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On Yeast Invertase

(1) Thiol Induced Release of Invertase and Separation

~ of Invertase Isozyme )

Susumu Nacasakl, Shimpei Yamamoro and Hiromasa Kuso
(Laboratory of Applied Microbiology, Faculty of Agriculture)

The B-mercaptoethanol-induced release of invertase (B-D-fructofuranoside fructohydrolase, EC, 3.
2. 1.26) from Saccharomyces cerevisiae LK 2 G 12 has been demonstrated to be a direct effect
of the added thiol. Three invertase components of thiol-induced release invertase are distinguished
from each other for the behavior to DEAE-cellulose. Upon the separation of these three forms,
differences are demonstrated in the distribution and in the biosynthesis: invertase I and II are
synthesized rapidly, whereas invertase III is synthesized accompanied with culture time.
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Fig. 1. Requirement of Sucrose for Invertase — 7 v —2 Wickerham H(ZIHH, 7 v a—2
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TABLE 1. Effect of Thiol and Related Reagents on the Release of Invertase

Released Invertase

Reagent units/ml)
None ) 0. 00
B-Mercaptoethanol, 0.3 M ) 1.42
Reduced glutathione, 0.1 M 0..00
L-Cysteine, 0.1 M - 0.08
Dithiothreitol, 0.001 M 0.90
Papain, 290 ug/ml 0.92

7 5 174 pg/ml 0.67
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Fig. 2. Inhibition of Invertase by g-Mercaptoethanol and Reactivation by Dialysis.

Invertase (40 units) was incubated for 30 minutes with A-mercaptoethanol at a

concentration as indicated in the Fig. After the incubation, p-mercaptoethanol
was removed by dialysis against 0. 01 M Na-acetate buffer (pH 4. 6).
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Fig. 4. Separation on DEAE-Cellulose of the Invertase I, 11 and IIL
A step-wise elution was employed on 20X200-mm column of
DEAE-cellulose (acetate form) at a flow rate of 20 ml per hour.
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Fig. 5. Disk Gel Electrophoresis of Invertase I, I and I
Electrophoresis was conducted in 0.02 M Tris-glycine buffer, pH 8.6. The current
was discontinued when the marker, bromphenol blue, was almost at the anode end
of the gel (bottom). '
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Fig. 6. Comparison of Invertase Form in f-Mercaptoethanol released Enzyme
and in Autolyzate.
A :0.05 M Na‘acetate (pH 6.2)
B :0.1 M Na-acetate (pH 3.8)
C :0.1 M Na-acetete (pH 3.8) containing 0.05 M NaCl
For experimental details see the text.
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Fig. 7. The Relation of Invertase I, I and II to the Culture Time.
A :0.05 M Na-acetate (pH 6.2)
B :0.1 M Na-acetate (pH 3.8)
C :0.1 M Na-acetate (pH 3.8) containing 0. 05 M NaCli
For experimental details see the text.
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Fig. 8. Schematic Diagram of the Action of Thiol Compound and Phosphomannanase.
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On Yeast Inve;tase

(2) Properties of Invertase Isozymes

Shimpei YamMamMoTo, Susumu Nacasaki and Hiromasa Kuso
(Laboratory of Applied Microbiology, Faculty of Agriculture)

The enzymatic and physiological properties of three invertase isozymes (EC 3. 2. I. 26, B-D-
" fructofuranoside fructohydrolase) released from Saccharomyces cerevisiae LK2 G12 by the treatment
of B- mercaptoethanol show similarities. On the otherhand, invertase isozymes differ from each
other cosiderably in the modification for and the affinities of inhibitor for the sulfhydryl groups on
enzyme protein. Invertase 1I, a subcomponent of multiple forms of invertase in S-mercaptoethanol
extract from S. cerevisiae LK2G12, is converted to another form, a major component (invertase 1)
by the action of a-mannanase (a-1, 2- and 1, 3-mannosidase), suggesting that the invertase II is
formed from invertase I as a result of some enzymatic modification of its polysaccharide (mannan)
structure.

" #

U[‘Hd‘—i’ob‘f Saccharomyces cererisiae LK2G12 D4 v~ 2 — &8 SH HRGHEE, 74
R7HRZ Y F 7 —ABEXY protoplast forming factor I & » TEHIMCERES L, LS DE
AE-cellulose #7427 0% 757 4= TZHOT A4 /H44iC 6}@1'(3')5(.&’53 s L,
4NN E—ETA VA LCELTIR, ¢HET, Kaya®, Hoshino et al®*’ X&' Hoshino
and Momose® D¥EMNH O ZOEEMNED ONTE D, MREDN, L UPHIEIICRNT
BLEMTERLOEREL T3, F Hoshino and Momose® 13, TOHEAREMS 31,
WML ZRE THEREROILS Z EE2WMEL TIN5,

AHEICBOTR, Ay~ 22—+ 1, DEICMOLEIEMIC X 2BRENHEHOERE
KA v N 2 — RS R AR L EREIT U IR A HE T 5.

EBRMHHE B LU FE

A N g — R FRON WY, WEREUOE Gk LT 4 2 7 BWRKIE &3 BLHT5 #ic
LSt a-= v+ 3 —Rid, Flavobacterium dormitator var glucanolyticae & 0 #i{tL T
At CRIEEE) . T DMDMEHES K UHERIFICR SO RO BEHIC UM - oo

£ B E R

B aedE o E T, BEA v A~ ORI T 254 D5 X — 8 =D
WTRIELSWIEMIEINTHED, 41 v X2 —F1,0I8LCMD Km, pH, E#: b A v¥F—
WKDOWTRETLZHRZ TasLe [ WRLEke Ya—22—2120Tid 5~100mMm, 247
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TABLE L. Swmmary of Some Propertiés of Invertase I, II and III

SuI::;se(mgiﬁifzése Optimal pH  Stability %gtel;;;lon Caélgg?e}:ﬂrate
Invertase I 26 155 4.6 4.0-7.0 11000 cal 47.1%
I 25 149 4.6 4.0-7.0 11000 61.6
it} 26 151 4.6 40-17.0 11000 4.4
External invertase* 26 150 3.5-55 3.0-17.5 - 50
Internal invertase® 25 150 3.5—~5.5 6.0—9.5 - <3

* Data taken from Gascon et al.®

74/ —ZXDOTO Km i3 50~100 mm 2 EEMEER % O BHEGH T TRIBEITIE 2 720 Km i
Lineweaver-Bark plots® D5t L7ce ¥ a—27 0 -39 3 Km 325~26mM, 77 1/
—ZEDNTO Km i 149~155 mM EZFOT A V44 AMICERIRDONE P o7 E£LT
C?’L‘B@f@@iﬁ%‘cm SNTHWABE S v —Eofiie B —HL T3, pH2.2—6.5 Na-
acetate BB LU pH 6.0—8.0 K - phosphate BT DO # D pH T Km %K¥» Dixon
plots” I XV pKe ZK¥7 (Fig. 1)o €DHR, pKe 3WVTIDA <2 —-¥d 3 1TH»
7o '

T pH 2R B7Hic pH2.3~6.5 Na-
acctate MR W pH 6.0~8.0 K-phosphate #
WHEAEROTREL 7co WTFRDAL N i —
pa =pH 31 . EH4.6iCEM pH 2F-THYD, <@
pH FEthdhi#R AR L oo A HBOIEEE O RE T
HBix FALNS5° C 5 BB E TS, ZD%pH
20/ | 4.6, Naracetate #ETHE DL TRIBETT
T, BEE pH ZMEL LN, COEAD

2 3 T ) 7 ZEiDA v E—F E BIWpHE~T T

Fig. 1 Effect of pH on Km of Invertase I, ETHD, O KEHRS £CE—T H-

130 vertase T oo TEHALT A 0F — % KD BB 5 ~50°
@6&: - I C DIRETEHIISM Bt Stk TR BITE L,
A—n: o I Arrhenius plots® € X » T &AL = F v ¥
— %370 Arrhenius plots REEER Y, KIFHZECLEILVERBENZEM AR ELL D
stce IEHALT FF—124 vy Z —€IT DT, 11000 cal & Arrhenius & Dk SN,
ZEOA v —LIERRD ONE P o7,

TUFUVER A v —F ], 0, BXUOMKOWTHEEEE 7 = / — v —HBRETHNEL,
B (ug)/B8 (ug) OWAERDIFRENEN0.9~1.1, 0.6~0.9 BLUL.9~2. JDEMFLN
fro Etod R F—CEERER (EAS) % DEAE-cellulose TA Y~ 2—+1, Ik
SUOMIAMLEA/EORERBIT L TRHB L0.9~1.0, 0.8~0. 9B KT, 5~2.3& Sl
rhEh@Bonio '

{28158 : Hoshino & Momose® (3 1072 M YR FA4 YICED VD 2EIDA v~ 4
— B REEEALEN A ERELTEY, T/ Gascon et al 13, &L EHAALIHED LT
WELTHBEY, S, cerevisiae LK2GL2 A v ~_"ng—€1, OBICMICDONTHREBICY 2
Fav, BRI vEFA Vv EXS p-sonw—Fa2) =/ zq b (LUTF pCMB &) ©
EEBE L 120

25—

Km
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0.1 M REBE)—vXF4 Vv BIUBETH I VA2FF %410, 1 M Na-acetate K‘&i‘ﬁ?& (pH
4.7) PTI°C, 051 v~ 2 —+ (80 units) ZRETEE, VWTHDA vy~ g —¥bH
EAEZY 1 (TABLE II, Line 1, 2)s €% 0.01 M Na-acetate @ (pH 5.0) iKBEH %
71w, Y25 4 v (Fig. 2—A) BLUBRR I/ v4 74~ (Fig. 2—B) 2B < &EMEIE

TABLE II. Chemical Modification of Invertase I, II and i

Inhbition (%)

Procedure Invertase 1 Invertase II Invertase III
Cystein treatmnnt 50 80 78
GSH treatment*! 20 42 45
pCMB treatment*? T4l 84 76
Guanidine treatment 100 100 100
DTNB treatment*3 0 0 0
Todination . 100 100 100
Acetylation 27 28 28
Guanidination 29 43 37

*] : Reduced glutathione
*) : p—Chloromercuribenzoic acid
*3 1 5,5 -Dithio-bis- (2-nitro) benzoic acid

A B8
T
* None ;+Cy|1eln lDI ' + GSH |
o , (o.am) | 0'® ysis Neone : (0.IM) Diclysls
| |
£ - l | |
2 ! ) ! !
5 | L
Qloo— ' | - ! I .
w [ !
> |
= | |
T sol- ! i
x ! | I~ ! ! n
| | ) i
| ! ! |
' : : |
I 1 ! |
) ! H ' !

Fig. 2. Inhibition of Invertase I, I and II by Cysteine and Reduced Glutathione.
Conditions of the experiment were described in the text.
O—0 :Invertase I
0—©: ” I
FAS VAN ” I

Lfce TOZ &R, BREEED -S-S- #AOMAMENEHRBIC—OBREERLTHEC L
ERRESEDZDDTH B0 72, COBER, BMEFHOTIIA v v s —F T LR BHEICHES
WK T %R L -S-S- ﬁ%‘é?&ﬁi&%@ HLORAMEOTHLUEERL T3 DL b AN,

~-SH ZBLEHTH 5 pCMB OBHFEEFFA 2L A F—nick 2EEEHRF L (TaBLE I,
Line 3, Fig. 3 —A)o pCMB 107* M () 2425 0.1 M Na-acetate #EHH (pH 4.7) th
T, 30°C, 20M&A ¥~ g —+ (20 units) ZLEEL, SH #% pCMB T=2 7 LA,
NWFND 4 N g~ SREEZG, KT 0.1 oM GREE) FFARV 4 F—ADRINT
2~%BDEEHH S T, BEIKFFARL 4 F—EERMLTI0°C, 205 Enmm
LTh, 2DEURBRBLAEEDLNT, ROT pCMB REAEFIRD X 51T - e DA
BREAEREEZZG S, -7 (Fig. 3—Bo
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B

| | :
{ pTY ! pCMB !
None , (o M) uo‘m:olalnlo

%

00

RELATIVE ACTIVITY,
[
[=]

o

Fig. 3. Inhibition of Invertase I, II and II by p-Chloromercuribenzoic acid
and Reactivation of Invertase by Dithiothreitol.

Reaction mixtures were incubated at 30°C in p-chloromercuribenzoic acid
(pCMB) or dithiothreitol (DT T) for 60 minutes. Conditions of the experiment
were described in the text.

O—0O : Invertase 1
—0: " It
VANSTANE ” I

B SHBEEMICENTA vy g —¥ 1114 v <2 —€IBLTMEBE - BWERL
T2,

BOHEOERESEAZWET 277 =Y vERNT, BRMEOMIN S SH BRI I X 2 EH
DOEEMBAEbONB D EbE BRI T 50 SHERWREL LT B-AvhT b s/ —nvB&
UFFARLA P —wEBOTITE 27,

BESEAS -7/ 7=V % pH 4.7 I, 5 M BB ES (& 160 units) IR
mL, ISASSmETRE®R, 77=Y % 0.05 M Na-acetate #£fiiiE (pH 4.7) THREEEHL
&7 Sephadex G-15 (10%200—mm) TH&, BEREUWZIEL BN TROL YN F—
£ HESICTM A% > THD (TaBLE II, Line 4, Fig. 4 —A) B-xnw#H7+x82/ -0k
FUFFFRVA b=V ORMTEBE LI oTce B-X VAT T8/ —nEROIEA% Fig.
4 —BitiRLTzo A v —¥1, DIELVMOEREHEREDZ OLOLEMMENIICE - T
WET AT - 7o % TABLE II WRL %o

Ellman'® O L1 SHIEERRIE 5.5 -dithio-bis-(2-nitro) benzoic acid (I'FDTNB &
W) =BT, W#ED&MK&%SH&%727bT ﬁ{ﬂ@ﬁmwﬁiéﬁw%Mﬁbto

A B
T T - T
! i i i |
® ! ding | !
+ Guaniding +Guanidine 4 SMET
- None Diatysi - 1 Di
: : (5 M) : ysis None [ (SM) : (0.3M) IDu:lylls
= |
2 |I ! t ! 5
=100— \ 1 e | | —
(5] 1 i
a | : ! h 1
w ! i ! | !
2 ! \ 1 |
= ! t \ 1 I
< ! ) ' |
1 ! H
Wt | ! 4. I ! ]
| ! i !!; ib
! : ! 1 I

Fig. 4. Denaturation of Invertase I, Il and Il by Guanidine.
For experimental details see the text.
O—0 : Invertase 1
®o—@: ” I
VAN VANE ” m
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10-* M (BLBD) 22T 0.05 M Na-acetate (pH 4.7) 1 TE A v~ 2 —+ (50 units) %230°C,
0 MREEE, £0%, 0.05M Naracetate LR (pH 4.7) TREEFEHE{L X ¥/ Sephadex
G-25 (10X200—mm) T DTNB %R &BERMEUEREL M, T4 vy i—¥bal
CHEEERGROCEDLS, BERBARNMICSHEMNFELL VD, $20VREFEETEELTHED
SH HI3ERFHESEsI N bo Lt En L > (TaBIE I, Line 5)o
MEBATOF o vEEE 3 o EB AT, 0.0l M I.-0.5 M KI BiEES vz —
+ (500 units) % 0.005 M K-phosphote B (pH 7.5) WT30°C, 5ERIEGX &R,
0.05 M Na-acetate M (pH 4.7) I L THEH 2T 1.-KI 2, cOFavy
DI THRMICRDEA VNV E—FRERKE TR ST EDS, A vV E—F ], NBXY
Mz s EROfES 2 REHPLCF oy Vv OEEERET250TH S (TasLel,
Line 6 )o

A i —+ 50 ug EERDHT Nacacetate ZHML, 5mlé U 0 ~5°C THOKEEE%E | pl
Y32\, | REEET 2 /o7 £ F b ETEY 0,05 M Naracetate K (pH 4.7)
KX L TBENTETTIIV, Naracetate ¥ K UKEREREMRIEL 12, COXDICLTHEET /%
DT 2 FMMEETIE ste 4 v E -2 OWTFNSIBEELREL /7. (TABLE I, Line 7
-4 FA VIREXRES>T VO VHBEPD e~7 2 /ED ST = mfbAx RD LD LT %o
FIDHBHEA v~ g —+ 100 gg & 0.01 M K-phosphate B (pH 8.0) FHERML,
1L.0ml &L, IMo-4FA4 VRELOml ZXSKKEMLT, 5°CT4EMY 9 VEERD -
TI/EOTT =Y MEETE 510 RWT 0.05 M Na-acetate #£8i% (pH 4.7) U T
MEFROCEETS o- 4 F4 VIREERE, BEELENEL. TORBA v ~LE—+F]
B XOMBOBEITEL, 4 v ~n s —+ 1BHNBORELERL, TEOMCEROEDSSC
EDED SN (TABLE I, Line8)o

WMESS WA VN F —C ORI v v TH BT ERMICE  QIIENE S, Fik
DEHC, 4 r~<ni—F1, ELUVMOEBI b~ F yTHBZ LETHLI, 2D= VT
VRG> % F. dormitator var. glucanolyticae FA 5—6 K 0D&B oMl a-= v F 7 — 2 TINKS %
EFEICECE>T, 4 v X 2 — ¥ OMERBETFTIL D € & %A 7o DEAE-Cellulose 1T &
STHWENIA v N2 —€ ] 5503 I 4.0 ml (600 units), @-<>FF—2 0.8 ml (720
units), 1 M-K-phosphate $2lii% (pH 7.0) 0.4 ml T 40°C 7RI IGH, 0.05 M Na-acetate
R (pH 6.2) WXL THER Lo B TH, DEAE-cellulose 5 A THWLTA v~
2 —EOEMERITLco TORFE Fig. 5 BLUGWWRLALLICA R g —Eid4 v~
2—€ TWIEHL T BT EMRENIce —F, 4 v w2 - ITRELELLLTHEh T,
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)

0,.08M No-Acetate
{pH 6.2)

0.1 Ma-Acstate
(pH 3.9)

0.1M Na-Acstote coateining
0.05M NaC! (pH 3.8)

(UNITS/ml)
]

ENZYME ACTIVITY
o

FRACTION NUMBER (20 mi Aube)

Fig. 5. Partial Conversion of Invertase I (upper) and II (lower) by the Action of a-Mannanase.
Separation of invertase was employed on DEAE-cellulose column (15X290 -mm) at a flow
rate of 20 ml per hour. Other experimental conditions see the text.
O—0O : Before g-mannanase reactien.
@—@ : After a-mannanase reaction.

a
[ 18 |

i

[ TH 1

.

R | B R
.
| R —

Semple gel Running ge! Marker
Spacer ge!

INVERTASE I 4

+ a—Mannanase

ACTIVITY —————>

-

INVERTASE O

Fig. 6. Disk Gel Electrophoresis of Invertase I and II after and before the a-
Mannanase Reaction.
Electrophoresis was conducted in 0.02 M Tris-glycine buffer, pH 8.6. The
current was discontinued when the marker, bromphenol blue. was almost at
the anode end of the gel (bottom).
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% 2

DEAE-Cellulose &> THREENIC A YR —€ + T4 V¥ L& 2 OBEAFE LD /<5
A==, WRBMEINALDBDLEIFELOERBDONL A oto 7277, Gascodn et al® B LU
Gascén and Lampen'®’ D4 U7 MRS v N4 —¥EDEME SN MR v~ 2
— RS OFETICHEKTE2LOLMNCT I VBHREEDEDNS L IMHD T A VHF A 4 &
EONEBODTHAHH. iy, MANA NN E~FILDNTORELSS DD ERFEDA
YRWE = e TA VY LA ERE-THEHIEEALSNE, LALLM SH EEIERIICHS
BHEWMBIFFICMDOSDER - Tk, LRMEMRD S B pCMB DAL~ O SH HHE R
&% SH BMETE, BRISC SH EBE5 L T A LA HESRIDEHEDBERESES
Nrce 2O SH T DINB KEZMEREBEDONL L -7 EMS, SHHIBEBEAN
WICHBEBELTEHED, Uhb, B-ANVAHT PR/ —N13ED SH EEHRBIC L BHEL D 5
5 -S-S- HEAEERLTHWEELMEINZEDH 5.

—H DA NUEMTE O CICBENL S A v N2 — ¥ T E M IR BB L 2 BT %R L, HS»
A YNV Z =T ERFE T, BERY 18BN TA v N8 — CHQRBHTS v v g —¥
I BLUOAMETHERIN, ROTA v g —MRERENBCEDEL vz ~F [ BL
CHONINDEY, 4 N2 —FINPBERINEZSOTRE WL EMEEIN, BAEOLELDS
BA YNV Z—€MEA » V2 —F TIKLOENERERTEENS, 1 v E—-F [ XD
RTB25DTRIEDAIDPEEZONDo a-7 v F 7 — AL BPEMADRFICE > TA v N2
—EAPoA YNV E — € [ NOBTREAKDOEREERTSDTHS D,

-7 FF =R EB T F VB DIRICED 4 XV E—€ORMIG a-7 v & - 2DH
BRRE CREER) S a-1,2- BXU a-1,3-7 v/ 44 FEEADKIRIC L RS OE>FAL
KELSDDTH B, B4 vV E—~ED7 v+ VIS OREEIC D TD Clifonelli and Smith @
Mo wEhid, €02+ vid a-1,6-7 ¥ /414 FEEED2 v+ v A FHE LEHID o-1,2-
TV YA RNERTHELT, a-1,2- 8L T a-1,3- 7 /¥4 FEATwrv/ —2h 1 ~ 3 8%
HTE2D0THb. COWEDPD -7V F A —R I X B4 ¥~ F — & OEHIZEHS ORI
TV /YA FREDREE NI LI D, CORESICOOTRAROWEEFH LB IIITES
WOMEEBACODNTEETDENHD, COHALDOTHAEBRIL TTLTFETH %,
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On Yeast Invertase

(3)  Novel Extraction of Invertase

Susumu Nagasaki, Hidehiko MaTsuoka™ and Shimpei YamMmaMoTo
(Laboratory of Applied Microbiology, Faculty of Agriculture)

The novel extraction of invertase from commercial baker’s yeast have been studied.. It have been
found that suspension of intact baker’s yeast cells in 0. 001 M Na-acetate, pH 5.0 containing 0.5 M
B-mercaptoethanol and yeast cell lytic enzyme preparation results in the extraction of 70 % of the
cell-bound invertase.

¥ #

W, MHOLODA vy —EEMINT 2 HEEEEL THCHLENER IR T 38,
SHLEE EREE LT 2 S RICKMESHOBRANE K LEORIIRESEHEE T 2 XK EHH -
720 T TRAEMMSS v 2 - MR RNTEN TR A EETE >/ . ‘

Saccharomyces fragilis Log phaée BERE B-AWhT v 2 B2/~ VTS BEAL vV —
LML T< % C & Davis and Elvin? I X OB SN T 2o E7c Nagasaki ez al”’ &
0, S. cerevisiae ® Log phase Bi{kiC PR-factor Z1E/AE# B E A v N2 —EAMWEET B C
EhEE SN, BE, UKD kD, Bl 3-SvhF—EEhAkTrF—EOMEMRICE
O BEELAINRRE ASTER SN C OB, A4 v~ 2 — ¥ DBEEESED SN T B,

LirL, B v ~v g — EORMEMLBEHORETIC OV TIR, WERLREMSLE L, £CTK
TR B- AT b2/~ REORUIEMEIEL KT, BTG HERIL &Sk 28R
A v —EORMBGFRAC DN THET 50

%fﬁﬁ#ﬂf&:‘;z}ﬁﬂi

By a—2va—21%, 7t 0.5%, BT+ 203%, #3HFx+20.3%, pH 6.8 T
30°C Jomsfiistat Utco Tl e v BEEHI KB RWERMOD =y b~ -2 b, BLUHEMIERD A
AAA =R P TN—HELRU T, BERFNT Bacillus circulans DR E10% T & / — VTl
WSS OMBER,  Flavobacterium dormitator var glucanolyticae FAS—6 Q¥IEINIK, &5
WidED- Bio-Gel P—10 MO RIHEERZ AL 7o

EBRRERRERELIUEE

1. B-ANhT by —WBRE Wl vBEE (= =4 —2 b) 8K | ml, PR ZHES

*  Amano Pharmaceutical Co., Ltd.
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1.5ml, B-AWhT +T &/ —=wEMNALT

RIS

T19% B % B18%s

e

3ml &L, 40°C 2 Rl

3000 r.p.m 104}

T EE L 7oo W5 % pH 5.0, 0.0Ll M Na-acetate S HITK L T LM BT 14 ~ <2 -
CEMAEMEL 7 (Fig. 1)o B-ANATFT 2/ =08 0.3 M ETRA ¥ ~Nvg — €3 R2EIC

- [ |
E
£
5
Zosl— —
E
% INVERTASE EXTRACTION
< 40°C,2h
g0.2—— the —
z
w
0.0 | |
0.0 [ 1.0
B-MERCAPTOETHANOL, M
Fig. 1. Effect of p~Mercaptoethanol Con-

centration on the Extraction of Invertase
from Baker’'s Yeast.

g
B
z [
2
>
=
s
Zoa2f-
[*]
<
F INVERTASE EXTRACTION
] 40°C
& B-MERCAPTOETHANOL O.5M |
0.0 | ]
o 5 10
EXTRACTION TIME. hrs
Fig. 2. p-Mercaptoethanol Extraction as a

Function of Incubation Time.

Eos 2 |
£
F4
2
. N,
£ ®
3
=
R
g 0.2— —
& INVERTASE EXTRACTION
40°¢, 4brs
0.0 1 [ ' |
() ] 2
KEl M
Fig. 3. Effect of KCl on g-Mercaptoethanol

Extraction of Invertase

" acetate BHIK) BXU 6,7.8,
. phate BB K> T=y F—A4—Z %M

MEhas, 0.3M UETEHOTHULEM
Lishotco MBAEEE D OMLER -4
AT E =0 5M TEBRETH 70

2. HHEBM: = v b—4 -2 MEERL
ml, PR B 1.5ml, B-AnhT T B/
—v0.5ml GILEE 0.5 M) T 40°C, R
I X N4 v v — € EFHRO X DB
Wik, EHEWEL .

Fig. TR & D1 4 R & T3 Raa i
D& SN BEHBLUELT AL LEIMULE P o7,
I BB NBBETH > 7.

3. WM EOBKE pH Bk, BERA X
W4 — - OIAN KRR E U TR RE T 1
ml, PR #EH# 1.5ml, B-Anh7T bz 2/
— 2 0.5ml 2f3Iml VS MK TTE > TH
7o BEMBEREAE TS 3770 fikic S 2 & HICH
B A A ST 2 1o DML OIS OB
Wi LB E LV, %2 T &b o KC
MmEEA 0m52.4M, pH % 4, 5, 6, (Na-
(K- phos-

WA v g - E DRI ETTIE 5 720
Fig. 38X U4 D& KCl REICDNT

2, KCl BMEELRZWEASRORL, i
I | I T |
0.4 ]
~
=
5
t
=
-
Q0.2 —
5
>
2
w
0ol—1 | I
4 S € 7 8
pH
Fig. 4. Effect of pH on f-Mercaptoethanol

Extraction of Invertase from Baker’s Yeast.
O—0O Na- Acetate

A—A Na-Acetate + KCI
@—@ K-Phosphate
A—A K-Phosphate + KClI
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pH DTt Naracetate KT pH SHRBTH %o £ T PR HEHDONRDIC, Na-
acetete MEER B LU, K-phosphate BB DV THILEM pH kit ALY pHS
Na-acetate EMHBETH-7co £ T pH 5 Na-acetate BHRIC DO TRUTEEE ZHE L1
HWE, Fig. SO I KBHKBEC L 2EBREFZLOERIBD NI 1,

4. BERAELMREIRERODER - & N T |
EoOBBEE® 1ml, pH 5 Na-acetate #&
B o(0.00l M) 1ml, B-AnwAHT bz &/ —,
0.5ml (3M), KEAid. | BEERMINGLEA IR
B## 0.5 ml O& 8 3ml DT 40°C, 4 1%

WNIT 7 )
(=]
Py
]
(/
|

Al %7778, pH 5, 0.01 M Na-acetate B0t B
BT UTENT 21718 720 TaBLE | K€ § INVERTASE EXTRACTION

RE LI p-x AT+ X8/ —WBIHTR, gorr e
BB B I B 75 <3 BRI — T R E

BB THEMWB-A AT bz &/ - e °'°oL’\’ _ .l—’ |lo-2 .lo-'
RADHATRE-# VAT + T8/ —VEIRD A CETATE o e ol
BEo 3L oMM ENRE S L. L, Fig. 5. Relation of Invertase Extraction by

B~Mercaptoethanol to Na-Acetate Buffer
Concentration.

FERLIRBEAS @~ mg/ml LT 78 B & it Eehs
{g]-FL/—C(/\'éo /. /7

TABLE 1. Effect of Yeast Concentration on the Extraction of Invertase

Yeast Invertase Extraction Ratio
Activity In -
. i . _ ~ with g-MET +
Concentration Yeast with B-MET** B. circulans Enzyme®*
P 017 |mg/ml 0.2 units/mi* 12.4% 65. 8%
f 0. 80 1.1 15.8 ' 69. 8
1. 67 J 2.1 19.4 67. 8

P800 10.8 : 19.0 40. 6
16. 67 20. 1 20.5 28.8

xst

*%  p-Mercaptoethanol
**%  Precipitate (70 % ethyl alcohol) from B. circulans culture filtrate
(PR—TFactor activity : 0. 22 units/ml)

5. Saccharomyces BERO A )7 —EHMEE : S, fragilis %B-AVh 2 2/ —w
TS B EAL v N E—~ED 5B ~100BHIL E1NB T &M Davis BV KX ->THREIRTY
5o FCEMBOY 13 S, cerevisiae LK2G12 I PR-factor Z{ERII ¥ B EICLD A vy~ i
— BB MPENECLEREL TV Do TTR—ICH4DOBRE, Y2—270—21%, 7
b0.5%, BT+ R0.3%, FHxH20.3%, pH 6.8T 30°C, 40MMHIREIEELITINNA >~
NNVE—ER f-A AT P T — BT Lo € ORE TABLE O RT LIS,
cerevisiae LK2 Gl2, Baker’s yeast, S. fragilis, S. ludwigii, S. carlsbergensis, B XU
Trigonopsis variabilis &0 DHA v~ g2 —Ehflith Mo £ T Saccharomyces BOEE:
KDOWTR-ANAT VI E ) —BIU, B-AAT b8/ — W EBERADHBIC L 2HIHBERD
AT -7

S. cerevisiae LK2Gl2, Baker's yeast. S. fragilis, S. carlsbergensis &HiBDIFHETHE
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TABLE II.  Distribution of Invertase Activity in B~Mercaptoethanol Eztract of Yeasts

Strain Invertase Activity o Strain Invertase Activity
Candida utilis 0 units/ml* |~ Saccharomyces cerevisiae 3. 71 units/ml

utilis 0 (Baker’s yeast)

pseudotropicalis 0 fragilis 16.43
Debaryomyces. subglobosus ' 0 lydwig i 112

japonicus 0 carlsbergensis = 6.89

Trigonopsis variabilis 0.37 ' (LKZGlzferevzsiae %28
Torulopsis famata 0 Schwanniomyces occidentalis 0
Tricosporon cutaneum 0 Rhodotorula glutinis 0
Pichia polymorpha 0 glutinis 0
FHansenula capsulata 0 rubra 0
Nematospora coryli 0" texensis 0

* Reaction mixture contained 5.0 mg cells of yeast

BULEERZER L. Sl vBRR, =y b—4—2 b, AAAA—R T —%ERL
Foo RTERHIMBUKTITEERE Iml M40 10 mg BHTCE 3 &5 Y UBRBEKRE L
oo HIFEERBEESE lml, pH 5, 0.001 M Na-acetate Bl 1ml, B-A VAT T2

/= 0.5ml, AEEEEEH 0.5 ml £ Iml KDV T°C, 4 BRI TR kR
ﬁﬂzumotonuEm'K&?C&(%ﬁuJK?bmmméwhmﬂbbnto¥K,&

TAELE IIl.  Extraction of Invertase from Yeasts

Strai ‘I/{we:rgase. Extraction Ratio
train ctivity In
o with B-MET +
Yeast withg-MET* B. circulans Enzyme**
iy % %

Baker’s yeast 4.1 units/ml 25. 5/ ’ 40.5

S. fragilis 6.8 58.5 61. 0

S. carlsbergenis 6.8 . 15.0 50.0

S. cerevisiae LK2 G12 1.1 33.7 49.0
KANEKA Blue yeast 70. 5 7.2 45. 6
NITTO yeast 5.1 23.8 48.3

* : p-Mercaptoethanol
®k i Precipitate (70 % ethyl alcohol) from B. circulans culture filtrate.

Sfragilis W3 f-A AT b2 8/ — VBT HEOMIBEIRUICDS, S. carlsbergensis 35
Tl e BB ISR AR Ucoe LANL B-Anh T b T4/ —n EBRFAERT S E 0T
DEH S T EA 15 LA TH0~60BDBOMEERL, f-A VAT T 8/ —n EBEROTL
WHIEZBR B S tc, '

6. BREBZRHICLIA /RN I-EOMEHR: 41 v —EMbIC f-2vhTF 8/
— W EBEADOHANE LORIREERLIcOT, SHOBERIC D RSO i Tl AF B,
HBORB-ANAT L E ) -V EBEFOHRRICLEZA v s — ﬁmmwwmw%ﬁmoto
TABLE I OC &L, WINOBMRHI LA v~ g — LR ERL, T, B-AnAhF bz
87— EQPRTE L THINED I F AR Ui, $1C PR-factor EHOE W BEHDICDNT
B, BREABEMTEHORMEEREZRL TR ERELLA vy —EEE PR-factor fEYE
DOHIEEBREMHE I NS,
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TABLE 1V. Extraction of Invertase from “Blue Yeast” by Various Enzymes

Invertase Activity in

Enzyme Extraction Ratio

Extract :
None 0.4 units/ml 0.8%
B-MET* ‘ 5.2 9.2
Enzyme A** 4.1 6.9
” B 14.1 25.0
” C 2.0 36
» D 33.4 ‘ 595
B-MET + Enzyme A 25.17 45. 6
” ” B 37.8 67.0
” ” C 19.8 35.5
" #» D 37.0 73.0
* B-Mercaptoethanol (final concentration (.5 M). 4 _
** PR-Factor B-1, 3-Glucanase
Enzyme A :B. circulans . 0.55 units/ml 13. 2 units/ml
” B: Flav. dormitator 1 5.38 68. 4
” C: Fung:i Imperfect 1.08 11.5
#” D : Flav. dormitator 11 9.25 55. 6

Wk, Davis S5Y 13 S. fragilis & B-ANHT T2/ —NTRET BT EIRED65BLIED
A v E—EBHMEINZCEEWEL T B, LT AN, TasLE I O & KTk BN
TRIEFIHMB ENIC 0, L, cfxh7wr++—+ (PR-factor) 2#E¥ 3 L50BEED

HESE SN, CNOSOHEENALED SN,

B-ANHT P LB/ —NICED A YNNG~ t@ﬂnmizﬂﬂ&cowﬂi Nickerson*’ % Davis
5V I X BEEIBAD S—S HADMBICE &0 S BB EL SN, B-A v H T T8

J =&Y Hansenula horstii DR A+ <7+ v OMEETRHES EVHITFE OB GEL
REDOTE) 2ERITNEFTD>OMEBI I LBANEBNENIHHLTES, UL, bLE
DEIRETNE AR GF< v FF - EOEA AL BUDRMERT 5 L ICIE 5 D THlE D
FHRATHLIC e ZOEARBLTRESBRFERDT 2DOHD TH %,

A #

T B bR & U TR H EALIEIC & B i BEEDE A ¥~ 4 — €T 3%
a%&uj—bfuo Z DR pH 5, ‘B ANAT PR —n (. S M, ﬁyﬂﬁﬂlﬂ@ (g\j@?ﬁ(}’f_}&{;’)ﬁ!‘
FRMOLH T HEAER P DA v~ 2 - OWTI% AT D ENTER,

g2 5 X #
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