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Growth curve of the cell and phage
of amylase producing bacteria

Kenji Watanabe and Kazuo Yamafuji
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BN A O 7 — BT B TR, AMSENGE O THCHT B IR Sln o,
AL ORGEE flijoiu B Streptococens b Lacrobacillus, Leuconostoc, Closiridium,
S detinomyces ¥RTEEGTIILAMERE 2 hTE T B,

- -5 Bacillus subtilis FRATE #RIHT 57 3 7 —~ Y OTHEEIWMB ISR HHEMA
Rehicdi iz DRTESE, £THTEFPRIORERE S ASIRE I 3 h, ER
30 4 FRHEL A% B, subrilis FRHNETHD 7 & 7 — ¥ L AME & Do SR AT AR
DHE SR LS 22 AL, chierve v A2r7 27y —PCEDH
B U BIEOFE ORI R 2 Ao, L LESOREICEBHED ©)
o 7 — s BRI, HHECY O, ™ @ anaerobic lysis SOG4 L5E
4 5, B AV D TR R OTIL L ) B b Ok 0T E T3, D AT
789 — Wit B subtilis MDD & o 2 AR D D IMFERIEDA e D 31
Dy b7y — s Lo R R o B TIRE Ledt, R of
BIERFG ] 7 > — o Y SRR OFKAMRBCH S TRl O b 21 h i, BiIH
TR 7 — S E LCo filkicil accompanied lysis, YEEEEICHL nascent
phenomena O35 JHo LT -B¥OER LB L7z FHHED (LR aE0E L 408
AR R L C 7 > — o edidt LE TR T H oS & il UL iRk, ik, pH,
S e A TR L, PRSI TR L . RRCHEEEERD 7> — 21813
WS L 7 8 ¥ — ¥ ERGLTE I R S 5 L T 5 - A% L B IR
VR EATIE TR © 07— ARESER A T s, JEoBE K-TT BB Iftkeh b 7

3 % — VHFETH X L CHrBlE X e Bacifius subtilis var, amylolignefaciens Fukumoto-K49
AT 7y -~ 2 DIEE S, O rRETEE L CRRAMEO 7 — 0% 1L 12
A YRR NI B8 X vy — 2D OB AV O TH DS, 77
— O RARAEERSME & PR T 7 T — ZHRCEOIR G, RS A T
any g g S we il iz,

BN F A S VBRI LT ~FE 77 — S LOBERAYHATH2ENC, HAK
OFRE 77 — 2% FVEEL 2 ORI ONISB I L O R Tl O T L DRy BT
T 5.
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1. Bt

Bacillus subtilis var, amyloliquefaciens Fukurmoto-K49. KTl kmpdraich
W, BRTHE7 2 5 ~-YEBHEE LCRRE X hAEESRAL0CY B, Bk 2
RS, dESht:, Bl pH=6~7. &SEEE 40°C.

2. MO L EEEH
BEEEOFEHL TS S BREMT A4 ) FhitHesa 3 ms L, MgS0,-TH:0,
KCl %4 4 0.02% ¥EANL 7o kO3 CHRIUL £ { O3#a 100~300m! & fa{d= 1~
I AR, 30°C CIREERLE.
3 HROAEE
4) g
HHEORHL ST WA 2K 10 4% Rl R L, AorEREsr (TK-120-S
Wy ey AF—R, lem OFRLHRL, KREeBHRE UCWEE (—log T) @ik
L.
n) RS
Thoma O MEkEHHE (1/4000 mm® RHD & Auigducity HESERE A IEL 1.
) TE=
BARBRER O 10 ff HIRFEHAL 0L D, £ xOFiilfiRo 2 =~ 0¥ b SUREY
WEL .

8 £
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g 8 8 £ € 8
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o1, ekoRREbEmE pH (— ik, pH).
HARIWOLRE, RiEhiaFRICHE).
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R B & B

e 20 B JE 1ml &4 pH DEsg (GERR, ¥y —4, WrbcHl%) 100m/
wing 30°C CiRBisE& L RaOREmERYE 1 R

EREH© pH LERMEFEZbT 305, KRGS TEPRETHLS. X740V HAD
pH #¥fk Yy — 7 CHRBLHE, 24E< 5o pHik 1 TE T 0 BkOSEIEES S
PR Ao OoCHR L FR L. B0 ( ) AOEFEEAERT

Bito 7y —o BT AEERCRTE, L@io 20 B KRB 5ERY il
chne T 10 % BICEER LRSS B EEL EHL D¢, ROBOBEORFTRREY
st

BRSO ) B Y & 4 2, SEEERHIEL 2.1 x 10°F/m/, 3.8x10°fH/m/ %
497, Raa =~ 25 B B OBt 27 x 108 mi ot

8 8 8 8 &

£ R 8 E

i 5 1‘0 1-5 2.0
_ H2 M. 7y —CRREARMROREMG. SRR, B RS,
2 7y ~-SoSMLEE
£ B F =
1. PEHEEICKDST -0 : _

TR 2 BEF -2t s ~10m! #RLFE, 15% ZRSHEHEH 5 ~10ml,- 20
ERiREE SRR (W 10°F/ml) Sml, 7> —ofg® 1m/ ORSHEL EEE L
Thng 3 ERECERBCHD. BEENE 30°C OEREBC 16 SV TES L.

2. LW _

BREOHRE, HREIIHEORAREEROBALEL.
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BB 77 ~ 2 BEMOEATR 5000r.pm. T 304, 0C CHLSEELED L&
Mo EATRAKKT 10 fAFCHHR L, FHEE%E (plating method) > CTHH
HMEHRIRD. 75— s 25¥ (titer count) UTEED 7 » —BEY b, LAH
MOE—Th HHEIIEDT. 3K CEERE (EYR) 5T

®3M K49 7, — Vil kBiAEE

75— 2 OGRS AEN 2 B R AEREKCENL L, chirbbel ok
L7-Bitk: 30C © 2 BiiREL&RE, BOSHL CHEYRE LKL 55~60C OF
BTG 30 45 s, 5000r.p.m, 15 45, 0°C COROSHERIR D L EBEY 7 » — DK
LLTHRETS. WOBREERO 7y —o% bt AUHRA_EREET FEHE#TS.
DERY L VEL CEEMOBROE—~ThHLHE, 77— 7 BILIEEORFEECIH LGS
LEAEA LY. BEEORRIERE 1~ 2mm OFRLMHCcRMCES (halo) ¥75
5.

WICEERBEERIT 77 — 2% fmL, HOREHRCMEHEHRROBEDOE T LERL .
FEETR O & BRI E OWATEY KT 10 £% i R L BotEYy HlE+507T
5% '
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AR EO-TH 5. i3 A HCROSML CEifkEMY, L% titer count L
T 5x 109{/m/ DRHED 7y ~SEIEHH BT

g2 8 8 2 ¢ 8 § ®

o 10 3 % a0 % 6
WA 7y -VIEMCRAEREOBEET.
i 30°C, pH 6.8~7.1. C (control) :
Ty —UEn, T (test) 1 77 —IERIN.
AR BOREE, B RIRERYCRE).
¥eic 20 Wy e ORitk 1m! & 90m/ ORI IN:, Ficthic@ofRED7r —
2RI IR A DR O BEEOZ LA .

]

0 5 TR %

5. —EhkolkcMraofED 7y —T2RE
FIRLOEBENOREEL. a: 7y -UEL. H]
FENELY 11 108/ml, b: 10X 10 mf 79 —*
1ml i, c: 1.0%10/ml 75 — O md &I,
d: 1.0x105/ml 75— 9ml B
HEHXBORIE, KERINSRACH:).
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BOF R aRiwms, BEOHVGESEY  FEHEANES bR, L LEUEES
DREIA 7 7 — SN A D L ik i LR b0t B HIEHE 7
— CEFFEMUABBEOBELT RS bivierotk., SN L othEd, £
SHATEFET LD LRI RE.

¥R 20 BT B0 Smi 4 95ml OB L Ko R RIS R i o Ol
i BAxORERIC Ty —2 (10X 10%m) 2mi 2 LisEELaR L g6 [
.

1.

0 T 0 A %5

06 . FREREEC 7y — SRR Ui S oK o fUE .
Control {177 — SHIRMN, BTy —< NN I
AN AT, AN,
%6 B L 0 S Tokn Btk OEGREIIC & 0 BRI R e ot i w2 ot 2158
BOEENL LY 7y m SOBEAYFE VI S ic bl s,
(3} EM7r —T0RE, PHI[KBFTEL
(A] 77 ~ o2 B : ORER
& B F ik
B OFECHIAERL DL 7= 7 » — Sl Y 10ml 3°0ERRAME L, ha Oy
A AREOREFICEEL AMREEC 1ml WU ok s 77 — 2 3hick
FE7r — 2 OLERLTE-.
£ B & &

77 —PRBEFEWT 107/ml { BVEHR (0H=69) LTiiotEHaoiills, it
W lr L& s oRmT r BT HOWme £ 5.
[B] 7 —OfE#E2 pH + OBMR

B2 OB Ok &
1.0 < 10%/mi JBHED 7 » — SIREE 05 ml % 4 pIl ieul (J6WE, 3 ¥ — 7 CHgHE) i
£ 37C ojEl S AR,  -ERERCEO 05ml [onwT 7y —~ S EHIRO 7T —
73 A b H .
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@) 7y —Jo—[RNRERER
B OB EEACK A RERET b AEBE 77 — 2 ERO A S st ot &
Zr =2 ORERMA BT 5 i B — SRR 1700

£ B F i

Fisit Adams FEOEERD HofdS0 R UREEL TR OmL 1ok, BIbaf
spnedt -C 30°C T 20 RS Rk Uitk AR OE L\ Bb T S 10 4% i
L 2 B A B 5 L A& 100 m! OBFFOREE L 0D, THICERR L M
kAN Ty —2O—RBR g T 3TC € 10 48, i c B it e s, Zh TRk
90% S BRI DLM, HisEYHHE L TE VAT OMHA-THEEC 100 45 10000
B L CEBEI TR UL L B 37°C, fMe FS s el ilo ek b %
EHREEC S EEER CHEE Ty ~ ORI, 75 — 2 OF I TEEIHE
S0°C ¢ 16~20 B5fE L Th» BATode.

£ B & R

2B 0 1 w3 T L E IR b,
m-

g 3% el

g

10
0 10 20 30 40 50 60

9™ K-49 7y —O—EiRIlhE. pHAES,
I7TC O AEHENTER. Mfid 1ml o 7
F— i, i RO,
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BEE 37C OHMLCHRYEE 7> — SHEREECRRL U BEE 7> —22 Wb
AT B 1 MO SR & fe 0T v 3 BN RIE (minimum latent period) ik
#1405, BB 1 HEL Y O 7> — 2 EHHHE (mean burst size) (3 70~95 2
o---FRE iR R AV TR ET 5.

(5) 7r —JoRRICRIEYT vH oEE

BARLE 7y ~cORBERME T 2843 pH S EHEORETRENETRNX
ZRETHY, LMED 7> ~ SHUICRIFT pH O Tk Overcast, €T
#5100 ptw Clostrdium iEEV-Tik Gold B8 SR OEBILE b~ Tv 3. FHED
RaefEx © pHACIANT 3 7 — > ORBLBHES2 T % 75 — 7it#iiE (Plaque
count method) CIHECEZIL 0.

52 OB OF OB
B vy — ¥, KL BERRTRO-—SHBISEROSE & &< BT L T ho
JERS#E D pH rbIERE, UMY ~ ¥ CEEERL Tiiok. WikE 7 — 21 37C ¢ 10 48
W X -TH 67FIE pH OIS cRR L 87°C CRIEL I X #Rfiicks 79 —~ 7
AT,

1000,

1o}

0

o

0

10 io 3 0 0 6 m' sb

WI0R. iRl 3 7 -2 © RE. B
pH |3 6.7~6.8, |X DI LG QRS pH,
B 10 4> o (43, R0 77—
FEILHIRE 10 & Lol 7 — 23,
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® B # B

1. EREAICRT D—RERER

DR D 7y — S ORISR CRAT pH 0T B o TR AT
275 pH 56 G R EEORE - L LT 5. R pH 2380 CbhbiE
il L PR YR U TR 40 5 Th 5.

2. 7ahVERICHE —ErRRE

T VEleiL pH 8.7 €% 7 — S ORERIEIE S oV, G pH B
o TRAT 5 ORBEDABHSHOECEfL Wb Bbhs, #ifdiem
#5002 A pH K fk D R VR S .

1000} 70

100

10

0 Rt &

W 20 30 40 5 6 7

B TahVEMeRI L7y —UOKE. B
HbE pH 12 6.9~7.0, OB 10/ 2 i 15,

e AU AR 2 A CRB R o2 COREAFET T i GO BT
BRI L TR BIR L T\ 2 0084 a5 FHliB e L 87C, eG4
B4 B KIEHO pH %%« 86 » 54 KLt HoOBO 7S5 — rRoEfcy+28
FrmtekEom o), BRADEECch pH E8RTH L 7y — S OTER KR
BB E L bRAYEIN-D. fEoC pH QHBEIHOL TORBICHRL TS50 L AR
2ha.
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M1 BUBRNT pH RTLEUIO— BRI

wma@gorme@ | o | 5 | 3 | s | 4w | 6 | s
pH 5.4 107 105 105 114 — 130 300

—J(‘—__yﬁ — e e . s f— — —_— ) —— e a—_— | — o ——
7 pH 88 110 100 — 110 200 — —_

(8) 77 —SoRECRETAEDES

pH OdgafEf i REORES L HEORKERES 7> — 20 RERFTESS
Lz, FOeOEEY 200C~50C kR baeC—EEER % 7ok, HaEh oS
BERNL FM 7y ~ OB (BT 7 ~ 2B TRT) OBRY TR TEE L F—(1), —(=) D
in< b, WXREDA&MT 37°C, 104-¢ pH 70. FEiio pH X 2T 70 ©¢H 5,
71 CH27ch 0k () CERLE ZLEhOo¥TEREe (C) 2R

BI12E wREhicml 77 — SOREIEFCH U CIERCHRT 20C BT, 50C
BT giniziubahi. SEEOBEAHAIBRIIEL WE{EXRBD BRRV, &
B G AR O IX T oA E R ER RS,

(N 77 ~JvoRRLBIREOLEERLOMK

Btko g, b—EEEEEL 30°C ¢ 20 EMREREL IO HEELLT—
EHAOERER 21 To0Rn 3 13 [ it  HoRREINnIE R LHOFE oH 4
FhHoh e

100}

|
1
B W0 2 30 4 50 60

18 [G-(4 ). 22°C~87'C ‘TO—Brinnsild.
IRDHNIIHAS 10 Bk L.
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TR RN M TR

W I121R-(2). 3TC~d8C TO—EeiAsiih L.
MBI 10 [l L.

AR LN 7 —~ PN BB MEAEEOETRC R Bika0
7y ~PORBIEKOEFTRIEC Dot I C AL L By vkom
DEFRER O ERE v 5 —BER A o7 FifERe fEv. 20 B dedside L
FEREEE 10 £ CHFLWCESECHR L 30C cHEe M0 20 EE O itk PR
FEOMEL LA - '

HHCTFRLABETE RGOSR R 2 N, 2 FlEBEOBEROBARLIA £ b 8
2t Bio£R (F 13 H £H) 0 BRBORE eitRILEHRO &FIH & oA T
SERL T2 LD LHEESR S,

Ui #

(1)  Bacilius subtilis var., amyloliguefaciens Fukumoto-K 48 % 5% XEMTA BV
ML CEE L pH 6.7~7.0 T ABRELY®L, 10°/ml iGiit s, pH #5  FR
B ECRBRYETHL i giehic.

(2) 7r —PREMACEREFETIERE L~ 2mm OFWTBERBELTERT5. Sk
7y — BB 65°C BLECR 2 EET S, pH o T ATEMEAE D Mk
HEE-CRETSD.

(3 7r — 2 OERT BB ORI ANV #1 40 4 ORFRIAORIT Sl
s L O HYE. T0~9% CRE LS.
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oio

10
'

L T T B R A

W13 —HLET L HSE L 20 B EEON
HTO—BRRG. BRERCIKREIBESE L
BO—BHBRER AL, Tvh Y HMoD pH
it 02 M-tetraborte (pH 9.4) =%,
Bhiml chd 7 57— 28, MRG0,

@) 7y ->oNgmur pH 7.0 HiE,A#E T pH 54 TFUL 89 DLECIRREL L

Wit, BEOE{LEFIICHE EBEEREL .

(6) 7y — SR BTC Tl b B AL 57°C DUk 48°C xS RANE I L ¢ Rk
BB T D, 37°C IUF 22°C 0B AN R ik OE T DU ARI b« B i b
(6) BHROEHRHEC I 2Th 7> — S ORREIIZELL, MU THEAMET R

ACRBEICAS & 7 — UHEHEEOBRAE 3.

(7Y o7y —SOEFIERORE L BTEEEL Y EOEENLM4EHREE, pH,

FRIIRS I D IR P ELRG BH CHEAE LA S,

AFFRIC O RIS EOR 7> — oHERASS SRk, #r L EL i
KRIRHSLASEESF R, BN, WFEREOMSLCEIMILEL RT3, W3R

EBC 3 S MR FE RS BHiT 5.
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0710 20 30 40 50 70 00 110

WE. E4olEBEHRol co—BENuhiE.
Wi 37°C, 10 53 pH 6.9. X T 87°C.
pH 6.95~7.05. Bpidpi ko REYT
@RHHISER D Hes, @i IR &
s ohElorid RoBREIRE 10 1Y
T VN
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Summary

1) The growth of bacterial cells (Bacilius subtilis var. amyloliquefaciens Fuku-
moto-K 49) was investigated under various pH values in 5% soybean extract
medium by estimating turbidity of culture solution. The optimum pH is 6.7-7.0
and this bacterium can not multiply at pH above 8 or pH helow 5.

2) The plague formed by Kd49-phage is clear and circular. Its diameter
is 1-2 mm and it has a halo. The influence of temperature on the bacteriophage
was examined by plating technique. It was found that the phage is stable for
40 minutes under 60°C, and that above this temperature the activity of phage
decreases gradually with the increase of the temperature. The effect of pH-
value on the phage was also studied by the same technique. In general, the
phage is comparatively stable at the neutral solution and the activity of phage
decreases at higher or lower pH.

3) The growth of K49-phage was followed by One Step Growth Curves.
Under the optimum condition (pH 7.0, at 37°C) in soybean extract medium this
phage multiplies with the average burst size of about 70-95 and the latent period
is about 40 minutes.

4) The burst size varies with the pH values ranging from 5.4-8.9, without
changing of the latent period. When the host-phage complex was incubated at
pH 7 and 37°'C for the initial 38 minutes after infection and then placed at pH
5.4 or 86, the phage could not multiply as in the standard medium.

5) This phage gives the greatest titer at 37°C. Although between 37°C
and 48°C, the average burst size is greatly affected but the latent period is not
prolonged, the temperature between 37°C and 22°C alfects both the latent period
and the burst size.

6) The latent period is also influenced by the age of host. The cells of
logarithmic growth phase generally have a minimum latent period and those
of stationary phase have a longer period.

7 It was revealed that the growth of the phage secems to keep pace with
that of its host cell and is influenced by the biclogical and physical conditions.



