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1 15.1
1.1 12h ah
1.1.1 (W/V) 2.0%, ’
NaCl 2.0%, MgSO,- 7H,0 0.05%, NaNO; 0.2%,
K,HPO, 0.1%, FeSO,- 7H,0 0.002%, CaCl, 0.02%,  1-°-2 pH
oH 7.5 pH 45 50 55 6.0 65
70 75 80 85 90, 36h
1.1.2 (WIV) 0.7%, | o
0.5%, MgSO,- 7H,O 0.05%, 0.3%,
NaCl 2.0%, CaCl, 0.02%, K,HPO, 0.1%,
FeSO,- 7H,0 0.002%, pH 7.5 153
1o 20 22 24 26 28 30 3
34 36h :
1.2.1
L2 154 NaCl
10 ‘10 ¢ | NaCl (W) 0% 0.5% 1.0% 1.5%
20% 2.5% 3.0% 3.5%, 36h
.25 72h ’ NaCl
1.3
155
131 ! (WIV) 0.10% 0.20% 0.30%
, 25 zh, 0.40% 0.50% 0.60% 0.70% 0.80% 0.90%
1.0%, 36h :
1.3.2 ,
7zh 15.6
, (WIV) 0.10%
25 , 150r/min 36h, 0.20% 0.30% 0.40% 0.50% 0.60%, 36h
1.4
4 , 6000g 20min, 157
100yl 900l
50mmol/L (pH 7.0) 0.5%
30 15min, Smin (W) 0.30%  0.50%,
. DNS ( oh |
, 1992) 50
pH 7.0 1ml 1lug
( ) L) 15.8
15 Lo(3%), NaCl
, 26 . (WIV), A;=1.5%, A,=2.0%, As=2.5%:
36h, 150r/min, 2%, (W/V), B;=0.10%, B,=0.30%, B3;=0.50%; (

(1.0—3.0) > 108fu/ml, 500ml
100ml, 3, 3

) (W), C,=0.30%, C,=0.50%, C;=0.70%;
(W/V), D;=0.30%, D,=0.50%, D3=0.70%
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1.6 1.0mol/L 3.5h
1.6.1 6000g
30min, 8K 1.6.6 121
1.0mol/L , 0.22 um 20min, 1% PESI
1 4 ] L
1.6.2 , 20
(l) il il
(Porphyra yezoensis), 12h/d, 1500—2000 Ix
, 0.7% KI 20min, ' '
lgl 1 2
300 ) 2.1
10mi , 25
(2) ’
] 1 F_6(
3) 3—4h , ,
, , 72h
, 300 ,
800g 3—4min, :

(4.5% WIV, NaCl)

1),

1.6.3 1 F-6
L F-6 L
1
164 ; 2
1.0mol/L , ,
2.5h 3.0h 3.5h 4.0h ,
1.6.5 (Araki et al, 1998a)
1.0mol/L NaCl 1.0mol/L 1.0mol/L
1
Tab.1 Results of shaking cultivation screening of agarolytic strains
F-1 F-2 F-3 F-4 F-5 F-6

(U/ml) 218 235 260.2 245 267 330
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36h
2.2.2 pH
pH , pH 7.0—8.0
1 ’ pH 65
8.5 ( 2)
2.2.3
, 20—34 F-6
, 24—28 ,
26, (
2.2.4 NaCl
NaCl NaCl
1 ( 72h) 2.0%—3.0% (
Fig.1 Results of Lugol dyeing of different agarolytic 4),
strains (growing on plate for 72h)
2.25
0.5 . 100
0.4 180 ) 0.6%—0.7%
e
0.3t 160 S ,
g
S : -
0.2+ 140 &
Z
—{0— ODgno
0.1 —e— JHXEEES 120 ’ ’
00712716 20 24 28 32 36 40 44 48 ° , ,
Br et [Al/h
F-6 '
Fig.2 Duration of growth and enzyme formation of strain F-6 !
( 9
2.2 2.2.6
221
L] L] 6)
2 pH
Tab.2 Effects of initial pH of medium on agarase production
pH 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.5 9.0
29.7 33.9 41.1 69.1 85.2 100 69.6 47.8
3
Tab.3 Effects of cultivation temperature on agarase production
( 20 22 24 26 28 30 32 34
47.6 60.4 7.7 100 91.1 87.7 82.7 74.9
4 NaCl
Tab.4 Effects of concentration of NaCl on agarase production
NaCl 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
31.6 42.7 48.5 75.8 88.8 100 89.5 82.7
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5
Tab.5 Effects of concentration of agar on agarase production
(W/V,%) 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
(%) 44.2 46.5 51.4 54.2 57.0 93.4 100 39.8 38.2 33.2
6
Tab.6 Effects of concentration of yeast powder on agarase production
(W/V,%) 0.1 0.2 0.3 0.4 0.5 0.6
(%) 87.1 100 96.6 94.4 92.2 85.4
2.2.7 100ml, 36h
F-6 ,
(0.30%  0.50%) 600
NaNO3 0.30% sool  [IWE0.30%
F-6 ( 3 [ e 0. 50%
2.2.8 400+
7 8, 8 2
R 300
, NaCl 200l )
NaCl i
) 100 E 2
! | R 4,
AqB3C2D3 ' 0 ® iﬁ is% ﬂﬁé ® iﬁ
W) 0.7%, 0.3%, pegg =g 21l
0.5%, NaCl 2.0%, K,HPO, 0.1%, = 2
MgSQO,- 7H,0 0.05%, FeSO,- 7H,0 0.002%, CacCl, 3
0.02%, pH 7.5 26, Fig.3 Effects of different concentration of
150r/min, 2%, 500ml nitrogenous sources on agarase production
7
Tab.7 Results of orthogonal experiment
(u/ml)
A B C D X1 Xz X3 Xi
1 1 1 1 1 427.7 420.4 451.0 1299.1
2 1 2 2 2 512.7 554.0 536.0 1602.7
3 1 3 3 3 580.7 563.9 631.6 1776.2
4 2 1 2 3 602.5 563.9 607.4 1773.8
5 2 2 3 1 419.8 493.3 498.1 1411.2
6 2 3 1 2 469.0 459.3 483.6 1411.9
7 3 1 3 2 512.7 488.4 541.8 1542.9
8 3 2 1 3 571.0 537.0 556.4 1664.4
9 3 3 2 1 566.1 512.7 498.1 1576.9
T, 4678.0 4615.8 4375.4 4287.2 > =14059.1
T, 4596.9 4678.3 4953.4 4557.5

Ts 4784.2 4765.0 4730.3 5214.4
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8
Tab.8 Analysis of variance of results of orthogonal experiment
F
A 1960.6 2 980.3 1.29
B 1247.6 2 623.8 0.82
C 18881.9 2 9441.0 12.39**
D 50528.9 2 25264 33.16**
13714.9 18 761.9
86333.9 26
xx F0.01(2, 20) = 5.85
2.3 2.3.3
2.3.1
, , 2.0h ' ( 10)
, 25h 25%
; 3.5—4h 80%
85%
3><10° ,
5—12um
4
2.3.2 _ _
: 4 (10><40)
, (9 Fig.4 The processes of development of P. yezoensis
protoplast (10><40)
a: ;b 3—4
' ' e 5—6 ,
! ;d: 7—10 ,
s e: 16 ,
(Araki et al, 1990)
9
Tab.9 Effects of different times on enzymatic hydrolysis to P. yezoensis
2.5h 3.0h 3.5h 4.0h
(%) 25 55 75 80
(%) 70 65 60 50
10
Tab.10 Effects of different permeabilization agents on enzymatic hydrolysis to P. yezoensis
(mol/L) NaCl
(%) 70 80 55 60
(%) 45 60 50 50
9 10 3
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SCREENING AND CULTIVATION OF AGAROLYTIC BACTERIUM F-6 AND THE
DECOMPOSING EFFECT OF AGARASE ON CELLS OF PORPHYRA YEZOENSIS

FU Wan-Dong, HAN Bao-Qin, WANG Chang-Hong, LIU Wan-Shun
(College of Marine Life Sciences, Ocean University of China, Qingdao, 266003)

Abstract The authors isolated F-6, a marine agarolytic bacterium able to produce agarase effectively from red
algae in coastal seawater in Qingdao, Shandong of China, using agarose medium as the only-carbon source. The
experiment was carried out from Sep. 2004 to Mar. 2005 for studying the decomposition effect by agarase on
Porphyra yezoensis cells.

With one-factor-at-a-time method and orthogonal experiment, the optimal fermentation condition of strain F-6
was determined. Besides, the decomposition effect by agarase on P. yezoensis cells was studied. Main procedures
of experiment of decomposition effect were 1) centrifuged the fermentation broth at 6000g for 30min to obtain
supernatant for culture; 2) ultrafiltrated the supernatant and then mixed with 1mol/L permeabilization agents;
3) filtrated the mixture for removing bacteria by 0.22um separate film; 4) decomposed P. yezoensis tissue for
producing protoplasts; 5) poured the collected protoplasts into hyperosmotic and sterilized in sea water with 1%
PESI; 6) cultivated the protoplasts in 20 in light scheme of 12h/day at 1500—2000 Ix until the salt

concentration was gradually declined to normal sea water level. We also examined the healthy condition of the
protoplasts, typical development of cells and their survival rate.

The optimal fermentation condition of strain F-6 was agar 0.7%; yeast powder 0.3%; peptone 0.5%; NaCl 2.0%;
K,HPO, 0.1%; MgSO,- 7H,O 0.05%; FeSO,- 7H,O 0.002%; CaCl, 0.02%; and initial pH 7.5. The optimal
temperature and duration were 26  and 36h, respectively, at which the highest agarase activity reached
631.6U/ml. The experiments of decomposition effect of agarase on P. yezoensis cells and protoplast cultivation
showed that the agarase could easily decompose P. yezoensis tissue into protoplasts at production rate of about 3><
10° protoplasts per gram of the tissue. The optimal duration of enzymatic hydrolysis to P. yezoensis was 3.5h. The
permeabilization agent of glucose (1mol/L) could obviously improve the production rate and survival rate of the
protoplasts. The protoplasts could develop into callus at survival rate of approximately 60%.

Key words Agarolytic bacterium, Agarase, Optimization of cultivation condition, Porphyra yezoensis,
Protoplast



