
Planta (Berl.) 124, 31--41 (1975) 
�9 by Springer-Verlag 1975 

The Occurence of Ribonucleic Acid 
in the Lutoi'd Fraction (Lysosomal Compartment) 

from Hevea brasiliensis Kiinth. (Miill.-Arg.) Latex 

Bernard Matin* and Pierre Trouslot 

Laboratoire de Physiologie V6g6tale, Centre 0.1~.S.T.O.M. d'Adiopodoum6, 
B.P. 20, Abidjan, Ivory Coast 

Received 3 July 1974; accepted 24 February 1975 

Summary. The lutoids from Hevea brasiliensis latex represent a polydisperse lysosomal 
compartment. They contain R2qA which is resistant to RNase in conditions which maintain 
the integrity of the lutoids but is hydrolyzed when these organelles are destabilized. This 
RNA appears to be a structural component of the lutoYds. 

Introduction 

Fresh latex from Hevea brasiliensis (Kiinth) Miill.-Arg. contains specific 
organelles of the lacticiferous cells: the luto~'ds and the Frey-Wyssling particles. 
The lutoids are single-membrane vesicles containing hydrolytic enzymes: they 
represent a lysosomal compartment (Pujarniscle, 1969) with some vacuolar pro- 
perties (Ribaillier et al., 1971). The Frey-Wyssling particles are complex structures 
bounded by a typical double unit-membrane envelope and they are very rich in 
carotenoids containing lipid globules: they are considered to be degraded chloro- 
plasts or chromoplasts (Dickenson, 1969; Coup6 et al., 1972). Other organelles, 
e.g. nucleus and mitochondria, have not been seen in the latex (Pujarniscle, 1969; 
Cockbain and Southorn, 1962). 

After centrifugation for 20 min at 47000 • g, the Hevea latex is separated 
into three main fractions (Moir, 1959): the liquid middle fraction, referred to as 
latex serum, contains most of the soluble substances normally present in plant 
cells; the bottom fraction (sediment) is formed by lutoids although it also includes 
varying amounts of rubber and Frey-Wyssling particles; the top fraction is 
constituted of broken Frey-Wyssling particles and the rubber phase. 

McMullen (1959) was the first to demonstrate the presence of RNA in the 
latex. He showed that  some RNA was associated with readily sedimentable 
material and was liberated from it by treatment with deoxycholate. This parti- 
culate I~NA had the characteristics of ribosomal bodies. Tupy (1969), Coup6 
and d'Auzae (1972) and Marin et al. (1974) confirmed the occurrence of RNA 
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in  t h e  l a t e x  a n d  showed  t h a t  th is  R N A  was  p r e sen t  e s sen t i a l ly  in t h e  s e r u m  
f rac t ion .  

I n  th i s  paper ,  we conf i rm t h e  p resence  of t~NA in  Hevea l a tex ,  a n d  show t h a t  

i t  is also p r e s e n t  in t h e  lu to id  f rac t ion .  As th is  f r a c t i o n  is m o r p h o l o g i c a l l y  he te ro-  

geneous ,  i t  is f u r t h e r  pur i f i ed  a n d  t h e  p resence  of R N A  in t h e  l u to id  o rgane l le  is 

i n v e s t i g a t e d .  

Material and Methods 
Latex Collection. Hevea brasiliensis latex is collected as described before (Pujarniscle, 

1969). Where not otherwise stated, different trees of the clones GT 1 or T J1 are tapped for 
these experiments. The tapping panel is carefully cleaned with 80% alcohol and dried 
before tapping. The first fraction of 10-50 ml is discarded because it is very rich in bacteria 
(Taysum, 1961). 

Preparation o/Crude Luto~d ~raction. All experiments are performed on the lutoid fraction 
prepared according to Pujarniscle (1969). Latex diluted with 1-3 volumes of Tris-mannitol 
buffer (10 mM KC1, 10 mM MgCl~, 300 mM mannitol, 100 miK Tris-HC1 adjusted to pH 7.3) 
is centrifuged at 39000 • g for 10-20 min at 4 ~ The pellet, resuspended in 5-20 ml of the 
same buffer, is the crude lutoid fraction and the supernatant constitutes the crude serum 
fraction. The agglomerated poly-isoprenoid particles which collect above the supernatant 
form the rubber fraction. 

Addition of Neutral red to the collected latex modifies lutoid density and the crude 
lutoid fraction was also prepared from such latex. Neutral red is added in a ratio of 20 mg 
per 100 ml of latex. 

Sucrose Density-gradient Centri/ugation. The crude lutoid fraction is washed once with 
Tris-mannitol buffer. Density-gradient centrifugation is carried out according to Pujarniscle 
(1969). An 8-ml sample is layered upon a continuous 40-70% or 0-50% sucrose gradient 
made up in the same buffer. I t  is centrifuged in a Spinco SW-25.1 rotor at 56000 • g for 
15 min (for lutoid charged with Neutral red) or 120 min (for untreated lutoids). The tube is 
punctured and 16-18 fractions are collected. 

Washing Procedure to Remove Contamination/tom the Luto~ Fraction. The crude lutoid 
fraction is washed 5 times with the Tris-mannitol buffer described above, with or without 
EDTA (50 mlVI). After each washing, the sediment obtained by centrifugation of the lutoid 
suspension at 34800 • g for 10 min at 4 ~ is resuspended in some ml of the same buffer, and 
an aliquot is removed for the different estimations. 

Destabilization Methods/or the Lutoid Fraction. A twice-washed bottom (lutoid) fraction 
suspended in Tris-mannitol buffer is treated by different destabilizing factors: 

1. Mechanical shock breaking of the organelles of the bottom fraction with a Waring 
blendor at full speed for 1-2 min at 4 ~ 

2. Osmotic shock--resuspension of the fraction with some ml of buffer as used for pre- 
paration of the lutoid fraction but without mannitol. 

3. Addition of digitonine (final concentration of 0.5% w/v) (Coup6 et al., 1972) or Triton 
X-100 (final concentration of 0.1-1% w/v) to the resuspension buffer. 

After treatment, the bottom fraction is centrifuged at 39000 • g for 15 min at  4 ~ RNA 
content, acid phosphatase and polyphenol-oxidase activities of the sediment are estimated 
as described previously (Pujarniscle, 1969). 

Digestion o/ Lutoid RNA with Pancreatic Ribonuclease. Intact  or destabilized preparations 
of crude lutoi'd pellet washed twice with Tris-mannitol buffer are incubated at 37 ~ in the 
reaction mixture (0.3 M mannitol, 0.1 M sodium acetate, pH 5.0) with 100 ~g/ml of pancreatic 
ribonuclcase (Sigma; RNase A type II-A). Digestion is stopped by the addition o f 2 volumes of 
an alcoholic solution of 0.56 N perchloric acid containing 1% (w/v) sodium dodecyl sulphate 
(SDS). The suspension is centrifuged at 39 000 • g for 15 rain and residual sedimentable RNA is 
determined in the pellet by the method of Tupy (1969). 

Analytical Methods. The different fractions are assayed for protein and RNA content and 
for enzyme activities. 

Proteins are estimated by the procedure of Lowry et al. (1951). 
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RNA content is determined according to Tupy (1969). Nucleic acids are extracted with a 
solution of NaC1-Tris, pH 8.0 (20 mM EDTA, 100 mM NaC1, 20 mM Tris-tIC1 with 3.6% w/v 
SDS). Of this solution 2.5 ml is added to 1.8 ml of fraction and the mixture is vigourously 
shaken for about 3 rain. Centrifugation at 18000 • for 30 min at 4 ~ separates a white pellet 
from an almost colorless supernatant. Aliquots of the supernatant are precipited with 2 ml of 
alcohol containing 0.56 N HCIO 4. The fine precipitate is washed 3 times with a 50% (v/v) 
alcoholic solution containing 0.2 N HCIO 4. Nucleic acids are then extracted with 0.5 N HCIO~ 
for 30 rain at 70 ~ and measured at 260 nm. 

The activities of acid phosphatase and polyphenol oxidase, which are enzymatic markers 
of luto'ids and Frey-Wyssling particles, respectively, are assayed by the method of Pujarniscle 
(1969) for the first activity and the method of Lance (1963) for the second one. 

Acid-phosphatase activity measured without detergent and under isosmotic conditions 
is referred to as free activity. The latency is determined from estimation of free and total 
acid-phosphatase activities according to Pujarniscle (1969). 

Bacterial Contamination. Bacterial contamination is measured by plating diluted samples 
of lutoid fractions on nutrient agar (Difco Bacto Citrate Agar) ; bacterial colonies are counted 
after 48-72 h incubation at 30 ~ and the number of colonies is multiplied by 10 to account for 
bacteria that would not grown on this medium. Bacterial RNA content is estimated assuming 
the mean dry weight of 106 bacteria to be 2.5 • 10 -7 g and the mean bacterial RNA content to 
be 20 % of the dry weight. 

Results 

Presence o / R N A  in the Luto~d Fraction 

Dist r ibut ion  of acid-phosphatase  and polyphenol-oxidase act ivi t ies  and of 

R N A  conten t  between the  rubber,  luto~'d and serum fractions is shown in Table  1. 

Most of the  nucleic acids of the  la tex  are present  in the  serum fract ion obta ined  

by  centri~ugation of fresh la tex  a t  39000 • g for 20 min  bu t  some R N A  (15-20% 

of the  to ta l  RNA)  is found regular ly  in the bo t tom (luto~'d) fraction.  

High  act ivi t ies  of polyphenol  oxidase and acid phosphatase  are recovered in 

the  bo t tom fraction.  This f ract ion is thus  heterogenous.  I t  contains not  only 

lutoi'ds bu t  also Frey-Wyss l ing  part icles and likewise some con tamina t ion  origi- 

Table 1. Distribution of RNA content and aeid-phosphatase and polyphenol-oxidase activities 
between lutoid and serum fractions from Hevea brasiliensis latex 

RNA content and enzymatic activities are expressed per ml of collected latex (in ~zg for 
RNA, in ~mol of p-nitrophenol per min for acid phosphatase, and in arbitrary units per min 
for polyphenol oxidase). Content or activity of each fraction is also expressed in percent of 
the total content (or activity) recovered. Results from 6 experiments, with standard deviation 

calculated for a probability of 99 %. 

Latex Rubber fraction Serum fraction Lutoid fraction 

Activity Activity % of total Activity % of the total Activity % of total 
or content or content latex or content latex or content latex 

activity activity activity 
or content or content or content 

RNA 18.9 i l . 5  2.1 ! 0 . 3  11.2 13.4 4-0.6 70.6 3.4 •  18.2 

Acid 0.67• 0.02• 2.8 0.13• 19.5 0.52~-0.05 77.7 
phosphatase 

Polyphenol 1.13• 0.05• 4.2 0.324-0.07 28.1 0.764-0.10 67.7 
oxidase 

3 Planta (Berl.), Vol. 124 
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Fig. 1. Effect of the washing procedure on the removal of contamination from the lutold 
fraction. Relative RNA content and acid-phosphatase activity are expressed in percent of 
the initial content or activity in the crude lutoid fraction. Solid symbols ~ washing without 
EDTA, open symbols = washing with EDTA; circles ( o, �9 ~ RNA content, squares (B, []) 

aeid-phosphatase activity. Results represent the average of 8 experiments 

nating from serum, e.g. ribosomes bound to the lutoid membrane. I t  is therefore 
necessary to specify the association of the RNA found in the lutoid fraction with 
the structures present in this fraction. 

E//ect o/Washing Procedure on the 
Removal o/Contamination/tom the Lutoid Fraction 

When the crude lutoid pellet is washed with Tris-mannitol buffer (Fig. 1) 
more than 40% of the ]utoid RNA are removed during the first washing whilst 
10% of the acid phosphatase is solubilized. RNA and acid-phosphatase activity 
losses decrease with repeated washings. Thus, after 3 washings, the relative RNA 
content and acid-phosphatase activity of the lutoi'd fraction remained constant: 
about 40-50% for RNA and 75-85% for the hydrolase activity. 

Addition of EDTA to the washing medium does not increase the amount of 
RNA removed from the lutoid fraction although this chelating agent can released 
RNA from membranes (see Sabatini et al., 1972). Repeated washings, although 
they eliminate most of the subcellular particles which were broken during the 



t~NA in Lysosomal Compartment from Hevea Latex 35 

preparation of the lutoid fraction, also do not alter the amount  of RNA recovered 
from this fraction. Free RNA originating from some contaminants of the lutoid 
fraction, e.g. rough endoplasmie reticulum or other membraneous components 
of the serum, is eliminated during the two first washings. Under these conditions, 
it is difficult to assume tha t  residual lutoid I~NA is adsorbed to the lutoid mem- 
brane or another structure present in the fraction. 

Insensitivity o/Lutoid R N A  to Ribonuclease 

When the lutoid fraction is incubated in the presence of pancreatic RNase 
at  37 ~ some degraded RNA appears in the supernatant  after 30 rain. The condi- 
tions of incubation do not appreciably modify the latency. Thus, some RNA 
present in this fraction can be digested by  exogeneous l~Nase. However, this 
release of alcohol-soluble material, which proceeds at  a declining rate for 30 min, 
amounts to only 3.7 % of the total  I~NA in the fraction (Fig. 2). 

On the other hand, the lutoid g N A  is degraded by pancreatic RNase to 
a greater extent  when the lutoid preparations are destabilized, the mode of desta- 
bilization being important  in determining the extent of digestion. The lutoid 
fraction can be labilized by mechanical t reatment  or by osmotic t reatment.  After 
1 h incubation, 63.1% of I~NA is digested after mechanical destabflization and 
43.4% after osmotic disruption. No further digestion is found when the incuba- 
tion time is extended. 

The solubflization of acid-phosphatase activity is also greater after desta- 
bilization of the lutoid fraction. The latency for this activity is 78.4% for the 
mechanical t rea tment  and 59.0 % for the osmotic one. 

Thus, a relation exists between the state of some particles in the lutoid fraction 
and the extent of the hydrolysis of this RNA by an exogeneous l~Nase. Unless 
these particles are destabilized, RNA is not degraded. I t  seems tha t  this RNA 
is not accessible to l~Nase. We suppose tha t  it is present in a particle which 
protects it from digestion. 

The relative inefficiency of the hydrolase action in obtaining a complete 
digestion of the RNA present is the result of the procedure used. l~Nase is not 
added during the preparation of destabilized lutoids but  after. I t  is thought 
tha t  the disrupted membranes form some single-membrane vesicles rapidly, 
de novo. Such a formation of vesicles from disrupted membranes has been often 
noticed and is not specific to the lutoids. But  if it takes place the I~NA found in 
the fraction in question is not exposed to added RNase and cannot be degraded 
as far as it is constitutive of the membraneous structure. 

Nature o/the Particle that Contains R N A  

The lutoid fraction is heterogeneous, containing predominantly lutoids and 
Frey-Wyssling particles, but  also some contaminants originating from serum and 
proliferating bacteria originating from the Hevea bark and collected during the 
tapping procedure. 

The contribution of bacteria to the I~NA of the lutoid fraction was studied 
in four different sources of latex in our experimental conditions of collection 
(Table 2). As a rule, not more than 1% of the latex I~XA may  be originating 
from bacterial contamination. 
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Fig. 2. Effect of pancreatic RNase on the R~A content of the luto~'d fraction. Results are 
expressed as percent of the initial content of the non-treated lutoid fraction. Solid lines 
untreated luto'ids; broken lines ~ RIqase-treated lutoids. Results represent the average of 

10 experiments 

Trea tment  with digitonin did not liberate RNA from the lutoid pellet (bottom 
fraction) (Table 3). However, this detergent solubilizes a substantial par t  of 
polyphenol-oxidase activity (44.1%). This is in agreement with the fact tha t  
it is known to destabilize specifically the membrane of the Frey-Wissling particles 
(Coup6 et al., 1972). In  contrast, acid-phosphatase activity is not affected. Thus, 
it appears tha t  it is necessary to solubflize the acid-phosphatase activity in order 
to liberate RNA present in the lutoid fraction. In  other words, a relation exists 
between the integrity of the lutoTds (for which acid phosphatase is a marker) 
and the liberation of RNA in the supernatant  (Fig. 3). Thus, i t  is probable tha t  
the RNA found in the lutoid fraction is localized in the lutoid organelle. 
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Table 2. Contribution of bacterial contamination to RNA content of lutoid fraction 
The bacterial proliferation on the tapping pannel varying with the physiological conditions 

of tapped tree, four sources of latex are tested. Results, expressed per ml of latex, represent 
the average of three experiments with standard deviation calculated for a probability of 95 %. 

Source Lutoid No. Bacterial Estimate of 
of RNA content bacterial t~NA content bacterial RNA 
latex of latex colonies of latex as % of total 

( • 10 -6 g) ( x 106) ( • 10 -6 g) lutoid RNA 

1 2.11 :t: 0.08 0.29• 0.146 6.93 
2 9.34 :J: 0.10 0.51 • 0.08 0.254 2.70 
3 6.24 ::k 0.10 0.08 :J: 0.01 0.004 0.06 
4 4.26 -4- 0.12 0.09 ::c 0.01 0.004 0.09 

Table 3. Effect of different destabilizing factors on RNA content of the lutoid fraction 
The destabilized lutoid suspension is centrifuged at 39000 • g for 15 min. Content or 

activity recovered in the sediment is expressed as percent of the initial content or activity 
present in the luteid fraction. Results represent the average of 8 experiments. 

Treatment applied 
to lutoid fraction 

Content or activity recovered 
in the 39000 • g sediment (%) 

RNA Acid Polyphenol 
phosphatase oxidase 

None 87.6 95.4 85.0 
Mechanic shock 37.1 14.4 - -  
Osmotic shock 45.2 40.2 - -  
Triton X-100 26.7 4.9 - -  

(final concn. 1% ) 
Digitonin 81.0 91.6 55.9 

(final concn. 0.5%) 

This conclusion is supported by  an analysis of heterogenei ty of this fract ion 
by  l inear sucrose dens i ty-gradient  centr i fugat ion (Maria et al., 1974). This pro- 
cedure separates acid-phosphatase ac t iv i ty  from polyphenol-oxidase ac t iv i ty  
and  thus  lutoids from Frey-Wissl ing particles. RN A  dis t r ibut ion  is identical  with 
the acid-phosphatase profile bu t  very  different from the polyphenol-oxidase one. 
The association between R N A  content  and  acid-phosphatase ac t iv i ty  is also 
evident .  

The dens i ty  of lutoids and  thus their  sed imenta t ion  through a sucrose gradient  

(Fig. 4) can be modified by  Neutra l  red. We notice also the polydispersi ty  
characteristics of the Hevea lysosomal compar tment .  Nevertheless, the  R N A  
dis t r ibut ion  remains  approximat ive ly  parallel to the acid-phosphatase ac t iv i ty  
profile. This result  confirms tha t  RNA present  in the lutoid fract ion is ma in ly  
associated with the lutoid organelle and  not  with some con taminan t s  present  in 
this fraction. 

Discussion and Conclusion 

The exper iments  described in this paper  show tha t  the R N A  which has been 
found in Hevea latex is present  most ly  (about  70%) in the serum fract ion bu t  a 
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from different destabilized lutoid fractions by differential centrifugation. The relative RNA 
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the initial RNA content and acid-phosphatase activity of the untreated lutoid fraction, l~esults 
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smaller fraction (ca. 18% ) is consistently associated with the lutoid fraction. Our 
investigations provide some information about the latter RNA. 

The rationale of our approach is based on the recognition that  lutoids are 
the principal cellular structures present in the lutoid fraction, and that  a relation 
appears to exist between RNA content and acid-phosphatase activity of the 
lutoids. 

The lutoid RNA is largely insensitive to RNase action. I t  is necessary to 
destabilize the lutoid fraction to solubilize its RNA (as well as acid phosphatase) 
and to permit its degradation by an exogeneous RNase. Nevertheless, the digestion 
remains incomplete because revesiculation cannot be avoided during the destabfli- 
zation procedure and limits the RNase digestion of the RNA. This result indicates 
that  this RNA is protected from RNase hydrolysis while present in an intact 
particle of the lutoid fraction. Since RNA parallels strictly acid phosphatase 
activity, it is probable that  the structure which contains the RNA is the lutoid 
organelle. Isopycnic centrifugation of the lutoid fraction confirms the presence of 
RNA in this organelle. 

~Tot all the RNA found in the lutoid fraction is present in the lutoid organelle. 
Some contribution is made by bacterial contamination which occurs during 
the tapping procedure and by the presence of some serum in the lutoid fraction. 
The bacterial contamination is however not great enough to account for more 
than 7% of the total RNA present in the lutoi'd fraction (Table 3). The RNA 
which comes from the serum contamination is removed by repeated washings. 
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I t  is no t  surpr is ing to  f ind in the  lu to id  organelle some t~NA. The lu to id  is a 
s ingle-membrane  s t ruc ture  hav ing  some vacuolar  character is t ics  (Ribai l l ier  et al., 
1971) and  some lysosomal  proper t ies  (Pujarniscle,  1969). A t  the  presen t  t ime,  the  
oeeurence of R N A  has  been es tabl i shed  for m a n y  such part ic les ,  n a m e l y  g lyoxy-  
somes (Gerhard t  and  Beevers,  1969; Ching, 1970), vacuoles (Matfle and  Wiemken ,  
1967) and  lysosomes (Matfle, 1968; P i t t  and  Galphin,  1973). However ,  R N A  
ex t rac t ion  f rom these organelles is diff icult  because the  p r epa ra t i on  of large 
quant i t ies  of a purif ied f rac t ion is no t  ve ry  workable  in most  mater ia ls .  A de ta i led  
s t u d y  is possible wi th  lu to id  RNA.  The lu to id  f rac t ion  is easy  to  prepare  in 
a b u n d a n t  quant i t i es  f rom Hevea bra~.iliensis l a tex  and  the  a m o u n t  of lysosomal  
R N A  ex t r ac t ed  f rom these  organelles can be sufficient to  e lucidate  i ts  na tu re  
and  funct ion.  

This work was done as part of the contract No. 72-7-0229 of the D.G.R.S.T. (D616gation 
G6n6rale s la Recherche Scientifique et Technique), Research Program on Biological Mem- 
branes.Thanks are expressed to I.R.C.A. (Institut de Recherches sur le Caoutchouc en Afrique, 
Abidjan, Ivory Coast) for the latex supplies and to O.R.S.T.O.M. (Office de la Recherche 
Seientifique et Technique Outre-Mer, Paris) for the development of this program. We wish 
to acknowledge the careful criticisms of Professors J. d'Auzac, Universit6 de Montpellier, 
S. Pujarnisde, Universit6 du Dahorney, and C. Lioret, Universit6 de Paris. We are thankful 
to M. Lanza for the careful contribution to this paper. 

References 

Ching, T.-M. : Glyoxysomes in megamegametophyte of germinating Ponderosa pine seeds. 
Plant Physiol. 46, 475-482 (1970) 

Cockbain, E. G., Southorn, W.A. :  Structure et composition du latex d'Hevea. Rev. Gen. 
Caoutch. 39, 1149-1155 (1962) 

Coup6, M., D'Auzac, J. : Mise en 6vidence de polysomes fonctionnels dans le latex d'Hevea 
brasiliensis (Kunth) Mfill.-Arg. C.R. Acad. Sci. 274D, 1031-1034 (1972) 

Coup6, M., D'Auzac, J., Pujarnisclc, S.: Compartimentation de diverses oxydo-r6ductases 
(peroxydase, o-diphenol-oxydase et malate-deshydrogenase) dans le latex d'Hevea brasi- 
liensis (Kunth) Miill.-Arg. Physiol: veg6t. 1. 459480 (1972) 

Dickenson, P. B. : Electron microscopical studies of latex vessel system of Hevea brasiliensis. 
J. Rubb. Res. Inst. Malaya 21, 543-559 (1969) 

Gerhardt, B. P., Beevers, H. : Occurence of RNA in glyoxysomes from castor bean endosperm. 
Plant Physiol. 44, 1475-1477 (1969) 

Lance, C. : Recherches sur la croissance et le m6tabolisme respiratoire des tissus v6g6taux 
normaux et tumoraux cultiv6s "in vitro". Th6se Doct. Etat  Sci. Nat., Paris, C.N.R.S. 
~qo. A0-4063 (1963) 

Lowry, O.H., Rosenbrough, :N. J., Farr, A.L. ,  Randal, R. J . :  Protein measurement with 
the Folin phenol reagent. J. biol. Chem. 198, 265-275 (1951) 

Marin, B., Trouslot, P., Pujarnisclc, S. : Some evidence for the occurence of ribonucleic acid 
in the lutoid fraction (lysosomal compartment) from Hevea brasiliensis latex. Biochcm. J. 
148, 479481 (1974) 

Matile, P. : Lysosomes in root tip cells in corn seedlings. Planta (Berl.) 79, 181-196 (1968) 
Matile, P., Wiemkem, A. : The vacuole as the lysosome of the yeast cell. Arch. Mikrobiol. 66, 

148-155 (1967) 
MeMullen, A. I. : Nucleotides of Hevea brasiliensis latex: a ribonucleoprotein component. Bio- 

chem. J. 72, 545-549 (1959) 
Moir, G. F. J. : Ultracentrifugation and staining of Hevea latex. Nature 184, 1626-1628 (1959) 
Pitt,  D., Galpin, M. : Isolation and properties of lysosomes from dark-grown potato shoots. 

Planta (Berl.) 109, 233-258 (1973) 
Pujarniscle, S.: Etude biochimique des lutoides du latex d'Hevea brasiliensis Miill.-Arg. : 

diff6rences et analogies avec les lysosomes. Th6se ])oct. Etat  Sci. :Nat., Orsay, C.:N.R.S. 
:No. A0-3379 (1969) 



1%NA in Lysosomal Compartment Irom Hevea Latex 41 

Ribaillier, D., Jacob, J. L., D'Auzac, J. : Sur certains caract~res vacuolaires des lutoides du 
latex d'Hevea brasitiensis Mfill.-Arg. Physiol. v6g6t. 9, 423-437 (1971) 

Sabatini, D. D., Borgbsc, N., Adelman, M., Kreibich, G., Blobel G., Ulrich, B. : Studies on the 
membrane-associated protein synthesis apparatus of eukaryotic cells, in :  RNA viruses rep- 
lication and structure: l~ibosomes--structure, function and biogenesis, 1 o. 147-171, 
Bloemendal, H., Jaspars, E. M. J., Van Kammen, A., PIanta, 1~. J., eds. Amsterdam- 
London-lkTew York: ~North Holland-American Elsevier 1972 

Taysum, D. H. : The establishment of a bacterial population in latex vessels during normal 
tapping. Proc. Nat. Rubb. Res. Conf. Kuala-Lumpur, (1960) 1o. 856-871 (1961) 

Tupy, J. : Nucleic acids in latex and the production of rubber in Hevea brasiliensis. J. Rubb. 
Res. Inst. Malaya 21, 468475 (1969) 

Vedel, F. : Contribution s l'6tude des acides nucl6iques chloroplastiques et mitochondriaux 
chez los v6g6taux sup@rieurs. Thbse Doct. Etat Sci. Nat., Perpignan, C .N.R.S .  No. 
A0-7220 (1972) 


