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Plant Lipids 

Opportunities for microbial lipids 
The following article on microbial lipid technology was written by Ber~ 
nard C. Sekula, principal microbial chemist at Best Foods' Research and 
Engineering Center, a division of CPC Internationa~ Union, New Jersey. 
I t  was prepared on the request of W. David Nes of the U.S. Department 
of Agriculture's Richard B. Russell Agricultural Research Center, who 
serves as Associate Editor for JAOCS News for Plant Lipids. 

Efforts to bring biotechnology to 
the fats and oils industry gener- 
ally focus on the utilization of mi- 
croorganisms or their component 
parts, and plant breeding to im- 
prove seed-oil yields or to alter their 
fatty acid composition. Microorgan- 
isms, par t icular ly  bacteria and 
yeast, are attractive as experimen- 
tal systems to both the lipid re- 
searcher and biotechnologist due 
to their relative simplicity and pro- 
digious growth rates, their amena- 
bility to genetic transformation, 
and their ability to use a variety 
of substrates and synthesize an ar- 
ray of products. These attributes 
historically have made microorgan- 
isms well-suited candidates  for 
studying lipids and their biosyn- 
thetic pathways. 

Identified microbial lipid prod- 
ucts include hydrocarbons, fatty ac- 
ids and alcohols, partial and triglyc- 
eride esters, wax esters, free and 
esterified sterols and triterpenoids, 
ether-linked isopentenoids,  ter- 
penes, carotenoids, dicarboxylic ac- 
ids and biosurfactants. Microbial 
lipid research knowledge and expe- 
rience serve as a base from which 
to identify and explore biotechnolo- 
gical opportunities. Such opportu- 
nities include the development of 
economically competitive products, 
functionally superior products, prod- 
uct applications, new processes and 
new products. An examination of 
some of these opportunities will 
show that  they are not without 
their challenges. 

Economically competitive 
products 
Yeast lipid accumulation/produc- 
tion is the most actively investi- 
gated area of microbial lipid tech- 
nology. About 10 genera of yeast 
are considered to be oleaginous, i.e., 
capable of accumulating 25% or 
more of their biomass as lipids. The 
lipids of these yeasts are generally 

triglyceride-rich and the fatty acid 
compositions are not unlike com- 
modity vegetable oils. When used 
as substrates for oleaginous yeast, 
carbohydrates exert little effect on 
the cellular fatty acid composition 
and their conversion rates rarely 
exceed 20 g lipid per 100 g sub- 
strate. Although technical feasibil- 
ity has been demonstrated for yeast 
oil production from carbohydrates, 
these oils cannot compete economi- 
cally with commodity vegetable 
oils. Accordingly, economic feasi- 
bility appears to depend on the use 
of inexpensive or waste materials 
as substrates, the production of 
high-value specialty fats and oils, 
the co-production of oil with an- 
other value-added product, and/or 
the extracellular elaboration of oil 
as a means of reducing process 
costs. 

The microbiological production 
of high-value specialty fats and oils 
has been addressed with some suc- 
cess on two fronts: the identifica- 
tion of naturally occurring prod- 
ucts such as gamma-linolenic acid- 
rich oils, and the induced accumu- 
lation of products such as cocoa 
butter. With respect to the former, 
two commercialized processes have 
been reported for the fungal pro- 
duction of gamma-linolenic acid- 
rich oils. A Japanese process util- 
izes a Mortierella sp., while a 
United Kingdom process uses Mu- 
corjavanicus. 

One approach to the produc- 
tion of a cocoa butter-like product 
in yeast uses lipids as substrates. 
Although less soluble than carbo- 
hydrates, lipids offer two advan- 
tages as substrates: a higher car- 
bon content on a per-mole basis, 
and the ability to influence the fatty 
acid composition of the product 
formed. Substrates used in these 
investigations include hydrocar- 
bons, free and derivatized fatty ac- 
ids, and fatty alcohols. A second 

approach uses sterculic acid, a natu- 
rally occurring inhibitor of fa t ty  
acid desaturase. Both approaches 
yield yeast products with fatty acid 
compositions similar to cocoa but- 
ter, although a need exists for fur- 
ther optimization to reduce lino- 
leic acid levels. 

The ability to obtain similar 
fat ty acid compositions is some- 
what  remarkable considering 
yeasts generally do not possess 
stearic acid contents exceeding 
10%, whereas cocoa butter has a 
stearic acid content ranging from 
32 to 35%. An unexplored oppor- 
tunity exists for the development 
of delta-9 and delta-12 desaturase 
mutants  to restrict the flow of 
stearic acid to oleic and linoleic ac- 
ids. 

Investigations on the use of in- 
expensive or waste materials have 
involved a number of substrates, 
including hydrolyzed waste cellu- 
lose, molasses, whey, animal fat 
waste, and other processing and 
waste streams. Consequently, a com- 
mercial yeast operation reportedly 
has been developed in New Zea- 
land for the production of a cocoa 
butter substitute from whey. 

Besides triglyceride-rich fats 
and oils, microorganisms can pro- 
duce dicarboxylic acids via the oxi- 
dation of hydrocarbons and fat ty 
acids. Dicarboxylic acids are im- 
portant as starting materials for 
the synthesis of polymers, plasti- 
cizers and lubricants. Since the 
chemical synthesis of long-chained 
dicarboxylic acids is difficult, the 
potential for their production via 
fermentation is being examined. Mu- 
tants of Candida tropicalis and Can- 
dida cloacae have been developed 
to produce dicarboxylic acids from 
hydrocarbons in quantities up to 
64 g/l. 

Functionally superior products 
Ergosterol  isolated from spent 
brewer's yeast is used to produce 
ergocalciferol, an analog of chole- 
calciferol (vitamin D3}, via ultra- 
violet light irradiation. Recently 25- 
azacholesterol and 241RS),25-epimi- 
nolanosterol (inhibitors of the sterol 
methyltransferase) have been used 
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to induce the accumulat ion of 
cholesta-5,7,24-trienol in an erg5 
yeast mutant (incapable of desatu- 
rating the 22 position of the sterol 
side chain) and pathogenic fungus 
GibbereUa fujikuroi. This com- 
pound can be converted through a 
series of chemical reactions and ul- 
traviolet irradiation to 25-hydroxy- 
cholecalciferol, the main circulat- 
ing form of vitamin D in animals 
and biologically more active than 
either cholecalciferol (vitamin D3) 
or ergocalciferol (vitamin D2). Prior 
to its exploitation, the cellular regu- 
la tory  mechanisms res t r ic t ing  
sterol accumulation must be over- 
come. 

Product applications 
Although originally developed as 
agents for the clean-up of oil spills 
and chemically enhanced oil recov- 
ery, microbial biosurfactants now 
are being examined for their po- 
tential application as emulsifiers 
in food sys tems.  This in teres t  
stems from the fact that these bio- 
surfactants represent "natural," bio- 
degradable products and may of- 
fer some functional advantages 
over currently available emulsifi- 
ers. 

Microbial biosurfactants vary 
in structure from simple free fatty 
acids and esters to glycolipids (e.g., 
sophorolipids from Torulopsis bom- 
bicola), lipopolysaccharides (e.g., 
emulsan from Acinetobacter sp.), 
and lipoproteins {e.g., surfactin in 
Bacillus subtilis). Similarly, poly- 
beta-hydroxybutyrate, a polymeric 
storage product of certain bacteria 
including Alcaligenes eutrophus, 
and related polyester variants are 
being evaluated as biodegradable 
plastics and as slow-release encap- 
sulation media. 

New processes 
The ability of microorganisms to 
metabolize hormones and related 
steroids has been used by the phar- 
maceutical industry to reduce proc- 

essing steps and costs in the manu- 
facture of therapeutically active ster- 
oids. Bacteria and fungi carry out 
steroid biotransformations via a 
number of dehydrogenation and hy- 
droxylation reactions. For exam- 
ple, certain Corynebacterium spe- 
cies dehydrogenate cortisone to 
prednisone, whereas Rhizopus ni- 
gricans hydroxylates progesterone 
at the 11-alpha-position. 

The discovery of biohydroge- 
nation by ruminant microflora has 
spurred interest in its application 
as a potential means to reduce the 
degree of unsaturation in oils with- 
out the formation of trans isomers. 
There have been a number of barri- 
ers to its exploitation. First, strict 
anaerobic microorganisms are dif- 
ficult to isolate and cultivate. Sec- 
ondly, the known microorganisms 
utilize free fat ty  acids, not tri- 
acylglycerol esters, as substrates 
for biohydrogenation. Thirdly, the 
major fatty acid products of bio- 
hydrogenation are vaccenic acid 
(ll-trans-C18:l) and stearic acid. 
No microorganisms have yet been 
identified that convert polyunsatu- 
rated fatty acids to oleic acids. 

Along similar lines, a Eu- 
bacterium sp. is currently being 
used to develop a means of enzymati- 
cally reducing cholesterol levels in 
foods. Reportedly, the addition of 
this microorganism to foods such 
as eggs reduces cholesterol by more 
than 80% via its conversion to 
coprostanol(5-beta-cholestanol). Un- 
like cholesterol,  copros tanol  is 
poorly absorbed in humans. 

New products 
While their cellular functions are 
not always apparent, structurally 
novel microbial lipids are still be- 
ing isolated. For example, the phy- 
tophthorols are a series of wax es- 
ters recently isolated from the my- 
celial fungus Phytophthora cac- 
torum in which the fatty alcohol 
components reportedly contain two 
additional hydroxyl moieties (at car- 

bon position 2 and 3}. It is the bio- 
technologist's challenge to develop 
potential uses for these lipid prod- 
ucts. 

Future prospects 
Although only a few commercial- 
ized processes and products cur- 
rently exist, future prospects for 
microbial lipid technology remain 
optimistic. This positive outlook is 
based on the diversity of microor- 
ganisms, the broad potential appli- 
cations of genetic engineering, and 
the interdisciplinary power of bio- 
technology. Scientific advances in 
one area of biotechnology can be 
used to overcome barriers in other 
areas or to open up totally new ar- 
eas for exploration. 

This point is exemplified by the 
discovery by Klibanov and Zaks 
that, in the presence of virtually 
anhydrous solvents, lipases not 
only retain enzymatic activity but 
catalyze transesterification reac- 
tions. Improved thermostability 
and altered substrate specificity 
also are exhibited. The ability to 
retain enzymatic activity in anhy- 
drous solvents has led to the devel- 
opment of a new area of chemistry-- 
enzyme-catalyzed organic synthe- 
sis. In addition to trans- and inter- 
esterifications, lipases can be used 
in ester synthesis, biosurfactant pro- 
duction, peptide synthesis and the 
resolution of racemic mixtures of 
compounds. 

With respect to microbial sys- 
tems, CPC International recently 
filed a patent  application on the 
production of wax esters by yeast, 
which are not usual components 
of yeast lipids. Thus, opportunities 
in microbial lipid biotechnology are 
not limited by what nature seems 
to dictate, but  rather by the skill 
and the imagination of the research- 
ers. The greatest challenge facing 
the microbial lipid technologist is 
to identify economically feasible 
ways of applying this technology 
in the food industry. 
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