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Abstract; To study the structure and biological function of the human mitochondrial transcription termination factor
1 ( h(MTERF1 ). Many bioinformatics methods were used to analysis physical and chemical properties,
hydrophobicity, transmembrane region, signal peptide, secondary structure, functional domain and assortment,
multiple alignment, phylogenetic tree and three-dimensional structures of hMTERF1. The results showed that
hMTERF1 was hydrophilic protein and the calculated molecular mass was 45.78 kD and the theoretical isoelectric
point was 9.49. No signal peptide and transmembrane regions were found in the protein. h(MTERF1 was localized in
human mitochodria, and the N-terminal 1~57 amino acids were transit peptide. Main composition of the protein
secondary structure were d-helix and random coil, and it contains 6 MTERF motif. The three-demensional structure
prediction showed similar results with secondary structure prediction. The multiple alignment and clustering analysis
showed that hMTERF1 is an orthologous protein belong to MTERF family, and has high similarity to Pongo
pygmaeus , Rattus norvegicus, and Mus musculus MTERF1. The bioinformatic analysis will be helpful for the further
study of the function of hMTERF1.
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N AR S 52 11 [N F 1 (human mitochondrial
transcription termination factor 1, hMTERF1 ) J&
MTERF & 0% & B . W5 SR A — N 2R
FIT, 1989 4F Kruse S¢7E N2l Hh 43 25 i AL 3] —
AMEFEL R DNA #5552 111 DNA 45584, %
A S L kK DNA | 16S RNA 3£ [H 5
RNA" U0 SR 43 AR i — Bt 28bp PN FE 45,
AT 48 28 11 2ok R B B R A B 5 1993 4F
Daga 5 N X — 8 [ 4 44 S 4o IR I S 2% 1k
T ATk BT AT 2 AE A2 L e A
SR T e i i B TR R ) & 5, 40 MTERF2
MTERF3 1 MTERF4, A 1t 88 76 35 3 85 % 25 AR N
MTERF17

MTERF & HAZGEIA 4 DSR2 AE TR
A SRS AH E RS TE B B R IR AR
FUT 7 Bl AR A % St I 45 AL i A A2k
LRI IR IR AT, SRt s 1 IR T2 1
KR 58 Bk B 5 R AT EM, AR R,
MTERF1 £77E T A28 P8 KB/ 2L s
W, S 50 2 BN A B R, angok RSN A
A SRR SR AR AT MR A0 S A R 4
ARG I S PR T I R B RO R

HETC 2% hMTERF1 LR T AKE 7 5
PR 7q21.2, 5F 5 MMEF R4 MAE T, 2K
cDNA J¥51 4 1 968 bp , Zihs—~H1 399 P2 SEFR L
AEA R ARSI, AR A E R
207 A T HAF hMTERF1 8 [ F 51 9547 2 52 1 15
SR BN i 0 i =l = N E IRVARA B 7/ I N P S NS ST
( National Center of Biotechnology Information, NCBI)
B N 4= BR 25 E 98 R A4 )% ((Unified Protein
Database , Uniprot ) £ 1 5545 2 Hk 2% 21 1) 2 AH:
EYF MTERF1 & H 2, 70t hMTERF1 2 H /Y
FILTRAI AL FRACYE T, 9S54 D RE 45 H Sl fn =
RAHIEE B RIS XA R YA MTERFL 28 1Y
GNHEAT 22 8751 Ho IF A 43 1 AR, LA 4
JG 2P I REAR AR YIRS
PR

BRSO

1.1

s R UR T [ bR E M _E NCBI Al Uniprot
BB PE R B &M S TR 9 A MTERFL #Y
R S LR IF ) (WA 1) .

K1 REXELWETANAREYT MTERFI ERFIIHNERS

Table 1 The NCBI and Uniprot accession numbers of query sequences

Py T4 A BRIT &R EEV R IEeN R Uniprot & fili &

A2 Homo Sapiens XM_005252594.1 XP_005250651.1 Q99551

bl Pongo abelii CR859284.1 CAH91462.1 CAH91462

KE Rattus norvegicus NM_053499.1 NP_445951.1 QI9EPI8

JINVER Mus musculus NM_172135.2 NP_742147.1 Q8CHZ9

Sl lE Tetraodon nigroviridis CAAE01015022.1 CAG10806.1 CAG10806

1.2 Fi& F2 EWEEREWROEEEMRER L

hMTERF1 #& [ #9224k M J5it >R 4] Protparam  tool
BRAF I 5 327K/ B K R ) ProtSeale tool 441
TR, 22 3 R 43 {5 2 3% | HpHob./Kyte and
Doolittle ; 5 5 X 35 fiff | TMHMM Server 2.0 343847
T 5 155 BAoR FH SignalP 4.1 Server 244 Fl ; 25 H
J5 040 i 5 3 5% FH] TargetP 514 WoLFPSORT %k {4
F1 PSORT WWW Server H1 1] iPSORT prediction T.E
AT 43 B B F B DI B8 43 252k H ProtFun 2.2 Server
BAFSEAT I ; — &5 53 53>k F§ SOPMA (GOR 1V
H PSIPRED #4774 s 45 A9 DO RE R 1T SMART
AT ; = AR T R ) SWISS-MODEL 4 f4-3
AT EIR A, Z2 8 75 X R Vector NTI 11.0 #&
AT RGE R BRI HE R MEGA 5.0 3417,
B AELR ST AT AR A 1 Xl DL 2.,

PSORT WWW Server

Table 2 Online database and software of bioinformatic analysis

BAFA R P
ProtParam tool http : // web.expasy.org/ protparam/

ProtScale tool

TMHMM Server 2.0

http : // web.expasy.org/ protscale/
http :// www.cbs.dtu.dk/servers/ TMHMM/

SOPMA http : //npsa-prabi.ibep.fr/ cgi-bin/secpred_sopma.pl/
GOR IV https : //npsa-prabi.ibep.fr/ cgi-bin/secpred_gor4.pl
PSIPREDServer 3.3 http : //bioinf.cs.ucl.ac.uk/psipred/
SMART http : //smart.embl-heidelberg.de/
SignalP 4.1 Server http : // www.cbs.dtu.dk/servers/SignalP/
WoLFPSORT http : //wolfpsort.seq. cbre.jp/

http ://psort.nibb.ac.jp/

ProtFun 2.2 Server http : //www.cbs.dtu.dk/services/ProtFun/

BLAST hitp : //blast.ncbi.nlm.nih. gov/Blast. cgi
SWISS-MODEL http : //swissmodel.expasy.org/
RasMol http ://www.rasmol.org/
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2.1 hMTERF1 &/ IEWE R

TE GenBank {1 Mt 1) AMTERFI 3 H fU %
1 200 bp ) FF % [ 12HE ( Open reading frame, ORF),
it 1 AN 399 AN E SRR A R B i, R
Protparam tool 32X {41 hMTERF1 £ H A9 # Ak : ,
HEDZ 25 B 53 F 3R C, 0 Hy 05 Nugs Osgs Sis, 5 FRL
FN 9.49  MXT 4y F iR 45,78, AR S 4L 54.27,
AT E SEOWEUELE 40 LI A RBREEAN

[
S N

RIEIR [ 731 (%)

2.0%2-3%

(= S e

Ala(A)18  Arg(R)26  Asn(N)33 Asp(D)16  Cys(C)8  GIn(Q)9 Glu(E)25  Gly(G)IS His(H)4  Tle(30  Leu(1)53  Lys(K)31 Met(M)10  Phe(F)23  Pro(P)12

brife, ATHfEE hMTERFL ARFEE & T, Bk
MR TER AP PR T (2 2 101 30 /i, il
OIMTIZEEIN G i A A SRR & B, hMTERFT 2 1 i 20
PR FLFRA A, Leu .Ser Al Asn & &8 % , Hib Leu
A 13.30% , AHX S B0 A SERR N His
F1 Trp, iy 15 H ff 19 2 FE R % 2 (Arg+Lys) B 5K
57 A, T far 1 2 LR Bk AL (Asp+Glu) Ty 41 4
(W 1), 8K R (Grand average of
hydropathicity, GRAVY) Si—-0.201, Fitii% & 1 R 5%
KEEH,

13.3%

Ser($)39  Thi(T)I8  Trp(W)5 Tyr(V)7  Val(V)17

1 hMTERF1 ZERMSERAR 5
Fig.1 Amino acid composition of hMTERF1

2.2 hMTERF1 K ERXIES5ES KA

A P14 B2 R DX 358 = B I PR 7 8 1 R 4
PR ARG & B3 07 . FIH TMHMM Server v2.0 7
LA XT hMTERF 5 1 B 85 158 X 350 A, 45 51
7R 2R B 5 TR TiE R ( Number of predicted
TMHs) & 0, 3X W hMTERF1 A 2 5 I 8 (4 i, 40
WG UG B i B b iR N R VR, 5 905
HIE 9 WMTERF1 & FRDIRERHM & (A 2) .

SignalP & —™ 5 5 Ik B 57 U137 i i F0) T

TMHMM posterior probabilities for WEBSEQUENCE

B BRI R X 55 R 3R 5 5 Ak,
F— AR LRV DI, C ERAR 5 K
YIRS ME, S 255 IRHE, Y (E/2H C fHF S
HEZR G BB UIAL s 0, T SEORG o M 0
SHKEEI A 5 SignalP 4.1 Server 1££E %K
EFI mean S score {H-N 0.162, 4K 4% mean S score>
0.5 A REHIIET o 73 Wb 8 F1 R A5 1, 01 hMTERF 1
HHARAF SR, X FAE U E & — R e 4 A
BRI E A (W 3) .

1.2
C
1.0 £ {A
} 0.8
= 06
:i‘ 04 ABENRIX transmembrane |
= B:fE N inside
0.2 C:JIEE4h outside
0 B
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IRV B (Position)

2 hMTERF1 & B B EiE 54
Fig.2 Transmembrane region prediction of hMTERF1
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Signal P.4.1 prediction(euk networks):Sequence

1.0 | C—score
S—core
. 0.8 Y~-core
£ 06
<oalt—
g0 Y
Ro2p S |8 1
s T T T TR -C
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IR E (Position )

3 hMTERF1 ZEB{ESKSH
Fig.3 Signal peptide prediction of hMTERF1

2.3 hMTERF1 & B FE K%/ Bk R F 45 4
SEAKE/ B K I A Xt Tt — 2 0 2R
I ) R A5 R S A T BB LA B A 2R
X, R H ProtScale tool #4147 3 K /8 7K 4 il
M, 255 0] hMTERF1 25 H P 2E K P & R
69.98% , M B /K Pk FE R 5 25.96% , 4K 1 46 274

IR R KA N 2.244 R 1 387 i 5Lk
B/NHE R -2.322 (WLIEL 4) o ARG 2 5L R 43 (H Bk
I, SEAK PR SR A ML, FTHEI hMTERF1 2 55 /K M
A, NEAORE | Rk MR 2 T ok
B, U510 e A ke

Protsoale output for user sequence

2.5
2.0 F

ﬁ{ﬁ(Score)

113; 5
Kl W

N

Hp?ol)./l(ylc& Doolittle ——
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IV & (Position)

4 hMTERF1 & B E KM/ Bk 5 2 R

Fig.4 Hydrophobicity analysis of hMTERF1

1 . Z2%0% M Hphob/Kyte & Doolitile
Notes ; parameter; Hphob/Kyte & Doolittle.
2.4 hMTERF1 &8 ZREMTN 55

R RS FEARE AU rh R4
Jir AR S B HE 9 7E — 4 Ty 1) b 5 A R A R
G R T IO 5 40 A B THA R B
GaEty . 2 9R H SOPMA .GOR IV Fl PSIPRED #X
PFE AT 43 B, BOI A9 25 SRR R AL, GOR 1V FI
SOPMA HkJE H s HB & H i a5k, B
AR TS BE 2 AN AR 7 2 0 hMTERF £

F 454 9 45 2R 2 R W, hMTERF1 2 H i
42.61% 1) o~ 2 Ji€ (alpha helix) | 14.29% ) %iE {55
(extended strand ) . 43.11% A9 JCHL W) & il ( random
coil )AL (DLIET 5) [ Hh e 2 iy K = BRI R
o WEE | SEE PR AR T AU 5 it T AL o~ R E N T AR
D i 1 o R A AR A T A T SE
Bl PRAE SRy B K BE , HL& A B-%% A ( beta-turn ) HEE

el

\|
400

i
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-+
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5 hMTERF1 & B KMk E
Fig.5 Histogram of secondary structure prediction of hMTERF1
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2.5 hMTERF1 & 8 £t ThgEig /9 i

S Re R IR AE R AR R S
M S DI RE Y DX, AR i 2 4 AR 1 R A X
FH SMART 7E 28 8 {4 7 hMTERF1 25 FH A9 45 #4 )
RE, 45 R R IZ B AL T 171 ~ 179,337 ~ 348

B DX 2 AR A 44 JE X (low  complexity
region) , fEA T 122~152,157~189,194 ~224 235~
266,311 ~ 341,342 ~ 372 [ X 38 50 S 27 6 4
MTERF &5, B4~ 38 )% i K2 30 2247 & SE 1R
BRIEHL(LE 6)

0 100 200 300

Name Start End E-value Reason
Pfam:mTERF 73 396 3.2e-90 overlap
p low complexity 171 179 N/A overlap
] low complexity 337 348 N/A overlap
| fterf
Name Start End E-value
\ Mterf 122 152 1180
' Mterf 157 189 136
400
Mterf 194 224 31.1
Mterf 235 266 0.0247
Mterf 311 341 23.6

B 6 hMTERF1 S EBFF 5 & 1AThEEiE 5T
Fig.6 Functional domain of hMTERF1

2.6 hMTERF1 ZEMTHAME TN EES K
43998 Fl WoLFPSORT # {4 #1 PSORT WWW
Server 1Y) iPSORT Prediction T.. B X%} hMTERF1 &
FR AT AL 7, AN R34 1 Ao e 5 SR 28
B hMTERF1 & (& 7 T a0 i ki ik vp, 2 5 N
Ui 1~ 57 A3 B IR A2 i A\ SR AR 1) T 5 KT
G, 734k, R TargerP B AFHI hMTERF1 £ [

gl U S AR S T 2 SR e o 3 e S DD S VAR B2 TR

# Functional category Prob
Amino_acid_biosynthesis 0.011
Biosynthesis_of_cofactors 0.210
Cell_envelope 0.033
Cellular_processes 0.030
Central_intermediary_metabolism 0.048
Energy_metabolism 0.035
Fatty_acid_metabolism 0.017
Purines_and_pyrimidines 0.331
Regulatory_functions 0.034
Replication_and_transcription 0.020
Translation 0.071

=> Transport_and_binding => 0.773
# Enzyme/nonenzyme Prob
Enzyme 0.234

=> Nonenzyme => 0.766

Odds
0.500
2917
0.541
0.411
0.762
0.389
1.308
1.362
0.211
0.075
1.614
1.885
Odds
0.817
1.073

K ProtFun #4%F hMTERF1 25 (#4732 6k
o3& FEH D1 RE 432K (Functional category) ' 7N 1% 25
H n] 68 & 5% iz Ml 45 & 8 A Ji ( Transport and
binding) , FEH 44K 5325 ( Gene Ontology category ) i
— PRI ot — P e S 45 ¥ ( Transeription
factor) , 5 SZEF T HE () hMTERF1 & FH A D REAH
FEESL A IO ZS HEE % hMTERF 2 AR H

ARFEE(ILIE T) .

# Gene Ontology category Prob Odds
Signal_transducer 0.205 0.958
Receptor 0.007 0.041
Hormone 0.001 0.154
Structural_protein 0.003 0.107
Transporter 0.025 0.229
lon_channel 0.169 2.965
Voltage-gated_ion_channel 0.003 0.136
Cation_channel 0.146 3.174

=> Transcription 0.219 1.711
Transcription_regulation 0.111 0.888
Stress_response 0.073 0.830
Immune_response 0.011 0.129
Growth_factor 0.005 0.357
Metal_ion_transport 0.018 0.039

B 7 hMTERF1 &EBHIhEES 3
Fig.7 Functional domain of hMTERF1
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PEHUA (Homo Sapiens) JE¥ ( Pongo abelii) K

S ( Rattus norvegicus) /)N B ( Mus musculus ) F14 4 4

( Tetraodon nigroviridis ) 5 ¥ Fh 09 H & [ I&
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MTERF1 # BT R 751, ilid MEGA6.05 %K
A, 435 FH 4 $23 ( Neighbor joining method ) \#t K
18K ( Maximum likelihood method ) A1 fx K fiif 24 1
( Maximum parsimony method ) ¥4t 24t & B W, 45
IR 3 RO AL R RO KN 2 5 X
B TTEAF AR R S8 K B B8 Es (L
I 8), ik LA 5 9 MTERF1 S —A4>4>
SCERE, REAVNE ) MTERFL y—A~ 73 SCRHE,

Neighbor joining method:

0.05

Maximum likelihood method:

0.1

Maximum parsimony method

100 [ 0i|12644536|sp|Q99551.1|MTEF1 HUMAN RecName: Full Transcription
0i[55729462|emb| CAH91462. 1| hypothetical protein Pongo abelii

{QHGSOS%&MlQSCHB.ﬂMTFM MOUSE RecN
100 0i[67460715/sp|QOEPI8.1|MTEF1 RAT RecN

0i|12644536/sp|Q99551.1|MTEF1 HUMAN RecName: ipti
L 0i[55729462|emb|CAH91462.1| hypothetical protein Pongo abelii

M4 MTERFL WE B3 Ab—A> 43 32, 3% 5 ) Fil
IR SR 2 0 Rk 6 R — 3, E it
Vector NTI11.0 #4517 £ 58 751 thﬁ,,n%"é%%ﬁﬂ% X

SILTR T 5 HAT = B TR UR )  , — B s 3
76.41% , JUILRIUAE R 4L 5 fﬁ“%nbnwiajz%ﬁ%@ﬁ
FPosea — 2 (WL 9) o il F 1 X i & B,
hMTERF1 5% & MTERF1 & [ 22 [a] — 2 3k 3]
98.75% , Ut —# W R R R Ak,

factor 1 mitochondrial

:Full T
: Full T ipti

factor 1a mif
factor 1 mitochondrial

0i|147219442|emb|CAG10806. 1| unnamed protein product partial Tetraodon nigroviridis

Full T factor 1 mi

factor 1a mi

Full Transcripti

E i|68052852|sp|Q8CHZ9.1|MTF1A MOUSE R inati
0i|67460715|sp|QIEPI8.1|MTEF1 RAT RecName: Full Transcription termination factor 1 mitochondrial

9i|47219442|emb|CAG10806.1| d

partial T ig

[gi|12644536[5p[099551A1|MTEF1 HUMAN
[ gi|55729462|emb|CAH91462.1| hypothetical protein Pongo abelii
E gi|68052852|sp|Q8CHZ9.1|MTF1A MOUSE

; Qi|67460715|sp|QOEPI8.1|MTEF1 RAT

gi|47219442|emb|CAG10806. 1| unnamed protein product partial Tetraodon nigroviridis

8 MTERF1 EEHRGERER
Fig.8 Phylogenetic tree of MTERF1
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Fig.9 The multiple alignment of orthologous MTERF1 protein
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2.8 hMTERF1 & B =R &5 54

X F SWISS-MODEL [a] 8 # 4% 1y 5 20 15 %
hMTERF1 & [ () = 45 #i JU #55 80 ( DL Bl 10) , 2
RasMol #1443 HT it /i & U B AME IR, %2
FH o~ BR8N TR A5 A4 1, 5 — A 10 Pt 245
FEA—F, 1 I [R5 A A T 45 SR EL A R RS
WAz .

B 10 hMTERF1 &AM =441
Fig.10 Three-dimensional structure of hMTERF1

2 P’

BEA T ALE AN A Wy B 1R & | i 5
THAAUEHLRY Jr X0 8 P B AT B PR BT | 7 91 485
FEY RISy Al 45 T T 2E AT T00I 1) £ R B OR ik T
hMTERF1 J& A& MTERF 45 H 5 19— A 5 22
G A E B B R R il 399 AR
FRIRIERA L, JE— 70T 0 45.78 kD [ R/ MR
F, AN EAT 0 55 K, S0 20 1 7 o7 1 Tt
HoEAL Aok AT N 3 1~ 57 2R
SRS IR 91, o 1A A Y hMTERFL 25 11
342 AR 2H 1, T 45 5 5 SCHR I E 1Y 52 50 AT
RGN T
KB hMTERF1 ™1 56.90% 25 ¥4 52 1 ol e I p— 7
B, H AR A0 2 o ML 4 i, 3@ i SMART
TER BN PNZEE &8 6 1 MTERF &%, A4
R 2 30 DR BLRR R LA L, X H AR F BB g
(T3 2 78 hMTERF1 28 AN B A B M, (B 75
PELORLARE D e St B vh R 5 —E Y AR W) DI RE
IFIAE 55 SRR (19 S B0 25 AR5

i1t hMTERF1 5 2% ( Pongo abelii) . K i
( Rattus norvegicus ) . /)N B ( Mus musculus ) Fl 43 U 4
( Tetraodon nigroviridis )4 >N [E1 ) F MTERF1 1 &
SEBWRIMESN RN, ZEATE T HRF
J5AE 1 5 (orthologous protein ) , 16 Bl MTERF1 %5 [
TEA R Rh Z 1)k P T L [RI A S 9 8 1, REAS AR 4

MO B 275 UL e 454, IF H B A AR AE )
*2I)RE., BT MTERF1 & A 7EA [ 9 Fh 2 A A1
LT RE ANl ER i, 25 5[] 95 52 1 1) 43 B %o T 1
SEAFR 2 TB) 1 5 25 0 2R FTGI 2 11 5T A 1 D) g
HAEENZ S AR5 A G ik — 2 i 5%
MTERF1 & A Z RV 2#Diie KL e YR i B &
[ MTERF 5 [ 2 [H] 1) 56 R B9 T 5LAl,

2% Hk ( References)

[1] KRUSE B, NARASIMHAN N, ATTARDI G. Termination
of transcription in human mitochondria: Identification and
purification of a DNA binding protein factor that promotes
termination [ J]. Cell, 1989, 58(2): 391-397.

[2] DAGA A, MICOL V, HESS D, et al. Molecular charac-
teriation of the transcription termination factor from human
mitochondria [ J]. J Biol Chem, 1993, 268(11) . 8123—
8130.

[3] CHEN G, DAIJ, TAN S, et al. MTERF1 regulates the
oxidative phosphorylation activity and cell proliferation in
HeLa cells [ J]. Acta Biochim Biophys Sin, 2014, 46
(6):512-521.

[4] TERZIOGLU M, RUZZENENTE B, HARMEL J, et al.
MTERF1 binds mtDNA to prevent transcriptional interfer-
ence at the light-strand promoter but is dispensable for
rRNA gene transcription regulation [ J]. Cell Metab,
2013, 17(4) :618-626.

[5] GUSTAFSSON C M, LARSSON N G. MTERF1 gives
mtDNA an unusual twist [ J]. Cell Metab, 2010, 12(1) :
3-4.

[6] ROBERTI M, POLOSA P L, BRUNI F, et al. The
MTERF family proteins; mitochondrial transcription regu-
lators and beyond [ J]. Biochim Biophys Acta, 2009,
1787(5) : 303-311.

[7] ROBERTI M, POLOSA P L, BRUNI F, et al. MTERF
factors; a multifunction protein family[ J]. BioMol Con-
cepts, 2010, 1(2) . 215-224.

[8] HYVATINEN A K, KUMANTO M K, MARJAVAARA S
K, et al. Effect on mitochondrial transcription of manipu-
lating mTERF protein levels in cultured human HEK239
cells [J]. BMC Mol Biol, 2010, 11(9) . 72-78.

[9] ASIN-CAYUELA J, SCHWEND T, FARGE G, et al.
The human mitochondrial transcription termination factor
(mTERF) is fully active in vitro in the non-phosphoryla-
ted form [ J]. J Biol Chem, 2005, 280(27);: 25499—
25505.

[10] YAKUBOVSKAYA E, MEJIA E, BYRNES J, et al. He-
lix unwinding and base flipping enable human MTERF1 to
terminate mitochondrial transcription [ J]. Cell, 2010,
141(6) : 982-983.



30 £ #H £ & % %13 4
[11] RUBINSON E H, EICHMAN B F. Nucleic acid recogni- (1) 22-29.
tion by tandem helical repeats [ J]. Curr Opin Stuct Biol, QIAN Yexiong, XU Shijie, ZHANG Yanan, et al. Bioin-
2012, 22(1) . 101-109. formatics analysis of PRMT protein family in maize[ J].
[12] JIMENEZ-MENENDEZ N, FERNANDEZ-MILLAN P, Current Biotechnology, 2014, 4(1); 22-29.
RUBIO-COSIALS A, et al. Human mitochondrial mTERF [16] R, EEE, F R, % AN 14-3-3 AR KN E
wraps around DNA through a left-handed superhelical tan- YER M [1]. =W H AREIR, 2007, 18(4):
dem repeat [ J]. Nat Struct Mol Biol, 2010, 17 (7): 587-5809.
891-893. YUAN Baomei, ZAN Yuxi, WANG Tianyun, et al.
[13] Juah, R, sk 78 £, %. & LeNHX3 FEF 49 Bioinformatics analysis of 14=3-3 protein family of humo
FEFEN 1] WK LR 2%, 2009, 48 (12) . sapiens[ J]. Letters in Biothchnology, 2007, 18 (4):
2917-2921. 587-589.
FAN Jing, XU Chenghao, ZHANG Xiyu, et al. Bioinfor- [17] Z=8fin, X436, Z Mg/ NR 5036 1 (sHsp20.6) B 4
matics analysis of LeNHX3 gene in tomato [ J |. Hubei W B 2= )], EWE B 2%, 2013, 11(1):
Agricultural Sciences, 2009,48(12) ; 2917-2921. 65-71.
[14] B9 B98 B2 00, %, ¥ ACACA RN N H 4 E A LI Xianhang, LIU Hongmei. Bioinformatics analysis of
RS BT [ T]. LR RL 2, 2014, 42 small heat shock protein ( sHsp20.6) in musca domestica
(5). 42-45. L[ J]. Chinese Journal of Bioinformatics, 2013, 11(1):
TAO Juan, JIA Qing, WEI Xingcan, et al. Bioinformatics 65-71.
analysis of ACACA gene and protein in pig[ J]. Jiangsu [18] JAYASHREE B, JONATHAN H C, PRESAD P, et al. A

[15]

Agricultural Sciences, 2009,48(12) . 2917-2921.
BRIHE, LA, RS S ORI T L RS
FEAZRBRAEYE B0 ] EYHORIERE 2014, 4

database of annotated tentative orthologs from eropabiotic
stress transcripts [ J ]. Bioinformation, 2006, 6 (1)
225-227.



