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XS TR 205, BB S BAT B AP K s
PEFIZ A A BRIG, anbiiiR . B EE . Pk .
PR MR AE, Tefbtloin . BRGSO R B B
GF R HIOCH . EE, BRI B S i MR AL LR
RGNS O S S el ooy i R B S 4 227
R AL, B TZEAMEARGEER, &
BTG A — His g™, Mg &
DR ERERCRAR . RRE Ak, A s, Wi, 3
AFZHE G L e R e A TR X T B S
) k2 ) o A BB S

PRI A YRIE Tz, b RE 7 B-
LUK, AT A BN )E Pseudomonas™ | 1
LR E B Pseudoalteromonas™ . B &
Alteromonas™ . K S T B J& Acinetobacter™ |
Catenovulum &', WEBUR A& Agarivorans™ . ik
& Vibrio®™ A K K AT HJE Flammeovirga® 4§
T E IR BT, T o-Br TR AR,
BARHETC A 200 A [ 59 350 Wi A5 2 1 20 2 2l
b, X —LE TR il A R AT T e pE Rk, (HE
RO R IE B SR BES AR FRE Mz, Jouki 2
Tl AR T K . T RA AR wk . KR,
MOCRESEREIR AR B, BUE AR TR A58 Hh (1)
WA YTED R . B AR . MEH 45 T TH
FPLHPRR I Z R AR AL, (ER BRI
PRI BE I W AR SC I S A AR AU R, A
X DRI A I B R B9, AT R AR AT B Ry
A UG PE B B o A PR DRV TR T AR
YICRAESE 15 . 157°24'31" E, 19°30'30"” N, 5378 m)
TSR 1 Bk AT = R AR SR BT RTR , fir 44 K
SEFE K AT (Flammeovirga pacifica WPAGA1)),
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1.1 TERR. ZEEFER

TR AR5 K AT B (Flammeovirga pacifica
WPAGA 1) P56k T H [ v 3 A ) o ol R s A 2
U (MCCC) FIE [ fl A P s A i L (DSMZ),
55523 31 MCCC 1A06425 1 DSM 24597, Bt
JBE LR aga0950 GenBank % 55l KY 826418,
TEREFPK E. coli DHSo.. FIKFMK E. coli BL21 4
AR ERAF . ERERAR pMD-18T . Rk H K
pCold 11 #J) H TaKaRa 2\ H] .
1.2 FEM RS

AT SERI 4] DNA $REGH &0 B 28 70
P B TR £ L Bk B S OMEGA
ol e, BCA S FE RGN & . Ni AR A 2T
R G H Thermo A Fl, Bilig(Agar)h AT
ONET S, BB SEERR RGO S RN A
B A PR 777 5 o PCR 144 (T3) 4 H Biometre
O, BRI 53 R 5 (Tannon 3500)18 A
Tannon /A F2 4, TEIRES IR % %% (SKY-2102C)
W E R B S A B, H B R B 5 A
(DNP-9052)ll b #gHs R L AR A v, &
2 A A B O HL(TGL-18M) I [ K 75 4 /R JHE
JE B DHLA FRA R, SRAM B ETTH(UV-1800) K
SHIMADZU 2377 fh, B i ((ICS-3000)H
S /NI TR
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1.3 ZEHAH I BRI R AR SR B A 2 i

4 DR 20 S A R S AN £ B 5T R SR
AN E BT, SRAH Tllumina HiSeq2500 I FF 4 Ay
PE125 W7 I iE AT . 505K paired-end
21 mate-pair {573 IR EE T4 A 7 BEA 500 bp il
5 kb 1 2 IR SC% o e 1 U PP 45 SRR T SOAP
denovo!'”! (http://soap.genomics.org.cn/soapdenovo.
html) BE 47 20 3¢ PF 3% o % W Bk 19 4 B 4 7R
DDBJ/EMBL/GenBank FJ%5% 524 JRYR00000000.,
FHSCTE IR B 2 % 445 . KEGG. COG,
NR. Swiss-Prot, TTEMBL, GenBank & CAZy %{
/e

1.4 FH aga0950 TR

1.4.1 BRI B8 aga0950 FYFLE 415
519 H B Invitrogen )G, 51975
M : aga0950-F : 5-TCATCATATGCAAGATTGGGC
ACAAATTCC-3" (RIZHR 53 R g Nde 1 B
1), aga0950-R: 5'-CGACAAGCTTTTATTCTTTG
ATAATCCTCTG-3" (RIZFHR 73 AU In i) Hind 111 i
VI 5)o

1.4.2 TaESRKHEE L WPAGAT 2 [H 24 DNA
MR, R F PCR Jr kg4 B 3L - BU . PCR
24402 95 °C 5 min; 95°C 90's, 55°C 90 s, 72 °C
90 s, 330 MEHR; 72 °C 10 min, B HBE
SLREEHEF) pMD-18T #ifk |-, %4k E. coli DH5a
JEAZ AN, Pk B w27 A LI Invitrogen
DU o 0000 45 SR 5 At B Je T e LR R A 7 U X
FEXTEE R 5 W) G i va ke AT i AT T — P AR
IR TR AR

1.5 2K aga0950 K3k

1.5.1 BEHRKBEOBE: MR mE
IK#AA pCold 11 43 5] Nde 1 F1 Hind I 51 3k

Y1, KR [ H 9 DNA H B S 1932353
& pCold I1 T 16 °C #&$% 3 ho WAL E. coli
BL21 /5285400, #H4TH7% PCR Kk, $2HCFH
PE v E AT, F Nde 1 F1 Hind 111 ALY
YOO o B R TR Y PR s R 24 E LI Invitrogen
WP I K 1 A 16 S B T R AT R R I HR BT
ki, PRAFT-20°C.
152 EAREFBFERRIL: PURGLL T EHRE
FEokiff) BL21 HF7EE 5 mL LB (Afk#h 10 gL, &
P 10 /L, R S o/L, 2 N5 552 100 g/mL)
WAKRE SR, 200 r/min, 37 °C FEESE ; 7 1%
(RN K 20 AR 2 50 mL WA LB (%
100 pg/mL 2~ % =) 7R Ak, 200 r/min 37 °C
Bt 2-3 h & ODgoo M 0.6 7247, IIASRIERIR
FFHFAPTG, Z&HE 50 ug/mL) T 16 °C Z&fF K
P15 12-16 h J5 B0 B A ¥ A F PBS
2% MR S EA TR R, B O RVE R
1.6 FEHER ™YLk

HFFREEIK pCold 1T HHF 6 1~ N Ul &
His, #ERIA M MIREG T A Ni AR SR A2 B
%5 (HisPur Ni-NTA Spin Columns, Thermo Scientific)
P ralifl, dlifh b PR B E UL A UES T (T A 0R
TE 4 °C M R 58 M : 10 mmol/L BRI
PBS ZZ ik, pH 7.4; VEHWK: 25 mmol/L KM
PBS 2, pH 7.4; VR : 250 mmol/L WKk
() PBS &P, pH 7.4, 4lifb 8 >R H SDS-PAGE
PATYEE, BERRAET PBS Z 0, BT-20 °C
TRArss o S ENE R BCA (M HIR)
X7 £ (Pierce® BCA Protein Assay Kit, Thermo
Scientific)i#f 17, W& b PR+ FRERAE VLT E 1T,
BSA (4 &E ) AbRAES , PR 2 R4
VBB R R B FR A R A i 43 i) 45 B
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100 pL fiIlA % 2 mL BCA TAERHIRA); 37 °C J2
IV 30 min, HARISHENESIB0K; A0 R TR
562 nm AbAYWOGAE , 2 HlbnifE &I L iR
FIR
1.7 EER=HIE) ST

F 50 mmol/L pH 7.4 i PBS 2% i i Bt il
2.0 mg/mL BB YW , ¥ 2.5 pg/mL ) LL il
KoL ERRIMA R, BT 50 °C BRI
I o e B B ) EBCHE F 40 SL R, W K T fif
W2k o CBETUTE I 850 B 25 SR A A S5 1Y)
W, WCRIEW, iR 28 R AR AR L 2
P, BIVAS R A
1.7.1 R ENTE(TLC): W2 Z ik o M
Y122 Ohta S 5 o Wil 45 (A b 7 2 ik
b bR, SR B TRIZRGETEE | /R @ K=
201 DHRFF, R RIS 2R %
BF, B R AROF I T, ¥ A mE AR (10%
H,SO,), FUET 100 °C HtAE i TR, FEBEs
IR, WA
1.7.2 BFEREEAC): Fl DNS 0 5E BHRFE &
R SR i o DA DO B o Sk v A
LR B SR bR A i (W A 9 8 R A R
HIRAT, 2 RKT 98%) 0 A% 20 mg/L,
1 8 5 VAT B T 5% (1CS-3000, 38 [ #4248 w)
Rl o A A h . i 4E . Dionex CarboPac
PA-100 BH & 7324t , (45 70 A (4 mmx250 mm)
M4 mmx50 mm); FEsht: 100 mmol/L i)
NaOH F1 150 mmol/L 9 NaAc, #ii# A 0.25 mL/min;
B¢ BRI 8 R D e A7 ik b e B AR 5 R R
25°C, WFFEARFR 25 ul,
1.8 BB AEE HEAS

100 pL Ziif )5 BB A F] 900 pL &%
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2.0 mg/mL JIEYI @GR PBS (pH 7.4)H, 40 °C 4
i 5 min, Bp/KIA S min KIG LI E b, FHKIE
B 5 B TR A WA A X RE, DNS 325300 5 i I
Bl R RGE AT, A KA T4 1 pmol
I TR BT R R A i e S — G B
1.9 EHPEER 0T

SR FE B R ot 155 P AR 00 4 3R AR 2 2 D0
W AR, SO TR S min, DA#GEH:
BRI, 78 pH 3.0-10.0 FOZE Mg e il 2.0 mg/mL
MBI R Z efr, BEA (] 2) 5 min, P pH
X B A B TS R R, DRGSR . pH B
W% 1R 100% . K BV TS [m] I BE 7K ¥ vh O
M, 7E0-12 h HUHE, DIE BRI RIARIG 01, %
LAY PR E N, URIE 0 h BFAY B 770 100%.
PR E T pH 3.0-11.0 BYAFZE rhik I T
30 °C fRi, 7E 0-24 h e, 0 Bh e i i) e 4%
W71, 5 pH RUEME, DMRIR 0 h B ARG
15718 100%, [MIFEE P ISR &R +, fliH
ZORPEN 1.0 mmol/L, VK 30 min J5, € i
SN it B AR A o DA N 4 B I ks
30 min f5 I fd S B T BTG 7128 100%., DA |
K a5 11 3 YA 1P 1 .

2 ERFAH

2.1 Btk WPAGAL 2EFH 455/ #r

i1 paired-end F1 mate-pair J7 i H4) v SC
2, AR5 625 Mb (500 bp)Fl 1317 Mb (5 kb)
reads. % SOAPdenovo version 1.05 #{4FukF74H
2, ISR 65 A ¥ 4§ & B (contigs) . FH
Glimmer 3.0 A4 85 191 2 A% 5 1) 204 T HRg 000
Il RAST X R4 AT A shid B . iR bk WPAGAL
SR A KN 6610326 bp, GC &L REW], #
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Pk WPAGAL 1 GC 5 32.89%, 51% ) HA:
4 AT A SR GC &7 T A ORF %k
5017 4>, H:H 3189 4> ORF #J LA GenBank EL71
BERYE P sk . Ead RAST R, T
A 1022 LR SR LA PG, H
483 NS5 2RI IR, XUuliix
PRIE K20 e s 1) Z B R R I R . ilF—

X AT R B, ARSI A 13 A B-Bi I
FASCSE DA o 2o 2 SR 17 4 [l P A R (3R 1),
13 MHUREEEA 3 A EREH KB GH)Z R
SAE, Hip 11 ANE T GH86 %%, 1 1N&ET GH50
Kk, 1 METF GHI16 K%, 5 NCBI $d 4
W IR T SIAH L, FLRIIEPE R 60%-85%, %=
B WPAGA1 kA & B SUR R A DG B o 4
DRI AT A w1 — 5 80 2 B i ] 5
PERARAIIE R agad383, UESTIZIE IR 2 B e g it
N, J&T GH86 Zjik, HIRE W HA B rYHA
e P, T R A B 0 7™ 00 Ry T B DU R S 0
AR SCIER M8 7, aga0950 & T B EE GH16
FIGHREDR, 5 B 2 58 7 81 2 A s 1Y)

[RJ A (67 %) o 3K A3 DR 5 LA Ry B e o A
RS R Y tt 4 b THOKIZ S
DRI B T 1 B FE B A =, 42 s e E . &
TEPEDUR I N, A SCE— 2P B IE ) aga0950
AT TIRABSE .
2.2 FMH aga0950 B F5)5Hr
FES M, M aga0950 fU7
] ORF, W2 K &N 2622 bp, 4wt 874 IR,
W+~ 96.8 kDa, >k SignalP 4.1Server
xﬁﬁ%ﬁﬂﬁ’“ﬁéﬁfévﬂﬂﬁ%ﬁ" RINFEH N Ui 1E
T 1T ADERRNE TIPS, O T R
ﬁﬁi(ﬁ%lil%%LEﬁ%“ﬁ, R I EHE S
KPS MEER e Berp R 25
M CAZy Bt e b -0 2 0 R S 1 43 2 ]
W B-BUEHE, i aga0950 Fiht () 2 LR ¥ 41 5
L RN B Tt 1 2 B R P 9 A T LU X IR I R
BWE 1), R ER, aga0950 F:F 4 &E Y
QAR TH S CARIE R -T2 5L 1R 7 51 A
T, 5KIETF Flammeovirga yaeyamensis B2,
BRI IR Fe iy, (H aga0950 A 4 fith (1) 24

ANk

x1. RBXFFAEFENREREBER

Table 1. Agarase genes in the genome of Flammeovirga pacifica WPAGA1
Gene ID. Accession No.  Closest sequence in NCBI Amino acid  Identity/%  Family
aga0950 KY826418 B-agarase [Flammeovirga sp. MY04] 874 67 GHI16
agal950 KY826419 B-agarase [Flammeovirga sp. OC4] 945 60 GHS86
agal957 KY826420 B-agarase [Flammeovirga sp. SIP92] 964 69 GHS86
aga4383 KY826421 B-agarase [Flammeovirga sp. OC4] 966 63 GHS86
aga2050 KY826422 B-agarase [Flammeovirga sp. OC4] 716 73 GHS86
aga2593 KY826423 B-agarase [Flammeovirga sp. MY 04] 1128 79 GHS86
aga2660 KY826424 B-agarase [Flammeovirga sp. MY 04] 690 82 GH50
aga4007 KY826425 B-agarase [Flammeovirga sp. MY 04] 732 83 GHB86
aga4591 KY826426 agarase [Flammeovirga yaeyamensis] 491 76 GHI16
aga4779 KY826427 B-agarase [Flammeovirga sp. OC4] 942 82 GH16
aga4902 KY826428 agarase B8 [Flammeovirga yaeyamensis) 633 85 GHS86
aga4974 KY826429 B-agarase [Flammeovirga sp. MY 04] 2013 81 GHS86
agad975 KY826430 MS115, putative B-agarase [Flammeovirga sp. MY 04] 1956 79 GHB86
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100 [ AgaP, Pseudoalteromonas sp. AG4 (ADD60418)

. .
91 YMO1-3, Catenovulum agarivorans YMO01 (AGU13985)
_{ Bacteroides plebeius DSM17135 (EDY95404)
59 AgaA, Microbulbifer JAMB-A94 (AB124837)

— Aga0950, Flammeovirga pacifica WPAGA1 (KY826418)
100 ———— AgaYT, Flammeovirga yaeyamensis YT (ACY02061)
— AgaA, Agarivorans sp. LQ48 (ACM50513)

10 L— AgaA, Pseudoalteromonas sp. CY24 (AAN39119)

0.1

1. T aga0950 EFE &AM p-IRREEREBR F IR RFH LS

Figure 1.

Phylogenetic analysis of aga0950 with other agarases based on the amino acid sequences using

Neighbour-Joining method. Numbers in parentheses represent the sequence accession numbers in CAZy database.

Numbers at the nodes indicates the bootstrap values on neighbor-joining analysis of 1000 resampled data sets. Bar,

0.1, represent sequence divergence.

IR PN o B Bacteroides plebeius DSM17135
b, A TR R A B B L R AR AT T e BRI L
S A2 X R aga0950 AR T
Regmis B-LiElE, R T iE— LR R G A
A BTGP, 7 SR S ARk 40 M o
M S By ) FE R LA T U
2.3 EAMRRE 5L

FH WL IPTG KR (16 °C)if T35, A
TR I 1 3 Y P R I 2] B B 2K 1 (A ga0950) . R
WAL, 4 SDS-PAGE #: (& 2), RS
THUKAN R —E AN, oS HRER
THRABSF . St BHE ME DS ENE, RS
FESEFZ AT I Xt B Aga0950 1Y 4l fL &R
4, liALJE ARG IRl 86.35%, MY LIS )
iKF] 51770 U/mg.
2.4 BEREYIRISTET
24.1 BERHTER(TLC): ANFFHFRE(10 min-24 h)
AIREAR 1) TLC 23 MrR W (& 3), 76BN BB IR B
Bt(10-20 min), J2HrA b 5 BEEGAR 7 ) 550 5
40 min B, ZHTHRE A B ) A B
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BRI RS 1 m R A B R Y, RR
BIERE YA 1 h i, 2 i
f e Ao BRI L oS Bl 3hEf, 2
B b BAR ) R 2 555, 43 5 R DUBE RSB 5
6-24 h, B P¥ R VU . ZSBESHY, HIE3h
ST, GBI DORE . SOBRMREERE R . Bk,
LRI Aga0950 Fic 2Tl =) DUBE RSB, %
it Jy PO RL A BB i

kDa M 1 2
170 —

130 — —

100 — N .

70 — .

50 —

B 2. “HLIREES Aga0950 B SDS-PAGE #&37
SDS-PAGE analysis of agarase Aga0950.
M: PageRuler pre-stained protein ladder (kDa); lane 1:

Figure 2.

purified agarose; lane 2: crude enzyme.
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1 2 3 4 5 6 7 8 9 10 11 12 13

3. BEREITES IR Aga0950 HIEEHR =1
Figure 3. TLC analysis of hydrolyzed products of

agar by Aga0950. Oligosaccharide standards. 1:
neoagarobiose (NA2); 2: neoagarotetraose (NA4); 3:
neoagarohexaose (NAG6); 4: neoagarooctaose (NAS);
5-13: hydrolysis products of Aga0950 in different time,
10 min, 20 min, 40 min, 1 h,3h, 6 h, 9 h, 12 h and 24 h.

242 HEFREEAC): NIt UIHEER Y
BILL RS, DA B 0. DO, B, OB b
T ZWEbRHE S VE A S BB 4-A), BEHUERF 8 h
Je =R B S % 0t — 4 Hr (- 4-B).
SRR, I L R AR P ) S R B SR AR
(49 1C PR EA B, AT AN S 32 30 1l 1 R ik 7 1)
BT B PSR B S X i —2DIESE T Aga0950
Je—Rh B-BUK A .

A 180 1
W " 6917 0
150¢ '>. 7.900 5-13.800
g
> 100}
oo
s
=
Q
| U&

t/min

[ 4.
Figure 4.

0
00 25 50 7.5 100 125 150 175 22.0

2.5 EEAREEFMERAT

A aga0950 R =) EEHE Aga0950)
£ 30-70 °C WG H AR A B m TG, Hfeid
JCVCHREE N 50 °C (K 5-A). %EEHATE %R pH
&N YE R , 75 pH 5.0-10.0 G B A BEAR A 0%
YRS, RS pH {Eh 7.0 (B 5-B). AFRE
VeSS 45 B B R (B 6-A), ZBETE 40 °C 54T 14
12 h, HG SRR RIS ; HAE 50 °C Kt
H ORI 6 h, BPRFFILAERIG Ty, BEE I A A 4ks:
WA, HARARTE ) B WREAR, (HETE 12 h N8R
TRAE T 70% DL B yIE Iy, 3x 3R W E 40 3 e il
Aga0950 HA RIFHIHEENE, pH FE ST gs
R E/R(E 6-B), ZBEHE 30 °C 244~ F pH 4.0-10.0
(2% MR A TARIR 12 h S5 LR ANE JITE 70% LA
I, R Aga0950 HoAT RUFAIIR . e et .

AR 4 T B - X B Aga0950 193 1A
AR, 403 2 Frs, 1 mmol/L [ Mn** . Co*".
Fe' ¥RedR MG 71, Felie Mn® RENE S 7142
5 51.9%; 1 mmol/L Cu* fit &M HImFS; HAth
SIRE T Na", K, Ca®", Mg & 1Ei K b &
e S DO AT A RO K NN

B :
B 250pc P7-P8

200 t

94
[}

—
(]
(=)

Charge/nC

¥4
(e}

0 L L L L " " " )
00 25 50 7.5 10.0 125 150 17.5 22.0
t/min

IR EE Aga0950 X IREPE MR YIRNE T BIEE S
IC analysis of hydrolyzed products of agar by Aga0950. A: oligosaccharide standards; P1-P6: neoagarobiose

(NA2), neoagarotetraose (NA4), neoagarohexaose (NAG6), neoagarooctaose (NAS), neoagarodecaose (NA10),
neoagarododecaose (NA12). B: hydrolysis products of Aga0950; P7-P8: NA4 and NAG.
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(A) I (B)
100 ,rk& 100 |
o T
80 t 80 |
g . 5
2 2
=1 | = 60 L
% 60 \ g —A— Citric acid-Na,HPO,
s i s —e—Tris-HCl
Z 40} >z 40 ¢ —w—Glycine-NaOH
k= k=
(] Q
[~ [~ I
20 t § 20
i—X
0 10 20 30 40 50 60 70 80 3 4 5 6 7 8 9 10 11
7/°C pH
B 5. RE(A)F pH (B)MIREIEE Aga0950 SEEHI ST
Figure 5. Effects of temperature (A) and pH (B) on enzyme activity of Aga0950.
(A) (B)
100 ¢
120 |
. 801 —A—6h
§ 100 | % —e—12h
E Z o0f —v—24h
g 80 | E
S 2 40
B =
T) Q
x 60F & 20
40 0l — —
0 2 4 6 8 10 12 2 3 4 5 6 7 8 9 10 11
t/h pH
% 6. IRAREE Aga0950 By EME(A)FD pH (B)Fa E 1
Figure 6. Stability of agarase Aga0950 of temperatures (A) and pH (B).
F 2. EERBEFIIRREE Aga0950 jFIERYF M 3 iﬁ%
Table 2. Effects of metal ions on enzyme activities
Metal ions Relative Metal ions  Relative 20T s £ bl T s i L i 9 Ay Do p
(1 mmol/L)  activity/% (1 mmol/L)  activity/% ST EARE fﬁf,ﬁlﬂﬁ(@@ﬂz@@{fﬁrﬂ%fﬁ{ﬂﬁ(%
CK 100.00£1.07 | Ca>* 100.2242.14 PR OCHE . HET, O ARE i Bl il S H Ak ] 3= 5
Mn** 151.90+0.94** | Mg** 100.89+3.04 S E T MY, ISR E M VERE . TR A
Co** 119.2442.31% | Zn** 95.30+3.35 N
N ;: 75 S n ‘é‘ L\/l\o N S A
K+ sosasr I ermns  MEBUEMIBEEOAIGEED . AR, KT
cu* 51.4542.76%* | Ba® 107.61%1.56 PRI FZ AR TGS s 10 A IR T NATRE T T 1 5
o™ 2175168 |Fe" 1230264 IR BRTIRIR . RE . R R
Na® 104.03+1.29

*: P<0.05; **: P<0.01.
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WEREAVUEIERIRGY), EINE R, &
PSR JRFEIR S . D RS AT AR 2 A e ik
P, ERG AT K X SERFER IS o 42 4 BT
AOTERD . BT B E AT R T IR . AR A o AR TR
T B O A T A I R P 25 D TR T TR S A
5T, EMPUICHFIEBEETTRY) T OK T 5378 m, it
JEAR, TR 1m0t e 2 2B R A Tk, 20 K
FRAUR(7 BR) . I8 BRI FCER TR (S #)"
i R B, kR WPAGAL A] LUAT &l B A T
SESEANFAT GHFILLLEE, 774 1.6 g/L BB
RN . I, ARSCUAE R WPAGAT D A A,
BT T TR MFY, RBIEA 13 A3 iR
FRHED , HRJE T 3 AR A WK B2
EHCE A P B R BE KL, W Microbulbifer
elongatus HZ11 A 5 P Agarivorans gilvus
WHO0801 £ 2 2B Cellvibrio pealriver PR1 £ 6
AN Gilvimarinus agarilyticus JEAS £ 11 N2
Flammeovirga sp. OC4 A 5 A1 @it Hear, Htk
WPAGAT A7 BN 4= ZHER B FE MR AE I, kst
T A B I firp RE DR W B 212 1 R RE A% A5 A
Je R IOk o5 BRK SERE O Wy B A, o2 DAB
B 1 BRI A T L3 S R 7 FE AN R SR 5
SEWEA W) B REA o S T IR S I R AT A B I
SR VE | AZE P R AR E ME R BB, AR SOx
HH aga0950 #H4T T IRAMSE

LBIERF I XS 73 MR, aga0950 KN & T
Z WK R GHI6 X . GH16 FIG I 45 i 1k
MBFFEEARIRA, Bk T1E C ¥m2—1> CBM6, 7
SE GBI BUEEE N e —Ma oIk, BiEZ
GHI16 Z RISt B, LAk o0 = 45 o0 A
FW, G B A7 A5 — > o BE AR ST Y
Q-W-X(B)Z5 438, I EABA RS 500 5 b LAl
MRS IR aga0950 S iR 2 A

VA —
DiEN

PR AT AMR R ORI UE LI RE . 5 5AH
ALLEE A 3 35 DR 25 1) 1) B BE R AT EE L aga0950 F: [H 4
i 874 NEFERR, BHEZ; SFFMPEHHILT
FER IR 5 A B e v~ AR LG, T Yy 21
TN 96.8 kDa, 43 FREERIS B AR REA
aga0950 FEAT v B I LN 3R AT Al I 1k 3 1515 31 Bt
JKeHE Aga0950, MM HAHH T ELN B ZhEE . [R] i
B 77 D) 0 B 45 SR R W2 N DD R Y  B-3a
i

AR S ) v R R TR RN Al AR S A B E AN
{HAESE aga0950 FE K 1 2238 7= Wy HAT B e i 1 1
() I I R A5 1 i b iih T i) R 2H B B (A ga0950)
Aga0950 B EL 1% 7135 %] 51770 Umg, mFK
22 BT R A E T R LTS o AR A (8T 1) R
Catenovulum agarivorans YMO1 B BEEF YMO1-3
FoiE 714 11400 U/mg™; Flammeovirga yaeyamensis
(¥ BB AgaYT L J1 K 178.6 U/mgY .
Flammeovirga pacifica WPAGA1 157 — Bl
Agad383 LLIE J1{H 102 U/mgP”, W22/
R YIBULHE Aga0950 FEfFALA R, 6 h [ 1)
WREEIRBIRE . LAk, Lh 20 g/L MIEAEE TR
B BB R R A B S 1 Aga0950 Y fif fiE
71, KBIZBFRETE 0.5 h A Je s vb i & 1 Bl
WA LSERE , SEREROS S REIAE] 1.5 ¢/L.

Pl P B 3 W 2 WD 2 ke R AT 658 08 ) i R 3
PE, 5 HATE BRGE R BURBEAH FE(R 3), AU
JKeHE Aga0950 FAT RUFAAGEEME, fRid /i
20 50 °C, BAI i T BB B E [ R EE (40 °C), A
AT B SONL A AT, AR T A A o B il
Aga0950 fzi& pH 7.0, pH 4.0-10.0 {43548 = iy il
W, HATESRA pH @ENME, AR TZEER R
M. 558, &EEF Mo’ Co® . Fe''fE
Pz MG, R Mo AR B
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£ 3. EARKES Aga0950 BY4FE LLER
Table 3. Recombinant agarase Aga0950 from engineered microorganisms and their characteristics
Protei Optimal Stable up t
rotetn Family Organism prma ableup o Optimal pH pH stability Products  Reference
name temperature/°C temperature
Flammeovirga 50 °C (100%, 6 h) 5.0-10.0 (70%, at .
Aga0950 GHI16 7.0 NA4, NA6 This stud
ga pacifica WPAGA1 50 °C (70%, 12 h) 30 °C for 24 h) . 18 study
Fl j
AgaYT GHIg — mmeovirst g - 80 - NA2,NA4  [24]
yaeyamensis
Cat. l 4.0-9.0 (80%, at 4 °C
YMO1-3 GHle —renmoveum 60 50 °C for 1 h 6.0 (80%, a NA4, NA6  [22]
agarivorans YMO1 for 12 h)
Pseudoalt 4.5-8.0 (80%, at 4 °C
AgaP  GHlg =~ cHA0alieromonas s 55°C for 1 h 5.5 (80%, a NA4,NA6  [21]
sp. AG4 for 1 h)
Microbulbifer 65 °C (80%, 6.0-9.0 (95%, at
AgaA GH16 55 7.0 NA4 18
ga JAMB-A94 15 min) 25 °C for 0.5 h) [18]
Agarivorans sp. 3.0-11.0 (90%, 20 °C
AgaA H16 35 40 ° 5%, 1h .0 NA4, NA6
ga G LQ48 € O5% 1h) ! for 1 h) . 7
Pseudoalt NA2, NA4
AgaA  GHIg ~ cudoaieromonds 30 °C for 1 h 65  5.0-9.0 RN Y
sp. CY24 NA6
5.5-11.0 (20 °C fi
RAgaA GHI6 Vibro sp. PO-303 40 37°C 75 ] b ( " NA4,NA6 [8]
Alt . . 6.0-9.0 (97% f
AgaGl  GHI6 ‘. eromonassp- y, 45 °C for 30 min 7.0 OOTRTor (A2 NA4 4]
GNUM1 30 min)
Mi j . °C (409 .5-9. %, 40 °
RagaA7 GHIG icrobulbifer sp 50 80 C( 0%, 70 3.5-9.5 (50%, 40 °C NA4 [14]
JAMB-A7 30 min) for 0.5 h)
. 50 °C (100%, 12 h)
Flammeovirga 5.0-10.0 (90%, at
AgaP4383 GH86 50 60 °C (70%, 9.0 NA4, NA6 20
ga pacifica WPAGALI - (70% 30 °C for 24 h) [20]
30 min)
Pseudoalteromonas
Aga331l - 45 °C (60%, 1 h) 7.0 - NA4, NA6 [3]
sp. NJ21

NA2: Neoagarobiose; NA4: Neoagarotetraose; NA6: Neoagarohexaose.
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Analysis of agar degradation gene and characterization of an agarase
Aga0950 from a deep-sea bacterium Flammeovirga pacifica WPAGA1

Zhuhua Chan'?, Yanping Hou?, Wenjie Di’, Chungui Zhao', Runying Zeng”,
Suping Yang'"

' Department of Bioengineering and Biotechnology, College of Chemical Engineering, Huagiao University, Xiamen 361021,
Fujian Province, China
* State Key Laboratory Breeding Base of Marine Genetic Resource, Third Institute of Oceanography, SOA, Xiamen 361005,
Fujian Province, China

Abstract: [Objective] An agarase gene, aga0590, was found in the fine genomics mapping of a deep-sea bacterium
Flammeovirga pacifica WPAGA1 using bioinformatics analysis. Recombinant Aga0950 was characterized with
heterologous expression in E. coli. [Methods] Genomic sequencing of Flammeovirga pacifica WPAGA1 was
performed by Illumina HiSeq2500 and agarase genes were annotated with BLAST. Subsequently, Aga0950 was
obtained with heterologous expression in E. coli BL21 (DE3) and the agar-degrading activity was determined by
dinitrosalicylic acid method. Enzymatic products of the agarase were analyzed by thin-layer chromatography and
ion chromatography. [Results] Thirteen agarase genes with amino acid homologies from 60% to 85% were detected
in the genome of Flammeovirga pacifica WPAGA1. The elected gene aga0950, which was aligned with highest
identities of 67% in NCBI-nr database, possessed typical sequence characteristics of glucoside hydrolase family 16
(GH16). The specific activity of Aga0950 was 51770 U/mg, and the end-products of agar degradation by Aga0950
were neoagarotetraose (NA4) and neoagarohexaose (NA6). The optimum temperature and pH of Aga0950 was
50 °C and a range of 4.0 to 10.0, respectively. Meanwhile, rAga0950 showed outstanding temperature and pH
stability. Activities of Aga0950 was enhanced by Co”" and Mn”>" (1 mmol/L), while that was strongly inhibited by
Cu*". [Conclusion] Flammeovirga pacifica WPAGA1 has abundant polysaccharide-degrading genes. The agarase
Aga0950 was indentified with high agar-degrading activity and excellent stability against acid, alkali and thermo.

Keywords: agarase, agaro-oligosaccharide, genome, Flammeovirga pacifica WPAGA1
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