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FTIR. '"HNMR. Kife. Zeta H{7 LA BOWIESI %52, I QA-N-Gly/Gel /KEEEEAT T Bk PEREFIA: Ptk fE
P BEAERDT, WER RO B, QA-N-Gly 5]/ AN AR, RiAR53 4 7E 100~200 nm,
Zeta FAR(93.921.7) mV, FiF A B AYIERAT, BAYIEME. R IAT LA & B K BE R R
RMPULBGRE AR EN:, QA-N-Gly/Gel YW J1 4 66.8 kPa, EZifHHJ 13.3 kPa, QA-N-Gly/Gel HATHH &
PITITAVER , X4 8 (0 A AR VAR K B FE 1R R I DA 2R 4330 35 3] 979%F1 50%. IL41, QA-N-Gly/Gel T, 4l
MUEEMEAR, NIH-3T3 40Mif 48 h A6 24 80%L 1.
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Preparation and properties of quaternary ammonium glycogen
derivative-gelatin composite hydrogel as antibacterial material
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Abstract: Aminated glycogen derivative (N-Gly) was firstly prepared from glycogen by amination with
ethylenediamine, and then partially modified by 2,3-epoxypropy! trimethyl ammonium chloride (quaternary
ammonium salt) to obtain cationic quaternary ammonium glycogen derivative (QA-N-Gly), which was
further crosdinked with gelatin via amide bonding to synthesize quaternary ammonium glycogen derivative-
gelatin composite hydrogel (QA-N-Gly/Gel). The glycogen derivatives obtained were characterized by
FTIR and *HNMR, and analyzed for particle size distribution, Zeta potential and morphology. Meanwhile,
QA-N-Gly/Gel hydrogel was further evaluated for analyses on physicochemical and biological properties.
The results showed that glycogen was successfully aminated and quaternary ammonium modified. The
QA-N-Gly, uniformly dispersed nanoparticles with a size distribution of 100~200 nm and a Zeta potential
of (93.9£1.7) mV exhibited distinctly positive charges and antibacterial activity. QA-N-Gly/Gel displayed a
fracture stress of 66.8 kPa and compression modulus of 13.3 kPa, indicating improved mechanical strength
and stability due to addition of glycogen derivative. QA-N-Gly/Gel aso showed obvious antibacterial effect
on Saphylococcus aureus and Escherichia coli, with the corresponding inhibition rate reaching 97% and
50%, respectively. In addition, QA-N-Gly/Gel showed no hemolysis and low cytotoxicity, with the 48 h
surviva rate of NIH-3T3 cells > 80%.
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Ji LA 2% T A 8 HILAR AT Sy RIS VI 1 Pl ™ 151 7
N, KRR, FEAE B 2 T AR S 2 kA
MU i Ok R R R D W
Jir 3 o i = RO 25 A A B Y SRR A, SRR
WA=, B RAF AR RAE L AR R R
PELL R B RS A, E2 B B IR 1 7K B e AL
P A A AR E R A, BRI T A AR b e AT
B, BT LABIFGE AT D38 R D i 5 At D) RE PR A
AT A (o R 1 45 22 T AL Y H I SE /K R R AR

HUR R A YR —FE AR08 AR U Wy sl il s A=
AR AR, B SR IRF . W2y, B m
AN, ARG N FHURE 25 R A
R T AR K 48Rz . Hidr, T
BRERCAR I 53 B LK I A ek e 6% WA B ol 671 F i )
HHTA, E G RRCOR A M S AL S B TR AT, X R Ry
F14) 240 TR RS A SR AL A A BA S A AR T e T
7T EL T LA 3 G 200 7 A 24 O R R 4 7
REMRNIEEZHE, Jo8E, TRBERrE, B
SERIRIZHEDURATEL, BAT BRI SCRE R LIR R 53
FLH, BERETREN, HAERN R,

ARFFEFEMEIR (Gly ) FiFF B4, S
SIS R . S Ak AR PR S A 1B 1
FUBHIE SO RE b, —J2 R Ry B RE A AT 55 W e A 1
FE AR SN 5 g PR Shy Bk 1) o IO T A L B
JRBE TR AR B I T ) K . TELIERE b, X3k
BEIEATAEY) (N-Gly ) #4728 Eh A B4, (o I 53
T A R E AT, I BUH B FRRCIR K 4251
1) 2= ER AL AT AE Y ( QA-N-Gly ) , QA-N-Gly
2 1AT 11 8 B 25 1T A DR 40 A 1% 200 e R 4 i B
PNIIE Y i K a8 SN A S e/
JAT AR 5 A 3 e T S g I, A LA R AR
) 25 i R AR SR AT A 0 i AR A K BEE S ( QA-N-
Gly/Gel ) o ARWFFLIRIREMIM B N EEM , L7 G K
FEIER RS I, R AA L RYERER B4t
IKEERAT R, DU TEEYY . T HASESU,

1 LIS

1.1 XA ENEE

BEJE (Gly, BR) . TL/KZEE(AR), I (AR),
T HEHL ( DMSO, AR ). N,N-¥#3& —km: ( CDI,
Fiit /748 98% ). Lk (AR), i@ (CP), &%
fbih (AR), B (A AR, CP) | #IE (5

WML 99.5%) . FAfLEN (CP) , EZ54ERIfb2EIR
FIABRAFE; WHREFRIE . BURE IR, HUMNEEm
AR ARA R ; MRS (0.1 mol/L) . 2,3
WERNE = RAME (JES5=95%) | 1-4
FE-(3- T F LS L I ) Bk O e Eh iR R (EDC, R
HAME 98.5% ) . N-FRIEIEFIMEW e (NHS, Fig
I 98% ) | WEMEEE (MTT, FRfE/3%0>99.0%) .
L5 I%EE (AR) , iz i kA AL B 03 A PR
Nw]s T R 5, 3€E Sigma-Aldrich 3872 A
DMEM @EbEgpE R 23t . HHER-EE (L)
fG4- 1T , 3% Gibco-Invitrogen /A ) 5 4 B (6,5 %
BRI (S aureus) . KAHFE (E. coli) , VLR K
A ARl 5 Al TR 2 B R R AR G s /N BRUBLER
AEANffL NIH-3T3, HERFEBEAE (L),

PHS-25C pH If, MReiFeflZ208s ( 1) A
B/ 7] ; TENSOR T ZU A HL I 25 6 217 AN 1AL
Avance ARSI IRIEIEIL, 78 Bruker Awl;
FreeZone {3 U T 2L, 9 Labconco /3 ] ; 4111FO
fE A A F5 46 . MULTISKAN GO FFRIY, I
Thermo /A ] ; Zetasizer nano ZS Zeta . {if Jz 44 K ki
FE ML, JEE Malvern {X %23 7 ; DHR-3 it A4,
£ TA U E8A 7] ; BSC-130011 A2 A= ¥4 446, I
M2 RS A ARAT RS 7] 5 E43.104 Ji fig ik g bl , €
T Tk R% (HE) ABRAF; FEl Tecna 12 i
S F T A L T 22 Philips 23 7] 3 SU1510 F1 SU8100
He 1 2%, HZ Hitachi A7) ; THZ-C fEiR#E
K, KETSRRLRBEEHRRA .
1.2 HETEVHER
1.21 #AKERLTAY (N-Gly) 6946

FREL 2.0 g Gly #% T 100 mL o7k DMSO Hr, #
TR Gly 5Bk, miEw A 2.0gCDI,
35 CTHiEE 1 h 7wk, ¥ 3.08 mL & Zf&ii T
5mL DMSO 1, RIGHER Y T iE g4 &
AW ST B T, AR T =R
N 24 h, RV ESHRIG, ¥ RGE T 3 d (R AT
43 F i 8000~14000 ) , B f KB Mk 7E—80 °Cik T
48h, 3% N-Gly A9,
1.2.2 FadsmRirth (QA-N-Gly) #4 &

FREUN-Gly 2.0 g T 50 mL £5 7k, 1
60 °CHE J1HEFE T %, I H NaOH #5#( 0.1 mol/L )
WY pH & 8~9. % 2.0 g 2,3-FF % A H: = F B S b %
HIA N-Gly % #i, 78 60 °C FIHIRIEFE N 6 h,
R VARG, B RN RGERT 3 d (B B8 AHXT 4> 7
T 8000~14000 ) , 2R 5 ¥ BTk 7E—80 °CiZR 1 48 h,
53] QA-N-Gly [ &I

Xt Gly fJZ 4 IE B B I L T FER .
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1.3 HEITEYHRIE
1.31 N-Gly B & 5] 2

K AR B 2 L2, Bl NaOH i & Rk A8 1k
SERFWEITE A pH, 221 NaOH AR 5 pH 28
Feiri e 2k, ME NaOH 7E A pH 2878 55 1Y H
Fetk, %30 (1) 5 N-Gly By :

DSy.qy /%=
Mgz X (Vo =V X Cyaon <100 (1)

WN—GIy My s x(V V) % Craon
A DS HEULEE, %; Wiey N N-Gly FI i &, g;
Craor N NaOH ¥ E, mol/L; Vi Vo2 3ih
A pH 2875 5Bt NaOH FITHAER, L; M wuwes A
H R B BE SR TR, 161g/mol; M o —px N
il RV 35 1 B8 /R T i 2 Fl, 87 g/mol .

1.3.2 QA-N-Gly Bk & #gml &

QA-N-Gly B P E B i€ , LUBS IR A
NAR R, LR MR AR AE b Y. AgT s
QA-N-Gly iy CITFE 3 SN S5 , 23 HE i £ (A T TE
Ik W TS AR IR AR e, X (2) IHE
QA-N-Gly Fy UL «

DSy ! %=
Misegmusns Vaguo, XCagno, am 2
Won-naly ~Vaguo, X Cagno, X (Mg + My —psr)
K Vagno, Wil E HFEM SRR ERIATL, L; Cago,
i R AR VS TR A B, mol/L 5 Woa-n-cly & QA-N-Gly
B, g5 Msush 2,3-FRE NI = H ILE AL BT
JEEJR 5, 152 g/mol
1.3.3 FTIR @ Z
BB o [ AARE i, A L AR 4 21 AP DR A
(FTIR) X HArF 4548 5 2 Bk A il e .
1.3.4 'HNMR @ &

PRILZ) 25 mg [E R4 5% T 500 pl FKHr, 4R
i 388 e A T M AR D 1 S0 52 H: THNMIR 1%

1.35 #}if2fe Zeta w4z €

W TS A i FH 25 B8 - /K BE 1 5 4t 4340 0.5% 11
TR, FIH Zeta H A7 S 48 KL BE 43 B A0 5 i D
T PRAR 53 A LA S Zeta HiL A
1.3.6 TEM al4X

W WEARFE S T 21K, B 10 pb Ji AR 8 1 L

NE: O g,
Ko™ R

Q N
cor OH H o X V/\ca\cm
o ——————> Q 0 _—
___NH, o] o} o™ pH 8~9
H HN ol

HO OH HO OH HO H OH

N-Gly

ol
N cio
HO
o NH O
v NH,
o)kg )sz—’
H
0 Q Q
o} o™
HO OH pgo OH pyo OH

QA-N-Gly

R 120 V RIESTHL RIS (TEM ) SRS
FE B RORIE S
1.4 FEETEWMHIE TN

PEATEH IS AP (S aureus F1 E. coli ) i ZE
R FEHET, 75 37 °C, 220 r/min B1E IR$E IR
Kig% 24 ho SRFHEARCTE B0 0 16 Ak 1Y) R R A 7 v
M, Pk 7% %L 30~300 T Mt AT %, A
WA TR A TE A R A RS (R
7 ) K8 AT A R B 2 AN [R) I fe vk B I — i
A 96 FLAR T, P FLAR H O A TR Y A0 B 2R
1x10° CFU/mL, MFESERE)S , ¥ 96 fLARE T 37 °C
fE IR AL G A R G 9% 18 h, SRS T e R 2
FE S A 7E 600 nm Ak Y IO BE - 15 B BP0 TRV A BH 44

Xt R, Bl IR AT A ) DR A B T B e
(3) IHHEMER.
R/ %= Pottxtn ~ Asgem o0 (3)
Az — Asren
A IR AR, %; At R BEAAE X BRZH IO
BE s A wwe A BIPEXT BRZAL I SERE 5 A sopon A ST ZH
.

1.5 EERITEY/ARE & /KR FFRIA
151 #&

P BH I OB R AT AE 9 (N-Gly 50 QA-N-Gly ) IR
BTk, 40 CORKIE ML AT 2 g, H
rF P JiE 1 o ik B 100 /L, 5 JEATT A A 1 o e ik
JEh 25 glL, iR R E O BRI R,
RIS TABEIA A 22 mm (2 mL/A4~) 3 35 mm
(1.5mLA) MBEDEALE S, BUETE 4 CAURIRES
R A, R A R 4K BCHl EDCINHS TR A %l
(EDC 5 NHS¥ i 2tk 2: 1) , He EDC
JREWEE N 2 g/L, NHS FEHKE N 0.6 g/L, N
DRI FRIE YT EDCINHS IEHF) pH % 4~6, SRJ5 ¥
VR B BE IR ML T 3 AR EDCINHS i
iV (EERSTAT )  V(EDCINHS W ) =1: 3],
T 4 CTAERNY 24 ho HE 3SR 5 10 B i B R £k
R (PBS, pH 7.4) WEBEBOK, 1534 AT A
YIRS A KRR o B R Xt EEAT R, K o e vk A
100 g/L A A fe ¥ W 2 16 il £ PH IS K B8 Jie ( Gel )
HLAREI & IR A o B bR s A IR A
JKEENE ( QA-N-Gly/Gel ) il £ BT Fr /i
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1.5.2 SEM a4

FoKEEE-80 CHRT, FRHW AW, LIk
Ao AR AR AT o K O P A ) b FH S L S [
FEERE G, R T IS 9E 4, FH SEM LI /K B
JE B T35
153 AT F MR

EEERT, KKEER 2R A, B2 35.0 mm,
JE& 1.6 mm) iR 7E 40 mm BSEAT R Z 8], 15 AR ]
P2 1500 pum, A 8% 1 E A 0.1~100 rad/s, 7E
2 M 2 5 DX PN N K B I O i RE R R (G TR
iR (G") .
154 HUARJE 45 b Ak ] 3R,

FWRT, KB (BEHA, EZE 21~22 mm,
1 7~8 mm ) E 7E T RER AL A R 4R e A
FYFR AL AR (50 N) Z (8], 1877 P e L[] i) 1 25
2 FIrJe L% E R m PRI, 285 2L 1 mm/min
) TR RN i R 0 AR TR, R R A S 22 o I g -
N AR 2k
155 4RIMEMK F0lZ

BHRTREKERRE, RETteRAZR
PBS A (pH 7.4) |, 43 S AEAS [] B B) B HS A
i I BB AR 2 R 2 A K 4, SRJG S ED I kR
mn P IIE S, %X (4) TR .

SR/%:Mxloo (4)
Wo

o SR MEIKE, %; Wo A% T /KB By IR 4G i
i, mg; W, ARESTE PBS IR IR M — & i a) 5
By, mg.
15.6 RN R R

£ PBSEW (pH 7.4) VIREH 1 B HEHY
PBSA (1 U/mL ) HrifAh K B i i (A S Ak
BT K BEI 52 7R A PBS IR B HA B, IF
f£ 37 °C, 100 r/min 44 F ok R AL 6. 12, 24,
48 h, B, BBRWIR, F PBSIEWIEUEUIIEY
SRIGHEDTIEYIA T, FREJFES, #%2X (5) IR
fif R

WO _WZ x
0
K. BR WFEMAR, %; Wo Rk T/KEER By 1R
ik, mgs Wo SRR S R S — 5 i T 5 JCHE I

T HE, mg.
1.6  KERBIHIE IEIE N

FREL 100 mg 515 BYBEL N, JICE AE 5L AT
TARMER, SRIGRHT IR PBS W i P %L ik
B BT, KR P BEIS 5L RS A 1 mL 20 TR R
H1 (1x10° CFU/mL ) 7& 37 °C F4L853% 24 h, #84%
WAlE, FRBARWRITRE, SR )5 IO A= BEER K XF
DRRCHEA T 68 A R o TR IBORS B8 () 1 PRI 100 L =8
SEARA, SRS F N B A 10~15 mL JCE 48 °CIR
WA IARTE, REIRGIRS), FEBURRER 5 T
37 °CFEIEE;FE 24 h, MEIF T A b i B 75 40
o DL Gel AN HRAL, #5X (6) ITEME .
CPUxm —CPVs% 100 (6)

CFU 4y
A IR R AR, %; CFU .y, 5256 2H 1 T 754K,
A5 CRU gy WX IREA TR TE B, 1

it SEM XA K B M Hh 1 20 TR o 5 Al S
I 24 h 5 1Y Gel 7K EEME FISC, FH BT 4345 2.5%)8% —
TS Y25 VR st 1 2 3 R, 3 I T [ E i, FH PBS
VS VREE VB IS 3 U o PP IO 0 195 1R 15 R 51
Kt 1~2 h, FEEMRIEW, T PBS I UEBEN 3
W BRI IS AR50 (30%. 50%. 70%. 80%.
90%. 95%71 100% ) 14 £ /K 5 TROxHBE dh itE 4 7 i 7K
PR (FFIR 15 min) o HTK RS 2R 5 R
BAW (WEEMI 1: 1) ZFRAES, 30 min, #H
4 TR S IR AL FEFE S L he IR AL T, BERE, A
SEM Wi5% .
1.7 JKERREY A MM

BUN UL, 3000 r/min R &0 5 min LB 4L
M, FARBRER KBRS 5 R E LIS WET, AR
b 7K R S 21 240 B T A AR R A3 B Bl 21 40 i B . FR
B 50 mg T #ERS IR 0T 800 pb A= EEER K A, P
A 200 pL Zr4ifE ik, EF 37 CKBHIFE 4h,
3000 r/min &.0> 5 min, WHCEEBINA 96 fLAk H
(100 pL/AL) , HEGHRAN 540 nm &b [ 35 Y
WEGRE . DAAEBRERKAE R BIPEXRT IR (O il ), DA
afi K AE R BHPERT IR (100%3% 1M ) o &= (7) 5
WAL, WS 3 1 5% R Il -
At = At 100 (7)
Axpensim — Ayrrexiig
o HRIFILER, %5 A mwn i BHPEXT BRZI G
A e R B PEXT HRZH W ERE 5 A e WIS EH OGRS

BR/%= 100 (5)

IR/ %=

HR /%=
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1.8 JKERHHAMESETM

PR 100 mg 7R T )5 BIEERE , 7258 5MT T R ad
WA, RIGEMT 4mL g4Ik 5 (eI ),
F 37 °C, 100 r/min fEEFEIR T4 24 h, WEER
PEWIE 0.22 pm K RPEWE, SR)E R EEW A
A= 3 (ARFA4 10% ) AT (RFLA4L 1%)
# 8 NIH-3T3 4ilfie 60T 96 FLAH( 5x10° /AL ),
FRANRING BE 5 7 L TH R R 5L IN AR IR, & T CO;
TE A A5 SR A rh o 85 5% 24 F 48 h( BHMEXT BECH
HE R AR S A A R 3R, A PO RO Al SRS )
RIGFEFLPRAR, IMABE®E 05 giL i MTT
VAW, TETRIRE A TP ARSI E 4 h, RBEBRIAT,
FLINA 100 uL DMSO, #EJCHRPE 15 min, i FHEER
ASHFE 570 nm P AR e S W OB EE , #2=C (8)
T AN A1 R

CV/%=

At = Areii 100 (8)
Agipixtin — A
K. CV WAIEAAE R, %5 Ay A X R
W A%H‘T%Xﬂﬁ Ry R A o B 2H W S S A;;%»y‘]
1.9 SitHh
Giit 2 A A R L E AR 22 3R0R, SR
SPSS 23.0 it 47 B &R U5 2 43 #r ( One-way
ANOVA ) 5 t #536, P<0.05 F/R B B EH k2R,

2 HRSIE

2.1 BETEYVHERSRIE
211 BRRESH

PL Gly Ak, BEG m N-Gly, RIEiE172%E
A B, & QA-N-Gly, #TJ5, N-Gly HH
gk EA (B 1a) , QA-N-Gly b 2R [H
(K 1b)

K1 N-Gly (a) . QA-N-Gly (b) %=y F
Fig. 1 Pictures of freeze-dried products of N-Gly (a) and
QA-N-Gly (b)

T8 1 R B A2 A N-Gly BUREE R 22.6%,
Y T5 4.4 N HEPERIAE S 0 (Y4510 EL
ML) BEAA L AMAEIE . i R R o
M1 QA-N-Gly BUfREEZ S 14.6%, /NT N-Gly it
ROBE, BN J& T B I IR R e 2 g 1k
QA-N-Gly FAE —#R 53l B A FAETE , XN G2

AF TS 11k Fre 5 Bk 2 1oz A3t T Sl
2.1.2 FTIR &#F
¥l 2a°/ Gly. N-Gly. QA-N-Gly ) FTIR 3% 4],

M 2a AT LA H, Gly 78 3300 cmi™ 4b 5 5 06 X 7
F—OH W MiZidRzh, 2923 cm™ kb rh g5t T C—
H & (—CHICH,) MIfh4EdR3h, 1151 cm™ 4b Qg X}
I FEE2E C—O #Ef 4 diR 5l , 1080~950 cm Akl
PR T A AR T C—O—C #1454 30
700~500 o™ Ab i Xef 7 7 2 B B Y I i 51
N-Gly 5 Gly %t i, N-Gly 7E 1695 cmi ™ 4b H ¥ T 5t
B, Ay 2 e sk CDI 500 S IBE fi 1t iz et
) C==0 # A h 45 = 50 ; LAk, N-Gly 7£ 1536, 1260
om bt AF A B BRI R g, 4 N—H
AR S Al C—N SRR 4R IR sh ™), SRR L1k
B3, QA-N-Gly 5 N-Gly %t Ft, QA-N-Gly 7&
1450 cm™ Ab HVER TR B R, Ol R B
(—CHa) ARTEAR SIS, R4 ER B 1 )

K2 Gly. N-Gly. QA-N-Gly f# FTIR( a) fl '"HNMR(b)
1A
Fig. 2 FTIR (a) and *HNMR (b) spectra of Gly, N-Gly and
QA-N-Gly

2.1.3 HNMR 5#7

& 2b A FH *HNMR %} Gly . N-Gly . QA-N-Gly
AL LB R AT RAE . AR 20 s, B AR gL 3 7E
53.0~6.0 L 2 I Gly R MAIF51E, Gly i) EZ4k
2R 6 5.3 (HAMIC, HL) | 6 3.5~3.9 (]
EPWERASC, H2~H5) | 63.3 (F#j4gHIC, H6) . 5
Gly Xftt, N-Gly 7 6 2.8 4b i B, HJE T2 —f%
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I R BT i s QA-N-Gly 7E 6 4.3 il 9 3.1
Qb BB, Ze A AR P R A 5 Y Uk R 3
FY T, T F e e I AT SR AER 3
AN B0 I e ™ p e A TS B H AR
BeAl, SR T R L T % R U, AR
T FT Ak B Ak 25 IR B K AR AR AR 2 51 R T 0 Y IR
#%, Gly # 6 3.3 ZbIg7E N-Gly il QA-N-Gly H i
3 6 35 ML, N-Gly # 6 2.8 4biEXE QA-N-Gly
AL 6 2.6 &b

Wi R —FE b 208, H o-D-F A5 4> il
i -1, A-0 T AR R OE B BLBE L BE Y OK i 0
o-1,6-FH T BEAH B Y A 45K . NMR 24 Bt
SCRELE R —FhE FHF B, BRI SRR o-1,6-4
TR AR CL M FESBS N C
NBE L TE 5 B0 Z M E 43 He o B/ 2b Bk
Evr, 04.89 AL I JE T a-1,6-H 5 4 32 110 4 2
F% (H1-6) , 65.31 4bigIHE T a-1,4-FH b i 4%
BRI A BEARIE (H1-4) B, 64.89 Fil 65.31 4b I iy
TR AT SR D 285 4 v ) S A W BT, IRt
BEIF A SZA B T AR =X (9) HEATAR ., 19 RIAHESE
WE IR B S AL B 6.2%,

o S 4.894bIE I
= AT+ 6 4,80 WT
2.1.4 kEf2fe Zeta wALH5HT

# 14 Gly. N-Gly. QA-N-Gly kit Al Zeta
MO, NE 1 LIEH, Gly #isiin, HARRmM
Zeta L4 kA4 T 481k, Gly. N-Gly il QA-N-Gly
B4R 43 591 R (71.848.2) . (202.1+3.0) 1 (162.3+7.6)
nm, ZIEAf Gly fRifR I BAs kK, HE—E Sk
fbG, RERAR/ . Gy AKBirA /D,
165 2 Z AR L N-Gly J5, H Zeta B i i 11728
1E, #ZEHRE, HIEEE B, QA-N-Gly
Y Zeta HL (v 4 (93.9+1.7) mV ., Zeta Hi {7 it 28 fk i
Ui, Gly WS EME RN, el
Gly BA#IEH M.

x100(9)

#F 1 Gly. N-Gly. QA-N-Gly AyHife il Zeta Hi iz
Table1l Size and Zeta potential of Gly, N-Gly, QA-N-Gly

FE KAz /nm Zeta HL i /mV
Gly 71.848.2 -18.3+0.7
N-Gly 202.1+3.0 28.4+0.6
QA-N-Gly 162.3+7.6 93.9+1.7

215 TEM % #f

34 Gly fil QA-N-Gly f#J TEM [&l, & 3 7]
LIF i, Gly Al QA-N-Gly ¥4 EKIE KA ; Gly i
T sy, TR, FifRfE 50~100 nm Z [ ;
QA-N-Gly ki F7r2), JLF R RIE , Riitfe

100~200 nm Z[a] . A ILAT UL, Gly &% &M )E
ATy AT AR AR 2 K BR 25 44

K3 Gly (a) 1 QA-N-Gly (b) & TEM K&
Fig. 3 TEM images of Gly (a) and QA-N-Gly (b)

2.2 HWEEITEYRINE TN

P BR S5 R Ak 2 s By 3 40 ) 8 1 400 B
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Fig. 5 Appearance of hydrogels
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Fig. 6 SEM images of hydrogels
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Fig. 8 Compression process of hydrogels
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Fig. 9 Swelling curves of hydrogels
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Fig. 10 Degradation rate of hydrogelsin PBS solution
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Fig. 11 Growth of colonies on the plates (a); SEM images of S. aureus (b) and E. coli (c) in hydrogel; Inhibition rate of

hydrogels (d)
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