-

View metadata, citation and similar papers at core.ac.uk brought to you by ;i CORE

INEW T ORI T IC & R
&%y E O |

m kR F R

FERIMRToL bR, 2055 b ORMRMCIW, HHINE, TENCASFAIR
T B BE DOIKIREER D% D D0, MDD 5 MLERIZZORENFITH
%o

L Lisdth, ASROBRINEARERETEH Y, MELAMIRLE ORI S DRk
REICIG U b#ERIE R E L LTEA, COEREBEGETIERELY LS EATY
b0 EHRNTTRbA TS ZOEMEERIE, THhbLbLEMBARYICETIHIIE, &
DEGEHNLTTW2EA~DBMRIEZY O BELCHBTS 2 LU ETH D, DRIGIL,
ENENBVOBROBIBIEAC I VEZINRTWBELDTHL D, HxOBEREYHEEL T,
TNOEROBSTIRIEEHOACTE I ENEETHA Jo

DX REROEBNBEYEBTANELDL, bRtk BRI v AX—¥0D
L) VbW L RERERY TEAOCHRT2861d, ETMENOHENOBERYERETS
CERBDTHGRFR T, BRBHFROTVMIERELERY 3OO LEZ b,

HRRARCHEEL TV EROPKIE, MBEBCEFEL TV L0485 55, F0iEh,
Mla DAL & 2 LMfak, WialE, FORERE, BRAL R REEOKRBTRELTCWS
bDHHVe COFBELIELIE, Dx v<sH, Bk ZHEESICIRELRE & Complex
R LTWAA, 20X 5 multi-molecular aggregate (37K 3 WL HME L EEBTI
TREWEOE SN\ LT, ZHbD bound enzyme % A[¥EM:ORRBIZE b 7%
ik, B, MRORHMEROMIRAZ(EE LD, Tk, BRI ONE L OKE %
dissociate 3% & L BRBETH %o

FORHMEFERLLT, B ODLVALALDFENREDLNT V5, ZDERSDE LTS L
RDL 5 Thado

1D BREIImEE

2) HOMLE

3) T - B

) FEBE (7ebvind) LEER

5) R

6) HEETLEE

7 REBEEE

8) Lysozyme & O{hiifaBERSRBER TR L

51


https://core.ac.uk/display/229135149?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

9) AEEHEAIMER

10) Dithiothreitol, Mercaptoethanol 75 ¥ DML

RERHINIE & LOA W O MIA0ME, MRIESHAE, H5 W XAMNEFEBEDR
ELRENC ST AFERRR L2 TABEL LT, ThZThRkdFHETFREERA
TRETHD,

BERE VR BIL—RCEE - REBELLTWEDOTHLL2 D, MHERFCHSVWTR, BRNE
THERORELEI LWL S REE LTS bive ok, Y- ik, BWER
o, Tz v 2B, SRR ORI FAMIKEL T B2 2R bRk, L
D E DA OPERRICIL, i ) EMBRFLDELT2H580H 50T, HNERLHE
RISBEHLT, L3 RHYEOBRALZ TEELIRIFRT S L5 eHiHFEIEE Lvy,

BERBED S b, B LOBRVESFASR TV LD L LTHRI VA 5 — ¥k
Bo FOHCIE, T L LCERMAY b A~ AR EOFET CHEHILRE LD 2
BED R EBRTHeR, COMUETETIIREORB LI 5 BEBELN IV RETS
D, FRHEBNSEORM L v s BOoSEENRME L TL D REND > T
BT, BRE v AE L REEER L OREIRIE, B X OBESMEC-T 5 REEEFO
BEIZ O, BETFHERLTR - TR, Fo—0 2 LT, BEME (EwERD %
alkyldimethylbenzylammonium chloride % benzyldimethyl {2-(2'-(p-1,1,3,3 tetramethyl
butyl phenoxy)ethoxyl-ethyl} ammonium chloride % #:i% dodecyltrimethylammonium
chloride 72 & O~ 4 v HREFEEROBFEZLET T incubate T 5% = & % R4, D THERI L
BERFA v S & — R LBS 2 L a - D

COFBEI L BEL, Nt — L HOEEREOSE/CHL, 1 v <L s—EOHa e
N, ERTOBEHEOKREND, ¥, BRINLA VA Z—EEDZ v A7 BIOHE 1Ing
L O b A - BEMEROZhCH L TR e D, REH O DT BN O &
WHDRBHND DT, FOBOEHBIENEEICT Do

i, BROMBRARECHRERDDT, KEOWELFCRIED Z LR TE 5,

B A v o REFEMFI BRI D, 1 v <1 g — €O {RET s, 2d
BHRRTF DRI - T D 2 EDRHERIND D, EHRERC, LEOBA + v EREENE
FEEmz 52 itk > T, <v®D dough KEWVEIDS DA, 13 & A XBREFICIEIR & /s
v, BERBEOWERENL DN, FMlAiirFr v 7 Aa—THRAEIND LI b, Zh
LOFEFERL Y, BHREMIAEEEROLEC L VS KOBGY 5 T THET S Z L2 H
L Thbo

—77, ZHBHOGE LI, EHBIBEREMRICT 2 RAWE & CRARS O EC
DUTHER, INERTKEH RO BER A A R L, 2 OBEE I RBMEEA 2R T
ERMD, TOHERFESMBEL, *HEBBCOWTREZINZ %

ONER X D o EEUCRTE, BREERYERS S Lk, filarnn r i g,
SR, R/ vAFY, VB SRBEBEIRAERANEE ChL D, X ) et E IR, B
52



DR A A+ v EREBEERI OB : X SAUL TV Bq

T TEEL, MEREOBBBERTICL S 1 v <A 2 ~ L OMIICOVT, REEHEA
s X 00 LIS & BT L oo R I 1R, 77 D RIF A RA D71,
3 DRIERI DV

EUF 2 0 SRBREEK e ali~ienih, ZOmEvER T2 - T2,

Tﬁgéﬁ L‘f\:\( Yo
1. /INEBKHEETT Y BRI v~ & —EOBH

NER (A =7 0) O 4 fFKEHE GENTNK) ZEHRERCIZ T, 30°CIC incubate L
T, M CBEBEEND 1 v — BB BIFNCHE L cERO—FlZ R Fig. 1 ©

m Thbo
X10 -
X10° x1¢ 10y ¥
@2 7 , /
! e (21 L
= 4f A 16} 8 /
@ X | x 1
© // e
e L . -
E 3 J 12 x/ 6 /
=1 / - /
= ! ]
22 / 8t 4t /
e ot ,/ ar | /
s 1t ’, o =0 At / ./. 2 T J
s L L ar
= S S x o— o
= 1 — s *e—9— AN
0 48 9 144 0 48 96 144 0 48 96 144
Incubation time (hr)
Fig. 1. Release of yeast invertase by aqueous extract of wheat flour.
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Table 1. Invertase-releasing activities of aqueous extracts from various kinds of wheat
flours.

Invertase activity

Agent for extraction (units per g cell)

Relative activity

Water 4,830 1

Extract of Milling 10,890 2,25
Extract of Mighty 10,380 2.14
Extract of Pilot . . 10,950 2.27
Extract of Kyokuba 10,810 2.24
Extract of Kyokuba (unbleached) 10,880 2.25
Extract of Ocean (unbleached) 9,240 1.91
Extract of Pellican (unbleached) 5,400 1.12
Extract of Mon Paris 7,070 1.46
Extract of Kabuto Masamune 6,800 1.41
Extract of Flower 10,910 2.26
Extract of Violett 10,230 2.12
Extract of rye flour 10,230 2.12

The mixture of 20 g yeast (Kaneka blue yeast) and 60 ml of flour extract (1:4) was incubated
at 30°C for 120 hr. A small amount of toluene was added to the mixture.
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Aqueous extract of wheat flour (1:4) 200 ml
added ammonium sulfate up to 70% saturation
Precipitate
dissolved in 150 ml of water and filtered
Filtrate
dialyzed against water
Dialyzed solution 200 ml
added 600 ml of ethyl alcohol at 0°C a‘nd‘c.entrifuged
Precipitate
dissolved in water and filled up to 200 ml with water
Solution
Fig. 4. Fractionation of the factor with ammonium' sulfate and ethyl alcohol.
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Aqueous extract of wheat flour (1:4) 200 ml
l added ammonium sulfate up to 70% saturation
Precipitate '
dissolved in 40 ml of water and dialyzed against water
Dialyzed solution 50 ml
added 150 ml of ethyl alcohol at 0°C

- - - - Precipitate
ldlssolved in 200 ml of water dissolved in 40 ml of 10-2 M phosphate bueffer
Solution (A) solution, pH 6.0
Solution

dialyzed against 10-2 M phosphate buffer solution, pH
6.0, then filled up to 50 ml with the same buffer
solution

Dialyzed solution 50 ml (B)
Fig. 6. Preparation of the factor solution for charging on SE-Sephadex C-50 column.
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Fig. 7. Separation of the factor by SE-Sephadex C-50 column chromatography.
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Table 2. Invertase-releasing activities of the fractions separated by SE-Sephadex C-50

column
Agent for extraction (arrtase 2o Relative activity
Charged factor solution 4,350 100
Fraction of peak I 1,280 29.4
Fraction of peak II 2,365 54.5
Water 1,110 25.3

Fig. 8 i peak T KX peak T DOENBRINA~27 b AT RLIZDIDT, WTFh
280 nm B ARZRL T 5o
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Fig. 8. Absorption spectra of the purified factors.
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Table 3. Stability of the factor to pH.

Agent for extraction (I:r\lr;etrsta;:ragtic\éi]tﬁr Relativeoaactivity
Water 1,400 19
Untreated factor ) 7,500 100
Factor treated at pH 2.0 4,050 55
Factor treated at pH 3.5 5,400 72
Factor treated at pH 7.0 7,100 95
Factor treated at pH 10.0 6,600 88
Factor treated at pH 115 2,200 29

Invertase activities were assayed with the supernatants obtained from suspensions incubated at
30°C for 120 hr.
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Table 4. Stability of the factor to urea.

. Invertase activity (units per g cell
Agent for extraction y per )

48 h 72 h 96 h
Water 1,100 1,700 2,400
Untreated factor . 2,500 4,600 8,600
Factor treated with 2M urea 1,800 4,200 8,200
Factor treated with 4M urea 1,500 3,500 6,200
Factor treated with 6M urea 720 1,500 1,800
Factor treated with 8M nrea 650 1,300 1,800

CORER, AMHEFRIERBEORRTAETACLILL Y, RIETHZEHHEALI LR
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Table 5. Death of native yeast cells caused by the factor.

Treatment Survival (%)
None 85
Water 60 ml 85
Factor solution (0.12 mg protein/ml) 60 ml 25
Alkyldimethylbenzylammonium chloride (0.3%) 60 ml 28
Toluene 5 ml 5

Twenty grams of the pressed yeast were incubated with each solution at 30°C for 2 hr.
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Fig. 10. Release of cell components and invertase by the factor.
Experimental conditions are given in the text. Optical densities were estimated with the super-
natants diluted 150 times with water. ) .
®— @ Nucleic acids (ODgg) (control), X—x Carbohydrate content (control), ®:--@ Nucleic acids
(ODago) (factor), x:--x Carbohydrate content (factor), A — A Protein content {contral), 0 — [J Inver-
tase activity (control), A --- A Protein content (factor), O .- [I Invertase activity (factor).
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Table 6. Release of cell components and invertase by pretreatment with the factor.

) Protein released Carbohydrate released Invertase activity
Pretreatment agent {mg/ml) {mg/ml) (units/g cell)
Water 3.8 0.24 1,200
Factor 18.6 2.1 5,700

Mixtures of 10 g of pressed yeast and 30 ml of the factor solution (0.12 mg protein/ml) or water
as a control were incubated at 30°C for 2 hr. The cells were collected by centrifugation, washed
with water, and suspended in a total volume of 38 ml in water. After incubation at 30°C for 60hr,
released substances were assayed.
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Table 7. Binding of the factor to native cells.

Amount of cells in preincubation (g) Invertase activity released (units/g cell)
0.64 ' 7,200
3.2 6,200
6.4 1,700
16 1,600
Water 60 ml 1,200
Control 8,700

Various amounts of cells (40 ml) were preincubated with 40 ml of the factor (0.24 mg protein/ml)
at 0°C for 2 hr and centrifuged.

Fresh yeast cells (20 g) were suspended in 60 ml of the above supernatant (or water) and incubated
at 30°C for 96 hr. Invertase activity released was assayed.

Table 8. Effect of pH on the preincubation of cells.

pH of preincubation Factor A Invertase activity released (units/g cell)
3.0 - 500
+ 4,700
4.0 - 2,200
+ 5,200
5.0 - 2,600
+ 5,400
6.0 - 1,800
+ 5,400
7.0 - 500
+ 4,900

Twenty grams of yeast was mixed with 60 ml of the factor (0.12 mg protein/ml), and the suspen-
sion was adjusted to indicated pH, preincubated at 30°C for 2 hr, and centrifuged. The above cells
were suspended in 30 ml of water, mixed with 30 ml of water or the factor (0.24 mg protein/ml),
and incubated at 30°C for 72 hr.

60



R, ZOHELEFD interaction X325 pH DEELIBIRL 1, Tihbb, M
#f~ D pH CHF &3tz preincubate L, KEHEKE JOERFHRCBEELC, 1v~nr
2 - EIHEBERHE L. £D—6ix Table 8 DN T, KRTFIX, pH 4~6 DT
MR T % v 7T HERAOEERC LB,

5. HEFOEACHTS NaCl & Xt MgSO, n#E

TR D & L OEED NERRBHR ORI EFAE NaCl 72t MgSOs £k -
THEECIHIND Z L 2D T\ 5B, £z, BAB® (X Purothionin A DFEEAIL Catt,
Zn**, Na* 5502 KY ©X->THHEIND Z L 2MEL T 5,

ZIT, IhHOWREHENBLT, ARFDA v~ & — 2HllHfERICT% NaCl 2
X0 MgSOs D ELRE Lo £D#RE%Y Table 9 iR To

Table 9. Effect of magnesium sulfate or sodium chloride on invertase release by the

factor.
Agent for extraction Invertase activity released {units g/cell)
Water 1,100
Factor 8,700
Factor+ 20 mM MgSO, 1,700
Factor+ 10 mM MgSO, 2,700
Factor+ 2 mM MgSO, 7,800
Factor+ 400 mM NaCl 1,400
Factor+ 200 mM NaCl 2,600
Factor+ 50 mM NaCl 7,600

Mixtures of 20 g of the pressed yeast and 60 ml of each solution with or without the factor (0.12
mg protein/ml) were incubated at 30°C for 96 hr.
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Table 10. Effect of magnesium sulfate on the interaction of yeast cells with the

factor.
MgSQ; in preincubation MgSO; in incubation Inverta(i;iig;igvi(t:illxjeleased
- - 6,600
- + 6,000
+ - 720
+ + 540

A mixture of 20 g of pressed yeast and 60 ml of the factor solution (0.12 mg protein/ml) was
preincubated with or without 10 mM MgSO, at 30°C for 2 hr and washed. The pretreated cells
were suspended in 60 ml of the solution with or without 10 mM MgSO, and incubated at 30°C for
96 hr.
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Table 11. Inhibitory effect of magnesium sulfate on the binding of the factor to yeast

cells.
MgSO;, in preincubation Invertase activity released (units/g cell)
Absent 1,200
Present 6,200

A mixture of 12 g of cells and 30 ml of the factor (0.48 mg protein/ml), totalling 45 ml, was
preincubated with 15 ml of 40 mM MgSO; (or water) at 0°C for 2 hr and centrifuged.

The supernatant (40 ml) was dialyzed and diluted to 80 ml with water. A mixture of 20 g of cells
and 60 ml of the dialyzed solution was incubated at 30°C for 72 hr.
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Fig. 11. Effect of dithiothreitol and the factor on invertase extraction.
A mixture of 20 g of pressed yeast and 60 ml of the factor (0.12 mg protein/ml) with or without
DTT (10 mM) was incubated at 30°C for 2 hr. The cells thus treated were washed with water,
suspended in 60 ml of water, and incubated at 30°C.
®—e@ Water, A---A DTT, x-.+x Factor, (0-++~] Factor+DTT.
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Table 12. Digestion of the cells treated with the factor or dithiothreitol.

Protein released (mg) from 1 g cells

Medium 9 h 5h
a 3.5 15.6
b 30.6 48.5
c 19.6 25.0
d 45.0 52.8
. Carbohydrate released (mg) ‘from 1 g cells
Medium
2h 5h
a 2.91 3.58
b 3.60 5.64
c 6.50 12.56
d 7.37 13.52

The following media (a—d) were respectively incubated at 30°C for 5 hr, then the cells were
washed with water. The mixture of 8 ml of the washed cell suspension and 2 m! of 1% papain
solution was incubated at pH 5.0, 30°C. The protein and the carbohydrate released from the cells
were estimated with the supernatants,

(a) Cell suspension 10 ml + water 10 ml

(b) Cell suspension 10 ml + factor solution + water 5 ml

(¢) Cell suspension 10 ml + 4 x 102 M DTT 5 ml + water 5 ml

(d) Cell suspension 10 ml + factor solution 5 ml + 4 x 102 M DTT 5 ml
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Table 13. Amounts of invertase released by various methods and their specific
activities.

Invertase activity
Agent for extraction

(units per g cell) (units per mg protein) (units per mg sugar)

Water : 665 17.3 38.5
Flour extract (1:4) 10,700 176 : 108
Fraction precipitated with 70%

saturation of ammonium sulfate 11,100 227 169

Fraction separated with 70%
saturation of ammonium sulfate
followed by precipitation with 75%

ethyl alcohol 9,760 173 158
BC* 9,250 185 123
Toluene 10,000 216 88

*BC : Alkyldimethylbenzylammonium chloride.
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Summary

Extraction' of Enzymes by a Factor in Wheat Flour

Hideo Negoro

I found that aqueous extracts of wheat flours were effective in releasing invertase
from yeast cells. The factor responsible for releasing invertase occured widely in va-
rious kinds of wheat flours and also rye flours, however the amounts varied considera-
bly owing to the different kinds of wheat flours.

The factor was first fractionated with ammonium sulfate then precipitated with
ethyl alcohol and finally further purified by SE-Sephadex C-50 column chromatography.
The purified factor had a maximum adsorption at 280 nm and lost some activity with
heating, although a little activity was retained even after treatment at 100°C for 10
minutes. The factor was stable between pH 3.0-10.0, but labile at pH values lower
than 2.0 or higher than 11.5.

The amount of invertase released from the cells by this extraction method, and
also the specific activity of the resulting enzyme solution per mg carbohydrate, was a
little higher than that of the extract prepared by the usual autolysis method or that
of the extraction method using cationic detergents.

Invertase release by the factor was markedly inhibited by sodium chloride or mag-
nesium sulfate. The salt did not inhibit the invertase-release system itself, but affected
the mechanism of cell damage by the factor.

Invertase was readily released from dithiothreitol-treated cells as well as from
factor-treated cells. Simultaneous use of both in the pretreatment process, further

facilitated the invertase rilease.
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