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FACIOH~ 1'\11.1 '1:",( I'""C TI rr: !'IWIWCTIO'\! OF E\TRACfo:LLULAR 
ACID I'I{OTFIi\,\SF IIY 'SI'i!~(!lll(/S FUolf/CJATUS'" Fln:s .lM.I No. 215.196 

/\ ! \' \ ", ',I I ':', i I ... \', I , S , (' , I) I 1,\ I( .\: 1\'1. S ,\ K I, \ 1'1' ,\ 

r·.;lr:ltTlllll:ir ;H'id pr(l"~il1:1'1'<: ,tI 

('ill;1I111 \\"(TI~ "IHlll';lr:,fj\cly .'.fll'!I':·/. 

.\idd III!: J,i~',IH'-,1 '-'I/Y'III' :111;' .. il' 

111:111\'0:; pl:cic'-; of /\';p'-~C1.;ill!l': :11)/.1 P~llj

A'/'(T.I.'iI/J1.\' !lInll!:'ulH.\ ,,\":,<: !"ollPcI If) 

'III" i"IIIII")('" ,,\ ',n,',,11 ",/lI,";,f 

l !!tHljIIlH" '::/ .. j/l("q!qlioll 111'1 i,):1 :11,<1 /1.:"II'.'::lluIC. pll 111",111.' 1I1('llilllll. :1t"1:,Ij,,,, 

a/ld d"plll "I tilt' I1Icdilllll, "'1 till' I'rodll<'lil\l1 .. r nlracclltllar acid I", .. tcillel'" 

h', ,I, (lI/11ir:':1,'" 1,,;1\ "'./"II1"li.;;'.II:: il\l .... '.li","lcd. Ti,e ,"axilnul11 <:(1/1t'(:l1· 

Ir:"i,,/! ,d tl," t'H/\'lll" '\."; ,,!lui'll d 11,'11'1111)1' ("tlIIII\' IIlnlilllli !If pll ~).) 

\\:" illcllhaled ;Ii :11"'(' Inr a ""ri,," 01 '\ "a"s, '"l' i"'I'"",,"1 11"lriti"",,f 
fltl·h.)fs "IIkh :l11~"'1 1111..' 1~I\Hltll'li.ql \,1' ill"lli I'rnlt'il1l1"·.a~ ,"i/. Ilh' l·I1"Vl'l. ... "I' 
dilrcrcnl c:uhlhydralcs, dilkrelll j',,, Ill' ,'I ,'rt!,!nic :Ind inlll')!anic IIitr"gcll. 
different) metallic sails in the cullure mcdium wera critically invcsligatcd, 
Based on Ihc results obtained. tilt' composition or a mcdium for the 
maximull1 prodlll.:tiOIl or c,xlmecllllla,. acid proteinase by A, /illll/!:{/IIIS hns 

been suggested. 

J n general proteinases of both molds and 
bacteria have wide applications in the 
fields of brewery,· textile,2 dairy,3 pharrna
ceuticaJ4 and leather industries.· Tn leather 
industry the enzymes arc used mainly during 
the process of dehairing and hating of~kins 
and hides. The chemical process of dehair
ing skins and hides using lime and sodium 
su.1ph!de has not only the detrimental efTect 
on the wool/hair, but also creatcs a major 
pollution prohlem in thc forms of tannery 
effiucnts. The enzymic process, however, 
saves the quality of the (valuable by-product, 
reduces the emuent as much as possible and 
avoids the use of toxic and sludge forming 
chemica,ls. 

---------
" Presented at the .Industrial Fermcntntion Sympo
sium, held in the Rcgion,,1 Research ,.Laboratory, 

J,llumu, during March 4,6, 1978. 
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The, acid prolein:lses, which have been 
purified and studied fully are of fungal origin 
and are extracellular in nature. The extra
cellular acid proteinases that have been 
studied so far are: (a) the trypsinogen activa
ting enzymes (Pt'fIicil/opepsin) from Pell;cl
/lilllll janlhel/c,l/ulII. G (b) Penici lIocarboxype
ptidase7 from the same organism (c) trypsino
genkinase (Takadiastase) from A oryzae, 8 

(d) COl/dida a/hieal/s acid proteinase,' (e) 
1'(/eci/()I11)'(,{~,\' \'(/rioli acid proteinase,'" (n 
RlrizoplIs rhill('1/sis acid prf)lcin<lsc", aspcrgillo
peptidase A from A. sailfJi," the milk clotl·
ing enzymes from EIII!ollria paras/tica, lB." 
and thelmucor ren n in, from Mucor pllsi lIus"··· , 
have also been reported. The acid proteinase 
rrol11 Penicillium notallllll" has· been isolated:' 
and purified. The acid proteinase from 
7i'amell's sal/gllill('a" has heen purirled ano 
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'1\,1:,1".·,:<1. II j, lI·cll kll"lrll ''':II ;llId, 

!".,!'"" ,q ;III::IIill" pr"ll·j'I'I.'·· '·:111 I\l' 
1>I'I:lill\'(\ i'rnlll Ihl' \'1111111<.' 111"'\i'lill "I· 'IllY 

':lr;lill (If' lI10ld :Ind: I"e I'j..-l<l "\' ,:1,/\·,11,: 

(kl"'lId" ('II tlie \·:'ri(lil'; (,ldlllr:1I l,'ll!"lili"II' 

III: I ill' : I ill,.' d i'" r f ill' !2 1'1)11 t" () I Ill,) I d . 

\ '" ," ,1.-,,1' (Ii \\'ld. II I' I, ','" ,1,'111' 

r'll I '!1 ~. 1:1 (·jl 'I···. 11111: ·.'IIl'III" I i I r.' III·, j .. i 1.1 .... i i '. ': lid 

PI'''' elli: I it: ell zYI1lC' b: 11Iuid,; alit! ;1(·[111\' 

Jllycctc~. Diol1" s' :died Ihc inllucllt.:c of 
sever;iI factors on : he prod nct iOI1 or prn
t.cin:tcs ill somc selcLlcd clillurcs. 1'\'I:I.\\I'ell~" 

:11'0 ';llIdicd Ihe same ill A.ory7.{/('. Ii,,',\: 1'1 

tI/.'!: ',llIdi,t! II/(· iI11111\'lln: III 1':11 illil', utllllr;" 
:llId Ililirili,,!!:" c\lI1~~ili(ll1s Oil I ilL! ,1'l'<,dnL'litll1 
,>I l'I'",:.·il1;"c ill .. I. !'ora,lilif'II.\'. ;\11 11I,:"c 
ill'. ,·',1 i.":,, '''":: !:;ll,: 1)'."('11 '(,(1IlIi'I",1 I" ,i' It,'r 
nent r;d (lI" a I k:t Ii I1C prote i na~cs. l{o\\,c\,l'I' 
vcry little work has been reported ill (h~ 
literature on the formation or acid pro
teillases in ccrtain species of molds. 111 (Ill' 

presen t pa per, a systematic in vestigat ion has 
therefore, been directed towards ~lucidatin~ 
the various nutritional factors and cultural 
conditions, which influcnce thc productiori 
of acid proteinases, especially by Aspergillus 
fumigatus. 

Materials nnd methods 

About 40 strains of Aspergillus and Peni
cillium were obtained from thc Centre for 
Advanced Studies in Botany,· University or 
Madras and other Microbiology Depitrt
ments. A Jew wild strains were also isolated 
from the soil. The chemicals and reagents 
uscd in this work are of analytical gradc. 
The Dactopcptonc and Agar powdcr were 
supplied by Diro Laboratories, U. S. A. 
The egg albumin flakes from E. Merck 
(Germany) and the Folin-Phenol reagent 
from Centron, Bombay. 

Preparation of crll('e;f!.~tract 

The 1110ld along with the· culture medium 
'of eadi' flask was triturated in a morl<1 r with 

soo .... 

.. ,~ .~\.' . .' ~ ; 
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:Icid 1I';1~;hcd sand, ccntrifugcd and the 
'.III,,·rll:!I:IlIl W:IS ('ollr:ctcd. Tile residue was 
1111'1;:11<:.1 II!!" ill ".:ilh di:;lilkd water, centri·· 
1'1':."".1 :111.1 the slli'<.~r'l:rt:llli was mixed with 
II,,' ,,,,Iin nlracl. Tltl~ I,'ta! liqllid collectcd 
\, :I'" made UI1(:') II kl1'.)\\'11 ",,)llIllle illld an:tlvsed 
I" I ! 11 {\ I,'" I \' Ii,' :t l' t i I'i t y. . 

'I' estiinating thc proteoiytie activity or 
tire :1I1yme qllantitatively, ,\nson's' Colori
IllL~1 ic method" or estimating the lihcrated 
IVIF:inc dllrin,!.! prnlcllly,i:; ,,~, adopted h· 
\'f,:·.I""II':I I'f {fl.,"" 1I'1I:' (,dlownl except I it: 1"1 

,'. 1111 :diqllf.lt or CIIIY1l1l' cxlr:tc( W;IS addl:d 
to:; 1111 fIr 2.5 pl:r cent cp.~ albulll'Jl SolUlion 
I','hi,.·" I\;I~; ;Idill~lcd In pll (,.0, pll ::.S 
or pll 2.1 as 111l: case lllay be, and thl.: 
mi.\(lII'e was allowed to be digestcd at 4YC 
1'01' 30 J11i1lutcs. After this period. thc dil!.cs· 
tion mixture was analysed for the cx~ent 
or hydrolysis hy thc usual mcthod and the 
cnz)'ml: unit was calculntcd as thc amount 
of' cnzymc that liberated one microgram or 
tyrosine from 2.5 per cent cgg albumin untler 
the normal cxperil11cnt;d cOl1ditit,ns. 

Results 

Effect oj incuhalhm period 

. In ordcr to study and compare the 
innucnce ()f incubation period 011 the pro
d.uc(iOIl or the cnzyme of.the mold strains, a 
number or conicaillasks (100 Ill\) cbntaining· 
15 ml of the basal liquid medium (4 parts 
glucosc,4 parts peptone and. 100 parts watcr) 
which had been sterilized and cooled earlier, 
wcrc inoculated with spore sllspensions or 
5 days old culture of the 1110ld altd incubatcd 
at room temperature (30·32°C) for differcnt 
periods. 

Evcryday the mold along with the culture 
mcdiulll of each flask or each serics was 
triturated in a mortar with acid wasl~cd sand 

'inthc S<1l11C manner as described earlier. 
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Fig. 1. Incubalion period vs. proteolytic aclivily 
of I he molds. 

Of the seven mold strains compared ror 
the proteolytic activity at pH (l.O. A. 
fllll/igatus was fOllnd to show the highest 
activity after 3 days of incubation. In order 
to find out, whether any other Ino'ld Cl)IIIJ 

show higher enzymic activity, ir the csti-.. 
mation of enzymic acti"ity has been carried_ 

. ·out at highly acidic conditions, the experi .. 
ment was repeated with A. fumigaflts and 
P. notalllm. Thc protcolytic activity ror bot h 
thc molds was estimated, by maintaining 
the pH of the substrate as 2.5. Thc results 
obtained are presented in Fig. 2. 
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INCVBATION PERIOO IN I)A';~ 

Fig. 2. Effect of incubAtion period 011 the production of 
acid·proteinase by A, II/m iKO 11/.\ (xx) and 1'. I/olall/III ("') 
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/J('( ('fill iI/II (illll 0/ ext rocr !lufar I'rotcillo.H! 

'o/O""/'{/("'/ II)' A. (1IIIIiga/lIs 

III pr,!.-r Ii) 1".lilll:!le Ihe l·\lr;I\ ... ·lltll:ir :lcit! 
III'olein:!',\' !""dl/l'Cd hI' A. /illllil:((/III', Iii·.' 111:11 

:\11<1 Ille CIJIIl!rc 11I1'(hlill 'lITre :;cp:lr:t(cd :!rtt'r 

'1 d:I\'; (II' ill"lIh;llioll, !>\. p:l~',in!' IhrPI1.!:,.1I Ihi: 

Hlll'hlll'r i'UIlIlCI. The 111:11 \'.a, Iriturated 
",ith acid wa~hcd sand :lnd thc extract was 
collected by centrirugatioll and ma_de .uplo 
a known voluille with distilled water. Both 
thc c~!zymc extracts were analysed for the 
proteolytic acl,,,,ty separately. It was 
however ohservcd tlwt the maximum activity 
was found to bc present in the culture 
mcdium alonc and very insignilkant activity 
was obtained in thc mat formed by thc mold. 
Hcnce. in all our future work, only the culture 
mediulll or A. fUlI/igat/ls afler 3 days or incu
bation was used as the crude enzyme extract: 

Determination al 'he optimum "II and tem
perature for the proteolytic aClil'ilY .of the 
crude f'IIZ)'IlIt! ('xtr(J.:( 

Tn order to find out the effect of various 
pH values 011 the enzyme activity, the egg 
;t1bumin solution (2.5'1,,) was adjusted to 
different pH values wilh acid or alkali as the 
case may bc. 5 ml 111iquots or egg albumin 

.---------------___ --., .r._ 
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pli OF· HIE SUBSTRAT~ 

Fig 3. FO'<~c( of pll on (he crude eI1Z)'II1" 

activity of A, /;IIIIt~:.:a/II.L 
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~olulion~ were mixed with 2 Illi or enzyme 
extract in .the 50 1111 conical na~ks and incu
bated at 45°C for 30 minutes. The proteolytic 
activity in each Ilask was determined as 
before. Th::: results arc shown in Fig. 3. 

For the determin\jtion of tile optimum 
tempera tu re for enzyme activity, 5 1111 por
tions of egg albumin solution. which was 
adjusted to pH 2.1 were mixed with 21111 
portions of enzyme extract in50,mlconical 
Ilash and incubated at diJlcrent temperatures 
for 30 minutes. After .~ii).e period the pro
teolytic activity in eaell·llask was determincd 
as before and Ihe results :i'te presented in 
Fig. 4. 

h:' '1, IfI'TI pi' klllpcral"rc 0" II", "I",k "~II' ,II,,: 
;1 1 li\'i'~.'· of A. /i"lIigfl/,.". 

/1/(',( 0/ ell of' (lie mediulIl 

'1'" (!<.-tC'rmillc the inlluencc or ,"l or the " 
cullilre IllCtiillll1 011 thc productioll or acid 
I'r,;I,:il1:l<;c<;, i 5 1111 portiolls PI' ';lo.:rik medium 
iI:lI!I1!' dilrnclll pl'( 1';IIu,;:; wnc 1;"-;'.'11 ill 

"C' ('1':" COlli,:;II l1a,I;, (lOll, 1111) :llId ilioclIl;l{,,'d 

",il" Iile <;j1"rc <;1I'PCIl,i(l1l or ." d:ll": ,,1,1 
"1111/11" ',,1;1111 ," if /il/l/;':Olll,\.II", ILl"'!." '.1," I" 

illCllil;rfo:d ;11 rOlllll IClllj1I.:r;Jlllr'.' (,\I).1:~"() 
rOIl' ,~ d:l\"i, The cullure fillr:11t: I'.;), cnl!, "!crl 
Irltlll (';;('11 1/:1"1.; and all;dv~L't! "(11' Ih,: I"" 
Icn"l ie :1('1 il'il\" The reslIl,s ;ll'l' pr::scntcd 
rr:II'hi(,;lih ifl hg, 5. 
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oH OF lH' CUl TIJ~ MEDIUM 

Fig.), pll or thl' cullure I11cdiulll YS. ,,!'I'lcolytil' 
aclivity or A. !1I1II;gaIllS. 

I:.ffl·ct of (('I/Iperafurc (If incubation 

J:; 1111 portions or ~tcriJc ct'llture mcdiulll 
which had been adjllsted til pi I (J.S \', ;1\ 

I:lkcll In several ~Icrifc cnnical 11:I,I,s, 

inoculated IVith A, /umigotlls alld the ll:JsJ,;:; 
were incuhated at dill'crent ternper:i!ures for 
,1 d;II's. Al the cnd of the pcrilld, the 
11I'''I'':lll'Iic :IClilil:' or Iltc clillure fillrate in 
':;fl'" !1:I,1; 1I':tsdcICnnill'.'ll. '1'11._' temperature 
1)1' incllhalion I'S prnleil1ase :lei, ity CIII'I'C is 
presclll!.'d in Fig. 6, 
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hI.'., (, IlIcuh;ltil111 1,'IllI'"r;ltlirc vs. proteolylic 

acl i vi 1 y "I' ,.1. /il.'lIiga//I,\'. 

I(/('('I or acr'll/ull lItld dt:f1I/1 of Ihe CU!llIre 
1iI,·tlillll/ 

'1',1 delermine lite inilucilce of the depth of 
l'1!illlf'C mcdiulll 011 tit\' production (If l'xlfa .. 
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n'lllIl<lr :Il'id prnll'iILI'"" 1;1r'.'III!! \',dllll11:' 

ill lilt: ~Icrilt: 11ICdiuIli (I,ll '),,"l \'.crc pilI ill 

~;l'\'l'r:tl slerile C(llIi(,;11 11:1,1;" (''if) 1111) :uld 

lIne itl(lcul;llcd lIilh'lll!: lill: d:I\', "Id (1I111,l1T 

"I' A, -}illlli.:t1II1S, ;\11"1 Ii,,' i,I!'III):lli"11 1','1' 
~ ,1:11< ;11 ,'1°C, Ihe 1'1',1/,,',,,, li\' ",'Ii'. III' "I'lh,: 

""II ",",' lill 1':1 II' ill \';!,,:I, II",\. ,,'. "kll" lilil1"\I, 

IiI \ I 4.''' 1111', ;, I l' I" .1.".,' I: l " \ I I ~ : i., ! d.,' I I); 11 I 

! 1 ~ 1 ,.! I \ '1\ l I I' t' \ I II I I '" '. . , 1 1 ~ I Ii! ! ! " i i 1 '., I I t I I I • t ! ! I 1 ~ . , \ I 
II i , I; I I: I '-. j"O II II d I " I" ' " II i Ii" I' I I I I ' , I' I Itt: 

1I';1\1I11l1111 l'I'(ldu,:It"11 ," Ilt,' !'"oll';I1;ISl', 

III llrdl'l' In ';llId .. lit", ,:,1':1'1'" ,''' :I','r:liioi1 

"!i lite l'rl1"lll'lillll "~I lit", 1'1,,Jl,:il):I':C, ,:'(jllli 

1"'i'li!)II': "I III': ',I,:rllt- LltlllI!": IIwdltilli 1,1 

1\1 t '},:-' "':1'(.' 1:,I,,'il ill ,:S() lit! u\llic:ti 1",,1,', 

:!ild ill<lel":llcd :1'-. 1",'1','1"', ()lIe '11""" II'''' 
li!:hlly slor'l1Crl',I I'. ill, "tlllIlI I'III,:~, :lIllllitn 

'.1':1" C\':tcll<lI~'\1 :\lId "":'1, d ;1111.1 1111' Illird ,\I!\: 

\\ :1' CllllI1CCll'li II illl "111' "lIlkl (Ii ~:,_'il",,,I"!':l'. 
I h,' IIlIlk! "I' St'!I/-lill,'! \\;1'; ,:(\lllIeL'I,:,1 I', It It 

;' \\;Ilcl' :-.lIl'litl\l 1"lllll'. (,)1 1 1 H.: C\lflll'ILH.·'l! ..... 

I I' " I h I ill!} , , I' III t' " I I' I I 1 , ; I I r, ,'I ; l' I' ,,' <,1111 ~ 
"I'!:lIl1l'.1 ;11'1' l're<;(I1""'! Iii i :::',1'.' 1. 

Lllf'{'t of :-U'faliuu alld fl\'llill flf '.'Itifllff' '''4~dilllll ou 

Ihe ~lflJdUl'lioll tlf c,Xt rat'l'II" 1.11 a..-il.l I'row;I1;"l'iJy 

.f, /(/I1/1 .... ·01Il \ 

"t'IIIIII<' of ,ii,' 
II/('difllll i fill' 

III 

J.:i 

20 

30 

45 

60 

'CIi,-:ymc IIlitt) 

11','11 

IUU 

1356 
!!6U 

buU 

375 

---- ----------------------' 
Normal 
Aerated 
Vacuum 

1338 

620 

150 

Effect of different carbohydrates in the mediuIn 

. In this case, the composition or the 
medium used was the same as before, except 
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lit:11 rluCc)SC \li'S repl;(ccd hy nllt('\' ',((~;(r, II" 

~Iarch, t\:, lit': s(;llIti(ln or lhe ,larch \\'11111':1 
Ilt: ;tlkdcd by h!;at ~,lcrjlit:ali()ll, 4 g, (II' 
::Illuhk st;lrL'1t pn\\'dn and 100 III I of 4'::, 
pc:plt'I1C s(\IUli,'1l wac separately :tulpclan.'d 

:Ind mixed under ;Isc,~plie c(1nditiol1s. The 

rc:qillS nhl:lincd arc gi-.cn in Table 2, 

r,.\ !ILL 2 

Errl'ct of diircrcnT c:lrh(}h~'drll(cs ill the culillr .. 
ll1ediufIl 011 the production of acid proteinase by 

A ,lfl/l1Ii:OI/H 

Cl/rI",h.l'dmlr 
11.1'1'11 (",'/'(.','111 j 

I',.olro/r/i,' ol'liril,l' 
(OIZJ'II/1' IIl1il) 

_ .. _--_._------- .-- ---- .. ---.--- ... -~ .. -. -._---_.-
Sucrose 

(;lllCIlSe 

!'Olllblc starch 

i\1a1(f.\sC 

L:tC(lSt.: 

rr\!c(,-,~C 

Clltlc()~L' 

-I 

I:rllclll:'c 

4 .0 

4 .0 

4,0 

;1 ,0 

4.0 

0\ .0 

2 ,0 

::,0 

800 

1336 

,116 

1410 

IOU 

1120 

II ~;5 

FtI~'cI of oW;"-,'lil lIilrogclI ,I [)l/I'C,'S ill Ihe 

11 I t!tlill III 

III Mller I,,'-.lud:, lite illllll,'IlCt: (11' dilTert:l1t 
I'I.r!1l~ (\1' prg:lllil.' 1l;lrP1!L'1l I'll Ihe ~Icid pro--, 

teinasl! production by A. jllmigatus, a number 
of culture media prepared replacing peptone 
with either a protein 0r with an amino acid 
were used. To delermine the effect of 
il10rganic source of nitrogen, instead of using 
a protein or an amino acid, certain nitrogen 
containing inorganic salts were used. The 
concentration of thc amino acid 'or an 
inorganic salt in the mcdiulll was selected 
as to provide approximately the same level 
of nitrogen as would be derived from It/,o 
concentration' or a protein, As the solution 
of casein would be affected by heat,steriliza-

503 



Ii.'" ""'l'III p,l\\·.,lcr ,\':IS "'p:'r:lll'Iy :llIlnt'l,lved 
;111,,1 ,it'.'11 Illi,\,:d lIilit lite ~Ic'rik \lI!!:1I' ~,l1ll1li(l1l 
(!lld·.:1 ;1~CCJ1lic condilion. Sillce cf!!,!. alhumill 

\\'''rld h l , dC'Il:lfllrcd h\' a 111,,<"1:11 il1g 'Inti itelln' 

\'""rI" I".: ill';"luhk, lit(' "".'r'ik 11\('tiillll1 lI'illr 
:I'i'" Pllllli!l '.\':1'; pr':p:II.:rI 1,\, \'::I';hill.l~ willi 

,'11'" ('Iit ... ·/ :lknlt." :IIId Ilr"1I di"nhill.!! ill 

.1, r il,· ',11::::1' :"'/lIli"l1. ,\/iqul'l .. "I' lite 
mediulll thus prepared' ,were lcsled for steri
lity and were found to be microbiologically 
sterile. The ammoniulll sail solution and 
the sugar solution wcrc aU[od:tl'cd separatcly 
:tnd then mixed under aSl:cptic conditioll. 
The results obtained are presented in 
Table 3. 

TABLE 3 

F}I"l'I.r of mineral.\' ill tIl(' II/cdillm 

L:lSfly, (he inOucl1':': or;, nlll1llwr ofl1liner:d, 
ill lire medilllll 011 I,he prndlluiol'l Ill' :\\'j.l 

1'1")!','il1:1\,-" h~ ... A. /il/l/iJ:flllI.\' '''':\'. ;,I',dicd. '11r ... 
III('dill,'l1 lI'icd W:r'; cnIlIP:l,,".j· or !!'.';'. pCplnlle. 

'~".; •. 1~11Il'''SL' ;111.1 \lIilahk COI1l'l:lIlralion 01':1 

flrchllic ';;rli ill It;O·:,., di:,lilkd 1I;1Il:1'. Tire 

results obtained are presented in Table 4. 

TABLE 4 

EIT(~("t of m('IM"k s:lll~ in Ihe hll'dlulll on 11.1' produc
li"n or ndd l.ruI";"",!' by A .ti"nigoll/.f 

Metallic salt 
COI/Celllration (%) 

Proteolytic actil·ity 
(J:.I'Z),III(, flllit) 

ElTect or Ml!nn/c 8"d InorgnAic sources or nitrogen Dasal medium 
in the medium on the production of add proteinase (without metal/ic salt) 

1158 

by A. [umigat/ls. A Calcium sulphate (0. 01) ===========:--=============== 
Nitr(>gell source and Pr01(!()ll'tic (/('(iI'in' 11 /'ota$sium dihydrogcn-
cOl/celllrmiof/ (%) (t'''~l'l/Ie /lIIil) . phosphate 

1262 

m. 01) 
Proteins: , Potassium chloride 

C Sodiulll sulphote 

\U. 
120R 

05) . J 180 
Egg albumin (2.01 
Solublc cascin (2.0) 
Pcntone (2.0) 
Gelatin 

Amino acids: 
(2 • 0) 

Glycine (0 • 85) 
Valine 

(I .33) 
l.eucinc (/ . 49) 
Mcthionine (I. 7) 
A rgininclJ (0. 5) 
Histidine'" . ,.: (0.59) 
Lysine (0.84) 
Aspartic acid (I. 5) 
Cysteine* n. 0) 
Tryptopl1an . (I . 14) 

Inorgallic nifrogcn SOlll\:CS:;.: 

A mlllonium chloride ("'.~ .. ", 6) 

Ammonium s,:!lphafe CO ,,76). 

t\rllmonillm nifrale 

Sodiulll nifrale 
UrI',,· 

(0. <)2) 

(0 ~ 96) 

(0. 4) 

,~ :1, a mono hydrochloride, 

50~ 

(j8~ 

4611 

1005 

102 

322 

358 

727 

714 

J 79 
428 

286 
179 

No growlh 

506 

325 
2R(i 

2J.'i 

452 

No growlh 

D Magnesium sulphate 

Nickel chloridc 

E Manganese sulphafe 

F Zinc sulphate 

A+D+C+D+E+F 

Discussio!! 

(0. (5) 

(0. US) 

10. 05) 

to.005) 

(0.005) 

1290 

1210 

1050 

1275 

11 75 

1450 

From Fill. J, it is quite clear Ih:tldifrerenl 
molds would need different· periods or 
inl:ubation. for the maximum production or 
the acid proteinase. The proteinase produc.
tion by A. f/lIll(~atIiS was maximulll after three 
d:IYs or incuhatioll, \\'h':rc:as A . .Ial'olliclI.I' 

showed the maximum acUvily aftcr an incu.
tn(inn,period or live clays. A, (Jrl'zae, A . ./Ial'fls 

al1d //. (("('II.' prodllcl:d Iheir 111;1,\;1111111', 

productiOIl PI' acidprnlcill:lsc in :thoul ·fl'I'" 
d~I ys. A. para.riliclIs and 1'. iiiltatlllll ~hll\\'ed 
the m[lXilllllm [!ftcr six days. Jt can hc ~ccn 
rrOIll Fig. 2 ih;ii A. .rllm~I;atlfS prodllccd 
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maximum acjd proteinase arler three days of 

incuhation, compared to that produced hy 
P. l10tatlllll whell enzyme act ivity was esti.,... 

mated at pH 2.5. 

A. jllmigatlls \y,IS, therefore, selected for :111 

subsequent studi~s. It \\'as also observed 
that the maximum produLlinn or acid pro
tein:lse - bv A. IlIlI1igo/lis was rllllild ill the 
l'lIlll1re I11CdillllJ as c\lr:IlTlllll:ir CII/I·IIII.'· 
·tr,)lll Fi~~s.:I ;lIld d, il is nid"111 thaI 111<: 
'maximum activity of Ihc crutlc cn1.Yllle C\lr:lct 
\\':I~ round \\'hell the Cl1/vme .estill1:1li(l11 II;IS 

carried oul at pll ~.I :lIttl --t""C IClllpClallire 

1'(11' ;1 perio<J ]0 l11illlllc' .. 

I.il' .. 5 ~hllll" lli;11 III': forlll;dillil or acid 

III(dcill:lse hv A. lilli/iFf/filS "';IS p()~sil"k 
lI·ilhin Ihe 1,1,1 rangc 01'11(1 II .. the 111:1"il1l1ll11 
pl·1 .1'01' II ... : prl'ducli"11 or acid Jlrolcil1~lse 
heill!..! ill lile lIei~hl'nllrh'.)(ld "I' ').5. II W:.\S 

lilcrcrul"c ~'sscl1li:lI 1(1 :Idjuq the pH or litc 
clillurl'nH'llilll11;l1 :lhl\11 11." 1"'1' lhl' 1\1:1\imlll11 

l'r .. ,III.l·lioll "I' I'r"",ill:l,,·· .. III Ih·.· l11ai",i!\' 
,'I Ill'" C'\I',:rillli'III' t:ll'li",i "Ill ill tlrl' pr':'.l.'111 
ill'. ,·,li:':llioll. the pll (·f Ihe IfICdi;1 art...:r Ihe 

"',,'\11t "I' .i./illlligrl/I1.\· "·r~' ,1a\". W:lS 1".llllId 

i.' I ... lIilhili lit,· r:II1!": .1." I" \tl. 

11-1'111 I'i.!!. ('. il :lppl';lr' Ih;,1 Ihe acid pro-
lc'i'I;I'l' fl'rl1l;llilll1 hv A. (illllig(/{II.1' :.Ifl':r :111 
1I11'I!h;lli,'1l pcri"d nl'lhll'l' d:l\'-; \\,;I~ lIla\il1llllll 

;1 I .11 "c. 

Ipt or \ari:ltions ill Ih·: l'I-'.llilll:lil'JI 
pl'o1cina-;c. when Ihc lolllllie "r Ihe 
11ll'dilllll \\a, ;illcrcd. There ,,1';iS;1 

or acid 
cult II re 

gr:,dll;iI 

illl'!'l:;I": (,I' I'I,'I'."'''-li,· 
\,0111111(" (\1 II\(' "IIIIf1I, 

:' t'l i \ i 1 \ , 

1""'.lilll'fl 

,,,·ItCIl I :Il: 
\.\';1'-, Ill'l:!1 

1;1;<1'.'" 1""111 IIl·JIII,,1 11"'.\('1.','1.11\(.' ;1('livil\' 

ill II1c l1a~k--; 11'1\ ill!..! .If) "Ii Ill·.'dillrn \\,:1\ r"I!!1.1 

In 1'l'I!lIlTr than (h"':l 1I1'''li'l' dill 10 I·.' .)" 
Ilil. This decrc;l~c ill cl1!ymc :'1:1 i .. ill' 111 i.1' It I. !". 

",'" tn the lISC or :1 Ihick !JI'I:1 "I' clillllI': 
1f1('dilllll lIith Ie<;s <;lIri';«'" :11'1':1. "1'(1111 Ille 

',: ." -~ '; ':i, :~~ '·?Y~:~~:f..~fi~.: ~~;~~.:·~.);}:::+?~?~F?;"~;:~~t~~:~~ -~;~:'.~: 
.lor·:. 

experiment on aeration it· can he seen th:'lt 

A. jumigatlls needed a. normal amount or. 

oxygen for its growth and maximum produc
tion of acid protcinas~. Excess sterile.oxygen 

when hubbled . through the culture medillm,. 

considerable reduction in proteinase prci-. 
duct ion was observed. The nask which was 
evaeua ted a nd scaled, t11 igh t ha \'e selille 

dissolvcd o\ygen in thc medillm. 

Alllnllg (he dilkrenl. carhlllil'drates ITahle 
2) \vhich wcrc used ill the culture I1lcdi;1. 
mal lose g:l\'e the hi.ehest :111d h,.·if"" Ill'.' 

II :1ppears Ihal thc~': ,:11'(," 10ll'esl activilY· 
hydrates when arran;.".cd in the dc'·'.:,;I:i1ill" 
()rdcr Oil lhe rrodllclioll or cxlrac<.'IIIi1;Ii' 
:Icid prokill:t';c~; were: m:dllJ';c!·IIII:I.;; ... , 

fructose, ;;lIC1"Jse, :;I;lIch and I:lctl)',('. II 
can a Iso be 6hser\'ed from the Ta hie 1 hat. 
A. flltn igll! 11.1' can as;imilate glllc(lsC and 

fruclose individually in a much hetter manner 
Ihan sucrosc, which on hydrolysio; prodllcc'i 

!~llIcosc and rruclose. 

It jo; nidl'II1 frolll T:lhlc:; Ihal lite pl"O-' 
t1l1clioll III' Ih,: ;Icid proteinase hy ilwrgallic 
nitrogclI IV:I'; vcry nlllch Ie,s (11:111 Ih;11 

hy org:lnic nilri~gl:n ill Ihe 11lI~diIlJll. '1 he 

presence or IIrea in IIt(: IllCtlilllll was fot/lle! 

to inhibil IiI'; !!l'Owlh of Ihe mold. An]llng 
the din'cre;ll fl,rms nr organic nitrogen 
S'.)lIl'Ces. (hl' Pl'pt(lIlC 1I:1S Ihc hl'st onc f\1r 
thc nrl\illlllill prndul,tillil (If acid proteinase 

and tht gclal in \Vas th'~ least. Anlllllg the 
sever:!1 amino acids, the cysteine was found 
\0 inhibit the growth or Ihc mold completely, 
in Cl';C or amino aeids like arginine, 

asp(lrtic acid alld lysine the prOlJuction o/" 
the (:nlyme was vcry poor. Thc protcinase 

I,)'ntiliclillil Ins ohserved llloderately in 

('<:rl:lil1 amill" ai'ids viI.. glycine, 

1"lIcille, 1I1clhiol1illC, hi.,lidine :\1;;-;1 

plt:ll1. 

\:dine 

tryplo,. 

Table 4 Sllll\\'S th:~t most or Ihe mc,lallic 
<;alts tcqcd 11:1(1 Ihc bcnelicial inllllence 
(111 thc r"rl\1;lli,)11 L'r :Icid prl)I,.~ill:1'L'. Till' 
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:Id.lili:'11 I'!' o. I·";', c;dcillill slIIphate or ptltas·-.· 
'.illl11 dil1yclrn!!cn phosphate in the medium 

',1.:1" r('\IIIt! 1(1 increase the proteinase pro(hlc-

. ti"II. 0.(1)":. of s(ldillill sIIIpl1:II(' and p"las. 
'1I1111 r1d(llide II'crc IlClleliei;iI I'llI' thc p.rndllc
till!] 1)1' thCCIlZYIIlC. Nickel chloride ill Ihe 
1l11',fiIII1l 1'("(llIccs Ih.: CII/'/IIH' ;lcli"ily 1:>;11\ 
"\1<:111. :\11101l,!,: all Ihe <;;1Ih [t''.led ,,,diu1l1 

\11Ipll;IIC \\',IS found to gl\'C the Iti!!hcq 

IlJllll'IIlylic ael i\'ily, 

The final Illedium sclcclC(J 1,)1' Ih'.~ ma.\ill1l1l11 

ploductioll of acid prolcina~e hy A . ./;II'ii:.:atlis 
1!](.'rd·(1I'(~ cnlll:tilll'(I .. ~ g. of ll1alt(ls~', c[ g. Dr 
I'Ci'!<'Il':. n. I I;. or ctlciUII1 <elllphale. fl. I .~. or 
1"'!::·;,i'!llI dill':dJ'(':~cn pltnsph:lIC. 11.05 ~. or 
II,. Ill",,,lt:-illill slilph:llc and 0.<:5 ,c. Dr ';odiVfl1 
:.1111,11:1{('. I).OOS g. each or zinc slIlplwlc alld 
IIl;IIl~::llleSl' sulphate/lOO ml di"tillcd water. 
TIll' I'I'C<;CllCC or all sails in that p:ll'tind:tr 
l'<'I1(,Clllr:.lli')11 was round to enhance the 
l'I",\cnh·ti(' :Iclivity tn a nlll(')1 ;cJ't.:<lter ('\ICI1I, 
111:111 ;Illy II" Ihesc <;:ills. 
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