OIL SPLITTING BY CASTOR SEED LIPASE.

10—

Part I. Lipolytic Enzymes

———

By J. J. Sudborough, H. B. Watson and P. S. Varma.

INTrRoDUCTION.

In 1855 J. Pelouze (C. R. 1855, 4/), 605) drew attention
to the fact that seeds, such as linseed, poppy, cameline, rape,
mustard, sesame, ground nut, and sweet and bitter almonds, con-
tain a substance which is capable of producing comparatively
rapid hydrolysis of the oil present in the seeds when these are
crushed.  The oil expressed from freshly crushed seeds is practi-
cally free from acid, but, if the oil is removed several days after
crushing, appreciable quantities of free acid can be detected, and
the amount tends to increase when the crushed seeds are kept
for several months in closed jars. In the case of sesame seed the
amounts of oil hydrolysed are 6, 17 and 475 per cent at the
end of 8 days, 1 month and 3 months, respectively. According
to the author the ficld poppy gives the greatest yield of free acid
riz- 85 to 90 per cent at the end of four months. The decom-
position was attributed to the presence of a ferment which has
since been termed  “lipase 7. Similar observations had been
made by Chevrenl (loc. ¢it. 611) in 18563 when working on an
African seed, Pentadesma.

W. Siegmund (Monats., 1890, 11, 272; also Sitz. Kais. Akad.
Wiss. Wien, 1901, 100, 828) investigated the following seeds a
little more in detail :— rape (Brassica napus var annue and
oleifera); castor, ( Ricinus communis and R. Major); poppy Papa-
rer somniferum; hemp (Cannnbis satioa), linsced (Linwm usitates-
siiean; pumpkin (Curcubito pepo) and maize (Zew Mays). The
seeds were ground with water and the resulting emulsions tested
for free acids after civen intervals of time up to the end of two
davs. e also extracted the active enzyme by means of water or
glyesrine and precipitated with aleohol and found that the pre-
ciptate when emulsified with a vegetable oil and water was
capable of hydrolysing the oil. The statement is made that pure

ece-alhumen can also produce slight hydrolysis.
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In the same year J. Reynolds Green (Proc. R. 8., 1890,
48, 370) described a series of elaborate experiments on the enzyme
present in castor seed, mainly from the plant physiologist’s point
of view. Green gives a summary of work of a similar nature
carried out hy Sachs (Bot. Zeitung, 1859, 178), Peters (Land.
Versuchsstat., 1861, vol 3), Fleury (Annales de Chim., 18635, (iv)
4, 38), Muntz (Ibid 1871, 22, 472), Schutzenberger (Vol. on
Fermentation), Detmer (Vol. on Vergleichende Physiologie des
Keimungs-processes der Samen 18803). The chief object of the
work was the elucidation of the chemical changes which occur
during germination and the fate of the oil in the seed. Green’s
conclusions are:—1. The reserve material of the seeds of R.
communis consist of oil and protein matter, the latter consisting
of a mixture of globulin and albumose. 2. The changes during
germination are partly due to ferment action and three distinet
iclments are present »éz a proteolytic or tryptic, a fat splitting or
lipolytic and arennet ferment. 3. At least two of the threc and pro-
bably all three are in a zymogen condition in the resting sced and
become active in consequence of the metaholic admwty set up in
the cells by the con(htlom leading to germination e. g. warmth
and moisture. 4. The proteins are converted into peptone and
finally into a,spa,mfrm 5 The oil is split into fatty acids and
0'1vcerol the latter gives rise to sugar and the former to a crys-
talline vegetahle a,cxd soluble in wafer and ether. 6. The ap-
pearance of starch and of oil in the embryo or young plant is
due to secondary reactions and not to a simple translocation of
either. (cf. Nature, 1909, 82, 100).

Constein, Hoyer and Wartenberg (Ber., 1902, 535, 3989)
were the first to recognise the technical importance of vegeta-
ble lipases from a chemical point of view. Their first experi-
ments consisted in grinding together a given weight of castor
seed with its own or twice its weight of a one per cent. chloral
hydrate solution The results provod that in the latter case 95
per cent of the oil present in the seed was hydrolysed within four
days at 35°.  Intheirlater experiments they added small amounts
of acid to the mixture of water, oil and ground sesd, and
found that the reaction was much accelerated  They also showed
that many other oils hesides castor oil can he saponified by the
lipase present in castor seed, but that some oils are not readily
hydrolysed.

The amount of work described by Constein, Hoyer and
Wartenherg in this and in other papers and the large number of puhb-
lications hearing upon vegetable lipases which have appeared
since 1902 render it desirable to put all the more important
results which have heen obtained in as clear but suceint a manner
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as possible, and with this object in view we have deemed it advis-
able to collect together all the results obtained by previous workers
and group them under the following headings :— :

I. The Enzyme. II. Co-ferments. III. Oils which
can be split. IV. Temperature limits. V. Dyna-
mics of the reaction. VI. The products and
their separation. VIL. Animal lipases.

I. Tar ExzyME.

(a) The Iinzyme from castor seed. The seed to which
most attention has been paid is the castor seed or castor bean
and so far this appears to be the material which gives the best
results.  There are many varieties of Castor (Ricinws communts)
but all the varieties so far examined appear to produce similar
effects. It is possible to use the ground seed after decortication
or the fresh cake obtained by cold pressing the seed or some
preparation of the seed e. g. the product obtained after removal of
oil, aleurone &c.

According to Constein, Hoyer and Wartenberg the pro-
portion of sced or enzyme to oil is important. On the whole an
inerease in the amount of sced accelerates the hydrolysis, but the
velocity of the decomposition is by no means proportional to the
amount of seod used, as small quantities act relatively more
energetically than larger (¢f. Fokin J. 8. C. T, 1904, 23, 1152).
Much discussion has taken place as to the advisability of using
resting or germinating seeds.  Sigmund (Sitz. Kais. Akad, Wl_ss.,
1892, [100), 328) states that germinating seeds are more active.
Jonstein and his co-workers deny this and Walker and Bourne
(Tech. Quart., 1001, 17, £84) claim that germination lessens the
activity of the seed.  According to Hoyer (Ber., 1904, 37, 1436)
in seeds in process of germinating the enzymatic activity is weaker
in the portions of seed adjoining the germ than in those further
removed.  Compare also S. Fokin (Chem, Rev. tht & }.Ia.rz Ind,
1906, 1.4, 130).  The oil and husk have no 1 ypolytic activity and
treatmont with water, salt solutions or glycerol lowers f;he activity
of the crushed seed. This was proved in the case of water by
grinding the oil-free seeds with water and removing the water by
heating to 30°—35° for some time, when it was found that the
residual solid was less active than the original (Constein, {Toyel' §L
Wartenherg, compare also IT. E. Armstrong Proc, RS, 1910:i
B76, 606).  If the same batch of crushed seed is used a - number
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of times its activity tends to diminish. According to Jalander
(Biochem. Zeitsch., 1911, 36, 435) the activity of the enzyme de-
creases considerably even in 48 hours although Nicloux states the
contrary. Like most enzymes lipase cannot withstand high tem-
peratures : many emulsions of the enzyme rapidly lose their acti-
vity when heated at 60°, but dry castor beans can be heated for
24 hours at 100° and it is found that the crushed seed is almost
as active as the meal from beans which have not been heated. For
poisons and substances which retard the activity of the enzyme see
section II—Co-ferments (p 223).

(b) Other seeds which contain lipase. Numerous other
seeds also contain lipolytic enzymes. The well known fact that
groundnut oil, cocoanut oil and palm-kernel oil rapidly develop
acidity when kept, unless they are carefully refined, indicates the
presence in these oils of small amounts of enzymes derived from
the meal from which they are extracted, The extent to which
such oils can undergo spontaneous hydrolysis is well illustrated
by the fact that crude, country-pressed cocoanut oil has been
bought and the free glycerine extracted by washing with warm
water. The original researches of Pelouze (page 213) indi-
cate the presence of such enzymes in all the seeds he examined.
Lipases have also been shown to exist in the following :—Jequiri-
ty or Indian liquorice, Abrus precatorius (Braun and Behrendt,
Ber., 1903, 36, 1142); Celandine, Chelidonium majus; Toadflax,
Linarie vulgaris and L. reticulata (8. Fokin, J. S. C. 1. 1904, 23
259, 614, compare also Bournot, Biochem. Zeitsch., 1913, 52,
172; 1914, 65, 140); rice bran (C. A. B. Browne (Junr), J. Am.
Chem. Soc., 1903, 25, 950); kola nut (EH. Mastbaum, J. S. C. I,
1907, 26, 262); horse chestnut, desculus hippocastanum (W. Sig-
mund, Monats., 1910, 31, 657); sweet almonds (M. Tonegutti,
J.8.C. 1., 1911, 80, 221); soya bean, Glycine Soja Benth., (K G
Falk, J. Am. Chem. Soc., 1915, 37, 649); ginestra berries, Spar-
tewm juncewm (M. Raffio, Annali Chim. appl. 1917, 7, 157; J. 8.
C. L, 1917, 36, 657); paper mulberry, Broussonetia papyrifera
(Gerber, C. R., 1911 152, 1611). Theseeds of Cherianthus cleiri
have only sight hydrolysing power whereas the myrosin obtained
from the leaves and stalk is much more active ; on the other hand
pure abrin from the seeds of Abrus precatorius hydrolyses fats
less readily than the seads themselves. Both ecroton seeds and
crotin are unable to hydrolyse oils (Braun, Ber., 1903, 36, 3003).

S. Fokin (Chem. Rev. Fett und Harz Tnd., 1904, 11, 30
48, 69 ; 1906, 13, 130, 163, 191, 219; J. S. C. 1. 1904, 23, 259,
(145 1906, 25, 994) examined 60 plants balonging to 30 families
and although many of these effected the hydrolysis of 10—16 per
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cent of oil, the conclusion was drawn that the decomposition is
not due to a lipase as there is no quantitive relationship between
the yield of fatty acid and the amount of seed used and also the
same seeds when old produce no hydrolysis. He states that all
plants yet known to contain a lipase are poisonous but that not
all seeds known to contain poisonous alkaloids are capable of
hydrolysing oils, e. g. Heliotropum europewn, Cynoglossum offici-
analis, Digit.lis purpurea, Buzus sempervirens.

Certain small sceds have their lipolytic power doubled or
trebled by the process of germination, the stimulating effect is
greatest with small sceds e. g. Linaria marsocana, then L. pur-
purea, and celandine in decreasing order. (cf. part I1I).

According to Dunlap and Seymour (J. Am. Chem. Soc.
1905, 27, 935) the seeds of the following have very little hydro-
Iytic activity in the resting stage :—groundnut, Arachis hypo-
geea ; flax, Linum usitatisssmumn ; celandine, Chelidonium majus ;
toad tlax, Linaric vulgaris; sweet almond, Prunus amygdalus var.
duleis.  With germinated groundnuts the activity is somewhat
greater.

II Mastbaum (Rev. Pett und Harz Ind., 1907, 14, 5, 31,
414; J. 8. C. L, 1907, 26, 262, states that small amounts of lipoly-
tic enzymes are present in maize, chestnuts and mace, and large
(uantities in black pepper; on the other hand, coffee, cocoa, al-
monds, wheat, rye, barley and beans are free from suc':h an enzyme
A comparison of the ferments present in castor and in celandine
seeds has heen made by Bournot (1913) and by Armstrong and
Gosney (Proe. R. 8., 1914, B&S, 176). '

(¢) Lipase in bacteria and moulds. N. L Sohngen
(Koninkl. Akad. van Wetensch. Amsterdam, 1910, 19, 689, 1263;
1911, 20, 126; J.S. C.1.1911, 30, 140, 812, 1124) has shown
that numerous bacteria and moulds are able to hydrolyse fats
under anacrobic conditions and to oxidise them under aerobic
conditions. The hydrolysis is due to the secretion of a lipase by
the bacteria and the glycerol and fatty acids formed undergo
further decomposition. Certain miero-organisms secrete jcgvo
lipases o> and P, of which the former diffuses more rapl ly
than the latter and decomposes fats in an acid as well as 1n
an alkaline medium. P -Lipase will not produce.hydrolysls
until the medium has been rendered alkal%ne W‘S;'lth. §od1um
carhonate.  An acidity greater than 0:02 N entirely inhibits hg
drolysis. The lipase appears to form compounds with the acids
which diffuse through gelatine or agar cultures in much the same
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way as lipase, but which are incapable of decomposing fats. The
lipolytic enzyme obtained from Bacterium lipolyticum, B. fluo-
rescens non liquefaciens, B. Stutzeri, Oidium lactis - aérogenes,
Aspergillus niger, Penicillium glaucum, Cladosporium butyri is
destroyed when heated at 80°, but a lipase which can be heated
for 5 minutes at 100°C without decomposition can be obtained from
cultures of B. fluorescens liquefaciens, B. punctatum, B. pyocya-
neous and B. liquefaciens albus. The fungus, fly agaric, Amarin-
ta muscaria, which grows in Upper Styria and S. Bohemia, also
contains a lipolytic ferment which can split the oils present in
the fungus and also added oilssuch as rape, olive, castor, or tallow.
The decomposition is slow and the ferment is best used in the
form of the freshly dried and ground fungus (J. Zellner, Monats.,

1905, 26, 792).

(d) Lipolytic activity of amino-acids. XK. G. Falk
and J. M. Nelson (J. Am. Chem. Soc., 1912, 34, 735) and M. L.
Hamlin, (ibid. 1913, 35, 624, 1897) have drawn attention to the
fact that amino-acids such as glycine, alanine, phenylalanine,
aspartic acid and glutamic acid are capable of hydrolysing esters
such as methyl acetate, ethyl butyrate, phenyl acetate, triacetin
and glycerides present in olive oil, but the conclusion is drawn
that there is no evidence to show that the hydrolytic activity of
lipase is due to the presence of amino-acids or polypeptides.
Products obtained by shaking proteins such as caseinogen or,
gelatin, with 3 N alkali solutions for 24 hours and neutralising
the turbid solutions with hydrochloric acid possess the property of
hydrolysing esters (Hulton-Frankel, J. Biol. Chem., 1917, 32, 395)
This property is only slightly impaired by dialysis and is un-
affected by boiling the solutions.

() The two lipolytic enzymes of castor. The re-
searches of Talk (J. Am. Chem. Soc., 1913, 35, 1904) and of Falk
and Suguira (ibid., 1915, 37, 217) show that castor beans contain
two distinet lipolytic enzymes. One of these is soluble in water
and has a comparatively greater hydrolysing effect on esters like
ethyl butyrate than on glycerides like triacetin, the other is
insoluble and is more active towards triacetin than towards ethyl
ll)utymte. The experiments were made by using a castor meal
from which all oil had been removed by extraction with carbon
tetrachloride or chloroform, grinding the extracted meal to pass
a 40 mesh and again repeatedly extracting with ether. This
powder was extracted with small amounts of water for a definite
length of time and the solution filtered hy means of a Gcoch
crucible using a pad of long fibre ashestos and the activity of both
filtrate and residue were tested, care being taken to make all the
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necessary hlank experiments.  The soluble enzyme is termed
esterase and the insoluble one lipase.  Their actions are selective.
In preparing the esterase from the dry castor seed preparation
Ly extraction with water it is advisable to use a relatively large
namber of small quantities of powder rather than a small number
of large amounts.  In most cases 0'5 gram of the preparation and
60 . c. of water were used and the extraction allowed to proceed
for 24 hours. If the clear solution is dialysed in a collodion bag
against running water it becomes turbid and nearly neutral to
phenol-phthalein. This turbid solution is less active as a hydrolysing
agent, but the activity returns practically to the original value if
the acidity is restored by the addition of the requisite amount of
acetic acid. A solid active preparation can be obtained by pre-
c¢ipitating the solution with three times its volume .of alcohol,
allowing to stand overnight, filtering, grinding repeatedly with
fresh acetone and drying in a vacuum desiccator. The sugges-
tiom is made that esterase is identical with Plimmer’s glycero-
phosphatase.  (Biochem, J., 1913, 7, 43). The lipase proper 1s
soluble to a certain extent in common salt solution, more especial-
Iy in 1'5 N. solution.  If such solution is dialysed against run-
ning water a preciptate is formed and if this be removed by
filtration the solution is quite inactive whereas the precipitat-
retains its activity, (Compare however statement p. 215). A cofer-
ment does not appear to be present. '

(1) Concentrated preparations of lipase. Numerous
methods have been devised for obtaining a product with a
hydrolysing power greater than that of the crushed castor seed:
theze all consist in removing from the seeds the materials, such as
oil and allnuminoid substances, devoid of hydrolysing properties,
The reasons for such treatments are largely the isolation of good
vields of products of high purity and arve referred to in detail in
section VI dealing with the produets and their separation.

Hethods of Niclonz. M. Nicloux (C. R., 1904, 138,
1112, 1175, 1948, 1352) was able to demonstrate that the
lipolytic activity of the castor seed resides in the fine granular
eytoplasit, and that the oil, cell-membrane and aleurone grains
are devicd of activity, and he devised the following process for
removal of the aleurone grains.  The decort‘lcated seeds are
crushad and then ground with a relativly limpid oil such as cotton-
seed and the homogenous mass is filtered first through wire gauze
and then through cloth-  The filtered oil which is turbid, con-
fains in suspension a mixture of grains of aleurone and cytoplasm
with a few fine particles of cellular membrane and 1s then cen-
trifuged in an apparatus of high power when two dist m'ct layers
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are found in the tubes: the lower whitish layer is made up of
grains of aleurone together with a few particles of cellular mem-
brane, the upper greyish layer contains the cytoplasm together
with a few aleurone grains and particles of husk. This upper
oily layer can be used as such for hydrolytic purposes or the oil
can be removed by means of a solvent and the cytoplasm obtained
in a dry state; the average amount of this cytoplasm is & per
_cent of the weight of the decorticated seed, and 1 part in the
presence of 500 parts of cotton-seed oil can hydrolyse 80 per cent.
of the oil in 15 hours at 20°, provided a little free acetic acid is
present. In the absence of water the cytoplasm can be heated
with oil for 20 hours at 100° or for 15 minutes at 100° without
its activity being diminshed; after 15 minutes at 150° the ac-
tivity is diminished to 1/10th its original value. The dry cyto-
plasm is very sensitive to various reagents: simple treatment with
water destroys the activity and aqueous solutions of acetic acid
and salt have the same effect. If the cytoplasm is mixed with
oil and then dilute acetic acid added, saponification takes place
readily, but if the ferment is mixed first with the acidified water
and the oil added last hydrolysis does not occur. (A summary of
all Nicloux’ results is to be found in ‘ Contribution a 1’etude de
la saponification des corps gras” 1906).

Hoyer’s methods. E. Hoyer (Ber., 1904, 37, 1436) states
that it is impossible to prepare a solution of the enzyme with sol-
vents such as water, common salt solution or glycerine, the clear
liquid is always inactive and the seed residue is less active than
the original material. Buchner’s press method also gives negative
results. The turbid oil obtained by pressing castor seeds is active
and the suspended matter settles slowly; if however ether or carbon
disulphide is added and the mass filtered, a fine powder is obtained
which is very rich in enzyme. An experiment made by grinding
for 30 minutes castor seed with cotton seed oil and its own weight
of sand and filtering the product through linen cloth gave a
turbid oil which showed high activity in the presence of dilute
acetic acid. If however the turbid oil is filtered and the clear oil
is mixed with dilute acetic acid no saponification occurs. Another
method described by Hoyer is to grind the seed with sand and
acidified water and press through cloth when an active, milky
emulsion is formed. When the mixture is centrifuged three lay-
ers are obtained: (a)an aqueous liquid containing proteins in
solution but devoid of activity (b) an active creamy emulsion (c)
a solid residue which is also active. A third method consists in
taking the ground seed and mixing with ether or a limpid oil like
cotton-seed and allowing the mixture to settle in layers when it
is found that the upper layer, consisting of the finest particles, is
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the most active, and the lowest layer, containing the coarsest
partivles, least active. By such proessses it is claimed that the
active material contains only 10 per eent of the proteins origi-
nally present in the sced.  (Seifensieder Zeit., 1905, 32, 500 ;
J.8.Co 1L, 1905, 24, 977). In another paper (Zeitsch. physiol.
Chem, 1907, 50, 414) the same author deseribes the formation of
an active turbid product Dy treating the crushed seeds with a
solvent for oil.  Jreshly expressed castor oil hefore filtration also
contains a large proportion of the enzyme. Another process is
also deseribed in the same paper for preparing the product termed
“ferment 7. The seeds are ground in an Excelsior mill with
water and expressed, when an active cmulsion is obtained. On
leaving this to ferment at 24° a thick scum forms on the surface,
this s contains about 38 per cent vicinoleic acid, 4 per cent
of proteins and 58 per cent of water. This concentrated ferment
I8 very sensitive to the action of acids and of salts such as
manzansus sulphate, which stimulate its activity when added in
small quantities.  The produet keeps well in the cild, but it was
not found possible to obtain it in the form of dry powder.
Taylor's extraction melhod.  A. T. Taylor (J. Biol.
Chem., 1906, &, 87) describes the preparation of an active powder
by erushing fresh, fully ripe eastor sceds free from husks and ex-
tracting the material with anhydrous cther until free from
lipoids. "Iy aceomplish this the crushed seed must be remeved ve-
peatedly and reground during the extraction  Ultimately a light
flalfy powder is obtained which keeps indefinitely in the dry state.
An appreciable amount of enzyme is lost during the extraction as
although insoluble in ether it dissolves to an appreciable extent
in a niixture of ether and oil.  'Ihe author recommends the pro-
cess as a suitable one for preparing small amounts of a homogene-
cus ferment.  Other produets present in the sced are amylase, in-
vertase, maltase and an endotrypsia but no peroxydase, also glo-
bulin, albumin, nuclenalbumin and a glyeoprotein. Tt is possible to
separate the lipase from most of these substances, but it is not de-
sirable, as the purer the lipase preparation the less stable itis. The
ary powder can he hested to 1007 without injury, but when sus-
pended in water it is immediately destroyed at that temperature.

Armstrong and Ormerod’s extraclion melhod. H. E.
Armstrong & Ormerod {Proe. R. S, 1906, B78, 376) use a method
somewhat similar to Taylor’s and Armstrone & Gosney (ibid 1013
BS6, 556) adopt th: method of extracting the decorticated seeds
with light petroleum and ether and digesting the residue for 15
minutes with 0'1 N. acctic acid.  The liquid is decanted, the resi-
due washed, filtered and dried under reduced pressure, then ground
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and sifted through fine muslin. The yield is about 9 per cent of
the weight of the original seed. The enzyme is affected by dilute
acids and easily rendered inactive by excess of acid and its inferior
activity towards esters other than fats is probably due to the solu-
bility of the acids produced from such esters and the retarding
action of concentrated aqueous solution of acids. The natural oils,
on the other hand, give rise to acids which are practically insolu-
ble in water.

Tanaka’s dry powder. Y. Tanaka (Eighth Int. Cong. of
Applied Chemistry, 1912, Sec. Vd., 11, 37; J. 5. C. 1., 1912, 31,
884,) describes the preparation of an active dry powder. 100
grams of pressed or extracted castor seeds are triturated with 600
—700e¢.c. of 0'1 N acetic acid at 30—35° for 30 minutes, aiter
which the milky liquid is filtered and the residue thoroughly
washed with water and dried at a temperature not exceeding 4.0°.
The lipase powder thus obtained is white, odourless and quite free
from soluble matter. The composition of one sample was : water
533, 0il 837°2, nitrogenous substances 46'3, mineral matter 12
and non-nitrogenous 10°0 per cent. The powder produces rapid
hydrolysis in the presence of water.

Tancov’s method. 'The method recommended by N. V.
Tancov (J. Russ. phys-chem. Soc., 1914, 46, 33 3) consists in grind-
ing the decorticated seed with its own weight of castor oil, centri-
fuging, removing the upper fine layer by means of ether, washing
with water and drying over caleium chloride. Tts emulsion in
ether is next filtered by means of a pump and the residue washed
with ether and dried to a fine white powder. The preparation
loses its activity after a fortnight.

TFall’s method has been described on p. 218.

Concentrated Lipase from  Chelidonium seeds. The
attempts of K. Bournot (Biochem. Zeitsch., 1913, 62, 172;
J.8.C. 1,1918, 32, 758) to isolate the active enzyme from
chelidoninm seeds were unsuccessful, the enzyme is almost in-
soluble in aleohol, water or glycerol, but dissolves to a certain
extent in the oil extracted from the seeds or in a mixture of oleic
acid and alecohol. The same author (idid., 1914, 65,140; J.S.C. 1.
1214, 33, T97) states that the uncrushed chelidonium seeds are in-
active and that the activity of the powdered seeds increases with
the fineness of the powder; the expressed and filtered oil is in-
active although the one obtained hy disgesting the ground seeds
with light petroleum at the ordinary temperature is somewhat
active. An active preparation of the lipase is best obtained by
extracting the crushed seeds for 2-8 hours with ether or petroleum



ether in a Soxhlet apparatus and sifting the residue through a hair
sieve s if eround for a longer time the produet becomes loss active.

[1. Co-FERMENTS.

. In the carlier experiments of Constein, Hover and
Wartenbere (see p. 215) when the erashed seeds wore gro{md with
a one per eent chloral hydrate solution and left for some time at
39, it was found that the hydrolyisis did not proceed regularly as
shown by the following munbers :— ‘ t

Days 0 1 2 3 4s
per eent. of ricinoleie acid in the oil 3 5 A48 85 95

The eause of this hreak was attributed to the stimulating
action which small amounts of acids, for example the acids pro-
dueed by the hydrolysis, have on the activity of the sceds. By
replacing the ehloral hydrate by toluene,* Armgtrong (Proc R, S.,
1905, 76 B, 606) was able to show that no such hreak as that
deseribed above oceurs, and he attributed the hreak in the case of
chloral hydrate to the liberation of a small amount of hydrochlorie
acid during the reaction.  In  their later experiments Constein,
Hoyer and Wartenberg always added small amounts of some acid
as an activator, or co-enzyme as it is sometimes termed. The
acids used were acetie, sulphurie, phosphorie, sodium  bisulphate
and fatty acids such as oleie, and experiments were made using
different coneentrations of the acid- Two important points
established by these chemists were, 1. The amount of water
compared  with seed and oil plays an important part in the rate
of hydrolysis.  They state that at least three times the theoreti-
cal amount of water should he used.  The following numbers,
which give the amounts of free fatty acids present after given
intervals of time when 5 grams of ground seed and 65 grams of
caster oil are mixed with different quantities of water containing
chloral hydrate and acetic acid (2 per cent), illustrate the effects
procuced by different quantities of water.

Water 3 I8 24 Hours.

2 erams 68 74 T4 per cent of free acid
4, 74 =0 84, ” ,,
0, 706 o1} 86 2 ”»

2. The neccessity for obtaining a good emulusion.  They
point out that it is better to grind the oil and seed together and
then add the acidified water, as the emulsification is thus much

*The ehiloral hydrate or tolnene is added as an antiseptic to prevent the
grawih of haeterin, moulds and othere miero-organisms, so that the possibility of
the hedrolysis heing due to the bacterinl or similar action 1s exeluded,  Such
mild antiseptios do not inferfere with the activities of enz.mes.
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better. As a rule the mixture should be well stirred during the
early stages of the saponification, but after a short time when
small amounts of fatty acids have been formed stirring is no
longer necessary as the emulsion is permanent.

The low values obtained with small quantites of water
are explicable when it is remembered that the reaction is a rever-
sible one (compare section V, Dynamics of the reaction p. 232);
Fokin (loc. cit. or J. 8 C. 1., 23, 1152) also draws attention to
the importance of the amount of water as compared with the
quantity of seed; if too much water is used there is a great
tendency for the emulsion to break and for the reaction to stop.

Influence of acids. A detailed study of the influence of
the different acids on the reaction was made by Hoyer (Ber.,
1904, 37, 1436). The acids used were sulphuric, oxalic, formie,
acctic and hutyric and he was able to show that in order to obtain
the optimum decomposition, the ratio weight of seedfweight of
acid must be kept within certain limits, or, in other words, for
any particular acid the total weight of acid used, and not its actual
concentration, is the important factor. For example with acetic
acid solution using 64 per cent of water calculated on the weight
of the seed the optimum concentration of acid is 0°06, whercas
with only 80 per cent of water the optinium concentration of
acid is nearly 0‘11. (compare also Tanaka J. Coll. Eng. Tmp.
Univ., Tokyo, 1910, 5, 25) The limits within which the absolute
quantity of acid may vary are different for the individual acids
and appear to have a rough relationship to the dissociation
constants of the acids but are by no means propotional to the
concentration of hydrogen ions. Strongly ionised acids such as
sulphuric and oxalic can be used within narrow limits of con-
centration only, but with feeble acids there is a much wider
range of concentration. The curves given on p. 225 are taken
from Hoyer’s paper and illustrate this relationship.

. The view is put forward that acid enters into combina-
tlon with the seed or enzyme. A similar view is also held by
Tanaka (loc. cit.) who concludes that the enzyme 1is originally
present as a zymogen, the acid liherates the lipase but the liguid
does not hecome acidic as the acid combines with certain protein
substances present. Iligher falty acids can take the place of
acetic acid, for example buytric acid or the saponified oil from a
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previous experiment, but the amount requiredis large.  Various
authorities e. g. Hoyer (loc. ¢it.) Nicloux (C. R., 1908, 139, 143)
and Fokin state that carbon dioxide dissolved in water acts as
accelerator, and Armstrong (1905 loc. cit.) states that glutamic
and aspartic acids have high values as accelerators. E. Lombard
(Fr. pat., 346415 of September 24th 1904; J. 8. C. 1., 1903, 24,
141) states that pure water, ground castor seed and one part of
ethyl acetate in 10,000 parts of oil gives as complete hydrolysis
as a solution of aceticacid. According to Hoyer (1907) when
crushed castor seed is mixed with water a development of acids
takes place as the result of enzymatic activity and this formation
of acid precedes the hydrolytic action of the lipase on the oil.
The production of the acid is promoted by adding to the mixture
a suitable acid preferably those formed in the seeds themselves—
the ‘“cell acids”, which appear to be mainly lactic acid together
with small amounts of formic and acetic acids.

Influence of manganous sulphate. Amnother co-ferment
which has been suggested is manganous sulphate which has been
recommended by Hoyer (1907) Nicloux (1906) and Tanaka
(1912) in the form of very dilute solution. Falk and Hamblin
(J. Am. Chem. Soc., 1910, 35, 210) have examined the action
of manganous sulphate and they are able to show that after
the activity of Falk's lipase preparation (p. 218) has heen largely
destroyed by heat or by keeping it can be restored by means of
dilute manganous sulphate solution especially if air is blow
through at the same time. The conclusion they draw is that the
Inactive zymogen of castor seed lipase is converted into an active
enzyme by an oxidation reaction for which the presence of an
oxygen carrier or catalytic agent is necessary. Probably zymo-
gen, enzyme and inactivated enzyme are protein in character.
Heat destroys the enzyme, but not all the zymogen, hence the
addition of the manganous sulphate is able to convert the undes-
troyed zymogen into enzyme.

Accelerators with lipase preparations. The addition of a
co-ferment or accelerator such as acetic acid, sulphuric acid or
manganous sulphate is essential when the crushed castor seeds are
used as the hydrolysing agent, if rapid saponfication is required ;
but some of the lipase or ferment preparations described on pp.
219—222 are not activated by the addition of acil. This holds
good for Tanaka’s powder which is rendered less active by the
addition of acid; (compare Jalander, Biochem. Zeitsch., 1911, 56,
415 also G. Kita, J. Chem. Tnd., Tokyo 1918, 21, 1; Y. Tanaka
ibid, 112.) and quite inaetive by the addition of alkali; the
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lipase is less stable towards alkalis than is its zymogen. Arm-
strong’s preparation is not accelerated by the addition of acid and
the experiments with Falk’s preparations were made without the
addition of a co-enzyme. This difference between the activity of
the seeds themselves and of certain preparations is due to the fact
that the activator is required in the case of the seed to produce
the liberation of the lipase from its zymogen, whereas in many of
the lipase preparations the lipase has already been set free during
the production of the preparation, (compare however Constein,
Hoyer and Wartenberg loc cit. p. 400). Activators are essential
when Hoyer’s or Nicloux’ preparation is used. Nicloux (loc. ecit.
p- 66) has shewn that, in addition to various acids and manga-
nous sulphate, a saturated solution of calcium sulphate is an
excellent activator. Numerous other salts also produce appreci-

able acceleration.

For purified castor seed lipase the best effects are ohtain-
ed with quantities of acetic acid varying from 08 to 1'5 grams
for the ferment obtained from 100 grams of seed—a higher con-
centration is unfavourable. For powdered castor seeds freed from
oil the best results are obtained with 1-5 grams of acid per 100
grams of crushed seed. In this connection the experiments made
by D. Sommerville (Biochem. J., 1912, 6, 203) are of interest.
An emulsion of ground castor seed and water is incubated at 25°
until hydrolysis of the oil in. the seed has been definitely establish-
ed. The emulsion is then mixed with oil and water and shaken
for a few minutes at intervals‘of quarter of an hour during sever-
al hours and then left. In 3 days at the ordinary temperature
80—85 per cent. of the oil has been saponified and neither acetic
acid nor manganous sulphate has any effect. The emulsion when
mixed with two or three volumes of water, aleohol or acetone
rapidly loses its activity but not when mixed with benzenc or
ether. Armstrong and Ormerod (Proc. R. 8., 1906, B 78, 376)
state that long digestion of the oil-free seed with water or dilute
acetic acid causes only a gradual loss of lipolytic activity, but the
mass losss to a large extent its property of producing an emulsion
with oil and water. (Compare Nicloux).

Influence of acids on seeds other than castor. Al-
though an activator is required for castor seeds, it does not follow
that other seeds with lipolytic activity also require activa-
tors. The activity of the ground kola nut is diminished by
the addition of acid (Mastbaum loc. ¢iz.) as are also the
activities of the powdered seeds of Chelidonium-majus, (Fokin 1908,
Bournot 1913, Armstrong and Gosney, Proc. R. Soc., 1914, 88
176 of Abrus precatorius (Brown and Behrendt 1903) and of:
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seeds of Sparteuwm junceum (Raffio 1917). In this last case the
addition of sodium carbonate has a favourable effect.

Lipase poisons, 'The effects of various chemicals on the
activity of different lipases have been noted by several investi-
gators. Alcohol, alkalis, soaps, formaldehyde, sodium fluoride
and mercuric chloride all act as poisons to castor seed lipase,
whereas salts such as sodium chloride or the sulphates of iron,
sodium, magnesium, manganese and ammonium in quantities of
0-1 gram per 10 grams of acid solution have no action. (Con-
stein, Hoyer & Wartenberg 1902, compare also Armstrong &
Ormerod, Proc. R. 8., 1906, 78, 876).

In the case of kola nut lipase Mastbaum states that
potassium cyanide, calcium chloride, bismuth nitrate, arsenic, al-
cohol, chloroform, acids, alkalis all have an inhibiting effect on
the activity, but that potasium chromate, salicylic acid, ether and
light petroleum have a stimulating effect. Van den Driessen-
Mbreeuw (Pharm. Weekblad., 1909, 46, 346, J. 8. C. 1., 1909, 25,
612), on the other hand, states that potassium cyanide has no
action and that potassium chromate, uranyl nitrate, mercury chlo-
rides, benzene and many organic acids have a deleterious action
and potassium ferrocyanide, salicylic acid and sodium carbonate
a favourable effect.

The following substances accelerate the activity of
bacteria lipase ;—hydroxyl ions, calcium, magnesium and trime-
thylammonium salts and sodium ‘¢lycollate; but mono-hydric
alcohols have a retarding action and sugar and glycerol are
without effect. '

Influence of salts. A more detailed examination of the
influence of various salts on the activity of castor seed lipase has
been made by Falk (J. Am. Chem. Soc., 1918, 85, 601) using
ethyl butyrate as the ester to be hydrolysed. In the presence of
most univalent salts or of the chlorides of magnesium, calcium
and barium there is a decrease in the activity of the ferment; with
very dilute solutions of barium chloride or calecium chloride and
with solutions of magnesium sulphate, . sodium sulphate (01 to
0+5 molar) manganous chloride and manganous sulphate there is
Increased activity. Methyl and ethyl alcohols and acetone also
exert an inhibiting action using concentrations of 2 N downward,
solutions of glucose (2 N) or glycerol (25 per cent) produce no
retarding effect (compare, however, Nicloux p. 282). The esters of
monohydric aleohols also produce a retarding effect but glyceryl
esters such as triacetin do not (compare section 111 Oils p. 229).
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. Nature of the Emulsion. A careful examination of the
emulsion formed by the enzyme, oil and water has been made by
Y(. w. Jalander (Biochem. Zeitsch., 1911, 36, 435; J. 8. C. 1,
1.311, 30,1321) the enzyme used being Nicloux® eytoplasm (p 219).
When a mixture of oil and ferment is shaken with a relatively
lz‘mrge_vohlme of 0-1 N acctic acid an emulsion of the ordinary
’m.'pe is formed, i. e. the water is the disperse medium, but the
dispersed oil glohules are filled with innumerable minute particles
of the ferment swollen hy absorption of water. This emulsion is
not stable and after a comparatively short time the oil gloubles
coalesce, the water is adsorbed hy the lipase and the stable revers-
ed emulsion produced. The presence of neutral glycerides appears
to be essential for the formation of this reversed emulsion. A
stable emulsion is best prepared by mixing one gram triolein with
0:005 gram lipase, adding 0'6 c. ¢. of 001 N acetic acid and then
slowly rotating the mixture. An emulsion is produced after 1'5
minutes and this on vigorous shaking becomes creamy in eonsist-
ency. In an emulsion prepared in this way the hydrolysis of the
oil proceeds to the equilibrium point even on standing, but the
velocity of hydrolysis is increased by agitation, best by a slow,
continous rotation of about 25—40 turns per minute.

IIT. TeE O1Ls oR HYDROLYSABLE SUBSTANCES.

Selective aclion of enzymes. In many cases of hydroly-
tie decomposition by means of enzymes it is found that a parti-
cular enzyme is selective in its action and can only hydrolyse
specilic compounds. Maltase hydrolyses maltose and invertase
cane sugar; glucase hydrolyses o< glucosides and emulsin P
glucosides. Castor seed lipase is capable of hydrolysing most
natural oils and fats i. e. the glycerides of the higher fatty and
unsaturated acids. A selective activity is exhibited, how-
ever, in the case of certain esters of optically active acids: Dakin
shows (J. Physiol., 1903, 30, 84) that in the hydrolrsis of an ester
of racemic mandelic acid by means of lipase the dextro ester is
hydrolysed more readily than the laevo, the unsaponified ester is
found to be laevo-rotatory and the free acid dextro-rotatory.
Similar results have heen, obtained with other racemic compounds
(compare Dakin, ibid, 1905, 32, 199 ; Mayer, Biochem, Zeitsch.,
1906, 1, 39 ; O. Warburg, Z. Physiol. Chem., 1906, 48, 205; C.
Neuberg and E. Rosenberg, Biochem Zeitsch., 1907, 7 191 .

Action of castor seed lipase on glycerides. The early
cxperiments of Constein, Hoyer, and Wartenberg show that
most natural oils and fats are readily hydrolysed by the castor
seed ferment; in most cases using acetic or sulphuric acid as
accelerator, 75—85 per cent of the oil is hydrolysed at the end of
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24 hours. The decomposition, however, does not proceed with the
same readiness with all oils. Cocoanut oil and palm-kernel oil
are not hydrolysed as readily as most other oils, butter is still
more resistent and also triolein and tributyrin, and esters of mono
hydric alcohols, for example ethyl acetate, iso-butyl acetate, amyl
acetate, benzyl benzoate, amyl nitrate, show practically no hydro-
lysis at the end of three days under the conditions of the experi-
ments.

A series of experiments made by B. Urbain, L. Sangon
and A. Fiege (Bull. Soc. Chim., 1904 (iii) 37, 1194) on the hydro-
lysis of cocoanut oil by means of Nicloux’ cytoplasm (p. 219) in
the presence of aceticacid proves that an appreciable amount of free
acids present in this oil tends to retard hydrolysis: an oil eantain-
ing no free acid gave 90 per cent hydrolysis after 24 hours whilst
an oil containing 18 per cent of free fatty acid gave only 75 per
cent hydrolysis during the same time. The free fatty acids present
in the oil appear to be due to the hydrolysis of the glycerides, the
production of unsaturated acids and the subsequent oxidation of
these, and for the same degree of acidity the retarding effect is
greater the lower the mean molecular weight of the acids present.
The addition of hutyric acid has an inhibiting cffect and with 10
per cent present the amount of cocoanut oil decomposed after 24
hours is nil. The different glycerides present in cocoanut oil
appear to be hydrolysed at much the same rate.

Action of the lipase on simple esters. Fokin (1914)
states that most glycerides are hydrolysed at much the same rate
except those derived from fatty acids of low molecular weight,
but according to Taylor (1903) even triacetin is readily hydro-
lysed by his lipase preparation. Hoyer (1907) claims that the
amount of ferment necessary appears to he directly proportional
to the saponification value of the oil or fat; tallow requires 8-10,
cocoanut oil 8 and linsced 5-6 per cent. Armstrong and Ormerod
Proc. R. 8., 1906, B 78, 876) state that the dry powder obtained
after extracting the seads by ether can hydrolyse ethyl hutyrate
but not ethyl acetate and comparing the esters ethyl succinate,
cthyl malate and ethyl tartrate the first is hydrolysed most readi-
ly and the tartrate least readily. Falk and Nelson’s experiments
(J. Am. Chem, Soc., 1912, 34, 7 35) show that with methylacetate
the results vary with the amount of ester and the amount of fer-
ment, but with ethyl butyrate the amount of ester has not the
same effect, prohably due to its heing sparingly soluble; with
olive oil the amount of oil has still less effect. Falk sucgests
that simple esters exert an inhibiting action similar to that pro-
duced by methyl and ethyl alcohol hut that glyceryl esters such as
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triacetin and oils have a much smaller inhibiting action. The
Lipolytic activity of castor seed preparations was tested by means
methyl acetate, ethyl acetate, ethyl butyrate and triacetin using
concentrations from 0.01 to 10 N. The results show a very
small increase in the rate of hydrolysi§ for a very large increase
in the concentrations of the added esters in the case of methyl
acetate, ethyl acetate or ethyl butyrate. With triacetin, on the
other hand, an increase in the concentration of the esters pro-
duces a large increase in the rate of decomposition. With very
dilute soiutions ethyl hutyrate and triacetin undergo nearly equal
amounts of decomposition and much greater than in the case of
t he acetate.  Tanaka’s experiments (J. Coll. Eng. Imp. Univ.
Lokyo, 1912, 5, 152, J. 8. C. 1., 1912, 381, 1084) show that
oxidised oils are hydrolysed more slowly than the original oils
f'ron which they are derived and the effect is most marked with
cl ryving and least marked with non-drying oils. Rancid oils are
avlso hydrolysed less readily than fresh oils. Polymerised oils
Obtained hy heating oils in a current of nitrogen are also only
slowly hydrolysed by lipase.

Comparicon of the action of castor and chelidoninm
Zipases.  Tixperiments made with the lipase of chelidonium majus
prove that its action is not similar to that of castor seed lipase in
all respects.  According to Fokin (1906) butter and cocoanut oil
avre hydrolysed more readily by chelidonium lipase than by castor
Terment.  Celandine seeds can hydrolyse trilaurin to 91 per cent
and tricaprylin to 78.4 per cent., the same seeds hydrolyse the
elyeeride of sebacic acid which is unaffected by castor lipase.
‘Phe csters of polyvalent alcohols e.g. glycol, glycerol, mannitol,
can bhe hydrolysed by celandine seeds, whereas the esters of mono-
hydryic alchols act as poisons, their effect increasing with their
solubility in water. The glycerides of avomatic acids are un-
affected by celandine seeds.

The lipase of jequirity seed also differs somewhat from
castor seed lipase (Braun and Behrendt Ber.,, 1903, 36, 1900)
T.anolin is more readily hydrolysed by jequirity than by castor
lipase and somewhat similar results have been obtained with
Carnauba wax at 80° and with simple esters of aliphatic and

aromatic acids.
IV. TEMPERATURE LIMITs.
As in the case of most enzymes the temperatures at
Wwhich castor seed lipase can produce its optimum -effects lic
within narrow limits. = According to Constein, Hoyer and War-
tenberg a temperature of 35° is better than one of 15%, hut with
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ordinary ligiud oils at a temperature of 35° there is a greater
tendency for the emulsion to hreak and the oil and the water to
separate, and in order to avoid constant stirring they recommend
a temperature of 15—20°. At 50° the reaction is extremely slow
and at 100° is nil. Somewhat similar results were obtained hy
Nicloux.

In a later paper Hoyer (1905) states that the best
results are obtained by using a temperature of 23° and that the
ferment loses its activity above 42°. Nicloux’ results indicate
that the maximum saponification is attained at a temperature of
30° (loc. cit. p. 29).

With solid fats such as tallow it is advisable to add a
sufficient quantity of vegetable oil in order to reduce the melting
point so that the reaction can he conducted at temperatures bet-
ween 15° and 30°,

] With kola nut lipases Masthaun claims that the activity
Increases up to a temperature of 50° when its optimum effect is
attained.

V. Dynxamics oF THE REACTION.

Reversibility of the reaction. 'The hydrolysis of esters
by means of strong mineral acids is a balanced one.  In many re-
actions in which enzymes play a part it has been shown that the
enzymes can exert not mevely an analytical or decomposing action
but also a synthetic action. This has been demonstrated in the case
of maltase (Croft [TillJ. C. 8., 1898, 73, 634 ; 1903, 83, 57%) which
can build up di-from mono-saccharides and of emulsin  (¥ieble
J. (.8, Abstr., 1918, (i), - 63; Bourquelot Ann. Chim. Phys., 1913,
(viii), 29,145 ; 1915, (ix) 4, 130) which can produce alkyl gluco-
sides or galactosides and hydroxy-nitriles. Fokin (1906) con-
cludes that ths hydrolysis of oils hy means of castor seed lipas» is
not reversible although he states that the reaction proceeds further
if the glycerol produced during the hydrolysis is removed.
Nicloux has showa that the alditicn of either product diminishes the
rate of hydrolysis (loc. cit. p. 32). The inv: stigations of numerous
‘ other chemists prove conelusively, however, that the reaction is

reversible and that elycerides may be synthesised by means of heth
animal and vegetable lipases from glyeerol and fatty acids.
Kastle and Loewenhart (Amer. Chem. J., 1200, 24, 491) using
lipase from pig’s pancreas appear to have heen the first to demon-
stratz the synthesising functions of the enzyme in the case of
ethyl butyrate, and A. B. Taylor (J. Biol. Chem., 1906, 2, 87) was
the first to draw attention to the synthesis of trincetin Ly mci1s
of castor seed lipase and to point out that the equilbrivm points
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with lipase are practically the same as those obtained by wusing
normal sulphuric acid at the ordinary temperature in the case of
0-5, 1°0 and 20 per cent solutions of triacetin. A. Welter (Zeits.,
angsw. Chem., 1911, 24, 385 ; J. 8. C. L., 1911, 30, 433) using a
mixture of 6—7 parts of ferment, 100 parts of the oil and 35—40
parts of water found that 90 per cent of the oil is hydrolysed during
the first two days and the reaction then slowly proceeds to equi-
librium ; with only 20—25 parts of water the reaction is slower
and cquilibrium is attained when 80 per cent of the oil is hydro-
lysed. With 100 parts of fatty acids, 20 parts of pure glycerol
and 10 parts of castor ferment the acid value of the mixture dimi-
nishes during the first two days and the values obtained indi-
cated that the following percentages of fatty acids had com-
bined with glycerol in the case of the mixtures of acids
named :(— palm kernel oil acids 80, cocoanut oil acids 21, maize
oil acids 22, ground nut oil acids 19, castor oil acids 14, oleic acid
20, cotton seed acids 7. No reaction occurs if the glycerol is
omitted, so that the diminution in the acid value is not due to
anhydride formation. The experiments with ground nut acids
and palm kernel acids were repeated on a larger scale and the
resulting glycerides isolated, examined and saponified and the
production of glycerol proved. Somewhat similar results were
obtained by F. L. Dunlap and L. O. Gilbert (J. Am. Chem. Soc.,
1911, 33,1787) by Y. W. Jalander (Biochem. Zeits., 1911, 35, 435)
and by M. Krausz (Zeit. angew. Chem., 1911, 24, 8:9). 8. Iwanow
(Ber. deut. Bot. Ges., 1911, 29, 595; J. 5. C. 1., 1912, 31, 5Q1.)
has shown that similar synthetic effects can be produced by using
glycerine extracts of unripe flax, poppy and rape seeds, and the
pracipitates obtained by adding alcohol to the glycerine extracts
were also found to possess bothlipolytic and synthetic properties.
Caretul exporiments on the synthetic functions of lipase have
also been made by Armstrong and Gosney (Proc. R. 8., 1914,
13 88, 176) using the acids derived from olive oil. With t-h@ pro-
portions of glycerol and fatty acids required for the formation of
a triglyceride, equilibrium is attained when 40 per cent of the
acid has entered into combination, and the same equilibrium point
is attained by starting with olive oil and the theoretical amount
of water required for complete hydrolysis. By the addition of
more water the equilibrium is displaced in the direction of greater
hydrolysis and the rate of chemical change is greatly retarded.
Excess of glycerine also retards the rate and displaves the eqili-
brium in the opposite divection, for cxample with equivalent
proportions of fatty acids and glycerol 39-2 per cent had com-
" bined 50 hours, whilst with 1 molecular excess of glycerol 558
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per cent of the acid had combined. The retardation of the hydro-
lysis by excess of water is aseribed to its direct action in prevent-
ing contact of enzyme and oil, but its effect in the
synthetic experiments is probably due to the withdrawal of glyce-
rine from the system by its solution in the water. Synthesis is
not entirely inhibited by using 80 molecular proportions of water
to 1 of glycerol, but in the absence of excess of water excess of
glycerol beyond two molecular proportions has but little effect in
increasing the amount of fat synthesised. The isolation of the
synthetic product and the determination of its saponification value
point to the formation of mono-and di-glycerides in addition to
the fat itself.

Synthetic functions of lipases from other seeds. Other
vegetable lipases also possess synthesising properties: this has
been shown in the case of the lipase of chelidonium seeds by
K. Bournot (Biochem. Zeitsch., 1913, 52, 172 ; 1914, 65, 140) who
states that with mixtures of oleic acid and momnohydric alcohols
90 per cent. esterification occurs, he also states that secondary
alcohols are esterified less readily and tertiary alcohols not at all,
similarly di-and tri-hydric alcohols are esterified less readily than
monohydric. With oleic acid and glycerine at 35° 75 per cent.
combination takes place within 24 hours. The rate of esterifica-
tion tends to increase with the number of carbon atoms present.
Most acids of the type R.CH,CO,H are readily esterified
and acids of the type RR'CH'CO,H less readily. The synthetic
activity of bacterial lipase has been pointed out by Séhngen
(J- 8. C. I, 1911, 30, 812).

The reaction velocity. Many attempts have been made
to study the rate of the hydrolytic process and to determine the
velocity constant. A. Kanitz (Zeitsch. physiol. Chem., 1905, 46,
486) taking some of the values ohtained by Constein, Hoyer and
Wartenberg shows that the value 2/t is nearly constant whereas
x/t is not, where = denotes the amount of oil hydrolysed in the
given time (Compare M. Buler 4bid. 1905, 45, 421). Nicloux
(C. R., 1903, 138, 1288,) has attempted to show that the equation
for aunimolecular reaction, #=1/¢.1og/a/(a—=z,)holds good for the
hydrolysis of an oil by his eytoplasm ferment if the reaction is
rapid and nearly completed in 7-5 hours, otherwise the values of
k decrease appreciably as ¢ increases. Taylor (loc. ¢it.) using
solutions of triacetin or ethyl acetate and his dry lipase prepara-
tion found that the values for % calculated by means of the ordi-
nary equation for a unimolecnlar reaction varied considerably,
e. g. ftriacetin from 88 x 10~ to 112 x 10~* The temperature
coefficient, ki, 19 /ky, in the case of trincetin using temperatures
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of 18° and 28°is 2'6. Taylor points out that in the case of oils
concordant results for & cannot be expected as the fatty acids
produced during the reaction affect the solubilities of triolein, tri-
stearin and tripalmitin and thus the substrate alters in composi-
tion ; experiments made by the same author on triolein at 18°
and shaking mechanically the whole time indicate that the value
z/t is roughly constant. The theoretical meaning of this is dis-
cussed, and the conclusion drawn that the experimental velocity
determined is not a reaction velocity in the chemical sense, but a
diffusion velocity in the physical sense. Anincrease in temperature
of 10° increases the experimental velocity by only 20 per cent
and within limits the relationship between the mass of the ferment
and the degree of acceleration is one of direct proportionality.

Jalander (Biochem. Zeitsch., 1911, 36, 435) claims that
for periods of over 60 minutes and within fairly wide limits of con-
centration of enzymes Schutz’s formula, /et holds approximately
when #=amount of oil saponified and e=quantity of enzyme,
and that for constant concentration of enzyme x/t™=constant
where m is a constant varying with the conditions- Armstrorg
and Gosney (Proc. R. S., 1913, B 86, 586) discuss the general
question of the dynamics of the reaction between oils and water
using castor seed lipase as hydrolyst. Their conclusions are that
the interaction must be supposed to take place at and between
surfaces separated by a thin film of water at most and that both
products of the change inhibit the interaction of enzyme and oil.
They studied the rate of hydrolysis and conclude that in all pro-
bability a given amount of enzyme changes equal amounts of
material in successive equal intervals of time i. e. /¢ is constant
and that the observed departures from this rate are due to the
inhibiting -ffects of the products of the change and to gradual
destruction of the enzyme. The rate at which action takes place
is dependent on the conditions of the colloid, which cannot be
expressed in terms of the concentration of the solution. Hence
the law of mass action cannot be applied. Tt is suggested that
lipase contains a glycerol nucleus attached to a carboxylie group
in proximity to an acidie group.

Tancov (loc. ¢it) has carried out a number of experi-
ments with olive oil and varying amounts of enzymes and of
acid and states that the resnlts show that the substrate and
the products formed from it alter the behaviour of lipase
towards the activating acil and hence form compounds
with the enzyme.  These compounds are to be regarded
as intevmediate, since in presence of the products and of
comparatively large proportions of substrate the splitting of oil
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by the lipase proceeds with concentrations of acid considerably in
excess of those which arrest the reaction when the produets are
absent and the proportions of substrate comparatively small. The
action takes place, therefors, not hy weans of fres lipase but by
way of intermediate compounds of lipase with the substrate and
its products of decomposition. The intermediate compounds of
lipase with the products of its action are decomposed more readily
by low than by high coneentrations of acid, their stability dimi-
nishing with the latter to a minimum, which is found to corres-
pond with the optimum activity of enzyme.  With hizh concent-
ration of acid the substrate and its products in the system under-
go an irveversible change.

VI. Tare Propuers AND THEIR SEPARATION,

The products obtained by the hydrolysis of oils by means
of water are glycerol and free fatty acids, but as the renction is
reversible, unless a very laree excess of water is used, it follows
that in practice the yields of products are not theoretical and
as a rule the reaction stops when about 90 to 95 per cent of
the oil is decomposed. The product is then a stiff emulsion  econ-
taining unsaponified oil, free fatly acids. glycerol, water, lipase
and the various substances introduced with it and any activator
which may have been used. E. Hoyer (Seifenfabrikant, 1003,
23,1093) describes a method of taking samples  for estimating
the amount of hydrolysis. A sample of the emulsion is drawn
off, warmed in a tube and 4-—" drops of a 25 per cent solution of
sulphuric acid added, the mixture is then bhoiled and the tube
placed on a bhoiling water bath, when the fatty acids setfle
out and are run into another tube. The oily  acids are
heated to remove water, filtered and 2 graus taken, dissolved
in'95 per cent alcohol and titrated with standard sodivnm
hydroxide. The method recommended for effecting a s paration
by breaking the emulsion is the addition of a small amount of
sulphuric acid and raising the temperature for a short time to
80% when the mess has stood for some time three distinet lavers
are obtained (a) an upper layer consisting of the free fatty acids
and any unsaponifiad oil, this layer will solidify on cooling ; (b a
lower layer consisting of an aqueons solution of glyecrol, but also
containing the activator, acetic acid or manganous sulphate, and
the sulphuric acid added at the end of the reaction, as well as
various soluble protein materials derived from the eastor seed.
If kept for some time this solution should clarify and ean be van off
as a clear, pale yellow coloured liguid s (¢) a middle Inyer eontaining
131.10 crushed sexds usedas ferment and also eontaining much glvee-
rine water and a certain amount of fatty neids. .
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' The treatment of this middle layer is one of the diffi-
culties which has to be overcome in attémpting to adopt the
castor seed ferment process as a commerecial undertaking. When
the crushed seeds themselves are used the middlelayer is relatively
large, much glycerine water is retained in this f)ortion and its
separation ig difficult- In addition the glycerine water which sepa-
rates  contains large quantities of organie matter in solution and
its refining becomes difficult. One of the chief reasons for the
numerous attempts made to introduce lipase preparations in
place of the crushed seed has been the idea of diminishing the
amount of the middle layer and improving the quality of the
glycerine water.

.. Details of the methods used in refining and concentrating
the dilute ¢glycerine liquor are given in I'art IT pY- 260, 263)

VII. ANimMaL Lipasks.

The various tissues and organs of the animal body con-
tain lipolytic enzymes which are of importance in the physiologi-
cal activities of the body. Both that obtained from the liver and
from the pancreas, more especially pigs’ pancreas, are compara-
tively rapid hydrolysing ferments and many investigations have
heen made with them. Just as with castor sced lipase a good
emulsion is essential for rapid hydrolysis, but the addition of free
acid is injurious and it is necessary to keep the liquid neutral or
faintly alkaline by means of sodium carbonate. Serum has an
accelerating effect (Tsuji). It has been shown that so called
aqueous solutions of the enzymes are active ; this activity is, how-
ever, lost when the turhid solution is repeatedly filtered and can
be restored by adding the clear filtrate to the residue. The lypo-
lytic activity is apparently due to a ferment (the residue) and a
co-ferment contained in the filtrate. (Magnus and Rosenheim and
Shaw Mackenzie). The co-ferment is not destroyed at 100° and
consists of bile salts e. g. sodium taurocholate (Loewenhart). The
investigations include a study of the dynamics of the reaction
(Dietz), the influence on the reaction of the structures of the
esters used (Kastle) the selective action of the enzyme (Dakm,
Mayer) and the effect of added salts (Pickelharing). The opti-
mum temperature is 40° and the enzyme is destroyed at 65—70°
(Kastle and Loewenhart). The enzymes possess synthesising as
well as hydrolysing properties, (Kastle & Loewenhart, Pottevin)
and it has been found possible to prepare dry lipolytic powders
from pigs’ pancreas (Baur). The general view is that the process
would be much more expensive to run than a similar process
using castor seed lipase (Lowkowitsch).
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