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ABSTRACT��

As��an��important��posttranslational��modification,��protein��acetylation��plays��critical��roles��in��many��

biological��processes��such��as��gene��transcription,��DNA��damage��repair,��apoptosis��and��metabolism.��The��

acetylation��occurs��on��the���x�ramino��group��of��specific��lysine��residues,��and��is��catalyzed��by��histone��acetyl�r

transferases��(HATs).��In��cellular��contexts,��HATs��are��found��to��target��hundreds��and��thousands��of��substrates��

including��histone��and��nonhistone��proteins.��Lysine��acetylation��changes��the��microenvironment��of��protein��

and��may��potentially��alter��protein��activity��and��protein�rprotein��interaction.��The��goal��of��this��dissertation��

project��is��to��investigate��the��impact��of��lysine��acetylation��on��the��catalysis��of��MYST��HATs,��and��to��establish��

the��strategy��for��labeling��substrates��of��the��MYST��HATs��at��cellular��level.��To��understand��the��regulatory��

mechanism��of��MYST��HATs,��a��detailed��study��was��carried��out��to��investigate��the��active��site��lysine��acetyla�r

tion��of��two��MYST��HATs��(MOF��and��Tip60).��Autoradiography��and��immunoblotting��data��shows��that��muta�r

tion��of��active��site��lysine��differentially��affects��the��enzyme��autoacetylation��activity��and��the��cognate��sub�r

strate��acetylation��activity.��In��addition,��deacetylated��MOF��and��Tip60��were��prepared��by��using��the��nonspe�r

cific��lysine��deacetylase��Sirt1.��Kinetic��study��demonstrated��that��the��acetylation��of��the��active��site��lysine��on��



MYST��HATs��marginally��modulates��the��HAT��catalysis.��This��work��provides��new��insights��into��the��regulatory��

mechanism��of��MYST��catalysis.��In��the��second��part��of��my��work,��we��designed��and��synthesized��a��series��of��

Ac�rCoA��analogs��conjugated��with��alkynyl��or��azido��functional��groups.��Meanwhile,��the��active��site��of��the��

MOF��was��engineered��to��expand��the��cofactor��binding��capability.��Fluorescence��screening��was��carried��out��

to��characterize�� the��enzyme��activity�� to��Ac�rCoA��analogs.��MOF�rI317A��with��all��analogs��and��MOF�r

I317A/H273A–5HYCoA��were��identified��and��further��applied��in��the��labeling��of��the��cognate��histone��H4��pro�r

tein��and��HAT��substrates��in��293T��cell��lysate.��Visualizing��of��the��labeled��substrate��was��achieved��using��the��

alkynyl��or��azido�rtagged��fluorescent��reporters��through��the��copper�rcatalyzed��azide�>alkyne��cycloaddi�Ÿon.��

As��expected,��the��histone��H4��protein��was��successfully��labeled��by��the��active��enzyme�rcofactor��pairs.��More��

intriguingly,��multiple��protein��bands��in��cell��lysate��were��labeled��and��observed.��This��work��provides��a��new��

versatile��strategy��in��exploring��the��substrates��of��MYST��HATs��at��the��proteomic��level.��
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Matrix��assisted��laser��desorption��ionization��mass��spectrometry��(MALDI�rMS)��

Phenylmethanesulphonyl��fluoride��(PMSF)��

Reverse�rphased��(RP)��

High��performance��liquid��chromatography��(HPLC)��

Fast��protein��liquid��chromatography��(FPLC)��

Tetramethylethylenediamine��(TEMED)��

Sodium��dodecyl��sulfate��polyacrylamide��gel��electrophoresis��(SDS�rPAGE)��

Solid��phase��peptide��synthesis��(SPPS)��

Ultraviolet��(UV)��

Nuclear��magnetic��resonance��(NMR)��

3�r[4�r({bis[(1�rtert�rbutyl�r1H�r1,2,3�rtriazol�r4�ryl)methyl]amino}methyl)�r1H�r1,2,3�rtriazol�r4�ryl]propanol��(BTTP)��
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group,��and��is��catalyzed��by��lysine��methyltransferases.��Lysine��methyltransferases��are��further��divided��into��

two��major��classes��including��the��SET��domain�rcontaining��family��and��the��DOT1��family.6�r10��Similarly,��both��

SET��domain�rcontaining��family��and��the��DOT1��family��are��capable��of��producing��mono�r,��di�r��and��trimethylat�r

ed��lysine.11,��12��(Figure��1.4)����

��

��

Figure��1.4��Lysine��methylation��and��demethylation.��

��

Arginine��methylation��is��under��the��catalysis��of��protein��arginine��methyltransferases��(PRMTs).��

PRMTs��catalyze��the��transfer��of��a��methyl��group��from��S�rAdenosyl�rL�rmethionine��to��the��guanidine��nitrogen��

atom��of��the��arginine��residue.��There��are��three��types��of��PRMTs.��Type��I��PRMTs��include��PRMT1,��PRMT2,��

PRMT3,��CARM1/PRMT4,��PRMT6��and��PRMT8,��produce���˜�rNG�rmonomethylated��(MMA)��and��asymmetric���˜�r

NG,��NG�rdimethylated��(aDMA)��arginine.13��Type��II��PRMTs��(PRMT5)��catalyze��the��formation��of��MMA��and��

symmetric���˜�rNG,��NG’�rdimethylated��arginine��(sDMA).14��The��PRMT7��is��treated��as��the��type��III��PRMTs��due��to��

the��product��formation��of��only��MMA.15��(Figure��1.5)��

��
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��

Figure��1.5��Arginine��methylation.��

��

The��first��reported��histone��phosphorylation��was��in��the��1960s.16��Since��then,��phosphorylation��was��

found��to��occur��on��all��histone��proteins.17,��18��The��phosphorylation��on��the��serine,��tyrosine,��threonine��as��

well��as��histidine��is��catalyzed��by��kinases��in��an��ATP�rdependent��manner,��having��essential��roles��in��the��cellu�r

lar��processes.17,��19.��

In��addition��to��those��modifications��by��small��groups,��several��reports��have��shown��that��the��histone��

proteins��can��be��attached��by��larger��moieties��including��ubiquitin��(Ub),��small��ubiquitin�rlike��modifiers��(SU�r

MOs)��and��poly(ADP�rribose)��(PAR).20�r29��These��addition��reactions��are��termed��as��ubiquitination,��SUMOy�r

lation��and��poly(ADP�rribosylation)��(PARlation),��respectively.��

As��the��reverse��reactions��to��those��histone��modifications,��the��acetyl��and��methyl��groups��on��lysine��

residues��can��be��removed��by��histone��lysine��deacetylase��(HDACs)��and��histone��lysine��demethylase,��respec�r

tively.30�r32��(Figures��1.3��and��1.4)��The��covalent��bond��between��a��phosphate��group��and��a��serine��or��threonine��

residue��can��be��cleaved��by��phosphatase.33,��34��Similarly,��the��ADP�rribose��can��be��removed��by��the��related��

enyzmes��PARG��and��ADP�rribosyl��protein��lyase.35��In��addition,��the��deubiquitinases��(DUBs)��control��the��

cleavage��of��the��peptide��bond��formed��between��the� � � x� ramino��group��on��the��lysine��residue��and��the��C�r

terminal��carboxylate��on��ubiquitin.36��
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has��been��found��that��H4K5��acetylation��decreased��the��methylation��level��of��H4R3��by��PRMT1��(type��I),��but��

promoted��the��H4R3��methylation��by��PRMT5��(type��II).51��Therefore,��investigation��and��exploration��of��cross�r

talk��among��the��histone��modifications��will��provide��detailed��information��in��understanding��the��cellular��

pathways.��

1.2 Lysine��acetylation��and��deacetylation��

1.2.1 Lysine��acetylation��and��its��biological��functions��

First��discovered��in��nucleosomal��histones,��protein��acetylation��is��now��widely��recognized��extending��

far��beyond��the��chromatin��realm��and��orchestrates��other��diverse��biological��functions��and��processes,��in�r

cluding��cell��cycle,��cytoskeleton��remodeling,��chaperones,��ribosome,��and��metabolic��pathways.52�r57��In��the��

past��decade,��significant��progress��has��been��made��in��various��aspects��of��HAT��biology,��from��enzyme��kinet�r

ics,��protein��structures,��gene��regulation,��signal��transduction,��cell��development,��to��disease��mechanism��

and��inhibitor��development.11,��58�r63��To��date,��as��the��regulator��of��histone��acetylation,��numerous��HATs��have��

been��identified��from��the��yeast��to��human.��According��to��the��sequence��and��structural��homology,��HATs��are��

classified��into��four��major��families,��including��Gcn5/PCAF��family,��the��MYST��(named��for��its��founding��mem�r

bers��in��yeast��and��human,��MOZ,��Ybf2/Sas3,��Sas2��and��Tip60)��family,��p300/CBP��and��Rtt109��(Table��1.1).59,��64�r

67����

��

Table��1.1��Histone��acetyltransferases��and��substrate��specificity.63��

HAT�� Substrate��specificity�� Known��complexes��

GNAT��family� � � � � �

Gcn5�� H3K9,��14,��36�� SAGA,��Gcn5/Ada2/Ada3,��ATAC,��TFTC��

PCAF�� H3K14�� STAGA��

MYST��family� � � � � �

MOZ�� H3K14�� MOZ��

yEsa1(Tip60��in��H.��sapiens)�� H4K5,��8,��12,��16;��Htz1K14�� NuA4,��Piccolo��NuA4��

Sas2��(MOF��in��H.��sapiens)�� H4K16�� SAS�rI��

Sas3�� H3K14,��23�� NuA3��
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p300��family� � � � � �

p300�� H2AK5;��H2BK12,��15:�� Numerous��

CBP�� H2AK5;��H2BK12,��15�� Numerous��

Rtt109�� H3K56�� Rtt109�|Vps75,��Rtt109�|Asf1��

��

The��acetylation��catalyzed��by��HAT��enzymes��from��different��families,��undergoes��distinct��mecha�r

nisms4,��11,��68�r71.��Gcn5/PCAF��enzymes��have��been��demonstrated��to��undergo��a��sequential��mechanism,��form�r

ing��a��ternary��complex.��The��glutamate��residue��in��the��active��site��acts��as��a��general��base.��The��enzymes��from��

p300/CBP��family��has��been��shown��to��use��a��special��ordered��sequential��mechanism��known��as��“hit �rand�r

run”,��also��termed��as��Theorell�rChance��mechanism.��(Figure��1.7)��

��

��

Figure��1.7��Bireactant��enzyme��reactions.��

��

However,��the��catalytic��mechanism��of��MYST��enzymes��is��still��in��debate.��Take��yeast��Esa1��for��exam�r

ple.��Using��a��truncated��Esa1,��Yan��et��al.��showed��that��a��two�rstep��chemical��reaction��(Ping��Pong��mechanism)��

occurred��in��the��catalysis��in��which��the��acetyl�rCys304��formed��as��the��intermediate,��followed��by��the��trans�r
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fer��of��the��acetyl��group��from��acetyl�rCys��to��the��lysine��side��chain��by��nucleophilic��attack��(Figure��1.8).68��In��

contrast,��one�rstep��catalytic��mechanism��(sequential��mechanism)��was��concluded��through��using��Esa1��

complex��(piccolo��NuA4��complex)��in��the��work��from��Berndsen��et��al.4��In��their��work,��they��proposed��the��

formation��of��a��ternary��complex��by��demonstrating��that��Glu338��acts��as��a��general��base��(Figure��1.9).��These��

results��indicate��that��the��same��HAT��enzyme��in��different��cellular��context��may��use��different��catalytic��

mechanisms.��

��

��

Figure��1.8��Proposed��ping��pong��catalytic��mechanism��of��Esa1.68��

��
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��

Figure��1.9��Proposed��sequential��catalytic��mechanism��of��Esa1.4��

��

The��addition��of��an��acetyl��group��on��the���x�ramino��group��of��lysine��neutralizes��the��positive��charge,��

changing��the��local��microenvironment,��which��may��affect��the��protein��conformation��and��consequently��the��

enzyme��activity.��On��the��chromatin��template,��histone��lysine��acetylation��can��loosen��nucleosome��struc�r

tures��and��regulates��chromatin�rrelated��nuclear��processes��such��as��gene��transcription��and��DNA��repair.72�r81��

For��the��nonhistone��protein,��a��well�rstudied��acetyltransferase,��p300,��has��demonstrated��that��the��enzymat�r

ic��activity��is��modulated��by��the��lysine��acetylation��on��the��loop��motif.82��Furthermore,��lysine��acetylation��has��

been��linked��to��numerous��human��diseases��including��obesity,��diabetes,��tumorigenesis��and��Alzheimer’s��

disease.��45,��61,��83�r87��Protein��acetylation��is��prevalent��in��the��cellular��context��and��is��tightly��related��to��human��

diseases.��Therefore,��clarification��of��the��catalytic��mechanisms��of��HATs��and��development��of��HAT��inhibitors��

or��activators��will��provide��valuable��therapeutic��insight��to��human��diseases.��

1.2.2 Lysine��deacetylation��and��its��biological��functions��

As��we��mentioned��above,��the��lysine��acetylation��can��loosen��nucleosome��structure,��activating��the��

gene��transcription.��However,��the��deacetylation��of��histone��protein��results��in��the��condensed��chromatin��

which��is��not��accessible��to��the��transcriptional��machinery.��Histone��deacetylases��(HDACs),��like��an��eraser��on��
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the��chromatin,��catalyze��the��removal��of��acetyl��group��from��the��epsilon�ramino��group��of��the��lysine��residues��

in��histone��proteins.30,��88��(Figure��1.3)��Similarly��to��HATs,��it��has��been��reported��that��several��HDACs��can��target��

non�rhistone��substrates.89�r91��In��the��past��decade,��HDACs��have��been��extensively��studied.��To��date,��18��differ�r

ent��histone��deacetylases��have��been��identified��and��characterized,��falling��into��several��different��classes.��

These��classes��include��class��I��HDACs��in��nuclear,��containing��HDACs��1,��2,��3��and��8��related��to��yeast��Rpd3,��

class��II��HDACs��in��nuclear��and��cytoplasm,��involving��HDACs��4,��5��,6,��7,��9��and��10,��related��to��yeast��Hda1,��class��

III��HDACs��(also��called��sirtuins)��including��yeast��Hst��proteins��1�r4��and��human��Sirtuins��1�r7.92,��93��HDAC��11��has��

been��regarded��as��another��class��according��to��phylogenetic��analysis.94��Due��to��the��sequence��and��structure��

similarity��in��the��catalytic��domains,��classes��I,��II,��and��IV��HDACs��employ��metal��(Zn)–dependent��manner��in��

removal��of��acetyl��groups��(Figure��1.10).92��However,��class��III��HDACs��utilize��a��distinct��catalytic��mechanism��

in��which��nicotinamide��adenine��dinucleotide��(NAD+)��acts��as��a��cofactor��(Figure��1.11).��92,��95�r97��

��

��

Figure��1.10��Proposed��catalytic��mechanism��of��HDACs��I,��II��and��IV.11��

��
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��

Figure��1.11��Proposed��catalytic��mechanism��of��HDAC��III��(Sirtuins).95��

��

As��the��reverse��reaction��of��acetylation,��histone��lysine��deacetylation��has��attracted��a��lot��of��atten�r

tion��due��to��its��association��with��chromatin��condensation.��HDACs��also��play��critical��roles��in��regulating��cellu�r

lar��processes��such��as��gene��expression��and��metabolic��pathways.98,��99��A��large��amount��of��evidence��suggests��

that��HDACs��are��overexpressed��and��dysfunctional��in��cancer��cells.100�r102��Due��to��the��complexity��of��cancer,��it��

is��important��to��elucidate��the��crosstalk��between��the��lysine��acetylation��and��deacetylation.��Take��H4K16��for��

example,��the��loss��of��H4K16��acetylation��is��a��signature��of��human��cancer.45��It��has��been��reported��that��Sirt1��

is��overexpressed��in��cancer,��and��is��preferentially��deacetylating��H4K16ac.��100,��102,��103��The��corresponding��en�r

zymes��that��catalyze��the��H4K16��acetylation��are��MOF��and��Tip60��(Table��1.1).��Therefore,��modulating��the��

interplay��between��HATs��and��HDACs��will��significantly��contribute��to��the��treatment��of��human��cancers.��

1.3 Click��chemistry��

At��the��beginning��of��the��21st��century,��Sharpless104��and��Meldal105��groups��independently��discovered��

the��reaction��between��an��azide��and��an��alkyne��catalyzed��by��Cu(I)��with��high��efficiency.��This��reaction��has��

been��named��the��copper�rcatalyzed��azide�ralkyne��1,3�rdipolar��cycloaddition��(CuAAC),��also��known��as��“click��

chemistry”��(Figure��1.12).��Later,��due��to��the��toxicity��of��Cu(I)��to��living��organisms,106��the��azide�ralkyne��cy�r

cloaddition��was��improved��through��a��copper�rfree��reaction��composed��of��an��azide��reacting��with��a��strained��



12 

cyclooctyne.107��With��the��properties��such��as��high��efficiency,��selectivity��and��simplicity,��the��CuAAC��has��

been��extensively��applied��in��diverse��research��areas,��like��organic��synthesis��and��chemical��biology��in��label�r

ing��biomolecules.107�r111��

��

��

Figure��1.12��Azide�rAlkyne��[3+2]��cycloaddition.��

��

1.4 The��study��points��in��this��work��

1.4.1 Mechanistic��mechanism��of��the��MYST��HATs��autoacetylation��

The��MYST��family��contains��the��largest��number��of��HATs��and��plays��critical��roles��in��diverse��cellular��

processes.��As��a��key��MYST��member,��MOF��(males��absent��on��the��first,��MYST1,��KAT8),��a��nuclear��HAT��pro�r

tein,92��was��first��discovered��from��Drosophila��as��a��member��of��the��dosage��compensation��complex��(DCC),��

catalyzing��the��acetylation��of��H4K16.112��In��mammals,��MOF��can��also��acetylate��Lys��16��on��histone��H4.113��

However,��in��humans,��it��has��been��reported��that��the��MOF�rcontaining��complex,��MOF�rMSL1v1,��can��acety�r

late��H4K16��as��well��as��p53��at��K120.114,��115��Furthermore,��MOF��has��also��been��seen��to��interact��with��ATM,116��

and��to��play��critical��roles��in��DNA��damage��repair,��apoptosis��and��human��cancers.40,��45,��116����

Tip60��(the��60�rkDa��Tat��interactive��protein,��KAT5),��the��homolog��of��yeast��Esa1,��is��another��nuclear��

HAT��protein��from��MYST��family.92��It��was��originally��identified��as��a��cofactor��of��HIV�r1��Tat��protein��to��regulate��

viral��gene��expression.86,��117��Later,��Tip60��was��shown��to��be��a��MYST��HAT��that��was��able��to��acetylate��a��wide��

array��of��proteins��including��the��nucleosomal��core��histones��(H2A��Lys�r5,��H3��Lys�r14��and��H4��Lys�r5,���r8,���r12,���r
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16)118��and��various��transcriptional��factors��such��as��androgen��receptor��(AR),85��ATM,119,��120��p53,115,��121��Myc,122��

STAT3,123��NF�r�ƒB,124,��125��and��E2F126.��Tip60��also��participates��in��the��regulation��of��many��important��cellular��

processes,127��including��apoptosis,128�r130��DNA��damage��repair,39,��75,��129,��131,��132��developmental��cell��signaling��133��

and��ribosomal��gene��transcription134.��

Recently,��lysine��autoacetylation��of��the��MYST��HATs��has��received��considerable��attention.��Howev�r

er,��the��mechanism��and��function��of��the��autoacetylation��process��is��not��well��defined.��To��better��understand��

the��biochemical��mechanism��of��the��MYST��autoacetylation��and��the��impact��of��autoacetylation��on��the��cog�r

nate��histone��acetylation,��we��carried��out��detailed��analyses��of��those��two��important��MYST��members.��This��

work��provides��new��insights��into��the��mechanism��and��function��of��MYST��autoacetylation.��

1.4.2 Chemical��probes��of��the��MYST��HATs��

Dynamic��lysine��acetylation��of��proteins��is��involved��in��a��variety��of��fundamental��biological��process�r

es��including��epigenetic��programming,��cell��cycle,��apoptosis,��metabolism,��and��signal��transduction.56,��57,��93,��

135�r137��Recent��biochemical��and��proteomic��studies��have��revealed��the��existence��of��hundreds��to��thousands��

of��acetylated��proteins��throughout��the��cell,��which��suggests��that��acetylation��takes��part��in��nearly��every��

facet��of��cell��physiology.52�r57,��137�r139��Furthermore,��significant��amounts��of��evidence��point��toward��that��al�r

tered��HAT��expression��and��activity��are��characteristic��to��inflammation,��diabetes,��cancer,��neurological��dis�r

orders,��and��many��other��diseases.61,��83,��140��While��the��importance��of��HATs��in��physiology��and��disease��is��well��

recognized,��the��functional��annotation��of��HAT��enzymes��in��regulating��key��biological��pathways��is��rather��

understudied.��Especially,��how��the��acetylome��of��individual��HAT��enzymes��distinguishes��from��one��another��

and��how��the��substrate��distribution��of��HATs��is��affected��by��different��cellular��contexts��remain��unclear.��A��

clear��biochemical��and��structural��understanding��of��HAT��substrate��specificity��and��the��impact��of��lysine��

acetylation��in��(patho)physiology��is��in��great��demand.��

Elucidation��of��the��molecular��targets��of��HATs��is��a��key��step��toward��fully��dissecting��the��epigenetic��

roles��of��HATs��in��gene��regulation��and��their��functions��beyond��the��chromatin��biology��realm.��Mass��spec�r
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trometry�� (MS)�rbased�� technologies��have��provided��a��great��deal��of�� information��about��acetylated��

proteins,52,��53,��137��albeit��with��little��on��enzyme�rsubstrate��correlations.��Protein��microarray��is��another��ap�r

pealing��approach��in��HAT��substrate��identification.54��Recently,��synthetic��Ac�rCoA��analogs��have��been��ex�r

plored��to��identify��HAT��substrates,��which��provides��a��great��chemical��biology��strategy��to��interrogate��the��

acetylome��of��particular��HATs.110,��141��In��line��with��this��chemical��biology��paradigm,��we��attempted��to��create��

engineered��HATs��in��junction��with��synthetic��Ac�rCoA��surrogates��to��establish��bioorthogonal��probes��to��in�r

vestigate��cellular��substrates��of��HAT��enzymes��(Scheme��1.1).��

��

��

Scheme��1.1��Labeling��of��HAT��substrates��using��Ac�rCoA��analogs��combined��with��engineered��enzymes.��

� � � �
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CHAPTER��2��EXPERIMENTAL��SECTION��

2.1 General��Information��

pDEST�rhSirt1��(1�r555)��DNA��plasmid��was��a��gift��from��Dr.��Hening��Lin��at��Cornell��University.��pET19b�r

hMOF��(125�r458)��DNA��plasmid��was��a��gift��from��Dr.��John��Lucchesi��at��Emory��University.��E.��coli��strains��XL1�r

Blue��and��BL21(DE3)��were��obtained��from��Stratagene.��Fmoc�rprotected��amino��acids��and��preloaded��Wang��

resin��were��purchased��from��NovaBiochem.��[14C]�racetyl��CoA��was��purchased��from��Perkin��Elmer.��Anti�r

acetyllysine��antibody��(ST1027)��was��obtained��from��Calbiochem.��Goat��anti�rrabbit��IgG�rHRP��antibody��(sc�r

2004)��was��purchased��from��Santa��Cruz��Biotechnology.��

Reagents��for��organic��synthesis��were��purchased��from��EMD��or��Sigma�rAldrich��and��used��without��

further��purification.��Recombinant��human��histone��H4��was��purchased��from��New��England��Biolabs.��Pre�r

stained��protein��ladder��and��pre�rcast��polyacrylamide��gels��(4%–20%��Tris�rHCl��gels)��were��purchased��from��

Bio�rRad�� Laboratories.�� Thiol�rreactive�� fluorescence�� dye�� 7�rDiethylamino�r3�r(4'�rMaleimidylphenyl)�r4�r

Methylcoumarin��(CPM)��and��tetramethylrhodamine��azide/alkyne��were��obtained��from��Invitrogen.��Click��

chemistry�� labeling�� ligand�� 3�r[4�r({bis[(1�rtert�rbutyl�r1H�r1,2,3�rtriazol�r4�ryl)methyl]amino}methyl)�r1H�r1,2,3�r

triazol�r4�ryl]propanol��(BTTP)��were��obtained��from��Dr.��Peng��Wu��at��Yeshiva��University.��1H��NMR��spectra��

were��recorded��on��a��Varian��INOVA��600��MHz��instrument��and��chemical��shifts��(�w)��were��measured��in��parts��

per��million��(ppm)��relative��to��the��deuterated��solvent��used��in��the��experiment.��31P��NMR��spectra��were��rec�r

orded��on��a��Varian��INOVA��400��MHz��instrument��and��referenced��externally��by��the��sample��replacement��

method��to��an��85%��H3PO4��(defined��as��0.0��ppm).  

Semi�rpreparative��HPLC��purification��was��carried��out��using��Agilent��Semi�rPrep��C18��reverse�rphase��

column��with��UV��detection��at��260��nm.��MALDI�rTOF��spectra��were��measured��on��an��Applied��BiosystemsTM��

4800��plus��MALDI��TOF/TOF��mass��spectrometer.��ESI�rMS��spectra��were��measured��on��Waters��MicromassTM��

Q�rTOF��mass��spectrometer.��Both��MALDI�rTOF��and��ESI�rMS��spectra��were��measured��by��the��mass��spectrome�r

try��facilities��at��Georgia��State��University.��
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2.2 Enzymatic��Mechanisms��of��the��MYST��Family��of��Histone��Acetyltransferases��

2.2.1 Site�rdirected��mutagenesis��and��Protein��expression��and��purification��

2.2.1.1 Site�rdirected��mutagenesis��of��HAT��proteins��

Site�rdirected��mutagenesis��was��performed��using��QuikChange��protocol��(Stratagene).��The��DNA��

plasmid��pET19b�rhMOF��(125�r458)��or��pET21a(+)�rhTip60��(1�r512),��was��used��as��a��template��to��mutate��all��the��

selected��sites.��Primers��for��site��mutation��of��hMOF��and��hTip60��were��synthesized��by��IDT,��Inc.��The��polymer�r

ase��chain��reaction��(PCR)��procedure��was��performed��as��follows:��Denaturation��of��double��stranded��plasmid��

DNA��was��done��at��95°C��for��0.5��min.��Depending��on��the��melting��temperatures��of��the��respective��primers,��

annealing��was��set��at��55��°C��for��1��min.��Extension��was��carried��out��at��68��°C��for��13.5��min.��The��cycle��was��re�r

peated��17��times.��Template��DNA��was��then��digested��using��the��Dpn��I��restriction��enzyme.��PCR��products��

were��checked��by��1%��agarose��gel��electrophoresis,��taking��samples��before��and��after��digestion.��The��XL1�r

Blue��competent��cell��was��then��transformed��with��the��PCR��products.��The��transformed��cells��were��grown��

overnight��at��37��oC��in��LB��medium��containing��0.125��mg/mL��ampicillin.��Plasmids��were��isolated��and��purified��

using��the��Promega��DNA��purification��system.��All��mutants��were��confirmed��by��DNA��sequencing.��

2.2.1.2 Protein��expression��and��purification��

Each��His10x�rtagged��human��MOF�� (125�r458)��DNA��plasmid��was�� respectively�� introduced�� into��

BL21(DE3)��through��the��heat��shock��transformation��method.��Protein��expression��was��induced��with��0.3��mM��

IPTG��at��16��oC��for��20��h.��After��protein��expression,��cells��were��harvested��by��centrifuge;��suspended��in��the��

lysis��buffer��(25��mM��Na�rHEPES��pH��7.0,��150��mM��NaCl,��1��mM��PMSF,��1��mM��MgSO4,��5%��ethylene��glycol,��5%��

glycerol)��and��lysed��by��French��Press.��The��protein��supernatant��was��purified��on��the��Ni�rNTA��resin��(No�r

vagen).��Before��protein��loading,��the��beads��were��equilibrated��with��column��buffer��(25��mM��Na�rHEPES,��pH��

8.0,��500��mM��NaCl,��1��mM��PMSF,��10%��glycerol��and��30��mM��imidazole).��After��protein��loading,��the��beads��

were��washed��thoroughly��with��washing��buffer��(25��mM��Na�rHEPES,��pH��8.0,��500��mM��NaCl,��1��mM��PMSF,��
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10%��glycerol��and��70��mM��imidazole),��and��then��the��protein��was��eluted��with��elution��buffer��(25��mM��Na�r

HEPES,��pH��7.0,��500��mM��NaCl,��1��mM��PMSF,��100��mM��EDTA,��10%��glycerol��and��200��mM��imidazole).��Differ�r

ent��elution��fractions��were��individually��checked��on��12%��SDS–PAGE,��followed��by��concentration��using��Mil�r

lipore��centrifugal��filters.��Concentrated��protein��solution��was��applied��to��size�rexclusion��chromatography��on��

Superdex��75��(GE��Healthcare)��in��the��buffer��containing��25��mM��Na�rHEPES,��pH��7.0,��200��mM��NaCl,��1��mM��

EDTA,��1��mM��DTT��and��5%��glycerol��at��4��oC.��The��target��protein��peak��was��collected��and��concentrated��by��

Millipore��centrifugal��filters.��

Each��His6x�rtagged��human��Sirt1��(1�r555)��or��His6x�rtagged��human��Tip60��(1�r512)��protein��was��ex�r

pressed��and��purified��using��similar��procedures��as��described��above.��Protein��was��dialyzed��against��dialysis��

buffer��(25��mM��Na�rHEPES,��pH��7.0,��500��mM��NaCl,��1��mM��EDTA,��10%��glycerol��and��1��mM��DTT)��and��concen�r

trated��using��Millipore��centrifugal��filters.��The��Bradford��assay��was��utilized��to��determine��the��concentration��

of��protein.��Final��proteins��were��aliquoted��and��stored��at���r80��oC��for��future��use.��

2.2.2 Protein��MS��analysis��

2.2.2.1 MS��analysis��for��MOF��protein��

1D��gel��slices��of��MOF��were��submitted��to��the��Harvard��University��Mass��Spectrometry��and��Prote�r

omics��Resource��Laboratory��(Cambridge,��MA)��for��protein��identification��and��site��of��modification��(acetyla�r

tion)��analysis.��Each��slice��was��reduced��and��alkylated��(TCEP��and��iodoacetamide)��before��enzymatic��diges�r

tion.��Three��enzymes��were��chosen��to��obtain��complimentary��peptides��of��expected��sites��of��acetylation,��

endoproteinase��Glu�rC,��chymotrypsin��and��elastase.��After��digestion,��peptides��were��extracted��and��pooled��

for��MS��analysis.��

All��samples��were��analyzed��on��a��Thermo��Fisher��LTQ�rOrbitrap��XL��equipped��with��a��Waters��nano�r

Acquity��UPLC��and��nanocapillary��chromatographic��components.��The��Integrafrit��trapping��column��was��

packed��with��5��cm��of��Michrom��Bioresources��Magic��C18��AQ��(5�� �…m��beads��with��200��Å��pore��size)��and��the��
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Picofrit��analytical��column��was��packed��with��20��cm��of��Michrom��Bioresources��Magic��C18��AQ��(3���…m��beads��

with��100��Å��pore��size).��HPLC��buffers��were��0.1%��formic��acid��in��water��(A��buffer)��and��acetonitrile��(B��buffer).��

Sample��trapping��was��accomplished��by��loading��12���…L��of��the��digested��peptides��and��trapping��for��20��min��at��

2���…L/min��at��1%��B��with��eluent��passing��through��the��vent��valve��via��a��tee��place��between��the��trapping��and��

analytical��column.��

Full��MS��data��were��collected��in��the��Orbitrap��at��a��resolution��of��60,000,��with��the��top��20��ions��tar�r

geted��for��MSMS��analysis��in��the��linear��ion��trap.��After��the��run,��DTA’s��were��produced��using��Extract��MSn,��

and��were��then��searched��using��Sequest��against��both��a��large��database��(uniprothuman)��for��full��protein��

identification,��as��well��as��the��target��molecule��for��site��of��modification��analysis.��For��the��modification��analy�r

sis,��the��DTAs��were��searched��against��the��target��protein��sequence��with��no��enzyme��specificity��and��the��ad�r

ditional��variable��added��mass��of��42.01056��Da��on��lysine��for��the��acetylation��analysis.��

Manual��validation��of��peptides��identified��as��acetylated��was��performed��using��functions��included��

in��the��Proteomics��Browser��Suites��(PBS).��FuzzyIons��was��used��to��display��and��notate��the��spectra��as��well��as��

confirm��the��optimal��position��for��modifications��on��a��peptide��regardless��of��amino��acid��specificity��

(GraphMod),��which��confirmed��the��acetylation��was��preferred��at��the��indicated��lysine��residues.��Muquest��

was��used��to��search��for��any��unknown��peptide��modifications��(including��no��modification)��on��spectra��ob�r

tained��during��these��experiments��that��were��not��specifically��designated��during��the��initial��Sequest��search.��

This��process��reliably��shows��unexpected��modification��(including��amino��acid��truncations��or��missed��cleav�r

ages)��of��spectra��related��to��the��model��spectra��used��for��the��Muquest��analysis.��

2.2.2.2 MS��analysis��for��Tip60��protein��

Recombinant��full��length��Tip60��protein��was��digested��with��AspN,��LysC,��and��Trypsin,��and��run��as��LC�r

MS/MS��samples.��These��results��were��all��searched��with��the��same��parameters,��which��included��variable��

modifications��on��methionine��(oxidation),��lysine��(methyl,��acetyl),��and��cysteine��(IAA).��The��trypsin��digests��

were��processed��by��Mascot��with��a��partial��digestion��setting,��and��the��other��two��enzyme��digests��were��pro�r
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cessed��with��SEQUEST��and��further��filtered��using��the��transproteomic��pipeline��software.��All��data��sets��were��

combined��in��SCAFFOLD��and��the��output��file��was��produced.��

2.2.3 Peptide��substrate��synthesis��and��purification��

Peptide��substrates��were��synthesized��using��the��standard��solid�rphase��peptide��synthesis��(SPPS)��pro�r

tocols.��The��sequence��of��the��NH2�rterminal��20��amino��acids��(AA)��peptide��of��histone��H4,��H4�r20,��is��Ac�r

SGRGKGGKGLGKGGAKRHRK��and��they��were��used��as��the��substrate��in��the��radioactive��assays,��fluorescence�r

based��quantitation��and��mass��spectrum��analyses��of��HATs��and��HAT��mutant��activity.��The��synthesis��was��car�r

ried��out��on��a��PS3��peptide��synthesizer��(Protein��Technologies)��using��the��Fmoc��(N�r(9�rfluorenyl)��methox�r

ycarbonyl)��strategy��at��room��temperature.��Fmoc�rprotected��amino��acids��and��preloaded��Wang��resin��were��

obtained��from��NovaBiochem.��Removal��of��Fmoc��group��was��performed��with��20��%��(v/v)��piperidine/DMF.��4��

equivalent��of��AA/HCTU�� (2�r(6�rChloro�r1�rH�rbenzotriazole�r1�ryl)�r1,1,3,3�rtetramethylaminium��hexafluoro�r

phosphate)��were��used��in��the��coupling��of��each��amino��acid.��N�rmethylmorpholine��(NMM)��was��utilized��as��

the��catalytic��base.��The��N�rterminal��amino��group��was��capped��with��acetyl��group��by��adding��acetic��anhy�r

dride.��After��synthesis,��the��resins��were��subsequently��washed��with��DMF,��dichloromethane��(DCM)��and��

then��dried��in��vacuum��for��1��h��before��cleavage.��Peptides��were��cleaved��from��resin��by��treatment��with��95��%��

TFA��(handling��of��TFA��must��be��performed��in��a��secure��hood),��2.5��%��H2O,��and��2.5��%��triisopropylsilane��for��5��

h.��Crude��products��were��precipitated��by��adding��cold��ethyl��ether��and��collected��by��centrifugation.��After��

lyophilization,��the��compounds��were��re�rdissolved��in��water��and��purified��with��reverse�rphased��HPLC��(RP�r

HPLC)��(C18,��Varian)��on��a��Varian��Prostar��HPLC��system��using��linear��gradients��of��H2O/0.05��%��TFA��(solvent��

A)��vs��acetonitrile/0.05��%��TFA��(solvent��B).��Analytical��HPLC��and��MALDI�rMS��were��used��for��characterization��

of��the��products��(APPENDIX��A).��
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2.2.4 Radioactive��acetylation��assays��

In��the��acetylation��assay,��[14C]�rlabeled��acetyl�rCoA��was��used��as��the��acetyl��donor.��In��the��HAT��en�r

zyme��autoacetylation,��the��reaction��was��quenched��by��5X��protein��loading��dye.��Samples��were��resolved��on��

12%��or��20%��SDS�rPAGE��or��16%��peptide��gel.��The��gel��was��dried��in��vacuum��and��then��exposed��to��a��phosphor��

screen��(GE��Healthcare).��Autoradiograph��was��scanned��on��a��Typhoon��scanner��and��analyzed��by��Quanti�r

tyOne��software.��Quantitation��was��accomplished��according��to��[14C]�rlabeled��BSA��as��standard.��The��sub�r

strate��histone��H4�r20��acetylation��was��carried��out��using��filter��binding��assay.��The��reaction��was��quenched��

by��spotting��the��reaction��mixture��on��a��P81��filter��paper��disc��(Whatman).��After��the��paper��discs��were��

washed��with��50��mM��NaHCO3,��pH��9.0��and��air��dried,��liquid��scintillation��counting��was��performed��to��meas�r

ure��the��amount��of��acetylated��products.��Both��enzyme��autoacetylation��and��histone��acetylation��assays��

were��carried��out��at��30��oC��in��the��reaction��buffer��containing��50��mM��HEPES,��pH��8.0,��0.1��mM��EDTA,��and��1��

mM��DTT.��

2.2.5 Western��blot��detection��

Acetylation��of��wild�rtype��HAT��and��the��mutants��was��analyzed��by��Western��blot��using��a��pan��anti�r

acetyllysine��antibody��(Calbiochem,��ST1027)��as��the��primary��antibody.��Each��protein��was��denatured��and��

then��resolved��on��12%��SDS�rPAGE��gel��and��transferred��to��nitrocellulose��membrane��(0.45���…m,��Bio�rRad).��The��

membrane��was��blocked��with��5%��(m/v)��milk/TBST��(50��mM��Tris�rBase,��pH��7.4,��200��mM��NaCl,��0.1��%��(v/v)��

tween�r20)��for��1��h,��followed��by��incubation��with��5%��(m/v)��milk/TBST��containing��1:1,000��dilution��of��anti�r

acetyllysine��antibody��for��1��h.��The��membrane��was��washed��with��TBST��three��times��for��5��min��and��incubated��

with��5%��(m/v)��milk/TBST��containing��1:5,000��dilution��of��goat��anti�rrabbit��IgG�rHRP��antibody��(Santa��Cruz��

Biotechnology,��sc�r2004)��for��1��h.��The��membrane��was��washed��with��TBST��three��times��for��5��min.��Develop�r

ment��was��performed��using��SuperSignal��West��Pico��Substrate��(Pierce)��and��exposed��to��autoradiography��

film��(Denville��Scientific��INC.).��All��the��procedures��were��carried��out��at��25��oC.��The��acetylation��level��was��

quantified��using��QuantityOne��software��and��normalized��according��to��the��gel��input.��
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2.2.6 Enzyme��deacetylation��and��purification��

HAT��protein��deacetylation��was��carried��out��in��the��reaction��buffer��containing��50��mM��HEPES,��pH��

8.0,��1��mM��DTT��at��25��oC.��Deacetylation��of��MOF��(10��µM)��was��achieved��by��treatment��with��15��µM��Sirt1��and��

7.5��mM��NAD+��for��1��h.��Deacetylation��of��Tip60��was��carried��out��by��incubating��17.5��µM��Sirt1,��9��mM��NAD+��

and��12��µM��Tip60��for��1.5��h.��Separation��of��deacetylated��HATs��was��achieved��by��using��size�rexclusion��chro�r

matography��on��Superdex��75��in��the��buffer��containing��25��mM��HEPES,��pH��7.0,��200��mM��NaCl,��5%��Glycerol��

and��1��mM��DTT.��The��target��peak��was��collected��and��concentrated��by��Millipore��centrifugal��filters.��Concen�r

tration��of��protein��was��measured��by��Bradford��assay.��The��final��protein��samples��were��aliquoted,��flash�r

frozen,��and��stored��at���r80��oC.��For��quantitative��comparison,��the��parallel��control��of��HAT��was��prepared��fol�r

lowing��the��same��procedure��in��the��absence��of��Sirt1.��Deacetylation��efficiency��was��tested��by��Western��blot��

using��anti�racetyllysine��antibody��(Calbiochem,��ST1027).��

2.2.7 Thermal��denaturation��assay��of��MOF��protein��

Thermal��denaturation��assays��were��carried��out��to��determine��the��stability��of��MOF��proteins��in��dif�r

ferent��forms��(wild��type��and��deacetylated��form).��Thermostability��of��MOF��proteins��was��characterized��by��

measuring��the��melting��temperature��(Tm)��monitored��by��circular��dichroism��(CD).��Deacetylated��MOF��(MOF�r

deac)��or��MOF��control��(MOF)��was��prepared��following��the��same��strategy��described��in��section��2.2.6,��purified��

with��FPLC��in��the��absence��of��DTT��in��the��running��buffer.��Thermal��denaturation��of��MOF��proteins��was��

measured��in��the��buffer��containing��25��mM��Na�rHEPES,��pH��7.0,��100��mM��NaCl,��1��mM��EDTA,��5%��glycerol,��

using��JASCO��J�r810��spectropolarimeter.��Instrument��parameters��for��measuring��protein��melting��tempera�r

ture��were��listed��as��following:��Temperature��range:��4��to��90��oC;��Sensitivity:��standard;��Data��Fitch:��0.5��nm;��

Scanning��Speed:��50��nm/min;��Response:��1��s;��Accumulation:��10;��Scanning��Mode:��Continuous;��Band��width:��

1��nm;��Start��Wavelength:��260��nm;��End��Wavelength:��190��nm;��Temperature��Slope:��1��oC/min.����
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2.3 Chemical��Probes��of��the��MYST��Family��of��Histone��Acetyltransferases��

2.3.1 Discovery��of��active��enzyme�rcofactor��pairs��

2.3.1.1 Fluorescence��response��of��the��probe��reacting��with��CoASH��

Maximum��absorbance��wavelength��(�Oabs=��390��nm)��of��7�rdiethylamino�r3�r(4’�rmaleimidylphenyl)�r4�r

methylcoumarin��(CPM)��was��determined��by��measuring��the��absorption��spectra��and��was��chosen��as��the��

excitation��wavelength��for��the��fluorescence��experiments.��As��the��negative��control,��the��emission��spectra��of��

5��µM��CPM��with��10%��(V/V)��DMSO��present��in��order��to��completely��dissolve��the��organic��probes��was��meas�r

ured��from��400��to��650��nm.��The��emission��spectrum��of��the��reaction��between��CPM��and��CoASH��was��ob�r

tained��under��the��same��way,��in��which��5���PM��CPM��was��rapidly��mixed��with��10���PM��CoASH��in��1xRB��(50��mM��

HEPES,��pH��8.0��and��0.5��mM��EDTA)��with��10%��DMSO.����

The��time��course��of��the��reaction��in��between��CPM��and��CoASH��was��conducted��at��room��tempera�r

ture��by��mixing��5��µM��CPM��with��10��µM��CoASH��in��1xRB��with��10%��DMSO.��The��fluorescence��intensity��was��

monitored��as��a��function��of��reaction��time.��

2.3.1.2 Synthesis��of��Ac�rCoA��analogs��

Synthesis��of��Ac�rCoA��analog��precursor,��3�razidopropionic��acid��

The��solid��3�rbromopropionic��acid��(7.65��g,��50��mmol)��and��sodium��azide��(6.5��g,��100��mmol)��were��

dissolved��in��20��mL��anhydrous��DMF��and��stirred��in��a��50��mL��round�rbottom��flask��(Scheme��3.4),��the��mixture��

was��refluxed��for��4��h��after��which��solution��was��concentrated��by��removing��DMF.142��Ethyl��acetate��(800��mL)��

was��added��into��the��flask��and��the��solution��was��extracted��with��0.1��M��HCl��(2×30��mL),��ddH2O��(30��mL)��and��

brine��(30��mL).��The��organic��layer��was��dried��with��anhydrous��MgSO4,��filtered,��and��evaporated.��The��product��

is��dark��brown��oil��(5.14��g,��44.66��mmol,��89��%��yield).��

Synthesis��of��Ac�rCoA��analogs��
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2��mmol��of��4�rpentynoic��acid,��5�rhexynoic��acid,��6�rheptynoic��acid,��3�razidopropanoic��acid,��4�r

azidobutanoic��acid��(Synthonix)��(60��eq.��each)��was��dissolved��in��5��ml��of��anhydrous��dichloromethane,��re�r

spectively.��To��this��solution��was��added��1��mmol��of��N,��N’�rdicyclohexylcarbodiimide��(DCC)��(30��equivalent),��

and��the��reaction��was��allowed��to��proceed��at��room��temperature��for��4��h.110��The��reaction��mixture��was��then��

purified��by��a��filter��set��to��remove��dicyclohexylurea��(DCU),��then��dichloromethane��was��removed��using��ro�r

tary��evaporation.��The��dried��crude��material��was��re�rdissolved��in��500��µL��anhydrous��acetonitrile��and��filtered��

to��give��solution��A.��

0.0065��mmol��of��CoA��hydrate��(1��equiv,��Sigma��C4282)��was��dissolved��in��1500���…L��of��0.5��M��sodium��

bicarbonate��buffer��(pH��8.0)��and��cooled��down��on��ice��bath.��Then��solution��A��was��added��dropwise��to��the��

CoA��solution.��The��reaction��was��neutralized��to��pH��7��by��drop�rwise��addition��of��1��M��HCl��and��was��shaken��at��

4��oC��overnight.��

The��reaction��was��quenched��by��adjusting��pH��to��4��with��1��M��HCl.��The��reaction��mixture��was��sub�r

jected��to��RP�rHPLC��purification��with��gradient��30
 5̂0��%��B��over��30��min��at��flow��rate��2��mL/min;��UV��detection��

wavelength��was��fixed��at��260��nm.��HPLC��buffer��was��0.05��%��TFA��in��water��(solution��A)��and��0.05��%��TFA��in��

acetonitrile��(solution��B).��The��fractions��were��collected��and��dried��on��the��FreeZone®��1��Liter��Benchtop��

Freeze��Dry��Systems��after��flash�rfreeze��with��liquid��nitrogen.��For��each��Ac�rCoA��analog,��the��dried��product��

was��re�rdissolved��in��water��and��stored��at� � � r80��°C��before��use.��The��concentrations��of��the��Ac�rCoA��analogs��

were��determined��by��UV��absorbance��at��260��nm.��

2.3.1.3 Engineering��of��enzyme��active��site��

2.3.1.3.1 Site�rdirected��mutagenesis��

Site�rdirected��mutagenesis��was��performed��using��QuikChange��protocol.��The��DNA��plasmid��pET19b�r

hMOF��(125�r458)��was��used��as��a��template��to��mutate��all��the��selected��sites��to��Gly��or��Ala.��Primers��for��site��

mutation��of��hMOF��were��synthesized��by��IDT,��Inc.��The��forward��and��reverse��primers��used��to��generate��the��
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single�rpoint��mutants��are��listed��in��APPENDIX��J.��Double�rpoint��mutants��were��prepared��using��the��MOF�r

I317A��as��the��template.��The��polymerase��chain��reaction��(PCR)��procedure��was��as��follows:��Denaturation��of��

double��stranded��DNA��was��done��at��94��°C��for��1.5��min.��Depending��on��the��melting��temperatures��of��the��re�r

spective��primers,��annealing��was��set��at��55��°C��for��2��min.��Extension��was��carried��out��at��68��°C��for��13.5��min.��

The��cycle��was��repeated��18��times.��Template��DNA��was��then��digested��using��the��Dpn��I��restriction��enzyme.��

PCR��products��were��checked��by��1%��agarose��gel��electrophoresis,��taking��samples��before��and��after��diges�r

tion.��The��XL1�rBlue��competent��cells��were��then��transformed��with��the��PCR��products.��The��transformed��cells��

were��grown��overnight��at��37��°C��in��LB��medium��supplemented��with��0.125��mg/mL��ampicillin.��Plasmids��were��

isolated��and��purified��using��the��Promega��DNA��purification��system.��The��DNA��sequencing��was��then��per�r

formed��at��ACGT,��Inc.��

2.3.1.3.2 Protein��expression��and��purification��

Each��pET19b�rMOF��(125�r458)��DNA��plasmid��was��transformed��into��BL21(DE3)��(Stratagene)��through��

heat��shock��method.��Protein��expression��was��induced��at��OD600��0.6
 0̂.8��by��0.3��mM��of��isopropyl��1�rthio�r�E�rD�r

galactopyranoside��(IPTG)��at��16��°C��for��20��h.��Cells��were��harvested��by��centrifugation��and��lysed��on��French��

Press.��The��protein��supernatant��was��loaded��onto��the��Ni�rcharged��His�rtag��binding��resin��(Novagen)��that��was��

equilibrated��with��column��buffer��(25��mM��HEPES��pH��7.0,��300��mM��NaCl,��1��mM��PMSF,��10%��glycerol��and��30��

mM��imidazole).��Resins��were��washed��thoroughly��with��column��buffer,��followed��by��washing��buffer��(25��mM��

HEPES��pH��7.0,��300��mM��NaCl,��1��mM��PMSF,��10%��glycerol��and��70��mM��imidazole),��and��protein��was��eluted��

with��elution��buffer��(25��mM��HEPES��pH��7.0,��300��mM��NaCl,��1��mM��PMSF,��100��mM��EDTA,��10%��glycerol��and��

200��mM��imidazole).��Different��eluent��fractions��were��checked��by��12%��SDS�rPAGE.��Protein��was��dialyzed��

against��dialysis��buffer��(25��mM��Na�rHEPES,��pH��7.0,��500��mM��NaCl,��1��mM��EDTA,��10%��glycerol��and��1��mM��

DTT)��and��concentrated��using��Millipore��centrifugal��filters.��The��enzyme��concentrations��were��determined��

by��Bradford��assay.��Final��enzymes��were��aliquoted��and��stored��at���r80��oC��for��future��use.��
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2.3.1.4 Radioactive��acetyltransferase��assay��of��MOF��

We��characterized��the��enzyme��specific��activity��of��the��WT�rMOF.��In��the��measurement,��we��used��

H4�r20��and��[14C]�rlabeled��AcCoA��as��substrates.��The��reaction��was��conducted��at��30��°C��in��the��reaction��buffer��

containing��50��mM��HEPES,��pH��8.0,��0.1��mM��EDTA��and��1��mM��DTT.��In��the��assay,��200��µM��H4�r20��and��10��µM��

[14C]�rAcCoA��were��pre�rincubated��in��the��reaction��buffer��for��5��min��prior��to��initiation��of��the��acetyl��transfer��

reaction��by��adding��WT�rMOF��(0.02� � �…M).��The��reaction��time��was��controlled��under��initial��rate��conditions��

such��that��typical��reaction��yields��were��less��than��20%.��The��reaction��was��quenched��at��5��min��by��spotting��the��

reaction��mixture��on��P81��filter��paper��disk��(Whatman).��After��the��paper��discs��were��washed��with��50��mM��

NaHCO3��(pH��9.0)��and��air��dried,��liquid��scintillation��counting��was��performed��to��measure��the��amount��of��

acetylated��products.��The��enzyme��specific��activity��was��measured��as��0.50��±��0.01��µmol�|min�r1�|mg�r1��for��WT�r

MOF.��

The��measurement��of��DMSO��effect��on��MOF��catalysis��was��performed��in��the��similar��manner��as��de�r

scribed��above.��The��mixtures��containing��200��µM��H4�r20,��2��µM��[14C]�rAcCoA��and��DMSO��at��a��series��of��con�r

centrations��(0,��10,��20,��30,��40,��50%��(V/V))��were��pre�rincubated��in��the��reaction��buffer��for��5��min��at��30��°C,��

followed��by��addition��of��0.02���…M��MOF.��The��reactions��were��quenched��by��spotting��the��mixture��on��P81��pa�r

per��after��10��min.��After��the��paper��discs��were��washed��with��50��mM��NaHCO3��(pH��9.0)��and��air��dried,��the��

products��were��quantified��through��liquid��scintillation.��

2.3.1.5 Fluorescence��screening��of��activities��of��engineered��enzyme��to��Ac�rCoA��analogs��

Enzymatic��reactions��were��performed��in��the��reaction��buffer��containing��50��mM��HEPES,��pH��8.0,��0.1��

mM��EDTA��at��30��°C.��Typically,��20��µM��Ac�rCoA��or��analogs��were��incubated��with��200��µM��H4�r20��for��5��min.��0.1��

�PM��WT��or��engineered��MOF��enzymes��were��added��to��initiate��the��acylation��reaction.��The��total��volume��is��

40��µL.��The��reaction��mixture��was��incubated��for��20��min.��Reactions��were��quenched��by��addition��of��40��µL��of��

20��µM��CPM��in��100%��DMSO.��The��mixtures��were��incubated��in��darkness��at��room��temperature��for��20��min.��
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The��fluorescence��intensity��was��measured��using��Perkin��Elmer��VCTORTM��micro�rplate��reader,��with��the��exci�r

tation��wavelength��fixed��at��390��nm��and��the��emission��wavelength��at��479��nm.��

2.3.1.6 Mass��spectrometry��confirmation��of��selected��enzyme�rcofactor��pairs��

The��selected��enzyme�rcofactor��pairs��were��further��confirmed��by��MALDI�rMS��measurement.��Sam�r

ples��were��prepared��in��the��following��steps.��Acylation��reactions��were��performed��at��30��oC��in��the��reaction��

buffer��containing��50��mM��HEPES,��pH��8.0,��0.1��mM��EDTA��and��1��mM��DTT.��0.5��µM��MOF��proteins��were��used��

to��initiate��the��reaction��after��5��min��incubation��of��100��µM��H4�r20��with��40��µM��Ac�rCoA��or��Ac�rCoA��analog.��

10%��TFA��was��used��in��quenching��the��reaction��after��20��min.��Reaction��mixture��was��applied��to��MS��meas�r

urement.��

2.3.2 Click��labeling��of��protein��substrates��of��MOF��

2.3.2.1 Histone��protein��labeling��

5���…M��histone��H4��protein��was��incubated��with��100���…M��of��each��Ac�rCoA��analog��in��the��presence��of��

0.5���…M��enzyme��for��3��h��at��30��oC,��respectively.��For��histone��protein��labeling��with��alkyne��analog,��5���…L��of��re�r

action��cocktail��containing��100�� �…M��azide�rtetramethylrhodamine,��1��mM��copper��sulfate,��500�� �…L��of��BTTP,��

2.5��mM��sodium��ascorbate��was��added��to��the��mixture.��For��histone��protein��labeled��with��azido�rcontaining��

analog,��a��reaction��cocktail��containing��50���…M��alkyne�rtetramethylrhodamine,��500���…M��copper��sulfate,��250��

�…L��of��BTTP,��and��1.25��mM��sodium��ascorbate��was��used.��The��resultant��mixture��was��further��incubated��at��30��

oC��in��darkness��for��1��h.��Sample��was��then��subject��to��15%��SDS�rPAGE��and��visualized��through��in�rgel��fluores�r

cence��using��Amersham��Biosciences��Typhoon��9400��(the��excitation��wavelength��was��selected��at��532��nm,��

580��nm��filter��and��30��nm��band�rpass).��

2.3.2.2 Cell��lysate��labeling��

For��labeling��cell��lysate,��freshly��growing��human��embryonic��kidney��293��cells��(HEK293T��cells)��were��

inoculated��and��incubated��in��DMEM��medium��containing��10%��fetal��bovine��serum��(FBS)��in��a��humidified��
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atmosphere��containing��5%��CO2��at��37��oC��till ��it��was��80%��confluent.��Cells��were��collected��by��centrifugation��

at��1100��rpm��for��5��min��and��the��pellet��was��re�rsuspended��in��1��X��phosphate��buffered��saline��(PBS),��pH��7.4,��

and��washed��by��centrifugation��again.��The��resultant��cell��pellet��was��disrupted��on��ice��for��30��min��in��appro�r

priate��amount��of��M�rPER®��mammalian��protein��extraction��reagent��(Thermo��Scientific)��containing��1%��pro�r

tease��inhibitor��cocktail��(Thermo��Scientific)��before��centrifuge��the��suspension��at��12,000��rpm��at��4��oC��for��20��

min.��The��supernatant��was��stored��at���r80��oC��after��concentration��measurement��by��using��Bradford��assay�ä��15��

�…M��azido�rcontaining��CoA��or��100���…M��alkyne�rcontaining��CoA,��0.5�� �…M��enzymes��were��added��into��a��20���…L��

reaction��mixture��containing��30��µg��cell��lysates.��The��mixtures��were��incubated��at��30��oC��overnight��in��the��

buffer��containing��100��mM��Tris,��pH��8.0.��8���…L��of��reaction��cocktail��(100���…M��tetramethylrhodamine��alkyne��

or��1��mM��tetramethylrhodamine��azide,��1��mM��copper��sulfate,��500� � �…M��BTTP,��5��mM��sodium��ascorbate)��

was��then��added��to��the��mixture,��followed��by��additional��1��h��incubation��at��30��oC.��25���…g��of��the��protein��sam�r

ple��was��resolved��on��SDS�rPAGE��(CriterionTM��Precast��gel,��4�r15%��Tris�rHCl,��Bio�rRad).��Negative��controls��were��

prepared��in��the��absence��of��enzyme��or��Ac�rCoA��analog.��

� � � �
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Table��3.1��MS��analysis��of��lysine��acetylation��in��wt�rMOF��protein.��
Site��

number��
Confidence��level�� Approximate��number��

of��spectra��observed��
Number��of��acety�r

lated��spectra��
Approximate��%��

acetylated��

274�� high��confidence�� 25�� 25�� 100%��
175�� high��confidence�� 50�� 8�� 16%��
177�� possible�� 22�� 3�� 14%��
145�� possible�� 35�� 3�� 8%��
143�� possible�� 36�� 2�� 6%��
154�� possible�� 300�� 5�� 2%��
449�� possible�� 60�� 1�� 2%��
410�� possible�� 100�� 1�� 1%��
168�� possible�� 300�� 1�� <��1%��
125�� possible�� 300�� 1�� <��1%��
454�� possible�� 10�� 1�� <��1%��
457�� possible�� 1�� 0�� <��1%��

Quantitation��of��lysine��acetylation��was��achieved��by��spectral��counting,��in��which��the��number��of��times��a��
peptide��is��isolated��and��fragmented��was��counted��during��the��analysis.��

��

3.1.3 MOF��mutants��show��different��effect��on��the��in��cellulo��autoacetylation��activity��

Interpretation��of��the��MOF��autoacetylation��data��from��the��radiometric��assays��is��complicated��be�r

cause��significant��amounts��of��autoacetylation��have��already��been��introduced��in��the��protein��overexpres�r

sion��step��in��E.��coli.��Direct��measurement��of��the��autoacetylation��level��of��the��purified��proteins,��therefore,��

may��more��precisely��reflect��the��autoacetylation��capability��of��each��MOF��mutant.��In��this��regard,��we��exam�r

ined��lysine��acetylation��in��MOF��and��MOF��mutants��by��using��Western��blot��with��a��pan��anti�racetyllysine��an�r

tibody��(ST1027,��Calbiochem).��As��expected,��strong��acetylation��was��observed��in��wt�rMOF��(Figure��3.5).��

MOF�rK274R��mutant��had��no��autoacetylation��observed,��consistent��with��the��radioactive��assay��result.��On��

the��other��hand,��significant��and��varied��levels��of��autoacetylation��were��seen��in��the��other��K274��mutants,��

e.g.��K274M,��K274A��and��K274C,��which��further��support��that��MOF��contains��additional��lysine��autoacetyla�r

tion��sites.��Again,��autoacetylation��of��MOF�rC316A/S��and��MOF�rE350Q��mutants��decreased��in��comparison��

with��wt�rMOF,��but��was��not��abolished.��These��results��suggest��that��C316��and��E350��regulate��the��autoacety�r

lation��activity��of��MOF,��but��their��function��is��dispensable.��
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Time�rdependent��autoacetylation��was��performed��at��different��time��points��at��30��oC.��2��µM��MOF��or��MOFdeac��

was��added��to��the��[14C]�rAcCoA��(20� � �…M)��mixture��to��initiate��the��reaction.��Samples��were��resolved��on��the��

12%��SDS�rPAGE.��A��and��B,��time�rdependent��curves��for��autoacetylation��of��MOF��and��MOFdeac,��respectively.��

C,��Radioactive��gel��for��the��acetylated��protein��band.��D,��Initial��rates��of��autoacetylation��of��MOF��and��MOF�r

deac.��

��

Since��there��is��a��possibility��that��the��deacetylated��MOF��might��be��re�racetylated��during��the��process��

of��substrate��acetylation,��we��determined��the��autoacetylation��rates��of��the��deacetylated��MOF��at��different��

time��points��under��the��same��experimental��condition.��As��shown��in��Figure��3.11,��MOFdeac��was��re�racetylated��

over��time��in��the��presence��of��[14C]�rAcCoA��and��the��autoacetylation��rate��of��MOFdeac��was��determined��from��

the��initial��linear��time��region��to��be��0.017��min�r1.��Such��an��autoacetylation��rate��is��much��slower��than��the��

substrate��acetylation��rates��(�H��8.55��min�r1,��Table��3.2).��To��further��validate��these��results,��we��directly��com�r

pared��the��autoacetylation��and��substrate��acetylation��activity��on��the��same��autoradiograph��gel.��It��is��clear��

that��while��strong��substrate��acetylation��was��observed,��less��than��2%��MOFdeac��was��autoacetylated��(Figure��

3.12��and��Table��3.3).��Thus,��the��majority��of��MOFdeac��was��still��in��the��deacetylated��form��during��the��catalysis��

and��autoacetylation��of��the��enzyme��was��not��kinetically��competent��in��comparison��to��substrate��acetyla�r

tion.��

��
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enzyme��concentration.��An��intramolecular��autoacetylation��should��follow��a��first�rorder��rate��law��and��an��

intermolecular��autoacetylation��will��comply��with��second�rorder��kinetics.��Thus,��we��measured��the��initial��

autoacetylation��rates��of��different��concentrations��of��MOFdeac��at��a��fixed,��saturated��concentration��of��AcCoA��

(20���…M).��Since��K274M��mutant��exhibited��strong��autoacetylation,��we��also��studied��the��autoacetylation��of��

deacetylated��MOF�rK274M��versus��enzyme��concentration.��The��deacetylated��MOF�rK274M��mutant��was��

obtained��by��following��the��same��Sirt1/NAD+��treatment��procedure��described��above��(Figure��3.13A��and��Fig�r

ure��3.13B).��By��controlling��the��AcCoA��conversion��less��than��5%,��the��initial��autoacetylation��velocity��of��

MOFdeac��versus��enzyme��concentration��was��plotted��in��the��log�rlog��format,��which��gave��rise��to��a��linear��line��

with��a��slope��of��0.86��±��0.13��(Figure��3.13C),��in��agreement��with��a��first�rorder��reaction��mechanism.��The��ap�r

parent��autoacetylation��rate��was��calculated��to��be��0.005��±��0.0002��min�r1.��For��the��deacetylated��MOF�r

K274M��mutant,��the��logarithmic��plot��of��initial��autoacetylation��rates��with��respect��to��enzyme��concentra�r

tion��also��showed��a��linear��relation��with��a��slope��of��0.74��±��0.01��(Figure��3.13D),��consistent��with��a��first�rorder��

reaction��mechanism.��The��apparent��autoacetylation��rate��of��MOF�rK274M��mutant��was��calculated��to��be��

0.045��±��0.01��min�r1.��These��results��support��that��autoacetylation��likely��is��a��unimolecular��process.��This��con�r

clusion��is��supported��by��several��other��experimental��observations.��For��instance,��in��the��size�rexclusion��

chromatography��of��MOF,��no��dimeric��or��oligomeric��state��of��MOF��was��observed��(Figure��3.2B).��Also,��when��

MOF��was��mixed��with��the��catalytically��inactive��MOF�rK274R��protein��in��the��presence��of��[14C]�rAcCoA,��no��

intermolecular��acetylation��was��observed��(Figure��3.13E).��

��
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A,��FPLC��profile��for��separation��of��deacetylated��MOF�rK274M��from��reaction��mixture��(peak��1��represents��

Sirt1,��peak��2��represents��MOF�rK274M��protein,��peak��3��represents��NAD+).��B,��Western��blot��detection��of��

deacetylation��efficiency��using��anti�racetyllysine��antibody.��C��and��D,��Logarithmic��plot��of��concentration�r

dependent��re�rautoacetylation��of��deacetylated��MOF��and��deacetylated��MOF�rK274M,��respectively.��The��

autoacetylation��rate��was��measured��as��a��function��of��protein��concentration��ranging��from��1.25��to��10��µM.��

[14C]�rAcCoA��concentration��was��fixed��at��20��µM.��E,��Acetylation��of��MOF�rK274R��by��wt�rMOF.��Acetylation��re�r

actions��were��carried��out��in��the��presence��of��20� � �…M��[14C]�rAcCoA.��Final��protein��concentration��was��5� � �…M��

each.��

��

3.1.8 Acetylation��of��K274��does��not��affect��the��protein��stability��in��vitro��

In��the��previous��work,��we��found��that��the��autoacetylation��of��MOF��slightly��affects��the��substrate��

binding��affinity��and��turnover��rate��of��enzyme��catalysis.��In��addition,��Seto��and��co�rworkers91��also��treated��

MOF��with��Sirt1/NAD+,��they��found��that��deacetylation��of��MOF��reduces��the��cellular��protein��stability��of��

MOF.��To��investigate��the��effect��of��autoacetylation��of��MOF��on��protein��stability,��we��carried��out��the��ther�r

mal��denaturation��assay��monitored��by��circular��dichroism��(CD).��Certain��concentration��of��MOFdeac��protein��

or��MOF��control��(~��9��µM)��in��the��buffer��containing��25mM��HEPES,��pH��7.0,��100��mM��NaCl,��1��mM��EDTA,��5%��

(v/v)��glycerol,��was��respectively��subjected��to��JASCO��spectropolarimeter.��The��melting��temperature��was��

monitored��at��222��nm��at��which��helix��structure��has��strong��absorption.��As��shown��in��Figure��3.14A,��the��

thermal��denaturation��curves��of��both��proteins��display��similar��shape��with��two��phases,��indicating��the��ex�r

istence��of��a��transition��state.��There��may��be��local��unfolding��of��protein��in��the��first��phase��(Figure��3.14B).��In��

the��second��phase��(Figure��3.14C),��both��proteins��unfolded��globularly��as��the��temperature��increased.��The��

melting��temperature��of��MOFdeac��(Tm��=��41.9��±��0.2��oC)��is��similar��to��that��of��MOFcontrol��(Tm��=��42.4��±��0.2��oC),��

suggesting��that��autoacetylation��of��MOF��does��not��seem��to��contribute��to��the��stability��of��MOF��protein��in��

vitro.��



A,��Therm

turation��

��

3.2 E

(This��wo

is��oblige

test��of��T

��

mal��denatura

curves;��C,��Se

Effect��of��acti

rk��is��mainly��b

d��to��Dr.��Jiang

ip60��K327��m

Fig

tion��curves��o

econd��phase

ive��site��lysin

based��on��the

g��Wu��for��his

utants.)��

gure��3.14��Me

of��MOFcontrol��a

s��of��both��pro

e��acetylation

e��published��p

��contribution

��

elting��points

and��MOFdeac;

oteins��in��the��

n��on��Tip60��ca

paper��PLoS��O

ns��to��Tip60��p

of��MOF��prot

;��B,��First��pha

denaturation

atalysis��

ONE,��2012,��7,

preparation��f

teins.��

ses��of��both��p

n��curves.��

,��e32886.��In��t

for��MS/MS��a

��

proteins��in��th

this��project,��

nd��the��autoa

44 

he��dena�r

the��author��

acetylation��



3.2.1 P

��

Blue��colo

��

D

chose��Ti

of��Tip60

Tip60��(1�r

��

A,��12%��S

pernatan

Protein��expr

or��represents

Due��to��the��h

p60��as��anoth

0��was��conduc

�r512)��in��E.��co

SDS�rPAGE��of��

nt;��Lane��3,��p

ression��and��p

Sche

s��Tip60��prote

igh��similariti

her��example

cted��in��the��s

oli��and��purifie

Fig

Tip60��expre

pellet;��Lane��4

purification

me��3.2��Sequ

ein,��red��color

es��in��sequen

��to��further��c

similar��mann

ed��the��protei

ure��3.15.��Exp

ession��and��pu

4,��flowthroug

uence��alignm

r��represents��

nce��and��struc

confirm��the��r

ner��as��descri

in��on��Ni�rNTA

pression��and

urification.��La

gh;��Lane��5,��N

ment��of��MYST

MOF��protein

cture��betwee

results��obtai

bed��for��MO

A��affinity��bea

d��purification

ane��1,��low��ra

Ni�rbeads��bef

T��HATs.��

n.��

en��MOF��and��T

ned��from��MO

F.��We��first��e

ds��(Figure��3.

n��of��wt�rTip60

ange��molecu

fore��elution;��

Tip60��(Schem

OF��study.��Inv

expressed��Hi

15).��

0. 

ular��marker;��

Lane��6��to��L

45 

��

me��3.2),��we��

vestigation��

s6x�rtagged��

 

Lane��2,��su�r

ane��8,��elu�r



tion;��Lan

low��rang

5���…L,��10��

��

3.2.2 A

��

Each��rea

resolved

age��scree

I

the��subs

resolved

that��on��t

3.16).��Of

remain��t

curs,��and

portant��

ne��9,��Ni�rbead

ge��molecular

�…L,��20���…L,��40

Autoacetyla

F

action��mixtur

d��on��the��20%

en.��

In��one��HAT��a

strate��and��[14

d��on��20%��SDS

the��gel,��in��ad

f��note,��the��au

to��be��addres

d��how��the��a

biochemical��

ds��after��eluti

r��marker;��Lan

0���…L,��respect

tion��of��Tip60

Figure��3.16��P

re��contained

%��SDS�rPAGE.��T

assay��experim

4C]�rAcCoA��as��

S�rPAGE��and��t

ddition��to��the

utoacetylatio

ssed��as��to��wh

autoacetylati

questions,��w

ion.��B,��12%��S

ne��2��to��Lane��

ively.��

0��

Phosphorima

d��2.1� � �…M��Tip

The��gel��was��

ment��with��th

��the��acetyl��d

the��radioacti

e��acetylated��

on��of��Tip60��w

here��the��aut

on��of��Tip60��

we��carried��o

SDS�rPAGE��of��

5,��different��

aging��analysi

p60,��1.5� � �…M��

dried��under��

��

he��recombin

donor.��Follow

ive��gel��was��a

H4��peptide��b

was��also��obse

oacetylation

is��correlated

ut��a��proteom

f Tip60��after��

loading��amo

s��of��HAT��rea

[14C]�rAcCoA��

vacuum��and

ant��Tip60,��w

wing��the��HAT

analyzed��by��p

band,��Tip60��w

erved��by��oth

n��sites��are��loc

d��to��substrat

mic��analysis��

dialysis��and��

ount��of��prote

ction��mixtur

and��400�� �…M

d��then��expos

we��used��synt

T��reaction,��th

phosphorima

was��also��stro

her��researche

cated,��how��t

te��acetylatio

to��search��fo

concentratio

ein��after��conc

��

res.��

M��H4�r20.��Sam

sed��to��the��ph

hetic��peptid

e��reaction��m

aging.��As��is��c

ongly��acetyla

ers.145,��146��Key

the��autoacet

on.��To��clarify

r��possible��au

46 

on.��Lane��1,��

centration,��

mples��were��

hosphorim�r

e��H4�r20��as��

mixture��was��

learly��seen��

ted��(Figure��

y��questions��

tylation��oc�r

y��these��im�r

utoacetyla�r



tion��site

tion.��The

AspN,��Ly

found��th

K327,��an

cause��th

tures.68��I

further��e

HAT��dom

��

��

s��of��Tip60.��I

e��protein��ban

ysC,��and��try

hat��the��Tip60

nd��K383��(Figu

his��residue��is

Importantly,��

evidence��for

main��structur

Figu

n��the��exper

nd��was��cut,��

psin��enzyme

0��protein��con

ure��3.17��and

��located��in��t

this��residue

r��this��active��

res,��the��same

re��3.17��MS/

iment,��recom

cleaned,��and

es��and��each��

ntained��seve

d��APPENDIX��

the��active��sit

e��is��strictly��co

site��lysine��a

e��lysine��resid

MS��analysis��

mbinant��Tip6

d��dried��unde

sample��was

eral��acetylate

D).��The��most

te��as��reveale

onserved��am

utoacetylatio

due��was��show

of��the��AA(32

��

60��protein��w

er��vacuum.��T

s��analyzed��b

ed��lysine��res

t��intriguing��a

ed��in��several��

ong��all��the��M

on��is��that��in

wn��in��the��ace

20–334)��sequ

was��subjected

The��protein��w

by��LC�rMS/MS

idues:��K76,��K

acetylated��re

reported��M

MYST��HAT��pr

��the��recently

etylated��form

uence��of��wt�r

d��to��SDS�rPAG

was��then��dig

S.��From��this��

K80,��K104,��K

esidue��is��lysi

YST��HAT��pro

roteins��(Sche

y��reported��X

m��(Figure��3.18

��

�rTip60.��

47 

GE��separa�r

gested��with��

study,��we��

K150,��K187,��

ne��327��be�r

otein��struc�r

eme��3.2).��A��

X�rray��Tip60��

8).��



��

3.2.3 K

T

lation��m

catalysis

protocol

K327Q��m

the��acety

activity��o

tion��alm

sensitive

is��6�rfold��

K327��mutati

The��vicinity��o

ight��directly

,��we��produc

.��Thus,��it��is��l

mimics��Tip60

ylation��of��th

of��both��Tip60

ost��complete

e��to��the��alter

higher��than��

Figure

ion��differenti

of��the��acetyl

y��regulate��the

ced��Tip60�rK3

ikely��that��Tip

0��with��K327��

e��cognate��su

0�rK327R��and

ely��abolished

rnations��on��K

Tip60�rK327R

��3.18��Crystal

(PD

ially��affect��th

ated��lysine�r3

e��enzymatic��

327R��and��Tip

p60�rK327R��m

in��the��acety

ubstrate��H4�r2

d��Tip60�rK327

d��the��HAT��act

K327.��It��is��no

R,��with��2.5%

l��structure��of

DB��2OU2��by��

he��HAT��activ

327��(K327ac)

activity��of��T

p60�rK327Q��m

mimics��Tip60��

lated��form.��F

20.��Similar��to

7Q��mutants��d

tivity.��This��re

oteworthy��to��

��and��0.4%��re

f��active��site��o

Wu,��H.,��et��al

vity��of��Tip60

)��to��the��activ

Tip60.��To��und

mutants��by��u

with��K327��in

First,��we��exa

o��MOF��prote

dramatically��

esult��demons

point��out��th

etained��activ

��

of��Tip60.��

)��

ve��site��sugge

derstand��the

using��the��site

n��the��unacet

amined��how��

ein,��Figure��3.

decreased;��e

strates��that��T

hat��the��HAT��a

ity��of��the��wt

sts��that��this��

e��role��of��K32

e�rdirected��m

ylated��form��

K327��mutat

19��shows��th

especially��K3

Tip60��catalys

activity��of��Tip

t�rTip60��activi

48 

autoacety�r

27ac��in��the��

mutagenesis��

and��Tip60�r

tion��affects��

at��the��HAT��

327R��muta�r

sis��is��highly��

p60�rK327Q��

ity,��respec�r



tively.��Th

promote

son��to��th

��

The��HAT

�PM��H4�r2

3.2.4 K

A

the��effec

Tip60��wi

on��Figur

hough��w

��

his��suggests��

es��the��enzym

hat��of��wt�rTip

T��assays��were

20,��and��100��n

K327��mutati

As��aforemen

ct��of��K327��m

ith��[14C]�rAcC

re��3.20,��the��a

weaker��than��w

that��Tip60��w

matic��activity��

60��possibly��r

Figure��3.19

e��performed��

nM��Tip60��pro

ion��differenti

ntioned,��Tip6

utation��on��T

oA��and��analy

autoacetylat

wt�rTip60,��the

with��unacety

of��Tip60.��Th

reflects��that��g

��Effect��of��K3

at��30oC��for��

otein.��

ially��affect��th

60��acetylates

ip60��autoace

yzed��the��pro

ion��of��Tip60

e��autoacetyla

ylated��K327��i

he��reason��fo

glutamine��is��

27��mutation

5��min��and��ea

��

he��autoacety

��itself��at��sev

etylation��at��o

otein��autoac

0�rK327R��is��at

ation��of��Tip60

is��catalytical

r��the��weak��a

not��a��precise

n��on��HAT��acti

ach��reaction��

ylation��activ

eral��lysine��re

other��lysine��s

etylation��act

��the��backgro

0�rK327Q��is��st

ly��inactive��a

activity��of��Tip

e��mimic��of��th

��

ivity��of��Tip60

contained��1

vity��of��Tip60��

esidues��in��ad

sites,��we��reac

tivity��by��pho

ound��level.��O

till��clearly��de

nd��acetylatio

p60�rK327Q��i

he��acetylated

0.��

10���PM��[14C]�rA

ddition��to��K3

cted��the��thre

osphorimagin

On��the��other

etectable.��

49 

on��at��K327��

n��compari�r

d��K327.��

AcCoA,��200��

27.��To��test��

ee��forms��of��

ng.��As��seen��

r��hand,��alt�r



Each��pro

��

A

tion��activ

to��quant

3.21).��As

diminish

acetylati

Tip60��sh

compete

��

Figure��

otein��was��tes

According��to

vity��of��the��T

tify��the��acety

s��expected,��w

hed��the��level��

ion.��These��re

hown��above.

ent��and��the��a

3.20��Effect��o

sted��at��2��and��

o��the��previou

ip60��mutant

ylated��lysine

wt�rTip60��pres

of��autoacety

esults��are��in��

��Together,��t

acetylation��o

of��K327��muta

4���PM,��react

us��experience

ts.��We��perfor

e��levels��in��the

sented��stron

ylation.��In��co

good��agreem

the��data��sup

n��K327��stimu

ation��on��the��

ing��with��30���P

e��from��MOF��s

rmed��Wester

e��wt�rTip60,��T

ng��autoacety

ontrast,��K327

ment��with��th

pport��that��Ti

ulates��the��en

autoacetyla

�PM��[14C]�rAcC

study,��we��als

rn��blot��analy

Tip60�rK327R

lation��level.��

7R��mutation��

he��data��abou

p60��with��un

nzymatic��activ

��

tion��activity��

CoA��for��30��mi

so��tested��the

ysis��using��ant

R��and��Tip60�rK

K327Q��muta

did��not��show

ut��the��H4�r20

nacetylated��K

vity��of��Tip60

of��Tip60.��

in��at��30°C.��

e��in��cellulo��au

ti�racetyllysin

K327Q��muta

ation��decreas

w��any��detect

0��acetylation

K327��is��catal

.��

50 

utoacetyla�r

e��antibody��

nts��(Figure��

sed��but��not��

table��auto�r

��activity��of��

lytically��in�r



Fi

��

3.2.5 C

O

sulfhydry

K327,��i.e

in��the��pa

duced��Ti

and��may

directed

AcCoA��a

Figure��3

wt�rTip60

Again,��m

that��thes

gure��3.21��In��

Cysteine��369

One��intriguin

yl��group��of��a

e.��3.9��Å.��This��

athway��of��K

ip60�rC369A��a

y��play��a��gen

��mutagenesi

nd��the��prote

.22,��the��auto

0.��Furthermo

mutation��of��C

se��two��resid

cellulo��auto

9��and��glutam

ng��feature��in��

a��cysteine��re

unique��spat

327��acetylat

and��Tip60�rC3

neral�rbase��ro

is��method��as

ein��autoacety

oacetylation��

ore,��we��anal

C369��and��E40

ues��are��nee

oacetylation��

mate��403��diff

the��X�rray��cry

sidue,��i.e.��C3

tial��relationsh

tion.��To��inve

369S��mutant

ole��for��Tip60

s��well.��All��th

ylation��activi

activity��of��a

lyzed��the��au

03��decreased

ded��to��main

of��wt�r��and��m

ferently��regu

ystal��structu

369,��is��locate

hip��leads��us��t

estigate��the��r

ts.��In��addition

0��catalysis,��s

hese��Tip60��p

ty��was��exam

all��these��Tip6

utoacetylatio

d��Tip60��auto

tain��the��full��

mutant��Tip60

ulate��Tip60��a

re��of��Tip60��H

ed��in��a��positi

to��postulate��

role��of��C369

n,��E403��is��an

o��we��produ

proteins��wer

mined��by��pho

60��mutants��d

on��level��of��t

acetylation��(

capacity��of��

0��examined��b

utoacetylait

HAT��domain��(

ion��close��to��t

that��C369��m

9��in��Tip60��au

nother��key��re

ced��E403Q��

e��subjected��

sphorimagin

decreased��in

hese��protein

(Figure��3.21)

Tip60��autoac

��

by��Western��b

ton��

(Figure��3.18)

the��epsilon�rn

might��play��a��c

utoacetylatio

esidue��in��the

mutant��usin

to��reaction��

ng��analysis.��A

��comparison

ns��using��We

.��These��resu

cetylation.��A

51 

blot.��

)��is��that��the��

nitrogen��of��

critical��role��

n,��we��pro�r

��active��site��

g��the��site�r

with��[14C]�r

As��shown��in��

n��to��that��of��

stern��blot.��

lts��support��

Although��at��



this��stag

is��solely��

the��fact��

tion,��we��

requisite

estingly,��

sulfhydry

��

In��each��

quenche

vacuum,

��

ge��we��cannot

due��to��K327

that��the��Tip

strongly��sug

e��for��acetylat

��C369A��reta

yl��group��is��im

Figur

reaction,��5���…

ed��by��the��add

,��visualized��b

t��distinguish��

7��acetylation

p60��form��wit

ggest��that��Ti

tion��at��the��o

ins��as��much

mportant,��bu

re��3.22��Effect

�…M��Tip60��pro

dition��of��pro

y��phosphorim

whether��the

n��or��also��con

h��unacetylat

p60��autoace

other��lysine��r

��activity��as��

t��not��obligat

ts��of��C369��an

otein��was��in

otein��loading��

maging,��and��

e��observed��a

ntributed��by��

ted��K327��(i.e

etylation��occu

residues��whi

C369S��and��E

ory��for��Tip60

nd��E403��mut

cubated��wit

��dye.��The��mi

analyzed��by��

autoacetylati

acetylation��

e.��Tip60�rK327

urs��first��on��K

ch��are��distal

E403Q��mutat

0��autoacetyla

tations��on��th

h��10���…M��[14C

ixtures��were

QuantityOne

on��in��C369A

on��the��othe

7R)��has��no��d

K327��and��K32

l��from��the��ac

tions,��sugge

ation.��

��

he��autoacety

C]�rAcCoA��for

e��solved��on��1

e��software.

A/S��and��E403

r��lysine��resid

detectable��au

27��acetylatio

ctive��site��poc

sting��that��th

lation��of��Tip

r��1��h.��The��re

12%��SDS�rPAG

52 

3Q��mutants��

dues,��given��

utoacetyla�r

on��is��a��pre�r

cket.��Inter�r

he��cysteine��

60.��

action��was��

GE,��dried��in��



3.2.6 A

A

Tip60��in��

The��reac

3.1).��We

were��de�r

��

A,��Weste

weaker��H

AcCoA,��2

��

W

acetylati

Acetylation��o

Again,��to��m

the��deacety

ction��mixture

estern��blot��a

�racetylated��a

Figure��3.23��

ern��blot��dete

HAT��activity.��

200��µM��H4�r2

With��Tip60de

ion��reaction��

of��K327��sligh

ore��accurate

ylated��form.��

e��was��then��

nalysis��using

after��the��trea

Deacetylatio

ection��of��dea

The��HAT��ass

20��and��0.02��µ

eac��in��hand,��w

was��carried��

htly��affects��th

ely��calibrate

We��treated��

subjected��to

g��anti�racetyll

atment��with��

on��of��Tip60��b

cetylation��ef

says��were��car

µM��Tip60��(so

we��studied��an

out��with��10

he��enzymati

��the��functio

the��Tip60��w

o��size�rexclus

ysine��antibo

Sirt1/NAD+��(

by��Sirt1��and��t

fficiency��of��T

rried��out��at��3

lid��line)��or��de

nd��compared

��µM��[14C]�rAc

ic��activity��of��

on��of��Tip60

ith��recombin

ion��chromat

dy��showed��t

Figure��3.23A

the��activity��o

ip60��by��Sirt1

30oC.��Each��re

eacetylated��T

d��its��cognate��

cCoA,��200��µM

Tip60��

autoacetylat

nant��Sirt1��in��

tography��on��

that��all��the��ly

A).��

��

of��the��deace

1.��B,��Deacetyl

eaction��conta

Tip60��(dashe

enzymatic��ac

M��H4�r20��and

tion,��we��pre

the��presenc

Superdex��7

ysine��residue

etylated��Tip6

lated��Tip60��s

ained��10��µM��

ed��line).��

ctivity��with��T

d��20��nM��enzy

53 

epared��the��

ce��of��NAD+.��

5��(Scheme��

es��in��Tip60��

60.��

showed��

[14C]�r

Tip60.��A��H4��

yme��at��dif�r



ferent��re

substrate

K327��up

corrobor

Figure��3

sponse��c

activity��a

found��th

of��K327��a

��

Figur

A,��500��µ

AcCoA��a

��

eaction��time

e��acetylation

regulates��Tip

rate��this��resu

.24,��both��Tip

curves.��In��co

at��any��select

hat��both��kcat��

affects��the��su

re��3.24��Subst

µM��H4�r20��an

nd��varied��co

es.��As��depict

n��activity��com

p60��activity;��

ult,��we��meas

p60��in��acety

omparison��w

ted��substrate

and��Km��value

ubstrate��bind

trate�rdepend

nd��varied��co

ncentration��

ed��in��Figure

mpared��with

however,��de

ured��the��sub

ylated��and��d

with��Tip60,��Ti

e��concentrat

es��of��Tip60de

ding��affinity��

dent��activity

oncentration��

of��H4�r20��ran

��3.23B,��Tip6

h��Tip60.��This��

eacetylation��

bstrate��dose�r

eacetylated��

ip60deac��show

tions.��By��fitti

ac��differ��from

as��well��as��th

y��curves��for��T

of��[14C]�rAcC

nging��from��0��

60deac��exhibit

data��gave��st

at��this��site��d

�rdependent��c

forms��show

wed��decreas

ng��the��data��

m��that��of��Tip6

e��turnover��ra

Tip60��(solid��li

CoA��ranging��

to��1600��µM.

ed��a��decrea

trong��indicat

does��not��abro

curve��of��Tip6

ed��Michaelis

ed��but��still��s

to��Michaelis

60,��which��su

ate��of��Tip60��

ine)��and��Tip6

from��0��to��1

��

sed��but��still��

tion��that��ace

ogate��Tip60��a

60��activity.��A

s�rMenten��lik

substantial��a

s�rMenten��eq

uggests��that��a

catalysis.��

60deac��(dashe

10��µM.��B,��10

54 

significant��

etylation��of��

activity.��To��

As��shown��in��

ke��dose��re�r

amounts��of��

uation,��we��

acetylation��

��

ed��line).��

0��µM��[14C]�r



55 

3.2.7 Summary��

Autoacetylation��of��the��active��site��lysine��in��the��MYST��HATs��(i.e.��Lys�r274��in��MOF,��Lys�r327��in��Tip60)��

has��elicited��great��interest��of��study��recently.��One��of��the��most��appealing��evidence��is��that,��in��the��crystal��

structures��of��several��MYST��proteins,143�r145,��147,��148��this��conserved��lysine��residue��was��found��to��be��almost��

stoichiometrically��in��the��acetylated��form.��However,��because��the��recombinant��MOF��or��Tip60��protein��is��

predominantly��in��the��acetylated��form��after��overexpression��and��purification��from��E.��coli,��further��quanti�r

tative��analysis��of��the��enzyme��autoacetylation��activity��is��a��technical��challenge.��Due��to��its��unique��position��

in��the��enzyme��structure,��it��has��been��speculated��that��acetylation��of��this��active��site��lysine��residue��is��essen�r

tial��for��MYST��activity��and��might��regulate��enzyme�rsubstrate��interaction.143,��147��This��proposition��is��most��

supported��by��the��mutagenesis��studies��showing��that��mutation��of��MOF–K274��to��Arg��or��Ala,��Tip60–K327��to��

Arg��almost��completely��abolishes��MYST’s��cognate��H4��acetylation��activity��(Figure��3.6,��ref.��144,��148��and��Figure��

3.19��).��Although��these��data��are��highly��valuable,��a��potential��pitfall��for��the��mutagenesis��approach��is��that��

lysine��to��glutamine��and��arginine��only��moderately��mimics��the��lysine��in��the��acetylated��and��unacetylated��

form,��respectively.149,��150.��Because��the��K274��in��MOF��or��K327��in��Tip60��resides��near��the��head��group��of��Ac�r

CoA,��a��chemical��change��to��this��residue��may��alter��the��active��site��microenvironment,��thus��compromising��

the��catalytic��activity��of��MYST��proteins.��Indeed,��our��data��showed��that��all��the��tested��K274��and��K327��mu�r

tants��have��impaired��activity��compared��to��wild��type��MOF��and��Tip60,��respectively��(Figure��3.6��and��Figure��

3.19).��Therefore,��a��method��independent��from��the��mutagenesis��method��would��be��warranted��to��more��

authentically��address��the��function��of��MYST��autoacetylation.��In��these��studies,��we��were��able��to��produce��

both��MOF��and��Tip60��in��the��completely��deacetylated��form��by��treatment��with��Sirt1/NAD+.��The��high��effi�r

ciency��of��Sirt1��in��deacetylating��MYST��proteins��such��as��MOF��and��Tip60��was��also��confirmed��by��several��

other��recent��studies.91,��151��Enzymatic��analysis��with��the��MOFdeac��and��Tip60deac��showed��that,��in��the��deacety�r

lated��state,��the��cognate��substrate��acetylation��activity��of��both��enzymes��decreased��only��slightly��(e.g.,��Fig�r
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3.3 Chemical��probes��of��the��MYST��family��of��histone��acetyltransferases��

(This��work��is��mainly��based��on��the��published��paper��J.��Am.��Chem.��Soc.,��2013,��135(21),��7791�r7794;��Anal.��

Bioanal.��Chem.,��2012,��405(4),��1361�r1371��and��published��book��chapter��Methods��in��Molecular��Biology,��

981,��2013,��229�r238,��Springer,��HUMANA��Press.��In��this��project,��the��author��is��obliged��to��Dr.��Tielong��Gao��for��

the��test��of��fluorescence��response��of��CPM��reacting��with��CoASH,��Dr.��Jiang��Wu��for��the��DMSO��effect��test��

and��Jiaqi��Mi��for��synthesis��of��some��Ac�rCoA��analogs��and��click��labeling.)��

3.3.1 Discovery��of��active��enzyme�rcofactor��pairs��

3.3.1.1 CPM��is��an��excellent��fluorescent��probe��for��detection��of��CoASH��

The��HAT��enzyme��activity��was��commonly��characterized��by��using��the��isotope�rlabeled��Ac�rCoA.��Due��

to��the��high��sensitivity,��the��radioactive��assay��is��suitable��for��kinetic��and��functional��study��of��HATs.��Howev�r

er,��it��suffers��from��several��drawbacks��such��as��high��cost��of��radioactive��materials,��safety��issue,��etc.152��Fluo�r

rescence�rbased��assay��is��one��alternative��way��to��analyze��HAT��activity��without��involving��radioactive��chemi�r

cals,��but��is��also��rapid��and��sensitive.��

The��most��common��method��for��characterization��of��HAT��activity��in��fluorescence�rbased��assay��is��to��

analyze��and��quantify��the��byproduct��CoASH��produced��in��the��HAT��catalysis.��The��fluorogenic��dye,��7�r

diethylamino�r3�r(4'�rmaleimidylphenyl)�r4�rmethylcoumarin��(CPM),��has��very��weak��fluorescence��but��strong�r

ly��fluorescences��upon��reacting��with��thiol�rcontaining��compounds��such��as��CoASH��(Figure��3.27).153��We��uti�r

lized��the��property��of��CPM��reacting��with��CoASH��to��characterize��the��activity��of��HAT��enzymes.��

��

��
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Table��3.4��Names��and��structures��of��Ac�rCoA��analogs.��
Ac�rCoA��Analog��Name�� Structure Ac�rCoA��Analog��Name Structure��

4�rpentynoyl��CoA��

(4PY�rCoA)��
 

3�razidopropanoyl��CoA��

(3AZ�rCoA)��  

5�rhexynoyl��CoA��

(5HY�rCoA)��  

4�razidobutanoyl��CoA��

(4AZ�rCoA)��

6�rheptynoyl��CoA��

(6HY�rCoA)��
 

  

��

Ac�rCoA��analog��was��synthesized��by��reacting��each��acid��anhydride��with��CoASH��as��described��below��

(Scheme��3.3).��

��

��

Scheme��3.3��Chemical��synthesis��of��the��Ac�rCoA��analogs��
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Synthesis��of��Ac�rCoA��analog��precursor��3�razidopropionic��acid��was��achieved��by��reacting��sodium��az�r

ide��with��3�rbromopropionic��acid��in��DMF��with��slight��modification142��(Scheme��3.4).��

3�razidopropionic��acid:��1H�rNMR��(400��MHz,��CDCl3):� � � w� �3.60��(t,��2H),��2.66��(t,��2H).��HMRS��(ESI�rMS)��

calcd��for��C3H4N3O2��([M�rH])��114.0304,��found��114.0303.��(APPDENICES��E��and��F)��

��

��

Scheme��3.4��Chemical��synthesis��of��the��Ac�rCoA��analog��precursor��

��

All��the��synthesized��Ac�rCoA��analogs��were��confirmed��by��NMR��and��MS��(APPENDICES��H��and��I):��

4�rpentynoyl��CoA��(4PY�rCoA):��1H��NMR��(D2O,��600��MHz)���w��8.65��(s,��1H),��8.43��(s,��1H),��6.21��(d,��1H,��J=��

3.1��Hz),��4.60��(m,��1H),��4.26��(m,��2H),��4.02��(s,��1H),��3.86��(m,��1H),��3.60��(m,��1H),��3.45��(t,��2H,��J=��6.7��Hz),��3.34��(t,��

2H,��J=��6.4),��3.01��(t,��2H,��J=��6.3��Hz),��2.83��(t,��2H,��J=��6.8��Hz),��2.60��(t,��2H,��J=��6.8��Hz),��2.49��(t,��1H,��J=��3.2��Hz),��

2.43��(m,��2H),��0.93��(s,��3H),��0.81(s,��3H);��31P��NMR��(D2O,��162��MHz)� � �w� �0.95,� � � r9.76,� � � r10.18;��HMRS��(ESI�rTOF)��

calcd��for��C26H40N7O17P3S��([M+H]+)��848.1492,��found��848.1488.��

��

5�rhexynoyl��CoA��(5HY�rCoA):��1H��NMR��(D2O,��600��MHz)���w��8.69��(s,��1H),��8.44��(s,��1H),��6.22(d,��1H,��J=4.8��

Hz),��4.25��(m,��2H),��4.06��(s,��1H),��3.86��(m,��1H),��3.59��(m,��1H),��3.46��(t,��2H,��J=6��Hz),��3.34��(t,��2H,��J=6��Hz),��3.01��(t,��

2H,��J=3.6��Hz),��2.74��(t,��2H,��J=5.4��Hz),��2.43��(t,��2H,��J=7.2��Hz),��2.34��(t,��1H,��J=2.1��Hz),��2.22��(m,��2H),��1.81��(m,��

2H),��0.94��(s,��3H),��0.81(s,��3H);��31P��NMR��(D2O,��162��MHz)� � �w� �2.98,� � � r7.75,� � � r8.35;��HMRS��(ESI�rTOF)��calcd��for��

C27H42N7O17P3S��([M+H]+)862.1649,��found��862.1653.��

��

6�rheptynoyl��CoA��(6HY�rCoA):��1H��NMR��(D2O,��600��MHz)� � � w� �8.69��(s,��1H),��8.44(s,��1H),��6.23(d,��1H,��

J=6.4��Hz),��4.25��(m,��2H),��4.04��(s,��1H),��3.85��(m,��1H),��3.59��(m,��1H),��3.46��(t,��2H,��J=6.5��Hz),��3.35��(t,��2H,��J=��6.4��
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Hz),��3.01��(t,��2H,��J=��5.8��Hz),��2.63��(t,��2H,��J=��7.4��Hz),��2.43��(t,��2H,��J=��7.6��Hz),��2.32��(t,��1H,��J=��3.0��Hz),��2.19��(dt,��

2H),��1.69��(quint,��2H),��1.51��(quint,��2H),��0.94��(s,��3H),��0.81(s,��3H);��31P��NMR��(D2O,��162��MHz)���w��2.98,���r7.76,���r

8.34;��HMRS��(ESI�rTOF)��calcd��for��C28H44N7O17P3S��([M+H]+)��876.1805,��found��876.1804.��

��

3�razidopropanoyl��CoA��(3AZ�rCoA):��1H��NMR��(D2O,��600��MHz)���w��8.69��(s,1H),��8.44(s,��1H),��6.63(d,��1H,��

J=6.6Hz),��4.24��(m,��2H),��4.03��(s,��1H),��3.85��(m,��1H),��3.59��(m,��3H),��3.46��(t,��2H,��J=6��Hz),��3.35��(t,��2H,��J=5.4��Hz),��

3.04��(t,��2H,��J=6��Hz),��2.92��(t,��2H,��J=5.4��Hz),��2.65��(t,��2H,��J=6.6��Hz),��0.94��(s,��3H),��0.80(s,��3H);��31P��NMR��(D2O,��

162��MHz)� � � w� �2.87,� � � r7.71,� � � r8.34;��HMRS��(ESI�rTOF)��calcd��for��C24H39N10O17P3S��([M�rH]+)��863.1350,��found��

863.1336.��

��

4�razidobutanoyl��CoA��(4AZ�rCoA):��1H��NMR��(600��MHz,��D2O)���w��8.67��(s,��1H),��8.43��(s,��1H),��6.21��(d,��J��=��

5.2��Hz,��1H),��4.59��(m,��1H),��4.25��(m,��2H),��4.02��(s,��1H),��3.86��(m,��1H),��3.59��(m,��1H),��3.44��(t,��J��=��6.5��Hz,��2H),��

3.33��(m,��4H),��2.99��(t,��J��=��6.4��Hz,��2H),��2.70��(t,��J��=��7.3��Hz,��2H),��2.43��(m,��2H),��1.88��(quin,��J��=��6.9��Hz,��2H),��0.93��

(s,��3H),��0.80��(s,��3H);��31P��NMR��(D2O,��162��MHz)���w��2.84,���r7.33��(br);��HMRS��(ESI�rTOF)��calcd��for��C25H41N10O17P3S��

([M�rH])��877.1506,��found��877.1509.��

3.3.1.3 Engineering��of��enzyme��active��site��

The��MYST��proteins��represent��one��major��HAT��family��in��the��higher��organisms.65��To��create��chemi�r

cal��probes��for��identifying��substrates��of��the��MYST��family,��we��engineered��the��active��site��of��the��MYST��

member��MOF.��In��the��crystal��structure��of��MOF–Ac�rCoA��complex��(PDB��2Y0M,��ref.148),��the��acetyl��moiety��of��

the��cofactor��is��encircled��by��bulky��residues��V314,��I317,��I333,��P349,��P352��and��L353��(Figure.��3.30).��H273��is��

another��potential��residue��that��may��affect��the��enzyme��activity.144,��156��We��performed��mutation��of��each��

residue��to��Ala��or��Gly��to��expand��the��enzyme��active��site��for��acyl�rCoA��binding.����

��
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panel��of��Ac�rCoA��analogs��was��screened��in��histone��modification��reactions��catalyzed��by��both��the��wild�rtype��

(WT)��and��engineered��MOF��proteins.��Typically,��each��MOF��protein��was��incubated��with��the��N�rterminal��20�r

aa��H4��peptide��(H4�r20)��and��individual��analogs��(Scheme��3.5).��According��to��the��radioactive��assay��for��the��

measurement��of��DMSO��effect��on��MOF��catalysis,��50%��(V/V)��DMSO��can��completely��quench��the��acetyla�r

tion��reaction��(Figure��3.31).��Therefore,��after��the��reaction,��the��mixtures��were��treated��with��20��µM��CPM��in��

100%��DMSO.����

��
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Figure��3.31��DMSO��effect��on��the��MOF��catalysis.��

��

For��the��measurement��of��the��fluorescent��activity��of��each��HAT��enzyme,��a��negative��control��(i.e.��

without��the��peptide��substrate)��was��used��to��eliminate��the��background��fluorescence��[column��data��shown��

in��APPENDIX��K��(1�r4)].��The��fluorescent��activity��of��each��mutant�rcofactor��pair��was��converted��to��modifica�r

tion��%��by��referring��to��that��of��the��wt�rHAT
 ÂcCoA,��which��was��set��as��100%.��The��data��of��the��modification��%��

of��the��MOF��mutants��were��summarized��in��Figure��3.32��and��APPENDIX��K(5).��Both��are��presented��in��the��

format��of��heat��map��for��easy��visualization.��
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3.3.2 Click��labeling��of��protein��substrates��

3.3.2.1 Labeling��the��histone��protein��

��

��

Scheme��3.6��Substrate��modification��by��selected��enzyme�rcofactor��pairs,��followed��by��the��CuAAC��and��in�r

gel��visualization.��

��

The��clickable��feature��of��the��alkyne�r��or��azido�rcontaining��Ac�rCoA��analogs��provides��a��unique��ad�r

vantage��for��selective��labeling,��visualization,��and��further��characterization��of��HAT��targets��by��using��the��

copper�rcatalyzed��azide�>alkyne��cycloaddi�Ÿon��(CuAAC)��chemistry��(Scheme��3.6).157��

To��probe��protein��acetylation��catalyzed��by��the��MYST��HATs,��both��single�rpoint��mutant��MOF�rI317A��

and��double�rpoint��mutant��MOF�rI317A/H273A��were��applied��to��label��recombinant��H4��protein��in��the��pres�r

ence��of��the��synthetic��Ac�rCoA��analogs.��Following��the��enzymatic��reaction,��CuAAC��chemistry��was��applied��

for��fluorescent��detection.��As��shown��in��Figure��3.33,��MOF�rI317A��and�� � rI317A/H273A��showed��a��clear��his�r

tone��labeling��activity��when��5HY�rCoA��was��used��as��the��acyl��donor.��These��encouraging��results��demonstrate��

that��both��MOF�rI317A��and� � � rI317A/H273A��in��combination��with��5HY�rCoA��are��suitable��enzyme�rcofactor��

matches��to��label��substrates��of��the��MYST��HATs.��3AZ�rCoA��was��also��a��very��effective��cofactor��for��labeling��by��

MOF�rI317A.��

��
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Figure��3.34��In�rgel��fluorescence��image��of��cell��lysate��modification.��

The��lower��panel��shows��the��commassie��blue��staining.��

��

Both��MOF�rI317A��and���rI317A/H273A,��which��showed��appreciable��activity��in��histone��modification��

assays,��were��used��in��conjugation��with��selected��Ac�rCoA��analogs��for��target��labeling.��On��the��fluorescence��

image��of��the��SDS�rPAGE��gel��(Figure��3.34),��multiple��labeled��lanes��were��observed��when��the��cell��lysate��was��

treated��with��MOF�rI317A��in��the��presence��of��the��synthetic��analogs��(lanes��4,��7,��10,��14,��18).��Consistent��with��

the��results��of��the��histone��modification��assays,��MOF�rI317A��showed��labeling��activity��toward��the��tested��

analogs,��with��5HY�rCoA��and��3AZ�rCoA��being��particularly��strong.��As��expected,��the��double�rpoint��mutant��

MOF�rI317A/H273A��effectively��labeled��the��cell��lysate��with��5HY�rCoA��(lane��22).��The��addition��of��Ac�rCoA��

suppressed��the��fluorescent��labeling,��which��was��in��good��agreement��with��the��competitive��nature��of��Ac�r

CoA��analogs��with��respect��to��Ac�rCoA��(lanes��5,��8,��11,��15,��19��and��23).��The��enzyme�rnegative��control��(lane��2)��

suggests��that��the��endogenous��MOF��in��the��293T��cells��did��not��interfere��with��the��assay.��

��

3.3.3 Summary��

Functions��of��individual��HATs��are��closely��associated��with��their��acetylomes��in��the��biological��mi�r

lieus.��Thus,��identifying��and��profiling��cellular��substrates��of��HATs��is��of��vital��significance��for��understanding��

their��roles��in��physiology��and��disease,��which��can��be��accelerated��by��developing��innovative��chemical��biolo�r

gy��probes.158�r161��In��this��study,��we��designed��and��synthesized��a��series��of��Ac�rCoA��analogs��containing��alkynyl��

or��azido��functional��groups��(4PYCoA,��5HYCoA,��6HYCoA,��3AZCoA��and��4AZCoA).��In��addition,��we��engineered��

the��active��site��of��MOF��to��expand��the��synthetic��cofactor��bind��capability.��Through��fluorescence��screening��

based��on��the��reaction��between��CPM��and��CoASH,��we��identified��several��active��enzyme�rcofactor��pairs,��

such��as��MOF�rI317A��with��all��analogs��and��MOF�rI317A/H273A–5HYCoA,��which��were��further��applied��in��the��

labeling��of��histone��H4��protein��and��HAT��substrates��in��293T��cell��lysate.��Visualizing��of��the��labeled��substrate��
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was��achieved��using��the��alkynyl��or��azido�rtagged��fluorescent��reporters��through��CuAAC��chemistry.��Con�r

sistent��with��the��fluorescence��screening��data,��the��histone��H4��protein��was��successfully��labeled��by��the��ac�r

tive��enzyme�rcofactor��pairs.��More��intriguingly,��multiple��protein��bands��in��cell��lysate��were��observed��after��

labeling��by��the��selected��enzyme�rcofactor��pairs.��

In��conclusion,��we��demonstrated��the��success��of��using��rationally��engineered��MOF��in��conjunction��

with��synthetic��Ac�rCoA��analogs��as��new��chemical��tools,��to��efficiently��label��MYST��HATs��substrates.��The��en�r

zyme�rcofactor��pairs��are��expected��to��be��versatile��probes��to��identify��HAT��targets��from��homogenized��cellu�r

lar��and��tissue��specimens,��thereby��expanding��our��chemical��tool��repertoires��for��functional��annotation��of��

the��acetylome��in��higher��organisms.��

� � � �
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CHAPTER��4��CONCLUSIONS��AND��FUTURE��OUTLOOK��

The��MYST��family��of��HATs��are��important��acetyltransferases��involved��in��multiple��biological��pro�r

cesses.��In��this��dissertation��work,��we��conducted��an��in��depth��investigation��on��the��effects��of��active��site��ly�r

sine��acetylation��on��the��MYST��HATs��catalysis.��The��enzymes��chosen��as��examples��were��two��important��

MYST��members,��MOF��and��Tip60.��Based��on��site�rdirected��mutagenesis,��we��found��that��the��mutation��of��

active��site��lysine��(K274��in��MOF,��K327��in��Tip60)��differentially��affects��both��autoacetylation��and��cognate��

substrate��acetylation��activity��of��the��enzymes.��Moreover,��we��produced��the��two��enzymes,��both��MOF��and��

Tip60,��in��the��deactylated��form��by��treating��with��a��nonspecific��lysine��deacetylase��Sirt1.��Kinetic��study��

showed��that��the��deacetylated��MOF��and��Tip60��still��kept��substantial��activity��compared��to��the��wild��type��

enzymes.��The��acetylation��of��active��site��lysine��(MOF�rK274,��Tip60�rK327)��slightly��modulates��the��enzyme��

catalysis.��By��comparing��the��crystal��structure��of��MOF��mutant��K274R��with��wt�rMOF,��we��found��that��the��loss��

of��activity��of��MOF��K274R��is��likely��due��to��the��closed��active��site��by��the��salt��bridge��formed��in��between��R274��

and��the��carboxyl��group��of��E350,��together��with��the��side��chain��of��adjacent��H273��through��rotation.��This��

indicates��that��arginine��is��not��a��suitable��substitute��for��lysine��in��the��active��site��of��MYST��HATs.��

In��the��MOF��study,��the��concentration�rdependent��kinetic��assays��show��that��the��autoacetylation��of��

MOF��seems��to��be��a��unimolecular��process.��However,��this��conclusion��needs��to��be��cautioned��because��the��

MOF��construct��used��in��the��study��does��not��contain��the��chromodomain.��It��will��be��warranted��to��investigate��

whether��and��how��the��chromodomain��affects��the��kinetics��of��MOF��autoacetylation.��Moreover,��our��in��vitro��

study��found��that��the��autoacetylation��of��MOF��did��not��affect��the��protein��thermal��stability.��Seto��and��

coworkers��obtained��deacetylated��MOF��by��treatment��with��Sirt1/NAD+.91��Interestingly,��their��studies��

showed��that��the��deacetylation��of��MOF��reduces��the��cellular��protein��stability��of��MOF.91��It��is��known��that��

the��MYST��HATs��frequently��exist��as��multi�rprotein��complexes.79,��114,��148,��162��Presence��of��interactive��proteins��

could��provide��biochemical��cues��regulating��and��altering��the��degree��of��MYST��autoacetylation.��Reciprocal�r

ly,��autoacetylation��may��affect��the��interaction��of��a��MYST��protein��with��its��interacting��partners.��It��has��been��
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reported��that��deacetylation��of��MOF��in��mammalian��cells��enhances��its��recruitment��to��chromatin��and��fur�r

ther��affects��the��gene��transcription.143��Thus,��it��is��intriguing��to��investigate��how��MYST��autoacetylation��is��

utilized��by��the��cell��to��regulate��the��diverse��biological��pathways��in��which��MYST��proteins��are��involved,��such��

as��DNA��damage��response,��apoptosis,��and��cell��cycles.��

In��conjunction��with��the��mechanistic��study,��we��developed��a��chemical��biology��strategy��for��facile��

labeling��and��detection��of��substrates��of��MOF��enzyme��at��cellular��level.��In��this��approach,��a��panel��of��Ac�rCoA��

analogs��conjugated��with��alkynyl��or��azido��functional��groups��were��synthesized��as��cofactor��substitutes��for��

selective��labeling��of��HAT��substrates.��Meanwhile,��the��active��site��of��MOF��was��engineered��in��order��to��ex�r

pand��the��cofactor��binding��capability��of��the��enzymes��to��accommodate��the��bulkier��synthetic��cofactors.��By��

fluorescence��screening��of��the��enzyme��activities��to��individual��Ac�rCoA��analog,��several��active��enzyme�r

cofactor��pairs��(MOF�rI317A��with��all��analogs��and��MOF�rI317A/H273A–5HYCoA)��were��identified��and��further��

applied��in��the��labeling��of��cognate��histone��H4��protein��and��the��HAT��substrates��in��293T��cell��lysate.��The��

functionalized��and��transferable��acyl��moiety��of��the��Ac�rCoA��analogs��further��allowed��the��labeled��substrates��

to��be��probed��with��alkynyl��or��azido�rtagged��fluorescent��reporters��by��the��copper�rcatalyzed��azide�>alkyne��

cycloaddition��reaction.��In�rgel��fluorescence��image��demonstrates��the��labeling��of��H4��protein��by��the��active��

enzyme�rcofactor��pairs.��In��addition,��multiple��protein��bands��of��HAT��substrate��were��visualized��as��well.��

Thus,��the��synthetic��cofactors,��in��combination��with��either��native��or��rationally��engineered��HAT��enzymes,��

provided��a��versatile��chemical��biology��strategy��to��label��and��profile��cellular��targets��of��HATs��at��the��proteo�r

mic��level.��

The��successful��labeling��of��the��MOF��substrates��at��the��cellular��level��should��be��followed��by��prote�r

omics��studies��in��future��to��identify��the��labeled��substrates.��Furthermore,��in��the��current��version,��the��HAT��

chemical��probes��are��limited��to��labeling��protein��substrates��in��cell��lysates.��Creation��of��cell�rpermeable��Ac�r

CoA��analogs��could��be��valuable��for��direct��interrogation��of��intracellular��acetylation.����

� � � �
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Appendix��B.��MS/MS��analysis��of��MOF.��All��peptide��fragments��containing��Lys274.��

Symbol��@��represents��lysine��acetylation.��

sequence�� scans�� z�� mass�� delm�� sf�� p��

AKLFLDHK@TL�� 13416�� 2�� 1227.70874�� 0.7�� 0.93�� 49��
AKLFLDHK@TLY�� 14108�� 2�� 1390.77369� � � r0.6�� 0.95�� 36��
FLDHK@TL�� 12726�� 2�� 915.49294�� 0.6�� 0.86�� 20��
FLDHK@TLY�� 13366�� 2�� 1078.55714� � � r0.3�� 0.92�� 32��
FLDHK@TLYFDVEPF�� 19983�� 2�� 1812.88473� � � r0.2�� 0.93�� 48��
FLDHK@TLYFDVEPF�� 20124�� 3�� 1812.88374�� 0.3�� 0.9�� 26��
FLDHK@TLYFDVEPF�� 19540�� 2�� 1812.88302�� 0.7�� 0.88�� 17��
FLDHK@TLYFDVEPF�� 19567�� 2�� 1812.88473� � � r0.2�� 0.87�� 25��
FLDHK@TLYFDVEPF�� 19364�� 2�� 1812.88509� � � r0.4�� 0.86�� 25��
FLDHK@TLYFDVEPF�� 20516�� 2�� 1812.884�� 0.2�� 0.86�� 27��
FLDHK@TLYFDVEPFVF�� 21557�� 2�� 2059.02114�� 0�� 0.9�� 29��
FLDHK@TLYFDVEPFVFY�� 21683�� 2�� 2222.08572� � � r0.6�� 0.95�� 40��
FLDHK@TLYFDVEPFVFY�� 21843�� 2�� 2222.0823�� 1�� 0.95�� 35��
FLDHK@TLYFDVEPFVFY�� 21622�� 2�� 2222.08133�� 1.4�� 0.92�� 42��
KLFLDHK@TL�� 13160�� 2�� 1156.67219�� 0.2�� 0.87�� 29��
KLFLDHK@TLY�� 14235�� 2�� 1319.73591� � � r0.1�� 0.92�� 19��
LDHK@TLYFDVEPF�� 18472�� 2�� 1665.81406�� 1.1�� 0.93�� 79��
LDHK@TLYFDVEPF�� 19302�� 2�� 1665.8165� � � r0.4�� 0.84�� 8��
LDHK@TLYFDVEPFVF�� 21133�� 2�� 1911.95255�� 0.1�� 0.89�� 15��
LDHK@TLYFDVEPFVF�� 21028�� 2�� 1911.95316� � � r0.2�� 0.86�� 11��
LDHK@TLYFDVEPFVFY�� 21273�� 2�� 2075.01579�� 0.1�� 0.92�� 39��
LDHK@TLYFDVEPFVFY�� 21259�� 2�� 2075.01579�� 0.1�� 0.91�� 46��
LDHK@TLYFDVEPFVFY�� 21095�� 2�� 2075.01921� � � r1.5�� 0.9�� 19��
LDHK@TLYFDVEPFVFY�� 22196�� 2�� 2075.01628� � � r0.1�� 0.86�� 55��
LDHK@TLYFDVEPFVFY�� 21423�� 2�� 2075.01335�� 1.3�� 0.85�� 16��

��
� � � �
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Appendix��C.��MS/MS��analysis��of��MOF.��List��of��all��peptide��fragments��of��MOF��protein.��

Symbol��@��represents��lysine��acetylation,��#��represents��cysteine��iodoacetamide��alkylation,��* ��represents��

methionine��oxidation.��

sequence�� scans�� z�� mass�� delm�� sf�� p��

AALEKEHEAITK@V�� 9717�� 2�� 1480.8004�� 0.1�� 0.91�� 34��
AALEKEHEAITKV�� 7875�� 2�� 1438.7895�� 0.4�� 0.96�� 61��
AALEKEHEAITKV�� 7887�� 3�� 1438.79058� � � r0.4�� 0.88�� 21��
AALEKEHEAITKV�� 7964�� 2�� 1438.78828�� 1.2�� 0.85�� 40��
AEM*DPTTAALEKEHEAITKVKY�� 11998�� 4�� 2491.23548�� 1.2�� 0.87�� 0��
AEMDPTTAAL�� 12229�� 2�� 1019.47155� � � r0.2�� 0.96�� 55��
AEMDPTTAAL�� 12281�� 2�� 1019.47204� � � r0.6�� 0.95�� 60��
AEMDPTTAAL�� 12281�� 2�� 1019.47161� � � r0.2�� 0.92�� 20��
AEMDPTTAALEKE�� 10770�� 2�� 1405.65081�� 0.5�� 0.98�� 102��
AEMDPTTAALEKE�� 10802�� 2�� 1405.65032�� 0.9�� 0.97�� 117��
AEMDPTTAALEKEH�� 9143�� 3�� 1542.70943�� 0.7�� 0.85�� 9��
AEMDPTTAALEKEHEAITK�� 11103�� 4�� 2085.01398�� 1.4�� 0.92�� 21��
AEQPERKI�� 5086�� 2�� 970.53145�� 0.2�� 0.86�� 17��
AEQPERKIT�� 5434�� 2�� 1071.57938� � � r0.1�� 0.94�� 31��
AEQPERKIT�� 4749�� 2�� 1071.57938� � � r0.1�� 0.9�� 44��
AEQPERKITRNQK@RK@HDEINHVQKT�� 5918�� 5�� 3167.67502�� 1�� 0.84�� 0��
AEQPERKITRNQKRK@HDEINHVQKT�� 5039�� 5�� 3125.6709� � � r1.1�� 0.85�� 0��
AEQPERKITRNQKRK@HDEINHVQKT�� 5320�� 5�� 3125.66511�� 0.8�� 0.82�� 0��
AEQPERKITRNQKRKHDEINHVQKTY�� 4897�� 5�� 3246.71592�� 1.3�� 0.92�� 1��
AEQPERKITRNQKRKHDEINHVQKTY�� 4977�� 5�� 3246.71958�� 0.2�� 0.86�� 4��
AFSYELSKL�� 15205�� 2�� 1057.55604�� 0.4�� 0.9�� 56��
AFSYELSKLESTVGSPEKPL�� 16408�� 2�� 2182.12528�� 1.1�� 0.98�� 76��
AFSYELSKLESTVGSPEKPL�� 16397�� 2�� 2182.12675�� 0.5�� 0.98�� 80��
AFSYELSKLESTVGSPEKPL�� 16283�� 3�� 2182.12905� � � r0.6�� 0.86�� 45��
AITKVKYVDKIHIGNYE�� 11436�� 2�� 1991.09632� � � r0.1�� 0.94�� 89��
AITKVKYVDKIHIGNYE�� 11359�� 3�� 1991.09369�� 1.2�� 0.89�� 32��
AKLFLDHK@TL�� 13416�� 2�� 1227.70877�� 0.7�� 0.93�� 49��
AKLFLDHK@TLY�� 14108�� 2�� 1390.77371� � � r0.6�� 0.95�� 36��
ALEKEHEAI�� 6525�� 2�� 1039.54163�� 0.2�� 0.89�� 12��
ALEKEHEAIT�� 6047�� 2�� 1140.58895�� 0.5�� 0.92�� 60��
ALEKEHEAITK�� 5186�� 3�� 1268.68419�� 0.2�� 0.89�� 7��
ALEKEHEAITK@V�� 9308�� 2�� 1409.7625�� 0.7�� 0.89�� 20��
ALEKEHEAITK@V�� 9247�� 2�� 1409.76238�� 0.8�� 0.86�� 35��
ALEKEHEAITKV�� 7065�� 3�� 1367.75303� � � r0.1�� 0.97�� 99��
ALEKEHEAITKV�� 33512�� 3�� 1367.75403� � � r0.8�� 0.97�� 103��
ALEKEHEAITKV�� 7067�� 2�� 1367.75246�� 0.3�� 0.97�� 67��
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ALEKEHEAITKV�� 7783�� 2�� 1367.75258�� 0.2�� 0.93�� 27��
ALEKEHEAITKV�� 8538�� 2�� 1367.75258�� 0.2�� 0.91�� 30��
ALEKEHEAITKV�� 15991�� 3�� 1367.75385� � � r0.7�� 0.89�� 26��
ALEKEHEAITKV�� 19693�� 3�� 1367.75367� � � r0.6�� 0.88�� 31��
ALEKEHEAITKV�� 33903�� 3�� 1367.75403� � � r0.8�� 0.87�� 17��
ALEKEHEAITKV�� 15818�� 3�� 1367.75403� � � r0.8�� 0.86�� 30��
ALEKEHEAITKV�� 15842�� 3�� 1367.75239�� 0.4�� 0.84�� 18��
ALEKEHEAITKV�� 8508�� 2�� 1367.75246�� 0.3�� 0.84�� 16��
ALEKEHEAITKVKYVDKI�� 9835�� 4�� 2114.18368�� 0.9�� 0.92�� 26��
APPKHKQVK@L�� 6726�� 2�� 1187.72608� � � r0.1�� 0.83�� 35��
AQYKKPPITVDSV�� 10191�� 2�� 1445.79927�� 0.4�� 0.94�� 53��
AQYKKPPITVDSV�� 10774�� 2�� 1445.79903�� 0.6�� 0.92�� 24��
AQYKKPPITVDSV�� 10682�� 2�� 1445.79915�� 0.5�� 0.89�� 41��
AQYKKPPITVDSVCL�� 13318�� 2�� 1718.91447�� 0.1�� 0.9�� 28��
CEYCL�� 11960�� 1�� 744.26804�� 1.5�� 0.87�� 16��
CEYCLKYM�� 13040�� 2�� 1166.4669�� 0.8�� 0.95�� 23��
CEYCLKYM�� 13201�� 2�� 1166.46666�� 1.1�� 0.88�� 5��
CILTLPPYQR�� 14358�� 2�� 1260.67693�� 0�� 0.92�� 58��
CILTLPPYQR�� 14263�� 2�� 1260.6773� � � r0.3�� 0.84�� 43��
CILTLPPYQRRGYGKFLIAFSYELSKL�� 21157�� 4�� 3233.75217�� 0.7�� 0.89�� 14��
CILTLPPYQRRGYGKFLIAFSYELSKL�� 21182�� 5�� 3233.75631� � � r0.6�� 0.87�� 11��
CILTLPPYQRRGYGKFLIAFSYELSKL�� 21250�� 5�� 3233.75509� � � r0.2�� 0.87�� 28��
CILTLPPYQRRGYGKFLIAFSYELSKL�� 21232�� 3�� 3233.75823� � � r1.2�� 0.86�� 17��
CILTLPPYQRRGYGKFLIAFSYELSKL�� 21213�� 4�� 3233.75852� � � r1.3�� 0.84�� 5��
CLKWAPPK@HKQV�� 8978�� 2�� 1533.83462�� 0.8�� 0.95�� 77��
CLKWAPPKH�� 8021�� 2�� 1136.60445� � � r1�� 0.93�� 17��
CLKWAPPKHKQ�� 6493�� 2�� 1392.75639�� 0.4�� 0.94�� 52��
CLKWAPPKHKQV�� 7073�� 2�� 1491.82567� � � r0.3�� 0.96�� 73��
CLKWAPPKHKQV�� 7766�� 3�� 1491.82502�� 0.2�� 0.95�� 18��
CLKWAPPKHKQV�� 33545�� 3�� 1491.82584� � � r0.4�� 0.91�� 15��
CLKWAPPKHKQV�� 18367�� 3�� 1491.82428�� 0.7�� 0.91�� 7��
CLKWAPPKHKQV�� 7804�� 3�� 1491.82355�� 1.2�� 0.91�� 8��
CLKWAPPKHKQV�� 19298�� 3�� 1491.82474�� 0.4�� 0.9�� 15��
CLKWAPPKHKQV�� 19585�� 3�� 1491.82566� � � r0.2�� 0.89�� 16��
CLKWAPPKHKQV�� 18476�� 3�� 1491.82666� � � r0.9�� 0.87�� 31��
CLKWAPPKHKQV�� 15709�� 3�� 1491.82557� � � r0.2�� 0.86�� 14��
CLKWAPPKHKQV�� 23729�� 3�� 1491.82584� � � r0.4�� 0.86�� 12��
CLKWAPPKHKQV�� 19941�� 3�� 1491.82676� � � r1�� 0.86�� 36��
CLKWAPPKHKQV�� 22237�� 3�� 1491.82648� � � r0.8�� 0.86�� 10��
CLKWAPPKHKQV�� 20947�� 3�� 1491.82575� � � r0.3�� 0.85�� 3��
CLKWAPPKHKQV�� 23910�� 3�� 1491.82648� � � r0.8�� 0.85�� 1��
CLKWAPPKHKQV�� 24495�� 3�� 1491.8252�� 0.1�� 0.85�� 6��
CLKWAPPKHKQV�� 7841�� 3�� 1491.82319�� 1.4�� 0.85�� 13��
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CLKWAPPKHKQV�� 20826�� 3�� 1491.82557� � � r0.2�� 0.85�� 7��
CLKWAPPKHKQV�� 20801�� 3�� 1491.82392�� 0.9�� 0.84�� 6��
CLKWAPPKHKQV�� 19637�� 3�� 1491.82611� � � r0.5�� 0.84�� 5��
CLKWAPPKHKQV�� 16059�� 3�� 1491.82456�� 0.5�� 0.84�� 8��
CLKWAPPKHKQV�� 22801�� 3�� 1491.82401�� 0.9�� 0.84�� 16��
CLKWAPPKHKQV�� 7973�� 3�� 1491.82639� � � r0.7�� 0.84�� 13��
CLKWAPPKHKQV�� 24587�� 3�� 1491.82602� � � r0.5�� 0.84�� 5��
CLKWAPPKHKQVKL�� 8667�� 2�� 1733.00433�� 0�� 0.96�� 38��
CLKWAPPKHKQVKL�� 8641�� 4�� 1733.00625� � � r1.1�� 0.85�� 0��
CLKWAPPKHKQVKLS�� 7968�� 3�� 1820.03698� � � r0.3�� 0.88�� 18��
CLKYM*KY�� 6939�� 2�� 1021.48364�� 0.9�� 0.93�� 34��
CLKYM*KY�� 7048�� 2�� 1021.48498� � � r0.4�� 0.89�� 26��
CLKYM*KY�� 7627�� 2�� 1021.48412�� 0.4�� 0.87�� 8��
CLKYM*KYEKS�� 5854�� 3�� 1365.65409�� 0�� 0.87�� 31��
CLKYM*KYEKSY�� 8120�� 3�� 1528.71897� � � r1�� 0.86�� 12��
CLKYMKYEKSY�� 9306�� 3�� 1512.72451� � � r1.3�� 0.92�� 22��
CLLAKLF�� 17975�� 2�� 864.50072�� 0.5�� 0.92�� 18��
CQNLCLLAKL�� 16556�� 2�� 1232.64835�� 0.5�� 0.93�� 32��
CQNLCLLAKLF�� 19526�� 2�� 1379.7178� � � r0.3�� 0.97�� 80��
CQNLCLLAKLF�� 19790�� 2�� 1379.71915� � � r1.3�� 0.93�� 22��
CQNLCLLAKLF�� 19751�� 2�� 1379.71609�� 0.9�� 0.92�� 63��
CQWRQPPGKEI�� 8703�� 2�� 1398.69437�� 0.2�� 0.93�� 35��
CQWRQPPGKEI�� 8726�� 2�� 1398.69511� � � r0.3�� 0.91�� 24��
CQWRQPPGKEIY�� 9988�� 3�� 1561.75699�� 0.6�� 0.86�� 28��
CQWRQPPGKEIYRKS�� 7056�� 3�� 1932.98513�� 0.5�� 0.89�� 27��
CQWRQPPGKEIYRKS�� 7054�� 4�� 1932.98603�� 0�� 0.85�� 0��
CVTPKLV�� 9945�� 2�� 816.46547� � � r0.8�� 0.87�� 44��
CVTPKLVEEH�� 8102�� 2�� 1211.60842�� 0.4�� 0.93�� 52��
CVTPKLVEEH�� 33503�� 3�� 1211.60999� � � r0.9�� 0.88�� 21��
CVTPKLVEEH�� 8787�� 2�� 1211.60769�� 1�� 0.84�� 19��
CVTPKLVEEHL�� 12215�� 2�� 1324.69297�� 0�� 0.94�� 60��
CVTPKLVEEHL�� 12213�� 3�� 1324.69354� � � r0.5�� 0.91�� 27��
CVTPKLVEEHL�� 12460�� 2�� 1324.69261�� 0.2�� 0.88�� 24��
CVTPKLVEEHLKS�� 10258�� 3�� 1539.81929�� 0.4�� 0.96�� 54��
CVTPKLVEEHLKS�� 10274�� 2�� 1539.819�� 0.6�� 0.94�� 24��
CVTPKLVEEHLKS�� 10321�� 2�� 1539.81704�� 1.9�� 0.94�� 37��
CVTPKLVEEHLKS�� 10348�� 2�� 1539.81814�� 1.2�� 0.92�� 39��
CVTPKLVEEHLKS�� 10190�� 3�� 1539.81984�� 0.1�� 0.89�� 13��
CVTPKLVEEHLKSA�� 10872�� 2�� 1610.85714� � � r0.1�� 0.95�� 49��
CVTPKLVEEHLKSA�� 10951�� 2�� 1610.85653�� 0.3�� 0.95�� 64��
CVTPKLVEEHLKSA�� 10771�� 2�� 1610.85519�� 1.2�� 0.95�� 39��
CVTPKLVEEHLKSA�� 33521�� 3�� 1610.85695�� 0.1�� 0.94�� 20��
CVTPKLVEEHLKSA�� 11134�� 4�� 1610.85785� � � r0.5�� 0.92�� 17��
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CVTPKLVEEHLKSA�� 10750�� 2�� 1610.8558�� 0.8�� 0.91�� 63��
CVTPKLVEEHLKSA�� 33737�� 3�� 1610.85676�� 0.2�� 0.9�� 18��
CVTPKLVEEHLKSA�� 11263�� 3�� 1610.85713�� 0�� 0.88�� 13��
CVTPKLVEEHLKSAQ�� 10666�� 3�� 1738.91991� � � r2.5�� 0.96�� 6��
CVTPKLVEEHLKSAQYKKPPITV�� 12272�� 4�� 2665.47146�� 1.2�� 0.85�� 1��
CVTPKLVEEHLKSAQYKKPPITVDSV�� 12609�� 3�� 2966.59927�� 0.9�� 0.89�� 2��
CVTPKLVEEHLKSAQYKKPPITVDSV�� 12457�� 4�� 2966.59791�� 1.4�� 0.84�� 0��
DDDKHM*KYLSE�� 7189�� 2�� 1396.60331�� 1.1�� 0.91�� 60��
DDDKHM*KYLSE�� 7328�� 3�� 1396.60562� � � r0.5�� 0.87�� 19��
DDDKHMKY�� 5903�� 2�� 1051.45241� � � r1�� 0.85�� 15��
DDDKHMKYLSE�� 9007�� 3�� 1380.61015� � � r0.1�� 0.88�� 14��
DEINHVQ�� 5639�� 2�� 854.40056� � � r0.3�� 0.94�� 48��
DEINHVQKT�� 4896�� 2�� 1083.5424�� 0.5�� 0.95�� 44��
DEINHVQKT�� 33505�� 2�� 1083.54326� � � r0.3�� 0.87�� 21��
DEINHVQKTY�� 7029�� 2�� 1246.60563�� 0.5�� 0.97�� 102��
DIISTLQ�� 13762�� 2�� 789.43579� � � r0.7�� 0.9�� 18��
DIISTLQ�� 13704�� 1�� 789.43525�� 0�� 0.86�� 26��
DIISTLQSLNMV�� 21821�� 2�� 1333.70421� � � r0.8�� 0.95�� 41��
DIISTLQSLNMVKYW�� 21871�� 2�� 1810.94006�� 0.4�� 0.92�� 17��
DIISTLQSLNMVKYWKGQ�� 20424�� 2�� 2124.11206�� 1.8�� 0.91�� 33��
DPTTAALEKE�� 10210�� 2�� 1074.53116�� 0.2�� 0.94�� 17��
DSVC#LKWAPPKHKQV�� 9587�� 3�� 1806.96708�� 0.7�� 0.88�� 19��
DSVCLKWAPPKHKQV�� 9489�� 3�� 1792.95218�� 0.3�� 0.91�� 62��
DSVCLKWAPPKHKQV�� 9621�� 2�� 1792.95274�� 0�� 0.87�� 57��
DSVCLKWAPPKHKQVKL�� 10496�� 3�� 2034.13138�� 0.2�� 0.94�� 12��
DSVCLKWAPPKHKQVKLS�� 9836�� 3�� 2121.16129�� 1.2�� 0.89�� 12��
DSVCLKWAPPKHKQVKLS�� 9899�� 3�� 2121.16111�� 1.2�� 0.86�� 9��
DVEPFVFY�� 19797�� 1�� 1015.47754� � � r0.4�� 0.87�� 51��
DVEPFVFYILTEVDRQ�� 23755�� 3�� 1969.98986�� 0.4�� 0.94�� 25��
DVEPFVFYILTEVDRQ�� 23767�� 3�� 1969.99114� � � r0.3�� 0.93�� 43��
DVEPFVFYILTEVDRQGA�� 23815�� 3�� 2098.04715�� 1�� 0.92�� 60��
DYGKQPKLWL�� 15462�� 3�� 1247.67886� � � r0.5�� 0.88�� 27��
DYGKQPKLWL�� 15500�� 2�� 1247.67729�� 0.8�� 0.85�� 6��
DYGKQPKLWLCE�� 14124�� 2�� 1536.75198� � � r0.3�� 0.91�� 51��
DYGKQPKLWLCE�� 14092�� 2�� 1536.75198� � � r0.3�� 0.86�� 32��
EIDAWYFSPF�� 21969�� 2�� 1274.57269�� 0.1�� 0.93�� 66��
EIDAWYFSPF�� 22149�� 2�� 1274.57196�� 0.7�� 0.87�� 60��
EINHVQKTY�� 6499�� 2�� 1131.57869�� 0.5�� 0.92�� 46��
EINHVQKTY�� 6608�� 2�� 1131.5782�� 1�� 0.89�� 44��
EKEHEAI�� 4619�� 2�� 855.42064�� 0�� 0.87�� 31��
EKEHEAITK@V�� 8009�� 2�� 1225.64237� � � r0.1�� 0.91�� 32��
EKEHEAITK@V�� 7805�� 2�� 1225.64139�� 0.7�� 0.85�� 47��
EKEHEAITKV�� 5469�� 2�� 1183.63085�� 0.7�� 0.96�� 102��
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EKEHEAITKV�� 33529�� 3�� 1183.63264� � � r0.8�� 0.86�� 13��
EKEHEAITKV�� 5724�� 3�� 1183.63264� � � r0.8�� 0.86�� 13��
EKSYRFHLGQCQW�� 12782�� 2�� 1738.81098�� 0.5�� 0.95�� 52��
EKSYRFHLGQCQW�� 12818�� 2�� 1738.81049�� 0.8�� 0.93�� 63��
ELAEQPERKITRNQKRKHDEINHVQKTY�� 6510�� 5�� 3488.84349�� 1�� 0.9�� 1��
ELSKLESTVGSPEKPL�� 11722�� 2�� 1713.92656�� 0.2�� 0.98�� 93��
ELSKLESTVGSPEKPL�� 11827�� 2�� 1713.92741� � � r0.3�� 0.94�� 53��
ELSKLESTVGSPEKPL�� 11743�� 2�� 1713.92741� � � r0.3�� 0.92�� 51��
ELSKLESTVGSPEKPLSDLGKL�� 14342�� 3�� 2327.26901�� 0.6�� 0.86�� 57��
ELSKLESTVGSPEKPLSDLGKLSY�� 14520�� 3�� 2577.36472�� 0.4�� 0.95�� 24��
ELSKLESTVGSPEKPLSDLGKLSYRSYW�� 15875�� 4�� 3169.63591�� 1.8�� 0.93�� 3��
ESTVGSPEKPL�� 33396�� 2�� 1143.59005� � � r0.8�� 0.95�� 104��
ESTVGSPEKPL�� 33562�� 2�� 1143.58968� � � r0.4�� 0.88�� 53��
ESTVGSPEKPL�� 8258�� 2�� 1143.58846�� 0.6�� 0.88�� 52��
ESTVGSPEKPL�� 24175�� 2�� 1143.59139� � � r1.9�� 0.87�� 17��
ESTVGSPEKPL�� 21734�� 2�� 1143.58895�� 0.2�� 0.87�� 24��
ESTVGSPEKPL�� 8948�� 2�� 1143.58907�� 0.1�� 0.85�� 21��
ESTVGSPEKPLSDLGKL�� 13612�� 2�� 1756.93196�� 0.4�� 0.93�� 34��
EVDGKDHKIY�� 5913�� 2�� 1203.6006� � � r0.1�� 0.92�� 47��
EVDGKDHKIY�� 6756�� 2�� 1203.59999�� 0.4�� 0.9�� 59��
EVDGKDHKIYCQNLCLLAKL�� 15320�� 3�� 2417.23337� � � r0.8�� 0.9�� 0��
EVDGKDHKIYCQNLCLLAKL�� 15363�� 3�� 2417.23612� � � r1.9�� 0.85�� 32��
EVDGKDHKIYCQNLCLLAKL�� 15265�� 3�� 2417.23007�� 0.6�� 0.84�� 27��
EVDGKDHKIYCQNLCLLAKLF�� 18642�� 4�� 2564.29731�� 1�� 0.97�� 13��
EVDGKDHKIYCQNLCLLAKLF�� 18399�� 3�� 2564.30105� � � r0.4�� 0.87�� 10��
EYCLKYM�� 13006�� 2�� 1006.43669�� 0.6�� 0.85�� 21��
FDVEPFVFY�� 21698�� 2�� 1162.54564� � � r0.1�� 0.88�� 58��
FDVEPFVFYILTEVDRQGA�� 24834�� 3�� 2245.11867� � � r0.5�� 0.87�� 20��
FLDHK@TL�� 12726�� 2�� 915.49295�� 0.5�� 0.86�� 20��
FLDHK@TLY�� 13366�� 2�� 1078.55716� � � r0.4�� 0.92�� 32��
FLDHK@TLYFDVEPF�� 19983�� 2�� 1812.88476� � � r0.3�� 0.93�� 48��
FLDHK@TLYFDVEPF�� 20124�� 3�� 1812.88377�� 0.3�� 0.9�� 26��
FLDHK@TLYFDVEPF�� 19540�� 2�� 1812.88305�� 0.7�� 0.88�� 17��
FLDHK@TLYFDVEPF�� 19567�� 2�� 1812.88476� � � r0.3�� 0.87�� 25��
FLDHK@TLYFDVEPF�� 20516�� 2�� 1812.88403�� 0.2�� 0.86�� 27��
FLDHK@TLYFDVEPF�� 19364�� 2�� 1812.88512� � � r0.4�� 0.86�� 25��
FLDHK@TLYFDVEPFVF�� 21557�� 2�� 2059.02119�� 0�� 0.9�� 29��
FLDHK@TLYFDVEPFVFY�� 21843�� 2�� 2222.08234�� 1�� 0.95�� 35��
FLDHK@TLYFDVEPFVFY�� 21683�� 2�� 2222.08576� � � r0.6�� 0.95�� 40��
FLDHK@TLYFDVEPFVFY�� 21622�� 2�� 2222.08137�� 1.4�� 0.92�� 42��
FSKEKESPDGN�� 4245�� 2�� 1237.56877�� 0.6�� 0.95�� 103��
FSKEKESPDGNNV�� 5571�� 2�� 1450.68001�� 0.6�� 0.94�� 53��
FSKEKESPDGNNVAC�� 5618�� 2�� 1681.74709�� 0.9�� 0.88�� 89��
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FSKEKESPDGNNVAC#I�� 8913�� 2�� 1808.84643�� 1.1�� 0.98�� 110��
FSKEKESPDGNNVAC#I�� 8947�� 2�� 1808.84777�� 0.3�� 0.96�� 43��
FSKEKESPDGNNVAC#IL�� 12323�� 2�� 1921.93087�� 0.8�� 0.93�� 33��
FSKEKESPDGNNVAC#IL�� 12579�� 2�� 1921.9316�� 0.4�� 0.92�� 14��
FSKEKESPDGNNVACI�� 8760�� 2�� 1794.83177�� 0.5�� 0.98�� 59��
FSKEKESPDGNNVACI�� 8889�� 2�� 1794.83165�� 0.6�� 0.97�� 48��
FSKEKESPDGNNVACIL�� 12312�� 2�� 1907.91523�� 0.8�� 0.88�� 13��
FSPFPEDY�� 15858�� 2�� 1001.42527� � � r0.2�� 0.9�� 42��
FSPFPEDYGKQPKLW�� 16258�� 2�� 1838.91188� � � r0.4�� 0.89�� 36��
FSPFPEDYGKQPKLWL�� 18280�� 2�� 1951.99571� � � r0.2�� 0.91�� 30��
FSYELSKL�� 14650�� 2�� 986.5201� � � r0.8�� 0.94�� 57��
FSYELSKLESTV�� 15939�� 2�� 1402.71073� � � r0.5�� 0.94�� 36��
FSYELSKLESTV�� 15744�� 2�� 1402.70963�� 0.3�� 0.93�� 22��
FSYELSKLESTVGSPEKPL�� 15433�� 3�� 2111.09104� � � r0.2�� 0.84�� 43��
FYILTEVDRQGA�� 15396�� 2�� 1411.71892�� 1.9�� 0.97�� 56��
FYILTEVDRQGAH�� 15632�� 2�� 1548.78031�� 0.1�� 0.91�� 22��
GHHHHHHHHHHSS�� 2467�� 4�� 1620.69244�� 0�� 0.89�� 20��
GHHHHHHHHHHSSGH�� 2468�� 4�� 1814.76841�� 2.5�� 0.95�� 36��
GHHHHHHHHHHSSGH�� 2458�� 4�� 1814.7728�� 0�� 0.93�� 35��
GHHHHHHHHHHSSGH�� 2247�� 4�� 1814.77268�� 0.1�� 0.87�� 7��
GHHHHHHHHHHSSGH�� 2506�� 4�� 1814.77146�� 0.8�� 0.87�� 6��
GHHHHHHHHHHSSGHID�� 2547�� 5�� 2042.88136�� 1.2�� 0.93�� 1��
GHHHHHHHHHHSSGHID�� 2685�� 5�� 2042.88365�� 0.1�� 0.85�� 2��
GHHHHHHHHHHSSGHID�� 3625�� 5�� 2042.88273�� 0.6�� 0.85�� 0��
GHHHHHHHHHHSSGHID�� 3590�� 5�� 2042.8841� � � r0.1�� 0.85�� 3��
GHHHHHHHHHHSSGHIDDDDKHM�� 2921�� 5�� 2784.16001� � � r0.3�� 0.89�� 7��
GHHHHHHHHHHSSGHIDDDDKHM�� 3148�� 5�� 2784.15788�� 0.4�� 0.87�� 24��
GHHHHHHHHHHSSGHIDDDDKHM�� 2947�� 4�� 2784.15856�� 0.2�� 0.86�� 9��
GHHHHHHHHHHSSGHIDDDDKHM*�� 3628�� 5�� 2800.14635�� 2.7�� 0.94�� 3��
GHHHHHHHHHHSSGHIDDDDKHM*�� 2669�� 4�� 2800.15418� � � r0.1�� 0.94�� 34��
GHHHHHHHHHHSSGHIDDDDKHM*�� 2663�� 6�� 2800.15128�� 1�� 0.92�� 10��
GHHHHHHHHHHSSGHIDDDDKHM*�� 2653�� 7�� 2800.1491�� 1.7�� 0.9�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*�� 2756�� 6�� 2800.14982�� 1.5�� 0.84�� 2��
GHHHHHHHHHHSSGHIDDDDKHM*K�� 2696�� 6�� 2928.24959� � � r0.2�� 0.86�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 2963�� 4�� 3091.31237�� 0�� 0.98�� 2��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 2981�� 5�� 3091.31296� � � r0.2�� 0.97�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 33197�� 6�� 3091.31869� � � r2.1�� 0.96�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 4062�� 6�� 3091.31429� � � r0.7�� 0.96�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3416�� 4�� 3091.31163�� 0.2�� 0.96�� 1��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3090�� 4�� 3091.31163�� 0.2�� 0.96�� 8��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3390�� 6�� 3091.31539� � � r1�� 0.95�� 12��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3331�� 5�� 3091.31266� � � r0.1�� 0.95�� 10��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3162�� 5�� 3091.30717�� 1.6�� 0.95�� 0��
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GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3871�� 4�� 3091.31359� � � r0.4�� 0.95�� 2��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3089�� 6�� 3091.31319� � � r0.3�� 0.95�� 4��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3222�� 5�� 3091.31052�� 0.6�� 0.95�� 2��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3438�� 5�� 3091.3148� � � r0.8�� 0.95�� 6��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 4065�� 4�� 3091.31066�� 0.5�� 0.95�� 8��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3167�� 6�� 3091.30807�� 1.3�� 0.94�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3827�� 5�� 3091.30839�� 1.2�� 0.94�� 19��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3882�� 7�� 3091.31498� � � r0.9�� 0.93�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3393�� 5�� 3091.31235�� 0�� 0.93�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3942�� 5�� 3091.31235�� 0�� 0.93�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 5811�� 6�� 3091.31283� � � r0.2�� 0.93�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3240�� 6�� 3091.30624�� 1.9�� 0.92�� 2��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3054�� 3�� 3091.31159�� 0.2�� 0.92�� 25��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3497�� 6�� 3091.31539� � � r1�� 0.91�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3387�� 5�� 3091.30839�� 1.2�� 0.91�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3301�� 6�� 3091.31063�� 0.5�� 0.91�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3449�� 6�� 3091.31283� � � r0.2�� 0.91�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3581�� 5�� 3091.3148� � � r0.8�� 0.91�� 21��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3469�� 6�� 3091.30514�� 2.3�� 0.91�� 1��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 5753�� 6�� 3091.31027�� 0.6�� 0.9�� 1��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3473�� 5�� 3091.31632� � � r1.3�� 0.9�� 12��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 5409�� 6�� 3091.30587�� 2.1�� 0.9�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 4154�� 4�� 3091.30895�� 1.1�� 0.9�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3163�� 4�� 3091.31017�� 0.7�� 0.9�� 1��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3689�� 5�� 3091.31754� � � r1.7�� 0.89�� 13��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 5210�� 6�� 3091.3121�� 0�� 0.89�� 1��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3448�� 5�� 3091.3093�� 1�� 0.89�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 4004�� 4�� 3091.31188�� 0.1�� 0.89�� 2��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 4050�� 5�� 3091.31083�� 0.5�� 0.88�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3470�� 4�� 3091.3153� � � r1�� 0.88�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 4097�� 5�� 3091.30686�� 1.7�� 0.88�� 4��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3981�� 4�� 3091.31163�� 0.2�� 0.87�� 2��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 5450�� 5�� 3091.31083�� 0.5�� 0.87�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 4292�� 5�� 3091.309�� 1�� 0.87�� 1��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 5770�� 5�� 3091.31144�� 0.3�� 0.86�� 5��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 4394�� 5�� 3091.31174�� 0.2�� 0.86�� 17��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3607�� 5�� 3091.31632� � � r1.3�� 0.86�� 5��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3275�� 6�� 3091.30587�� 2.1�� 0.86�� 3��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3425�� 7�� 3091.31477� � � r0.8�� 0.86�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 6030�� 5�� 3091.30839�� 1.2�� 0.86�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 5614�� 6�� 3091.31796� � � r1.9�� 0.86�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3557�� 7�� 3091.3152� � � r1�� 0.85�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3658�� 5�� 3091.31022�� 0.7�� 0.85�� 7��
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GHHHHHHHHHHSSGHIDDDDKHM*KY�� 6166�� 5�� 3091.3151� � � r0.9�� 0.85�� 3��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 4858�� 5�� 3091.30839�� 1.2�� 0.85�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3522�� 5�� 3091.31449� � � r0.7�� 0.84�� 1��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 4323�� 5�� 3091.31174�� 0.2�� 0.84�� 3��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 5726�� 6�� 3091.3066�� 1.8�� 0.84�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KY�� 3954�� 6�� 3091.31393� � � r0.5�� 0.84�� 2��
GHHHHHHHHHHSSGHIDDDDKHM*KYL�� 4018�� 6�� 3204.39629�� 0�� 0.94�� 1��
GHHHHHHHHHHSSGHIDDDDKHM*KYL�� 3994�� 4�� 3204.39791� � � r0.5�� 0.94�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KYL�� 6027�� 6�� 3204.39263�� 1.1�� 0.86�� 0��
GHHHHHHHHHHSSGHIDDDDKHM*KYL�� 3981�� 6�� 3204.39812� � � r0.6�� 0.85�� 5��
GHHHHHHHHHHSSGHIDDDDKHM*KYLSE�� 4658�� 7�� 3420.47097�� 0�� 0.9�� 12��
GHHHHHHHHHHSSGHIDDDDKHM*KYLSE�� 4768�� 7�� 3420.47119� � � r0.1�� 0.88�� 17��
GHHHHHHHHHHSSGHIDDDDKHMK�� 2819�� 6�� 2912.25275�� 0.4�� 0.95�� 2��
GHHHHHHHHHHSSGHIDDDDKHMK�� 2812�� 7�� 2912.24917�� 1.7�� 0.85�� 3��
GHHHHHHHHHHSSGHIDDDDKHMK�� 4090�� 6�� 2912.25129�� 0.9�� 0.84�� 2��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4542�� 5�� 3075.32144� � � r1.3�� 0.96�� 0��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4219�� 7�� 3075.32144� � � r1.3�� 0.96�� 19��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4334�� 4�� 3075.31944� � � r0.7�� 0.96�� 39��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4990�� 6�� 3075.32039� � � r1�� 0.96�� 0��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 5754�� 5�� 3075.31747�� 0�� 0.95�� 13��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4662�� 5�� 3075.31869� � � r0.4�� 0.95�� 1��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 3652�� 5�� 3075.31533�� 0.7�� 0.95�� 6��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4450�� 5�� 3075.31533�� 0.7�� 0.95�� 5��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4897�� 6�� 3075.31819� � � r0.3�� 0.95�� 0��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 5255�� 5�� 3075.32296� � � r1.8�� 0.95�� 2��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4014�� 4�� 3075.31724�� 0�� 0.94�� 8��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4768�� 6�� 3075.31965� � � r0.8�� 0.94�� 0��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4385�� 6�� 3075.31709�� 0.1�� 0.94�� 0��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4933�� 5�� 3075.32296� � � r1.8�� 0.94�� 5��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 5817�� 5�� 3075.32235� � � r1.6�� 0.94�� 0��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4062�� 4�� 3075.31529�� 0.7�� 0.94�� 7��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4001�� 5�� 3075.31625�� 0.4�� 0.93�� 0��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 5844�� 7�� 3075.31631�� 0.3�� 0.93�� 4��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 5281�� 5�� 3075.32205� � � r1.5�� 0.93�� 0��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 5266�� 6�� 3075.31819� � � r0.3�� 0.93�� 12��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4302�� 5�� 3075.32144� � � r1.3�� 0.93�� 2��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4025�� 7�� 3075.31995� � � r0.8�� 0.93�� 0��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4254�� 5�� 3075.31839� � � r0.3�� 0.92�� 6��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4121�� 7�� 3075.31952� � � r0.7�� 0.92�� 1��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 3669�� 5�� 3075.31869� � � r0.4�� 0.92�� 1��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4218�� 6�� 3075.31929� � � r0.6�� 0.92�� 0��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4900�� 5�� 3075.32052� � � r1�� 0.91�� 17��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 3657�� 6�� 3075.31599�� 0.4�� 0.91�� 3��
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GHHHHHHHHHHSSGHIDDDDKHMKY�� 4457�� 6�� 3075.32185� � � r1.5�� 0.91�� 7��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 5312�� 6�� 3075.31965� � � r0.8�� 0.91�� 4��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4782�� 5�� 3075.31686�� 0.2�� 0.91�� 1��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4469�� 5�� 3075.32418� � � r2.2�� 0.9�� 0��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 5546�� 6�� 3075.31526�� 0.7�� 0.9�� 12��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 5608�� 6�� 3075.31782� � � r0.2�� 0.9�� 0��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4037�� 6�� 3075.32075� � � r1.1�� 0.9�� 9��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 5960�� 5�� 3075.32327� � � r1.9�� 0.9�� 7��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 5853�� 6�� 3075.31636�� 0.3�� 0.9�� 0��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 5902�� 7�� 3075.32272� � � r1.7�� 0.9�� 1��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 5962�� 7�� 3075.31738�� 0�� 0.9�� 2��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4993�� 5�� 3075.32235� � � r1.6�� 0.9�� 0��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4595�� 6�� 3075.31819� � � r0.3�� 0.89�� 11��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 5066�� 6�� 3075.3138�� 1.2�� 0.89�� 0��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 5940�� 5�� 3075.31961� � � r0.7�� 0.89�� 1��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 5175�� 6�� 3075.31526�� 0.7�� 0.89�� 3��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4789�� 6�� 3075.32185� � � r1.5�� 0.89�� 1��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4814�� 6�� 3075.32075� � � r1.1�� 0.89�� 1��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4854�� 5�� 3075.31961� � � r0.7�� 0.88�� 1��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4372�� 4�� 3075.317�� 0.1�� 0.88�� 5��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 6195�� 7�� 3075.32208� � � r1.5�� 0.88�� 12��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 5810�� 6�� 3075.31782� � � r0.2�� 0.88�� 0��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4228�� 6�� 3075.31233�� 1.6�� 0.87�� 2��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 5348�� 6�� 3075.31856� � � r0.4�� 0.87�� 9��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4519�� 5�� 3075.31686�� 0.2�� 0.87�� 1��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4275�� 7�� 3075.31995� � � r0.8�� 0.87�� 6��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 5241�� 6�� 3075.31746�� 0�� 0.87�� 6��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 5422�� 5�� 3075.3193� � � r0.6�� 0.86�� 0��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 5576�� 5�� 3075.32144� � � r1.3�� 0.85�� 0��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 3933�� 7�� 3075.3161�� 0.4�� 0.85�� 0��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 5290�� 6�� 3075.31929� � � r0.6�� 0.85�� 0��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 3705�� 7�� 3075.32016� � � r0.9�� 0.85�� 0��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 6188�� 5�� 3075.319� � � r0.5�� 0.85�� 3��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 4169�� 7�� 3075.32059� � � r1.1�� 0.84�� 0��
GHHHHHHHHHHSSGHIDDDDKHMKY�� 5570�� 6�� 3075.31819� � � r0.3�� 0.84�� 0��
GHHHHHHHHHHSSGHIDDDDKHMKYL�� 4931�� 5�� 3188.40167� � � r0.1�� 0.95�� 8��
GHHHHHHHHHHSSGHIDDDDKHMKYL�� 6391�� 5�� 3188.40838� � � r2.2�� 0.92�� 0��
GHHHHHHHHHHSSGHIDDDDKHMKYL�� 6437�� 5�� 3188.39984�� 0.5�� 0.91�� 16��
GHHHHHHHHHHSSGHIDDDDKHMKYL�� 6619�� 5�� 3188.40106�� 0.1�� 0.85�� 0��
GHHHHHHHHHHSSGHIDDDDKHMKYLSE�� 6109�� 4�� 3404.47497�� 0.3�� 0.93�� 9��
GHHHHHHHHHHSSGHIDDDDKHMKYLSE�� 6348�� 7�� 3404.47188�� 1.2�� 0.88�� 3��
GHHHHHHHHHHSSGHIDDDDKHMKYLSE�� 7050�� 4�� 3404.47766� � � r0.5�� 0.85�� 13��
GHHHHHHHHHHSSGHIDDDDKHMKYLSE�� 6694�� 7�� 3404.47423�� 0.5�� 0.85�� 17��
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GHHHHHHHHHHSSGHIDDDDKHMKYLSE�� 14040�� 7�� 3404.48256� � � r1.9�� 0.84�� 20��
GHHHHHHHHHHSSGHIDDDDKHMKYLSE�� 6146�� 4�� 3404.47473�� 0.4�� 0.84�� 2��
GHHHHHHHHHHSSGHIDDDDKHMKYLSE�� 5723�� 7�� 3404.47679� � � r0.2�� 0.84�� 12��
GHIDDDDKHM*KYL�� 6761�� 2�� 1602.72176� � � r0.1�� 0.96�� 68��
GHIDDDDKHM*KYL�� 6771�� 4�� 1602.72258� � � r0.6�� 0.95�� 10��
GHIDDDDKHM*KYL�� 8569�� 3�� 1602.72266� � � r0.6�� 0.86�� 20��
GHIDDDDKHM*KYL�� 6746�� 3�� 1602.72321� � � r1�� 0.85�� 10��
GHIDDDDKHM*KYL�� 6906�� 4�� 1602.72124�� 0.3�� 0.84�� 1��
GHIDDDDKHM*KYLSE�� 7507�� 4�� 1818.79612�� 0.1�� 0.94�� 15��
GHIDDDDKHM*KYLSE�� 7549�� 3�� 1818.79625�� 0�� 0.84�� 15��
GHIDDDDKHMKYL�� 8552�� 2�� 1586.72565�� 0.7�� 0.97�� 100��
GHIDDDDKHMKYLSE�� 8991�� 3�� 1802.79997�� 0.8�� 0.89�� 27��
GKFLIAFSY�� 17579�� 2�� 1045.57203� � � r0.3�� 0.97�� 109��
GKFLIAFSY�� 17980�� 2�� 1045.5713�� 0.4�� 0.96�� 75��
GKFLIAFSY�� 18054�� 2�� 1045.57081�� 0.8�� 0.95�� 68��
GKFLIAFSY�� 18097�� 2�� 1045.57081�� 0.8�� 0.95�� 72��
GKFLIAFSY�� 18076�� 2�� 1045.57167�� 0�� 0.94�� 73��
GKFLIAFSY�� 18157�� 2�� 1045.57167�� 0�� 0.92�� 45��
GKFLIAFSY�� 16710�� 2�� 1045.57081�� 0.8�� 0.91�� 76��
GKFLIAFSY�� 17957�� 2�� 1045.57179� � � r0.1�� 0.91�� 82��
GKFLIAFSYELSKL�� 20078�� 2�� 1615.91329� � � r2.4�� 0.96�� 103��
GKFLIAFSYELSKL�� 20088�� 2�� 1615.90988� � � r0.3�� 0.96�� 104��
GKFLIAFSYELSKLESTVGSPEKPL�� 20487�� 3�� 2740.48142� � � r0.2�� 0.93�� 64��
GKFLIAFSYELSKLESTVGSPEKPLSDLGKL�� 20718�� 5�� 3353.82538� � � r0.3�� 0.9�� 3��
GKFLIAFSYELSKLESTVGSPEKPLSDLGKL�� 20580�� 5�� 3353.82508� � � r0.2�� 0.85�� 0��
GKFLIAFSYELSKLESTVGSPEKPLSDLGKL�� 20753�� 5�� 3353.82294�� 0.4�� 0.84�� 0��
GKQPKLW�� 11051�� 2�� 856.50353�� 0.5�� 0.91�� 30��
GYFSKEKESPDGN�� 6888�� 2�� 1457.65365�� 0.5�� 0.97�� 74��
GYFSKEKESPDGNNV�� 8122�� 2�� 1670.76575� � � r0.1�� 0.92�� 74��
GYFSKEKESPDGNNVA�� 8334�� 2�� 1741.80194�� 0.5�� 0.96�� 62��
GYFSKEKESPDGNNVA�� 7985�� 2�� 1741.80243�� 0.2�� 0.95�� 65��
GYFSKEKESPDGNNVA�� 8301�� 2�� 1741.80072�� 1.2�� 0.92�� 34��
GYFSKEKESPDGNNVAC�� 8008�� 2�� 1901.83393� � � r0.3�� 0.94�� 57��
GYFSKEKESPDGNNVAC#�� 8188�� 2�� 1915.84956� � � r0.2�� 0.92�� 44��
GYFSKEKESPDGNNVAC#�� 8164�� 2�� 1915.84724�� 1�� 0.89�� 30��
HDEINHVQKT�� 4303�� 3�� 1220.6012�� 0.5�� 0.88�� 22��
HDEINHVQKTY�� 6702�� 3�� 1383.66573� � � r0.4�� 0.92�� 20��
HDEINHVQKTY�� 6734�� 2�� 1383.66531� � � r0.1�� 0.92�� 60��
HEAITK@VKYVDKIHIGNYE�� 12534�� 3�� 2299.20586�� 1�� 0.87�� 48��
HEAITKV�� 5644�� 2�� 797.45208� � � r0.6�� 0.91�� 41��
HEAITKVKYVDKIHIGNYE�� 11092�� 3�� 2257.19485�� 1.2�� 0.98�� 38��
HEAITKVKYVDKIHIGNYE�� 11126�� 3�� 2257.19503�� 1.1�� 0.96�� 32��
HHHHHH�� 451�� 2�� 841.37192� � � r0.7�� 0.93�� 45��
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HHHHHHHHHHSSGHIDDDDKHM*KY�� 4054�� 6�� 3034.29393� � � r1�� 0.93�� 0��
HHHHHHSSGHIDDDDKHM*KYLSE�� 5471�� 5�� 2815.21534� � � r0.5�� 0.89�� 1��
HHHHHHSSGHIDDDDKHMKYLSE�� 7310�� 5�� 2799.22075� � � r0.7�� 0.88�� 9��
HHHHHSSGHIDDDDKHM*KYLSE�� 5598�� 5�� 2678.15377�� 0.4�� 0.92�� 7��
HHHHHSSGHIDDDDKHMKYLSE�� 7364�� 5�� 2662.154�� 2.3�� 0.86�� 1��
HHHSSGH�� 482�� 2�� 798.33966� � � r0.8�� 0.94�� 81��
HHHSSGHIDDDDKHMKYLSE�� 7703�� 5�� 2388.04261� � � r0.2�� 0.88�� 12��
HHSSGHIDDDDKHMKYLSE�� 7975�� 3�� 2250.98354� � � r0.1�� 0.96�� 56��
HHSSGHIDDDDKHMKYLSE�� 7971�� 5�� 2250.98425� � � r0.4�� 0.95�� 25��
HHSSGHIDDDDKHMKYLSE�� 7948�� 4�� 2250.98432� � � r0.5�� 0.95�� 6��
HIDDDDKHM*KYL�� 6783�� 3�� 1545.69936�� 0.5�� 0.93�� 27��
HIDDDDKHM*KYL�� 6759�� 3�� 1545.70156� � � r0.9�� 0.93�� 14��
HIDDDDKHMKYL�� 8573�� 2�� 1529.70571� � � r0.3�� 0.98�� 140��
HIDDDDKHMKYLSE�� 8930�� 3�� 1745.78069� � � r0.4�� 0.94�� 54��
HIDDDDKHMKYLSE�� 9024�� 3�� 1745.78051� � � r0.3�� 0.93�� 64��
HIDDDDKHMKYLSE�� 8926�� 4�� 1745.78019� � � r0.1�� 0.92�� 19��
HIGNYEIDAWY�� 15501�� 2�� 1380.62234� � � r0.3�� 0.89�� 23��
HIGNYEIDAWYFSPF�� 21300�� 2�� 1858.84244�� 0.6�� 0.97�� 91��
HIGNYEIDAWYFSPF�� 21120�� 2�� 1858.84146�� 1.1�� 0.96�� 71��
HIGNYEIDAWYFSPFPE�� 20617�� 2�� 2084.93747�� 0.7�� 0.97�� 49��
HIGNYEIDAWYFSPFPE�� 20537�� 2�� 2084.93845�� 0.2�� 0.96�� 69��
HIGNYEIDAWYFSPFPEDYGKQPK�� 17976�� 3�� 2901.34885�� 1�� 0.96�� 43��
HIGNYEIDAWYFSPFPEDYGKQPKL�� 18610�� 3�� 3014.43653� � � r0.2�� 0.94�� 36��
HIGNYEIDAWYFSPFPEDYGKQPKL�� 18598�� 4�� 3014.4312�� 1.6�� 0.85�� 0��
HIGNYEIDAWYFSPFPEDYGKQPKLW�� 19815�� 3�� 3200.51431�� 0.3�� 0.97�� 38��
HIGNYEIDAWYFSPFPEDYGKQPKLW�� 19852�� 4�� 3200.51558� � � r0.1�� 0.92�� 0��
HIGNYEIDAWYFSPFPEDYGKQPKLW�� 19816�� 4�� 3200.51387�� 0.4�� 0.89�� 14��
HIGNYEIDAWYFSPFPEDYGKQPKLWL�� 20781�� 3�� 3313.5985�� 0.2�� 0.94�� 22��
HIGNYEIDAWYFSPFPEDYGKQPKLWL�� 20709�� 3�� 3313.59777�� 0.5�� 0.92�� 53��
HLGQC#QW�� 10900�� 1�� 942.42536� � � r0.3�� 0.88�� 23��
HLGQC#QWRQPPGKEIY�� 10592�� 4�� 2010.99463�� 1�� 0.91�� 17��
HLGQC#QWRQPPGKEIY�� 10572�� 3�� 2010.99599�� 0.4�� 0.91�� 18��
HLGQCQW�� 10487�� 2�� 928.40983� � � r0.5�� 0.86�� 11��
HLGQCQW�� 10518�� 1�� 928.40996� � � r0.6�� 0.84�� 64��
HLGQCQW�� 10648�� 1�� 928.40917�� 0.2�� 0.84�� 41��
HLGQCQWRQPPGKEIY�� 10548�� 4�� 1996.98278� � � r0.9�� 0.94�� 1��
HLGQCQWRQPPGKEIYRKS�� 7745�� 5�� 2368.20953� � � r0.2�� 0.94�� 0��
HLGQCQWRQPPGKEIYRKS�� 7740�� 4�� 2368.20878�� 0.1�� 0.84�� 10��
HLKSAQYKKPPITVD�� 8213�� 3�� 1724.97038� � � r0.6�� 0.92�� 27��
HLKSAQYKKPPITVD�� 8333�� 2�� 1724.96929�� 0.1�� 0.9�� 33��
HLKSAQYKKPPITVD�� 8225�� 2�� 1724.97003� � � r0.4�� 0.9�� 67��
HLKSAQYKKPPITVDSV�� 9646�� 3�� 1911.0683�� 0.8�� 0.85�� 18��
HSSGHIDDDDKHM*KY�� 4941�� 3�� 1800.76126� � � r0.4�� 0.91�� 51��
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HSSGHIDDDDKHMKY�� 6287�� 3�� 1784.76644� � � r0.4�� 0.96�� 28��
HSSGHIDDDDKHMKY�� 6317�� 3�� 1784.76571�� 0�� 0.93�� 19��
HSSGHIDDDDKHMKYL�� 7924�� 4�� 1897.85148� � � r0.9�� 0.85�� 1��
HSSGHIDDDDKHMKYLSE�� 8405�� 3�� 2113.92478� � � r0.2�� 0.91�� 16��
HSSGHIDDDDKHMKYLSE�� 8387�� 4�� 2113.92513� � � r0.4�� 0.89�� 6��
HVIC#VTPKLVEEH�� 10435�� 3�� 1574.83568�� 0.2�� 0.96�� 60��
HVIC#VTPKLVEEH�� 10394�� 3�� 1574.83494�� 0.7�� 0.89�� 59��
HVIC#VTPKLVEEHLKSA�� 12487�� 4�� 1974.08262�� 0.8�� 0.89�� 0��
HVIC#VTPKLVEEHLKSA�� 12493�� 3�� 1974.08208�� 1�� 0.89�� 17��
HVIC#VTPKLVEEHLKSA�� 12466�� 4�� 1974.08201�� 1.1�� 0.85�� 10��
HVICVTPK�� 6516�� 2�� 953.52423� � � r0.6�� 0.86�� 36��
HVICVTPKLVEEH�� 10320�� 3�� 1560.81986�� 0.3�� 0.96�� 15��
HVICVTPKLVEEHL�� 13567�� 3�� 1673.9046� � � r0.2�� 0.84�� 10��
HVICVTPKLVEEHLKSA�� 12463�� 3�� 1960.06535�� 1.6�� 0.89�� 11��
HVQKTYAEM*DPTTAALEKE�� 9212�� 4�� 2178.03871� � � r0.2�� 0.93�� 0��
HVQKTYAEM*DPTTAALEKE�� 10708�� 3�� 2178.03573�� 1.2�� 0.9�� 32��
HVQKTYAEM*DPTTAALEKEHE�� 8676�� 3�� 2444.13232�� 3.1�� 0.9�� 28��
HVQKTYAEM*DPTTAALEKEHE�� 10058�� 4�� 2444.13755�� 0.9�� 0.87�� 1��
HVQKTYAEMDPTTAALEKE�� 10636�� 3�� 2162.04219�� 0.6�� 0.96�� 52��
HVQKTYAEMDPTTAALEKEHE�� 10001�� 4�� 2428.14363�� 0.5�� 0.92�� 23��
IAFSYELSKLESTVGSPEKPL�� 18185�� 3�� 2295.21325� � � r0.6�� 0.93�� 35��
IC#VTPKLVEEH�� 10793�� 2�� 1338.70824�� 0.3�� 0.94�� 73��
ICVTPKLVEEH�� 10728�� 2�� 1324.69187�� 0.8�� 0.95�� 51��
ICVTPKLVEEH�� 10740�� 3�� 1324.69281�� 0.1�� 0.94�� 47��
ICVTPKLVEEH�� 10704�� 3�� 1324.69198�� 0.7�� 0.92�� 42��
ICVTPKLVEEHL�� 14119�� 3�� 1437.77682�� 0.1�� 0.88�� 7��
ICVTPKLVEEHLKSA�� 12734�� 3�� 1723.94186� � � r0.4�� 0.88�� 19��
IDAWYFSPFPEDYGK�� 17376�� 2�� 1834.83363� � � r0.7�� 0.93�� 36��
IDAWYFSPFPEDYGKQ�� 17247�� 2�� 1962.89184� � � r0.5�� 0.96�� 98��
IDAWYFSPFPEDYGKQPKLWL�� 21204�� 3�� 2600.28588�� 0.1�� 0.85�� 40��
IDDDDK@HMKYL�� 11564�� 2�� 1434.65632�� 0.4�� 0.93�� 60��
IDDDDKHM�� 4949�� 2�� 988.4045� � � r0.5�� 0.9�� 35��
IDDDDKHM*K�� 3866�� 2�� 1132.49397� � � r0.1�� 0.95�� 24��
IDDDDKHM*K�� 2576�� 2�� 1132.49446� � � r0.5�� 0.91�� 22��
IDDDDKHM*K�� 2598�� 2�� 1132.4936�� 0.3�� 0.9�� 19��
IDDDDKHM*KY�� 4737�� 2�� 1295.5566�� 0.5�� 0.95�� 22��
IDDDDKHM*KY�� 4721�� 3�� 1295.55759� � � r0.3�� 0.91�� 12��
IDDDDKHM*KY�� 6281�� 2�� 1295.55623�� 0.8�� 0.87�� 15��
IDDDDKHM*KYL�� 8076�� 2�� 1408.64104�� 0.2�� 0.91�� 23��
IDDDDKHM*KYL�� 7103�� 2�� 1408.64128�� 0�� 0.91�� 23��
IDDDDKHM*KYL�� 9115�� 3�� 1408.63913�� 1.5�� 0.91�� 29��
IDDDDKHM*KYL�� 9091�� 3�� 1408.64014�� 0.8�� 0.9�� 24��
IDDDDKHM*KYL�� 8434�� 2�� 1408.63958�� 1.2�� 0.87�� 3��
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IDDDDKHM*KYL�� 9307�� 3�� 1408.6406�� 0.5�� 0.87�� 34��
IDDDDKHM*KYL�� 9151�� 3�� 1408.6395�� 1.3�� 0.86�� 39��
IDDDDKHM*KYL�� 9152�� 2�� 1408.63994�� 1�� 0.85�� 42��
IDDDDKHM*KYL�� 8574�� 3�� 1408.64106�� 0.2�� 0.84�� 30��
IDDDDKHM*KYL�� 14110�� 3�� 1408.64142� � � r0.1�� 0.84�� 11��
IDDDDKHMK�� 3861�� 2�� 1116.49884�� 0.1�� 0.96�� 53��
IDDDDKHMK@YL�� 11864�� 2�� 1434.65656�� 0.3�� 0.87�� 24��
IDDDDKHMKY�� 6535�� 2�� 1279.56062�� 1.3�� 0.96�� 28��
IDDDDKHMKY�� 6571�� 2�� 1279.56123�� 0.9�� 0.93�� 39��
IDDDDKHMKYL�� 16561�� 2�� 1392.64738� � � r0.7�� 0.94�� 18��
IDDDDKHMKYL�� 22652�� 2�� 1392.64689� � � r0.4�� 0.93�� 31��
IDDDDKHMKYL�� 10841�� 2�� 1392.64701� � � r0.4�� 0.92�� 7��
IDDDDKHMKYL�� 22328�� 2�� 1392.64689� � � r0.4�� 0.91�� 32��
IDDDDKHMKYL�� 22815�� 2�� 1392.64616�� 0.2�� 0.91�� 39��
IDDDDKHMKYL�� 20322�� 2�� 1392.64689� � � r0.4�� 0.91�� 15��
IDDDDKHMKYL�� 25388�� 2�� 1392.64677� � � r0.3�� 0.91�� 31��
IDDDDKHMKYL�� 24069�� 2�� 1392.64701� � � r0.4�� 0.91�� 13��
IDDDDKHMKYL�� 9007�� 2�� 1392.64481�� 1.1�� 0.91�� 79��
IDDDDKHMKYL�� 23570�� 2�� 1392.64481�� 1.1�� 0.9�� 40��
IDDDDKHMKYL�� 22428�� 2�� 1392.64713� � � r0.5�� 0.9�� 27��
IDDDDKHMKYL�� 21975�� 2�� 1392.64665� � � r0.2�� 0.89�� 21��
IDDDDKHMKYL�� 15621�� 3�� 1392.64559�� 0.6�� 0.88�� 42��
IDDDDKHMKYL�� 26633�� 2�� 1392.64494�� 1�� 0.88�� 20��
IDDDDKHMKYL�� 12906�� 3�� 1392.64651� � � r0.1�� 0.87�� 44��
IDDDDKHMKYL�� 22399�� 2�� 1392.64701� � � r0.4�� 0.87�� 34��
IDDDDKHMKYL�� 14677�� 3�� 1392.64788� � � r1.1�� 0.87�� 55��
IDDDDKHMKYL�� 12793�� 2�� 1392.64726� � � r0.6�� 0.87�� 12��
IDDDDKHMKYL�� 14838�� 2�� 1392.64591�� 0.3�� 0.87�� 22��
IDDDDKHMKYL�� 22546�� 2�� 1392.64628�� 0.1�� 0.87�� 14��
IDDDDKHMKYL�� 23150�� 2�� 1392.6464�� 0�� 0.87�� 23��
IDDDDKHMKYL�� 19129�� 3�� 1392.64715� � � r0.5�� 0.87�� 28��
IDDDDKHMKYL�� 12999�� 2�� 1392.6442�� 1.6�� 0.86�� 35��
IDDDDKHMKYL�� 21988�� 2�� 1392.64408�� 1.7�� 0.86�� 19��
IDDDDKHMKYL�� 15603�� 3�� 1392.64596�� 0.3�� 0.86�� 29��
IDDDDKHMKYL�� 15710�� 3�� 1392.64651� � � r0.1�� 0.86�� 32��
IDDDDKHMKYL�� 23819�� 3�� 1392.64642�� 0�� 0.86�� 24��
IDDDDKHMKYL�� 13161�� 3�� 1392.64587�� 0.4�� 0.86�� 33��
IDDDDKHMKYL�� 22124�� 2�� 1392.64689� � � r0.4�� 0.86�� 29��
IDDDDKHMKYL�� 11248�� 2�� 1392.64701� � � r0.4�� 0.85�� 10��
IDDDDKHMKYL�� 18080�� 3�� 1392.64633�� 0�� 0.85�� 48��
IDDDDKHMKYL�� 18104�� 3�� 1392.64587�� 0.4�� 0.85�� 29��
IDDDDKHMKYL�� 22271�� 2�� 1392.64579�� 0.4�� 0.85�� 10��
IDDDDKHMKYL�� 22577�� 2�� 1392.64665� � � r0.2�� 0.85�� 8��
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IDDDDKHMKYL�� 13236�� 3�� 1392.64633�� 0�� 0.84�� 20��
IDDDDKHMKYL�� 20183�� 3�� 1392.64596�� 0.3�� 0.84�� 46��
IDDDDKHMKYL�� 19566�� 3�� 1392.64706� � � r0.5�� 0.84�� 22��
IGNYEIDAW�� 16555�� 2�� 1080.49942�� 0.2�� 0.94�� 54��
IHIGNYEIDAW�� 18164�� 2�� 1330.64208�� 0.4�� 0.86�� 38��
ILTEVDRQ�� 8242�� 2�� 973.53151� � � r0.2�� 0.92�� 15��
ILTEVDRQ�� 7744�� 2�� 973.53157� � � r0.3�� 0.9�� 27��
ILTEVDRQGA�� 8427�� 2�� 1101.58965�� 0.2�� 0.94�� 71��
ILTEVDRQGA�� 8187�� 2�� 1101.59039� � � r0.5�� 0.92�� 43��
ILTEVDRQGA�� 8512�� 2�� 1101.58977�� 0.1�� 0.9�� 51��
ILTEVDRQGAH�� 6981�� 2�� 1238.64811�� 0.5�� 0.96�� 71��
ILTEVDRQGAHIV�� 10824�� 2�� 1450.80037�� 0.6�� 0.91�� 47��
ILTEVDRQGAHIV�� 33465�� 3�� 1450.80185� � � r0.4�� 0.87�� 19��
ILTEVDRQGAHIVGY�� 12117�� 2�� 1670.88514�� 0.5�� 0.95�� 110��
ILTEVDRQGAHIVGY�� 11990�� 2�� 1670.88465�� 0.8�� 0.93�� 46��
ILTEVDRQGAHIVGY�� 11968�� 2�� 1670.8844�� 1�� 0.91�� 30��
INHVQK@TYAE�� 8496�� 2�� 1244.62602�� 0.8�� 0.94�� 83��
INHVQK@TYAE�� 8587�� 2�� 1244.62638�� 0.5�� 0.9�� 38��
INHVQK@TYAEM*DPTTAALEKE�� 10938�� 3�� 2447.17296�� 1.2�� 0.96�� 50��
INHVQK@TYAEMDPTTAALEKE�� 12544�� 3�� 2431.1829� � � r0.8�� 0.96�� 63��
INHVQK@TYAEMDPTTAALEKE�� 12555�� 3�� 2431.18309� � � r0.9�� 0.94�� 34��
INHVQKT�� 4902�� 2�� 839.47341�� 0�� 0.91�� 26��
INHVQKTYAE�� 6142�� 2�� 1202.61647�� 0�� 0.96�� 80��
INHVQKTYAE�� 6110�� 3�� 1202.61722� � � r0.7�� 0.92�� 27��
INHVQKTYAEM*DPTTAALE�� 9988�� 2�� 2148.02687�� 0.4�� 0.93�� 58��
INHVQKTYAEM*DPTTAALE�� 10024�� 2�� 2148.02687�� 0.4�� 0.93�� 51��
INHVQKTYAEM*DPTTAALEKE�� 10122�� 3�� 2405.16305�� 0.9�� 0.97�� 13��
INHVQKTYAEM*DPTTAALEKE�� 11461�� 3�� 2405.17312� � � r3.2�� 0.97�� 39��
INHVQKTYAEM*DPTTAALEKE�� 10048�� 3�� 2405.16561� � � r0.1�� 0.96�� 32��
INHVQKTYAEM*DPTTAALEKE�� 12543�� 3�� 2405.16396�� 0.6�� 0.96�� 25��
INHVQKTYAEM*DPTTAALEKE�� 10317�� 3�� 2405.15957�� 2.4�� 0.96�� 36��
INHVQKTYAEM*DPTTAALEKE�� 11075�� 3�� 2405.16012�� 2.2�� 0.96�� 40��
INHVQKTYAEM*DPTTAALEKE�� 11032�� 3�� 2405.16689� � � r0.7�� 0.95�� 13��
INHVQKTYAEM*DPTTAALEKE�� 10941�� 3�� 2405.16616� � � r0.4�� 0.95�� 54��
INHVQKTYAEM*DPTTAALEKE�� 12559�� 3�� 2405.16909� � � r1.6�� 0.95�� 33��
INHVQKTYAEM*DPTTAALEKE�� 10736�� 3�� 2405.16708� � � r0.7�� 0.95�� 33��
INHVQKTYAEM*DPTTAALEKE�� 28927�� 4�� 2405.16633� � � r0.4�� 0.94�� 4��
INHVQKTYAEM*DPTTAALEKE�� 29005�� 4�� 2405.16609� � � r0.3�� 0.94�� 12��
INHVQKTYAEM*DPTTAALEKE�� 10292�� 3�� 2405.16305�� 0.9�� 0.93�� 34��
INHVQKTYAEM*DPTTAALEKE�� 11326�� 3�� 2405.1603�� 2.1�� 0.93�� 31��
INHVQKTYAEM*DPTTAALEKE�� 11289�� 4�� 2405.16193�� 1.4�� 0.92�� 21��
INHVQKTYAEM*DPTTAALEKE�� 15720�� 3�� 2405.16689� � � r0.7�� 0.92�� 7��
INHVQKTYAEM*DPTTAALEKE�� 9431�� 4�� 2405.16193�� 1.4�� 0.91�� 19��
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INHVQKTYAEM*DPTTAALEKE�� 10411�� 3�� 2405.15993�� 2.2�� 0.91�� 18��
INHVQKTYAEM*DPTTAALEKE�� 11640�� 4�� 2405.16242�� 1.2�� 0.91�� 22��
INHVQKTYAEM*DPTTAALEKE�� 15397�� 3�� 2405.16323�� 0.9�� 0.9�� 8��
INHVQKTYAEM*DPTTAALEKE�� 11373�� 4�� 2405.16413�� 0.5�� 0.9�� 28��
INHVQKTYAEM*DPTTAALEKE�� 19084�� 3�� 2405.16982� � � r1.9�� 0.9�� 13��
INHVQKTYAEM*DPTTAALEKE�� 11033�� 4�� 2405.16364�� 0.7�� 0.9�� 13��
INHVQKTYAEM*DPTTAALEKE�� 20735�� 3�� 2405.16213�� 1.3�� 0.89�� 16��
INHVQKTYAEM*DPTTAALEKE�� 11456�� 4�� 2405.16584� � � r0.2�� 0.89�� 34��
INHVQKTYAEM*DPTTAALEKE�� 9432�� 3�� 2405.16048�� 2�� 0.89�� 19��
INHVQKTYAEM*DPTTAALEKE�� 12163�� 4�� 2405.16486�� 0.2�� 0.88�� 20��
INHVQKTYAEM*DPTTAALEKE�� 15938�� 3�� 2405.16781� � � r1�� 0.88�� 31��
INHVQKTYAEM*DPTTAALEKE�� 22530�� 3�� 2405.16305�� 0.9�� 0.88�� 9��
INHVQKTYAEM*DPTTAALEKE�� 10277�� 3�� 2405.16286�� 1�� 0.88�� 14��
INHVQKTYAEM*DPTTAALEKE�� 21429�� 3�� 2405.16415�� 0.5�� 0.87�� 13��
INHVQKTYAEM*DPTTAALEKE�� 19730�� 3�� 2405.16671� � � r0.6�� 0.87�� 24��
INHVQKTYAEM*DPTTAALEKE�� 20981�� 3�� 2405.16854� � � r1.3�� 0.86�� 18��
INHVQKTYAEM*DPTTAALEKE�� 19013�� 3�� 2405.16524�� 0�� 0.85�� 34��
INHVQKTYAEM*DPTTAALEKE�� 9420�� 4�� 2405.1612�� 1.7�� 0.84�� 18��
INHVQKTYAEM*DPTTAALEKEHE�� 10597�� 3�� 2671.26603�� 0.3�� 0.96�� 33��
INHVQKTYAEM*DPTTAALEKEHE�� 8966�� 3�� 2671.26621�� 0.2�� 0.92�� 39��
INHVQKTYAEM*DPTTAALEKEHE�� 9619�� 4�� 2671.26565�� 0.4�� 0.9�� 27��
INHVQKTYAEM*DPTTAALEKEHE�� 9525�� 4�� 2671.2637�� 1.2�� 0.89�� 25��
INHVQKTYAEM*DPTTAALEKEHE�� 9894�� 4�� 2671.26541�� 0.5�� 0.88�� 8��
INHVQKTYAEM*DPTTAALEKEHE�� 9948�� 4�� 2671.26858� � � r0.7�� 0.87�� 7��
INHVQKTYAEM*DPTTAALEKEHE�� 11008�� 4�� 2671.26077�� 2.3�� 0.84�� 1��
INHVQKTYAEMD�� 8275�� 3�� 1448.68451� � � r0.5�� 0.87�� 8��
INHVQKTYAEMDPTTAALE�� 11845�� 2�� 2132.03296� � � r0.1�� 0.87�� 7��
INHVQKTYAEMDPTTAALEK@E�� 12349�� 3�� 2431.18034�� 0.3�� 0.94�� 31��
INHVQKTYAEMDPTTAALEKE�� 13946�� 3�� 2389.16748�� 1.2�� 0.98�� 86��
INHVQKTYAEMDPTTAALEKE�� 16693�� 3�� 2389.17334� � � r1.2�� 0.98�� 71��
INHVQKTYAEMDPTTAALEKE�� 13782�� 3�� 2389.17865� � � r3.5�� 0.98�� 51��
INHVQKTYAEMDPTTAALEKE�� 13901�� 3�� 2389.17188� � � r0.6�� 0.98�� 71��
INHVQKTYAEMDPTTAALEKE�� 19578�� 3�� 2389.17444� � � r1.7�� 0.98�� 75��
INHVQKTYAEMDPTTAALEKE�� 21708�� 3�� 2389.17298� � � r1.1�� 0.97�� 43��
INHVQKTYAEMDPTTAALEKE�� 11700�� 3�� 2389.17114� � � r0.3�� 0.97�� 41��
INHVQKTYAEMDPTTAALEKE�� 20446�� 3�� 2389.17389� � � r1.5�� 0.97�� 76��
INHVQKTYAEMDPTTAALEKE�� 19822�� 3�� 2389.1695�� 0.4�� 0.97�� 50��
INHVQKTYAEMDPTTAALEKE�� 12825�� 3�� 2389.17664� � � r2.6�� 0.97�� 80��
INHVQKTYAEMDPTTAALEKE�� 17667�� 3�� 2389.17224� � � r0.8�� 0.97�� 42��
INHVQKTYAEMDPTTAALEKE�� 15210�� 3�� 2389.17462� � � r1.8�� 0.97�� 49��
INHVQKTYAEMDPTTAALEKE�� 21603�� 3�� 2389.17169� � � r0.5�� 0.97�� 28��
INHVQKTYAEMDPTTAALEKE�� 28998�� 3�� 2389.17114� � � r0.3�� 0.97�� 81��
INHVQKTYAEMDPTTAALEKE�� 12181�� 3�� 2389.17389� � � r1.5�� 0.97�� 59��
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INHVQKTYAEMDPTTAALEKE�� 18278�� 3�� 2389.16968�� 0.3�� 0.97�� 118��
INHVQKTYAEMDPTTAALEKE�� 16951�� 3�� 2389.17041�� 0�� 0.97�� 58��
INHVQKTYAEMDPTTAALEKE�� 19253�� 3�� 2389.17444� � � r1.7�� 0.97�� 72��
INHVQKTYAEMDPTTAALEKE�� 18287�� 3�� 2389.17041�� 0�� 0.97�� 62��
INHVQKTYAEMDPTTAALEKE�� 16204�� 3�� 2389.17151� � � r0.5�� 0.97�� 70��
INHVQKTYAEMDPTTAALEKE�� 18502�� 3�� 2389.17133� � � r0.4�� 0.97�� 65��
INHVQKTYAEMDPTTAALEKE�� 17744�� 3�� 2389.17151� � � r0.5�� 0.97�� 47��
INHVQKTYAEMDPTTAALEKE�� 12096�� 3�� 2389.16968�� 0.3�� 0.97�� 58��
INHVQKTYAEMDPTTAALEKE�� 17034�� 3�� 2389.17114� � � r0.3�� 0.97�� 80��
INHVQKTYAEMDPTTAALEKE�� 19702�� 3�� 2389.17188� � � r0.6�� 0.96�� 34��
INHVQKTYAEMDPTTAALEKE�� 17446�� 3�� 2389.17078� � � r0.2�� 0.96�� 44��
INHVQKTYAEMDPTTAALEKE�� 20516�� 3�� 2389.16913�� 0.5�� 0.96�� 20��
INHVQKTYAEMDPTTAALEKE�� 12002�� 3�� 2389.17407� � � r1.5�� 0.96�� 61��
INHVQKTYAEMDPTTAALEKE�� 15296�� 3�� 2389.16986�� 0.2�� 0.96�� 47��
INHVQKTYAEMDPTTAALEKE�� 19307�� 3�� 2389.17261� � � r0.9�� 0.96�� 33��
INHVQKTYAEMDPTTAALEKE�� 18038�� 3�� 2389.16931�� 0.5�� 0.96�� 75��
INHVQKTYAEMDPTTAALEKE�� 22190�� 3�� 2389.17188� � � r0.6�� 0.96�� 50��
INHVQKTYAEMDPTTAALEKE�� 17825�� 3�� 2389.17078� � � r0.2�� 0.96�� 32��
INHVQKTYAEMDPTTAALEKE�� 13877�� 3�� 2389.17023�� 0.1�� 0.96�� 101��
INHVQKTYAEMDPTTAALEKE�� 18411�� 3�� 2389.17096� � � r0.2�� 0.96�� 69��
INHVQKTYAEMDPTTAALEKE�� 14151�� 3�� 2389.17096� � � r0.2�� 0.96�� 88��
INHVQKTYAEMDPTTAALEKE�� 17787�� 3�� 2389.17224� � � r0.8�� 0.96�� 29��
INHVQKTYAEMDPTTAALEKE�� 12785�� 3�� 2389.177� � � r2.8�� 0.96�� 84��
INHVQKTYAEMDPTTAALEKE�� 11851�� 3�� 2389.16876�� 0.7�� 0.96�� 90��
INHVQKTYAEMDPTTAALEKE�� 20845�� 3�� 2389.17151� � � r0.5�� 0.96�� 40��
INHVQKTYAEMDPTTAALEKE�� 19320�� 3�� 2389.17151� � � r0.5�� 0.96�� 49��
INHVQKTYAEMDPTTAALEKE�� 18872�� 3�� 2389.17353� � � r1.3�� 0.96�� 73��
INHVQKTYAEMDPTTAALEKE�� 15371�� 3�� 2389.17316� � � r1.2�� 0.96�� 91��
INHVQKTYAEMDPTTAALEKE�� 15126�� 3�� 2389.17243� � � r0.9�� 0.96�� 62��
INHVQKTYAEMDPTTAALEKE�� 18690�� 3�� 2389.1684�� 0.8�� 0.96�� 93��
INHVQKTYAEMDPTTAALEKE�� 19270�� 3�� 2389.17444� � � r1.7�� 0.96�� 82��
INHVQKTYAEMDPTTAALEKE�� 14048�� 3�� 2389.17188� � � r0.6�� 0.96�� 86��
INHVQKTYAEMDPTTAALEKE�� 13889�� 3�� 2389.1695�� 0.4�� 0.95�� 62��
INHVQKTYAEMDPTTAALEKE�� 13298�� 3�� 2389.17114� � � r0.3�� 0.95�� 50��
INHVQKTYAEMDPTTAALEKE�� 13971�� 3�� 2389.17316� � � r1.2�� 0.95�� 55��
INHVQKTYAEMDPTTAALEKE�� 20349�� 3�� 2389.17426� � � r1.6�� 0.95�� 50��
INHVQKTYAEMDPTTAALEKE�� 19115�� 3�� 2389.17481� � � r1.8�� 0.95�� 113��
INHVQKTYAEMDPTTAALEKE�� 20589�� 3�� 2389.17151� � � r0.5�� 0.95�� 21��
INHVQKTYAEMDPTTAALEKE�� 21284�� 3�� 2389.16986�� 0.2�� 0.95�� 29��
INHVQKTYAEMDPTTAALEKE�� 22248�� 3�� 2389.17517� � � r2�� 0.95�� 20��
INHVQKTYAEMDPTTAALEKE�� 20382�� 3�� 2389.17261� � � r0.9�� 0.95�� 90��
INHVQKTYAEMDPTTAALEKE�� 19901�� 3�� 2389.17389� � � r1.5�� 0.95�� 30��
INHVQKTYAEMDPTTAALEKE�� 14547�� 3�� 2389.17462� � � r1.8�� 0.95�� 20��
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INHVQKTYAEMDPTTAALEKE�� 12969�� 3�� 2389.17169� � � r0.5�� 0.95�� 88��
INHVQKTYAEMDPTTAALEKE�� 20296�� 3�� 2389.17481� � � r1.8�� 0.95�� 50��
INHVQKTYAEMDPTTAALEKE�� 14299�� 3�� 2389.16986�� 0.2�� 0.95�� 57��
INHVQKTYAEMDPTTAALEKE�� 22450�� 3�� 2389.17298� � � r1.1�� 0.95�� 46��
INHVQKTYAEMDPTTAALEKE�� 14119�� 3�� 2389.17096� � � r0.2�� 0.95�� 52��
INHVQKTYAEMDPTTAALEKE�� 10986�� 3�� 2389.17316� � � r1.2�� 0.95�� 38��
INHVQKTYAEMDPTTAALEKE�� 18359�� 3�� 2389.17353� � � r1.3�� 0.95�� 24��
INHVQKTYAEMDPTTAALEKE�� 12228�� 3�� 2389.17188� � � r0.6�� 0.95�� 38��
INHVQKTYAEMDPTTAALEKE�� 14938�� 3�� 2389.17096� � � r0.2�� 0.95�� 62��
INHVQKTYAEMDPTTAALEKE�� 20340�� 3�� 2389.17481� � � r1.8�� 0.94�� 33��
INHVQKTYAEMDPTTAALEKE�� 21892�� 3�� 2389.17169� � � r0.5�� 0.94�� 66��
INHVQKTYAEMDPTTAALEKE�� 11826�� 3�� 2389.17005�� 0.1�� 0.94�� 33��
INHVQKTYAEMDPTTAALEKE�� 21119�� 3�� 2389.17169� � � r0.5�� 0.94�� 39��
INHVQKTYAEMDPTTAALEKE�� 17554�� 3�� 2389.17041�� 0�� 0.94�� 101��
INHVQKTYAEMDPTTAALEKE�� 20415�� 3�� 2389.1695�� 0.4�� 0.94�� 25��
INHVQKTYAEMDPTTAALEKE�� 20819�� 3�� 2389.17096� � � r0.2�� 0.94�� 66��
INHVQKTYAEMDPTTAALEKE�� 19834�� 3�� 2389.1695�� 0.4�� 0.94�� 24��
INHVQKTYAEMDPTTAALEKE�� 14005�� 3�� 2389.17481� � � r1.8�� 0.94�� 63��
INHVQKTYAEMDPTTAALEKE�� 17851�� 3�� 2389.1684�� 0.8�� 0.94�� 67��
INHVQKTYAEMDPTTAALEKE�� 14672�� 3�� 2389.17572� � � r2.2�� 0.94�� 55��
INHVQKTYAEMDPTTAALEKE�� 21763�� 3�� 2389.17298� � � r1.1�� 0.94�� 51��
INHVQKTYAEMDPTTAALEKE�� 13312�� 3�� 2389.17389� � � r1.5�� 0.93�� 32��
INHVQKTYAEMDPTTAALEKE�� 15155�� 3�� 2389.17371� � � r1.4�� 0.93�� 59��
INHVQKTYAEMDPTTAALEKE�� 20144�� 3�� 2389.17206� � � r0.7�� 0.93�� 58��
INHVQKTYAEMDPTTAALEKE�� 28916�� 3�� 2389.17133� � � r0.4�� 0.93�� 69��
INHVQKTYAEMDPTTAALEKE�� 18551�� 3�� 2389.17316� � � r1.2�� 0.93�� 53��
INHVQKTYAEMDPTTAALEKE�� 19619�� 3�� 2389.17353� � � r1.3�� 0.92�� 19��
INHVQKTYAEMDPTTAALEKE�� 20207�� 3�� 2389.17298� � � r1.1�� 0.92�� 87��
INHVQKTYAEMDPTTAALEKE�� 19868�� 3�� 2389.16931�� 0.5�� 0.92�� 16��
INHVQKTYAEMDPTTAALEKE�� 14256�� 3�� 2389.17188� � � r0.6�� 0.92�� 57��
INHVQKTYAEMDPTTAALEKE�� 14646�� 3�� 2389.17005�� 0.1�� 0.91�� 61��
INHVQKTYAEMDPTTAALEKE�� 20275�� 3�� 2389.17645� � � r2.5�� 0.91�� 76��
INHVQKTYAEMDPTTAALEKE�� 11798�� 4�� 2389.16899�� 0.6�� 0.9�� 7��
INHVQKTYAEMDPTTAALEKE�� 14286�� 3�� 2389.16968�� 0.3�� 0.9�� 41��
INHVQKTYAEMDPTTAALEKE�� 13273�� 3�� 2389.16913�� 0.5�� 0.89�� 43��
INHVQKTYAEMDPTTAALEKE�� 22103�� 3�� 2389.17169� � � r0.5�� 0.87�� 54��
INHVQKTYAEMDPTTAALEKE�� 11028�� 4�� 2389.16924�� 0.5�� 0.86�� 6��
INHVQKTYAEMDPTTAALEKE�� 11699�� 4�� 2389.1707� � � r0.1�� 0.86�� 0��
INHVQKTYAEMDPTTAALEKE�� 12239�� 4�� 2389.1751� � � r2�� 0.86�� 2��
INHVQKTYAEMDPTTAALEKE�� 13793�� 4�� 2389.17022�� 0.1�� 0.85�� 2��
INHVQKTYAEMDPTTAALEKE�� 28985�� 4�� 2389.17168� � � r0.5�� 0.85�� 0��
INHVQKTYAEMDPTTAALEKE�� 22028�� 3�� 2389.17114� � � r0.3�� 0.85�� 19��
INHVQKTYAEMDPTTAALEKE�� 13023�� 3�� 2389.16492�� 2.3�� 0.84�� 21��
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INHVQKTYAEMDPTTAALEKEHE�� 10407�� 3�� 2655.27103�� 0.3�� 0.97�� 108��
INHVQKTYAEMDPTTAALEKEHE�� 10703�� 3�� 2655.27395� � � r0.8�� 0.96�� 71��
INHVQKTYAEMDPTTAALEKEHE�� 17570�� 4�� 2655.27004�� 0.7�� 0.96�� 11��
INHVQKTYAEMDPTTAALEKEHE�� 18974�� 3�� 2655.27249� � � r0.2�� 0.95�� 33��
INHVQKTYAEMDPTTAALEKEHE�� 10983�� 3�� 2655.27524� � � r1.3�� 0.94�� 22��
INHVQKTYAEMDPTTAALEKEHE�� 19784�� 3�� 2655.27194�� 0�� 0.94�� 29��
INHVQKTYAEMDPTTAALEKEHE�� 18758�� 3�� 2655.27322� � � r0.5�� 0.94�� 51��
INHVQKTYAEMDPTTAALEKEHE�� 12546�� 4�� 2655.27443� � � r0.9�� 0.93�� 9��
INHVQKTYAEMDPTTAALEKEHE�� 22328�� 4�� 2655.27443� � � r0.9�� 0.93�� 7��
INHVQKTYAEMDPTTAALEKEHE�� 16726�� 3�� 2655.2745� � � r1�� 0.93�� 23��
INHVQKTYAEMDPTTAALEKEHE�� 22202�� 4�� 2655.2737� � � r0.7�� 0.93�� 9��
INHVQKTYAEMDPTTAALEKEHE�� 15959�� 3�� 2655.27524� � � r1.3�� 0.93�� 22��
INHVQKTYAEMDPTTAALEKEHE�� 16463�� 3�� 2655.27103�� 0.3�� 0.93�� 17��
INHVQKTYAEMDPTTAALEKEHE�� 29055�� 4�� 2655.27443� � � r0.9�� 0.92�� 0��
INHVQKTYAEMDPTTAALEKEHE�� 13220�� 4�� 2655.27736� � � r2.1�� 0.92�� 0��
INHVQKTYAEMDPTTAALEKEHE�� 22520�� 4�� 2655.27394� � � r0.8�� 0.92�� 2��
INHVQKTYAEMDPTTAALEKEHE�� 13067�� 4�� 2655.27614� � � r1.6�� 0.92�� 10��
INHVQKTYAEMDPTTAALEKEHE�� 19439�� 3�� 2655.27194�� 0�� 0.92�� 58��
INHVQKTYAEMDPTTAALEKEHE�� 14398�� 4�� 2655.27443� � � r0.9�� 0.92�� 10��
INHVQKTYAEMDPTTAALEKEHE�� 22568�� 4�� 2655.27272� � � r0.3�� 0.92�� 9��
INHVQKTYAEMDPTTAALEKEHE�� 12474�� 4�� 2655.27467� � � r1�� 0.92�� 10��
INHVQKTYAEMDPTTAALEKEHE�� 10655�� 3�� 2655.27817� � � r2.4�� 0.92�� 41��
INHVQKTYAEMDPTTAALEKEHE�� 19112�� 4�� 2655.2715�� 0.2�� 0.91�� 15��
INHVQKTYAEMDPTTAALEKEHE�� 13301�� 4�� 2655.2715�� 0.2�� 0.91�� 17��
INHVQKTYAEMDPTTAALEKEHE�� 17628�� 4�� 2655.27419� � � r0.9�� 0.91�� 1��
INHVQKTYAEMDPTTAALEKEHE�� 19050�� 3�� 2655.27597� � � r1.5�� 0.91�� 15��
INHVQKTYAEMDPTTAALEKEHE�� 18224�� 4�� 2655.27272� � � r0.3�� 0.91�� 1��
INHVQKTYAEMDPTTAALEKEHE�� 19034�� 4�� 2655.27492� � � r1.1�� 0.91�� 25��
INHVQKTYAEMDPTTAALEKEHE�� 16398�� 4�� 2655.27199�� 0�� 0.91�� 2��
INHVQKTYAEMDPTTAALEKEHE�� 15136�� 4�� 2655.27028�� 0.6�� 0.91�� 2��
INHVQKTYAEMDPTTAALEKEHE�� 16092�� 3�� 2655.27414� � � r0.8�� 0.91�� 19��
INHVQKTYAEMDPTTAALEKEHE�� 13888�� 4�� 2655.26711�� 1.8�� 0.91�� 17��
INHVQKTYAEMDPTTAALEKEHE�� 28986�� 4�� 2655.27223� � � r0.1�� 0.91�� 1��
INHVQKTYAEMDPTTAALEKEHE�� 14909�� 4�� 2655.27199�� 0�� 0.91�� 6��
INHVQKTYAEMDPTTAALEKEHE�� 13799�� 4�� 2655.27004�� 0.7�� 0.91�� 0��
INHVQKTYAEMDPTTAALEKEHE�� 17774�� 4�� 2655.27272� � � r0.3�� 0.91�� 13��
INHVQKTYAEMDPTTAALEKEHE�� 12768�� 4�� 2655.28004� � � r3.1�� 0.9�� 0��
INHVQKTYAEMDPTTAALEKEHE�� 16933�� 4�� 2655.27126�� 0.2�� 0.9�� 21��
INHVQKTYAEMDPTTAALEKEHE�� 13690�� 4�� 2655.27296� � � r0.4�� 0.9�� 0��
INHVQKTYAEMDPTTAALEKEHE�� 12554�� 4�� 2655.27248� � � r0.2�� 0.9�� 7��
INHVQKTYAEMDPTTAALEKEHE�� 19412�� 4�� 2655.27419� � � r0.9�� 0.9�� 1��
INHVQKTYAEMDPTTAALEKEHE�� 11076�� 4�� 2655.26979�� 0.8�� 0.89�� 0��
INHVQKTYAEMDPTTAALEKEHE�� 14287�� 4�� 2655.27248� � � r0.2�� 0.89�� 2��
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INHVQKTYAEMDPTTAALEKEHE�� 14273�� 4�� 2655.26979�� 0.8�� 0.89�� 0��
INHVQKTYAEMDPTTAALEKEHE�� 20041�� 4�� 2655.27223� � � r0.1�� 0.89�� 24��
INHVQKTYAEMDPTTAALEKEHE�� 14112�� 4�� 2655.27052�� 0.5�� 0.88�� 5��
INHVQKTYAEMDPTTAALEKEHE�� 20249�� 4�� 2655.27248� � � r0.2�� 0.88�� 0��
INHVQKTYAEMDPTTAALEKEHE�� 20329�� 4�� 2655.27467� � � r1�� 0.88�� 0��
INHVQKTYAEMDPTTAALEKEHE�� 12098�� 4�� 2655.27467� � � r1�� 0.88�� 2��
INHVQKTYAEMDPTTAALEKEHE�� 13954�� 4�� 2655.27052�� 0.5�� 0.88�� 0��
INHVQKTYAEMDPTTAALEKEHE�� 15756�� 4�� 2655.27541� � � r1.3�� 0.88�� 1��
INHVQKTYAEMDPTTAALEKEHE�� 13771�� 4�� 2655.27321� � � r0.5�� 0.88�� 0��
INHVQKTYAEMDPTTAALEKEHE�� 18261�� 4�� 2655.27296� � � r0.4�� 0.87�� 0��
INHVQKTYAEMDPTTAALEKEHE�� 17845�� 4�� 2655.27052�� 0.5�� 0.87�� 2��
INHVQKTYAEMDPTTAALEKEHE�� 18368�� 4�� 2655.27272� � � r0.3�� 0.87�� 39��
INHVQKTYAEMDPTTAALEKEHE�� 14961�� 4�� 2655.27272� � � r0.3�� 0.87�� 12��
INHVQKTYAEMDPTTAALEKEHE�� 14535�� 4�� 2655.27419� � � r0.9�� 0.86�� 11��
INHVQKTYAEMDPTTAALEKEHE�� 10382�� 4�� 2655.27174�� 0.1�� 0.86�� 4��
INHVQKTYAEMDPTTAALEKEHE�� 14001�� 4�� 2655.27126�� 0.2�� 0.86�� 2��
INHVQKTYAEMDPTTAALEKEHE�� 13842�� 4�� 2655.27248� � � r0.2�� 0.86�� 2��
INHVQKTYAEMDPTTAALEKEHE�� 22457�� 4�� 2655.27443� � � r0.9�� 0.86�� 15��
INHVQKTYAEMDPTTAALEKEHE�� 11654�� 4�� 2655.27394� � � r0.8�� 0.86�� 3��
INHVQKTYAEMDPTTAALEKEHE�� 13569�� 4�� 2655.27248� � � r0.2�� 0.85�� 7��
INHVQKTYAEMDPTTAALEKEHE�� 19907�� 4�� 2655.27272� � � r0.3�� 0.84�� 0��
INHVQKTYAEMDPTTAALEKEHE�� 15576�� 3�� 2655.27286� � � r0.4�� 0.84�� 29��
ITQNDIISTL�� 15996�� 2�� 1117.61115� � � r1.1�� 0.9�� 24��
ITQNDIISTLQ�� 14725�� 2�� 1245.66862� � � r0.1�� 0.9�� 52��
ITRNQKRKHDEINHVQKT�� 3431�� 5�� 2245.22771� � � r0.2�� 0.91�� 0��
K@RKHDEINHVQKT�� 3782�� 3�� 1674.90363� � � r0.1�� 0.95�� 39��
K@YVDKI�� 9167�� 2�� 807.46143� � � r0.4�� 0.94�� 55��
K@YVDKI�� 9375�� 2�� 807.46113� � � r0.1�� 0.94�� 10��
K@YVDKI�� 9364�� 2�� 807.46082�� 0.3�� 0.91�� 21��
KDLSQM*TSITQ�� 7333�� 2�� 1267.62042� � � r0.5�� 0.97�� 45��
KDLSQM*TSITQ�� 7378�� 2�� 1267.61871�� 0.9�� 0.95�� 54��
KDLSQM*TSITQNDIISTL�� 15961�� 2�� 2024.02177� � � r0.1�� 0.86�� 15��
KDLSQM*TSITQNDIISTLQ�� 15030�� 2�� 2152.08083� � � r0.3�� 0.92�� 60��
KDLSQMTSIT�� 11105�� 2�� 1123.56685� � � r0.4�� 0.88�� 42��
KDLSQMTSITQ�� 10812�� 2�� 1251.62395�� 0.8�� 0.94�� 21��
KDLSQMTSITQN�� 10581�� 2�� 1365.66677�� 0.8�� 0.91�� 19��
KGQHVIC#VTPKLVEEHL�� 12714�� 4�� 2001.09423�� 0.4�� 0.93�� 10��
KGQHVIC#VTPKLVEEHLKSAQY�� 12449�� 3�� 2578.37509�� 2.3�� 0.94�� 28��
KGQHVIC#VTPKLVEEHLKSAQY�� 12635�� 3�� 2578.37912�� 0.7�� 0.92�� 11��
KGQHVIC#VTPKLVEEHLKSAQY�� 12610�� 3�� 2578.37802�� 1.2�� 0.92�� 11��
KGQHVIC#VTPKLVEEHLKSAQY�� 12530�� 3�� 2578.37949�� 0.6�� 0.92�� 4��
KGQHVIC#VTPKLVEEHLKSAQY�� 12772�� 3�� 2578.38205� � � r0.4�� 0.9�� 10��
KGQHVIC#VTPKLVEEHLKSAQY�� 12713�� 3�� 2578.38022�� 0.3�� 0.9�� 9��
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KGQHVIC#VTPKLVEEHLKSAQY�� 12680�� 3�� 2578.37875�� 0.9�� 0.89�� 19��
KGQHVIC#VTPKLVEEHLKSAQY�� 12588�� 3�� 2578.37857�� 1�� 0.89�� 50��
KGQHVIC#VTPKLVEEHLKSAQY�� 12400�� 5�� 2578.37342�� 3�� 0.88�� 0��
KGQHVIC#VTPKLVEEHLKSAQY�� 12389�� 4�� 2578.37618�� 1.9�� 0.87�� 0��
KGQHVIC#VTPKLVEEHLKSAQY�� 12410�� 4�� 2578.37911�� 0.8�� 0.87�� 0��
KGQHVICVTPKLVEEH�� 9563�� 3�� 1873.99509�� 0.1�� 0.93�� 15��
KGQHVICVTPKLVEEH�� 9548�� 3�� 1873.99252�� 1.5�� 0.86�� 25��
KGQHVICVTPKLVEEHL�� 12640�� 4�� 1987.07933�� 0�� 0.97�� 3��
KGQHVICVTPKLVEEHL�� 12656�� 4�� 1987.07628�� 1.5�� 0.96�� 2��
KGQHVICVTPKLVEEHL�� 12700�� 3�� 1987.07928�� 0�� 0.95�� 42��
KGQHVICVTPKLVEEHL�� 12670�� 3�� 1987.07928�� 0�� 0.95�� 34��
KGQHVICVTPKLVEEHL�� 12778�� 3�� 1987.07892�� 0.2�� 0.88�� 30��
KGQHVICVTPKLVEEHLK�� 11249�� 5�� 2115.17329�� 0.5�� 0.94�� 0��
KGQHVICVTPKLVEEHLK�� 11281�� 5�� 2115.17558� � � r0.6�� 0.93�� 0��
KGQHVICVTPKLVEEHLK�� 11256�� 5�� 2115.17283�� 0.7�� 0.9�� 0��
KGQHVICVTPKLVEEHLKSAQY�� 12587�� 3�� 2564.36275�� 1�� 0.96�� 37��
KGQHVICVTPKLVEEHLKSAQY�� 12294�� 3�� 2564.36239�� 1.2�� 0.96�� 64��
KGQHVICVTPKLVEEHLKSAQY�� 12736�� 3�� 2564.36513�� 0.1�� 0.96�� 61��
KGQHVICVTPKLVEEHLKSAQY�� 12851�� 3�� 2564.36275�� 1�� 0.93�� 31��
KGQHVICVTPKLVEEHLKSAQY�� 12759�� 3�� 2564.36257�� 1.1�� 0.92�� 20��
KGQHVICVTPKLVEEHLKSAQY�� 12904�� 3�� 2564.3633�� 0.8�� 0.88�� 6��
KGQHVICVTPKLVEEHLKSAQY�� 13089�� 4�� 2564.36591� � � r0.2�� 0.87�� 0��
KGQHVICVTPKLVEEHLKSAQY�� 13278�� 4�� 2564.36152�� 1.5�� 0.87�� 0��
KGQHVICVTPKLVEEHLKSAQY�� 13034�� 3�� 2564.36623� � � r0.3�� 0.87�� 0��
KGQHVICVTPKLVEEHLKSAQY�� 12668�� 3�� 2564.36275�� 1�� 0.87�� 23��
KGQHVICVTPKLVEEHLKSAQY�� 13762�� 4�� 2564.36347�� 0.7�� 0.86�� 0��
KGQHVICVTPKLVEEHLKSAQY�� 12354�� 3�� 2564.36037�� 1.9�� 0.84�� 16��
KHDEINHVQKT�� 3770�� 3�� 1348.69631�� 0.4�� 0.86�� 1��
KHDEINHVQKTY�� 6057�� 2�� 1511.76038� � � r0.2�� 0.96�� 55��
KHDEINHVQKTY�� 6077�� 2�� 1511.75855�� 1�� 0.95�� 40��
KHMKYL�� 9394�� 2�� 819.45534� � � r1�� 0.88�� 7��
KITRNQKRKHDEINHVQKT�� 3347�� 6�� 2373.32222�� 0�� 0.84�� 0��
KKPPITVDSV�� 9456�� 2�� 1083.64189� � � r1�� 0.93�� 39��
KKPPITVDSV�� 8772�� 2�� 1083.63957�� 1.2�� 0.93�� 30��
KKPPITVDSV�� 8828�� 2�� 1083.64006�� 0.7�� 0.92�� 41��
KKPPITVDSV�� 8936�� 2�� 1083.64055�� 0.3�� 0.9�� 31��
KKPPITVDSVC#L�� 13653�� 2�� 1370.77077�� 0.3�� 0.89�� 16��
KKPPITVDSVC#L�� 12287�� 2�� 1370.77053�� 0.5�� 0.89�� 27��
KKPPITVDSVC#L�� 13708�� 2�� 1370.76894�� 1.7�� 0.88�� 28��
KKPPITVDSVC#L�� 13571�� 2�� 1370.77199� � � r0.5�� 0.88�� 21��
KKPPITVDSVC#LK�� 10345�� 3�� 1498.86763� � � r0.9�� 0.94�� 31��
KKPPITVDSVC#LKW�� 15352�� 3�� 1684.94843� � � r1.7�� 0.94�� 34��
KKPPITVDSVC#LKW�� 14092�� 3�� 1684.94678� � � r0.8�� 0.93�� 34��
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KKPPITVDSVC#LKW�� 13867�� 3�� 1684.94403�� 0.9�� 0.93�� 41��
KKPPITVDSVC#LKW�� 15009�� 3�� 1684.94605� � � r0.3�� 0.93�� 11��
KKPPITVDSVC#LKW�� 14200�� 2�� 1684.94484�� 0.4�� 0.92�� 51��
KKPPITVDSVC#LKW�� 32727�� 3�� 1684.9455�� 0�� 0.92�� 58��
KKPPITVDSVC#LKW�� 14330�� 2�� 1684.94411�� 0.8�� 0.92�� 48��
KKPPITVDSVC#LKW�� 14354�� 2�� 1684.94459�� 0.5�� 0.91�� 20��
KKPPITVDSVC#LKW�� 15048�� 3�� 1684.94751� � � r1.2�� 0.91�� 30��
KKPPITVDSVC#LKW�� 14529�� 4�� 1684.94615� � � r0.4�� 0.91�� 9��
KKPPITVDSVC#LKW�� 14272�� 2�� 1684.9435�� 1.2�� 0.89�� 44��
KKPPITVDSVC#LKW�� 14725�� 3�� 1684.94605� � � r0.3�� 0.88�� 21��
KKPPITVDSVC#LKW�� 14455�� 4�� 1684.94615� � � r0.4�� 0.87�� 3��
KKPPITVDSVC#LKW�� 15096�� 3�� 1684.94623� � � r0.4�� 0.86�� 21��
KKPPITVDSVC#LKW�� 13886�� 3�� 1684.94623� � � r0.4�� 0.85�� 23��
KKPPITVDSVC#LKW�� 15222�� 3�� 1684.94989� � � r2.6�� 0.85�� 34��
KKPPITVDSVC#LKW�� 15122�� 3�� 1684.9466� � � r0.6�� 0.85�� 12��
KKPPITVDSVC#LKW�� 14155�� 2�� 1684.94411�� 0.8�� 0.84�� 22��
KKPPITVDSVC#LKWA�� 14050�� 3�� 1755.98315� � � r0.3�� 0.84�� 13��
KKPPITVDSVCL�� 32682�� 2�� 1356.75562� � � r0.1�� 0.94�� 73��
KKPPITVDSVCL�� 20556�� 2�� 1356.75453�� 0.7�� 0.94�� 44��
KKPPITVDSVCL�� 12231�� 2�� 1356.75611� � � r0.4�� 0.91�� 52��
KKPPITVDSVCL�� 14024�� 2�� 1356.75526�� 0.2�� 0.9�� 24��
KKPPITVDSVCL�� 19049�� 2�� 1356.75428�� 0.9�� 0.9�� 24��
KKPPITVDSVCL�� 14870�� 2�� 1356.75831� � � r2�� 0.88�� 34��
KKPPITVDSVCL�� 22584�� 2�� 1356.75526�� 0.2�� 0.88�� 10��
KKPPITVDSVCL�� 19605�� 2�� 1356.75392�� 1.2�� 0.88�� 31��
KKPPITVDSVCL�� 17218�� 2�� 1356.75453�� 0.7�� 0.88�� 20��
KKPPITVDSVCL�� 19582�� 2�� 1356.75697� � � r1.1�� 0.88�� 27��
KKPPITVDSVCL�� 16063�� 2�� 1356.75428�� 0.9�� 0.87�� 5��
KKPPITVDSVCL�� 20047�� 2�� 1356.75623� � � r0.5�� 0.86�� 29��
KKPPITVDSVCL�� 20790�� 2�� 1356.75587� � � r0.2�� 0.86�� 70��
KKPPITVDSVCL�� 21251�� 2�� 1356.75599� � � r0.3�� 0.86�� 25��
KKPPITVDSVCL�� 23842�� 2�� 1356.75599� � � r0.3�� 0.86�� 23��
KKPPITVDSVCL�� 19274�� 2�� 1356.75489�� 0.5�� 0.86�� 39��
KKPPITVDSVCL�� 20002�� 2�� 1356.75538�� 0.1�� 0.86�� 25��
KKPPITVDSVCL�� 20039�� 2�� 1356.75501�� 0.4�� 0.85�� 53��
KKPPITVDSVCL�� 19512�� 2�� 1356.75648� � � r0.7�� 0.85�� 24��
KKPPITVDSVCL�� 17121�� 2�� 1356.75404�� 1.1�� 0.85�� 16��
KKPPITVDSVCL�� 22347�� 2�� 1356.75514�� 0.3�� 0.85�� 26��
KKPPITVDSVCL�� 19809�� 2�� 1356.75575� � � r0.2�� 0.85�� 36��
KKPPITVDSVCL�� 22387�� 2�� 1356.75733� � � r1.3�� 0.84�� 25��
KKPPITVDSVCL�� 22470�� 2�� 1356.75672� � � r0.9�� 0.84�� 16��
KKPPITVDSVCL�� 13981�� 2�� 1356.75514�� 0.3�� 0.84�� 28��
KKPPITVDSVCL�� 22312�� 2�� 1356.75453�� 0.7�� 0.84�� 11��
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KKPPITVDSVCLK�� 10240�� 3�� 1484.85108� � � r0.4�� 0.96�� 43��
KKPPITVDSVCLKW�� 14099�� 3�� 1670.92986�� 0�� 0.93�� 31��
KKPPITVDSVCLKW�� 15023�� 3�� 1670.93078� � � r0.6�� 0.93�� 26��
KKPPITVDSVCLKW�� 14224�� 2�� 1670.92823�� 0.9�� 0.93�� 26��
KKPPITVDSVCLKW�� 14345�� 4�� 1670.93015� � � r0.2�� 0.89�� 4��
KKPPITVDSVCLKW�� 14933�� 3�� 1670.9295�� 0.2�� 0.86�� 1��
KKPPITVDSVCLKW�� 32730�� 3�� 1670.92895�� 0.5�� 0.86�� 12��
KKPPITVDSVCLKWA�� 13937�� 3�� 1741.96477�� 1.2�� 0.93�� 30��
KKPPITVDSVCLKWA�� 13409�� 3�� 1741.96789� � � r0.6�� 0.85�� 35��
KLESTVGSPEKPL�� 8678�� 2�� 1384.76687�� 1�� 0.96�� 88��
KLESTVGSPEKPL�� 8681�� 3�� 1384.76903� � � r0.6�� 0.92�� 76��
KLESTVGSPEKPL�� 33489�� 3�� 1384.76884� � � r0.4�� 0.84�� 59��
KLFLDH�� 9624�� 1�� 772.4345�� 0.9�� 0.92�� 102��
KLFLDHK@TL�� 13160�� 2�� 1156.67221�� 0.2�� 0.87�� 29��
KLFLDHK@TLY�� 14235�� 2�� 1319.73594� � � r0.1�� 0.92�� 19��
KPPITVDSVCL�� 14009�� 2�� 1228.66019�� 0.3�� 0.89�� 33��
KRKHDEINHVQKT�� 2977�� 2�� 1632.89243�� 0.3�� 0.92�� 63��
KRKHDEINHVQKT�� 2930�� 2�� 1632.89206�� 0.5�� 0.9�� 73��
KRKHDEINHVQKT�� 2862�� 3�� 1632.89095�� 1.2�� 0.84�� 32��
KRKHDEINHVQKTY�� 4360�� 2�� 1795.9536�� 1.4�� 0.97�� 51��
KRKHDEINHVQKTY�� 5027�� 3�� 1795.95511�� 0.6�� 0.97�� 53��
KRKHDEINHVQKTY�� 5330�� 3�� 1795.95291�� 1.8�� 0.94�� 33��
KRKHDEINHVQKTY�� 4335�� 4�� 1795.95723� � � r0.6�� 0.93�� 1��
KRKHDEINHVQKTY�� 5224�� 3�� 1795.95602�� 0.1�� 0.93�� 4��
KRKHDEINHVQKTY�� 5201�� 3�� 1795.95602�� 0.1�� 0.9�� 16��
KRKHDEINHVQKTY�� 5324�� 4�� 1795.95662� � � r0.2�� 0.86�� 5��
KRKHDEINHVQKTY�� 5038�� 4�� 1795.95564�� 0.3�� 0.85�� 2��
KSAQYKKPPITVDSV�� 8984�� 3�� 1660.92571�� 0.7�� 0.9�� 40��
KSYRFHLGQCQWRQPPGKE�� 10130�� 5�� 2402.19408� � � r0.3�� 0.84�� 0��
KTYAEMDPT�� 7963�� 2�� 1055.47145� � � r0.1�� 0.94�� 34��
KTYAEMDPTTAALEKEHE�� 10378�� 3�� 2063.95672�� 1.1�� 0.95�� 28��
KTYAEMDPTTAALEKEHE�� 10363�� 3�� 2063.95672�� 1.1�� 0.94�� 37��
KTYAEMDPTTAALEKEHE�� 10408�� 3�� 2063.95617�� 1.4�� 0.93�� 25��
KWAPPKHK�� 4957�� 2�� 991.58383� � � r0.2�� 0.9�� 41��
KWAPPKHKQ�� 4921�� 2�� 1119.64093�� 1.1�� 0.94�� 53��
KWAPPKHKQ�� 4968�� 2�� 1119.64154�� 0.6�� 0.88�� 31��
KWAPPKHKQV�� 6003�� 2�� 1218.71047�� 0.1�� 0.88�� 18��
KWAPPKHKQV�� 5194�� 2�� 1218.70974�� 0.7�� 0.85�� 80��
KWAPPKHKQV�� 5985�� 3�� 1218.71128� � � r0.6�� 0.84�� 32��
KWAPPKHKQVKL�� 7288�� 2�� 1459.88852�� 0.7�� 0.96�� 61��
KWAPPKHKQVKL�� 6781�� 2�� 1459.88962�� 0�� 0.94�� 37��
KWAPPKHKQVKL�� 7208�� 2�� 1459.88937�� 0.2�� 0.93�� 11��
KWAPPKHKQVKL�� 7805�� 2�� 1459.88962�� 0�� 0.92�� 36��
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KWAPPKHKQVKL�� 17139�� 3�� 1459.88957�� 0�� 0.89�� 33��
KWAPPKHKQVKL�� 32763�� 3�� 1459.89021� � � r0.4�� 0.88�� 32��
KWAPPKHKQVKL�� 11024�� 3�� 1459.8893�� 0.2�� 0.85�� 29��
KWAPPKHKQVKL�� 17172�� 3�� 1459.88975� � � r0.1�� 0.84�� 19��
KWAPPKHKQVKL�� 21651�� 3�� 1459.88994� � � r0.2�� 0.84�� 45��
KWAPPKHKQVKL�� 22454�� 3�� 1459.88847�� 0.8�� 0.84�� 24��
KWAPPKHKQVKLS�� 6158�� 2�� 1546.92155�� 0.1�� 0.88�� 24��
KWAPPKHKQVKLS�� 6941�� 3�� 1546.92104�� 0.4�� 0.88�� 2��
KWAPPKHKQVKLSK@K�� 6902�� 4�� 1845.12024�� 1�� 0.85�� 0��
KYEKSY�� 4837�� 2�� 817.4092� � � r0.2�� 0.94�� 31��
KYEKSY�� 4223�� 2�� 817.40889�� 0.2�� 0.93�� 42��
KYEKSYRFHLGQCQWRQPPGKEI�� 10708�� 4�� 2935.47484�� 1.2�� 0.88�� 0��
KYM*KYEKSY�� 5767�� 3�� 1255.60432� � � r1.3�� 0.84�� 37��
KYVDKI�� 6576�� 1�� 765.45025�� 0.4�� 0.89�� 54��
KYVDKI�� 6801�� 1�� 765.45092� � � r0.5�� 0.87�� 57��
KYVDKI�� 6729�� 1�� 765.4508� � � r0.4�� 0.87�� 66��
KYVDKI�� 7011�� 1�� 765.45049�� 0�� 0.86�� 45��
KYVDKIH�� 4992�� 2�� 902.50948� � � r0.1�� 0.95�� 46��
KYVDKIH�� 4982�� 2�� 902.51002� � � r0.7�� 0.92�� 49��
KYVDKIHIGNY�� 10580�� 2�� 1349.71997�� 0.9�� 0.92�� 29��
KYVDKIHIGNYEIDA�� 14387�� 2�� 1777.91111�� 0.5�� 0.87�� 25��
KYVDKIHIGNYEIDAW�� 16420�� 2�� 1963.98888�� 1.2�� 0.89�� 18��
KYVDKIHIGNYEIDAW�� 16585�� 2�� 1963.99084�� 0.2�� 0.88�� 61��
KYWK@GQH�� 6946�� 2�� 988.49929�� 0.6�� 0.86�� 34��
KYWKGQ�� 5637�� 2�� 809.43085� � � r0.5�� 0.96�� 44��
KYWKGQ�� 5663�� 1�� 809.43013�� 0.4�� 0.84�� 37��
KYWKGQHV�� 5795�� 2�� 1045.55763�� 0.1�� 0.88�� 6��
KYWKGQHVI�� 7986�� 2�� 1158.64145�� 0.3�� 0.94�� 40��
KYWKGQHVI�� 8087�� 1�� 1158.64165�� 0.2�� 0.92�� 83��
KYWKGQHVI�� 8032�� 1�� 1158.64287� � � r0.9�� 0.85�� 51��
KYWKGQHVI�� 8070�� 1�� 1158.64091�� 0.8�� 0.84�� 50��
KYWKGQHVIC#VTPKLVEEH�� 10564�� 3�� 2365.25132� � � r1.2�� 0.91�� 9��
KYWKGQHVIC#VTPKLVEEH�� 10567�� 4�� 2365.24393�� 2�� 0.88�� 20��
KYWKGQHVIC#VTPKLVEEH�� 10596�� 4�� 2365.2449�� 1.6�� 0.87�� 0��
KYWKGQHVIC#VTPKLVEEHLKSA�� 12403�� 5�� 2764.49631�� 0.2�� 0.89�� 0��
KYWKGQHVIC#VTPKLVEEHLKSA�� 12271�� 4�� 2764.49815� � � r0.5�� 0.85�� 2��
KYWKGQHVICV�� 9743�� 2�� 1417.74115� � � r0.2�� 0.96�� 112��
KYWKGQHVICVTPK�� 8268�� 4�� 1743.93644� � � r0.1�� 0.91�� 11��
KYWKGQHVICVTPK�� 8215�� 4�� 1743.93571�� 0.3�� 0.91�� 16��
KYWKGQHVICVTPK�� 8238�� 4�� 1743.93558�� 0.4�� 0.89�� 7��
KYWKGQHVICVTPKLVEEH�� 10510�� 3�� 2351.23239�� 0.2�� 0.97�� 72��
KYWKGQHVICVTPKLVEEH�� 10507�� 5�� 2351.23197�� 0.4�� 0.87�� 5��
KYWKGQHVICVTPKLVEEHL�� 12973�� 3�� 2464.31494�� 0.8�� 0.93�� 45��
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KYWKGQHVICVTPKLVEEHL�� 12955�� 5�� 2464.31434�� 1.1�� 0.9�� 1��
KYWKGQHVICVTPKLVEEHL�� 12978�� 5�� 2464.31342�� 1.4�� 0.87�� 23��
LCEYCLKY�� 12267�� 2�� 1148.51145�� 0�� 0.97�� 44��
LCEYCLKYM�� 13861�� 2�� 1279.55073�� 1�� 0.97�� 59��
LCEYCLKYM�� 14065�� 2�� 1279.55256� � � r0.5�� 0.9�� 21��
LCEYCLKYM*�� 11577�� 2�� 1295.54769� � � r0.6�� 0.9�� 29��
LCEYCLKYM*KY�� 11204�� 2�� 1586.70466�� 0.3�� 0.9�� 74��
LCEYCLKYM*KYEKSY�� 11811�� 4�� 2093.93585�� 1.1�� 0.86�� 2��
LDHK@TLYFDVEPF�� 18472�� 2�� 1665.81409�� 1.1�� 0.93�� 79��
LDHK@TLYFDVEPF�� 19302�� 2�� 1665.81653� � � r0.4�� 0.84�� 8��
LDHK@TLYFDVEPFVF�� 21133�� 2�� 1911.95259�� 0.1�� 0.89�� 15��
LDHK@TLYFDVEPFVF�� 21028�� 2�� 1911.9532� � � r0.3�� 0.86�� 11��
LDHK@TLYFDVEPFVFY�� 21273�� 2�� 2075.01583�� 0.1�� 0.92�� 39��
LDHK@TLYFDVEPFVFY�� 21259�� 2�� 2075.01583�� 0.1�� 0.91�� 46��
LDHK@TLYFDVEPFVFY�� 21095�� 2�� 2075.01925� � � r1.5�� 0.9�� 19��
LDHK@TLYFDVEPFVFY�� 22196�� 2�� 2075.01632� � � r0.1�� 0.86�� 55��
LDHK@TLYFDVEPFVFY�� 21423�� 2�� 2075.01339�� 1.3�� 0.85�� 16��
LEKEHEAIT�� 5421�� 2�� 1069.55117�� 1.2�� 0.85�� 48��
LEKEHEAITK@V�� 8621�� 2�� 1338.72619�� 0.1�� 0.9�� 27��
LEKEHEAITKV�� 6345�� 2�� 1296.71492�� 0.7�� 0.9�� 18��
LEKEHEAITKV�� 6321�� 3�� 1296.71455�� 1�� 0.88�� 10��
LEKEHEAITKV�� 7079�� 3�� 1296.71619� � � r0.3�� 0.86�� 22��
LGQC#QWRQPPGKEI�� 10366�� 2�� 1710.87503� � � r0.3�� 0.91�� 24��
LGQC#QWRQPPGKEI�� 10448�� 2�� 1710.87503� � � r0.3�� 0.88�� 15��
LGQC#QWRQPPGKEIY�� 11218�� 3�� 1873.93613�� 0.9�� 0.9�� 13��
LGQC#QWRQPPGKEIY�� 11340�� 3�� 1873.93613�� 0.9�� 0.87�� 26��
LGQC#QWRQPPGKEIYRKS�� 8360�� 3�� 2245.16701� � � r0.5�� 0.93�� 22��
LGQC#QWRQPPGKEIYRKS�� 8467�� 3�� 2245.16353�� 1.1�� 0.88�� 17��
LGQCQW�� 11830�� 1�� 791.35017�� 0.4�� 0.86�� 29��
LGQCQWRQPPGKEI�� 10420�� 2�� 1696.85818�� 0.4�� 0.94�� 58��
LGQCQWRQPPGKEI�� 10210�� 2�� 1696.85806�� 0.4�� 0.93�� 60��
LGQCQWRQPPGKEI�� 10404�� 2�� 1696.85781�� 0.6�� 0.93�� 33��
LGQCQWRQPPGKEI�� 10127�� 3�� 1696.85835�� 0.3�� 0.91�� 73��
LGQCQWRQPPGKEI�� 10140�� 2�� 1696.85964� � � r0.5�� 0.91�� 32��
LGQCQWRQPPGKEI�� 10257�� 2�� 1696.85769�� 0.6�� 0.9�� 45��
LGQCQWRQPPGKEIY�� 11072�� 3�� 1859.92086�� 0.7�� 0.9�� 29��
LGQCQWRQPPGKEIY�� 11228�� 2�� 1859.92252� � � r0.2�� 0.86�� 31��
LIAFSY�� 15974�� 1�� 713.38636�� 0.7�� 0.89�� 64��
LIAFSYELSKLESTVGSPEKPL�� 19026�� 3�� 2408.29012�� 2.4�� 0.84�� 0��
LIAFSYELSKLESTVGSPEKPLSDLGKL�� 19316�� 3�� 3021.63862�� 0.3�� 0.94�� 40��
LIAFSYELSKLESTVGSPEKPLSDLGKL�� 19300�� 4�� 3021.63751�� 0.6�� 0.93�� 11��
LIAFSYELSKLESTVGSPEKPLSDLGKLSY�� 19250�� 4�� 3271.73536� � � r0.2�� 0.94�� 3��
LIAFSYELSKLESTVGSPEKPLSDLGKLSY�� 19297�� 4�� 3271.73438�� 0.1�� 0.93�� 9��
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LIAFSYELSKLESTVGSPEKPLSDLGKLSY�� 19378�� 4�� 3271.73634� � � r0.5�� 0.93�� 11��
LIAFSYELSKLESTVGSPEKPLSDLGKLSY�� 19261�� 3�� 3271.7369� � � r0.6�� 0.92�� 19��
LKSAQYKKPPITVDSV�� 9715�� 3�� 1774.01118� � � r0.2�� 0.84�� 27��
LSELAEQPERKIT�� 9328�� 2�� 1513.82215� � � r0.1�� 0.85�� 4��
LSELAEQPERKITR�� 8495�� 4�� 1669.92405� � � r0.5�� 0.87�� 0��
LSELAEQPERKITR�� 8534�� 3�� 1669.92333� � � r0.1�� 0.86�� 26��
LTEVDRQ�� 5349�� 2�� 860.44725�� 0�� 0.96�� 64��
LTEVDRQGA�� 5889�� 2�� 988.50619� � � r0.4�� 0.96�� 80��
LTEVDRQGAH�� 15590�� 2�� 1125.56453�� 0.2�� 0.94�� 93��
LTEVDRQGAHIV�� 8845�� 2�� 1337.7163�� 0.7�� 0.93�� 66��
LTLPPYQRRGYGKFLIAFSYELSKLESTV�� 21647�� 4�� 3376.82724�� 0.9�� 0.88�� 1��
LYFDVEPF�� 20262�� 2�� 1029.49255�� 0.2�� 0.9�� 28��
MDPTTAALE�� 10940�� 2�� 948.43389�� 0.4�� 0.96�� 62��
MDPTTAALEKE�� 10108�� 2�� 1205.57203� � � r0.2�� 0.96�� 61��
MDPTTAALEKE�� 10645�� 2�� 1205.5713�� 0.4�� 0.94�� 25��
MDPTTAALEKE�� 10566�� 2�� 1205.57118�� 0.5�� 0.94�� 49��
MDPTTAALEKE�� 10851�� 2�� 1205.5713�� 0.4�� 0.93�� 36��
MDPTTAALEKE�� 19075�� 2�� 1205.57276� � � r0.8�� 0.9�� 18��
MDPTTAALEKE�� 16135�� 2�� 1205.57423� � � r2�� 0.85�� 15��
MDPTTAALEKEHE�� 9301�� 2�� 1471.67136�� 1.3�� 0.94�� 38��
MDPTTAALEKEHE�� 9752�� 2�� 1471.67258�� 0.5�� 0.92�� 42��
MKYEKSY�� 6662�� 2�� 948.44952�� 0�� 0.84�� 24��
NDIISTL�� 15409�� 1�� 775.41869�� 1.2�� 0.87�� 37��
NDIISTL�� 15472�� 1�� 775.41985� � � r0.3�� 0.84�� 29��
NDIISTLQSLNM*V�� 19235�� 2�� 1463.74252� � � r1�� 0.9�� 28��
NDIISTLQSLNM*VKYW�� 20794�� 2�� 1940.97739�� 0.6�� 0.96�� 97��
NDIISTLQSLNM*VKYWKGQH�� 17410�� 3�� 2391.21022�� 1�� 0.88�� 16��
NDIISTLQSLNMV�� 21084�� 2�� 1447.74507�� 0.7�� 0.96�� 83��
NDIISTLQSLNMV�� 21173�� 2�� 1447.74495�� 0.8�� 0.94�� 31��
NDIISTLQSLNMVKYW�� 22281�� 2�� 1924.98373�� 0�� 0.96�� 66��
NDIISTLQSLNMVKYW�� 22298�� 2�� 1924.98653� � � r1.5�� 0.93�� 52��
NDIISTLQSLNMVKYWKGQH�� 18777�� 3�� 2375.21703�� 0.3�� 0.89�� 22��
NISVYE�� 10906�� 1�� 724.35078�� 0.6�� 0.88�� 65��
NISVYE�� 10857�� 1�� 724.35066�� 0.7�� 0.87�� 72��
NISVYE�� 10875�� 1�� 724.35145� � � r0.4�� 0.84�� 61��
NISVYEVDGKDH�� 9647�� 2�� 1375.6476�� 0.9�� 0.93�� 56��
NISVYEVDGKDHKI�� 10466�� 2�� 1616.82846� � � r0.4�� 0.92�� 86��
NISVYEVDGKDHKI�� 10441�� 2�� 1616.82601�� 1.1�� 0.89�� 81��
NISVYEVDGKDHKIY�� 11338�� 2�� 1779.88987�� 0.7�� 0.95�� 102��
NISVYEVDGKDHKIYCQ�� 10647�� 2�� 2067.97724�� 1.5�� 0.97�� 71��
NISVYEVDGKDHKIYCQ�� 10675�� 2�� 2067.97846�� 0.9�� 0.93�� 42��
NISVYEVDGKDHKIYCQNLCLLAKL�� 16294�� 3�� 2993.5233� � � r0.3�� 0.92�� 4��
NISVYEVDGKDHKIYCQNLCLLAKL�� 16326�� 3�� 2993.52129�� 0.3�� 0.91�� 31��
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NLCLLAKL�� 17046�� 2�� 944.55981� � � r0.1�� 0.91�� 30��
NLCLLAKL�� 17237�� 2�� 944.5595�� 0.3�� 0.84�� 44��
NLCLLAKLF�� 20906�� 2�� 1091.62858� � � r0.4�� 0.94�� 31��
NLCLLAKLF�� 20742�� 2�� 1091.62822� � � r0.1�� 0.87�� 67��
NM*VKYWKGQH�� 6235�� 2�� 1306.63632� � � r0.2�� 0.93�� 65��
NM*VKYWKGQH�� 8028�� 2�� 1306.6373� � � r0.9�� 0.84�� 25��
NM*VKYWKGQHVI�� 11396�� 3�� 1518.78878� � � r0.1�� 0.88�� 21��
NM*VKYWKGQHVIC#VTPKLVEEH�� 11339�� 5�� 2725.39044�� 1.8�� 0.86�� 0��
NM*VKYWKGQHVICVTPKLVEEH�� 11277�� 5�� 2711.38041� � � r0.3�� 0.85�� 0��
NM*VKYWKGQHVICVTPKLVEEHLKSA�� 12740�� 5�� 3110.62359�� 1.3�� 0.87�� 8��
NMVKYW�� 13563�� 2�� 840.40714�� 0.2�� 0.92�� 29��
NMVKYW�� 13225�� 2�� 840.40812� � � r1�� 0.91�� 35��
NMVKYW�� 13357�� 1�� 840.40673�� 0.6�� 0.87�� 77��
NMVKYW�� 13577�� 2�� 840.40665�� 0.7�� 0.85�� 22��
NMVKYW�� 13411�� 2�� 840.40769� � � r0.5�� 0.84�� 10��
NMVKYWKGQ�� 9217�� 2�� 1153.58103�� 1.1�� 0.96�� 35��
NMVKYWKGQ�� 9235�� 2�� 1153.58164�� 0.6�� 0.94�� 39��
NMVKYWKGQ�� 9515�� 2�� 1153.58127�� 0.9�� 0.93�� 16��
NMVKYWKGQ�� 9544�� 2�� 1153.58298� � � r0.6�� 0.91�� 45��
NMVKYWKGQH�� 7996�� 3�� 1290.64149� � � r0.2�� 0.87�� 19��
NMVKYWKGQHVI�� 11360�� 2�� 1502.79419� � � r0.3�� 0.93�� 46��
NMVKYWKGQHVIC#VTPKLVEEH�� 12367�� 4�� 2709.4002�� 0.1�� 0.92�� 6��
NMVKYWKGQHVICV�� 12565�� 2�� 1761.88972�� 1.7�� 0.96�� 30��
NMVKYWKGQHVICV�� 12573�� 2�� 1761.89119�� 0.9�� 0.95�� 26��
NMVKYWKGQHVICVTPKLVEEH�� 12310�� 3�� 2695.3858� � � r0.4�� 0.96�� 41��
NMVKYWKGQHVICVTPKLVEEH�� 12394�� 3�� 2695.38507� � � r0.1�� 0.95�� 7��
NMVKYWKGQHVICVTPKLVEEH�� 12477�� 5�� 2695.384�� 0.3�� 0.91�� 0��
NMVKYWKGQHVICVTPKLVEEH�� 12276�� 4�� 2695.38554� � � r0.3�� 0.9�� 3��
NMVKYWKGQHVICVTPKLVEEHLKSA�� 13595�� 5�� 3094.63297�� 0�� 0.87�� 0��
NMVKYWKGQHVICVTPKLVEEHLKSA�� 13547�� 5�� 3094.62961�� 1.1�� 0.86�� 3��
NQKRKHDEINHVQ�� 3311�� 4�� 1645.85103�� 0.4�� 0.89�� 2��
NQKRKHDEINHVQKT�� 3080�� 3�� 1874.99301�� 0.7�� 0.9�� 25��
NQKRKHDEINHVQKTY�� 5106�� 3�� 2038.05515�� 1.3�� 0.9�� 6��
NQKRKHDEINHVQKTY�� 5169�� 3�� 2038.05552�� 1.1�� 0.9�� 46��
NQKRKHDEINHVQKTY�� 5341�� 4�� 2038.05752�� 0.1�� 0.88�� 0��
NYEIDAW�� 16070�� 1�� 910.39408�� 0�� 0.86�� 26��
PEDYGKQPKLW�� 12030�� 3�� 1360.68917�� 0.3�� 0.93�� 11��
PEDYGKQPKLWL�� 14842�� 2�� 1473.7739� � � r0.2�� 0.94�� 24��
PEDYGKQPKLWL�� 14849�� 3�� 1473.77383� � � r0.1�� 0.91�� 19��
PEDYGKQPKLWL�� 15092�� 3�� 1473.77365�� 0�� 0.85�� 7��
PERKITRNQKRKHDEINHVQKT�� 3550�� 5�� 2755.51803�� 0.2�� 0.86�� 0��
PKLVEEH�� 8309�� 2�� 851.4614�� 0.9�� 0.96�� 61��
PKLVEEH�� 10536�� 2�� 851.46274� � � r0.7�� 0.93�� 44��
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PKLVEEH�� 10575�� 2�� 851.46244� � � r0.4�� 0.92�� 26��
PKLVEEH�� 7089�� 2�� 851.46244� � � r0.4�� 0.89�� 37��
PKLVEEH�� 6227�� 2�� 851.46219� � � r0.1�� 0.84�� 10��
PTTAALEKE�� 7808�� 2�� 959.50513� � � r0.8�� 0.94�� 46��
PTTAALEKE�� 10204�� 1�� 959.5035�� 0.9�� 0.88�� 52��
PTTAALEKEHE�� 6994�� 2�� 1225.60574�� 0.1�� 0.95�� 121��
PTTAALEKEHE�� 6952�� 3�� 1225.60649� � � r0.5�� 0.93�� 29��
PTTAALEKEHE�� 9369�� 2�� 1225.60489�� 0.8�� 0.92�� 40��
PTTAALEKEHEAITKVKY�� 10324�� 4�� 2029.09706� � � r0.3�� 0.93�� 0��
QHVICVTPKLVEEH�� 10653�� 2�� 1688.87747�� 0.8�� 0.96�� 29��
QHVICVTPKLVEEH�� 10657�� 4�� 1688.87646�� 1.4�� 0.95�� 20��
QHVICVTPKLVEEH�� 10639�� 2�� 1688.87856�� 0.2�� 0.95�� 92��
QHVICVTPKLVEEH�� 10562�� 4�� 1688.87976� � � r0.5�� 0.94�� 3��
QHVICVTPKLVEEH�� 10658�� 2�� 1688.87783�� 0.6�� 0.92�� 34��
QHVICVTPKLVEEH�� 10678�� 2�� 1688.87673�� 1.3�� 0.91�� 67��
QKRKHDEINHVQKT�� 3141�� 3�� 1760.95044�� 0.6�� 0.88�� 17��
QKRKHDEINHVQKT�� 3002�� 3�� 1760.94952�� 1.1�� 0.87�� 80��
QKRKHDEINHVQKTY�� 5553�� 3�� 1924.01771� � � r1.5�� 0.89�� 4��
QKRKHDEINHVQKTY�� 5041�� 3�� 1924.01331�� 0.8�� 0.89�� 30��
QMTSITQNDIISTLQ�� 16110�� 2�� 1692.84768� � � r0.2�� 0.97�� 56��
QNDIISTLQ�� 13510�� 2�� 1031.5371� � � r0.3�� 0.91�� 47��
QNDIISTLQ�� 13489�� 2�� 1031.53661�� 0.2�� 0.88�� 30��
QNDIISTLQSL�� 19638�� 2�� 1231.65189�� 0.8�� 0.96�� 93��
QNDIISTLQSL�� 19808�� 2�� 1231.65286�� 0�� 0.94�� 35��
QNDIISTLQSL�� 19834�� 2�� 1231.65201�� 0.7�� 0.92�� 78��
QNDIISTLQSLNM*VKYW�� 20851�� 2�� 2069.03755� � � r0.2�� 0.94�� 37��
QNDIISTLQSLNM*VKYW�� 20901�� 2�� 2069.03779� � � r0.3�� 0.89�� 31��
QNDIISTLQSLNM*VKYWKGQ�� 18328�� 3�� 2382.21442� � � r0.9�� 0.88�� 18��
QNDIISTLQSLNMV�� 21127�� 2�� 1575.80474�� 0�� 0.96�� 46��
QNDIISTLQSLNMVKYWKGQ�� 19890�� 3�� 2366.22124� � � r1.7�� 0.88�� 18��
QNDIISTLQSLNMVKYWKGQ�� 19728�� 3�� 2366.21246�� 2�� 0.87�� 26��
QNDIISTLQSLNMVKYWKGQH�� 18811�� 4�� 2503.27675� � � r0.2�� 0.85�� 0��
QSLNM*VKY�� 11380�� 2�� 998.49857� � � r1�� 0.84�� 6��
QSLNM*VKYWKGQ�� 9815�� 3�� 1497.75188�� 0�� 0.89�� 14��
QSLNM*VKYWKGQ�� 9871�� 3�� 1497.75059�� 0.8�� 0.88�� 24��
QSLNM*VKYWKGQ�� 10070�� 3�� 1497.75096�� 0.6�� 0.86�� 17��
QSLNM*VKYWKGQ�� 10017�� 3�� 1497.75252� � � r0.4�� 0.84�� 15��
QSLNMVKY�� 11319�� 2�� 982.50295� � � r0.3�� 0.94�� 45��
QSLNMVKYW�� 15421�� 2�� 1168.58323� � � r1.1�� 0.95�� 35��
QSLNMVKYW�� 15844�� 2�� 1168.58226� � � r0.3�� 0.94�� 39��
QSLNMVKYW�� 15911�� 2�� 1168.58128�� 0.6�� 0.94�� 50��
QSLNMVKYW�� 15675�� 2�� 1168.58201� � � r0.1�� 0.91�� 19��
QSLNMVKYWKGQ�� 12631�� 3�� 1481.75696�� 0�� 0.92�� 21��
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QYKKPPITVDSV�� 11680�� 2�� 1374.76198�� 0.6�� 0.89�� 17��
QYKKPPITVDSV�� 11449�� 2�� 1374.76186�� 0.6�� 0.85�� 9��
QYKKPPITVDSV�� 14430�� 2�� 1374.76381� � � r0.8�� 0.85�� 18��
QYKKPPITVDSV�� 11150�� 2�� 1374.76186�� 0.6�� 0.84�� 16��
QYKKPPITVDSVC�� 9535�� 2�� 1534.79312�� 0.2�� 0.86�� 13��
QYKKPPITVDSVC#L�� 13274�� 2�� 1661.89124�� 1.2�� 0.89�� 13��
QYKKPPITVDSVCL�� 13168�� 2�� 1647.8767�� 0.5�� 0.87�� 54��
QYKKPPITVDSVCLKWAPPKHKQV�� 11349�� 4�� 2847.57219� � � r0.7�� 0.93�� 4��
QYKKPPITVDSVCLKWAPPKHKQV�� 11084�� 4�� 2847.56804�� 0.8�� 0.91�� 0��
QYKKPPITVDSVCLKWAPPKHKQV�� 11419�� 5�� 2847.56949�� 0.2�� 0.88�� 0��
QYKKPPITVDSVCLKWAPPKHKQV�� 11217�� 5�� 2847.56918�� 0.4�� 0.87�� 1��
RFHLGQC#QWRQPPGKEIY�� 11616�� 4�� 2314.16284�� 1.5�� 0.9�� 0��
RFHLGQCQW�� 12457�� 2�� 1231.5784�� 0.4�� 0.92�� 47��
RFHLGQCQW�� 12994�� 2�� 1231.57925� � � r0.3�� 0.87�� 30��
RFHLGQCQW�� 12970�� 2�� 1231.57913� � � r0.2�� 0.87�� 0��
RFHLGQCQW�� 12441�� 2�� 1231.57755�� 1.1�� 0.85�� 15��
RFHLGQCQWRQPPGKEIY�� 11475�� 4�� 2300.14817�� 1�� 0.93�� 0��
RKHDEINHVQKT�� 3419�� 3�� 1504.79768�� 0.1�� 0.96�� 23��
RKHDEINHVQKTY�� 5573�� 3�� 1667.8612�� 0�� 0.92�� 36��
RKSNISVY�� 8045�� 2�� 966.53705� � � r0.4�� 0.89�� 24��
RKSNISVYEVDGKDHKIY�� 9538�� 3�� 2151.11939�� 0�� 0.91�� 28��
RNQKRKHDEINHVQKTY�� 894�� 5�� 2194.16032� � � r0.7�� 0.94�� 5��
RNQKRKHDEINHVQKTY�� 4732�� 3�� 2194.15909� � � r0.1�� 0.93�� 20��
RNQKRKHDEINHVQKTY�� 4730�� 4�� 2194.15957� � � r0.3�� 0.93�� 5��
RNQKRKHDEINHVQKTY�� 4741�� 5�� 2194.162� � � r1.5�� 0.86�� 10��
RQPPGKEIY�� 7203�� 2�� 1087.5894�� 0.1�� 0.95�� 42��
RQPPGKEIY�� 7711�� 2�� 1087.5894�� 0.1�� 0.9�� 19��
RQPPGKEIYRKS�� 4540�� 3�� 1458.81685�� 0.5�� 0.98�� 54��
RQPPGKEIYRKSNISVYEVDGKDHKIY�� 9932�� 5�� 3219.69197� � � r0.3�� 0.9�� 0��
RQPPGKEIYRKSNISVYEVDGKDHKIY�� 9853�� 5�� 3219.69228� � � r0.4�� 0.86�� 0��
RQPPGKEIYRKSNISVYEVDGKDHKIY�� 9969�� 6�� 3219.69�� 0.3�� 0.85�� 0��
SAQYKKPPITVDSV�� 10487�� 2�� 1532.83035�� 1�� 0.94�� 84��
SAQYKKPPITVDSV�� 10393�� 2�� 1532.83011�� 1.2�� 0.87�� 37��
SDLGKLS�� 7634�� 1�� 719.39296�� 0.6�� 0.84�� 66��
SDLGKLSY�� 11332�� 2�� 882.45746� � � r0.8�� 0.95�� 71��
SDLGKLSY�� 11198�� 2�� 882.45734� � � r0.7�� 0.93�� 100��
SDLGKLSY�� 11249�� 2�� 882.45728� � � r0.6�� 0.89�� 55��
SDLGKLSYRS�� 8664�� 2�� 1125.59077� � � r0.8�� 0.85�� 8��
SDLGKLSYRSY�� 10726�� 3�� 1288.65205�� 0.9�� 0.84�� 32��
SDLGKLSYRSYW�� 14433�� 3�� 1474.73284� � � r0.2�� 0.84�� 34��
SDLGKLSYRSYWSWVLL�� 21566�� 2�� 2073.07515�� 2.5�� 0.88�� 33��
SDLGKLSYRSYWSWVLL�� 21470�� 2�� 2073.07882�� 0.8�� 0.84�� 28��
SELAEQPER�� 6150�� 2�� 1058.51162� � � r0.3�� 0.92�� 42��
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SELAEQPERKIT�� 7329�� 2�� 1400.74101� � � r2.2�� 0.9�� 11��
SGHIDDDDKHM*KYL�� 6841�� 2�� 1689.75332�� 0.2�� 0.96�� 102��
SGHIDDDDKHM*KYL�� 6820�� 2�� 1689.75479� � � r0.6�� 0.96�� 73��
SGHIDDDDKHM*KYL�� 6837�� 3�� 1689.75349�� 0.1�� 0.88�� 57��
SGHIDDDDKHM*KYL�� 6838�� 4�� 1689.75464� � � r0.6�� 0.84�� 14��
SGHIDDDDKHM*KYLSE�� 7516�� 4�� 1905.82768�� 0.3�� 0.86�� 21��
SGHIDDDDKHMKYL�� 8571�� 2�� 1673.75856�� 0.1�� 0.95�� 80��
SGHIDDDDKHMKYLSE�� 8923�� 4�� 1889.83328�� 0.1�� 0.87�� 40��
SIKDLSQM*TSITQNDIISTLQSLNM*VKYW�� 20543�� 3�� 3389.69573�� 0.3�� 0.97�� 28��
SIKDLSQM*TSITQNDIISTLQSLNM*VKYW�� 20554�� 3�� 3389.69426�� 0.7�� 0.96�� 52��
SIKDLSQM*TSITQNDIISTLQSLNMVKY�� 19913�� 3�� 3187.62331� � � r0.3�� 0.88�� 7��
SIKDLSQMTSITQNDIISTL�� 18243�� 2�� 2208.14215�� 0.3�� 0.84�� 45��
SIKDLSQMTSITQNDIISTLQ�� 17812�� 2�� 2336.20011�� 0.5�� 0.93�� 43��
SIKDLSQMTSITQNDIISTLQSLNM*VKY�� 21004�� 3�� 3187.62112�� 0.4�� 0.94�� 32��
SIKDLSQMTSITQNDIISTLQSLNM*VKY�� 21061�� 4�� 3187.62348� � � r0.3�� 0.91�� 8��
SIKDLSQMTSITQNDIISTLQSLNM*VKYW�� 22190�� 4�� 3373.70199� � � r0.1�� 0.89�� 0��
SIKDLSQMTSITQNDIISTLQSLNM*VKYW�� 22118�� 4�� 3373.70004�� 0.5�� 0.88�� 0��
SIKDLSQMTSITQNDIISTLQSLNMVKY�� 21779�� 3�� 3171.62537�� 0.7�� 0.97�� 54��
SIKDLSQMTSITQNDIISTLQSLNMVKY�� 21605�� 3�� 3171.63233� � � r1.5�� 0.96�� 61��
SIKDLSQMTSITQNDIISTLQSLNMVKY�� 21837�� 3�� 3171.6283� � � r0.2�� 0.92�� 36��
SIKDLSQMTSITQNDIISTLQSLNMVKY�� 21671�� 4�� 3171.62322�� 1.4�� 0.85�� 0��
SIKDLSQMTSITQNDIISTLQSLNMVKYW�� 22963�� 4�� 3357.70564�� 0.4�� 0.85�� 7��
SITQNDIISTL�� 16384�� 2�� 1204.64173�� 0.2�� 0.84�� 99��
SITQNDIISTLQ�� 15156�� 2�� 1332.70055�� 0�� 0.96�� 89��
SITQNDIISTLQ�� 15556�� 2�� 1332.69982�� 0.5�� 0.94�� 66��
SITQNDIISTLQ�� 15726�� 2�� 1332.70055�� 0�� 0.89�� 58��
SITQNDIISTLQ�� 15736�� 2�� 1332.70079� � � r0.2�� 0.87�� 57��
SITQNDIISTLQ�� 15586�� 2�� 1332.70006�� 0.4�� 0.86�� 45��
SITQNDIISTLQ�� 15602�� 2�� 1332.70031�� 0.2�� 0.85�� 38��
SITQNDIISTLQSL�� 20865�� 2�� 1532.81704� � � r0.3�� 0.91�� 110��
SITQNDIISTLQSL�� 20961�� 2�� 1532.81668�� 0�� 0.89�� 36��
SITQNDIISTLQSLNM*V�� 22004�� 2�� 1892.96259�� 0.4�� 0.95�� 80��
SITQNDIISTLQSLNM*V�� 20349�� 2�� 1892.96198�� 0.7�� 0.92�� 59��
SITQNDIISTLQSLNM*V�� 20470�� 2�� 1892.96222�� 0.6�� 0.9�� 45��
SITQNDIISTLQSLNM*VKYW�� 21565�� 3�� 2370.19665�� 1.8�� 0.92�� 23��
SITQNDIISTLQSLNM*VKYW�� 21588�� 3�� 2370.20013�� 0.4�� 0.9�� 17��
SITQNDIISTLQSLNM*VKYW�� 20691�� 3�� 2370.20159� � � r0.3�� 0.84�� 15��
SITQNDIISTLQSLNM*VKYW�� 21651�� 3�� 2370.1983�� 1.1�� 0.84�� 14��
SITQNDIISTLQSLNM*VKYWKGQH�� 18434�� 3�� 2820.43705� � � r0.8�� 0.86�� 9��
SITQNDIISTLQSLNM*VKYWKGQHVI�� 19040�� 3�� 3032.58358�� 1.2�� 0.89�� 40��
SITQNDIISTLQSLNMVKY�� 20789�� 2�� 2168.12771� � � r0.4�� 0.93�� 84��
SITQNDIISTLQSLNMVKY�� 20821�� 2�� 2168.12527�� 0.7�� 0.91�� 42��
SITQNDIISTLQSLNMVKYW�� 21743�� 3�� 2354.2086� � � r1.1�� 0.9�� 8��
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SKEKESPDGNNVA�� 4300�� 2�� 1374.64882�� 0.5�� 0.93�� 41��
SKEKESPDGNNVA�� 4675�� 2�� 1374.64956�� 0�� 0.85�� 39��
SKEKESPDGNNVAC#IL�� 12039�� 2�� 1774.86324�� 0.4�� 0.93�� 79��
SKEKESPDGNNVAC#IL�� 11997�� 2�� 1774.86263�� 0.8�� 0.93�� 44��
SKEKESPDGNNVAC#IL�� 12063�� 2�� 1774.86398�� 0�� 0.92�� 51��
SKEKESPDGNNVAC#IL�� 12192�� 2�� 1774.86324�� 0.4�� 0.92�� 57��
SKEKESPDGNNVAC#IL�� 11981�� 2�� 1774.86105�� 1.7�� 0.88�� 4��
SKEKESPDGNNVAC#ILTLPPYQRRGY�� 13731�� 5�� 3006.50852�� 0.6�� 0.92�� 2��
SKEKESPDGNNVAC#ILTLPPYQRRGY�� 13695�� 4�� 3006.50567�� 1.5�� 0.92�� 0��
SKEKESPDGNNVAC#ILTLPPYQRRGY�� 13652�� 4�� 3006.51153� � � r0.4�� 0.91�� 1��
SKEKESPDGNNVACIL�� 11875�� 2�� 1760.84993� � � r0.9�� 0.96�� 77��
SKEKESPDGNNVACIL�� 12193�� 2�� 1760.84798�� 0.2�� 0.96�� 61��
SKEKESPDGNNVACIL�� 12108�� 2�� 1760.84846� � � r0.1�� 0.95�� 81��
SKEKESPDGNNVACIL�� 12040�� 2�� 1760.84834�� 0�� 0.92�� 54��
SKEKESPDGNNVACIL�� 11979�� 2�� 1760.84798�� 0.2�� 0.9�� 47��
SKEKESPDGNNVACILTLPPYQRRGY�� 13602�� 5�� 2992.49788� � � r1.1�� 0.95�� 0��
SKEKESPDGNNVACILTLPPYQRRGY�� 13662�� 5�� 2992.49056�� 1.3�� 0.92�� 0��
SKEKESPDGNNVACILTLPPYQRRGY�� 13577�� 4�� 2992.49197�� 0.9�� 0.86�� 0��
SKEKESPDGNNVACILTLPPYQRRGY�� 13779�� 4�� 2992.4932�� 0.4�� 0.85�� 0��
SKLESTVGSPEKPL�� 9314�� 2�� 1471.80137� � � r0.8�� 0.9�� 66��
SLNM*VKYWKGQ�� 9744�� 2�� 1369.69435� � � r0.8�� 0.94�� 46��
SLNM*VKYWKGQH�� 8516�� 3�� 1506.75152�� 0.4�� 0.85�� 26��
SLNMVKY�� 11428�� 2�� 854.44444� � � r0.5�� 0.94�� 41��
SLNMVKYW�� 15735�� 2�� 1040.52332�� 0�� 0.97�� 44��
SLNMVKYWKGQHVI�� 13911�� 2�� 1702.90775�� 1.2�� 0.9�� 17��
SLNMVKYWKGQHVICVTPKLVEEH�� 13953�� 4�� 2895.49898�� 0.6�� 0.84�� 4��
SPFPEDYGKQPKL�� 11787�� 3�� 1505.76338�� 0.1�� 0.85�� 7��
SPFPEDYGKQPKLW�� 14909�� 3�� 1691.84382� � � r0.6�� 0.91�� 21��
SPFPEDYGKQPKLW�� 14614�� 2�� 1691.84304� � � r0.2�� 0.89�� 26��
SPFPEDYGKQPKLW�� 14475�� 2�� 1691.84182�� 0.6�� 0.86�� 48��
SPFPEDYGKQPKLW�� 14569�� 2�� 1691.84182�� 0.6�� 0.86�� 44��
SPFPEDYGKQPKLW�� 14547�� 3�� 1691.84291� � � r0.1�� 0.86�� 25��
SPFPEDYGKQPKLWL�� 16581�� 2�� 1804.92651�� 0.2�� 0.95�� 20��
SPFPEDYGKQPKLWL�� 18958�� 2�� 1804.92736� � � r0.3�� 0.91�� 19��
SPFPEDYGKQPKLWL�� 17008�� 2�� 1804.92724� � � r0.2�� 0.85�� 0��
SPFPEDYGKQPKLWL�� 16647�� 3�� 1804.92472�� 1.2�� 0.85�� 17��
SPFPEDYGKQPKLWL�� 17306�� 3�� 1804.92729� � � r0.2�� 0.84�� 8��
SPFPEDYGKQPKLWLCEY�� 16430�� 3�� 2257.06155�� 0.8�� 0.92�� 20��
SPFPEDYGKQPKLWLCEY�� 16516�� 3�� 2257.06063�� 1.2�� 0.91�� 1��
SQM*TSITQNDIISTLQSL�� 20603�� 2�� 1995.98842�� 0.9�� 0.87�� 60��
SQMTSITQNDIISTLQ�� 16425�� 2�� 1779.87693�� 1.3�� 0.86�� 50��
SQMTSITQNDIISTLQSL�� 21439�� 2�� 1979.99719� � � r0.9�� 0.88�� 83��
SQMTSITQNDIISTLQSLNMVKYW�� 22159�� 3�� 2801.38363�� 0.4�� 0.9�� 13��
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SQMTSITQNDIISTLQSLNMVKYWKGQHVI�� 20673�� 4�� 3463.77042�� 0.2�� 0.84�� 0��
SSGHIDDDDKHM*KY�� 5433�� 3�� 1663.70067�� 0.6�� 0.9�� 13��
SSGHIDDDDKHM*KY�� 6868�� 3�� 1663.70067�� 0.6�� 0.89�� 24��
SSGHIDDDDKHM*KY�� 6850�� 3�� 1663.70544� � � r2.3�� 0.88�� 22��
SSGHIDDDDKHM*KYL�� 8584�� 2�� 1776.78488�� 0.5�� 0.97�� 59��
SSGHIDDDDKHM*KYL�� 7002�� 2�� 1776.78415�� 0.9�� 0.94�� 38��
SSGHIDDDDKHM*KYL�� 6861�� 2�� 1776.78684� � � r0.6�� 0.93�� 87��
SSGHIDDDDKHM*KYL�� 6897�� 2�� 1776.78598� � � r0.1�� 0.93�� 80��
SSGHIDDDDKHM*KYL�� 8628�� 2�� 1776.78488�� 0.5�� 0.91�� 73��
SSGHIDDDDKHM*KYL�� 8652�� 3�� 1776.7856�� 0.1�� 0.91�� 14��
SSGHIDDDDKHM*KYL�� 8616�� 3�� 1776.78451�� 0.7�� 0.84�� 23��
SSGHIDDDDKHMKY�� 6823�� 3�� 1647.70329�� 2.1�� 0.96�� 24��
SSGHIDDDDKHMKY�� 6107�� 3�� 1647.70677�� 0�� 0.96�� 49��
SSGHIDDDDKHMKYL�� 8558�� 2�� 1760.78999�� 0.5�� 0.98�� 117��
SSGHIDDDDKHMKYL�� 8945�� 2�� 1760.78779�� 1.7�� 0.96�� 44��
SSGHIDDDDKHMKYL�� 8733�� 2�� 1760.79231� � � r0.8�� 0.96�� 51��
SSGHIDDDDKHMKYL�� 8580�� 3�� 1760.79059�� 0.1�� 0.95�� 70��
SSGHIDDDDKHMKYL�� 8895�� 4�� 1760.79289� � � r1.2�� 0.95�� 4��
SSGHIDDDDKHMKYL�� 8837�� 4�� 1760.79155� � � r0.4�� 0.94�� 2��
SSGHIDDDDKHMKYL�� 8836�� 3�� 1760.79041�� 0.2�� 0.9�� 41��
SSGHIDDDDKHMKYL�� 8557�� 4�� 1760.79131� � � r0.3�� 0.84�� 0��
SSGHIDDDDKHMKYLSE�� 9072�� 4�� 1976.86533�� 0.1�� 0.94�� 5��
SSGHIDDDDKHMKYLSE�� 8928�� 4�� 1976.86496�� 0.2�� 0.92�� 6��
SSGHIDDDDKHMKYLSE�� 8931�� 3�� 1976.86547�� 0�� 0.91�� 27��
STVGSPEKPLSD�� 8264�� 2�� 1216.60622� � � r0.5�� 0.89�� 46��
SVYEVDGKDHKIY�� 9121�� 2�� 1552.76163�� 1.7�� 0.95�� 44��
SVYEVDGKDHKIY�� 8998�� 2�� 1552.76383�� 0.2�� 0.95�� 68��
SVYEVDGKDHKIY�� 9106�� 2�� 1552.76346�� 0.5�� 0.9�� 49��
SWVLLEILRDF�� 23893�� 2�� 1390.77298� � � r0.1�� 0.94�� 47��
SWVLLEILRDFRGTL�� 22752�� 2�� 1818.02796� � � r0.4�� 0.85�� 11��
SYELSKL�� 12406�� 2�� 839.45089�� 0�� 0.95�� 50��
SYELSKL�� 12031�� 2�� 839.45059�� 0.4�� 0.94�� 73��
SYELSKL�� 12199�� 2�� 839.45132� � � r0.5�� 0.93�� 73��
SYELSKL�� 12375�� 2�� 839.45144� � � r0.6�� 0.93�� 87��
SYELSKL�� 12431�� 2�� 839.45144� � � r0.6�� 0.92�� 37��
SYELSKL�� 12118�� 1�� 839.45042�� 0.6�� 0.92�� 56��
SYELSKL�� 12165�� 1�� 839.45048�� 0.5�� 0.91�� 73��
SYELSKL�� 12183�� 2�� 839.45114� � � r0.3�� 0.9�� 50��
SYELSKL�� 12071�� 1�� 839.4506�� 0.4�� 0.89�� 85��
SYELSKL�� 12052�� 1�� 839.45023�� 0.8�� 0.89�� 89��
SYELSKL�� 12479�� 2�� 839.45083�� 0.1�� 0.85�� 26��
SYELSKL�� 12200�� 1�� 839.45127� � � r0.4�� 0.85�� 68��
SYELSKLESTVGSPEKPL�� 13983�� 2�� 1964.02221�� 0�� 0.97�� 32��
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SYELSKLESTVGSPEKPL�� 14056�� 3�� 1964.02335� � � r0.6�� 0.92�� 40��
SYELSKLESTVGSPEKPL�� 13936�� 3�� 1964.02793� � � r2.9�� 0.84�� 11��
SYELSKLESTVGSPEKPLSDLGKL�� 15667�� 3�� 2577.36435�� 0.6�� 0.88�� 8��
SYELSKLESTVGSPEKPLSDLGKLSY�� 15865�� 3�� 2827.4597�� 0.5�� 0.95�� 36��
SYELSKLESTVGSPEKPLSDLGKLSY�� 15827�� 3�� 2827.45915�� 0.7�� 0.95�� 29��
SYELSKLESTVGSPEKPLSDLGKLSY�� 15726�� 3�� 2827.46172� � � r0.2�� 0.93�� 30��
SYELSKLESTVGSPEKPLSDLGKLSY�� 15908�� 3�� 2827.45934�� 0.6�� 0.92�� 13��
SYELSKLESTVGSPEKPLSDLGKLSY�� 15772�� 4�� 2827.45987�� 0.5�� 0.88�� 16��
SYELSKLESTVGSPEKPLSDLGKLSY�� 15790�� 4�� 2827.46085�� 0.1�� 0.85�� 40��
SYELSKLESTVGSPEKPLSDLGKLSYRSYW�� 16739�� 4�� 3419.73841� � � r0.4�� 0.97�� 11��
SYRSYW�� 12373�� 2�� 861.38835�� 0.7�� 0.88�� 37��
SYRSYW�� 12407�� 2�� 861.38915� � � r0.2�� 0.86�� 31��
SYRSYWSW�� 16921�� 2�� 1134.50105� � � r0.6�� 0.89�� 34��
SYRSYWSW�� 16890�� 2�� 1134.49983�� 0.4�� 0.85�� 29��
TAALEKEHE�� 10541�� 2�� 1027.50573� � � r0.3�� 0.92�� 28��
TAALEKEHE�� 10473�� 2�� 1027.50488�� 0.6�� 0.89�� 37��
TAALEKEHE�� 10569�� 2�� 1027.50524�� 0.2�� 0.88�� 24��
TAALEKEHE�� 10505�� 2�� 1027.50451�� 0.9�� 0.84�� 37��
TAALEKEHEAI�� 7594�� 2�� 1211.62588�� 0.6�� 0.88�� 22��
TAALEKEHEAI�� 7665�� 2�� 1211.62722� � � r0.5�� 0.86�� 54��
TAALEKEHEAITK@V�� 10382�� 2�� 1581.84674�� 1�� 0.91�� 36��
TAALEKEHEAITKV�� 8469�� 2�� 1539.83694�� 0.5�� 0.98�� 109��
TAALEKEHEAITKV�� 8598�� 2�� 1539.83682�� 0.6�� 0.95�� 64��
TAALEKEHEAITKV�� 8463�� 3�� 1539.8376�� 0.1�� 0.91�� 46��
TEVDRQGAHIV�� 10860�� 2�� 1224.63211�� 0.8�� 0.85�� 1��
TEVDRQGAHIV�� 7188�� 2�� 1224.63321� � � r0.1�� 0.85�� 17��
TEVDRQGAHIVGYF�� 15022�� 2�� 1591.78644� � � r0.1�� 0.85�� 8��
TKVKYVDKI�� 7280�� 2�� 1093.6613�� 0.2�� 0.96�� 55��
TPKLVEEH�� 6219�� 2�� 952.50958�� 0.2�� 0.96�� 55��
TPKLVEEH�� 6443�� 2�� 952.5097�� 0.1�� 0.95�� 52��
TPKLVEEH�� 6347�� 1�� 952.50941�� 0.4�� 0.94�� 70��
TPKLVEEH�� 6310�� 1�� 952.50928�� 0.6�� 0.9�� 92��
TPKLVEEH�� 6373�� 1�� 952.50947�� 0.4�� 0.88�� 91��
TPKLVEEH�� 7090�� 2�� 952.50897�� 0.9�� 0.84�� 20��
TPKLVEEHLKS�� 7939�� 2�� 1280.72004�� 0.7�� 0.87�� 26��
TRNQKRKHDEINH�� 724�� 4�� 1675.8745� � � r0.6�� 0.84�� 9��
TRNQKRKHDEINHVQKT�� 2835�� 4�� 2132.14145�� 0.8�� 0.94�� 15��
TSITQNDIISTL�� 16601�� 2�� 1305.68918�� 0.4�� 0.95�� 80��
TSITQNDIISTL�� 16179�� 2�� 1305.68942�� 0.2�� 0.93�� 85��
TSITQNDIISTLQ�� 15579�� 2�� 1433.74848� � � r0.2�� 0.95�� 63��
TSITQNDIISTLQ�� 15408�� 2�� 1433.74702�� 0.8�� 0.94�� 84��
TSITQNDIISTLQ�� 15124�� 2�� 1433.74714�� 0.7�� 0.92�� 28��
TSITQNDIISTLQ�� 15114�� 2�� 1433.74824�� 0�� 0.89�� 29��
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TSITQNDIISTLQSL�� 20001�� 2�� 1633.8657� � � r0.9�� 0.95�� 57��
TSITQNDIISTLQSL�� 20844�� 2�� 1633.86265�� 1�� 0.94�� 72��
TSITQNDIISTLQSLNM*VKYW�� 20637�� 3�� 2471.24769�� 0.4�� 0.93�� 39��
TSITQNDIISTLQSLNM*VKYW�� 20985�� 3�� 2471.25117� � � r1�� 0.9�� 17��
TSITQNDIISTLQSLNM*VKYWKGQ�� 19278�� 3�� 2784.42622� � � r0.9�� 0.91�� 50��
TSITQNDIISTLQSLNMV�� 22010�� 2�� 1978.01331�� 1.4�� 0.92�� 46��
TSITQNDIISTLQSLNMV�� 22082�� 2�� 1978.01392�� 1.1�� 0.87�� 40��
TSITQNDIISTLQSLNMVKYW�� 21707�� 3�� 2455.25525� � � r0.6�� 0.85�� 25��
TSITQNDIISTLQSLNMVKYWKGQH�� 19599�� 4�� 2905.48557�� 0.7�� 0.85�� 0��
TSITQNDIISTLQSLNMVKYWKGQHVI�� 20189�� 3�� 3117.64107� � � r0.3�� 0.92�� 17��
TSITQNDIISTLQSLNMVKYWKGQHVI�� 20272�� 3�� 3117.63705�� 1�� 0.88�� 61��
VDKIHIGNY�� 10815�� 2�� 1058.5635� � � r0.5�� 0.95�� 48��
VDKIHIGNY�� 10734�� 2�� 1058.56265�� 0.3�� 0.93�� 59��
VDKIHIGNYEIDAWYF�� 19132�� 2�� 1982.96559� � � r0.5�� 0.92�� 58��
VDKIHIGNYEIDAWYFSPFPEDY�� 20005�� 3�� 2818.3068� � � r1.2�� 0.85�� 24��
VFYILTEVDR�� 16983�� 2�� 1254.67315� � � r0.2�� 0.96�� 98��
VFYILTEVDRQ�� 17181�� 2�� 1382.73184� � � r0.3�� 0.98�� 110��
VFYILTEVDRQ�� 17459�� 2�� 1382.73221� � � r0.6�� 0.97�� 61��
VFYILTEVDRQ�� 17279�� 2�� 1382.73184� � � r0.3�� 0.97�� 57��
VFYILTEVDRQ�� 17553�� 2�� 1382.72818�� 2.4�� 0.96�� 59��
VFYILTEVDRQ�� 16759�� 3�� 1382.73161� � � r0.1�� 0.96�� 53��
VFYILTEVDRQ�� 16795�� 3�� 1382.7317� � � r0.2�� 0.96�� 78��
VFYILTEVDRQ�� 16823�� 3�� 1382.73125�� 0.1�� 0.95�� 51��
VFYILTEVDRQ�� 17636�� 2�� 1382.73099�� 0.3�� 0.94�� 48��
VFYILTEVDRQ�� 25867�� 2�� 1382.73038�� 0.8�� 0.93�� 16��
VFYILTEVDRQ�� 25417�� 2�� 1382.73111�� 0.2�� 0.93�� 56��
VFYILTEVDRQ�� 23199�� 2�� 1382.73074�� 0.5�� 0.86�� 24��
VFYILTEVDRQGA�� 17121�� 2�� 1510.78968�� 0.2�� 0.97�� 106��
VFYILTEVDRQGA�� 16809�� 2�� 1510.78931�� 0.5�� 0.97�� 54��
VFYILTEVDRQGA�� 17310�� 2�� 1510.79005�� 0�� 0.96�� 71��
VFYILTEVDRQGA�� 16999�� 3�� 1510.78991�� 0.1�� 0.95�� 50��
VFYILTEVDRQGA�� 16869�� 3�� 1510.79083� � � r0.5�� 0.95�� 47��
VFYILTEVDRQGA�� 17332�� 2�� 1510.78919�� 0.6�� 0.91�� 27��
VFYILTEVDRQGAH�� 15963�� 2�� 1647.84826�� 0.4�� 0.96�� 57��
VFYILTEVDRQGAH�� 16047�� 2�� 1647.84728�� 1�� 0.95�� 33��
VFYILTEVDRQGAH�� 16084�� 2�� 1647.84997� � � r0.6�� 0.94�� 42��
VFYILTEVDRQGAH�� 33482�� 2�� 1647.84765�� 0.8�� 0.92�� 55��
VFYILTEVDRQGAH�� 15482�� 2�� 1647.84863�� 0.2�� 0.92�� 64��
VFYILTEVDRQGAH�� 15141�� 3�� 1647.84794�� 0.6�� 0.85�� 29��
VFYILTEVDRQGAH�� 16009�� 2�� 1647.84851�� 0.3�� 0.84�� 22��
VFYILTEVDRQGAH�� 15094�� 3�� 1647.84739�� 0.9�� 0.84�� 24��
VFYILTEVDRQGAHIV�� 17535�� 2�� 1859.99979�� 0.9�� 0.97�� 69��
VFYILTEVDRQGAHIV�� 17314�� 2�� 1860.00028�� 0.6�� 0.91�� 26��
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VFYILTEVDRQGAHIV�� 17293�� 3�� 1860.00069�� 0.4�� 0.9�� 52��
VFYILTEVDRQGAHIV�� 16887�� 3�� 1860.00161� � � r0.1�� 0.86�� 47��
VFYILTEVDRQGAHIV�� 17874�� 3�� 1860.00087�� 0.3�� 0.85�� 25��
VFYILTEVDRQGAHIVGY�� 17934�� 2�� 2080.08516�� 0.5�� 0.92�� 32��
VFYILTEVDRQGAHIVGYF�� 19144�� 2�� 2227.15486� � � r0.1�� 0.95�� 46��
VFYILTEVDRQGAHIVGYF�� 19109�� 3�� 2227.15418�� 0.2�� 0.92�� 34��
VIC#VTPKLVEEH�� 11687�� 2�� 1437.77619�� 0.6�� 0.86�� 41��
VICVTPKLVEEH�� 11608�� 2�� 1423.76043�� 0.7�� 0.86�� 42��
VTPKLVEEH�� 7083�� 2�� 1051.57777�� 0.4�� 0.91�� 44��
VTPKLVEEHLKSA�� 9609�� 2�� 1450.82649� � � r0.1�� 0.87�� 40��
VYEVDGKDHKIY�� 8668�� 2�� 1465.73312� � � r0.7�� 0.94�� 43��
VYEVDGKDHKIY�� 8756�� 2�� 1465.73044�� 1.2�� 0.91�� 56��
WKGQHVI�� 8010�� 2�� 867.48413� � � r0.7�� 0.85�� 25��
WKGQHVIC#VTPKLVEEHLKSAQY�� 13496�� 3�� 2764.46313� � � r1�� 0.96�� 35��
WKGQHVIC#VTPKLVEEHLKSAQY�� 13459�� 5�� 2764.45969�� 0.2�� 0.92�� 0��
WKGQHVICVTPKLVEEHLKSAQY�� 13347�� 3�� 2750.44567� � � r0.4�� 0.97�� 42��
WKGQHVICVTPKLVEEHLKSAQY�� 13519�� 3�� 2750.44457�� 0�� 0.92�� 17��
WKGQHVICVTPKLVEEHLKSAQY�� 13887�� 4�� 2750.44516� � � r0.2�� 0.91�� 0��
WKGQHVICVTPKLVEEHLKSAQY�� 13982�� 4�� 2750.44687� � � r0.8�� 0.9�� 0��
WKGQHVICVTPKLVEEHLKSAQY�� 13495�� 3�� 2750.4431�� 0.6�� 0.86�� 20��
WRQPPGKEI�� 8001�� 2�� 1110.60529�� 0.1�� 0.93�� 50��
WRQPPGKEIYRKS�� 6514�� 3�� 1644.89719� � � r0.2�� 0.94�� 25��
WRQPPGKEIYRKS�� 6474�� 4�� 1644.89632�� 0.3�� 0.91�� 10��
YAEM*DPT�� 5895�� 2�� 842.32389� � � r0.3�� 0.85�� 51��
YAEM*DPTTAALEKEHEAITKV�� 13284�� 4�� 2363.14163�� 0.8�� 0.92�� 10��
YAEM*DPTTAALEKEHEAITKV�� 12544�� 3�� 2363.14232�� 0.5�� 0.92�� 12��
YAEM*DPTTAALEKEHEAITKV�� 12323�� 4�� 2363.14285�� 0.3�� 0.9�� 8��
YAEM*DPTTAALEKEHEAITKV�� 12348�� 3�� 2363.1425�� 0.4�� 0.88�� 52��
YAEM*DPTTAALEKEHEAITKV�� 13271�� 4�� 2363.13846�� 2.1�� 0.86�� 1��
YAEMDPT�� 8248�� 1�� 826.32858�� 0.2�� 0.86�� 51��
YAEMDPT�� 8835�� 1�� 826.32858�� 0.2�� 0.84�� 61��
YAEMDPTTAAL�� 13500�� 2�� 1182.53429�� 0.4�� 0.94�� 59��
YAEMDPTTAALEKEH�� 10447�� 2�� 1705.77433� � � r0.3�� 0.97�� 85��
YAEMDPTTAALEKEH�� 10407�� 2�� 1705.77189�� 1.1�� 0.96�� 70��
YAEMDPTTAALEKEHEAITKV�� 13467�� 4�� 2347.14797�� 0.3�� 0.91�� 4��
YAEMDPTTAALEKEHEAITKV�� 13228�� 3�� 2347.14878� � � r0.1�� 0.88�� 15��
YAEMDPTTAALEKEHEAITKV�� 13217�� 4�� 2347.14528�� 1.4�� 0.86�� 20��
YCLKYM*KYE�� 10034�� 2�� 1313.59006�� 0.3�� 0.93�� 27��
YCLKYMKYE�� 11440�� 2�� 1297.59566� � � r0.1�� 0.96�� 68��
YCQNLCLLAKL�� 17269�� 2�� 1395.71317� � � r0.6�� 0.96�� 37��
YCQNLCLLAKL�� 17286�� 2�� 1395.71232�� 0�� 0.94�� 30��
YCQNLCLLAKL�� 17241�� 2�� 1395.71146�� 0.6�� 0.93�� 22��
YCQNLCLLAKLF�� 20874�� 2�� 1542.78152� � � r0.5�� 0.88�� 13��
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YELSKLESTV�� 13297�� 2�� 1168.60984� � � r0.2�� 0.96�� 29��
YELSKLESTVGSPEKPL�� 13763�� 2�� 1876.99064� � � r0.2�� 0.98�� 69��
YELSKLESTVGSPEKPL�� 13535�� 2�� 1876.98857�� 0.9�� 0.98�� 87��
YELSKLESTVGSPEKPL�� 13808�� 2�� 1876.98845�� 1�� 0.97�� 54��
YELSKLESTVGSPEKPL�� 13777�� 2�� 1876.99199� � � r0.9�� 0.97�� 18��
YELSKLESTVGSPEKPL�� 13523�� 3�� 1876.98923�� 0.5�� 0.92�� 26��
YFDVEPFVFYI�� 24583�� 2�� 1438.69453� � � r1.1�� 0.84�� 49��
YFSPFPE�� 16332�� 1�� 886.39827� � � r0.1�� 0.87�� 39��
YFSPFPE�� 16318�� 1�� 886.39901� � � r1�� 0.84�� 38��
YFSPFPEDY�� 17560�� 2�� 1164.4879�� 0.4�� 0.94�� 60��
YFSPFPEDY�� 17073�� 2�� 1164.48802�� 0.3�� 0.92�� 28��
YFSPFPEDYGKQ�� 14804�� 2�� 1477.66306�� 0.2�� 0.86�� 30��
YFSPFPEDYGKQ�� 14913�� 2�� 1477.66367� � � r0.2�� 0.84�� 41��
YFSPFPEDYGKQPK�� 13450�� 2�� 1702.80973�� 0.8�� 0.91�� 15��
YFSPFPEDYGKQPKL�� 15116�� 2�� 1815.89136�� 2.1�� 0.93�� 51��
YFSPFPEDYGKQPKL�� 15298�� 2�� 1815.89478�� 0.2�� 0.84�� 21��
YFSPFPEDYGKQPKLW�� 17179�� 2�� 2001.97353�� 0.5�� 0.94�� 39��
YFSPFPEDYGKQPKLW�� 17227�� 2�� 2001.97597� � � r0.7�� 0.9�� 23��
YFSPFPEDYGKQPKLW�� 17534�� 2�� 2001.97317�� 0.7�� 0.89�� 60��
YFSPFPEDYGKQPKLWL�� 18846�� 2�� 2115.05883� � � r0.1�� 0.93�� 56��
YFSPFPEDYGKQPKLWL�� 19602�� 2�� 2115.05736�� 0.6�� 0.91�� 3��
YFSPFPEDYGKQPKLWL�� 19629�� 2�� 2115.05785�� 0.3�� 0.9�� 40��
YFSPFPEDYGKQPKLWL�� 19871�� 2�� 2115.05834�� 0.1�� 0.87�� 12��
YFSPFPEDYGKQPKLWL�� 18978�� 2�� 2115.05834�� 0.1�� 0.85�� 45��
YFSPFPEDYGKQPKLWL�� 19361�� 2�� 2115.05834�� 0.1�� 0.84�� 23��
YILTEVDRQ�� 11281�� 2�� 1136.59469� � � r0.1�� 0.94�� 48��
YILTEVDRQGA�� 11565�� 2�� 1264.65204�� 0.9�� 0.95�� 40��
YILTEVDRQGAHIV�� 13251�� 2�� 1613.86447�� 0.1�� 0.93�� 62��
YILTEVDRQGAHIV�� 13177�� 2�� 1613.86398�� 0.4�� 0.9�� 29��
YILTEVDRQGAHIV�� 13339�� 2�� 1613.86434�� 0.1�� 0.87�� 23��
YILTEVDRQGAHIVGYF�� 16396�� 2�� 1981.0204� � � r1.3�� 0.87�� 5��
YILTEVDRQGAHIVGYF�� 16429�� 2�� 1981.01747�� 0.2�� 0.85�� 41��
YKKPPITVDSV�� 9742�� 2�� 1246.70488� � � r0.6�� 0.97�� 94��
YKKPPITVDSV�� 10275�� 2�� 1246.70402�� 0.1�� 0.95�� 18��
YKKPPITVDSV�� 10342�� 2�� 1246.7039�� 0.2�� 0.94�� 45��
YKKPPITVDSV�� 10389�� 2�� 1246.70329�� 0.7�� 0.93�� 36��
YKKPPITVDSV�� 10419�� 2�� 1246.70463� � � r0.4�� 0.92�� 45��
YKKPPITVDSV�� 10468�� 2�� 1246.70451� � � r0.3�� 0.84�� 49��
YRFHLGQCQW�� 14009�� 2�� 1394.64213�� 0.1�� 0.87�� 14��
YRFHLGQCQWRQPPGKEI�� 11767�� 4�� 2300.14891�� 0.7�� 0.9�� 0��
YRFHLGQCQWRQPPGKEI�� 33763�� 4�� 2300.14964�� 0.4�� 0.89�� 0��
YRFHLGQCQWRQPPGKEI�� 12360�� 4�� 2300.15037�� 0.1�� 0.87�� 5��
YRFHLGQCQWRQPPGKEIY�� 12295�� 4�� 2463.213�� 0.4�� 0.86�� 0��
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YRFHLGQCQWRQPPGKEIYRKS�� 10251�� 4�� 2834.44156�� 0.1�� 0.94�� 38��
YRFHLGQCQWRQPPGKEIYRKS�� 10241�� 6�� 2834.44038�� 0.6�� 0.89�� 1��

��
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Appendix��F.��Accurate��mass��of��Ac�rCoA��analog��precursor,��3�razidopropionic��acid.��

��

Elemental��Composition��Report��

Single��Mass��Analysis��

Tolerance��=��5.0��PPM������/ ������DBE:��min��=���r1.5,��max��=��50.0��

Element��prediction:��Off����

Number��of��isotope��peaks��used��for��i�rFIT��=��3��

Monoisotopic��Mass,��Odd��and��Even��Electron��Ions��

27��formula(e)��evaluated��with��1��results��within��limits��(up��to��100��closest��results��for��each��mass)��

Elements��Used:��

C:��1�r150��������H:��1�r150��������N:��1�r6��������O:��1�r60����������

Minimum:�������� �������������������������������� �������������������� �������������������� �r1.5��

Maximum:�������� ��������������������������������5.0�������������� 5.0�������������� 50.0��

Mass���������������� Calc.��Mass������������mDa�������������� PPM�������������� DBE�������������� i�rFIT��������������Formula��

114.0303�������� 114.0304���������������� �r0.1������������ �r0.9������������ 3.5�������������� 3.0������������������C3����H4����N3����O2��

� � � �

MeOH 10:29:56  28-Feb-2013

m/z
106 108 110 112 114 116 118 120 122 124

%

0

100

CHAO_3AZ ACID_ZHENG-ACCU_02-28-2013_ESI-NEG03 22 (0.436) AM (Cen,2, 80.00, Ar,5000.0,554.26,0.70); Sm (SG, 3x
1.49e4114.0303
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Appendix��G.��HPLC��profile��of��purification��of��Ac�rCoA��analogs.��

4�rpentynoyl��CoA��(4PY�rCoA)��
��

��
��
5�rhexynoyl��CoA��(5HY�rCoA)��
��

��
��
6�rheptynoyl��CoA��(6HY�rCoA)��
��

��
��
3�razidopropanoyl��CoA��(3AZ�rCoA)��
��

��
��
4�razidobutanoyl��CoA��(4AZ�rCoA)��

��
� � � �

605550454035302520151050

4,000

3,000

2,000

1,000

0

605550454035302520151050

3,000

2,000

1,000

0

605550454035302520151050

3,000
2,500
2,000
1,500
1,000

500
0

605550454035302520151050

3,500

3,000
2,500
2,000

1,500
1,000

500

0

605550454035302520151050

2,500

2,000

1,500

1,000

500

0



Appendi

CoASH��
��

��

��

ix��H.��1H�r��and��31P�rNMR��sp

��

ectra��of��CoAA�rSH��and��Ac�rCCoA��analogss.��

��

��

135 



4�rpentyn
��

��

��

noyl��CoA��(4PPY�rCoA)��

��

��

��

136 



5�rhexyno
��

��

��

oyl��CoA��(5HYY�rCoA)��

��

��

��

137 



6�rheptyn
��

��

��

noyl��CoA��(6HHY�rCoA)��

��

��

��

138 



3�razidop
��

��

��

propanoyl��CooA��(3AZ�rCoA

��

)��

��

��

139 



4�razidob
��

��

��

butanoyl��CoAA��(4AZ�rCoA)��

��

��

��

140 



141 

Appendix��I.��Accurate��mass��of��Ac�rCoA��analogs.��

4�rpentynoyl��CoA��(4PY�rCoA)��

 
 

5�rhexynoyl��CoA��(5HY�rCoA) 

 
  

m/z
500 550 600 650 700 750 800 850 900 950 1000

%

0

100 1.24e4848.1488

556.2771

578.2625
928.1722

m/z
500 550 600 650 700 750 800 850 900 950 1000

%

0

100 4.81e5862.1653

525.0696

597.0933 767.1194 952.1099
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6�rheptynoyl��CoA��(6HY�rCoA) 

 
 

3�razidopropanoyl��CoA��(3AZ�rCoA) 

 
 

4�razidobutanoyl��CoA��(4AZ�rCoA) 

 

m/z
500 550 600 650 700 750 800 850 900 950 1000

%

0

100

( ) ( ) ( )
2.05e4876.1804

556.2771

898.1647

m/z
100 200 300 400 500 600 700 800 900 1000

%

0

100

( ) ( ) ( )
1.81e4863.1336

248.9656

134.0470
212.0738

426.0261

283.2693

342.0363

820.6094

537.0679

480.0450
740.1567

617.0202
935.1555

m/z
540 560 580 600 620 640 660 680 700 720 740 760 780 800 820 840 860 880 900

%

0

100 9.80e3877.1509

554.2615 899.1319
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Appendix��J.��Sequences��of��the��forward��and��reverse��primers��of��MOF��mutagenesis.��

Primersa�� DNA��Sequences��from��5’��to��3’��

MOF��H273G��forward�� GCCAAGCTTTTCCTGGACGGTAAGACACTGTACTTTGACG��
MOF��H273G��reverse�� CGTCAAAGTACAGTGTCTTACCGTCCAGGAAAAGCTTGGC��
MOF��V314G��forward�� CCGGATGGAAACAATGGGGCCTGCATCCTGACC��
MOF��V314G��reverse�� GGTCAGGATGCAGGCCCCATTGTTTCCATCCGG��
MOF��I317G��forward�� GGAAACAATGTGGCCTGCGGCCTGACCTTGCCCC��
MOF��I317G��reverse�� GGGGCAAGGTCAGGCCGCAGGCCACATTGTTTCC��
MOF��I333G��forward�� CTACGGGAAGTTCCTCGGCGCTTTCAGTTATGAGC��
MOF��I333G��reverse�� GCTCATAACTGAAAGCGCCGAGGAACTTCCCGTAG��
MOF��P349G��forward�� GAGCACAGTCGGCTCCGGGGAGAAGCCACTGTC��
MOF��P349G��reverse�� GACAGTGGCTTCTCCCCGGAGCCGACTGTGCTC��
MOF��P352G��forward�� GGCTCCCCGGAGAAGGGACTGTCTGACCTGGGC��
MOF��P352G��reverse�� GCCCAGGTCAGACAGTCCCTTCTCCGGGGAGCC��
MOF��L353G��forward�� CTCCCCGGAGAAGCCAGGGTCTGACCTGGGCAAG��
MOF��L353G��reverse�� CTTGCCCAGGTCAGACCCTGGCTTCTCCGGGGAG��
MOF��H273A��forward�� GCCAAGCTTTTCCTGGACGCTAAGACACTGTACTTTGACG��
MOF��H273A��reverse�� CGTCAAAGTACAGTGTCTTAGCGTCCAGGAAAAGCTTGGC��
MOF��V314A��forward�� CCGGATGGAAACAATGCGGCCTGCATCCTGACC��
MOF��V314A��reverse�� GGTCAGGATGCAGGCCGCATTGTTTCCATCCGG��
MOF��I317A��forward�� CAATGTGGCCTGCGCCCTGACCTTGCCCC��
MOF��I317A��reverse�� GGGGCAAGGTCAGGGCGCAGGCCACATTG��
MOF��I333A��forward�� GCTACGGGAAGTTCCTCGCCGCTTTCAGTTATGAGCTC��
MOF��I333A��reverse�� GAGCTCATAACTGAAAGCGGCGAGGAACTTCCCGTAGC��
MOF��P349A��forward�� GCACAGTCGGCTCCGCGGAGAAGCCACTGTC��
MOF��P349A��reverse�� GACAGTGGCTTCTCCGCGGAGCCGACTGTGC��
MOF��P352A��forward�� GCTCCCCGGAGAAGGCACTGTCTGACCTGGG��
MOF��P352A��reverse�� CCCAGGTCAGACAGTGCCTTCTCCGGGGAGC��
MOF��L353A��forward�� CTCCCCGGAGAAGCCAGCGTCTGACCTGGGCAAG��
MOF��L353A��reverse�� CTTGCCCAGGTCAGACGCTGGCTTCTCCGGGGAG��
MOF��I317A/V314G��forward�� CAATGGGGCCTGCGCCCTGACCTTGCCCC��
MOF��I317A/V314G��reverse�� GGGGCAAGGTCAGGGCGCAGGCCCCATTG��

a��The��mutated��codon��is��highlighted��in��red��color.��
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Appendix��K.��Fluorescence��results��of��enzyme��activity��toward��Ac�rCoA��and��Ac�rCoA��analogs.��
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(1)��MS��spectra��of��H4�r20��peptide��modified��by��MOF�rWT��and��different��analogs.��(2)��MS��spectra��of��H4�r20��

peptide��modified��by��MOF�rI317A��and��different��analogs.��(3)��MS��spectra��of��H4�r20��peptide��modified��by��

MOF�rI317A/H273A��and��different��analogs.��The��calculated��MS��of��H4�r20��is��2034,��H4�r20�rAc1��is��2076,��H4�r20�r

Ac2��is��2118,��H4�r20�r4PY��is��2114,��H4�r20�r5HY��is��2128,��H4�r20�r6HY��is��2142,��H4�r20�r3AZ��is��2131,��and��H4�r20�r

4AZ��is��2145.��
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