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Summary

1. Isolation and identification of amylase-producing bacteria.

The powerful strain A-12 and S-8 were respectively 'isolated from air and soil after
screening a large number of amylase-producing -bacteria. Their bacterial characteristics have
been investigated and it has been found that all characteristics of strain A-12 and S-8 are
similar to Bac. subtilis of Bergey’s manual except for the acid formation from a few
carbohydrates and the citrate utilization, i.e., the strain’' A-12 shows negative in the citrate
utilization, and the acid formation from arabinose and xylose, S-8 shows negative in the
acid formation from xylose.

2. Amylase production by liquid cultures with solid materials.

Several conditions for amylase production by strain A-12 in stationary cultures have
been studied. The results obtained are as follows.

(1) The optimum conditions are:temperature 35°C, initial pH 6.5 to 7.0 and incubation
time 3 to 4 days. ‘

(2) The amylase production is not affected by the preservation period of the stock
cultures. v

(3) Among the various solid material, the defatted soy bean is found to be the best for
the amylase production. However, the alkali treatment of the defatted soy bean gives no
effect contrary to the case of defatted rape seed. The addition of soluble starch to the alkali
extract of defatted soy bean shows the increased amylase production.

(4) Up to 1% addition of ethanol to carbon dificient media gives the improved amylase
production, whereas the above effect is not found in the case of carbon rich media.

(5) The amylase production can be increased 2.5 times when 10% of defatted soy bean
is admixed to cheaply available wheat bran.

(6) The excellent effect is found for amylase production when 20% of wheat bran is
admixed to defatted dry milk which is a poor medium. The activity is found to be D4},
7,000(L.S.V, 1,800) in 10% medium.
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(7) No significant effect is observed due to the addition of various inorganic salts. -

3. Amylase production by solid cultures.

Several conditions for amylase production ty strain A-12 in wheat bran cultures have

been studied and the results obtained are as follows.

(1) The optimum conditions: are temperature 33°C, incubation time 2 days, water content
added 150 to 175% and the thickness of the medium 1.5cm. The activity is found to be

D£, 36, 000(L.S.V. 15,000)

(2) No significant effect is found in the case of the additions of various organic and

inorganic substances,
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‘Table 1. The morphological characteristics of the selected strains.

‘ — straim No. '
. ' A-12 S-8
_morphology , ;
" shape . 0. 7~0. 8¢ X 2.0~3. 5y 0.7~0.91%3.8~4.5¢
. round ends, mostly chains round ends, mostly chains
. spores 0. 6~0. 71 %0.8~1. 0z 0.6~0.72x0:8~0.9¢
ellipsoid, not swollen ellipsoid, not swollen »
motility motile motile
gram stain positive positive
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Table 2. The physiological characteristics of the  gas formation from carbohyd-

selected strains. rates . h
: s ———— gas formation from alkaline - —
\ strain No. itrate stab
. A-12 | S8 . nitrate sta ] ‘
physiological test . acid formation from arabinose - +
S T TR " xylose - -
oxygen demand : E aerobic | aerobic ly '+ +
; " ucose
optimum growth temperature |33-35°C}37-38°C " & " .
sucrose +
optimum growth pH 6.5-6.8 6.8-7.0 y ol L i
mannito
nitrite from nitrate produced|produced Y hitol . n
- sorbito
acetyl methyl cabinol formation + + " lact + 4
alactose
methyl red reaction =+ + " ;g .
actose - -
ammonia formation + + "y It + +
. . maltose
indol formation - - " h
rhamnose — -
H,S formation - — ” fruct N "
ructo
catalase test + + ?e
urease test - - " glycerine + -
. . , " -~ alcohol - -
litmus reduction + + 9 : lig
. ¢ _ -
milk medium slowly p-|slowly p- .sa l_me
‘ ‘|eptonized|eptonized " inuline - —
?:gom* b[fgom' " raffinose + +
i
alkaline {alkaline " treharose —_ —
gelatin liquefaction liguefact-liquefact- " mannose + +
1on ion " inositol - —
starch utilization rvlveidgfz}(i- Widgf z}?- ” melibiose - -
: -ne - .
) ydrolysis|ydrolysis " dulcit - -
citrate utilization not poor " dextrin -+ +
Table 3. The cultural characteristics of the selected strains on the various media.
\\ " strain No.
—_ A-12 s-8
" media I ——
good growth, rough, opaque, growth abundant, rough, opaque, off-

nutrient broth agar plate | white to ofwhite, dry, spread- | white, dry, spreading, flat, undulate,
ing, flat, undulate, irregular ro- | irregular round
und

nutrient broth agar slant rough, opaque, white to offwh- spreading, dry

ite, dry, spreading, flat

glucose nutrient broth growth heavier, spreading, ro- growth, more abuudant, spreading, ro-
agar slant ugh, opaque, offwhite, dry, flat ugh, opaque, dry, flat

starch nutrient broth agar growth more heavier, rough, growth same as on glucose nutrient
slant dry, flat agar

glucose nitrate agar slant| not growth very scant growth filiform

glucosiinisparagm agar very scant growth } scant growth echinulate

soy bean agar sl aﬁt growth more abundant, offwhite,] growth more abundant, offwhite, dry,

dry, opaque, rough, spreading, opaque, rough, spreading, flat
flat
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tyrosin nutrient broth

agar slant slant

same as on nutrient broth agar \ same as on nutrient broth agar slant

nutrient broth clear, pellicle

l clear, pellicle

7% NaCl nutrient broth growth, ring

l growth, ring

glucose ammonium sulfate
water

very scant growth, flocculent

scant growth, flocculent

potato medium

growth abundant, dry, spread-
ing, offwhite, wrinkled

growth abundant, wrinkled and raised,
offwhite to thin brown

ERERZ Eestdd. )5e U ERLH
o} 35°C, 2HR ##ES 72 ¢ amylase HEE ©&
s gkt
A-12; Di5,33,000(L.S.V. 14,000)
S-8; D727,000(L.S.V. 11,000)
2. BEEKRY HBMNGE
" A-12 2 S-89) R, A£E F EES #E
el A3 EREEE o8 Table 1,2,35% 7}
kel viebd ule} ko] A-129 S-89
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A-12:29 o 29 FA4 FIAKS A-12v B
olu} S-8 & #EEsA FlEsddod = MY £K
o] 9o]A A-12% arabinose 7} &,
BBikele] #ele] S-8.& olof KB HEMME
BHell gdojAE FAT 2R dAd Uk B
BMER Bol A-12 9 S-8t& Bac. subtiliso| B
e Eketz A2,
I. JRERIEROl &St amylase 4
1. amylase 2 EES] EBREH
(1) ¥5% initial pH 9} BB A
1%9] FEMBES et nutrient broth el
NaOH 2 HCl & fmste] pHE 2= #Agist= 35
°Coll #z#el™ Al BBEEKFIE amylase JIES #l

glycerineo]

Table 4. Influences of initial pH and cultural per-
iod on the amylase production by strain

A-12.

>~ period (days) amylase activity (D))

initial pH 2 [ 3 | 4 5
5.5 150/ 350, 400 600
6.0 180 370 420 530
6.5 200, 400 450 500
7.0 200 370 470 500
7.5 2000 320, 350, 450
8.0 170 250 300 ) 400

EY HRE Table 49 7o,

BEAR 3A5 484 el A 5, initial pH
6.5~7.0o1 A amylase &go| 713 Fqtow #EE
Bl @@l wtel initial pH 7} %& ol %
keh.

(2) HRRE

pH 6.5 9] Hritie] BWES 2ol BRI A S
9] amylase JJ{E% Table 59} 2.

Table 5. Influence of cultural temeprature on the
amylase production.

™~ \t\t‘emper:zl;lgel amylase activity(D#37)

~

Pefgg‘jys)\\] 30 | 33 ] 35 [ 37 | 40

3 ' 3000 370 400 400 350
4 370, 450| 450 420, 370
5 | 400, 480, 500/ 400 300

30~35°Coll A& 5 58 #7212 AgUEE =t
amylase o] LHE= o o} 37~40°Col 4 = 48
#7tA amylase A2 fge] RHEH = 5AKNE ET
Holet. amylase £ oA o] B EHEREE
BEEE 35°C st #Ed o,

(3) #EHho] RIS FEHHEK

100ml =# flask o] pH 6.52 FET e &

& 29 st REAECEEH (cm?) +59 (em®))

% g2 stz 35°CE REuA EBENANE
amylase HES MWET #BE Table 65+ 25}, -

Table 6. Influence of surface coeficient of medium
on the amylase production.

. ... beriod(days) amylase activity
\ — o o
quantity \coeficient

(ml) of surfacex 1 2] 3 4, 5

20 | 1.629

’ 180/ 300, 450 520‘ 600
30 1.140 | 100{ 200( 400 450, 500
40 | 0.755 ‘ 60| 150/ 350 400' 430
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e EEE & ALTFH
=%+t

@) PR %Y FREHEY pE

nutrient broth #% >+ nutrient broth agar slant o
&% 24BT WIRSET AL 5°C9 AEEH 2H
Eige s EERKS 2y #Ed FAdt
5% Tk alkali BH®EF nutrient broth el #
Bets 3E Bt amylase £ HAE Wi
peape B HEY HES BRE Y. HRER
WiErse) R EH UAARNE BEe Nt

2, HEHIEEER P amylase 4B

) FEee g

W97E, BA, RIEKE ATEH £9 mTE
EW REBIL, B 5 BEXE a2 o K
e FTEE vl 2ol mEsl MG EH
BHEREE 5%9] bl Al 35°C, 3HRY MEY AT
9] A amylase o] JJEE Table 75 g,

amylase &1 HE7F

Table 7. Amylase production by strain A-~12
in the media prepared from various
sources.

treatment of amylase activity (D&’

~..__ sources

R medi- kmedl- medi- l medi-
sources of media . \um~A lum-B jum-C | um-D
defatted red paperseed 600l 400l 3501 600
defatted soy bean 1600, 1550i 1300; 1600
defatted perilla 500{ 600 600 600
defatted rice bran 500 350[ 300, 600
defatted rape seed 100 800] 600 100
defatted sesame 350 350; 350| - 400
barley bran 550 2801 250, 600
wheat bran 630 470, 400 650
defatted milk powder 50 — — 80
silkworm pupa 4801 600, 600 450

Note: medium-A; not treated.

medium-B; treated with alkali.

medium-C; extracted with alkali.

medium-D; hydrolyzed with bacrteial enz-
yme.

FRZE RBEATH o) BY 4B H anylase
el A BIFS HRE 2dch. BEd K3

2o FRe g ek #& 22A delss
A9, kK, BEiEe A& alkali R¥ 7} amy-
lase el Eokom HMe FHel doiAdE
B we BEEET A FRd. 53 RED
el QAN E alkali TS A F- Hel 2R E£EF

A Za)ow WS akali BERCl tk3tel MR
o] 6~8fr = amylase &Ko) #insl oot BERIE
ol ol WIRKEE, 2aA, WL T KE
Fol Be ERel YA 09 HEE BET
= 9lg o ke AL mEEe e BRE
e ot

(2) B BE

KIS EEDZ £4 SE2A BEML KEH
alkali B {LiEeHhe]  35°C o] 4] 3ERK @RS =
amylase HfEE Fig. 15 2.

5,000

S 4,00

Amylase activity
n

0_2 4 6 8 1012 14 16 18 20
Medium conc. (%)

Fig 1. Influence of concentration in the alkali
extract of defatted soy bean,

o) #EES) WEHE(20%) 0l A = el BT
#inste] @l amylase £RE BEEME N . K
T BEE 5% A B Al oA Al
FhEe] sl ot 20%5g el el d = alkali
REE 2t S nofo s seol ERJ/E RES
et

(3) Peptone #ine] &

5% 2 10%9 KT alkali BIHE S Hkom
s}3 o) Ao peptone & 1~10% ¥Find Hithol A
35°C, 3Pf mEY A9 amylaseH{fe Fig.
29 2. '

— 10% medium

.....

5% medium

o

.....
e

% 1,5000"
]

Y 7\ 6 g 10
Peptone conc. (%)
Fig. 2. Influence of addition of peptone to alkali-
extract of defatted soy bean upon the
amylase production.
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5%, 10%9  KTH alkali BIHEK o =AdAv
peptone 1%¥En B§ amylase 42FKo] F8le] #hn
Hgot 2 Pk 3%AAE Fid #Ene dd
o 3%LIE FiRE Eingel wobdd web
amylase #5°] HWAE .

(4) Starch ¥Eine &

5% 2 10%9] KT alkali BHKR T B
Be 1~10% Hindt sEHiel 4 35°C 2 3 A 3%
#49¢ 9 amylase 9 NEE Fig. 37 Zoh

——een10% medium
—~—eem 5% medium

g

~
[0
s

40°
30
[~

B

»
N
N

Amylase activity (D
A Y

e

el 2
ey
o

2 4
~ Starch conc. (%)
Fig. 3. Influence of addition of soluble starch to
alkali-extract of defatted soy bean upon
the amylase production.

5% ﬁ(ﬂ*ﬂ alkali BHEEHel A = 2%, 10% X&
¥ alkali BHEHANE 3% BEAA WHEER
BEmY RN o 43 3%l amylase
ERel A% gt 28z 48 FRE BEY
5% alkali BHwel WHEEBRHS 1% 2 3% &
mnEr o) Al 35°C & 3 B #ER A5 am-
ylase J){€%+ Table 8 % 7t

Table 8. Influence of addition of soluble starch
to alkali-extracts of various sources upon
the amylase production.

. sluble starch amylase activity(D a7 )

%ol Bigo]l oA 1~3%9 FEl BEE &
e o HnEA %L Aol Hsle] amylase JIE7}T

8 @mEAReH KK B 92T
By BEE e Bk dedAE Ra BHRL
AR e

(5) Ethanol #Rine g

5% XTH alkali BH¥K ol A FEtE B
2 3% 2 5%E Hmdt 3EY Bl B #E R
ethanol & 1~4% ¥instz 35°C, 3 A k&)
o] amylase &gl v X & ethanol & BEL
el 2 ERE Table 99 2o},

Table 9. Influence of ethanol addition to the me-
dia upon the amylase production.

\\ media

53%1"5’3@ O st 56 stare] 4 s

amylase activity (D 30,)

1,300 3,200 4,000
1 1,800 | 2,400 | 3,000
2 1,000 | 1,800 1,800
3 700 1,300 1,200
4 300 900 800

WEERYG S HimstA ?%3 KTk alkali BH%
el A 7k ethanol 1% i%ﬁ?m B amylase 0]
#Bin= gl o2t ethanol o fFEimEe] 2%L LS 7%
283 WEEEEE 3~5% HMT Bc] A etha
nol & 1%Lk &g A=
£l BE R

(6) MEHEHe] BB

BiAAKel #H3l kKEH 6%,

239 amy]as}e

Hie FR 4%

Table 10. Effects of compound media consisted
of various sources on the amylase

\\\ added (%) ‘ production.
T main e iy 40°

sources of medla;\ 0 i 1 ‘ 3 source(6%) amylase actIVItY\D 301
defatted red peper seed 350 750 800 other source (4%) defattelt)ie:Sy ) wheat bran
defatted soy bean ‘ -7_1300 2400 3200 defatted red peper see 4 2. 400 1,500
defatted perillaA 600 1200 1500 defatted soy bean (3,200) 3,200
defattgc_l rice bran 300 350 400 defatted perilla 2,200 1,600
defatted rape seed 600 830 830 defatted rice bran 2,400 1,200
defatted sesame 350 830 830 efatted rape seed | 700 750
barley bran 250 400 420 defatted sesame 2,000 1,300
wheat bran : 400 450 { 600 barley bran 2,600 v 600
defatted milk powder - — 50 wheat bran 3,300 L, 200)
silkworm pupa 600 | 1200 | 1800 ,efiired milk powder 3,600 3,400
AR, KR, BB S EXEC we oo PR 2,000 1,500
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2 BET e U1E 6%, Hit B 4%EF
BEE il 4] 35°C, 3 B ¥5%Este amylase
£l WA e EE B PES BN 28
B Table 103 2.
KEH RS B oA e REERL
v 78S ERstE A Solut KSmERAER
of Ao}t amylase Kol 47k BRI Hih
9 A%l amylase o] ETHNAF. =
97 ¢ ERe EaEH AAAE W,
ZH BRYIASE Bitstze o= A%y 47
SEARHl A 2k amylase £l = 3L
o 43 RIEMI =x KEHERMC amylase
£l 2fEbl ke SR

IRigH LS il A e ATk ekel 2ol B
KBS amylase AR0] 3] TR o] KB
o #Rz nol REMAE HARS FRaA
WS- EAHTS OF ek 2=z WAE BHA
el N AT Hie] Aol Hete] am-
ylase el H%3 HelAv WAL, KT
BEEEHA A e AERBAEA A H%T am-
ylase & ARSIE Bio g 2o} amylased T¥4&
Eoll glel A e ATHE EEYT 27158 Eakh
& @#Rste Aol HHTE & A+

Beol WAL, KEREAREH10% BE) A
o} A BAaHAES amylase ARFAY BHFE BT
ub o 3T Table 11 3% 2o,
Table 11. Effects of composition ratios of wheat

bran and defatted soy bean upon the
amylase production.

wheat bran| 90| 80 60| 40| 20
= S I e
soy bean -

amylase activity ;
! 3,000, 3, 000\ 3,200 3, 400]3, 400
1 - i

071%, KT BA el gl AE BALE
BT ZR/F Y E amylase R E 2 %7
A% =

) WEHLERS ¥

971, RIEHILS BEAEE R KR, KK
oL} WA THCl slel A HRAel R
& FOHe BES 10%2 o3 RIRHILS B
o WakEE 27 35°C el A 3 B
RIEHIEAS HES BHT 2 SREE Fig. 4,
59 2.

KERT RIEHIL BRY A% KOKT B

: 8 g &

Amylase activity (D)

Q % 30 60 30100
am @y GO W) @D O
Wheat bran{e) Defatted dry milk(%)

- PrR—

Fig. 4. Effects of composition ratio of wheat bran
and defatted dry milk upon the amylase
production.

5

Aniylase activity (D$)
»

2’ m
1 .
0 20 40 60 80 100
1000 B® (CHEENCT) o0 (1))
Defatted soybean(%) Defatted dry milk(%)

Fig. 5. Effects of composition ratios of defatted
50y bean and defatted dry milk upon the
amylase production.

WS 40:609) Mz ERAYE A amylase g J
B D, 5,000 224 M4 B 9L R
fewil BRY A%+: HBRF ASTFH e
97143 RIEHILS 2008002 ERHEHA am-
ylase J{EE DY, 7,000 224 1A ok =9
2 559 amylase 7} ARE = B A
7l AAE ALl KEXRY ERES g
w2} amylase JI{E7F ABE MBI E £5470& ¢
+ .

MRIEM LB ol A amylase £ 3]
AR FEe S —d ddstestE B
set] S1ehel RISHILARO] IsEM AL, b glol B
she] PBRSII Y wb ALl BRI REEE LY
o 2 amylase £5¢°] <7k wADs} g 2R
= ogd o4 ol Bge] BAEKY Httd
HREHE AUAE 497 d3to REF A FE
9] 3#89] amylase EMBEC] Bete] HEEEsd
v @& £2F 144

(8) BB Wmins B2

10% ®ES 9%, BEHILE: 8) BAHY

o} 2
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WIE, KEHO 1) BAEEGC SBESRE R
3ta 35°CeollA 3 BRE s5#Este] amylacse ZpKol
e e B o BRE Table 129 2
=

Table 12. Effects of addition of inorganic salt

to basal media upon the amylase pro-
duction.

_4;‘73,‘;@ of media \ amylase (D4°°)

activity 807
wheat bran

kind of \conc." (%)\ wheat bran

and defattedland defatted

\ \ dry milk  soy bean

salts added 2:8 9:1)
control — 7,000 3,000
(NHy):HPO, 0.5 4,800 2,400
(NH,):S0, 0.5 5,200 3,300
NaNO; 0.5 7,000 2,000
CO(NHy): 0.5 4,800 3,000
NaCl " 0.1 7,500 2,500
KH,PO, 0.1 7,000 2,500
MgS0,-7TH,0 0.02 8,000 3,000
FeCls 0.01 7,000 2,700
CaCO, 10 7,000 3,000

AL, ERBARERIAE MgSO, « THO0, NaCl
2 @il eld & ’»@%7} Agle. = WAL
KRl AE (NHp, 80,49 &Finel ¢lejA
&0 HBEZ AN Bol= K4l control F F
Av BEMFAS dedd. 28 a control 3 2
A OWRA Q€ BESS LR BES 545
2 94 EEsIAY ©l CaCOs; 7%t control
3} A3 ?;flj;%:— control 2.t} amylase HE EF
He

(NHy),S0, ¢ 722 EiERme] wmingel 4
W HEEAC] A% AL BEF o £ Hel #E
g Eikfestzl A gl ohdst AzbEe] Kol
Table 13. Effect of addition of ammonium sulfate

to basal media mixed with calcium
carbonate (3%).

kind, of media amylase activity( D#; )

wheat bran andjwheat bran and
defatted dry =~ |defatted soy
milk (2:8) thean (9:1)

0 7,000 3,000

0.25 6, 500 3,200

0.5 5, 300 3,300

1 4,000 2,600

2 3,200 1,800

2.5 2,000 1,800

CaCO; 3% % st (NHD:SO. & 0.25~2. 5%
gmslel szl dw wh Table 13014 R Ewpda
o] {EE Finel A& control 9 ¥lEtd on &
e A 94 amylase £RS EESY .
1. EREM0l| kst amylase 4%
1. amylase 259 BEEiEL

Q) EERBES BEHHE

W] gof 1.5 %Y HEKE st 2¢ 42 A
& 100ml =# flask o 15g4 Yol MEHREY &
MRS Be Py EREREs o gMe o
27 81e] amylase @ " A& FPBE BRI
o fERE Table 14 9 7+,

Table 14. Effects of cultural temperature and
period on the amylase production.

\‘E()d (days) amylase activity( Dggf)

tempgg‘?:t)ure\\\ 1 ‘ 2 ‘ 3 ‘ 4

30 .16 000’30, 000

33, 000‘33, 000

33 7, 000“36, 600(33, 600,30, 000

35 10, 000'33,000 32, 000.27, 000

37 11,000’27, 000(20, 00015, 000

40 16,000 25, 000! 16,000‘12,000

30°C B3l glol A HEUEHEA =t 3~4 H

72 HE7E BELAE A o 33°C LLEY B3
dol A BE 2 88d HEA BEE HYed
Z PgkrrEe] &gl Mok amylase HEE 43
WOH . BEEA-S 33°C, 2 HH ¥EIU .
(2) BHWEHKES vE
7] gel et HAES £% 2
33°C, 2 HE 883 A 29 amylase Fi{E= Table
15 9F 2z}, L
Table 15. Influence of amount of water 1added to
wheat bran upon the amylase production.

water (%) added amylase activity( D%, )

100 25,000
125 30, 000
150 36, 000
175 36,000
200 33,000

U] 2ol WY BBHAEL U729 BHEB)
wel &4 2k kg 150% 2 175%A A am-
ylase £Bo] 7% T3 200%9] Hokol oAl
EHEY £FC Way Ml FAAE BB
Y3 2 BRT R dolME 150% HAY A 2

— 164 ~



o} amylase ERE A ¢},

(3) HwTAY P

W7l &ol 150% AT A2 100ml = flaske]
BS 28 o] e FAE 2o stz MEAE
T 33°C 2 HET EREE Table 16 9 2
1 B B#ET Ad ddA s 5o FAL R
ALFE B9 £Fo] w22 amylase £K] ¥

Table 16. Influence of thickness of wheat bran
medium upon the amylase production.

“T——____ period (days) amylase 00 :
T activity (Dsor)
guantitiy of thickness of 1 2
medium (g) medium (cm) ,
10 | 11 9,000 32,000
15 1.5 7,000{ 36,000
20 2.1 7,000 33,000
25 : 2.7 5,000 32,000
30 ! 3.1 3,000 30,000

g, v 2 B 3ol i A & w5 A
7} 1.1cm 9 Axch 1.5~2,1em & 7 o] amylase
Fi{EA B Ee
2. ReHi#XK} amylase AE
Q- Bk Ba
7] &l #otel £ BE WIEEY € R
T, BiEss BES &% 5%, 20%HRme 55
#eoll 33°C, 2 A HEAS 42 amylase LKL
Table 17 3 Zch. o] HEl HAT Kok el
271 o Bt amylase o £RE WRAAA
£ gle REHLS Bistzs 20% EAK
o] amylase £WKE W A A .

Table 17 Effects of various materials added to
wheat bran upon the amylase production.

\qu:élé}?isi:f amylase activity(D 897
materials \\:f’x\ \ 5% l 20%ﬁ
defatted red paper seed 34, 000 34,000
defatted soy bean 34,000 34,000
defatted perilla 34,000 30, 000
defatted rice bran 35,000 34,000
defatted rape seed 34,000 34,000
defatted sesame 34, 000 30,000
barley bran 36, 000 34,000
defatted milk powder 36,000 36, 000
silkworm pupa 34,000 30, 000
control 36, 000

(2) EsEEEme BE

SRS SR A EESHe B2l B
stz 33°C, 2 BRS ¥5#obo] amylase &Kol ®]A
= e Beidl = &R Table 18 3 2t
NaNOs, CO(NH,)», - (NH,)HPO & #Ind it
o A& amylase Aol ELA BLHRLH 2
vlo] MRS WnE HET A'A B

Table 18. Effects of inorganic salts added to
' wheat bran medium upon the

amylase production

salts amylase/
- sl 40°
kind cone.(%) added FEHVIEY(Dso )
control : - 36, 000.
CaCO;s 1.0 36,000
(NH:HPO, 0.5 34,000
(NH,)S0, 0.5 36,000
NaNO; 0.5 32,000
CO(NH,), 0.5 34,000
NaCl 0.1 36, 000
KH,PO, 0.1 36,000
MgSOy 7H20 0. 02 36, 000
FeCls 0.001 36,000
£ B

1. el 2 o BE

22F 9 L el A SHES EFER strain
A-12 9} strain S-8 ¢ BEEMHEE Bergey’s Ma-
nual®®9] 44 Key o fkste] 4sind ¥ Bkt
% HiRT, HRN Bz gram RE L cat-
alase Bt o 2 A Bacillus o sl = sporangia &
swelling 31#| ¢z glucose nutrient broth agar ¥
soy -bean agar slanto]A & 4£F}E B, T%
NaCl broth o} 4 #£F &= B, B} gelatin 9] 4
o) B By, =WEe Bt B, pH 5.2
BLENA A%k MR, alkali ol A SfEEo =
2E gas & ARA S B 52 ol Bacillus
subtilis O FkE 2tz A=, @3 Bergey's
Manual o] f#e FES & FoZA & strain
A-129 AY RBEFEL A citrate FFIHA &
i arabinose &} xylose o]l 4] BE-S AK3A LEEL
o] 23, strain S-8 & citrate medium 3} glucose
asparagin agar slant o) A {#E/3}A HFY 4
xylose ol Al FES ERK3A] ¢ Bho] 2. amy-
lase Aol 9ol Al 53] BHI < strain A-12
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o} ko] amylase EWHOE #HEd HEA &
BWES HEstd Bacillus amyloliuefaciens
Fukumoto® 9= maltose, dextrin, raffinose Bl 4l
e ER3te Bl H2n EE 7} WS Bar

cillus subtilis var. amylolzquefacuss} acetyl me-

thyl carbinol & #4:pge] T3 % B, treharose off A
e AREA = B, glycerin & dextrin o] A
Be HREE Bel dad. BEY B)ER
Bacillus moriguchiensis b= SEEETCIEC] Bk
Ql Bho] w2} WEFH:I}0510 aidt Bacillus hydro-
Iyticus = sporangia 7} swelling 3% ¢z milk
medium & FH A alkalihoz BMEAA &= B
#5o) th2x  Bacillus amylosolvens S+ BR{LKER
9} indol & ARIA @ B %o #2v.
2. TiMiERe0l {3t amylase 4E

SEEEY 7% strain A-129] REEEMHLS
3~4 B0l s £3E Initial pHE 6.5~7.0°] 3.
ol @ Initial pHE BAM, 5] &
4% £3% Initial pH 7.0~7.4 2o & v RE
an GEEeY o] &R pH 5.5 ME i ¥
o. BESBREE 35°C2A gkl #E=H B
BOD EAW, EE, S WRERS u] 53}
W BEEREEst 30°C et @ g 2] kst
L o|EY 2R Ao olEE 30°C el BEEW
o BEEE 35°Ce H#Esie A S HIhe
amylase £fRe] Falol Holg. .

sre] BEZC] 23 BH K3d BA— FEH
A= EEel A FF FEF AAA e
amylase 8 el E=. o #HRT Boidin &
Effront®, @A, BE™, Sof fketd BED
upo} b, RiREHET B 5°C o wEEECl 153
& Tglohl Aol AN E A EE amylase
o HEE FEPEYS £RO0~14 AEDA oS
el A9 —Edd. BEE WEET amyl-
sae A RMIE & 2~10°C o] fRfFsl FRe7F #EA
% W FEBEE 9~11 B9 el amylase £l
A% Feoo o ik AL amylase £ ] Ho]
Adz @ vk Qe o WEE £5Y ERmER
g 2 %5 ok ® AR 52 BEC e
A age 7t UE MREEEES AR 74
amylase &%l FAY £R/ Azlgdz & ub 9

o, ey ol ¢ e FRES] AEBSE Ml

EE EBAAA AL & £E e Aol
pessksuhel ST MBS amylase EFS B
T e Wee got Rk Hid £4

Moz KEE #@%e e Ao wESA E£Ee
29 FRE BESd o8 AEE amylase £FE
o BXE B BRI HuFERE 292
HRstE ASdE BAW, BE®, o RE
g ul9} o] amylase &0 ojA KTHel 7
A Z9d. BEW & AH =& AEHRY &
& alcohol Mol £EES HAES BERE
Ee {Rdct WET o 9. 9 BHOE
BiE Lol A BHES amylase 7} LELA G
W v Qe 59 wRel kil RIBHL
ol A = BY BEOI Y amylase £E] o} F R
matg

Foptel WIREE WmE A4 ERSERS 24
strain A-12 & alkali gEBRsEH(hfn % 29 =
g A) =% alkali BHES0(PT % EETR)
of EES o Wk, BiES B2 amylase
o]l =5 delgth. 53 REHAE alkali 2
BEE e A B @ElY amylase £XE
A9 Wy + AX+ed REHILE akaliz g
EE wolE b Flel feted o& HIA SR
H B Zow Hol o2 HRFLL REHAL
9] alkali o fksle] olwl BEY FHEWHe
EREAY —RS BEESHEE A7) amino B
o] BAEMREAA 2t BIkFIF] A =7
uj Fo] ol #HEE . ol {EHTAA amino
figo] MIEES £l HWetd HEMLEZ EHIGE
= AL Gjessing®, KA 5o #Ed &Ko
dad 9o} Giessing & BEEE &% ks
#ale] amino o 2 & Wl MEY SREFo
24 EEe gAdRS e XPW F&
amino fif HES HEHIEM Held #HET ¥
o, o|EHY HRE 2ol olEY EE doiA
B ez RS AT, 9E 29 K
2 alkali gHESlE A Bt adlg RN A
o] FFIFE & & s

eV e alkali 2 B EHdAE
amylase @) o] 6~8 %2 WA Aol HWHEM
o fuFkle] el FK % EEoE 30481 W
By o %S K 2o Ekoz = s
o alkali ¢ HA =+ B = alkali ¥-& nsto],
WEoE 1R mEhd o = Boz FmsiA o
olx A9 shifg e+ B R Mol MM
migeel Ao sl Bk B £8 AR
Fe & F gz od HRMH Fo akaliz
BE o] = amylase AEEMEA 2o BEI
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A "otz AzpE o,

5ol MEERER &8 FRE BLESRE A1
Kol strain A-12 5 BESIUR o o189 BE
9 HRE BEHA gkt HHE? &2 Rhizo-
pus BES BRIEEA QLA HEEHREL casein,
& gluten, BIEATEH 5 ERSHERE B
{eafEstd GRS glucose 4K amylase 9 4
o]l ¥ale]l WA gz g strain A-12 &
32 dholl amylase ffo] F%ES] potease T KK
el R O BBV ERES 44 A
A% 4+ denz BHEY EREERS 949
Wesm AAN g Jl2 HR5T dd=
= Ao ohak MEESRel K% FEEY B

SfEe mRERSS FiE RBilsls A% Bt
9 WEE ETAAA REs FaA ste HR7
et

EAWE= LTH alkali B Bac. amyl-
oliguifaciens & &S A5 K2 KEH
BE 5% 1A = WikMe s BRY SWE Binsl
Y oz Blke]l = ks ddm @ vk ged o
Eipol fksbd g BRE{(Eel %40 EEsA
HE 20% BEAAE B %59 LR EH
A BE S HHIBE S amylase £ KEBRY
o7 HHIBGRE Zidh. o] Bie = o} strain
A-12 & BBRERHIEENIdE B53e ¢ & 9
=

fe5ee] ool fkalml MBS amylase & A EEsE
A% gl REW ERES) B} amylase 4
Eol &S uAd —Bos REF il
FHRFS o] BLT o] amylase AfEe] F
gz deA Qo BE = fFREb] peptone s
wme W 5% B|EAA = FHinge wel amylase
o] HhE YV 2 LLEY el Yol A= amy-
lase o] —fEsteba HET o e F£HY
ol fket 5% 2 10% alkali BHE-S A
F#E &% % F peptone 2~3% ¥RM7HA = amy-
lase o] B{inslvb oo Lkl @il QeAE
amylase £ 7] peptone 3% &MY A $EH w
o @8 F—3 A BHS S W
ol & 1~3% HmINE amylase £EE 2% Llbo
2 EkE .

ohgo] £HE FEHES 5% alkali K BHE
1%} 3% ¥inste] amylase A wl A= ¥
< HEtelael uf HEE REFe B 2%,

MRIEkEE 59 5% alkali BH¥ ] A& amylase &

Bl HT Emsl o K SRF] & X
Th, AR, SAK, A%, BE 59 5%
alkali BH¥ A= amylase £FES # 2452 B
= et BIEY gRE B o« KERH, B,
A% 59 alkali BHES ME amylase 8] 4E
Fwmza EHe 49 E%F 295 REFEY
BHe ol e 4 F A

TBA 0= 5% KTH alkali BHF ) ethanol &
1~2% @ W 4 E amylase 8 NEE BLL
o2 EAkdaz 3w govt ofet Rtz A6
52 ethanol 8 #lnel #3lol amylase o] H{EE
Bhne A ehgked 1.5% LAk g & i
EFAE ez HENA. £EE HH
amylase 8] Aol ml A& ethanol FHEine HEe
ZBEY) st 5% KEH alkali BHE-S HA
R st 3 olAed WEMENE 3% 2 5%
wing Ax BAREME 3¢ ethanol FHinel B
& BEfeld vl 5% KEH alkali BHE S X
Az ole} 1%®) ethanol & Hmd 2w
amylase 4:po] <z #hn= glon] zule] 7o
1% 5l kS ethanol & #EME o] amylase 4B
ol % WMEHIS. b9 HREE Rl 1% B
9 ethanol ¥ amylase 4] HEMO R
fEAES g dvh. 28 ethanol 7HS REE
L2 3 HEESbl A Hel AF e Bt ki
9 BEHERER Bol 5% KEH alkali B 2
o] RFWe] RET ol A= 1% ethanol ¥
e EEEAEAA 2o REFRo A FIAH
o A amylase LKl HFSA & Relztz
He = o

M amylase o] o] glolAlE RAKES &
—FERE 2% A 24 ol EE & %A BEss
Ael C/N o} Hfth Be MRENA & = F
R Aeleta Azh=o] WA HEE fRFEC B
& KREHE REES B A S FEEE I
of o)A fFkIE BEAE A4S amylase 4
Ee BEstad or WoE, AR BEd k3
of JE amylase & HFII EET F A& ¢
deor ez BRIEHILE BHE ddt amylase
Aol Fulo]l Eimd S ¢+ U

Kk BRte Aol It 9788
wel BAsE 2uE EERECN A FHEA A9,
a2 az KRk 9518S desA kB B
& 99 amylase £ES HFAAd vk Wo g
KEHES Hol HES £EVT Jol = amylase &
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Bt & 27 98¢ ¢ Wed KT
£ 9112 BEATY Ml AE 4£E amylase 8] 73
He XEHLe A9 A Zgen 9s&q
o] Aol Kol #5 2.5 52 Bins o ME
amylase o] T¥MQ AERRC] dolA BHSE
Y& 2%, KEH 1% HuE EAled
BEE 174 2%, AT 3% s HA
vk dew £EY Rl K U9sE, KE
B BEREmad 9518¢ Fie 90% #E7
A S8 #EE A FHTE ¢ + d+h

LT uleg} o] Rigmlute AT
strain A-12 9] 4%} amylase Aol W3 TR
s RIBHILE 2/ 2ol kT BAE A
ol £ amylase f4:@e] Fo] HinsE HEE
T HER Qe BgoEA WS FHE BEJEZE
FEE RBHILY 27129 BREKRE, RigHL
o KTk BARES A=Az @k AAA
| ol BRI 27-¢ EREdA e
o oHeEse] 8:2 4+, RigMILY KEH BREE
Mol Al e =z Ko 6:4 € W BES amylase 7F
£RE A BEY amylase 7} 4EE = HEH7)
Ao EE B Gr oty KEHY &l &
ol =2} amylase £ES A9 KMoz £
e & F Ao

PLES] EEBERA K3t BIEH Il & strain
A-129] AFolu B4 JEF old MY
Kool RREE- o) REKFE L&l K
#el kel fixslE Aoldlx BES. RigH
2.9 RERZ fotdE: Flgk=E segsly el
strain A-127} EAYES EBE— ERFEoz =
e, ESEEERA &Bshve ARse
Bt ERY HE=E v B 9 RERSS

strain A-120] iR £BoZ FREE &R

Frb okd st HEd

WA S, AEH BAY s 498, B’
feipel BAS Wik A8 SREEE &
mostel Z BEE HEHEd o 978, ATH
(9:1) BRG] 0.5%9] BHELEL Fmde
% amylase &gl EHF BEmEfen 2 gte A
A e EmEme A4S vlesAY, o8y W\E
gk BAWYWE KB alkali Bl HEEY
Eolv} BEEQES 1% BMst amylase AE0
ET E@hmedz & v e o Higel M & BB
GEE 0.5% B & A= HEERS Jebl =

3. EEN fKE amylase &&

EeRss o] fkotel  strain A-12 5 W7ol
BE e A9 amylase 4ES HEREET 33°C
oln] EEEHIRIS 208 FY. o BHE RER
ol A D27 36,000/g(L.S.V. 15,000)8] amylase
£ gEsgor Eahd #iEd A s ¥
o WS BRY EHoe REdd. ERERd
tk3t amylase g oA strain A-12 F B
o WEE fb BWES HEE B od BED 2R
A=

.Beckord? = .7} 43HES - Bac. Subtilis No.23
& W& K glelA 37°C 7} HERERC
#HES vl Az A 5L Bac
amyloliquefaciens Koreanus Park 2 W78 ¥
o 1o} Al HEEBEE ¥ S EiRe=A 37~40°C =
2 T ub 9ok, mE FEED Zo] kY vl A
= Bac. subtilis M-1819] 27 & HEe) elAE
37°C, 2 AR #EY @ amylase £Re) A% B
HF e B o2 ¥ol strain A-12 9] SEEBHE
L o5 HFgE B £E B9 on Bac. amylos-
olvens O] #RIEF QoA BEFR 32~35°C
g g BHO Hidkt T

HRGKES 47 & HIYA 150~175% 2A]
AR L ERE 2HET )AL Beckord W F
So] #eg wreb kEJF A W FAs
flask #2329 3% 57 1.5cm o #] amylase 45K
o] 7}A Fgtor ojxmet HHe FAN AV W
& wol &= amylase Aol Hol F o Kiid FA A
UR owl BR #i#se] TEZ #4k o
gEagssol k3td BE AYAA LASA
o] FAsE UF god BEEHA A4IA
Eistd B &Fe F4 A HE=2 o= F
S} amylase Aol dolzlgxz e

Y7 go] B FHE BEsld EET 9 o
Ay 17% B 2tk amylase o] i
mE AL glgdeh o] B mEERA A
E /B FRE ¢uA SBHYY ERG A9
amylase &£ g0l EFod 53 REHALY Hingh
RE HEMNCZ amylase £EE BAR 2 2
e EiEEEd dodx s REMILE 20% Fin
T AR 9% BHEY RFLe dxsdd.
BH= Bac. amylosolvens 9] HREEE A2
e KTHE 5:52 A Yew 2ok 8:2%
&S 3% amylase pte] <zt WolA oz ghut
A2 BACE U7 & KESTTE 5:52 B
&9 9 amylase Ko 743 RiFsaz 3 Hf

subtilis  var.
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ok, i} strain A—12 9 558 glejA = 4
7VEo H3te KTEHE 20% HmAle o UAE
BHY A4Ed 938 amylase Kol ETEHA
o o EO = RS Wik Rel %eld #HEQ
ul gl o} strain A—12 9 el YoM BiF
9 i RV BEHA 9. 2z EEE
el HingEe #ale BHT v o= Al K
BE ol HmmsA e A Az A
I FEIRES @Y A 3% amylase £RE
BENE HEE 230 Beckord W EL 0.5%9)
HHHs SHE B U7 & Betd 175%%
g o amylase el J13 RiFetch W
#h 9o} strain A—129) amylase 450 2161 A
= BRES HRE A B+ oaden B
9 winel dojAe wEEE Rl shasiAz
SOUEN = Hs £ 7 AR

= S

1. Amylase £EMBES S 2 RE

%] amylase £EMES HBRste 2R 2 4
ol A B A-12° 2 S-8% A9tk ol B
o WEMN HES BEY &R Bk A-12 2 S8
o RE 42 Bergey’s manual & Bac. subtilis
S vl s B R 2 R-E S Bl T
A4 FiEEel 23 B A-12 & FA4E FIA
A 93 arabinose 9} xylose o A EES A:W3E}A|
okokom S-8 = xylose ol A FES ARSHA ehgkot.
2. YeskzEo| k3 Amylase &£

mERRE lolA Btk A-129 amylase 4
of BT A BET #KET G 2.

Q) REBRYe EERE 35°C, % pH 6.5~
7.0, BEEAIE 3~489) FEfFol At

() FEEY B RFHMT amylase £
s 74 g%+

(3) amylase Aol olAH £ EfREEF
REEAERC 714 9. =z BEAEHS
alkali BT 21 & WZEHY A +ds R¥E=E =2
dqz fgHdE Axs PR/ A, KER
alkali B A B Mg s am-
ylase RS FHe] B

(4) RRWe FRET Fiel A= 1% ethanol
9 ¥EhnE amylase B A A o} RKIRIEC]
mEY sl e R Al

(6) BB kT F Q& LI E<l 10%9
JEATEHES BAT Wl amylase Aol B71&

whe) A9 2.5 f52 Ein=

(6) M3l BRI A& amylase ZERe]
B REstg oyt Rigmsld 20%9 971¢¢ B
& o] E amylase o] &3] A
2 SEE 10% kel A DY, 7,000(L.S.V.
1,800)¢1 A ot

(M %8 msEEe g BeE4d &
et .
3. WIS EREEY RAM Eik A-129 am-

ylase A7l BAT WAL BET BRE 9

3 2o o

() BB SERE 33°C, BiF 2HM
kS 150~175%, Hee] T 1.5cm 9 Hfkol:
Sleh. BEHEECl A9 amylase J{HE D4y 36,000
(L.S.V. 15,000)°) g . \

() £#8 EEEE 2 E8KPEY GhRs
BEE A Eokt.
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