
During hydrolysis of triglycerides by pancreatic lip~ 
acids and free fa t ty  acids takes place in vivo as we 

:iments corn oil containing a small amount of  lab 
)lysed by a mixture ot bile and pancreatic juice from 
)lysis the fa t ty  acids of the remaining glycerides t 
plained why the specific activity of the fat ty  acids c 
t 5o% of that  of the free fa t ty  acids. 
[n the present investigation this problem has been s t  
potation studies with triolein containing free labelle 
llowing the incorporation of the labelled acids into t] 
lg the course of the reaction. 
Fhis paper also includes studies of the effect of pH, 
;e of the hydrolysis of glycerides and the exchange o f  
and glyceride fa t ty  acids during hydrolysis by panc 

~nzymes.  A mixture  of bile and pancreat ic  juice as well a 
sed as an enzyme source. The mixture  of bile and pancreati(  
bed 1. For  collection of pure  pancreat ic  juice this procedure h 
iverted by  a cannula  inserted into the first third of the bile ( 

Ca ions and bile acids on t 
of fa t ty  acids between free fat 

mncreatic lipase in vitro. 

as pure  pancreat ic  juice from r~ 
)ancreatic juice was collected as previou 

lure had to be modified. Firs t ly  the b 
bile duct  and then the pancreat ic  ju 

the  distal end of the lower two thirds  of the bile duct.  
md the pancreat ic  juice used in these exper iments  were collect 
[ days for each animal. The juices were collected in vessels chill 
: ---12 °. The juice obtained each day was assayed for lipase activJ 
nd lyophilized after  addition of the a m o u n t  of o.i N hydrochlo 
bicarbonate present  in the juice. The dry  substance obtained cot 

ddered active when 2.5 ml thereof mixed with o. 5 ml o.i  N hydl 
o mg olive oil to more  than  90 % during 18 hours  at  4 o°. This meth  
r is not  very  accurate,  bu t  the only intent ion at tha t  t ime was 
r and to ascertain the a m o u n t  of juice t ha t  had to be taken wJ 
obtain  a practically complete hydrolysis  inside 18 hours.  Sometirr 
with very low lipase activities. I t  was observed tha t  if a sanlple 
with active lipase prepara t ions  their  act ivi ty was lost. I t  appe~ 
te to proteolyt ic  activity.  
.e-pancreatic juice and subs t ra te  and pancreat ic  juice and substr~ 

ical grade (Hormel). 

course 
acids 

Preparat ions  

Enz. 
was used 
described 1. 
was  diverted 
was obtained from a cannula  in 

The bile-pancreatic juice and 
f rom several ra ts  dur ing several 
wi th  d ry  ice and stored at  abou t  
and all active samples  pooled and 
acid required to neutralize the bicarbon; 
then  be stored at  room tempera ture .  

A sample of juice was considered 
chloric acid hydrolysed abou t  15o 
of es t imat ing  the lipase act iv i ty  
avoid samples  wi th  low act ivi ty  
a certain a m o u n t  of glyceride to obtain  
samples  of juice were collected wi th  
such inactive juice was mixed wi th  
likely t ha t  the  inact ivat ion is due 

The propor t ion  between bile- 
in each exper iment  is given later on. 

Substrates. Triolein : analytical  grad 
Olive oil : commercial  preparat ion.  
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. . . . . . . . . . . . . . . . . . . . . .  1 . . . . . . . . . . . . .  r - - x -  . . . . . .  
hei r  no rb romides  and  1~CO~. 
;lycerol-i-14C: was o b t a i n e d  from A.E .R .E . ,  Harwel l ,  E n g l a n  
:odium-taurocholate: was p repa red  accord ing  to C O R T E S E  7. 

"al procedures 

?he substrate, usually about  25 ° mg, was weighed 
dlized bile-pancreatic juice was dissolved in phosphat~ 

to tha t  of the original volume of the juice. The 
)chloric acid was added to make the pH about  6.4 a: 
r to 12o% of the original. Of this solution 6 ml w 
.ining the substrate. The tubes were sealed in a flam 
o with arrangements for rotating the tubes placed pe 
~t a rate of about  4o rpm. 
ks large amounts of fa t ty  acids in proportion to t 
on were liberated from the glycerides during the 
ant during the course of these experiments. After 24 
ydrolysis was practically complete, the pH was foum 
"he initial pH value chosen for the hydrolysis, about 6 
the pH prevailing in the lumen of the small intestin 

:n the experiments in which the effect of p H  upon t 
~ration of labelled free acids into the glycerides dm 
50 mg olive oil containing labelled free acid substr 
xture of 4 ml buffer and I ml solution of lyophilize~ 

the buttering capacity ot tl 
hydrolysis, the pH was n 
hours incubation time, wh~ 

found to be inside the range 5.9 
6. 4, was considered to appro~ 

testine during digestion. 
the rate of hydrolysis and i 

during'hydrolysis  were studie 
substrate were used in each tub 

~ophilized pancreatic juice containiI 
0.2 ml of the original juice was used as enzyme sourc 

Aed in these experiments. The incubation time was half 
re used in these experiments inside the pH range 6.o to 8 
rENHAGEN AND TEORELL 8 for higher and lower p H  value 
a the rate of hydrolysis and incorporation of free labelh 
values was studied in similar experiments. Here the p 

[ and veronal/hydrochloric acid buffers used. The amoun 
the amount  of pancreatic juice dry substance correspond, 
ic juice in each tube. The total  volume in each tube w 
is added in the one series of experiments corresponded 
~tty acid that  could be liberated and was added in the for 

ind ly  been p laced  a t  m y  disposal  b y  Professor  S. BERGSTR6M Of tl  

constant 
the h 
6.2. The 
mate  

In 
corpc 
only 
A mixture 
the dry substance equal to 
No bile or bile acids were added 
hour. Phosphate buffers were 
and the universal buffer of STEN 

The effect of Ca ions on 
fa t ty  acids at different pH 
range 6.6 to 8,6 was studied 
of glyceride were 25 mg and 
to o.o5 ml original pancreatic 
5 ml. The amount  of Ca ions 
about one Ca a tom to each fatt~ 
of calcium chloride. 

* These label led  acids  have  kindl ,  
i n s t i t u t e .  
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n z y m i c a l l y  2. io  ml  of t r io le in  were inc 
ml 1 N hydroch lor ic  acid for i hour  

on of the  l ipids  wi th  e ther  the  g lycer id  
h a co lumn of I1RA-4oo 3. 6.8 3 g glycer i  
rides on a co lumn of 5 ° g silicic acid cot 
flier 4. From th is  s epa ra t i on  3.7 2 g of 
eride p repa red  in th is  w a y  is of the  t 
t ig lycer ide  was  over  9 o %  as ca lcula tec  

as descr ibed by  BERGSTR6M, BORGSTR 
accord ing  to  the  m e t h o d  of BEROSTR 

S ob ta ined  as an i n t e r m e d i a r y  produci  

acid-i-14C * were p repa red  accord ing  t 

land.  9.o m g ,  

into io  
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flame and pla 
perpendicu 
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nd 2.45 
311 a s  w a s  
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,dycerides into tri-, di- and monoglycerides was want 
[icic acid as described by BORGSTROM 4. The composit 
; was calculated from the weights of the different fra 
The radioactivi ty of the different samples was assay( 
Le substances on aluminium planchettes. A thin win 
ground was about 4 ° cpm and at least IOOO counts 
Further  experimental  details are given in the text  tc 

Hydrolysis o~ triolein containing [ree labelled oleic acia 

In this experiment the lipids recovered after  the diff~ 
rated into two fractions viz. free fa t ty  acids and gly 

given in per 
the fa t ty  acid 

~ specific activi 
tained if the 

similar exper 

"cerides. In Fig. I the spec 
the glyceride fa t ty  acids 
cent of the specific act ivi ty 

acids obtained after hydrolysis 
mixture, that  ~is, t 

activity which would have been ( 
free labelled fa t ty  acids a 

acids had been co 
The figures obtained in 

)eriment in which corn oil c( 
taining free labelled palmitic acid was us 
are also plotted for comparison. These lat 
figures are taken from an earlier investi~ 
tionL From a comparison of the curves 
Fig. I it is apparent  that  no difference 
found in the rate of incorporation of labeli 

or palmitic acid into the glyceri( 
oil respectively duri 

?'ceride fa t ty  hydrolysis with pancreatic lipase, The 
t ivi ty of the  a c t i v i t y  b e t w e e n  t 
lysed during 
:reatic juice, fa t ty  acids and the free fat 

1.96% x4c- acids found in the earlier investigation 
and corn oil p a l m i t i c  a c i d  d i s s o l v e d  

,almitic acid 
corn oil was used were also found w17 

% 
60 

50 

3O 

2O 

10 

I 
6 

Fig. I. Specific activities of gly 
acids in per cent  of specific activit~ 
to ta l  f a t ty  acid mixture hydrol~. 
digestion i n  v i tro  by ra t  pancreatic 
Substrate  : triolein containing 
labelled free oleie acid • Q, 
containing P.5% 14C-labelled palmitie 

O - - O .  Init ial  pH 6. 4. 
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in which the amounts of glycerfi 
fatty acids liberated were so small 

large extent during the course ot 
er the completion of the experime 

periods of incubation the reaction 
d 5 ml 5 N hydrochloric acid addec 
ut 50 ml with water  and the lipids 

I acids and the glycerides of the 
n-exchanger IRA-4oo s. When a J 
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~osition of th 
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- a  . . . . . . .  • a 

and therefore remain inactive. To study this reaction 
different glyceride fractions formed during the hyd  

been investigated. 

~pecifie activities o/the /atty acids el tri-, di- and m~ 
~c activity o / the/ree/al ty  acids during hydrolysis o/ t 
acid 

['his experiment was similar to the foregoing excep 
ned was separated into tri-, di- and monoglycerides q 
I'o the left in Fig. 2 the course of the hydrolysis is seen 
the hydrolysis of the triglyceride proceeds practical 
e than 95% hydrolysis). During the hydrolysis di- 

% % 

l// 

o Free fatty actd 
o Trlglyceride 
ra Diglycer/de 
a hlonoglycerlde 
x Free glycerol 

<>_____..----- 

"-----------o 

Hours 

nta in ing  2% free 14C-labelled oleic acid by  ra t  b i le-pancreat ic  juice 
t t he  course of the  hydro lys i s  and  to the  r ight  the  specific activit 
and  monoglycer ides  in per  cen t  of the  specific ac t iv i t ies  of t he  con  

, /  

Fig. 2. Hydro lys i s  of tr iolein con ta in in  
vitro. In i t ia l  p H  6.4• To t he  left  
of t he  f a t t y  acids  of t he  tr i-  di- 
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oleic acid was used and do n o t ;  

e glyceride fatty acids are calculat 
acids at the different times of in 

plateau and remains at practicall5 
is indicates that an equilibrium 
ride fat ty acids. In this equilibrit 
ate as the specific activity of the 
ee fat ty acids. The glycerides the 
¢ith the free' fatty acids and ha~ 
ids which have not been exchange 
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From the results of an earlier series of experiment,, 
rides did not seem to constitute a significant part of 
rst hours of hydrolysis in vitro. These calculations hax 
roneous results owing to the unspeeificity of the 
)glycerides in these experiments 4. 
[n the right part of Fig. 2 the specific activities of 
nonoglycerides in these experiments are given, calcul; 
ities of the corresponding free fa t ty  acids. From the 
the specific activities of the triglyceride fa t ty  acids ra 
of the diglyceride fa t ty  acids about 5o % and that o f  
t 15-2o% of the specific activities of the correspondi 
~_ possible explanation of the differences in specific a 
ifferent glyceride fractions in this experiment is that  
acids which are in equilibrium with the free fa t ty  

i ty identical with that of the free fa t ty  acids, and 
ire. In the same way the diglyceride fat ty  acids , 
mts of fa t ty  acids in equilibrium with the free fa t ty  
fat ty acid in the tri- and diglycerides then must ha~ 
not exchangeable with the free fat ty acids. As the 
rides must be supposed to be identical, then the 2-po 
nactive fa t ty  acid in the glyeeride molecules whicl 
acids. If this interpretation of the differences in the 

tlae t r lg lycer lc les  c o n t a i n  t~ 

acids and thus have a speci 
one fa t ty  acid which remai 
would be composed of eqt 
acids and inactive fa t ty  aci( 

have a special position in whi 
I and 3 position in the t 

sition must be the position 
which is not exchanged with fr 

specific activities of the fat 
ides found in this experiment is correct then the diglyceri 
s with pancreatic lipase must be of the 1.2-configuration. 
rmed during the hydrolysis of triglycerides by pancleal 
)nfiguration was then evidenced in experiments the resu 
~d separately 2. 
fa t ty  acids in I- and 3-position in the glycerides rapid 
the free fa t ty  acids during hydrolysis by pancreatic lipa 
~osition are not exchanged and therefore remain inacti 

f the monoglyceride fa t ty  acids in the above experimen 
nents which are described below, rapidly reached abo 
responding free fa t ty  acids. This indicates that the mon 
tring hydrolysis is a mixture of i-monoglycerides, the fat 
c activity identical with that of the free fa t ty  acids (relati 

activit' 
inactive. 
amounts 
One fatt~ 
it is 
glycerides 
the inactive 
fa t ty  
acids of the tri- and diglycerides 
formed during the hydrolysis with 

That  the diglyceride forme, 
lipase is mainly of the 1.2-coi 
of which have been published 

This indicates that  the 
come into equilibrium with 
while the fa t ty  acids in 2- t 
under the same conditions. 

The specific activities of 
and also in similar experiments 
I0-20% of those of the corres 
glyceride fraction formed durin 
acids of which have a specific 
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est after about half an hour's h 
ycerides. During this time the tril 
t 4 hours' hydrolysis the remainil 
amounts of tri-, di- and monogl 

ame rate. The maximum amoun 
culated in molar units from IOO 
umulation of monoglycerides is fo 
le hydrolysis glycerol is rapidly lil 
these conditions about half of th 

1 the free form as calculated froli 
acids. 
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extracted with ether. The free fa t ty  acids were sepa 
ge through a column of Amberlite IRA-4oo. The fatt  I 
rides were then isolated, as earlier described, by  
Ted by oxidation of the I-monoglyceride by period 
[icic acid 4. 863 mg total  lipids were recovered of w 

this glyceride mixture 8.1 mg fa t ty  acids from i-rr 
aoglycerides were isolated. The specific activities of t 
-monoglycerides were found to be 73.2 and lO.9% re 
acids. These figures clearly show that  differences exisl 
in the I-  and 2-position in the glycerides and tha 

g the hydrolysis of triglycerides thus not only origin~ 
ride but, par t ly  at least, has been formed directly 
iglyceride by splitting off the ester bond in 2-positio~ 
specific activity near to tha t  of the free fa t ty  acids 

position is low. The figures obtained are only apprc 
fa t ty  acids in I-  and 2-position is incomplete with 1 

olysis o/ 1.2-diolein containing/ree labelled oleic acid 

['his experiment was undertaken to determine whetheJ 
Lcid into the glycerides during the course of hydrolys 
Lransacylation process or if a resynthesis of glyceride 
n enzymically prepared 1.2-diolein was incubated wil 

~osltlon. l h e  Ia t ty  acxd m I-posit1( 
acids while that  of the fa t ty  ac 

~roximate since the separati~ 
the method used 4. 

acid by bile-pancreatic juice 

ther the incorporation of labelh 
hydrolysis by pancreatic lipase is d~ 

ride ester bonds occurs. For t t  
with bile-pancreatic juice in t] 

c acid. The results are seen in Fig. 3. To the left the cm 
Lure after different times of incubation is seen. I t  is appare 
f the 1.2-diglyceride by pancreatic lipase triglycerides ha 
[iglycerides and free fa t ty  acids. At most about  1/5 of f 
es have been converted into triglycerides by synthesis 

: the incorporation of free fa t ty  acids into glycerides duril 
by pancreatic lipase is due, par t ly  at least, to a synthesis 
"he high rate of incorporation of labelled free acids into t 
r, that  an exchange of esterbond fa t ty  acids and free fat 

le specific activities of the tri-, di- and monoglyceride fat 
of the specific activities of the corresponding free fat 

~lese curves show about the same course as in the experime 

in 2-~ 
of the 

Hydrol 

This 
free a 
to a transac' 
reason 
presence of free labelled oleic 
position of the glyceride mixture 
tha t  during the hydrolysis of the 
been synthesized from the di 
original diglyceride molecules 
new glyceride ester bonds. 

This finding proves that  
the course of the hydrolysis 
new glyceride ester bonds. The 
glycerides indicates, however  
acids also takes place. 

To the right in Fig. 3 the 
acids are given in per cent 
acids present at that  time. These 
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2-monoglycerides containing ina 
e to ten. That  the activity found i 
lot the result of admixture of activ 
, a s  shown by the fact that  rechr 
acid columns did not result in an, 

pecific activities of the fa t ty  acid 
~sis of olive oil containing free la 
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v/" o 
lO0~ • Free & t r y  acid 

o Triglyceride 
c~ Oiglyceride 

Monog/yceride 

i 

• Hydrolys is  of enzymical ly  prepared  1.2-diolein conta ining : 
eatic juice. Ini t ial  p H  6. 4. To the  left the  course of the  hydro: 

7 
Hours 

free labelled oleic acid by  ra t  bi 
ydrolysis  calculated in molar  units. 

ff the  fa t ty  acids of the  tri-, di- and monoglycerides in per  cent  
t ivit ies of the  corresponding free fa t ty  acids. 

the presence o/labelled/ree glycerol 

ndertaken to investigate the extent to which a synthes 
acids and glycerol takes place under the conditions of the 
f pancreatic lipase. 
.~d contained about 25o mg olive oil and 6 ml bile-pancreat 
ng 14C-labelled glycerol had been added, The total  activil 
7as 72o,ooo cpm. After 6 hours' incubation at 4 °o I5o I1 
~ered with a specific act ivi ty of 8 -t- 2 cpm and mg. Tt 
e amount  of glycerides synthesized from labelled glycer 
ry small, if any. The equilibrium for the reaction mon 
-~- glycerol then must  be very far to the right. The overe 

Fig. 3- 
pancreat ic  
the r ight  the  specific act ivi t ies of 

specific act  

Hydrolysis o/triglycerides in 

This experiment was undertak 
of glycerides from free fa t ty  
experiments by the action of 

The reaction mixture used conta 
juice (pH 6.2) in which 7.2 mg 
in the free glycerol added was 
glyceride mixture was recovered 
background was 42 cpm. The 
and free fa t ty  acids was ver" 
glyceride ~ free fa t ty  acid + 
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labelled acid was hydrolysed, bu 
de fractions is more apparent.  The 
relation between the curves is, h~ 

cates that  the fa t ty  acid in 2-positi 
lled fa t ty  acids. Probably a resy 
s place under the same condition 
yceride is very unlikely to be of an! 
a t ty  acids of the diglyceride the~ 
of the free fa t ty  acids, as found 
equilibrium with the free fa t ty  ac 

% 
1 0 0  

taken 

ntained about 

of this is 
same as 

,dyceride 
n mono- 
the case 
portance 
L remain 
oing ex- 

. - - .43  

bile 
To 
of 

'nthesis 
of these 

mcreatic 
activity 

mg 
The 

zcerol 
mono- 

overall 



experiments with pure pancreatic juice and pancrc 
-cholic acid is also principally the same as when a n~ 
was used. 
.ower relative s.a. of the monoglyceride fat ty acid., 
were present seem to be the only differences observe 
in the absence of bile acids the hydrolysis of 1.2-di 
~n more predominant. 

)¢ incorporation o/ some di{ferent labelled acids into gly 

"he labelled acids used in these experiments were ~ 
.ihydroxistearic acid which were dissolved in olive o] 
ble I. After six hours' hy~lrolysis the lipids were e 
rides and free fat ty acids as usual. In Table I the spe( 
acids are given in per cent of the specific activity ot 
For comparison one similar experiment was also 

tg free labelled oleie acid as substrate. From the fig~ 
tecanoic acid is built into the glycerides during hyd  
ic acid. From the foregoing ~t is clear that  the maxi: 

~oration of different l~C-labelled acids into glycerides dt 

)ecfflc a c t i v i t i e s  o1 t h e  glyceri( 
of the corresponding free fat' 

performed with triolein co 
ures in Table I it is appare~ 

hydrolysis to the same extent 
maximum eytent of ineorporati{ 

during hydrolysis in  v i t ro  by r 
bile-pancreatic juice, p H  6.. t. 

Relative speci/ic 
activities" of the 

at the t'e~innin,., after 6 hours .,.,I),ceride acids 
alter l, ydrolysis 

51.8 
47.7 
48.7 

O.Q 
0 . 0 2  

20. 4 

}f the glyceride fa t ty  acids = specific activities of the glyceride fat 
ctivities of the corresponding free fa t ty  acid. 

s investigation it has been found tha t  at  a p H  of about  6.4, low 
m o.3% accelerates the rate  of hydrolysis  of olive oil by  panereat 

J 

acids. 
tainin 
that decanoic 
is oleic 

Incorpora  

Subst~at'o': 2.50 m g  olive oil 
contal'nin~ t4C-labelled: 

Oleic acid 
Decanoic acid 
Decanoic acid 
Butyr ic  acid 
Butyr ic  acid not  hydrolyscd 
Dihydroxystear ic  acid 

* Relative specific activities of 
acids in per  cent of the specific a 

* After the completion of this 
concentra t ions  of taurocholic than  
lipase 2°. 
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eatic lipase tinder the conditions 
completion in spite of the fact 

ably diglycerides are synthesized 

tee labelled oleic clcid by pure paucre 

it is apparent that at the pH us 
the hydrolysis or in the formatioi 
;reatic juice together with tauro-{ 
he hydrolysis*. The course of th 
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mixture ot 

acids in the 
observed. Possib 

iglyceride 

~cerides d~ 

t4C-labelk 
oil in the 
extracted 

)ecific activ 

T A B L E  I 

°o of labelled % hydr~}lysi,s 
substance in substrate 

2 58.2 
1 5 0 . 0  
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• Hydrolysis of olive oil containing o.7% free 14-C labelled pal 
tt pancreatic juice in the presence of 0.3% synthetic tauroq 
~ere added with 20 ml water  and i0 ml 0.i N hydrochloric 
re 4 ml were taken to test  tubes containing 220 mg substrate  
A 2 ml water  and to series B 2 ml of a .~nhH'inn r~n+~i~;~ .~ 

Hours 

)almitic acid by ra t  pancreatic jui 
)cholic acid. 20 ml ra t  pancreat 

acid giving a pH of 6. 4 . Of t~ 
substrate.  To each tube was then added 

of a solution containing i8 mg Na taurocholate. To the le 
flrolysis and to the  r ight  the specific activities of the glyceride fat~ 
ctivities of the corresponding free fa t ty  acids are seen. The symbc 

are the same as in Figs. 2 and 3 

tie f ree  l a b e l l e d  ac id ,  o n  t h e  o t h e r  h a n d ,  p r a c t i c a l l y  n 

was  o b s e r v e d  u n d e r  t h e  s a m e  c o n d i t i o n s  w h i l e  d i h v d r o x  3 

eer ides ,  b u t  a t  a r a t e  l o w e r  t h a n  t h a t  fo r  d e c a n o i c  a n d  oleJ 

Lcubat ion  t i m e  t h e  r e l a t i v e  spec i f ic  a c t i v i t y  of  t h e  g lyce r id  
alf  t h a t  r e a c h e d  fo r  o le ic  a n d  d e c a n o i c  ac id .  

rate o/ hydrolysis and synthesis o/ glycerides b 

:y c u r v e  of  r a t  p a n c r e a t i c  l i pa se  w i t h  o l ive  oi l  as  s u b s t r a t  

~se t o  8 a n d  a t  p H  v a l u e s  a b o v e  IO a n d  b e l o w  5 t h e  e n z y m  

Hours 

Fig. 4. 
and ra t  
juice were 
mixture 
series A 
in the figure the course of the hydrol 
acids in  per cent of the specific activiti( 

W i t h  b u t y r i c  a c i d  as  th(  

i n c o r p o r a t i o n  i n t o  g l y c e r i d e s  w as  

s t e a r i c  a c i d  was  b u i l t  i n t o  g l yce r i de s ,  

a c i d  so t h a t  a f t e r  s ix  h o u r s '  i n c u b  

f a t t y  ac id s  w a s  o n l y  a b o u t  h a l f  

The effect o/ pH and Ca ions on the 
pancreatic lipase 

I n  f igure  5 t h e  p H / a c t i v i (  

is  seen .  T h e  p H  o p t i m u m  is c los  

Re/erences p. 504. 
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cicl is  l e a c h e d  w h e n  t h e  speci f ic  

t h e  g l y c e r i d e s  a r e  t h e  s a m e  as  thos ,  

n a p p a r e n t l y  is r e a c h e d  i n s i d e  6 
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5 6 7 8 9 pH 

5. Effect of pH on the rate of hydrolysis Fig. 6. Effect 
• and specific activities of the glyceride (above), and 

¢ acids in per cent of the specific activities of fatty acids in 
fatty acids (t 

:olysis in vitro of olive containing 0.7% free olive oil cont 
lied paimitic acid by rat pancreatic juice. No by pancreatic 
acids were present. Incubation time half ions. O - - O  

each fatty ac 

Effect of Ca ions on the rate of hydrol 
specific activities of the glyce 

m per cent of the corresponding 
(below), during hydrolysis in vitt 

containing o.7% labelled palmitic 
z pancreatic juice. O - - - - - •  In the absence o 

O - - O  In the presence of one atom Ca 
acid molecule that could be libera 

the  panc rea t i c  jmce  accelera tes  the  ra te  of hydrolys is  
es as can be seen f rom Fig.  6. At  the same t ime  a decrea  
r ide ester  bonds  is effected b y  the  add i t i on  of Ca ions si 
;pecific ac t iv i t ies  of the  g lycer ide  f a t t y  acids  is lower in 
is were added .  

~trated exchange  of g lycer ide  f a t t y  acids  and  free f a t t y  ac 
~lysis of g lycer ides  b y  pancrea t i c  l ipase 1 has  in the  pres 

be, p a r t l y  a t  least ,  due to  a resyn thes i s  of g lycer ide  e~, 
neous ly  wi th  the  hydro lys i s .  
panc rea t i c  l ipase i n  vitro has  a l r e a dy  been  de mons t r a t e d  

~per iments  have,  however ,  genera l ly  been pe r fo rmed  in 

Fig. 

fatty 
the corresponding free fatty acids 0 
hydrol 
labelled 
bile 

an hour. 

Add i t ion  of Ca ions to  
t r ig lycer ides  at  all  p H  values  
r a t e  of resynthes i s  of g lycer ide  
the  curve for the  re la t ive  s 
expe r imen t  in which  Ca ions 

The  prev ious ly  d e m o n s t r a t e d  
occurr ing  dur ing  the  hydrol ,  
inves t iga t ion  been found  to 
bonds  t a k i n g  place s imul taneous l '  

The  syn the t i c  effect of 
m a n y  workers  9,10. These ex 
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he specific ac t iv i t ies  of the  g lycer  
per  cent  of the  cor responding  sp. 

n the  same figure. The re la t ive  sp 
ssumed to be p ropo r t i ona l  to the  
e hydro lys i s  and  show a course F 
ha t  the  hydro lys i s  and  resynthesi  
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nsidered as irreversible. Probably the lipase acts at t] 
and has a very low affinity for the water  soluble f 

tions the reaction diglyceride tr 
ion monoglyceride + fa t ty  acid ~ diglyceride app 

exchange of glyceride fa t ty  
olysis. 
['he results obtained in this investigation indicate th  
d 3-position in the glyceride molecule come into eq 
, while fa t ty  acids in 2-position are not exchanged a 
)lysis by  pancreatic lipase in vitro. From these result 
ceride formed during hydrolysis should be of the I 
~se has also been evidenced in experiments the results 
'ately ~ and is in agreement with the suppositions p~ 
VOLQVARTZ 12 and by MATTSON, BENEDICT, MARTIN A 

['he course of the further hydrolysis of the r.2-diglycq 
difficult to establish owing to the limitations of the 
le quanti tat ive determination of I-  and 2-monog]yc~ 
:0 the readiness with which 2-monoglycerides are iso 
?SON, BENEDICT, MARTIN AND BECK la found that  a ] 
ion formed during hydrolysis by pancreatic lipase is ol 
~e that  almost all of the monoglyceride initially forn 
:ion of the monoglyceride fraction formed during p~ 

)Ut Io rwarO Dy ~CHONHEYD] 

AND BECK 13. 

zceride by pancreatic lipase h 
analytical methods availa~ 

'cerides of a glyceride mixtm 
lsomerized to I-monoglycerid~ 

portion of the monoglyceri 
)ase is of the 2-configuration and th 

formed is the 2-isomer. After t 
)ancreatic lipolysis in vitro ] 

, BORGSTROM 2 determined that  about 20% thereof was t 
npossible from these experiments to elucidate whether t[ 
y or by isomerization of 2-monoglycerides after the hydr 
at investigation indicate that  the 1.2-diglyceride is degrad 
but that  about 5 to lO times as many  2-monoglyceride 
Lre initially formed on hydrolysis. 
ride ester bonds during hydrolysis of glycerides has as y 
step 1.2-diglyceride to triglyceride but  probably a synthe, 
:erides. Our results indicate that  a synthesis from I-mon 
~f any importance. 
lyceride fa t ty  acids and free fa t ty  acids, similar to th 
:e in vivo, that  is in the lumen of the small intestine duril 
trated earlier ~, ~4. However, a continuous admixing of u 
e stomach and of lipids contained in the bile and oth 

The 
been 
for the 
and to 
MATTSON 

fraction 
believe 
isolation 
counter-current distribution, 
I-isomer. I t  was, however, im 
1-isomer was formed initially 
lysis. The results of the present 
both to the I -  and 2-isomer 
i-monoglyceride molecules are 

The resynthesis of glyceride 
only been evidenced for the ste 
also occurs from 2-monoglycerides. 
glycerides is unlikely to be of 

That  an exchange of gl 3 
found in vitro also takes place in 
digestion, has been demonstn 
changed glycerides from the 
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only minute amounts of water ant 
to have demonstrated a synthesi 
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~en synthesis and hydrolysis of tri- and diglycerides. 
slowly proceeds to completion as monoglycerides 

msized. 
7he pH/activity curve for rat pancreatic lipase was t 
mum at a pH of about 8 in the absence of bile acids a3 
s in accordance with the results obtained by SCH6Nt 
ancreas lipase. No effect of bile acids in a concentra 
~lysis of triglyeerides was found at a pH of about ( 
ntrations of bile acids, however, accelerating and inh 
)n the rate ot hydrolysis have been found. These effe 
7he accelerating effect of Ca ions on the rate of h I 
• eatic lipase in the absence of bile acids as found in 
Lr to that found earlier by SCHONHEYDER AND VOL 
ne and acid media. SCH(JNHEY'DER AND VOLQVARTZ fo1 
not be due to the formation of "complex adsorb~ 

7ER et alJ s because addition of calcium soaps was fo 
)f hydrolysis. The results of the present investigatk 
ns not only accelerates the rate of hydrolysis but a 
Lesis of glyceride ester bonds. Possibly the decrease( 
e Ca ions can, partly anyhow, be explained as the res 
ips from the oil/water interface in which the enzyme 
t is apparent from the results of this investigation t 

uv.aK~z-, aim occurs uum J 
found that this effect of Ca io~ 

adsorbates" as proposed by WII. 
found to have no effect on tt 

ation show that the addition 
also decreases the rate of r 
d rate of resynthesis effect( 

the result of a removal of fat ty ac 
is probably situated. 

that the rate of resynthesis 
"reatic lipase is different for different acids. The determinii 
:hesis is probably complex. That the short chain butyr  

any appreciable extent could be an indication that tt 
of the acid is of importance. However, that  it is not on 

le "lipophility" of the acid which determines the rate 
.e fact that  decanoic acid is incorporated to the same exte~ 
almitic acid in our experiments, while the rate of incorp 
tcid is lower. In another investigation it has been four 
unsubstituted cholanic acid is scarcely incorporated in 
tic lipase under the same conditions ~9. This indicates th 
importance. 

avestigation supported by "Statens Medicinska Forsknin~ 
gallenbergs Stiftelse". 
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rate of 
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synthesis 
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It  
glyceride ester bonds by pancreatic lJ 
factor for the rate of resynthesis 
acid is not resynthesized to 
extent of solubility in water 
the solubility in water or the 
resynthesis is indicated by the 
as the long chain oleic and palmitic 
ration of dihydroxystearic acid 
that  the highly fat soluble 
glycerides at all by pancreatic 
enzyme specificity is also of 

This work is part of an investi 
rad" and "Knut  och Alice Wall( 
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['he p H / a c t i v i t y  cu rves  for the  b_ydrolysis and  r e syn thes i s  of g 
m z y m e  wi th  olive oil as s u b s t r a t e  in the  absence  of bile acids  

a b o u t  8. 
kddi t ion of Ca ions accelera tes  t he  ra te  of hydro lys i s  of trigl 
J and  alkal ine media .  T he  increased ra te  of hydro lys i s  broug 
'eased ra te  of r e syn thes i s  of glycer ide es ter  bonds .  
)ifferent f a t t y  ac ids  are  bui l t  in to  glycerides  dur ing  hydro lys i s  
tes.  

? e n d a n t  l ' hydro lyse  des t r iglycdrides des acides gras  supdri¢ 
y a un  dchange  en t r e  les acides  gras  lids au  glycdrol et  les aci 
m pos i t ion  I e t  3 du glycdrol p r e n n e n t  p a r t  A cet  6change;  
eux  et  les acides gras  libdrds. 
L 'dchange en t r e  les acides  gras  du  glyedride et  les acides gras 
d ' u n e  rdsyn thbse  des es ters  du  glycdrol qui  se f o rmen t  en  rr 
rdsynthSse  a dt6 pou r  le passage  du  diglycdr ide-L2 au  tr igly 
iences qui  r e s s em b l en t  $ celles de l ' i n tes t in  gr~le, a u c u n e  syn  
acides gras  sous  l ' inf luence du  suc panc rda t ique  et  c ' es t  pore 

Les rdsu l t a t s  de nos  expdr iences  m o n t r e n t  que  l ' hydro lyse  des 
t e e n  p a s s a n t  pa r  les d ig lycdr ides i -L2  a u x  monoglycdrides-~ 

Les courbes  p H / a c t i v i t 6  pou r  l ' hydro lyse  et  la rdsyn thdse  d~ 
~nzyme du suc  pancrda t ique ,  avec  l 'hui le  d 'o l ive  c o m m e  sub: 
son t  parall~les et  m o n t r e n t  un  m a x i m u m  ~ envi ron  p H  = 8. 
En prdsence des ions Ca +*, l ' hydro lyse  des  t r iglycdrides pa r  
bien en mil ieu acide qu 'a lca l in .  L ' a u g m e n t a t i o n  de la v i tess  
"a ++ va  de pa i r  avec  une  d i m i n u t i o n  de la v i tesse  de rdsyn t t  

cdride. Sous les condi t ions  de n 
"nthdse n ' a  lieu $ pa r t i r  du glycdl 

pourquo i  la scission in vitro est  t o t a  
des glycdrides pa r  le suc panc rda t iq  

et  -2, l ' hydro lyse  a b o u f i s s a n t  a~ 

des  l ia isons dther-sel  des glycdrid 
s u b s t r a t  et  en  l ' absence  d 'ac ides  bi 

le suc panc rda t ique  es t  accdldr 
vi tesse  d ' hyd ro ly se  occasionnde p a r  1 

'n thdse des  l iaisons dther-sel  des  gl 

n z y m e  du suc panc rda t ique  les diffdrents acides gras  son t  incorpor 
sses diffdrentes. 

'on Tr ig lycer iden l angke t t ige r  Fetts/Luren d u t c h  P a n k r e a s s a f f  a 
s t a u s c h  zwischen den  Glyce r id fe t t sauren  und  abgespa l t enen  Fel 
des  Glycerinsteil .  Sie k o m m e n  ra sch  in ein Gleichgewicht  m i t d  

cer idfe t ts / turen is z u m i n d e s t  teilweise bed ing t  du rch  eine R e s y n t h e  
gleichzeit ig m i t d e r  hyd ro ly t i s chen  Spa l t ung  vor  sich geht .  Die 

den  Schr i t t  v o m  1.2-Diglycerid z u m  Triglycerid.  U n t e r  expe r ime  
die im D t i n n d a r m  vorher r schen ,  gleiehen,  f inder keine R e s y n t h e  
rch  die W i r k u n g  yon  P a n k r e a s s a f f  s t a t t  und  demzufo lge  geh t  d 
~dig vor  sich. 
~rsuchungen zeigen, dass  die S p a l t u n g  yon  Glycer iden du rch  Pa  
ceride zu i -  und  2-Monoglycer ide n verlafift .  Die A u f s p a l t u n g  zu 

et  des 
Les  

prdcdde e n  
monoglycdr ides-2  6 t a n t  d o m i n a n t e ,  

Les  
p a r  l ' enzy  
aires, 

E n  
auss i  
ions  Ca ++ 
cdrides. 

P e n d a n t  l ' hyd ro lyse  pa r  l 'enzy 
d a n s  les glycdrides avec  des v i tesses  

W/~hrend der  H y d r o l y s e  von  
R a t t e n  k o m m t  es zu e inem Aus  
s/ iuren in der  I- u n d  3-Ste l lung 
freien Fet t s / iuren .  

Der  A u s t a u s c h  zwisehen  Glycer idfe t t  
tier G lyee r id -Es t e r -B indung ,  die 
R e s y n t h e s e  wurde  bewiesen  ffir 
tel len Bed ingungen ,  die denen,  
au s  Glycer in  u n d  Fe t t s / iu ren  d u t c h  
to ta le  H y d r o l y s e  in vitro vollst i tndi 

Die Ergebn i sse  dieser  U n t e r s u c h u n  
k r e a s s a f t - E n z y m  fiber 1.2-Diglyceride 
2-Monoglycer id  he r r sch t  vor. 
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s of long cha in  f a t t y  ac ids  by  pancrea t i  
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