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Abstraet

Using a viscotnetric method the latex of lIeoea brn.siliensis u'as found to contain
a highly act ive cel lulase capable of hydrolysing carboxymethyl cel lulose. The enzvme
has a pH optimum of around 6.3. I t  is present in the selum of the latcx and is not
membrane-bound to any signif icL'rnt extent. Similar cel lulase acti t ' i t ics rvere detectet l
in latex frorn old and nerv latex vessel rings and also in latex flom regularly tapped
vessels and ncrvly tapped vessels. The possible role of the enzyme in the removal
of cel l  rval l  material during the dif ferentiat ion of latex vessels is discusserl.

Introduction

The first report of the existence of cellulase in higher plants, other than
in gerninating seeds and seedlings, appears to be that of Tracey (1950) .
Subsequent work hits confirmed its presence in other higher pltrnt t issues
(e.9.  Hal l  1963,  Maclachlan and Perraul t  1964,  Sassen 1965). I {orvever ,  wor l i
on the enzyrne so far has involr-ed a demonstration of its :rctivity in extracts
or homogenates of t issues contuining a variety of cells, and it is not possible
to decide fron-r the available evidence in which cell types the enzyme may
be produced and active. 'fhis point is of sorne interest in relation to the
hypothesis of Fan and tr 'Iaclachlan (1966) that cellulase is involved in the
auxin-stimulated growth of cells by weakening primary q'alls. An additionztl,
or alternative. explanation of the presel-rce of celluli lse in higher plant t issues
is that it might be concerned with the process of lemoval of cell wall
material during differentiation. Two instances of this process are the disap-
pearance of end walls in differentiating xylern yessels and the disappearance
of end walls during the differentiation of mirny types of articulated laticifers
(Esatr 1967). \Ve have found iSheldrake 1969) that latex frorn various plants
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Results

Cellulase actiuitg

The viscosity of the CI,IC leaction mixture declined so rapidly in init ial
tr-ials that there rvas a viscositv decrease of over 40 0/o before the first reading
of f low time could be taken. 'Ihe amount of serum usetl hird to be reduced
considerably before activity could be conveniently measured. Figure 1 shows
the change in viscositv of a mixture of serurn and C\'IC. There \1,as no
measurable viscositv change dtre to the serum alone, and no change in
viscosity occurred rvhen the CN'IC mixture was incubated without serum:
t \rery slight decrease took place in the plesence of boiled serlrm (Figure 1).

An incubation was carried out at 25oC instead of the usual 22oC using
conditions identical to those of Tracey (1950) in order to obtain a dircct
comparison of the cellulase activity in his samples and in latex serum.
A srrmple of latex serum fronr clone RRINI 600 had an activity under these
condi t i rons of  235 of  ' f  

racel 's  ur t i ls / rn l .
The release of reducing susars from CMC could be demonstrated using

either dialysed or undialysed serum. Dialysis, however, led to a considerable
reduction in activity (Table 2). Undialysed serum has a high blank reducing
sug:rr reading; the blank readitrg of semm controls changes on incubation.
presumably since both invertase and sucrose are present as are also the
enzymes of glycolysis (Bealing 1969, Tupy and Resing 1969, d'Auzac and
Jacob 1969) . Horvever, both in the presence and absence of NaF which blocks
glycolysis in the concentration used here (I 'upy and Resing 1969) a con-

Figure 1.  Cel lu lase act iu i tg.  Serum (0.25 ml)
f rom latex of  c lone ITRIN{ 519 was in-
cubated in the usual 20 ml reaction mixturc
wi th (o)  or  wi thout  (D) CMC. Serum (0.25
ml)  which had been placed in a boi l ing
rvater  bath for  10 min was uset l  as boi led
enzvme contro l ,  wi th CN{C (o) .

30 10 50 60
INCUBATION MIN
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Table 1.  Releuse ol  ret luc ing sugars f  rom carborgmcthgl  cel lu lose (CMC) by later  serum.
The complete rcaction mixture contained 0.3 ml 2 0/o CN'IC, 0.2 ml 0.5 M phosphate buffer
pH 5.8 and 0.5 ml serum. The increascs in reducing sugars in each react ion mixture af t : r
incubat ion for  2r lz  h at  35oC are shorvn belorv in pg glucose cquivalents.  The f igures given
rvere obla inr :d af tcr  subtract ing thc amount of  reducing sugar in ident ical  react ion nixtures

kept at  OoC for  the same per iod.

I leact ion mixturc
Without With NaIr

NaF 
I  

5x10- '  X I

( . . \ lC  co r r l r o l
(nr ix lure wi thout  serum)
S e r u n r  c o n t r o l  . . . . . . . . . .
(mix lure wi thout  CN{C)
Scrunr *  CMC .
(complete rn ixture)

Di f i  eretrcc

100

t | ' l4 1 8

+392 + 687

siderable increase in reducing sugars occurred on incubation 'lvith CMC.
Table 1 shows the results of a typical experirnent.

The high blank reading in incubation nrixtures rnade the urrequivocal
demonstration of reducing sugar release froln swollen arld native cellulose
impossible.

The pH optimurn of the enzyne assayed visconletrically rvith CNIC as
substrate is around ti.3. The activity of the enzyme falls off more rapidly
at pH values below thc optimurn th:rn it does at values above the optimum
(F igure 2) .

Figure 2.  pH opt inum curue of  cel lu lase
at 224C. Serum from latcx of clone RIIIN'I
600 'rvas used. Each reaction nr.ixture
(20 ml)  contained 6.0 ml of  \ Ic l lvaine
ci t rate/phosphate buf fer .  

' l 'he pI I  of  each
samplc lvas checked, af ter  incubal ion,
wi th a pH meter.  Act iv i t ies are expressed
as uni ts per 5 ml of  scrum (see text)  ,

8.0
pH
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The distribution of cellulase in whole later

It has recently been shown by Pujarniscle (1968) that the lutoids (the major
particulate component of the bottom fraction of centrifuged Hevea latex)
contain a number of hydrolytic enzymes which can be released by osmotic
shock or by the non-ionic detergent Triton at a concentration of 0.03 010.

Experiments were conducted to find out whether cellulase is present in
a membrane-bound form in the bottom fraction of latex.

Bottom fraction from 94 ml of cetrtrifuged latex was resuspended in 85 ml
of 0.025 ,41 phosphate buffer pH 7, containing 0.4 I4 mannitol. 80 rnl of this
suspension were re-centrifuged in order to lvash the particles. The super-
natant was discarded and the bottom fraction \vas once more suspended
in mannitol-phosphate buffer (60 ml). This was divided into 3 portions: one
selved as control, one was frozen and thawed twice, and to the third Triton
X-100 was added to a final concentration of 0.1 0/0. The samples were then
centrifuged and the supernatants were assayed for cellulase activity. 5 ml of
each supernatant were used in the usual 20 ml reaction mixture. No activity
was detected in the control, 0.7 units were found in the frozen and thawed
sample, and 2.4 units in the Triton X-100 treated sample. The total amount
of cellulase activity released by l'riton X-100 from the bottom fraction of the
original 94 ml latex sample can be calculated and is about 30 units. This
compares with a total cellulase activit5r in the serum of the same sample of
about 1000 units. Thus the enzyme activity in the bottom fraction released
by Triton X-100 is about 3 0/o of the activity in the serlrm. This suggests that
the enzyme is not specifically Iocalised in the bottom fraction, but is slightly
and unspecifically adsorbed.

The possibil i ty remained that the enzyme was adsorbed or membrane-
bound in some other fraction of the latex. To investigate this, Triton X-100
was added to latex at two concentrations 0.4 0/o and 0.8 0/0, before centrifuga-
tion. These relatively large amounts were used because it rvas found that
the rubber particles had a high adsorptive capacity for the detergent and
reduced its effective concentration in whole latex. Cellulase rvas assayed in
the serurn of latex that had been treated as described above. The results are
shown in Table 3. It can be seen that the cellulase activity per rtnit voluure
of serum decreases after treatment with Triton X-100. This cannot be ex-
plained by an inhibitory effect of the detergent because in a separate experi-
ment it was found that cellulase activity is unaffected by Triton X*100 at
these concentrations. The decline in cellulase activity per unit t'olttme can
be accounted for by the dilution of latex semm with fluid released from the
lutoids of the bottom fraction: Lhe total amount of cellulase activity in the

Table 3. The elf ect ol Triton X-100 on uthole later..

Par:rmeter
Cellulase activit.v

in 5 ml serum

Volume of  serum
from 94 ml latex

mI

Total  cel lu lase
act iv i ty  in serurn

Control
Tri ton X-100 0.4 o/o
Triton X-100 0.8 o/o
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Table 5.  Cel lu luse act tu i tg f rom old and new tapping
lvere used in each experiment. Activity is expressed

F, J.  MOITT

cufs. Single trees from Clone 
'Ijir 

1
as cellulase units per 5 ml serum.

Exp. no.

been regularly tapped for several years and simultaneously latex was collected
frorn. a new tapping panel cut on virgin bark higher up on the other side of
each tree. As expected, the yield of latex from the new tapping cuts was much
loler, the latex coagulated faster and it was yellower in all cases. Cellulase
was assayed in the serurn of the latices thus obtained (Table 5). Although the
cellulase activity in latices from new panels is somewhat lower in all cases
the difference is not great. This result disposes of the possibil i ty that the
enzyrDe is produced by micro-organisms on the tapping cuts of the trees.
No significant population of such organisrns would be expected in a fresh
cut on virgin bark.

Discussion
'l'lre cellulase activity of Heuea brr.r.si/ien.sis latex appears to be remarkably

high. The activit ies found in extracts of pea epicotyls by N{aclachlan and
Perrault (1961) and in tomatoes by Hall (1963) were obviousl-l '  very much
lower. The :rctivit ies rneasured by 'I.racey (1950) in the expressed sap of
tobacco plants can be directly compared with the cellulase zrctivity found
in latex because an assay was carried out under the conditions specified
by '-fracey and the results were calculated in his units. He found 1.4-4..1
units/rnl in stem and leaf sap and 12 units/rnl in root sap. A sample of latex
serum had a cellulase zrctivity in 'l'racey's units of 235 units/ml. The relatively
high activity of cellulase in Hevea latex would rnake this a good source of
material for further studies on higher plant cellul: lse, about which l itt le is
known. In our experiments, in comrnon with ahnost all others of rvhich n'e
are aware on cellulase in tissues of higher plants, an attack on unmodified
native cellulose has not been demonstrated. \Vork on rnicrobial cellulase h:rs
shown that activity assayed with CMC as a substrate (CNl-cellulase activity)
is only one conponent of a cellulase complex (Reese Siu and Levinsorr 1950;
Gascoigne and Gascoigne 1960; Wood 1968) ;whether a similar complex exists
in higher plants is not known.

'lhe electron microscopic observations of Sassen (1965) on the differentia-
tion of the nrticulated laticifers of Achras sapotu shorv that the dissolution of
rvall material occurs extra-cellularly: the l iving cytoplasm of the laticifer is
Phusiol. Plant., 23, 1970
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