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FIGURE 2 
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FIGURE 3 
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FIGURE 6 
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FIGURE 7 
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FIGURE 8 
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FIGURE 9 
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FIGURE 10 
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FIGURE 12 
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FIGURE 13 

Fluorescently labeled lysines ( amine - reactive dye Hilyte 647 ) 
Attached by cysteines to maleimide - PEG quartz surface 

Peptide with 1 
many intensity ( AU ) totensity ( AU ) 

8000 

?. ???? 

28 $ 140 

Time ( sec ) Number of frames 

WAO Peptide with 2 

Om Au011 intensity ( AU ) 

MMM 
- 18000 -18200 

20 2 86 
50 um 0 

Time ( sec Number of frames 

+ 25 um 



FIGURE 14 

Patent Application Publication 

Single 
fluorescently - labeled 

peptides 

May 26 , 2022 Sheet 14 of 16 

Alternate fluorescent channel ( here unused , shows low background ) 

US 2022/0163536 A1 



FIGURE 15 Edman degradation on single peptide molecules 
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FIGURE 16 Scanning the microscope & tiling images to analyze large numbers of peptides . Quantum dots can serve as guides . 
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IDENTIFYING PEPTIDES AT THE SINGLE 
MOLECULE LEVEL 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] The present application claims the benefit of U.S. 
Provisional Patent Application No. 61 / 500,525 , filed on . 
Jun . 23 , 2011 , which is incorporated herein by reference . 

STATEMENT OF GOVERNMENT SUPPORT 

[ 0002 ] This invention was made with government support 
under Grant no . R01 GM088624 and Grant no . GM106408 
awarded by the National Institutes of Health . The govern 
ment has certain rights in the invention . 

FIELD OF THE INVENTION 

[ 0003 ] The present invention relates to the field of iden 
tifying proteins and peptides , and more specifically large 
scale sequencing of single peptides in a mixture of diverse 
peptides at the single molecule level . 

a 

BACKGROUND OF THE INVENTION 

[ 0004 ] The development of Next Generation DNA 
sequencing methods for quickly acquiring genome and gene 
expression information has transformed biology . The basis 
of Next Generation DNA sequencing is the acquisition of 
large numbers ( millions ) of short reads ( typically 35-450 
nucleotides ) in parallel . While nucleic acid mutations fre 
quently underlie disease , these changes are most readily 
embodied by proteins expressed in specific bodily compart 
ments ( i.e. saliva , blood , urine ) that are accessible without 
invasive procedures such as biopsies . Unfortunately , a simi 
lar high - throughput method for the large - scale identification 
and quantitation of specific proteins in complex mixtures 
remains unavailable ; representing a critical bottleneck in 
many biochemical , molecular diagnostic and biomarker 
discovery assays . 
[ 0005 ] The first method for analysis of the N - terminal 
amino acid of polypeptides was described by Frederick 
Sanger , who demonstrated that the free unprotonated 
a - amino group of peptides reacts with 2,4 - dinitrofluoroben 
zene ( DNFB ) to form yellow 2,4 - dinitrophenyl derivatives 
( FIG . 1 ) . When such a derivative of a peptide , regardless of 
its length , is subjected to hydrolysis with 6 N HCl , all the 
peptide bonds are hydrolyzed , but the bond between the 
2,4 - dinitrophenyl group and the a - amino of the N - terminal 
amino acid is relatively stable to acid hydrolysis . Conse 
quently , the hydrolyzate of such a dinitrophenyl peptide 
contains all the amino acid residues of the peptide chain as 
free amino acids except the N - terminal one , which appears 
as the yellow 2,4 - dinitrophenyl derivative . This labeled 
residue can easily be separated from the unsubstituted amino 
acids and identified by chromatographic comparison with 
known dinitrophenyl derivatives of the different amino 
acids . 
[ 0006 ] Sanger's method has been largely supplanted by 
more sensitive and efficient procedures . An example of one 
such method employs the labeling reagent 1 - dimethylami 
noaphthalene - 5 - sulfonyl chloride ( dansyl chloride ) ( FIG . 2 ) . 
Since the dansyl group is highly fluorescent , dansyl deriva 
tives of the N - terminal amino acid can be detected and 

measured in minute amounts by fluorimetric methods . The 
dansyl procedure is 100 times more sensitive that the Sanger 
method . 
[ 0007 ] The most widely used reaction for the sequential 
analysis of N - terminal residue of peptides is the Edman 
degradation method ( Edman et al . “ Method for determina 
tion of the amino acid sequence in peptides ” , Acta Chem . 
Scand . 4 : 283-293 ( 1950 ) [ 1 ] , ( herein incorporated by ref 
erence ) . Edman degradation is a method of sequencing 
amino acids in a peptide wherein the amino - terminal residue 
is labeled and cleaved from the peptide without disrupting 
the peptide bonds between other amino acid residues ( FIG . 
3 ) . In the Edman procedure phenylisothiocyanate reacts 
quantitatively with the free amino group of a peptide to yield 
the corresponding phenylthiocarbamoyl peptide . On treat 
ment with anhydrous acid the N - terminal residue is split off 
as a phenylthiocarbamoyl amino acid , leaving the rest of the 
peptide chain intact . The phenylthiocarbomyl amino acid is 
then cyclized to the corresponding phenylthiohydantin 
derivative , which can be separated and identified , usually by 
gas - liquid chromatography . Alternatively , the N - terminal 
residue removed as the phenylthiocarbamoyl derivative can 
be identified simply by determining the amino acid compo 
sition of the peptide before and after removal of the N - ter 
minal residue ; called the subtractive Edman method . The 
advantage of the Edman method is that the rest of the peptide 
chain after removal of the N - terminal amino acid is left 
intact for further cycles of this procedure ; thus the Edman 
method can be used in a sequential fashion to identify 
several or even many consecutive amino acid residues 
starting from the N - terminal end . Edman and Begg have 
further exploited this advantage by utilizing an automated 
amino acid “ sequenator ” for carrying out sequential degra 
dation of peptides by the phenylisothiocyanate procedure 
( Eur . J. Biochem . 1 : 80-91 , ( 1967 ) [ 2 ] , ( herein incorporated 
by reference ) . In one embodiment , such automated amino 
acid sequencers permit up to 30 amino acids to be accurately 
sequenced with over 99 ' % efficiency per amino acid ( Niall 
et al . “ Automated Edman degradation : the protein sequena 
tor ” . Meth . Enzymol . 27 : 942-1010 , ( 1973 ) [ 3 ] , ( herein 
incorporated by reference ) . 
[ 0008 ] A drawback to Edman degradation is that the 
peptides being sequenced cannot have more than 50 to 60 
( more practically fewer than 30 ) amino acid residues . The 
sequenced peptide length is typically limited due to the 
increase in heterogeneity of the product peptides with each 
Edman cycle due to cyclical derivitization or cleavage 
failing to proceed to completion on all peptide copies . 
Furthermore , since Edman degradation proceeds from the 
N - terminus of the protein , it will not work if the N - terminal 
amino acid has been chemically modified or if it is concealed 
within the body of the protein . In some native proteins the 
N - terminal residue is buried deep within the tightly folded 
molecule and is inaccessible . Edman degradation typically is 
performed only on denatured peptides or proteins . Intact , 
folded proteins are seldom ( if at all ) subjected to Edman 
sequencing . 
[ 0009 ] Importantly , the current automated peptide 
sequencers that perform Edman degradation cannot 
sequence and identify individual peptides within the context 
of a mixture of peptides or proteins . What is thus needed is 
a rapid method for identifying and quantitating individual 
peptide and / or protein molecules within a given complex 
sample . 
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[ 0010 ] The present invention relates to the field of iden 
tifying proteins and peptides , and more specifically large 
scale sequencing ( including but not limited to partial 
sequencing ) of single intact peptides ( not denatured ) in a 
mixture of diverse peptides at the single molecule level by 
selective labeling amino acids on immobilized peptides 
followed by successive cycles of labeling and removal of the 
peptides ' amino - terminal amino acids . The methods of the 
present invention are capable of producing patterns suffi 
ciently reflective of the peptide sequences to allow unique 
identification of a majority of proteins from a species ( e.g. 
the yeast and human proteomes ) . In one embodiment , the 
present invention provides a massively parallel and rapid 
method for identifying and quantitating individual peptide 
and / or protein molecules within a given complex sample . 
[ 0011 ] In one embodiment , the invention relates to a 
method of treating peptides , comprising : a ) providing a 
plurality of peptides immobilized on a solid support , each 
peptide comprising an N - terminal amino acid and internal 
amino acids , said internal amino acids comprising lysine , 
each lysine labeled with a first label , said first label produc 
ing a first signal for each peptide , and said N - terminal amino 
acid of each peptide labeled with a second label , said second 
label being different from said first label ; b ) treating said 
plurality of immobilized peptides under conditions such that 
each N - terminal amino acid of each peptide is removed ; and 
c ) detecting the first signal for each peptide at the single 
molecule level . In one embodiment , said second label is 
attached via an amine - reactive dye . In one embodiment , said 
second label is selected from the group consisting of fluo 
rescein isothiocyanate , rhodamine isothiocyanate or other 
synthesized fluorescent isothiocyanate derivative . In one 
embodiment , portions of the emission spectrum of said first 
label do not overlap with the emission spectrum of said 
second label . In one embodiment , the removal of said 
N - terminal amino acid in step b ) is done under conditions 
such that the remaining peptides each have a new N - terminal 
amino acid . In one embodiment , the method further com 
prises the step d ) adding said second label to said new 
N - terminal amino acids of the remaining peptides . In one 
embodiment , among the remaining peptides the new end 
terminal amino acid is lysine . In one embodiment , the 
method further comprises the step e ) detecting the next 
signal for each peptide at the single molecule level . In one 
embodiment , the N - terminal amino acid removing step , the 
detecting step , and the label adding step to a new N - terminal 
amino acid are successively repeated from 1 to 20 times . In 
one embodiment , the repetitive detection of signal for each 
peptide at the single molecule level results in a pattern . In 
one embodiment , the pattern is unique to a single - peptide 
within the plurality of immobilized peptides . In one embodi 
ment , the single - peptide pattern is compared to the proteome 
of an organism to identify the peptide . In one embodiment , 
the intensity of said first and second labels are measured 
amongst said plurality of immobilized peptides . In one 
embodiment , the N - terminal amino acids are removed in 
step b ) by an Edman degradation reaction . In one embodi 
ment , the peptides are immobilized via cysteine residues . In 
one embodiment , the detecting in step c ) is done with optics 
capable of single - molecule resolution . In one embodiment , 
the degradation step in which removal of second label 
coincides with removal of first label is identified . In one 

embodiment , said removal of the amino acid is measured in 
step b is measured as a reduced fluorescence intensity . 
[ 0012 ] In one embodiment , the invention relates to a 
method of treating peptides , comprising : a ) providing i ) a 
plurality of peptides immobilized on a solid support , each 
peptide comprising an N - terminal amino acid and internal 
amino acids , said internal amino acids comprising lysine , 
each lysine labeled with a first label , said first label produc 
ing a first signal for each peptide , and said N - terminal amino 
acid of each peptide labeled with a second label , said second 
label being different from said first label , and ii ) an optical 
device capable of detecting said first collective signal for 
each peptide at the single molecule level ; b ) treating said 
plurality of immobilized peptides under conditions such that 
each N - terminal amino acid of each peptide is removed ; and 
c ) detecting the first signal for each peptide at the single 
molecule level with said optical device . In one embodiment , 
said second label is attached via an amine - reactive dye . In 
one embodiment , said second label is selected from the 
group consisting of fluorescein isothiocyanate , rhodamine 
isothiocyanate or other synthesized fluorescent isothiocya 
nate derivative . In one embodiment , portions of the emission 
spectrum of said first label do not overlap with the emission 
spectrum of said second label . In one embodiment , the 
removal of said N - terminal amino acid in step b ) is done 
under conditions such that the remaining peptides each have 
a new N - terminal amino acid . In one embodiment , the 
method further comprises the step d ) adding said second 
label to said new N - terminal amino acids of the remaining 
peptides . In one embodiment , among the remaining peptides 
the new end terminal amino acid is lysine . In one embodi 
ment , the method further comprises the step e ) detecting the 
next signal for each peptide at the single molecule level . In 
one embodiment , the N - terminal amino acid removing step , 
the detecting step , and the label adding step to a new 
N - terminal amino acid are successively repeated from 1 to 
20 times . In one embodiment , the repetitive detection of 
signal for each peptide at the single molecule level results in 
a pattern . In one embodiment , the pattern is unique to a 
single - peptide within the plurality of immobilized peptides . 
In one embodiment , the single - peptide pattern is compared 
to the proteome of an organism to identify the peptide . In 
one embodiment , the intensity of said first and second labels 
are measured amongst said plurality of immobilized pep 
tides . In one embodiment , the N - terminal amino acids are 
removed in step b ) by an Edman degradation reaction . In one 
embodiment , the peptides are immobilized via cysteine 
residues . In one embodiment , the degradation step in which 
removal of second label coincides with removal of first label 
is identified . In one embodiment , said removal of the amino 
acid is measured in step b is measured as a reduced fluo 
rescence intensity . 
[ 0013 ] In one embodiment , the invention relates to a 
method of identifying amino acids in peptides , comprising : 
a ) providing a plurality of peptides immobilized on a solid 
support , each peptide comprising an N - terminal amino acid 
and internal amino acids , said internal amino acids com 
prising lysine , each lysine labeled with a first label , said first 
label producing a first signal for each peptide , and said 
N - terminal amino acid of each peptide labeled with a second 
label , said second label being different from said first label , 
wherein a subset of said plurality of peptides comprise an 
N - terminal lysine having both said first and second label ; b ) 
treating said plurality of immobilized peptides under con 
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ditions such that each N - terminal amino acid of each peptide 
is removed ; and c ) detecting the first signal for each peptide 
at the single molecule level under conditions such that said 
subset of peptides comprising an N - terminal lysine is iden 
tified . In one embodiment , the removal of said N - terminal 
amino acid in step b ) is done under conditions such that the 
remaining peptides each have a new N - terminal amino acid . 
In one embodiment , the N - terminal amino acids are 
removed in step b ) by an Edman degradation reaction . In one 
embodiment , the peptides are immobilized via cysteine 
residues . 
[ 0014 ] In one embodiment , the invention relates to a 
method of identifying amino acids in peptides , comprising : 
a ) providing a plurality of peptides immobilized on a solid 
support , each peptide comprising an N - terminal amino acid 
and internal amino acids , said internal amino acids com 
prising lysine , each lysine labeled with a first label , said first 
label producing a first signal for each peptide , and said 
N - terminal amino acid of each peptide labeled with a second 
label , said second label being different from said first label , 
wherein a subset of said plurality of peptides comprise an 
N - terminal acid that is not lysine ; b ) treating said plurality 
of immobilized peptides under conditions such that each 
N - terminal amino acid of each peptide is removed ; and c ) 
detecting the first signal for each peptide at the single 
molecule level under conditions such that said subset of 
peptides comprising an N - terminal amino acid that is not 
lysine is identified . In one embodiment , the removal of said 
N - terminal amino acid in step b ) is done under conditions 
such that the remaining peptides each have a new N - terminal 
amino acid . In one embodiment , the N - terminal amino acids 
are removed in step b ) by an Edman degradation reaction . In 
one embodiment , the peptides are immobilized via cysteine 
residues . 
[ 0015 ] In one embodiment , the present invention contem 
plates a method of treating peptides , comprising providing a 
plurality of peptides immobilized on a solid support , each 
peptide comprising an N - terminal amino acid and internal 
amino acids , the internal amino acids comprising lysine , 
each lysine labeled with a first label , the first label producing 
a first signal for each peptide ( the strength of which will 
depend in part on the number of labeled lysines for any one 
peptide ) , and the N - terminal amino acid of each peptide 
labeled with a second label , the second label being different 
from the first label ; treating the plurality of immobilized 
peptides under conditions such that each N - terminal amino 
acid of each peptide is removed ; and detecting the first signal 
for each peptide at the single molecule level . 
[ 0016 ] In one embodiment , the present invention contem 
plates a method of treating peptides , comprising providing a 
plurality of peptides immobilized on a solid support , each 
peptide comprising an N - terminal amino acid and internal 
amino acids , the internal amino acids comprising lysine , 
each lysine labeled with a first label , the first label producing 
a first signal for each peptide ( the strength of which will 
depend in part on the number of labeled lysines for any one 
peptide ) , and the N - terminal amino acid of each peptide 
labeled with a second label , the second label being different 
from the first label , and an optical device capable of detect 
ing the first collective signal for each peptide at the single 
molecule level ; treating the plurality of immobilized pep 
tides under conditions such that each N - terminal amino acid 
of each peptide is removed ; detecting the first signal for each 
peptide at the single molecule level with the optical device . 

[ 0017 ] In one embodiment , the present invention contem 
plates a method of identifying amino acids in peptides , 
comprising providing a plurality of peptides immobilized on 
a solid support , each peptide comprising an N - terminal 
amino acid and internal amino acids , the internal amino 
acids comprising lysine , each lysine labeled with a first 
label , the first label producing a first signal for each peptide 
( the strength of which will depend in part on the number of 
labeled lysines for any one peptide ) , and the N - terminal 
amino acid of each peptide labeled with a second label , the 
second label being different from the first label , wherein a 
subset of the plurality of peptides comprise an N - terminal 
lysine having both the first and second label ; treating the 
plurality of immobilized peptides under conditions such that 
each N - terminal amino acid of each peptide is removed ; and 
detecting the first signal for each peptide at the single 
molecule level under conditions such that the subset of 
peptides comprising an N - terminal lysine is identified . 
[ 0018 ] In one embodiment , the present invention contem 
plates a method of identifying amino acids in peptides , 
comprising providing a plurality of peptides immobilized on 
a solid support , each peptide comprising an N - terminal 
amino acid and internal amino acids , the internal amino 
acids comprising lysine , each lysine labeled with a first 
label , the first label producing a first signal for each peptide 
( the strength of which will depend in part on the number of 
labeled lysines for any one peptide ) , and the N - terminal 
amino acid of each peptide labeled with a second label , the 
second label being different from the first label , wherein a 
subset of the plurality of peptides comprise an N - terminal 
acid that is not lysine ; treating the plurality of immobilized 
peptides under conditions such that each N - terminal amino 
acid of each peptide is removed ; and detecting the first signal 
for each peptide at the single molecule level under condi 
tions such that the subset of peptides comprising an N - ter 
minal amino acid that is not lysine is identified . 
[ 0019 ] In one embodiment , the present invention contem 
plates a method of treating peptides , comprising providing a 
plurality of peptides immobilized on a solid support , each 
peptide comprising an N - terminal amino acid and internal 
amino acids , the internal amino acids comprising lysine , 
each lysine labeled with a first label , the first label producing 
a first signal ( e.g. green ) for each peptide , and the N - terminal 
amino acid of each peptide labeled with a second label , the 
second label being different from the first label , the second 
label providing a second signal ( e.g. red ) for each peptide , 
the first and second signals producing a collective signal 
( e.g. red / green ) for each peptide ; detecting the second signal 
( or the collective signal ) for each peptide at the single 
molecule level ; ting the plurality of immobilized pep 
tides under conditions such that each N - terminal amino acid 
of each peptide is removed ; and detecting the first signal for 
each peptide at the single molecule level . 
[ 0020 ] In one embodiment , the present invention contem 
plates a method of treating peptides , comprising providing a 
plurality of peptides immobilized on a solid support , each 
peptide comprising an N - terminal amino acid and internal 
amino acids , the internal amino acids comprising lysine , 
each lysine labeled with a first label , the first label producing 
a first signal ( e.g. green ) for each peptide , and the N - terminal 
amino acid of each peptide labeled with a second label , the 
second label being different from the first label , the second 
label providing a second signal ( e.g. red ) for each peptide , 
the first and second signals producing a collective signal 
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( e.g. red / green ) for each peptide , and an optical device 
capable of detecting the first and second signal ( i.e. either 
separately or collectively ) for each peptide at the single 
molecule level ; detecting the second signal ( or the collective 
signal ) for each peptide at the single molecule level with the 
optical device ; treating the plurality of immobilized peptides 
under conditions such that each N - terminal amino acid of 
each peptide is removed ; and detecting the first signal for 
each peptide at the single molecule level with the optical 
device . 
[ 0021 ] In one embodiment , the present invention contem 
plates a method of identifying amino acids in peptides , 
comprising providing a plurality of peptides immobilized on 
a solid support , each peptide comprising an N - terminal 
amino acid and internal amino acids , the internal amino 
acids comprising lysine , each lysine labeled with a first 
label , the first label producing a first signal ( e.g. green ) for 
each peptide , and the N - terminal amino acid of each peptide 
labeled with a second label , the second label being different 
from the first label , the second label providing a second 
signal ( e.g. red ) for each peptide , the first and second signals 
producing a collective signal ( e.g. red / green ) for each pep 
tide , wherein a subset of the plurality of peptides comprise 
an N - terminal lysine having both the first and second label ; 
detecting the second signal ( or the collective signal ) for each 
peptide at the single molecule level ; treating the plurality of 
immobilized peptides under conditions such that each N - ter 
minal amino acid of each peptide is removed ; and detecting 
the first signal for each peptide at the single molecule level 
under conditions such that the subset of peptides comprising 
an N - terminal lysine is identified . 
[ 0022 ] In one embodiment , the present invention contem 
plates a method of identifying amino acids in peptides , 
comprising providing a plurality of peptides immobilized on 
a solid support , each peptide comprising an N - terminal 
amino acid and internal amino acids , the internal amino 
acids comprising lysine , each lysine labeled with a first 
label , the first label producing a first signal ( e.g. green ) for 
each peptide , and the N - terminal amino acid of each peptide 
labeled with a second label , the second label being different 
from the first label , the second label providing a second 
signal ( e.g. red ) for each peptide , the first and second signals 
producing a collective signal ( e.g. red / green ) for each pep 
tide , wherein a subset of the plurality of peptides comprise 
an N - terminal acid that is not lysine ; detecting the second 
signal ( or the collective signal ) for each peptide at the single 
molecule level ; treating the plurality of immobilized pep 
tides under conditions such that each N - terminal amino acid 
of each peptide is removed ; and detecting the first signal for 
each peptide at the single molecule level under conditions 
such that the subset of peptides comprising an N - terminal 
amino acid that is not lysine is identified . 
[ 0023 ] In one embodiment , the present invention contem 
plates a method of sequencing peptides , comprising provid 
ing a sample comprising a plurality of peptides , a first label 
( for example a first fluorescent molecule ) , and a second label 
( for example , a second fluorescent molecule ) ; immobilizing 
the plurality of peptides on a solid support ; labeling every 
residue of a specific amino acid type in the plurality of 
immobilized peptides with the first label ; labeling the N - ter 
minal amino acids of the plurality of immobilized peptides 
with the second label ; removing the N - terminal amino acids 
of the plurality of immobilized peptides ; and detecting the 
label ( for example , measuring the fluorescence intensity of 

the first and second fluorescent molecules ) for single - pep 
tides within the plurality of immobilized peptides . In one 
embodiment , the labeling and removing steps are succes 
sively repeated from 1 to 20 times . In one embodiment , the 
first and second labels are detected measuring on the plu 
rality of immobilized peptide . In another embodiment , the 
N - terminal amino acids are removed by an Edman degra 
dation reaction . 
[ 0024 ] In another embodiment , the Edman degradation 
reaction labels the N - terminal amino acids of the immobi 
lized peptides with the second fluorescent molecule . In yet 
another embodiment , the peptides are immobilized via inter 
nal cysteine residues . In one embodiment , the specific amino 
acid labeled with the first label is lysine . In one embodiment , 
the first and second labels on the single - peptides are mea 
sured with optics capable of single - molecule resolution . In 
another embodiment , the degradation step in which a loss of 
second label ( for example a reduced fluorescence intensity ) 
coincides with a loss of first label ( for example reduced 
fluorescence intensity ) is identified . In one embodiment , the 
pattern of degradation steps that coincide with a reduction of 
the first label ( for example a loss in fluorescence intensity ) 
is unique to a single - peptide within the plurality of immo 
bilized peptides . In one embodiment , the single - peptide 
pattern is compared to the proteome of an organism to 
identify the peptide . 
[ 0025 ] In one embodiment , only a single label is used . In 
this embodiment , the invention relates to a method of 
treating peptides , comprising : a ) providing a plurality of 
peptides immobilized on a solid support , each peptide com 
prising an N - terminal amino acid and internal amino acids , 
said internal amino acids comprising lysine , each lysine 
labeled with a label , and said label producing a signal for 
each peptide ; b ) treating said plurality of immobilized 
peptides under conditions such that each N - terminal amino 
acid of each peptide is removed ; and c ) detecting the signal 
for each peptide at the single molecule level . In one embodi 
ment , said label is a fluorescent label . In one embodiment , 
the removal in step b ) said N - terminal amino acid of each 
peptide reacted with a phenyl isothiocyanate derivative . In 
one embodiment , the removal of said N - terminal amino acid 
in step b ) is done under conditions such that the remaining 
peptides each have a new N - terminal amino acid . In one 
embodiment , the method further comprises the step d ) 
removing the next N - terminal amino acid done under con 
ditions such that the remaining peptides each have a new 
N - terminal amino acid . In one embodiment , the method 
further comprises the step e ) detecting the next signal for 
each peptide at the single molecule level . In one embodi 
ment , the N - terminal amino acid removing step and the 
detecting step are successively repeated from 1 to 20 times . 
In one embodiment , the repetitive detection of signal for 
each peptide at the single molecule level results in a pattern . 
In one embodiment , the pattern is unique to a single - peptide 
within the plurality of immobilized peptides . In one embodi 
ment , the single - peptide pattern is compared to the proteome 
of an organism to identify the peptide . In one embodiment , 
the intensity of said labels are measured amongst said 
plurality of immobilized peptides . In one embodiment , the 
N - terminal amino acids are removed in step b ) by an Edman 
degradation reaction . In one embodiment , the peptides are 
immobilized via cysteine residues . In one embodiment , the 
detecting in step c ) is done with optics capable of single 
molecule resolution . In one embodiment , the degradation 
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step in which removal of the N - terminal amino acid coin 
cides with removal of the label is identified . In one embodi 
ment , said removal of the amino acid is measured in step b ) 
is measured as a reduced fluorescence intensity . 

Definitions 

[ 0026 ] To facilitate the understanding of this invention a 
number of terms are defined below . Terms defined herein 
( unless otherwise specified ) have meanings as commonly 
understood by a person of ordinary skill in the areas relevant 
to the present invention . Terms such as “ a ” , “ an ” and “ the ” 
are not intended to refer to only a singular entity , but include 
the general class of which a specific example may be used 
for illustration . The terminology herein is used to describe 
specific embodiments of the invention , but their usage does 
not delimit the invention , except as outlined in the claims . 
[ 0027 ] As used herein , terms defined in the singular are 
intended to include those terms defined in the plural and vice 
versa . 

[ 0028 ] As used herein , the term the terms “ amino acid 
sequence ” , “ peptide ” , “ peptide sequence ” , “ polypeptide ” , 
and “ polypeptide sequence ” are used interchangeably herein 
to refer to at least two amino acids or amino acid analogs that 
are covalently linked by a peptide bond or an analog of a 
peptide bond . The term peptide includes oligomers and 
polymers of amino acids or amino acid analogs . The term 
peptide also includes molecules that are commonly referred 
to as peptides , which generally contain from about two ( 2 ) 
to about twenty ( 20 ) amino acids . The term peptide also 
includes molecules that are commonly referred to as poly 
peptides , which generally contain from about twenty ( 20 ) to 
about fifty amino acids ( 50 ) . The term peptide also includes 
molecules that are commonly referred to as proteins , which 
generally contain from about fifty ( 50 ) to about three thou 
sand ( 3000 ) amino acids . The amino acids of the peptide 
may be L - amino acids or D - amino acids . A peptide , poly 
peptide or protein may be synthetic , recombinant or natu 
rally occurring . A synthetic peptide is a peptide that is 
produced by artificial means in vitro . 
[ 0029 ] used herein , the term “ fluorescence ” refers to 
the emission of visible light by a substance that has absorbed 
light of a different wavelength . In some embodiments , 
fluorescence provides a non - destructive means of tracking 
and / or analyzing biological molecules based on the fluores 
cent emission at a specific wavelength . Proteins ( including 
antibodies ) , peptides , nucleic acid , oligonucleotides ( includ 
ing single stranded and double stranded primers ) may be 
“ labeled ” with a variety of extrinsic fluorescent molecules 
referred to as fluorophores . Isothiocyanate derivatives of 
fluorescein , such as carboxyfluorescein , are an example of 
fluorophores that may be conjugated to proteins ( such as 
antibodies for immunohistochemistry ) or nucleic acids . In 
some embodiments , fluorescein may be conjugated to 
nucleoside triphosphates and incorporated into nucleic acid 
probes ( such as “ fluorescent - conjugated primers ” ) for in situ 
hybridization . In some embodiments , a molecule that is 
conjugated to carboxyfluorescein is referred to as “ FAM 
labeled ” . 
[ 0030 ] As used herein , sequencing of peptides “ at the 
single molecule level ” refers to amino acid sequence infor 
mation obtained from individual ( i.e. single ) peptide mol 
ecules in a mixture of diverse peptide molecules . It is not 
necessary that the present invention be limited to methods 
where the amino acid sequence information obtained from 

an individual peptide molecule is the complete or contiguous 
amino acid sequence of an individual peptide molecule . In 
some embodiment , it is sufficient that only partial amino 
acid sequence information is obtained , allowing for identi 
fication of the peptide or protein . Partial amino acid 
sequence information , including for example the pattern of 
a specific amino acid residue ( i.e. lysine ) within individual 
peptide molecules , may be sufficient to uniquely identify an 
individual peptide molecule . For example , a pattern of 
amino acids such as X - X - X - Lys - X - X - X - X - Lys - X - Lys , 
which indicates the distribution of lysine molecules within 
an individual peptide molecule , may be searched against a 
known proteome of a given organism to identify the indi 
vidual peptide molecule . It is not intended that sequencing 
of peptides at the single molecule level be limited to 
identifying the pattern of lysine residues in an individual 
peptide molecule ; sequence information for any amino acid 
residue ( including multiple amino acid residues ) may be 
used to identify individual peptide molecules in a mixture of 
diverse peptide molecules . 
[ 0031 ] As used herein , “ single molecule resolution ” refers 
to the ability to acquire data ( including , for example , amino 
acid sequence information ) from individual peptide mol 
ecules in a mixture of diverse peptide molecules . In one 
non - limiting example , the mixture of diverse peptide mol 
ecules may be immobilized on a solid surface ( including , for 
example , a glass slide , or a glass slide whose surface has 
been chemically modified ) . In one embodiment , this may 
include the ability to simultaneously record the fluorescent 
intensity of multiple individual ( i.e. single ) peptide mol 
ecules distributed across the glass surface . Optical devices 
are commercially available that can be applied in this 
manner . For example , a conventional microscope equipped 
with total internal reflection illumination and an intensified 
charge - couple device ( CCD ) detector is available ( see 
Braslavsky et al . , PNAS , 100 ( 7 ) : 39604 ( 2003 ) [ 4 ] . Imaging 
with a high sensitivity CCD camera allows the instrument to 
simultaneously record the fluorescent intensity of multiple 
individual ( i.e. single ) peptide molecules distributed across 
a surface . In one embodiment , image collection may be 
performed using an image splitter that directs light through 
two band pass filters ( one suitable for each fluorescent 
molecule ) to be recorded as two side - by - side images on the 
CCD surface . Using a motorized microscope stage with 
automated focus control to image multiple stage positions in 
the flow cell may allow millions of individual single pep 
tides ( or more ) to be sequenced in one experiment . 
[ 0032 ] As used herein , the term “ collective signal ” refers 
to the combined signal that results from the first and second 
labels attached to an individual peptide molecule . 
[ 0033 ] As used herein , the term “ subset ” refers to the 
N - terminal amino acid residue of an individual peptide 
molecule . A " subset ” of individual peptide molecules with 
an N - terminal lysine residue is distinguished from a “ subset ” 
of individual peptide molecules with an N - terminal residue 
that is not lysine . 

BRIEF DESCRIPTION OF THE DRAWINGS 

a 
[ 0034 ] For a more complete understanding of the features 
and advantages of the present invention , reference is now 
made to the detailed description of the invention along with 
the accompanying figures . 
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[ 0035 ] FIG . 1 depicts the identification of the N - terminal 
amino acid residue of a tetrapeptide by means of the Sanger 
reaction . 
[ 0036 ] FIG . 2 depicts the identification of the N - terminal 
residue of a tetrapeptide as the dansyl derivative . 
[ 0037 ] FIG . 3 depicts the identification of the N - terminal 
amino acid residue by Edman degradation . 
[ 0038 ] FIG . 4 depicts one embodiment of a single mol 
ecule peptide sequencing scheme of the present invention . 
[ 0039 ] FIG . 5 depicts the selective labeling of immobi 
lized peptides followed by successive cycles of N - terminal 
amino acid labeling and removal to produce unique patterns 
that identify individual peptides . 
[ 0040 ] FIG . 6 depicts a simulation that demonstrates that 
successive cleavage of N - terminal amino acids results in 
patterns capable of identifying at least one peptide from a 
substantial fraction of proteins that comprise the human and 
yeast proteome . 
[ 0041 ] FIG . 7 depicts a simulation that demonstrates that 
limiting sequencing to peptides with no more than eight 
lysines provides nearly the coverage of the full set of 
peptides in the yeast proteome . 
[ 0042 ] FIG . 8 depicts the structures of cyanine dyes Cy3 
and Cy5 . 
[ 0043 ] FIG . 9 depicts the synthesis scheme for producing 
the isothiocyanate derivatives of cyanine dyes Cy3 and Cy5 . 
[ 0044 ] FIG . 10 shows one diagram of a total internal 
reflectance fluorescence ( TIRF ) microscopy setup ( 1 ) that 
can be used in one embodiment of sequence analysis . In 
such a setup is a microscope flow cell ( 2 ) wherein the 
fluorescence of the labeled proteins can be observed through 
the field of view ( 3 ) . The laser ( 4 ) is directed against the 
dichroic mirror ( 6 ) through the high numerical aperture 
objective lens ( 7 ) through the field of view ( 3 ) . An intensi 
fied charge - couple device ( ICCD ) ( 5 ) observes the fluores 
cent signal from the labeled peptides . 
[ 0045 ] FIG . 11 shows a cross - sectional view of one 
embodiment of a closed perfusion chamber flow cell . Modi 
fications to this commercial flow cell are to the materials 
employed for the lower gasket , for which many materials 
have been tested and are currently using Teflon in order to 
be resistant to the solvents used for the Edman procedure , 
and to the surface of the glass slide , which we modify 
chemically in order to immobilize the peptides . 
[ 0046 ] FIG . 12 shows an exploded view of one embodi 
ment of a closed imaging chamber . In this embodiment , the 
closed imaging chamber includes : Electrical Enclosure ( 9 ) 
which can be detached to sterilize the perfusion tubes an 
contains temperature sensor and heater contacts ; flow cell 
chamber top ( 10 ) Designed to assure parallel uniform 
closure , eliminate leaks , and broken coverslips and contains 
the perfusion tubes ; Perfusion Tubes ( 11 ) For fluid flow ; 
Upper gasket ( 12 ) ; Flow Control / Microaqueduct Slide 
( 13 ) An optical surface which integrates perfusion and 
temperature control , High - volume laminar flow , Koehler 
illumination , and electronically conductive coating for tem 
perature control ; Lower Gasket ( 14 ) —Provides a seal 
between the flow cell coverslip and flow control slide . This 
gasket can have any internal geometry one desires . Standard 
thicknesses from 0.1 mm to 1.0 mm are contemplated . This 
allows one to define the volume and flow characteristics of 
the chamber . Modifications to this commercial flow cell are 
to the materials employed for the lower gasket ( 14 ) , for 
which many materials have been tested and are currently 

using Teflon in order to be resistant to the solvents used for 
the Edman procedure , and to the surface of the glass slide , 
which we modify chemically in order to immobilize the 
peptides ; Coverslip ( 15 ) ; and flow cell stage adapter base 
( 16 ) — Temperature controlled and contains a dovetail to 
lock into stage adapter for stability . In one non - limiting 
implementation , a teflon lower gasket is preferrably 
employed ( 14 ) in order to allow for the use of organic 
solvents in the flow cell . 
[ 0047 ] FIG . 13 shows one embodiment of peptides with 
labeled lysines ( i.e. labeled with the amine - reactive dye 
HiLyte 647 ) , said peptides attached by cysteines to male 
imide - PEG quarts surface . The different pattern of fluores 
cence intensity with the different labeled lysine content . 
HiLyte FluorTM 647 succidinimyl ester is a amine - reactive 
fluorescent labeling dye that generates the conjugates that 
are slightly red - shifted compared to those of Cy5 dyes , 
resulting in an optimal match to filters designed for Cy5 dye . 
Its conjugate may have better performance than Cy5 for 
fluorescence polarization - based assays . 
[ 0048 ] FIG . 14 shows a comparison of single fluores 
cently - labeled peptides and alternate channel revealing low 
background fluorescence . 
[ 0049 ] FIG . 15 shows the difference in the Edman degra 
dation of the labeled single peptide molecules between a 
peptide that contains one versus two labeled lysines . The 
fluorescence signal drops when the labeled lysine is 
removed . Only fluorescence signal is found with labeled 
lysines . 
[ 0050 ] FIG . 16 shows scanning the microscope stage and 
tiling images to analyze large numbers of peptides wherein 
quantum dots can serve as guides . 
[ 0051 ] Table 1 depicts polypeptide cleavage sites for a 
number of proteases . 

DETAILED DESCRIPTION OF THE 
INVENTION 

a [ 0052 ] The present invention relates to the field of 
sequencing proteins and peptides , and more specifically 
large - scale sequencing of single peptides in a mixture of 
diverse peptides at the single molecule level . In one embodi 
ment , the present application relates to a method to deter 
mine protein sequences ( including but not limited to partial 
sequences ) in a massively parallel fashion ( potentially thou 
sands , and even millions , at a time ) wherein proteins are 
iteratively labeled and cleaved to produce patterns reflective 
of their sequences . The patterns of cleavage ( even of just a 
portion of the protein ) provide sufficient information to 
identify a significant fraction of proteins within a known 
proteome , i.e. where the sequences of proteins are known in 
advance . 

I. Protein Sequencing 
[ 0053 ] While changes in nucleic acids often underlie dis 
ease , these changes are amplified and are most readily found 
in proteins , which are in turn present in compartments ( i.e. 
saliva , blood and urine ) that are accessible without invasive procedures such as biopsies . Unfortunately , despite , 
advances in high - throughput DNA sequencing , methods for 
the large - scale identification and quantitation of specific 
proteins in complex mixtures remain unavailable . For 
example , a variety of techniques have been examined for 
identifying unique tumor biomarkers in serum , including 
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II . Fluorescence mass spectrometry and antibody arrays . However , these 
techniques are hampered by a lack of sensitivity and by an 
inability to provide quantitative readouts that can be inter 
preted with statistical significance by pattern analysis . This 
deficiency underlies many biochemical assays and molecu 
lar diagnostics and represents a critical bottleneck in bio 
marker discovery . 

[ 0054 ] In one embodiment , the single - molecule technolo 
gies of the present application allow the identification and 
absolute quantitation of a given peptide or protein in a 
biological sample . This advancement is greater than five 
orders of magnitude more sensitive than mass spectrometry 
( the only major competing technology for identifying pro 
teins in complex mixtures ) , which cannot always accurately 
quantify proteins because of differential ionization and des 
orption into the gas phase . Non - limiting example applica 
tions might therefore include single molecule detection of 
circulating proteins in humans or animals , leading to the 
determination of specific circulating biomarkers for e.g. 
tumors , infectious disease , etc. 
[ 0055 ] The sequential identification of terminal amino 
acid residues is the critical step in establishing the amino 
acid sequence of a peptide . As noted above , a drawback to 
Edman degradation is that the peptides being sequenced 
cannot have more than 50 to 60 ( more practically fewer than 
30 ) amino acid residues . Peptide length is typically limited 
because with each Edman cycle there is an incomplete 
cleavage of the peptides , causing the reaction to lose syn 
chrony across the population of otherwise identical peptide 
copies , resulting in the observation of different amino acids 
within a single sequencing cycle . This limitation would 
however not be applicable to single molecule Edman 
sequencing such as the method proposed , because the 
Edman cycling on each peptide is monitored independently . 
[ 0056 ] Amino acids buried within the protein core may not 
be accessible to the fluorescent label ( s ) , which may give rise 
to a misleading pattern of amino acids . In one embodiment 
of the present invention , such derivitization problems may 
be resolved by denaturing large proteins or cleaving large 
proteins or large peptides into smaller peptides before pro 
ceeding with the reaction . 
[ 0057 ] It was also noted above that , since Edman degra 
dation proceeds from the N - terminus of the protein , it will 
not work if the N - terminal amino acid has been chemically 
modified or if it is concealed within the body of the protein . 
In some native proteins the N - terminal residue is buried 
deep within the tightly folded molecule and is inaccessible 
to the labeling reagent . In one embodiment of the present 
invention the protein or peptide is denatured prior to pro 
ceeding with the Edman reaction ; in such cases , denatur 
ation of the protein can render it accessible . 
[ 0058 ] It was also noted that while the standard Edman 
degradation protocol monitors the N - terminal amino acid 
liberated at each cycle , in one embodiment the present 
invention monitors the signal obtained from the remaining 
peptide . 
[ 0059 ] It was also noted that unlike the Edman sequencing 
traditionally carried out by automated sequenators or 
sequencers in which complex mixtures of peptides cannot be 
analyzed , the current invention is capable of identifying 
individual peptides within a mixture . 

[ 0060 ] In one embodiment , the first labels utilized in the 
methods described above is a fluorescent label . In another 
embodiment , the first and second labels utilized in the 
methods described above are both fluorescent labels . In the 
life sciences fluorescence is generally employed as a non 
destructive means to track and / or analyze biological mol 
ecules since relatively few cellular components are naturally 
fluorescent ( i.e. intrinsic or autofluorescence ) . Important 
characteristics of fluorescent peptides are high sensitivity 
and non - radioactive detection . Fluorescent peptides have 
been widely used in fluorescence fluorimetry , fluorescence 
microscopy , fluorescence polarization spectroscopy , time 
resolved fluorescence and fluorescence resonance energy 
transfer ( FRET ) . In general , the preferred fluorescent labels 
should have high fluorescence quantum yields and retain the 
biological activities of the unlabeled biomolecules . In one 
embodiment , a protein can be “ labeled ” with an extrinsic 
fluorophore ( i.e. fluorescent dye ) , which can be a small 
molecule , protein or quantum dot ( see FIG . 16 ) . The fluo 
rescent dye may be attached to a peptide at a specific point 
through a covalent bond , which is stable and not destructive 
under most physiological conditions . In some embodiments , 
a functional linker is introduced between the dye and peptide 
to minimize the alteration of peptide biological activity . 
Peptide labeling requires attaching the dye at a defined 
position in the peptide ( i.e. N - terminus , C - terminus , or in the 
middle of sequence ) . 
[ 0061 ] a ) N - Terminal Labeling 
[ 0062 ] Amine - reactive fluorescent probes are widely used 
to modify peptides at the N - terminal or lysine residue . A 
number of fluorescent amino - reactive dyes have been devel 
oped to label various peptides , and the resultant conjugates 
are widely used in biological applications . Three major 
classes of amine - reactive fluorescent reagents are currently 
used to label peptides : succinimidyl esters ( SE ) , isothiocya 
nates and sulfonyl chlorides . Fluorescein isothiocyanate 
( FITC ) is one of the most popular fluorescent labeling dyes 
and is predominantly used for preparing a variety of fluo 
rescent bioconjugates ; however , its low conjugation effi 
ciency and short shelf lifetime of FITC conjugates remain 
troublesome for some biological applications . 
[ 0063 ] i ) Fluorescent Dye Carboxylic Acids 
[ 0064 ] Succinimidyl esters ( SE ) are extremely reliable for 
amine modifications because the amide bonds that are 
formed are essentially identical to , and as stable as , the 
natural peptide bonds . These reagents are generally stable 
and show good reactivity and selectivity with aliphatic 
amines . For the most part , reactive dyes are hydrophobic 
molecules and should be dissolved in anhydrous dimethyl 
formamide ( DMF ) or dimethylsulfoxide ( DMSO ) . The 
labeling reactions of amines with succinimidyl esters are 
strongly pH dependent . Amine - reactive reagents react with 
non - protonated aliphatic amine groups , including the termi 
nal amines of proteins and the e - amino groups of lysines . 
Thus amine acylation reactions are usually carried out above 
pH 7.5 . Protein modifications by succinimidyl esters can 
typically be done at pH 7.5-8.5 , whereas isothiocyanates 
may require a pH 9.0-10.0 for optimal conjugations . Buffers 
that contain free amines such as Tris and glycine and thiol 
compounds must be avoided when using an amine - reactive 
reagent . Ammonium salts ( such as ammonium sulfate and 
ammonium acetate ) that are widely used for protein precipi 
tation must also be removed ( such as viadialysis ) before 
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performing dye conjugations . Most conjugations are done at 
room temperature . However , either elevated or reduced 
temperature may be required for a particular labeling reac 
tion . 

[ 0065 ] ii ) Fluorescent Dye Sulfonyl Chlorides 
[ 0066 ] Sulfonyl chlorides are highly reactive and are 
unstable in water , especially at the higher pH required for 
reaction with aliphatic amines . Molecular modifications by 
sulfonyl chlorides should be performed at low temperature . 
Sulfonyl chlorides can also react with phenols ( including 
tyrosine ) , aliphatic alcohols ( including polysaccharides ) , 
thiols ( such as cysteine ) and imidazoles ( such as histidine ) , 
but these reactions are not common in proteins or in aqueous 
solution . SC dyes are generally hydrophobic molecules and 
should be dissolved in anhydrous dimethylformamide 
( DMF ) . Sulfonyl chlorides are unstable in dimethylsulfoxide 
( DMSO ) and should never be used in this solvent . The 
labeling reactions of amines with SC reagents are strongly 
pH dependent . SC reagents react with non - protonated amine 
groups . On the other hand , the sulfonylation reagents tend to 
hydrolyze in the presence of water , with the rate increasing 
as the pH increases . Thus sulfonylation - based conjugations 
may require a pH 9.0-10.0 for optimal conjugations . In 
general , sulfonylation - based conjugations have much lower 
yields than the succinimidyl ester - based conjugations . Buf 
fers that contain free amines such as Tris and glycine must 
be avoided when using an amine - reactive reagent . Ammo 
nium sulfate and ammonium must be removed before per 
forming dye conjugations . High concentrations of nucleo 
philic thiol compounds should also be avoided because they 
may react with the labeling reagent to form unstable inter 
mediates that could destroy the reactive dye . Most SC 
conjugations are performed at room temperature , however 
reduced temperature may be required for a particular SC 
labeling reaction . 
[ 0067 ] iii ) Fluorescent Dye Isothiocyanates 
[ 0068 ] Isothiocyanates form thioureas upon reaction with 
amines . Some thiourea products ( in particular , the conju 
gates from a - amino acids / peptides / proteins ) are much less 
stable than the conjugates that are prepared from the corre 
sponding succinimidyl esters . It has been reported that 
antibody conjugates prepared from fluorescein isothiocya 
nates deteriorate over time . For the most part , reactive dyes 
are hydrophobic molecules and should be dissolved in 
anhydrous dimethylformamide ( DMF ) or dimethylsulfoxide 
( DMSO ) . 2 ) . The labeling reactions of amines with isoth 
iocyanates are strongly pH dependent . Isothiocyanate 
reagents react with nonprotonated aliphatic amine groups , 
including the terminal amines of proteins and the e - amino 
groups of lysines . Protein modifications by isothiocyanates 
may require a pH 9.0-10.0 for optimal conjugations . Buffers 
that contain free amines such as Tris and glycine must be 
avoided when using an amine - reactive reagent . Ammonium 
salts ( such as ammonium sulfate and ammonium acetate ) 
that are widely used for protein precipitation must also be 
removed before performing dye conjugations . High concen 
trations of nucleophilic thiol compounds should also be 
avoided because they may react with the labeling reagent to 
form unstable intermediates that could destroy the reactive 
dye . Isothiocyanate conjugations are usually done at room 
temperature ; however , either elevated or reduced tempera 
ture may be required for a particular labeling reaction . 

[ 0069 ] b ) Cyanine Dyes 
[ 0070 ] Cyanine dyes exhibit large molar absorptivities 
( ~ 150,000-250,000 M - 1cm - 1 ) and moderate quantum yields 
resulting in extremely bright fluorescence signals . Depend 
ing on the structure , they cover the spectrum from infrared 
( IR ) to ultraviolet ( UV ) . Cyanines have many uses as 
fluorescent dyes , particularly in biomedical imaging , laser 
technology and analytical chemistry . Cy3 and Cy5 are 
reactive water - soluble fluorescent dyes of the cyanine dye 
family . Cy3 dyes fluoresce in the green - yellow spectrum 
( ~ 550 nm excitation , ~ 570 nm emission ) , while Cy5 dyes 
fluoresce in the far red spectrum ( ~ 650 nm excitation , 670 
nm emission ) but absorb in the orange spectrum ( ~ 649 nm ) . 
The chemical structure of both Cy3 and Cy5 is provided in 
FIG . 8. A detailed synthesis scheme for producing isothio 
cyanate derivatives of these dyes is also provided ( FIG . 9 ) . 
In one embodiment , Cy3 and Cy5 are synthesized with 
reactive groups on either one or both of their nitrogen side 
chains so that they can be chemically linked to either nucleic 
acids or protein molecules . In one embodiment , this facili 
tates visualization and / or quantification of the labeled mol 
ecule ( s ) . A wide variety of biological applications employ 
Cy3 and Cy5 dyes , including for example , comparative 
genomic hybridization and in gene chips , label proteins and 
nucleic acid for various studies including proteomics and 
RNA localization . 
[ 0071 ] To avoid contamination due to background fluo 
rescence scanners typically use different laser emission 
wavelengths ( typically 532 nm and 635 nm ) and filter 
wavelengths ( 550-600 nm and 655-695 nm ) , thereby pro 
viding the ability to distinguish between two samples when 
one sample has been labeled with Cy3 and the other labeled 
with Cy5 . Scanners are also able to quantify the amount of 
Cy3 and Cy5 labeling in either sample . In some embodi 
ments , Cy3 and Cy5 are used in proteomics experiments so 
that samples from two sources can be mixed and run 
together thorough the separation process . This eliminates 
variations due to differing experimental conditions that are 
inevitable if the samples were run separately . 
III . Single - Molecule Peptide Identification and Quantitation 
[ 0072 ] In one embodiment , the present application relates 
to a method to determine protein sequences ( typically 
sequence information for a portion of the protein ) in a 
massively parallel fashion ( thousands , and optimally mil 
lions at a time ) wherein proteins ( or fragments / portions 
thereof ) are iteratively labeled and cleaved to produce 
patterns reflective of their sequences . It is not intended that 
the present invention be limited to the precise order of 
certain steps . In one embodiment , the proteins ( or peptide 
fragments thereof ) are first labeled and then immobilized , 
and subsequently treated under conditions such that amino 
acids are cleaved / removed . In another embodiment , acquir 
ing information about the sequences of single proteins 
involves two related methods ( FIG . 8 ) . Peptides or proteins 
are first immobilized on a surface ( e.g. , via internal cysteine 
residues ) and then successively labeled , pieces of the pep 
tides are then cleaved away using either chemical , photo 
chemical or enzymatic degradation . In either case , the 
patterns of cleavage provide sufficient information to iden 
tify a significant fraction of proteins within a known pro 
teome . Given the extraordinary amount of DNA information 
that has already been accumulated via NextGen DNA 
sequencing , the sequences of many proteomes are known in 
advance . 
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[ 0073 ] a ) Immobilization and Labeling 
[ 0074 ] In one embodiment , peptides or proteins are first 
immobilized on a surface ( via internal cysteine residues ) , 
and successively labeled and cleaved away pieces of the 
peptides based on either chemical or enzymatic degradation 
( the two variations on the common theme ) . It is not intended 
that the present invention be limited to which amino acids 
are labeled . However , in a preferred embodiment , the chemi 
cal methodology entails labeling the lysyl residues of a 
peptide or protein with a single dye ( “ green ” in FIG . 8 ) . The 
Edman degradation method is then used to successively 
cleave amino acid residues away from the amino terminus of 
the immobilized peptide . In a preferred embodiment , the 
present application contemplates the use of a modified 
fluorescent derivative of the Edman reagent in order to 
successively label each newly exposed residue on the pro 
tein ( “ red ” in FIG . 9 ) . This successive labeling permits the 
efficiency of the reaction to be determined and also “ counts ” 
the number of reaction cycles a given immobilized peptide 
has undergone . Determining when in the “ red ” count there 
occurs a coincident loss of “ green ” residues from a single 
peptide molecule provides sequence information about that 
specific peptide . Sequence information resulting from such 
analysis may be of the form X - X - X - Lys - X - X - X - X - Lys - X 
Lys ( for example ) . In another embodiment , rather than using 
a fluorescent second label ( “ red ” in FIG . 5 ) , a non - fluores 
cent Edman reagent such as PITC can be employed instead ; 
in this case , the rounds of Edman cycling are simply counted 
as they are applied rather than monitoring each optically 
using the second label . 
[ 0075 ] In a preferred embodiment , the carboxylate side 
chains of glutamyl / aspartyl residues may be labeled with a 
third fluorescent molecule ( i.e. third color ) to further 
increase the amount of sequence information derived from 
each reaction . Informatic analyses indicate that performing 
20 cycles of Edman degradation in this method is sufficient 
to uniquely identify at least one peptide from each of the 
majority of proteins from within the human proteome . 
[ 0076 ] b ) Cleavage 
[ 0077 ] In another embodiment , the present application 
contemplates labeling proteins prior to immobilization fol 
lowed by the addition of a series of proteases that cleave 
very specifically between particular amino acid dimers to 
release the labels . The sequence information obtained by this 
method may be in the form of patterns such as Lys- [ Protease 
site 1 ] -Lys- [ Protease site 2 ] -Lys ( for example ) . While it is 
possible that multiple ( or zero ) protease sites may exists 
between given labels , the presence of multiple ( or zero ) 
protease sites is also information that can be used to identify 
a given peptide . As with the Edman degradation reaction , 
discussed above , informatics analyses reveal that proteases 
with approximately 20 different dimeric specificities are 
sufficient to uniquely identify at least one peptide from a 
substantial fraction of proteins from within the human 
proteome . In one embodiment , proteases with defined speci 
ficities may be generated using directed evolution methods . 
[ 0078 ] c ) Identification 
[ 0079 ] A single molecule microscope capable of identify 
ing the location of individual , immobilized peptides is used 
to “ read ” the number of fluorescent molecules ( i.e. dyes ) on 
an individual peptide in one - dye increments . The level of 
sensitivity is comparable to that available on commercial 
platforms , and should allow these subtractive approaches to 
be successful over several iterations . As indicated previ 

ously , the resulting data does not provide a complete peptide 
sequence , but rather a pattern of amino acids ( e.g. X - X - X 
Lys - X - X - X - X - Lys - X - Lys ... ) that can be searched against 
the known proteome sequences in order to identify the 
immobilized peptide . These patterns sometimes match to 
multiple peptide sequences in the proteome and thus are not 
always sufficiently information - rich to unambiguously iden 
tify a peptide , although by combining information from 
multiple peptides belonging to the same protein , the unique 
identification of proteins could be substantially higher . The 
present method relies on the fact that potentially millions or 
billions of immobilized peptides may be sequenced in an 
analysis ( for comparison , current single molecule Next - Gen 
DNA sequencing can sequence approx . 1 billion reads per 
run ) , and thus that a very large proportion of these can be 
uninformative while still providing sufficient information 
from the interpretable fraction of peptide patterns to identify 
and quantify proteins unambiguously . 
[ 0080 ) d ) Quantitation 
[ 0081 ] The ability to perform single molecule , high 
throughput identification of peptides from complex protein 
mixtures represents a profound advancement in proteomics . 
In addition to identifying a given peptide or protein , in one 
embodiment the present methods also permit absolute quan 
tification of the number of individual peptides from a 
mixture ( i.e. sample ) at the single molecule level . This 
represents an improvement to mass spectrometry , which is 
greater than 5 orders of magnitude less sensitive and which 
cannot always accurately quantify proteins because of dif 
ferential ionization and desorption into the gas phase . 
[ 0082 ] e ) Biomarkers 
[ 0083 ] While other techniques have been used to identify 
unique tumor biomarkers in serum , including mass spec 
trometry and antibody arrays , these techniques have been 
greatly hampered by a lack of sensitivity and by an inability 
to provide quantitative readouts that can be interpreted with 
statistical significance by pattern analysis . In one embodi 
ment , the present application contemplates the identification 
of biomarkers relevant to cancer and infectious diseases . 
While changes in nucleic acids often underlie disease , these 
changes become typically amplified and are most readily 
found in proteins . These aberrant proteins are often present 
in discrete locations throughout the body that are accessible 
without invasive procedures such as biopsies , including for 
example , saliva , blood and urine . In one embodiment , a 
single molecule detection assay for circulating proteins may 
be performed in a particular animal model of disease ( e.g. , 
human proteins from xenografts implanted in mice ) to 
identify unique biomarkers . In a preferred embodiment , such 
assays may provide the foundation for identifying protein 
patterns in humans that are indicative of disease . For 
example , comparing the protein pattern in serum samples 
from cancer patients versus normal individuals . 
[ 0084 ] Thus , specific compositions and methods of iden 
tifying peptides at the single molecule level have been 
disclosed . It should be apparent , however , to those skilled in 
the art that many more modifications besides those already 
described are possible without departing from the inventive 
concepts herein . Moreover , in interpreting the disclosure , all 
terms should be interpreted in the broadest possible manner 
consistent with the context . In particular , the terms " com 
prises ” and “ comprising ” should be interpreted as referring 
to elements , components , or steps in a non - exclusive man 
ner , indicating that the referenced elements , components , or 

a 
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embodiment , cycles are simply counted , resulting in the 
same sequence patterns ( e.g. . . . XKX ... ) as in the above 
embodiment but without providing an internal error check 
for the successful initiation / completion of each Edman reac 
tion cycle . 

steps may be present , or utilized , or combined with other 
elements , components , or steps that are not expressly refer 
enced . 
[ 0085 ] All publications mentioned herein are incorporated 
herein by reference to disclose and describe the methods 
and / or materials in connection with which the publications 
are cited . The publications discussed herein are provided 
solely for their disclosure prior to the filing date of the 
present application . Nothing herein is to be construed as an 
admission that the present invention is not entitled to ante 
date such publication by virtue of prior invention . Further , 
the dates of publication provided may be different from the 
actual publication dates , which may need to be indepen 
dently confirmed . 

EXPERIMENTAL 

[ 0086 ] The following are examples that further illustrate 
embodiments contemplated by the present invention . It is 
not intended that these examples provide any limitations on 
the present invention . 
[ 0087 ] In the experimental disclosure that follows , the 
following abbreviations apply : eq . or eqs . ( equivalents ) ; M 
( Molar ) ; uM ( micromolar ) ; N ( Normal ) ; mol ( moles ) ; mmol 
( millimoles ) ; umol ( micromoles ) ; nmol ( nanomoles ) ; 
pmoles ( picomoles ) ; g ( grams ) ; mg ( milligrams ) ; ug ( micro 
grams ) ; ng ( nanogram ) ; vol ( volume ) ; w / v ( weight to vol 
ume ) ; v / v ( volume to volume ) ; L ( liters ) ; ml ( milliliters ) ; uL 
( microliters ) ; cm ( centimeters ) ; mm ( millimeters ) ; um ( mi 
crometers ) ; nm ( nanometers ) ; C ( degrees Centigrade ) ; rpm 
( revolutions per minute ) ; DNA ( deoxyribonucleic acid ) ; 
kDal ( kilodaltons ) . 

a 

1. Single Molecule Sequencing 
[ 0088 ] FIG . 4 depicts one embodiment of the single 
molecule peptide sequencing method . Briefly , selective 
labeling of amino acids on immobilized peptides followed 
by successive cycles of labeling and removal of the pep 
tides ' amino - terminal amino acids is capable of producing 
patterns sufficiently reflective of their sequences to allow 
unique identification of a majority of proteins in the yeast 
and human proteomes . FIG . 5 shows the simplest scheme 
with 2 fluorescent colors ( i.e. “ fluors ” or “ labels ” ) , in which 
fluor 2 ( red star ) labels the peptide amino termini ( N - ter 
mini ) over successive cycles of removal of the N - terminal 
amino acids and re - labeling of the resulting new N - termini , 
and fluor 1 ( green star ) labels lysine ( K ) residues . The 
immobilization of fluor 2 on a peptide serves as an indicator 
that the Edman reaction initiated successfully ; its removal 
following a solvent change indicates that the reaction com 
pleted successfully . Fluor 2 thus serves as an internal error 
check — i.e . , indicating for each peptide which Edman cycles 
have initiated and completed succe ccessfully — and gives a 
count of amino acids removed from each peptide , as well as 
reporting the locations of all peptides being sequenced . 
Fluor 1 serves to indicate when lysines are removed , which , 
in combination with the reporting of each Edman cycle by 
fluor 2 , gives the resulting sequence profile ( e.g. .. XKX 

below ) that will be used to identify the peptide by 
comparison with a database of possible protein sequences 
from the organism being sequenced . In another embodiment , 
a second fluorescent label is not used ; instead , a non 
fluorescent version of the reagent which labels and removes 
the amino termini in successive cycles is employed ; in this 

[ 0089 ] a ) Identification of Proteins in Yeast and Human 
Proteomes 
[ 0090 ] FIG . 6 demonstrates that selective labeling of 
amino acids on immobilized peptides followed by succes 
sive cycles of labeling and removal of their amino - terminal 
amino acids is capable of producing patterns sufficiently 
reflective of their sequences to allow unique identification of 
a majority of proteins in the yeast and human proteomes . 
Plotted curves show results of computer simulation of 
successive cleavage of single N - terminal amino acids from 
all proteolytic peptides derived from the complete human or 
yeast proteome , top and bottom plots respectively . This 
figure depicts the results of various cutting ( “ Cut ” ) and 
labeling ( “ Label ” ) scenarios . For example , " Cut E ” indicates 
that all human proteins were proteolyzed with the peptidase 
GluC in order to cut each protein after glutamate ( “ E ” ) 
residues . Similarly , “ Label ” simulates the results of initially 
labeling different subsets of amino acid residues . For 
example , “ Label K ” indicates that only lysine ( “ K ” ) amino 
acid residues carry a detectable label ( e.g. a fluorescent 
molecule observable by single molecule fluorescence 
microscopy ) . The sequencing reaction is not allowed to 
proceed beyond the cysteine ( “ C ” ) residue since they are 
used to anchor the peptide sequence . FIG . 5 demonstrates 
that labeling schemes employing only two or three amino 
acid - specific fluorescent labels can provide patterns capable 
of uniquely identifying at least one peptide from a substan 
tial fraction of the human or yeast proteins . Given that only 
one peptide is required to identify the presence of an 
individual protein in a protein mixture , and further given that 
the peptide may be observed repeatedly and the number of 
observations counted , FIG . 6 demonstrates that this 
approach may both identify and quantify a large proportion 
of proteins in highly complex protein mixtures . This capa 
bility requires that the genomic sequence of the organism 
being analyzed is available to serve as a reference for the 
observed amino acid patterns . As indicated above , the com 
plete human and yeast genomes are available to match 
against patterns of amino acid labels ( e.g. 
“ XXXKXXXKKXXXTX ... C ... E ” ) . 
[ 0091 ] b ) Lysine Content 
[ 0092 ] FIG . 7 demonstrates that the numbers of lysines per 
peptide are sufficiently low to monitor their count based on 
fluorescence intensity . The present method requires the 
ability to distinguish ( i.e. resolve ) different numbers of 
fluorescent molecules based on fluorescence intensity ; how 
ever , resolution naturally decreases as the number of lysines 
in a single peptide increase . For example , while distinguish 
ing 3 lysines from 2 lysines only requires detecting a 33 % 
decrease in fluorescence intensity , high lysine counts would 
require detecting proportionally smaller changes in fluores 
cence intensity ( e.g. only 5 % for the case of 21 lysines 
versus 20 lysines ) . Fortunately , the natural distribution of 
lysine residues in peptides tends to be small ( top plot , shown 
for the yeast proteome ) , and therefore within the capacity of 
current fluorescent microscopes . The simulations depicted in 
FIG . 7 demonstrate that limiting sequencing to peptides with 
no more than eight lysines nearly provides coverage for the 
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full set of peptides in the yeast proteome ( bottom plot , 
shown for the case of labeling K , cutting at E with Gluc , 
anchoring by C ) . 

II . Two - Color Single - Molecule Peptide Sequencing 
Reaction 

a 

a 

[ 0093 ] Proteins may be analyzed from natural or synthetic 
sources collected using standard protocols . For example , 
proteins may be isolated from human cells obtained from 
blood samples , tumor biopsies or in vitro cell cultures . In 
one embodiment , the present invention contemplates a two 
color single molecule peptide sequencing reaction . 
[ 0094 ] In other embodiments , protein sequencing proto 
cols may include more than two fluorescent molecules ( e.g. 
covalently labeling a third fluorescent molecule with an 
additional type of amino acid ) to provide greater protein 
sequence and / or protein profile information . 
[ 0095 ] a ) Cell Sample Preparation 
[ 0096 ] Isolated cells are resuspended in a standard lysis 
buffer that includes a reducing agent such as Dithiothreitol 
( DTT ) to denature proteins and break disulphide linkages 
and a protease inhibitor cocktail to prevent further protein 
degradation . Cells are lysed by homogenization or other 
lysis technique and the lysate centrifuged to obtain soluble 
cytosolic proteins ( supernatant ) and insoluble membrane 
bound proteins ( pellet ) . Samples may be further fraction 
ated , e.g. by chromatography , gel electrophoresis , or other 
methods to isolate specific protein fractions of interest . The 
protein mixtures are denatured in a solution containing , for 
example , urea or trifluoroethanol ( TFE ) and the disulfide 
bonds are reduced to free thiol group via the addition of 
reducing agents such as tris ( 2 - carboxyethyl ) phosphine 
( TCEP ) or DTT . 
[ 0097 ] b ) Protein Digestion , Labeling and Anchoring 
[ 0098 ] Protein preparations are then digested by specific 
endopeptidases ( e.g. GluC ) , which selectively cleave the 
peptide bonds ' C - terminal to glutamic acid residue . The 
resulting peptides are labeled by a fluorescent Edman 
reagent ( label 1 ) such as fluorescein isothiocyanate ( FITC ) , 
rhodamine isothiocyanate or other synthesized fluorescent 
isothiocyanate derivative ( e.g. , Cy3 - ITC , Cy5 - ITC ) . Con 
siderations in choosing the first fluorescent Edman reagent 
( label 1 ) include 1 ) good reactivity towards available amine 
groups on Lysine residues and the N - terminus , 2 ) high 
quantum yield of the fluorescent signal , 3 ) reduced tendency 
for fluorescent quenching , and 4 ) stability of the fluorescent 
molecule across the required range of pH . 
[ 0099 ] Labeled peptides are then anchored to an activated 
glass or quartz substrate for imaging and analysis . In one 
embodiment , the substrate is glass coated with a low density 
of maleimide , which is chemically reactive to available 
sulfydryl groups ( SH– ) on the cysteine residues in a subset 
of the peptide molecules . In a preferred embodiment , the 
substrate is glass coated with a layer of N- ( 2 - aminoethyl ) 
3 - aminopropyl trimethoxy silane and then passivated with a 
layer of methoxy - poly ( ethylene glycol ) doped with 2-5 % 
maleimide - poly ( ethylene glycol ) , the latter of which is 
chemically reactive to available sulfhydryl groups ( SH- ) 
on the cysteine residues in a subset of the peptide molecules . 
In this embodiment only peptides that contain cysteine 
residues are anchored to the solid surface ; peptides that do 
not contain cysteine residues are washed away in successive 
steps . In a preferred embodiment , peptides are preferably 
anchored with a surface density that is low enough to permit 

the resolution of single molecules during subsequent micros 
copy steps . In one embodiment , the order of the labeling and 
anchoring steps may be reversed , for example if required by 
the coupling - decoupling rate of the Edman reagent and its 
ability to produce thioazolinone N - terminal amino acid 
derivatives . 
[ 0100 ] c ) Edman Sequencing in a Microscope Flow Cell 
[ 0101 ] Following labeling and anchoring of the peptides 
the substrate ( e.g. , glass slide ) is introduced into a flow cell 
in a fluorescence microscope equipped with total internal 
reflection illumination , which reduces background fluores 
cence . The flow cell is washed with purified water to clean 
the surface . Steps 2 and 3 correspond to the Edman coupling 
steps , which are performed repeatedly with fluorescence 
microscopy images collected twice in each cycle once 
after cleavage and once after re - labeling . FIG . 10 is a 
diagram showing one embodiment of the working principle 
of a total internal reflectance fluorescence ( TIRF ) micros 
copy setup that can be used in sequence analysis . Other 
embodiments of the microscopy setup include the use of a 
scanning confocal microscope for visualizing the single 
molecules or a dove prism for performing TIRF . Using a 
motorized microscope stage with automated focus control to 
image multiple stage positions in the flow cell may allow 
millions of individual single peptides ( or more ) to be 
sequenced in one experiment ( see FIG . 10 , FIG . 11 , and FIG . 
12 ) . 
[ 0102 ] In the cleavage step trifluoroacetic acid ( TFA ) is 
introduced into the flow cell and incubated to complete the 
cleavage reaction . The liberated thiazolinone N - terminal 
amino acid derivative and residual TFA is washed away with 
an organic solvent such as -ethyl acetate . In a preferred 
embodiment , other solvents may be used to ensure that side 
products produced are effectively removed . In the re - label 
ing step the N - terminus of the anchored peptides is re 
labeled with a second Edman fluorescent reagent ( label 2 ) 
under mildly basic conditions . Considerations in choosing 
the second Edman fluorescent reagent ( label 2 ) include 
limiting fluorescence bleedthrough ( spectral crossover ) with 
label i by selecting fluorophores having well - separated 
absorption and emission spectra such that the fluors can be 
independently observed via microscopy , and having an 
efficient rate of decoupling from the labeled N - terminal 
amino acid . In one embodiment , portions of the emission 
spectrum of said first label do not overlap with the emission 
spectrum of said second label . The cleavage and re - labeling 
steps ( steps 2 and 3 , respectively ) are then repeated in cycles 
( i.e. , treating peptides to the successive rounds of Edman 
chemistry , involving TFA wash , vacuum dry , etc. ) with 
fluorescence microscopy imaging at each step , as described 
below , until sufficient data is collected ( e.g. , 20 or 30 cycles ) . 
[ 0103 ] d ) Single Molecule Fluorescence Microscopy 
[ 0104 ] In one embodiment , a conventional microscope 
equipped with total internal reflection illumination and an 
intensified charge - couple device ( CCD ) detector may be 
used for imaging . ( For an example of such a scope appro 
priate for single molecule imaging , see Braslavsky et al . , 
PNAS , 100 ( 7 ) : 3960-4 ( 2003 ) [ 4 ] , ( herein incorporated by 
reference ) . Depending on the absorption and emission spec 
tra of the two fluorescent Edman labels employed , appro 
priate filters ( for example , a central wavelength of 515 nm 
for FITC and 630 nm for a rhodamine - ITC derivative ) are 
used to record the emission intensity of the two labels . 
Imaging with a high sensitivity CCD camera allows the a 
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instrument to simultaneously record the fluorescent intensity 
of multiple single peptide molecules distributed across the 
glass surface . In one embodiment , image collection is per 
formed using an image splitter that directs light through two 
band pass filters ( one suitable for each fluorescent molecule ) 
to be recorded as two side - by - side images on the CCD 
surface . FIG . 10 is a diagram showing one embodiment of 
a total internal reflectance fluorescence ( TIRF ) microscopy 
setup that can be used in sequence analysis . Using a motor 
ized microscope stage with automated focus control to 
image multiple stage positions in the flow cell may allow 
millions of individual single peptides ( or more ) to be 
sequenced in one experiment ( see FIG . 10 , FIG . 11 , and FIG . 
12 ) . By way of comparison , current generation single mol 
ecule DNA sequencers ( e.g. , available from Helicos ) can 
sequence approximately 1 billion single DNA molecules per 
experiment . 
[ 0105 ] As described above , for each Edman cycle the 
fluorescence intensity of label 1 will be recorded after each 
cleavage step . After the very first round of removal of label 
1 ( which corresponds to removing the labeled N - terminal 
amino acid ) , this label will exclusively label lysine residues 
in the immobilized peptides , with a fluorescence intensity 
proportional to the count of lysines in a given peptide . The 
loss and uptake of label 2 measured after each cleavage step 
and coupling step , respectively , serves as 1 ) a counter for the 
number of amino acid residues removed , and 2 ) an internal 
error control indicating the successful completion of each 
round of Edman degradation for each immobilized peptide . 
[ 0106 ] e ) Bioinformatic Analysis 
[ 0107 ] Following image processing to filter noise and 
identify the location of peptides , as well as to map the 
locations of the same peptides across the set of collected 
images , intensity profiles for label 1 and label 2 are associ 
ated with each peptide as a function of Edman cycle . The 
label 1 intensity profile of each error free peptide sequencing 
reaction ( determined by the cycling of label 2 ) is trans 
formed into a binary sequence ( e.g. , 00010001100 ) in which 
a “ I ” precedes a drop in fluorescence intensity of label 1 and 
its location ( i.e. position within the binary sequence ) iden 
tifies the number of Edman cycles performed . This 
sequence , termed the binary intensity profile , represents a 
simplified version of the experimentally derived peptide 
sequence . 
[ 0108 ] The method has the ability to identify the location 
of peptides as well as the ability to follow these peptides 
after a number of steps . FIG . 13 shows one embodiment of 
labeled lysines ( amine - reactive dye HiLyte 647 ) attached by 
cysteines to maleimide - PEG quartz surface . The different 
pattern of fluorescence intensity with the different labeled 
lysine content is revealed . The reactive dye used , HiLyte 
FluorTM 647 succidinimyl ester , is an amine - reactive fluo 
rescent labeling dye that generates the conjugates that are 
slightly red - shifted compared to those of Cy5 dyes , resulting 
in an optimal match to filters designed for Cy5 dye . Its 
conjugate may have better performance than Cy5 for fluo 
rescence polarization - based assays . FIG . 14 shows a com parison of single fluorescently - labeled peptides and alternate 
channel revealing low background fluorescence . When ana 
lyzing the peptides , one can observe the difference in the 
Edman degradation of the labeled single peptide molecules 
between a peptide that contains one versus two labeled 
lysines ( see FIG . 15 ) . The fluorescence signal drops when 
the labeled lysine is removed . Only fluorescence signal is 

found with labeled lysines . One can also use quantum dots 
as a guide in analysis of large numbers of peptides from by 
scanning the microscope and tiling images ( see FIG . 16 ) . 
[ 0109 ] A database of predicted potential proteins for the 
organism under investigation is used as a reference database . 
For example , in one embodiment the human protein data 
base , compiled from the Uniprot protein sequence database 
and containing 20,252 translated protein sequences , may be 
used as the reference dataset . A list of potential peptides is 
generated by simulating the proteolysis , labeling and 
anchoring approach used in the experiment . In the example 
provided above , this corresponds to cutting by GluC , label 
ing of lysines and anchoring of peptides via cysteines . Each 
unique peptide generated in this simulation may be trans 
formed to its corresponding binary sequence ( e.g. 
0001000110 ) , retaining its mapping to the protein sequence 
and ID from which it was formed . This creates a lookup 
database indexing potential binary sequences derived from 
that organism's proteome to unique protein IDs . 
[ 0110 ] The binary intensity profile of each peptide , as 
generated from the single molecule microscopy , is then 
compared to the entries in the simulated peptide database 
( step 3 ) . This provides the protein ID , if available , from 
which the peptide is uniquely derived . Performing this 
lookup over all measured profiles results in the identification 
of the set of proteins composing the complex protein mix 
ture . Many binary intensity profiles may not have a unique 
match in the database . In one embodiment , advanced bio 
informatics analyses could consider the multiplicity of 
matches and infer the most likely proteins present . In 
another embodiment , a simple approach is to just ignore all 
of these cases and rely only upon uniquely matching cases 
to build evidence for proteins being present . Quantitation is 
then accomplished by counting peptides derived from each 
protein observed . Since this approach is intrinsically digital , 
the count of peptides from each protein should be propor 
tional to the abundance of the protein in the mixture . In 
another embodiment , the efficiencies of the reaction steps , 
including the labeling , Edman reagent coupling , and Edman 
reagent cleavage reactions can be measured or estimated and 
then incorporated in the computational search of the pro 
teome sequences in order to provide a probabilistic estimate 
of the identification of a particular peptide or protein in the 
database . 
[ 0111 ] f ) Variations 
[ 0112 ] Variants to the above protocol are contemplated . In 
one embodiment , to improve signal to noise during single 
molecule imaging , oxygen- and free radical - scavenging and 
triple quenching components are included in the solution 
( e.g. , see Harris et al . , Science 320 , 106 ( 2008 ) [ 5 ] , ( herein 
incorporated by reference ) . In another embodiment , the 
surface of the solid support can be modified chemically , such 
as by coating with polyethylene glycol , in order to suppress 
nonspecific adsorption to the surface and thus improve the 
signal to noise ratio for the fluorescent detection of peptides . 
In another embodiment , more than two fluorescent mol 
ecules may be used to label additional amino acids . Such an 
approach might involve , for example , covalently labeling 
lysines with a fluorescent Edman reagent prior to sequencing 
( as described above ) and also covalently labeling amino 
acids with carboxylate side chains ( e.g. , glutamate , aspar 
tate ) with a second fluorescent molecule ( chosen for spectral 
compatibility ) , then proceeding with Edman degradation 
cycles using an Edman reagent labeled with a third fluores 

a 
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approach employs , for example , engineered carboxypepti 
dases or small molecule reagents reacting analogous to the 
N - terminal Edman chemistry but operating from the C - ter 
minus of the peptide . 
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of amino acids occurs from the carboxy terminus of the 
peptide , thereby revealing C - terminal sequences instead of 
N - terminal sequences . In a preferred embodiment , this 

[ 0114 ] 1. Edman et al . ( 1950 ) Method for determination of 
the amino acid sequence in peptides , Acta Chem . Scand . 
4 , 283-293 . 

[ 0115 ] 2. Edman , P. and Begg , Q ( 1 % 7 ) A Protein 
Sequenator , Eur : J. Biochem . 1 ( 1 ) , 80-91 . 

[ 0116 ] 3. Niall , H. D. ( 1973 ) Automated Edman degrada 
tion : the protein sequenator , Methods Enzymol . 27 , 942 
1010 . 

[ 0117 ] 4. Braslavsky , 1. et al . ( 2003 ) Sequence informa 
tion can be obtained from single DNA molecules , Proc . 
Natl . Acad . Sci . U.S.A. 100 ( 7 ) , 3960-3964 . 

[ 0118 ] 5. Harris , T. D. et al . ( 2008 ) Single - Molecule DNA 
Sequencing of a Viral Genome , Science 320 ( 5872 ) , 106 
109 . 
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a 

SEQUENCE LISTING 

< 160 > NUMBER OF SEQ ID NOS : 2 

< 210 > SEQ ID NO 1 
< 211 > LENGTH : 11 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic 
< 220 > FEATURE : 
< 221 > NAME / KEY : misc_feature 
< 222 > LOCATION : ( 1 ) .. ( 3 ) 
< 223 > OTHER INFORMATION : Xaa can be any naturally occurring amino acid 
< 220 > FEATURE : 
< 221 > NAME / KEY : misc_feature 
< 222 > LOCATION : ( 5 ) .. ( 8 ) 
< 223 > OTHER INFORMATION : Xaa can be any naturally occurring amino acid 
< 220 > FEATURE : 
< 221 > NAME / KEY : misc_feature 
< 222 > LOCATION : ( 10 ) .. ( 10 ) 
< 223 > OTHER INFORMATION : Xaa can be any naturally occurring amino acid 

< 400 > SEQUENCE : 1 

Xaa Xaa Xaa Lys Xaa Xaa Xaa Xaa Lys Xaa Lys 
1 10 5 

< 210 > SEQ ID NO 2 
< 211 > LENGTH : 16 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic 
< 220 > FEATURE : 
< 221 > NAME / KEY : misc_feature 
< 222 > LOCATION : ( 1 ) .. ( 3 ) 
< 223 > OTHER INFORMATION : Xaa can be any naturally occurring amino acid 
< 220 > FEATURE : 
< 221 > NAME / KEY : misc_feature 
< 222 > LOCATION : ( 5 ) .. ( 7 ) 
< 223 > OTHER INFORMATION : Xaa can be any naturally occurring amino acid 
< 220 > FEATURE : 
< 221 > NAME / KEY : misc_feature 
< 222 > LOCATION : ( 10 ) .. ( 12 ) 
< 223 > OTHER INFORMATION : Xaa can be any naturally occurring amino acid 
< 220 > FEATURE : 
< 221 > NAME / KEY : MISC_FEATURE 
< 222 > LOCATION : ( 14 ) .. ( 14 ) 
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- continued 

< 223 > OTHER INFORMATION : Xaa can be any naturally occurring amino acid 

< 400 > SEQUENCE : 2 

Xaa Xaa Xaa Lys Xaa Xaa Xaa Lys Lys Xaa Xaa Xaa Thr Xaa Cys Glu 
1 5 10 15 

1. - 5 . ( canceled ) 
6. A method , comprising : 
a ) providing a peptide immobilized on a solid support , 

wherein said peptide comprises at least two different 
types of amino acids coupled to at least two different 
types of labels ; 

b ) subjecting said peptide to conditions sufficient to 
remove a terminal amino acid of said peptide ; and 

c ) detecting said at least two different types of labels on 
said at least two different types of amino acids to 
sequence said peptide . 

7. The method of claim 6 , wherein said at least two 
different types of amino acids comprise lysine . 

8. The method of claim 6 , wherein said at least two 
different types of amino acids comprise a carboxylic acid 
side chain . 

9. The method of claim 6 , wherein said at least two 
different types of amino acids comprise aspartic acid . 

10. The method of claim 6 , wherein said at least two 
different types of amino acids comprise glutamic acid . 

11. The method of claim 6 , wherein said peptide is 
immobilized on said solid support via cysteine residues . 

12. The method of claim 6 , wherein said terminal amino 
acid is a N - terminal amino acid . 

13. The method of claim 6 , wherein said terminal amino 
acid is a C - terminal amino acid . 

14. The method of claim 6 , wherein said terminal amino 
acid of said peptide is removed by an enzyme . 

15. The method of claim 14 , wherein said enzyme com 
prises Edman degradation agent . 

16. The method of claim 15 , wherein said Edman degra 
dation agent is an isothiocyanate derivative selected from 
the group consisting of phenyl isothiocyanate , fluorescein 
isothiocyanate , cyanine isothiocyanate , and rhodamine iso 
thiocyanate . 

17. The method of claim 6 , wherein each of said at least 
two different types of labels comprise a fluorescent mol 
ecule . 

18. The method of claim 17 , wherein said fluorescent 
molecule is an amine - reactive fluorescent molecule . 

19. The method of claim 17 , wherein said fluorescent 
molecule is a carboxylic acid - reactive fluorescent molecule . 

20. The method of claim 0 , wherein said detecting com 
prises measuring a fluorescence intensity of each of said at 
least two different types of labels . 

21. The method of claim 6 , wherein at least a portion of 
an emission spectra of each of said at least two different 
types of labels do not overlap with one another . 

22. The method of claim 6 , wherein , in c ) , a reduction in 
signal intensity indicates that at least one labeled amino acid 
of said at least two different types of amino acids coupled to 
said at least two different types of labels has been removed . 

23. The method of claim 6 , wherein , in c ) , an absence in 
signal intensity indicates that said at least two different types 
of labels have been removed . 

24. The method of claim 6 further comprising , prior to b ) , 
contacting said peptide immobilized on said solid support 
with an additional label under conditions sufficient to couple 
said additional label to another type of amino acid different 
from said at least two different types of amino acids . 

25. The method of claim 6 , wherein said peptide com 
prises at least three different types of amino acids coupled to 
at least three different types of labels . 

* 


