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Abstract 
A lipase from Geotrichum candidum released 

nmstly oleic acid from glyeeryl l-elaidate-2,3-dio- 
leate and very little trans fatty acid from mar- 
garine. When cod liver, Macadamia nut, peanut 
and safflower oils were substrates, the oleic acid 
content of the free acids was always in excess of 
the amount of the acid in the intact triglyeerides. 
Congo palm oil was digested by both G. candidum 
and pancreatic lipases and the fatty acid composi- 
tions of the products of hydrolysis compared. The 
results obtained with the aid of G. candidum 
lipase tend to substantiate existence of some of the 
triglyceride isomers predicted from pancreatic 
lipase data. 

Introduction 

T H~ SPECIFmITY of pancreatic (P) lipase for the 
1- and 3- positions of glyeerides, has been used 

extensively for the study of triglyceride (TG) struc- 
ture (4, 13) and has focussed attention on existence 
of different speeifieities of other lipases. Alford and 

1 Scientific contribution No. 134, Agricultural Experiment Station, 
University of Connecticut, Storrs. 

co-workers described a lipase from the microorganism, 
G. candidum, which released relatively large quanti- 
ties 18:1 and 18:2 from corn oil and lard (2) and 
18:1 from a series of synthetic TG's (3). 18:1 was 
hydrolyzed from the latter regardless of position. 
This unique specificity suggested further investiga- 
tion of differentiation between cis and trans isomers 
and struetural studies of additional natural oils. In 
this paper we report the results obtained when synthe- 
tie TG's containing elaidie aeid, margarine, and 
natural oils containing a variety of unsaturated fatty 
acids were partially hydrolyzed by a lipase system 
from G. candidum. 

Experimental 
The synthetic substrates, glycery] 1-elaidate-2,3- 

dioleate (EOO) and glyceryl 1-elaidate -2,3-dilaurate 
(ELL) were prepared by acylating pure 1- mon- 
oelaidin with the appropriate aeyl chlorides as de- 
scribed by Mattson and Volpenhein (12). The 1- 
monoelaidin, pure by thin-layer chromatography 
(TLC) and by oxidation with periodic acid (8), was 
synthesized from isopropylidene glycerol and elaidoyl 
chloride (12). The fat ty acids were purchased 

1029-1032 

1032-1035 

1035-1037 

I N D E X  

SPECIFICITY OF A LIPASE FR01~I GEOTF~ICHU~f CANDD 
DUI~I FOR CIS-OCTOADECANOIC ACID, by R. O. Jensen ,  
J .  Sampugna ,  J .  G. Quinn, Doro thy  L. Carpen te r  
and  T. A. Marks  

APPLICATION OF COi%IPUTEI~ METI-IODS TO THE CAL- 
CULATION OF TRIGLYCEFGDE STRUCTURE, by E d w a r d  
G. P e r k i n s  

STRUCTURE OF THE INTESTINAL ~iUCOSA AND LYMPH 
GLYCERIDES OF ]RATS AFTER ABSORPTION OF FATS 
CONTAINING ELAIDIC ACID, by L. Clement,  G. Lavoue 
and  G. Clement  

1038-1040 

1040-1046 

1046 1051 

1051-1053 

t029 

PRODUCTION OF MICROBIAL LIPASES FOR THE STVDY 
OF TRIGLYCERIDE STRUCeI~URE, by  J o h n  A. A l f o r d  
and J a m e s  L. Smi th  
THE UNSOLVED PROBLEMS OF TF.IGLYCERIDE ANAL- 
¥SIS, by  M. H. Coleman 
THE TR.IGLYCEI~IDES OF SABLE FISH (ANAPLOMA 
EIMBRIA). I I .  FATTY ACID DISTRIBUTION IN TRI- 
(JLYCERIDE FRACTIONS AS I)ETER}~INED WITH PAN- 
CREATIC LIPASE, by Ami  Dolvv and H.  S. OIcott 
RELATION OF TRIGLYCERIDES ']~0 PHOSPHOGLYC~IDES 
IN ]-~UNGI, by  R. Cecil  M. J a c k  



1030 THE JOURNAL OF THE AMERICAN OIL CIIEMISTS' SOCIETY 

TABLE I 

Fat ty  Acid Composi t ion of Glycerides and  Free  Fa t ty  Acids R e s u l t i n g  F rom Lipolys is  of Glycery]. 1-elaidate-2,3-dioleate 
eand$dum (GC)  and Pancrea t i c  Lipases  (]?)a 

VoL. 42 

and  M a r g a r i n e  by G. 

Subs t ra te  and fa t ty  I n t a c t  b Res idua l  Free  fa t ty  Di- 1Y/ono, 
acid composit ion t r ig lycer ides  t r ig lycer ides  acids gl.~,cerides glycer ~des 

Glyceryl 1-e~aidate- GC P GC P GC t ) GC P GC P 
2,3-dioleate 

M %  18 :1  cis 70.0 65.1 73.5 67.1 94.5 52.8 66.0 70.7 30.0 100 
1 8 : 1  t r ans  30.0 34.9 26.5 32.9 5.5 47.2 34.0 29.3 70.0 0 

~[ar~ar ine  
~1% 1 2 : 0  t r  t r  t r  t r  t r  t r  t r  5.1 0.9 

1 4 : 0  t r  t r  t r  t r  t r  t r  t r  2,~ 0.~ 
16 :0  14.0 16.1 1,t.2 7,2 23.1 25.2 12.2 33.7 5.1 
18 :0  7.2 10.5 7.9 3.5 8.3 7.4 9.4 12,6 6,7 
1 8 : l  61.2 66.9 61.0 74,3 58,3 56.8 64.0 41.7 66.7 
18 :2  17.6 6.5 16.9 15,0 10.3 10.6 14.4 4.6 19.8 

trans as elaidi~- 26.4 32.2 30.4 5~5 22.0 25.5 28.3 16.8 28.5 

a Digest ion condi t ions :  5 rain for F, 120 rain for GC and 37C for both. 
b Two batches of E O 0 .  P lipase data  p rev ions ly  reported. 

(I[orniel) and halogenated with oxalyl chloride (]2). 
The TG's were purified by crystallization from ace- 
tone which was monitored by TLC. The EO0 used 
in this study was prepared from elaidic acid of 96% 
purity. EO0 and ELL were previously analyzed with 
P lipase (91. 

The margarine, consisting of partially hardened 
cottonseed and soybean oils, was melted and the clear 
oil decanted and filtered. The Macadamia nut oil, used 
because of the relatively high 16:1 content, was 
obtained by initial grinding of the nuts, which were 
purchased from S. S. Pierce, and subsequent extrac- 
tion of the ground material with ethyl ether: pentane 
(1:11 in a ~Varing Blendor. The peanut, safflower 
and cod liver oils were purchased commercially. The 
Congo pahn oil was a gift from Dr. G. Jurriens, 
Unilever Ltd., who provided the TG composition 
obtained with A g N Q  - TLC and P lipase (10,111. 
All natural oils were purified by elution from neutral 
alumina (Broekman activity grade 1) with pentane: 
ethyl ether (9:1) (5), monitored by TLC. 

The enzyme was obtained from G. ca~didum as 
previously described (2, 3). The TGs or oils were 
emulsified in a Waring Blendor to which was added 
(for each flask) 8 nil of phosphate buffer (p i t  6.7) 
containing 1% gum arabic, 0.5 ml 1~  CaC12 and 
200 mg of TG or 300 mg of oil. After agitation for 
about 5 rain, 8 ml of the emulsions were transferred 
to 50 ml Erlennleyer flasks and 2 ml of buffer con- 
taining 5 mg of enzyme were added. The contents 
were incubated with shaking in a water bath for 2 
hr at 37C. Three 10 ml replicates plus two controls, 
one without enzyme and the other without substrate, 
were prepared. To stop the reaction, 0.5 ml of 20% 
t t2SQ was added to the flasks, followed by extraction 
of each with 250 ml of CHCla:CH30H (9:1) (7). 

One aliquot was titrated with 0.05 N alcoholic 
I(OH to obtain the concentration of F F A  liberated. 

The solvent was removed from the two other aliquots 
aud the products of digestion separated and obtained 
by preparative TLC. The glycerides or F F A  were 
converted to methyl esters by acid catalyzed meth- 
anolysis and estimated by gas-liquid chromatography 
(GLC). The digestion products from EOO and mar- 
garine were analyzed by infrared speetrophotometry 
(Perkiu-Elmer Infracord) to estimate both carbonyI 
and trans absorption. Appropriate standard curves 
were prepared from a number of glyeerides contain- 
ing elaidate and from methyl elaidate. All of these 
procedures have been described (9). The replicates 
were analyzed separately and the results averaged. 
Agreement between replicates was close. The palm oil 
and margarine were also digested with P lipase (91, 
at 37C for 5 rain and the glyeerides and free fat ty  
acids analyzed as described above. Equivalent chain 
lengths of fat ty acids (1,61 were used to provide 
tentative identifications of some of the acids found in 
cod liver and Macadamia nut oils. 

R e s u l t s  a n d  D i s c u s s i o n  

The net mieroequiva]ents of F F A  liberated from the 
substrates by G. ea:ndidum after 2 hr of incubation 
were: EOO, 110; ELL, 6; margarine, 103; safflower, 
192; peanut, 201; Macadamia nut, 139; cod liver, 
68; and palm, 136. Similar data from 5 rain P lipase 
digestions of margarine and pahn oil were: 205 and 
343. The oils containing larger quantities of oleate 
supported greater GC ]ipase activity. With respect 
to palm oil and margarine, the GC lipase was less 
active than P lipase. When ELL was the substrate, 
digestion was insignificant. Therefore, the GC lipase 
did not remove elaid~te front an otherwise saturated 
TG. 

The fatty acid compositions of the intact TG's and 
of the products resulting from the lipolysis of EO0 
and margarine by GC and P lipases are presented in 

T A B L E  ] I  

F a t t y  Acid Composit ion of Severa l  Oils and  of the Fa t ty  Acids Libera ted  by G, cand idum Lipase  a 

Fa t ty  Acid h{% 

10 :0  10 :1  1 2 : 0  14 :0  15 :0  16 :0  1 6 : 1  17 :1  18 :0  18 :1  18 :2  18 :3  2 0 : 0  2 0 : 1  2 0 : 2  2 0 : 5  2 2 : 0  2 2 : 1  2 2 : 2 2 2 : 5 2 2 : 6  

Cod l iver  
TG 7.9 14.3 15,6 0.5 0,9 32.0 1.3 

F F A  3.2 9.1 19,6 1.5 0.8 47.5 3.0 2:5 
Macadamia  nu t  

TG 0,2 0.1 0.3 1.6 0.1 10.1 19,7 1,8 60.2 1.5 1.5 
]~FA 0,1 .... 0.2 0.3 .... 2.3 17,8 0,1 77.7 1.0 0.3 

P e a n u t  
TG 0.2 11.2 1.3 58,0 25.7 1.0 1.1 

:~FA .... 5.4 0,4 83.7 10.5 . . . . . . . .  
Safflower 

TG 8.3 1.3 9.8 80.6 
FFA  0.8 t r  20,8 78.4 

15.5 3.1 5.7 .... 3.e 
2.5 ~:s .... 3.4 8.1 .... 
1.4 1.5 
0.2 .... 

1.5 

a Incuba ted  for  2 h r  at  37C, 
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T A B L E  I I I  

F a t t y  Acid Compos i t ion  ( i ' 4%)  of Congo P a l m  Oft and  of the  P r o d u c t s  of D iges t ion  w i t h  
G. eandi&um ( G 0 )  and  P a n c r e a t i c  ( P )  L ipases  a 

1031 

~ntact  T G  
F a t t y  acid  

GC P 

Residual T G  

GO P 

DG ]HG FFA 

G0 P GO P GO P 

lO :0 t r  0.2 t r  
1 2 : 0  0 .4  0.7 0 .4  
1 4 : 0  0,8 2.0 1.8 
1 6 : 0  46.5 58.4  55.1 
1 6 : 1  t r  t r  0.9 
1 8 : 0  5,4 1,9 6.5 
1 8 : 1  38.9 31.2 31.5 
1 8 : 2  8.1 5.3 3.8 
1 8 : 3  t r  0.3 .... 

;; '6.4 '&l '5.a 
1.2 1,5 1.8 0.9 

68.6  49.7  69.1 12.5 
t r  1.7 0.5 
8.2 6.1 i~.2 2.4 

18.3 36.4 16,6 66.7 
3.7 4.2 2,2 16.7 

t r  
i j  0.5 

0.1 1.8 
7.i  62.2 
0.2 t r  
0.1 8.5 

82.0 23.6  
10.5 3.4 

a Diges t ion  cond i t ions :  5 rain for  P,  120 ra in  for  GC a n d  3 7 0  for  both.  

Table 1. For comparative purposes, the P lipase re- 
sults on EO0 as reported before (9) are also tabulated 
in Table I. Based upon the products of digestion of 
EOO and margarine, GC lipase hydrolyzed oleie acid 
and not the trans isomer. The small quantity of im- 
puri ty in the elaidie acid used to prepare the EOO for 
GC lipase hydrolysis, causes the TG figures in Table 
I to depart slightly from theoretical values. Complete 
data on margarine are included because such infor- 
mation has not, to our knowledge, heretofore been re- 
ported. This speeifieity, unique for lipases, raises in- 
triguing questions about enzyme-substrate geometry. 
Since the cis double bond appears to be involved, the 
enzyme may have a relatively large active site binding 
both the earbonyl carbon and the double bond. The 
length of the last nine carbons in 18:1 may be im- 
portant because, based upon the data of Table II, the 
16:1 ester is hydrolyzed at, a slower rate than oleate. 
This eould be studied by synthesizing TG's eontaining 
various combinations of oleate and other positional 
isomers of 18:1 for use as substrates. In the ease of 
margarine and the other oils (Tables II  and IH)  at 
least 18:1 and possibly 16:1 were preferred over 
polyimsaturates. The tra~s acid contents in Table I 
are probably too high because they were reported as 
elaidie acid and isomers of linoelaidate were undoubt- 
edly present. 

Table II  contains the fat ty  acid composition of in- 
tact cod liver, Macadamia nut, peanut and safflower 
oils and of the FFA ' s  released therefrom by GC lipase. 
Again 18:1 was preferentially released, the quantities 
in the FFA being greater than the quantities in the 
TG's. Other unsaturated acids were liberated, par- 
ticularly from cod liver oil. Some difficulty was en- 
countered in GLC analysis of the cod liver oil perhaps 
due to the instability of highly unsaturated fat ty 
acids. Several of the identifications here were based 
upon only equivalent chain lengths (1,6). The 
specificity of the lipase for 18:1 is most strikingly il- 
lustrated by the safflower oil data, 9.8% in the TG 
compared to 20.8% in the FFA and almost equal 
quantities of 18:2 in both components. Therefore it 
is obvious that 18:2 was released at a much slower 
rate than 18:1. Since Alford and Pierce (2) noted 
that the FFA from a GC lipase digestion of corn oil 
at --7C, contained 95% 18:2, this particular lipase 
may require a liquid substrate. We had previously 
assumed that 16.:1 ester would also be hydrolyzed at 
the same rate as oleate, but the data in Table I I  do 
not allow this assumption. The 16:1 contents of TG 
and FFA in both cod liver and Maeadamia nut oils 
did not differ greatly. 

In Table III,  the results for Congo pahn oil, selected 
because it has been thoroughly analyzed (10,11), are 
given. Since M%, of 18:1 in the F F A  was 82.0, GC 
lipase preferentially removes this from the glycerides. 

The MG composition represents primarily the TG 
which originally contained at least two oleate residues. 
Thus, based upon the relatively large amount of 16:0 
in the MG's GP02 was the major dioleoyl TG. Also, 
the original fat apparently contained some triolein 
since 18:1 was present in the ~iG. Similar reasoning 
applied to the DG data from GC lipolysis implies that 
these fat ty acids were originally derived from TG 
which contained at least one 18:1 residue. If  we as- 
sume that only 18:1 was liberated from the TG to 
form DG and that no particular oleate TG was at- 
tacked preferentially, a calculation of oleate glyceride 
types can be made by distributing the DG fat ty  acids 
at random among two of the three TG positions. The 
randonl proportions can be derived by expanding the 
polynomial ( P + S + O + L )  2 where P is the proportion 
of palmitate, myristate, and laurate combined and S, 
O, and L are respectively the proportions of stearatc, 
oteate and linoleate, in the DG. These ealeutations are 
presented in Table IV as are similar values from P 
lipase data and a strict random distribution. The 
random calculations were derived by distributing the 
fat ty acid composition of the intact TG according to 
probability, i.e. (P+S+O+L)3  and the P lipase figures 
were obtained by the method of Coleman (4). Only 
those glyeerides containing oleate are tabulated in 
Table 1V and represent 78.3% (pancreatic lipase) 
and 70.2% (random) of the total TG. The values have 
been scaled up to 100% for comparison with the GC 
lipase calculations. The caleulations from the GC 
data agree more closely with the P lipase values than 
with those ealenlated from strict random predictions. 

Use of GC lipase for structural studies has several 
limitations. Cis-unsaturates other than 18:1 are 
attacked. The preparation would be more useful if 
the activity and specificity could be increased. In 
conjunction with AgNOa-TLC, GC lipa se can be used 

T A B L E  IV 

Comparison of Some Palm Oil Oleoyl Triglycerides Oalculated ~rom 
G. cand idum a n d  P a n c r e a t i c  L ipase  ~ a t a  

Glycer ide  t~pes  a I~andom ~ G. candid'~m l~ancrea t ic  l ipase  d l ipase  ~ 

Oa 7.7 3.3 3.8 
P 0 2  28.3 25.6 24.8 
SOs 3.1 3.0 2.7 
LO~ 4.9 1.4 2.7 
P~O 35.0 48.7  42.3 
SzO 0.4  0.7 0.5 
L~O 0.9 0.1 0 .6  

P S O  6.6 11,4  9.1 
P L O  11.9 5.2 12.1 
S L O  1.2 0.6 1.4 

a F a t t y  acids  d i s t r ibu ted  wi thou t  pos i t ional  cons idera t ion .  P ~ l a u r a t e  
+- m y r i s t a t e  -b p a l m i t a t e ;  S : s t e a r a t e ;  O = o l e a t e ;  L= l ino l ea t e .  

b Calculated f r o m  p ropor t ions  by expans ion  of ( P + S  4~O+-L) 8, u s i n g  
fa t ty  ac id  compos i t ion  of the  i n t ac t  fa t .  Scaled up  to 1 0 0 % .  

c Calcula te4  f r o m  p ropor t ions  by  e x p a n s i o n  of ( F + S @ O + L ) ~  u s i n g  
G. cand idum DG d a t a  a n d  a s s u m i n g  t h a t  1 8 : 1  w a s  re leased  f r o m  
each T G  to p r o d u c e  D G .  

a Calcula ted  f r o m  p ropo r t i ons  a c c o r d i n g  to Coleman.  Scaleff up  to 
100%. 
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to confirm P lipase data  on oils containing pre- 
dominant ly  18:1 as the unsa tura ted  f a t t y  acid. More 
information is needed concerning the specificity of 
GC lipase, especially as to the relative rates of lipolysis 
of TG ' s  containing other cis unsa tura ted  acids and of 
TGs containing 18:1 in different positions. IIowever,  
present  evidence indicates that  GC lipase is highly 
specific for  cis 18:1 and tha t  in conjunction with other 
methods the enzyme can be used to s tudy the s t ructure  
of TG 's. 
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Application of 
of Triglyceride 

Computer 
S t r u c t u r e  I 

Methods to the Calculation 

EDWARD G. PERKINS, The Burnsides Research Laboratory, and ANDREW V. HANSON, 
The Digital Computer Laboratory, The University of Illinois, Urbana 

Abstract 
A digital computer  method for the calcula- 

tion of tr iglyeeride s t ructure  using a F O R T R A N  
program has been developed. The results of sev- 
eral methods of calcutatiml and hypothesis of 
glyeeride s t ruc ture  were compared with values 
determined experimental ly.  The comparison ob- 
tained with the random, restricted random, 1,3- 
random-2-random distribution hypotheses, as well 
as other proposed hypotheses, indicated that  the 
1,3-random-2-random hypothesis best approxi-  
mated tile values obtained experimental ly  by 
other investigators.  

Introduction 

E XPERIMENTS DESIGNED to examine the effect of di- 
e tary  fa t  on the glyceride s t ructure  of carcass or 

depot fa t  yield large amounts of data  which must  
be t ransformed into a form suitable for interpreta-  
tion. Computer  methods of rapid calculation become 
especially desirable where a long or relatively com- 
plex series of calculations nmst  be per formed repeat-  
edly on a small amount  of data. Such is the ease 
in m a n y  of the methods for  the estimation of tr iglye- 
eride structure,  especially when comparisons between 
theories of t r iglyeeride distributions are to be made. 
In  this repor t  we wish to describe a FOI~TRAN pro- 
gram for  the calculation of t r iglyceride distribution. 

Procedure 
A digital computer  p rogram ( F ( ) R T R A N )  may 

be wri t ten  for  the purpose of pe r fo rming  straight-  
fo rward  calculations since the F O R T R A N  machine 
language allows algebraic formulas to be represented 
in famil iar  form. A computer  p rogram translates 

:Presented at the AOCS meeting, April 1965, t tousten.  
-~ A very limited number  of the complete computer p rograms are avail- 

able from the authors. 
S --~ saturated fatty acids ; U : unsaturated fat ty acids. Se, S*zU, SUe 

and Ua represent the four possible types of glycerides in terms of their 
S and U content wltlmut regard  to position. SUS, SSU, USU and UUS 
represent structurally the varieties possible in terms of S and U content 
when the position is indicated in the sequence. SUS and SSU are there- 
fore isomers comprising SeU. 

the formulas,  when punched in correct form, into 
the actual computer  instructions which govern the 
calculations. 

The F O R T R A N  method provides for  five basic op- 
erat ions:  Each of these operations is represented by 
a distinct symbol (1):  

Addit ion + 
Subtract ion 
Multiplication * 
Exponent ia t ion ~ 
Division / 

In  addition, provisions are also made for  certain 
mathematical  functions. Eve ry  function has a pre- 
assigned name. In  order to make use of any  func- 
tion (square root or exponentiat ion) ,  it is only nec- 
essary to write the name of the function followed 
with an expression enclosed in parenthesis. The com- 
puter  will then ca r ry  out the named operation. 

Several versions of F O R T R A N  are available. The 
version employed in the work repor ted  used the Con- 
trol  Da ta  Corporat ion 1604 computer  (which is cap- 
able of storing about  32,000 i tems).  

Before one can solve a problem using this type 
of computer  it must  be outlined using a number  of 
statements. These statements control and outline the 
necessary ari thmetic operations, the input  of data, 
and the final pr in t ing  out of results according to 
a predetermined format.  StatemeHts concerning the 
order of execution and statements which provide ad- 
ditional information about  the problem are included. 
This information in F O R T R A N  language is then 
punched out on tape using the F O R T R A N  60 com- 
piler. The program,  which is now on punched tape, 
contains the complete instructions necessary for  the 
solution of the problem. Sub-programs containing 
instructions not in the main p rogram for  the detailed 
solutions of the glyeeride distr ibution equations are 
then written. 2 The main p rogram is reproduced i n  
Table I. 

Mathematical  equations a for  the calculation of a 
random distribution are shown in Table I I .  The 


