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Abstract Natural rubber (cis-1,4 polyisoprene) is synthe-

sised in the milky cytoplasm, the latex, of specialized cells

called laticifers in the bark tissues of the rubber tree (Hevea

brasiliensis). Regeneration mechanism of latex after each

tapping (controlled wounding of the bark) was studied in

relation to lutoid membrane enzymes and protein synthesis

in twelve rubber clones with varying yield potentials dur-

ing the peak rubber yielding season. High activity of

membrane enzymes and better availability of biochemical

energy [ATP] were observed in clones viz; RRII 105,

RRIM 600, PB 260, RRII 422 and RRII 430. The highest

protein biosynthetic capacity was noticed in clone PB 260

and RRIM 600. However, high ATP content, increased

invertase activity and protein biosynthesis were observed

in the medium yielding clone GT1 compared to clones with

low rubber yield potential. Very low sugar content and

increased invertase activity in the latex of clone PB 260

indicated intense latex metabolism with high protein

turnover that implies fast recouping of the cellular

metabolites lost during latex harvesting. Clone PB 217 was

characterized by very high sucrose and low ATP concen-

tration and ATPase activity in latex indicating slow

metabolism and hence be suitable for inducing latex

metabolism using ethylene stimulant. Low rubber yielding

clones such as RRII 33 and RRII 38 were consistently

recorded a high sucrose content but very low activity of

membrane enzymes, reduced ATP concentration and low

protein biosynthesis in latex. Among the recently released

modern clones (RRII 400 series), latex regeneration

capacity was higher in RRII 422 and RRII 430. The sig-

nificance of lutoid membrane transport and protein syn-

thesis is discussed in relation to general latex metabolism

of these rubber clones. The outcome of this study would be

helpful to design suitable latex harvesting systems and

yield stimulation methods for optimizing latex production

in each clone based on metabolic profiling.
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Introduction

Hevea brasiliensis (Rubber Tree) is an economically

important crop cultivated for the production of Natural

Rubber (long chain cis-1,4 polyisoprene). Rubber is syn-

thesized and stored in specialized cells called laticifers in

phloem. Rubber particles and small single membrane

bound vacuolar structures (lutoids) constitute large portion

of latex (D’Auzac et al. 1982). The latex is collected from

the trees by making controlled wounding of the bark of the

tree called tapping. While tapping, the pure cytoplasmic

contents of the laticiferous vessels expelled in the form of

latex. Latex flow after tapping and regeneration of cellular

materials before the next tapping are the two main factors

that limit rubber production in Hevea brasiliensis (Jacob

et al. 1985). Latex flow depends on turgor pressure; water

transport and coagulation mechanism by bursting of the

lutoid bodies. Latex regeneration is controlled by different

biochemical and molecular mechanisms such as supply of

sucrose (unique precursor for rubber synthesis) to laticifers,

availability of biochemical energy [ATP], proton transport
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mechanism in the lutoid membrane, pH regulation and also

the capacity of laticifers to regenerate the cellular

metabolites lost during tapping (Chrestin and Gidrol 1986;

Jacob et al. 1997; Tang et al. 2013).

Lutoids which comprises nearly 20 % of the latex vol-

ume and are involved in stopping of the latex flow grad-

ually after a period of 1–2 h after tapping (D’Auzac et al.

1982). Lutoids accumulate various components such as Pi,

citrate, Mg, proteins, basic amino acids and acid hydro-

lases. The release of these materials into the latex leads to

coagulation of latex and stopping the flow of latex after a

period of tapping. Lutoid membrane enzymes viz H?

ATPase and H? pyrophosphatase (which are energized by

ATP and PPi) are involved in the transport of protons from

the cytosol to lutoids (Siswanto et al. 1994; Jacob et al.

1997; Marin et al. 1981). The efficient pumping of protons

from cytosol to lutoids resulted in the activation of car-

bohydrate metabolism by activating several pH dependent

enzymes mainly invertase. The synthesis and turnover of

proteins is also very important in the overall metabolic rate

during rubber synthesis. All these factors are very essential

for the sustainable latex production.

Latex production can be optimized by manipulating the

tapping frequency and stimulation of latex yield by

applying ethylene compounds such as ethephon, a com-

mercial grade of ethylene compound (2-chloro ethyl

phosphonic acid) in the bark of the tree. Treatment with

ethephon results in prolonged latex flow and is one of the

main reasons for increased latex yield through exogenous

application of this compound (Abraham et al. 1968;

D’Auzac et al. 1997). Carbohydrate metabolism, avail-

ability of ATP, protein biosynthesis and several metabolic

enzymes has been shown to be regulated by ethylene in

rubber tree (Gidrol et al. 1988; Coupe and Chrestin 1989;

Amalou et al. 1992). Increased sucrose transport into lati-

cifers after stimulation (Dusotoit-Coucaud et al. 2009) and

molecular mechanism for regulation of latex regeneration

and duration of flow at transcriptome level (Chao et al.

2015) were also reported. The objective of the present

experiment is to evaluate the biochemical parameters and

correlate with the latex regeneration mechanism of differ-

ent Hevea clones with varying yield potentials.

Materials and methods

Plant material

The study was carried out in two different trials, Trial-1 with

seven Hevea clones (RRII 105, PB 260, RRIM 600, PB 217,

GT1, RRII 33 and RRII 38) planted during 1992 at the

Rubber Research Institute of India (RRII), Kottayam, Ker-

ala, India (76�360E and 9�320N) and Trial 2 with five newly

released RRII 400 series clones (RRII 414, RRII 417, RRII

422, RRII 429, RRII 430) along with the popular high

yielding control clone RRII 105 planted during 1993 at

Central Experiment Station of the Rubber Research Institute

of India, Chethackal, Kerala, India (76�50E and 9�220N). The

rubber tree clone RRII 105 is a hybrid of Tjir 1 and Gl 1.

Clones PB 260 (hybrid of PB 5/51 9 PB 49), RRIM 600

(hybrid of Tjir 1 9 PB 86), PB 217 (hybrid of PB 5/51 9 PB

6/9) are introduced from Malaysia. Clone GT1 (primary

clone evolved by ortet selection) is introduced from

Indonesia. RRII 33 and RRII 38 are ortet selections of India.

RRII 400 series clones were evolved by hybridization of

RRII 105 9 RRIC 100 followed by clonal selection. The

design of the experiment was complete randomized block

replicated three times with a plot size of 16 trees each. Nine

trees (three trees from each replication) having comparable

girth and latex yield were selected from each clone and the

trees of both the trials were tapped regularly. The tapping

system followed in this experimental trees was S/2 d3 6d/7

(half spiral cut under third daily frequency, 6 days in tapping

followed by 1-day tapping rest. The tapping notation fol-

lowed is as reported by Vijayakumar et al. (2009). Latex

samples were collected from the trees during the peak crop

yielding season (August–November) for two consecutive

years and measured the biochemical parameters. This period

is considered ideal for biochemical measurements as latex is

more stable during this time.

Latex collection and preparation of cytosol

and lutoids

The first 5 ml latex flowing immediately after tapping was

discarded and the subsequent latex was collected in vials in

an ice bath. The cold latex samples were then centrifuged

at 4 �C for 45 min (59,0009g, Sorvall OTD 55B Ultra

centrifuge, T865 rotor). The top cream consisting of rubber

particles were discarded and the middle aqueous layer was

cytosol (C-serum) which was collected using syringe. The

bottom fraction consisting of the vacuolar compartment

(lutoids) were collected and washed in 0.4 M mannitol and

suspended in five volumes of 50 mM HEPES (N-[2-hy-

droxy ethyl] piperazine-N0-[2-ethane sulphonic acid])-

MES- (2-[N-morpholino] ethane sulphonic acid)- Tris

buffer pH 7.0. The crude lutoid fraction was washed three

times with same buffer and centrifuged at 35,000 g for

30 min at 4 �C. The bottom pellet was collected as purified

lutoids (Gidrol et al. 1988).

Isolation of lutoid membrane and protein extraction

The purified lutoids were suspended in five volumes of

washing buffer [20 mM Tris–HCl, 300 mM mannitol,

0.5 mM Dithiothreitol (DTT) pH 7.2] and submitted to
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repeated freezing (-20 �C) and thawing (room tempera-

ture) to rupture the lutoid membrane and releasing the fluid

content. The membrane was collected by centrifuging the

mixture at 39,0009g for 30 min and resuspended in

membrane protein extraction buffer and centrifuged at

51,0009g for 30 min. Protein content were measured

according to Lowry et al. (1951) using the standard protein

(Bovine Serum Albumin).

Rubber yield determination

Annual rubber yield of each clone was determined after

recording yield of individual trees at fortnightly intervals

by cup coagulation method. After stopping the latex flow,

3 % formic acid was added into the collection cup and

stirred to accelerate latex coagulation. The coagulated

rubber (cup lump) of individual trees was collected, dried

in smoke house and then weighed to constant weight and

expressed as g of dry rubber per tree per tapping after

correcting the moisture content (Nair et al. 2012).

The rubber yield of experimental trees during the peak

yielding season was calculated from the total latex volume

obtained after each tapping and dry rubber content (drc) of

the latex (rubber yield = total volume of latex 9 drc/100).

The rubber yield was expressed as g/tree/tap. The drc (%)

of latex was determined by coagulating 5 g latex using 2 %

acetic acid. The rubber coagulum was washed and pressed

to thin sheet and dried at 60 �C and weighed until constant

weight is obtained and calculated as dry weight of latex/

fresh weight of latex 9 100.

Determination of ATP

The ATP concentration in latex was determined according

to Amalou et al. (1992) with certain modifications. ATP

was extracted from fresh latex samples by treating with

2.5 % trichloroacetic acid (TCA). The coagulated rubber

was rinsed twice with TCA and made up to a known vol-

ume and filtered. An aliquot was neutralized with 0.1 N

KOH and made up to a known volume with 30 mM

HEPES (N-[2-hydroxy ethyl] piperazine-N0-[2-ethane sul-

phonic acid])-Tris (hydroxymethyl aminomethane) buffer

pH 7.4 and quantified using ATP bioluminescent kit (FL-

AA-Sigma Chemical Company, USA) which contain

luciferin-luciferase enzyme and pure ATP standard. A

luminometer (Stratech) was used for the measurement.

ATP concentration of the whole latex was expressed as

lM.

Estimation of sucrose

Latex (1 g) was extracted using 2.5 % TCA and made up to

a known volume, filtered and an aliquot was used for

estimating sucrose content following the procedure of Scott

and Melvin (1953) and expressed as mM.

Assay of invertase (EC 3.2.1.26) in C-serum (cytosol)

Clear cytosol (C-serum) after centrifugation of latex was

used for the determination of invertase following the

method of Tupy (1973) with certain modifications.

C-serum (50 ll) was incubated in a reaction medium

contained 2 ml 50 mM phosphate buffer (pH 7.2),

0.06 mM sucrose and 0.01 mM sodium fluoride at 30 �C
for 1 h and stopped the reaction by adding 2 volumes of

absolute alcohol and by boiling for 5 min. The reaction

mixture was centrifuged and the supernatant was used for

measuring the glucose content. The activity of invertase

was expressed as nmol glucose liberated/min/mg protein.

Assay of lutoid membrane ATPase (EC 3.6.3.6)

Activity of H? ATPase was measured in purified lutoid

membrane according to Gidrol et al. (1988) with modifi-

cations. Assay was performed in 2.5 ml buffer (50 mM

Hepes-Mes-Tris pH 7.0, 300 mM mannitol, 5 mM MgSO4,

0.1 mM ammonium molybdate with 20 lg/ml lutoid

membrane protein. The reaction was started by addition of

100 ll 5 mM ATP. The incubation time was 10 min at

26 �C under continuous stirring. The reaction was stopped

by adding 200 ll ice cold 0.5 mM TCA. The inorganic

phosphorous released during the hydrolysis of ATP by

ATPase was measured spectrophotometrically (Taussky

and Shorr 1953) and expressed as lM Pi liberated/min/mg

protein.

Assay of lutoid membrane pyrophosphatase

(EC 3.6.1.1)

Activity of H? pyrophosphatase was measured in purified

lutoid membrane according to Siswanto et al. (1994) with

some modifications. The reaction medium contained

30 mM Tris-MES pH 8.0, 1 mM MgSO4, 0.5 mM sodium

fluoride, 50 mM potassium chloride, 1 mM sodium

pyrophosphate and 30 lg/ml lutoid membrane protein. The

released inorganic phosphorous was measured spec-

trophotometrically (Taussky and Shorr 1953) and expres-

sed as lM Pi liberated/min/mg protein.

In vitro protein biosynthesis

In vitro protein synthesis assay (Gidrol and Chrestin 1984)

was carried out in C-serum using a mixture of 14C labeled

amino acids (arginine, leucine, lysine and phenyl alanine).

The cytosolic serum was incubated in a medium containing

10 mM mannitol, 12 mM fructose, 15 mM reduced
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glutathione, 3 mM cysteine, 6 mM ATP, 6 mM GTP,

1.5 mM NAD, 0.3 mM ammonium molybdate, 1 mM

chloramphenicol, a mixture of 19 amino acids containing

2 mg each and 0.25 lCi/ml of 14C labeled arginine, leu-

cine, lysine and phenyl alanine. The samples were incu-

bated for 4 h at room temperature and stopped the reaction

by adding 1 ml of cold (unlabeled) amino acid mixture

(100 mM arginine, leucine, lysine and phenyl alanine) and

1 mg/ml cycloheximide. Proteins were precipitated with

5 % TCA and washed three times with 5 % TCA, 50 mM

KCl and 10 mM of each aminoacid. The precipitated

protein was dissolved in 0.5 N NaOH, kept overnight and

measured the radioactivity using a scintillation counter

(LKB).

Statistical analysis

Analysis of variance and the Duncan’s multiple range test

(DMRT) were employed for comparing the mean values of

biochemical parameters between clones.

Results and discussion

Rubber yield of different clones

The mean dry rubber yield over 5 years after opening the

trees for harvesting latex of the clones in Trial-1 are

summarized in Table 1. Based on the rubber yield, the

clones were categorized as high, medium and low yielding

clones. Analysis of variance of the data showed a signifi-

cantly high dry rubber yield in clones viz; RRII 105 and PB

260 compared to the yield of other clones studied. RRIM

600, PB 217 and GT1 are medium yielding clones. Mean

rubber yield over a period of 5 years consistently showed

very low in clones RRII 33 and RRII 38 (less than 20 g/

tree/tap). During the peak rubber yielding period also

(September–November), clones RRII 105 and PB 260

showed significantly high dry rubber yield (Table 2) than

the medium yielding clones (RRIM 600, PB 217 and GT1)

and low yielding clones (RRII 33 and RRII 38).

Superior growth and yield potential of RRII 400 series

clones compared to RRII 105 were well established in

small scale and large scale trials across the traditional

rubber growing regions of India (Mydin and Mercykutty

2007). Rubber yield of the modern RRII 400 series Hevea

clones were reported by Mydin et al. (2011). RRII 422 and

RRII 430 had higher dry rubber yield (68.57 g/tree/tap and

72.3 g/tree/tap) over 8 years of tapping (Mydin et al. 2011)

than the control clone RRII 105 (57.4 g/tree/tap). The

experimental trees of RRII 400 series clones (Trial-2) were

selected from the same trial. During the experimental

period (peak rubber yielding season- August–November),

RRII 422 and RRII 430 showed significantly high dry

rubber yield (p\ 0.05, Table 3) than RRII 105. Yield of

other RRII 400 series clones (RRII 414, RRII 417 and RRII

429) were comparable to that of RRII 105 clone. Since the

two trials were conducted at two different locations, the

popular high yielding clone RRII 105 was selected as a

control clone for both the experiments for comparison of

biochemical data. Clone characterization was made using

yield and biochemical data collected during the peak

yielding season in both the trials.

Latex sucrose, ATP and invertase in different clones

Out of the seven clones studied in Trial-1, highest sucrose

content was observed in clone PB 217 (above 25 mM) and

the lowest in clone PB 260 (2.6 mM). RRIM 600 (medium

yielding clone) and the low yielding clones such as RRII 38

and RRII 33 showed same sucrose level in latex. Sucrose

level of clone GT1 is comparable to that of RRII 105. RRII

105 had higher ATP and invertase activity in latex com-

pared to medium and low yielding clones. GT1 also

showed significantly high ATP and invertase activity than

that of low yielding clones. The low yielding clones RRII

33 and RRII 38 had very low ATP and invertase in latex

compared to high and medium yielding clones (Table 2).

Table 1 Rubber yield (g/

tree/tap) of different Hevea

clones in the first 5 years after

tapping and mean yield over

5 years (Trial-1)

Clones Yield Mean yield

over 5 years
1st year 2nd year 3rd year 4th year 5th year

RRII 105 34.6bc 58.4a 68.3b 84.6a 74.9b 64.1a

PB 260 48.6a 53.6ab 77.2a 69.6b 82.4a 66.3a

RRIM 600 29.4bc 40.7c 48.4d 55.5c 57.5c 46.3b

PB 217 35.2bc 47.1bc 51.3cd 58.3c 51.8cd 48.7b

GT1 26.9c 47.6abc 54.2c 50.9c 49.5d 45.8b

RRII 33 8.3d 11.0d 20.4e 23.0d 16.4e 15.8c

RRII 38 8.4d 8.6d 11.3f 13.4d 16.7e 11.7c

Means followed by common letter are not significantly different at p B 0.05
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Availability of sucrose (sucrose supply) to laticifers and

its catabolism by invertase were shown to play a major role

in latex regeneration mechanism. Sucrose is converted into

mevalonate and then to isoprene units that polymerise to

give natural rubber with the consumption of ATP (Jacob

et al. 1989). ATP is also the specific substrate for the

proton pumping ATPase located on the lutoid membrane

(Coupe and Chrestin 1989; Gidrol et al. 1988). Positive and

negative correlations between latex yield and sucrose have

been reported (Eschbach et al. 1984; Jacob et al. 1985).

High sucrose content in latex would be indicating increased

loading of sucrose to laticifers. However, it also indicates

low metabolic utilization and accumulation of sucrose in

the tissues. The present data showed that sucrose level is

significantly high (above 25 mM), and ATP and invertase

activity were low in clone PB 217 compared to other high

yielding clones. In such clones the general metabolism may

be slow (Prevot et al. 1986) and these clones may respond

well to ethylene stimulation while harvesting latex in every

third daily (d3 tapping). Ethylene stimulation is not rec-

ommended in this clone during initial years after opening

the trees for tapping due to low dry rubber content. In clone

PB 260, the sucrose level is very low (2.6 mM) and it

showed high ATP and invertase activity and sucrose uti-

lization may be much faster and favors the latex regener-

ation processes. The medium yielding clone GT1 which

showed a rising yield trend after initial 5 years of tapping

and this clone also showed a high level of energy

metabolism. In low yielding clones (RRII 33 and RRII 38),

sucrose may not be properly metabolized for rubber

biosynthesis.

Among the RRII 400 series clones, RRII 414, RRII 422,

RRII 429 and RRII 430 recorded higher ATP compared to

RRII 105. Invertase activity in latex is significantly high in

clones RRII 422 and RRII 430 and these clones showed

higher peak season yield compared to RRII 105. No sig-

nificant difference in sucrose content was observed in these

clones. Among the 400 series clones, lowest ATP and

invertase activity in latex was observed in clone RRII 417.

Similar invertase activities were observed in clones RRII

414 and RRII 429 (Table 3).

Correlation between yield and biochemical parameters

related to latex flow and regeneration were studied earlier in

different rubber clones (Eschbach et al. 1984; Jacob et al.

1985; Prevot et al. 1986; Gohet et al. 2003; Simon 2003;

Sreelatha 2003; Nair et al. 2001; Sreelatha et al. 2014).

Seasonal variations in biochemical parameters viz, ATP,

antioxidant enzymes and invertase activity in the C-serum of

different Hevea clones and correlation of these parameters

with rubber yield were also studied (Tupy and Primot 1976;

Jacob et al. 1989; Sreelatha et al. 2004, 2009, 2011).

It was already established a positive correlation between

rubber biosynthesis, latex ATP and invertase activity in the

high yielding rubber clones (Simon 2003; Sreelatha et al.

2004). Availability of large amount of ATP in the laticif-

erous tissue makes rubber biosynthesis more efficient and

Table 2 Rubber yield and

biochemical parameters related

to latex regeneration in different

clones of Hevea during peak

yielding season (Trial-1)

Clones Yield (g/tree/tap) Sucrose (mM) ATP (lM) Invertase (nmol glucose

liberated/min/mg protein)

RRII 105 91.86a 10.9d 278.2a 113.4a

PB 260 79.93a 2.6e 245.6b 105.9b

RRIM 600 51.56bc 15.2bc 253.6b 103.4b

PB 217 55.00bc 25.6a 217.4c 80.9c

GT-1 48.27bc 10.3cd 263.2ab 94.2bc

RRII 33 15.64d 14.1bc 140.0d 57.8d

RRII 38 25.73d 18.0b 144.3d 59.3d

Means followed by common letter are not significantly different at p B 0.05

Table 3 Rubber yield and

biochemical parameters related

to latex regeneration in RRII

400 series clones of Hevea

during peak yielding season

(Trial-2)

Clones Yield (g/tree/tap) Sucrose (mM) ATP (lM) Invertase (nmol glucose

liberated/min/mg protein)

RRII 414 104.1 5.7 286.9 117.2

RRII 417 107.7 7.8 270.1 100.3

RRII 422 116.6 6.9 284.8 126.1

RRII 429 100.5 7.7 290.9 121.5

RRII 430 114.6 6.1 277.4 130.8

RRII 105 93.3 6.5 257.2 112.8

CD (p\ 0.05) 16.2 ns 18.6 12.6

CD Critical difference significant at p\ 0.05, ns non significant
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its indirect effect is mediated through lutoid membrane H?

ATPase and H? pyrophosphatase activity which increases

the latex pH to favorable levels and activates invertase

enzyme in latex (Jacob et al. 1985).

Activity of lutoid membrane enzymes and protein

synthesis in latex

ATPase activity of lutoids was significantly high in the latex

of RRII 105, PB 260 and RRIM 600. The enzyme activities

were comparable in clones PB 217 and GT1. Low yielding

clones (RRII 33 and RRII 38) showed very low activity of

lutoid membrane ATPase. Pyrophosphatase activity was

highest in the clone RRII 105 followed by RRIM 600. Clones

PB 260, PB 217 and GT1 had similar activities. Low yielding

clones showed very low pyrophosphatase activities com-

pared to high and medium yielders (Table 4).

Among the RRII 400 series clones RRII 414, RRII 422

and RRII 430 showed significantly higher ATPase activi-

ties compared to RRII 105. Clones RRII 417 and RRII 429

showed low ATPase activities. Significantly high

pyrophosphatase activity was observed in clones RRII 105,

RRII 414 and RRII 430. Clones RRII 417, RRII 422 and

RRII 429 showed similar activities (Table 5). Continuous

supply of ATP is needed to maintain the pH gradient and

when there is lack of adequate ATP to function ATPase

efficiently, the lutoids gradually lost the pool of protons.

Lutoid acidification and cytosolic pH regulation are

actively controlled by ATPase when availability of its own

substrate ATP is optimum (Marin et al. 1981; Chretin

1982). When there is an increase in ATPase activity fol-

lowed by an increase in its specific substrate (ATP), effi-

cient activation of H? ATPase occurs in vivo. This favors

the pH optimum for efficient functioning of invertase in the

cytosol. Ethylene stimulation of rubber trees also activates

tonoplast H? pumping ATPase (Gidrol et al. 1988). In the

laticiferous tissue, the H? pyrophosphatase joins with

ATPase to regulate the cell pH by keeping the lutoid

stable and maintain an optimum condition for latex

regeneration (Siswanto et al. 1994).

Protein biosynthetic capacity was highest in the clone

PB 260, indicating efficient and fast regeneration of cel-

lular materials lost during the previous harvesting of latex.

Clone RRIM 600 and GT1 also showed a higher protein

Table 4 Lutoid membrane

enzymes and protein synthesis

in different clones of Hevea

during peak yielding season

(Trial-1)

Clones H? ATPase (lM Pi

liberated/min/mg

protein)

H? pyrophosphatase

(lM Pi liberated/min/mg

protein)

Protein biosynthetic capacity (cpm/min/

mg protein)

Square root transformation

values

Original

mean

RRII

105

6.97a 12.62a 71.3c 5110

PB 260 6.45a 8.97c 98.1a 9649

RRIM

600

6.3a 10.78b 90.3a 8316

PB 217 5.34b 9.18c 83.0b 6730

GT-1 5.15b 8.79c 89.0a 7969

RRII 33 3.76c 5.80d 67.3c 4489

RRII 38 3.49c 6.88d 64.1c 4117

Means followed by common letter are not significantly different at p B 0.05

Table 5 Lutoid membrane

enzymes and protein synthesis

in RRII 400 series clones of

Hevea during peak yielding

season (Trial-2)

Clones H? ATPase (lM Pi

liberated/min/mg protein)

H? pyrophosphatase

(lM Pi

liberated/min/mg protein)

Protein biosynthetic capacity

(cpm/min/mg protein)

Square root

transformation value

Original

mean

RRII 414 6.23 12.83 84.8 7222

RRII 417 3.21 10.21 72.4 5251

RRII 422 6.43 10.98 76.0 5778

RRII 429 3.03 10.36 83.7 7017

RRII 430 6.81 12.93 86.1 7396

RRII 105 5.16 13.07 70.6 4994

CD (p\ 0.05) 1.02 1.23 11.0

CD Critical difference significant at p\ 0.05
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biosynthetic capacity compared to low yielders. The clones

RRII 414, RRII 429 and RRII 430 showed higher protein

synthesis compared to RRII 105. Protein biosynthetic

capacity of clones RRII 417 and RRII 422 is comparable to

RRII 105 (Tables 4, 5). A high rate of metabolic activity is

required for energy generating catabolic pathways (gly-

colysis) and anabolic processes such as reconstitution of

proteins and nucleic acids lost during tapping. The syn-

thesis and turnover of proteins are also very important in

latex regeneration mechanism and overall latex production

capacity of the clones. Activation of protein synthesis was

also observed in latex after stimulating the trees with

ethephon (Coupe and Chrestin 1989).

Clone characteristics

RRII 105 is characterized as a high metabolic clone which

showed high ATP, invertase, ATPase and pyrophos-

phatase activities. This clone responds well to stimulation

using ethephon under S/2 d3 6d/7 tapping system (Ra-

jagopal et al. 2004). In clone PB 260 better utilization of

sucrose is evidenced by increased latex ATP and invertase

activity and very low level of latex sucrose. This clone

also showed a high protein biosynthetic capacity which

favors efficient regeneration of latex before the next tap-

ping. Clone PB 217 is characterized by very high sucrose,

low ATP and invertase activity and may respond well to

stimulation as these are the earliest biochemical changes

induced by stimulation (Coupe and Chrestin 1989; Zhu

and Zhang 2009). RRIM 600 showed high sucrose, ATP

and protein biosynthesis. GT1 which is a medium yielding

clone is characterized by high level of ATP and protein

synthesis. Low yielding clones RRII 38 and RRII 33

showed a very low level of ATP, ATPase, pyrophos-

phatase activities and protein biosynthesis in latex. High

sucrose level noticed in these clones may be due to slow

metabolic utilization of sucrose for rubber biosynthesis.

Sucrose may be accumulating and not metabolized prop-

erly for rubber synthesis. These clones do not respond to

ethylene stimulation also. Among the RRII 400 series

clones, RRII 414, RRII 422 and RRII 430 showed high

ATP, invertase and ATPase activities. RRII 417 recorded

very low ATPase and protein biosynthetic capacity. This

clone may respond well to stimulation as both these

parameters were induced by ethylene (Coupe and Chrestin

1989). RRII 429 is a clone with high energy metabolism

and protein synthesis but lutoid membrane enzyme

activities were low. The carbohydrate metabolism, mem-

brane transport mechanism and protein biosynthetic

capacity of different clones showed variations and this

study on latex regeneration would be useful for selecting

the most suitable harvesting systems and stimulation

methods for these clones. Response to different tapping

systems and stimulation intensity varies from clone to

clone. This result will help to optimize latex production by

choosing the most appropriate latex harvesting methods

such as high or low frequency tapping systems and

ethylene stimulation based on the latex regeneration

capacity of each rubber clone.

Conclusion

Variations in biochemical profiles and latex regeneration

mechanism in twelve different clones of Hevea with

varying yield potentials were studied. Significant differ-

ences were observed among the clones for biochemical

composition, enzyme activities and protein biosynthetic

capacity. These critical parameters associated with latex

regeneration are useful in characterizing clones with high

or low metabolic groups. In the present scenario of labor

shortage for tapping rubber trees in India and high cost of

production, ethylene stimulation is recommended for

increasing latex production under low frequency tapping

systems. The metabolic profiling studies would be useful

for selecting suitable latex harvesting systems and stimu-

lation methods to different clones including the newly

released clones of RRII 400 series for obtaining a sus-

tainable rubber yield.

Author contribution statement Sreelatha. S and Sheela

P. Simon: designed the experiment, conducted research and

wrote the paper. V. C. Mercykutty and Kavitha K. Mydin:

helped in clone selection and involved in discussion of the

results and should be considered as equal authors. Krish-

nakumar, R, Annamalainathan, K and James Jacob: con-

tributed in research concept and discussion of results. All

the authors have read and approved the manuscript in its

final form.

Acknowledgments The authors are grateful to Mr. P. Aneesh,

Statistics Division, Rubber Research Institute of India for data anal-

ysis and all those who are directly or indirectly involved in the

planting and maintaining the field trials.

References

Abraham PD, Wycherley PR, Pakianathan SW (1968) Stimulation of

latex flow in Hevea brasiliensis by 4-amino-3,5,6 trichloropi-

colinic acid and 2-chloroethane phosphonic acid. J Rubber Res

Inst Malay 20:291–305

Amalou Z, Bangratz J, Chrestin H (1992) Ethrel (Ethylene releaser)

induced increase in the adenylate pool and transtonoplast pH

within Hevea latex cells. Plant Physiol 98:1270–1276

Chao J, Chen Y, Wu S, Tian WM (2015) Comparative transcriptome

analysis of latex from rubber tree clone CATAS8-79 and PR 107

reveals new cues for the regulation of latex regeneration and

duration of latex flow. BMC Plant Biol 15:104. doi:10.1186/

s12870-015-0488-3

Acta Physiol Plant  (2016) 38:148 Page 7 of 8  148 

123

http://dx.doi.org/10.1186/s12870-015-0488-3
http://dx.doi.org/10.1186/s12870-015-0488-3


Chrestin H, Gidrol X (1986) Contribution of lutoidic tonoplast in

regulation of cytosolic pH of latex from Hevea brasiliensis. In:

Proceedings of the International Rubber Conference, Rubber

Research Institute of Malaysia, Kuala Lumpur, p 66

Chretin H (1982) The proton gradient across the vacuo-lysosomal

membrane of lutoids from the latex of Hevea brasiliensis. 1.

Further evidence for a proton translocating ATPase on the

vacuo-lysosomal membrane of intact lutoids. J Membr Biol

65:174–184

Coupe M, Chrestin H (1989) Physico-chemical and biochemical

mechanism of the hormonal (ethylene) stimulation: early

biochemical events induced in Hevea latex, by hormonal bark

stimulation. In: d’Auzac J, Jacob JL, Chrestin H (eds) Physiol-

ogy of rubber tree latex. CRC Press Inc, Boca Raton, FL,

pp 295–319

D’Auzac J, Chretin H, Marin B, Lioret C (1982) A plant vacuolar

system: the lutoids from Hevea brasiliensis latex. Physiol Veg

20:311–331

D’Auzac J, Jacob JL, Prevot JC, Clement A, Gallois R, Chrestin H,

Lacrotte R, Pujade-Renaud V, Gohet E (1997) The regulation of

cis polyisoprene production (Natural Rubber) from Hevea

brasiliensis. In: Pandalai SG (ed) Recent research developments

in plant physiology, Trivandrum, India, pp 273–332

Dusotoit-Coucaud A, Brunel N, Kongsawadworakul P, Viboonjun U,

Lacointe A, Julien JL, Chrestin H, Sakr S (2009) Sucrose

importation into laticifers of Hevea brasiliensis in relation to

ethylene stimulation of latex production. Ann Bot 104:635–647.

doi:10.1093/aob/mcp150

Eschbach JM, Roussel D, Van de Sype H, Jacob JL (1984)

Relationship between yield and clonal physiological character-

istics of latex from Hevea brasiliensis. Physiol Veg 22:295

Gidrol X, Chrestin H (1984) Lutoidic ATPase functioning in relation

to latex pH regulation and stimulation mechanisms. In: Compte-

Rendu du Colloque Exploitation- Physiologiae et Amelioration

de l’ Hevea. I.R.C.A, Montpellier, pp 81–99

Gidrol X, Chrestin H, Mounoury G, d’Auzac J (1988) Early actvation

by ethylene of the tonoplast H? pumping ATPase in the latex

from Hevea brasiliensis. Plant Physiol 59:309–314

Gohet E, Chantuma R, Lacrotte R, Obouayeba S, Dian K, Clement

Demange A, Kurnia D, Eschbach JM (2003) Latex clonal

typology of Hevea brasiliensis: Physiological modeling of yield

potential and clonal response to ethephon stimulation. Interna-

tional workshop on Exploitation Technology, 15–18 December

2003, pp 199–217

Jacob JL, Prevot JC, Lacrotte R, Clement A, Serres E, Genet H (1985)

Clonal typology of laticifer functioning in Hevea brasiliensis.

Plantations Recherche Developpement 2(5):43–49

Jacob JL, Prevot JC, Roussel D, Lacrotte R, Serres E, d’Auzac J,

Eschbach JM, Omont H (1989) Yield-limiting factors, latex

physiological parameters, latex diagnosis and clonal typology.

In: Jacob JL, Chrestin H, d’Auzac J (eds) Physiology of rubber

tree latex. CRC Press Inc, Boca Raton, pp 345–403

Jacob JL, Prevot JC, Lacrotte R, Gohet E, Clement A, Gallois R, Joet

T, Pujade-Renaud V, D’Auzac J (1997) The biological mech-

anism controlling Hevea brasiliensis rubber yield. IRRDB

Symposium on Natural Rubber (Hevea brasiliensis) V2: Phys-

iology, Exploitation and Crop Protection and Planting Methods,

Ho Chi Minh City, Vietnam, 14–15 October, pp 1–11

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ (1951) Protein

measurement with folin ciacalteau reagent. J Biol Chem 200:193–265

Marin B, Martin Lanza M, Komor E (1981) The protonmotive

potential difference across the vacuo-lysosomal membrane of

Hevea brasiliensis (Rubber tree) and its modification by a

membrane bound adenosine tri phosphatase. Biochem J

198:365–372

Mydin KK, Mercykutty VC (2007) High yield and precocity in the

RRII 400 series hybrid clones of rubber. Nat Rubb Res

20(1&2):39–49

Mydin KK, Thomas V, Mercykutty VC (2011) Yield and related

attributes of certain new generation clones of Hevea brasiliensis

under large scale evaluation. J Rubb Res 14(3):167–183

Nair NU, Sreelatha S, Thomas M, Simon SP, Vijayakmar KR (2001)

Latex diagnosis for assessment of clonal performance in Hevea.

Ind J Nat Rubb Res 14(1):63–65

Nair DB, Jacob J, Nair NR (2012) A simple method for rapid

determination of residual water content in rubber cup lumps.

J Plant Crops 40(1):35–39

Prevot JC, Jacob JL, Lacrotte R, Vidal A, Serres E, Eschbach JM,

Gigault J (1986) Physiological parameters of latex from Hevea

brasiliensis. Their use in the study of Laticiferous system.

Topology of functioning and production mechanisms, effect of

stimulation. In: Proceeding of the IRRDB Rubber Physiology

and Exploitation meeting, SCATC, Hainan, pp 136–158

Rajagopal R, Vijayakumar KR, Thomas KU, Karunaichamy K (2004)

Effect of judicious ethephon application on yield response of

Hevea brasiliensis (clone RRII 105) under � S d36d/7 tapping

system. J Rubb Res 7(2):138–147

Scott TA, Melvin EH (1953) Determination of dextran with anthrone.

Anal Chem 25:1956

Simon SP (2003) Carbohydrate metabolism and ionic balance in the

latex production mechanism in Hevea brasiliensis. Ph.D.Thesis,

Mahatma Gandhi University, Kottayam, India, p 187

Siswanto N, Prevot JC, Clement A, Jacob JL (1994) Characterisation

of tonoplast pyrophosphatase from Hevea brasiliensis latex. Ind

J of Nat Rubb Res 7(1):1–8

Sreelatha S (2003) Biochemical factors influenzing latex flow during

stress, tapping frequency and stimulation in Hevea brasiliensis.

Ph.D. Thesis, Mahatma Gandhi University, Kottayam, India,

p 203

Sreelatha S, Mydin KK, Simon SP, Jacob J, Krishnakumar R (2009)

Biochemical characterization of RRII 400 series clones of Hevea

brasiliensis. Nat Rubb Res 22(1&2):36–42

Sreelatha S, Mydin KK, Simon SP, Krishnakumar R, Jacob J,

Annamalainathan K (2011) Seasonal variations in yield and

associated biochemical changes in RRII 400 series clones of

Hevea brasiliensis. Nat Rubb Res 24(1):117–123

Sreelatha S, Jacob J, Mercykutty VC, Simon SP, Krishnakumar R,

Annamalainathan K (2014) ATP concentration in latex as an

indicator for early evaluation of yield in Hevea brasiliensis.

J Plant Crops 42(1):48–53

Sreelatha S, Simon SP, Jacob J (2004) On the possibility of using

latex ATP concentration as an indicator of high yield in Hevea.

J Rubb Res 7(1):71–78

Tang C, Xiao X, Li H, Fan Y, Yang J, Qi J, Li Huibo (2013) Comparative
analysis of latex transcriptome reveals putative molecular mecha-

nisms underlying super productivity of Hevea brasiliensis. PLoS

One 8(9):e75307. doi:10.1371/journal.pone.0075301

Taussky HH, Shorr E (1953) A microcolorimetric method for the

determination of inorganic phosphorous. J Biol Chem 202(2):675–685

Tupy J (1973) The regulation of invertase activity in the latex of

Hevea brasiliensis Muell. Arg. J Exp Bot 24:516–523

Tupy J, Primot L (1976) Control of carbohydrate metabolism by

ethylene in latex vessels of Hevea brasiliensis Muell. Arg. in

relation to rubber production. Biol Plantarum 18:988–994

Vijayakumar KR, Gohet E, Thomas KU, Xiaodi W, Sumarmadji

Rodrigo L, Thanh Do Kim, Sopchoke P, Karunaichamy K,

Akbar SM (2009) Revised international notation for latex harvest

technology. J Rubb Res 12(2):103–115

Zhu J, Zhang Z (2009) Ethylene stimulation of latex production in

Hevea brasiliensis. Plant Signal Behav 4(11):1072–1074

 148 Page 8 of 8 Acta Physiol Plant  (2016) 38:148 

123

http://dx.doi.org/10.1093/aob/mcp150
http://dx.doi.org/10.1371/journal.pone.0075301

	Role of lutoid membrane transport and protein synthesis in the regeneration mechanism of latex in different Hevea clones
	Abstract
	Introduction
	Materials and methods
	Plant material
	Latex collection and preparation of cytosol and lutoids
	Isolation of lutoid membrane and protein extraction
	Rubber yield determination
	Determination of ATP
	Estimation of sucrose
	Assay of invertase (EC 3.2.1.26) in C-serum (cytosol)
	Assay of lutoid membrane ATPase (EC 3.6.3.6)
	Assay of lutoid membrane pyrophosphatase (EC 3.6.1.1)
	In vitro protein biosynthesis
	Statistical analysis

	Results and discussion
	Rubber yield of different clones
	Latex sucrose, ATP and invertase in different clones
	Activity of lutoid membrane enzymes and protein synthesis in latex
	Clone characteristics

	Conclusion
	Acknowledgments
	References




