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MAE 55°C = 70°C , ANREM A2 H T A 589 ol H AR
RN FH A 22, TR 0k 4 A 22080 B 1) A )
AR IR B 2 1 i AT 9K A H AT L N A Y BIE S A
Ijj o

AR TR 1 Rl 11 35 T U T — FRAE 40°C LUTT
FE A RR A (B BRI B ) PR
IR UG TE VR BRSOl B T2 W H]
HiSe A il 2 G ik IO Y 0B A ot B
20 42 70 4EARLLK, R O AV 2 5050 % 78 A
SRR BRI ST, © K eV AW L) R
Ly A b e - S5 i v o3 B 2 IR 2 Y TR R
H A 1 (R AR 1 A 32 2 s A e e
( Pseudomonas) ", 1 ATt )@ ( Pedobacter) " | 58 %%
R B & ( Pseudoalteromonas ) [8-10] I NS
( Xanthomonas) """ | i ¥F i J& ( Marinobacter ) "', B}
KF R IKE B ( Colwellia ), 7 I IK W )&
( Shewanella) '™ | #+F % J& ( Flavobacterium ) '™ [#]
RIRTA & (Azospirillum) (5]

AR S I IR R 7R 00 O 2 AR HE KA it b 4
B3 68 R A REAN G, T Hak 0020 1) 73 28
FE ST ST LA S A0 I 2 o R ) R iR o 7 1
I R RN FHAF 5T 29 5 LAt

1 MOoRtAn 7 %

1.1 ##

1.1.1 B & B 50 BO2. o [ 26 Dk b i 428 T
2010-7-10 7 BO2 3 7 (53. 328499°N, 169. 960434°
E, /K 1937 m, K 8°C, £ ¥ 32.9) REJKZE K
FE, —20°C -7,

1.1.2 EERFIFNLEE Afal Mspl BRI B N
YIlf§, Tag DNA Polymerase , W F K% A4 YA FRA
Al ISR R R RS R T AR L RUE Rt
HABRAE e A T2 5 W R A BRA
7], DNA Marker( DL 2000) , Lowry ¥ 5 [ ¥ & I 5
A B B ) & dNTPs 9 1 B T, HoE
FE AT/ 4l, PCR A ( Bio-rad) , %E I A%
ST RS (RBERHE () ARRAF) , TG16-W 1%
i O ML (R VR LR A BR A R
Centrifuge 5417R ( Eppendorf) , HL ¥k R4 (L mi 78—
IXHSTT) ,FDU-2100 & VR THAL ( iR R 5 A
FR/AF]) , SPECTRA MAX 190 AL ( 75 M 22 %8 28

SEARGRAR)
1.1.3 #EFE. (1) MEEE R R0 g,
FERERG0. 5 ¢, BEIR1S o, Nt P KA 2R L L,
pH7.0-7.5, (2)2216E ¥;3iht, 2l
ARECH , (3) KTERE SR . WERER0. 2 o, IR
1 g, l&%1 g,NaCl 15 g, il ddH,0 #h EAFE]L L,
pH7.2-7.4,
1.2 FEABAFENSS4L

B ImL KRR R AR BE AR BE AR 1071 (1072 110773
ABREE  BX200 LA R BEAE A 43 iR A T 1 B 1
PEXEFREL AR 3 AP AT, T ISCH AR I
776 d., BEERGETE A BB A B S 8 K A B A TR PR
F 2216 FAGHEAT 3 WL g alifb b7
1.3 16S rRNA E F % & 1 1) B 85 7] B L 4 47
(16S rRNA E[E RFLP 4 1f)

FHK B 7 25 P B 45 4l A6 B bR 19 &8 2 B 75 T
50 wWLAEZLA# I H (SDS 1% ,NaOH 0. 1 mol/mL) #
TS 2406 7= ) ISR 28 KRR BE 5 - 10 1,
B, 0 L iR 20 A 2 i ) B, LA BE FH 5 1)
27F (5'-AGAGTTTGATCCTGGCTCAG-3") 1 1492R
(5'-GGTTACCTTGTTACGACTT-3") ' %t 45 4> 4% 4
HEAT 2 AT PCR BN 5 B T A 7= W1 5 & T 4l
b K 4lifb J5 1) PCR 7= 9 B il 4 9 V) g Afal AN
Mspl WEEY], LA 5% (m/ V') 5N M TR Rz 468 Jc FL K A
W, 5387 16S rRNA FEPH B il V1) H Yk 3 Y, 31540 5 b
AR R A BUATR
1.4 16S rRNA EEFFIN TR EZXBE D

HE 16S rRNA %:[H RFLP 43 B7 45 31, A [A]
RFLP Y] i vk 3 A 19 AR AR 1Y 16S tDNA JE A
J751) ER R o A R AR R A R B T AR T
F| 2 6 JC B0F ) )5 . NCBI b F| | Blastn 2 %
(www. ncbi. nlm. nih. gov/BLAST) 2L GenBank #%
PR 2 1 2 EACHI 2 T A AH OGP 9], 0 A 45 8 ) e
J& F¢ £, Fl FH DNAMAN ( version 5.1, Lynnon
BioSoft ) #2647 4 [R) IR 23 A 44 2 16S rRNA
FEH R G AR
1.5 RREKOESREBENIFEESTE

RE R BOE AR W B A 2 [
@ BB PE TR S g | WY RS I (2R ) SE A R
S 0 2 BR R LA R B Ty 7
1.6 EAEHEEE SR ERETEHNE

PR R bR o He P T R BERG 97 3, #E 15°C,
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200 v/mindfi 574 -5 d, P RFERAE 4°C ,6800 x g 25
010 min, W 13E, H 2SR T8, 2208 K IE i 5
RGBT, AT IRV s T8 AR AR B 1 R A A
i, R AL AL o ] 28 TROK 3 ik, 15 BRI . >R H]
Lowry (i( Folin-@ﬁ?ﬁ)iﬂ”ﬁ% 1 i 5 ( 2% EH Kb
E(GB/T23527—2009 ) M AR5 & vi B 45 ) , B WG 1
NN 30°C M N B oy BhoK Bk R AR MY T
1 gl 2R P Y Bt o
1.7 BEMEQHEEENW

53 55 200 WL FH 5 800 L s £ 1 W
(1%, pH 8.0)1R2], 73 HIAE 0°C - 90°C Wl 2 Mg 1%
1, VAT 1 i 100% |, 3158 HoAth 4240 F B4R
X T 7, 22 ol O it R
1.8 pH X EBEEENRIT

43 K5200 pL KL 5800 pwLASIE] pH {H (pH
5.0-10.0) MR (& 1% BEEH) IR IEE T
(%) T 5 It B2 T W TS O, DA TS ) o5 A
100% , THEHAW ST BARXS BT 7, 25 i i % pH
HIES

2 HERFpAT

2.1 EHEEE

SYESAAL R 68 TR AN T 7E B 4 e B IR Ak B
PER I TE IS B 3 K2 AL (3T ) L AE
(29 BR) PR B (2 BR) . BREFEEENE L,
2.2 16S rRNA EE SR RE L BERIAE

I Afal F Mspl BRAE P DIREXT 13 68 N ERibk
16S rRNA H PR HEAT XU D) Ko 3R PR 4 T 2 458 Je v ik
J3HT (RFLP 7047 ) 45K W] 68 #R AN 1T Ak 3 Fh
M D] F VKIS B 2 R A R SRR TE ST (R 1),
FEMEBI A R TS AR A LSRR AR L [
BELPEIR 1 #RACR HRIETT 16S TRNA B K 1Y )7 51
I R RG KB AT (R 1 A 1) 4R R
Rk 6 1 52 5 WE R 5 3 B0 1A ( Stenotrophomonas
rhizophila) 75 %% = B[R] U8 P (43 51 A 96. 50% Fil
98.55% ) ; kK 11 50 B B FT 5 ( Chryseobacterium
scophthalmum ) 43 5= [F1 PR (98. 24% ) .

& 1.68 HRILMAEEEH IS .16S rRNA EE RFLP S B KU ELZX R
Table 1. Colony morphology, 16S rRNA gene-RFLP analysis and phylogenetic affiliations of 68 bacteria strains from the Arctic

RFLP Colony . Representative Accession Nearest species .
Strains . . Identity/ %
type morphology strain number (Type strain)
1,2,3,4,5,6, 10,
. , , 30, 31, 34, 35, 36, 37,
(jreamy Whl.tfj’ Cfrcula}:’ 38, 39, 40, 41, 42, 43, Stenotrophomonas
I e Om‘ZS‘u’e Sm:z:ir; 44, 45,46, 47,48, 49, 6 JX495785 rhizophilae-p10 96. 50
s paque,  enit® 54 51,53, 54, 58, 59, ( NR_028930)
e 60, 61, 62, XH21,
XH30, XH32
7,8,9,11, 12, 13, 14, Chryseobacterium
Orange, circular, convex, 15,16, 17, 18, 19, 20, ihalmum LMG
Il moist, smooth, shiny, 21, 22,23, 24,25, 27, 11 JX495786 ‘;g”gzls ' 7 98.24
opaque, entire edges 28,29, 32, 33, 55, 56, (NR_025386)
57, 64, XH27, XH29 -
Light ye]loxrv, cireular, Stenotrophomonas
i convex, - moist, smooth, 0 g, 52 1X495787 rhizophilae-p10 98. 55
shiny, opaque, entire

edges

(NR_028930)
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0.05

56

65

100

Stenotrophomonas africana MGB (U62646)
Stenotrophomonas pavanii ICB 89 (FJ748683)
Stenotrophomonas maltophilia NBRC 14161 (AB680569)
Stenotrophomonas daejeonensis MJ03 (GQ241320)
Stenotrophomonas chelatiphaga LPM-5 (EU573216)
Stenotrophomonas acidaminiphila AMX 19 (NR_025104)
Stenotrophomonas humi R-32729 (NR_042568)
Stenotrophomonas nitritireducens 1.2 (NR_025305)
Stenotrophomonas terrae R-32768 (NR_042569)
Stenotrophomonas ginsengisoli NBRC 101154 (AB681398)
Stenotrophomonas koreensis TR6-01 (NR_041019)

Stenotrophomonas rhizophila e-p10 (NR_028930)
AF 6 (JX495785)
52 (TX495787)

85 Chryseobacterium taeanense NBRC 100863 (AB681269)

Chryseobacterium soldanellicola NBRC 100864 (AB681270)
86 [ Chryseobacterium scophthalmum LMG 13028 (NR_025386)
69| = Chryseobacterium piscium LMG 23089 (AM040439)
11 (JX495786)
Chryseobacterium indoltheticum LMG 4025(NR_042926)
Chryseobacterium gleum ATCC35910 (M58772)

4
ﬁ[chiyseobacterium arthrosphaerae CC-VM-7 (FN398101)

Chryseobacterium indologenes ATCC29897 (M58773)
Chryseobacterium aquaticum 10-46T (AM748690)
Chryseobacterium rhizosphaerae RSB3-1 (DQ673670)

B 1. #R#E 16S rRNA EEFFIMEBER 6,11 F1 52 RS A T H LM

Figure 1. Phylogenetic tree based on bacterial 16S rRNA gene of strains 6, 11 and 52. The dendrogram was constructed from a

matrix of pairwise genetic distances by the neighbor-joining method using the DNAMAN program. The bootstrap values above

50% from 1000 replicates are shown. The accession number of each 16S rRNA gene sequence is given in parenthesis. The scale

bar represents 5 substitutions per 100 bp.

2.3 REREMHESREEELEN
REFEFER 6 .11 .52 B MAIEZS S A BA: AL R AE
m#E2 i,

R2. RERERAREHE

Table 2. Phenotypic characteristics of strains 6, 11 and 52

Characteristic Strain 6 Strain 11 Strain 52

Colony color Creamy white Orange Light yellow

Cell form Straight rods ~ Straight rods ~ Straight rods
Capsule - - _
Gram stain - - -
Motility + - +
Lipase - - -
Amylase - - _
Protease/ Gelatinase + + +

Optimum temperature ~ 30°C 20C -25C  25°C -30C

-, negative; + , positive.
2.4 REF pH Xt E B EEMER R0
PR 11 (LCZ8) T =2k [ i, £ 0 — 87. 7°C. 1L [l

B R 7E 20°CAIRIE T AT LACR B 40% LA I 1Y) il
6 77, o W 1% R BE Sy 40°C (18 2-A) o FE ik R i
40°C HCE90 min, {545 74. 21% WIFEE 17, %8R
7E pH6. 5 — 10. 0 i [l PN H A 8¢ o i 0%, S ik il 7
pH 25 8.5 (& 2-D) . £ 4°C ¥ IZ /A pH 8.5 (1)
IEECE S d J5 , Hm A LR RS

PEFR 52(YM52) fiT P 85 U 7E 0 — 90°C Ju [l A
HA WG ,0 - 30°C 75 [ N AR T 40% 2247 0 il 3%
35 — 80°C il i 4 =y , Foedds Bl I I 2R 65°C (K1 2-B)
ZEE MR pH6 — 9 70 [l N B A B 0 1, F i T
W pH A 7.4(K 2-E), fEfcil pH MG IRE T,
22360 min/7 , MG NFE T 60% LA L i 4°C T G
BONRE , BREG BEARFEAAS

PR 6 (DWC6) JIT 7= i [ il 5 365 i 07% I 52
55°C (K 2-C) , Fifi'®H pH M 6. 7(F 2-F) , TEfdE
R IR 55°C F AR 760 min Ji , £ 45 85. 8% F ity
T, 4°C TFERGRUE
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Figure 2. Effect of temperature and pH on the activity of protease from three representative strains. A and D, strain 11 (LCZ8); B and E,
strain 52 (YM52) ; C and F, strain 6 (DWC6).

it

AR SR AR IR RS 557 19 75 2 AL K RE i 43
3 68 B HE H B I B R, AR HE 16S rRNA FEH ¥

SN AT e R G ACR 3 A7 LA KGR A3 T A8 A B A A
PEATREEATR)E R 3 A28 ACR TR 518 6
11 152, ##E Drancourt %(18—191%&1 16S rDNA Ft

PR e 81 [ e S R, TPk 11 BT AR SR A 26 R 168
rRNA 3& K Y Chryseobacterium scophthalmum .47
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98.24% [nl Wi M, % & B 5 Chryseobacterium
scophthalmum 7] B [F] — 4> T8 B | (H X 75 BL ik — 25
f8 DNA-DNA 2258 S50 R AT 1R 36 Uk, DR 2 iRt
ZY5E R Chryseobacterium sp. 11 ;KK 6 Fl1 52 At
RS Stenotrophomonas rhizophila 5 1 [E
WM (435 96. 50% F1 98.55% ) , Witk 52 Fift 3k
HI2ERE S Stenotrophomonas rhizophila W §g A [F]— 4>
PR, 6] FE T IR 2 %5 %€ A Stenotrophomonas sp.
52 ;K 6 BT fCRAYZERETTBEA Stenotrophomonas #i
i BB 22 %5 M Stenotrophomonas sp. 6.,

AT B 8 ( Chryseobacterium ) | J& T HULFT 18 ']
( Bacteroidetes ) 75 #T & £ ( Flavobacteriaceae ) , J& —
25 1994 AR5 A H T 43 R E R, E
FIEZIEC EA 63 DA R A2 Az
Bl FFAR, 22800 ™ SR ) B (0 A B AR O
flexirubin 8% ,%K%E‘iﬁiﬁ W& ¥ s B R A ,
A RE -5 ) 518 R 1 A 200 R SRR AT AR
W) 2 oA T A ROK IR EREE A 3
BB o oM KO R FE R ERY B F
Chryseobacterium A£G Z A Z24E | H H 5 F1 i
HATER T R R 2 2 2 1 A T & R
PR HEAT M B TE R I, BA B R LR R
{8, {H2 H T OC T SE 40T 19 2145 28 1 b LA 11 g
M A BF 58 A1) 8K g A2 Chryseobacterium
scophthalmum | )i 24 ) Flavobacterium scophthalmum
S E NS PIN R (210 S A A KRN B A S|
R P AT Rk 11 W) THR0E
VI, s i A AR BEAE 20 - 25°C, AT REJZ 1
AR ERIE T 00 LB AT, W02 WS Rk o Bk
PRI EE R CE R R O 40°C 2 Ay, LA B TE
AR A 0 T ANASE 1, T T e s 2 1
it , AT BN TR R | B AR RE
T BRI IR F W Ah 30 45 A ek, B B A IS R,
FHHE.

5 IF RO W B ( Stenotrophomonas ), J& T
QN IR & S I E|
( Xanthomonadales ), & . fi FF W 94
( Xanthomonadaceae ) , H B {XA 10 FA [H 199 F
P2 TS RS AN Ui = R DTG D NS S S
g RHNE A Y I, R Eh v, VR N
o BRSO, S KIEE N 35°C AL, & Tt
A, B G S I R — R
50 —65°C U N SR IF R AR 5y — K BN

Gammaproteobacteria,,

FRUR, TRRK 6 Iy 8 i e i i G JRLE y 55°C
P ASE , AT T r i 2 8 Y AR 0L 5 R R 52
JIv 7 2 P Tl AR il R i 2 O 55°C , {H HG g 7
RGN AEE AR RGR T AR , X IS8 H gl
FIB 2 R V4 200 T < S0 I PRt B I3 1T 2 B ) 21
JRLPE | AT ATV B A 0 1) v 3 AL ) A B A R Y
WFFERTEL

A, X T4 i A= 9y iy i o E A b TR
X, U A T T A RITRIES 2 | 1 6o TAE ik
WGEIRIE T Stenotrophomonas F1 Chryseobacterium ¥
PR IR AR IE , A SCE IR IE T Stenotrophomonas
H1 Chryseobacterium 1) T R 7E ALK T8 /K A i v 1 43
Ay, FESE T ety 8 TR RO MR A 2 ARE R
N Ji AR L B R O S R P R v s AL F 5 B8
TEERE, BEAh, PR ZEROK” A (He s HAE
KEREH 0 - 20) 7 ICARIEE 7K KA 73 A B9 LR
AR RAREEGT B RS R, Hor e
TR B KIIE A &, B e T2 - F WY 2
EATR e 3 R AR R BRI KA T
K RSO LI R B AR (7 A X LB )
SEFRAIARBITE ) D4R 2 — | 3 5 20 2 )5 4k 5K
B N LSS UE AR A
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Isolation, identification and  characterization of
68protease-producing bacterial strains from the Arctic

Mingxia Chen'?, Heyang Li**, Weiwei Chen', Weicheng Diao', Chengzhong Liu',
Min Yuan', Xiaohong Li'
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Abstract ;[ Objective ] We screened and identified protease-producing bacterial strains from the Arctic, the results would
help find cold-adapted protease. [ Methods] In total 68 protease-producing strains were screened from the Arctic using
the casein-agar plate under low temperature. All strains were classified using the 16S rRNA gene-restriction fragment
length polymorphism ( RFLP) and traditional phenotypic test. One strain was chosen to be the representative strain from
each group respectively and identified using 16S rRNA gene sequence analysis, GenBank database Basic Local Alignment
Search Tool ( BLAST ), phylogenetic analysis and phenotypic features analysis. The enzymatic properties of the
representative strains were determined. [ Results ] The 68 strains belonged to 3 groups (54.41% , 42.65% and
2.94% ), and strains 6, 11 and 52 were the representative strains respectively. The results of the 16S rRNA gene
sequence analysis showed that; Strain 11 was most closely related to Chryseobacterium scophthalmum with 98. 24%
sequence similarity; strain 52 was most closely related to Stenotrophomonas rhizophila with 98.55% sequence similarity ;
strain 6 was most closely related to Stenotrophomonas rhizophila with 96. 50% sequence similarity, which might represent
a novel species of the genus. The phenotypic study showed that: strains 6, 11 and 52 were Gram negative, straight rod-
shaped, did not produce extracellular lipase and amylase, possessed strong proteolytic activity. The optimal temperature
and pH for the enzyme activity were 55°C and 6. 7 for the protease from strain 6, 40°C and 8. 5 for the protease from strain
11 and 65°C and 7. 4 for the protease from strain 52. [ Conclusion] The research firstly introduced the distribution of
Stenotrophomonas and Chryseobacterium specieses in the Arctic marine water, extended the diversity of the protease-
producing bacteria from the Arctic, and provided a useful basis for further study of cold-adapted protease.
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