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Abstract: A fusion protein containing a tetanus toxin peptide, a tuftsin peptide and a SARS-CoV-2S
protein receptor-binding domain (RBD) was prepared to investigate the effect of intramolecular adjuvant
on humoral and cellular immunity of RBD protein. The tetanus toxin peptide, tuftsin peptide and S
protein RBD region were connected by a flexible polypeptide, and a recombinant vector was constructed
after codon optimization. The recombinant S-TT-tuftsin protein was prepared by prokaryotic expression
and purification. BALB/c mice were immunized after mixed with aluminum adjuvant, and the humoral
and cellular immune effects were evaluated. The recombinant S-TT-tuftsin protein was expressed as an
inclusion body, and was purified by ion exchange chromatography and renaturated by gradient dialysis.
The renaturated protein was identified by Dot blotting and reacted with serum of descendants
immunized with SARS-CoV-2 subunit vaccine. The results showed that the antibody level reached a
plateau after 35 days of immunization, and the serum antibody ELISA titer of mice immunized with
recombinant protein containing intramolecular adjuvant was up to 1:66 240, which was significantly
higher than that of mice immunized with S-RBD protein (P<0.05). At the same time, the recombinant
protein containing intramolecular adjuvant stimulated mice to produce a stronger lymphocyte
proliferation ability. The stimulation index was 4.71+0.15, which was significantly different from that of
the S-RBD protein (1.83+£0.09) (P<0.000 1). Intramolecular adjuvant tetanus toxin peptide and tuftsin
peptide significantly enhanced the humoral and cellular immune effect of the SARS-CoV-2 S protein
RBD domain, which provideda theoretical basis for the development of subunit vaccines for
SARS-CoV-2 and other viruses.
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RS AR N e AR Y PO VAN (N S 7R =
PR AR B W7 BE A7 7 G 2 g i L R P T R
mRNA £ AH L DNA 5 i JORF 3F A 41 MA%
X 247 mRNA B 1 R L RE S i3 20 )
200 L e 5 TR AR % S T 8 30 s A A ) DR A
R, (HERS> mRNA 1 12 iy 5 A7 2 A 5
poRTE

2 P PR 9 1 T RN R I 51 WY
BRI 7 S 2R 11 RBD 3% o i £ 2 g v il
16 FVUFI R OCE S, J& F LM P ERA XL,
J A T B SRR A B IV BA9 ve I R B TR A AR
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PR T G B OR M S AR e — S BE
FLA Pk 5 2 88 XA AR BOR 89/ oy 1
Z Rk, DR AR e 1 BT R S P 1 o 200 i £ 92
O 285 B Ry T AL B PR T MBI SR AN 2 — R
B SE b T 23 AR R 32 S It RO
A (nucleoprotein, NP g A1 T A i 4
72 BIF& (heat-labile enteretoxin B subunit,
LTB)!™ @i X & JIK (tetanus toxin, TT)!*
PEAFIERK (tuftsin)' %5 . ABFIEEEBIFN T 1L
TR A NEE R K (TTss0.803) « FEAWEK (tuftsin)
5 S E RBD XU ER IR, T 36 5 35 7 1 Jik
fIFEA, 3hn s &1 RBD X4 (S-RBD) Fii
PR BRUEE ST, 1 5 24 L 028 10 2

A g o R E R GGG ¥ 1Nk
5 S-RBD XM AHH Ik, >R FH A% 8 R AT
HERBA F AT IRSY, BRI R R &
PERCR A S-TT-tuftsin EAHE . EAHEN
SRR AR %% BALB/c /MR, RIS )E
I 24t B F B S-TT-tuftsin 55 20 & [ HEHLAA
A1 ELISA HUARNTIIL 11 66 240, ZHffe
Y25 I 245 B W 7 S-TT-tuftsin 8 41 8 116 bk 2 4
A S PR O B A BT Gk 4.710.15, SaERL
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AR 143 F LR (TTss0-843 5 tuftsin) A K
/INERUER X B eE S-RBD DX 3587 A= B 5 1) 44 IR He 938
TN K A R G i N 2, Ay b e S A 5 T B
A B B IR PR L P e Bl A =7
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1.1 EEXIME

SR SN BALB/e /N (6 Ji1#%) T A RSN
KBS 5N EE-B-D-i A U T
(isopropyl-beta-D-thiogalactopyranoside, IPTG)
/N sl LR K T 200 i 2 e R 0 A R R A
Al ; T % £ 3 (dicthylaminoethyl, DEAE)
Sepharose Fast Flow & 122 # )21/ il H GE
2wl JRE . RN B 255 B AL R A
FRZvH]; S-RBD & 1. S-RBD HLripEhiihk . #H
R AL W B (horseradish peroxidase, HRP)
PRICHEYT/N R 1gG (FHLR-HRP) . HURIE 4
LY EbRIC i BT 1gG (BBt A-HRP), il
WA (CEBOE KT S AL 2
T F A A TREBORWT TR o 4 it
1.2 SEWHE
121 ZEEHFIKTRERGBTEPRERY
o

%% GenBank . SARS-CoV-2 fi5#:1Y S 2 1
)P (GenBank % 5% %5 : YP_009724390.1),
VEHL S 7 1 RBD X3, (319 aa—541 aa) 223 P4
FEWR X N ) L P AR B EE R, i e S
B GGG ¥4 H 3 5 TTss0.843. tuftsin AH
B GEHTXE 1 FR), SSHAE TAY T/
(Fifg) By A PR vl G O EHSI A pET28a
b R E A PR EE A BRI R (Escherichia
coli, E. coli), 7€ 1 L iR F I HEFEE ODgoo
B E] 1.0-1.2 Z[E B ALK 0.5 mmol/L [
S H IPTG, 37 °C. 210 t/min i3k 6 h,
7 000 r/min £5.L> 10 min Y
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S-RBD TT830-843 Tuftsin

& 1 S-TT-tuftsin ERRFEEF &I EHREE
Figure 1

1.2.2 BHEERKE d5LE

TS A PR DTTE R A 30 mL ., 20 mmol/L
Tris 2P, VKIS AR (Bh3 300 W, TAE
Bf1a] 3 s, [AJEKESTE] 3 s) 20 min, £ 1% Triton
X-100 $E#% 1 7K, 2 mol/L JRZ . 20 mmol/L Tris
ZEIR (pH 8.0) VR 1K, mAERNE T2
7 8 mol/L JRZ . 20 mmol/L Tris (pH 8.0) H Y
ik =

FLEEHE 148 DEAE B F5c#i: (GE A+
HEATAAY, N H 2H AR R I R Rk B
HEATIRSE . SifbBT 22 vy 8 mol/L JRE .
20 mmol/L Tris (pH 8.0), PEWLH A 8 mol/L JiR
% . 20 mmol/L Tris (pH 8.0), 1 0. 20, 50, 100,
300 mmol/L S fb#H . i#it SDS-PAGE 73 M i
Akt B 08 e AR

%t 5 2H 2 (1 HEAT Western blotting %78, it
il 5% IR Wik =B 2 h, RAM ALY
TRV R OHMER S-RBD HLFERESLIA
(1:500) fEN—Hi, 4 CHHEL®R, LIER
B-HRP (1 : 3 000) YERX—%i, FiRPEH 2 h,
Bl BE i DAB S (R T I £
123 FHEREMHEEMYERS

SR JFV0 B 385 T A P 30k o 4 e v 110 6 Yo 1R
BT EM B ERE 4 C, 2N 8 mol/L
JRZ . 20 mmol/L Tris (pH 8.0). Hh. K& .
A1 B X T RS R A TR B A TR SY, H
WENBER 5%, 8%. 10%, KRR E %
0.1, 0.3, 0.5 mol/L. BfiJ& A4 I3 FH &
(bovine serum albumin, BSA) A XTI, ELAZ
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Structure diagram for designing the S-TT-tuftsin recombinant antigen gene.

S-RBD Z& [ FHPEXT B, 5206 % He Fhoad B e I
BANIRER AL (11 100) A—bt, BPLA-HRP
(1 :3000) &%, Dot blotting ¥ & ¥ J5 &
YR

124 MBEREBERERERENE

A2 SB35 5T, B4 S-TT-tuftsin 25 [ 4
REF A 50 pg BPRCREAF (LRSS SEm%).

B 15 26 A A METE BALB/c /)N BB L4
34, 5 2, JrHh PBS 4H . S-RBD 4,
S-TT-tuftsin 4. S-RBD 2H 5 S-TT-tuftsin ZH %%
B 50 uL (50 pg) &, PBS 4HL 50 uL KH 1)
PBS, /55 EERBMSBERIRS, K TL2MH
G /N TR IR ESS 14 K IR Bk AR e it
P58 R . A 7 d R ERIDKIBUML oK P e
G W B2 (ELISA 3% Aarill /Iy ™ A= B A i)
K-

ELISA ¥ X 4 8 BRI 3 Pe A4 /K 7 R 47 4
Wi, A4 1 S-RBD Hi5, i B s b ik
PR RE 1150 fEE AT b Re, Xy P iksi i
HEATAGIN . FEFLANAE 100 L, 37 CHEE 30 min
J& PBST ¥tk 5 %k (FIA), BifE At R -HRP
(1:6000) £fL 100 uL, 37 CIFH G ¥ENR,
IMABMEK A 5B6% B & S50ul, 37 CHE
20 min J5 B AL 50 pL &k, 7 BfE
it B AR KA (450 nm 5 630 nm),

1.2.5 SR/ Rk E 2 pa1E7E i I8

G BT BT A K - B 3K & H s 200
FIAbIE/INER, T IO S50 T Ml B A, R
FH /IS BSUBL IV bk 2 248 5 93300 6 4 o Aok
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ELAiE S #E T AR 4, ] RPMI-1640 $5 57
S RIS 51 96 FLAk, FRFLAE 2x10° 44l
JH o o LU E R 10 ng/mL FAAE 4T 5 el otk
ELA i, [EEFRL 5 pg/mL J) S8 F 3 AE R BH
PEXT R, JCPU R R BALAE D BT B, & T
37 C. 5% CO, Bi AT 5% 72 he S5 1] 4
FLINA 10 uL (4 CCKS i, 46 2: 45 5% 4 h J5 7E
BRI E 1 FH 450 nm 5 630 nm P K (B
KA E OD fH . Hl#LH5 % (stimulation
index, SI)=(H|#%fL ODgszo— i fL ODyso)/(FCHT
JE AL ODg3o—JCHL I AP AL ODuso) o
1.2.6 SERMFRFSPMRE
B 2 W B AN (B85 . PSVO00L,
HIV-1 :#%t), Ffi#ik SARS-CoV-2 Spike
H, I A YOCR MR SN . Ok PBS 41,
# 2 S-RBD 141, E4A S-TT-tuftsin &4
GogE MG 112 JFIR SRR S 1 1 256,
B 50 pL MRS IS 5 S AR BR sEIR G S
E 1 h, FIEA WS NE hACE2-293T 41 itk
2x10° AN AE/ALY T, KE3R 48 h JE X AL 4 i
SR & EME (relative luciferase activity
unit, RLU) #EFTAGI . 3148 RLU {E AR Xk /%
ECs, % Graphpad Prism 8 #{4:“log (inhibitor)
vs. response (four parameters)” PUZ K& 404
PR3 B RO 2 O R R T 3 BT
14 d 5 I -

2 X504

21 FEREBAFREEHSK
X5 3 A S R 61T SDS-PAGE 43
Mr, S5 EoR, S-TT-tuftsin 55 5 FEA K IE
1t 29 kDa 2485 S RTAEA 5 B B (18] 2 Tkl
2. 3), WL IPTG MBS FHIhEXT
S-TT-tuftsin BT, SCEREER S HUPIAAT .
ZB RIS SDS-PAGE 40 M7k 91 2H &

wm: 010-64807509

FL R iAIE Sk (181 2 UKE 4. 5), Bl X
LA R (R TR % I DEAE-[H & F 38 3 2 4T
alifl, fERALEIHRE S 20 mmol/L i A 5 4l
JER R EHAER (K 2 UkiE 6).
2.2 1/ Western blotting £ 3

L S-RBD H 5 BEHUANE Ry —Hi Xt 4
47T Western blotting %8 7€ B}, FHPEXT #E BSA A
B, S-TT-ftsin 5 S-RBD HAEIHAES
S-RBD HL b7 BT A LB R S PR S by T e £, EL
PLEAATIER (B 3). 05 B ZE RAHAT

EDs: 1. 320 3 & 35 6 0

2 E4A S-TT-tuftsin R FEAL

Figure 2 Expression and purification of recombinant
S-TT-tuftsin antigen. 1-6: recombinant S-TT-tuftsin
antigen expression and purification. Lane information:
1: protein marker; 2: before induction; 3: after
induction; 4: broken supernatant; 5: broken precipitate;
6: after purification; 7: recombinant S-RBD antigen.

kDa

35
25

3 EY S-TT-tuftsin $1/F5 S-RBD #iJR
Western blotting £ E 4% R [&]

Figure 3 Western blotting identification of recombinant
S-TT-tuftsin antigen and S-RBD antigen. Lane
information: 1: protein marker; 2: S-TT-tuftsin; 3:
S-RBD; 4: BSA (negative control).
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23 GRAEEREMST

ZSIIOUE, B 2 R P IR 8% .
AR U E " 0.3 mol/L 1 0.5 mol/L B, EHZ
FEA B ERD, A& E S-TT-tuftsin B 2H &
152 PR T s A Bl 8%, A A R A Ak
&5 0.3 mol/L,

VAT 7 S BN 2 ¥ B 8 N IR A Ry —H %)
H2H A W PEROR AT 08, Dot blotting 52
s R BoR (F 4), S-TT-tuftsin 5 S-RBD H 4
ERE S NI 2 s BEPUAR: 454 i
o, PIMXT I BSA R 6, UiBHEMErEd
EAN TR R L,

24 HERIMFEIA ELISA &7

KT ELISA 0 5002 42 d N 421/ BRBTIA
R ARG, DAL /N R RL M P (EAE
(& 5). R BIR , ERFEN B S-TT-tuftsin
AP SAN K7 T S-RBD 41, H R BPEE T
AP BT & BRI T 35 d B, Bk
SEFN KA1, S-RBD 4 ELISA HiiRRL M 1N
1:35 360, Ifi S-TT-tuftsin 41 ELISA Hii&&k i
ikF| 1766240, B3 FT S-RBD 4 ELISA #i
RZAN (n=5, P<0.05), SEHZ5R KM, =
S-TT-tuftsin £ 13753/ U™ A 5 BT A A K
S 58 F S-RBD & o

L.

B 4 =4 S-TT-tuftsin $1/75 S-RBD Hi/& Dot
blotting £ F 24

Figure 4 Diagram of Dot blotting identification
results of recombinant S-TT-tuftsin antigen and

S-RBD antigen. The channel information: 1:
S-TT-tuftsin; 2: S-RBD; 3: BSA (negative control).
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5 MERIE 42 d BIAKFER
Figure 5 Profiles of antibody levels within 42 days
of antigen immunization. **: P<0.01; ***: P<0.000 1.

2.5 HBEHAEIETEIR I

3 HUARKOF 2135 5 B G B ALk
2% 40 3 2 X 60 ke S Bl A S 38 DN BT
PR EL AN M B I O . MIE 6 TTLLE H, E4l
S-TT-tuftsin & F1 il G y2 BRI B 40 i 184 52 1) A
JI# s, RSB ST Al ik 4.710.15, 1fif S-RBD
B RS S0 1.83+0.09 38 1 88 112240 ¥t
FH A S-TT-tuftsin 2 P47 5P 0 0bK 20 440 it 34
A1 E 9 T S-RBD HitJ# (n=5, P<0.000 1),

sk ok

sk sk ok

wn
1

e AT
2,
5
= 3
g
kS
= 2r ——
=
_g —_—r
a1
0 )
PBS S-RBD S-TT-tuftsin

El6 S Es It REME MG TERE

Figure 6 Immunized mice specifically stimulate
the proliferation ability of lymphocytes. ****:
P<0.000 1
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2.6 HERIMFERRS MK

T it ) R B 2 X B 46 5 5 4 % 2 [
FETESLRL O SRt 2 (8 7), ECso fEHH
Graphpad Prism 8 40415 3]. 5 PBS 414
BE UM (BAPEXTRE) Xt kb, PR B8 o At
ATEYE N 10 43, H4 S-TT-tuftsin & 555 il
M APATEE R 1029, S5REMH, Hl&
A9 H 2H S-TT-tuftsin £ F 002 BUMLTE BA —E W)
ORI
3 W

B4 AR U R R e 2 Al
RAFRKPATE TR AN B Rk
R M EE M2 —, TiE NS IE
SE TP AN B b B AHRE 2 A A el R B T A
A S A B, HiEshd
S5 I al PR 6 22 v 4 38 B A A 4 £ 4 1
TR o B 2 AN K S ¥ T 5t A oy % T e
PENG R Uk S, e 38 [ B BRL e T A A
SR B ER ZH AN K 1 PRV A i IR B v A5 ) A
BB 8 S 5 2 el o A AR TR B AT 5 A [ A
XA R AR BN HEShVE T, A et 2 v Ak

_ lgg : ——S-RBD serum
§ 80 - —=—S-TT-tuftsin serum
=
= 10r —— Human serum
= 60 B —_—
2 5o PBS serum
5 40-
£ 0f
S 20
=
2 10fF
& of o—tg—F—s . 5 3
~10 1 ! ]
0 1 2 3

Serum dilution (log,,)

7 SfERIERBSHMER
Figure 7 Pseudovirus neutralization in immunized
mouse serum.

: 010-64807509

AR AS03PY . CpGPPILL B — S5 L
FNCOSE | ITEAN AR B 1 R T A G e AR
L FpeiAokF- o B ER 1R LA S S
TR PEVER Z A0, B 12 4 kP 2 A1)
FESCIE AR im RATSE rh, A B3 21
HeRioge e IR B R OR RO Y, B
RIS O T Al BT HER . XRY], a3
AW b, A RO A B
A HA .

SARS-CoV-2 J% & [/) RBD Xzl i 21 21
WETEFIE EVE R, HA O AR, SR
il 22 o oh T SR AR 0 B 22 1 B0 e AR, B H A
BEAT I RS B b T F) 3 B e R 2 R 4 AR
BET . mRNA S v FU B 2 A 178 70 L RBD
DR TR, HA B RY], 48 RBD
YERPUR 5 1E#E S B PR AT mRNA S i
TE DR AP AR X028 S5 7 1A 2R IR O R 22
SO ik A R RCR, B
REWFAEYEA T AERAFEIEN, w
MR AN ANHE ) ESEH BB VEL Y (major
histocompatibility complex, MHC) A9 FR i , # fij
U5 B SR A S S, FLE R A AR X 43 i
SN AT REIN, S BILAA A B X AL B e S
PR B X EE R (tetanus toxin, TT) JE4
B2 B —Fh B Z B, I p2 A TTss0.843 1T
5 MHC HEH%4E, EARMNEE VG EE sk
FAAE i 2 e 3 FRAA R R A0, AT R i 5t
PR R e B A Y hR R, O TT RS
B IR E AR R T H W R, A
RCHLIE 95 T IR ALAR By B PRI S 2 A A A
PEN AP RAFERK (tuftsin) & —FP KR %
FERBE UK (TKPR), © 8% UFESE AT LA i B Wi
240 M A A VR L I B R 5, 4 tuftsin
Ve 5 WA R Rl & R B BERE DR FF S5 M 2 0 HL
T Rl B T AV 1 A S B SR BT
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RN BURFRZEVIBRET, AT BEAF7E R 5% B
FIAREE B 2R 5| & e A E S5 I AP Sk
T AR PUR, @ AR E ek S
BRI EAEARNLLE ., E41E
P16 5 o2 AT R PRI AR R AR AL AN 8% H il
55 0.3 mol/L K5 A MR, % s 415 (A 1) B4 5]
—EMAHIER, AR FEARAMIERITS.
Dot blotting SZ 55 (1) 25 53 B T il 45 S 41 85 11
VR B RO BT . AW TTss0.843
tuftsin 43T AR5 S #E 1 RBD X 8k, iF
1MEm S-RBD il i S ik, s fesie Ktk
XL 200 b 354 5 S 360 9 B L 3 0E T X — A
Rtk . ELISA Al 25 SRR, HrikKF2155F
BWIE (%)% 35d), #4 S-TT-tuftsin 25 45
SANEUE AR SEBURBIRN A 11 66 240,
5T S-RBD #1141 (P<0.05), CCKS8 2545
REW], B S-TT-tuftsin 2 1 HRF 5 PRI B
1 O FE A HE $h 4.7120.15, S-RBD 25 [ Y 3
A BN 1.8320.09, FE4] S-TT-tuftsin &
R S M ) SO O A B RE BE  RE ) R T
S-RBD M (P<0.000 1), ViHITE TTss0.543 Al
tuftsin 43 FPAEFIVER T, 4] S-TT-tuftsin &
FIA SN T SR A S e N 2, SER
S5 SRS AT . Su ZUN T S AT
S50 F ARG R, 25 R & B BB A
A DUSIBATLAR AR AT 3 s KO- sp AT, ik
— BB UE T 4T AR IR S TP i OER
IFEH

ZE PRIk, 4 F AR TTesses Al tuftsin
A5 S0 R 75 S-RBD 41 3 857 2K (78
JIN R PR 77 A R 1 PRV G A M e, A
EH R T e R M 4 T 2 AR 198V T A 3
i, TR AMAR, EAEN RN
Je 5 B RN SE S R REMEA TR, SR S ARATTIE
i — 5 5 F WA R #E S-RBD L [H 7 41 |
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AL 1 B A5 T A SR B ORI, h 7 Y
T IR 2 K At g B IV B 7 % ) AT Al 4 R
i}%o
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