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Abstract 
Lipases f rom different microorganisms are 

known to differ in their  site of attack on triglyc- 
erides, and recent evidence has indicated that  they 
may be useful in studying triglyceride structure. 
This paper  is concerned with the most recent de- 
velopnlents in the production, recovery, and 
stability of lipases from three of these micro- 
organisms. The lipase from Staphylococcus 
aureus, which attacks both the 1-, 2-, and 3-posi- 
tions of triglyeerides, is produced in an aerated, 
t rypt ic  digest of casein at 30C in 1-2 days. The 
lipase from Geotrichum ca,ndidum, which attacks 
pr imari ly  unsaturated fa t ty  acid linkages and 
shows some stereospecifieity, is produced in a 
static culture grown on a mineral salts-glucose- 
protein hydrolysate medium incubated at 20C for 
4-5 days. An improved method is described for 
preparing lyophilized preparations of these, and 
the Pseudomonas fragi lipase, which are quite 
stable when stored in a refrigerator.  

Introduction 

p REVIO(TS STUDmS from this laboratory (2,4) have 
shown that  lipases produced by microorganisms 

attack triglycerides in at least three different ways. 
The lipase from Pseudomonas fragi is similar to pan- 
creatic lipase in that  it. attacks predominantly the 1-, 
3-positions of triglyeerides. The lipase fronl Staphy- 
lococcus aureus attacks both the 1-, 2-, and 3-positions, 
while the lipase produced by Geotrick,,t candidam 
attacks pr imari ly  unsaturated fa t ty  acid linkages, re- 
gardless of the position of the attachment. More re- 
cent evidence has shown that  the enzyme from G. 
candidum is stereospecific (5) and, therefore, can be 
used in s tudying the s tructure of triglycerides (6). 
Because of the interest in these enzymes as possible 
tools for  determining triglyceride structure, particu- 
larly the one from G. candi(htm, the present s tudy 
was undertaken to t ry  to increase their  yields, to 
standardize the recovery procedures, and to examine 
more closely the stability of the lipases under  differ- 
ent conditions of storage. 

Experimental Methods 
Preparalion of Media. The media for all compari- 

TABLE I 

Effect  of 1Vfedinm and  Aera t i on  on L i p a s e  P r o d n e t i o n  
by Staphylococcus aureus 

l~ie d i u m  Aera t ed  a Not  aerated b 

rule ml 
Pep t o ne  ( I ) i f co)  4.0 1.0 
P h y t e n e  ( B B L )  3.8 1.5 
NZ A m i n e  B (Shef . )  4,4 3.7 
T r y p t i c a s e  ( B B L )  6.0 3.0 
T r y p t o n e  (D i f co )  6.4 1.2 
T r y p t i c a s e  soy bro th  ( B B L )  a 6.0 
Peptone  (Case )  5.5 1.0 

a A e r a t e d  on r e c i p r o c a t i n g  s h a k e r  (150--200 cyc le s / r a in )  a t  30C fo r  
1--2 days .  

b I n c u b a t e d  at  30C for  4 days ,  
e M] 0.02 N N a O } I  r e q u i r e d  fo r  t i t r a t ion  of ac id  re leased  f r o m  l a r d  

emuls ion  in  30 ra in  at  35C. 
a P r e p a r e d  as described by raanufaet ,  u re r .  
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sons, except for  par t  of the investigation on G. can- 
didum, consisted of:  Nitrogen source 1.5% (w/v)  and 
IM phosphate buffer, 5% (v/v,  p i t  7.0 unless stated 
otherwise). For  the lat ter  par t  of the s tudy on G. can- 
didum, the salts-glucose-protein hydrolysate medimn 
used was : Protein hydrolysate, 2 4 %  ; NHdC1, 0.1% ; 
K H p P Q ,  0.15% ; M g S Q  • 7H20, 0.012% ; and 0.001% 
of FeSO~ • 7HeO, ZnS04 • 7H20, and M n S Q  • Hp0. 
Af ter  sterilization the p H  was 5.8-6.0, and sterile 
glucose solution was added to give a final concentra- 
tion of 0.25%. The sources of the media were as fol- 
lows: BBL--Ba] t imore  Biological Laboratories, Inc., 
Baltimore, Md. ; D i f co~Di fco  Laboratories, Inc., De- 
troit, Mich. ; Case--Case Laboratories, Inc., Chicago, 
Ill. ; Shef--Shefiield Chemical, Norwich, N.Y. ; and 
NBC--Nutr i t iona l  Biochemicals Corp., Cleveland, 
Ohio. 

Assays /or Lipase Activity. The substrates were 
prepared and the assays for lipolytic activity were 
carried out as previously described (3). 

Stability Studies. After  the cultures were grown 
under  optimum conditions for lipase production, the 
cells were removed by centr ifugation or, in the case 
of G. candidum, by filtration through coarse filter pa- 
per. Portions of this supernatant  were stored at 20C 
and 2C, and samples were removed daily for  assay. 
Additional amounts were shell-frozen in 3~t ml quan- 
tities in test tubes in a d ry  ice-alcohol bath and stored 
in a d ry  ice chest. Tubes of the frozen enzyme were 
removed at weekly intervals, thawed, and assayed for 
activity. To avoid any effects of repeated freezing and 
thawing on the enzyme, none of the excess enzyme was 
refrozen. 

Lyophilization of Enzymes. Supernatant  solutions 
obtained as described above were placed in dialysis 
tubing (1.75 in. flat diameter) in approximately 300- 
ml quantities. Using the concentration method of 
Kohn (7), the tubes were placed in a t ray,  covered 
with polyethylene glycol (Carbowax 20 M, Union Car- 
bide, N.Y.), and stored at 1-3C for 6-18 hr, during 
which time the solution was reduced to 10% or less of 
its original volume. The concentrated solution then 
was t ransferred to one or more small dialysis tubes 
(ca. 50 ml/ tube)  and dialyzed against at  least 100 
volumes of cold distilled water (1-3C) for 4-5 hr. 

TABLE II 

Compar i son  of .Media fo r  t he  :Product ion of Lipase  
by Geotrlchum candi&~r~ at 20G in  4 d a y s  

T i t r a t  able acidity a 

nil 
5 %  P h o s p h a t e  buffer  ( p H  6 0 )  p lus  1 . 5 %  : 

E d a m i n  S (Shef . )  1.0 
T r y p t i c a s e  ( B B L )  4.0 
T ryp tone  (Di fco )  3.5 
Pep tone  (Case )  3.2 
Peptone  (Di fco )  3.5 
Peptone  I ( N B C )  1.8 

Salts  glucose basa l  m e d i u m  plus  : 
E d a m i n  S ( 2 % )  6,8 
E da r a in  S ( 4 % )  7.3 
Trypt icase  (2 % ) 6.8 
TTyptiease  (4  % ) 7.1 
T r y p t o n e  (2 % )  4 .8  
P e p t o n e  (Case )  ( 2 % )  5.8 

a Ml 0.02 N NaOi~I r e q u i r e d  fo r  t i t r a t i o n  of ac id  re leased  f r o m  la rd  
emuls ion  in 30 rain a t  35C. 
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TABLE III 
Effect of Tempera ture  and  Aera t ion  on P roduc t ion  of 

Lipase  by Geotr~chu~ candidum 

Tempera tu re  and  t ime of incuba t ion  a 

TABLE IV 

Effect of Surface-to-Volume Ra t io  of Medium on the 
P roduc t ion  of Lipase  by Geotrichum candidum 

Method and t ime of incuba t ion  a t  25C 
Volume 

20C 25C 31C of mediuma 
i n  1000-ml 

Days  Days  n a y s  Er l enmeyer  
f lask 

3 4 5 2 3 4 5 2 3 4 

ml b ml  ml ml mI ml  mI ml ml  ml  
A e r a t e d - - f a s t  e 2.1 2.0 2.0 2.0 
Aerated--slow a 1.9 2.4 3.4 2.8 7.1 7.0 6.2 4.2 6.6 5.5 
Not aera ted  0.6 7,1 8.2 0.3 8.6 12.0 10,8 3.6 12.5 7.4 

a 100 ml med ium in  1000-ml Er lenmeyer  flask. 
b h~l 0.02 N N a O H  requi red  for  t i t r a t i on  of acid released f rom l a rd  

emuls ion in  30 rain a t  350.  
e Incuba t ed  on a ro ta ry  shaker  at  200 rpm. 
d Incuba ted  on a ro ta ry  shaker  at  73 rpm. 

After  dialysis, the contents of the tubes were trans- 
ferred to suitable flasks, shell-frozen in a d ry  ice- 
alcohol bath, and dried under  vacuum ( < 2 0  ~ Hg) 
in a Virtis freeze-dryer. The dry  powder was placed 
in glass vials, stoppered under  atmospheric conditions, 
and stored in a refr igerator  at 2-3C. 
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Results 
Production of Lipase by S. aureus. In our first work 

on S. aureus (2),  a buffered 1% peptone broth was 
employed; in later work (4), buffered 1% Tryptiease 
(BBL)  was used because slightly higher yields were 
obtained. Statically grown cultures were employed in 
these earlier studies because aeration had been shown 
to cause a definite decrease in lipase production by P. 
fragi (1). In  the present investigation, the effect of 
aeration on the production of lipase by S. aurcus was 
examined. The data in Table I show that  higher yields 
of lipase could be obtained in a shorter time when the 
culture was aerated and that  the highest yields were 
produced in the t rypt ic  digest of casein. 

Production of Lipasc by G. candidum. The data in 
Table I I  show that  the highest yields of lipase pro- 
dueed by G. candidum were obtained with the salts- 
glucose medium containing either Edamin Type S 
(Shef.) or Tryptiease (BBL)  as the nitrogen source. 
(Edamin Type S (Shef.) is a lactalbumin hydroly- 
sate.) I t  should be emphasized that  no at tempt was 
made to maintain the pH  at 6.0 during growth, and 
the final p H  of the medium was 7.5-8.0. When the 
initial p H  was adjusted to pH  7.0, yields were slightly 
lower, although the final pH  was similar. 

The effect of aeration and temperature  on the pro- 
duction of G. candidum lipase is shown in Table III .  
The maximum yield of lipase per milliliter of culture 
was obtained at 31C in 3 days, or at 25C in 4 days in 
static culture. Destruction of the lipase was faster  at 
the higher temperature,  however. Since appreciable 
lipase was produced with very sl0w agitation, the ef- 
fect of increased volumes of culture in flasks of the 

Nonaera ted  Aerated  a 

Days  Days  

3 4 5 3 4 5 

ml  ml  ml  ml ml  ml  ml 
100 8,6 ~ 12.0 10.8 7.1 7.0 6.2 
250 2.6 2.9 6.2 5.4 7.0 6.7 
500 0.4 0.6 0.6 5.1 6.7 6.3 

a 4 %  E d a m i n  S-salts-glucose medium.  
I n c u b a t e d  on a r o t a l ~  shaker  a t  73 rpm. 

c MI N a O I t  r equ i red  for  t i t r a t ion  of acid released f rom l a rd  emuls ion 
in  30 min  at  35C. 

same size was determined. The results are shown in 
Table IV. When the surface-volume ratio of static 
cultures was decreased, there was a sharp drop in the 
yield of lipase per milliliter of culture. With the 
slowly agitated culture, however, yield per milliliter 
of culture remained essentially unchanged as the 
volume increased. 

Production of Lipase by P. fragi. The media and 
cultural  conditions for the production of P. fragi in 
both synthetic and part ial ly defined media have been 
previously described (3). No fur ther  increase in 
yield has been obtained by substituting other protein 
hydrolysates. 

Stability of Lipase. The stability of the lipases from 
the three microorganisms under  various conditions of 
storage is shown in Table V. These data indicate tha t  
the lipases are relatively stable, and lyophilized prepa- 
rations, af ter  an initial loss of up to 50% during 
processing, can be held for long periods with relatively 
little change in activity. 

Discussion 
By manipulation of the media, temperature,  and 

aeration of the cultures, the production of lipases by 
S. aureus and G. candidum has been improved in a 
manner  similar to tha t  previously reported for P. fragi 
(3). I t  is apparent  that  the nutr i t ional  and oxygen 
requirements for maximum lipase production vary  
widely among microorganisms. One must also be 
aware that, in addition to a varying response depend- 
ing upon the nitrogen source, variations will occur be- 
tween products with the same designation (e.g., pep- 
tone) but obtained from different manufacturers.  

Although the amount of lipase activity per milli- 
liter of medium produced by G. candidum in a static 
culture with a large surface-to-volume ratio was al- 
most twice that  obtainable with slow aeration, the total 
amount  of lipase obtainable per flask was near ly  three 
times as great with the aerated culture when the vol- 
ume of medium per flask was increased. Thus, when 
large lots of enzyme are to be produced and incuba- 

T A B L E  V 

Stab i l i ty  of Lipoly t ic  Enzymes unde r  Different  Condi t ions  of Storage  

P r e p a r a t i o n  of 
enzyme 

Loss d u r i n g  p r epa ra t i on  Storage  l ife 

P.  5". G. P.  ~. 6;. 
/ ragf  aureus  candidum /ragi  aurcus  v a n d i d u ~  

% 
S u p e r n a t a n t  stored a t  2 0 0  N,A. a 
S u p e r n a t a n t  stored a t  2C N,A. 
S u p e r n a t a n t  frozen ; s tored in  dry  ice cabinet  20 
Lyophi l ized;  stored in  re f r ige ra to r  2 5 - 5 0  

a Not applicable. 
b Tu rb id i t y  due to cell g rowth  appeared.  
¢ Test  not  done. 
d Time a t  which  approximate ly  2 0 %  of ac t iv i ty  was  lost. 
e Less t h a n  2 0 %  loss of ac t iv i ty  by t ime shown. 

% 

N.A. 
N.A. 

2 5 - 5 0  

% 

N.A. 
N.A. 

5 
2 5 - 5 0  

2 d a y s  b 
3 days b 

> 2  mo~ 
> 6  mo 

__e 

> 1  yr  

3 d a y s  a 
10 days a 

> 2  mo ° 
> 1 yr  
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tion space is at  a premium, use of mild aeration should 
be considered. 

Rapid  freezing of the culture superna tan t  with stor- 
age at  a low tempera ture  affords a simple procedure 
for  prolonged storage of small quanti t ies of enzyme. 
However,  since the concentration, dialysis, and lyo- 
philization procedure wilI reduce several liters of ma- 
terial  to a few grams, it has obvious advantages  for 
any  extensive study. 

I t  is reasonable to expect tha t  fu r the r  s tudy on the 
interrelat ionships of p t I ,  aeration, and supply  of nu- 
tr ients dur ing  the entire growth cycle would bring 
about addit ional increases in yield of these lipases. 
However,  with the media and conditions of growth de- 

scribed here, coupled with proper  recovery and stor- 
age procedures, stable prepara t ions  can be routinely 
p repared  which are suitable for  the s tudy of the struc- 
ture of triglycerides. 
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The Unsolved Problems of Triglyceride Analysis 
M. H. COLEMAN,  Unilever Research Laboratory, Colworth House, Sharnbrook, Bedford, England 

Abstract 

The nmdern techniques of eountercurrent  dis- 
t r ibut ion between solvents, GLC and TLC (espe- 
cially on silver ni trate  impregnated silica gel), 
and enzymic hydrolysis have great ly  simplified 
and speeded up the analysis of tr iglyeeride mix- 
tures, such as are found in na tura l  fats. The ap- 
plication of these methods has provided data for 
the formulat ion of a number  of new theoretical 
descriptions of the f a t ty  acid distributions found 
in fats. 

But  it is clear that  neither the experimental  
techniques, nor the theories of glyceride s t ructure  
arr ived at with their aid, are entirely satisfac- 
tory. On the one hand analytical  methods are 
inadequate for such fats as the nut  oils; and in 
no case can the accuracy of the analysis be re- 
garded as complete. On the other hand present  
theories have yet to accommodate minor compo- 
nents, enantiomorphic forms, and recent evi- 
dence concerning the biosynthesis of na tu ra l  
triglyeerides. 

At tent ion is drawn to some of the outstanding 
problenls still facing those eoneerned with the 
analysis of tr iglyceride mixtures ;  and an a t t empt  
it made to indicate the direction in which solu- 
tions to these problems may  be sought. 

Introduction 

N ATURAL FATS ARE COld, POSED Of triglycerides,  the 
esters of a var ie ty  of f a t t y  acids with the tri-  

hydrie alcohol, glycerol. The consequence of the tri-  
hydrie  character  of glycerol is tha t  tr iglyeerides may  
be simple (containing one f a t t y  acid species) or mixed 
(containing two or three f a t ty  acid residues per  mole- 
cule). The presence of two p r i m a ry  and one secon- 
da ry  hydroxyl  group in glycerol gives rise to posi- 
tional isomers of the same fa t ty  acid composition: two 
in the case of diacid triglycerides, and three in the 
case of tr iaeid triglycerides. I f  the two p r i m a r y  hy- 
droxyls are esterified with different f a t ty  acids, the 
central glycerol C atom becomes asymmetr ic ;  and 
such triglyeerides can exist in two enantioinorphie 
forms. Fo r  the complete analysis of a mixture  of 

1 Presented at the AOCS meeting in Houston, Texas. 1965. 

mixed tr iglycerides of the kind encountered in na- 
tura l  fats, it is therefore necessary to know: (a) the 
overall f a t ty  acid composition; (b) the distr ibution of 
these acids between the various tr iglycerides present ;  
(e) the distribution of the acids between the p r i m a r y  
and secondary hydroxyls,  within each mixed triglyc- 
eride molecule; (d) the distribution between the two 
p r ima ry  hydroxyls  of each asymmetric,  mixed, tri- 
glyceride molecule. 

The methods for making each of these determina- 
tions will be considered separately, as fa r  as p r e s e n t  
techniques allow. 

Experimental  Methods Available 

(a) To Determine Overall l~atty Acid Composition 

I t  is not proposed to consider here the identifica- 
tion of unusual  f a t t y  acids by chemical means, al- 
though much remains to be done. This work of Korn  
(1) i n  ident ifying and analysing the f a t t y  acids of 
Euglena graciIis may be cited as an example of the 
kind of careful  work required in a comprehensive 
analysis. 

There are a number  of methods available for f a t t y  
acid analysis (see Ref. 2), but  for  most purposes the 
speed and high resolution of gas-liquid chromatog- 
r aphy  (GLC) renders it superior  to other methods. 
I t  is very versatile, and is probably  the easiest method 
to operate for  quant i ta t ive analyses:  and in biological 
work the small size of the sample required is a fu r the r  
advantage.  A comprehensive review (3) of the ap- 
plieation of GLC to f a t t y  acid analysis, renders de- 
tailed consideration of the technique unnecessary here. 

Sources of error  or difficulty with this method are 
now well documented. Thus it is necessary to make 
sure tha t  samples for  analysis contain only f a t t y  
acids: a pre l iminary  purification by thin-layer chro- 
ma tography  (TLC)  may  be advisable. Samples are 
usually run  as methyl  esters, and care should be 
taken to ensure tha t  methylat ion is complete (4) and 
to avoid ar t i facts  (1,2,5). I t  may  be desirable to 
pu r i fy  the methyl  esters (6). For  identification of 
the emergent peaks it is unwise to rely on retention 
volume alone; Fontel l  et al. (7) have advocated the 
use of two s ta t ionary  phases, or two column tempera-  
tures, to be sure of identification. Certain classes of 
f a t t y  acids are subject to al terat ion dur ing the process 
of GLC (8,9). 


