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Abstract: The recombinant CTA1-DD protein has systemic and mucosal adjuvant functions comparable to intact CT
molecules. But it is easily degraded by enzymes or acids in complex physiological environments. In this study, O-carboxym-
ethyl chitosan (OCS) and dextran sulfate (DS), which also had adjuvant activity, were used as carriers to form nanoparti-

cles through ion crosslinking, and CTA1-DD protein was embedded in them for stable protection. The particle size of OCS-

WS H 8. 2022-12-20 DS nanoparticles encapsulating CTA1-DD protein ranged

ESTE T A AR [ 3005 5549 H [ CX(21)3135 ] ;1 from 50 nm to 150 nm, with a Zeta potential of
T ST &L T ( 2022YFD1800800) approximately =50 mV. The drug loading rate of OCS-DS

EBRN.ZE (1983-) , %0 LR Rt A, L BIFSY 5, 35 nanoparticles encapsulating CTA1-DD protein was 25. 33%
FAPE I GRSy T A BT R HAOR R, (E- when 1.0 mg/ml CTA1-DD protein was put into prepara-
mail ) qinz@ jaas.ac.cn tion, and the protein encapsulation rate was 86.56%. The
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simulated release tests in vitro showed that CTA1-DD pro-

tein could be slowly released within seven days. The mice
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were inoculated intranasally with the mixture of CTA1-DD protein and PRV inactivated antigen. The results showed that

OCS-DS nanoparticles encapsulated with CTA1-DD protein could simultaneously induce higher expression of serum IgG an-

tibodies and mucosal IgA antibodies, which proved its high efficiency as mucosal adjuvant.
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1.1 RIEwr#t

FERLRERILREFA & A CTA1-DD 1 0-#8 1 %
FEERBE (X3 TR 3x 10*) - AR Se i 3 1 4,
B R A SR (R XS 43 F B iE 5% 10°) W H RS E A
A),3,3,5,5-P ORI (TMB) 18 T =20 |
Hain 4 T E 251, @5 BALB/c MEPE/IN R
(5 ) T M RS2 m syl
1.2 O-ZBHETRIE-FERE R (OCS-DS) 41X
BRI H &

A3 IECH] 2 mg/ml fY O-¥2 H 52 M (0CS)
TGRS (DS) W, A NaCl 875 H B8 75
BE4 0.1 mol/L,0.22 wm JEMTE, 2050 LL 2 ml
14 OCS 5% DS NI , 76 = i P55 T, R B
FE LA 20 ml/h B3I A [RIAAR ) S5 ) HL Aap Y5
FRARZEREFE 10 min, HHE 6 h J5 KRR LA B0
H1,10 000 r/minf.L> 20 min, 3% B3, FHH 28 7K
OB 2 KGR TR T 4 CARAERE .

1.3 BEHE CTA1-DD EHH OCS-DS 4 K Fifi
Hl&

¥ CTA1-DD 2 [ LUK [a] 28 5 2 vk AL 2
mg/mlf DS I, BEFEA i, B2 ml MR, 7E
e B PR 25T, SR HTEST 5 LA 20 ml/ b 3g s i
ARFERFLY OCS ¥ (2 mg/ml) , FFRAEZERETE 10
min, §E 6 h J&5, B HE & A B0 T, 10 000
r/min > 20 min,ﬁi?ﬁ ,ﬁm£%¥7k%ﬁi\%‘b
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FIF Zetasizer Nano ZS il %€ Bi— OCS-DS 44k
Wik XL #E A CTA1-DD 2 1Y OCS-DS 44K ik
7K A B4R Zeta HA7, A 4 L F 2 S B
(SEM) 135 S H, 7 S f0B% ( TEM ) LI RE & 1) A 1A
RAEFIMIEZS
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150 BRL—GROR IO 0 IR BEAELAE S 28 0 iR
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2 K TR A B — OCS-DS 44 K Uk 43 51 43 # T pH
7.4 1) PBS ZZ vh WP, 7E 37 C R K LA 54
v/ min R R AE AR . 78 AN [A] B a5, 45 B 1 ml
PRZ H 1% PBS B, [RIBS#h 78 1 ml i PBS W,
U Y PBS Y WRTE 4 °C 2504 710 000 r/minf5.0> 20
min, B W, 85t BCA i) & %E CTA1-DD %
PR 2l Bl i £k B3 A (] S5 B 3 S F
FTRESEATIN 22 , DL B — OCS-DS 4 AWk 1) T8 i 15
BUAE R XTI
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DI DRAE RS B (PRV) KIEHTIF AT,
524 CTA1-DD 2 [ A9 OCS-DS 44 K J5i ki (1)
PBS ¥ R AT 45 PRV BEHT, I E A W) % e
2l FfEEE BALB/c MEME/NER ISR 1 BEVL 4L,

418 H, PRV R LA B X B 0 SR AE /DN B
ML B R 1 H 20 wl, BHIR%EE 21
d, BT /N DIAH R D7 UG5 0 1 K, B IR i
Jei 42 d, BRBER L2015 1003 , T4/ RRAR B8 5 i s 52
A I HE VR, ] ELISA ¥E 46 4% S M oG AN
TgA HUAIK -, ELISA K075 1 B AR BT Ok
96 fLEAMH PRV il , BfL 5 pg,4 CHE L
W, 5% BSA 1) DPBS (454L 100 wl)37 C 4
TR EM 1 b, RS, T, BALIA 100 wl kS
ORI AL (R .1 2 100~1 = 12 800) B fii 0, 78
VRV (R .12 20~1:2560),37 CHFE 1.5 h,
VEUE 5 WU, A3 AN 100 wl B HRP B 1L 2F40
/N TG Ui (il R S A AL ) 3K TgA PUAAR (i
FEVEWAR I L) BEE 1 he VEE 5 WK, A 100 pl
TMB Z i T H W, 15 min 5, UL 2 mol/L Y
H,S0, (50 wl) 2 1EE I R0 A 450 nm KR
I IEIEME (0D 5) , HI5E 1gG Hl IgA LT
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Table 1 Groups of vaccination

251 PET ALK

1 PBS

2 PRV #iJ&

3 PRV HUJFE+CTAL-DD & (5 pg)

4 PRV #UJFE+LEH CTAI-DD HEH (5 pg) B OCS-DS K ik
5 PRV #E+f13% CTAI-DD & 4 (1 pg) [ 0CS-DS 44K ik

2 ZER55T

2.1 HIESEER
DS) 2>k Bk i 22 0

LI O-R PR B (0CS) R IH &+, Hiie i
M (DS) MR, —F i i A v nl @ ad 2
EWRTE B A UKL, BT OCS 5 DS 4 A iy
P i 555 A B A T) R LE B P 25 - A i e R
WO 5 A ek s SRSy, WAR g Ay R Y I | A, = B
LU BRI AE T ORI 45 6 B8 5 2 B (R B A JOR
a8 ) FIRIURE 2 T 1) FELAT R B2 (VKB Zeta HRLBL) o UL
A BURL R RLAR A 5 B 1) LT I AR 36 | 3 25
A PR P R 2 DI AR G

AT 5T 8 5 /i A, E T OCS A DS
VTR B T M A O 2 mg/mll, S [) FEL A VA VR N

o R HE-TRER F R 48 ( OCS-
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AVLH A 20 mU/h, H ST OCS DS 435 A I )
A, 52 1) FEL AT P VRN A B B — 3 TR A i R X A
IR PR 28 X5 G K ORI B ) 52
& 2 AT LUE 1, LIRITE T DS NIEYIET, E
B OCS-DS 4K Fokikr 42 K 4378 250 nm LT,
R FF T AR, Bl I M) HL T OCS WA i
RGN, ORI A% 52 S /D PR B G i e 4, 24
J ] B faf OCS WU AR A E]—E(EH (29 1.2 ml A
A B, T Zeta LA () T4 S REAI, UK (] HE
JR 10 kR A g SR HAR PR eI B
PRI B 40 1 2R A 5 i1, OCS-DS GHKATRE 1)
KR JEREAL, P e T — 3, WokDR AR ik AT &
1, 2% W2 R X URERE AR A5 MR 1 AR A
#2 2 ml HEHEE(DS) ARMA 0- % PEERE-HREER
(OCS-DS) KB HIFI1Z S Zeta FALL
Table 2 The particle size and Zeta potential of O-carboxymethyl

chitosan and dextran sulfate ( OCS-DS) nanoparticles

with 2 ml dextran sulfate ( DS) as substrate

i bﬁr%@%‘ 0CS A kit Zeta BT
(/min) (ml) (nm) (mV)
1 800 0.4 184.6%5.3 -58.6£3.2
2 800 0.6 157.427.2 ~56.7£4.1
3 800 0.8 152.2+3.4 -50.7+2.4
4 800 1.0 234.7£6.8 -32.4£3.6
5 800 1.2 325.2£12.8 -17.2£2.6
6 600 0.8 217.2+3.8 -48.2£1.7
7 700 0.8 191.6+3.1 -50.3£3.2
8 900 0.8 152.7£6.3 -52.3£2.8
9 1 000 0.8 151.8+3.2 -50.4£3.1

Iy 3 EER AT, IR E T 0CS HIEY)
i, OCS-DS 44 K ki 42 KB /7 250 nm DL 5
S5 RLPE, B S HL AT DS VRO R 34 T
ORG24 A1 1E FL PR ROl B 55 B AR R 2 W, 4
TR T PE R 5 = KA A T B,

LEA R 2 FNER 3 ERL S EORE | UL DS AR
il £ 19 OCS-DS GK kL, H Zeta H A1) 45 XF{E K
HBATTE 30 LA L, 2 WAV i v 0RE ] i HE TR A
NG, MWLL OCS M Pl 25 (1) FURLARL AR i K
Zeta HUOIAXTETE 20 2247, RUE PRt 25 AL,
AWFFTHERE DS MR, B 1] LT OCS A i
9°0.8 ml, FEFEHE 800 r/minK)HH # 5514 T ) &2

CTA1-DD & H B 25T

#3 2ml O-BFEFENE(OCS) MKW 0- B EEBIE-MEE
HIRYE(OCS-DS) AR BA KIS Zeta FAAL

Table 3 The particle size and Zeta potential of O-carboxymethyl

chitosan and dextran sulfate ( OCS-DS) nanoparticles

with 2 ml O-carboxymethyl chitosan (OCS) as substrate

g BHEEE DS (R Hif Zeta Ha i
(/min) (nl) (nm) (mV)
1 800 0.4 198.2+4.8 27.2+£3.4
2 800 0.6 223.7£2.5 23.4+2.8
3 800 0.8 258.4+1.6 20.3+£3.7
4 800 1.0 324.9+£7.9 16.0£1.3
5 800 1.2 476.2+14.3 13.7£2.0
6 600 0.8 273.2+4.3 21.6£3.1
7 700 0.8 276.3+3.8 19.5£2.7
8 900 0.8 231.0+£3.1 20.8+1.2
9 1 000 0.8 228.2+4.2 22.4£3.8

2.2 BX7FE CTA1-DD EHH OCS-DS 4k i i
R 5 B (R AE

Tl 45 (1) CTAL-DD 2 3 B4 52 i 55 1) B
P, I CTAL-DD 2 I A 2R BB+ DS B
W, 76 CTA1-DD & 8 A T i W BE 43 3R 0.5
mg/ml, 1.0 mg/ml, 1.5 mg/ml, 2.0 mg/ml, 2.5
mg/ ml il 25 QK IORL . il 28 v A [ 7 24K
H Y 2 ml AN R B R EE CTAL-DD 25 H 11
DS (2 mg/ml) , AV 0.8 ml 1 OCS ¥ W
(2 mg/ml) , AW 20 ml/h, i 7 3 K 800
r/min

FE 1 AT, 244 AR CTA1-DD £ A it i ik
JE<1.0 mg/mlit , A1 247 CTA1-DD F H ) 0CS-DS
YRR AR AR F Zeta HEOTAEIEAN K, BEE A
) CTA1-DD & [ B e BE 9 L7, L2 A CTAL-
DD 25 [ 1 OCS-DS 44K ks i) 4% 5k 7 Hh 3 fin
A A TR B Y B TR RE B R B TR T
FL 7 (S AT ik, 2 B R 2 T A7 2 5 27 £ Fl i 11
R BEBLRRAR 5 5, 59 7 MRS CTAL-DD £ 11X
A E AT EIEH

A CTAL-DD £ [ OCS-DS 44 K ikr 1
THOAM LN & 2 JF 7, 8kE 2 B AA , B e 1 R4, b
#4950~ 150 nm, B2 K E il R AR (E /N,
XAEH T OCS-DS 9K ks 7 /K 7 W b K & 242
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& 3 @R T A CTAL-DD & [ 5 v i 4y
524 0.5 mg/ml 1. 0 mg/ml . 1.5 mg/ml 2. 0 mg/ml
2.5 mg/mlbt, il #5453 B A 624 CTAL-DD & 111
OCS-DS gk ki A 3B A BRES . BT 0CS
H1 DS 8 A B8 38 Bk W58 e Ak B g B, BT —
TR CTAL-DD 8 1t 2338 3 85 1F FH sl B AL
RN R AL &l 3 AT%0, 24 CTA1-DD A9

KM 0.5 mg/ml $2 & 3] 2.0 mg/ml i), H ¥
OCS-DS K RUkr I 1 48 25 R A B v fn . {H 2 Fifi
& CTA1-DD £ 115 W BE (35, W02 #E 40 K o ks
o BG RR e 2 A  RBRRE B R AR IS K
RLPRIM N, MALERKE, CTAL-DD A
AT E M0, 5~1. 0 mg/mlif, CTALI-DD & 1Y
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Fig.1 Characterization of OCS-DS nanoparticles with different concentrations of CTA1-DD protein
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Fig.2 Electron microscopy images of OCS-DS nanoparticles encapsulated with CTA1-DD protein (1 mg/ml)
U 100
~ 40+ ~ 80
S <
‘E@{' 30 ‘F’Q‘ 6oL
g 0l )
® @
e 40+
0 Il Il J 20 1 1 J
1.0 2.0 3.0 1.0 2.0 3.0

CTA1-DDRHEIK)E (mg/ml)

CTA1-DDFHKE (mg/ml)

B3 BARERERE CTA1-DD EHK OCS-DS #KFitE Q@15
Fig.3 Protein encapsulation capacity of OCS-DS nanoparticles with different concentrations of CTA1-DD protein
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2.4 BEH CTAL1-DD EHHE OCS-DS 44K FitL
B CTA1-DD & B SME R4

WA B0 45 R, AR BT B 1.0
mg/mlff] CTA1-DD & % Al &5 4H CTA1-DD
Y 0CS-DS 44k Bik:, #£47 CTA1-DD 2 1K
SMVRERICRR PR PEAN . i 25 ik A b At [ 2 28055
RS . A CTAL-DD & 111 OCS-DS 44k i
PAEAFE pH T AR SMBE il ad FR 18 4 FroR . 94
KIBURLAE 1 d LANA RERBERUE , B — 11
CTA1-DD FEH . SRIGTE 1 d LLJE Bl i %% i A8
RN RS RE, BT d W, PR UL B AR
WK W5 1% H %, CTA1-DD 25 H 58 &R,
100
80
60 [

40

BRI (%)

20

T2 3 4 s 6 7
Mf[a] (d)
E 4 E%%E CTA1-DD EHHK OCS-DS ik FHiA CTA1-DD
BRI &
Fig.4 The OCS-DS protein release profile in vitro of OCS-DS
nanoparticles encapsulated with CTA1-DD protein

2.5 BXFE CTA1-DD EHHK OCS-DS 4k Fi i
BYEFIEE

T BiE CTA1-DD 25 8% 0CS-DS 44 K ki
W AR M, %A CTAL-DD & 1 Y
0CS-DS 4k ik 5 PRV KIS P FIR &5, A/
B IE , JF 43 i PBS BHMEXT AR PRV 4T )5 %) #R K
CTA1-DD ZH X, BRSPS 42 d, 8 i vg Al
I e PR VAR, ) A T G SR AR VR B e Y TG PR K
SEFNRE R ARRE Y TgA FUAARIKT . ELISA Kl 45 5 4n
K 5 i, 03 A CTA1-DD & ) 0CS-DS 4K i
7 RE RS [ B 375 5 0 = (9 LY TG PUR AN TgA $T
RRIL
3 v

FERLEE R A S DI OGN KA AT T4 B
Ot AT R A e K AT B FE A A AR ) AH

i T H A M2 TR IR 2 B BRI 2 &
hEGLTER Al WEEHIF LK CTAL-DD & H M

A REE AR 5 RERLR R T
()4 B FNREIEEAR RN DD RE . H , 7RI 09 0 b &
B, CTAL-DD £ FI7ES A 0 A= B IR 5 vh 725 ) 1 il
HIRRE R, R RN &, i T RERE W 47 A1
CTA1-DD [, LB HAER N REE IS i 2 1 0E A e s
YA, S5 R B R 4 AR TN, AR IF 9 SR B T K
il £ AN K AT X — SR

JETF CTA1-DD 25 AR R B RSEAA RV AR AR 5
AR T [FIRE AT Bh AR R0 1 52 AT A
YRR R 22—, BF4E REW i 7 B
O3 F IR RGN K UL AR 1E B R AR I RE T 45 24
Jo R HE T 3 B G BE B SRAE SRR
B AE SRR YE SR F T AT, 25 4 oK kT 5 —
s pH (B O R 1 , T34 FR i LA 3 43 B St b 1Y
N, ARBFFOE M 6 A0 H 3 [ i R S e Bk
BH AL, HAS TR Z pH Rk IR 0-%
H L2 B0 RO B T IE H P A 2 B R R P 3
b, 435 T HHES F2 MR . TR R
ARWFFEIERE A ) — B AAADRL . 8 SRMHE A WO
A9 F2 1] Dectin-1 1 Toll FEZ 4Kt B4 —E Ay
REVE T TIRE . 1M SR AR R L, AME A e T H
O3 TR KV 2 1 [n) R, A 7 1 4 RO 2 1
FU Stk ARBF T E R 0-R H LR
W55 67 M IR i SROBE A TG | 1 R] S B B
YRRIBURL , ] 8 5k T BRL, B Ny B[] kA 13
Wy I B s g s T B S5 7 4% A1 220 T 3850 ) 2 0%
i Ll A it R R A K AT B T 3R B A,
A B HA ], B E

ARBFFE L T OCS-DS 44 K ik 1) il 45 4 18,
KILL DS hyid YT, 0CS i3] DS ¥ H ]
PIE B B R R ( Zeta HEL 28X (B > 30) 19 448 K it
hi, BE S G A Ak S5 R, B E T AL
CTA1-DD Z Il & %14, T CTA1-DD R 5511
HL P, B LATE 255 DS Vi AE R — K A 7E
S ERR  BEE OCS MY A, CTA1-DD 2 [ b
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H ERE TN Y B 5T At BRI YR, A
T SR m AL R e R A R |
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Fig.5 Antibody level after intranasal vaccination with OCS-DS nanoparticles encapsulating CTA1-DD protein as adjuvant
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