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# # C526l97 : MAJO R INDUSTRIAL MICROBIOLOGY
KEY WORD: : RENNIN / MILK CLOTTING ENZYME / Rhizopus s p ,

SUTTINEE MECHOBTUM : PRODUCTION OF RENNIN ENZYME FROM Rhizopus
microsporus Sl' THESIS ADVISOR : ASSO.PROF. SUMALEE PICHYANGKURA,
Ph.D. 95 pp. ISBN 974-632-136-6

The isolated of 51 fungi strains from 20 samples of lookpangs
(mold~bran), 9 strains were found to p roduce rennin activity. The best
activity fungus was identified as Rhizopus microsporus Sl' then t9is
fungus was cultured for production of rennin, when us ing about 10 2
days spores/ml inoculated in medium that contained 3% rice bran at pH
7.3. The optimal cultivation conditions f o r enzyme rennin production
were shaking at 200 rpm and 30

oC.
Under these conditions, 10 units/mg

protein of rennin activity was obtained when cultivated for 4 days.

The results of the extraction and purification of rennin enzyme
from R.microsp~rus Sl showed that the fractional p r e c i p i t a t i on with
30-75% saturat~on o f ammonium sulf ate followed b y column chromatography
on DEAE-Toyopearl 650 M and Sephadex G-75 gel filt ration found 23 . 86 fold
increase in p u r i ty 'and lO.95% recovery from crude enzyme.

The puri f i e d enzyme was found to consist of 2 moleculars having
molecular weight of 18,000 and 19,000 daltons respectively. The optimal
conditions f or the protease enzyme activity were 35

0C
at gH 7.0, while

optimal conditions for the rennin enzyme activity were 55 C and pH 5.8
using 10% skim milk in CaC1

2
25 mM as substrate. The enzyme was found

to be stable in the pH range of 2.5-7.5 and temperature not oven 40
oC.
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1Jll'U1

LjUUUL~ULvu1~~~n11il~j~UL~~ULu~1~~n~~nvu~u~1nuL~u~~ l~SLU

~1U~11~1~j~U~~~~~1vS~~ 3.5 L~UL~~~1n"~1vS~~ 80 ~v~l~j~U~~~~~ ~1v

~j~~1m1vS~ti 2.5-3.2 ~V~~1U~ L~~u~in~~L~UL~~i~111~~n~u-1~~1~ L~U~1~

n11i~1u~~in~tiL~ui~11~~~~n~uvenU~~~L~a~ L~Sn11~R~L~S~L~;LU~ (Calcium
1I

1/

casienate) L~~uveluu1u~lUj~~v~~11~~1U~vS(Jenness ~~~ Patton, 1976)
1I 1I

L~~U ~~~vvn1~L~U 4 ~U~ ~~i
1/

~v~~1-L~~U ~~jti~1m1vS~ti 50 - 55 ~vOL~~Un~~~~

~~1-L~~U ~~1~~1~1vS~ti 30 - 35 ~v~L~~U~~~~~ ~~11~11~v~~~L~S~

~VVU ~n~~nvU~1S~~~L~S~1~~1S

~n~~1-L~~U L~U~1U~vO ~~1-L~~U ~~~1a~11~sLvu1~~1~1~Lv~~~veLu
1I

1/ II II

U1'U~~~~U~1nUL~~U 1~SL~~U~u~u~ve~1~~1m~vS~ti5 ~vol~1~uno~~~
1I

U~~~1-L~~U ~ve~1ti~1a1vS~ti 15 ~v~L~~U~~~~~ L~UL~~u~1~~~11~11
1I

1/

~v~vvU~vO~~~L~e~ 1~L~n~~vou~~~1-L~~U~1tinvU~1Sn1~vti~lU 169 ~1 ~U1~Un
~

l~L~n~ 10,005 ~1~~U lul~L~n~~1tinvU~1a~~L~iju2 ~1 ~~n1LiLn~~u~ti1~~~1~~
~ ~

jti~11~~1s1~aL~~1t1~1~L~ul~aL~v4 n1li~~1~unl~L~n~~ou~ 60,000-600,000" --.
~1~~U L1UUU~tiliUR~~1-L~~U L~uiU~L~1t1~O~~11~~1L~1ti~~U~ti1~~110Wuav~~1UU

,hu~uo 105, U~~ L~1~lvuu~,hu~uo 106 (~11&, 2534)
at

~11~O~U (precusor) ~vOLjUUUL~an111~1L1UUU(prorennin) lU~~11ti

~L~un1~ pH ~j~~1m 2-5 l~jLjUUU~ti~n~~vvnL~u2 ~1U ~1U~~OL~U~1aL~u1t1~
1I

L~a1 ~~~1~unl~Lana 5300 ~1~~U ~a~ijn~1uL~uL1UUU~~~~1~unl~L~n~31,000
~ ~

~1~~U ~O~~~1S~1aVti~lU (N-terminal) L~u1n~~u U~ti~~1S~14uvn;~ (C-

terminal) L~Un1~vti~lUa1~u (leucine) ~1v1vl~a1~u (isoleucine) 1~S~~1~U
1/

n1~vti~lU~OU (Foltmann, 1971a)



2

i1~~n~~vt~lUU~~~ll~1~~~vt~lu..

N-gly-glu-val-ala-ser-val-pro-leu-thr-asnJ
-tyr-ile-Iys-gly-phe-tyr-gln-ser-asp-Ieu-tyr-

i1~~nj~vt~luua~~ll~1~~~A14~vn~~:..
-ile-leu-gly-asp-val-phe

ala-arg-asp-phe-val-ser-tyr-tyr-g1u-arg-ile

a:m-asn-leu-val-gly-leu-ala-lys-ala-ile-COOH -

L~vllljL~U~U~nu~nvvn~1nnu~la pH L~un~~ l~~~n~~~~Lju~ua~~~~flt-.. ~

1~i~1~~L;v~va~~ 3 ~1U~U~ i1~~~v~n~~vti~luluU~~t~1U~U~~v~~Uflti1~i~1~~~~
11

1/

3 ~1U~U~~~~U (Fryer, 1969)

,
o ' '''
mU~U~fl 1 valu~1~~v~nj~vt~lu 270 ~1..

-a sp-ile-a sp-cys-asp-asn-leu-glu-gly-ser-

I
S
I
S
I

-tyr-thr-ser-gln-asp-gln-gly-phe-cys-thr-ser-gly-phe-

I

~1U~U~n 2 l vBlu1~u~1u~v~n~~vti~lU 6 ~1
11

-ala-cys-S-S-cys-gln-

I I
glu-gly-gly



3

•
~1~~~~n 3 velu1~~~1u~v~n1~vti~lU 6 ~1

•

-cys-S-S-cys-Iys-asn-his-gln-arg-
I I

lys [ala

\ /
ser-asn

Liv~~1nV~~~1tinvu~v~n1~vti~lu~~n~11~1iu L~uin~tiL~~1ti~v~L1UUU

~~iua1~un1~vti~lu~~ 2 ~a1a ~ati~ufiti1~~a1~~ ~~ 3 ~1~~~~ _~v~L1UUU~~L~U
, U i:> I

v~A~1tinvU~an~v~L1UUU~1nnn~~a~ (FoltmBnn, 1971b),
lui1~~A~~1-LA;U n1~U1~i1~ ~vL~u~11~n11iLn~n11n1ti~1a~1(emul-

u

It

sifying Bgent)~~n11iLA;u~1~11uin~1~~1~n11n1ti~1a~11uu1u~1~ 01~A~~1-
It

LA;uunn1a1al~aL1uuuU1U~~tiLia~~1~n11n1ti~1a~11ll' MackinlBY ~ati Wake
• 1/ II

(1971) 1~vfiu1a~U~vU~~U

(Macl'opeptide)

2+
Ca

~tinvU~1~alla1a (inso 1ub1e cur-d)

u1~~1~1~L~U 2 iu~uu ~u~n11~n~llnuULA;U ~1nu~uu~i Av,
iU~vU~1 1tiall~U~~~§n7a1~u~Lvu1~~L1UUU(Pl'imal'Y enzymatic phase)

(Jolles UallAmti, 1968)

L1UUU~tin1~§n7a1nuuA~~1-LA;U n1LiLA;uLia~~~al~a~ufitiL~~1n~~11~v

L1UUU ~u~Ufiti1ti~11~~Uautia1UU ~1U~~~ 105 nUL~n1nluuu ~1U~~~ 106 n1li

UAll~1-LA;UUanL~U 2 ~1U ~u ~111-UAll~1-LA;U U"ti~~1~LanaL~~1n~ ~~1~
'\ .
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Ser - Phf-' . .. IToba ble bonding site

.

Rennin for Nsacetylgalactoeamii
+ galactose + terminal
N-acetylneuraminic acic

Pro - lie - Ala - Met r
lie - Asn - Thr - Ile - Ala - Ser - Gly - Glu - Pro-

Il~ I
Ser - Glu - Val - Ala - Glu - or - Thr - Pro - Thr - Ser

Thr

Ile - Glu - Ser - Pro - Pro - Glu - Ile - Asn - Thr - Val - GIn
. I

HO-VaJ - Ala - Thr - Ser - Thr - V8.J

Thr-

'PyrGlu - GIn - GIn r: Asn - Glu - Glu - Glu - Pro - Ile - Arg - Cys - Glu - Lys - Asp - Glu
IVal - [fyr -GIn - Ile - Pro - Ile - Tyr - Lys - Ala - lie - Lys - Asp - Ser - Phe - Phe - Arg

Ju - Ser - Arg - Tyr - Pro - Ser - Tyr - Gly - Leu - Asn - Tyr - Tyr - GIn - GIn - Lys - Pro
I

Lys - Ala - Tyr - Tyr - (Pro - Tyr - Pro) - Leu - Phe - GIn - Asn - Asn - Ile - Leu - Ala - Val
I

PTa - Ala - Ala - Val - Arg - Ser - Pro - Ala - GIn - Ile - Leu - GIn - Trp - GIn - Val - Leu
I

Met - Thr - Thr - Pro - GIn - Ala - GIn - Cys - Ser - Lys - Ala - Pro - Val - Thr - Asn - Ser
I

Ala - Arg - His - Pro - His - Pro - His - Leu -

Asp - GIn - Asn - Lys - Lys - Pro-
ILys - Thr - Glu - Ile - Pro - Thr-

Glu - Leu - Thr - Ala - Val-
I

Ala'
or - ~r - Pro - Glu - Val -

Asp ~

'Pyrrolidonecarboxylic acid.
:&Genetic variant KA-easein contains Thr and Asp in residues 136 and 148, KB-easein contains lie and Ala.
Sources: JolIes et, al,236aJolles et. aI,:=· Jolles et. al, znb and Mercier et. al.~

Wheelock Uati Sinkinson, 1969) 1~vff~1~11 ~1u~v~~~1~LanaL~~1n~i,
1~uri ~1u~v~1ul~1L~u~1~1~1~~~U (non-protein-nitrogen, NPN) L~U glyco-

macropePtide;~~~~~~lUn11atia1s1~~'un1~1~1Aav11vti~~n;~glycomacropeptide

~1tinv~~1S N-acetylgalactosamine, n1ua~1~~ Uati N-acetylneuraminic acid

~U~VU~ 2 1tiSti~Lvu1~~1~1~Li1~1~~En;S1 (secondary non-enzymatic

phase) Ln~n11~n~tinvU~v~~111-U~~~1-L~~U ;~L~u~a~1nijvvu'v~uAaL~B~~~n~

~111-U~~~1-L~~U 1~S~~1~~ti~1UUAaL~s~n1'il~Lana~v~~111-UA~~1-LA~U~~nu,
I II

lUan~ti71~U~ ~~v~1~1B (cross-link net work) lUn~~~ti~n~unvuusn~1nu1u~,
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endopeptidases~ ~~i1valU~jtlLnn
1I

lUj~~~U~ uvn~ln~1~Lini~1~~~~1~le~~ti~unu1~Lina~v~1~~u~ati~a~1~~~valu
1I , , 1I

" '"
ulu~livalu~~u~u~1a (~jl&, 2534)

1I

LjUUUL~ULvu1~~ava~ala1~j~u

(E.C.3.4.23.4) lU~ ~.A.1970 Foltmann ~nljL~Uvlili;v~l~ L;anLjUUU11

1~1~1u (chymosin) ~nU~111LjUUUL~v~anLia~~11~aU~UnUnljvvnLia~~111LjUU

"tJ&lOI 0

i1~UU~111LjUUU(renin)~ln1~ ~~lUnl~nljA1Ua~li~111 LjULU~ (rennet)

LjULU~ ~atl1~1~~U ~~~~la5~Lvu1~~~1L~g1nU

~~~~~~L~~~v~LjUUU~U1UnjtlL~ltlVl~lja~{L~a1L~v~~~vlauvaL~U. ,
an~~tl ~atlan~ntl ~jvlu~1~~~nljlii1i1u~~ln~~ (period of lactBtion)~tl~LjUUU
1I 1I 1I

~ln ~~L~va~{1~;uui1njtlL~ltl~ 4 ~v~a~{L~~1~~tl~~1~L~~1U(pepsin) ;uni1unu
.0

LjUUU (leitch, 1937)

" "
nljN~~LjUUU~lnnjtlL~ltl111Ujti~Uv~~1~njj~uu1~~nlj~1~lU1U~a1 n~lu,

~~1~LvU1~~~Ui1L~a1Uati~i~ ~~annljN~~1i1a~11~ ~v U1L~vUNU~~lU1U~v~njtiL~lti,
., I I I

11~lal~Ul1i~tivli1 ~i1Ul~1~lnli~i~~~~~~iv~~jtl~1~ 10 1U L~vai1L~vn~~i1
, 'I

~1njtiL~lti11 ~ln~U~11iL~U;UL~n ~U~lU~ljatlalanji1Uv~n~vgatl4 ~jv~ljitiala

Lnav1~L~a~~av1j~L~~~U 3-6 n~'I~v~~j ~v~~~~ 30 v~A1L~aL;e~ U1U 4-5 1U
, 1I

L~v~U~~nljL~~ruL~u1~~v~~~un~~ ~~~tiava~alg1~j~ULjUUU ~gni1U~v~Lvu1~~
u ,. "

~1~1~LjUUU 1i1aL~~nji11~1i1j~av~n~n~tinvu1~j~U ~i1n~v~Uanvvn1~~lnUU~~U pH

~v~~ljatiilaLjUUU L~U 5.3-6.3 (~jl&, 2534)
I I I

LUv~~lnL~UUU~lnLivunjtlL~ltl11~jl~1~~ ~atl1~L~a~~v L~vv~~l~nj~~
, 'I ,

o ~ <>1 ~ ~.,:o I l/." <> 1 't:»
nljnlLUaU~~Uatinl~U~ ~~LuaU~~LUUnUg~UitlU~~~ala~ln~u NNa~LvU ~~~~~glal~

1I .

(Foltmann uati~tl ,1981) bovine

..
Ljan

I ".. 0

(Olson, 1971) pepsin A ~lnLavUn~tiL~ltl~v~U~1Ul(Shamsuzzaman UatlHaard,,
•

1985) ~ati Zymogen ~lnLivun~tiL~ltl~~1 (Jensen Uati~ti, 1982),
I a ~~ "1 , , "'1 '1
~1u~~nAnHl~ULvUL~~ L~U Carica papaya ~ni1LvUL~~ ~~lnal~

'I u . u 1 '1" ..
LvUL~~U11 Papain (Arnon, 1970) ,Ficus carica ~ni1LvU ~~ i1~lnal~ L~gn

1 ,: I 1 'LvU ~~U11 Ficin (Liener Uatl Friedenson, 1970), LvU ~~ Bromelain ~ln
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~tltl~i~ (Murachi, 1970), Cynara cardunculus (Campos ua~~m~, 1990),

'I ''I I 'I .1" 1/ G
Albizia julibrissin ~~Lv~L'~L~~1~~v~L~,Luavn~v~~~ Ua~L~a~ (Otani

ua~~~, 1991) Uati Onopordum turciCuD ~~Lv~1,~'l~~1~~v~1~,~vn UatiL~~~

(Tamer, 1993)

~vn~1nia~~n~1~~Li~u~'~~a~n~~1~e'l~u~~~L~en~~~~n1i~n~1~~Li~U~, ,
I

~1n~~~ ~v Bacillus sp. L~~ B. polymyxa, B. Coagulans Uati B. subtilis,
I

~1~'l~i11~~n1i~n~1~1Li~U~n~va1~n11~~11~ Uati'l~~~~~~~~11 ~i1 3 ~U~~~~~~~,
~~1efla~ Li~UU~1n~~1 Ua~~1~1'l ~t:la~L ~eu~~' ~iti~~v~~1~n'j'j~1~ _~v Endothi a,
parasitica, Nucor pusilles var. Lindt. ua~ N. miehei (Tewari ua~

Singh, 1988 )

Lv~11~~ue~ua~L~~1ti~~i1~1~v~~1~nii~L~eu~~ fl1'j~~~~~~~1~1'jnn11i,
~~~n~tinV~~~~1n~L~~~~1~1 ~v~Uv~~1~~v~Li~U~~~ ua~~n1ieva~a1altli~~1~a

!I

UVfl~1~~v~ltl'j~Lv~~1 i1~~~~ij~'j1~1~'jti~11~Uvfl~1~~v~Li~U~~vUvfl~1~~v~

ltli~Lv~~~~1e (Ernstrom, 1988)
!I

1~~~~n~1Lfie1n~ t:la~v~v1~1iLie~L~v~vn1it:la~Lv~1'~Li~U~~1ni1~U~-
!I

~1~ ~ l~a Wang Uati~ti (1968) ~n~1 Rhizopus oligosporus NRRL 3271 ~~11

v1~1'j~~t:la'iuvfl~1~~v~Li~U~~~~v~1i11 2 ~ U~~~1a 1 ~ Uati~~~1v~1~~~ 5 ~
!I

1~e1~uvfl~1~~v~Lv~11~Ln1n~ 0.38 ,0.33 Uati 1.0 ~U1e~v~aaa~i~1~a1~~ Uati~

ij~i1~1~~v~Uv~~1~~v~Li~UU~vUv~~1~~v~ltli~Lv~Ln1n~ 4.1 , 7.2 Uati 4.8
.., .. . .

~1~a1~~ ~1~L~vLaa~i1U'~n1n~1L~~v~ (soybean meal) 2 ~ ~~111~uv~~1~~1

a~ '~~ti~L~VLie~'~~1~~~i1~tiL~1~L~~1~L~~Li~le1~~ U~1~~Uvfl~1~~v~Li~U~
1/

Ua~~~11 ~1u~i111~~ (corn steep liquor) 2 ~ 1~L~~1ti~~n1'i111~~11~Li~UU

~vn~1nie~~~11n1'jLie~'luv1~1iL~a1i1~tit:la~Li~U~1~~n11n1'jLie~1~v1~1iU~~

Osman Uati~ti (1969) ~n~1t:1a~v~v1~1'j~vn1it:la~Lv~1'~Li~UU~v~
I 1/

Aspergillus niger ~~11v1~1'j~~~1u~i111~~2 ~ ~~~n~ua~l~~ 1 ~ Uati~1~~~

Lv~1,~~~a~1~~1~1'jnn1'li~~~n~~nv~L~~~~u~1~fl1e'l~ 10 ~1~ 'l~~ti~L~vLie~i1i

1~v1~1i ~1~~~ t:I~~uafll~~ 2 ~ ~1v n1n~1~1a 12 ~ UVfl~1~~v~Li~U~~1a~
Co I ~ <> 'I'

Kawai UatiMukai (1970) ~n~1 Irpex lacteus ~~11 i1~~~t:la~Lv~L'~

1/

Li~u~1~~~'l~v1~1'j,lfli~~~~1~aLtltll~~ 'jv~a~~1~v v1~1i,1~'j~t:I~~~1U~i111~~
!I !I !I
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Abdel-Fattah U~~A~ti (1972) ~n~1 ~~~v~v1~11~vn11~~~Lvu1~~L1UUU

~v~ Penicillium ci~rinum ~ll11~1u~~111~~ 2 ~ L~Uv1~17~liuvA~1~~u~L1UUU

a~~a~ lu~~~n11L~~n~lAa 2 ~ ~;uu~Al~a 2 ~U~~ KH PO 0.1 ~~;u inositol
• ,. 2. "

• II I II' II

0.1 ~ n1liuuA~1~~u~L7UUU~1~~ uun~1nuL~uLia~11uluu1~11u~~~u~1~~u10 ~

'1'1/ 1'" ~., 1 '" l' 1/ 1/ l'~ll11 ~a11~LvU ~~L1UUUU~tiL~uL~~n~Aa 1 ~UA~L~a~A~u 7~L~~~U 0.005 ~~11

•
1

. 11/ '''' .,.,.. ",.. ~ 1/ Do I ., ",

~~ u~1a ~ll11~UuA~1~~u~LuUL~~L~a~L~nUuaU~~~1nn11~n~1~ll11n11~~~LuUL~~

L1Uuu~A11~i~~u4nlln17a11~a~u~U~tilUn1974 Abdel-FattahU~tiHawwary1~n~~u~
1/ 1/

Lia~ Penicillium expansum lUu1~11U1u~~111~~ 2 ~ ~a~u~Al~a 2 ~ ~ll11A1
• I II •

A11~ L~Un1~~1~fi L~iau1~lU7ti~11~m1 L~a e1~~~~~um"~~~L uu1-6~ · -
1/

I CI ~ Wi

Ismail U~~~ti (19B4) ~ll11n11L~a~11llU~1~U1~u~u1~11

cu l Lur-a) ~ti~~~LUU1~~ L1UUU1~~f111m1 Lia~1Uu1~11 L~~1Ullm ~th

culture) U~tiUuA~1~~u~Luu1~~~~u~n~1~nu1uui1u~u1au~~~u~~u~"1,
Abdel-Fattah U~ti Ismail (19B4) ~ll11~1u~~111~~La~~n1"~~~Luu11~

L1UUU~u~ Absidia cylinddrospora ~1nn111~1~LuaLuu1~~ U~tili~~11~1U~u~
, 1/

UuA~1~~u~L"UUU ~uUuA~1~~u~1~1~Lua Ln1nll 39.3 L~ul~U1u~~111~~L~~~U 1

n~~~u~~1 U~ti~~11~1u~v~A1~lluu~u1ul~"L~uLn1nll 21 ~u 1 U~ti~ll11n1"L~~

KH PO 1 n1~~u~~1 Li~~~~vn1"~~~L"UUU U~~1A11~L~~~U~v~ KH PO ~1n
2. " 2. "1/ ,

~;uUuan11U ~tin1liuuA~1~~~~~lu~~fin11L~~ MgSO" 1~~~~~uUvA~1~~v~L1UUU

Kolaczkowska U~~Am~ (19BB) ~n~1 Fusarium monitiforme ~ll11

UUA~1~~v~L1UUU~ti~1~~ Ltul~u1~1,.~~u~a~1ul~"L~uL~u~1"uuun;~(inorganic
1/

nitrogen source) 71~n~n1"~1~UR~U KH PO ,MgSO U~ti CaCI fin1liuuA~1~
2."" 2-

~v~L7UUU~1a~ U~ti~1nn1,.n~au~~ll11u~~ua~LR~un1~~un1"~~~Lvu1~~L7UUu1~~~a~, ,
Ltul~ij~"1~1u~u~u~~~uLA~uLn1nll 5 ~u 1

Thakur U~~R~ti
~ ~

(1990) L~a~ Nucor Niehei llUv1~1"U~~ (solid

state) 1~aL~11~11U~tiu~~a1ilu~~"1~1U90s10 u~~~a~u~~~~~u~1'~UL~~~U1 ~

L~u~1L~~a1u11i~~un;~a11~Luu1~~ 1~ij~"1~1U~u~UuA~1~~v~L"UUU~uUuR~1~~u~,
1~1~LuaLn1nll 6.6
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1/ I

Jiaa ~~tiA~ti (1992) Li~~ Hucor pusillus luv1~1~~n1~n~L~~1

~ c; ~ ~II Oil I Q ~
n~~~~ (semisolid culture) L~~L~v1~1~~1~11 50 - 56 ~ ~U11n1~L~~n~LA~,

1I

~v~l~LU~~~L~~ ~1v ~1~U~~~( whey powder} 1~n~~~vn1~~~~Lvu11~L~UUU

~1U~1U1~~L~a1nUn1~n1liLvu11~L~UUUU1~~~ Wang ~~tiA~ti (1968) 1~,
~n~1 Rhizopus oligosporus NRRL 3271 1~~~n~tinvU~1a~v~luLu~~i~L~~lu~1~

30-70 ~ ~a1u11~n11A~~11~n~1~uu~ijLv~-L1~~1~~ (DEAE-Cellulose}l~al;-
1I

11L~a~A~v1~~Ln~L~au~ Li~i~ 0.1-1 1~~14 ~U11 1~~1U~n~vA~1~~v~L~UUU

vvn~1 4 ~1U ~~ti~1nn1~~n~1~~~~~v~Lvu11~~U11L~UUU~tiL~~~~lU~1~A11~Lilu

01~~1~ 3.0-6.0 ~um1~~vu1~5~v~~n~ 40 v~~1L1~L;a~ ~~ti~1"pH ~v~~U~Lm~
, 1I

~~~~ ~1vLti~A11~Li~iu~v~~A~L;a~A~v11~~un1lil;L1~1iv~~~lun1~n1liu~~n

~unvun~1aLilu~~u~1~auA~L;a~A~v11~Li~iu 0.05 1~~14L~~1ti~~~~~ Osman ~~u,
A~U (1969) An~1n1~~n~Lvu11~~~tin1~n1liu1~~~~1n11Aspergillus niger l~~,

50 % ~1v~~UUU (tannin) 0.9 ~ ~tinvUl~1~U~1~~tin~vA~1~~v~L~UUU~~~~ti~1n
1I

n1~~n~1~U11v~~n~~L~~1ti~~lUn1~n1~nn1~1~v~Lvu11~~v 50 v~~1L1~L;~~ A11~
, 1I ;.s

L~~a~~v~Lvu11~~vv~~n~ ;uvanu pH 1~a~u11Lvu1~~~valu~n11ti pH 3.4 v~~n~
, 1I 1I 1I , 1I

.. ~ :.. '1 1 ,c:. u .. "'''' .. u " ,
45 v~~1L1~L~a~ L1JUL1~1 3 ~1L~~ LvU ~~na~A~~UvA~1~~~~~ft (relative

activity) 100 % U~~ pH 5 ~~n~ 45 v~~1L~~L;a~L~a~ 1 ~11~~ ~11nn11
, 1I dl

~vA~1~~~~~4L~1n1J 0 ~ uvn~1nia~~U11~U~~v~~"jL~v4~~~~VUV~1~~v~L~UUU l~a

L~vl;vti~L~~~~L~v4~ti~1~~tinvU UVA~1~~v~L1UUULti~;UlU~U~L~vl;~L~~~"jV~L~~

~~L"jv4 ~U11UvA~1~~v~L1UUU~~~~

Whitaker (1970) 1~~n~Lvu11~L~UUUL~Vn1liu1~~~~1n Endo~hia,
parasi~ica 1~~~n~tinvU~1auv~1~Lua~i~L~~ 60 ~ ~a1U11~~1UAv~~~L~~1L~n4

1/ 1/

&-100 (Sephadex G-100) u1~1~n~tinvuijnA7~~1a~v~luLua~~~Lw~90 ~ ~1n~U

u1~1n11A~~11~n~1~uu~ijLvij-L~~~1~~1~al;l~L~a~A~v1~~Ln~L~au~Li~iu 0-0.6
1I

1~~14 ~U11Lvu1~~nA11~U1~~~Lti~;U 4.23 L~1 U~ti~1nn11~n~1~~~~~v~Lvu1~~,
1/

~U11L1UUUL~~a~lU~1~ pH 3.8-4.5 U~ti~U1~~nl~L~n~L~1nu 37,500 ~1~~U,
I "'.1 c:. , .. I " U I U'

~1nn1~~1UAv~~UL~w1L~n~~-100 U~tiL~1nU 34,000 ~1~~U ~1nn1~~1UAv~~U

1ulvL~~ ~-100 (Biagel P-100) ~1~a1~U
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'" 1 ~ 4:) Q ~
Arima U~~~~~(1970)AO~ILu~~~L~~~~~~~nfi~IO Nucor pusillus var.,

Lindt.l~aol~nl1~7~11~071~~~Uv~L~v417~ 1~ - 50 (Amberlite C6-50) ua1Ul

I "J aa a .1 c;l J 'I 'I "'I " a
~1~1~~v~~~ ~vLvv-L~~IL~O~ Lv-50 (DEAE-Sephadex A-50) L~aL~L~~~L~a~-

l ' a J II " 'I J ~ II 'I a "
~~v ~~L07L~a~n ~11~L~~~~ 0-0.5 L~~I~ ~10~~~O~~nv~~1aUv~L~L~a~~~LlJ~

o 1.1 I "'.1 c;l , a " 'I a
70 X~1 u~I~~v~~~L~~IL~O~ ~-100(Sephadex 6-100) U~~~O~~Ov~~1aUv~L~L~a~

" I

~~LlJ~Li~i~ 70 % ijo~~~~u~~~nle1~uv~~1~~v~L7~U~L~,n~ 511 ~U1a~v~~~o~~,
U~~~1001~~O~I~~ll~~v~Lv~1~~ ~~11 pH ~L~~I~~~l~OI7nl~Bn;al ~v 5.5 U~~

Luu1~~~~~,~iol~L~O~L~ln~29,000 ~1~~U,
Kobayashi U~~~~ (1983) 1~~n~L7~UU~1071 Irpex lac~eus U~~nl1~

~;~n~ l~a~I~~ijLvij-L~~~l~~~u~~i(DEAE-Celluloses) ~~~1al~L~e~~~u1~~, .
a ,,, II 'I'" 0 1.' I "'.1 c;l J a 111 .,.,a

L07L~eUnL~~~U 0.02 L~~17 U~1~1 u~I~~u~~~L~~IL~O~ ~-100 ~UU~~1~~U~

L7~U~L~,n~ 10.47 ~u1a~u~~~o~~1~'j'~~ 'W,ri'Luu1~~~~~,~iol~L~o~36,000,
~1~~U ~~11~~L~~I~~~l~OI~nl~~n~el ~u pH ~'j'~~I~ 3.0 u~~~~ 45 u~A1L~~-

~ , .
L1a~ U~~~~11~L~na'j'ualu~1~ pH 3.0-6.0 u~~~~1~Ln~ 45 u~A1L~~L1a~. , .

Mashaly U~~~~~ (1987) ~O~101~nl1iLu~1~~L~~U~~;~n~~10Nucor,
pusillus M 15 1~eoI7~o~~ou~~1euu~1~Lua~~~LlJ~ 80 X ~1~~u~~iij~~71L~~

Lu1-Lu-44(Ultragel-A-44) 1~Uu~~1~~u~L7UU~L~,n~270.92 ~U1a~u~~~o~~

1~7~~ Ua1Ul~I~IU~u~~i ~ijLu~-L~lJ1L~oi Lu-50 1~ali1~L~a~~~u17~Lo'j'L~eu~

Li~i~ 0-1 1~~14 'W~11Uu~~1~~u~L'j'UU~~~~~L~iu175 ~u1a~u~~~o~~1~~~~

Luu1~~i~~,~iol~L~~~L~ln~ 29,000 ~1~~~ ~~11~~L~~I~~~1~OI7nl~Bn;al ~v

pH 5.55 ~~~~ 50 u~A1L~~L1a~ U~~~~11~L~na'j'ual~~1~ pH 3-6 u~~~~1~Ln~. ' . ., .
'" 1 J ., 'ISmith U~~ Yada (1991) AO~ILu~ ~~L'j'~~~~10 Nucor miehei L~e

I "'.1 c;l , a 'I 'I .1 ' a a.1 1 a .1
~1~~u~~~L~~IL~O~ ~-25 U~~L7L~~u'j' 'WL~L'j'n~ vuLu~ (Rotofor preparative

• II

IEF) 'W~111~L'j'~U~uuO~1 2 ~1~ ~~11~~;~n~ 34 U~~ 42 L~' ~ul~iol~L~o~, ,
L~,n~ 48,000 U~~ 42,000 ~1~~~ ~~11~~L~~I~~~1~OI7nl~I~~u~Lu~1~~~v pH

4.0 U~~ 5.5 u~~~~ 50 U~~ 45 u~A1L~~L1a~ ~~11~L~ne~ual~~1~ pH 2.0-7.5, . .
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U"~~lnjlB~IU~~IU~1 na~jl~~~~LjUUU~U ~1Ul~ruL~u~1n1~~~u~~U~~v
\ u

na~ Phycomyces u"~"nu~~~L~uu~a~vl~lj~1~~j~nlU1~~vL~UU~~~jlu"~e"~~"IB
\ .

~u~~liu~~Lvu1~~v~L"" u"~n"LAv~L""lunljnl~11~~lnu"~nj~U~ ~~~U~IU1~B~
•

1 '" I

~~~~~~~~~IB~~~~~L~vn (screening) jl~lnna~~1~~~u~nu (non septate) ~
q \ ,

"1~lj~~~~LjUuu1~~ln"nU~~ ~1~I~n~lv~~~j~nv~~v~"~jvl~lj~L~~I~"~~vnlj
• •

"fl~LjUUU~v~jl~~~L~B~1~ j1~~~nlliLvu1~~LjUUU~1"n~L~B1fiLAj~IL~njlW
q

U"~~I"~~~~I~~j~nlj~fv~~~~I~UnL~L"n"~v~Lvu1~~ L~vliL~U~v~"lunlj~n~1, .
j~~~~B1B~1Unlj~~~LvU1~~~u~~~v1~



I..
mm z

I .... I 0 ..

e>1ltl1m L~2Jm" LL'Un9tlT'm~aiH
"

.
1. L~1v~L~B1~1~R2J~~~~ (Rotary Shaker) ~v~~1in ~ew Brunswick

\ \ .
Scientific, U.S.A.

~ ~ u G 1

2. LR1v~L~1a~~1~~112JLeU (Refrigerated Centrifuge) 7U J 2-21
\

a ...
~v~~1~n Beckman ,U.S.A.

3. L~~v~1~R112JL~Un1~~1~ (pH Heter) ~U 240 ~v~~1in P.Intertrade,
\

Thailand. .
5 II} I ,. •

4. LR1v~1~R1~~naUU~~ (Spectrophotometer) 1U Spectronic 21 ~v~. \

"' ...
ll1~n Bausch and Lomb, U.S.A.

,
at u' ... 0 • I

5. LR7v~1~R1~~naUa1U~~R (Double Beam Spectrophotometer) 1U. . \

UV-160A ~v~~1in Shimadzu Corporation,Japan.
I

om .c II I .eu
6. LR1v~1~L~~U~~ (Lyophilizer) 1U FD-1 ~v~~1~n Tokyo Rikakikai,

\

Japan.

~ G 0 tJ I I OU

1. LR1v~Ln~a1~~~1U (Fraction Collector) 7U Frac-100 ~v~ll1~n
\

Pharmacia Fine Chemicals, Sweden.

8. LR~v~n1~LaRl~11~11~ (Electrophoresis) ~v~~1in Hoefler

Scientific Instrument, San Francisco, U.S.A.
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II

~lU~~111~~ (Corn Steep liquor) ~v~ Sigma Chemical, U.S.A.

L~nln1~ (Dextrose) ~v~ Difco Laboratories, U.S.A •

• 1 'I) I) .1
L~v11~~aL~~ (FeSO .7H 0) ~v~ Ajax Chemicals, Australia.

4 :a

nalA~ (Glucose) ~v~ E. Merck Darmstadt, Germany •..
lll~~L1~~Aav11~ (KCI) ~v~ E. Merck Darmstadt, Germany.

lll~~L1~~1~1~1~1L~~tJv~LtJ~ (KH PO ~v~ E. Merck Darmstadt:a 4)

Germany

I) ,

~~~n~~van (Malt Extract) ~v~ Difco Laboratories, U.S.A.
I)'" ,

~~~n~~~~ ( Yeast extract) ~v~ Difco Laboratories, U.S.A.

U~nUL1~~1aLtJ~ (MgSO 7H 0) ~v~ E. Merck Darmstadt, Germany.
4 :a

1~L~e~1~L~1~ (NaNO ) ~v~ Fluka AG.Buchs, Switzerland • .
a

UUA1~Lllul~~ (Bacto-Peptone) ~v~ Difco Laboratories, U.S.A.

~lA1a (Sucrose) ~v~ E. Merck Darmstadt, Germany •..

~v~ Difco Laboratories, U.S.A.

Fluka AG Buchs, Switzerland.

LA1~ (Casein,Hammersten Grade) ~v~ Sigma Chemical,U.S.A.

1~L~~~1~~1vn1~~ (NaOH) ~v~ E. Merck, Germany.

n1~~v~tJv1A (Phosphoric acid) ~v~ E. Merck, Germany.

n1~1~1Aavl1vti;~A (Trichloroacetic acid) ~v~ E. Merck,

Germany.

<J'" ,
L~L~e~Al1UvL~~ (Na CO ) ~v~ E. Merck, Germany.

Z 3

~ a ,
~~va1LvL~~~ (Folin-Ciocalteu'sphenol reagent) ~v~ E. Merck,

Darmstadt, Germany.

5au~~ (Fraction V, 96-99 % Albumin,Bovine) ~v~ Sigma..
Chemical, U.S.A.
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't' ""
LvUL1~L1UUU (Rennin from Mucor pusjllus) ~v~ Sigma

Chemical, U.S.A.

Lvu11~L1ULU~ (Rennet from Calf Stomach) ~v~ Sigma

Chemical, U.S.A.

Lvu11~L~~~U (Pepsin from Porcine Stomach Mucosa) ~v~

Sigma Chemical, U.S.A.

Lvu11~~IL~U ( Papain from Carjca papaya )~v~ Fluka AG.

Buchs, Switzerland.

TOSOH,JAPAN •

• 1 t1. 'co "" .,
L1wlL~n1 ~-15 (Sephadex G-15) ~v~ll1Hn Sigma Chemical, U.S.A.

Uv~luLua~1aLw~ (NH ) SO ~v~ K. Merck, Germany.
4 a 4

"" 1 ' "".,vtiR1al ~~ (Acrylamide) ~v~ll1Hn Sigma Chemical, U.S.A.

"" "".,
ll~ (N,N-Methylene Bis Acrylamide) ~v~ll1Hn Sigma Chemical,

U.S.A.

Chemical, U.S.A.

"".,
TEMKD (N,N,N',N'-Tetramethyl Kthylenediamine) ~v~ll1Hn Sigma

Chemical, U.S.A.

Uv~luLua~L~v41aL1J~ (Ammonium

Chemical, U.S.A.

"".,
Persulfate) ~v~ll1Hn Sigma

111llwal1U (Riboflavin) ~v~ll1in Sigma Chemical, U.S.A.

1na~u (Glycine) ~v~ Sigma Chemical, U.S.A.

nj~vti~~R (Acetic Acid) ~v~ K.Marck, Germany.

L~filUva (Methanol) ~v~ E. Merck, Germany.



1~L~s~1~L~1iiiL~~ (Sodium Oodesyl Sulfate) ~v~ BOH

Chemicals, England

~l~u~~;ui ~-250 (Coomassie Brilliant Blue G-250) ~v~
•

FluKa AG. Buchs, Switzerland.

1. Uan~1~lninUll~
•

LiinUll~L~~l 4 ~U~, inUll~n1~U~ 8 ~U~UitinU~~~11~~ln 8~U~ U~
• • •

I "...

Lii~L5s~ i~ 0.1 n~~ i~ilSLUUlnaU~iv~L;v 10 ~iia~1 U~1Ul

Ln~SUuvl~111U11aL5~(nl~~U1n n. ~~lSLi~ 1.1)~~11~~~n~iv~
\ \ .

'i" 'i" I I .. ~ 'I ...,. ~

L~LiUL~S1U~i~~U~ Ui1LnULUvl~111ULvS~11aLv~
\

.,. 'I II I., C:", ". ~
~U1n n. ~~lSLi~ 2) L~SL~Un~L~lt1U (COCK Borrer) n~L~U~l~Uanil~ 0.5

\ .
~ ." .. ~ .,:.,. ." I • J 'I I 'I ~
L~U~L~~~ L~ltvl~111U11SLv~n~11L~1~va~lU1U 5 ~U L~i~LUvl~11L~i111aLv~

\ .. . .
N~~~~1v~1~~U~1~1~1 50 ~iaa~1 ~~UUL~~v~L~91~1U~~~~n~uuu Reciprocal

\ \ .
ShaKer~1a~11~L~1 200 1vU~vUl~ ~~~n~ 28 v~~lL~aL;a~ L~UL1il 5 1U

\ .
n1v~L~a Ul~lLia~L;v~n1v~1~1L~11tJ~1~1~1~1~1~U Uat1~Uv~~1~~v~Lvu1~~

.. I I
o U III'" QI U DI

L~UUU ~~U~1Un 3 ~U~~1Un 5

~1~1;nl1~v~Berridge(1952) Ul~1~italSU~~1v~1~~u 12 L~v4L~U~

'UU~iL;a~~av11~L~~~U 0.011~i14 (nl~~U1n ~~laLi~ 1) ~1~1~1 10 ~aia~1
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til , c;£ "
~~v~n~~v~~v~1Ll~1U~~~1~v~U~(Milk Clotting Time}

n1~U~Li 1 ~Ula~v~L1UUU~v~7~1~Lvu1~~~n1Li~11~~~1au~~~v~1~~u

~7~1~1 10 ~~aa~1U~~~1~1aLU 10 U1n ~1aL~~~11~~~11~~v~Uv~~1~~~na11i1~~U

L~un111~~7~1~n1~v~~lu~Ln~~1nn11ava~~1aL~1u ;~L~U~lunu~v~

1~1~u ~1~1;~v~ KeBY U~~ Wildi (1970) 1~au1~11~~~1aL~1u ( ~1~~Uln ~

~~1aL~~ 2 ) 1 ~~aa~1 ~~~v~~~~ 37 v~~1L~~L1a~ L~UL1~1 10 U1n L~~~11-, .
~~~1aLvu1~~ 1 ~~aa~1 ~avaLi~~n7a1~1LUu1~ 10 U1nU~1~a~~nn7a1 1~aL~~n1~.., , ;J

1~1~~vl1v~~~~ Li~iu 0.4 1~~14 (~1~~Uln ~ ~~1aL~~ 2 ) 2 ~~aa~1 ~~~vijn

20 U1n U~ln1v~ U1~lUL~~1~ 1 ~~aa~1~1L~~1~L~a~A14~vLu~Li~iu 0.4 1~~14

5 ~~aa~1 U~~~Uv~~LvL~U~ (~1~~Uln ~ ~~1aL~~ 2) 1 ~~aa~1 ~~~~11 20 U1n

U1~11~~1n11~~nauu~~~ 660 u11uL~~1 ~1Ulm~1~11~Li~iu~v~1~1~U~1nn11~
•

~1~11~1ul~aLi1nl11u (Tyrosine) ~11~Li~iu 0-60 1~lA1n~~~v~~aa~1...
n1~U~Li 1 ~ula~v~Lvu1~~1~1~Lv~ ~v ~7~1~Lvu1~~~BvaL~1UU~11~

•
n1~v~~lu1nl11u 1 ~~an~~~v~~aa~1 ~1aL~~~11~n~11~~v~Uv~~1~~~na11i1~~U

"It •

~~n ~11ntn~~~iv ~, .
It" •

~~n ~11nOOL~~~-, .
L~~i11~~~1a ~v~ 1 (~1A~Uln ~) 5 ~~aa~1 ~~~LiLi1nU

a .0 ~ £II ~ .0 00

15-20 U1n L~~~11~~~1aWUv~1LvL~U~ (~1~NUln ~) 0.5 ~~~~~1

" "
iv~ 30 U1n U~lU1~lU~~~u1~1~~1n11~~naUU~~ n~11~a11AaU 660 u11uL~~1

•
Lna~~1~7~1~1~1~u~1n11~~1~1~1u~v~1~1u1~~ij~~~u (Bovine Serum... .

Albumin) ~11~Li~iu 0-200 1~lA1n~~~v~~aa~1



~~lne,~e~~~~~enn~~,n~~~,e~,
I

\ .
nUtB~'~tL~~n'Lt~B~,~~n ~n~'terr, 9 - 1 ~n~~tL~Lt~e~n~~~'~Lt~trrn~~~~~~

n fl7 I!:: 'l' , ." I :: /I 0 /I /I I" Q

~~lne,~e~~~~~en~L~nen;L~~~~nn~, tL~L~ L~nK~e~~~tLUUL~

~~lne,~e~~~~~en~~~~n n~t~lmL~;~L~t~n 1°L e~n~n~tB~'

~tL~~n~Lt~B~' ~~'~le~,n~nB~' (Z1-01 ~~'~L~~ UUtn~~L~) ~ne~u,~~~n~e~
/I I

n~nt~n~, ~Ue~~~'L~aL~~~tL~~~ e=~ (91-£1 ~~'~L~~ UUtn~~L~) n~'t~lnl

~~~n~e~n~nt~nn, ~n~'terr, 9°0 n~lrrrr'~l~nn~~,~~~etK tL~Lt~~ntL~tL~~Rn
I to ~ 'l"'" '"1" U :: /I /I 0 II /I It

•
~L~~~n pn~lnen;L~~~~n~e~~~~n~t~n (6961)R~R~n ~uaM ~e~t~~~L~t~~'tL~Le

1
n'~~ t~~~~~ 1 S sndodsodOl_ °H ~e~Lnn,ae~nt~nterr~~,It 00 \7 ~ It , I- • It

~ne~u,~~nn~'t~lnl~~~n~e~~~~~~ttnen;L~~~~n~e~~~~ ZOL

9-£ e~n~~e~~~tLU~~~L~ ~~lne,~e~~~~~en

~~R~n n~t~lmL~;~L~~~l~BL~~~tL~L~ ~~,~etU n~ 9 L~t,n~, ~~~'~~'L~~e 8Z
I \

~~~me~~Lne~net OOZ tt'~Lt~~La~,~et~,nn~n t~~~~~ 09Z ~Ln~attU~t~tUn~t~
a :00' ~::' f ~ I 00 0 •. \

nL~e~ttn~~ (L-Z ~~,aL~~ UUtn~~L~) ~~~ 9 t~~'tL~Le~e~t~~~~~ 09 n~~~
I

I

t~~~~~ 1 ~~t~n t~~~~~e~;e~~ L01 mL~~t~~~Ln~~~,;e~~n~ L~n~~eL~Uee

\ \ .
~~~~~;e~~~~,~~e~ e~t~n~~n~~9 e~uL~n~rn~aL~L~u~~~ln~nt'~~lne'~~~~tL~L~

1
L~t~nn~~,~~~ s sndodsodolm °H ~a~,nL~nL t~~~~~ 01 e~,~e~~n~UL~

, it II I II
\

~LB~l n~ Z BLe (uo!suadsns a~ods) L~nLBe~nt~n;e~~~a~~,

~~~L~~,~e~'~B~'tL~Le~e~~n~10L
«I w Il:7 \7
I /I /I

n~nt'~~lne'~~~~Le~, Lt~a~'tLUn~~~~L~~'~~tL~~L~U~tLU °L

1
S sn~OdSOdO!11l

\

sndoz!qH e~n~,ue~'~~~LtLtnK ~L~~~nB~lnl~~'R~nt~~L~LB~tnnL~~~gnKBL~
.,:" "" ., A ~. \7. fa , 0' A :0'1 A

\ \ \ .
unnL~~l~~~~n ~~tt~~~~e~U~~BL~RmRU~L~U~L~L~ rn~BL~ 19 ntnL~UL~ ~~~~

~ln~nt'~~lne'~~~~tL~L~ ods sndoz!qH L~nK~~n LtnB~'~~UL~~~~

e~wnnL~tLU ·9
.. 0
/I

91
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I 0 l' 07.3 ~~~v~ pH ~vn1~~~~LvU 1~L~UUU

L~;e~v1~1~L~~1~~~L~a1nU~v 6.2 U~~~1UA1~11~L~Un~~~1~
1I

L~~~U~v~v1~1~L~U 6.5, 6.7, 7, 7.3 U~~ 7.5 L~e~~11~~n11~L~e1nunu~v6.1

~1~~~1~1~~~uu~~1~Uv~~1~~v~Lvu11~L1uUU

7.4 ~~~v~~~n~~vn1~~a~Lvu11~L~UUU
, 1I

'I I .1 ' 'I ~ 0 00 'I
L~~~v1U~1U~vaLUU1~v~ R. mjcrosporus S 1 ~~~~~~ ~~LU

1

v1~1~L~a1a~~L~e1nU~v 6.3 ~~ pH ~~~UL~U 7.3 u11~ll~UUL~~v~L~g1 200 ~VU
1I

I

~vU1n n~~n~~1~ , nu ~v 25,28,30 35 U~~ 40 v~~1L1~L;aa ~1~~~1~1~~~u
, 1I

U~~1~Uv~~1~~v~Lvu11~

G .,: II 0 l' 0

7.5 ~11~L~1~vU~v~L~~v~L~a1~vn1~~~~LvU1~L~UUU

1/ I

Laa~ R. mjcrosporus S lUv1~11L~~1a~1L~e1nu~v6.3 n~~n~
1 1I , 1I

30 v~~1L1~L;a~ U~~1U~11~L~1~vU~v~L~~V~L~g1~1~nU ~v 100,150,200 U~~

250 ~vU~vU1n L~vAn~1~~~v~n1~1~v1n1A~vn11~a~Lvu11~L1uuU 1~~~~1~1~~~U
00,," 1 '

U~~Uv~~1~~v~LvU 1~

Rhjzopus

mjcropus S
1

'I I .1 ' 'I ~
L~~~v~U~1U~vaLUU1~v~ R. mjcrosporus S

1

• ct ~ .~ G • a
v1~11L~~1n~n1~~1UU~111L~Uv~~1~~~~~ UUL~~v~L~a1n~11~L11 200 1vU~vU1n

1I ,
1/

~~n~ 30 v~A1L1~L;a~ 1~n1~L~~~~V~~11UU~~~1U 1~en11~1u1~unU~~t ~~~1~
, 1I ..

1~1~U,Uv~~1~~v~Lvu11~L1uUU u~~Lvu11~1~1~Lv~ ~1~~~n1~L~ieuu~~~~v~ pH

1U~~~11 ~m1 Lia ~



~

.~~ 9 t~L~;~ ~~~~~~lL~tLU~e~~~~lne'~l~ Be~ ~~lt!/t~~~~~ ~Z ~~ltLULt~~
• I I

~ . .
~~~~~~L~~nl~e~~,n~n~~L~n~tB~'~~~ ;e~,~~~~,~~enL~ t~~,~n~, 9E mL~~t~~~

~

~~,~,~, t~~,~n~, O~xg'Z ~Ln~ tUnn~~e~~n,~~~tt~rr'Lnt~n (a19~qlllnbH)
" I-.ii It 0 ~ " ,n It I"" 0 "

~

t~~~tLUBt~~~~~~lL~e~, ~~lt! 1 L~t,n~, ~l~B~~,~~~,nl~~t~~~~~ 005 5'5
I " I

~

Hd te~'MR~~,~~e tL~~' 50'0 ~~,nnUl~ n~~u, (1~$V) ~t,e~~tet,~~~e~tl~n~
, I" I"n 0 t ::':» 0:: ': 0 ' ' '' 0 •

neu~~n~'~ln~(EON$V)~t~,nl;et'~~BL~~~tL~~~LB~U~~L~L~~L~~L~L~B~l~e~~tt~
•
~ee~~'~tle~~~S~'~l~~ln~~~~ E-Z e~'L~n~UL~Bt~~L~~~L~~t~n~~B~,~~~~,~e:~

•
~lL~nt~~' ~~,nl~ene~,n~~~~~~L~nee~~~Lye~, ~Ln OE L~t,n~'tLt~~~~n~,ntU

a~l~l~~t~~~~~ 005 ~tle~~~a~'~l;L~~ll ~~,~~n~~~lL~nt~~' nt~UBn~~l~~~~

t~~~~~ OOZ mL~~trrteu,u~n'~~ K 059 1~9adoA01-HVHa ~~,~,
00 0 J", 0 It

~

K 099 1~9adoA01-HVHa n~~e~a~'a~~tR~'~~'ne'L~tLU '01r » .!,~ 0" It,,, 0

~~lne,~e~~~~~en~~~~n n~t~lmL~~~L~. ~

t~L~~~~~ ueeneu~~uBnn~~lL~n~uL~~~~ ~a~'~~'L~~e ~ ~~~me~ tL~U~~;e~,~~

~

nln~~L~r~lLe~l ~~~~lBL~~~n~u~~~~~~Be~~t~L~~~nl gog Hd ;e~,~~~~,~~e

;L~~lsO'O Bt~~l~n~t~lneu~~SL~~~t~n~Lne~~et 000'01 ~n~t~lneu~~u~n~~lL~
I I I

UL~~~~ n~ne~~~tS~,n~, L~t,~e~~ntU~~n ~~lne,aL~~~tL~~~~~~~~~t~L~~~~e~

~n~,;e~, sL n~,n~~~'~Lt~~n~~l~~~~'~~~B~,nl~en~~Bt~lB~l e~n~t~lneu~~u~

L~~l~~lL~nt~L~ ~Ln OZ L~t,n~, ~Lne~~et 000'01 ~n~t~lneu~~u~n~~lL~
, II • •. ~

~~lt! Z-l ml~~t~U~~le~ntUn~uL~ ~B~'~~'L~~e v ~~~me~(~a~~11S 011aU$ 9W)
I " I

u~~,~nntU~et~'Bt~ ~ L~,n~~~~et~ ~ L~~LBe~~'ne'BL~~~tL~n'~~~Be'~~~R
f'1 ~ II : .... • ,~ ~ fa

~~~'~~~Bn,~'~en~~at~' ( 8961 '~~~~n $U9M ) ~~~~~t~L~t~~e~~n~'te~, OE
:" no.!,.!, :: 0"
n~~~'~~'~~~B~'~l~en~e~mL~~~L~ntnL~t~nt~L~~~~~L~~~~~~~lL~nt~L~~etUtLU

/I /I

a~l e~,~a~'L~~~~nt~UL~Ueee~~'~tL~LeULU~~n~~'UBnn~ V L~t,n~, 8 e~~L~
.. II .. ,

~~~L~~'~~tL~~nlLt~B~"~~ OOOZ ~~~~~t~L~~~e~'~B~'tL~Le~B~~'
I /I ,,/I II

% sL-OE t~~~~~,~~~a~'~l~enBt~n~t~lneu~~U~tLU '6
I

81
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(~~~~1n1~vti1ai ;1~~U~ 4 v~~1L~aL~a~ ) a~~U~1~U1L~aL~1 , ~til~1~U~1u~1~
v 1/ 0 ~ IJ 1/ 1/ 1 ~ 0 V.I.I ~ 0

On~~~1avvvU~v~L~~L~avvnL~~~~~1a 0.05 ~a11 vti~L~n~~L~v1 pH 5.5 ~~~1~,
1~1~ul~al~~1n11~~niuu~~~~11~a11~iu 2BO u11uL~~1 ~u~~1Li11n~ 0 ~1n~U,
... 1.1 a": v I V 1/ 1 ~ 1 a 1 ~ a ~ ~
~~~ti ~1~unon~~van~L~avvn~1a 0 - O.B ~a11 ~L~a~~av 1~Ln1L~aun Ln~, ,

I

~11atia1al~1~u~av~ati 3 ~aaa~1 u11~1~~;~1ml~1~un~1n11~~niuu~~ 2BO,
u11uL~~1 Uatil~UV~~1~~v~Lvu1~~L1uuU1UU~ati~av~ ~1n~U11~~av~~~Uv~~1~~v~

Lvu1~~~~Li1~1anU 1~~;~1~1~7v~~~Uv~~1~Uati~1~;~1~1~1~u,

1/ I

l~~a SephBdex G - 75 ~1ti~1m 10 n1~ a~luu1n~u u11~~~~UL~v~

L~UL1a1 3 i11~~ ~avaliL~u Ln~1ui11~~7v~L~aatiLija~~u~1~U1~~ L~~ 0.05

1~a14vti;L~n~~L~v4 pH 5.5 ~;~1~1 500 ~aaa~1a~1~ n1UL~U~i~~111L~UL1al

1 i11~~ Ln~1Uil1~~~ u1L~a1~~11~lU~v~~~un1~u1~ 1.6x10 L~U~L~~1 U~1~1U,
vti;L~n~~L~v4~~na11;1~~U ~uL~avS1U~~1~~~~a~~~1(EqUilibrBte}~ij~11n111~a, ,
12 ~aaa~1/i11~~ U1~11atia1aLvu1~~~1~~1nn11~1U~v~~i DEAE uatin11iui~1~a

L~~V~1tiLi~Ui~ (Lyophilizer) ~1atia1alUvti;L~n~~L~v4 ~;~1~1 2 ~aaa~1
1/ I .1 ~ ~ .10 :: 'I v ~ I V ~

(Uvan11 3 L~v1L~U~~v~~1~1~1L~an~~~~LU~va~U) ~1Ua~~va~u Sephadex 6-15

Lfi~~11atia1al~1~ua1~~~1Uati 3 ~aai~1 1~A1~~niuu~~~~11~a11~iu 2BO,
u11uL~~1 uatil~UV~~1~~v~Lvu1~~L1uuU ~1n~U11~~av~~~uv~~1~~v~Lvu1~~~~,

II

L;1~1anU 1~~;~1~1~7v~n~uv~~1~Uati~;~1~1~1~u

Q • aa
~U~Un~( Disc Polyacrylamide gel electrophoresis)~1~1fi~v~Williams uati

Reisfeld (1964)

~11~~11atia1a~~~ 1 % L~~1L1~~L~a(Seperating gel}~1~~1~~U1n,
~ ~~1aLa~ 4 a~lu~av~un1~u1~ 0.5 x B.O L~U~L~~1 li~~11~~~~v~un~L~a 6.5,
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o I W

U1L~~vvn~1nUn~Un1

,
L~avUa~~1~~~a1aa~~v~L~a,

L~~~L~~j ~~nll~U1L~~~1a~1a~ 0.5 L~U~L~~jL~vLi~1~U1L~~L1all ~a~~1nL~~
11

U~~~1Ua1 ~ll~1~~1L~aLiui~ Lna1j~tia1a~a~~v~aU~nn~L~~ (Stacking Gel) ~1~
d W W w

~1~~U1n ~ ~~1aL~~ 4 Li~~11~a~~jti~1~ 1 L~U~L~~j ~~nll~U1L~~~1aU1~~n~11
11

~1aL~ua~~~vvLjaL~U~ ~Unjti~~L~aU~~~1 ~ll~1~~1~U1L~~Liui~ ua1U11~lljj~LU
11 ,

~~n1ijLa~1~j1~11a ~~v~~~Lnn1a-1n~~u ~~L~v4 pH 8.3 lin1~un~L~~ ~av~,
a1j~ti~1aLvu1~~~~v~n1j~j1~avll~~~1~1~1~j~U 50-1001~1~jn1~LU 40 1~1~ja~j

n~L~vjv~ U~ti 10 1~1~ja~j~v~ 0.005 L~v4L~U~lljv~~Uv~lla ~~LUUn~L~~ U~un1
11

ijL~~1~j1~11a ~1unjuua1~~1 6.0 ~aauv~u~4~vun~L~a ~unjti~~i~v~lljv~~Uvall~
11

w

ua1u~Luu1a1av~i1~j~U
W

04» .a v "" a' a.
(Staining Solution) 1ffL~ja~~~~1~UU1n ~ ~~1aLa~ 4 ~1nUU~1~aa1ULnUvvn

W W

1~aL~U1tna1~i (Destaining Solution) m~~1~UU1n ~ ~~1aL~~ 4 ~~1a '~1~

~UL~uu~ll~v~l~j~Ui~L~u ~j1~avllUv~~1~~v~Lvu1~~lluun~L~~1~aL~un~~1~1~~1u

n1jav~i~1~~L~U;U~U1~ 0.3 L~U~L~~j ~~1a ,;u 1~aL~1allLnallnllun~L~~~~1U
W a W 1.1 a 1 0 ''I l' Q ".1.1'

n1jav~a U~1~U ~j~Uvvn~1nL~~ ~aU1~1U~LU 0.05 ~~1jvti~L~nll~L~vj pH 5.5

L~UL1~1 6 ~11~~ ua1u1~1u~1la1~uv~~1~~v~Lvul~~

13. n1j~1~1~in1~Lan~~v~Lvu1~~ 1~an1jn1ijL~~1~j1~11allu1~L~a~,
1m~1~1~~vti~1~11~~L~~~U~U~U ~1~1fl~v ~ LaemmIi (1970)

, W

~~1a~n~U1 3 ~~iL~~j n~vll~1ui1~n~ 2 i1~ Lna1j~ti~1aUa~~v~L~U1Lj~~L~~
~a II II , c: j "f

(Seperating Gel)n~L~~L~~~U 10 L~vjL~U~ (~1~~U1n ~ ~~1aL~~ 5) ~~Lll

LUU~UUn1L~~~11~a~ 9 L~U~L~~j ~Sv~i1~~llU~1~U1L~~Li~~11~a~ 2 ~~aL~~j
11 11

~~~~11~jti~1~ 45 U1n ~Unjti~~L~~U~~~1 Lni1vvnua111~UUUU~1a~n ~1~1llL~~a~

~v~L~~1va1~(Slot Former)~~jti~11~UUUUn1~~av~ Lna1j~U~1a~a~~v~aU~nn~L~~
~.ot' II '1 ~(Stacking Gel Solution)~~~v~~~jtinvll~~Ua~~LU~1~~U1n ~ ~~1aL~~.5 L~vL~~

U~~~1ua1~~U~U~~1a~nvvn a1~~v~L~~1va1~~1aijL~~1~j~~~L~v4 ( ~1~~U1n ~

~~1aL~~ 5) 2-3 ~~~ ua1L~~ijL~~1~j~~~L~v4~~lu~v~l~~1va1~~uL~~ U11~j~U
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~~U1L~11~~ ua~1~1~u~1~1~1u ~1v~1~au 201~1~1n7~ a~a1g1u 50 1~1~1~~1~v~...
~~L~v4 ~~~1u~1~nvuu~~~lun1~uu1n ~ ~~1aLa~ 5 ua~~~liL~v~~ 100 v~~1

L~aL;g~ L~UL1a1 2 U1n ~1niu~av~a~lu~v~~1v~1~Uuu~uL~a~1un1~u~1~~1 60

~a~uv~u~4 ~Un1U~~~~v~U1v~~Uvaua L~ivua~~1n~~a1g~~~v~U~UL~a U1U~UL~a. ,
~1u~lu~1a1Bv~~1~1~u (n1~UU1n ~ ~~1aLa~ 5)L~UL1a1 2 i11~~ ~1niu~1~~

~1uLnuvvnl~ali~1g1~1~~ (n1~~U1n ~ ~~1gLa~ 5)~a1a , ~f~ ~uLiuu~u~v~

1~1~u~~L~U L~;gULnaU~1u~u~u~ul~~~u~v~Lvu1~~ nul~1~u~1~1~1U...

14.1 n11~1~~n~~L~~1~~~~vn11n1~1U~v~Lvu1~~, .
U1~1~a~a1aLvu1~~Li~iu 13 ~U1a ~~~1~1 0.5 ~a~~~1 n1

.1<><'''' " , 1 " .1' ''1 'I' '" l'
u~n1a1nu~11aua1au~~1v~~~u 12 Luv1L~U~LU 0.01 L~a11 u~aL~a~~a~ 1~

~~~1~1 2 ~a~~~1 ll~~~~n~~1~' ~~u~ 30-70 v~~1L~aL;a~ 1~Uv~~1~~v~Lvu1~~, .
..,: I.. 1 '14.2 n11~1 pH nL~~1~~~~vn11n1~1U~v~LvU ~~

U1~11atia1aLvu1~~Li~iu 13 ~U1g ~~~1~1 0.5 ~a~~~1 n1

~~n~a1nU~11aua1aU~~7v~1~~u 12 L~v4L~U~~~ 0.01 1~a14 u~aL;a~~av11~

vslu~~L~v4~u~~1~' ~~~~1~~v~ pH ~1~nu ~~u~ 2.0 - 6.5 ll~~~~n~ 55. , .
v~~1L~aL;g~ 1~Uv~~1~~v~Lvu1~~

~~L~v4~1i1~un 0.05 1~a14 1na;u1~1~1~av11~~~L~v4 pH

2.0 - 4.5
'I , '" ".1.1'0.05 L~a11 vU~L~nuwLwv1 pH 4.5 - 6.5

'" 1 " ..14.3 ~11~L~~a1~v~LvU ~~~V~11~~VU

ll~~11atia1eLv~1~~~~~n~~1~' ~~u~ 30 - 70 v~~1L~aL;a~
. , .

L~UL1a1 30 U1n u~1u1Lvu1~~luu~ati~~n~~1n1~nn~a1nU~11atia1gu~~7v~1~~u,. fJ

.1' ,..,:", 'I , '" l' ''I 'I' '" ".1.1'12 Luv1L~u~n~ 0.01L~a11 u~aL~a~~av 1~ vaLU 0.05 L~a11 vU~L~nUwLwv1

•
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I

pH 4.5 u~~~~n~ 55 v~~1L~aL~aa
, 'I

I

L~~~U nvuu11~u~

14.4 A11~La~a1~v~Lvu1~~~v pH

U1a11aUa1aLvu1~~L;~;U 13 ~U1a~1L~v~1~ 2 Ln1 ~1a 0.05

'I , ".1.1 ,.:. • ::. ~ '" v .1" ~
L~a11~v~U~L~v1n pH ~1~ , ~~U~ 2.5-9.0 LUUL1a1 30 U1n Ua1niULUU pH 5.5

l~aL~v~1~ 5 Ln1 ~1a 0.05 l~a14 vU~L~n~\JL\Jv4 pH 5.5 Ua1u1~1n1tlBn~a1nU

a1iaUa1aU~~1v~1~~u 12 % ~~ 0.01 l~a14 UAaL~a~Aav11~uglU 0.05 l~a14
'I

vU~L~n~\JL\Jv4 pH 4.5 u~~v~~n~ 55 v~~1L~aL~aa 1~UvA~1~~v~Lvu1~~~L~iv
, 'I

L~aUnULvu1~~L~~~UnvUU11~u~
" .1 ,.:." '!"1 II I 'I' 1 '" 1 'I l'".1 .1 '
U~L~vinL~L~Un 0.05 L~a1i na~u ~L~iAav i~U~L~vi pH

2.5 - 4.0

'I , "" ".1.1'0.05 L~a1i vU~L~nU~L~vi pH 4.0 - 6.5

0.05 l~a14 \JvaL\J~~\JL\Jv4 pH 6.5 - 8.5

'I ''''' ".1 .1 '0.05 L~a1i niaU~L~v1 pH 8.5 - 9.0

I

14.5 A11~L;~;U~v~U~~~~1v~1~~u(aUaL~in)~L~~1Ua~~vn1in1~1U

U1a1iaua1aLvu1~~L;~;U 13 ~u1atl~~1~i 0.5 ~aai~in1

tl~n~a1nUa1iatia1aU~~~~1v~1~iu A11~L;~;U~1~' ~v 6 - 24 Ltlv4L~U~~~ 0.01

l~a14 UAaL~a~Aav1i~~a~vglU0.05 l~a14 vti~L~n~~L\Jv4 pH 4.5 u~~~~n~ 55
'I , 'I

v~~1L~aL~aa 1~UvA~1~~v~Lvu1~~

II II '" 1 ,.:. I. 1 '14.6 A11~L~~~U~v~UAaL~B~Aavi~nL~~1U~~~vn1in1~1U~v~LvU~~

U1a1iaUa1aLvu1~~L;~;U 13 ~U1a tl~~1~i 0.5 ~aii~1 n1

~~n~B1nUa1iaUa1aU~~1v~1~iu 10 Ltlv4L~u~~~UAaL~a~Aav11~A11~L;~~U~1~' ~v
., ., 'I ''I 'I'" ".1.1' I .:. .,

5 - 35 ~aaL~a1i LU 0.05 L~a1i vti~L~nU~L~vi pH 4.5 u~n~~n~ 55 v~~1
, 'I

L~aL~aa1~UvA~1~~v~Lvu1~~
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15. n1i~1vm~n~~L~~1~~~~vn1in1~1u~v~lui~Lv~Lvu1~~
~ .

U1~1i~~~1aLvu1~~Li~iu 0.01 ~U1a U~~1~i 1 ~~. n1U~n~a1n~

~1i~~~1aL~;ulu~v~L~~u~L~v4 pH 7.0 U~~1~i 1 ~~. ~~~Vm~n~~1~' ~~U~
~ .

30 - 70 v~~1L~~L;a~ 1~Uv~~1~~v~Lvu1~~~1~1;n1in~~v~iv4.



~ln~1val~~n~~~~11 8 ~1val~, ~n~~~n~~~~ 8 ~1v~1~ ~~~~n~~~. ~ . .
I 1/ •

~11~~ln 4 ~1val~ ;~1~~1~ln~~a~~1~ , 'U~~~Ln~ Ul~1~anL~v~~~nfi~uvl~1~1U, ,
11aL~~ 1~~1~~~~~ 51 ~la~uJl~aL~u~1~L~U'a1~~uu~~U 38 ~la~uJ ~~ti~UU~~U, ,

OJ ,

13 ~la"'Uft,
u '" .,: 0 "1' 0 '1 ~ , G

~lnnl~~~Lna~~lnU~~LvUL~~L~UUU L~aL~a~ Uvl~1~L~~111aLv~U~~

u~"'7v~1~~u Ltiv'iu~"'7v~1~~UL~U~1L~ia1Ul'i~41~Lvu1~~L~UUU "'~11~11L~a~ 9

ala~uJ~al~1~Ua41~Lvu1~~L~UUU ~~~~va 2 ala~uJ~~~v~~1~~v~Lvu1~~L~UUUa~, ., .
LnlnU 1~a~1~11Unl'iu~~n~tinVUn~laL~U~~u~1~~la'UL1~1 10 Uln ~v Rhizopus

sp.~~ti Chlamyaomuco~ sp.;~~an1~~ln~n~U~~11~~ln~~~1~~n~ftlU~~~vaftal~1~
1I "

~1~~ ~~~a~~'U~l~l~~ 1

~~~L~vUl11 2 ala~uJ~~lLia~'Uvl~11L~~111aL~~~a~U~"'7v~1~~UL~;a~,
Lna~~v~~1~~v~Lvu1~~L1UUU ~~~1~1~LvaLvu1~~1~a'~nilL;vvla 2 ~~ti 3 1U~1~,
1finl1n~~v~'u~n~ 2 ~v 3 ~~ti 4 "'ll11vla~v~nilL;v~~~~v~v~~1~~v~L1UUU

" ,
. "

l~s Rhizopus GP.nalL~vvlS 2 1U '~~v~~1~~v~L1UUU~n11vla 3 1U ~~~~v~~1~, ,
I II'''' II

~ti~~~~'U1Un 4 ~v~nl1L~a~L~v ~1U Ch(amyaomuco~ Gp. "'~11nalL~vvla 3 1U. , ,
I 1/

'~~v~~1~~n11vla 2 1U ~~ti'~~v~~1~~'U1Un 5 ~v~nl1L~a~Lnln~ 0.26 ~U1al,
~n. 1~1~u ~~~a~Uvan11 Rhizopus Gp. vla 2 1U'U1U~ 4 ~v~nl1Lia~ ;~~,
~v~~1~Lnlnll 0.36 ~u1a/~n.l~1~u ~~~L~v~~11~1~v~~1~~v~1~1~Lva ~tiL~U11'U

II ~ "t II :. aa .
~~~~1U~v~nl1L~a~L~1~Lva Uv~~1~~~~1~nUL~~ln ~~tivla~v~n~lL~vn~~~~v,
~v~~1~~v~1~~~LvaL~uL~a1nll~v~~1~~v~L1UUU L~vL~;allLnalluv~~1~~v~1~~~Lva

I U ~ I :

1ti~11~Rhizopus sp. nll Ch(amyaomuco~ Gp. ~~L~U11L~v Ch(amyaomuco~ Gp.
1/

V 1.1 C. l3I

~~UU~~L~vn Rhizopus sp.
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OJ ''':/JI "" l' "" fI ~ I 1 OJ

~1~~~fl~1'n~n1~~~ilLvU ~~L~~U~L~v1~1~L~~111~Lv~~~~~~~~v~ ~~~,
~: ~ , ~a ~ , ~

L~vL~~~U~LA~v~L~~1'n~A11~L~1 200 ~vUilvU1'n v~~~~ 28 DC
, II

L~UL1~1 4 1U

II I I
I .. co

~n~'nnLL~n1~ • """"CO
Ll.~~~ L~vLL~~~~nU'n L1~1 Ll.vAil1i1,

co I

<U1'n) <~~1tJ

I

i1v~~. )

~nLl.~~~~1 ~~~1~ v~fttJ1 Chlamydomucol' sp. 30 0.13
II , ,

II

~nLl.~~U1~11
OJ OJ

~'n~fl1U~~~1~ Rhj zopus sp. 120 0.03
II ,

Aspel'gj llus sp. 240 0.02

~nLl.~~~11~~1n
OJ OJ CI

~~~1~v~~ft1U Chlamydomucol' sp . 120 0.03,. ,
~nLL~~~11~~1n ~~~1~ ~'n~fl1U •Rhjzopus sp. 10 0.40
II ,

II

~nLl.~~U1~11 ~~~1~ v~fla1 Chla7llydomucol' sp . 30 0.13
II ,
~nLl.~~~~1

OJ OJ

~'n~'inU~~~1~ Rhjzopus sp. 60 0.01,. , ,
Chlamydomucol' s p . 240 0.02

~nLl.~~~11~~1n
... OJ •
~'3~1~ v~fl~1 Chlamydomucol' sp. 10 0.40

II ,

• ~~1~E'3 ~~~UL1~1~~Ll.~L~~~1~~n1~1~~n~~~'31~~~~1~~~L~~~U~1L~~~1~1~~~v~

'n~~v~

1/ I

• ~~1~E~ L ~v~1n1 il~n1~~n~1~v1 ~
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'" II

~,~,~n 2 v,s~v~na'L;v~v~v~~1~~v~L~UUU~~ti~v~~1~~v~L~~~Lv~~,nL;v
"

Rhjzopus sp.~~ti ChLamyaomucor SP.lUv'~'~1'SL~~~~~U~~1v~1~~u

L~vL~S~llULA~v~L~a, 200 1vll~vU,n ~~n~ 28 °c L~UL1~' 3-5 1U
" .

001" 0

~v~~1~~v ~llh~Lv~~v~i11~~v~L~UUU,

(~U1S~v ~n.l~~~U)
II

'"L~v
I I I

., a ., a ., '"1U'l'l 3 1U'l'l 4 1U'l'l 5

Rhjzopus sp .
.,

V,S 2 1U 0.16,0 .011 0.36,0.012 0.27,0 .012
" .,

3 1U 0.19,0.010 0.26,0.010 0.04,0.010

ChLamyaomucor sp .
.,

vie 2 1U 0.18,0.011 0.21,0.012 0.23,0.012
" .,

3 1U 0.14,0.012 0.21,0 .012 0.26,0.013
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L~vl~~n~lnl~~a~Lvu1~~L~UUu~v1~

~atiL~v~n~l~n~~~v~ Rhjzopus sp. ~lal~n~v~~an~~~~ ~jv~~~~~1~,
~1~Un~I~U~~v~ala~uJ~a~lllUl~alnal~la~4~a~Ln~LULaa~~~~I~ ~~11~1~~~L~a~,

~ I

1
~a .IQ
~U~V Rhjzopus mjcrosporus S (~un 2)

1 •

~ or

1. ~U~~v~vl~I~L~a~L;v

, " ~

L~vL~B~ R. mjcrosporus S lUvl~I~L~a111aLv~ ( ~1~~U1n n.
1

~~IB La~ 1 ) Ltl~BllL ~Bm)llL~vL ~B'~1Uvl~ 'I'H ~a11jBL5~~a~u~~-iv~1~,ju (~I~~U1n
~ I " "t' 0 "t II <lo IIn. ~~IBLa~ 2 ) ~tiL~U11 R. mjcrosporus S al~I~~a~I~LvUL~~L~UUUL~ ~~~~

1

I I'"
1~~al~L~UB1Ulluvl~l~ ~~~I~nl~L~~al~L~UB1ula~1tl lu~u~vu~~-iv~1~,ju~ti

o'l~ 0 01"': 'I 'I ~ 0'1
nlL~ R. mjcrosporus S ~a~L1UUU ~a~~u L~BLUvl~1711BLv~~71~~~L7UUULU

1 •
I W I W

1U~ 4 ~v~nI7L~a~1~~v~~1~L~ln~ 0.09 ~U1a/~n.Ltl1~u ~~L~vL~a~luijl~11

~ , 1 .. ~ '" 0 ' 1 " .1 ' ~ , 1.1'1 '
11BLv~~a~~~7ij~ ~~u ~~~nI7L~~U~~7ij~ ~~U 0.2 Luij7L1u~a~ llLUijl~11 ~~11

R. mjcrosporus S ~a~L~uuu1~1~ati~lnn11L~~ ~ij~~1~~~L7UUUlU1U~ 3 ~ij~
1

nl~L~B~ ~ati~~v~~1~~lnn11lUijl~I~11BL5~tl~ti~lm 4 L~1 ~v1~~ij~~1~L~ln~
I II' I II

0.4 ~U1a/~n.Ltl1~u lU1U~ 4 ~ij~nI7L~B~ ~1U~v~~1~~v~Ltl7~Lva~~11L1~ajl~~~

" "
~~1U~1n~v~nl~L~B~ ~a~~tl1~I~lniL~B~nu'tUvl~l~n~aij~ ~vtl7ti~l~ 0.012 ~U1BI

" "
~n.L~~~u ~ati~lnnl1Ltl~B~L~B~ pH ~v~n~av~vl~11U~~11 u~~1v~1~,jU~1a~1~~~,
pH 1ti~11~nl~L~B~1~liLtliBu~tla~~ln L~BlUvl~I~11BL5~ pH ~v~nl1L~a~~tivalu

•
, ''I ~ , 1 .. :./ I

~1~ 4-6 ~~LUvl~I~11aLij~~a~U~~~v~~~u pH ~ij~nl1Laa~~till7ti~lm 4.9 a1~

~1~un~i~~atiL~1~U~v~ R. mjcrosporus S lUvl~1111aL5~~a~u~~-iv~1~,ju~~ln
1

n11'tuvl~I~11aL5~ ~~~tl~ 3 ~a~ 4
•
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sporangium (A) sporangiophore (B) ~a~ rhizoid (C) ~ij~

R.microsporus S (n1~~~a1a 40 L~1}L~ijLia~luij1~11~~~ YM
L

~ij~~~~ 28 ij~~1L'aL~a~ L~UL1a1 2 1U, .
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~~~,~~~,nn11'luv'~'71IaL5~ U~ti1IaL5~~~~~~~v~1~~u ~1u~~~,ml~~~uLti~;u
I '1 Q Q I 1 "'" Q III '.1 I ~ " III

~lnn11 UVI~I~1IaLv~U~~1IaLv~~~~U~~7v~ ~~UL~a~L~nUva U~u71~1IUI~Unu~~

~ I ~ •

uvan11'luvl~17n~~v~~ln ~~~ pH 'lU7~~11~nl~Laa~~vu1~nl~~I~ U~~L~v~~17ml
III

nl7Laa~ R.micorsporus S 'lUvl~17~1~7~~~~U~~~v~1~~u(nl~~U1n n. ~~laL~~
1 •

4)~~LnUnI7L~~U~~~v~1~~u 1 L~v4L~U~ ~~1~lUvl~17~1~7~ L~VL~ia1ul'l~
•

R. micorsporus S ~41~L7UUU ~U11L~vfia~1~~~I~L7UUU U~nI7L~~U~~7v~1~~u
1

f) Vi 11I11I III I f) 'i' 'Q" III I Q Q
~IL~L~Ul~UnU~~~lnn11LUvl~17~L~7~ u~na~Uvan11vl~I~11aLv~U"ti11aLv~~~~

•
u~~7v~1~~u ~1ul~7~uu~~Uv~~1~~v~1~~~Lv~ ~U11~~~~I~~~n11'luvl~I~~1~~~

• •• III

'lU;1~ 3 1UU~n 1~aL"~I~Uv~~1~~v~1~~~Lv~~~~~I~~~ln'lu1uu~n~v~nI7Laa~ U~
•

~v1Unla ~ fi~~~~lmve'lu~~~uL~a1nUvl~I~~1~7~ ~~~ pH lU1~~11~nl1L~~ru~vU.. ..
1~nl~~I~L~~vU'lUvl~17~1~7~ ~~~~~ 5 U~ti 6

• •I

vl~17~U~~v~I~~n~IAv vl~11U~~~v~1~~u (nl~~U1n n. ~~laL~~ 5)
'" I 1" I <a .1' Q' '" Q 'i' I .1 ' Q , I .:

~u~~~v~ ~~Uva~ln~~ 5 Luv~L~U~ U"~~L~nLn7~va 0.2 Luv1L~U~ ~U11L~v
• •

1~~41~Lvu1~~L1UUU U~~i'~UnU~~~lnnl1'UV'~17~U~~U~ U~~L~v~~lnvl~17~~

~17vl~17~7~Lnnl~1~Uve~ln ~~~I'l~~~~~lml~7~UU"~1~7~Lv~Lvu1~~~~n11vl~l~
• •

~U~~U 1~aL"~1~1~7~LvaLvu1~~~~~~I~~~ln'lu1uu7n~V~nI7L~a~ 'U~~~ pH
•

~~~11~nl1L~a~1~LnUn1~~~v~I~~ULnu1~ ~~7~~ 7
•• II . II

L~vLaa~ R. micorsporus S 'lUvl~11u,u;il11~~~~~u"~1~~ ( nl~
1

I III '1' Q

~U1n n. ~~ISL~~ 6 ) ~U11 R. micorsporus S ~1~17n~~I~LvUL~~L~UUUU~~
1

1~~~LV~Lvu1~~1~~~nl1'luvl~I~~U~~U~nal1~IUa1il~~U 1~a~~I~L~uuu1~~~nl1
• •

luvl~I~11aL5~n~ 9.4 LnlAv1~uv~~1~LnlnU 0.85 ~u1a/~n.l~1~u 'lU1U~ 4 ~v~

nl~L~a~ U~~41~1~1~Lv~Lvu1~~1~a~nl1'luvl~1111aL5~n~ 15.6 Lnl Av1~Uv~~1~
• I ., I .,

LnlnU 0.203 ~u1a/~n.l~1~ulu1U~ 4 ~v~nl~Laa~ ~~~l~~~UU"~Ul~UnU~~~~1

~VUil~~' ~1U pH ~vU1~nl~n7~L~nUVa~~~~~ 8
•I III

L~vLaa~ R.micorsporus S 'lUvl~11L~"1U~~ala ( nl~~U1n n.
1

~~laL~~ 7) WU11 R.micorsporus S al~I~~~~~Lvu1~~L~UUU 1~~lnnl1
1

lUvl~I~~U~~U ~ 1~a~41~L1UUu1~~~n111Uvl~1711aL5~n~ 40 Lnl Av1~Uv~~1~
•

LnlnU 3.54 ~u1a/~n.l~7~u 'lU1U~ 4 ~v~n'~L~a~~~ti~1~1~LvaLvu1~~luvl~11~
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I

~U11

II
II u

~jv~~~

I GI I
L~v"iL~U~

37

R. mjcorsporus 51 ~~1~1~u~;~I~~v, nuluvl~I~11aL~~~V~UVA~1~~v~1~~~Lv~

~~ti~l~ 0.013 ~u1a/~n.l~j~u ~1U~;~1~1~~~U~U11~Uvan11vl~I~~n~~U~v~~ti~l~
II I I

1.1-1.2 ~n./~a.uati pH lUjti~11~nljL~a~~vU~I~~ti~l~v~jti~l~ 2.8 - 31u~tin

~1~unui~~~I~jti~l~ 6 ~n./~a. ~v ,nU1Uvl~I~11aL~~ Uati11aL~~~~~U~~~v~

1~~u~~~~~ 9,.
L~vLnau~~~1u~v~uvA~1~~v~L~ununuuvA~1~~v~1~~~Lv~ lUvl~l~

o ..: 0 1 I 0.. GI GI
4 ~U~~ R mjcorsporus 5 ~1~ljO~a~LvU ~~L~UUU Avvl~I~11aLv~1 11aLv~

1

~~~u~~~v~1~~ul ~lu~~111~~~~~uaAl~~ Uativl~ljU~~~I~ ~U11vl~I~U~~~I~L~U

~v~l~~~Lv~~~~~~ ~~~~~ 10,., ,.

I II

L~vL~a~ R. mjcorsporus lUvl~I~L~a1~I~nlA~U1nn. ~~laLa~ 7

1~au~~~U~n~~v~u~~~AI4uvu 1~uri U~~~I~ U~~~11~11 Uati~I~11

L~~~I~atifila~IL~A~vn~L~U~1U~U~v~U~~~Ln~vU~ uatiuuRl~L~~l~u 0.5

L~U~1U~U~v~u~~~1Ul~jL~uLnaunuL~v1~L~~1~aLia~L;vL~UL1fil 4 1U

o II .1 I GI IS}: :. ":1' 0 I 'I .1.1'1
~1~11 2 LuvjL~U~ LUUlnaUn ~L~~~I~atiala~IL~A~vn~ UatiUURL~LuuL~U 0.5

L~v4L~U~ ~UvA~1~~v~LjUnU~~~~~~v1~L~lnU 6.16 ~U1a/~n. l~j~U ~~j~~ 11,. , ,.
Uati~~~jl~1U~v~UvA~1~~v~LjUnU~vUvA~1~~v~1~j~Lv~~~~~~ ~v1~L~lnU 880 ~~,. ,

I

j~n 12,.
~ u 1111 0"S} :: IGII
L~vU~j~UA11~L~~~U~v~jl~11LUvl~ljLaa~L~v~ln1 - 5 L~vjL~U~

~U11UvA~1~~v~LvU1~~LjUUUUati~~jl~1U~v~UvA~1~~v~L"iUUU~vUvA~1~~v~1~j~Lv~
~ S} II 0 II .... .1 I GI I .. '1 .,..:

~ti~~~~L~vL~jl~11L~~~U 3 LuvjL~U~ ~~~anljn~av~LUju~ 13,. , ,.
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Uv~~1~~v~LjUUU (~~1~/~n.1~j~u)

UvA~1~~v~1~j~Lv~ (~~1~/~n.1~j~u)

4

3

2

1

oI<::--_--L.__--L.__L-_~ ..J.___L___ __l____/

YM YM+SK CORN WF

I

~~~ 10
II

UvA~1~~v~L1UUUU~UUVA~1~~v~lUj~Lv~~1n R. mjc~ospo~us S
L

I 1/ I

LnvLa~~luv1~1j YM, YM+SK, CORN+LAC U~u WF ~ULA7v~L~a1

~A11~L~1~v~ 200 ~v~~vU1~v~~~~ 28 v~~1L~~L1~~ L~UL1~1 4 1U
, II

LZI UvA~1~~v~ LjUUU (~~1~/)Jn.1 ~~~U)

III uvA~1~~v~1~1~Lv~ (~~1e/~n.1~j~u)
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. "
Uv~~1~~v~~~UUU~v~ R. microsporus S ~~v~ia~luvl~l~U~~~li,

1

U~~il1~11UCl~11~11~i~iu 2 % lU~If1~Ut ~1~Cl~Clla~I~~~~vf1~UCl~
'.1.1''1 ..: I .,: ~

~1~Cl~Clla~l~~~~vf1~~~~~uuL~U0.5 % ~U~~~v~~~aln~11~~~1~v~

200 ~v~~vUln ~~n~ 28 v~~I~~Cl~;a~ ~~U~1Cll 4 1U, .
fD U~~il1~11

• U~-3~li

[Z]. o II

~1~11·
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I 1/

~~jl~1~~v~~v~~1~~v~L ~UU~~v~v~~1~~v ~1~j~Lv~ L~vL~a~

R. microsporu 5 5 1~vl~1j~~~~I~, ~~~~11~11~aufl~11L~~~~
l

1/ I , ,

2 % lu~10aUt ~ljaUala~IL~~~vn~~aU~ljauala~lL~~~vn~~~~

Luul~~ 0.5 % ~UL~~v~L~el~~11~L~1jv~ 200 jv~~vUlnv~~~~, .
28 v~~lL~aL~a~ L~UL1al 4 1U

[B ~~~~1~

• ~ 1/ 1/U ~~11~11

[Z] o 1/

"'~11



II II • II / -' /

~11~L~~~U~v~"1~11 (L~v"L1U~)

~~~v~n1"U~"~U~11~L~~~U~v~11~11 1-5 % ~vn1"~~~Lvu1~~L"UUU

L~e R. mjc~ospo~us S L~vL~e ~UUL~~v~L~a1~~11~Li1"vU 200
1

"vU~vU1n vm~n~2B v~~1L~~L;e~ Lrtul1a1 4 1U, .

I

,.~n 13
•

12 1,000
.....
rt

Gli" 10It'" 800~

fr-.
c::

8~

"-
CD 600~

-rt
:s: 6

rt 400
art 4rt

It'"

~ 200tel 2...
Gli"
a~

ali"
(J:
tel 0 0::S

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6

~ UV~~1~~v~L"UUU (~U1e/~n.L~,,~U )

~ ij~"1~1U~v~Uv~~1~~v~L"UUU/Uv~~1~~v~L~"~Lv~
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l~anvDL~n~ 30, .

42

~ '1 0 1/ .1 ' Gl ,
~1nn11L~a~ R. mjco~spo~US 51 LUv1~1111~11 3 Luv1L1u~ ~~~

~~1~U pH L~~~U 'lU~1~ 6.5-7.5 ~U11 ~vA~1~~v~Lvu11~~~~ij~11~1U~v~~vA~1~

~v~L1UUU~v~vA~1~~v~1~1~Lv~~~~~~~~L~vli pH L~~~U~v~v1~11Ln1nU 7.3 ~~
. . ,

~~~~lU~111~~ 3

..: ~ '1 0 1/ .1 ' col' .1 OJ

L~vL~a~ R. mjco~spo~us 5 LUv1~11~1~11 3 Luv1L1u~ ~~~u1U

pH L~~~U Ln10U 7.3 u11~Lia~UULA~v~L~a1~A11~L~1200 ~vU/U1n ~~~n~~1~', .
I

nu~v 25. 28. 30. 35 ~~~ 40 v~.-l1L1~L;a~ "l1ri1~vA~1~~v'3L1UUUnvDL~n~ 35, .
v~.-l1L1~L;a~~~n11~VDL~n~ 30 v~.-l1L1~L;a~L~nUva l~a~VDL~n~ 35 v~.-l1L1~L;a~. ,. , .
1~~vA~1~~v~L~UUULn1nU 7 ~~1a/~n.l~1~u ~DL~~vDL~n~ 30 v~.-l1L1~L;a~1~, .
L1UUU~vA~1~Ln10U 6.85 ~~1a/~n. 1~1~u ~~~L~v~~11DL1ij~~1~1U~v~~vA~1~~v~

L~UUU~v~vA~1~~v~1~~~Lv~~U11 ~UDL~n~ 30 v~.-l1L1~L;a~ ~ij~~1~1U~v~~vA~1~, .
~V~L~UUU~V~VA~1~~v~1~~~Lv~~~n11~vDL~n~ 35 v~.-l1L~~L;a~. ,.
v~.-l1L1~L;a~1~ij~~1~1u~v~~vA~1~~v~L1UUU~v~vA~1~~v~1~~~Lv~Ln10U 856.25

,
~~nUDL~n~35 v~.-l1L1~L;a~ 1~ij~~1~1u~v~~vA~1~~v~L1UUU~v~vA~1~~v~1~1~Lv~, .
Ln10U 777.78 ~~~UVDL~n~~L~~1~~~~vn1'~~~Lvu11~L1UUU~v30 v~.-l1L1~L;a~, .
~~~~~~ '1U1~~ 14

•

I 1/

"'" a
L~vL~a~ R. mjco~spo~us

I I

~~~~1U pH L1~~ULn1nU 7.3 UULA7v~L~a1

a I ~ G l»

100.150.200~~~ 250 1vU/U1~ ~U11~A11~L11 200 1vU/U1~ R. mjco~spo~us 5
1
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~ • ci G£
Rhjzopus mjcrosporus S ~UL~iv~L~al~~11~Li1iv~ 200 iv~~vUl~

v~~~~ 2B v~~lL~"L;a~ L~UL1"1 4 1U
'I ,.

OIH. 0 001» 0 , 001»

pH pH Uv~mil~v~ LiUUU Uv~i11i1~v~LiUUUilvUv~i11i1~v~
,

l~'i~~v~
a II II

(~U1a~v~fl.l~i~U)Li~i1U ~il~la
'I

6.5 4.61 2.5B 2B6.67

6.7 4.64 2.74 342.50

7.0 4.69 3.42 3BO.00

7.3 4.7B 5.97 663.33

7.5 4.86 3.74 467.50
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353025
o CIt

u~~n~ (u~~lL1aL1~")
~ 11

O' 0 l' 0
~a~u~u~~n~~unl'i~a~Lu~ 1~L'i~~~~v~ R.

~ 11 •
o II "" a 0 II

'il~11L~~~U 3 % ~ati~ pH L'i~~~ 7.3

200 'iuU~u~lnL~~L1al 4 1~

~ ~uR~1~~u~L1~UU (~~1~/~n.l~'i~~)

•
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. ,
~~v~~1~~v~L1uuu~~~~~11~1u~v~Uv~~1~~v~L1uuu~vuv~~1~~v~1~1~Lv~~~n~~ ~~. ,

...: : 'I 0 II II II .1' G '''':0
L~vL~a~ R. mico~spo~us S LUv1~1111~11L~~~U 3 Luv1L~U~ ~~ pH

L

L~~~U 1.3 ~UL~~v~L~B1~11~L~1 200 1v~/U1n ~~~~ 30 v~A1L~~L;a~ L~UL1~1, .
, II

6 lU ~~111~uv~~1~~v~L1UUU~~~~'ulun 5 ~v~n11Lia~ ~v1~Ln1n~ 10.08 ~U1a. ,
l~n.t~1~U 'U~~~lU~ 4 ~v~n11Lia~1~uv~~1~~v~L1UUU~1~~~1Liniva~v1~

I II

Ln1n~ 10 ~u1a/~n.l~1~u ~1UUv~~1~~v~t~1~Lv~'ulun 4 U~~ 5 ~v~n11Lia~
II II ,

~~11~~1Ln1nU~v 0.012 ~u1a/~n.l~1~u ~~UU'Un11~n~1iu~v1~~vn11n1'iLvu1~~
• ., II" • ..

L1Uuu~1~~ij~~'~u1Lia~L;v~v~lun 4 ~1UPH'U1~~11~n11Lia~~~11~~1~1~~1~,
'II

4-5 ~~nu1~unui~u~~t~1~U~~1~1~~1~ 9- 9.6 U~~ 1.2-1.4 ~n./~~. ~1~~1~~

il~U~~~'U1~~ 16
•

o~: :~... ,
~1nn11U1U1L~a~L~v~~1Un11n1v~~1an1~~1~n1v~L~v1 4(Whatman NO.4}

L~vUgnL~aU~~n1nv1~11vvn u1~1~n~tinvul~1~U~1guv~1~Lug~iaL~~~~~1

~11~L~~~U 30-15 L~v4L~U~ ~~11~1Uv~~1~~1L~1tiL~~;U2.6 Ln1 L~vLng~n~

~v~~1~~1L~1ti'U~11~n~Lvu1~~L~~~U u~~e~~~~uv~~1~L~ivvB~1ti~1m 45.43
•

•1 ' G t ; 'I ...:
Luv1L~U~~~U~~~LU~111~~ 4

u11~1~u~1~1~ 404.98 ~n.~1~~1nn11~n~~nvU~1guv~1~LUg~i~L~~Li~iu
.1 ' G ,.,: 'I 'i"" u.I.I' I U,

30-15 Luv1L~U~ ~~U~1U~vgLU 0.05 L~a11 v~~L~~~~L~v1 pH 5.5 ~1~1U~V~~U

~~Lv~-1~lgL~4~ 650 L5~ ;~L~U~1n~1~U~nL~igu~1ti~~~(anion-exchanger),
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•

I
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~OJ' I l> l' l> l>
~11~~~~Ufi1~~11~n11~~~LvU ~~L1uuu~~~n11L~1ru~v~ R. mfcpo-..

~: .a: , ~ ~ • a
spopus S L~vL~S~llUL~1v~L~S1'n~11~L111vll 200 1vll~vU1'n

L

vm~n~ 30 v~~1L~~L;S~ L~UL1~16 1U, .
... pH

..... .lu.,.~u (~n. /~~.)
•
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.. •OJ

~~~1¥l~ l~~~u
00.. Cal» 0

ml~1J~~Y1fi ~~~lm~U¥lVU u.vAm9l U.vA9l19l~lL'Wlll ,
fn~yh'l~

.. .. ..
I

~vl1 LVU1"11~ LvU1"11~
OJ OJ OJ I

Y111~~fl Y111~~fl Y111~~fl (~U1a¥lv~n.

•0 0 I

l~~~u)
I

1J~~Y1~ (~". ) (~n. ) (~U1a) ( LY11 ) (% ),

OJ

~l~~nfl~vl1

Lvu1"11~ 1,730 2318.2 23060.9 9.95 1.0 100
..

¥In¥lllnvUfl1a

u.v~l~Llie~

i"LloI¥l
.. ..

ml~L~~~U

30-75 % 40 404.98 10476.18 25.87 2.6 45.43

lA~~11¥l

n~l1J1JU

.... ..
flvLilil-

lY11aL~{"
d

650 Lil~ 21 42.48 3809.52 89.68 9.01 16.52

lA~~ll¥l

n~l1J1JU
d ,

L"111011Lfln"11..
~-75 24 10.64 2526.24 231.43 23.86 10.95
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L~vn1~~1~~~~~~~~~~~~~~~~1~nllLv~1~~uvn1~ u~~a~a1~1~~n1~~1~1~~~~~~~~~1~
~ ~

nllLv~1~~~1n , vvn~1el~eLi~11~L~~~~~v~1~L~e~~~v11~~~1~n~~~1fin1~L~lln~ 2

~v 10 1~~~ ~~Ua~~L~1~~ 11 ~ll11 Lu~1~~L~~U~~~~n~~vun~1L~i1~lla1~~ 134
• •

~ II II 1 a l' Do 0 01' I ", 0-142 n~11~L~~~~~u~ ~L~e~~~v ~~ 550 ~~ 600 ~~~ ~~1~ Ua~~11Lu~L~~L1~~~

~~1~~Ln~~ll L~v11~i1~lla1~~ 134-142 L~1~1en~ 1~Uu~~1~11~~v~Lu~1~~Ln1nll
~

• I II

3809.52 ~U1e Uu~~1~~1L~1~ 89.68 ~u1e/~n.l~1~~ U~~~~11~ll7anfiL~~;~
~

9 Ln1~~~~a~~~~Uv~~1~L~auve 16.52 L~u4L;~~ ~~Ua~~L~~111~~ 4
•

n'~~1Lu~1~~L~ll7an;L~i~~u~n u1~e~ann11usnl~1~~~~~~1~u~n~1~~1n
~

", 1.1 1 0 , U'.1 d 'a u 01" 'I ~ II
Lu~L~~uun u ~e~1~1~1~~v~~~L~~1L~n~ ~-15 ~~1fin11n~~u~L~llnn 2 ~v 11

1 I 1.1 a .,:, ''I l' 0 U.I.I'
~e~1~ u1~~ 42.48 ~n. ~~U~1~~uSvSL~ 0.05 ~~1~ u~~L~nll~L~u1 pH 5.5

•
~~ll~~ua~~ Lfilla11i~~1e~vun~1n~ua~~i1~lla1~i~ 3 ~~.~11~1~1~~U~~UU~~1~~V~

Lu~1~~1~~~~~1~~ 18 ~ll11Uu~~1~~u~Lu~1~~ueL~i1~lla1~~ 16-24 Ui~L~u11~
• •

i1~lla1~L~a1nL~1~1en~ 1~Uu~~1~11~~u~Lu~1~~1~ 2526.24 ~U1S U~~~ll11~Uu~~

1~~1L~1~ 231.43 ~u1e/~n.l~1~~ U~~~~11~ll7an;L~~;U~1nLu~1~~L~~~U23.86
~

Ln1 ~~Ua~~LU~1~1~~ 4

L~un11~11~avll~11~ll7an;~u~Lu~1~~L1UU~ ~~11e~~L~S~~u~n11n~~u~
~

LUlln~ 2 ;u 12 ~ll~1U1UU~lll~1~~ll~un~L~~~~~~L~u~1~i~~uu~1~ , ~u~n1~n1L~... . .
ll7anfi Ui~Lu~u~uua~n1e~lll~1~u 2 U~llue~~n~ll~Un~L~~ ~~Ua~~LU1~n 19 l~e

~ ~ . .
1~R1 Rf1~ 0.10 U~~ 0.13 ~1~i1~ll ~1nn11~11~aullUu~~1~~u~Luu1~~~~~~1U~U~

I II

n~u~lll~1~u1~~lluu~~1~~u~L1~uu~1nn~au~u~ll ~UU~~1U11Ln~~1nn7a - 1n~;u
at

~\JL\Ju4~LiLun11n1~L~~1~11\J7;a~~~R1~11~LnU~1~a~~~8.3 n1L~Lu~1~~aruLie. .w
UU~~1~ ~~av~~~u~nll~~n11n~~u~LU;u 9.4 ~u~n111~an~~ll11n7a ~\JL\Ju4 1~

L~~1~a~~vn1~n1~1~~v~Lv~1~~
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17 lA1~ll~n11~~u~Luul1~LiUUU~ln R. microsporus 5 lUAui~i
L

DEAE-Toyopearl 650M lfla~luLuul1~a~lUAui~i~ulfl 40x2.5 1~.

~~Luul1~uun~1a 0.05 l~al4 ~~~L~nU~L~u4 pH 5.5 ~~nliL~~
II II 'i' '" l' "" II ""'i"

A11~L~~~U~u~L1Lfla~Aavifl~~~Ln1LflaunL~U~i~(0-800~aa~~ali)

L~~~lia~alaLuul1~l1aufla~3 ~a. ~~~ilnlill1a 24 ~a.~~i1l~~

-t- ~uA~1~~u~L1UUU (l1U1a/~n.l~i~U)

-- ~,n11flflnaULL~~(280 '1nlUL~m)
1I

-+- A11~L~~~U~u~l1L~e~Aauli~ (~a~l~aI4)
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l

70x1.6 ~~. ~~Lvu1~~1~eli 0.05 1~a1~
~ 1 ' ":,,
Ln~~1~a~a1eLvU ~~~av~a~ 3 ~a. flv~~1

25201510

Sephadex G-75 ~U1~

Q ".1'
vti~L~fl~~L~v~ pH 5.5

n1~1~a 12 ~a.~vi11~~

-t- UV~~1~~v~L~U~U (~U1e/~n.l~~~~)

~1n1~~~n~UU~~(280 U11UL~~~)
-- 1I
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~~~ 19 1~~ij~~~a11~~L~aijLa~1~~1~~;~ 'ij~1~~~u~1~~1niu~iju~1~'
II

LUn1~~1LijU1~~L~~~~n~ ~1eauLije~n1~n~aij~n~11111u~n~ 2
'I

II

~ij 12

1.LLij~1~Lue~~aL~~

co .1"30 ~~ 75 Lllij~L~U~

aa a ~ ~ ~, d
2.~ijLijij-LnLeL~~a 650 Lij~

.1 d , a
3.L~~1L~n~ ~ - 75

(~~~1~1~~~u 100 1~1~~n~~)

(~~~1~1~~~u 100 1~1~~n~~)
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nl~~I~I~unL~L~n~~V~LVu1~~L~UUU,

nl~~I~I~unL~L~n~~v~Lvu1~~ L~Unl~U1Lvu1~~~N1Unl~nll~~~~n~iu, ,
~~nla~l~n~lv~~~~~nvU~v~~U1Sava~v~Lvu1~~ L~Snl~nl~L~~L~~LW~~~~UL~L~S~,
L~L~~~~~LW~L~~v~~~~11~~L~~ ~~nl~n~~v~lU~n~ 2 ~v 13 1~~~nl~n~~v~lU~~~

11

20 ~~11L~UUU~ln R. microsporus S l~~~~L~~~U~~~i~v~~~~;~nu ~~~~11
L

Lvu1~~i~ 2 L~L~n~ ;~~~I~UnL~L~n~~~~~I~ 18,000 ~~~ 19,000 ~1~~U L~v, ,
I I

LnS~n~L~~~U~I~~~IU (~~n 21) ~~~L~vL~~S~Lna~L~UUU~lnR. microsporus S
.. II L,

n~L~UUU~ln H. pusillus ~~~L~ULU~~lnLav~ni~L~I~~n11 ~U11L~UUU~ln
, II

" I I

R. microsporus S ~Ul~UnL~L~n~ln~L~a~n~L~ULU~~lnLav~n~~L~I~~n11 ;~~L, , II
• I

~~~L~~~u~~iL~a~~~UL~S1 ~~~~11 ~~11~~~~nff~lnlU~~nL~UUU~ln H. pusillus,
, "

~~~~L~~~U~~la~~~ ~~~~11~~~la~U1aava ~~vvl~~~~L~~~U~u~5u~ULnvU

Ul~11~~~laLvu1~~L1UUU~Nlunl~nlliu~~n~~~1 ~~~1~ 13 ~U1S,
~11~~v~~1~~v~Lvu11~~1~1filU~n~ 2 ~v 3 L~anl~nn~al~~~~~~I~ , ~v 30 35

61 , II
I

40 45 50 55 60 65 ~~~ 10 v~A1L1~L1a~ ~~nl~n~~v~~~1~n 22 ~~11~v~~1~
11

~v~Lvu11~~~~~~~~ 55 v~A1L1~L1a~ ~~~UlUnl~n~~v~iu~v1~~~l~~~~~ 55 v~Al
II , , 11

U1Lvu11~~I~~lU~1U~~~~v~~~n~alL~uL~S1n~~n~11111u~n~ 2 ~v 3

snLlul~~wLwv4~~~1~ pH ~1~' nu (2.5 - 6.5) ~~~ISU~7v~1~~Unlli~1U~~~~v~
, I

~nn~al~ pH valU~1~ 5.5 - 6.5 n~~~~ 55 v~A1L1~L1a~ ~~nl~n~~v~~~1~n 23
61 11 , II II
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o
L'i'111111

1.Lv111~~L'i'11L11~~ln
I

.... II

Lf:!v1Jn'il$ L'Wll$cm11
'I ..

R.micr-ospor-us S
1

l ' 05.Lv11 ~~L'i111111~ln

Mucor- pusi llus

(~1~1~1~'i~11 100 1~lA'in1~)

(~1~1~1~'i~11 100 1~lA'i'n1~)



D:"6 albumin( bovine)
• .

<; A C. albumin(egg)

~ - .-
~pstn

~nDgen
II 1 A.4. p-lact.oglobul in

'l--..
~3 Lysozyme

I

10

1o 0.2 0.4

Rf

0.6 0.8 1

,
7UTi 21
• ~11~i~~uJ7ti~11~~lnl~L~ivu~~v~lu7~U~I~7~IU (1~BnI7nl1~L~B~

M ~

1~L~1~1~L~~1~ivti~~~11~~L~~~L~~1~~1~~;~)u~ti~vnl~n~~v~~1~un

l~L~n~..

tn
tn
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.004:11 0 I

~v~~1~~v~L7UUU (~U1S/~a.)

75706560555045403530

5

10

15

20

25r----------------------,

I

7~n 22
W

~a~v~~~~~~vn,7n,~,U~v~Lvu11~L7UUU~~i~L~S R. aicrosporus
, W I

51 n,n,7~71~av~~v~~1~~v~Lvu11~L7UUU ~,~1in'7lU~nn 2 ~v 3

SnL1U~~~~~l~nl~nn1SI ~1~,mLvu11~~1~ 13 ~U1S
, W ;.s
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75

O'----'------'-----'-----'--..l.....---'------'-----L.----'~----'

2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7
Al~11~L~un~~~I~~v~~~L~v4

25

50

100

125

140,....------------------------,

120

100

80

60

40

20

O'------'-----JL----'------"---'-----'----"---'----""-----'

5.7 5.8 5.9 6 6.1 6.2 6.3 6.4 6.5 6.6
Al~11~L~un~~~I~~v~~~7v~1~~u

7~~ 23 ~~~v~~11~L~Un7~~I~(pH)~vnl~nl~IU~v~Lvu1,~L7UUU~~a~1~B
II

o <ClOG l' 0 00

R. mjcrosporus S ~lnl~~~1~~vU~v~~1~~v~LvU '~L7UUU ~1~1fi
1

'luu~~ 2 iv 3 anL1U pH ~'lilunI7~n~1 v~~n~ 55 v~A1L~~L;Bi
'" 1 '~'l"' ' II~~~I~LvU ,~~ ~ 13 ~U1B

+ 1n~;U~~LWv4
'" ".1.1'

~ v~'L~~U~L~v~
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. l' 0 11/",'t ~ Q "'.1 .1 'c1.", I 0

~Ul1LvU ~~~1~1i~n1~1U ~~ U~~11tiL~Uni~ U~ti~U~~v~U~L~vin~~~~vn1in1~1U

1 ' : Q "'.1.1' 'i" , 1"' 1/LvU ~~ ~1nn1in~~v~Uvti~L~nU~Lwvi 0.05 L~~li pH 4.5 ~ti~1aU~~iv~ ~~UU~l

~lU~~~~v~~nn1al~ pH 5.8 'tiUvR~1~~v~Lvu1~~~~~~~ ~~iU'tUn1in~~V~~v,1~
;J • ,

nli1~Uv~~1~~v~LvU1~~~ti't;vti~L~n ~,JL~v4 pH 4.5 'tUn1i~ti~1aU~~7v~1~~u

30 - 60

L~vU1Lvu1~~~L~;a~1~ ~1~1~ 13 ~Ula 1~U~~v~~~~~1~ , ~~U~, .
v~f11L~~L~a~ 'tU 0.05 L~~14 vti~L~n~,JL,Jv4 pH 5.5L~UL1~1 30 U1n

U~lU11~~il~~IUvR~1~~L~iv ~1~1;nlin~~v~'tuun~ 2 ~v 3 ~U11~V~~~~ 45 U~ti, .
50 v~f11L~~L~a~ UvR~1~~~~~L~iv 70 - 85 L~v4L~U~U~ti~Liauv~~1~L~aiuL;~...
~v~~~~ 55 v~f11L~~L~e~ ~~~~n1in~~v~'tUi~~ 24, . .

U1Lvu1~~ ~1~1m 13 ~Ule ~1U~nU~,JL,Jv4~~1~ pH ~1~ , nu ~~U~
w ... .e;-' ~ a'" 0 1 ooa~ a

2.5-9.0 Rl1~L~~~U 0.05 1~~1i L~UL1~1 30 U1n U~lU1 ~~il~~IUvR~l~nL~~v

~1~1;'tUUn~ 2 ~v 3. 1~~~n1in~~v~'tUi~~ 25 ~U11Lvu1~~~~11~L~~ai~v pH 'tU
•

U1a1i~ti~1eLvu1~~~~1unlin1'tiu1an;U~1~11~Uv~~1~~v~Lvu1~~~1~,
1;~n~1111luun~ 2 ~v 3 1~e't;u~~~v~1~~u~~11~L~~~U~1~'~~U~ 6-24 L~v4L~U~

~~nlin~~v~~~i~~ 26 ~U11Uv~~1~~v~Lvu1~~~~a~L~v't;U~~~v~1~~UL~~~U 10. . ,
.1 ' c1. , ~"'
LllViL~U~ L~U~U~L~in
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.o..ca tJ ... ,

UvAm~~2JWY1fl(X}

120 ,..-------------------------,

100

80

60555045403530
0L------lL-----l-----l-----l.----J.---e---.
25

20

40

60

v~~~~ (v~~IL~aL;S~), ..
a a 1'.0 . ,0

~UY1 24 A112JL~~S~~v~Lv~ ~2JL~~~~~ln R. mjcrosporus S ~v~~~2J
• I l I 1 •

l~SnlUnn~SI~v~~~~~I~' L~~L1aI30 ~1~ ~~1~~v~UvA~1~~L~av
~ 1· I

~12J1finl~1~~Y1~ 2 ~v 3 U~2Jl~Lv~1~~~li 13 ~U1S
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Co,Ql» II II ,

u.uAmVl~~"''Ylfi(%)

120r----------------------.

100

80

60

40

20

• • • •

\
OL....--..L---J._...I---L.._...l..---L._..L.--I-_l---L...--I._-L..--W.~

2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9
~1A11~L~un1~~1~~u~~WLWu4

I

1~n 25
11

A11~L~~e1~u~Luu1~~L1UUU~1n R. mjcrosporus 5 ~u~1A11~
l

L~Un1~~1~ 1~e~~Luu1~~ 13 ~U1e ~ pH ~1~~ 1~eli~wL~u4Li~iu

0.05 1~a14 L~UL1a1 30 U1n ~~~~~iu~ ~1n~Un1n111~u.u~~1~
I I' ,.

~u~Luu1~~nL~~u Vl1~1in111ull'Yln 2 iu 3

-+- lna1u~wLwu4

... ulS~Lil'Yl~W L'tlu4

*" \IIuVl L"'Vl~\II L\IIu4

<> ".1 .t '-%- 'Yl1~U\ll L)/u1
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UvA~1~~v~LjUUU (~U1e/~~.)
35,..---------------------------,

30

25

20

15

10

5

16 18 20 22 24 2610 12 1486
0'---.....L.----J----1.--'-----"--~--.&..----'---'----'---.......

4

A11~Li~;u~v~u~~~v~1~~u (%)
I

j~n 26 ~~~v~A11~L~~~U~v~u~~~v~1~~u~vuvA~1~~v~LvUl~~LjuuU~ln R.
11

mjc~ospo~us 5 nlj~j1~"v~UvA~1~~v~LvU1~~LjUUU nl~I~1;nlj
1

I I

lU~n~ 2 iv 3 enL1UA11~Li~;u~v~u~~~v~1~~u ~v~~n~ 55 v~~I-, .
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Ul~I~~~~leLvu1~~~11~~v~~1~ ~1~1inl~lU~n~ 2 ~v 3 l~eli

u~~L~e~~av1~~ ~~11~L~~~U~I~ , ~~~~ 5 - 35 ~a~l~~14 ~anl~n~av~~~~~~ 27
•

~~11~v~~1~~v~LvU1~~~~~~L~vli~~~L~e~~~v1~~L~~~U 25 ~a~l~aI4. ,

Ul~l~a~aleLvu1~~~~lunl~~11i~1~n~~~1 ~1~lm 0.01 ~U1e ~1~~n1el

n~~I~~~aleL~~ulu~v~L~~ll~L~v4 pH 7.0 ~~~~~~~~~ 30-70 v~~IL~aL~e~ ~1~, .
1fin,~n~aij~~v 4. ~anl~n~~v~~~~~~ 2B ~~11Uv~~1~~v~Lvu1~~l~~~Lv~~~~~~ 35. . ,

nl~L~1a~LnB~uv~~1~~v~L~U~U~~ti~v~~1~~v~l~~~Lv~ ~v~Lvu1~~L~U~U~ln

R. mjcrosporus S n~Lvu1~~~ln~~~~5u
L .:..:-=..:....=...;::...:....::=-.:...:..:.:.;~:...:..;:c=

"':0 1 j I: 011"
L~vUl~l~atialaLvU ~~~ij~ R. mjcrosporus S ~ln~~a~~U~v~nl~nlL~

L

~1~n~~I~IUij~~1~~v~L~U~UUatil~~~LV~Lvu1~~~1~1inl~n~~v~lU~n~ 2 ~v 3 ~ati,
'" <II U '1' Q ":1" '1 , ...:4 L~~a~Lna~n~LvUL~~L~UUUn ~~ln H. pusjllus LvUL~~L~ULU~~lnLev~n~~L~lti,

an11 U~til~~~Lv~Lvu1~~ijn 2 ~~~~v L~~~U;~L~Ul~~~Lv~Lvu1~~~1~~ln~~{ (~~)
• •
Uati~IL~U;~L~Ul~~~Lv~Lvu1~~~1~~lnW~(~tiitinv) 1~~a ~~~1~1~~ 5 ~~111UU~~~

~U~v~nl~~11iLvu1~~L~U~U~ln R. mjcrosporus S ~1~n~ Uvn~lnUv~~1~~'L~I~
L ,

~v~L~U~U~tiL~~~U~~1Uv~~1~~IL~lti~v~l~~~Lv~~L~~~U~1e U~~~~lnl~L~~~U~v~

L~U~ULiju1~~~lnn11l~~~Lv~Lvu1~~ UatiL~VL~1a~Lne~Uv~~1~~v~L7U~U~ln

R. mjcrosporus SL n~Lvu1~~~lilunl~nl~~1 ~~11Uv~~1~~v~L~U~U~ln

R. mjcrosporus S e~i'ijaU~tilUn~~~ij~LvU1~~~lilunl~nI7~1~~ 4 ~~~~tiL~U11
L • ,

I

L~U~U~ln H. pusjllus ~Uv~~1~~n~~ ~v~a~~I~vL~~~U a1U~IL~U~~11~L~U~U,
I I

t:Jil.c.CI l) DI

~v~~1~mn~~,
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40

30

20

10

40355
OL-_-..L.__..l..-_--l.__.....l-_-...Jl.-_--I-__-'--_---'

o

I

')~n 21
II

II II CI 1 ~ I Q.D4:lI 1'"
~a~u~~11~L~~~u~u~~~aL~a~~au')~~u~u~~1~~u~LuU ~~L')uuu~1n R.

mjcrosporus S nl')~')1~~uU~u~~1~~v~Lvu1~tL')UUU ~1~1~1finl,)
L

lUUn~ 2 ~u 3 anL1U~11~L~~~U~v~~~aL;a~~av1')~~~~n~ 55
, 11
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0.0115

0.011

0.0105

0.01

o
25 30 35 40 45 50 55 60 65 70 75

vm~n~ (v~A1L1iL~S~)
, 11

~U~ 2S ~"~V~V~~n~~vnljnl~lU~v~Lvu11~lu1~Lv~
11 , !I I

nlnl~~11~~vU~vA~1~~v~Lvu11~ ~1~1flnljlUU~n

ufln1~1 U~~1~Lvu11~~1~ 0.0118 ~~1~

~ln R. mic~DspD~US S
l

2 ~v 4 an~1Uv~~n~~linl
, 11
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I

~1~1~~ 5 L~;~~L~~~~vA~1~~v~L~UYU~~~~vA~1~~v~1~~~Lv~ ~v~Lvu1~~L~UYU~ln

Rhizopus microsporus S lu~~~~iu~vu~v~nl~nll~Lvu1~~~1~n~n~
L ,

Lvu1~~~linl~nl~~1(1~al~~1~1~1~~~u 0.03 ~n./~~.)

0 00 .. 0

~vA~1~~v~1~~~Lv~'IlU~ L1~1 ~vAm~~v~L~UUU

... 0 .. .
(lnh a~v~n. 1~~~U) (~U1I1~mJn .11h~u)Uln (1Uln)

Lvu1~~L~~~U 13.40 9.95 0.010

30-75%~v~1~L~a~

i~LtJ~ 5.15 25.89 0.031

u I.... .. 11
Av~~n~vLvv- n a

L~4~ 650
Gl

Lv~ 1.49 89.48 0.044

U, \J Gl' ..
Av~~nL~ lL~n~ ~-75 0.56(9) 238.09 0.062

0

L~UUU~lnH.pusillus 0.23(7) 579.71 0.076
I..

L~ULU~~lnLav~,
U

n~~L\rIl~~m1 0.38(9) 350.88 0.190
1I

L~~~u(pep5in) 0.26(12) 512.82 0.064

~IL~u(papBin)
..

133(20Uln) 1.00 0.122

·~~laO~ ~~a~L1~1~~~~L~~nl~~n1al ~un~~~~~1~~~UlUU~L~~~~~1L~U~I~I~~~v~

n~~v~

·~~laO~ ~~a~L1~1~~~~1~j~UlUU~L~~~~~1nUL~U~I~I~~~v~n~~v~



66

L~v~~I~~I~~n~L1~1~~~~U~L~~~ll~1nUL~U~I~I~~~v~~~~V~ ~Un1~~~U~
~ " I 1 '~1'" .a: II a

~~~~1~~~ ~ll11LvU 1~~ ~~ln R. mjcrosporus S ~~~Lnvlln1~L~I~~n11~1~a~
1 , II

L1~ILnlnU ~v 9 1Uln a1ULvu11~~ln N. pusjllus liL1~IL~a~ 71Uln

lU~~~L~~;U ~~~~IL~U liL1~1 12 ~~ti 20 1Uln ~1~il~ll a1Uan~tinvUU~
tJ ~ tJ I II e:.c. l' a au

~la~~~nl1~~~~1~ll11 nvUU~~Ln~~lnLvU 1~L1UUU~v~ R.mjcrosporus S ~~n~ti
1

va~1~lnn11nvUU~~Ln~~lnLvu11~~lilu~l~nl1~15u , ~~1~~ 29
II II
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-

~~~ 29 in~~nVUU~~Ln~~ln~~n;al1~~11~LVu1~~n~u~~~v~1~~UlU

~lia~alaU~aL~a~~av1i~ (ilaa~Lija~~1~1flnlin~av~lU~n~ 2
II

~v 3)

1.~lL~U (~;~lml~i~u 0.03 ~n./~a.)

2.L~~~U (~;~l~l~i~u 0.03 ~n./~a.)

3.LiULU~~lnni~L~lVan11 (~~~lml~i~u 0.03 ~n./~a.),.
4.LiUUU~ln N.pusiLLus (~~~lml~i~u 0.03 ~n./~a.)

5.LiUUU~ln R.mic~ospo~ue S (~~~l~l~i~u 0.03 ~n./~a.)
L

.1 cl, '"
(L~wlL~n~ ~ - 75)

6.L1UUU~ln R.mic~ospo~ue S (~;~lml~i~u 0.03 ~n./~a.)
L

"'''' '" 'I 'I ." cl
(~vLvv-LnLaL~i~ 650 Lv~)

7.L1UUU~ln R.mic~ospo~ue S (~~~lml~i~u 0.03 ~n./~a.)
L

(Uv~l~Lua~iaL\J~ 30 ~~ 75 L~v4L~U~)



I

mm 4

I

~1U

u a CU::llaa'

1~~v~~1~~n11

I

nl'i Chtamydomucor sp. n~vlB 3,
I W

~~tiLi~vA~1~~ln LU1Un 5 ~v~nliLae~Lnln~ 0.26
IGU II t I I

~~nB~Uven11 Rhjzopus sp.n~vlB 2 1ULU1Un 4 ~vOnl1,

~1V~~tiL~;~L~~1~uvan11

~vnvvnL~uL~u'tB~ln~u
II I

., a 01:1 '"

n~IL~vn~vlB 2 1U,
~U1B~v~aan~~Ltli~U

w w

LUnli~anL~vil~ln~n~U~~il ~n~U~ni~~~ ~~ti~n~U~~11~~ln n~~~~ 20
• ,. II

~1vSl~~I~li~~anL;vil1~~~~u 51 ~la~ui 1~aL~uil~L~ULa1~~Nu~~U 38 ~la~ui, ,
~~ti~NU~~U 13 ~la~ui L~vUlil~~ 51 ~la~uin1tl~~Lnalll~eLia~1uvl~liL~~111a-, ,
L~~N~~U~~1v~1~~u L~vL~U~~1v~1~~UL~U~1L~ia1U1L~~11~Lvu1'~LiUUU ~ll11~vS

II

2 ~la~ui~~~v~~1~~v~Lvu1'~LiUUU~~LnlnU l~a~I~li~nlLiu~~n~~nvUn~laL~U
, II

~~U~1~nlaLUL1~1 10 Uln ~v Rhjzopus sp. ~~ti Chtamydomucor sp. i~~an
I

l~~ln ~n~U~~11~~ln ~~wi~tlTl~tnU ~~tivatjal ~1~,hilll il~~~~~'tU~lil~n 1
II "

L~vUlil 2 ~la~ui~ ~ILie~Ltl1allLna~LU vl~liL~~111aL~~N~~~~1v~-,
w w

l~~u l~aL,jn~IL~vvla 2 ~~ti 3 1U ~~11vla~v~n~IL~v~N~~v~v~~1~~v~LiUUul~a, ,
W I

Rhjzopus sp. n~IL~vvla 2 1U't~~v~~1~~v~LiUUU~n11vla 3 1U LUv~~lnan~ti, ,
.1 J "QQ W I ~.I J, a II":

~Dvi~v~ Rhjzopus Sp. VIa 2 1U ~~LTllL~~~~~~11 L~U~uv1vvU ~~11~~iv~Tl~~-,
"" 't ~ v I ~ a ~ • ~ ItJ I

L~i~ U~tiTl Rhjzopus Sp. VIa 3 1U ~tlvi~tiL~U~Ul~I~~~~~11 L~u~tlvin~n
u ,

Lflultl ~11~~1v~'tunl1L~;~~~uvan11~tlv4ijvu il~~u Rhizopus sp. ~~vla 2 1U~~
u ,

I ... ...

~~v~~1~n~n11 3 1U ~~tiLi~v~~1~~~~~'tU1un 4 ~v~nl1Laa~L~v
II ,

W II

Chtamydomucor sp. ~ll11 n~IL~vvle 3 1U 'ti~v~~1~~n11nalL~vvla 2 1U, ,
L~iltiil~~11~ chl~mYdospore i~L~u~tlv4~~~u~~Ul~vn1~,jln11 sporangiospore

i~~L~ua1uuva nlLi Chtamydomucor SP,~~vI9 2 1U ~~IU1u~tlv4~~vnL~UL~u'ta,
I I

Chtamydomucor sp.n~vla 3 1U ;~ chlamydospore
. ,

• u • a coo
iti~11~ Rhizopus sp.n~ Chtamydomucor sp.~~11 Chtaaydomucor sp. ~~v~~1~



(VL61) ~m~

~~n qe~~eg-lapqv ~e~nL~aLt~~~~~nna~~,ae~~l~a~'tLun~Hd ~~L~ re~,~~n~,

"~~~~~~~ aL~~~tL~~Lu~n~~ee~,~eU~t~~~en~,~n,n~~,~a~,~~n~ n~~l~e~~~nuL~

L~~e~'~Le~~~~~s~'tLU~e~ Hd ~~at~n~~l~e~~~n~tLu~~ ~~'BLt tL~Len~L~UUL~

~~~~~~a~'tLu~L~~~tn~ Hd n~~l~e~~~n~~~~~,aLt tL~Len~L~~~B~l UL~~~~n

~

na~~'~~~l~a~'tLu~L~~~tn~ Hd ~~~t~at~n~~l~e~~~n L~~~~~~UL~Uen
I /I /I

"n~~~n~nt,~e~~~~~en~~L~e~'~B~'tL~Len1~~ ,~n~',te~, 1
/I /I /I

n~~l~e~~~~~n~~'tLUL~~~ jaqajm doonK LtL~U~ (0661) ~~~~n ~n~8ql

nt~
I

(8861)

~

nnnt,~~'ne'~Lt~tLUn~~tUn~~'Lt~~U aZdoJjljuom mnjdBsng L~U~U
<7 ,,,- " " .. I l' "":"

~ "
~m~~~n B~s~o~zoelo~ ~e~nL~BLtUL~~~n ~~~~~n~nt,~e~~~~~en~~L~

I

~n~~~~ntL~Le~e~~~
<7 •

"~~ % 5"0 n~~'~L~n'B~l n~~~n~nt,~e~~~~~en~~L~ tL~Len1~~ n~~ul~l~ e:~
/I

"n~~~~ ~~~n~~l n~~'~~'tLUB~ln~nt'~~lne'~L:~tLUe~~~~L~ta~~'tL~ L~~~~~n
I I

SnlljSnd doonK L~U~U(9861)~~~~n A1 8qsew ~e~nL~BLt~U~e~~~e~~~(v~~n E
-ar:l n" 10

I •

"U~t) n~~'~et~~n~~~~e'BLt~~n ~e'BLttL~LeUL~nnnt,~~,ne,mL~t~~BU'~St~,
:" ",,- , l' l' <7 ,,, <7 ....

1
tLUUL~~'U~~nn,~~ ~~'LtUUL~~~nt'~'nnnt,~~'ne'~Lt~~~ s sndodsOdOjB

II ~~ t' ~ \7 C ~ J... 0 ,l-.. II

sndozjq~ n~~l~e~~~n e~~~n~~l~~L~tB~~'tL~~~,tLU~L~~n tL~Len~L~tB~~'
III I •

1
tL~~~'~~~n~U~'nnnt,~~'ne'~Lt~UtL~L~ s sndodsOdOjm sndozjq~"l

QI J... II 1li711 ~ «:I 1 J.. II

1
e~n~~ s sndodsOdOjm

"".. "/I

sndozjq~ ~e~n~nt'~~lne'~~~tLUe~~~~~B~~~nLtU~~L~
I

" ~ "
L~U~tLUn~~~n 01 ~~tn~~~~n~~ ~~~~~~e'~t~l~e~~~~~ene~n~nt,~e~~~~~en~e~

I I

1

nt~~~~~nn~nt,~e~~~~~en~ t~n s sndodsOdOjB sndozjq~ ~B~,e~'~tL~Lenn,
" I I ~

~L~~~nB~l ~L~~~n~~n~~l~~n~~~~~ltL~~nL~ n~~l~e~~~n~~~~~'BLt ~g'BLt e~

~ 1
~,nnnt,~~'ne'~Lt~~~nUt~'UtL~L~ s·sndodsOdOjB sndozjq~ u~n~ V~B~'~
II~O'~ II \7 fO Qr3

L~U~~~~~ L Lte~'~B~'tL~LeL~n~e~'~B~'tL~Le~e~~~~~B~'~S~~'tLU~~
I II II II II

" 1(2 ~~t) S sndodsOdOjB sndozjq~

I
~

e~ ~~lnB~'~~~Lt L~~~~L~~~n2~lnl~u,~~nr~~L~LBu~B~~n~Lu~~~n~BL~~e~~~~

~

unnL~~l~~~~~e:~ ~~ttU~~~e~U~~BLU ods sndozjq~ ~e~~mRU~L~U~e~,
/I I

n'e~nnnt,~~'ne'~~~tLU
I"" I <7 ,,,- <7

L~U~~~e~'·dS sndozjq~ ue~,~~n~~~ 2 ~~LtL~n~~~~n~~L~uuL~~e'~t~l~e~
I /I I

69
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2.~iUUU~ln Rhizopus mic~ospo~us 5 ~~U acid protease ;~~ti

"71~~~~nl~lu1~~lu"nl1ti~~~Uni~1~a~~~iu1~~lnvl~li~ Rhizopus mic~ospo~us
II '1'"'' ~ cl I 1 II ~ I II '15 "1~liO"il~~vUL1~~iUUU ~v 11a~v~ 11a~v~~"~U~~iv~ ~~U U1U~~11L~~

1

~"~u~~l~" U~tiU~~"I~ PHlUiti~11~nli~ia~~VU;I~~ti~~Uni~ ~1Uvl~li 11~1"
•,

11~i"~"~u~~1v~1~~u U~~u~~1v~1~~u 1~ Rhizopus mic~ospo~us 5 1~
• 1

"71~~vu11~~iUUU pH lUiti~11~nli~ia~~~~~un~I~~~~I~ (iU~ 2 ~~ B
•

a ~ tJ l' .0 ~.. tJ t . " 111
I

~11a~IU~na1n~~vU 1~~iUUUn"il~~lnil~~la"la~Ufi11~~U acid protease ~un
\

Nuco~ miehei(5mith U~~ Yada,1991) Rhizomuco~ miehei(Bailey U~~ 5iika-

aho,19BB) Nuco~ pusilLus (Mashaly U~ti~~ti,19B7) I~px lacteus(Kobayashi

U~ti~~ti, 1983) U~ti Enciothia par-a s f t.f c a (Whitaker, 1970) ~~U~U

3.U~~~RI4~vU~Bnft~~~vnli1~;~ U~tinli"71~~vu11~~iUUU ~lnn11U~~~
1/ ,

1ul~1~~u l~a~lnnli~~a~ Rhizopus mic~ospo~us 5 lUvl~li~l~i" (iUn 5)
1 • •

1/ I I

~~11 Rhizopus mic~ospo~us 5 1~"71~~iUUU U~tiul~unui~uva 1~~~v
1

~~11~lv~~UitinvU~v~vl~li ~ti~iU11~~lRi"~~UU~~~RI4~vu~~a~u~~~~~a1 ~1U
•'1'1 II II ~ 1/ I

U~~~ UL~i~~U~~lan~vl~li11a~v~ ~~UUnlin Rhizopus mic~ospo~us 5
l

1~"71~~iUUUvl~~nv~~I~ln ili1~~~vu1~~BU~1v4~~" ~~1~"I~lioava~lR1"li~~u
•, II

~inl~" u~tin~1~"~~vul1uli1~~~li~~a~u~~~1ul~i~~unl1i1~ul~unui~uva
\ .

I II I

~~v~aa~ Rhizopus mic~ospo~us 5 Luvl~li~1~i"~"~U~~1v~1~~U(iUn
l. •

6);~~~Unli~~~U~~1v~1~~u~~1u~~na1Ul~~11~;vfie~1~"71~~1UUUU"~~11 "nl1tilU
II I

nli~aa~~~~~vnl1"71~~iUUU~lnn11nli~~Ua1Ul ~~iltiLUvl~li~lRi"~"~U~~1v~
•

1~~u pH iti~11~nli~ia~~~u~l~ u~nli~~~U~~1v~1~~unlli1~Jl~unui~~ln;u
, I II I I

~tin~~v~~a~ Rhizopus mic~ospo~us 5 lUvl~,iu~~1v~1~~u(iun 7)~~
1 •

a I 1 II I.,. .1" a ~ '1 I .1"': l'
~U~~iv~ ~~uva~lno~ 5 ~uvi~~U~ U~ti~~~nLn1"ve 0.2 ~uvi~~U~ ~~11~~v ~

• •
"71~~vU11~~1UUUU~~J,~unui~~,nn11vl~li~U~5u U"~~11 ~;vili~~nlni"1~ U~

~nv~~ln~~nlni"~U;~I~Uve U~tilUvl~,i~"11V,~liu1ti~nnlui~uvau~1 ~;v~~li
•

~~nlni"lUn'i~~;~~,nn11~~~"71~~vU1~~~1uuU ~lnnl1~n~lvl~11i n,liuul~

1~11 U~~~~,4~vu~~~~vn'i"71~~vu1~~~1UUU ~lnn11U~~~1ul~1~~U
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4. Rhizopus micpospopus S ~~1~LijU1~~L1UUu1~~ lUij1~11~L~U
l

a11~1~nij~ijun1~L~~~ijU ~1nn11L~a~ Rhizopus micpospopus Sl lUij1~11~~

7 ~U~ ~~11 Rhizopus micpospopus S ~~1~LijU1~~L1UUu1~~~~~ LUij1~11
l ,

~~~~1i 2 L~ij4L~U~ 1ij~~~~1~ij ij1~11~1~~i111~~~~~~~~1~~ (1~~ 8 ~~~ 9)
•

~~~~~~1i ~~~~1~~i111~~ L~U~11~1~nij~ijunj~L~~~ijU 1~au~~~1i~1~nij~~1aU~~

L~u~1ul~ru ~~L~L~UU~~~~14~iju~in ~~~ Rhizopus micpospopus S L~U11~
u l

Uan1~~1n~nU~~ ~~~U~~~LijU1~~ij~1~L~~ u~~n~1~ij~1~L~~ evau~~lin~1aL~ulij~-. . .
LnU~~~111~ u~~n~1~a~~1ij~~~U11~1i1~ (Un1 ,2535) Uijn~1n~n1alu~u~g~

• , w

~1~nij~~1a n1~ij~~lu u~~Lniiju~nL~a~~ij (Fennema ,1970) ~ijn11L~1~~ij~L;ij

~1U~1u~~111~~~1~nij~~1an1~ij~~lU~1~, L~U~1UL~~ U~~~U~~~Uij~~1a ~~fiL~a~

~ij~ijn11L~1~~ij~L;ijL~UnU U~~L~ij~~11~1L~ja~Lna~1~~11~ij1~11~ij~~U~~~~Liu

11u~a~~14~iju~ijnfi~~~ijn11~11~LijU1~~L1uuu~1nn11~~a~1ul~1L~U ~~~U~~UUUU1,
~~LU~ij 3 1~au~~~1iL~uv1~11~~~~a~~14~vu~u U~~L~U~1Ul~~ ~~~ Rhizopus

micpospopus S ~1~11~~~~LijU1~~L1uuuluu1~11uu~~1i~1~~1n~a~ ~1nn11Lu
l ,

ij1~11~1u~~111~~~a~u~~1~~ ~~a11~1~nij~ijun1~L~~~ijU ~1~Lnn1ul~1L~u L~U

~1uL~~ ~~~n~1~lu~ij~~v~~~ij~n~~1U1~a~ij~ Abdel-Fattah U~~ Saleh (1988)
u ,

~W~11 ~11~1~nij~ijunj~L~~~ijU (complex organic compounds) L~Uij1~11~L~7~
w '1' '"

n11~11~LijUL~~L1UUU~ij~ Aspepgillus vepsicolop

L~ijL~a~ Rhizopus micpospopus S LUij1~111~aL~~suuu~~1iL~u~~~
l

· ~1 1~11 U~~j1i11 ~1ij~~~L~~~11~~~1S~1L~~~ijn~ L~U~1UnU~v~Lniij~~ u~~~~Al~

L~~l~u 0.5 L~ij4L~U~ L~u~1~nU~ij~~~a~1ul~1L~uLna~nllL~v1~L~~ W~11 11~11

2 L~ij4L~U~ lU~1niu~1~L~~~11~~~1a ~1L~~~ijn~ u~~u~~1~L~~1~uliUvA~1~~ij~

L1UUU~~~~~ ~ijLn1n~ 6.16 ~u1a~v~~~n1~1~1~u~~1~~ 11 ~~~~5~11~1U~V~. , ., . ,
~ijA~1~~ij~L1UUU~ijUij~~1~~v~1~1~L·v~~~n~~ Ln1n~ 880 ~~1~n 12 LUij~~1nlu. , .
11~11~~11v1~11~1~ , ije~1~~1Uve~~1 1~a~~~~L~uu~a~A14~ijU n1~ij~~lU~1~'

• •
L~u~~a~1ul~1L~u 11~~~~W1nLniij~~ U~~1~1~Uije~1a ~~~v~~~ij~n~11S~1U~ij~

•I W

Somkuti U~~ Babel(1967) nLaa~ Mucop pusillus vap.Lindt lUij1~1111i11 4

.1' , I .: '" '1 1.1'1 : ~ W '1 '.1'" 1 '
L~v1L~U~ ~~11 L~ijL~~n~L~~~~ ~LUij1~11 L~ij~~L~~L~ULa ~~~1~1~LijU ~~~~~~

•



e~'~~~~~t~~~~~enL~n~,~~~~ St~K vzogZ9Z ~t~~~~~en~L~n~n~st~L~'~~lne,

"~e~SL~~~~L~~t~e~, (81 ~~~) ts~,~es~s~,~n~n~'~~lne,~e~~~~~en~~n~~~l

~e~~es Ltn~ gog Hd ~~,~~e ~L~~l 9000 St~n~~e~~L~~~~~n 9L-~ ~U~'L~~'
• '" , /I, II /I '" , l' ."

nn~L~u~~lL~~~lL~~lL~t~n n~St~L~'tL~U~~~~lne,sL~~~~L~~t~e~,
I

"(~L~~l~~~ OOg-Ogg) ~~~L~ne~~~,e~~~s~'~le~u,
, <7 <7 /I ., I- '" ..

" " ~ l
~e~n~~~'~Lt~~t~~L~Uee~~U~UL~~e~, ~~~L~ne~n~n~,~~~~~ S sndodsOdOjm

~

sndozjqH UL~nnn~,~~'ne, Lt~,rr~~ (v U~L~L~) ~n~,~err, Zgogl e~K,~~'ne,
<7 ,I- I /I 1-'" f , l' , '" .. , I-

~

mL~~~~~~n L~' 10°6 n~~~,~u~~n~Lt~~ St~K Zg0608E n~L~'~l~~lne,~e~~t~~~

-~~en~~ n~st~L~'~~lne,sL~~~~L~~t~e~, ;L~~l~~~ OOg ~2 Ogg ~~le~~~s~'~l

"e~u,~e~n~~~'~Lt~~L~ueeR~u~~~~~n ts~,~es~s~,n~n~'~~lne,~e~~~~~en~~

"n~~rrln~ L1 urr~~~~~K' gog Hd ~e~,~nu~'~Re ~L~~l 9000 n'~L~~l~~~ 008 ~~'" '" f" II /I It , •" , "II <7 , It, <7 <7 ""

o n~~~'~Lt~u~~,e~~~s~'~le~u,~e~~~~n~,uns~,~u,st~n~~e~R~nnUL~ ~e, Ogg
/I /I f' I- "'.. /I, '" /I, II :: l'

~~~,slul-ee,e~n~~e~nL~L~n~,u~~,ne'Ln v u~L~L~n'~~~n~~ ~n~,~e~,
, <7 '" "''''' II '::/1 "'f' I- 0 f It II , ,

"gv mL~~~~~ee~K,~~~~en~~~~~~~n n~~~'~~lne'~~~~L~n~~L~'L~~~~~enn~ns~,
•

e~'L~' goZ n~~~'~L~'L~~~~~enL~L~n~ ~n~,;e~, 9L-OE n~~~'~f'l,~~~s~'~l~en

~

st~n~~~lneu~~u~a~l ~u~~n~~n~n~'~~lne'L~~Lu e~L~u~~L~e~ne~n~

"(91 ~~~)
I

n~L~~L~ ~~~~~~e~~ku~~~ v·1 -z"1 ~~n g06-6 mL~~~~L~~n~~~lmL~~~~~n~~n

-U~KL~~Rm~ 9 ~2 v mL~~~~L~~L~n~~s~'~LU~L~K~~n~Hd nt~ v ~n~~e~e~,~a~,
II. II I II /I

~

-L~~~~~~u~~nn~n~'~~lne'~bL~~LUe~~le~n~L~u~~Lunbn~~~ n~~~l~ku~~~

e~St~K Z1000 e~ n~L~'L~~~a~'~Lu~e~ 9 ~~n v ~n~n~~e'~~~l~e~~~~~en
/I I

nt~ n~~~l~ku~~~e~st~K 01 n~L~' e~se~u~'L~~~L~n~n~,~e~~~~~en~l v ~n~~
I I I

~ "
~m~nL n~t~l~ku~~~e~st~K 80°01 n~L~'~le~~s~'~Lu~e~ 9 ~n~n~~~~~n~n~,~e~

/I I

l

~~~~en~l s sndodsOdOjm S~dOZjqH~e~n~n~'~~lne'~~~~LunL~~~L~K'~~tL~~n~,

- " ~

~Lne~ne~ ooz n~L~'L~~'~LunLnett~'~Lt~~~n ~S~'~~'L~~e OE ~~Kme EOL

n~L~'tLKLe~e~n~~~, Hd L~n~~~ ~le~n~nt'~~lne'~~~tLuL~u~~LunL ~n~,;e~,

" ~" l
E tL~L:tLKLe~L~~ (E1 ~~~) ~~~~~ln~n~'~~lne'~~N~~L~L~ s sndodsOdOjm

sndozjqH ~n~,~e~, E n~~~'tL~L~ Ltn~tL~Lt~e~n~~~'~Lt~n~~~ne~,
1 1 .... II 0 I II 0 ...... ,. ~

ZL
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~lp:OCt.i a
'~

~~"J1~

Ln8llnll~a~~1n~1~~va~i~ijLvij-ln18L~4a 650 L~~ ~~~v~~1~~1L~1~~~L~~~1nL~~

89.68 ~u18~v~a~n1~1~~~~L~U 237.43 ~u18~v~a~n1~1~~~u ~~~11~ll1~n~L~~;U,
o "'1 , I "" .10 '1'" .1" ...:

~1nL~~ (~1~~n~LvUL~~) 23.86 Ln1~a~~u~~1~LvUL;~L~av 10.95 Luv~L~U~ L~v

o '1' :: I .. "'1 , " II
~1LvUL~~~1n~U~vU~1~ , ~v ~1~~n~LvUL~~ ~1~atia1a~a~~1nn1~~n~~nvU~1a

'1 "" ".1 "".1" "'" ,"""" "" '1 '1 0 ,
~v~L~Lua~~aLw~ 30 ~~ 75 Luv~L~U~ ~1~a~a18~a~~1U~va~U~vLvv-LnLaL~~a '

", u'.1 G , "" 0 ~'1 0650 M ~ati~1~atia18~a~~1U~va~UL;w1L~n~ ~-75 ~1~~1~~vll~11~ll~~nfiL~an1,
ijLa~1~~1-.J1~~ llul~iv~~1a11~~L~a ~ll11Lvu1~~~~11~ll1~n~L~~;U ~1~a1~ll 1~8,

I II

~1u1u~~lll~7~un~71nD~tia~a~~atiluiu~vu~~n18 ~j1nD~~lll~7~~_ 2 ~~ll v~~~nu

(7~~ 19) ~1nn17~71~~vll~v~~1~~v~Lv~1~~ 1~~ll~v~~1~~v~L7UUU~1n~~~v~~~ll
'I

iUU~~IU11 Ln~~1nn1~1na;uu-.JL-.Jv4~lilun1jn1ijLa~1~jl-.J1;~~~~~1~11~L~U~1~..
~~o~ 8.3 n11~Lvu1;~aruLia~v~~1~~~~v~~~v~nll~an1jn~av~luiv 9.4 ~V~~1U1~8. ,,~

~~~ll11n1~U-.JL-.Jv41~L~~1~~~~vn1~n1~1u~v~Lvu1~~

n17~1J1~unl~Lana~v~Lvu1~~1~8n1jn1ijLa~1~jl-.J11~lluLv~~Lv~1~iv~~1-,
a11~~L~a L~18llLnallnlll~7~u~1~j~1U ~ll11 Lvu1~~LjUUU~1n Rhjzopus..

II

mjcrosporus 5 ~~v~l~Lana ~ati~u1~unl~Lana~j~~1~ 18,000 ~a~ 19,000
t, ,

~1avlU (71l~ 20 ~a~21) ~.:l L~vL1118llLnallnllL 7UUU~1n~~Un1~llu~5U~ll11 L7UUU
'I ,

Lvu1~~~1n71~~a~llu~~J1~unl~Lana~1~nu 1~8 Smith ~a~ YBdB(1991)1~~n~1,
Lvu1~~L7UUU~1n Mucor mjehej ~ll11 L1UUU 1 ~atiL1UUU 2 ~J1~unl~LanaL~u,

" ...: 0 ''1 "'.1 G , ." '1 '1 .1 '48,000 ~ati 42,000 ~1a~U L~v1LA~1~~L~S~va~UL~w1L~n~ ~-25 ~atiL1L~wv7

~1~~~1n-.J 1vijLv-.J ~1~i1~ll

II II

~u1~inl~LanaLn1nll 36,000 ~1avlU 1~a~1u1~inl~Lana~1n SephBdex 6-100 ~ati, ,
SOS -PA6E

II
01 lao u

WhitBker ~a~~ti(1970)~n~1 Endothja psvssjtjcs ~ll11~U1~Un

'1 I '1' ",
L~Lana 37,500 ~a~ 34,000 ~1nn11~1ULvUL~~a~~va~u SephBdex 6-100 ~ati,
1ll1vL~a ~-100 ~1~a1~ll
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LL~~ml~L~Otl~~v

Oil e- "0 13

~1~~~nl~~n~I~~~~~v~L~UUU~ln

v~~~~~L~~I~~~~vnl~nl~IU~v~Lvu11~~v, .
Rhizopus mic~ospo~us S

L

74

I

~~11

~11~~vU1UL1~' 30 Uln1~L~t1~ 40 v~~IL1~L~t1~ 1~t1~ 45 LL~~ 50 v~~IL1~L~t1~
Doa a ~ ~ , OOQ I ~ Q.e: a

LLv~~1~~~~~L~~v 70-85 Lllv~L1U~ LL~~LLv~~1~~~~~~vtll~~UL~~n 55 v~~IL1~L1t1~

~~~ll~ 22 LL~~ 24 ~~~~ltI~IUL~t11n~nI1~Lvu11~L1UUU~~11~L~~a1~vv~~~~~~ln11. , .
v~~~~~L~~,~~~lun,~n,~,u 1~LLri, .

co u<> l' <>Mashaly LL~~~~~ ( 1987) ~n~I~~~~~~~v~LvU1~L~UUU~ln,
pusiCCus ~~11 v~~~~~L~~,~~~lun'1n,~,u~v~Lvu11~~v50 v~~~L~~L~t1~, .

lluco~

.
LL~

co u<> l' <>Abdel-FattBh LL~~ Amr(1987} ~n~I~~~~~~~v~LvU 1~LjUUU~ln Pen.,
expansum ~~11 L~~B~~~v~~~~ 45 v~~IL~~L~t1~ U~1~LL~~~1~1~~~~~~ 52 V~~I-, . . ,

I

v~~~~nL~~I~~~~vnljnl~IULnln~ 75 v~~IL~~L~B~ LL~~~11~L~~B1~~U~~~~~ 50, . , .
v~~IL~~L~B~ L~U~U

n'~~'~~~~~L~~,~~~~vn'1n,~,u~v~Lvu1~~lll1~Lv~~~11~~~~ 35 V~~I-, . , .
L~~L~B~ ~ pH 7.0 liLLv~~1~~v~lllj~Lv~~~~~~~1ll~ 28 ~~~v~~av~n~~IU1~B~v~., .
Mashaly LL~~~~(1987} ~~n~, ll. pusiCCus ~~1ILLv~~1~~v~lllj~Lv~~~~~~v~~~~., , .

I 1"'1' Q 0
~1U pH ~~11 LvUL~~LjUUU~ln Rhizopus mic~ospo~us S ~1~ljOnl

t

~,u1~~lu~~'1~~L~unj~Ui~L~~ajlU~1~ pH ~n11~~v 2.5-7.5 ~~~v~~av~n~~n~1ll,
~v~~'U1~B1U~vU~U~~~11 Lvu1~~~LnU acid protease ~~~~on~~I~LL~~nl~lu1~~

•
'I .,: ~ <> U.I .1 'r1.I2'. l' .•.,:
LU~~11~nL~Unj~ LL~~~U~~v~~~L~v1n~~~~vnljnl~IU~v~LvU ~~ (1un 23, 25)

•
~~~v~~av~n~~IU1~t1~v~ Osman LL~~~~(1969}~~n~'Lvu1~~L1uuU1U A.nige~ U~~

~~11 ~U~~v~ll~L~v4~~~~vn'~~~~Lvu1~~1~B v~;L~nll~L~v4 L~~UV~~1~~v~L1UUU

lU~~~~ ;L~jn~v~L~~ll~L~v4 ~~LLv~~1~~v~L~UUU ~,n~'U1~t1~~~1Iv~;L~nll~L~v4

0.05 1~~,4 pH 4.5 ~~~,tlU~~1v~1~~ULLi1~1U~~~~v~llDn1a,~pH Lnln~ 5.8

L~~I~~~~~~ ~lnjIB~IU~UIU~1 lU~ 1991 Smith LL~~ Yada ~n~, lluco~ miehei,
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~ll11 L~UUU 1 ~"~ L~UUU 2 ~~~'1~~L~~'ti~~lUn,~n'~'U~ij 4 ~"~ 5.5 ~,~~,~ll

~ati~~1'~L~~9~lU~1~~n1,~~ij2-1.5
I

Mashaly ~"~~ti (1981) ~ll1,

I

L~UUU~,n Hucor pusiLLus ~ pH n

L~~,~~~lun,~n'~'UL~,nll 5-5.5 ~"~~~1,~L~~9~~ij~ pH ijelU~1~ 3-6
• ,

Kobayashi ~"~~~ (1983) ~n~, lrpex Lacteus ~ll1' pH nL~~'~~~

Lun,~n'~'U~ij~L~UUU A ~"~L~UUU B ~v 3 ~"~ 2.9 ~,~a,~ll ~"~~~1'~L~~9~~ij~

pH ijglU~1~ 3-5 ~"~ 3-6 ~,~~'~ll
•

L~ij~n~'~1'~L~~~U~ij~U~~1ij~1~~U~L~~,~~~lun,~liL~~illL~~n ~ll1' U~
, 1" ...... " .,: .,:~~ij~ ~~UL~~~U 10 L~v~L~U~L~~'ti~~n~~ (~~n 26) ~,~~,n~'U1~9~ij~ Abdel-, .

I

Fattah ~"ti Am~(1981) n~n~1 PeniciLLium expansum ~ll1' U~~1ij~1~~U 8

L~ij4L~U~ L~~'~~~~~~ ~1U~1'~L~~~U~ij~ CaCl ~L~~'ti~~lU~'U1~9~ ~ll1'L~,nll, z

25 ~"~1~",4 (~11~ 21) ~~~I~~,n~'U1~9~v~ Nand ~"~ Rao (1989) ~~I11.'t,
• I I

• II II c..o4:)' CJj a
Rhizopus oLigosporus ~ll1, CaCl L~~~U 30 ~"aL~",~ L~~I~~~n~~ ~~n

2. ,

Foda (1981) ~ll11Lvu1~~~111 AspergiLLus niger nl~,u1~~L~ijli CaCl L~~~U
a

""'1 ,
80 ~""L~"I~

11'~L~7gllLngll ~v~~1~~ij~L~UUU ~a~~ij~~1~~ij~1~~~Lij~~v~Liju1~~L~uuU
11 "t j I .a: ~ • 'l f

~111 Rhizopus microsporus S nllLvUL~~~ln~~"~ijU (~17,~n 5) ~ll11 LU~~"ti
1

iU~ijU~ij~I1'1n,l~Liju1~~L~uuu~,n Rhizopus microsporus S ll1~n~ uvl1~,11
1 ,

~ij~~1~~'L~'ti~V~L~UUU~~L~~~a1 ~ijR~1~~'L~,~~v~1~~~Lij~~L~~;U~1g ~~~~~,

n'~L~~;U~ij~L~UUULvu1~~~,nI11,1~~~Lij~Liju1~~ ~"~L~vL~7gllLngll~ij~~1~~ij~

L~uuu~,n Rhizopus microsporus S nllLiju1~~~LiLun'~I1'~~' ~ll1' ~v~~1~~v~
1

L~UUU~,11 Rhizopus microsporus S e~~,ija ~"~LUI1~~~ij~Liju1~~~lilun'~I1'~
1 • ,

w ~ 0 d I .0 a OQaa~ a

~,n~ 4 ~U~ ~~L~U1,L7UUU~,11 Hucor pusiLLus ~~ij~~1~~n~~ ~V~"~~,~ij L~~;U,
~1U~'L~U~ll1' ~~ij~~1~~ij~L7UUU~'~~,

L~ij~~,~~,~tig~L1a,~~~~1~~~uluU~L;~~ll~1nuL~u~,~,~~"ij~n~"v ~ ~U
~ ~ 11 I "t j~1'" ...:

l1~tin~~~~~1~~~ ~ll1,LijUL~~n ~~,11 Rhizopus microsporus S ~"tiL9ijllI11~L~,ti
1 ,

"n11~~~9~L1",L~,nU~v 9 1U,n ~1ULijU1~~~1~~'11 H. pusiLLus liL1"'L~9~ 1
•
1U,n lU~~~L~~;U ~"~~'L~U liL1a, 12 ~"~ 20 1U,n ~,~a'~ll ~1Ual1~ti~~U~



76

~le~a~nl~U;~~1~~11 ~~U~~Ln~~lnLvu1~~L~UUU~v~ Rhjzopus mjcpospopus S
l

~an~~va~1~lnn11~~U~~Ln~~lnLvu1~~~1~Unl~nl~~15u ~ (~~~ 29) Liv~~ln~
II II

1~~~Lv"Lvu1~~~~L~uLvu1~~~aval~~~ul~e~1~vauve~vL~Uan~~~v~Lvu1~~L~UUU
II



fl1'1t11nn

Ufl1 l~~nv~. inU~~. n~1L~vv1~1~~~nuitiLnAlulien1~~a~. n~~Ln~~~1UA~: wui. ,,
ihm~ll~~, 2535

.1 a I .f~ £) C» .1 0 U ~ 1 ' .,:
ll~1~ v1ULll~V~. L~UUU~~~~ll~1~~llv~~I~n~~~Luau~~. LvU ~~n~~vl~I~~vun 2.. ,

~'A11l1LnAlulien,~v1~1~. ~ti1na,~,~~4. ~~li~n~~~~11na1aa. 2534.,

Abdel-Fattah, A.F., and Amr, A.S. Preparation and some properties of

a partially purifed rennin - like enzyme from Penicilium

expansum.Biol.Wastes. 20 (1987): 35-41.

,HI-Hawwary, N.M., and Amr, A.S. Studies on the- - - -
production of milk clotting enzymes, proteolytic enzymes and

mucilage by fungi. J.Gen.Microbiol. 84 (1974): 327-331.

,Ismail, A.S., and HI-Aassar, S.A. Production of----

rennin - like enzyme by Absidia cylindrospora. Agri.waste 11

(1984):125-131.

, Mabrouk, 5.5., and HI - Hawwary, N.M. Production----
and some properties of rennin - like milk - clotting enzyme

from Penicillum citrinum. J.Gen.Microbiol. 70 (1972): 151-

155.

, and Saleh, S.A.---- Properties of milk - clotting

enzyme from Aspergillus versicolor and isolation of rennin

like enzyme. Biol.Wastes. 25 (1988ls 109-115.



78

Arima. K., Yu, J., and Iwasaki, S. Milk clotting enzyme from Mucor

pusillus var.Lindt. Methods in Enzymology. 19 (1970): 446-461.

Arnon, R. Method in Enzymology. 19 (1970): 226, cited by Ernstrom,

C.A., and Wong, N.P. Milk clotting enzymes and cheese

chemistry. In N.P. Wong, R.Jenness, M.Keeney, and E.H.Marth

(eds.), Fundamentals of dairy chemistry, pp. 663 - 771. New

York: Van Nostrad Reihold co., 1988.

Bailey, M.J., and Siika-aho, M. Production of microbiaL rennin. Biot.

letl. 10 (1988): 161-166.

Berridge, N.J. Some observations on the determination of the activity

of rennet. Analyst Lond. 77 (1952):57-63.

Campos, R., Guerra, R., Aguilar, M., Ventura, 0., and Camacho, L.

Chemical characterization of protease extracted from wild

thistle (Cynara cardunculus) Food Chem. 35 (1990): 89-97.

Ernstrom, C.A., and Wong, N.P. Milk clotting enzymes and cheese

chemistry. In N.P. Wong, R. Jenness, M. Keeney, andE.H. Marth

(eds.), Fundementals of dairy chemistry.

York: Van Nostrand Reihold Co., 1988.

pp.663 - 771. New

Fennema, O.R. Principles of food sciences, part 1, food chemistry.

II Do 'l" ,New York: Mercel Dekker Inc., 1976, u1~n~ U ~~Ln~~ nu~e~~ Uat

~~~& L~~n1U~~. L~~u1~1~L~u~~U. n~~Ln~~~1U~~: ~1Un~~~LuL~eU,
, , II

~L~~, 2530. ~U1 85-109.

Foda, M.S. Characterization of rennin - like enzyme produced in

submerged cultures of Aspergillus niger. Zentralbl.Bakteriol.

Parasitenkd.Infektionskv.Hyg. Zweite.Naturwiss.Abt.Mikrobiol

landwirtsch.Technol.Umweltschutzes. 136 (1981): 219-224.



79

Foltmann, B. Methods in Enzymology. 19(1970): 421, cited by Ernstrom,

C.A., and Wong, N.P. Milk clotting enzymes and cheese

chemistry. In N.P. Wong, R. Jenness, M. Keeney, and E.M.Marth

(eds.), Fundamentals of dairy chemistry, pp.663 - 771. New

York: Van Nostrand Reihold co., 1988.

, FEBS Lett. 17 (1971a): 87, cited by Ernstrom, C.A., and----
Wong, N.P. Milk clotting enzymes and cheese chemistry. In N.P.

Wong, R. Jenness, M. Keeney, andE.M.Marth(eds. )., .Eun damerrt. a l s

of dairy chemistry, pp. 663 - 771. New York: Van Nostrand

Reihold co , , 1988.

, B. Milk protein,Chemistry and Molecular Biology. 136(1971b):----
217, cited by Ernstrom, C.A., and Wong, N.P. Milk clotting

enzymes and cheese chemistry. In N.P. Wong, R. Jenness,

dairyofM. Keeney, and E.M. Marth (eds.), Fundamentals-------------=-
chemistry, pp.663 - 771. New York: Van Nostrand Reihold co.,

1988.

, B. Jensen, A.L., Lonblad, P., Smidt, E., and Axelsen, N.H.----
A developmental analysis of the production of chymosin

EC-3.4.23.4 and pepsin EC-3.4.23.1 in pigs. Compo Biochem.

Physiol.B Comp.Biochem. 68 (1981): 9-14

Fryer, T.F. Dairy Sci Abstr. 31 (1969): 471, cited by Ernstrom, C.A.,

and Wong, N.P. Milk clotting enzymes and cheese chemistry.

In N.P. Wong, R. Jenness, M. Keeney, and E.M. Marth (eds.),

Fundamentals of dairy chemistry, pp.663 - 771. New York: Van

Nostrand Reihold co., 1988.

Ismail, A-M.S., El-Aassar, S.A., and Abdel-Fattah, A.F. Production of

milk clotting and proteolytic enzymes by fungi. Agri.Wastes.

10 (1984): 95-102.



80

Jenness, R., and Pallon, S. Principles of dairy chemislry. New York:

" c. 'J 0 ~ 00

Roberl E. Krieger Publishing co., 1916, vl~n~L~ ~j~nj nv~~j.

Ln~l~l~avl~lj~~. L;~~l~~: lj~~~J~11 ~u~~1njl~~, 2531. ~~1 23.

Jensen, T., Axelsen, N.H., and Follmann, 8. Isolalion and parlial

characlerizalion of pro chymosin and chymosin EC-3.4.23.4

from cal. 8iochim.8iophys. Acla. 105 (1982): 244-256.

J i ao , Q.', Qian, Sot and Meng, G. 8iosynlhesis and pr-cpar-t.I e s of milk

clolling enzyme from Mucor pusillud. Acla.Mic~obiol.Sin. 32

(1992): 30-35.

Jolles, Jot Alais, Cot and Jolles, P. 8iochim. 8iophys. Acla. 168

(1968): 591, ciled by Ernstrom, C.A., and Wong, N.P. Milk

clolting enzymes and cheese chemislry. In N.P. Wong,

R. Jenness, M. Keeney, and E.M. Marlh (eds.), Fundamenlals of

dairy chemislry, pp.663-111. New York: Van Nostrand Reihold

co , , 1988.

Kawai, M., and Mukai, N. Sludies on milk clolling enzymes produced by

basidiomyceles. Agric.8iol.Chem. 34 (1910): 159-163.

Keay, L., and Wildi, 8.5. Proteases of the genus Bacillus.l.neutral

protease. Biolech.Bioeng. 12 (1910): 119-212.

Kobayashi, H., Kusakabe, I., and Murakami, K. Purificalion and

characlerizalion of lwo milk clolling enzymes from Irpex

lacteus. Agric.8io.Chem. 41 (1983): 551-558

Kolaczkowaska, M., Chrzanowska, J., Jacyk, A., Szollysek, K., and

Polanowski, A. Faclors affecling rennin - like proleinase

produclion by Fusarium moniliforme. Milchwissesschafl. 43

(1988): 83-86.

Laemmli, U.K. Clevage of slruclural proleins during lhe assembly of

lhe head of bacteriophage T-4. Nature. 221 (1910): 680-685.



81

Leilch, R.H. Congr.Inlern.Tech.el Chim.Ind.Agr.Compl.Rend.5 lh Congr.

2 (1937): 307, ciled by Ernslrom, C.A., and Wong, N.P. Milk

clolling enzymes and cheese chemistry. In N.P. Wong,

R. Jenness, M. Keeney, and E.M. Marlh (eds.), Fundamenlals of

dairy chemislry, pp.663 - 771. New York: Van Noslrand Reihold

co , , 1988.

Liener, I.E., and Friedenson, B. Methods In Enzymology. 19 (1970):

261, ciled by Ernslrom, C.A., and Wong, N.P. )Hlk o l ot.t.Lng

enzymes and cheese chemislry. In N.P. Wong, R. Jenness,

M. Keeney, and E.M. Marth (eds.), Fundamenlals of dairy

chemislry, pp.663 - 771. New York: Van Nostrand Reihold co.,

1988.

Lowry, O.H., Rosebrough, N.J., Farr., A.L., and Randall, R.J. Prolein

measuremenl wilh folin phenol reagent. J.Biol.Chem. 193

(1951): 265-275.

Mackinlay, A.G., and Wake, R.G. Milk Proleins,Chemistry and Molecular

Biology. 2 (1971):175, ciled by Ernstrom, C.A., and Wong, N.P.

Milk clotling enzymes and cheese chemislry. In N.P. Wong,

R. Jenness, M. Keeney, and E.M. Marlh (eds.), Fund'l:!.menla Is

of dairy chemislry, pp.663-771.

Reihold co , , 1988.

New York: Van Noslrand

.
Mashaly, R.I., Mohamed, S.A., Tahoun, M.K., Ismail, A.A., and Mohamed,

M.S. Purificalion and characlerizalion of Nuco~ pusillus

exlracellular proleases. Ind. Dai. J. Sci. 40 (1987): 315-321.

, R.I., Tahoun, M.K., Ismail, A.A., and Safwal, M.M. Faclors----

affecling lhe produclion of rennin like enzyme from

pusillus. DTSCH.LEBENSM.RUNDSCH. 82 (1986): 365-367.

Nuco~



82

Murachi, T. Methods In Enzymology. 19(1910): 213, cited by Ernstrom,

C.A., and Wong, N.P. Milk clotting enzymes and cheese

chemistry. In N.P. Wong, R. Jenness, M. Keeney, and E.M.

Marth (eds.), Fundamentals of dairy chemistry, pp.663 - 111.

New York: Van Nostrand Reihold co., 1988.

Nand, K., and Rao, K. Preliminary studies on rennin-like enzyme from

Rhizopus oligosporus for cheese making. CHEM.MIKROBIOL,TECH­

NOL.LEBENSM. 12 (1989): 91-104.

Olson, N.F. Dairy Record. 11 (1911): 8, cited by Ernstrom, C.A., and

Wong, M.P. Milk clotting enzymes and cheese chemistry. In N.P.

R. Jenness, M. Keeney, and E.M. Marth (eds.),

Fundamentals of dairy chemistry, pp.663-111.

Nostrand Reihold co., 1988.

New York: Van

Osman, H.G., Abdel-Fattah, A.F., Abdel-Samie, M., and Mabrouk,

S.S. Production of preparation by

Aspergillus niger

a milk clotting

and the effect

enzyme

of various factors

on its activity. effect of various factors on its activity.

J.Gen.Microbiol. 59 (1969) : 125-129.

Otani, H., Iwagaki, M., and Hosono, A. The screening of trees having

milk clotting activity. ANIM.SCI.TECHNOL. 62 (1991): 411-432.

Park, Y.W., Kobayashi, H., Kusakabe, I. t and Murakami, K. Production

and properties of a soymilk-clotting enzyme system from a

microorganism. Agric.Biol.Chem. 49 (1985): 3215-3219.

Shamsuzzaman, K., and Haard, N.F. Milk clotting and cheese making

properties of a chymosin like enzyme from harp seal mucosa.

J.Food.Biochem. 9 (1985): 113-192.

Smith, J.L., and Yada, R.Y. Characterization of two aspartyl

proteinase from a commercial fungal (Mucor miehei) rennet.

Can.lnst.Food.Sci.Technol.J. 24 (1991): 48-56.



Somkuti, G.A., and Babel, F.J.

83

Conditions influencing the synthesis

Tamer, T.M. Identification and partial purification of a novel milk

clotting -enzyme from

(1993)1 421-432.

Onopordum turcjcum. Biotech.lett. 15

production and useTewari, B., and Singh, S. Microbial rennet-its

Indian Dairyman. 40 (1988): 19-82.

Thakur, M.S., Karanth, N.G., and Nand, K. Production of fungal rennet

by Mucor mjehej using solid state fermentation. Appl.

Microb iol.Biotechnol. 32 (1990): 409-413.

Wang, H.L., Ruttle, D.I., and Hesseltine, C.W. Milk clotting activity

of proteinases produced by Rhjzopus sp. Can .J.Microbiol. 15

(1969) 1 99-104.

Wheelock, J.V., and Sinkinson, G. Biochem. Biophys. Acta. 194(1969) 1

591, cited by Ernstrom, C.A., and Wong, N.P. Milk clotting

enzymes and cheese chemistry. In N.P. Wong, R. Jenness, M.

Keeney, and E.M. Marth(eds.) Fundamentals of dairy chemistry,

pp. 663-111. New york: Van Nostrand Reihold co., 1988.

Whitaker, J.R. Protease of Endothja parasjtjca. Method in

Enzymology. 19 (1910)1 436-445.

Williams, and Reisfeld. Disc electrophoresis in polyacrylamide gels 1

extension to new condition of pH and buffer. N.Y,Acad.Annals.

121(2), (1964): 313 -315.





il1AGlU1fl fl

"" IOl
1. vl~I~Lia~L;v11aLv~ (YM, yeast malt extract medium)

0.3 %

0.3 %

1.0 %

0.5 %

15 llvu~ U1U 15 Uln ~,n'v'~1~1U,
I "

L~~1U 2 X ~~~~~111rivUU1111~~~IL;v,

LL1J~1m lll1Lilu

n~l~~
11

11" , " '

~~~laluuln~uLL~1~~~IL;vn~11~~u
IOl

11aLv~ (YM agar)

"" c;l
2. vl~I~Lia~L;v11aLv~~~~U~~1v~1~~u(YK + Skim Milk)

U Q ,

~~~n~a~il 0.3 %

U
,

~~~n~~v~Yl 0.3 %

U1JA1m ll111ilu 0.5 %

n~l~~ 0.8 %
11

U~'W7V~1~,JU 0.2 X

" "Q ..

3. vl~I~L~a~L~vill~~il~~v~Abdel-Fattah U~~ Saleh (1988)
11

0.5 X
U '" ,

~-3~n~a~il

111~~L~a~1~1~1~~L~u~v~L~il

0.3 X

0 .1 %



85

u~nUL~a~~~L~~ 0.05 %

~~~lalU~lniuua1U~~lL;v~~11~~U 15 ~VU~ U1U 15 U1n

(2) ~1~~~ 5 %
•

~ti~lalU~lniuua1U~~lL;V~~11~~U 1 ~VU~ U1U

Lia~L;vl~U1~1U (1) u~~ (2) ~l~~~nUlU~~~l

~ W f '

4. v1~1~Lia~L~v~1~~~~~v~ Abdel-Fattah U~tiSaleh (1988)n~~~~u~~~v~1~~u
•

tJ .. ,

~~~n~a~~

1~~~L~a~1~1vl~~L~u~v~L~~
I

U~nUL~a~~~L\J~

U~~~14~V~1~~u
V t • II I

~ti~laluU1niuua1U~~lL~vn~11~~U

0.5 %

0.3 %

0.1 %

0.05 %

1 %

./ ' ..15 ~VU~ U1U 15 U1n

(2) ~1~~~
•

~ti~lalu~lniuua1U~~lL;V~~11~~U 14 ~VU~ U1U 10
II II

Lia~L~vl~U1~1U (1) U~ti (2) ~1~~~nU1U~~~1 4 ~1U ~v 1 ~1U

.. II.. ..
5. v1~1~Laa~L~v~1~~~~~v~ Park Uati~mti (1985)

•

(1) L~~l~u 0.2 %

u~~~v~1'11~u 5.0 %

tJ ..
,

~~Q1nml~~ 0.2 %

4

1~~~L;a~1~1vl~~L~u\JvQ1L\J 0.5 %

~ti~lalU~lniuua1U~~lL;v~~11~~U 15 ~VU~ U1U 15 U1n

(2) L~nln~Q1 0.2 %

~ti~lalU~lniuua1U~~lL~v~~11~~U 14 ~VU~ U1U 10 U1n nVU~til~
.. II

Lia~L~vl~U1~1U (1) U~ti (2) ~l~~~nU 1~~~~1 4 ~1U ~v 1 ~1U



1/ II

6. v1~1~L~a~L~v~1~a~~~v~Abdel-Fattah ~~~ Amr (1981)
•

86

2

u~~l~a 2 %

~~~1alu~1n~u~a1~~~1L;v~~11~~U 15 ~VU~ U1U 15 U1n

1/ 1/

1. v1~1~L~a~L~v~1~a~~~v~Wang ~~~~~~ (1969)
•

~u~a1~ 2 %

~~~1alu~1n~u~a1~~~1L;v~~11~~U 15 ~VU~ U1U 15 U1n

II II

8. v1~1~L~a~L~vUU~~11~11

UU~~11~11 2 %

~~~1alu~1n~uua1~~~1L;v~~11~~U 15 ~VU~ U1U 15 U1n

II 1/
a om 0 III

9. v1~1~L~a~L~v~1~11

• 1/ DO

~1~11~~~~Lva~ 2 %

~~~1alu~1n~uua1~~~1L;v~~11~~U 15 ~VU~ U1U 15 U1n

:: , DO

10. v1~1~L~a~L~v11L~~~vn1~a~UU~a1~(Czapek's dox + wheat flour)

uu~a1~ 2 %

1'J1L~a~1 UL~~n 0.3 %

1~1~~aL;a~1~1~1L~uuvaL~~ o. 1 %

U~nUL1a~~~L~~ (MgSO 1H 0) 0.05 %
<4 • 2

l~u'; l'~aL1a~~~v ~~ 0.05 %



cl " .1
L~an~aL~~ (Feso .1H 0) 0.001 %

4 2

a~a1Blu~1n~uu~1ri~~1L;v~~11~~U 15 ~VU~ U1U 15 U1n

81

1/ 1/ ,

11. v1~11LiB~L;v~1L~~~vn~~~~Ull~~11~11

Ull~~11~11

1'11L~B~1UL~1Tl

1~1~~~L;B~1~1~1L~u,Jv~L~~

2 %

0.3 %

0.1 %
I

U~nUL;B~~aL,J~ (MgSO .1H 0) 0.05 %
4 2

'1.1"": l'
Lll~~L~B~~av 1~ 0.05 %

cl " .1
L~an~aL~~ (FeSO .1H 0) 0.001 %

4 2

a~a1alu~1n~uu~1~~~1L;v~~11~~U 15 ~VU~ U1U 15 U1n

o 1/ a
11~11t.1~a~Lva~

1~L~a~1ULmTl

1~1~~~L;B~1~1~1L~u,Jv~L,J~

2 %

0.3 %

0.1 %

1/ 1/

13. v1~11Lia~L;vull~~1i~~~L~~1~u

Ull~~1i 2 %

ut.I~l~L~~l~u 0.5 %

1'11L~a~1uL~1Tl 0.3 %

1~1~~~L;B~1~1~1L~u,Jv~L,J~ 0.1 %

a
15 U1Tl



~~nUL;a~~"LtJ~ 0.05 ~

'1.1"": l'
Lu~~L~a~~"v ~~ 0.05 ~

d " .1
L~"n~"L~~ 0.001 ~

"~"laluJlniu ~~1~~~lLiv~~11~~U 15 ~VU~ U1U 15 Uln

II II

14. vl~ljL~a~L;v ~~~il1~11~~~L~~1~u

~~~il1~11 2 ~

~1J~l~L~1Jl~U 0.5 ~

1~L~a~1uL~j'n 0.3 ~

1~1~~~L;a~1~1~~L~utJv~LtJ~ 0.1 ~

88

~~nUL;a~~"LtJ~ 0.05 ~

'1.1"": l'
LU~~L~a~~"v j~ 0.05 ~

d " .1
L~"n~"L~~ 0.001 ~

"~"laluJlniu~~1~~~lLiv~~11~~U15 ~VU~ U1U

II II

15. vl~11Laa~L;v 11il1~~~L~1Jl~U

DO

15 Ul'n

o II DO

11~111J~"~LvtJ~ 2 ~

~1J~l~L~1Jl~U 0.5 ~

1~L~f:I~1UL~1'n 0.3 ~

I

1~1~~~L;f:I~1~1~1L~utJv~L~~ O. 1 ~

~~nUL;a~~"LtJ~ 0.05 %
I

1~~~L;f:I~~"v11~ 0.05 ~

d " tJ
L~"n~"L ~ 0.001 ~

If I I II I ,
"~"lBLUUlnaU~~1U~~lL;vn~11~~U

DO

15 ~VU~ U1U 15 Ul'n



89

I

i1~aHa1Rn'i11n1Tn~a8~

I, ,
a1~~H~la~~~L~a~~~v1~~ L~~~U 0.01 l~~I~

i~~~~L~a~~~v1~~ 0.57 n1~ ~H~lalU~,n~U 500 ~~ii~~

al~~H~1al~L~a~1~~~vn1~~L~~~U 1 UV4~V~

i~l~L~8~1~~~vn1~~ O.B n1~ ~H~18lU~,n~U 20 ~~ii~~
./ .1' II II '" I

al~~H~lan~~~8a~v~~ L~~~U B5 ~ ~~HL~v~l~ 1 ~v 3
j 0 co u: ~ Q 0.0

n~~"jva"jv~~ 100 ~~~~~~ ~a~n~Uln~U 300 ~~~~~~

I»

al~~H~laL~~U

i~L~~U 2 n1~ nlli~H~lelUal1aHalal~L~a~1~~~vn1~~ L~~~U

1 uv4~va ~;~1~~ 20 ~~ii~~~alL~~~' 50 ~~ii~~ ll1~~1~11~L~Un1~

~1~L~U 7 ~18al1~H~lan1~"jva"jv;~ ~~lll1~~;~I~~L~U 100 ~~ii~~

1 'i''''' II II 'i"
al~~H~lan~~ ~1~~vL~vH~~~ L~~~U 0.4 L~~11

I II I

i~n~~1~~~~vl1vH~~~ 32.6B n1~ ~H~1elUUlnaU 500 ~~ii~~

al~~H~lal~L~a~~14~vLU~ L~~~U 0.4 l~~14

i~l~L~e~~14~vLU~ 21.20 n1~ ~HaI8lU~,n~U 500 ~~ii~1
'\

~ I» ,

al~~H~la~Uv~~LvL~U~

al1~H~lal"jiuiJuv~~LvL~U~ 1 alU ~v~,n~U 3 alU



90

co
~l~i~ilaiv~ Lv (Lowry A)

1'J1L~a2Jm4tJvLu~

1'J1 L~a2J1vjl~vn1 'il~

l'ilL~a2Jl~~~L~a2Jn14Lni~
" I

i~'inalu,hmh

..
60 n~2J

..
12 n~2J

..
0.6 n~2J

3,000

(CuSO
4

~1~i~ilaiv7 ~ (Lowry B)

~v~L~v4iiL1J~
" ,

i~ila1u,hmh

.5H 0)
2.

50

1,000

~1~i~ilaiv7 ~ (Lowry C)

~1~i~ilaiv7Lv 50 ~1U ~~2JntJ~1~i~ilaiv7 ~ 1 ~1U

~ co ,

~1~i~ila~Uvi1LvL~U~

~lii~ilal1Jau~uvi7LvL~U~ 1 ~1U ~v~ln~u 1 ~1U

(Williams Uiti Reisfeld,1964)

4B

n~~ (Tris (hydvoxymethyl)aminomethane)

TEHED (N,N,N',N'- Tetramethylenediamine)
" ,

L~2J,hmhli,,~tJ

pH B.B-9.0

~l~itiila ~ (Solution B)
.. II II ,

n~jlLnivL~2J~U 1 Uvi2Jvi

n7~

..
36.3 ni2J

"" """"0.23 2Jiii~i

4B

..
5.9B n~2J



91

TEKED
1/

L~1JU11iA'I1J
o 00

100 1Jililil91'I

pH 6.7

BIS (NtN-Ke~hylene bis BcrylBmide)
1/ I

illlilla'1 UUlnaU

u

0.7 n'I1J

10

BIS u

2.5 n'I1J
1/ I

illlil1s'1uulnau 100

~1'Iilll~1a ij (Solu~ion E)

3

u

0.14 n'I1J

4

u

14.4 n'I1J

100

o 00

100 2.I~~a91'I

1.000

1'Il1JL 'IJ~1U
1/ ,

~ll~lS '1 uUlmh

~l'I~llilla Lv'IJ (Solu~ion F) ~v~L91;a1Jl~~rivu'1i

UV1Jl1JLua1JL~v4i~L'lJ91
1/ •

illl~la '1 UUlnaU

~1'I~1l~la~'lJL'lJv4~li PH 8.3

'n1~

1n~;u
II ,

~ll~la1 UUlnau
o

~l'I~llilla~~1J~v~L~~lL'I91~L~a (SepBvB~ing gel)

~l'Iallala Lv

~l'IQlllala ;

1

2

,
~1U

~1U
1/ I
o u
UlnaU

~l'Iallala Lv'IJ

1

4

I

~1U

I

~1U

o
~1'I~llQl1a~~2.I~v~~U91nn~L~~ (S~Bcking gel)

~l'I~llQlla ~ 1
I

~1U



II I

o "
Uln~U

2

4

2

I

C11U
I

C11U
I

C11U
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o II II DI

C11~~t~laal~~~~1~C1 (Des~Bining Solu~ion)

milvt:n~~

0.23 ~

10

49

7

30

C11~~t~la~1C11n~~uijL~~1~iil~~L~v4

"" "~~C1 15.15 n~),J

1n~~u "72 ni),J

1~L~a),J1ilLil:n~i~L~~ "5 m),J
II I

L~),JUlniu~u1~~1),Jl~i "" """"5,000 ),J~~~~i

pH B.3

C11~~t~la~~C1-1~L~a),JlilLil:n~i~L~~

"" "~~C1 39.4 m),J

1~L~a),JlilLil1~i~L~~ "2 ni),J
II I

L~),JUlniu~u1~~1),Jl~i "" """"1,000 ),J~~~~i

pH 6.B

C11i~t~la~~C1-1~L~a),JlilLil1~i~L~~

"" "~"C1 11B.2 ni),J

1~L~a),JlilLil1~i~L~~ "2 ni),J
II I

L~),JUlniu~u1~~1),Jl~i "" """"1,000 ),J~~~~i

pH B.B
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"30 m~

Q QQ

(B-Mercaptoethanol) 10 ~~~~~1

".1 .\ ,.,:'1 1/" '1.1 ",": Q ,

~~L~v~~L~n~Lu~~U~~ti1L~~lti~ (Sample Buffer)

~1~~ti~la~~~-l~L~a~l~L~;~i~L"'~PH 6.8

l~L~a~l~L~;~i~L"'~

n~L~v~v~

~1~~ti~la~1v~~Uv~U~ 1 %
•

II ' 'I
LU~I-L~v~~~UL~LvfllUv~

L~~~,niu~u~;~1~1L~U

LfiulU~1~i~l~n~~U~

Q 1 '~1~~ti~lavti~1~1 ~~(Acrylamide,.
vti~~~1111~

BIS

L~~~,niu~u~;~I~~L~U

~1~~ti~la~v1l1~LUa~L~v4i~L"'~

~v~luLua~L~v4i~L"'~

L~~~,niu~u~~~I~~L~U
1/

~11~ti~laU~v~L~;a~l~~nvUli

"0.8 n1~

Q

~11~ti~la~~~~v~L~~IL~~~L~~ (Seperating gel solution)

~1~~ti~lavti~;~1111~ 20.8

TEMED

~11~ti~le~v~1~LUg~L~v4i~L"'~ 10 %

Q QQ

31.6 ~~~~~1

16 1~1~~~~~

Q

~11~ti~le~~~~v~a~~nn~L~~ (Stacking gel Solution)

~1~~ti~lavti~;~11~~

· ~11~ti~l e~;a-l~ L ~e~1~ L ~;~i~ L "'~ PH 6.8

TEMED

al~~ti~le~v~luLUg~L~v4i~L"'~ 10 %

Q QQ

3.4 ~~~~~1

Q QQ

10 1I~~~~1

Q QQ

6.6 1I~~~~1

10 1~1~1~m
Q QQ

0.16 ~~~~~1



0 " II III

~1~~ti~1a~1~~~av~~ (Staining Solution)

'[ III 0 III , III

~LL~~~ ~"~L~aUYl ~~ ~-250 0.12 %
11

00

n~"vti~il~ 8 %

L~inUv~ 48 %

0 " II '"~1"~ti~1a~1~~~~1~~ (Destaining Solution)

00

n~"vti~il~ 7 %

L~fl1Uv~ 5 %
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I • I
00 a .0 ". tJ a.D a U U IJI

~1~a11an~~ ~~v~~11~ Ln~L~v1~n 30 ~q~~n1e~ ~.~.2513 n~~~1~~~n~1, ~

i1L~~n11~n~1~~~~re~11ne1~1a~1~~~ a1~1~i;11ne1 ~~~1na1~1a~4 ~~11ne1ie
~~ ~

Ln~~1~1a~4 nn11~n~1 2534 ~i~Li1~~n11~n~1~v~~U~~~11ne1~1a~1~~1~~~
a ., "'."1 ,., ..

a1~1~i~11ne1n1~v~a1~n11~ ~~1ne1~1a~1 ~~1~~n1~~~11ne1~e nn11~n~1 2535
~ ~ ~
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