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CARTA AL EDITOR

Evaluation of Clostridium thermocellum
Strains for Ethanol Production

Society is confronted today with dwin
dling sources of fossil fuels and chemical
feedstocks and the proliferation of wastes
generated by municipalities, agriculture
and industries. The conversion of re
newable resources or wastes to chemicals
and fuels by microbial fermentations or
enzymes represents a tremendous chal
lenge for microbiologists today and in the
near future (9). The attractive features of
low cost, abundance and renewable na
ture of a variety of cellulosic residues
such as com stover, wheat straw and rice
straw, results in their frequent considera
tion as alternate energy sources. A
growing need for alternate transportation
fuels has fostered renewed interest in pro
cesses for the hydrolysis and fermenta
tion of these materials to liquid fuels such
as ethanol.

The concept of producing a liquid fuel,
ethanol, from biomass is not new. If a
yeast such as Saccharomyces cerevisiae
is utilized for ethanol production then
only the hexose portion of the biomass
can be fermented. In addition these su
gars must be hydrolyzed prior to fermen
tation. This has previously been accom
plished by high temperature acid treat
ment or more recently, by the addition of
cellulase from Trichoderma resell (1).
However, recurring drawbacks to these
approaches have been high costs as well 

as low yields of fermentable sugars. As an
alternative to these multi-stage methods,
an original approach (1), may be to
achieve conversion of cellulose to fer
mentable sugars and the fermentation of
these sugars to ethanol in one single step,
greatly reducing capital costs. In this con
text ethanol producing thermophiles with
cellulolytic activity and high metabolic
rates (1,9), are specially interesting.

This investigation focuses on Clostri
dium thermocellum, a thermophilic anaer
obic bacterium, with cellulolytic capabil
ities (7). In this microorganism (8), the
final catabolic products from cellulose
are ethanol and organic acids. It was the
objective of this work to quantitatively
asses the potential of different C. termo-
cellum strains to produce ethanol. During
growth of this microorganism on cellulo
sic substrates, cellobiose seems to be the
only sugar consumed under non-pH con
trolled conditions (3). Therefore, cello-

Table I. Growth characteristics of various
strains of C. thermocellum on cellobiose.

Strain
O. D. at 660 nm Doubling

Time
(h)Initial Final

QI 0.03 0.55 5.0
TET 0.03 0.60 3.0
157 0.03 0.66 3.0
ATCC-27405 0.03 0.71 2.7
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Table II. Ethanol production by different
strains of C. thermocellum on cellobiose.

Strain
Ethanol, Maximum
Concentration (g/I)

Specific Ethanol
Productivity

(g ETOH/g cell-h)

Ol 0.24 0.04
TET 0.24 0.06
157 0.34 0.10
ATCC-27405 0.48 0.12

biose was assumed to be a good model
substrate to follow growth and ethanol
production.

The strains of C. thermocellum avail
able at the beginning of this investigation
were the QI, TET, 157 and ATCC-27405
isolates. The strain QI, came from Dr. J.
G. Zeikus, University of Wisconsin.
Strains TET and 157, came from Dr. J. K.
Alexander, Hahneman Medical College,
Philadelphia, Pa. The strain ATCC-
27405, was from the American Type Cul
ture Collection, Rockville, Ma. All of the
following results were obtained with 10
ml anaerobic test tube cultures with CM-4
complex medium (2,4), containing 6 g/1 of
cellobiose. Growth was followed by
changes in the optical density of the liquid
medium at 660 nm. Cell mass, expressed
as cell dry weight, was obtained from op
tical density measurements and a calibra
tion curve. Ethanol was quantitatively
analyzed (2,5) by absorption gas chroma
tography with a 6 ft Teflon column,
packed with Chromosorb 101 in a Hewlet
Packard 5839-A gas chromatograph.

Table I shows the growth characteris
tics of various strains of C. thermocellum
on cellobiose. The strain ATCC-27405,
showed the most prolific and rapid
growth, both in terms of higher final cell
concentrations and lower doubling times.
Table If shows the ethanol production of
the same strains, when growing on cello
biose. Again, the strain ATCC-27405 was

the best ethanol producer, both in terms
of maximum attainable ethanol concen
tration and maximum specific formation
rate. Accordingly, from all the C. thermo
cellum strains available at the beginning
of this investigation, C. thermocellum
ATCC-27405, exhibited the most exten
sive and rapid growth and the best etha
nol production.
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