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Summary

(1) In order to study the specificity of Aspergillus
soya protease to soybean protein, as well as the
types of peptides formed during soybean-koji pre-
rapation the amino acid sequence for the di & tri-
peptide and N-terminal amino acid residue and
C-terminal amino acid residue were identified. As
the results of the study, the following were obtained.

Gly. Glu.

Ala. Ser.

Glu. Ser. Ala.

Val (Cys, Glu, Ser, Ala, Arg, Try, Leu or Ieu)

Asp.
Phe (His, Arg, Cys, Asp, Ser, Ala, Leu or Ileu)
Glu.

Ala (Cys, Gly, Met) Glu.

Ala (Asp, Glu,) Gly.

‘Met (Asp, Glu, Ala, Tyr, Leu or Ileu, Lys.) Gly.

Leu or Ieu (His, Asp, Glu, Gly, Ser, Lys, Thr,

Phe,) Cys.
Gly (Asp, Tyr,) Glu.

Pro (Asp, Glu, Ser, Gly, Thr, Ala, Val, Leu or
Ilew) Try.

Ser (Gly, Glu, Arg, Ala, Met, Leu or Ileu,) Asp.

Met (Asp, Glu, Ala, Try, Pro, Leu or Ileu,) His

Thr (Ser, Gly, Tyr, Pro, Leu or Ileu,) Glu.

Gly (Asp, Ala, Ser, Glu,) Leu or Hleu

(2) It has revealed that Aspergillus soya protease
has considerably wider range of specificity than that
of chymotrypsin, pepsin and trypsin but not mold
protease and Aspergillus saitoi protease. It can be
said that Asp. soya protease split the bond adjacent
to glutamic acid, aspartic acid, glycine, serine,
alanine, cystine, tryptophan, histidine preferably

acidic amino acid as C-terminal amino acid residue.

— W .
FHe B A Fmoe] BuEPe KERY
o= BREE Akl & peptide BHKE Dowex
50 0.2 HTHHE st AN A fraction o2 5F
BIsh &2 Wisshg 2 E WD o) 4 = X-16 fraction
o) 09t {ELL peptide o amino acid pattern &
peEstg ee Fxex BE$ AERE peptide o
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BEE 7Msle FR £3d Aspergillus soya
protease 7} YEfI3lE specificity & ¢7] £3te] Sa-

nger 8 DNP-method 9 hydrazindlysis o i3} Bize”

3 #5E o] E % peptides] % N-terminal amino
acid residue 2 C-terminal amino acid residue 9} ¥

# dipeptide T tripeptide ] amino acid sequence &

ol Yo clvlel 1 HREE HETE vhol ot

=. WBAE
D EE o Hs
s H=

#—#o] A paper chromatography 2 ##Esle #hi
Hi3k % peptide

@z %

A) Standard DNP-amino acid

HEo@med A BRYHE AEBENA. SRS
4. DNP-amino acid & #Hstg .

B) #E7k hydrazinet® @

E. Merk @iit8u2] 249% hydrazine hydrate & #
BAAA # 80% KW o2 47 5082 500 gsq

toluene 2 500g o MitAEE B Bt £F
2 3% KBGO BRAYE HEFY AR

o} EmstA 94 st 3SR BHAL 93~
04°C o irppBke® HEAA THE Sl A
& /K hydrazine 2 @A .
2) BBk

(1) N-terminal residue BE

gael EEe) A 30 Kol paper ol A IAL fh
st e #% peptided] DNFBE& {EfAAA
diphenyl {41 7] 2 7] 4] 5.7 N-HCl 3 ml & 7}3p4
st 105°C A 20 B IAKSMO el =2
o] A4 KOH & P O:& %2 WEE desiccator ] 4]
HCl-¢ BmEsa Bgs =& S8 HFB oA
Mills 750 = DNP & prkdl sample —#4rE A
4-3}e] free amino acid o pattern & <17 v+
7| —R5& acetoned ol MR A EEAMRE b
9} zro] tert-amyl alcohol saturated with phthalate
buffer(pH 6.0) 2 1.5M phosphate buffer(pH 6.0)
solvent system © = JEBA]# N-terminal amino acid
residue & FEatglch ol HRL HfEoE d& &
st 4 DNP-amino acid spot 7} EhA] ¢F-2A 2
glycine o] N-terminal amino acid .o 24" §9
o2 JKARE A Els Aoz Fsta oA
5.7N HCl= 105°Cal A 4417t kS sk
chromatography 3to] 55 % 4=,

(2) C-terminal amino-acid residue & H3E

C-terminal amino acid residue & st kA
= Chibnall and Ress® &5o] LiBH & {fjslo] free
térﬁninaicérbo}{)rl group.& carbinol (CH,OH) #=
29 A7 eE kA A Chromatography 2. [
£k FyrEe] 1tk Akabori(® B9 (10 (1) 12 19 (16 o)
100°C ) A} protein o] #E/K hydrazine & {EAAA
peptide bond‘% BAZ44] 7] 2’ C-terminal amino acid
Lste) o}F| x=3E hydrazide (—CONH NHp) = =
23 olA-& FHEMLASHE WEAA BRET
< s C-terminal ©-2 chromatography & R
3 phol glew Hfth carboxy peptidase® (10U5
£ ERAA RAEste Aol . HEE
¢ Akabori & hydrazinolysis & modification g J.H
Bradbury®® o] Sk o=k & peptide 2] C-terminal
amino acid residue S [EZsF4 =t.

‘Bl peptide & -3Mgst7]  Bslto] ZRkE EHAA
paper 60 &+l 4] %% peptide & elute ste] PO:% 4
& HiEE desiccator sholl A FRF AV 47
o] hydrazine sulfate 26mg& Svjz Wol miiel
A 107*mm Hg o EEHez HWEAAA KM L
53 ¥ % Mk hydrazine 0.2ml-& st
o ij%%]-ﬁn}. amino acid & cysteine, cystine, ar-
giriine, aspartic acid, glutamic acid o] BEE 47|
B3 60°C 9| tuny BHat BTN 16 B sk
stel IAAMEAZ . @M hydrazine & BB
£ 42 vaccum desiccator &o) A FaAE] AL
o}& 0.1N HCl 1 ml o] o} 3 o 7o} benzaldehiyde
E jnste] 2Bl TSl ARKY hydrazide &
condensation A] A A | KiEEWEE LRAZA . o
Ae BOOWSS KBRS SRt Wt ol A
15 KOH 9} POs% 42 HE desiccator o] o]
HCl & Brkstz A 25 —8d HEE
Levyne] -Jjgi oz M/2 carbonate buffer®®. o =
o sifiel] A 3MEHT dinitrophenyl (LA Z =t B
DNFB & ether 2 [sla @ HClL£ jnstd pH
12 ¥ b7 7% ether 5x5ml @ ethyl acetate
5x5ml = - ehe Millste Fpro 2 DNPE
Bkt 5 2ol 4 st wheb2el =g FL
BEES ERstd —x2 BRAR .

Ether soluble DNP-amino acid

tert-amyl alcohol—N/10 phthalate buffer
(pH 6.0) saturated
1.5 M phosphate buffer (pH 6.0)
Water soluble DNP-amino acid
n-Butanol—19% ammonia (1:1 v/v)
0.75M phosphate buffer (pH 6.0)
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o) #R=2A paperol& C-terminal o] 4 g
DNP-amino acid &= overlap ¥ DNP-amino acid ¢
E3% hydrazinolysis A1 & = 5543 HRAEE pep-
tide = DNP-derivative & JRste ‘retsrevt o
ol EHBalA B2 A& Cterminal amino acid =
goEsld e, —E Je A hgEy 2HEE Whatman
filter paper No.1-& St 2|4 Skt
BuOH : HAC: H,0=4:1:1(v/v), PhOH:H;0=3:1
saturated with HAC 0.5% #iEs —Zorvo 2 B
213 0.2% ninhydrin acetone JA¥ 2.2 ﬁ:@x]ﬁ
amino acid pattern 2 2o} =& amino Eacid =
C-terminal 2 FlEstd =4 Ard KT E&EE
HREE . ‘

(3) Molar ratio® (11

TRIue R EBISHY peptide 3 A [E
paper 20 #tell 4| peptide & elute 3}e] # HCl-g
3o} 20% R HBlaz 150°C el A 6 BT In
KARE A +E KOH S PO & 42 HE de
siccator o} 4 HCI-& fRE #igEstn o] & Levyin g
JEe 2 dinitrophenyl {64} 2 v}, DNFB & ether
=2 BrEsta #g#ikste] ether 2 ethyl acetate =
gk <k, Millsd® 9} Fpzo 2 DNP & frsla
acetone 9] o 15x35cm =719 Whatman filter
paper No.4 9} 3% & 7cm S & #4559 band spo-
tting & ¥} @sar tert-amyl alcohol—1/10M
phthalate buffer (pH 6.0) saturated it 2 1.5M
phosphate buffer (pH 6.0) & 44 —&2 BEgstd
DNP-amino acid & 4y#t st =+& % peptide o] overlap
% amino acid ¢ DNP-derivative = B#ista #&
peptide &} 4% amino acid ) DNP-derivatives 7} 52

23 EASES 5K 52 HoF FA UK
3te] test tubeo] W HyO 4mle ¥ water
bath o] 4 50~60°C & 1585[] fn#stgd=t. o1 AE
B s HFAN NS EEstd 4 MEKREE
Bes) 5ml4 o= A3 Beckman model DU spe-
ctrophotometer & [Efstd 360me FEARH 0D
5 HiEstgch. olebze] dtd 4& ODA #E
9} factor & F3e) molar ratio®g 5EI+F.

Glu. 0.94 Ser. 0.97

Gly. 1.03 Ala. 1.09

= OHBR WY ER

(1) N-terminal amino acid residue 8 ¥

HE (DY Hikol fKsld % peptide & dinitro-
phenyle (kA 7] & fuAkA#EA 7L =& HCl & Brakst
o} Whatman filter paper No. 4 & HfA%td =&iu
oz EEAZ &R H1Ed 2.

5@} paper chromatogram o) A [P}~ ,(P)—
N,(P1—V, (PJ—VL, (P)—K, (PI—X % (P)—
XN-& =% 1/M2 DNP-amino acid o} %HE= & yel-
lowspot & FEEEE 5 9191 o} A & standard DNP-ami-
noacid o %S RE 44 HELT Sli‘siﬁ.“] [P]
—1,P)—1, (P}—Vi, (P)—X, (P)—XII, (P}
—XIII & (P]—XV & 2@ vellowspot 7} ,+}Et
1} 6] 5 s} overlap® free amino acid j 4 H
R Aelmz ol WS & spot 2 N-t;erminal
residue = peestg =, 2gla (P)-V1 %yello;w spot4
A rh 370 overdlap® free amino acide] 3L =y 7|
1 @7} N-terminal residue o] =}.

o] FES fFadhy Bk 2

Fig. 1 Paperchromatogram of N-terminal amino acid of peptides
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Table 1. N-terminal amino acid residues of each peptide
peptide No. pirlelwiv! ow o (wilvEl x| x| m X xm (XIv| XV
identified igm Thr Al
identified corresp Phe | Ala er Th Al T k- a
a 1 a ry| un
grx:lirllrlx)g acids Val Cys | Asp Ala|Met L(gtllyor Gly, Pro Ser Gly‘ Met| Glilnown Gly %]th ot
Ileu |
i i |
1 d Glu .
el onlan | (S I e |k R
Neterminal |yl | Phe| Ala| Ala| Met % %) Gly| Pro| Ser | Gly| Met| Glu| Thr |Gly| Ala

(2) C-terminal amino acid residue & 5

% peptide & /K hydrazine € 44 hydrazin-

HEZ WRAD B KEES SEEste dinitrop-

olysis & ¢ © 7] 3 benzaldehyde & fnsle RpgH: & zet.

"

PRmEs (09 1y
Joyng Fefepud of/

IOYOOLY AWy -3 |

henyl (LAl A A =&t 2 BEAIA FiRe B2

Fig. 2. Paper chromatogram of C-terminal amino acid residues of each peptide
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1
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) 27 [E ¢} paperchromatogram € x.9 [PJ—1, [Pi
—N,P3—V, (P}-VI, (P)—K,(P)—X, 2 (P]—
XIV= DNA, DNP spot 52 545l main yellow
spot 7} 1{@= “}E}v14 standard DNP-amino acid
b HE AR (P1—1 LSS peptide & K% H—
3 DNP-amino acid 2 [{Ee] Hv [Pl—Ix oA
o] glutamic acid @ aspartic acid f7iB= = o o)A Y
#—3%} DNP-amino acid Q12| 2 {7} overlap® A<
A @717 1A S, (P)—1&3HE, (PI-W,
(P)—XII 9 (P)—XIII = main spot7} 2 @2 e} )
A[P]— 1 & cystine ¥ glutamic acid 9, (P)—Vi=
threonine @ tryptophan ¢], [P)—XIl% tryptophan
7} alanine 9], [P]—XIII = glutamic acid @ unkno-
wn amino acid 8 DNP derivative = 1}e}riw [P]
—V[-2 DNA 9 DNP & %% main spot 7} 4 [8=

‘t}EFE A cystine, glutamic acid, serine ¥ glycine £

DNP derivative = A5z =] 9 ©.
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webd b FEEE EHRSE AR 43
(P1—H & DNP-amino acid spot 7} DNP-glutamic
acid @ DNP-aspartic acid ff Bl—3F A Q=] F7}#
DNP-amino acid 7} overlap 5 o] }eb} 2 =] 528
37 Bt BE BRH RS AMEEREE I
st Whatman filter paper No. 1 & sl =%k
JLo 2 RS amino acid3 RmEar 558 (PI1—1I

it
o] A= aspartic acid @ glutamic acid ¢ Z7}17]

amino acid 7} =5 fEs et HAl peptide of A
2@ A 9 FReY 2 —mA gt

Uk AER =
amino acid 8} % peptide o] overlap 5 free amino
acid ¢ FEEY Ao o] % amino acid ) 4 B
W o5k 3 N
C-terminal amino acid 7} & =z o)}, o1 A& #4535
W2k} o] He.

amino acid 2] C-terminal

overlap ¥ amino acid 3

Table 2. C-terminal amino acid residues of each peptide

i ;
peptide No. I 1 il U vV OV oV v K X | XII| XII| XIV
| |
identified Cys . la
identifie
Cys | Glu Glu Thr. . Try U leu or
! amino acids Asp. Glu | Asp Gly | Gly Ser Glu Try Asp. | His Ala ‘lé“}vk;l | Teu
: Gly
. Glu
overlaped Cys. | Asp. Ser. Thr Try |unkn-
Gly
| —termi ‘ i 1
‘i Srgf;g“gjsld )[ Asp. Glu | Glu | Gly {Gly | Cys | Glu & Try | Asp ‘i His |! Ala | Glu Ll‘fgu‘)f
(3) Molar ratio 2 #iyste] Beckman model D.U Spectrophotometer
{&#% peptide <1 (P]—X, [(PJ—XIL, (P1—XV ¢ 2 0D % WEd HRA & RERHES T304
KAy #ES dintrophenyl {hA]# paper 2 G3#ig A o2 molar ratio = £ 3%} o).

Table 3. Molar ratio of lower peptidesd

. i ]
\ Peptide No. ] DNP-amino acid j 0. D factor molar ratio
| DNP-glycine 0.811 1.03 | 0.8353
X | DNP-glutamic Acid 0.895 0.94 | 0.8413
| DNP-glutamic Acid 0.503 0.94 0.4728
XII | DNP-serine 0.402 0.97 0.4779
‘ DNP-alanine 0.437 1.09 0.4763
DNP-alanine | 0.3 1.09 0.3792
XV DNP-serine | 0.40 0.97 0.3918

#2 R HEe (PI-X, [(P)-XI 2 [P]—
XV & ou Aot} & #HK amino acid [{e] Molar
ratio7} 1:1 2 Heol e A& & 5 ¢+

BB Rt el A9 4 peptide o MR
amino acid pattern & ##&35le 3o (P1—X & gly-
cine ¥ glutamic acid [P]—XV % alanine @ serine
2.2 RE e 932 =3 molar ratio} 1:19 7+
gHo] dipeptide 7} o}l =l tetrapeptide == . LIk
+7}2] amino acid 7} 22 molar ratio = &5 (%
#e] peptide chain o= 5 peptided 4 = &
feviel K. 2 e TR A pep-

tide & N-terminal amino acid & B4} & #E% amino
acid 7} (P]—X & glutamic acid, [P]—XV i serine
o 2 o] gl zoz wo} dipeptide d S o 4
gla (P]J—XII = N-terminal amino acid 2 B4t
# MR amino acid =4 serine @ alanine uleo] [EE
HE zlezA trpeptide 4-¢ & < gioh. webd
" N-terminal, C-terminal amino acid $} %
dejzle ol % (& peptide 9
amino acid sequence & Brand E. & Edsall J.T®20
Ho s FRstl whe el et

[P}—X Gly. Glu

amino acid ¢l 4]
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{P]—XV Ala. Ser
(P)—XI Glu. Ser. Ala
G H1HKY & peptide 8 N-terminal, #2#

9] C-terminal amino acid &} e HIXE &

459 tetrapeptide LI 9] peptide 8 #Re T+

3 o] HARE 5 A+

[P]J—I Val (Cys, Glu, Ser, Ala, Arg, Try, Leu or
Ileu) Asp.

[P)—II Phe (His, Arg, Cys, Asp, Ser, Ala, Leu or
Ileuw) Glu.

(P1—III Ala (Cys,Gly, Met,) Glu

[(P]—IV Ala (Asp, Glu) Gly

[P1—V Met (Asp, Glu, Ala, Tyr, Leu or Ileu, Lys)
Gly.

[P]—VI Leu or Ileu, [His, Asp, Glu, Gly, Ser, Lys,
Thr, Phe) Cys.

[P)—VII Gly (Asp, Tyr,) Glu

[PJ—VIII Pro (Asp, Glu, Ser, Gly, Thr, Ala, Val,
Leu or Ilew) Try

[P]—IX Ser (Gly, Glu, Arg, Ala, Met, Leu or Ileu)

Asp.

(P]—XI Met (Asp, Glu, Ala, Try, Pro, Leu or
Ilew) His

[P]—XII Thr (Ser, Gly, Tyr, Pro, Leu or Ileu)
Glu

[P)—X1IV Gly (Asp, Ala, Ser, Glu) Leu or Ileu.

(1) Aspergillus soya protease 9] {EA] specificity =
chymotrypsin pepsin @ trypsin® 3wl ¥ o}
Crewther et al® o] #{4;3} mold protease(pH 8.0)
2 Yoshida et al!?® o] #R4;38 Aspergillus saitoi

protease ] {EfH specificity range Bt =t
(2) Aspergillus soya protease = C-terminal resi-

due 7} basic amino acid &1 A o] = fEASA F=
o2 wolw = acidic amino acid & C-terrmnal

2 7}A Aol specificity 7} 2w 53] glutamic acid
o & AT Aoz B+,

H B =

) T guEd LR EH peptde o &
HE ZeHAst: EgY  4#3}d  Aspergillus soya
protease & {ER] specificity & ZuBsts] Rt &
a9 B RS S [E# peptide o N-terminal
9 C-terminal & 53t dipeptide @ tripeptide
of #stel A amino acid sequence & PE3te] <t
&3 e HRE 94+t '

Gly. Glu.

Ala. Ser
Glu. Ser. Ala

Val (Cys, Glu, Ser, Ala, Arg, Try, Leu or llew)
Asp.

Phe (His, Arg, Cys, Asp, Ser, Ala Leu or llew)
Glu

Ala (Cys, Gly, Met) Glu.

Ala (Asp, Glu) Gly

Met (Asp, Glu, Ala, Tyr, Leu or lleu, Lys) Gly

Leu or Neu (His, Asp, Glu, Gly, Ser, Lys Thr,
Phe) Cys

Gly (Asp, Tyr) Glu

Pro (Asp, Glu, Ser, Gly, Thr, Ala, Val, Leu or

Ileu) Try
Ser (Gly, Glu, Arg, Ala, Met, Leu or Ileuw) Asp

Met (Asp, Glu, Ala, Try, Pro, Leu, or Ileuw) His

Thr (Ser, Gly, Tyr, Pro, Leu or Ileu)Glu

Gly (Asp, Ala, Ser, Glu) Leu or Ileu

(2) Aspergillus soya protease o] {Ef3 specificity
= HEHy F@Esl carboxyl #£E
WA 2 {fEHste A2

7} amino
acid 7} acidic amino acid ¢
2 nQl,

BoE ARAE BT fol4 KET i
Y WIS ol7x %o d KAKBBE LVLHEL
£ v %% ARFEHE $EREL, e =
Bt AekE BRASEHE el
Aoz EBEHE =9 obgs AEBBITA I
of BEBIHGE FABK KB BT A
BEE Rl vl

5l B X @
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