DREYESSHE  biomed.cnjournals.com  Progress in Modern Biomedicine Vol22 NO.10 MAY.2022 - 1829 .

doi: 10.13241/j.cnki.pmb.2022.10.007
REBHEZIOE Cy5.5 fydtsl VP 2 AL ks AS BRE Y
I AT *

kD OFERRY KRR MRABRT FAE ¥R wWRA SRR FRE
(1 FFFIRBERER: RAIT 7 705 R 161041:2 RHUES LS OBEBEAFRL L & 3 1 250000)

BE BH: AR RIRENE RSB A Bk R L =B E 48 %k Cy5.5 M Mmt | 3% ko THRATHRAE, ik IR Cys.
5-NHS # t# K& F =W L ¥4 (Dimethyl sulfoxide, DMSO) &%, ¥ PEG W A4 =4k B4k & S48 2 5 A BEBR 3 48 ¥ iRk
(Phosphate Buffered Saline, PBS ) % & #4 X B4k & PEG tbvg AL =4k 9 R Bk pH, FrEe E 4549 Cy5.5 3 KA 2w A4k
ZHBET,RRERAMET BB CTRERIRERAB TS RESGNRE, HEBENKEFER Zeta w4n, K AR
Hoa] B e B CCK-8 52 3 hm] 2 2m i F bt | O 2L 3R B B A0 WL BRI 4k 2 MR IR B L, 8588 - & A%, CyS5.5-PEG-Fe:0, £ 4t,
% %+ %, 4% ( Transmission electron microscope, TEM ) B R4t #2412 4 16.8+2.4nm, 4h K Bk 69 K 512 A4 43.4+17.6 nm, Zeta W, {%
A -18.0 mV, Beif & % 39.5 mM'-s' R* 4 0.98, i F M £ 4 R B Rt oA 2 A, &ML R E BARBE, SRR
B4R T b BRARAT TR AR 2 BRI . 8518 : 2l & A% Cy5.5-PEG-Fe;0, #R4t .

FERT AL ATEE P AR 5 T84T i RAL; 3856

HE4 %S :R730.4;R318.08;Q6-33  3THAKRIRAD:A XEHS:1673-6273(2022)10-1829-05

Preparation and Characterization of Ultra Small Superparamagnetic Iron
Oxide Imaging Probe Constructed by Fluorescent Cy5.5 Linked
with Polyethylene Glycol*
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ABSTRACT Objective: The ultra-small superparamagnetic iron oxide particles were used as the carrier to construct and characterize
nuclear magnetic/fluorescent molecular probes through polyethylene glycol-linked fluorescent Cy5.5. Methods: Ake a small amount of
Cy5.5-nhs fluorescent powder and dissolve it in dimethyl sulfoxide (DMSO) solution. After centrifugation and ultrafiltration of PEG
ferric oxide particles, resuspend the nanoparticles with phosphate buffered saline (PBS) to change the pH of PEG ferric oxide
nanoparticle solution. The configured cy5.5 fluorescence was added to Fe;O, particles, incubated in a constant temperature shaking table,
and the larger iron ions and unbound fluorescence were removed through a centrifugal filter. After standing, the hydrated particle size and
zeta potential were detected, the relaxation rate was detected by newwheat nuclear magnetic resonance, the cytotoxicity was detected by
CCK-8 experiment, and the uptake of the probe by cells was observed by laser confocal microscope. Results: The Cy5.5-PEG-Fe;0,
probe was successfully synthesized. Transmission electron microscope (TEM) showed that the diameter of the probe was 16.8+2.4nm,
the water and diameter of the nanoparticles were 43.4+17.6 nm, and the Zeta potential was -18.0 mV. The relaxation rate is 39.5 mM™*-s
and the slope is 0.98. The results of cytotoxicity experiments show that it is slightly toxic to cells, and the toxicity is dependent on the
concentration. Laser confocal results show that this probe can be taken up by cells smoothly. Conclusion: This experiment successfully
synthesized Cy5.5-PEG-Fe,;0, probe.
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S A AREU 2 AR BB S . AR
RBHZ BN ANTRY AR, 7Tk B AE 728 T 52846 2 1, WGy
FZTRR AT R I ,  DAT B AL N e v e 2 ) R 67 4
Ho B THRERA ISR 4R L, Ao pg I RAe A
TCHEAGHE X 43 1E 5 42 FR s AL 2 3 (R Bt B i (R A 22 580N
AZRERT LRI AGRRAE vz o P31 e LU 580 By iy FH AT LA s P 1R
X LG, ELAT A2 34 st 8] o T %o A28 IR 14 X6 B 551, 7T
VAL T, Wb BRI [H], BEAR T, A R AF S, 5T L B, B
A OISR IROR o A EAL BRI GUKBURLIE T, X L6, £L
SR PR _E 5 8 A R % R, LR 7 TR 2 UL
FIVE S APRE  AE HC B 43 BT, LR LAt B 82Xk AR
BEMERCR | HLBO TR AR DGR (B A 55 o AR S8 i FH /)N M
WEPE AL BB R 38— (2 PE BT 2% T AT T et R I
MO R B T I I TR 37 o A2 50 Y VBB IR 1 S A ik
WORLI T AN 5 59O G  AE A h i 2k, & b
R TSRO M, TR I A A B4, — P R
" T REVE R " R R INRAE AL IR R B A G R
AL SR A B HL25 o L BT R, 3 ok e e R B/ e
PR SPGB T REH BUR Z R G5 & K 5 /R s B,
S S 303 2o AN BHA R N R P S AL RO, 5 2 AR
FEEETE R IR SCATAE  GRPDRH IV 2 R Rk T HAE BR 2
SRz BN, X ] BE R iR RS R A T o |
AIEE SR o SARGXT HLFAT EL , RS B sh i S 56 3 FH Aok 4
XoF L5 JR R 5 T v ) A BB T T AR BRI [ L LA R TR A )
AR RE T o BREMBE LTI G I BB S TR B AR PR AZ R 1Y) 28
(B 53 HF 2 i AP IR 4O LU 5 9O e 2 T0 A L G B
PO R AREE 557, X L A2 W LA B T A% B A4t 08
MBS ThRe: o TR B Y, AR R
Xof 5008 /N B N 14 8 AL B UkE (Ultra-small superparamagnetic
iron oxide nanoparticles, USPIO )i i PEG 5% Cy5.5 1% 4%,
B I3 DU 73 F IR EH T 0 IE B M BT, S TE 4 i 7
P, AT ]2 D R BT AR BUIE L , 4 TR B T S5
AT R R B, M 2 P IRR B0, Ay Bl i A8 LI iR
o F IR AR DT A N ZS 5 Sl R 0 1 B P LI 7E
PERR R B E s W i mT B

1 pR 5 07 i

1.1 ##l

OB £E MR (ZEISS A 7], [ ) 5 966064y B
(RE-5301PC, H A Bt ) 5 54 Y66 B 31 (UV-2550, H A
) 5 A LR B AR AT ARG { (Nicolet-INT0, 38 [FI € BR K
JR); ESFEEE (HT-7700, HAHSL); WAz —BFRKF
(GT-104, 1454 ) ; 48 A48 T AR ) 98 #1285 (DF-101S,
TLSCTAE) s B RE T IR S (HI-3A VLR IE 38 ) 5 #i
U (XM-3200UVF, Bt R 6] ); kL B 4% B A
(NICOMP-380ZLS, % [E PSS) ; NM120 %t 1 5 77 i 1 2R
TS G R G (ML SR BR A ) s 2 D RE
¥ (SAFIRE2, ¥+ Tecan); #84li/K %&%: (Cascadalll. T,
PALL,ZE ). Amicon® Ultra-15 100K 2.0 8RS . HUR IR
AL Z FRO A0AENE RN F B LGN . /N IR

EARIERLI B ThRFIR M A RRA R . 236 Cy5.5 W B REFA:
WEHERBRAR . T’ W H VG EHRE L YR A R A
JiG 4 IiE e 9 3 [ Clark A R] . PBS 22w .DMEM 4H 15557
FEE [ 35 [E Hyclone A H], CCK-8 iFIMy H 38 =~ KAEY) .

12 FHik

1.2.1 Cy5.5-PEG-Fe;O, Ry & W CyS.5 %MK, Tz
— KPP 4 Cy5.5-NHS SO0 AR T IoKk Z H FE N
(Dimethyl sulfoxide, DMSO )&E¥& H , B il i 10 mg/mL ¥ B B
3 mg PEG fb P04 fb = R AKBURL (2 2L A 3 ) B T 100 KD 2
i uERSH 15000 rpm/min, 10 min B5.058 38, 2575 ] pHS.0
PR fRER 2% v (Phosphate Buffered Saline, PBS) 244K i
ki, AR S H B HTEE PEG {6 IO A = g K BURA W
pH {E . TZI DMSO % FBCHil 4719 30 L Cy5.5 3Ll
0.3 mg), TEIRBESME NMAZIEEE pH {H1Y PEG fk UL =
BRI, SR f5 B T 37T CHEIRIRIR TR 2 /e, BFE 4
WG, A 100 KD B0T g LR AR A B 1Y Cy5.5 %65 F,
IR KRR T, e B 4K # & PEG-Fe,0,-Cy5.5 3¢ fGHk
TG K AL

1.2.2 Cy5.5-PEG-Fe,O, RAEMM B4 BRI iz - B
TR A/ i USPIO - Cy5.5 Y-S5 S EEAY 2 %l BEE5 R A /K
VSRR A et ) R & Y (iR 45 FH 5 IR/ i USPIO - Cy5.5
VRS 2 %R BEERER B TR G Y (UM Fe O, i PE 94 K BURL I
TR, T TR R, AR TR S R T WA PSR, @A
NanoMeasure 3% 4% 41 - i 9 9 K Uk b4 T ELAR MR, 4t
600 YRR AR IFIHAFHRAR o IKE RS B Zeta HLALIY
DSE : A E FesO, REPEGNRITURLA W JUSPIO - cy5.5 ¥
% 50 pL 5 1.5 mL K& F/KIRS) R A s} L (A 00,
HE R 2 Sl O GRLEEASGE 3 Zh B C R &K 3 5 R~
L Zeta BV, HREDE2APEBRAE  IGERR IHRET 2 pL A
998 pL PBSiRA), #H B AL AL, oM e
200-800 nm B 1M I SRS I 72 B4 7F 685 nm (EX=
685 nm) kT HZEE K FHEDL, K HH K HL 680-800 nm [X[A]
ESETTS

123 SR ECRAMEH RN IR R
RSN LG58 1) B B4, AR EE /K (mole ) 1 —Fhi 557
VKRG B PRl A 5 A Bt B N R) ARG BE T o FH B TR AR B Cys.
5-PEG-Fe;0, fil A 2% 85 T /K 8 B i 42k 55 #4371 100.0.75.0.,
50.0.20.0 pg/mL 3£ 4 ASARRIEEE, 43503 A 1.5 mL Ependoff
L RE R 1 mL, MR EARICN 1-4 5 BRI
NHZZ NERE AL, BEIR - B854 EDUMR20-015V-1,
J¥%1 % CPMG, %:%(:SF (MHz):21,01(Hz):569335.95,P1
(us):14.00,TD:29994, PRG:1,TW  (ms):300.000,P2 (us):
29.00, TE(ms):0.300, NECH: 1000,NS: 8,

124 fHBEEESE K HURIRE FRO B JR, SR T 55 %
£ /R E I 10 %IR4 M35 R DMEM mEiitsssed ,37°C
5% CO, Ki i g%, B Ed: KPR R A A9 40 E A 747
12,5 MBRBIAR  BCHEOHA KRS R 4F 09 R B
FRO 4, DL 1x10° A4~ / LR ot R A L H 96 FLAR .
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37°C,5 % CO, F5FRAA P IR 24 h, FEAHMANGEE )5, A & TR
WS Cy5.5-PEG-Fe;0, KR ) DMEM K7 4L, 4kgidisr
2-4 h, W sEREFR 5 PBS IH R/ EALIMA 100 wL PBS, #OGIEER
FEVEBRUR I 652 nm, UK IE K 672 nm, Fi N WEIFHAME
12.6 HASHERT  h T WS IRE A QIR s R
JH CCK-8 AT AN 3G 77 BOWH A KR ES R 49 FRO
YN, JEERES AL, US|, L 5000/ FLAEFTF 96 FLA H , 14 FH
9 100 pL, Fp2H S 3 L, 96 FLARJE FIH PBS ML , ik
LSO SRR, 37°C L5 %CO, BFRAEIE I, 17196
FLAR AL 43 5 A & B 4 (0 mg/mL, 0.2 mg/mL, 0.3 mg/mL,
0.5 mg/mL) ) & A USPIO M55 5L 100 wl |, 4R35 5% 24 /)N
Mo AN RRRE LA 10 wL CCK-8 ¥k, I & 2-4 h,,
AR 450 nm B SVEETR IR , SEae i 8 ] IR Fozs 11 4 .
TR AR A T (%)=[ACINZ)-A (= DV [ACK IS )-A
(%5 H1)1x100%,
1.3 GitaiR

fiF] SPSS 21.0 R T ST 2250 H1, A LR e EE
3K, BT B R AR 2 . PIP HUASR A ¢ R

S1HT, ZA LGS LR R 7 22531 (one-way ANOVA ),
P<0.05 A HEA G E Lo BREFAIKRAZR A A Nano Mea-
sure 1.2 HfFo34r , 5t 5 fd ] Origipro 8.0 3 Ml , T A 4eit
MMl Graphpad prism 7.0 e84 58

2 &R

2.1 BRETFRAE

Cy5.5-PEG-Fe;0, K WUk & 5 H BB WER, B
R SE , CUTE M A Ay IZ IS . 37551 L % (Transmission
electron microscope, TEM ) I 7~ A 1% ) 4 A R R~ 16.8+
2.4 nm, RERWERTE , b2 i — 80tk R 4F, TR E N
LR (B A) IELAMEE Cy5.5 MR DK N
650 nm 47, A CHRFERM Cy5.5 B 43 FHEHE 650-
670 nm Kb & G, 3 5B G RE R I, 45 5 (B B) i
78K F 600 nm i & G & Cy5.5-PEG-Fe;0,, 31 620 nm-
800 nm 5 FE AT H] 670 nm A K6, AT HATHOEAER . K
FORiAE 3.417.6 nm, ]RSF 430 X [H] /), R AR 53 A B 48— (1
C). MR A -18.0 mV(E D), WE 1,

700000
600000 |
500000 |
§400000
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0+ v
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Wavelength(nm)
Size(d.nm): % Number: St Dev(d.nm) Mean(mV) Area(%) St Dev(mV)
Z-Average(d.nm). 59.95 Peak 1: 2820 100.0 7.962 Zeta Potentia(mV): -18.0 Peak 1: -18.0 100.0 574
Pdl: 0.388 Peak 2. 0.000 0.00 0.000 Zeta Deviation(mV): 5.74 Peak2: 0.00 00 0.00
Intercept: 0.879 Peak3:  0.000 000 0.000 Conductivity(mS/cm): 0.0221 Peak3: 0.00 00 0.00
Result quality: Good
Result quality: Good Quality.
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1 Cy5.5-PEG-Fe,0, IR $+ & AE
A:Cy5.5-PEG-Fe,0, EHFE$E [ ; B: Cy5.5-PEG-Fe;0, W ¥ Hti; C: Cy5.5-PEG-Fe,0, 7K &#Hi{%; D:Cy5.5-PEG-Fe,0, Zeta L
Fig.1 Characterization of Cy5.5-PEG-Fe;O, probe

A:Transmission electron microscope of Cy5.5-PEG-Fe;0, probe; B:Fluorescence spectrumof Cy5.5-PEG-Fe;0,;
C:Hydrated particle size of Cy5.5-PEG-Fe;0,; D:Cy5.5-PEG-Fe;0, Zeta potential

2.2 WigEEET

2 41 35 /M RE R - Cy5.5-PEG-Fe;0, 100.0,75.0.50.0
20.0 pg/mL 4 T2 JFREF[E], £ Origipro 8.0 HEfTLR MG, 15
F| R® 7:0.9887, HhiE#% K :39.5 mM s, LK 2,
23 fpEH

BEFT] CCK-8 4 USPIO % A HUHR R FRO F 440 o 7
P, HEEEN WST-8 8 LRG0 A AE FF Bl 20 M rry I3t S
ISR R BE K P T B, S B, RN S A
S E L PTZERBARIY 450 nm 2450 OD ff., 4niEl s,
USPIO fE H FRO 4l 24 h XF 40 f G F20 . 0.2 mg/mL A, X
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FRO 4 g 52055 %5 HRLLAH HeAi s B INJEGE T 8 S, T 4R
ik 0.3 mg/mL 1 0.5 mg/mL X 40 B A vt 1 , 1% 4t B AR
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R2=0.9887
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2 Cy5.5-PEG-Fe,0, Jh 7§ &
Fig.2 The relaxivity of Cy5.5-PEG-Fe,0,
2.4 HRERLE

fdr O H 3 A W BB WL FRO 40 i & B M CysS.
5-PEG-Fei0, W5 I, 24 h )i, (] Cys.5 € ADGIM A , ¥k

e R L%, #R Cys.5-PEG-Fe;0, % FRO 4 fifl 2 T HE IR,
J[—Llllzl 40

4 73.06 %F1 67.05 %, P<<0.05, A G124 Y, TS5k
FERARME . WL 3.

24h cck-8

120
S 90- .
2 T
3 601
>
S 30-

0.
© N N N
Fe304 LEVEL mg/ml

3 Cy5.5-PEG-Fe;0, 4 S
Fig. 3 The Cytotoxicity of Cy5.5-PEG-Fe;0,
Note: The Cytotoxicity of Cy5.5-PEG-Fe;0, in FRO cells. Compared with
0 mg/mL, 0.3 mg/mL and 0.5 mg/mL “P<0.05.

& 4 Cy5.5-PEG-Fe;0, Mt £ B EM & E
A FEHBEERRIZERGAEE; B Bt HRERRIEIZMEE
Fig.4 Laser confocal microscope of Cy5.5-PEG-Fe;0,
A: The cells bright field picture; B: The fluorescence.of cells

3 e

/B IR P 4 AR TR A A7 50 Fra 9 K 5 B o, L
A5 FE T R i 25 I BRI, A TR AR I AT LA IR 4
T, (55, 7 A G A, BN ZE 18] Fr % H BEUS) T L R Py
J2 ZR G HUTT S U A AR O R . (R T R TS 41
() Fe;O, 4K M0k BAT 7625 S P i 5 Ak B TH B i 1k
S TR ARSI 04 1 A0 2 PO 5 0 5 4 A A SR B e o LA
ARSI 45 09 53 TR LB T TEASRG . AU AR, 1F
FB TR R E AT TR RAR , 9T W5 SE 3 52 3628
SE RIFIIERLS,

AT e o ) — S R R VAR 7% Cy5.5, SEmiT
A X SCIR B 0T ] 020, G0 SR T LAV i
Cy5.5, [EIEE MR — i B AL BS5 %, Sesid b %

W T SR8 A DL B A, T R AN T LA AR CyS.5
A I B BT e i A, R, AVER R R A AR AL IR B R ZE T
AL, EAS ek ke KRB, KT R s
fie, HAE RN " 7RI "o, (R e mT AR A A AR S
AT 5555

P TGI8 A S 2T A X B 114 21 41375 5 1 420, | 4 i
A ARV AT LINE Bedm/ s, TR, AS2ge ik Cys.5
VEM GBI &R, Ll & i3 Cy5.5-PEG-Fe;0, MRS
PRETAESO OGS 670 nm Zh T keI E] & 410G, & A R FIm A
NS N AR A TS T R 5 R, w45 B AR R 3 i
Bk K /N (16.8+2.4 nm) , /K FILREAE K (3.4217.6 nm) , F 1
A (-18.0mV), KFIRIAR K Zeta {7 S B T HAEAR N 4
A0 AR AREAEIE DL, 2l il 28 A BB SR B A AT AR
72, H5KAHA RIFHA MR
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ILLLANIOE CySs.5 WHAT WF ML, i T4 ML 4N
H R DO LM B/, IR N S A E W R e, i
LLANJORRE S B R AR S R RO . R, h THOGIAE IR
LIAMX B LB VST, 35 i BE RO RETEDDE
JuktrhJe g, Cys.S MMIRAEL LLAMX F SRR, 2950
R Ao RS MR PR YR o S5 R il A Y Cys.
5-PEG-Fe O, WU R FT8 i3 9OL G HEAE 670 nm Zb ] A4S 1) 1)
B RIE A TR A NS YA N UG U TR

R/ INER R 1 368 5 700 3 B SR Bk s ik R A B AR
B AZ Ly, S5 o 22 Sk It f0 2 5 1k A O SR AR DA D90
UE AR T HEAT I REE R B i L S B B R AR )
AR JESRT 145 U] AR A M 52 51 , [ e
v 08 1) e 2 W A R S IR 12T D T A AR > ) e 7 17 i
Sto (HARZ R B I BREA DK SRR M FE A 2
SRR, TOH A T 5 AN A A A ) R 2 SR B R, AR SR XS
WEMED KA AT —E 1Y " I, XEHR A TR A
WORLZ 8] AR ELAE T, O B e Bk I e 1k pIF5Ehid
id PEG >R f18E USPIO i, nJ LU USPIO fy/EHAH AL,
IR AR o [R], PEG B RER#MIR USPIO ARBTG5
JE P, TS B A= W R 03 A RO R L, IR 2 By 54
FHE0, AR SR CCK-8 4G CyS.5-PEG-Fe O, MU A5
B HUR IR FRO 20 85 F5 00 A0 A 0 B, 45 2R o
0.2 mg/mL B}, %F FRO £ 52 ) 55 %0 BRZH AR b 5/ N e it
SRS TRk #) 0.3 mg/mL A 0.5 mg/mL I X 4 A7 42
TREE , TH ARy 73.06 %FT 67.05 %, HERA MR ) US-
PIO FEYERRAR , X A2 AL/

A0 USPIO 5 Cys.5 5 i PEG #EHe il & 1 4% /
TOCREZS T IRE, LR B LE IR 1, B8 ROWUR %
K, RUFAEYAZNE B RRRE TSR0 (LR TS 32y
A Z Ak ARG A ST FRO —Fp il R 4T T 5T, KoK
] HeRE 2 RN R A TSRS BARTF AN TP . HLR I9TAT LA
T PR/ N3 AR R0 5 1) SR AT, DAy e — 0 S B [ R
G
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