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INTRODUCTION

Considerable attention to the énzyme L*asparagipase
{L-asparagine amino hydrolase) has resulted from the-di;:o:g;y o T
its abilicy to iphibit growth of tuonrs in the mouse, rat and
dog and to suppress hupan leukemias in climical trials (CAPIZZI et al
1970). It has been suggested that the antitumor activity of this
enzyte is due to the fact that a number of tumor cells responding to
it lack adequate L-asparagine synthetase activity and require an
exogenous supply of L-asparagine. Depletiof of this amino acid
by L-asparaginase in vitro er in vivo results in the death of these

tumor cells.

A tumor johibitory asparagivcase, designated EC-2 and obtaiced
from strains of E. coli was prepared on a large scale and has been
used excansive1§.for clinical trials and other investigations.
Factors affecting the biosynthesis in flask cultures has been
studied (ROBERTS et al 1968). A parrially purified asparaginase
from S.marcencens ATCC 60 was described (ROWLEY and WRISION 1967).
and fermentation conditions which produce high yields of asparaginase
in shaken cultures vas investigated (HEINEMANN and HOWARD 1949).

Actinomycetes has been neglected as a potencial source of
L-asparaginase. Recently a gwumber of Streptomyces isolates
obtaimed from the soil produced detectable amounts of :h;s enzyme.
(MDSTAFA 1977). The present investigation is carried to determine
the.growth conditicus for two different streptomyces which produce

' bigh yield of asparaginase in surface rultures,
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Materials and Mszthods.

1, Microorganisms. °

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

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

The second (Streptomyces — 9) will be identified in this report. .
All zhe methods used for morphological and phvsielogical studies

were those of the Internatiocral Streptogyces Project {(1.5.P.} as. - —
described by SHIRLING and GOTTLEIB (1966). Direct wonnt of

spores on collodiun f£ilms was sxamined by a transmission electron
microscope (EM95-2), The Electron Microscope Unit, Kuwait University)

and electroun photomicrograph was taken, Tentative identiftieation

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

however, BERGEY (1974) and SZABO (1975) were consulted.

l-asparaginase assay:

Mycellium matt obtained from a 6 — 8 days old culture and
wvashed three times with distilled water was used as a source of
enzyme. The htandatd L-asparaginase test system contained inm
a total volume of 2 m! : 20/uamoles. L-asperagine; 500 fmoles
tris buffer pE 8.6; 100 mg (fresh wr) mycellium. The reaction was l
initiated by the addition of the substrate and the reaction mixture |
vas incubated at 37°C for 1.hour aefter which the reaction was c
terminated by che additiom of 0.5 ml of 1.5 M trichloroacetic acid.

This was followed by filteration on Whatmam no. 1 filter paper. The
apount of ammonia liberated was then measured spectrophotometrically
at 450 Ymby Nesslerization. For each enzyme assay two controls
vere alﬁays included, one with TCA denatured enzyme and the other
without substrate. All enzyme assays vere carried in triplicate
and the average was recorded. The concentrations of avmonia in the
test solutions were determined from a standard curve with ammonium

sulphate as the source of dissolved =mmor. s
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The rate of the assay reaction was determined to be linear
with respect to enzyme 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 enzywe which liberates

1 gbmole of ammonia / mioute at 37%.

e
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L—aspgngginase praduction-and the factors affedting it. —*

A number of liquid media were examined for their effect
on L-asparaginase praduction these included nutrient broth, inorganic
salte ataréh as described by KUSTER (1959), Czapek, and ISA liquid
medium, The latter contained (g/L): K,HPO,, 1 ; HgSOa.7H20 , 0.5;
NaCl, 1; trace salts solution (as déscribed by KUSTER {1959), 1 mi;

L-asparagine, 2.0; soluble starch 10.

The above ISA liquid medium was used as the basal salt
medium for investigating various environmental and nutrirional
factors affecting L-asparaginase production.  Thus the eifect of
various carbon sources was examined by substituting starch in the
above medium with ome of the tested carbon Sources namely, glycerol,
glucase, fructose, sucrase, lactose and majtase. Various niktrogen
sources were also investigated by substituting L-aspas .gine in the
ISA medjum with an equimollar amount of one of the following amino
acids: isole cine, leucine, arginime, Aspartic, Cystine, Methionine,
histidine and glutemine. Moreover 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 in the ISA medium were also investigated.

L-asparaginase produced during -incubation at various
tempetatures was assessed by incubating inoculated ISA medium for

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

followed by dry weight determination.

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 agar medium (SSA) in 3 ml of
sterile wvater, this was transfered asceptically to & small screw
cap sterile bottle containing few glass beads. The spore suspension
is shaken vigorously for a few minutes with the glass beads to form
homogenous suspension. This suspension was used for inoculation

at a final comncentration of 2%,

Results.

Identification of Streptamyces - 9.

. Streptomyces-9 is a member of the grey series, is melanin
positive, does not produce soluble pigrments, matura spores vere
carried in straight or wavy chains (Plate 1) i.e. saction rectiflex-—
ibles, Photoelecrron micrograph revealad smooth spore surface
(Plate 1). Spore chains are gemerally long, citen with more cthan 50
spores per chain, This morphology is seen on oatmeal agar, salts
starch agar and glycerol asparagine agar. Fragmentation of the
substrate mycelliur was sometimes noticed oa glycerol asparagine
agar medium, On agar wedia containing glucose the substrate mycellium
showed a disrincc reddish brown colour. Streptonyces=9 produced an
antibiotic which was active against Gram positive (Bacillus subtilis)

and Gram negarive (Escherichia eoli) organisms. Stregcomyces-g vas

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

raffinose were not utilized by this organism.
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f'omparing the above morphological and physiological charact—
eristics with these used in the working key suggested by KUSTER 1976,

Streptomyces~9 was identified .as Sirepromvees venezyelae. Furthermore,
s A

comparing all the present isolate characteristics with those of

5. venezuelae as described by SHIRLING and GOTILIEB, thgy were found
N Bt T,

identical, o= & T

P

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

Among all the tested madia for L-asparaginase production

both S.kamatakeusis and $.venezuelae produced more enzynés when

they were grown on the ISA liquid medium, Consequently this
mediym was used as the growth medium for investigating the various

factors affeeting L-asparaginase production.

Factors affectiqgg}-asparaginase production:

Growth and eunzyme production.were greatly reduced to
various degree when starch in the IS4 liquid medium was substituted with
any of the carbon sources examined, Consequently starch was used
as the carbon source in the ISA medium for further investigation,
Increasing concentrations {up te a certain extent) of starch in the
ISA medium stimulated growch and enzvme productivity of both

organisms (Table 1).

Both organisms produced more L-asparaginase vhen L-asparagine
was used as the only added nitrogen source in the ISA medium than
when equimollar amounts of anf of the tested amino acids was used.
Few of the tested amino acids e.g. agpartic, glytamic, cystine and
tryptophan supported meither growth nor enzyme production {untabulated).
Leucine and isoleucine gave poor srowth while arginine supported
good growth and the enzyme activity in that growth vas about 507 that
cbtained when L-asparagine uas'ﬁsed, The two organisms responded

differently ta the presence of histidine and plutamine in the growth
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‘mediym, Thus while histi&ine inhibite¢ growth and enzyme production

by_S. karnacakensis, it stimulated S. venezueiae growcth and enzyme

production when it was present additional to asparagine. Glutamine
gtimulated enzyme productivity of both orgamisms when it was present
additional ro asparagine (Table 2}.

Cptimum L-asparaginase production by $. karnatakensis and

S. venezyelze occured when the L-asparagine concentration in the ISA
medium was 1 and 0.5% respectively (Fig.l). Oprimum growch did

not alvays coincide with optimum enzyme production {(Fig.l).

28°C was found optimum for growth and enzyme production by
both organisms. At temperature above 40°C botn OCganisms ware
unable to show detectable growth or enzyme activity. at 15%

5. _venezuelae but not S. karratakensis showed some growth.

Both organisms showed their maximmm snzyme production in
shaken culcures afrer 48 hours of inmcubation at ZBDC, older shaken
culctures showed increased growth but declined enzvme productivity,

Static cultures of S. karnaSakensis and 5. venezuelas showed their

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

the tested pH values, optimur growth and enzyme production occured at pH

. [
B.5 and 6.5 respectively' (Fig. 2) 'S. karnatakensis showed its optimum growth

and enzyme productivity ac pH 7.4. Uigher and lower pY values
inhibited growth and enzyme production.
N g
Discussion.
The results of this study indicate that the identity of che

organism as well as the envirommental factors are ioportant for

the biorynthesis of L-asparaginase. As wrin a numper of other
enzvmes, formation of l-asparazinase i< inhibited by the addirion
—————— R —
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of sugars particularly glucose (HEINEMANN and HOWARD 1969).  The
mechanism of this depressive effect is thougbt to result from the
presence of glucose metabolic products (MOSES and PREVOST 1966).

In the case of L-asparaginase biosynthesis the depressive effect of
carbohydrates may b%,f function of their ability to £§wef'the“pﬂr—ﬁ“,“
value of the growth medium (HEINEMANN and HOWARD, 1969). TIr is
interesting to point out that starch proved to te the best carbon
source for L-asparaginase production. The use oi starch as a

carbon source and consequencly the oroduction of « amvlase has been
linked vith the biosynthesis of other enzvmes e.g. lipase (ELWAX ec al
1977). The results of the presenr investigation might add another
evidence to the possible association of starch metabolism with the
biosynthesis of other enzymes namely L=asparaginase. The depressive

effect of high starch concentrations is probablrt due to an excess

carbohydrate and/or of a lov pF (WADE et al 1971). The latter is
more likely in the present investigation. Thus §. venezuelae

vhich exhibited its optimum enzyme productiviry ar pH 6.5 was also
able to produce more enzyme at higher starch coucentration {4%), and
lower asparagine concentration (0.3%). On the other hand S.karnatak-
ensis which shoued an optimum pH of 8.5 required lower starch
concentration (22) and hizher asparagine concentration (1%) for
optimum enzyme productivity. The substrate of L-asparaginase
stimulated its biosynthesis while L-aspartic which is the reaction
product, inhibited the enzvme biosvnchesis. This might be another
exanple of feed-back mechanism, howesver, the effect of aspartic in
lovering the pH of the medium ané consequenrlv inhibicing the

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

feed back mechanism might explain the depression of enzvme productivity
of both organisms in static as well as in shaken cultures zfter s
certain enzyme level has been attained. This enzvme level is

reached after 48 hours of incubation of 3. venezuelae in stacic or

shaken cultures. S_karnatakersis on the othier hand reschas this

enzyme level after 48 and 120 hours 1n shaken inc statie cultures




respectively.  The high enzym2 level ip the medium results in the
accugulation of aspartic which inhibits the biosynthesis of more

enzyme upon further imeubacion. Aeration oi the culture medium 1s

'
stimulatory for the growth of borh 5. karnatakensis and S. venezuelae |
buc not far the production of L-asparaginase. Thig is in accordance

with che results of HEINEMANN and HOWARD (1969) who noticed a decreased I
enzyme synthesis by 8. marcescens upon aerstionm, Moreover enhanced .
biosynthesis of L-asparaginase by E. coli under anaercbic conditions

“hgé been reported by CEDAR and SCH&ARTZ (1968). L

The informacion gained from the present investigation will

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

purified and studied in Che cell EFree excract.
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Summary

Production of L~asparaginase by two soil isclates
identified as 5. karmatakensis and_S.venezuelae

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

carbon sources other thdii starch in the groith T T
medium or amino acids, other than L-asparagine
inhibited the enzyme biosynthesis. L-aspartic
inhibited growth znd enzyme production due te & feed~
back mechanism, and/or lowering the pBE value.

Both organisms were stimulated to produce more enzyme
with increasing concentrations of starch and
L-asparagine, however, the optimum starch and
L-asparagine cancentration depended on the tolerance
of the organism ta low and high pH respectively,
Aeration stimulated growch but not enzyme production
and both organisms produced more emzyme in static

cultures than in shaken cultures.
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Table 1

Streptomyces karoatakensis

Streptomyces venezuelae

Starch
Conc.
¥ 4 Dry we og Final | Eozyme conc. Dry wt, ag| Final| Enzyme conc.
/100 ml pH LU, / gm /100 m? pH 1.U. / gm
medium dry wvt. pedium dey wt.
0.1 060 8.0 61.6 020 8.6 10
0.5 165 7.9 62.5 030 8.3 20.83
2.0 200 7.5 70.83 240 5.7 38.83
4.0 120 7.2 0.66 220 5.7 55.83

Effect of starch conc. on L-asparaginase production by $.karnatakensis and §.vcnezuelae.
g o ————— | e

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

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

assay was carried out as described im the cexc.

Enzyme

.
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Table 2
Streptomyces karnatarensis Streptomyzes venezuelae
Anino acid . ——— ST
used Dry wt  w+ - ) Eozyme comc | 3Fiodl | Dry wr. Enzyme conc. | Final
mgo / 100 ml 1.U. / gn pi ogm / 100wl | I.U. / gn pe
medium dry wr. mediug dry wt.
'
Asparagioe 150 : 0.8 7.45 230 20,83 8.0
Histidinoe - - 5.8 25F 8.33 6.8
Histidipe + _ _
asparagine 5.8 271 35.00 8.14
Glutamine 138 20 6.18 021 5.00 7.0
Glutamine +
asparagine 237 116.6 8.22 208 33.33 7.9
Aspartic - - 1.60 - - 3.6
Aspartic + - - N - -
aspargine 3.70 3.7

(~) not zarried out due to poor grovb

L-asparaginase productivity of 5. karnatakensis and S, venezuelae in the presence of
different emino agids.

Medium was ISA liquid wedium with .015 M pf the specified amino acid as the aitrogen
source. Iocubatiom at 28°C for 6 days in static cultures. Eozyme assay was carried
out ap described io the text.




e me oo b

W —m— A Eaem —a

— 272 —

*3%33 IYI UT paqladEOpP SE Ino pajliEd Sem AvsEwR sulzug

U3EYS Yo HTIrIS WY Swl) Jo porrad payjroads ayj

).

103 5_g7 T 5BA uoYIcQnOuy ‘wntpow pINbI] YSI Sem watpay

*pe3edIpuUt se ainjna

*galy

21131N0 JUIABIJTIP IV EIINI[ND UDYPYR PUB ITILIE UT DEJINZBUIN 5 PUE BIsUaNEIEUIUY *§ 3O AI1af3onpoad aseuldvavdse—r|

9°8 1y 81 €8 L4 061 '8 C108 ] ot ‘e 99°11 o1¢
08 gLty 867 0'8 00*S oLz 0°'g 91 Y irg '8 $TL1 e
[ 9717y {1s L't 91%12 one 6°L 916 081 6°L 5Ll 051
ve €9 S19 LA FETCY 0z¢ 27 mm.NH 474 LI 2 (8§ L2
0L 99° 1 1344 a L $° LY 060 0L 99°91 Si 0°¢ Sy 050
tqm
Tan tam =
£ap Wi Aap wid huw 4% £1p w?
/'y wnipam {w /oncilwnipau Tuw /It wnipaw Tw J N1 | wnipaw fuw
yd ‘suel oot/ wluw nd souoa]| gpi/ wiw nd *ouol 001/ wlw nd cancd | goy/ wiw
Joulg wLzu an Lap Jeury | swkzua *Im Lap jeutl i zusg *aa fap [eury awhzud mIm Kap

52aN3TND UIReYSF

82INI1ND DfjElE

E3lnN]IND uUNeys

E21N3 02 J1IEIY

Ip[2nzouda sandwaidailg

f1guaneIpulny 9304woidails

4

B T

61
el
071
96
av

(814)
ade
axnjyng

£ 21qm)




2¥3

3 5

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 spebified oo the figure,

_incubation was at 28°C for 7 days in sctatic 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 adjuste. .o the values indicated in the tables. Incubarion for
7 days ar 28°C in staric cultures. Enzyme assay was carvied Qut_as

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

the RF type and smooth spore surface.




