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Expression, purification, and tumor uptake of fusion ferritin

YAN Guoyin, LI Jun®, LI Ziyang

Key Laboratory of Tropical Biological Resources of Ministry of Education, School of Pharmaceutical Sciences,
Hainan University, Haikou 570228, Hainan, China

Abstract: Ferritin is considered as an ideal delivery system due to its precise targeting,
reversible self-assembly, high biocompatibility, and easy modification. this study aims to
express, purify, and identify three fusion ferritin proteins, and explore their tumor targeting.
Three fusion ferritin genes were synthesized and cloned into prokaryotic expression vectors, and
the recombinant proteins were purified by affinity chromatography with nickel columns. The
fusion ferritin proteins were identified by native polyacrylamide gel electrophoresis
(native-PAGE), Western blotting, and circular dichroism. Fluorescein 5-isothiocyanate (FITC)
was used to react with fusion ferritin, and confocal laser scanning microscopy was employed to
evaluate the tumor targeting of fusion ferritin. The reaction system of sulfo-cyanine7 (Cy7-SE)
with fusion ferritin was injected into the tail vein of melanoma mice for in vivo tumor imaging
to explore the tumor targeting of fusion ferritin. The results showed that soluble fusion ferritin
proteins of about 21 kDa were expressed under the induction by isopropylthio-B-D-galactoside
(IPTG), and the recombinant proteins with high purity were obtained. Western blotting showed
that the recombinant proteins could be recognized by the corresponding antibodies. The target
proteins were identified as multimers with o helixes by native-PAGE and circular dichroism. In
vitro and in vivo tumor uptake experiments demonstrated that fusion ferritin was taken up by
tumor cells and tumor tissue. This study successfully expressed, purified, and identified fusion
ferritin, and verified its tumor uptake in vitro and in vivo, which laid a foundation for the
application of ferritin in biomedicine.

Keywords: ferritin; nanoparticles; tumor uptake; in vivo imaging
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BEv R S5

1 #HRE5r=E

1.1 ##

AR TR AR T A T AR
R 6 0T A 2 K Twi (Escherichia coli), B
“Jy BL21(DE3)/DS8189-4, BL21(DE3)/DS8489-3 .
BL21(DE3)/DS8489-4; 6-8 J& i C57BL/6J ek
/NEUSE B DRSO EARA IR A, A
A/ N AR AR (AS549) . AT 4R (HepG2) |
NE/IVE R AIHK-2) . ARG EAIE(HEK293) |
/N BB IR R € 2% 0R 2 S (B16-F 10) FH V6 R K 2%
PL s SRt . AT K Sh ) SE 5
T P R 22 225 e S B sl ) v AR PR B 2 A A%
HAEEES . HPIACUC2024072).
1.2 RF

IPTG. FHBE % . SDS-PAGE 75 PR ik
g Yt s P i) 5 4057 5 L native-PAGE 281 T M
o Jig 5 e P ) 25U & . BBl 6xHis £ 5ifE
ik, H B YL A . Ni-NTAGFF ik &
TN B A TAY TR () A R F
FPie 1gG H&L W [ 38 2 KAV E AR A
AW LB RACAEH. LB BB H)
RAIRAEDFHE A R E], FITC I A BT T
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14 7%
141 BEHEBRNRANBMDH

PREUE 40 E. coli BL21(DE3)/DS8189-4 .
E. coli BL21(DE3)/DS8489-3 . E. coli BL21(DE3)/
DS8489-4 T LB F-#ililzk, 37 cCHiFrad . Hk
B3 MERKRFBRREEEM T & RIFERDN
5mL LB R A& H . 37 °C. 180 r/min 5%
FFIRPERRZE ODgsoo 29 0.5 B FRAEAR
ik MW P INA IPTG ZZ9E R 1 mmol/L,
37°C. 180 r/min #RF% 6 h, WL, 7 Lk
FH PBS ZZ Pyl BB R UUTE, M SR R
TWRIETE B . 10 000xg, 4 °CE.L> 30 min, BUHEA
I MITTHE S T 12% SDS-PAGE.
142 FEH%REANDSL

K FHERAE SR AR AT 09 7 i alifb i His 3
W H IR o 10 AR ER I 2455 22 v F
Mrkk 7, K EABONART B, IERTR
FIELE PR A 10 FAHEARF T 20 mmol/L
R M Pk 2% 22 MRS VAL, JFUREE TR ZE I . Uk
I Z I F WA 280 nm Ak 1 B BRI LR . il
FH 10 A5 AT 300 mmol/L R 136 6 22
WA TV . WCAE DR . AR TR ZEAE . DR
FEEAT SDS-PAGE HiVk, Z#rE A4 fbaiik .
1.4.3 Western blotting X3

Bali b B T SDS-PAGE J& , K2k
P13 2 I I % % 22 5 O 8L & # (polyvinylidene
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fluoride, PVDF) I 5 1 5%t JE W54 3t P41 ik
2 h, S5 I<TBST 22 il YRI5 A 1:1 000
Wi BERY His SisnfEdiik, 4 Cadi. M
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T 1:1 000 5 B 09 1L A BT R BAREE AR iC 12G,
W HE 2 h, FAH IXTBST S Mg Bems 3 W, &K
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1.4.4 Native-PAGE 7%

TE T 8% I VR 4 I A 12% 1) 43 8 I kA7
native-PAGE HLK .
145 BE—BIZLE

3 20 B = 1A A3 A Rl R B 1 ) A
¥y BAERE W N 0.25 mg/mL, Ha %
N 1 mm, DUZEhEWCRE 5 AR
200-250 nm, JE 25 °C,
1.4.6 CCK-8 AN
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M RERR SR, TR, AR i
Je, R 5x10° A= 96 FLAR Pt i, dii
WEESS , o B ABC A7 81894, 8489-3
8489-4 3% 3 FhE-GEREE T, WEEST 0. 0.5,
1,25, 5, 10umol/L, HHKE 41 MEF, &
23 Uitk . TRFSMTIEE 240 )5, FEH
B, A CCK-8 TAEM (LI IEREFRIES
CCK-8 il 4% 1:10 AL, ¥ Fmfah I E 1 h )5,
FERR A I E 450 nm A WEOGRE .
1.4.7 R5MIHIE 20 B Al 15

WRaE AR K AS49 4 HdEfh TSR A
o, TETEIRIEFRAR T, R SR R At A R
430 PBS 41, FITC 4. FITC Z54 4k &E H 4t
WE3HEL ., A FITC (&%)JF 20 nmol/L).
FITC 255 8E (M 0.25 mg/mL), T CO
EiFRAAThEDEIEE 4 h, 0 PBS WHVE 3 K.
Hoechst L RH% 1:1 000 1A, #EEY {4 15 min,

Z&: 010-64807509

A PBS UL 3 W, a it REBMEER
ST REMLIREL 5 P EL .
1.4.8 ARMEALKE

BREE S Cy7-SE 454 - Halifb g A
FAMGEAE A T2 v B, % 1 mg RS
Cy7-SE 18 1:10 BYEE/R LI 60 min, H[A]
B3P 15 min B NEENR AT 8 RO e
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NP B BT A 1k, e
AL T REEIAE

LIS TY . 6-8 JEIE SPF 2% CS7BL/6J
HEME /N, IR (25+1) go /NIRRT IR
K2y EBeSL B vt SPF SN, S256:5h
Wy idi A AT IES . SYXK(31)2023-0031, i BE
HeHFAE 20-26 °C, AHXTIRE 40-70%, HE7E
12:12 h RGN, /DN H SRR, K
7 d JEIEFEEE, K 3x10° A4S Z IR i i
PBS H &G A/N A K T, 10 d J5 e
o KARFEARTE 0.5-1 em 2Z 8] (1 80988 /N BREA T

HAG R ORB/NREA 3 )Rk
W4 100 pL 1 mg/mL Cy7-SE #nic iy 3 Fhik
I . % %5 Cy7-SE % #(0.1 mg/mL). PBS, 30 min
JE AR Z A Y SR RGEAE 745 nm W
oA, WEIEE .
149 Zitoth

{#i F} GraphPad Prism v8.01 X} &G #E1 743
BT o 2 S 56 1 2 1) 2 S0 FH B DR 28 22 40
(ANOVA) /AT Bt o B e B 40 F DL mean+
SEM 7R, ns F/n P>0.05, *3/R P<0.05, **
FR P<0.01, ***F/5 P<0.001,

2 HERE54M

2.1 EHESEANFERESHAL
A E AL F AN 21 kDa, SDS-

X: cjb@im.ac.cn



1376 ISSN 1000-3061 CN 11-1998/Q A:4 T.#2*#4% Chin J Biotech

PAGE 45 B, EHWETFHI, 7 21 kDa

BT IE OB B Rk . M EA R AR TS,

7E 21 kDa [fliEA B8 & A Rk, 5

o & BF MM E, B E & UTE T

SDS-PAGE %5 . i 1 a1, HAHE AR

SHETET B, HA/NEEAE T U0E, Uil
A

78 9 10

I 2 3 45 6

G RO EEUAEE AR, EHEES
e s, KA EAE O LIE TR R
EMraifl, ZJ5 T 12% SDS-PAGE 43, 45
RN, HASE AT sk 515 3 46
FEG R R, BRIk SR N R — A, Al
KF 90%.

B
M kDa 8489-3 8489-4 M kDa

1 EB|4ditt A @S85 N 8189-4 y4lifk., Lane 1: iA5HI; Lane2: 5% )5; Lane 3: A%
W Lane 4: BSU0IE; Lane 5: W% ; Lane 6-10: 300 mmol/L BRMRYEMIW ; M: [ marker, B:

4lifb J5 (Al A B B 1 8489-3 . 8489-4,
Figure 1

Protein purification. A: Purification of fusion ferritin 8189-4. Lane 1: Before induction; Lane 2:

After induction; Lane 3: Induced supernatant; Lane 4: Induced precipitation; Lane 5: Flow-through fluid;
Lane 6-10: 300 mmol/L imidazole eluent; M: Protein marker. B: Purification of fusion ferritin 8489-3 and

8489-4.

2.2 RUEELE BRI Western blotting £ F
HTEAESREASHE His %, nfikfs
Western blotting 487 . #HA M, B0J5
HU 3% E4T SDS-PAGE #5 FIBERE LK . T%E vk
W 1% # %) PVDF i b5, fii His FERr
PilAk i1 T Western blotting., & 2 A[F1, 3 Fhah
HHEA YRR His Prikin, £0 3 Mgt s
BRE 1A RO 1 B D
2.3 BUEEAE B native-PAGE 7347
Native-PAGE 73 #745 K Box (K 3), FEIEAR
PER AT 81894 G ABEH T FEKT
270 kDa ({8 A4 25 1 B bR o i de R o3+ B i b
WESM 270 kDa), 8489-3 flA 14 120 kDa,
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= .5138

—— ]/80

2 =Rt E $%E BB Western blotting 734
Figure 2 Western blotting analysis of three fusion
ferritins.
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8189-4 M 8489-3 8489-4 kDa

L — 270

175

— 130

— 95
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3 Native-PAGE ¥
Figure 3 Native-PAGE identification.
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FAR A8 B 2 36 R IE 200250 nm 956
W, SR NE 4 s, 7E 208 nm Al 222 nm Bff
VT AT AR W B AR i, B H A0 E 1)
TREER BB o BRE
2.5 RS MR

K CCK-8 46 I fil A58k & T4 AS49 .,
HepG2. HK-2. HEK293 #iJflf4 sk, =2
A R (E 5), 7ERTA MM B (0-10 pmol/L)

Z&: 010-64807509
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AR
2.6 {RINRIER ZHBEER AR

¥ PBS. {i## FITC. FITC #ricERE M
5 AS49 ARG 4 h, i ABOCIERED T
TR VA G 8 11 40 M e At M U 0 . S
gEIRIA(E 6), FITC ARiciy 3 Rk (1 ml LA
HEAZHMIE, B AS49 ZNMIERHE, T PBS. i
25 FITC 41K ML B HE UK I o
2.7 NERARABELELIREN

¥ 1 mg/mL @ESRER 596K Cy7-SE
ghity, BEKOESE 100 pL 2 B R/ R,
FH PBS #H . W5 Cy7-SE HAEXTH . 44 N g
P KWK 7), FEHHFES Cy7-SE B/
RN, MRS LT A AR B¢ 65, T
2t Cy7-SE Frid /i By Rl-& 8k 8 U7 R bk 1 25
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Figure 4  Circular dichroism identification.
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C
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E E
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2 2
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Concentration (umol/L) Concentration (umol/L)
5 HRESMATI(N=3) A: BIAERECAN AS49 AN EYE; B: A ERE X HepG2 MY 4N
Py C: BB ERE AN HK-2 WAIiEEEE; D: Blva & X HEK293 B0 71k

Figure 5 Cytotoxicity analysis (n=3). A: Cytotoxicity of fused ferritin to A549; B: Cytotoxicity of fused
ferritin to HepG2; C: Cytotoxicity of fused ferritin to HK-2; D: Cytotoxicity of fused ferritin to HEK293.

FIFC-8189-4 FIFC-8489-3

Control

Free-FIFC

. .
. ;
f

6 A549 XWRAEHKEBRIIBE(N=3)
Figure 6 Uptake of fusion ferritin by A549 (n=3).
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% 5.2 (P<0.001).,

Figure 7 Targeting of fused ferritin in mouse melanoma (n=3). A: Fusion ferritin 8189-4 in vivo imaging. B:
Fusion ferritin 8489-3 in vivo imaging. C: Fusion ferritin 8489-4 in vivo imaging. The red box indicates the
tumor site. D: In vivo fluorescence intensity. *** indicates that the difference is extremely significant

compared with the non-tumor area (P<0.001).
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