
373 

Biochimica et Biophysica Acta, 525 (1978) 373--379 
© Elsevier/North-Holland Biomedical Press 

BBA 68497 

AN IMPROVED LARGE SCALE PROCEDURE FOR THE PURIFICATION 
OF PORCINE PANCREATIC LIPASE 

M. ROVERY, M. BOUDOUARD and J. BIANCHETTA 

Centre de Biochimie et de Biologie Moldculaire du C.N.R.S., 31, Chemin Joseph-Aiguier, 
132 74 Marseille Cedex 2 (France) 

(Received January 12th, 1978) 

Summary 

A modified procedure for purifying porcine pancreatic lipase (triacylglycerol 
acyl-hydrolase, EC 3.1.1.3) is described. In comparison to the previous proce- 
dure reported by Verger, R., de Haas, G.H., Sarda, L. and Desnuelle, P. (1969) 
Biochim. Biophys. Acta 188, 272--282) it is more rapid, more reproducible and 
results in a purer enzyme preparation. No colipase could be detected in the 
mixture of isoenzymes and, naturally, in the different separated lipases. In this 
process, butanol treatment is omitted. After pancreas powder extraction, a 
batch procedure was used for adsorption on DEAE-cellulose. Sephadex filtra- 
tion (pH 8.0) was made in a larger size column. Finally the isoenzymes were 
separated on CM-cellulose as in the Verger procedure, but under slightly modi- 
fied conditions. Lipase LB was fully homogeneous as. judged by end group 
determination, gel electrophoresis (in the presence or absence of sodium dode- 
cyl sulfate) and sedimentation equilibrium. 

Introduction 

The procedure mostly used for the purification of lipase (triacylglycerol 
acyl-hydrolase, EC 3.1.1.3) from porcine pancreas is that described in 1969 by 
Verger et al. [1]. It essentially includes an aqueous extraction of a defatted 
pancreas powder, the partial delipidation of the extracts by n-butanol and two 
chromatography steps on DEAE-cellulose (at pH 8.0) and Sephadex G-100. 
Two isoenzymes, lipases L A and LB, later shown to differ by the composition of 
their sugar moiety [2] were separated by chromatography on CM-cellulose. 

However, when this procedure was followed by the present authors, lower 
yields were obtained in the first steps of the preparation. Difficulties were 
encountered with the DEAE-cellulose chromatography. The column often 
became clogged by small amounts of lipids remaining in the lipase solution. 
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Moreover, the preparations were reported to be contaminated with varying 
proport ions of  colipase. A complete or partial removal of the cofactor required 
an additional chromatography step on hydroxyapat i te  or concanavalin A-Se- 
pharose [3] or guanidine-mercaptoethanol t reatment followed by Sephadex 
G-100 filtration [4]. 

In earlier studies on the primary structure of porcine lipase [5], the original 
procedure of  Verger et al. [1] was progressively modified to reduce the puri- 
fication time to a minimum, improve the reproducibili ty of the technique and 
release the colipase contaminant.  

Materials and Methods 

Materials. The use of  commercial delipidated pancreas powder  as starting 
material for the purification of lipase was first recommended by Dr. R. Verger. 
The powder  employed in the present work was from Choay-Chimie (Paris, 
France). DEAE-cellulose (DE-11) and CM-cellulose (CM-32) were purchased 
from Whatman Biochemicals Ltd. (Maldstone, U.K.). Aquacide III, from Cal- 
biochem (San Diego, U.S.A.), was employed in some preparations for the con- 
centration of  enzyme solution in dialysis bags. 

Activity determination. The lipase activity was measured titrimetrically 
against Methocel-stabilized long-chain triglyceride emulsions [6] or emulsions 
of purified tributyrin [7]. With both  substrates, one lipase unit was defined as 
the amount  of enzyme hydrolysing one ester bond per min. The specific activ- 
ity was taken as the number  of  units per mg protein, taking the absorbance 
value of  ~1~ = 13.3 at 280 nm for the pure enzyme [8]. The specific activity ~-~ 1 c m  

of lipase towards emulsified tributyrin is known to be about  twice as high as 
that towards long-chain triglycerides [6]. 

N-terminal residues. 20 nmol lipase were oxidized by performic acid, lyophil- 
ized, dansylated in 8 M urea and precipitated by 10% trichloroacetic acid [9]. 
After hydrolysing for 4 h in boiling 5.6 M HC1, the liberated dansyl amino acids 
were determined according to Charles et al0 [10]. Protein oxidation, prior to 
dansylation, removed any remaining traces of proteolyt ic  activity, and favored 
reagent accessibility. Dansylation analysis (without  the use of urea and tri- 
chloroacetic acid precipitation) was also made for testing low molecular weight 
contaminants [ 10]. 

Sialic acid determination. Glycoprotein samples containing 5--10 ~g sialic 
acid were incubated in 100 ~l 0.05 M H2SO4 at 80°C for 1 h and the liberated 
sialic acid was determined according to Warren [11],  with half the proportions 
of reagents recommended by the authors. The standard was sheep thyroglo- 
bulin known to contain 1.4% sialic acid (w/w). 

Results 

Purification procedure 
All assays were carried out  at 0--4°C. 
100 g pancreas powder  were suspended in 1 1 water/1 mM benzamidine/1 

mM phenylmethylsulfonyl  fluoride. The mixture (adjusted to pH 9.0) was me- 
chanically stirred for 2 h and centrifuged. 
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The supernatant was mixed with 2 1 water and 2.2 1 DEAE-cellulose (previ- 
ously equilibrated with a 5 mM Tris • HC1 buffer  (pH 8.0)/3.3 mM CaC1~/18.2 
mM NaC1/1 mM benzamidine (buffer I)) and stirred for 2 h. After decanting, 
the thick DEAE-cellulose suspension was poured into a 9 cm diameter column. 
The column was washed with 1 1 buffer  I and then eluted by  a linear NaC1 
gradient (18.2--200 mM) in the same buffer  (Fig. 1). 

After (NH4)2SO4 precipitation of  the lipase fractions (50 g {NH4)2SO~ per 
100 ml), the precipitate was taken up in 50 ml 5 mM Tris • HC1 buffer  (pH 
8.0)/3.3 mM CaC12/0.4 M NaC1/0.77 mM NAN3/1 mM benzamidine (buffer II). 
The resulting suspension (to which 50 ~mol phenylmethylsulfonyl  fluoride was 
added) was dialyzed for 20 h against buffer  II. The clear solution was passed 
through a Sephadex G-100 column (6 < 220 cm) eluted by buffer  I. The chro- 
matography profile was comparable to the one given in Fig. 5 of the Verger 
publication [1]. Lipase was found under the first peak (fraction 3240--3720 
ml) with high specific activity (Table I). The second, inactive peak (fraction 
3720--4200 ml) was larger than in the Verger procedure. Colipase was present 
in a later fraction (4728--5040 ml). The fractions containing lipase were stored 
at --10°C. 

Two preparations purified up to Sephadex elution were concentrated by 
Aquacide III, dialyzed for 24 h against 50 mM sodium acetate buffer  (pH 5.0} 
and applied to a CM-cellulose column equilibrated with the same buffer  and 
then eluted by a pH gradient (5.0--5.7). The elution pattern (Fig. 2) shows the 
separation of a small, inactive and strongly anionic peak and of four active 
peaks. The largest peak which emerged last, corresponded to the weakly-anionic 
lipase B. characterized by  Verger et al. [1]. The location of the next  two peaks 
suggested that they were formed by  lipase LA which had split into two compo- 
nents designated LA1 and LA2. The existence of an additional enzyme form 
designated Lc was not  previously reported. At the end of  the procedure, 142, 
31, 19 and 23 mg of lipases LB, LA1, LA2 and Lc, respectively, were obtained. 
The purification procedure and activities are given in Table I. 

Properties of purified lipase 
Lipase Lc, LA1 , LA2 contained, respectively, 0.4, 0.4 and 0.1 mol sialic acid 
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Fig. 1. E lu t ion  prof i le  f r o m  DEAE-cel lu lose .  The  c o l u m n  (1 X 28 c m )  was e lu ted  by  a l inear  NaC1 c o n c e n -  
t r a t i o n  gradient .  ( 1 8 . 2 - - 2 0 0  m M )  in b u f f e r  I. C h a m b e r  v o l u m e ,  4 1. F low ra te ,  300 ml /h .  27 .5 -ml  frac- 
t ions.  The  f i g u r e s  a l o n g  t h e  lipase p e a k  i n d i c a t e  t h e  specif ic  e n z y m e  ac t iv i ty  in  t h e  f rac t ions .  
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T A B L E  I 

F L O W  S H E E T  O F  T H E  P U R I F I C A T I O N  P R O C E D U R E  

S t e p  P r o t e i n  L i p a s e  u n i t s  * S p e c i f i c  Y i e l d  

( m g )  ( 1 0  . 3  ) a c t i v i t y  * 

A q u e o u s  e x t r a c t  - -  ** 1 9 0 0  - -  * * 1 0 0  
D E A E - c e i l u l o s e  - -  1 2 0 0  - -  63  

( N H 4 ) 2 S O  4 p r e c i p i t a t i o n  d i a l y s i s  2 1 6 0  9 1 6  4 2 3  48  
S e p h a d e x  f i l t r a t i o n  2 9 0  7 8 0  2 7 0 0  41  

A q u a c i d e  t r e a t m e n t  d i a l y s i s  4 6 0  * * *  1 0 6 0  * * *  2 3 0 0  28  
C M - c e l l u l o s e  

L i p a s e  L B 1 4 2  4 8 5  3 4 0 0  13  

L i p a s e  L A 1  31 9 6  3 1 4 0  2 .5  
L i p a s e  L A 2  19 5 5  2 8 0 0  1 . 5  

L i p a s e  L C 2 2  4 4  2 0 2 0  1,1  

T o t a l  2 1 4  6 8 0  - -  18  

* In  t h e s e  a s s a y s ,  t h e  s u b s t r a t e  w a s  M e t h o c e l - s t a b i l i z e d  e m u l s i o n s  o f  l o n g - c h a i n  t r i g l y c e r i d e s .  
**  P r o t e i n  a n d  s p e c i f i c  a c t i v i t y  v a l u e s  a r e  n o t  g i v e n  b e f o r e  ( N H 4 ) 2 S O  4 p r e c i p i t a t i o n  w h i c h  r e m o v e s  

m o s t  o f  t h e  n u c l e i c  a c i d s  s t r o n g l y  a b s o r b i n g  a t  2 8 0  n m .  

* * *  P o o l  o f  t w o  p r e p a r a t i o n s .  

per mol  protein. Lipase LB was devoid of  this compound.  The results can be 
compared to those of  Plummer and Sarda [2] who found 0.3 mol sialic acid per 
mol lipase L A and no trace of  this compound in LB. 

After Sephadex filtration, lipase preparation yielded a single band by electro- 
phoresis at pH 8.5 on a 1% sodium dodecyl  sulfate (SDS)/5.6% polyacrylamide 
gel. As shown in Fig. 3 (tube 3) a single band was also obtained with lipase LB 
in the absence of  SDS. Lipase LA1 and LA2 each yielded two bands (tubes 1 
and 2) and their mixture with lipase LB gave a total of  three bands under the 
same conditions.  Gel electrophoresis assays performed as in tube 4 but with 
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Fig.  3.  Gel  e l e c t r o p h o r e s i s  a t  p H  8 .5  ( 3 5 0  V f o r  2 h ,  in t he  a b s e n c e  o f  SDS)  o f  the  l ipases  s e p a r a t e d  b~j 
CM-cel lu lose .  7 .5% p o l y a c r y l a m i d e  gel.  T u b e  size 0 .6  X 1 4  c m .  1, l ipase  L A 1 ;  2, l ipase  L A 2 ;  3, l ipase  LB;  
4,  l ipase  L B ( 3 0  #g)  + co l ipase  ( 1 3 7  pg) ;  5, L A 1  + L A 2  + L B . 

decreasing amounts of added colipase, indicated that  the limit of  detect ion of 
colipase in lipase preparation was less than 1% (w/w). 

No traces of  N-terminal residues other than serine, already known to be 
N-terminal in porcine lipase [5], could be detected in the separated lipases LA1, 
LA2 , Ls, and Lc and also in their unfractionated mixture. The two possible 
N-terminal residue derivatives of colipase are valine or glycine [12,13].  Taking 
into account  the relative stability of  the above derivatives in boiling HC1 com- 
pared to that of dansyl serine, this result suggests that  lipase preparation was 
not  contaminated by colipase impurity. 

Lipase LB was found to be homogeneous by sedimentation equilibrium 
studies. The partial specific volume (~) of  the enzyme was measured by an 
Alton Parr digital microdensimeter and found to be 0.73 at 20°C. The corre- 
sponding molecular weight value, similar to that  already reported by  Verger et 
al. [1], was 50 000 _+ 1000. 

Using tr ibutyrin as substrate [7] purified lipase LB had a specific activity 
amounting to 7500 units/mg. As expected from previous investigations on the 
activating effect  exerted by colipase in the absence of bile salts [6], this activ- 
ity rose to 9500 units/mg on addition of  2 mol cofactor  per mol enzyme. By 
contrast, the activity was 250 units/mg in the presence of 2--4 mM taurodeoxy- 
cholate; the activity was 8000 units/mg in the presence of both taurodeoxy- 
cholate and colipase (2 mol per mol lipase). 

Discussion 

The above reported procedure is a modification of that  worked out  by Ver- 
ger et al. [1]. The principal difference is that  a batch procedure was used for 
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adsorption on DEAE-cellulose and directly performed on pancreatic powder 
extracts. The elution on column which followed, was therefore rapid. On 
account of the large volume of solution and the great amount  of DEAE-cellu- 
lose used, the batch-step was not  affected by small quantities of remaining 
lipids. The latter impurities were released either in the supernatant or adsorbed 
without  disadvantage in the DEAE-cellulose bulk. Therefore, butanol t reatment 
(used in Verger procedure for the removal of an acidic phospholipid) was omit- 
ted, thus improving the yield without  affecting the purity of the final product. 
Likewise one can surmise that  almost all the defatted pancreas powders sup- 
plied by various firms and laboratories could be suitable for use in the modified 
procedure. 

It was observed by the present authors that when (NH4)2SO4 precipitation 
was carried out  prior to the DEAE-cellulose step it induced severe lipase losses. 
A further difference was that  the Sephadex column was buffered at pH 8.0 to 
increase lipase stability. In this manner it was possible to prepare 300 mg highly 
purified lipase in about a week with a reproducible yield of about 40%. More- 
over it has been recently shown that  the same Sephadex column can be loaded 
with twice the quanti ty indicated. The technique could be scaled up with 
appropriate equipment.  

A further chromatography of the Sephadex eluate on CM-cellulose separated 
a small amount  of an inactive impurity and four isoenzymes LA1, LA2, LB, Lc 
(instead of two in the Verger procedure). It was confirmed that  the less anionic 
lipase LB was by far the major form existing in porcine pancreas (about 70% of 
the total activity). 

No colipase impurity could be detected by various tests in the unfraction- 
ated isoenzymes after Sephadex filtration or in the different separated lipases. 
Colipase-lipase complex dissociation was favored by the large dilution of lipase 
solution in batch step and in Sephadex filtration. 

Serine is the N-terminal residue of the different forms of lipase. On gel elec- 
trophoresis, lipases LA1 and LA2 further split into two bands suggesting the exis- 
tence of other isoenzymes. It was not  possible to confirm the great difference 
in the isoleucine content  of lipases L A and LB reported by Verger et al. [1]. 
The amino acid compositions were found very similar. Therefore a likely 
assumption is that  the isoenzymes differ only in the sugar moieties. 

In conclusion, the lipase preparations after Sephadex filtration could prob- 
ably be used for a number of investigations including sequence determination. 
Lipase LB is somewhat purer and chemically better defined but its isolation is 
associated with a marked decrease in yield from 40 to 13%. 
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