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1. ¢lA] GLUT2 promoter activityol ti3F SZgdwiole] &}
transient transfection assay,site directed mutagenesis
2. Q1A GLUTZ promoter F-¢lo] Ash= ©A AN W 7zl AU A7
(1) DNA-Protein interactiono] #3¥t ¢€3(in vitro): Gel mobility shift assay
(EMSA)
(2) Transcriptional factors®] &2 % B4 7%: Promoter activity assay X
Mutation in transcriptional factors binding sites

(3) DNA-Protein interactiono] &%t ¢4 (in vivo)(1) : Yeast one hybrid system
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SUMMARY

Previously, we reported that the -44 region is frequently mutated from base A to
G in type 2 diabetes mellitus and possibly related to decreased gene expression.
Thus, we’have designed an experiment to identify transacting factor(s) binding to
this region, which may be responsible for the regulation of GLUT2 gene. To this end,
we screened human liver cDNA library using yeast one-hybrid system. The cis-element
binding the transactivation factors was constructed by synthesizing oligomers
repeating the -46/-27 region three times and subcloned into pHisi, pHisi-1, and
placZi vector. This sequence was incorporated into yeast exploiting homologous
recombination phenomenon, In this study, we were able to obtain 80 positive clones
and sequenced. Computer analysis of the clones revealed that 6 clones were possible
protein factors regulating human GLUTZ promoter activity. The binding of these
protein to yeast extracts were confirmed by gel retardation assay. Currently,
detailed molecular characterization and biological significance of these proteins

are under intensive study,
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H1E3ME

1. HSER
FAAE] Edol 71 F2% 74 promoterF-#lof Holrt AP F9 o] Felof
Ayshs e 2ol M7 * AR AZHch weta] FdxgolA o ©hd
o] olF 7]%& st EAUX HIY 4 Urid ol e TE YUL Yokl
Foi A7 2 $ geBEE T JGE AR Tl oY AFE F3te o &
BA2] 7% CLUTZ 318 E¥o] Yxge] W ofE FuddAT lexlo sty
AF3taL, ol& Agdsted HFEEE Erh

2. 472 9ai

Hig 2] 95%E AA|SHs A 2% Tk (type 2 diabetes) AAZ LR I Y Eo
F7F5taL Qlrt, whetd Wxg o] iU S Sl A AR H A Alael=
2% doje} sizlct. ol n]FoM 454 o]ite] HlE tideE FYAAE o FH

SIEE A= A= ol ol F wiEelrl
A 2% Tl Ao thyt AF7F W7 wWol olHA| gleut, ditger ds
gl ZL7)A2 d#HH F-AE=(insulin, insulin receptor, glucokinase, somatostatin
exon &) Ex d&d E¥lgel HFH AAEA} (GLUTZ, Glucokinase, Na+-K+
ATPase, Ca2+ ATPase)?] coding region?] #3Ax} HdWHol|e} o] 5 7|53 o]Aitd]
Ut 37 FFE ol Fa vt & dFEHS d&d EvEoA FaT JdEE e
A 28 T=whguba] (GLUT2) promoters]] ZA¥sle] AAIRAH S ZA3lE= trans-acting
factor(F AR A QIX})E yeast one-hybrid system& ©]&3}o] screeningdliiz} 3t} o]
ATFE B A 2% Pyl HAA AU FAMRIAE UYAdlL, o] EF o8 ¢
= A d XE2A LS Y ZRATE AL el B AFHEE ZIH
A Rgste SHAFIEHE LAY (8 Exte]astabgd)e] Hofsly =5 vds
Y &Y Ty A 208 S oMo E d73t A oF 6052 H]&=E GLUTZ promoter?
-44 F-glolM Fd¥ol(mutation)Zt HIH3IA doldtis AMdE HUAT FI
mutationg FHQldl= vy oz Ajghe] WY Ao]A] lymphocyteE: H-2]3t T} genomic
DNAE ZIchs] Ha3le] £23EFE A HA4fut-2 (polymerase chain reaction, PCR)& ©]&-3}
t TAEERHA 71&E ol 8T2EHN S EE Ty & £4HA st ¥
system& 743 Aejoltt (53] $F A 258190, 5FE 9ol EddHolst fud X



=bgutA] glut2 §Axt QL o]l F o] 23 Fiacd Ay B kA, 2000d 34
84). o]3% AAE ¥IEO E GLUT2 promotero] binding 3= FX}QUA}E screeningd}
a2} e, olEol Al 28 W) oWl HAE Jix|E=x]e iyt AFE 3taxt Frh
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ARUIFI A T4

M2 =de ?Isiy g

Yigol A gekis ciAll BFH o3 FHAY ZTH 2 Holloh dHH dFE
o}z mjm|¥t Atefo]r}. Non-insulin dependent diabetes mellitus (NIDDM) ¥z} 2 7}
AdFo] 28] B FHALE glucokinase, GLUT2 5¢] &r4=8t4 cja} B S =} o]
EF 32 UES 2Fsh= FARRIAL HNF1, HNF3, HNF452] B¢ WHolsl Hasof 9
th ol HAzES A Y] dUALES U] 3 FERELE o843 H¥o
] AAHe 23 glen, 2 AN Yy RdoA GLUTZ /8=t wdye] Za
Uches Atdo] ge et 22 HAAH 22 promoter?] o= F-olof Wol7l &2 E ¥
AUste dol TetstA] ¢fa ¥Mol7t Qlujets 7153 d #A Aol HA 947 wfEel of
Z @AF7L o|FolA A 42 Aefolrt. € AFHE TIHUE vl = GLUT2 #3219
EAHClE #HAUsta, 2 gadwolo o8] FAxje] Hatrdo] o]Folx =2 HUsA}
Stoich ERP R gEo] A a2 U 4Tt ARt Aol oA FH

7] ek UR] Helstazt shoict
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1. dFALs3 UL

7t 2™ GLUT2 promoter activityoll chet E¢iHole| &3t

(1) amplification of human GLUTZ promoter region

In order to amplify the promoter region of human GLUT2 gene, hGT2-5 primer (-294
~ -275, sense, 5'-TGCTT AAGCT TATAC TCCCC-3’), hGT2-7 primer (+301 ~ +282,
antisense, 5’- GGAGT CCTGT GAATT CCAGG-3'), hGT2-8(-122 ~ -101, sense, 5'-TCCAT
GCTCC AGAGC ACAGC-3’) were used. G at -286 position (within sense primer) and C at
+291 (within antisense primer) were replaced with C and G to introduce Hind III
and EcoR I site for subcloning, respectively,

PCR amplification was performed in 50 pl containing 10 mM Tris-HC1 (pH 8.3), 50
mM KC1, 2.5 mM MgCl,, 15 pmoles of each primer, 100 mM of dNTP mix, 0.01% gelatin
and 1.5 units of ExTaq DNA polymerase (Takara, Japan). The reaction mixture was
denatured for 3 min at 94 °C, and went through 30 cycles of denaturation (94 °C for
30 sec), annealing (55 °C for 30 sec) and extension (72 °C for 30 sec). At the

final stage of PCR, the extension reaction was carried out at 72 °C for 10 min.

(2) Subcloning and pCAT3-H(-294) construction

The general procedure for subcloning was carried out by standard methods
described by Sambrook et al. Amplified hGLUTZ DNAs (595 bp) from patient samples
were isolated from agarose gel and purified using Gene Clean II kit (Bio 101,
Vista, CA, USA). The amplified DNAs were then subcloned into pT7BlueT-vector
(Novagen, Madison, WI, USA), and the insert DNA was excised out using EcoR I and
Hind III and made the end blunt using dNTPs and Klenow enzyme, The DNA was
transferred to Sma I site of pCAT3 basic vector (Promega, Madison, WI, USA) in
order to measure promoter strength. The orientation of the insert DNA was
confirmed by DNA sequencing using T7 DNA sequencing kit (Pharmacia, Sweden) with a &
primer (Promega, Madison, WI, USA) annealing to the multiple cloning site of pCAT3
basic vector, The resulting recombinant DNA was named pCAT3-H(-294) and used for

transfection study,

12



(3) DNA sequencing

Direct PCR sequencing was performed according to the manufacturers protocol
(Thermal Cycling kit, Perkin Elmer, USA), and run in 8% denaturing polyacrylamide
gel. For direct sequencing, hGT2-5, hGT2-8, and hGT2-9 (sense, +49 ~ +68,
5'-CCTAG TGGAA CAAAG GTATT—B’) were used as primers. The mutated sequences were
confimed by automatic sequence analyser, ALFwin Sequence Analyser 2,00 (Amersham

pharmacia biotech),

(4) Site specific mutagenesis of human GLUTZ promoter region

Wild type human GLUT2 promoter [H(-294)] was subjected to mutation using
Quickchange mutagenesis kit (Stratagene, USA). The oligonucleotides used for
introducing mutations at the specific sites of human GLUT2 promoter are summarized
in Table 1, -44 and -269 in the parentheses denote the position of mutation at the
promoter. The mutagenesis reaction was performed as described by manufacturers
protocol, Briefly, the reaction was performed in 50 Pl containing 10 mM KC1, 10 mM
(NH4)2S04, 20 mM Tris-HC1 (pH 8.8), 2 mM MgS04, 0.1% Triton X-100, 0.1 mg/ml
nuclease free bovine serum albumin, 10 ng of pCAT-H(-294), 125 ng of primer sets,
dNTP mix, and 2.5 units of Pfu DNA polvmerase. The reaction was carried out in a
Thermal Cycler (Perkin Elmer) by denaturing at 95 °C for 30 min. Subsequent 12
reaction cycles included denaturation at 95 °C for 30 sec, annealing at 55 °C for 1
min, and extension at 72 °C for 12 min. After reaction, 10 units of Dpn I were
added to the reaction mixture to digest methylated template DNA and used for the
transformation of E. coli XL1-Blue (Stratagene, USA). The DNA sequences of mutants

generated by Quickchange kit were confirmed by DNA sequencing,

(5) Cell culture and transient transfection

HIT-T15 cells, a pancreatic fi~cell line, were cultured in Hams F-12K media
supplemented with 10% fetal calf serum, 2.5% dialyzed horse serum and antibiotics
(penicillin 100 units/ml, streptomycin 0.25 g/ml, amphotericin B 0.0085%). Cells
were maintained as monolayer cultures and grown in appropriate media. Plasmid DNAs
were purified on Qiagen Midiprep kit columns (Qiagen) three times independently,

For transfection, 20 pl of lipofectin (GIBCO, BRL, USA) and DNA mixture (5 ug of

13



pCAT3-H(-294), or site-specific mutants and 1 Jg of CMV-f-galactosidase) were
used. Transfection was performed according to manufacturers instruction. After 16
h-incubation period, the remaining lipofectin-DNA complexes in the culture fluid

were removed and replaced with fresh Hams F-12K media and cultured another 72 h,

(6) B-galactosidase activity assay, protein measurements, and CAT activity assay

Cells were washed with phosphate buffered saline (PBS), scraped, resuspended in
100 ul of 0.25 M Tris-HC1 (pH 7.8), and disrupted by freezing and thawing. The
suspension of disrupted cells were centrifuged at 12,000g for 5 min and the
supernatants were collected. Aliquots of 30 pl were used for measuring
B-galactosidase activity and the remainders were heated at 65 °C for 10 min to
inactivate deacetylase. Insoluble materials were removed by centrifugation at
12,000g for 5 min and the supernatants were used for CAT assay. The protein
concentration was measured by the method of Bradford. The CAT activities were
normalized with respect to f(-galactosidase activity and protein concentration. The
CAT activities were measured by phosphoimaging system (BAS2500, Fuji Photo Film

Co, Tokyo, Japan) and the % conversion to acetylated chloramphenicol was

calculated,
b, olx GLUT2 promoter £9ioll Z&sts HEE HAM g J[sof &8 AF

(1) DNA-protein interactiono] #3F ¢ (in vitro) : Electrophoretic mobility
shift assays(FMSAs)

Competitive EMSA was performed(Schreiber et al, 1989) using oligonucleotides
of wild type and G mutations (sense ATTT CTCT TTTC ACCA(G)GCT CCCAATTACTG,
antisense CAGTAA TTGG GAGC T(C)GGTGAAAAGAGAA AT). Briefly, 50,000 cpm of [a-32P]
labled probe, 5~15 ug of nuclear extracts were incubated in 10 mM HEPES, pH 7.9,
60 mM KC1, 1 mM EDTA, pH 8.0, 1 mM DIT, 7% glycerol, and 0.1 mg of poly (dI-dC) on
ice for 30 min. Non-denaturing polyacrylamide gel(4%) containing 2.5% glycerol,
and 0. 25X TBE were run for 2-3 hr at 200 volts before sample loading. The sample

was separated in the gel at 200 volts for 2 hr. Gel was dried and exposed to X-ray
film,
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(2) DNA-protein interactionof #3}F ¢I7% (in vivo) : yeast one hybrid system

(Z}). Construction of target element and target-reporter constructs

The repeating sequences(60mer) of sense and antisense oligonucleotides
covering (-46 ~ -27) of human GLUT2 promoter region were synthesized and
annealed., The annealed double stranded oligonucleotides were subcloned into yeast
expression vectors, pHisi, pHisi-1, and plLacZi. The DNAs were amplified by
transforming into E. coli and sequenced to confirm the orientation of the inserts.
The recombinants carrying the oligonucleotides were named pHisi/GT2, pHISi-1/GT2,
and pLacZi/GT2, respectively. These recombinants were digested with variuos
restriction enzymes and incorporated into yeast strain, which is Ura-, His-
strain YM4271(Genotype: MATa, Ura3-52, His3-200, Ade2-101, Lys2-801, Leu2-3, 112,
Trpl-903, Tyrl-501) using homologous recombinant phenomenon. The resulting yeast
strain(YM4271AC, Genotype: MATa, Ura3-52, His3-200, Ade2-101, Lys2-801, Leu2-3,
112, Trpl1-903, Tyr1-501) was obtained which incorporated pHisi and plLacZi. These

strains can be used as markers for both Histidine selection and f-galactosidase.

(1}). Screening an AD{activation domain) fusion library for DNA-BP(binding

protein) genes

Basic strategy for screening transcription factors interacting with DNA
elements(-46 ~ -27) were described previously(Kwon and Hur, 1997). The cDNA
library fused to Gal4 activation domain was purchased from Clontech (Palo Alto,
CA, USA) to find out cDNA(s) encoding 44 region of human GLUT2 promoter region.
The cDNA library was titerated and amplfied once before experiment,

Competent yeast cell was transformed by AD/cDNA library and plated on the
SD/-Leu/~-His/30 mM 3-AT and incubated for 3*5 days at 30 °C. 30 mM 3- amino
triazole (3-AT) was used to suppress nonspeific HIS3 gene expression in yeast
YM4271 strain, The resulting clones were incubated on SD/-Leu/-His/30 mM 3-AT

plates for 3 days, and f-galactosidase activity was measured,.

(t}). B-galactosidase filter assay

Transformed colonies were transferred to Whatman 572 filter paper and soaked
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in the liquid mitrogen for 30 sec and thawed at room temperature, The filters were
soaked into X-gal/Z buffer solution (60mM Na2HPO4, 40mM NaH2PO4, 10mM KCl, 1mM
MgS04, pH7.0, 50mM S-mercaptoethanol, 0.01%
5-bromo-4-chloro-3-indolyl-f-D-galactopyranoside) and incubated at 30 °C. The
expression of f-galactosidase was measured by incubating for 30min to 24 hrs at 30

°C incubator.

2. dFEd,g B2

7}. Polymorphisms in human GLUT2 promoter

Direct PCR sequencing of the human GLUTZ promoter region from 100 normal Korean
subjects and 100 NIDDM patients showed sequence differences at positions -149(A),
-122(C) which were reported as C and T, respectively. In addition, the nucleotide
reported G at -44 region was A in majority of the samples, It was also reported
that the nucleotide -44 was A on human genome project (www.ensembl.org, Ensembl
gene ID: ENSG00000114308, sequences on AC068853). Taken together, we regarded the
sequence -44A as wild type.

The examination of the sequence in the promoter region (294~+301) showed the
polymorphisms at positions at -268, -44, and +103 regions, where most variations
were observed at -44 region in the mixed form of A/G, Table 2 summarizes the
frequencies of polymorphisms observed in normal subjects and NIDDM patients. At
-44 region, the normal base A is present as A/G mixed form in 35 out of 100 NIDDM
patients, Also, the G homozygote was found in 10 out of 100 samples.

. Interestingly, one of the NIDDM patients who had A/G mixed bases also had mutation
at -269 and +103 position, where base A and A were changed to C and G,
respectively, In normal subjects, 14,0% and 9.0% showed A/G and G mutation,

respectively,

L}, Electrophoretic mobility shift assay
Considering high incidence of polymorphism on -44 region in NIDDM patients, it
was tempting to speculate that this region could play an important role for the

regulation of transcription. To examine whether transcription factors bind to this
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region, we next performed electrophoretic mobility shift assay using double
stranded oligonucleotide containing -44A as a probe. As shown in Fig. 1, a clear
shifted band of DNA-binding protein was found, suggesting that this region could
participate in regulating transcription 7n vivo, Next, we determined the effect of
mutations on the binding affinity of the protein with the probe (Fig. 1, lane 6 ~
9). The DNA-protein complex was competed by unlabeled 44A oligonucleotide whereas
slightly competed by unlabeled 44G oligonucleotide. However, M3 (CAG—AGT) showed
no competition, suggesting that the protein binding to 44A oligonucleotide is
specific and the binding affinity is higher in -44A than others, In the case of
+103 region, we already published that HNF1 and HNF3 could bind this region and

regulate expression of the GLUT2 gene.

t}. Site-specific mutagenesis of human GLUTZ promoter

Although the mutations in exon regions of GLUT2 gene were well known in relation
to NIDIM, the functional consequence of the promoter mutations in various diabetes
states was not established. In order to study the effect of mutation on the
promoter activities, we carried out site-specific mutagenesis and transient
transfection experiment. As shown in Fig, 2, mutant GLUT2 promoter showed
remarkable reductions in CAT activity in HIT-T15 cells., The promoter activities of
the mutants [A(-44)C, A{-44)T, A(-44)G] were reduced by 52.3%, 63.8%, or 63.6%
respectively, when compared to those exerted by wild type (p<0.05). The mutation
at -269 region also showed reduction in CAT activity, The CAT activities shown by
A(-269)C, and A(-269)G mutants were reduced by 62.3%, and 44.8% respectively, when
compared to those of wild type (p<0.05). We previously reported that the G
mutation of the +103 region reduced GLUTZ promoter activity to 78% of wild type.
Triple mutant (#32-3), that contains mutations at -269, -44, and +103, showed a

marked reduction (75.7%) in CAT activity when compared to wild type.

2}, yeast one hybrid system
The consensus sequences in the promoter region are sites for multiple protein
binding. Thus, it is necessary to search for protein(s) regulating the GLUT2 gene

expression by binding these region. To this end, yeast one-hybrid system is very
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powerful tool. In this study, triple repeat of 44 region was synthesized and
subcloned into yeast expression vector, The yeast clones were selected in His-
media and B-galactosidase assay was performed for the cloned grown on
SD/-Leu/-His/30 mM 3-AT solid media, The resulting 80 clones were considered
positive clones expressing proteins binding to 44 region, To confirm the presence
of inserts in expression vectors harboring in the yeast, PCR was performed using
5-AD insert screening amplimer and 3-AD insert screening amplimer. These insert
DNAs were prepared by min-prep. method and sequenced to compare previsouly
reported cDNAs of known function. Extensive computer search for 80 clones revealed
that most cDNAs were proved to be pancreatic enzymes related to exocrine function,
such as lipase, PB-amylase, chymotrypsin, It is not know how the pancreatic enzymes
appeared as (a) transcription factor(s) binding to 44 region. We have excluded
these clones for further screening. 6 clones, named 2, 6, 9, K3, K12, 30 were
possible candidates of transcription factors, Computer search suggested that
insert from clone 2 (about 1 kb in size) may be serum calcium decreasing factor).

Other factors as suggested by computer analysis were summarized in Table 3,
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Table 1. Oligonucleotides used for site-specific mutagencsis

Nucleotide names

Sense Primer(5-»3")

Antiscnsc primen(5=»3')

AHNT* ATTTCTCTTTTCACCIGCTCCCAATTACTG CAGTAATTGGGAGCAGGTGAAAAGAGAAAT
A-4+)C ATTTCTCTTTTCACCCGCTCCCAATTACTG CAGTAATTGGGAGCGGGTGAAAAGAGAAAT
A-HHG ATTTCTCTTTTCACCGGCTCCCAATTACTG CAGTAATTGGGAGCCGGTGAAAAGAGAAAT
A(-269)C TTATACTCCCCAGTACAATGTTGAGATTCA TGAATCTCAACATTUTACTGGGGAGTATAA
A(-269G TTATACTCCCCAGTAGAATGTTGAGATTCA TGAATCTCAACATTCTACTGGGGAGTATAA

*Numbers in the parenthesis refer to the sites of mutation where normal A was changed to 't

Table 2. Analysis of the mutations in the hGLUT2 promoter

Location Normmal (n—100) NIDDM (n—100)
-44 A 77 A 55
A/G 14 AG 35%
G 9 G 10

Onc of this group had additional murations at -269, + 103, where A, and A were changed

to C. and G. respectively. Fischer s exact test (the numbers of G mutation were included

in A/G group. p<0.03)
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44A ATTTCTCTTTTCACCAGCTCCCAATTACTG
M3 ATTTCTCTTTTCACAGICTCCCAATTACTG
44G ATTTCTCTTTTCACCGGCTCCCAATTACTG

Probe 44A

Competitor — - -

44A 10
44A 100
M310
M3 100
44G10
44G 100

wHE Sweee —

12 3 45 6 7 8 9

Fig. 1. EMSA of 44A oligonucleotides. The sequences of the fragment used for
EMSAs are shown. 32P-labeled 44A was incubated with rat liver nuclear extracts
(5 or 10 pg) (lane 2 and 3). The probe was incubated with 10 pg nuclear
extracts in the presence of a 10- or 100-fold molar excess of the indicated cold

competitor: 44A (lane 4 and 5), M3 (lane 6 and 7), 44G (lane 8 and 9).
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Fig. 2. Effect of site specific mutations of the human GLUT2 promoter on the CAT
activity. The wild type pCAT3-H-294 was subjected to site specific mutation. The
resulting mutant promoter constructs were used for transient CAT activity assay in
HIT-T15 cells. A(-44)C, A(-44)T, A(-44)G, A(-269)C, A(-269)G represent the base
changes introduced at the promoter region (numbers in the parenthesis). #32-3
represent a promoter which has triple mutations at 269, -44, +103 region. CAT
activity was assayed by exposing TLC plates to phosphoimaging enhancer plate
for 2 h. Data shown are average + SD of the means of three separate

experiments in triplicates.
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Table 3.

Summary of potential transcriptional

one-hybrid system.

-44 region®] A3 ¥

factors obstained from yeast

Clone No. | Size (kb) Putative identification DNA sequence
2 1kb Caldecrin (serum cakim-decreasing factor) | T(21)CCCGAGGAGAAGGA
6 1kb KIAA0242 GGATCCGAATTCGCGGCC
9 0.8 kb Tissue inhibitor of metallo-protemnases3 TGGCTACCTAAGGTITAAC
(very low homology)
K3 0.6kb Chromosome 4 clone CTAATGATTCACTTTTA
K12 1kb Ribosomal protein L9 AGAGGAACCCTGCGGAGG
30 1.8 kb Hhuman regenerating protein(reg) GGATCCGAATTCGCGGCC
+107 region®l Z ¥+ T A
No. |Clone No. | Insert Size (kb) Putative identification DNA sequence
1 7 2.5 actin-related protein 1B, contractin beta GCCTGCTGGGCAGGG
2 9 1.55 zine finger protein, Ets-related transcription factor GCGGCAGCTG
3 12 0.75 colipase preproprotein GAGAAGATCCTGA
4 15 0.8 Unknown TCGAGGGATATTA
5 19 0.85 : pancreatic lipase AATTTATTTGGTA
6 20 0.98 caldecrin (serum calciim decreasing factor) CATTTTICTCGITG
7 21 22 Unknown TITITITTITIGT
8 22 0.8 Unknown AACTTIGTCTATT
9 23 0.6 akcohol dehydrogenase TITITTTTITTIT
10 24 1 pancreatic elstase AAAACTCATGATG
11 29 1.8 Unknown TICCAGACAGIGT
12 41 4 carboxypeptidase Bl ACAATGTTGGCAC
13 43 1 trypsinogen ATAACATGICIGT
14 45 04 carboxypeptidase Al GAGAGGCCAGGGC
15 47 0.55 riboruckase A AGGTCACCACCTA
16 49 0.8 Unknown CCAACTITACCTA
17 52 05 carboxypeptidase Al GAGTGICCTIGITG
18 56 1.7 Unknown CATAGTTGICACT
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