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FTARM OB R B, 1R
R EF(TMV)NRR, FRE R, AT TLH G 7N CBEE 25 0 63.79%.

]
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266003)

&%/l HC1 £2 NaOH 403 ¥ it K 4| & 77 R A, B ok 54,
W E ClAn Na' By K K 3 R348 38 o ™= 895 4,

AHF 5 F H HsPO, 1 KOH 4 KM VA K
RY AR CEE 7 EETIEEL
72.12% .

79.34%F1 88.15%, 4 FEH N 1500 Da £H. BLLEE R 79.34%7F0 88.15%HY it B 415 5 4l bkt
TMV = A 400g %, R I X TMV #ATER AN . 314 TMV £ % £ 1t 8 F F g g4 4 9 4

HEEE, TAMMYERSERE
X 52 WA
FEDES S945.4

1B 1y 7 M

XEAFRIREG A

WR 5% 2 FL 44 75 % iR (Litopenaeus  vannamei) fill T
AR RRIEY, K URE g AR B, 3 Ak T
PRI B o PLANTE XTI AR 58 AT R S Az 57 7 SR Y Skt
(Al Sagheer et al, 2009), HAG, Tl LIRS A 5Ok
K H HCl 1 NaOH & 5c R0, A=t 88 - E n Ik
KPEAEHRER CUA Na*, B EAR, &l
TEIR B AN EE TG G o Bt B 2R R 1Y A Je A A 2550
VIR, AT BREE 15 G () 75 SR ok B
PRI, 76 SO R8I A A 7= SR8 1) s (B AL R B
AR A iR TR 1) ] A

5¢ 3 B# (Chitooligosaccharides) & 5¢ S WH At 5 1)
Y, HARMR T & . 2l AR KRR S A s
P RE R T5, 2011; SKILHAZE, 2011), STIEHE
A= 3% T 55 I £ IR FE RN 43 F- L 25 DI AH G (Das et al,

TEME; MOEBE; WERT R E
XEHE  2095-9869(2019)02-0148-07

2015)c AT, KT FeZEME o1 Xt AR YT vk 9 5 i
C 4T TR MU (534, 2007), AT, 7
SEWEIE Tk 5 5 AR W P 22 (] 1 O 2R A0 e A 4

A SCLA LA BT BRIRSE S S5Ok, BF9E T AN E &
Bk BESeSEM I 2R Ak 7 T2, JFRY T 7E B MR £ T
JEE X6 0 B A6 955 7 (Tobacco mosaic virus, TMV)F) 5
M, HH 28 Sy S L4 X6 MR MR 5 8 IR 1) v (L Ak 2% €2 1
PSR BERL 22 AR
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JEFF5 (National Infrastructure for Crop Germplasm
Resources (Tobacco, Qingdao)) &t , HARLFEAAL K
E R AR R S TR, R . e
P EE(TMV), - Hi R E O B2 B A F AT B R 2L

1.2 FEH*E

1.2.1 PrZegdl & HUALEE R LN IR ER S
Ped . MET R EESS i 100 B MG

JEE . PRE — R UF5T, PRt 106, MA
3% H3PO4, FIRIEFE 30 min, TITEHKBERE T,
M, WERES KSR, TR,

WA WEE =R te 106, A 3%

KOH, 70°C#t+k 30 min, JLiEA/KEE M, #HT,
WiE BEwRPEAR S, IEREAR,
122 RREABLBEZREFRZFEEGONE AN
W R ST MR 4 BRI —E R, B
TR IR, PR 1015, A 45%
KOH iKW, Wsh®HR 600 W, 4330 6. 7. 8 Fl
8.5min, MMZWIE, VIEKEEPRM, BT 2%
HAC, 4800 r/min &5.0> 15 min, ¥ F##% pH #ZE
PE, BT UTIE RN A RS . ML S, SRS ERHR
A7 325 00 5 e TR I 2 TR (B =2 1HLA, 2001)

SEREMER A . FERMIRIE 2%, A 1% H,0,,
170 r/min KIBHEIR T 50°C KW 6 h, RWEZEHRE,
1 mol/L KOH #45 &Wi pH 2+, T 4800 r/min
B0 15 min, LVEMBEZEWRAE . RT o SRR
g e ST i, A . TSK-Gel G4000
PWXL, #ild% 25°C, i~ 0.4 ml/min; JizhAH -
0.1 mol/L NaNO;+0.01 mol/L NaH,PO, 2% i} i& W&
(pH=7.0); FEFEARFR 20 ul,

123 BB FEFHEGEITHE iR S = /N
KT
ER%E}E(%)Z(%XO)_(APXP)Xloo

Ao xO
K, Ao AIRIAFE S T3 B (g/g), Ae H
JI A B S A o P K A3 B (g/g), O Rl P 43R i
TR FE i FBE IR AL B 5 R 5 T ()
A PRI EA ST

Eﬁ%ﬁ%(%):ﬁxloo
PR

A, Pr WIS E AR S E(g), PsH
M AR AP S b T R AR 1 R (g) o
1.2.4 TR EMTBEE & F MR TMV B8R 547
1.2.4.1 % EHE3T TMV 4K SMEAK 65 75 R B
TMV MBI F i 10 40 I AR $h 8 vh s Tk

(pH=7.2)#E4THFEE, 10000 r/min .0 5 min J5, B L
TS HE N 100 pg/ml A [] it 20 B 8 5 S8 A T
(COS1. COS2. COS3 Fl COS4)¥% 1 : 1 #ATIRA,
BT 25C/KBH Y 30 min, FERT MSK326 HiHE
MR b, BERRERN 3 R, R 3K, REARE RIENS
B i E4T Evans blue 4% (5,(X1 145, 2011; Singh et al,
2014), WLESE BEARE L o

1.2.4.2 o5 MR A LA E R 69 % e YER K
P — | 3~4 Fr F B A SRR
20 RE 5 X B TR AF 3R N & AR R
(HATHTEE, 2007), ¥ TMV 4500 T BEAH 55 MSK326
E6hJE, BUEARN 12 mm (8 -, 43578 2818 K
FHRBE A 50 pg/ml A [A] I £, T B 56 SE RS M (COST
COS2. COS3 il COS4) T FTIRFEALHE 48 h, FRKFIA]
Frvked . AFEE, 10000 r/min B5.0 5 min, SRJ5HERDT
MSK326 MHE IR b, HfRER 3 A, HE 3K, fF
FEAR SN E T, BOW T #£4T Evans blue %0, WLESH,
BEA L o

1.2.4.3 55 548 3@ 3 5 BB ad % om PEF 3~4
FCH RS — B R T, 50 pg/ml AN
JIi 2 BB FE 58 SR M (COS T, COS2, COS3 Hil COS4)
FZE MK (CT) T 25 5 AL A B 1 8828 2
M, HHAER 3K, AR 24 hE, R
B i, A B EAST, —80°CUkAE T IRAT .
Z WSRO R I i AR AR S (CAT) (5K 35 R
2003). i EALYIEFPOD) (R R, 2000). Z B L
(PPO)(IFX4ANEE, 1984) RIS TN 2 R fift S W (PAL ) (FE I K,
1985) 6 PE o FEALERIF ) A7 ik B, SRR BT
EEREFIRAERY TMV, WL B AERR (15 5 2 FH

1.3 HESITE SR

% Microsoft Excel 2010 1 SPSS /4 #4755
GEit5 500, 21 1) 22 55 0 0 e o FH R 56 i, P<0.05
FRE RENZERE, P<0.01 XREFWEE.
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21 ARERZEBTEENH &

DL FLAR T HR RS2 8 JERL, SR FHH PO, ATK OH il
TR E, DIAS R 2 R B & 11 2253 51 R (94.04
+0.52)%F1(85.65+1.06)% , 155 Tl 2% F 72 E A bR
HIeE 545% KOHIRA 5, THRUIEYIFE600 Wk
T, RR6. 7. 8F18.5 minf5, ML BERE /3B
63.79% . 72.12% . 79.34%F188.15% 5T M, X H:
AR J5 |, 8 3 i RORAH o3 1 A5 78 SRR 4 i
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1502, 1515, 1523411509 Da, Kk, COSI,
COS2 . COS3 1 COS4 73 il h it & Wk B 63.79%
72.12%. 79.34%7H1188.15%, 4rF 1 A 1500 DaZifq )
FLHWE

22 EEMEEHIHIERI

FHAS R R 2. 1k 2 79 e 55 W W i AR 2 1 3 i 42 b
TMV, SREEE AN e . S5 BR, A GER
KRR 5 d B ERAE T, 3R 9 d J5
MEAET, I HAERE N, Rk, ARKZEE, A
6] JE 2. Tk B2 576 5 BR300 R AR 0 i 38 B0 AN ]
COS1 %55 5 fiE Hh B A FAR BT 5 25 AL A B
X5l; COS2. COS3 fil COS4 i TG MbkfEM 7d
I E R AL, 428D 13 d 5 I EAEM, Hip, COS3
F1 COS4 53 MAE AR B RR B B, UK 2 it
TR I ST SR MR T 00 B A U M RO 4
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TMV 250 FE A0 H 5 9 - v s o e (6 X el 45 28 Ak

PRAL/IN, Bl ST B (T, R e g
6 DX E =22 982, 1 B 26 50 S A PR Ve AR R R
TMV R, I HORR I £ R /) 72 ZEME TMV ()
AN FEREANTR], COS4 XF TMV RSN fb AR T
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N[ 2, Tk B 7 S0 % TMV A2 1 (0 1 45 SR 4n
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R e A XA B EES, I Ccos1 M
COS2 X TMV TE 25 3 N I & il AT 520 5 10724 COS3
F1 COS4 AbH 5 i v i (o e (I Il 22 AL/,
B COS3 Il COS4 BEM I TMV 7E2F 3 N A & FI1E .

2.5 AREIRRZ B BE 5 55 Xt 4R = I D Bl Y 2 A

AN 2L e SR R A S 24 h JE AR s
FH e A S PSS R 3 iR . COST % S
= R s AP U= K e SRR G Y (A Rl = DO R
GEM/KAL L) ; COS2 HES, M A it Ak B
P TS AN A, B F2ZRNE R EEER,
MFEFOEI R KT 72.12% M), 5500 #E IS 5 4R

P ORIRIBE BB e SR X TMV RStk iV ]

The effects on inactivating TMV in vitro by induction of chitooligosaccharides with different DDAs

23 R 7 K AL BRI B

The blank refers to the leave treated with distilled water

& 2

ANTFIBE 20 B BE FE SRR X TMV S 4F B 52 )

Fig.2 The effects on multiplication of TMV by induction of chitooligosaccharides with different DDAs

25 R AR KA B S (W i R
The blank refers to the leave treated with distilled water
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800
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CATIEHHE:
Activitiesof CAT/(U-g ™! min™)
ot [ 3] w S W ()] 3
o O o o o <9
o O o o o o
*

[=3
(=)
T

(=]

CT  COSI COS2 COS3 COS4
B3 AR £ BB RE 52 SR S 00 A i e
i S U T M 52 )
Fig.3 The effects on activity of CAT in tabacco leaves by
induction of chitooligosaccharides with different DDAs

R 2% 5 L (P<0.05); ** 22 S W # (P<0.01); A
* indicates significant difference (P<0.05); ** indicates
highly significant difference (P<0.01). The same as below

b S IE PE Y s AT RRAL, JF H COS3 i Al
Ja it E e S S R . DL B R R, COS3
COS4 MRS g4t = i A AL A BTG 4, 1 COS3
V35 3 A S G 1 d5 i (P<0.01).

HE 4 ATLAIFE H, COS3 F1 COS4 i S ME )5,
0 o i AR R S MR 2 T A A B A
COS4 AbHH R J5 it A A W i M fe =i . COS1 iR
MRS, o E AP RS MR T2 AR, T COS2
AL BRI A AL D TS MR S s AL B AL A B
Z5., D EZEHREN, COS3 Fl COS4 75 A AE i
EHE S A A AL R T 1 (P<0.05)

400

*

350t . _}
300} T

Activities of POD/(U-g™*min™")
5 o 8
S 38 3

w
S
T

S

CT  COSI _COS2 COS3 COS4
K4 AR £ BB RE 72 ST S 00 A i e
i S T A 1 52 )
Fig.4 The effects on activity of POD in tabacco leaves by
induction of chitooligosaccharides with different DDAs

& 5 a[ 1, COS1 1 COS2 4bFH4H v 2 F 4k
il ) 15 MK TS X IR, 17 COS3 Fll COS4 4b ¥
2 Z W AL TS R 34 TS FIXT R, T HL COs4
WM RS 7 i 2 B A AR R R S T A

SR, DU ESSSREN, COS4 B IMERE W E IR
v 22 i SR A Y 3 1 (P<0.01)6

ME 6 T LA H, ANF Ik RE 5¢ S5 A 7
Ji, COSI1 Fll COS2 4bFREH v 4 TN 2 TR i 24 it 15 1
W e 25 U RRA, (H 525 U BR A 2 () e A i vk
Z 5. 1M COS3 Fll COS4 Ah i 21 v 28 P 4 i i 2 it 114
TSI F 25 FO IR AL, X I S SR £ R 50K
VN T it A TG 1 T BEASAFAEAH S o

[*]
(=]
1

*%

B

~
S O O
T T T

- N W A W N
S O O

PPOTE
Activities of PPO/(U-g™*min™")
=

(=)

il

COS1 COS2 COS3 COSs4 ‘
K5 ANTR B £ Mt RE 7 SEMA 0 E i o
2 Wy S A Tl T 1)
Fig.5 The effects on activity of PPO in tabacco leaves by
induction of chitooligosaccharides with different DDAs
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PALTEM:
Activities of PAL/(U-g'-h™)
W

0 A . . A ,
CT COS1 COS2 COS3 COS4

Kl 6 AN[IBE 2 I 5¢ SEMHA S ek M Bt
AT TR ik 2 RS PR R 52 )
Fig.6 The effects on activity of PAL in tabacco leaves by
induction of chitooligosaccharides with different DDAs

3 iR SER
3.1 REENFELES

LA i X 0 2 H i T 55 SR A = i Y — KR
Pl — (2RSS, 2017), UFFerh 2R 5E AR
SEEETE IR Z5 ), 763 B B 28 il £ 47 LAAS 3
FHIH Y ELTITE(Saito et al, 2000), & 15 FIES 5 Y
e PRAR T FE Z AL WG v, 75 03 1 B 5 0 it 2
HigfRflRai R mrH R, CAMFRERN, kA
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2 R %40 &

0.5~1.5 mol/L HCI #l 1~5 mol/L NaOH AbHURF | i
IR T 90%L) F(Younes et al, 2015), T ik [ %
Al 353 80%LA I (Hdde et al, 2006), HAG, Tkl
FERMEFEE LG MG, BHEERES 45%~60%
NaOH iR& 5, T 105~130°C F AN ¥ 60~180 min
(Viarsagh et al, 2010; Yen et al, 2009), L A 7=
AR BE W45 18 B Tk AR ME R 72 B A, {2 HCL 1
NaOH A& Il A 7= R K i 3 A K e i & e R Rl
JLE, TR EENNISE, 2004), FmfE
YK, ARHFFEEH HyPO, Al KOH J3 B HR5E R4 T
WER . B N ZEAL T, R R A A R
G RO — 3 W H 5 E Gk E kA, R
F H;PO4 Fll KOH AbBRERSE, Az =ik A8 v = A= 19 2 7K
SHMYAEKTHEER N, PAIK JTE, %K [
Je VE R NERERE FH F Al A 7= v iz A p= s R i = A
FIFREETS YL, AN, R H,0, B AL BB, B
7= RS . AR, RIS Y, T,
A58 AN R 8 2 Tk 38 2 S W ) 4 7 i S B T e R bR
B YR T Ak A= 7 0 PR T X MR R 52 ) e (e AR R

32 AERZEBEZEREINEER TMV B0

SEEEWEIE N A SR A — 1 BH S T 520, T 1R
RS 0 390 A0 A 4 5 B R T sh A 4 AR K G R R
GBS, 2015; SRIEHISE, 2011), B Z MRS &5 M
TR EYIEENN R Z —, BT, CAMFRRE,
FEIEME Y 8 £, 0k B2 028 X Bl 7 & (Lan et al, 2016)
FE A K R4S, 2012)55 4 B f AT — /2 5%
Wi, AR, A [E B2 R Y 576 354 X A B bt
TMV (520 FEARTE, B BERE R 63.79% )7 SEMk
VAR R R S5 a8 A B I e DX T 2 T
FER 79.34%F1 88.15% 15 ZEMF T 5 A vk AT 45
GP BT e, AR RO R

33 ARPRZEBEZENEN TMV 5L FnEH)
B1EH

5T S WE R BT 2R T B TS 0 AR T
(Alejandrob et al, 2008), Jf H XA Y IR . A5
Fp B A A SN EE HI G /N EE, 2006) 90 B¢ 75
TP RSN Z BN SEREID RIS, —E R b2 BHAR R R
AFERER, IR ) R . RS 3R I, A
) 5 2 TR J32 Y 58 SE R TMV JEAT ARSI B, 27
B R R AR Y R R RS R, MR 88.15%
5E ST TMV BIIRSME AR e, B i &
Tk J32° 114 55 SERE AT LISE 2k X0 TMV B4 &M et £ BEL RS 5 25
XFAF MR, IR R AR 1Y R FEE . TMV 7F

RAMHATE WG, K aE iz i 2D &AL 5]
BERGEMER YRR, 2010), ABF5ERV, B BEE
H79.34%F1 88.15% M7 FEMEREI 6l TMV 777 £
S IR, XAl et T LA b 2 Fhi 2 BRI 172 5
BE S TR A W, o 7k PR A de ) 1) 1R Y
R, DT ARl 2 RS PEAR YL

3.4 AEIRRZ B B = 508 Xt = s D Bl ) 2 M

A DAY I 0 il T 1 78 Ak 5 O MEAR G, 0
R E G . R . 22T R A TR TN R i
A o L RS A R P T AT B AT G, T
52 W 9 P AR A R BRI S L P O P R B 95 4
2007); i3 A ALY RE A R BRA Y PR PE TS PR,
S REAE HE Z2 Wy 1Y S Ak (Kushalappa et al, 2016); ZHy &
AT FE 0 R A AR 7 0 1 2 U 8 U O R (SR AT
4, 2003); RN R AR R ek AR AR IR 1R
Hh ) SRR AN R S, 5 R 5 3R AR R O
REA S R R P B R E 5, 2007), AR HE
B, TR 79.34%F 88.15%[5% FEME 17 S 4 v
Je REE o EAL AW . L A AW N 22 B A AL T
PEo I, B2 BERE R 79.34%F1 88.15% 1) 5% ZWH 17
SRR AEBURYE , T A8 8 a6 R AR SN A 1
FH L A0 B 16 75 5 N Y B2 RN = A R it Ak
S, E AR 2 T E LR T P SR . R
PUw TR FE A e — N R A A B A, RS . R
B A2 RV 0 977 0 Tl 2R T M A AR A O+ S e LA U 72
S LR SN R LB R S R, BTLL, BT B
A PR 45 T R U LB A TR A 5T
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Cleaner Production of Chitooligosaccharides with Different
Degrees of Deacetylation from Shrimp Shells and
Their Effects on TMV Resistance

ZHU Lin, FU Xiaodan, LI Li, HAN Zhenlian, MOU Haijin”
(College of Food Science and Engineering, Ocean University of China, Qingdao 266003)

Abstract Shrimp shells contain a number of components, including chitin, proteins, and minerals.
Chitooligosaccharides, derivatives of chitin, are homo- or hetero-oligomers of N-acetyl-glucosamine and
D-glucosamine that are linked by B-1,4-glycosidic bonds. The production of chitooligosaccharides from
shrimp shells involves demineralization, deproteinization, deacetylation, and depolymerization. The
traditional chemical processes involved in the extraction of chitosan from shrimp shells mostly use HCI1
for the demineralization and NaOH for the deproteinization and deacetylation processes; the chitosan is
then oxidatively degraded to chitooligosaccharide. Although these methods are highly economic and
effective, they present several disadvantages, such as energy wastage, long processing times, and
environmental pollution. Chitooligosaccharides have been widely used in agriculture and it has been
proven that their degree of deacetylation (DDA) affects the physiology of the plants. However, limited
attention has been paid to understanding the relationship between the DDA of a chitooligosaccharide and
its effects on plant resistance to tobacco mosaic virus (TMV). In the present study, an eco-friendly method
was established for the production of chitooligosaccharides by using H3;PO, for the demineralization and
KOH for the deproteinization and deacetylation processes. Additionally, we studied the effects of
chitooligosaccharides with different DDAs on the resistance to TMV. The effects of chitooligosaccharides
with different DDAs on inactivating TMV in vitro and inhibiting its multiplication were detected by the
Evans blue method. Changes in the activities of defensive enzymes induced by chitooligosaccharides with
different DDAs were tested with tobacco leaves. The degrees of demineralization and deproteinization
were 94.04%=+0.52% and 85.65%+1.06%, respectively. Chitosans and chitooligosaccharides with different
DDAs were obtained by microwave-assisted KOH metathesis and oxidative degradation. The DDAs of
the obtained chitooligosaccharides were 63.79%, 72.12%, 79.34%, and 88.15%, and their molecular
weights were approximately 1500 Da. The chitooligosaccharides with 79.34% and 88.15% DDAs
improved leaf resistance to TMV by inactivating the virus in vitro, inhibiting its multiplication, and
increasing the activities of the CAT, POD, and PPO enzymes. The liquid waste generated during the
demineralization, deproteinization, and deacetylation processes was found to be rich in phosphorus,
potassium, and nitrogen, the main constituents of fertilizers. The chitooligosaccharides with 79.34% and
88.15% DDAs could thus be applied as resistance inducers. Therefore, the liquid waste and the
chitooligosaccharides generated could be recovered and used in fertilizers, which would significantly
decrease environmental pollution and improve the economic value of shrimp shells.
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