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Sequence Alignments) % 5 ] 2l 25 FRI 5770 %) %
FEAIBEAT IS LLAS, SRAF A E, TBIRSEK
"M (phylogenetic tree) ", FRAKHE 2 48k A,
PRUCKRE NS /N BRI K BB 1 o 2 ik 4 B 1 )
SRy 84T 2 XS . ClustalW 53% (9 dE
http://www.ebi.ac.uk/clustalw) & HFI N 155 2
¥ 2 H LERHRLF
122 A2, /NEAK R NDFL. IPF1 #1 HNF4 (1)
BN G5 R 503 #T
SN AN, K EUE) NDFLL IPF1 il
HNF4 = B8 A &SR — &7 4 i A
PROSITE ScanProsite [¥]/3 41l /3 AT HE T, 28] —Ff

AN ] I R I = R I 2 R TR
J7 54 N\ E] SMART HI)J740 2 B ferh, 25 if) 4544
TR
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RIRZ R P 51 LU 3R

H ClustalW 5%, $ A AL KRR
By 223 Promoter [X A% 1R 7 41 b 4T — E LUXT,
B =38 e HAH R B 43 o
124 WA AR R B E B X 5 DNA 0]
Redhi B R AT

i ClustalW 275 TRANSFAC #4877 78
(PIAR DGR 1 K7 1 DNA g5 & 55 A2 AN
KRR I B 5 & LT Promoter [X K 8% 17 R 7 51 HEAT
Eexs, fELEXT 53k 4765 NDF1. IPF1 Al HNF4
R IR A, XL [F] A% H R 7 214K 7T R
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Table 1 The amino acids paired-alignment of NDF1, IPF1 and HNF4 among human, mouse and rat

NDF1

IPF1 HNF4

human mouse  rat

human mouse  rat

human mouse  rat

residues(aa) 356 357 357 284 283 465 465 465

human 98 98 87 88 95 96

scores mouse 98 99 94 95 99
rat 98 99 94 96 99

Scores were the degrees of similarity by comparing two sequences. The score was 100 if two sequences

were all the same

2 & R

21 AZ. /)RFKE NDF1, IPF1 #1 HNF4 &
BB 51 R 7 7 Lk 3T

ClustalW F&J7 5% 3 Fi#f (¥) NDF1. IPF1 Al
HNF4 SR P 5T L, ANEEADRL K
B SR FE AR A AR 22 1 AR ARV
fil. K5 NDF1 Ml HNF4 3 5 Eb s A AL 75 20 58
m, YKT 94, IPF1 AR, (HIGKT 85, HMA
Fea e Al lE, AHAYERS 73 4 100, P EERE 45 2R
WA 1,
22 AZE. /R, KR NDF1, IPF1 #1 HNF4 89
HERFN L M

1l ScanProsite 71 SMART &3 73 5l 73 B A2

/NS KEUNDFI. IPF1 fil HNF4 —F 85 1R &
s, AN2E. /ML KB NDFL. IPF1 Al
HNF4 76 AH [F] A7 & 7 0 & A 55 DNA 45 & K12 i -

The site markers of amino acid residues (aa)
Il l(I)O 2(?0

NDF1, human. mouse. rat

Fig.1 The domains of NDF1, IPF1 and HNF4
among human, mouse and rat. The white line
stands for coiled structure of NDF1 proteins, and
black ones for segments of low compositional
complexity. HLH, HOX, ZnF-C4 and HOLI
stand for domains of helix-loop-helix, homeobox
domain, zinc finger (C4 type) and ligand bind-

ing domain of hormone receptors respectively
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CLUSTAL W (1.82) multiple sequence alignment

insl-rat CTGCAGACTTAGCACT 16
insl-mouse AGTGCTTTCTGCAGACCTAGCACC 24
ins—human CCGCTGGTCCTGAGGAAGAGGTGCTGACGACCAAGGAGATCTTCCCACAGACCCAGCACC 60

ko ckeiekekek skekekekor

insl-rat AGGCAAGTG-TTTGGAAATTACAGCTTCAGCCCCTCTCGCCATCTGCCTACCTACCCCTC 75
insl-mouse AGGCAAGTG-TTTGGAAACTGCAGCTTCAGCCCCTCTGGCCATCTGCCTACCCACCCCAC 83
ins—human AGGGAAATGGTCCGGAAATTGCAGCCTCAGCCCC——CAGCCATCTGCCGACCCCCCCACC 118
sefok ek slek ko skekefelok sk sielolok solok ook ok
I Il I v
insl-rat CTAGAGCCCTTAATGGGCCAAACGGCAAAGTCCAGGGGGCAGAGAGGAGGTGCTTTG-GA 134
insl-mouse CTGGAGACCTTAATGGGCCAAACAGCAAAGTCCAGGGGGCAGAGAGGAGGTACTTTG-GA 142
ins—human CCG————CCCTAATGGGCCAGGCGGCAGGGGTTGACAGGTAGGGGAGATGGGCTCTGAGA 174
* sk seleeololeielolok sk slelok ok sok ek ko osek ko sk skek slek
\% VI
insl-rat CTATAAAGCTAGTGGAGACCCAGTAACTCCCAACCCTAAGTGACCAGCTACAATCATAGA 194
insl-mouse CTATAAAGCTGGTGGGCATCCAGTAACCCCCAGCCCTTAGTGACCAGCTATAATCAGAGA 202
ins—human CTATAAAGCCAGCGGGGGCCCAGCAGCCCTCAGCCCTCCAGGACAGGCTGCA-TCAGAAG 233
sololoieioiololok sk kok solokok k ks ek sfelolok sk felek % folok X
TATA box
insl-rat CCATCAGCAAGCAGGTATGTACT CTCCTG GGTGAGCCCGGTTCCCCCAGC 244
insl-mouse CCATCAGCAAGCAGGTATGTACT CTCCTC TTTGGGCCTGGCTCCCC-AGC 251
ins—human AGGCCATCAAGCAGGTCTGTTCCAAGGGCCTTTGCGTCAGGTGGGCTCAGGGTTCCAGGG 293
sok seleololeielolok skefok sk * % sk kk % sk ok
insl-rat CAA-——AACTCTAGG————-GACTTT-——— AGGAAGGATGTGG-——-GTTCCTCTCTTAC 288
insl-mouse CAA-—-GACTCCAGC——-GACTTT-——— AGGGAGAATGTGG———-GCTCCTCTCTTAC 295
ins-human TGGCTGGACCCCAGGCCCCAGCTCTGCAGCAGGGAGGACGTGGCTGGGCTCGTGAAGCAT 353
sk sk skok sk ook ek sk skefelok % ko ok *
insl-rat ATGGA CCTTTTCCTAGCCTCAACCCT 314
insl-mouse ATGGA TCTTTTGCTAGCCTCAACCCT 321
ins—human GTGGGGGTGAGCCCAGGGGCCCCAAGGCAGGGCACCTGGCCTTCAGCCTGCCTCAGCCCT 413
stk solok ko sielelololek sfolokok
insl-rat GCCTATCTTCCAGGTCATTGT-——TCCAACATGGCCCTGTGGATGCGCTTCCTGCCCCTG 371
insl-mouse GCCTATCTTTCAGGTCATTGT-——TTCAACATGGCCCTGTTGGTGCACTTCCTACCCCTG 378
ins—human GCCTGTCTCCCAGATCACTGTCCTTCTGCCATGGCCCTGTGGATGCGCCTCCTGCCCCTG 473
sololok ook sfelok skeek kel soloksieloiololoieok sk selok sk sfelolok stefolelekek

Fig.2 The nucleotides multiple alignment of insulin gene promoter among human, mouse and rat.
TATA-BOX in the promoter of mouse insulin gene was determined by Wentworth™ using experiment
methods. The nucleotides with asterisks indicate the same sequences in the alignment. The nucleotides
with underlines have the similar sequences with the binding sites in TRANSFAC database. The shadow
letters “ATG” show the beginning of coding mRNA
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IR - W8JE  ( helix-loop-helix, HLH) 3, #2jig - %
i - 12 (helix-turn-helix, HTH) [7] J§ 5 7 HE
(homeobox domain) 19, £ff5# [1 (Zinc-finger)
AR5 R0 (& 1),
23 AZE. PR, KERESZEEE Promoter XA
YE L FF 51 % & bh Xt

ANEL KBRS B B 32 JE R E GenBank %{
I8 ZE R I 40 5 2 B R X04725, J00747. J00265.
TR S AN (2T X04725 117 481~1037 bp)-
K BUJBE 5 % DNA ¥ 41 (f7 T J00747 (1) 3841
~4390 bp) 5 A2 DNA #4 J# 4] (f7T J00265
(1) 1981~2633 bp) HEATLLAL, KIL{EEE TATA HE
37 100 2 bp &b, Bt DNA JPAILR T IX (%
s BWRIA BN, #ERH LAY dsDNA 455
WA IR 5 AL E, BRIk =38 5 NMESE 2
AMYUARZE 1~2 A bp AH[F X TR )7 51 2% 18 0 7T g
HEASENZTTRTS GLE 2).
24 PATHEFERBZEEE Promoter X 5 DNA

BRI BELE B LR
ClustalW /3 % TRANSFAC 45 /22 A 5% i
ATRIT I DNA 56 755 A8 R KRS
255K Promoter XA T AN B R A PP 51 HE ok 45 2R
BoR, GHBAHFTS] GHIFFA B2 D574
2 K IR), BRI NDFL. IPF1 Al HNF4 )
DNA 45 & 47 fi4h, &K I A PAX4. B 5E
(enhancer) GG-II 1 IEB1 45 & 4 /5 4H [A] 19 %
HI1, FEIRIXLE DNA A7 0] feJ2 5 PAX4 A1 o
T4 A7 . 78 DNA 4548 A+, HNF4 (BF
R4it)) 55 DNA 45 G4 ki KBRS ;. NDFI
(bHLH £5%4) [f] DNA &5 647 55 5 A HA X Fh &5 1)
(134 454 % %) CANNTG (35 PROSITE %4 i,
¥*[fi 5 PDOC00038, N AfF &Ml A% 1R ); IPF1
(% HTH [1] homeobox 5#4J) [F] DNA &4 47 i F
A TAATG 750 NS /N ERURI K BRUBE B 2
R B IX 5% 7 GG-11 A1 IEB1 ) DNA 4545741
TRAHRL (B2 1 11 TTAIER 2D,

Table 2 The possible binding sites analysis of regulative factors in insulin gene promoter

Access ~ Name of Binding sites in Similar sequences of insulin Locations in
number  regulative factors TRANSFAC databases gene promoter (human) alignment(Fig.2)
R02708 NDF1 GGAGACATTTG CCAGCCATCTG v
R02709 IPF1 TCTAATG CTTAATG \4
R09461  HNF4A GAGGCAGTGggagggegg GCAGGGGTTGACAGGT VI
aggegcGGGGGCCTT AGGGGAGATGGGCTCT
R08705 PAX4 TCTGGGAAATGAGGT GGGAAATGGTCC |
GGAAAATG GGAAATTG
R02711  enhancer GGAAAT GGAAAT II
GG-II
R04457  enhancer CTCAGCCCCCAGCCATCT CTCAGCCCCCAGCCATC il
IEBI GCCGACCCCCecCe TGCCGACCCCCCC

The promoters of human insulin gene with underlines have the similar sequences with the binding

sites of regulative factors in TRANSFAC database

3w i

DNA i & HHZ&—Jnl 5 dsDNA Fi k45 &
(R A, 2 TAE DNA SUZ g K ) F1/ V) 4k [
R I A B B AR FAE T, IR A&
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HE Y DNA &5 PSS [F/—&EA
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DNA 25607 s R e 1o 78 B 5 25 I i i 3))
i FEd, NDFI. IPF1(PDX1)All HNF4 15 DNA
Sian, REUEMPRES RS T, Rk
WA, EAMERE. M. wERE.
FEDIHO « R AR AR D RER A, FEIX Ry & 1)
FERN LI RET, DNA 856 E A S ITRM 4 &
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Glick 45 PV i 5 56 W 57 2 B K U NDF1,
IPF1 F1 HNF4 = Fi i [ it 5 R B 2 % B8 g X
7 Tk af TATA HERJHET 100 24> bp) %I
fR4h . WA /NERATUK FRUIX =l DNA 456
AWML —HA, RI=F Z RAHEL
P EE R 15 20 ¥ K T 85 43 ), KF il & NDFL Al
HNF4, AR/ KRB AL R LExs £33
IYRT 94 43, o MM G 1 e 5 25 3 PR s S5 1
QIR ARSE,  H =P [ R 5 R 1 A A
[F] (1) DNA 455 BUAFI S5 R, 308 =i 1R 1
WS DNA 456 10008 GZIFIRITZID NAH
ABL, HENIX =B R AE i 53 )8 2 XN B AT — Bt
() DNA J¥51, ClustalW 2 5 LU 25 B 3 /s 48 il
FIER AT A AN R BRI
b1l

iR, ANE] I LS P ) i SRR BN X ) A%
IR A 22 0K, W A R P 41 LE 1) %53
DINE SNV - NN ) R PN R 2 = R AR )
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Hrpfy R ae e B E A mE S WFEsl. BT
NDF1. IPF1 fil HNF4 =AM 145, fE XA
S O R AT AE PAX4L B 5E F GG- 11 fI
IEB1 45447 i, HEMN PAX4 B 1. #5981 GG-11
FIIEB1 2 50 i 2 BE R s R A 4% . FH R 2
TLEW 2730 2 DNA 254 B A AL IR 45 A5
RURIRE %I, AN SOk LU A [F] R L 30 40 ik
Z LA Promoter X DNA F B, KIS IIAZE
R4, HED DNA 456 E B MEGA0 s, S
AU S DNA 45 E O SR HRNS &
P SR T TR S v i AR B AR
JA X ARIE A —SEA] [F] 41, b SR seg g
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TO FIND NUCLEOTIDE BINDING SITES OF DBPS BY
COMPARING THE PROMOTER SEQUENCES OF INSULIN GENE

ZHOU Shi-xin, SUN Xiao, LU Zu-hong, XIE Jian-ming, DONG Xian-jun, XU Wei, WANG Qi
(National Laboratory of Molecular and Biomolecular Electronics, Southeast University, Jiangsu Nanjing 210096, China)

Abstract: There were several DNA binding proteins (DBPs) related to insulin gene expression, such
as NDFI1, IPF1 and HNF4. The structures of three DBPs was homologous by comparing the amino acid
sequences, motifs and domains of human, mouse and rat in SWISSPROT protein database. According to
the relationships between structure and function of protein, it was supposed that the nucleotide binding
sites of DBPs were similar in the promoters of insulin gene. The DNA sequences of human, mouse and
rat were obtained in GenBank nuclear database. The ClustalW program of multiple alignment was used
to compare nucleotide sequences of the three mammals. It showed that there were some similar se-
quences in the promoters of insulin gene. In the meanwhile, the nucleotide binding sites of NDFI1, IPF1
and HNF4 were searched in the TRANSFAC gene regulation database. The conservative nucleotide se-
quences were found between the promoters alignment of insulin gene and the nucleotide binding sites of
DBPs in the TRANSFAC database. Some other conservative nucleotide sequences in the alignment were
perhaps the binding sites of unknown proteins. This device of sequences alignment offered a simple and
applicable method to find and confirm the nucleotide binding sites of DBPs in the molecular biology ex-
periments.

Key Words: DNA binding protein(DBP); Promoters of insulin gene;

Motif and domain; Binding site



