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Fig. 1 Timeline of major discoveries of research on the MagR/IscA
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Fig. 2 The phylogenetic trees of IscAl integrated with evolutionary relationships of taxa
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Fig. 3 Structural analysis of IscA and its homologues from distinct species
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SRR B FR K ) W B 3 R X Fe/S K 4H 2% (1 52
M. Y RIE isc FERFEG, AURTE S 576 B
N\ Fe/S FEIIRE 188N, HIX R0 I BEA KT Fds
Z K EE AT Fe/S #ERIEAY,  fh ob e
isc SN A 25 Fe/S & 14 % 1 Th e .
Takahashi 5508 i 7 41 X R B, 782 Fhgl B
(REFF B AT . AT . E HZ AR IR
MBS HFIRM ise EHRE, HRKZH isc 3
HRE L. mis RAMATIREMES. M1 0k
isc FEKIFERIFER 5 Fds £, IR &30 1)
gEky, DRI TR & A0 g E a1 Ih
A, R KINKTE IscA IseS~ hscA F fdx FIRERE

ik Fds M. HWFFA KRB IscA. IscSv hscA il
fdx BRI BRA A AR S e k. SR, IR
WA R I IscA FEAFEM EcFdx (K #F 1 [2Fe-2S))
B A . 2012 4 Shefel 5 & B, A 2K IscAl.
IscA2 il IBAST kiR 3 R h IR 0L, 54k
KA [4Fe-4S]HE F BARE FRAH R . B2, IscA #IA
N2 5 Fe/S #5 M\ EcFdx F| Fds Ti4H 2 i f 12539,
LRI TR, 7R A0 TR (A0 K R BRI € ]
BR ) AR AE — AN Re e b 7 T Bk R A 2 Y TE
TZIEIE A > 7 AN R 2H R R AR ST R A G R
(K 4a, iscRSUA-hscBA-fdx)s FH isc BT 21X
AN BIE %O, B IseS, IscA F IscU. 1%
TIE OB, I P R B I B SR A . Kk
MG RIS EH . DL G U Fe/S itk id
FEUR AU, HIE, IscA 7N L3Pk bn ik 41 %%
R BARD R R A ARG, 1 EAE KT
AT BERR A W AR AE — B . — MO AR,
IscA 1 Jyfigide () SR B 3044t A 45 & B I 414
FR R T 722401, Krebs 45 @13% Y 48 40 ] WL IR 0O
. B R ILIRN OGRS AR, R
IscA 7] g {F A & H 3 48 & A (alternate scaffold

@ DA

{ iscR }[ iscS }[isc U hscB )—[ hscA fdx
162 411 128 107 171 616 111 Codons
()
R&
QFeD X [2Fe-2S] [2Fe-2S]
‘// (2Fe-25]
ik
© [2Fe-2S] (d) [2Fe-2S]
|— IscR WEG
A ANK[AFe-ASIEH A foag
. SCA2
. IBA57
[2Fe-28] [4Fe-4S]
IscR SRR

Fig. 4 Mechanisms underlying the iron-sulfur cluster synthesis
4 SEFREE R
@) KMHFF B IscRSUA FER %, HH IscA 4% 1 5 IOP1. IBAS7. Ferredoxin. HEAT-RCP (HEAT-repeats-containing protein)#H H.1E F .
(b)Y K B A LA A BRI [2Fe-2S1 5 A & b, BERHE: IR, (o) IscR M) IscRSUA £k 22 A & L. (d) IscAl. IscA2. IBAS7 &5

NZK[4Fe-4S)HE H UG 2.
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protein) LA 21 %% B At it o8 A% 338 = R & (1 5 1
5 EMEAKREAERTE. M)E,
Ollagnier-de-Choudens ZFHHIE S IscA 1E NS 2R M
ZHEmEEONEE. H—MUEIAA, IscA A
BRER AR AL B SR ALERRs 21 2007 4 Ding 25043 it 52
BRUESE, FEIEH A BTN IscA RESEEEA N (1)
H gk, HHXEgEET scU 707 H T2 %
FOE T, R0 52 3k TscA IERME 5 (g = 4~6 )
B L RS T R ), SR, R/ e R
BRIE(L-Cys)fF1E T, XA B AR s i 2k 5
(g =4.0).

BRAER M IscA H & # 2 IscU, 75 % L-Cys
T2 e R B B B IscS [ 2 59, L-Cys T F
SERIfE R B PRI TscA BBk Gy, il R Ak O )
¥z, HIRBGTIER Cys-Fe EA M. 1 IscS i
T HVE VAL s B SR A I B S 5 A o B
RAMRMBRE A AR, kb, o
TR B A% (R 2 B SR E AR 4. TseS 5 Cys-Fe 1E
FEARRER AR, W B AR - B T VR T
BE 2 B3 HER A TscUM. Hh{E RS2 0 E A1
IscU, Nk EL H BRI R BT % 2H 26 1 fr e )
(K 4b).

P& Schwartz 50 FUARIE , IseS~ IscU F IscA
TR IEZ AR T IscR HIFmH]. s 1
> [2Fe-2S] 1) IscR 0 411 ] iscRSUA # 4 + (1] &
K. Y T S R [4Fe-4S]IN, IscR 2 1 Bk BR
PR TR BIRAS, ik IscR TiEIMk % N £I5
R 2, [4Fe-4S]i% G A i 4 Mo 1) 75 SR I, IscR
P TE BB AR I Te %, i ot 100 ok B R At AR 1
(Kl 4c). AWK, BIE2ER IseAd, HAREME
1IEEY R A Bio2 1) 2 4> Fe/S B OB ABY. 2K4u
WA, RT3 BR IscA/SufA 76 W
WA [2Fe-2 S5 T i (A0 S8 A0 38 5 5% 5% R T~ SoxR Al
BRE R ), R KBS IvD 32 2R B
[4Fe-4S]t 2245 H1 B T 52 FHPY. 2014 4F Tan 55718
IR B KT IscA B H 55 RIFVR LY Sufd, K
PUAE 78 R A N B AN e 2H e [4Fe-4S]H%E, XK
] IscA XJ[4Fe-4S)RA AR E B OCHE BE/EH. X
degk PR, K B I [4Fe-4S R [2Fe-2S14: 4
B ATREFEAFIRIIRIE: IscA B A& 7B E %
F 7 [4Fe-4S] 24 %k i 7K & BT 0 W W, HXT T
[2Fe-2S] A %k Wit #% & Bl & JE 0 7 B9 .
Muhlenhoff 2 217F F% RE B th AF 5T 32 78 IscA & B AE
TR E A4 51, iR S LRk N

[4Fe-4S] i # . 2012 £ 7F HeLa 41 i H #F 55 1IE 5K,
S8 o BT A 4R R A4 [4Fe-4S] 4R 1 3 T IscAl,
IscA2 fil IBA57 2 5 (14 4d), [Mij[2Fe-2S]4 H IV 2k
A TR L1 2R 11 65 F ) T AH S 10,

M2, IscA AIRES 5B m O A3 1) % N
Bt: BRAERS M LIS, BB 2 2% R T
P2, XAERNSCEEEE -5 8RR R A 18] 4k 1T 4 B
FORCEL, Tl SRR Bk B R R A T R 2H 2
®A.

34 PATHEHRTHREITA

2012 £ Mandilaras Z557E B ug P AT R0 8E, T
P IscA FRIRBALTHER AT AL, 1 Kosmidis
SR AP AN R R A B A AW, (R fE gk
BB EAMR, SEORRMEERERTTAED).
X—RIHEN, IscA W] g iE i 4 R gk A7 i R 510
ST, ST HLE R T8 437 BRI 114 25 IR i 8 1
HT, S AT

Hsk, BARIIRAT MmN = A A R R —
(1, KRBT ESZ HARR AR, 2 & WhifsE
B . IscA WANEIA, Xt gk B B A 2R R,
T H B4k, IBAST. IscR &4, &5 M
I IR, L-Cys & &P, 4il(Cu( [ ))F &,
% GR A 75 R BVER A G, A —— IR,

4 IscA BT 5 N E&%%m

FEB] IseA S W S0 T A4 ) AR OIS T @ B
WEEHEJIMRe /7, AR N [EREE R (B 7E btk
R 71 ] e 5 AR B R A A G . 2008
4 Gelling 55 BRI 1% B 42 5 DRV 2H b i et — A
HIERBR AR 425 5 (1 IBAST, LY Isal. Isa2##
HAER, HE 2 A R R A ) I =3 i R A —
B, BR=F R EE&HEALREER. BT
BHZ, NIscAl 5 IBAS7 FEDR AL W] E 51 e b
JR 95 (maple syrup urine disease). 2009 4F Nilsson
SEESRFNAR TSR0 e e R AR B DRI N, RN IseA 1 AT
R SR G RCA G, Bl RI7EBE 5 A6 i fR 50
WEZ FE R Dyae, WL HE DAL I 20 2 4 ik 2k T 2
PREZTIM. Hit, Al-Hassnan Z5P@ W 7R H 5
MNEMZRRFEER 6 LN, KI IscA2 hIEE
gl /N LI A PR AR A 2238 AT 1 B

5 MagR ¥ {RIN8E

HAT, S%F IscA BB IT 2R AR T AR
EAARAE R TR, H 2 ko L g i
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5T, 15 MagR/IscA AH H.AE H 1 7 F AL & L
IOP122, L&A ik Ji 85 (9, IBAS759, HEAT
FEAN (H 4a). REMSERZ, 2015 F5K4A
F 5B SR AT 5T I Isc Al B DhRE, iE
1% 0] e NG 52 A4 B I8 B 2% (magnetic sensors
MagS), X IR NERFE BNV 0LE ST ER AL T 5B 1)
Jiug,  [RINHEIT S T RIS 21K — AR AT
5.1 MagR-Cry & &1k S AR

UERTE I NN, Cry /&3l B AR 37 i R A
— IR AR R R . RNEREEEE S “AH
Fxt” RN “RTEBES) T RN S B
Cry &) iz i T Eh i Y7k 1 1) DNA J6 35 Bl /
PR REREARE — RO, HIRRI TR
By, M2 NBRIEE RS, ZaFaa A
WS WSCHE Y ) R - —— 3 R IR VRS A% IR (flavin
adenine dinucleotide, FAD), Z4#[F 15 Cry L/
5 R 55 (1 Trp400. Trp377 A Trp324 4Rk, H
H, Trp400 ##23L FAD, 1fij Trp324 N5 T Cry
wHEARM, B SaykE—RIDEFEFHTFEEIM

(2)

FEAE CH M RN, BE I Cry {5 5 30
(F 5b)e: 4402 FAD Wl 1 ANE 75 8 8
RAS(FAD*), [ B 4% 115 30 6 2 1 % 3% (Asp) it T 1L
(FADH*), 8% M Trp400 3K15 — N T A8 N
FADH , >FifJR ) FADH 5 Trp400 #5% “ H
FXE7, W FHE AR IR, HE e
HOLH, bR, Cry k FigHESE; MG
Trp400° M\ Trp377 %% 3% F15 3] — Ao F Ik E IEH,
Trp377 2k 2 W BT H1 Trp324 #M 78, # o Trp324
KR T4 TE Trp324 L FALET, 7 M
FADH' i [n] & (4% )2, FADH #7455 FAD, #{#
Cry K. 74, EAUWHEZ, Cry KT E#%
RY LA T[FADH + Trp324] “ HHEEX” IRA,
H FADH M Trp324° [ H1 £ 14N H B X5t =34
W= Az . ARG S5 k% B E & N R JR
Wi e, aIfRAE [ B FERT” R ot H
TR E (A BT MM R) - ZEAS(H BT A )
FHH AR (] 5b), s 7R, i) Cry fvE
RE, P mp e E R .

£ A ‘ ~‘< &
?" > 5 >
P53 " R Wi
£g'3 LETELy .
o B foe "FAD » 5 N | (.
& ]
- X'm‘ﬂi/% -3 ‘ | ‘\
A . ¢ ® ‘ | | |
5 > s I 4 |
‘:‘;\”_' }3‘:—"\ Tr’p377T"P3Z : ’ s‘ | 1 ‘ “
o A R ‘ vy L
"\" “ a“ I N 4 v 44
®) Trpm324 HER —EA
'L |
[P Trp377 L/ LD/
Asp th ! : | ‘\
! 0, omp i
pap X g pay =P papE =P ), ey, 1 WENC
[T 4H/— < ! | | X RIEI Cry
| FADH' | | FADH' |
N 1 o
A BB A FERE 1D/ D/B
H HIFEXS

Fig. 5 The structure of Cry and relevant radical reactions
5 RIEBRCry FMREXEFSHEHRERN
(a) Cry 3D &5 Ky B (2 1 SCHER[63]). (b) ti% T FAD-Cry b H B EE X KB

2015 SR Al PR BUZLIE K i AT 18 P IE ] MagR
At5 Cry B E &k, HEZE SRR A AT
O A B LK R A ) (magnetosensor complex),
TF RS2 AR U Fep (Hop s . 2T i THE

RANE B2 2SR Y BRI . MagR-Cry 2 AR
gk BTN L G 0y SR AR R P R 2y

Bras. IR LT ST S AL R 4
SCERBERE, BUE 14 DMRLSZIRIREE 1, RT-PCR
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WAERIMA 9 N EHAMEFGE S Drosophila Cry
(dCry) 7E SRl L L [ R IA . WX 9N FE A 40 il 5
dCry H:[FZRIE T KA &, e s 3L RIAFAE
%M, 1 MagR 5 dCry gedtaitk. Bz, tHiE
SeRp FME. RS BREL. /NN SE ) MagR
A5 dCry foE s & . [FIRE, FTFEAUEELS B
Bi AT 5 M HE 2 MagR-Cry NN B 5,
LA TR B2 R ALLH IR 45 4 (R AT R AN f1 4R,
KN 20~24 nm; ZE AV H 20 4> MagR 21 B
2o (B 3d), 104 Cry 70 7iliid “ iR - 43
ig” 5 MagR HEAE MR E &o =, Hd, 4
A~ MagR 73T H1 ¥ Fe/S FEE R “ k387 (iron loop)
M T esn &R, AhE Cry HH TOREMN. Cry 5
MagR 454 LU I 22 5, BAER —HLE A
RS, B2, ZE G E T R
A — AR A VAR B, IR ORI R AR
BT HEAE M Cry 9 FAD 4H 77 1] MagR 2R %A%
. MY MRS, MagR-Cry &6 W1EE
RV FREEE, BN IR T B R A A
B, HHBOTIE T RESR B T — AN TGN Hh BR L 37 7
RN ST R

gk A= X VR R AH 1 BE T S0 B T AR N A A 2 s
B, SEGHESZAR IscAl S 1 A I8 A% I ) AR as 72 1 o)
PRSI TR R N BOE . AT R
%8R R IA RS LT HEK-293 J2 K R i 5 i
ZICHNE N, I ANT R G RE s S 40 o R AR A
SN BT, T HIE AR BRI B ARG 7 iR L 4N
B SR NI RER 6 1% A4l dhid % B
N, AN T DA K RS A T s AL, T
HoRPAAMINtE) J5 Re s s I B s AN R () #2484
WRHRE37) 77 1) (R IR AT AE 22 5, BIVAFAE BN AN [R] 1
TR u i, B S E o i i S 0 77 )
TCH AR [FIAE, FESCE 0 R I ph 22 o0 4
X A3 72 A2 T 1 S B (on/off-response) 5| &K I
BB AT AEAS [ B e 2 2 B (5 85 15 5 B ik
R — B L AN R AR ). d AN
Wt R I, #Id S 31T myo-3 Ml mec-4
IscA 1 R e PRI 52 N 75 TN BeAE 26 i UL R 48 i AT L
WU e, ARG AT By Sl i e 4k VLA
Wedg IR AT N . AT R, RMBEMEK
Bl, 2 MAR #3£i& HEK-293 J& 75 1 3% b B2
BRIREGAN I —HEZ,  HEW ] B 2 5 AR Bk mt %
|, HITTE B RE KA IR S PR A
FISEES H M —3, HsEig ikt Bk S5 45 R A E.

5.2 MagR #Z A REEEFRERIE
MBFRIATGR A R L0 45 /R G, BBk
HH MagR &1L (1) 5E 7742 H [ AL VP B 2y
PR AZ . RANSEES 3B MagR 5 Cry o] 45 & TE Rk
BEYERHYy, (ARAENEA LR LZEEY
T S 5l B W 75 23— s AT 585
WEBH. MagR EZAE/E T LR, HRMZAk,
i 17t % e a U P e N EIPANSF RN TR el | IREN 53
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A 22 M B RAR I D g . Choi 55195258 K I,
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21 20%, 3 BH 55 1 3 B G0 I 28R 4R i 4 gt
AHRRIETE. b Rl B A )Y BT T T R B A
R, NRE BT E WA (< 3 nT IR i
783 Rfa, LRGSR AAr B 25 G, 1
T AT /DN BRE B LA 23 b 2 B e r Ak - L 8 R
TG A, 1 h S BRI 2R A4 1R 3 R i e 7
Y5 IR 2 BRI, 3K DR 2R A vl N IV i 3 $ Ak B 2 iE
W, (X TR 2 S EWENE “i55
B Oyt — 25T, A, Mandilaras 55520
B MagR (IscA) ] BE 8 10k 1) =15 8k & R 44 1) S e 1)
BTN, XIS MagR X G 2K N
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W2 S4h, TEHURIN MagR Br T 276 T Ki4h, i
AETONE. . BREZ ST, Xuliix
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oL A SR v ST EE X338 R I AT A W ROR
XHRTRAAR N AT BEAAAE 22 FhB RN 7 () A0 PR 3 1] 5
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Edelman 55 ™ L) I VEAE RS+ U ae o BE R 3L
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Fig. 6 A proposed mechanistic model to explain the putative magnetic receptor functioning in magnetogenetics
6 HEIZRREIEERFHNERE
MagR: Tl ¥4 (magnetic receptor); MagS: Hf/E N % (magnetic sensor); MRE: fii"i 5 JG /- (magnetic response element); MREBP: i ¥yt {4

454 £ [F (magnetic response element-binding protein).
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The Proceedings of IscA That Functions as a Biomagnetic
Receptor Protein (MagR)"

WANG Hong-Xia, XIANG Yuan-Cai”, ZHANG Yi-Guo™
(Laboratory of Cell Biochemistry and Topogenetic Regulation, College of Bioengineering, Chongging University, Chongqing 400040, China)

Abstract An important class of mitochondrial function protein is referred to as an iron-sulfur cluster protein (Isc)
family, which plays a vital role in the cellular energy metabolism, electron transfer, substrate-binding and
activation, iron-sulfur storage, enzymatic reaction and gene regulation. Dysregulation in either the Isc assembly or
transport processes would give rise to a deteriorative effect on both the intracellular iron homeostasis and the
functionality of Isc-relevant proteins. Particularly, IscA (molecular mass, ~11 ku) is identified as a highly
conserved member of the iron-sulfur protein hesB subfamily that can directly bind to iron ions and iron-sulfur
[2Fe-2S] cluster and hence participates in the biosynthesis of iron sulfur cluster proteins. Thereby, IscA is
postulated to display a paramount function in the iron-sulfur cluster assembly and cascade reaction system.
Curiously, it is worth mentioning that two seemingly similar but different discoveries on the topic of IscAl
published respectively by Dr. Xie and Dr. Zhang’ s groups in 2015, no matter whether they have attracted extensive
public attention, unraveled that IscAl possesses a putative magneto-receptor capability and thus IscAl has been
renamed as MagR/MAR in their papers. In addition, Xie’s group found that IscA could act as a magnetic sensor by
means of forming magnetosensor (MagS) complex with Cry. Of crucial importance to notice, the expression of
certain magneto-responsive genes in vivo could be regulated by the external magnetic field-stimulated activation of
MagR, which would subsequently affect neural activity and the magnetic oriented animal behaviors. Regarding to
the unique magneto-sensing function of MagR, the concept for “magnetogenetics” is proposed by Dr. Zhang’s
group in combination of the genetic targeting to MagR/MAR with relevant remote magnetic stimulation. In this
mini-review, we give a brief introduction into the discovery of MagR/IscA and its homologues together with their
high evolutionary conservation, as well as current proceedings of researches on its physiological functions.
Furthermore, we proposed an intracellular biomagnetic signaling-responsive mechanism insofar as to provide an

explicit explanation of how MagR/IscAl exerts it intrinsic function in magnetogenetics.

Key words iron-sulfur cluster protein IscA, iron-sulfur cluster, mitochondrion, magnetogenetics, evolutionary
conversion
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