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Abstract:

Clostridium cellobioparus was studied to find the enzymic mechanism responsible for the
decomposition of cellulose. This organism was of interest because it was reported that no glucose was
formed during cellulose degradation by old cultures of the organism. This was interpreted to indicate
that the organism possessed no cellobiase and therefore utilized cellobiose in a manner different from
that of the usual cellulose-decomposing organism.

Large quantities of bacterial cells were grown in a cellobiose medium and harvested by centrifugation.
The enzymes were liberated from the cells by grinding them with alumina, A constitutive cellulase was
found in cell-free bacterial extracts of Clostridium cellobioparus when it was grown on cellobiose.

An active cellobiase was found in the cell-free extract. This finding was contrary to what had been
expected.

Further experiments also revealed the presence of a cellobiose-phosphorylase, an enzyme which causes
the phosphorolysis of cellobiose to glucose-1-phosphate and glucose. The products of cellobiose
decomposition by either the cellobiase or the cellobiose-phosphorylase could be used by the organism
through the glycolytic pathway since both glucokinase and phosphoglucomutase were present. The
kinase could form glucose-6- phosphate from glucose and the phosphoglucomutase could change
glucose-1-phosphate to glucose-6-phosphate.

There was not sufficient evidence to confirm the presence of a cellobiokinase which had been
postulated.

Neither glucose nor cellobiose was found in old cultures of the organism grown on cellulose as had
been reported.

This work showed that the enzymes necessary for cellulose hydrolysis and for two different pathways
of cellobiose utilization were present in cell-free extracts of Clostridium cellobioparus.
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ABSTRACT

Clostridium cellobioparus was studied to find the enzymic mechanism
responsible Ior the decomposition of cellulese. This organism was of ,
interest because it was reported that no glucose was formed during cellu-
lose degradation by old culbures of the organism. This was interpreted
to indicate that the organism possessed no cellobiase and therefore
utilized cellobiose in a mamer different from that of the usual cellulose~
decomposing organism. :

Large quantities of bacterial cells were grown in a cellobiose
medium and harvested by centrifugation. The enzymes were liberated from
the cells by grinding them with alumina. -A comstitutive cellulase was
found in cell~-free bacterial extracts of Clostridium celloblopams when it
was grown on cellobiose. -

An active cellobiase was found in the cell-free extract. This find-
ing was contrary to what had been expected. : :

Further experiments also revealed the presence of a cellobiose~
phosphorylase, an enzyme which causes the phosphorolysis of cellobiose to
glucose~l=phosphate and glucose. The products of cellebiose decomposition
by either the cellobiase or the cellobiose=-phosphorylase could be used by
the organism through the glycolytic pathway since both glucokinase and
phosphoglucomutase were present. The kinase could form glucose~6=
phosphate from glucose and the phosphoglucomutase could change glucose-l-
phosphate to glucose-b6-phosphate.

There was not sufficient evidence to confirm the presence of a
celloblokmase which had been pos’c.ula‘oed.

Neither glucose nor cellobiose was found in old cultures of the
organism grown on cellulose as had been reported.

This work showed that the enzymes necessary for cellulose hydrolysis
and for two different pathways of cellobiose ubilization were presen’b in
cell-free extracts of Clostridium cellobioparus.
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INTRODUGTTION AND HISTORICAL REVIEW

The biological carbon compounds take part in a well organized "system
known as ‘the carbon cyclé . This cycle begins with the production of high
molecular weight organic compounés from the COp in the atmosphere. These -
compounds are produced by organisms which receive their energy from the sun.
Other organisms may utilize these coz;;powulmds J_n their own metabolism with
the result that finally the COo is returned again to the atmosphere..‘ Al-
though the engymic means by which orgénisms can accomplish the synbthesis or
degradation of complex organic compounds has been studied by numerous
workers, many of the basic considerations are but little understood.

An important part of this scheme is the degradation of cellulose by
microbial action. This is a common enzymic process which has been extensively
studied. It is, however, still incompletely understood. . The early work of
Globig (1888) was one of the first studies oi‘ celluloge decompositions. Hel'
found that microorganisms played a role in the decomposition of cellulose in
manure pilles. A variety of microorganisms were studied during the next 25
years with cultures which have usuwally been found to be impure. Aerobic
cellulose decompogition was studied by van iterson (190L4), who cencluded
that soil-hérbored aerobic bacteria were capable of this action. Despite . .
the eafly interest in cellulose decompoéition, pure cultures of cellulc;se
decomposing bacteria were not obtained until the work of McBeth and Scales
(1913) who isolated several aerobic species. It had been thought prior to
this time, due to the difficulty in obtaining pure cultures, thab cellulose
could only be décomposed symbiotically.

The pure culture studies on amaerobic cellulolybtic bacteria lagged

behind those on aerobie bacteria by about ten years. Madame Khouvinets (1923)
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isolation of Bacillus cellulosae dissolvens yielded éhe first pure culbture

of an anaerobic cellulolytic bacterium. Viljoen, Fred and Peterson (1926)

described Clé)stridiwn thermocellum, which tﬁey obtained from manure. They
found it to be an anaerobic celluiose femeﬁtmg thermophile. The orggmism
was unable to ferment celluloée, however, after it had been grown in a
cellulose=~free medium. McBee (1948) quesi‘;ione_d the purity of the culture
of this organism and redescribed it on the basis of its pure culture
characteristics (195l).

N

. -Gowles and Rettger (1931) studied Clostridium cellulosolvens, a

mesophilic cellulolytic anaerobe from soil, and presented adequate data that
Jbheir culture was pure, bubt it was not maintained and is no longer available
for study. The greatest difficulty seemed to be an inability ‘for workers to
vobtain pure cultures of anaerobic cellulose de‘composiné organisms.

The first successful use of 'class,:i.c<al methods to obtain pure cqlﬁ;res |

of anaerobic cellulose~decomposing bacteria was made by Hungate (19h}y) in

the isolation of Clostridiim cellobioparus. He later divided the anaerobic

cellulolytic bacteria which had been studied dnto five categories: - actino-
mycetes, thermophilic ,spoz"eformers ,‘ nonsporeforming rods and cocci, and .
mesophilic sporefgrmers (Hﬁn;gate 1950). -

fhe en‘z:;migr éc%;i.dn of cellulosemdécon@osihg bacteria has not been
studied extensively. ‘Ac‘cording to Sim (1951), Pringsheim was the first to
suggest a hydrelytic path of cellulosé breakdown. ~PJL':i_ngshe:i_m used eulbtures
of cellulose bacteria Wﬁich had been arrested thx"ough heat or antiéepfics
such as toluene, chloroform, or acetone. From these arrested cultures he

was able to ideﬁt-ify' ‘both glucose and cellobiose as products of celluloge )
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decomposition by bacteria. This led him in 1912 to propose a cellulose
decomposition pathway as followss

Cellobiose

Cellulose Glucose

The enzyme carrying out the first reaction was named cellulase and.
that catalyzing the second cellobiase. This concept of cellunlose hydrolysis
is in comaon use today since enzymes from bacteria capable of splitting both
cellulose and cellobiosé have been demonstrated many times.

Levinson, Mandels, and Reese (1951) conciluded that there were two
enzymes imvolved in celimlose decomposition by funéi and Cytophaga. They
determined thabt one enzyme degraded cellulose ;in"bo soluble cellulose deriva-
tives, mainly cellobiose, and that another is inveolved in the further

degradation\ of the cellobiose into glucose.

Hammerstrom, Claus, Coghlan, and McBee (195k) reported the comstitu=

tive nature of bacterial cellulases for Clostridium thermocellum and some

members of the genus Cellulomonas. These enzymes had formerly been assumed

to be adaptive.

Another method of cellobiose~splitting was reported by Sih (1955) who
obtained evidence of phosphorylai;ion of the cellobiose with the production
of glucose and glucose=l=phosphate. The phosphorolys:.s of disaccharides
was descrlbed by Kagan, Latker, and Zfagsman (19)42) and Doudoroff, Kaplan,
and Hassid (1943) during the study of sucrose utilization.

The products of cellobiose phosphorolysis can ember into the glyco-
Iytic scheme through the action of establishéd enzyme systems. FPhosphoglu=
comutbase converts glucose=l=phosphate to élucose«-é—phosphate and glucokinase

transfers phosphates from. adenosine triphosphate (ATP) to glucose to form

glucose~6=phosphate.
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Another method of cellobiose utilization has bee:;a postulated. by
Sﬁh {1955)s Tt is possible that one phosphate group from ATP could be Tbrax-ls?
ferred divectly to a molecuie of cello;raiose through the action of a céllo%
biokinase, to form a cel;!.obiose phosphate ester. By the action of a
celloblose~phosphorylase an additional phosphate could then be attached with
a' similbaneous splitbing of the cellobiose molecule *bo‘ form glucosemlnbhosphate
and one obher glucese phosphate ester. Such a mechamism ié s ﬂowever, enbirvely
) hypothebical,

The present work deals with the enzyme sysbems by which the bacherium

Clostridium cellobioparus utilizes cellulose and cellobiose. This orgemism
wag isolated by Hungate (194h) from the rmen of cattle. The organisﬁ is
an anaerobic meso:philic .celluloseudigesﬁing' 'ba‘cterium which forms temﬁnal
spherical sporves. Tﬁe vegebative ’cells emé slightliy curveiis med:j.nm' gized
gram negaﬁi’t%@ rods possessing peritrichic flagélla» |
| Hungate (194L) observed an interesting pi;gﬁomemn in old culbures of
this orgenism grown on a liguid cellulose medium contain:mg more cellulose
than cowld be fermembed. Althéugh the orgenisms were no lomger growing, . . .
hydral&sis\ of the remaining cellulose continued and the sulbure fluid showed
an increase in the concentration of reducing sugaé:!s'o Cellobiose but neb. . ’
glucose was demdnstré.i:ed in the culture £luid. ' This was unexpected in view
of the wqu‘cé of otherss",: since ,glucose had been agsumed always to be a producﬁ E
of cellulose decomposition under such conditions. "

This failire to obtain glucose as a product of eellulose decompoéition
‘indicated an ability réf the organism to u;:,ilize énz;mic paﬁhways other than .

those recognized ab ‘“bhe bime it was isolated.
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In this study an effort was made to find evidence for cellobiose

utilization by routes other than those involving cellobiase activity, If

the organism possessed a cellobiase or a cellobiose~-phosphorylase, glucoses

should have accumulated in Hungatet!s old cultures.




- 10 =
MATERTAT.S AND METHODS

Cultu_:g'i. A culture of Clostridiun cellobioparus was obbained from

Dr. R. E. Hungate of the State College of Washington. The ecultural and
physiological characteristics of the organism were not studied in detail, but
in gereral they agreed with those described by Hungate (194Li). The organism

was grown on a medium consisting of 0.3 per cent NaCls 0.01 per cent Mgsoh;

0.1 per cent ‘('NHh)gsohg 0.05 per cent KHoPO)3 0.05 per cent KoHPO) 5 0.01 per

cent CaClps 0.15 per cent ball-milled cellulose; 0.05 per cent yeast extract;
0.01 per cent sodium 'bhioglycdllate; and 0.5 per cent NaHCOB. A small amount
of resazurin was added as an oxidation-reduction indicztor.

The organism was carried in stock culture on a medium which conbained
2.0 per cent agar in addition to the above ingredients. Hungatets (1950)
anaerobic r‘olled tube technic was employed with all culbures in é. solid
medium. To insure angserobic conditions 002 was bubbled through the melted
agar medium in the culture tube prior to inoculation. The €05 in combina-
tion with the NaHCOB also served to set up a buffering system of about pH 7.
The COp was bubbled through ﬁhe medium again after inoculation to replace
any oxygen which might have been admitted by opening the tube.

Small colonies surrounded by clear areas appeared in the medium after

about two weeks of incubation at 37 C. The clear areas surrounding the col~

—

onies were due to a disappearance of cellulose. Serial dilubions were usually

: J
prepared so that well isolated colonmies were available for picking. The

colonies were picked with sterile pasteur pipettes and inoculated again into

rolled tubes, or transferred to a liquid medium.
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The liquid cellulose medium contained no agar. The cellulose in

lignid culbures éeﬁtled to the bottom of the container and evidence of growth
ﬁas first seen in the appearance of small gas bubbles arising i‘rom the celliu~
lose layer. During growth of the oréa.nism, the cellulosé gradually disappeared y
until none was left and the organisms were distributed throughout the mediun. ?
Frior to the disappearance of the cellulose, however, the organisms attached
themselves to the cellilose, forming clobs which appeared very stringy.

Prepargbion g£ Large Cultures. Several grams of bacterial cells were

required for a study of cellulose enzymes.. The production of these many
cells required several gallons of culture fluid. Since growth was very slow
in a cellulose medium, a large inoculum was always used to insure a high
initial concentration of actively multiplying cells in the culbure. A cul-
ture started with a singie colony inoculated into 10 ml of liguid cellulose
medium served as an inoculum for a 35 ml cﬁiture; this in tuin served as

an inoculun for a 100 ml culture. Tb was plaimed that this build up in size
of inoculum was to be contﬁued uﬁt:il an aéfively growing five-gallon ~
eulture was ‘o’otained, Although numerous attempts were made, no large actively
growing cultures were obtained in a cellulose mediun. Growth in the liter .
cultures usnally seemed good at first, but always slowed down after two or
three days of incubation. In some such cultures which had been kept incubated
for over two momths, a large amount of cellulose still remained in the bottom
of the culture flask. It was thought that the lowering of the pH of the
medium due to the production of acid by the bacteria was the cause of this -
slow rate of growth. Calcium carbonate was added to the medium to neutralize

the acid formed but no better results were obtained in growing the oi’ganism.,
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Another medium was employed which utilized an atmosphere of sterile
orygen-Lfree nitfogen containing i’iv‘e per ‘cent (302 and a lower concentration
of I\TaH(303° Good gr'owth Was even more dif‘ficul"b to maintain wsing this medium.

The poor growth of the organism suggests that further work ié needéd‘
to detemine growth req;iremenﬁs' of 1a;rge culbures. It is possible that the
requirements for growbh have changed slightly since -bhe‘ organism was origin-
ally isolated. - It seems very likely that with the development of proper
technics it will be possible to grow the organism on cellulose in large
quantities. Such a study was not undertaken afo this time since it was found
that the organism could be pl:oduced in largé quantities quite well by sub-
stituting cellobiose for cellulose in the culbture medium. )

Colonies from rolled tubes were picked and inocula‘é,ed into tubes con-
taining 10 ml of fluid thioglycollate medium (Difco ILaboratbories) which con-
tained 0.5 per cent glucose. These tubes served as an inoculum for liter
flasks of medium in which 0.2 per cent cellobiose was substituted for the
cellulose, After two or three dayst incubation at 37 C these flasks were
sultable for inoculating a five-gallon carboy of the medium. The medium in
the carboy was kept reduced by bubbling €Oy through it for at least twelve
hours after inoculation. Usually this flushing was contiﬁued wntil a rapid
fermentation was evident and the organisms were producing sufficient €Oy and
Hy to keep the medium in the reduced state. After the most active stage of
the fermentation had ceésed, usually three or four days, the culbure was
ready for harvesting. Cells were harvested in a Sharples super centrifuge

abt a relabive cehtrifugél force of 62,000 G. During the harvesting, suffi-

cient glacial acetic acid was added to the culture to mainbain a pH of

i
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about 7 in the supernatant fluid. The acid was added slowly while the culture
was stirred with a magnetic mixer. The average five~gallon culture produced
15=20 grams wet weight of cells. This cell paste was used for the prepara-

tion of enzyme extracts. -

Preparation of Cell-Free Bacterial Exbracts. Cell-free extracts were

obtained according to the method of MeIlwain (1948) as recommended by Hayaishi
and Stanier (1951). The cell paste was placed in a morbtar cooled by an ice
bath and a quantity of powdered‘ alumina (Alcoa Gﬁemicals Alumina. £=301) twice
the wet weight of the cells was added. The cells were brok;n by grinding
with a pre-cooled pestle for at least ten minutes. The ground cells were
then mixed with 2 ml of M/35 sodium acetate buffer pH 7 for each gram of wet
cells, The alwnina and cell debris were removed by centrifugation for one
hour at 10 C using a relabive cenbtrifugal force of 2,000 G. The extract
obtained in this manner was the enzyme source for most experiments and will
be referred to hereafter as the enzyme preéarationa No attempts were made
to separate or purify any of the enzymes found in this e}rtréc’qo |
Fhosphorus Determination. The Fiske and SubbaRow (1925) method of

inorganic phosphate determination was used without the precipitation of pro=
tein, It was found that protein interfe:c"ence was of minor importance and
could be eliminated with the preparation of suitable bla.n.ksoiv The bla.ﬁk con-
sisted o.'E' a tube containing the same concentration of enzyme preparation and
reagents as in other tubes in the experiment ‘m.thou’c added morgan:.e phosphat&
By setting the colorimeter to zero with the blank the effect of the protein
and the trace of inorganiec phosphate in the enzyme was cancelled. All readings |

were made with a Klett-Sunmerson colorimeter using filter 66 (red).
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Acid~labile organic; phosphates such as glucose~1-phosphate were deter=
mined by the same method following hydrolysis with 1 N HC1 for seven min;foes
in a boiling wabter bath. No attempt was made to determine the concentra£ion
of any of the more stable phosphate esters.

. Sugar Determinabions. Redurcing sugar concentration was determined

elther by the Folin-Malmros (1929) method or the Noebling and Bernfeld (1948)
procedure. Glucose was somebimes measureé more specifically using glucose
oxidase ‘(Takam:i:ne Dee~0) for a biological assay 'in a Warburg respirometer.
In this case oxygen uptake was measured and ‘the concentration of glucose

calculated according to the method of Keilin and Hartree (1948).




EXPERTMENTAL RESULTS
Cellulase., A preliminary examination was undertaken to determine the °

nature of the cellulase from Clostridium cellobioparus. ILiber cultures of

the organism growing on glucose and cellobiose were prepared. After L days - .
'the cells were removed by cenbtrifugation at 62,0QO G énd the supernatant
was treated with chloroform to preven’c any further growth of microorganisms.
An examination was made of this culture fluid to determine any cellulase
éctivity which might be present. Activity was measured on carboxymethyl-
cellulose (CMC 50T) according to the method of Reese, Siu and Levinson (1950).
The CMC was used in the cellulase tests because it is more easily hydro-
lyzed than cellulose. Correlations between tests using CMC and. cellulose
are extremely good (Levinson and Reese, 1950).

Sufficient CMC was added to 2 ml of these supernatants to give a.
final concentration of 0.5 per cent. The volume was adjusted to 5 ml with
an acetate buffer of pH 5.5 and the mixbure was incubated for 2 hours ab
50 C. Since an increase :';n‘i'educing sugar concentration would indiqa’c.e the
presence lo:f'.cellulase activity, aliquo£ portions were checked for sﬁgar‘
concentration initially and after incubation. The Folin—MaMos (1929)
method for reducing sugars was employed and all caleulations are in ‘terms
of mg of glucose per ml. \

Only an insignn'\.ficarrb increase in sugar concentraﬁion was noted in
this experiment, therefofé » the supernatants were concentrated to one tﬁena‘
tieth of their volume by vacuum distillation at 30 C. Tﬁe éxperiﬁent was

then repeated using these concentrates. The increase in reducing sugar

N
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concentration, calculated as glucose, was only 0.2 mg per ml of reaction
mixture, indicating the presence of a weak ecellulase.

A similar experiment with a fresh cell-free enzyme breparation gave
greater cellulase activity. In this c;ase 1 ml of the engyme preparation
was used as the source of cellulaée’. An average amount of 0.63 mg of
glucose per ml was liberated after incubation with CMC at 50 C for 2 hours.

These experiments show that there is a constitutive cellulase pro=
duced by %I';e organism, but that it is not secreted by the organism in large
qu.:;ntities, It is instead retained by the orgaﬁism in its cell structure, ‘
possibly as a part of the cell\wall., This migh‘b explain why the rapidly
rrom.ncr organism appears to attach itself to the cellulose forming strlngy
clumps. The constitutive nature of the cellulase is evident because no
ecellulose was used in growing the bacter;a, yet the cellulase was still
produced. '

Ceilqbiase. Hungate {(191);) reached ’c.i'le' conclusion that there was no

cellobiage in Closbridium cellobioparus. "Thus, in view of the inability te

find even traces of glucose in the old cultures, it seems reasonable to con-
clude that no enzyme catalyzmg the reaction (cellobiose———a3 glucose) was
p:r'esen‘o.":L This reactlon, however, was still not el:mu.nated as a poss:.ble
mechanism for cellobiose utilization by this organism. ?['herefore s the
following experiments were performed to determine whether there was any.

cellobiase activity in the enzyme preparation.

1Hungate » Re Eo 194} Studies on cellulose fermentation. I. The
culture and physiology of an-anaerobic cellulose~digesting bacterium. J.
Bact., b8, 510. .
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Cellobiase activity was determined using glucose oxidase for a bio=-
logical assay of glucose. This method was decided upon because a cellobiase
would produce two molecules of glucose from one molecule of cellobiose.
Thus a measure of the rate of production of glucose in an enzyme-cellobiose
system would be proportional to the cellobiase activity.
Glucose oxidase oxidizes glucose\ to gluconic aecid and Ho0o. In the

presence of catalase Ho0o is decomposed and the overall reaction is:

~

Glucose + HoO # 5 Op s Gluconic acid * Hy0.
Catalaserwas present in the commercial glucos\e ;)ch.dase preparation. Oxygen
uptake can be measured manometrically in a Werburg respirometer and is/
proportional to the amount of glucose oxidized.

Other methods for quantitative determinations of glucose :Ln the
presence of lcellobiose could not be used since both are reducing sugars.

‘A 0.5 nl portion of the enzyn;e preparation was placed in each of two
Warburg vessels along with .05 ml of ‘the supernatent from a 12 per cent
suspension of glucose oxidase. Twenty micrc;moles of MgS0), were added as an
enzyme activator and 0.1 ml of 20 per cent ethanol was added to increase
the rate of oxygen uptake as recommended by Keilin and 'Har’cree (1918) .
Flfby micromoles of cellobiose dissolved in 0.5 ml of water were placed
in the side arm of each vessel and the final volume in the. vessél was
adjusted to 2.,‘0 nl with an acetate buffer of pH 5.5. Other vessels were
prepared as suibtable coﬁtrols for the experiment. |

K At the start of the experiment the cellobiose was poured from the
side arms into the main chambers of the vessels. The reaction was carried

out with shaking in a water bath at 37 C. At the end of one hour
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179 microliters of oxygen had been consumed s indicating the production and
oxidation of approximately 16 micromoles of glucose in each vessel, At the
end of this time the rate of 'bhé reaction was not diminighed and it is
assumed that it would go to completion. The rate of oxygen consumption for
this experiment ;i.s as showm in figure 1. '

The results of this experiment indicated that a cellobiase was present
in the engyme preparation. The action of a cellobiése could not be distin-
guiéhed from that of é cellobiose~phosphorylase. Intérference by. a cellobisse
phosphofylase would result from this enzyme producing one molecule of glucose
and one of a glucose phosphate ester. Glucose ?rbduced in this way could
then be oxidized @y the glucose-oxidase giving a rate of oxygen uptake
similar to that expected from the cellobiase. Since phosphorylase activity
is dependent upon 'lj,he presencé of inorganic phosphate in the system, an
attempt was made to remove the small amount of inorganic phosphate preéent
in the enzyme preparation by dialysis against running _’oaio water for 10 hours.
The experiment was then repeated using this dialyzed enzyme preparation. In
this case only sbout 9 micromc;les of glucose were liberated in oné hour
(figure 2). ‘ l

The difference in the glucose pfoduction betxnreén dialyzed enzyme and
non-dialyzed enzyme could not be attribubed to the action of cellobiose- |
phosphox:;rlase since ,inérganic phosphate detemingtions on both enzymes showed
an insignificant amount of inorganic phosphate (Table I). The amount of
glucose forméd by phosphoroj.ys:is of cellobiose cvould not ‘be in excess of
the amount” of inorganic phosphate available. The inorganic phosphate con-

cenbration was less than 10 per cent of the amount of glucose formed within
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Active enzyme

Boiled enzyme
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Figure | - Rate of oxygen uptake in a non-dialyzed enzyme-cellobiose
system containing glucose oxidase.
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Figure 2 - Rate of oxygen uptake in a dialyzed enzyme-cellobiose
system containing glucose oxidase.
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TABIE I
Concentration of inorgenic phosphate compared to protein concenbra~ -

tion and the release of glucose in a reaction mixture consisting of engyme
and cellpbiose. .

I T — “Total " Bncoss ATter
Fhosphate Protein One Houwr
(micromoles) (mg) {micromoles)
Dialyzed Enzyme 0.7 7.25 9

Non-dialyzed Enzyme 1.3 12,50 16

one hour. Under these conditions it must be concludéd that the glucose was
formed by, the setion of a cellobiase.

The actual difference in rates betwéen the ﬁ:o experiments was attr'.;t.w
buted to the. d-i‘ff\erence in c¢ellobiase coﬁceﬁtration. This difference in |
cellobiase concentration was evidently caused by a dilution of the enzyme
preparation during the dialysis. This is indicated by the decrease in pro-
tein concentration during dialysis. Since the ratio of inorgenic phosphate
o protein did not change during dialysis, it is concluded thab the phosphate -
being measured was not inorganie.

Cellobiose~Fhosphorylase. The preceding evidence for cellobiase did

not rule out the possibility that a cellobioseuphosphoi'ylase also existed as
a part of the orgamism¥ enzymic system. Thérefore , experiments were conw=
ducted t'p‘ detect the‘ p—:;:'esence of phosphorylase.

Phosphorylase activity was measured by a reduction in inorganic

phosphate concentration in reaction tubes prepared ‘as shown in Table II.

S
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TABLE IT
Reaction tubes prepared for the measurement of reduction in concen-

tration of imorganic phosphate as an indication of cellob:.ose-phosphorylase
activity. Nurbers are ml of reagent added.

Tube Numper T p) 3 ) 5 '§_,_
Enzyme 2,00 2.00 2.003% 2,00 2.00 V 2,00
KoHPO), (0.024) 1.00 1.00 1.00 1,00 1,00 1,00,
Acetate~barbital '

buffer pH 7 2.85 2.85 " 2.85 2,85 2.85 2.8
MgS0), (10%) 0.05 0.05 0.05 0.05, 0.05 0.05
NaF (L M) - o 0.05 0.05 0,05 0.05 - 0,05 - 0,05
Cellobiose (1%) . 1,00 1,00 . 1,00 ‘
Glucogse (1%) ' 1.00 1.00 1.00

# engyme boiled for 15 minutes for imgctivation

The MgS0), was added ag an enzyme activator and NaF v}as added to in=.
hibit any phosphatases in the system which migh‘b‘ interfere with the accumu-~
lation of organic phosphates. I'norganic‘ vhosphate and acid-labile phosz;ha.te )
concentrations were determined im;ediétely after the addition of the‘ sugars
and at 1 and 2 hour intervals. The temperature of the reaction mbcbgres was
maintained at 37 C during the experiment. |

‘There was no significa;nt change in éoneenﬁration of phosphate in ‘tubes
to which glucose had been added as a substrate CTable IiI)o In the tubes,
conbaining cellobiosge, ﬁbwever s a decrease in inorgaﬁj.c -phosphate concen=

tration occurred indiecating that phosphérolysis of the cellobiose had taken

3
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TABLE IIT

_ Changes in phosphate concentr"aiiion‘ due to cellobiose phosphorylase
in the presence of glucose and cellobiose. All values are in micromoles
of phosphate per ml of reaction mixture.

“Tellobioge et GIcose
1 . 2 Conbrolst 1 2  Controls
Pi s Obr 3.6  3.18  3.20  3.18  3.18  3.00
1hr 3.08 3.6 3.20. _3.20 3.18  3.ib
ohrs 2,68 2,64  3.18 3.2,  3.08  3.18
& Pi © =0.48 0.5 -0.02 0.00 -0.10 - 0.00

#' Comtrol tubes were prepaved with enzyme which had been inactivated by
boiling £or 10 minutes in water bath.

r

¢ Inorganic phosphate.

v

place., Mo correspondi:lig inerease in acici-alab'ile organic phosphate vwas r:zcri:.é':iu
Ie cellobioé;a were indeed pljwsphoraiated such an inerease would he e}qaeéﬁéci
unless the enzyme phosphoglucemutase were present to converd acid-labile
glucosg=l-phosphate to acid-stable glucose-6-phosphate. It was therefore
suspec%ed ‘that phosphoglucormtase was present in the enzyme préparation&, i
Evidence confirming fﬁis‘was found later.

The effect of pH on the activity of the cellobiose-phosphorylase was
determined in the following ‘ex-peI':'i;r«ne:ml;° A series of acetabe-barbital buf;jE‘er_s
.ranging in pH from L.2 to 8.75 were prepared. An experiment was performed
similar to the one described aﬁove for phosp'hozylase activity, using these
buffers fo maintain the pH in the reaction tubes. Tach tube was at a

different pH and incubated for two hours at 37 C. ‘Activity of the cellobiose=
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phosphorylase was meaéured by a decrease in inorganic phosphate. - Phosﬁhate
concentration was measured at O ,\%, 1, g,nd 2 hours. The effec_:t oi"pH was
reflected in the changes in inorganic phosphate during the exéerimenfo |

From figure 3 it can be seen that the optimum pH of the phosphorylasé
is a.roui'ld PH 6, although.the enzyme was active over the enbire range.

Later expér:imenﬁs showed that the phosphoryla}se was almost completely
inactivated if the enzyme preparation was allowed to stand for two weeks
at 10 C, Conséquently, only fresh enzyme preparabtions could be used to
demonstrate cellobiose~phosphorylase gctivity.

/

Fhosphoglucomutase Activity. A cellobiose~phosphorylase was.demon~

strated to exist in Clostridium cellobioparus. No increase was noted in

the concentration of acid-labile organic phosphate, however, when the enzyme
preparation a;:i';ed on a cellobiose substrate. An increase would .be expected
in acid-labile phosphate unless a phosphoglucomutase were alsé present to
convert glucose-l-phosphate to glucose-6-phosphate. To investigate this
possibility the following experiment was performed..

Four reaction tul-aes were prepared with the following constituents:
0.5 ml acetate-barbital buffer pH 6.2; 0.5 ml enzyme preparation; 0.2 ml
0.1 M MgS0), 3 0.3 ml 'Water; 0.2 ml Nal\TB; 0.3 ml 0.05 M glucgse-l—phosphate;
A decrease in phosphoglucomitase activity was reportedtbjr S:.h (1955) in a l

A

frozen enzyme preparation from Clostridium thermocellum. Therefore, two

of the tubes in this experiment were prepared with enzyme Which had been
frozen for four days. The other two tubes contained enzyme which had not
been frozen. One additional tube was prepared with enzyme which had been

inactivated by boiling for ten minutes. NaNB was added to the reaction




Decrease in inorganic phosphate (micromoles)

2 hours

| hour

2 hour

PH
Figure 3 - Tlie effect of pH on ceHobiose-phosphoiylase activity
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nixtures to inhibuit the action of phosphatases which might interfere with
‘the reaction by ziroducing inorganic pholsphate and glucose from the glucose-
phosphate esters.

4 All tubes were incubated at 37 C. Aliquot portions were removed ab ‘
0, 1, and 2 hour intervals and assayed for inorganic phosphate and acid-
labile phosphate. From ’.fable IV it can be seen that the concentration of
acid-labile phosphate (glucose-l-phosphate) decreased during the incubation
period. This reduction in acid-labile phosphate indicated that glucose~l-
phosphate was converted to glucose-é—-pﬁosphate which is acid-stable under
these conditions,

Apparently, there is no difference to be found in the activity of

frozen and fresh enzyme preparations. A desbruction of phosphogiucomutase '
activity would have been a useful tool in further investigation of the

enzyme system, permitting a more exact study of the cellobiose-phosphorylase

and cellobiokinase. No furbher attempt was made to inactivate the phos=-
A '

phoglucomutase., ,
Glucokinase. The results 'oi‘ .the Iﬁrecedir'ag exber:i.mehts indicated
that there was a éello’oiose-phosphorylase which split cellobiose to form
glucose an‘,d glucose~l~phosphate. The gliicose-lfphosphate can enter the
glycolytic scheme after being converted to glucose-6-phosphate by phospho=
glucomutase. The glug:ose , however, requiréd another enzyme, glucokinase,
to Fform glucose-6-phosphate. »Fbr full ubilization of cellobiose_, this
enzyme would have to be presént in the engzyme preparstion. Adenosine tri-
phosphate (ATP) served as the soux;ce of phosphate in the production of

glucose-6-phosphate from glucose with glucokinase. \
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TABLE TV

Changes in phosphate concentration due to phosphoglucomitase action

on glucose=-l=-phosphatbe.
of reaction mixture.

All values are in micromoles of phosphate per ml

Enzyme

Freshly prepared Frogen four days Boileds

i) D T 2 S
Piss# O hr 0.l 0.8 0.6 1.1 0.0
1 hr 0.0 "0.0 0.2 0.3 0.0
2 hrs 2.9 9-9 0:6 0.2 9:9
AP -0.1, -0.8 0.0 -0.9 0.0
‘97%%* 0 hr 6.3 5.5 . 5.2 5.k
1 hr 0.5 0.6 0. 0.3 5.2
& Py 5.7 h9 Bl b8 -0.8
Fi # Py O hr 6.7 “ 6.3 6.0 6.3 5.0
1 hr 0.5 0.6 0.6 0.6 5.2
2 hrs 0.6 0.6 0.6 0.6 L6
APL o+ Py 6.1 -5.7 -5, -5.7 -0.8

3% Control tube was prepaved with enzyme which had been inactivated
by boiling for 10 minutes in a water bath

3%  Inorganic phosphate

% 7-minube acid-labile phosphate
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The results of a preliminary experiment indicated the presence of

glucokinase in the enzyme preparation. The activity of this enzyme was

measured by the disappearance of one acid-labile phosphate group from ATP
when the enzyme preparation acted on a glucose substrate. Reaction mix~

tures were prepared as %nentionedkin previous cxpei’:i.ments‘, The concentra-
tion of ATP was 4.0 micromoles per ml of reaction mixbure and no addition

of inerganic phosphate was made., The concentration of glucose was 8 micro-

.. moles per ml. The mixtures were incubated at 37 C and aliquots were

reroved ab timed intervals for inorganic and acid-labile phosphate deter-
minations. Results of these determinations are shown in Table V. _

The zero-time inorganic phosphate represents the phosphate which was
present in the enzyme preparation plus the inorganie phosphate which appears
as a conbaminant from the ATP. The decrease in inorganic plus a.éid-ulabile .
phoéphate afﬁer‘ one and oﬁe half hours indicated the removal of phosphate
groups from the acid-labile ATP and the subsequent transfer of these groups
to an acid-stable phosphate ester. However, an examinabion of this daba
indicated more phosphate disappeared than is possible in view of the
initial concentration of ATP. Since there are two acid-labile phosphate
groups for every ATP molecule, the actual initial concentration of acid-
labile phosphate was double that of the concenbration of ATP or 8 micro~
moles per ml of reaction mixture. Only one of the phosphate groups from
ATP should be available for transfer to a glucoée molecule, as adenosine |
triphosphate forms adenosine diphoéphate (ADP) in this reaction. If this
is the case, only half of the 8 micromoles of acid-labile phosphate should

have disappeared if the kinése recaction had gone to completion. Comparing
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TABIE V

Changes in phosphate ‘concehtré.tion due to glucokinase action on

glucose in the presence of ATP. All values are in micromoles of phosphate

per ml of reaction mixture.

PPN

Experimental Tube

It 1 2 ' 3 Gont:golee ‘
Pises 0 min 1.8 - 1.8 1.7 1.7
45 min 2.8 2.0 2.9 1.k
90 min 3.8 3.8 3.8 L6
APL “#2,0 +2,0 #2,1 ~0.1
P7')Pt'f‘% O mil’l 85‘8 i 803 8-2 706
U5 min 2,7 2,5 2.5 7.1
90 min 1.1 1.2 ) 1.0 1.3
AP, 7.7 -7.1 =7.2 =0,3
Pi + P,{ 0 min 10.6 10.1 " 9.9 9,3
L5 min 5.5 5.5 . 8.8
90 min .9 ' 5.0 L.8 8.9
APi""g" ‘P7 "5‘07 "‘Sel ‘Sal "'Ogl!_

ERce

Control tube was prepared with enzyme which had been inactivated by
boiling for 10 minutes in a water bath. .

Inorganic phosphate

T-minute acid-labile phosphate
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four micromoles with the average 5.3 micromole§ which disappeared in +this
experiment showed that further explanation was necessary. This additional
1.3 mieromoles of heat-labile phosphabte which disappeared is probably the
result of two ADP molecules combining to give one ATP molecule and one
adenosine monophosphate (AMP) molecule, If ’ohis'happens, an additional
molecule of phosphate wéauld then be available for attachment to glucose in
the kinase reaction. ‘ - ‘

Examination of the system for’disappearance of glucose made the
evidence for glucokinase more conlialeﬁe, It was found that approximately
5.3 micromoles of glucose .disappeared per ml of reaction mj_}cbuz{*eo ‘The
glucose was measured in a Warburg respirometer by means of oxygen uptake
with glucose oxidase.

An additional experiment was conducted to determine the optimwﬁ rH
for the glucokinase activitys This experiment involved the reaction of
similar mixtures as described in the above experiment. In this case, how-
ever, the series of mixtures was prepared with glucose in excess. The pH
values were adjusted between 3.0 and 9.7 with 0.1 N NaOH and 0.1 N HCL on
a Bechnén pH meter model H-2. These mixbures were incubated at 37 C and
alicquots removed gt time intervals for the imxpose of phosphate déterinina-v
tions as previously described. The reduction in acid-labile phosphate
concentration was ealculated on the basis of micromoles per ml of reaction
mixture and plotted as shown in figure li. It can be seen that the opbimum
pH for glucokinase activiby was between 6.5 and 7.5.

Tn this experiment there were 7.5 micromoles of acid-labile phos-

phate per ml of reaction mixbure, avallable from the ATP for transfer to




2 hrs

(Jwyssjowooiw) 4l JO uoljesiuaduod ul abueyd

- The effect of pH on glucokinase activity
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glucose. Al the opbimum pH, 7.2 micromoles of acid-labile phosphate dig~
appeared indicating the reaction went nearly to completion.

Cellobiokinase. This enzyme has never been reported as existing in

other organisms. Because Hungate (19LlL): reported that no glucose was found

in old cultures of Clostridium cellobioparus, cellobiokinase was suggested
as a possible mechanism for cellobiose utilization withoub the productioen

of any glucose. .Gellob'iose could then be utilized by the organism in the

following mamners

CenObmklnaseuCe]loblose~L-phosp11ate . * 3P0y -

ATP wewiy ADP Cellobiose~phosphorylase

Cellobiose

Glucose~l-phosphate + Glucose~x~phosphate.
A preliminary experiment provided some evidence for a wbilization

of cellobiose by Clostridium cellobioparus in a similar mammer. This

experiment showed that the énzyme preparation produced a decrease in acid-
labile phosphate from ATP, when 1t acted on a cellobiose substrate.

The data for this experiment arc shown in Table VI. After 1 hour
and 30 minubtes, an average of 2 micromoles of the ) micromoles of acid-
labile phosphate available from the ATP source disappeared, presumably
forming acid-stable sugar-phosphate esters:. This decrease, however, is not
sufficient to :md:Lcate with any certainty the presence of cellobiokinase.
On a mole per mole basis L :m::.cromoles mstead of 2 micromoles of acid-

labile phosphate should have disappeared, assuming that a cellobiokinase

would be as active ag the glucomase previously discussed and also assum-

ing that the esters thus formed are acid-stable.
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TABIE VI \

Changes in phosphate cencentration when a cell-free enzyme prepara-~
tion acted on cellobioge in the presence of ATP., All values are in micro-
moles of phosphate per ml of reaction mixture. '

)

Eacperﬁznental Tube

1 | 2 3 Controls .
pixx 0 min L7 L7 22 17
L5 min 2.7 2.7 2.7 1.6
9 min 33 28 36 | 16
APL »g«i’..é 4.8 A 0,1,
P . 0 min 7.8 7.8 7.6 . 8.3
' 15 min 6.1 5.9 6.2 8.2
%0 min 1.0 3.9 L3 8.2
APy S ~3.8 -3.9 . 3.3 0.1
Pi + Py 0 min 9.5 9.5 9.8~ 10.0
IS min 8.8 8.6 8.9 - 9.8
somn L3 2 g 2.8

A‘Pi o+ P7 1 R ""202 -Zal . . ""109 “002

Control tube was Prepared with enzyme which had been inactivated by
boiling for 10 minubtes in a water bath. -

£

#% TInorganic phosphate

#  T-minube acid-labile phosphate | B
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Additional experiments are required to find means of blocking the
action of othér enzymes in ’r,,he 'preparatio'n which might produce similar
-action as far as reduction in the concentratioh of acid-labile phosphate
T is concei‘neda Fror example the cellobic;se might have begri split by cello=-
biase to form glucose which in turn could bé converted to glucose=b=
phosphate by the action of glucokinase. Other enzymes such as ATP-~ase and
noh~spécific phosphatases "in c;::mbination with cellobiose~phosphorylase
may have also interfered :Ln this experiment. |

An attempt was made to determine the amount of cellobioge which
disappeareoi during the reaction in the preceding experiment. A biolegical
method was used invclalving >the use é)f cellobiase to. split'the cellobiose
to glucose with the subsequent ox:.da’clon of the glucose w:.th glucose~=
o:;:Ldatse° Ongen uptake was. measured in a Warburg resplrometero Thls
method proved unsuccessful because tne cellob:_ase prepara.tlon (anyme 19 =
Rohm and Haas) was J.mpure, contalnlng a va.rlety of other enz.;ymes which may
have interfered with the results. | R

The use of other methods for the de'befm:hiation‘of sugars may prove
helpful in determining cellobio‘se di;.sappearance in this expér:‘.’ment. No
other methods were investigated during this study g.s‘ the cellobioki‘nase
problem, due to its‘ complexity, seemed to extend beyond the scope of this
gtudy. ‘ |

An additional experiment wes performed to show the effect of pH on
the "apparent cellobiokinase® activity. The optimum PH for this activity

" is shown in figure 5 to be approximately 6.5. It is noteworthy that no

1




Change in concentration of ATP (micromoles/ml)

PH

Figure 5 - The effect of pH on "apparent cellobiokinase"
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significant‘ difference was found between this "apparent cellobiokinage™
and the glucokinase as far as opbtimum. pH of activity was concerned.

01d’ Cellulose Cultures.. Hungate (194h) reported a build up of

cellob:l.ose in old cellulose cultures of Clostridium, cellobioparus due to

an extracellular cellulase still presen’o in the medium a.fter the organisms
had ceased growing. It was surprising tha’o no glucose was formed either by
cellobiase or cellobiose-phosphorylase ac’oion. in this old culture. This
lack of glucose suggested that some’ enzyme other than cellobiase or cello-
biose-phosphor'y'lase was produced by the organism. A significant glucose
concentration would be expected in an o0ld culture providing no deleterious
- changes in the enzymes oocurred in tl'le cells after death. The absence of
glucose could be expected if “the enzyme cellobiokMase were 'responsi’ole for
the sﬁbsequent attack of celloblose formed by the organism, In this case:
no glucose would\appear o‘oher than in the form of the phosphate esters.

In. order to test this poss:.b:l.l:.ty, e&per:.ments for the detection of-
cellob::.ok:.nase were oonducted as reporteo in the prev:.ous sect:l_on° These
experiments did not deflnltely reveal the presence of celloblok:l_nase.

In the llght of the i‘act that glucose is a product in both
celloblose—phosphorylase and ceZL‘Lulase reactlons, it was dec:.ded to repea:L
‘Hongatels experment l‘oo see 1f glucose as well as. cellobiose could be found

in o0ld cellulose culbures. |

Only ome culture was used in this exaxriination.‘ Approximately 1gm
of merthiolate was ‘added to a one~liter, ac‘oively‘ growing. culbure which
sti1l combained aboub 1 gm of cellulose.. The merthiolate killed'the |

organisms in the culbure. This culture was alloweci to incubabe for two -
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months at 37 ¢ so that any enzymes which were present in the culture fluid
could act on the remaining cellulose. Ko observable decrease in the eellu;
lose congentration was noted during this time ‘a:;ld there wa§ 1o ,appréciable
increase in sugar concentration as indicated by a tesﬁ Wlth Benedict?s
qualitabive reagent. Gonsequently; the culture supernabtant was concen-
trated ten times by vacuun distillation at 30 C. A stronger reducing
‘capacity was noted in this concentrated culbure fluid. '

| Examination of culture fluid by paper cl;rom’cograpﬁ& showed that
celiobiose and glucose were both absent. When the culture'fluid was treated
with cation and anion exchange resins (Duolite A-l2, Chempro szoj
a marked drop in reducing power occurred. This showed that the compounds
caizsipg’ the reduction were iomizable and were therefore zjemoved by the
resins. Sugar-phosphates are negatively charged and woﬁld be‘rémov‘ed by
the action of the anion exchange resin. Any sugar-phosphate which had its
reducing gfcmp (carbon atom ope) free would cause reduction.; It was there-
fore ast that the reducing power in ‘the untreated cul’c;ure £Iuid was
probably due to the action of ’sugar»ph{osphaﬁes other than glucose-l-
phosphate. ‘ ‘I

Wo further investigation was made to determine the phoéphate-es’cer

which was causing the reducing power of old cellulose cultures. It is
nobeworthy, however, that this experiment did not produée the 'same results

that Hungate found in o0ld cellulose cultures of the organism.
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DISCUSSION

The inability to grow large cultures of Glostridimm cellobioparus
on a cellulose medium Waé disappointing. Fnrthér"ﬁérk""'sv contenplited o
ascertain ways in which to iﬁcrease the organism?s rate .of growth on a
cellnlose medium. ,

The cellulase is consbtitubive in nature. Tt was nob f@uﬁd in large
quantities when supe‘rnatént fluids were studied from cellobiose and glucose
culbures., The ex’brgcellulai‘ nature of the cellulase, howévéh is clearly
demonstrated in ¢ellulose agar tubes. A elear area develoﬁs around each
colony as the cellulose 15 digested. It seems likely thab more ’cellulasé
would be secreted into the culture ;E‘lliid when the'oréanism is grown on -
¢ellulose than when it is grown on other substrates.

Methods for the utilization of cellebiose have been ‘e’on%emp".‘l.a-t'ed
initially in this S’E’\.Idy’o % It seems quite likely that two pathways can be
taken. A third is suggested only ’on quite incorﬁplet‘e diata. These methods
are summarized in figure 6.

| The obgervation made by Hungate (l9b,b,) that glucose wag nob Tormed

in old ciiiture‘s of Clestridium éellobioparus suggesbed that theére iras no

ubilization of cellobiose with a cellobiase. Bvidence ’Conﬁrai;y‘ to this
suggestion, however, was found in this study, &s a c‘eilo’oiasé was denmons
stratéd in the celi—fr’"e‘é‘ enzyme preperation. Cellobiose ubilization could
thern ,pr‘oce'ed' by hydrolysis to glucose '(pa‘i:illwa;y one, figure 6). The glucose
could enter into the metabolism of the organism ﬁhrouéh the aetion of a

glucokinase.




Cellobiokinase Phosphorylase

Cellobiose  --------—-- - Cellobiose-X-phosphate Glucose-I-POi  + Glucose
AP > AEP HBPOji 4 I-PO
Cello-
biase Phosphogluco
|
2 Glucose tH 3rou )
Phospho”lase Glucose -6-PO"
2 ATP
) (3)
Glucokinase GIucose-l-POU + Glucose
2 ADP
li Phospho- ATP
J gluco- Glucokinase
2 Glucose-6-PO" v rcutase ACP
D GIucose-S-POb Glucose-S-PO1

(2)

Figure 6 - Possible methods of cellobiose utilization by Clostridium cellobioparus
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It was also shown that a celloblose—phomhorylase ex:.sted in the

PIRETSNS

enzyme preparstion. The utzllzatlon of cellob:.ose by phosphorolys:.s is an
energy saving reaction as far as the organism is concei‘hga Since-
phosphorylation is exothermal, no energy is requlred from the organism
to form glucose-l—phospha‘be and glucoge from cellobiose (pathway twe ',
figure 6). The conversion of glucose-l-phosphate to glucose~G~
pﬁoéphate by phosphoglucomutase is also an exothermal i'eaction which oceurs
spontaneously in the presence of the enzyme. The formafion of glncoéé~6~
phosphate from ATP and glucose through the action of a kinase is also exo~
termalbut it requires the presence of ATP which can only be made by the
organism through an expendibure of energy.

Although it might be advanbageous to the organism to ubilize the*
pathway of phosphorolysis, the mechanism of cellobiose wtilization :Ln the

growing organism camnot be determined from a study of this kind. It can

be said, however, that the enzymes necessary for either pathway are present

in the cells of Clostridium cellobioparus when grown on eellobiose. It is
also possible that both mechanisms are operative at the same time. | |
Another interesting possibility in the ubtilization of cellobiose:
and one which is suggested by Hungatels (19l). results, is the direct
transfer of phosphate fr&a ATP to cellobiose by a cello'i;iokinase (pathway ,
three, figure 6). The cellobiose phosphate thus formed could be split by

phosphorolysis to form glucose~l-phosphate and another glucose phosphate.

" The location of the phosphate on this ester would be dependent wpon where

it was originally attached to the cellobiose molecule. It was hoped that
this organism would ensble us to give a clear demonstration of whether’ there

3y
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‘wWas a egllobio}cinase. Work in prégres's with Glostridium thermocsllum tends

to confirm the hypothesis that there is a cellobiokinase., Further work on

Clostridium cellobioparus will be necessary before the presence or absence

of guch an enzyme can be esbablished.




SUMMARY
The enzymic mechanisnm for the decomposition of cellulose by '

Clostridium cellobioparus was investigated. A constitutive cellulase -

was found in pell—free enzyme preparations of the organism. The cellulase
hydrolyzes cellulose to produce cellobiose. Cellobiose can be utilized
by the organism in two different ways. First a cellobiase can hydrolyze
cellobioge to form glucose which can be utilized by the organism through
"bhe action of a glucokinase. . Secondly, cellobiose can be phésphor;ylated
and split by cellobiose=phosphorylase to form glucose and glucose~l-
phosphate. The glucose~l~phosphate can be acted upon by phosphoglucomutase
%o form glucose-6~phosphate which can then enter into the glycolybtic scheme.
It was found that the op'birm pH for celIobiose-«phoéphox:y’lase |
activity was sbout 6.0. This is about ‘the same as the optimum pH for .
‘cellobiase activity. ’
Other éuspected routes of cellobiose utilization were not studied

adequately to establish their existence.




»

- 13 =
LITERATURE CITED

Cowles, P. B., and Rettger, L. F. 1931 Isolation and study of an
apparently widespread cellulose-fermenting anaerobe, Co ‘¢ellulosol=
vens (n. sp.?). dJ, Bac’o.,, 21, 161-182,

Doudoroff, M., Kaplan, N., and Hassid, W. Z. 1943 Phosphorolysié and
syn‘bhes:l.s of sucrose with a bacter:.al preparation. J. Biol. Chem.,

8, 67-75.

Fiske, €. H., and SubbaRow, Y. 1925' The colorometric defenﬁnation of
phosphorus, J. Biol. Chem., 66, 375-400.

Folin, 0., and Maﬂmrqs R H., 1929 An improved form of Folints micre-method
for 'blood sugar determinations, J. Biol. Chem., _8_3_ , 115-120,

Globig, 1888 Ueber Bakterien-Wachsthum bei 50 bis 70. Z. Hyg.
Infek'tiOnSkI‘al‘llﬂflo s 2, 29&“3219 .

Harmerstrom, R. A., Claus, K. D., Coghlan, J. W., and McBee, R. H. 1955
The constibubive nature of bacterial cellulases. Arch. Biochem. and

Biophysics, 56, 123-129. -

Hayaishi, 0., and Stanier, R. Y. 1951 The bacterial oxidation of trypto-=
’ phano Jo Bacte, 61 691"’709 )

Hungate, R. E. 194l Studies on cellulose fermention. I The culbure and
pPhysiology of an anaerobic cellulose-digesting bacterium. J. Bact., -

L8, h99-513.

Hungate, R. E.’ 1950 The anaercbie mesophilic cellulolyt:.c bacteria.
. Ba'c-bo Rev::, 1)-1._9 1").’.90 . .

Kagan, B. 0., Tatker, S. N., and Zfasman, E. ‘M, 1942 Phosphorolysis of
saccharose by culbures of Leuconostoc mesenteroides. Blokhlmlya, 15

93-108.

Keilin, D., and Hartree, E. F. 1948 The use of glucose oxidase (nobatin)
for the determination of glucose in biological mabterial and for the
study of glucose=-producing systems by manometric methods. J. Biem
chem., L2, 230-238.

Khouvine, Y. 1923 Digestion de la cellulose par la flore intestingle de
‘ 1 thomme . B, cellulosae~disolvéns, n. sp. Ann. Ingt. Pasteur, 31s

711=-752.

Levinson, H. S'o, Mandels, G. R., and Reese, Eah T, 1951 P;éducts of
enzymabtic hydrolysis of cellulose and its derivatives. Arch. Biochem.
and Biophysics, 31, 351-365. . :




- L -

Levinson, H. S., and Reese, B. T. 1950 Enzymatz_é hydrolys:.s of soluble
cellulose derivatives as measured by changes in v:.scos:.tya J. Gen.
hys:Lology, 33, 601~628.

t

HcBee, R.. H. 1948 The cul‘cure and physiology of a thermophilic cellulose~
fermenting bacterium. J. Bact., 56, 653-663. \

McBee, R. H. 1954 The charac’c.er:.stlcs of Glostridium thermocellum, Jo
BaCto, -6_Z’ 505"5060 . .

MeBeth, I. G., and Scales, F. M. 1913 The destruction of cellulose by
bacterla and fllamentous fu_ngl.. U. S. Dept. Ag. Bureau Plant
Industry Bul. no. 266. o5, ‘ ~

MeTlwain H. 1948 - Preparation of cell-free bacterial extracts with powdered
alumina. J. Gen. Microbiol., 2, 288-291.

Noetling, G., and Bernfeld, P., 1948 Sur les enzymes am;;rlolyb:@le TFT:
Ia 8 -amylase: dosage dlactivite’ et contrble de ltabsence dt=-
amylase. Helvitica Chimica Acta, 31, 286-=290°

Reege, E. T., Siu, R. G¢. H., and Levn,nson, H. S. . 1950 The‘biologiéal
degradation of soluble eellulose derivatives and its relationship
to the mechanism of eellulose hydrolysis. J. Bact., 59, L85-1197.

Sih, C. J . 1955 A cellobiose-phosphorylase. i‘rom Clostridium thermocellum.
Thesis, Montana State College. - , .

Siu, 'R. G. Ho 1951 . Microbial decomposﬂslon oi‘ cellulose. Reinhold . |
Publishing Corp., New York. AN ‘

 van Iterson, Cos Jr. 190L Die Zerse‘bzu.ng von Cellulose durch Herobe
Wikrorganismen.,

Viljoen, J. A., Fred, E., B., and Peterson, W. H. 1926 The fermentation
of cellulose by thermophilic bacteria.'J. Agr. Sci., ;'L_é s 1=17.

118851




TR

3 1762 10014838 4

N378
MR2gs

118851



