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Department of Zoology, Laboratory of Molecular Biophysics.
Oxford University, England.

Medical history is to the observer full of events that produce sudden and spectacular
changes : before, many die, and afterwards, and suddenly, they live. The isolation
of insulin in the summer nearly 50 years ago was an event of this kind. Reading the
account of the experiments of Banting and Best® in July and August 1921 and
of the treatment of the first patients to be given insulin during the following winter is
still a moving experience. Old and young who had “melted away” with diabetes,
as Arctacus described hundreds of years earlier, began again to live.

“The isolation of insulin was made possible by the recognition that the hormone
present in the § —islet cells of the pancreas was protein in nature and had to be
protected from digestion by the proteolytic enzymes of the pancreas during extraction.
It is, in fact, a rather tough protein, as proteins go, and this also helped to preserve
its activity intact during the processes first used of acid alcohol extraction. Its
purification was greatly helped in 1925 by its crystallization by J. J. Abel, Professor
of Pharmacology at Johns Hopkins University.! For a little time his method
of crystallization—dissolve in acetic acid and add alkali—seemed unreliable until
Scott and Fisher (1934) in Toronto showed that Abel’s crystals of insulin
contained zinc, present also in the pancreas, and that zinc or some other similar
metal had to be added to secure crystallization by his techniques.

Crystals and X-Rays

It was a sample of zinc insulin crystals, prepared for clinical use by Boots Pure Drug
Company, that led to my own interest in insulin. The sample was given me by
Professor Robert Robinson in 1935 because I was interested in protein crystals.
This was the result of experiments carried out by J. D. Bernal at Cambridge the year
before, passing X-rays through crystals of the enzyme pepsin. The crystals, 2 mm
across, prepared by John Philpot in Uppsala, had been brought over to Cambridge
in their mother-liquor. Bernal discovered that if they were kept wet when X-rays
were passed through them they gave many diffraction spectra indicating that within
the pepsin crystals there were very large molecules of definite size and regular arrange-

ments. When the insulin sample came into my hands I looked up all that I could
about it, grew large enough crystals by Scott’s method—about 0.25 mm across-
and found that they also gave good diffraction effects with X-rays.®

*Reprinted by kind permission of the distinguished author and the British Medical Journal,

1 — 15535


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

88 Dorothy -C. Hodgkin

The idea behind our expetiments with crystals and X-rays was that we should be
able to determine the chemical structures of complicated molecules from the relative
positions in space of the atoms within them. Already in 1935 we knew in theory
how we might do this. The diffraction spectra produced when X-rays are passed
through crystals are the consequence of interference between wave. trains scattered
by the electrons in the atoms and can formally be recombined as in a lens to show the
periodic atomic arrangements responsible for their appearance.

W. H. Bragg pointed out in 1915 that thou gh we have no lens capable of recombining
the X-ray waves, they could be recombined mathematically by the use of the relations
discovered by Fourier, who represented periodic structures by adding together waves
of known phase and amplitude. W. L. Bragg and others made the necessary measure-
ments and calculations on simple crystals of known structure—sodium chloride, a
silicate mineral, diopside, and hexachlorobenzene—and showed that the atoms
appeared as discrete peaks of electron density. The chiefl experimental difliculty
in extending the results to crystals of unknown structure involved the experimental
determination of the phase relations of the scattered waves (readily calculated for
crystals of known structure) ; the amplitudes were easily measured from the
intensities of the diffraction spectra. However, in 1927, Cork had 'proved_in a very
limited experiment on alums how phases might be found. If the crystal studies
could be modified by changing single atoms to heavier atoms in an isomorphous
‘way—that is, without change of the structure as a wholethe difference in the
intensities of the diffraction spectra could provide evidence on their phase relations.
A process of direct structure analysis was therefore conceivable.

The first X-ray photographs of insulin crystals in 1935 defined the size of the unit
rhombohedron—it contained a molecular weight of protein of the order of 36,000.
Since the crystals had trigonal symmetry, this unit could be subdivided into three
equivalent parts, each with a weight of about 12,000. One could calculate from the
empirical analysis of the crystals that such a unit contained about 520 carbon, 130
nitrogen, 150 oxygen and 12 sulphur atoms, and that there were also present a large
number of water molecules in the crystal. Before setting out to find the atomic
positions in such a complicated crystal, it seemed desirable to try dircct X-ray analysis
on something simpler. Robertson and Woodward? showed that the method
worked very beautifully with the phthalocyanines. We set out at the beginning of
the war to try to find by this method the structure of penicillin,

Penicillin and Proteins _

There were complications with penicillin, eventually solved by X-ray measurements
imvolving crystals of sodium, potassium, and rubidium benzylpenicillin, of which
the last two were isomorphous. The first three-dimensional map of the electron
density that we calculated illustrates very well the character of our cvidence. The
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X-rays and the Structure of Insulin : 89

map is derived by evaluating the electron density from measurements and calculations
at intervals throughout the body of the crystal unit—the figures are generally plotted
on sheets perpendicular to one crystal axis, Contours at equal density intervals
define the atomic peaks ; they may be drawn on glass or Perspex and the sheets
stacked together to show the three-dimensional arrangement of the atoms. So one
can see directly from the map in Fig. 1 that there is a four-membered f-lactam ring
in penicillin fused to the five-membered sulphur-containing thiazolidine ring—results
that seemed very surprising at the time they were first seen.”

Penicillin is still a very small molecule ( C;; H,; O, N, S') compared with insulin,
and further improvements in the development of electronic computers and in making
large numbers of intensity measurements were desirable before an electron density
map could be calculated for any protein. The most difficult problem, however,
proved to be the preparation of an isomorphous series of heavy-atom-containing
derivatives of a protein crystal, solved first in the case of haemoglobin and myoglobin
by Perutz and Kendrew. For haemoglobin, chemical attachment of mercurials to
SH groups in the molecules proved possible.!? With myoglobin a more hazardous
process of introducing heavy atoms into the spaces filled with solvent in the
crystals was found to be successful.’* 1In both cases three- dimensional electron
density maps were calculated and found to be interpretable—given a good deal of
information on the chemical structure of the two proteins studied.

The difficulties of interpreting the electron density maps of protein molecules even
when the phase problem has been solved arise from their large size and the fact
that in the crystals they form they are almost literally floating in solvent. As a
result the X-ray spectra observable fade out at large angles to the X-ray beam and
consequently the definition of individual atomic positions decreases. The electron
density appears as streaks and peaks of various shapes representing atoms individually
unresolved, and chemical information is desirable to help to interpret them.®
Whereas with penicillin we found the chemical structure from the electron
density map, with insulin the knowledge of the chemical structure obtained by Sanger
played an essential part in helping us to interpret our map.

Insulin

Sanger’s work on insulin defined the sequence of residues to be expected in
the insulin we studied—pig insulin .13 The formula shows their arrangement
in the two chains A and B and permits us to count the atoms in-the molecules
exactly to compare with the first crystallographic counts we made. In the crystal it
was clear from our early measurements that there were two Sanger molecules in the
asymmetric unit. We chose pig insulin for our studies because it had been: found to
crystallize particulariy well by Schlichtkrull in Copenhagen in the course of his work

Digitized by Nodlaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

90 Dorothy C. Hodgkin

HG. 1—Model showing the electron density map calculated over part
of the crystal unit for potassium benzylpeniciliin. As the diagram
below indicates, it defines clearly the way in which the atoms are bonded

together. - _
on slow-acting, partly crystalline insulin preparations for clinical use. Schlichtkruil'*
also found that the proportion of zinc in the crystals was two atoms for six
Sanger molecules, and this figure defines the zinc atomic positions in our crystals as
along the crystal threefold axis.

Our first idea for forming an isomorphous series of insulin crystals was naturally
to introduce heavier atoms than zinc by crystallization ; apart from cadmium, not
quite heavy enough for our purpose initially, this did not work. However, we did
find it possible to replace zinc by lead in the crystals in a rather remarkable way.
The crystals were left overnight standing in a dilute solution of a chelating agent,
ethylenediamine tetra-acctic acid, which took the zinc out of the crystals. The
following night they. were left in dilute lead acetate solution. Lead ions occupied
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X-rays and the Structure of Insulin 91

both the old positions of zinc in the crystals and also other sites—one approximately
between the two zinc positions, others that proved to be on the outskirts of the
molecule, The substitution pattern was quite complicated. But by late 1968 we
were able to make much more accurate measurements of the intensities of the X-ray
diffraction eflects,

5 5
o | i ]
A H-Giy Ile Vol Glu. Gin Cys. Cys The Ser Tle. Cys Ser Lew Tyr Gla Leu. Glu, Asn Tyr,

C}t. An-OH
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B H-Phe Vol Asn Gin Bis Lew Cys Gly, Ser. His. Lew, Val Ghe Alo. Lew, Tyr Leyw. Vol Cyi Gly. Gli. Arg. Gly, Phe. Phe. Tyr Fhe Pro. Lys. Alg-OH
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and could interpret the small differences between substituted and unsubstituted
crystals to place the heavy atoms within the crystals. Further experiments, leaking
molecules and ions containing mercury and uranium into the crystals, also proved
effective. By the summer of 1969 we had amplitudes measured and phases computed
for some 2,000 independent X-ray spectra and so calculated a three-dimensional
electron density map for insulin, drew it up on Mylar sheets at a scale of 1 cm to

1 ?5,, and looked at the answer.?

I used to say the evening that Ideveloped the first X-ray photograph 1 took of
msulin in 1935 was the most exciting moment of my life. But the Saturday afternoon
in late July 1969, when we realized that the insulin electron density map was inter-
pretable, runs that moment very close. As we expected, the positions of the zinc
tons were marked by large electron density peaks but around them were three peaks
with a shape that would fit with histidine, each attached to a strand of density,
helical in form. We could trace, as in Fig. 2, other peaks attached to the helical

chain which had the shape expected from the insulin sequence for the residues neigh-
bouring on histidine B 10.

Arrangement in Space of Atoms in Molecules

From this point we began to trace the whole arrangement in space of the atoms in the
molecules. There were occasional setbacks and false moves : during the last 18
months we have built much more accurate models than our first, maiching as precisely
as we can the form of the clectron density against atomic positions. There are still
a few obscurities, involving particularly some of the polar residues on the outside of
the molecule extending into the solution. But, within a little, we have recorded

positions in three dimensions for the now exactly known numbers of atoms in the
insulin molecules.*’ '
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a3 _ Dorothy C. Hedgkin

FIG. 2—Electron density contours in a plane perpendicular
to the threefold axis, showing superimposed positions of
the histidine, leucing, and serine residues. Filled cir-
cles— atoms close to section; open circles—atoms within
1 A of scction

Owing to the complexity of the crystals studied we see two insulin molecules in
our map which are very similar but not exactly identical. They are shown in Fi g3,
Each is a somewhat irregular object over the surface of which extend all the polar
residues of the molecule and some non-polar residues. In both, the B chain follows
the same general course. The first eight residues are extended : the chain then
passesintoa rigid @ helix between 9 and 19 ; from 19to 21 it makesa U turn and
again follows an extended form from 22 to 30. The A chain forms a small, compact
loop resting within the solid framework of the B chain. There is an initial single
turn of « helix followed by the loop closed by the 6-11 disulphide bridge and a later
region of somewhat irregularly helical character between residues 12 and 19.

In the crystal, and probably also in many solutions, the two molecules together
form a close dimeric unit. Fig. 4 illustrates their relative positions as we observe
them. They are related approximately by a twofold axis of symmetry at the position
shown. The interactions between them are both non-polar, as between the valine
residues, B 14, or phenylalanine residues, B 24, along the linés of the twofold axis,
and also polar ; particularly between the peptide groups B 24 and B 26 of neigh-
beuring molecules, which lie anti-parallel to one another, there are hydrogen-bonded
contacts within a @-pleated sheet, which closely combines the terminal parts of the
B chains,
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Again in the crystal, and also in solution in the presence of zinc, the three dimers
together are connected with two zinc ions to form a hexamer shown in Fig. 5. The
main binding forces are the links between the histidine groups and the zinc ions but
there are also close contacts, involving polar and non-polar residues, along the
region where dimer meets dimer. The hexamer asa whole has a very smooth surface
around its circumference, over which many of the polar residues in the molecule are
extended. The ends of the dimers, however, project on the upper and lower surfaces
of the hexamer as seen in projection in Fig. 4, locking in together when the hexamers

pack in the crystal,

FiG 4—Projection of the atomic positions in the insulin dimer along
the approximate twofold axis.

In projection along the threefold axis of the crystals, as in Fig. 5, the hexamer
packing simulates close packing of spheres. The molecules make direct contacts

with one another yet leaving between them solvent channels, 10 A or more across,
through which other smaller molecules and ions may diffuse (Fig. 6). And with the
crystal structure as a whole we return once more to the pancreas, Many past
observers have noticed small crystals in the # granules of the pancreas of different
animals and particularly of the dog. With the electron microscope one can now see
roughly spherical units packed within them. A particularly good example, taken of
rat islet cells at the University of Sussex, shows lines across the granules representing

the packing of particles 50 A across (Fig. 7). Almost certainly these are insulin
hexamers formed around the zinc ions in the pancreas, since 50 A is very nearly
the diameter of the hexamers.
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FIG. 5—Projection of the atomic positions in the insulin hexamer, paraliel
with the threefold axis.
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FiG 6—Four insulin hexamers in the crystal structure of rhombohedral 2 Zn insulin, scen
projected along the threefold axis.

FIG 7—Negatively stained preparation showing
an isolated beta granule. The lines across the
granule represent the packing of particles 50 A
acrosg——almost certairly msulin hexumers.
{Phosphotungstic acid X 200,000.) Reproduced, -
by permission, from Greider er al. (1969).
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Clues in Amino-acid Distribution

Tt seems most likely that the formation of hexamers around zinc ions is a way of
storing insulin which is found in many createres, though not in all. From the islet
cells the hormone is released for action ; at the dilutions at which it occurs in the
body fluids it is very probably present as the dimer or monomer. We can already see
certain clues in the amino-acid distribution in these structures that are suggestive
in relation to the biological activity of insulin.

First, there are several observations made during the syntheses of insulin carried
out in Aachen, Pittsburgh, Shanghai, and Peking. In each case, the syntheses were
carried out by making separately the A and B chains, reducing them to the sulphydryl
form, and leaving them in solution to unite in the correct order and shape. The A
chain alone was observed to have some little activity, the B chain none. The reaction
to produce insulin was rather inefficient ; clearly the organization of separate chains
_-into the correct conformations, to make the correct internal links, is not at all auto-
matic. In nature, indeed, a quite different course, via the single-chain precursor
proinsulin, is adopted.

On the other hand, some biologically active insulin is formed by the chemical
route ; it seems most likely that the B chain tends to fold in the specific form now
observed and this may then support the A chain in a biclogically active shape through
tie interaction of certain specific residues.

The nature of these specific residues is suggested by the study of different insulins
and the changes that occur with species. The residues that so far are observed as
unchanged include all the cystine residues, three glycines, and a number of leucine
and isolsucine residues. These are concentrated in the core of the molecule and seem
to be largely concerned with maintaining its correct three-dimensional form. Other
residues, such as B 24 phenylalanine along the dimer twofold axis or the A chain
residues, glycine A 1, glutamine A 3, tyrosine A 19, and asparagine A 21, might,
on the other hand, constitute, in some part or other, an active surface ; removal
" of A 21 or the Al amino group largely destroys activity. B 24 might well be opened
for interaction with a membranc receptor by opening the dimer.

These clues do not yet tell us what it is that insulin does at the molecular level
that affects glucose utilization and transport and protein synthesis and so our own
continued well-being. But they may help us to devise new experiments so that in
time we may understand how this remarkable molecule operates.
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Studies on Sesamia Inferens Wlk. The shoot-horer pest of
Sugar-cane in Sri Lanka.
1. Life cycle and aspects of biology

A, RAJENDRA
Sugar-cane Reseavch Inxtinute, Kantalai, Sri Lanka.

(Paper accepted : 24 August 1976)

Abstraet ¢ The ecological studies on Sesamia inferens Wik. as a pest of sugar-cane
in 8Sri Lankareveal thatit prefersto lay eggsin thecane field grasses. Itscollateral hosts
are enumerated. The nature and scope of its damage at different stages of the host
plant and the life cycle of the pest are traced. The natural enemies on the pest are
recorded.

1. Introduction

Of the several species of insect pests recorded on sugar cane, the moth borers are
the most serious group. Sesamia inferens WIk. the shoot borer, is one of the impor-
tant pests of this group in Sri Lanka. It is an oriental species occuring in Pakistan,
India, Scuth-east Asia, China, Taiwan, Philippines, Indonesia and Solomon Islands.*

The larva of the pest is harmful as it bores into the young cane shoots close to the
ground level and causes the death of the host plant. The symptom of damage is
the characteristic ‘dead heart’, where the central whorl dries up. The pest is also
responsible for the secondary attack on millable cane stalks, causing loss of recoverable
Sugar.

Besides attacking sugar cane, S. inferens has been recorded as a serious pest of
rice, maize, wheat, sorghum, kurakkan, finger millet and about 46 other gramina-
ceous plants s i

2. Materisls and Methods

The life cycle of the pest was investigated at the Sugar Cane Research Institute at
Kantalai.

Out of a total of 4,250 late instar larvae collected at the field during the period
August to November, 1974, about 563 were accidentally killed while examining the
damaged shoots where they live. The remaining 3,687 were reared in cylindrical
glass jars 10 inches tall and 8 inches in diameter, kept covered by drop-over wire
mesh lids. About 25 larvae were placed in each jar containing finely pulverised
sugar cane. This medium served as an ideal source of food. Around 2,825 larvae
died as a result of parasitization that had already occured at the time of collection or
escaped during rearings in the laboratory. The balance 862 larvae pupated over
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the period. On pupation they were sorted out depending upon the sex and time of
pupation. These were kept in petri-dishes. Of these 4 pupae died and about 858
emerged as adults, in a male to female ratio of 1 : 2. The emerging adults were

transferred to bell jars containing grass shoots. Into each jar, one female and
three to five males were introduced for mating trials, The grass shoots were

examined daily to ascertain the egg laying. The eggs were laid underneath the leaf
sheath. They were counted in situ and placed in separate bell jars to observe the
incubation period.

3. 1Life Cycle

The adult female lays its eggs on the soil surface near the plant base! or inthe leaf
sheath of cane field grasses close to the cane plants. Details of the life cycle are
furnished in Fig. L. .

3.1 Egg

The eggs are laid in three to four rows or in clusters ranging from 50 to 150 at a time.
A single adult female lays about 150 to 400 eggs in several egg masses. The newly
emerged females when dissected have been found to contain as much as 489 eggs in
their oviducts. Under laboratory conditions a larger .proportion of unfertilized
eggs were obtained.

The egg is creamy white in colour and semi-globular, being flattened on the dorsal
surface. It is highly sculptured and measures 0.6 mm in diameter.

The incubation period shows some amount of variation during different months,
and is influenced by climatic factors. This period lasts for 4 to 5 days during Novem-
ber {mean maximum temperature 90°F and relative humidity 96%) ; 7 to 8 days
during January (mean maximum temperature 84°F and relative humidity 95%) ;
g to 9 days during February (mean maximum temperature 80°F and relative
humidity 93 %). '

By about the third day the eggs change to a light pinkish coloration. The develo-
ping embryo is scen on the Tourth day as a pinkish streak slightly curled inside the
shell. The larva with a pmmms.nt head could be made out on the sixth day Un-
fertilized eggs turn dark, shrivel up and fail to develop.

3.2 Larva

Issac and Rao? described the larva of S. imferens. In laboratory rearing, the first
instar larvae hatching off the eggs were counted. Each larva was placed in a two inch
long grass shoot kept in a three inch specimen tube plugged with cotton wool.  Several
such tubes were set up depending on the number hatched. They were examined
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daily to ascertain the duration of each instar. The fourth instar onwards were
reared in pulverised cane kept in glass tubes. In this manner, the number of instars
during the larval stage and the duration of each instar were recorded. (Table 1),

Tasre 1-—Details of Larval Development

Instar _ Length of Larva k. Width at Broadest Duration
Range Average segment in (mm.) m days.
1 2.6 — 3.7 3.1 0.3 4
2 34 — 59 4.3 0.9 3
3 40 — 111 8.5 13 4
4 12.1 — 134 12.7 2:2 4
5 152 — 18.1 16.6 2.8 4
6 19.0 — 23.6 21.3 3.0 3
7 22.0— 27.8 4.9 3.2 8
8 26.0 — 32,0 29.0 34 10

Jepson® found that the number of larval instars in S. inferens varied between five
to eight but under local conditions some variation is recorded. Generally there are
eight instars lasting 42 days but under unfavourable conditions as much as 10 instars
were recorded lasting 61 days. The first four instars showed some regularity in
their duration beyond which irregularity was observed.

In the cane fields, the first instar larva enters the’grass shoot that is in proximity to
the egg and lives within. Its presence in the grass can be easily made out by ‘frass’
coming out of the aperture made on entry. Should the grass shoot die, the larva
abandons it and attacks fresh ones in the neighbourhood. Entry into cane takes
place by about the third instar.

The size of the larva varies according to the season and availability of food. The
first instar larva measures 2.6 mm to 3.7 mm in length. The final instar larva measures
about 26 to 32 mm in length, is pinkish in colour and is popularly known as the
Pink borer. (Fig. 2). :

Figure 2.  Larva'of Sesamia inferens
& 2

3.3 Pupa

The pupa is brownish in colour and measures 15 mm to 17 mm (Fig. 3). The sex of
the borer can easily be distinguished during this stage. Males are smaller with
tapering abdomens and carry two small ‘bumps’ in front of the genitalia, while the
females are larger with broad abdomens and devoid of any markings. Pupation is
noted to take place in the leaf sheath from where adults emerge. The pupal stage
lasts from 9 to 11 days, the norm being 11 days. No hibernation is recorded locally
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Ficure 3. Pupa of Sesamia inferens

3.4 Adult

The adult (Fig. 4) is nocturnal in habit. It is brownish with wings off-white in colour.
The female measures 14 mm to 16 mm in length with a wingspan of 28 mm, while
the male is about 13 mm in length, has a tapering abdomen and wingspan of 25 mm.
The sexes can thus be separated easily. The adults live for five to seven days, the
norm being five days.

FiGure 4.  Sesamia I;ﬁ’erem
3 — 15535
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3.5 Emergence and Dispersion

The pupa which takes 9 to 11 days before adult emergence was closely watched every
hour from the ninth day onwards. The pattern of emergence was studied from
626 pupae over a period of 100 days between 6th September and 12th December,
1974. Over 799 of the pupae emerged as adults after nightfall (between 7 p.m. and
6 a.m.). Although it was also noted to take place during daylight hours, most of the
adults that emerged during this period showed deformed wings, were incapable of
flight and died within a few hours. A peak of over 47% emergence took place
between 8 p.m. and 12 midnight. About 17% emerged before this peak period
between 4 p.m. and 8 p.m., and about 26 % emerged after the peak period between
12 midnight and 6 a.m. (Fig. 5).

On emergence from the puparium, the adults are with rudimentary wings. The
wing development is observed to take place in two stages. The first is the growth
stage. Data obtained from 560 observations reveal that it takes about 16 minutes
for the wings to grow from the wing buds (range : 5 minutes to 28 minutes) and is
held in an upright position which is the second stage for a further period of about 13
minutes (range : 7 minutes to 25 minutes), before it is folded over the body to
assume the characteristic position common to moths.

On completion of the wing development which takes about 30 minutes, the moth
takes to its wings and disperses within the grasses in the boundary and the headlands
of the neighbouring cane area, or, if the crop is mature, secks grassy patches within,
S. inferens females are capable of ovipositing immediately after dispersion. The
egg-laying is noticed to take place in these grass associations from where the cycle is
repeated. S. inferens is found throughout the year completing its cycle in about 65
days (8 instars) to 84 days (10 instars). Sugar cane is planted during the period March
to August at Kantalai and the shoot stage of cane is available for the pest over a
long period. The first brood occurs during May and June. The generations
overlap one another. There are about four to five broods per year.

4. Host Plants

Though regarded primarily as a cane pest, S. inferens finds more congenial conditions
for its egg laying in cane field weeds, where it spends the first two larval instars before
attacking cane.

About 9 species of local cane field grasses are recorded as collateral hosts of the
shoot borer. They include species such as Eragrostis diplachnoides steud., Panicum
repens L., Cyperus compressus L., Cyperus iria L., Digitaria ascendens H.B.K.
Amaranthus viridis 1., Echinochloa colonum Link., Brachiaria mutica Stapf. and
Brachiaria distachya Stapf.

5. Nature of Damage

S. inferens passes its early larval instars in cane field grasses before atiacking cane,
Damage to sugar cane takes place during the shoo. and stalk stages,
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5.1 Shoot damage

Entry into the shoot stage of cane takes place by making a tiny hole in the lower
portion of the shoot. It eats up the inner tissues of the plant and the ‘frass’ passes
out through the aperture made on entry. This causes the central whorl of the
shoot to dry up into what is known as the ‘dead heart’.

A ‘dead beart’ is invariably the result of the damage by a single larva. When the
shoot dies before the completion of the larval period, the larva abandons it to attack
new shoots. Investigations carried out daily over a period of 3 years from 1968 to
1971 by sampling a standard unit of 100 damaged shoots or stalks reveal peaks of
infestation in the field depending upon the age of crop. Table 2 depicts the shoot
damage at 4 months recorded in December 1969 wherein about 257, of the borer
damaged shoots were found to contain live borers, from which it could be concluded
that at least four young plants may be damaged by a single larva.

TasLe 2—Percentage Borers in Damaged Shoots and Stalks

Shoots Stalks
Date December 1969 March 1970
(Age 4 months) (Age 7 months)
1 i 7
2 31 s
3 iy i
4 27 4
5 23 4
6 19 3
7 10 ——
g s f e =
9 5
10 9 4
11 12 5
12 22 10
13 24 9
14 23 7
15 75 (= S U
16 0 4
i7 22 10
18 3 7
19 19 5
20 17 4
21 34 2
22 29 -
23 -— 7
24 19 9
25 - 6
25 34 7
27 27 —
28 30 10 -
29 41 —
30 —
31 31 4
Average 24.08%; 5.8%
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52 Stalk dﬁmage

S. inferens is primarily a shoot borer but when the pest gets established in the young
crop, the subsequent generations that breed in the neighbouring grasses feed on
mature stalks. This may be regarded as a secondary damage. The larva causes
damage to about two to four nodes per stalk eating up the inner tissues, which
results in galleries ranging from one to four inches in length. In mature cane, about
6% to 10% of the damaged stalks contained borers in them so that a single borer
may be respoxnsible for the damage of 10 to 16 stalks. Table 2 reveals the number of
borers expressed as a percentage of the damaged stalks as recorded in a seven month
old crop in March 1970.

6. Natural Enemies

A few species of insects parasitic on the shoot borer have been recorded. They
inchide :— .

(@) Larval Parasites .—

Megaselia spp. (3) Phoridae
Apanteles chilones Munakata Braconidae
Apanteles flavipes Cam., Braconidae

() Pupal Parasites :(—

Tetrastichus israeli Mani and Kurian Eulophidae

The larval parasite dpanteles flavipes Cam. 1s a prominent species which affords
considerable control of the shoot borer (Fig. I).

7. Discussion

S. inferens is restricted to Kantalai as a major pest of sugar cane. During the period
1964 to 1968 the occurrence was sporadic and this species showed the peak of larval
incidence in December. This was so because cane was planted from June to
August and the crop was in its shoot stage until December. With improved knowledge
of cane culture, planting of cane is now carried out between March and August
and this has resulted in the pest occuring throughout the year.

The pest makes its appearance in the newly planted areas by March and is at its
peak by April/May. One of the conditions conducive for its rapid multiplication
and spread is the presence of cane field weeds which act as collateral hosts. The
pest completes its life cycle in 65 days to 84 days, depending upon environmental
factors. Overlapping of generations is generally observed and there are about
four to five broods per year.
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A technique to investigate some aspects of the growth kinetics
of bacterial colonies on agar media

P. C. B. FernanDo, H. G, NANDADASA AND D. V. N. M. PauLss

Faculty of Science, Vidvodaya Campus, University of Sri Lanka, -
Nugegoda, Sri Lanka.

{Paper accepted: 15 September 1976)

Abstract : A simple theoretical model for the growth kinetics of a bacterial colony
on agar medium is derived. An optical densitometry scanning technique for the
study of the growth of micro-organisms in agar media is presented (the principle of
the technique is discussed and an instrument employing the technique 1s described).
The operational features of the instrument and some [experimental data  obtained
withitis also presented.  Thisexperimental data was used to test the theoretical model
derived. A few potential applications of the technique which can lead to new
fields of investigation are mentioned.

1. Iatroduction

The optical densitometry technique for studying the growth of micro-organisms
under varying environmental conditions is largely limited to liquid media. The
application of this technique to solid media (e.g. growth of bacterial colonies on
agar media) has not (to the knowledge of the authors) been reported.

The quantitative study of the growth of micro-organisms on solid media provides
certain types of information that cannot be obtained from liquid media studies and
hence could lead to new areas of investigation. In a liquid medium, for example,
the cells are usually distributed homogeneously and the growth characteristics of the
micro-organisms are the same in different parts of the culture with the result that
only a gross picture emerges. On solid media, however, colonies of micro-organisms
show characteristic morphological patterns, like the differential distribution of
particle density within a bacterial colony and differing growth rates at different
regions of the colony.

The techniques of studying colony growth on solid media which are presently
available are mainly limited to observations (using microscopes) of shapes and sizes
of colonies and their variations with time. The instrument described in this paper
provides a quantitative method for the time variation studies of spatial particle
density distributions within a colony as well as variations of shape and size of the
colony under investigation,
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2. Principle of the technique

The intensity of a light beam passing through a medium at a point where the particle
density is W, is attenuated from I, to J according to the well known law in optics :—

I=1Iexp(—aN), a=aconstant (1)
The fractional light absorption F is given by

F=h=1 1 _exp(— aN) - @
; |
Hence

1 1
N o
= In —— 3)

Where N is the partical density at the region under investigation at time .

If the probability of cell division per unit time is P ( ¢ ) and the number of cells at
time ¢ is V and at time ¢ + dtf is N + dN,

then P(t)yd = 4)

(since the division of a single cell increases the population by one, i.e. its own disap-
pearance and two new cells forming). Due to the environmental resistance to
growth (e.g: reduction of nutrients, etc.) the probability of cell division could be
expected to decrease as the colony grows and hence the probability of cell division
would be both a function of the spatial position within the colony and also of time.
Let us assume the time dependance to have the form of exponential decay,

P (1) =P~ )

Where A is a constant depending on the nature of the bacteria, the medium and other
environmental factors,

Eqns : (4) and (5) yield
N t

fd_N — P(0) f e gy
Ns N 0

where Ns represents the saturation state of the population,

N P (0) _A:
i o, e e P T
» ;"rg /1 ¢
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let Ny — N=n

N n n L nY 1in
el e [_} i, {_ o _J ..................
N, ( W, N 2\wf 3[Ns ......

Since n is always less than N, and as saturation is approached

%‘I<<1(ast+oo, N > Ng)
N n N — N,
I e, N e i
3 Ny Ne Ny
Ll L B P;O) e-Af
8
ic- N = Ns ( 1 — __P_i(.(.).)__ e‘-Af (6)

Equations (3) and (6) yield,

s '
At =In SR ™
it |
l—F )
|
A plot of ™ ; » with respect to time ¢ on semi-log
(=7 '

graph paper would yield a straight line whose slope with the ¢ axis is A.

The technique for measuring F for a bacterial colony growing on agar involved
allowing a narrow beam of light (thickness of the beam = 1/10 diameter of the
colony under investigation) to fall on a photodetector, after traversing through the
point on the colony where the particle density was being estimated. When operating
on the linear part of the photodetector characteristic, the photocurrent (i) is propor-
tional to the light intensity (I)

and L ®

4 — 15535
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In order to obtain the particle distribution within a colony, the colony was moved
across so that the beam scanned along a diameter of the colony. The photodetector
current was fed into a pen chart recorder which traced out the current corresponding
to the spatial distribution of the particle density along the colony.

The study of the time variation of the spatial F distribution was achieved using an
automatic periodic scanning device.

3. Instrument
Fig. 1 shows the densitometer cum automatic scanning system. A projection system
is incorporated into the instrument so that the colonies that are being scanned could
be traced out in two dimensions. In Fig, 2 details of the rotating disc and the glass
cell for containing the culture medium are shown. Conventional petri-dishes were
not used as their surfaces are not optically homogeneous.

Fig. 3 gives the electrical circuits for the illuminator and detector of the instrument
to be operated automatically and with the minimum consumption of recorder chart
paper. :

4. Procedare
The glass cells to be used in the experiment were sterilised in an autoclave and sterile
medium of 1.5% Oxide Nutrient Agar was poured into these cells to fill upto half
their thickness. The medium was allowed to set and measured amounts from a very
dilute suspension of Escherichia coli in phosphate buffer was inoculated with a
“micropipette onto a central spot on the surface of the medium.

The glass cell thus prepared was placed over an aperture on the rotating disc
(Fig. 2) so that the light beam passed through the inoculation point. The surface
the medium on which the bacterial suspension was inoculated faced downwards.
This was a precaution against water vapour condensing on the lid of the glass cell.

The width of the light beam was adjusted to a fraction of a millimeter, The
scanner was made {o operate continuously for 48 hours. This represented a scan
per each of the eight cells once every hour. At the end of this pcrlOd scanning was
done for two hours every 12 hours for about two weeks, using an automatic switching
device. A calibration spot on one of the glass cells (which did not change with time)
was used for monitoring the constancy of the overall densitometer sensitivity.

5. Resuits
Some samples of chart recorder tracings made in the process of scanning the colony
during the growth is shown in Fig. 4. Fig. 5 shows the time variation of the particle
density at the centre of the colony and the diameter of the colony, Fig. 6 shows the
plot as indicated in cquation (8). For the particular example considered A = .17
day -1
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The paper is confined purely to a discussion of the basic technique. The instru-
ment described is inexpensive but possesses a capacity for further sophistication if
the problem investigated so demands. It could also be used without modification as
an electrophoresis or chromatographic spot scanner and in other applications of
densitometry. >

The growth constant would be a useful quantitative index of growth. This index
conld be measured under varying environments and for different organisms.

This technique has potential application in a large variety of studies a few of which
are the following :

(1) Kinetic studies of growth of bacterial and fungal colonies.
(2) Differentiation studies of fungal and bacterial colonies.
" (3) Growth patterns of colonies in diffcrent types of media.

(4) Response of colony growth to different substances e.g. antibiotics, inhibitors,
ete. : i

'(5) Growth of bacteriophage plaques in bacterial cultures.
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P. O Box, 787 Colombo 7, Sri Lanka

(Paper accepted @ 22nd September 1976)

Abstract : A comparative study of different methods of amperometric titration
of the sulphhvdryl group is described. The factors varied included: (1) the
microelectrode, (2) the titrant, &) pH and (& voltage. The method was
successfully applied to coconut toddy to determine both RSH and RSSR content.
Studies with coconut toddy gave further support to the theory that cysteine provides
the sulphur for HpS formation in fermenting toddy and also indicated why some
yeast strains do not produce Ha8 during the fermentation of (sweet) toddy.

1. Introduction

The sulphhydryl content of biological material can be measured by several chentical
and polarographic methods.? 4551, Amperometric titrations have often been
employed in the determination of sulphhydryl (SH} groups in organic compounds and
have been found to be superior to chemical methods of determination. The accuracy
and precision of the results from ampérometric titrations as well as the convenience
of the method depend on several factors such as :

(i) microelectrode system
(i) titrant
(iif) reaction conditions (pH, voltage).
Although considerable work has been done in this field, a compazative study of the
different methods (varying the above factors) have net been reported, Furthermore,

nnlike in this study, most of the reported work has been done using semi-automatic
or automatic polarographs.

Sulphhydryl groups can be titrated against a titrant containing any one of the
following icnic species.!?
{a) Titrants involving mercury.
(b) Titrants involving silver.

(@) Titrants invelving mercury. The reaction of Hg(Il) specizs with mercaptans
can either be monovalent or divalent with respect to mercary.

*These studics form a part of the M.Sc. thesis University of Sri Lanka, Colorabo Campus, of
M. K. G. 8. Kalyananda. :
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RSH + Hg+? —— (RS).Hg Bivalent ... ovniii i (1)
RSH + Hg+? -—— (RS8);Hg, Monovalent.........oooooeeeien, (2)

In these studies it was found that the relative stability of these two mercaptans and
hence the valency of mercury in this reaction is governed by several factors such as
titrant and the pH of the medium. Selection of these conditions fixes the valency of
mercury in the above reaction.

(b) Titrants involving silver species. The silver ion can react with meicaptans
according to the following equation.

RSH + Ag+ ——> RSAg.

However, titrations carried cut in ammoniz-ammonium nitrate or in “tris” buffer
have given abrormally high values (about 130 % of the theoretical values) on titration
with known quantities of cysteine hydrochloride (HS-CHy-CH(NH,)COOH.HCI)
This is because the silver ion reacts not only with the sulphhydryl group, but also with
sorge other site in the cysteine molecule.!!  This error can be minimised by carrying
out the titration in the presence of small concentrations (0.1M) of sodium sulphite.
However, the presence of SO,> complicates the interpretation of the results if the
medium contains disulphides (RSSR) as the latter react with sulphite ions according
to the following reaction resulting in the formation of reduced sulphhydryl (RSH)
which in turn reacts with Agt, forming RSAg :.

RSSR + SO;-2——>RSSO;~ + RS~........... e e 3)

Furthermore, a sharp end point is obtained when mercury(Il) compounds are
used as the titrants, because (i) mercury(IT) mercaptides are miuch more stable and
considerably less dissociated than the corresponding silver complexes, (ii) although
mercaptides of both mercury and silver can form complexes with excess metal ion the
difference in stabilities between normal Hg(II) mercaptides and the complex with
excess metal ion is much greater than the corresponding differences of the silver
mercaptan sysiem."

In the different amperometric titrations described below, compounds containing
Hg(ll) species were used as the titrant, This paper describes a comparative study of
the different methods of amperometric determination of the SH group using a home
made polarograph and also introduces the application of a rotating, hanging, mercury-
drop electrode in amperometric titrations of the sulpbhydryl groups. The paper also
deals with the application of this method in studies of the mechanismn of hydrogen
sulphide formation in fermenting toddy.
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2. Experimental
2.1 RSH determination

2.1.1 Polarograph

A simple polarograph was constructed using two rheostats, microammeter, avometer,
saturated calomel electrode and a 2V battery of 120 Amperage. The electrical
circuit of the polarograph employed is shown in figure 1.

&

FiGure 1—Disgrammatic repres=ntation of electrical circuit of the polarograph
A Microburette B Saturated calome! electrode

C Salt bridge (saturated solution of KCl with 3% Agar) o
D Rotatirg hanging Hg drop elecirode E Sample F Saturated WCi

o

Figure 2—Rotating hanging Hg drop electrode
A& Motor B Glassiube C Hg column D Gold plated Pt wire E Electrical connection
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2.1.2  Microelectrode system

Two microelectrode systems were tried out,

(@) Rotating Platinum Electrode. A platinum wire (1 cm long, and 0.5 mm
diameter) was sealed through the closed lower end of a glass tube (5 mm diameter)
and electrical connections were made through a column of mercury.!! [t was fixed
vertically to the axis of a motor. The effective length of the platinum electrode was
3 mm and the speed of rotation was 600 r.p.m. '

(b) Rorating hanging mercury drop electrode. A platinum wire (1 cm long and
0.5 mm diameter) was sealed through the closed lower end of a glass tube so that
0.5 mm of the wire projected from the end of the rod. This projection was plated
with a thin coating of gold and a drop of mercury, equivalent in size to one drop from
a dropping mercury electrode, was attached to the gold plated wire. The electrical
connection was made through a column of mercury.? (Figure 2). The electrode
was fixed {0 a high speed mechanical motor rotating vertically (600 r.p.m.}.

2:.1.3 . Reagents
Titrants : (a) 0.005M mercuric chloride soluiion (prepared using analytical grade
HgCl) (b)) 0.005M ethylmercury chloride (CHHgCl recrystallised) solution.

Samples : (@) 5 % 109°M cysteine solution.

b 5 x 10-°M c}'steiné hydrochloride solution,
Buffers :  (a) 0.02M acetate buffer pH 4.76

(5) 0.IM borax solution pH 9.5,

2.1.4 The Amperometric Titration

KCl (10 ml of 1M) was added to the sample (0—30 ml) in a clean beaker (150 ml).
The solution was made upto 100 ml with buffer, and used as the titration cell in the
circuit (fig. 1). This solution was de-serated by a stream of nitrogen for 12 to 15 min.
and the sulphhydryl group (SH) was titrated at a potential V with the titrant from the
semimicroburette. The diffusion current corresponding to cach titrant volume was
recorded, and the endpoint determined from a plot of current and titrant volume
(figures 3, 4 and 5). This titration was carried out under wvarying conditions, and
after each addition of 1 ml of titrant a stream of nitrogen was passed through the
sample for about 30 seconds.

2.1.5 Experimental modification using toddy

In the determination of RSH in toddy a known amount of toddy (40— 80 mil) was
taken into a 150 ml beaker and 1IN 1NaOH was added to neutralise Lial7 of the total
acid present in the toddy sample. - The solution so obtained had a pH of about 4.75.
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10 ml of 1M KCl was then added and the solution was made to 100 ml with acetate
buffer (0.02M, pH 4.76). The rest of the procedure was the same as that described
under section 2.1.4.

2.2. RSSR determination

The experimental procedure adopted in the determination of RSSR was the same as
that described in sectioni 2.1.4. except that the solution was made 0.1M with respect
to sulphite prior to the titration, by adding the required quantity of solid Na,SO, into
the de-aerated medium. The final volume was adjusted to 100 ml with borax buffer.
The addition of SO, converts all RSSR into RS~ and RSSO, according to
equation (3).

2.3 RSH determination by ferricyanide method

Freshly prepared cysteine solution (0.20 mg/ml} was cooled in the water and phosphatc
bufler (0.2ml of 1M, pH, 6.7), sodium nitroprusside (0.1 ml of a 59 solution) and
cone. NH,OH (0.2 ml) were added. This resulted in a red colouration which was
titrated rapidly with K, Fe(CN), (with continuous shaking). Standardisation of
K, Fe{CN), was carried out with 3 different concentrations of cysteine solutions.
Toddy (10 ml) was titrated with K,Fe(CN), using the same procedure.

2.4 H,S. determination
H,S in fermented toddy was determined by the method described previously.”
2.5 Synthetic media

Czapex-Dox medium containing 15% glucose was used as the base to which was
added the sulphur containing compound.

2.6 Materials and cultures

Sweet toddy suitable for these experiments was obtained by collecting the fresh sap
of the coconut inflorescence in polythene bags. Yeast strains from the CISIR
collection were used in this study and cultured as described previously.5.’

3. Results

3.1 RSH Determination

Results obtained under seven different methods (1able 1) of amperometric titration
are given in tables 2, 3, 4, 5, 6, 7 and 8 respectively. The relative advantages and
disadvantages are described in section 4. The titration curves using these methods

are given in figures 3, 4, and 5. '
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Tapie 1-—-Method used in RSH determination

. Micro-elestrode o Applied Otﬁﬁer—

Conditions system Titrant pH voltage  reagent

© added

Method 1 Rotating Pt HezCly 9.5 —02V
electro

Method 2 Rotating Pt HgCl; 4.76 —045 0 —
elecirode

Method 3 Rotating Pt EtHzCl 4.76 —0.45 -
clectrode

Method 4 Rotating . HzCl; 4.76 —0.45 —
hanging Hg :
drop clec.

Method 5 Rotating EtHegCl 4.76 —0.45 -
hanging Hg
drop elec.

Method 6 Rotating EtHgCl 9.5 —045 0.2M in
hanging Hg NaxS0;
drop elec. :

Method 7 Rotating EtHgCl 9.5 —070 0.2M in

: hanging Hg Naz50y
drop elec. ;

See section 2 for details.

TasLeE 2---Determination of cysteine by method 1.

Volume of 5 % 10-3M  Observed end- Theoretical end-

cysteine {ml) point {ml} _ point (ml)
2.50 3.10 2.50
5.00 6.10 5.00
7.50 9.40 7.50
10.00 12.00 10.00

shown in fig. 3.

See Table 1 and section 2.1 for details.

The general pattern of the titration curve under this condition is

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

Sulphhydryl Group determination by Amperometric methods

TapLs  3-—Determination of cysteine by method 2.
Volume of 5 x {0-3M Observed end-  Theoretical end-

cysteine (ml) point (mnl) point {ml)
1000 5.00 5.00 3
20.00 10.20 10.00
30.00 15.00 15.00

. The general pattern of the titration curve under these conditions
18 shown in fig. 3.

See Table 1 and section 2.1 for details.

Tarcs 4—Determination of cysteine by method 3.

Volume of 5 x 10-3M  Observed end- Theoretical end-

cysteine (ml) point (ml) point (mi)
5.00 2.30 2.5-_ RrET
10.00 4.90 5.0
15.00 730 7.5
20.00 10.10 10.0

The general pattern of the titration curve is shown fig. 3.

Sep Table 1 and section 2.1 for details.

Tasle 5—Determination of cysteine by methed 4.

Volume of § X iO—SM Observed end-  Theoretical end-

cysteine (mil) point {ml) point (ml)
5.00 2.50 2.50
10.00 5.00 5.00
15.00 7.20 7.50
20.00 10.00 10.00

The general pattern of the titration curve is shown in fig 4.

See Table 1 and section 2.1 for details.

TABLE 6-—Determination of cysteine method 5.

Volume of 5 x 10-3M  Observed end- Theoretical end-

cysteine (ml) point (ml) point (mi)
2.50 2.50 2.50
5.00 5.00 5.00

10.00 10.30 10.00
15.00 14,50 15.00

The general patiern of the titration curve is given 1 fig. 4.

See Table 1 and section 2.1 for details.
6 — 15535
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TapLt 7—Determination of cysteine by method 6

Volume of 5 x [0-3M  Observed end- Theoretical end-

cysteine (ml) point (ml) point (ml)
10.00 9.0 10.00
10.00 9.0 10.00
15.00 13:5 15.00

* 20.00 16.5 20.00
*  10.00 8.3 10.00

*Cysteine hydrochloride was used. The pattern of titration
curve is given in fig. 5.

Ses Table 1 and section 2.1 for details.

TaBLe 8§ Determination of cysteine by method 7.

Volume of :> >< 10 3M- Chserved e*1d~ Tncoreucal end-

cysteine hydrochloride point (ml) point (ml)
(ml)y :
TUA0E o . e I
20.00 20.30 20.00

. The gencral pattern of the curve under these conditions is shown
1n fig 5, curve 7.

See Table 1 and section 2.1 for details.

TanLe 9-—Dotermination of RSSR by modified methods 6 and 7

: (:ndmons Cystine Observed end- Theoretlca] endl-
(mg} p01m (ml} peint (ml)

Method 6 12 00 ll 10 y 10 00

Method 6 12.00 9.20 10.00

Method 6 6.00 5.00 5.00

Method 7 12.00 9.30 10.00

Mulh od 7 6.00 5.00 5.00

: ‘Sﬂ: I‘"-mla 1 and sectmn 2 2 for (letalls A
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Figure 3—Titration curves for different methods of amperometric analysis
0 —0, Method 1.

X — X, Method 2.
o — O, Method 3.
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2ecrusion Cuareny( sd)

o] 5 o
TITRANT vosuns ()
Figure 4-—-Titration curves for different methods of amperometric analysis

X—X, Method 4.
-, Method 5.
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Froure  5—Titration curves for different methods of amperometric analysis

X-—X, Method 6.
- O-(), Method 7.
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3.2 RSSR Determination

RSSR content was determined by the use of $0,2 as described in section 2.2 and
discussed in section 4. Results are shown in table 9.

3.3 Application of method to toddy

3.3.1  Preliminary Studies

In using toddy the main problem was its low sulphhydryl content. In the determi-
nation of SH content in the above methods accurate results could be obtained only
with a large quantity of toddy (40—80 ml). On the other hand when the volume of
the sample (40—80 ml) was very large the procedure described under section 2.1.4.
could not be used due to the difficulty of adjusting the pH of the medium (1o 4.76) by
the addition of acetate buffer. This problem was overcome by the method described
under section 2.1.5 in which the pH of toddy was adjusted to 4.76 by neutralising
half of the total acid (mainly acetic acid) present in toddy with IN NaQH. The
operation needs to be done with extreme care.

3.3.2  Evidence for specificity

As there can be no direct proof for the specificity of this method of determination of
RSH content, several indirect methods were used. The evidence can be snmmarised
as follows.

(a) Different amperometric methods used on toddy yielded the same result :
e.g. methods 4 and 5 gave values of 1.21 and 1.21, 1.21 and 1.21, and 0.09
and_0.07 MM. SH respectively for three selected samples of toddy.

(6) Results using the amperometric method tallied with the K,Fe (CN), micro-
titration',? for SH group (using sodium nitroprusside as indicator).

(c) Analysis of the amperometric titration curve for toddy in the presence and
absence of cysteine showed that the shift in end point corresponded to the
amount of cysteine added. - In addition thers was no break in the titration
curve until the new endpoint was reached.

(d) Analysis of the H,S formed by fermentation of synthetic media showed that

' an initial cysteine content of about 1.6 MM produced about (.13 MM
H,S. It was also found that the SH content of toddy (determined by the
assay) that produced on fermentation the same quantity of H,S was also
of the order of 1.6 Mi. In both sets of experiients the same strain
of yeast was used.
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3.3.3 RSH and RSSR content of toddy

The RSH content determined by method 5, showed that all samples of fresh sweet
toddy analysed {over 25 samples), contained an SH content in the range of 1.4 to
1. MM, whercas the RS8R conient of all these samples was negligible. How-
ever, on autoclaving sweet toddy, there was a dramatic decrease in RSH content and a
corresponding increase in RSSR content. Further, on standing for a period of
weeks the RSH content virtually declined to zero. Typical results showed that the
—SH content of a sample of autoclaved toddy immediately after autoclaving and
7 days later was 0.6 MM and 0.45 MM respectively. At the laiter stages
RS8R content of autoclaved sweet toddy was sometimes as high as 0.9 MM
(as SH).

When toddy was fermented with H,S producing yeast strains (strains Nos, 2
and 20 of the CISIR yeast collection)”® the final RSH content was generally zero
although on one occasion a value of 009 MM was observed. RSSR
content of fermented toddy on the other hand was high, generaily in the range of
0.75 to (.90 MM (as SH).

3.3.4  Relationship between H,S produced and RSH content

Experiments carried out with autoclaved sweet toddy samples showed that variation
of RSH conient in these samples paralleled H,8 produced (fable 10). Similar
resulis were obtained using a synthetic medium under the same fermentation condi-
tions {table 11).

Tanie 10—FEffect of RSH content 1n autoclaved swest toddy on
H,5 produced

Sample © Initial RSH 1:12 bdproducu_d
(mmmoles/1} {mmoles/1)

Tree No. 1 0.45 0.052
Tree No. 2 0.16 0.019
Tree No. 9 0.02 0.003

Trea Mo. 10 Nil Nil

Agod autoclaved sweet toddy was analysed for SH
content and formented with & H;3 producing yeast
strain (No. 20). H25 was estimated after complete
fermentation.
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Tanie 11—H,S formation in synthetic fermenting medium

Added cysteine H38 produced
(mmoles/1) {mmoles/I)
0.3 0.015
0.6 0.043
09 0.110
1.2 0.097

To Czapex-Dox medium modified as in
section 2.4 was added cysteine in the above
quantities. The F(;S formed was determined
after complete fermentation.

3.3.5 Relationship between RSSR and H,S formation

Studies carried out with a synthetic medium (table 12) as well as those with toddy
(table 13) led to the conclusion that cystine (RSSR) has no significant effect on H,S
formation during fermentation.

Samples with different initial RSH concentrations produced H,S in quantities

proportional to the initial RSH content. This was observed in the studies carried
out on a synthetic medium (Czapek-Dox solution containing 15% sugar) using

freshly grown yeast cultures 2 and 20.7 The results showed that the RSH present
initially was ultimately converted to RSSR and H,S after fermentation. (Table 14)
Further, it was found that the conversion of RSH to other forms (H,S and RSSR)
was quantitative, i.e. total sulphurin the form of H,S, RSSR and RSH in the
fermented product was often equal to the initial sulphur (present as RSH).

Tabte 12—Effect of RSSR on H,S formation in a
synthetic fermenting medium

Tnitial Tnitial H;S produced
Sample RSH RSSR (as SH) (mmoles/1)
(mmoles/1} (mmoles/1)
Synthetic medium (250ml) Nil Nil Nil
Synthetic medium (250ml) 0.32 Nil 0.060

+ 11 mg cysteine

Synthotic medium (250mi) Nil 066 0.002
<4+ 20 mg cystine

H,S was determired aiter complete fermentation with
H,S producing strains (2 and 20).
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TasLe 13—Effect of cystine (RSSR) on H,S formation
m fermenting toddy

Initial P Initial H; S prod.;cei
Sample RSH RSSR (mmoles/1)
{mmoles/1) (mmoles/1)
(as SH)

Autoclaved swoot toddy*  Nil 0.76 Nil
(250m) i :
Autoclaved sweet toddy (.56 0.75 ¢.06
(250ml} 4 17mg cysteine
Autoclaved swest toddy Nil 1.78 Nil

. {250ml) + 30 mg cystine

Sweet toddy (aged and autoclaved) containing no ~-8H and 0.76 mmoles of
RSSR was fermented after addition of cystine and cysteine and H,S determined
after complete farmentation.

*The sweet toddy sample used here was two wesks old.

3.3.6 Results using attenuated yeust

An interesting set of results was obtained when using attenuated yeast cultures. -
When yeast strains 2 and 20 (which are normally H,S producing) were stored ina
refrigerator at 5°C for about a week they no longer produced H,S even though they
could carry out fermentation efficiently. Study of a time-course of fermentation

using these attenuated yeasts showed that even when fermentation was complete (at
36h) the SH content only fell from 1.65 MM to 1.50 MM and only traces

of RSSR were formed ; H,S was not detectsd. This showed that the yeast stramns
could not utilize RSH in toddy to any significant extent. It was also observed that
the attenuated yeast could produce H,S from added cysteine su ggesting that the yeast
differentiated between —SH in toddy and —SH of added cysteine, This failure to
produce both H,S and RSSR was of great interest because the same strain when not
subjected to attenuation produced both H,S and RSSR.

4. Discussion

(i) On comparing curves 1 to 7 it was found that ali the titration curves were regular
after the endpoint. However, the regularity of curves before the endpoint varied
markedly, the rotating Langing mercury drop electrode (HMDE) being superior to
the rotating platinum elecirode for sulphhydryl determination. In using HMDE
there were also other advaniages such as (o) easy cleaning, ) durability and (c) high
sensitivity,

7-—=15535
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A sharp end point was not obtained only with method 1. Results using method 1
were precise to + 1%7% with a constant positive deviation of 27 % The end point of
titrations obtained under conditions 2, 3 and 4 corresponded to the bivalent state of
Hg whereas those obtained under methods 1, 5, 6 and 7 corresponded to the mono-
valent Hg.

The resuits of method 2 were precise to + 19, Although irregularities in the
titration curve in method 2 were partly eliminated in method 3. a very high initial
residual current was observed, which interfered with the estimation of low sulphhydryi
concentrations (10~ mgf1). However precision and accuracy remained unchanged
at the + 19 levels even under these conditions. The irregularities of method 3
were completely eliminated when the rotating platinom electrode was replaced by
the rotating hanging mercury drop electrode and this is illustrated in the resules
obtained with methods 4 and 5 (fig 4) ; senmsitivity was alo increased under thege
conditions. This difference can be attributed to - (a) the high hydrogen overpoten-
tial and (b) the comparatively high cathodic range of mercury compared to platinum.
Although results obtained were much more precise { + 1%} when method 4 was
vsed instead of method 5, (which had = degree of precision of + 2.5%), the latter
method was more suitable for the estimation of small quantides of RSH. This was
due to the fact that EfHgCl is monovalent when method $ is used whereas Hedl, is
divalent in method 4.

Of the two methods developed for the determination of KB83R, method 7 was
more precise and accurate compated to method 6 ; a constant error of about 6%
was cbserved in method 6. However, curve 6 of fig 3 reflecis the superiority of
method 6 over method 7 in the determination of small quantities of RSSR because of
the low initial residual current of the former. \

Method 5 was applied successfully in the determination of RSH in toddy. Sweet
toddy was found to contain an SH content in the range of 1.4 to 1.9 mM. H,S
producing yeast strains (cultures No., 2 and 20) convert only a small fraction of
this REH into H,S. However, the study demonstrates the involvement of the RSH
group in the formation of H,S confirming the conclusions of previous reports.”.10
It is significant that this mechanism is very different from that of H,8 formation in
beer which is brought about by the reduction of sulphite.5:12:13

Although evidence is by no means complete, we propose the following hypothesis
.most of the cysteine (SH) in toddy is in the form of proiein. In this state it will
remain largely unoxidised unless the proteins are denatured (z.g. autoclaving as done
in this study) or hydrolysed (as in the case of fermentation by Yeast strain 2 and 20).
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The lack of oxidation of RSH to RSSR in the experiment with atienuated yeast
strains supports this. This is also supported by : (1) the absence of oxidation of
SH in fresh toddy and (2) the differentiation between added cysteine and --SH in
toddy by the attenvated yeast. That is, H,S production in toddy can be visualized
as a two-step process as given below :

STAGE ) STAGE
1 2
Cysieine e — Cysteine {R-—8H)  —— e H,5
(bound in Hydralysis (free) Cysteine
protein) Cysiine {(R83R) de-sulphhy-

drase

This two-step process involves the release of cysteine from protein in the first step
which will explain the observation that H,S and RSSR are always formed together or
not at all (as in the case of attenuated yeast where both RSSR and H,S were not
formed).

This concept can account for the existence of non-H,S producing strains of yeast
(as shown in our earlier study).”.1? This could b due to one of two reasons : (1)
the lack of cysteine desulphhydrase as shown by yeast cultures No. 39 and 40 which
cannot release 11,8 from cysteine and (2) the lack of protein hydrolysing activity as
suggested by attenuated cultures 2 and 20, More work is proceeding on our culture
collection to screen strains of yeast for the absence of one or more of the necessary
stages of HpS production. A third possibility which is more remote is that RSH
may be converted by some non-H,S producers fe a form which is not available for
H,8 production. :

Other results of ours have indicated that the effect of iron in increasing H,S8
production may be duc to an interference with the ZRSH<—-R35R equilibrium.
Work on this aspect is continuing. :

Our previous study showed that H,S formation in toddy cai be controlled by (a)
choice of strain of yeast and (b) addition of NH,#. This study provides a clue to
other methods of reducing H,S formation which could take the form of (1) promoting
the conversion of cysteine to cystine and (2) inhibiting protein hydrolysing activity.

The described method of estimation of RSH and RSSR appears highly promising
and should Be of immense valus in furthering current studies on th2 mechanism of
H,S formation in coconut toddy and other biological systems.
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TaBLe 14—Fermentation in synthetic medinm

Initizl* Residual RSH RSSR 1 H>S produced
Sample RSH in fermented fermented {mmoles{1)
{(mmolss/1) sample sample as SH
(mmoles/1) {(mmoles/)
1 0.375 0 0.27 .10
2 0.75 ] 0.54 0.21
3 1.125 0 .91 0.23
4 1.50 (.24 N.D. 0.3
5 1.875 0.48 N.D. 042

“Initial RSH is from added cysteine hydrochloride.
=4 Method 6 was employed in RSSR dotermination.
HLS, RSSR and RSH were dotermined after complate fermentation.
N.D.. Not dstermined as instrument broke daws.

See section 2 for sxperimental details.
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Cyanide liberation from linamarin

1I1, Separation of the linamarases of manioe rind by DEAE-cellulose
chromatography

Nizmara Piris* ann E. R, Jansz
Industrial Microbiology Section, Ceylon Iastitute of Scientific and Indusirial Research
(CISIR), Colombe 7, Sri Lanka.

(Paper aecepted @ 22nd .Se,-?a.fember 1976)

Abstract 1 Our previous studies showsd that manicc rind contained two linamarin
hydrolysing enzymes, linamarase A and B, Studies using DEAE——celluloss chroma-
tography of rind extracts of e'ghi: cultn ars of Manifiot esculenta Crantz showed the
presence of 4 to 6 cyanide libsrating activity peaks, the major sctivity peaks being due
to linamarase A and B in all but one case. Studics also showed that linamarase A
could be a sub-urit of linamarase B.  Same properties of linamarase C and I are also
described. '

i. Intfroduction

Multiple cyanogenic glucosidases have been reported in a few cyanogenetic plang
species.  Hughes! reported that the callus tissue of white clover stems contained twoe
¢ glucosidases capable of hydrolysing linamarin, one specific and the other non.
specific which differed widely in their Michaelis constants. Stevens and Sirobel®
isclated two linamarases from a psychrophilic basidiomycete. The § glucosidases,
which were separated on a DEAE-celinlose coluinn, showed a marked variation in their
Michaelis constants, pH optima, temperature stability and energy of activation.

Gur previous studies? showed that two cyanide liberating enzymes could be separated
by DEAE-- cellulose chromatography from rind extracts of Manikot esculenta
Crantz (manioc). The initial aira of this study was to determine if these two enzymes
were present in all common cultivars of manioc, The paper describes the linamarase
activity profile of DEAE-cellulose column eluates of manioc rind extracts of 8
cultivars of manioc and compares some of the more important properties of linamarase
A, B, T and D,

2. Experimental
2.1 Plant material

Manioc cultivars were obtained from the Central Agricultural Research Instifute,
Gannoruwa, by courtesy of Dr. (Mrs). C. Breckenridge.

2.2 Crude preparations ef linamarase

These were prepared by acetone precipitation as described by Wood.$

* Thn paper forms & part of the Ph . The.is, Um%rﬂty GF %n L*mka [{Colombo Campus| of
Nirmala Pieris.
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2.3 DEAF-——celiulose chromatography
This was performed, by the procedure described previously?, directly on the dialysed
acetone precipitated fraction.

2.4 Assays

Absolute enzyme activity of fractions off the DEAE- cei}ulose column was measured
as described previously,* cyanide being determined (in the presence of glucose) by the
method of Wood.2,3 8

2.3 Properties of the enzyimes

Temperaiure stability, temparature optimum and energy of activation were determined
on linamarase C and D as described previcusly for linamarase A and B.*  The effect
of concentration on enzymic activity was tested by incubating linamarin (20 mM).
0.08M citrate buffer (pH 5.6) and linamarase in varying concentrations. Reaction
time varied so that the same amount of cyanide would be liberated in all cases if an
enzyme concentration effect was absent. Reaction volume was 0.43 ml and the
reaction was carried out at room temperature (29°C).

3. Resalts

3.1 Stadies on cultivars

Crude preparations of the rind of 10 cultivars of manicc were obtained by homo-
genisation in acetate buffer followed by acetone precipitation.8 The cultivars used
were MU-71, Selection 3, MU-18, MU-46, MU-51, JAVA, MU-22, MU-64, MU-10
and MU-44. The concenirated protein precipifate was dialysed against 0.01M
acetate buffer, pH 5.5 and activity measured. Linamarase activity of cultivars
MU-18 and MU-10 was very low and chersfore further srudiss were done only with
the other 8 cultivars. DEAE-cellulose chromatogaphy showed that there were 4
consistent linamarase activity peaks with varying degress of activity at elution volumes
of 104, 116, 128 and 166 ml respectively, which have been called linamarase D, A, R
and C respectively. In addition, other minor peaks were observed. The four main
activity peaks were present in all cultivars except the cultivar JAVA, where only the
activity peaks of linamarase D and A were present (figure 1). The activity peaks most
prevalent were those of linamarase A and B, It was found during the course of
these studies that reproducibility observed with the DEAE-cellulose column used
was very high.

3.2 Sub-unit stroctures of linamarase B

DEAE-celluloze chromatography of extracts of linamarase A and B in the presence of
4M urca showed that, whereas linamarase A maintained its position cn the DEAE-
cellulose elution pattern in the presence of urea, linamarase B split up into two peaks
one each corresponding to linamarase A and D (figure 2).  This showed that linamarase
A was a modified form of linamarase B, probably an active sub-unit.
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Figtuke 1 —DEAE-cellulose chromatography of rind exiracis of various cualtivars.

Bed Volume, 34 ml; Rate of Elution 25 ml/h. Eluents used were as follows @ 0.01M Acstate
buffer pH 5.5 containing (@) no NaCl added (30ml) (4) 0.1M NaCl (15:ml) (¢) 0.15M NaCl (15mi}
{d}0.2M NaCL(15ml) (¢} 0.25M NaCi(13ml) {£103M N-:-!,(_,:l (30mly(g) 0.414 NaCl(30ml). Symbols
at top right hand corner of each insst refer to the name of caliivar. ;

The eluent volumes of inamarase A, B, € and D were 116, 128, 166 and 104 ml respectively.
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FiGURE 2-~Effect of 4M urea on linamarase A and B.

Aj—Peak of MU 46 linamarase A, (see figure 1) rechromatographed on 1 DEAE-ceiluloss

column.

Ay—Teak of A rechromatographed on DEAB-cellulose after cxposurs to 4M urea.
By—Purified linamarase B rechromatographed on DEAE-cellulose.

By—Pcak of B, rechromatographed on DEAE-cellulose after exposure to 4M urea.
Other details as in figure 1.

3.3 Some properties of linamarase C and D

The properties of linamarase A and B have been described in a previcus communi-
tion.* Similar studies on linamarase C and D showed that like linamarase A and B,
linamarase D had a disproportionate increase in activity with increased enzyme
concentration. The opposite was found to bz true for linamarase C which showed
neg: tive deviations (table 1). A time course of cyanide liberation of these two enzymes

i3 shown in figure 3.
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Taste 1—FEffect of enzvme zoncentration on activity of inamarase € and D.

Lmamtrase Volume of extract  Cyanide released Activity
{ml) ; {umoles/min) {umoles/ml/min)
C 0.1 0.05 0.50
0.2 0.098 0.49
0.4 0.130 0.33
D Q.1 0.044 0.44
0.2 0.098 0.49
0.4 0.210 0.53

Concentration of protein in extract for enzyme D was 0.065 mg/ml. The
corresponding value for enzyme C for this table of results is not available as the
sample was lost in a laboratory accident.

For experimental details see section 2.

a3

(H Hous)

¢ Releasen

Y
—

Cyanis

0 :.S 20 25
Tims (M.rnr )

FigURE 3—Time course of initial reaction of lingmarase C and D with linamarin
The reaction raixture contained linamacin (23 m’\f[} citrate buffer((L.08M, pI‘, 5.5y and linamarase
in atotal volume of 0.37ml for each experimsntal point. The reaction which was carriad out at
room temperature was terminated by addition of NayCOs—-pictic acid reaction mixtare.6

8—15535
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Figure 4— Arrhenins plots of the activity of linamarase C and D at various temperatures.

Exserimental details asin figure 3. Reaction time was 10 min. and linamarase activity for C and
D was 0.05 and 0.025 ftmoles cyanide/min.

Linamarase C and D had activation energies of 5.2 Cal/mole and 5.4 Cal/mole
respectively ;  Arrhenius plots are shown in fgure 4. Temperature optima of
Jinamarase C and D were found to be 45°C and 55°C respectively, while temperature
stability studies, in which the enzymes were incubated for 10 min. in a thermostated
water bath prior to reaction with linamarin, showed that the two enzymes were 50%,
deactivated at 55°C and 66°C respectively, (figure 5).4

Table 2 gives a surnmary of some properties of hnamarase C and D together with
data obtained with linamarase A and B which were reported earlier.t
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FIGURE S5—Temperature stability of linamarase C and D.
The enzymes were held for 10 min. in a thermostated water bath and then reacted at room tempe-

rature with linamarin as in figure 3. Reaction time was 20 roin. and 10 min. for linamarase C and D
respectively.
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TABLE 2—Summary of properties of linamarase A, B, C and D.

Linamarase
Property :
A* B* C D

1. Position on DEAE-cellulose column 116 128 166 104
2. Migration to negative electrode

on ¢lectrophoresis at pH 5.9 (mm) 23 : 08 — —
3. Effsct of enzyms concentration ,

{deviation) +ive +ive ——ive Five
4. Michaelis Constant (K) 22 2.2—-25 —— —
5. pH optimum 6-6.6 6.2 — -
6. E Activation (K Cals/mole) 5.7 33 22 54
7. Temperature of 50% deactivation

e 60 62 55 66
8. Temperature optimum (to nearest

5°C) 5 60 45 55

*Published previously.4

—, No experimental point.
4. Discussion

OQur previous communication? clearly demonstrated the existence of 2 linamarases
in the extracts of manioc rind and the initial aim of these studies was to determine
the distribution of these two enzymes in various cultivars of manioc.

Investigations revealed that multiple forms of linamarase activity were present in
the rind of these cultivars. The enzymes were present in different proporuons in the
extracts of each cultivar. However, the absolute activity of each enzyme cannot be
attributed much significance because of : (1) the possibility of selective loss of enzymes
during the acetone purification stage and (2} the possibility that the ratios of the
different enzymes could vary depending on factors such as environment and maturity
of the tubers (on which no studies have been done). Nevertheless, these studies
confirm the presence of several cyanide liberating enzymes which appear to vary in
proportion from cultivar to cultivar,

A significant feature was that linamarase A and B represented the bulk of the
activity in all cultivars. This fact together with the conversion of linamarase B to
linamarase A in the presence of urea suggestad that linamarase B is the major cyano-
glacosidese of manioc rind while linamarase A is an artifact of acetone precipilation.
However, this has to bs confirmed since one line of evidence does not support this
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conclusion. Namely, the formation of linamarase A from linamarase B does not
result in an abnormal degree of loss of activity which leads to the conclusion that
linamarase A (the sub-unit or modification) must be as active as the linamarase B
(the enzyme in vivo). However, the temperature of deactivation of linamarase B is
very comparable to temperature of loss of enzymic activity in the tissue (72°C) as
reported by Joachim and Pandittasekere? giving some support to the theory that
linamarase B is the form in which the enzyme is found in nature,

The presence of activity peaks C and D show that there are other proteins (in
manioc rind) capable of hydrolysing linamarin. In one instance (MU 46) the
activity of linamarase D was too large to be due to a non-specific £ glucosidase and
therefore the enzyme appears to be a true linamarase. Linamarase C is present
only in small quantities in all cultivars and is probably a non-specific § glucosidase.
In addition, DEAE column eluates have shown the presence of minor activity peaks.

From these studies it is concluded that multiple forms of linamarin hydrolysing
enzymes are present in manioc rind. The significance of this situation is not under-
stood but it will explain why cyanoglucosidase negative cultivars of manioc have not
been demenstrated.
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= Cr TR

Abstract: The absolute convergeace factor problem for integrals of finding condi-
tions necessary and sufficient that f(x)g(x) =0(x? +9)/ C,r/ whenever
flx) =0(x?)/ C k| where r, k are non-negative integers suchthatr = %, p. g
are real and p + g <-—1, is considered Bere. Itis shown that the conditions on
the convergence factor g restrict it to being either zero or a polynomial.

1. Introduction

Tyler (1) has considered the following absolute convergence factor problem
for sequences : Ifr, kare non-negative integers, what conditions are necessary
and sufficicnt that the sequence { €, } be such that s, €, be limitable | O, # |
whenever g, is limitable | 0, k| ? The method used by Tyler can be adapted
to find the conditions on the sequence { ¢, }in the more general problem :
What conditions are nceessary and sufficient that s, ¢, = 0 (n?t) | C, r |
whenever s, = 0 (n? )| C, k|, where p is real, p +¢ > — 1% Tyler's
method cannot be used to discuss the case p + ¢ < — 1, and this problem
has not been considered hefore.

The author has considered the integral analogue of this problem in the more
gencral case when p is real and ¢ is real; viz: What conditions are necessary
and sufficient that f(z)g(a) = 0(a2t2)]| 0, ¢ | whenever f(x) = 0
(7 )] C, k | where p, garercal,» > £ ? The conditions on the convergence
factor ¢ in the case p + ¢ € ~— 1 turn out to be of character quite different
to those in the case p ++ ¢ > — 1. Itisshown thatin thecasep ¢ € — 1,
f(z)=0@?|C k|canimplyf(x)g(x) = 0(xP*)|C,r|only when
¢ is zero or belongs to a restricted class of functions. The conditicns in the
case p + ¢ > — 1 do not restrict ¢ to such a narrow class.

Leavingout the trivialcaser = & = 0,itcanbeshown thatifp 4 ¢ > -1,
the conditions on g are the following:
(1) If k=0, r > 1, the only condition is that g ¢ G, ; i.e.

Jh;'—q g () dr = 0 (x) as x - c0.
1;
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150 ; C. Yogachandran
(I Ifr 2k > 1, then g ¢ G, ; i.e.

(i) g(x)=10(2%)asx->c0,

(i) g*1({x)=0(2*)asz > oo,

The conditions in I and II turn out to be necessary even in the case P+ q
< - 1, but a stronger result is proved here, TItis shown that it is necessary
that ¢ belongs tv classes smaller than ¢, and G, in the casesk = 0 andk > 1
respectively,

This paper deals with the case » + ¢ < — 1 in detail. The case p + q
> — 1 will be dealt with in a subsequent paper.

2. Preliminary Definitiouns :
All fanctions considered here are real and defined on[ 1,00 ). Iffis Lebesgue
integrable locally (ie. in every finite subinterval of [1,0c) ), write f e L.
Inwhat follows, take f € I, andifk = 0,itake g to be bounded and measurable
locally, and if & > 1, take g"! to be absolutely continuous locally, g™ denoting
m — th derivetive of g, ¢° denoting g¢.

Let », & be non-negative integers such that & > 0.1 > k
Let f. fx) be the m —th integral of fa)s ie I 1

L

@) = fuln) =
P.’i‘?

Jifm__l{_!)d'-e‘ form =1, Ljf(2)=fi(z)=Ff(x)

m ; = {"C Sl ]m_l W ;
Then, f,(z) = _,{.1 ~( o —-'"]'."jm. S(t)dt for m > 1.

If p is real, write f (@) = 0(a?) | C, k|if o) () e BV 1, 00)
aad is 0,(1) as x -> cc. In this paper, take p to be real, P +qgg -1, :

Theorem. (i) If k=0, r > 1, a necessary and sufficient condition that
Jlz)g(a) =0 (ar)|C, r| whenever J{#x)=0(ar)]|C, k|is that

(@) g{x) =0 for almost all = > 1.

(i) Ifr = k > 1,let M be the greatest integer such that M < P +q-+k
+ 1, M < g exceptinthe case r = k, pi+ ¢}+'k + 1 < 0, g z 0, when
M is taken to be zero. If M turns out to_he negative, this is taken t5 mean
g (%} = 0. Then, a necessary and sufficient condition that flz)g(z) =0
(##2) [ C,r | whenever f(z) = 0 (&®)|C, & |Lis that
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() g (=) is a polynomial in = of degree not excceding M.

vote. Xf M > 1, then (ii) means that ¢ (  } is a polynomial of degree less
than or equal to M, and if M <« O, then ¢ ( & ) is constant.

3. Subsidiary Results -

Lesmma 1. Let N be a positive integer, X > 1, # e L1, X ] Then, a
neeessary condition that f G(t)s(t)dt = 0 whenever ¥ e Land s ( X )
1

sl X e, = 0 () b ds Bt Bl =0 pp i [ L1

Proof. Assume that the conclusion is false. Then,

i
‘ |8 {t)|dt = BK, where K > 0. (€8]
v 1 : .

There exists a step function w ( ¢ ) with & finite number of stepsin[ 1, X ]

b
such that [ 16 () —w(r)|de < K. (2)
1
."x
(1) and (2) give J lw () dr > 4K. (3)
1

Bince w ¢ L [ 1, X ] there exists m! > 0 such that, for any measursble
subseteof [ 1, X I withme < m!, wehavef, |u{t)|dt < K. (4)

- Clearly, it is possible to select a finite sct of pairwise disjoint intervals in
{1, X ] oot containing any discontinuity of » ( ¢ ), such that their union H
satisfies m {[ 1, X ] — H} < m.

Thus (4) gives J.x|fu.(t) dr—f]fa:(t)!dr«iif (5)
3 i

Now, there exists s such thats¥ e L, s (X ) = s' (X ) = ... "1 (X) = 0

and s (¢} = sgn w(r) in H, (6)

[s{t)<1infl, X] - H. (7)
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152 C. Yegachandran
From (7), (2), (6), {5) and (3) used in that order, it follows that
x -
f @ {t)s(t)dt > K, which is a contradiction, and hence the lemma.
1
Lemma 2. A necessary condition that J‘w O(t)s (1) dt = 0, where
1

X >1,0eL(1,X) whenever s €L and s (X ) = 0is that G{t)=20
ppin [1, X ].

Proof. Progeedings as in Lemma 1, we see that there exists a step function

o
% {t) such that f]u(r)fd: > 4K,
1

Clearly, there exists s such thats ¢ L, s (X ) = 0Oands (¢) = sgnu (1)
in [1, X).

b
Then, ’ G(r)s(t)dt > 3K > 0, and hence the lemma.
v ]_ -

Lewwma 3. T ¢ ¢ BV [1,00) and § > 0, then =0 ok ud™! P (u)du e BV
[1, ). Bee (2), Lemma 3 ,

4. Proof of the Theorem
When » = k > 1,"repeatcd partial integraticn gives

z (x—1)1

Lfte)g(a) = [ B r g a

x
=P[R (DO 6 (1)t 4 B fi(2) g (), (®)
1
)y
where ), = 2 y G, (2, 1) = f(-L-{l—- g (t) and 5, is the Kronecker
Gt (r —1)1
delta.

Formula (8) also holds when % = 0, r > 1.

We want conditions necessary and sufficient that a2l flx)g(x)
eBV[1,0)andis0(l)asa - cowhenever x2%f, () e BV [1, 0 )an
is 0(1) as x = oo, (9)
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Necessity. By (9), it is necessary that a2 ¢ f(x) g () = 0 (1) whenever
SeLandf,{(x) = 0forallz > X, where X is fixed, arbitrary and greater
than 1, k > 0. _ (10)

For such f,fy ()= fy(2)=... =fr i (2) = 0forallz > X whenk >1,

x
and hence (8) gives I, f(x)g(z) =( — 1) f So (2) (DG (2, ) dt
1

foralla » X. (11)
y
: - %
Hence L fy = > auar [ fu (¢) (e [mtg (1)1, (12)
W
m =1 :
1 ( = ] )k—:-m—l ]
b el e gy e 1),
Formula (12) holds for & = 0 too.
% x
Thus (10) and (12) give :Z PO e Sl J fe () DE[en=t g (1) 1dt = 0 (1)
m o= 1 +
whenever f ¢ Landf, () = Oforallz > X. (13)

Let n be the integer suck that —n ~1 < p+qg< —nifp ¢ > —r, and
n=rif p+qgg —r

‘Then, 224" > 4 o0 as &> o0 for m = 1, 2,...n, and hence each coeffi-
cienit of 7= should be zero form = 1, 2, ... n in the series in (13).

£

Thus [ Je (Y DE[ ™1 g ()} dt = 0 whenever f ¢ L and f, () = 0 for

+

allx 2 X, m = 1,2 .. = (14)

] 3

Write N =&, s(t) = f,(£), 6 (t)=D[m1g(¢)] when k >"1, and
s{t)=f(1),8(t)Y=1t"1g(t) when k = 0.

A
Then by (14), J. O(r)s(t)dt = Owhenevers™ e Ls (X ) = ¢! (X) =
1

o A
.22 gL X Y = 0 when k= 1, snd J Q(t)s(+t)dt = 0 whenever
1

sel, s(X} =10 when k = 0.
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154 ' ! C. Yogachandran
By lemmas 1 and 2 it follows that 6 (1) = Op.pin[ 1, X ]. {15)

If & = 0, this gives g (¢t) = 0 p.p in [ 1, X ], and since X is arbitrary, it
follows that g (¢) = 0 for almost all ¢ > 1, which is (a).

Ifk > 1,by (15), Dk[m-1g (t)] = Opp.in[ 1, X ], form = 1.2..n, and
henee g (f), tg (1),...1%* g (¢) are polynomials i in t of degree at most bk — 1. (16)

Thus ¢ ( t ) is a polynomial of degree at most k¥ — 7. (17)
If n =r r= k41, (16) implies that g (¢ ) = 0. {18)
If n = 7 = k, (16) implics that ¢ (¢ ) = a constant. (19

If » < », then —m—1 < p + ¢ and hence £k —n < p +¢q + & + L

Thus g ( ¢ )is a polynomial of degree less thanp +q + &k + 1ifp 4+ g + &
+ 1 2 1, by (17), and since it is also necessary thatg (¢) = 0 (?), (since
g € G, ), the required conclusion follows in the case p +¢ + % + 1 > 0.

fr=kp+tgt+thk+1<0g>0 thenp+q+r=p+g+h<0
and hence n = #. Thus (19) implies that g (¢ ) = constant.

fr=Fkpt+qt+hk-+1<0gqg<0 again g(t) = constant 4, but
f(@) = 0 (@?) |C, k| can imply Af (x) = 0 (art?) | C, k|only if 4 = 0,
ie.g(t) =

If p+qg+k+1<0 732k 1, by (18) it follows that ¢ (¢) =
which is the required conclusion, since M < 0 in this case.

This completes the necessity in (ii).
Sufficiency The sufficiency in (i) is trivial.

(i) Omit the trivial case when g (t') = 0, and consider the case when
g (¢ )isapolynomialin ¢ of degree atmost M, where M < ¢, M < p + ¢ + &
+1, M >0

Let P (x) denote a polynom;al in # of degree at most m, possibly different
at each oceurrence.

Then, g () = PO (), a.nd: substituting for ¢ (¢ ) and regrouping terms,
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M —1 —F
we got (DG, (m1) = > Pawib0 (),
3= 0

Hence (8) gives I, f (2 ) g () =

M4 r—-1-k -
PSRN (o) f £ fi (1) At + 8 fy () P (2).  (20)
i=0 1
Mir—1 -k
it Z PMAr—1-k—1) (x) [0 (xp+k+f+l) 40 ( logar )} + 0 ( x'p+k1—M)_
=0

= 0 (aPtMtr) 4. 0 (aMir-1-klogg) + O (apterM) = ( (2P1+e+7),  since
Migr -1 -b<pt+g+r, M <q k <vr cexcept in the case r = k,
M = 0,inwhichcase I}, f (z) g (%) = Af, (&) = 0 (@PFF) = 0 (aPtetk),  (21)

Now, since M < q, t™P7%f, (1) ¢« BV [ 1, w0 ), it follows that tM-2-2-%f, (1)
eBV[l,0), and taking 8 =p +qg+k+1 ~-M +i>0, ¢$(t)=

x
M-p-a-kf, (¢ )inLemma 3, wesee thatgM-p~a-k-1~1 4 ¢ (1) dr ¢ BV [1,00)
1

Hence from (20), it follows that @ 9 7I f(x)g(z)eBV 1 w).

This completes the sufficiency.

References
1. Borwewy, D. (1950). J. Lond. Math. Soc. (25): 289-302.
2. TyLER, Mrs. B. (1958), J. Lond. Math. Soc. (33): 431-351.
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The Diophantine Equation (y(y + 1)) = 3v (2 4+ 1)

HARIMALADEVI BALASUNDARAM

Department of Mathematics and Statistics, University of Srl Lanka.
Jaffna Campus, Vaddukoddai, Sri Lanka.

{Paper accepted : 12th October 1976).

Abstract: Itis shown by using the properties of quadratic reciprocity that the only
solution in positive integers of the Diophantine equation

(y{y+11)2 =3x(x+1)

sx =3 y=2

The Equations
On putting 2¢ + 1 = Vand 2y 4+ 1 = Y, the equation of the title reduces to
(Y2 —1)2 = 12(V2 — 1),
which implies that 6 divides ¥? - 1.

Now, if we put ¥2 — 1 = 6U, the last equation becomes

Ve — 302 = 1, (1)
The general solution of the equa‘ion (1) is given by
rx‘ﬂ - n a‘n +
0.~ Pl @

where
o = 2448 pg=2 -8

Hence, we must have
¥ = 6U, + 1. (3)

We obtain easily from (2) the following relations :

Um"l"ﬂ — V U + -V U ; (4)
Vm-I—n S va -k 3£T U?‘L ; (5)
U, = "Um V-n = Vm i (6)
Uﬁﬂ T 2Uan (7)
Voo U= VR 4 302 = 1 L oeUE. =27 - %, (8)
U =l (4P — 1}, (9)
Von = Vi ( 4V, 7 —~ 31}, (10)
R S TR T W (11)

En o Vﬂf{ V‘n) o V k( Uﬂ )’ (12)
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158 fooer 0w oo Harimaladexi Balasundaram
where f{ V) = 167" - 20V’ - 5 :

i ok poitsppd sottosdgoitd sdl
and R U) 2 14408 L 360 + 1. . :
The following congruences hold: . . .. ..

Un-l—ﬂr =i == LT» (mOd Vr)i

We need the followmg results whmh Gan ’be ea,sﬂv 6smnh=}hed by md:udtmn :

(i) U, is odd or even accordmg as n is odd or even

(i) U, = 4 (mod 13), and if k=02 With ¢ an integer > 1,
i UME -4 {mod 13), according as tis evenorpdd; . .- il sef M)

(iii) Ifk = 2, then V.= 2,%.5,"3) <6 fmod -'-23) when ! = 0 1, 2 3, 4
(mod 5) respectively. 4= ¥ gehivin oD 1ads “{16)

We also note that singe.¥ = 2y -L.1,.Y +is’ odd. and so/if U, satisfies-(3);
then U, must be even.

Hence 7 must be necessa,rtlv even for (3) to hD]d
W‘c require the folbwmg ta.ble of .‘ =lues-:- = 5 -
b b (s T
n U . Rt A =
0 o i z
1 1 2
2 4 T
3 < xi 15 . e ) B =
2 5 209?’- i .':. :
it 7 w2OH 5- 1 e
| - L NB0E e

The proof is now accomphshcd in f\e siageb

:f_.f(a) (8) is impossible - [f n, '£ ( mod LO} A
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The Biophantine Equation™

& i
Fil &

o Iiar nsing (14) wg find thaticoer) = » Y sldipecneny o 18]

\ B

Blp e R T
= 56 (mod 209} -
= 56 (mod 11} s:n(‘e 11;209

A1 =" 0 “(nf‘dd L G

and smce (7/11) (3) 1*; 1mp0:.slhle

i ‘ RS

[3) is 1mp0391hla 1f n=6 (mod 10)

, For, us.mg (JL we. ﬁnd that _
L | o _- 1 M=
— {mod [15)
e ,780. (mod 209)
[+ =="780" (miod=11) =
\ == S0 moed 11).
FThus we flnd that e ..".

ok

8U, +1="25 (m)d 11)

and since ( —5/]1)
17

{3} is lmposmb]e']f' n = 8'E {mod 10).

For, using £14) we ﬁnd thzaur

U,; U (mod U]
= 10864 (mod 209)
(L2 10864 @mod-11) =
\ = (mod I1).

Thus we hnﬁi that

T
6U, & 1'= 43 (mod 11)
— 1 (mod 11)

Bt i!‘u

and siri:é'é: il _1;1 1) =20 [ "'(3'}' is?mpossiblc.
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160 Harimaladevi Balasundaram

(d) (8)is impossible if n =0 (mod 10), n # 0, that is, if » = 6k(2m + 1)
where k = 2 with ¢ an integer > 1 and m is an integer.

For, using (13) we find that

U + Uy (mod V)
+ U, (1674, — 1272, 4 1) (mod f(V,))
+4U, (2V%, — 1) (mod f(V;))

Whence, 6U, +1—— 24U, (203 - 1) + 1 (mod f(V,))

n

H III Il

Now,
(1 + 24U, (2V3, — 1;) = _(wm — 20V, 46 + 24U, (272, - 1)
f(Ve) F (Vi) )

- () (o) (P )

(12Uz,c +1 5 12Uk)
KU

WUy)
1302, 3 120, F 1

i 1213 U2,
1202, ¢+ 12U, + 1)
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The Diophantine Equation 161

©

- (-

and so (3) is impossible.

(3} is impossible if » == 2 (mod 10), n == 2, thatis, n = 2 + 10km,
where £ = 2f with ¢ an integer > 0 and m is an odd integer.

For, using (13) we find that
U,= —U;= — 4 (mod Vg ).
Thus,
6U, + 1= - 28 (mod V,f(V,)),

and so (3) would imply

Gl %

But it is easily seen that

V, =3¢ mod 4),
Vp=1(mod 4)fort > 2,

cand f(V,)=1 (mod 4) for ¢t > 0,

80, using quadratic reciprocity, (17) implies

Ky )
(2_3) = 1 for¢t 21 _ (18)
and (%_)) = + 1 for t = 0. (19)

Now by (16) the residues of ¥, modulo 23 and so f ( ¥V, ) modulo 23
are periodic with respect to #, and the length of the period is 5. The
following table gives these residues and the signs of their Legendre
symbols ( V,/23) and (f( V), )/ 23); we see that (18) or (19) is
impossible.
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Vk mod 23 *'7 / 5 3 T 2 g

f( V) mod 23 20 20 Biicookl 2R ae29ne 20
A 3 B Rt yacds & = 4 01 Brwm) = 5 B-elotaoon 28]
0041 e i

x
i

We have now two further cases n = 0 2 Jtohcc_)hsider'.
When » = 0, we find x = 0,,% = 0; a trivial $olution, |
Whenn = 2, U, = 4, P, = 17

Thus we get ¢ = 3, y = 2,

Hence, # = 3,y = 2is the only 'sdlution ofthe given” equation in positive
integers. Now we can write down the complete. solution in integers; it
consists of the four trivial pairs of SOhlth]lS obtained by equating both sides of
the equation of the title to Ze1o. and, the f‘our pa.u's given by the following

talble l e '_. ] 3 :‘ § ‘; 'II
* Y ¢
3 %
4% s 1ot (b bagy 1=
Acknowledgement sl (FLE grioougoe
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SHORT COMMUNICATION
Alkaloids of the Catharanthus Species of Sri Lanka

Some preliminary studiest

A. A. L. GuNATILAKA, H. M. U. SIRIWARDENE AND S. SOTHEESWARAN
Department of Chemistry, University of Sri Lanka, Peradeniva Campus,

Peradeniya, Sri Lanka.

AND

S. BALASUBRAMANIAM

Department of Botany, University of Sri Lanka, Peradeniva Campus,

Peradeniya, Sri Lanka. :

{Paper accepted: 24th May 1976)

Catharanthus roseus (L) G. Don (family—Apocynaceae, Sinhala—Mini-mal, Tamil—
Patti-poo, English—Madagascar Periwinkle) incorrectly called Vinca rosea is a
perennial herb or subshrub endemic to Madagascar, and now widely cultivated and
naturalised in many tropical countries. In Sri Lanka it is a common weed in the
dry and in the wet zones at low elevations, especially on sandy soil in the coastal
areas.! Three different forms of C. roseus have been reported;4 one with white
flowers and pale green stems, another form with rose pink flowers and brown stems,
and a third one with pink centered white flowers and pale green stems. C. pusillus
(Murr.) G. Don is an annual herb indigenous to Sri Lanka and India. In Sri Lanka
it is a rather rare weed of cultivated land and has been recorded exclusively from
Batticaloa and Jaffna districts.

Catharanthus species are well known for their pharmaceutically important
alkaloids.3 . Vincaleukoblastine also called vinblastine (VLB) (I), a major alkaloid of
the Catharenthus species has been used in the treatment of leukemia in children.?
A minor alkaloid, leurocristine also known as vineristine (LCR) (II) from these
species is more potent than VLB and feiches about US$ 400,000 per kg. in
the world market.?2 Ajmalicine (AJM) (III) and vincamine (VIC) (IV) are two other
useful alkaloids reported from these species.? Although the chemical transformation
of VLB to LCR is known, Catharanthus species still remain the major source of these
valuable alkaloids.? Thus, the whole plant of C. roseus, at present, is exported by
local agents to drug manufaciurers in Europe for the extraction of these alkaloids.
This practise has two obvious disadvantages. Uprooting the whole plant as it is
done now would probably lead to total extinction of this species from Sri Lanka.

the Advancement of Science, 1975,
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164 A. A. L. Gunatilaka, H, M. U, Siriwardene and S. Sothecswaran

The high freight charges paid by the local agents for sending the dried plant material
- to recipient countries is another disadvantage. Awareness of these prompted us to
initiate work on these species with the hope of obtaining betier returns from this
nop-traditional export. Our preliminary studies reported herein constitute an
assessment of the cost of extraction of the total alkaloidal mixture using locally
~ available solvents. A comparison of the alkaloid yields and compositions of C,
roseus (all three forms) and those of C. pusillus has also been made.

CH40,C- N

(1) 3 AJM

HE i
(1) R =CH;3 VLB CH30,C" )
(1) R =Ci40s LCR

{1v) 3 VIC

Different parts of the plants were subjected to separate small scale extractions with
chloroform and methanol. TLC examination of the crude extracts thus obtained
revealed that the pharmaceutically useful alkaloid VLB could be cffectively exiracted
with either solvent. Methanol was preferred for large scale extractions as it is cheaper
.However, for the extraction of the less polar alkaloids such as AJM, chloroform was
found to be a better solvent. The leaves of the three forms of C. roseus had a similar
alkaloid composition except that the form with rose pink flowers had a comparatively
lower VLB content. The alkaloid constituents of the stems and roots of these three
forms were again found to be similar, But the relative amounts of some of the
alkaloids present were different. The roots of all three forms of €. roseus were rich
in AJM and VLB, whilst their stems were relatively poor in AJM. VIC was found
to be abundant in the stems of the variety with pink centered white flowers. TLC
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examination of the alkaloid extract of the different parts of C. pusillus collected in
Batticaloa showed their aikaloid constitutents to be similar. The total number of
alkaloids in C. pusillus was found to be less than that in C. roseus. Therefore,
further processing of the alkaloid mixture from C. pusillus would prove to be less
difficult. However, the rareness of this species made us restrict our large scale work
to the readily available C. roseus, The method adopted for extraction is outlined
in the figure. ;
Dried & powdered
plani material
(600 g.)
}. Extraction with cold 90% aqueous
methanol (5 1.}

2. Filter to remove the marc
1.

!

Concentrate under reduced pressure
Methano!l extract
(600 ml.)
| 1. Extract with Hx804 at pH 2
2. Filter
! 3. Wash the filirate with benzene
\ v
Acid extract : Benzene
i 1. Basify to pH 8-9 with 0.88 ammonia golution

: (40 ml.) and water (40 ml)
i 2. Extract with cold benzene (10 x 30 mi})

Benzene extract
1
! Evaporate under reduced pressure

Cruie alkaloid
mixture

FIGURE. A typical exiraction procedure of the crude alkatoid mixture from Catharanthus species

In one experiment 600 g. of dried leaves of the pink flowered variety yielded 2.8 g.
of the crude alkaloid mixture. When I kg. of the stems and roots were extracted in
a similar manner only 1.75 g. of the alkaloid mixture was obtained. Assessment af
the cost of extraction (only for the chemicals) using locally available solvents is

presented in the Table.

TABLE

Resuits of the large scale extractions of C. roseus.

P : Weight of Cost of Costfgm. of
Pla?ltsggrt@) Waight extract extraction  the extract
(%4 yisld)
Leaves GO0 g. 2.8 g (047) Rs. 145 Rs. 0.52

stems & roots 1 ke, L75 g (0.18) R, 1.9;?. 3. 1.12
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Our preliminary work on C. roseus has led to two important findings. Firstly, it is
not necessary to uproot the whole plant in order to extract the pharmaceutically
useful alkaloids. Instead, the plant can be cultivated and the leaves harvested at
periodic intervals as a ratoon crop. However, field trials are needed before making
any conclusions, especially to find out whether the alkaloid content diminishes over a
period of time. Secondly, the export of the crude alkaloidal extract which could
be obtained with locally available solvents would bring about a large reduction in
the cost of freight. '

We have extended this study to the isolation of the individual alkaloids present in
the crude mixture with locally available solveats and facilities and the results of
this work will be reported elsewhere.
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EDITORIAL POLICIES

Submission of Papers : Papers are accepted
for editorial consideration with the under-
standing that they have mnot been
published, submitted or accepted for publi-
cation elsewhere. Papers accepted for
publication may not be published elsewhere
in the same form, either in the language
of the paper or any other language, without
the consent of the Editorial Board.

Research papers, Papersread at Symposia
and Reviews may be submitted to the
Editorial Board. Research papers should
describe original investigations or techno-
lpgical achievements. Reviews should be
critical evaluations of existing knowledge
in a specialised field. The Journal also
accepts Short Communications. They
should be submitted if the results are of
sufficient importance to merit publication
in advance of a full paper.

Languages of Publication : Sinhala,
and English.

Referecing and Fditing : All material sub-
mitted is examined by two or more
referees prior to publication. Papers are

Tamil

edited to increase clarity and ease of
communication. In preparation for the
press, particular attention is paid to

grammar and the conventions of the Jour-
nal with regard to symbois, illusirations,
tables, references and nomenclature.

Manuscripts submitted for editorial considera-
tion can be processed expeditiously if they
conform from the outset to the style of the
Journal. Authors are therefore advised to follow
closely the form described in these instructions.

PRESENTATION OF MANUSCRIPTS

length of contributions is
prescribed but papers should be written
clearly and concisely. All unnecessary
textual matter, figures and tables must be

No maximum

eliminated, In general, the impersonal
form should be used.
Supplementary material of a detailed

nature, which is mnot essential in the
printed paper, but may be useful to
other workers, may be deposited with
the Secretary. Such material will be
made available to other scientists on request
and a note to this effect should be included
in the paper.

The paper should be reasonably sub-
divided into sections, and if necessary,
sub-sections. The following pattern 1s
suggested for Research = Papers : (a)
Introduction (b) Experimental (¢) Results
(d) Discussion (e) Conclusions (f) Ack-
nowledgements (g) References. In many
cases, two of sections (b), (c) and (d)
can be combined. When a separate
Discussion is used, it should not reca-
pitulate the results but discuss their signi-
ficance and relation to the object of the
work and to the work of other people.
Conclusions should not merely repeat
preceding  sections.

Special care must be taken in citing
references  correctly. Responsibility for
the accuracy of these rests entirely with
the authors. It is the authors’ respon-
sibility to obtain written permission to
reproduce material  which has appeared
in another publication. ;i

FORM OF MANUSCRIPTS
Munuscripts should be submitted in  trip-
licate — including the original typewritfen
copy - typed throughout in double spacing
on one side of the paper only. Adequate
margins should be left (4 cm) with liberal
spacing at the top and bottom of each
page. The typescript should be free eof
corrections.
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Headings of major sections should be
centred and sub-section headings should
be placed on the left of the page. The
complete set of headings and sub-headings
in an article should be numbered follov-
ing the style adopted in this Journal
and the set should reflect the logical
development of ideas.

Paging : Each page of the manuscript
should be numbered and the name of
the first anthor and page number indicated
in the upper right-hand corner of the page.

The first page should contain the article
title, the name(s} of the author(s) and
name and address of the establishment
where the work was carried out. In the
case of co-authors, respective addresses
should be clearly indicated. Female
authors should include one of their given
names. The title should be concise but
informative. The first word of the title
should preferably be one useful in indexing
and information retrieval. Where a series
of related papers is submitted, each indi-
vidual paper should have the same general
heading, followed by a series anumber and
title of the part. Any footnote to the title
should be given at the bottom of this page.
The second page should contain an ab-
stract (of not more than 250 words) which
should be a swmmary of the entire paper,
not of the conclusions alone and inteili-
gible without reference to the paper itself.
The text should begin on page three and
each subsequent imajor section —references,
figure legends gnd table legends should
begin on a new sheet.

he Jast page should contain (8) a note
as to the number of manuscript pages,
figures and tables, (b) proposed running
title of less than 42 characters {letters
and spaces) and {¢) the name and mailing
address of the person to whom the proofs
should be sent.

Hlustrations ¢ Al illustrations are consi-
dered as figures and each graph, drawing
or  photograph should be numbered in
sequence  with Arabic numerals.  Authors
must submit the original and two dupli-
cates of each figure. Figures should be
planned to fit the proportions of the prin-
ted page (12 = 17 cm)

Figures must be drawn in Indian ink
on plain white peper or beard or tracing
paper, not larger than 20 x 30 om.
Drawings should be lettered with a
fettering set; lettering should be kept large
enough to be legible after a reduction of 50

to 60%. If this is not possible, all letter
and numerals must be inserted clearly and
lightly in blue pencil and not in ink.

Each figure should carry a legend so
written that the general meaning of each
illustration can be understood without
reference to the text. The amount of
lettering on a drawing should be reduced
as far as possible by transferring it to
the legend. Figure legends should be
typed on a separate sheet and placed at
the end of the manuscript.

Graphs should be plotted on white or

blue-lined graph paper or tracing cloth;
grid lines that are to be shown in the

engraving should be inked in black. The
caption of each axis should be lettered

parallel to its axis. Each figure should
be identified in the marzin with author’s
name and figure number.. The preferred
position  of all illustraticns should  be
indicated in pencil in the manuscript.

Photographs : Halftone illustrations should
be included only when essential. Cood
glossy prints with sharp contrasts between
black and white areas should accompany
the manuscripts; they - should not be
attached to manuscript pages. The size
should be such that when the print is
reduced to the normal size for reproduction
(12 x 17 ¢cm maximum), the detail is still
clear. Magnificationn should be indicated
with a scale line ‘on the photograph.
The author’s name and figure number
should be given on the back of each
photograph. : '
Tables should not repeat data which are
available elsewhere in the paper. Each
table should be typed on a separate sheet
with due regard for the proportions of
the printed page. They should be
numbered consecutively  with  Arabic
numerals, Tabulated matter should be
clearly  sst out and the number of col-
unms in each table should be kept as
jow as possible. Tables should have
legends which make their general mean-
ing clear without reference to the text
and all table columns should have expla-
natory  headings. Units of measure
should be indicated in parentheses in the
heading of each column. Vertical lines
should not be used and horizental rules
used only in the headingand at the bottom.
A onecolumn table may be up to 42
characters (letters and spaces) wide. A
two-column table may be 90 characters
wide. Footnotes to the tables are to be
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placed directly below the table and should
be indicated by superscript lower-case
italic letters (a, b, ¢, etc.). Each table
should carry on the back of the sheet
the author’s name asd figure number.
The preferred position of tables should
be indicated in pencil in the manuscript.

References to the literature must be indicated
in the text by a small superior number refer-
ring to the list of references which must be
inserted on a separate sheet at the end of the
paper. The list should be arranged in alpha-
betical order by author and numbered in
Arabic numerals. Al authors’ initials must
be given after surnames. The year of
publication should follow in parentheses.
When journal articles are listed, the journal
name should be abbreviated in accordance
with the World List of Scientific Periodicals
1900—1960, 1972, 4th edn, London : Butter-
worths Scientific Publications. If the journal
is not in this list, the name should be given
in full. The abbreviated journal title should
be underlinud to indicate italic typs and
followed by the volume number underlined
with a wavy line to indicate beld iype, the
issue number in psrentheses and then the
inclusive pages. When books are listed, the
order should be @ auther(s), year, book title,
volume nminmber, cdition, pagination/inclusive
pages, place of publication and publisher.
When sections of a book are listed the order
should be : author (s) of section, year, the
word fn followed by auther of book, book
title, volume number, edition, inclusive pages,
place of publication and pubhsher The
series title of a book should be given in
parentheses after the publisher.

Examples :
Journal — Awncuor, JE., Dicks, D. M.,
Evans, W. C. & Santra, D.K.

(1972) Planta Med. 21(4):
46-420.

Book — ScrHoxmaN, D. (1966) Vegetable
growing : local and  exotic
varieties, 20p. Colombo: Agri-
culture Department.

Section of

Book — ZiTNAR, A. (1973) In Chronic

cassava toxicity : proceedings
of an interdisciplinary workshop,
London, England, 29-30 January
1973, pp. 8995 Ottawa:
International Development
Research Centre. (IDRC-00e).

Footnotes which are indispensable should be in-
dicated in the text by small superior figures and
listed on a separate page in the manuscript.

Nomenclature

similar errors.

Abbreviations and Symbols recommended in
the various parts of British Standard 1991 :
Letter symbols, signs and  abbreviations
should be used. Authors are encouraged
to use the S.1. System of units (see description
in British Standard PD 5686 : The use of
S. I Units).

Authors whose papers contain mathematical
expressions should submit a list of the symbol
used carefully and clearly indicated for the
guidance of the printer. This list will not
appear in print.

Formulae and Equations : Equations should
be typewritten and quadruple spaced. They
should be started on the left margin and the
number placed in parentheses to the right of
the egquation.

: Scientific names of plants
and animals will be printed in italics, and
should be underiined in the manuscript. In
the first citztion, genus, species and : uthor‘ty
must be given. ¢. g. Ty Terichorls yrchus clayroni
Steiner. In later citations, the QCREI‘iC
name may be abbreviated to its initial letter.
e.g. T. claytoni.

Special instructions in the fields of Physical,
Chemical and Medical Sciences are available
on application to the Secretary,

Short Commupications : The Journal may
include a limited number of short communi-
cations. Authors should submit shert com-
munications only when they believe that -
rapid publication of their results is of the
utmost importance. A short communication
must not exceed 1,200 words, i.e. 4 pages of
copy inclusive of illustrations and tables.
Short communications should be complete
in their own right and suitable for citation,
The title should indicate the content clearly
as these papers do not carry absiracts. ,
Proofs : Corrected galley proofs must be
returned to the Secretary without delay as
directed. Failure to do so will result in
delay in publication. Cerrection of proofs
by authors must be restricted to printet’s and
They should be marked in
Arny modification of the coriginal text
is to be avoided. Pesponsibility for correc-
ting proofs rests entirely on the authors
though editorial assistance will be provided.

pencil.

50 reprints will be supplied free
of charge for each article. Additional
reprinits can be ordered on the reprint
order form which will accompany the proofs.

Reprints :
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