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AngrgacT. —— Growth and pigment
formation of Pullwioria pullytiens were
studied in various media. Tactoge was
an excellent source of carbon; the log-
arithmetic growth phase required 15-
16 hourz. The utilization of glucosze by
the organisms was slightly higher than
that of fructose. Vitaming, especially
thigmine, enhanced growth bul were
not cgsential to it. The organism did
not grow in 4 mixtare of 219 oxygen-
79 helinm, The addition of nitrog-
enous compounds to mediaz containing
maltoze or glucose cnhanced pigment
production, but the yield was lower with
the glucose svstem. Coltures shaken at
rogm  temperature (25°C)  produced
much more pigment per unit time Lhan
culiures incubated without shaking at
30°C. No pigment was formed when the
organism wag grown in basal media
containing yeast extract alonc or yeast
extract plug mall extract. A procedure
wag devised for oxtracting the pigment
from the cells. The pigmenl behaved
a8 an indiculor, changing color upon ad-
dition of aeid or alkali.

The genus Pwllulerie iz n yenst-
like [ungus widely disteibuted in
nature {DBaner, 1938; Clark, 1957;
Cook, 1958). Tt iz tmportant indus-
trially beeause it is involved in de-
terioration of paint and diseoloration
of lumber and ig injurious to plants
and plant products.

The published information about
the organism ig scanty and confliet-
ing. TIts taxonomy is unceriain and
practically all isolates are assigred
to the specics P. pullulans. The re-
porig on ity utilization of lactose are
not in agreement (Negroni and Fish-
er, 1942; Clark aud Wallace, 19387,

In the present research, ntilization
of carbohvdrates by P. pullatlons
strain NRRL Y 4515 was investi-

gated, and various carbonaccous and
nitrogenous compounds were tested
as sources of carbon and nitrogen,
respectively. The eflect of vitamins
on growth was determined, and the
extent of plgment formation was
evaluated.

Mareriarg axp MuTHODS

The amino acids, vitaming, salts
and gources of carbon woere of high
purity or reagent orade,

The basal eulture medinm eom-
tained 0.3% yeast exiract plus 0.5 to
6% lactose, D% glueose, or 5% {ruc-
tose. TFrom a 48-hr culture of .
pullulans, 1.6 X 10°% cells were added
per ml of basal medium, the Initial
pIl being 5.4. Kor 15 days fifty-ml
suspengiong in 125-ml flasks wore
incubated at 30°C without shaking
or woere mechanically shaken at room
temperature (25°C). For each ol
the carbohydrates a total of 64 flagks,
ineluding controls, were used. Kach
flask was reconstituted daily to its
original volume by the addition of
water. Cell counts were made hemo-
evtometrically and by plate count-
ing. The daily rale of carbohydrate
utilization wasg determined by the
Nelson (1944} modification of the
Somogyi method (1945).

The ability of the organism to
utilize various compounds contain-
ing 2.3,4,5 and 6 carbon atoms and
o number of nitrogen sourees was
tested by employing Bacto yeast ni-
trogen base media (Idifee 392) and
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Bacto veast carbon base media {(Dif-
o 391), respectively. The vilamin
requirements were tosted in Dactlo
yeast vitamin free base media (Difeo
394). The culture in amounts of 0L10
ml containing 1.5 X 10° cells per ml
of suspension was added fo tnbes
econtaining 10 ml of the media de-
seribed  above, Half of the tubes
were ineubated at 30°C without shak-
ing, and the remainder shaken at
room temperature, Cell eounts were
determined by plate counting.
Growth and pigment formation were
measured turbidimetrically aeecord-
ing to the Wickerham method (Wick-
erham and Burton, 1H8; Wicker-
ham, 1951,

Nitrogen {fixation was tested in
Bacto yeast earbon base medinm
with ecells which had heen trans-
ferred three times in a medium con-
taining only maltoge. Fifty-ml sus-
pensions containing 1.5 X 10°% cells
per ml were added to 125-m] flagks
with side arms provided with pres-
sure tubing anc stopeocks. The flasks
were plngeed at cach end with sterile
eotton and were exposed to 2149 oxy-
gen-T9% helium. The conirol fasks
were exposed to alr. Pairs of flasks
were ineubated at 30°C  without
ghaking and incubated at room tem-
perature with shaldng. Alr entering
the system was passed throngh 2 &
sulfuric acid lo trap ammonia, if
any.

To study pigment formation, 1.5
X 108 cells from a 48-hr culture were
added per ml of various media. Fif-
ty-ml suspensions were incubated at
30°C without shaking, shaken at
room temperature, or shaken at 36-
40°C, The 8-day-old suspensions
were cenfrifuged and the iniensely
colored supornate decanted. The cells
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Fisvrr 1.—-Growth curve of P. pawily-
lans on 5.09% lactose medium,

wore washed three times with 0.9%
sodinm chloride, three times with dis-
tilled water, and were dried in thin
layers. The resulting dried mass was
extracted five times with 1.25 ¥ sodi-
um hydroxide, centrifuged, and the
supernate decanted. The extract was
nentralized with hydrochlorie acid

50006

o
€ 4000
z
[w)
w
™
= YeYels!
-
]
[F1)
o
=)
]
42000
o
w
o
-
Z logo
[=]
=
=
Ol—1 1 v 1l | v g ] o
0 ? 4 [3 ] e 1z 14

TIME IN DAYS

Frovee 2. — Utilization of lactose by
P pullulans,
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proten 3. — Cell counts of P. pvilu-
tens in glucose and fructose media.
and dialyzed in cellophane agairst
water until free of chloride. Hxcess
acetone was added to the dialylie
residue and the precipitated pigment
removed by centrilugation.

To determine the effect of salts on
pigment formation in 5% glucose
or 8% maltose, NH,C1, {NH,).,80,,
Mg80,, K,HIPO,, KH,1"0,, NH,NO,
and KNO, were added singly or in
mixtures, each at a concéntration of
0.05% in shaken and incubated
series,

Resgunrs axn DISCTTERION

Girowth ond Carbohydrate Utiliza-
tion. Maximum growth of P. pil-
falans NRRL YB 4515 and utiliza-
tion of lactose necurred in media eon-
taining (L.3% veast extract plus 5%
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Fieyure 4, —pH changes during gin-
cose and fructose utilization hy P, pul-
{ulans.

Illinons

Acedemy of Seience

Jactose (Figures 1 and 2). The daily
cell counts in media containing 0.3%
veast extraet plus 5% glucose or
frmctose are shown in Figure 3. The
lowoest pIl, 3.40, was found in sus-
pensions shaken at room temperature
{(Figure 4). The organism utilized
wmore ol each carbohydrate whon
shaken at room temperature than
when incubated without shaking at
30°C (Figurc 8}. The ability of the
organism to ntilize lactose was con-
firmed by defermining the rate of
lactose utilization in media conlain-
ing 2 1o 5% lactose and by determin-
ing itg logarithmic phase (15-16 hr;
IMgures 1 and 2), In both the shaken
and the incubated series containing
elacose and fructose, slightly more
of the glucose was consumed.
Carbon Compounds, When 4%
sodium succinate was added to the
Bacto yesst mnitrogen base media
{Difeo 492), growth was abundant
and pigment formation heavy after
120 hr. Growth was good in the pres-
ence of 2% agparagine plus 2% am-
monium acetate, very poor with 2%
pyruvie acid or 3% sodium gluta-
mate plus 3% sodium formate, and
absent with 2% fumarie acid plns
ammoeninm acetate or 2% glyeine
plus 2% ammonium acctate. FPig-
ment was not formed with the as-
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FreukE 5, — Utilization of glucose and
fruectoze by P. pullulens.
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paragine-ammonium acetate mixture,
Heavy growth and pigment forma-
tion occurred with 4% glyveerol or
A% sodinm citrate. The 4-carbon
ecomipound fumarate, alone or with
ammoninm acctate, was not utilized,
whereag snccinate was an excellent
source for growth and pigment for-
mation.

Nitrogen Sources. When 2% ax-
paragine, aspatrtic acid, eysteine, gly-
cine, glyevlelyeine, lencine, lysine,
glutamic acid, methionine, or crea-
tine was added to the basal medinm,
growth and pigment formation were
extensive after 106 hr. However
with 29 (lyrosine the growth rate
was comparably great, but the pig-
ment was vellow instead of black.
The effect of 0.055% of various inor-
ganie nitrogenous salts in llacto yeast
carbon hase {Difeo 391) Is shown in
Table 1. Among the nitrogenons
snbstances tested, asparagine and
glveylolycine enhanced most the
growth and black pigment formation,

Fitaming, The following vita-
ming, added to the vitamin-free
veast base media (Difeo 394), singly
or in various combinations in the
coneentrations snggested by Wicker-
ham (1951), produced maximnm
growth after 10 hr: hiotin, caleium
pentothenate, folie acid, inositol, nia-
ein, riboflavin, thiamine hydrochle-
ride, pterovlglutainie acid, and py-
ridoxine hydrochloride, Thiamine
was the most clfective single vitamin,
Growth also oceurred in the vitamin-
froe base medinm but at & definitely
reduced rats. The fact that the or
ganism grew in the absence of vila-
wins, though more slowly, may indi-
gate that it can synthesize them.

Nitrogen Fixation. No growth oe-
gurred after 120 hr in the flasks

treated with the oxyeen-helinm mix-
ture. When atmospheric air, passed
throngh 28 I1,80,, was adwmitted to
thege flagsks, growlh was evident in
48 hr, and pigment in 96 hr. The
confrol suspensions showed growth
aftoer 48 hr and pigment, after 72 hr,
Accordingly these findings substan-
tiate the reported ability of P. pul-
Iulans to fix nitrogen Irom the air
(Brown and Meteall 19573,
Pigment. Formation—0f all the
media tested the one eontaining 5%
maltose plus 0.3% malt extract pro-
duced the largest amount of pig-
went. A lower yield of pigment re-
sulted in the shaken scrics when in
this medivm 1% glueoze, fruetose,
valactose or suervse was snhstituted
for the 0.8% malt extract. Even less
pigment resulted when the maltoge

=iy

way decreased to 2.5% and the above

named sngars were inereased 1o

Minimal plgment formed in media
containing 59 maltose plus the nu-
trient salts recommended by Wick-
erham (1046). Pigment was absent
in madia containing 5% maltose plus
0.3% malt extract, 2.5% maltose
plus 0.3% weast extract, or 2.5%
maltose plus 0.83%, yeast extract plus
0.3%, malt extract.

Inorganic salts were found to af-
foct pigment formation in 3% glu-
cose or D% maltose. Tn the shaken
and the incubaled series containing
5% glucose only slight pigment for-
mation was noticed with NH,NO, -i-
MgS0, or NH,CI + KH,PO, 4
MgSQ,. No pigment was formed
with MeS0, alone or in an admix-
ture with either K, HI'(O, or KIL-
PO,. In the series with 59 maltose,
pigment formation wag moderate
ounly with MgR0, alone or n an ad-
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mixture with cither K, HI*O, or
KH,PO,, but was abundant with the
other salis. Maltose containing
(NI1,3,50,, NH,CI, NILNO, or
KNGO, and shaken at 36-20°C pro-
duneed the highest amount of pig-
ment.

Properties of the Pigment.—The
dry plgment oceurred as brown to
black flat seales. It was more soluble
in hot than in cold water, loss so in
butanol and in 40% methanol, and
insoluble in ether, acetone, benzene
and chloreform, The addition of
base to an agueouns sotution produced
a green coloration, and on acidifica-
tion the solutior. changed to red. The
pigment mave a positive Molish test
and showed no redueing propertics.

Hieroscopic Studies. — Pigment
formation starts at the inner cell wall
and spreads uniformly toward the
center, filing the entire cell space
in 8 to 10 days. The color in situ
varies from light brown to jet black,
The oval eells rapture at one end,
and infrequently at both ends. Ir-
regularly shaped Tragments of pig-
ment and debris are visible aftor
several days. The older the eultuve,
the more numerous are the pigment
fragments and debris. When growth
peeurs ta the exelnsion of pigment
formation, the eelle are intact and
only little debris is present. The
loeus of expulsion of the pigment
can be followed distinetly.

ACENOWLEDGMENTS

This siudy was alded by a grant
from the Abbott Laboratories, North
Chicago, Illinois.

Singere thavks are expressed to
Dr. Teon L. Gershbein, Northwest

Institute for Medical Researeh, Chi-
cago, for his criticism, and to Dr.
Walton 1. Grundy, Abbott Labora-
tories, North Chicago, for supplying
the cultures. The technical assist-
ance of Mark Aeckerman, Harvey
Eehols, George Kazmierczak and
Robert J. Rosenberg is gratefully
acknowledged.

Lmerarose Corvn

Bauer, R. 1938. Beitraege zur Physiolo-
gie von Dematium pullulang de Bary.
Zentr. Bakferiol., Abi. IT 98 (B8.9):
133-67.

Drowx, M. H., and 5. Mmrcarew 1957,
Nitrogen fixation by a species of Pul-
lularia. Nature 180:282.

Crark, D. 8. 1857, Tae oxidation of car-
bonaceous compounds by a veast-tike
fungus. Ph. D. Thesig, McGill TTniver-
sity.

CiLarx, ID, 8, and R, H. WarLace, 1938,
Carbohydrate metabolism of Puilulo-
yia pullulons. Canadiap J. Microbiol.
4 (2):45-b4.

Coow, A, 11, 1958, The chemistry and
biology of yeasls, Academic Press Ine.
New York. 763 p.

Nesrori, P., and I. I'rsmeg. 1942, REsto
dic micologico de treinta cepas de
Pullulerie (Demativm) pulluions. Rav.
Tnst. Bact. Bucnos Alres 11T (1):49-
108,

Nurgoxw, N, J. 1944, A photometric adap-
tation of the Somogyi method for the
determination of glucose. J. Biol
Chem. 153:275.

Sowocyr, M. 1945, A now reagent for
the delermination of sugars. J. Biol,
Chem, 160:G1.

WickirHaM, L. J. 1946, A critical evalu-
ation of the nitrogen assimilation
tests commonly used in the classifi-
eution of yeasts, .. Dacteriol. 52:293.
301,

WickErBAax, L. J. 1951 Taxonomy of
yeast. . 8. Dept. Agr. Tech. Bull
No. 1024,

Wickrkwan, L. J, and . A. DBurtow.
194%. Carbon asgsimilation tests for
ithe classifleation of yeasts. J. Tac.
taeriol. 56:363-71.

Manuscript received Oclober 8, 1963,



