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Isolation and Characterization of
Catalase-producing Bacteria from Solil
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Abstract This study investigated the production of catalase from Bul-kyo soil bacteria through fermentation process.
Isolation and selection of bacteria was performed through chemical and physiological analysis. Catalases were
produced from bacteria which belong to 3 different species (Bacillaceae bacterium BKBChE-1, Bacillus sp.
BKBChE-2, Bacillus flexus BKBChE-3) confirmed by using 16S rDNA sequence method. The catalases were
found to be stable in the temperature range of 30°C-60°C for BKBChE-1, BKBChE-2 and BKBChE-3 and also in
the pH range of 9.0-12.0 for BKBChE-1 and BKBChE-3. Long-term stability of the catalases was about 20 days
at 4°C. However, BKBChE-2 has kept its activity over 30 days at 4°C.
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Iiksl=4 (Hydrogen peroxide, Hy00)= 3EHA)|, 2Fs}
A ol FHLTHA ARSEE sEERRE FHToll= Q137
o o8, WA A, AH AT 2 AR 34, 28
E dl= &% 5o o|27 17k I et A e
Aolnk. ¥Rk o2} frAlFolu WE AFE I T v
AES] AAE S8l Fikslrart AREE AL ok g4, o]
& 34 AHE ¥ JESe islgAa 28l 5o A
7} T HaL ok oS0l Iikslrad AR AlE &
7¥akar Qlo] ol gk Sl AE Sheh Ho] Y= A}
Z7FetaL Aok 3P|, AX SOl tigh A= B4l
o] 1x= o] 7tar e 7k, 874 s 71EY] st
Uz Aslsha] Wi o s dIsAE AEslr] g A=
Baof g ATl TS Bol Zkar vk 1 thEA?d
o] ZHEeAE o8-8t otk
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FFEAI= 191099 Wolffe} Stoecklinol] &JsliA 2d
TR HxE &5 EeHoHAL, Sumnerol] 23] 1937d
A3} HoH, 1941d o5 o] W m=3h Al eEE
Atk - Mg eAl = oneite] 24 ARAe
ztolE YR AT, S2]4]] 542 A9 fAksit
FHeEeHE IXEEAE kA B2 Besle a42A
Aol A &, 21E o|27171A] FHELAgE AEolA] A
= gt o 2R EelEa Aol STk [1-4]. 7H
A= YRk o2 315 (heme group)S ZHe AHsl/3H
BAZA AN E] HEA|F oh=F e o] 1o
53] 559 1ol v EXgitt [5-6].

7FhebA o] IubARl 54 oF 220-300 KDao] w4+
<z, 7)9] Y ATAIR FAE ] e, AT
A Z42re] EAFS g 55-68 KDa Axolt) 71&E}
AE Ak e 115 FEE5EH 7IEHAE 288t
= WHY {71 8AE FFolE APdste] 27t 23l U
o] oJ3l| F=, FHd H I, HIGEAd EES AASL &
S Alzshs Wl dxelt) [6-7]. TES (to=
FE ALt 7hgEAle 1 o] AFEHO0E AREE]
BZS1 Penicillium©| Y Aspergillus niger2} 22 v|AY
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E2RH 52 54 @48 /e A AEd
A AR 8RR AT [5-9]. Bacillus,
Streptomyces, Pseudomonas ‘<] Bre|g]ote}l FHE A5+
=5 &3] 2P A=, WY AT katd, katB,
katE 52] Akl 3 Aot} o]& A= A8H4 2E
gl 2=9] 7ol AT 2E# 2 ol #gE 0= JhdeA
o] Aitolut 2913 -8 S T’ ATEolt [10-12].
wEbA 1A S sl 9% TiEERE Aatehe
B o] Ze 2 g #g 77t Besit

B AFolMe Il EY rEETE a9 R Jie
HAE A e dFE Feet] JHEEA 249
259k pH Wiste] e & wst 9 A7z A7 -84
Soll o] ZAfstazt g

B Ao AHSE AR B 95 8 AXE Ao T
Alz1a} A} (Sigma Co., USA)OA 43R HA=
v Fol] A18-3+ TSB (Tryptic soy broth) B3l x]= HIT]
3]A} (BD Co., USA)9] AlFS AHESIATE HAE 84
2 AH Folle AT (0.85% (wtiv) NaC)E AHS-
stttk EAo] AHgE 9F-8-82 Mcllvaine $h5-8&4
(0.1 M, pH 6.0)3} E&]2 14t &84 (Tris-phosphate
buffer, 0.2 M, pH 6.8)S AR&-3}ATh AR o7 & |
(o-dianisidine 0.2 mg, glycerol 0.8 mL, Tris-phosphate
buffer 0.2 M, pH 6.8, HRP (Horseradish peroxide), 125
(Unit/mL)= &4 9135 913l ARE3IAaL, 4k (HCL, 17.5%)
< 84 WS $As7] flste] ARt Tl #4
< )3l BSA (Bovine serum albumin)®} Brillant blue A]2F

& Aok

Fleiad| Witk #Fo| 2

Hepde BT Hug vhsd] SEAA AHAT EY
1 g& East A 2195 9 mLol| dEbste] 108]2 A
o= 3Agt & TSB 1A viA]e] 100 pL =3}
30CollA 3YU7F vl FstA Tt TSB 1A s Ao =2t
A F 4271R9] 7] b2 F2YE Eeste] 7479
Z2UE TSB 23 wj#] 3 mL AZE3k 30C, 200 rpm
of| A st 250 mL AHZtEERAe HE wig Rt
100 mLo] A 1% (viv) FEst s 2004 &
Hj FSFATE 24217 vl kst A Al 100 pLE FH 3k
tlo]Fg FHo|| ¥, 3% IkEEA 100 uLE Hojry
7|30 A FF-2 71EEA IS YERl= <F 3047
7HA 9] #F T FFEEHA S0 =L A 7K mAES

wElskltt [13].

o

ol BFo| SH

EgoA ¥ 7tgeAl A2k v E BKBChE-I,
BKBChE-2, BKBChE-3 Gerhardt 5 [14]2] W< a1
= FejEa, AserE 54 52 dEsldn agdse
Cappuccino & [15]9] WS F31st9 o™, Lim & [16]
I} 7o) 16S tDNAE FZA]7]7] 98} forward primer
(27mf) : (5-AGA GTT TGA TCC TGG CTC AG-3")%}
reverse primer (1492r) @ (5'-TAC GGT TAC CTT GTT
ACG ACT T-3)& AH&-3te] SaEAAH RS (PCR -
polymerase chain reaction)= 573, 16S rDNA 314} 4]
< Fsto] FFsATE 4 A= JoungT Y W [17]
© 2 RDP (ribosomal database project : http://rdp.cme.
msu.edu/) @] HloJEHo]AE o] 8-t ZALSIAAL, AT
+ neighbor-joining methodE ©]-8-3l4 MEGA 4.0 3714
£ o]&sto] At

B2 g4 53

7] 540 84 SAWHS Fiedurek 5 [1]9] W83
& Faste] BAETE 238dste] 4 TS 244070
HjeFale] A A2E D412 (10000 g, 4°C, 105)3}]
A2 45N 10 pLoll Mcllvaine €589 500 pL, ZH;ks}t

T4 10 uLE 712=Z F7iske] 30Tl 30837 vhe- AlZ
ol ¥Ego] i AR 89 [ (LEE-HoAH, 2

AE, QiF gl HASAITHA] EFHEMNE 150 uL 37}
slod 2= 30Co|A] 3047 WA wkg- AJZ] & 300 pL9]
ko WS AAA A WhEo] TR
BEAZS 0] &3t 525 nmolA FRES
A &4 S AHEStHT)h FtE Al Alaet S|AF
(Sigma Co., USA)S] E45 ®F AIBEE HHEHS 24
sto] 84S vlasked ARSIt sl EAlstE
il o] 5= BSAZ AAS 2/dste] Bradford [18]
Holl Fste] SA433t

222 2o njxl= WS =A 24

FHeEA] 8490 m|Re 2% 2 pHO| J3S AR
A8 Kim 5 [19]% Costa 5 [20,2112] WS Za13le]
BKBChE-1, BKBChE-2, BKBChE-3 A 7}A] T ok
e dS ukgol ALt F1EEA Aatao] w2 A
TFE Bguj=|2) TSB 3 mLol| Aridskar, 100 mLo
A=l 550 nmellA] OD 0.057} H &2 HE3t] 30C,
200 rpmof|A] 2417t vjFsle] AR 1 mLS YAEE
(10000 g, 4C, 1083t B9 A5dS 247} 4C,
30C, 40C, 50T, 60C &% WMol H F4Z 24 &
AR & 7] et 7igeH 84 SHo= 3§
< vlaske] 257) FFEEA] e v Y
[

Sk 20l pHY} UIAE FFS 248 95

=
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5 BKBChE-1, BKBChE-2, BKBChE-3E ujj%, 4]
Fojsle] A& A5 100 L= pH 7.09014 pH 13.07}4]
o] WHlel sFste 0.1 Mo A4F 4F-8H (potassium
phosphate-NaOH) 900 pLol 237 40 Coll A 12A]17F vk
Az F FgeA &4 SAe ARgsted Zb7] tE pHell
e 54 &4 HIlE STk
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A2rst F1EEbA] G40 717 A3
HjeFet 5 A4EE] (10000 g, 4C,
F5olS 4°Co 3097F Bal 09, 59,
A, 20, 30¥ 2 AR E AFH s B4 W3t
1Ak AlZke] Aol whe} W= A4S vige
A w771 Aaket 7iEeiAl g4-e] 717 4784
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Aepds HuoA EqRs AjFste] Feigh 2424 o+
£ 71 IS RS HIRESt AFHS EYOCR
FH 23 7F F 7t A S Bl 309 7
A v AYES 23l (Table 1), FiHoE o 71l
84S zh= WA & BKBChE-1, BKBChE-2, BKBChE-3
2 TSB aAjAA A e] F2UE 13, v
7delM e o2 IS YEItE AR
ol-gste] o] FHE WA A, Al 7R mdE BT
Rl 2 =) Bacillaceae bacterium BKBChE-1
o] Bacillus sp. BKBChE-29} Bacillus flexus BKBChE-39]
HIs 277} 2k A SRIF 5= AU (Fig. 1(a)). Al 714
T I FTol 15, 27 24Tl 2% oI (Fig. 1(b)).
7heetA| e} SAITA] Aol B FdRke-S UERARIAL,
Awwsl Aelre 27 S4ReS el 54
Al@eME Al 712 25 IRRE-S YERNSITH (Table 2).
BKBChE-1, BKBChE-2¢} BKBChE-3 #5+2] 16S rDNA
F71MLE EAI8t] RDP H|o]EHo] 2o T54 3570
F2 TTES AR S golt A3 BKBChE-1
& Bacillaceae bacterium™ 7V =& A=A4L JERNS
31 (Fig. 2(a)), BKBChE-2 Bacillus sp.2t 7V =& 4a
#AS BYoH (Fig. 2(b)) BKBChE-3-2 Bacillus flexus
o 7 =& A4S eI e = Z (Fig. 2(c)), =3
I3t 455 42} Bacillaceae bacterium BKBChE-1,
Bacillus sp. BKBChE-29} Bacillus flexus BKBChE-32
Btk Al 7HA gl ALk ZheERA] 84S S
A8y A3} Bacillaceae bacterium BKBChE-1°] A4t 7€
2= ¢F 75 Unit/mg protein®] S 7VH 3L, Bacillus sp.

BKBChE-27} A4kt 848442 oF 81.8 Unit/mg protein
o] &84S ¥ Y2 Bacillus flexus BKBChE-3Z5E 42
FFee}Al= <F 86.8 Unit/mg protein®] 248 Ueh= A
< RIS (Fig. 3). ¥ A3 Ao vh& A7 d7e}
Zo] UnimL T2 %718H4 F 320-400 Unit/mLe] 243
O = Costa 5 [21]°] HHB| 22 RE AL sleei] g4
o] 2F 300 Unit/mLS! Az} vlwste] 7hgebA] AJitkeol
e HojF= Aol

Table 1. Catalase productivity of catalase-producing bacteria
from soil

Strain Catalase Strain Catalase Strain Catalase Strain Catalase
No. productivity No. productivity No. productivity No. productivity

1 + 12 + 23 + 34 +
2 + 13 - 24 + 35 +
3 + 14 ++ 25 + 36 +
4 - 15 ++ 26 + 37 +
5 + 16 - 27 + 38 +
6 + 17 - 28 - 39 ++
7 + 18 - 29 + 40 +
8 + 19 + 30 + 41 +
9 - 20 + 31 + 42 -
10 + 21 - 32 +
11 + 22 + 33 +

- ! negative reaction.

+ ! positive reaction.

++ : positive reaction (strong).

@ (b)

(BKBChE-1) e

(BKBChE-2)

(BKBChE-3) Py

Fig. 1. Morphology of isolated strains. (a) FE-SEM, (b) optical
microscope (2400%).
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Strain BKBChE-1

5
(a) %AFSWBAS? Bacillaceae bacterium LAZE
A¥T41720 Bacillus pumilus SKJH-21
< DO232738 Bacillus pumilus JHF
AJ494734 Bacillus pumilus E-44.7
—5:A8115957 Bacillus purilus KT1012
5 AYS05514 Bacillus sp. GSPAE
AY177I62 Bacillus sp. 71
o AF479336 glacial ice bacterium GE00K-16
s D@E2B9995 Bacillus purnilus B147
s ABO9B57E Bacillus pumilus TUT1003
AJ369932 Bacillus pumilus
[ AJB31842 Bacillus altitudinis (T) type s
< AY¥947532 Bavilus pumilus BOH116
s AY112667 Bacilus pumilus
AYAB2205 Bacillus pumilus DF20
] DQ283894 Bacillus pumilus B112
F] DO2E999E Bacillus pumilus 257
A¥185840 Bacillus sp. ROO40B

—5|:AMD62682 Bacillus pumilus 12vg2a

D@E2859997 Bacillus pumilus BS57

0.0001

s Strain BKEChE-2
(b) o D@27FO722 Bacillus sp. B-1013 2
DEE37542 Barillus flexus XJU-1
7 EUO70365 Bacillus sp. BY103(B)Ydz-dh
< ABD21185 Bacillus flexus (T) FO15715
D@2FO7E2 Bacillus sp. B-2036 32
o D@412082 Barillus sp. LOB-3
< AB274753 Bacillus flexus INTPDB4EH
DOIFB024 Bacillus flexus SAWMARE-S
—a:EUSEAEBE Bacillus sp. B87
DEB37543 Bacillus flexus XJU-2
—4: EU430098 Bacillus flexus 776
EF157301 Barillus flexus XJU-4
4,'?5@993322 Bacillus sp. MHS030
& EUO70370 Bacillus sp. By252Ydz-fq
EU330341 Bacillus sp. BSI20565
?EU384288 Bacillus sp. 5105
s EU430094 Bacillus flexus 772

EUO70352 Bacillus sp. By222(A] Ydz-j
—s:EUnmaEE Bacillus sp. BI20(B)Vdz-ss

EUD070375 Bacillus sp. By251Ydz-fa

0.0001

3 AB021185 Bacillus flexus (T) IFO15715
(c) o AB274759 Bacillus flexus INTPDE48H
DEE37543 Bacillus flexus %JU-2
s EU430024 Bacillus flexus 772
EU330341 Bacillus sp. BSi20565
B EU430096 Bacillus flexus 778
EF157301 Bavillus flexus %JU-4
ﬁmmm?zz Bacillus sp. B-1013 2
3 EUO70370 Bacillus sp. By252¥dz-fy
& DQ270752 Bacillus sp. B-2036 32
EUO70352 Bacillus sp. By222(A)¥dz-j
o DEE37542 Bacillus flexus %JU-1
5 00993322 Bacillus sp. MH3030
DEIFB024 Bacillus flexus 3xMARE-S
—3:EUU7DBES Bacillus sp. BY103(8)Vdz-df
DO412062 Bacillus sp. LOB-3
—s:EUmDaEE Bacillus sp. B320(B)Ydz-55
EU384286 Bacillus sp. B&7

—5|:EU38428E Bacillus sp. B105

EUD70375 Bacillus sp. By251 Yz

0.0001

Fig. 2. Phylogenic tree based on comparison of the 16S rDNA
gene sequence indicating the position of isolated strains.
The evolutionary history was inferred using the Neighbor-
Joining method. The bootstrap consensus tree inferred
from 1000 replicates is taken to represent the evolutionary
history of the taxa analyzed. Branches corresponding
to partitions reproduced in less than 50% bootstrap
replicates are collapsed. The percentage of replicate trees
in which the associated taxa clustered together in the
bootstrap test (1000 replicates) are shown next to the
branches. The evolutionary distances were computed
using the Jukes-Cantor method and are in the units of
the number of base substitutions per site. All positions
containing gaps and missing data were eliminated from the
dataset (Complete deletion option). Phylogenetic analyses
were conducted in MEGA 4.0. (a) strain BKBChE-1,
(b) strain BKBChE-2, (c) strain BKBChE-3.

Table 2. Morphological and physiological characteristics of the
isolated strains

Isolated Strains

Characteristics
Strain No. 14 Strain No. 15 Strain No. 39

Colony size (cm) 0.1 0.3 0.25
Colony color Cream Cream Cream
Colony margin Circular Circular Circular
Gram staining + - -
Shape Rod Rod Rod
Motility + + +
Catalase test + + +
Aerobic growth + + +
Anaerobic growth + + +
Growth at 10C + + +
Growth at 40C + + +
Spore formation + + +
+ : positive reaction, - : negative reaction.

100
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2
S 80
Q_ T
o))
£
E 60
=2
2
= 40
O
®©
)
S
T 207
®©
O

0 T T T
BKBChE-1 BKBChE-2 BKBChE-3

Isolated strains
Fig. 3. Catalase activity from isolated strains.

257} F1EEN| 220 olXl= dE

Al 7HA w57 F AL G4 Sl Tt HIXE 9T
ZARS A3 4CoA 71 G4 48 100%E
Akt 2= Wsle] mE §49 S %= Skt
I3tk 2H2te] dybe 33 RiAgste] 42 3k
Atz w78k Al 7] Bt A
S 7hEelAl 40 25 mE 4L 257t SUHE
el H3F Fashes AEE JERILT (Fig. 4). e
Costa 5 [21]19] BA10A Bacillus sp. Z5E 4 71&e}
Aol 2=7} v|X& G AFPolA BAF= S dA]
3= WHA, Bacillaceae bacterium BKBChE-1°] A4Hsk
FhgetA G4+ 30ColA 90% 71e] &3S FAI8HA
31 40T} 50Colx FL3HA 80% 7Hge] &4 BA4E
BHom 60CY 2xoA 7heteiA] &Ado] oF 48% 7HA|
FAE= AL A5 Bacillus sp. BKBChE-27} A
ks FhEelA] BAk0] 739 30 CollA] &4d0] 90%, 40°CS}
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e
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50ColA 242t 70%, 65% 7FFS] &4 Edo] A=A
60CAA 2F 48%E Bacillaceae bacterium BKBChE-1
o] Aaksk gae} vszs @448 BT Bacillus flexus
BKBChE-3¢] A4kt a49] 79 30T a4 &A4o]
90%, 40 Collr= 85%2] &4 EAdo] A=A, 50Ce}
60 Coll= 22t 80%2) 70%2] 74EetA] E4do] Hol =
AL 3159t BKBChE-1, BKBChE-292} BKBChE-3
o] a3l FledEiAlE 60 Ce] 2z oF 50% 715
o] 34 S Ak RS RIS ©] F= Costa
T [21]19] AFollA 60T &=olA 71EdetA] a4 &4
o] 20% 7} Fe Ao}l nwd ), 53 AL
SRIE = U, 3129 HF A A AFHe =
8o] 7FsE Fo=z AlgEh

100+
S
2> 804
=
©
@®©
o 60+
0
©
S
8 40
[}
2
E 20_
& —&— Bacillaceae bacterium BKBChE-1

| —%&— Bacillus sp. BKBChE-2
—4— Bacillus flexus BKBChE-3
0 T T T T T T T T T T T T T

0 10 20 30 40 50 60
Temperature [C]

Fig. 4. Effects of temperature on the catalase activity of isolated
strains. The maximum catalase activity was set to 100%
as a reference.

pHZI gl 20 DiXl= B

pH7} B v8EC] ket 7hdetA] 84 wslol wx
£ 9TE 2P 915k nAE sl de 5as
Z¥z} pH 7.09014 13.074212] W jol sldshs g
2AIZE HEGAIZ] & F1EdeEA] &4 2900 AMSSta 71
2HA &4 §AL pH7L 7.0004 13.0744] 71l whet
Azt F7veht sk AEs Ak Al 7HA] 17 B
71 =8 B34S JeERlE pHolX 249 71geiA] 84
S 100%2 dto] A2 ¢ FhgetA] 2448 ek
t Y Avke 33) vHEAES Bl A k] it &9
F HARIE X783t} Bacillaceae bacterium BKBChE-1
o] Akt FieEtAl 2] A$- pH7} S7FEel we) A &
o] Z7}sked pH 10.0914 100% 2 ) 4L Hol=
Ao g AAEAIL, pH 11.0914 70%2] BA4S Ho|tr}
pH 13.001A4 &29] 71alAl 84L& 40% 2 B ATk
Bacillus sp. BKBChE-27} Akl a4 84 AgoM=

=

—_

o N

1Y

K

pH 7.058 4] At F718t pH 9.09014 100%°] &
& B, pH7L 7l whet a4 o] A A
e Ao g BHEHJI pH 11.0914 20%E 7P &
a4 848 ST, Bacillus flexus BKBChE-39] 74
pH7} 71l wet a48/do] F71ste] pH 10.0014]
100%= o 442 Holal pH 11.0914] 90% /S Kol
o} A2} pH7} 248k pH 13.0014 30% 7Fke] 71eetA)
S BRISAY (Fig. 5). ©15 2 A= Kim 5 [19]
o] =883} Bacillus licheniformis DK425 H]Fste] d&
AZepA| o} ApheftA Y] pH G A7ellA pH 7.0 o1
o] o] FHellA HAl &a EAdo] Fhasted pH 9.00]
M T 7HA] 34l & B 20% olskE "Hoixl Avel
Costa 5 [2112] A&lA Bacillus sp.7} 784k 7VE2HA|
Ahe pH7F SVl whet Ak a4 FAdo] st
pH 12.0014 &4do] A9 gl Aoz ##H ZAHE H
£3}] Yang 5 [9]9] 97lA Aspergillus nigerZ5-H
A5VsE 74EelA7} pH 4-89] FellA HYsite Ao}
Hwe wf, 2 Aol ARE-H mAEo] ALk 7 el=
pH 7.001°3¢] &) Gelx a4 o] STl A
o] FEHIIL, pH 13.0914%= 20% o) Fe] 7ideiA] 24
o] frAE= Zlo] ERlE= Z o= Hol sz X719
Hg 3AHAA 8L T s FeE AlsETh

1004

80

60

40

Relative catalase activity [%]

20 —=&— Bacillaceae bacterium BKBChE-1 )
{ —&— Bacillus sp. BKBChE-2
—4— Bacillus flexus BKBChE-3

bH7 pH8 pH9 pH10 pH11 pH12 pH13
pH [-]
Fig. 5. Effects of pH on the catalase activity of isolated strains.

The maximum catalase activity was set to 100% as a
reference.

240 #7|Zt HEY HAE
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Al 7 A 157} Arkehe 7hEERA ] 717 A4
kel T AedS 4Coll 303 Ry 0¥, 59, 1
15¢, 20¢, 30 22 AjF3t Al52] a4 &S =74
SEYAS AFEIAITE B4 e A AR AlRS &
100%=2 4ksle] A7k 2ol e} o] Tashe=
S ZARIATE Z47te] A 33 kEAEEle] Ao ghe

ol ©

10 % o
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Yt G4 ¥F HARE 718190k Bacillaceae bacterium
BHBChE-1°] A2kt 71etA|e] 7-9- 109 787} 60%, 209
B3 F 50%, 30€°] AvpAr &ah B4 10% 7FEeR
AR}, Bacillus sp. BKBChE-27} A4kt 4 &449]
735, 1090] XA} 45%, 2083} 3092 212} 40%, 30%
o] FFgebA) 2Ao] ol gl AS BRISATE. Bacillus
flexus BKBChE-3¢] A4kl 71eelAl= 10€0] Ay &4
o] 50%=E ZA3FRAL, 2090] A 25% 71kl a4 &
’do] FolQIRlar, 30€o] AuAr BAe] EAo] AL Ho}
UA U (Fig. 8). Al 71A] o] Aikst 71eetAl] 849
4T A717E A% AL Costa 5 [21]2] A3 olA
4T 7hgeiA] Aol 149 F 50%= wigte e 2wt
9} Hlaste] B3] Bacillaceae bacterium BKBChE-19]
ALkt FheeA] o] WA 2xdlA Bt oFggk Ao
2 AL

1004 = —&— Bacillaceae bacterium BKBChE-1
—&— Bacillus sp. BKBChE-2

) —A— Bacillus flexus BKBChE-3
o
> 804
=
©
© 60+
[0}
(2]
©
@©
= 40+
o
[
=
(_-'3' 204
[}
x

0 -

T T T T T T T T T T T T T
0 5 10 15 20 25 30
Time [days]

Fig. 6. Long-term storage test for catalases of isolated strains.
The initial peak height was set to 100% as a reference.

ok
=

ko

= B rAEETE 231 Zide] A vidES
ol-g3}7] ffste] Hepd® Wil EY ARERE JldebA
AareFo] =& 5 (BKBChE-1, BKBChE-2, BKBChE-3)
£ 2o, st 43y AR gs 59 O] FY v
3 16S 1DNA 34 L84 52 Tl MdES 57
sto] Zbzte] d= 99% ol de] 4 /d S =2 Bacillaceae
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