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Bfr 49k 34, K42 Dps #9412, Lo R =AM 161 M= 169 MR Bfr 69 4A R G, LI
ARART 89 Bfr H =AM 161 NEIRER Bfr (9 =ANAMR— R, % kA& @i 09 Kok akbat Bir
I aefe ALK — %R, [BRA1E Bfr TR LA AR . £ RIELY, M fFn
o A 2T R 4k Metgo 49 8RR 0 Bfr 49 2h e de B 215K, JERIE Bfr e R &k K. [458]4R%
T RATHA £ &8 Bfr k4T & . bfir 2B 69773 % 4E (open reading frame, ORF)¥A " ILé§ UUG
AR BT, G A 04 161 NRABRMYE AR, mE 169 MNEILER., ARBRITH W dps LB £
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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 4.
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] 4. 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 4. 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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I AR FT 18 (Agrobacterium  fabrum)j&— i
I AR T 3 TP 3L Y0 )5 TR (facultative
phytopathogen), M=% [CRHMETR, REMEIZYLK
ZHONF Y, 5 BOE B R (crown gall
tumor disease)f) & A= 1Mo Mg A AT B A BOw AL I
Je R A B BORL YT DNA R BE% iz B
EAME, fifE RS AmBORY. BT
R AR AT TR BE K AN PR e AT 91 2 A
WAL, I, AT IR s o —F
o7 PR 12 R A R R 2 e TR T LR

BORAEY TR O e R th iR W —Fh oo
R, SN B SFACET R A Y2 1
VIAH G o BRAE 40 A7 78 1Y B A 28 AN
FeHR =M (Fe™) . =MERMTIHMNERE, &Y
— i H ORI R A AR SR, 4 40
Wl i Fe?' S5, 251 & 25 (Fenton) KN, 7=
AR A AL, XTAIE SR ES . T R
A Fe I REXT AN vs s, W RS
AN N B Dl R Fe™™, Wik —2&
FE A5 4 457 4 PN 21487 1) i K 28 1 (ferritiny) ,
AT 1 A R I AR AN T 1) — AN R A A i 4k
EENEE, YT LERE, B AR 5
AR, IAEERER (1 P R R

TEJEAZ A Y A A = RN R AR A
LY Y42k 25 1 (classical or typical ferritin, Ftn) .
20 T 2k 2 M (bacterioferritin, Bfr) A1k B 1Lk 41
LAY DNA %54 % H (DNA-binding protein from
starved cells, Dps)!'”, Bfr #l Dps HA#7E T 5 4%
AW, Dps R 12 BARGUKELE Y, BA R
FEI-Y DNA sz E AL tERR A9 /E AT, Fn
AT IR S B Y, AR,
24 BARGUKFELSH . 5 Ftn —4F, Bfr 2
24 RARGPOKRIELER, BB 24 BIK Bfr 56
12 MMLTE . Bfr BN IEREAAE K i DAL R
A RAFAER Fe¥ 1P, —4~ 24 BIRGKIE LA
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() Bfr 43 F 1] LIAFAB 2235 2 700 4~ Fe R R R Ay
TCHLBEN 1,

SR T m R AR E R SF, R A AR
A YRR AP Se B B T R R GBS
BRAFEE RN . GRRZ IR E A R IETE
ZASGIEA T W TR U X gk
GEREMETER SN %6, HAT A= WA v Fn ] B fi
PE, FTHT 2% . B2 00 Fl A= Wi e
T ) E DL %, DA R R RORLJE 1 B A,
A VEGK B g i A f A . & Fhar e S
AALY BG4 AR ISR s gk ER 11 R Sh e &
—MERNYOREE AL, HEC AN
o3 BRI R R E UCSE BE T AR R R T
RNEZ RSN EA MR ED, T2
PRI A EI B i 24 AN [E] 0 37 3
PR, 2 AR T OB LR, FEXT
FRENAINIEA — ML, ML RP gk 24>
WL Met RS G, # 2 DIEEREGTE .
12 8 ML ) R AR — 25 R A Bk ek
R 24 BAKGELEN, Bfr EARER ERL N
12 nm, NEEKRZAN 8 nm, MK, ZIkiE
HP R R S TR R T A R )RR PR T E S ) 24 2R
PRGNS B4 2E 0 Dps /1 12 AN ] B 37 4
B, Dps &EEAFUERN, SmiEEsR, LH
©20 9nm, WEEKLZ N 4.5 nm; Dps BN
fiE KR2efk AT 500 4~ Fe''; Dps & B 451 H
Bfl' $%E[19,21]D

ML AT R B R ZHAE 2001 4F 543 51 R
2 AT B S B S I P PR FERR R A
WAL P e 5 Fm RIIER, HyERH
2 AMBEREE AU gt L R . — A2 Bfr (9 gmAS 3E H
atu2771, Fi—~& Dps Mgt IER atu2477. M
SR BIEIAERT 20 Z4E], AR R SE A
HERIAT T Z2WBIE, Hpxt Bfr gt
N atu2771 BIERA 2 PO IR A . —Fh
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FE=LL AUG AR IR 25 514 e EHE (A AK 88486.2)
i 169 LR ; I3 —FhE LA LG UUG
B ih % A B B e HE (NP_355701.1 #l
WP _006310955.1), %ifi 161 ~E R, L AUG
TR AL 1 B R AE N-ui 22 8 DM EUER
I, FRATT AR i AR AT B i B 1 A AR B ) g
AT T HRAIESE IR W i 2k 2R 1 AY dk2R R 2 R
AR 8 AR AT T PR P 4 B 1 L DB L AR ARk A
FOWRE S N ik — 2 A AT R 9 R T B A
R 40 A2 W Ak 2 R P AR 1 AT B 09
FHE J1 , A i 55 4 16 2 11 Jo 22 O AR i A A T
) At 4Kk B 11 1 il R BB T LIRS A B E AT IR A
5T

1 AR5

1.1 ERFABRAL

MRIBARFF (A, fabrum)¥F A= 5 ¥k R F5& K 20
I B Rk €58, Ti ok A RGBT . AR IR
AR 1) Bfr 25 B bk Abfr, Dps 655 H Kk Adps
1 Bfr-Dps Bk 1# ¥k AbdF, M C58 RfRiX
WA RR R 10 gm b S R T A5, 389 A 4B AE T
IR B R AR R BY R AT 1 (Escherichia coli)
DH5o B ik FAEA 3 S0k 18 2 5, BL21(DE3)
W FER R E A TE FE . RIGFFEA LB
BE IR LR R RV AR FE I T B IR G R 5 MG/L
(mannitol-glutamate/lysogeny broth)a¥, 4= & il 1%
FRHE AB REMEIG SR SR, MR AN B TR T 4
W pihE, ESE AP BN iR, B
KT 7 2 WLSCHR[25-26]. G AB JEMERT 5%
JErh FeSO4 M B H2 55 2 30 pmol/L ., ASHF5E iy
R BRI LR 1, SRR R F [ 5 = 4 e
H i F B 5575 B Ak ok Bodl %, E 4Ll
T4 AT LA sk G [RGB 3 1) Bl U6 75 B AR T
Qb B AR A B LR 1 ) R, R R ORI,
PCR ¥ 38 H AR FREH ) 7 BRI 5 16 2 4 5k

KB, TEY 1 H DNA H BB 5351 A
8—10 4™ 5 H R Fokr i BEoR v [al 8 i A% 1 e, )
B, TRV HEIR R B ) St 5] A 8-10 A4
S5 EM R BRGFEGZTTR. FXHRTm
SIPRY 38 H i 5 Bk v By, 310 H Y
F BOFIEAAR B 3 23 43 501 5 A 16-20 bp Y
FHERNEEH, 306 e T ) i 2l T )R
FEAREENER, BB A& R B
AbAS 2 B KT RS IS o BT 28 A 5 A A 1 A
FFBR Y (] A3, AA 7 oy 1) JEL AR A B 4 7 ik i
P T o FRIKAE R R R PCR J5
PR, ORI i B AR AR A TR
el SR AL T AR AR AT T
12 FSEANETHER GERERKSE
SRR S O )

R A AT DA %) A 2 2 10 2 Al A8 M M P DK
i IE, W EEALH (potassium ferrocyanide)
XoF itk B 11 PN R ) = R R A T R R vk e T B
45+ W (prussian blue), FEEENE AT LLE 23 i
MY acAT , HA R BRSNS BN oRATA] 5%
o AMMEAIEE . 2RI UK S I SCHR[28-29],
HREEE S, FARBAELT . 2.0 (4 000 r/min
B0 5 min) RS R RFIAREARAT IR 400,
10 mmol/L ., pH 7.4 HIBERRZE MR IRIRYE 2 1K,
PF A ML TTTTE B IFAE 200 pL 20 T 2247 (50 mmol/L
Tris-HCI pH 8.0, H AT /3% 20%, 20 mg/mL
A, 0.2 mg/mL DNase, 100 mmol/L NaCl,
10 mmol/L MgCl,, 1% Triton X)H, £ 740 M 7E
37 °Cidlt 30 min, FiAAE 1 h, RJEHAK
R, SOEVRRL 2 W, FIAGE T
HAR 1| mm BEER, WHEYRS 15 min, 4 °C.
12 000 r/min &[> 20 min, | 3% BY AR A T
B AR, 4 40 pL M3 S 10 uL H Ik
FE & (1mol/L Tris-HCI pH 6.8, 0.25%7R i i
H R B 25%) IR A, S TRk
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R 1 KRR BB
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 4. fabrum replicon and using /ac 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 bfir 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

FESh o B 20 uL FES TR PERER (2.5% M 4s  W[150 mmol/L HC1, 25 mmol/L KaFe(CN)g4]
e, 7.5%4F BRIk (4 °C, 60 VIEIE 8 h), 4r Yt 20 min®% WHREIE AR, AT 3,3-—
BAEERE . FUKE MBS R YE W AR T AL B A EBOR e — el
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1.3 EHAREANEMRGEANTIER
i, @i BRI IRS T

T4 B G Rk R Al Ak SR A R
W 2R B R A B ELAE A His-tag U EAIE A,
I N =258 M A 5 0 e % 4 1 B 4 2 e P
Fa22 1 RE SIS AR AN ) AT AT B it 2k 2R
F R 55 | AKBFFIRI(E. coli) BL21(DE3)
ik, RAFEREGENEFEG, MAS
N AE-B-D-i LB (IPTG)IE S, AR AN [F]
HAE AWM RIBE, 38 Y75 50 a] AR
B, 4 000 r/min 2.0 5 min WM. BrilcE
B 20 L B P 7E 10 mmol/L . pH 7.4 B WERR 2% th ik
W, A DR R AN, 2O EE BTE TR
T EAMR AR E R E O R, H
Proteinlos Ni-IDA Resin W {77 His-tag Y B 44
AR EEERE N, A5, FVER#E (150 mmol/L
NaCl, 200 mmol/L BEME, 50 mmol/L Tris-HCI
pH  7.4)¥5 W% Bt 6 21 20 M3 98 A% AT 181 B 4k B 1
T, BT 2 B b R4Sl Al i) E 2 AR R AR AT TR
SEERER 1o FH SDS-2R TR M Tk Jie ¥ i FEL K 5 2 B
YEE IR AR, A AR 1 3R D e Tk P 05 e P Kk
T B ZE AR AR T D itk B 1 AR AR A A e
14 BHERERTFEAESKELNMLIER
ER)

T 7 10 2138 X M g A AT R B 2B A 52
S CHR[33-3410 ). T 5, Kotk Bfr
HHE T 65 °CR R AR e I A E AL I 2T R (&
Wl 12 umol/L), AR 5—15 min 5, BWHIEZE
TEHHCE 1 h, R R4S A R M LT 2B M 22
1.5 Z|EHRIREMNE

T2 R 1 40 1 i Ak B R TRORE B 9 B 1 R
W B 2 SR % S i G-250 ik, LI
I3 P12 1(BSA) WFRHERE 1,
1.6 IRIE NI E Bfr 25+ 89 750 Fn il

HRIEAFT B Bfr HRMZ5HH Alpha-fold

¥ %% (https://alphafold.ebi.ac.uk/) i I 2F %, . Bfr
TRIRFIAIRTE R 5 RE R SWISS-MODEL
W 3k (https://swissmodel.expasy.org/) 5 481 A= ¥, .
25 R 1] 38 3 4 ChimeraX 22l .

2 ER55

2.1 AMIREXRTEMESKERBRIETAGE
PTINEELE

R 93 A KT B 36 DR A v v B S i B AN
Dps PRI Bk EE I gm b 2k R . 48 Sean e xd
Gk = Bfr Fl Dps & [K A% AR 988 A AT TR 58 A2 1R 4 Jifd
PR B i R AT T, G Tk R R i 2k 2R
145 A BRI EAE AL S5 oemk, ATz
Fb o AR TAH S =Mk L —
PE S TE B 6 -, ARG I 3 79 ol 2 1 1)
EERIE DL o 43 AP ARIE AR KT TR Bfr. Dps (1 BLER
IR IR GEAR R TR B, LA B A 3 6 il 2k 58 748
43515 A pCB301-bfr Fl pCB301-dps ik
M EFNE R, 7E AB BigR S i g 48 h, WUk
G ANAE, PREC AR, RS R RE R
KA E R AR T B e e, 25BN, HUER
FF A RE A% 235 B R BE ) 1Y Bfr, 107 Bfr Ay Gk
IR GEARF PR HY B RE W 9 Ak AL B e A B
A, gl AR Bfr [N FRLRE % 58 4 8] b
Bfr ik RANA . 5 RA BN, TCig R AR
Bfr PRI AR RIS S Dps BN R AR AR
FI BB 4 W TR YL €41 Dps (B 1),
22 MREXTEHARSKELRBIENRE

TEARIEASHT B A 22 DR AL 5508 o, Tl £ 240
PR 1 Bfr MI4uADHER PIFP, — P2 DL DL
1) AUG WRIGHSF, D 169 MEER . 7
IR &P, 169 2 B AR A AT Bfr
BEl S AE HE LA 20 B 09 Bt 76 N-3 22 8 AN Lk
(F 24), Fl&, ¥HUERFF M B F2HERS
U LA AUG JE 5 9 NS T UUG MR IR
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D D

TR N

S &S S

o g 9 &
& g 88 8
T $ £ F & F5F &
L vV Y vV Y Vv VvV V¥

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: bfi-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 g RS AE , X PP gm P HE A% Y Bfr
5 IABANPE T Y Bfr 205808 S 4 i . i,
TEJG R TR, AR AT A Bfr JE[H
el 12 A 1) 1 25 S B 0 UUG (K 2A).
PLUUG M b 2 Ak % /0 W, i HL
ZHUIEO T FB R LG . R T e AR
RAFH Bfr K E DL AUG HiRIEHE T, b2
PL UUG MR IGHES T, AT E T 3 FA
MR Bfr kR pBfr-169 (H lac )&
¥, AUG NEIRHEMFRIE 169 NEIEMR
Bfr). pBfr-161"¢ (] lac J3 8T, AUG NiEElh
RS0k 161 LR Bir)Fl pBfr-161"¢ (]
lac |A3h¥, UUG MiRIH#HM R 161 MR
LR Bfr). FHIX 3 F B4 51 BRI g A FF 1
PR TR SRR, SRS, A3 RGN 3
JoA SR 75 BE AT S8 AR I H BT 08 Y BB At 1Y Bfr.
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il 2B s, H lac JA3IF, VL AUG Wil G
W, seRBHHAMMEREE IR 161 M1 169 4>
RILBR Y Bfr, ARIEE 2B h Bfr 09 KT R EE
BT DL A AR AR AF I B 2 161 M4
R, EWEHEBAREL UUG MRIRHEL T
SR, YRR lac JA3h T, L UUG
NEIGEELF(BIA pBfr-161"¢ FURLEF, HIA
RE Bfr Sk AR BT 25 1 Bfr, UiHIEFAE
A bfr mRNA 18 UUG k37541 Al RE S0 L
UUG M2 if 2 i B .
23 KRimplEXMIRERTEHAERESKERE
Ih BEBY 2 M

WA R Bfr 451 (K 3A), Z KR
N-UHTE 24 BIKPIEE, C-InmTE 24 BIRMEE
T o BT A 45 5 (B 2B) W06 B TGI8 N-oh 2 75 2
8 MEIEMRHERA M HAR IR . NARTIR AR
FFE Bfe BN T, @t RS I K
FKikixEr, Wit 7 2884 74 3B),
DL A (] g 5 SO AR s AR AT 7R B gk
TIRERYRZ R . B BE FE kAN TR Al 25 1 5 1Y) Sk
53 5 51 R 98 AR A TR A K AR B 2R 2 AR AR
AbdF, A6 I 241 it £ B0k o 15 A REAif ik i 2 1
Fi. WK 3C fin, 7ERVEARFFE Bfr 19 C-diy
161 DEIERRE Bfr'® N-Si B R4 6 N
QIR Bfr R ZAEERARTT . MAE 169 44
KA B N-mah A kB S, AT st
Ik BE R Bl G252 Bfr (OERREE ST, (H TN
4 Bfr'® N-siil & & (¥ HA — 2 1 isek
Sy, XSZE UL Bf' N3 2 8 N4
FERR AT RE M Al A IRBOR T ER, FEK
T RlE KRBT Bfr fi5 2k T BEAYRZ M
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 MKRTGERTLKEDTKVIE EARF @MW L)sIYRL LN FTKIMAKKERASIE 60
Sinorhizobium fredii . ....... MKEDAKVIE EAME O VjsIYRLLE YTLWMAKKERAMSTE 52
Escherichiacoli . ....... MKEDVKIIN KLImG A\ TNOMF LISIARM FK LMRIANDVE Y HINS I D 52
Salmonella enterica ~ ........ MKEDVKIIN KLG NINOMFE LIsIARMFK LTRIBNDVE YHI¥S I D 52
Mycobacterium tuberculosis . ....... MQEIDPDVLR EQMT SIRTINTNOME LIsISKMOQD FTEMAAHTRAINS F D) 52
Pseudomonas aeruginosa .. ...... MOQEHPEVID TLIAT RDOME TEISRMYE FSKIRYERLNHMEEI®T 52
Klebsiella pneumoniae .. ...... MKEDVKIIS KLmMG A\ TNOME LBIARM FK LMRIANDIEYHIMS T D 52
Agrobacterium fabrum EEHENLO TLAPLRIGONV KI@VLEAIMAGI}Y DARTSYKKSRDICSEAG 120
Sinorhizobium fredii EEHIMNLO TVAPLRIGONVKIXVLKAIAAGIY DARTAYKNSRDICHAAG 112
Escherichia coli EET)ENLODLGKLGIGEDVEMMLOSMRLINLEGAKDLREAIAYADSVH 112
Salmonella enterica EETI¥NLODLGKLGIGEDVEMMLRSIARLINLEGAKDLREATIAYADSVH 112
Mycobacterium tuberculosis DEIENYORIGSLRIGQTLRINOFEAIIBA TI¥Y DVLNRLKPGIVMCREKQ 112
Pseudomonas aeruginosa EE@TIERMRPDDIHPGTTVP . IMLEAIRKLIMRHVRAALAKGIALCEQHK 111
Klebsiella pneumoniae ECIIHNLODLGKLGIGEDVEIMMLR SIARLINLEGALNLREATAYADSVH 112
Agrobacterium fabrum LGKI[@AEKMGOLNADSANEAE 169
Sinorhizobium fredii LDTIEEEKMGOLNAAPANEAE 161
Escherichia coli ISKI[@LONMLOSQIKVKD. .. 158
Salmonella enterica IAKL{EMONMLOSQIKVTD. .. 158
Mycobacterium tuberculosis DKLEEELMSAQCVSRPPT. . 159
Pseudomonas aeruginosa IARMELKNMLOSOT . . ... .. 154
Klebsiella pneumoniae IGKI[§LONMLOSQIKVSD. .. 158

Sequence encoding the first ten amino acids of the N-terminus of 4. fabrum Bfr

AUG AAG AGA ACA GGA GAG CGGACA UUG AAA GGCG....
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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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A B Hissebfr® | 0 H HIIES
His-bfr'®! - bfi's!
His-bft'® | 0] )
Bfi'’-His b’ SHGREISE
Bfi''-His bf'e SIGRHIS]
Egfp-bfr'® Egfp bfr'®®
N-terminus E b
169 [
Q. SP94-bfr I
> £ CAL” e
% e < feed o bfr'®®: Bfr with 169 amino acids
€ 'g : £ C & bfr'": Bfr with 161 amino acids
= K A E S 6xHis: 6-histidines peptide fragment
> € )/727('?; tse: 58 amino acid peptide fragment of “thrombin site -S-Tag
:‘ /‘f: ¢ \,4’) t) -enterokinase site” encoded by the sequence of plasmid pET-30
P;: - 2 €S e Egfp: Enhancing green fluorescence protein
W P SP94: HCC (Hepatocellular carcinoma)-targeted peptide.
Monomer Dimer The sequence of SP94 is “SFSITHTPILPL”P3!
C K ~ S
S N N S & N < S
s g & K & & F ¥
< S S
FFFEFFeEE S ¢

3 Rimpl & X RE XA E Bfr TIRERI 20

Figure 3 The effects of terminal fusions on the function of Agrobacterium fabrum Bfr. A: Structure models
of monomer, dimer and 24-mer of 4. 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 4. 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 Metys, substitution on the in vitro self-assembly and function of

Agrobacterium fabrum Bfr. A: Effects of heme and Metg substitution on the in vitro self-assembly of Bfr.
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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