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Growth factors of spore of a strain of amylase-producing
bacteria, Bac. subtilis var. amyloliquefaciens
FukumoTo K 49

Hirohisa Omura, Goro Funakoshi
and Akiko Iida
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BIF(C & D auxanography
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Table 1, Variation of the optical density during the growth
of bacteria from spores,
Ay
Test a Ay
1 2 3 4 5
1 1. 06 2.65 2.49 2.30 2.67 3.38 4.40
2 1.04 2.62 2.50 2.36 2.59 3.30 4.23
Average Los | 264 2.50 2.33 2.63 3.34 4.32

a: Optical density of the medium,

Ay : Optical density of the medium inoculated with the spores (before incubation),
A, : Optical density of the medium inoculated with the spores (after incubation at

37°C for t hour),

Yeast extract was added into FY-Leu medium as growth factor of the spores,
Rate of germination was calculated to be 27.5 % according to Hachisuka’s

Av—Ar 00,

equation G,= 0 7CA,—a)
X o
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Table 2. Auxanography of filtrate of yeast extract through Sephadex G 15,
Fraction No. f 1 ~3 4 ~ 6 { 7~ 10 11 ~ 50
Growth from speres — 4 — —
Color — . pale yellow — —
Ninhydrin test + | T + —

Powder of commercial yeast extract was extracted with 95 95 ethanol at 60°C

for 10min, and repeated 4 times.

perature,

The residue was finally extracted at higher tem-

Combined extract was concentrated, decolorized with charcoal powder

and further concentrated. It was then extracted with H,0-saturated butanol, repeated
4 times, extracted with chloroform and evaporated to obtain a clear pale yellow
concentrate, The concentrate was filtered through a column, 1X30cm, of Sephadex
G 15 with a rate of 30ml/hr, using H,0 as solvent and every 3ml fraction was
obtained. For each fraction, growth factor for spore and ninhydrin test were exmined,

Table 3. Auxanography of active fraction after re-gel filtration
through Sephadrx G 50.

Fraction No. 1 12 3 4 | s I 6 7 8
Growth from spores — J — + L B + — -
Color - - | - pale yellow | yellow . yellow | pale yellow — —
Ninhydrin test - = oo H H —
0Dy mw|mmi 0.090 oo o | 0.500 0.385 | 0.190

Active fractions, No. 4~6, in Table 2 were employed for re-gelfiltration through
a column, 1X30cm, of Sephadex G 50 with a rate of 30 ml/hr using H,0 as solvent
and growth factor, ninhydrin test and optical density at 260mu were examined for
every 3ml fraction.
Table 4. Auxanography of active fraction after re-gel filtration
through Sephadex G 75,

Fraction No. 1 l 2 | 3 ’ 4 f 5 i 6 1 7 g 8
Growth from spores — | + H § H [ A
Color -z pale yellow | yellow | yellow | — — ’ —
Ninhydrin test — 1 | + —
0Dy 0.025‘ 0.110 1. 154 oo oo 0.652 | 0.156 ‘ 0.092

Re-gel filtration and auxanography were carried out as in Table 3 except a
column, 1X50cm, of Sephadex G 75 was employed.

CNBBEELNLE Y I HEROYETH S S LHEE
5.

ZLTRIC G757 3 (No.4~6) 4 &
Tr7Fy X G50, 30em AT Az GT5, B0
om 7 A% HOTEOS VB EITI E A RER
L, B3RBLIUELHITRL .

3% BRNIC 1 ik 0% 4 %0 auxanogram
R L.

WINIC L THIEEB R E AR L 260 ma 10
WEREEAE DL L btV e FY ViCk O TEAT
% REOTEER O H R FIE—HOM 4 > /¢
JETHAD LHEEINS.

Z T THREES RNA L 180T = /8 (535
EEBEAELTHOEBLRR L HR, £EF0EE

HEEZ U2, WInbEFrL0EEREDS
i,

IR D B 0E 2V R BOENHE L TH B b
AP S DICT B DICERMEHEE 7 = / — v i
LT LiEEERER Uk, RN+ 2 8%%
2 EROKICEEB LT EBD 0 % (W/v) 7=
S —NAEERIUEE T 2ME %S 5. 9,000r.p.m,
T30 pHELDEEL Bl vy EA S BRIEY
LUNC DNA BrU g v 08240 TR (727
— V) AL EHEEE OB Kaih=vt
FUVICLORBTZCENHTD SN KBITDOU
TEHRT =/ —VEE 3 DELTE VN0 BE
AN DB, COKBIC 2 %I L SITEE
ZMAIOI2HEEEDT 2/ — % NZ T RNA %3
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Fig. 1. Auxanography of active fraction
of yeast extract,

Spores were spread on agar plate of
FY-Leu medium, Samples adsorbed to
paper disc was separatedly put on the
plate and incubated at 37°C for a few
days.

FY-Leu medium contains 4 94 soluble
starch, 1.3¢9% ammonium phosphate, 0.5
% sodium citrate, 0.029 magnesium
sulfate, 0.0l 94 potassium chloride, 0.01
% calcium chloride and 200 xg leucine
per ml, This medium is employed as
common medium for fresh cell and as
the minimal medium for spores through-
out the investigation.

Samples were obtained as in Table 4.

@ No. 1~2, @ No. 3, ® No. 4~5,

@ No. 6, ® No. 7~19, ® No. 20~70.

(@ original yeast extract.

BEEE. COMBAETB T8/ — VTR iELIZD
BKICEML, ISICZ—FVTRELTT L) —V
<. T3 LTE RNA FERSERb A=
vEFY Y TR EBALERDK. —HF TR/ —NVT
RNA AhBEEERI=YEFY VY TEALKLD
TRTEHLTCT v a—vi& Bt RNA RS &
HICRBICH W 2.

22 IR T & Hic RNA RITIZZIERIBISV, T
NEROERICEESED D, MERDHIC
THREERE RNA & REBR Le SRR i3l » 27z, ¢ oL
E BB O 4 v BICEREED S0
ZREYRFIE 2V RIETHBTE, BLVIKZH
BT Ld RV NI ETHZLBIIE BT FOT
JBROBETHINIT I EBbh 3.

BRRWECSHEN IS LIS TF=Y, 7
T=Y, 9TV, VYV, FIV, N0 DREY
BLUELICD-) R—2%EMZkbD, RNA % 1IN

Fig. 2. Auxanography of fractions
obtained by phenol-treatment
of yeast extract.

Auxanography was carried out as in

Fig. 1. Yeast extract was treated prin-
cipally according to the procedure for
preparing RNA, Powder of yeast extract
was dissolved in 2 volumes of H,O0,
mixed with a equal volume of 90 %
phenol and stirred at room temperature
for 2hrs, The mixture was centrifuged
at 9,000 r.p.m, to remove DNA and
denatured protein. Into H.O-layer (A,
ninhydrin test positive), after repeat-
ing phenol treatment, 2 9 NaCl was dis-
solved and 2 volumes of ethanol were
then added to precipitate RNA. RNA
was washed with 75 % ethanol and dis-
solved in H,0. The RNA solution was
washed with ether to remove ethanol (C,
ninhydrin test negative)., Filtrate re-
moved RNA was concentrated (B, nin-
hydrin test positive). For comparison,
commercial yeast RNA (D) was also
examined,

HCI < 100°C 1 ik @k 1IN NaOH chfiL
FEEBIUE/ X7 VA Y FREY, RNA % 0.3N
KOH T 37°C 18 K5 nska gtk 60 % BIEFR T th
MUAE/ X7 v 4 F FHE, DNA,DNA% 60%:81E%
B cEE T 100°C 1 KRG ##E LR 0. 3 NKOH
TR UERE, cofi=aF VBT I F, FAD,
FMN, VY R75r v L NAD g o0 TEER L
7205 WIhbAHEOEFTRED SN EMLHS
PTHD. FREFLORFICESBEOTHHENG
tvbhdveal) vERRESHKRICED TH DO
2P O—IEVRFRT I/ BRTH D LHEES
Nihs, FOBREEBOLENLETH 2hEILE X
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Fig. 3. Auxanography of mixture of
amino acids and RNA,
Auxanography was carried out as in

Fig. 1.

@ mixture of 18 amino acids (cited in
Table 5)

@ Hydrolysate of commercial yeast
RNA

® RNA-Lcommercial casamino acids(®@)

@ RNA+amino acid mixture®

(® mononucleotides® + commercial
casamino acids®

(6 mononucleotides

(@ commercial casamino acids

original yeast extract

SRR L. TOREFRINICRTLICT I/ IR
BEWO LAY I/ BB THEOAE LY 5 1%
BRIZHETINC LRI L.

7 I /BES7R® auxanography
BHESREC=VEe P Y TROETEEBLTT
=/ — VIR S T I/ BRTH ZEIHEE SN ichs,
Ba2 DT 3/ BEMTEIAENLOFIEIEHD T
BhrHoNTN5E. ZCTRICESRICRT T I/ B
BAWIC DWW auxanography A {5807,
HARNORT X DI EHOBEE L EFIE No, 7 TR
BHHH, ERFFY, TRANNFTEVER, AvVad4y
v, NSV, TVE=VORSYNENTEH DO,
#) No. 4 THLHOEFNS O, EHICHW

Fig. 4. Auxanography of Amino acid
mixtures,

Auxanography was carried out as in
Fig. 1.

Composition of amino acid mixtures
was cited in Table 5,

(Although growth with No. 4 was ob-
served, it was then found that a Ileu
was contaminated in Leu employed for
minimal medium)

fen AV VICENPTIDBENL Y rd Y Y BRE
TERDTHET LBbholk.
2 THEBIC LA T I/ REAEPOEER
DL 5ic 1 D5EM Lizb DI OV TERTEOES
AREB L.

Table 6, Auxanography of amino acid

mixture,

No. | His | Asp | lleu | Val | Arg || Growth
L=+ |+ |+ ]+ +
2 + — + =+ + +
3 + + = =+ =+ —

O T i N B B S
5 e =t + SE == +
6 | + |+ |+ |+ ]|+ +

EENMSPFRR LAV A YV EIFNY Y
OENPBRITHHEOEBTRED SN Eh Dk, &
e L OB GTOREYCOVNTHR U L S ICEDE

Table 5, Composition of amino acid mixture for auxanography.

No. 1 2 3 4 g
6 Hypro Met Cys-Cys Lys Pro
7 His Asp Ileu Val Arg
8 Phe Tyr Try Thr
9 Glu Ser Ala Gly
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BRESIEy. WIhic LT A4y Y, 4vafy
Y, NYYEWSFIRE T I BRAVERREOER S
W U FOEBIC LIS B (R,

w &

oAy v ERETH ZRAEDIF 55 DEFICL
FERRFAZBHRBN CTRE L. 51T 3/ BRE
#E D auxanography [ LD THRRFIZA Va4
YBIUN) v THEOTZOMNERNTHAEFIRR
B HNIEIp DT,

WFRICBE UTE & MBS 20 7o 70 o iB R R 3
TR Bh % 75 © CNC MR U 7o Bk 2 THIE L 7o R
WAL RFEAE BB B R L LT 5.

Fig. 5. Auxanography of active amino (BREFEEE)
acid mixture,
Auxanography was carried out as in < [y
Fig. 1. Composition of amino acid mix-
ture was cited in Table 6, 1 BAE—E, LARE (1957) 4k, 31, 421
2) Hachisuka, Y., Asano, N., Kato, N., Oka-
BENIHONI. D LTEAHOETN S DEBIC jima, M., Kitaori, M., Kuno, T. (1955). J.
N Bact., 69, 399
BAVaAY Y &N Y OMBLANBELE T BT &M oo ’ R
. VNN 3) /NEEB, BMEE, KHHEA (1968). Juk
HoNT. LHrLINSDT I/ BOEFORIFEICH f%%%‘%;:b, 23, 135.
TIL DD 5 RFEFIINC C DERIEN AT 7872 0 pEER, BAEE, AREA (1969, Juk
BICHR LI B o nopR &SIk Lindh B, 24, 7.
Summary

Leucine is the essential growth factor of a strain of amylase-producing bacteria, Bac. subtilis
var. amyloliquefaciens FukumoTo K 49, However, some factor contained in the cell or yeast
extract is additionally necessary for growth from spore of K49, The factor was then explored
in commercial powder of yeast extract. Active fraction was obtained by alcohol extraction
followed with gel filtration through Sephadex G 15, 50 or 75 and presumed to be nucleoprotein
by estimation of ninhydrin test and optical density. However, after phenol treatment of yeast
extract according to the procedure preparing RNA, it was found that nucleic acid is not neces-
sary for the growth,

Then auxanography for growth factor of spore of K49 was carried out with amino acids
and disclosed that both isoleucine and valine are indispensable for the growth and one of them
could not be omitted.
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