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H R g . SRS GSH HI4 A A KA Filia (N1-124)& AWM LL, 7657 GSH KI4tEH, Filia (N1-124)8 A4 S A&
— AR FREN A 5 0 AR, Filia (N1-124) A F7F o3 IRHEX AR 2 R4 T SHslAc . Filia (N1-124) A
SCASRE I B9 4 . SEERB KA B, TR T R0 IR e 750, AR SOl — DI RAE A A LB AF T Filia (1945

5 DN REII DR R AR T A Hy e Hls

B8R Filia, SCMC, GSH, ik, SEMsiasin
FRSES Q71

O RESH Rl it B, KR B REUR RNA B S
TONBEAN A . 5P 1 52K S BEUE RNA & i 4 F
fiff. IXLEREJE RNA A ONF52 05 BEE - & AL,
ARG R BRI F{mY. B R ERE T
BeF AR, 52 RE U 5% (pronuclear) fF FE N
Rl A5 T R T A0 ARG B A 280 0 DR -1, BREJE AR
] £ 2 A A Tk R I TR B BRSO R K S5 Bl R
B IR Z 4 W REEA T LA R0 W iR 55 DR 41 .
IR ABEE G, KBRS MR T 55K 75 2t
A (R BEVE 4N PR,

TE/N BRI REGH M LA S R i R B i R, A
16— B BEVE 8 B 1 5 & 4& SCMC (subcortical
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/B, SCMC K 4 & 1 FLOPED . MATER 7,
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PR mRNA 555771, 76 ) 50 BE40 0 rhRy
FoROL SRRV R AR ARL, 7 O BE A Ak
oy 2 ) RSP RHEDE ], Filia % 5 A Bl 2 7
fif#, 1M Filia 25 A /EAE ARG K & R — A7
16, ZHIBATTA Filia (1)7 51 LRI &5 R F5 T 3K B
Filia N 3fy 547 — BCAE A X S8R — AN E R ) KH 25
FsR0, Filia N 35 25 40~ 124 7 s SRR LR T
HA Bl-al-a2-p2-p3-a3 #FP A5 1K) KH 454 35012,
5 A KH g5 i3 s AR g5 /AL, ANFE 2, N
Uity 40 Ak IR RE A X 5 SR ) KH 25 8 308 i T
VRISl XRS AR T i EE, JFnlhe
L5507 AE KRR e 1 Tk R b R B SRR 4 A Ok
Filia C ¥ii &5 10 AN 23 AN ER AL %I B dL
JEHIe, AR HATE A B R K.

152 K J5 (1 W i6 40 B 48 5 ok #2 b, BEJR Filia
X Qe O AR HEAT AR I e EAE . R BEUR
Filia 43 3307 MR Y 25 K A2 DA K 7 8 A4 2 e A 428
MZWH, mRiaRE, RIWHEE GO K
(lagging chromosomes). 1% LA K i i 44 55 44 (1.4
FRAEAAMHFAE. Filia 1T RhoA {5 5 @42k i
HHORIE T TR AR R, Sty ik
P R SR 2 7-(W1 AURKA. PLK1 1 y-tubulin)
TR AP O IA B BL0Y. EAh, MAD2 2%
AR LL AT s P TR 2y, MAD2 T8 i 7 1 5)
FRAT G AR A1 e A 7 s Th g, X — i FE AR 22
Filia [f1Z 509, {RAA 50 S50 5 44 4 s2 56 v 35 R 91
Bz Filia [RI0E B P 16 L300 IR 6 1 100 O A 4iE
IR, HEIAS e IR A . 2RI R
TG G 2.5 KM 3.5 K, Filia w5 (0 B S FE R
RPN B H B E K. Be= Filia R IGAEREAT 28
— YRS IR 380, & RA 6~8 h [EIR,
S5 0 ) A A I T e 4 B E G2/ 0.

ON BEAH Bl R v, 22 i R DR SRR 1
B R AR SO L O BEGH P 8 5B A bR H K
(glutathione, GSH) i 2IHTAA . HEFEAH LA 1%
IR SR IREEIFE . Ak, 76O RRAN f sk gl o 24
GSH H AT Fegi iR B & MI/E . GSH ARy
U REA0 L (1) 52K Aoons, URREANRAZ RS JS . GSH
e 0% (8 b It iz 2ok ik, AT B FAE T IR iR &
B LRI REAN M R R, GSH IR 52 I
U RESN i R ARE BE [ FR BR0S. GSH Fifi 5 BRRE4H 1)
BT Ty, MDA B, 7652 K5 50 ARG B
WIREWB, WM N, A/ S/ GSH M
AN GSHURZE M b 43 45 21 T AR R ARSI

Filia & (1 4k, BUARTH ) GSH &= 4 F, Filia
EARAHEARMMSG. ZHRIMNCERET
Filia 76347 GSH 448 F [ bR g4, ARG
B THEEAT GSH 4548 N W Filia ffAhgiby, X ppgh
FIRER T —Mogim a3 7750, AR Filia 76 A
() A BRERIE N 1) Dl e S AE I LA T 45 A KL Al

1 MR57E

1.1 REBARWEREARFIEGEN

¥ 0 TEV-LIC & 7k vt 514, F iR
Filia N %fj 1-124Aa JE RV 50 21| pET30a-TEV/LIC
AR, BAR A N3 6xHis 5 45%. DNA
WS g R W, 75 100% 3. Bj57E K
7 BL21(DE3) ik & 48t ik Filia (N1-124Aa).
37C TR, 4 Agy HIXF] 0.8 N FRIE 2 16T, N
AN IPTG J AT H 29K FE 2 0.3 mmol/L. £ 14 h [
FEIIE, WEEHER®G 000 g By, 10 min). FEALE
24 fi# 2% P (50 mmol/L Tris pH 8.0, 500 mmol/L
NaCl, 4 mmol/L imidazole)™" 5 &, 4°C i85 Bl

A M43 )T 18 000 r/min, 4°C, 40 min 2544
R, BCEIEWOR S R SRR (Qiagen) HE AT, Ut
% 2% P W (50 mmol/L Tris pH 8.0, 500 mmol/L
NaCl, 20 mmol/L imidazole)¥t 2: 64 F W 25 1)
BE M 22 10 9 (50 mmol/L Tris pH 8.0, 500 mmol/L
NaCl, 500 mmol/L imidazole)#FAT¥EME. H K&
1 H Amicon Ultra filter (Millipore) 3kDa ¥ 4 &
TR - e A % 35 2% P (50 mmol/L Tris pH 8.0,
50 mmol/L NaCl), A TEV B % m, A
FH 2122 # 4% HiTrap Q HP 4% (GE Healthcare) 31T
Sy e aifk. 75 50 mmol/L Tris(pH 8.0) 2% ik &
0.05~0.8 mol/L NaCl £& 8 J Pk i 45 2] H b5 £
1. PRI W 40 J5 R 8% B 2 AT A HiLoad 16/60
Superdex-200(GE Healthcare) #E4T 44k, 22 M 0
50 mmol/L Tris pH 8.0, 300 mmol/L NacCl.

ali v 43 31 (1 5 1 4 SDS-PAGE % 5E, 4l
KT 95%. alifb i 1 ik4E s 15 gL, 4> BliRAT
fE A% GSH (50 mmol/L Tris pH 8.0, 300 mmol/L
NaCl)F1% GSH 122 #h#(50 mmol/L Tris pH 8.0,
300 mmol/L NaCl 1 10mmol/L GSH)"', -80°C %
17, VAR T 5 L 4 it A AE A S5
1.2 4. iR kE

| | Hampton Research 2 &) [ i A4 A= KK 5
%% Crystal Screen. Crystal Screen 2. Index. Index 2.
PEG/lon 1 SaltRx XJ {& f7 7t ¥ 10 mmol/L GSH 1]
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2% M (50 mmol/L Tris pH 8.0, 300 mmol/L NaCl
A1 10 mmol/L GSH) ' ] Filia (N1-124Aa) 2K 1317
ShEE AR . 7E 20C R, DU A1 o S5
SR pH i DUTE IR AR R I L
FE A FORIE AT, e AE LA R R DUTE 77
1 4 14 F (1.3 mol/L (NH,),SO, 50 mmol/L Tris,
150 mmol/L NaCl, 5 mmol/L GSH, pH 7.0)3k75 T
Iy 3EERIE 2.8A I Filia (N1-124Aa) 5 5. 759 208
IPSCERTE Lt (R S IR AT . TR AT B e £k
I, SR S AARALE S AT 20% H i 3k R AR AE 10 s
BEAT B R AL B, THAE 100K Y 45 1 T 3R 4T 5
k.

FIFH HKL2000 S 7 55 H 4 3547 48 b A0 AR
gy, DAIRATTZ AT AT AN GSH 45 A Ky —
FEAK Filia (N1-124) S AN BR, TEE CCP4 474y
T B, S5 Phenix & IEWIIHBRL, {E COOT
T3l A @ R 7 4. A Phenix Al COOT
R EAE EI BT 205 GSH &4 AR K
Filia(N1-124)45#(% 1).

Table 1 Data collection and refinement
statistics for Filia N1-124 (decamer)

Data collection Space group P22.2,
a,b,c(A) 75.66, 89.06, 207.16
a, B,y () 90, 90, 90
Wavelength/A 0.9792
Resolution/A 2.80(2.88-2.80)
Rmerge/%* 0.18(0.54)
I/ ol 5.1(1.6)
Completeness/% 98.64(95.45)
Redundancy 4.8(3.4)
Refinement Resolution/A 2.80
No. reflections 42002
Ruot/ Riiee (Y0) 22.70/28.94
No. atoms
Protein 9362
Water 203
B-factors/A?
Protein 50.30
Water 56.45
R.m.s. deviations
Bond lengths/A 0.009
Bond angles/(°) 1.245
Values in  parentheses are for highest-resolution  shell.

* Rmerge =3, | [,—</> | / SI, where [, is the intensity of the ith

observation and </> is the mean intensity of reflections.

1.3 REXW

WAL BRI . B ACiAt . BEIRIE AT
FE4liAk J5 73511 Filia (N1-124)E 1, W48 58 AR
WIEH 1 g/L, %M GSH. B-ME. DTT 3 ik it
FIBEAT 28, I Filia N1-124 85 (1958 & 1L
DL R ARG e v, B JE5R7E 50 mmol/L Tris pH 8.0,
300 mmol/L NaCl Z& il h EAT s i 38 B 77 IR
JEE TR T B RN R BE 1 10 3%, T b4 T S 1
DU () RN 43 A 04 0.104 0.20, 0.50
1.0, 2.5, 5.0, 10, 20 fi1 30 mmol/L, #X )5 2215 i
Iz HKEAEBRDIFRRY, MG, Wi
600 nm A PRI G BE A (A o) -

R R

2.1 Filia @K

AT GSH 1) 4 A v £ K 1) Filia i 44 25 14
(PDB entry:3v69) A Bt , FRATT il AT T 46 & A
GSH & M EK 1 Filia AR S5 1. X =& 145
FAIREAT 0 L JE IR, 708 A st 2lifl LR S A AR o
P, &A1 GSH I b A=K Filia 25 11 5441
i SRS, IR HERR LA SR BAE A
BT, AE GSH B4 4E K11 Filia S 4 )&
T P222, FEHBE, — DAXNFRPAL A 2 A Filia
N1-124 73 1, Filia 7} 1% Bl-al-a2-B2-B3-a3 #h
RIS, BAT T A KH &5 MBIN R AE, 21k
FHEAE R S S & KR K Z IR, o> T 2
i o WRTIEZ 1) (R 7K AH B A P e — 2R AR,

U GSH 444 FAK W Filia d R AR IR T
P2.2.2, ZEHE, AH—NAXR AL E 4T 10 A Filia
(N1-124)50 1, JER T 1 5 Xk = SR A4 e 14 DY 1 4
FES(E 1), Horh iy 3 % — B AR UT — SRS AL ifi
B LA ) HEZ 0 5 B R “ = AT, S5 4Py
TR AR IRIAERE, Ml—IE— R
HeA 7 A RAE “ =R IR, Waigudl,
BARLERI LT AL TN, A0 I AR
B “=AIB7, o1 1 X Fh HE R 7 A 3
TERCT 2.

HERIE, A NI4T, Filia
AR R S5 R 25 B R (1 2a). +ZRAK Filia 2 1+,
54 T RAK T AERAE o3 I HEX (98~ 116 72
FR)RAE T Sk giAs ¥, Wit 2t A BEM o3 1B
5 B HEMN) o3 BRIEVR 41 BB RR B R AR T H A
R T Z IRARIEAR SR ZE0AK, 1T S A4 R)
RAET BENZE RIS
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Fig. 1 The conformation of the Filia decamer

The ribbon model of the Filia decamer from the side view. Ten molecules of Filia (N1-124) in one asymmetric unit forming five pairs of dimer.

Molecules of Filia (N1-124) are colored in rainbow style.

(b)

Fig. 2 Structural comparison of the Filia dimer with Filia decamer

(a) The structure of chain A of Filia decamer (colored yellow) superimposed with that of Filia dimer (colored green). Domain swapping occur at

a3-helix at C-terminus. (b) A portion of the structure of chain A (colored blue) and chain B (colored cyan) of Filia decamer superimposed with that of

Filia dimer [chain A (colored red) and chain B(colored magenta)]. The whole structure seems to be unaltered. (c) The five dimers of Filia decamer in

one asymmetric unit are superimposed. They are structurally identical, except slight difference of loops between B3-sheet and «3-helix at

C-terminus. The pink circle highlights where the structures exhibit variations.

A o3 MR HE98~ 116 7 & K1) B3 4 &
(84~ 89 {724 HL IR ) 1 42 — Bt Loop [X.(90~ 97 A1 %
IR, 5 A BAKPH 4 loop X I HLF =
ANV, TTRESE T IX B Loop X IR MEIEH K,
i Filia 43 1 7E A [F 2855 1) B e R A2 g,
I WBIERL T AR IHER, 271 AR T Sk
.
W IR AR b IR AR T ) = YRS R ik

T84, 5A% GSH 444 NI — R4 Filia 2> 14H
b, 124k Filia 47 1) AB. CD. EF. GH. 1J %%
Ji ¥~ 5 1) RMSD B3 71 4 0.840. 0.562. 0.702.
1.042 1 0.857A. 5 A% GSH &A% F I Filia — %
RO A, S GSH 441 Filia — SRR HTT
(PR LR R E R R AR A K, ALAE loop 3
WA BRI ER S (B 2b). B T A7 A8 25 F A8 e o
TR AR RIS A GSH 44 NI R A
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(R4S 7 AR H AL

73R A& Filia 43 Frh, RS AR LI
ST S A (K 20), HIAGRY], A TR
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Fig. 3 Ionic Interactions between five dimers of decamer

The structure is shown in surface-filled model. The interaction sites from various chains are colored differentially.

17 23 X HE R A0 FE K AR ELAE R AR e
RAZFEH. A-D. C-I. E-I. F-J 80 & AELE 1 R
KAHEAER: A-G. A-H E[F S AFAE 2 X 5K AH
Ve E-J B A7 A0 3 MK AH BEAE R G-I 4
(B A7AE 5 XK AHEAEH ;s E-G BERIAFAE 7 X Bk
FEAER, RT3 A gk T (B 4a).

Ak, A1 11 A S S R AR S
M EAE R . A-G BE 8] ) His34(A) : Glul17(G) Al

Argl00(A) © Alal19(G)Z [HJE T 2 X &4, A-H
BEIW] IR Glu36(A) @ Argd9(H) B T — %t &4, E-G
FETERL T 4 XA, 225024 Lys16(E) @ Leud(G)-
Arg6(E) . Aspl4(G). Aspl4(E) . Arg6(G)F1 Lys5(E) :
Glu22 (G), E-I %% 1] 1) Alal20 (E) @ Argl10 (I) fl
E-J 0] 1) Alal19(E) : Arg83()) & K T — XA
B, G-1HEMAM Glu36(G) : Ala95(I) Al Ala95(G) :
Glu36(D)ZMJER T 2 &4 4b).
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-100
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F Pro-93
G His-34
=-H " Ala-
=] Glu=36 P Arg4wk
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LSl & & 9X Glu-36
2 Arg-6 h \ \ \
lie22 i \ :
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Arg 6( ~ % Asp-14 ;ﬁg / N
/,
) y\“ / Ala-95
i {5/
/ Lys—SLyS'1 6 Arg-83
E-G E-L, E-J Gl

Fig. 4 Hydrophobic Interactions and H-bond between five dimers of decamer

The secondary structures are shown in cartoon model, and interaction residues are shown in stick. The interaction sites from various chains are colored

differentially.

23 BEIXW

E5H GSH AT 313 T+ AW A e e
() Filia(N1-124), FRATHEW, GSH f77E 5 & X
Filia(N1-124) ) R AR A M. AE446 5 1 Filia
(NI1-124)E A7 GSH. B-ME. DTT 3 Fik )5
FIMAT IR, WE Aw J5, ATEIM, B-ME.
DTT X Bl OE R AR EAT A WL T, AEAREAL
Ao THRAESE, BIRARERS: MEET AR
WE GSH 1) % 1 g% i 21 Filia(N1-124) 85 (4 17,
LR EIAF] 7.5 mmol/L i, A (HEE TR, RE
FEEER A AR L IR IR F 20 mmol/L i}, W
HEAEA TR E . WM T AR GSH 128 nh
AT pH AEME, RILGE) pH {HBE GSH #
JETF B, 2N KA 7.5 mmol/L i, pH {H
25 4.55, BUNIKEIAF] 20 mmol/L i, WG E(E
BTRE, A 3.30.

B iR 7 AN GSH 22 vh 1) pH. Al 4= 36
WK 7.5 J5 AT SE8, WL AWEE T,
HAFENE Ao WG EME KA AR . BBAh, EAT
GSH [ Filia 2 (1%, 04 Filia 8 T AE
(7 pH J5, &I Filia 8 [ (1 5 L2 75 4 Bifi 45 ¥ pH
PG G . B, FRATTHEMN, GSH X/ Filia
(N1-124) 8 2R & F2 5 19 5% 9 v] fig 2 BT GSH 11

WNINTSAS T 2P pH EL, A SRR T - Bt
Z I AT A AR, FEAS T Z RITE R T V2
X TN AR T, et T SR ARHERA S H
D)o

3 it it

6 B A5 e H BK (glutathione, GSH) 4 £ &
T AR D)RE. O REAN M e RO R T, mr DU
GSH 17 5 >k I 7 59 RESH i il SRR . GSH B
YN0 ) R T TR, MO Tk B v s (e i
15 7 mmol/L), {EZAFINAIEIG IR BB, W
FE G R . GSH /K22 L n] e R B T IR iR 7E
RE SRR R BUSR . e, 3R
TARIE T 765 GSH g2 15 2 Filia & A i
Rty 52 AiiiE M EA S GSH 444~ 1452111
RS MAHLE, Filia R B AHEARMES. 18
RN S, — ARSI A 5 =
&, ARG AR AT GSH I, B LAl — 4K (1)
WA, BAUFAMHASE T kg, AR
PUAHM T GSH [HL 13 B2, X —J7 ] fe &t T
AT B 7 A = (2.8K), — i1, W]
A& GSH 15 Filia & 11045 & 2 AEA AU PR, A
T2 A P31
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GSH N A 2545 Filia & AR 5, 2
SRR FURIRGE, TR, ML AE
Thin. BATE S A AR E GSH 12208 1t pH
YUREEN 7.5, RILEE pH H )5 GSH KB 117454k
ANex RN Filia 25 [17E 600 nm Ak 11 6 .
X SEH 2 AT oA fa . AN R, AR AR5
W, GSH 19 N4 0 28 ph i 1 pHL A Kk 2B B,
Filia(N1-124) S AR AR b2 A1k, eI
KA, 0N pH % o K AR
1, FRATTH AR AT X R AR G S GSH kA
Filia he Z M KRR, EFEME DMK K
IE. Li Z597E 2008 (5T H e, £ HPLC %}
U 2 O A AT 4 2 AN G 2 BRI i A B, A
T 158~2000 ku 2 1] ¥ 41 73 # GE % £ I 2] Filia,
Bk T/ 669~2000 ku 2 [f]f¥) FLOPED. MATER.
TLE6 M Filia[J 2 G453 45, 158~ 440 ku Z |A]
AFAE Filia H SR 0 5r B0, RUIAE AR AT
T, Filia 85 ] gl L JE e SCMC B4, B2
I B SR Ek S A A SR AR R AT
AT RE.

SR SRS e T DAAE Ay 5 TR A 2 T8 I — b g
K. AERAELE A, PRI =)
B R AR TCAERE Ty — o R AH E T P 4, T
FARSY - IR A I AR R R AR AR . HARRAE
AR FIAH EL, 2 AR 358 B 480 A= 1) S SR A i o
ART IR R, &—Fib i FIEFEE R, 1
e Slpiemmee -2 NE LN S PiTINE St Y 3P d sl NS ]
‘H 4 (domain swapping) £ i 1E A —Fh 4+ 85 1 — Ak
Feoe FATAEShRE 1 5. EASCH GSH A74E
ZAF T2 Filia — A&, FRATWEE]T o3 12
) AR B A, (HBARMVER] HRTIE ARG 2. 25
FTIR, ASSCARAEY Filia 78 GSH AEAE N 1 F A 45
Pl IR T Filia [—FoB IR 20, O Filia 2R
G B R SR T RS R
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A Novel Structure of Mus musculus Filia N-terminal Protein
Grown in Solution With GSH”

LI Xin-Xin", WANG Ju-Ke?, LIU Xin-Qi"*
(" College of Life Science, Nankai University, Tianjin 300071, China;
2 College of Bioengineering, Tianjin University of Science and Technology, Tianjin 300457, China)

Abstract Filia is one of the components of maternal Subcortical Maternal Complex(SCMC). The N-terminal of
Filia is similar to KH domain of type I family, which play roles in transcription regulation in oogenesis and embryo
development by binding RNA. Additionally, maternal Filia plays essential role in maintaining euploidy. The
absence of maternal Filia appears to delay embryonic progression, which can decrease the number of offspring
rather than sterile. During oocyte maturation stage, the concentration of GSH varied to keep balance of
oxidation-reduction. Our crystallographic studies successfully reveal the structure of Filia N-terminal protein
grown in solution with GSH. In contrast with the structure of Filia N-terminal protein grown in condition free of
GSH, protein grown in GSH have five pairs of dimer in an asymmetry unit. Domain swapping occurs in the
a3-helix of Filia (N1-124) molecules. A special decamer structure is formed by ionic interaction, H-bond and
hydrophobic interaction. The Filia N-terminal structure provides a structural foundation for further researches on

the structure and function of Filia in diversity physiological environment.
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