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Cloning , Expression and Characterization of Trichinella spiralis Nuclear Hormone Receptor NHR-23

LI Yuan, FENG Jiajun, ZHANG Yuheng, XU Lixin, LU Mingmin, SONG Xiaokai,
LI Xiangrui, YAN Ruofeng”
(College of Veterinary Medicine, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: This study aims to evaluate the biological characteristics of Trichinella spiralis nuclear
hormone receptor-23 (NHR-23) and its potential for vaccine development. The recombinant
TsNHR-23 protein (rTsNHR-23) was obtained via cloning and expression, followed by purification.
Its immunoreactivity was assessed via Western blot, while transcriptional levels of the TsNHR-23
gene across different developmental stages of T. spiralis were analyzed using qPCR. In wvitro
experiments were conducted to analyze the inhibitory effect of anti-rTsNHR-23 polyclonal antibody
on the molting of muscle larvae and to explore the effect of this protein on the function of mouse
macrophages. The immune-protective efficacy of PLGA nanoparticle-encapsulated rTsNHR-23 was
tested by immunizing ICR mice and analyzing parasite burden. The TsNHR-23 gene was transcribed

across all developmental stages of T. spiralis, with the highest expression observed in muscle larvae
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(ML) stage. Anti-rTsNHR-23 antibodies significantly reduced larval molting rates and inhibited
molting progression. The rTsNHR-23 protein significantly enhanced the transcription levels of
IL-18, IL-6, and IL-10 in mouse macrophages. Immune protection experiments demonstrated that
mice immunized with the rTs-NHR-23 protein exhibited a highly significant increase in serum IgG
antibody levels compared to the control group. After the first immunization, IGF-1 levels markedly
decreased, while IL-6 and TGF-§ levels increased. Following the second immunization, IGF-1
partially rebounded, whereas TGF-§ showed significant downregulation. Post-challenge infection,
compared to the control group, the immunized mice displayed significant reductions in the number of
T. spiralis adult worms, the average number of newborn larvae produced per female worm, and the
muscle larval burden. rTsNHR-23 exhibits potent inhibitory effects on ML molting, modulates

macrophage functions, and significantly reduces parasitic load in immunized hosts, demonstrating

promising potential as a candidate vaccine against T. spiralis.
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¥ # % 5% 1K (nuclear hormone receptor, NHR)
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6 Ji i SPF 22 Mk ICR /N (25 g 26 45) W [ 19 50 %
WA YR A PR A L VR AT IE S SCXK(95)
2020-0009. T g 5T A Ml K 2 525 Sl ) vh O B Bt 36
S5 s Wy B i 37, 1 T A ROl R 2 S 5 Bl ) AR
A5 48 3 2 D3 2 A o A St o R BRI 3R A B G
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4 NJAU. No20240718141, v [¥ {1 B 7% JiE & R
i, [ o B 4 5o 1SSS534 , i A 9256 = AL AR AR TE
T SDREIEN .
Ll.2 @M. REMAM KA B DHSa,
BL21(DE3) & fl' .2 {& pET-32a( + ) . RAW264.7
1.1.3  FEul5R otk A R R
A Y B4 A BR 2 7 RNA isolater Total RNA
Extraction Reagent \DNA [R5 & 04 F Rg 5% 15 e
BN A s RevertAid RT skl & i & A
marker I  Thermo Fisher 23 &) ; PrimeSTAR Max
DNA Polymerase . DNA marker. 10X Loading Buffer
FR il P 9 U1 (Sac 1T . Xho 1 ) . T4 DNA Ligase 4
H TaKaRa 24 f ; kL 42 POl 70 & W B Jb 5t KR A=
R A R B TPTG BRI [ 38« A Y4
AR E B I8 A 2 FE R O B A R R
B R N & A I A R AR 2 W
BCA 5 v A 70 & W A 28 = KA HR A
7l ; His-Tag Monoclonal antibody . HRP-conjugated
Goat Anti-Rabbit IgG . HRP-conjugated Goat Anti-
Mouse 1gG W4 B 2 = & 4= ¥ £ R A R A 7 ; ECL
ROGIRN & A iR R A BRA R 51
B RN IR 55 T SR A W 2w R AR s o IR 5 A
FIFASE A7) R #E . Tween-20 % 5 {7 52 5 3
W H Sigma 28 7] ; DMEM # 3% 3 | RPMI 1640 1% %
B HE R R WHL R R L Il A Gibeo 2 H
HiScript III RT SuperMix for qPCR ( +gDNA wiper) .
SYBR Green Pro Taq HS Bili %! qPCR i 5] & 1 Fi
B H 28 A 5 RFLR - SR IL IR Y (PLGA AR XS
oy F B O 40~75 ku) R LM EE(PVA, R 75
J0 R 31~50 ku) g B Sigma A Al 3 5 H e A
PR A A/ BB R R A A K 1(IGF-1) /b R
H 4l e/ K 6(1L-6) /NFEfE A K F B1(TGF-B1)
ELISA &5 &1 A /5t & 42 f A wl .
1.2 Hi&
1.2.1 7 4 J& k. pET-32a-TsNHR-23 {1 ¥y &
Wi £ € B LA 4 R, BT RNA isolater Total

RNA Extraction Reagent i 7] # Bt 1 /& RNA, J5 &
i 5%k cDNA, R #E NCBIH TsNHR-23 5K 19 )%
F(XM_003371268. 1), I ¥if# ¥ i g Y1) v 25 Sac 1
T UF G N EE ) A 2 Xho 1, #) JH Primer Primer 5.0
AT R S S R R RIZR A% 2 i U 47
A, TsNHR-23 F/R: 5 -CGAGCTCATGGACA-
ATATAATGAAGCATACGT-3"/5 -CCTCGAG-
TCATCCATCAACTGAAAACAATTCC-3" . U
WL % 1 cDNA AR , 47 PCR Y™ K [l i ™
Y5 pET-32a( + ) # & Sac T 1 Xho 1 XL Y] 4b
H, T4 DNA Ligase i 420U U1 5 09 B9, s 4k
Z KW DHSa SRR 75 97 K8 3% 8% PCR
W SRy B T T TR AR BRUJBORE , 28 LT U0 DA AIE R
1E B %) B PE JBR Ay 44 0 pET -32a-TsNHR-23,
1.2.2 4 TsNHR-23 % [ 4 % 3k F4fi 1k, i
& 21 ik pET-32a-TsNHR-23 #% 1k & K i #F &
BL21(DE3) H, PRI 5E B P K 3G 5%, 11 2 WY
ODyggonn TH R 0. 4~0. 6 Z247 , IMA M E 2 1 mmol- L7
M IPTG 55 3R 3k , B UK 431 B A 238 R o3 A 45 100
FHAR AR gl fb 2 1, 8 08 A W 4, o ) & 5 bR iR
FIRY N8 3, BCA el 85 (A MR o

1.2.3 $iHE4H TsNHR-23 & H £ ¢ B i K 19
#® 1 400 pg 4 15 SR 96 Q58 24k
R A 8 5 7 a8 AL A3 3k 74y 3L Ak, SD KR
L2 NS R g . 14 dJE 8 400 pg 4L E
F5 SR RAZESERIRA, 17T kR
BEo TAM 14 dJE, HE TR S R AR BE AT o
PE o BN S — A e, £ Tk RR K R, I8 B ik
KL, BB 1 hJE 2 500Xg & F F &0 20 min, W i
IR MR T —80 Cuk A b, 45 B b H 4
TsNHR-23 £ [ /9 K B -

1.2.4  JE B Hg g i 7 1Y i & 10 000 4% jig &
LA & B EE KR, 35 d )R, £ Bk RR AR R B, I 3
B ok SR I, Wi 46 v L A5 B i T UG 1) R BRI Y o
1.2.5 Hi#H % A A% Western blot 43 #7 vk IS
B BE I % BN 2 PVDF B8 1, 37 “C°F 5% Mg 4= 5 vh
£ 1 h, TBST Buffer P& I 3 %, 45 K 5 min.
TBST L 1: 100 Hy H 5] 5 B i€ B o Jak 4 1 38 7E —
P, ARG TE B ALK R 1 B v BE ¥ PVDF
JEE T —$ih 4 CRIK LS RmE . Bk 9,
TBST Buffer & I 5 % , & X 5 min, H] TBST LA
1:5 000 Ay Lo 1 F B 1l 2 btk B TG 1 — 40, 4%
PVDF & T 4,37 CHEE F#OEIEE 1 h, 3
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FWM, TBST Buffer YE R 5 ¥, AKX 5 mino K
ECL B W AW S BWIRA, WInfef -, H4 A
B R C S R G I IR B A .

1.2.6 TsNHR-23 % 7 e & R F & & Br BE i
ke 70004 0E T SR & RO E KR
BodEsEa1d, BUMNGBT AR L. 5 e &2 47 1 1 B
RS H L BT REPBS T 37T CTFHE
4 h, IAE R R, T RPMI-1640 K5 92 56 (& 1% 7 4%
B R AP 10% G4 1) i F 24 h, £ 200 H i
W 3o 318 43 B AR 5 & B B 600 X g 50 10 min
W gl B, T UE RN JiE B U A 4l B R R A
RNA, 2 ¥ 5% 4 cDNA BT 3 %R 55519, LLAL
P& cDNA g AR, i 8 B i 3k B e 9 2 36 Y
ARSI Y IERACE vk BE . LA 34 B Bt LMk cDNA
SRR, A FH 0 A e T 1 L i qPCR V& A
TsNHR-23 3L 7EE & HURIR & 5 B B 5% sk K-
1.2.7 $irTsNHR-23 2 v BEHUIARXT LA &) 30 5%
M) W 4 iE E e LR & R, O B ) PBS Y Uk
10, M A& 10% BG4 v 1 1% H & 21
RPMI 1640 15 77 5 1 B d A, I B o 0 B2 iy vk 2

®1 WHEEPCR3IIMFTI

Table 1 Primer sequences of fluorescence quantitative PCR

200045 mL " AL 1 mL 2R 6 FL 4l 85 57
Mrbr o a8 21 23 591 ACAS T8l A B e (1: 50, 1: 200,
1:800) iy ¥t rTs-NHR-23 5 41 8 11 /Y K BRI i | 7]
A B 3 ALXS I, 73 il S BT pET-32a %8 AR 119
R | IE H R BT & PBS X R4, 45 2 3
SAEE, TITCHEFRMTEE . BB W SR
SE I ] 25(0.8.24 .48 .72 h) 32 Bl S W5 2 15 e
T8

1.2.8 HE 4] TsNHR23 & H X/ BUE W 20 42 1
2 B PR 19 A VR AR AR BT 5 1 RAW 264, 7
A A BE R 1< 10°4 »mL ' AL 1 mL 3R E] 12 4L
21 M55 FE AR, A rTs-NHR-23, i 8 W i 5.
10,2040 pg-mL ', ¥ & JE 1 PBS 4LHI pET-32a(+)
XA AR D 3IANELE, FE37TCHFRMATMNT
6 h, 32 Ly, HH PBS ¥ % 3K . Jil A 600 pl
RNA isolater Total RNA Extraction Reagent, ¥ Zi]
MR FTH# 2 1.5 mL RNase-free .0 . &
WRFT fiff 20 B 24 e 43, oK L #R 5 min 5 $2 U4 R
RNA, [ )5 5 5% 5 cDNA . fifi [l Primer Premier 5
BAFBIT 51, ik 1w .

H iy 5L IR/ ER S SIYFEH(5°—>3)

Target gene Primer name Primer sequence

GAPDH -F CATCACTGCCACCCAGAAGACTG
-R ATGCCAGTGAGCTTCCCGTTCAG

IL-18 -F GCAACTGTTCCTGAACTCAACT
-R ATCTTTTGGGGTCCGTCAACT

IL.-6 -F TCTCTGGGAAATCGTGGAAATGA
-R GGTACTCCAGAAGACCAGAGGA

I1L.-10 -F GACAACATACTGCTAACCGACTCC
-R TCCTTGATTTCTGGGCCATGC

1.2.9 41K WK PLGA @ #% & 20 TsNHR-23 & H¥REG 3h#RK ~ &P Hi. 4°C 40 000 r-min~ '

H Bt 4 mg 4 NHR-23 & 1 (1 mg-mL ') .
1638 KU P, 8 5% PLGA ¥ W% BE R 3% , & 6
A 2mL 5% PVA % W&, # i€ 2 min J5 vk ¥ &
(40 W,5sJF/5s%,5 min) . 2% 18 3% & 4 /R
KLV W, T TR & 5 H A M 3 min. 4K S22 N
2 mL 5% PVA, i€ 2 min J5 K& 8 75 6 min.

2540 min, W AE B H . DITEH 4 mL M 4k &
%, =80 CHIK 2 h)5 VR T 24 h, 48 K —20 Cfg
7o B R R T )5 2% SEM WL EE . 0 gl sk %
& 46 AL B iF PLGA 94 K # 8L /9 5L i (DNA) i &
PUJE (DNA) B E 4 o 38 2 ) 322 36 31 30 0 9 &
ROAKXWT .

HARA SRR — DIEAERR X L EAE AR

BHCR (%)=

1.2.10 /MRRE 0 dH 5 REiF ¥ 36 1
ICR /)N BB BIL 43 A% 3 41, 43 ) & PBS-PLGA \pET-

X 100%

HA A

32a-PLGA .rTs-NHR-23-PLGA, R H#F % j F £
TE S X /N B AT s o I B3 O K (IR S g
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MR)VE U R(E R 14d) M 28 K ()5
14 d), R A /N BRUBR RE 5 Dk i 43 25 13 o 1l iy 56
28 K, B RN T 200 25 i BRI 2 HEE .
12,11 /BRI HP ke S Pk P iR A 1gG 1Y A28 b K
Ll 4 rTs-NHR-23 2 [ 2L 100 pL-£Lm
A ELISA #z , 4 ‘Cil % # . PBST 4k ¥ 18 U 31k
(B 5 min) , BEJ5 A 5% BSA 200 pl-fL,37 °C
B 1 h, PEH 3. A 1: 100 Fi B 1Y £ I iy 7
100 pL-AL7", 37 CEHE L hJa ¥k . A 1:20 000
i B¢ 19 HRP #7321 Bl 1gG = Bt 100 pL- L1,
37°CWEE 1 h, ek 5k . &AL A TMB £
100 pL 5% K2 B 15~20 min, 5 J5 Jill 50 pul. 2M 7 iR
ZE b, ST EPI A OD s o 1 o
1,212 /B v ob 40 e PR i G U ELISA
PN B W IGF-1.1L-6 \ TGF-B By 722 4k , ¥ b5
HE 5 W OB N 24.16.8.4.2 nge LN ( 4% ¥ JE XUAL
50 pL+ L 1) o BEAFLIN 40 pl Fi B 410 pl Ifi 7
(55 M B ) , o (AL, 37 ‘CH% F 30 min. &L
100 pl. 20 15 # BE Uk ¥ W U8 U 5 UK, i B A 3K 7
50 pL- L', 37 ‘CEH 30 min. PR PEE G N &0
W A/B 45 50 pL k% i A 15~20 min, £ 1k J5 57 BP
I E OD s T8

A bp Marker

1 B bp

10 000 10 000
7 000 7000

4000 4000

2000 2000

1
Qa0 1000

500
500
250
250

1.2.13  Jie &Ry 5t 4k W5 6 d Rt
B A 34 K, /NS & 1 d, NS — 21 531 vb B ML 2k B
6 HSCAR B AT AR A b, B s 35 d RIS Y 5
63 K, AT — 413 v e A /N B BE AL I 6 H R
NS S S N N e R TR € AU E - S g
B BAFEARE I3,
1.3 HiE4AESSH

fifi H TBM SPSS Statistics 27 # 14 4b B i 5 %4
P, One-way ANOV A V& #EAT J7 22 43 Hr A ik 25 VA
¥ ,f#i Fl GraphPad Prism 10 #{F #EAT1E A .

2 &F B
2.1 TsNHR-23EBERZTEFMRKIE

PCR ¥ 1 TsNHR-23 5& F HL yk 25 S n & 1A Jir
7N, TE 1 534 bp Ab A B — 554 SRl R/ 5 T —
., WK FR pET-32a(+)-NHR-23 2 Sac |
M Xho T AEEYI G , 7€ 5 900 bp A1 1 534 bp &b 4% 45 —
AN G5 WA 1B s, 43 3 R 0K i NHR-23 35 [H]
B HA TsNHR-23 85 [ 32 2855 A1 78 AL 44,
FIC iR . KSR Laifh )55 8% 4
rTsNHR-23, 41 1D i 7 .

C  ku Marker 1 2 D ku Marker 1
180 180 |
130 130

100
70

100
70

55 55

35
25

35
25

15 15
10 10

A. PCRY" 8 (Marker. DL10000 DNA A% 43 F R fEdnfE s 1. TSNHR-23 % /) ;B. pET-32a(+)-NHR-23 4 BamH 1 1 Xho
I WU Y] (Marker. DL10000 DNA AHX 70 B Ar e s 1. BEVI 7™ 4) 5 C. rTs-NHR-23 23 £ii 1# &0 19 SDS-PAGE 73 #f (Marker.
AR oy T B AR E 3 1. o Ts-NHR-23 76 L35 7 9 70 £ 5 2. v Ts-NHR-23 76 1 4K H1 9 73 4ii ) 5 D. rTs-NHR-23 4l b J&
(Marker. # FUADXZr 7 B AR ifE ;s 1. rTs-NHR-23)

A. PCR amplification (Marker. DL10000 DNA molecular weight marker; 1. TsNHR-23 gene) ; B. Double digestion of pET-
32a(+)-NHR-23 with BamH I and Xho I (Marker. DL10000 DNA molecular weight marker; 1. Digested product); C. SDS-
PAGE analysis of rTs-NHR-23 distribution (Marker. Protein molecular weight marker; 1. Distribution of rTs-NHR-23 in
supernatant; 2. Distribution of rTs-NHR-23 in inclusion bodies) ; D. Purified rTs-NHR-23 (Marker. Protein molecular weight
marker; 1. rTs-NHR-23)

El1 TsNHR-23EFE KI5 ERKIE

Fig.1 TsNHR-23 gene cloning and expression
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2.2 rTs-NHR-23 % H HJ Western blot 53

il i Western blot 7 ¥ I6 iIF rTs-NHR-23 & 75
B G e JFE 45 R 2 BT R . BE TR BB YL R
LI 3 BE 9 1R %) rTs-NHR-23, 7£ 70~100 ku &b
B E AT A X R B i v R BE IR E
S5t UESE T rTs-NHR-23 (19 528 o Pk

ku Marker 1 ku Marker 2
180 180
130 130
100 100
70 70

55 55

40 40

35 35

25 25

15 15

10 10

Marker. & AR 43 50t b5 0 5 1. 5 B HUR% g (19 B il
PR AL 19 rTs-NHR-23; 2. A 8 1 K BRIl 35 7E S 9 1%
PO

Marker. Protein molecular weight marker; 1. Purified rTs-
NHR-23 recognized by T. spiralis infection rat serum; 2.
Naive rat serum as negative control

E 2 rTs-NHR-23 % HH Western blot 43 #7

Fig. 2 T. spiralis infection rat serum recognition rTs-NHR-23

2.3 TsNHR-2IEFZERERARDELEMENE
RER

qPCR K I (& 3) M, i & dUR R & & 1
) v TSNHR-23 H A (% 5% 5% K SF 52 30 W 3% i 3 o
DL A= 4l Uk 2 R AL, LA %)) B Be TsNHR-23 2
PRI 1 7 538 7K S v R B A= 4 LAY 2. 96 4% ), Bt 3L By
BERZ CH B iy 1.814%) o
2.4 #1rTs-NHR-23 % 53 B 1 4 34 Al B9 4 w5t 2
%0

B A [ A B L A4 r Ts-NHR-23 £ s e hifk 5
JUL PR &)y HuAA A S 5% F%  PEAS O T8 1) ] 450 (0. 8,24
48,72 h) WA Bz E R 0 2 AR Ak, A5 R an T 4
TN, 48~T72 h Bz s E Mk R B Wi AR . O
8 h AR WL B Wi j B4, 24 (48 1 72 h IE 7 i 1z 1)
TR Z W 2 . %) 2% 28 e 0 LA &) 3 BOT 1

4 -

sesfeskosk

w
1

[\
1
%
*
*

ATDRS i 53 7K
Relative mRNA expression
n

=
1

NBL Ad Iv;L

KB KBk Development stages

NBL. #i A4 d s Ad. led s ML WU & B 9r A5 £ £

PRy 2T AT 30T, 5 NBLALHLEL , *. P<<0. 05, %%, P<<

0.01,***, P<0. 001, ***x P<0.000 1

NBL. Newborn larvae; Ad. Adult; ML. Muscle larvae. All

data were analyzed using one-way ANOVA. Compared with

the NBL group, *. P<<0.05, **. P<<0.01, *** P<Z0.001,

wx . P<70. 000 1

B3 TsNHR2IERFEREHARALAENBRERKERN
T

Fig. 3 Transcritional changes of TsNHR-23 gene in different

developmental stages of Trichinella spiralis

i Rz 8, a5 K 5 iR o Control 21 (1F & K Rl
5 40 ) 5 pET-32a-Ab 41 (4 1 Jz 28 AE BT A B 6] 55 5
Blank 41 3£ K JC 22 % (P>>0.05) . £ 24 hisfa] 45 &,
2 41 W Rz R, 1550 A 1: 200 B B LE Y rTs-
NHR-23-Ab f§ & 2 1 il Wi fz 1) & 2 (P<<0. 05) , 1
1: 800 # B¢ 4 5 Blank 41 JC i % 25 5% . & 48 h i,
3 Xk 2L (1 5 B A 8 v T S ORGP OAS [ R LG 1Y
Pt rTs-NHR-23-Ab £ i BB AR W om Hhik  35 30
Hl R (P<<0.000 1) 72 hisf, B8k 45338 56 21 (14
Fe BRI TR H 1: 50 F B 4L AT 4 F b
I /E I (P<<0.000 1) ,1:200 1 1: 800 % B 2H . . 7~
Hh R R PR O (P<<0. 001) .
2.5 rTs-NHR-23 3t/ R E 16 40 B 4 % 28 B & F
43 i B 5 T

qPCR Z5 A& 6 Fr 7w , 5 6 BALAH L, AN [a] e
J#(5.10.20.40 pg-mL )Y rTs-NHR-23 & (1 14 i
HHE T RAW264. 7 48 g b IL-18 . 1L-6 . IL-10 Y
B S KSF
2.6 PLGA#XBHNMNEEREEENITE

I A OB A Y PLGA 44 K R:
A0 1 AL A 7 T BT A A 1 8 K R
B BIERIE , B R WA /NN B A



1040 w7 O B OBE o R 57 %

ML(0 h) ML(8 h) ML(24 h) ML(48 h) ML(72 h)
Ts-NHR23-Ab
(1:50)
fTS-NHR23-Ab
(1:200)

rTs-NHR23-Ab s

QQQ
@

(1:800)
L\ y
pET-32a-Ab ) ,;"‘ a
"@®
Q"
Control

T 105 BE T WL, JiE 5 2 A S5 P A8 2 4 OB (55 3k ) T Ay W3 1 2

Under 10X magnification, the presence of a transparent sheath at the posterior end of Trichinella spiralis (indicated by black
arrow) is identified as ecdysis
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Fig. 4 Effects of rTs-NHR-23-Ab on the ecdysis of Trichinella spiralis muscle larvae
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Fig. 5 Effects of rTs-NHR-23-Ab on the ecdysis rate of Trichinella spiralis muscle larvae
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Fig. 9 Levels of cytokine IGF-1(A), IL-6(B), TGF-B(C) in mice sera
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Fig. 10 Number of 7. spiralis muscle larvae
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