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B E WMRIAAZEREFAARLASG - AAZHLE A—-FAAHNAKELZT L SHaRZSEA9LAALER
HEEY. 25 A A NMBEARITE RS GRS K54, # B8 RT-PCR # KM 8 C57BL/6J AR ik Tk & M 48 % RNA
PEMHFHH LK MR-1 28 (mMR-1), 42 X GenBank, K & §(AY209972), A #l 4 HiEW L5 A% MR-1 A B (hMR-1) B f 1
A90.1% . #3kf ik &R pPIC9-mMR-1 & # 1t Pichia pastoris GS115, ik it 8| &4 55t R ik mMR-1 B @ F e sr 4 B sk, &
EAMEOSTE2KD, FFSdH A FE % 0mg/L,iB it Western blot BiE T AKX A 2 HH , AFR SR - FHELHA

BMR-1 A Fohie E 7THa

E@E MR, LES R, 248
TESES Q18 XHEERINE A 3 B 45 S 1000-3061(2005)01-0025-05

Abstract  hMR-1 ( Homo Myofibrillogenesis Regulator 1, AF417001) is a novel homo gene, which was firstly cloned in our la-
boratory . The former studies revealed that hMR-1is a transmembrane protein which shows protein interaction with sarcomeric pro-
teins like myomesin I, myosin regulatory light chain, 3-enolase and some eell regulator proteins such as eukaryotic translation ini-
tiation factor3 subunit 5 {eIF355) and etc. In this work, we focused on cloning the homologous gene of hMR-1 from mouse
C57B1/6] and exploring its expression using Pichia pastoris veast system.

Two pairs of primers were synthesized according to the hMR-1 gene homologous sequence on mouse genome chromoesome 1. The
mouse MR-1 gene (mMR-1) was cloned by PCR following the first round RT-PCR from mouse C57BL/6] spleen total RNA. Se-
quence analysis verified that mMR-1 gene and amino acids sequence showed 90.4% and 90.1% identity with hMR-1, respec-
tively. The prediction of hydrophobic transmembrane structure of mMR-1 suggested it is also a transmembrane protein.

The mMR-1 Pichia pastoris expression vector pPIC3-mMR-1 was constructed by fusion of the flanking mMR-1 ORF in the pPIC9
plasmid . After linearization of pPIC9-mMR-1 with Sal T , the 8.5kb DNA fragment was transformed into Pichia pastoris GS115

strain by electroporation. GSI115/Mut” pPIC3-mMR-1 iransformanis were selected on minima! methanol medium. Integration of
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mMR-1 gene into the veast genome in the recombinants was verified by PCR from the transformants total DNA. The mMR-1 pro-

tein was expressed by induction under the concentration of 0.5% methanol. The specific induced protein of 25 kD molecular

mass in SDS-PAGE was confirmed to be the mMR-1 protein by Western blot using hMR-1 polyclonal antibody. The expression

level of this recombinant mMR-1 protein was about 50 mg/L.

The successful expression of mMR-1 in the Pichia pastoris GS115 will facilitate the further functional analysis of the novel gene

MR-1 in animal model.

Key words MR-, cloning and expression, Pichia pastoris

ARUEERRIETRA T - EEFE
MINEEM ARFEDR . E N AN R REYE T,
hMR-1 { homo-myofibrillogenesis
AF417001) " . HEEH 426bp H A, WG 142 M &
HEg. &8 —Bd 17 MEERE R KERE
K. REFHHEACORERETRGRIHE
#H3 & (4. Northem blot & hMR-1 7£ & &8 L. .0 AL
FTERERREL:HRRHUZESSNAWSEET
ofE F PR R R ALER B (1 E A L Myomesinl
B E O ReE RS E A MRLC2 B BBk B A
HE/EA. WE MR-1 EOE S B AR RE
Y F 3% 5 T4 elF3S5(initiation factor 3 subunit 5)
F— & H Ras GTPases,pH FI & $#16 M9 AdGap &5
MM AR IIEE A MRIPI BEEHEER. X
RN MR-1 A BEE AL PS4 48 BT T R B A
Tﬁ%ﬁﬂ]ﬁﬁ%ﬁ%f’?ﬁq” - B H myomesin a8k L
M B R 4T, 5 ALER B A (myosin) FIULEL F B
(titin) — R HF M EWHLEHER S MHREAR
HESEESO(MRLC2) 2 M AR/ SR BN
e, B 22y B 1S L E B B (MAPK) #
EOHB B EA RS P RCBER, IV
MBI AL 3 [ (actin) F P LB EERAS,
B A I8 7E O ULIE K B 3 bR i ) MRLC2 & [H R
TES . WEAMES SN AR EEERE, ]
FABRASHAMALEMRREMET . XegR e
MR- REAEMARFE LT REENHELF
. FfEgEARERETFSMENRERTR" .
Hi, AR MR-1 ARG S fERPLE MR
FEEMRILSERE L. AUREESGDRE
MR-1 3 H, mMR-1, 3 76 Be AR BE B} R 48 P A Ho#E 1T
THRMEX, S EEDHYKEHHRE MR EH
MINEEBEE | B

1 HEfirE

1.1 ##
1.1.1 A% EERERRY . EREEERELR

regulator 1,

Bi° : Pichia BER} GS115 . RIFH K pPIO9, FFESF
BYE4EM TEMANIHEOHREERE. IR
CSTBLG] A P EEXH#FRIDAER KELR
EILZ R T

1.1.2 EEAR ML B HEAAL L RERN
A MM (Minimal Methanol Medium) .MD (Minima! Dex-
trose Medium) .BMGY (Buffered Glycerol-complex Medi-
um) .BMMY ( Buffered Methanol-complex Medium ) 15 3%
IR B F A B 45 DNA B B i FD B RNA
REGAT &M B Promega 23 & ; RT-PCR X & 4 In-
vitrogen 2% Bl 7= £ ; FR ) B . T4-DNA % H# 8 | LA-Tag
B§M B TaKaRa 7> 7}, R $t hMR-1 EH £ W &
B A L = Hl &, F 5% gG-HRPECL Kit B R
Santa Cruz A& . HHE RPN &MY H BioRad 227 -
Hy iRy == st 0 28 4. Alpha Imager2200
BB BASM A Alpha A F); EQH AR KL
GENE PULSER 11 f % fL {{ 24 BioRad % &] 7 fir;
PTC200 R X A M 22 7] .

1.2 HiE

1.2.1  AEWE S5 o 8 [RE 7 51 b3Sl 5f NCBI
(http://www . nebi. nlm. nih. gov/BLAST/) It 5 #% # 17,
FRSRMHIEE Y GenBank. FEFEE /DR RAEK -
MEMELS DREREREERERFIERE. &
& p 4k A3 B aE A ExPAS_v(hnp://us.expas_\'.org/)
1 SMART ( http://smart . embl-heidelberg . de/) IR 5 4%
PEAT . B E B S M TN A IR O K Mt o
HI1E 3D-PSSM Server (http://www. shg. hio. ic. ac. uk/
~ 3dpssm/) Fl TMHMM server2 .Q{http://www .cbs.dtu.
dk/services/ TMHMM-2.0/) I i# {7 -

1.2.2 mMR-1 R KM FRERAHE: DR
CSTBL/6) MG R T 3 U 20 M2 73 %5 F1LE RNA R EUT 5
e Bt & U A T AR S hMR-1 R0 5 B T
H B R PR3 H mMR-1 /) cDNA PR8I & R 5
.59 1:5-ATGGCGGCGGTGGTAGCTGCT-3"; 514
2: 5'-TCAGGTCTGGGCCCCAGACCCAAC-3Y . RT-PCR
8% {F R S0CIRE 30min, 94 CEHE 2 min, KT

© PERFERMEDFRAATIKSHEEL http://journals

im. ac. cn



FAGMF MR- 1 BANEEPEEFRET S HEDR

27

UTE #f 155, 55C 30s,72°C 1 min, 40 M IEH )5
NCHEM 10 min, ¥ B A BB B, 2 T Hiék
REEMF., BRERREIFIIMERBERER
Pk pPICO M £ R RE O s RTS8, 51 ¥ 3:5'-ATTA-
GAATTCATGGCGGCGGTGGTAGCTGCT-3' (& EcoR 1

fi); 319 4.5 -ATATGCGGCCGCTCAGGTCTGGGC-
CCCAGACCCAAC3' (& Not 1 i), PCR &N
95CAEYE S min, FEFH SHH 94°C 40s,57°C 40s,72C
1 min, 3t 30 &3, R & 72°CHEAH 10 min, FFA3I
Mam k DNA M7 Fl A T AR TR

1.2.3 BEHR%L REMEL FRIE: RFAHRYE
KFEHLBESNR, BLFEN . BE 1.5
kV, 15 25 uF, 1 PH 400 Q. 211 DNA B3 1L
W MD VAR ,30°CH 5 2 ~ 3d EHh sl g, [l
72 MD 1 MM PR 8577 B | X2 0 2% Mut® (Meth-
anol utilization plus) R R HI L ¥ . PEIBES LT
HETEER MD B3R 175 5% R ALE DNA, F 5
M1,2H#TPCREEHFHMNERNES.,

1.2.4 EESFIEFHERMNBERRL HHEER
EH TR R TREMNT 30 mL BMGY H 3 E A,
NCEMBERE A, 58 1.0, HHAEERE T30 ml
BMMY 3 35 30 CIRFH 55 3% 5d. 8 24 h #hn i
MEZWERO.5% , FBIZFYEAE ol F>, |
WiN=F R EZWE R 20% , 10 000/ min B> 15
min JLIEH B, A% ERE #17 12% SDS-PAGE
.

1.2.5 FIEFYH Westemn blot 487 1 BE G F A
8 mMR-1 E (14 12% SDS-PAGE # ¥k J5 , I8 B &
PVDF J& 4 CHAME . FIAFRLRZHEH hMR-1
BHRZAEHEEN 1,100 FHREBEE ZIRIE
A h, BEBE 3 K, 8K 10 min; B LLEH R 1gG-HRP
K ZH,5000 ERBEEREA 1 b BRBE3 K, K
10min; H] ECL Western blot i 7 & #4580,

2 %%

2.1 mMR-1 BENRE

e /N C57BLY6) BEAE T M E 4R, 12 B A
RNA, LAE RNA N8t 8509 1.2 #17 RT-PCR
PHBA — K AKNA 450 bp WEHBER., BiL
DNA F B G LA 4R, Al 1.2 51T B K
PCRY M BIFEEMRER~P, HE 1, #5337
) cDNA F R TEIE 2 T #|ARSEATINF , 5 RE W, 5
/R cDNA K BELE 429 B H 8, X B 45 75 142
TEER. EREEIIEH, &R cDNA 5B

AMA T MR-1 2 H (hMR-1) ORF 429bp FF %] 5] i #
ER90.4% BH4 3R F . EMTAHARI BRE
& NT_039170.1,5 hMR-1 B/ B FARMEEHA
EMEOARE e B RS B 5 R SE B b
B MR-1 23, #7 % 5 mMR-1, # 3% GenBank, il % 5
M AY299972,

I mMR-1 £ RT-PCR §" 1 =476 3%
Fig.1 Electrophoresis of RT-PCR of mMR-1 gene
1: A-Hind[l digest DNA Marker;2: Total RNA; 3: RT-PCR product;
4: PCR product; 5: 200bp ladder DNA marker.

2.2 mMR-1 FiaHMNEBEARSHEAN

f#f Fi LALIGN ( http://www. ch. embnet. org/soft-
ware/LALIGN _ form. htm! ) 2 FF ¥ mMR-1 7l i & 3
FF3)5 hMR-1 #AT A 47, R BB & B Wk B
90.1%, A UM EERER , HPH 8 TAHRKE

EMERF, A2,

Majerity MAAVVAATAL KORSARNARYL RGO LAGATANKASONAT RAL OSHSSPEGK

1* » L] -» "
2] CerieTalavii i as e resaRioeariinlaiaic i e W
L 2] B L TERTE N TSy
ey EEPEFLSFELEVI P LAV OF PESI LLFVLTKQEVDKD

o ™ L] " -
L renves Feessecusnrinrnn caalid iuiRianas M8
L T Pavhesaverem R TS Fo¥o.cQiooa. 100
Mapery AVKOMKARQMMRVE NTOEYESQRFRASS QS AQSPDVOS GAQT

" i " -
-1 B Lirsasnaensrens ;153.3?*':-}.‘-.1 4
- B . A T ir JOE B AL 4

A2 mMR-145 hMR-1 &8 5500 6 5 i
Fig.2 Protein homology analysis of mMR-1 with hMR-1

The different amino acids in mMR-1 and hMR-1 proteins are shown in box.

# mMR-1 & H ¥ 5 £ 3D-PSSM Server f TM-
HMM server2.0 L3RI = EMMTIMmEL R
Bk, BB mMR-1 BETE 75 & 2 N EER
WEE—THBHRKEBELHEE(E3), 5 hMR-1
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BEMMY, H N oMR-1 RN —FEATHE  REROREA.

[ TMHMM posterior probabilities for Seq
- '\5‘1’ 12
A N y 10} B
)
o2 208
Ty > B g6
f’ r;:-"ﬂ -g
= FR & 04
"\‘L‘_ N 02
~ 20 40
.\,’.‘ transmembrane —— inside — outside —

3 mMR-1 EEMFMMG 3D HRLH

Fig.3 3D structure analysis of mMR-1 amino acids sequence
A: 3D-PSSM analysis results of mMR-1 15 - 132aa protein 3D structure, colored region represenls the transmenbrane region; B: TMHMM server2.0 analysis

results of mMR-1 protein, a

S

2.3 mMR1 BBRESEHEBNRGZEED
7

FIFWHWESH oMR-1 REM T HREF R DNA
SRR 854 3 4 T PCR KB P E EcoRL
A Not | BRI A mMR-1 TR GBEHE, &8
) G EWaE D N M S B ofactor 53 I8ME 5K
f mMR-1 354 & pPIC9-mMR-1, ¥ J¥ ik B /¥ 5 ¥
HHEE#, pPICO-mMR-1 iR £ Sal 1 BEGINEHE
b J5 B B2 1 W, e i b e R BE TR GS115 BB
#£ MD A1 MM EHIE R FRES B His™ Mu” £
RIS Tk, RS TETEERL DNA,
MEIY 1.2#fT PCRESE, HESPERAHES
A mMR-1 %3k 5 H§ % 6 T GS115/Mut” pPICS-
mMR-1, 10 E 4,

t was predicted from 75 to 92 amino acids.

2.4 mMR-1 EANRE

BEFEINEARTHILTIZ 1.2.4 TR
FEHEGESEE. NE I XFHSHBEH#TE
Fk, B EARSAREN 0% ZAMRLHE
BEE,SFHERGEIMARARKENRAR
Smin, #T SDS-PAGE Rk /3 #7. REBMEQ 2
FEF25KD, A5, ZEBRKEAHIT. B
5K mMR-1 EASEHEEAN30.9%, &
EHEEREAERE RN 160 mg/L, B HiE
S5 5 Xt mMR-1 EH” &4 50 mg/L.

- -«—25kD

bp
bp Bl 5 SDS-PAGE #+#7 mMR-1 BHTE
1000-> EARBE GSNS5 R RE
450 Fig.5 SDS-PAGE analysis of mMR-1 protein expressed
200—> in recombinant Pichia pastoris GS115

B4 PCR%%E mMR-1 EHKES
Fig.4 PCR analysis of the integration status of mMR-1 gene
1: 200bp ladder DNA Marker; 2: GS115(Negative control) ; 3: GS115/
Mut* pPICO transformant { Negative control}; 4: GS!115/Mut” pPICY-
mMR-1 transformant .

1: low molecular weight protein standard; 2: GS115/Mut* pPICO ( Nega-
tive control); 3 ~ 5: GS115/Mut® pPICS9-mMR-1 (induced for 3,4, 5
days) .

2.5 Western blot %4

FAGRY MR-l ERERGRMEARE
GS115/Mut” pPIC9-mMR-1 2 F S A B L HEEHO,
M@ 6, H F mMR-1 f1 hMR-1 & A R R # & 5
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90.1% , % 43 hMR-1 & 8 8 & (89 & 5 B Hi i 0t
mMR-1 T Hi#5TF Western blot, R 8-~ HE B®E
Rt R B

1 2 3 4

B 6 Western % mMR-1 EHTE
A% RME GS1LS PHERIE
Fig.6 Western blot of mMR-1 protein expressed
in recombinant Pichia pastoris GS115
1: the yeast culture supernatant from GS115/Mut* pPIC9 (negative con-
wol);2, 3, 4: the yeast culture supernatant from GS115/Mut™ pPICO-
mMR-1 induced for 3, 4. 5 days, respectively.

3 W ®

EFA KR AN BESSEHEYEAAR
BEMMFER. ZEHAEYERETHERH
H-SHEESTEYFHEARECE N —FRE,
HEWERARM BT REFERGEE" , &
BR3EE 4 3 15 B ¥ A MR CSTBL/6T 3 AL
BT A S, A/ R T 41 5 RNA
REFER THRIE MR-1 2£H, i 4 H mMR-1
(AY299972), ALRRATHKY HEH Tk, B —
# RT-PCR |5 3515 H ) 7= P 4l & 50K, M T e iy
FHES RNA B AP EHEHMER ¥ BEEEMN
BLOEMH R PCRHMEEHF—EP 1, KE
AH—-SERERENBNTY. MFPEREST,
ZB MR-t EMFARE 1 SHAHK E, 5 hMR-1
EEREH 3INIEFHER, HEREEE T
90.1% . FAREERENA DR MR1 BT
RENERAHMH LS RER MR-1 BEEAN /D
BORR B4 BGEEARSEFI, 7R 8.
B EGHEAEY HEWP A AGHLFS, R
A MR-1 EEA R THASD S,

HRERRENLARRRE MRS E K ERN
SMEEARESRE, o R BRI IEAHE
%,XEHE H. Polymorpha . Candide Bedinii . Pichia
Pastoris — 9, o P R B Pichia Pastoris YE A A
EEFHERE N EY . oMR-1 EOREATRN X
B, ZE 1 75 F 92 fir W E B b & B FF 4 — B 7K B B
WX, 5 hWMR-1 — B, G E B FRIEHN —Fh
BEO, U THMEE, AR oMR-1 B

—MELSRBEAL, BB IR KEKERLES .
mEKREBRASFEN, EEEERESHRED—
BUPEARERENERAFE FEREANEK
BEAEEME, B2, 8T oMR-1 EEASFH A
BE,pl=103, MELESEAELBRTHEREN
pH E WMt XEBEMNEAWHERM, F A6
ERTHELAERTNER AN TEARRE.
ALK F) K BE Pichia pastori ¥ mMR-1 & H
LT A EE, FTRAHN oMR-1 BB A Westemn
blot B iF B A% e Fn & A oG, AR BFSE Rt — 2
%t MR-1 R & AR EE T HA

REFERENCES( 2 # 3t i)

[1] LiTB(FEXM), Liu XH(XIFEH), Feng S(GH) eral. MR-1,
a novel gene in human muscle. Acta Biochim et Biophysica Sinica
2004, 36{6): 412 - 418

[2] LiTB(ZEXH). Feng S(IB%), Hu Y(WH) o af. Studies on
a novel gene MR-1 involved in the regulation of muscle contraction
by yeast two-hybrid system and proof of their interaction in wiro .
Journal of Chinese Biotechnology (P E B I HZLHMT),
2003, Supplement 20 - 21

[ 3] Grove BK.Kurer V,Lehner C et ol . A new 185,000-dalton skeletal
muscle protein detected by monoclonal antibedies. J Cell Biol,
1984 ,98(2) :518 - 24

[4] SuimF, Ueda K, Iwasaki T et al. Activation of actin-activated
MgATPase activity of myosin II by phosphorylation with MAPK-acti-
vated protein kinase-1b {(RSK-2) . J Biochem ( Tokyo ), 2000,128
(3):435-40

[ 5] Iwasaki T, Murata-Hori M, Ishitobi S er af . Diphosphorylated MR-
LC is required for organization of stress fibers in interphase cells and
the contractile ring in dividing cells. Cell Struct Funct, 2001, 26
(6): 677 - 683

[ 61 Poeter K, Jiang H. Hassanzadeh S et af. Mutations in either the
essential or regulatory light chains of myosin arc associaled with a
rare myopathy in human heant and skeletal muscle. Nat Genet,
1996,13(1) :63 - 69

[ 7] Fougerousse F, Edom-Vovard F, Merkulova T et al. The muscle-
specific enolase is an early marker of human myogenesis. J Muscle
Res Cell Motil , 2001 ,22(6}:535 - 544

[ 8] Clemens MJ, Bushell M, Jeffrey [W e al . Translation initiation fac-
tor modifications and the regulation of protein synthesis in apoptolic
cells. Cell Death Differ, 2000,7(7) : 603 - 615

[9] Cregz IM, Barringer KJ, Hessler AY et al. Pichia pastoris as a
host system for transformations. Mol Cell Biol , 1985, 5(12}: 3376
- 3385

[10]  Sudbery PE, Gleeson MAG. Molecular and cell biology of yeasts.
London. Blackie Press, 1989

[11]  Bashiardes $, Lovett M. cDNA detection and analysis. Cuwr Opin
Chem Biol , 2001, 5(1): 15-20

© hERMERFEDARAATIHKSHETS htto

journals

m. ac

cn



