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Abstract: Flavobacterium johnsoniae is capable of secreting enzymes which can efficiently hydrolyze
yeast cell wall. Preliminary analysis revealed the presence of glucanase, chintinase and protease activi-
ties in its culture supernatant. A laminarinase was purified from the extracellular components of F.
johnsoniae through several isolation steps including ion exchange, hydrophobic interaction and gel ex-
clusion chromatography. The molecular weight of the purified laminarinase is about 35 kD. The opti-
mum temperature and pH of its catalyzed hydrolysis are 50 °C and 5.0, respectively. Laminarin and
laminari-oligosaccharide were hydrolyzed by this laminarinase in an endoglucanase mode with lami-

naritriose as the main product.
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Bacillus circulans"®, FfiJ5 % 0 3 26 b 55 1 U2V R0
Hil/NBAREE Micromonospora chalcea™V5:Ab B [
fif TP A B BE A BE 77 o Bacon 55 F Lt 70 4R &
I F johnsoniae W V)P f#EEREANMIRE, F M IZH KE
TR b 43 B B LR B A SRME R TS R 453, (HIK
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TR B8 A £ WAk Bk 1 I RE AN, X T AN M A
PEHIRPY, - MG 1 B B AR e FHIME, &
TN TR AR . BRI, X p-H R
M T B LA 7 B R AT 5 AT T o 1 7 T 55

RGN F johnsoniae KX BER H 43 25 4lifb 3] T
— M NI R AT 2, 215 A HE T K %
M5 16 206, JERT AR A AR PR B AT T I05E o
1 MR5h&
L1 #
L1l EMSEFE: W YREFTHE ATCC17061
(Flavobacterium johnsoniae, UW101), H 32 [ g
FE R R“% McBride #ZH k. 4 KFFRE(CYE):
Casitone 1%, EFRFHEEY) 0.5%, MgS0,-7TH,0 0.2%,
Tris 0.12%, pH 7.5; F=E§E5 33 7F Stanier TTHLER
WEFREED, INATEREZE 0.5% (W/v), J83% pH =
7.5, EEZEVK K, Stanier }53:%E: KNO; 0.1%,

K,HPO43H,0 0.1%, MgS0O4,7H,0 0.02%, CaCl,
0.01%, FeCl;-6H,0 0.002%, pH 7.5,

112 FERFEMEE: 1l B A Z(Laminarin)
JLT it (Chitin) . R H EELF4E R H1(CMC) . KRB
(Xylan), H 5 % k¥ (Mannan)F1 B 2 754 JE (Bed resin
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TMD-8)#JI H Sigma 2\ F); HiAK Z 4 (Lichenan)Fl
R B (Pachyman) ) [ Megazyme 237, ANV
P % BF 4 B B (Glucan from yeast) . [ fi M
(Laminaribiose) . A = ## (Laminaritriose) . i P4
B (Laminaritetraose) . E2 7 14 (Laminaripentaose) F/l
E A 75 B (Laminarihexaose) ¥ 24 H i, W E K & )
200810238547.X; JZ M # lF CM  Sepharose Fast
Flow, Q Sepharose Fast Flow, Sephacryl S-100HR 3%
4 A GE Healthcare 23 F]; [EEEIA F 3 R ) 5 S LY
J7, B T IEFUKVERR AR BUS, R TR
o AXES: AH25 BB (Olympus), 5 T2 W6
& (Nikon), &4 HUH I8 & 58 (Millipore), 3 F1 4
L2 G FIHL Ik 2 42 (Bio-Rad), T3 Hi/K#E TSK-GEL
Phenyl-5PW (Tosoh), LC-10AD & % W H & 4¢
(Shimadzu), Aminex HPX-42A 4354 (Bio-Rad).
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1.2.1 ERIEEFR: 5050 %E-80 °C RIM F. john-
soniae HAHEANAE K FEFE P, 30 °C. 200 r/min £%
IREEFRIGAL 20 ho K5I AL TR L 42 3 7 g G S e v,
TE FRAAMF R H SR 24 he

1.2.2 ERERREESARVIER: UCHHEFRILNTFR 24 h
) F. johnsoniae $53FRW, Wb AH 22 W30 WL
S TRV TP B R 20 R AR 1 0, LAAR ] 2% A s 5
AR E johnsoniae =G IR 3 M X IR, #F—
AN RS DA B R B, V8 VR T MR Ak e 0 I B
ML AR T, 30 °C TRIA 36 h, FIAH2E B W
ST LA L BE B S DL

1.2.3  BEEAME: /e alifbad f b B AT 2 hE s
JIE: Bl 5 g/l BATZHIEY T 50 mmol/L .
pH 7.5 1 Tris-HC1 ZZ vl b . XY S5 E§ IR AE 50 °C
SN — 5 BFR], 38 SR 7= 1 F DNS 346171 min
PAE 1 pmol FAGHERE SCA 1 SR 1 BAL . R
oh B 115 & R ) Bradford B g,

1.2.4 SDS-PAGE: WLZ& [T R ML,
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% 10 mmol/L . pH 4.6 AT R —Fr & RN ZE thilk
K H CM Sepharose Fast Flow # #7175 322
#r, 0-0.5 mol/L NaCl Z&: e/, ik | mL/min; IR
G URNL W G 4L 4, BT E 10 mmol/L . pH 7.5
i PB 2% #pi ', R Q Sepharose Fast Flow ## I
PEAT B T2 8 ZHT, 0-0.5 mol/L NaCl ZRMEet, 7
H 1 mL/min; & A %600 B9 36 PE 4 2, A
(NH4),SO, ZZUFEEH 1.1 mol/L, FFEZE 10 mmol/L
PB. 1.1 mol/L (NH,),SO,. pH 7.0 Z& shif -1 i (1)
TR K AT s K 2T, 1.1-0 mol/L (NH4),SO,4
LRPEVEI, W 0.5 mL/min; WCAE VR UG 3
Moy, GMUEE @A TRR S KD)KRSE, RH
Sephacryl S-100HR A g #E47 & e ik g Z A, T
0.25 mL/min,

1.2.6 BEEHERAGEE pH ME: & pH lE
iF, S%H 50 mmol/L pH 3.0-8.0 (2 A —4h-F15
FRZE M, 50 °C % 10 min; 53 i 5 g i), SR
Fi 50 mmol/L pH 6.0 MR A —#H-Fr i IR 2% M,
1E 30 °C—70 °C i B 6 B2 v ) 10 min,

127 RYMBEMSH: ALRARNIEYILE L
EL 7 55 B (DP2-6) B fift it 71 FH 85 8080 AH €533 43 47
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Table 1 Substrate specificity of the purified laminarinase

o E— Wit P )

Substrate Solubility Glycosstisli: et d":g;gzﬁooil
Laminarin +* 1,3-B-D glucan 4
Laminaribiose +* 1,3-B-D glucan -
Laminaritriose + 1,3-B-D glucan -
Laminaritetraose 4+ 1,3-B-D glucan
Laminaripentaose + 1,3-B-D glucan
Laminarihexaose +* 1,3-B-D glucan 4
Pachyman = 1,3-B-D glucan =

Glucan from yeast = 1,3-B-D glucan =

Yeast cell - - -
Lichenan + 1,3:1,4-p-D glucan -
CMC + 1,4-B-D glucan -
Chintin = 1,4-B-GlcNAc =
Xylan o 1,4-B-D xylan -
Mannan + 1,6-0-D mannan -

1.2.8 EEREF=IH M. BAn 200 B A0 S0 i i
)R FH 1 TR R 2 A BT ) AR 1 R A
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LA B R REE (] 1C 1 1D), BRI, & 7874
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E1 FEEFEPRBEGESSABRBRSFTRESRS
Fig. 1 Morphology of yeast cells in enzyme-producing medium inoculated with F johnsoniae ( B) or frozen-dried yeast cells
treated with culture supernatant of F. johnsoniae (D)
Note: A is control of B, with no inoculation of F. johnsoniae; C is control of D, treated with heat-inactivated culture supernatant of F. john-
soniae. White arrow: Yeast; Black arrow: F. johnsoniae. Photos A and B were taken under a differential interference contrast microscope;
photos C and D were taken under a phase contrast microscope.
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B2 RHZHEEBHSBSEN
Fig. 2 Separation and purification of laminarinase
Note: A: CM Sepharose Fast Flow ion exchange chromatography; B: Q Sepharose Fast Flow ion exchange chromatography; C: TSK-GEL
Phenyl-5PW hydrophobic interaction chromatography; D: Sephacryl S-100HR gel exclusion chromatography.
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Fig. 3 SDS-PAGE analysis of the purified laminarinase | s S - ~ - -
Note: A: Protein marker; B: Laminarinase. ﬁ& /E\: ! % ﬂﬁﬂ‘ %E gé ﬁ?JUJ( ﬂf‘ (=) % E/‘J 'fﬁ ﬂf‘ 7kﬁ747: He
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361 AGGDWSVTATTSGCTANTYELAVITEPAIFPVEEIHEDFOSNRNYL YPVETGVLTE AVANE
421 SATGINTSALVGRYVENSSELYDVLNIFNVTITHANDYVVYGRERLSFDIVTSAPVGTEIS
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1201 DDLTVWSGTGRYLRILCTTEKALAPY¥GYSLYEIELVGSASTAKKANIVEETQAENTAF AVYP
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1321 DOESWTEELIKQ

E 4 Fjoh_ 4177 ER2FIN S5 EHR Z B _RFILKEFT
Fig. 4 Amino acid sequence of Fjoh_4177 and peptide sequences of the purified laminarinase identified by MS/MS
Note: The MS/MS identified sequences are underlined; The catalytic domain annotated by NCBI is in italic bold.

0.7 r
A 07 + B N
~ 06 | yah - -
2 - " S
» 05 — =
= // £ 05t
3] L k3]
< L <
g 03 £ 037 .
g g
E 02 [ E 0.2 L
< <
— o1 \\\ —
. - 0.1
L]
00 1 1 1 1 1 0.0 1 1 1 1 1 1
30 40 50 60 70 3 4 5 6 7 8
Temperature (°C) pH

Es5 RAESEMEEM pH-E L%k
Fig. 5 Effects of temperature and pH on activities of the purified laminarinase
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Fig. 6 HPLC analysis of products from laminarin and laminari-oligosaccharides treated with the purified laminarinase

Note: Controls in A and B: Laminarin treated with heat-inactivated laminarinase; Controls in C, D and E: Laminaritetraose, laminaripentaose
and laminarihexaose treated with heat-inactivated laminarinase, respectively.
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