83 6 84 

* Mmutes from ad&tton of [14C]-acetate to samples 
All values are means of trtplicate samples 14COz productton was determmed with samples of 35 Q&s 

Fresh Qsks were prepared at 4” m 33 mm and were then transferred to reactton vessels at 23” The time be- 
tween the removal of the first cylmder of tissue and the addttton of the [14C]-acetate was 47 mm 
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production of 14C02 was associated with induced respiration, [14C]-acetate was supphed 
to fresh and aged disks of young carrots that do not develop an mduced respiration.* From 
Table 4 it can be seen that ageing these disks of young carrots led to mcreased production of 
14C0, despite the fact that no induced respiration developed. Comparison of Tables 3 and 4 
shows that the yields of 14COz from fresh and aged disks of young carrots were, respectively, 
almost identical to the yields from fresh and aged disks of mature carrots. 

TABLE 5. LAISLUNG OF ACIDS AND a2 BY [2-1*c]-~cm~m SUPPLIED TO lw231-1 AND %!-hr AGED DISKS OF 

CARROT SIGRAGE TISSUE 

Radroactrvrty 
Mm from 
addrtron of 5 10 20 40 

[WI- 
acetate colmts/ counts/ counts/ c4umts/ counts/ c4Xmts/ couuts/ counts/ 

mm mm/ mm mm/ mm mm/ mm mm/ 
Tissue Compound mole wale mole pmole 

Freshly C&ate 
cut Succmate 

Malate 
coa 

Aged for C&ate 
24 hr Succinate 

Malate 
co2 

897 
192 

z 
2255 

226 
363 
48 

94 1842 197 4140 441 4914 532 
73 367 139 5% 226 1027 388 

1 133 5 755 25 1295 44 

278 4530 62 GO 7E %8 lO,g: 1360 
100 1329 590 1528 678 3960 1765 
14 1422 4933 186 10,285 390 

- 87 
-!4 

155 - 538 - 

Fresh drsks were prepared at 4” m 10 mm and were then transferred to reactron vessels at 23”. The time 
between the removal of the first cylinder of tissue and the addrtron of [r4C]-acetate was 20 mm 

The kmetics of the labelhng of intermediates of the tricarboxylic acid cycle by [2-14C]- 
acetate are a more stringent test of whether the cycle is operatmg than are the patterns of 
‘“CO, production. Kmetic studies of this type were undertaken with fresh and 24-hr aged 
disks (Table 5). No qualitative differences were detected between fresh and aged disks. In 
both tybes of disk the rates of labelhng and the specmc activities of the acids indicate that 
they were labelled m the order citric, succmic, mahc. The results reveal no evidence of a 
block between citric acid and succimc acid. Finally the data for fresh disks show that label 
from [2-14C]-acetate not only appeared in CO2 within 5 mm but also labelled three inter- 
mediates of the tricarboxyhc acid cycle m that time. 

DISCUSSION 

None of our experiments revealed any qualitative differences m respiratory metabohsm 
between fresh and aged disks. The sensitivity of oxygen consumption to malonate and to 
arsemte IS evidence that the tricarboxyhc acid cycle makes substantial contributions to the 
respiration of both fresh and aged disks. The stimulation of CO2 production by arsemte 
would be expected If pyruvate oxidation via the tncarboxylic acid cycle were inhibited.1o 
The kmetics of labelhng of CO,, and of citric, succm~c and mahc acids by [‘*Cl-acetate are 
consistent with the operation of the cycle in both fresh and aged disks. These labelhng patterns 

lo H. Bmvsns, Respiratory Meta&dsm zn Plants, Row, Peterson, Evanston, Iilmois (1961). 

PHyro 10/6-c 
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are closely comparable to those reported for a number of other plant tissues.“J2 The 
labelling of citric and malic acids in our experiments is similar to that reported for carrot 
storage tissue by MacLennan, Beevers and Harley.12 These authors provided further evi- 
dence that this labelling pattern results from the operation of the tricarboxylic acid cycle by 
determimng the d&ribution of label withrn both malic and glutamic acids. Taken together 
the above results constitute strong evidence that the tricarboxylic acid cycle mediates 
appreciable fractions of the respiration of both fresh and aged disks of carrot storage tissue. 

The speed with which we prepared fresh disks, and the appearance of label in inter- 
mediates of the cycle within 5 mm of addmg [14C]-acetate to fresh disks, make it unlikely 
that qualitative changes in respiration, leading to induced respiration, had occmred before 
we started our experiments.’ The results reported in this, and in other papen~,~J~-l~ 
provide no evidence for the occurrence of any qualitative changes in respiration during 
ageing of carrot storage tissue. On the contrary, the results strongly support the view that 
glycolysis, the pentose phosphate pathway, and the tricarboxyhc acid cycle, all make appre- 
ciable contributions to respiration in both fresh and aged disks of carrot. 

Our results might be taken to suggest that agemg in carrots is accompanied by a very 
marked increase in the proportion of respiration that IS mediated by the tricarboxylic acid 
cycle. This question can not be resolved until reliable techniques for assess@ the activity of 
the cycle have been developed. Careful examination of our results shows that they provide 
little support for the above view. The greater effect of malonate on aged disks could be due 
to the increased uptake of malonate and to a more severe linntation of respiration by 
succmic dehydrogenase in the more rapidly respirmg aged disks. It is noted that sensitivity 
to arsemte &d not increase appreciably during ageing. There IS no doubt that [14Cl_acetate 
labelled CO, and the intermediates of the cycle more rapidly in aged than in fresh disks. 
This does not prove that there was a corresponding increase in the activity of the cycle. The 
results may merely reflect a more ready access of exogenous acetate to the cycle in aged than 
in fresh &sks. Such access could be altered by changes, in the uptake of acetate from the 
external solution, m the movement of acetate carbon into the mitochondria, in the activation 
of acetate, in the compartmentation of acetate within the cell, and in the distribution of 
acetate between tierent metabolic pathways. Fmally it is pointed out that regardless of the 
explanation of the increased labelling of the CO,, our results show that this increase is not 
speci&lly associated with the development of mduced respiration. 

L&es’ explanation of Induced respiration may not, at present, be applied to carrot 
storage tissue. The followmg hypothesis is presented for carrots. Differentiation in plant 
tissues is probably regulated, at least in part, by gra&ents of growth substances, such as 
auxms, cytokmins, gibberellins and ethylene and nutrients, such as ~ucrose.~~~* It is pro- 
posed that shcing and ageing of mature carrots alter the existing gra&ents of growth sub- 
stances and nutrients and that these alterations lead to a stimulation of the non-growing 
cells to a period of active synthesis resembhng growth Net synthesis of protein,3* lg RNA 

xl J L. HARUY and H. BEEVERS, P&mt Physwl. 38,117 (1963). 
lz D. H. MACLENNAN. H. BEZVERS and J. L. I&RL.EY. Biochenr. J. 89.316 (1963). 
l3 T. AP REPS and H. BIERS, P&m PhysM. 3!i, 830 i1960). - - ’ 
I4 P. B. ADAMS and IC. S. ROWAN, Pkmt Physwl. 45,490 (1970) 
I5 P. B. ADAMS, Phmt Physiol. 45,500 (1970). 
I6 R. A. JEFFS i&d D. H.-NOR&~, i. Ceil Scf. 2,77 (1967). 
I7 A. R. SHBLDIuKB and D. H. NORTHCOTE. New Phytolodst 67.1 119681. 
I* D. H. NORTHCOTB, in Ihays in Biodwmkry (edkd k& P. i. &MPB&L and G. D. G ltmzLE), Vol. 5, 

p 90, Academic Press, New York (1969). 
I9 I. R. MACDONALD, A. H KNWXT and P. C. DFXOCK, Physiol. Plmturum 14,7 (1961). 
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and DNA* occurs during ageing of 
sigmficant extent, upon these of RNA and Renewed 

activity could lead to the development of induced respiration in two ways. First, 
demands for ATP and reducing power could increase the activity of respiratory 

enzymes present in fresh disks. The response of fresh and aged disks to 2,4dinitrophenol,s 

increased glycolysn. 
phosphate pathway in fresh disks is hnuted by the avadabihty 

synthesis could contribute 
respvation is via a net of respiratory enzymes. In carrots the actrvrty of one enzyme 
involved in carbohydrate breakdown, invertase, has already been shown to rise 
larly durmg ageing. 21 The feature of this argument is that induced respiration is 
held to be the result of caused by shcmg and ageing and not vice versa 
as by Laties.’ 

Despite Laties’ work with potato and the above hypothesis generally 
to the wade range of tissues that show induced respnation. Although the respira- 

tron of fresh drsks of potato differs markedly from that of aged disks, the of the 
fresh drsks may be an consequence of cellular disorganization 

substrates in the intact potato are simdar to those of aged disks but 
drffer markedly from those of fresh d&s. There is good 

intact tuber~.~~*~~ potato may represent 
temporary and rather than any fundamental mechanism 

supported by studres with beetroot that indicate that slicing causes 
changes in the organization reticulum and that these changes 

are reversed during agemg.24 trssues may vary m the extent to which they are 
drsorgamzed by cuttmg but may be sinular in that once this disorganization 

synthesis that leads to the development of induced 
resprratron. 

Matenal 

EXPERIMENTAL 

Carrots (Daucus carota L.) were bought locally and were used at once Young carrots are defined as roots 
harvested less than 14 weeks from plantmg m the open and havmg a maxmmm drameter of 12 mm. The 
matum carrots were fully grown and had been stored for penods ranging from O-5 months. Cyhnders of 
storage ttssue were taken vertmally and shced into disks (1 x 10 Dtsks were cut, 

sampled, at 4“. The d&s were then transferred 
vessels. The time the of the tkst of ttssue and the of the 

experimental treatments of cut disks was never more than 50 min. Dtsks were aged by gentle 
tton m distilled water at 25”. The used m the preparation 
asepttc condmons, and m the detectton of comaminants, descrkd I5 Compansons between 

samples. 
All [14C]-labelled obtained from the Radiochemical Centre, Amersham, 

(1970). 
21 C P. P Rrcko and-T. AP Rk, P&o&m 9,239 (1970) 
=’ J. and L W. Proc. R. Sot. 1418 338 
” J. BARKER and L. W. hfAPSON; (1955). 
s4 M. E. and R. P. M. VAN STBVBNPICK, 2Q,lO63 
a5 T. AP REPS, Phytochem. (1969). 
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Measurement of likchmge 

Gas exchange was measured manometncally by the dnect method at 25”. Samples of 20 or 25 drsks were 
suspended m 2 5 ml 0 02 M KH2p04 (pH 5 2) or m 2 5 ml of solutions of mbrbrtors dtssolved m 0 02 M 
KH&& (pH 5 2) Only freshly prepared solutrons of sodmm arsemte were used. All measurements for 
fresh d&s were completed before any mduced resptratron, detectable manometrically, had developed. For 
the assessment of the effects of mlnbrtors the control values are measurements made stiultaneously on 
rephcate samples suspended m 0 02 M KH,pO, (pH 5 2) All values represent means of rates of triplicate 
samples 

Uptake of [2-‘4C]-Malonate 

Samples were prepared and mcubated m 5 mM [2-‘4C]-malonate as described m the text. Uptake was 
determmed by summmg the amount of ‘*C released as 14C02 and the amount retamed m the ttssue. At the 
end of the mcubatron the medmm was removed and the disks were rmsed for 2 mm m 2 0 ml 5 mM maJorrate 
m 0 02 M KHaBG4 (pH 5 2). The rmsmg was repeated wrth another 2 0 ml of malonate and the d&s were 
then k&d bv addition to a mYrture of EtOH-CHCl,-7 N HCO,H (12 5: 3) at -30”. The dtsks were homo- 
gemred in &ter and the homogenate, together wtth the nuxture-used to krlithe d&s, was reduced to dryness 
under reduced pressme at 30”. The residue was resuspended m water and samples were converted to Ba’YQ 
that was assayed for “C The small amount (0 8-O 9 “/,) of the absorbed [14C]-malonate that was converted to 
14COa by the d&s was collected and assayed as described below A control experiment m which [W4C]- 
malonate was subJected to the ktlhng and extractton procedures showed that these procedures Qd not cause 
detectable loss of nu%oactrvny. 

iUetaboltsm of [14C&Acetate 

WOz production was determmed as described prev~ously*~ wrth samples of 30 or 35 disks suspended m 
5 0 ml 0 02 M K&PO4 (pH 5 2) that contamed 2 8 w [l-14C]-acetate or 6 0 fl [214Cl_acetate at 0 25 mM 
All data am means of values from triphcate samples. 

The labellmg of mtermedtates of the tncarboxyhc acrd cycle was determmed by mcubatmg samples of 30 
&sks m 5 0 ml 0 033 M KHaPG4 (PH 5 2) that contamed 6 0 w [2%]-acetate at 0 25 mM. At the end of the 
mcubatton the me&m was rapidly removed and the dtsks were lulled and extracted m borhng 80% (v/v) aq. 
ethanol. The Qsks were then homogemzed and the homogenate was extracted successtvely wrth 25 ml 
porttons of 20% (v/v) aq ethanol (twrce) and borhng water (twrce). All the extracts were combmed and 
evaporated under reduced pressure at 30” The residue was extracted wrth water and known amounts of 
cttnc, succmtc, and mahc acids were added to the solution m order to make it easier to isolate mdtvrdual 
tioactrve actds. The resultmg solutron was &vtded mto basrc, acnhc, and neutral fractlons.13 The acnbc 
components were then fractionated further by gradtent elutton from 1 x 10 cm columns of Dowex 1 resm 
(formate) using 8 N HC02H m the actd reservoir. s7 Sequentially eluted samples of 2 0 ml were collected, 
dned m an atr stream at 30“, and made up to 2 0 ml wrth C&free water before tttratton. Thts procedure 
isolated cttnc acid but did not clearly separate succllllc actd from mahc acrd. Thus the fractions that contamed 
succunc and mahc acids were combmed, reduced m volume, and run on to a 1 x 10 cm column of Dowex 1 
(acetate) Gradtent elutlon was camed out wtth 8 N HOAc m the actd reservon. Thts procedure isolated 
suaxmc and mahc acids. When mtxtures of known amounts of acids were taken through the complete 
fracttonatlon procedure, recovenes were* cnnc acid, 94 %, succ~c acid, 93 %; mahc acid, 85 %. These acids 
were tdenttiied by co-chromatography wtth known acids on the columns and on paper For determmatlons 
of total radtoacttvtty of each actd, all the samples comprtsmg a parttcular peak were pooled. 

Assay of “C 

All measurements of 14C were made after it had been converted to Ba’*CGs. The techmques used m thts 
conversron and m the measurement of the radtoactrvtty of the Ba’*CGs have been described....„› All samples 
were counted for 4000 set or tmtrl 10,000 counts had been recorded 
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26 T AP Ram, E BLANCH and D D DAVIES, Plant Physiol. 40,748 (1965). 
=’ J K. PALMER, Corm Agri Exp. Stu Bull No 589, (1955) 


