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Growth of Psychrotolerant Bacillus spp. and Paenibacillus spp.

in Modified Atmospheres with N, and CO, Gases

Tetsuya Kobayashi

The growth of psychrotolerant Bacillus spp. and Paenibacillus spp. in modified atmospheres with N, and
CO, gases was investigated. Among 36 psychrotolerant Bacillus strains inoculated on agar plates, 30, 16, and 2
strains showed growth when subjected to culture conditions with modified atmospheres containing 0%, 25%,
and 50% CO, respectively. Furthermore, no strains showed growth when subjected to culture conditions with
75% or more CO,. Contrariwise, most of the tested Paenibacillus strains demonstrated an ability to grow when
subjected to culture conditions with gases containing high concentrations of CO,, in which no growth of
Bacillus spp. was observed. These results were considered to be due to the difference in sensitivity of the two

genera to cold stress.
KEY-WORDS : Bacillus spp., Paenibacillus spp., Psychrotolerant, Modified Atmosphere Packaging, CO,
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THRE T BARENED N R S TREER & 78 %,

AR &R D5 FREREO O &2 ITKilivE o
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INSDH AEHRBFMATOREICEET 25 IED 7S
<, ¥¥icPaenibacillus)BMEIZEE U TIEXERE M Y725
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1. BtEEH®

BRI SERE R (NBRC, JCM ¥ K UMAFF) 2 6 AT,
25 I EMBERESEN S5 LCI0CTHHRET 5
Bacillus|E M 4 FE36 K B £ U Paenibacillus)g M1 3 F
LR ZE W72,

2. EFAHZR

Rl ER (099.99995%, KB HEE, LI 0 % CO,),
R R bk E (C99.995%, K HEE, LITF100%
CO,) BIUEHRLEMLRFZDORAEAT A (N,/CO, :
75/25, 50/50, 25/75, Wi b KEHEE, LIT, 25%
CO,, 50% CO,, 75% CO,) #=Hu 7z,

3. FRERBORBICEIFEZ3FTEAKH AERS LU

KEtpH D F &

HEEL B A% % Tryptic soy broth (Bectone Dickinson)
WCHERE L, 30°C TURFRI B E L, BB Y v — L
($90mm, RUHEF) ICEEAETE KB (H KB
20mLZ& W THEME & & 70 PRIC R 2 #£0.01mL & 1 #R4
720 3~ 6 BT U/ce B ME U TRz i 3%
KEWNS 20D, PR 6 M ERKQEEMR Y 748
(A-94, 300mm X300mmIiZBKJE, —=ZEH ZML%¥) 1Zif
NANTH REHUEE Ui, 10°CT 4% L 30°CT
1HAMREEL20b, Jo-—JERoFmE QR THE

U7zo 6 NHEER CTHERE M ICpHA.5~T7.012 3% U 7o pung s
KEFH20m L% L S & 7P & B IC R Rk & i T
L, REAFHSIZTIOCT 4 8B L 0830°CT 1 AR
Bl Cao=—ERkoGHEELHELTHE L, 1#ET
ban——BEBAED SN ITRIRE LIEAKL
720

5%, pHIFHE U MRS R Ic >\ T, 2
B & BEf e B K 5 IcpHE Bk (MColorpHast,
pH4.0-7.0, A7) AP LicidE, Sz HETH
E L& A, pH45, 5.0, 55, 6.08 L T7.00 15#HE
FEREMIZ, £hZhpH4.4~4.7, 5.0~5.3, 5.5~5.8,
5.8~6.1% X UT.0% T 5 iR L7,

4. HARB]RBDEERN

R B EE R (V-490G, F+ v N =R
40L, TOSED) %MW\ TH RA@EHRELE Lic, F+ /83—
NEPBHFEEZEG| & Ltk HEAKE0ONTMPaTF + ~
N—DIWHRD A A ZEAL TEEH L,

5. HRABIRBE U ICFEROIEMPH

S A & 4 2 X 5 I pHARBR K & A _Eic
B, AAEREE L, 2O HETHEL, i
pHE U7,

6. HZRMEERSH

HAMERI A 27 0= b 757 (GC-15A, BiifE
A1) THM Ui 715 LI21378y 7 KA 5 4 (WG-100,
V=B AT R) EHO, MERMEEF ) TH R
AV 4 20mL/min, BHESTCD 120mA, 7715 LR :
50°C, kAR 05mLE Lic, K4 ADMREIE, fEik
AZADOE—7 k& 0EH Ui,
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1. ARBBRBELIEEZDFHRIH XK &
pH

A AEHAEIE U 7oy FRNO ST A,
BERIEAN 2 DMK E—B L, £/, O, 3LFho
HAEEALIEE b 1~ 2 %ML, pHABMEK T
HE Uk hpHIE, 10°CH53% <13 2 h 2 hpH6.5~T7.0
(0% CO,), 5.5 (25% CO,), 5.3~5.5 (50% CO,),
5.0~5.3 (75% CO,), 4.7~5.0 (100% CO,), 30°C ks
#TRENENPHE.5~T.0 (0% CO,), 5.5~5.8 (25%
CO,), 5.5 (50% CO,), 5.3~5.5 (75% CO,), 5.0~5.3
(100% CO,) TH-tz (F 1),
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k1 REEXTREAREBRBELICEEOFTESKA XM & iF#pH

EAA ZDCO, PR ZHK (%) ° BriipH ¢
(%) N, CO, 0, 10°C 30°C
0 96.2+2.3° ND*¢ 1.4%0.2 6.0~ 7.0 6.0 ~17.0
25 76.6+0.8 23.0+£0.8 1.7+0.3 5.5 55~5.8
50 53.1£2.8 47.31+2.9 1.4%+0.5 53 ~15.5 55~5.8
75 29.8+0.3 73.1+2.1 1.9£0.3 5.0 ~5.3 5.5
100 4.5%0.9 92.31+1.8 1.7£0.9 4.7~5.0 5.0 ~5.3
AL T ZICKG T B Y — 7 WS S B
PP Pl A g s
‘R
pHEBRHE T H AL E

2. BacillusBHBEDRE

4 FE36T Pk D Bacillus) Ml 18 % FRHETE R V- M1 70 U
THABRBHKTHERLIEC A, 10CT4HEMOR
#TIE, 0% CO, (100% N,), 25% CO, ¥ & '50%
CO, W A TiE# LUIc ATy, 2 N30mtk, 16K
BLU 2 WHRMFEE L72h, 75% CO, 3B LTr100% CO,
HATEBR UGS L WK OB LEh -7, 30°C
TlHEBOREETIE, 0% CO, (100% N,) 7 ZXTHE
BLUIERIZIETORB®MEREL, 25% CO,, 50%
CO,, 75% CO, B X T'100% CO, /7 X TiE# L 754
T OB simplexZBrIFEAERTOWMMEE L7z,
B. simplex(Z, 25% CO, 7 XA Tl U B&1213 2 Wik
MREHE Lichs, 50% CO,, 75% CO, B L T'100% CO,
I ATEBE UG EITEIRE Lcmtkiza <, 10°CHE
DEELRBKOREW-PETH -7 (K 2), il TpHA
B U 7o BHESEROP IS EEAE U TR TR Lo &
Z A, 10°CT 4 M OEEETIE, pHS.50HHI T2 bk
MHEEE Lch, pHS.0B X450 T, ThZThil2
kB XU 2 W/ LRE LEh -7, 30°CT L HBO
WA T, pHASDRM T H33WHEMFEE Lic (K 3),

3. Paenibacillus BB DFEE

3 T 1118 Pk D Paenibacillus|& #H B % £278 U 7o fRHEFER
P E AT R EHRSEPAKTRE LI EZ A, 10CTLH
MoOR#ETIE, 0% CO, (100% N,) 7 ATEH#HRL
LHEICEETORMKMBREE L, 256% CO,, 50% CO,
BXUT5% CO, F X THE L 728 H T &P polymyxa
JCM2507 "% & < 1088 ¥k 2 % & L 720 100 % CO, #
Z TEB L84 TSP polymyxa JCM2507" 85 & O
P odoriferz < THRKRDSREE L7z, 30°CT 1 BB DR
# T, 25% CO,, 50% CO,, 75% CO, ¥ & T100%
CO, /1 A Til#a U 7284 T & P, polymyxa JCM2507 "H3%%
BLAZ EUHRIOCHED L& LRETH - 72 (%
4)o MMk TpHMEE U 7 AR HEIE RIS #FE U TR
SR THERLIEIA, 10CTLHBOEERTIH,

pHS.5D K TR T OWMKM R E L7chs, pHS.0D K5l
T3 2 WHEDP odorifern 3 HH 3, pHAL5DEHITIZ
3 Wikk DP. odorifer &P polymyxa JCM2507 "8 %% L 75
motz, 30°CT 1HEMOEETIE, pHASORIMT 4
TOWMMTEHE L (F5),
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K2 HABBMBEKICH I BBRacillusBIlENDRS

10°C, 4 Bk 30°C, 1 ARk

MR R HEAHZDCO,RE (%) HEANZDCO,RE (%)

100 75 50 25 100 75 50 25

o

B. cereus sensu lato®
NBRC3003 (B. cereus) —b — — +¢
NBRC15305" (B. cereus) — — — +
NBRC13690 (B. cereus) — - + +
MAFF118482 (B. cereus) — — — —
MAFF118519 (B. cereus) — — + +
MAFF118524 (B. cereus) — — — —
MAFF118525 (B. cereus) — — — —
MAFF118590 (B. cereus) — — — —
MAFF118591 (B. cereus) — — — —
MAFF118598 (B. cereus) — — — —
MAFF118601 (B. cereus) - — — —
MAFF118607 (B. cereus) — — — —
NBRC101235" (B. thuringiensis) — — —
NBRC101238" (B. weihenstephanensis) — — —
No.1071, %7 v hRF b ELEBRE - - -
No.1072, iz y bR 7 b BEEEE - - -
No.10711, ®w#iA v b R7 HBLEBREE - - -
No.10810, ##iA v MR T Bl EREE - - -
No.1093, WA v M RT N BLEERE — - -
No.1099, ®w#iAa v b AR5 - BEERE - - -
No.2611, FI)V KT~ - - -
No.2625, F )V K&+ - — —
B. megaterium
NBRC15308" — — — -
No.17, FIV F/NGIEF - — — —
No.19, FIU K/NGIHEF - — — —
No.1081, A v b RT - EEEREE - - - -
B. pumilus
NBRC12092" — — - +
No.2, KERHEFL — — — +
No.956, ##iA v bART b GRS - - - +
No.1082, i/ v bRT BB - - - +
No.2927, FIV RE+ - - - -
B. simplex
JCM12307" — — - -
No.10, Kk w 7L - - - —
No.433, K7 A k7 R85 {hiak il B - - - +
No.1077, %A v b RF b EEEREE - - - -
No.2923, F IV N — _ _ _
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*500bp D 16S rDNABLHfEHT TIZ B RR A2 IEfEIC T E R0 cw, JREDO LY R (B. cereus sensu lato) & L7,
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XR3 KREFEKICH T BBRacillusBHEDHKE

10°C, 4 Mk 30°C, 1 ARk

EMEE S Ko H K HhpH

4.5 5.0 5.5 6.0 5.0 5.5

~
(e}
S~
o
o
o

B. cereus sensu lato®
NBRC3003 (B. cereus) —b + ¢
NBRC15305" (B. cereus) — +
NBRC13690 (B. cereus) — +
MAFF118482 (B. cereus) — —
MAFF118519 (B. cereus) — —
MAFF118524 (B. cereus) — —
MAFTF118525 (B. cereus) — —
MAFF118590 (B. cereus) — —
MAFF118591 (B. cereus) — —
MAFF118598 (B. cereus) — —
MAFF118601 (B. cereus) —
MAFF118607 (B. cereus) - -
NBRC101235" (B. thuringiensis) —
NBRC101238" (B. weihenstephanensis) —
No.1071, %7 v hRF BB +
No.1072, %A v b RT - EEEREE +
No.10711, #A v bR T N EE B - -
No.10810, ##i7 v FAR T b BlEEREE -
No.1093, Wi v bRT b BEERE -
No.1099, i v b RT B EERE -
No.2611, FIV N1 - -
No.2625, F IV NEg —
B. megaterium
NBRC15308" — — — —
No.17, F IV K/NGHET- — —
No.19, FI) F/NGIEF - -
No.1081, iz v b A7 b #EEREE + +
B. pumilus
NBRC12092" — —
No.2, KHEBHEFL - -
No.956, i v bART N EEEREE -
No.1082, i v bART B EERE -
No.2927, F IV NE&T - -
B. simplex
JCM12307" — —
No.10, KB HFL - -
No.433, w74 b7 235 GikBlkerbE - -
No.1077, ¥#iAy bR b BEIEBREE - - +
No.2923, F )V NE&+F — — +

e e e

+4 1+
I i il ol o S e

+ o+ o+
e i e e o SR S SIS

i e ol S i e S S
e T e e e S e S S
e e e i S i el i S S
e e e e i o I S

e S S e S S

4+ ++ o+
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+ o+ o+ +
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+ o+ 4+
+ 4+ +
4+

+ ot

|+ + +
+ o+t
+ 4+ ++
T
T

|+ + +

+
+

+

o+t o+
o+t o+
o+t o+
o
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o+t

2500bp D 16S rDNABCHI AT T I EFAE AR 2 IEREIC T E 0w, ILFED v U 7 R (B. cereus sensu lato) & L7,
P 1T 3 n = — R Sh D - B E
C1TERTTH 3o — R S hicE
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X4 HRBBRBESICH T BPaenibacillusBHEDHE

10°C, 4 ARk 30°C, 1Bk
LR bk HEAH ZDCO, 1 (%) HEAHZDCO,#E (%)
100 75 20 25 0 100 75 50 25 0
P odorifer
JCM13339 -1 4+ 4 + + — + + + +
JCM21743" — + + + + — + + + +
No.3, (KHEBHEILC — + + + + — + + + i
P polymyxa
JCM2507" . Y 4+ o+ o+ ¥
JCM20106 + + + + + + + + + +
JCM20385 + + + + + + + + + +
No.l, A7 A b7 A5 7 ZKE + + + + + + + + + +
No.7, (KA 7L + + + + + + + + + +
No.1095, %w#iA v M R7 b BEERE + + + + + + + + + +
P terrae
JCM11466" + + + + + + + + + +
No.9, KT A N7 /X5 H ZIKE + + + + + + + + + +
S1E S 30— B S h - e h
PLEAIT S 30 = —IEEAED S h il E
¢ o3 BlE
77 A 855 P 5T %5 1F B Paenibacillus & i B O 56 7 12 KLAFL TR L 7o & % DBacillus)d Ml 5 & &
DT Lf:{’i] I, — 5T, HREMITBWT  Paenibacillusl@ Ml B O ¥ BpH% ik 4 % &, Bacilluslg

Paenibacillus|& M DR IN & 75 5 72 HHE 0 L 2 h
WMEINTEL® Y, Paenibacillus|@ M 1Z L 5O
A AE R4 5 ETEELEEESEZ 6N b,
APFFETIE, 10°C T D K538 T3 Bacillus|g M B R H
LW Z &P &I B WO T & Paenibacillus|E {5
WWRET S L L, D Paenibacillus)® i T8 3
FIREDOCO, 7 AEHRFMHQUTEVINEERT 2 &%
oIz Lice 20O Z &1, BacillusBHIH & g LT
Paenibacillus|@ I DMEH 2 b L ZITHRNT EITHRS
bEEZOoNT, MKOREMEIZHT 2CO, DIEH
AAZ AL, KHHD SR DIEIRIC X 5 U D
pHIE FoMENIcRZA L7CO, H,CO, &7 hH %
L cTa bRy TERE IS LITXBATP
OB TH S ERBENTED, HBREHELRE(E
B pLEbhT3 Y, M, KER ML RIS
N5 &Rl o A fafig ik A £ L TR O i
BPEA R 5 A%, 5P EpHR b L R ICEsh 5 &M
e Hi v o> g A A i L % TR U T e B o 3 B P &
w3, TbB, MEIERZ b L XSS &K
pHZ b L 21T U THITEBE A iR D G E %2 7R3 ik
FEDCO, H AICEE NS Z &4, BHEEPEpHIZR S h
ZEEMAFETHLEEZDE, KA ML ANZOR)
BEEDBIERFTYTH B,

MEOIZEALEDOEKIE, 30CTORELD $10°CT
DRFETHREPHD FRMNE < 12 - 729,
JEHIE D2 < OFEMKRIZIOCTHE#E L TH R EpHD TR
WWEALE T -7 (K3 ibJ:U‘i 5)o M AT
SUTHRRR U 7o & ST b BRI X o TBacillus& M
X E R AR & ML U 7228, Paenibacillusﬁ%-’fﬂ]%
P. polymxya JCM2507" %2 (i & &£ b€ ¢ (£ 4), miEE
DCO, 7 AEHFHSUTE OIEE R Lo 2 &1, KR
A VRTINS E—NTH B LR SN,

7, RAGFHSK & RAERFHSICE T 510CT
DORE =B pHIZEH U TR S 5 &, Bacillus/E fl
(&, MR TpHL.5ITHREE U /o B T2 R E L,
pHS5.0I1C % U /oK T S 12358 E L 72 D%, 25%
CO, T ATl L KBS (BiipHS.5) 123161 £,
50% CO, 7 AT Licd (BiHipH5.3~5.5) 121
2Rk UDRE LA T, 37005, 7 AEHEMK
TORETHE, RASHKATORERLD 6 EpHO T
PRASE I o7 (2 BXVES), —7, Paenibacillus
BHIETIOLS BWEBHZRLIZOD
JCM2507" 7213 ThH -7 (K4 BLUVED), O &
1%, IEKE X MU RITER O Paenibacillus|g& #E 1%, Bacillus
JEAIP & M U R F T hpHA b L ZREER b L
Z, KMOEIEHEZ ML R BN EARBLTHS

Paenibacillus

1%, P polymyxa
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xR5 KEKBEKICHITF B PaenibacillusBHEADHEE
10°C, 4 JAREA% 30°C, 1 :EpEEaE
HEEX Bk KeHipH KeHipH
4.5 5.0 5.5 6.0 7.0 4.5 5.0 5.5 6.0
P odorifer
JCM13339 -1 = +° o+ + + + + +
JCM21743" — — + + + + + + +
No.3, (KHEBEALC — + + + + + + + +
P polymyxa
JCM2507" — + + + + + + + +
JCM20106 + + + + + + + + +
JCM20385 + + =+ =+ + + + + +
No.l, w74 N7 25 H ZIKE& + + + + + + + + +
No.7, KA FL + + + + + + + + +
No.1095, A v b RT - EEEREL + + + + + + + + +
P terrae
JCM11466" + + + + + + + + +
No.9, KT A b7 R/ H ZIKE + + + + + + + + +

1S I —JERMRED SN o S
PLEAT S InZ— IR SN B A
© 43 DR

975 B, Paenibacillus|@ Ml # 1 ZBacillus|G#HIE £ O &H
PN CpHIAFE LR P EEAE L /G2 ETRE
LT EEZ NI,

UbkoZ &ho, EREES LU MRIICKERRE
R Lo AEBEW AR T, Bacillus)B M & O
& Paenibacillus)@ #l i @ J7 78 76 E 3 5 nl me Pk 23 & <,
P. polymyxa*®P. terrae?S AR B AP BE A OIS 712 &
DI A BT 2 7o b DIFEIC L 5 SR S i,

HHRBIEL XU B LR R Z PR U 7o /7 R RIS
PH ST B 1) 5 Bacillus|@ T 8 & O Paenibacillus)& { T O
FEEW S MIT Uleo Bacillus)B I 4 TGk O R H
i3, 30 CTORETIICO, DEEAIZTLEAEZITLN
7o03, 10°CTORE TIICO, EE oIz L if =
LEBRESEEmM U, B%ULEDOCO, 7 ATE#R L2846
I sEaicifl s e, —77, Paenibacillusf@ M 3 Ff
LI 3, Bacillus|E MR 27 E LIS W RIREDCO, /7
ZBERBFHRT O HE Ui Bacillus)i Mg 1%, 30°CT
B L7 & XD bI0CTHER Lo & S ICHREpHO T
M3 < 78 BN 36 - 7o — 7, Paenibacillus)g #il
R ZoLS BRSNS, SREDCO, V XiEiHk
FHRICEOEZR L2 &id, KRR b LT
ZEN—NTH B L SN,

AWHFER, AWML AR T 20184 BT FE Bk %=
% b) 'C?%fﬁ L 71'»:0

X [
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