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LEHED a-1.6 Fvavy FEADEERE TH5
AVTI5—¥IRBELTE, Z0 HRAK BUSH
H, PR E 1 (Pringsheim und Fuchs,
1923; ¥4, 1930). LA LARHES N2 7 ) YOLERE
MELTDA VT I T7—EDERIIE L, Wallenfels
et al, (1966) it X DT Aerobacter aerogenes D4
434V T 3I5—+% (Bender and Wallenfels,
1961) BER TPk &Th3. 20%, 1V
T 5 —¥ HRE T8 BEWH HiE (Ueda and
Nanri, 1967 ; Walker, 1968 ; Harada et al., 1968:
Ueda et al., 1971) R shiz. ¢h 5D S b,
Aerobacter aerogenes O ERTBZ AV T I 7 —Eid
TENICREEHETEAAHE®REEOTEY, Lid
B EEEE O (Wallenfels et al., 1966;
Mircier et al., 1972 ; Eisele et al., 1972) 4 #AT
3.

AREICBNTRA VT IF—~¥OTENEELE
BELTREBEOR 7 ) —=Y IR TFREO>TR 4
VT 35 —¥HREEE & D Aerobacter aerogenes sp.
No. 105 T 20T HEE 71807, C OHERFIZEH
FRMOERECHRT v e =T 2 A0 3 L RRKG
KAVTI7—EEEERTY, BR7 v e=T%H
N3 EBERRICFEAEDA VT 3 5 —LEENED S
5 &S BRNE BEEE §DTW5. Aerobacter
aerogenes M4 VT I 7 —EREESLEICEOTHEK
N, XEEERMCERT 3ERIC OV TE T TIciEy
5hTW3 (Wallenfels ef al., 1966). L LZ®
BERRRFEOHECLZDOTHY, FEKOEE

BRSO TH 5. FHEL-EROKRERER
KX34V 735 —CHEEEREL BIER, EEEHO

L EhE, ERLIEA VT I —E0HORB SR EL

175

5 LUTBIERICA VT I 5—E2EREE 2R SHE

DEREEL NG, COBKICONT, RE SRR

I X DEERA, BRAca VT I 7 —BERETED
BB OV TENENRIZTE 2. BEERNA
BROBE cid 3, EoEKEE WinEicksiE
B, SEEERATRL, TNLOHEEAVTIT—
VEIRALER & OBEIC DOV TRE TS D7

£ B F OB

() HFH¥EHER .
FEALLEMIBRIC L O THlShic4 VT 7
—VHREE% & D Aerobacter aerogenes Sp. No.
105 Th 3. HBRT 3 LS5 OBERBA—REES
FERLTLEZEOHEIC LA VT 7 —EEHK
A, XEARACERT 3. BEICH 2RI
Bithslic 4 vV 7 35—+ £RETLS5HRE (A,
BRI S fRE (B) & LT Table 1 WiRL

Table 1. Mediums compoition used.

Composition (A) Composition (B)
Soluble starch 1.0% | Soluble starch 1.0%
CH;COONH, 0.8 (NH,),S0, 0.8
K;HPO, 0.1 K,HPO, 0.1
MgSO,7H;0  0.05 MgS0O,7H,O0  0.05
KC1 0.05 KCl1 0.05
FeSO47H20 0.01 FCSO47H20 0.01
Pepton 0.05 Pepton 0. 05

CaCQ;* 0.7

* CaCO; was added if necessary,
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7z. 22T (B) HRMOKEA Y v 403 pH 8
ETRDIBNERED & &I, pH K FEB S0
EN3HOT, BRERICEWT pHZHEELLLS
RS ZEEAICRENYT B 5B,

(2 RREOEE=

(A), (B) JEROEHMIZ & dICRER & L CHEM
BeRC3, 0 EE KHo>TE airdEbE
1-N EBREFANT #HE 5 RT3 Bk 8%
FisokiE, KBS LY vATHRML, chixiso
b7 VBICTETIEE LCER L THRERRE
L7 2B, BEROHSCHEERERET D

6000 rpm T FEOVTEEL 728, TOLBESTERE -

L7z

@) BEfHEOEE

Hoh U BYIT BEE L ERBEK o0 T
660 mp IcBi; 5 Optical density (OD &lﬂg%}ﬁ) &
105°C lER & L7 BIRRAEE L OHE2R6 T
HIEL, EEMEEFR L. CoRRE Fig. 1
<. Fig. 1| OEBOMEEIZ 0.504 THY, HRE
KREBEEL Cx (mg/ml) £33 LROBFRIBRIL
T 5.

Cx = 0. 504 X CODD X (FHRAEH)
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Fig. 1. Standard curve for quantltatlve
analysis of cell concentratlon )
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RURBEORERTES. ik, (B) HROEMT
W v 2 YR LT Uicig&ici, OD
T LT 0.1-N EMTHAR, BESk. AR
¥ HITACHI PERKIN-ELMER 139 gﬁﬁ'ﬁﬂ’;g—f
EHEELE. . o
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2ml culture broth
centrifugal separation

supernatant solution
cell free enzyme solution

cell

washing with phosphate
buffer (pH 7.0)

centrifugal separation
cell

2ml 0.1 % S. D. S. solution
(pH 7.0 phosphate buffer)

shake extraction, 30°C, 30 hours.
centrifugal separation
supernatant solution

cell bound enzyme solution
Fig. 2. Preparation of enzyme solution.

3ml of soluble glutinous rice starch
solution(pH 6.0 acetate buffer)

< 0.5ml enzyme solution
incubation 40°C, 60 min

2ml

| ) .
25ml 0.01-N H,S0, (50 ml measuring flask) .

|
fill up to 50 ml with water
15 min
OD measurement-at 620 mu

10 units=increment in OD of 0.1

Fig. 3. Assay of isoamylase activity
and definition of activity unit.

Uiz, BRABRIERELDE L EERCORRE &
L7-ERKEEAED0.1% S.D.S. (Sodium dodecyl
sulfate, ) v BEEK TPH 7icHE®) »mnz, 30°C
T 30BMAIRE S MM AT, BLDE L LB
=RV, ThboAE% Fig 2 []KRT.

@& AV7IT5—EoEkAE

. Kobayashi (1955) &5\, %B%@%%%E
&T%ﬁ&mxﬂt.ﬁﬁiﬁ%me3Km?»C

CTAY T L5 —CEEOBAE K ESRIEE D

OD o, 0.1%2b 2T I0BfrE Lic. BEELT
T d BRBANIERE (1944) OFFHRICRED THR
Lic. CobBXBI%E 1.0% & LTKKETHERE
U, 68 L7 4k 500ml iz 100ml @ 0.5M, pH
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6 OFFEEEREMI CRSER E L. FEENER
EB3ml, BEE 0.5ml % 40°C T 60 REIRIES
HF724%, 25ml @ 0.01 N gigdic 2ml 2ANTR
AR s 3. chic 0.01 N KERK 2ml %1
Z, Zk% 50ml & LT 610my icT OD %HIE
L. B#iEE 3ml o &8 % 40°C T 60 HfKE
L7 BEEI 0.5 ml 23RN L T2 OEER KN EE
IES¥ 5. C QBE MK ENFT U TR Dk,

®) EESREE

BEEE» b flmEEHh (ARt Czapek-Dox) ic
HREL, 30°C KT 24 B OREREATE S, 500ml
RiIELE 575 2aickEME 100ml A0, 0.5atm,
044~ v—T ITHE L. CTHICHIER
CLAEED 1REEEEEL, RE D BEEE TR
i BRI 30°C TABY, HERLEZRESBE
pitch 50 mm, 140 strokes/min OREBHETEH 5.
SERROY Y 7Y v S EYREM A BEEBNTY
5 RIAK2AZEBMLCNEERTHF LI

(D EoEER .

BRERICIE M Ly 7 28, 47 L0 BERE
£ 0.5 oEgEEEAN. COEBR~ 2F v 7
22 —Fick B BEFHMIERKECLZbD
Thb HEHREELLT BREE, pH HEfERE
B, BEBRREEAR, DHEEEIUTT .

A EEER TR (B) otioaEHNTH
ERICA VT3 7 —ERERT 2RETRERETRD
fz. L, BEMMERPORZEREEZRETIEHNTH
BHEBB O, Sva—2R, ==X, TNV
AL, pH HETEEEREIC KO THEHO pH
B—FICRERNOERT ZBACIRB ANV Y T L
BRIRMUEY. 22 TRV P i3 Pullulalia
pullulans s-1 ZFWTEE (1964) © HEICH#DT
mEe 7o, BliEEEc 475 ml 2 AR, 0.5atm,
049 A— b2V —TE TR0k, BEEREIRED
HRT 15~18 R Lz 0% A, BEHEER
25ml (SEEBEREICHLT 5%) &Lik. RERK
SWTHREPET IO BT pH 7.0, 30°C, B5,
B 1.5vvm OFRETEELL.

@) BEBREEZHEL-EHIEE

COEETHNERERR (D O%E L IFER—
Th 5, EREORERREE*—EMEICHMET 2
7o, BREDWETHRM L IREE SRS 2R
L CBRZESEAHEY 2 EEERMT 7-. HREH
FoREE BLUBREEZHHT AT LICLOTHE
BRROBEBZIE I REMECH LT £0.1ppm P

HICE 332 EMTE. BEKO HY, &0
FIEREMER LA FA—TH 5. pH i3 7.0, 65
30°C —¢ & LT REBRAFRRREE % 5. 0~0.1—
0.2 ppm QEEANT 0.5ppm {Fic 10 BEKEZ T
BREEZNTNTIR Dk,

@ FIGAC & Bi% ,
HERIEE 3 (8) THOVEE A CRAEE®
v 7 MR R o R OLMAE pH. T,
BEBRREEZ 1.0ppm, RE 30°C & Ui Hin
EEOFIHIMFERER (TEERR) 1.0% Ok
500 ml CESEEE T80, BFERCBOTRR
BOBE(HSH 0 BROEFED LS 5 & FRICR RE
BE 10% OWMMARMEFER Y ZIC LD TR
WS 5. < & TESHEED SRIERICBITS
BEMIC OV T, COEBBREBEOELETE 2
TWB L& E, RERENELEShD{ LTHEKDEE
ﬁﬁﬁﬂ:bf; REBD & &2 Tik pH OKT, BIRBER
DABRBOBERROENMPEETHY, . OE1L
AVIMESE DM Ao 2 EEE L L. FniERO KM
3, ETEABRESEIERCENTRONZED 2
EREEEESE Ui, WINERICBNT/7 A 2138
DB L L, 2800, 4400, 80001 (mg/I-hr) OFfnH
B DOV TCERETIS O/, T TRIMEE OB L
LT, IHRMBREELRETHEES LTHTL, BREK
11 My oBETHE mg HTRLE. WnEFsicE
RO THL EEBEROEING 20 % LA, 47380
% 100ml ¥T&L, FHFEIEN LTEREE EOR
EEfTIE Dk,

A0 EFEEER

EEEEIC N EEER MLy 7 ZB T AR
201, EREE 1.5] Th5. COEEEETE, ¥
RRAHEBRIREOHMEARE L TREMTE ORE
% feRAtiEt K« Lo T BLEE KW © ON-OFF
e, BECHEERARY 70 ON-OFF #ifD 2 o
OFRGEE T 1. BRI O BRI EEAEE
v, pH ofjEHlf B e nEEE L Eg LRy
FEBOBHBIC L . BEEERNCE T BRI
BIIEEE X0 EMBICE S XS IRt A 1
PEFAY, EEE-BICTEHEEHCL.
RS AHER 151 2L, RESEBETHEHELE
EHE AR R L AR 5 B L. ETEakE
EATRY, HARENFERECEL TH MO
HEAA &R AVEBRIE Lz, BUAHIORIER (TIARER
0 O BER BEEERO T 44 &L, 1.0, 20,
3.0 % OGOV TENThERETHE O, Fik
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RERREL 20%L LTHRRE 05 22 2 Lick
BERLTEON. WIThOBAK b AEEREICE
STEE 30°C, pH 7.0, AEBLEE L. 0ppm ©%
fEERED.

KEERE LUBE
1) #]Re 5 BT IT B R

(@ (AMBRORE#MEFERAL /-

(A) MROEE AL BRE8% Fig 4
AT, ZTT Cx I HEEREBE, Cs 3 URlERRE
B, Ey, E: BZRZhEKA 3 L0 BERRA Y 73
5 —¢EHRAIERY. Fig. 4 ORBICOVT, B
EESELIN 2 LTEREREFIGET 5 T TIC
HIE 2SEASELE L. C OBETIE, B,
B4 Y 7 3 7 — e R IICEL,, BHRAA Y T
3 T —CIEHLBAMEICET 3 ICi% 90~100 BfE % 5
Lic. 2L, BHRNA VT 35— PERITERK
1ml ¥y 10 BB THY, BAADOES ERE
1ml %y 500 BrAI%TH B &md LTERT 3
ZENBTES. pH KO0 TREBORARBOTIE
6HIBRTHEY, HEOEFLELIEIRD, Bk
HiciE 7.5~8 OIEE D, ’

™

X

' ! 1 LI 1 1
O Cy.© E{,QpH

a5
600} O-Cs,0 Ey medium(A)_

00 10 20 30 4050 60 70 80 90100
t(hr)

Fig. 4. Time course of isoamylase forma-
tion. - :
Medijum was used composition CA) for

cell free isoamylase formation.

G BIEROEHEFERAL -k

(B) fHpRo3EE ER LK HEEKBE% Fig. 5
"Y. ¢ ZT Fig. 5 0 ieHid Fig. 4 oB&LE—
ThH5. (B) HROEMEER LU IEETOBREE
LT, BB LB BS A K, BRBIR XD
leRs R TRAHAREICET 3. pH HiROH
AT T~1.5 TH 30, BEEREIEOET LI T~
WEHITRHETL, ZOER 5. 5~6BETTET

. ! 3 T
o O Cx,© E.Q pH ~
©| ©Cg.0 Ep __ medium(e)
- S 0 .

{ Q
100H0}5 ©

E1Ep
CespH-

50 |5 (25}

0~0"0

F.‘ig. 5. Time course of isoamylase forma-
tloMn.edium’ was used composition (B) for
cell bound isoamylase .formation. -

T5. DIk LR UTREIICHE 6.5~T &7,
(B) MRTOD 4V 735 —¥ERIT, BEREEEY
TUTEERRIT DN, % OEMERBREE S
REBZEHELL—FE L. BRAA v T35 —%
TR RN 1 ml M 108 TH D, Wallenfels
et al, (1966) DLicH3 Fva—x, = h—2R
ZREUTHREZRE L-BALTH S, &R 1ml
MY OERNA YT Y 7 —ETEHIR 120 BATATR TS
D7, 22T (B) MROEHMTIE (A) #@EEkickl
BERFEOHEDMICRBR A VY ¥ ABRMS A TH
205 CORRDNTRE LR pH DIETERIE
T B3LINOUFIZBD DhishDr-.

() BEFERERERHEE

EHER T O R B[FRENZIE—F, B

5 T
O medium(A)
—_ 4 -O-medium (B)
o
g3 | .
32 4
| -
0 i :
0 5 10

Cs (mg)

Fig. 6. Cell yield constant for medium
CA) and (B).
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H—EEAHRENBEEIE, BLREFECHLT
ERTIERERERZSEEHEERLZ. CORBREEE
B LERBEREO I HRBFRHIRERER TH 3.
COEKRICDWT, (A),(B) MROFEMEFER L
FERIC X O ERERERE Kb 5 &, Fig. 6 iRy
X3z heEh 0.5, 0.74 THoi.

@ BFACVT IS—HER & BiFiEiES DF

B8

(B) MR OREHA AL TERETN D LHkE
REWITUTHEHBENICA VT I F—EhtREh 3.
CCTHERLIEKREA VT 5 —EEE DS
BEMB I, Cx ZRIKBE, E, 2¥EEKR1Iml Y
DOEEAA YT 5 —EiEEE U TEERRICHED
T Fig. 7 KRd. EEPOBRE =BRIE, HRE
BELERA VT 3 7 —¥ 8 & OHICIZIELRFIBEES
Z@Hohd. OBRIZC OBKEEN CERERS
KX BHEERRA VT 35— RN LRI BL 2 5k
TT&3AREEERL TV 3.

200 T T T T T

(unit/m!)
o
o

o~
Ll O
O 1 ] ] 1 1
0 1 2 3 4 5 6
Cx (mg/ml)
Fig. 7. Isoamylase activity per unit broth

during culture.

(e HEBTREFEBLAAVTIS—HoZEEpH
ERE

C OBEBROERT 2EEAN, EERADA VT IS5~
FOWEERRLENICEET 3720 IR E—Ic R
ORHZTI S LEND 5. FHETE KB g
L, BEBEENERGOUT 2N 57D ICHBRKS
FAWTEE pH, BEKSOTREZTRSk. 2h
DD FER%E Figs. 8, 9 KRE. oD R
B, BHAR, BERScERT 34 VT T~ i3t
F—DOERERE, PH 252580 EEZ 60 3%. Z0
EHRER 46°C, pH i 5.0 Thofz. T THL
724V T 7 —CERIEORMFRELREGTED

Reﬁduqlo@ﬁﬂty(°b}

I ¥ I i
O cell free
~ O cell bound pH 6.0
2 100 [ 7]
=
2
g
g 50 7
3
"
0
[}
o
0 L I I

1 1 L
O cell free
O cell bound

, pH
Fig. 8. pH-activity curve of cell free and
cell bound isoamylase of Aerobacter aero-

genes.
pH 3-6: Acetate buffer, pH 6-9: Phos-
phate buffer.

20 30 40 50 60 170

Temp.(°C)
Fig. 9. Temperature activity curve of cell

free and cell bound isoamylase of Aerobac-
ter aerogenes.

Acetate buffer: pH 6, 1 hour.

7. T, Bender and Wallenfels (1961) ®#
ERRENTOZEERE, pH @3zhzh 47.5°C,
50 THY, TOAKBNIEHREDERT 54V 7T
I 7—¥HREA—OEEERL:.

) PEEHO EEN, BRI VTIS—EE

RIUCBEE S B EeEaET

TR L 7B, T8 b Aerobacter aerogenes sp.
No. 105 ZREHKERP O BHRE OA O HEILEDT
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Table 2. Cultures with (A) and (B).

Medium Composition (A) (B
Nitrogen source CH,COONH,| (NH,SO,
Yield cell (mg/ml) 5 5

Isoamylase Cell free |Cell bound
E (unit/ml-broth)* 500 120
Final pH 7.5-8.0 6.5-7.0
T Chour)** 90-100 16-18

* Isoamylase activity defined by Fig. 2.
** Time required for isoamylase formation.

BRRTEER, 41V 7 15— YEROBRENELES
ENSBkE ARRER L. RESBERICBOTE
St s o &A% Table 2 icRd. (B) &
ROEMIC L BEEKAA Y T 5 —EEROBAICIE
BB IAIT LTIV T 35 —E¥ERL, Lid
EREEEERAVT I 7 —¥EBEOMIIIIEERNR
EHFIBRIED SN B, EERENSEMNTEEH
bETEZBE, (B) MROEHZERL TEHERAN
4V 737 —CHERETRHLEBEESHEE (A &
BROEMEFERTIHALDOEFEEZ SN S.

Q) El9HE#ETOREBEKEY

(@ BREEICOWTo#sT
WEDEBEDOFE,D, DHBO AR BT
(B) ROEME FERL BRRA VT 315 —¥4
BRIKDWTODS HE%E T2, AEBE 4V 7T 3
7 —¥ERERT REBE LTRABERS, <t
—R, TN VIBEBY, FlAVTIT—FRERL
BRI va—2b& T 3. REFREES VIV EL
AR, EHOMERSL B Dnic 0.3 %E
EORZBRRETLIERTERV. BEFHEELT<
VP —RERHD, BEZELLTPHT.0, EE 30°C
BRE 1.Svvm O¥EEREE Fig. 10 ICRY. o

Mlalto'se.'pH 7
30°C,15vvm

S CxCsle

Fig. 10. Time course of isoamylase form-
ation and cell growth by culture using
maltose,

10 T T T T T 1

5

glucose

soluble starch
‘/D/)ﬂfl:;:}

1 __,_Pullglan

0t 23 4 56 728
t (hr)
Fig. 11, Effect of various carbon sources

on cell growth under the conditions of pH
7, 30°C and 1.5 vvm.

——
o O

Cx(mg/ml)
D)

n S
1

MDRFED BEICS BEEOFHEIR—E L. i
B, COGETHERUCEREBERERGEOR (D
IR L7z 500 ml BEIEEETH 5. Fig. 10 Ktk
W, B, B 3EhehEk 1ml %0 ok,
BEARND A V7 17 —EEHETH 3. Cx, Cs, Co
RZNZThERRE, REFRRE, RERREETH
5. LZTENTNORZRFZERLIERECDNT
Z OBEARERE % Fig. 11 KRd. Zra—x,
2 —R, T VBRI A TS S.
U U173 53 & FIIATERD OB &1 WS B R STEEEE st
B ERBETIER D, BERBLEKICDOOTI
SR & O A2, C OFEHI I MRS oS i —
BOOHERBRETEEL, WANARREZIDODFED
BAXOBEY THBTEICHNRTSE DTHA
5. BREE KOV TR S va—X0BEN KRR
Q, WICTIABRS, <V —2X, V3 VOIETH
O, WREFEALREHRE Cs 2HBERRFE,
Cx ZHEREFE & LT Fig. 12 ® 7oy + X3
HL HREBVINOREFRCOVTHH0.5TH
, HEEREDLNEL. Fig. 13 g=rF—2x,
TG, TEEBRBAEERL TR L & SICER
TRAWERAA VT 27 —CEEEEARAEYYD, 5
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O Soluble Starch
O Maltose

O Pullulan
| O Glucose

5 10
Cs(maq)

Fig. 12. Correlation of used carbon
sources and yield cell.
Cell yield constant; m = 0. 50.

100 T T T T T T T

50 } O soluble starch .
O maltose
-O- pullulan

I L——0n

R /gz_o__
N

1 L L 1 i 1
01 2 3 4 5 6 7 8
t(hr)
Fig. 13. Effects of various carbon sources
on isoamylase formation.
Soluble starch ; E,/C,=25, maltose: E,/
C, =11 and pullulan: E,/C,=3 (unit/
mg).
whb E/Cx ELTRT. COHRMPSGTEE, 1
VT 7 —CEROED ORFRE U TR AIEERE
DL T AT, BREBEBVTS, RESH
B LBERICERBEERR LERA VT 7 —YEREN
R BT EERBDTI.
(b)) BHNERRFEREOR
BRERICE D TRREERE L7OER, BkRA
VT I5—¥HREBNET AR MARRB RS
FENIRRETH DO, T ORRLS LIBOWIIC
BOTRTAERBOAZRREE L CHEELTED
2. (B KB TREMVREEZFEEEIZLOSEL
Tl T CHEHIIR R RRBE AR T 5700,
Tk 0.5~6.0 % O TEZL THBRRETD
fo. TOBED EMERE RRFBRES EELLT
(B) RO E A—H &2 3 X5 I Kazin
A7z, BEERBICONTIE, 1.0% OEAICIIERT

E »/Cy (unit/mg)
5 S

0.8 T T T T .
304-{H$§*l‘%>-«>—4>—:
£02 | —~—
' 1 ] 1 B I |

0O 10 20 30 40 50 60
Cso (mg/ml)

Fig. 14. Effect of soluble starch concen-
tration on cell yield constant.

ICIATEIRFEEEDS 0 L1553 C &I 1abDfeds, 2.0
B EOEETIHEEKBED 5~ 6(mg/ml) ¥TH
e 2 L EREAFRRBEER 0 L2k, COBE
WIS REOBIEEEE PR RY, EBEED
BRFPAEESBOODIEVIRELE L DN, BREOD
BSOS A XM LTV B REEEEZ T2, #hE
NOREBFREEIC B BERICOVT, MRFERERK
EREHEME UL, MIRREFEE% Cso &
LC Fig. 14 cird. BEEEYD O BikRA v
77— wEROREFEE 1.0 B05EN 25 BAL
TELBVERER L. COb0EENS LT, B
FROUERDSEBEICEVOHIROIRE, 70bbEER
DEEBRFREENO0 2123 &5 RETORETIE,
SHRBFEEAEREY, BEN4 YT 7 —¥ERE
iz RMicES T3 BB ok,

© BEBRBEENSXZELIHEE

BihERR, 1735 —CERICEY 2IAHEREE
FoRELNEBNTEENOEERRBE »—EE
WCEIE L7 SRR T ot BEROHBEEERS
BEOE @ IRLIEBDTHS. HBEROKRERR
BPERFEEZS. 0L ORE 0.1~0.2ppm & L. &
zT 3.0ppm DI EOBRFETE EHRORY, 34
HEERERED 5 (mg/mD fHEE TR 122 LEER
OBMEBBERAMCETY, RERRBERTEELR
505 B LR TEEP DR, L LE B4
RERmERE 10~12 Bfifict LT 20~30 S TH
v, FBERZEENS0 LI EREHD. K
HZBO —Fl% Fig. 15 wRd. Fig. 15 OEER
WEMRSLEE 2. 5ppm TAROHERTHY, B
WWRLTCh 2 REBREEO &S Rehb LD
iC, REM 2.5ppm LT 0.1 ppm BIATH
BT TE DI, T ORREBICONTE, HRE
HRIEEE 6 (mg/ml), BHRANAY T 17— ¥ E, &
B 1ml 3y 170 BIRT, BASNERE B, i3 7 BAL
Thot. BERRBEREMEA 2.5ppm DSOT
AHRITEBOEEEE, COoERIBREE—ELE
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oLto
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Fig. 15, Time course of the isoamylase

formation in batch cultivation with the
constant (2.5 ppm) of dissolved oxygen
concentration,

6

O 15(yym) f3
O 45(pPpm) 1
O 25

O 01~02 »

N WS o,

—
L
I

5 10 15
t (hr)

Fig. 16. Effect of various dissolved oxygen
concentration on cell yield.
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Fig. 17. Correlation between cell yield

and carbon source used at various dissolved
oxygen concentration.
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Fig. 18. Cell bound isoamylase formation
per unit cell weight during the cultivation
of cells in various different dissolved oxygen
concentration of batch culture.
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Fig. 19. Time course of feeding culture.

Feeding rate ; 2800 (mg/1~hr), dissolved
oxygen concentration: 1.0 ppm, temp-
erature: 30°C and pH: 7.0.
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Fig. 20. Correlation between cell yield and
carbon source used in the feeding cultiva-

tion with the constant dissolved oxygen
(1. 0 ppm).

Feeding rates: 2800, 4400 and 8000 (mg/
1-hr).
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Fig. 21. Cell bound isoamylase formation
per unit cell weight or volume of broth
during the cultivation with the constant
dissolved oxygen (1.0 ppm).
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Fig. 22. Comparison of cell yield and the
activity of cell bound isoamylase between
the batchwise cultivation with 1.5 vvm
aeration or with constant dissolved oxygen
concentration (4.5, 2.5, or 0.1-0.2 ppm),
and the feeding rates (2800, 4400 or 8000
(mg/1-hr)) at the constant dissolved oxygen
concentration.
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Fig. 23. Effect of cell growth on the soluble
starch concentration in feed.
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Fig. 24. Effect of cell growth on dilution
rates.
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Fig. 25, Correlation between cell concen-
tration and soluble starch concentration of
feed during continuous cultivation.
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Fig. 26. Time course of cell bound iso-
amylase formation at a small dilution rates.
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Fig. 27. Effect of dilution rates on cell
bound isoamylase formation.
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Fig. 28. Effect of the dilution rates on the
cell bound isoamylase formation.
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Smmary

For the purpose of industrial production and application of isoamylase, the auther
carried out screening tests, and as a result, a strain of Aerobacter aerogenes sp. No. 105
was isolated. Isoamylase formation by this strain has been investigated by means of
shake culture, batch culture under aeration, feeding culture and continuous culture. As
the interesting property of isolated strain, isoamylase activity in the culture filtrate was
about 500 units per ml of broth after 100 hours of cultivation using CH;COONH, as a
nitrogen source. While, by using (NH,),S0, instead of CH;,COONH,, isoamylase forma-
tion and cell growth proceeded simultaneously, but almost all isoamylase activity
formed was a cell-bound type after 16-18 hours of cultivation. Its activity was shown
to be 120 units per ml of the culture broth (27 units per mg of cell weight). So, the
isolated strain was considered to hold two different isoamylase formation mechanisms
representing either way according to the type of the nitrogen sources used.

In aerated batch cultivation using 1000 ml jar fermentor, some experiments were
performed in order to compare various carbon sources in regard to the quantitative rela-
tionship between cell growth and iscamylase formation under the limited condition of
cell-bound isoamylase formation. As the results of batch culture, isolated strain showed
the suitable property for aerated culture, and cell-bound isoamylase formed quantitatively
25 units per mg of yield cell. However, when cultivation was carried out under the
condition of oxygen limiting for cell growth, yield cell per unit consumed carbon source
and isoamylase activity per mg of yield cell showed lower numsrical values in compa-
rison with another cases.

In feeding cultivation based on aerated batch cultivation, the cultivation with a
constant level (1.0 ppm) of dissolved oxygen concentration in the broth was carried out
to obtain the higher cell conentration in broth. As the results, feeding cultivation in
this work was able to produce 12-13 mg per ml of the broth, and isoamylase activity
per mg of cell and ml of cultured broth wers 35 units and 420 units respectively. Thus,
the feeding culture achieved about 2.5 times of the final yield of isoamylase in the con-
ventional batchwise culture.

In order to obtain higher isoamylase activity per unit cell weight, a cell concentra-
tion of more than 10(g/1) in the fermentated broth was needed. The presence of an
excess carbon source in broth having over 5-6(g/l) of cell concentration caused an ox-
ygen deficiency. Continuous cultivation with control of dissolved oxygen concentration
in the broth was used for cell-bound isoamylase formation of isolated strain by regu-
lating the rate of aeration and feed. The cell growth and cell-bound isoamylase forma-
tion were stable during continuous cultivation and the carbon source in the feed medium
was completely consumed by cells. With respect to cell-bound iscamylase activity, the
continuous culture gave the same or more numerical value as in the feeding culture.



