W Durham
University

AR

Durham E-Theses

Gene Expression in Neuroblastoma

Said, Sohair S.S.

How to cite:

Said, Sohair S.S. (1996) Gene Ezpression in Neuroblastoma, Durham theses, Durham University.
Available at Durham E-Theses Online: http://etheses.dur.ac.uk/5394/

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:

e a full bibliographic reference is made to the original source
e a link is made to the metadata record in Durham E-Theses
e the full-text is not changed in any way

The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.

Academic Support Office, The Palatine Centre, Durham University, Stockton Road, Durham, DH1 3LE
e-mail: e-theses.admin@durham.ac.uk Tel: +44 0191 334 6107
http://etheses.dur.ac.uk


http://www.dur.ac.uk
http://etheses.dur.ac.uk/5394/
 http://etheses.dur.ac.uk/5394/ 
http://etheses.dur.ac.uk/policies/
http://etheses.dur.ac.uk




/szs{';

1996/
SH




3
2
o
By
<
3
2
2
o
=7
S
f?
D
%

Ve
2

[

Chl o

\ = s
S Ry S
ENa = = mJ
@wwé S 5
) el
ﬁw < ey
>
o
3N =
35
2D
=
e m
\ E
=3
O
- >
\ 3 g
=) 3 2
nc s =, &
< F2 K
/ ~3 Yo d= —
X I 2 ¢
S T m
N 853 8

4‘ O
P PR P I PR P PN P P P
PR R R R AR R




I. Abstract

The aim of this project is to identify potential target genes (NTG's) which may be
regulated by N-myc in the cell line SK-N-SH which has no amplification of the
oncogene N-myc.

N-myc target genes were isolated using a modification of the protocol developed to
identify p53 binding sites; this was done by generating a NTG library by isolating
genomic DNA from SK-N-SH cells, digesting to completion with Sau34, and
mixing with nuclear extract from the same cell line. N-myc antibody was added
and DNA-protein complexes immunoprecipitated to isolate DNA with N-Myc
bound. DNA recovered from these precipitates was then cloned into pBluescript
SK+. 400 clones were isolated, 4 of which were partially sequenced and compared
to sequence data bases.

The NTG clones showed substantial sequence identity to a number of potentially
interesting genes, among them several implicated in tumour suppression, and the
expression of cell surface markers. Their significance for neuroblastoma is
discussed.
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1.1. Description

Neuroblastoma occurs at a rate of about 1/100,000 per year, most often in babies,
very young children (under the age of 15 years), and in the unborn in rare cases. It
is slightly more common in white children than in black and slightly more common
in boys than girls. About 75% of cases are diagnosed before the age of 5 years.
Although most frequently presenting as a large abdominal mass, this tumour is
metastasised in 70% of patients at diagnosis, and there has been little advance in
survival over the last 20 years for advanced disease.

The most common primary site is the adrenal gland (40%), pelvis (5%) and neck
(5%) are the other sites seen. The tumours arise from neural crest cells which form
part of the sympathetic nervous system.

1.2. Stage explanation:

Stagel. Localized resectable: The cancer is found only in the place where it started and
can be removed by surgery.

Stagell. Localized unresectable: The cancer is found only in the place where it started but
it cannot be totally removed by surgery.

Stagelll. Regional : The cancer has spread from where it started to the tissue around it or
to the lymph nodes in the abdomen.

StagelV. Disseminated : The cancer has spread to lymph nodes outside the abdomen or to
the bone, liver, or other organs.

StageV. The cancer is in the place where it began and has spread only to the liver, skin,
and / or bone marrow.

StageVI. Recurrent neuroblastoma means that the cancer has come back after it has been
treated.

1.3. Treatment options

Treatment for Neuroblastoma depends on: the stage of the child’s disease, the

child’s age and the general health.

In general, four types of treatment are used:

e Surgery.

e Radiation therapy.

e Chemotherapy.

e Bone marrow transplantation (using high doses of chemotherapy with or
without radiation therapy to destroy the cancer cells and putting bone marrow
back into the bone.







thought that the p arm of chromosome 1 probably harbours a series of suppresser
genes that play a key role in neuroblastoma differentiation.

There is also recent evidence that a deletion or loss of the long arm of chromosome
14 also accrues with increased frequency in neuroblastomas [1,2] and probably
represents loss of another suppresser gene .

Another allelic loss has been found involving 11q and 13q in some studies, but not
in others[1,2] so the significance of these findings is unclear.

1.4.4. Expression of the nerve growth factor receptors

As mentioned before, neuroblastoma is derived from the sympathoadrenal lineage
of the neural crest. Neurotrophic factors and their receptors have been implicated
in the pathogenesis of neuroblastoma. Neurotrophins are a family of related
molecules that promote neuronal survival and differentiation in the central and
peripheral nervous system, these includes nerve growth factor (NGF), brain-
derived neurotrophic factor (BDNF), neurotrophin-3 (NT-3) and neurotrophin-4/5
(NT-4/5) [3].

NGF, the first of the neurotrophins to be discovered, has been shown to be
essential for survival and differentiation of neural crest-derived peripheral
sympathetic and sensory neurones, as well as cholinergic neurones in the central
nervous system [4].

Two (NGF) receptor sub-units, the high affinity NGF receptor with tyrosine kinase
activity (P140TRKA), and a transmemberane glycoprotein, the low affinity NGF
receptor (P75NGFR), are thought to be required for high affinity NGF binding, and
probably for signal transduction [5,6], and that detectability of the NGF receptor
sub-unit P140TR¥A), expressed at different levels by the majority of
neuroblastoma’s, was associated with lower stage of disease, lower age of patients,
and was inversely related to N-myc amplification [7].

1.4.5. N-myc amplification and expression

Amplification of cellular oncogenes is one of the major genetic alterations that
appears to contribute to tumorigenesis [8,9], while most tumours show sporadic
amplification of cellular oncogenes, human neuroblastoma tumours show frequent
amplification of the N-myc gene which correlates with aggressive tumour growth.
A study involving 64 tumours of patients not subjected to therapy revealed that
amplification of N-myc gene was limited to stage III and IV tumours [10].
Amplification was discovered in approximately 50% of all stage III and IV
tumours. This implies that amplification of N-myc is a late event in the
development of neuroblastomas.

The amplification sequence (N-myc) is found either on extrachromosomal double
minutes (DMs) or on the homogenous staining regions (HSRs) on different
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Max and Myc differ in several important biochemical properties, Myc is a highly
unstable protein, whose synthesis is rapidly induced upon cell cycle entry, and
maintained at a constant level in proliferating cells.

By contrast Max is highly stable and is expressed at equivalent levels in both
resting and proliferating cells [21].

As Max seems to be in excess of Myc in vivo and Myc’s short half-life is unaltered
by dimerization with Max, the rate of Myc synthesis determines the ratio of Max-
Max to Myc-Max complexes.

In continuously growing neuroblastoma cells, where N-myc is overexpressed as the
result of amplification, the presence of N-myc forces Max into abnormal amounts
of N-Myc-Max heterodimeric complexes, which could perturb the fine tuned
expression of unidentified genes or possibly genes involved in control of the cell
cycle and differentiation, see figure 4.

The p21- and p22™** are the major variants that are expressed in a wide variety of
species and cell types, and probably the predominantly expressed forms of Max in
neuroblastoma cells.

Expression of Max proteins is not restricted to cells with high levels of N-Myc, but
was also observed in neuroblastoma cells without detectable N-myc expression.
Max also interacts with C-myc. The C-myc proto-oncogene is a key regulator of
cell growth and differentiation, it is localized in the nucleus and can activate
transcription when brought to DNA by heterologous DNA binding domains [22], it
contains an activation domain in its amino terminus, the integrity of which is
correlated with its ability to cause oncogenic transformation [23].

Max protein is expressed in all tissues in which C-myc is expressed, and in some,
including the adult brain in which C-myc is not.

Max-Max homodimers and C-myc-Max heterodimers bind tightly to the E-box
CACGTG, and while DNA bound C-myc-Max hetrodimers activate transcription,
Max-Max homodimers do not. This fact strengthened the hypothesis that
transcription regulation is important to Myc function [24,25].

The interaction between Max and C-myc is dependent on the integrity of the C-
myc HLH-Zip domain, but not on the basic region or other sequences outside the
domain. As for C-myc there is substantial evidence that the bHLH region and the
adjacent leucine zipper motif are functionally important, deletions within these
regions result in loss or alteration of transforming activity as well as reduction of
the capacity to autoregulate endogenous Myc expression and to inhibit cell
differentiation [26,27].

It is suggested that because most C-myc in vivo is associated with Max and C-
myc-Max heterodimers bind CACGTG sites more tightly than C-myc-C-myc
homodimers, that one function of Max is to facilitate the binding of C-myc to these
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sites, and the fact that N-Myc and L-Myc as well as C-Myc specifially associate
with Max suggests that Max may also serve to integrate the functions of these
three proteins that are differentially expressed during development, differentiation,
and neoplasia.

Max (but not Myc) also interacts with other HLH-Zip proteins, Mad and Mxil and
may also probably contribute to transcriptional control in neuroblastoma Mad-Max
and Mxil-Max hetrodimers bind efficiently to the Myc-Max E-box. Thus, (Mad /
Max heterodimers formed during the differentiation of cells are thought to be more
effective repressors than max homodimers because of their higher DNA binding
activity).

It is also thought that Mad-Max and Mxil-Max heterodimers inhibit Myc-Max
transactivation by sequestering Max and therefore preventing formation of Myc-
Max heterodimers, and also by competing with Myc-Max heterodimers for
common target sites at promoters (E-Box), see figure 4.

The outcome of this whole system is that; In the normal situation both
homodimeric and heterodimeric populations of BR-HLH-Zip proteins exist at a
level that is strictly regulated, and if the level of one member of this system is
altered as a result of a genetic change, regulation is lost with the consequence of
neoplastic cell growth.

1.5. Summary

From what has been written so far, the following out-lines are drawn:

e N-myc is a cellular oncogene, which seems to contribute to the growth
control of cells.

o The process of gene amplification usually involves co-amplification of
extensive regions of DNA.

e (Co-amplification of the DDX1 gene is rare in neuroblastoma cells, and often
limited to stage 4-4s.

e N-myc co-amplifies with the ODC1 gene in one of six primary
neuroblastomas.

e The protein produced by N-myc oncogene is N-Myc, which is thought to be a
putative transcription regulator (may be responsible for either “turning on”
or “turning off” other genes).
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e N-myc normal activity may require a fine tuned interplay with at least two or
more proteins, and might be regulated at least in part, through interaction
with these proteins.

e Enhanced levels of N-Myc could result in disturbance of the balanced
interaction (with the other proteins).

e N-Myc and Max work together in binding DNA, and probably enhanced
levels of N-Myc lead’s to a greater number of transcription activating
complexes.

1.6. Aim of research

The aim of this project is to identify potential targets for N-myc regulation using
the cell line SK-N-SH.
SK-N-SH are human neuroblastoma cells; a metastasis from a bone marrow sample
and comprise of two distinct populations of cells:

- N - type cells show neuroblastic morphology.

- S - type cells are large and epitheliod.

Karyotype shows chromosomal translocation between chromosome 7 and chromosome 22,
and finally this cell line has no amplification of the oncogene N-myc (low levels of N-Myc
protein).

N-myc target genes were isolated using a modification of the protocol developed to
identify p53 binding sites [28], and as follows (see figure 5):

e Generating NTG library, by isolating genomic DNA from SK-N-SH cells digested to
completion with Sau34 and mixed with nuclear extract from SK-N-SH cells, and
finally immunoprecipitated with N-myc antibodies.

e DNA recovered from these precipitates was cloned into pBluescript SK+, and repeated
immunoprecipitation on the primary N-myc selected library either:

+ In the presence of poly dIdC — +NTG clones.
+ Without competition — -NTG clones.

e 400 clones have been isolated, their size of insert calculated, and pure plasmid
prepared for inserts larger than 300bp.

o Inserts were then sequenced using reverse and universal primers.

e DNA sequence homology searches have been carried out using the Daresbury data
base.

15
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2. Materials and Methods

2.1. Materials:

2.1.1- NTG library

= Solution I (Cell resuspension solution)

¢ Glucose 50 mM
¢ Tris.Cl (pH 8.0) 25 mM
¢ EDTA (pH 8.0) 10 mM
¢ Autoclave at 15 Ib. in for 20 min.

—> Solution III (Potassium acetate)

- Per 100 ml:
¢ KOAc(5M) 60 ml.
¢ Glacial acetic acid 11.5 ml.

¢ Autoclave at 15 Ib. in” for 20 min.

= Sodium Acetate (3M)
- Per litre:
¢ NaOAc.3H,0 408.1 g.
¢ Adjust to pH 5.2 with glacial acetic acid.
¢ Autoclave at 15 Ib. in”* for 20 min.

= 1 M Tris.ClpH 7.5
- Per litre:
¢ Tris 121.1g
¢ Adjust to pH 7.5 with HCL
¢ Autoclave at 15 Ib. in”* for 20 min.

= Trypsin
1 ml of Trypsin (Gibco BRL) + 10ml PBS/EDTA. Make up immediately prior to
use.

= 1| M TRIS. pH (8)
- Per 100 ml H,O:
¢ 12.11¢g
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= Solution II (Cell lysis solution)
¢ SDS 1%
¢ NaOH 0.2M
¢ Prepare a 2% solution of SDS and a 0.4 M solution of NaOH, separately.
Autoclave at 15 Ib. in” for 20 min. Mix 1:1 prior to use to give a 1% and 0.2 M
solution.

= 0.5 M EDTA pH 8.0
- Per litre:
¢ EDTA Na,.2H,0 186.1 g
¢ Adjust to pH 8.0 in order that the EDTA will dissolve.
¢ Autoclave at 15 Ib. in”* for 20 min.

= TFBL
¢ KOAc (IM) 6 ml (fc 30 mM)
¢ RbCI 2.418 g (fc 100 mM)
¢ CaCl, (1M) 2 ml (fc 10 mM)
¢ MgCl, (1M) 10 ml (fc 50 mM)
¢ Glycerol 30 ml (fc 15%)
¢ H,0 to 200 ml. Adjust to pH 5.8 with 0.2 acetic acid (few drops). Filter sterilize,
store 4°C.
= TFBIL
¢ MOPS 0.2093 g (fc 10 mM)
¢ CaCl2 (1M) 7.5 ml (fc 75 mM)
¢ RbCI 0.1209 g (fc 10 mM)
¢ Glycerol 15 ml
¢ H,O to 100 ml. Adjust to pH 6.5 with KOH (drop or two). Filter sterilize, store
4°C.

= Ammonium Acetate 10M
¢ 1.92 gm./25 ml H,O.

= Leupeptin 0.5 mg/ml
¢ Dissolve 1 mg in 2 ml of sterile H,O, store at -20°C.

= Pepstatin A 5 mg/ml

¢ Dissolve 5 mg in 5 ml of ethanol, store at -20°C.

|
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= NETN

¢ NaCl 100 mM
¢ EDTA 1 mM
¢ Tris.ClpH 8.0 20 mM
¢ Nonidet P-40 0.5%
¢ PMSF 1 mM

= PMSF 100 mM
¢ Dissolve 17.4 mg in 1 ml of isopropanol, store at -20°C.

= Leupeptin 0.5 mg/ml
¢ 7.5 pgin 100 pl NETN.

= RNAase A
- 10 mg/ 1ml buffer:
¢ Tris.Cl (pH 7.5) 10mM
¢ NaCl 15mM

= Proteinase K
¢ 20mg/ Iml

= Ampicillin
¢ 0.25 gm/ 10ml of sterile water.

= TBS
¢ Tris. CIpH 7.5 20 mM
¢ NaCl 500 mM

= A Hind III DNA marker
- Set up the following digestion in an eppendorf:

¢ H0 780 pl

¢ Buffer 10 100 pl

¢ ADNA 100

¢ Hind III 20 pl

¢ Leave in the 37°C heat block overnight.

¢ Add 100 pl of 6X loading buffer, store at -20°C

= X Gal [DMFX Galactoside]
¢ 0.4 gm/ 10 ml DMF.

18
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= Agarose gel

¢ 0.8 % gel 0.48g Agarose / 60 ml 1X TAE buffer
¢ 1.2 % gel 0.72g Agarose / 60 ml 1X TAE buffer
¢ 1.5% gel 0.9g Agarose / 60 ml 1X TAE buffer
¢ 2.0% gel 1.2g Agarose / 60 ml 1X TAE buffer

= Nutrient Broth (LABM)
¢ 2.5g of labM Nutrient / 100ml H,O
¢ Autoclave at 15 Ib. in” for 20 min.
¢ Add 200 pl of Ampicillin before use

= Nutrient Agar (LABM)
¢ 2.8g/100ml H,0O
¢ Autoclave at 15 Ib. in”® for 20 min.
¢+ Add Ampicillin-Xgal before use.

= PBS/EDTA
- 5 PBS tablets (Dulbeccos phosphate w/o calcium or magnesium) + 0.1g EDTA
in 500ml of H,O.
- Aliquot into 100ml bottles and autoclave. Store at 4°C.

Buffers:

= T.E. Buffer (pH 8.0).
- Per litre:
¢ Ttis.Cl (pH 7.5) 10 mM
¢ EDTA (pH 8.0) 1.0 mM

¢ Autoclave at 15 Ib. in” for 20 min.

= 1X TAE buffer
- Per 5 litres:
¢ S0XTAE 100 ml.

= 6X Loading buffer
¢ Bromophenol blue 0.25% (w/v)

¢ Xylene cyanol ff 0.25% (w/v)
¢ Glycerol 30% (w/v)
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= 50X Tris-acetate electrophoresis buffer (TAE)

- Per litre:
¢ Tris 2420 g.
¢ Glacial acetic acid 57.1 ml.

¢ EDTA (0.5 MpH 8.0) 100 ml.

= Wash buffer

- NENT containing:

¢ PMSF 0.5 mM
¢ Leupeptin Ipg/ ml
¢ Pepstatin Ipg/ ml

= Dissociation buffer

¢ Tris.Cl1pH 9.0 500 mM
¢ EDTA 20 mM
¢ NaCl 10 mM
¢ SDS 0.2%

= Extraction buffer

Add to H,O final volume100ml

¢ Tris.HCI (pH 8.0) 10mM
¢ EDTA (pH 8.0) 0.1lmM
¢ Pencreatic RNAase 20 pg/ml
¢ SDS 0.5%

= Buffer A
¢ 100mM Hepes pH 7.9 10 ml (fc 10mM)
¢ 250 mM KCl 4 ml (fc 10mM)
¢ 100 mM EDTA 20ul (fc 0.1mM)
¢ 10mMEGTA Iml (fc 0.1mM)
¢ 100 mM DTT Iml (fc ImM)
]
L 4

Add PMSF to 0.5mM before use.

= 10X CIP dephosphorylation buffer

¢
¢
*

ZnCl, 10mM
MgCl, 10mM
Tris.Cl (pH 8.3) 100 mM
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. = Binding buffer

¢ Tris. HClpH 7.5 20mM
¢ Glycerol 4%

¢ DIT 1 mM
¢ NaCl 50mM
¢ EDTA 0.1lmM
¢ Spermidine 2.5mM
¢ MgCl, 7.5mM
¢ Leupeptin Tpug / ml
¢ Pepstatin lpug / ml
¢ PMSF 0.5mM

= CA/Mn buffer (pH 5.5)

¢ CaCl,.2H,0 100 mM (0.735g / 50ml)
¢ MnCl,.4H,0 70 mM (0.69265g / 50ml)
¢ NAOAc(anhyd) 40 mM (0.1641g / 50ml)

Prepare fresh and filter sterilize. Start with a solution of the NaOAc at pH 7.0, add
the Ca and Mn, this will bring the pH down to nearer 6.0. Finally adjust the pH
down to 5.5 with acetic acid, never adjust the pH up with NaOH.

Make up to 42.5 ml filter sterilize and then add 7.5 ml of sterile glycerol for the
buffer with 15% glycerol.

= Buffer C
¢ 100 mM Hepes pH 7.9 20ml (fc 20mM)
¢ 4M NaCl 10ml (fc 0.4M)
¢ 100 mM EDTA 1 ml (fc I1mM)
¢ 10 mM EGTA 10ml (fc 1mM)
¢ 100 mM DTT Iml (fc 1mM)
¢ Add to H,O final volume100ml
¢ Add PMSF to 1mM before use.

2.1.2- Colony blots

- Preparation of solutions:

= SDS 10%

= Denaturing solution
¢ NaOH 05N

¢ NaCl 1.5M
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— Neutralizing solution

¢ NaC(Cl 1.5M

¢ Tris.Cl (pH 7.5) 0.5M
= 20X SSC

- Per litre:

¢ NaCl 1753 g

¢ Sodium citrate 882 g

Adjust to pH 7.0 with 10 N NaOH.

2.1.3- Filter hybridization
- Preparation of solutions:

= Pre- hybridization

Solution Volume
¢ 20 X SSPE 12.5 ml
¢ 100 X Denhardt’s 2.5ml
¢ 10% [w/v] SDS 2.5 ml
4

= Hybridization

Solution Volume
¢ 20 X SSPE 12.5 ml
¢ 100 X Denhardt’s 2.5ml
¢ 10% [w/v] SDS 2.5ml
¢ +35mlH,0+ 100 ul 0.5 M EDTA.

2.1.4- Protein Analysis
- Preparation of solutions:

= Protein stain

- Per litre:

¢+ H,O 450ml

¢ Methanol 450ml

¢ Acetic acid 100ml

¢ Coomassie brilliant blue R250 1g

22

Concentration

5 X SSPE

5 X Denhardt’s
0.5% [w/v] SDS

+ 3.5 ml HpO + 100 pl herring sperm [10mg/ml].

Concentration
5 X SSPE
5 X Denhardt’s

0.5% [w/v] SDS



= SDS page sample buffer

¢ H,O 4ml

¢ 0.5M Tris.Cl (pH 6.8) 1.0ml

¢ Glycerol 0.8ml

¢ 10% SDS 1.6ml

¢ [ Mercaptoethanol 0.4ml

¢ 0.1% Bromophenol blue 0.2ml [of 1mg in 1ml H,0]
¢ Store in -20°C

= 45% Acrylamide solution
¢ 22.5gin 50 ml H,O

= 1.6% Bisacrylamide
¢ 0.321in 50 ml H,O

= 1.5M Tris.Cl (pH 8.8)

= 4% SDS
¢ 0.1 SDS
2gm SDS + 50ml H,O

= SDS page electrophoresis buffer

- Per 3 litre:
¢ Tris

¢ Glycine
¢ SDS

= 12.5% Resolving gel
¢ 45% Acrylamide

¢ 1.6% Bisacrylamide
¢ 1.5M Tris pH 8.8

¢ 4% SDS

¢ H,0

¢ TEMED

¢ 0.56% APS

9.1g
43.2¢g
3.0g

2.78ml
0.64ml
2.5ml

0.26ml
3.82ml
13.2ul
0.5ml
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— Protein stain

- Per litre:

¢ H,0 450ml
¢ Methanol 450ml
& Acetic acid 100ml

= 0.65% APS (ammonium persulphate)
- Prepare fresh when needed:
¢ 11.2mgin 2ml H,0

= 4% Stacking gel

¢ 45% Acrylamide 0.7ml
¢ 1.6% Bisacrylamide  0.55ml
¢ 0.5M Tris pH 6.8 2.0ml
¢ 4% SDS 0.4ml
¢ H,O 4.6ml

| ¢ TEMED 12pl
¢ 0.56% APS 0.55ml
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2.2.  Methods:

2.2.1. Tissue culture

2.2.1.1- Recovering SK-N-SH cells from liquid Nitrogen

Cells were removed from the freezer, thawed by gently swirling the tube in a
beaker of water at 37°C and then transferring the contents to a sterile 25ml
universal. 5Sml of media (RPMI 1640 Medium with Glutamax-1, from GIBCO
BRL) was then added slowly over a period of 2 minutes.

Cells were then pelleted at 1500rpm for 2 minutes at room temperature, and re-
suspended in 1ml of medium containing 10% FCS. The contents were then
transferred to a 25cm” flask, a further 2m] of medium was added and incubated at
37°C in a 5% CO, incubator overnight (until cells attach).

[Media was changed every 3-4 days]

2.2.1.2- Trypsinisation of cells for passaging

Medium was decanted from the cells, which were then washed twice with
PBS/EDTA, ensuring all surfaces of the flask as well as the monolayer were
covered.

2.5ml of Trypsin was added to rinse the cells and then poured off leaving a thin
film of trypsin covering the cell surface.

The sealed flask was then placed in 5% CO, incubator for one minute or until cells
were rounded up and detached.

3 ml of medium + 10% FCS was added to the cell suspension to inhibit trypsin and
then decanted into a sterile 25ml universal.

The flask was then rinsed with a further 5Sml of medium and decanted into the 25ml
universal. The cells were centrifuged at 1500rpm at room temperature for 2
minutes, then, after pouring off the medium 1ml of fresh media was added and
aspirated to a single cell suspension. The contents were then transferred to a 25¢m?
flask and an appropriate volume of medium containing 10% FCS (2ml) was added.
The flask was then kept in a 5% CO, incubator at 37°C overnight (changing
medium every 3-4 day).

2.2.1.3- Preservation of cells in liquid Nitrogen

Cells had to be trypsinized first (previous method) but re-suspended in 1ml of 90%
FCS / 10% DMSO. 0.5ml of cell suspension was added to NUNC Cryovials (screw
tops finger tight), and placed at -20°C for 30 minutes and then transferred to an
insulated box at —70°C overnight, then to a liquid Nitrogen storage container.
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2.2.2. DNA Manipulation

To begin the research, a number of NTG clones are required (which may have N-
Myc target genes). These clones are generated from what is called the N-Myc
binding library. In order to begin the library, a number of preparations are
required, for example: Competent sure cells, Genomic DNA, Nuclear extraction,
Competent DHS o« cells, pBluescript SK+.

2.2.2.1- Complete sure cells

5ml of culture was grown overnight (E.Coli) and then using 1ml (5ml) to inoculate
100m1 of pre-warmed LB, left to grow at 37°C until ODgy=0.5, the cells were then
centrifuged in 50ml aliquots in falcon tubes.

The pellets were re-suspended in % the volume of ice-cold Ca/Mn buffer and after
1 hour incubation on ice, centrifuged at 200rpm for 5 minutes and re-suspended
very gently in 1/20 the volume of ice-cold Ca/Mn buffer + 15% glycerol and
finally dispensed in 200 pl aliquots into cold eppendorfs, frozen in liquid Nitrogen
and transferred to ice (stored at -80°C).

2.2.2.2- Competent DHS o« cells

5ml of culture was grown overnight, and 1ml was used to inoculate 100ml of pre-
warmed LB, it was then left to grow at 37°C until ODg,, reached 0.3-0.35. The
cells were then chilled on ice for 5 minutes and pelleted using the MSE mistral for
7 minutes at 3600rpm, 4°C and re-suspended in 2/5 the volume using TFBI, left
again on ice for 5 minutes, pelleted down, re-suspended in 1/25 the volume using
TFBII and finally dispensed in 200ul aliquots into pre-chilled eppendorfs and
frozen in liquid Nitrogen (stored at -80°C).

2.2.2.3- Isolation of Genomic DNA
I- Preparation of cells

SK-N-SH cells growing in monolayer:

a- Cells were detached from the dishes by trypsinisation and recovered by
centrifugation at 1500 rpm at 4°C for 10 minutes.

b- Cells were re-suspended in 5-10 volumes of ice-cold TBS and recovered again
at 1500rpm at 4°C for 10 minutes.

¢c- Re-suspended in 1ml TE, 10ml of extraction buffer was added and incubated for
1 hour at 37 °C.

II- DNA Extraction

a. After 1 hour of incubation proteinase K was added to a final concentration of
100 pg/ml (50 pl of 20 ml/ml stock) and incubated at 50 °C for 3 hours with
periodic mixing.
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C.

TBS was then removed and the pellet re-suspended in 400ul of cold buffer A,
swelled on ice for 15 minutes then 25ml of 10% Nonidet NP-40 was added.
After 10 seconds of vortexing the nuclei were pelleted at 6500rpm in MSE
microcentrifuge for 30 seconds and re-suspended in 50pul of ice cold buffer C,
the nuclei were then left on ice for 15 minutes with occasional shaking.

Lysed nuclei and other debris were removed by centrifugation at 13000rpm,
40°C for 50 minutes (store at -70 °C).

2.2.2.5- pBluescript SK+

L]
]

I1-

Preparation of pBluescript

3ml of culture was grown overnight (pBluescript SK+ cells) centrifuged for 3
minutes and re-suspended in 200ul of ice cold solution.

200pul of solution II was added and mixed by gentle inversion, then mixed with
200ul of ice cold solution III. The solution was then centrifuged at full speed in
a microfuge for 5 minutes to pellet the precipitate. The supernatant was then
transferred to a clean eppendorf (avoiding pipetting up any of the precipitate)
and centrifuged once more for 1 minute.

The supernatant was transferred to a clean eppendorf tube and 2 volumes of
absolute ethanol (at -20 °C) was added then left on ice at least 15 minutes.

The solution was centrifuged at full speed for 15 minutes. The ethanol poured
off and 1 ml of 70% ethanol (at -20 °C) was added, centrifuged for 3 minutes
and ethanol poured off.

The pellet was then re-suspended in 30ul of H,O.

2ul was run on a 0.8% gel to check the presence of pBluescript.

BamH 1 pBluescript

The following were mixed:

a. 50ul pBluescript.
b. 10ul Buffer 4.

c. 10ul BamH]1.

d. 30ul H,O.

Left for 3 hours at 37°C, then precipitated with 2 volumes of Ethanol, centrifuged
and the pellet washed with 70% Ethanol at -20°C. The pellet was then re-
suspended with 40pl of H,O.

10pl is kept as a non CIP (Calf Intestinal Alkaline Phosphates) BamH 1 pBluescript
(2ul was run on a 0.8% gel). (see figure 2.3)

29










[- First round of screening

a. The library was started by mixing the following:

L b -

10ug of Sau34 DNA
50ul of Nuclear extract

In a total volume of 100ul of binding buffer and incubating at room
temperature for | hour. Then, 2 pgof N-myc antibody was added.

b. After | hour of incubation at room temperature, protein A- sepharose (7.5mg in
100ul NETN buffer) was added, then mixed and incubated for a further 30
minutes. The solution was then washed twice in washing buffer (30ul) and the
DNA dissociated in 200pl of dissociation buffer at 55°C for 30 minutes.

c. 200ul of Phenol-Chloroform was used to extract the DNA (aqueous layer)
which was then precipitated with l/3 Volume of ethanol for 16 hour at -80°C.

d. The DNA was recovered by 15 minutes centrifugation and re-dissolved in 10pl

H,O. then cloned into BamH ! pBluescript (half treated with CIP), and then sure
cells transformed with vector.

II- Ligation

a. CIP BamH1 pBluescript
The following were mixed:

—

Ly N

=

. Spgof DNA.

10pl of CIP pBluescript.
4ul of ligase buffer (5X).
1ul of ligase.

b. Non CIP BamH! pBluescript
The following were mixed:

1.

SO S B S ]

()

Sug of DNA.

8 ul pBluescript.

4 pl of ligase buffer.
lul of ligase

2ul of H,0.

Both were stored in 4°C overnight to ligate.
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III- Sure cell transformation

a. The 20pl of CIP ligation was split into 2 eppendorts, each of them had the
following:

1. 10pl of ligation.

2. 40pl of TE.

3. 100pl of Sure cells.

They were left on ice for 30 minutes, then heat shocked at 37°C for 5 minutes,

diluted in to 1ml of pre-warmed LB (each eppendorf), and finally left shaking for

1-2 hours (100 minutes optimum) at 37°C, then both tubes were centrifuged, the

media decanted and re-suspended in 50ul of LB.

Both 150ul were plated out on the same plate and incubated at 37°C overnight.

(Plates had Ampicillin + X Gal)

[The same method was used for the non CIP BamH1 pBluescript ligation]

b. Transformants were scraped off into 1.5ml LB and prepared plasmid DNA from
750ul, for each CIP treated and non CIP, the other 750l was stored as glycerol
at -80°C.

IV- Preparation of plasmid DNA

a. The transformants were pelleted at full speed in a microfuge for 3 minutes and
discarding the supernatant, 200ul of solution 1 was added to resuspend the cells
plus 4ul of RNAseA of (10mg RNA/1ml Tric.Cl+NaCl buffer).

A further 200pl of solution was added and mixed by gentle inversion, and finally

200ul of solution III was added and mixed by shaking.

b. The precipitate was pelleted at full speed in a microfuge for 5 minutes, and
extracted with an equal volume of Phenol: Chloroform.

The aqueous layer was transferred to a clean eppendorf tube and Ethanol

precipitated, finally, re-suspending the DNA pellet in 22ul H,O. This method was

used for both CIP transformants and non CIP transformants.

(a 2pl of each was run on a 0.8% gel). (see figure 2.6)

33






The inserts were then sequenced by Julea Bartley using an AB1 373A automatic
DNA sequencer using the reverse (RV) and universal (UP) primers, then the
sequence was transmitted to SEQNET Daresbury and compared to DNA and
protein databases using the FASTA and GAP algorithms. Candidate homology
were selected based on high similarity over an extended length compared with the
actual length of the inserts and an assessment of their potential significance to
neuroblastoma.

2.2.2.7- Isolation of plasmid DNA

This method was used for each of the 400 clones, stored at -20°C until needed.

Cells were pelleted from a 3ml overnight culture at full speed in a microfuge
for 3minutes, and then re-suspended in 200pl of solution 1 pipetting.

A further 200ul of solution II was added and mixed by gentle inversion, and
finally 200l of solution III is added and mixed by shaking. The solution was then
centrifuged at full speed in a microfuge for 5 minutes to pellet the precipitate.

The supernatant was transferred to a clean Eppendorf tube, and Ethanol
precipitated with (Ethanol/ 70% Ethanol). The DNA pellet then re-suspended in 30
ul of T.E. containing RNAase (900ul of T.E. + 100ul of RNAase).

A small sample was then run on a 0.8% agarose gel (2ul DNA, 8ul of sterile water,
2ul of loading buffer).

2.2.2.8- Sacl / EcoRI double digest

The following were mixed:
a. l4ul of H,O.
b. 2ul of DNA (NTG).
c. 2ul of buffer 2.
d. 1pul of Sacl.
e. lul of EcoRI.

Incubated at 37°C for 1-2 hours, then 4pul of loading buffer were added and run on
a 1.2% agarose gel using the A Hind IIl DNA marker.
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2.2.2.9- Insert size calculation

After digesting out the insert DNA with Sacl/EcoRI, a standard curve was drawn
using the standard sizes of the A Hind III DNA marker and the distance in
millimetres for each size.

114 NTG clones have been plasmid prepped, digested with Sacl/EcoRI, and the
size of insert calculated for each one. Out of the 114, 5 NTG’s were chosen (with
different size of insert) partially or fully sequenced, each had been sequenced
using RV-UP and sent for Homology search.

The procedure for each NTG clone is explained in details in later sections.

2.2.2.10- Colony Blots

Colony Blots were done in order to do check if any clones had been previously
isolated

NTG clones were plated onto new ampicillin plates (100 on each plate) and
incubated at 37°C overnight.

A nylon membrane was cut into pieces slightly smaller than the agar plates, and
each membrane was labelled for identification purposes, then placed label side
down on to the re-streaked plate, making sure no air bubbles were trapped. 3
asymmetrical marks were made by stabbing through the membrane and the agar
(with a sterile needle) for later realignment, from this point the membrane was
- handled with blunt forceps.

The membranes were then transferred (bacteria side up) to a piece of whatman
3MM paper soaked in 10% SDS and left for 3 minutes (This will break the cell
wall and release the DNA). After 3 minutes the excess SDS was wiped off and the
membrane transferred to 3MM paper soaked in Denaturing solution, and left for 5
minutes. Denaturing solution converts the double strand DNA to single strands so
it sticks to the membrane.

After the excess denaturing solution was wiped off and the membrane transferred
to a piece of 3MM paper soaked in neutralizing solution for 5 minutes and finally
to a 3MM paper soaked in 2XSSC for 5 minutes.

The membranes were then transferred to a piece of dry 3MM paper and allowing to
air dry for 30 minutes, wrapped in cling film, and placed bacteria side down on the
UV transilluminator for 5 minutes. To store at room temperature they were
wrapped in tin foil.

|
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2.2.2.11- Colony Hybridization

Colony Hybridization was done to check if any of the 400 NTG clones have picked
the same insert as the one in clone NTG-21.

NTG-21 is thought to be a target gene for N-myc, and has been isolated from a
NTG library using the cell line SK-N-Be2c¢c (This cell line has 150-fold N-myc
oncogene amplification). NTG-21 contains an 803bp insert and shows 65% identity
over 415bp to the 3’ end of intron 1 of the human aromatic L-amino acid
decarboxylase gene (DOPA decarboxylase) gene, and as mentioned before, one of
Neuroblastoma’s distinguished molecular characteristics is the increased
catecholamine metabolism and high expression of DOPA decarboxylase. This
appears to be a link between N-Myc expression and catecholamine metabolism.

I-

I Sau3i Sau3i I

spe; K 803bpInsert ————f  gopy

Figure 2.7, NTG-21

NTG-21 was digested first with Sacl/EcoRI as follows:

17ul DNA.

4ul Sacl.

4ul EcoRl.

8ul buffer (2).

. 47 H,0.

After 3 to 4 hours in 37°C, 16yl of loading buffer was added, and run on a
0.8% agarose gel. The fragment was then isolated from the gel as follows.

© oo o w

I1- Isolation of DNA from Agarose gels

After electrophoresis, the band of interest was cut using a clean razor blade,
trimming off all excess gel. The slice of gel was then put into a labelled eppendorf
and 800ul of sodium iodide added, then placed in a water bath at 70°C for 5
minutes, or until the agarose had completely melted.

After leaving it for 5 minutes at room temperature Sul of silica fines was added (to
re-suspend) and vortexed for 1 second, the tube was then inverted continuously for
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2.2.2.12- Glycerol stocks

Glycerol stocks were prepared in order to store all the 400 NTG clones until
needed.

Method:

Sml of broth was incubated in a 15ml falcon tube, with bacteria (NTG clone)
and grown overnight with shaking.
The cells were pelleted by centrifugation for 2min, pouring off the medium and
resuspending the pellet in 0.5ml of fresh medium, and then transferred to sterile
eppendorf tube and adding 0.5ml of slightly warmed sterile glycerol, shaking well
to mix thoroughly, and stored at -70°C (Aseptic technique was used throughout and
close to the bunsen flame as possible).

2.2.2.13- Protein analysis

This was done using protein extract from SK-N-SH cells and SK-N-Be2c¢ to
compare the protein levels in both cells.

I. Bradford protein assay
a- Prepared 100ml of a 1:5 dilution of Bio-Rad protein assay Dye reagent
concentrate (20ml dye + 80ml H,0).
b- Dissolved 11mg of Bovine serum albumin fraction V in 10 ml of H,O.
c- Prepared the following dilutions in eppendorf tubes:

Tube [[Volume of BSA (1.1 mg/ml)| Volume of Assay buffer| Protein
No. (uD) (uD) (ug)
1 0 500 0
2 45.5 454.5 5
3 90.9 409.1 10
4 159.1 340.9 17.5
5 2273 272.7 25
6 318.2 181.8 35
7 409.1 90.9 45
8 500 0 55

Table 2.1.
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d- Prepared 50ul of each standard (above) in to duplicate test tubes, 2.5ml
of diluted dye was added and incubated for 10-15 minutes at room
temperature, read ODsgs,m, graph was produced-

For sample between 5 and 50ul of protein extract was added to a 2.5ml of

diluted dye, incubated for 10-15 minutes at room temperature, and then read

ODsos.

The value for protein pg was read from the standard curve and calculated the

value for pg protein/pl (explained in chapter three).

II. Protein analysis

Method:

The SDS-Polyacrylamide gel was performed using a resolving gel, on top
the stacking gel overlaid with 0.1% SDS which is the poured off once gel sets.
The samples were prepared as follows:

SK-N-SH SK-N-Be2c¢
10ul N/E 6.25ul N/E
+ +
10ul Dye (SDS buffer) 10ul Dye (SDS buffer)

Both samples were boiled for 5 minutes to allow the SDS to denature the N/E
(Neuroblastoma protein extract).

A 16pul of each was loaded in to the SDS gel wells with 16ul of the standards
(molecular size marker from Sigma). After 1-2 hours, the gel was stained by
immersing the gel in a minimum of 5 volumes of staining solution, and placed on a
slow rotating platform for at least 4 hours at room temperature, and then de-stained
by soaking it in the destaining solution for 4-8 hours on a rocking platform,
changing the destaining solution three or four times. The result is in chapter III.

R 2R

41









Each insert was partially or fully sequenced using the reverse (RV) and universal
(UP) primers then compared to DNA databases at SEQNET Daresbury.

Clone | Total insert | Restriction | Sequence E.Box Homology
No. size map search
sequenced
5 1137 bp v Partial v v
8 956 bp v Partial * v
13 1014 bp v Partial * v
33 1210 bp v RV. * *
Table 3.2.
NTG+S5
e Insert size approximately 1137bp.
e Sequenced initially using RV and UP shown in figure 3.5, (DNA sequence and
predicted restriction map as in figure 3.4.1 & II).
o Homology search using the Daresbury databases shows the following:
5u y
gb_pr:hummha3c?b C
LOCUS HUMMHAZC7B 8892 bp - LNA PRI 31-HAR=1995

VEFINITION Homo sapiens MHC class_.I alpha chain gene, leader exon, alpha 1 ana
2 exons (HLA A3, €7, B7?, BfS, CLA3, C4B1l, DR2, D36).

ACCESSION L2vaell .

~nEYWURLS cell surface antigen; cell surface glycoproteini class I gene:
integral membrane protein; major histocompatibility complex. - . .

SCORES Inictl: 481 Initn: 738 Opt: 592
¢ 70.9% identity in 316 bp overlap

Figure 3.3.1,

Su /rev
ab_orinumtnf.

Locus HUMTNFZ 10950 bp DNA PRI 25-MA3-1792
DEFINITION Human tumor necrosis factor recepter, 3' flank.
ACCESSION  mM3%Las
KEYWORDS tumor necrosis factor receptor.
SOURCE Momo sapiens (liorary: EB0pcD) DNa.
ORGAHISH Homo sapiens . .

SCURES Inicgl: 250 Initn: 733 0Opt:
: T3.7% identity in 281 bp overlap
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Su /rev
gb_pr:humbay

LOCUsS
DEFINITION

ACCESS (0N

KEYWORDS
SOURCE

GCORES

n?

HUMBMYH7 23438 bp DUA PRI 31=0(T=1974
tomo sapi2ns (clounes lanbda gMHC 1.2,3 and 4) beta—myosin neavy
chain (MYH7) qenes, complete cdse.

MS57955 R306063 M305604 M30005 MS57747 Mo7748 MST7747

beta-mynsin nesvy chaini cardiac myosin heavy chain.

Huwman LaWKocyte ONAL . o o«

lnitl: 296 lnitn: 326 Opt: 669
75.9% identity in 294§ br overlap

gb_orinumatnsytu
LOCus HUMATPSYS 10i86 oo DNA PRI 31-0CT-1794
OEFINIIIGON Human £TP synthdse teta suounit (ATPS$) gene, complete cus.
ACCESSION m2r132
KEYWORDS ATP syntnase beta suounit.
SOURCE Human fetval liver DMA, clone g=beta-lambaa 1.
URGANISM  Howo sapiens . o «
SCURES Initi: 306 Initn: 724 Qpt: 512

69.1% identity in 330 bp overlap

Su /rev
gb_pr:hshwu?l

LOCUS
DEFIUITIUN

ACCESSION

KEYWORDS
500RCE

SCURES

HSHW?2 22677 obp DNA PRI 12-MAY-1995
Human DNA sequence from cosmid HW2, tuntington®s Disease Region
chromosome 4pl6.3. T

149250 ~

4pl6.3: CpG island:; nelix=loop~helix;, transcription repressor.
human. e a °

Initl: 346 Initn: 777 Opt: 6LS
70122 identity in 3?;Abp overlap
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5
gb_Pr:numtcru

Locus HUMTCRB (84773 bp DNA PRI Lé=JAN-1995

PDEFINITION Homo saprens (clones: K&lA, K35, K2%, X56, X218, GS4, H137, H18.
HlB/GlSqap' 6151 Xla, A27, A212., ﬁl4l H7.1, H12.18, H130, Alo.,
c21s5, G1, (.681 C2l, x11, X6A, LBGII CBGl/CZ‘;gap; and C29) germiine
T-cell receptor beta cnain, compl2t2 jenes

ACCESS 10N L3éo092 . . .

SCORES Initl: 134 Initn: 254 opt: 304
70.6% identity in 137 bp overlap

Figure 3.3.VI,

Su /rev
gb_prthumldlrac

Lociys HUHMLDLPAC 2332 bp LNA PRI U7=JAN=1995
DEFINITION Human ac2tylated low density Llioocratein (AcLDL) receptor (LULR)
Qene, promoter and exon 1.
ACCES3ION M93189
KEYMURDS LDOL receptor: acetylated LUuL receotor;
Low density Lipoprotein receptor. « . .

SCORES Initl: 231 Initn: 729 Opt: 736 p
69.5% identity in 469 bp overlan

Figure 3.3.VII,

Su

gb_pr:huminsrd

LoCU> HUMINSKD 7240 oD DNA PRI 06~JAN-1995

PEFINITION Human insulin receptor (allele 2) gene, exons 14, 15, 16 and 17.

ACCESSION M29930 M22986 M24639

KEYWURLS Alu repeat; insulin receptor.

SOURCE . Human lymphoblastoid cell Line or peripheral blood Lymphocyte UNA.
ORGANISM homo sapiens . o . ! S . S

SCORES Initl: S49 Initn: -~ 802 Opt: - 703 .- : o
75.4% identity in 317 bp overlap

Figure 3.3.VIII,
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5v
gb_prinumpselect

Locus HUMPSELECT 4865 bp
DEFINITION
region.
ACCESS ION LO1574
KEYWORDS P-sata2ctin.
SOURCE
SCURES Initl: 264 Initn:

70.04 identity in 400 bp

DHA
Homo sapians P-selectin CD52 (GRMP) gene., 5°

PRI 03=JAN=1%3)>

and promoter

ens

Homo saprens (tissue library: EM3L3) colonic wmucusa DHA. . . o

723 Opt:
ovarlap

676

Figure 3.3.1X,

178 Alul
116 Mae ll
107 Xbal 813 Bgl |
94 SfaN! 686 Tth111 | 867 Hinc i
90 BspMI 682 Taql 817 Ncol
82 Acc 649 Mboll 807 NspCl
61 BeeF | 284 EcoNI 637 Mme | 807 Nsp7524 |
58 FnudH | 250 Stul 628 Bsmi 807 Nspl 1005 Dral
58 Bovl 217 Aval 613 Gdill 773 Faul 960 Mscl 1133
I ul 1 111 R I | L1 Il
NTG S 5 RvV+UP 1137 base pairs Unique Sites

Figure 3.4.1, Restriction map of NTG+5 sequenced region.

| 10 | 20 | 30 | 40
1 GATCACGGGC GTTGGTGAAG GATTGGCCCA AGACGGGGTG
81 CGTAGACAAA CCTGCATCTG TTAGTTTCTA GATTTACGTT
161 CACCCCCAGG TATTGTCAGC TTAGGTTTTT CTCCTCTGTT
241 TGAGGGAGGA GGCCTGTGAT ACAGTTCTCT CTGGAGTCTG
321 GGGCCGGGGA AGGGCCCCGG TGACTCCAGT GCAGGCCGGG
401 ATTATATAGA ATATAATATA TAATATTATA TAGAATATAA
481 GAATATAATA TATAATATIT TATAGAATAT AATATATAAT
561 ATATAATATA TAGAATATAA TATATGATAT T***CAATAG
641 ACTAGAGGGA AGAATAATAT AAAACTTCCA ATAATTTTTT
721 AGTGGTGTGA TTGGCTCACT GCAACCTTCA CCTTCCAGGC
801 CTATGGGCAT GTGCCACCAT GGCTGGCTAA TTTTAGTATT
881 TCTCATGTTC ATAGGCTCAA GCAATTAACC CACTCCAGCC
961 GGCCAGGTTC TAGTAATTGT AATATAGGAT TTGCTTATGT
1041 TTCTGTTTTA TTAGATGTAT TGAAAACAGT GATATGGTCA
1121 GCCAAGGCAA GTGGATC
| 10 | 20 |

30 | 40

47

Figure 3.4.II, DNA sequence of NTG+5

| so0 | so0 | 70 | 80
GAATCTGGAA CCACTTTGCT GCCGTAATAC AGGGCCCCTG 80
TCCACGGAAA TTGCTCACCA TGTCAAGAAT CTGTTTTATG 160
TTTATTCCAG AGTTCTCTCG GGCTCCCTCT GTCATGTTGC 240
GAACCTGAGC AAGGGTGGCA GTGGGAGGAA CCGCTTTATA 320
GAGCGAAGTC TGGGAGAAGG CCCAGAATAT AATATATAAT 400
TATATAATAT TTTATAGAAT ATAATATATA ATATTTTATA 480
ATTTTATAGA ATATAATATA TAATATTTTA TAGAATATAT 560
GATAAGTTCT GCTGGCCGAG TGGAGTGGAA TGCAAGTCCA 640
TTCGAGACGA GGTCTTATTC TGTCACTCAG GCTGGAGTGC 720
TCAAGCAATC CTCCCGCCTC AGCCTCCTGA GTATTTGGGA 800
TTTTTCTAAA GATGGGGTTT TGCTATGTTG ACCAGGCTCG 880
TCCCAAAGTG CTGGGATTAT AGGCATGAGC CACCATGACT 960
ATTTTTTAAA AATGAGTGAT AGTGAGTAAC CAATTAAGTA 1040
GGCACGGTGG CTCACGCCTG TAACCCCAGC ACTTTGGGAG 1120

1137
80

| so } 60 |

70 |

RV+UP (*** = unsequenced region).









Pstl excises a fragment of 1.4Kb, HindIl (Hincll) excises a fragment of 290bp
Looking at the restriction map, there is a Hincll site at 867, therefore the total
length 1137-867 = 270bp corresponds well with the above digest.

Summary - HindII (Hincll)

Hindil
Hincl

SaulA o Sau3Ad :
Sacl / FeoRI Sau3A
ind
Hinelg —224L_, +
(HindID)

Hinell

Sacl

Hinell
(HindID)

Figure 3.9, Hind]I digestion of NTG+S5.
Summary - Pst/

= The Sau3A fragment in NTG+S is approximately 2.2Kb from the previous
Sacl/EcoRI digests.

= When NTG+S5 is cut with Pstl it excises a 1.4Kb fragment, therefore:

Pl

Pstl
EeoRI ——

Sacl 22-14=038Kb

Pst]

Figure 3.10, Pst/ digestion of NTG+S5.
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— The 800bp fragment was ligated into Sacl/Pst/ cut pBluescript (see figure
3.14):

Sacl

29Kb Pstf

pBluescript

Figure 3.14, Sacl/Pst] cut pBluescript.

= Sequenced using the UP and homology search using the Daresbury database
showed the following (see figure 3.16.I & II for predicted restriction map and
sequence:

S5sc¢ /rev
gb_pr:numcolrepu

LOCuUsS HUMCULREPU 801 oo UNA PRI 01=-NOV=1994
DEFINITION Human variable number tandem repeat (VNTR) region, allele 17HR1 3°
to collagen type 11 (COL2A1l) gene.
ACCESSION Lioi71
KEYWORDS VNTR; collagen: collagen type [1;
variable number tandem repeat allete. . . .

CCURES Initl: 334 Initn: 343 Qpt: 886
70.5% identity in 661 bp overlap

Figure 3.15.1,

Ssc
gb_pr:humtcro

‘ LOCUsS HUMTCRB 684973 bo DNA PRI 14=JAN=1995
JEFINITION Homo sapiens (clones: K&LA, K35, K26, KS6, X21B, GS4, H137, H18.,
Hlb/Gngap, G15., X1A, A27. A2121 Ald4, H7.1., H12.18, H130., Aléf

€215, G1, C68, C21., X111, X6A., (BGl, (BG1/C29gap, and C29) germline
T-cell receptor beta chain, complete gene.
ACCESSION L36092 . . .

SCORES Initl: 161 Initn: 338 Opt: 585
63.7% identity in 630 bp overlap

Figure 3.15.11,

wh
[\



5sc /rev
gb_prshumifnolda

LOCUS HUMIFNBZ2A 544 bp DNA PRI 08=NQV=1994
VEFINITIUN Human interleukin 6 (IL6) gene, 3° flank.

ACCESSINN J03049

KEYWORDS interferon=beta=2; interleukin 6.

3TOURCE Human UDNA.

ORGANISH Homo sapiens o o

SCORES ITnitl: 212 Initn: 342 Opt: 744
72.6% identity in 493 pp overlap

Figure 3.15.11,

Ssc
4b_orthscolii?

LOCUS HSCOLTI? 2461 bp DNA PRI 04=NOY=199¢
DEFINITION Human alpha 1(11) collagen gene 3' untranslated region.
ACCESSION X02670

KEYWURDS AT rich region; collagen; cotllagen atpha 1 type II;
coltagen tyoe II: tandem repeat.

3NURCE humane =« o« @

SCORES [nitl: 153 Initn: 221 Opt: 814

70.3% identity in 632 op overlap

Figure 3.15.1V,

41 Rmal
35 BsiY i
25 HgiA |
25 Bsp1286 1
25 ApalL |
18 Aval
12 Nlalv
12 Banl|

JLL

5 .800.up 739 base pairs Unique Sites

tigure 3.16.1, Restriction map for 800bp Sacl/Pstl sub-clone of NTG+5
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1 GAAAGTATCC AGGCACCCCC GAGGGTGCAC ACACCCAGGG CTAGGAGACC TCAGGTTTAT ACGTCTCTTT CTTTTCTCTT 80
TCTTGGGGAC TGGTTCTACC GAAACATATA TACATATATG ATATATACAC ACACGTGTAT ATATCTCATA TATATATATA 160

81
161
241
321
401
481
561
641

721 TCCCATAAAA TATTATATA 739

| 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80

TATATATATA CACGTGTATA TATATATATA TAACAGATAA CGTATAATTA TAATTATATT ATCTGTAATA TATAATTATA 240
TATATTTTGT ATTCTATATA TTATATACTA TGTATTCTAT ATAATATATA TTATGTATTC TATATAATAT TATATATTAT 320
ATTCTATATT CTATATTATA TTCTATATTC TATAGAATAT TCTATATTAT ATTCTATATT CTATAGAATA TTCTATATTA 400
TATTCTATAT TCTATAGAAT ATTCTATATT ATATTCTATA TTATATTCTA TATATTCTAT ATAATATTAT ATATTATATT 480
CTATATAATA TTATATATTA TATTCTATAT ATTATATATT ATATTCTATA TATTATATAT TATATTCTAT ATATTATATA 560
TTATATTCTA TATATTATAT ATTAATATTC TATATATTAT ATATTATATT CCTATATATT ATATATTATA TTCCTATATA 640
TTATATATTA TATTCTATAT ATTATATATT ATATTCTATA TATTATATAT TATATTCTAA TAAAATATTA TATATTAATA 720

| 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80

Figure 3.16.11, DNA sequence for 800bp Sac//Pstl sub-clone of NTG+S5.

The 1.4 Kb Pst] fragment was ligated into Pst/ cut pBluescript:

Psti

Pstl

pBluescript

Figure 3.17, Pst] cut pBluescript.

To determine the orientation of the fragment, 1l of 1.4Kb Pst/ was digested
with Hindll, as the Pst] fragment can ligate into the vector in either orientation
to give 2 possible recombinants, see figure 3.18:
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The first sub-clone (4Kb + 290bp) was sequenced using RV. The homology search
shows the following (see figure 3.20 I & 1I for predicted restriction map and

sequence):

Ssc3 /rev

LACUS
JEFINITION
ACCESSION
NID
KEYWURDS
SOURCE

SCURES

Qo _pr:hsrb2pl3o

HSKRB2P13v PRI l1e-HaR-1v24
H.sapiens mRNA
X74594

g3y7147

E1A binding protein:

NUM3ANe o « =«

3249 bp RNA
for Ro2/pl30 protein.

retinoblastoma—~associated protein.

68 Initn: 111 Opt: 112

in 219 bp overlap

Initl:
identity

55.7%

Figure 3.20.1,

Ssec3

LOCYS
DEFIATTIUN
ACCESSiON
NID

KE YWURDS
SOURCE

SCURES

gb_pr:numcd3oa

HUMCU30A 2541 oo UMA PRI U3-MAR-~199>
Human antiygen (D36 gene, alternate exons 2a and 2b and exon 3.
LO63 49
9691762
ALY repeat, antigen (D36,
Homo saotrens (tissye Library: EM8L 4) DHA. o . .

[nivde 69 Initn: 112 Cpt: 69

94.7% identity in 19 bp overtao

Figure 3.20.11,
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55¢3 /rev
gb_or:s47171

Figure 3.20.111,

LG CYS S67171 3448 bp MRNA PRI

OEFINITION Rbr-2=retinnblastoma susceptibility gene Chuman,
cells, mRYNA, 3443 nt],

ACCESSION 567171

NID g453131

KE YWURDS « o & @

SCURES Initl: 63 Initn: 111 Opt: 112
55%.7% didentity in 219 bp overlap

04=Ft3=-17%4
HelLa $3 suspension

gb_prinsacgin

Locus HSHCGI | 3642 bp RNa

DEFINITION H.sapiens HCG 1] mANA.

ACCESSION X81001

NID 6531407

KEYWORDS HCG 1 qene.

SOURCE human. . . .

SCURES Initl: S7 Initn: 131 Opt:
53.7% ideatity in 231 bp overlap

Figure 3.20.1V,

PRI

78

13-AuG5-1v7%

Ssc¢3
gb_prinsi25912

62.5% 1dentity in 120 bp overlap

Figure 3.20.V,

57

PR1

[Woldils HSL25G1?2 37153 bp DNA

DEFINITION Human DNA sequeace from cosmid L25S0lé, Huntington®s Disease Re
chromosone Lplb.3.

ACCESSiON 25432

NiD q1015498

KE YWQRDS 4bLé6.3. . . .

SCURES inicd e 115 Initn: 115 Opt: 124

0%-0CT=1995
giOf‘ll



http://SOoR.CE

153 Xcmli 318 NspCl

150 Fok | 318 Nsp7524 |
137 Scri | 318 Nsp |
137 EcoR il 275 Alul
137 Dsa V 261 Bsp1286 |
137 BsiN| 261 Banll 339 Xmn'|
112 Accl 212 Rsall 316 Nsil
101 Hae lll 189 PIIM | 274 Pvull 465 SfaNi
39 BsmA | 137 BstK 212 Csp6! 302 Hga! 414 Ssp |
33 Xbal 100 Hael 189 BsiY | 274 NspB i 359 Maelll 451 Msel
| S I | [ [ I N | ] { ]
[
Sser? 588 base pairs Unique Sites

Figure 3.21.1, Restriction map of 1.4Kb PstI sub-clone of NTG+5.

| 10 | 20 | 30 | 40 | 50 | 60 | 70

1 CTCAGAGAGC ATGGGCTGTT TGAAAGGCAA TTTCTAGAGT CTCAGTTTAG ACACAGACTC GTTCCTAAAG AAAGCCTTTT 80

81 CTCCTAGTTT ACAAGCAGAA GGCCAGTTCT TGTCTACTCC
161 ATACTGGTGT AGGGCAAGAA ACCTGATTCC AATGATTGGG
241 CTTTCAACAA AATTGAAGAA GGGCTCACAT TGTCAGCTGA
321 TGTTTTGGCA TATAATATGA AAGAGTTCAG ATAAGCGAGT
401 GTCTATACCA ACCAATATTT ATCAGGGACT TCTGCCCATA
481 CTCTTTCAAT CCCATTCGTA AATAATACTT ACCCATGAAT

561 GATTATTTCC CTCCAGTTTT ACTTCTTC
| 10 | 20 | 30

40

CCTCCCCCAG AGTCCTCCAG GAAGCARAAC ATCCATTGGA 160
AGCAAGTGCT TGTACAAACC ACAGGGCTTC CAATTCTTTG 240
TAAATTATAC AAAATTTTTT GGACGCTAGG TCTGTATGCA 320
AACTGAAATA TAACCAGACA CTTGCCATTT CTATCCACTT 400
CCAAATTCTC TTAAAAATAA AATTGATGCC GAATCCTGTT 480
ACATGAAARA CAGTCCCATT TTTCCCAGTA AGAAATTATA 560

588

| 50 | 60 | 70 | 80

Figure 3.21.11, DNA sequence for 1.4Kb PstI sub-clone of NTG+5.

NTGH+8

e Insert size approximately 956bp.

e Sequenced inttially using RV-UP figure 3.24, (see figure 3.23.1 & II for

predicted restriction map and sequence).

Homology search using the Daresbury databasc shows the following:
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ar

LOCUS
DEFINITION
ACCESSION
KEYWORDS

SOURCE

SCORES

gb_prihsmhcapg

HSMHCAPG 66109 bp ONA PRI 16=N0OV=1994

‘H sapiens genes TAP1l, TAP2, LMP2, LMP7 and D0OB.

X66401 S57528

VOB gener, LHAPZ gene: LMP7 gene:

major histocompatibility complex class Il; tapl gene; tap2 gene.
humane « o =«

72 Initn: 154 QOpt: 74

in 29 bp overtap

Initl:
79.3% identity

Figure 3.22.1,

LOCUS
VEFINITION
ACCESSION
KEYWORDS
50URCE
ORGANISM

SCORES

gb_przhstcrby

HSTCRBYV 77743 bp DNA PRI 20=APR=1994
Human V beta Tecell receptor (TCRBY) gene locus.
.U°3115
human.
Homo sapiens . «
Initl: 71 Initn: 206 Opt: 144

overlap

57.3% identity in 239 bp

Figure 3.22.11, .-

8r

LOCUS
DEFINITION
ACCESSION
KEYWORDS
SOURCE
ORGANISH

SCORES

gb_prthumvcama

HUMVCAMA 2}96Abp DNA i PRI 14=JAN=1995
Human vascular -cell adhesion molecule=1 (VCAM1) gene, exon 1
M924 31 .
vascutar cell adhesion molecule=l.

Homo sapiens DNA.

Homo sapiens . o

e

Initl: 62 Initns: 138 Opt: 92

61.5% identity in 117 bp overlap

Figure 3.22 111,
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gb_orinsroépll3s

LOCUS HWSRB2P L3 3249 bp RHA PRI 14-MAR=1994
DEFINITION H.osapiens mRNA for Rb2/p130 protein.
ACCESSION X74594

NID G397 147

KE MORDS El1A Linting prctein: retinobtastomna-assonciated protein,
SOURCH humian. « . .

SCURES Initl: 68 Initn: 111 Opt: 112

S5.7% identity in 219 bp overlap

Figure 3.22.1V,

gb_pr:hsu04636

LOCUS HSU0 4636 9453 bp ONA PRI . 21=DEC-199¢4
VEFINITION Human cyclooxygenase=2 (hCox=2) gene, complete cdsa
ACCESSION Uo4636
KEYWORDS -
350URCE numan.
ORGANISM Homo sapiens .« « -

5CORES Initl: 88 Initn: 146 QOpt: 120
54.1% identity in 442 bp overlap

Figure 3.22.V,

gb_pr:humvitdbp

LOCUS HUMVITODBP 55136 bp DNA PRI 27=JAN=1995

DEFINITION Human vitamin D=pinding protein (GC) gene, complete cds.
ACCESSION L10A41 L106K42

KEYWORDS group~specitic component; vitamin D=pinding protein.
SOURCE Homo sapiens DNA,
ORGANISM Homo sapiens .

- =

SCORES Initl: 71 Initn: 143 Opt: 94
61.9% identity in 105 bp overlap

Figure 3.22.VI,
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gr
gb_prthumretblas

LOCUS HUMRETBLAS 180388 op DNA PRI 23=NOV=1994
DEFINITION Human retinoblastoma susceptibility gene exons 1=27, complete cds.
ACCESSION LllYav
KEYWORDS nuctear protein; recessive oncogene; retinoblastoma gene;
retinoblastoma protein; retinoblastoma susceptibility;
tumor supressor geneé. . - =

SCORES Initl: 76 Initn: 161 Opt: 117
52.6% identity in 441 bp overlap

Figure 3.22 . VII,

gb_prthumptgs?

LOCUS HUMP TGS?2 10997 bp DNA PRI 21=JUL=1994

DEFINITION Humar PTGS2 gene for prostaglandin endoperoxide synthase=2.

ACCESSION D2823s

KEYWORDS prostaglandin endoperoxide synthase=2.

SOURCE Homo sapiens (library: EMBL3) Japanese peripheral blood DNA.’
ORGANISM Homo sapiens o« « o°

SCORES Initl: 88 Initn: 146 Opt: 120
54.1% identity in 442 bp overlap

Figure 3.22.VIII,

gb_prthumfglbtk

LOCUS HUMF GLBTK 69363 bp DNA PRI 07=JUN=1995

DEFINITION Human ftp=3 gene, exon 1; alpha~D~galactosidase A (GLA) gene, exons
1-7; L44L gene, exons 1=5; Bruton's tyrosine kinase (BTK) gene,
exons 1-18.

ACCESSION L35265
KEYWORDS Bruton's tyrosine kinase; alpha=D=galactosidase A. « . «

5CORES Initl: 60 Initn: 132 Opt: 82
S4.6% identity in 183 bp overlap

Figure 3.22 1X,
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568 Msp i

568 Hpa li
567 Xmal
567 Smal
567 Aval
537 Scal
530 Fnud4H| 730 Avall 916 Mae it
504 Hael 715 Thil 870 Mnll
393 PfiMI 530 Bbv | 683 Plel 845 Xbal
290 Slel 496 EcoN | 649 Nsil 826 Asel 952 Alwi
| l 1§ I | | I L1 1 |
|
NTGS 8R+U 956 base pairs Unique Sites

Figure 3.23.1, Restriction map of NTG+8.

| 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80
1 GATCATTTTG ABRATCTTTGA CCTTTATATT TTAATGAATA AAATATTAGT AGTTATTAGT ATAAAATAAT TTATGTCTTT 80

81 TGGACTTAGC ATCCAGTATT TCTTTTTTAA TAAAGAAAAT AATTATTCTC TTGCAATATA CTGTGTTTAC CTGGGTTTTG 160
161 ARAAGTGATG TTTCCTAATA TGAGAAAGCC ATTTACATTT TTAAATCTAC AAAGGCAAAT GGAATGGTAC TAAATTATTT 240
241 ATATAATAAT GTTTAGATGG TGGCCCTTAT AACATTCTTT CTATACTTCC TACAGAGTTG GGGATATGCA ATCCTGGAAT 320
321 ATTTCTGGGA GCTAATCCTT TAGCTTGATG AATGAAACAA GACTTTTAAA TAAAATTAAA CTTTCAAATT ATCCAGGTAA 400
401 TGGGCCTGTC TTTTAATTCA ATGGATATGG AGCATAATGA ATTATCCCCT GTtCATTGGG TAATAAGTTC TCATT***** 480
481 *#*#*ax2dapn TGTCCCCTAG TAAAGGCCAT GAACTCATCC ATTTTTATGG CTGCATAGTA CTCCCCTGGT GTATAATGAA 560
561 CCCTGACCCG GGARAGGCCG AGATTAACTA AGCCTGTTTG CCATGGACAG CAATGGGGTT GCTAGAACAT TAGCTGTGTG 640
641 GAACAATTAT GCATTTACCT TTGGGCATAA TACAATGCAA TTGACTCTCC ATATTCATGG GTTCTGCATC CACCGATTCA 720
721 AACARCTGTG GACCRARATT GTCAGAAAAR ACAATACAAT GATAACAAAT GATACAAATA AAAAACAACA TGGTATACCA 800
801 ACTATTTACA TAGCATTTAC ATCGTATTAA TTGTTATTAA GTAATCTAGA GATGATTTAA AGTATATAGG AGGATGTGTG 880
881 TAGGTTATAT GCAAATACTA CACTATTTTA TACCAGTAAC TTGAGCATCC ATGGATTTTG GTATACAAGG GGGATC 956
| 10 | 20 | 30 | 40 | so | 60 | 70 | 80

Figure 3.23.11, DNA sequence of NTG+8.

Sequenced
— —
UP RV
Sacl Hindll EcoRI HindII
Sau3A Sau3sA
RV up
Sequenced Seqquenced

Figure 3.24, Sequenced region of NTG+8.

e NTG+8 was digested using the Sacl/EcoRI double digest (see method 2.2.2.8),
to check if it possesses Sacl or EcoR] sites.
Sacl = 5.0 Kb
EcoRI = 5.0Kb
Sacl/EcoRI = 2.9Kb (vector) + 2.8Kb (insert)
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HindII excises a fragment of 1.4Kb.

28Kb

Sacl Hindll ' EcoRl Hindll

Sau3A Sau3A
L a4y —
 ——— é_._.
Sequenced Sequenced
RY uPp

Figure 3.27, Fragments of NTG+8.

Summary - Hindll

Hindll

HindIl

Figure 3.28, Products of HindlI digestion of NTG+8.

° In order to make sub-clones of NTG+8 for sequencing the following was done:
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= The 700bp fragment was ligated into Sacl/HindlII cut pBluescript:

Sacl

Hindli

pBluescript

Figure 3.31, Sacl/HindII cut pBluescript.

= Sequenced using the UP. Homology search using the Daresbury database
showed the following (see figure 3.33.1 & II for predicted restriction map and
sequence):

gb_pr:humretblas

Locus HUMRETBLAS 180388 bp DNA PRI 23=N0V=1994

DEFINITION Human retinoblastoma susceptibility gene exons 1=27, complete cds.
ACCESSION L11910

CEYWORDS - nuclear protein; recessive oncogene; retinoblastoma gene;
retinoblastoma proteini; retinoblastoma susceptibility;
tumor supressor gene. « « «

SCORES Initl: 118 Initn: 192 Opt: 174

B6.4% identity in 66 bp overlap

Figure 3.32.1,

Jb_prithumtcradcv

LOCUsS HUMTCRADCY 97634 bp DNA PRI 13=JAN=1995 .

OEFINITION Human Tcr-C=delta gene, exons 1=4; Tcr=V-delta gener exons 1-2;
T-cell receptor alpha (Tcr=alpna) gene, J1=J61 segments: and
Ter=C-alpha gene, exons 1=4.

ACCESSION M94081 ]
KEYWORDS T-cell receptor C~atpha; T=cell receptor Cedelta; . . «

SCORES Initl: 110 Initn: 148 Opt: 138
B4.9% identity in 53 bp overlap




gb_pr:hspS53g

LOCuUs
DEFINITION

ACCESSION
KEYWURDS

5CURES

HSPS 3G 20303 bp DNA PR1 23=APR=1992
Human pS3 gene for transformation relateag protein p53 (also calle
transformation=associated protein p53, cellular tumor antigen pS5:3
and non=viral tumour antigen p53).

X541564 ’

anti-oncogene: grouwth suppressor;

cell cycle control. a a

111 Initn: 148 Opt: 232

in 203 obp overlap

Initl:
identity

66.0%

Figure 3.32 111,

gb_pr:hsxllig

LOCUS HS X116 2864 bp DNA PR 08=0CT-1994
VEFINITION H.sapiens xl1l1 gene, promoter region,
ACCESSION 232676
KEYWORDS x11 gene; x11 protein.
50URCE human,

ORGANISM Homo sapiens . o «
SCURES Initl: 204 Initn: 332 Opt: 419

74.7% identity in 221 op overlap

Figure 3.32.1V,

Jb_prihumt
LOCUS
DEFINITION
ACCESSION
KEYHORDS

SOURCE

5CORES

pa

HUMTPA 36594 bp DNA

Human tissue plasminogen activator
K03021

Alu repeati Kpnl repetitive sequence;
tissue plasminogen activator.

Human fetal liver, DNA library of TaManiatis, multiple clones.

PRI
(t=PA) gene.,

14=JAN=1995
complete cds.

repeat region;

Initl: 169 Initn: 323 Opt:
76.9% identity in 242 bp overlap

529

Figure 3.32.V,
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gb_prthumafp

LoOCUS HUMAFP 27553 bp DNA PRI 26=MAY=1995
DEFINITION Human alpha=fetoprotein gene, complete cdss
ACCESSION M16110
KEYWOROS alpha=fetoproteins
SOURCE human.
ORGANISM Homo sapiens o o o
SCORES Initl: 101 Initn: 138 Opt: 184

55.5% identity in 483 bp overlap

jb_przhumtcrb=2
Continuation of HUMTCRB from base 350001 (L36092 Homo sapiens (clones: K&lA,
K35, K26, K56, X21B, 654, H137, H18, H18/G1lSgap, G15, X1A, A27, A212, Al4,
H7.1, H12.18, H130, Al6, C215, Gl, C68, C21, X111, X6A, CBG1l, CBGl1ls(2%9gap- and
C29) germline Tecel
5COURES Initl: 292 Initn: 472 Opt: 509
~71.1% identity in 284 bp overlap

Figure 3.32:VII,

239 Rsal
239 Csp6 i 753 BsiY |
238 Scall 536 Hgal 670 Rmal
43 Saug6 | 186 Dde | 457 Mbo ll 669 Sty |
43 Hae it 171 Alul 314 Gsul 412 Bsr | 535 Ahall 669 Avrll
1 | i I 1 | i 1 ]
1
8UPSH 771 base pairs Unique Sites

Figure 3.33.1, Restriction map for 700bp Sacl/Hind!Il sub-clone (NTG+8).
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| 10 l 20 | 30 | 40

1 CTACAANAAA AGCCAAACTG ACAGTATTAC TGAATAAGGA
81 GGTATGACAC AACTTACCCT AACTATAAAG ACCCTAAATT

161
241
321
401
481
561
641

TTTCACTTTT AGCTTTTTTA TTTCTCTCAG AATAAAAAGT
ACTACAATGA CAGCACTTTT CAAGAAAAGA CTTTTTTCTC
AATAATGAGT AAATAAAAAC ATAAGTATGT GGGTAATTAG
ATGTATATTT CACTGGCTTT TCAATGCCAA CAATCATATT
TGTGAACCTG AAAAGTAATC ACCACTTGGT AGTGACAATA
TACATTTGCA GTTAAATTTG AAAACCCATG ATGTTTAATA
TTTTAGAATT TAAGATAGAA CTAAAATACC TAGGGATAAT

| S0 | 60 | 70 | 80

AAGGCCCAAA GAGACAAAAT ACTTTTTATT TTGTAACCTC 80

ACCAAGATGG GTGCTTATAA TATGGAGAGT TACAAAGTCA
GTATAAGGAG TTGATAAAGA AGTTGATACT ATAAGTTAGT
TCTTACAAAT ATCATGTTAG CAGTATTTGT TTTCTCCAGA
TGTAGTTTCT TAAATAAATG AGTTAGGCAA CAGGCTAATA
CTTTATAAGG CACAGAGAAG ATTTTTCTAA AGAATAAGTA
TGGATAGGGT GAAGGGCGTC ACCACGAAGC AATGAAAAGA
CATATAGTAA TAAAGAATAC TTCCTCCTGT CTCAAAATTA
GATATGACTA CCAAAAATTA AAAATTAAAG GATATTTGGA

721 GTATTATAAA TTAAGAATGA AAMACTTATTA CCCCATGAAC AGGGGATAAT T

(=)

| 10 | 20 | 30 | 40

| so | 60 |

70 |

The 1.4 Kb fragment was ligated into HindII cut into pBluescript:

Hindil

Figure 3.34

, HindlI cut pBluescript.

HindiI

pBluescript

160
240
320
400
480
560
640
720
771

And sequenced using RV (see figure 3.27).

The same procedure was used for the following NTGs:

NTG+13

— Approximately 1014 bp —————

Saci EcoRI
SausA Sau3A
Up
RV
Sequenced Seqquenced
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= Homology search shows the following (see figure 3.37.1 & Il for predicted

restriction map and sequence):

13r /rev
Qb_prihumrag

LA CUS
DEFINITIGN
ACCESSION
KEYJURDS
SIURCE
ORGAMISH

SCur:s

1

HUMRAGL 6545 bo mRIA PRI 083-JAN=1995
Hyman recombinatiron activating protein (RAG-1) gene, complete cos.
M29L74

recombination activating protein.
Hupan pre=B cell, Line NALM4&, cDNA to mRNA,

Homo sapiéens

cltone H36.

Initn: 108 opt:
249 bp overlap

64

in

Inicl:
identity

55.04

gb_pr:humds

1LOCUS
DEFINITION

ACCESS[UN
KE YWoRrRuS
SOURCE

SCORES

HUMDS 225?} bp BNA PRI 22=-MAR=-1995
Human gene for dihydrolipoamide succinyltransterases complete cds
(exon 1-15).

D26535

ginydrolipoarmide succinyltransterasa.

oMo saq1ens (ligrary: lamods EMsL3) peripneral oloou cetls UNA,

Initl: 372 Initn: SL4JOpt:
€8.5% 1dentitv in 352 bp overtap

514

Figure 3.36.11,

gb_prinscs

LOCUS
DEFINITION
ACCESSION
KZ YWORDS

SCURES

flpo
HSCSF1PY 35100 be DNA Pe] 24~APR=1975
tfuman c=tms proto=oncoyene for C5F=1 receotor.,
X14720
c~fms proto-oncogene; (SF=1 receptor: glycoprotein;
growth factor receptor: proto=oncogene;

transmembrane ylycoorotein: tyrosine kinase. . . o«

Initl: 5S4 lnitn: 125 GQpt: 59

85.04% identity in° 20 bp overlap
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Lacus

SOURCE

SCORES

HUMCD4 13133 oo ONA PR1 01=NOV=1994

DEFINITION Human recognition/surtace antigen (CD&4) jene, 5°' end.

ACCESSION ¥86525 . )
X E YWORDS glycoorotein: immunogl obul in suoer gene famitys

recognition antigen; surtace antig2n,
Homo sapiens DA o o o

Initl: 340 Initn: 49L Opt: 532
75.3% identity in 247 bp overlap

LOCUS

ACCZSSION
KEYAORDS

SEZGHMENT

SCURES

ab_pr:humgppla2l

HUMGPP3AZ1I 6829 bp DNA PRI 26=MAY=1995

VEFINITION Human platelet glycoprotein Illa, exon 15.

M32686 JOS5427

Alu repeat; inteyrin; platelet fibrinogen receptor:
platelet 3glycouroteine

21 of 21 . . . ’

Initl: 310 Initn: 494 Opt: 4LES
71.8% identity in 255 bp overlap

gb_prihuml2adcCyz

LOCUS
DEFINITION
ACCESSIUN
KE rwURDS
SOURCE

3CORES

HUH24D(C997 3678 bp ON& PR1 06=-JUL-1995
homo sapiens (subclone 9_a8 from P1 H24) DNA sequence.

L&3610

Interleugin growth hormone cluster on chromosome 5 (5q31).

Bzmo sapiens (tissue liorary: Subclones in 0J4T¢ from P)L clone H24
Ae o o =

Initl: 338 Initn: 498 Opt: 570
66.9% identity in 402 bp overlap
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3b_orzhumbfxiii

LOCYS HUMSFXIT1 3$32%0 oo UNA Pl 31=0CT=199¢
DEFINITION Human factor XIIl o suovunit jene, complete cos.
ACCESSION M64554 J0529¢4
KEYAORDS blood coagulation tactor: factor XIIf{: factor XIIIbi zymogen.
SOURCE Human DNA.

URGANISM Homo sapiens . o =

SCORES Initf: 76 Initn: 114 Opt: 86
55.,9% identity in 145 bp overlap

Figure 3.36.VII,

gb_pr:thumretblas

LOCUS HUMRETBLAS 180388 bp DNA PRI 23=N0OV~1994
JEFINITION Human retinoblastoma susceptibility gene exons 1-27, complete cds

ACCESSION L11910
KEYYORDS niclear protein/ recessive oncogene; retinoblastoma gene;
retinoblastoma protein:; retinoblastoma susceptibility;

tumor Supressor gené. o « o

SCORES ~Initl: 76 Initn: 161 Opt: 117
§52.6% identity in 441 bp overlap

Figure 3.36.VIII,

‘gb_prihstcrbv

LOCuUsS HSTCRBY 77743 bp DNA PR1 20=APR=1994
DEFINITION Human V beta T=cell receptor (TCRBV) gene locus. R
ACCESSION Uo311s :

KEYWORDS ‘o ’ .

SOURCE humane.

ORGANISM Homo SaAPIeNS « o a

SCORES Initl: 71 Initn: 206 Opt: 144
57.3% identity in 239 bp overlap

Figure 3.36.1X,
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ng?ilrtn - _HUMMHCC6A 3453 vp mRNA PRI 07=JAN=1995
v i ON Human MHC class IIl complement compone t C6 mRNA
ACCESSION  J05024 " miNAs complete cas.

KEYHORDS class III gene: complement component Cz. complement component Cé6;
; coleem?nt system proteini major histocompatibility comolex.
50URCE Human liver, c¢cDNA to mRNA, clones tambua-C6/(5G=12:111,21:2111}. .,
5CURcS Initl: $2 Initn: 13% Opts 51

63.9% identity in 61 bp overlap

Figure 3.36.X,

gb_pr:humafp

LOCUS HUMAFP 27553 bp DNA PRI 26=MAY=1995
DEFINITIOM Human alpha-fetoprotein gene, complete cds.
ACCESSION M16110
KEYWURDS alpha~-tetoprotein.
SO0URCE human.
URGANISM Homo sapiens . o o

SCURES Initl: 101 Initn: 138 Opt: 184
55.5% identity in 483 bp overlap

Figure 3.36.XI,

Jo_or:nsatl

LICUS HSAT2 14206 bp Uta PR1 03-N0V=1994
DEFINITICAR H.sapiens gene for antitnromoin LIf.
ACCSSSIUN X68793 S52236 552240

KEVYHA0ORUS antitnroabin: antithrompin I1] gene; ATX gene; plasma protein
serine oroteinase innibitor: serpin.

S50urRCE NUMaAN. o o =

3CORES Initl: $3 Initns 125 Oot: 68

$S5.8% identity in 163 bp overlap

Figure 3.36.XII,
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gb_prins

LOCUS
DEFINITI
ACCESSTO
KE YWO3IDS
SOURCE
ORGANI

SOUPLES

cuznso

HSCUZNSO 4003 bp DNA PR1 12=AUG-1994
UN He.sapiens gene for Cu/Zn=-superoxidz cismutase.
v 129336

Cu/ln-superoxios disautase.

human. :

St4 nomO Sapiens . . .

Initl: 352 initn: 545 QOpt: 51%
75.9% identity in 232 bp overleap

Figure 3.36.XII1,

LOCuUs
VEFIAITIGA

ACCc3SI0N
KEfYWORUS

SQuR:ES

gb_pr:humfmrls

HUMFMR1S 152351 oo DNA ’ PRl 18=JAN=1995
Homo saoiens fragile X mental retardation protein (FNMR=1) gene (o
alternative solices), coaplete cus.

L29074 L383501L

tragite x mental retardation synarome protein;

tragile X syndrome; repeat region.

Inicl: 69 Invtn: 106 Cpt: 71
55.3X identity in 114 kp ovarlap

Figure 3.36.XIV,“

446 Gsu l
441 Fok |
239 BspM| 438 BstX | 991 Tagl
179 Bsg | 400 Earl 647 BsiY | 917 Hgial
157 Bsr! 364 Tlil 639 Mme | 917 Bsp1286 |
151 Bbs | 290 SfaN | 426 Hael 553 Msp | 917 Apal !
139 BspH | 285 BsaB | 420 Hinc It 553 Hpall 894 Aval :
95 Drd | 235 Bsm| 364 Hinf | 525 Saug6 | 841 Nia IV 988 BsmA | |
91 Xbal 207 Ssp | 351 Alwl 525 Avall 808 Mae HI 987 Bsal
| | O I | 111 i L | 1 | I I 1

]

NTG S 13 Rv+UP 1014 base pairs Unique Sites

Figure 3.37.1, Restriction map of NTG+13.
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| 10 | 20 ] 30 | 40

1 GATCATGCAA TAGTAAGAAG TTCTAAACTA TACATATTCC
81 CCCAAATCTA TCTAGACAGA GTTGTCATCA CAGAGTATTG
161 TATATCGTTC TTTATTGGCT GCACAATCAC AATTGGGCTG
241 AGGTTGTTTC CACTTTGTAC AACGGAATTA TCAGATAACA
321 TCAATCAATT TACTTGGTAT AAAATCCCAA GGATCAGGGA
401 AAGAGATTAC CACCAGCTAG TTGACAGGCC AAACATTCCA
481 AAGACAGGCT TACTGAAAAT TTTACTTCCA TTTA*****G
561 GAATACCATT TGTGAGGCGA CAACAGGTAG AGAAGGGAAG
641 CAACTGCCTT GGAGGGGGAA GTAAATCCCC AARAGATAAAC
721 GTTGATTTTC CCTGAAAGTG ARAGTTTAACT CAGTTTTTCG
801 TCGTTCTGTC ACCCAGCCTG AAGTACAGTG GTACAAAGTT
881 TGTGCCTCAG CCTCCCGAGT AGCTGGGATT ACAGGCGTGC

961 TGGGGTATCA CCATGTTGTC CAGGTTGGTC TCGAACTGCT GCCCTCAACT GATC
[ 10 I

20 | 30 { 40

NTG+33

Figure 3.37.11, DNA scquence of NTG+13.

|  so0 | 60 | 70 | 80
CACGCACCAA AATGTTTCCT TTTTCATTTG TCAGGACTTG 80
AATAGTGTAT AATTTGCTTC ATGAACATCT GTCTTCCCAG 160
GTGGATAATA TTTACTGACA TACTTATTTT GTAAGAATGC 240
CCACGATCAG CATCTTAGTA TGCAGACTTC TGGCTTACGA 320
CTTGAATCTG ACATTGTTCA TAATGCTTGC CACCTATGCG 400
CATCCCTGGA GATGTATTTT GCCCAAACTT ACTAAGGCAT 480
ATTTGGACCA GGATAATATG CTGCATTGAA CTCCGGCGAA 560
CAATTGTAGA AGAAGGTTGT CAAGAAGGCC GAACAAGCTC 640
TTTGGTGAAG GTGAAATAAT TTAGCAGATT TCAAGTAGCT 720
TTCTCTCTGG TATATTATCA TAGTATTATT ATTTATAGTG 800
GGCTCCCTGC AACTTCTTCC TCTGGGGTTC AAGTCATTCT 880
ACCACCACGC CTGACTTAAT TTTGTATTCT TCAGTACAGA 960
1014
I 50 |

145 Alul
144 Hind lI 226 Tth1111
112 Eco57 | 198 NspCl 440 Mae |l
101 Rsal 198 Nsp7524 | 377 SiaN| 473 Taql
101 Csp6i 198 Nsp | 366 Hphi 436 Hinc i
97 Ddel 179 Xmn | 333 Ssp 414 Mae lll
(1| | i | | [ U |

Untitled Sequence # 24

502 base pairs

Unique Sites




| 10 [ 20 | 30 | 40
1 CGGTAAGATA TTTTTAAAAA ATTCTTACCC TATGTTTAAT
81 CAGTGGCAAA TACATTCTCA GTACCACTAC ACTGAAGTAG
161 ATTAGTCAAT ATGTAATAGA AGTATTTCAA GGTTATAACA
241 GATAARAACTT TTGTTTCTTA AAGACTAGAC TGTTTAATCT
321 TAACATGGTA ATAATATTAT TAAAATCCCA CCTTTCAAAA
401 TGGGTCCCAG TTTGTGACTG CCTAAAAGAA AACCCGTTGA
481 CAAATTATTT CCCTTGTGTT TA
| 10 | 20 | 30 | 40

3-2- Protein analysis

e Standard curve results:

Figure 3.39.11, DNA scq

| 50 | 60 | 70 | 80
GTTTTCAAAA TTCAATAGAA AAAAATATAA GGTCCTTATA 80
AATTCTGAAT TCCTATTTTT TCARAGCTTT TTTTGTTTAA 160
TGCAATGCTA GTTTATATAT TGATTGACAT TGTCTAATAA 240
TATTTTTCTA CTGGATAAAT TATTTCAGAA TTTCTAATTA 320
AGTGAGGTGA TAATTCGCAT CTTTTGTCTT TCAATTGTGC 400
CGTTTAGAAT AACTTTTTAA AAACTCCCTC TCTCGAAGTT 480

502

| 50 | 60 | 70 | 80

uence of NTG+33.

Protein conc for std. (j1g) | ODsos ODsys duplicate Mean
0 0 0 0
5 0.153 0.159 0.156
10 0.307 0.295 0.301
17.5 0.448 0.480 0.464
25 0.602 0.594. 0.598
35 0.751 0.757 0.574
45 0.940 0.934 0.937
55 1.17 1.20 1.185
Table 3.3.

e From each cell line, [SK-N-SH] and [SK-N-Be2c], 10u of nuclear extract was added to
2.5ml of diluted dye and read ODsys (see chapter 2, protein analysis).

e The value of protein (jg) was read from the standard curve and calculated the value of p

g protein / ml.
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4. Discussion

The project was carried out in order to identify potential target genes for N-myc using the
- cell line SK-N-SH.

The method used to generate genomic library has led to approximately 400 clones being
isolated, some sequenced, and sent to be compared with known DNA sequenced using
“Daresbury” data bases. This procedure can potentially identify genes present in the NTG
library.

Out of the 400 clones, 114 NTGs had their insert size calculated, four partially sequenced,
one had a low affinity N-Myc binding site “CAT GTG”, plus C-Myc binding sites CAC
GTG, and TCT CTTA (see table 3.2. page 44). However the final resolution of which
clones are true in vivo targets for regulation by N-myc will await the cloning these putative
regulatory sequences into reporter plasmids and monitoring activity in N-myc expressing
neuroblastoma cells.

Colony hybridization was done for the 400 clones to check if any had the NTG-21 insert
which was isolated previously in the same lab from the cell line SK-N-Be2c. The result
was negative.

The study of the outcome of the homology search was based on high similarity over
potential extended length, compared with the actual length of the sequenced part, and if
the homologue is of interest by looking at the known neuroblastoma literature (if the gene
plays a role in Neuroblastoma cells)

From the obtained sequence, the comparison data and considering the role of every gene; a
substantial amount of information was gathered, some, in a way or another, play a role in
neuroblastoma cells and a lot of homology had no role at all, and most were intron genes.
Some of the genes picked out by sequence comparison include:

e Human pre-B cell, cDNA to mRNA. Human recombination activating protein (RAG-1)
gene [66.0% identity in 203bp overlap to NTG+8].

- B-cell, also called B lymphocytes give rise to plasma cells, which produce antibodies.
This defence system by B-cells is called antibody-mediated immunity or humoral
immunity because these antibodies present in the blood stream.

During development, antibody genes are re-arranged and N-myc expression is switched
off, and some studies have revealed that down-regulation of N-myc expression in the later
stages of B-cell development is mediated primarily at the level of transcriptional initiation
and that dominant, trans-acting factors present in more mature B-lineage cell lines act to
down-regulate the transcription of N-myc.
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e Human DNA sequence from cosmid HW2, Huntington’s disease region [62.5%
identity in 120 overlap to NTG+5].

- Huntington’s disease formerly Huntington’s chorea, is a hereditary disease of the central

nervous system caused by a mutated gene on chromosome 4. (Neuroblastoma tumour arise

from neural crest cells which form part of the sympathetic nervous system).

e Human retinoblastoma susceptibility gene [52.6% identity in 441 overlap to NTG+8)].

- Retinoblastoma is a hereditary malignant tumour of the retina (delicate, multilayered,
light-sensitive membrane lining the inner eyeball and connected by the optic nerve to the
brain), transmitted as a dominant trait and occurring chiefly among infants.

Subsequent studies revealed amplification of N-myc in retinoblastoma and indirect
evidence has indicated that the product of the retinoblastoma gene (pRb) may be necessary
for the beta type transforming growth factor (TGF-beta) suppression of N-myc expression
and not for TGF-betal inhibition of branching morphogenesis. Therefore suppression of
N-myc is not necessary for inhibition of branching morphogenesis by TGF-betal, (TGF-
betas are potent inhibitors of epithelial cell proliferation). [Hannon G, Demntrick G, Beach
D; Isolation of the Rb-related p130 through its interaction with CDK2 and cyclins: Genes
Dev. 1993, 7 (12A), 2378-2391] & [Friend S. H, Bernards R , et al. ; A human DNA
segment with properties of the gene that predisposes to retinoblastoma and osteosarcoma:
Nature 1986, 323 (6089), 643-646.].

e Human vascular cell adhesion molecule-1 (VCAM1) gene [61.5% identity in 117
overlap to NTG+8], [70.5% identity in 661 overlap to NTG+5].
- Vascular cell adhesion molecule-1 was first identified as a protein that appears on the
surface of endothelial cells after exposure to inflammatory cytokines.
Through interaction with it’s integrin counter receptor VLA-4, VCAM-1 mediates cell-cell
interactions important for immune function. The recruitment of immune cells to the
endothelium is a complex process involving the interaction of ligands or counter receptors
on the surface of endothelial cells with receptors on immune cells, and in addition to
endothelial cells, VCAM-1 is also expressed on lymphoid dendritic cells, and stromal
fibroblasts in bone marrow, and on some tissue macrophages.
Endothelial cell surface ligands may be involved in metastasis of tumour cells, as it has
been proposed that the interaction of tumour cells with activated endotheliun is a
mechanism that facilitates the migration of circulating tumour cells into tissues. Also small
cell lung cancers (where N-myc is amplified) express LFA-1 and MAC-1 integrin which
binds to ICAM-1 (a member of the endothelial cell ligands). [lademarco M. F, McQuillan
J. J, et al.; Characterization of the promoter for vasculear cell adhesion molecule-1
(VCAM-1): 1. Biol. Chem. 1992, 267 (23), 16323-16329]
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o Human p53 gene - associated protein p53, cellular tumour antigen p53 [66.0% identity
in 203 overlap to NTG+8].

- It was thought in several reports on p53 that this genotype is found to have virtually
exclusive wild-type status in primary neuroblastoma, and that p53 plays no role in the
development of neuroblastoma, but recently it was reported that the vast majority of
undifferentiated neuroblastoma’s exhibit abnormal cytoplasmic sequestration of wild-type
p53. This inability of p53 to translocate to the nucleus presumably prevents the protein
from functioning as a suppressor.

The loss of p53 function in neuroblastoma seems to play a major role in the tumorigenesis
of undifferentiated neuroblastoma (neuroblastoma might abrogate the transactivating
function of p53 inhibiting it’s access to the nucleus, rather than by gene mutation).
[Zauberman A, Barak Y, et al.; Sequence-specific DNA binding by p53: identification of
target sites and lack of binding to p53-MDM2 complexes: EMBO 1993, vol. 12 no. 7 pp.
2799-2808].

o H . sapiens genes TAP1, TAP2, DOB, DOB gene, LMP2 gene, LMP7 gene, Major
histocompatibility complex class II [79.3% identity in 29 overlap to NTG+8].

- Some studies are being carried out to determine whether a antitumour immune response

would be generated by introducing Xenogeneic class Il MHC genes into tumour cells, thus

some approaches have been made to use retroviral-mediated transduction of class to MHC

genes into human tumour cells for an effective alternative to current cancer treatment.

[Glynne R, Kerr L. A, et al.; The major histocompatibility complex-encoded proteasome

component LMP7, alternative first exons and post-translational processing: Euro. J.
Immunol 1993, 23 (4), 860-866]

e H. sapiens genes TAP1, TAP2, DOB, DOB gene, LMP2 gene, LMP7 gene.

- The LMP7 gene maps to human MHC class II region within 15Kb of LMP2 and
between TAP1 and TAP2.

TAP1 and TAP2 have homology to the ATP binding cassette (ABC) superfamily of
transporters and have been shown to play a role in the processing and presentation of
endogenous antigens through MHC class] (neuroblastoma has a decreased expression of
the MHC class 1 antigen which correlates with high level of expression of the N-myc gene,
thus expression of MHC class 1 antigens may result in neuroblastoma cells being more
resistant to T-cell mediated immune surveillance). [Beck S, Kelly A, et al.; DNA
Sequence analysis of 66kb of the human MHC Class II region encoding a cluster of genes
for antigen processing: J. Mol. Biol. (1992) 228, 433-441].

® H . sapiens mRNA for Rb2/p130 protein [55.7% identity in 219 overlap to NTG+5].
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e Rbr-2 = retinoblastoma susceptibility gene.

- Rb2/p130 is a member of the Rb family (Retinoblastoma).

pRb and Rb2/p130 share considerable homology in their pocket domains, they share two
additional regions of significant identity near their amino termini, they not only share
primary sequence homology but also functional similarity, each of these proteins combine
specifically to the viral oncoproteins, SV40 antigen and adenvirous EIA.

The structural and functional similarities between Rb and Rb2/p130 gives two possibilities
for the role of Rb2/p130 either it may act as a inhibitor of cellular proliferation or as a
tumour suppressor gene (Rb is the retinoblastoma susceptibility tumour suppressor gene,
pRb is the product of this gene which has been shown to play a key role in the regulation
of cell division. [Mayol X, Grana X, et al.; Cloning of a new member of the
retinoblastoma gene family (pRb2) which binds to the E1A transforming domain:
Oncogene (1993) 8, 2561-2566].

Other genes picked out by sequence comparison include:

e Human gene for dihydrolipoamide succiny 1 transferase.

e Human thymidine Kinase gene.

e Human recognition surface antigen (CD4) gene glycoprotein, immunoglobulin super
gene family. [Edwards M. C, Gibbs R. A; Human dinorphism resulting from loss of an
Alu: Genomics 1992, 14 (3), 590-597]

e H . Sapiens 3’flanking region for estrogene receptor gene. [Keaveney M, Parker M. G,
et al.; Identification of a functional role of the 3’ region of the human oestrogene
receptor gene: J. Mol. Endocrinol 1993, 10 (2) 143-152]

¢ Human c-fms proto-oncogene for csf-1 receptor.

o Human alpha-fetoprotein gene. [Stocker N. G, Cheah K. S, et al.; A highly
polymorphic region 3’ to the human type II collagen gene: Nucleic Acids Res 1985, 13
(13) 4613-4622]

e Human mRNA for second protein of Inter-alpha-trypsin inhibitor complex.

e Human ATP synthase beta subunit (ATPSB) gene.

e Human acetylated low density lipoprotein (ACLDL).
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Homo Sapiens p-selection CD62 (GRMP) gene, 5° end and promoter region. [Pan J,
McEver R. P; Characterization of the promoter for the human P-selectin gene: J. Biol.
Chem. (1993) 268 (30), 22600-22608)].

Human antigen CD36 (Alu repeat).

Human breakpoint cluster region (BCR) gene. [Gu Y, Alder H, et al.; Sequence
analysis of the breakpoint cluster region in the ALL-1 gene involved in acute leukemia:
Cancer Res. (1994) 54, 2327-2330].

Human fragile X mental retardation gene. [Nicola N. A, Metcalf D; Subunit
promiscuity among hemopoietic growth factor receptors: Cell (1991) 67 (1) 1-4].

Human insulin receptor gene. [Elbein S. C; Molecular and clinical characterization of
an insertional polymorphism of the insulin-receptor gene: Diabetes (1989) 38 (6), 737-
743).

Human T-cell receptor beta-chain. [Slightom J. L, Siemieniak D. R, et al.; Nucletide
sequence analysis of 77.7Kb of the human V beta T-cell receptor gene locus, direct
primer-walking using cosmid template DNAs: Genomics (1994) 20, 149-168)].

Human vitamin D binding protein gene.

Human interferon-beta-2 gene.

Human interleukin-6 receptor (ILb) gene. [Bowcock A. M, Kidd J. R, et al.; The
human ‘interferon-beta 2/hepatocyte stimulating factor/ interleukin-6’ gene, DNA

polymorphism studies and localization to chromosome 7p21: Genomics (1988) 3 (1) 8-
16].
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However the most intriguing and exciting of these potential N-myc targets was
found by my lab. Colleague Dr. D. Pearson in clone NTG-21 using her cell line SK-N-
Be2c (same procedure was used).

NTG-21 contains a sequence conserved with one found in intron one of the human DOPA
decarboxylase gene. The degree of sequence identity suggests that they are not one and the
same, but represent similar genes.m DOPA decarboxylase is involved in the diosynthesis
of dopamine, epinephrine, norepinephrine and serotonine neuronal tissue, it shows high
activity in both neuroblastoma and small cell lung carcinomas, another tissue with N-myc
amplification. As N-myc and catecholamine levels both decline after retinoic acid
induction, it was speculated that NTG-21 is part of a gene closely related to DOPA
decarboxylase possible encoding an isoenzyme, further analysis of NTG-21 is bing carried
out by Dr. Pearson to isolate the gene, obtain it’s true identity, and find out whither or not
it is under the control of N-myc.

Other research work is being carried out at Newcastle University to try to identify genes
that are coamplified with N-myc, and determine how they affect prognosis by looking for
genes which map close to N-myc such as DEAD box (DDXI) which may have some role
in prognosis and response, ornithine decarboxylase (ODC), ribonucleotide reductase
(RDR).

4.1. Conclusion:

Although no final conclusion was obtained with respect to the effect of N-myc upon other
genes in neuroblastoma cells, the result of my findings would play a conducive part
towards future work in that ficld, as more time is needed and more work needs to be
carried out on the rest of the 400 clones, for example completing the sequencing, computer
analysis to identify sequence homologies and binding sites. Once any gene of interest has
been identified a Northern blot will be done to determine whether or not it is under control
of N-myc, using three different cells as the levels of gene expression may depend on the
concentration of N-Myc relative to other b-HLH-Z proteins:

= SK-N-Be2c Neuroblastoma cell with amplified N-myc.
= SK-N-SH Neuroblastoma cell with a single copy of N-myc.
= Normal cell.

Experiments would be performed under normal culture conditions and after cells have
been induced to differentiate with retinoic acid, as it has been shown to be one of the most
potent chemical inducers of differentiation in human neuroblastoma. Until then the
question whether N-myc has a control upon other genes remains unproven.
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LOCYS HUMMEAZ(C78 8892 op DHA PR1 31-HAR=-1995

DEFINITION KHomo saprens MHC class | 3atpna chain gene, Leader exon, alpha 1 ang
2 exons (HLA Aj, C?l &7, BfSI (,101\51 Llodlf DR?I DQG).

ACCESSIURN L29411

KEYWYORDS cell suriace antigen; cell surface 3lycoprotein; class [ gene:
integral memorane proteini major histocompatibility complex. o o o

SCORES Fnitl: 431 Initn: 733 Gpt: 592
70.9% identity in 316 btp overlap
130 140 150 160 170 180
54 1TTTTAAAAnArmc«TAAUCAAATtCTATATTAQAAT TACTAGAACCTGuCCAGTCATG
humnna GlTrbTCTTTTTGATFCTGbCTTXTTTCA(TTATAATATTTlTGAGQTT(GuTGGGCACA
5829 5830 5840 S 856 5846 5570
190 260 216 220 236 248
Su GTGGCTCArcccrarAATCCCAGcAcrrTGGGAGGchGAaTGGGrTAArTucrerecc
Ruwmag G1G6GCTCACGCCTGGATTTCCAGCACT TTGGGAGGC TGAAGC AGGTGOATC ACCTGAGTT
s88o 5890 5960 5910 5926 5930
Zs0 260 270 280 770 300
54 TATGRA’ATGAG%(GAGCFTGGTCAALAT\GCAAAAC&’CVTF"TTAGAAAAAAAFACTA
hawana TCGGAC)TTCGAA'«C"/\GC T1GGCCAACATGGTGAAACCCCATCTCTACTAAAAATAATAA
5949 5950 5960 59706 S986 5590
310 Reo 336 3406 350 360
s . AAATTACCCAGCCAT'GCTGGCACATGCCCATAGF CC(AAA'I‘Ar I’AG@GGCTGAGGC"G
nummn AAGVTAGCCGGGCGTGATSbCGGGTGCLT(TAAlCLCﬁACT*CIl 5GAaGCTUAGHCAG
- 6600 6816 6620 6030 6040 6056
376 386 390 400 4lo 420
5u GMGG’TTGLTTCAG(LTCGAAGGTGAAGWQFM \.,AMCA’ AZCACTGCACT

huianae GAGAATCGCT TG ATCCGGONAGTGGA GCTTELAGTGAGCTGAGATC AGGT CACTGC ACT

6060 6070 6080 6090 6lLoo 6L16
430 440 459 466 475 480
Su CCAGCCTGA CTGAC AGAATMGAC CT CGTch' GA AAMAA AT TA TTGGAA(,H'T‘TATA T
hunana CCAGCCTGGGCAACA AGAGTGAAATTC CATCTCCAAAAAAAANAATAAY ACAATAATAAT
6120 6430 6lL40 6156 élé6o 6L70
460 Su0 510 529 530 540
Su TATTCTTCCCTCTAGITOGACTTGCATTCCACTCCACICGGCCAGCAGAACTTATCCTAT

humnna AATAATAITITRGAGGTTCATLCAAGT TGTAUTATGGGTCAGAATITCATTCCITTTAAG
6180 6190 6200 621U 6220 6230
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Locus HSRE2P130 1249 bp RANA PRy 14-MAR-19%4
ODEFINITION H.sapiens mRNA for Fp2/p13¢ protein.
ACCESSINN X74564

NID Qlo7147
KE yWoRUS ElA oinding protein; retinontastoma—associated protein,
SQUR(E hunan. . . .
SCURES Initl: 43 Initn: 111 fpt: 112
§5.74% identity in 219 bp overlap
57y 549 559 569
5s5¢3 GAVUAAGTAAAACTSUAGGGAAATAATCTATAATITICITACT
v & 0 8 o 0 & b e 0, L LI Y )
hsrh2p AGCTACCGCAGCATGAGCGAAAGLTACACGCTGGAGEGAAAL i AT (Tom—m—mmm TCATI
40 s6 éo 70 g0
93¢ 529 519 569 499 489

5sc3 GGGAAAAATGGGACTGTITTTCAIGTATTCAlGGGT!AGTATTAT]TACGAATGGGATTG

hsrhZp GGI1AGCATG-—--*GccTrar»rrT GfCTIGCAGnA—-AATCTGTTCCAn(TGTﬁAfC
90 loo 110 126 136

479 459 459 449 439 430
55c¢3  AAAGAGAATAGGATTCGGCATCAATTTTATTTTTAAGAGAAT-TTGGTATGGGCAGA~=A

e e (] [N [ . R [] ' ] [) [ H
e ee HERH L H ' || * e . |||t| 1] R e

nsrb2p Axrg- GGACAGIGGA466AA1CTATGTATCTTTA\CT45AATCCTGAAAIGTTCAGAGCA
140 156 160 176 1g0 190

429 419 409 399 359 379
Sscl GTCCCTGAT-—AAATATICGT[GGTATAGACA\GTGGATAGAAATGGCAAGTGTCTGGTT

. a 1] !l [} L] [ [ 1 :
. 3 HE v [ . HHE R lll R EHHE HE—

nsrb2p GAGCTrtATLGA\TTlTrTAATAAGATGAAGAAGTGGGAAGAcATGGCAaATClALCCCu
209 210 220 230 240 250

_ 369 359 349 339 329 319
3sc? ATATTICAGI TACTCGCTTATCTGAACTCTTTCATATTATAIGUCHAAACATGCATACAG

nsrb2p ACATTICAGAGAACGTACTGAGAGATTAGAAAGAAACITUACTOTITCTGCTIGTAATTTY
240 270 239 299 300 310 .

Lecus HUMCD 364 2561 bp DNa PRI 03-MAR-1995
DEFINIIION Human antigen (D36 jene, alternate exons 24 and 2b and exon 3.
RTCESS ON LNSEB6Y

NIv 6691762

K< YNORDS Alu repeat; antigen CD36.

SOQURCE Homo sapiens (tissue library: EM3L 4) ONA. o o
SCORES Initl: 69 Initn: 112 ogr: 49

94.77% identity in 19 bp overiap

4190 420 L30 440 450 400
Ssc3  CCAACCAATATTITATCAGGGACTTICTGCCCATACCAAATICTCITAAAVATAAAATTGAT

[ I I I B B R R ] e oy
ety et EL S R R R

humcd3 AACATGACTCCATIGCTGTCTFAAATATARATACCAAATTCTATTAAAAGCTGTCTACAG
2076 2089 2090 2199 2110 2120

L70 484 490 Soo 510 529
S5sc¢3 GCCGAATCCTCTTCTCT I TCAATCCCA TTEETAAATAATACTTACCIATGAATACATGAA

nuncu? GTATGCATGTTAGTAGAAATAATTGITTTAAGT TATGTCCAAAGAGCATGT IGGCATGCT
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yb_prihumretolas

Locus HUMRETBLAS 180388 bp DNA PR1 23=NOV=1994
DEFINITION Human retinoblastoma susceptibility gene exons 1-27, complete cd:
ACCESSION L11919
«EYYORDS nuclear protein:, recessive oncogene; retinoblastoma gene;
retinoblastoma protein; retinoblastoma susceptibility;
tumor supressor gene. o - o

SCORES Initl: 76 Initn: 161 Opt: 117
52.6% identity in 441 bp overlap
. v 20 30 40 50
3r GATCATTTTGAAATCTTTGALCTTTATATTTTAATGAATAAAATATT==°=°AGT
humret TATGATTAGTAGTTTTAATTCAAAATAAAAATGGTATGTTGAATAAAATATTACATAAAC
107790 107800 107810 107820 107830 107840
60 70 80 90 100
ér AGTTATTAGTATAAAATAATTTATGTCTTTT»*cGGACTTAGCAT==CCAGTATTTCTTT
H HE R I I I I O I I B HH I HH HES -
numret ATAAATTAGTATAAAATAATTTA=GTAAATTAAATCATTTAATATAAAAAGGAATTCAAA
107850 107860 107870 107880 107890 107900
110 120 130 140 150 160
ér TTTAATAAAGA-===AAATAATTATTCTCTTGCAATATACTGTGTTTACCTGGGTTTTGA
LIS H I A R | HH H
numret GACATTACAGATTGGCACCACATAATTTAAGICAGTaLACTTTTAGACACTAAATAACTT
107910 107920 107930 107940 107950 107960
170 180 190 200 210 220
ar AAAGTGATGTTTCCTAATATGAGAAAGCCATTTACATITTITAAATCTACAAAGGCAAATG
HE I I A I B R I I B B H HH HERH S R
numret TAAGAGATTTITTTTITA-~ATGAAGGAACAAATCAAA---ATGGCTCAGAAAAATCAGATG
107970 107980 1079990 108000 108010
230 240 250 260 270 279
sr GAATGG=TAC=TAAATTATTTATATAATAATGTTTAGATGGTGGCCCTTATAACATTCTT
LT T I R I B I HEE S I H I HHH HH
numret GAGTGGATACACAAATAAAATACATGT TAATGCTTA=====ACACATTGAATACAAATTT
108020 108030 108040 108050 108060 108070
230 290 300 310 320 330 339
ér TCTATACTTCCTACAGAGTTGGGGATATGCAATCCTGGAATATTITCTGGGAGCTAATCCT
LI A | 10 & 430 [ | [N ) s ¢« a2 4.8 LI ) 1] 1] 1] '::::
humret TCTTTA==TACTAAAGACTTTAAAATGT=CCATGTGTTAATITCTTTTIGGAGGTGGAAAA
108080 108090 108100 108110 108120
340 350 360 370 330 390
ar TTAGCTTGATGAAT"AAACAAGACTTTT AAATAAAATTAAACTTTCAAAT~~TATCCAG
numret ATAGTTTGTCCA---AAAAGACACTTTTCACAGTTGAAGuAACTTuAAAGTICTGTCCCA
108130 108140 108150 108160 108170 108180
400 ' 410 420 430 440 450
3r GTAATGGGCCT-GTCTTTTAAYTCAATGGATATGGAGCATAATGAATTATCCCCTGTTCA
[ N B | .l.. . [ I [ I 1 . L I [ l:: :::'
numret GTGA--GTCCTAATGGTTTTATTTCAGGCAGCAGATTCATTGTCAAATATCTTACTTTTT
108190 108200 108210 108220 108230 108240
460 470
8r TTGGGTAATAAGTTICICATT
hnumret AAGGTCTGTAGGTTATGCTGAATAAAATTCTCTGCACCATGAACTTCAGAGAATCTGAAG
108250 108260 108270 108280 108290 108300
NTG +8
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LOCUS HUMRETBLAS 180388 bp DNA PR1 23=N0V=1994
VEFINITION Human retinoblastoma susceptibility gene exons 1=27, complete cds.
ACCESSION L11919
LEYYORDS nuclear protein: recessive oncogene: retinoblastoma gene,
retinoblastoma protein; retinoblastoma susceptibility:
tUMOr SUPressor gent. o o o
5CURES Initl: 118 Initn: 192 Opt: 174
86.4% identity in 66 bp overlap
330 390 400 410 420 430
du AATCTCGGCCTTTCCCGGOTCAGGGTT CATTATACACCAGGGGAGTACTATGCAGCCATA
IR R R R R R
huaret TGATAGACTGGATTAAGAAAATGTGGCACATATACACCA-TGGAATACTATGCAGCCATA
168180 168190 168200 168210 168220 168230
440 450 460
3u AAAATGGATGAGTTCATGGCCTTTACTAGGGGACAT
AR A R R R R
numret AAAAATGATGAGTTCATGTCCTTIT-GTA=GGGACATGGATGAAATTGGAAACCATCATTC
108240 168250 168260 168270 163280 168290
numret TCAGTAAACTATCGCAAGAACAAAAAACCAAACACCGCATATTCTCACTCATAGGTGGGA
168300 16831¢ 168320 168330 168340 168350
Jb_prthumvcama
LOCUS HUHVCAMA 2396 bp ONA PRI 14=JAN=1995

VEFINITIOM dHuman vascular cell adhesion molecule=1 (VCAHL) gene, exon 1.

ACCESSION M92431
KEYWORDS vascular cell adhesion molecule=1l.
SOURCE Homo sapiens DNA.

ORGANISM Homo sapiens . . .

53CORES Initl: 62 Initn: 138 Opt: 92
61.5% identity in 117 bp overlap
W 20 30 40 50
ar GATCATTTTGAAATCTTTGACCTTTATATTTTAATGAATAAA~ATA====TTAGTA
R A R LI I
numvca CAAAAAGTTGATGTTTGTTGCTAAAAGAACTATTTTTATGAATAAATATAAAACTAAGAA
1610 1620 1630 1640 1650 1660
60 70 80 90 ’ 100
3r GTTAT-~ TAGT--ATAAAATAATTTATGTCTTTTbGACTTAGCATCCAGTATTTCTTTT--
HER HH I HHHE : : HE HI I I I
numvca GTTATbGTGTCCCTTITTTAAAAAATGACTCAT(AA-—AAGAAATAACTTTTTCCTTTCT
1670 1680 1690 1700 1710
110 120 130 140 150 160
ir =TTAATAAAGAAAATAATTATTCTCTTGCAATATACTGTGTTTACCTGGGTTTTGAAAAG
" | R I I R ) [ L B [ B A |
" v LI S B A ) LI I A 4020 00
numved CTTGTAAGAGAAAAAAATTAATCTCTITTITAGAATTGCAAACATATTTCCTTGATGGAGAA
1720 1730 1740 1750 1760 1770
NTG +8
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3Io_preihumtira

LICUS . HUMTXRA 13520 bp DNA PRI 14=JAN~-1995

VvEFIAITIUN Human thymidine kinase gene, complete cds, with clustered Alu
. repeats in the intronsa.

ACCESSTION M15205 M15206

K<y 49R0S Alu repeat:. repeat region; tnymidine kinase.
SOURCZ Human DMA (library of Y.-F.lLaul), clone lambda=tk4s (1ll. . . o
SCORZS Initl: 41n Lnitn: 573 ot 594

78.8'. identity in 240 op overlao

Lty 20 39
13u GATCAGTTGAGGGCAGCAGTTCGAGACCAA
A N EE R RNy
numtxr TCCCASCACTTIGOAAGGCLTAGGCGHGCGGATCALTTGAGGTCAGGAG I TTGAGACCAG
9380 939G 9400 2419 9420 9430
40 5¢ by 79 30 94
L3u CCTGGACANCATGETGATACCCCATCTGTACTGANGAATACAAAATTAAGT CAGGCG TGS
AR R N R I N N A N N N A E RN
auater CCAGGCCAACATGOTGAAALCCCATCICTACT~AAARATACAAAAATTAGCCAAGCGTGG
%440 450 480 9470 9480 2699
100 110 120 130 li0 150
L3u TGCTGUCACGCCTIGTAATCCCAGS TACT COGGAGGCTGAGLCACAAGAATGACTTGAACCK
AR A R A R R R N N N NS N R NN N R N N A R R RN
nuatkr TGICACACACCTIGTAATTCCAGCTACTTEGGAGGCAGAGGCACAAGAATIGCTTGAACCT
9500 9510 9520 953) 9540 9550
1690 17v 130 19¢ 230 210
i3u CAGAGGAAGAAGTIGCAGGGAGCCAACTTIGTACCACTGTACTICAGGC TGGGTGACAGA
R e A A A N e NN S A N NN K]
adunter GGGAGGCAGAGGTTGCAGTGAGCCAAGATTATGCCACTGCACTCCASCCTGGATGACAGA
9569 $S7¢ 9580 9590 9600 96190
220 23 240 250 250 270
Lt3u ACGACACTATAAATAATAATACTATGATAATATACCAGAGAGAACGAAAAACTGAGTTAA
NN P HE IR ]
numtkr GCGAGACTCTGTCICAAAAAAAATAGACAAAGCCALGCGCAGTGGCTCATGCCTGTAATC
9629 9630 9640 V639 4660 9670
NTG +13
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LacCUs HSHW? ¢2677 bp UNA PRI 12-MAY=1995

DEFIAITION Human DNA sequence from cosmid HW2, Huntington'®s Disease Region
chromosome 4glé.3.

ACCESSION 269250

KEYWURDS 4pl6.3; CpG island: helix-loop—helix; transcription repressor.

SOLRCE NUM3N. o o o
3CU3cS Initl: 5N6 Initn: 506 Opt: 547

79.4% identity in 218 bp overlap

239 229 219 209 179 189
23y CTGGTATATThTCATAGTAITATIATTIAIAGTGTCC[TLTGTCALCCAGCCTGAAbTAC

e v ? ] [ [ ') [ [
LI B I HE ] " l|0l

nsn4d GCTTITTTITITITITITITITITGAGACGGAGTCTTGCTICTGTCGCCCAGGCTAGAGTGC

9570 25835 9590 92600 9610 9620
179 : 169 159 149 139 129
L3u AGTGGTACAAAGTTIGGUTCCCIGCAACTTETTCCTLTIGGGGTTCAAGTCATTCITGT GCC
HE S H HE A R B R R R A
Asnad - AGTGGCGTGATCTCGGCTCACTGCAACCYCCACCTC(TGGGTTCAAACGATT’TCCTGCL
2630 9644 96%0 9650 P67 9680
119 109 99 89 9 67
L3u TCAGCCTCCCOAGTAGCTEGEATTACAGGCGTGCACCACCACGCCTGACTTAATTTITGTA
R R A A N A N N R R N AN R A S R R S N B A AR
asnwd TCAGCCTCCCHAGICGCTOGGATTACAGGCGCCCACCACCGCGCCCGGCTAATITITGTA
€690 9700 2710 97290 2730 9740
5¢ .9 i9 29 19 9
L5u TTCTTCAGTACAGATGGGGTATCACCATGITGTCCAGGTIGGTUTCGAACTGCTHCCCTC
A A R R R S RS SR R R R R RN A R
nsnw2 TITTTTAGTAGAGATGSGGTTTICACCATCTTGGCCAGGLIGGTUTCGAACTCLTGACCTC
9750 - 9766 9770 9780 2799 24800

13u AACTGATC

nsna?2 A=-=TGATCCCLCCCCCOLCCCCCCOCCGOCCTCUCALAGIGCTGGGATTACAGLUCATGAG
9810 S82u 9830 2840 9850

'NTG +13
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