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Construction of glucosamine/DNA composite nanomaterials and its effect on
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[ Abstract | Objective To construct a new type of glucosamine/DNA composite nanostructure
(NT®V) assembled without magnesium, verify whether or not glucosamine can mediate the assembly of DNA
nanotubes (NT) and assess its effect on the function of Raw264. 7 cells. Methods Utilizing the gradient
annealing method with 3 DNA single strands Y1, Y2, and Y3, glucosamine ( GlcN) was employed to mediate
the assembly of DNA NT, resulting in the formation of glucosamine/DNA composite nanostructures. Atomic
force microscopy ( AFM) was used to observe the surface structure of the nanomaterial and dynamic light
scattering ( DLS) was used to measure its size. RAW264. 7 cells were used in cell experiments. The
cytotoxicity of GleN and NT?" was assessed using CCK-8 assay. Flow cytometry and laser confocal microscopy

were employed to investigate the cellular uptake efficiency of the nanostructures. The effects of NT" and
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NT"#( Mg**-assembled of DNA NT) on the expression levels of inflammatory cytokines (IL-18, IL-6) in
macrophages induced by lipopolysaccharides ( LPS) were evaluated using RT-qPCR. Results  GlcN
successfully mediated the synthesis of NT“Y | which exhibited good stability. AFM characterization results
revealed that NT? formed tubular particles that were uniformly distributed on the surface of mica. DLS
measurements indicated that the diameter of NT“" was approximately 15.26+3. 86 nm. Cell experiments
demonstrated that, compared to NT" | macrophages exhibited a higher cellular uptake efficiency for NT®" |
with a higher cell survival rate following treatment with NT“" (P<0.05). After NT“*N treatment, the
expression of inflammatory cytokines in LPS-induced macrophages was reduced ( P<0.05). Conclusion

The glucosamine/DNA composite nanostructures have been successfully developed, possessing excellent
stability, biocompatibility and cell uptake efficiency. NT?" is capable of reducing the cytotoxicity of GleN and

can suppress cellular inflammatory responses by decreasing the expression of inflammatory cytokines in
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RAW264. 7 cells.
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A (glucosamine,, GleN) J& AR N K IRTF
TER) R FE OO, R & B AR B R WE A0 3 2 4] 0
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DNA GRAE = S5 FAREHE BE /R VR BE L A9 123 =3 TC I,
ANBMER 1710 W24 S5 2 B Eh IR ER 1A, 7R3 TR 2T,
FF PCR U 0 38 Ak 21245 il 48 56 46 25 1/ DNA. 44
KA BREIR KT AR 295 °C 5 min, 65 C 30 min,
50 °C 30 min, 37 °C 30 min, 22 °C 30 min, X5 %
NTN IiRET 6% RPN ABMEERS (PAGE) vh 785
T Bio-Rad HLJK$EE 21T 60 min, £ DNA H

BEFFHI LR 1,
1.2.2 J& T J1 8 #5 (atomic force microscopy,
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a2 M 2 AWK HE P C T 0 T IR B VA
20 L A7 Pk, FRR 4 2 SO 2 R R HE S B RE
2~3 WE B R MRS L e R B B EE T I E .
Malvern Zetasizer 3567 B0 NTON (s 42 FilH Ao
PKOF- o NTO 0 B R 2K 6 B 2 100 nmol/IL,
PRFCR 1 mL, SRR S IS A g L o TP A T

&1 &R DNA fXEH) ssDNA F51F1 RT-gPCR #5477 51

HR J¥31(5'—3")
AGGCACCATCGTAGGTTATTTAATCTTGCCAGGC-
Y1 ACCATCGTAGGTTATTTAATCTTGCCAGGCACCA-
TCGTAGGTTATTTAATCTTGCC

TAGCAACCTGCCTGAGCGCTTTTGCGCTGTGCAA-
GCCTACGATGGACACGGTAACGAC

Y3 ACCGTGTGGTTGCTAGTCGTT
1E 7] : CTACCTCATGAAGATCCTGACC

Y2

Actin Jz [a] : GCACAGCTTCTCTTTGATGTCAC
1-1p 1E 7] : TCGCAGCAGCACATCAACAAGAG
Jz [n] : TCGCAGCAGCACATCAACAAGAG
L6 1E 7] : CTCCCAACAGACCTGTCTATAC

Jz [a] : CTCCCAACAGACCTGTCTATAC

1.2.3  NTY" pyfa etk IS e B AR M A%
4f 300 mmol/L 2 SEHI A WA F ALY NTOY  Jim A
DEPC /K, L 664 xg B .0> 20 min, A I 178 1 #8958 25 .0
B ARG 300 WL (8 4l 7K A1 300 pL IRV B
LA BRI (3 mmol/L) ,IF WK LA 664xg Bi.Ly, L
AR R RSN 30~ 60 L, B ZG R 3 IR,
BFUER T IR SOINAE T 6% PAGE i, T Bio-Rad H
TKEEE Fi24T 60 min, APEAY NTO  NT™ 4 4 %} 18
25 PAERUE M B DK KON A 37 C 5 ARk
SEE IR HL K B 37 CER KB, K
NTON S5 i s B A s 47 s Pk s B, NTY 4 Sy it
WRZH  TEIE 40 A5 R 2 E SR I NTO B,
BIRES A RCE T 4.0 °C 22.0 °C 37.0 °C 45.0 C %14
THFE 1 h SRR R AT IR IR as AT L Ik
Wi B0 FEE 1B K 7 i 5 1 NTON 1 Sy %o} B8 2 ( Control )
pH FE Pk f M 4l K T4 pH {H5 6.0.7.0.8. 0,
9.0 bREBEN FA M NTOY Fefid sk ikt iz 17
HLJCRE B, NT™ A Ry ) BE 2

1.2.4 Raw264.7 4ifiiks B 10 mL 5E 4B 3t
(500 mL DMEM .50 mL 4 I35 .5 mL 75 -5 % 2 W
PUABIRAIECE) BT 10 cm 40 RS 3R LA, IR A
B Raw264. 7 4, B0 3F 1355 , K 40 i o 8
Ja¥ERe 2 PR FRIL i 37 C Y =46,
SHLIE R e o

1.2.5 ¥oedtiM i Raw264.7 fEIL M1
MR P SRS o KA B 1 45385 M3 1Y 5 S
Cy5 B4, F5#H CyS By NTO/NT™ 3538000 A 40 it 5%
FEW AR A 3 h, CyS 7E40 M35 F7 0 BV B
300x107" mol/L, #RJ5 FHH A (1) PBS PR 4 M 3 7Kk,
BFYR 5 min, 5 4% 2 B HEEE E 15 ~20 min, FRRH
PBS ik, ik AT, S5 A ILUMA 10 wL 7 DAPI ()

Lo ot Ve K. 38 i ok L R M B e (e BE
ECLIPSE TS4) j§if% .
1.2.6  JAMMIA  Ff Raw264. 7 3R TE 6 fLAR

AT CyS 9 NTON S0 A A RS R0 F , A
7 3 h,Cy5 TELANMIRE 77 5L U FE ol 300x 107 mol/L,
WA, HI PBS Vel 3 ¥R, 5 min/ IR, T4
MAL 43 Hr o
1.2.7 CCK-83%: ¥ Raw264.7 F 24 FLb i3k
Bi % AN B R 1x10° A4S /mL, JILACAS ] v B ) 4 3
AR NTOY B R AT 24 h, WK 3 3L )5
PBS PR AN, RS T BFLIMA 50 pl. WST-8 F
450 pL DMEM , 4kEE7E 5 5246 T 1 ~4 h, SR )5 R Ehn
AAE 450 nm Kb SEHO S REAE
1.2.8  SZAf 5% 96 2 & PCR (RT-qPCR) 14 FH
NTY 1.5.10 mmol/L NTN %} Raw264. 7 4047 Fi
AbFE, AN 1 pe/mL () LPS, & 6 h, Hjl 4 LPS+
NT" 2 5 LPS+NT®Y 28, % B 4H ( Control ) AFEFTAEAT]
AR NTON 2 H AT BUAL B fin A LPS, LPS 41
A LPS RFFT AR, A TRIzol 57| 2 HL RNA , {f
FHICi S5 & RNA K% ok ¢DNA | ] Nanodrop
2000 M52 RNA 3¢5, 4R J5 {4 i FastStart Essential DNA
Green Master 7E Bio-Rad CFX 96 SZi 7yt E = PCR Y
##47 RT-qPCR. HMFEME R 3 1L, Actin FI1E
PR A AR i S 06 25 S 15 21 AH B 1) mRNA 3R 67K
Vo H5ITHIIFE 1,
1.3 %itFE o

iz 1] SPSS 20. 0 eit-#ct , Bl L xxs FoR, #4541
BRI UE S/ A (EASR ) % T 241 0] 22 5 H
KB R )5 200 IR 45 A it F U, 4
B 22 57 FL AR A LSK ¥ . Kt /K i a=0. 05,

2 #HR

2.1 NT9" 4% & 4%t

TEZAIEME R F T ,3 25 DNA gk Y1,Y2,
Y3 4 EE IR FE LU 1:3 3 EL 245, A LY 7 B
—RESE . 2 A AR A 90 BE R OMAEIR
ZEH NTO . DNA 4K KR 13.9 nm, HRZ N
6.0 nm([¥ 1),
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Tk (PAGE) 5 . W], NTY 7 DNA 43T B A vfi i 1)
300~400 bp XIHIE I — 24 W 2 (4 2717 (] 2A) o NT™
B BOT IR

2.2.2 R[FIVRBEE RS A A XS DNA 9K 3 413
) 5 i &l 2B R, 24 KL BE AR 100 ~
800 mmol/L 2 [A] 0] A B Zh 4§ NT {4 & A, 78
500 mmol/L Bf A~ S f) NTN A S f e 7K

2.2.3 NTYVpy AFM 4E & 2C fin, NTO 8
RIS Ay BOE 5 BT o XFF DNA 40K 854, 55
FUB AL J7 ¥ R Ve VR ML 45 ( CryoEM) Rz AR50k 5 44
HOR IR R B ARZ B AGE ] T A58 i) DNA

QK S50, DNA 9K K 13. 9 nm, H2 4K
6.0 nm, KAZ LY 2.3, BT AFM A B[54 1) 4
PE BB KT 5 1) 43 HEZE A DNA 9K K42
RAR, BT L AFM UG sl AURER 3 51 Ay i I 1) 457K
451

2.2.4 NTY“f DLS F4EF1 ZETA s 7 & DLS
MR  NTO () B4 Hy (15.26+3. 86) nm,PDI Jy
0.19, NT" By 5424 (15.8+2.3) nm,PDI 4 0.81, .
BEA WS 2R ZETA AL 5E  NTOY iy L
13.62 mV  NT"® {7 —4. 18 mV , /R AE1E G 4H %
[ DNA G4 K 5514 1) 2 T80 H A BT TF o 1 ) 2 A 2 A
H 2021 DNA 9K B IR ETE R AT E 5165 A 454
AHIE R ME BT (ZETA fLA) A BT elcis

na;)
NN S D
VAV ..rx, g NT 4% J%/(mmol/L) 'S
o ST o S - e
C PP OO LS 0 100 200 300 500 800 1000 <& < 4nm

500 bp

<100 bp

A: B NTOY ¢9 PAGE J& & #
NTGlcN ;C:NTGICN% AFM %&»ﬁE
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100 nm
e

400 nmx400 nm

Y1.Y2.Y3: DNA 4 % #;B:0~1 000 mmol/L ¢4 2 A H H N S %

2 NT“W&ERSRE
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<500 bp
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B
R S & &
7.0 8.0 9.0 é& \g’b
<500 bp
<100 bp
D

ANTON AR B T E T 6948 20 B NTO 69 A8 2 M CNTOY 494838 B 403 3% 4% ;D NTY ¢4 pH #8214

3 NTON piaE TR & R

2.3 NTY" ggf82

T 3A BTN TEAR YR FE 2 B A A B e B 0
TE PAGE Ji& FAT5R S 7 Hh s Wb 1) 32 25007, 3R W] 2 A
ZJHEFN DNA 5 2 [0] 1 45 5 50 5 %, JE B DNA 402K
SERIIFESE s NTON 1E 37 °C LEFA 1 F W e AR 4 i -
MIZ5H (& 3B) , B R 47 A RS e P 20258 4 7 Wi 7E
37 CHI45 CE&METF LRI § NTO (i fe i [ 41
([ 3C) ;AR pH & NTOY (4 s il 45 4
W, SR A e AR IE 8 A3 pH B 2518 B B A
ST NTY B4 B 3D) 3 A TR 5286
2.4 NTYN ¢4 A& 4y Aa bt

CCK-8 AL, R W7 : 76 10 mmol/L R EELLF
T LS 3] 52 KL 7 45 B X Raw264. 7 404 B B 1) &
PR 2 A0 460 DNA 90K A8 MR IR
F| 25 mmol/L I}, WIZLEIH W] B 4uffIREVE (& 4) o 2R
DNA R AAL AT L 5 25 o A1 2 56 1 2 4 1 20 R 2 Pk o
AN 78 R S5 2 B AT A B2 T (10,25 .50 mmol/L) ,

NTN AR T Bl 1) S 6 4 A X Raw264. 7 1) 3 1
BEFRAR . RUARB A NTO 2R EZ T f4n
JOEE AT Z WA T, A R v FE TR T B S R 2 A A
A0 5

150 9w s
M NTO

—

10 25 50
e )i/ (mmol/L)

0 0.001 0.01 0.1 1

a;P<0.05,b:P<0.01

4 FERENSEHEMN NTOY 3 Raw264.7

H¥E(n=3,%+s)
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2.5 NTN 44 o il dB I i Raw264. 7 XF NTO g4 HUm F NT™ ([&] 5A) .

BOLHE R AR BRI B8 :37 CHEE 3 h FRESAIM AR M3 52 7 X A58, NTOY iy $ Bk
Ji , K TTURL B VAT M Raw264. 7 7 A CRETFFY R4 NT™ (5 3.79 5 (& 5B .C) o F W& ILA 45 hH
W) o CyS FRic iy NTO B E s EEAMELIE - S4IE0) DNA 9KE5H 5450568 74135 DNA 44
J A NTON 20 5 P 0 21 €0 96 6 i 3 Fe NTY 215, KEER LUHE , 7R AN M OO A P o

DAPI Cy5 BF

Merge

Control 4

20 pm

—_—

NT" 4]

20 wm 20 wm
E—]  ——

NT(;Im éﬂ

.
.

20
m A

—— Control ZH ol
800 — NT" 24 il
-—_— Glen 4] %

600 N A 35 40
E #
w
F 400+ <)
= o

_% E 20 -
200 fod

0~ 0 T T
1 2 3 4 S5 6
0 10 10 10 10 10 10 Control ﬁj NTMe ﬁj NT[;I( n ﬂi C

Cy5 DO E B

A:Raw264. 7 I NT™ a9 b 2R A ER B E e, 2 & Cy5 /7iE e NTO B C:Raw264. 7 $& I NT
AR Fgit 852 a:P<0.01

5 HAHREMAXAMEBARN Raw246. 7 AR NTHIBE (n=3,x2s)
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2.6 NTN 4k shdp4] LPS i 564 E v 2m e K Jx

5% B84 ( Control ) FLAS, B4l LPS Z17E LPS il
J&  IL-18 IL-6 43530 17 2 187. 62,20 984. 15 %, i),
] LPS fig 2155 3 5 W 4 L 58 0 FF 8 il K o 4 E [
T LPS+NT™ 41 i RAE K F/KF- 5 LPS 41 L #5257
TCGETT2 78 5L, B NT™ X6 9 AE PR BRI 1A I 2 11
20 5 T LPS+ (5 mmol/L) NT®N LPS+( 10 mmol/L)
NTN 411 IL-18 IL-6 % 1K /K F-45 LPS 41 8 % R AK,
HHRE B, S0 7K R R (R 3) . DAL
SESLEH NTON Al ] 50 40 g B 458 R 1, ELAE
— R R U B P TN 9 B s, %o 0 4 L i
PRAT R A A A i =5

%3 NT 14 Raw264. 7 PRI R EE FRiL(n=3,5ts)

451 IL-1p MIxd ikt IL-6 AR Rk
Control 1. 00£0. 12° 1.000. 30"
NTEN 131. 66+39. 30" 200. 65+21.75"
LPS 2 187.62+444.68 20 984.15+4 431.23

LPS+NTMe 1 689.60+481.66 18 435.21+871.73

LPS+(1 mmol/L) NT®N 1285 68+209.71* 14 776.44x2 160. 52
LPS+(5 mmol/L) NT®N 1 091.18+56.96"

LPS+( 10 mmol/L) NT®*N  277.08+27. 65"

11 248.02+1 294. 09*
7 941.32+958. 08"

a:P<0.05,b:P<0.01,c:P<0.001,%5 LPS 283b4%

3 it

F 4135 DNA 9K A RHEBRSIRTT A & R
BTSRRI R 254 1%, LA B
AW IR TT 45 . AR RT3 < AL 50" 4 %%
DNA ZKZEAMEE, IR — R I N IR YR
OATHNERE T AR s EAT S NS
T DNA GRE5H I JoBE 25 4%

FILEERERL 2 N T A A A BB 9K
B AR B A PR T A IE PR 7 R A
DNA 5 540K RE b, WA AL G2 1 42 ) BH 25 1, i
TL LI RV FH 5 DNA B 2Rl R 3 1A Jr 482 1) el
TTRALE A, V5 225 DNA kgt [, 5L %
WA B HA PRI T T NTON B4 92
o AR P AL A0, e s T4 T
5T DNA K a0 A 4125, Il g T & 5
HIHTHE/ DNA QKB AR B, A 90K R
A R AR E A AR 2, B A 0K 2 35 )
(R4 75 7 s RAW264. 7 X NTON U R A H AL 5t
9 NT™ B B3R IR RO R g ] fE T T2
SRRSO, BAS T DNA 2K 25 46 1) 22 T 1 7

EAE, RTE NTO™ B A3 B IR YT JRAE PP 1 —Fih
A HIF GO R G S T A SRR, B
W AN R LPS RIS , BE PR B AAE R T, 4
IL-1B 1 IL-6 FYZIK ; SCHR A R LW i 2 A 9K Bk
AEDS AR E W 40 i Raw264. 7 B 98 5F A 1~ TL-1B | 1L-6
(R, AT 10 1 1 e 4 0 ) SR A B Wy, HLAE — 5 s Bl
P, 6 A PR AT o) 550 7 I 2 2 5 A ) i A e R
T 55 o

L5 LA ABFFE 7840 s T NTO i AR
NIESTE R T DNA (K 253 418 T T AR
il FEARSRA TARE R A PRBIZLRE A 2 5 % B/ DNA
AR5 AL _E AT R DU E 2 U H A
I BETT AR BT RE25 1, SO — AR A e 42
Z IR IR R

S Xk
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