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3075 T PEAR 22 R,

LT S 4 3 P Ay S R e AR AR AE TSOR AT IR,
DR ) P 3 1 0 1 DR LB, o A B R PR 5
SN - BETRAYE RN —10T, BitE A
A PRI B e SRR y- R T R A,
FEWFFEAT A Wy Ak S /N T S A B
EAEAR BT

1 EH#HH
1.1 2 EZZBHR 5K

STEBE(COS 1K, AXF4rF1 1 000 Da)ly=k T
HE AR RAR, -2 5 TRRG), Bt
W), BR; 1-4HE-(3- U BRS( BE 0 B8 ik — W i R 2
ik (EDC-HCI), Solarbio; N-#2FE3EFBE JIiF (NHS),
P44, BR; M0k AR (MES), aladdin, 99%; i%&
B 4% (Spectra/Por CE dialysis tubing, % 8 7 F &
100-500 Da), JGigEEZy; /NERIF(KF 2112).
1.2 ZENB5%E

PHS-3C #Y pH i1, i @52 \]; HH-ZK4 #fH
WK, P TR A R SR A ] AR
VKA, bt RIERHEABRA R B iR T, JbatiE
S RRE S AL 28 AT BR N W5 78-1 HURE J7 AT HE %,

0
}w\v/\/ﬂ\ *
OH
y-aminobutyric acid
(GABA)
NHS + EDC-CI

) H@ART/CLE

N E AL 28 BRA R, TU-1810 R4 AT W43
JEEETE, dbatEATE A A BRI A A iMark
FriX, 26 BIO-RAD /A 7l; SARTORIUS HL K,
T2 R B2 A0SR AL ) A R A A 20405
(Nicolet Magna-Avatar 360), Nicolet Magna 7\ 5] #% i
FEYPR G IE{L (INM-ECP600NMR  spectrometer), H A%
JEOL A7]; CTI8RT HmBBRHRE.OHL, LifER
TS R TRAR/AF, DDA-11A A 3R
1, EEmLIMERACRA A,
1.3 mEERA T BRATA WA K

2 BRI 10 kb A Tl Y, - T R
(G)FIFTSEHE(COS 1K) BE /Rt 2 IRFE S M 1 R &
JERE N 701, y-EIL TR EDC-HCL, NHS [/
IRHCA 1230 30 FREL 0.360 9 g y-Z 3L T FRIE T 50 mL
0.1 mol/L pH 5.5 /) MES i+, A 2.012 9 g
EDC-HCIYE R4 A5, A 1.208 4 g NHS 1E A Bk
F, AEBIEMIE S IRBERE 3 /NS EIE T BRI R L0t
114k, SRJE IR G INA 0.500 0 g /¥ 1 000 Da
(5CZERE, 2 000 r/min = ESBEFE 24 /N HETTBERZ 1L
F I, NS5 TR J K B W e 7% B RR 4y T
100~500 Da (&M 48, AR FKEN 4K, K5
BB R T . B 1 R,

0.1 mol/L pH 5.5 MES buffer
Room Tempreture

Chitooligosaccharide-GABA

o7 8 9
H, H, H §H
R= —C—C—C—
n
or
o7 8 9
y: H, H, H
R= —(C—C—C—C—NH

Bl SESEH y- 208 T IR A W& s 2k

Fig. 1 Synthesis scheme of basic y-aminobutyric acid-modified chitooligosaccharide derivatives
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14 ZEEy-RATBRTADHORTFEH

R RIS M — /N R 24 300 4, R
F A 25 mL 500 mg/L F45 b BRAT R/ N Rl T b4 T
VR 8 /NIHADE, YRR AR B R RN 1 PR

z1 BHRAFNFRSE

Tab. 1 Numbers and ingredients used in liquid to soak
seeds
20 5] W /(mg/L)
(DControl 0
@Drought 0
®G + drought 500
@COS 1K + drought 500
®(1K-G) + drought 500

T 1K-G S5 M 5T SE0E v- 25 T AT AEY

MEZE: KR PR e s W TR B Ky, 18
RS T D)2 i KGR L, 2045 1 8 mL &
BTKIER, EiE TR AR 24 /NE, HH(E]
N[ W &7 VS S PR LT 8

T AL R ER KRS, et V=
3:1IRAWY, E TRAIEREES/KERN 10%,
BIVR A X210 3R AR K 5 BE Y 10%, 1B
HILEH 30%;

B RIS, Ocontrol: 1EH 41,
IS KE R 30%, 2B FKIEM; @drought: 57
g, HIEEKE10%, EETFKIZFM; @G + drought: +
HESKE 10%, y-3 3 T IRIZFh;, @WCOS 1K + drought:
S K 10%, 1 000 Da 5t E R Fl; B(1K-G) +
drought: +IEFEKE 10%, 5C5EM v-23E T RATAE
YRRl BEAEF R ZE /N R 50 KL, #ERRT £
HEF 3 em ¥R, BEK 20: 00 FREANFEK S

BigR BLSCE R ARG IRRE FRAE P UEAT, LR
BN SRR 14/10 h(3/%) . IRJE 25/20°C(&/
). JEIEERE 60%/008/1%) . HHAHBE 70%. 153
F I — 0 Ji5 AT AH EFE BRI
1.4.1 BT RAHXBIRNE

W /N2 8 kB9 R J5 FH RS R PR A T
FEAR IR VKA 45 T o 2% sk sE B ik, R gAY
EL b2 R FN = SR SR A T8, ME 450 nm,
532 nm. 600 nm PR MWOCEE, THE M Py R
(1) E5 5 I P E S SRS S 0 S L A BB R B
H AR Jr vk, POD TP FH A ) A i A i AL &
WIZETE 470 nm Kb 553 8O EE AR 4k, CAT &R

'M@Ammw

AL ELE 240 nm ZbEESF BRI OGRE AY AR AL
SOD 1y 3 LI AR AL W AL B AT Gl . &%
ZE RN g gk, IREERIRFIN 95% L EE, T
665 nm, 649 nm. 470 nm K FRBOLE, 58
HOFES R SRk, R T R A
Wy AT IR S, D 485 nm PR MOEREE, A
e epon] AR A 7 e ) TR K A 1 AR TR A B
SEHAF AT, ME 520 nm PKABOEE, 1
SR e i R I R Y i
1.4.2 Gitsrir

K H Origin 8.5 X #4474, RH SPSS
19.0 BRAFBEATGEH 20 W fn 22 5 8 25 v oo Fr . HEIR A
HOR R PR LA 3 M 22 57(P<0.05)
2 ERG44
2.1 REBRETRATEYG LM R
2.1.1 AN GIEI E

FEHEME(COS 1K) 5 y-Z 3 TR A Y (1K-G)
LLAMGIS AN E 2 s o WEI T LUE Y, Fe 55 b
JFRHRTE 1603 em™ A —4>-NH, MW Yicd, X e
FEHE(COS 1K), fiiAP(1K-G)FE 1 603 cm ™' 4k )
WETH SR, RMTE 1 630~1 640 cm™ LAK 1 540~1 555 cm™
Z 18] BTN BH S A WA, 2 I Sk [13, 17100
H, 1 630~1 640 cm™ JEAREABERE T A7, 1
540~ 1 555 cm™' LR 14 A9 N-H 28 T8 Pk 3h R Ui i
Ul BT AE W AR AR B e R s, RPN v R T RE
HHREE G R A ST T AL RN AR T %
SEHE L

COS 1K
/4
1603
1K-G
1 63f4 \1 549

4000 3500 3000 2500 2000 1500 1 000
PeE/em™
FEl 2 SesEM R y-E 3 T BRI 5T SEM £ /M B (FT-IR)

Fig. 2 FT-IR spectra of chitooligosaccharide and y-amino-
butyric acid-modified chitooligosaccharide
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212 BHIHREE (H-NMR)WU E

SEEME(COS 1K)5 y-2 3 TIRMATEY(1K-G)
R 4R S5 (H-NMR) AN & 3 B . AR4E SCHik[13,
18-191ic &k, fEWINiEE H 3.45 ppm~3.92 ppm K 7%
SRR He, H4, H3, HS 198 1%, 4.60 ppm
FEEEREER LAY HY AU IscI%, 3.00 ppm BRI (4
SCEFERERA T H2 B9, 1.78 ppm A5C EHE
A 8 T 5 114 PR 5 o R AU o y- S0 T WA M
SERE I 7= ) (1K-G)BR AR FEFC ZEME (COS 1K) Y45 T+
W2z Ab, 7£3.27 ppm, 2.27 ppm, 1.61 ppm b £ T =4~
T g, Zemaet 1 I = AN T S %
N y-28 5 T IR AL B 7e SR 2 5 1) H9, H7, H8 1Y
W, BT R T A B ST A I

CoS 1K CH,

H6H4H3HS H

HO H7

1K-G

5 4 3 2 1 0
Ak % /ppm

B3 SRR y- BT MBS ST A W A SR
A% ('"H-NMR)

'H-NMR spectra of chitooligosaccharide and y-ami-
nobutyric acid-modified chitooligosaccharide

Fig. 3

2.1.3  BEGSLRBEE(CC-NMR)W E

FLHEAE(COS 1K) 5 5E5EME v- 2 T RN AEY
(IK-G)RYAZ R AR A% (H-NMR) I 4 Fis. R4
SCHR[13-14, 2013 4%, 7EPMEE T 180.00 ppm H 7%
S R B 2 B 3R P B FE AR (-C=0) 1 W Y I, 97.86~
98.76 ppm. 76.50 ppm. 74.60 ppm. 70.30~71.20 ppm
59.85 ppm.56.13 ppm 43 Fl W FE FEHERE IR L1 C1, C4,
C5, C3, C6, C2 HYWLITivs, 22.83 ppm N FeELkE IR i
T FE 1 R L (CH ) IR S0, y-220 08 T IRIB i ) 7
SEVEATAE W (1K-G) Bk PR 45 572 SE 8 0 W i e =22 4b, 7E
173.70 ppm. 38.00~39.00 ppm. 35.00 ppm. 25.00 ppm
2T YA B i, et 2N X A B
(R WSO 391 Ay y- B3 T TR A B 7 S M LB TE A

) H@ART/CLE

F%) T A e ) 0 R (C=0), DA B y- 3 T R E Ay i
FEK(C9, C7, C8), bkt - B — A% b — ik
JET, Ay rig I & B 173.70 ppm. 38.00~39.00 ppm .
35.00 ppm. 25.00 ppm P47 EABA 1E— U, GE
B LI Y SR L TR R R 28 0 4 5 TR R
1563 Ak 5 5 52 S0 i 2 R T I AR S N T B
ST, T -2 T R TP AR E LA,
DIUFES y-2 5 TR i Ak 1 1R Bt 23 R 31 52
SERE R T R A AT RO, BT LG AT
AW gy o 2 R L T TR IR, 1 FrR A
Yk nl Sk 2, BIAE A ol o O S AT Sk ) 2 2
TREE, AR N — D EE TR y-2 5T
Ik g e 8 i

COS 1K
CH,
C=0
C4C5C3C6C2

A
L odnaly i
IK-G

C=0
col €8

U A

1;30 1I60 1210 1I20 160 80 60 40 20
A3 #%/ppm
Bl 4 FesEbl N y-2 2k T MG 70 SR B0 A S IR e
("*C-NMR)
BC-NMR spectra of chitooligosaccharide and y-ami-
nobutyric acid-modified chitooligosaccharide

2.1.4 fTHEYBRETE
R 8 % s e PR SR 53 A A W ) BT G R 4 SR
F 2R,

Fig. 4

x2 EEREIETRITEVREKE

Tab. 2 Substitution of aminobutyric acid-modified chi-

tooligosaccharide
il BUACEE /%
1K-G 23.86

22 EAEBRATBATAVHRT ISR
221 FEEEMEGEYNNEGRFN _BESEN
AT
T2 hiE SR MY ™ B RS TE A, Ikl
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Jig it R AR B, S AR M R B R A R
Z—, HemRRpE A g, TR s
Wi y-Z AT R AT A RN Wi N
SR AN L S 7R, T 28 T (drought)/ N2 4 H i
PN S B OE B % IR 2H (control) B 52.9% (P<0.05,
T, Man -2 TR, THEM. M YSsR
Ab 35 R S AR T /N2 Al e R R
T B A A 4.2% . 17.4%. 12.6%, =4k
FHZH 22 [6] Y 22 S 1 8 35 (P<0.05), % |, COS 1K 4] .
1K-G HIEFRCRIFT G 4. BFSE .M, S50 y-
FHE T RATAY T L)W RN S =, ST
SR8 X /N P B T R R A

= 0.040
(S
&D
= 0.035) 2 b
= T
E 0.030} d :
= :
: 0025
2 0.020}
=
g 005t
>
£ 0010}
S
<
S 0.005}
f=1
S
g 0000 - < < <
O SN
cog\\‘ &o\)‘?o &ov% X&oo‘?a X&oo‘?o
W ‘(;6\
SN

5 FETEME AT A Yy A B R R B /N A2 et
JN R R AR
Effect of chitooligosaccharide and derivatives on

malonaldehyde (MDA) of wheat leaves under drought
stress

Fig. 5

2.2.2  FEENE RHATA YN /INZE vl o i BEGE M Y
A0

T 3 St AR B AR A, T X e it
St (T PR AR s i — 2D A5 200 R B, DA T R 20 i g
BRI, 40 P A AR K B A AT T B0
SEAIE N, T LL/INFE Sy 20 IS P 5 R A X
SRR . SCEWE ST WX /INE Ay T A R
PERE AN E 6 iR, T 58 T (drought)/N22 4 if
IS 75 1 5 1E X BB 2H (control) B 41.8%(P<0.05), i
INFE T Gl R ) ) S5 12 e Ak B /N 22 4 1 A e
BB E 2 B TSR ME TR, A3 T COS
1K HZAM5 T RA Z A 22 5, A0 pE %
P> T AR 11.2% ., 24.5%(P<0.05), 1K-G 4b

) H@ART/CLE

P B AR BN IE R UK RUR o al g, 52550 y-
Q8T TR AT A= W T L2 Ak 5 T30 68 40 i I )45 4
FEIE, MEHRCR W b T Ho b Ad B2

10 -
9 -
8 a a
X
£
z L b
ERI
25t
S d
E
35 3F
=4
2 -
l -
’ S » I 0\\'\ o\\\
00((\‘ &o\y% &oo% % &%
CSX \‘éx ,Q\X

«o® N\

Pl 6 STEEME R AT AR Yy b 3R T SR T (/N 22 4y i i
J 240 P 25 )
Fig. 6 Effect of chitooligosaccharide and derivatives on

cell membrane permeability of wheat leaves under
drought stress

2.2.3 FEWERHEEYR/NEGLEALERTE HEA E

aob T T R T B T R T B R g R
AT Ik R e 2, HL WA T R R e dE 8 A1k
Y B AL (SOD) . i A Ak A il (CAT) . i A Ak Py il
(POD)%F; AEBHIE I PR R AW PR M AR . A BT
IR 4EA R B HEE RS . ARFFRNE T A
fRf . ok EUA U R AT SR A R . SE SR S
TR Xt /N B i p AR R sZ i el 7 fBios, T
EL38 T (drought)SOD F1 POD 3 HE B2 T+, 4
W% TE H 2H (control) & 23.1%. 96.9%(P<0.05), T 5
38 CAT W36 P30 IE # 41 B 35481k .

AP X NFE R SOD 1 M AG R MR 43 A
23k G, COS 1K, 1K-G 4b#J5, SOD MG 5 1E #
HA B FH MR (P<0.05), T RS, 1K-G I
COS 1K SR ET G HIY/NTTRWiad,; 4
Y XF/NFZ N B A CAT 16 P RG220 4t G.COS
1K B, CAT 3615 IE # 4l M+ S W ia 41 %4
2 5%(P>0.05), 1K-G AbFRJE 5 IE A B &2
5, CAT JEPEHE R 36.7%(P<0.05), 5T 51 4 %
AR 2R, KA X /N R h POD 15 i 5%
e e 283d G, 1K-G Ab#5, POD {&HEEE# 4
I3 61.2% .48.8%(P<0.05), %3t COS 1K 235,
POD {iM 5 IEW AT W22 5.
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Fig. 7 Effect of chitooligosaccharide and derivatives on superoxide dismutase (a), catalase (b), and peroxidase (c) of wheat

leaves under drought stress

2.2.4 REWERHEMEYIHNEREORTENZ

AR S ESHINEAE AT, 5
TP AT AR R AT OC . 72500 M AT A=)
XN AR ERNEmMME 3 s, T
AT (drought)/ N2 I 4R K a | M4EE b IS
BB N Z 8 B IE 5 6 BR 4 (control) R 5.6% .
11.1%. 6.0%(P<0.05), TMiM4¢EK a MK b KIEF
S B A 5.4%(P<0.05).

BAEBRAIRS N SR o BRE I ST
TE2PHaRIN TSR o WER, MEd AR YR
WERJE I R AR o 1R AT R P A (drought)
AR, BT IE 3 4H (control), G, COS 1K, 1K-G
SEIA 2R3 o Tt o AT S 2.5% . 1.5%.
4.5%(P<0.05); FAbHAIXT/NEE 0 i SRR b 52
U T RN S TSR A = = N S s R TEZP U7
Y AL B S i b4 R b I R T R
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(drought) 41 AIX, & 7 #5231 1E % 4 (control), G. COS
1K, 1K-G Ab#AMZFE b &0 T 2408
4.4% . 1.9%. 6.3% (P<0.05); #AbBRAIX; /NGt | ep
M4 o /MR b WM AHT: T 2P0 AL T i
LRFE a MERER b WE, A AR Y AR S R
It R a /MR b BYEI T P8 (drought) 41 5,
323 TF H 4H (control), G, COS 1K, 1K-G #ZbF4
M2R R a /4R b E TN T 22415 2.5%.2.5% .
1.7%(P<0.05).
2.2.5 SEEEbE R Y T /INE M R R R A AT
TR

JiF 22 1R AR M R LLVE S A A s B 1 )
JAEAE, VRIS 20 32 o B T 2 i T R L D 8
7N B T SN E R ST SR K LA A W A B /N
IR v S R B i, IR a R XTIHEAR Y
TR, TR b XS Al S R s, TR
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Tab.3 Effect of chitooligosaccharide and derivatives on photosynthetic pigment content of wheat leaves under drought stress

e Chl a / (mg/g FW)

Chl b / (mg/g FW) Chla/Chlb

control 2.042 9 £0.010°
2.158 0 + 0.040*
2.104 6 = 0.008"
2.125 3 +0.002%

2.059 9 £0.010°

drought
G + drought
COS 1K + drought
(1K-G) + drought

0.683 0 % 0.008¢
0.758 6 + 0.020°
0.725 6 = 0.004%
0.744 2 £ 0.001%
0.711 1 % 0. 009°

2.991 1 £ 0.020°
2.828 3 + 0.030°
2.898 3 + 0.005°
2.898 3 + 0.006"
2.876 7 + 0.040°

140 -
a

120 - b
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HH o
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Proline content/(nug/g FW)
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20+
R N S
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1
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Soluble sugar content/(mg/g FW )
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Fig. 8 Effect of chitooligosaccharide and derivatives on proline content (a) and soluble sugar content (b) of wheat leaves under

drought stress

J3E (drought) ™ i 2 R & 1 388 1E % X B 2H (control) 5
368.4%(P<0.05), T 5JHE T (drought) AT MEME & i
B2 IE % X BB 4H (control)fIK 46.8%. MK 7 HF Kl a, b
AT, AN TR 00 b b B 6 T /N 2 i b R RS
PHATI R AR RRTR], 2853 COS TR AbHH S il & R &
TSI 15.3%(P<0.05), M4id G Al 1K-G
Ab P B R e T R AR A B 6.3%.10.2%,
B4 1E W 41 2 75 338.8%.320.7%; £ G.COS 1K
AL IS R PERE ) S AT R AN 4.3% . 19.8%
(P>0.05), &t 1K-G A T PERE ) & B3 T2
BTN 54.3%(P<0.05). WAl FoEEME y-R 3 T R AT
A X T T AR 1 T R TR I R B A Y
Wi, H: b 78 SRR AR W B /N I R TS PR
(AR A H At A F A B 3%

3 it

ARG BB S -3 T WAk it
SN T D4R N R R
LA PR 5 SR - T R 2%

HWI R N TEAE R BR (0T 0 T M L 22 55, T —

SR A AL SOD . CAT %5, fifi i Pk 8 4k 35 sl A5 14,
{H 2 22 ) 1 A7 3 45 ) 0 1 SR AR e & O, R
TR T BREEAR, B R B R0, o
F4) 1 FR 2 2 X A A s A 3, 403 4 R 5 4 R ) g,
MR A, 5 R R B Ak, 7P R T
TR, 1RSI SRR AL L aE MRS N, B N
(R T () . RS R K71

AR FE 25 S R T TN R S (ES)
FUAN AR5 (] 6), Zead A7 A 4 25 4 o b $LJ mT LA
8 AR TN S AN M A, A A Ak B
2 B 53 P S SR T e M R B T R AL B, T T
TR R R E T AR TR, m TR
SEEGUER] 1 000 Da 72520 AT LB 4 &5 2 Fh bt L1k
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Abstract: The novel y-aminobutyric acid-modified chitooligosaccharide was synthesized by the amination of the
amino group of the chitooligosaccharide with the carboxyl group of y-aminobutyric acid, and its structure was
characterized using Fourier-transform infrared and magnetic resonance spectra (NMR). In this paper, wheat seeds
were soaked with chitooligosaccharide, y-aminobutyric acid, and y-aminobutyric acid-modified chitooligosaccha-
ride. Their drought-resistant effects were evaluated by measuring the relevant indicators after they grew for a
two-leave period under drought stress. The results showed that the novel derivatives were synthesized successfully
and had positive effects on wheat under drought stress. The derivatives significantly reduced the malondialdehyde
content and cell membrane permeability of wheat seedling leaves, alleviated the damage to the wheat cell mem-
brane caused by drought stress, increased the soluble sugar content, and enhanced the soil water absorption capacity
of wheat plants. Therefore, the newly synthesized y-aminobutyric acid-modified chitooligosaccharide can signifi-
cantly reduce the effects of drought stress on wheat metabolism. In conclusion, a novel chitooligosaccharide de-
rivative with a robust drought-induced effect on wheat was successfully synthesized and might provide an idea for

the development of a new plant stress-resistant inducer.
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