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CONTROL OF THE CELLULASE Sn1HES1S tN 
CELLULOMONAS FLAVIGENA 

{SELULAZ SENTEZ!N!N KONTROLU) 

N.KolankayaX 

SUMMARY 

In this study, effect of some external factors 
which control the cellulase enzyme synthesis in Cellu
lom.nas flavigena A~CC 482 was investigated. The syn
thesis of enzyme was found to be repressed by readily
metabolized carben sources added into C.flavigena cul
tures grewing en cellulose. In add~~ion tc the carbon 
sources, the concentrations of dissolved oxygen and 
yeast-extract in culture media were also effective on 
cell~~ase fermation. 2,4-DNP at final concentration of 
5xlO M in culture medium increased differantial rate 
ef the enzyme synthesis. The existence of an inverse 
relatienship between growth rate and enzyme production
of C.flavigen. was a comman observation af the study. 

INTRODUCTION 

Synthesis ef cellulases by fungi and bacteria is 
considered te be induced by cellulose substrates. How
ever, since cellulose is high-molecular weight compo
und its penatration inte cell is problematical. Iccor
ding to the c.ncept 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.1970;HULMB and STHANKS, 1971). 
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In present work, control ef the cellulase synthe

sis in C.flavigena cultures was studied. 

X:	 Hacettepe University, Science Faculty, Department

of General Biology, Ankara, Turkey.
 

MJ:TERIALS AND METHODS 

I.	 Organism and Culture Conditions. 

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

Agar(Difce). Working basal medium was consisting of O. 
1%K~4,0.O~CI,0.05MgSO~ and O.O~ yeast-extract(
Dir8o). Inte the basal med1llm, water-soluble derivati 
ve er cellulese, CMC(Carboxymethylcellulese) and ot
her carben sources were added after they were sterili 
zedseparately.Erlenmeyer flsks containing 50 or 100 ml 
er sterile culture medium were ineculated with bacte
rial suspension prepeared by suspending the bacterial 
cells in slant tubes with 10 ml of sterile saline so
lution, at ratio ef 0.1 ml suspensien per 100 ml ef 
medium. Culturatiens were carried out with Pgycrethe
rm Incubator Shaker(New Brunswick Co.) at 30 C with 
dirferent peried ef growth time. Disselved oxygen con
centratioDs in culture flasks centaining 50 ml ef me
dium were measured with the aid er Oxygen electrode(
YSI .odel) fer each 8hakin« 8peods(100-300 r.p.m). 

lad the., rate or Oxygen tran8fer into mediua was reu
nd as suggested by ARNOLD and STEELE(1958). 

II.l;!!eur••,. of Gre!th••~O'1UltfS! Activit:r 

The grewth or C.rlavigena was measured by reading 
eptical deasity et culture fluids at 600 nm by meaDS 
er spectreaio 20 model ef Besch aad Le.b spectropheto
meter. 

Culture supernatants were used as enzyme seurce 
in enzyme assays. The method described by NISIZAWA et. 
al.(197l) was used fer measuring the cellulase activi
ty as CMCase. In experiments, a unit CMCase activity 
was described as the ameunt ef enzyme preducing ~g 
reduciag sugar in a .iAute at the experimental cendi
tiens. The ameunts er reducing sugars i. enzyme and 
incubatien selutions were measured by DNS(Dinitresali 
cilic acid) precedure(MILLER,1959), and- calculated as 
glucese en standard curve prepeared with glucose. Sin
ce the enzyme synthesis is occured during exponantio
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nal growth phase of C.flavigena, the differanta1 ra
tes of enzyme synthesis were found usinr; the equation
offered by WELKER and CAMPBELL(1963) for amylase pro
ducing organism, as follows, 

RES1LTS 

I.Effect of Carbon Sources on Cellulase Synthesis 

When the growth and cellulase synthesis in C.f1a
vigena were considered, it'was observed that the orga
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 O.~ CMC and then slightly decreased 
(Fig.2).While the addition of glucose and cellobiose 
were activating the gro.th in cultures grown on CHC, 
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 hi~
her growth rates. 

II.Effect of Physiological Conditions on Cellulase 

Growth of C.flavigena was found to be proportion
al to the concentration of dissolved oxygen in culture 
medium(Fig.5).But, the formation of cellulase was ne
gatively correlated wit the oxygen concentration. Amo
unt of yeast-extract in cplture medium has also 
affected growth and cellulase formation in cultures.Th
ere was an inrease in the growth of organism doe to 
the increase in amount of yeast extract concentration 
up to 0.20% in the medium. In contrast to increase in 
growth, enzyme formation in culture was decreased (Fag . 
6). 
2,4 DNP has influenced the enzyme synthesis and growth 
of the organism inversly(T~ble 2).Presence of 2,4 DNP 
in culture medium at 5xlO-/M concentration caused dec
rease in growth but the increase in CMCase synthesis
of C.flavigena. 



4 

TABLE I.Effect of various carbon sources on synthesis 
of cellulase in C.f1avigena cultures. 

Carbon Sourcex CMCase Growth Rate xx 

(AU~0.D600nm) 

cMC(Control) 21.32 8 
Lactose 8.53 18 
Na-acetate 7.25 20 
Mannose 7.20 21 
Glycerol 7.20 25 
Fructose 4.50 50 
Ga1actese 2.65 60 

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

sole source of carbon in media. 

XX:	 Growth rates for each carbon sources were found by 
grawing C.flavigena in medium containing re1avant 
carben seurce at 0.1% concentration. 
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Fig.I.Growth and Cellulase Formation in C.flavigena. 
Or~anism was ~rown in basal-medium containing 
1.0 %CMC.
 
X:CMCase activity (IVml),o:Growth (0.D600 ),:

Redu.cing sugar- ()ag/ml). nm
 



5 

Ii 
I i
I I, 

-E 
c 
o 
g 5.0 
o 
o 
<J-::J 
<J 4.0 
"-!-U 
<{ 

~ 

~ 3.0 x j. 

u 
~ 
u 

0.1 02 0." 0.6 0.8 1.0 
./. CMC 

Fig.2.Differantial rates of CMCase synthesis in the 
presence of var~ous concentration ofoCMC in medi
um.Cells wer~~rown for 24 hrs at 30 C, 150r.p.m. 

0.20 

0.16 
o 

40 

30 

20 

.. 10 

..~ .--.--.------

o.. ~ 

E CI 
c: o 
~ 0.12 ~ 

;;) 

~ 
... 

oC(...... 
u 
Z 
u 

o 

_ Eltract (difcD )·f. hilt 

Fig.6.Effect of yeast-extract on the growth and rate 
of CMease synthesis of C.flavigena. o:Growth of 
organism, .:Rate of CMease synthesis. Culturati
ons were cal)ried out in presence of 0.5roCMC for 
24 hr at 30 C. 



6 

CMC as e Act. (~U/~00600nml 
s- QI ;:; C;; 

~ 
\ " --~ \ \ "'" ,, .......
 

........
 ~ - .~ 0"" 0,, .' , 
o ,.n • 0 
\ \ 

\ \ 

.."11

., \ ,L \ \ 
\ 

\

\ 

\

,
\s"-,..

-0 
;7 \ \., 

o • 

J J 
I \ 
I \ 

o '" I , 
o • 
I II \ 

• 0 o •l7> 
o 

I I I 
o 0 0 0 
N ,.. C7' ~ 

o 0 0 0 

Growth (00 600nm 1 

Fig.3.Effect of p;lllcose on the growth and rate of CMC
ase synthesis of C.flavip;ena. 0.02% glucose was 
added into culture growing on 0.5% CMC. at 10.hr 
of culturation. 
0: growth of controL~)Growth of control plus 
glucose, 
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transfer rate. into medium, o:Growth of organism, 
A:Rate of CMCase synthesis. Culturation was ca5r
ied out in presence of 0.5%CMC for 24 hr at 30 C. 

Table 2.	 Effect of 2,4 DNP on thexgrowth and cellulase 
synthesis of C.flavigena • 

2,4DNP Growth CMCaae 

(1'101.) (0.D· 600nm) ( [1/ 0.D60nm) 

0.00 (Control) 0.16 21.20 

5xlO-5 0.12 31.60 

X: Culturations were uBrried out in presence of 0.5% 
CMC for 48 hr at 30 C. 
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DISCUSSION
 

On the basis of our present data, limitation in 
metabolism of the C.flavigena is resulted in induction 
of cellulase synthesis. It 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). Comparativ-ely recently, initiation of 
the cellulase synthesis by lactose in Trichoderma li~
norum was regarded as a result of slow consumption 0 
sugar by the organism (LABONAK and PAVLOVSKAYA ,1978). 
Induction of cellulase formation of C.flavigena by cel
lulase is probably 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.1978) 

In experiments, the cellulase formation of C.fla
vigena was enhanced due to dissolved 0 and yeast ex
tract concentrations wnich are not optfmal 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 microorganisms, 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 ~a11qmada Cellulomonas flavigena ATCC482 su§u 

lizerinde sellilaz sentezini kontrol eden d1q etkenler 
araqt1r1lmaya ~al1q1ld1. Selliloz var11~1ndan liretilen 
C.flaviBena kliltiirlerinin ureme ortam1na eklenecek ko
lay metabolize edilen karbon kaynaklar1n1n sellilaz sen
tezini bask1lad1klar1 saptand1. Eklenen karbon kaynak
lar1 d1~1nda, sellilaz sentezi uzerinde ortamdaki oksi
jen ve maya-ekstresi konsantrasyonlar1 de etkin olma~4 
ta idi. Ayr1ca, 2-4-DNP'nin kliltlir ortamlar1nda 5xlO 
konsantrasyonunda bulunmas1 durumunda enzim sentezinin 
differasiyel h1z1n1 artt1rd1~1 ~ozlendi. Genel olarak, 
C.flavigena kultlirlerinde organizman1n ureme h1Z1 ile 
enzim uretimi araS1nda ters bir iliqkinin var oldu~u 
saptand1. 
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L-Serine Dehytlratar;c Synt:lc;;is ny
 

Pncudomonas aeruqd.nos a
 

.P;"3etlCO~10nas 2eru0inosu.' da 

L-Serin f)ehirlratu~: scntezi 

Atilla i"\tu.1<::i: 

sm,;; ~'\f'S 

L-scrine dehyC::ratase (L-serine hy:lr<rlyase, 

EC ~.• 2.l.l3}prol:uction was stucliecl in Pseudomonas 

aeruginos a Qfv~D-lil.68 .I·la=dnwn L-serine dehydrat<l3e 

activil:y Has obtained when 0.5 ~.; nI. Cl was supplied1
an nitrogen source in the basal r:tediu~,l containing 1 ~~ 

0cef e~d:rac{:,O.3 ~~, I: IIP0 o!. .;lnc..l 0.01 ~~ I;':JS04,.7 E2 20. 
Variou::; carbon nources inhibitc(l or c~id not ef~ect the 

onzyi.io ~or:'.ation. 

Il~ROTYJC':'IOI~ 

REG7\l~ and co-x....or'kers (1~69) showed that chronic 

granulocytic Leukemi.a as \·tell as normal human 'ilarrOl..... 

ccll~ cpryarcntly reluire Derinc for gr~n:h. ~~i3 

finc1inC'j .~U<]l}ests that L-nerinc (~chyrrCltasc (LS':')-:1igh": 

~1facct!:c;.Je Univerni ty, Science ::-aculty,I,"olecular 
r.iology Jlc!,Clrt,ilcnt :r;eyte:?c C<l'-~rnls,}\n':;J.ra, ':'ur~:cy. 
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1,e 1.1.-;efu11 Ln 1C',)":~;.;j.2 'c:>er2.~1Y. I 
I 

::'or ;:'li:; ':)11r,O:,e i;ELS')l. C:: ill (1')73) ,·.c;:-c!cne(~ ! 
117 ')<lcJ-:c:C~.2.1 ·'~raLle;"' .,n' :::OllJ"[" tho.t Chror.~O')2.ct.~rill:~ 

r'J.J-'. "11 (1,)7S) ;:- 1.Jc) ;;creencd it r.\oric,' of 

In t:'e ~,re::,.en::' :::; t~'v':' ::.118 nutritional factors 
affecting the enzyme formation were studied. 

C:ULlrtcr:1il~tcr re;'2;"::-c~J. ,'1:1.' ;'cVclo:':lent ~enJccr 'l.S.Array 

:~Cltic'_,r~2.::;:>.':'hc c'J1::1.'.l:'~ '.F".'" ;-,aintClinc(' on a ;-.1e~:i1.u., 

cont.aLni.nr-] 'Jra: ',"': ~)er Li, '.0::) : Pe:::>:~on, 10; r.c:c:'" e::':rt:.ct, 'C; 

I 
r 

Ihourc at 37~C on C' roi.:~::y 8h:l>er(1':ml I:r11.:i:J'"ic': Sci.Co) 

.:1'<: 17-:: rCN!r.,in.Cel1::; "Jere )1Clrve~tc:', :,y ccnc.ri'::ug<11;io'1 I 
("()O~:0 :::or 10 :li:1) ::m' rCGu::;pcn,le"l i:-t r"; :,11 of Hater. I 
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III.Enzyme ansay 

The ~~et.o acid produced by the enzyme was determined 

:)y the direct rne t.h od of FRIEDEl-iANN and IIAUGEt! (191\·3). 

A 0.1 ml of cell suspension '-1a::; mi~~ed Hith 0.9 ml of 

(A) buffer (0.1 l-i bdra"te,pII R.S, 0.01 r1 HgC12 and 0.1 

r: L-serine) and incubated in a 10 X ) ( i.U11 tube with 

::::-eciprocal EihaJ::.ing in a water ~)ath at 37·C.Duplicate 

s ar.rpl.a tubes were incubated Hi th a control tube in (A) 

~)1Jffer ,.,ithout L-serine.After 10 :-:lin the reaction was 

sto~pcd by adding 1 ~l of 1 N HCl and 0.3 ~l of 0.1 % 
2,4-dinitr09henylhyorazine in 2 n RCl.The mixture was 

further incubatert for 10 min at 37·C,ancl then 2 ml of 

2 n NaOH wan added. The absorbance of the solution was 

dete~ined at 417 rum in a Coleman spectrophotometer. 

The a~ount of pyruvate liberated Has calculated by 

reference to a standard curve prepared with crystalline 

sodium pyruvate. 

A unit of L-serine dehydratase waG defined as the 

amount; of enzyme catalyzing the f'ozraa t.Lon of 1 11!! of 

~yruvate per min under the ooridd, tions describect a?Jove. 

The remainder of the cell suspention was dried 

(overnight at lOO·C) and the dry weight dete~nined. 

RESULTS A~TD DISCUSSION 

Different nitrogen sources were added to the basal 

medium containing 1 % Beef e,{tract,0.3 ~G andEZHP04 
0.01 % r-..1gS0.1.7 H20 to examine the effect on the enzyme 

formation.Among the nitrogen sources tested only llli~Cl 
" 

increased the enzyme activity (Table 1). 

The other nitrogen sources increasedl.:he gro,..rt:h 

rate of culture but inhibited the cnzyne formation. The 

effect of l~I~Cl on the yield of LSD was further 3tudied. 
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syntheGi3 from 0.081 to 0.221 Iry/mg dry weight(Table~. 

T~)le 1.Effect of nitrogen sources on the 
formation of L-serine dehydrataseX 

l:itrogen source 

Control 
Yeaci: E::t.ruct 
'::rYP"l:onc 
Casein Hyckolysate 
Peptone 
Corn Steep Liquor. 
NH1-0l " . -

UTserin dehydratase Dry wt of 
IU/mg dry wt of cells cells r.lg/ml 

0.085 
0.011 
0.006 
0.003 
0.015 
0.005 
O.lSO 

0.98 
1.82 
1.90 
1.07 
1.51 
1.23 
0.56 

:~he mecliwn contained 1 ~~ beef e=:tract,O.3 ~~ K2IIP04, 
anl' O. 01 ~~ r'~gSO4. 7 H20 

Table 2.Effect of a~oniun chloride concentration 
on the formation of LTserine dehydratasex 

L-serine dehydratase Dry wt of cells 
IU/mg dry wt of cells mg/r.l1 

o 
0.1 
0.5 
1.0 
1.5 
2.0 

0.0801
0.083 
0.221 
0.058 
0.055 
0.074 

0.98 
0.98 
0.'77 
0.ry8 
0.60 
O.S"!· 

"The basal medium was the same as in Table 1. 

Addition of 0.5 % mI~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 ~serine deaminase when 

they used Casein hydrolysate and yeast extract as a 

nitrogen source in E.coli.In addition, ISENBERG and 

NEHNAN (1974) ahowed the inhibition of enzyme formation 

in E.coli K 12 with the addition of ammonium sulphate 

to the uinima1 medium containing pr01ine,leucine and 
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glycine. These finding suggest that the Pseudomonas 

enzyme ;,iay be different from that of E.coli. 

;r.wn amino acids were added to basal medium 

together with 0.5 % lili
4

Cl , gr owt h rates of cultures were 

increased 0ut the enzyme forunation either inhibited or 

unaffected (Table 3). 

HOHever,previous studies of PARDEE and PRESTIDGE 

(1955) and ISEhBERG and NEm.IAE (197'~) have reported 

LSD from C.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 hasal rnecHurn con taining 1 ~~ Pepton, 0 • 3 ~~ I~ 2IlPO4 and 

0.01 % l·:gSO-1.7 H 20 . It was found Uwt. carbon sources 

with the exception of galactose depressed the enzyme 
formation (Table 4). 

Galactose increased the enz~~e activity about 30 

~er cent.As with a nwnb~r of enzymes, formation of LSD 

is also inhibited by the addition of sugars,particulary 

glucose.The published results of BOYD and LIQISTEIN 

(105l),BOYD and LICHSTEIN (1955), EPPS and GALE (1942) 

showing that LSD activity is de~ressed in various 

cultures grown in a medium containing gluco~e.Although, 

carboxy.Li,c acids increased the growth rate of the cul

ture,they inhibited the enzyme formation (~~)le 5). 

As a result of this study \-Ie found that the be~t 

mediurn for the production of LSD by P. aeruginos a was 

1 ~~ Beef ext.racb , 0.3 % I~2IIPO.'1.' 0.01 % I.;gSO.:.!.• 7 H 20 

and O. 5 ~.~ nI~.Cl. 

http:I.;gSO.:.!.�
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Table 3.	 Effect of amino acids on the fonnation 
xof L-serine dehydratase 

'Amino acid L-SDH IU/mg Dry wt of cells 
~(, 0.5 dry ,,,t of cells mg/ml 

None 
L-serine 
L-gluta'Tlic acid 
L.threonine 
L-alanine 
L-tryptophane 
L-asparagine 
L-leucine 
Glycine 

0.lG8 
O.OGO 
0.043 
0.082 
0.102 
0.041 
0.164 
0.107 
1.160 

0.648 
1.200 
1.220 
1.140 
1.100 
1.250 
1.120 
1.300 
1.320 

XThe basal mediQ'Tl contained 1 % Beef extract,0.3 % 
K IIP04 , 0 . 0 1 HgS04.7H20,and 0.5 % NlI4Cl.2

T~~le 4.	 Effect of carbon canpounds on the 
fornation of L-serine dehydratasex 

Control(no C added) P.033 0.723 
Glucose 0.011 1.188 
Fructose 0.014 1.228 
Haltose 0.035 0.762 
Galactose 0.043 0.644 
Sucrose 0.036 0.696 
Lactose 0.034 0.716 
Dextrine 0.036 0.776 
x	 The medium contained 1% peptone,0.3% KiRP04,and 1% 

carboxylic acid. 

Table 5.Effeci: of carboxylic acids on the 
formation of L-serine dehydrataseJ~ 

Carboxylic acid 
L-SIII ITJ/mg

dry wt of cells 
Dry wt of cells 

mglml 

Control(no added) 0.04~ 0.54 
Lactate 0.007 1.12 
0(. -::etoglutaratp. 0.017 0.94 
?lUJilrate O.oo~ 0.01 
r:i11<o::c O.OO~ l.l~ 

r'yr'_lVutc 
Ci-:-..r::-:.-::c 

0.008 
c.al~ 

1.O~ 

0.72 

1Tno _,..-1....~_'~lC ·.~~~'it.i.:: co"",·:".~~t·!("J:~ 1:', ~-;c__.""):::"",~10, I · .2 -~ ~ ,e.". 
l~:_ curho:~ylic aciL~. 
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