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SUMMARY 

NaC1 enhances the hydrolysis by pancreatic lipase (glycerol-ester hydrolase, 
EC 3.1.1.3) of concentrated isotropic solutions of triacetin, tripropionin and 1,3-di- 
butyrin. These short chain glycerides spontaneously associate in concentrated :solutions 
containing NaC1 to form molecular aggregates on which lipase is active. Lipase is 
therefore able to act, not only as believed earlier on emulsified ester particles, but also 
on aggregates of a much smaller size in an isotropic system. With triacetin and tri- 
propionin, the maximal rates of hydrolysis are similar for aggregates and particles of 
the same substrate. 

Preliminary experiments by light scattering suggest that,  at 25 ° in the presence 
of o.I M NaC1, tripropionin forms aggregates of a rather uniform size containing about 
15 monomers. Triacetin aggregates are smaller. The mechanism by which substrate 
aggregation induces lipolysis is still unknown. 

INTRODUCTION 

The interactions of pancreatic lipase (glycerol-ester hydrolase, EC 3.I. 1.3) with 
insoluble long chain glycerides have been extensively studied in recent y(arsl, 2. I t  
was found 2 that  the initial rate of lipolysis in an emulsion stabilized by deoxy,:holate is 
controlled by the area of the glyeeride-water interface in one volume unit of emulsion. 
All other factors being constant, this "interface concentration" plays the same role 
as the substrate concentration in ordinary aqueous solutions. When it is increased for 
a fixed amount of lipase, more enzyme molecules are adsorbed at the interface and 
catalyze the reaction. Thus, the reaction rate goes up and reaches a maximal value 
(Vmax) corresponding to complete adsorption. Similarly, a Km (emulsion) of lipase can 
be defined as the concentration of the interface for which the rate is Vmax/2. 

An investigation of water-soluble short chain glycerides has also been made 1. 
Aqueous, optically clear solutions of these substrates were found to be poorly hydro- 
lyzed by purified lipase even when the substrate concentration was high. In contrast, 
a considerable rise in activity was observed when, by adding more substrate, emulsified 
particles began to appear in the oversaturated solutions. I t  was concluded that  lipase 
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was exclusively able to ca ta lyze  the hydrolys is  of subs t ra te  molecules located at the 
interface of emulsified particles,  af ter  previous adsorpt ion  to this interface.  

I t  will be shown that ,  when increasing amounts  of short  chain glycerides are 
added  to a fixed volume of water  conta ining o.I M NaC1, these glycerides appear  in 
an in te rmedia ry  aggregated form between the molecular ly dispersed solution and the 
heterogeneous emulsion. In other  words, two t ransi t ions  ('an be observed with these 
compounds,  as with amphipa ths .  The first t ransi t ion is character ized by the format ion 
of aggregates  which ('an be de tec ted  by their  action on the opt ical  proper t ies  of SOll/e 
dves and by light scat ter ing.  An impor t an t  factor is that ,  af ter  this first t ransi t ion,  the 
system remains  hon3ogene(ms or isotropic. In contrast ,  the other  t ransi t ion,  c(~rre- 
sponding to what  is cur rent ly  called the sa tura t ion ,  is character ized by the appea rance  
of a second phase forming re la t ively  large emulsified particles.  The concentra t ion  at  
whieh this t ransi t ion o('cnrs (the sa tura t ion  point) is exper imenta l ly  de te rmined  1)\' 
means of the stee l) increase in the absorbance ()t the svsteln at 4oo Illff, dlle to the 
existence of an interface separa t ing  the two phases. 

Results  obta ined  are consistent  with the view that  pancreat ic  lipase is able to 
act, not only as believed earl ier  on enmlsified particles,  but  also on the much smal ler  
aggregates  ment ioned above. HOFMANN AND BOR(;STR6M a had a l readv observed tha t  
ra t  pancrea t ic  juice can hvdrolvze micellar  solutions of z-mono-olein in t aurodeoxv-  
cholate,  and they  a t t r i bu ted  this kind of ac t iv i ty  to lipase. However,  Mol{(;.,~x et al. 4 
la ter  found tha t  another ,  still unidentif ied enzyme in the juice was responsible for the 
hvdrolvsis  of the micellar  glyceride. In the studies made here, no amph ipa th i c  mole 
cules were used for the s tabi l izat ion of emulsified part icles  or aggregates,  so tha t  results  
obta ined with emulsions and isotropic soluti(ms are directh:  comparable .  The physical  
s ta te  of the sul)strate is mereh '  modified t)v vary ing  the concentra t ion and ionic 
s t rength of the system. This can onl\ '  be done with short -chain der ivat ives  having a 

dis t inct  solubi l i ty  in water.  

TE('HN IQUF.S 

Purtj ical ion of l ipase amt activity determinalion.~ 
l . ipase was tmrified '~ fr(ml aqueous ex t rac t s  of flesh porcine pancreas  by several 

prec ip i ta t ions  by  amnumiun/  sulfate and acetone followed by  ch roma tog raphy  on 
l )EAE-cel lulose .  The specific ac t iv i ty  (number  of lipase units /rag protein (Lowry)) 
was about  40oo for all prepara t ions .  

In i t ia l  l ipolysis ra tes  were measured t i t r imet r ica l ly  in a Rad iomete r  p H - s t a t  
at  25 ° and pH 7.0 on 15 ml of subs t ra te  solutions or emulsions in o.I M NaCI. The 
enmlsions were prepared as follows. The o.I M NaC1 solution was placed in the  beaker  
of the pH-s t a t  ( t i t ra t ing device TTA3), a known excess of glycer ide was added  and the 
mixture  was agi ta ted  for 3o rain at  I4OO rev . /min .  Agita t ion  was main ta ined  af ter  
addi t ion of lipase. In cont ras t  to long chain tr iglycerides,  short  chain compounds  
formed ra ther  s table emulsions under  these condit ions in the absence of emulsifiers. 
The average size of the emulsified part icles  appeared  to be similar  in all assays, as shown 
by the reproducib i l i ty  of the results and by  the fact tha t  linear L ineweave r -Burk  plots  
could be ob ta ined  (see later). 

in  all exper iments ,  the flow rate  of o.02 M NaOH was recorded for a few minutes  
in order  to evalua te  the spontaneous  hydrolys is  of the substrate .  Then lipase was added  
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and the flow rate was again recorded as a function of time. Enzyme act ivi ty was 
calculated by  difference and expressed as a percentage of the rate observed at 25 ° and 
pH 9.0 with the same amount  of lipase and an excess of emulsified triolein under the 
conditions worked out for routine assays of the enzyme 6. I t  was verified that  the 
liberated short chain fa t ty  acids (acetic, propionic, butyric) were completel~ ionized 
at pH 7.0. Thus, the lipolysis rates could be directly calculated from the responses of 
the pH-sta t .  

Purification of substrates and evaluation of their solubility 
Commercial triacetin and tripropionin were purified by distillation or chi omatog- 

raphy on Florisil:, respectively. Tripropionin was eluted by a 75:25 hexane- diethyl- 
oxide mixture. For 1,3-dibutyrin, 2 moles of butyry l  chloride were condensed with I 
mole of glycerol in the presence of pyridine. Purification was achieved by  chromatog- 
raphy on silicic acid 8. After the column had been washed by a 8o:2o hexane diethyl 
oxide mixture,  1,3-dibutyrin was eluted by a 35:65 mixture of the same ~,olvents. 
Triacetin and tripropionin were found to be pure by thin-layer chromatography.  
1,3-Dibutyrin contained about 53{~ of the 1,2 isomer. 

The solubility of the compounds in o.I M NaC1 at 25 ° was measured by  adding 
increasing amounts  of glycerides to a fixed volume of solvent. The mixtures were 
vigorously shaken for 60 rain and their absorbance at 4o0 m# was measured against 
a o.I M NaC1 solution in a Beckman Spectrophotometer  equipped with a thermostated 
cell compartment .  Extrapolat ion to the base line of the absorbance versus concen- 
tration plot gave the concentration value at which the saturation was attained. These 
values were 7.2o g, o.25 g and I.O4 g/ Ioo ml for triacetin, tripropionin an t 1,3-di- 
butyrin,  respectively. The solubility of triacetin in water at 2o ° is given in the Hand- 
book of Chemistry and Physics (4ist ed., p. 1015) as 7.17 g/ Ioo ml. 

Detectio~t of molecular aggregates 
Tile existence of molecular aggregates in tile solutions was detected by a series 

of techniques currently used for the evaluation of the critical micellar concentration 
of ampllipathic molecules. 

Sohtbilization of Suda~z I I I  (ref. 9) 
This water-insoluble dye is part ly solubilized in the hydrophobic moiety of 

micelles. Clyceride solutions in o.I M NaC1 (5 ml) were shaken for 12 11 at 25 ° with 
Io  mg Sudan I I I  in small stoppered vials containing some glass beads. A blank without  
glyceride was run simultaneously. After centrifugation, the absorbance of ~:he clear 
solutions was read at 5o 5 m#. 

Spectral shift with benzopurpurin 4 B (ref. zo) a~zd iodind 1. 
Interact ions of micelles with some water-soluble dyes induce a spectral shift 

which can be used for differential spectrophotometry determinations. Two ~olutions 
in o.I M NaC1 were prepared. The first was 0. 9 saturated in glyceride and contained 
the dye (benzopurpurin 50 nag/l; iodine 60 rag/l). The second contained the dye only. 
Different volumes of the solutions were mixed in order to vary  the glyceride concen- 
tration for the same concentrat ion of the dye. The absorbance of the samples against 
the dye solution was measured within I h with a Zeiss spectrophotometer  Model PMQ 
II.  The wavelength used was that  corresponding to the maximal  spectral shift (51o m# 
for benzopurpurin and 355 m# for iodine). 
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RESULTS 

The assays  descr ibed below were per formed with three  shor t  chain glycerides,  
t r iacet in ,  t r ipropionin  and 1 ,3-dibutyr in  which give opt ica l ly  clear (isotropic) aqueous 
solutions and also emulsions when the solutions are oversa tu ra ted .  An i m p o r t a n t  point  
is tha t ,  in cont ras t  to long chain tr iglycerides,  shor t  chain glycer ides  form s table  
emulsions when shaken with water  in the absence of emulsifiers. 

Effect of NaC1 on triacetin hydrolysis in an isotropic system 
Curve I in Fig. i shows tha t  addi t ion  of NaC1 has l i t t le  effect on the  hydrolys is  

ra te  of a di lute  (o.2 sa tura ted)  t r iace t in  solut ion b y  lipase. In  sharp  cont ras t  however,  
NaC1 accelerates  the hydro lys i s  of a concen t ra ted  (o. 9 sa tura ted)  solut ion of the same 
subs t ra te  (Curve I I ,  Fig. I). This effect is max ima l  (about  4-fold) for a o.o5 mo la r i t y  
in NaC1. All subsequent  assays  of this  series were carried out  in o.I  M NaC1. 
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Fig. ~. Effect of NaG1 a t  two triacetin concentrations. The concentration of triacetin was t.44 o/o 
(0.2 saturation) for Curve I and 6.50% (0.9 saturation) for Curve II. For each assay 22 lipase 
units were used. Rates are given in per cent of the maximal r~te observed with the same &mount 
of lipase and an excess of a triolein emulsion. 

Effect of substrate concentration on the activity of lipase in an isotropic system 
The results  presented  in Fig. I suggest  t ha t  l ipase ac t iv i ty  in an isotropic 

solut ion conta in ing o. I M NaC1 s t rongly  depends  on the concent ra t ion  of the subst ra te .  
Fig. 2 shows the var ia t ion  with  t r iace t in  and t r ip ropionin  as subst ra tes .  Each d iagram 
is d iv ided  into two par t s  by  a ver t ica l  dashed line indica t ing  the sa tu ra t ion  point .  On 
the left of this  line lipase is act ing on isotropic solut ions of increasing concentrat ions .  
On the r ight ,  it  is ac t ing on ove r sa tu ra ted  solutions conta in ing an increasing number  
of emulsified part icles.  

I t  is seen tha t  the  presence of NaC1 induces a re la t ive ly  high lipase ac t iv i ty  in 
the  isotropic solutions. The value at  the  sa tu ra t ion  point  is about  30% of the ma x ima l  
ac t iv i ty  observed la ter  for emulsions of t r iace t in  and 17 °/o for t r ipropionin.  In  cont ras t  
to our previous assays in the  absence of NaC1 (ref. i ) ,  there  is no ab rup t  d i scont inu i ty  
at  the  sa tu ra t ion  point .  On the other  hand,  the curves for the isotropic solutions are 
clear ly biphasic.  For  di lute  solutions, the  ra te  is low, and i t  increases slowly with  the  
concentra t ion.  Beyond an appa ren t l y  cri t ical  concentra t ion,  the  ac t iv i ty  increases 
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much faster. The significance of this critical concentration will be discussed later. 
The curves for the emulsions are, as pointed out earlier, Michaelis curves 

describing the progressive adsorption of lipase at the interface of the particles. A 
maximal rate is finally attained when all enzyme molecules are adsorbed. It is confirmed 
that this rate is strongly affected by the chain length of the substrate 12,13. Under the 
conditions used here, a 2o-fold variation is observed between tripropionin (3-carbon 
chains) and triacetin (2-carbon chains). 

Results obtained with dibutyrin (Fig. 3) are essentially the same as for triacetin 
and tripropionin except that the critical concentration is less apparent. This is probably 
due to the concentration scale which is smaller here than for tripropionin. If  t[ e critical 
concentrations for dibutyrin and tripropionin are of the same order, the first oILe cannot 
be seen in the diagram of Fig. 3. It  may be added that the rate observed just below the 
saturation of dibutyrin solutions is 4o% of the maximal value obtained later with 
dibutyrin emulsions. This maximal value is IT-fold lower than for tripropior in. Since 
tripropionin is known to be hydrolyzed by lipase at about the same rate as tribu tyrin 12,a3 
it can be concluded that the passage from tributyrin to the correspondirg 1,3-di- 
glyceride slows down the catalytic process by a factor of about 17. 
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Fig. 2. Hydro lys i s  ra te  of t r i ace t in  and  t r ip rop ion in  as a func t ion  of subs t r a t e  con(en t ra t ion .  
In i t i a l  ra tes  were measured  in a p H - s t a t  as ind ica ted  in the  tex t .  They  are expressed  in per  cen t  
of the  m a x i m a l  ra te  observed wi th  the  same a m o u n t  of l ipase and an excess of a tr iolein emulsion.  
The t o t a l  concen t r a t ion  of the  subs t r a t e  (solution + emulsion) is expressed in mul t ip les  of the  
sa tu ra t ion .  The ve r t i ca l  dashed  line ind ica tes  the  s a t u r a t i o n  point .  

Fig. 3. Hydro ly s i s  ra te  of d i b u t y r i n  as a func t ion  of s u b s t r a t e  concen t ra t ion .  Same legend as for 
Fig. 2. 

Relationship between lipase activity on concentrated solutions and aggregati,~n of the 
substrate 

The shape of the curves obtained on the left of the saturation point in Fig. 2 
suggests that lipase does not act indiscriminately on all substrate molecules in the 
isotropic solution, but rather on some functional units that would accumulate when 
the concentration of the solutions is high. According to Fig. i, the formation of these 
units are favored by NaC1. Since NaC1 is known to lower the critical micellar concen- 
tration of various amphipaths 9, a likely hypothesis is that the units mentioned above 
are molecular aggregates. In other words, there would be no abrupt transition between 
the fully dispersed glyceride solutions and the emulsions. Short chain glycerides would 
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begin to associate in the presence ofo.z M NaC1 well before the solutions were saturated.  
Pre l iminary exper iments  have shown that  t r ipropionin aggregates can be 

detected by  light scattering in concentrated solutions containing NaC1. A series of 
assays using the dye techniques ment ioned in the preceding section are described 
below. These techniques, current ly  employed to determine the critical micellar concen- 
t ra t ion of amphipaths ,  make use as s tated earlier of the solubilization effect for water- 
insoluble Sudan I I I  or of the spectral shifts for benzopurpurin  and iodine that  occur 
when the dyes are incorporated into micelles. The results obtained with tr iacetin and 
t r ipropionin solutions of varied concentrat ions are given in Fig. 4- 
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Fig. 4- Detection of molecular aggregates in triacetin and tripropionin solutions. ,'. and O, 
difi'erential absorbance read at 51o and 355 m/~, respectively-, for benzopurpurin 4 B and iodine. 
Crosses, solubilization of Sudan Ill measured by the absorbance of the solutions at 505 m/~. Igor 
this latter determination, the standard crr~rs arc indicated bv the vertical part of the crosses. 
All assays were catrried out at z~ . 

The curves of Fig. 4 resemble those obtained with micelle-fornfing amphipathic  
compounds. They are composed of two linear parts with different slopes. The abscissae 
of the intercept can therefore be assumed to indicate a critical value of the concen- 
trat ion,  perhaps similar to the critical micellar concentrat ion of amphipaths,  above 
which triacetin or t r ipropionin molecules associate at 25 ° in the presence of o. I M NaC1. 
These values are about  23 mg/ml tk)r tr iacetin and 0. 7 mg/ml for tr ipropionin.  Under 
the same conditions, the concentrat ions corresponding to the saturat ion of the solutions 
are 72 and 2.5 rag/m1, respectively. I t  may be postulated that,  below the critical concen- 
t rat ion,  most glyceride molecules are fully dispersed in water. Between critical concen- 
t ra t ion and saturat ion,  these molecules associate to give aggregates in an isotropic 
solution. Above the saturat ion,  the size of the aggregates suddenly increases to form 
large particles in a turb id  elnulsion. 

An addit ional  indicat ion that  short chain glycerides really associate in our system 
is given by the observation that  the maximal  spectral shift for benzopurpur in  and 
iodine corresponds to nearly the same wavelength as for ordinary amphipaths  (5Io 
and 355 m# instead of 530 and 35 ° m # ) .  Similar experiments  with d ibu tyr in  have not 
yet been carried out. 

I t  is of interest  to know whether a correlation can be established between lipase 
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ac t iv i ty  in isotropic  solut ions and the concent ra t ion  of the aggregates  in these solutions. 
In  Fig. 5 the  two series of pa rame te r s  are p lo t t ed  for each concent ra t ion  in per cent  
of thei r  max ima l  values at  the sa tu ra t ion  point .  The responses of the techniques used 
for the  detec t ion  of aggregates  closely follow the ac t iv i ty  curve. In very  di lute  aolutions 
below the cri t ical  value,  the  aggregate  concentra t ion  and the hydrolys is  rate  are low. 
Both increase slowly when the to ta l  concentra t ion of the subs t ra te  is raised. Above the 
cri t ical  value,  they  increase much faster  in a paral lel  way. This indicates  that ,  in 
cont ras t  with earl ier  belief, l ipase is able to act, not  only on emulsified par t ic  es of the 
subs t ra te ,  but  also on much smaller  aggregates  in an isotropic system. More, wer, the 
exper imenta l  observa t ions  discussed above  are consistent  with the view that  the 
ac t iv i ty  of l ipase on fully dispersed subs t ra te  molecules is considerably  lowm than  on 
aggregates  and particles.  But  it  cannot  vet  be said with ce r t a in ty  tha t  this  ac t iv i ty  does 
not  exist.  The weak ac t iv i ty  observed below the cri t ical  concentra t ion  max at  least  
pa r t l y  be a t t r i bu t ed  to the presence of some aggregates already, found in this range. 
However,  if l ipase were exclusively act ing on the aggregates,  the tangent  of t he curve 
for a concentra t ion  o should be horizontal .  This is obviously  not  so for t r iacet  n. Thus, 
it is possible, bu t  by  no means certain,  tha t  lipase has a slight ac t iv i ty  on dispersed 
molecules. 
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: + / 

I , ,  , /  
I + /  o/ 
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-..J 
2 dO 0 q 

Concentration (mg/ml) 
Fig. 5. Corre la t ion  be tween  l ipase a c t i v i t y  and the fo rmat ion  of aggrega tes  in t r iace t i  I and tri-  
p ropionin  solutions.  The con t inuous  curve  indica tes  l ipase a c t i v i t y  versus subs t r a t e  (oncen t ra -  
tion. The o ther  signs ind ica te  the responses of the techniques  used fnr the de tec t ion  of aggregates .  
The signs are the  same as in Fig. 4, n a m e l y  whi te  circles for benzopurpur in ,  b lack :ircles for 
iodine and crosses for Sudan l I I. The ord ina tes  are expressed in per cent  of the i r  m a x i r l a l  values  
a t  the  s a t u r a t i o n  point .  

Nahtre  of  the enzyme acting on ag,t, regates 

I t  has been assumed so far t ha t  l ipase i tself  catalyses  the hydrolys is  of aggregated  
glyceride molecules. However ,  the p repara t ions  used here were not  qui te  pure, and 
MORe, AN et al. 4 recent ly  poin ted  out  tha t  mixed micelles of I -mono-ole in  and taurode-  
oxychola te  are a t t acked  by  an enzyme in ra t  pancrea t ic  juice. This enzyme has an 
appa ren t  molecular  weight  of about  7 ° ooo, and  it can be separa ted  from lipase b y  a 
f i l t ra t ion th rough  Sephadex  G-zoo. I t  is therefore desirable to prove unambiguous ly  
tha t  tim same enzyme,  namely  lipase, hydrolyzes  emulsified par t ic les  as well as smaller  
aggregates  of the same subst ra te .  

Accordingly,  isotropic solut ions of I -mono-o le in - t au rodeoxycho la t e  micelles 
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were prepared as described by MORGAN et al .  a and were incubated for 60 rain at 25 ° 
and pH 5.8 with purified porcine lipase or with a fresh sample of rat pancreatic juice. 
As indicated by the authors, the liberated fatty acids were extracted and titrated. 
This activity was compared with the normal activity of lipase on a triolein emulsion ~. 
The number of lipase units was the same for each of the two experiments serving for 
comparison. The results are listed in Table I. 

TABLE 1 

R E L A T I V E  A C T I V I T Y  OF P O R C I N E  L 1 P A S E  A N D  RAT P A N C R E A T I C  J U I C E  ON [ - M O N O - O L E I N - B I L E  S \ L T  

M I C E L L E S  A N D  ON A T R I O L E I N  E M U L S I O N  

All experiments  were performed with the same lipase preparation.  The figures indicate the number  
of enzyme units  used in each case. 

Nource of en~wne Lipase activi(v Ratio (%) 
(l~moles free fat O, acids of activities 
per rain) against 

-- micelles and 
On a On z-mono- emulsions 
triolein olein bile 
emulsion salt micelles 

Rat  pancreatic juice 

Purified porcine Iipase 

9-5 o.17 ~.7 
28.5 0.56 1.9 

9 . o  o . o o  o . o o  

22.5 o.oi3 0.05 
9o.o o, i 0 o. 17 

2 2 5 . 0  O.I  5 O.O6 

Table I shows that, in agreement with the findings of MOROA~ et al.  4, rat pan- 
creatic juice displays on the mixed micelles a detectable activity (about 2% of the 
maximal activity of the enzyme on a triolein emulsion). But this activity is much lower 
or even nonexistent in our purified porcine lipase preparations. Consequently, the 
triacetin and tripropionin aggregates investigated here and the mixed nficelles are 
certainly not hydrolyzed by the same enzyme. Since lipase is inhibited by low concen- 
trations of bile salts, it would hardly be expected to act on micelles containing large 
amounts of these compounds. 

In order to prove that triaeetin and tripropionin aggregates are actually hydro- 
lyzed by tipase, I ml of a solution (62oo lipase units; specific activity, 3ooo) of the 
purified lipase preparation in o.15 M NaC1 was filtered through a Sephadex G-Ioo 
column. The colunm (o. 9 cm × I45 cm) was equilibrated with, and eluted by, o.I 5 M 
NaC1. The activity of each fraction (2 ml) was measured at pH 9 on a triolein emulsion 
(lipase activity) and at pH 7 on a o.8 saturated triacetin solution or a o. 5 saturated 
tripropionin solution in o.I M NaC1. Fig. 6 shows that the three activities emerge 
together from the column. There is no indication of any activity in the region of the 
chromatogram where proteins of 7 ° ooo molecular weight are normally eluted. The 
conclusion is that triacetin and tripropionin aggregates are hydrolyzed by lipase. 

The chromatography described above eliminates from the lipase peak some 
faster- and slower-migrating inactive compounds. After chromotography, the prepa- 

tliochim. Biophvs. ,4cta, 159 (1968) 285-295 



ACTION OF ON AGGREGATED GLYCERIDE MOLECULES LIPASE 293 

1000 

. c  

° l  "E 
500  

I 

°i 

1500 .~ 
g 

c_ 
c t  

200 c 

O 
"C_ 

3 3 0  

lli 

4 
I, 

j , 

i i 

:, ,,' ,1' /!, 
,I ~ °I 

\ 

4 0  5 0  60  70 8 0  9 0  
E l u o t e  (ml) 

0 ,2  

c 
o 

m 
x~ 
<< 

0.1 

Fig. 6. C h r o m a t o g r a p h y  of porcine  l ipase on Sephadex  G-ioo.  The condi t ions  of the  chromatog-  
r a p h y  are descr ibed in the  tex t .  The subs t r a t e s  on which the ac t iv i t i e s  of the  f ract ions  are mea- 
sured are a t r io le in  emuls ion  (black circles) and a o.8 s a t u r a t e d  t r i ace t in  or a o. 5 s a t u r a t e d  t r ipro-  
p ionin  so lu t ion  (crosses or whi te  circles, respect ively) .  The dashed  line gives the  absorbance  of the  
f rac t ions  a t  28o mff ( total  pro te ins  of the fractions).  

ration is completely free of any impurities detectable by disc electrophoresis. This is 
further confirmation that  lipase itself is acting on aggregates. 

Hydrolysis rates with aggregates and emulsified particles 
A very large difference in size exists between aggregates in an isotropk solution 

and emulsified particles. I t  would therefore be of interest to compare the kinetic para- 
meters (Kin and Vmax) of lipase for the same substrate taken successively in these two 
physical states. Whereas a comparison of the Km is presently difficult, the vrnax can 
readily be compared on the basis of existing data. 

In the isotropic solutions, the concentration of the most functional substrate, 
namely the aggregates, can be obtained by subtracting the critical concentration from 
the total concentration. The concentration of the emulsified substrate in the emulsion 
is the difference between total concentration and concentration at the saturation point. 
As far as the activities are concerned, the activity of lipase on isotropic solutions can 
be assumed to be entirely directed against aggregates. The case of emulsion~ appears 
at first sight to be more complicated since the activity measured in this region is the 
sum of the effect of lipase on aggregates and on emulsified particles. A further compli- 
cation arises from the competition that  must occur between aggregates and emulsified 
particles for the binding of lipase, so that  the amount of enzyme acting on ~ mulsified 
particles probably varies with the concentration of the emulsion. However, the error 
made when the total activity in enmlsion is at tr ibuted to the hydrolysis of emulsified 
particles becomes negligible for concentrated emulsions in which lipase is almost 
entirely bound to the particles. Hence, the last experimental points on the left of the 
emulsion plots in the Lineweaver-Burk representations (Figs. 7 and 8), and conse- 
quently the extrapolations to infinite concentrations giving the Vma~ values for 
emulsions, are likely to be correct. 
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Figs. 7 and 8 give the Lineweaver-Burk representations for the action of lipase 
on aggregates and enmlsified particles of triacetin and tripropionin. The position of 
the points has been calculated according to the assumption discussed above. The 
abscissae are the reciprocal values of the total substrate concentrations minus the 
critical concentration for the solutions or minus the saturation for the enmlsions. The 
ordinates are the reciprocal values of the total activities measured in the solutions and 
the emulsions, respectively. 
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For both substrates, the extrapolation to infinite concentration of tile emulsion 
and aggregate plots are very close to each other. It appears therefore, within the 
relatively high experimental error associated with this kind of study, that the maximal 
rate of lipolysis of the same substrate in an aggregated and an emulsified form is 
similar, if not identical. This result suggests that the primary enzyme substrate 
complex once being formed, the subsequent catalysis proceeds in the same wav for 
aggregates and particles. Lipase would act on aggregates at a very high rate were it 
possible to raise their concentration well above the corresponding Kin. However, this 
cannot be done in practice, at least under the conditions and with tile substrates 
employed here, because of the saturation of tile solutions. 

The example of 1,3-dibutyrin will be discussed in more detail when the critical 
concentration of this compound is known. However, it is interesting that, if this 
critical concentration is in tile same range as for tripropionin, the maximal hydrolysis 
rate for dibutyrin aggregates and particles will also be similar. 

As mentioned earlier, preliminary experiments have been carried out to investi- 
gate more closely by light scattering the association of tripropionin molecules in o. I M 
NaC1. From the few results already available, these aggregates appear to be of a rather 
uniform size and to contain about 15 monomers. Triacetin aggregates are much smaller, 
so that an evaluation of their size by light scattering is difficult. It would be interesting 
to know whv and how the state of aggregation of the substrate so strongly influences 
lipase action. 
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