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Manganese nanoparticles ; preparation and application
as an immunopotentiator
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YANG Li"* CHEN Jin'** |ZHENG Qisheng'**
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Engineering and Technology, Jiangsu Academy of Agricultural Sciences,Nanjing 210014, China;
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Abstract ; [ Objectives ] The paper aimed to study the activation of manganese nanoparticles( Mn™" ) on antigen presenting cells and the
immune enhancing efficacy of the HON2 vaccine. [ Methods ] This research prepared nanoparticles with chicken serum albumin and
manganese chloride, and then identified manganese nanoparticles by nanoparticle correlation characterization method. Finally,
manganese nanoparticles were used as immunopotentiator. The activation of antigen presenting cells and the immune enhancing efficacy
of the HON2 vaccine were analyzed. [ Results]The size of manganese nanoparticles was about 50 nm,and the shape was like a cube. It
showed good stability after being placed at 4 °C for 60 days. X-ray diffraction (XRD) data showed that the prepared manganese
nanoparticles were manganic tetroxide. In vitro experiments showed that manganese nanoparticles could activate the NF-kB signaling
pathway of RAW-Blue cells and induce the expression of IFN-y,IFN-B,IL-12 and TNF-oo mRNA. Manganese nanoparticles could
increase the specific hemagglutination inhibition antibody level after HON2 virus immunization in chickens. [ Conclusions ] Manganese
nanoparticles were successfully prepared in this study,which proved that they had good immunostimulating activity in vive and in vitro.
The results of this study laid a foundation for the research and development of nanoscale immunopotentiator for veterinary use.

Keywords : manganese nanoparticle ;immunopotentiator ; activation of antigen-presenting cells ; HON2 inactivated vaccine
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31 BB DA UK R JEHLAOK ORI 2 IF A K ORI R AR, 22 b
L5, ASARR , 7 T B 0l b RO PS5 I, L i R ot A 290 K A S 5 484 s 5 1o P -5
FHEV . TRETEG KT R 189 RO sF R 1 A B TR 8 v 1l (BB RMAFR) ) 336 328 1) 5 B Y 9 1 4
SR LT M R S T AT AR IR, BT LI 1 14 AR A3 B 1 ek 2% B bk L %, AT
FFAR RSN M® VER—Fh e KA RIIA T, BB 5 cGAS 454 I8 i HOX XUE DNA 11
BRI 158 cGAMP FITHLZ AN 5 (STING ) B9 &3-S , #E M GAS-STING {55 il i, 17
S T AT RN R T 7 A iR A M A A G R O RS L MinCl, (I8 20K i RS
(¥ Mn* 5LANUA, PR Ss TR A 2t B AT B8 E—Fh 5 343 AR A AR 2 M 1
Bl 2K G e 7R o P T R B, R AR T B BE v Y S i

ASBIFFE I NS L3 2 1 R S B S 3t ] 6 1 44 R OB, A D S e 38 5 R0, P4 O RAW-
Blue #1113 A1 FH RO HON2 BE v I S e im R ST, M5 O 26 A oK G G B 8 i 0 1) A 2 B b FH 42
BT RE S

1 #HRETE

1.1 R

1 H #7622 48 FEXG I [ VL5 e A ds PR EE iR g% . @ Ve (HON2 ) & 4 J5 W ) B 5t 8 5
AR A BR R 5 XS IS AR U A _E TR A R A B A R AR S A 1 E 2 AR A
WFNE R A . RAW-Blue 40 I8 . Normocin $T4E & | Zeocin $i4 E M Quanti-blue™ Solution 1 [ InvivoGen
2H]

1.2 SRANKFRRLRY & &

FREL 0.25 ¢ M35 FH A T 9 mL MaizKrh B MA 1 mL 0.1 mol- L™ MnCl, , 78534 £ /5 A
NaOH 75 pH {E.% 10,37 €C .1 000 r-min™' [ 8 h, WREGIMAENTAE & TR Ak b iEr 2 d, Bif5
R TR T,

1.3 SRR S BRI

1.3.1 $EMABFRARRE  SHEISE(PDI) RIEEMNE RIS ICHUT L AL I S 99 K oA
Al PRIAR (PDIL, B A B0 85 G O 26 AR (R A o A P HE AT A I, 38 3 Zetasizer Software X 41153
PDI, FHMBAEACKER 9K BRI T M R TSV G BT 4 C AT, 8 ISR AR i b 34— 55 4G
BTG RIL TZ

1.3.2 SEHKFRE X HEATE (XRD) 5041 R T A0 FE S SEA TR B8 I 50 2T BHACRE i 5 L,
FE SERIES Z A EE B8 , JRREAER S A, RAEEE , A Jade 1 Origin R4 7505 7317 .

1.3.3 EHETERE(TEM) MEBEMNKBAIRE AR 5 90 K BURLA T8 R 7200 %, 10
FERs G AL M HERR I 10 L AR5 B THIM 1 BT, B B e sE (HT7700, H L BB HEAR A A T
WA & IR M EAIES

1.3.4 BEFRKHAXETMNERTESE  FBACK R0 K IUR 7R T8 K 7800V, AR R 71z i
A EE T (PinAAcle900T, 35 [E Perkin Elmer 23] ) %4765 1Y & B #-A 700 5E

1.4 $EMKEFIXT RAW-Blue 2056 HYEE

¥ RAW-Blue 4l ] DMEM £ 32 3508 2 5x10° mL™" 4550 180 pL T 96 fLA ., BT/ 0t
MIFFER TR RN 434 pg-mL™' o JIA 20 pL FRGKBURL S RAW-Blue 4H L0 & 9240 B2 43511 10,5
2.1 0.1 pg-mL™"', ITGHEERAKRNBATEXS IR, BT 5% CO, HIREFE46 37 CHiFF 18~24 h, HL30 uL
M FVEWR S 90 wL i Quanti-blue™ Solution 14 ,5% CO, THIRIEFRA 37 CHiFE 4 h,ME Dy fH.

FHE 10% 64 L% (FBS) i) DMEM 15 %355 % RAW-Blue 405 4 1x10° mL™" #2506 FLAR, A
5 wgemL SR AN TR EA TR, DB B AN MR IRAE . T 5% CO, THIREEFRA PSR 24 h S
FH TRIzol Z4f# LR EL RNA , FIJH— 2 ) 500 84815 cDNA . AR¥E GenBank W AR AT 519,
L) B-actin VE WIS IEH , FI 5 65E B PCR(RT-qPCR) ¥ IFN-oo [ IFN-BIL-12 . TNF-o 5 [ 114 28 35 7K
o BITIIILEE 1,
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x1 KHXREEPCR3IMFT

Table 1 Sequences of primers for real-time PCR

H B FEH Target gene B|¥%t %) Primer pairs sequences(5'—3")
B-actin CACTGCCGCATCCTCTTCC/CAATAGTGATGACCTGGCCGT
IFN-a TGTGACCTTCCTCAGACTC/TCATTTGTACCAGGAGTGTC
IFN-B GGCAGTGTAACTCTTCTGCAT/CAGCTCCAAGAAAGGACGAAC
1L-12 AACTCTTCACGGACCAAATCTCA/GGTCCCGGGCTTGCA
TNF-« TTCTCATTCCTGCTTGTGG/TTGGGAACTTCTCATCCCT

1.5 EEH&RERUITTER

1.5.1 BHEHERBRARE & HON2 JKIEHUE M &AL T 534 8.0 EID,,, 5 FHl#Z AR I
1:2.5 WY HeBI AT AL R4 BTN SR TR 195 55 434 wg-mL™' . 44K BURL Y 78 -5 43531
AR S (G 10 (PRl ) (20 (R ) g, [ B MnCL, X RREH . 14 HiRE 288X 0 6 4,
T 8 2o S e HON2 KU B 4 \HON2 K i IR 2 2H \HON2 K3 i + P 7f 5 2H  HON2 K36 B +
BRI HON2 K3 i +MnCl, 41 PBS X BRZH | Bz F 49, 45 2 400 pl.,

1.5.2 SREFEMFR HGENEN 250 T 055 14.21.28 d REBFIKIL,2 000 g &L 10 min,
WAE LY, 0 L EE ] ( hemagglutination inhibition , HI) 32856 5 32 K6 I 1L 7/ Fr & A (HON2) HI Pig
WY, GeiT 454l HI B0 B T LA ~F- 25955 B2 {8 ( geometric mean titer, GMT)

2 HERESH

2.1 SRHAKRBAIRKIE PDI RIZES

I FH Bh 25 XA 9 R R R A T R |, 2 SR AN & 1 R i 1 XS I3 1 8 PR MinCl, AR EAE FE
AR IRLE- YRiAE R 50 nm (K] 1-A)  BHERAOKRBURIA I AE 4 CHUE 60 d, TR UL 73)2, FERifE
K PDIARTCHA W ARk ([l 1-B) , 3 BIZ R 40 K JUR R R 38— RO PR AT . AP 7R in A NaOH 2
O, 0 23 I 5 B 0 S R TR A 8, (18 1-C) | RIS B I b R A 1 ks

A 100 B 100 O kit Size; ® PDI 10.15 =
&
g 80F g 75 H/E\I——I =
- fo10 £ 2
5 60 =
F~ E 50F % z
N = Z
= Y7 ¥ {o0s & 2
- & 251 RZ]
= 20t E‘
o
0 I 1 I ! ) 0 7()7 L '10' L '20— L —40— L —60— 0.00 A~
0 20 40 60 80 100
t/d

Fift/mm  Size

C —

‘ )
e —— T
AALHT A
Preoxidation Postoxidation

1 SEGIKREAL(Mn™) 12 RBEMERFTMUKRE
Fig. 1 Particle size,stability and characterization of manganese nanoparticles( Mn
A, SRANARIORDRLAR RAE ; B. ERAK ORI E VAT 5 C. A b 484 S BRI IR PSR
A. Size distribution of the Mn™" ; B. Stability of the Mn"" ; C. The appearance of the sample.
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2.2 HEHMAKBRIRSMER
) FH 125 55 T S AU A T A0 K UK B SO S0 02, 5 SR AN R 2 BT/, A 4 K SR ) A O 37 5 AR
AR ok KN R 40 ~80 nm,

1400
1200 \ |\
i v A\t
,, 1000 WW Mottt g
'3 800
g MM
s 600 rkmm,ﬂ
=400
|
200
or | ‘ Mn,0, (PDF# 24-0734)
L L I Ll 1l L1 L
10 20 30 40 50 60 70 80
s : 20/(°)
2 %E*W*%H#J(Mn“"“)ﬁﬁ‘f%‘fﬁﬁf SILEEL R 3 SEUUKETRL(Mn™ ) ) XRD #4547
Fig.2 Representative transmission electron microscope Fig.3 X-Ray diffraction( XRD) pattern of Mn™"

images of Mn™"

2.3 SEANKBRL X HELLTE O

I X PRATES SO R AR BRI T T, S5 RANIE 3 Bz AT A 20 70 78 18°.28.8°.32.3°
36°.44.4° 58.5° 59.8°Fll 64.6° %5 [t 3T AT FHE 53 % Mn, O, B 101,112,103 .,211,220,321,224 Fil 400
S5 anT , A XRD S AT LA il B AN KRE - 26 DU A8 A =R 4548, I K UKL X 107 (1 437 S0 S5 4
THETE F Hh  or TEEAFLGT I, 98 W32 A DK A0 1l 28 L2
2.4 SEMKFRIIT RAW-Blue 4058 3E

FIH Quanti-blue™ Solution A% 44K Wik RAW-Blue 40 H NF-«B il #§ O#G AE J1, 45 Aa0E 4-A
7R AERR AR ATURLR BESE A 1~ 10 pg-mL™, B 0 40 K JORL IR BE A3 N, NF-«B 38 2% A4 98005 BB )t 7E
W5, R A PO E & PCR RTINS 20 K URL X RE S 4t i P B80S . 45 R an 18] 4-B Fits - BN 44
KGRNS5 RAW-Blue ZHBIAH L, IFN-oc IFN-BIL-12 . TNF-a mRNA %355 5 342 5 (P<0.000 1),
TRIR LS R BRI AIURE RE A%t 25 VTR W 20 B, AT S G bl 0 J S8 %) SR 88 01 28 S

A 151 B g 400 ORAW-Blue; ]
B2 4L DORAW-Blue+Mn™ | 4
%5
1.0F i‘g % 20 + sekskok
S ZE 102
05r <Zt & Rk ok
2z 3 M2
2 oo
0.0 E 0 1 1 ,_ 1 J
0 5 2 1 0.1 0(HO0) IFN-«  IFNf  IL-12  TNF-
p(Mn™)/(ng - mL™) AT
Concentration of Mn™ Cytokine species

4 SEOYKBRL(Mn™ ) RIS NF-«B EE(A) REXMAMEF mRNA FKikKF(B) &N
Fig. 4 Detection results of NF-kB( A ) and related cytokines(B)in RAW-Blue stimulated by Mn""
“** P<0.000 1. The same as follows.

2.5 SRR BRI & BUE E B R R ISR A

I FE i L 25 0 X 0 T YR X S JE 1 LT A TR R A, . SRR S R )R 14 d, KO
B B2 G- HL R R 3.5 (log, ) , W0 . HP ) 2 144 490 DK SR B 98 A4 14 I 3 5725 HL 25040 43 i) 3k 3
4.5.5.25(P<0.001) ; JRE 5 21 d, U0 AR i iR 40 K 0K B 92 28 9 I3 ~F- 35 HI 38000 43l ik 21 6.375
(P<0.05) ,7.625(P<0.000 1), &35 & T UGG M0 R 4.75, 7E5E)5 28 d, . A% 3 N5 4l i
1 HI R ¥ 2 s 2 8 T K 3% 1 IR H ( P<0.05 . P<0.001 ., P<0.000 1), A&3H /&), HON2 K i%
B +MnCl, ZH 1% HI 200 5 JO6 B BREH TC 35 22 5, il g SRR B, R A K ORI HON2 K % 1 B
BT ) S PERE RSO
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HIN2

HON2MLEEIHIAL (log,)
HI antibody titers agianst

14 21 28
G5 J5IFA)/d  Days post immunization

O HON2; [0 H9N2+Mn"™H; E HIN2+Mn""M;
HON2+Mn"™"L; B HIN2+MnCl,; PBS

BES5 Mn""Xf HIN2 7% 8 %% J5 I 5 0 6 2 B0 2 0
Fig. 5 Effect of Mn™" on serum HI antibody titers of immunization with HIN2 inactivated vaccines
* P<0.05, *** P<0.001.
Mn™"H Mn"™"M Mn"™" L 53 537 & i AR A Mo,

Mn"™"H,Mn""M,Mn""L mean high,medium,and low dosage of Mn™" , respectively.

3 itig

Y25 P S BEAE Ay 100 B RS 1 I 0 A s 1) FE 2 5 X, LA e AR X s M IR AR Y L e, X —
AP 92 DA A 25 118 R Y8 VT R STV BPLANT SR 0G, , BuyE 10 i R AN W] Tl P SRR Iy . Bl AR BB 1 %7, 44
KRR R FF 2% T T N 206 14 15 5 LA B R 4% Bl 2 A8 1 D e 50 ) R g R, 4ok
B EAR R 15~70 nm B BRSSP T A bR ELAE I3 B8 290K E 465, 28 1 1l 43 76 I E2L 8w 1 S o) o o) 88 T %
AN M AR AR RS R, S A SRR, TR & R T, RN
AR I Y A TR S S S A S AR R IR IS R T AR A R T
B RIE E RAPEMRE ST, AR N LTI & IR OC R, & Ear gz R Y BRI, AR B 73 18 BN 1l 75
FAE A RIS, i 4 T Mn, 0, , HobiA2 2 50 nm, 7 5 AR, 78 4 CTUCE 60 d A5 2 I TR FaE
PE, S I UL =B 9K UKL 25 A L, ASBIFFE SR IR A 1 2 ) 01 R I3 1 AR AR AR, AR
TS R BAS , I FLIZ SN R B N AT, ANTE B IR & o s TR AR A, T AL T A AR e AT
X I3 8 1 MnCl, POV BE R N 25 1, WT LU RCRE il A2 B Min, O, ORI FIDE A0

FEPUIE 5 T O 245 o R, AR ORASUAT Ge 3 338 55 700 A B -0 i aoh 22 400 R0 190 3 S AR, AR B L ) 5
i &L eSS RIS B G e I B W A A% 5 S R 1 ( NF-kB) {5 5% Sl B A 15 1k, 76 R
E SR | 240 ML T R G g 3k B v e T AR Y L 4 K TR A (AR 4138 4 3 RAW-Blue 41,
REMSITE NF-«B 18 f& I H 8 48 5 IFN-a IFN-BIL-12 . TNF-a mRNA 3835 /K 5, 2 W] HAE b o e 1 5
FIREHS A 8L PE BT I3 52 20 B SOS F pe A 4 2

HON2 J&—F IR S50 1 & i 1B B , % G888 7 A ™ B A6 58, 120 5 5 1 Bt o LAt P WO o 2 1 3
[l 1 R S TR ) IR, R e HT B T & W B 1 A B AR S L,
FERE T W G RE URE R, 24 HT BT BE 5 T 4 B, DA R 8 S 1 EL A e B AR PR o) AR 5 il 45 11
i RSO FE A 5 T 8 1 ) S B B R R, 6 P [0 U5 40 X 375 7 8 1 AR, B s LA B S 07 A K
PEEPUARMFIHEE . fEREH 5~20 pe GGG, BENS 3552 5 HON2 (1) HI TR, It Bp R4l i) HI
U R AT 28 d R 3 T i R A, 3R B2 G 3 5 A A 32 S B R SV TR R R A, JF HL R 8
7 S R B AR T R ST

ZE FARR AR 4 T 50 nm AR 28 K BURL , AR AMR 6 2 I HBEUE A 0N RAW-Blue 411,
I H 23850 HON2 I T S22 1 G5 I XA P R S PR AR DR 38 R VT o, i AR R SRR T A Ay 8 JRe 1 1 v
S G BE ISR T | J5 S A S I 2% S i 4 5 R 0 At S R A e e B sl
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