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Isolation and Identification of a Bovine Blood Protein Degradation Strain
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Abstract In order to solve the problem of environmental pollution and effective utilization of waste blood in slaughter-
houses, the samples were collected from waste blood accumulation soil of slaughterhouses in Shigatse area, and the
samples were diluted and coated on blood agar plate for separation. The colonies with large hemolytic rings were se-
lected for purification, and then the strains were preserved. Morphology, physiology and biochemistry, 16S rRNA
gene sequence identification, drug sensitivity test and growth conditions of the preserved strains were studied. The
protease activity of preserved strains was determined by Folin phenol method, and the blood culture medium conditions
were preliminarily optimized to improve the blood degradation efficiency of the preserved strains. The results showed

that a strain with high efficiency in degrading blood protein was obtained, and numbered as NWMCC0047. After mor-
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phological identification, physiological and biochemical identification, and 16S rRNA gene sequence identification,

the strain was identified as Exiguobacterium acetylicum. lts protease activity reached up to 19.00 U/mL. The optimum

growth conditions were as follows : glucose as carbon source, beef extract as nitrogen source, disodium hydrogen phos-

phate as inorganic salt, pH 7, and temperature 20 °C. Through the preliminary optimization of the degradation condi-

tions of bovine blood protein, the degradation rate reached 21.97% when the amount of blood was 10% , wheat bran

was 20 g/L, inorganic salt was not added, and cultured at 37 °C for 85 h. The experiment provides a simple and re-

ferable operation method for the degradation of waste blood pollution and provides candidate strains for the production

of organic amino acid fertilizer.

Keywords blood degradation; isolation and identification; protease activity; Exiguobacterium acetylicum; drug re-
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1.1 ##

L1 1 #aesRE HIERE SR B VG H v T
VLA R e #% 6 5 & 5237 (E89°60'92. 18", N28°
91'74.00") , ¥4k 4 000 m /247,

1.1.2 #5#A OLBHMK) B (/L) itk
A 10, BERHREUE 5, NaCl 10; QLB [E {45 57
B (g/L) JBALEE A 10, BERHREOR 5, NaCl 10,
BUEH 20, @M E AR 3R a (/L) : KH,PO,
0.36,MgS0, 0. 5,7ZnCl, 0. 014, NaCl 0.6, Na,HPO, -
7H,0 1.07, CaCl, 0. 002, FeSO, 0. 002, F& & 11 4,
JHEEE 1R 0. 05, B8 15, pH E 7. 0; @R & (1 15 55
R b(g/L) :MEF 10,4 W B K 3,NaCl 5, K,HPO,
2,505 20, pH A 7. 0 ; @i BEHE VAL« BF A& EL IV 1L
VR @A L S SR (g/L) RN 0.5, H
iR 10, #2405 15, BERESE U 5, Na, HPO, 4, NaCl
5, REEE RN 2, KL H ERER 4; O
FE MR A S5 T 85 57 55 s HR 9% D Ak 1M R %
i BT P 3R 2

1.1.3 £ZRXAESMEEELE F26OFE
(AEIE AT E AR ARG BRA F] ) , 4B DNA $2HUA
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45 ( TaKaRa-2 B AE VR (WA BRAF) ),
Y AR & (BTN A AR A IR A ) &
FIR 2R R BEBE A AR AR (RS R R
HABRA]) , NaCl, CaCl, ( KA KAk 2157
I EEREER Y | AR R (A RUBE A B 8
I, Tl (g T A R By
AHBRAF ), NaOH ( [ 25 48 Fl b 22 38 70 5 FR A
Al HA R R [ b R R AR A R
N ERAE A 1M R AR T VU AEE H g I T VLA
HeFE 6 = BB S5 Y, 550 A WL 4 Ot Ot B Ot
(1800PC., At 5% % A1 38 FAX#5 A IR ST A H] ) ; pH
TH(SG2-FK, # 7 -6 F £ ) ; PCR ¥ 34 1% ( 846-
X-070-280, 7% Biometra) ; 257K & #ir ( MOST-T,
INAR B A 7 S MRy A IR A |) ) 5 LT ROF
(AR224CN, BRZE {0 g 5 M A RS w] ) 5 5 AAHE
IR 7% (1S-ROVL, 155 3% 73 B 4302 ol i A B
AT s BME W UEE (13395H2X, 36 R ) 5 H1 1Kk 1Y
(DYY-6D, 57— AR 7% ) 5 TR /K I 48 ( DK-
S24 , IS 7 SRR e £ A B A W] ) 5 Bk = E e
FEAH (GNP-9270, G 22 i s A IRA D) o
1.2 7%

1.2.1 W& EEE W REMESHITHE
K10 fEE TR RS 10° ~ 10°  BEMAR IR 50 pL Wi ke
WA T MRS AR ,37 CHi% 24 h, PRIEA R
LI P B 7 0 6 422 b 7 ISP b, DA [R) 2% A2 8%
Fralifk, i bl i TE R R T LB B33, L
HFESER 3R B 80 WL A 80 L 50% H il
FHAFETRA AT AE - 80 C 1ol A= 4 1 A i vk
PR ARLE .

1.2.2 BEFEL B9800 HE R L L
F LB [ {REEFREE AR A G R a AR
R FRIE b, 37 CH53F 24 h, MESHTEILAR R/
gt %k B SILARHE KRR R LA T
LB [EfRREFRHE | 430078 37 °C (12 h F137 °C 24
h 2P R R 3R Pk /D 5 22 e 0 )5 e kG
ey L AUEE T LB T T 4 B TR RN B e
g0,

1.2.3 AmAfkE  BPEMHRAR 200 pL F
LB 535397 ,180 r/min 37 C153: 24 h, BUESR
BV 2 mL T LB 85383 LM SRR 9% 0%
TAREE IR S0 wL $EFP TR A NE L 2 2 L
BE MR IR IHEREE | SE R RN AR

PR 4 B AR AU T 75 A R E AT B 3%, ULgR
IR SRR AR

1.2.4  #H#6X%E B AUHEM® 200 pl T LB [#
REE IR S TR AT, e R 5L T S5 1A B )
ARG R R 37 CHiFR 24 h, il sk SLgegs R,

1.2.5 16S tRNA A R 59 %2 AU
(B ARIEFEAE A 12 h)2 mL TR L4 T,
DNA $2HUR ] & $ B H AR %k DNA, 519
27F: 5'-AGAGTTTGATCMTGGCTCAG-3', 1492R
5'-TACGGYTACCTTGTTACGACTT-3' #£ 4T PCR ¥”
R4, PCR ¥ ¥4 ™= 9y i th A= TRE (g ) Iy
FBRZA FISERL, T 25 3 AE NCBI % Nucleotide %%
P 4T BLAST JP41 HEXT, 5 GenBank Hr £ Al
M) 16S rRNA J& K 41 ik 47 [ 8 1 LA, I
MEGA 7.0 ¥y&t Neighbor-Joining %%Ziﬁ*ﬁ[m 5

1.2.6 B#AEKREHEAE ARG FRBIERN
Ji 45 52 00 ) BT, S 6 i FH 8 R SR 34 R 100
mL, J5EEIE SRR 2 mL B, LA 180 r/min 37
CHiFE 24 h I E RS FM, B LR 3 T
FPIFENT B I 52 OD A s 88 B8 T T 38 WO
F£0.2 ~0.8 Z ], AR I 1# R AE K 5%
Ml o 5 SRl (R A 2P N R L EOK
VERY FLBE) LA 10 g/L B ffe LB KGRk b (i i A48
B, 5 B 35 4R SRR M A OD gy o QAR TR A
PSS PR RAE A A s ) B S R AR (A IR R
Wi EEREERICH B SR BRAR R (22 EK) D10
o/L B4 LB Kigr 3l vh i A 1 R, 5 R = 4 1
BiFRJG M E ODgyy o OANFTCHLER XS B AR A K1Y
S0 OB R EHLER (NaCl, ZnCl, \KCI, Na,HPO,
MgSO, .K,HPO, MgCl,) DL 10 o/L & LB K3
S NaCl, F U IR AR 3R S5 U E OD gy o @
pH A R AR K 152 . BiC B AN pH B Y LB
BRI B R SR A R SR G I AE OD gy 0 X F03E
pH &5 pH A% pH Z5 14 T B EAT 45 22 Yo 0 31 4
T AR TSR, AN [ B X B ik AR K A B
M« FH 7 A SR d iR AU Y LB 35 3% BN [R] i
JEME R TR R SRR TR 3R, A 0Dy o Wi
TR B R SRR T BRI A T 2 Y AT A
T B AR

1.2.7 FamEhome K ANEREMT
KEEREFEHRA 27 °C 180 v/min K537 48 h, ZJa
4 °C .10 000 r/min &5.0> 20 min Y8 FiHW,MEHN
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1.2.8 Wi Eimaing Ohodmii
(% . NaCl (5 g/L) AICHLER , 10 mL $5¢ $EHLAK
HPEFE 1 min BFEAR I8 ZUUR , TEAR A A0 22
ER 2 TERE AT VE R FLBE AR TE , ITA 90 mL
Akl # AL 100 mL 8555, R AR B 200
pL,32 CH53E 75 h Jail e S A R B A, 1A%
ffAkR DRl oL I 5 . DL BRI, 10
mlL 35 £ AL P I A9 58 2R 1 R &R, NaCl, KCl,
MgCl, \Na,HPO, .NH,Cl . K,HPO, }TcHLE:, 435
FA 90 mL Zii/K il 458 100 mL 853758 A& et
ML S FEFAE X HR A, B2 fh AR F K 2 mL,37
CHEFE 85 h Ja il B A A B L, T 5 B i
AR GB5009. 5-2016 ( £ 5 %4 E K b

W R A e ) T A L s AR A
FILFR WA F K GB5009. 52016 ( £ i % 4 [H
FARMEE A AR A 5 ) ) B A
o MEPET & B, SRR R A OB R B
VAt E

DH :% x 100%

A, DH & REVERR I (% ) , A 2 RE
o AR LA (mg) N I 8 R

i (mg),
2 HERE 57
BRRSFLE
AR R TSR B SR 3 B 24 b A
AR A B RS AR RIERS (£ 1)

2.1

R1 SBEEREFAREFRE LHSHIE

Table 1 ~ Morphological characteristics of isolated strains on different media
B AR
S
K/ em Fie AN IR 3 (o] W b REH S
i~ 0.45 Are BE (S [ AW ZhiHA 5 Pk LKMDCIH
LB [ Ak 75k 0.55 FLEf BIE (e MEER ANEW iR 5 Pk RV ETRIN
WA TR I SR a 0.60 FLEf B (e it - AW iR 5 ke AL IRIN
BETE IR R0 b 0.40 FLEf ]2 (e [E AW iR 5 ik LKMEDCIH

FRAR A 22 Qe (05 7007 s T W gE ] DL
i B8 Bl ) AT T, SO0 el BRI , BRTAC I (58 i
S PO ATE, BEFR 12 h i AR 2R
s BT EEHES (TR 1A) B3 24 h if, RIIA 2 B KB
WROEB).

Ell 12h(A) 24 h(B)EHFEHELLBER
Fig. 1

Gram staining results of bacteria cultured

for 12 h(A) and 24 h(B)

2.2 HEANETE
YRR THE IS A e A PR £h 38 ) | S AL g
MR R A PRS0 5 A AL R P A e 25 SR LR 2,
K2 DEERELRMIKIEER

Table 2 Biochemical reaction test of the isolate

AR ik AR Bk 1L
e O i 4
% 5k N R N
koL + g -
HEN - % -
Lo - Bl A -
oL - K% -
B - HAL NG -
A - KA +
HiB Rk + 5 -
EHELTIN - WA -
VE L+ FR AL R R — R AL R
2.3 Ak

SRLEHL(F 3) T, O B BRI BE A 2



74 [ QS|

o4 & 42 %
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e ik R SRR R, RO Sk gy | T
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R3 BEHRTAERE

Table 3  Strain resistance test

F R

P . ifit

EE A7 T il
(R) (1) (3) :

BEER 50 <12 1315 =16 34.50 S
KA E Wy 30 <14 15-17 =18 7.75 R
ZVIAE 30 <12 13~15 =16 12.83 R
T s 25 <12 13-16 =17 0 R
UEZ Sy 30 <14 15-18 =19 12.55 R
ARGE 15 <13 1422 =23 8.11 R
R AR 10 <11 1244 =15 6.15 R
KAPGT 30 <14 1517 =18 20.01 S
oK A 30 <14 1516 =17 21.92 S
KAl 30 <14 15-17 =18 15.45 1
B 55 PG Ak 30 <13 14~17 =18 7.73 R
AER 30 <12 13-17 =18 11.14 R
HHER 30 <14 1516 =17 15.79 1
SANTARUR 5 <15 1620 =21 21.14 S
ZHWE B 300 <8 811 =12 6.27 R

2.4 16S rRNA EFEFFILE

SR 24 T 38 P 5 4 %o 7 32 1) T o 4 ik PR 4
DNA JFFI#E4T PCR P78, kY 1 R/Ny o
1 400 bp, Rz HEAEPHES 152/ 16S rRNA
B FFILE NCBI [ | BLAST %k 5 GenBank
Bl e P ORI 16S tRNA JE T 91 35 A7 ] V5 14
P, SRR ZW RS S BERUNMT R (Exig-
uobacterium acetylicum) DSM 20416 750 [e) 5 v
ik 99. 72% , 5 Exiguobacterium acetylicum strain
NBRC 12146 J7 51| [a] W% =35 99. 58% , 5 Exig-
uobacterium indicum strain HHS 31 5 %1 [&] Y5 =5
i599. 51% , fifi FH MEGA7. 0 4% 35 15 14 B #k il
BLAST 4Rt 15 A% 8 ¥ 51 it A7 22 | LU X 9 42
Hil RGBS (K 2) . ZE RS S BBUNTE
( Exiguobacterium acetylicum ) 1) [a] 5 P 155 15 99%
VLB BB RGE , LaTEasy AR R (168
rRNA B [ 2 91 45 5 45 2R | S8 5 1 W R R /N A
& ( Exiguobacterium ) ) TR/ TR, K045
[ 16S rRNA &[N )3 51| & 5¢ NCBI K15 GenBank
RS MZ148480 , fiv 44 M Exiguobacterium acetyli-
cum strain NWMCC0047

B2 ET 16S rRNA EF 512 7K E#k NWMCC0047 2 5t it L i
Fig.2  Phylogenetic tree of NWMCCO0047 strain based on 16S rRNA gene sequence
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2.5 BB RE.ZHE . pH B BEEMNEKE
KH

R NWMCC0047 DL % B 1E b ik U5
OD o (6155, 17 HL B S A0l e V5L, & A ) 26 A
SRR R (B 3A) , AR AR N it
IS5 R B /R H kR NWMCC0047 FLBE A EERHR 6 5
B, 22 2500 RN A 2 0 U0 = BH . 25 A R )
PRI AE A 2 T R K 38/ NIRRT R L B K U
W RERE FLWE NEZE IR (BI3A) SR
PRI LS RA— 8RR TR E R T E L
FhE IR MRS, B kR NWMCC0047 Lh4- N EAE
SRR, OD oo (B 57 , B 0 T A R, B 4
R B MR A K 0 SRR (B 3B) . T RE AN
FREPEA SRS AERE ZITIRE AL
MR2s BT B A= R K I, S R R
ARBETEENERY AL, WK NWM-
CC0047 Lk Na,HPO, 1 A TEHLERRT, OD o (H 55 5

T HAICHLER , F B Na, HPO, J2& % B bk A K 1Y
IRAETCHLEL (181 3C)  BERRER 21T 2 40T A K
WA E SR BT, AR Ry B AR SR AT TR B 2
P S AR — 7 119 Na, HPO, X4 B #k A=
KA WA P2 FEAEH] . Wk NWMCCO0047 0D,
{EAE pH A <7.0 BF 2 L% 4 pH H >7.0
ISR RE G, FRRTE pH (24 7.0 I, A K1
BUBF R, i B R A KBS A= K pH ER 7.0
(K3D), B2 Qe g )R] A 7EAF] pH 26
BRI ZESR ., pHAEN 5.5 B TR KR53
ANHEF , F 43 T A G 5 TR 5 6 S0 216 (A
4A) spH B 7.0 I, T AT 245 S 19 o 190 Bl 11 i
PRI, MO SRR RS, B AR 25 KRB, S
HHESE (1 4B) spH {H 8.5 I, TR A BN
XFHES , AR (o I TR, B8 T 0T LR A3k W1 i
TRE 6 W R B4 A, T RE A B A AR 1 (]
4C),

B3 BiR(A) FIR(B).THLE(C) . pH {E(D) 3 E#k NWMCC0047 A=K §I5 00
Fig.3 Effects of carbon source( A), nitrogen source(B), inorganic salt(C) and pH(D) on the growth of strain NWMCC0047
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El4 pHIEAHS5.5(A).7.0(B).8.5(C)HE# NWMCC0047 F =L mER
Fig.4 Gram staining results of cultured bacteria at pH 5.5(A),7.0(B) and 8.5(C)

HEibk NWMCC0047 0D, (HAEIREMR T 20 C
IS TR IR T 20 CIF R
PRIEIREE A 20 °CAEKAFOLLF, R 20 °C 2
PRAEA W dcid AR R (8] 5) o 2 Qe fa gl 2Rk
B AR E AR P AIEE LR, 1’
R 37 CCHE B Ay 9 i [58 4 F B AF  , BORT B
FRRHED, B AIE S KRB, Yo 2 550 (|
6A) ;i Bk 42 °C B, B ERAS SO HES ] 10 B
AT DL EARIE T 5 o3 Bl A R A R 21 (TR AR
(K 6B) ;iR 27 °C BF, B A BAA Bl i 6t HEF1]
KEA—ESAFH(E 6C)

E5 REXEK NWMCC0047 4K K%
Fig.5 Effects of temperature on the growth of strain NWMCC0047

BEl6 37 °C(A).42°C(B).27 C(C)MEFHE=ZREBER
Fig. 6 Gram staining results of cultured bacteria at 37 C (A), 42 C(B) and 27 C(C)

T A 0F AN Rl HE R pH. 28 TR R Y 22
ORI, WHRAEARZ M PES U LR 6 EA
KESt, Lee F MR T HBERY G EN
(PBP) 1A WYAES M E AL ) Jg 2, R R 2 AT
1522 KF BT A AT 38 5 222 s 1 7 5
-4 KSR OB 4 102 5 A i R RO A 4 1
PUBCCHE RIS AIE 2 LB BT A &
BRI g T UL B A B AR 1 JE
SR AL T RE B TN R B | pH B IR A1
SO B AR SR SR AT B S At LA B A 5K 2 A T
TR RE (T 25 S R RO A A 2 A
BRI, e 22 e a5 — 20 AR 2 i SRR G TE S

PR ST a5 A1, e 58 iU 2 AR
FIMEIL 4, BRARSE T e e bl v, S & 2 3R
B, pH 325 52 ) 200 P 19 3 22 LA % 200 e ) s '
FREE , XoF /0308 440 B 118 JK R A I o R S e s o
IR o R VUK 200 A o 2 L R U R AR 1Y) S el A
T M 3 A, e BE X6 T 40 TR A7 17 1 5% e 222 1L
pH 3, 75 J5 22 R i 52 46 vh 7 A0 S R 50 il FE X
PRI 1L Y0 o fe 1 S
2.6 EAEEANE

H I 2 R A v i 2 (18 7) 45 3 K (B R
98.97, FAHH M NWMCC0047 L 8 (1) 75 [ 1l
1% 114 19.00 U/mL,
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7 BRRERRERL

Fig.7 Standard curve of tyrosine

2.7 MiGREMBEGMRIL

PR NWMCC0047 LLZZ ERAE Ftic i i A 4 1
DUBS- | I 90 R A R 0T 36 12, 33% , f T oAt Ak
Ui, eI 22 B Z A R AR K BRI (& 8)
2 HRE /NI T A ) SRR P, Rl
W2 B IR ZE LA, & A T RN T
AEVEM M KAy KAy R BT MR TR
SEBIRILY N R AE KR T O AT R
ZAEO ) FEER R A5 Rl P IR B A T B
5E R NWMCC0047 7= A= YMES AR, — i 72
FE T T MR RACR T gt SRR i
TN R AH 0 B R Y PR R AT 8 AR S R SR A
ZERZ TR~ T Rl | 77 D L e Sl <57 0
G, BRI PR AR R AR L IR B — 2 10 2 BE I
SEIF IR 23 W LA S-S ) (EPS) FEIE 1% 36 16 204k
RSN R G Y I, ALY T, EPS G
% SR A B B A — T BRI B i, A B R
T A& VR TR T 22 2k R R/ IN RS
PR AR SR A B 72 Y T R e A
T A RE 5 KA R A Y BIE i, i — 20 A i
T BRI AE AN, T EE T T 1 R R A 5%

B FE NWMCC0047 285k % fift 25 18 i 90 2 4
5, IR R f# R ] 58 21. 97 % |, o R AL BT
(5.92% ) $EF+29 3.7 1%, BB IMTCHLER 4
R RCRISAE T Na, HPO, 2H  {H M5 22 Tl Ak
PR RS 2 B RS I TEHLER 19 25 350 I
(E9) , WHRAPIRE A AR —A 8 ) 2= e
It HAZ AN RS2, B ALHE R N ANB B R
FIFE R R B S A B ) VA 244 =2 [ Y B

YIVER JBENAME R DL K pH B /Y52 0 55 | 1198 i
FR 2T R K R I 90 B A AR ik vz s s iy
FEAHMEDN 7, I 5818 385 F X 4t 8 AR R AR
(s HLA R X AR S SR B
KRB EIES 10% (50 54 115
FRILMIT  INIA 5 ¢/L NaCl BF 47 A JH 055 45
AN EEIRIE B B HOK K R AR T, AR T R
TR A IS A A

B8  wilR X E kB AR LRI

Fig. 8 Effect of carbon source on degradation efficiency of strains

B9 FZHEXERFERBERRZN

Fig.9 Effect of inorganic salt on degradation efficiency of strains

3 i @

UTAESR, LA B M5 B A B B A D Dt
B R AW R A T2 A 7 = R WA ISR
EEl A TSN 15 S (18 S 13 7 N E R SR 7S ]
it ke R E A — 2, AT TS T X — PR
A A 00T RE 7 O BT RR: £14 7025 M S L IR A 1V
FAFRBIDARE  BRAGF— PR BA e LR A 7 0 0
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