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Identification of Bacillus pumilus and Study on the Degradation of
Poultry Hemoglobin (Hb)
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Abstract; In this manuscript, a kind of natural strain, which had more degraded ability of Hb,
was isolated from poultry blood polluted soil. The original strain was continuous mutated for five
generation, The strain was determined to be Bacillus pumilus by 16SrRNA sequencing and
Neighbor-joining methods. The second derivative infrared spectrum result showed that the strain
had a typical molecular structure characteristic of B. pumilus. SDS-PAGE result illustrated that
the protease degradation location on Hb was changed. The final B. pumilus strain had a stronger
ability in degradation of Hb than its parent strain. The protease activity was improved about
three times than that of the parent strain. The content of soluble protein, free amino acids was
improved from 3.69% and 14. 4 mg/dL to 4. 12% and 24. 6 mg/dL, respectively.
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KEF AN F MY (Bacillus pumilus) A B A Z R & & Hb BB#H K 69

BEERBEAR(FAO) G it, 2004, 2005,
2006 4E 3 B 26 4 7= 2 8 4 8 72.5X 10°,76. 4
X10°,80.1X10° t, %X EMK S HANEMN 6%
B,REBRMBKESHA 43.5X10°, 45.84 X
10°, 48.06 X 10° t; B H RS 8 & MK 8 18%
B AMBPAIREEBQ RS H A 13.1 X 10°%,
23.68X10°, 14.42X10° 99 o F B M % 1%
MR HEISR EREK HEREOERE
FREREFHEFEHATERLBMNEZES A
ABEXBEEHMNEEMRERE. FEMIFE
Y. BEAREYEAMAR S BHEAMDR
RR . GEHNAERBFAGRFERHEITHE, B
P MEFH AN REFEEABA DETRE
BRERTHEARITE. BEMBHREDER,
HTRARK. L. EARKAEERSES,
BA NN BMBES R RAB—DIEE,

ER/EXE M Hb f04E Y R B, B
EEMHARIELEPEER (WRMB OSSN
Y AR NF R EEE Hb
AHRERENFER.

1 #MHL5F*%

1.1 ##
1.1.1 ## E/NFERITEB. pumilus) : BHE
1 Hb BRI E € 1 B BRI,
1.1.2 2 2BH# FEEMm.HERYKERMEE
SEGWEL; MAEEHD)  F#En25 048K
#.
1.1.3 XA

D MFEREMES /L) AEHE 0.0, &
BB 5.0, Bf# 5.0, KH,PO,1.0, Na,CO; 1. 0;
pH 7.0,

2) Hb X Ees s & (414 ¢/L) H%¥E 10.0,
K, HPO, 0.4, NaCl 0.5, KH, PO, 0.6, MgSQ,
0.1, FeSO, 0.02, Span20 1.0, 14 & & (Hb)
10.0; pH 6.5,

3) 16S rDNA i) PCR 3" 3% .

EmE #:5- GAGCGGATAACAATTTCA-
CACAGG-3’

R i 8 9 5'-CGCCAGGGTTTTCCCAGT-
CACGAC-3’
1.1.4 &M 8% 4 LRH-250A B A {Li%3
#; HD-925 B % T1E & ; SpeedCycler B PCR
AL ; EPS-300 % &, 3 {¥ s DSQ-600 # DNA il K54 ;
Nicolet Avatar-370 %Y {# B M- 745 # 21 4b 6 3% 4%
Fisher Biotech B #% B d3 3k {¥; TaKaRa 40 & 16S
rDNA PCR #"## & (Code NO. 310); TaKaRa
Y1 BEik 7 & (Code NO. DV805A),
1.2 K& . :
1.2.1 kg9 HORRF % %S -RE-E
SE— WL £E W — B B — 3 I8 & Ak >~ TR A R R
HoBLoFLER-KE-RERT 40 F
H(Hb),
1.2.2 ZA#AEF+ WHAREHR-FHFERR
(37 'C,200 r/min BS.0» 48 h) > FEF H (10°/
mL)— T B854 (0. 001%,2 min)—~UV #H25 (%
AMT T 15 W,25 cm BB 5% 60 )—~Hb B&IEH %
BEIEF (3T CHEFHF 48 DB RS BEF—~
BEE/ BB TARE TR (37 CH 3 48 h)—~¥kkH 5
~10 MEEFBKEE LE KM E % —>Hb Rk E
WE—-FKEB—-HIBTHE.
1.2.3 Za8EAMNEZFE BH Folinik,
1.2.4 HoM#HAENSTRESME SDS
PAGE BBk .
1.2.5 Hb M@ HER ARG M F &k
HPLC §ilE . ’
1.2.6 #E# 16SDNA#9% % PCRY HE.,
1.2.7 16S 1DNA A #l 44  Neighbor-joining
%
1.2.8 @ hnn AR, |
2 ZRE55H

2.1 16SrDNA FHAERHEE

Sk A PCR 3 35 Il & 7 E B§ #F 16S rDNA B
%) , | B Neighbor-joining 75 ¥ %f ¥ 16S rDNA
FF5) 4347, 3 5 E BRI

16S rDNA 3l E 4 REW 7 #4 DNA B
Fiek 1462 bp, EH2FFIMT .

GCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGGACAGAAGGGAGCTTGCTCCCGGATGTTAGCGGCGGACGGGTGAGT
AACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGAGCTAATACCGGATAGTTCCTTGAAC
CGCATGGTTCAAGGATGAAAGACGGTTTCGGCTGTCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGG
GGTAATGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGC
CCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGT



70 £ & 5 £ B H K #F = %27 %

GATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTGCGAGAGTAACTGCTCGCACCTTGACG
GTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAA
TTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCA
TTGGAAACTGGGAAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGT
GGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAAC
AGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTG
CAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGC
ACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAACCC
TAGAGATAGGGCTTTCCCTTCGGGGACAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATG
TTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTG
CCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGC
TACAATGGACAGAACAAAGGGCTGCAAGACCGCAAGGTTTAGCCAATCCCATAAATCTGTTCTCAGTTCGGATCGC
AGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCC
GGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGCAACACCCGAAGTCGGTGAGGTAACCTTTATGGAG

CCAGCCGCCGAAGGTGGGGCAGATGATTGGG

¥ B ¥ %) 5 GenBank ¥4 FE b #9485 5% fb
T 2Ll 16S IDNA 2B W EMPWEL X
EW’WJE lo

B.thuringiensis, D16281
B.ceres,D16266

B.megaterium,DQ789400
——EZEO B.cohnii,X76437
100 %.halmapalus,x76447

B.sphaercus,DQ923492
100 : B.pumilus,AB020208
B.pumilus, DQ209209
B.pumilus, EF070205
70 B.pumilus CN8,EF185299
100 B.pumilus, DQ988522
lB.pumilus,AM292995

B.licheniformis,DQ228696
40 ———|
*°B subtilis, AB018484
— B.stearothermophilus,AB021196
ISEB.palymyxa,AYQZZGIS
38B.coagulans,DQ347840
Bl WEREXRIELHAK IS DNA BRI RER

"H
Fig. 1 Phylogenetic tree of the 16S rRNA sequence from

0

the isolated strain and closely related strains

ZEHAE 16S rDNA 515 GenBank # #) 4/
AT A TR MM (99. 7%6~99.92%6) . I,
¥ F R A RE/NF R E (Bacillus pumilus) .
2.2 ENERITE(B. pumilus) DIREREN

£ 500 mL M =3 A 200 mL 3R, A
ZELs RWENFRIFEIH. EEERERE
g S E K 200 r/min, IR E R B7E1)
C. BEF1JIdWEFRAHRKEBRT 5000 r/min
B0 5 min, KB, REH 0.9 g/dL 8 NaCl &
BUHE S K. BROBHEEBARLAEFEL
ShtiE. i RTEE N 4 000~400 cm™ , 4
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Fig. 2  Second derivative FTIR spectrum of Bacillus

pumilus

HE2EL, ANMFRFERNERERAE
HTRMP(PHB) . FRMEMAIFMERKIE. 7E
1 740 cm B iE A — B8 & BB B R g, X B I 58
G LR RET BB (PHB) #Y 32 B 45 1E 7% i ;
7E 1601 cm’' 1 1 403 cm™ R B4 BE5R R Wi,
RUFEMEO FROFE, HERFERKRERE
Wi B IE — SR M (DPA) R, HE M. X
UHLEFERETRAE(PHBMEBRNELE, £
BAEBEXTHA(PHBYWRBOEZAFHABER.
2.3 @NFRITHERR Ho AE .

£ Hb R B R PEMEBRSH 0. 2% 05
WBhREFEFEWERERRRENFHRTE
(B. pumilus) ¥ F I35, 7€ 37 CRIEE K 200 +/
min TERFKREE 72 h, T EABE . IBEHEA
RSB WEEEMSER Hh (FRE ER1E 1,

MW= 1%, B REHFE/DFERTEX Hb
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KEF 42 F A (Bacillus pumilus) kB % Z X & 2 Hb BEE A 71

BEEERRE. &/ FRITEE® Hb Mgk A
REXRR-BOME TLWBRAERES T 3 15,
MEREHRD 483.81 U/mL £ 53| 1 254.36 U/
mL;Hb =Y AHEA R . FEEERY
BHAMM 3.69% ,14.4 mg/dL MinF 4.12%,
24.6 mg/dL,

1 SNFRAEERH ~HRHE
Measurement of Hb degradation products by B,

pumilus

Tab. 1

AEE
id=| EHR HEEER Hb

RS BiE N/ SR/ ﬁ%ﬁ%
(U/mL) A% (mg/dL) #/%

483. 81 2.69 14. 4 40. 25

R E 3

RUNFRRE 1950 36 3,52 24.6  53.29

Bacillus pumilus

2.4 HbEFRFYHIIS FRERZE

HEAREKRNo DRE/NFMFFE(No 209"
AEFBRAIFNERERIB 2RI RAES
(Hb) ZEEH , 2 37 'C.200 r/min IR LBE 72 h
o RIEAHIB 10 mL ZEEWITIE, B 2 mL B8
5 4 mL @ Tirs HCL B & » 3 A /N R TR B 3K 45
R, B A A R S A B 2 HE 47 ) SDS-
PAGE B ik AL, Al &S (M) E
PRAERE TR I, G5 R WA 3,

M Nol No2

B3 HbZE7#Wh SDS-PAGE & K i1k M
Fig. 3 The SDS-PAGE Gel Electrophoresis picture of Hb
Fermentation Product

MWE 34, & Hb BRI =9+, B REK
(No 1) 4t F 45 #E 86 (M) K F 4R 57 F B9 53 L 48 /)
FHAENo )R . XIRHELABIBRS, HRKE
B Hb WA H®, XIFLTHEEHEKNENFER
M Hb B2 73878 No 2 MBIk E &, AT &
(No DEZ— % B /&3, v 1, /D FRATF
B (No 2) 5 A B # (No D& Hb BIBT R =
A2HFE, X —E 30 T 8/ F AT E K DNA
AFERRBEETHEERE, ATT#RE T Hb
HIREmEES .

2.5 REMMOMARSENE
BB B 0. 208 B RERME N FRTE
PRI 4 7] A BB K B 89 By B 5 &% M &
W L,%E 37 'CHI 200 r/min IR P LB 72 h, R BEM
08 A A BB A A (HPLO) B 2 i B A 5
RIB.ERIEK 2,
%2 HECSERREREMNESR

Tab.2 Determination of free amino acids content

ey T3 S SR B K 8/ (mg/dL)
Fhk it AREH% EEEHK
BmE EEmMBE  REEMK
KIT&E B (Asp) 2,21 3.01 3.34
&M (Thr) 0.92 0. 46 0,20
2 E B (Ser) 1.19 1.04 1.28
BHEB(Glw 3.75 2.91 3.71
I 2 B (Pro) 1,32 0.28 0. 30
HER(Gly) 1.19 2.40 2.41
FEM(Ala) 1.58 2. 14 2.83
Bt &M (Cys) 0.17 0. 69 0.68
HER(VaD 1.48 3.76 4.69
EEM(Me) 0.25 2.93 3.49
FREEAR(lle) 0.40 1.17 1.35
REMK(Lew 1.39 5. 67 7.08
B & B (Tyn) 0.39 7.38 7.09
EHE M (Phe) 0.34 15. 24 14,00
4 E 8 (His) 3,18 12. 87 12,34
8 M (Trp) - - -
B & B (Lys) 1.42 3.28 4.21
HEM(Arg) 1.23 0.34 0.21
b 22. 41 65. 23 69. 21

T - DR BOGE B BB T B Rl A S B T BT I R

B3 2 W[ A, 7 Hb REEW /N FHAF e By
BRHNFEESEXRIBEREALABOBRES
191.08%, L B AW PR 6. 10%0; NE BB Al 2
AHBH, ABRFLENSHEXRTPHRREA
REAR.EER AR GEARTEHEM KF
BERFSEHMEERK RERLEONL L, MH
AR AER. MERFERSR KB LB S FIE
EEMMELH THT 360%.1.08%.340%
485.71%.,

3 & &

D AEESMBET RN LHF > ERHERS
MFERE Hb BB RIB A B bk, H AR E RN 3
Wk a6, B, EY, REOLHE, B8, A LE,
MEGBEFEAM, WERMPOH ERERFER
G HER R SR AR B E R ERR
BX G ENE FREREAR AHERK, F7
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5 £ 4 B A F R

21 %

HERKFE.ZHFWG. FEEREEFIENS
HE. 106 .BE.AZH, XELE. BB, A4
BOAGBFEANEHEmMOE EREERE
R BEERERES VA& E2REAR
BRAGH EHE . FHRENE  AABK K, R
SR P L, B R T, BRI BRERND.

2) XA PCR I #¥ 0l € B2 W & 16S rDNA
BIFEFl , ) Hl Neighbor-joining % # %t H 16S rD-
NARFI T HEECHATHEUMNENFRITHE
(B. pumilus) , #| B Z B T 3021 40 Y6 15 6 B I 2 /Y
D FEMEE R/ DFRE (B, pumilus) BRI 53F
HHIFRIE .

HEEL T E/DEHRK B (B. pumilus) 3t Hb @
EHABRAERERE. HEAME L ARERER
TEIFHD BB ESHEO R . FEER
MEEWYFIMN 3.69% ,14.4 mg/dL ¥ B
4.12% .24.6 mg/dL, AKFF LT @ 8 FERR P
MREZER.ZER EEAR.BER.AEMSE
B HPEERESTERIESA, BHRE 0%
ME.

4) F/NFHAFE (B. pumilus) =% A Xt Hb
PEEAMBANERET AL RAZELE S REW
BAEE BT R BN ERFF S (B. pumilus) 5y F 55
WRETHRAZ WEREHEETRE,

3 EdHE Hb REERETEYRT-EABN
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