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INTRODUCTION

Considerable attention to the enzyme L-a5parag1nase
{L-asparagine amino hyd;nlase} has resulted from the-dxsnoJ;ry QE T
its abilicy to inhibit growch cof tumnrs in the mouse, rat and
dog and to suppress hupan leukemias in climical trials (CAPIZZII et al
1970). It has been suggested that che antitumnr.activity of this
enzyte is due to the fact that 2 mumber of tumer cells responding to
it laek adequate L-asparagine synthetase activity and require an
exogenous supply of L-asparagive. Depletiod of this awioo acid
by L-asparaginase in vitro or in vivo results in the death of these

tumor cells.

A tumor ichibitory aSparaglnase desigonated EC-2 and obrainoed
from straics of E. coli was prepared on a large scale and has been
used extenslvely for clinical trials and other investigacioms.
Pactors affecciog the biosyothesis in flask cultures has been
studied (ROBERTS et al 1968). A partrially purified asparaginase
from S.marcencens ATCC 60 was described {(ROWLEY and WRISTON 1967).
and fermentation conditicns which produce high yields of asparaginase

in shaken cultures was investigated (HEINEMANN and HOWARD 1969).

Actinomyrcetes has been oeglected as a potencial source of
L-asparaginase. Recently a gumber of Streptomyces isolates
obtaimed from the soil produced detectable amounts of :his enzyme.
(MDSTAFA 1977). The present investigation is carried to determin&
the«grﬁnth conditicas for two different streptomyces which produce

- high yield of asparaginase in surface cultures,
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Materials and Mzthods,

1. Microorganisms, -

- The two mieroorganisms used in this study were isolated
from fertile Egyptian soil and one of them has been previously -

identified as a strain of Streptomvces karnatakensis (MOSTAFA 1977).

‘The second (Streptomyces = 9) will be idencified in this report. .
All the methods used Eor morohological and phvsiological studies

were those of the Internaticral Streptomyces Project {1.5.P.) as T T
described by SHIRLING and GOTTLEIB {1966). Direct mount of

spores on collodiun filmg was =xamined by a transmissisn electron
microscope (EM9S-2), The Electron Microscope lnit, Kuwait University)

and electron photomicrograph was taken., Tentative identifiecation

was made mainly by using the key suggested by KUSTER (1972),

however, BERGEY (1974) and SZABO {1973) were consulted.

l-asparaginase assay:

Mycellium matt obtained from a 6 - 8 days old culture and
‘washed three times with distilled water was used as a source of
enzymwe. The ﬁtandard L-asparaginase test system contained in
a total volume of 2 ml : 20/Livmoles. L-asparagine; 500 i moles
tris buffer pH 8.6; 100 mg (fresh wt) mycellium. The reaction was 1
initiated by the addition of the substrate and the reaction mixture ]
vas incubated at 37°C for 1.hour after which the reaction was €
terminated by cthe addition of 0.5 ml of 1.5 M trichloroacetic acid.
This was followed by filteration on Whatman no. 1 filter paper. The
amount of ammoniz liberated was then meazsured spectrophotometrically
at 450 by Nesslerization. For each enzyme assay two controls
weTe alﬁays included, one with TCA denatured enzyme and the other
without substrate. All enzyme assays vere carried in triplicate
and thie average was recorded. The concentrations of ammonia in the
test solutions were determined from a standard curve with ammonium

sulphate as the source of dissolved =mmori s




The rate of the assay reaction vas determined to be linear
with respect to emzyme concentration under the conditions
and over the range of the emzyme assay. One international (1.0.)
L-asparaginase unit is defined as the amount of emzywe which liberates

1 gtmole of ammonia / mioute at 37%c.

1
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L—aapﬁnaginase praduction-and the factors affecting it. -*

A nugber of liquid media were examined for thejir effect
on L-asparaginase praduction these included nutrient broth, inerganic
salts artarch as described by KUSTER (1959), Czapek, and ISA liguid
medium, The latter contained (g/L): K,HFO,, 1 ;_HgSOQ.THZO , 0.5;
NaCl, l: trace salts solution {(as dascribed by KUSTER {1959}, 1 ml;

L-asparagine, 2.0; soluble starch 10,

The above ISA liquid medium was used as the basal salt
medium for investigating various enviroomental and nutrirional
factors affecting L-asparaginase production. Thus the eifect of
various carbon sources was examined by substituting starch in the
above medium with one of the tested carbon sources namely, glycerol,
glucase, fructose, suerase, lactose and majtase. Various nitrogen
sources were also investigated by substituting L-aspar :gime in the
ISA medium with an equimeliar amount of one of the following amino
acids: isole cipe, leucine, arginine, Aspartic, Cystine, Methioninme,
histidine and glutamice. Horeover the effect of histidine, glutamine
and aspartic when each of them was used in the ISA medium additiomal
to asparagine was examined. Various starch and L-asparagine

concentrations im the ISA medium were also investigated.

L-asparaginase produced during -incibation at various
tempetatures was assessed by incubating inoculated I5A medium for

7 days at the specified temperature.
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Static and shakei cultures were examined for their growth
and L-asparaginase productivity at various ages. Growth was

followed by dry weight determinacion.

In all cases a standard inoculum was used. The standard
inoculum was prepared by suepending the sporulating growth on an
agar slant of iporganic salts starch apgar medium (SSA) in 3 ml of
sterile warer, this was tramsfered asceptically te & small screw
cap sterile bottle containing few glass beads. The spore suspénsion
is shaken vigorously for a few minutes with the glass beads to form
homogenous suspension. This suspension was used for inoculation

at a final concentration of 2%.

Results.

Identification of Streptamyces - 9.

Streptomyces—9 is & member of the grey saries, is melanin
positive, does not produce soluble pigmencts, mature spores were
carried in straight or wavy chains (Plate 1) i.e. section rectiflex-
ibles, Photoelecrron micrograph revealad smooth spore surface
(Plate 1). Spore chains are generally long, citen with more than 50
spores per chain, This mworphology is seen on oatmeal agar, salts
starch agar and glycerol asparagine agar. Fragmencation of the
substrate mycelliur was sometimes noticed on glycerol asparagine
agar medium., On agar media containing glucose the substrate mycellium
showed a disrinct reddish brown ecolour. Streptonmyces—9 produced am
antibiotic which was active against Gram positive (Bacillus subtilis)

and Gram negarive (Escherichia coli) arganisms. Streptomyces=3 was

able to utilize any of glucose, xvlose, rhammose and arabinose.
Fructose was utilized poorly while imasitol, sucrose, mannitol and

raffinose were not utilized by this organism.
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f‘omparing the above morphological and physiological charact-
eristics with those used in the working key suggested by KUSTER 197,

Streptomyess~9 was identified .as SLreprompvees venezyelas. Furthermore,
e .

comparing all the present isplate characteristics with those of

5. venezuelae as described by SHIRLIKG and GOTTLIESE, the} vere found
. '7""*'--9-

identical, - -

=

Production of L-asparaginase by S.karnatakensis and §.venezuelae

Among all the tested madia for L-asparaginase production

both §. katnatakenals and $.venezuelae produced more enzymés when

they wére grown oo the ISA liquid medium, Consequently this
mediym was used as the growrh medium for investigating the various

factors affeeting L-asparaginase production.

Factors affectiqgg}-asparaginase production:

Growth and enzyme preduction. were greatly reduced to
various degree when starch in the IS4 liquid medium was substituted with -
any of cthe carbon sources examined. Consequently starch was used
as the carbon sourde in the ISA medium for further investigation,
Increasing concentrations {up £o a certain extent) of scarch in the
ISA medium stimulated groweh and enzvme productivity of both

organisms (Table 1).

Both organisms preduced more L-asparaginase wvhen L-asparagine
was used as the only added nitrogen source in the ISA medium than
when equimollar amounts of an§ of the tested amino acids was used.
Few of the rested amino acids e.g. agpartic, glytamic, cystine and
tryptophan supported neither growth nor enzvme productien {untabulated).
Leucine and isoleucine gave poor growth while arginine supported
good growth and the enzyme activity in that growth vas about 507 that
obtained when L-asparagine was'ﬁsed. The two organisms responded

differently to the presence of histidine and glutamine in the growrh
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-mediym, Thus whiie histiiine inhibited growth amd enzyme producrion

by S. karnatakensis, it stimulated S. venezueiae growth. and enzyme

production when it was present addirional to asparagine. Glutamine
srimulated enzyme productivity of both organisms vhen it was present

additional ro asparagine (Table 2}.

Cptimum L-asparaginase bproduction by 5. karnatakengis and

8. venezyelae occured whem the L-asparagine concentration in the ISA
medium was 1 and 0.5% respectively (Fig.l). Oprimum giowch did

not always coincide with optimum enzyme production {Fig.l}.

28°C vas found optimum for growth and enzyme production by
both organisms. Ar temperature above &OOC botn organisms ware
unable to show detectable growth or enzyme activity. 4t 15%

5. venezuelae but pot S, karratakensis showed scme growth.

Both organiswms showed their maximum enzyme production in
shaken culcures afrer 48 hours of incubation at ZBQC, older shaken
cultures showed increased growth but declined enzwme productivity,

Static cultures of 5, karnatakensis and 5. venezuelas showed their

obtimum enzyme productivity after 3 and 2 days respectively. (Table 3).
Although 5. venezuelse was able to grow and produce asparaginase at

the tesred pH values, optimum growth and enzyme production occured at+ pH

*

. ¢
8.5 and 6.5 respecrively' (Fig. 2)°5. karnatakensis showed its optimum growth

and enzyme productivity at pH 7.4. Higher and lower pH wvalues
inhibited growth and enzyme production; .

. o g
Discussion.

The results of this study indicate that the identity of che
organism as weil as the Envirbnmeﬁtal factors are ioportant for
the biogynthesis of L-asparazinase. As wiin a number of other

enzymes, formation af L-asparazinase 1= inhibired by the addition




e BV
-_—

— 25 —

of sugars particularly glucose (HEINEMANK and HOWARD 1969).  The
mechanism of this depressive effect is thoughbt to result from the
presence of glucose metabolic products (MOSES apd PREVOST 1966).

In the case of L-asparaginase biosynthesis the depressive effect of
carbohydrates may b%,f ﬁuﬁction of their ability ;o-i§we?ithe“pﬁry-,hmp
value of the growth medium (HEINEMANN and HOWARD, 1569). Ir is
interesting to point out that starch proved to be the best earbon
source for L-asparaginase production. The use of starch as a

carbon source and consequenclv the wproduction of « 2mylase has been
linked with the biosynthesis of other enzyvmes e.g. lipase (ELWAN et al
1877).  The results of the presenr invesrigation wmight add another
evidence to the possible association of starch metabolism with the
biosynthesis of other enzymes namely L-asparaginase. The deﬁressive
effect of high starch concentrations is probablt due to an excess
carbohydrate and/or of a low pH (WADE et al 1971%. The latter is
more likely in the present investigation. Thus §. wepezuelae

which exhibited its optimum enzyme preductiviry at pH 6.5 was also
able to produce more enzyme at higher starch concentration (4%), and
lower asparagine concentration (0.32). On the other hand S.karnatak-
ensis which shoued an optimum p¥ of 8.5 required lower starch
concentration (22) and higher asparagine concentration (1%) fer
optimum enzyme produetivity.  The subscrate of L-asparaginase
stimulated its biosynthesis vhile L-~aspartic which is the reaction
praduct, inbibited the enzvme biosvnchesis. This might be another
example of feed~back mechanism, howsver, the effect of aspartic in
lovering the pH of the medium sné consequenrlv inhibiting the

enzyme biosynthesis and/or activicy could not be ignored. The

feed back mechanism might explain the dapression of enzvme productivity
of both organisms in static as well as in shaken cultures zfter a
certain enzyme level has been attained. This cazvme level is
reached after 48 hours of incubation ef 3. venezuelae in stacie or

shaken cultures. 5 karnatakevsiz on the othiar hand reschnas this

enzyme level after 48 and 120 hours in shaken snc static rultures




respectively. The high enzym2 level in the pedium results in the
accumulation of aspartic which inhibirs the biosynthesis of more
enzyme upon further ineubacion. Aevation of the culture medium 1s

stimulatory for the growth of both 5. karnatakensis and S. venezuelae

1

buct not far the production of L-asparaginase: 7This is in aceordance
with the results of HEINEMANY and HOWARD (1969) who noticed a décreased I
1
1

enzyme synthesis by $. marcescens upon aerstion. Moreover enhanced .
biosynthesis of L-asparaginase by E. coli under anaercbic conditions

"has been reported by CEDAR and SCHWARTZ (1968). !

The informacion gained from the present investigationm will

make it possible to prepare uniform growth from 5. karnacakensis and
S. venezuelae which could be disrupred and the L-asparaginase can be

purified and studied in the cell free excract.
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Summary

Production of L-~asparaginase by two soil isolates
identified as 5. karmatakensis and S.venezuelae

under differant environmental and nutritional
conditions was investigated. The presence of

carbon sources other thin starch in the gro@th T s
pediun or amino acids, other than L-asparagine
ichibited the enzyme biosynthesis. L-aspartic
inhibited growth gnd enzyme production due to & feed-
back mechanism, and/or lowering the pH value.

Both organisms were stimulated to produce more enzyme
with increasing concentrations of starch and
L-asparagine however, the optimum starch and
L-asparagive concentration depended on the tolerance
of the organism ta low and high pH respectively.
Aeration stimulated growth but not enzyme production
and both organisms praoduced more emzyme in statric

cultures than in shaken cultures.
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Table 1

Streptomyces karnatakensis

Streptomyces venezuelae

Starch
Conc.

z Dry wo og Firal | Eozyme conc. Dry wt. og| Final| Emzyme come.|™
{100 ml pH LU, / gmu 100 ml pH I.U. / gn
medium dry wt. cedium dey wt.

0.1 060 8.0 61.6 020 8.6 10

0.5 165 7.9 62.5 080 8.3 20.83
2.0 200 7.5 70.82 240 5.7 38.83
4.0 120 7.2 0.66 220 3.7 >5.83

Effect of _starch conc. on L-asparaginase production by §.karnatakensis and §.venezuelae.

Medium was ISA liquid medium with starch conceatration as specified im the table.

Incubation in 50 ml wedium in 250 ml ac 28°C for 6 days in static cultures.

assay was carried cut as described ip the cexc,

Enzyme

a4
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Table 2

Streptomyces karnatarensis

Streptomyzes venezuelae

Anino acid . —== =
used Dry wt  w+ - ) Enzyme come |3Fiacdl | Dry wr. Enzyme conc. | Final
mgo / 100 ml 1.U. / gn pi ogm / 100wl | I.U. / gm pe
medium dry wr. mediug dry wt.
Asparagine 150 0.8 7.45 250 20.83 8.0
Histidinoe - - 5.8 25F 8.33 6.8
Histidipe + _ _
asparagine 5.8 271 35.00 8.14
Glutamine 138 20 6.18 Q21 5.00 7.0
Clutaniae + 237 116.6 8.22 208 33.33 7.9
asparagine :
Aspartic - - 3.60 - - 3.6
asPartxc__* - - 3.70" - - 3.7 -
aspargine

(~) not zarried out due to poor grovb

L-asparaginase productivity of 3. karnatakensis and 5, venezuslae in

different amino apida,

Medium was ISA liquid wedium with
source. Incubation at 28°C for 6 days in static cultures.

out ap described io the text.

the presence of

+0153 M of the specified amino acid as the aitrogen
Eozyme assay was carried




——— i EeeEE —a ==

— 272 —

*3A3] IYJ UT paqlIdsOp BB 1no pajiied Sem AvsER awizug

uayeys Jo 91338 OY Wil 3O porzad poayjroads ay3

103 587 IT SEA uOTICQNOUT ‘wnTpaw pINbl YSI SEA wRIpan

el

*pe3EIIpUl SB 3Inj|na

*gade

JAMNAND FUIISIJTP IF S2IAI[ND UOYPYR PUB ITIRIE UT DPJINzIuan '5 PUR SISUIXBITUITY -5 JO A31ailonpoad pseuldvavdse—|

0°8 [*% L81 £'8 L4 0&1 5’8 UI ) OEt '8 99711 oI1¢
08 9Ly ge% o' 00°% aLz 0'g 9y e 18 STt 0Ze
[ 4 91°% {18 'L 91°1¢ ong 6L 91" 6 081 6L LA D51
vL Lr°9 19 LA FETEY 0zZ7 E 4 MM.NH tye 5°¢ €8s iz
n*L 99711 (Y44 L $° LY 060 0L 99°91 SE 0°¢ <y 050
tIm
LY tam *m
Lap wof Lap wid hhw ﬁm L1p w?
/11’1 wnipam Jencijwnipau ju /oy unipau Tw /01| wnipaw fw
ud ouod 001/ wlw 11d -ouoa| Qoif w2w nd rauol oot/ wiw 1d samad 001/ wiw
Tuuly awdzud s fap TeSl | =wdzua s L2p Jeuty audzug am £ap [BUrd awkzua =am &ap

52ANJTND UIReys

B2INITND DIjPlE

Sain)|ND uUayeys

F2anjIne 213Els

Ie[2nzauaa sandnojdailg

sTsvaneIpulny 8avfwoidaayg

Zb1
el
071
46
fYy

{(g1)
ade
aInjTny

£ °1qm}

—— = o=




2¥3

.-‘-_‘_"._,,2'.'3 —-:

Figure 1.
Effect of L-asparngine concentration in the growth medium,on L-asparaginase

productivity of §, karnatakeneis and S.vene;uelae. Medium was ISA

1iquid medium with L-asparagine conc. as Epebified oo the figure,

_incubation was at 28°C for 7 days in sctatiec cultures. Enzyme assay was_

carried out ag described inm the textr.

Figure 2. _
Effect of the medium initiel pH on L-asparaginase productivity of
. 5. venezuelae. Medium was ISA ligquid medium with
its pH adjustec. . the values indicated in the tables. Incubatiom for
7 days ar 28°C in staric cultures. Enzyme assay was carried out_as

Tl m
described in the text, hE
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Plate 1.
Electron photomicropraph of S. venezuclae showing spore chains of

the RF type and smooth spore surface.






