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1TRDUCTION

Coasiderable atteation t٥ the enzya L-asparaginase_  ر
٣٧٠ ج٠٠ له

{L-asparagine aMino hydolase) has resulted froD thنe dغj rovery  '7"£ن٣٠٠
its abilicy to inhibit growth of tصu rs in the Mause, rat and
dog and t0 suppress human leukeaias in clinical trials (CAPIZzI et al
1970). I٤ has been suع gested that the anrituهor activity of this

١
٣

±

eهn yt is due to the fact that a nuber of tuMor cells responding Eo
it Lack adequate L-asparagine sythetase activity and require an
eogenous supply of L-asparagiae. Depletiot of this aaino acid
by L-asparaginase in itro or in vivo results in the death of these
tumar cells.

٨ tumor inhibitory asparaginase, designated EC-2 and abraiaed
fr٥ ، ا sTrains ofE gli ج vas prepared on a large scale and has beenد 

sed extencively for clinical trials ndد orher investigations.
Factors affecting the biosyathesis in flask cultures bas beer
studied (ROBERT5 et a1 1968). A parrielly purified asparaginase
fr٥ 5، w rcencensه ATCC 60 vas described {R0%LEY and WBISTON 1967).
 اد

and ferentation conditioas vhich produce high yields af asparaginAse
in sbaken cultures as ب invesEigated (REINEMANN aهn BOuطD 1969).

Accinorycetes has been aeglected as a patencial source of

L-asparagiaAe. Becently a aumber of Streptoaycee isalares

obtaimed from the soil produced detecrable aصm uats of this enzye.

(H5TAFA 1977). he present investigation is carried to detemaiae
the .gtoth conditioas for teo different streptomyces which produce
bigh yield of asparaginase in surface cultures.

·2reEent ad a eBE:Aoع tAy Bept. "oaeA" s Collega, nsدSh علا8 D4د R, CeLmo.
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haterials and Methods.

1.HicroorEanisa5.
The to microorganisms used in this study vere isalated

fr٥m ferTile Egyptian soil and one of them has been previously +
identified as a strain of StreptoEyces karRatakensis (M0STAFA · ود ع،.(1977
The second (STreptoDyces-9) il1 ر be identified in this report .

.All tbe aethods wsed for mornhological and physiological sTudies »

were• ، ا، ة those of the Internatioral Streptogyces Project (l.5.P.) as.- ،

described by SEIRLING and GOTTLEIB (1966). Direct wonnt of
8pores on callodiun fiLms vas axamined by a Transmission electron
microscope (EH9S-2), The Electron Microscope Lnit, Kuvait University)
and electroa phatomicrograph was taken. Tentative identification
was adeه ainlyه by usiag the key suRRested by KUSTER (1972),
hovever, BERGEY (1974) and S2Ah0 (1975) vere consulted.

L-asparaginase assay:

Mycelliu tt هد obtained from a 6- 8 days old culture and
washed tbree times vith distilled wateT vas used as a 8ource of
enzymE . Tbe atandard L-asparaginase test systea cantained in
a total role of 2 .es ء20:1 مهلا1 L-aBperagine; ables بر500
tris buffer pH 8٠6; 100 mg (fresh wt) wycelliwm٠ The reacTion vas
initiated by the addition of the substrate and the reaction mixture

as ء٠٥ incubated at 37'C for 1.haur after vhieh the reaction vasن 
terwinated by the addition of ،0.5 ml of 1.5 M Trichloroacetic acid.
Tbis was folloued by filceracion on WhaUmaa no. 1 filter peper. The
a untمم of amonia liberated vas theT Measured speetrophotoEetrically
at 450 Mmby Nesslerization. For each enzyme ass8y two 'controls
vere always included, one with TCA denatured enzyoe And the other

٦و

٤

withouT substrate، All enzye assays vere carried in triplicate
and te average was recorded. The concentrations of aumonia in the
rest solutions vere detemined from a standard curve with anoniuD
sulphate as the source of dissolved =mmor i3
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The rate of the Assay reaction vas deteruined to be linear

with respect to enaye concentration under the conditions
and over the range of the enzye assay. 0ne international (I.U.)

L-asparaginase unit i6 defined as the anount of enzye which Iiberates

.nia } minute ae 37cصد aole of a1 ز

L-aspArAgiase_praductio-and the facrors affecting it.
7 ، ا سم

A مي nuuber of 1iquid media vere exaained for their effect
on L-aspaAinase praduction these included nutrient broth, inorganic
salta starEh as described by KUSTER (1959), Czapek, aad ISA liguid
mediuه . The 1atter containea (/L): K,HR0, 1 ; MeS00.5,78,0ر. ;
NaC, 1; trace salts solutio (as described by KUSTER (1959),1 ul;
L,-asparagine, 2.0; soluble starch 10.

The above ISA liquid medium vas used as the basal salt

medium for inwestigating various environmental and nutririonsl

factors affecting L-asparaginase production. THus the effect of

various carbon sources was examined by substituting starch in the
above mediu with me of tbe tested carbon sources namely glycerol  و

glucase. fructose, sucrase, lactose and maitase.و -
Various nitragen

sourceE vere also investigated by substituting l-Aspar ،gine in the
ISA medium with an equiصm llar amount of one of the folloxing amino
acids: isole cine, leucine, arginine, Aspartic, Cystine, Methionine,
histidine and .lutaaine ع Moreover the effect of histidine, glutaaine

&

and aapattic when each of them vas used in the ISA aedium additional
to asparagine was exaMined. VArious starch and L-asparagine

coacentrations i the ISA edium ص were also iavestigated.

Lج asparaginase produced duting .incibatign at various

tempetaEures was assessed by incubating inoculated 1SA mediu for

7 days at the specified teuperature.

 ي
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Static and shaket cultures ere تة exهa ined for their grauth
and L-Asparaginase productivity at various ages.
followed by dry veight determination.

Growth vs

ID al1 cases a standard inoculum was used. The standard

inoculصu was prepared by suspending the sporulating grovtb on an
agar slant of inorganic salts stareh agar medium (SSA) in 3 ml of

8terile vater, this vas transfered asceptically to sMall ه screw

٣

cap sterile bottle containing feu glass beads. The spore suspensian
is shaken vigorously for a fev minutes vith rhe glass beads to for
homogenous 6uspension. This suspensioE was used for inoculation
at a final concentration of 22,

Results.

Streptouyces-9 is a aeTber of the rEy ع series, is melanin
posicive, does not produce soluble pigrencs, atureه spores vere

carried in straight or wavy chains (Plate 1) i.e. section rectiflex-
ibles. Photoeleerron Ticrograpb reveald smooth spore surface
(P1ate I). Spore chains are gewerally 1on, oiten with aore tban 50
spores per chain. This morphalogy is seen oA oatMea agar, salts

starch agar and ycerol ج1 aspAragine agaT. Fraguentation dF the
substrate mycelliur was sometimes noticed oa glycerol asparagine

«

agar Medium 0 و agar tedia containing glucose the substraTe rycelliua  م

shoved discinct ه reddish broua eه lour. StTePfORYCeS-9 Produced an
ancibiatic hich vas active aginst Gram positive (Bacillus subtilis)
and Gra neEaive (Escherichia eه li) organiss. 3CrePEoDYSes-9 vas
able ta utilize Any of glucose, xylose, rhammose and arabinose.
Fructose vas utilized poorly while inasitol, sucrDse, mannitol and
raffinose were not utilized by this oIganism.
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4omparing the above marphological and physiological charact­
eristics with those used in tbe vorking key suggested by KUSTER 1976,
5rSPt9CyCes-9 4as identifiea ،as STrsPromyces.verezyيela٤. Furthemore,
comparing all the present isolate characteriscics with those ٥٤

٣

 ج

S. venezuelae as described by SHIRLING and GOTTLIEB, they v ereي found
 او -وج

 ،'٣٠ ,ب
 اعه٣

identical.

Rroduction ،of L-asparaginase by S.karnatakensis and S.venezuelae
 ج لمسيتما

A ngصص all the tested media ±or L-asparaginase production
both Skamatakensis and S.venezuelae produced more enzyEEs whenد د 
they ،wre grown oa the ISA liguid medium. ConsequenTly this

medium vas used as the grovth medium for investigating the various
factors affecting L,-asparaginase production.

Crovth and enzye production.were greatly reduced to
various degree when starch in The ISA liquid medium vas subsrituted vith

Consequently starch vas usedany of rhe carbon sources examined,

as the carbon source in the ISA mredium Far further investigation,
Increasing concentrations (up c٥ a certain extent) of scarch in the

dium stimulated grovth and enzyme productivity of bothع ISA aن 
orEanisas (Table 1).

Both organisas produced more L-asparaginase when L-asparagine
was used as the only added nitrogen source in the ISA mediu than
Hhen equimollar amounts of any of he ح tested anino acids vas used.

Few of the tested anino acids e.g. ,spartic ة glutamnic, cystine and

tryptophan supported neither groEth nor enzyme production {untabulated)
Leucine and isoleucine gave poor grouth hi1e ب arginine supported

good growth and the enzye activiTy in that growTh vas about 502 hat ح

The tvo organisms respoodedobtained when L-asparagine was used,

differently to the presence of histidine and lutamine ع in the grourh



 كدسج=وبجير،بصى ي ج ةه

5 44
- 261 --

Thus صedium .د while histidine inhibitec grovth and enzye production
byS. karnacakensis, it stirTulated S. venEzueiae growth and enzyaeد د 
production when i± was present additional to aspArAgine. Glutapine
stimaulated enzyme productivity of both organisms when it vas present
additional ro asparagine {TAb1e 2).

0ptimua L-asparaginase produccion y ذ 5. karnatakengis and

elAs occured vhen the L-asparagine concenrrarion in the ISA5. زة&ع
medium vas 1 and 0.5% respectively (Fig.l). 0pcimصu giovth did
not always coincide vith optiسm » enzyme production (Fig.l).

C'٥28 و: vas found optimua for groth and enzyme production by
• ٥ ،both organisms. At teDperature above 40'C both organisas were

"15nable to show detectable gtouth or enzywe activity. Aن٤ 

S، venezuelae but not S. kArratakensis shoaed some growth  ن

Both organisus sho v edت rheir maxima enzyEe production ii
shaken culcuTes after 48 hours of incubaTion at 26C, oler shaken
cultures showed increased grDuth but declined enye .productivity,
Static cultures ofS, karnatakensis an S. venezuelae shoved their

 د

3١
١•

 ر·

optiت u enzyTe productivity after 5 and 2 days respectively. (Table 3). 3

Although S. yenezuelee was able To grou and produce asparaginase at، ي 

the cesred ph values, optiuum grouch and enzyEe- producEion occured at pH
8.5 و٠٢-٠ ه ه٣ and 6.5 respeccively'(Fig. 2) 5 karnetAkensis shoued its optimum grovth

• جاو ء

and enzyae produccivity at pH7.4. Higher and lower pH values

inhibited grovth and enzyTe production.

Discussion.
 ن

The results of This study indicate that the identity of rhe
organism as wel! as the environmental facters are iuportant for
the biosynthesis of L-asparaginase، +s wت٦٤ n a number of other

enzyes. forat:0n o5 L-asparaginase 2= +aذ ibirE5 by the addirion
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٥f sugars particularly glucose (HEINEYAN and ROWARD 1969). The
me chanism of this depressive effect is thougit to result frou the
presence ٥f g1uease atabolic products (MOSES and PREVOST 1966).
In the case of L-asparaginase biosynchesis The depressive effect of
carbohydrates may beو fuctian of rheir ability ٤٥ iاؤ eتr ' thepHهم٠٠ 
valua of the grouth mediهu (HEINEMANN and BOuARD, 1969). Tr is
interesting to point out that starch proved to be the best carbon
source for L-asparaginase productioR. The use oi starch as a
carbon source and conseguenEly the roduction ج of amylase hAs been
linked with the biosyothesis of other enzymes e٠٤. lipase (ELLAN et a1
1977), The results of the presenr investigation Might add another
eidence to the possible association of starch uEtabolism vith the
biosynthesis of ther enzynes Dmely L-asparaginase.ي ة • The depressive

effect of high sTarch concenTrations i6 probablr due to an excess
carbohydrate And/or of a lou pH ( ADE ت eT a1 19719. The 1atter is
mare likely in the present investigation، THIs $, 7enezuelae

hich exhibited its optimum enzye productiviry at pH 6. uas 5ذ also
able to produce aore enzyTe at higher starch concentration { ,(% ا and
louer asparagine concentration (0.5%). 0 the other hand 5.karnatak­

 د

٦
ensis which shoued an optimu» pH of 8.5 required lower starch
concentrstion (22) and higher asparagine concentration (lz) for
optimuu enzye produetivity. The substrate of L-asparaginase
stimulated its biosynthesis uhile L-aspartic which is the reaction
praduct, inhibited the enzyee biosythesis. THis might be another
exaEple of feed-back aechanism, howeveT, rhe effect of aspattic in
lovering the ph of the mediuE nd ة conseauenrly inhibiting the
enzyue biosynthesis and/or activity cou1d nat be ignored. The
feed back mechanism aight explain the depression of enzyme productivity
of both organisms in static as vslI as ir shaken culcures after a
certain enzyDe level has beea attaiMed. Ths EnzyTke leve! is
reached after hours ا8 of incubation o5 5 wenezuelae in stacic or
shaken cultures. S kArnaTakensis on he othr hand reches Thisد 
enzyme level aftcr 48 and 120 heurs 1 har8r nc static cultures

٠، يسب ص
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respectively. Th high enzya 1evel in the Dediu results in the
accuaulAtion of aspartic uhich inhibits the biosythesis of oore
enzyue upon further iacubacion. Aeration oi the culture Fediua is

buc not far the production of L-asparaginase، Thi is و in accordance
٣

stirulatory for the growth o٤ both5, karnatakeasis and S, venezuelaeد، 

vith che results of HEINEHANN aad B0WAARD (1969) who noticed a decreased
enzyme synthesis by $_ narcescens upon aerAtion. Moreover enhanced
biosynthesis of L-asparaginase byE. li under anaerobic condicioas

 د

has been reported by CEDAR And SCHART2 (1968).

The inforuacioa gainad fros the present investigation wil}
make it possible to prepare unifor» grouth froq S. karracakenت is and،

S. wenezuelae which could be disrupted and the L-asparaginase can be

purified and studied ia the cell free excrect.

٥
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Suary

Production of L-asparaginase by twa soil isolates

identified as s. karnatakensis and Syenezuelae، د 
nder different environعM nral and nutritional
conditions was investigated. The presence of
carbon sources ather thAi stareh in tbe grdتth

mediuq or amino acids, other than L-asparagine

inhibited the enzعy biosythesis. L-aspartic
inhibited grovth and enzyme production due to -feed م

back mechanisa, andlor lovering the pB value.
Both otganisas vere stiulated to praduce uore enzyme

with increasing conceatrations of starch and
L-asparagine,hoveveT, the optimIm sTarch and
L-aspAragine cancentration depended on the tolerance
of the organism ta lov and high pB respectively.
Aeratio stimulated grouth but not enzyae production
and botb organisms pTaduced more eدzyMe in static

cultures than in shaken cultures.

 د يبب

-١٠ - بو»
 لا
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Table 1

StrepTayees karaatakensis StrepTomycEs venezUelae
Stareh

Conc.
٦ my vc ag Final Eazyae conc. Dry vt. ag Final Eaazرe corc-

/L00 pH ه1 T٠٧٠/g /100 م1 pA ٤/٤٠٧٠Mediu dry ٦t٠ dEy صediu ه st.

0.1 060 8.0 61.6 020 8.6 L0
0.5 165 7.9 62.5 080 8.3 20.83
2،0 200 7.5 70.83 240 5٠7 38.83
4.0 120 7.2 0.66 220 5.7 55.83

EF٤eet ٥fstarch cac. on L-asparAginAse production by .karnatakensis and 8.vcuezyelae.
 لا٠ ،جد ود

Mediu as ب ISA Liquid aediu witb starcb concentratioa as specified in the table.

Incubacion ia 50 m1 Tediهu in 50 a1 a٤ 2g%c ٤or 6 days in static eultures. Enzye

assay was carried out as described iم the cexT٠

 بن

4سس د لا رون
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Table 2

Streptoayces ذ kAmaAtArens1s $treptoayees venezuelae
ina acidصط ،

u8ed  جيي٠م٣- ا رءم ن
eدEDay اوبة٠+. cane :E1قه i Dsy e. Eعn ye conc، Fin1م1 ه u / 1aه يهg1 }.ناء I «هه/10l لام ٠٧ ع/. pkaediu dry wT٠ diuعم dry wt.

٢

A paragم i eم 190 7.45 ة0.8 240 25.83 8،0Histidiae 58 25٤ 8.33 6.8
Hlietidiae +

5.8 ه 271 35 .0c 8.4aspaagine

Glutهa iae 138 20 6.18 o22 5.a 7.٥Glutamiae +
237 116.6 8.22 208 33.33 7.9asparagine

Aapartic 3٠6٥ 3.6
8spartie +

3.70- 3.7aspargine
٤

(-) o± ried هع out d u toع por grovtb

4-Asparaginase productivity af S. Karnatakensis and $, venezue} a i he م ح reseuee م oد٤ 
different ،Acids ثههnم

itrogenع ح che specified aEiao acid as th٥٤ith .015 Mب diه TSA 1iquidعوب diعلا 
g، و 

assay was cArried٤ عtaTic cultures, £nzy6 ays in٤٥٤ource. Jaeubatio at 28C؟ 
ot described هه in the text.



4 د، د ي د حيج=٣ .تم" -جب اهحح "امع

٠2٦2 -

 ي±٥ د له

 له
 مق

 أط

 ت

 بلا
 ت

 ثت
 م·
 لك
 ط٢
 ا
 ص
٩
 له
Eو 
 له
 ج بنا

o
 بم٣·
 له
 مت

 ل
 له٢
 بم
 ته

 بنة
 بنا
 رو

 قط
 ه
 له
 يلا
 ح
 ي لط
 د
 لن

c
 ع ت
aع 
m

 بن مح ح يح ه ب
 معت

- ٦٥٢
 ه ت له
 ابيب ر
 لب به نه
 بر·٢ إم ل

 به لا
• ث له
 لم ، ك
a@ لط

c ٥ c
 بر· ع٠٥ ب

 بط

 نم
 د
·٣
 يل
 ك

 ت

 ب٥

=٥
 نه٥
 يم بلا
 ن٥
 و>• م ف
 ب
 ن
oم 

 له
E
 يم5
€

 تن

a بلا
 بة

 فل٥•

 ت٥
٠ بو

 م
٠٣

 ا
٢٥

 فه
 ملا
 ح
 لط

 بي
 يت
 ي
٩ C

 :لإ
 لد
 ب
aa
 ذ
c
 ص

 بو·
 قد
0
 ك د
 د٢

 ب
 ب
c
٥

 م
 د٣•E نه• إم· د
 أم

 ي٤<

 ب«

 ه
٦
 م
 إم د

٥=

 يا
o
 و>
 ل

 بي<
 له

 ص•5
 يلا
 يص

 له
 ق
٢
٢
 cي ة
 بظ
«
 ت
0
٢t
 ه١

 جا
 ب

cc
 يج

 ج٥

a
 زن
 ص

 ه
 له
 بلا
»
 لك

 له
 أ٥
 د ت
N

2
 )ه
>
aبه 
»a ل ت• ج ا
 د ا

 يمo ه
 ن±

 نم مع ح ح

 منع٥ د

 د
 ت

G
 به
 عه
G

 م
 ج

٥
c

 د·
 ف
€
 له ه ي له
 يم ت٥
 ب

a
 له
< ت
Eo
 لد
 مص
 به
 بق
 له
 >ت

Eo ٥ م. د ٥ إ4=٦  له ي فع
E

>  ما بلج€
€ ج

 ي ح
 جي٥

 يح ت
 عن
 ى د٥0

 ي
٥ «

 لد ثم مر
 بي٥

 د
٢



243
 ج٩73 ف

Figure 1.
Effect of L-asparagine concentration in the growth ediur,onح L-asparaginase
Proauctivity ,s£ ه kAraetakeRi and ع «ediu لأعلا25%ع ٠.3عة vas 1sA،

1iquid mediu vith L-asparagine conc. as speEified oa the figure,
 و و ٥.- ر

_incubation was at 28'C for 7 days in static cultures. Eazye assay.as_
carried ة- out as descrihed irthe texT.

Figure 2.
Effeet of the wediصu initial pH on L-asparAginase productivity of

Mediهu was ISA 1i uid و diu م witbS. venezuelae.

its ph adJu8Eاء + the walues indicated in the tables. Incubation for
٥·٠٠7 days at 28"C in static cultures. Enzye assay was carried out_ As

 صنه-
described in the tezt.
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