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100 Colwellia piezophila (AB094412)
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100 | Pseudoalteromonas sp. SM9913(AY305857)
vibrio cholerae (NC004982)
1. &F 16S rDNA FHIF4BIHZNENRRELEW
Figure 1. Phylogenetic tree based on 16S rDNA sequences and Neighbor-Joining analysis. ASYS5is experimentalstrain. Number in
parentheses represent the sequences’ accession number in GenBank. The number at each branch points is the
percentagesupported by bootstrap. Bar, 20% sequence divergence.
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Figure 2. SDS-PAGE of «k-carrageenase purified from

Pseudoalteromonas sp. ASY5. M, SDS-PAGE low molecular

protein standards;lane 1 and 2, purifiedk-carrageenase.
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Figure 3. Effect of temperature on activity (A) and stability (B) of

the carrageenase.
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Figure 4. Effect of pH on activity (A) and stability (B) of the

carrageenase.
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IiG pH AE 4 7.5, £ 1k pH {6 Fl LB RS E -
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porphyrae LL1 [) w~1 437 JIK Wiy 1) f5c 3 S B pH g 8.0,
pH 6.0 —9. 0 -Z [W] Al i 77 y fie v Mg % 1) 70% LA F; Li
B k= BB I 0% N pH g 7.2, pH
6.0 —9.0 2 [ fif ¥ J % s Sun %" R BLK) k—F $ir
JI52 I (1) B¢ 365 S Y. pH 4 8. 0, pH 7.2 =8. 6 2 [0 B
W RasE . XK pH {EX) Pseudoalteromonas sp. ASYS5
PR R I T L SR T 1 k=T R I I
P

2.6 €RE T FHRKRESE MR

<5 J 1 NS S R I PR S PR SE W 3R 1 P
Ca’" \Mg™" \Ba®" A" X il 3if 47 ¢ HEAE FiT i Ag "
Zn“\Cd“"#ﬁ@@ﬁﬁ%ﬂﬁ‘ﬁfﬂﬂﬂﬁﬂiwﬁﬁﬂlz%ﬁ
JER B 5 SO W R % T 58 I T o Liu
2 W WY Pseudoalteromonas porphyrae LL1 7= k=&
PrHEHE > Co™ W Mn " A1 I ik g 3% > Zn” L Cu® ™ 35 20400
IR AT Mg’ Ba® AR 65 (R HENE T . T B
RS Zn* " Cu® " Co " ) JEC 410 3l i 4%, Min® " 5 274
G Ba® T Mg " L Ca® " X I 5 0 A K
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Table 1. Metal ions on carrageenase activity

Ton added Concentration / (mmol/L) Relative activity / %
None — 100. 00 £0. 12
Ag”® 1 64.18 £4.20
Ca®* 1 126.41 +11.07
Mg** 1 128.48 +12.20
Ba®* 1 138.33 8. 57
Zn** 1 4.79 +2.56
Cu** 1 102. 44 +6. 63
Mn?* 1 92.48 +5.78
Fe?* 1 93.08 4. 49
Fe’* 1 93.73 £5.01
cd** 1 15.73 £4.04
Co** 1 91.63 +7.79
ALY 1 160. 13 £7. 50

KO JE T < R B R s g L9 A A
ﬁﬁk@ﬂ’*%i)\ﬂ‘ﬂ‘éliﬁﬁ 7RG A A 2 AR
AT AW R IR 4 . SEIR
R (B 5) . Na™ K © 0] i iy fy 35 4 5 3 1 0 2 1
HYs HAE Na™ W EEDN 1 mol /L ISf I 3% 0 R 0 <2 s 25
TSI 532.3% , K™K B2 0.2 mol /T IR X il ¥ 1)
(&3 AV A S0 e 5 O R I < J 1 A 160%
HEVE2E B R B QY202 P k= i R A
Na® K" #4514 0.3 mol /L.0.05 mol /L I, fif
WO OR N R BT 179% M 126% o T L,
Na* K™ X} Pseudoalteromonas sp. ASY5 7= [f] | 7 I
il 3 0 i A RO
2.7 TAIME T EHER RREEETXYFRER
fig 75 1% RO 52 1

Liu 2™ ®F % % B EDTA. PMSF X}
Pseudoalteromonas porphyrae LL1 ;= [f] k= 37 i B 7%
PERAT WIS A4 AE . Li %Y % B EDTA, SDS
X} Pseudoalteromonas sp. QY203 ;= [f] k- 7 ik i 1
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Figure 5. Effect of Na®™,K* on carrageenase activity.

SR I I R G (1R 7 B I
EDTA.SDS %} Pseudoalteromonas sp. AJ5913 ;=] k-
R Wl A Y 2 1 A A S Tween-60 X H A7 B 13
o fe BEAE . A S0, EDTAL DTT. B it £ %
PMSF.SDS. Tween-80 X} Pseudoalteromonas sp. ASY5
FEHY R R g S PR R B2 w0 R 2 o, SDS X
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FHIAE R, PMSE X0 il % 6 A A 52 i, JAR JL AR R A
00 S 00 X Al A AT AN [ R R A O B A D

2. BEEHIFIF I R R EE M R R AR BRI BRI
Table 2. Effect of protein inhibitors, denaturing and

surface-active agent on carrageenase activity

lon protein inhibitors, Concentration / Relative

metal chelator (mmol /L) activity / %
None — 100.00 +0. 12
EDTA 1 127.06 +1.59
DTT 1 107.70 +£2.42
B-mercaptoethanol 1 126.44 +5.43
PMSF 1 97.79 £0.99
SDS 1 8.85 +5.06
Tween-80 1 160. 48 +2.36

EDTA X%t Pseudoalteromonas sp. ASY5 p=/f )<
0 J52 T il v A ) Sk P R 3 A 5 O 0 W i Bl AN O
TR, EDTA w] DL ¥ Wb (0 5 2 7 3 s
2% B I B 0 R AR DO T A Bl
DTT. B3 Fk £ B A by 470 464 70 1l 3R 6 7 A0 S B 1
Foh i A el AT 3 I G . PMISF S i % Sk AR
SO, W 22 A R AN A R A S AR A R R
DGR o SDS A g — B i 1 5 AR R ) AT RS R
U2 g A e 5 A 43 R G R AR AR R AR AR AT R I
X R R I 1 0 5 2L ) . Tween-80 s — flIE
2 R MG PE A, L g 23 1 2 IAANAE A S BE AN
1 KA TS i U AR R BE 0 19 K Wiy Ly RS A 1 AT % ik
ff 51 AL, Sk I 0 A 535 0 g A T . el
41, Pseudoalteromonas sp. ASY5 7= 4 [¥] & 7 K i 5
T Al B R ™ 1 w18 i Il HL A BRI 22 S, L —
% S K E B ES N ERSRINE R R
2.8 EMHRMEXE

Pseudoalteromonas porphyrae LL1 ;=42 [f] k= $i
JRE XS k=< S B AT AR A 1R 7K AR AR TS AELR A= r i
IKAEAE IR 22 5 8 =I5 7 1B~ B I R 57 SR 08 W AT /K i
£ H U2 pseudoalteromonas sp. AJ5913 P24 ) k=
PG T KA =R RIS R o A= 7 18 L 3 T
WA KR 1E H a8l ¥ Pseudoalteromonas sp. ASY5
PR R A AR IS AN A A S N 8 B
AN TH) JEE A R E ) SR AR WY ASY'S i Bk B ™ R B I g 1
JEC AR S P BT A AN S A 3 s . W LU
RS T w1 7B T2 M 0F AT 1 B o 1100 K A A T 2
Z2 5 0 IR B B R I A R TR R W AR AT
YE R AT KBRS KB Z A k=R IR A R
O (AR Sl JL R SOk ARl — 2.

= 3. HHk ASYS =R RREEH KM RN

Table 3. substrate specificity of carrageenase from ASYS5

Substrate Relative activity / %
K-carrageenan 100 £1.70
L-carrageenan 0+0.29

Agarose 0+2.38

Alginate 0+2.26

Fucidon 0+2.01

Starches 8.04 +3. 64
Carboxymethylcellulose 0.11 +£0. 61
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2.9 BRREHHNFSHBNE

Pseudoalteromonas sp. ASY5 ] k= 7 Jit B 7K
i k=T B AT & K K3 Ak 5 B B e 60°C
pH 7.5 541 K F X631 8 1 B gk (1 6) , 43 51 g
fie se L5l 77 2 % K K, = 2. 28 mg /mL, $5 K W
K V... =147.06 pmol /(min*mg) . 45K 4 h A
[ &1 R BT 7 = o M il ) T 0 S 2 ) g o7 HE T
S, A0 X F HAh B «—F $2 IR B, Pseudoalteromonas
sp- ASYS HJ kR $L XS k~18 $7 J 0o H B 1
SRR 7 5 i KRN B e T AT SOk R (R
4) .

25 -
00251 _(.0155x+0.0068
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6. KREM K, MHE

Figure 6. Determination of michaelis constant.

R4 TRBEHRA «—FHEBIHKEKER

Table 4. The michaelis constant of different strains for k — carrageenase

Enzymes Strainsproducing enzyme K, / (mg/mL) Vi

K-carrageenase Pseudoalteromonassp. QY202 1. 600 -

K-carrageenase Pseudoalteromonas porphyrae LL1 1 4.400 0.10 mg/ (min*mL)
K-carrageenase Cellulophaga lytica strain N52 b4 1. 647 8.70 wmol/ (min*mg)
K-carrageenase Tamlanasp. HC4 Lisl 7. 630 —

K-carrageenase Pseudoalteromonassp. AJ5-913 tgl 9.8 £0.200 —

K-carrageenase Pseudoalteromonassp. ASY5 2.280 147.06 pmol/ (min*mg)
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Isolation, identification of a k-carrageenase-producing
bacterium and k-Carrageenase characterization
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Abstract: [Objective] The aim of this study was to screen and identify carrageenase—producing strain from mangrove soil
leaf and to characterize produced carrageenase. [Methods] The culture medium withk-carrageenan as sole carbon source
was used to isolate the strain exhibiting carrageenase activity. The isolated strain was identified by morphology observation
and 16S rDNA sequencing. k-carrageenase produced by Pseudoalteromonas sp. ASYS5 was purified and characterized by
DNS method. [Results] A bacterial strain ASY5 with high carrageenase activity was isolated from mangrove soil humus,
and was identified as Pseudoalteromonas sp. The molecular mass of the purifiedenzyme was estimated to be 30 kDa. The
optimal temperature and pH of the enzyme were 60°C and 7.5, respectively. The enzyme was stabileat 50°C , and more

stable between pH 7.0 and 9. 0. The enzyme could convert k—carrageenan. The K and V  _ values of the enzyme for k-

carrageenan was 2. 28 mg /mL and 147. 06 umol / (min*mg) , respectively. The enzyme was significantly stimulated by
Na', K', Ca’", Mg’" and AI’*. The enzyme was inhibited strongly by Ag".Zn** .Cd** and SDS. [Conclusion] k-
carrageenase produced by Pseudoalteromonas sp. ASY5 was stable at high temperature and alkaline pH, with potential
applicationin carrageenan oligosaccharides production.

Keywords: k-carrageenase, isolation, identification, enzymatic properties

(A SCTE % £ 8 J5)

Supported by the Projects of Science and Technology Program of Xiamen City (3502Z20120005) and by the Projects of Xiamen Southern Ocean
Technology Center of China (13GZP004NF10)
* Corresponding author. E-mail: xxaaffeng@ jmu. edu. cn

Received: 17 June 2014 /Revised: 28 September 2014



