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Abstract:To excavate fine milk — clothing enzyme producing strains and develop new type of milk — clothing enzyme from
bacterial sources. Microorganisms with high milk — clotting activity from soil samples collecting form Qinhai pastoral area in
Tibetan Plateau of China was isolated and screened.Strains isolated were identified by the 16S rRNA sequence similarity and
the diversity was analyzed by the phyologentic tree.Results showed that a total of 21 bacterial strains producing milk— clotting
enzymes were isolated from 36 soil samples.The ratio of deposition zone to the colony diameter among the isolated strains in the
casein plate medium ranged from 1.41 to 5.5.Media affected the milk — clotting activity and proteolysis activitiy of bacteria
obviously.Milk —clotting activity among the isolated strains ranged from 11.3 to 1215.6 SU/mL in wheat bran juice medium,and
proteolysis activitiy was between 14.6 and 59.5 SU/mL.Out of 21 strains, there were 14 strains found to be in the genus of
Bacillus ,implying that Bacillus was the most dominant genus of bacteria producing milk — clotting enzymes. The analysis
indicated that the diversity of bacteria producing milk-clotting enzymes in Qinhai pastoral area was high.
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[l L A . E Ak = G s o sk 2L 0 A PE R
FNEE R, Bl b 7= 58 L I S 25 9 0 BT 5 58 A 6 L Tt F
LI

2 B 2 B LA Ak 2R W W BB R S, B A E N
SNEL A BT Z Ao ik L I 0 A B, H R 22 i T R
RO T R D X AR L A AR T SR 22
R R R R R, R A M B R SR T R
IR A R SR BT R . T AR SR AATTXT T ML X
WAEY SRS T T IR BT, KA T A 4R N A
JH RN LT I 0 B 6 T X = e S LI
WA R e E D

A GTILIN TG IX 12 R AEFE N, W 5T 7= B
LTt 40 PR 0 Y5 PN A4 B 5 L 1 2 A PR, LA 3R AN 2
[ 7= e L Tl 2010 BT 1% R S M, A T O v D, X A=
AR BT TS IR I I e R RS2
1 ST
1.1 #HRENEE

HHERES 36 4, F 2016 427 AHZE 9 H, T
R P LG A M X Y 4R AR TROK X R B
WX AEE T 5~10 cm ZE45 R4 HFE, A KB R
AL F 4 CIAFE S A R BB R I REF
ZIME EALEN EARES BB AmAR 22N SR Rk
FHARFNAF  Fe 22T LT XABNETT I AR Y
Ky B IRV 5E Ik 1l 2ol B4 4N w5 41 R R 3 R 4l
DNA $2HBUAF & 3£ E Omega 4w ; DL2000 DNA
Marker K% Takara 20 6] i 030 T HT 14 LG IRER
AR RO BRA R 5 B 1 AR B 723 - 2B Uk
2.5 o/L, %505 10 /L, R E 1 o/L, T3 10 g/L,
ihg 430 50 o/ L, BUiR 20 g/L, pH7.0 5 i 45 11 W A4 5%
FEFATINBNG s R B IR IE: 2FAE 3 /L, A
10 g/L,NaCl 5 g/L, 358 20 g/L,pH7.0; k7 1+ 3557
W 10 g BRI 100 mL H K7k, 23510 min, PY
J2eb A pE S JH AN 100 mL, pH H 8K ; B i5 FL 3% 5%
e AR FL S K PAL: 8 i LI B i, 115 °C KB4 10~
15 min,

SW-CJ-2FD BIX N B ai AL TAE S IR
LB A BR A F] 5 YX-280A B F AN IE 128
VRKBEE L = W EIT # A BR A \]; DHG —
9033BS- M AU ME IR BE 240 LIG—ERF 22U
FH R FE ; HI650R RIS R s 2 0o 0L VbW ES
DA ESA R A F S
1.2 XZWH*E
12,1 A RIGHE  FREC 1 g 19 LIEAES T 99 mL TG
BARBRER K, S A B 1070 (107 (1077 ,107° (1077
HAFRERE B 1 mL R AT 1 1S AR BRI 5
37 C153%E 48 h, WEPEUUVE B 5 T 7% E 42 LU (E R B
EIE— 2L R LR 505, 43 B ali b 5 322 A8 faf ) 1 B
LT, DL PR A2 0
1.2.2  PEHFRE I K B ORD S ) R K R v By R
e 2 AT AR R B R S R K AR P R R 2, 37 C
160 r/min 5% ¥ ¥% IR 1% 3% 48 h, HU % 3% W F
4000 1/min,4 °C F .0 10 min, B 7% w0 & L
I 1 AR K fE TS T .
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1.2.4  FL[RZH DNA $2HC B 01 5 50 B8 B ik o0 ) 22
FhF LB 3538535 37, FI 48 58 5L K1 2H DNA 42 BG
S PR HUCAN T 5L PN 4H 5 DNA, ELAR B i R He e /R U
31T

1.2.5 16S rDNA J 1 ¥ M EEAES Y 271,
AGAGTTTGATCCTGGCTCAG #F1 1492r: TACGGC
TACCTTGTTACGACTT, f#f J§ 16S rDNA Bacterial
Identification PCR 1%, #4757 PCR ¥ H i v BE . 2
R FE I 50 pL,94 CHAEM: 5 min,94 CAEME 1 min,
55 CiR K 1 min,72 CHEAH 1.5 min,30 MEER,72 C
PRIE 5 ming B R ™H 5 nL AR, 1% BEAGHEEE L
FLK, THRE R R 48 T~ MR,

1.2.6  16S rDNA JFHNRG A F 43T VIR EH B
Jr T IR AR AR PR I A BR S W] 58 i DNA
M JF B0 2 7 16S rDNA J3 51 7/E NCBI {#i ] Blast 5
GenBank HEZ IR 7 51 B0 FE AT LU X, 45 5 HAH L
FE I B RR ) 3], {d ] ClustalX 1.8 X 5% J5 F) FH %k
4 MEGA4.0 ¥ #E Z 4tk F .

1.2.7  PEEZLREAN N R REZ T S5 2R
FAE Ik G X 16S rRNA BE P 3 41 [m] P44 K
T 97% VERIE—4325 850, 5351134 Shannon $5 %%
(D) .Simpson 8% ( H) .Shannon—Wiener #]5] B 48 %
(E) Fll Margalef ==& JEFE £ (Ma) .

Shannon( H) =— 3 Pi x log}' (1)
Simpson F§%§ = 1- X Pi =(2)
Shannon—Wiener 5] FEF8 8 = H/log, S = (3)
Margalef =& FEFEE Ma = (S—1)/InN :(4)

Aorb,ni FORGS 1P RS N 205 T B AR
5 S HBFRE Pi = ni/ N, R4 1 FhIYAINT 23
1.3 HiELE

BRI A% 4 B i 34 o 3 UK S 56 S KR, L
PE = bR UE2E F R ; Bl R SPSS 18.0 #1741t
3T
2 HER55H
2.1 BE#TE

36 ANFE AL T RS B AR F 21 ARAT W U BE P A
S B R, R £k 43 B8 4l Ak S 45 43 B D9 HNT  HN2 |
HN3 . HN4 . GL1 . G1L2 , GL3 , GI4 . HB1 . HB2  HB3 .
HB4 _HX1 HX2 HX3 HX4 HMI1 HM2 HM3 HM4
HMS ., 21 AT ik B 7 1A% /K fife Bl 4 I e v Bl B
LR 1 TR,

TLVE Bl I K fifp P T A0 S 7 U6 L 6 200 1 00 075
FHEIAG IS b , 7K i P L AR B89 /N 5 8 ik 2 11 7K i
WA — IR KA ELAR MR, 25 K S35
7 A 5 LU P B A 4 R/ T Rk B LTS A — A
B G 2R, DL PB) AR A, Wk L IS B R 5 (EL phy T
IR S b AR 5 5 14 4% 120 TR (), T o A VAR 2 T
PR Rl N S T = BT B = T N7 S
(A T 7 LA K A P A R DLVE R B AR 2 5,
T P30 S P Ak ) 6 L O R 2 1 K A — R B 2%
St BERR HNL B9 AR /N, 2 2.0 mm, 1 3T 3 B 1L
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F 1 INIRI B ARTE % AR AR B K S B R UE B B (mm) AZIRE] 11.0 mm, JLIERE 514 9% BHAR LA F) 5.5, U
Table 1  Diameter of hydrolyze and deposition BHHCBE L 6 0 mT BB 45 i 5 124 TR AR B 7K i B LA

circles on the solid casein medium of different strains 3.0 mm, PTIE BB 5 K MR R B LU E IR 3 3.6, ihd BH HUBE
R TEmmE . TUWE ISR UK BT (e . B bR M2
% B AR A K, 38 B 5.3 mm, T UL UE B B4R N

(mm) (mm) (mm)
HNI 20+0.1 3002 11.0 02 7.5 mm, GUHE TR T AR LR 141, BeH] HBE
HN2 3102 46402 83 +0.1 LG T BEEAIG ; IR R AR Y K iR B B A2 oA 1.3 mm,
N3 35400 47 402 73402 ULUE e 5 K A B A% LU B AR B 5.7, Ul B JHL e Lt 7
HN4 26402 36402 78402 TS &EAKMBEII0 LE T G855 o FUAY TR AR I TR 7%
GLI 33402 37402 75400 FBA-TF X IR B = 18], HPTpE B 5 5 % AT th{E W
Gl2 52402 1.4 £02 8.5 0.1 T 1AI~5.5 2l
GI3 25202 3.0 202 9.0 £0.2 22 HME
GLA 31401 43 +0.1 72402 21 KRB MR FE AN [A] K% 77 2k b 69 PR Fb G P DL
HBI 3.6 £0.1 4402 8.1 0.1 2.
HB2 22402 3.6 +0.1 45+0.1 A2 2 AT LU H AN TR TR AN (7 s 5 e o R P L e
HB3 33101 37 0.1 75402 16 FIANEE H KR 1 K22 57, BR 8 I8 845 X 7= i
HBA 45502 25402 65 +0.1 FetEA —E e, 1 21 MREENAEFLET R IEH 10
HXI 25+02 34202 8.0 0.2 BEFLAGIG T35 3 8.9~29.5 SU/mL, SR HK kT 4 T
HX2 3.1 0.1 41+0.1 7202 6.9~61.8 U/ml Z[f] s 7 I £ 1115 IRk vl 1) Bt 7L A%
HX3 3.1 0.1 42 +02 72 +0.1 JIAE 6.1 ~305 SU/mL Z [a], & (K i ) A8 4.1 ~
HX4 22102 32 0.1 550.1 56.7 U/mLZ A s ZERRBE T8 TR Hk oh B9 Bt L i1 ) A2
HM1 3.6 +0.1 3.4 0.1 6.5 0.2 11.3~1215.6 SU/mL Z [a], & 1K M J1 9 T 14.6 ~
HM2 5302 13202 7.5 +0.1 59.5 U/ml Zfia) s PR Bk HINCL AERR BT i g S i A2 1
HM3 32402 3.1 202 8.8 £0.2 I, BEFLIG J) die s, BT AR 1215.6 SU/mlL, X5 HY
HM4 3.4 0.1 41 0.1 7.1£02 UK 17y 14.6U/mlL, BEFL 1 1 15 8 F1UK )
M5 35 +0.1 42402 8.0 +0.1 tt@“ﬁsiu 83.26 , YW H & Wi BEFLIG G T 75, A7 )
T E e
2 ORI[R B RRAE A [R]85 37 2 A (4 P i 1
Table 2 Enzyme activities of different strains in different fermentation medium
- @%?L@'E}‘?ﬁ/ﬁ (SU/mL) & El7kﬁ¥/‘??t1 71 (U/mL)
FREz et DR R AR IR BkEotEEsRdE DiRELEEIRAE MR SRIE

HNI 1215.6 £3.0 212221 163 +1.1 146 +0.5 6.9 +08 6818

HN2 21.1 242 119 08 26.1 +4.1 38308 18.1+1.5 9.1+18

HN3 11319 8.9 +0.1 16.1 £3.1 59.5+2.8 11.8£1.0 31716

HN4 26.4 +3.1 9407 6.9 +0.6 46.6 3.1 11.1£05 9.5+19

GLI 16.1 0.6 11114 9.5 2.1 219£12 121 £09 84 +2.1

cl2 812 2.1 111+ 1.4 11.6 1.1 17.5 2.1 204 0.7 11211

13 1116 £5.0 269 +2.7 16.4 +2.4 14.6 +0.6 159 +1.7 144 £09

Cl4 126.7 £4.2 152 £0.8 217 £43 283 0.7 18.1 1.5 18.1 £0.7

HBI 18319 258 +1.1 10.5 £2.0 395423 61.8 £2.0 56.7 1.6

HB2 24+35 9.4 +0.9 6109 36.6 + 1.1 9409 6.1=1.1

HB3 16.5 0.9 157 + 1.4 10.5 £2.0 319+15 11407 9.1+09

HB4 515222 19.1 + 1.4 8.6+ 1.4 17.5 +13 194 £0.7 9.1+09

HX1 62435 26.6 +2.7 16.4 +2.4 36.6 £2.3 12.4 £0.6 8.1£09

HX2 116.5 0.9 252 +1.1 10.5 £2.0 319 +25 13407 4109

HX3 39522 29.1 1.5 86 =14 15513 124 £02 9.1£09

HX4 311.6 5.0 26.1 £2.7 16.4 +2.4 14.8 £0.6 159 +0.7 16.4 +0.8

HMI 267 +4.2 252+18 267 +4.3 283 0.7 18.1 £0.5 8.1 0.8

HM2 783 +1.1 219 £2.7 16.4 +2.4 39.5 2.1 31.8+1.0 517+1.6

HM3 724 +35 252+15 267 +4.3 36.6 + 1.0 9407 6109

HM4 265 £0.9 258 +1.5 305 £2.0 319 £1.5 194 £0.7 6.1 £0.8

HM5 59.5 2.2 205+1.8 18.6 + 1.4 17.5 +13 9407 6.1£09
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2.3 16S rDNA FEFIHUE S #7
ARIF Ekk PCR P44 -4 ik B LI 1,

2,3 4h asniloligRsREmIONITOMNIIERS) I SIS 16 (17 1819 20 21

Bl 1 OR[FEERERY 16S xDNA JF 51 (35 i e ik
Fig.1 Agarose gel electrophoresis pattern of
RCR amplification product of 16s rDNA of different stains
TE: 1~21: BRGSO 26 2 H I BT RR X 1

B 1 AR R 16S TRNA PCR 7 1 7 4 v, 7k
EL,e5 R 5K 3 WG, xR 3 ATLIED, 14 BRITE
B kR HN3 5 Bacillus cereus TLAM 30 A 16S rDNA
JPANARIPETE 98 % LA I, LAY B Ak 5 H dme AR 1T 11 it
RUTE IR AR L Y 7E 99% LA b, AR R 43 F A= 4 2% 3
SEMARYE , X 14 MR EERE T2 EE . HrhE
MR HN2 %58 A AL ZE AT 18 ( Bacillus cereus) , B8 AR
HX1 F1 GL1 % 52 N fit V€ ¥y 28 8 ¥ & ( Bacillus
amyloliquefaciens) , Bk HN4 Y58 N 9 ==~ 45 2F KT B
( Bacillus thuringiensis) , AR GL3 Fl GI4 %52 A K 5H
ZEMIFT B ( Bacillus firmus) , @k HB1 F1 HB2 Y52 K
B K ZF {0 #F B8 ( Bacillus megaterium ) ; B Bk HN1 Al

T

HB3 &5 A ZEMIAT 1 ( Bacillus licheniformis) , B
Bk HM2 % 5 S F7 K @ A B ( Bacillus
weihenstephanensis) , AR HM1 %52 2R 28 MOAT T
( Bacillus mycoides) , ¥k HX4 %58~ a1 BA 28 MO AT B4
(Bacillus simplex) 5 7 #RBR B P B Bk HM3 | HX3 FlI
HX2 % %2 N 2% i BR B ( Enterococcus faecalis ) , B8 AR
HB4 F1 GL2 % 5 S~ w 4 Zh Bk ( Myxococcus
xanthus) , Bk HM4 %5 52 A FL 1R LR 5 ( Lactococcus
lactis) , BH Bk HMS5 2 & S B 35 7Bk 5 ( Micrococcus
luteus strain) .

[FE, i 3 I8 AT LAIE H L 21 BREESS)E T 3
1, Hrp JERETE ) ((Firmicutes ) 7 18 £k, 5 % 85.7% ,
ZEFE BT ] ( Proteobacteria) A 2 £k, 5 ] 9.5% , ik H
'] (Actinobacteria) 1 #&, 58] 4.7% ., Mg /KF &,
21 BRE A 14 MR R T2 A &8 (Bacillus) |, &5
FI B BRI 66.67 %, Vi ] 2 F AT 2 7 E L 40 1
rh LA JE s 17 BR 8 ( Enterococeus ) 41 3 AR, i #
14.2% , N26 AR s ZEEREE ( Myxococcus ) 75 2 Bk
B, 53 9.5% ; FLERF JE ( Lactococcus ) FNHLER # J&
( Micrococcus) Y A 1 #RE AL 5 4.5%

2 7T LLE Y AR R B R SR R TE— 145
SZ B AN B PR AR AL A B AR IE 5 14 R AT BRI 3R 2%
KRBT, T BRBR WY 2R 4% ¢ R BT, BRI FIAT 1Y
SRR FRIIL , 5K 3 g R —2.
24 FRIABAENSHEIN

MR FEPEFE (D) | Shannon— Wiener $§ %%
(H) .Shannon—Wiener 57 3550 ( E) A1 Margalef &=
W BERE(Ma) F] T RORBE & H ) R 04 2 AR T

#3  AFHEHA 16S rDNA FFFIAR L

Table 3 Similarity analysis of partial 16S rDNA sequences of different strains

G5 SRR ) S T A HRS FHALLE J& ]

HX1 Bacillus amyloliquefaciens NBRC 14141 AB325582.1 99 Bacillus Firmicutes
GLI1 Bacillus amyloliquefaciens LCEP-1 (GQ199589.1 99 Bacillus Firmicutes
HN2 Bacillus cereus HB59 FJ040807.1 99 Bacillus Firmicutes
HN3 Bacillus cereus LAM 30 EU019990.1 98 Bacillus Firmicutes
HN4 Bacillus thuringiensis FR1_3 EU373518.1 99 Bacillus Firmicutes
GL3 Bacillus firmus strain RKS468 (CX830826.2 99 Bacillus Firmicutes
GlA4 Bacillus firmus strain RKS468 CX830826.2 99 Bacillus Firmicutes
HB1 Bacillus megatertum strain VITSNO2 GQ406847.1 99 Bacillus Firmicutes
HB2 Bacillus megaterium strain 2EJ4 GQ383911.1 99 Bacillus Firmicutes
HB3 Bacillus licheniformis D3.11 GQ918134.1 99 Bacillus Firmicutes
HN1 Bacillus licheniformis strain HNLO9 EU373344.1 99 Bacillus Firmicutes
HX4 Bacillus simplex strain 817 FJ544334.1 99 Bacillus Firmicutes
HM1 Bacillus mycoides strain 1P04SB EU977772.1 99 Bacillus Firmicutes
HM2 Bacillus wethenstephanensis CCM16B FN433021.1 99 Bacillus Firmicutes
HM4 Lactococcus lactis strain VP1 KR604712.1 98 Lactococcus Firmicutes
HM3 Enterococcus faecalis strain 0S65 JX536120.1 99 Enterococcus Firmicutes
HX3 Enterococcus faecalis strain 4205 KU936078.1 99 Enterococcus Firmicutes
HX2 Enterococcus faecalis strain 4205 KU936078.1 99 Enterococcus Firmicutes
HB4 Myxococcus xanthus strain Mxx132 KF304790.1 99 Myxococcus Proteobacteria
GL2 Myxococcus xanthus strain A17 DQ411235.1 99 Myxococcus Proteobacteria
HMS5 Micrococcus luteus strain TUTXS-12 KY818672.1 98 Micrococcus Actinobacteria
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Table 4  Diversity of bacteria producing milk—clotting enzymes

Simpson 5% D Shannm‘l'—Wiener Shannon—w/iener Margalff
FEECH Ko AR R E P AR H Ma
0.916 3.053 0.802 4.269
vh % BRI rE BE LR Y Bacillus thuringiensis | Bacillus
Sirmus | Bacillus wethenstephanensis . Bacillus mycoides .
Lactococcus lactis Micrococcus luteus 25 DR R4 ,
VBT 7 1 A X B v 9 7 B L I A TR AT — RE B4
Stk RS SREEe T, AR N RAE S i SR 5, T BE
oy Bt i 2 M S, IF HARREIL R 09 7 BEFL
: 0T
eI ARSCARE 9 21 b B LR MBS L e 2 o e 5L
o A 3 40 T 8.9~20.5 SU/mL, 15 B 2 1§ 76 3 th i)
- BEFLBE J1 A0 T 6.1~30.5 SU/mL, {55k B 7Kt 96 26
‘ W R EEFLI TG AT 11.3~1215.6 SU/mL, 1561 B i

0B
0.02 " :

B2 7= BEL B0 G bR R ) R G T
Fig.2 Phylogenetic tree based on
16S rDNA sequence of homology

GEHE L AR T L AT 1 2 PP A 4
BRI A 4.4 3R B 0.916 3,053 0.802
4.269 , - ZR ZAETEFEEL (D) Shannon— Wiener 45 %%
(H) Fil Shannon—Wiener $J2] JEFFH (E) ¥R T 22 g
FE A X 4 VB nT B R A0 B A 22 A TR R XN 48
B A 122 X Y 7 U LI AN B b S Y 22 R T
FE TR . 5 SCHER R IE A o 2 TR 22 R PR AR
FEM ARG o i 2 RE PRSI, 30 DR S 7 e L 1)
2 TR U A R T AR B A — B
3 G5

E S BEFLBE T 5T 19 2800 g IT 4f , B3R
T (1 7 SR L A0 T Ol 220K 2R AT o S S R
TE ML A S FAT B R R AR RAT T BROE 2SR AT
B g 2R AT L R RO L 2% Bk
B ARG o P U L AR T R AL B, A 20
28 80 AEARAR A HF Ui e FL Il 19 WF 5% T A , 388063
S SN 160 BRANT i L B 14 A7 BE L TR AR 5
W5, FEAR G S5 T 5 3 o3 I E T ™ BE L G R
TEFUFT B A B AT B R A ZE AT R
ARG DN 9 AL IR AR 1) A o v o0 S T R ) 21
RR™ BEFL AR R, o A 14 R EE T 28 AT R
(Bacillus) , 15d W 25 AT B 2 7 B8 L 1 20 B P 1 DI 3
J& X —& RS E NS E A B HRIE SRR —E

INEAT B SCHR A TR, b T 0 368 1) R P 3 9% 1 1
FrHEFN 7 Wl 1 IR FEAS W], PRI 07 38 45 381 TR AR A 2 A0
PEREA AT 22 57 5 2k H LA i S HOm T3R5 b 5O A
BRI TR R B2, R R SR PR B AR S R T RE
ENGIEEESE L /S ¥ 4= SE AR & T R /N
Y b ERAC IR TG A W5 L S W A0 SE Wy i TR W5 | it
EVAN ST R i RS NN S: AR NG A i E WL T
AR REIR o ARG B 45 SRR T T2kl DX R LA i T
PREE AT A 5 B BEFL M UAE Y . 5 Ak, AR

PR 2 RN E 357 43 ok JHL 7= Tl 4 R B — 2 A 52 T
X GAG UG A LART 945 3R — 80T X — 45 R W
2 AR T v i R nT BE 2k FH 22 Bl 9% 3%, DL i hE
— BB EE 7 B 0 B AR . AR 56 b A5 B Y B kR
HNI1 FE# R i I5 72 38 vh & iRt Be LS S dc s, vl LA
iK% 1215.6 SU/mL, bb DA FE R 38 19 40 B B Ak 19 5 2L
Wi F1 R v, L B AR B F ol Ab A F= v 77 .
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