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406 ENZYMATIC HYDROLYSIS O SOYBLAN PROTUEINS VOL. 46

relation Letween denaturing treatments of soybeun proteins and their in vitro
digestibilities (5-9). In lhc.-t‘ experiments the denatusing treatments involved
variations in heat and moisture only.

The author 1eported previously that lower alcohols possess strong denaturing
abilitics toward soybean proteins end that they apparently set thiough mechunisms
other than water (10). Therefore, the thaee-dimensional structure and enzymatic
digestibitities should differ between aleohol- und water-denatived soybean proteins.

In this paper the enzymatic hydrolysis by varions profeinases was compared
betveeen the soybean ;arutum denatured with sleohols and with water under the
conditions for complete Cunaturatien. The behavior of the enzymalic hydrolysis for
(he ¢enutiied proteins is discussed in terns of the three-dimensional structures of
soybeun protein imolecules,

VATERIALS ARD METHODS

Defaited soybean flour was preparcd as described in the previous report (10).

For supar-free soybenn flour, the olisosuccharides countained in the dreintted
soybuean flour were removed by extraction with saturated smmonium sulfate. The
residue wus dialyvzed gt distilied water and then frecze-doed. Total nitrogen
was 11.007%,

Densturation of soybean proteins with sclvents was done by the meihod
desciiliad in the previous seport (1G).

Engymatic Hydrolysis of Donstured Seyheoin Prateins

Denzturad saybes o proteins were suspended in \\-.m-: ang  transeired
quantitatively into di_ostion tahes, After sddition of 10 ml. of a buffer solution, 10
mi. of en encyme solution, snd 1l of teinel, the total votume wes made vp 1o 43
ol the furths Gon of wvater, e dvestion ke was tehtdy stopgag s dond
incubated in o 30 C, '.‘.'.lcz Lith with continuous gond erited
previnmsdy (2}, After boing sl ‘-m for the Jeddred timne, SO At Vs
(ransferied 10 o volun: frie fa nde v to If“l ml, heai-tieated 2t 95° to (CH7CL
for 5 anin,, and filtered. A1 the 2 e, the Bk test was performed i the cane
manner, exeep!t fur inchnsion of the protein sanpic. On these Ditretes,
telilorcacetic scid-solvble nitrozen end auiino nitropin were measmed and
conected by the '."aluc of the blunk.

The piote I HRE j':.".‘.':l.ii;::.s ed here were the cude proteinases and the
purified witzline proteinase from .15;.‘. sithes sofie (a vellow aspergillus), the ciide

ps e

'1".] ]‘-'n\ citvse from A, saieof (o Lok wpogiliug), the paoivinace of Fwiius
buifis, thie proteinase of Strcptamye s priseies, pepsing trypaing and papan, Fog the

d ‘!l |L

LIlh]‘." ;‘:u.:‘.:-:‘.‘.. o prepaiction from A sl the Geeze-dri

Gafract drom
vheat bum koji of A0 sefoe KE was i

o (REAT RN B o
wh'aed by 70 vl
! L-;-_'gi of A st -:'. iy e
e 'ir-'l Ihu l n Ravihu Cag, Lapan,
)i u'i I 3ifores i) 11=-.§.-:'|.l:_~," o oand
PN ul "” 5.0 for 2hr SOTC Betone

> pionnts of 1o jaoteirases vied in cach experbiocnt were those piving a

Bemo
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hydrolysis of 807 for weter-Censtured )5L‘.m Mlour proteins (I"{J C., 60 min.).
The tota! ectivities of cech proteinase vsed ure 160, 114, 1126, 6, 34, h‘-f ’8, and
164 X 10°% (PU) 2 %y in A sojee crude proteinzes, A, sjic
proicinase. A, szitoi cruds peoteinases, B supiiliy proteinnse (Nagas), §. ¢
proteinuse (Pionase), pepein, LYp .1, and parain, respactively, when the acti
were messaied by the mo Hfied anson’s casiin i2thod (1),

The bulTer solutions verd were sodinm m..--.-r"1 asphate (mong H) solution (il
0.1M-PO;) in trypsing the HC 1-i ICI bulice [.uml 0.015 - K ) in [‘ll"'f\ the
(mono-t)sodium orthophiospiate(di-ll) - bulfer (final 0.1M-P0.) i ottt
proteinisas. The pil ud'm-' '
pll was 8.3, 1.7, 2.7, and 7.2 in teypsin, pepsin, A, saitol, and other proteings:s,
respeetively, .

citrate-1CH buiier (Final 0,13 citratz) in o saitod, and the sodivin erthephospiiie
cat of the dijestion mixtures in the case of‘l'-."‘sial and
A. szitoi vas sude by addition of excess HCH to the buffer solutions. The di

Trichloraazctiz Acid{TCA) Snlubile Hitregen

One volune of 1.2M 1CA selution was added to 2vols of the digestion filtrate
described  wbov:, with "3.."-"?""-"4 sha i"'-' After starding overniglit ot poe.n
temperature, the mixtuie wos centrifvzed at 12,000 timies g for 20 min. Tle
nitrogen contuined in the supoinatent was LE.'!-'r--"u." by the semimicro Bl

"
1
]

methed, Tot! of the 1CA -__‘.-.-.1 '.: hitrogen I"'f'-z'.i:'.'.? by the ey was enpicss
os pereeind fur the nitrogen coutzinedin lite niple.
Amino Mitremn

'I'\"fvtv peililiters of tho 7 it Mlieeto s ransivaped B 7
and made at pIE8.S vtk 208y, Riorad by ihaa Wilian of Yo
solutior. e SRR s vt e DG SN 2 j
reached %5 v ; erof Toa D o

Gf L‘:'- IL‘:. 1 fat s
nitrogn of the s
flour: ?"'.— e

L]
Sugar Anrtysls
Extacivn of Segars froen cated seple coprespening o

“before devisturstion wus et . o thonder with 0wl of $O v
cthana!, tran foned quartids a 00l Bk, and refuned for 3 b His
resuliant ndclurae weas filternd poat e s et Tt
ethanol of the e conssntn i Tane Dl ) Cin
sample viere ealrow bl fon, L fusthionatinet 4
twice. All II;.- filiz: qe s fos spesona Tl nin -
one-fifth vol .2 by L poataeed porstug oA 1T S }
solution w. o sl wpdraveil sl i o flrtien preis
occuticd, The ges i GO L SRR B A S S B P i e
with o Ltrte v osder. : i Yeditne N il AL e A i 2
0.5 g el neonbingsie e 28 LG T e SRR N L NS B
loreRiows Telll Aletibcteinb | HAR ta, M0 BEainT oo sovpiiotd |
5“(7' Ul St e o o e AR W tetee Flaaisl Tafte oliy =i

v 1 my ¢

c‘ ot ey
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Developiment i lf.’mnj'u.rruu of Sugars on Foper Chromatogrephiy. A portion
:"l 03 ml) of the preparation described above was n))tlrd on a Toyo No. 51 filler

wper and developed by n-butanol-pyridine-water (60:40:30) (12) or cihyl
.wl-l;;ynmm Avaier (25:10:35) (I.a) These solvenis were irrivated in e

uujmg direction with a triple or quadruple development {echnigue. Separated
sagars were detected and identified by the following reagents:

l  Aniline-diphenylamine-phospiate (12): 5 vols. of 4% solution of aniline in
95%%  ctha nol, 5 vols. of 4% solution of dip} lv.ntlm*n,c. in 95% cihanol, :ad 1 vol. of
syrupy phosphoric ccid were mixed erUrL use, ‘1:‘.\;(‘ on dried cliromatogram
shi; n., end heated for 5 to 10 min. 1t 110° to 120°C. to =llow the rolur o deveinp,

2. Aniline hydrogzn phthalate (14): the reagent was prepared by a1ding aniline

D, ‘1? £.) and phihalic acid (1.66 g.) to water-saturated n-butarol (1I‘) i), sprayed

n aricd chromatogian strips, and heated I"or 5 to 10 min. at 110° 10 120°C. to
ow the color 1o de velop. ~

3. Alpha-naphtliol (15: 50 ml. of 15 (w./v.) solution of a-naphilicl in ethanol
-".3 5 ml of ]-!h’m;-;:hc.\nc acid were mixed before use, sprayed on dried
tromatogiam strips, aad heated for 10 min. at S6°C. to allow the color to develop.

Quentitative Deteriination Jf Stzgars. Hhe Dubols method (16) was inodified as

howst Two shieets of Toyo No. S filier paper 24 Ly 40 e were prepared as

ib>d below. One of the sheats vaus ueed as a BWunk, Defore a semnie solution
P I“"" ed on the peoer, two lines vese drawn Teastlawise 4.5 em, fioq o o
1, and one lae vis drawn st 7 em. from the fool. On the T, fine of il
fer saetion of the puper, 0,03 ml. of saple solution to be snalyred vae o '15\‘5 1

--.-I;.' with @ nico pipet in the forin of five «pots with equivalent inde jvals of 2
-« andoon the tvo stips 4.5 cn frem the edes, an amount enouh for colar
Selapinznd,

Alter thez l:i;‘.e weeending developmeat technique by n-butinol-pyridine-water

o the spotted poper, the 4.5 cm. stiips, which were (G
t'-J! off from the deviloped chromatlopram o] with the
Wodcacid renzent, ind ] cated for § min. ol 93°C. With the
Fing strips, sppioprate sectiont weie then cut fiom the
on of the chnmatecram, and cochi seetion was i firred Lo

-

)

snpeved center por

fi dishes, The blusc, puper was cut up 1o cotrespomd 10 the area and Yecation of
rugitrs of l.._ etbor peper. Distilld water (15 ml) veas odded (o evch of the
ridnhes, vhich weee then covered, 0™ovwed (o staad for 2 br. with occasionsl
Vg, and fitered thiotgh gliss wool, The soar concentiation in the o luates was

sndned by the wmnlyane meethod of Rimler et al, (17) anid corrected Ty that of

» 1 ] AT
Lopoper,
nclied vas as follown The ehnde ves dileted e (1t the supas
teie of 3to 30y permle Thoee milli'itors of e 1esultun -
ueoi sid cooled G anoweawster butin Next, 6
i pared by dleoalving 0.2 0, of cntluone in

abosuMfurie seid) wos added to i G, T contonls were
thotovanly, '::. .‘-.'J for 10 win, (0 15 seel) aler bath, and

wosolitions weore

id tooa eoll baih, The opticad ¢rusitics of the
arred al 620 nevcesinst a blank of v phis el chovaas ot d at the
iz, The ceoncentrations of sucs were Geteamined frem i i pective

R T
Pv. CUIVES,
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RESULTS

drolysis of Alzchel- and Water-D i, Leared Soyhe: n Prcieins

The cnizymatic hydrolysis of alcoliol-deratured sed hean proteing by vaadous
profcinases was davestizoted i detail and in comparivon with weter-d o outured
soybean proteins. Cordiions for complete donaturtion were used for soltrate
soybean flour proteins both in aleohol- and water-denaturations. '

Fisures 1, 2, and 3 show the time course of hydiolysis of these doovied
soybean proteins by the various proicinaces. Accordms 1o these fieurcs, the
maximum hydiolysis of wleoholdenstured soybean 11:m'.:'1|:\ by varicus Litds of
proteinases was always higher than that of water-denatured ones. This doc. nol
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denaturing conditions (20). Hence, it is very important to ascertain whether the
reaction between sugars and proteins during the denaturing treatment is responsible
for the difference of the maximum enzymatic hydrolysis values between the
alcohol- and water-denaiuring proteins, or for decrease of the maximum hydrolysis
values which are sccompanied by elevation of temnperature and increase of time
during treatments with water or alcohols. .

First, it was confirmad qualitatively from the preliminary experiment shown in
Fig. 6 that considerabie decomposition of the saccharides occwrs during
denaturation treatinents of defatted soybean flour. The quantitative experiments
by paper chronmatopiaphy were subsequently carried out on the wuater- and
alcohol-treated lour. The results were shown in Table 1T, Stachyose, ruilinose, and
sucrose decrensed witin time of denatuation, and redacing sugars appeared and
increased with tirse in both water and alcohol. However, there existed a striking
differcace between the two in rate of disappearance of stgus and  the
accompanying appearance of new sugars, as is showa in this table. On the
presutiption thai the foration of suzrprotein complexes may be responsible for
the dilierence of maximum enzymatic hydroiysis valucs between water and aleohol
treatment, the author groceeded 1o tie following model experiment. A sugar-free
soybeun flour protein preparation, which possessed @it the proteins contained in
soybean flour but no inano- or olhigosaccharides, was mude by leaching iie defutied
soybean  flour with a waturated omunoninm sulfate solution. These sugar-fice
soybean protein pucpriions were aaixed  with wmono- o oligosacohurides,
heat-trested in vater or aleohol, and then cazymatically hydroly zed, The results are
shown in Table H1.

ETHYLACETATE PYPRDI, - WATIR =251038 n-BUTANOL - FYRIDIN . WATLR = €0 2030
{Quodruple davelopmen?} {Triple development)
. . .. I J—
o o2
22 ® ) 16 ®
2 o ® E O o ®
18;
D .
16 0] Ve
5 D 5 ]
1.4 [ ® I Q@ Fre 10+ {,‘\‘ o 0} C'f:
12 { (0N SO () 6) Suc
. 08
or  ® 0} Glv
08¢ 06t ® ™ R (> € Rof
06 04
04 @O wm O Sw OO & DO
02 02
gw 2 S Kol
0! &) - R me- A 4w G10 0! ~v -y ca-a R —p
A D A3 A b A B Ah A B
AMILINE 7 NIt “NAT
\ . ANIINE y ANGINE o NAPHIHO! ) DISHENYL AMINE ‘..-.;,lmf-,m 1ol -NATHIHOL
) DIPHENYLARING | HIDSOGEN He PO FHIHAMATE | Hy POL
H, PO, PHIHALATL H,PO, 3P

Fig. 6. Papar chreimnwtodrem of sugers containard in the haat-troaicd soyboan flour, A, not
troetil; B, iroatod for 10 e, ot 120°C, wirh water,
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OF SUGARS I DEFATTED SOYRCAN FLDOUN :
CATMENT VWIHETHANOL AMI WITH " IATER AT 120

Sugars T

Gluco i
Solvenit Tiune Stachyose Raffinosa Sucrosa Frucios:
min. S <, w o

Nonu Nonz

- A
=) Q
o
-

L]

4 o
Water 30 4.45 L 0.1
i 189 3.35 1. 4.y 0.4.2
i [ uke] 0,92 0.5 0.6z vt
Cthanot™ 30 4.45 1.35 G.52 0
14L0 3.73 1.34 b.ae > U
GO 3.08 1.332 418 ‘0.‘. d
ACons ents tivn of 90l Tou
Contiary (o the presutantion de q] ehase, the rosulpsahows?
soybean supirs such s seoote, wafiine-, and stechye @ hied o )
D, CoN Hie aflel dennration oior it w .
“_II' i, " s AL ‘.' 'l'-'--‘: 1". ]
r_. 1 1 1 v lI |. . ] .
hydrotsis alter bothy wterant ol (lhled Lamasion, P i, i st a5
| notod (hat the dopaeine e of ¢ a f watia Atk e sy ity
in water, For example, e naxinvun sntyn st bidpale 5SS alg =gy
styhedin: guobving geereatot bye 2307 i st denatvns AR
pealdiame Ahizhibog fhie stonn o stidinroas et ¢ vl g s (1 R
inalcobis! oot ation v L h
TABLE N, ECTECTOR ANDISR S50, & t0nd Dt A1t ve - aTs ! '.
VbR B RNy O T s S Al PR T
ON MAXIML L Ca sy ot \ ' = R
CIF A SNENS RN S0 Fasth st b
Lina Pilcgin TCA L Mi
oy A voas o0 Ethen Vi £ g
43t c :
tiann 250 670 £1 0 o4
fary q5.2 i1 4 1 -
yn it £1.0 e (1%
Pt A5 (1 o i ) [
Pl R7E . d P M £ ] ‘
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There is oiher e dopee that the sugers contiined ia coybeans a2 not rospen sile :
for the decresce ¢ xhnum hyaolysis values, Soybeon flour proteins, o> from !
ouosacetanrides (0 ¢ 7), showed the decrease of maxinim enzy natic hyd lyvis !
valees with the hest 1 time, end the relation of the decicnae (o tine was Ui s e ’
ac for the soybon flovr protein containing ol osacchasides, Further, simil @ cuives
vere ohbuined on the scid-precipitable proteing, which Iwk whey and 40 Jlue '
protein fractions (see Fig. §) but are both coligoseechuride-fice ind
polyszecharide-fice,
Cohevior of Soyboon Protiin Froctions
The soybean flowr protemns were huctivuated as shown in Fia, &, wnd the
posulting fractions were heat-trezied with water or sleohol, followed by protoeiviic
hediolysis by Aspergiflus spp. (Feble V). Maximum enzymatic hydro'ysis by
aleoho! & natation was not observed in all fizctions. Powever, with 1= 1d fo
both the azid-precipitable proteins and whoy peicing, which compiise mo: 0y Lole
soybean flour proteins, oo incrcase in mmaminn hydrolysis value by aleolo vas
observed,
NISCHISSICH
Consideration of the thiee-dimzedonal stincture of soybean protein moieciles
ol the Gitference of the mactonime batvoen aleohiol and water-densation
& vote pieeented in the paevious repoit (10), Tae ditferepcer of Botvion of tved
Ve for orevimatic hvdioteds can be ahae cueliined sec-anably from that of the
Papeescimie sl strscnuie of deatozed savtean paoteing, ws desenbed below.
Oae con conrider e following foar penesal patters as the factors relating (o the
L 1 :
\ .+.
{
1
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When the polypeptide chixins of the protein mc?ccul-:s are loose and flexible,
enzymatic hydrelysis will proceed very napidly, because the active center of the
enzymes can fit very casily 1o the active sites of the substrate proteins. When the
polypeptide chains are not so loose, ilie speed of the hydrolysis will be slow, since a
part of the zetive sites of the <Ll‘_'.rm will bz inaccessible. In this case, however,
the nusked sctive sites may appear slovdy with the prosress of Iy drolysis, and the
hydiolysis then proceeds to a high degres of completion. On the otlier hund, when
the chains are foldad to form such rigid and compuct structure, enzymatic
hydrolysis will not occur.

As is diszussed i detail in the previous report (see Fig. 7 in reference 10),
aleohol in aqueous solution is alle to destroy both ihe Lydrophilic and
hydraphutic regions of the protein molecules, whereas water desiroyed only
hydrophilic ones. Consequently, the very risid parls contxined in the mative
soybenn protein moluul;.\ will be found to be decreused more in alcohol-denaturad
proteins then in water-denatured ones. 1 seems most probahle that the higher
maximum eizymatic hydrolysis values of alechol-denatured soybeun proteins
should be ascribed to the grester dissuption of the rigid parts of the protein
moiecules. Ou cne hand, the facts of the markzd decreass of maximum hy drolysis
values with incrcase of tine during denztoration 1‘0.11. in aleohol and in waler
supgest secondiy fonmation of rigid paats which may be canszd by intaimoleculir
or inhemalectliy interoctions among the nolypeptide chains unfolled during
denati cution. In this e, it is pres 1‘fluu' that the feiee responsible for socondai
formution of the tigid parts s the hydroen beads in eleohol danateration and the
hydrophohic berds fn v e alonatnrstion

W waterdesataration, bowever. it shoald e I,1-.u" 1 that lormation

1of the voyy
flesiiblde puris in protein moleenles oo vieats ut the seme time as feumation ::f
the very ricid puts deserived ot .J.L,'I" 7';:' cof ihe protain molecules should B2

reflected 1 e dnitial poed of ¢ s, srimants done with
witlerextiit of m..'.'.‘ it v.‘;'!.h, 3 (L i ‘3.} and 5, and 7, it s

unquastiopahle th i bere s a reverss reletion between initial spead and ninaimu.n
degres of by 2oy i

i wat Cenaturation, ;!.?.‘; indicates that the two channes on
poiynepiide chains oceur of !h-. e time duving onaturing treatment with wat LI,
The initisl speed of tepiic hy ol lov-tempereture, zleohol-denatur:
"r-yt'c.--r. proteing was eaceptionably low. Since trypsin Lers were absent in I!'-i'-i
Acoliwlden tun =J ‘ 2t Aenr gl the szme plicnon as found with e
acid-pizcipii ted s 2 profeing, this Jow ruie of trypid tion can be asent od
to the thieed ...T-~.r.-:":-.l ttiecture of suhstrote cina, Trypsin ean spiit
spocifically only the peptide bonds in the Catennadanl sids c|f} sine wind mpinipne
n-:'._'--.w in protein malecules, nation is that in
regions contuining ly<ine and areinipe” the 1 149 chuins ol the
foveterpowatire, alecholdvnstnied profoine are rini od, Since lysine and

i ive soybaan protein

cvivich eannot be diziopted ensily
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