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Table 1 The factor and level table of the peroxide degradation of chitosan

1 2 3
’ A:30% H20, A: The content
8 10 12
s ’ of 30% H 0p/mL
B:
o 50 60 70
B: The reaction temperature’ ‘C
’ C:
6 8 10
’ ° C: The reaction time/ h
D:
D: The acetate concentration/ ¥4 ! 2 3
1.1
(Populus tomentosa ): 2
, %%o Table 2 The orthogonal tes design of four factors and three levels
L2 A:30%H20, B: C: D:

: A: The content B The reaction C: The D: The acetate
1.2.1 Number of 30% temperature reaction oncentration
1.2 Is 3H . 20 g Hy0/ mL /C tine h /%

1 A[ B] C[ D]
400 mL ’ ’ 2 Ay By G Dy
30% H20o, ) 3 Ay B; G Ds
’ B ’ 10 %NaOH 4 A By Cy D3
_ oC 5 Ay B> C3 Dy
pH 8 99 [} i) D) 3 6 As Bs ¢ D
7 A3 By Cs D2
i 8 A3 By G D3
cFEM (1985-), 4 Ly SBIRA, Bid, LE BAE 9 As Bs G Dy
AR HF 5 TAE. E-mail: xuepanpan_ 1985 @yahoo. com. cn. 1.2.2 (2
. . b
(A FILA95T), B, Bl RN, #AL AE BN FAA o 100 mL.
354 3 AR T4, E-mail: jingjianghu @y ahoo. com. cn. m m ’
 BRC R AL S B1TE (2001BAS01A09), B ’ > 0.1280 mol/ L
.2010— 03— 15 NaOH pH 3.00, NaOH
VO . 0.2g 100 mL. :
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25.00 mL , , . NaOH
pH  3.00, NaOH
Vb. . . 105C .
Ww. 3 .
(D.D.)%=1{0. 1280X (Vh0— Vb) X 0. 016}/{ Gx
(100—w )< 0.0994} X 100 %, .G (g)s W-
(% 0.0166 1 mL 1 mol/L
(g), 0.094- 16/161).
1.2.3
3 , .
.80°C 0.05 g 0.2 mol/ L
CH3COOH—0.1 mol/ L CH3COONa 0 mL,
, 0.1%
25°C .
, =043 W /4G b= T
1. " =K. M M. JKn=1.81X
10 °,0=0.93.
1.3
1.3.1
. 2.10.20.40.80 mg/ L;
1.5.10.20.40 mg/ L. (121G
20 min)
. .24 h .
1.3.2
(PAL) 4,
1gC ), —15C . 4
0.2 mol/ LL (pH 8.8 8 mmol )
,4°C 10 000 r/min 30 min
(pH 8.8)3 mL, L- (80 mmol )1 mL(
, ), 1 mL(
). 35°C 60 mn, 0.2 mL
6 mol/L HCl , ,
, 290 nm A 290,
lh A290 0.01
0.
1.3.3 Boller o
1.0g, —15C . 2mL
(pH 4.5) , 10 000 r/min
15 min ‘O, 0.5 mL .
0.5 mLL 2.0 mL (pH 4.5),
33C  1h, 3 .
. ’ 5 min,
3 000  min 5 min, N-
0.2 mL ., L3mL
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H0 2.0mL -
15 min. 420 nm
. oD oD . NAG
(N- ) —O0D420 .
NAG ., 1lg  0.1mgNAG
.
1.3.4 B-1, 3
1, 0.5¢g . .
, 2.5 mL 0.05 mol/ L
(pH 5.0, ,
,4°C 10000 r/min 15 min,
. —4C
", 30HL 1 mg/ mL
30+L  ,37C 30 min
1 mL DNS .
5 min, , 540 nm s
(A), 10 min ,
( A A D)
W 31C 1y
1 Mg .
1.3.5 s,
L0g 1%
. Y%
,  0.085 mol/ L —
. 0.05 mol/ L
(KI ),
1.3.6 SOD M, 0.5¢
,  2mL 50 mmol/ L
(pH 7.8),
0mL. 5 mL 4°C 10 000 r/min
15 min, . SOD
(NBT) o1, 50%
NBT ).
1.3.7 CAT CAT
SOD, CAT M, 10 mL
pH 7.0 Tris-HCI 1.0 mL,
0.1 mL( ) 1.7 mL.
25°C 3 min, 0.2 mL
200 mmol/ L. H20:2 , 1
A240( ), 30 s 1,
3min. 1min A0 0.13
) ).
1.3.8 POD el
SOD, 1~15 mL
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, 0.1% 1 mL 50°C
6.9 mL, . 0.18%  H02 1 mL , ,
., . 25C 10 min, 5% .
o,
0.2 mL ; H.0> . 470 nm ; 80C
o ’ i ° ’
1 g ). 3 , .
2 50.60.70 C.
2. 1 HZOZ )
2.1.1 H-20: : H202 s
o ’ ’
, , H20: s )
) ’ ’ ’
H20: ) ) 6.8.10 h.
H2 O2 s
}
. » H202 ) ) H
+
. H202 R-NH
t
O. 5 1) D) H 17 4_
. H20- 8.10.12 mL, ; s
0C ,HO0: ; ;
, , 1%.2%.3%.
3
Table 3 The result of the orthogonal test of four factors and three levels
A:30%H, 0 B: C: /h D: a b X 104)
A: The content of  B: The reaction C: The reaction D: The acetate Degree of Viswsity Moleailar
Number o Color
30% HyO0ymL  tempreture/ C time/ h oncentratio’ % deacelty lation &/ % b mL° g—1 weig ht O< 104)
1 8 50 6 1 72.68 20.01 2.23
2 8 60 8 2 85.42 18.57 2.06
3 8 70 10 3 82.37 10.23 1.08
4 10 50 8 3 88.62 6. 54 0.67
5 10 60 10 1 75.36 10.78 115
6 10 70 6 2 83.15 15.39 1.68
7 12 50 10 2 79.28 12.07 1.29
8 12 60 6 3 88.34 16.73 .84
9 12 70 8 1 78.47 9. 68 1.02
la 240. 47 240. 58 244.17 226.51
Ila 247.13 249. 12 252.51 247.85 Ta=T atIlat ITh= 733. 69
1Th 246.09 243.9 237.01 259.33
Ka 3 3 3 3
o Ka 80. 16 80. 19 81.39 75.50
[l Ka 82.38 83.04 84.17 82.62
11l Ka 82.03 81.33 79.00 86. 44
Ra 2.22 2.85 5.17 10.94
Ib 48.81 38.62 52.13 40.47
b 32.71 46.08 34.79 46.03 Th=I b1+ ITb= 120
11b 38.48 35.3 33.08 33.5
Kb 3 3 3 3
Ib/Kb 16.27 12.87 17.38 13.49
1y Kb 10.90 15.36 11.60 15.34
11y Kb 12.83 11.77 11.03 11.17
Rb 5.37 3.59 6.35 4.18
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2.1.2 3 2 ,
sJla.lla. ITh 4 PAL
;I a/Ka.Ilo/ Ka. ITh/ Ka Table 4 The experiment result of PAL activity
,I b.IIb. IIb The induclermnt‘ PAL o The inducement PAL
concent rafion of PAL athity cncent ration PAL activit
;Ib/ Kb\IIb/ Kb\ III chitosan— /U* g IFW * . h ) U trw Dyh7]
b/ Kb oligosaccharides h—1 ol chitosan / &
/mg ° L—1
/mg° L1
0 157.18 0 157.18
R 1 279. 44 2 231.54
. 5 371.63 10 323.35
10 535.73 20 494. 67
20 534.67 40 485.70
Ra ’ 40 530. 14 80 478.67
o s s . 10me/L
= 3006H202 B13 42.44 V),
10.90 U> 3.89
Rb )
0
= 30010 > 10 mg/ L. 20 mg/ 1.
- ‘ ‘ B3 41.96 U).
’ , 10.90 U) 3.8
’ 1L 3
. 3 s 5 B L3
A2B2CiDy Table 5 The experiment result of B1, 3-glucanase activity
. A2B:CiDe :30% H20: 10 mL
60 OQ 6h, 2 % o The inducement B 1, 3- The ind ) B1,3
g7, @%, 6.28 ml/ g 0.64< 16t A oncent ration of 81, 3 glucanase concent ration B1, 3glucanase
chito san- activity . activity
2.2 ) . ) of chitosan )
oligosaccharides /U °g—1FW ° h—1 ST /U g 1FW * h—1
2.2.1 PAL 4 N /mg"]fl /mg ° L
PAL , 0 10.90 0 10.90
1 12.87 2 12.97
PAL 5 17.51 10 19.33
10mg/L  ,PAL (835.73 U, 10 42.44 2 41.96
as57.18U0) 3.41 , PAL 20 41.98 40 41.55
40 39.36 80 39.12
10 mg/ L. PAL 2.2.3
2mg/L.  PAL @94.67 U 157.18 1) 6 .~ 2
315 , PAL
’ 10 mg/L 20 mg/L (7.5l mg/g) 2.5 10 mg/ L.
, (751.25 U) (240.56 U)  3.12
. 20 mg/LL
(44.76 mg/ g) (727.21 U) ,
2.56 3.02
2.2.2 B-1, 3 5 , ’
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6
Table 6 The experiment result of lignin content and chitinase activity
The inducement The inducement
Lignin content Chitinase activity Lignin content Chitinase activity
concent ration concentration of
/mg ° g1 /U*® g 1FW *h—1 /mg g1 /U g 1FW ° h~1
of oligosaccharides/ mg ° L1 ] chitosa/ mg ° L1 ]
0 17.51 240. 56 0 17.51 240. 56
1 27.55 393.49 2 25.72 342.93
5 35.22 546.72 10 34.30 512.24
10 44.80 751.25 20 44.76 727.21
20 44.33 749.01 40 43.9 623.76
40 43.9 742.01 80 43.71 614. 65
2.2.4 7 , (18.72.43.43.310. 19 U) 4.01.2.39.2.65 .
SOD.CAT POD 20 mg/L »S0D 712.15 U).
, . CAT (105.60 U).POD (804.52 )
10 mg/ L » SOD (747. 85 U). (186.72.43.43.310. 19 U)  3.81.2.43.2.59 .
CAT (112.39 U).POD (821.59 ) s .
7
Table 7 The experiment result of protection enzyme
POD
The inducement SOD CAT POD the inducement SOD CAT i
i POD activity
concentration SOD activity CAT activity POD activity concent ration SOD activity CAT activity P —
of oligosaccharides  / U® ¢ 1FW " h™! /U “g 'FW * min ! /g *g ' FW * min ! of chitosan /U g 'FWeh ! /U g 'FW “min ! . % )
/mg ° L1 /mg ° L1 e
0 186.72 43.43 310.19 0 186. 72 43.43 310.19
1 354.96 85.42 524.03 2 342. 50 82.96 500.39
5 509. 18 97.32 698. 11 10 478. 28 97.78 653.03
10 747. 85 112.39 821.59 20 712. 15 105. 60 804. 52
20 T44.82 110.29 820.38 40 710. 33 103.47 739.40
40 743.80 111.54 818.58 80 700. 52 79.89 717.54
3 ,
3. 1 ’ ° -
+ +
) NH: H -NHs , ;
° o ’ ’
. . . H202 °
[10 o
’ ’ OH , *OH )
[ o
H202 ) . OH
o . H202
H20: . . ,
: : 60 G 6 h,
. 2%, 30%H20- 10 mL.
. N 3.2
+
H-202 . -NHs N
’ o ’ ’
’ ’ ’ o ’
H ’ ’ ’ ’
o ’ ’ o
’ ’ N
’ ° N
. [12]
’ ’ ’ o Chris ’
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The Preparation of Chitosan-oligosaccharides Elicitors and the Study of
Disease Resistance of Poplar Callus Induced by Chitosan-digosaccharides Elicitors

XUE Pan-pan', HU Jing jiang', XU Qing’
(College of Forestry Sciences Northwest Agricultural and Forestry University, Yangling, Shaanxi 712100)

Abstract; The peroxide degradation of chitosan conditions was optimized by orthogonal test design. The optimum peroxide
degradation of chitosan conditions were; 3026 H202 10 mL, temperature 60°G, time 6 h, acetate concentration 2%. The
disease resistance of poplar callus induced by chitosan and chitosan-oligosaccharides elicitors was analyzed. When the chi-
tosan-oligosaccharides concentration was 10 mg/ L, PA L, 3-1, 3-glucanase, chitinase, lignin content, SOD, CAT and POD
showed the highest activity which were 3.41,3. 89, 3.12 2.56,4. 01, 2. 59, 2.65 times as high as the each control enzyme
activity. The optimum induced concentration of chitosan was 20 mg/ L, under which the PA L, 3-1, 3-glucanase, chitinase,

lignin content, SOD;, CAT and POD activity were 3. 15 3.85,3. 02, 2. 56 3. 81, 2.43,2. 59 times as high as the each control
enzyme activity. The induction effect of chitosan-oligosaccharides was better than chitosan at the same concentration.

Key words: chitosan degradation; orthogonal test; chitosanroligosaccharides; induced disease resistance
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