Turning plants into oil factories

By Erin K. Peabody) Agricultural Research Service - USDA

hat do yeast, an exotic fruit

tree, and the model plant Ara-

bidopsis have to do with solv-
ing the world’s energy problems?

According to AR scientists at the
Southern Regional Research Center
(SRRC) in New Orleans, Louisiana, the
unique attributes of these three organisms
are converging in a project aimed at pro-
ducing novel oils that could someday rival
petroleum in certain industrial uses — or
even improve human health.

Chemist John Dyer and plant geneticist
Jay Shockey in SRRC’s Commodity Utili-
sation Research Unit are trying to take the
mystery out of how certain plants, like the
tung tree, produce high levels of unusual
fatty acids. Once they fully understand these
complex inner workings, as carried out in
the tiniest plant cell, they’ll be closer to ge-
netically engineering oilseed crops capable
of churning out abundant designer oils.

Beyond the kitchen

Oilseed crops are major agricultural com-
modities. Last year, more than 395 million
tonnes of them were produced worldwide.
Most of these oils, extracted from crops
such as corn, soybeans, cottonseed, and
peanuts are grown for food purposes.

But, says John, “Probably the greatest
potential for oilseed crops lies in manipu-
lating their fatty acid content to improve
their chemical and industrial properties.”

Plant geneticist Jay Shockey introduces
acyltransferase genes from tung into the

genome of Arabidopsis thaliana.
(Photo by Peggy Greb)
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Seed oils, says John, are chemically
similar to crude oil and could supply re-
newable raw materials for making a range
of industrial goods — from inks and coat-
ings to plastics and fuels.

And with the right coaxing, plants can
also produce fatty acids important for hu-
man health, such as fish oil-type fatty ac-
ids that are good for the heart, brain, and
eyes.

But attempts to genetically engineer
plants that will practically ooze valuable
oils are still being assembled on a labora-
tory scale. “And they’re only producing
modest amounts of oils,” says Jay, who's
keeping vigil over a patch of oil-mak-
ing Arabidopsis plants in his lab. He has
gotten the plants to make a fatty acid called
‘eleostearic acid’, something they wouldn't
normally do.

To achieve the necessary yields, scien-
tists need a better understanding of which
plant genes govern the flow of oil produc-
tion. Helping grease the wheels of this
research are recent plant-cell studies con-
ducted by John and Jay.

Tung: A model oil

The tung tree, a China native brought
to the west several centuries ago, is the
source of tung oil. Familiar to those who
finish furniture, tung oil is capable of lend-
ing a tough, water-resistant seal to almost
any surface — including wood, stone, and
even plastic.

The oil is composed mostly of eleo-
stearic acid, an unusual conjugated fatty
acid that can polymerise, or harden, in the
presence of oxygen. Brush a coat of tung
oil onto a teak chair and it quickly becomes
one with the wood. Try the same thing
with ordinary vegetable oil and it globs up,
resisting absorption.

Unfortunately, despite tung oil’s impres-
sive chemical resume, the trees that pro-
duce it have weak agronomic attributes.
In the southern US, only about 2025 hec-
tares (5000 acres) of tung trees are grown,
and they suffer from occasional lashings by
tropical storms and hurricanes.

Enzyme power

Given tung’s unique qualities, coupled
with the challenges surrounding its cultiva-
tion, John and Jay believe the most logi-
cal approach is to endow easy-to-grow,
conventional plants, like soybeans, with

Tung tree fruit — about 7.5 ¢cm in diameter
- seeds, and oil. (Photo by Peggy Greb)

the ability to pump out tung oil and other
specialty oils. But before they can do that,
the researchers need to account for all
the major enzymes involved in oil synthe-
sis. They've already pinpointed several of
these in tung plants, including the enzyme
that produces eleostearic acid.

More recently, the SRRC researchers
have uncovered vital information about two
of the plant’s most pivotal enzyme players
for determining the types and amounts of
fatty acids that accumulate in oil: DGAT1
and DGAT?2 - short for diacylglycerol acyl-
transferase type 1 and type 2.

DGAT isn’t unique to tung trees or even
to plants in general. In fact, in hu.r.r_lg s{%it
helps to produce triglycerides, one of the
major lipids, or fats, found in our blood-
stream. It does a similar thing in plants.

“The plant lipid research community has
known for 40 years about the basic pathway
directing oil synthesis,” says Jay. “We've also
known that that last step, involving DGAT, is
one of the most important.”

John and Jay now know that to suc-
cessfully engineer unusual fatty acids from
plants, they’ll want to focus on the DGAT2
enzyme. It could also be a key to produc-
ing large quantities of oils in plants — one
of the last frontiers for oilseed engineers.
John M. Dyer and JJay M. Shockey are with
the Southern Regional Research Centef, New
Orleans, LA 70124; phone (504) 286-4351

[Dyer], (504) 286-4296 [Shockey], fax (504)
286-4419. C

THE AUSTRALAN COTTONGROWER — 41


http://www.ars.usda.gov/main/main.htm
mailto:jdyer@srrc.ars.usda.gov
mailto:jshockey@srrc.ars.usda.gov
http://www.ars.usda.gov/main/site_main.htm?modecode=64350000
http://www.ars.usda.gov/is/contacts.htm#Erin

