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(57) ABSTRACT 

The invention relates to methods of identifying and charac 
teriZing properties of polymers to provide information about 
the polymer such as the charge of the polymer, the number 
and types or characteristics of units of the polymer and the 
sequence of the polymers. The invention also relates to meth 
ods of sequencing polymers such as nucleic acids, polypep 
tides and polysaccharides and methods for identifying a 
polysaccharide-protein interaction. 
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METHOD FOR IDENTIFYING OR 
CHARACTERIZING PROPERTIES OF 

POLYMERIC UNITS 

RELATED APPLICATION 

[0001] This application is a continuation of US. patent 
application Ser. No. 11/518,394, ?led Sep. 8, 2006, pending, 
Which is a continuation of US. patent application Ser. No. 
10/356,349, ?led Jan. 31, 2003, issued as US. Pat. No. 7,139, 
666, Which is a divisional of US. patent application Ser. No. 
09/558,137, ?led on Apr. 24, 2000, issued as US. Pat. No. 
6,597,996, Which claims the bene?t of US. provisional patent 
application No. 60/130,747, ?ledApr. 23, 1999, 60/130,792, 
?led Apr. 23, 1999, 60/159,939, ?led Oct. 14, 1999, and 
60/159,940, ?led Oct. 14, 1999 under 35 U.S.C. §119, the 
contents of each of Which are incorporated herein by refer 
ence in their entirety. 

BACKGROUND 

[0002] Various notational systems have been used to 
encode classes of chemical units by assigning a unique code 
to each chemical unit in the class. For example, a conven 
tional notational system for encoding amino acids assigns a 
single letter of the alphabet to each knoWn amino acid. A 
polymer of chemical units may be represented using such a 
notational system using a set of codes corresponding to the 
chemical units. Such notational systems have been used to 
encode polymers, such as proteins, in a computer-readable 
format. A polymer that has been represented in such a com 
puter-readable format according to a notational system may 
be stored and processed by a computer. 
[0003] Conventional notational schemes for representing 
chemical units have represented the chemical units as char 
acters (e.g., A, T, G, and C for nucleic acids), and have 
represented polymers of chemical units as sequences or sets 
of characters. Various operations may be performed on such a 
notational representation of a chemical unit or a polymer 
comprised of chemical units. For example, a user may search 
a database of chemical units for a query sequence of chemical 
units. In such a case, the user typically provides a character 
based notational representation of the sequence in the form of 
a sequence of characters, Which is compared against the char 
acter-based notational representations of sequences of chemi 
cal units stored in the database. Character-based searching 
algorithms, hoWever, are typically sloW because such algo 
rithms search by comparing individual characters in the query 
sequence against individual characters in the sequences of 
chemical units stored in the database. The spread of such 
algorithms is therefore related to the length of the query 
sequence, resulting in particularly poor performance for long 
query sequences. 

[0004] The study of molecular and cellular biology is 
focused on the macroscopic structure of cells. We noW knoW 
that cells have a complex microstructure that determine the 
functionality of the cell. Much of the diversity associated With 
cellular structure and function is due to the ability of a cell to 
assemble various building blocks into diverse chemical com 
pounds. The cell accomplishes this task by assembling poly 
mers from a limited set of building blocks referred to as 
monomers. The key to the diverse functionality of polymers is 
based in the primary sequence of the monomers Within the 
polymer and is integral to understanding the basis for cellular 
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function, such as Why a cell differentiates in a particular 
manner or hoW a cell Will respond to treatment With a par 
ticular drug. 
[0005] The ability to identify the structure of polymers by 
identifying their sequence of monomers is integral to the 
understanding of each active component and the role that 
component plays Within a cell. By determining the sequences 
of polymers it is possible to generate expression maps, to 
determine What proteins are expressed, to understand Where 
mutations occur in a disease state, and to determine Whether 
a polysaccharide has better function or loses function When a 
particular monomer is absent or mutated. 

SUMMARY 

[0006] Polymers may be characterized by identifying prop 
erties of the polymers and comparing those properties to 
reference polymers, a process referred to herein as property 
encoded nomenclature (PEN). In one embodiment, the prop 
erties are encoded using a binary notation system, and the 
comparison is accomplished by comparing the binary repre 
sentations of polymers. For instance, in one aspect a sample 
polymer is subjected to an experimental constraint to modify 
the polymer, the modi?ed polymer is compared to a reference 
database of polymers to identify a population of polymers 
having a property that is the same as or similar to a property 
of the sample polymer. The method may be repeated until the 
population of polymers in the reference database is reduced to 
one and the identity of the sample polymer is knoWn. 
[0007] In a system including a database of properties of 
polymers of chemical units a method for determining the 
composition of a sample polymer of chemical units having a 
knoWn molecular Weight and length is provided according to 
one aspect of the invention. The method includes the steps of 

[0008] (A) selecting, from the database, candidate poly 
mers of chemical units having the same length as the 
sample polymer of chemical units and having molecular 
Weights similar to the molecular Weight of the sample 
polymer of chemical units; 

[0009] (B) performing an experiment on the sample 
polymer of chemical units; 

[0010] (C) measuring properties of the sample polymer 
of chemical units resulting from the experiment; and 

[0011] (D) eliminating, from the candidate polymers of 
chemical units, polymers of chemical units having prop 
erties that do not correspond to the experimental results. 

[0012] In some embodiments the method also includes the 
step of: 

[0013] (E) repeatedly performing the step (D) until the 
number of candidate polymers of chemical units falls 
beloW a predetermined threshold. 

[0014] In other aspects the invention is a method for iden 
tifying a population of polymers of chemical units having the 
same property as a sample polymer of chemical units. The 
method includes the steps of determining a property of a 
sample polymer of chemical units, and comparing the prop 
erty of the sample polymer to a reference database of poly 
mers of knoWn sequence and knoWn properties to identify a 
population of polymers of chemical units having the same 
property as a sample polymer of chemical units, Wherein the 
reference database of polymers includes identi?ers corre 
sponding to the chemical units of the polymers, each of the 
identi?ers including a ?eld storing a value corresponding to 
the property. 
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[0015] In one embodiment the step of determining a prop 
erty of the sample polymer involves the use of mass spec 
trometry, such as for example, matrix assisted laser desorp 
tion ioniZation mass spectrometry (MALDI-MS), electron 
spray-MS, fast atom bombardment mass spectrometry (FAB 
MS) and collision-activated dissociation mass spectrometry 
(CAD) to determine the molecular Weight of the polymer. 
MALDI-MS, for instance, may be used to determine the 
molecular Weight of the polymer With an accuracy of approxi 
mately one Dalton. 

[0016] The step of identifying a property of the polymer in 
other embodiments may involve the reduction in siZe of the 
polymer into pieces of several units in length that may be 
detected by strong ion exchange chromatography. The frag 
ments of the polymer may be compared to the reference 
database polymers. 
[0017] According to other aspects, the invention is a 
method for identifying a subpopulation of polymers having a 
property in common With a sample polymer of chemical 
units. The method involves the steps of applying an experi 
mental constraint to the polymer to modify the polymer, 
detecting a property of the modi?ed polymer, identifying a 
population of polymers of chemical units having the same 
molecular length as the sample polymer, and identifying a 
subpopulation of the identi?ed population of polymers hav 
ing the same property as the modi?ed polymer by eliminat 
ing, from the identi?ed population of polymers, polymers 
having properties that do not correspond to the modi?ed 
polymer. The steps may be repeated on the modi?ed polymer 
to identify a second subpopulation Within the subpopulation 
of polymers having a second property in common With the 
tWice modi?ed polymer. Each of the steps may then be 
repeated until the number of polymers Within the subpopula 
tion falls beloW a predetermined threshold. The method may 
be performed to identify the sequence of the polymer. In this 
case the predetermined threshold of polymers Within the sub 
population is tWo polymers. 
[0018] In yet another aspect, the invention is a method for 
identifying a subpopulation of polymers having a property in 
common With a sample polymer of chemical units. The 
method involves the steps of applying an experimental con 
straint to the polymer to modify the polymer, detecting a ?rst 
property of the modi?ed polymer, identifying a population of 
polymers of chemical units having a second property in com 
mon With the sample polymer, and identifying a subpopula 
tion of the identi?ed population of polymers having the same 
?rst property as the modi?ed polymer by eliminating, from 
the identi?ed population of polymers, polymers having prop 
erties that do not correspond to the modi?ed polymer. 

[0019] In one embodiment the experimental constraints 
applied to the polymer are different for each repetition. The 
experimental constrain may be any manipulation Which alters 
the polymer in such a manner that it Will be possible to derive 
structural information about the polymer or a unit of the 
polymer. In some embodiments the experimental constraint 
applied to the polymer may be any one or more of the folloW 
ing constraints: enZymatic digestion, e.g., With an exoen 
Zyme, an endoenZyme, a restriction endonuclease; chemical 
digestion; chemical modi?cation; interaction With a binding 
compound; chemical peeling (i.e., removal of a monosaccha 
ride unit); and enZymatic modi?cation, for instance sulfation 
at a particular position With a heparin sulfate sulfotrans 
ferases. 
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[0020] The property of the polymer that is detected by the 
method of the invention may be any structural property of a 
polymer or unit. For instance the property of the polymer may 
be the molecular Weight or length of the polymer. In other 
embodiments the property may be the compositional ratios of 
substituents or units, type of basic building block of a 
polysaccharide, hydrophobicity, enZymatic sensitivity, 
hydrophilicity, secondary structure and conformation (i.e., 
position of helices), spatial distribution of substituents, ratio 
of one set of modi?cations to another set of modi?cations 
(i.e., relative amounts of 2-0 sulfation to N-sulfation or ratio 
of iduronic acid to glucuronic acid, and binding sites for 
proteins. 
[0021] The properties of the modi?ed polymer may be 
detected in any manner possible Which depends on the prop 
erty and polymer being analyZed. In one embodiment the step 
of detection involves mass spectrometry such as matrix 
assisted laser desorption ioniZation mass spectrometry 
(MALDI-MS), electron spray MS, fast atom bombardment 
mass spectrometry (FAB-MS) and collision-activated disso 
ciation mass spectrometry (CAD). Alternatively, the step of 
detection involves strong ion exchange chromatography, for 
example, if the polymer has been digested into several smaller 
fragments composed of several units each. 
[0022] The method is based on a comparison of the sample 
polymer With a population of polymers of the same length or 
having at least one property in common. In some embodi 
ments the population of polymers of chemical units includes 
every polymer sequence having the molecular Weight of the 
sample polymer. In other embodiments the population of 
polymers of chemical units includes less than every polymer 
sequence having the molecular Weight of the sample polymer. 
According to some embodiments the step of identifying 
includes selecting the population of polymers of chemical 
units from a database including molecular Weights of poly 
mers of chemical units. Preferably the database includes iden 
ti?ers corresponding to chemical units of a plurality of poly 
mers, each of the identi?ers including a ?eld storing a value 
corresponding to a property of the corresponding chemical 
unit. 
[0023] According to another aspect of the invention a 
method for compositional analysis of a sample polymer is 
provided. The method includes the steps of applying an 
experimental constraint to the sample polymer to modify the 
sample polymer, detecting a property of the modi?ed sample 
polymer, and comparing the modi?ed sample polymer to a 
reference database of polymers of identical siZe as the poly 
mer, Wherein the polymers of the reference database have also 
been subjected to the same experimental constraint as the 
sample polymer, Wherein the comparison provides a compo 
sitional analysis of the sample polymer. 
[0024] In some embodiments the compositional analysis 
reveals the number and type of units Within the polymer. In 
other embodiments the compositional analysis reveals the 
identity of a sequence of chemical units of the polymer. 
[0025] Similarly to the aspects of the invention described 
above the properties of the polymer may be detected in any 
manner possible and Will depend on the particular property 
and polymer being analyZed. In one embodiment the step of 
detection involves mass spectrometry such as matrix assisted 
laser desorption ioniZation mass spectrometry (MALDI 
MS), electron spray MS, fast atom bombardment mass spec 
trometry (FAB-MS) and collision-activated dissociation 
mass spectrometry (CAD). Preferably the experimental con 
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straint applied to the polymer is an enzymatic or chemical 
reaction Which involves incomplete enzymatic digestion of 
the polymer and Wherein the steps of the method are repeated 
until the number of polymers Within the reference database 
falls beloW a predetermined threshold. Alternatively, the step 
of detection involves capillary electrophoresis, particularly 
When the experimental constraint applied to the polymer 
involves complete degradation of the polymer into individual 
chemical units. 
[0026] In one embodiment the reference database includes 
identi?ers corresponding to chemical units of a plurality of 
polymers, each of the identi?ers including a ?eld storing a 
value corresponding to a property of the corresponding 
chemical unit. 
[0027] According to yet another aspect of the invention a 
method for sequencing a polymer is provided. The method 
includes the steps of applying an experimental constraint to 
the polymer to modify the polymer, detecting a property of 
the modi?ed polymer, identifying a population of polymers 
having the same molecular length as the sample polymer and 
having molecular Weights similar to the molecular Weight of 
the sample polymer, identifying a subpopulation of the iden 
ti?ed population of polymers having the same property as the 
modi?ed polymer by eliminating, from the identi?ed popu 
lation of polymers, polymers having properties that do not 
correspond to the modi?ed polymer, and repeating the steps 
applying an experimental constraint, detecting a property and 
identifying a subpopulation by applying additional experi 
mental constraints to the polymer and identifying additional 
subpopulations of polymers until the number of polymers 
Within the subpopulation is one and the sequence of the poly 
mer may be identi?ed. 
[0028] In another aspect the invention relates to a method 
for identifying a polysaccharide-protein interaction, by con 
tacting a protein-coated MALDI surface With a polysaccha 
ride containing sample to produce a polysaccharide-protein 
coated MALDI surface, removing unbound polysaccharide 
from the polysaccharide-protein-coated MALDI surface, and 
performing MALDI mass spectrometry to identify the 
polysaccharide that speci?cally interacts With the protein 
coated on the MALDI surface. 
[0029] In one embodiment a MALDI matrix is added to the 
polysaccharide-protein-coated MALDI surface. In other 
embodiments an experimental constraint may be applied to 
the polysaccharide bound on the polysaccharide-protein 
coated MALDI surface before performing the MALDI mass 
spectrometry analysis. The experimental constraint applied to 
the polymer in some embodiments is digestion With an exoen 
zyme or digestion With an endoenzyme. In other embodi 
ments the experimental constraint applied to the polymer is 
selected from the group consisting of restriction endonu 
clease digestion; chemical digestion; chemical modi?cation; 
and enzymatic modi?cation. 
[0030] Each of the limitations of the invention can encom 
pass various embodiments of the invention. It is, therefore, 
anticipated that each of the limitations of the invention 
involving any one element or combinations of elements may 
be included in each aspect of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 is a data?oW diagram of a system for 
sequencing a polymer. 
[0032] FIG. 2 is a How chart ofa process for sequencing a 
polymer. 
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[0033] FIG. 3 is a How chart of a process for sequencing a 
polymer using a genetic algorithm. 
[0034] FIG. 4A-D is a set of diagrams depicting notation 
schemes for branched chain analysis. 
[0035] FIG. 5 is a mass line diagram. 
[0036] FIG. 6 is a mass-line diagram for (A) Polysialic Acid 
With NAN and (B) Polysialic Acid With NGN. 
[0037] FIG. 7 is a graph (A) depicting cleavage by Hep III 
of either G(.), I(O) or I25(§) linkages, and a graph (B) 
depicting same study as in A but Where cleavage Was per 
formed With Hep I. 
[0038] FIG. 8 is a graph depicting MALDI-MS analysis of 
the extended core structures derived from enzymatic treat 
ment of a mixture of bi- and triantennary structures. 
[0039] FIG. 9 is a graph depicting MALDI-MS analysis of 
the PSA polysaccharide. (A) intact polysaccharide structure. 
(B) Treatment of [A] With sialidase from A. urefaciens. (C) 
Digest of [B] With galactosidase from S. pneumoniae. (D) 
Digest of [C] With N-acetylhexosaminidase from S. pneumo 
niae. (E) Table of the analysis scheme With schematic struc 
ture and theoretical molecular masses. [@]:mannose; 
[.]:fucose; [I]:N-acetylglucosamine; [B]:galactose; and 
[A]:N-acetylneuraminic acid. Peaks marked With an asterisk 
are impurities, and the analyte peak is detected both as M-H 
(m/z 2369.5) and as a monosodiated adduct (M+Na—2H, m/z 
2392.6). 
[0040] FIG. 10 is a graph depicting the results of enzymatic 
degradation of the saccharide chain directly off of PSA. (A) 
PSA before the addition of exoenzymes. (B) Treatment of (A) 
With sialidase results in a mass decrease of 287 Da, consistent 
With the loss of one sialic acid residue. (C) Treatment of (B) 
With galactosidase. (D) Upon digestion of (C) With hex 
osaminidase, a decrease of 393 Da indicates the loss of tWo 
N-acetylglucosamine residues. 
[0041] FIG. 11 is a graph depicting the results of treatment 
of biantennary and triantennary saccharides With endogly 
canse F2. (A) Treatment of the biantennary saccharide results 
in a mass decrease of 348.6, indicating cleavage betWeen the 
GlcNAc residues. (B) Treatment of the triantennary saccha 
ride With the same substituents results in no cleavage shoWing 
that EndoF2 primarily cleaves biantennary structures. (C) 
EndoF2 treatment of heat denatured PSA. There is a mass 
reduction of 1709.7 Da in the molecular mass of PSA (com 
pare B4C and B3a) indicating that the normal glycan struc 
ture of PSA is biantennary. 

DETAILED DESCRIPTION 

[0042] The invention relates in some aspects to methods for 
characterizing polymers to identify structural properties of 
the polymers, such as the charge, the nature and number of 
units of the polymer, the nature and number of chemical 
substituents on the units, and the stereospeci?city of the poly 
mer. The structural properties of polymers may provide use 
ful information about the function of the polymer. For 
instance, the properties of the polymer may reveal the entire 
sequence of units of the polymer, Which is useful for identi 
fying the polymer. Similarly, if the sequence of the polymer 
Was previously unknoWn, the structural properties of the 
polymer are useful for comparing the polymer to knoWn 
polymers having knoWn functions. The properties of the poly 
mer may also reveal that a polymer has a net charge or has 
regions Which are charged. This information is useful for 
identifying compounds that the polymer may interact With or 
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predicting Which regions of a polymer may be involved in a 
binding interaction or have a speci?c function. 
[0043] Many methods have been described in the prior art 
for identifying polymers and in particular for identifying the 
sequence of units of polymers. Once the sequence of a poly 
mer is identi?ed the sequence information is stored in a data 
base and may be used to compare the polymer With other 
sequenced polymers. Databases such as GENBANK enable 
the storage and retrieval of information relating to the 
sequences of nucleic acids Which have been identi?ed by 
researchers all over the World. These databases typically store 
information using notational systems that encode classes of 
chemical units by assigning a unique code to each chemical 
unit in the class. For example, a conventional notational sys 
tem for encoding amino acids assigns a single letter of the 
alphabet to each knoWn amino acid. Such databases represent 
a polymer of chemical units using a set of codes correspond 
ing to the chemical units. Searches of such databases have 
typically been performed using character-based comparison 
algorithms. 
[0044] NeW methods for identifying structural properties of 
polymers Which can utiliZe Bioinformatics and Which differ 
from the prior art methods of assigning a character to each 
unit of a polymer have been discovered. These methods are 
referred to as PEN (property encoded nomenclature). In one 
aspect, the invention is based on the identi?cation and char 
acteriZation of properties of a polymer, rather than units of the 
polymer, and the use of numeric identi?ers to classify those 
properties and to facilitate information processing relating to 
the polymer. 
[0045] The ability to identify properties of polymers and to 
manipulate the information concerning the properties of the 
polymer provide many advantages over prior art methods of 
characterizing polymers and Bioinformatics. For instance, 
the methods of the invention may be used to identify struc 
tural information and analyZe complex polymers such as 
polysaccharides Which Were previously very dif?cult to ana 
lyZe using prior art methods. 
[0046] The heterogeneity and the high degree of variability 
of the polysaccharide building blocks have hindered prior art 
attempts to sequence these complex molecules. With the 
advent of extremely sensitive techniques like High Pressure 
Liquid Chromatography (HPLC), Capillary Electrophoresis 
(CE) and Mass Spectrometry (MS) to isolate and characteriZe 
large biomolecules, signi?cant advances have been made in 
isolating and purifying polysaccharide fragments containing 
speci?c sequences but extensive experimental manipulation 
is still required to identify and sequence information. Addi 
tionally, in most of these approaches, plenty of information 
about the sequence is required in order to design the experi 
mental manipulations that Will enable the sequencing of the 
polysaccharide. The methods of the prior art provide simple 
and rapid methods for identifying sequence information. 
Many other advantages Will be clear from the description of 
the preferred embodiments set forth beloW. 
[0047] A “polymer” as used herein is a compound having a 
linear and/or branched backbone of chemical units Which are 
secured together by linkages. In some but not all cases the 
backbone of the polymer may be branched. The term “back 
bone” is given its usual meaning in the ?eld of polymer 
chemistry. The polymers may be heterogeneous in backbone 
composition thereby containing any possible combination of 
polymer units linked together such as peptide-nucleic acids. 
In some embodiments the polymers are homogeneous in 
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backbone composition and are, for example, a nucleic acid, a 
polypeptide, a polysaccharide, a carbohydrate, a polyure 
thane, a polycarbonate, a polyurea, a polyethyleneimine, a 
polyarylene sul?de, a polysiloxane, a polyimide, a polyac 
etate, a polyamide, a polyester, or a polythioester. A “polysac 
charide” is a biopolymer comprised of linked saccharide or 
sugar units. A “nucleic acid” as used herein is a biopolymer 
comprised of nucleotides, such as deoxyribose nucleic acid 
(DNA) or ribose nucleic acid (RNA). A polypeptide as used 
herein is a biopolymer comprised of linked amino acids. 
[0048] As used herein With respect to linked units of a 
polymer, “linked” or “linkage” means tWo entities are bound 
to one another by any physicochemical means. Any linkage 
knoWn to those of ordinary skill in the art, covalent or non 
covalent, is embraced. Such linkages are Well knoWn to those 
of ordinary skill in the art. Natural linkages, Which are those 
ordinarily found in nature connecting the chemical units of a 
particular polymer, are most common. Natural linkages 
include, for instance, amide, ester and thioester linkages. The 
chemical units of a polymer analyZed by the methods of the 
invention may be linked, hoWever, by synthetic or modi?ed 
linkages. Polymers Where the units are linked by covalent 
bonds Will be most common but also include hydrogen 
bonded, etc. 
[0049] The polymer is made up of a plurality of chemical 
units. A “chemical unit” as used herein is a building block or 
monomer Which may be linked directly or indirectly to other 
building blocks or monomers to form a polymer. The polymer 
preferably is a polymer of at least tWo different linked units. 
The particular type of unit Will depend on the type of polymer. 
For instance DNA is a biopolymer comprised of a deoxyri 
bose phosphate backbone composed of units of purines and 
pyrimidines such as adenine, cytosine, guanine, thymine, 
5-methylcytosine, 2-aminopurine, 2-amino-6-chloropurine, 
2,6-diaminopurine, hypoxanthine, and other naturally and 
non-naturally occurring nucleobases, substituted and unsub 
stituted aromatic moieties. RNA is a biopolymer comprised 
of a ribose phosphate backbone composed of units of purines 
and pyrimidines such as those described for DNA but Wherein 
uracil is substituted for thymidine. DNA units may be linked 
to the other units of the polymer by their 5' or 3' hydroxyl 
group thereby forming an ester linkage. RNA units may be 
linked to the other units of the polymer by their 5', 3' or 2' 
hydroxyl group thereby forming an ester linkage. Altema 
tively, DNA or RNA units having a terminal 5', 3' or 2' amino 
group may be linked to the other units of the polymer by the 
amino group thereby forming an amide linkage. 
[0050] Whenever a nucleic acid is represented by a 
sequence of letters it Will be understood that the nucleotides 
are in 5'—>3' order from left to right and that “A” denotes 
adenosine, “C” denotes cytidine, “G” denotes guanosine, “T” 
denotes thymidine, and “U” denotes uracil unless otherWise 
noted. 

[0051] The chemical units of a polypeptide are amino acids, 
including the 20 naturally occurring amino acids as Well as 
modi?ed amino acids. Amino acids may exist as amides or 
free acids and are linked to the other units in the backbone of 
the polymers through their a-amino group thereby forming an 
amide linkage to the polymer. 
[0052] A polysaccharide is a polymer composed of 
monosaccharides linked to one another. In many polysaccha 
rides the basic building block of the polysaccharide is actually 
a disaccharide unit Which may be repeating or non-repeating. 
Thus, a unit When used With respect to a polysaccharide refers 
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to a basic building block of a polysaccharide and may include 
a monomeric building block (monosaccharide) or a dimeric 
building block (disaccharide). 
[0053] A “plurality of chemical units” is at least tWo units 
linked to one another. 

[0054] The polymers may be native or naturally-occurring 
polymers Which occur in nature or non-naturally occurring 
polymers Which do not exist in nature. The polymers typically 
include at least a portion of a naturally occurring polymer. 
The polymers may be isolated or synthesiZed de novo. For 
example, the polymers may be isolated from natural sources 
eg puri?ed, as by cleavage and gel separation or may be 
synthesiZed e. g., (i) ampli?ed in vitro by, for example, poly 
merase chain reaction (PCR); (ii) synthesiZed by, for 
example, chemical synthesis; (iii) recombinantly produced 
by cloning, etc. 
[0055] The invention is useful for identifying properties of 
polymers. A “property” as used herein is a characteristic (e.g., 
structural characteristic) of the polymer that provides infor 
mation (e. g., structural information) about the polymer. 
When the term property is used With respect to any polymer 
except a polysaccharide the property provides information 
other than the identity of a unit of the polymer or the polymer 
itself. A compilation of several properties of a polymer may 
provide su?icient information to identify a chemical unit or 
even the entire polymer but the property of the polymer itself 
does not encompass the chemical basis of the chemical unit or 
polymer. 
[0056] When the term property is used With respect to 
polysaccharides, to de?ne a polysaccharide property, it has 
the same meaning as described above except that due to the 
complexity of the polysaccharide, a property may identify a 
type of monomeric building block of the polysaccharide. 
Chemical units of polysaccharides are much more complex 
than chemical units of other polymers, such as nucleic acids 
and polypeptides. The polysaccharide unit has more variables 
in addition to its basic chemical structure than other chemical 
units. For example, the polysaccharide may be acetylated or 
sulfated at several sites on the chemical unit, or it may be 
charged or uncharged. Thus, one property of a polysaccharide 
may be the identity of one or more basic building blocks of the 
polysaccharides. 
[0057] A basic building block alone, hoWever, may not 
provide information about the charge and the nature of sub 
stituents of the saccharide or disaccharide. For example, a 
building block of uronic acid may be iduronic or glucuronic 
acid. Each of these building blocks may have additional sub 
stituents that add complexity to the structure of the chemical 
unit. A single property, hoWever, may not identify such addi 
tional substitutes charges, etc., in addition to identifying a 
complete building block of a polysaccharide. This informa 
tion, hoWever, may be assembled from several properties. 
Thus, a property of a polymer as used herein does not encom 
pass an amino acid or nucleotide but does encompass a sac 
charide or disaccharide building block of a polysaccharide. 
[0058] The type of property that Will provide structural 
information about a polymer Will depend on the type of poly 
mer being analyZed. For instance, if the polymer is a polysac 
charide a property such as charge, molecular Weight, nature 
and degree of sulfation or acetylation, or type of saccharide 
Will provide structural information about the polymer. If the 
polymer is a polypeptide then a property Will provide infor 
mation about charge, acidity, etc. Properties include but are 
not limited to charge, chirality, nature of substituents, quan 

May 7, 2009 

tity of substituents, molecular Weight, molecular length, com 
positional ratios of substituents or units, type of basic build 
ing block of a polysaccharide, hydrophobicity, enZymatic 
sensitivity, hydrophilicity, secondary structure and confor 
mation (i.e., position of helices), spatial distribution of sub 
stituents, ratio of one set of modi?cations to another set of 
modi?cations (i.e., relative amounts of 2-0 sulfation to 
N-sulfation or ratio of iduronic acid to glucuronic acid, and 
binding sites for proteins. Other properties Will easily be 
identi?ed by those of ordinary skill in the art. A substituent, as 
used herein is an atom or group of atoms that substitute a unit, 
but are not themselves the units. 

[0059] The property of the polymer may be identi?ed by 
any means knoWn in the art. The procedure used to identify 
the property Will depend on the type of property. Molecular 
Weight, for instance, may be determined by several methods 
including mass spectrometry. The use of mass spectrometry 
for determining the molecular Weight of polymers is Well 
knoWn in the art. Mass Spectrometry has been used as a 
poWerful tool to characteriZe polymers because of its accu 
racy (11 Dalton) in reporting the masses of fragments gener 
ated eg by enZymatic cleavage and also because only pM 
sample concentrations are required. For instance matrix-as 
sisted laser desorption ioniZation mass spectrometry 
(MALDl-MS) has been described for identifying the molecu 
lar Weight of polysaccharide fragments in publications such 
as Rhomberg, A. J. et al, PNAS, USA, v. 95, p. 4176-4181 
(1998); Rhomberg, A. J. et al, PNAS, USA, v. 95, p. 12232 
12237 (1998); and Ernst, S. et. al., PNAS, USA, v. 95, p. 
4182-4187 (1998), each of Which is hereby incorporated by 
reference. Other types of mass spectrometry knoWn in the art, 
such as, electron spray-MS, fast atom bombardment mass 
spectrometry (FAB-MS) and collision-activated dissociation 
mass spectrometry (CAD) may also be used to identify the 
molecular Weight of the polymer or polymer fragments. 
[0060] The mass spectrometry data may be a valuable tool 
to ascertain information about the polymer fragment siZes 
after the polymer has undergone degradation With enZymes or 
chemicals. After a molecular Weight of a polymer is identi 
?ed, it may be compared to molecular Weights of other knoWn 
polymers. Because masses obtained from the mass spectrom 
etry data are accurate to one Dalton (1 D), a siZe of one or 
more polymer fragments obtained by enZymatic digestion 
may be precisely determined, and a number of substituents 
(i.e., sulfates and acetate groups present) may be determined. 
One technique for comparing molecular Weights is to gener 
ate a mass line and compare the molecular Weight of the 
unknown polymer to the mass line to determine a subpopu 
lation of polymers Which have the same molecular Weight. A 
“mass line” as used herein is an information database, pref 
erably in the form of a graph or chart Which stores information 
for each possible type of polymer having a unique sequence 
based on the molecular Weight of the polymer. Thus, a mass 
line may describe a number of polymers having a particular 
molecular Weight. A tWo-unit nucleic acid molecule (i.e., a 
nucleic acid having tWo chemical units) has 16 (4 units 2) 
possible polymers at a molecular Weight corresponding to 
tWo nucleotides. A tWo-unit polysaccharide (i.e., disaccha 
ride) has 32 possible polymers at a molecular Weight corre 
sponding to tWo saccharides. Thus, a mass line may be gen 
erated by uniquely assigning a particular mass to a particular 
length of a given fragment (all possible di, tetra, hexa, octa, up 
to a hexadecasaccharide), and tabulating the results (An 
Example is shoWn in FIG. 5). 
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[0061] Table 1 below shows an example of a computed set 
of values for a polysaccharide. From Table 1, a number of 
chemical units of a polymer may be determined from the 
minimum difference in mass betWeen a fragment of length 
n+1 and a fragment of length n. For example, if the repeat is 
a disaccharide unit, a fragment of length n has 2n monosac 
charide units. For example, n:1 may correspond to a length of 
a disaccharide and n:2 may correspond to a length of a 
tetrasaccharide, etc. 

TABLE 1 

Minimum difference in mass 

Fragment Length 11 between 11 + 1 and n(D (Dalton)) 

[0062] Because mass spectrometry data indicates the mass 
of a fragment to 1 D accuracy, a length may be assigned 
uniquely to fragment by looking up a mass on the mass line. 
Further, it may be determined from the mass line that, Within 
a fragment of particular length higher than a disaccharide, 
there is a minimum of 4.02 D different in masses indicating 
that tWo acetate groups (84.08 D) replaced a sulfate group 
(80.06 D). Therefore, a number of sulfates and acetates of a 
polymer fragment may be determined from the mass from the 
mass spectrometry data and, such number may be assigned to 
the polymer fragment. 
[0063] In addition to molecular Weight, other properties 
may be determined using methods knoWn in the art. The 
compositional ratios of substituents or chemical units (quan 
tity and type of total substituents or chemical units) may be 
determined using methodology knoWn in the art, such as 
capillary electrophoresis. A polymer may be subjected to an 
experimental constraint such as enzymatic or chemical deg 
radation to separate each of the chemical units of the poly 
mers. These units then may be separated using capillary elec 
trophoresis to determine the quantity and type of sub stituents 
or chemical units present in the polymer. Additionally, a 
number of substituents or chemical units can be determined 
using calculations based on the molecular Weight of the poly 
mer. 

[0064] In the method of capillary gel-electrophoresis, reac 
tion samples may be analyzed by small-diameter, gel-?lled 
capillaries. The small diameter of the capillaries (50 um) 
alloWs for ef?cient dissipation of heat generated during elec 
trophoresis. Thus, high ?eld strengths can be used Without 
excessive Joule heating (400 V/m), loWering the separation 
time to about 20 minutes per reaction run, therefor increasing 
resolution over conventional gel electrophoresis. Addition 
ally, many capillaries may be analyzed in parallel, alloWing 
ampli?cation of generated polymer information. 
[0065] In addition to being useful for identifying a property, 
compositional analysis also may be used to determine a pres 
ence and composition of an impurity as Well as a main prop 
erty of the polymer. Such determinations may be accom 
plished if the impurity does not contain an identical 
composition as the polymer. To determine Whether an impu 
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rity is present may involve accurately integrating an area 
under each peak that appears in the electrophoretogram and 
normalizing the peaks to the smallest of the major peaks. The 
sum of the normalized peaks should be equal to one or close 
to being equal to one. If it is not, then one or more impurities 
are present. Impurities even may be detected in unknoWn 
samples if at least one of the disaccharide units of the impurity 
differs from any disaccharide unit of the unknoWn. 
[0066] If an impurity is present, one or more aspects of a 
composition of the components may be determined using 
capillary electrophoresis. Because all knoWn disaccharide 
units may be baseline-separated by the capillary electro 
phoresis method described above and because migration 
times typically are determined using electrophoresis (i.e., as 
opposed to electroosmotic How) and are reproducible, reli 
able assignment to a polymer fragment of the various saccha 
ride units may be achieved. Consequently, both a composition 
of the major peak and a composition of a minor contaminant 
may be assigned to a polymer fragment. The composition for 
both the major and minor components of a solution may be 
assigned as described beloW. 
[0067] One example of such assignment of compositions 
involves determining the composition of the major AT-III 
binding HLGAG decasaccharide (+DDD4-7) and its minor 
contaminant (+D5D4-7) present in solution in a 9:1 ratio. 
Complete digestion of this 9:1 mixture With a heparinases 
yields 4 peaks: three representative of the major decasaccha 
ride (viz., D, 4, and —7) Which are also present in the contami 
nant and one peak, 5, that is present only in the contaminant. 
In other Words, the area of each peak for D, 4, and —7 repre 
sents an additive combination of a contribution from the 
major decasaccharide and the contribution from the contami 
nant, Whereas the peak for 5 represents only the contaminant. 
[0068] To assign the composition of the contaminant and 
the major component, the area under the 5 peak may be used 
as a starting point. This area represents an area under the peak 
for one disaccharide unit of the contaminant. Subtracting this 
area from the total area of 4 and —7 and subtracted tWice this 
area from an area under D yields a 1: 1:3 ratio of 4:—7:D. Such 
a ratio con?rms the composition of the major component and 
indicates that the composition of the impurity is tWo Ds, one 
4, one —7 and one 5. 

[0069] Methods of identifying other types of properties 
may be easily identi?able to those of skill in the art and may 
depend on the type of property and the type of polymer. For 
example, hydrophobicity may be determined using reverse 
phase high-pressure liquid chromatography (RP-HPLC). 
Enzymatic sensitivity may be identi?ed by exposing the poly 
mer to an enzyme and determining a number of fragments 
present after such exposure. The chirality may be determined 
using circular dichroism. Protein binding sites may be deter 
mined by mass spectrometry, isothermal calorimetry and 
NMR. Enzymatic modi?cation (not degradation) may be 
determined in a similar manner as enzymatic degradation, 
i.e., by exposing a substrate to the enzyme and using MALDI 
MS to determine if the substrate is modi?ed. For example, a 
sulfotransferase may transfer a sulfate group to an HS chain 
having a concomitant increase in 80 Da. Conformation may 
be determined by modeling and nuclear magnetic resonance 
(N MR). The relative amounts of sulfation may be determined 
by compositional analysis or approximately determined by 
Raman spectroscopy. 
[0070] In some aspects the invention is useful for generat 
ing, searching and manipulating information about polymers. 




































