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TRl W BE A8 7 A o B0 B (AR L iR R 3R 2 )
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Ve MmO X b AT o 28 502, N BE ST AT S
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1.1 ##

L1.1 ERE AT S 4 A I AE A Wi 45 O
e RN 1) s 2 e IR U s Ll R L T
b ELEIE R A R A T 12 A AR R
B ER LA S AN, B R S M R 4R 3300 m -
3500 m; AR AR L KE 2 A, MR 3300 m -
3500 m; AR ZE HHE S A, WK 2300 m -
4800 m, iR AR I, WO R R 8, RO KR 3
WP S E

1.1.2 SCEeah ¥y 40 3 v AL R AR BB K 27 3h )
BB S I F o

1.1.3  ER R4 s - B i i (4 1) (2R 4R A
VA I (A i) FNEF 4R R0 ( A i) 2 H - Sigma-
Aldrich Company (St. Louis, MO, USA) , JR % 4
T it T o 24 A 0 R R GE BT, DP30T B 4 1
SEPZH DNA $2 0 &l A RAR AR LR IR
Al (dbat) , CH-3-1-2 AUEE I [l 50 & 8 H AR i A=
WLRARAF (LB, Tag BEW A & B3 i
(Fermentas ) A4 ¥ £& K (HE I ) A R 2 A,
Mastercycle % PCR {¥ ( Eppendorf AG, Hamburg,
Germany) ,DYY-BC A 1 Pk A (b 528 — {48 )
GenGenius #E i L Uk B AL (2 & Syngene 24 7)),
1-15K % 35 3 ¥ % B 0 AL ( Sigma-Aldrich Company,
St. Louis, MO, USA) ,JME-1230 I3 &} i 55 ( H 4«
BRI .

L2 BHENHE

1.2.1 LB R FR5 4 BESCk [ 11 ]l 4 o

1.2.2 (83 -35008 F M« DB 5 37 R 58T 6 A4 1, A
SREETJ5 , 45 0%, I, W, By A%, 4 80 H i, L
1.0 % (wt. /vol) iy H {51 7% i ) Bc 47 (¥ LB R 1K 15 57
Serh R JEHEMA 1.0 % (wt. /vol) B BUIR , 2 i,

0.1 MPa,30 min K5, il £ M o
1.2.3  ZF4eE PP 2 IOCHk (12 ] 4, FAE L
dt. B4 mL2.0 % (wt. /vol) BRIE¥EVAE W ,100 °C i
30 min , BHIZE 45 CLAT, A 16 pL 4= Bt Il i
FEWL (1000 TU/mL) (80 wL £F 4 45 11 ¥ B I i T
(10 TU/mL) A 2 4 mL 0.2 % (wt. /vol) £ 45 H R
VW IR S A 2P A EE AR (75 mm) o Bk 4 Fp
WY BT % - MR % vh i (pH 7.8,
0.04 mol/L) Jit i .
1.3 RARENE
1.3.1 AR alifl: 2 BOcik 1] prid o7 i,
HIAFRBEE R 1072 (1077 F0 10 7 B + 8 B2, 43 il
WA T LB AR |, 25°C 15 5% 48 h, ik B SRR Y
W, ARSI, B B AT SR IR bR, B A T
LB R ,4 CUKFEIRAT
1.3.2 VR B0 0 R L3 Al 55 5% 00 T AR 4 b
T AR AR b ,25 CHE SR 48 h, WL TE MR 2 1
TV b7 A K e Ve o Bk 328 7 A K fik Bl %) T vk,
B Bl T -SOAR MR, S AT 3 AR AU IR
WL HZ AT SR BB A% 7 AR K ik F8] , B 5 O 28 il
7K At 2y R o R P R 8 TR B
1.4 fK5MB#RIRE

XF b R G AR AT 1 B R TE AT 1A A R i DA
o0 HC ff A 9 AR DI RE
1.4.1 ATkl 28 . 2 BOCHR [ 13 ] %, RS 1 2
i o SR UK R I vk T T R B A ML, BT RN i
(G B BE RN P (L e IR E T oem Ay FREL,
I BE [ )5 1Y 0.9 % JoTwi Ak BEER K EEVE 3 W, Z A
MEAE S mm BSTALAR G KL 1 em B 50K M,
FEHI 0.9 % Joi Ak B KT 3 0, 4
1.4.2 VR TR K I R 4 o 45 o 2 I — 2R ARk T
TRAF B0 0 B R, B A T 20 mL LB YR A B SR Bk o,
25 C 150 v/min #R¥% LW 72 h, ZJ5 6000 x g &
A 15 min, FIE W 0. 22 pum Gl AL 98 B 0 98 BR
T 3] 5 RS A TR 1) R TR VAR
1.4.3  RIMAEREE A —FKA 1 em (ATIM
BB T 3 mL KRB ,25 CHER 24 h, SR A I
il 1 B0 I 10 SR I AR 58 4 T AR A I E) . DLl B A LB
TR A3 7 v VR O R X B
1.5 ALZRRBEE(FREE)NE

i QTN R S - 7 T ) | 4 3 g S U o
25 CIEE 24 h, MoK i B B AR, 153K A Pl T AR, LA
PR U Vit DA o R AR TR TR AR P A R Tl T
PR A o i 2 /Y 2 ) 5 ¥R A R 8o TU/mlL,
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60 TU/mL, 40 IU/mL, 20 IU/mL 110 TU/mL# iR 3%
fit} # 5 WL, MBI £ 488 i b ,25 CHIEF 24 h,
B 2% A K e BB LA L ST R 5 LT AR S K A
Pl T R DR Ul 3 R AT R0 40 A, 459 30 IR 5 AR
2 b o il £
1.6 AEEEMEREN KR

W bR 2l 8% 55 R AR e Fh T LB AR B R B,
25 C K% 24 h F196 h, 43l %) FLb% 52 Yy 047 B 29 T
Yet, LB ER OB S HRAE . 405 A9 H B B S HRAE
B 95 R B A B A ARG $ e B SCmk [ 14 ] 64T
1.7 40 16S rRNA £ H 5 544

214 63 £(5'-CAGGCCTAACACATGCAAGTC )
M1 1387 r (5'-GGGCGGWGTGTACAAG-GC) 'y |
MR YR A R F G . PCR R & 1F:
95°C 5 min,94 C 1 min,55 C 1.5 min, 72 C
2 min,30 MFIF, 5 72 °C 10 min, 3734 7= Pk
g LR A R AR AT BN m AT SR Y . A
$2 323 GenBank 4 % , Jf i 47 BLAST 234, Z J5
FH Mega 4.0 f R Gk B W .

2 &R

2.1 BARENIFIE

2.1.1  FFk DR-536 B IR 7K i AR S0 %5 12 D RE -
AT TE 548 T A I 3k 4300 m A 1A % 2 %+
Hor B A B — AR 4 I DR-536 (] 1-a) , % A BE % 7
A5 -B i S AL B Al A 7= A= K e BB (B 1-b)
L-c {7 19 02 POV G JH ¥ 3R 3500 m 1 B DA AR 5
R R B AR AS 1Y TR bR DR-421 % R RE T A
KR A Sh A B 45 R W, TR Bk DR-536 (1)

B 1 HE# DR-536 & H =4 gk #E B (1 #-3 s F 4,
25°C, 24 h)

Fig.1  Strain DR-536 and its hydrolytic zone (blood powder-agar
plate, 25°C ,24 h). Arrow a and b indicate strain DR-536 and the
hydrolytic zone, respectively. Arrow c indicates strain DR-421, from
soil at 3500 m altitude in Haibei Tibetan Autonomous Prefecture,

Qinghai Province.

3 mL%& 3 (LB Y& 85 3£ 3£ ,25°C ,72 h,150 t/min)
TE 12 h Z PP K2 1 em 59 A T #e 58 4 08 i, 1
MARTE LB KRR F2 b iF E 24 h SR EEIF ORI
B AU DV g

2.1.2 Gtk DR-536 & BEW I £F VA 16 1 o0 T 231l
PR B b ol 2k, FRATT T e e T 80 TU/mL,
60 1U/mL 40 IU/mL 20 1U/mL 1 10 1U/mL ¥ JR 3%
it (£ 5 wL) 76 £F 4 8 17 A b A i oK i Bl (R
2-a, b, c, d, e) WA, 8K J5 X 7K fiff Pl 1o AR5 DR 9%
B & M AT T W A8, AR T A R Y =
0.3399X -0.0078 ( Y FZ/R£F % 0% M, X 5 Kt
P, r = 0.9929) , Jf2xifil ThrifEfhZe (& 3) .

2 R¥EEFNE Kk DR-536 X B 7K (LB k55 &,
25 °C,72 h, 150 r/min) {35 & &

Fig.2 Fibrinolytic activity of Urokinase and fermentation broth (LB
broth, 25 °C, 72 h, 150 revolutions per minute) of strain DR-536.
Zone a, b, ¢, d and e are fibrinolytic zones hydrolyzed by 5 p.L of 80
1U/mL, 60 1U/mL, 40 1IU/mL, 20 IU/mL and 10 1U/mL Urokinase,
respectively. Zone f, g, h, i and j are 5 replicates of fibrinolytic zones

produced by fermentation broth (5 wL) of DR-536.
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Fig.3  Standard regression curve of Urokinase. In the formula, X
and Y represent area of fibrinolytic zone and fibrinolytic activity,

respectively, and r is the regression coefficient.
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5 pl & MW (LB K K 1% 9% 56,25 °C, 72 h,
150 v/min) P2 2R A H K iR B AR 290 1 em
( 2-f, g, h, i, j), LABR IG5 HE & XF BE, L 2F
WIEPEL R 0.2590 1U, iy bbFRATT 3144 4 TR Bk DR-536
W (LB AR RS F25L .25 °C,72 h, 150 r/min) H1 %
Pl B 15 #E o4 51,80 1U/mL,
2.2 HE# DR-536 KL E
2.2.1 B3R BB A B A L RRAE - B AR DR-536
FEERE, HF 2 mm — 3 mm (LB F4g,25 C
24 h) e REDCH, S, R, Uik, T
E L, ARKBEMERT C - 35 C @K 25 C
- 30 C;pH {EHE K 3.0 - 12.0,5iE 6.0 - 9.0;
HEWEFE N0 % - 7% ik 1% -3% . @tk DR-
536 4f4, JCZE, CHEE , Risdh, G A BR-FF AR 4
JAIOT, 3 24 h K5 5R M (LB WA KRG R 58,25 °C) my 4
JL AR (181 4-A) ,96 h 55 32 ¥ (LB AR 85 57 3t
25 C) B o3 4 M AR Ry BRAR (1 4 B-c) |, FAFFAR 40 i
FK/NH0.44 pm -0.62 pm x 0.93 pm —3.34 pm,
BRR A0 K /N R 0.54 pm —0.64 wm, TH Bk DR-536
M) FE LA RRAE WL SR 1, £ 2 H Bk DR-536
X2 14 43 fige A0 R S 1O o

M iR FE A AR B LR RRAE AT LUE I B
Pk DR-536 & — th WAT W, A WAH B
(Acthrobacter sp. ) f) BT 43 AIF | G0 A 2% FC e (4, BH M
48 FT-BR S A0 J 0 42 M g B
2.2.2  16S rRNA 3L JF G40 H7 : A 1% FH PCR J7
Y78 T AR DR-536 1 16S rRNA R, 13 5] T K
1327 bp By ¥ %], H: GeneBank % 5% 5 & EF198138,
BLAST XS 25 R Wos %7 51 32 28 5 19 4T 1 s 1 bk
) 16S rRNA FER FFHAHMRL . AT PR T 21 B
5 TR ¥k DR-536 16S rRNA Jt [X] ¥ 51 AH BL B = 19 B81

R, 4E 11 KR4 85 35 #F 38 (Arthrobacter aurescens) |9
R T 5 M & (Arthrobacter nicotinovorans) LA f
1 KR B oK & B Arthrobacter sp. KP17 , [a] B DA
BRIE T3 T B (Arthrobacter globiformis) Vg N ANEE, HE4T
RGERE

1 um
[ 20000 X

E 4 H#k DR-536 AT SHER (BiEE®BER)

Fig. 4 Electron micrographs of cell shapes of strain DR-536

( phosphotungstic acid staining). Graph A indicates rod cells of
strain DR-536 incubated for 24 h at 25 °C in LB broth (15000 x ).
Graph B shows cell shapes of strain DR-536 incubated for 96 h at 25
C in LB broth (20000 x ). Arrow a and b indicate rod cells of

strain DR-536, and arrow ¢ indicates a coccus cell.

R 1 H#k DR-536 Ay 12 4 L 4H1E
Table 1  physiological and biochemical characteristics of strain DR-536

Test Result Test Result Test Result
M. R reaction - Nitrates reduced to Nitrites + Lipase (Tween 80) -
V — P reaction + Starch hydrolysis - Lecithinase -
Indole production + Lys — decarboxylase + Glucosamine * +
Carbohydrate metabolism Oxidative Orn - decarboxylase + Acetate’ +
Milk peptonization + Arg — decarboxylase + Dulcitol” -
Catalase + Milk Peptonization + Inositol” +
Gelatin liquefaction + Urease production - Mannitol” +
Oxidase - ONPG reaction - Sorbitol” +

Cytochrome oxidase

Phe - aminotransferase

H, S production

Hemolysis test

Citrate salt”
Rochelle salt”

‘', reagent as sole nitrogen source.

, reagent as sole carbon source. + , positive. — , negative.
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F 2 HH DR-536 ¥EEK 5 R F AKX
Table 2 properties of carbohydrate utilization
strain DR-536

and cleavage of

As sole carbon Cleavage of carbohydrate

Carbohydrates

source Acid formation Gas formation
Glucose + - _
Sucrose + - -
Lactose + - _
Maltose + + _
Mannose + - -
Fructose + - _
Sorbose - - _
Arabinose + - _
Rhamnose + - _
Cellobiose + - -
Raffinose + - _
Trehalose + - _

+, positive. -, negative. =, weak positive.

SIRTEER BN, RERB W A KA EEE,
9 BRI B T T W FF B (Arthrobacter nicotinovorans ) %
W—AZE B, W # &k DR-536 UL K Arthrobacter sp.

0.005

66

99

30

KP17 W5 11 #4835 #F & (Arthrobacter aurescens)
FRIE LR A T 5 — KRB S)  TE X A2
Fr, W Ak DR-536 5 4 & I FF W ( Arthrobacter
aurescens ) £ T8 B 1 7 S AN 95 % — 97 % ,iX
FEHE Bk DR-536 & — %k 4 &% 75 ¥ & (Arthrobacter

aurescens)
3 3t

AR S YT R e I e v A L S T R AT T A
T AR 32 , O AT 134 BRI I3 4300 m Y LR R
SRR L R i AR T — Bk AR T DR-536, /) KM E
S5 R WL & — MR & 8 A I (Arthrobacter
aurescens) | T3 e 15 FF B35 e 9 1 BF 5 B 146 1
KW I , B LB Bk DR-536 7] fE & — kB A i
R

Do T ARG E ), EL-Aassar %R I 4 4
B 113508 - B O B v A TR, 2 5 4Rl i AR
VA 3 7 b ISR R FEA T I AR TR W Y A
I, R ok s S AR 4R A A, PRt AS SCHT I Ry
Arthrobacter aurescens (DQ016989)

37| Arthrobacter aurescens strain TA13 (AF467106)
Arthrobacter aurescens strain 51 (AF388032)

43
Arthrobacter aurescens strain MNPB3 (FM213394)

liArthrobacter aurescens strain MN41 (FM213390)

64 ' Arthrobacter aurescens strain MM10 (EU729736)
Arthrobacter aurescens strain 93-0734 (EU086812)

?‘Amhmbacter aurescens TC1 (CP000474)

63

Arthrobacter aurescens strain DSM 20116 (NR026233)
Arthrobacter sp. KP17 (AB199328)
Strain DR-536 (EF198138)

Arthrobacter aurescens strain 84 (EU086809)
7|:Arthmbacter aurescens strain 148 (EU086789)
Arthrobacter nicotinovorans isolate Ph13 (AY833098)

Arthrobacter nicotinovorans strain THWCSNG6 (GQ284335)

Arthrobacter nicotinovorans strain TSWCSN15 (GQ284332)
Arthrobacter nicotinovorans strain THWCSNS51 (GQ284333)

99

Arthrobacter nicotinovorans strain Y-1 (AB363933)

Arthrobacter nicotinovorans strain TSWCSN37 (GQ284327)
Arthrobacter nicotinovorans strain TSWCSN20 (GQ284331)
Arthrobacter nicotinovorans strain TSWCSN22 (GQ284330)

Arthrobacter nicotinovorans strain DSM 420 (NR026194)

&5

Arthrobacter globiformis (AB089841)

£ T HE# DR-536 16S rRNA EEFFIN ARG L EH

Fig.5 Phylogenetic tree based on 16S rRNA gene sequence of strain DR-536 constructed with Neighbour-Joining method. Numbers

at each branch points indicate the percentage supported by bootstrap based on 1000 replicates. The GenBank accession number is

showed in parentheses. Bar: 0.005 substitutions per nucleotide.
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PO L8 1, i 4 1ok -BhONR - AR 0 108 78 F 1
FEARAT T EAT 1A 7K A D) RE R TR R DR-536 (181 1)
BB T ESAEERZI, b FAHZHELE
A, B LA B A 1008 - B SF- A 7 A R K S
W] B8 2 UK B A B . S, AT X
XF Kk DR-536 #E47 T (R Sh i i il 5, 45 R R B H
3mLk B W (LB WA Ky 5% &, 25 °C, 72 h,
150 v/min) £ 12 h ZPPH K2 1 em #9200 A T
ReoE eV . e, 2 4k F B0k B TE Bk DR-
536 1 HAT £F 4 £ 1 K fif DI RE L e T P U AR g
LT s P 51,80 TU/mL( LLIR g X ) o

A SCIE X B Bk DR-536 #E47 1 3 K% 0E , 45 R
F W R DR-536 & — bk & 20 W #F 18 (Arthrobacter
aurescens) . A PR A= A 96 45 R W] LU, T PR
DR-536 E. A 5 #T B J& (Acthrobacter sp. ) f) #i 7Y 4%
fiE,16S rRNA K& A 7 41 3 Ak 73 A 25 22 ) 3 — 20 &b
/N, B Ok DR-536 5 4 ¥ W M B ( Arthrobacter
aurescens ) AT, I R —H#E (K S5) o N 7E BLAST
FEXF 48 R 10 105 R B8 b, 208 K 22 B0 Bk O 19 AT T R
& Fh ( Arthrobacter sp. ) 8{4E B % 4 B ( Uncultured
bacterium clone) , T 5 & £ DR-536 AHRL P %8 i H. 4y
FEHAL WG A A0 A 20 Bk PRI IS TE AT AR
— D) B ST 2

Az B A AL B0 45 R 8 3R W T Bk DR-536 %5 1l i
B HIPE (R 1) U HOR 70 AR I 3R o XD EE 55
T I 2 AR R LR R B AR A B9 13 Bk, B AR IR IR
W ILEUR T, JF AN X T BB S i T T e I TE
I ) 2 A TR B R R X AT TR R R
DR-536 ] fE AN I — BREOW & , Ho o0 i i 7 A4 1 m] e
REZ v MR F A A —SE i A2 259 (4 +-PA R BBE 55 )
SIA A L B RIVE T . s Ah, FR AT — B
SERWI AR T DR-536 73 i 1Y I Fe i B R 41K
P AR RICR , 7E /DN BRUPCBE A Y K B Dk i A4 T &
RS LA K A 550 50 ok o e AE 28 3 0 oy, 3R 03 U Y IR
ey ) 22 1R b 3 AR KT A 45 2 ), B RE]
B S 50 Zfy W) 0 BE I ] (CT) | BE il il 5L ) [R]
(PT) [T AL 20 14 € 1L 355 i I (8] ( APTT) DL K B 1fit
TS [A] (TT) |, I B 1 25 R 1K 592 56 5 ) 1) 00 3R 2 1
fig it 1] (ELT) 2T 4 2 (15 (FIG) & & "™, Nk,
R DR-536 73 W5 f4 ¥ s Tl A7 B2 T i — b BT ) 18
259,
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Isolation and identification of a fibrinolytic bacterium
strain from frozen soil in the Tibetan Plateau

Gaoxue Wang ", Haihong Huang, Ming Zhang
(College of Animal Science and Technology, Northwest A & F University, Yangling 712100, China)

Abstract: [ Objective ] Cardiovascular disease, harmful to human health, is a worldwide disease, for which fibrinolytic
enzyme is usually used as an effective remedy. Fibrinolytic microbes under extreme environmental conditions may excrete
some high efficient and safe fibrinolytic enzymes. So, for obtaining this fibrinolytic enzyme, we isolated fibrinolytic strains
from frozen soil in the Tibetan Plateau. [ Methods] We screened microbes hydrolyzing blood powder by blood powder
(bovine) -agar plate, followed by detection of thrombolysis effect through thrombolytic test in vitro. After that, we detected
and measured the fibrinolytic activity of those microbes screened above with fibrin plates. Finally, we classified and
identified the fibrinolytic microbes by combining physiological and biochemical test and 16S rRNA gene sequence analysis.
[ Results ] We isolated a strain DR-536 from frozen soil at 4300 m altitude in Yushu Tibetan Autonomous Prefecture,
Qinghai Province. We found that the strain DR-536 not only hydrolyzed blood powder in the blood-agar plate, but also
completely dissolved thrombus in vitro. We also found that strain DR-536 could hydrolyze fibrin, and the fibrinolytic
activity was 51.80 TU/ml (with Urokinase as a standard). At last, results of classification and identification indicated
that DR-536 is a new strain of Arthrobacter aurescens with fibrinolytic function. [ Conclusion] We provided a strain for
research and exploitation of novel fibrinolytic enzymes.

Keywords: fibrinolytic bacterium; isolation; Tibetan Plateau; frozen soil; 16S rRNA gene
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