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Studies on Free and Immobilized Lipases from Mucor miehei' 
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An extracellular lipase produced by fermentation with 
a selected strain of Mucor miehei has been purified 
partially in two forms: A and B. The forms have a high 
degree of antigenic identity and have similar pH- 
activity profiles with tributyroylglycerol as the sub- 
strate with optima at pH 7. The differences are A, in 
contrast to B, requires activation at alkaline pH before 
analysis; A binds with concanavalin A more completely 
than B, the net charges are slightly different at pH 8; 
the isoelectric points are different. Our results indicate 
that the B lipase is formed by partial deglycosylation 
of the A lipase and that this influences the activity 
toward emulsions. 

The two enzymes have been immobilized by ad- 
sorption. These preparations and the soluble forms 
were highly specific for primary ester of triacylglyc- 
erols tTG), usually hydrolyzed TG of 12:0, 14:0, 16:0 
and 18:1 more rapidly than those of 4:0, 6:0, 8:0 and 10:0 
in mixtures of monoacid TG t4:0 to 18:1}, and were not 
stereospecific for TG. Immobilization altered the speci- 
ficity of the preparations somewhat in that slightly 
more 14:0 and 16:0 were released. 

Enzymatic modification of foods and other material 
has occurred either spontaneously or deliberately for 
generations. This has been done primarily for produc- 
tion of characteristic flavors. The recent availability 
of large quantities of enzyme preparations has increased 
activity in the search for industrial applications of 
enzymes and simultaneously for enzymes with desir- 
able characteristics such as thermostability and cer- 
tain specificities. For several reasons, including rela- 
tive ease of production, many of these enzymes are 
obtained from microbial fermentations. These aspects, 
with emphasis on lipases, recently have been discussed 
by Kilara (1). 

During our search for microbial lipases with indus- 
trial applications, we selected a strain of M. miehei for 
further study. This mold produces an active extracellu- 
lar lipase (2). Results from preliminary experiments 
suggested that there were at least two different forms 
of the enzyme. In this paper, we describe the partial 
purification of two of these soluble forms. These were 
immobilized and the four preparations partially char- 
acterized. The purifications and immobilizations were 
done in Denmark and the specificity studies in Con- 
necticut. Preliminary data on use in industrial applica- 
tions and some characterization of the lipase have been 
presented (3,4}. We believe that this is among the few 
reports (5,6) on the characteristics of immobilized li- 
pases and is the first on the A and B forms of M. 
miehei lipases. A complete report of this investigation 
has been published (7). 

1Presented at the symposium "The Biology, Biochemistry and 
Technology of Lipases" at the 78th annual meeting of the Ameri- 
can Oil Chemists' Society held May 17-21, 1987, in New Orleans, 
Louisiana. 

MATERIALS AND METHODS 

Materials and Determinations. DE-cellulose 52 was pur- 
chased from Whatman Chemical Separation Ltd. 1Kent, 
England). DEAE-Sepharose, Phenyl-Sepharose, conca- 
navalin A (Con A)-Sepharose and Sepharose 4B were 
obtained from Pharmacia Fine Chemicals [Piscataway, 
New Jersey). 

Lipase activity was measured with a pH-stat  es- 
sentially as described by Brockman 18) except the 0.5% 
of polyvinylpyrrolidone was used as an emulsion stabi- 
lizer. Substrates were tributyrolglycerol (Novo method 
AF 95.1/3-GB) and olive oil (Novo AF 182.2/3-GB}. 
These designations are given for "those who may use 
the Novo methods, otherwise they are very similar to 
those described by Brockman t8). uni ts  of activity are 
1 lipase unit (LU), the amount of enzyme that liberates 
1 /~mol of titratable 4:0 per min under standard condi- 
tions, and 1 Novo lipase unit (NLU), the amount of 
enzyme that liberates 1 ~mol of titratable fatty acid 
from olive oil per rain under standard conditions. Note 
that these Novo methods require that the Mucor lipase 
be diluted in alkaline buffer (pH 10.5) before analysis. 
This buffer did not interfere with subsequent analyses. 
Protein determination was performed according to 
Lowry et al. {9) with bovine serum albumin as a stan- 
dard. Reference 7 has a full description of these and 
the purification procedures. 

Purification of Lipase A. The supernatant from the 
culture broth of a selected strain of M. miehei, with 
mycelia and low molecular weight substances removed, 
was used for production of a crude powder. The powder 
was treated as follows: (a) anion exchange chromatog- 
raphy on DE-cellulose 52, (b) concentration of the li- 
pase fraction by ultrafiltration and lyophilization, (c} 
affinity chromatography on concanavalin A-Sepharose 
and (d) desalting, ultrafiltration and lyophilization of 
the pooled lipase fractions. 

Purification of Lipase B. The sequence of purifica- 
tion was (a) anion exchange chromatography of the 
crude powder on DEAE-Sepharose, (b) hydrophobic 
interaction chromatography on Phenyl-Sepharose, and 
(c) concentration by ultrafiltration and lyophilization. 

Monitoring of Purifications and Lipase Activity. 
These were performed as follows: (a) sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis (SDS- 
PAGE) was performed as described in Bio-Rad's man- 
ual (10) for the Laemmli system, using Bio-Rad verti- 
cal slab gel cell model 220. The separating gel was a 
gradient of 7%-20% polyacrylamide. Reference pro- 
teins were employed for molecular weight determina- 
tion of low molecular weight proteins; (b) isoelectric 
focusing (IEF) was done on LKB's Multiphore appara- 
tus using ready-made polyacrylamide gels as described 
in LKB's manual {11); (c) crossed immunoelectrophore- 
sis (CIE) was performed as described by Ho jby  and 
Axelsen (12) using 0.02 M barbital buffer pH 8.0. The 
polyspecific antibodies were produced in rabbits against 
the crude enzyme powder; (d) tandem-CIE was per- 
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formed as described by KroU {13}, using 0.02 M barbi- 
tal buffer pH 8.0; {e} crossed immunoaffinity electro- 
phoresis {CIAE) was performed by a modification of 
the CIE methods; and {f) overlayer technique for detec- 
tion of lipase activity was done as follows. Lipase ac- 
tivity in IEF and CIA/CAE was detected by immedi- 
ately after the electrophoretic run, incubating the gel 
under approximately 1.5 mm overlayer gel {1% aga- 
rose} containing a 1% tributyroylglycerol emulsion. 
Incubation time varied from two to six hr at 45 C. 
Binding of antibodies did not interfere with activity. 
Lipase activity appeared as cleared zones. In the pho- 
tographs made of these, the cleared zones appear as 
dark areas because a dark background was used during 
photography. 

Preparation of immobilized lipase A and B. Each 
of the lipases A {from the Con-A-Sepharose chromatog- 
raphy) and B 1from the phenyl-Sepharose chromatog- 
raphy) was immobilized on Duolite ES 562 resin (Rohm 
and Haas, Philadelphia, PA) according to patent appli- 
cation No. 0,140,542. The conditions used for the im- 
mobilization were pH 6.0 and two hr at 5 C. The inten- 
tion was to immobilize 14 mg of Lipase A preparation 
and 18 mg of lipase B preparation on 1 gm carrier each. 
Direct specific activity determinations on these immc~ 
bilized preparations were not possible. Indirect deter- 
minations were done. 

Determination of specificities. (a) Position specific- 

ity was determined by thin layer chromatographic (TLC) 
separation and then visualization of extracts from di- 
gestions of trioleoylglycerol. In these, the relative 
amounts of 1 (3)- and 2-monooleoylglycerol and 1,2 
i2,3}- and 1,3-dioleoylglycerols were ascertained by in- 
spection and quantified by gas liquid chromatography 
(GLC} (14). Confirmation was obtained by digestion of 
the synthetic TG (1,3-dioleoyl-2-palmitoyl glycerol (18:1- 
16:0-18:1) and 1,3-dipalmitoyl-2-oleoylglycerol {16:0-18:1- 
16:0) and identification of the free fatty acids (14,15}. 
These TG were synthesized as described by Jensen 
and Pitas (16); (b) fat ty acid specificity was determined 
as described by Wang et al. (17). Equimolar mixtures 
of the monoacid TGs of 4:0, 6:0, 8:0, 10.0, 12:0, 14:0, 
16"0 and 18:1 were hydrolyzed, and the residual TGs 
were recovered and separated by temperature pro- 
grammed GLC; and, (c) for stereospecificity, the spe- 
cific rotation of the entire extract of a trioleoylglycerol 
digestion was determined in hexane with a Perkin- 
Elmer polarimeter sensitive to 0.00001 degree. In the 
absence of unequal amounts of optically active 1,2 or 
2,3 sn-diacylglycerols and with the adequate amounts 
of both, there should be no rotation, hence no stereospe- 
cificity (14,18}. 

RESULTS AND DISCUSSION 

Conversion of the lipase from the A-form to the B-form 

TABLE 1 

Purification of Lipase A from Mucor miehei ~ 

Specific activity 

Yield, % based P r o t e i n  L U / m g  L U / m g  NLU/mg b NLU/mg 
Purification steps on LU-values a content % preparation protein preparation protein 

Crude powder 100 42 157 374 100 238 

De-cellulose 52 
chromatography 77 67 1700 2537 1073 1601 

Con A-Sepharose 
chromatography 57 66 3590 5439 2300 3485 

aLU ILipase Unit} is the amount of enzyme that liberates 1 i~mol of 4:0 per rain Isee text}. 
bNLU (Novo Lipase Unit} is the amount of enzyme that liberates 1 ~anol of fatty acid from olive oil per 
min (see text). 

TABLE 2 

Purification of Lipase B from Mucor miehei" 

Specific activity 

Yield, % based P r o t e i n  L U / m g  L U / m g  NLU/mg c NLU/mg 
Purification steps on LU-values b content % preparation protein preparation protein 

Crude powder 100 42 157 374 100 238 

DEAE-Sepharose 
chromatography 72 80 945 1181 600 750 

Phanyl-Sepharose 
chromatography 32 100 3000 3000 1900 1900 

aLipase B is formed by partial deglycosylation of lipase A, Table 1 and text. 
bSee a, Table 1. 
cSee b, Table 1. 

JAOCS, Vol. 65, no, 6 (June 1988) 



T e c h n i c a |  N e w s  F e a t u r e  . . . . . . .  

907 

FIG. 1. SDS-PAGE of lipase preparations obtained from the 
various purification steps. 1} and 7}, respectively, 18 ~g of the 
total reference proteins. 2} 25 pg of the Con A-Sepharose purified 
lipase A preparation. 3} 63 ~g of the DE-cellulose 52 purified 
Hpase A preparation. 4} 375 pg of the crude powder. 5} 63 pg of 
the DEAE-Sepharose purified lipase A/B preparation. 6} 25 pg 
of the phenyl-scpharose purified lipase B preparation. Proteins 
were stained with Coomassie Brilliant Blue. 

FIG. 2. Crossed immuno electrophoresis (CIE) of purification 
steps of lipase A. a, b and c are CIE stained with Coomassie 
Brilliant Blue. The arrow indicates the lipase containing im- 
munoprecipitate, detected as described for d. d is the duplicate 
CIE of b but with tributyrolglycerol overlayer, where the lipase 
peak shows as a clearing zone. The antigens applied were a, 100 
pg of crude powder; b, and d, respectively, 10 ~g of DE-cellulose 
52 purified lipase A preparation; c, 5 ~g of Con-A-Sepharose 
purified lipase A preparation. 500 ~1 of the polyspecific antibod- 
ies were applied on each CIE. 

FIG. 3. Crossed immuno electrophoresis (CIE) of purification 
steps of lipase B. The antigens applied were a, 100 i~g of crude 
powder; b, 20 pg of DEAE-Sepharose purified lipase CA/B} prepa- 
ration; c, 4.4 pg of Phenyl-Sepharose purified lipase B prepara- 
tion. 500 ~! of the polyspecific antibodies were applied on each 
CIE. The CIE's were stained with Coomassie Brilliant Blue. The 
arrow indicates the lipase containing immunoprecipitate, detected 
as described in Figure 2. 

was done by keeping the lipase fractions obtained from 
purification steps a and b at low pH during recovery 
and by treating the enzyme at low pH at an elevated 
temperature before step b. Lipase activity bands and 
peaks in IEF and CIE/CAE, respectively, were identi- 
fied by performing duplicates of the electrophoretic 
runs. These duplicates were used for the substrate 
overlayers and compared with the Coomassie stained 
plates. The purifications were followed by activity meas- 
urements on both 4:0-4:0-4:0 and olive oil as well as 
by the electrophoretic methods SDS-PAGE and CIE. 
Tables 1 and 2 summarize the purification steps and 
yields of lipases A and B, respectively. Figures 1, 2 and 
3 shows the successive purifications of lipase from the 
multiprotein mixture in the crude powder with removal 
of many nonlipase proteins in the starting material. 

The differences in lipolytic and molecular behavior 
of the lipases were investigated by determining activi- 
ties on water dilutions of the enzyme preparations as 
well as by CIAE. In Table 3, we present data on differ- 
ences between lipases A and B in their activity ratios 
when they are diluted in glycine buffer {pH 10.5} and 
in water, respectively, before analysis. It is obvious 
that lipase B needs no activation at high pH, whereas 
lipase A does. 

Effect of pH on activities of lipase A and B on 
tributyrolglycerol also was investigated using the ap- 
propriate analysis pH-values in Novo method AF 95.1/ 
3-GB. Figure 4 shows similar pH-activity profiles of 
the two lipases, both having optima at pH 7.0. Only a 
minor difference is seen at pH 8.0, where lipase B has 
slightly lower activity than lipase A. 
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FIG. 4. Effect of pH on activity on tributyroylglycerol, 30 C 
ph-stat method (8) using the appropriate analysis pH values. (B) 
Lipase A, Con-A-Sepharose purified preparation. (O) Lipase B, 
Phenyl-Sepharose purified preparation. 

Figure 5 (tandem-CIE) clearly shows a high degree 
of antigenic identity between lipases A and B, as de- 
fined (13). Their immtmoprecipitates fuse into a double 
peak practically without any spurs. A difference in the 
morphology of the immunoprecipitates is seen, though. 
The reverse orders of the well positions of lipase A and 
B in the first dimension gel also visualize the greater 
anodic mobility of A-B. 

TABLE 3 

Activation Factors a of Lipase Preparations Based on LU-values b 

Lipase preparations 

Purification steps A B 

Crude powder 6.3 

Anion exchange-chromatography 6.3 

Affinity-chromatography 5.6 

6.3 

1.7 

1.1 
aActivation factor refers to ratio of activities of the enzyme when 
diluted in glycine buffer pH 10.5 and in water, respectively, 
before analysis. 
bLU, see Table 1. 

FIG. 5. Tandem-crossed immunoelectrophoresis, stained with 
Coomassie Brilliant Blue. Arrows indicate lipases, detected as 
described in Figure 2. (a) Well 1, 5 ~g of Con-A-Sepharose purified 
lipase A preparation, (b) Well 2, 4.4 pgm of Phenyl-Sepharose 
purified lipase B preparation. Well 1 and Well 2, reverse order 
of (a). 

The results indicate that  the B-form of the lipase 
is derived by partially deglycosylation of the A-form, 
and that  this influences the activity toward emulsions. 
Lipase B is the activated form, but by the recovery 
yields in Tables 1 and 2 it seems to be less stable than 
lipase A. We postulate that  this partial deglycosyla- 
tion at low pH of the original lipase is due to enzymatic 
reactions. 

All preparation were highly specific for the pri- 
mary positions of 18:1-18:1-18:1 as indicated by the 
absence of 1 (3)-monoacylglycerols {MG) and 1,3-DG 
in boric acid-TLC plates of extracts from 10 min diges- 
tions. The profiles of digestion products were similar 
for all preparations; rapid appearance of fat ty acids 
and 1,2 (2,3)-DG accompanied by disappearance of TG 
at four and eight min. Not much MG was produced at 
four min, but the amounts increased dramatically at 
eight min, reflecting the accumulation of 2-MG. These 
will convert to 1-MG by acyl migration and eventually 
be hydrolyzed, resulting in glycerol, which we did not 
determine. By eight min, 30%-50% of the TG was 
gone, and by 12 min the amounts were less than 10%. 

Confirmation of specificity for the primary posi- 
tions of TG was obtained by analyses of the fat ty acids 
liberated by the lipotyses of 18:1-16:0-18"1 and 16:0-18:1- 

TABLE 4 

Composition of Fatty Acids Produced by Digestion of 18:1-16:0-18:1 a and 
16:0-18:1:16:0 with Several Preparations of Mucor miehei Lipase b 

Substrate Lipase preparation 
composition of Soluble Immobilized Soluble 

fatty acids, mol % A A B 
Immobilized 

B 

18:1-16:0-18:1 
16:0 17.7 17.9 20.3 
18:1 82.3 82.1 79.7 

17.2 
82.8 

16:0-18:1-16:0 
16:0 90.9 93.2 91.5 
18:1 9.1 6.8 8.5 

94.7 
5.3 

aAverage of five determinations. 
b18:1-16:0-18:1 is 1,3-dioleoyl-2-palmitoyl-glycerol. 
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TABLE 5 

Digestion (%} of Equimolar Mixtures of Monoacid Triaeylglycerols by Lipase Preparations 
from Mucor miehei 

909 

Length of Monoacid triacylglceryol, % digested 

digestion (min) 4:0 6:0 8:0 10:0 12:0 14:0 16:0 18:1 

Soluble A 
1 35.6 38.2 43.4 40.1 47.4 47.1 45.3 50.0 
2 42.4 46.5 52.8 48.9 54.9 53.8 50.7 53.7 
3 54.2 61.1 65.4 61.0 65.7 64.7 62.7 62.2 
5 61.0 66.7 73.6 70.3 76.6 75.6 76.6 74.5 

Soluble B 

1 27.6 33.4 40.7 40.7 44.3 45.8 39.4 38.0 
2 32.1 49.2 51.4 57.7 63.1 63.4 62.4 56.7 
3 74.6 73.1 78.8 78.8 81.8 51.5 80.7 78.9 
5 87.5 86.5 81.4 89.3 92.8 92.1 91.7 90.9 

Immobilized A 

1 31.8 30.6 35.6 39.3 42.8 57.4 52.3 43.8 
2 43.9 42.0 49.5 54.8 54.6 61.5 63.2 55.7 
3 -- 43.3 52.1 56.0 57.7 64.3 65.4 56.6 
5 65.2 65.6 72.9 74.6 76.4 79.7 82.7 75.8 

Immobilized B 

1 25.4 17.5 18.3 14.2 21.2 18.7 21.2 10.4 
2 36.6 28.5 26.9 20.9 22.9 37.5 36.0 29.8 
3 39.7 39.7 47.0 44.2 52.9 57.5 55.9 57.8 
5 42.9 45.3 51.2 47.2 57.7 61.9 59.2 59.9 

16:0 (Table 4). In both cases, all preparations released 
much greater amounts  (79.7-94.7M%) of the acids in 
the primary positions than 67M%, the quant i ty  tha t  
would be produced by a nonspecific lipase (14). Inter- 
estingly, there was a slight preference for 16:0 as com- 
pared with 18:1 in the pr imary positions. 

We analyzed the whole extracts  of digestions of 
18:1-18:1-18:1 with a sensitive polarimeter but  found 
no deviations from zero specific rotation (14). We used 
this technique in our s tudy on human lingual lipase 
(17), finding a rotation denoting the presence of sn-l,2- 
DG. I t  is possible tha t  enantiomeric MG as well as 
DG could be responsible for rotation, bu t  because we 
observed no rotation,  fur ther  invest igat ion was not  
needed. 

In contrast  to Wang  et al, who found specificity 
by a breast  milk lipoprotein lipase (17) and a bile salt- 
st imulated lipase (19) for the shorter fa t ty  acids in 
mixtures of monoacid TG ranging from 4:0-18:0, we 
observed the opposite. The percent digestions of the 
4:0, 6:0, 8:0 and 10:0 TG almost always were lower 
than those of 12:0, 14:0, 16:0 and 18:1 with all prepara- 
tions except soluble B. These data  are presented in 
Table 5. In contrast  to soluble A, immobilized A re- 
leased more 14:0 and 16"0 than the other acids, includ- 
ing 18:1. This also occurred with the B preparations, 
but  to a lesser extent. I t  is possible tha t  the enzymes 
showed some preference for 14:0 and 16:0. This is sup- 
ported by the results from the digestions of 1@0-18:1- 
16:0 and 18:1-16:0-18:1, above and in Table 4. 

In summary,  there are distinct differences in some 
characteris t ics ,  including specificity for f a t t y  acids 
among the several preparations. Neither deglycosyla- 

tion of M. M i e h e i  lipase A to produce B nor immobili- 
zation of either preparation altered other specificities 
studied. 
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