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1. EXECUTIVE SUMMARY
 

The general objetive of this research was to stuldy
the degradation of lignocellulosic material by ccmL:..e,:
enzymatic structures, which have been ns:od"cellulosomes", of Clostridium thermoc-e Lum (YS strain-. 
The scope of work was later enlarged to include C-t.1e, 
b:ac teria. 

The first line of reseach included work associated
 
with the characteristics of the cellulosome froim the
 
model bacteria. 

The cellulosome from C. thezrmocellum lacks -,.Ie
betaglucosidase t o complete the t ran 3foi'matin;n or 
cellulose to glucose. Addition of enzyme- is needcd t. 
reduce inhibitory effects by cellobiose. 

Xylanase activity was found in the cellulosome and
in non cellulosome proteini frauLions. The firsr. :aia 
coincide with cellulosomal subunits also exhibiting end.:,
or exo-glucanase activity. The second has only .:ylai~e 
activity.
 

A cellobiohydrolase in the truncated NIr 68000 
fragment of the cellulosome was isolated and 
characterized, as having hi'gh ratio of e:t- to encuo
glucanase activities, as being inhibited b: cellobiose 
and by its unestability at high tempertures 1L ebsece of 
calcium or other divalent ions. 

A new procedure for the cellulosome has been
developed, which provides 5--fold higher yields of the 
cellulosome while enhancing the solubilizing activity. 

The second research line included work with bacteria 
besides the reference stain YS of C. thermocellum. 

The cellulase system of four anaerobic cellulolytic
bacteria was 9haracterized for endoglucanase activity
following sequential purification steps. The results 
suggests the existence of cell-associated cellulolytic
enzymatic complexes, as in the reference strain, :n two 
of the bacteria studied. One of them also showed non
associated enzyme activity.
 

Cellulosome-like entities 
have been discovered and
 
describes in Bacteroides cellulosolvens. They also 
present xylanases. 



The third line of reseach addressed applications of 
the celiulosoines to agroindustrial wastes. 

Cellulosomes and beta-glucosidase mistures wer n..-d 
to treat six agroindustrial lj.gnocellulGsic -
Several of these subatrates seeem adequa'.e as Ca.i ,.
because of the high adsorption rate. The cv,±.~i:i
reducing sugars was simi lar in several su.:t.xat. 
the production of glucose was higher in _-ne: 
f i iers. 

The degradation of banana stem fibers was f;r
compared with that of microcryst.aline cell,,
.he .-;ame enzymatic mixtuie described above. The- "'id,i: 1 i, 
of the beta-glucosidase inreased the reaction rat An 
the effect of other compounds in the banana fi,,r-s
reduced the conversion of the substrate .o gluco.e. 7L, 

hydrolysis can be described using a Langmuir-ty,,e i:,.. 



2.. RESEARCH OBJECTIVES
 

2.1 General objective
 

To study the degradation of plan' cell walls by

"cellulosomes" of anaerobic bacteria.
 

2.2 Specific objectives
 

To characterize the enzyme com.plexes 
("cellulosomes") produced by Clo:rri1.iu j 
thermocellum, and other anaerobic bacteria. 

To study the absorption of cellulosomes to rlant.
 
cells and the resulting degradation of the 
cellulosic material.
 

To enhance the cellulosomes by adding the necessary 
enzymes once the enzymatic defficiency for plant. 
cell wall is identified.
 

2.3 Importance
 

Most developing countries are located in tropical 
regions of the world, where the lignocellulosic material 
is abundant. These countries, in general, are interestte:I 
in a). using biomass residues in a more productive way 
and b). increasing the yields of food crop plants. The 
research proposal has a direct impact specially on the 
adequate utilization of lignocellulosic agroindustrial 
residues through the conversion of cellulose to sugars. 

For effective degradation of hollocelulose to occur,
 
a complete enzymatic system is needed, a complex capable 
of degrading native cellulose and possibly other 
structur, -l polysaccharides forming the plant cell walls. 

There was experimental evidence that some anaerobic
 
bacteria have a surface-associated complex enzymatic
 
structure ("cellulosoine") which is capable of degrading 
pure intact cellulose. The cellulovome of the 
thermophillic anaerobe Clostridium thermocellum had been 
characterized by Lamed and Bayer (1986).
 

The first step for the enzymatic hydrolysis of a 
given lignocellulosic raw material is thE effective 
adsorption of the en.ymatic complex to the surface of the 
substrate: Several works had treated the adsor'tion 
problem of cellulases (Binder and Ghose, 1978; Ghose ann 



Bisaria, 1979; Maloney and Coughlan, 1033; Ooshima et 
al., 1983; Pietersen et al., 1977; Ryu et al, 1982, 1984; 
Stuart and Ristroph, 1985) and the relationship betw,:en 
the adsorption of cellulases and the iate of hydrolysis 
(Tanaka et al, 1986) It was found that the a,.su'ption 
behaviour of a purified cellulase was differ-nit from thl't; 
of crude cellulases.
 

Most of the previous work had beer, done usiiig fung.l 
cellulases and pure cellulose as substratt. The 
behaviour of the cellu!osomnes of anaerobic ,,.:anceria 
lignocellulosic raw materials had not :,un exilcaed. 

The cellulosome from Clostriduim them1oceC)O1 u LI]1
the betaglucosidase to complete the tranforLt-i,:,i of 
cellulose to glucose. A modified complex was ,proq osed. 

A collaborative effort was established between ,he 
Central American (ICAITI) and Israeli (Tel Aviv 
University, Weismann Institute of Science) group. t,L 
study some applied aspects of the cel lulosome and 
enhanced cellulosome from Clostridiunm theitnocelZur and 
eventually from ot'her anaerobic bacteria). 



3. METHODS AND RESULTS
 

Three lines of research were supported by this 
project. 

The first rovered characterization of the enzymatic 
complexes of Clostriditwn thermocellum (strain Y.-.' a.nd 
impr-oved methodology fcr the high yield purification :, 
these "cellulosomes". Publications 1-4 describe the work 
and the abstracts are included here. The full,utiil. 
appear in the ADDENDUM. 

3.1 	 Lamed, R., Kenig, R., Morag, E., Calzada, J. F.,
 
Micheo, F., Bayer, E. A. 1991. EFFICIENT 
CELLULOSE SOLUBILIZATION BY A COMBINED CELLULOSOME 
BETAGLUCOSIDASE SYSTEM. Appl. Biochem. Biotechnol. 
27, 173-183
 

The cellulosome, the multienzyme comOe ciff the 
cellulase system of Cl osti'idiul thezinocel ZIun that. 
mediates the solubilization of insoluble celiulc)e, i.
strongly inhibited by the major end product, cellc bicse. 
By combining a purified bstaglucosidase from Aspevgillu 
niger with the cellulosome, ac~cumulated cellobiosC wa , 
hydrolyzed, thereby resulting in a dramatic enhancemen, t; 
(up to 10--fold) of cellulose degradation. The ob .eved 
enhancement was expressed both in the rate and degree of 
solubilization of microcrystaline cellulose, compared 
with that observe-d for the unsupplemented cellulosume. 
Near-complete conversion of cellulose to glucose could be
 
obtained from dense substrate suspensions (up to at least
 
200 g/l).
 

3.2 	Morag, E., Bayer, E. A., Lamed, R. 1990. 
Relationship of cellulosomal and noncellulosomal 
xylanases of Clostridium thermoceluum. J. 
Bacteriol. 172, 6098-6105 

Xylanase activity of Clostridiun thermocellum, an 
anaerobic thermophilic cellulolytic bacterium, was 
chartacterized. The activity was localized both in the 
cellulosome (the principal multienzyme, cellulose
solubilizing protein complex) and in noncellulosomal 
fractions. Each of these fractions contained at least. 
four major polypeptide bands which contributed to the 



xylanoly .ic activity. In both cases, pH and temperature 
optima, product pattern as well as other features of the 
xylanase axtivity were almost identical. The m&acin 
difference was in the average molecular weights of the 
respective polypeptides which appeared responsible fo 
the activity. In the noncellulosomal fraction, :-~ylanas. 
of Mr ranging from 30,000 to 65,000 were detected. 
Distinct from these were the cellulosomal xylana:.e& which 
exhibited much larger Mr values (up to 170,0Ci00. The 
cellulosome-associated xylanases corresponded to I.: ;:w 
cellulosomal aubunits, some of which also e.:hJ bi t.e d 
endogluconase activity, other coincided with subaaiita 
which expressed cellobiohydrolase-like (exogllcan,53e) 
activity. In contrast, the noncellulosomal ;.ylan,:is 
hydrolized xylan exclusively. B-Glucosidase and B
xylosidase activities were shown to be the acti-n of 
differente enzymes; both were associated exclusively with 
the cell and were not components of the c&!nLIho!,:,ce. 
Despite the lack of growth on and utilization of .-ylan or 
its degradation products, C. thermocllum produes It 
highly developed xylanolytic apparatus which i 
interlinked with its cellulase system. 

3.3 	Morag, E.; Halevy, I.; Bayer, E.; Lamed, R.; 1091. 
Isolation and properties of a major 
cellobiohydrolase from the cellulosome of 
Clostridlum thermocellum. J. Bacteriol. 173, 4155
4162. 

In the anaerobic, thermophilic, cellulolytic 
bacterium, Clostidi um thernocellum, ef fi cient 
solubilization of the insoluble cellulose substrate is 
largely accomplished through the action of a cellulose
binding, multi-enzyme complex, the cellulosome. A major 
cellobiohydrolase activity from the cellulosome has been 
traced to its Mr 75,000 S8 sybunit, and an active 
fragment of this subunit was prepared by a novel 
procedure involving limited proteolytic cleavage. The 
truncated Mr 68,000 fragment, termed S8-tr, was purified 
by gel filtration and high performance ion exchange 
chromatography. The purified proteind adsorbed weakly to 
amorphous cellulose, and its enzymatic action yielded 
cellobiose as the major end product from both amorphous 
and crystalline cellulose preparations. The high ratio
 
of exo- to endo-B-glucanase activities was supported by
 
viscosimetric measurements. Using model substrates, the
 
smallest cellodextrin to be degradt.d was cellotetraose, 
but cellopentaose was degraded at a much greater rate. 
CGellobiose dramatically inhibited the cellulotyc 
activities. In the absence of calcium or other bivalent 

U.
 



metal ions, the truncated cellobiohydrolase was 
relatively unstable at temperatures above 51'"C. Cysteine 
further enhanced the stabilizing effect of calcium. This 
is the first report of the defined cellobiohydrolase in 
C. thermocelluM. Its association with the cullulosome 
and the correspondence of several of their major 
distinctive properties suggest that uhis 
cellobiohydrolase plays a key role in the solubilization 
of cellulose by the intact cellulosomal comple:. 

3.4 	 Morag, E., Bayer, E. A. and Lamed, R. 1992. 
Affinity Digestion for the near-total recovery of
 
purified cellulosome from Clostridium thermocellum. 
Enz. Microb. Technol. In Press 

The affinity properties displayed by the 
cellulosome, the multienzyme complex from Clost.ridi uwi 
therlocellum, for its insoluble polymeric substrate, 
cellulose, have previously been employed for its 
purification by affinity chromatography. In the present
 
communication, a new purification procedure is described 
which provides 5-fold higher yields (! 9%) of the 
cellulosome with enhanced solubilizing activity 
(approximately 1.5 fold). The new method is based on the 
efficient adsorption of the cellulosome onto phosphoric 
acid-treated substrate (amorphous cellulose) and the
 
subsequent digestion of the carrier/substrate by the 
adsorbed enzyme complex. The term "affinity digestion" 
is proposed for such systems in which the affinity matrix< 
is degraded totally by the adsorbed enzyme(s), thus 
facilitating its recovery. 

The second research line included work with other
 
bacteria that seem to present cellolosome-like structures
 
and the pertinent publications are 5 and 6, whose
 
abstracts follow this paragraph. Full publications in
 
the ADDENDUM.
 

3.5 	Micheo, F., Morales, C., Calzada, J. F. 1992.
 
Characterization of Endoglucanase Activity during
 
Purification of Five Cellulolytic Anaerobic
 
Bacteria. Submitted for publication in World
 
journal of Microbiology and Biotechnology.
 

The cellulase system of four anaerobic cellulolytic
 
bacteria were characterized for endoglucanase activity
 

http:Clost.ri


following sequertial purification steps. Three strains 
of Clostridium thermocellum (DSM 1237, DSM 2360 and ATCC 
31549) and one unclasified mesophilic bacterium (TCAITI 
M5) were tested against Clostridiun thermocellum Y"A the 
model organism previously studied for ce IC" .e1 k1cI 
structures. Sequential purification ilic udkd : 
centrifugation, affinity chromatographly ,:l 
microcrystalline cellulose, gel chrcma tog.,ij. 
Polyacrylamide gel electrophoresis was used f,' L,o 

ccharacterization. Endoglucanase activity wa6 I 
studied in sonicated extracts from the biomass p, IL 
Strain DSM 2360 showed the highest endoglucanase pe:afi 
activity in all cases. Adsorption to cellulose %.a--Gnly 
partial in all experiments. Gel filtration .showedJ th t, 
protein groups appear in different molecular we ]Lt 
ranges in the different stra.ins; the specific activit.iec 
were associated with them. Electrophoretic 1:.at .t rn. 
exhibited polypeptide distribution with some simila-itieL. 
with the reference strain; only DSM 2-160 presenteJ . -.1 
them. The supernatants froll sonicated l:iiass pci ,ct. uof 

DSM 2360 and ATCC 31549 s.howed endoglucana. 'e a,-tivit, 
suggesting the existence of cell-associated celluliyt,i, 
enzyme., as in the referenice YS strain. 

3.6 	 Lamed, R., Morag, E., Mor-Yosef, 0., Bayer, E. A. 
1992. Cellulosome-like entities in Bact:e'oides 
cellulosolvens. Curr. Microbiol. In Press. 

Celiulosome-like complexes were identified in the 
broth and sonic extracts of cellobiose- and cellulose
grown cells of Bacteroides celIulosolvens. The 
extracellular fractions contained 3 to 1 major 

polypeptides and several minor polypeptides bands which 
were localized in two major gel filtration peaks 
indicating average molecular wights of about 700 kDa and 
>10 MDa. A relatively large molecular weight component 
(Mr 230 kDa) was found to contain carbohydrate, but no 
apparent enzynmatic activity of its own could be 
detected. The cell sonicate displayed a more 
complicated polypeptide profile, and glycosylated 
polypeptides were larger (ca. 310 and 290 kDa) that that 
of the extracellular fraction. The 230 kDa extracellular 
component interacted strongly with the GSI isolectin from 
Griffonia sin;plicifolia, exhibited immunochemical cross
reactivity with the S1 subunit of the cellulosome from 
Clostridium thermocellum, and displayed anomalous p11- and 
salt- dependent migratory behavior in SDS-PAGE. Taken 
together, this evidence strongly suggests a structural 
similarity between the glycoconjugates of these two 
distinct cellulolytic bacteria. A major .1-kDa 



polypeptide was identified as a xylanase, and a 50--kDa 
polypeptide displayed endogluconase activity. Additi::in.a1 
biochemical and cytochemical evidence indicated that 
cellulosome-like cellulolytic complexes are asociitd 
with the cell surface in this bacterium. 

The third line of research included the utli aticu 
of cellulosomes from Clostridium thernmocellum in I )h
degradation of lignocellulosic raw materials, coing:areu 
with the pure cellulose used before. Publication6 7 and 
8 pr.-senL the work. Abstracts follows and fu 1. 
publications are in the Appendix.. 

3.7 	Micheo, F., Calzada, J. F., Lamed, R., Bayer, E. A.
 
1992. Degradation of Lignocel.lulosic raw materialu 
by cellulosomes from Clostridiun. Submi t... fi. 
publication in Bioresource Technol,:gy. 

Lignocellulosic agroindustrial wastes may requir.-: 
selective degradation for efficient bi o I, c,] 
utilization. The adsorption of the enzymatic coIlj'1,2:ec
"cellulosomes" from Clost1'idiwm thel'wocellum P t., th,:
solid substrate and the subsequent degradation have been 
explored for six agroindustrial wastes. These sucstrates 
include: untreated sugar cane bagasse, Organosolv treated 
sugar cane bagasse, untreated sugar cane pith, organ ,u-'i 
treated sugar cane pith, oil palm bagasse, lemoin tea 
bagasse, banana fruit stein and microcrytalline 
cellulose. In all cases, the conversion was much lower 
in the waste substrates than in cellulose. Other 
components of the lignocellulosic material, seem to 
interfere. Several of the wastes seem adequate as 
carriers because of high adsorption rate (79-96%). The 
conversion to reducing sugars, with the addition of beta
glucosidase was similar in various substrates. The
 
production of glucose was higher in the banana stem 
fibers (7 umoles/ml at 30 hours) than in any other waste. 

3.8 	Alvarado, J. H., Micheo, F., Calzada, J. F. 1992. 
BANANA STEM FIBERS AS SUBSTRATE FOR TIP& ADSORPTION 
AND HYDROLYSIS BY CELLULOSOMES FROM Clostridium 
thermocellum. Submitted for publication in 
Bioresource Technology.
 

The degradation of banana stein fibers was compared 
with that of the microcrystaline cellulose using 

http:Additi::in.a1


ceilulosomes from Clostridium thermocellum YS. Reaction 
profiles of the adsorption and hydrolysis were determined 
for both cases, using cellulosome alone and in mixtui'es 
with beta-glucosidase. Batch fermentations were ca.'icd 
out for 72 hours, using cellulo.e concentrations of 1 . 
2% and 2.5% (W/V). The adsorption of celluloome ,wa.
higher on the cellulose (70% in two minutes, 9 i n ee. 
hour) than on the banana stem fibers (52%.' und t J.:.. 

respectively) . The product formation was li so fW ,:,v'eu 
in the experimentS, with appro:Ximately 10% of the t:,t-, 
degradation occurring in the first hour in both 
substrates, when only cellulosome was used. The u,3tion 
of the beta-glucosidase increased the reaction vrte i 
the =ffect of other compounds in the banana. f 
reduced the conversion in this substrate (24-.20" )l tiat. 
for cellulose). The hydrolysis can be described u;ig 0 

Langmuir-type model. 



4. IMPACT, RELEVANCE AND TECHNOLOGY TRANSFER 

The importance of the biomass resources in the 
:ropical countries without pretroleum. Practically all 
)f them are interested in: 

1. Using biomass residues in a more productive way.
 

3. Increasing the yields of valuable crop plants. 

The research has a direct impact on the first aspect 
ind an effect on the second. The reorientation cf the 
-esearch during the lifespan of the project focuse-d it.. 
&o more applied aspects of the technology, 6peciaily 
1hose dealing with the utilization of agroinduat.ria] 
.esidues containing cellulose. On the other hand. the 
3earch for better microbial and enzymatic systems to 
wdrolyse plant cell walls, originally envisioned in the 
:'esearch proposal, has been advanced, to be further 
leveloped in the areas of vector preparation for 
.iolog-..ca]. nitrogen fixation associations. 

An important result fron the project i the transfer 
)f the technology for the production of cellulosome from 
The Tel Aviv University ot ICAITI. It is now the tash of 
the latter to disseminate this knowledege to the 
Jniversities and Research Institutes of Central America. 
rhe search for funds to carry on applied joint research 
qith therm on this topic has already been initiated. 

The collaborative e-fort must be mentioned. A 
?ermanent communication between the two research team3 
ias been established as a result of this project and new 
possiblities of join research activities are also been 
xplored. 

Students from a local university (Biological 
Jhemistry and Chemical Engineering Departments, San 
,arlos University, Guatemala) have participated in the 
nesearch activities, preparing their thesis on topics 
included in the project. One of them presented the 
.results in the 4th National Symnposium on Biotechnology 
(Guatemala), after a selection procedure by reviewers.
 

http:iolog-..ca


5. PROJECT ACTIVITIES
 

5.1 Coordination Meetings
 

The first coordination meeting of this projec5 was 
carried out in five sessions in March 1969 in Tel Aviv, 
Israel. Rapahel Lamed, Edward Bayer, Fabiola de ic:hc,:, 
and Jos6 Fra-icisco Calzada attended this meeting. 

The second coordination meeting w s held in 
Guatemala City, in August 1990 and it. was attended by 
Raphael Lamed, Edward Bayer, Fabiola de Micheo, :.,rics 
Morales and Jos6 Francisco Calzada. 

A third meeting had been planned for the last 
quarter of 1991 in Tel Aviv, but last minut.e piroblemi 
caused its cancellation. 

Connunication was maintain'ed between the two groups 
through regular and electronic mail. 

5.2 Training Stays in Israel
 

The first training stay (Fabiola de Micheo) was in 
March-April 1989 and included several research 
activities, as follows: 

5.2.1 	 Separation an purification of the cellulosome.
 

5.2.2 	 Determination of Congo Red-Polysaccharide
 
Interactions in the supernatant, 24 hours cell 
growth of Clostridium thermocellum. 

5.2.3 	 Detection of protein in the supernatant, 24
 
hours cell growth of Clostridium thermocellum, 
by the reaction of lectin bound to peroxidase,
 
on nitrocellulose paper.
 

5.2.4 	 Degradation of microcrustalline cellulose 
(Avicel) by: 1. Cellulosome; 2. Cellulosome 
and B-Glucosidase (Novozym). 



5.2.5 	 Degradation of alfalfa cell walls (untreated,
 
by: 1. Cellulosome; 2. Cellulosome with
 
B-Glucosidase.
 

5.2.6 	 Determination of cellulosome adsorbed by
 
alfalfa cell walls.
 

The second training stay was in January 1991, also 
by Fabiola de Nicheo. Activities included: 

5.2.7 	 Simuiltaneous adsorption and hydrolysis of 
miuiocrystaline cellulose b- cellulosomes and 
beta-glucosidase.
 

5.2.8 	 Purification of cellulosomes using amorphous 
cellulose 	and a dialisis procedure.
 

5.3 Training Stays at ICAITI 

Two students from San Carlos University (Guatemala) 
partook in the activities of the research project. Their 
particular research originated graduation thesis in the 
Schools of Chemical Engineering and Biology. The 
students were Carlos Morales and Jaime H. Alvarado. 

Carlos Morales stayed for six months, working in the 
characterization of the cellulosomes in some of the 
purification stages.
 

Jaime Haroldo Alvarado stayed for nine months, with 
worl- on the degradation of banana stem fibers by 
cellulosomes. 

5.4 Technical Meetings attended:
 

Jaime H. Alvarado presented an oral p;.per in the 2d.
 
National Biotechnology Symposium ( Guatemala, July 10,
 
1992).
 

Jos6 F. Calzada presented one poster paper
 
asso'ciated with this research and two related to other
 
projects in the 9th International Symposium on 
Biotechnology (Crystal City, Virginia, August 16-21). 



5.4 Publications
 

5.4.1 	 Lmned, R. Kenig, R., Morag, E., a:I 
F., Mt,-.he , F., Bayer, E. A. 
Efficient cellulose solubi] lzat,.ion iby oj 
combined cel. u] osore-betg Iu,.o;i ,ta . 

Appl. Biochem. Biot.e-hiol. 27, 

5.4.2 	 Mor.%g, E. , Bayer, E. A., Laied ,'. 1:'j;'). 
Relationship of cI lu1 o'omal ,_ild 
noncellulosomal xylanaseo of (). 1H itIiow 
thermocellizu. J. Bact.-rio. 172, 

5.,.3 	 Morag, E.; Halevy, I.; Bayer, L.; Lamcui, .. 

1991. Isolation and properties of a major 
cellobiohydrolase from Lhe ccUl ul ot0oLmo of, 
('lo jtrid.ilun thormoceltur . J. Bactcrri, I. !7.;,
415!5-,.11 F-72. 

5.4.4 	 Morag, E., Bayer, E. A. and Lamed, x'. 1:iu. 
Affinity Digestion for the nea.-Lot;al recovery 
of pur ified cel III] osome from (!lo.t.t'.i-iuvw 
thermocllumw. Enz. Microl:,. Techni:i . Iii 

5.4.5 	 Micheo, F. , Morales, C. , Ca 1zad.-:, J. F. I fl: 
Characterization of Endogl ucanase A, I; iv i t~y 
during Purification of Five CcIl]u1iyt'i, 
Anaerobic Bacteria. :7ub,mitted fc~i' j:.li,., 
in World Journal of Hicrioiogy a,1 
Biotechnology. 

5.4.6 	 Lamed, R., Morag, E., Mor-Yosef, 0., Bayer, H.
 
A. 1992. Cellulosome-like enbitioei in 
Bacteroides cellulosolvens. Curr. Micr':ol. 
In Press.
 

5.4.7 	 Nicheo, F., Calzada, J. F., Lamed, R., Fayer, 
E. A. 1992. Degradation of Lignocellulosic raw 
materials by cellulosomes from Clostridium. 
Submitted for publication in Bioreaoure 
Technology. 

5.4.8 	 Alvarado, J. H., Micheo, F., Calzada, .7.F. 
1992. BANANA STEM FIBERS AS SUBSTRATE FOR MHE 
ADSORPTION AND HYDROLYSIS BY CELLULOSOMES FROM 
Clostridium thermocellum. Submitted fc,11 
publication in Bioresource Technology. 
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6. PROJECr PRODUCTIVITY
 

The project accomplished most of the pr, :.osed ;ci.]:d 
of the original proposal and reached other_: not in.') e 
in it.. 

Difficulties ini the maintenance of aln hio :c..,... 
suspension of free cel is suigeottd the ccnvnmc , 
Lhift.ing to lignoceliulosic watces, area n.Dt ,ov,-i ,.l 
the original tehnical work plan. The third r.,, . 
line originated from this-change. 

. -ulos., 
for the addition uf ti,,= Iac kin,- eiZyl,-& ,. 

C:IL']IIlu osome.- substrate Sys ttLhs , a I'tr takin, i i 
consideration t~he poteItial practicai app]ioticn,.. .. 

research was cont inued, however, ill the 0',Igins i 

The concept of "superce] wa. i 

The utilization of diffe'ent, strains of 1.5c:t,.:i, 
other than Cistr'idiun thermoce lm. was a cnie.ju,:n, ',, 
the findinga during the r ~seacch, enihing th,: :,ri 
pLr.o':osed work. 



7. FUTURE WORK 
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