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Abstract: A casein and glucose copolymer was prepared by Maillard reaction and its properties investigated by gel electrophoresis,
Fourier transform infrared spectroscopy, and fluorescence specroscopy. Casein-g-glucose-PGG nanocomp lexes were prepared using the solvent
evaporation method to improve the water solubility and anti-aging effects of PGG in Caenorhabditis elegans. The results showed that the
molecular weight of the conjugate product (casein-g-glucose) was larger than 11 ku. The reducing end of the glucose was covalently linked with
the amino group of the protein, and the sugar molecule introduced into the casein had a d-glucopyranose ring structure. The binding force
between PGG and casein, or casein-g-glucose, was mainly hydrophobic interaction, which induced the self-assembly of PGG and
casein-g-glucose to form casein-g-glucose-PGG nanocomplexes. The encapsulation efficiency of the nanocomplex reached up to 62.27%, the
particle size of the nanocomp lexes was 265 nm, and the nanocomplexes were light-yellow powders. Nanocomplexes showed good solubility in
water at a concentration of 10 mg/ mL. Compared with PGG treatment, treatment with the nanocomplexes could significantly extend the mean
worm lifespan by 13.00%. In conclusion, the nanocomplex can effectively increase the anti-aging effect of PGG in C. elegans.
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CIROBEFEVEME 1 h, JEE A 1 mUmin; JEREE: 20 .

1.6 PGG @ #EZ N =

PGG fEM~E t -2 bl e b () G 2l e 7
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Fig.1 SDS-PAGE patterns of the casein-g-glucose copolymer
produced by four hours (Lane 2) and six hours (Lane 4) of
Maillard reaction
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Fig.2 FT-IR spectra of casein and casein-g-glucose
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BDHE K. AERNER IS, WRE T =k 0 731 8]
R R, AT A KR B R T T AR
ARSI, TRERTHE IR S e E
P, AR KR B . BRI A K 1) B
KA BORE R K5 Ko A 240™° Li(mols)™™. f
R4 Stern-\olmer J7 RS Ko i KT 2>10%
L/(mol-s), HKIdFE NIy BRI FT 51 kS ik A4
Ky MARE T 7R SRR Z) SR K. R
Stern-\blmer J7F24ER, FT15H PGG S5 A Bl i
-4 TR A L ER WpAE FLAE 1) Stern-Volmer 4 K
AR EHUE 1 Pon. GREVUNFRET Ko
AT 240" L(mols), [FIHBERER LRI, WK
A Koy IR, X U] PGG 5 B H Bl 22 -
i R B L R 8] O RH HAE AT A2 A K
TERFSERT, SEHB KU 3 #oR,

Fr3H) PGG 5 W BRI EE - F1 &) B B SR
HAERIEEE A K W3k 2 Fizs .PGG I e B (1)
PR —FE, BO5BE N MR E A RS E S R
HARAEIRN, TR NERESEY, 1%
SN pH AR, 2k 2 R, PGG Mk M
Z A 45 A8 80 (45710° F13.2010°) b PGG Filfigs
B - B B R 2 I s & B (8.2510° Al
4.43x10°) 1. X R R - R B R SR PR AR
T PGG MIEtEE HZ IR 45 & WL R PGG A
EEVUEI RIA R W0 1 -1 ATPE-PGG 9)
KE SRR ENE

&1 TEIRET e 5 &L S &0 -FEERRIL R8

G {ERY Stern-Volmer FEREBIFIRE EH
Table 1 Stem-Volmer quenching constants and the quenching
rate constants between PGG and casein or casein-g-glucose at
different temperatures

Hf o TK  Ky/(LUmol) K /[L/(mols)]
298.00 2.07x10° 2.07>10%
& 8 PGG
308.00  1.73<10° 1.73>10%
BB G-HH AL 298.00 8.8010° 8.80>10"°
#RMUPGG 30800  6.4540° 6.45%10"3

WS EA R A ZRAR LS 71, AR
BRI, EREES). BRI KIE R A, R
Y5 A s SR TR AN . AR IR AR A
RIS, RBHEAAR ATLUEVEAH L R2EAH, H
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PEFR LY M R IRAEAH<O, HAEAS>0, H

H AEARAEAG<O, H BEHEMIE 2 A4 i B T o
BiKAEF 770
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Table 2 Binding constants and thermodynamic parameters between PGG and casein or casein-g-glucose at different temperatures

A TIK K/(L/mol) AG/(kJ/mol) AH/(kJ/mol)  AS/[J/(mol-K)]
298.00 4.57x10° -55107.74
B &4 PGG . -27158.68 93.79
308.00 3.20x10 -56045.62
A EG-FEABEA 298.00 8.25x10° -50865.68
-47429.94 11.53
EBMHPGG 308.00 4.43x10° -50980.97
24 BEE-F 5 HE-PGG 4K & A Mt Fl & By 4 22 M

P21 731 R K A5 Y R VAR KRR b B
T BUARLT IO TV IR 7 V2 i
R 175 g, ARHE A R 178 R PGG
B B - R R YD o R R R
KB AL IYE T e R IIERE R, K5
W i 758 4228 R K B A oR A, ket
PAAS BBV TURL T

TG, FRANTIEL SR A S ] % L T R - e
FERGLRY). RIFRILIMM PGG 73ml T /KM TG
KOS, ERUHFMARIILRYKE BN PGG oK
CTETE IR GE R ST HRAE , /KR 2/ 7E 0 C
MIZESE 2518 4.6 F112.3 mmHg. R R IdFE
o, CRERIUSEER K, FERT R OB R
B RAR, WIREINMER R . EEUKIER T, PGG 5
% iR IR G E kD, FRBERR S B LR &
JEKAHER, MG AN 1 kL5~ AR E1E -

il 2 AR PRI PGG AP FIAS [FIVR VR &
e, W AR R PGG AL AR W 1%
W - % PE-PGC Al s IRCR, 4iRInE 3 i
o BEEILRYIMPGG W 1R, KK/ 125
nm 3 XF 339 nm, T PGG M 62% & £ 30%
Rl FRATTEEY 1 mg/mL LY 1 mg/mL PGG R
A% PR ALT

R 3 TEIRESI SRR A/ F1 PaG BB
Table 3 The particle size andencapsulation efficiency of PGG

loaded casein-g-glucose nanoparticles

Conc ratio of PGG Diameter Encapsulation

and casein-g-glucose (MeanSD)/nm Polydispersity efficiency /%
1 mg/mL:1 mg/mL  265.33+10.07 0.33#0.03  62.2743.06
5 mg/mL:5 mg/mL  338.8745.85 0.3140.02  29.90+0.01

2.5 W A-W A AR RMIPGG 45 Kk T

ikl 3 fs, PGG NRAFKIAR, W -Hi%
WA ILRIPGG AeKbi T ks k. kE
N2 mg/mL 8% 10 mg/mL, F%ER (-4 PE-PGG B &
YIE /KR ISR ST, FOKVERUE . {2 PGG /K%
R FER 22, SRR IR pivE, BMEHIRER 2
mg/mL. X KBS - EHE-PGG 4K E&4H4 i
T PGG /K.

3 PGG 5 PGG ZKALFHYARRIFRL AN TR
Fig.3 Dissolution and appearance of PGG and PGG
nanocomplexes
ANF] pHAE B HK S EARIE 4 B . Bk
., WEE-HEE-PGG YIKE AYIIIK A BARHL K
R E- A R R SRR B KA BARR, T RE
LT RSt 5 SR A A T K
TEpH N A B, BREEE. FRER - HA PR L R
VIR B-H #HE-PGG AT &1 =F KR HAE
HE pHE I 22K, IX ATREAE pH Y 4 N B EE B2 1
A (pH 4.6) B, HIEMREEREAC, T HyaR )
2y B4R 0.25 (pH2) W3] 0.39 (pH4) , frLd
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Fig.4 Partide size of complexes at different pH leels
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AR R H- %) BE-PGG 9K S5 WP & i RS e £
H RSB
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Fig.5 Survival curves of wild-type Caenorhabditis elegans (N2)
worms with different treatments
JE: K554 02%DMS0: 02%—F AL, 015
mg/mL Casein-g-glucose: B&&¢& fi-# 5L RY; 015
mg/mL PGG: 0.15 mg/mL 1,2,3,4,6-O- Zi% & F BAF] Zi4%; 0.15
mgmL PGG complex: B&Z¢&-H#148-PGG 4K Lo .
ARIBAHTTE PRI PGG it 5 MR w2 i
R b R DA =R P G i N o AT S S A
it — Bt TG R - BERE RO R B LT )
Xf PGG AWiEERIFE M, FRATT AT WNRE AT HUY R

26

BRI A | HAE R4 g 2R IR . Xt A7
EEOUEEAA I (B 5, SRssE - AE RSt
EYH (casein-g-glucose) 1 PGG 4Lk, FEEEH-
HI G HE-PGG KR GG 4k B3 A (Log-rank
W5 rh p<0.0001) , ForHIAE K T P45 75 fir 31.20% A1
13.00% (£ 4) , MIiRH], EdEE-H%EFE-PGG 4
KEEE PGG ik BAT iR IE g itk . 5
0.2% DMSO X HeZ LbAs, I -] Gl B FeB R Y
) Ze 8 A am IcH W 725, RV 8- 1 & b
BRI L L i Vo MR SR, ANTTHRRRIL 3R
VI GRS, AT 1, BRI AR S B %
-PGG LK E AW PGG HA SR IMAE S Zht
4 BEGHEBLR (d, FHEHRES)
Table 4 Comparison of the lifespan of Caenorhabditis elegans
with different treatments (days, mean £SD)

ikl FHEG  FIEEAS RAXES n
02%DMSO 17.04476° 16312  28.3H.7 135
0.15mgmL  17.63#.73  17.040.0° 20.043.5 148
0.15mgmL  20.694034°  20.3+2.3° 35743.1° 126
0.15mgmL 2326410  23.040.0° 37.743.1° 163

E: HIESATH EE FF EoH (SPSS13), A F REF
BEAFREHEZF (p<0.05),

3 &g

3.1 JE SR A A o 1R ER - e B RO R
Y, HRRAHEE) TR T 110 ku. ZLAMGHERH
BEAR I POk 5 8 2 DML AR i AT, I B
HPSINRIRE T B D-ME & P L. PGG
515 SR B B - R D RN UK T

3.2 RHZRZ, 1§ PGG LMkt - Hi% M bk
YIAEBRK 73775 5 T iy [F) 4 2864 281 s B 1 - W 2 HE-P G G
GOREEW. AZINAKRL IR IR, FEK P
FERT, Rife 265 nm.

3.3 MeER - M MR B IR LR 75 A v T S
SO LRI B - H B PE-PGG 9K B A EL
PGG HL{ARATH SR IELE R e

BH Ik
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