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et X % ffErS 1 # [ (fragile X mental retardation 1 gene, FMR1) #ifid
—MMEREME RNA &8 H, Btk X 8 1%~ 25 F( fragile X mental retardation
protein, FMRP). % [ 3 il B 2% AT B0 Mg WL g A% VR R B 0 »
FRIGME X 2261 (fragile X syndrome, FXS) . FMR1 & [H A48 874 5 FMRP
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M RNA Z:42 708 N FMRL BRI AT AR BT 3008, I 7 — 1> 140bp K/NHT A
FaRESN T, 9 FMRL BRI &1 9 —#85r. AEWE R F kI, sy
Bebe A0 S 7 A AN 2 T FMRL BE DR PR B RE , I 7 AE — U 1 2 IRk

VSN RS i) Y AR c R 95 NG W IS ST o - N N b 1 DU
qPCR I 3 B 75 45 Ao AL 8 A 37 B ] AR B SR AT Rr U 3BT o 45 SRR,
R BRI AME T AR mRNA RIS ACPAEE RN B 2 mas oA, Hazsi iy
B beE A St B AR IR B A Rk .

NTHRZE FMRL LR & 87 AL S AM BT Sk AR A5 Dhae, 3041140 5l 4
BT aKmiBXFs FMRL R BAZRIEE A (AR . pEGFP-N2 -
WFMR1 A& # B el /S 7 FMRL R EAZ RIAE A GHAERD : pEGFP-N2-
tFMR1. 4 2 Rk o %55 9« % HEK293T 4ifuf5, Western blot /3 #TioR: 4
KA R A A G i A B PR A R (I 7E HEK293T i i oh R IE . HEudt s
Prirs: ERMEEEA FERE TR, mEidEENE FRMEERE
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Abstract

Abstract

Fragile X mental retardation 1 gene (FMR1) encodes a selective messenger
RNA-binding protein, which is called fragile X mental retardation protein (FMRP).
Its absence can cause to a common form of inherited intellectual disability, known as
fragile X syndrome (FXS). The alternative splicing of FMR1 gene has a close
relationship with FMRP expression. Different ways of splicing will produce different
splice variants of FMRL1, thereby altering FMRP’s structure and function and affecting
the corresponding signaling pathways. However, how to detect various alternatively
spliced isoforms and what are their biological functions are still poorly understood. In
our previous work, we used clone-sequencing technology to analyze the expression of
human FMR1 gene and a 140bp sequence splicing from the middle of intron 9 was
detected. Bioinformatics showed that the novel cryptic exon insertion alters the open
reading frame of FMR1 gene and creates a truncated novel polypeptide chain.

To investigate the expression of the novel cryptic exon in peripheral blood cells of
normal individuals, quantitative real-time PCR and Western blot were used to analyze
the new alternatively spliced FMRL1 transcript. The results of gPCR showed that the
MRNA expression level of the novel cryptic exon skewed distributed and WB showed
that the new alternatively spliced FMR1 transcript all expressed in normal individuals.

To explore the biological functions of the new alternatively spliced FMR1
transcript, we constructed the recombinant eukaryotic expression vectors with full-
length coding sequence or the novel cryptic exon, which was named pEGFP-N2-
WFMR1 (wild type) and pEGFP-N2-tFMR1 (truncated type), respectively. After
transfecting into HEK293T cells, western blot showed that wild type and truncated
type proteinwere expressed successfully in HEK293T cells, and Immunofluorescence
revealed that wild type protein mainly expressed in the cytoplasm, while truncated
type protein mainly expressed in cell nucleus.

To further evaluate whether the novel cryptic exon has an effect on FMR1 gene
expression and to understand its underlying molecular mechanisms, we constructed
the lentiviral vector with the novel transcript of human FMR1 gene and established
stably transfected HEK293T cells. RNA microarray analysis was employed to detect
the differentially expressed genes, and 545 altered specific mMRNAs were identified,

among which, BEX1 gene may be involved in FMRP related signaling pathways. Our
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study will refine our understanding of FMRP’s signaling networks and provide the
theoretical basis for the establishment of candidate schemes for the FXS therapy.

Keywords: FMR1; FMRP; FXS; cryptic exon; alternative splicing
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1. BeM X ZEEERSE

ffatt X i & 1E (fragile X syndrome, FXS) A& WL AE 4 2 7 B e e
Wi, IR RN AL AN SE IR AR 2ol 5C B AT . He Wy
EMASMER, FRATMRM, @S, PERH. BEEEEN. ZmRw
HA WSR2 5, HAE TP H AR R 208 1/4000, “ZL1EZ)05 1/6000, £
99% FXS HIA AL Z H T X Jeffh K8 | FMRL (fragile X mental retardation
gene 1) H:[A 5IE#HEIX CGG Jpalmw 41, HEHHIT 200 i, 5/# DNA
I CpG R AR B AN BRI DR e ST R, BRI e X IR &
1 (fragile X mental retardation protein, FMRP) ik i/ a3,
1.1 FR1T EEFN

FMRL ZEPUAHENE X ZR G AL SBOR AR, 1238 RAE 1991 4 H Ik b, &
fF Xq27.3, £ 38Kb, H 17 MMNETH 16 NS TAHA, FiS—Fh oAl 6E
5 RNA. EHA BB AL GRIEFEMEES, 7 FMRP. BH5EY], FMRL
CGG EHEH SR K R EY] . 2 CGC HEAEIT 200 I, FHMME X 47
Ak CGG EAEHAE 55 F 200 Z ANy, FRVETRAE, SIEFMEILGH RN %
PEIIEL RN, CGG EAMUKT 26 1, WAk LE B, LM IR IR A K
TR KA CGG B A M Kt X 4 (35~54) W, 5UPH M5
P EARm thg — ek RO, FMRL R AEY e m AR <r, DRk CL A 7 2
SRR BITFT FXS, e FMRL 3 KRR ER /N B L 5 FXS i N SRIURI R
PR,
1.2 FMRP B/}

fatt X & IR FEA (FMRP) RIERH/DEERER M X 5G4 (fragile X
syndrome, FXS) HIRBALHIHFEREZEIEH . ZEETZ— RNA 45554,
5 RNA [%e55% . 873 KA Tl B DA OC, R EAERM T MM 545
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S SR EEEMS. FMRP WAL AL PG £, AR
i AL N EEL, FMRP S45 L RNA 258 ThRe: 2 4 KH 4ifig (K
Homology domains, KH) , Zr5lH4MNEF 7-9 A4 F 9-13 4mht, FEEEH
“kissing complex” ] RNA % & 80 58 H “ACUK/WGGA” 41 (1] RNA &5 4101,

1 /™ RGG # (aginine-glycine-glycine, RGG) , H4M& 7 15. 16 %wid, =&
FMRP 454 mRNA R G DU IBeAAR 45 44 (1 5 X k02 — AN i 5 (nuclear
localization signal, NLS) F1—MZ#i {55 (nuclear export signal, NES) M3, 73
AALT FMRP (58 115-150 AR Fr 51 N LA K AT 14 Fhd I 2 5L R Fr 51
I WA AN EAAE 2 58 R 81

1.3 FMR1 BERFTIEBI %

H BB 7 & AR AR 2 Bl 2H 21 b m] RIS A AE T LM [RDE A8 FMRL EE R A]
ABIRAR, HOAE WHZSMNE T 16, 17 B Sk ANE 7 12, 14 (RS
B ERAE 5 R A B R AR S AU AR I, B R Y R R A i
WA B PEAA Z57 . FMRP SEE A 128 (1ISO1) By FMRL 2 K 4 i 1)
EREEMRNETE X B RESEH, BFRENRERZ ROV X 2561
HR AL (HAE DGR AR, (EANALZA DL 1SO17, RpAhEF 17 3 8
P R IR BB R E ) N (5 54%) , T 1ISO1 BYBY =Rk EE R
&, & 7%. [FRF, Ding 35 ARSI e B -y SR 70 M 1 414 FMRL $: [
RSB SR, 5 LRI, FMRL ZERIAME T 12 BB PEn 2 85452 5 99%,
ifi FMRL &[] 1SO1 RUmAD AR A (5 1%. Sittler 1 Gibilisco M| & ¥ 1SO17 Al
1ISOL 76 A fA rfr ik 3 i 24 i 1), et FMRY 66 PR AT 48 B 332 7 4 W (A 4R
TR, fEARUINAZ T, FMRL EHE e E W& H 4N 7 12, WfE
AL, R LB B N AR T AR T 12 MBkERD, SRR AR
[ B B WAL 2R, T AR 8407 Xt 2008 KA B+ 12 iR B 515 L&Ak
B 17 AL A RER . Rk, FMRL FEKTEA R ZH 43 A L B A H
X LT AR B AL S AR ] R 5 AR KRR & % DA 9%

1.4 FR1 EETTEHIENENX

FMR1 JE R a] A8 542 ] GE 1% FMRP A M0#Thhe, S5tk X 281
KA. 1802 ALY 1S03 B HIHRA M4l RGG X, 1M — X2
FMRP iEH 5 &H G WA mRNA Z5& R, H 1S02 B BTHEAL sk AR

2
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T 15 ML, FR T REMBERA A (Ser-499) , Fli2 FMRP 544
JLF) mRNA 568677 N R, 1S03 BN E K T 258 A F A OS2 L1,
IR FMRP M 5K AE B . 1S04-6 A1 1SO10-12 B kA4 1 AT 14 HIBkER,
SERHHESER, XA FMRP HARMACRAELIZ R, ATREsl ks
FRIREE S . FMRP 1SO7-9 BRI AR A: TAHME T 12 B, 52M T KH 4544
5 RNA 455 . Bbah, 1S01-6 21, 2wt KH2 SEieIs it i X I, 5200 FMRP
5 RNA 454 1R S R s A1 R ) FMRP B 132 5 4 1A A [ )
RNA 26680, MREANRIERES SN HE S SR, BE TIKE
[RIAE 2238 Lo 50%-75%-15 141 28 5 G0 AH 56 Jk [R] Ff) P AR B 42 2% 5 00 2 el o i
OO g fubmay SR RPO), SR P DL B o 22 I A 3120 i A2 FMRL A
IR RGP O, @i AT AR BYHERE A 7= 20 2 Ah S i 2R ME T Re
PR ) FMRP 8732 R R4, FMRL 38 B ) AT AR BT 4 25 52 FMIRP 45 K3
B, X LE B B AR FMRP A ST BE 2 LA K 5 5 FXS $i R AE 15y
THLHEIAERE o
2. FMRP HHIERIZAIHLE
2.1 ¥0mRNA B2 FMRP £ 51081%

R FH JR RS P AN R = 0 A0 S EL A %858 T 400 2RI LLAT FMRP 454 1)
MRNA P2 55 %3, FMRP 5 mRNA 454 FE@ I AR 2 Fhoy i § 13%
(1) FHIBIFREIEE 5 elFAA-elFAG-elFAE (elF4F) B, BHRHIARTEZ
AW MRNA TEETE 5 BRI mGpppG 454, BEJG m7G iE 745 it & 45 & 8
PEEUAIN T 4E (elF4E) RSB elF4F B89, HERBAITGEARM
E ™, FMRP [1#E mRNA 324 CYFIPL, {R1{# elFAE 52 454, B
FMRP/CYFIP1/elFAE B &%), PHIEBIBER)EIG. WIFERY], elFAE A1 CYFIP1
MIgE & SRR 204, 24 FMRP (% mRNA U1 MAP1B. Camk2a X
APP 2R R R IR INEE, BTN CYFIPL MBS, (2) B
MiRNA-RISC/FMRP H &Y. X—id 2 iEid RNAI KNS, FMRP 5
MiRNA 54 45 0E & WkiE, {5 FMRP A5 RISC K&k Argonaute2 Al
Dicer 454, #3152 mIRNA-RISC B &, i BLE 2R 5% S AR 4 il
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