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Fig. 1  Structure of chitin (acetyl content > 50 %) and chitosan
(amino content >50%) (n = polymer degree)

KA TSR 7 A 2R oh 5 | A TR 7% 1 22 1]
AT L R e LA B T PR IR R SEAM R o IR, AR
REREET 20 FERIE AR 0 A/ &, Sk
25 DI RE kP 52 SR ATT A= W WO B R, 3 AR
el BURALE . i AR 2 SR
T A AT LE DRI R TG A R0, A AT A R T A
YA 25 Bt T PRIB LR R B 34

1 2FEEELHNTRETENK
HyEYw R L s
1.1 ERBEASRITEAMAFL WA EH
TR EY, WnnE | mEnE | =k E A Y,
EWIE YRR . L . RIS R 2 2k
A EEPEAR, AT 3 R s A50A 24 T AR F 5 1) 3R
SO SRR AR A F L R EEAE L BHAR
YA AT 0 g WE JHe 25 A B 10 % 8 7 16 S5
FEA BB AL, A8 EFE A R AT Kk ek
AW AW EARE W AREEM . A TRIESELE
Y57 R A B PR AUE A, AR A %
T RIS AT Y, Qin AW S R AR
A, K o BRI 3 A = s R A A 5 B 58 T 4y
Frf, AT 3-H k-1, 2, 4- =R BE 340 P -1,
2, 4- =S RBEAE A S AATEY, FEUESE T AT
Xt 28 AL 2500 JL L (F. oxysporum) . 258 By J5

W (4. porri). ZXmIENEIFRE R (G theae-sinensis) 5 %
TR B0 5 L L B AT A O 1, S5 R R, R IR
P = SE P 5T, 50 OB A 40 BRI M A B
KA T AR, (HIF AR KB BA = 2R
YRR o RS R X AL EE SO R LR L P A 2R
P S LAY L BT 25 0 5 L TR R4S I s it L TR L
BRI, 16 1000 pg/mL B, HAMH K
F] 81.7%. 100%. 83.9%F 82.5%. M&ttEfE, 5%
BWE 1, 2, 4- DRI YR BL R SO IR B L B K
I BRE i BB . 0SS B IR LT L % I LA
FERME 1, 2, 3- WRAT AR W) 2 i B I B i L R A
2 58 TR D L TR X LA A A TR T M, R R
T I B e SR — I AT A W X 7 SR S B 41 o A SR
510 2 it DK I TR R EC TR | 5K TR L A )
P2 J B R, 3k T T e e A o A T R Y 1
g AR KER, it g A I, wT
DI 5 R A PR B e, N ). Shh, e
S B A7 SO FE RN R IS MR e B 1, 2, 4-
A= W) i AR AT 35 100%, PhToedms 1, 2, 3-=
M AT A M IR TG M . Qin ZEiA & B, = MRER EHUR
HE FL A7 R 253 ) o7 BEL XS 00 R TR MR AR, AR
MR | 2 )40 BH A2 /0N ) 35 AT ) P BT 5 PR .
=R IR A I A B IR A 0 RS PR AR AR B R
PR b H I R U L, T A R I A A TR I T
22 X FERBE 1, 2, 3-— AT A, FERMEIR H IR IR
-1, 2, 3- = MR ST RN AR ER-1, 2, 3-— M, FIHEJE
F T L AR A e, e R v R A A K
ARGERY 72 BME 1, 2, 3-=MBATAE W Y v Gk B 3
5, fh2ERRE MEAH R REAR, BTG RS, A X T
MEREJE, ZRIEAY HL o0 A S N34 sy, g sk TR,
PRI T3

1.2 ARBASBATAMALWHEM

EhA A YRR E RGBT R, TR
R GEGUR A EE AR FATE R T 3G
BRG] ARG o URE AT LR 1 i B 5 e
BT 2R ) T A B R A WA A R B B i, T O R —
P X R KR B B R o DRI, I 2K 3% T 7 A AT
FEAFEN T T2 PO AR Zhong™' Y QintP 0
SRR A W) A RS I R, R RN | SRR | Tt
BRI . A EIEGAREE A AU S R
PR i (k) 25 1 410 T 176 P8 ) 55 L 66 AT S A e SR
Trf, WA T RIH G RS RATAEY 40 KA,
e AR ALK . 72 R AR AR L PR R A

136 MEERLY /2020 4F / 26 44 & /45 7 10



R gk @
EVIEWS

PG SEIE ST T e RME AL AT AR Y . IS AR
TIREGSEATAE Y . ToE LA s SL A7 IR 207 A W X A 4
A 220 7 (Fusarium oxysporum £. sp. Vasinfectum) . 1%
IRIEIR I [ Colletotrichum gloeosporioides (Penz.) Saec].
5 JIKF59% 18 [ Pseudoperonospora cubeneis (Berk et cort)
Rostuv) 55 HE W) 9 I L T Bk 3 1, 4R 1T IO
IS AN . ATAE o 7o . W . LR 2855
X A0 ) A 9 D L R T R ) S R BB Y
23 TAVRONE A AR 0 14 43 R B X T A e
FLR A0 A ORS00 2 o R T S )i S R0 A
BORHY 7> 75 AW ROCR B0, sy 200 kDa
AT AR (500 pg/mL)%of 22 I BRE s BT A XS 410 7l 5
ik 90%, 1fi 57 kDa 1 7 kDa (777 Az ¥y % 22 - BE 50
PRI A4 AR X0 86 23853 31 R 46.67% 1 40%. i K119 2 [f]
A7 BEL U SO B TG PERR A . O TR B B S
o Jir L TR TG PR A AL B W, % R I A A e AR A A
0 TAEGEAT 73— P05, 1E & mioc RN A4 4y
T gl A R AR SRR, AR T e R AR Sk
AR ER IR . 5T M LT 45 4B SR A AR
JIk . 7 TRME £ A 4 = U R A A IR ST R
WS AT A ARV T R ORI A, iR
BEVE ARk, R B H, B PR AR SR 2 5 W 43 A ) T
() FE R R, S W H P R = U L, PR
A R M T RO R N = U IO, T =
TR BE I H P de ik, LM RS R fe 5 o (HRVAORUE,
FIAK R FAEARFEIRR G, MESCRAAANE BT
SR M, X IBUCRE A g A kAT T 2P ek
HE, BT AN TR e R B R Y 58 SR ot ik 4 A B
IRATAED), oK. AL IETEE . BT AL, 4R
A 56 SO IBCAC ARk 4 S B L JURATT A 00 1) 410 o) A0 s
i L TR T P ) . i T e R e ik 4 A R IR AT AR
Y, Wl RAEr T ol AZRIR LS | ABEEE AT 2
S e L 1A HAM B MRS B R ks, 5
FEAT K B (0 2 X0 TR 05 AT B RS ), i
MR M BT MR o Oy 1A B0 R T P AR
i, A AR 24 48 5 LAY T 1 R A — i A A A T R
eI A BI5E S pE A28 b, 4159 250 B A
SEHR R . 7o BME AN AL B R O R A AR
Yo I0TE 25 R R W] A 2 Y R TR ik AT AT LB
ST R BE AN TR TS A PP R TS, 7E 1 000 pg/mL
JETR, 72 SROME RS 25 ¢ JE s 5 L TR R 280 4% R s L L TR
TG 53 3k 82.5% M1 65.1%, st S HiItE
L T TR TR AT A ) A 32 B2 T DX P P T 10 40 o 3R 34

FHEE, IRE] 100%. 1 B 0 ST R S B AT AR )
(it — 20 ek, e AR B B AR A A Ak 24
1.3 REBABITAMRLWEER

LA 2% B AT R O T 1 A AL R TR R 1 AR b
SPEE PR RERR NG . ARACEERRER . BEMEREEAECY,
Xof AR A S e A L RV S I R A
Pk e 7 i TH184-F FIERACHERR BEIS ™ i Hoe2873
&, RZEAWNWARETE, s, (HRE A
i IR P AR B2, ELA ML RS B A 28 R R)
SR MR B, ARl T A A 7R SR R B,
XFFCHEAT P, U8RI P R 2 A 2 [ R 1Y) G
. SCRIERIRTICRE, B — DRI A2, R e
FE A A B 72 TOBk b, AT A Y BR e ke HE A HLBE 1Y
R R E M, MBEPRIF T RIEA 5 T A A KRR
TFERIVER . TR . AVHAET R, AR
4 Zhong ZE102 S T 20 AR FHE . ANFRIER
I FERBE ST BT Y o WHIE T e B85 K B Xt 52
RME B BEAT A A B R S ), R B L R iR
FERMERT AW b, T BRI 5T M I R TS KT
LB IR TR 7o R WE, KT 25, Ui W e FL 4
K, HAMBE SR, 245 8 5200 E &S B 5T
GER L, TSR o R R ISR P oL
BEFE B RN a- B LM SEE, X A Ui
PEAT M o Sy — 25 B0 i B R el 400 i A 9 D L
TG PER MR, Zhong S5 2NKE a7 FH 2 AS ) B A% 3
(R A IR I A R AR e L AT, R AT A 00 1 235 g 1
PTG TER C R . R IUATRE M T3 45 fl 55 [41-OH Xt
TFIRIRFE PRV AT, a7 BUC L N K A7 B i 1
YRR T AR AY, BT o83
PR ERR BRI A . RS = IR A b sk . 7R EEm
Fefith 1, Qin ZETCIE— 2B WS T A M FE X A R
WE S AT AL DR TG S, A T TR -
RIS RRERAT ALY 5 Fh, B2 S 5 1 0 g 1R
HfG . A EIEWEE R G . IEN LR O . nk
Ve 5L gl 12 P i R vk I S I R 186 o Qin A8 R 5
5T RO AR B B A ARG i 0 RO R
A BRI o R AT 7 SR U0 o 205 SR 5 2 1 A6 A TR A%
o D L TR L T A R I L TR R R B i B A B
B, S B AT A Yot =R B R R 0 R 80%,
5 =R A 2 R R I RO AR . R T 2
PTG . B BB . BRSO IR EL TR Y
il 7 FH LA 8%, 7RI B T ki R s 3 T

Marine Sciences / Vol. 44, No. 7 / 2020 137



R gk @
EVIEWS

100%, LT 2% E M=, BEBERITRE N
R R IREE A AL | TORR B A A A 2 AL

2 HEwERE

SERWEVE N —Fh KRR DI RIS T 208, 1A
U s B 2 75 TG PE oV 2001 5% 2 I 7 RO
BAT T s ho Y R B (A Foe B R
SR, SR 2, HORBEIE AR ST, TR BIE
G 2% A S R SR B T R S B, A I 1) A 3
e, SRR RIE, DR T A . X
T A A = B sl T M o A Gs . oA T 34k
TE A W) A4 245 5 T A Ok T S )R B e R AT AR,
RWIANAT FR/ . T SR 200 RAFERE
Fii A B HAM BTG PR bE o & BUAT AR W B0 B 15 PEAS
1052 B 2SR F2 ), i BLFE AR KRR B L3R 52 HoAlT
AR . BUREE R Tk . A RIAZRH . AR Y
IEEFER . IEHRMERE . o K/NERRm .,
— Wi, 2 AALBH ARG R, TP TE PR, S5 R
JCH P-m ARHE S IEIRAY T A RO, R
WOREE s S MR R, P8 76 1 22 B R ), &
A I G R P ) L T BRI o T R
200 kDa), MIEBCREL:; SIAZHRMEZCR LT
IR, RIMETRedt, Sidbat i, M RESCR s
1M H & A B A Y MBS A R 25, &4
B BRAT A ) R s D R EL A R AR L, T
TR AT A= 2 WA 2 18 A A 349 EL AT A o o AR
R, AR RO AR BT A R 433 AS TR R AT Y
iy, HorEwhE K,

AR 0 TR AT A A A0 3 s i TR T Y
WROCEA TRZHE, BV 2 BB A 15 2]
ffple . EERIAELUT WA J5 i (DBZ & B A
oy FReIh, BEMLMEEGE, Xt R T AR 20 LT 4
P AP 5 e SR I 410 A T A B, A LA S B
ARWAAE L (2) HETH T 1E MR 5E 1952 R0 S L
MY Z REY, HEEZ 0Tt MO mESZ
HHFE R, AR AR A A AR R AR K 2
5, AL AT B AR S 25 R, X (A AR M
BTN 72 ME S AT A W RO R . - B 1Y)
B AN BRAR; TR e v L SEE AL L X
BIBEM 520 SE B RS . H ATAT 70 B il hE
W L TR T Ml Ak 7 i R S SRR B (P
HMEEERE, B909 PD20102080)4h, I N 5 & A . &
it . 7 B S A2 W ST, a0 ELAT 40 K R R

() FETEHE 3R (2%, 70 RWE Y B A = 0 ) 55 o Tk e
(40%)(EiC 5 PD20170082), 1l /K A S0t it 22 ik
FOME 2 (2%) 5 MEWE 9 I (40%) (B 5 PD20170113),
00450 B TCRR B 1 LT SR (1%) F 5 B ik (56 125
PD20161008)%5, E AT B =ik KA 7= i 0]
o PRI, 3 R i ke 2 DY), 33 X A i i 784
JCEERIVE T . RS TCT 25 i A R 25 B+
GBS,

S ik

[1] ZEMSHE, RaW]. Woek/ e R IATEw2=[Cl/

w52 B IR BIE S O K N A AR B 23 i SCHE (L
M), 1997, 11: 64-75.
Li Pengcheng, Song Jinming. Chemistry of chitin/chito-
san and its derivatives[C]//Proceedings of the Sympo-
sium on the research, development and application of
crustacean resources in China (Volume I), 1997, 11:
64-75.

[2] Senel S, McClure S J. Potential applications of chitosan
in veterinary medicine[J]. Advanced Drug Delivery
Reviews, 2004, 56(10): 1467-1480.

[3] Hium L. Chitosan and its use as a pharmaceutical ex-
cipient[J]. Pharmaceutical Research, 1998, 15(9): 1326-
1331.

[4] Singla A K, Chawla M. Chitosan: some pharmaceutical
and biological aspects - an update[J]. Journal of Phar-
macy and Pharmacology, 2001, 53(8): 1047-1067.

[5] Jiang Y, Li Y. Effects of chitosan coating on posthar-
vest life and quality of longan fruit[J]. Food Chemistry,
2001, 73(2): 139-143.

[6] Bautista-Bafios S, Hernandez-Lauzardo A N, Velazquez-
del Valle M G, et al. Chitosan as a potential natural com-
pound to control pre and postharvest diseases of horti-
cultural commodities[J]. Crop Protection, 2006, 25(2):
108-118.

[7] Shahidi F, Arachchi J K V, Jeon Y-J. Food applications
of chitin and chitosans[J]. Trends in Food Science &
Technology, 1999, 10(2): 37-51.

[8] Dutta P K, Tripathi S, Mehrotra G K, et al. Perspectives
for chitosan based antimicrobial films in food applica-
tions[J]. Food Chemistry, 2009, 114(4): 1173-1182.

[9] Coma V, Martial-Gros A, Mehrotra G K, et al. Edible
antimicrobial films based on chitosan matrix[J]. Journal
of Food Science, 2002, 67(3): 1162-1169.

[10] Agullé E, Rodriguez M S, Ramos V, et al. Present and
future role of chitin and chitosan in food[J]. Macromo-
lecular Bioscience, 2003, 3(10): 521-530.

[11] Fernandez-Saiz P, Lagaron J M, Ocio M J. Optimiza-
tion of the biocide properties of chitosan for its applica-

138 MEERLY /2020 4F / 26 44 & /45 7 10



[12]

[14]

[15]

[19]

[22]

HRLZIR
R EVIEWS

tion in the design of active films of interest in the food
area[J]. Food Hydrocolloids, 2009, 23(3): 913-921.
Ham-Pichavant F, S¢be G, Pardon P, et al. Fat resis-
tance properties of chitosan-based paper packaging for
food applications[J]. Carbohydrate Polymers, 2005,
61(3): 259-265.

Salmon S, Hudson S M. Shear-precipitated chitosan pow-
ders, fibrids, and fibrid papers: Observations on their for-
mation and characterization[J]. Journal of Polymer Sci-
ence Part B: Polymer Physics, 1995, 33(7): 1007-1014.
Kjellgren H, Géllstedt M, Engstréom G, et al. Barrier and
surface properties of chitosan-coated greaseproof pa-
per[J]. Carbohydrate Polymers, 2006, 65(4): 453-460.
Selmer-Olsen E, Ratnaweera H C, & Pehrson R. A
novel treatment process for dairy wastewater with chi-
tosan produced from shrimp-shell waste[J]. Water Sci-
ence and Technology, 1996, 34(11): 33-40.

Lalov I G, Guerginov I I, Krysteva M A, et al. Treat-
ment of waste water from distilleries with chitosan[J].
Water Research, 2000, 34(5): 1503-1506.

Maruca R, Suder B J, Wightman J P. Interaction of
heavy metals with chitin and chitosan. III. Chromium[J].
Journal of Applied Polymer Science, 1982, 27(12):
4827-4837.

Benhamou N, Thériault G. Treatment with chitosan
enhances resistance of tomato plants to the crown and
root rot pathogen Fusarium oxysporum f. sp. radicis-
lycopersici[J]. Physiological and Molecular Plant Pa-
thology, 1992, 41(1): 33-52.

HRKIE, SRAEE. ST ROMERT AR R v K R A
9 TR 9 B0 4R (3], VTP Al 2B 4R, 2003, 15(2):
58-60.

Dong Qiuhong, Zhang Xiangxi. Inhibition effects of
chitosan on Phytophora capsici and Fusarium monili-

forme[J]. Acta Agriculturae Jiangxi, 2003, 15(2): 58-60.

TR, BRTAR, SUEEIR. 78RBS A S A i B
IAVEH RAHLERRIIRD]. #8 @ AROL B, 2001, 28(1):
40-43.

Su Cunshui, Chen Weidong, Zhuo Hailang. Preliminar-
ily approaching the action and mechanism of control-
ling the seedling blight by chitosan[J]. Journal of Fu-
jian Forestry Science and Technology, 2001, 28(1):
40-43.

Wang L, Xing R E, Liu S, et al. Synthesis and evalua-
tion of a thiourea-modified chitosan derivative applied
for adsorption of Hg (II) from synthetic wastewater[J].
International Journal of Biological Macromolecules,
2010, 46: 524-528.

Wang L, Xing R E, Liu S, et al. Studies on adsorption
behavior of Pb (II) onto a thiourea-modified chitosan
resin with Pb (II) as template[J]. Carbohydrate Poly-

Marine Sciences / Vol. 44, No. 7/ 2020

[26]

[29]

[30]

[31]

[32]

[35]

Cir

mers, 2010, 81: 305-310.

Wang L, Xing R E, Liu S, et al. Recovery of silver (I)
using a thiourea-modified chitosan resin[J]. Journal of
Hazardous Materials, 2010, 180: 577-582.

Wang L, Peng H Q, Liu S, et al. Adsorption properties of
gold onto a chitosan derivative[J]. International Journal
of Biological Macromolecules, 2012, 51(5): 701-704.
Fang S X, Wang G J, Li P C, et al. Synthesis of chito-
san derivative graft acrylic acid superabsorbent polymers
and its application as water retaining agent[J]. Interna-
tional Journal of Biological Macromolecules, 2018, 115:
754-761.

Fang S X, Wang G J, Xing R E, et al. Synthesis of su-
perabsorbent polymers based on chitosan derivative graft
acrylic acid-co-acrylamide and its property testing[J].
International Journal of Biological Macromolecules,
2019, 132: 575-584.

Jiang H L, Kim Y K, Arote R, et al. Chitosan-graft-
polyethylenimine as a gene carrier[J]. Journal of Con-
trolled Release, 2007, 117(2): 273-280.

Hirano S, Mizutani C, Yamaguchi R, et al. Formatoin of
the polyelectrolyte complexes of some acidic glycosami-
noglycans with partially N-acylated chitosans[J]. Bio-
polymers, 1978, 17(3): 805-810.

Xing R E, He X F, Liu S, et al. Antidiabetic activity of dif-
ferently regioselective chitosan sulfates in alloxan-induced
diabetic rats[J]. Marine Drugs, 2015, 13: 3072-3090.

Xing R E, Liu S, Yu H H, et al. Protective effect of
sulfated chitosan of C3 sulfation on glycerol-induced
acute renal failure in rat kidney[J]. International Journal
of Biological Macromolecules, 2014, 65(5): 383-388.
Xing R E, Liu S, Yu H H, et al. Preparation of high-
molecular weight and high-sulfate content chitosans
and their potential antioxidant activity in vitro[J]. Car-
bohydrate polymers, 2005, 61: 148-154.

Xing R E, Liu S, Guo Z Y, et al. Relevance of molecu-
lar weight of chitosan and its derivatives and their an-
tioxidant activities in vitro[J]. Bioorganic & Medicinal
Chemistry, 2005, 13(5): 1573-1577.

Xing R E, Yu H H, Liu S, et al. Antioxidant activity of
differently regioselective chitosan sulfates in vitro[J].
Bioorganic & Medicinal Chemistry, 2005, 13(4): 1387-
1392.

Xing R E, Liu S, Yu H H, et al. Preparation of low-
molecular weight and high-sulfate content chitosans
under microwave radiation and their potential antioxi-
dant activity in vitro[J]. Carbohydrate Research, 2004,
339: 2515-2519.

Yang Y, Xing R E, Liu S, et al. Immunostimulatory
effects of sulfated chitosans on RAW 264.7 mouse
macrophages via the activation of P13K/Akt signaling

139



[36]

[37]

[38]

[39]

[43]

[44]

[46]

[47]

140

HRLZIR
R EVIEWS

pathway[J]. International Journal of Biological Mac-
romolecules, 2018, 108: 1310-1321.

Guo Z Y, Xing R E, Liu S, et al. The synthesis and
antioxidant activity of the schiff bases of chitosan and
carboxymethyl chitosan[J]. Bioorganic & Medicinal
Chemistry Letters, 2005, 15: 4600-4603.

Guo Z Y, Xing R E, Liu S, et al. Synthesis and hy-
droxyl radicals scavenging activity of quaternized car-
boxymethyl chitosan[J]. Carbohydrate Polymers, 2008,
73(1): 173-177.

Ramos V M, Rodriguez N M, Rodriguez M S, et al. Mo-
dified chitosan carrying phosphonic and alkyl groups[J].
Carbohydrate Polymers, 2003, 51(4): 425-429.

Wolfrom M L, Maher G G, & Chaney A. Chitosan Ni-
trate'[J]. The Journal of Organic Chemistry, 1958,
23(12): 1990-1991.

Matevosyan G L, Yukha Y S, & Zavlin P M. Phos-
phorylation of Chitosan[J]. Russian Journal of General
Chemistry, 2003, 73(11): 1725-1728.

Ogawa K, Inukai S. X-Ray diffraction study of sulfuric,
nitric, and halogen acid salts of chitosan[J]. Carbohy-
drate Research, 1987, 160: 425-433.

Liu W X, Qin Y K, Liu S, et al. Synthesis of C-coor-
dinated O-carboxymethyl chitosan metal complexes and
evaluation of their antifungal activity[J]. Scientific Re-
ports, 2018, 8: 4845.

Liu W X, Qin Y K, Liu S, et al. C-coordinated O-carbo-
xymethyl chitosan metal complexes: Synthesis, charac-
terization and antifungal efficacy[J]. International Jour-
nal of Biological Macromolecules, 2018, 106: 68-77.
MR, XA, ZEEI, 5 —MiEEAY 2R
IR AT A W0 L i A R S AR R N . ZL
201510645462.3[P]. 2017-04-12.

Li Pengcheng, Liu Weixiang, Qin Yukun, et al. A ma-
rine polysaccharide Schiff base derivative and its
preparation and application as agricultural fungicide.
ZL 201510645462.3[P]. 2017-04-12.

MR, XU, Z=EM, & — Ry 20
S5 W Rl s RAE R SR B R R R L. ZL
201510645866.2[P]. 2017-04-05.

Li Pengcheng, Liu Weixiang, Qin Yukun, et al. A ma-
rine polysaccharide copper complex and its prepara-
tion and application as agricultural fungicide. ZL
201510645866.2[P]. 2017-04-05.

FRF. ARG YITEAR 2 K b i 1 o A FI ().
122}, 1995, 34(1): 6-9.

Wang Daxiang. Important Role of heterocyclic com-
pounds in developing pesticide[J]. Pesticides, 1995,
34(1): 6-9.

BMERR, ZEM, MoK, 5. —MEREE 1, 2, 4-=
W 5 i A= W M H ) 45 7 k. ZL201110378906.3[P].

[48]

[49]

[53]

[56]

[57]

Cir

2014-01-01.

Li Pengcheng, Qin Yukun, Xing Ronge, et al. 1, 2, 4 -
triazole derivative of chitosan and its preparation method.
Z1.201110378906.3[P]. 2014-01-01.

Qin Y K, Liu S, Xing R E, et al. Synthesis and antifungal
evaluation of (1, 2, 3-triazol-4-yl) methyl nicotinate chi-
tosan[J]. International Journal of Biological Macromole-
cules, 2013, 61(10): 58-62.

PR, ZEM, TRAAR, 45 —FhFe R 1, 2, 3-=
W 5 i A= M H 45 7 k. ZL201110378871.3[P].
2014-07-23.

Li Pengcheng, Qin Yukun, Xing Ronge, et al. 1, 2, 3 -
triazole derivative of chitosan and its preparation
method. ZL201110378871.3[P]. 2014-07-23.

SOLRE. ER L WATMEE WIS AR 2575 )],
ARZGEM, 1987, 9(4): 18-28.

Shi Guangrang. Synthesis and pesticide activity of het-
erocyclic compounds containing nitrogen and sulfur[J].
Pesticide translation, 1987, 9(4): 18-28.

Zhong Z M, Chen R, Xing R E, et al. Synthesis and anti-
fungal properties of sulfanilamide derivatives of chito-
san[J]. Carbohydrate Research, 2007, 342(16): 2390-2395.
iy b Hokl 4697 ¥, ZL 200710016413.9[P]. 2009-
07-08.

Li Pengcheng, Zhong Zhimei, Xing Ronge, et al. Chi-
tosan thiosemicarbazone derivatives and their prepara-
tion. ZL 200710016413.9[P]. 2009-07-08.

Mo, Bl oRIK, 5. —FhoT RAERE AT
o K HH & F B . ZL 200610134066.5[P].
2009-09-23.

Li Pengcheng, Zhong Zhimei, Xing Ronge, et al. A
chitosan sulfonamide derivative and its preparation
method. ZL 200610134066.5[P]. 2009-09-23.

SRR, BhabA, R, 5. STRMEGLIRNE AR
AR OBE M R T AW & HW & T ik . ZL
200710010111.0[P]. 2009-07-08.

Li Pengcheng, Zhong Zhimei, Xing Ronge, et al. Hy-
droxybenzene disulfonamide derivatives of chitosan sul-
fate and their preparation methods. ZL 200710010111.0[P].
2009-07-08.

Qin Y K, Liu S, Xing R E, et al. Synthesis and charac-
terization of dithiocarbamate chitosan derivatives with
enhanced antifungal activity[J]. Carbohydrate Polymers,
2012, 89(2): 388-393.

Qin Y K, Xing R E, Liu S, et al. Synthesis of chitosan
derivative with diethyldithiocarbamate and its antifun-
gal activity[J]. International Journal of Biological
Macromolecules, 2014, 65: 369-374.

Qin Y K, Xing R E, Liu S, et al. Novel thiosemicarba-

zone chitosan derivatives: Preparation, characterization,

WEHERL /2020 4F /26 44 45/ 55 73



[60]

[61]

[62]

HRLZIR
R EVIEWS

and antifungal activity[J].
2012, 87(4): 2664-2670.

Qin Y K, Liu W X, Xing R E, et al. Cyclization reaction
of acyl thiourea chitosan: Enhanced antifungal properties

Carbohydrate Polymers,

via structural optimization[J]. Molecules, 2018, 23: 594.
MR, R, WK, 5. R B mIE
SRR A A W R Hh) 45 k. ZL201110093213.X[P].
2013-03-20.

Li Pengcheng, Qin Yukun, Xing Ronge, et al. A chito-
san thiosemicarbazone derivative and its preparation
method. ZL201110093213.X[P]. 2013-03-20.

BMEEE, ZE BN, MM, 55 —Fhoe MR
FEGIRAT A S #8551, Z1L201110093239.4[P].
2013-03-27.

Li Pengcheng, Qin Yukun, Xing Ronge, et al. A chitosan
condensation substituted phenylthiosemicarbazone deriva-
tive and its preparation method. ZL201110093239.4[P].
2013-03-27.

FEERS, EA 4. AVBERE R RBTIERT]. A2y
M, 1995, 17(5): 13-17.

Tang Chuchi, Wang Youming. Research progress of
organophosphorus fungicides[J]. Pesticide translation,
1995, 17(5): 13-17.

Zhong Z M, Li P C, Xing R E, et al. Preparation, char-
acterization and antifungal properties of 2-(a-arylamino

Marine Sciences / Vol. 44, No. 7/ 2020

[64]

[65]

Cir

phosphonate)-chitosan[J]. International Journal of Bio-
logical Macromolecules, 2009, 45(3): 255-259.

Mere, whilMy, oMK, 5. FCRNE a-E kL RE
R T AT A ) S L & D5 vk ZL 200710113763.7[P].
2010-06-16.

Li Pengcheng, Zhong Zhimei, Xing Ronge, et al. Chi-
tosan a-aminoalkyl phosphonate derivatives and their
preparation. ZL 200710113763.7[P]. 2010-06-16.
R, R, BIE, . SRR o
SRR — R 1) B AR W PR (0] B4R 2, 1999,
16(2): 90-92.

Li Zaiguo, Huang Runqiu, Yang Zhao, et al. Synthesis and
biological activity of Diphenyl N-(2-Benzothiazolyl)-
a-aminoalkylphosphonate[J]. Chinese Jounal of Ap-
plied Chemistry, 1999, 16(2): 90-92.

Qin Y K, Xing R E, Liu S, et al. Synthesis and antifungal
properties of (4-tolyoxy)- pyrimidyl- a-aminophosphona-
tes chitosan derivatives[J]. International Journal of Bio-
logical Macromolecules, 2014, 63: 83-91.

MR, ZEI, TSR, . — TRk o-E AL PR
fis5E R pEAT AR W) S Hohl 45 i, ZL201110410511.7[P].
2014-02-12.

Li Pengcheng, Qin Yukun, Xing Ronge, et al. A furanyl
a-aminophosphonate chitosan derivative and its prepara-
tion method. ZL201110410511.7[P]. 2014-02-12.

141



REES
EVIEWS

Research progress of chitosan derivatives containing nitrogen,
sulfur and phosphorus with inhibitory activity on plant
pathogenic fungi

XING Rong-e" #°, QIN Yu-kun"?*?, LI Ke-cheng" *?, LIU Song"*?,
LI Peng-cheng” % ?

(1. Key Laboratory of Experimental Marine Biology, Institute of Oceanology, Chinese Academy of Sciences,
Qingdao 266071, China; 2. Laboratory for Marine Drugs and Bioproducts, Pilot National Laboratory for
Marine Science and Technology (Qingdao), Qingdao 266237, China; 3. Center for Ocean Mega-Science,
Chinese Academy of Sciences, Qingdao 266071, China)

Received: Jan. 17, 2020
Key words: chitosan derivatives; plant pathogenic fungi; inhibitory activity

Abstract: Marine organisms contain natural active substances, many of which have sterilization functions, insecti-
cides, stress resistance, growth promotion, etc. have become an important source of new pesticide production. The
development of new marine biological pesticides is therefore a new field in the marine biological industry and an
important way of research and development of new biological pesticide. Chitosan made from shrimp and crab shell
is a kind of alkaline polysaccharide that can foster plant growth, enhance plant resistance to disease and stress, and
is widely involved in agriculture. It is a research hotspot to improve its bactericidal properties by alteration, to im-
prove the application of chitosan. In this paper, based on the work of our laboratory over the last 20 years in the
field of chitosan derivatization and antibacterial activity, the active splicing modification strategy is systematically
defined to improve the bactericidal activity of chitosan, i.e., to improve the bacteriostatic activity of chitosan by
grafting the bacteriostatic active groups such as nitrogen, phosphorus, sulfur, and metal complexes at different sites
and to discuss and summarize the structure-activity relationship. It provides theoretical and technical support for the

development of new marine biopesticides.
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