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SUMMARY 

A novel method for the lipase deacylation of triglycerides is described in which 

0. i-O.2 ml of the enzyme solution in I M tris buffer (pH 8.2) containing 2-4 mg of 
protein is applied as a band on a 0.5~mm thick silica gel thin-layer chromatograp~c 
plate. Over this band, L-4 mg of triglyceride in n-hexane is applied evenly and the 
plate is incubated at 40” for 1-2 min. The reaction is stopped by exposure to hydrogen- 
chloride vapour and the products arc removed from the reaction zone by three 
consecutive developments in diethyl ether up to 2 cm from the line of application. 
These are resolved by .re-developing the plate in n-hexandiethyl ether-acetic acid 
(80:20:1.5) up to 14c1.n. The m-2-monoglyceride and m-1,2(2,3)-diglyceride bands 
located by iodine vapour are extracted and the fatty acid compositions evaJm&d by 
gas-liquid chromatography for the determination of fatty acid distribution in the 
glyceride molecule. The method, when applied to groundnut oil, goat depot fat, body 
fat of shol fish (C/;mma s~riaircs) and yeast @ioclotorula glutink) fat, produced repre- 
sentative sn-1,2(2,3)+iiglycerides which can be used for the stereospecific analysis of 
triglyceride. 

-Since the postulafion by Balls and Matlack in 2938 that 1-m pancreatic 
lipase catalyses specifically the hydrolysis of the primary ester groups of tiiglycerides, 
Mary workers?have used this enzyme for the ana&tical deacylation of triglycerides. 

The m-2-monoglycerides formed due-to Lipase hydrolyses have been used for fatty 
acid-analyses in studying the positional distribution of fatty acids in triglycerides of 
natural fak. The m-1,2(2,3)+$ycerides produced have sometimes been used for 

stereospecific analysis of the triglycerides. 
XII a widely used method due to Luddy et ak6 for the deacylation of triglycerides 
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with pancreatic lipase, a mixture in tris buffer (pH 8.2) of the sample, a solubilizer 
mile salt, poly(viny1 alcohol), etc.] and calcium chloride is shaken vigorously for 
90 set and the reaction products are extracted immediately with’diethyl ether, washed, 
dried and resolved into fractions by preparative thin-layer chromatography (TLC). 
The fatty acid compositions of the glyceride products extracted from the adsorbent 
are determined by gas-liquid chromatography (GLC). 

In this paper, we present a novel method for the lipase deacylation of tri- 
glycerides in which the enzymatic reaction, extraction of the reaction products and 
their resolution are performed on the same TLC plate without any solubilizer or 
calcium chloride. The fatty acid distribution in the glyceride products~can be deter- 
mined by GLC, from which the composition of the triglycerides can be calculated. 
By this means, the time required for the entire process has been shortened consider- 
ably and the loss of the products due to transfers has been minimized. The dependence 
of the extent of hydrolysis on reaction parameters such as the amounts of enzyme and 
substrate, time and temperature have been evaluated, and the fatty acid distributions 
of the triglycerides from several natural fats have been determined. 

EXPERItiENTAL 

Solvents 

All solvents were of analytical-reagent grade, and were dried and re-distilfed. 

Reference Iipids 

Triolein, sn-2-monopalmitin, sn-1,2(2,3)-dipalmitin, sn-1,3_dipalmitin and 
methyl pentadecanoate, all over 99% pure, -and reference quantitative mixtures of 
fatty acid methyl esters were obtained from Applied Science Labs. (State College, 
Pa., U.S.A.). 

Rea-gents 

Lipase solution. Various amounts of lipase, depending on the activity, were 
shaken with 1 M tris buffer (pH 8.2). The mixture was centrifuged at 167 g and 
the supematant was used. The amount of protein per 0.1 ml of this solution was 
determined according to Lowry et al. ‘_ This amount of the soluble protein is referred 
to in the text as the amount of lipase. A 30-mg amount of the lipase used (Sigma 
type II, crude from hog pancreas; Sigma, St. Louis, MO., U.S.A.) yielded 20 mg/ml 
of soluble protein. The activity of this enzyme solution, determined according to 
Luddy et al?,- was 111 units per milligram of protein using olive oil as the substrate. 
One unit will hydrolyse 1.0 pequiv. of fatty acid from a triglyceride in 1 h at pH 7.7 
and 37”. 

Bile salt solution (I%)*. A 0.1-g amount of dried bile salt (0x0, London, Great 
Britain) was mixed with 1 ml of water, autoclaved at 15 p.s.i. for 1.5 h, 10 ml of 
glycerol were added and the mixture was heated on a water-bath until homogeneous. 

Calcium chloride solution (5%). A 5-g amount of CaC12*211z0 (E. Merck, 
Darmstadt, G.F.R.) was dissolved in 100 ml of water. 

Preparation of the TLC plate 
Glass plates (20 x 14 cm) were coated with 0.5 mm thick layers of silica gel G 
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(E. Merck, Darmstadt, G.F.R.), in the usual manner, activated at 110” for 1 h and 
stored in desiccator. -Before use the plates, in order to remove any organic con- 
taminants, were pre-developed with &ethyl ether to the top of the plate, from where 
these were removed by scraping off a narrow band. 

Lipolysis of triglyceride on the TLC plate, removizl of the reaction products from the 
reaciion zone, develcpment of iiie chom&agrmn CInd isolation of the glycerides 

A O&0.2-ml volume of lipase solution containing the required amount of 
lipase (2-4 mg) was applied as a band on the prepared plate. The plate was held in 
the air stream from an electric fan in order to remove some of the water from the 
band (until the shine had disappeared). The required amount of triglycerides (L-4 mg) 
in n-hexane was applied as evenly as possible over the enzyme band. The plate was 
immediately placed, coated side down, on top of a dish of water kept in an incubator 
at a specific temperature; the dish of water prevents over drying of the reaction zone 
(the band). After a stipulated time the reaction was stopped by exposing the plate 
to hydrogen chloride vapour for L min in a closed TLC chamber containing some 
concentrated hydrochloric acid in a basin. The acid fumes were removed from the 
plate by placing it under a fan for i-10 min. The products of lipolysis and the un- 
reacted triglycerides were removed from the reaction zone by developing the plate 
three times with diethyl ether up to 2 cm from the line of application in a saturated 
chamber. The ether was removed completely from the plate by a stream of air. The 
plate was then developed up to 14 cm with n-hexantiiethyl ether-acetic acid 
(SO:20 11.5) in a saturated chamber to resolve tbe different reaction products and 
unreacted triglycerides. 

After removal of the soivents from the chromatogram by a stream of air, the 
different bands were located with iodine vapour (Fig_ 1) and marked. The bands were 
identified by comparison with chromatograms in which reference glycerides were 
spotted at one side of the plate 2 cm above the line of application of the enzyme 
solution. After complete evaporation of iodine from the chromatogram, the sn-2- 
monoglyceride, sn-1,2(2,3)-diglyceride and unreacted triglyceride bands were scraped 
off the plate into individual smaI1 glass columns &ted with sintered glass discs. The 
glycerides were extracted from the adsorbent with five 2-ml portions of diethyl ether. 
The solvents were removed by evaporation under nitrogen and the glycerides were 
redissolved in known volumes of n-hexane. 

Dererminarion of fatty acid composition of glycerides 
The fatty acid compositions of the glyceride products, unreacted triglycerides 

and initial triglycerides were determined by GLC of the corresponding methyl esters, 
prepared by potassium hydroxide catalysed methanolysis according to Brockerhoff. 
A dual-column F & M Model-7OOR analytical gas chromatograph. with flame- 
ionization detectors was used, equipped with 6 ft. x 6 in. stainless-steel columns 
packed with 10% EGSS-X coated on RIO-120-mesh Gas-Chrom W (Applied Science 
Labs.) at liio”. The carrier gas (nitrogen) Bow-rate was 40 ml/min: The peaks were 
identified by comparing their retention time with those of reference esters. The com- 
positions were calculated from peak areas obtained by the triangulation method and 
corrected by multiplication with appropriate calibration factors. 
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Fig. 1. Lipolysis of trioIein and resoWion of the reaction products on the same TLC plate. TLC plate: 
14 x 20 cm, 0.5 mmthick silica gel layer. Reaction conditions: 4mg of lipase applied as band overwhich 
2 mg trioleinwas applied; reaction temperature, 40 ‘; reaction time, 2 min. Removal of the reaction 
products from the reaction zo=e and their resolution were carried out as described in the text. Detec- 
tion: spraying the chromatogram with a soiution of ammonium sulphate in dilute sulphuric acid and 
charring. R = Reaction zone; 1 = sn-Z-monoolein; 2 = srz-1,2(2,3)-diolein; 3 = oleic acid; 4 = un- 
reacted triolein. 

Assay of the glyceride products and unreacted triglycerides 

The amount of glycerides in each band was assayed by GLC of the methyl 
esters from an aliquot of the extract with methyl pentadecanoate added as internal 
standard according to Blank et al. lo. The amount of triglyceride hydrolysed was 

calculated from that which remained unreacted. 
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Isolation of triglycerides from naturai fat sampies 

The triglycerides from groundnut oil, goat depot fat, body fat of shol fish 
(Channa striatus) and yeast (Rhodotorula glutinis) fat were isolated by preparative 
TLC on silicic acid plates according to Lit&field”. 

RESULTS 

Quantitative removal of the sn-2-monoglyceride from the reaction zone by developmenr 

in &ethyl ether 

The number of developments with diethyl ether required for the quantitative 
removal of reaction products from the reaction zone was established. On each of 
four TLC plates 0.2 ml of inactive lipase solution (inactivated by boiling for a few 
minutes) containing 4 mg of protein was applied as band over which 1 mg of sn-2- 
monopalmitin in 0.1 ml of n-hexane was applied. Monopalmitin was removed from 

the bands by developing the first, second, third and fourth plates with diethyl ether, 

up to 2 cm from the line of application, one, two, three and four times, respectively- 
The extent of removal was evaluated by extraction and determination of mono- 
glyceride from the bands formed at 2 cm from the line of application. 

The results presented in Fig. 2 show that three extractions were sufficient for 
the quantitative removal of sn-2-monoglyceride from the bands. Of all of the reaction 
products of the lipolysis of triglycerides, the 2-monoglycerides are the most strongly 
adsorbed owing to the presence of the two hydroxyl groups in the molecule; hence 
their complete removal from the application zone indicates the quantitative removal 
of other reaction products and unreacted triglycerides. 

1 2 3 4 

NUMBER OF DIETHYLETHER 
DEVELOPMENT 

Fig. 2. Histogram showing the number of diethyl ether developments versus the extent (wt.-%) of sn- 
2-monopalmitin removed from the reaction zone. On each of four TLC plates 0.2 ml of inactive lipase 
solution Gnactivated by boiling for a few minutes) containing 4 mg of protein was applied as a band 
over which 1 mg of m-2-rr~onopalmitin in 0.1 ml of n-hexane was added. Removal of monopakniti 
from the bands was carried out by developing the first, second, third and fourth plates with diethyl 
ether up to 2 cm from the line of application one, two, three and four times, respectively. The extent 
of removal was evaluated by determinin g the content of the monop&nitin bands (average of four 
experiments). 
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Eflects of bile salt and calcium chloride on on-plate lipoiysis of trioiein 
The results of experiments performed to examine these e&&s are presented 

in Table I. The reactants and reagents were applied in sequence, as indicated in the 
table, on TLC plates coated with silica gel II (Merck). The reaction was carried out 
at 40” and was stopped after 1 min of substrate addition, the unreacted triolein then 
being measured. The hydrolysis of triolein to the extent of about 60% irrespective of 
the presence of bile salt or calcium chloride or both, shows that under the conditions 
used these reagents have little influence on the on-plate lipolysis of triolein. 

TABLE.1 

EFFECT OF BILE SALT AND CALCIUM CHLORIDE ON ON-PLATE LIPOLYSIS OF 
TRIOLEIN 

Plate No. Materiak appIied in sequence on plate Triotein tiydrolysed 
in I min at40” 
(wt.-%) l 

. 

3.2 lipase, 0.04 ml bile salt solution, 0.04 ml CaClz mg 
solution and 1.0 mg triolein in n-hexane 59.0 * 2.1 

3.2 lipase, 0.04 ml CaCI, solution and 1.0 triolein mg mg 60.0 i 2.0 
3.2 lipase and 1.0 triolein mg mg 59.0 * 2.0 
3.2 inactive lipasc and 1.0 triolein mg mg 0 

* Average of 4 experiments. 

TIME (minutes) 
Fig- 3. Time course of on-plate lipolysis of trioleiu. On each of seven TLC plates 3 mg of lipase was 
applied as a baud over which 1 mg of trioleiu in 0.1 ml of n-hexaue was added as cprickly as possible. 
The reaction at 40” was stopped by exposure to HCl vapour at 0.5. 1.2, 3.4, 5 and 6 min after the 
addition was complete_ The removal of reaction products from the reaction zone and their tusohttion 
WAS carried out as descrii in the text. The amounts of trloleiu hydrolysed (average of four experi- 
ments) were evaluated from that which remained tmreacted. 
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T..we course of the reaction 
Fig. 3 illustrates the time course of the on-plate lipolysis of triolein. It appears 

that the reaction was rapid up to the fkst minute, within which ca. 60% of triolein 
was hydrolysed, and then slowed to an equilibrium value of ca. 82% hydroIysis 
within the Sfth minute. 

Fig. 4 shows chromatograms obtained from lipolyses on a single plate car- 
ried out in four different reaction zones containing fixed amounts of lipase and 
triolein and in which the reaction was allowed to proceed for 4,3,2 or 1 min. The 

-_.__-_ 
Fig. 4. Photograph of chhomatograms due to lipolysis carried out at four digerent reactions ZOIES on 
a single TLC plate. Fixed amounts of lipase and triolein were applied in each zone but the reactions 
were allowed to proceed foi 4,3,2 and 1 min, for the fk-st, second, third and fourth zones, respeztiveIy, 
from the left. R = Reaction zone: I = sn-2-monoolein; 2 = sn-l,2(Z3)-diolein; 3 = sn-lf-diobin; 
4 = oleic acid; 5 = unreacted trioleiu. Detection: spraying the chromatogram with solution of am- 
rnonium sdphate in dilute sulphuric acid and charring_ 



substrate was added to the successive bands at intervals of 1 tin and t&e reaction 
was tiopped 1, min.after the addition to the last band, the time taken for addition of 
the subststststststststststststststststststs beiig kept ss short as-possible. It C.SII be seen that no detectable acyl 
migration bad occuned within 3 min in sn-1,2-(2,3)-diglyceside- The band of SR-1,3- 
diglyceride, the acyl migration product from sn-1,2(2,3)-diglyceride, appeared in the 

chromatogra&when the reaction was allowed to proceed for 4 min. 

Effect of ik&ation temperature on the extent of iipolysis . 
The extents of lipolysis within 1 min using 3 mg of lipase and 1 mg of triolein 

at different incubation temperatures between 20” and 55” were measured. The results 
(Fig. 5) show that from 20” to 40” the extent of hydrolysis of triolein increased from 
34 f 1.5 to 60 f 1.5 %. On a further increase in timperature to 55” ‘the ~extknt of 
hydrolysis decreased steadily. 

TEMPERATURE PC) 

Fig. 5. Relationship between reaction temperature and extent of on-plate lipolysis of triolein: 3 mg 
of lipase and 1 mg of triolein were applied on ezc& of seven TLC plates. The reaction was carried out 
for1minat20”.25”,300,35o.400.450and55”from~~totfre~v~~plate.Theamountsof~o~ein 
hydrolysed (werage. of 4 e xperkcnts) xv& caIcnkted from those Mkh remained unreacted. 

Enzyme : substrate ratio and extent Of iz@iysis 
Table II presents the redts of e~pzxixnq~~~ to _@d the maximum tiount of 

substrate that can profitably be used per milligram of the erkyme sample (activity = 
111 units). On each of six TLC plates 4 mg of lipase were applied, together with 
1,2,3,4, 5 or 6 mg of triolein. The reaction was allowed to proceed for t min at 40” 
and the amounts of triolein hydrolysed were measured. The results show thirt with 
enzyme: substrate ratios from 411 to 1:l t&e proportion of triofein hydrorysed was 
between ca. 60 and &*A. WEth higher substrate concentra&s the extent of con- 
version decreased. This result suggests that the enzyme_ w&s s&ur&.ed tinen- 1 mg of 
triolein was used per milligram of lipase. Olwiously, with enzyme preparations of 
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TABLE II 

EmtX QF ENZYME:SUE%STRATEZ RATIO ON THE EXTENT OF ON-PLATE LIPOLYSIS 
OF TRIOLEIN 

Pi&e No. ENymp:sabstrate 
ratio 

Triolei. hykolysed 
in I minat40” 
(WI.-%) * 

I 4:l 59-O f 1.5 
2 2:l 60.0 f 2.0 
3’ 4:3 64.0 f 2.1 
4 1:l 65.0 f 2.0 

4:s 57-O * 1.3 
2:3 47.0 & 2.5 

l Average of 4 experiments. 

higher activity, greater amounts of substrate can be used, provided that the reaction 
products do not overload the TLC plate. It has also been found (Table ill) that using 
enzyme: substrate ratios such as 4: 1,2: 1 and 1: 1 the average amounts of sn-2-mono- 
glyceride, sn-1,2(2,3)-diglyceride and free fatty acids obtained from triolein within 
2 min were 25, 12.5 and 38x, respectively. 

TABLE III 

AMOUNTS OF REAClTON PRODUCTS OF ON-PLATE LIFOLYSIS OF TRIOLEIN AT 
DIFFERENT ENZYME:SUBSTRATE RATIOS 

fizyme:subsirate 
ratio 

Reaction products in 2 min at 40” (wt.-% of triolek applied) l 

sn-2-Monoglyceride sn-l,2(2,3.&DigiycenZe Free fatty Total 
acid 

4:1 24-O i 1.4 12.0 * 0.7 38.0 I, 1.4 74.0 + 2.1 
2:l 25.0 f 1.2 13.0 * 1.2 37.0 k 1.6 75.0 i 3.1 
1:l 26.0 + 1.0 13.0 & 1.6 37.0 F 1.3 76.0 i 3.8 

l Average of 4 experiments. 

Appiication of the method to triglycerides of some natural fats 

Table IV gives the fatty acid compositions (mole-%) of sn-2-monoglycerides 
and sn-1,2(2,3)-diglycerides obtained from triglycerides of groundnut oil, goat depot 
fat, body fat of shol fish and yeast fat by the method described. Table IV z&o gives 
the fatty acid compositions of the initial triglycerides and the compositions of sn-1,3- 
and sn-1,2(2,3)-diglycericIes calculated according to Coleman and Eu.lt~n~~_ The most 
imporbu& featcire is that, in all instances, the calculated compositions of sn-1,2(2,3)- 
diglycerides agree, within the limits of ~experimental errors, with those obtained 
diiXXUy. 

DISCUSSION 

In the lipase hydrolysis of glycerides, the substrate (a hydrophobic substance) 
and t;he aqueous enzyme solution form immiscible phases, and intimate contact of 
these two is of prime importance for the satisfactory progress of the reaction’. In the 
existing methods this is achieved by the addition of emulsifiers’3*f4 (bile salt, gum 
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arabic, etc.) and vigorous shaking of the reaction mixture6 at pH 8. The addition of 
calcium chhide, which has been shown to increase the adsorption of the enzyme 
on the oil-water interfac+, is also necessary. The reaction products are generally 
isolated by extraction with diethyl ether and resolved by preparative TLC6_ The 
glyceride products are isolated from the adsorbent and their fatty acid compositions 
evaluated by GLC in order to elucidate the fatty acid distribution in the triglyceride 
QlOhSXkS_ 

In the method described here, all of the above steps, from the enzymatic 
reaction to the separation of the reaction products, are carried out on a single TLC 
plate. The entire operation does not take more than 1 h a@ does not require the 
addition of bile salts or cafcium chloride. The function of’a solubihzer, i.e., the 
maximization of the interfacial surface area, is to a large extent fuElled by the 
extensive surface area of the TLC adsorbent. This lack of need for a bile salt has an 
advantage, as the absence of this emulsitier has been shown by Mattson and Volpen- 
heinr6*r7 to inactivate a non-specific lipase associated with mammalian pancreatin, 
and this was conf&med in the case of hog pancreatin by Swell et al_“. This lipase can 
produce atypical 1,3_diglycerides and l(3)-monoglycerides. Ihe effect of calcium 
ion is probably taken care of by the high enzyme : substrate ratios (1 rl to 4:l) 
used, because we have found in separate experiments that the rate of lipolysis at these 
high ratios remains almost constant whether the plates are coated with adsorbent 
containing calcium sulphate or not, but when a much lower ratio, such as 1:5, was 
used, cafciumion definitely enhanced the rate of on-piate lipolysis. 

The most effective temperature for on-plate lipolysis is about 40”, at which 
ca. 60% of the triglycerides were hydrolysed within 1 min. The decrease in the extent 
of hydrolysis at temperatures above 50” was due to the decrease in activity of the 
enqme’S 

The time course of the reaction at 40” shows that CQ. 3540% hydrolysis 
occurs between 0.5 and 3 min. Prolonging the reaction not only fails to increase the 
hydrolysis, probabiy owing to the attainment of equilibrium, but also leads to the 
formation of sn-1,34iglycerides from sn-1,2(2,3)-diglycerides through acyl migration. 

It is not always possible to obtain sn-1,2(2,3)-diglycerides representative of the 
original triglycerides by lipase hydrolysiszo. Anderson et al.” have shown that the 
production of this representative &glyceride depends both on the sample composition 
and the reaction conditions. However, the exact conditions that lead to random 
deacylation of the m-l- and sn-3-positions are as yet undefined. Therefore, in order to 
determine the glyceride composition from caIculationsLZ~U that assume random 
deacylation from sn-l- and sn_3_positions, it is imperative to check whether repre- 
sentative sn-1,2(2,3)-diglyceride.s have been produced. This can be done= by com- 
paring the fatty acid composition of the sn-1,2(2,3)-diglyceride obtained with that 
calculated from the sn-2-monoglycerides and initial triglyceride compositions- The 
results should agree within experimental error. The representative m-1,2(2,3)-diglyc- 
eride can be used for stereospecii% analysis according to BrockerhofF23. Our results 
for the fatty acid compositions of sn-1,2(2,3)-diglycerides obtained from triglycerides 
of groundnut oil, goat depot fat, body fat of shol fish and yeast fat (Table IV) a,= 
with the CafcuIated compositions, within experimental error. This agreement indicates 
that the method described is adequate for the calculation of triglyceride compositions 
and the sn-1,2(2,3)diglycerides produced can be used fcr stereospecihc analysis. 
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