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ABSTRACT A procedure for the isolation of lipase (glycerol- 
ester hydrolase, EC 3.1.1.3) from rat pancreas is described. The 
purification scheme includes homogenization of the pancreas. 
centrifugation at 3,000 rpm, centrifugation at 40,000 rpm. 
DEAE-cellulose chromatography, precipitation of amylase as 
the amylase-glycogen complex, gel filtration of the amylase-free 
proteins on Sephadex G-1 00, and chromatography on carboxy- 
methyl-Sephadex C-50. ‘I’he enzyme showed only one band on 
polyacrylamide gel electrophoresis and had a specific activity 
of 5330 =t 80 units/mg of protein. 

SUPPLEMENTARY KEY WORDS amylase . DEAE- 
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D u m m  the past several years many investigations of 
factors influencing the biosynthesis of pancreatic en- 
zymes in rats have been published. I t  has been dernon- 
strated that the levels and rates of biosynthesis of amylase 
(1, 2) and chymotrypsinogen (1, 3) are altered by diet; 
more recently, the effect of actinomycin U on the bio- 
synthesis of amylase, ribonuclease, and the proteolytic 
enzymes of rat  pancreas has been examined (4). Thesc 
studies have been possible because of the development 
of methods for the isolation of the pure enzymes in 
amounts sufficient for the determination of the specific 
radioactivity after administration of labeled amino acids 
to the intact rat. If similar studies are to be carried out 
on pancreatic lipase (glycerol-ester hydrolase, EC 3.1.1.3) 
in the rat, one must be able to isolate and purify the en- 
zyme. This paper describes a method of doing so. The  
procedures are suited for the sinal1 nuiriher of rats that 
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METHODS 

Lipase activity was determined according to thc method 
of Marchis-Mouren, Sarda, and Desnuelle (5). T h e  
volume of 0.1 N N a O H  necessary to maintain the p H  a t  
9.0 (37°C) after addition of the enzyme to an  olive oil- 
gum arabic emulsion in the presence of bile salts was 
measured by means of a Radioineter Titrigraph (1). 

Amylase was assayed by rueasureiiient of the reducing 
groups (with 3,5-dinitrosalicylic acid) formed as a re- 
sult of the action of the enzyme on starch (1, 6). 

Protein was deterinined by the method of Lowry, 
Rosebrough, Farr, and Randall (7 ) ,  with crystalline 
bovine serum albumin as reference standard. DNA was 
measured according to Schneider (8). 

I*:nzyme PuriJication 
The initial steps in the purification are essentially those 
used by Marchis-Mouren, Pasero, and Desnuelle (2) 
for the purification of rat  pancreatic amylase. 

Pancreata, obtained from five to eight rats, were 
hoiiiogenized (Teflon pestle) individually in 0.05 M 

or 0.1 M phosphate buffer, pH 8.2 (9 in1 of buffer/g of 
pancreas), and 0.4 M diisopropyl fluorophosphate (DFP) 
was added to a final concentration of M. The  coni- 
billed hornogenates were centrifuged a t  40,000 rpin 
(Spinco model L ultracentrifuge; the type 40 rotor was 
used throughout except where otherwise specified) for 
45 min. I n  sotlie preparations an  initial centrifugation 
for 15 rnin a t  3,000 or 15,000 rpm (Sorvall RC-2 centri- 
fuge, SS-34 rotor) was carried out; the residue was 
homogenized again with an  amount of buffer equal to 
0.4 times the voluine of the original homogenate, and  
recentrifuged. The  combined supernatant fractions were 
then centrifuged a t  40,000 rpm. I t  was found that prior 
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centrifugation at  3000 rpm (but not at 15,000 rpni) im- 
proved the yield. 

The clear supernatant solution (S-1) obtained after 
centrifugation at 40,000 rpm was dialyzed against water 
for 2 hr and then dialyzed overnight against 0.005 M 

phosphate buffer, pH 8.2. These and all subsequent 
dialyses were carried out at 4°C. DFP was added to both 
the water and phosphate buffer to a final concentration 
of M. There was little or no loss of lipase activity 
during the second dialysis. After adjustment of the pH 
to 8.2, the dialyzed solution of the enzyme was passed 
through a column of DEAE-cellulose (15 X 0.9 cm) 
previously equilibrated with 0.005 M phosphate buffer, 
pH 8.2. The breakthrough peak, which contained cat- 
ionic proteins (e.g., amylase, lipase, ribonuclease, etc.), 
was collected (D-2). 

The solution of cationic proteins was concentrated to 
about l / 4  of its volume by pressure dialysis against 0.02 
M phosphate buffer containing 0.006 M NaC1, pH 6.9. 
After an estimation of the amylase concentration, glyco- 
gen was added (2.5 mg/mg of amylase) at  0°C to form 
the amylase-glycogen complex (9). This complex was 
precipitated by addition of ethanol (at 0°C) to a con- 
centration of 12%, and removed by centrifugation. 

The amylase-free protein solution (A-3) was dialyzed 
for 4 hr or longer against 0.005 M Tris-HC1 buffer, pH 
7.0, to remove the ethanol. The proteins were concen- 
trated to a volume of about 1 ml by pressure dialysis 
against the same buffer. The concentrated protein solu- 
tion was put on a 54 X 2 cm column of Sephadex G-100 
(cross-linked dextran, Pharmacia, Uppsala, Sweden) 
previously equilibrated and subsequently eluted with 
the above buffer. Lipase activity appeared after about 
1.57 column volumes (VJV,) (50-55 ml). Similar re- 
sults were obtained with 0.005 M phosphate buffer, pH 
8.0, but the Tris-HC1 buffer was used in most prepara- 
tions. The three or four fractions containing most of the 
enzymatic acti\-ity were combined (G-4) and concen- 
trated by pressure dialysis against 0.04 M phosphate 
buffer, pH 6.1, to a volume of about 0.5 ml. This solu- 
tion was applied to a 15 X 0.9 cm column of the anion 
exchanger CM-Sephadex C-50 (carboxymethyl-Sepha- 
dex, Pharmacia) equilibrated with the same buffer. The 
protein was eluted from the column with a linear gra- 
dient of phosphate buffer (0.04 to 0.4 M),  pH 6.1, with 
80 ml in each reservoir. Lipase (CM-5) appeared when 
the conductivity of the eluate reached 3.46-3.58 milli- 
mhos (4°C). This position on the chromatogram cor- 
responded to about 5.2 column volumes (about 56 ml). 
(The conductivity of 0.04 M phosphate buffer, pH 6.1, 
was 1.70 milliinhos at 4°C.) 

(bncentration of Enzyme Solutions 
In the studies reported in this paper, the protein solu- 

tions were concentrated by pressure dialysis, i.e. ultra- 
filtration under suction, through a collodion membrane 
immersed in an appropriate buffer. In  more recent 
studies, high pressure ultrafiltration through Diaflo 
membranes (Amicon Corp., Lexington, Mass.) has 
been used to concentrate the protein solutions. The 
rapidity of this method enables one to carry out the en- 
tire isolation procedure in 3-4 days. 

RESULTS AND DISCUSSION 

Table 1 summarizes the yields of activity at each step 
and the specific activities of the enzyme. The values for 
the complete purification were obtained from four to 
seven different preparations. The wide range of specific 
activities of the first two fractions (homogenate and S-1) 
is due to the fact that we used rats on three different 
diets. The low yields of activity in S-I and the relatively 
poor degree of purification in the first step appear to be 
due to an interaction of lipase with insoluble protein. 
The poor recovery could not be attributed to denatura- 
tion of the enzyme since it was shown in a separate study 
that nearly all the activity of the homogenate was dis- 
tributed between the clear supernatant solution and the 
residue after centrifugation. Another series of studies 
showed that most of the “insoluble lipase” was sedi- 
mented after 1 hr of centrifugation at 15,000 rpm and 
was thus associated with unbroken cells, cellular debris, 
etc. Both reextraction of the residues (after centrifugation 
at 15,000 or 40,000 rpm) with buffer, with or without 

TABI,E 1 PURIFICATION OF RAT PANCREATIC LIPASE 

Fraction 
Designa- Activity 

tion Recovered* 

Mean 
Specific 

Activity1 

Homogenate 
40,000 rprn Supernate 
DEAE eluate 
Amylase supernate 
G-100 eluate 
CM-Sephadex eluate 

% 
100 

S-1 59 (48-73) 
D-2 93 
A-3 
G-4 52 

CM-5 60 

1263 (80-182) 

326 
1010 
3280 
5330 

166 (86-370) 

Homogenate5 100 
3000 rpm combined 

supernate 86 (76-100) 
40,000 rpm supernate 81 (68-100) 
Over-all yield 70 (59-83) 

* Refers to average activity recovered relative to previous step. 
t Units of lipase/mg of protein. 1 unit is the amount of enzyme 

that catalyzes the liberation of 1 req of fatty acid/min. 
$ The units of enzyme per pg of DNA phosphorus ranged from 

35 to 125. For comparison, the specific activity of lipase in homog- 
enates prepared from pancreata of rats fed a normal pellet diet 
was 102 X!Z 6 units/mg of protein and 46 f 2 units/rg of DNA 
phosphorus. 

0 These data are the means of results from six experiments (seven 
or eight rats per experiment) in which the purification was carried 
through the ultracentrifugation step. 

GIDEZ Pancreatic Lipase Pwijkation 795 

 by guest, on June 20, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


sonication, and treatment of an rqueous suspe isio:i of 
the residue with ether and ethmol at - 12°C and subse- 
quent reextraction of the protein with buffer failed to 
improve the yield appreciably. The procedure, including 
ether-ethanol extraction, was carried out to determine 
whether additional enzyme could be extrzcted after the 
removal of lipid from the residues. Furthermore, it was 
found that when the pancreata were homogenized more 
vigorously (Sorvall Omni-Mixer) the yield was only 
28% from homogenate to the 40,000 rpm supernatant 
solution (as compared to 59% with Teflon pestle ho- 
mogenization) although an additional 20% of enzyme 
could be recovered by lipid extraction, etc., as outlined 
above. 

The second section of Table 1 demonstrates the in- 
creased yield of lipase that one obtains by carrying out a 
preliminary centrifugation of the homogenate at  3000 
rpm, as outlined previously. 

Fig. 1 shows a Sephadex G-100 chromatogram. The 
identity of the second large peak was not determined; 
had amylase not been removed prior to the Sephadex 
G-100 chromatography, it would have appeared after 
the second peak. Recent studies have shown that amylase 
is eluted after about 3 column volumes. In  the sample 
shown in Fig. 1 the lipase in the two peak tubes had a 
specific activity of 5600 units/mg of protein; in most 
other prepnrations, the specific activities of the enzyme 
in pesk tubes ranged from 2700 to 4140. 

In  some preparations the lipase peak was slightly 
colored (pink). Measurement of optical density at 415 
mp revealed the presence of a material (V,/V, = 1.46) 
which was always eluted before the lipase (V,/ V, = 1.52). 
This absorption at 415 nip might have been due to cyto- 
chromes extracted from the pancreas. Chromatography 
on CM-Sephadex served to remove the contaminating 
protein, and in all preparations so treated, the lipase 
eluted from CM-Sephadex contained no material thst ab- 
sorbed at 41 5 m p .  

Fig. 2 shows curves of absorption at 280 mc(, total 
lipase activity, and total protein after CM-Sephadex 
C-50 chromatography of the protein fractions from the 
Sephsdex G-100 column (Fig. 1) that contained most 
of the lipqse zctivity. The three curves are virtually 
superimposlble. The amount of pro;ein recovered after 
CM-Sephadex Chromatography was sufficient for the 
subsequent enzymatic, chemical, electrophoretic, and 
radioactive assays. 

In  many of the experiments valine-U-14C was ad- 
ministered intravenously to the rats 10 rnin before they 
were killed. Table 2 shows the specific enzyme activity 
and specific radio:ctivity of samples of protein obtained 
from four different preparations of lipase. In  ezch case 
only the ssmples with maximal lipase activity (usually 
two to four tubes) were used for analysis, e.g. samples 
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FIG. 1. 
G-100. 
lipase in each fraction. 

Chromatography of fraction A-3 (Table 1)  on Sephadex 
t--., optical density at 280 mnfi; 0- - -0, total units of 

I I I I 
40 50 60 70 

VOLUME OF ELUATE (ml)  

FIG. 2. Chroniatography of the two peak fractions of S-4 (frac- 
tions at 51.2 and 53.9 ml, Fig. 1) on CM-Sephadex C-50. 0-0, 
optical density at 280 mfi; 0- - -0, total units of lipase in each frac- 
tion; 0 . .  .o, total protein in each fraction. The numbers 1-4 on 
this last curve refer to data in Expt. P7 of Table 2. 

1-4 of Fig. 2. The constancy of the specific enzymatic 
activity for all the samples analyzed and the constancy 
of the specific radioactivity of samples of each prepara- 
tion, as well as the curves in Fig. 2, suggest that the en- 
zyme is pure unless a contaminating protein is present 
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TABLE 2 SPECIFIC ENZYNATIC hcnvrr~ AND SPECIFIC 
RADIOACTIVITY* OF PURIFIED RAT PANCREATIC LIPASE 

Expt. Sample Activity Rdioactivityt 
Entynutic 

” 

mits/mR prorrin rpm/mg prot4n 

Pi 1 5680 678 
2 5350 646 
3 5770 748 
4 5030 649 

A4 1 5040 2270 
2 5720 201 5 
3 5260 21  30 

P2 4 5390 785 
5 51 50 739 
6 5430 976 

.\n 8 5175 3040 
9 4940 2880 

VaIine-UJC was injected into rata 10 min before they wcte 

t 0.4 tnl of enzyme solution  was  counted in 10 ml of Bray’s solu- 
killed. 

tion. 

whose chromatographic characteristics on  the three 
columns used are identical with those of lipase. 

After CM-Sephadex chromatography  the enzyme had 
a mean specific activity of 5330 nnits/mg of protein, 
which represents approximately a 40- to 50-fold puri- 
fication. On the basis of this value, it can be estimated 
that lipase comprises 1-2% of the  total  pancreatic pro- 
teins. By way of comparison, Sarda, MayliC, Roger, and 
Desnuelle (10) found the specific activity of hog pan- 
creatic lipase to be 7000 units/mg. The molecrllar weirght 
of rat lipase was kindly determined by Dr. L. Sarda by 
means of gel filtration on a column of Sephadex G-100 
(10); it was about 32,000 as  compared to 38,000 for the 
hop: pancreatic lipase (10). 

Fig. 3 shows the results of polyacrylamide gel electro- 
phoresis at  pH 5.0 of five samples of lipase obtained  after 
CM-Sephadex C-50 chromatopaphy. Although there 
were two colored bands on  each gel, only the  upper  one 
(blue) represented a protein component. The lower, 
faster-tnovinrg band at the front (blue-green to gray) 
was an artifact possibly derived from interaction of the 
bromophenol blur [added to the  sample gel with the 
protein in order to mark  the  extent of electrophoretic 
migration) with the Aniline blue-black used to stain  the 
protein. That it contained  no radioactivity was estab- 
lished  by slicing and countinp: the gel according to the 
procedure of Maize1 (11); only the single protein band 
was radioactive. 

Recently, Vandermeers and Christophe (1 2) have 
reported the isolation of rat  pancreatic lipase by chro- 
matographic techniques similar to those  in the present 
study.  Their lipase had a specific enzymatic activity of 
about 4500 units,’nlg at 37°C (2500 at 25’C) and a 
molecular weight of 43,000  (37,000 aftrr extraction of 

r n R I  

FIG. 3. Electrophoresis of the  purified satnplrs in 7.Sr;, acrylamide 
el at pH 5.0. Tubes 1-5 corrrspond to thr following sample in 
Table 2: tubc 1, Pt. 4.5, and 6; tuhr 2, PI 7 and 8 (not in Table 2); 
tubc 3, Pi 2 and 3; tube 4, P7 1 and 4; t u b  5, :\b 1 .  2, and 3. 
T h m  analysca were kindly  pcrfornlrd  by Mr.  Maurice  Charlrs of 
thr Institut  de  Chitnir  Hiolwique. 

about 14oj, of lipid from the purified enzyme). These 
values are to he compared  to our specific enzymatic ac- 
tivity of 5330 nnits/mg at 37OC (Table 2) and a !no- 
lecular weight of about 32,000. No effort  was made to 
determine whether lipid was present in our purified 
lipase, but the low molecular weight suggests that it was 
not. This molecular weight was estimated on a sample 
of lipase after removal of amylase by glycogen precipita- 
tion. It is possible that  any lipid originally bound to the 
impure lipase might have been removed during treat- 
ment d the cationic protein solution with ethanol to 
precipitate  the amylase-glycogen complex. 

The author is indebted to Professor P i e m  Desnuellc, in whose 
laboratory the major portion of this work was done, and to 
Dr.  Guy Marchis-Mouwn for their advice and helpful discus- 
sions. 
This study was supported in  part by Research Grant HE-02965 
from the National Heart Institute and by a grant from  the 
American Heart Association. 
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