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synthetic substrates known to be hydrolyzed 
by bovine trypsin, chymotrypsin, and car- 
boxypeptidase. M'hen activated with hvi tw 
t ryysin, I)rel)arat ioi is frotn chicken pancreas 
hydrolyzed all of the synthetic substrates 
tested, and also exhibited proteolytic activity 
toward denatured hemoglobin. Unactivated 
preparations exhibited little or no activity 
toward proteins or synthetic substrates. 
Trypsin-li ke and chy mo t rypsin-1 i ke activities 
were inhibited by diisopropylphosphofluori- 
date, and by naturally occurring trypsin in- 
hibitors from soybeans, lima beans, and pan- 
creas. The optimum activity for hydrolysis 
of trypsin substrates was at  pH 8.5 to 9.0, 
and for chymotrypsin substrates was from 
pH 8.3 to 8.7. The significance of compara- 
tive biochemical studies of proteolytic en- 
zymes of different species is discussed. 

I t  is a pleasure to acknowledge the technical 
assistance of Ruth J. Hurley. We are also indebted 
to John Bradley, Dept. of Poultry Science, to 
Magness and Sons Poultry Processing, and to Bra- 
zos County Producers Cooperative Assn. for their 

cooperation in providing the chicken pancreases. 
~ 

1. I)esnuelle, P., in Hoyer, P. D., Lardy, €I., 
Myrl)ac.k, K., (Editors), The Enzymvs Vol. 4, Aca- 
clrinic. Press, New York, 1960, p101. 

2 .  Marchis-Mouren, G., Charles, M., Abdrljlil, 
.4. B., Desnuelle, P., Biochem. et Biophys. Actu, 
1961, v50, 186. 

3. Buck, F., Vithayathil, A. J., Bier, M., Nord, 
F. F., Abstracts, American Chemical Society 138th 
National Meeting, Sept. 1960, p34 C. 

4. Croston, C. B., Arch. Biochem. Biophysics, 
1960, v89, 202. 

5. Lowry, 0. H., Rosebrough, N. J., Farr, A. L., 
Randall, R. J., J. Biol. Chem., 1951, v193, 265. 

6. Anson, M. L., J. Gen. Physiol., 1932, v16, 313. 
7. Schwert, G. W., Neurath, H., Kaufman, S., 

8. Moore, S., Stein, W. H., ibid., 1954, v211, 207. 
9. Balls, A. K., Jansen, E. F., Advances in Enzy- 

~ i t o l o g y ,  1952, v13, 321. 
10. Neurath, H., Green, N. M., in Neurath, H., 

Bailey, K., The Proteins, Vol. 11, Part B., Academic 
Press, New York, 1954, pp1057-1198. 

11. Keller, P. J., Cohen, E., Neurath, H., J. 
Biol. Chem., 1958, v233, 344. 

Snoke, J. E., J. Biol. Chem., 1948, v172, 221. 

Received April 17, 1962. P.S.E.B.M., 1962, v110. 

Specificity of an Intestinal Lipase for Monoglycerides.* (27638) 
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(Introduced by H. C. Tidwell) 

Department of Biochentistry, University of lexas,  Southwestern Medical School, Dallas 

In a recent study in this laboratory an en- 
zyme was observed in rat intestinal mucosa 
which appeared specific for the hydrolysis of 
monoglycerides ( 1 ) . Lipases in the succus en- 
tericus have been previously demonstrated to 
resemble the lipase of the pancreas in that 
they were active as hydrolytic enzymes for tri- 
glycerides (2) .  Nikkila et al. ( 3 )  demon- 
strated the clearing of olive oil emulsions with 
a saline extract of rat duodenum, and Schmidt 
et al.(4) described an enzyme in extracts of 

*This investigation was supported in part by re- 
search grants from Division of Research and De- 
velopment, Office of the Surgeon General, Robert 
A. Welch Foundation, Houston, Texas, and Nat. 
Inst. of Arthritis and Metab. Dis., Nat. Inst. Health, 
U.S.P.H.S. 

rat intestine which could promote the split- 
ting of monoglycerides. More recently 
DiNella et al. ( 5 )  have demonstrated a lipase 
from hog duodenum which hydrolyzed tri-, 
di-, and monoglycerides a t  approximately 
equal rates. Hubscher and Clark(6) and 
Senior and Isselbacher ( 7) have observed hy- 
drolysis of monoglycerides by rat intestha1 
mucosal fractions in studying the pathway of 
triglyceride synthesis. While there is ample 
evidence for the occurrence of a lipase in the 
small intestine, its exact role in fat digestion 
is not clear. 

In  this study an enzyme from the homoge- 
nized mucosa of the rat small intestine has 
been shown to hydrolyze monoglycerides of 
long chain saturated and unsaturated fatty 
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TABLE I. Changes in Monoglyceride Content of Di- and Triglyceride Substrates as a Result 
of Incubation with Mucosal Enzyme Preparation. 

MG content of total lipidt Enzymatic hydrolysis$ 

I<MiY>--E 

Substrate* Glyceride (I), mg (C) , mg mg MG (I-E), mg % 

x 100, 
Initial wt Control Exp. (E), Wt change of !JMd I 

TG TG 129 

DG DG 132 
MG 11 8 6 - 5  - 4  

MG 8 8 12 +4 +3 

* TG, DG and MG represent tri-, di-, and monoglyceride respectively. 
t Control and experimental values were obtained after incubation of substrate alone and the 

$ + and - indicate a gain or loss in content of this fraction. Differences in values are not 
active enzyme preparation, respectively. 

significant . 
acids to a much greater extent than the cor- 
responding di- or triglycerides. However, the 
enzyme appears to have no specificity for 
either the a- or p-forms. 

Materials and methods. Preparation of so- 
lutions. Emulsions of the glycerides, contain- 
ing approximately 140 mg of substrate in 20 
ml of Krebs-Ringer phosphate buffer (pH 
6.6), were prepared by homogenizing the 
glyceride with the buffer in a Potter-Elvehjem 
or an Omni-Mixer homogenizer after addition 
of 0.1 ml of Tween 80 to stabilize the emul- 
sion. Substrates employed included the fol- 
lowing: P-monopalmitin prepared by the 
method of von Lohuizen and Verkade(8), U- 
monopalmitin prepared by the method of 
Hartman (9), a-monooleate (Myveral) , puri- 
fied dioleate (both oleates from Distillation 
Products, Inc) , and highly purified triolein 
(Hormel Institute). 

Preparation of enzyme and incubation pro- 
cedures. Adult albino rats, which had been 
fed a stock diet ad libitum, were anesthetized 
with ether. The small intestine was washed 
out with pre-chilled Krebs-Ringer phosphate 
buffer (pH 6.6) in situ and then removed. 
The intestine was split longitudinally and the 
mucosa removed by scraping with a glass 
slide. The mucosa was homogenized in a Pot- 
ter-Elvehjem homogenizer with sufficient buf- 
fer to give a concentration of 10% of the mu- 
cosal scrapings in the homogenate. Five ml 
of this homogenate were incubated with 2 0  ml 
of the appropriate glyceride emulsion in a 
Dubnoff shaker for 2 hr a t  37°C. Emulsions 
without enzyme, and the mucosal homoge- 

nates without substrates, were treated in the 
same manner to serve as controls. A11 sub- 
strates were incubated in triplicate. 

Extractions and analysis of digest. After 
incubation, 5 ml of ethyl ether were added to 
each digestion mixture, to limit further iso- 
merizaton of the monoglycerides( 10). The 
lipids were recovered by extraction with 
chloroform-methanol (2  : 1 ) as described by 
Folch et a l . ( l l ) .  The lipid extract was 
washed 4 times with equal volumes of water 
to remove the free glycerol and the bulk of 
the Tween 80, and the washed extract was fil- 
tered into a tared flask. Some of the Tween 
was not removed by this washing as evidenced 
by a greater weight recovery than lipid added. 
However, during the separation of the gly- 
cerides in the silica gel column(l2), the 
Tween present remained on the column. To 
prevent isomerization of monoglycerides oc- 
casioned by high temperatures, the solvent 
was removed under reduced pressure at tem- 
peratures which did not exceed 40°C, and the 
flasks were placed in a vacuum desiccator un- 
til constant weights were obtained. The ex- 
tracted lipids were dissolved in chloroform 
and appropriate aliquots were used for analy- 
sis of the lipids. The a- and p-monoglyceride 
contents were determined by the periodate 
method of Pohle et aZ.( 13 )  as modified for 
micro samples by Martin ( 10). The relative 
amounts of the various glycerides were deter- 
mined by separation on a silica gel column 

Results and discussion. The a- and p-forms 
or total monoglyceride content of the lipids 

(12). 



7 4-6 

c r, r( 

c x  
C l I  

INTESTINAL LTPASE 

1- - 4 = =  .. I -  -? C‘ 

c, 
e - c 
c 
4 .= E 

- .r( 

c -  

FOR MONOGLYCERIDES 

from the various digestion mixtures, before 
and after incubation, are shown in Tables I 
and 11. If this enzyme preparation should 
aid in the hydrolysis of triglycerides as does 
pancreatic lipase, some free fatty acids, di- 
and monoglycerides would be expected to be 
released. Similarly from diglycerides, one 
would expect monoglycerides and free fatty 
acids to accumulate. No significant increase 
in total monoglyceride content was obtained 
as a result of enzyme action on either of these 
glycerides (Table I). This is in agreement 
with earlier results in which little or no fatty 
acids were freed( 1) .  The relatively pure U- 

and p-monoglycerides were appreciably hy- 
dro!yzod by this enzyme. No appreciable 
loss of either of these 2 glycerides occurred 
when incubated alone or with a boiled enzyme 
preparation. 

Tnterpretation of the results with the mono- 
glycerides (Table 11) is complicated by grad- 
ual isomerization of the U- and p-forms into 
an equilibrium mixture, previously reported 
( 14) to be 9 parts of the a- to 1 part p-isomer. 
‘This conversion has been suggested as a non- 
enzymatic transformation in the lumen of the 
intestine during digestion of fats( 15). To de- 
termine the extent of this conversion and to 
correct, for it, incubations without the enzyme 
were employed (4 ) .  There is some difference 
as seen in the last 2 columns of Table I1 
whether the results are expressed in terms of 
the disappearance of the individual mono- 
,rrlyceride or in terms of the disappearance of 
the total monoglyceride. Approximately 39% 
of the ,l-monoglyceride and 37% of the p- 
monoglyceride appeared to be split by the en- 
zyme preparation when they were incubated 
individually . 

The findings from the hydrolysis of a mix- 
t ure of U- and P-monoglycerides, involving ap- 
proximately equal amounts of the two forms, 
are difficult to explain. Nevertheless, in view 
of the nature of an expected change toward 
an equilibrium mixture, containing 9: l  a- to 
,+forms, a greater loss of the p-form should 
be expected with its greater isomerization to 
the ct-form, and consequently less apparent 
hydrolysis of the a-form since it is being 
formed as well as being hydrolyzed. The ex- 
act extent of hydrolysis of U- and p-mono- 
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TABLE 111. Chromatographic Separations of Lipids after Incubation with and without 
Enzyme.* 

Relations of individual glycerides after Enzymatic hydrolysis 
fractionation of substrate 

Substrate TG DG MG Totalchange, TO 

a-Monoolein Control (C),  mg 

Wt change, mg 

Control (C) , mg 

W t change, mg 

‘I’rioleirit Control (C),  mg 

W t change, mg 
% of TGS 

Ex??. (E) ,  mg 

70 of MG$ 
a-Moiiop Irriitin 

Ex??. (E) ,  mg 

70 of MGS 

EXP. (E), mg 

15 9 
23 4 

$ 8  - 5  
+6  - 3  

17 5 
19 8 

+2 +3 
+2 +2  
123 17 
119 25 
- 4  +8 
- 3  +7 

120 

- 58 
- 48 

103 

- 42 
- 41 

8 

+2 
+ 2  

62 -48 

61 -4 1 

10 - :: 

’ Abbreviations and conditions are as described in Table I.  Recoveries ranged from 95 to 

t Obtained from Nutritional Biochemicals Corporation. 
10:370. 

C - E  C - E  
$ From ~ X 100 or from ~ x 100. 

total MG total TG 

glycerides would be difficult to determine 
since conditions which inhibit their intercon- 
version would probably inhibit enzymic ac- 
tion. The total hydrolysis of the mixture was 
50% which is probably not different from the 
results with each isomer alone. 

The results of chromatographic separation 
into the various glycerides of the lipids ex- 
tracted after triolein, a-monoolein and a- 
monopalmitin were incubated with the en- 
zyme preparation are shown in Table 111. 
The apparent hydrolysis of these glycerides, 
as indicated by the decrease in substrate con- 
tent, is in agreement with values obtained by 
both the periodate method( 1O,13) in Table 
I1 and the fatty acids freed as previously de- 
termined ( 1 ) . 

Mattson and Beck(l4) and Savary and 
Desnuelle ( 16) have shown that pancreatic 
lipase is specific for hydrolysis of the a-fatty 
acid esters bonds in the triglyceride molecule 
and propose the mechanism to be triglyceride 
+ 1,2-diglyceride + 2-monoglyceride. The 
presence of a monoglyceride lipase in mucosa 
of the small intestine, specific for this result- 
ing P-monoglyceride, would aid in completing 
the digestion of triglycerides, finally releasing 
free fatty acids and glycerol. However, this 
appeared not to be the case in this study, 
since the intestinal enzyme had the ability to 

hydrolyze both the a- and p-monoglycerides 
to a comparable extent (about 40%). With 
both monoglycerides present in the intestinal 
contents after fat meals, an enzyme, which 
could attach either form, would seem desir- 
able. The possibility of 2 enzymes, one for 
a-monoglycerides and another for the p-mono- 
glycerides, cannot be ruled out. 

The enzyme obtained by the present meth- 
od seems to differ in specificity from those 
previously described (2 ?3,5), excepting the 
enzyme described by Schmidt ef aZ.(4), Hub- 
scher and Clark(6) and Senior and Issel- 
bacher(7). The first authors studied hy- 
drolysis of a-monoglyceride, but did not ex- 
amine the specificity for other glycerides. 
They were more specifically interested in an 
enzyme which hydrolyzed cephalin and found 
this enzyme in high concentration in rat mu- 
cosa, but in negligible amounts in mucosa of 
the rabbit, calf, and dog. This species speci- 
ficity might explain the differences in speci- 
ficity of the enzyme in the present study and 
the enzyme of the mucosa of the duodenum of 
the hog as described by DiNella et a L ( 5 ) .  
Hubscher et d ( 6 )  and Senior et d ( 7 )  did 
not determine the specificity of the enzyme 
for higher glycerides or p-monoglycerides. 

The exact role of this enzyme is difficult to 
delineate. In the preparation employed in 
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this study, the enzyme appears to specifically 
aid in the hydrolysis of both U- and /%mono- 
glycerides. Since several investigators, Reiser 
et aL(17) with the aid of thoracic duct can- 
nulated animals and Skipski et al.( 18) from 
in vivo studies, have reported that mono- 
glycerides can be absorbed intact, this enzyme 
may serve some role within the cell. 

Sumnzary. An enzyme present in homoge- 
nates of rat intestinal mucosa has been found 
to hydrolyze long chain saturated and un- 
saturated fatty acid monoglycerides, but lit- 
tle, if any of either the di- or triglycerides. 
The ~ 1 -  and p-forms of these monoglycerides 
appear to be hydrolyzed to a similar extent by 
this enzyme preparation. The relation of this 
enzyme to intestinal digestion and absorption 
of fat is discussed. 

The authors gratefully acknowledge the sugges- 
tions of Prof. H. C. Tidwell and the technical 
assistance of Miss Patricia Chatten. 
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As an introduction to a study of food re- 
striction on thyroxine secretion rates (TSR) 
of female Sprague-Dawley-Rolfsmeyer rats, it 
became necessary to determine mean and 
range of feed consumption of a standard diet 
under ad libitum conditions. Data on feed 
consumption of other strains d 11 ring various 
states of activity with diets containing various 
amounts of energy have been reported( 1,2,3). 

*Contribution from Mo. Apr. Exp. Sta. Journal 

t This investigation was supported in part by a 
Series X o .  2428. Approved by Director. 

grant from U. S. Atomic Energy Commission. 

Data are presented on ad libitum feed con- 
sumption of this strain under standardized 
temperature and management. 

Materials and mcthods. Twenty-four nul- 
liparous mature female rats averaging 265 g ,  
placed in 4%” )( 8” X 4%” metabolism 
cages so constructed as to prevent coprophagy, 
were allowed several days to become accus- 
tomed to feed and water sites. Temperature 
was maintained a t  78 t 1°F and the rats 
were artificially illuminated during daylight 
hours. Purina Lab Chow with an energy 
value of 4.41 calories per gram and 23.4% 




