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ACTIVITY OF THE ASPERGILLI ON CEL-
LULOSE, CELLULOSE DERIVATIVES,
AND WOOL

Erwyr T, Reesz anp Mary H. Dowsine

Frequent reference is made in the literatute to the activity of
various organisms’on different industrial materials, Usually the
work has been done by individuals more intimately concerned with
the natre of the degradation than with the identity of the organ-
isms. Recently, three papers have been published in which the
earlier works have been reviewed and new data presented. A wide
range of organisms has heen studied for ability to attack cellulose
by White et a/. (), and by Marsh ef ol. (2). The relationship of
the black Aspergilli to cellulose degradation has been studied in
detail by White ef al. (8). The identity of all the organisms em-
ployed in these investigations was thoroughly established in accord-
ance with the monograph of Thom and Raper (5).

A large collection of microorganisms isolated from deteriorating
materials is maintained in this laboratory. One objective of our
research on this collection is the determination of the organisms
which are active in the degradation of various materials employed
by the Quartermaster Corps. A continuous testing program is
under way in which all the organisms isolated from deteriorating
materials are being evaluated for their activity. The present paper
reports the results on cellulose and on autoclaved woel obtained
from a study of 422 isolates belonging to the genus Aspergilius.
Isolates, representative of each group, were examined microscopi-
cally. Any organism about which there was any question of proper
identification was sent to Dr. K. B, Rager for confirmation.

The complex nature of cellulose degradation is becoming more
apparent as experimental data accumulate. Tn an earlier report
(4), it was shown that the ability to hydrolyze the 1,4’ p-glucosidic
linkages of the cellulose chain does not in itself cetermine whether
an organism can attack cellulose, since many non-cellulolytic micro-
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organisms possess the enzyme (Cx) carrying out that reaction.
It was postulated that cellulolytic organisms possess an additional
enzyme {C,) capable of converting native cellulose into the form,
acted on by Cx. This enzyme (C,) is lacking in non-cellulolytic
organisms. The present paper considers both the ability of mem-
hers of the Aspergilli to iydrolyze the 1,4 8 linkage, and the ability
to degrade cellulose.
EXPERIMENTAL

The method for testing the activity of all isolates was slightly
modified from that previously used in this laboratory by White
ctal. (6). Cloth strips ravelled to-a width of 1 inch and cut to a
lergth of 3 inches, were piaced into 20 % 130 mm. pyrex test tubes,
A nine ml. abguot of the following nutrient solution was added {o
each tube: yeast extract 0.01% ; MgSO,-7H,0, 003%: NH,NO,,
0.1%; M/100 potassium phosphate buffer pH 5.7; initial pH 6.3
=02 After sterilization and cooling, each tuhe was moculated
with 1 ml, of spore suspension. Incubation was at 30° C, for 2
weeics, at the end of whick time the strips were examined for
growll and larvested, After the usuai conditioning teeatment,
tensile strength determinations were made by means of a Scott
tester. Five replicates of the 3.3 oz. bleached cotton sheeting and
four replicates of she wool gharmeen were used. For our purpose,
we congider as inagtive thosgjorganisms which effect a loss in ten-
sile strength of Jess than 15 per cent:in-two weeks.. This is purely
arbitrary and organisms which are weakly active are not sharply
defined. In addition, more limited tests were made with repre-
sentative isolates of each group. Twelve oz. grey cotton duck was
used in one series of experiments for comparison with results ob-
tained on sheeting. In another experiment, the utikzation of woal
as a itrogen source was tested by omitting the NH NG, of the
nutrient solution and adding one per cent sucrose for comparison
with the: previous results where the wool was the only carbon
source: In a third series of experiments, the ahility of represen-
tative isolates to degrade filter.paper was determined by incubation
in shake flasks in accordance with the method previously described
(3). Loss inweight was tised s a criterion of cellulolytic activity.

The practital value of data obtained on wool that s been anto-
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claved is questionahle, since woolen cloth is never subjected to such
treatment in actual service. In field tests, the only fungi fourd to
degrade wool are the dermatophytes and members of the Gymino-
ascaceae., . On the other hand, the results on autoclaved wool may
be of some value-to those seeking organisms capable of attacking
other proteinaceous materials, Eventually, perhaps, the more ac-
tive of the organisms attacking auntoclaved wool may be tested on
wool sterilized by some other means. Preliminary experiments
from these laboratories (7) indicate that unautoclaved wool is

 resistant to most of the fungi tested. Under field conditions, most

severe degradation of unautoclaved wool seems to be caused by
bacteria and actinomycetes rather than by fungl. Such degradation
is most rapid when the fabric is in contact with the soil.

The following represents a generalized summary (TapLE 1) of
the results. Fach Aspergillus group is arranged in the order of
its activity, A. ferrens, A. fuwigatus, and A. flavipes were the
only greups active on both 3.3 oz, bleached cotton sheeting and
wool. A elavatus, 4. flavus-oryeoe, and A. temarsi were active .
on wool but inactive on cotton sheeting and on duck. A. achracens,
A. nidulans, and A. rugulosus were active on weol and grey duck
but not o sheeting. The A, ustus group, in general, was inactive
on wool and cotton sheeting, but active on grey duck. In the,jA
nidulons group, . witguis;was indrtive on wool, but both A. niu-
fans and 4. rugidosus (one isolate) were active. Members of this
group were inactive on cellulose, The remaining groups 4. wenti,
A. versicolor, A, g{aucmf and A. wiger (with the exception of the
A. Iuchuensis series on grey cotton duck) proved inactive on both
eellulose and on wool,

A close relationship between physiological activity and morphol-
ogy is shown (TasLe 1), The various isolates of a species are
remarkably alike in their physiological properties as determined by
these degradation studies. Furthermore, morphologically stable
species tend to be more uniform physiclogically than species show-
ing greater variation in growsh patterns,  Thus, the isolates of
A. fumigatus dte similar morphologically and in their abilities to
degrade autoclaved wool and cotton: sheeting, while the morphologi-
cally dissimilar isclates of A, ustus tend to show greater variability
in their activity on the two substrata used.
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Of the 422 solates examined, only seven appeat to differ from
others in their respective groups in their behavior on autoclived
wool and on cotton sheeting, Originally, several others also ap-
peared to be exceptions. Closer examination revealed either that
these had'been improperly identified, or that-contaminants were
present. In the latter case, after purification of the culture, fhe
organism behaved in a manner chatacteristic of the species. Be-
catise of this uniformity, exceptional behavior on a substrapum is
suggestive of contamination or mis-identification. The following
exceptions have been noted. Two of the seven isolates of 4, ﬁscher:
tested differ from the other t_\,qen,ty-mne members of the A. fm-m-
gatus group in being unable to attack cotton sheeting, They were,
however, active on grey duck, and the inability to attack the sheet-
ing may have been due to a nutrilite deficiency. It is interesting
to note that both isolates originated in Florida, and that both were
somewhat different macroscopically from our other isofates of A,
fischeri. One isolate of 4. flovipes differed from the others in its
nactivity on wool. Al of the other members, however, might be
classed as weakly active on this substratum. The results of Marsh
(2) relative to the activity of A. gigantens were confirmed. This
species, of which only one representative was tested, differed from
the other members of the A. clazatus group in being active on
cotton, but not on wol. Imthe A. nidulans group, one of twenty-
six isolates of 4. wnguis wad able-to attack wool, and only one of
four isolates of A. nidulans was dble to degrade cotton sheeting.
Three of four isolates of A. widulans attacked wool,

- The refationships feund above are based on results obtained un-
der a definite set of conditions,’  The data resulting from other

tests arein general agreement with those given. Organisms capa-

‘ble of using autoclaved wool as a carben source were also able to

degrade the same material when it was the only N-source {in the

‘presence of sucrose). In like manner, there is agreement between

the results using grey cotton duck and those using 3.3 oz. bleached
cotton sheeting, except that {1) the activity is usually greater on
the duck; (2) the following organisms are unable to attack 3.3 oz.
sheeting but are able to attack duck.

(a) A Iuchuensis series of the 4. niger group (four exceptlons
unable to attack duck). Coun g
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TABLE 2 i

ABILITY OF SPECIES OF Aspergillus O PRODUCE AN ENZVME
CapanLe oF HyproLyzing CarsoxvMeriyl CELLULOSE

Incubation ‘ Cx
Aspergillus specles ) (E.:;:) Growth activity*
Cellulolytic species ‘ :
A, fumigalus OM 45h 9 4+ 14
A. Jumigatus M 6b 9 1+ L2
A. fischerd 1 OM 864 9 4+ RE
A. ferreus OM 825 9 44 3
A. ferreus OM 91c 9 1 44 kil
A. flavipes OM 24a 9 44 2
Non-cellulolytic species

?4. davatuf pectes QM 862 9 4+ A1
A. chevalier OM32 20 none —
4. repens M 210 0 | none —
A, nidulons OM23b . 20 2+ 18
A tnguis oM 8 20 44 2
A. ustus OM 2% 1+ 9 4+ 56
A. ustus oMez | 9 T4t | om
A, sydows OM 4d 9 | 44 AD
A. sydows Fla.F 3 9 4+ 38
A, versicolor oML L, % ) 44 M
A, niger v. Tiegh. OM4s8 |9 | 4+ | o
A. carhonaring OM 331 9 3+ 02
A, tamarti (M 500 9 44 35
A, tamarii OM 75 9 44+ i
A, flavus M 4m 9 44 .28
A, flavus OM6ke | ¢ | 4+ | 20
A. ochraceus OM 26h 4 44 A2

*(Cx activity; 5 ml. 1% CMC S0T 1 ml. M/2 ditrate pH 5.6 43 ml.
water -+ 1 ml. celifree Ritrate. Temgerature 50°C; time 1 houz. Results
expressed as reducing sugar in terms of glucose in mg./ml. of mixture/hour.

(b) A. siger v. Tiegh. One isolate (of 13} represents an ex-
ception to the rule that no black Aspergilli attack cellulose, the
mentbers of the A. luchuensis series and A. niger mut. schiesmaonnd
not being black. It is like the latter, however, in being able to
attack grey duck but not cotton sheeting. Raper, in verifying the
correctness of the identification, states: “this [organism] obviously
suffers from some nutrient deficiency as evidenced by its very lim-
ited growth on Crzapek solution agar. Perhaps this deficiency
miight in some way be related to its cellulolytic properties.”
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{c) A. uiger mut. schiemanni,

(d) A. ustus was highly variable in its attack on cotton sheetmg
but ali isolates attacked the grey duck.

(e) A. ochracens group (two exceptions, unable to attack duck).

The results of Marsh (2) on duck agree quite well with ours
for the same substratum, except pethaps for 4. clawatis, In this
group, Marsh found a preponderance of active strains in contrast
to the nactivity recorded for our more limited number of isolates,

Growth of species of Aspergillus on carboxymethyl collulose.
Organisms representing the various groups in the genus Asper-
giltus were tested for their ability to grow on carboxymethyl cel-
lulose (CMC)" in shake flasks: At the end of incubation, the
cultures were filtered and the filtrates tested for ability to hydrolyze
CMC (TanLE 2) by methods previously described {4). The time
of incubation was varied in accordance with the rate of growth of
the cultures. Al of the Aspergilli tested possess the ability to pro-
duce the enzyme Cx. - The absence of growth by two members of
the A. glowcus group (OM 312 and QM 210) is not vnusual, these
being difficult organisms to grow in shake-cultures. The low ac-
tivity of the A. corbonaring filtrate is in opposition to the good
growth obtained. The two members of the A. nidulans group
(QM 25b and QM 8¢) showed fair growth but no activity in the
filteates after 9 days incubation. Yet the 20-day filtrates had good
activity. This effect of culture age on filtrate activity has been
frequently observed.

DISCUSSION

Cellulose which has undergone various chemical and physical
steps during purification differs in its susceptibility to degradation
by microorganisms, The effects of such treatments may be sum-
marized as follows

(a) Increase in surface area renders cellulose more easily at-
tacked.

(b) Decrease in crystallinity or decrease in “ctoss linkages”
between cellulose chains. For example, viscose tayon and cupram-
monium rayon are more readily attacked than the initial cellulose.

1CMC 50T supplied by Hercules Powder Company, Wilmington, Dela-
ware, Degree of substitution 0.52.
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(c) Removal of impurities may lead to apparent resistance.
Highly bleached and desized cotton cloth may not suppert groswth’
of an organism due to the absence of growth factors, whereas the
same organism may grow well on the untreated fabric. This type
of resistance may be overcome by adding the proper vitamins,
minerals, etc, .

(d) Deposition of chemicals. Incomplete removal of bleaches
or other chemicals may inhibit fungus growth, '

{e} Chemical modification: of the cellulose molecules by substi-
tution tends to increase resistance, As the number of added sub-
stituents per anhydroglucose molecule increases, the resistance
increases. One substituent on every anhydroglucose unit appears
to confer complete resistance,

It is not unusual then, that bleached cotton sheeting differs from
the more crude cotton duck in its susceptibility to attack by micro-
organisms. Where differences occur, the duck is the more rapidly

degraded. Though this problem has been considered before (8),

it is not yet certain that the answer is simply growth factor de-
ficiency. For instance, treatment of the resistant, bieached sheeting
with alkal has been found to permit growth of 4. huchuensis
{OM 873} on fabric which would not otherwise suppart growth.
While these data may indicate that the resistance is due to a toxic
chemical present in the fabric, the preblem is not so simple sizice
filter paper is also resistant, It scems unlikely that the same
chemical impurity would he present there as in the bleached sheet-
ing. Asarule, our results on decompositicn of filter paper in shake
flasks agree with the data on loss in tensile strength of cotton
sheeting.

Since all of the Aspergilli seem capable of hydrolyzing the link-
ages between anhydroglucose units in straight chain melecules
derived from cellulose, it appears that the difference between ceflu-
lobytic dnd non-cellulolytic must be in the ability to carry on an
carlier step by means of the postelated enzyme (C,). The ability
'to procuce the enzyme Cx is common to all Aspergilli. The non-
cellulolytic members of the genus produce as large amounts as do
the cellu'olytic species. Most of the strains tested produce much
more Cx if a substratum is present which contains the 1,4. 8-
glucosidic linkage in Jorg chains. The enzyme diffuses readily into
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the medium, a requirement if such long melecules are to be split
up to permit diffusion into the cell. ‘

A close correlation is found in the Aspergilli between the mor-
phological entity as exemplified by the species or group, and the
physiological activity, Such data are uselul in evaluating results
given in the literature, even when the organism then used is no
longer available. Thus, Basu (1) in a recent paper, reporis his
strains of Aspergiilus miger as non-cellulolytic, and 4. ustns, A4,
terrens, A. fumigatus, and A. sydowi as cellulolytic. All of these
but one are in agreement with the data gathered in this report,
It appears uniikely that the organism he calls 4. sydowi is cor-
rectly named since none of 33 isolates of that 0r'gh'ﬁ'fsm tested by
us or by Marsh has any cellulolytic action. Such a conclusion
must, however, be accepted with reservations.

For ready reference, the-groups may be brought together on the
basts of activity as follows:

A, Active on Cellulose
L. Active on wool
a. Active on cotton sheeting and grey duck
A terreus, A, nivens
A. fumigstus, A. fischeri
A. flavipes
b. Active on grey duck but s0t on sheeting
A. ochracens
A. widulans, A. rugulosus
2. Inactive on wool
a. Active on sheeting and on duck
A. gigantens
h. Active on grey duck but not on sheeting
A, ustus
A, miger mut. schiemanns
A. luchuensis series (see below)
B. Inactive on Cellulose
1. Active on wool
A. clavatus
A fawnis, A, oryzae, A. parasiticus
A. tamarii
A, scleratiorum
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2. Inactive on wool
A. unguis
A. wentit, A, panamensis
A. versicolor, A, sydowi
A, repens, A. chevaliers, A. montevidensis, 4. restrictus
A. carbonarins series
A, niger series {except A. wiger mut. schiemanni)
A. luchuensis series (except for above)

SUMMARY

1. The isolates of any particular species of Aspergillus are altke
in their ability to attack a particular substratum, such as cellulose
o wool,

2. Some species of Aspergilfes can attack both autoclaved wool
and cotton, seme one but not the other, and still cthers can attack
neither. .

3. Some species of Aspergillus are capable of degrading crude
cotfon duck but not the more pure ceflulose of bleached cotton
sheeting. These organismé are cellulolytic, Failure to grow on
the cotton sheeting must be attributed to other causes.

4, All members of the genus Aspergillus appear to be capable of
hydrolyzing the 1,4 f-ghucosidic linkages found in the cellulose
chain,

PHILADELPHIA QUARTERMASTER DerOT,
PHILADELPHIA, PA,
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