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Isolation and Characterisation of Microhelices
from Lutoids of Hevea Latex

SJ. TATA and J.B. GOMEZ

When the ionic concentration of B serum from the lutoids is lowered by either
dilution with water or dialysis against water it always gives a precipitate. This
precipitate frequently contains structures known as microhelices. The precipitate can
be resolved by column chromatography on Sephadex or Bio-Gel into four compor
nents all of which have been found to be glycoproteins. Their molecular weights are
approximately 160000, 74000, 22 000 and 5000. Only two of these components,
those of molecular weights 160 000 and 22 000 when combined, give microhelices.
These are referred to as the 'assembly factor'and the 'pro-helical protein'respec-
tively. These results show that microhelices are made up of a combination of two
glycoproteins. These two components are required to combine in a certain stoichio-
metric ratio for the formation of microhelices.

When B serum is subjected to ultracentrifugation at 314 000 g for 4 h, a gela-
tinous sediment and a clear supernatant are obtained. Neither the sediment nor the
supernatant gives microhelices after dialysis. Microhelices are obtained only if the
sediment and the supernatant are recombined and dialysed. These observations con-
firm that microhelices require at least two components for their formation. The
gelatinous sediment contains the large molecular weight assembly factor.

Microhelices have been observed either as single helices or in bundles. The reason
for this has been elucidated.

The variation of occurrence of microhelices between individual samples within
a clone as well as between clones observed previously has been attributed to an in-
herent deficiency of the pro-helical protein in the B serum of the samples which
are deficient in microhelics.

The lutoids in Hevea latex first discovered protein by Audley10' n ' 12. This micro-
by Homans et al.1 have been of much fibrillar protein was absent from lutoids
interest as they have a considerable in- Of mature tissues. In studies of centrifuged
fluence on the latex flow characteristics2 iatex from mature trees Archer et al.9
as well as having the properties of va- observed 'a second type of microribril1

cuoles -« or lysosomes^8 Interesting ul- ^ a zi configuration that appeared
trastructural features of the lutoids have tQ be dedyed from ̂  ]moids_ The ^ .
been described by electron microscopy: c. r , . . ,i . - , f i A , r iicance ot this zie-zas particle was notin lutoids rrom latex vessels in young . ° r

tissue, Dickenson3 and Archer et al.9 ob- known at that time'
served bundles of tightly coiled helical
structures — the microfibrils — which During an investigation on the long-term
were isolated and characterised as a single effect of ethephon, bark samples from
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mature trees which had been treated with
ethephon showed, under electron micro-
scope, lutoids which contained numerous
particles which resembled the 'second type
of microfibriP of Archer etal.g Thesewere
termed microhehces by Gomez and
Yip13' 14> 1S who observed these particles
more frequently in lutoids from tissues
repeatedly treated with ethephon than
in untreated tissues. Occasionally the
microhelices were also observed within
the lutoids in bottom fraction of ul-
tracentrifuged latex.

Most of the lutoids in latex can be se
dimented in a fraction (the bottom frac-
tion) by ultracentrifugation16 '!7. The fluid
obtained by freezing and thawing the
bottom fraction is termed B-serum ls,
which consists mainly of the contents
of lutoids. During an investigation of the
action of dialysed B-serum on rubber
particles in vitro, Southern and Yip19

encountered structures similar to the
microhelices and speculated that these
particles were probably proteins. Subse-
quently, it was discovered that the micro-
helices could also be precipitated by
dialysing B serum against water20. They
are a fundamental feature of lutoid com-
position which deserves detailed investiga-
tion.

A recent study21 on the occurrence and
distribution of microhelices in clones of
Hevea showed that there was a great
variation in the occurrence of microhelices
between clones. There was also variation
between individual samples in the oc-
currence of microhelices but no seasonal
trend could be discovered.

The present work was undertaken to
isolate and characterise the microhelices
and to determine the conditions which
affect their formation.

EXPERIMENTAL

Latex was collected under refrigerated
conditions from RRIM 600, RRIM 501
and Tjir 1 in Field 141) at the RRIM
Experiment Station and ultracentrifuged
in prechilled rotors at 0°C—5°C in either
a Spinco Model L or Model 1.2 - 65B
ultracentrifuge as described earlier17. B-
serum was prepared as described in a
previous study2' and aliquots o f 5 ml
were dialysed against 1 litre of deionised
water at approximately 5°C. The resulting
precipitate was recovered by centrifugation
at 15000 r.p.m. (20 000 g max) for 30
minutes.

Column Chromatography
The precipitate was redissolved in 5 ml

of 2% (weight/volume) NaCl (approxi-
mately 0.35A1 NaCl). Ultrasonication at
20 KHZ for 20 s aided in redissolving the
precipitate; the solution was kept in an
ice-water bath throughout this operation.

The salt solution was chromatographed
on a column (50 X 2.5 cm) of either
Sephadex G-150 (Pharmacia, Uppsala,
Sweden) or Bio-Gel P-100 (BioRad La-
boratories, U.S.A.) which was made in
0.35M NaCl and elution was carried out
in the same solvent; 3 ml fractions were
collected and the optical densities of each
fraction at 260 nm and 280 nm were
measured. A graph of the optical density
against the fraction number was prepared.
Several such column chromatography runs
were made to recover substantial quantities
of the components eluted from the column.

Concentration of the Eluted Components
The fractions under the corresponding

peaks obtained from several experiments
were pooled and concentrated to 5 ml
by ultrafiltration in an AMICON 'DIA-
FLO' ultrafiltration cell equipped with a
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UM-2 membrane having a molecular weight
cut oft property at 1000 daltons.

Ultracentrifugation of B-serum
Some samples of the original B serum

were also ultracentrifuged at 60 000 r.p.m.
(approximately 314 000 g max) for 4 h
using a rotor type 65 in the Spinco Model
L2-65B ultracentrifuge. The resulting ge-
latinous sediment and a supernatant liquid
were separately recovered.

Hydrolysis and Paper ChromaLography

Freeze-dried samples (usually 1 —2mg),
were mixed with 3 ml of 6Ar HC1 and
hydrolysed in evacuated and sealed glass
tubes at 105°C for 24 hours. The acid
was then removed under vacuum and the
hydrolysates were redissolved in n-butanol-
acetic acid-water (62-15-26). Paper chro-
matography for 20 h in the same solvent
was done using a Whatman No. 1 sheet
of chromatography paper. The paper was
dried at 100°C for 20 min and the amino
acid spots were located with 0.2% nin-
hydrin in acetone containing 2% pyridine.
Sugar spots were located with reagents
containing AgNO3 and NaOH.

RESULTS AND DISCUSSION

Dialysis of B serum against water always
gave a precipitate. The precipitate usually
showed microhelices accompanied by a
background material (Figure 1) If B
serum was dialysed against 0.35M NaCl,
precipitation was negligible. Dilution of B
serum with water also produced a pre-
cipitate containing microhelices. Again,
if the precipitate was redissolved in 0.35M
NaCl and the solution diluted with water
or dialysed against water, microhelices
were reprecipitated. These results are con-
sistent with the explanation that the
precipitation of microhelices was due to
the lowering of the ionic concentration

Figure 1. Microhelices in a precipitate
obtained by dialysis of B serum (Tjir
1) against water. Mag. X 18 000

in B serum on dialysis against water or on
dilution with water.

Since microhelices were observed in the
precipitate on lowering the ionic con-
centration it was suggested that they were
formed from a soluble precursor in B
serum. Judging from their dimensions, as
observed by electron microscopy, it was
thought that their molecular weight was
very high. In this connection it may be
relevant to mention here that one of the
methods of recovering the microfibrillar
protein from the serum from young lu-
toids was by centrifugation of the serum as
described by Audley10. Therefore during
the early Stages of the present work,
the feasibility of recovering the micro-
helices by sedimentation from B serum in
the ultracentrifuge was investigated.

The result obtained by ultracentrifuga-
tion of B serum at 314 000 g max was
unexpected but provided further infor-
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mation about the chemical structure of
the microhelices: neither the gelatinous
sediment nor the supernatant showed
microhelices after dialysis. (Occassionally,
a few microhelices were noticeable in the
gelatinous sediment and also in the original
whole B serum before dialysis. This, how-
ever, is due to preformed microhelices
which are sometimes present in the lutoids
in vivo and are recovered in B serum.)

When the supernatant from the ultra-
centrifugation of B serum was recombined
with the sediment and the mixture was
homogenised and dialysed against water,
numerous microhelices were observed in
the resulting precipitate. This interesting
observation suggested that the microhelical
material required at least two components
of B serum for its formation. One of these
components was sedimented by high-speed
centrifugation of B serum in the gelatinous
sediment and was therefore of a large
molecular weight. The other component
remained in solution in the supernatant.
On recombination and dialysis the two
components combined to form the micro-
helices.

Parallel experiments in which salt so-
lutions of the precipitate containing micro-
helices were ultracentrifuged gave similar
results: a gelatinous pellet showing occa-
sionally a single microhelix but mainly
non-descript amorphous material and a
supernatant showing no microhelices after
dialysis. Again on recombination of the
pellet with the supernatant, numerous mi-
crohelices were obtained after dialysis.

Although the identity of the micro-
helices was uncertain at this stage of the
work, they were presumed to be protein-
aceous in view of the observation that
acid hydrolysates of the precipitate con-
taining microhelices showed a large num-
ber of amino acid spots with paper chroma-

tography. It was conceivable therefore
that the microhelices were proteins formed
by a combination of at least two proteins
during the dialysis of B serum. For sim-
plicity, the large molecular weight com-
ponent which sedimented in the pellet
was termed the assembly factor and the
other component the pro-helical protein2*.
The process of formation of microhelices
was tentatively visualised as the assembly
of the relatively small pro-helical protein
molecules on the large molecules of the
assembly factor as the ionic strength in
B serum was lowered on dialysis or by
dilution with water.

Column Chromatography
The precipitate containing microhelices,

after redissolving in 0.35A/ NaCl and
subjecting to column chromatography on
either Sephadex G-150 or Bio-gel P-100
was resolved into four peaks (Figure 2).
Since these column chromatography sys-
tems are based on the principle of gel
filtration, the materials from the peaks
were eluted in the order of their decreasing
molecular weights, i.e. the material in the
first peak (A or A1 in Figure 2} was of the
largest molecular weight (most probably
the assembly factor). Indeed, when the
gelatinous pellet from the ultracentrifuga-
tion of B serum was redissolved in salt
and subjected to gel filtration on Sephadex
G-150 column, it gave a very large peak,
A with very small peaks, B, C and D22

confirming that the pellet was largely
made of component A (the assembly
factor).

Re-formation of Microhelices in vitro and
their Characterisation

The materials recovered from the pooled
and concentrated peaks were recombined
in pairs to find which two components
formed microhelices. (Thus, combinations
of 1 ml each of A + B, A + C and A + D
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Figure 2. Column chromatography on columns of Sephadex G-150 and Biogel P-200
of a salt solution of the precipitate from dialysed B-serum, containing microhelices.

were made from the Sephadex column
materials and of A' + B', A' + C' and
A' + D' were made from the Bio-Gel
column materials.) After combining, each
mixture was dialysed against water and
the precipitate (if any) was recovered and
examined by electron microscopy.

Only mixtures A + C and A' + C'
showed micvohe\ices(Figure 3).The other
mixtures showed only an amorphous, non-
descript material.

These results confirmed the previous
observation that microhelices were made
from two components. If component A
(or A ) is the assembly factor, component
C (or C1') should be the pro-helical protein.

The approximate molecular weights of
the four components were estimated22

from their gel filtration behaviour and
were found to be: A =160 000; B =74 000;
C = 22000 and D = 5000. After acid
hydrolysis and paper chromatography, all
the four components showed several amino
acid spots staining with ninhydrin. They
also showed spots due to sugar after
hydrolysis and chromatography. From
these results it is concluded that micro-
helices are made by a combination of two
glycoproteins in the lutoids and are them-
selves glycoproteins. The presence of car-
bohydrate also in the microfibrillar protein
has been reported by Audley11, and it is
likely that the microfibrillar protein is
also a glycoprotein. However, it is not
yet known whether the microfibrils and
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From peaks A and C

From peaks A' and C'

Figure 3. Microhelices formed by re-
combination of materials from peaks A
and C (profuse bundles) from the Sep-
hadex G-150 column and peaks A' and
C' (single helices) from the Bio-Gel
P-100 column. Mag. X 18 000

the microhelices bear any relationship with
each other.

Paper electrophoresis23 in veronal buffer
at pH 8.6 showed that component A
(or A'} was anionic, having the same mo-
bility as that of the band (vi) of B serurn.
Component C had the same mobility as
band (v) and components B and D the
same mobility as bands (Hi) and (iv) res-
pectively (Figure 4); A is therefore an
acidic protein and C a basic protein. These
results indicated that only the minor pro-
tein bands of B serum, bands (v) and (vt)
were involved in the formation of micro-
helices. The major proteins of B serum i.e.
the major basic protein represented by
band (z")24 and the major acidic protein
hevein represented by band (fm) 2 5 were
not involved in the formation of micro-
helices.

Mitro helices in Bundles and Singles

Microhelices occur as profuse bundles or
as many single helices (Figure 3) and
sometimes as a mixture of both. The bun-
dles are considered as single helices pressed
together laterally.

It has been observed that if B serum
was first dialysed against 0.35A/ NaCl,
negligible precipitation resulted. A second
dialysis against water resulted in consider-
able precipitation with large numbers of
single microhelices. This precipitate, after
redissolving in the salt solution and sub-
jecting to gel-filtration chromatography,
showed the four peaks but the fourth
peak (component D or D') was greatly
reduced26. Component D (or D') being
of a low molecular weight (5000) was
obviously lost partially during the first
dialysis of the serum against salt solution.
Being insoluble in water, the remainder
precipitated out along with the other three
components during the second dialysis
against water.
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(vi) (v i i ) (viii) B- serum
Figure 4, Diagram illustrating paper electrophoresis of the four components
and B serum. The numbering of the bands in the electropherogram of B
serum is according to Moir and Tata 23.

In further experiments, component
D was added (in solution) to the pre-
paration containing single microhelices
(also in solution) and the mixture was
dialysed against water. The resulting
precipitate showed bundles of micro-
helices.

Protein D (or D1} therefore appears
to have a role in the formation of bundles
of microhelices and its concentration in
B serum may be critical for the forma-
tion of single or bundles of microhelices.
The bundles illustrated in Figure 3 resulted
from the combination of components
A and C which had been recovered from
the Sephadex column whereas the single
helices were obtained by combining
A' and C' recovered from the Bio-Gel

column. This discrepancy can be explain-
ed in the light of the results described
above: the resolution between compo-
nents C' (mole weight 22000) and Df

(mole weight 5000) has been more
efficient on the Bio-Gel column than
that between components C and D on
the Sephadex column. Component C
therefore contained some component
D and the mixture of A with C (con-
taminated with some D) resulted in the
formation of bundles of microhelices.

Occurrence and Distribution of Micro-
helices in Clones of Hevea

As mentioned above, dialysis of B
serum against water always produced
a precipitate. This precipitate usually
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showed microhelices but variations were
observed between individual samples
within a clone as well as between
clones21 : microhelices were rarely observ-
ed in RRIM 501 but were profuse in
Tjir 1 and were also frequently observed
in RRIM 600.

To investigate the cause for this
variation precipitates obtained by dialysis
of B sera from these clones were re-
dissolved in 0.35A/ NaCI and resolved
by column chromatography on Sepha-
dex G-150. Four peaks were obtained
irrespective of whether the microhelices
were present or not in the original pre-
cipitate. Protein estimations on the
material recovered from the tour peaks
showed that when microhelices were
not observed in the original precipitate,
there was a deficiency of component
C (the pro-helical protein)26. This
was clearly noticeable in RRIM 501
where the recombination of the com-
ponents A and C ( I ml of each) gave
a precipitate alter dialysis which did
not show microhelices. However, when 1
ml of component A from this experi-
ment (RRIM 501) was combined with
1 ml of component C which had been
previously isolated from RRIM 600,
microhelices were observed after dialysis
(Figure 5). (The reason for the forma-
tion of bundles of microhelices has been
explained above. ) Throughout all these
experiments, the method had been so
designed that the resolution of the pre-
cipitate on the column, the concentra-
tion of each peak material cluting from
the column to a fixed volume (5 ml)
and finally the recombination of the
components A and C in equal volumes
(1 ml each) maintained the stoichio-
metry of the original concentrations of
the two essential components of micro-
helices. These experiments clearly in-
dicated that the formation of micro-

helices required the combination of
the two components, (both of which are
glycopro terns) in a certain stoichio-
melric ratio, irrespective of the clone
from which the proteins were isolated.

Figure 5. Microhelices formed by the
combination of component A from
RRIM 501 and component C from
RRIM 600. Mag. X 18000

ACKNOWLEDGEMENT

The authors are grateful to Prof.
G.K.J. Moir of Universit'i Pertanian
Malaysia for his advice during the early
stages of this work. Grateful acknow-
ledgements are also due to Messrs S.
Sivanayagam, Lee Yat Hoong, K. Vivay-
gananthan, N. Sedambram and M. Gopal-
samy for technical assistance and to
Mr Yee Shin Mcng and Miss Ho Lai Har
for their skilful work in electron
microscopy.

Rubber Research Institute of Malaysia
Kuala Lumpur February 1980

74



S.J. Tata and J.B. Gomez: Isolation and Characterisation of Microhelices from Lutoids

REFERENCES

1. ROMANS, L.N.S., VAN DALFSEN, J.W.
AND VAN GILS.G.E. (1948) Complexity
of Fresh Hevea Latex. Nature, Land,
161, 177.

2. SOUTHORN, W.A. AND EDWIN, E.E.
(1968) Latex Flow Studies II. Influence
of Lutoids on the Stability and Flow
of Hevea Latex. /. Rubb. Res. Inst.
Malaya, 20, 187.

3. DICKENSON, P.B. (1965) The Ultrastruc-
ture of the Latex Vessel of Hevea brasi-
liensis. Proc. not. Rubb. Prod. Res.
Ass. Jubilee Con/. Cambridge 1964
(Mullins, L, ed), p. 52, London: Maclaren
and Sons Ltd.

4. GOMEZ, J.B. AND MOIR, G.FJ. (1979)
The Ultracytology of Latex Vessels in
Hevea brasiliensis. MRRDB Monogr.
No. 4. Kuala Lumpur: Malaysian Rubber
Research and Development Board.

5. RIBAILLIER, D., JACOB, J.L. AND
D'AUZAC, J. (1971) Sur certains
caracteres vacuolaires des lutoides du
latex d' Hevea brasiliensis Mull. Arg.
Physiol. Veg., 9, 423.

6. WIERSUM, L.K. (1957) Enkele latexpro-
blemen. Vakbl. Bioi, 37, 17.

7. PUJARNISCLE, S. (1968) Caractere lyso-
somal des lutolds du latex d' Hevea
brasiliensis. Mull. Arg. Physiol. Veg.,
6,27.

8. PUJARNISCLE, S. (1971) Etude biochimi-
que des lutoides du latex d'Hevea brasi-
liensis. Mull. Arg. Memoire O.R.S.T.O.M.
No. 48. Paris: Office de La Recherche
Scientifique et Technique OutreMer.

9. ARCHER, B.L., BARNARD, D., COCK-
BAIN, E.G., DICKENSON, P.B. AND
McMULLEN, A.I. (1963) Structure,
Composition and Biochemistry of Hevea
Latex. The Chemistry and Physics of
Rubber-like Substances (Bateman, L. ed),
p. 43. London: Maclaren & Sons Ltd.

10. AUDLEY, B.C. (1965) Studies of an
Organelle in Hevea Latex Containing

Helical Protein Microfibrils. Proc. not.
Rubb. Prod. Res. Ass. Jubilee Conf.
Cambridge, 1964 (Mullins, L. edj, p,67.
London: Maclaren fc Sons Ltd,

11. AUDLEY, B.C. (1966) The Isolation and
Composition of Helical Protein Micro-
fibrils from Hevea brasiliensis Latex.
Biochem. J., 98, 335.

12. AUDLEY, B.C. AND COCKBAIN, E.G.
(1966) Structural Stability of the
Protein Microfibrils of Hevea brasiliensis
Latex. /. Mol. Biol., 18, 321.

13. GOMEZ, J.B. AND YIP, E. (1974) Micro-
helices in Hevea Latex: their Isolation
and Electron Microscopy. Proc. Symp.
Int. Rubb. Res. Dev. Bd Cochin 1974.

14. GOMEZ, J.B. AND YIP, E. (1975) Micro-
helices in Hevea Latex. /. Ultrastruct
Res., 52, 76.

15. GOMEZ, J.B..AND YIP, E. (1976) Micro-
helices in Hevea Latex: their Isolation
and Electron Microscopy. Rubb. Bd
Bull. India, 13, 14.

16. COOK, A.S. ANDSEKHAR, B.C. (1953)
Fractions from Hevea brasiliensis Latex
Centrifuged at 59 000 g. /. Rubb. Res.
Inst. Malaya, 14, 163.

17. MOIR, G.FJ. (1959) Ultracentrifugation
and Staining of Hevea Latex. Nature,
Land., 184, 1626.

18. HSIA, R.C.H. (1958) Oxygen Absorp-
tion by Hevea brasiliensis Latex. Trans.
Instn Rubb. Ind., 34, 267.

19. SOUTHORN, W.A. AND YIP, E. (1968)
Latex Flow Studies. III. Electrostatic
Considerations in the Colloidal Stability
of Fresh Hevea latex /. Rubb. Res. Inst.
Malaya, 20, 201.

20. RUBBER RESEARCH INSTITUTE OF
MALAYA (1973) Rep. Rubb. Res.
Inst. Malaya 1972, 81.

21. GOMEZ, J.B. AND TATA, S.J. (1977)
Further Studies on the Occurrence and
Distribution of Microhelices in Clones

75



Journal of the Rubber Research Institute of Malaysia, Volume 28, Part 2, 1980

of ffevea. J. Rubb. Res. Inst. Malaysia,
25, 120.

22. TATA, SJ. AND LOW, F.C. (1978) Recent
Developments in the Biochemistry of
ffevea Latex. Int. Rubb. Res. Dev. Ed
Symp. Kuala Lumpur 1978.

23. MOIR, G.FJ. AND TATA, SJ. (1960)
The Proteins of Hevea brasiliensts Latex.
3. The Soluble Proteins of 'Bottom
Fraction'. /. Rubb. Res. Inst Malaya,
16, 155.

24. TATA, SJ. (1975) A Study of the Pro-
teins in the Heavy Fraction of Hevea

brasiliensts Latex and their Possible
Pole in the Destabilization of Rubber
Particles. Master of Science thesis.
University of Malaya.

25. KARUNAKARAN, A., MOIR, .G.FJ. AND
TATA, SJ. (1961) The Proteins of
Hevea Latex: Ion Exchange Chromato-
graphy and Starch Gel Electrophoresis.
Proc. not. Rubb. Res. Conf. Kuala
Lumpur 1960, 798.

26. TATA, SJ. (1979) Unpublished data.
Rubber Research Institute of Malaysia.

76


