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Fafiml 69 Bfd., @ARSMSIETAM 69 Bfd & F A6 Th8h A0 X 09 £ LR A5 18 & T 45 Bfr, AETHAR
ARG 77 RN G 2D BEd 09 K R 8, JE g e K P it — 4 T Bfd Sk A ATARJE RATE Bfr sk 304 tm
Mg ey ®vm. (a5 R ARIERATH ATU_RS13485 & B 4 #h—7Ft (2Fe-2S)-45 6% @ [(2Fe-2S)-binding
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Functions of Agrobacterium fabrum bacterioferritin-associated
ferredoxin and its encoding gene

FENG Mengya®, ZHOU Qin’, WANG Hao, XU Nan, GUO Minliang"

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

Abstract: [Objective] To elucidate the physiological and biochemical mechanisms of iron release
from bacterioferritin (Bfr) in Agrobacterium fabrum, identify the physiological reductant that
provides electrons for the iron release from Bfr in cells, and determine whether Bfr-associated
ferredoxin (Bfd) is required to facilitate electron transfer from the reductant to Bfr, thereby
exploring a new approach to inhibit the iron release from Bfr and further disrupt intracellular iron
homeostasis as well as impair 4. fabrum growth and proliferation. [Methods] Bioinformatics
analysis was carried out to identify the gene encoding Bfd-like protein in the 4. fabrum genome.
Bfr and the predicted Bfd were heterologously expressed and the obtained proteins were purified.
In vitro assays were conducted to determine whether the predicted Bfd could assist the
physiological reductant in transferring electrons to Bfr. Subsequently, we knocked out the
Bfd-encoding gene to assess the impacts of Bfd on the iron release of Bfr and A. fabrum growth at
the cellular level. [Results] The 4. fabrum gene ATU RS13485 encoded a (2Fe-2S)-binding protein
containing the conserved amino acid motif (---C-X-C---C-X,-C---) existent in Bfd proteins,
confirming it as the Bfd of A. fabrum. Purified recombinant Bfd was able to assist FADH, in
delivering electrons to Bft in vitro, triggering the release of Fe*" from mineralized A. fabrum Bft.
Upon bfd knockout, intracellular Bfr iron release of 4. fabrum was severely impaired, and
A. fabrum growth was significantly affected. [Conclusion] A7U RS13485 encodes the Bfd of
A. fabrum. A. fabrum Bfr requires Bfd to utilize electrons from the physiological reductant FADH,
for iron release. The absence of Bfd blocks iron release from Bfr and impairs 4. fabrum growth,
which suggests that designing inhibitors to disrupt the Bfr-Bfd interaction may offer a promising
strategy for controlling crown gall disease caused by A. fabrum.

Keywords: Agrobacterium fabrum; bacterioferritin; iron homeostasis; bacterioferritin-associated
ferredoxin; iron release

Bl A ST on R, AEWIRN T
ZEY A PR B, WA . DNA &
il BCEYIE R . ShP RS A . B AR
28BS R LA 2L 3R Bk MR- (Fe-S) IR AL 2o
NVFZMEA RN T, 25 2MEE
WA R fE e RS 4 TR A
BOMEE—, BASEEE, HhTH
FAER EEA S M SN DBEY TR, R

FEAR 2452 1 FASRAT R 22 A4 1 25 18 3] e ik
IO . BRIEAE VRN AAAEM S FE 2 N
(FENHI=Hr(Fe®); =Mk (Fe™ ik iatE 2,
— B T A ) HBER RS TR A A R (Fe™) s
TR A N AR 5 A AL =ik,
DIAE W) 288 25 18 B A EE i A 2 08 ] I FH AR 1Y
T, R, B EREE T S A AR Nk,
A YA BE S B TR W ik, X 4 B
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HLN Y ki v, kAR SR (Fenton) R
FRAE IR TR A 3, XA s i EE R, T
ik 2 200 R ) B 5 RT3 A e B Ak P RE 1 AR
RIEEE, AW T —2RE R B (ferritin) LA
HEFFANAR P R . S AN Fe® i it Fe™
Yotz BARRE E N, B BUK AR R
Fe'', JFLURBIgE A B X [Fe’ -0l AF A 7E K
BREEEIN, i B AR O i Bk 2R A9 2T 1k (iron
mineralization)™!, 44T AT, XLEAFAERY
Fe "Bl JFU R nT ¥ () Fe® TR et 201,

A T AE AR R AR T80 24 B 12 MR
1 5. B B 1% 5 2R AR 94 2K JE (nanocage) 45 14
BATAEAE DA TE B NI — ok ik 26 11 4%
3 2025 1 R RAE sh b R AN A
PR 1, SRR W AR BT IZ AETE T A A1
AR, A R A 1 G 1 ol 2 L 1 i
Bk 25 [ (classic ferritin, Ftn), Ftn %) 45 #4455 5 &
24 BAK, ANEIMLAER. WANYH Fn 2800
F 2 2 [ S B i 5 5 24 JRAKUY), AR )
ALA Py B Fin 22 2 ph AH [R) S 56 #4) g 4 ) 58
24 ARV, 55 2 S A AE T IR A b i 4
T it £ 2 H (bacterioferritin, Bfr), Bfr t /2 i AH
[ V. 3 AL B Y )R 24 SRR, & 12 A4
ZPW 5 3 Rk T R TR A
e, REE 12 BRI AR R R
ETEYLVER 9 K AT B (Escherichia coli) & PR
ER, JF HAE4s5 4 DNA, FrA#nd /8 sk |l
% 40 Bl i DNA 45 4 % 1 (DNA-binding protein
from starved cells, Dps)!'*'4,

MR 3 RS SR F A, R4
TEA LR T 5 EAR UL AR 5 (<20%)!1), {H =2
S5 A R BEARARL, O — B DR S YR E AR
(four-helix bundle) 25 #4 , 2 W 5L 7% U2 e A 11
O AETE — A 2 DR B A e
(ferroxidase center, FOC), A LEfif2k 2 [ ) I I
AJBETE C-vi A — MR IR e > 12 2 AN
FLUAR AT I 208 AR, Fn A Bfr J2
12 D RIRTE LY 24 RIRGEKESEHZT, i
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Dps J& 6 1> Z RAKIL iy 12 AR 90 K 58 45
U2 Bfr 1 24 ARG TE R 3T A BERIE B\ I
PRZERE, HAT R BERXTRRYE, fRTE 2-3-4 =FhAS
() R0 Bl G 21 3R 5 T4 — SRR R RAR
Huly, YPREREIRERZ N 12 nm, RN
8 nm, HHFEMEELN 4nm, A 62 4/
fL, (0K T8 /Y P RE 8 5 A1 T A9 75 W 3% 3
BRE Tt i i e/ NFLE Y B 4k g1

Bfr WS HURS I A B — A8k, A0 1Y 2
=Mk, fEX AR PR g i SE AL LA
O, Fl HyO, #1T LAHEAZ Fe® Al Fe' i I REJil
(e U8 2 By WRAEAE Y Fe T ELRE L,
WA R, Fe*™, TR, 5 Bl JE R SR b 7
RANSEES B, AR JEFHIA AT -4k Bfr Bl
Fe*', —SeihFRUNGYIR, WiE W EREREN |
PUIR LA 25 W H IR AN o3 7 i iR S 40230
A AR Bfr B Fe™, 14> TR A AR Hilik
J5L 7] FMNH,/FADH, fil NADH/NADPH #] 77 %
At i) 25 BT B P B A e By B M
BRI SR, FERE PN, Bfr PR ER A A SR
% £ B A BA R FMNH,/FADH, 5 NADH/
NADPH $2 {38 o0 AH G 2R 1 5 sl LA Je
Bfr [ B 35 S8 TR S 6T
Bfr b2k A AL IR I pg B, R IT IR,
DUBEIE SR PG FOC B 6 s il ki) Fe? 1 %
1k, TR N 6 R e 0 L T R Ok A
2 FXF BRGNS B o 21 S8 e
FEENUEN], FOC MUMLLER Z [RIAF7E i PR,
AR 2 A6 PR 7R R AR i 7R Y 43
TIFAE IR TR 2B R0 2 ANis b
AT RESEAHIE B, HLF7E 2 0 2 8] 5L 78 N7
e R I A SR8 I A R o e 2R (R PR
# (Pseudomonas aeruginosa) Bfr 1 B 5% 45 . ik
/R, LA NADPH Jy Bfr 1% o b Ao 75 25— Fh gk
S i F (ferredoxin) Fll— P 2k 480 6 & F1 i J il
(ferredoxin protein reductase, Fpr) A4 GEd FoRs i —
WrARPY,

TR EMG S ERARE D, E8%
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A Bfr 2 PR AR I R H R — AP
[2Fe- 2S48k Bk Bk A B 1, BT 4w fidax Fhik
UL R H M K b JE Y e, HAZEA
fefe 5 Bfr sRVEREN R G, Kk, #FR
A Bfr 4 B8k 4834 £ H (bacterioferritin-associated
ferredoxin, Bfd)*3Y, I 5 () — R 5] S8 E B,
ARSI ZMIN, Bfd X Bfr BRI 2
PILEZY 2 i Bfr 45 Bfd Z Y45 &
BN Br FAAE PR RERE, AR Bk,
H KR A Wt 5 (biofilm) Y JE A2 BH.,  Fe &30
ToP3B R, T Bfr 5 Bfd Z IR & T
RE RN P 4l B B A AR P k]
WL, % R IR 45 A A T BRd B D fig Y R
2k
IR KT 7 (Agrobacterium fabrum)f2&=— %}
4 PR AR 4 43— A 2 k2 T2 52 ) ) A
Yo B, R A B AL R R — b
FHER ) 2z WA ) AL T e B R T B, R
MR AT TRt A 4 o 22 B A 2 it BRI Y
R B R, R R 2 v ) 4% o i
PRI K S i (%) £ 1 5T D) e AT 48 e AN 9wt e A5
e EHZEA L TR AR AT Ia Y 55 R 2 2K
PP R 2 Do AE R R EN, —A>
sEgmtth Bfr, — > 24% Dpso XX 2 A~
Ko Ho g A% 2 T 1Y Y g © A A OC Y S8 56 A
FEE R B BB M PR S R R, O
= F R AR AT B P SR AR RE T A Eoie E
SR, TEM T AR AT TR 22 DR 24 2080 e b o v B
it Bfd BYIE . ASHIF ST DLV FE AR i A FT T
DRI ZH 4% AR A AT 1 Bfr &3 L7~ Bfd, FF
X D REEA T 408 FERHIE

1 ARSI
L1 ERFHRIEAUCRE RITE
REFERRITE

AL RS 4L 2 75 SOk [44-47]
Fr B i . FH pET-30a JEok: %A Rl & 41 2 iR

bR % (6xHis) () FE 41 85 (1 o & R 14 1 32K
K W ¥ W& (Escherichia coli) DH5a [ £ . 6xHis
H R4 3 Bfr M1 Bfd & A C-m, 40 alfii s
k1 Bfr-His Fl Bfd-His. #4148 15 9 Rk H K
T # (E. coliy BL2I(DE3) £, ] BeyoGold™
His-tag Purification Resin (it 28 P45 ) (L ik =
RAEDFEARBAN A B A T b EAHE A, @
i 375 T RNV 4 1) 7 v R R 46 R 4 A 11 T A 2 e
VORI R VR i o B MR R T 2 T A i
S gl Y 40 8 15 SDS-PAGE %5
Haifgfsr+ie .
FFRIEAHT TR H) MG/L Fil AB 85575
FROTC I . MR IR A AT T B % 3% LA B MR 98 R AT 1 10
H 5 5 A0 1 25 BR SR [43-45], AR A FT 1 Bfd
il SR R AR (AR TR MR B R S 5 SR [43-47,49-50] 7
Al B 7 15 o AR I AR FT 18 (4. fabrum) % A=
P Bk €S8 AT fiE 4 % Bfd () ATU RS13485 %
PR R A A A O b I R RS N-vi 10 2 R R 1Y)
30 bp DNA FBt, RIS 2RV AT Bfd 65
ARRR . WEEFE N .  ATU _RS13485 R
AT AUG L7 500 bp 5 AUG FHiEeE 31 4
BAT TR Y 747 bp Fr BriE il — 152 B
(BDUERR IR 145 AUG TEIN Y 30 MEATIR), 4R
Je W12 R B A A B AS RE 7E MR i A FF 1R 2 i 1Y
AR pEX18Km H™1 Ry T R AR g
PRHTTH ATU RS13485 KR ik . Kz ki
AMIEEARAT I CS8 Hh, FUR 5 R A &R
PUbEPEAT O e . R FOREAS BE 78 MR 988 A F T b
ST, RS TR A TCP O, A RESE S
U Joohr 22 () 5 i 2 5 - 380 35k PR 4 ) e A A i
AHAPM, GRS . A T ARRR
R 5 A AT TR 2 A 4 6L P JRE W R A7 5 R i 3k
PR 1 28 M R #5 7 AT IREARE 9 (R, U
FEREA T 8 TR ARG HRE A AT B R A7 28 — Ik I
JREEAL, KRR F R FE R E W 2 5 A BEAE
REWE R B . RS U A TP B Y RE TR AR
IR R AN 2 FP, —FhEAESE —K
BETAMENA BT IR FEIREL,
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AR ST A, IR AEARL 5 —Fh
PR T3 — O A I 8 755 R W R
4, K200 RT3 A ZE M R H A
Fe o —if 4w T, kPl EE 2045 21 A4 40 el S
BLRYSEARAR . PCR M $6 5 4] 7 Hh i o o 75
GEARMAR, ML Y 2 A8, BT R )
G GRS o T LA A D B S )

Al 25 3CHR[49] -
FR I AR AT TR Bd [ B8 i 4 #4 7 5 HE SRk

[51-52109 75 1k o R MR I ACHT i b n] RE 4 % Bfd
1) ATU RS13485 & K HfE i 4 A pUCA19 Jii ki
LacZ I3 8hF RGBS 5, R BOR A 41
LacZ JA 8l FJa 8l bfd FE 335 . K ke 4y 1)
RE 3k Bfd 9 Bk 51 AR A AT B Bfd B R
PRNAE IR B pR, (RS 85 %3k Bfd.
1.2 Bfr BI$k# 1L

Bfr & LRI Fe® -0, RE 300-350 nm
A%, PRI AT 38 I B 3 RN X — U B
6 1) W % B (absorbance, UL 5 FH 19 47 5 OD
o)k et ad B2 . Bfe BERET 4 S BESCHE
[18,23,53-541 1 7 ik I M AE B ek, Bk ad &
A K 1 mmol/L HCI % % #LEC /Y 2 mmol/L
) FeSOq4 ¥ W 5 S5 AR 1) i Ak # 20 AR Jes AR AF TRT
Bfr W [Bfr % T 100 mmol/L NaCl, 100 mmol/L
Nt gk £, fith fiX (3- (N-morpholino)propanesulfonic
acid, MOPS), pH 7.0 ZZ th s, W UEM &N
4 pmol cages/L, HifRW fLiT Fe*'/cage by 5007k
Ao RIE, S RVHEEAR Y (Tecan 23 Rl 43t
FETHIC % ODsgo 184K, WEIEfbid 2. AR
Bfr B 5004k, T /E2e5 8 n) Bfr 2544 1
WA PRSI M AFLE 2 h R BT 4 °Cid A,
RGOSR I 22 il % 1 Ik, LRS84k
U1 Bfr 5 H .
1.3 WRERTHEBEAT L Bfr 8957 5 H
S®irRMEe

ALJE Y Bfe IS S KR Fe'*, A5 Wk
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FAL B (potassium ferrocyanide) JE a¥ 5 {7, 1 3 £
+ 1% (Prussian blue), ¥ AR E S Fe* EUIE .
KAL) Bfr AHEAL S Fe® I /D RN 2
Mg, Pk, O PERE L g Ea R R
TR 045 T i 68 J5G HL 9k (PAGEE) 3 5 17 46 Bfe A
ek, BEARCH R H A BTN s g BB
FEBIEAERITEOUT , AT 3,3"- 2 JEOR
(3,3'-diaminobenzidine, DAB)i#f — 4t {4, DAB
Jett s, B O AR, N B 0B
KRBT WH7E MG/L v 85 35 (AR g8 e AT T
e ANTCERIN AB iR derh i gR 2RE N R, AR5
BOWCE AN, TR R R Al R 2 R, S
O3] BIHW, BRI HLER R AT I 1Y B MR WK,
AR5 PAGE 43 85 Bfr Ji BB R e (0 9 1
SCUR Y EARERAE . PTIA TR . BSOS RN A
PRI 2 B OSCHIR[44,55]
1.4 1k Bfr BISKBRRAG N

Wk Bfr NI E) Fe’ #ik I pY Fe® i 2B
FRW . Fe® e ARIE R (ferrozine) I AT (4.2
BY, FHORWIRIE R 562 nm, AT T %2 A
WY Fe Wi . AHIFITAkHE SCiik[23-24,30,34,56]
K AR IS R IE R 1L Bfe BRI, H T4
IR Ak B A I 04 28 TR 2H 80 B A% 2 1 vk
A : 1 mmol/L HE¥#& %, 0.5 umol cage/L 7 1k
Bfr, 100 mmol/L NaCl, 100 mmol/L MOPS %z i
W (pH 7.0), AR A Y HAR S5 v b i 09 4 5
Ve FE IR 5], S E BEd X5 4k Bfr 2R
ISZE S, I AR EE S 12 pmol/L 1Y Bfd.
R R T B oL AE 3 SRR A SE B JE B, g
FRAX S EEETHC S SN E 562 nm K WO
FE AR AL o AT B3 A2 VT Fe® R MR
AIFHE FDGAR Y A AR 266 R T rh il o't
B, HAEARYE Fe()- AR R AW, [Fe(Fz):]"
BT 6 &R B [e56,=25.40 L/(mmol-cm) B¥, es563=
27.90 L/(mmol - cm)] 33152324341
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2 EREH

2.1 RERITEAEMEKEQNT L
N T RE 8 4 AR AR R TR A0 AN T Ak 2R
[ % Bl £ 1 (bacterioferritin-associated ferredoxin,
Bfd), WA/ 5 S HA 5 B T g B AR A AT 1R
Bfr. R4 FI AR A AT 18 B A 45 k4 F LA
RFMLIRLE R 7E Bfr (9 C-0f L% - His
PR4EJE 1 Bfi-His G811, 3B R 24 1K
GIKTELH, 6 A His MRALE XS Bfr 1YEARZ 1Y
MIBESZ AR, AR AT DL S ) 3R A K
4ifeny Bfro &1 MZREW, C-umflg 6 4
His (1 Bfr Be88IE B 24 RARGORFEL ), T H.
HAT R AR S aE . K 1A Pl DL
H, FEIEW M RREWRET, Bfr et Fe™'
SRS IR A 45K [ [Fe’ -0, £ 10 min
ZWNIEASEN, WEE T, A AR N

A

=
W

<
~
—

Absorbance (OD,,,)
o
w

o
S}
T

e
=

0.0

WP Fe W ZMRME T, WimAZM: Bfr /Y
Xof BRI TG I 2 A [Fe® -0, A2 i, &l 1B Ay %2k
Fr ey g Bt — Ui, B R [Fe*-0], &
TERETE 24 BARYGIKIEN .
2.2 4 IEiTJEF| FADH, #1 NADPH 1~
Be E1E(F Bfr BRisk

Bfr fiff Fe*" % 1k WLk A B [Fe’ -0y,
B TR Fer Rl RES R A B AL, O AT AE A
ZARMER, PRI R o X A B T B
PIAERE Y Fe® b I Fe? SR LA i, 7R X —id
FE P AT 20 IR o AR . — B, BB
Sy 240 AR A R 4 R AT A R A7 A R )
42 FADH,. NADH F NADPH 5 3& J5 14 () i it
AL, A, ANFSESERERE FADH, Al NADPH
AT . b TR RIS B B J2 75 BEREIL
BR, BERE T —FP/ Ny IR R R BUIR MR 1R A IE
PR, PRk DA A A Bk A rh & uE

B

Protein staining  Iron staining

kba M 1 2 1 2

-&- Bfr 180—

-e- Control 130—

100—
70—

55—

t/min

Bl RERITFEBIraIT L
Figure 1

70 80 40—

Mineralization of Agrobacterium fabrum Bfr. A: Mineralizing process of Bfr in 1 mmol/L FeSO4

solution (Bfr: 2 pmol cages/L was added to the solution; Control: Denatured Bfr was added). [Fe**-O], produced
by Bfr during the mineralizing process exhibits an absorption peak at 340 nm. Absorbance at 340 nm was

measured at different times. The data represent the mean of three independent experiments. B: The Bfr before and

after mineralization was separated by native PAGE, and then stained by Coomassie brilliant blue (left panel) or

potassium ferrocyanide K4[Fe(CN)g] (right panel); Lane M: protein marker; Lane 1: Bfr before mineralization;

Lane 2: Bfr after mineralization.
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PUIR M R RE i fi kA b Fe' IR RUAE Fe®*, JHRE
BRI, B 2 S5 R UL, AT TS
P AR ARAT I B AT DUH/N iR i iRy
IS, EHAREE L Bfr NG Fe™, 1
FADH, #l NADPH #{/NGE B2 Bfr Boiltgk. 45
TR UL, BUIR LR 0% Ve 52 ) 4k 1 R ook 32
FIRE R
23 RERTESRFENUAERKE
B3 BN B (Bfd) R A 4w EE R 7517

1E K W FF B (E. coli) Fl 4 £ {1 2 .
(P. aeruginosa) Bfr 12k B i L il 0F 50 v A& 31
an R Ad X 2 Fh e b Y Bfe #| ] FADH, Al
NADPH ({3 FRIEFIE Fe®*, T8 —FiiahiE
FIABESE B . Fh T G A5 5 A Al B 2 1 ) R I
PG gt Bfr RUBEDN ,  PRHOREFCRR Ay 40 P il Bk 2
H 4 B 25 H (bacterioferritin-associated ferredoxin,
Bfd)®>*7, AR AAT R Y B AN AE L 22 R H
FADH, # NADPH [ #5318 J5 I Fe¥ (& 2),

1.6

1.4+
22l -+-20 mmol/L ascorbate
Q -2 mmol/L ascorbate
S Lo} +5 mmol/L NADPH
§ 08} -5 mmol/L FADH,
"‘és 061
2
'2 0.4r

021

0.0 P At

0 10 20 30 40 50 60 70 80 90 100 110

t/min

E2 #RE RITEBIrAV SRR
Figure 2 Iron release of mineralized Agrobacterium
fabrum Bfr. The mineralized Bfr was incubated with 2
or 20 mmol/L ascorbate, 5 mmol/L FADH,, or
5 mmol/L NADPH, respectively. Meanwhile, the Fe*"
chelator ferrozine was added to the reaction mixture.
Fe(I)-ferrozine chelating complex, [Fe(Fz)s]*, exhibits
an absorption peak at 562 nm. Absorbance at 562 nm
was measured at the indicated reaction time. The data

represent the mean of three independent experiments.
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JERRTEE Bfd Hug AR . ik, &
BE BEE MR AT T A 32 DR ZH 880908 28 v 31 T i
gntd Bfd LA . R IAE R EEE A, b
L DR BFF ST A v R B i D B AN . 7E f it
() BB A AT RN B v, i 6 DR v R
TN, 45 ATU RS13485, S5EAH
1 bfir FE (atu277 )45 7 X E AR, %€
IR 4 fi5h 14 25 1 53 M (2Fe-2S)- 45 4 75 1 [(2Fe-28)-
binding protein], 5 bfir & L H 35 bp A% 1T
M2(& 3A). Bfd 2 —2E(2Fe-2S)-45 A HH, %
ERFmEMEARAERITISCLLRE
FEL ) 4 Fh Bfd FXT R, AR S LR 1Y AR B
FEAEHR, {HEA (2Fe-28)-454 8 M ) A [FIRE
I ¥ 1 1) (motif sequence): ---C-X-C-+-C-X,-C-++
(K 3B), i H. SWISS-MODEL il iill f¢) Bfd 4544
BRI 3C) 5 4 2 B L TR (P, aeruginosa) Bfd
() SR 254 (B 3D)AEF AL, Bk, ATU
RS13485 KPR ity i) 2 1 BT 22 MR AR AT T 1)
Bfd, R XT3 R R H g it 4 2 1 G D RE IR A T
SLHYEE
2.4 RERITE ATU RS13485 B E 4R
EQEI‘JEE J~7~EE_%[P Bfd

KT UE AR IR AT B ATU RS13485 KM 4w
i 1 & 11 B & A5 BE P B Bfr Al | FADH,.
NADH 5 NADPH %5 i J5 fl Bk . 1 5675 B
AR H T, MR A C-it 1 2 il
4 6 1~ His Ribm & & A B2k, 3 ik
E SRR E Y Bfd, FH Bfd R FEE . ¥
Bfd fin A E B4k Bfr #Bn s i,
INAAR G AR S, LRI AR JEL 30 J5 3l 5
I 5 N1 562 nm W ) JEE R 5 U AR IE O B T
M, SRJE 3 5 E W 10, 30, 60, 90 min
Ja N AE 562 nm PR IEEE . NE 4 1945
RATLAIE , Bfd 7] LLPrBh Bfr 7] ] FADH, 9
B F B Fe*™, 1 AS fiE U B Bl | NADH Al
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Figure 3  Characterization of the Agrobacterium fabrum gene ATU RS13485, and comparison of the amino acid
sequence and structural model of its encoded protein with experimentally verified Bfd proteins. A: The
ATU RS13485 gene is annotated to encode a (2Fe-2S)-binding protein, potentially a Bfd-like protein, as it is
located upstream of the bfr gene and shares a 35 bp overlap with the latter [Arrows represent genes (labeled with
italicized letters and numbers); Regular numbers denote the sequence loci of the genes on the circular
chromosome]; B: The amino acid sequence encoded by the ATU RSI13485 gene was aligned with those of
experimentally verified Bfd proteins [To date, only 4 Bfd proteins have been experimentally verified. Bfds are a
family of (2Fe-2S)-binding protein containing the conserved amino acid motif (---C-X-C---C-X,-C--+) indicated
by red arrows]; C: Homology structural model of the protein encoded by the ATU RS13485 gene, built using
SWISS-MODEL; D: Crystal structure of Bfd from Pseudomonas aeruginosa (PDB ID: 6e6q.1).
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Figure 4 Effect of Agrobacterium fabrum Bfd on
iron release from mineralized Agrobacterium fabrum
Bfr. Bfd (or denatured Bfd) was added to the
mineralized Bfr solution with 5 mmol/L ascorbate,
5 mmol/L FADH,, 5 mmol/L NADH, or 5 mmol/L
NADPH, respectively. Meanwhile, the Fe*'chelator
ferrozine was added to the reaction mixture. Fe(Il)-
ferrozine chelating complex, [Fe(Fz)s]*", exhibits an
absorption peak at 562 nm. Absorbance at 562 nm
was measured at the indicated reaction time. The data

represent the mean of three independent experiments.

iF FADH, # H 1% 16 45 Bfr MFER . 4581
ULHH Bfd N2 MG I R X 25/ N o+ XT Bt
PG Fe¥ Bt i
2.5 ATU RS13485 EFERERK SRR
RITFEBEZHTHEKFERA Bir Y
ERBERL

h T it AR A AT B BRd ZEMLIN 1Y
AFRDIRE, ARSI AR I BEd 1 g i 5
Kl ATU_RS13485 #EATRS B M BR 2728 . Wi l&l 3A
Jis, ZHERTE bfr 1 B3, T HS bfr BYEEAE
T 35 bp ATHE, MR RER: bfd S 1 52
R HE AR, I 235 bfi- HE R (3R
iko % &R bfi LR NZ S bfd A F R —
BINT, bfr B RYAZEHIALS 5 7 51(S-D P31
TE bfd FERNER, TERMR bfd IR N 25870 7% 1

P4 actamicro@im.ac.cn, 7 010-64807516

B 7 20K brd e P E B 5 | AARIEAR KT 1Y Bfd
BT R K CS8 MPA T . Bfd Bl T Al Bfd
6] %M B 2 9 AE MG/L & 8 37 15 9% 3k vp AR K 3
ODgoo M 0.80, L4HMeH %) Bfr £76if 78 43 94K,
SRIGUEANNE , IF RS BRI A RS 2 3—AB
FEARSEL VRV 3 K, KRB E B RIS E T
e, LI FE N ODgoo=0.01 430 31 A 2 2k
() AB Y53 b 3%, FERE IR AN st E A T
HURE, DERE IR ODgoo 1, 221 3 FEHRTE
BRI AR ML, B SA 4R 5K, Bfd
(1) R I8, 25 55 T AR i A FF PRI AE B tR S T i R
Ko HutRE, Wille T 3 MEkeE EREN
MG/L g3k K2k, 258 En, 3 FE
PRAEARBRER (5 50T A 1 il 2 JCH 22 51 (25
KIER).

TR AN N B A7 1 2= A RE R,
PRI TCRR AB KRk i BE S5 R [R] B [B) A AR i Ak
FFE Y Bfr MR, ARSI e A ) B B
Frdr i, RS TR AN R A AT I B KL
P AT AR AR M PAGE LUK & AR,
TR e B I P A S e 5 S S S k0 B B
Flo & SB BISE IR EoR, Rl 5 IR0 6 A IR
TEBF A Bk €58 Bfr fEAK Ik B W B, 2k
SRR TS, T Bfd B N B 77
B ERENARMERE L, TEBRER S T 5% 20 h ),
Bfr & B kR e @R IRIR, I
IERA RO 250 X UEHH bfd 3L AR A 52
M) i bfir FER KA . IR N Bfr Bk
43R B H T A B AR B, T BB PR A SR (R
#h Bfd, JERBIES L, JHahFlg, S8
FERE B ER L AR, BRd 1Bk B
FHUM R A AT E M N Bfe B AR A ny 4k, ot

s



HAHE S5 | AR, 2026, 66(10) 5131

A B
151 o
Culturing time
(hours) 4 8 12 16 20
y 1.0
S
3
g
=
§ 0.5F --Wild type C58 Bfd deficiency
= -+ Bfd deficiency
~-Bfd complement
0.0 . ' . . ) Bfd 1 t
t/min

E5 BfdiRExHRE RATEE K FBir sk R A2

Figure 5 Effect of Bfd deficiency on the growth of Agrobacterium fabrum and Bfr iron release. A: The growth
curves of three Agrobacterium fabrum strains (wild-type C58, Bfd-deficiency and Bfd-complement). Bacterial
cells of the three strains were collected from MG/L rich medium cultures, washed three times with AB defined
medium without FeSOy, and then inoculated into the FeSOy4-free AB medium at an initial cell concentration of
ODgp=0.01 to start the culture. The absorbance at 600 nm was measured at different time intervals. Data
represent the mean of three independent experiments; B: Iron-specific staining of Bfr from the three
Agrobacterium fabrum strains. Equal amounts of the cells collected from the three strains at the indicated time
intervals were loaded for native PAGE to separate Bfr. The PAGE gel was stained with potassium ferrocyanide

K4[Fe(CN)g] and the color intensity was enhanced using 3,3'-diaminobenzidine.
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