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pCpGfree-vitroBLacZ
A LacZ expression plasmid completely devoid of CpG dinucleotides, selectable with Blasticidin

Catalog code: pcpgvtb-lz
https://www.invivogen.com/pcpgfree-vitro-blasticidin

For research use only
Version 20F08-MM

PRODUCT INFORMATION
Contents:
• 20 µg of pCpGfree-vitroBLacZ plasmid provided as lyophilized DNA
• E. coli GT115 strain provided lyophilized on a paper disk
• 2 x 1 ml blasticidin at 10 mg/ml

Storage and stability:
• Product is shipped at room temperature.
• Upon receipt, store lyophilized DNA at -20°C.
• Resuspended DNA should be stored at -20°C.
• Store blasticidin at 4°C or -20°C. *
*The expiry date is specified on the product label.

Quality control:
• Plasmid construct has been confirmed by restriction analysis and
sequencing.
• Plasmid DNA was purified by ion exchange chromatography and
lyophilized.

GENERAL PRODUCT USE
pCpGfree-vitro plasmids represent innovative tools to study the effects of 
CpG dinucleotides in numerous applications. DNA vaccination exploits the 
immunostimulatory character of certain CpG motifs to prime and boost 
the immune response. However, these immunostimulatory CpG motifs are 
antagonized by CpG dinucleotides in certain distinct base contexts, termed 
neutralizing CpG motifs. Both types of CpG motifs are usually present in 
plasmidic DNAs, and therefore may lead to an unfavorable immune 
response. pCpGfree-vitro is the ideal tool to overcome this problem, and 
may be used to study the effects of these two types of CpG motifs by 
adding them in different configurations to the pCpGvitro backbone.
CpG dinucleotides are key elements in a number of cellular functions 
associated with chromatin. Several large multisubunit complexes, consisting 
of methyl-CpG binding (MBD) proteins and histone deacetylases, have 
been implicated in the regulation of chromatin dynamics. These complexes 
are recruited to methylated CpG dinucleotides by DNA methyl transferases 
(DNMTs) and induce chromatin remodelling. However the specific roles 
of these complexes are still to be explored. Due to the absence of CpG 
dinucleotides within its backbone, pCpGfree-vitro is not the target of 
DNMTs and thus MBD proteins. Therefore, it provides a useful model 
to study the other proteins involved in these complexes, in particular the 
histone deacetylases. It can also be used to analyze the effects of CpG 
methylation on the regulation and duration of gene expression.

PLASMID FEATURES
pCpGfree-vitro is a family of expression vectors devoid of CpG 
dinucleotides that are selectable in mammalian cells. All the elements 
required for replication and selection of the plasmids in bacteria, and gene 
expression in mammalian cells have been modified to remove all CpG 
dinucleotides.
• Composite CpG-free promoter combining the mouse CMV enhancer,
the human elongation factor 1α core promoter and 5’UTR containing 
a synthetic intron (I 126). This composite promoter yields high and 
ubiquitous expression of the LacZ gene.

TECHNICAL SUPPORT
InvivoGen USA (Toll‑Free): 888‑457‑5873 
InvivoGen USA (International): +1 (858) 457‑5873
InvivoGen Europe: +33 (0) 5‑62‑71‑69‑39
InvivoGen Hong Kong: +852 3622‑3480
E‑mail: info@invivogen.com

www.invivogen.com

• LacZ encodes β-galactosidase an enzyme that catalyzes the hydrolysis
of X-Gal, producing a blue precipitate that can be easily visualized under
a microscope. This CpG-free allele of the lacZ reporter gene can be easily 
subcloned and replaced by a gene of interest.
• CpG-free polyadenylation signals (pAn): The polyadenylation signals
utilized are CpG-free versions of the SV40 late and human β-globin 
polyadenylation signals. These polyA enable efficient cleavage and
polyadenylation reactions resulting in high levels of steady-state mRNA.
• CpG-free matrix attached regions (MARs) are AT-rich sequences that
are able to form barriers between independent expression cassettes .
• CpG-free Blasticidin resistance gene (bsr-∆CpG): The CpG-free
blasticidin resistance gene is active both in E. coli and mammalian cells.
• CpG-free SV40 promoter works in tandem with a bacterial promoter
located within a synthetic intron (I-EC2K). This composite promoter drives the
expression of the resistance gene in both mammalian cells and E. coli.
• CpG-free E. coli R6K gamma origin of replication: This origin is
activated by the R6K specific initiator protein π, encoded by the pir gene. 
Expression of the pir gene is necessary for the replication and amplification 
of pCpGvitro plasmids. E. coli GT115 strain expresses a pir mutant gene
that allows higher plasmid copy number.

1. Wu F. et al. 1995. A DNA segment conferring stable maintenance on R6K
gamma-origin core replicons. J Bacteriol. 177(22):6338-45. 2. Bode J. et al., 
1996. Scaffold/matrix-attached regions: topological switches with multiple
regulatory functions. Crit Rev Eukaryot Gene Expr. 6(2-3):115-38. 

METHODS
Plasmid resuspension
Quickly spin the tube containing the lyophilized plasmid to pellet the DNA. 
To obtain a plasmid solution at 1 µg/µl, resuspend the DNA in  20  µl of 
sterile H2O. Store resuspended plasmid at -20°C.

Reconstitution of E. coli GT115 strain under sterile conditions 
1. Reconstitute E. coli GT115 by adding 1 ml of LB medium in the tube
containing the paper disk. Let sit for 15 minutes. Mix gently by inverting
the tube several times. Let sit 5 more minutes.
2. Streak bacteria taken from this suspension on a LB agar plate.
3. Place the plate in an incubator at 37°C overnight. 
4. Isolate a single colony and grow the bacteria in E. coli growth medium.
5. Prepare competent cells utilizing your preferred protocol.

Plasmid amplification and cloning:
Plasmid amplification and cloning can be performed in competent E. coli GT115.

Blasticidin usage
Blasticidin should be used at 25-100 µg/ml in bacteria and 1-30 µg/ml in 
mammalian cells. Blasticidin is supplied at 10 mg/ml in HEPES buffer. 

RELATED PRODUCTS

Product Description Cat. Code

ChemiComp GT115 cells Competent E. coli cells gt115-11
Blasticidin Selection antibiotic ant-bl-05

https://www.invivogen.com/pcpgfree-vitro-blasticidin
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TTAATTAAAATTATCTCTAAGGCATGTGAACTGGCTGTCTTGGTTTTCATCTGTACTTCATCTGCTACCTCTGTGACCTGAAACATATTTATAATTCCAT

TAAGCTGTGCATATGATAGATTTATCATATGTATTTTCCTTAAAGGATTTTTGTAAGAACTAATTGAATTGATACCTGTAAAGTCTTTATCACACTACCC

AATAAATAATAAATCTCTTTGTTCAGCTCTCTGTTTCTATAAATATGTACAAGTTTTATTGTTTTTAGTGGTAGTGATTTTATTCTCTTTCTATATATAT

ACACACACATGTGTGCATTCATAAATATATACAATTTTTATGAATAAAAAATTATTAGCAATCAATATTGAAAACCACTGATTTTTGTTTATGTGAGCAA

ACAGCAGATTAAAAGGAATTCCTGCAGGAGTCAATGGGAAAAACCCATTGGAGCCAAGTACACTGACTCAATAGGGACTTTCCATTGGGTTTTGCCCAGT

ACATAAGGTCAATAGGGGGTGAGTCAACAGGAAAGTCCCATTGGAGCCAAGTACATTGAGTCAATAGGGACTTTCCAATGGGTTTTGCCCAGTACATAAG

GTCAATGGGAGGTAAGCCAATGGGTTTTTCCCATTACTGACATGTATACTGAGTCATTAGGGACTTTCCAATGGGTTTTGCCCAGTACATAAGGTCAATA

GGGGTGAATCAACAGGAAAGTCCCATTGGAGCCAAGTACACTGAGTCAATAGGGACTTTCCATTGGGTTTTGCCCAGTACAAAAGGTCAATAGGGGGTGA

GTCAATGGGTTTTTCCCATTATTGGCACATACATAAGGTCAATAGGGGTGACTAGTGGAGAAGAGCATGCTTGAGGGCTGAGTGCCCCTCAGTGGGCAGA

GAGCACATGGCCCACAGTCCCTGAGAAGTTGGGGGGAGGGGTGGGCAATTGAACTGGTGCCTAGAGAAGGTGGGGCTTGGGTAAACTGGGAAAGTGATGT

GGTGTACTGGCTCCACCTTTTTCCCCAGGGTGGGGGAGAACCATATATAAGTGCAGTAGTCTCTGTGAACATTCAAGCTTCTGCCTTCTCCCTCCTGTGA

GTTTGgtaagtcactgactgtctatgcctgggaaagggtgggcaggagatggggcagtgcaggaaaagtggcactatgaacccTGCAGCCCTAGAcaatt

gtactaaccttcttctctttcctctcctgacagGTTGGTGTACAGTAGCTTCCACCATGGACCCTGTTGTGCTGCAAAGGAGAGACTGGGAGAACCCTGG

AGTGACCCAGCTCAACAGACTGGCTGCCCACCCTCCCTTTGCCTCTTGGAGGAACTCTGAGGAAGCCAGGACAGACAGGCCCAGCCAGCAGCTCAGGTCT

CTCAATGGAGAGTGGAGGTTTGCCTGGTTCCCTGCCCCTGAAGCTGTGCCTGAGTCTTGGCTGGAGTGTGACCTCCCAGAGGCTGACACTGTTGTGGTGC

CCAGCAACTGGCAGATGCATGGCTATGATGCCCCCATCTACACCAATGTCACCTACCCCATCACTGTGAACCCCCCTTTTGTGCCCACTGAGAACCCCAC

TGGCTGCTACAGCCTGACCTTCAATGTTGATGAGAGCTGGCTGCAAGAAGGCCAGACCAGGATCATCTTTGATGGAGTCAACTCTGCCTTCCACCTCTGG

TGCAATGGCAGGTGGGTTGGCTATGGCCAAGACAGCAGGCTGCCCTCTGAGTTTGACCTCTCTGCCTTCCTCAGAGCTGGAGAGAACAGGCTGGCTGTCA

TGGTGCTCAGGTGGTCTGATGGCAGCTACCTGGAAGACCAAGACATGTGGAGGATGTCTGGCATCTTCAGGGATGTGAGCCTGCTGCACAAGCCCACCAC

CCAGATTTCTGACTTCCATGTTGCCACCAGGTTCAATGATGACTTCAGCAGAGCTGTGCTGGAGGCTGAGGTGCAGATGTGTGGAGAACTCAGAGACTAC

CTGAGAGTCACAGTGAGCCTCTGGCAAGGTGAGACCCAGGTGGCCTCTGGCACAGCCCCCTTTGGAGGAGAGATCATTGATGAGAGAGGAGGCTATGCTG

ACAGAGTCACCCTGAGGCTCAATGTGGAGAACCCCAAGCTGTGGTCTGCTGAGATCCCCAACCTCTACAGGGCTGTTGTGGAGCTGCACACTGCTGATGG

CACCCTGATTGAAGCTGAAGCCTGTGATGTTGGATTCAGAGAAGTCAGGATTGAGAATGGCCTGCTGCTGCTCAATGGCAAGCCTCTGCTCATCAGGGGA

GTCAACAGGCATGAGCACCACCCTCTGCATGGACAAGTGATGGATGAACAGACAATGGTGCAAGATATCCTGCTAATGAAGCAGAACAACTTCAATGCTG

TCAGGTGCTCTCACTACCCCAACCACCCTCTCTGGTACACCCTGTGTGACAGGTATGGCCTGTATGTTGTTGATGAAGCCAACATTGAGACACATGGCAT

GGTGCCCATGAACAGGCTCACAGATGACCCCAGGTGGCTGCCTGCCATGTCTGAGAGAGTGACCAGGATGGTGCAGAGAGACAGGAACCACCCCTCTGTG

ATCATCTGGTCTCTGGGCAATGAGTCTGGACATGGAGCCAACCATGATGCTCTCTACAGGTGGATCAAGTCTGTTGACCCCAGCAGACCTGTGCAGTATG

AAGGAGGTGGAGCAGACACCACAGCCACAGACATCATCTGCCCCATGTATGCCAGGGTTGATGAGGACCAGCCCTTCCCTGCTGTGCCCAAGTGGAGCAT

CAAGAAGTGGCTCTCTCTGCCTGGAGAGACCAGACCTCTGATCCTGTGTGAATATGCACATGCAATGGGCAACTCTCTGGGAGGCTTTGCCAAGTACTGG

CAAGCCTTCAGACAGTACCCCAGGCTGCAAGGAGGATTTGTGTGGGACTGGGTGGACCAATCTCTCATCAAGTATGATGAGAATGGCAACCCCTGGTCTG

CCTATGGAGGAGACTTTGGTGACACCCCCAATGACAGGCAGTTCTGCATGAATGGCCTGGTCTTTGCAGACAGGACCCCTCACCCTGCCCTCACAGAGGC

CAAGCACCAGCAACAGTTCTTCCAGTTCAGGCTGTCTGGACAGACCATTGAGGTGACATCTGAGTACCTCTTCAGGCACTCTGACAATGAGCTCCTGCAC

TGGATGGTGGCCCTGGATGGCAAGCCTCTGGCTTCTGGTGAGGTGCCTCTGGATGTGGCCCCTCAAGGAAAGCAGCTGATTGAACTGCCTGAGCTGCCTC

AGCCAGAGTCTGCTGGACAACTGTGGCTAACAGTGAGGGTGGTTCAGCCCAATGCAACAGCTTGGTCTGAGGCAGGCCACATCTCTGCATGGCAGCAGTG

GAGGCTGGCTGAGAACCTCTCTGTGACCCTGCCTGCTGCCTCTCATGCCATCCCTCACCTGACAACATCTGAAATGGACTTCTGCATTGAGCTGGGCAAC

AAGAGATGGCAGTTCAACAGGCAGTCTGGCTTCCTGTCTCAGATGTGGATTGGAGACAAGAAGCAGCTCCTCACCCCTCTCAGGGACCAATTCACCAGGG

CTCCTCTGGACAATGACATTGGAGTGTCTGAGGCCACCAGGATTGACCCAAATGCTTGGGTGGAGAGGTGGAAGGCTGCTGGACACTACCAGGCTGAGGC

TGCCCTGCTCCAGTGCACAGCAGACACCCTGGCTGATGCTGTTCTGATCACCACAGCCCATGCTTGGCAGCACCAAGGCAAGACCCTGTTCATCAGCAGA
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r Gl yCysTy rSer LeuThr PheAsnVa l AspGl uSer T rpLeuGl nGl uGl yGl nThr A rg I l e I l ePheAspGl yVa l AsnSer Al aPheHi s LeuT rp
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LeuArgVa l Thr Va l Ser LeuT rpGl nGl yGl uThr Gl nVa l A l aSer Gl yThr Al aP roPheGl yGl yGl u I l e I l eAspGl uArgGl yGl yTyrAl aA

spArgVa l Thr LeuArgLeuAsnVa l Gl uAsnP roLysLeuT rpSer Al aGl u I l eP roAsnLeuTyrArgAl aVa l Va l Gl uLeuHi sThr Al aAspGl
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Va l AsnArgHi sGl uHi sHi s P roLeuHi sGl yGl nVa l Me tAspGl uGl nThr Me tVa l Gl nAsp I l eLeuLeuMe tLysGl nAsnAsnPheAsnAl aV

a l A rgCysSer Hi sTy rP roAsnHi sP roLeuT rpTyrThr LeuCysAspArgTyrGl yLeuTyrVa l Va l AspGl uAl aAsn I l eGl uThr Hi sGl yMe

tVa l P roMe tAsnArgLeuThrAspAspP roArgT rpLeuP roAl aMe tSer Gl uArgVa l Thr A rgMe tVa l Gl nArgAspArgAsnHi sP roSer Va l

I l e I l eT rpSer LeuGl yAsnGl uSer Gl yHi sGl yA l aAsnHi sAspAl aLeuTyrArgT rp I l eLysSer Va l AspP roSer A rgP roVa l Gl nTy rG
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eLysLysT rpLeuSer LeuP roGl yGl uThr A rgP roLeu I l eLeuCysGl uTyrAl aHi sAl aMe tGl yAsnSer LeuGl yGl yPheAl aLysTy rT rp

Gl nAl aPheArgGl nTy rP roArgLeuGl nGl yGl yPheVa l T rpAspT rpVa l AspGl nSer Leu I l eLysTyrAspGl uAsnGl yAsnP roT rpSer A

l aTy rGl yGl yAspPheGl yAspThr P roAsnAspArgGl nPheCysMe tAsnGl yLeuVa l PheAl aAspArgThr P roHi s P roAl aLeuThr Gl uAl

aLysHi sGl nGl nGl nPhePheGl nPheArgLeuSer Gl yGl nThr I l eGl uVa l Thr Ser Gl uTy rLeuPheArgHi sSerAspAsnGl uLeuLeuHi s

T rpMe tVa l A l aLeuAspGl yLysP roLeuAl aSer Gl yGl uVa l P roLeuAspVa l A l aP roGl nGl yLysGl nLeu I l eGl uLeuP roGl uLeuP roG

l nP roGl uSer Al aGl yGl nLeuT rpLeuThr Va l A rgVa l Va l Gl nP roAsnAl aThr Al aT rpSer Gl uAl aGl yHi s I l eSer Al aT rpGl nGl nT r

pArgLeuAl aGl uAsnLeuSer Va l Thr LeuP roAl aAl aSer Hi sAl a I l eP roHi s LeuThr Thr Ser Gl uMe tAspPheCys I l eGl uLeuGl yAsn

LysArgT rpGl nPheAsnArgGl nSer Gl yPheLeuSer Gl nMe tT rp I l eGl yAspLysLysGl nLeuLeuThr P roLeuArgAspGl nPheThr A rgA

l aP roLeuAspAsnAsp I l eGl yVa l Ser Gl uAl aThr A rg I l eAspP roAsnAl aT rpVa l Gl uArgT rpLysAl aAl aGl yHi sTy rGl nAl aGl uAl

aAl aLeuLeuGl nCysThr Al aAspThr LeuAl aAspAl aVa l Leu I l eThr Thr Al aHi sAl aT rpGl nHi sGl nGl yLysThr LeuPhe I l eSer A rg

AspPheGl nPheAsn I l eSer A rgTyrSer Gl nGl nGl nLeuMe tGl uThr Ser Hi sArgHi s LeuLeuHi sAl aGl uGl uGl yThr T rpLeuAsn I l eA

spGl yPheHi sMe tGl y I l eGl yGl yAspAspSer T rpSer P roSer Va l Ser Al aGl uPheGl nLeuSer Al aGl yA rgTyrHi sTy rGl nLeuVa l T r

pCysGl nLys•••
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AAGACCTACAGGATTGATGGCTCTGGACAGATGGCAATCACAGTGGATGTGGAGGTTGCCTCTGACACACCTCACCCTGCAAGGATTGGCCTGAACTGTC

AACTGGCACAGGTGGCTGAGAGGGTGAACTGGCTGGGCTTAGGCCCTCAGGAGAACTACCCTGACAGGCTGACAGCTGCCTGCTTTGACAGGTGGGACCT

GCCTCTGTCTGACATGTACACCCCTTATGTGTTCCCTTCTGAGAATGGCCTGAGGTGTGGCACCAGGGAGCTGAACTATGGTCCTCACCAGTGGAGGGGA

GACTTCCAGTTCAACATCTCCAGGTACTCTCAGCAACAGCTCATGGAAACCTCTCACAGGCACCTGCTCCATGCAGAGGAGGGAACCTGGCTGAACATTG

ATGGCTTCCACATGGGCATTGGAGGAGATGACTCTTGGTCTCCTTCTGTGTCTGCTGAGTTCCAGTTATCTGCTGGCAGGTACCACTATCAGCTGGTGTG

GTGCCAGAAGTAAACCTGAGCTAGCTGGCCAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATT

TGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGG

GGGAGGTGTGGGAGGTTTTTTAAAGCAAGTAAAACCTCTACAAATGTGGTATGGAATTGGAGCCCCACTGTGTTCATCTTACAGATGGAAATACTGACAT

TCAGAGGAGTTAGTTAACTTGCCTAGGTGATTCAGCTAATAAGTGCAAGAAAGATTTCAATCCAAGGTGATTTGATTCTGAAGCCTGTGCTAATCACATT

ACACCAAGCTACAACTTCATTTATAAATAATAAGTCAGCTTTCAAGGGCCTTTCAGGTGTCCTGCACTTCTACAAGCTGTGCCATTTAGTGAACACAAAA

TGAGCCTTCTGATGAAGTAGTCTTTTCATTATTTCAGATATTAGAACACTAAAATTCTTAGCTGCCAGCTGATTGAAGGCTGGGACAAAATTCAAACATG

CATCTACAACAATATATATCTCAATGTTAGTCTCCAAATTCTATTGACTTCAACTCAAGAGAATATAAAGAGCTAGTCTTTATACACTCTTTAAGGTATG

ATATCATCTGGAAAGTAACAAAATTGATGCAAATTTGAATGAACTTTATCATGGTGTATTTACACAATGTGTTTCTTCTCCCTGCAATGTATTTCTTTCT

CTAATTCCTTCCATTTGATCTTTCATACACAATCTGGTTCTGATGTATGTTTTTTGGATGCACTTTTCAACTCCAAAAGACAGAGCTAGTTACTTTCTTC

CTGGTGCTCCAAGCACTGTATTTGTATCTGTATTCAAGCCCTTTGCAATATTGTACTGGATCATTATTTCACCTCTAGGATGGCTTCCCCAGGCAACTTG

TGTTCACCCAGAGACTACATTTTGTATCTTGTTGACCTTTGAACTTCCACCAGTGTCTAAAAATAATATGTATGCAAAATTACTTGCTATGAGAATGTAT

AATTAAACAATATAAAAAGGAGAAGCAAGGAGAGAAACACAGGTGTGTATTTGTGTTTGTGTGCTTAAAAGGCAGTGTGGAAAAGGAAGAAATGCCATTT

ATAGTGAGGAGACAAAGTTATATTACCTCTTATCTGGCTTTTAAGGAGATTTTGCTGAGCTAAAAATCCTATATTCATAGAAAAGCCTTACCTGAGTTGC

CAATACCTCAATTCTAAAATACAGCATAGCAAAACTTTAACCTCCAAATCAAGCCTCTACTTGAATCCTTTTCTGAGGGATGAATAAGGCATAGGCATCA

GGGGCTGTTGCCAATGTGCATTAGCTGTTTGCAGCCTCACCTTCTTTCATGGAGTTTAAGATATAGTGTATTTTCCCAAGGTTTGAACTAGCTCTTCATT

TCTTTATGTTTTAAATGCACTGACCTCCCACATTCCCTTTTTAGTAAAATATTCAGAAATAATTTAAATACATCATTGCAATGAAAATAAATGTTTTTTA

TTAGGCAGAATCCAGATGCTCAAGGCCCTTCATAATATCCCCCAGTTTAGTAGTTGGACTTAGGGAACAAAGGAACCTTTAATAGAAATTGGACAGCAAG

AAAGCTCTAGCTTTAGTTTCTGGTGTATTTCAGTGGAATCAGCTCCTCAATGGTTGTCTTGACCAGCTTGCCATTCATCTCAATCAGAACAAAGCAATCA

GGGGCATAGTCTGAGATGAGCTCCCTGCACATGCCACAGGGGGACACCACTCTGATGGACCTGTCCACCTCATCACTGTAGGGGTGCCTCACAGCCACAA

TGGTGTCAAAGTCCTTCTGCCCATTGGAGACTGCAGACCCAATGGCAATGGCCTCTGCACACACAGTGACCCTGCCAATGTAGGCTTCAATGTGGACAGC

AGAGATGATTTCTCCTGTCTTGGTCCTGATGGCAGCACCAACATGGTGCTTGTTGTCCTCATAGAGCATGGTGATTTTCTCAGTGGCAACTTCCACCAGC

TCAAGGTCCTGCTGAGAGATGTTGAAGGTCTTCATGATGGCTCCTCctgtcaggagaggaaagagaagaaggttagtacaattgCTATAGTGAGTTGTAT

TATACTATGCTTATGATTAATTGTCAAACTAGGGCTGCAgggttcatagtgccacttttcctgcactgccccatctcctgcccaccctttcccaggcata

gacagtcagtgacttacCAAACTCACAGGAGGGAGAAGGCAGAAGCTTTTTGCAAAAGCCTAGGCCTCCAAAAAAGCCTCCTCACTACTTCTGGAATAGC

TCAGAGGCCcAGGgGGCCTgGGCCTCTGCATAAATAAAAAAAATTAGTCAGCCTGGGGctggggtgggggcaggggtggggggccaactgggCAGGGGTG

GGGGGCCACTAGTGGGACTATGGTTGCTGACTAATTGAGATGCATGCTTTGCATACTTCTGCCTGCTGGGGAGCCTGGGGACTTTCCACACCTGGTTGCT

GACTAATTGAGATGCATGCTTTGCATACTTCTGCCTGCTGGGGAGCCTGGGGACTTTCCACACCCTAACTGACACACATTCCACAGCTGGTTCTTTCAGC

CTCAGAAGGTACCTAACCAAGTTCCTCTTTCAGAGGTTATTTCAGGCCCTGCAGGAATTCAGTCAATATGTTCACCCCAAAAAAGCTGTTTGTTAACTTG

TCAACCTCATTCTAAAATGTATATAGAAGCCCAAAAGACAATAACAAAAATATTCTTGTAGAACAAAATGGGAAAGAATGTTCCACTAAATATCAAGATT

TAGAGCAAAGCATGAGATGTGTGGGGATAGACAGTGAGGCTGATAAAATAGAGTAGAGCTCAGAAACAGACCCATTGATATATGTAAGTGACCTATGAAA

AAAATATGGCATTTTACAATGGGAAAATGATGATCTTTTTCTTTTTTAGAAAAACAGGGAAATATATTTATATGTAAAAAATAAAAGGGAACCCATATGT

Me tAspP roVa l Va l LeuGl nArgArgAspT rpGl uAsnP roGl

yVa l Thr Gl nLeuAsnArgLeuAl aAl aHi s P roP roPheAl aSer T rpArgAsnSer Gl uGl uAl aArgThrAspArgP roSer Gl nGl nLeuArgSer

LeuAsnGl yGl uT rpArgPheAl aT rpPheP roAl aP roGl uAl aVa l P roGl uSer T rpLeuGl uCysAspLeuP roGl uAl aAspThr Va l Va l Va l P

r oSerAsnT rpGl nMe tHi sGl yTyrAspAl aP ro I l eTy rThrAsnVa l Thr Ty rP ro I l eThr Va l AsnP roP roPheVa l P roThr Gl uAsnP roTh

r Gl yCysTy rSer LeuThr PheAsnVa l AspGl uSer T rpLeuGl nGl uGl yGl nThr A rg I l e I l ePheAspGl yVa l AsnSer Al aPheHi s LeuT rp

CysAsnGl yA rgT rpVa l Gl yTyrGl yGl nAspSer A rgLeuP roSer Gl uPheAspLeuSer Al aPheLeuArgAl aGl yGl uAsnArgLeuAl aVa l M

e tVa l LeuArgT rpSerAspGl ySer Ty rLeuGl uAspGl nAspMe tT rpArgMe tSer Gl y I l ePheArgAspVa l Ser LeuLeuHi sLysP roThr Th

r Gl n I l eSerAspPheHi sVa l A l aThr A rgPheAsnAspAspPheSer A rgAl aVa l LeuGl uAl aGl uVa l Gl nMe tCysGl yGl uLeuArgAspTyr

LeuArgVa l Thr Va l Ser LeuT rpGl nGl yGl uThr Gl nVa l A l aSer Gl yThr Al aP roPheGl yGl yGl u I l e I l eAspGl uArgGl yGl yTyrAl aA

spArgVa l Thr LeuArgLeuAsnVa l Gl uAsnP roLysLeuT rpSer Al aGl u I l eP roAsnLeuTyrArgAl aVa l Va l Gl uLeuHi sThr Al aAspGl

yThr Leu I l eGl uAl aGl uAl aCysAspVa l Gl yPheArgGl uVa l A rg I l eGl uAsnGl yLeuLeuLeuLeuAsnGl yLysP roLeuLeu I l eArgGl y

Va l AsnArgHi sGl uHi sHi s P roLeuHi sGl yGl nVa l Me tAspGl uGl nThr Me tVa l Gl nAsp I l eLeuLeuMe tLysGl nAsnAsnPheAsnAl aV

a l A rgCysSer Hi sTy rP roAsnHi sP roLeuT rpTyrThr LeuCysAspArgTyrGl yLeuTyrVa l Va l AspGl uAl aAsn I l eGl uThr Hi sGl yMe

tVa l P roMe tAsnArgLeuThrAspAspP roArgT rpLeuP roAl aMe tSer Gl uArgVa l Thr A rgMe tVa l Gl nArgAspArgAsnHi sP roSer Va l

I l e I l eT rpSer LeuGl yAsnGl uSer Gl yHi sGl yA l aAsnHi sAspAl aLeuTyrArgT rp I l eLysSer Va l AspP roSer A rgP roVa l Gl nTy rG

l uGl yGl yGl yA l aAspThr Thr Al aThrAsp I l e I l eCysP roMe tTyrAl aArgVa l AspGl uAspGl nP roPheP roAl aVa l P roLysT rpSer I l

eLysLysT rpLeuSer LeuP roGl yGl uThr A rgP roLeu I l eLeuCysGl uTyrAl aHi sAl aMe tGl yAsnSer LeuGl yGl yPheAl aLysTy rT rp

Gl nAl aPheArgGl nTy rP roArgLeuGl nGl yGl yPheVa l T rpAspT rpVa l AspGl nSer Leu I l eLysTyrAspGl uAsnGl yAsnP roT rpSer A

l aTy rGl yGl yAspPheGl yAspThr P roAsnAspArgGl nPheCysMe tAsnGl yLeuVa l PheAl aAspArgThr P roHi s P roAl aLeuThr Gl uAl

aLysHi sGl nGl nGl nPhePheGl nPheArgLeuSer Gl yGl nThr I l eGl uVa l Thr Ser Gl uTy rLeuPheArgHi sSerAspAsnGl uLeuLeuHi s

T rpMe tVa l A l aLeuAspGl yLysP roLeuAl aSer Gl yGl uVa l P roLeuAspVa l A l aP roGl nGl yLysGl nLeu I l eGl uLeuP roGl uLeuP roG

l nP roGl uSer Al aGl yGl nLeuT rpLeuThr Va l A rgVa l Va l Gl nP roAsnAl aThr Al aT rpSer Gl uAl aGl yHi s I l eSer Al aT rpGl nGl nT r

LysThr TyrArg I l eAspGl ySer Gl yGl nMe tAl a I l eThr Va l AspVa l Gl uVa l A l aSerAspThr P roHi s P roAl aArg I l eGl yLeuAsnCysG

l nLeuAl aGl nVa l A l aGl uArgVa l AsnT rpLeuGl yLeuGl y P roGl nGl uAsnTyrP roAspArgLeuThr Al aAl aCysPheAspArgT rpAspLe

uP roLeuSerAspMe tTy rThr P roTy rVa l PheP roSer Gl uAsnGl yLeuArgCysGl yThr A rgGl uLeuAsnTyrGl y P roHi sGl nT rpArgGl y

AspPheGl nPheAsn I l eSer A rgTyrSer Gl nGl nGl nLeuMe tGl uThr Ser Hi sArgHi s LeuLeuHi sAl aGl uGl uGl yThr T rpLeuAsn I l eA

spGl yPheHi sMe tGl y I l eGl yGl yAspAspSer T rpSer P roSer Va l Ser Al aGl uPheGl nLeuSer Al aGl yA rgTyrHi sTy rGl nLeuVa l T r

pCysGl nLys•••

AsnArgThr Ty rLysLeuP ro I l eLeuGl uGl u I l eThr Thr LysVa l LeuLysGl yAsnMe tGl u I l eLeuVa l PheCysAspP

r oAl aTyrAspSer I l eLeuGl uArgCysMe tGl yCysP roSer Va l Va l A rg I l eSer A rgAspVa l Gl uAspSer Ty rP roHi sArgVa l A l aVa l I l

eThrAspPheAspLysGl nGl yAsnSer Va l A l aSer Gl y I l eAl a I l eAl aGl uAl aCysVa l Thr Va l A rgGl y I l eTyrAl aGl u I l eHi sVa l A l a

Ser I l e I l eGl uGl yThr LysThr A rg I l eAl aAl aGl yVa l Hi sHi s LysAsnAspGl uTy rLeuMe tThr I l eLysGl uThr Al aVa l Gl uVa l LeuG

l uLeuAspGl nGl nSer I l eAsnPheThr LysMe t
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CATACCATACACACAAAAAAATTCCAGTGAATTATAAGTCTAAATGGAGAAGGCAAAACTTTAAATCTTTTAGAAAATAATATAGAAGCATGCCATCAAG

ACTTCAGTGTAGAGAAAAATTTCTTATGACTCAAAGTCCTAACCACAAAGAAAAGATTGTTAATTAGATTGCATGAATATTAAGACTTATTTTTAAAATT

AAAAAACCATTAAGAAAAGTCAGGCCATAGAATGACAGAAAATATTTGCAACACCCCAGTAAAGAGAATTGTAATATGCAGATTATAAAAAGAAGTCTTA

CAAATCAGTAAAAAATAAAACTAGACAAAAATTTGAACAGATGAAAGAGAAACTCTAAATAATCATTACACATGAGAAACTCAATCTCAGAAATCAGAGA

ACTATCATTGCATATACACTAAATTAGAGAAATATTAAAAGGCTAAGTAACATCTGTGGCTTAATTAAGTTATCCTAGGAAACCTTAAAACCTTTAAAAG

CCTTATATATTCTTTTTTTTCTTATAAAACTTAAAACCTTAGAGGCTATTTAAGTTGCTGATTTATATTAATTTTATTGTTCAAACATGAGAGCTTAGTA

CATGAAACATGAGAGCTTAGTACATTAGCCATGAGAGCTTAGTACATTAGCCATGAGGGTTTAGTTCATTAAACATGAGAGCTTAGTACATTAAACATGA

GAGCTTAGTACATACTATCAACAGGTTGAACTGCTGATT

PacI (7865)

AseI (7968)

7401

7501

7601

7701

7801

7901

8001

8101
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