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Screening, identification and growth characteristics of
a low-temperature proteinase producing strain
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YANG Jing, WANG Xue-wei, HAN Yan-peng, WU Yun "

(College of Food Science and Pharmacy, Xinjiang Agricultural University,, Urumgi 830052, China)

Abstract: Through the plate separation and the proteinase activity determination, nine low-temperature proteinase
producing strains were obtained from the permafrost in the region of Altai, Xinjiang, in which the strain A, -2 had
the highest proteinase activity, reaching to 31.88U/mL.The growth of A,,—2 reached the maximum level under the
condition of initial pH7.0,mass fraction of NaCl 1.00% ,temperature 22°C.Based on the morphological observation,
physiological and biochemical identification and 16S rDNA sequence analysis, the strain A,,-2 was identified as
Serratia sp..The activity of proteinase produced by A, -2 remained mostly unchanged after 48h of stored at 4°C.

The results indicated that proteinase produced by cold-adapted strains was low-temperature enzyme.
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A W) R TR T Ot 348 7 ARG Ui 1 T B AR, O 3k L — R
V&Il A Y TR B, 16S rDNA 25 5E Sy v i IR B
(Serratia sp.) ,iX A ¥ 1k 85 B 19 32F — 25 R B a4k
TIFFT B4 R BE 58 3R ml, Sy JF 2258 3 40 (o SR 8% hn T
AR Tt 1 50 $2 AL PR 1 5 B R 2 HF, B ER R w i SR
) L O Y|4 7% €2 Sy SIN= 5 O A 7 SO E | =522 By = o
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T AESR BT HE B A 2SR L0 O, SR AR B[R] 2012
3 HCREMFRIRREY 0~10C, FHAEE T
W& b, s AR AR b 2 Rz [, -20°C
PRAF #6515 ZP301 40 1A & [F 20 DNA $2 B3l 59 &
DL2000 Plus DNA Marker, ZT201 2 x Taq PCR
MasterMix ( & 4 k}) [ 10mg/mL EB Bk Jbat &
B o A= W 255 I BB A BR 4 & primerl : (57— AGA
GTT TGA TCC TGG CTC AG-3') primer2: (5'— AAG
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GAG GTG ATC CAG CCG CA-3') HeJcHibp,; 422
FCgefa g™ . 1mol/L pH8.0 Tris—HC1 20mg/L & [ i
K A AEREH A RAF] ; 10mg/mL % 5 i
b E T AE W E AR AT IR ] 550 x TAE (Tris— £
12) 1% {1 iETe 7 LR EERHE A RA A
0.5pg/mL EB Jeta i s WA B A2 05 95 3 A 4 b
1.00% , 25 F4 HE 0.50% , B2 H333 85 0.50% , MgSO, - 7H,0
0.02% , K,HPO, 0.10% , NaCl 1.00% , Na,C0,1.00% ,
pH 7.2;1B ¥i3ede  HHAK 1.0% , B2 Ky 0.5% ,
NaCl 1.0% , ({400 2% AR ) , pH 7.2 1 %
I EEREVEMF 0.1% ,NaCl 1.0% , 5% [ 2.0% , Biig
2.0% ,pH 7.2, #5353 B HE 121°C K B 20min J5,
G

LD2X-30KA 37X E I 28R K il
2 7 astl) s HR40— 11 A2 A2 4 i
IRFEFN L 25 BRAA W] DHP-9162 Ho $41H I 5% 37 46
AR A FR N W] s DZKW-D -2 H, #E IR 7K i
By G TR OGHA BEYFANER T s XSP-2CA L9 i T4
B Motic 32k 5 H A BR 4 7l ; FA2104N 43 #F K
S i R E R AR A BR A A THZ-98A 1H
IR g —ER A A R A A 050 -
810Tgradient48 PCR #3454  7# [E Biometra 2\ ) ;
DYY-7B LKL  JLEIN—AXERT 5JY04S EEIE AR
A LR AR T K I A5 BR 2 B  MiniSpin B5.0»
Bl 1&[E Eppendorf 23]
1.2 LWH*E
121 PEARYIfE 72 100mL [ = ff N 2
S50mL A= HER K, U B B, 121°C KA 20min , ¥
HUSETCHEEAES LB LR B JC i 2 BEh Kk b,
HIA 1% BV W, 2 5, FF . (EE: B
20min 7% 3% —IK, 52 5 BOR FEAIR S )G , TE T H34E
4 I, #'H 30min)

TE 500mL = ff 2 PN 258 SOmL AR & AR B 3R 2k,
TE 121°C KB 20min J5&E1, FERB S TAE G L HEMRE
B SmL IR 1% () 38807 W, A B = f e,
£ 20°C 200r/min 53¢ 1 K, 5.
122 FRIERE AR EARRIIHE  ELXRBRES
b, S BRI Ak G 0 B B 0.5mL, il A B 4.5mL G
BRAEFRER K v, RS B A R 2 A5 B AN [W) A RE B 1 A
BEWE B 107 107210771071 (1077 (107° (1077, g
s A8 BE AR - IIIL, S35 RS B O0.1mL 179 B Vi, #% A BE
[ e ) A A0 0 5% 5 367 L v, PR AR U 2,
TE 20°C [ 35 346 T e iR 1% 5% 24 ~48h , WEE A T s
Pl L 3L, A0 07 45 3] 04 7 Tl TR R, PR B TR K, FE TR
PEIEFRHAL LS, 20°C 15 5% 24~48h )5, Il A 10% 1)
TCA 211 N, &L B 7% AR LA Kas B B AR . &
ANBE AR = A L, AT =k, BOPFE . 7R
P& 1 2% A] & 31375 W R 1) TR R R SRy 22 07 32 1) PRI AR
1.2.3  PAREE IR AR E 0 B RS T 04
B AR E AR GB/T23527-2009 FLAE A MK S i £2 72
(Folin ) I B 16 AT BRI (4 52 07 , B 11 Bl PR S - 7
pH7.0 F1 40°C R BE 5T, B3 43 Bl K fe 1 25 11 7™ A
1 g PSR , 8 o — D8 HIRRG J1 R . [Rl—AFF
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1.24 FPHUREABRRE S HRRWE R -
PAASTHIE BB /N FEIR SRR, 0 5% F 22
PG e (0, 70 WL T ok P S8 A8 TR 265, 0 IR S ik o T
MRUEATHIE S 58 o #2 BSclk!" ™" UEAT 1 ik 2 B A= Ak
WesE amad AR A 7 IR YT G B KR Y 16S 1DNA
BRI ey PCR 724, 16 B AL RN AR R /1T, 38
AP P L5 SR 58 GenBank $4#8 %8 A Blast, #E AR
[EIVEAME: 438, Maximum likelihood s 25 1l 2R 48 & & M,
BOOTSTRAP 43#rid , e HUEE &2 1000 PS4 A HERG T o
1.2.5 PR RK I R E Bl 2 e H B bk
ARG FR A A FE 22°C YR R A 150/ min JEF7 8%
I, Wi L2 P 58 (B 2h) AR BT 3R 3% T 4l B Y

oL, il A R i e = g th £k .
1.2.6  BERR Ap-2 AERFFIERVIZEOITE R iG 1L Ly
BORP T LA 1% ORI R: FR b il i 3%

25.28 .30 37°C F YA KAE L. I A2 B Ak 7640 4 pH
A 4.0.5.0.6.0.7.0.8.0.9.0.10.0 &5+ 4r%% 0.00% .
0.25% .0.50% .1.00% .2.00% .4.00% .8.00% fJ NaCl
h 22°C 3555 24h Je AR .
2 HFRE5HH
21 FREEHBEKNTTE
30 3SR 43 8 0 075 Ke A2 075 07 5, AE 20°C K5 IR 4%
P FEEE T 48h JS A 10% 1 TCA R4 1R
R, AT AR B = 19 v 0 38 1 9 Ak = I vl 2 1 i 1A
kR, 21 SRoKME A RE d, ST EAR d, MEEES R,
IEIHR AT LA Y, Bk Ay —2 FiT Ay —3 35 B Bl 55
WIS AR Z T d,/d, B R T 3.001 e 22 T AR+
MFFBEARR Ap—2 FIl Ay —3 BYMETE S U2 31.88U/mL
F17.04U/mL, 15485 375 W B8l 16 K /N 5 10 3% 7 0 R/ il
TEAH G b Tk T 0 2 7R IR R AR P B B R
BERR Ay —2 M EEIE 1 5K, 1E S S S TAE 0B 98
X5,

F 1 HERIERSER

Table 1 Results of strains screening
R e BORLT T
PRI HAE d, 4, (mm) WS EAE S

(mm) zZdsd, (U/mL)
Ay—1 16.43 6.06 2.71 5.26
Ayy-2 22.03 4.71 4.68 31.88
Ay-3 22.833 6.10 3.74 7.04
Ay —4 18.25 7.26 2.51 4.75
Ay-5 23.11 9.61 2.40 4.55
Ay -6 15.23 5.32 1.05 2.14
Ayy-T7 22.31 9.11 2.45 4.63
A,y-8 16.90 7.38 2.14 3.89
A,-9 21.76 791 2.75 5.83

22 HHERE
221 WERIEZRSSSEEE WK Ay-2 fEREH
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AGELR AW, AR LK 4, Bk Ay -2 5 bR fE R R
NR_042356.1 7 7] — % % . DR I6 ] 99% , g 1 ik
A, —2 Y5 K Vb B K B (Serratia ureilytica strain _
NiVa 51).

K2 OHEBR A2 A B MLAEESS
Table 2 Physiological and biochemical identification results

of strain A,y—2

BT BBk Ay =2 FY-FHUREALE

Fig.1 Plate characteristics of strain A,;—2
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LB fp 0* HERH 0"
R . w N 0*

L d D-HikF 0"
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Fig.2 Microscopic characteristics of strain A,,—2

222 EFUAEIRSE DRSS UL 2 bk A, -2
T 3 fie AR 2 A L RN | REORE 22 2N L L— BRI ANObE
D—2BELHE D— R kMR D - AME  H 85 B H 80 2
TN VBB RR R, ANBE AT R FLBE KA T TR .
M-R SEH H,S SEYe W5 52 50 Sy 99 44 5 422 flok Al 2 56
V—P SC8G Al IR ER I8 IS U | B MR AL S5 AT AR IR
FhALIG S BHME 5 0 AR FL SIS 25 R Sy A W gl Y [
AR A, RVEGEE . AT TERR Ay -2 BEA TG
HEHBEEE ST o

2.2.3 R Ap-2 B9 16S tDNA ¥ HE 3 7%,
Rk Ay—2 PCR P34 Hi (19 2547 76 1500bp 2247, Ui B
DT P 3G R AR Ap—2 1Y 16S rDNA Jr Bt 3 34 B A%
Ay =2 FYIMFLER i@ i NCBI #£47 16S rDNA (45 /%
BLAST , BT FUAHALBE 15 99 % 14843 B AP, SR FH 4K
1 DNAman FlI Mega5.05 , Maximum likelihood 2 fi] ¥

 d: 1% ~89% Sy BIVER AT 5 + « BAVERSE 5 — < BIME SR 5w
JERARES ;0 PR 0 PR R AL

Ayy-2 Marker

I3 bk Ap—2 PCR HLIKIEIA
Fig.3 PCR electrophoresis gel figure of strain A,,—2
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231 BEKR Ap—2 WAEK S W s
REWARIEFEFE T RR Ap—2 1Y ODgy,, W GAE , K 5
AL, BEAR Ay—2 TE 22°C BT P AR AR 1K ,4~18h
SFXTECAER A, 5557 18h J5 R A Ik B F8 aE W FE W)
f 8h NS J1 JL-F- 1545 ;20h J5 A T i JT 48 7= il , 1t

90 NR_042062.1|_Serratia_liquefaciens_strain_CIP_103238 16S_ribosomal RNA_partial_sequence
57 NR_025341.1|_ Serratia_proteamaculans_strain_DSM_4543_16S_ribosomal RNA_partial_sequence
50 NR_074911.1|_ Pectobacterium_atrosepticum_SCRI1043_strain_SCRI1043_16S_ribosomal_RNA_complete_sequence

NR_044058.1_ Cr

bli /

ter_ is_subsp._| is_strain_E515_16S_ribosomal_RNA_partial_sequence
99 445: NR_025334.1|_ Obesumbacterium_proteus_strain_42_16S_ribosomal RNA_partial_sequence

NR_024644.1|_ Serratia_rubidaea_strain_JCM1240_16S_ribosomal RNA_partial sequence

58
NR_024643.1|  Enterobacter_aerogenes_strain_JCM1235_16S_ribosomal RNA_partial_sequence
40 NR_042356.1|_ Serratia_ureilytica_strain_:_NiVa_51_16S_ribosomal RNA_partial_sequence
63 A29-2.seq

NR_027544.1|_ Yersinia_frederiksenii ATCC_33641_16S_ribosomal RNA _partial_sequence
NR_025159.1|_Yersinia_kristensenii_strain_ ATCC_33638_16S_ribosomal _RNA_partial_sequence

K4 bk Ay-2 MRS L TN
Fig4 The phylogenetic tree of strain A, —2
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Fig.5 The growth curve and enzyme production curve

of strain A,y—2

232 RPEXFRIAR Ay—2 AR R BT BT B AR
Agy =2 AR FFE M AN 6 JIrn, Btk Ay-2 7E 4~30C
WResE i, Hapdd A KR E S 22°C 37 C AR, %
INZ BRI P . 7E AN RIIREE T, 15 5% 18h Jim # kil
St ARSEW], H 18h Y A= K di f R Bl A5 T2 B9 T
15, BRI Ak A I v W 0 I TR R AT, T R AR Y

0 4 8 12 16 20 24 28 32

N ] (h)
[zl 6 (B%EX#%** A29_2 éli KE‘J%ZH["‘]
Fig.6 The effect of temperature
on the growth of strain A, -2

233 WIhh pH XFRIRR Ay -2 ZEIAYSEZM  PI4h pH
XFRAR Ay =2 AR BYFENUNIEL 7 s, mAR Ay -2 1E
Wf pH A 6.0~8.0 A AP, Feidi w4 pH A 7.0

1.0
09t

OD g B OGAE
S
N

4 5 6 7 8 9 10
pH
B7 Wk pH X RER Ay =2 A K HYF N
Fig.7 The effect of initial pH on the
growth of strain A,y-2
234 NaCl it 53 BO BBR Ay —2 7 [ 52 1
NaCl Ji £ 73 BOW R R Ay =2 2 B SE M dn 15 8 f

148 501472058

7%, NaCl JFIR43 %0 0.00% ~1.00% B}, Bkk Ay,—2 4=
K, H & NaCl i 5050k 1.00% .

OD()OOnm[& ﬁ%@

012 3 4 5 6 7 8
NaClJti 73 (%)
K8 NaCl it 7 BN TR R Agy =2 A K AYSEI
Fig.8 The effect of mass fraction of NaCl
on the growth of strain A, -2

3 it

AHIFFE I A A B K I 43 B e 1 9 Bk IR
IR BB AR, A B RR Ay —2 T ER IR S T
e, 9 31.88U/ml, 3l ixd M A 2 s iy s 0o Ak
Ay—2 PEATTEAS 2 AP 4b T 16S rDNA %5, 4%
HI ] Y5 43 T, M R % E T v TR I ( Serratia
sp.) L, IZEWFIE 5 IR T B 4G ) A Akl At
S4B O 1 T A5 B B AP A TR (R, A BT 54 F) —
PR, X0 18 A 10 A K AR e R A T 00 2B R,
Bk Ay —2 Az K B Ui B Sy 22°C , HLAE 4°C ] IR,
37°CARAEK . ARIEHTA B BRI E 0~5°C LA B K, i
38 A= TR EE 24 20°C 2545 BRI L T LUB A2 14 R T 74
. HEEWILG pH K 7.0, 78 pH10.0 B4 K 2518,
pH4.0 B A=K AT 2218 PRI, 20 B T ik 22, (0 B A —
FEBYTHERTE . B ks NaCl B340k 1.00% |, 15
1.00% I, Rk AR KGR SE TS, BT L), 1% 18 B — 5 1
MR PE . ANWFFEIE LA ERR Ay -2 JypE— B alifk
PR R 11 B RITRIT 5 B2 R P B T LA
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