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E. [8 4] 3BE4RE RAT H (Agrobacterium fabrum, vA #7421 Agrobacterium tumefaciens) ™ #
sk &8 YUk 4m iR 69 DNA 45 46-% & (DNA-binding protein from starved cells, Dps)f= 40 & 45k & &
(bacterioferritin, Bfr)# 4 A4 A B atu2477 #= atu2771 693 48, #4 % Bfr AL AE B 69 308 i 4E, AF
RASHARA . A F Ao R KA RN R R AT Bfr 2 g6 AARkoh A LR 9% oh . RKIT AT iE4k & @ 49
TR A A [ k] B A Ak & @ 6 R B E 47 5| AARB R Bk & A sk R TR
¥, HAMEKE G, IR AN E G SR R R T R AR R A kR ) 69tk E A . AAER
MBI WK B R R T N ER AR, SFFH RGN T IEE R RIS B OEG R T T A %
8. BRI IRRE G R ek SR Za R, Bl F RIS A X R Ea N THAES,
AR MBR RS X L THRE ERINIALER., Ahai THAERRARE EREGH X
AR AL F Fa AR KA ZIR B 2T Bfr S Ao ihoh AR 0% rh. (4R ] 3 R MR Bk FedkidF 71
FELRET, ARBRATANTFAAR, 48X RTRUABA L= ANE T, HU0mE| Bfr
e &L, RAEMZF) Dps 09 GF/E. LR DAMES D 161 M= 169 MR Bfr (ARG, XAFAE
AT 69 Bfr H=IAMAA 161 MR Bt 69 ANEAR—H K. % IRAn % & R 69 Rt ak ot Bfr 44
AR QAFEAR — R, B Bfr oKX X f QAR . SRR, hirZFfoFn=T
24 i ST Z 4K Metgg 09 B L R v Bt 69 h6 e A 203K, JFARMEL B e n ok k. (48] 75
RATE £Z8 13 Bfr Fik4k0 4. bfr 2K H 697 3017 3 4E (open reading frame, ORF)¥A Y L& UUG #
RILBIT, BT A A 161 NREBRYEZFEOT, MmAE 169 SRR, BB RATE ) dps £ B £ A
TGP F LA T LT RERRS. AR RATE 4 Bfr #= Dps & @ ¥ ARAEE, BRI Rmi) % Ik
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Functional identification and in vitro self-assembly of two
ferritins of Agrobacterium fabrum

ZHOU Qin, GAO Miaomiao, PAN Xiaoyue, WANG Hao, XU Nan, GUO Minliang*

College of Bioscience and Biotechnology, Yangzhou University, Yangzhou 225009, Jiangsu, China

Abstract: [Objective] This study aims to validate the functions of two ferritin-encoding genes:
bacterioferritin (Bfr)-encoding gene (atu2771) and DNA-binding protein from starved cells
(Dps)-encoding gene (atu2477), in Agrobacterium fabrum, to determine the open reading frame
(ORF) of the Bfr-encoding gene, to investigate the effects of terminal fusion, heme group, and
key residues on the function and self-assembly of A. fabrum Bfr, and to explore the potential
applications of the two ferritin nano-cages. [Methods] We re-introduced the two ferritin-encoding
genes into the ferritin-deficient mutants of A. fabrum respectively via plasmids to verify if the
re-introduction could complement the ferritins of the ferritin-deficient mutants and thus
validate the functions of the two genes. Native PAGE was employed to separate the ferritins in
the crude extract of A. fabrum and potassium ferrocyanide (an iron-specific staining reagent)
was used to stain the ferritins. Various peptides or protein were fused to the termini of two
ferritins to test if the terminal fusion would affect the functions and self-assembly of the two
ferritins. Site-directed mutation was then employed to test the effects of the key residue and
heme group on the function and self-assembly of Bfr. [Results] Iron-specific staining on the
ferritins separated by native PAGE showed that the Bfr-encoding gene expressed Bfr in all the
tested A. fabrum strains, whereas the Dps-encoding gene expressed Dps in none of the tested
A. fabrum strains. Complementary experiment with two different Bfr-encoding ORFs (encoding
161 residues and 169 residues) showed that Bfr in the wild type was encoded by the ORF
encoding 161 residues. The results demonstrated that terminal fusions with different peptides or
protein influenced but did not abolish the function and self-assembly of Bfr. The substitution of
Metso, which was predicted to chelate the iron of heme, indicated that heme affected the
function and self-assembly of Bfr but was not indispensable. [Conclusion] A. fabrum utilizes
Bfr to store iron. The ORF of the Bfr-encoding gene utilizes UUG (a rare start code) as its start
code and encodes a Bfr composed of 161 residues. The Dps-encoding gene of A. fabrum
expressed in none of the tested conditions. The structures of both Bfr and Dps of A. fabrum are
stable enough to withstand the terminal fusion with various peptides or protein, suggesting that
both Bfr and Dps nano-cages demonstrate great promise for biotechnological applications.
Keywords: Agrobacterium fabrum; ferritin; bacterioferritin (Bfr); DNA-binding protein from
starved cells (Dps); protein nano-cage; protein self-assembly
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HIEE A ¥ (Agrobacterium fabrum)f&—
I AFAE T 3 b 0 e AT P9 5 B (facultative
phytopathogen), A& == [RBAVER , RRBIZYL K
ZHONF Y, 5 BOE B 6 (crown gall
tumor disease)f) & A= Mo Mg A AT B A BOw AL I
J& R B BORE RS> DNA F BUis 215
EAME, fifE R EREEAmBORY. BT
R AR AT TR BE K AN I PR e AT 91 2 2 A=
WAL, I, AR IE C s o —F
o7 PR 12 AR ) R TR e e TR T LR

BORAY TR O e R th iR W — Rl
R, S4B RS R A Y2 fE
YIAH G o BRAE 40 A7 78 1Y B 1A 28 AR
(F) R = (Fe™ ). MRy a2, A4
— i ORI R AR SR, 4 40
el S Fe?' S5, 251 & 25 (Fenton) KN, 7=
AR A AL, XTAE SR ED . T R
A Fe I REXT AN vs A, W RS
AN N B Dl R A Fe™™, Wik —2&
FE A5 4 57 4 PN 21487 1) i K 28 1 (ferritiny) ,
AT Y A 2 A8 AN T 1) — AN R A A i
EEANEE, YT LEERE, B AR 5
WA, IREERER (1 P I B R

TE AL A YA AE = RN R AR A
HLFY )k 55 [ (classical or typical ferritin, Ftn) .
40 T 2k 2 M (bacterioferritin, Bfr)Fl2k B Lk 41
MY DNA %54 % H (DNA-binding protein from
starved cells, Dps)!'”, Bfr #l Dps HA#7E T 5%
AW Dps R 12 ARG GBS, Bl Ak
FHI-Y DNA sz F AL tERR A /E AT, Fn
AT IR S B Y, AR,
24 BARGEKFEL ) . 5 Ftn —4F, Bfr 2
24 RARGPOKRIELER, HEA 24 BK Bfr 5
12 MMLLE . Bfr BN IS REAAAE K i DALk
AR Fe¥ 1P, —A~ 24 BIRGKIE LA
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() Bfr 43 F 1] LIAFAiG 2235 2 700 4~ Fe’ R R R Ay
T,

SR T m R AR E RSF, SR A AR
A YRR AP ST B B T R R GBS
BRAFEE RN . R R Z IR E A RIS
ZANGIEAT 2 W AT U X gk
GEREMETEAR SN e, HA A= WA M AT B fi
PE, FTHTF Y. B2 AR R A A Y e
) ESE %, LA R R AR SE B A,
A VEGK B g i A R . & ar )| S
ALY A A AR BURL ;B T Ah e 2
—MERNYOREE A RSN, B A N
I3 R A R R E U B TR R R O
REZ RSN EH AR ED, ik
PRI A EY Bfr fi 24 MR A I3
PR, 2 AR T OB B R, FEXT
FRENAINIEA — D IMET R, ML RS 24>
W Met IOBRZE A, K 2 DR AR,
12 5 ML 2 ) R AR — 25 R A i ek
AR 24 BAKGELEN, Bfr B ERERL N
12 nm, NEERZAN 8 nm, IMLE. ZIkEE
HP R S TR R T A R ()RR PR T EEL S ) 24 2R
PRAPKTE B2 220 Dps 1 12 ASAH [ 1310 544
B, Dps &EEABUEE/N, SHmizEsk, LH
B H 9 nm, HIEHAELHN 4.5 nm; Dps FIN
R LIRERELE 500 4~ Fe’'; Dps & (H BS54 H
BfI‘ %%\XHE[IQ’N]Q

RO AR FF T R S N1 A2 2001 4R 5843 51 i
2 AT B S B S S P P2 FE AR g A
AL P e R 5 Fm RIIER, HyERH
2 AMERE AL R . — A2 Bfr (9 gm i 3
atu2771, —J& Dps MIgmi LN atu2477, M
SERGI P I BLAERT 20 ZAER], AR AT LA
HWERT T 2WBIE, Hpxt Bfr iygifit
K atu2771 MHFERAT 2 RO AR i . —Fh
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FELL AUG IR ST SEHE(AAK 88486.2),
i 169 MK ; 73 —Fh & LI WL UUG
G % A A B 2 HE (NP_355701.1 #l
WP _006310955.1), 4wt 161 & ILER . L AUG
R TR AL 1 B TR AE N-ui 22 8 MU R
DU, FRATTRE AR g A FF 1T i 4k 2 1 i A= 3L 0
HEAT T IR AW, Uk AR AR 11 A e 2K I 2 B
R 8 AR AT T P P 4K B 1 L DB LT AR A AN
HOWRE S N ik — 2 A AT R 9 R T B G
IR 40 A2 W A 2 R P R AR 1 AT B 09
FRVE 7, A B 5 0 7 85 11 3T )2 OO0 A i AR AT T
) fit 4k B 11 1 il R BB T LIRS A e E AT IR A
W5

AR

1.1 ERFABRAL

Mg A AT T (A fabrum) B AF B Bk ok 5L R 21
I B R €58, Ti ok AR A B . AR IR
AR 1) Bfr 725 B bk Abfr, Dps 655 Hitk Adps
1l Bfr-Dps RG2S 1# ¥k AbdF, M C58 ffRiX
P RN R 10 m b S R T A4S, 389 e 4B AE T
IR 55 28 A8 (AR P4 K i A 1 (Escherichia coli)
DHS5o B ik FAEA 3 F0R 9 18 2 5, BL21(DE3)
WK FER R B AR TE FE . RIGFFEA LB
BR IR LR R MU AR AT I T B IR G R MG/L
(mannitol-glutamate/lysogeny broth)a¥, 4 & A5
FrHE AB FEMEIG ARSI, MLYE A B TR i 4
WP, e RPN Bt AR, B
KT 7 2 WLSCHR[25-26]. G AB JEMERG 5+
B FeSO4 MW 42 155 2 30 pmol/L . A5
R BRI LR 1, FORLA B R F W) 5 = 4 e
H i h B 5575 B py Ak ok Borl %, E AL
T4 AT LA sk G PR G B3 1) Bl U6 75 B AR T
A B AR A ) LR 1 ) R, ) R SRR, I
PCR #38H AR FKEH ) 7 BRI 5 16 2 14 5ok

KB, 1EY 1 H DNA H BB 5351 A
8—10 4™ 5 H AR ki i BoR v IR I8 i A% 1 e, )
B, TEP AR B 1Y) S-ahtis ] A 810 4>
S5 HEM R BRGRREGZTTR. FHXHERTm
SIMIsky 38 H i 5 BEA gk R BE, 15310 H i
J BEREAR B P 3 23 43 ) 5 A 16-20 bp (1)
FHERNE P H, 306 T ) i 2l T )R
HAEEMEOR, B Bk B i
Ab AN 25 1 R DR IR o) il 1) 28 A 5 S 4 A S %
IR Y () R A 78 oy () JEL AR A B 4 = i
P T o FRIKXE R R R PCR J5
POoRMEE . FURLE & PO AL e A K I
e SR LR AL T AR AR AT 1
1.2 FSEANETHER GERERKSE
ko BEMGEEREEEe

R A AT DA %) A 2 2 10 2 Al A8 M M P DK
TEIE, W EEALH (potassium ferrocyanide)
Xof itk B 11 PR ) = R R A T R R vk e T B
-8+ 4 (prussian blue), FEGERE 1T LI 215 W
P 25T, HA R B TEBEE B AN R ATA] 5%
o ANMLAIREE | A7 AN HL vk 2 WL SCHK[28-29],
e . RAEEREMT : 4 000 r/min &
O 5 min WA S B RF AR S R AT B A i,
10 mmol/L. pH 7.4 MBEFREGE this e 2 1K,
o A0 MLDTIE A PR AE 200 pl 46 12 27 (50 mmol/L
Tris-HCI pH 8.0, H AT /3% 20%, 20 mg/mL
M, 0.2 mg/mL DNase, 100 mmol/L NaCl,
10 mmol/L MgCl,, 1% Triton X)H, £ 74 i 7E
37 °Cidlt 30 min, FRAE 1 h, RJEHARK
ARG, REVRRL 2 ), FEINAGE &
HAR | mm LR, WHEYRS 15 min, 4 °C.
12 000 r/min %[> 20 min, | i & BY AR AR T
B AN R . 5 40 pL MBS 10 uL H ik
FE & (1mol/L Tris-HCI pH 6.8, 0.25%7R i
H R B 25%) IR A, S F oKD
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R 1 KRB REL
Table 1 Plasmids used in this study

Plasmids Purpose and properties Source

pCB301-bfr Carrying bfr gene and its native promotor for the complementation of Bfr to [24]
ferritin-deficient mutants

pCB301-dps Carrying dps gene and its native promotor for the complementation of Dps to [24]
ferritin-deficient mutants

pUCA-19 Plasmid pUC19 carrying an A. fabrum replicon and using lac promotor to promote gene [27]
expression for the complementation of ferritin to ferritin-deficient mutants

pBfr-161""¢ pUCA-19 carrying bfr ORF to code 161 amino acids with AUG as the start code for the This study
complementation of Bfr

pBfr-161""# pUCA-19 carrying bfr ORF to code 161 amino acids with UUG as the start code for the This study
complementation of Bfr

pBfr-169 pUCA-19 carrying bfr ORF to code 169 amino acids with AUG as the start code for the This study
complementation of Bfr

pHis-bfr'®’ pUCA-19 expressing Bfr with 169 amino acids and 6xHis fused to the N-terminus for the = This study
complementation of Bfr

pHis-bfr'®! pUCA-19 expressing Bfr with 161 amino acids and 6xHis fused to the N-terminus for the = This study
complementation of Bfr

pBfr'®-His pUCA-19 expressing Bfr with 169 amino acids and 6xHis fused to the C-terminus for the  This study
complementation of Bfr

pBfr'®'-His pUCA-19 expressing Bfr with 161 amino acids and 6xHis fused to the C-terminus for the  This study

complementation of Bfr

pHis-tse-bfr'®® pUCA-19 expressing Bfr with 169 amino acids and N-terminal fusion of 58 amino acids This study
from pET-30 (including: 6xHis-thrombin site-S-Tag-enterokinase site) for the
complementation of Bfr

pEgfp-bfr'®’ pUCA-19 expressing Bfr with 169 amino acids and eGFP fused to the N-terminus for the This study
complementation of Bfr

pSP94-bfr'®® pUCA-19 expressing Bfr with 169 amino acids and N-terminal fusion of hepatocellular This study
carcinoma-targeted peptide SP94 for the complementation of Bfr

pBfr-169M6°F pUCA-19 expressing Bfr with 169 amino acids and Metg, was changed to Leu This study
pET-30 Expression vector to over-express His-tagged fusion protein in E. coli Novagen

pET-His-bfr'®® pET-30 over-expressing Bfr with 169 amino acids and 6xHis fused to the N-terminus This study
pET-bfr'®-His pET-30 over-expressing Bfr with 169 amino acids and 6xHis fused to the C-terminus This study
pET-His-bfr'®! pET-30 over-expressing Bfr with 161 amino acids and 6xHis fused to the N-terminus This study
pET-bfr'®'-His pET-30 over-expressing Bfr with 161 amino acids and 6xHis fused to the C-terminus This study
pET-His-dps pET-30 over-expressing Dps and 6xHis fused to the N-terminus This study
pET-dps-His pET-30 over-expressing Dps and 6xHis fused to the C-terminus This study

pET-His-bfr ™M™ pET-30 over-expressing Bfr with 169 amino acids, in which Metg, was changed to Leu and  This study
6xHis was fused to the N-terminus

PET-bfr,o™*""-His pET-30 over-expressing Bfr with 169 amino acids, in which Metg, was changed to Leu and  This study
6xHis was fused to the C-terminus

FEGh o B 20 uL A5 FAEAEMEBERS (2.5% 48 ¥[150 mmol/L HCI, 25 mmol/L K4Fe(CN)]
HE, 7.5% B HIK(@4 °C, 60 VIEIE 8 h), 4r  Yeft 20 min", Q0RBIO IR, WA 3,3
BB . HIKE ROEERS PR PE WAk E b IR — B e e P
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1.3 EHEREAHERKXEANFIER
B, A RBARED

A R A4k R R L ik
B 25 5 A B 2 A K v His-tag BB 4R H
I FE N6 Je SR 2 A €6 3 i A R 4 2 P )
W22 1 P REG A 2 M [ B AR AR A IR R AR
A TR A3 35 | A KT RI(E. coli) BL21(DE3)
ik, RIEEHEREGENEBER, A
N2 -B-D-BACFURFT (PTG 5, AR AN
B RRIBEO, & YT ] AR
&, 4 000 r/min &.0> 5 min WAEMM . FFIE
9 41 2 B2 AE 10 mmol/L . pH 7.4 HIBERR 2% ik
o, PR R ER A, B0 ISR
A EHRBERFEERED R, H
Proteinlos Ni-IDA Resin Wl His-tag %) B ZHAR
AT RMESER , U5, MVER (150 mmol/L
NaCl, 200 mmol/L B, 50 mmol/L Tris-HCI
pH  7.4) W% B A% B 2H AL e A T T i 4k 2R 1 o
T, BT A B bRk RIAS 464k ) B 41 AR e AR AT TR
it A 1 o SDS-2R DN M ok i 1 Jie FL UK 48 0 o0
HEE A RE , 70 2R A T v B PG P K O
v H 2H AR AR AT T i 2R 1 AR AR A 2
14 FHARERFEARSKEERMLIER
R

DN I 1 206 Mg AR AT TR B 2H 28 (1) 52
S CHR[33-3410 7. TS, Kotk Bfr
HHAE AL 65 CIER, R IMA AL ML 21 3R (&
W e 12 umol/L), i 5-15 min J5, BHEHEE
T HCE 1 h, RSB P2 R BT LBk
1.5 ZJERABRENZE

A 2 Y 53 B Ak S B KRR o Y 2R L
W R 2% i i G-250 ek, L4
I3 F12E 1 (BSA) M AR MERE
1.6 HRIERFTE Bfr 455 AT Fo 484

HRIEAFF B Bfr BRI Alpha-fold

¥ 2% (https://alphafold.ebi.ac.uk/) i I 2E %, . Bfr
TREMGOKTE R SERITY d1 SWISS-MODEL
W 3k (https://swissmodel.expasy.org/) 5 481 A= ¥ .
45 44 PE13E 2 #1fF ChimeraX 231l

2 BRS04

2.1 AMIREXRTEMESKERBRIETAGE
PTINEELE

R A3 A FF B 36 DR A v v B S i B AN
Dps PRIk EE I gt 2k R . 48 Sean e xd
Gk = Bfr Fl Dps & [K] % AR 968 A AT TR 58 A2 1R 4 Jifd
PSR B i R AT T, G Tk R R i 2k 2R
145 A BRI EAE AL S5 ormk, ATz
Fb o AR AT S =Mk L —
PE R TE B 6 -, ARG I 3 79 ol 2 14 174
SEERIE DL o 43 AR AR KT A Bfr. Dps (1 B
RFNRERR FEASAR TR, DA A X B e 2 98 A8
435151 A pCB301-bfr F1 pCB301-dps Jii ki
M IEANE PR, 7 AB BEgR S G 48 h, WU
SN, PRECM MO, AR AR RE
WO B R AR T LB Yo, 25BN, HUER
FF TR RE A% 235 BA i 2R BE 0 1Y Bfr, T Bfr A4k
R GEAF R H L RE W W Ak AL B e i B
4, gl A Bfr [ERM TR RE % 58 4 8] b
Bfr S AN, G5IRA R, TigRE AR
Bfr FLEL AR IARIA S Dps BN RS R AR
F R P W AR S AL B L 51 Dps (& 1),
22 MREXTEHARSKELRBIENRE

TEARIEASHT B A 22 DR AL 5508 o, Tl £ 240
PR 1 Bfr MI4nASAER PIFP, —FpE LI DL
1) AUG ARIRHE T, gt 169 NI . )7
IR &P, 169 2 B AR A HFT 7 Bfr
BEl 2 AE LU LA 20 B 69 Bt 76 N-3 22 8 A2 Lk
(B 24), Fl&, FHUERFFHEM Bfr [
UM L AUG JG 95 9 M58 UUG IR iR %
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& Yy v v v v v %9

E1 REAHE Bfr F Dps RIDEEINEELEE
Figure 1 Functional identification of Agrobacterium
fabrum Bfr-encoding and Dps-encoding genes.
Crude extracts from different A. fabrum strains were
separated by native PAGE and the separated
proteins were stained by potassium ferrocyanide.
Wild type: C58 strain; Abfr: bfr-deletion mutant;
Adps: dps-deletion mutant; Abfr: Double (bfr,
dps)-deletion mutant; pCB301-bfr: Plasmid expressing
Bfr with the native promotor of bfr gene;
pCB301-dps: Plasmid expressing Dps with the
native promotor of dps gene.

W1 5 —Fh GRS AE , X PP gm P HE A% Y Bfr
5 AP T Bfr 205508 S 4 i . MU,
TEJG R R, AR AT A Bfr JE[H
Ie] 12 1) L 1 25 B 5 U UUG (] 2A).

LI UUG M2 4f 20 2k 5 /0 Ui, i H
ZHCRE LT FBBOR WAL . 8 T 8 AR I
RATH Bfr 22 L. AUG W2 IR %15 1, b2
LI UUG M2+, AT T 3 FioR Y
AR AT Bfr Fak ik pBfr-169 (H lac i3
¥, AUG NEBRFEMFERIE 169 D AR
Bfr). pBfr-161"¢ (] lac J3 8T, AUG NiEth
B3R5 161 2 2R Bir) Ml pBfr-161""¢ (]
lac JA 3l F, UUG Mm% F£KiE 161 13
LR Bfr). FHIX 3 F B4 51 mR MR g A FF 1
PR R TR SRR, SRS, A3 R 3
JoA SR 7 BB 5 AR I H BT 38 Y RE At Y Bft.
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WKl 2B Frios, H lacdsh¥, L AUG i hs %
W, RERBHHAMEREEIRY 161 M1 169 4>
RILBR Y Bfr, HRIEE 2B h Bfr B KT R
AT DL AR AR AR AP I B 2 161 M4
FER, B A RUELL UUG MG E S+
SR, YRR lac JE s 7, L UUG
NEIHFELF(BIA pBfr-161"¢ FUkLEF, HIA
RE Bfr fk 2 &R BT 25 Bfr, UiHIEFAE
A bfr mRNA 18 UUG F 37541 Al RE 520 L
UUG MR IR T 1 Bl
23 KRimplEXMIRERTEHAERESKERE
Ih BEBY 2 M

WA R Bfr 451 (K 3A), Z KR
N-UHTE 24 BIKPIRE, C-UmTE 24 RIRME R
ThT o I TR R 435 TR (P 2B) 36 A JCi8 N-3if 2 75 15
8 MEIEMRERA M HAR R I BE . NARTR AR
FFE Bfe BN WG T, Tt RS
FKikixEr, Wikt 7 2884 704 3B),
DAIAS [R) i il 5 O s AR FF I B fifi ek
TIRERIRZ M o K RE R IR IRl Al 25 1 5 %) Sk
a3 5 51 R 98 AR A TR A i K R R 2R 2 AR AR
AbdF, A6 I 241 e £ B0 Hh o= 15 A RE A R i 2 1
Ji. WE 3C Fran, EAREARFF R Bfr (9 C-di
161 N ERRE Bfr'® N-wi B4 6 N
QIR Bfr R ZAEERAR T MAE 169 44
FERAY B N-mah A sk B S, R st
Ik BER Bl G252 B (OREEREE ST, (TN
4 Bfr'® N-siil & & (¥ HA — 2 1 isek
e Sy, XSZE RPN Bf' N2 8 N4
FERR AT RE M Al A IRBOR T ER, FFIK
T A IR BT Bfr ik ShRE RS
24 RERKHFEAMEKERNFIERIER
A

FH R A T S5 050 2 8 R 9 AR AT 1 i K 2 1
AR AER, SRER, RERE
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Agrobacterium fabrum MKRTGERTLK]| F KKERANSTE 60
Sinorhizobium fredii . ....... MK F KKERAMASIE 52
Escherichia coli ~  ........ MK G NDVEYHSS I D) 52
Salmonella enterica . ....... MK G NDVEYHS I D) 52
Mycobacterium tuberculosis . . ...... MO T AHTRAMSED 52
Pseudomonas aeruginosa . ....... MO T YERLNHSMEERT 52
Klebsiella pneumoniae .. ...... MK G NDIEYHMSID 52

Agrobacterium fabrum
Sinorhizobium fiedii
Escherichia coli

Salmonella enterica
Mycobacterium tuberculosis
Pseudomonas aeruginosa

BRI s e

S LIFNYORIGSLRIGQOTL
STIIRMRPDDIHPGTTVP.

LEABIMAGIMY DARTSYKKSRDICSEAG 120

e HIFNLO TVAPLRIGONV KIVLKAIAA MY DARTAYKNSRDICHAAG 112
LODLGKLGIGEDVERMLOSMBRTINLEGAKDLREATAYADSVH 112
e IIENLODLGKLGIGEDV RLIMLEGAKDLREAIAYADSVH 112

OFEABATINY DVLNRLKPGIVMCREKQ 112
MLEASKTLIMRHVRAALAKGIALCEQHK 111

Klebsiella pneumoniae INLO DLGKLGIGEDV LRSIMRLIMLEGALNLREATIAYADSVH 112
Agrobacterium fabrum BIMKLFEALLINEMGHID . LGKIGMAEKMGOLNADSANEAE 169
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Figure 2 Verification of Agrobacterium fabrum Bfr ORF. A: Sequences alignment of Bfr proteins from
seven different bacteria. B: Ferritin-deficient mutants were complemented by plasmids carrying two different
bfr ORFs with different start codes. The expression of bfr gene was promoted by lac promotor.
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bfr'®: Bfr with 169 amino acids

bfr'®: Bfr with 161 amino acids

6xHis: 6-histidines peptide fragment

tse: 58 amino acid peptide fragment of “thrombin site -S-Tag
-enterokinase site” encoded by the sequence of plasmid pET-30

Egfp: Enhancing green fluorescence protein

SP94: HCC (hepatocellular carcinoma)-targeted peptide.

Monomer Dimer The sequence of SP94 is “SFSIIHTPILPL”*!
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Figure 3 The effects of terminal fusions on the function of Agrobacterium fabrum Bfr. A: Structure models
of monomer, dimer and 24-mer of A. fabrum Bfr modelled by Alpfa-Fold and SWISSwiss MODEL. B: The
peptides or protein fused to the termini of A. fabrum Bfr with 161 or 169 amino acids. The right represents
the N-terminus of the fusion Bfr. The left represents the C-terminus of the fusion Bfr. C: Bfr proteins fused
with different peptides or protein were stained by potassium ferrocyanide after separated by native PAGE.
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Figure 4 Analysis on the oligomers of Agrobacterium fabrum Bfr and Dps. A: Purified His-tagged Bfr and
Dps were analyzed by SDS-PAGE. B: Oligomers of A. fabrum Bfr and Dps. Purified His-tagged Bfr and Dps
were allowed to self-assembled in vitro and then analyzed by native PAGE.
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Figure 5 Effects of heme and Mets, substitution on the in vitro self-assembly and function of

Agrobacterium fabrum Bfr. A: Effects of heme and Metgy substitution on the in vitro self-assembly of Bft.
His-tagged Bfr'®® or Bfr """ proteins were treated (+) or untreated (—) by heme, and then separated by
native PAGE. B: Metg substitution on the function of Bfr.
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