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CONTROL OF THE CELLULASE SYNHESIS IN
CELLULOMONAS FLAVIGENA

(SELULAZ SENTEZININ KONTROLU)

N.Kolankayax

SUMMARY

In this study, effect of some external factors
which contrel the cellulase enzyme synthesis in Cellu-
lomenas flavigena ATCC 482 was investigated. The syn-
thesis ef enzyme was found te be repressed by readily
metabelized carben sources added into C.flavigena cul-
tures grewing en cellulose. In addition te the carben
sources, the cencentratiens of dissolved oxygen and
yeast-extract in culture media were also effective on
cellulase fermation. 2,4~DNP at final concentration of
5x10 “M in culture medium increased differantial rate
of the enzyme synthesis. The existence of an inverse
relatienship between growth rate and enzyme production
of C.flavigena was a comman observatien ef the study.

INTRODUCTION

Synthesisg eof cellulases by fungi and bacteria is
considered te be induced by cellulese substrates. How-
ever, since cellulese is high-molecular weight compeo-
und its penatratien inte cell is problematical. Mccer-
ding to the cencept of JACOB and MONOD(1961) inducer
is an exegeneus substance that penatrates into cell and
derepresses the synthesis of enzyme protein. The data
obtained in studies dealing with cellulase formation
suggests that there was inverse relationship between
metabolic rate and cellulase production of bacteria
and fungi(YAMANE et.al.l970;HULME and STRANKS, 1971).




In present work, centrel ef the cellulase synthe-
sis in C.flavigena cultures was studied.

X: Hacettepe University, Science Faculty, Department
of General Bielogy, Ankara, Turkey.

MATERIALS AND METHODS

I. Organism and Culture Cenditiens.

Cellulemonas flavigena ATCC 482 was provided frem
American Type Culture Cellectien, U.S.A. Steck cultu-
res were maintained in slants made ef stock-culture.

Agar(Difce). Working basal medium was censisting of O.
1%K 430+-05%KCI ,0.05MgS0, and 0.05% yeast—extract(
Dif&e). Inte the basal medium, water-seluble derivati-
ve of cellulese, CMC(Carbexymethylcellulese) and et-
her carben seurces were added arter they were sterili-
zedggparately.Erlenmeyer flaksa centaining 50 or 100 ml
of sterile culture medium were ineculated with bacte-
rial suspension prepeared by suspending the bacterial
cells in slant tubes with 10 ml ef sterile saline so-
lutien, at ratio ef 0.1l ml suspensien per 100 ml eof
medium, Culturatiens were carried out with ngcrothe—
rm Incubator Shaker(New Brumswick Ce.) at 30°C with
different peried ef growth time. Disselved oxygen con-
centrations in culture flasks centaining 50 ml ef me-
dium were measured with the aid ef Oxygen electrode(
YBI medel) fer each shaking speeds(100-300 r.p.m). -
And then, rate of Oxygen transfer inte medium was feu-
nd as suggested by ARNOLD and STEELE(1958).

1I. urement of Grewth; : O 1 lgse Activit

The grewth of C.flavigena was measured by reading
eptical density ef culture uides at 600 nm by means
of spectremic 20 model eof Besch amd Lemb spectrephete-
meter,

: Culture supernatants were used as enzyme seurce
- in ensyme assays. The methed described by NISIZAWA et.
al.(1971) was used fer measuring the cellulase activi-
ty as CMCase. In experiments, a unit CMCase activity
was described as the ameunt ef emzyme preducing lag
reducing sugar in a minute at the experimental cendi-
tiens. The ameunts ef reducing sugars in enzyme and
incubatien selutiens were measured by DNS(Dinitresali-
cilic acid) precedure(MILLER,1959), and calculated as
glucese en standard curve prepeared with glucese. Sin-
ce the enzyme synthesis is eccured during exponantio-
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nal growth phase of C.flavigena, the differantal ra-
tes of enzyme synthesis were found using the equation
offered by WELKER and CAMPBELL(1963) for amylase pro-
ducing organism, as follows,

A;ng;Eégo.D

RES' LTS

I1.Effect of Carbon Sources on Cellulase Synthesis

When the growth and cellulase synthesis in C.fla-

vigena were considered, it was observed that the orFa~

nism produced the enzyme throughout logarithmic phase
of growth in presence of 1.0% CMC as carbon source(Fig
1). Reducing sugar in the culture was also increased
during the logarithmic growth phase. The CMCase forma-
tion in terms of differantial rates has been effected
by CMC concentrations. Synthesis of the enzyme was in-
creased up to the 0.5% CMC and then slightly decreased
(Fig.2).While the addition of glucose and cellobiose
were activating the growth in cultures grown on CMC,
these two sugars were both repressing the cellulase
formation (Fig 3 and 4).Same phenomenon was observed
with the other carbon , sources which were added into
the culture media at 24. hr of culturation(Table 1).
The most activily repressing carbon sources were of
that on which C.flavigena was shown to grow with hig-
her growth rates.

II.Effect of Physiological Conditions on Cellulase

Growth of C.flavigena was found to be proportion-
al te the concentration of dissolved oxygen in culture
medium(¥ig.5).But, the formation of cellulase was ne-
gatively cerrelated wit the oxygen concentration. Amo-
unt of yeast-extract in cilture medium has also
affected growth and cellulase formation in cultures.Th-
ere was an inrease in the growth of organism d#e to
the increase in amount of yeast extract concentration
up to 0.20% in the medium. In contrast to increase in
ggowth, enzyme formation in culture was decreased (Yig.
2,4 DNP has influenced the enzyme synthesis and growth
of the organism inverely(@gble 2).Presence of 2,4 DNP
in culture medium at 5x10 “M concentration caused dec-
rease in growth but the increase in CMCase synthesis
of C.flavigena,




TABLE I.Effect of various carbon sources on synthesis
of cellulase in C.flavigena cultures.

Carbon Seurce® CMCase Growth Rate  xx
(ADA0.Dgooy)  @0.Dgpon,/hrx10”)
CTMC(Control) 21.%2 8
Lactose 8.5% 18
Na-acetate 725 20
Mannose 7.20 21
Glycerol 7.20 25
Fructoese 4,50 50
Galactese 2.65 60

Y: Carbon seurces were added into media at 24.hr ef
culturation to give final concentration of 002%.
Befere the addition ef carbon seurces, 0.5% CMC was

sole seurce of carben in media.

XX: Growth rates for each carbon seurces were found by
growing C.flavigena in medium containing relavant
carben seurce at O.1% concentratien.
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Table 2. Effect of 2,4 DNP

f 0.,5%CMC for 24 hr at 30°C.

on the_growth and cellulase

synthesis of C.flavigena .

2,4DNP Growth CMCase
I - ]

0.00 (Control) 0.16 21.20

5x10" 0.12 | 31.60

X: Culturations were ngrried out in presence of 0.5%

CMC for 48 hr at 30 C.




DISCUSSION

On the basis of our present data, limitation in
metabolism of the C.flavigena is resulted in induction
of cellulase synthesis. 1t is apparent that the cellu-
lase synthesis in C.flavigena cells is more effective-
ly repressed by the easily assimilated carbon sources
(Fig.3,4 and Table 1). Induction of some depolymerases
in culture of bacteria and fungi was shown to be pos-
sible when the growth of organisms was slowed down by
limiting the consumption of carbon sources(HSU andVA-
U@HN, 1969; LABONAK and PAVLOVSKAYA,1975; HULME and
STRANKS 1971). Comperatively recently, initiation of
the cellulase synthesis by lactose in Trichoderma li%:
norum was regarded as & result of slow consumption o
sugar by the organism (LABONAK and PAVLOVSKAYA 1978).
Induction of cellulase formation of C.flavigena by cel-
lulase is prebably dependent on slow degradation of
cellulose by the enzyme already present in small amou-
nts in the cell. Therefore, cellulase may be semi-con-
situtive in C.flavigena as in Pseudomonas fluorescens
(YAMANE et.al.l1978)

In experiments, the cellulase formation of C.fla-
vigena was enhanced due te dissolved O, and yeast ex-
tract concentrations which are not Optgmal for growth
(Fig.5,6). Restriction in ATP bynthesis and on growth
of C.flavigena was also resulted in increase in cellu-
lase formation(Table 2). As proposed by HULME and STR-
ANKS 1970), for celluloytic microorgenisms, limitation
in metabolism of C.flavigena may be the main mechanism
for its cellulase synthesis.

Manuscript Received in April 1980
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OZET

Bu ¢aligsmada Cellulomonas flavigena ATCC482 susgu
iizerinde seliilaz sentezini kontrol eden dig etkenler
arastirilmaya g¢alisildi. Seliiloz varligindan iliretilen
C.flavigena kiiltiirlerinin ilireme ortamina eklenecek ko-
lay metabolize edilen karbon kaynaklarinin seliilaz sen-
tezini baskiladiklari saptandi. Eklenen karbon kaynak-
lari disinda, seliilaz sentezi iizerinde ortamdaki oksi-
jen ve maya—ekstresi konsantrasyonlari da etkin olmaga
ta idi. Ayrica, 2-4-DNP'nin kiiltir ortamlarirnda 5x10
konsantrasyonunda bulunmasi durumunda enzim sentezinin
differasiyel hizini arttirdifir gozlendi. Genel olarak,
C.flavigena kiiltiirlerinde organizmanin iireme hizi ile
enzim uretimi arasinda ters bir ilisgkinin var oldugu
saptandi.
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L-Serine Dehydratase Synthecis Dy
seudononas aeruginosa
Pseudononas eerucinosa’da

I~Serin Dehidratoz Sentezi

Atilla Atalay:

ST ARY
L-serine dehydratase (L-serine hylro-lyase,

EC 2.2.1.13)procCuction was studied in Pseudomonas

aeruginosa QMB=-1468.l1aximun L-serine dehydratase
activity was obtained when 0.5 % 11,Cl was supplied
as nitrogen source in the basal nmediua containing 1 %
. I, IIPO, and 0,01 % 1:950,.7 1,0.
1.2

Jariows carbon sources inhibhited or dis

’

Teef evtract,0,3 ¢
not effect the

enzyuie fornation.

INTROTJCTION

RECAL and co-workers (1269) showed that chronic
granulocytic leukemia as well as normal human marrow
cells apnarently require serine for growth., This

A

finding suggests that Le~serine Jehvdratase (LST)ight

“Hacet:cene University,Science Taculty,liolecular
Diology Nenartment Teytene Camnus,nAn’iara,Turieye.
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III.Enzyme assay

The lketo acid produced by the enzyme was determined
by the direct method of FRIENEMAKE and IIAUGEN (1943).
A 0.1 ml of cell susﬁension was mixed with 0.9 ml of
(A) buffer (0.1l M borate,pll 8.5, 0.0l N MgCl2 and 0.l
M L-serine) and incubated in a 10 ¥ )( mm tube with
reciprocal shalzing in a water »ath at 37°C.Duplicate
sample tubes were incubated with a control tube in (A)
huffer without l~serine.After 10 min the reaction was
stonned by adding 1 ml of 1 N HC1 and 0.3 ml of 0.1 %
2,%4=dinitronhenylhydrazine in 2 N HCl.The mixture was
further incubated for 10 min at 37°C,and then 2 ml of
2 I NaOH was added. The absorbance of the solution was
determined at 417 nm in a Coleman spectrophotometer.
The amount of pyruvate liberated was calculated by
reference to a standard curve prepared with crystalline
sodium pyruvate. .
A unit of L-serine dehydratase was defined as the
anount of enzyme catalyzing the formation of 1 ji of
nyruvate per min under the conditions described above,
The remainder of the cell suspention was dried

(overnight at 100°C) and the dry weight determined.

RESULTS AND DISCUSSION

Different nitrogen sources were added to the basal

2HP04 and

O to examine the effect on the enzyme

medium containing 1 % Beef extract,0.3 % K
0.01 % 1NgS0,.7 H,
formation.Among the nitrogen sources tested only NH,C1
increased the enzyme activity (Table 1). ]
The other nitrogen sources increased the growth
rate of culture but inhibited the enzyne formation.The
effect of II,Cl on the yield of LSD was further studied.
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synthesis from 0,084 to 0.221 I9/mg dry weight(Table 3.

Table 1l.EBEffect of nitrogen sources on the
formation of L-Serine dehydratase™
Lrserin dehydratase Dry wt of

I'itrogen source IJ/mg dry wt of cells cells ng/ml
Control 0,085 0.98
Yeast Extract 0,011 1.82
Tryptone 0.006 1.%90
Casein Hydrolysate  0.008 2,07
Peptone 0,015 1.51
Corn Steep Liquor 0.005 1.23
NH,CL - - - ~ 2.150 - - 0.56

“The mediuwn contained 1 5 beef entract,0.3 & R2HPOA,

and oM .
and 0,01 % MgSO, 7 H,0

Table 2.Effect of ammonium chloride concentratiog
on the formation of Lsserine dehydratase

FHE,Cl (%) L-serine dehydratase Dry wt of cells

Iu/mg dry wt of cells mg/ml
0 0,084 0.98
0.1 0,083 0.98
0.5 0,221 0,77
1.0 0,058 0.58
1.5 0,055 0.60
2.0 0.074 7 0.54

XThe basal medium was the same as in Table 1.

Addition of 0.5 % NH,Cl increased the enzyme synthesis
from 0.084 to 0.221 IU/mg dry weight (Table 2).

In their previous studies PARDEE and PRESTIDGE (1955)
found the highest activity of Lsserine deaminase when
they used Casein hydrolysate and yeast extract as a
nitrogen source in E.coli.In addition,ISENBERG and
KEWMAN (1974) showed the inhibition of enzyme formation
in E,coli K 12 with the addition of ammonium sulphate
to the minimal mediunm containing proline,leucine and
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glycine.These finding suggest that the Pseudomonas

enzyme may be different from that of E.coli.

Wien amino acids were added to basal medium
together with 0.5 % KH,Cl,growth rates of cultures were
increased but the enzyﬁe fonmation either inhibited or
unaffected (Table 3).

Lowever,previous studies of PARDEE and PRESTIDGE
(1955) ancd ISEKBERG and NEWMAN (1974) have reported
LSD from L.coli induced by glycine and leucine.The
effect of carbohydrates and some carboxylic acids as
a carbon source on the production of LSD was tested in
a basal medium containing 1 ¢ Pepton,0.3 % K, HPO, and
0.01 % HgSO4.7 Hzo.It was found that carbon sources
with the exception of galactose depressed the enzyme
formation (Table 4).

Galactose increased the enzyme activity about 30
nexr cent,As with a nunber of enzymes,formation of LSD
is also inhibited by the addition of sugars,particulary
glucose.The published results of BOYD and LICISTEIN
(1951),50YD and LICHSTEIN (1955), EPPS and GALE (1942)
showing that LSD activity is depressed in various
cultures grown in a medium containing glucose.Althoudgh,
carbonrylic acids increased the growth rate of the cul-
ture, they inhibited the enzyme formation (Tahle 5),

As a result of this study we found that the best
mediun for the production of LSD by P.aeruginosa was
1 ¢ Beef extract, 0.3 % KZHP04, 0,01 % MgSO4.7 HZO
and 0.5 7, I'H,Cl,
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Table 3. Effect of amino acids on the formation
of L-serine dehydratase

‘Amino acid L-SDH IU/mg Dry wt of cells
% 0.5 dry wt of cells mg/ml
lone 0.168 0.648
L-serine 0.0G0 1.200
L-glutamic acid 0.043 1.220
Lythreonine 0.082 1,140
L-alanine 0.102 1,100
L-tryptophane 0.041 1,250
l-asparagine 0.164 1.120
L-leucine 0.107 1.300
Glycine 1.160 1.320

®*The basal medium contained 1 % Beef extract,0.3 %

KZIIPO4,O.O]. MgSOd_.?HzO,and 0.5 % NH4C1.

Table 4. Effect of carbon compounds on theX

formation of L-~serine dehydratase
Carbon compound I~S0il 10/ing Dry wt of cells

dry wt of cells mq(ml
Control(no C added) 0.033 0.723
Glucose 0,011 1.188
FPructose 0.014 1.228
Maltose 0.035 0.762
Galactose 0.043 0.644
Sucrose 0.036 0.696
Lactose 0.034 0.716
Dextrine 0.036 0,776

% The medium contained 1% peptone,0.3% iZHPO4,and 1%
carboxylic acid.

Table 5.Effect of carboxylic acids on the_,
formation of I~serine dehydratase™

. . L-SD¥ IU/mg Dry wt of cells
Carboxylic acid Adry wt of cells ma/ml
Control(no added) 0.046 0.54
Lactate 0.007 1.12
ok -Iletoglutarate 0.017 0.9%4
Tuwaarate 0.00% 0.71
Ilalate 0,00% 1.12
Dyravate 0,000 1.07%
citrate C.0LD 0.72
e coMiu: eominine 100 senione, 0,20 ILEDPO,, and

, . . 2
17! carhorzylic acid.
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