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Abstract-Invertase activity of cultured carrot cells was distributed between cell wall and supernatant fractions 
of the cell homogenate. The enzyme associated with the cell wall fraction was solubilized by alkaline NaCl solu- 
tion and the proportions found in the cell wall and soluble fractions depended on the concentration of NaCl. 
Formation of protoplasts by the action of cellulase and pectinase was accompanied by release of 5&60x of the 
invertase activity from the cells. 

INTRODUCTION 

THE INVERTASES of higher plants have been shown to exist in at least two separable forms 
in plant cells. Ricardo and ap Rees’ have reported that two invertases, acid and neutral 
enzymes, can be extracted from carrot root and that the acid invertase was distributed 
between the cell wall and supernatant fractions of root homogenate whereas the neutral 
enzyme was located predominantly in the cytoplasm. Copping and Street2 have also 
reported the presence of neutral and acid enzymes in cultured sycamore cells. The activities 
of both enzymes were higher in the cell walls than in the soluble fraction. However, these 
authors have pointed out that the invertase content of the cell wall fraction was strongly 
influenced by the conditions of extraction. Therefore, it is still uncertain whether the inver- 
tase is localized in the cell wall in oiuo or if the apparent binding is an artifact. In the present 
work, we have studied the localization of invertases in cultured carrot cells and attempted 
to distinguish cell wall invertase from intracellular enzyme by fractionation of cell homo- 
genate and by a technique in which cells were converted to protoplasts by cell wall lytic 
enzymes. 

RESULTS 

Changes in sugar content in culture medium 

Carrot cells in a suspension culture can use either sucrose or glucose as carbon source. 
When the culture was initiated from early stationary phase cells, active cell growth was 
observed after a lag of about 2 days. Sucrose in the medium was rapidly hydrolyzed after 
inoculation of the cells (Fig. 1). Little or no sucrose was detectable after 12 hr of incubation 
by which time about 8% of the sugar had been utilized. Since no invertase activity was 
found in the culture filtrate, this fact suggests the localization of invertase on the cell sur- 
face. 

’ RICARDO, C. P. P. and AP REES, T. (1970) Phytochemistry, 9, 239. 
’ COPPING, L. G. and STREET, H. E. (1972) Physiol. Plant. 26, 346. 
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(For Fig. 2. Protein released from the protoplasts was precipitated by the addition of TCA (IO”,,) to the culture 
filtrate. The radioactivity was determined by a liquid scintillation counter. Invertase activity present in the lytic 
cwymes as a contaminant was subtracted from the total activity.) 

When the distribution of invertase activity was examined in homogenates of carrot cells, 
about 55-60’4 of the total activity was found in the cell wall fraction even after repeated 
extractions by acetate and borate buffer (Table 1). intracellular invertase activity was 
found to be distributed in a sedimentable and a soluble fractions. The former fraction con- 
sisted mainly of cytoplasmic particles. The enzyme activity in the cell wall fraction was 
higher than that of the cytoplasmic fraction. regardless of the culture age. WC tried to SO~LI- 
bilize the cell wall bound enzyme by treating cells with cellulase and pectinase. Most of 
the cells were converted to protoplasts after about 2 hr treatment. Liberation of invertasc 

started shortly after the addition of the lytic cwynics and cotitinucd li,r about 5 6 hr (Fig. 
2). When ‘i~‘-lctlcinc bYIs added to the maiiilm. it was iudil\ incctrporatcd into the cells 

and labeled protein has rclcascd after about 2 hr. It was therciorc assumed that the enLyme 
activity released during the initial 2 hr of the treatment represents invertase originally loca- 
lized in the cell wall. Activity released afterwards may involve enzymes which were newly 
synthesized and secreted from the protoplasts. Since the cell number was unchanged dur- 
ing the initial 2 hr, the enzyme activity recovered in the medium did not originate from 
the broken protoplasts. On the basis of the experiments. surface localized invertase was 
estimated to be at least 50-60”~ of the total enzyme. 

TAI~LL I. DISTKII~I~~ ot IYWHTAS~ ACTIVITY INTWILK VARIOM FIMCTIOSS ot (‘AKKOT CLLI. 
HOMOGI N9TI 

Enzyme activity (Icmol sucrose hydrolyzed:hr) 
Growth Whole Soluble Particulate Cell wall 

phase homogenate fraction fraction fraction 
-__--_____ __________~_____ 

Log 15 2.5 0.5 8.4 
Stationary 15 0.3 3.6 9.1 
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TABLE 2. SKCESSIVE EXTRACTIONS OF INVERTAX FKOM CELL WALL PREPARATION WITH BORATE 

IIUFFER c0NTAlNl~o vAR10us ~ON~INTRATION~OF NaCl 

Expt 

NaCl 
cont. 

(M) 1st 

Invertase activity (‘I/,) 
Solubilized 

Extractions Cumulative 
2nd 3rd 4th value Bound 

0 0 - 0 100 
0. I 16.0 8.0 2.5 0 26.5 39.0 

A 0.25 12.0 2.0 0 40.5 2.8 
05 0.8 0 - 41.3 2.4 

B I.0 41.0 0 - 41.0 7.0 

Dissociation of invertase from cell wall fraction 

’ Enzyme activity in the cell wall fraction was removed by treatment with NaCl solution 
at pH 8.5. Table 2 shows the results of successive extractions of the enzyme with NaCl 
solutions of various concentrations. Since the enzyme was rather labile in the alkaline 
NaCl solution, samples were kept in ice cold water and in each extraction the cell wall 
suspension was vigorously shaken for 30 set at room temp. When the cell wall pellet 
extracted with 0.1 M NaCl in borate buffer was treated again with the same buffer, activity 
was again recovered in the soluble fraction. No further enzyme was extracted with 0.1 M 
NaCl solution after the 3rd extraction, but extra enzyme was liberated when the sample 
was treated with 025 and 05 M NaCl. Although much of the original activity was lost 
during the treatments, the results suggest the presence of an enzyme fraction easily extract- 
able with NaCl at low concentration and other fractions bound more firmly. When the cell 
wall preparation wuscxtractcd with I M NuCl, nearly Xl’;,, of the enzyme initially present in 
the pellet was recovered in the soluble fraction by a single treatment. Borate buffer alone 
was ineffective in releasing invertase from the cell wall fraction. Cytoplasmic insoluble 
enzyme was similarly extracted by borate buffer containing 1 M NaCl. It has been known 
that the experimental results on the distribution of plant invertase were influenced by pH 
of the buffer used for the extraction 1,2. In the present case, no enzyme was released with 
NaCl solution in acetate buffer at pH 4.7. 

TABLET. REVERSIBLEBINDINGOFSOLLBILIZEDINVERTASETOCELLWALL 

FRAGMENTS RY R,~,>,~'"Or*: OF NaCl CONCFUTRATION* 

Addition of 
cell wall 

fragments 

+ 

Invertase activity 
(pmol sucrose hydrolyzedihr) 

Supernatant Pellet 
fraction fraction 

3.43 0.18 
0.37 4.23 

* Cell wall preparation was treated with alkaline NaCl solution (1 
M) as in Table 2. The enzyme solution was then dialysed against bor- 
ate buffer (pH 8.5, 50 mM) in the presence or absence of cell wall frag- 
ments 

The effect of the salt concentration on the distribution of invertase acitivity was rever- 
sible. In the experiments shown in Table 3, cell wall preparation was treated with alkaline 
NaCl solution as above. The activity was found predominantly in the supernatant fraction. 



The solubilized enzyme thus obtained was dialyzed against buI_Icr solution in the presence 
and absence of cell wall fragments. 4s shown &I the table. the enzyme activity was again 

found in a sedimentablc fraction when the cell wall fragments were present. 

Soluble enzyme was elutcd from a Sephadex G 100 column as a single peak (fractions 
13 and 14) and the elution pattern was very similar to those of enzymes solubilized from 
the cell wall and particulate fractions with alkaline NaC’l solution. These partially purified 
enzymes. as well as crude preparations, showed optimal pH around 4.7 and no neutral 
en7yme ’ a was found. 

DISCUSSION 

It has been suggested that much of the invcrtase in several plant tissues is localized in 
the cell wall. These results were obtained by studying the distribution of invertase activity 
in cell homogenates. Ricardo and ap Recs’ have studied invcrtases in disks of carrot root 
and reported that the pH and the chemical composition of the fractionation medium 
strongly affect the activities of invertasc in cell ~~a11 and soluhlc fractions. Similar results 

have been rcportcd for other storage organs-’ ’ and for cultured s!camorc ~11s. The 
results presented here show that in cultured carrot cells part of the invcrtasc is localized 
outside the plasma membrane and probably in the cell wall. Intracellular invertase occurs 
in soluble and insoluble forms. The latter may be associated Lvith cytoplasmic particles 
or mcmbranc. It could he conccrncd Lvith the sucrose mctaholi~m at the tonoplaxt 01 
other cellular organellcs. However. the possibility is not excluded that the insoluble 
enzyme is an artifact of extraction. Our results indicate that the properties of the cell wall 
bound enzyme arc similar to those of cytoplasmic enzymes. F‘ailure to detect the neutral 
enlyme in our carrot cells may bc due to the fact that we worked with cultured cells \4,hich 
grow rapidly and have a high demand for sucrose hydrolysis. It has been postulated’ ’ 
that the neutral invcrtase is responsible for intracellular sucrose metabolism in culls which 

have differentiated and have less sugar demand. 

FXPEKIMFNTAL 
Murt,rirri. Cultured carrot cells (Strain GD-.3) here grown in a wapension synthetic medium prepared accord- 

ing to Murashige and Skoog.” The general tcchnlqucs for the maintenance of the culture \\crc a.\ pre\iously 
described.- 

Fwcrionarion CJ/ rhr c~l/,s. Harvested cells were washed and disrupted with ultra sonics in acetatc butler (pH 
4.7, 50 mM). Cell wall pellet obtained by centrifuging at 1000 q for IO min still contained cytoplasmic .jell? and 
many particles. When the pellet was resuspended in borate bulb (pH X-5, 10 mM) and ccntrlfuged at IOOOq. 
these cytoplasmic materials were separated from the cell wall fragments. The supernatant &tamed hj th? I st 
and 2nd centrifupations v+cre combined and further centrifuged at It2000 q fol- 30 ,111~ In\crtax acti\it! II:IS 

found both in the pcllct spun down h\. tllc high bpc& centrifugation (pat.ticulatc fraction) anti 111 the super-natant 
fraction. 

Pw/w~~rior~ of pro/oplu\f_ Protoplasts of the cultured carrot cells wcrc: obtained 1)) tl-eatmg the cells \+ lth pcc- 
timrc and ccllulii\c a\ de\crlhed h? T;~kcbc <‘I ~1.~ (‘ommcrcial en/! mc preparations. Macero/~mc and C‘cllulasc 

Onoruka. \%ere purchased from Kink] Yakult Manuf. (‘o., Japan. f:n/ymc solution \\;Is stel-rlixd by filtration 
through a Millipore filter. Carrot cells were suspended in the growth medium containing I”,, pectinasc. ?I,, cellu- 
lase and 04 M mannitol and were incubated at 2X with gentle shaking. Aftcl- Incubation for 2 7 hr. cells \vere 
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converted to spherical protoplasts and the cell wall became invisible under a phase-contrast microscope. Lysis 
upon dilution was complete. 

Enzyme assay and determination ofsugars. The assay mixture contained 0.1 ml of enzyme preparation and 0.9 
ml acetate buffer (pH 4.7, SO mM) with 250 pmol sucrose. Reaction was carried out at 28”. Reducing sugar was 
determined by the method of Nelson’ and Somogyi. lo Glucose was measured using commercial G1ucosta.t. 

GeLfilnutio~~. A column of Sephadex GlOO (1.25 x 30cm) was equilibrated with 40mM borate buffer (pH 
8.5) containing 0.1 M NaCI. Enzyme preparation (1 ml) was eluted with the same buffer at a flow rate of 9.6 
ml/hr at 4” and collected in 1.5 ml fractions. 
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” NELSON, N. (1944). J. Biol. Chem. 153,275. 
lo SOMOGYI. M. (1952). J. Eiol. Chem. 195, 19 


