iy pgull dggpell dysgaaall
alell sty @llell gelesil aylyg
has dealy
il dasiall iyl

e Wagle oy

(b Al aiiady dygaad) LRI (g hadl) Sl ) )
Ghal) delia

asle) Guely 3l Al b oSl dnp o Jeanll cilillia (paia dadia dag bl

()
das)

owlaad) 2aaY) Jida

iyl
:\.1*)'4*)'9 HSA.“A,\Q | gAJl,JcLuad\
ot e, T

21444 -2 2023



gdlall

Cuamll dgyhd cVie G e e Jdead dulaal) gl e dae 45 Camad
& L&Y Ayl cuss) . Rhizmocur miehei (Cooney et Emerson) Schipper gl o
Rm4 o ©3a)5 il & L)
Aadldl LlaiaY) dagie alaiiuly Rmd sl e gl zy Bl Cag ) caodd
S aladinly £ JBal) Gigplall cafies a8y Al dawy i3S A5V Ayl o
39.09 381l Cpasslly s0Sll Gpaads oWl HsSslall jlaal 8 ABEY Al
Bha dayd die (uaailly 5.99 aie S pH I dasiay A e %1.025 /L
sl jRas Jaiuly DU JER) Caglll cifis WS el 89.94 334 (40.91 C
iy oL daeday %80 ashy sinar 5SS mdll Al lad) B Lkl
32 (4111 C s 4y vie Cpanilly 6.31 2ie J) pH I halay %1.33
ol Ol Tl /el Tl sy qesil) 5anl) Llis o8 caaly o e lu 81.21
303.87 SUMg Bl cagylall can Jilall haally il V) palitll
441.90 aliall il <) el paliiod) 8 el Wy (A e 31430
Lg\).d\ e 388.66 5 «SU/mg
G BVl ol lidle AL el Sl gl omead kil gl
oapally Eaadll skl Cipell M Adide Cleja 385 A Sl zlsaVly cAadn
aen Gy Aanll) ikl Bl e L3 150 sec 5340 (2450 MHz) &g Suall ¢ 15l
e S 8 lina 2,18 ¢1.98 (3.68 luiey Wnt giiall liigydl Jelal 3] ccnyisal
gl Jlad) Lalial) /sl Llas Ay ool il Lliiy oo KU Culall s Ll
zl) e g 3 Tl s ekl oda Cjelal LS L Jua) Alall il ae A3aall S e
MWI50 2 caya) g Jbal 8 3341 5y )
5 cpatipedl) il ol (o oy 8iklly a1 ol 5 Aad) Al el
Alladll o i) ) 3an clghad @3 a5 . Sephadex G-100 alled) zai i) 3sac alaainly
lladll cla)) LS %49 Lpapyd Aluanys Calaal 8.5 laiay Rm4 dljall ol L Sl
Aadiulys . %4.01 Lapd Auasyy cCilaal 5.19 laiey MWI50 ajall ayydy Zie il
e IS e ) (Bl sl el 036l 53 (SDS-PAGE) (el Sl auiss
LS e ¢40.62kDa s « 39.77 kDa Jsay MW150 s Rm4 (4l



Ll peadl (38a7 Cum ¢l iladlly anbal)l a3 e JSIASGall Galal) )i
LS ol 28 (30 9 gL 38535 pH 5 5 ¢57.5 T ol daps 2o el s
Sl ol pH 4 5¢57.5 T sy dap aie o8l Jall bliall o8 el ciiay
60 °C oy s Lo @5l LS <48 hrs 5331 40-50 °C (s )hall Jlaall 3 55iiusse
Sftlall yfimpall (mdadll die iy ( VAN le 10 mins 105 min 330 70 °C
Jiais .pH 3-7 Jlaal) e pH I a3 Ll oot Diids a1 iS5y - ol ol
Ao Catlys gl Olal) il iy Culall i Bl jeiad b pggeal) 2508 i
¢19.47 mg/mL 5\ olad) Rmd jad) 3Ll Viay (smatll depudls Ky oall&aa el
Ol 8 il oda caaly WS o datll Llaal Glua e 2l IS e 2,57 pg/min 5
iy L S e Vis K e JSU2.08 pg/min s <26.29 mg/mL byalail) 41l
IS V) e %25 %4 S xie MWI505 Rmd 5lis,d adlas dlas e
el fa5 LLis s o 3l o€ alad 580 qals aladl Vi s Koy a5 LS
<0.152 g/mL 5 «Rmd ajad) 5lissal & e 0.0030 glsec s «0.201 g/mL cuxly 3)
Sl Al Al el clidy cMWI50 Aad) Ligd IS e 0.0034 glsec s
ad cazly 3y od) Culall A e %155 %10 385 xie MWIS0 5 Rméd il
é\)ﬂ\ e 0.001 g/sec s <0.0080 g/mL U.US.J\ Al (NSJ\ Je& Culall ol Ky 5 Vinax
A Slogd IS e 0.048 glsecs 0.207 gmL <l Wiy (Rmd il L )
%4 3815 xie MWI150 s Rmd Ciiliall Slig ol jianll dllad tef ity .MW150
o) delial Gl Rmd Alall L aadfiul L audl) Qi€ Culall AN le %3.36
Galy s bl ) ) ALY Bl Al apaa5 dey dpaill Agll Gy )
il cad) e D Tl (gpladl) isall aladialy inall guad) Lelal 285 .6000 SU/mML
Al Galgally i) asa el Cum (e (A3ladN Aadiall Aol

S Ll G (OpS iSa (RS il a8 Gl thalid) )
-Rhizomucor miehei¢ (5 s yll Jla alis cadal)



Summary

Forty-five samples were collected from the local soil, of which six fungal isolates
were classified as Rhizomucor miehei (Cooney et Emerson) Schipper. The most
efficient protease-producing isolate was selected and coded as Rm4. After the
preliminary screening of the fermentation medium components, the optimum
conditions for protease production from Rm4 isolate were determined by using the
response surface methodology.

The optimal conditions for protease production through liquid-state fermentation were
demonstrated in the selection of glucose and casein as carbon and nitrogen sources at
concentrations of 39.09 g/L and 1.02%, respectively, adjustment of the initial pH at
5.99, and incubation for 89.94 hr at 40.91C. The optimal conditions for protease
production through solid-state fermentation were demonstrated in the selection of
wheatbran as substrate with a moisture content of 80% and supplemented with 1.33%
casein, adjustment of the initial pH at 6.31, and incubation for 81.21 hr at 41.11°C.
Specific clotting activity, and milk-clotting activity/ proteolytic activity values of the
enzymatic extract produced through liquid fermentation under the optimized
conditions were 303.87 SU/mg, and 314.30, respectively, whereas they were 441.90
SU/mg, and 388.66, respectively for the enzymatic extract produced through solid
fermentation.

Mutagenesis with different doses of ethyl methanesulfonate, ultraviolet, and
microwaves, was performed to improve the protease production. The mutant induced
by microwaves irradiation (2450MHz) for 150 sec showed its superiority among
others according to all indicators, as its protease presented 3.68, 1.98, 2.18 folds
improvement in total milk-clotting activity, specific clotting activity, and milk-
clotting activity/ proteolytic activity ratio, respectively than those in the original
isolate enzyme. The mutant was stable for 8 generations. It was coded as MW150.

The partial purification of proteases from the original and mutated isolates was
conducted by precipitation with ammonium sulphate followed by gel filtration using
Sephadex G-100. The purification steps resulted in higher specific activity for Rm4
protease with 8.5 fold and a recovery of 4.9%. Specific activity of MW150 protease
was also increased by 5.19 fold with a recovery of 4.01%. Using electrophoresis
(SDS-PAGE) technique, the molecular weights of the purified proteases produced by
Rm4 and MW150 isolates were estimated at 39.77 kDa, and 40.62 kDa, respectively.

The kinetic properties of the wild-type and mutated enzymes were similar, where the
maximum milk-clotting activity was achieved at 57.5 °C, pH 5, and 9 g/L of calcium
chloride, whereas maximum proteolytic activity was achieved at 57.5 °C, and pH 4.
Both enzymes were stable in the temperature range of 40-50 °C for 48 hrs. At 60 °C
and 70 °C enzymes were releatively stable for 105 min and 10 min, respectively,



whereas they were inhibited when exposed to the aforementioned temperature for
longer periods. Both enzymes were stable against pH changes between 3 and 7. The
effect of sodium chloride by stimulating milk-clotting activity and inhibiting
proteolytic activity. Based on the determination of proteolytic activity, the Michaelis-
Menten constant (Km) and maximum velocity (Vmax) values exhibited by Rm4
protease with casein as a substrate were 19.47 mg/mL and 2.57 pg/min, respectively.
For MWI150 protease, Km and Vmax were 26.29 mg/mL and 2.08 upg/min,
respectively. Maximum proteolytic activity of Rm4 and MWI150 proteases was
achieved using 4% and 2% casein, respectively. Based on the determination of milk-
clotting activity, Km and Vmax were determined using reconstituted skimmed milk as
a substrate, where their values reached 0.201 g/mL and 0.0030 g/sec, and 0.152 g/mL
and 0.0034 g/sec, for Rm4 and MW150 proteases, respectively. Maximum milk-
clotting activity of Rm4 and MW150 proteases were achieved using 10% and 15%
reconstituted skimmed milk, respectively. For reconstituted whole milk, Km and
Vmax values were 0.0080 g/mL and 0.001 g/sec, respectively for Rm4 protease, and
0.207 g/mL and 0.048 g/sec, respectively for MW150 protease. Maximum milk-
clotting activity of Rm4 and MWI150 proteases were achieved using 4% and 3.36%
reconstituted whole milk, respectively.

The purified protease produced by Rm4 isolate was used in the production of white
cheese according to the traditional method after the optimal enzyme-to-milk ratio was
determined (6000 SU/L). Cheese made by using fungal coagulant was quite similar to
that made with commercial rennet, in terms of yield and sensory properties.

Keywords: Carbon, Fermentation, Kinetic, Milk-clotting activity, Mutagenesis,
Nitrogen, Purification, Protease, Proteolytic activity, Rhizomucor michei.
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