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Abstract 53#, a strain of efficient alginate degrading bacteria, is isolated from rotted kelp using sodium alginate
as the only carbon resource. Strain 53# is identified as Paenibacillus agaridevorans based on physiological
characteristics and 16S rRNA sequencing. The optimaltion yield condition of strain 53# is identified at pH=8,
T=25°C, NaCl 15 g/L, and sodium alginate 15 g/L by orthogonal experiment and analysis, and the highest enzyme
activity is 390.53+17.32 U/mL. Strain 53# has the advantages such as being cultivated easily, producing enzyme
fast and having high enzyme activity. It can achieve a high efficiency for saccharification of alginate and thus has

potential value to be utilized in the production of bioethanol from brown algae.
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Table 1 Orthogonal experiment design

e oH - NaCl ?ﬁ;ﬁ/ (ﬁ?ﬁ@éﬁ%ﬁ%ﬂ{zﬁ

(gL™) WEE(g- L)
1 6 22 15 5
2 6 25 30 10
3 6 28 45 15
4 7 22 30 15
5 7 25 45 5
6 7 28 15 10
7 8 22 45 10
8 8 25 15 15
9 8 28 30 5

—a—2#

AOD,

0% 24 48 72 9 120
t’h
1 SHBERBRBEEKKEBE
Fig. 1 Bacterial growth and enzyme activity of strains of
alginate-degrading bacteria

B2 HEtkSHMBHMEBA
Fig. 2 Optical micrograph of strain 53#

B, REOCH, B, WEER/D, 120 /MRS
I 1) Y B AR S5 22 30, TG 76 48 /NS A R AT 3k )
(e H 352.6 U/mL . 256 LS4 T 1) AE RN 7™ il
T, S3HTR R Mo R, WA PR, PR L
TERE N H AR Pk
22 EHBIEE

i R A il BE X B (PCR), X S3#EFRAY 16S
rRNA ) DNA #4793, TA 54 287 15 3
1532 A FEXT, K H 5 GenBank 45 1 B2 140
PR 16S rRNA JE K7 F1 3R 47 Lu X A7 7 Rk
FR(E 3), ZREW S3#EMK SR FATE
Paenibacillus agaridevorans [RlJRVE S, AL N
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{Paenibacillus agaridevorans (FR682747)
Paenibacillus agaridevorans strain S26 (HQ290361)

60

86

strain 53#

3 — Paenibacillus nanensis strain MX2-3 (NR 041491)
|

Paenibacillus agaridevorans strain GYB23 (JQ342929)

61 Paenibacillus agaridevorans strain XF105 (KP250830)

Paenibacillus agaridevorans strain DSM1355 (NR 025490)
Paenibacillus agaridevorans strain HN-29 (KT003270)

75

Paenibacillus pinisoli strain NB5 (NR 126271)

Paenibacillus thailandensis strain S3-4A (NR 041490)
Paenibacillus camelliae strain G3-9-20 (KC494326)

100 I:Paenibacillus camelliae strain G3-5-20 (KC494322)
67

0.005

Paenibacillus montaniterrae strain G1-3-20 (KC494305)

3 HHSHRZXEH
Fig. 3 Phylogenetic tree of strain 53#

97%, N L & 9 I ZF AT W Paenibacillus
agaridevorans ., 141k, SCHRHHIE B 7 45 i
SRR T %) TR R 2 AR P SR A, I, RS
PR T SRR U, 06T S AT A A I LA
MR TE AL D, AT FEAT B 0 3 A A R A X B A 48 3
Wef ik TR AR B AR TE
2.3 BEHRTEEELK

i E A g DAk S3# R (4 77 W SR, T AT
H R RR I, LA e AR, 4R

TEAI S, B 2 B R U ARG 0 (%) PR 3R X b 1)
SO O, BZ I R BOCHE ., AR 2 I, pH. i
FE . NaCl e B Fg 35 BR A1) an Wk BE 4 > DR 28 X4
T G 2L i T DR TR 1% 1) 5 M AR 559 B Ay - YA R R M
W45 W B2 >R BE >NaCl ¥k FE>pH . DL Kl S 8 32
BARAR, EACIIS T A 534 A bR Y SR i il 2%
% pH=8, JJ¥ 25°C, NaCl % J¥ 15 g/L, ¥R
BIRIR MR B 15 g/L.

ik 4 AR, pH Ml NaCl 3 X T 5343

®2 EXHBER

Table 2 Results of orthogonal experiment design

P pH TrC NaCl #J¥/(gL ™) T RN R /(g L) R REEE/(U-mL ™)
1 6 22 15 5 203.93
2 6 25 30 10 257.50
3 6 28 45 15 283.80
4 7 22 30 15 359.54
5 7 25 45 5 132.27
6 7 28 15 10 214.40
7 8 22 45 10 268.33
8 8 25 15 15 390.33
9 8 28 30 5 61.60
o k841 26626 w955 203
ks 242.40 267.03 229.54 247.74
ks 244.42 189.93 236.13 344.55
W22 6.01 77.10 30.01 211.62
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Fig. 4 Bacterial growth and enzyme activity of orthogonal experiment design
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XA RESR AR pH A& T 77l RN 0 F 2, 78
NaCl ¥&EEN 30 g/L IEIE T, S3#EH MR AR KR i
P, 3% 55 P I B A IE N 3% Y TR K SR B R — R
Mo SR, e PR 24 ff I B 0 AE NaCl ¥k & o
15 g/L Bt k, HFf#E NaCl #EM 15 g/L a2
45 g/L, I KW B AL N KRR, U0 % P AR 1Y
A R PRl RN B A IEA O E R, B
ST, S3HBERRAE 22~28°C (i EE Y5 [l N 0] LA TE
AR, B IR (28 °C)F 25 T A0 B D A,
{EAH] TR 2 B G, B 7E 28°CZ 3 W g ikl 78
4 A5 2R, A T S A0 v R T L Rl AR Tk T 1Y)
SO fie S 2, 35 e R S R IR A S A O,
A T T R S VAR B AR R B IS i R A By IRl s, X
PRUE T RS AR IR, R FRE 20 T A 4 B0

DA B R AN AE Ry e — U8, 76 1IE 38 i B0 LAk
il B 9% 4 (pH=8, 25°C, NaCl 15 g/L, #5340
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Fig. 5 Bacteria growth and enzyme activity
of strain 53# on optimal conditions

T e il R TORN 3G S T 40 A A PR RS B, B
AR AR R 0N, B IR L b R T O AR
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Table 3  Alginate lyase from various microorganisms

kI A PF B MERS(U-mL™)  SEBJEREE/AU-mL™)  SCHRORIE

R AT Alteromonas H4 J 146.45° [22]
Vibrio sp. 510-64 HEHPHE 289.1° [17]
WEREZEMUFF A F1-5-10 U s 12.20° 26.37 [18-19]
Vibrio sp. QY105 TREREERT, BANRMIEEI (i alifh 15.86° 76.18 [23]
Alteromonas sp strain No. 272 TR S HEFARET, BRI (i Llifk 8.3 U/mg’ 1122.8 U/mg [24]
Pseudoalteromonas sp. SM0524 B FACHuAE, BB uE 62.6° 244.94 [25]
Paenibacillus sp strain 8-5 FHEA Z?ho(;g%%) [21]
T wee wossiza ARG

T a M JFOMHE RALBEE b SEAM IS FALEHE .

B X L R B e T S % ik A1 REL Bl 0% 0 A B f9 1]
W, WSS 2R YL . 7578 R0 3 X i ik 45 &2 Fb 7
BOR AR & s B T, IR E— 2oy s alifk, LAk
5T T R I e SR A . I T 1) DA R 9
W (Vibrio sp. 510) &, @it 8 GiFEMER, 155
— PRS0 R AR R AR A R A bR
Vibrio sp. 510-64, I K% Al ik 289.1 U/mL, {F37
S AU R ZE AT F1-5-10 HP2E DNA, Fofe
74 3] g 3 i 4 i S DML, O B K AT B BL21
SR, MUEETS S 12.20 UmL, Jk 4t %
Ak, E— i EF 26.37 U/mL!™', Tavernier
SOV Alteromonas sp strain No. 272 F45 21 ¥ fili
8.3 U/mg, 4 & 4lifk J5 M 1% vl 2 & & 1122.8
U/mg ., Qiao Z5PUGH % HE 8 — L FMATHE
Paenibacillus sp strain 8-5, % ¥ H: 0 4P GG 11 3k
30.0 U/mL, MRS J135 61 U/mL, i Xt b (36
3)VAT LA IR, AW 5T rh it 16 45 B 1Y) S3# AR 7E R &
AR FNBE R Bl 1 2 A, 7 A5 A A T T i Tl 0%
PR, HA BENRS, EAEYREE SR
HA B A HME

3 g

AR SR 2 v v i 32 1 — R v 800 T e i
PR PR 53#, T AR S WLEEH 16S rRNA S 7
ST, W RE R 28 2 HUKT B Paenibacillus agaride-
vorans . K FH1E 38 50 B 6 X 53# B 14 7= g 5% 1k R4 7
t, W€ TR AE™ M2 pH = 8, ¥ 25°C,
NaCl ¥ £ 15 g/L, W3R G W E 15 g/L, 1E
I 46 F R AT LR A B9 B K TG O 390.53+17.32
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