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Soil Research,

Recently Palmer (7) published some observa-
tioIns on the development of invertase activity in
washed beetroot disks, but made no reference to
previouis work with this tissule. The appearance of
invlertase in washed disks of storage tissue was
first observed with beet (1). Further, the desir-
ability of ulsing aseptic conditions has been stresse(d
b)y Bacon et al. (2). The absence of any effect
of addled penicillin and streptomycin, which was
taken by Palmer as evidence that contaminating
micro-organisms were not contribulting to the meta-
holic changes he observedI must be viewe(I in the
light of the observations of Leaver alnd Edelman
(5) that these antibiotics were of little uise, per-
mittiig the growth of ; X 106 organisms/g fresh
weight in carrot (lisks washed for 24 houlrs.

Palmer's measuLrements of invertase actjvitv rest
oni the assuimption (shown to be incorrect by the
observations reported below) that the enzyme is
locatedl only in the cell wall. As far as can be
ma(le out his assays were made at 250 and(I pH 6.5,
although the pH optimum of this invertase lies in
the range 4.5 to 5.0 (see below). Even when
allowance is made for these differences, the activi-
ties he reports (0.1 mg suicrose hvd(lrolysed/g fr wt
hr) are of a (lifferenit order of magnitud(le from
those previously reporte(d [e.g. Bacon et al. (2)
gie 3.0 mg/g fr wTt hrl.

It is the puirpose of this commuinication to show
that any stid(ly of ii\vertase developmenit in washed
Storage tissule muist take account of the ex:stenc2 of a
noliible as well as anl insolublfle (cell wall) invertase.

Storage tissuie (lisks of carrot (unO1lcis caroth
p),Po)t.lt() (S.Sola Iii /nInbcrosni111 L.) and re(l 1)eet

( lcti 7vlqoyaris 1'.) were clit and age(l (washefl)
asep)ticallv. Ifnv%ert;ise act:\ity was nmea -ired 1))by
ilncuibating 10 (lisks in 10 nil of 0.1 M citrate-phos-
phate buiffer, pH 5.0 containing 5 % suicrose, at
350 for 1 houir and estimating the reduicing sulgars
formed with a Technicon auttoanalyser. The pH
optimulm for invertase activity in each of the 3
tissuies sttudied was foulnd to be between 4.0 and
5.0 (fig 1.) and there was n- evidence of the
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Fi(,. 1. Effect of 1)H oln the invertase activity of

diskss of carrot ( - 0 -), potato ( - * - ) anid beet
-0 -) aged foI 3 davs in Nx-ater. Reactioii mixtuire

conitained 10 (lisks ill 10 nil of 0.1 M citrate-phosphate
biuffer. Gltucose foriiie(d was measured after incalbation
for 1 lhouir at 35°.

existelice of an alkalinle invertase. 'I'he (lisks were
theni siujected to ethyl acetate treatmenit and their
invertase activity again ldeterminie(l. \V i tlb eaclh
tissiue, aginig in water resuilte(d in al increase ill
invertase activity (Iiriing the first 3 days (table I).
Ethyl acetate treatment prior to assay futrther in-
creased the invertase activity, bult the effect was
more marked for beet and potato than for carrot.
Ethyl acetate does not act simply by preventing
the uiptake of reducing suigars from the assay
mediuim by the disks, since only 0.25 mg gluicose
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Tabtble I. Developnwent and Loc-ation of Invcrilase Activity in UI'asclid Stor1a(Jc Tissue,, S/1is'
Results aire the mean values of 4 separate determinations.

Dav of1 ag"'in
0 1 2 3 4

j -S>;lct Location of inivertsLSc

Carrot Whole (liskl
FVAlti l tacette treate(l disks

(j-ell wsalls ( Fl)
stlip)erilat.ltt ( FE2)
Comubined fractions ( Fl + 12)

Potatto WhoIle disks
Eft v acetate treated (lisks

Cell walls ( '1 )
Supernatant ( 172)
Combined fractions (Fl + F2)

BeWhole disks
Etlhy l atcetate treated disks

Cell walls (Fl)
Suipernatant (F2)
Combined fractions (Fl+ F2)

was taken tip by 10 (lisks in 1 houlr from 10( ml of
0.05 % glucose.

To investigate fuirther the effect (,f ethyl acetate
10 (lisks were homogenized in 1.5 ml of 0.1 M
citrate-phosphate buffer, pHl 5.0 and(I separate(d into
a cell w\all and stiperilatanit fraction by centrifuiga-
tioni at 1000 Xx . The cell wall invertase was
assayed by incubating the cell wall preparation
with 10 ml of S % sticrose in citrate-phosphate
buffer, plH 5.0 at 350. Samples (1.0 ml) were
removed at 0, 30, 60 andl 120 miniltes, centrifuged
at 1000 X q for 2 miniutes, and the reducing sugar
conitenit of the soltition was estimate(d uising a Tech-
nlicoIn atitoanal\vser. The soluible invertase was
assaye(l hy a((ling 0.75 g of suicrose to the suiper-
inatant fraction and( inctil)ating at 350. Samples
were taken ais described for the cell wall fraction,
but the reactioii was stoppe(l 1ws the add<iton of I
(Irop of 0.1 % HgCl. solition and( the saniples were
iiot ceiitrifuige(d pr-ior- to measur-ing- tliei - re(ldlcinig
su1gar Contents.

It w as founid( that ilnvertase activity (levelopedl
iii 1I)thl thle cell wall andl(l stlperliatant fracti(oi s 01(1
1)1th inlertases, irrespective of the tissu1e, had a
siiiilr 1)1 I ()iptitinii hetwe ecii 4.0 aidl 5.0. TIhle
results sho\\ that the ill\verl-tasC actiVitV of intact
g.nld (li':-ks is approxiniatel) eq(ual to the act i\ity of

thle cell wall frla.lction, wlille the sutim(of the cell wall
an(l silpeiriatanlt invertase activities is alniost i(leni-
tical with the activity of age(l (lisks pre-treatedl
with ethyl acetate (table I). The effect of ethyl
acetate, therefore, is probably to (lestroy the cell
membranes [a puirpose for which it has been uise(d
in Baker's yeast (4, 6)] andl so ren(ler the suiper-
natant invertase wTithin the cell accessible to the

mg (Glu.cose foriiecd per ()- fx-Nvt tissine pcr 1i1-

0.6 18.4 23.8 24.3 20.2
0.6 21.3 26.3 2(.8 22.8

0.4
0.2
0.6

18.6 22.7 23.9 10).5
2.0 2.6 3.3 2.1

20.0 25.3 27.2 21.6

0.3 4.1 4.8 5.7 4.4
0.5 6.4 9 1 9.9 8.7

0.3
0
0.3

4.5
1.4
5.9

5.2
3.3
8.5

5.9 4.5
45 44

10.4 8.9

0.4 4.2 9.4 11.9
0.4 6.2 18.6 26.2

0.3 4.4 9.1 12.3
0 1.3 87 12.9
0.3 .7 17.8 25.2

11.6
25. 13

12.1
12.3
24.6

sulcrose of the incuibation me(lilinl. That ethy-l
acetate only slightly affects the assay of invertase
activity in carrot (lisks can thius be explaine(d in
terms of a lesser (levelopmleilt of the siuperinattiit
invertase in this tissue. However ill potato and(1
beet the suiperinatanit invertase eventually develops
to abouit the same extent as in the cell xcall, althouighi
in both tissiies there is only a minimal (levelopment
of the supernatanit invertase 1w the end( of the first
(lay.

In ad(lition to invertase activ\ity Palmer also
meastired 0., uptake aIn(I Pi uiptake as ini(licator-s of
the effect of the growth reguilating subhstances on
the metabolism of the tissuie. Since there was nlo
evidence that the disks were free from ImlicI-o
organisms the iuse of silch a oliluite phosphate solii-
tioin (3 /M) leaves his conclusions openi to (jtiestioi1
(3). Fuirther, the rates of )., ulptake in the pres-
elice of high conicelitrationis of growth silistanie(e
were suibstantially lower than those for fresh (lisks,
siuggesting that these conceiitratiOlls Were tom;ic .
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